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Desingularization of leading matrices of systems of linear ordinary
differential equations with polynomial coefficients
Abramov S. A. (Computing Centre of the Russian Academy of Science, Russia)
Khmelnov D. E. (Computing Centre of the Russian Academy of Science, Russia)

We consider systems of linear ordinary differential equations containing m un-
known functions of a single variable z. Coefficients of the systems are polynomials
over a number field. Each of the systems consists of m independent equations.
The equations are of arbitrary orders. We propose an algorithm which, given a
system S of this type, constructs a nonzero polynomial d(z) such that if S pos-
sesses an analytic solution having a singularity at « then the equality d(a) =0 is
satisfied.

Linear differential equations (scalar or system) with variable coefficients ap-
pear in many areas of mathematics. Solving systems leads however to specific
difficulties which do not appear in the scalar case. Consider the equation

Po(@)y™ + Pra(a)y” ) 4 -+ Pola)y = 0. (1)

First suppose that this is a scalar equation. The coefficients
Py(z), Py(z),..., Pr(z) are polynomials, and P,(z) is not identically zero.
If a solution of (1) has a singularity at some point a then P,(a) = 0.

If (1) is instead a system, y = (y1, 2, .. .,ym)T is a column vector of un-
known functions of z and Py(z), Pi(z), ..., P-(x) are square m X m matrices with
polynomial entries then the role, which is played by the roots of the polynomial
coefficient of y™ (z) in the scalar case, can now be played by the roots of the
determinants of the leading matrix P.(x), provided that this determinant is not
identically zero. We study in this work the situation when det P.(z) is the zero
polynomial. Given a system S of the form (1), our algorithm Singsys finds a
system S’ of the same form (and with the same unknown functions), such that
the determinant d(z) of the leading matrix of S” is a nonzero polynomial, and
the solutions space of the system S is a subspace of the solutions space of S’.
The polynomial d(z) is the result of the proposed algorithm execution. We have
implemented the algorithm using the computer algebra system Maple ([4]).

Our approach can be used not only in the case of polynomial entries of matri-
ces P; in (1). However in other cases the equation d(xz) = 0 may have an infinite
set of roots.

The algorithm Singsys uses some of basic ideas of the algorithms EG and EG’
([1, 2]) which are applicable to recurrence systems. The details of Singsys are to
be presented in [3].

This work was supported in part by a grant from RFBR, Project No 10-01-
00249.

References

[1] Abramov S., EG-eliminations, J. Difference Equ. Appl. 5 (1999), 393-433.

[2] Abramov S., Bronstein M., On solutions of linear functional systems, Proc. ISSAC’2001,
ACM Press 2001, 1-6.

[3] Abramov S. A., Khmelnov D. E., Singularities of solutions of linear differential systems
with polynomial coefficients, Journal of Mathematical Sciences (submitted).

[4] Maple online help: http://www.maplesoft.com/support/help/

5



Homogenization of Lavrentiev—Bitsadze equation in a random
perforated domain
Akimova E. A.

Let (9,3, 1) be a probabilistic space and Ty, : Q — Q2 = (21,22) € R?
a 2-dimensional ergodic dynamical system. A random domain V(w) = {z €
R? : T,w € V°}, with fixed V° € § is statistically homogeneous because its
characteristic function depends only on T,w. We trasform V(w) into a small
scaled random porous medium (see [1] and references there) Ve = {z = (x1,22) :
L €V, 3 > I}, which occupies the domain D! = {z € V. : (21 — 1)* + 23 <1} U
{z:(v1 — 1)+ 23 < 1,0 < 2 <} with the exception of a thin layer.

The consideration of Lavrentiev—Bitsadze equation naturally brings about
asymptotic analysis as € — 0 of the following problem

g

Au® = —f(z1,22) in D}, u®=0onTy, ul, =ul, onT, giz()on Se (1)
Ne

where T := {(x1,22) : 22 > 0, (x1 — 1)> + 23 = 1},T := {(z1,22) : x2 =
0, 1 € [0;2]}, S = D' N 9V: and ne(x1,z2, “L %2 is the unit normal vector to
Se internal for the pores.

We denote H. the closure of the linear space of random variables with
bounded realizations in C'*° in the norm given by the formula:

lull = {(VauTew), Vu(Trw))pit 20572 4 ()32~ 2,
where (-, -) ”— a scalar product in La2(D}), (-) is the expectation of r.v. and p (),
p2(z) are equal to the distance from the points (0,0) and (2,0) correspondingly.

o
The function u® €H. is a solution of problem (1) if

Vs (Tow)Vo(Tew)dz = F(Tow)v(Tyw)dz + / ug, v(Tew)day
D! D! r
a.s. for all v € C§° (D).
The homogenized problem is to find wy € Hg(D*,Ty), such that
div (KVuo) = —0f, where = u(D?) characterizes the porosity of the medium
and K is a constant effective matrix. After one important definition we formulate
the main result.

DEFINITION 1. The domain V(w) is called strictly porous if there exists a
random variable h(w) > 0 and m > 0 such that <h7(1+m)> < oo and for any
u € C§°(V(w)) fR2 hTew)u?(z)dz < fR2 |Vu(z)|*de.

THEOREM 1. Assume that V(w) is strictly porous and let p =1+ 57—. Then
for any f € LY(DY), p™' +q¢7' =1, ue — uo in LP(D')
ngl

" KVuo, lim [ |ue — uol?dz =0,

e—0
Dl

Pe

where p. = X(g)Vua.

This work was planned and implemented in co-authorship with
G. A. Chechkin (Moscow Lomonosov State University), A. L. Pyatnitskii (Narvik
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University College, Lebedev Physical Institute of the Russian Academy of Sci-
ences), K. Routsalainen (University of Oulu).

References
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The a priori Tan © Theorem in perturbation problem for spectral
subspaces
Albeverio S. (Unversitaet Bonn)
Motovilov A. K. (JINR, Dubna)

Let A be a self-adjoint operator on a separable Hilbert space §. Assume that
the spectrum of A consists of two disjoint components oo and o1 such that the set
oo lies in a finite gap of the set o1. Let V' be a bounded self-adjoint operator on
$ off-diagonal with respect to the partition spec(A) = oo U o1. It is known (see
[1], [2]) that if |V|| < v/2d, where d = dist(c0, 1), then the perturbation V does
not close the gaps between o¢ and o1 and the spectrum of the perturbed operator
L = A+ V consists of two disjoint components o, and ¢} such that

0o C (min(oo) — d, max(co) +d) and dist(o},00) > d.

Previously, it has been proven [3] that if V satisfies the stronger bound [|V|| < d
then the following sharp norm estimate holds:

. |4
IEL(06) — Ea(0o)| < sin (arctan %) ,
where Ea(00) and Er (o) are the spectral projections of A and L associated with
the spectral sets oo and oy, respectively. In [4], we prove that this estimate
remains valid and sharp also for d < ||V| < v/2d, which completely settles the
issue. The obtained estimate is equivalently written as

tan © < H%JH (< \/5),

where © denotes the operator angle between the spectral subspaces Ran(E A(Jo))
and Ran(EL(07)).

This research was supported by the Deutsche Forschungsgemeinschaft (DFG),
the Heisenberg-Landau Program, and the Russian Foundation for Basic Research.
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The central elements of the universal enveloping algebra of higher
orders and the construction of Knizhik-Zamolodchikov type equations
for root systems of types A, D, B
Artamonov D. V. (Moscow State University, Russia)

Goloubeva V. A. (Moscow Aviational Institute, Russia)

The talk is devoted to some generalization of the classical Riemann—Hilbert
problem of construction of a Pfaffian system of fuchsian type, whose singular set
is a collection of reflection hyperplanes defined by a system of roots B,. Also
some new results are obtained for the root systems A and D.

In construction of Knizhnik—Zamolodchikov equations, whose singular set is
associated with the root system A,,, the Casimir element of the second order is
used. In the case of root system B,, a similar construction war done by A. Leibman
in one parameter case, while the corresponding equations must depend on two
parameters, as the number of orbits of the corresponding root system equals to
two. For other root systems such constructions are not known.

In the talk the case of the root system B, is considered and the structure
of the one-parametric Pfaffian system of fuchsian type is investigated. In the
construction of this system the central Capelly elements of higher orders are used
instead the Casimir element of the second order used in one-parameter case. As a
consequence we get construction of Pfaffian systems of fuchsian type for the root
systems A and D.

The research was supported by MK grant 4270.2011.1.

Localization of the spectrum of a quadric pensil with a strong
damping operator
Artamonov N. V. (Moscow State Insitute of International Relations, Russia)

In Hilbert space H we consider a quadric pensil
L) =XNT4+XD+ A

with self-adjoint positive definite operator A. By Hs denote a collection of Hilbert
spaces generated by operator 141/27 |l - ]ls is a norm on Hs;. We will assume that
D is a bounded operator acting from H; to H_1 and

Re(Dzx,z)-1,1

inf 5 =0>0.
rEHq,x#0 HCE’Hl

(here (+,-)—1,1 is a duality pairing on H_; x H;). We obtain a localization of the
spectrum of L(\):

o(L)C{AeC| ReA < —w,|ImA| < x| Re)|}

for some positive w, k > 0.
The research was supported by RFBR grant No. 11-01-00790.
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On inverse problem for system of partial differential equations of
hyperbolic type
Asanova A. T. (Institute of Mathematics MES RK, Kazakhstan)

The inverse problem for system of partial differential equations of hyperbolic
type with functional parameter from two independent variables is considered on
Q=10,T] x [0, w]

D0 A w) 98 4 B(tm) 20 4 Ot ayu+ D(t,2)a(a) + f(te), (1)
u(t,0) = ¥(t), te[o,T], (2)

Pl(m)w + Py(z)u(0,z) = p1(x), z € [0,w], (3)
W + S(@x)u(T,x) = p2(z), z € [0,w], (4)

where (n X n)-matrices A(t,z), B(t,z), C(t,z), D(¢,x), n-vector-function f(¢,x)
are continuous on €2, n-vector-function () is continuously differentiable on [0, T,
(n x n)-matrices Pi(z), Py(z), S(x), n-vector-functions ¢1(x), p2(x) are contin-
uous on [0,w], n-vector-functions u(t, z), g(x) — unknown functions which it is
necessary to find.

We investigate questions of the existence, uniqueness and finding classical
solutions of the investigating inverse problem. Nonlocal boundary value problems
for systems of hyperbolic equations second order were considered by numerous au-
thors. Sufficient conditions for the existence and uniqueness of a solution of such
problems were obtained by various methods. The nonlocal boundary value prob-
lem with data on characteristics were considered in [1-2] by the method introduc-
tion of functional parameters. This method is a modification of the parametriza-
tion method [3] developed for the solution of two-point boundary value problems
for ordinary differential equations. In the [4-5] the necessary and sufficient coef-
ficient conditions for the well-posed unique solvability of nonlocal boundary value
problem.

In the present communication the sufficient coefficients conditions of the
unique classic solvability of the inverse problem — the nonlocal boundary value
problem for system of hyperbolic type with unknown functional parameter are
obtained and algorithm finding its solution are proposed.
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Optimal endogenous growth model with exhaustible resources
Aseev S. M. (Steklov Mathematical Institute, Russia and International Institute
for Applied Systems Analysis, Austria)

Besov K. O. (Steklov Mathematical Institute, Russia)

Kaniovski S. Yu. (Austrian Institute of Economic Research, Austria)

We specify and solve an endogenous growth model that includes a non-
renewable resource essential both for production of output and generation of
knowledge. The model is formulated as an infinite-horizon optimal control prob-
lem; its specification follows the recent literature on endogenous growth with
non-renewable resources. It is a two-sector model in which the production sector
yields output that is consumed, while the research sector augments the produc-
tivity of the labor and resource used in production. Since the same inputs are
used in both sectors, the economy faces a trade-off. The solution of the model is
a welfare-maximizing dynamic research and extraction policy.

The model is nonstandard in the sense that it is not completely embedded in
the framework of the classical optimal control theory. The infinite time horizon
gives rise to peculiarities in relation to Pontryagin’s maximum principle, while
the nature of constraints imposed on the control variables precludes a direct ap-
plication of the standard existence results. Moreover, a non-concave Hamiltonian
in our problem does not allow one to apply the standard sufficient conditions for
optimality.

The approach adopted in our analysis is based on the recently developed nec-
essary optimality conditions for infinite-horizon optimal control problems (see [2])
and an existence result. We offer a comprehensive and rigorous inquiry into the
existence of an optimal solution and formulate an appropriate version of Pontrya-
gin’s maximum principle. Analyzing the Hamiltonian system of the maximum
principle, we obtain a complete characterization of all optimal processes in our
problem. Thus, we fully characterize the optimal transitional dynamics.

We show that sustainable growth is feasible only if the accumulation of knowl-
edge has constant returns to scale and does not depend on the exhaustible resource
as an input. By sustainable growth we mean an optimal solution with perpet-
ual positive growth, where optimality is understood with respect to a discounted
logarithmic utility function. While the requirement of strong scale effects is well-
known in the literature, the requirement that the research sector be independent
of the exhaustible resource is a novel result.

The results obtained are published in [1].

The research was supported by the Austrian National Bank (Grant: Ju-
bildumsfonds project no. 13585). The work of the first and second authors was also
partly supported by the Russian Foundation for Basic Research (grants nos. 09-
01-00624-a, 11-01-00348-a and 10-01-91004-ASF-a).
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About Uniform Estimates of Solutions to the Nonlinear Differential
Equations with Power Nonlinearity
Astashova I. V. (Moscow Lomonosov State University, Russia)

Uniform estimates are presented for the absolute values of all solutions with
the same domain to the differential nonlinear equation with power nonlinearity.

Uniform estimates for all possible solutions of quasilinear inequalities with
different type of nonlinearity

n—1
v+ as(x) Yy = eyl (1)
=0

with p. > 0, n > 1, k > 1, and continuous functions a;(x) are proved in [2].
In [6] estimates for solutions to this inequality with a;(z) =0, =0,...,n —1,
are obtained and sufficient conditions for nonexistence of global solutions to this
inequality are given.

Uniform estimates for positive solutions of quasilinear equations

n—1

v+ ai(@) ) +p@) [y Ty =0 (2)
7=0

with n > 1, k > 1, and continuous functions a;(z) and p(x) such that |p(z)| >
p« > 0 are obtained in [3]. In [4] uniform estimates are obtained for the absolute
values of solutions to this equation with n = 2, a1 (z) = 0, and the complex-valued
potential p(z) whose real part is less than a negative constant.

In [5] for solutions to semi-linear elliptic equations defined in a ball uniform
integral estimates were obtained in a smaller closed ball.

Consider the differential equation

v+ @y y vy Ty =0, k> 1, (3)
with continious function p(x,y,y’,y”) such that
0 <ps <plz,y,9,y") <p", (4)

ps«, p* are positive constants.
Let g = % > 0, C is non-zero constant.

THEOREM 1. For any k, p«p*, h, such that k > 1, 0 < p. < p*, h > 0,
there exwist such constant C' > 0, that for any p(z,y,y’,y") satisfying to (4), any
solution y(z) of (3), satisfying to condition |y(xo)| = h > 0 in some point xo € R,
cannot be extended to the interval (zo — C h8, zo + C’h_ﬂ).
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THEOREM 2. For any k, p.p", a, b, such that k > 1, 0 < p. < p*, a < b,
there exist such constant C > 0, that for any p(x,y,y’,y") satisfying to (4) and
any solution y(z) of (3), defined on [a,b], it is hold

ly(z)| < Cmin(z —a,b—z) /", (5)

The research was supported by RFBR (grant 11-01-00989) and by Special
Program of the Ministery of Education and Science of the Russian Federation
(Project 2.1.1/13250).
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Conditional reducibility of certain unbounded nonnegative
Hamiltonian operator functions
Azizov T. Ya. (Voronezh State University, Russia)

Let H be a Hilbert space and let H, and H, be two subspaces of H. A closed
densely defined operator A on H is called conditionally (He, Hr)-reducible, if H is
the orthogonal sum of H, and H,:

H="HDHs (1)

and there exists a bounded and boundedly invertible operator V on H such that
with respect to the decomposition (1) the operator B := V™LAV is a diagonal
2 x 2 block matrix:

o[t 3]

0 B,

whose diagonal entries By and B, are closed densely defined operators with
o(B¢) € C; and o(Br) C C,, where C; and C, stand for the left and right
open half-planes of C. The operator V will be called the diagonalizing operator.
If A is a closed densely defined operator on a Banach space X a subspace £
of X will be called A-invariant if £LNdom A is dense in £ and A(LNdom A) C L.
Let {G, (-, -)} be a Hilbert space and consider the orthogonal direct sum

H=G®F, 2)
12



which is a Hilbert space whose inner product we also denote by (-,-). In H we
consider the 2 x 2 block matrices

0 I [0
‘]*[1 0] and "*[41 0}

A closed densely defined operator 2 on the Hilbert space H is called Hamiltonian
if 42 is J-self-adjoint in ‘H and if in addition 2 is J-dissipative in H, then 2 is
called a nonnegative Hamiltonian operator.

We study an operator function 2((t) on [0,1] of the form (¢t) = & + B(¢),
t € [0,1], where & is a closed densely defined Hamiltonian operator with iR C p(&)
and B(t) is a continuous function on [0, 1], whose values are bounded operators.
We assume for ¢ € [0, 1], 2((t) is a closed densely defined nonnegative Hamiltonian
operator. In this paper we give sufficient conditions under which 2((¢) is condi-
tionally reducible. They involve bounds on the resolvent of & and interpolation
of Hilbert spaces.

The talk is based on a joint work with A. Dijksma (Groningen, Netherlands)
and I. V. Gridneva (Voronezh, Russia).

Generalized solution of the Cauchy problem for non-divergence
parabolic equations
Baderko E. A. (Moscow State University, Russia)

We consider a linear uniformly parabolic equation, the coefficients of which
are continuous and bounded in R"™ x [0, T]. Furthermore, the principal coefficients
are Dini-continuous with respect to the “space” variables.

We introduce a notion of generalized solution of the Cauchy problem for
such an equation and prove its existence and uniqueness.We also establish the
corresponding estimate of correctness for the generalized solution in the Zygmund
space H*(R™ x [0,T)).

On spectrum of the Neumann-Laplacian on infinite cylinder with a
periodic family of small voids
Bakharev F. L. (St. Petersburg State University, Russia)
Ruotsalainen K. (University of Oulu, Finland)

We study spectral properties of the Neumann-Laplacian on the periodic sin-
gularly perturbed quasicylinder Q(e):

—Au(z) = Xu(z), z € Q(e) (1)
Onus(z) =0, x € 09 (e). (2)

This spectral problem should be interpreted as a singular perturbation of the same
problem in the straight cylinder @ = w x R C R3. The quasicylinder Qe) is a
periodic set which depends on a small parameter ¢ > 0. It will be obtained from
the straight cylinder €2 by a periodic nucleation of small voids with diameter of
order €.

In the literature the existence of spectral gaps is mainly investigated for pe-
riodic media which is infinite in all directions while the coefficients of differential
operators, both in scalar and matrix case, are usually assumed to be contrasting

13



(see [2], [3] and many others). Much less results are obtained for periodic waveg-
uides, which are infinite in one direction only. In this case spectral gaps ought to
be opened by varying the shape of the periodicity cell only which is in accordance
with the results in the known engineering practice.

We utilizes the asymptotic analysis of the spectrum for the associated model
problem in the periodicity cell. This approach has been realized for the Dirichlet
Laplacian in papers [4], [2], [5] and others. We emphasize that our results for the
Neumann-Laplacian are completely new and require different techniques.

We prove that introducing a periodic family of small voids in straight cylinder
opens a gap in the spectrum of the Neumann-Laplacian in the case that the period
is large enough. We calculate asymptotically the position and the width of the
spectral gap. The mixed boundary value problem is under consideration as well
and a similar result is obtained.

The talk is based on the joint paper with S. A. Nazarov.

The research of first author was supported by the Chebyshev Laboratory
(Department of Mathematics and Mechanics, Saint-Petersburg State University)
under the grant 11.G34.31.0026 of the Government of the Russian Federation.
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On monotonicity of some functionals under rearrangements
Bankevich S. V. (St. Petersburg State University, Russia)

Let w € W{([~1,1]) be a nonnegative function. We define @ to be the
monotone rearrangement of u and u* to be its Steiner symmetrization. Let F' :
R4+ xRy — R be a function which is increasing and convex in the second argument.

It is well known that for I(u) = fil F(u, |v'|)dz the inequalities I(u*) < I(u)
and I(u) < I(u) hold.

In the paper [2] the inequality I(u"*) < I(u) is proved for the functional

1
I(u) = F(u, |a(z,w)u'|)dz, (1)
-1
where a is even and convex in z. Also a multidimensional analog is studied.

We consider the case of the monotone rearrangement. Let a be even with

respect to the first argument and satisfy

Vu e R,Vs,t € [-1,1]: 1+ s+t €[-1,]1]
a(s,u) + a(t,u) > a(l+ s+ t,u). (2)
14



We modify the construction from [3] and prove I(u) < I(u) for functions u
lying in the natural functional class.

Note that in the paper [4] the inequality I(w) < I(u) was considered under
the additional restriction u(—1) = m&n u. However, both the class of functions F

and the class of admissible weights in that paper are non-optimal.

Also we extend the class of functions u, for which I(u*) < I(u) holds.

The talk is based on the joint paper with A. I. Nazarov.

The research was supported by RFBR grant 09-01-00729 and by Federal
Scientific and Innovation Program.
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Geometrization of rings as a device for solving inverse problems
Belishev M. 1. (St-Petersburg Department of the Steklov Mathematical Institute,
Russia)

By Gelfand, any commutative Banach algebra can be canonically realized as
a subalgebra of the algebra C'(2) of continuous functions on a compact Hausdorff
space ). By Gelfand—Naimark—Segal, any commutative and cyclic Neumann al-
gebra is isometrically isomorphic to the operator algebra of Lo.-multiplicators in
L2, (). In both cases, the set Q appears as a (topologized) spectrum of a respec-
tive algebra, whereas the passage from the algebra to its functional realization is
referred to as a “geometrization”.

In the boundary value inverse problems on manifolds, one needs to recover
a Riemannian manifold Q from its boundary inverse data (elliptic or hyperbolic
Dirichlet-to-Neumann map, spectral data, etc).

We show that for a class of elliptic and hyperbolic problems, the required
manifold is identical with the spectrum of the certain algebra determined by the
inverse data. By this, to recover the manifold is to represent a relevant algebra in
a canonical form. Such a unified look at so different inverse problems is the main
subject of the talk.

This work was supported by RFBR grants 08-01-00511 and NSh-4210.2010.1.
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Minimizers of Ginzburg-Landau functional with “semi-stiff”” boundary
conditions: existence and vorticity
Berlyand L. V. (Penn State University, USA)
Rybalko V. O. (ILT, Kharkiv, Ukraine)
Misiats O. O. (Penn State University, USA)

We study Ginzburg-Landau free energy functional with induced magnetic
field

Filu, A] := %/G|(Vu—iAu)|2—&—%/Q|curl(A)|2+%/G(\u|2—1)2dx (1)

where G C C is a bounded smooth domain, 2 C C is the smallest simply connected
domain containing G, u € H'(G,C), A € H (2, R?) and A > 0. We consider two
cases:

1°. G is simply connected. Then Q2 = G. For fixed d € N define
Ja = {(u, A) € H'(G,C) x H'(G,R?), |u| =1 on dG, deg(u,dG) =d} (2)

where deg(u,0G) is a winding number of u over dG. The condition
|u| =1 on OG is called “semi-stiff” boundary condition, since only the
modulus of u is fixed while the phase of u is free. Our main result in case
(i) is that the infimum of the functional (1) in the class (2) is attained if
and only if A < 1. Moreover, for A sufficiently close to 1, the minimizer
of (1) in (2) has precisely d zeros (vortices) in G, and their locations can
be determined through the maximization of a certain finite dimensional
functional.
2°. G is doubly connected. Then G = Q \ w, where w € Q. Consider

Joi := {(u, A) € H'(G,C) x H"(Q,R?),
|u| =1 on OG, deg(u, 9Q) = 1, deg(u, dw) = 0}  (3)

We show that the necessary and sufficient condition for the existence of
minimizers of (1) in class (3) is A < 1. For A sufficiently close to 1, the
minimizer of (1) in (3) has a unique zero (vortex), which converges to
00 as A = 1 — 0. Moreover, if £* € 09 is the limiting location of the

vortex, then £ = argmingc oo ) , where v is the unique solution to

G
ov

the scalar elliptic problem
Av = in G;
v=1on dw; v =0 on 0.

Basicity of a system of exponents with a piecewise linear phase in
variable spaces
Bilalov B. T. (IMM of NASA, Azerbaijan)
Guseynov Z. G. (Sumgait State University, Azerbaijan)

Consider the following system of exponents

i(ntHn(t))} 1
{e (1)
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where A\, (t) = —sign n|at + Ssign t], t € [-7, 7], a, 8 € C — complex parame-
ters. In Lp, 1 < p < 400, (Lo = C [—m,7]), the basis properties of the system (1)
were completely studied in [1, 2] for 8 = 0 and in [3] in general case.

Let p : [-m, @] — [1,400) be a Lebesgue measurable function. By Lo we
denote a class of all functions measurable on [—m, 7] (with respect to Lebesgue
measure). Accept the denotation

I(f) = / 1F () dt.

Assume £ = {f € Lo : I, (f) < +oo}. Let p* = vrai supp (¢); p~ = vrai i1]1fp(t),

[—7,7] -
For p* < 400, with respect to ordinary linear operations, £ turns into a linear
space. If we define the norm || - ||, as:

1£1,, = inf{)\ S 01, <§) - 1}7

then £ is a Banach space (see for instance [4, 5]) and we denote it by Lyp,. ¢ (¢)
1

1
denotes the function —— + —— = 1 conjugated to p (¢). Assume
p(t)  q(t)
HP = {p: p(—=) = p(r),3c > 0; Vt1,tz € [-m, 7] , |t1 — b2 <
1 c
< - = t1)—pt)| < ——— ».
<= ) -p) < i )

It is valid the following theorem.

_ 1 B 1
THEOREM 1. Letp € H®, p~ > 1 and ——— < = < ——— hold. The
2q(0) ~ 7 2p(0)

1
tem (1 basis in Ly, iff the ¢ lity ———~ =
system (1) forms a basis in Ly, iff the inequality () < a+ - < 29(r)
fulfilled.
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Collective dynamics in deterministic infinite particle systems
Blank M. L. (RAS Institute for Information Transmission Problems, Russia)

Let (X, B, p) be a compact metric space and let let M = M(X) be the set of
probabilistic Borel measures on X. A (discrete time) process on M is defined by
a transfer-operator T : M — M satisfying the following properties:
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1°. (T*p)(A) - w(A) >0 Yu € M, A € B (positivity),
2°. (T*u)(A) = u(A) (total measure preservation).

If additionally one assumes the linearity of the operator T the operator T~
becomes the standard Markov operator, which describes the dynamics of measures
under the action of a Markov process. Therefore the processes defined above are
often called nonlinear Markov processes.

Denoting by M? C M the set of §-measures on X it is natural to say that the
process T is deterministic if T* : M® — M?. Obviously a deterministic process
T* defines uniquely a deterministic map T : X — X according to the formula
Tz :=y, where T*1, = 1, for each z € X. Here 1, a the J-measure supported on
the point x.

We shall study a two-parameter collection of deterministic nonlinear Markov
processes defined by the following nonlinear transfer-operators:

1(Be(z))

Here 0 < &,y < 1 are numeric parameters, and B.(z) is the e-neighborhood of
the point x € X.

One can interpret the measure p a distribution of a collection of particles,
whose local dynamics is governed by the map 7' and the interaction is local in
space and is defined by the operator Q. ,,.. A special case when the measure p
is equal to a finite sum of d-measures explicitly corresponds to the dynamics of
a finite Couple Map Lattice and was studied in very different terms and using
different methods in [1].

Tiyp= Q=T 1, Qeypwi=(1=7)z+ A/ ( )ydﬂ(y)-
Be(z

THEOREM 1 (Condensation). Let the map T satisfies Lipschitz condition with
the constant A < oo. Then ¢ = ¢(\) > 0 such that Ve > 0,1 — v < c the
condensation takes place: for each initial measure p € M with the support of
diameter not exceeding €, the diameter of its image (T*)'u vanishes with time
t — oo.

Assuming certain expanding type conditions on the map T with the constant
A and the uniqueness of the corresponding Sinai-Bowen-Ruelle measure pr is
absolutely continuous with respect to the reference measure m (say Lebesgue
measure) we get the following opposite statement.

THEOREM 2 (Independence). There exists an open set of absolutely contin-
uous measures Mo C M and ¢ = ¢(A\) such that Ve > 0,y < ¢, p € Moy we
have

(T =5 ey “5° i

The research was supported by RFBR grants.

References

[1] Blank M., Collective phenomena in lattices of weakly interacting maps, Doklady
Akademii Nauk (Russia), 430:3 (2010), 300-304

18



Numerical simulation of boundary layer correctors and wall laws in a
domain with highly oscillating boundary
Bodart O. (Blaise Pascal University, France)
Amirat Y. (Blaise Pascal University, France)

The general framework of this work is the asymptotic approximation of the
solution of the periodic Laplace and Stokes equations in a domain with a highly
oscillating boundary in R?. The domain is periodic in the first variable, bounded
at the bottom by a smooth plate and at the top with a rugose plate. This rough
boundary is a plane covered with periodic asperities, which size depend on a small
parameter € > 0. The asperities are sharp, that is their height remains constant
as € tends to 0. The typical shape of such a domain is as follows. Let 0 < a1 <
b1 < l1, and 7. be the eli-periodic function defined on (0,el1) by

(1) = A if z1 € (ea1,eb1),
NeT1) = I3 if 1€ (0,8l1)\(€(11,€b1).

with 15 > I3 > 0. The domain under consideration is then
0. = {x = (z1,23) € R>:0<21 < li, b(z1) < z3 < Me (xl)}

In such a geometry we consider the solutions of the xi-periodic Laplace and
Stokes equations. From the computational point of view, the approximation of
PDEs in such domains is an issue. When the scale of oscillations becomes small
compared to the size of the domain, a very large number of mesh points is re-
quired, yielding costly computations. Eventually, when meshing the domain, one
can face numerical underflow problems when the size of the oscillations becomes
too small, making the computation impossible to achieve. Therefore, one aims
at approximating the solution through a problem in a smooth domain with an
effective boundary condition.

In previous works, we constructed asymptotic development of the solutions of
order O(¢%/?) in the H'-norm for the Laplace equation. For the Stokes equations,
the approximation is of order O(£*/2~7) for the velocity and of order O(e) for the
pressure, v > 0 being arbitrarily small. We also built wall laws leading to effective
boundary conditions to compute approximations in the limit smooth domain of
the sequence 2.

The aim of the present work is the numerical implementation of the wall laws.
The asymptotic formulas we have developped, as well as the wall laws, involve
boundary layer correctors. These correcting functions are defined in un unbounded
domain. We first present an approximation process for the correctors in a bounded
domain with exponentially small error. The next step of the works consists in the
implementation of the wall law for the solution. We present numerical results with
a comparison with a full computation in the rough domain when the parameter
is large enough for the mesh to be performed.
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On a class of reductions of the Manakov—Santini hierarchy and
related multidimensional hierarchies
Bogdanov L. V. (L. D. Landau ITP RAS, Russia)

We construct a class of reductions of the hierarchy associated with the system
recently introduced by Manakov and Santini [1]

Uzt = Uyy + (uuz)z + VzUzy — UzaVy,

vyy + UVzx + Uzvzy - 'Uzzvyv (1)

Uzt
whose Lax pair is
¥ = ((p = v2)0z — uz0p) ¥,
0¥ = ((p° = vap +u —0y)00 — (uzp +u,)0,) ¥, (2)

where p plays a role of a spectral variable. The Manakov—Santini system is a
generalization of the dispersionless KP (Khohlov—Zabolotskaya) equation to the
case of general (non-Hamiltonian) vector fields in the Lax pair. For v = 0 the
system reduces to the dKP equation. Respectively, the reduction u = 0 gives an
equation [2] (see also [3])

Vet = Uyy + VzVUgy — VzaVy- (3)

Using Lax—Sato formulation of the hierarchy [4, 5], we introduce a class of
reductions, such that the zero order reduction of this class corresponds to the
dKP hierarchy, and the first order reduction gives a hierarchy associated with
the interpolating system introduced in [6], where it was proved that it is “the
most general symmetry reduction of the second heavenly equation by a conformal
Killing vector with a null self-dual derivative”. In [6] it was also shown that the
interpolating system corresponds to a simple differential reduction cu = bv, of the
Manakov—Santini equation. We present Lax—Sato form of a reduced hierarchy for
the interpolating system and also for the reduction of an arbitrary order. Similar
to the dKP hierarchy, the Lax—Sato equations for L (the Lax function) split from
the Lax—Sato equations for M (the Orlov function) due to the reduction, and
the reduced hierarchy for an arbitrary order of reduction is defined by Lax—Sato
equations for L only. In terms of the Manakov-Santini system this class defines
differential reductions (not changing the dimension). A characterization of the
class of reductions in terms of the dressing data is given.

The construction is also developed for the case corresponding to dispersionless
2DTL hierarchy and for a general multidimensional case (including the hierarchies
related to Plebaniski heavenly equation).

This research was partially supported by the Russian Foundation for Ba-
sic Research under grant no. 10-01-00787 and by the President of Russia grant
4887.2008.2 (scientific schools).
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On the lower bound for the first spectral gap of a general
second-order differential operator
Borisov D. I. (Bashkir State Pedagogical University, Russia)

Let © C R™ be a domain with C'-boundary, n > 2, A;;: Q — R, i,j €
{1,...,n} be bounded functions satisfying the elliptic1ty condition

Aj(z) = Aji(z), V‘ﬂ Z Ayj(x)€:&5 < H|§|2’ 0<v<p.

4,5=1
Given a function V: Q — R, we set V'(z) = max{V(x),0},
V7 (z) :== —min{V(z),0} and assume that V'~ € L,,5(Q) for some ¢ > n and

V*t € Lg/»() for each subdomain ' C Q. On Ly(Q2) we introduce a closed
lower-semibounded symmetric sesquilinear form

blu, v] = > (Aijtia;, Vay) o) + (Vi 0) (@), (1)
i,j=1

D(h) := {uGWQI(Q):/Q\u|2(V++1)dx<oo, 'LL|1":0}, I coq.

By H we denote the self-adjoint operator associated with the form h. Assume that
two lowest spectral values Ao := inf o(H), A := inf o(H) \ {Xo} of the spectrum of
‘H are the eigenvalues.

For any Q¢ C 2 denote by Ho the self-adjoint operator associated with the
same form as in (1), but considered on Ly (€2\ Qo) with the domain W3 (€2\ 0, T)N
La(92\ Qo; V"), where I := dQp U I'. This domain corresponds to the Dirichlet
condition on I'. We assume that there exist subdomains Qo C Q of Q such that
0Q0 € C*, dist (Q,0Q) =d > 0, Ao < A < 0 < infspec(Ho), V™ =0 on Q\ Qo,
dist {ﬁ, o0} > %d, Qis path-connected.

Our main result is an explicit bound for the relative size of the first spectral

A=)
gap 57

THEOREM 1. The spectral gap between A and Ao obeys the following lower
bound
A—Xo
Al
where the constant C is given explicitly in terms of v, u, n, q, d, V and certain
geometric characteristics of 2, Qo, Q.

2 C,

The exact value of C' will be presented at the talk. We shall also discuss
the behavior of this constant in various asymptotical regimes, i.e., as various
arguments of this constant tends to zero or to infinity. A series of possible appli-
cations of the main result will be presented. This is a joint work with I. Veselic’
(TU Chemnitz, Germany).
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Stability and limit behavior of a distributed replicator system
Bratus A. S. (Lomonosov Moscow State University, Russia)
Posvyanskii V. P. (MIIT, Russia)

Novozhilov A. S. (MIIT, Russia)

The replicator equation is known to provide a general modeling framework for
several distinct areas in mathematical biology. In particular, it arises as a selection
equation in population genetics, as a dynamic description of the evolutionary
game theory, and as a model for putative chemical reactions describing prebiotic
evolution. In its simplest form, when the fitness of the species is a linear function
of the relative abundances of other species, the replicator equation takes the form

Bi = g [(Av)i - fl“(t)] L i=1,...n, (1)

where v = v(t) = (v1,...,vn), A is an n X n matrix with elements a,; describing
the contribution of the j-th species to the fitness of the i-th species, (Av); =
>~ @ijvj, and the mean fitness floc(t) = (Av, v) = 31 | (Av);v; is chosen such
that the phase space is simplex v € S, = {v: Y o v; = 1}.

There are several different approaches to add space to (1). We suggest that
the global regulation represents a natural and convenient approach to consider the
replicator equation with an explicit spatial structure. To be exact, as a counterpart
of the local model (1) we consider the model

au,-
ot

= U; [(Au)z —fsP(t)] —&—diAui, 1=1,...,n, (2)

where now u = u(z,t), z € Q C R*¥ k = 1,2,3, d; > 0 are diffusion coefficients,
and the mean integral fitness is given, assuming Niemann’s boundary conditions,
by fP(t) = [,{Au, u)dx. This approach allows analytical investigation of (2):
the tool which was mainly missing in the analysis of replicator equations with
explicit space. In particular, it is possible to find the conditions for asymptotically
stable rest points of (1) to be asymptotically stable homogeneous equilibria of (2).
In our work, we show that for some values of the diffusion coefficients spatially
heterogeneous solutions appear. Using a definition for the stability in the mean
integral sense we prove that these heterogeneous solutions can be attracting; in
particular this is the case for Eigen’s hypercycle. Defining in some natural way
evolutionary stable states for the distributed system (2), we provide the conditions
for this distributed state to be an asymptotically stable stationary solution to (2).
Part of the results are presented in [1, 2].
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Inertial manifolds and gap property for dissipative hyperbolic
equations
Chalkina N. A. (Department of Mechanics and Mathematics, Lomonosov
Moscow State University)
Goritsky A. Yu. (Department of Mechanics and Mathematics, Lomonosov
Moscow State University)

Consider the dissipative semilinear hyperbolic equation

use + 2yur = Au+ f(u) + g(z), ul,, =0, (1)
ul,_y = uo(z) € Hy (), i,y = po(z) € La(Q). ()

in a bounded domain . Here v > 0 is a coefficient of weak dissipation, g(x) €
L2(9) is an external force, and the nonlinearity f(u) satisfies the global Lipschitz
condition |f(u1) — f(u2)| < lu1 — usl.

THEOREM 1 (see [1]). Let A, 0 < A1 < A2 < -+ — 400, be eigenvalues of the
operator —A in the domain Q under the Dirichlet boundary conditions. Suppose

AN4+1 — AN >4l for some N and ~y is sufficiently large. (3)

Then, in the phase space Hg(Q) x L2(Q), there exists an N-dimensional inertial
manifold M that exponentially attracts (as t — 400) all the solutions of prob-
lem (1), (2).

Gap property (3) will be compared with the same one for parabolic equations.
Additionally it will be discussed how (3) changes when

e [ = f(u,u;) depends (Lipschitz continuously) also on u; (see [2]);
e equation is strong dissipative, i.e., contains the term —2vyAw; instead
of +2vyuy.

The research was supported by RFBR, grant 11-01-00339-a.
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Strong trajectory attractors for general dissipative reaction-diffusion
systems
Chepyzhov V. V. (Institute for Information Transmission Problems RAS, Russia)

The method of trajectory dynamical systems and trajectory attractors helps
to study effectively the long time behaviour of solutions of non-linear partial dif-
ferential equations for which the corresponding initial-boundary value problem
is ill-posed or it well-posedness is not proved yet (see [1, 2, 3]). For example,
for the 3D Navier—Stokes system in a bounded domain, following the classical
works of E. Hopf and J. Leray we know how to construct global weak solutions
but the uniqueness result remains an open problem for years. Nevertheless, the
trajectory attractor was constructed for this system. At the same time, as a role,
for meaningful equations and problems, we were able to establish the attraction
to the corresponding trajectory attractors only in the “maximal” possible local
weak topology of the problem we are dealing with. For instance, in [1], we have
constructed a weak trajectory attractor for a general dissipative reaction-diffusion
system in the corresponding local weak topology.

In the present report, for a general dissipative reaction-diffusion system, we
prove that its trajectory (global solutions) tend to the (weak) trajectory attrac-
tor in the “maximal” local strong topology of the corresponding trajectory phase
space. Moreover, the “weak trajectory attractor” is compact in this local strong
topology. The considered reaction-diffusion systems are ill-posed since they do not
satisfy conditions that provide the unique solvability of the corresponding Cauchy
problem.

To prove the strong attraction result, we use the general method of energy
identities that was applied earlier in [4, 5] and in the works of other authors in the
study of global attractors for well-posed problems in unbounded domains when
the standard compactness embedding theorems in Sobolev spaces do not work.

This report is based on a joint work with M. I. Vishik and S. V. Zelik
(vishik@iitp.ru, S.Zelik@surrey.ac.uk).

The research was supported by RFBR grants 08-01-00784 and 10-01-00293.
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Modern traffic flow models
Chertock A. (North Carolina State University, USA)
Kurganov A. (Tulane University, USA)
Polizzi A. (Tulane University, USA)

We will talk about several models of vehicular traffic. We will first describe
microscopic cellular automata models and show how the vehicle interaction can be
modeled through the look-ahead interaction potential, which leads to slow down
due to heavy traffic conditions. We will then proceed with the derivation of the
semi-discrete mesoscopic and continuous PDE-based macroscopic models. The
resulting (systems of ) PDEs are hyperbolic (systems of) PDEs with global fluxes,
which make it very challenging from both analytical and numerical perspectives.
The last part of my talk will be devoted to numerical methods for hyperbolic
systems with global fluxes.
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Steklov problems in periodically perforated domains
Chiado’ Piat V.

We present some results, obtained in a collaboration with S. A. Nazarov and
A. L. Piatnitski, about the asymptotic behaviour of the Steklov problems in pe-
riodically perforated domains, when the boundary condition contains a changing-
sign coefficient.

Global dynamics in quasilinear Kirchhoff wave equation
Chueshov I. D. (Kharkov National University, Ukraine)

We study well-posedness and long-time dynamics of the following quasilinear
problem

{ uee + S(|AY2u)?) Au + o (| A 2u||?) A%y + F(u) =0, ¢ >0,

w(0) = uo, w(0) = w1,

(1)

with 6 € [1/2,1], where A is the minus Dirichlet Laplace operator in a bounded
smooth domain Q C R, ||-|| stands for the Lo (€2)-norm. The damping (o) and the
stiffness (¢) factors are C* functions on the semi-axis Ry = [0, +00). Moreover,
o(s) > 0 for all s € Ry and there exist ¢; > 0 and 79 > 0 such that

S

lim [ [6(6) + oo (©)]dé = +oo and  sp(s) +er / To(e)de > e

s——+o00 0

for s € Ry. We assume that F(u) is a Nemytskij operator generated by a Ccl-
function f(u) such that
d+4

colul”™" —e1 < f'(w) S (1+ uf”™)  withsome 1<p < e,
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where ¢; > 0 are constants. This kind of evolution second order models goes
back to G. Kirchhoff (d = 1, ¢(s) = ¢o + ¢15, o(s) = 0, f(u) = 0) and has
been studied by many authors under different types of hypotheses starting with
pioneering papers [2, 5].

Our first result is the following theorem.

THEOREM 1. Let § = 1. Then problem (1) has a unique weak solution for
every initial data (uo;u1) from the space H = [H N Lp+1](R) x La(Q). In the
case 1/2 < 0 < 1 the same is true if both o and ¢ are positive and p < p. = (d +
20)(d — 2)7".

We note that in the case when 6 € (0,1/2) we can also prove the existence of
weak solutions. However the question of their uniqueness is still open.
Our main result deals with long-time dynamics of solutions to (1).

THEOREM 2. Let § = 1. Assume that ¢(s) > 0 and ¢(s)s — +00 as s — +oo.
Then the dynamical system generated by (1) in H possesses a global attractor of
finite fractal dimension. In the case 1/2 < 0 < 1 the same is true if we assume
in addition that p < p.. This attractor coincides with the unstable set emanating
from the set of equilibria.

To prove this theorem we used a recently developed method based on quasi-
stability estimates (see [3] and [4]). For the definition of a global attractor and
its basic properties we refer to [1].
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On a removability condition of the isolated singularity for solutions of
degenerate higher-order elliptic equations in divergence form
Cianci P. (University of Catania, Italy)

D’Asero S. (University of Catania, Italy)

A weighted Serrin-like condition is found for removability of the isolated
singularity for degenerate high order elliptic equations in divergence form.

We consider an high-order elliptic partial differential equation:
S (—1)*ID* Aa (2, u(@), D u(@), ..., D u(z) =0 in @\ {zo} (1)
la|<m
where €2 is a bounded open set in R", zo € Q.
We study conditions for the extension of u(z) to whole Q in order that the

new function 4(x) satisfies the equation (1) in Q.
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The coeflicient Aq(z, &) of (1) satisfy a weighted polynomial growth condition
and a weighted ellipticity conditions in the form:

> Aa@ 8 zun{ Y lalfwa(@) + Y [l wy(@)}

1<|a|<m lor|=1 la|=m
{3 el ws@) + [l + A@)]wa@)} @
1<|Bl<m
with ¢ > mp and pg is a positive number satisfying suitable condition and wq(z),
wp(z) and wg(x) are positive measurable functions of Muckenhoupt kind.

If we assume that u(z) is the solution of the equation (1) in 2\ {zo} and that
for some o > 0 and K > 0, we have

wq(B(|Jz — 20]) 1~ a2 te )
S YPTR™
and if
lim wa(B(jw = zol) =0 where wq(B(r)) = / wq(z) dz,
xT—>xQ |:L‘ — 1,‘0|q

B(r)

then, we obtain a weighted integral estimates of the gradients of solution u(x)
and therefore, by using Moser’s method, we derive the boundedness of u(z) in the
neighbour of the singularity zo, so that the singularity of u(z) at the point zo is
removable.

On the problem of the absence of singular continuous spectrum
Cojuhari P. A. (AGH University of Science and Technology, Cracow, Poland)

We will present an overview on recent results concerning the problem of the
absence of singular continuous spectrum for self-adjoint operators. Applications
to concrete classes of operators as, for instance, Schrédinger, Dirac and Pauli
operators will be considered.

A classification of embeddings of non-simply connected 4-manifolds
into R’
Crowley D.
Skopenkov A.

Let N be a closed connected orientable 4-manifold without torsion in ho-
mology. The main result is a complete readily calculable classification of em-
beddings N — R, in the smooth and in the PL categories. Such a clas-
sification was earlier known only for simply-connected N, in the PL case
by Boéchat—Haefilger—Hudson 1970, in the smooth case by the authors 2008
(http://arxiv.org/abs/math/0808.1795). Our result for N = S' x S* states
that the set of smooth isotopy classes of smooth embeddings S* x §* — R
is in a (geometrically defined) 1-1 correspondence with the quotient set

Z12® LD Z

{(aa b, C) ~ ((1, b,c+ 2kb)}k€Z
conjecture.

. We disprove the Multiple Haefliger—Wu invariant
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Homogenization of a variational problem on a domain with oscillating
boundaries via periodic unfolding
Damlamian A. (Universite Paris-Est, France)
Pettersson K. (Narvik University College, Norway)

The talk will focus on a boundary value problem with rapidly oscillating
boundaries. We show that strong L? convergence can be obtained by suitable
extension in the oscillating part of the domain. The main technical tool will be
the unfolding method. More precisely, we consider bilinear forms of the type

. - Ou 9y
a(u,¢) = /QE (%:aij%?j +U<P) dz,
where €. is a domain in R? that depends on some small positive parameter .
For e =1 a nonnegative integer and with 8 € (0,1] fixed, the domain Q. is defined
by
e~lo1
0% = U (ke, ke + Be) x (0, 1),
k=0

together with Qg = (0,1) x (—1,0) and Q. = Int C1(Q% U Qp).

For f € L*(Q), Q. C Q, together with some strong conditions on ai;, the
simplest extension of the sequence u. defined by a®(u.,p) = fﬂa fpdz, for all
@ € H'(Q.), converges weakly to the solution of a limit problem. We give an
extension of u. that converge strongly in L*((0,1); H'((0,1))) and H'(Qp).

On normal forms of linear second order mixed type PDE families in
the plane
Davydov A. A. (Vladimir State University)
Trinh Thi Diep L. (Thai Nguyen University of Education)

For partial differential equation in the plane

a(T, Y) Uz + 2b(2, Y)Uay + (T, Y)uyy = F(2,y, U, Us, uy), (1)
where x,y are coordinates, a,b, c are smooth functions, and F' is some function,
we consider the smooth deformation of its characteristic equation

Az, y, €)dy* — 2B(z,y, )dzdy + C(z, y, €)dz® = 0 (2)
with a parameter € € R™, where A(.,.,0) = a, B(.,.,0) =b and C(.,.,0) =c.
THEOREM 1 ([3])). For any given order of smoothness r > 1 a deformation

(2)of germ of characteristic equation at its nonresonance folded singular point
takes the form of germ at the origin of deformation

dy® + (k(e)z® — y)dz® =0 (3)

with some function k, after multiplication of the equation by nonvanishing C" -
function and an appropriate choice of C"-coordinates foliated over the parameter
with the origin at the point.
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Nonresonance folded singular point of the characteristic equation is the point
of tangency of characteristic direction field with type change line for which the
corresponding singular point of the lifted direction field on the equation surface
is nonresonance [1]. For the initial PDE equation that implies the following.

THEOREM 2 ([3])). For any given order of smoothness r > 2 a finite para-
metric deformation of germ of equation (1) at nonresonance folded singular point
of its characteristic equation takes the form of germ at the origin of deformation

Use + (K(€)2® = y)uyy = F(,y,u, uz, uy) (4)

with some function k and new function F, after multiplication of the equation
by nonvanishing C" -function and an appropriate choice of C"-coordinates foliated
over the parameter with the origin at the point.

Note that class of smoothness could be selected as we prefer. But the increas-
ing of this class could lead to reduction of the interval along the parameter axis
where the formulas work. The function k is defined by the exponent of singular
point as usually [2].

The study was supported by RFBR grant 11-01-00960-a and ADTP HSSPD
2.1.1/12115.
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The dynamical inverse problem for the Maxwell system: time-optimal
determination of scalar electric permittivity and magnetic
permeability
Demchenko M. N. (St. Petersburg Branch of V. A. Steklov Mathematical
Institute, Russia)

We deal with the dynamical inverse problem for the Maxwell system with
smooth scalar coefficients €, u > 0. The system considered in a bounded domain
Q C R® with smooth boundary has the form

et =¢e ‘curlh, hy=—p ‘curle in Q x (0,7)
6|t:0 = 0, h|t:0 =0 in Q
eg = f in 0Q x [0,

where (-)g is a tangent component of a vector at the boundary, e = e (z,t) and
h=hf (z,t) are the electric and magnetic components of the solution. With the
system one associates the response operator

R": f= hf'BQx(O,T)~
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Let ¢ = (ep)~'/? be the velocity of electromagnetic waves. The time-optimal
setup of the inverse problem is: given {RQT, ¢ |ag, % |aa} to recover € and p in
the subdomain QF, where

0° = {x € Q|dist. (x,00) < s}, s>0

(dist. is a distance in the optical metric: ds®> = ¢™2|dz|?).

In [1], by the use of the boundary control method, the uniqueness of de-
termination of ¢ |or was established for such T, that Q7 is covered by regular
semigeodesic coordinates (hence, T' is small enough). It means uniqueness of the
product eu. Here we show that one can uniquely determine separately € and p
in case of arbitrary T > 0, providing that Q7 endowed with optical metric satis-
fies some geometrical condition. The latter concerns possible singularities of the
boundary of Q°. In order to formulate it we introduce a separation set (cut locus)
w C Q as a closure of points in Q which have more than one nearest point in
09Q. Note that mesw = 0. Our condition reads as follows: for a. a. s € (0,T)
and specifically for s = T the set 2° is a domain with Lipschitz boundary and
99° Nw has zero surface measure on J2°. We suppose that this condition is not
too constraining and it is surely satisfied in the situation considered in [1].
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The inverse problem for the plasma equilibrium in a tokamak
Demidov A. S. (Moscow State University, Russia)

The control over thermonuclear fusion reactions (including suppression of
instabilities of the plasma discharge) depends essentially on how well the informa-
tion about the distribution of electric current in the plasma. Unfortunately it is
very difficult to obtain this information even within the framework of the one-fluid
magnetohydrodynamic model described by the Grad—Shafranov equation. In this
case the required current distribution is given by the mapping

Jurw s (@,y) = fulz,y), (1)

where required functions u € C*(w) and f are as follows:

2 2
8?52?5279)_’_873?2’3/):f(u(m,y))zo inw, and u=0 on~y=0w, (2)

94 py — a(P)|< Asup

- sup <I>(P)’ . (3)

sup
Pey

Here v = Ow is the boundary of the domain w, which is a cross-section plasma

discharge, v is the unit normal to the curve 7, and A > 0 is small parameter.

The function ® is known only approximately. It is determined by measuring of

the magnetic field component Vu outside the plasma (at the tokamak chamber)
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with a precision obviously non-zero. Thus, the condition A > 0 (in contrast to the
condition A = 0) reflects the physical reality.

Pustovitov [1] was the first who clearly drew attention to possible incon-
sistency between a solution of the Grad—Shafranov equation obtained in some
way or other and the required current distribution. The crux of the question
raised by Pustovitov is whether there are at least two “essentially different” map-
pings (1) which obey to (2)—(3). Note that if A\ = 0, then (as shown in [2]) the
problem (2)—(3) has at most one distribution (1) within the class of affine func-
tions f : u+— f(u) = au+0b for a rather broad class of simply connected domains w
that are not disks. But (see [3]) for any arbitrarily small A > 0, the problem (2)—
(3) has an infinite number distributions f] : (z,y) — fi(z,y) = aju;(z,y) + b,
which pairwise essentially different in the sense that

j j i J i odef ;
It = Il = 05 max |LFH 1 12201y where |Ifull = max [fa(e,y)]-

T @y

(4)
However all these essentially different (in the sense of the condition (4)) distribu-
tions are necessarily [3] members of a sequence that converges to the d-function
supported on «. Therefore, these distributions are not essentially different from
the standpoint of physics. Two distributions fl and f2 are essentially different
(and certainly from a physical point of view) if satisfy not only condition (4) but
also are such as follows:

(&,9) € absmax f, = (&,9) € absmin f2 . (5)

3
Two such essentially different distributions f, (for f(u) = > amu™) were found
m=0
in [4].
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Asymptotic Analysis of Boundary Value Problem in Domain with
Random Multilevel Oscillating Boundary
De Maio U. (University of Naples, Italy)

Boundary-value problems in domains with singularly perturbed boundary
are models for problems in biology and in industrial applications. Microinho-
mogeneous rough boundaries influence macro behavior of the whole object. An
asymptotic analysis of boundary value problems in such domains gives the possi-
bility to replace the original problem by the corresponding limit problem defined
in a ”simpler” domain.

In this talk we present a result on the rate of convergence of solutions of elliptic
problem in a singularly perturbed domain with multilevel oscillating boundary.
This domain consists of the body, a large number of thin periodically situated
cylinders joining to the body through thin random transmission zone with rapidly
oscillating boundary. The combination of the two effects, oscillation of the exterior
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boundary and the randomness of its geometry, appears naturally in applications
but leads to additional mathematical difficulties. Here we consider a domain
with random multilevel oscillating boundary, the first level is random and has the
height ¢; the second one is of the height e*, 0 < a < 1 and is periodic. Here ¢ is a
small parameter, which also characterizes the distance between neighboring thin
domains and their thickness. Assuming the non-homogeneous Fourier boundary
conditions with perturbed coefficients to be set on the boundaries of the thin cylin-
ders and on the boundary of the oscillating layer, we prove the homogenization
theorems and estimate the rate of convergence. It is shown that there are two
qualitatively different cases in the asymptotic behavior of the solutions. These
results have been obtained in a joint work with G. A. Chechkin, C. D’Apice and
A. L. Piatnitski.

Optimal synthesis in the Reeds and Shepp problem
Dmitruk A. V. (Lomonosov Moscow State University)
Samylovskiy I. A. (Lomonosov Moscow State University)

Consider the following time-optimal control problem [1] for a car in the plane
moving back and forth with bounded linear and angular velocities:

& = usingp, z(to) =0, z(T) =z,

y=wucosp,  y(to) =0,  y(T)=yr,
=, (to) =0, p(T) is free,
lu| <1, lv| <1, J =T — min.

(1)

Here ¢ is the angle between velocity (&,y) and the ordinate axis. Analysis of
the Pontryagin Maximum principle gives all the types of trajectories satisfying
necessary optimality conditions. We show that some of them are not globally
optimal, and then construct the optimal synthesis. Since the problem is obviously
symmetric both in  and in y, we can assume that the terminal position of the car
lies in the first (nonnegative) quadrant Ri . Define two auxiliary discs:  Sright =
{(zx —1)> +y* <1}, and Spiy = {(z + 1)* +3* < 5}, and the following subsets
in R3.:
71 = Ri_ N Sbig N (int Sm‘ght),
Zs = (R} N Shig) \ (int Srigne),
Zs = (R \ Swig) N{y > 1},
Zy = (R \ Shig) N{y < 1}.

(2)

We use the following notation for functions of t: f = (ci, c2, ..., ¢n) means that
f(t) is a piecewise constant (vector-)function taking the corresponding values on
successive intervals (to,t1), (t1,t2), ..., (fn—1,tn) with t, =T

The form of optimal synthesis is given by the following

THEOREM 1. If (z7,yr) € Z1 and yr > 0, then the optimal trajectory has one
switching point with v = (—1,1), v = 1. If yr = 0, there are two time-optimal
trajectories: uw = (1,—1), v = -1 and u = (—1,1), v = 1 that give the same
value of the cost.
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If (xr,yr) € ZoUZs, x7 #0, and (x7 — 1)® + y% > 1, then the optimal
trajectory has u = 1, v = (1,0). Ifxr =0 thenu =1, v = 0. If (xzr — 1)* +
yh =1, thenu=1, v=1.

If (xr,yr) € Zs and yr > 0, the optimal trajectory has
(u,v) = ((-1,1), (1,1), (1,0)) with two switching points. If yr = 0, there
are two time-optimal trajectories: (u,v) = ((1,-1), (-1,-1), (=1,0)) and
(u,v) = ((-1,1), (1,1), (1,0)) that give the same value of the cost.

The optimal time continuously depends on (zT, yr)-

REMARK 1. Note that here we consider problem (1) with a free terminal
direction (7). If it is fixed (as in [1]), the construction of optimal synthesis is
expected to be essentially more cumbersome.
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Hydrodynamic equations from Hamiltonian dynamics in phase space
Dostoglou S. (University of Missouri, USA)

We examine how to obtain macroscopic equations from the Hamiltonian dy-
namics in phase space of a particle system when the number of particles becomes
infinite. To avoid Gibbsian ensembles of particle systems we use the Y. L. Klimon-
tovich formalism [2], the work of C. B. Morrey [3], and techniques from [1].

In particular, if the number of particles N — co while the total mass My =
Nmy, total energy Ex = my Y. ‘pglz, and + My SV |gi|? stay bounded, the
sequence of measures

1 & 1 &
N 2O 3 2 (1)
1 1

converge weakly, up to subsequence, to measures p and p respectively. The macro-
scopic velocity u, defined as the barycentric projection of p (see [1]), is the rigorous
analogue of the Maxwell-Boltzmann [ pf(q,p) dp.

Hydrodynamic equations result from Hamilton’s equations as N — oco. The
resemblance of these equations to Euler/Navier—Stokes/Reynolds equations de-
pends on the second correlations of (1).
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Hydrodynamical limit for lattice systems
Dudnikova T. V. (Elektrostal Polytechnical Institute, Russia)

The present work concerns the mathematical problems of foundations of sta-
tistical physics and continues the work [3] devoted to the derivation of the limiting
“hydrodynamic” equations from the Hamilton dynamics. As the model we study
the harmonic crystals in Z%, d > 1. In the harmonic approximation, the crystal
is characterized by the displacements u(z,t) € R", z € Z¢, of the crystal atoms
from their equilibrium positions. The field u(z,t) is governed by a discrete wave
equation. The initial data are supposed to be random function. For such model
the long-time convergence of the distributions of the random solution u(-, ) to an
equilibrium measure was proved in [2].

To derive the hydrodynamic equations we introduce a small scale parameter
e > 0 and a family of the initial measures {ug,e > 0}. We assume that the
measures ug are locally homogeneous for space translations of order much less than
1/e and nonhomogeneous for translations of order 1/e. Moreover, the covariance
of u§ decreases with distance uniformly in e. Given nonzero 7 € R and r € R,
we study the distributions 7 .« ,.,. of the random solution u(z,t) at the lattice
points close to the point [r/c] € Z* and in the time moments 7/¢* with an &,
k > 0. In the case £ < 1, we prove that the measures y? /.« ,.,. converge to a limit
measure as € — 0, which is Gaussian and its covariance matrix does not depend
on 7. For k = 1, we prove the weak convergence of u7 . . . to a limit Gaussian
measure as € — 0 (see [3]). Moreover, the Fourier transform of the covariance
matrix of the limit measure evolves according to the following equation:

a‘rf‘r,'r(e) = ZC(G)VQ(Q) * v’l‘fT,T(e), re Rd, T > O, (1)
0 Q71(6) 9 ) i )
where C(0) = —Q(0) 0 , 0 € T% and, roughly, 2(0) is the dispersion

relation of the harmonic crystal. Equation (1) can be considered as the analog of
the Euler equation for our model.

The main result is the derivation of the equation for the “next correction” to
the limiting equation (1). We study the asymptotics (as e — 0) of the distributions
of the solution u(-,t) on a longer time scale t = 7/ instead of 7/c. It allows us
to derive the following (Navier—Stokes type) equation:

0.12.4(0) =1C(0) (VO0) - V.12, (0) + Fulv*00) - VL 0]) . ()

where r € RY 7 > 0. In the case d = 1, equations (1) and (2) were derived
by Dobrushin and others, [1]. The similar results are obtained also for lattice
dynamics in the half-space Z%, [4].

This work was partially supported by RFBR grant 09-01-00288.
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Homogenization of an optimal control problem involving a thick
multi-level junction with alternate type of controls
Durante T. (Department of Electronic and Informatics Engineering, University
of Salerno, Italy)

There are two different approaches to homogenize optimal control problems.
One consists in the passage to the limit in the corresponding adjoint problem and
then recover an optimal control problem which is called the homogenized control
problem to the initial one (see e.g. [1]). The other one (so-called direct method)
is based on the theory of I'-convergence (see [2]) and is more expedient since it
keeps convergence of the optimal solutions of the initial problem to the similar
characteristics of the corresponding homogenized optimal control problem. The
main difficulty of the second approach consists in the mathematical description of
the homogenized optimal control problem and in the identification of the effective
set of its cost functional. This approach was improved by Z. Denkowski and
S. Mortola in [3] using the Kuratovski convergence of solution sets and applying
the Buttazzo—-Dal Maso abstract scheme [2].

The main assumption in the scheme proposed by Z. Denkowski and S. Mor-
tola is G-convergence of the sequence operators, which describe the sequence of
perturbed boundary value problems in concrete case. Therefore,

1°. the crucial point and the first step in the homogenization of an opti-
mal control problem involving perturbed domains is the proof of the
convergence theorem for the state.

2°. On the second step, with the help of the convergence theorem we get
Kuratowskii convergence of solution sets which is equivalent to the I'-
convergence of the corresponding indicator functions.

3°. Then we deduce the I'-convergence of cost functionals.

4°. Finally, applying the Buttazzo-Dal Maso abstract scheme, we obtain
results for the asymptotic behavior of the optimal solutions, thereby we
correctly define the limit optimal control problem, and results for the
convergence of minimal values, thereby we prove the stability result of
this direct method.

In my talk I will present our new results obtained jointly with Prof. Mel’'nyk
(see [4]) about the homogenization of an optimal control problem. The optimal
control problem whose state equation and the cost functional are defined in a
plane thick two-level junction, which is the union of some domain and a large
number 2N of thin rods with variable thickness of order ¢ = O (N_l) . The thin
rods are divided into two levels depending on the geometrical characteristics and
on the controls given on their bases. In addition, the thin rods from each level
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are e-periodically alternated and the following inhomogeneous perturbed Fourier
boundary conditions dyue () +ekiue (z) = e’ ge(x), i = 1,2 are given on the lateral
sides on the rods from the corresponding level. We study the asymptotic behavior
of this optimal control problem as € — 0.
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Necessary and sufficient conditions for existence of an isolated
solution of a nonlinear two-point boundary value problem for systems
of the integral-differential equations
Dzhumabaev D. S. (Institute of Mathematics, Kazakhstan)

Bakirova E. A. (Institute of Mathematics, Kazakhstan)

The nonlinear two-point boundary value problem for systems of integral-
differential equations is considered

T
Ccll—:: = fo(t,z) —&—/0 filt,s,z(s))ds, ze€R", te€l0,T], g(z(0),z(T)) =0,
(1)

where fo: [0,7] x R — R", f1:[0,7] x [0,T] x R" — R" are continuously.

The problem (1) is investigated by a method of parametrization [1, 2]. Di-
viding the interval [0, 7] uniformly into N parts and introducing additional pa-
rameters as values of a solution in partition points, the problem (1) is reduced
to equivalent multipoint boundary problem with parameters. The algorithm for
finding of a solution to the problem with parameters is offered. Each step of
the algorithm consists two points. In the first point of the algorithm a system
of nonlinear equations with respect to introduced parameters is solved. In the
second point at the finding values of parametres the special Cauchy problem for
the nonlinear integro-differential equations is solved.

In the paper it is reduced sufficient conditions of algorithms convergence,
ensuring existence of an isolated solution to nonlinear boundary value problem
for systems of the integral-differential equations (1).

DEFINITION 1. A solution z*(¢) to problem (1) is said to be isolated if there
exists a number pg > 0 such that the functions fo(t, x), f1(¢, s, z) and g(v, w) have
the uniformly continuous derivatives f{,(t,x), fiz(t,s, ), g, (v, w), g.,(v,w) in

Go(po) = {(t,z) : t € [0, T}, ||z — z"(t)]| < po},
G1(po) = {(tws»x) ite [OaTL s € [07T]’ HI - JS*(S)H < P},
Galpo, po) = {(w,w) € B+ o — " (O)]] < po, [lw — " (T)]] < po}
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respectively, and the linear homogeneous two-point boundary value problem

% 8foa t a” / /1 t 52 (8) gy ds, teo,T],

gol(a” (0)7$*(T))y(0) +gw(1’ (0)7$*(T))y(T) =0,
has only the trivial solution y(t) = 0.

The necessary and sufficient conditions are established for the existence of an
isolated solution to problem (1).
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Integrability of a planar system of ODEs near a degenerate stationary
point
Edneral V. F. Sr. (Lomonosov Moscow State University, Russia)
Romanovski V. G. (University of Maribor, Slovenia)

We consider the system of equations:

&=y b2y + (a0 2® + a1 2%y?) + (a2’ y + az zy®), 1
y=ca®y® +2° + (boz'y + brzy®) + (b22® + bsz® y° + ba ). @
Systems with a nilpotent matrix of the linear part were thoroughly studied by
Lyapunov et. al. In the system (1), there is no linear part, and the first approxi-
mation is not homogeneous. This is the simplest case of a planar system without
linear part and with Newton’s open polygon consisting of a single edge. In general
case such problems have not been studied.
System (1) has a quasi-homogeneous initial approximation:

i=—y>—baty, y=ca®y®+a° (2)

THEOREM 1. In the case D (3b +2¢)? — 24 # 0, the system (2) is locally
integrable if and only if the number Q dGf(S b—2¢)/VD is rational.

If @ = 0 then the approximation (2) is Hamiltonian one. The Hamiltonian
case of the full system (1) with the additional assumption that the Hamiltonian
function is expandable into the product of only square-free factors was studied in
[1]. We will investigate the non Hamiltonian case @ = +1 and a2 = az = bz =
b3 =0, i. e. we study the system:
de/dt = —y® —ba’y+aox® + a1 2%y,  dy/dt = (1/b) 2’y +x° +bo &y + b1 x 3/,

(3)
with arbitrary complex parameters a;,b; and b # 0. Note that the limitation
D # 0 of Theorem 1 leads in this case to the limitation b* # 2/3 also.

In [2] the complete set of necessary conditions on parameters of the system

for which (3) is locally integrable near the degenerate stationary point z =y =0
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has been found. It consists of the following four two-dimensional subsets in the
parameter space:
ag = 0, ay = 71)0 b, bl = 0,

b1 = —2@1, apg = a1b, bo = blb,

4
b1 = 30,1/2, ap = CL1b7 bo = blb, ( )
b1 = 86L1/37 apg = alb, b() = blb

In [3] it was proved that all conditions (4) are also sufficient conditions for
global integrability of the system (3). For each subset above the first integrals
were evaluated by the Darboux method in an explicit form as functions of system
parameters. So (4) is a full set of necessary and sufficient conditions of the global
integrability of the system (3) except of two hyperplanes b = 2/3 where additional
subsets of integrability can be.

The talk is based on the joint paper with A. D. Bruno.
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Decay of solutions to an initial-boundary value problem posed on a
half-line for damped Korteweg—de Vries equation
Faminskii A. V. (Peoples’ Friendship University of Russia, Moscow, Russia)

We consider an initial-boundary value problem posed on the half-line Ry for
damped Korteweg—de Vries equation
Ut + Ugze + Ule + a(z)u =0
under initial and boundary conditions
u(0,2) = uo(z), x>0, u(t,0) =0, t>0.

The damping term a(z) is positive, lies in the space WL (R;) and satisfies the
following inequalities: for certain positive constants M and co

la'(z)| < Ma(x) a.e. inRy, a(z) > vz > 0.

1+ -

The initial function is such that uo € H*(Ry), (1 + x)?uo € La(R4) for certain
B > 3/4 and is assumed to be small in La(R4).
It is proved that a mild solution to this problem decays in time, that is

tl}inoo lut )L, @y = 0.

In the previous results (see [1], [2]) the damping term was assumed to be
strictly positive at +oo.
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On solvability of the Dirichlet problem of m-Hessian equation
Filimonenkova N. V. (Saint-Petersburg State University of Architecture and
Civil Engineering, Russia)

In modern theory of fully nonlinear differential equations m-Hessian equations
are little-studied and present great possibilities for research. The key element in
this area is m-Hessian operator

Fplu] = (trmum)% , ue€ CQ(Q), QCR", 1<m<n,

where 7, Uz, is the sum of all principle minors of the Hessian matrix wy,. The
subject of our investigation is the Dirichlet problem for a fully nonlinear second
order equation

Folul = f,  uloa = . (1)

The case m = 1 corresponds to the Poisson equation, with m = n we have
the Monge-Ampére equation, both are thoroughly studied. Our investigation
deals with the full range of equations “between” the former and the latter. The
operator Fy, is not totally elliptic in C?(Q) but only in the subset of so-called
m-admissible functions. Also 9€ is required to be strictly (m — 1)-convex surface.
The theory of solvability of (1) uses interesting algebraic facts from L. Garding’s
little known paper of 1959. Equations (1) were considered in the papers of 1980s
by N. M. Ivochkina, L. Nirenberg, L. Kaffarelly, J. Spruck with f € C*(Q), f > 0.
In 1997 N. Trudinger introduced a notion of approximate solution of m-Hessian
equation with f € LP(Q2),f > 0. New results in this area have recently been
obtained. The goal of our talk at the Conference is to deliver the analysis of the
smoothness of solution to m-Hessian equation in dependence on regularity of f.
For example the following theorems are true:

THEOREM 1. Assume that 092 is strictly (m — 1)-convez surface, ¢ and 9
are sufficiently smooth, f is convex, f > v >0 in Q. If f. € L>=(0) then there
exists m-admissible solution u € C’2+a/(ﬁ) of (1) with some a’,0 < o/ < 1. If
f e Ct(Q),0 < a < 1, then there exists m-admissible solution u € C3T*(Q)

of (1).

THEOREM 2. Assume that dQ € C'*% is strictly (m — 1)-convex surface,
e CHON), feC ), f>vr>0inQ, 1 >4, 0<a< 1. Then there
exists m-admissible solution u € C'T*(Q) of (1).

The work is supported by the Russian Foundation for Basic Research (grant
No. 09-01-00729) and the grant of “Nauchnye Shkoly” (grant No. NSh-
227.2008.1).
39



Asymptotic behavior of the first eigenvalue of the Robin problem
Filinovskiy A. V. (N. E. Bauman Moscow State Technical University, Russia)

We consider the eigenvalue problem with the Robin boundary condition

Au+Adu = 0 inQ, (1)

o,
By au -

for a bounded domain 2 C R™ with the smooth boundary I', where v is the outer
unit normal vector to I'. It follows from the variational principle that the first
eigenvalue A1 («) of problem (1), (2) increases monotonically with respect to o and
satisfies the inequality A1 < /\§d’, where /\5‘” is the first eigenvalue of the Dirichlet
problem for the operator —A in Q.

We are interested in the asymptotic behavior of A\i(a) as @ — +oco. In
monograph [1] (see Ch. 6, § 2), it was noticed that agr}rloo A= A(ld>. For n = 2,

0, a>0, (2)

the following estimates were obtained in paper [2]:
@\ -1
A@ (142 §A1§A§d><1+47“> . a>0,
oq1 a|T|n-1

where |- i is the k-dimensional measure and ¢; is the first eigenvalue of the Steklov
problem

Ay
ulp = 0, (Au—q@)

THEOREM 1. Let n > 2, then

I
o
=
2

v \2
2 d
)\1(04):)\560_ Jr (50) " ds

al+o (ofl) ,  a— +oo,

Jov?dx
where v s the first eigenfunction of the Dirichlet problem
Av + )\gd>v = 0 inQ,
vlp = 0.

This research was supported by RFBR grant no. 11-01-00989 and DSP grant
no. 2.1.1/7161.
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Polynomials of almost-normal arguments in C*-algebras
Filonov N.
Kachkovskiy 1.

Let a be a normal element of a unital C*-algebra .A. The notion of continuous
function f(a) of this element is well known. More precisely, there exists a unique
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C*-algebra homomorphism
Clo(a)) = A, [~ f(a)

from the algebra of continuous functions on the spectrum o(a) to A such that the
function f(z) = z maps to a, o(f(a)) = f(o(a)), and ||f(a)|| = max.cq(q) |f(2)]-
This calculus is widely used in solving various problems in Analysis. We suggest
an analog of the functional calculus for non-normal elements. We restrict the
considered class of functions to the polynomials (in z and Z). Assume that a
is close to a normal element in the sense that the norm of its self-commutator
llla,a*]|] = ¢ is small. We show that many properties of the functional calculus
hold up to an error of order 4.

On global existence and blow-up for nonlinear hyperbolic systems
Galakhov E. 1. (Peoples’ Friendship University of Russia)

We consider the Cauchy problem for a nonlinear wave equation with a po-
tential
uge — Au — V(z)u = |ul? (1)
or for a nonlinear hyperbolic system

ue — Au— Vi(z)u = [v|?  (z,t) € RY x R, @)
vie — Av — Va(z)v = |ul?  (z,t) € RY x Ry

with compactly supported initial data.

In the case of subcritical (p,q) and/or zero potential, these problems were
treated by many authors, particularly in [1] and [2]. Combining the techniques
of these papers with the method of nonlinear capacity (see [3]), we establish
necessary and sufficient conditions for global solvability of problems (1) and (2)
under appropriate assumptions on the potential V' (resp. Vi, V2), including the
subtle case of critical values of (p, q).

The research was supported by RFBR grants 08-01-00441, 09-01-12157, grant
of the President of Russia HITI-3810.2008.1, and by the Russian Ministry of Ed-
ucation and Science (project 2.1.1/5328).
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Large-scale oceanic motions
Gallagher 1. (Inst. Math. Jussieu, France)

In this talk we shall review some recent works of the author with C. Cheverry,
T. Paul, and L. Saint-Raymond. Those works concern shallow water flows, subject
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to strong wind forcing and linearized around a stationary profile w. The system
reads (writing  and u for the height and velocity fluctuations)

Btn+§V«u+ﬂ-V17+62V~(nu):0,

1 1
atu+S—vaf+gvn+a-Vu+u-Vﬂ+s2u-Vu:0,

where b stands for the (adimensionalized) rotation of the earth and where ¢ is a

small parameter (of the order of Fr?, where Fr is the Froude number, and of Ro?
where Ro is the Rossby number). We prove in a rather general framework that
the system may be diagonalized using an abstract semi-classical approach, which
allows to identify Rossby and Poincaré waves. The Poincaré waves are shown to
disperse by use of Mourre estimates — a more explicit, spectral approach is also
proposed in a more restrictive setting. Some partial results regarding the trapping
of Rossby waves are obtained; these are made much more precise, by the study
of the underlying dynamical system, under the additional assumption that the
stationary profile is zonal.

The research was supported by the A.N.R. grant ANR-08-BLAN-0301-01
“Mathocéan”, as well as the Institut Universitaire de France.
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Lebesgue Sets of Value Function in Linear Differential Game with
Two Pursuers and One Evader
Ganebny S. A. (Institute of Mathematics and Mechanics UrB RAS, Russia)
Kumkov S. S. (Institute of Mathematics and Mechanics UrB RAS, Russia)
Le Menec S. (EADS / MBDA France, France)
Patsko V. S. (Institute of Mathematics and Mechanics UrB RAS, Russia)

We study a model differential game with two pursuers and one evader. Three
inertial objects moves in the straight line. The dynamics descriptions for pur-
suers P; and P> are

Zp o =ap, ap = (w1 —ap)/lp,  fu| < o,
Zp, = ap,, ap, = (u2 — aPQ)/lP27 |u2| < pe.
Here, zp, and zp, are the geometric coordinates of the pursuers, ap, and ap, are
their accelerations generated by the controls u; and wz. The time constants [p,
and lp, define how fast the controls affect the systems.
The dynamics of the evader F is similar:

g = ag, dE:(v—aE)/lE, |’U|§I/.
Let us fix some instants 77 and T». At the instant 7%, some quasiconvex
function ¢ is computed, which depends on the miss of the first pursuer with the
respect to the evader. At the instant 7>, some quasiconvex function @s of the

miss of the second one is computed.
42



Assume that the pursuers act in coordination. This means that we can join
them into one player P. This player governs the vector control u = (u1,uz2). The
payoff is the minimum of the functions ¢:1 and @2:

o= min{gal(\zE(Tl) — zpl,E(T1)|), <,02(|2E(T2) - ZPQ,E(T2)|)}.

At any instant ¢, the players P and F know exact values of all state coordi-
nates zp,, Zp,, ap,, 2Py, 2Py, QPy, 2E, 2E, ag. LThe player P choosing its feedback
control minimizes the payoff ¢, the player £ maximizes it. So, we have a standard
antagonistic differential game. One needs to construct the value function of this
game and optimal strategies of the players.

Let us describe a practical problem, whose reasonable simplification gives
this model game. Suppose that two pursuing objects attacks the evading one on
collision courses. They can be rockets or aircrafts in the horizontal plane. A
nominal motion of the first pursuer is chosen such that at the instant 77 the exact
capture occurs. In the same way, a nominal motion of the second pursuer is chosen
(the capture is at the instant 7). But indeed, the real positions of the objects
differ from the nominal ones. Moreover, the evader using its control can change its
trajectory in comparison with the nominal one (but not principally, without sharp
turns). Correcting coordinated efforts of the pursuers are computed during the
process by the feedback method to minimize the result payoff, which is computed
on the basis of absolute values of deviations at the instants 77 and 7% from the
first and second pursuers, respectively, to the evader.

The passage from the original non-linear dynamics to a dynamics, which
is linearized with the respect to the nominal motions, gives the problem under
considerations.

The research was supported by RFBR grant 09-01-00436 and by the Program
“Mathematical control theory” of the Presidium of the RAS (Ural Branch project
09-I1-1-1015).

Effective boundary conditions for Stokes flow over very rough
boundaries
Gaudiello A. (Universita degli Studi di Cassino, Italy)

We study the asymptotic behaviour of the solution of Stokes equations in a
3-dimensional domain with highly oscillating boundary. Let S = (0,11) x (0,12),
S = (a1,b1) x (az,b2), with 0 < a; < b; < l; (1 = 1,2) and let 7. be the eS-periodic
function defined on €S by

. ’ =
ne (ZIZ'/) _ l? lf ZIZ’, S EQS\S),
l3 if ' € €S,
with I3 < I3, 2’ = (z1,%2), and ¢ is a small positive parameter. Let
Q. ={z=(2",23) € R®: 2/ €8, b(@) <3< ne(z")}

where b is a smooth function on R?, S-periodic and such that b(z') < I3 for every
z' € R%. We assume that 1/e € N. The domain Q. is bounded at the bottom by
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the smooth wall P = {z = (2/,z3) € R® : 2’ € S, 23 = b(2')} and at the top by
the rough wall R. = 99 \ (PU{(z/,z3) € R3 : 2/ € 35, b(z’) < x3 < I3}).

The velocity u. and the pressure p. of the fluid satisfy the stationary Stokes
system:

—vAu: + Vp. = f in Qq,

V-u=0 1in Q,,

us =0 on PUR.,

(ue, pe) S-periodic (with respect to z'),
Jo- pedr =0,

where f is a smooth function in Q, with Q = {(z/,23) € R® : 2’ € S, b(z') <
z3 <lz},and Q" ={x = (¢',23) € Qe : ' € S, z3 <l3}.
We introduce the system

—vAU:+VP.=f inQ,
V-U:=0 inQ,

1/5'E — Eﬁggg =0 on X%,
Uss =0 on %,
U.=0 on P,
(U, P.) S-periodic (with respect to z'),

fQ, P dxr=0.

Here M is a 2 x 2-matrix with constant coefficients, symmetric and negative
definite, whose definition involves the solution (¥,II) of a Stokes system in an
infinite domain in the x3-direction, and 175 denotes the vector formed by the
first two components of U.. Using asymptotic expansions and boundary layer
correctors we show that the pair (Ue, P-) is an approximate solution in Q7 of the
solution (ue,p:) of order O(*/277) (y > 0 being arbitrary small) in the H' norm
for the velocity, and of order O(g) in the L? norm for the pressure. Moreover, in
the rugose region Q:\Q7, (ue, pe) is approximated by an explicit formula via the
functions (¥, II) and the trace of U. on X.

The talk is based on the joint paper with Y. Amirat, O. Bodart and
U. De Maio.

Blow-up of solutions of nonlocal initial boundary value problem for
diffusion-absorption equation

Gladkov A. L. (Vitebsk State University, Belarus)

We consider the following nonlocal initial boundary value problem:

ur = Au — c(z, t)u? forzeQ, t>0,
u(z,t) = / k(z,y,t)u'(y,t)dy for z€dQ, t>0, (1)
Q
u(z,0) = uo(z) for z€Q,

where 2 is a bounded domain in R™ for n > 1 with smooth boundary 99, p > 0

and [ > 0. Here ¢(z,t) is a nonnegative locally Holder continuous function defined

for z € Q and t > 0 and k(zx,y,t) is a nonnegative continuous function defined
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for x € 9Q, y € Q and t > 0. The initial data uo(z) is a nonnegative continuous
function satisfying the boundary condition at ¢t = 0.

We prove uniqueness of solutions with trivial initial datum for (p +1)/2 <
I < 1, with nonnegative initial data for [ > 1, with positive initial data under
the conditions I < 1, p > 1 as well as positive in Q solutions if max(p,!) < 1,
nonuniqueness of solution with trivial initial datum for ! < min{1, (p + 1)/2}.

We give some criteria for existence of global solutions as well as for blow-up
of solutions in finite time. We point out growth conditions for the coefficient
k(z,y,t) which guarantee blow-up of all nontrivial solutions of (1). In particular,
we prove the following results. Let A; is the first eigenvalue of problem given by

Ap+Ap =0 in Q with ¢plagg =0.
Suppose that either

/ k(z,y,t)dy < Aexp(ot), A>0,0 <A (l—1), (2)
Q
for x € 9Q and t > 0, or
c(z,t) < Cexp(yt), C>0,v<A(p—1), (3)
forz € 2, t >0, and
k(z,y,t) > Bexp[Ai(l — 1)t], B >0, (4)

for x € 99, y € Q and large values of ¢.

THEOREM 1. Let min(p,l) > 1. If (2) hold then there exist global solutions of
(1) with initial data small enough. If 1 > p, (3) and (4) hold then any nontrivial
solution of (1) blows up in finite time.

The resolvent of elliptic operators with distant perturbations
Golovina A. M. (Bashkir State Pedagogical University, Russia)

We consider the operator

m o° a7 0°
Moo= (0" 3 gtegm T 2 Aigs
B.vezd pezd
|Bl=]v|=m 18]<2m—1
in the space L2(R%) with the domain W3™(R?). Here Az, € C™(R%),
Ag € C™H(R?) are matrix-valued functions. We assume that the operator Ho is
elliptic,
v Z |§B|2 < Re Z (AB7£B7€7)64 ) £5 € Cd7

sezd Byezd
[Bl=m [Bl=]vI|=m

where the constant v is independent of x and £g.
Let £2 be arbitrary bounded operators from W2™(R%) into Lz (R%), ¢; = (r),
n; = m:i(r) € C*™(R4), i = 1,...,k be nonnegative functions equalling one in a
fixed neighborhood of zero. Functions 7;, ¢; are supposed to satisfy the following
conditions
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1°. There exists a function a € C?™7'[0,+0c0] such that the estimate
lsi(r)| < Ciexp <f a(t) dt), i =1,...,k, holds true, where C; are con-
0

stants.
2°. The function a and all its derivatives of the order up to 2m — 1 are
uniformly bounded in R?, a(t) = 0 as t € [0,to], where to > 0, and the

“+oo
identity [ a(t)dt = —oo is valid.
0

3°. The functions n; and all their derivatives of the order up to 2m decay
at infinity.
k
We introduce a perturbed operator as Hx := Ho + S(—Xi)ciﬁgniS(Xi)
i=1

in Ly(R?Y) with the domain W3™(R?). Here S(X;) is the shift operator:
(S(X)u)(-) := u(- — X;) and X; € R? are discrete parameters tending to in-
finity.

We consider the family of the operators H; := Ho + ;LIn; in L2(R%) with
the domains W™ (Rd). We assume that the operators £ are so that operators
‘H; are closed.

The main result is as follows.

THEOREM 1. For sufficiently large X the operator Hx is closed. For any
k
A€ C\ N o(Hi) and sufficiently large X one has
i=1

k

(Hx =N = D S=X)(Hi = N 'S(X:) — (k= D)(Ho— XN T+Px) 7",

where

and

HPXHLg(Rd)*)LQ(Rd) —0, X — +oo.

The work partially supported by REFBR (10-01-00118), by the Grants for the
President of Russia for young scientist-doctors of sciences (MD-453.2010.1) and
Federal Task Program (02.740.110612).

On periodic trajectories in some models of gene networks
Golubyatnikov V. P. (Sobolev institute of mathematics, Russia)

We consider odd-dimensional nonlinear dynamical system of chemical kinetics

in dimensionless form:
dxl
dt

dws
dt

dl‘2k+1
dt

= fa(x1) —x2; ... = fory1(zor) —T2rt1. (1)
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Here f; are positive monotone decreasing functions, and z; > 0. These vari-
ables denote concentrations of substances in gene networks. Usually, in biological
interpretations, the monotone decreasing of these functions simulates negative
feedbacks in gene network, and the monotone increasing of such summands cor-
responds to positive feedbacks.

LEMMA 1. The dynamical system (1) has ezactly one stationary point.

We denote this stationary point by M™ and construct some non-convex poly-
hedral invariant domain P of the system (1). This P is a union of 4k + 2 triangle
prisms. Linearization of the system (1) at M ™ has one negative eigenvalue A1 and
k pairs of complex conjugate eigenvalues A23, ... A2k, 2k+1-

THEOREM 1. If linearization of the system (1) at the point M™* has eigenvalues
with positive real parts and does not have imaginary eigenvalues then the invariant
domain P contains at least one cycle of this system.

The stationary points satisfying the conditions of the theorem 1 are called
hyperbolic.

THEOREM 2. If the conditions of the theorem 1 are satisfied and for some
n >0 and for alli, 1 <1i < 2k + 1, the inequalities
27 s
- sin
2k +1 2k +1

hold in the invariant domain P then P contains a stable cycle of the system (1).

fi(zi—1) +n|< n-sin si

It is well-known, that any nonlinear dynamical system is topologically equiva-
lent to its linearization in some small neighborhood W of its hyperbolic stationary
point. Consider as an example dynamical system of the type (1) in the symmetric
case fi(u) =a-(14u™)"! forall i =1,2...,11. If n and a are sufficiently large,
then

]Re)\4,5 < 0 < R6A6’7 < Re)\s,g < Reklo, 11,

and hence, the 2-dimensional planes Pio,11, Ps,9 etc. corresponding to Aip,11 and
other eigenvalues with positive real parts, are covered by unwinding trajectories
of this linear dynamical system. Hence, the neighborhood W contains two invari-
ant 2-dimensional manifolds of the system (1), which are covered by unwinding
trajectories of this nonlinear dynamical system. We have seen in numerical ex-
periments, that trajectories of the symmetric system (1) as above with starting
points “near” these two planes Pio,11 and Ps g, respectively, have different limit
cycles. So, no uniqueness of cycles can be expected here.

The same approach can be used in considerations of models of gene networks
with more complicated regulations. For example, we have studied the systems
of the type (1) where some of the functions f; are unimodal, such as the Glass—
Mackey function f;(u) = a-u-(1+u™)"*. This corresponds to simple combinations
of negative and positive feedbacks in the gene networks.

The author is indebted to A. A. Akinshin and I. V. Golubyatnikov for assis-
tance.

The research was supported by RFBR grant 09-01-00070.
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On extensions and restrictions of an analytic Cp-semigroup in a
Banach space
Gorbachuk M. L. (Institute of Mathematics of NASU, Ukraine)
Gorbachuk V. I. (Institute of Mathematics of NASU, Ukraine)

Let {etA}t>O be an infinitely differentiable Cp-semigroup with a generating
operator A in a Banach space 9B8. It is established the existence of a locally
convex space B_ DO B (the embedding B C B_ is dense and continuous) and an
equicontinuous Co-semigroup {U(t)}i>0 in B_ with the following properties:

1°. Ut)B_ C B for all t > 0;

2°. Vo € B : U(t)x = e

3°. Yo € B_Vt,s > 0:U(t+ s)x = e U(s)z = AU (t)x;

4°. the semigroup {U(t)}+>0 is continuous in the B_-topology, and its gen-

erating operator A is the closure of the operator A.

Denote by %6+ the space of entire vectors of the operator A:

By ={zec ) DA"):Ya>03c=c(a)>0,YneN|J{0}:|A"z| < ca"n!}

n=1
(D(-) is the domain of an operator). If the Cp-semigroup {etA}t>O generated by
the operator A is bouded analytic, then the following assertions hold:
1°. By = ) R(e"*) (R(-) denotes the range of an operator);
>0

2°. B, =B (the closure is taken i the B-topology);
3°. the operator valued function

>k gk
exp(zA) = Z Zk' , z€C,
k=0 :

is entire in the space B and forms an equicontinuous Co-group there;
4°. for any = € B4,

ez , t>0,
exp(tA)m - { (67tA)71$ , i< 0’

that is, {exp(tA)}i>0 is the restriction of the semigroup {etA}tZO to the
space ‘B .

The results mentioned above are applied to the description of all weak solu-
tions on (0, o) of parabolic and elliptic equations in a Banach space and the inves-
tigation of their boundary values at 0. It is solved also the problem of smoothness
increase inside the interval (0, c0) of weak solutions and the problem of extension
of such solutions to the whole axis (—o0, 00).
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A relative version of the Titchmarsh convolution theorem
Gorin E. A. (Moscow Pedagogical State University, Russia)
Treschev D. V. (Steklov Institute of Mathematics, Russia)

We consider the algebra C, = Cu(R) of all uniformly continuous complex
functions on R with pointwise operations and sup-norm. Let I C C,, be a trans-
lation invariant closed ideal. A typical example is the ideal of functions vanishing
at +oo (or —o0).

Consider a function f € C, with the Fourier transform fsupported on some
left half-axis. A point = on the Fourier dual real line is called I-regular (for f) if
in a neighborhood of x the distribution f coincides with Fourier transform of a
function from I. The complement to the set of I-regular points is called a relative
harmonic support of f. The right end of the relative harmonic support is called
the relative harmonic abscissa ahy(f).

The classical Titchmarsh convolution theorem is equivalent to the equation

ahy(f1f2) = ah;(f1) + ahr(f2)

for I = {0}. It is more or less obvious that ah;(fif2) < ah;(fi) + ahr(f2) for
any I. However in general it is not possible to replace < by = in this relation.
We show that the Titchmarsh convolution theorem remains valid provided [ is a
maximal invariant ideal. Moreover, in a weak form (fi = f2) the theorem holds
for any I.

The main motivation for us were applications of this result in the problem of
final dynamics of infinite-dimensional Hamiltonian systems.

A detailed text is presented in “Functional Analysis and its applications”.

Stabilization of 2-D Navier—Stokes system in exterior of a bounded
domain by means of boundary control
Gorshkov A. V. (Moscow State University, Russia)

Let B C R? be a bounded simply connected domain with C'*°-smooth bound-
ary. In the domain Q = R?\B we consider exterior Dirichlet problem for 2-d
Navier—Stokes equation

Ow(t,z) — Av + (v, V)v = Vp,
divo(t,z) =0, (1)
with initial and boundary conditions
v(0,z) =0 (z), € Q (2)
o(t,x') = u(t,z'), =’ € 9N

Here z = (z1,22), v(t,z) = (v1,v2) € Q is the velocity field, Vp — pressure
gradient, and u(t,z’) — is an unknown control function.
Consider Lamb—Oseen vortex which will be target object of stabilization:

L 1|2

b(t,z) = %E’W(l —e ) (3)
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The problem is for given k > 0 to find such (¢, z’) that the solution (u, Vp)
of the problem (1)-(2) for some ¢ > 0 satisfies

lo(t, ) =0, L, < %. (4)

Stabilizability of Navier—Stokes system when the solution goes to given sta-
tionary solution in bounded domain was investigated in paper of A. V. Fursikov
[1]. But in current paper we consider stabilizability to one kind of nonstationary
solutions in unbounded domain. We use method of invariant manifolds developed
by Th. Gallay and C. E. Wayne [2].

We will use the following spaces

La(€, ™) = { £l £l yqqrentsr) < 50}, @ >0,
Vo(Q) = {U(t, z) = (vi,v2) € (Loo (O,oo;qu(Q)))z, div v(t,x) = 0},
V2(Q) = (@) = (09, 09) € (Lq(Q))Z, rotv” € La(Q, 1), div o’ (z) = 0},

where ¢ > 2. For control function v we will use Besov space B;. The main result
is the following

THEOREM 1. Let 9(¢,z) be Lamb—Oseen vortez, defined by (3). Then for some
e > 0 and any initial data v° € V,)(Q) such that ||rot(v°(-) — 9(0, Mry@,ealzly <€

there exist such control u € (Loo(Ry; B;_l/q(aﬂ)))2 that the solution of (1)—(2)
(v, Vp) € V4(2) x Lq(2) satisfies (4).
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Energy functions for Morse—Smale diffeomorphisms on 3-manifolds
Grines V. Z. (Nizhny Novgorod State University, Russia)

We give exposition of results obtained in collaboration with F. Laudenbach
and O. Pochinka in [1], [2], [3].

Let M be a closed 3-manifold and f : M — M be a Morse-Smale diffeomor-
phism, that is: its nonwandering set is finite and coincides with the set Pery of
hyperbolic periodic points; the stable and unstable manifolds of periodic points
have transverse intersections. A function ¢ : M — R is said to be a Lyapunov
function for f if:

1°. ¢o(f(=)) < @(z) for every z & Pery;
2°. o(f(z)) = () for every & € Pery.

It is easy to construct smooth Lyapunov functions for f. The periodic points
of f must be critical points of ¢ but in general a Lyapunov function may have
critical points which are not periodic points of f. So we say that a Lyapunov
function ¢ is an energy function for a Morse—-Smale diffeomorphism f if the set
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of critical points of ¢ coincides with Pery. D. Pixton was the first to prove that
there is a Morse-Smale diffeomorphism on S* which has no an energy function.

We introduce a notion of dynamically ordered energy function and find con-
ditions to the existence of one for a Morse-Smale diffeomorphisms f on M. We
show that the existence of such an energy function depends on how attractors
consisting of the union of one-dimensional unstable manifolds of saddles and sinks
are embed into the ambient manifold.

The research was supported by RFBR grant 11-01-00730 and grant of gov-
ernment of Russian Federation 11.G34.31.0039.
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On classification of Morse—Smale diffeomorphisms with trivially
embedded frames of separatices
Gurevich E. Ya. (Nizhny Novgorod State University, Russia)

This report is devoted to an exposition of results obtained by the author in
collaboration with V. Z. Grines, V. S. Medvedev and O. V. Pochinka.

We consider a class G(S®) of Morse-Smale diffeomorphisms on 3-dimensional
sphere S® such that any f € G(S®) satisfies to conditions below:

1°. non-wandering set Q(f) consists of fixed points;

2°. unstable manifolds W* (o) of any saddle point o € Q(f) has dimension
2

3°. W?(os) NW?*(o;) = 0 for any different saddle points o3, 0; € Q(f).

We associate with each diffeomorphism f € G(S?) a graph T'(f) similar to
scheme of A. A. Andronov, E. A. Leontovich, A. G. Mayer and M. Peixoto graph.

It follows from [1] that the graph is a complete topological invariant for
G(S?). Thus from this point of view Morse-Smale diffeomorphisms on S? are
like flows. However in the case n = 3 there are countable set of non-conjugated
diffeomorphisms from G(S?) whose graphs are isomorphic. First examples of such
diffeomorphisms given by D. Pixton, V. Z. Grines and C. Bonatti was connected
with possibility of wild embedding of separatices and leaded to finding of new
topological invariants (see [2]).

In the case of n > 3 the separatrices of diffeomotphisms from G(S™) are
cannot be wildly embedded and, according to [3], [4], the graph defines the dif-
feomorphism up to topological conjugacy.

We present a surprising construction giving countable set of non-conjugated
diffeomorphisms from G(S®) whose graphs are isomorphic and all frames of sep-
aratrices are tame. Then we define a condition of trivially embedded frames of
separatrices and prove that this condition is sufficient for graph of diffeomorphisms
from G(S*) to be the complete invariant.
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Random Iterative Algorithm in IFS with condensation
Gutu V. (Moldova State University, Republic of Moldova)

The term fractal usually is associated with the attractor of a hyperbolic
Iterated Function System (IFS). The construction of such fractals may be realized
using the Random Iterative Algorithm, proposed by M. Barnsley [1]. Applying
this algorithm one can simulate on the computer a generic random orbit of a
hyperbolic IFS with probabilities, which is dense on the attractor. This result
justifies many Chaos games.

M. Barnsley [1] introduced also the notion of IFS with condensation. Apply-
ing Shadowing theory we show that the Random Iterative Algorithm may be used
also to construct the attractors for such IFS. This allows to extend the idea of
Chaos game for the construction of others fractals, such as the Pythagoras tree.

Let X denote a complete metric space, and let Pep(X) denote the space of
nonempty compact subsets of X, endowed with the Hausdorff-Pompeiu metrics
H.

Consider a (weakly) hyperbolic IFS with condensation {X; fo, f1,..., fm},
consisting of (weak) contractions f; : X — X (i = 1,m) [2] and a constant multi-
function (called as condensation) fo : X — Pep(X), fo(x) = K for any x € X
and some K € Pcp(X) (called as condensation set). Denote by F, its Nadler—

Hutchinson operator Fy : Pep(X) — Pep(X), defined by F,(C) = |J f;[C], where
3=0

filC] = LEJij(x% C € Pep(X).

A nonempty compact subset A C X is called an attractor for an IFS, if

F.(A) D A, and there is a closed neighborhood V of A such that (| F(V) C A,
n>0
where F, is the respective Nadler—-Hutchinson operator. N

In [2, 3] it is shown that a compact nonempty subset A C X is an attractor
for a weakly hyperbolic IFS with condensation if and only if A is a (necessarily
unique) fixed point of the respective Nadler—-Hutchinson operator.

We associate with every weakly hyperbolic IFS with condensation
{X; fo, f1,..., fm} and every tuple of positive numbers (po,pi,...,pm) with
po+pi+ -+ pm = 1, a random dynamical system zp41 := fe, (zn), where
&, are independent random variables with values in {0,1,2,...,m}, and which
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are governed by the same law P(&, = j) = p;. Let O(x0) = (zn)nen denote a
random orbit of the initial point x¢ in this dynamical system.

THEOREM 1. Let {X; fo, f1,--., fm} be a weakly hyperbolic IFS with con-
densation and let A stand for its unique attractor. Then for any random orbit
O(x0) = (Tn)nen with probability one we have H(X,, A) — 0, as n — +00, where
Xn = cls{a:n,xn+1, .. }

This idea may be extended also to relations with eventual condensation [3].

We show that the construction of the attractor of a hyperbolic IFS with
condensation sometimes (e.g., when the condensation set is a segment) may be
reduced to the construction of the attractor of an adequate hyperbolic IFS. We
don’t know if it is possible to do the same in general case.

The work is partially supported by HCSTD ASM grant 06411.411.029F.
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Semiclassical spectral asymptotics for a two-dimensional magnetic
Schroédinger operator
Helffer B. (University Paris-Sud, France)
Kordyukov Y. A. (Institute of Mathematics, Russian Academy of Sciences, Ufa,
Russia)

Let M be a two-dimensional compact oriented manifold (possibly with bound-
ary). Let g be a Riemannian metric and B a real-valued closed 2-form on M. As-
sume that B is exact and choose a real-valued 1-form A on M such that dA = B.
Thus, one has a natural mapping v — thdu + Au from C°(M) to the space
QL(M) of smooth, compactly supported one-forms on M. The Riemannian metric
allows to define scalar products in these spaces and consider the adjoint operator
(thd+ A)* : QL(M) — C°(M). A Schrédinger operator with magnetic potential
A is defined by the formula

H" = (ihd+ A)"(ihd+ A).
Here h > 0 is a semiclassical parameter, which is assumed to be small. If M has
non-empty boundary, we will assume that the operator H” satisfies the Dirichlet
boundary conditions.

We can write B = bdx4, where b € C°°(M) and dz4 is the Riemannian volume
form. Assume that

bo = min |b(z)| > 0.
zeEM

We consider two cases:
1°. The case of discrete wells: assume that the set {x € M : |b(z)| = bo} is
a single point xo, which belongs to the interior of M, and there is a con-
stant C' > 0 such that [b(zo)| = bo and, for all z in some neighborhood
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of x¢ the estimates hold:
C™ 1 d(x, x0)? < |b(x)] — bo < Cd(x,x0)> .

2°. The case of degenerate wells: assume that the set {x € M : |b(z)| = bo}
is a smooth curve v, which is contained in the interior of M, and there
is a constant C' > 0 such that for all  in some neighborhood of ~ the
estimates hold:

C7ld(w,7)? < |b(x)| — bo < Cd(x,7)* .

In both cases, we study the asymptotic behavior of the low-lying eigenvalues
of the operator H" as h — 0. We also consider the corresponding periodic setting
and study the problem of existence of gaps in the spectrum of H" as h — 0.

The second author was partially supported by the Russian Foundation of
Basic Research (grant 09-01-00389).
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Bony and thick attractors
Ilyashenko Yu. S. (Moscow State and Independent Universities, Steklov Math.
Institute, Moscow; Cornell University, US)

Understanding of the structure of attractors of generic dynamical systems is
one of the major goals of the theory of these systems. A vast general program
suggested by Palis presents numerous conjectures about this structure. Various
particular cases of these conjectures are proved in numerous papers that we do
not quote here. Main part of these investigations is related to diffeomorphisms of
closed manifolds.

Our investigation is in a sense parallel to this direction of research. In the
first part of the talk, attractors of manifolds with boundary onto themselves are
studied. At present, locally generic properties of attractors of such maps are
established, that are not yet observed (and plausibly do not hold) for the case of
closed manifolds. For instance, an open set of diffeomorphisms of manifolds with
boundary onto themselves may have attractors with intermingled basins [3], [1],
[2]. The strongest result of this kind is obtained by Kleptsyn and Saltykov in a
paper accepted to the Proceedings of the MMS.

Another property of this kind is having thick attractors. It is a general belief
that attractors of typical smooth dynamical systems (diffeomorphisms and flows)
on closed manifolds, either coincide with the whole phase space, or have Lebesgue
measure zero. In this talk we show that this is not the fact for diffeomorphisms
of manifolds with boundary onto themselves. Namely, in the space of diffeomor-
phisms of a product T2 x I, I = [0, 1], there exists an open set such that any map
from a complement of this set to a countable number of hypersurfaces, has a thick
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attractor: a transitive attractor that has positive Lebesgue measure together with
its complement.

The problem, whether or not thick attractors exist for locally generic diffeo-
morphisms of a closed manifold, remains widely open.

In the second part we study so called bony attractors. These are attractors
of skew products over a Bernoulli shift with the following unexpected property:
the map has an invariant manifold, and the intersection of the attractor with that
manifold, called a bone, is much larger than the attractor of the restriction of the
map to the invariant manifold. Bony attractors with one-dimensional bones were
discovered in [4]. We construct bones of arbitrary dimension.

It is expected that bony attractors are in a sense locally generic in the space
of diffeomorphisms of a closed manifold.

The research was supported by part by the grants NSF 0700973, RFBR 10-
01-00739-a, RFFI-CNRS 10-01-93115-NTSNIL-a.
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Spectral volume of coverings of spectral triples
Ivankov P. R. (OAO RPKB www.rpkb.ru, Russia)

The Gelfand-Naimark theorem [2] can be thought of as the construction
of two contravariant functors (cofunctors for short) from the category of locally
compact Hausdorff spaces to the category of C*-algebras. The first cofunctor
C takes a compact space X to the C*-algebra C(X) of continuous complex-
valued functions on X, and takes a continuous map f : X — Y to its transpose
Cf:h— hf:C(Y)— C(X). If X is only a locally compact space, the corre-
sponding C*-algebra is Co(X) whose elements are continuous functions vanishing
at infinity, and we require that the continuous maps f : X — Y be proper (the
preimage of a compact set is compact) in order that h — h o f take Co(Y) into
Co(X). So can be considered (noncommutative) C*-algebra as noncommutative
generalization of locally compact Hausdorff space. Otherwise there exists inverse
functor M that sets to any commutative C*-algebra A of its characters M(A)
many topological results related to locally compact spaces has its (noncommuta-
tive) algebraic analogues. Noncommutative analogue of Riemannian manifold is
spectral triple [3]. This work is devoted to analogue of following problem. If W
is Riemannian manifold and V' — W is n-listed covering [4] than we have

vol (V') = n x vol (W) (1)

where vol(V') and vol(W) are volumes of V and V respectively.
Definition of volume of Riemannian manifold is well known. But this defini-
tion does not work in case of spectral triples. However spectral definition can be
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used. This definition is based on following Weil formula [1]:

lim N vol(V)
A—oo A2 (4m)2T(5 + 1)

(2)

where vol(V'), N(A) are volume of Riemannian manifold and the number of eigen-
values of Laplace operator (multiplicities counted) less than A. Formula (2) could
be applied for spectral triples as noncommutative analogue of volume. Analogues
of coverings for spectral triples had been developed in [5]. This work is devoted
to proof of analogue of (1) in several particular cases.
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On m-admissibility of functions and p-convexity of hypersurfaces
Ivochkina N. M. (S-Pb SUACE, Russia)

The notions of m-admissibility of functions and p-convexity of hypersurfaces
emerged in frames of modern theory of fully nonlinear second-order partial differ-
ential equations. Thus a C?-function u is m-admissible in Q C R", 1 < m < n, if
for all z € Q, t > 0 the following inequality holds

trm (uze +tId) >0, z € Q. (1)

Here u,. is the Hessian matrix, tr,,.S is the sum of all m-th order principal minors
of symmetric n x n matrix S, 1 < m < n. The m-admissible functions enjoy some
fine properties. For instance, theirs standard mollification is also m-admissible,
what opens way to extending of this property to non smooth functions.

The m-admissibility of functions is closely connected with strict (m — 1)-
convexity of hypersurfaces. Namely, the latter are the level sets of m-admissible
functions and only they. Notice, that the graph of m-admissible function is strictly
(m — 1)-convex but not m-convex in general for m < n.

The research was supported by RFFI grant 09-01-00729.

On Sharp Constants in L,(du)-Estimates for Sobolev Spaces W3'(—1,1)
Kalyabin G. A. (Peoples’ Friendship University of Russia)

Let 0 < ¢ < 00, u # 0 — measure on (—1,1), a quasi-norm (a norm for
q > 1) in Lqg(dp) is defined as usually:

I eqiam = [ 11 1 dut) " (1)
56



For n € N consider a Sobolev space W3'(—1,1), consisting of functions

f : [-1,1] — R which are absolutely continuous with all their derivatives of
the order < n and such that
— | £ . (s) — _
Hf”V?/Z”(—l,l) . ||f HLz(dm) < e o} f (:tl) - 07 ENS {07 17 ey 1} (2)

For u € R denote by G(u; q,dp) := [|(1 —2°)"||, (4u)- This is a positive, non-

decreasing and convex function of the parameter u. It is clear that the condition
o

G(n;q,dp) < oo is necessary for the embedding W3'(—1,1) C Lq(dp). On the

other hand, from [1] it follows that G(n — 0.5;¢,dp) < oo is sufficient for this

embedding.
More precisely, the following assertion holds.

THEOREM 1. Let us introduce a quantity

C(n;q,dp) := || id: W' (=1,1) = Lq(dp) || = sup{[|fllyaw : If] <1}

Wp(-1,1) =
(3)

and suppose that G(u*;q,du) < oo for some u*; then for every positive integer
n > u* + 0.5 one has

(27’L + 1)045

: < : <
i G(05¢,du) < C(nigq,dp) <

2n+1 0.5 4n2 0.5
: Z"n!) (4n2 - 1) G(n—0.5;q,dp).
(4)

REMARK 1. In the case when an additional restriction upon a measure p in
the Theorem is posed, namely: p©(—26,25) < cou(—0,0), co > 0, 0 < § < do, one
may guarantee the ratio of the upper and the lower estimates in (4) to be 1+0(1),
n — +00.

The work was supported by grants of RFBR No 08-01-00443, 06-01-00341,
06-01-04006 and DFG-Projekt, GZ: 436 RUS113/90/0-1.
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Continuous solutions and global attractors for 3D Bénard problem
Kapustyan A. V. (Taras Shevchenko National University of Kyiv, Ukraine)
Pankov A. V. (Taras Shevchenko National University of Kyiv, Ukraine)
Valero J. (Universidad Miguel Hernandez de Elche, Spain)

We study the properties and asymptotic behavior of solutions of the 3D
Bénard problem

% —vAu+ (uV)u+éw = f — Vp,

divu =0, (1)
ulan =0,
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ot

0
{ & Aw+ (uV)w =g, 2)
WlBQ - 07

where Q C R® is bounded domain with smooth boundary, v > 0, £ € R® are
3
constants, f, g are given functions, uV = ) uiai. We shall use standard func-
i=1 Ti
tion spaces T = {u € (C§°(Q))® | divu = 0}, H = cl(z2(0)sT, V = cliria)s T
[1] and consider weak solutions of the problem (1), (2) in the dissipative ball By
from the natural phase space H x L*(Q) [4]. The main difficulties are the lack of
continuity of the weak solutions in the strong topology and the lack of uniqueness
of the Cauchy problem. We prove existence of continuous solutions in H,, X L2 ()
and using the theory of m-semiflow [3] as a generalization of classical global at-

tractors theory [1], [2], we prove existence of global attractor, which is attracting
set in H, x L*(Q).

THEOREM 1. Let f € H, g € L*(Q). Then there exists a class K of globally
defined weak solutions of the problem (1), (2) such that for every {uo,wo} € Bo
there exists at least one (but not necessary unique) weak solution {u,w} such,
that w(0) = wo, w(0) = wo and for every weak solution {u,w} € K we have
{u(t),w(t)} € Bo ¥t > 0 and VT > 0 {u,w} € C([0,T]; Hy) x C((0,T]; L*(Q)).

Let X be the set By endowed with the topology from H,, x L*(%).

DEFINITION 1. The map G : Ry x X — 2% is called m-semiflow, if Vz €
X G(0,z) =z and Vt,s >0 G(t+ s,z) C G(t,G(s,x)).

DEFINITION 2. The compact set A C X is called global attractor of the
m-semiflow G, if
1°. for every bounded B C X distx(G(t,B),A) — 0, t — oo;
2°. ACG(t,A) vVt > 0.

THEOREM 2. If we put
G(t, {uo, wo}) = {{u(t),w(®)} | {u,w} € K, u(0) = uo,w(0) = wo},

then G is m-semiflow on X, which has global attractor.
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On attractors for equations describing viscoelastic flows with infinite
number of relaxation and retardation times
Karazeeva N. A. (Math. Inst., S-Peterburg Dep., S-Peterburg, Russia)

We consider system of equations describing motion of Kelvin—Voight fluid
0

t
%v + Vo — p1Av — po atAv - / K(t—71)Av(z, 7)dT + Vp = f(z,t), (1)
0
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dive = 0. (2)

Here the kernel K (7) is represented as exponential series
K(r) =™, s, >0, (3)
s=1

The system is considered in a bounded domain @ C R3, 9Q C C. Let S = 99 x
[0,T], T < co. The theorem of solvability and of uniqueness of solution for initial
boundary value problem with slipping boundary condition

v(0)=vo, v[s=0 (4)
is proved.

THEOREM 1. Let f € Loo(0,T; L2(2)) and fi € L1(0,T; L2(Q)). The initial
data vo € W3(Q) N J°(Q). Let the coefficients as, Bs satisfy conditions

Zﬁs<oo, Z%<oo. (5)
s=1 s

s=1
Then initial boundary value problem (1), (2), (4) has unique generalized solution
v such that Vg, vzt € L2(QT) N Loo(0,T; L2(2)) and v,v¢ € Loo(0,T; L2(£2)).

By J°(Q) we denote the supplement of the space of finite solenoidal infinite
differentiable functions in 2 in Ls-norm.

Furthermore it is proved that the solution operator V; for initial boundary
value problem (1), (2), (4) may be presented in the form V; = W, + U, where
the operators W, form exponentially contracting semigroup and the operators
U, are compact. For such semigroups the existence of compact connected global
B-attractor is proved. This attractor has finite Hausdorff dimension.

Some estimates of the first eigenvalue for the Sturm—Liouville
problem with third-type boundary conditions and integral condition
Karulina E. S. (MESI, Moscow)

Consider the Sturm—Liouville problem:

y"'(z) — a(@)y(z) + Ay(z) = 0, (1)
y/(O) - ka(O) =0, (2)
y'(1) + k*y(1) = 0,

where ¢(x) belongs to the set A, (v # 0) of non-negative bounded summable
functions on [0, 1] such that fol q"(z)dz = 1.
We estimate the first eigenvalue A1 of this problem for different values of ~y
and k. Put M, = sup Ai(q), my = inf Ai(q).
gEA, qEAy
THEOREM 1. The following assertions are valid:
1°. If v € (—00,0)U(0,1), then M, = 400, and there exists the minimizing
sequence q-(x) € A, such that My = ili)% A(qe)-
2°. If v > 1 and k = 0, then M, = 1, and this estimate is attained as
q(z) =1.
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3°. If v =1 and k # 0, then My = &., where & is the solution to the

equation arctan ; = g\/l, and this estimate is attained as
0, 0<z <, 2

q(x) = g«(z) = Ee, T<zx<1l-—1 where T = arctan

1
0, l—7<az<l, Ve Ve

4°. If v > 1, then for k = 0 we have m, = 0, and for k # 0 we have
my = X, where NS is the minimal positive solution to the equation
(k4 - ) sin VA + 2k*vVAcos VA = 0; and there exists the minimizing
sequence g (x) € A, such that m, = liH}) A1(ge)-
e—
5°. Ify > 0, then m, — 7° as k — o0o.
REMARK 1. Dirichlet problem for the equation (1), g(z) € A, was considered
in [3], [4]. Different problems for the equation y” + Aq(z)y = 0, q(z) € A, was
considered in [1], [2].

This work was partially supported by the Russian Foundation for Basic Re-
searches (Grant no. 11-01-00989).
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Drag minimisation for compressible Navier—Stokes equations
Kazmierczak A. (University of Lodz, Poland)
Sokolowski J. (Institut Elie Cartan, France)
Zochowski A. (Systems Research Institute, Poland)

In the series of papers [3]-[5] the mathematical theory of shape optimization
for compressible Navier—Stokes inhomogeneous boundary value problems is devel-
oped. The key part of the theory include the new results on the existence [3], [4],
and shape differentiability [5] of the weak solutions to compressible Navier—Stokes
equations. In particular, our results lead to the rigorous mathematical framework
for the drag minimization of an obstacle in the flow of gas with small adiabatic
constant. The numerical results are presented for the following model problem.

A viscous gas occupies the triple-connected domain 2 = B\S, where B C RZ,
is a double connected hold-all domain with the smooth boundary ¥ = 0B , and
S C B is a compact obstacle. The boundary of the computational flow domain
() is divided into the three subsets, inlet Yi,, outgoing set o4 and the obstacle
boundary I' = 0S.
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The boundary value problem for compressible gas is to find the velocity field
u and the gas density o satisfying the following equations along with the boundary
conditions

Au+ AVdivu = Rou-Vu, div(pu) =0 in £, (1)
u=Uon X, u=0onT, 9= 900 on X, (2)

where the pressure p = p(p) is a smooth, strictly monotone function of the density,
we take p = po(é)g, € is the Mach number, R is the Reynolds number, X is the
viscosity ratio, and go is a positive constant.

One of the main applications of the theory of compressible viscous flows is
the optimal shape design in aerodynamics. Recall that in our framework the
aero-dynamical force acting on the body S is defined by the formula,

J(S) = —/F(Vu +(Vu)" + (A = 1) divul — gpl) -nds.

As in the classical optimization example of the airfoil moving in the direction up,
drag is the component of J parallel to the direction, Jp(S) = un - J(5).
The talk is based on the joint paper with P. I. Plotnikov.
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Weak solutions to lubrication equations in the presence of strong
slippage
Kitavtsev G. (Max Planck Institute for Mathematics in the Sciences, Germany)
Laurencot P. (University of Toulouse, France)
Niethammer B. (University of Oxford, UK)

In this talk we consider a one-dimensional lubrication model that describe
the dewetting process of nanoscopic thin polymer liquid films on hydrophobyzed
substrates. This model takes account of intermolecular interactions of the film
with the solid substrate due to attractive van der Waals and repulsive Born forces,
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as well of the effect of large slippage at the polymer-substrate interface. It is
represented by a coupled system of differential equations

Re (9: (hu) + 85 (hu?)) = 49, (vhdtt) + hdy(00seh — TI(R)) — % (1a)

Oih = — 8, (hu) , (1b)

describing evolution in time of the free surface and the averaged lateral velocity of
the film given by the functions h(z,t) and u(z,t), respectively. Coefficients Re, v,
o, B in (1la)—(1b) denote Reynolds number, viscosity, capillarity and slip-length,
respectively. The system (1a)—(1b) is considered on a bounded domain (0, 1) with
the boundary conditions

u=0 and 9h=0 at z=0,1. (2)

We prove existence of global weak solutions for the system (1a)—(1b) with (2) and
investigate the convergence of these solutions as either the Reynolds number or
the capillarity goes to zero, as well as their limiting behaviour as the slip length
goes to zero or infinity. In particularly, we show that after an appropriate rescaling
they converge to the smooth classical solutions of the lubrication model

Oih = —0, (hQam (08uah — H(h)))

which corresponds to the case of the Navier slip condition imposed at the polymer-
substrate interface.

GK acknowledges the support from the Weierstrass Institute and Max—
Planck—Institute for Mathematics in the Natural Sciences. PhL and BN were
partially supported by the CNRS/RSE project JP090230 and the EPSRC Science
and Innovation award to the Oxford Centre for Nonlinear PDE (EP/E035027/1).
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Fractional-Parabolic Systems
Kochubei A. N. (Institute of Mathematics, National Academy of Sciences of
Ukraine)

We develop a theory of the Cauchy problem for linear evolution systems of
partial differential equations with the Caputo—Dzrbashyan fractional derivative in
the time variable t. The class of systems considered in this work is a fractional
extension of the class of systems of the first order in ¢ satisfying the uniform
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strong parabolicity condition. We construct and investigate the Green matrix of
the Cauchy problem. While similar results for the fractional diffusion equations
[1] were based on the H-function representation of the Green matrix for equations
with constant coefficients (not available in the general situation), here we use, as
a basic tool, the subordination identity for a model homogeneous system. We
also prove a uniqueness result based on the reduction to an operator-differential
equation.
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Multiplicity of solutions to the Dirichlet problem for an supercritical
equation with p-laplacian
Kolonitskii S. B. (Saint-Petersburg State Electrotechnical University, Russia)

Consider a boundary problem
—Apu=u?"" in Qg; u>0 in Qg; u=0 on 9Qr, (1)
where Qr = {z € R"|R < |z| < R+ 1}, Apu = div (|Vu[’"*Vu) is a p-laplacian.

Let p;, be a critical Sobolev embedding exponent, i. e. % = (% - %)+

Multiplicity effect for solution of problem (1) was considered in many articles,
starting with [1]. The most complete results are obtained in case p = 2. It was
proved in [3, 2, 4] that for arbitrary 1 < p < oo and p < ¢ < p}, for any natural
K there exists Ro = Ro(n,p, ¢, K) such that for all R > Ry problem (1) has at
least K solutions that are nonequivalent up to rotations.

We prove the multiplicity of solutions to problem (1) for n > 4, n # 5,
l<p<ooandp; <qg<ph_i.

Work is supported by grants RFBR 11-01-00825 and NSh 4210.2010.1.
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On Global Attractors of Nonlinear Hyperbolic PDEs
Komech A. I. (IITP RAS, Russia)

We consider Klein-Gordon and Dirac equations coupled to U(1)-invariant
nonlinear oscillators. The solitary waves of the coupled nonlinear system form
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two-dimensional submanifold in the Hilbert phase space of finite energy solutions.
Our main results read as follows:

THEOREM 1. Let all the oscillators be strictly nonlinear. Then any finite
energy solution converges, in the long time limit, to the solitary manifold in the
local energy seminorms.

The investigation is inspired by Bohr’s postulates on transitions to quantum
stationary states. The results are obtained for:

e 1D KGE coupled to one oscillator [1, 2, 3], and to finite number of
oscillators [4];
e nD KGE and Dirac eqns coupled to one oscillator via mean field inter-
action [5, 6].
Supported partly by the Alexander von Humboldt Research Award, and
grants of FWF and RFBR.
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On blow-up conditions for solutions of quasilinear elliptic inequalities
containing terms with lower-order derivatives
Kon’kov A. A. (Moscow Lomonosov State University, Russia)

Let © be an open unbounded subset of R™, n > 2. Consider the inequality
div a(z, Du) + b(z)|Dul’~" > f(x)g(u) in Q, (1)

where D = (9/0x1,...,0/0z,) is the gradient operator, b € Loo 10c(2) and, more-
over, a : 2 x R" — R" is a locally Caratheodory function such that

Crlel” < €a(x,€), a(z,€)] < Caf"™
with some constants C1 > 0, C2 > 0, and p > 1 for almost all z € €2 and for all
£ eR".

We assume that S, N Q # @ for all r > ro, where 9 > 0 is some real number
and S, is the sphere in R™ of radius r and center at zero. Also let f € Loo,i0c(R2)
and g € C(]|0,00)) be non-negative functions and g(t) > 0 for all ¢ > 0. We
denote:

t) = inf t 0>1
go(t) omf 9 >0,0>
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and
ess infq, | f

fo(r)

where Q. , ={z €Q:r/o < |z| < or}.
A non-negative function u € W, ,.(Q2) N Loo,10c(£2) is a solution of inequal-
ity (1) if

= r>rg, 0>1
1+ 7 esssupg _ |b] o ’

—/ a(a:,Du)Dcpd:L‘+/ b(x)|Dul’ " pdz > / f(@)g(u)pdz
Q Q Q
for any non-negative function ¢ € C5°(€2). As is customary, the condition
Ulygq =0 (2)

means that Yu € I/f/})(Q) for any ¢ € C§°(R™). If Q@ = R", then (2) is obviously
fulfilled for all u € W, ,.(R™).
Particular cases of inequality (1) were studied in papers [1-4].

THEOREM 1. Let -
/ (go(t)t) VP dt < o0
1
and -
/ (rfo(r) /™Y dr = oo
)

for some real numbers 0 > 1 and o > 1, then every non-negative solution of (1),
(2) is equal to zero.

The research was supported by RFBR grant 11-01-00989.
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On asymptotic stability of kinks for relativistic Ginzburg-Landau
equation
Kopylova E. A. (Institute for Information Transmission Problems RAS)

We consider nonlinear relativistic wave equation in one space dimension

U(z,t) =9 (2,t) + F(¥(2,1), z€R, F(¥)=-U'(y) (1)
We assume that U(t)) is similar to the Ginzburg-Landau potential
Uy) ~ (%° —1)°/4
There exist a “kink” — nonconstant finite energy solution of stationary equation

s(z) ~ tanhz/v/2
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Then the moving kinks or solitary waves

Squ(t) =s(x—vt—q), ¢,veER, v <1, y=1//1—-v?

are the solutions to equation (1). Our main results are the following asymptotics

((2,),1(2,)) ~ (Squvq (T — vt — q1), Sqy e (T — vt — qx)) + Wo(t) D,

where ¢ — £o0o, for solutions to (1) with initial states close to solitary wave.
Here Wy(t) is the dynamical group of the free Klein-Gordon equation, ®+ are the
corresponding asymptotic states, and the remainder converges to zero as t=1/2 in
the “global energy norm” of the Sobolev space H'(R) @ L*(R).

Crucial role in the proof play our recent results on weighted energy decay for
the Klein-Gordon equations.

The research was supported by DFG, FWF and RFBR grants.
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Bernoulli law under minimal smoothness assumptions and
applications
Korobkov M. V. (Sobolev Institute of Mathematics, Novosibirsk, Russia)

Consider the Euler system

{ (w-V)w+ Vp 0,

divw = 0.

(1)

Let Q C R? be a bounded domain with Lipschitz boundary. Assume that
w = (w1, w2) € WH3(Q,R?) and p € WH*(Q), s € [1,2), satisfy the Euler equa-
tions (1) for almost all z € Q and let fr w-ndS =0,i=1,2,...,N, where I';
are connected components of the boundary 0. Then there exists a stream func-

tion ¢ € W22(Q) such that Vi) = (—ws,w1) (note that by Sobolev Embedding
2
Theorem %) is continuous in §2) . Denote by ® = p+ [w 2' the total head pressure

corresponding to the solution (w,p).
THEOREM 1. Under above conditions, for any connected set K C Q such that
Y| x = const (2)
the assertion
IC =C(K) ®(z)=C for H'-almost all z € K (3)

holds.
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Theorem 1 was obtained in [1]. Here we denote by H' the one-dimensional
Hausdorff measure, i. e., H'(F) = tlir51+ Hi(F), where
—

H{(F) = inf {ZdiamFi t diamF, <t,F C | J F} .
i=1 i=1

Using Theorem 1 we prove the existence of the solutions to steady Navier—
Stokes equations for some plane cases (see [2]) and for the spatial case when the
flow has an axis of symmetry.

The proof of Theorem 1 relies upon some new analog of Morse—Sard Theorem
for Sobolev spaces (see [3]).

This research was supported by Federal Target Grant “Scientific and ed-
ucational personnel of innovation Russia” for 2009-2013 (government contract
No 02.740.11.0457).
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On Friedrichs-type estimates in domains with rapidly vanishing
perforation along the boundary
Koroleva Yu. O. (Luled University of Technology, Sweden)
Persson L.-E. (Lulea University of Technology, Sweden)
Wall P. (Luled University of Technology, Sweden)

Let © C R? be a bounded domain rarely and periodically perforated along
boundary 9. Assume that small parameters € and p(e),pu(e) — 0 as e — 0,
describe the length of periodicity and the shape of small sets, respectively. De-
fine 7,) as the smallest eigenvalue of Steklov problem in the cell of peri-
odicity. We consider the situation when the perforation shrinks so fast that
Nuee)y — PE, 0 < p < oo, as ¢ — 0. By using the technique developed in [1],
one can prove the following Friedrichs-type inequality for functions w belonging
to H*(Q) and vanishing on the boundary of perforation:

/u2 dr < K5/|Vu|2 dzx. (1)
Q Q

PROPOSITION 1. There exists a constant Ko > 0 such that

/u2dx§K0 /\vu|2dx+p/u2ds , (2)
Q Q aQ
for any uw € H*(Q). Moreover, the best constant is Ko = 1/, where \§ is the
smallest eigenvalue for Laplace operator with Robin condition du/On + pu =0 on
o90.
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It can be noted that an inequality of the form

/u2 dz < Ko/|Vu\2dx,
Q

Q

can not be valid for functions from H'(Q) and satisfying Robin condition on the
boundary. It can be proved by the following counter example: Define the function
Um such that um = m +p on {z € Q : dist(z,0Q) > 1/m, m € N} and upm = m
on 0. If we let m — oo we see that Ky = o0o. An estimate for the difference
between K. and Ky is given in the following Theorem.

THEOREM 1. Let K. and Ko be the best constants in (1) and (2). There
exists a constant C, independent of €, such that

Nu(e
|Ka - KO' S C (\/77”(5) + ‘% _p’ + \/Enu(s)) . (3)

For the full version of this work see [2].
Acknowledgements: The work was completed during the stay of Yu. Koroleva
as Post Doc in Lulea in 20102011 and partially supported by RFBR (project
09-01-00353).
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Weyl-Titchmarsh theory for Schrédinger operators with strongly
singular potentials
Kostenko A. S. (Institute of Applied Mathematics and Mechanics, NAS of
Ukraine)

Our main aim is to develop Weyl-Titchmarsh theory for Schrédinger oper-
ators with strongly singular potentials such as perturbed spherical Schrédinger
operators (also known as Bessel operators). It is known that in such situations
one can still define a corresponding singular Weyl m-function and it was recently
shown that there is also an associated spectral transformation. In this talk we
will give a general criterion when the singular Weyl function can be analytically
extended to the upper half plane. We will derive an integral representation for
this singular Weyl function and give a criterion when it is a generalized Nevan-
linna function. Our criteria will in particular cover the aforementioned case of
perturbed spherical Schrodinger operators. Moreover, we will show how essential
supports for the Lebesgue decomposition of the spectral measure can be obtained
from the boundary behavior of the singular Weyl function. Finally, we will present
a local Borg—Marchenko type uniqueness result.

The talk is based on joint works with A. Sakhnovich and G. Teschl [1, 2, 3, 4].

The research was supported by IRCSET PostDoctoral Fellowship Program.
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Variational inequalities with sets of constraints in a functional class
not lying in Sobolev spaces
Kovalevsky A. A. (Institute of Applied Mathematics and Mechanics, Donetsk,
Ukraine)

In [1, 2] the existence and properties of solutions were established for

o
variational inequalities with an elliptic operator acting from W?(v,Q) into
(W9 (v, Q))*, a set of constraints in W*?(v,Q) and a right-hand side in L*(Q).

Here 2 is a bounded open set of R and V?/l’q(u, Q) is an anisotropic weighted
Sobolev space with the set of exponents ¢ = {q1,...,¢n} and the set of weighted
functions v = {v1,...,v,} such that ¢; € (1,n), v; > 0 a.e. in Q, v; € L, (Q)
and (1/v)V @~ e LY(Q),i=1,...,n.

In the talk we discuss the main results of [1, 2] as well as some new results on
the solvability of analogous variational inequalities with sets of constraints lying

in the class ’(73—1’q(u, Q) of all functions u : @ — R such that Tx(u) € V?/l’q(w Q)
for every k > 0, where T} is the standard truncated function of the level k. We

observe that the class 7%9(v,Q) is larger than the space W9(v, Q) and is not
contained in Li..(Q).
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On the topology of the spaces of Morse functions on surfaces
Kudryavtseva E. A. (Moscow State University, Russia)

Let M be a smooth connected orientable closed surface. Let F' = F}, ¢.r:p,4,7
be the space of Morse functions f : M — R having p critical points of local
minima, ¢ saddle points, and r points of local maxima, where p, 4,7 points are
labeled. Denote by F' = F, , ., - » C F the set of functions whose local minima
and maxima equal —1, 1. Let D° be the group of diffeomorphisms of M homotopic
to idps. Endow F, DY with C*°-topology (see [1]).
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DEFINITION 1. Two functions f, g € F are called isotopic (f ~ g) if f = hao
g o hy for some hy € D° and hy € Difft (R) where hi preserves enumeration of
labeled critical points.

THEOREM 1. Suppose that p+ G+ 7 > x(M) (i. e. at least x(M) + 1 critical
points are labeled). There exists a countable (and finite for M = S*) connected
(3¢ — 2)-dimensional polyhedron K = ]prq,r;ﬁng,: such that the following homotopy
equivalences take place:

F ~ F' ~ D°xK ~ RxK,
where R is either RP3, (Sl)2 or a point in dependence on genus of M being 0, 1
or higher. B _
The polyhedron K is the union of subpolyhedra Diy) C K (called skew cylindri-
cal handles) which are in one-to-one correspondence with the isotopy classes [f]

of Morse functions f € F* and have the following form (described in more detail
in [2]):

Dy ~ (P x R x (1)L, e=c((f]), d=d([f]),
where Py is a convex polytope, I'y) is a finite group acting freely on
Py x R® x (SY)?. The polyhedron K endowed with this handle decomposition is a

skew cylindric-polyhedral complex (see [2]). A homotopy equivalence [f] ~ Rx Dy
holds for each function f € F*.

COROLLARY 1. One has H;(F) =0 for j > 3q+1, H;(K) =0 for j > 3q—2.
If M = 5% then (—1)? 'x(K) = {[f]1 € F'/ ~ | s(f) =1}| where s(f) is the
number of saddle critical values of f; moreover the Poincaré polynomial of K
satisfies the relations

PR, )= Y " IPDy,t) - 1+ DR =
[fleFY/~
_ Z tqis(f)(l-f't)d([f])—RQ(t)
[fleFt/~

where R1, Ra are polynomials with non-negative integer coefficients.

ExAMPLE 1. If the number of saddle critical points is ¢ = 1,2 and ¢ =0 (i. e.
the saddle points are non-labeled) then F' ~ R x I where I' =T ¢.r = I'p,q,71p,0,r
is a graph such that

. 1
[1,2=T21,1 =point, Ti123="T521~ \/S ,
4

F2,2,2N\/Sl, Fl’g’lw\/sl.
6 N

The research was supported by RFBR grant 10-01-00748, the Programme
for the Support of Leading Scientific Schools of RF (grant NSh-3224.2010.1), and
the programmes “Development of Scientific Potential in Higher Education” (grant
2.1.1.3704) and “Scientific and Scientific-Pedagogical Personnel of Innovative Rus-
sia” (grant 14.740.11.0794).
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Damped-driven Hamiltonian PDE
Kuksin S. B. (Ecole Polytechnique, France, and Steklov Institute, Mosow,
Russia)

I will discuss the following class of nonlinear PDE:
(Hamiltonian PDE) = ¢ - (damping) + s - (force). (1)

The equations are considered in finite volume, € > 0 is a small parameter and the
scaling constant sz is chosen in such a way that the solutions stay of order one
as € — 0. I will be mostly interested in equations with random forces, and will
discuss two groups of them:

1°. Navier—Stokes equations in dimension 2 and 3;
2°. equations (1), where the Hamiltonian PDE is a non-linear Schrédinger
equation (NLS).

Navier—Stokes equations with small viscosity € describe water turbulence in
dimensions 2 and 3. If (1) is the 3D Navier—Stokes equations, we know about solu-
tions with small € almost nothing (e. g., the right scaling constant s is unknown).
In the 2d case we know about the limit some nontrivial results. In particular, now
for the case of random forces . = /€, the set of stationary measures p. for equa-
tions (1) is tight and all limiting measures limgjﬂo He; are invariant measures for
the 2d Euler equation and are genuinely infinite-dimensional; see in [1].

Equations from the second group, among other things, describe the optical
turbulence. Now again ». = /e. Interesting results about these equations are
available when the Hamiltonian PDE is the integrable 1d NLS (see [2, 3] for the
case when it is not the 1d NLS, but the KdV equation), or when it is a linear
Shrodinger equation with a generic potential, while the damping is nonlinear. In
these cases the limiting dynamics is described by a well-posed infinite system of
dissipative stochastic equations. I will discuss this results in details.
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High Frequency Scattering by a Classically Invisible Body
Lakshtanov E. (Aveiro University, Portugal)
Vainberg B. (University of North Carolina at Charlotte, USA)

An interesting geometrical object was studied in a recent publication by
Alexenko and Plakhov [1]. This object O has the following property. Geometri-
cal optical rays, coming from a particular direction and reflected twice from the
boundary of O by the law of geometrical optics, continue to propagate parallel
to each other in the same way as if the obstacle was absent. The object appears
invisible to an observer on the basis of the theory of geometrical optical rays. Note
that a phase shift may influence the “invisibility” of the obstacle. One should also
note that optical ray considerations provide an approximation to the expected
properties of the corresponding optical problem, when the obstacle is smooth and
convex. These conditions do not hold for the object under consideration. A rigor-
ous treatment of the problem has to be based on an investigation of the solutions
of the wave equation.

The first part of the talk concerns the study of the associated scattering prob-
lem for the reduced wave (i. e., Helmholtz) equation. High frequency asymptotics
will be obtained for the scattering of plane wave by the Alexenko-Plakhov obstacle
O. It will be shown that the total momentum transmitted to the obstacle vanishes
when the frequency k goes to infinity, and that the total cross section oscillates
at high frequencies. The obstacle is practically invisible for some sequence of fre-
quencies k, — oo and the total cross section approaches to the four geometrical
cross section of the obstacle for an intermediate sequence k;, — oo.

In the case of a smooth strictly convex obstacle, it is well known that the total
cross section o(k) at high frequencies coincides with the doubled geometrical cross
section O, i.e., o(k) — 20 as k — oo. So, it was a big surprise for us to find an
obstacle with a total cross section being four times larger than the geometrical
cross section in the limit of & = k, — oo. The next natural question arises
immediately: is there an obstacle for which limsup,_,. o(k) is larger than 407
One could expect a positive answer based on the fact that the resonances (poles
of the analytical continuation of the resolvent in the half plane Imk < 0) can
approach the real axis at infinity. In fact, the answer to this question is negative,
and this will be justified in the second part of the talk. The justification is based on
high frequency estimates for the Dirichlet-to-Neumann and Neumann-to-Dirichlet
operators which are obtained for the Helmholtz equation in the exterior of bounded
obstacles with arbitrary shapes (in particular, for so-called trapping obstacles).

Results of the first part of the talk are obtained in collaboration with B. Slee-
man and will be published in [2], the second part will be published in [3].

References

[1] A. Aleksenko, A. Plakhov, “Bodies of zero resistance and bodies invisible in one direc-
tion”, Nonlinearity, 22, pp. 1247-1258, 2009.

[2] E. Lakshtanov, B. Sleeman, B. Vainberg, “High Frequency Scattering by a Classically
Invisible Body”, submitted.

[3] E. Lakshtanov, B. Vainberg, “A priori estimates for high frequency scattering by obsta-
cles of arbitrary shape”, submitted.

72



Self-propelling at low Reynolds number, case of a deformable sphere
Loheac J. (University Henri Poincare, Nancy, France)
Scheid J.-F. (University Henri Poincare, Nancy, France)
Tucsnak M. (University Henri Poincare, Nancy, France)

The aim of this work is to tackle the self-propelling of a nearly spherical
swimmer at low Reynolds number by using tools coming from control theory. More
precisely we address the controllability problem: “Given two arbitrary positions,
does it exist “controls” such that the body can swim from one position to another,
with null initial and final deformations?”

We will consider a spherical object surrounded by a viscous incompressible
fluid filling the remaining part of the three dimensional space. We assume that
the object undergoes small and axially-symmetric deformations. Since we assume
that the motion takes place at low Reynolds number, we model the fluid with
Stokes equations. It is well known, that the governing equations reduce to a
finite dimensional control system. By combining perturbation arguments and Lie
brackets computations, we establish the controllability property.
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Numerical scheme for Laplacian grows models
Loheac J.-P. (Ecole centrale de Lyon, France)

This work is common with A. S. Demidov (Moscow State University), it
concerns a numerical scheme involved by the Helmholtz—Kirchhoff method applied
in the case of Hele-Shaw flows.

This method allows to transform a free boundary bi-dimensional problem in
a fixed boundary problem by introducing a convenient parameterization. It also
leads to build numerical schemes.

For instance, a model of Hele-Shaw flows with punctual source is the Stokes—
Leibenson problem: let 29 be a bi-dimensional bounded simply connected domain
such that its boundary I'g is smooth enough. This domain will be deformed
according to the following law: at time ¢, we obtain a domain Q; = 2 of boundary
It = T such that the normal velocity of each point s € I is given by the following
kinetic condition,

S$.v=20u, (1)
where u is the solution of the following Laplace problem,
Au=gd in Q, and u=0 on I'. (2)
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The Helmholtz—Kirchhoff method leads us to write the problem in the form of a
Cauchy problem for some integro-differential. This can give existence and unique-
ness results, which are global in time when ¢ > 0.

Furthermore, by introducing an approximate Stokes—Leibenson problem con-
cerning polygonal domains, this integro-differential can be expressed in the form
of a non-linear differential equation in a finite-dimension space.

Numerical simulations will be presented and discussed.

Especially some numerical experiments show some critical manifold which
can explain some phemonenon of instabilities.
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Order of singular extremals in problems with multi-dimensional input
Lokutsievskiy L. V. (Moscow State University, Russia)
Zelikin M. I. (Moscow State University, Russia)

Theory of order of singular extremals for optimal control problems with multi
dimensional input is constructed. This theory generalizes classical theory for prob-
lems with one-dimensional input. Necessary conditions of junctions of a singular
extremal with non-singular one is obtained. Also we will discuss some examples
where the optimal control is a whole irrational winding on a torus and it is run
at a finite time.

Horseshoe and linear horseshoe for continuous maps of dendrites
Makhrova E. N. (N. Novgorod State University, Russia)

Let X be a compact metric space, f : X — X be a continuous map. One
says that f has a horseshoe if there are disjoint compact sets A, B C X such that

F(A)Nf(B) > AUB.

We shall denote this horseshoe by (A, B).

It is well-known that if f™ has a horseshoe then f has a positive topological
entropy (see, for example, [1]).

Let X be a dendrite (locally connected continuum without subsets homeo-
morphic to the circle) or a graph (continuum which can be written as the union
of finitely many arcs any two of which can be intersect only in their end points)
and f: X — X has a horseshoe (A, B).

If A and B are sets homeomorphic to the closed interval [0, 1] on the real line
than we say that f has a liner horseshoe.

When X is a graph than the positive topological entropy of f is equivalent
to the existence of liner horseshoe for some iteration f™ [2].
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In [3] it is constructed the example of a dendrite X and a continuous map
f: X — X such that f has a positive topological entropy, f has a horseshoe and
any iteration f™ does not have a liner horseshoe.

In the report the structure of sets A and B of a horseshoe (A, B) on dendrites
is investigated under which some iteration f™ has a liner horseshoe.
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On a class of hybrid systems with ordinary derivatives
Maksimov V. P. (Perm State University, Russia)
Tchadov A. L. (Perm State University, Russia)

The abstract functional differential system [1]

or=0Ozx+ f (1)
is considered, where = = col(y,z), vy : [0,T] — R™, z : {0,t1,....,t~n, T} — R”,
Sz = col(i), Az), (Az)(ts) = 2(t:) — 2(0), © = (9” 912). 0., : DS™ - L,

O21  Oa2

©12: MY — L™, ©2 : DS™ — MY, Oy : MY — MY are linear operators.
Given sets I = {0,t1,...,tn, T} 0 < t1 < ... <tn < T; J ={0,71,..c, 7m, T},
0< 7 <..<7Tm <T, the spaces DS™ and M " are defined as follows. Let us
denote the characteristic function of the set A by xa. DS™ (see [2]) is the space
of functions y : [0,7] — R™ representable in the form y(¢) = y(0) + fot y(s)ds +
>0 X, (B [y(1i) — y(mi — 0)]; M " is the space of functions z : I — R”. All the
spaces are equipped with natural norms and are Banach spaces. It is suggested
that operator © : DS™ x M"Y — L™ x M " is bounded and Volterra.

System (1) is a typical one met with in mathematical modeling economic
dynamics processes and covers many kinds of dymamic models with aftereffect
(integro-differential, delayed differential, differential difference, difference) and im-
pulsive perturbations. The equations of (1) include simultaneously terms depend-
ing on continuous time, ¢t € [0, 7], and discrete time ¢ € I, that is why the term
“hybrid” seems to be suitable.

In the talk, the following problems for system (1) and approaches to solve
them are described.

The general boundary value problem (BVP)

dx=0x+ f, Az =1+, (2)

where A : DS™ x MY — R" is a linear bounded vector-functional. For BVP (2),

necessary and sufficient conditions for the unique solvability are formulated and

some principal questions of computer-assisted study of BVP (2) are discussed.
The abstract control problem (CP)

dx =0z + Fu+ f, z(0)=a Az=r, (3)
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where F': H — L™ x MV is a linear bounded operator defined on a Hilbert space
H of control actions. For CP (3), conditions for solvability are formulated and a
computational technique of constructing the solutions to (3) is presented.

The results are obtained in the context of the theory of functional differential
equations [2].

This work was supported by RFBR grant 10-01-96054.
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Symbolic models for multidimensional perturbations of
one-dimensional chaotic difference equations
Malkin M. I. (Nizhny Novgorod State University, Russia)

We construct symbolic models for difference equations which are multidimen-
sional perturbations of generalized one-dimensional maps. Let

¢A(yn:yn+17~~:yn+m):07 nez (1)

be a difference equation of order m with parameter \ from some metric space. It
is assumed that the non-perturbed operator ®,, depends on two variables:

éko(yow'wym) :w(yN7yM)7 (2)

where 0 < N < M < m and v is a piecewise monotone piecewise C?-function.
It is also assumed that for the equation ¢ (z,y) = 0, there is a branch y = ¢(z)
with positive topological entropy: hiop(¢) > 0, and hence, ¢ possesses at least one
measure p* which maximizes the measure theoretic entropy: hiop() = hu=(¥)
(note that in the case when ¢ has two monotonicity intervals, the maximal measure
is unique).

In this setting we construct countable topological Markov chains as symbolic
models for ¢(z) and then for closed invariant subsystems of o|a, with topological
entropy arbitrarily close to htop(p)/(M — N), where o is the shift map and Ay
is the space of bounded bi-infinite solutions of the difference equation (1) with
parameter A close enough to Ag. From this construction it follows how the maximal
measure p* can be continued to an invariant measure py of O‘|A>\ with measure
theoretic entropy hu, (o|a,) arbitrarily close to the value hiop(p)/(M — N) for A
close enough to Ag.

In particular case of Lorenz type maps we consider also the problem on be-
havior of the rotation set under multidimensional perturbations, and we show
approximation results for rotation sets in this case. Our technique is based on ap-
proximations of measures of maximal entropy represented by countable topological
Markov chains [1] and also, on continuation of chaotic orbits for perturbations of
singular difference equations [2].

The research was supported by RFBR grant 11-01-00001.
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Homogenization of a diffusion—convection equation in poroelastic
media
Meirmanov A. M. (Belgorod State University, Russia)
Zimin R. N. (Belgorod State University, Russia)

In the present talk we consider a diffusion—convection of an admixture from
some reservoir (underground storage) into a soil. The basic mathematical model,
describing the process on the microscopic level, consists of the Stokes system

ov 0
R TE V- (app(e)D(v) + (V- v — py)l), 37]1? +apV-v=0 (1)
for the velocity v and pressure py of the liquid component in the reservoir and a
pore space, and Lame’s equations

0w

r e = V- (ax p(e)D(w) — psl), ps + ap sV -w =0 (2)

for the displacements w and pressure ps of the solid skeleton of the soil. The

concentration c¢ of the admixture in the pore space is governed by the diffusion—
convection equation

Oc

aﬂ—v-Vc:V-(aDVc). (3)

In (1)—(3) dimensionless criteria ar, oy, auw, ax, Qp, 5, aps depend on the given
data and the dimensionless size € of the pore, and the dimensionless viscosity w(c)
depends on the concentration ¢ of the admixture.

The system is completed with corresponding boundary conditions on the
common boundary “pore space — solid skeleton” and on the outward boundary,
and with initial conditions for the displacements, velocity and concentration.

We discuss all possible limiting regimes (homogenized equations) of the sys-
tem in consideration as € — 0. In particular, for the absolutely rigid solid skeleton:
ap — 0, 2 = p1, 0 < p1 < 00, ax — o0, for the slightly viscous liquid in an
elastic solid skeleton: ‘Z—;‘ — w1, 0 < g1 < 0o, ax — Ao, 0 < Ag < o0, and for
the viscous liquid in the elastic solid skeleton; o, — po, 0 < po < 00, ax — Ao,
0< A < 00.

To derive correctly the diffusion—convection equation we had to prove a new
compactness lemma, which generalize for periodic structures the well-known Lions
compactness lemma [1].

LEMMA 1. Let the sequence {c®} be bounded in Loo ((0,T); L2 (Q))QWQLO(QT),
and the sequence {9/0t(x*(x)c®} be bounded in La((0,T); Wy *(Q)), where
x°(x) = x(xz/e), x(y) is l-periodic in the variable y bounded function and
(X)y #0. Then the sequence {c} is relatively compact in L2(Qr).
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This research is partially supported by the Federal Program “Research and
scientific-pedagogical brainpower of Innovative Russia” for 2009-2013 (Contract
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Asymptotic behavior of eigenvalues and eigenfunctions of a spectral
problem in a thick cascade junction with concentrated masses
Mel'nyk T. A. (Taras Shevchenko National University of Kyiv, Ukraine)

A thick junction is the union of some domain in R™, which is called the
junction’s body, and a large number of e-periodically situated thin domains along
some manifold on the boundary of the junction’s body. This manifold is called the
joint zone. Here € is a small parameter, which characterizes the distance between
neighboring thin domains and their thickness.

Various constructions of thick junction type are successfully used in nanotech-
nologies, microtechnique, modern engineering constructions (microstrip radiator,
ferrite-filled rod radiator), as well as many physical and biological systems such as,
for example, the structure of the intestine lining with different levels of absorption
of nutrients on different part of the tissues.

Therefore boundary-value problems in thick junctions of different types are
very extensively investigated at present. The aim of these researches is to de-
velop rigorous methods to study the asymptotic behavior of solutions as ¢ — 0,
i. e., when the number of the attached thin domains of a thick junction infinitely
increases and their thickness vanishes.

In the talk I am going to present our new results, which where obtained jointly
with Prof. G. A. Chechkin, concerning spectral boundary-value problems in a new
kind of thick junctions, namely thick cascade junctions. This is the continuation
of our investigation of boundary-value problems in thick cascade junctions, which
we have begun in [1, 2].

A model plane thick cascade junction consists of the junction’s body and
great number 0(571) of e-alternating thin rods belonging to two classes. One
class consists of rods of finite length and the second one consists of rods of small
length of order O(e). The density of the junction is order O(e~%) on the rods from
the second class (the concentrated masses if a > 0), and O(1) outside of them.

The asymptotic behavior (as e — 0) of eigenvalues and eigenfunctions of a
boundary-value problem for the Laplace operator in a thick cascade junction with
concentrated masses is investigated. In addition, we study the influence of the
concentrated masses on the asymptotic behavior of these magnitudes.
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Regularization and R-semigroups for Petrovskii well-posed systems
Melnikova I. V. (Ural State University, Russia)

The Cauchy problem for systems of differential equations is considered as a
particular case of the abstract Cauchy problem in a Hilbert space H : u'(t) =
Au(t), t >0, u(0) =&, where A = P(i%)7 E=¢(x), z €R, £ € H=Ly(R).

In this context, generally, operator A is not the generator of a semigroup of
class Cy and the problem is not uniformly well-posed even in the case of Petro-
vskii well-posed systems (see, for example, [1], [2]). For such problems regularizing
operators are constructed. There are shown connections of the regularizing op-
erators with R-semigroups (some type of modern regularized semigroups) in H
and with Green functions of the problem constructed in spaces of Gelfand—Shilov
distributions.

The research was supported by RFBR (grant 10-01-96003_r) and by the Min-
istry of Education and Sciences RF (grant 2.1.1/2000).
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On the scattering of plane waves by a wedge
Merzon A. E. (Universidad Michoacana, Mexico)

We consider a nonstationary scattering of plane waves by a wedge
W:={y = (y1,y2) : y1 = pcosO,ys = psinf,p > 0,0 < 0 < ¢ < 7}.

Let uin(y,t) := ei(k"'yf“’”t)f(t —n-y),teR, y€Q:=R*\W;wo >0, ko € R?
|wo| = |ko|, be the incident plane wave. We assume ko = (wo cos a,wp sin a),
where max(0,¢ — 7/2) < a < min(nw/2,¢). In this case uin(y,0) = 0, y € 9Q.
The profile f € C*(R), f(s) =0, s <0, and f(s) =1, s > u, for some pu > 0. Let
Q1, Q2 be the sides of Q. The scattering is described by means of the following
mixed wave problems in @ (depending on the properties of the wedge)

Du(y, ) =0, y€Q u(y,0) = uin(y, 0),
{ Pu(y ) =0, yeQi | { i(y.0) = a(y.0), | V<O O

where | = 1,2, P, = 1 or P, = 0y, for the exterior normals n; to @; (DD, NN
or DN-problems). Denote by C the Sommerfeld contour in the following (turned)
form C = C; U Cs, where

C1 = {wi—in/2 |w1 > 1}U{14+dw2 | =5/27 < we < —7/2}U{w1—5/2im | w1 > 1}.

The contour C; is a reflection of C; with respect to the point —37/2 and C has
the clock-wise orientation. Denote by @ := @\ {0}, {y} := |y|/(1 + |y|), v € R®.
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DEFINITION 1. Fore, N > 0, &y is the space of functions u(t,y) € C(QxR™)
with the finite norm |Ju||c,x := sup [sup |u(y, t)|+sup(1+t)7N{y}5\Vyu(y,t)|] <
S D :

t20 “yeQ yeQ
oo, N >0.
Let ® = 27 — ¢, ¢ = 7/(2®) w1 := —in/2 + ia, Hi(p,0, D) :=
1/sinh[(p — p1)g] 4 1/ sinh[(u + p1 — im)q].
THEOREM 1. 1°. There exists a unique solution to the DN-problem (1)

2°.

u(y,t) € 81,%,1,% which is expressed by the inverse Fourier transform
u(y,t) = F 5 [a(y,w)], t> 0,y € Q, where i(y,w) admits the Som-
merfeld type representation
i(y) = LD [t 1 i0,0,9)
c

where p >0, y=(p,0) €Q, weCT. _

The Limiting Amplitude Principle holds: u(y,t) —e "“°'A(y) — 0, t —
oo, uniformly for |y| < po, where A(y) = ﬁf@wﬂpc‘”(e*MH(ﬁ +

c
10)dg, y € Q. The limiting amplitude A is a solution to the clas-

sic DN-diffraction stationary problem of the plane wave by a wedge of
the Sommerfeld—Maljuzhinetz type [4].

Similar theorems hold for DD and NN-problems [1, 2, 3]. The Method of
Complex Characteristics was used. The research was supported by CONACYT ,
CIC (UMSNH) and PROMEP (red) (México).
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Recursion operators and conservation laws for partial difference

equations
Mikhailov A. V. (University of Leeds, UK)

We adapt a concept of recursion operator to difference equations and show

that it generates an infinite sequence of symmetries and canonical conservation
laws for a difference equation [1]. Similar to the case of partial differential equa-
tions these canonical densities can serve as integrability conditions for difference
equations. We have found two recursion operators for the Viallet equation satis-
fying to the elliptic curve equation associated with the Viallet equation.

We discuss the concept of cosymmetries and co-recursion operators for dif-

ference equations and present a co-recursion operator for the Viallet equation
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[2]. We also discover a new type of factorisation for the recursion operators of
difference equations. This recursion operators and its factorisation into Hamil-
tonian and symplectic operators can be applied for Yamilov’s discretisation of the
Krichever—-Novikov equation.

For Lax integrable equations we show that the sequence of conservation laws
can be obtained recursively using formal diagonalisation of the Darboux transfor-
mations.
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On the negative spectrum of low dimensional Schrédinger operators
Molchanov S. (UNC Charlotte, USA)

We will discuss estimates for the number of negative eigenvalues for
Schrédinger type operators on Riemannian manifolds, graphs and quantum graphs
with the spectral dimension d < 2. The main example: the Schrodinger operator
in R? with a potential decaying at infinity.

The talk is based on the joint work with B. Vainberg.

Homogenization of the Dirichlet eigenvalue problems for elliptic
operators with non-standard grow conditions in perforated domains
with non-periodical structure
Namlyeyeva Yu. V. (Institute of Applied Mathematics and Mechanics of NAS of
Ukraine, Ukraine)

We investigate the asymptotic behavior of solutions to the Dirichlet eigenvalue
problem for elliptic quasilinear equations with nonstandard grow in a sequence of
domains with a complex geometry. We study the homogenization of the following
nonlinear eigenvalue problems:

" d . Ou® . Ouf .

i:zldmiaZ (z,u,ax>f/\5a0 (x,u,ax> Ve, (1)

u*(z) =0 on 9Q°, (2)

where € > 0 is a small positive parameter characterizing the scale of the mi-
crostructure; Q° = Q\ F¢ is a perforated domain with  being a bounded domain
in R™ (n > 3) and F* being an open connected subset in 2. We consider the op-
erators with nonstandard growth conditions for instance the p.(x)-Laplacian and
the anisotropic p-Laplacian. In the study of this problem the following question
arises: to establish a possibility of approximation of problem (1), (2) by a simpler
problem of the same type in a fixed domain. We derive the homogenized problem
in the simple domain, describing the leading term of asymptotic of the solution
in perforated domain. The homogenization of variational eigenvalue problems for

the quasilinear elliptic operators p-Laplacian type was shown in [1]-[4].
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The research was partially supported by RFBR grant 10-01-90900.
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Qualitative properties for solutions to elliptic and parabolic equations
with divergence-free lower-order coefficients
Nazarov A. I. (Saint-Petersburg University, Russia)
Ural’tseva N. N. (Saint-Petersburg University, Russia)

We consider uniformly elliptic and uniformly parabolic equations of divergence
type:
Lu= —Di(aij (Jc)Dju) + bi(x)D;u = 0;
Mu = dyu — Di(aij(x; t)Dyu) + bi(w; t)Diu =0
with additional structure condition
div (b;) <0 in the sense of distributions. (1)

The equations with the lower-order coefficients satisfying this structure condition
arise in some applications, in particular, in hydrodynamics.

We deal with classical properties of solutions, namely, strong maximum prin-
ciple, Holder estimates, the Harnack inequality and the Liouville Theorem. We
show that under condition (1) the assumptions on (b;) which ensure these prop-
erties can be considerably weakened in the scale of Morrey spaces.

The research was partially supported by grant NSh.4210.2010.1 and by RFBR
grant 09-01-00729.
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Asymptotics of eigenvalues embedded into the continuous spectrum
of a waveguide
Nazarov S. A. (Institute of Problems in Mechanical Engineering, Russian
Academy of Sciences, St-Petersburg, Russia)

A new method will be described to construct asymptotics of eigenvalues and
the corresponding trapped modes in a waveguide with an obstacle (acoustic and
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quantum waveguides, water-waves in channels). Since eigenvalues in the discrete
spectrum are stable, there exist many approaches to construct and justify their
asymptotics with respect to small perturbation parameters. On th other hand,
if an eigenvalue is embedded into the continuous spectrum, it is no longer stable
and a small perturbation may turn it into a point of complex resonance. This
phenomenon crucially restricts variety of methods applicable to embedded eigen-
values and only a few results exist in this direction. On the base of notion of the
augmented scattering matrix (Nazarov, Plamenevsky and Kamotskii), which im-
plies an indicator of trapped modes, a new asymptotic method is developed to find
out perturbations which still allow for an embedded eigenvalue. The description
of these perturbations provides the enforced stability of embedded eigenvalues.
The Wood anomalies are also interpreted in the framework of this approach.
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Positivity and general scheme of asymptotic method of differential
inequalities for contrast structures in reaction-diffusion-advection
problems
Nefedov N. N. (Lomonosov Moscow State University, Russia)

For some cases of initial boundary value problem for the equation

52Au—%:f(u,Vu,x,s), reDCRY, t>0, (1)
which plays important role in many applications and is called reaction-diffusion-
advection equation we state the conditions which imply the existence of contrast
structures — solutions with internal layers. Particularly the cases when equation
(1) is semilinear or quasylinear are considered. Among others we discuss the
following problems:

1°. Existence and Lyapunov stability of stationary solutions.

2°. The analysis of local and global domain of stability of the stationary
contrast structures.

3°. The problem of stabilization of the solution of initial boundary value
problem.

Our investigations are based on asymptotic method of differential inequalities
and general scheme of this method (see also [1]) will be presented. This scheme
uses so-called positivity property of the operators producing formal asymptotics
and is based on some recent extensions of Krein—Ruthman theorem (see, for ex-
ample, [2, 3]).

The research was supported by RFBR grant No 10-01-00319.
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Nonexistence of W-solutions for nonlinear high-order equations with
L'-data
Nicolosi F. (Department of Mathematics, University of Catania, ITALY)

We study conditions of nonexistence of weak solutions for nonlinear equations
in divergence form of arbitrary order with L'-data. We use the known principle
of uniformly boundedness as a common functional tool.

Normal forms of generic transversal systems of infinite index
Ortiz-Bobadilla L. (National Autonomous University of Mexico)
Paziy N. (Chelyabinsk State University, Russia)
Rosales-Gonzalez E. (National Autonomous University of Mexico)

The purpose of this work is to study local analytic implicit, with respect to
the first derivative, systems

A(x)t = f(z), x€(C",0) (1)

DEFINITION 1. If the kernel of the matrix A(0) is one dimensional and the
vector f(0) doesn’t belong to the image of A(0), then we say that the system (1)
is a transversal one.

DEFINITION 2. Let us denote o« = det A, I' = {& = 0}, and let e be a vector
field, generating the kernel of the matrix A in the points of I'. Let o’(0) # 0, and
assume that the order of tangency, at the origin of coordinates, of the vector field
e and the surface of degeneracies I is infinite (i. e, the derivatives 8*a/9e*(0) are
zero for every k). We say that a transversal system satisfying such properties has
infinite index.

DEFINITION 3. Two transversal systems are called (locally) analytically equiv-
alent, if there exists a (local) analytic diffeomorphism transforming the solutions
of one of them into the solutions of the other.

In the present work analytic normal forms of generic transversal systems of
infinite index are obtained. The normal forms of transversal systems of finite index
were obtained before in [1]-[3]. In [4] their orbital classification was studied.

THEOREM 1. A generic transversal system (1) of infinite indez is locally an-
alytically equivalent to the system
1° vi=1,0=0,ifn=2;
2°. (wHuwv)u=1,0=0,w=0, if n=3;
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3%, (v1+vau At v w2 " o(u, 'v)) =1, 0 = 0, where (u,v) €
(CxC"10), 'v=(va,...,0n_1) and @ is a germ of analytic function,
o(u,0) =0, if n > 4.

Using this theorem normal forms of generic systems with one constraint are
obtained as well.
The work was supported by CONACyT 80065, PAPIIT IN103010.
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New optimal interpolation theorem for operators, mapping couples of
L, spaces
Ovchinnikov V. I. (Voronezh State University, Russia)

We find an optimal interpolation theorem for the family of spaces of mea-
surable function which includes classical Lorentz and Orlicz spaces. This family
contains also some quasi-Banach spaces.

DEFINITION 1. (see [1]) Suppose that {Xo, X1} is a Banach couple, ¢ is non-
degenerate interpolation function, and 0 < po, p1 < oo. The space ¢(Xo, X1)pg,p1
is defined to be the space of x € Xo + X1 such that

{K (Wi, z, {Xo0, X1 1)} € (lpg lps (wrn)),
where {wn, } is a balanced sequence of K (¢, x,{Xo, X1}).
Recall that if x € Xo + X1, t > 0, then
Ktz {Xo, X1}) = _inf [ zollx, +t] z1llx,,
r=x0+x]
where the infimum is taken over all representations of x as a sum of zo € Xo and
z1 € X;. This function is call the K-functional of x € Xo + X:.

THEOREM 1. Let T be a linear operator which sends a couple of
weighted Ly, spaces {Lp,(Uo), Lp, (U1)} to a couple {Lqy(Vo), Lg, (V1)}, where
1 < Po, P1, qo, g1 < 0, then

T : o(Lpo(Uo), Lpy (U1))sg.s1 = ©(Liao (Vo) Lay (V1))1g.t1 5

where 0 < sg, S1, to, t1 < 0o such that

1 1 1 1 1 1 1 1

=t ==, =t ==,

o so qQ Ppo/ i s @ P/
and p(u,v) is an arbitrary nondegenerate interpolation function.

This theorem is optimal in the following sense.
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THEOREM 2. If the couple {Ly,(Uo), Lp, (U1)} is Ko-abundant (see [2]), then
for any y € o(Lqo(Vo), Lgy (V1))to,t, there exist x € p(Lp,(Uo), Lp, (U1))s,s; and

T : {Lpy(Uo), Lp, (U1)} — {Lgo (Vo), L, (V1) }
such that y = Tx.

For the proofs we study the structure of the sets of K-functionals corre-
sponding to the interpolation spaces ¢(Xo, X1)p,,p, and apply the description of
interpolation orbits in couples of L, spaces (see [3]).

The research was supported by RFBR grant no. 10-01-00276.
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Nonlinear Steklov eigenvalue problems in corrosion modeling
Pagani C. D. (Dipartimento di Matematica Politecnico di Milano, Italia)
Pierotti D. (Dipartimento di Matematica Politecnico di Milano, Italia)

We consider the problem of finding a harmonic function v in a bounded
domain Q € RY, N > 2, satisfying a nonlinear boundary condition of the form
du(r) = Ap(z)h(u(z)), = € Q where p changes sign and h is an increasing
function with superlinear, subcritical growth at infinity. We study the solvability
of the problem depending on the parameter A by using min-max methods. In
dimension 2 the special case h(u) = e** — e~ (17" o € (0,1) is of interest in
problems of corrosion and is specifically considered, paying particular attention
to the symmetric case o = 1/2.

Asymptotic analysis for the steady Stokes equation with On
properties of solutions of nonlinear ordinary differential equations
variable viscosity in a two-dimensional tube structure
Panasenko G. P. (University of Lyon, France)

The result is obtained in collaboration with R. Fares and G. Cardone. Let
e1,€z,...,e, be n closed segments in R?, which have a single common point O
(i. e. the origin of the coordinate system), and let it be the common end point
of all these segments. Let 81, B2, ..., Bn be n bounded segments in R? containing
the point O, the middle point of all segments, and such that 3; is orthogonal to e;
(for simplicity assume that the lenght |3;| of each j3; is equal to 1). Let 85 be the
image of 3; obtained by a homothetic contraction in % times with the center O.
Denote B5 the open rectangles with the bases 5 and with the heights e;, denote
also Bj the second base of each rectangle B5 and let O; be the end of the segment

e; which belongs to the base Bj . Define the bundle of segments e; centered in
Oas B= U;'L:1 ej. Denote below Op = O. Let 75, j = 0,1,...,n, be the images
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of the bounded domains v; (such that 9; contains the end of the segment O;
and is independent of €) obtained by a homothetic contraction in % times with
the center O;. Define the tube structure ([1]) associated with the bundle B as

_ /
a bounded domain: B° = ( 1 Bj) U ( pa f_yj) . Assume that 0B° € C? (the
result may be generalized for the case of the piecewise smooth boundary 9B° with

no reentrant corners). Assume that the bases Bj of B, j = 1,...,n, are some
parts of dB°. Consider the problem:

—div(v(z)Due) + Vpe = f(z), divu.=0, z€B°, uw.=g, z€IB".

Here g = 0 on the lateral boundary of the rectangles composing B°; moreover
g = 0 anywhere with the exception of the bases 85 of the cylinders B} (these

bases are assumed to belong to the boundary of the tube structure); g € C? (Bj),

z—0;

and for each j, g = £2g;( ) on Bj, the vector valued functions g; € C? do not

depend on ¢ and let faBE g.nds = 0. Introduce the local system of coordinates

Oz’ xy associated with the segment e; such that the direction of the axis Oz}’
coincides with the direction of the segment OOj, i. e. z’ is the longitudinal
coordinate. The axes Oz}’z,’ form a cartesian coordinate system. We denote
doe the infimum of radiuses of all spheres with the center O such that every point
of it belongs only to not more than one of the rectangles B5, j = 0,1,...,n and
di is the maximal diameter of the domains o, 71,...,v». We finally introduce
the notation doe = max{doe,die}. Consider the right hand side vector valued
function f “concentrated” in some neighborhoods of the nodes O; and diffused

in the cylinders, i. e. f = ®; (%Oj), if |x — O;] < dbs, j =0,...,n, and

f = fi(@i9)ej, if not. Here f; € C5°([0, |e;]]), ®; € C*(Q), (j = 0,1,...,n),
where Q is a ball |¢| < do. Assume that v(x) = vy + v (7)) such that v;(z37) = 0
for all 77 € [0, B]U[|e;| — B; |e;|], where 3 is a positive constant; v € C? such that
there exist ko € R" such that v(z) > ko for all z € B°. The complete asymptotic
expansion of the solution to this problem is constructed and the error estimates
are proved. The research was supported by the grants: MODMAD, Modeling
blood diseases (CNRS).
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Noncommutative dynamical systems with two generators and their
applications in analysis
Paneah B. (Technion, Israel)

In this talk we consider some new dynamical systems which are determined
by a semigroup ¢ of maps in a closed interval I. The main peculiarity of these
systems is that ® is generated by two noncommuting maps. Introducing certain
closed subsets 71 and 72 in I makes it possible to determine some specific orbits
and attractors in I corresponding to ®. These orbits play a crucial role in solving a
wide variety problems in such diverse fields of analysis as general linear functional

87



operators, integral geometry, boundary problems for hyperbolic partial differential
operators of higher (> 2) order. We first describe some conditions ensuring the
existence of the required attractors. In the second part we formulate some new
problems from the above-mentioned list and trace how our dynamic approach
works when solving these problems.

On the Aharonov-Bohm operators
Pankrashkin K. (University Paris-Sud 11, France)

We review the spectral and the scattering theory for the Aharonov-Bohm
model on R?, i. e. for the Schrédinger operator with a §-type magnetic field. New
formulae for the wave operators and for the scattering operator are presented. The
asymptotics at high and at low energy of the scattering operator are computed and
a relationship between the number of the bound states and some characteristics
of the wave operators are obtained (Levinson-type theorem).

Based on joint work with Serge Richard and Johannes Kellendonk.
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Homogenization and concentration for a diffusion equation with large
convection in a bounded domain
Pankratova I. (Narvik University College, Norway, and Ecole Polytechnique,
France)

The talk will focus on the homogenization of a convection-diffusion equation
with rapidly oscillating coefficients defined in a bounded domain. Namely, we
consider the following initial boundary problem:

5 . X 5 1 X e _ .
O —dlv(a(g)Vu)—&—gb(g)-Vu =0, in (0,7) x Q,
u®(t,z) =0, on (0,T) x 99, (1)
u®(0,z) = uo(z), z€Q,

where Q C R? is a bounded domain with a Lipschitz boundary 9Q. We show that,
in contrast with the equation stated in the whole space, u® vanishes exponentially
for any t > to with an arbitrary to > 0. More precisely, for ¢t = O(e) the initial
profile of u° moves with the velocity ¢! b in the direction of the effective convec-
tion b, reaches the boundary of Q and then dissipates rapidly. Hence, any finite
number of terms in the asymptotic expansion vanish for t > to, with an arbitrary
to > 0. Our goal is to determine the rate of vanishing of u®, as ¢ — 0, and to
characterize the asymptotic profile of the properly rescaled solution.
This is a joint work with G. Allaire and A. Piatnitski.
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On weak completeness of the set of entropy solutions to degenerate
nonlinear parabolic equations
Panov E. Yu. (Novgorod State University, Russia)

In a strip IIr = (0,7) x R, T" > 0, we consider the nonlinear parabolic
equation

ur + p(u)e = g(w)ze =0, (1)
u = u(t,x), (t,z) € lIr. We assume that ¢(u), g(u) € C(R) and the function g(u)
non-strictly increases.

DEFINITION 1. A function u = u(t,z) € L°(Il7) is called an entropy solution
(ES for short) of (1) if g(u)s € Li,.(Il7), and for each k € R

lu — k¢ + [sign(u — k) (p(u) — @ (k))]e —g(w) = g(k)[za <0
in the sense of distributions on It (in D' (Il7)).

In the case g(u) = 0 Definition 1 reduces to the Kruzhkov’s definition (see
[1]) of ES to the conservation law

ur + @(u)y = 0. (2)

One of well-known applications of the Tartar—Murat compensated compactness
method is the statement that a weak limit of a bounded sequence of ES of (2) is a
weak solution of this equation (i. e., it satisfies (2) in D'(Ilr)), see [4]. Recently, in
[2], it was established that actually this weak limit is an ES of equation (2). Now,
using the new compensated compactness theory developed in [3] and adapting
the methods of [2], we extend the result of [2] to the case of parabolic equation
(1). More precisely, assume that u, = un(t,z), n € N, is a bounded in L*(II7)
sequence consisting of ES of approximate equations

Ut + pn(u)e = gn(u)ze =0, 3)

where ¢n(u) = ¢(u), gn(u) = g(u) in C(R) as n — co. Assume that u, — u =
u(t, ) as n — oo weakly-* in L*(Ilr).

THEOREM 1. The function u(t,z) is an ES of equation (1). Moreover, this
ES admits a strong trace uo(z) on the line t = 0 in the sense of relation

ess limu(t,-) = uo in Lio.(R).
t—0

Remark that in the case of several spatial variables the statement of Theo-
rem 1 is no longer valid (cf. [2]).
This work was supported by RFBR grant 09-01-00490.
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Extremal spectral properties of Lawson 7-surfaces and the Lamé
equation
Penskoi A. V. (Moscow State University, Independent University of Moscow,
Bauman Moscow State Technical University, Russia)

Let M be a closed surface and g be a Riemannian metric on M. Let us consider

oz’ oz

the associated Laplace—Beltrami operator Af = —ﬁ 0 ( \g|gijﬂ) and its
9
eigenvalues
0=2(M,g) <Ai(M,g) < A2(M,g) < A3(M, g) < ...

It turns out that the question about the supremum of the functional A;(M,g) =
Xi(M, g)Area(M, g) over the space of Riemannian metrics g on a fixed surface M
is very difficult and only few results are known. The functional A;(M, g) depends
continuously on the metric g, but this functional is not differentiable. However,
it was shown by Berger in the paper [1] that for analytic deformations g; the left
and right derivatives of A;(M, g¢) with respect to ¢ exist.

DEFINITION 1 (Nadirashvili [2], El Soufi and Ilias [3]). A Riemannian metric
g on a closed surface M is called extremal for the functional A;(M, g) if for any
analytic deformation g: such that go = g the following inequality holds,

d d
—A; (M, <0< —Ai(M, .
dt (M 9:) t=0+ dt (M :) t=0—

The list of surfaces M and values of index ¢ such that the maximal or at
least extremal metrics for the functional A;(M,g) are known is quite short (see
the paper [4] for detailed references): A1(S?,g), A1(RP?, g), Ai(T?,g), Ai(K,g),
A2(S?, g) and A4(T?, g), Ai(K, g) for some particular values of i.

DEFINITION 2 (Lawson [5]). A Lawson tau-surface 7o,k C S? is defined by the
doubly-periodic immersion ¥,, 5 : R* — §* € R* given by the following explicit
formula,

Yok (z,y) = (cosmaz cosy, sinmz cosy, coskxsiny, sinkxsiny).

Lawson proved that for each unordered pair of positive integers (m, k) with
(m, k) = 1 the surface 7, is a distinct compact minimal surface in S. Let us
impose the condition (m, k) = 1. If both integers m and k are odd then 7.,k is a
torus. If one of integers m and k is even then 7, is a Klein bottle. The torus
71,1 is the Clifford torus.

Our main result is the following theorem from the paper [4]. The proof is
based on the theory of periodic Sturm-Liouville problems and the theory of the
Lamé equation.

THEOREM 1. Let Tp,r be a Lawson torus. Then the induced met-
ric on Tmik 15 an estremal metric for the functional A;(T? g), where
ji=2 ([\/mQ + k2] +m+ k) — 1. Let Tm,x be a Lawson Klein bottle. Then the
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induced metric on Tm.,k, is an extremal metric for the functional A;(K,g), where
j=2 {7‘@%)} +m+k—1. The corresponding values of A;(T?,g), A;(K,g) are
given in the paper [4].
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On the large-time behaviour of solutions to fractional diffusion
equations
Piatnitski A. (Lebedev Physical Institute RAS, Moscow, Russia, Narvik
University College, Norway)

The talk will focus on the asymptotic behaviour of solutions to a time-
fractional diffusion equation of the form

O ue = div((a(z)Vu), (z,t) € Q x RT,
68:& =0 T € 0Q,
’LL(J:,O) = f(il’), 875’11(@‘,0) = g(x) T e Qa

stated in a smooth bounded domain @ C R™; by 07 we denote the fractional
Caputo derivative in time variable of order o with « € (1,2).

We show that under natural uniform ellipticity assumptions on the matrix a,
a solution u of the studied problem approaches a linear function uo(t) = At + B.
Moreover, the convergence is power-law, that is

[u(-,t) —uo(B)llz2g) < CE ™% t € (1,400),
for some C' > 0.
This is a joint work with K. Ruotsalainen (Oulu, Finland).

The dichotomy in approximations of abstract parabolic equations
Piskarev S. I. (Lomonosov Moscow State University, Russia)

This talk is devoted to the numerical analysis of abstract semilinear parabolic
problem in some general Banach space E

u'(t) = Au(t) + f(u(t), u(0) =u’,

where the operator A generates analytic Co-semigroup and f(-) : E C E — E,

0 < a < 1, is assumed to be continuous, bounded and continuously Fréchet

differentiable function. More precisely we assume that the following condition

holds: for any € > 0 there is § > 0 such that ||f'(w) — f'(2)|lBE~,p) < € as
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lw — z||ge < § for all w,z € Uga(u™;p), where u* is a hyperbolic equilibrium
point of the main problem.

We are developing a general approach to establish a discrete dichotomy in
a very general setting and prove shadowing Theorems that compare solutions of
the continuous problem with those of discrete approximation in time and space
variables. It is well-known fact (see [1], [2], [3], [5]) that the phase space in the
neighborhood of the hyperbolic equilibrium can be split in a such way that the
original initial value problem is reduced to initial value problems with exponential
decaying solutions in opposite time direction.

We use the theory of compact approximation principle and collectively con-
densing approximation to show that such a decomposition of the flow persists
under rather general approximation schemes. The considerations are based on
Baskakov’s approach.

In [4] a general framework was developed that allows to analyze convergence
properties of numerical discretizations in a unifying way. We consider discretiza-
tions on a general approximation scheme following G. Vainikko. The main as-
sumption of our results are naturally satisfied, in particular, for operators with
compact resolvents and condensing semigroups and can be verified for finite ele-
ment as well as finite difference methods.

The research was supported by RFBR grant 11-01-90401.
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On a method for computing waveguide scattering matrices in the
presence of discrete spectrum
Plamenevskii B. A. (St. Petersburg State University, Russia)

Let G be a domain in R? that coincides outside a large circle with the union
of finitely many non-overlapping semi-strips (“cylindrical ends”). A waveguide is
modeled by the Dirichlet problem for the Helmholtz equation in G with spectral
parameter p. As approximation to a row of the scattering matrix S(u), we choose
the minimizer a(R, 1) of a quadratic functional a — J™(a, ). To define such a
functional, we solve a certain auxiliary boundary value problem in the bounded
domain G obtained by cutting off the cylindrical ends at distance R. We prove
that, as R — oo, the minimizer a(R, u) tends to the corresponding row of S(u)
with exponential rate uniformly with respect to p in any finite closed interval
[11, p2] of the continuous spectrum not containing thresholds; in doing so, we
do not exclude the presence of eigenvalues of the waveguide in [u1, p2] (to the
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eigenvalues there correspond eigenfunctions exponentially decaying at infinity).
The applicability of the method goes far beyond the above simplest model.

The method for computing scattering matrices was suggested in [1]. The
outline of the proof given there is valid under the restriction that the interval
[1, p2] contains no eigenvalues of the waveguide. The justification of the method
without such a restriction was given for the first time in [2].

The talk is based on the joint work with O. V. Sarafanov.

The research was supported by grant RFBR-09-01-00191-a.
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Modelling Nonlinear Hydroelastic Waves
Plotnikov P. 1. (Lavryentyev Institute of Hydrodynamics, Russia)

We use the special Cosserat theory of shells satisfying Kirchoff’s hypothesis
and incompressible flow theory to model the interaction between an elastic sheet
and an infinite ocean for which it forms the top surface. From a general discussion
of three-dimensional motions, involving an Eulerian description of the flow and a
Lagrangian description of the elastic sheet, a special case of two-dimensional trav-
elling waves which propagate without changing shape on the surface of a fluid that
moves under gravity, bounded above by a heavy, frictionless, thin (unshearable)
elastic sheet. The sheet stays in contact with the zero streamline of the flow and
is deformed by internal elastic forces and couples, and inertial forces and gravity,
according to the laws of elasticity. The flow, which is supposed irrotational, is
at rest at infinite depth and its velocity is stationary relative to a frame moving
with the wave. Therefore the pressure exerted by the fluid at a steady streamline
depends on its height and the fluid velocity. This work studies the balancing of
these elastic and hydrodynamic effects to produce a steady hydroelastic wave.

To do so, it is supposed that the surface membrane is hyperelastic, with a
stored energy function that depends on the stretch, the stretch-gradient, and the
curvature of the membrane. The problem is then formulated as one for critical
points of a Lagrangian. It is notable that the stored energy for travelling waves
may be non-convex in the stretch even when the stored energy of the material at
rest is convex. The existence of waves is proved by maximizing the Lagrangian in
the presence of strain-gradient effects. An understanding of the limiting process,
as the coefficient of the strain-gradient term in the elastic energy tends to zero,
is the purpose of this investigation. Our main result is a detailed description
of the Young measure that arises as a limit of a sequence of maximizers as the
strain-gradient coefficient tends to zero.
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Classification of Morse—Smale diffeomorphisms on 3-manifolds
Pochinka O. V. (Nizhny Novgorod State University, Russia)

This report is devoted to an exposition of results obtained by the author in
collaboration with C. Bonatti, and V. Z. Grines.

Morse—Smale diffeomorphisms have a finite hyperbolic nonwandering set and
transversal intersection of stable and unstable manifolds of periodic points (sim-
ilar to structural stable flow on surfaces). They are structurally stable, have
zero topological entropy, exist on any manifolds and their dynamic properties are
closely related to the topology of the ambient manifold. To date, due to results
of A. Bezdenezhnyh, C. Bonatti, V. Grines, R. Langevin, considerable progress
has been made in the classification of Morse-Smale diffeomorphisms on surfaces.
In the simplest case, when diffeomorphism is gradient-like (without heteroclinic
intersections) the complete topological invariant given by a distinguishing graph
(similar to Leontovich-Mayer scheme and Peixoto graph for flows). Obstruction
for such combinatorial invariants in dimension 3 is a possibility of wild embedded
separatrices of saddle periodic points even for diffecomorphisms with one saddle
point, found by D. Pixton.

Thus it is necessary to use other approaches, catching a topology of embedding
of separatrices. Then the dynamics of arbitrary Morse-Smale diffeomorphism f on
3-manifold M is represented as a “source-sink”, where the roles of the source and
sink are played by one-dimensional attractor A and repeller R, all points different
from A U R are wandering points and move under the diffeomorphism from the
source to the sink. Topological structure of the orbit space V of the wandering set
V = M\ (AUR) together with the embedded images of the invariant manifolds of
saddle periodic points is complete topological invariants. Moreover, this approach
allows to realize diffeomorphisms within the class under consideration. This report
generalizes papers [1]-[3], where classification of Morse-Smale diffeomorphisms of
3-manifolds under various generality assumptions was obtained.

The research was supported by RFBR grant 11-01-00730 and grant of gov-
ernment of Russian Federation 11.G34.31.0039.
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On location of spectrum and absence of the basis property in the
system of root functions of a variable slope derivative problem
Polosin A. A. (Moscow State University, Russia)

A spectral slope derivative problem for the Laplace operator in a unit disk
D:

Au+ p*u=0,(r,¢) € D, (1)
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(rur + kug)yp =0, (2)

where k is a real nonzero number, was studied in [1]; it was proved that the
spectrum does not lie in the Carleman parabola and the root functions do not
form a basis in any L,(D), p > 1.

THEOREM 1. The results of [1] remain true in the case of a variable non-
degenerating angle of the slope, i. e. when k = k(p) is a continuous 2m-periodic
sign-preserving function.

This work was supported by the Federal Task Program “Scientific and Peda-
gogical Staff of Innovational Russia”’ for 2009—2013 and the Program for Support
of Leading Scientific Schools (project no. NSh-7332.2010.9).
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Operator extension theory model for EM field-electron interaction
Popov I. Yu. (St.-Petersburg State University of Information Technologies,
Mechanics and Optics, Russia)

The self-adjoint Maxwell operator in the space L2(R?) is as follows [1]. Let
FE and B be, correspondingly, the electric and magnetic fields. These vector fields
should satisfy the conditions

V-(cE)=0, V-B=0. (1)

Then, the Maxwell operator acts on six-dimensional vector field as

n(5) (L ()

Here electric and magnetic susceptibilities, (), u(x) are smooth, strictly positive,
bounded functions of x (g, € C*(R®), the bounded continuous functions with
bounded continuous derivatives), € is the Levi-Chivita tensor density (€123 = 1
and € is antisymmetric in all indices), p = —iV is the momentum operator. In
the present paper we consider the vacuum case and normalize values of ¢ and p
to unity. The operator H; defined on smooth functions is essentially self-adjoint.
We denote its closure by the same letter (H1). To construct generalized point
interaction for the Maxwell operator it is necessary to extend the initial state Lo
to the Pontryagin space II.

Consider also quantum electron, i. e. let Hy = —A + V be the Schrodinger
operator in La(R®). To switch on an interaction between the EM field and the
electron we use the “restriction-extension” procedure for the operator Hy & Hos.
As a result, we construct a model operator H with point-like interaction between
quantum electron and classical EM field.

THEOREM 1. The dispersion equation for the model operator takes the form

(F'11 = D1(2))(T12 — D2(2)) — [T'12| = 0,
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I H . _
D16 = (G enen ). Dae) = limy(Rafa,0,2) = Gamlal) ),

Hipy =g,
T, i =1,2, are model parameters related with the strength of interaction...
Let H2 have non-empty point spectrum. The model allows one to find the

electron spectrum shift due to the EM field influence.
The research was partially supported by RFBR grant 11-08-00267.
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Stabilization to a non-stationary solution for the 3D Navier—Stokes
equations by initial control
Pribyl’ M. A. (Scientific Research Institute for System Studies of RAS, Russia)

Let © C R® be a connected bounded domain with a smooth boundary 9§ €
C*. Consider the Navier—Stokes equations:

Ov(t,z) — Av(t,x) + (v, Vv + Vp(t,z) = f(t,z), dive(t,z) =0, (1)

v(t, z)laq =0, (2)
with the initial condition
v(t, x)|t=0 = vo(z) + u(z), =€ Q. (3)
Here v(t,x) = (v1, v2,v3) is a velocity of fluid flow, p(t,x) is a pressure, f(t,z) =
(f1, f2, f3) is a given right side, and u(z) is a control supported in a given fixed
subdomain w C Q. All functions in the equations (1), (2) are periodic in ¢ with a
period T'.
We will use the following spaces of solenoidal vector fields:

VEQ) = {v(x) € (H*(Q)*: div=0}, k=0,1,2,...
Vo (2) = VH(Q) N (Ho (),
Voo(w) = {w € V' () : w(z) =0Vz € Q\ w}.
Let (0(t,z), p(t,x)) be a smooth solution of the Navier—Stokes system (1), (2). The
problem of stabilization a solution of (1)—(3) with the rate oo > 0 is to construct

a control u(z) with suppu C w such that the solution v(¢,z) of boundary value
problem (1)—(3) satisfies:

[v(t,-) = o(t, v @) < Ce” " lvo = 0(0)llyp)y, 20 (4)

THEOREM 1. There ezists a control u € Vyo(w) that v(t,x) satisfies the esti-
mate (4).

The stabilization for the Navier—-Stokes equations by feedback boundary con-
trol was well studied in [1], [2]. In these papers the solution ¢ was stationary.
The aim of this work is to establish a similar result in the case when the solution
© depends on time.

The research was supported by RFBR grant 10-01-00136.
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Maximal semidefinite invariant subspaces for J-dissipative operators
Pyatkov S. G. (Yugra State University, Sobolev Institute of Mathematics,
Russia)

We consider the question of existence of invariant semidefinite invariant sub-
spaces for J-dissipative operators defined in a Krein space. Recall that a Krein
space is a Hilbert space H with an inner product (-,-) in addition endowed with
an indefinite inner product of the form [z,y] = (Jz,y), where J = PT — P~ (P*
are orthoprojections in H, Pt + P~ = I). A subspace M in H is said to be
nonnegative (positive, uniformly positive) if the inequality [z,z] > 0 ([z,z] > 0,
[x,2] > 6]j=||* (§ > 0)) holds for all z € M. Nonpositive, negative, uniformly
negative subspaces in H are defined in a similar way. The main question un-
der consideration here is the question on existence of semidefinite (i. e. of a
definite sign) invariant subspaces for a given J-dissipative operator in a Krein
space (by a J-dissipative operator we mean an operator dissipative with respect
to the indefinite inner product [-,-]). We describe some sufficient conditions for
a J-dissipative operator in a Krein space to have maximal semidefinite invariant
subspaces. The semigroup properties of the restrictions of an operator to these
subspaces are studied. Applications are given to the case when an operator ad-
mits matrix representation with respect to the canonical decomposition of the
space. The main conditions are given in the terms of the interpolation theory of
Banach spaces. Given a J-dissipative operator L : H — H (H is a Krein space),
the main conditions look like (Hi,H_1)1/2,0 = H, where Hy = D(L), H_1 is a
completion of H with respect to the norm ||(L — AI) ™ u||, where A € p(L). We
present also sufficient conditions ensuring interpolation equalities of this type and
some applications to the study of some singular differential operators of the form

_ sgnzx

Lu= (@) (tae — q(z)u), xR,

Assuming that

1°. w,q € Li1,10c(R), w > 0 and ¢ > 0 almost everywhere on R and w ¢
Ll(R)7
2°. there exists a constant § > 0 such that ¢ +w > §/(1 + z?),

3°. u({z € R:g(z) #0}) >0,

and some regularity of the weight function w near zero, we prove that the operator
L (which is J-selfadjoint J-nonpositive in a Krein space L2, (R) with the norm
lul| = lvwullL,@®) and Ju = signu) has maximal nonnegative and nonpositive
invariant subspaces and is similar to a selfadjoint operator in Lo, (R).
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Reduction principle in the theory of stability of impulsive equations
Reinfelds A. (Institute of Mathematics and Computer Science of University of
Latvia, Latvia)

Consider the following system of impulsive differential equations in Banach
space X X Y:
da/dt = A(t)x + f(t,z,y),
dy/dt = B(t)y + g(t, z,y),
Am|t:” =z(1 + 0) — z(7; — 0) = Ciz(rs — 0) + pi(x(ms — 0),y(7: — 0)), (1)
Ay|,_. =y(7i +0) = y(ri = 0) = Diy(ri — 0) + gi(x(ri — 0),y(r: —0)),

satisfying the conditions of separation

v=max (sup | [ ¥ 01X e+ 3D V(s mIX (- 0.0)] ]

e Ti<s
+oo
Sup/ X (s, )Y (t,5)|dt + > |X(s,)|[Y (7 = 0,8)] | | <+o0,
s S s<T;
and f(t,-), g(t,-), pi, q are e-Lipshitz, f(¢,0,0) = p;(0,0) = 0,

g(t,0,0) = ¢;(0,0) = 0.

THEOREM 1. If 4ev < 1, then there exists a unique piecewise continuous
map with respect to t satisfying the following properties: u(t,z(t, s, z,u(s,z))) =
y(t, s, z,u(s,x)) fort > s, |u(s,z) — u(s,z’)| < klz — 2’| and u(t,0) = 0.

THEOREM 2. Let 4ev < 1. Then for every solution (x(-),y(-)): [s, +o0) —
X XY of the impulsive system (1) there is such solution ((-): [s,+00) — X of
the impulsive system

defdt = AWz + (1,2, u(t,2)),
{ Azl,_ = Ciz(ri = 0) +pi(z(ri = 0),u(r; = 0,y(ri - 0))),
that for all t > s fulfils the estimate |((t) — z(t)] < ki|y(t) — u(t, z(t))|.

(2)

We assume in addition that

“+oo
L = sup (/ Y (t,s)dt+ Y |V (7 —0, s)|> < 4o0.

Ti>S

THEOREM 3 (Reduction principle). Let 4ve < 1 and 2ep < 14++/1 — 4ev. The
trivial solution of impulsive system (1) is integrable stable, integrable asymptoti-
cally stable or integrable nonstable if and only if the trivial solution of impulsive
system (2) 1is integrable stable, integrable asymptotically stable or integrable non-
stable.

The research was supported by the grant 09.1220 of the Latvian Council of
Science and by the grant 2009/0223/1DP/1.1.1.2.0/09/APIA /VIAA/008 of the
European Social Fund.
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On nonlinear heat conduction in doubly periodic 2D composite
materials
Rogosin S. V. (Belarusian State University, Minsk, Belarus)

It is given an analytic solution to heat conduction problem in 2D unbounded
doubly periodic composite materials with temperature dependent conductivities
of its components (matrix and inclusions). Linear boundary value problem for
a quasi-linear differential equation is reduced to the non-linear boundary value
problem for Laplace equation. By introducing complex potentials, the later is
reduced to a nonlinear boundary value problem for doubly periodic analytic func-
tions. This problem is investigated via application of a combination of the method
of functional equations and the method of the successive approximation. Detailed
description of a new algorithm for the construction of any level approximate so-
lution to the starting problem is given.

The report is based on the joint work with G. Mishuris (Aberystwyth Univer-
sity, UK) and E. Pesetskaya (A. Razmadze Institute of Mathematics, Georgia).
The work is partially supported by Royal Society 2010/R2 Travel for Collabora-
tion grant 45239 and Belarusian Fund for Fundamental Scientific Research.

Estimates of solutions of linear neutron transport equation at large
time and spectral singularities
Romanov R. (St. Petersburg State University, Russia)

We analyze the large time asymptotics for the linear neutron transport equa-

tion,
1

0 0 ’ INF;
a“t(l’aﬂ) = _H%Ut(mvﬂ) + C(.II) . K(%H )Ut(.’E,[J, ) d,LL ) (1)

z € R, p € [-1,1]. Our main result is that the contribution of the essential
spectrum of the corresponding generator in the asymptotics of u; at t — oo is
polynomially bounded in the L?-norm if the kernel K is polynomial in u, p’, and
admits a sharp linear bound if the kernel K is constant (isotropic scattering).
In the process we prove finiteness of the discrete spectrum and of the set of
spectral singularities, thus generalizing earlier results by Lehner and Wing [1, 2]
and ourself [3] to the non-isotropic case. The proofs are based on analysis of the
Szokefalvi-Nagy—Foiag functional model of the generator.
The research was supported by RFBR, grant 09-01-00515-a.
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On the Garding inequality for a class of functional differential
equations
Rossovskii L. E. (Peoples’ Friendship University of Russia, Russia)
Tasevich A. L. (Peoples’ Friendship University of Russia, Russia)

Let ¢ > 1 and Q be a smooth bounded domain in R™ such that Q C ¢g©2. We
consider the following functional differential operator in €:

Au(z) = Z D“ [aago(x)DBu(x)—i—

lal,|Blsm
+aas (@)D u(q *5) + aas,—1(2) DPu(gr)] , (1)

where the coefficients aqpg;(z) are smooth functions in , and establish some
necessary conditions and sufficient conditions for the Garding-type inequality
2 2
Re(Au, u)r,(0) 2 arllullam @) — c2llulli, @) (v € C57 (). (2)

If A is a differential operator (e. g., aag1 = @ag,—1 = 0 in (1)), then (2) is a
synonym of strong ellipticity [1]. For a broader class of operators, inequality (2)
guarantees the Fredholm solvability as well as discreteness and sectorial structure
of the spectrum of the Dirichlét problem for the equation Au = f in L2(Q).
Fulfilment of (2) in the case of differential-difference equations was studied in [2].

THEOREM 1. Let inequality (2) hold for the operator A given by formula (1).
Then the self-adjoint part of the operator

o@) o Y € [auso(@)o(®) + aa (#)0(a ' 2) + aas 1 (@)o(er)]
lal,|B|=m
is positive definite in L2(Q) for all £ € S™7'.
Introduce the notations aag(z) = Reaapo(z), bap(r) = (aasi(z) +
¢ "aap,-1(q"'2))/2,
a’(‘r7§) = Zaaﬁ(m)§a+57 b(maé) = Zbaﬁ(w)£a+ﬂ7
_ q"b(z, )
" i ot 5 0

(the summation is over all |al,|8| = m). It is a simple consequence of Theorem 1
that a(z, £) is positive in .

THEOREM 2. If there exists a smooth function §(z, ) such that 0 < §(z,£) < 1
and

r(z,€) < 8(x,€) (1—6(¢ 'z,8) (zeQee8™,
then inequality (2) holds for the operator A given by (1).

COROLLARY 1. Ifr(z, &) < 1/4 forx € Q, £ € S™ ', then A satisfies (2).
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It should be noted that the condition 7(£) < 1/4 coincides with the necessary
condition from Theorem 1 in the case where the coefficients ang;j(x) are constants
(3]

The research was supported by RFBR grant 10-01-00395-a.
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On formation of singularity from smooth initial data for the
pressureless gas dynamics
Rozanova O. S. (Moscow State University, Russia)
As is known, smooth solutions to the pressureless gas dynamics system
Do+ divipu) =0, Du(pu) + Va(pu®u) = 0, (1)

for the density p(t, z) and velocity u(t, z), x € R™, t > 0, can be obtained as limits
as 0 — 0 of solutions to the regularized system

o 1 o~ 8ps
8(,; +div(pous) = 02 %p ;
a(ngg 1) . 1 2 paua i
—_— d o Uo,i o' = = 5
ot + alcv(p Ue,i U 50 ,; o2
i =1,...,n. The formulae, obtained in [1], allow to study the process of formation

of delta-singularity from smooth initial data. For example, in 1D case we get the
following result.

THEOREM 1. Let the initial data (po, uo) for the system (1) be at least
C™-smooth and bounded, m > 2. Assume that there is an instant 0 < t, < oo,
such that t. = glcrg{{ (7®) and u® (s,) =0, k=1,...,m — 1, however u'™ (s.)
does not vanish at the point s.(t«,x+), where s. is a solution to the equation
uo(8) tx = xs« — s. Here x, is such that the line y = £2=2 intersects the graph
of the initial velocity y = uo(s) at a unique point and it is tangent to the graph.
Then

m—1

pU(t*rw*) ~ B(I*,t*) po(S*)0'7 m ,0’—)0,

where
B(l’*yt*) = Km |u?£1) )| : )
|ug (5*)"”
1 1 2
Ky = —— (m!)% r (—) = £m—&—O(lnm), m — 00.
272m m\/?r 2m e



THEOREM 2 (Amplitude of the 5-function). Assume that the C*-smooth initial
datum uo(x) is linear on the segment Q = (x1,x2), moreover, the second left-
hand deriwative uy (z1 — 0) at the point T1 and the second right-hand derivative
ug (w2 +0) at the point x2 do not vanish. Let x. be the unique point such that the
liney = ””*t:s and the graph of the initial velocity y = uo(s) have a common linear
segment Q= [s1, s2]. Then at the moment t = t. at the point x = x, the component

s2
of the density develops a §-singularity of amplitude A(z.) = [ po(s)ds.
s1

Under the assumptions of Theorem 1
1
Po (i, Ts) ~ 0™ M(Zs,ts,m) po(ss) Ro(ts, ), o —0,

where M (z4,t«,m) is a constant depending only on the properties of uo and
Ry (t«,x+) tends to §(x — z.) as ¢ — 0 in D'(R). Thus, the §-function, arising
from smooth initial data without linear segments in the velocity component, has
initially a zero amplitude.

Supported by the project DFG 436 RUS 113/823/0-1 and the special program
of the Ministry of Education of the Russian Federation, project 2.1.1/1399.
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Computer simulation of the confluence of the free boundaries in the
spherically symmetric model of the phase field system
Rudnev V. Yu. (Moscow Technical University of Communications and
Informatics, Russia)

We numerically research the solutions of the phase field system for the spher-
ically symmetric Stefan—Gibbs—Thomson problem in the case of interaction of the
free boundaries.

We consider the phase field system

do %o ou u—u’ o

— 55 =T elu = n— 1

at o ot T )
where L = % - %2% (7‘2%), the function o has the meaning of the temperature,

u is the order function. Passing to the limit as ¢ — 0 in (1) we obtain the
Stefan—-Gibbs—Thomson problem for the each free boundary ;(¢):

- 2

%j:%;’, re[R, R, rARE), i=12
ed ; 2
z :—1Z+1<f§t+A )
A R GO

o
or
We construct the difference scheme for system (1) and we numerically simu-

late the confluence of the free boundaries.
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The main result of our research is that we reveal the effect of the soliton type
(negative) disturbance of the temperature o in the point of the contact of the free
boundaries. This disturbance is localized in the coordinate and at the time.

We obtain and numerically verify the analytical formula for the amplitude of
the disturbance of the temperature. Namely, the jump of the temperature in the
point and at the moment of time of the contact is determined by formula

/ /
@l = lim lim ri(t,e)ry(t,e) — ra(t, 5)7"2(15,5)7
=TT, = t—t*—0e—0 2

where 7;(t,¢), i = 1,2 are the asymptotic form of the positions of the free bound-
aries.
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Geometry of separation of variables and topology of the Liouville
foliation in the D. N. Goryachev case
Ryabov P. E. (Finance University, Russia)

D. N. Goryachev [1] generalized the Chaplygin case [2] of rigid body motion
in fluid to the problem with the potential that has a singularity in the equato-
rial plane of the inertia ellipsoid. Further generalizations to the case of a gyrostat
were obtained by H. Yehia [3]. However, until now the Goryachev case [1] was not
expressed in terms of quadratures explicitly. In [4], on the basis of the bihamil-
tonian approach a version of constructing separation variables for the Goryachev
case was suggested and the Abel-Jacobi type equations for these variables were
written down.

In this talk we give the explicit real separation of variables in the Goryachev
case which is different from [4]. The solution obtained does not use any far-going
mathematical theories and is based on the pure obvious calculation (see [2]) and
geometrical approach to separation of variables suggested by M. P. Kharlamov [5].
We find the standard form of the Kowalevski-type separated equations and alge-
braically express all phase variables via the variables of separation. The obtained
formulas make it possible to fulfil the complete investigation of the topology of
the Liouville foliation in the Goryachev case with the Boolean functions method
[6] including construction of the bifurcation sets, description of the admissible re-
gions in the integral constants plane, calculation of the Liouville tori bifurcations
along all basic paths and classification of singular leaves structure.

This work is supported by the RFBR grant No 10-01-00043.
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New Method for Solving General Singular Equations and Its
Application
Sadik N. (Istanbul University, TURKEY)
Koca B. B. (Istanbul University, TURKEY)

General singular equations were first given by Z. I. Halilov [1]. He considered
general singular operator of normal type, proved that these operators are Noether
operators, and constructed regularizator of these operators. Yu. I. Cherskii [2]
gave a solution for general singular equation of normal type by using similar
Riemann boundary value problem.

In this study, we present a new method for solving normal type general sin-
gular equations. This method is easier and more simple than Cherskii’s method.
Finally, as an application for our method, we concern with the solution for a class
of convolution type integral equation on a larger class.
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On properties of solutions of quasi-linear boundary value problems for
ordinary differential equations
Sadyrbaev F. (University of Latvia, Latvia)

The classical results say that the boundary value problem (BVP)
a” +pt)z’ +q(t)a = f(t,z,2"), te[0,1] (1)
z(0)=0, z(1)=0 (2)

is solvable if p, ¢ and f are continuous functions, f is bounded and the homoge-
neous problem
2" +pt)z’ +qt)z =0, x(0)=0, =x(1)=0 (3)

has only the trivial solution.
It was shown in [1] that more can be said about the expected solution.
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THEOREM 1. Quasi-linear BVP (1), (2) with an i-nonresonant linear part
has an i-type solution.

This means that a solution £(t) exists which has the same type as the linear
part 2’/ +p(t)z’ + q(t)z does. The type of the linear part is defined by the number
of zeros of a solution to the Cauchy problem

" +pt)x +qt)r =0, =x(0)=0, 2'(0)=1 (4)

in the interval (0,1). The type of a solution £(t) is defined in [1] and roughly
coincides with the oscillatory type of the respective equation of variations

Y +pt) Y +at)y = fo(t,€(1), €' (1) y + fur (£.£(), € (1) ¥, (5)
provided that f is a C'-function.
This observation have resulted ([2]) in the multiplicity results for nonlinear
the second order BVPs of the type

2" = F(t,z,2"), 2(0)=0, =z(1)=0. (6)

Indeed, if multiple quasi-linear equations (of the form (1)) can be constructed
which are identical with the equation in (6) in some domains, then multiple solu-
tions of different type exist for the problem (6).

Due to continuous interest to asymmetric equations of the form

'+t — T = f(te,a), te(0,1] (7)
we study the problem (7), (2). Here A and p are non-negative parameters, x+ =
max{z,0}, = = max{—z,0}, the right side f is a bounded nonlinearity. We

provide the analogue of Theorem 1 for this case.
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Asymptotic description of resonant tunneling in 3D quantum
waveguides of variable cross-section
Sarafanov O. V. (St. Petersburg State University, Russia)

Resonant tunneling can occur as an electron propagates in a quantum waveg-
uide of variable cross-section. The waveguide narrows play the role of effective
potential barriers for the longitudinal electron motion. The part of the waveguide
between two narrows becomes a “resonator”, and there can arise conditions for
electron resonant tunneling. This phenomenon consists of the fact that, for an
electron with energy E, the probability T'(E) to pass from one part of the waveg-
uide to the other through the resonator has a sharp peak at £ = Ej.s, where
E,es denotes a “resonant” energy. Such reentrant quantum resonators can find
applications as elements of nanoelectronics devices and provide some advantages
in regard to operation properties and production technology. To analyze their
operation, it is important to know E,.s, the behavior of T'(E) for E close to Eyes,
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the height of the resonant peak, and its width at the half-height (the so-called
resonant quality factor). We consider electron propagation in an infinite waveg-
uide with two cylindric outlets to infinity and two narrows of small diameters €1
and e2. The electron motion is described by the Helmholtz equation. We derive
asymptotic formulas (and estimate the remainders) for the resonant energy, the
shape of the resonant peak, and the transition and reflection coefficients as 1 and
€2 tend to zero. Such formulas depend on the limiting shape of the narrows; we
assume that the limiting waveguide in a neighborhood of each narrow coincides
with two cones intersecting only at their common vertex. Our approach (based
on the compound asymptotics method) can be employed for sound resonators and
super-high-frequency resonators.

The talk is based on the joint work [1] with L. M. Baskin, P. Neittaanmaéki,
and B. A. Plamenevsky.

The research was supported by grant RFBR-09-01-00191-a.
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Spectral properties of Dirac operators on (0,1) with summable
potentials
Savchuk A. M. (Moscow State University, Russia)

We consider the Dirac operator L generated in the space (L2[0,1])? by the
differential expression

d 0 1 Qo Q2
B— B = =

diq (% 5) e=(2 o).
and some regular boundary conditions. We assume, that @ belongs to L,[0, 1],
for some p € [1,00), or to the Sobolev space W¥[0,1] with some 6 € [0,1/2).
For such kind potentials we establish an asymptotic behavior of eigenvalues and
eigenfunctions of operator L. In the case when the entries of @ belong to L,(0,1)
with some p > 1 we prove that the system of eigen and associated functions form
a Riesz basis in (L2[0,1])2.

The talk is based on joint works with A. Shkalikov.

Homogenization of a 3D model of viscous barotropic gas provided
with rapidly oscillating initial data
Sazhenkov S. A. (Lavrentiev Institute of Hydrodynamics, Novosibirsk, Russia)

We consider the classical three-dimensional Navier—Stokes equations of vis-
cous compressible gas [1] in a bounded domain supplemented with the no-slip
condition on the boundary, an initial distribution of the velocity field, and rapidly
oscillating initial distributions of density. Rapid oscillations of initial density are
modeled by means of weak limiting relations arising as frequencies go to infinity.
The state equation is the equation of barotropic gas. The adiabatic exponent is
supposed to be greater than 3.
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We work out the homogenization procedure on the strict mathematical level,
as frequencies of rapid oscillations tend to infinity, and derive the limiting effective
dynamical model for a viscous compressible gas with rapidly oscillating initial
data, as a result.

The limiting model consists of the momentum and balance of mass equations
of the same forms, as in the original formulation; the state law that differs from
the state law of barotropic gas and contains an additional sought function, which
is called a distribution function; and the kinetic equation for the distribution
function that describes evolution of rapid oscillatory regimes in time and space.

We emphasize that any kind of structure like, for example, periodicity, quasi-
periodicity, or random homogeneity, is not imposed on the medium under consid-
eration.

The proofs in the work are based on the classical methods in the existence
theory of solutions of viscous compressible gas equations [1] and on a version of
kinetic equation, proposed by P. I. Plotnikov and J. Sokolowski [2].

The work was partially supported by the RFBR grant 10-01-00447 and by the
Federal special-purpose program “Scientific and scientific-pedagogical personnel
of innovative Russia” for the years 2009-2013 (contract no. 02.740.11.0617).
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A Feynman—Kac—Duhamel Formula
Shamarov N. N. (Moscow State University, Russia)

A Feynman—Kac type formula is proved for Cauchy problems with non-
homogeneous linear heat type equations.

In the following elements T' € R 3 a are fixed, T'> 0 < a, [0;T] ={r:r €
R,0 <r < T}, n and k are natural numbers, R™ is the n-dimensional Euclidean
real coordinate space, t € [0;T] and € R™ are variables, C[0;T] is the space of
all continuous R"-valued functions on the segment [0; 7] with its standard max-
norm; C'(R™) is the space of all continuous C-valued functions on R" , C,(R") =

f:feCR™), sup |f(z)| < oo} is the standard Banach space with the sup
Q:EIRTI,

norm, Clgk)(]R”) is the Banach space of all k times continuously differentiable C-
valued functions having bounded derivatives up to kth order, A, is the ordinary
Laplacian regarded as the operator CZES)(R") — Cp(R™), Cél)([O; T] x R™) is the
space of all bounded jointly continuously differentiable C-valued functions of n+ 1
real variables; u € Cy(R™) (“potential”, or “source”), f € CZEI)([O;T] x R™)
(“controlling function”, or “outer force”; for any such function we sometimes
write fi(z) instead of f(t,z)) and o € Cé”(R"). Ify e C;”([o; T] x R™) then
U [0;7] — C(R™) is defined by ¥(t) = ¥ and ¥(z) = ¢(t,z) (t € [0;T],z €
R™).
107



DEFINITION 1. By CP(T,u, f,a,1o) we understand the (Cauchy) problem to
find such a function 1y € C'V([0; T] x R™) that the corresponding function ¥ maps
s (3) (on Oy(t,z) = (5 - Ao —wy(t, ) + f(t, 2),
the segment [0; 7] into C™’ (R™) and { b(0,7) = o(x) , te[0st], = €R" .
In this case the function 1 is referred to as the solution of the Cauchy problem.

THEOREM 1. Let a problem CP(T,u, f,a,v0) is posed. Then there ezists a
solution 1 to the problem; the solution is unique and satisfy the equality

Wty ) = T e )+

z€C[0;T]
T

T
-t [u(z+ %z(s))ds o
+/e F e/ Fro(z + ﬁz(t))}WT(dz)

0
(called the Feynman—Kac—Duhamel formula) where Wi is the central (Wiener
type) Gaussian Borel measure on the Banach space C[0;T] defined by independent
increments space- and time-homogeneous transition probabilities having dispersion
a -7 during the time 7.

COROLLARY 1. If the coefficients u, f and the initial datum o are real valued
then the solution v is also real valued. In this case, if f and Yo are non-negative
then the solution has the same property.

COROLLARY 2. For the case when f = 0 we return to the classical Feynman—
Kac type formula.

The research was supported by RFBR grant 06-01-00724.
The author thanks O. G. Smolyanov and 1. V. Volovich for fruitful discussions.
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Control of the canard explosion in a semiconductor optical amplifier
Shchepakina E. (Samara State Aerospace University, Russia)
Korotkova O. (University of Miami, USA)

On the basis of the geometric theory for the singularly perturbed systems of
the ordinary differential equations [1, 2] we analyze the thermo-optical dynamics
in the semiconductor optical amplifiers [SOA]. Our main focus is on the critical
regime which the solution exhibits, which is understood as the separation between
the domains of self-accelerating and slow regimes. The dynamical model of the
SOA in the presence of the noise exhibits the critical regime which is similar to
that appearing in systems with the classic supercritical Hopf bifurcation. We
analytically investigate the recently experimentally discovered occurrence of the
optical canard explosion [3, 4] and determine the range of the control parameter,
relating to the input power, for which the extremely fast transition of the solution
from a small amplitude quasi-harmonic limit cycle to relaxation oscillations takes

108



place. The importance of the controllable transition from the limit cycle to the
relaxation oscillations in SOA may play a crucial role for understanding of the
optical system synchronization in general and, in particular, for the development
of the photonic clocks [5]. It is also of importance for the optical signal threshold
detection in situations when the low-level signal is embedded into noise [6].

The research was supported by RFBR grant 10-08-00154a, the US AFOSR
(grant FA 95500810102) and US ONR (grant N6883610P2842).
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A new class of systems of conservation laws admitting J-shocks
Shelkovich V. M. (St.-Petersburg State Architecture and Civil Engineering
University, Russia)

There are “nonclassical” situations where, in contrast to Lax’s and Glimm’s
classical results, the Riemann problem for a system of conservation laws either
does not possess a weak L™ -solution or possesses it for some particular initial
data. In order to solve the Riemann problem in these situations, it is necessary
to seek solutions in the form of d-shocks (which are solutions whose components
contain Dirac delta functions). Problems related to d-shocks have been intensively
studied in the last 12 years (see [2], [4], and the references therein). Systems
of conservation laws admitting d-shocks arise in the models of the formation of
large-scale structures of universe, of the formation and evolution of traffic jams,
of media which can be considered as having no pressure (for example, dusty gases,
two-phase flows with solid particles or droplets), of non-classical shallow water
flows, of granular gases.

Here we study a new type of systems of conservation laws

(uj)e + (uj fi(paus + -+ pnun)) =0, z€R, >0, (1)

admitting a d-shock wave type solution, where f;(-) is a smooth function, u;
is a constant, j = 1,2,...,n. This class includes some Temple type system. If
filw) =1+ li—jw, then (1) is the system of nonlinear chromatography, where

wi =1,u; > 0and ' - are the jth components of fluid and adsorbed (solid)

5 Wi
+30
phase concentrations, respectively, a; is Henry’s constant, j = 1,2,...,n (see [3]).
If fj(w) = I%2 and >;_, u; = 0 then (1) is the system of isotachophoresis, where
I is current, u; is the charge density of anions of the jth type (5 = 2,3,...,n)
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and wu; is the corresponding value for cations, ui,...,u, are the electrophoretic
mobilities of the corresponding ions (see [1]).

We introduce integral identities which give the definition of §-shocks for (1)
and derive the corresponding Rankine—Hugoniot conditions. It is proved that the
“area” transport processes between the moving singular one-dimensional §-shock
wave front and the region outside the front are going on. Balance relations de-
scribing these processes are derived. To solve these problems, we use our own
technique [2], [4].

This work was partially supported by the Analytical departmental special
program “The development of scientific potential of the Higher School”, project
2.1.1/10617 and by DFG Project 436 RUS 113/895.
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On the Stokes problem with non-zero divergence
Shilkin T. N. (V. A. Steklov Mathematical Institute, St.-Petersburg, Russia)

We study the strong solvability of the nonstationary Stokes problem with
non-zero divergence in a bounded domain.

References

[1] Filonov N. D., Shilkin T. N., On the Stokes problem with non-zero divergence. Zapiski
Nauchnyh Seminarov POMI, 370 (2009), 184-202.

Exponential stabilisation to a non-stationary solution for 2D
Navier—Stokes equations and applications
Shirikyan A. R. (Cergy—Pontoise University, France)

The problem of controllability and stabilisation for Navier—Stokes equations in
a bounded domain was intensively studied in the last twenty years. In particular,
it was proved that the Navier—Stokes system is exactly controllable in any finite
time by an external force localised in space, and any stationary point of the
flow can be stabilised by a finite-dimensional feedback control; see [3, 2]. We
discuss the problem of stabilisation to a non-stationary solution of Navier—Stokes
equations. Our main theorem states that any such solution can be stabilised by
means of a finite-dimensional force localised in space and time. We also discuss
an application of this result to the problem of exponential mixing for 2D Navier—
Stokes equations perturbed by a space-time localised noise. The results presented
in this talk are obtained in collaboration with V. Barbu and S. Rodrigues.
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Let us describe the main result in more detail. Consider the 2D Navier—Stokes
system in a bounded domain D C R? with smooth boundary &D:

U+ (u, Vyu —vAu+ Vp = f(t,z), divu =0, 0. (1)

ul,p =
Here u = (u1,u2) and p are unknown velocity and pressure of the fluid, v > 0 is
the viscosity, and f is an external force represented as the sum of two functions A
and 7, the first of which is a given H'-smooth function 1-periodic in time, while
the second is a control: f = h 4+ 7. We assume that 7 is sufficiently smooth and
the support of its restriction to the cylinder [k, k+1] x D is contained in (k,0)+ @,
where @ is an open subset of (0,1) x D. Let us introduce the phase space

H={uec L*(D,R?) :divu=0in D, (u,n) =0 on D},

where n is the outward unit normal to D, and endow it with the L?-norm || - ||.
The proof of the following result can be found in [1].

THEOREM 1. For any R > 0 and o > 0 there is a finite-dimensional subspace
E C H}(Q,R?) and positive constants C and § such that the following property
holds: given Gy, uo € H with ||[to|| < R and ||uo — tol| < § one can find a control n
such that the restriction of n(t+k, x) to (0,1)x D belongs to E for any integer k > 0
and

Ju(ts wo, b+ ) — u(t; o, W] < e~ luo — o] for ¢ >0, (2)
where u(t,v, f) stands for the solution of (1) issued from v € H.

In the case when 7 is a non-degenerate random force, we prove that the
Markov dynamics generated by (1) has a unique stationary measure and possesses
a property of exponential mixing in the Kantorovich—Wasserstein distance.
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Boundary regimes with peaking for arbitrary order quasilinear
parabolic equations
Shishkov A. E. (Institute of Applied Mathematics and Mechanics of NASU,
Donetsk, Ukraine)

We study Cauchy—Dirichlet problem for general divergent higher order quasi-
linear parabolic equations in unbounded multidimensional domains with boundary
data, which has singular peaking near to some finite time (blow-up time) on some
bounded part of the domain’s boundary. We describe localized and nonlocalized
regimes, the size and geometry of the blow-up zone of arbitrary energy solution.
For nonlocalized regimes we obtain sharp upper estimates of propagation of sin-
gular wave.
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Asymptotic behavior of the solution of a parabolic problem with
different boundary multi-phase interactions in a perforated domain
Sivak O. A. (Swansea University, UK)

Let Q. be a domain that is e-periodically perforated by small holes with di-
ameter of order O(g). The holes are divided into three e-periodical sets depending
on the boundary interaction at their surfaces.

We consider the following initial/boundary-value problem

Orue — Le(ue) + hous = fo in Q. x (0,7,
o-(us) =g on 2Y x (0,7),
oe(uc) =7g”  on 2P x (0,7), (1)
u. =0 on (B® UT.) x (0,T),
ue(z,0) =0 in Q..

Here Lc(ue) := Zf.\fj:l Oz, (aij(f)azjua(x)), oe(ue) = Z?fj:l afj(x)azjus(m)ui
is the conormal derivative, ho is a constant, « and  are arbitrary fixed real
parameters.

We study the influence of the boundary conditions and the parameters o and
~ on the asymptotic behavior of the solution. For the solution to problem (1) we
construct and justify the complete asymptotic expansion for the solution using
two-scale asymptotic expansion method.

These results were obtained together with T. A. Mel’nyk.

Solvability of the Vlasov equations in a half-space
Skubachevskii A. L. (People’s Friendship University of Russia, Russia)

We consider the Vlasov—Poisson system of equations describing evolution of
distribution functions of the density for the charged particles in rarefied plasma.
We study the Vlasov—Poisson system in ]Ri_ x R® with initial conditions for dis-
tribution functions fﬁ‘t:() = fg (z,p), B = £1, and Dirichlet boundary condition
for potential of electric field for 21 = 0, where f£(z,p) is the initial distribution
function (for positively charged ions if § = +1 and for electrons if 8 = —1) at the
point & with impulse p, Rﬁ_ ={z € R3: x> 0}. Assume that initial distribution
functions are sufficiently smooth and supp fé; C (RENBx(0)) x B,(0), 6, A, p > 0,
and magnetic field H(z) is also sufficiently smooth and has a special structure
near the boundary z; = 0, where R} = {z € R®: z; > §}. Then we prove that
for any 7' > 0 there is a unique classical solution of the Vlasov—Poisson system in
R x R® for 0 < t < T if ||f?|| < &, where € = &(T, 6, p, || H||) is sufficiently small.

This work was supported by the RFBR (grants No. 10-01-00395 and No. 09-
01-00586) and the analytical departmental special-purpose program “Development
of Scientific Potential of Higher Education” (No.2.1.1/5328).
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On a Solvability of the Dirichlet Problem with the p-Laplacian
Perturbed by a Difference Operator
Solonukha O. V. (Centlal Economical-Mathematical Institute of the Russian
Academy of Sciences, Russia)

We consider the essentially nonlinear Dirichlet problem

Ap,Rou(z) = fo(x) (x€Q), (1)
u(x) =0 (z € 0Q). (2)

Here Q@ C R™ is a bounded domain with smooth boundary 9Q, p € (2,00),
1/p+1/g=1, fo € Le(Q), A, is the p-Laplacian given by the formula

Apu(z) = — Z 0; (|6’iu|p72 o) .

1<i<n

A bounded operator Rq : L,(Q) — Lp(Q) is given by the formula Rg = PRI,
where
Ru(z) = Z apu(z + h),
heM
an € R, M C Z" is finite set of vectors, Ig is the extension operator of functions
from L,(Q) by zero in R™ \ @, Pg is the restriction operator of functions from
Ly(R™) to Q.

It is well known that problem (1), (2) without perturbation (i. e. for R = 1)
has a unique solution. In a linear case (i. e. for p = 2) the existence and uniqueness
of a generalized solution of strongly elliptic differential-difference equation (1) with
boundary condition (2) was proved in [1]. We formulate the sufficient conditions
for existence of a generalized solution to nonlinear problem (1), (2) for any p €
(2,00) and fo € Lq(Q). We also construct examples when such solution is not
unique.

The research was supported by RFBR grant 09-01-00586.
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On the existence problem of closed locally minimal networks on
convex polyhedra
Strelkova N. P. (Moscow State University, Russia)

A network is a geometric realization of a connected graph. The length of a
closed locally minimal network on a convex polyhedron cannot be decreased by
small deformations of the network unless the network is broken apart.

DEFINITION 1. A network on a convex polyhedron is called closed locally
minimal if all the edges of the network are geodesics and at each node of the
network precisely three edges meet at angles of 120°.
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THEOREM 1. [1] Suppose there exists a closed locally minimal network on
polyhedron P. Then there exists a partition of the vertex set of P into several
subsets such that in each subset the total Gaussian curvature of the vertices equals
%’T for some k =1,...,5, where k may be different for different subsets.

REMARK 1. In the (degenerate) case of polyhedra with only three vertices
(the double-covered triangles) the necessary condition of theorem 1 is sufficient.
But it is not sufficient for polyhedra with at least four vertices, see the next
theorem.

THEOREM 2. [2] There exists a tetrahedron ABCD with no closed locally
51 5

minimal networks, though the curvatures are K4 = = Kp = %’T, Kec+Kp = ?"

Consider a tetrahedron with curvature m at each vertex. It is easy to show
that all the four triangular faces of the tetrahedron are equal. Such tetrahedra are
called quasireqular. Closed locally minimal networks on quasiregular tetrahedra
had been well studied, see [1]. It turns out that for each quasiregular tetrahe-
dron there are infinitely many plane graphs that can be realized as closed locally
minimal networks on it. In particular,

THEOREM 3. [1] The complete graph on four vertices can be realized as a
closed locally minimal network on any quasiregular tetrahedra.

Thus for polyhedra with curvatures 7, 7, 7, m the existence problem dissolves.

Our conjecture is that for each family of polyhedra with given vertex curva-
tures, all divisible by %, there exists a plane graph that can be realized as a closed
locally minimal network on any polyhedron from the family. The situation seems
to be complicated even in the case of non-quasiregular tetrahedra. For example,
let G be the plane graph with four vertices, all of degree 3, and four faces: two
2-gons and two 4-gons.

THEOREM 4. There exists a tetrahedron ABCD on which graph G cannot
be realized as a closed locally minimal network, though the curvatures are Ka =
Kp=2 Koc=Kp="%.

The research was supported by RFBR grant 10-01-00748, the Programme
for Support of Leading Scientific Schools (grant HIII-3224.2010.1), the Pro-
gramme for Development of the Scientific Potential of Higher Education
(grant PHII-2.1.1.3704), and the federal target programme “Scientific and
Scientific-Pedagogical Personnel of Innovative Russia” (grant nos. 02.740.11.5213,
14.740.11.0794).
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Homogenization of parabolic and elliptic periodic operators in Lz(Rd)
with the first and second correctors taken into account
Suslina T. A. (St. Petersburg State University, Russia)
Vasilevskaya E. S. (St. Petersburg State University, Russia)

In Ly(R?; C™), we consider a matrix elliptic operator A. = b(D)*g(x/e)b(D),
e > 0. Here g(z) is an (m X m)-matrix-valued function periodic with respect to
some lattice, bounded and positive definite. Assume that m > n. Next, b(D) is
an (m x m)-matrix homogeneous first order differential operator. It is assumed
that rank b(§) = n, £ #0.

We study the behavior of the resolvent (A. + I)~! and the exponential
exp(—A.7) (with a fixed 7 > 0) for small e. There exists the effective opera-
tor A° = b(D)*g°b(D) (where g° is a constant effective matrix) such that

(A + D)7 = (A° + 1) Hlgosrs < Ce, (1)
lexp(—A:) — exp(—A’T) [ Lomszy < O 2e, (2)

Estimate (1) was obtained in [1], estimate (2) in [3].
More accurate approximations with the first order correctors taken into ac-
count have been found in [2] for the resolvent and in [6] for the exponential:

(A + D)7 = (A + D)7 = eKr () | zasrs < O, 3)
|l exp(—Ae) — exp(—A’T) — K (7, 8)l| s < OT 2. (4)

Our main results are more accurate approximations with the sum of the first
and second correctors taken into account. For the exponential we find approxi-
mation in the Lo-operator norm with the following error estimate:

| exp(—A-7) — exp(—A°T) — eKi (1, 8) — €2Ka(T,8) || 1y, < CT 2% (5)

For the resolvent we obtain approximation in the norm of operators acting
from the Sobolev space H'(R%; C") to La(R%; C") with the following error esti-
mate:

I(Ae + D)7 = (A° + )" = eKi(e) — " Ka ()l p, < CE™. (6)

Approximations (5), (6) are proved in [4], [5]. The method is development of the
operator-theoretic approach to homogenization suggested by M. Sh. Birman and
T. A. Suslina.
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A parametrization method for solving nonlinear nonlocal boundary
value problem for the system of hyperbolic equations
Temesheva S. M. (Institute of Mathematics, Almaty, Kazakhstan)

Consider the nonlinear boundary value problem

*u ou .
o= (ot ) @ eQ=(0wx0T), ueR', (1)
U(O,t) = 07 te [va]v (2)
ou ou
o(wu(e,0, 51| u@ D), 5o ) =0, ze 0.l (3)

where f: Q x R*™ — R™ and g : [0,w] x R*™ — R™ are continuous functions.

In the report an algorithm of finding solution to problem (1)—(3) is proposed.
Denote by v(z,t) an unknown function u,(z,t), (x,t) € Q. The problem (1)—(3) is
reduced to equivalent nonlinear boundary value problem for the system of integral-
differential equations with partial derivatives. This problem is investigated by a
parametrization method [1].

For the chosen step size h > 0, where Nh =T and N = 1,2,..., we perform

the partition
N

[0,w] x [0,7) = [ J[0,w] x [(r = 1)h,h).
r=1
The functional parameters is introduced as values unknown function v(z,t) on the
lines t = (r — 1)h, r = 1 : N. Then the nonlinear value problem for the system
of integral-differential equations with partial derivatives is reduced to equivalent
multicharacteristics boundary value problem.
An algorithm for solving the problem with functional parameters is proposed.
Each step of this algorithm consists of two stages:
1°. Implicit system of the nonlinear Volterra integral equations with respect
to introducing functional parameters is solved.
2°. Cauchy problems for the system of integral-differential equations with
partial derivatives are solved using the components of computed func-
tional parameters at stage 1.

We find conditions on the functions f and g and the domain ) ensuring the
existence of an isolated solution to problem (1)—(3) and the convergence of the
parametrization method algorithm to this solution.

The definition of an “isolated” solution to nonlinear nonlocal boundary value
problem (1)—(3) with continuously differentiable data is introduced. Necessary
and sufficient conditions for the existence of “isolated” solution are derived in
terms of the initial data of problem (1)—(3).

The talk is based on the joint paper with D. S. Dzhumabaev.
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Frequency locking of modulated waves in system with symmetry
Tkachenko V. I. (Institute of Mathematics, Kiev, Ukraine)

We consider the following system which arises as mathematical model of

optical laser

dx

E = (x)—&-sg(%at,ﬁt) (1)
where z € R", vector field f : R™ — R™ is smooth and equivariant with respect
to an S'-representation ¢’ on R, i. e.,

A f(x) = f(e*z) forallyeRand z € R",

where A # 0 is a skew-symmetric real n x n-matrix such that e*™# = I. Smooth
function g is 2w-periodic in Bt and at and equivariant in some sense, o and (3 are
positive parameters.

By £ = 0, unperturbed system & = f(z) has an exponentially orbitally stable
quasi-periodic solution of modulated wave type

(t) = "' zo(Bot), (2)

where zo(.) is smooth 27-periodic function, ap and Bo are positive constants.
Using methods of perturbation theory we investigate the behavior of per-
turbed system (1) in the neighborhood of (2). By assumption 8 ~ Sy and a > «p,
we obtain the parameter domain (with respect to parameters «, 5 and €) where
stable frequency locking occurs.
Special case of system (1) was investigated in [1].
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Singularities of the Manakov top integrable system
Tonkonog D. I. (Moscow State University, Russia)

An integrable Hamiltonian system (M,w,h1,...,hs) is a symplec-
tic 2n-manifold (M,w) with functionally independent commuting functions
hi,...,hn, : M — R traditionally called integrals. The momentum map

F : M — R" is given by F(z) := (hi(z),...,hn(z)). Level sets of F define
singular Liouwville foliation on M. A point x € M is called a singular (critical)
point of rank v, 0 < r < n, if tkdF(z) =r.

We study singularities of the Manakov top system (with two degrees of free-
dom), previously explored in [11, 2]. We describe topology of the Liouville fo-
liation on preimages F~'(U) where U C R? is a neighborhood of the F-image
of a zero-rank singular saddle-saddle point. This is done with the help of theory
developed by Fomenko and his collaborators [4, 3, 9].
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The study is inspired by [12] where the authors heuristically investigate the
Manakov top from the aspect of quantum monodromy and express their belief that
further analysis of the singularities will be of interest. There are several recent gen-
eralizations of Hamiltonian monodromy [5] mostly coming from quantum physics,
see [10, 7, 6, 1]. However, up to now there is no definition general enough to
include saddle-saddle singularities. Having in mind a thoroughly studied example
like the Manakov top could help to develop general theory.

The author is grateful to A. V. Bolsinov and A. T. Fomenko for fruitful dis-
cussions and constant support. The research was supported by Euler-Program
at DAAD (German Academic Exchange Service) in 2009/10, Dobrushin Scholar-
ship at the Independent University of Moscow in 2011 and by a Federal Target
Program grant 02.740.115213 “Bi-Hamiltonian structures and singularities of in-
tegrable systems” in 2010/11.
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Spectral properties of the period-doubling operator
Varin V. P. (Keldysh Institute of Applied Mathematics, Russia)

We compute the spectrum of the Feigenbaum period-doubling or universality
operator

T(9)(z) = g(g9(9(1)x))/g(1), =z € [-1,1] (1)

on the solution g(z) to the universality equation g = T'(g) in the Banach space F’

of bounded analytical functions in an ellipse with the focal points 41, with the

supremum norm, continuous on the closure of the ellipse. The spectral properties

of the operator T in F' are not the same as in the subspace of even functions. In
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particular, it was found that the dimension of the unstable manifold is not one
(Feigenbaum’s conjecture [1]), but three.

LEMMA 1. The formal Géteauz derivative of the operator T' (1) is given by
the formula

dT(g)h(z) = L(9)h(z) + a (¢'(9(z/a))g' (z/a)x — ag(g(z/a))) h(1),  (2)
where
L(g)h(z) = a(g'(g(x/a))h(z/a) + h(g(z/a))), (3)
and a = 1/g(1).

The operator L(g) (3) is frequently mistaken for the derivative of the operator
T (2) (see [2, Chap. 7]). The spectra of these operators are different.

LEMMA 2. The operator T is compact [3] in the space F', and the operator
dT'(g) has the following spectrum

1 1 1 1 1

S: [)\17)\27“-] - [a2767a7Ea?v)\67$7>\87¥757"']7 (4)

where | Xi| > |Aj], 3 < j. Let k be any complex number except 1. Then X = a* ™" is

an eigenvalue of the formal spectral problem dT'(g)h = Ah with the eigenfunction

h(z) = g(x) — zg'(x) — g" (x) + "¢ (). (5)
In addition, o? is the eigenvalue with the eigenfunction

h(z) = g(x) — 24 (x). (6)

Here a =~ —2.5 and § ~ 4.6 are the universal constants. Thus, in the spectrum
S, 7 out of the first 10 eigenvalues and eigenfunctions are found explicitly.

In many papers (including [1]), the spectrum of the operator 7" is computed
with the Lanford’s expansion g(x) = 1 — 2?f(2?) [4], which isolates a subset of
even functions in F. We analyze several articles devoted to this problem and
compare different approaches and algorithms.
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On asymptotic behavior of the solutions of an abstract
integro-differential equations
Vlasov V. V. (Moscow Lomonosov State University, Russia)
Shamaev A. S. (Moscow Lomonosov State University, Russia)
Rautian N. A. (Plekhanov Russian University of Economics, Russia)

We study integro-differential equations with unbounded operator coefficients
in a Hilbert space
d*u(t)
dt?

K(0)Au(t) + /Ot K'(t —s)Au(s)ds = f(t), teRy, (1)

u(+0) = po,  u'?(+0) = 1, (2)
where A is a self-adjoint positive operator with compact inverse acting on a Hilbert
space H, kernel K (t) is a scalar convex downwards decreasing function. Moreover
K (t) belongs to the space Wi (Ry).

The equation (1) is an abstract form of Gurtin—Pipkin integro-differential
equation, which describes heat propagation in media with memory and sound
propagation in viscoelastic media; it also arises in homogenization problems in
porous media (Darcy law).

We obtain the results on correct solvability of the problem (1), (2) in weighted
Sobolev spaces on a positive semiaxis R1. Additionally assuming that kernel K (t)

has the form

Kit) =S Dt 3

(t) ; % (3)

where ¢; > 0, y41 >7; >0, j €N, v; = 400 (j — +00) we provide the spectral

analysis of the operator-function L(A) which is a symbol of the equation (1). Let

e; denote the orthonormal basis composed of the eigenvectors of the operator

A corresponding to eigenvalues ej, i. e., such that Ae; = aje; for j € N. The

eigenvalues a; are numbered in increasing order: 0 < a1 < a2 < ...; an a, — 400

as n — 400. The spectrum of the operator-function L(A) can be represented in
the form

U(L) = (U?=1UE°:1)\kn) U (U?Lozl)‘ril)a (4)
where {Ai,n | K € N} — a countable series of real zeros lying on the negative
semiaxis and Af — a pair of complex conjugate zeros lying in the left half-plane
such that A} = A, of the meromorphic function I,,(\) := (L(A)en,e,). On the
base of spectral analysis we obtain the representation of the solution of the problem
(1), (2) as a series of exponents correspond the eigenvalues of the operator-function
L(N).

The detailed statements of the problems, formulations and proofs of the re-
sults one can find in [1]-[3].
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Local expansions for solutions of Schlesinger equation
Vyugin I. V. (Institute for Information Transmission Problems, Russia)

We study local behavior of solutions of Schlesinger equation in a neighbor-
hood of a singular point. This equation defines a condition of isomonodromy
of some family of Fuchsian systems. In the other hand solutions of Painlevé VI
equation and Garnier systems can be represented in a rational form of solutions
of Schlesinger equation.

We prove that each component of any solution of Schlesinger equation

dBiz— Z Md(ai—aj), ZE(C, i:I,...,n, (1)

@ — 0
j=1,g#i J

where

(1) — 31(0) bl_ﬁ(a) a=(a a
5.0 = G e ) ) ?

can be represented in some neighborhood D of the singular point
a®=(af,...,ad) € Q,

Qsmz{a|aS:ar}\U{a|aS:aT:ak,s#k;ér}, s#ET (3)
k

in one of two following forms:
bia(t) = Fi(a) + (as — ar)? Fa(a) + (as —ar) *Fs(a), ¢ eC
or
11(t) = Fi(a) + Fa(a) In(as — ar) + F3(a) In®(as — a,),
where Fi(a), F2(a), F3(a) are meromorphic in D functions.
In the case n =4 and a1 =0, a2 = 1, as = 00, t = a4 the following holds

thia

t) = ,
w(t) (t+ 1)bl, + tb2, + b2,

(4)

where w(t) is the solution of Painlevé VI equation. It gives us the local expansions
for solutions of Painlevé VI equation. The solution of Painlevé VI equation can
be represented in one of two forms

w(t) = P(t,t%,t7%)
w(t) = R(t,Int),

where P(-,-,-) and R(-,-) are power series with integer powers.
This work supported by RFBR 11-01-00339.
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New Models of Chemotaxis: Analysis and Numerics
Wang X. (Tulane University, USA)
Wu Y. (Capital Normal University, P.R. China)

Patlak-Keller-Segel (PKS) system is a classical PDE model of the chemotaxis.
In its simplest form, this model is described by a system of nonlinear PDEs: a
convection-diffusion equation for the cell density coupled with a reaction-diffusion
equation for the chemoattractant concentration. The PKS system admits solu-
tions that develop delta-type singularities within a finite time. Even though such
blowing up solutions model a concentration phenomenon, they are not realistic
since biological cells do not converge to one point (while the cell density grows
sharply, it must remain bounded at all times).

We will present a new chemotaxis model, which can be viewed as a regularized
PKS system. The proposed regularization is based on a basic physical principle:
boundedness of the chemotactic convective flux, which should depend on the gradi-
ent of the chemoattractant concentration in a nonlinear way. Solutions of the new
system may develop spiky structures that model the concentration phenomenon.
However, both cell density and chemotattractant concentration remain bounded.

The proposed model is studied both analytically and numerically. We will first
prove a global existence result and then use the bifurcation theory to investigate
existence of nontrivial steady states and their stability properties. Finally, we will
persent one- and two-dimensional numerical examples that support the analytical
findings and demonstrate the formation and stability of the spiky solutions.

The talk is based on the joint paper with A. Chertock and A. Kurganov.
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Periodic Solutions of Abel Nonautomomous ODEs
Wilczynski P. (Jagiellonian Uniwersity, Poland)

In the case of Riccati equation (in complex number notation)
z=a(t)2® +b(t)z + c(t), (1)
where z € C and a,b,c : R — C are continuous and T-periodic, a complete
description of dynamics may be obtained (see [1], [2]). Generically there are two
periodic solutions, an asymptotically stable and asymptotically unstable one, and

every other solution tends to one of them for big and small times.
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The case of Abel equation is much more complicated. The method from [3]
allows us to obtain one or two periodic solutions. In the case of equation

=24 f(b), (2)

where f is continuous and T -periodic, we extend it and try to give the full
description of dynamics. Namely, we seek when there are two asymptotically
stable periodic solutions, one asymptotically unstable one and every other solution
tends to them for big or small times or blows up.

The research was supported by Polish Ministry of Science and Higher Edu-
cation grant No. N N201 549038.
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Homogenization of Navier—Stokes Systems for Electro-rheological
Fluid
Zhikov V. V.

Some fluids sharply change their rheological properties in the presence of
electromagnetic field. The viscous stress tensor of such fluids becomes not just a
nonlinear function of the strain rate tensor D but acquires a strong dependence
on the spatial argument x. An example is provided by the tensor |D\p(””)72D,
where the exponent is determined by the applied electromagnetic field. But, in
general, the viscous stress tensor has a more complex anisotropic structure. A
mathematical theory of electrorheological fluids is described in the book of Ruz-
icka, where references to experimental data can also be found. It can be assumed
that the electromagnetic field is periodic in x and its period is specified by a small
parameter. In this situation, one has to deal with a homogenization problem, and
the main task of homogenization is to find the effective (homogenized) viscous
stress tensor that does not depend on the spatial variable.

On an Exponential Stability of Control Systems’ Program Manifold
Zhumatov S. S. (Institute of Mathematics, Almaty, Kazakhstan)

The problem of construction of all the set of differential equations possessing
by given integral manifold has been formulated and a method of solving this
problem is given in the work [1]. Later on Erugin’s method was developed for
construction of stable system of differential equations and nonlinear automatic
control systems under given program manifold in [2], [3]. The problem of finding
of exponential stability’s conditions of indirect control systems’ program manifold
is investigated with respect to the given vector-function.

Let us consider the material system, possessing by (n — s)-dimensional in-
tegral manifold Q(¢) = w(t,z) = 0, where the motion of which described by
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equations
i = f(t,z) — B¢, §=¢(0), o=P'w—RE (1)

Here B € R™*", P € R**", R > 0 € R"™" are matrices, z € R" is vector of
objects state, f € R™ is vector-function, w € R* is vector, £ € R" is vector of
control on deflection from given program, satisfying of local quadratic connection’s
conditions. Taking into account that €(¢) is integral manifold for the system (1)
we will have

Ow Ow
b=+ H —F =22 F =
W= - + Hf(t,z,w) (t, ,w), B’ (t,z,0) =0
is Erugin’s s-vector-function. Let F = —Aw, —A € R**® is Hurwitz matrix. Then

differentiating the manifold Q(¢) with respect to time ¢ in view of (1), we derive
that

W=—Aw—HBE¢, €=¢(0), o=P"w—RE. (2)

THEOREM 1. Let the nonlinearity ¢(o) satisfies of local quadratic con-
nection’s conditions, exists positive defined function V(w,§), which deriv-

ative =V = W(w,§) in view of (2) is negative defined and is wvalid
Iz(t)|| < Nlz(to)| exp[—a(t — t0)] for any w(to,z0) and N > 0, a > 0,
lzlI> = l|w|* +||€]1%. Then program manifold Q(t) is exponential stable with respect

to vector-function w.
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3amauu ¢ uaTerpoaud pepeHnmaIbHbIM IPAHUYHBIM YCJIIOBUEM J1JIS0
HEKOTOPbIX KJIACCOB YPaBHEHUII BBICOKOIO IMOPSIKA
Abapaxmanos A. M. (Ydumcknii rocysapcrBeHHbI aBUalHOHHDLY TEXHUIECKUIT
yausepcuret, Poccust)

B moksaze m3maraioTcs HEKOTOPHIE Pe3Y/IHTATHI O PA3PENINMOCTH KPAEBhIX 3a-
Jad AJ1d YpaBHEHWI COCTaBHOTO TUTIA C YCJIOBHEM Ha YaCTHU I'PAHUIIBI, COYETAIONTIM
YCJIOBHUA 333491 C KOCOU IIPOM3BOAHON M HeJOKaJIbHOI 3aJa49y ¢ MHTerpPabHbIM
TPAHUYIHBIM YCJIOBUEM. B ©9acTHOCTHM, M3/IaraioTcd pe3yabTaThl O PA3PENINMOCTH
3a1a49

1°. mna ypaBHeHmst

p(t)Auy — Bu= f(z,t), 0<t<T, uweNCR"
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C DJUIANITUYECKUME omepaTopaMu A m B BTOpOro mopsjika, IeficTByIo-
IIUMU IO IIPOCTPAHCTBEHHBIM II€PEeMEeHHbIM, C TPAHUYHbIM YCJ/IOBHEM

J@M%+adﬂw—/K@wWWJMy —0,
Q z€oR
te(0,T)

pUYeM pacCMaTpUBaeTCd Kak Cirydail 6e3 Berpoxkaenus — p(t) > po > 0
mpu t € [0,77], Tak u ciay4aii ¢ BeipoxaerneM — p(t) > 0 mpu t € (0,77,
p(0) = 0;

2°. nyis ypaBHEHWI

p(t) D" Au+ (—1)" Bu = f(,1t)

BHOBb C 3JUIMITAYECKUMU oneparopamMu A u B Broporo nopszaka, meii-
CTBYIOIIMMH TI0 TTPOCTPAHCTBEHHBIM TIEPEMEHHBIM, PACCMATPUBAIOTCS 3a-
Ja9y ¢ TeM 2Ke TPAHWYIHBIM YCJIOBHEM W BHOBb KaK HEBBIPOZKJAIOIMIEMCH
ciaydae, TaK U B BBIPOXK/TAIONIEMCH.

CrieKTphl ¥ CUHTYJISIPDHbIE 3HAY€HUsI MHOIMOMEPHBIX MHTErPAJIbHBIX
onepaTopoB ¢ GHMOSHOPOAHBIMHU AAPaAMU
Apcaakmna O. I. (FOxmnsrii ¢penepanpubii yausepcuret, Poccrs)

Ilycte B, — emmmwanbti map B R". B mpocrpanctse L2 (B,) paccmorpum
oreparop

(ko)) = [ kay)ely) v, o€ By, 1)
By
rae bynkmma k(x,y), 3amannag xa R™ X R™, ymoBieTBopser ycioBusM:
1°. k(az,ay) = a” "k(z,y), Va > 0;
2°. k(w(z),w(y)) = k(z,y), Yw € SO(n);
3°. k(e y)|yl~™? € Li(R™), rue e1 = (1,0,...,0).
Hasnee, onpemenum B L2 (By,) mpoektop Pr (0 < 7 < 1) dopmy.toit

(P = { P << )

Paccmorpum B npocrpancrse Lo (B, X B,,) oueparop
A=ANL QL)+ (K1 ® L)+ (I ® K2) + (K3 ® Ka), (3)

rne A € C, K; (j =1,2,3,4) — oneparop Buna (1). Oueparopst Buga (3) Gyzem
Ha3bIBATh OTIEPATOPAMHA C GUOTHOPOJAHBIME sAPaMH. [10TOKIM

A7'117'2 = (P"'l ®P72)A(PT1 ®P7-2),

rae Pr; — mpoextop Buma (2), meiicteyiomuii & Lo (By,).
OnucebiBaercs npeiebHOE TIOBEIEHUE CIIEKTPOB, TICEBAOCIEKTPOB U CUHTYJISP-
HBIX 3HAYEHHUN ycedeHHbIX oueparopoB A, -, upu 71 — 0, 72 — 0.
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TeEOPEMA 1. IIycmwv onepamop A euda (3) A6AAEMCA CAMOCOTPANCEHHBLM.
Toz0a

lim Sp(Ar, ;) = Sp(A) U Sp(A1) = Sp(A4) U Sp(42),
T9—0

2de A1 u As — onepamopw, mpancnonuposantsie K onepamopy A no nepsol u
68MoPotl nepemerHoti COOMEEMmemeerHo.

Bes mpennosiokeHns caMOCOTIPSKEHHOCTH omepaTropa A aHaJIOTWYHbLIH pe-
3yJIbTAT UMEET MECTO [IJIs -TICEBI0CIEKTPOB.

Hanomuum, uro ecsiu H — rumbeproso npocrpancrso u D € L(H), To MHO-
JKECTBO

Y(D) = {s €[0;00): s* € Sp(D*D)}

Ha3bIBAETCSI MHOYKECTBOM CHUHTYJISIDHBIX 3HaUeHWii orneparopa D.

JoxkaseiBaercs, uro upenen upu 71 — 0, 72 — 0 muO)ecTBa X(A;; o) MO-
xKer owimdarbes or mMuoxkecrsa L(A) U X(A;), rue ¢ = 1 nnm ¢ = 2, passe 410
snemenToM s = 0.

Crucok Jureparypsl

[1] Ascanxun O. I. O cnekTpax U CHHTYJSPHBIX 3HAYEHHSAX MHOTOMEPHBIX MHTErDAJIBHBIX
onepaTopos ¢ 6nogHopoaubiMu Aapamu // Cub. Mart. xkypH. 2008. T. 49. Ne 3. C. 490-496.

O cymecrBoBanuu yHusBepcaabHbix 6asucos Illaysepa B 6aHaxoBbIx
IIPOCTPaHCTBAaX
Aramxanos A. H. (HuacruryT npobnem ynpasiaeaus PAH, Poccust)

Bompoc, cBs3ammbIil ¢ cymecTtBoBanueM Oa3uca Illaynepa B konkperHoM 6a-
HAXOBOM IIPOCTPAHCTBE, MOXKET OKAa3aThCs JIOCTATOYHO CJIOKHBIM. 13 pesysibra-
108 [1] ciiemyer, uro B cenapabesnpubix pedieKCuBHbIX GAHAXOBBIX IPOCTPAHCTBAX
6azuc Illaynepa MoxkeT OTCYTCTBOBATH. Bosiee Toro, naxe cemapabesbHbIe CyIep-
pedJiekcuBHBIE HAHAXOBBI IPOCTPAHCTBA (TO €CTh, MPOCTPAHCTBA, B KOTOPBIX MO-
xKer ObITh BBEJEHA YKBUBAJIEHTHA DPABHOMEDHO BBIILyK/ag HOPMA) MOLYT M He
umers 6azuca [llaynepa [2].

Nwmeer mecto

TEOPEMA 1. IIyemd 3adarna nocredosamesbHocmb 6GHATOBVLE NPOCPAHCME
{Xm}m>1, C6AZAHNBT HENPEPLIEHBLMU BAONHCEHUAMY

X1D0XeD...DXmD... (1)

IIpednonostcum, wmo monomornsil npedes nocaedosamenvrocmuy (1)

Ximon = € () X [l o = T [Jullx,, < +00 (2)

m>=1

ABAAECTNCA HEMPUBUAALHBIM, TNO ECTN, CYULLCTNEYEM NO kpalnel mepe 00Hna Gynx-
YUA, OMAUNHAA OM MONHCOCCTNEEHHO20 HYAA, OAA KOMOPOT BHNOAHACTCA YCAO-
sue (2).
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Ecau npoexmuenvt npedes nocaedosamensvrocmu

Xpe = due () Xt llully < flufle < ...

m>=1

aeasemcs adeproim npocmparcmeom Ppewe [3], mo cywecmeyem nocaedosa-
meavnocme Gyrkyut {prti_1s € Xmon, KoOmopas aessemcs 6e3ycrosnvim 0a-
sucom Illaydepa 6 xasrcdom u3 barnaroswns npocmpancme X, .

CHELCTBUE 1. Jaa 4106020 eévbpanmozo m cywecmeyem nomep k(m) > m
makoti, ¥mo das ecex nomepos T = k(m) onepamopo. eaoorcenus X, C Xy, A6AA-
tomea adeprumu (a caedosamenvro, u kKomnaxmusmu). IIpu smom 060t sne-
menm u € X, npedcmasasemca 6 eude u =3 7", fjr(u)p;, 2de {p;} — ynusep-
canvrois besycaosnuti 6asuc, fir(u) € X7, D270, || firllxzllejllx,, < +oo.

B kauectBe mocsemoBaTeabHOCTEH X, MOTYT OBITH BBIOpAHBI, HAIPUMED,

o
Xm = WJ(G) (1 < p < oo; GCR" — orpanndensast 061aCTb € JOCTATOYHO
rytaakoit rpanuneit) [4], X = By (G) (1 < p < ¢ < 00, S, — J1106ast BO3pacTa-
I0IIAst MOC/IEI0BATETHHOCTD ).

Crnucok JuTeparypsbl

[1] Enflo P. A counterexample to the approximation problem in Banach spaces // Acta
Math. 1973. Ne 3—4, 309-317.

[2] Szarek S. J. A Banach space without a basis which has the bounded approximation
properties // Acta Math. 1987. Ne 1, 81-98.

[3] Huw A. SAnepuble N0KaIbLHO-BBITYKJble IPOCTPAaHCTBa. M.: Mup, 1969.

[4] Azadorcarnos A. H. O paBHOMEPHO! BBIIIYKJIOCTH 1 PABHOMEDPHOM [VIAJKOCTH IIPOCTPAHCTB
Cobonesa Geckoneunoro nopsaaxa // JTAH. 2007. T. 413. Ne 5 c¢. 583-586.

O6o06iIeHHasi TOCTAHOBKA OJTHOM 3aJa4u reodusndecKoin
rUAPOAUHAMUKYU U T€OpeMa €IMHCTBEHHOCTU
Aromkos B. H. (Hucruryrt Beraucimressuori maremaruku PAH, Poccus)

IIycte A, 0, r — cdepuueckue koopaunarsl, Sg — cdepa paguyca R, z = r—R,
Q —uacts chepst Sr, H = H(A,6)—cTporo moI0OXUTEIbHAS OrPAHUICHHAST
bynxmus, npuaem H < R. Yepes D o6osnaamym obmacts u3 R3: D = {(\,6,2) :
(A 0,R) € Q; —H(M0) < z < 0}. IIpegmostaraercst, aro 0D saBIg€TCA KyCOIHO-
rmaaxoii kmacca C? u Q) pacronoxKeHa Ha CTPOrO IOJOKATEIHHOM PACCTOIHIH
oT ,,oIocHBIX Todek” (6 = 0 mm 6 = 7), U = (u, w) — BEKTOp CKOPOCTH JBUYKE-
HUSA KAIKOCTH, U = (U, v), W — BEPTUKAJbHBIA KOMIOHEHT CKOPOCTH.

Paccmorpum B D mpu ¢t > 0 omHy w3 OCHOBHBIX CHCTEM ypaBHEHWiI reodu3m-
YeCKOH TUAPOAUHAMUKY — TIOJHYIO HEJIMHEHHYIO ,,CUCTEMY TTPUMUTHUBHBIX yPaBHE-
HU® TUHAMUKN OKeaHa C WCIO/Ih30BaHMeM (DYHKIUN U U (HYHKIUHA ,,CBOOOTHOM
nosepxuocTu okeana’ & = (A, 0,t) nna Bekrop-dynxkmum ¢ = (u,§) = (u, v, &):

d _
d—‘;—&—Au—f—{f(Ou) fo(“) }u—&—ggrad{:f 5 D, t>0,
° (1)
%—Fdiv(/@(z)udz) —f; ma Q t>0,
—H
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rae ©(z) = r(z)/R, g = const > 0, f = (f1, f2), f3—3amamnble yHKINH,
flu) = = —( + u(ctgh))/r, | = 2w cos® — Kopuomucos napamerp, w — yrio-
Bast CKOPOCTh 3emutn, d/dt — HeTMHEHHBIH OmepaTop “IOJIHOM mpou3BomHON”, A —
muddepeHnuaabHbI OIlepaTop BTOPOrO IOpsiKa, BKJIIOYAOMM ormepaTop Jla-
mnaca Ha BeKTOP-pyHKImax B cdepmaeckoil cucreme koopgmuar. Cumcrema (1)
PacCMaTPUBAETCS TIPU TPAHUYHBIX YCJIOBUSX, WCIOIB3YEMBIX B IIPUKJIATHBIX 3a-
magax. @yakmms w = w(u, V) ONPENEIAETC 1O U, U U3 yPABHEHUS HEPA3PBIBHOCTH
II1s HECKUMAEMOM BA3KOU KHUJIKOCTU.

C 1esbIo M3yYeHus 33129 IS CHCTeMBl ypasHenuit tuma (1), 3amncanubix B
cdepuyeckoit cucreme koopaumuaT, B 2008-2010 rr. ObLIN BBEIEHBI THILOEPTOBBHI
npocrpancTBa Ay, As, Ans BekTop-dyuknuii u = (u, v), MIOAIMHEHHBIX 0COOBIM
yCIOBUAM B “NOJIIOCHBIX TOYKAX’, M MCCJIEJOBAH DPsT UX CBONCTB, B YaCTHOCTH,
TOKAa3aHBl TEOPEMBI O CYIIECTBOBAHUU CJIEI0B M TEOPEMBI BJIOKEHUS ITUX IIPO-
crpancTs B npoctpancrsa Ly (D).

B macrosimeit paboTe BBOAMTCS HOBasi 0000IIEHHAs TTOCTAHOBKA 3aa9M JJIst
(1) mpu crenmasnpHO# perynspusarmuu byHKIIE w = w(Q), ONpemeaseMoi Kak
pelleHre BAaPUAIMOHHON 33/1a4K C ITapaMeTpoM perynspusanuu « > 0. s ompe-
JIeJIEHHOCTY 33Ja4a PACCMATPUBAETCS sl CJIydasi, KOTa OIHA 'TOJIOCHAs TOU-
ka” mpuHaIeRUT SR U UCHOIb3yeTcs TOMbKO A = An. [ns n3ydenns 3amaqan
BBOIATCH IIPOCTPAHCTBA byHKIH co 3Hadenmamu B A, ..., L,(D) = (L, (D)%
Y = L2(0,T;A),...,L-(0,T;Lg(D)) m W — riib6eproBo IpOCTPAHCTBO BEKTOD-
bymawmit ¢ = () = (u,v,€) ¢ mopvoit mwna: [ollw = (JuelF- + [[ul? +
€117, + €013, )) "/ ?- BBomaTca onpesenenus 06061 H Ol TOCTAHOBKE 33/1a-
9y 1 0600IEHHOTO PelIeHns U JOKA3bIBAETCH TEOPeMa eUMHCTBEHHOCTH PelleHnit
samaun s (1) B xmacce dymkumit W ((Lr(0,T;Lg(D)) x L2(0,T; L2y)), Tae
1/r+3/(2¢) =1/2, r € [2,00), g € (3,00].

Pabora Beimoaena npu noggep:xkke [Iporpammver @IIT «Hayumbie u may9mo-
TIeTaTOTMHIECKUE KA Iphl MHHOBATMOHHOH Poccumy m PO®U (mpoexT 10-01-00806).

CmMemraHHble 331294 JIsI CUJIBHO SJIIAITUYECKUX CHCTEM 2-IO
nopsiika B JIMMIIUIIEBON obJiacTu
Arpanosma M. C. (MockoBCKHif HHCTUTYT 3JICKTPOHUKH W MaTeMaTukn, Poccms)

PaccvaTpuBaroTCs CMenaHHbIe 3aJa5H I CHIIBHO SJITHITHYIECKUX CUCTEM 2-
o HOPsAIKA B OrPAHUYEHHON N-MepHO# 0b1acTu, n > 2, ¢ JIAMIIUIIEBON IPaHULE.
BriBomsiTCST ypaBHEeHMST Ha IPAHWIE, SKBUBAJEHTHBIE 33Jate, B mpocTefmmx Lo-
npocrpancTax H® tuna CoboseBa, 9TO MO3BOJISET IPEJACTABUTE PELIeHUs Jepe3
[IOBEPXHOCTHBIE TIOTEHIINAJIBL. [J0Ka3bIBAETCS PE3Y/IHTAT O PEryAAPHOCTU PENIeHU
C BBIXOJIOM B HeMHOTO 6osiee obmme pocTpancTBa I, GecceIeBBIX MOTEHINATIOB
u B;, Becosa. PaccmarpuBaiorcs 33[a41 CO CHEKTPAJILHBIM IapaMeTpOM

1°. B cucreme wnu
2°. ma wactu rpanunml (3amaan [lyankape—Crekmiosa),

00CyKTAI0TCS CIIEKTPAJIHHBIE CBOMCTBA COOTBETCTBYIOIINX OIEPATOPOB, BKIIIOYAST
ACHMIITOTHKHN COOCTBEHHBIX 3HAYEHUI.
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O nuckperuzanuu ypaBHenusi Iluneiiku
Amnep B. B. (Hacruryr reopermyaeckoii pusukm nm. JI. J1. Jlanmay PAH,
Poccns)

V3y4aioTcs CBOICTBA WHTETPUPYEMOTO TUCKPETHOTO YPABHEHUS Ha KBAIPaT-
moit pemerxke (h;; = h(n +i,m + 7))

hoohi1(c” " hiohot — hio — ho1) + h11 + hoo — ¢ = 0. (1)
B HenmpepnIBHOM TIpe/iesie OHO TIepexo T B u3BecTHOE ypapuenue Llumeiiku [1, 2|
Hyy = ! — e2H,

BO3HMKAIOIIEEe KaK yCJIOBME COBMECTHOCTH JjIs ypaBHeHU ['aycca, OmuChIBAIOIIIX
Tak HaspiBaeMble mHaeduauTHBE adduaabe cdepol. Ypasuerne (1) Bo3HmMKaeT
TIPU IUCKPETU3AIMH STOTO TOHSTHs (MIPAIOIIETO POJIb TIPEJCTABIEHNs HYJIEBOM
kpusu3sbl). CxoqHas auckperusanus Oblia IpeIJIoKeHa paHee B pabote [3], Ho
oHa BeJleT K 00Jiee CJA0KHOMY HEJTMHEHHOMY YPABHEHWIO, XOTs WM IPOIIE TeOMeT-
PUYECKH.

Henpepoisable  Boicmme cmvMmerpum — ypasHerms (1)  ommceBaioTca
nud bepeHuasbHO-PA3HOCTHBIMU ~ YPABHEHUSIMU THUIIA Ienovek Bosbreppa.
TIpocreiimas Takasi CHMMETPHUST OMMMCHIBAETCS CJAEIYIOMUM YTBEPIKICHUEM.

YTBEPXKAEHUE 1. Ypasuenue Q = 0 euda (1) cosmecmmno ¢ yenouxot (3deco
hi = hio)

hy

_ h(c—h) h(c—h1)(c—h_1)(h2h1 —h_1h_2)
- h1hh71 —C < (hzhlh — C)(hh71h72 — C)

Mo ecmbv, HA e20 PEULEHUAT 6vinoanaemces moscdecmeo Dy (Q)|g=o = 0.

— h,l) )

Ilenouka (2) cBa3ana noacranoBkamu tuna Muypsr ¢ 1eno4xoit
ue = u?(uguy —u_1u_o) —u(uy —u_1),
3agaromeil quckperusanuio ypasuenus Casagpi—Korepst [4]
Ur = Ussazs + 5UUszs + 5UsUss + 5UUs.

Ora LENoYKa IpecTaBisger COOOM JIIOOOIBITHYIO CMECh Lenovku BoJibreppa u
MomupummpoBanHoil cuctembl Haputsi—Borossierckoro

uy = u(ur — u—_1) u Uy = uz(uzul —U—1U—2).

To, 410 CyMMa 9TU HOTOKOB OCTAETCI UHTEIPUPYEMON, HEOUEBU/IHO, TAK KAK CaMU
OHHU HE KOMMYTHUPYIOT.
Pabora mommep:kana rpanToM [t Beaymux Hayaabix mkosa HIT1-6501.2010.2.

Crucok Jiareparypsl

[1] G. Tzitzeica. Sur une nouvelle classe de surfaces. Rendiconti del Circolo Matematico di
Palermo 25:1 (1907) 180-187.

[2] A. V. Zhiber, A. B. Shabat. Klein—-Gordon equations with a nontrivial group. Soviet
Phys. Doklady 24 (1979) 607.

[3] A. I. Bobenko, W. K. Schief. Affine spheres: discretization via duality relations. Ezp.
Math. 8 (1999) 261-280.

[4] K. Sawada, T. Kotera. A method for finding n-soliton solutions of the KdV equation and
KdV-like equations. Progr. Theor. Phys. 51:5 (1974) 1355-1367.
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CummMmerpun PyHIAMEHTAJIbHBIX pelleHuil u dbyHknus Pumana
Akcenos A. B. (MockoBckwii rocy/1TapCTBeHHBI YHUBEPCHTET UM.
M.B. Jlomonocosa, Poccust)

B paGore [1], npuMeHUTESFHO K YaCTHOMY THIEPOOIMYIECKOMY yDPABHEHHIO
BTOPOI'O TIOPSIIKA C ABYMsI HE3ABUCHMBIMU IepeMeHHbiMH, B. Puman npeaoxunit
’mero uarerpupoBanus Pumana”. Obuiero meroma nocrpoenus dyukiuu Pumana
He cymecTByeT. B pa6ote [2] maH noapoGHBIt aHAINS IIECTH U3BECTHBIX CIIOCO0OB
noctpoenus ¢yukmmn Pumana mms gactaeix Tunos ypasaenwmit. H. X. I6paru-
MoBbIM [3], Ha ocHOBe ucnonb30BaHust pesynsraros JI. B. Oscannunkosa [4], 66110
TIPEeJIOKEHO HAXOAUTh (DYHKIMIO PuMaHa ¢ MOMOIIBIO CUMMETPHIi ypaBHEHWUS.
B macTosimeit pabore mokasaHa MHBAPHAHTHOCTH (pyHKIMH PuMmana oTHOCHTEIH-
HO cuMMeTpuil GyHTAMEHTA/IbHBIX PEIIeHuil, IIPe/JIOXKEH METO/, €e IIOCTPOeHUs 1
OTIMCAHBI YPABHEHUS, JJIsi KOTOPHIX TPUMEHNM TIPEJIOKEHHBIH MEeTOI.

Ilycts manmo smmeitroe omHOpoamHoe mudepeHImaIbHOEe ypPAaBHEHHE C TacT-
HBIMH [POU3BOAHBIMU p-ro mopsnka Lu = 0, z € R™. ®yniaMeHTaIbHBIE
PEIIeHNsT ITOTO YPABHEHUsS SIBJISIIOTCS DPENIeHUSIMH HEOJHOPOIHOTO YPABHEHUS
Lu = §(xz — o). Oneparopsl CHMMeTpUH OJHOPOIHOTO yPAaBHEHWs, 00pa3yio-
mpe KOHEYHOMEPHYIO 4acTb a/redpbl JIu omeparopoB CHMMeTpUM, UMEOT B
X = £4(x)0/0x" + ¢(x) ud/Ou. Obozmaumm uepes 1)3( TTPOIOIIKEHNE TIOPAIKA P

omeparopa X.
Cdopmynupyem ocHOBHOIT pesysibrar paborsr [5].

TEOPEMA 1. Auszebpa JIu onepamopos cummempuy HeodHOPodHO20 YpasHe-
HUA AaaemcA nodanrzebpoti anrzebpwv JIu onepamopos cummempui, 00HOPOIH020
YPABHEHUA, BBLOEAAEMOT, COOMHOUEHUAMU

€' (wo) = 0, (o) +Z<9§amxo =0, i=1,...,m. (1)
; 0

3decv Ppynxyua A = \(z) ydosaemsopsaem moocdecmey X (Lu) = A(z) Lu.
P

OnpPEAEJEHUE 1. Cummerpusvu dbyHzaMeHTaJIbHbIX pemenuil (mm cum-
METPUAMHA HEOAHOPOIAHOTO yPABHEHU:) Oy/IeM Ha3bIBAThH CHMMETPUH OTHOPOHOTO
yDPaBHEHWs, yAOBIETBOPAOmue cooTHomennam (1).

Cdopmymupyem OCHOBHOM pe3yIbTaT HACTOSMIEN pabOTHI.

TEOPEMA 2. Cumwmempuu GyndamenmasvHos pewenut aunelinozo aunep-
60AUMECK020 YPABHEHUA 6MOPO20 NOPAIKA € 08YMA HE3ABUCUMBLMU TLEPEMEHHBLMU
0CTNABAANOM UHBAPUAHMHOU PYHKUU Pumana conpastcennozo ypasHernus.

Pabora sbimonnena npu nopuepxke PODPU (rpanter 09-01-00610 u 11-01-
00188).

Cnucok JauTeparypsbl

[1] Puman B. O pacnpocTpaHeHUH ILIOCKHX BOJIH KOHEYHOH aMmmiurynst // B ku.: Puman B.
Counnenuns. M.—JI.: OT'U3. 1948. C. 376-395.

[2] Copson E. T. On the Riemann—Green Function // Archive for Ratioanal Mechanics and
Analysis. 1957/58. V. 1. P. 324-348.
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[3] H6pazumos H. X. Onbit rpynnosoro anamamsa. M.: "3nanne”. Cep. "Maremarnka u Ku-
Gepueruka”. Ne 7. 1991. 48 c.

[4] Oscannuxos JI. B. I'pynmnosbie cpoiictBa ypasHenus C. A. Hamusiruna // 2Kypuan
NPHUKJAIHON MEXaHUKH U TeXHH4YeCKOH dbusuku. 1960. Ne 3. C. 126-145.

[5] Axcenos A. B. Cummerpuu JUHEHHBIX yPABHEHUH ¢ YACTHBIMU MPOU3BOAHBIMU U BYH-
nameHrasbHble pemenus // Joknaner AH. 1995. T. 342, Ne 2. C. 151-153.

VYcpennenue popmysibl Peitnmana-Kana n acuMnroruka
pacrnpeesieHusi pasMmepa d-MepHOM MOoOieJi OTKPBITON CTPYHBI
Asxumos B. H. (MockoBckwii ropoacKoii ICHX0I0r0-MeJArOTMIeCKH
VHUBEDPCHTET)

Ilycrs mexoropas ,mmoTHOCTES cucreMsl p(q,t;qo), roe q € R%, t € RT,
VIOBJIETBOPAET IBOMIOMUOHHOMY yPaBHEHUIO

Ap/ot = Agp—Vp

¢ HagasbHbIM yeaosueM p(q, 0;qo) = 0(q — qo), tae §(q) — aemvra-dynxmma Tu-
paka, Ag ecrb d-mepubiil oneparop Jlamwraca, V(q,t) —nenpepbiBHas u orpanu-
YeHHasi CHU3Y (DYHKIHS B R? ® RT, mogumHena TayCcCOBCKOMY pAaCIIpeIeseHumo,
tak uro EV = 0, E[V(q,t)V(d’,t')] = W(q — d,t — t). Pemenue ykazauuoro
YPABHEHMs MOXKHO LIPEJACTaBUTh B KOHTUHYAIbHOU (popme ¢ nomMoupio hopmysibt
Deitamana-Kara

im exp(— Z TV(Qnytn))dNM7

p(a;t;qo) = lin

o JRNd 1<n<N
vie 7= t/N, 7o = n7,n = 1,2,..N; dn = q(ts); qo = a(0); a = q(t); " p—
BuHEpOBCKad Mepa. Hac Oyzmer unTepecoBars ,,yCcpeqHeHHAA " IUIOTHOCTD, OIpee-
JIsieMasi PABEHCTBOM

G(r,t) = /Rd dqd(q — qo — r)Ep(q, t; qo),

TOYHEe, ee aCUMIITOTUKA Tpu 6oabmux 7 u t. OTMeTrM, 9TO 3/1€Ch BBHITOTHAIOTCS
[1Ba HE3aBUCUMBIX (DYHKIIMOHAJIbHBIX WHTEIDUPOBAHUSA: OJIHO — II0 IIPOCTPAHCTBY
TpaekTopmii q : RY — R? a apyroe —1mmo Bcem peasm3amsaM CIy<ailHOTO OIS
V. dns byuknum ¢, mOJIydeHHON B pe3yabTaTe ABYKPATHOTO MHTET PAIHLHOTO TIpe-
obpa3oBanusd ,ycpeaHeHHoH" mioTHoCcTH (G, yCTAHOBJIEHO 3aMKHYTOE yDAaBHEHUE,
aHAJOTUIHOE M3BeCcTHOMY ypasHenmio [laiicona. ITociremmee oka3aaoch WHBApPU-
AHTHBIM OTHOCUTEJHLHO HENPEPBIBHON Tpymmbl T. H. peropmupoBounbix (PT) mpe-
o6pa3oBaHuil, YT0 MHUIUUPOBAJIO BBEIEHUE NHBADUAHTHOIO CIIEKTPAJIBHOIO [Iapa-
MeTpa B, HemocpencTBeHHO CBs3aHHOTO ¢ dbyHknmeit ¢. Beaencrsue PI-umnBapu-
aHTHOCTH BesqmdnHa B, ymoBmersBopsieT muddepeHnmaTbHOMy ypaBHeHuo Jlu, ¢
IOMOIIBI0 KOTOPOoro /g 1 < d < 4 HalineHa yka3aHHAs aCUMIOTOTHAKA (DyHKImI
G(r,t) upu onpemnennoit daxropuzanmu dyukipm W(r,t) [1]. Ecim reneps B
ONMCAHHON BhINIE 3a7a4e (POPMATHLHO MepeidTi K MHUMOMY 10110 V| B pe3ysbrare
gero W = —U, rage U 0603Ha9aeT HEOTPULIATEIHHYIO BEJIMINHY, TO IPEJIOKEHHAST
CXeMa MOXKeT ObITh WCIIOIH30BAaHA JJIsi OTHICKAHUS ACUMIITOTUKY PACIIPE/IeICHUST
P(r,t) paccrostams 1 MKy KOHIAMH d-MEPHOM MOJEIM OTKPBITON CTPYHBI C KOH-
TypHO# Aymuoi L, xorma 1 — oo u L — 00, Ho ornomenwue (/L) dukcuposano u
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MaJsi0. B mpemiorkeHHON MOIeIN CTpyHA SIBJISIETCS THOKOM, PACTSKUMOM U m30e-
raiomeii camonepecewernns B RY, 2 < d < 4.

Haitnennas acumnroruka Gyakmun P(r, L) CyIeCTBEHHO OTINYIAETCS OT HOP-
MaJIbHOro pacupesnesenus:, koraa 2 < d < 4 [2]. Oxnako, addexr 3anpera Ha ca-
MOITepecedeHns CTPYHBI yOBIBAET, KOTJIA PA3MEPHOCTHh d PACTET, MPUOINKAICH K
suauennio d = 4. IomydeHHbIil pe3ysIbTaT MO3BOJISIET MPEIIIOIOKNATh, ITO B CIIY-
gae d > 4 acumnrotuka pacupenenenus P(r, L) 6ymeT mMeTh BUI HOPMAIHLHOTO
pacripejiesieHusi.

Crucok Jureparypsl

[1] Anzumos B. H. // ®IIM. 2009. T. 15. Bem. 2. C. 3-21.
[2] Anzumos B. . // ®IIM. (B neuarn).

CBolicTBa pelleHui nmapabojimdyecKuxXx ypaBHeHHil, paBHOMEPHO
BBIPOXK/JAIOIINXCS 10 MAJIOMy IIapaMeTpy B HNOJIyIPOCTPaHCTBE
Anxyros FO. A. (BraguMupcknit rocyapCTBEeHHBIH T'YMAHATADHBIE
yausepcuret, Poccust)

Jluckesuy B. A. (Swansea University, UK)

B HacTosmeM COOOMEHNN MCCIeIyeTC CeMEeHCTBO MapaboInaecKuX ypaBHe-
HHUU BUIA
n
n
Leu = (we(x)u)s — g (aij(z, t)we (T)Uz;)z; =0, z€R", n>1 (1)
1,j=1
C M3MepUMOii, PABHOMEDPHO SJIMIITUIECKON 1 OrpannaeHHoil marpuneit {a;;(x,t)}
U TIOJIOKUTENIEHBIM BECOM We (T), OMpPeIesIsieMbIM PABEHCTBOM

g, xp >0

we(x) = e € (0,1].
5() {17xn<07 6(7]

IlepBas gacTp pabOTHI IOCBSAIIEHA PABHOMEDPHOH 110 £ OIleHKe (DYHIAMEHTAILHOTO

pemennst K.(z,y,t), t > 0, oneparopa L.. Ecim ¢ = 1, To xXopomo mu3BecTHA

onerka Hamra-Aponcona [1], [2] Buza

—n/2 —027‘173"2
K(z,y,t) < et e g (2)
echb Halllell 1eJIbI0 ABJIAeTCd II0JIydeHne aHaJOTHIHOR onenku aid K. (T c
3 1y y 1y st Ke(z,y,t
TTIOCTOSTHHBIMU C1, C2, HE 3aBUCSIIAMU OT E.

TEOPEMA 1. Cyw,ecmeyiom mososicumesbHbe noCMOAHHBLE C1, C2, 3G6UCA-
WUE TOALKO 0T PAZMEPHOCTIY NPOCTPAHCMEE N U KoIPPHuyuenmos a;j, maxue,
wmo daa awbozo € € (0,1] pyndamenmanvroe pewenue K (x,y,t) onepamopa L.
ydosaemeopaem ouenxre (2).

Bo Bropoi#i wacte paborbl ypasHenme (1) paccMaTpWBaeTCs B IMJIMHIIDE
Qr = D x (0,T), orpanmaennoe ocHOBaHWE [ KOTOPOTO MMEET HEIyCTOEe Iepe-
CeYeHue ¢ I'MIEPILIOCKOCTbIO T, = 0. Peienue nonumaercs Jiokaibao B Qr 6e3
KaKWX-IM00 KPAEBBIX W HAYAIHHBIX YCJIOBHH. 3/7€Ch M3y9aeTcsl BOMPOC O TeJTh-
JIEPOBCKO# HempepbhiBHOCTH pemenuii. 113 pesynbpratos pador [2], [3] xopomo u3-
BECTHO, 4TO npu KaxaoMm bukcuposannom € € (0, 1] moboe peutenue ypasHeHust
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(1) B mpomsBopEOM mHHAPe Q' € Qr mpuHaexuT mpoctparcTBy C(Q)
rembaeposbix B Q' dynrkmmii ¢ mokazaresem a € (0, 1). Hac urrepecyer Bompoc o
HE3aBUCHUMOCTH TIOKa3aTess ¢« oT €. Paccmorpmu cemeiictso {u®(z,t)} pemennmii
ypaBuennit L.u® = 0, orpanudenHoe B Lo, paBHOMEDHO IO € HAa KOMIAKTHBIX
nogmHOKECTBaX Q7. Jl0Ka3aHO CIeayroniee yTBepK ICHHeE.

TEOPEMA 2. Cywecmeyem nocmoannas o € (0,1), sasucawas moavko om
PAZMEPHOCTIU NPOCPAHCMEA N U K0IPPHUUUEHMOS a;j, TMaKad, 4Mo cemelicmeo
{u®(z,t)} womnaxmmo 6 C*(Q") dan arwbozo yuaundpa Q' € Qr.

Pa6ora Beimonmena npu noggepxke PODU, rpant 09-01-00446.
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3

O pa3spenmMocTy CTAIMOHAPHONW U HECTAIIMOHAPHOI HeJIMHEWHbIX

HeJIOKAJbHBIX 3a/1a4 PaJualMOHHO-KOHAYKTUBHOTO TerjioobMeHa B

cucremMe TeJl CO CBOUCTBAMHU, 3aBUCHINUMU OT YACTOThI U3JLY Y€HUS
Amocos A. A. (Mockosckunit saeprermaeckunii macturyt, Poccus)

HecTanmmonapHBIi IPOIECC paIuaTnoHHO-KOHIyKTHBHOTO TEILII000MEHA B CH-
creme G = Uj_;Gj Henpo3pauHbIX TeJl CO CBOMCTBAMY II0BEPXHOCTEH, 3aBUCHIII-
MU OT YaCTOTHI U3JIyYEHUs I/, OTIUCHIBAETCS HAYAJIbHO-KPAEBOIl 3a1adeii

ou

gy div(A(z,t,u)Vu) = f, (z,t) € G x(0,T), (1)

[e’s}

(A(z,t,u)Vu,n) + /eu[hu(u) — Ly(evhy(u))]dv+g, (x,t) €S, (2)

(Ai(z, t,u)Vus,n;) +/%l,[hl,(ui) — ho(uy)]dv, (z,t) € Sij, i # 74, (3)

u(z,0) =u’(z), z€G. (4)
B,D;er S = (8G\Ui¢jFij) X (O, T), Sij = Fij X (07 T), Fij = 6G1 ﬂan. (I)yHKLII/ISI

h, oTBedaeT cmeKTpaJbHOMY pacupenenenwio [Inanka, UHTErpaIbHBIA OMEPATOP
L, — JIOTHOCTH [AJAI0NIEro U3JLy 9eHus.

B [1] ycraHOBIIEHBI CyINECTBOBAHME U €AMHCTBEHHOCTH O0OOIIEHHOTO perre-
mug 3amaau (1)—(4). Jokasama Teopema cpasHeHus. Ilomy9eHbl pe3ynbTaThl 00
9KCIIOHEHIMA/IbHOM CYMMUPYEMOCTH U OI'DAHUYEHHOCTU PEeLIeHUt.

Amnasnormunbie pe3ysbTaThl O CBOMCTBAX CTAIMOHAPHOM HEJIMHEHHOW Heso-
KaJIbHOM 3a/a9M PaIUAIMOHHO-KOHYKTUBHOTO TEII000MeHa B CHCTEMe TeJs CO
CBOMCTBaMU, 3aBUCAIIMMYA OT IaCTOTHL U3JLy9€Hus, Oy mKOBaHbI B [2].
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Pabora BeimosHena mpu ¢uHancoBoit moamepxkke Mumucrepcrsa P mo 06-
pasoBanmio u Hayke (rocymapcrsenubiii korrpakt 11690 ot 20.05.2010) u Cosera
mo rpanTtaM Ilpesumenta PO (rpant HIII-3439.2010.1).

Crucok Jiureparypsl
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CsoiicTBa oneparopos gpob6HOro nHrerpo-auddepeHnpoBatHust
MaTPUYHOIO IOPsAKa U UX IIPUMeHeHne
Amnapees A. A. (Camapckuii rocyaapCTBeHHBII TeXHHYECKHI YHHUBEDCUTET,
Poccust)
Hcmarnmosa P. P. (Camapckwnit rocysapcTBeHHbIH TeXHUIECKUI YHUBEPCHTET,
Poccnst)

Paccmarpusaercs cucrema 06061IIEHHBIX WHTETPATLHBIX ypaBHeHuit AGests Ha
oTpe3Ke ¢ BHENIHUMU KO3 duimeHraMu:

w(@)IG, 4 + v(x)IE o = ﬁgm, z € (a,b),

rae u(z), v(z) —mMarpunsl mopsinka n X n; g(z) —Bexrop-ysKIWMs; G — 10-
crosarag wmarpund; u(z), v(z), G— dyHKIMOHAIBLHO KOMMYyTaTHUBHBI. [leii-
CTBHE MATPUYHOIO JIEBOCTODOHHETO W IIPABOCTOPOHHETO OIEPATOPOB IPO6-
HOoro wmHTerpo-muddepenimposanns Puvana—/luyBuais Ha BeKTOpP-(QYHKIWIO
¥(x) = (Y1,2,...,9%n)" 3aZaeTcCa paBEHCTBOM

s me 1 k A
_ G — )\kE)n d 13
1Sy =D7% =5 v G ( —( o )
v ; v(G) 7;] n! AN \VE(N) /a=x,]
rme IS mpm o = a+ — JIEBOCTOPOHHMIA MHTETPa, o = b— — IPABOCTOPOHHMI HH-

terpar; V¥ (A) = (A — Xo) 7" T (A — Me)™, Ak € A(G).

C nomonipbio N3y4Y€HHBIX paHee B [1] CBOWCTB OIepaToOpOB APOOHOIO MHTErPO-
muddepeHIpoBaHNST MATPUTHOTO MTOPSIIKA TAHHAS CHCTEMa CBOJNTCS K CHUCTEME
CUHTYJISIPHBIX MHTETPAJIHHBIX YPABHEHHUI OTHOCUTEIHLHO BEKTOP-hYyHKINN

G ;G
plx)=0—z) 1.
M3BecTHBI HEOOXOAUMEBIE W TOCTATOYHBIE YCIOBUS PA3PENIMMOCTH CHCTEMBI

b
A(z)o(z) + %/ plt)dt = f(z),

) t—ux
rme A(z) = u(x) + v(z)cosGm, B(z) = v(z)sinGm, f(xr) = I (G)g(x)r, ©.
ITpu ux cobionennu obliee pelleHne CUCTEMBbI 3aIUCHIBAETCS B SIBHOM (opme, ¢
[OMOIIBIO KOTOPOH MOXKHO IIOJIy4YHTb, peurasi MaTpudHoe ypasHenue AGens [2],
ncKOMyIo BeKTOp-pyHxumio ().
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Budypkaumonabie MHOXKecTBa B 3a/iade KoBajsieBcKoi—Axbu
Amnppesiros I1. I1. (MI'Y um. JlomonocoBa, Poccust)
Aymun K. 0. (MI'Y um. Jlomonocosa, Poccust)

B pabore m3ywaercsa 3amada O ABUKEHNN TSXKEJIOT0 MMPOCTATA, PACIIPEIesie-
HEEe MacC KOTOPOTO MOIYMHEHO ycjioBusiM KOBajIeBCKOM, a TUPOCTATHIECKUN MO-
MeHT \ = (0,0, \) OCTOSTHEH W HATIPABJIEH BJOJb OCH IUHAMUYIECKONW CHUMMETPHH.
D10l 3a/1a4€ COOTBETCTBYET AUHAMUYECKAs CUCTEMA C raMu/ibroHuanom H u nep-
BeIMz mHTerpatamu G, I' B Korduryparuonsom mpocrpancTse RE (w,v):

H=%<Aw,w>+ux&', G:(Aw—&—X,u), I'=(y,v),

rae gepes (,) 0603HAMEHO CTAHAAPTHOE eBKINI0BO mpoussenenue B R3. B pabore
[4] X. M. fxpu 6bur yka3aH JONOIHUTENBHBIA naTEerpas K werseproil cremenu.
PaccMOTpUM 9eTHIPEXMEPHYIO COBMECTHYIO IIOBEPXHOCTb YPOBHH MHTEIpaioB G,
I
Mgy ={(w,v)|G=g, =1}

Ha meit cucrema CTaHOBUTCS BIOJIHE MHTETPUPYEMOIl M MMEET JBA HEIIPEPBIBHBIX
nmapamMerpa: g — MOCTOSHHYIO IIOMAAe U \ — rUPOCTATUIECKUH MOMEHT. DTa, CU-
crema 0ObLIa XOpomo m3ydeHa ajg ciaydaeB ¢ = 0 uw A = 0. Beracuumocs, gro
HEKOTODBIE BAaXKHBIE TOMOJIOTMYECKNE CBOMCTBA CUCTEMBI, OOHAPYKEHHBIE B I'Da-
HUYHBIX CJIydasdX, IMIPOJOJIKAIOTCI Ha CUCTEMBI ¢ mapaMerpamu g > 0, A > 0, B TO
JKe BpeMsl B HUX [PUCYTCTBYIOT IIPUHIMIIAAILHO HOBbIE 3D deKThl, a Tomoaornde-
CKUe MHBAPHUAHTHI YCTPOEHBI IOPA3I0 CJIOKHEe.

Paccmorpum touky (g, 1) B obmactu U, n otoGpaxkenme momenta K x H, tie

U={(g,\) | g>0, u>0}, K x H: M, — R*(k,h).

MHO2keCTBO ero KPUTHIECKUX 3HAUCHUH Y4 \ Ha3blBaeTcd OudypKannoHHOl aua-
rpammoii. B pa6ore [1] II. E. Psi6oBa GBI TOKA3aHO, UTO MHOXKECTBO Y4 ) IIPH-
HAJIEXKUT AUCKPUMHUHAHTHOMY MHOXKeCTBY Dy x, KOTOpOe 3amaeTcd 00beIMHeHN-
eM JIByX ajre0pamdecKux KPUBBIX Y1, Y2, ¥ HOKA3aHO, KAKYIO 9acTh [ Heobxoanmo
OTOPOCUTH, ITOOBI TIOIYIUTD g .

Budypkanuonnsle muarpaMMbl X4, B 3a1a4e KosaseBckoii—fxpu u ux mepe-
CTPOVKHM [PEJCTABIAIOT OOJIBIIOI UHTEPEC J1J1sl UCCIIEI0OBAHUS TOIOJIOI U CJIOEHU S
JInysusis. [less HacTOsIIEH pabOTHI— MTpoBECTH 6OJTEE TIOAPOOHBIN aHAIN3 CeMeii-
cTBa O ypPKAINOHHBIX TUAIPAMM 2y ) U OIACATH, KAK OHU II€PECTPANBAIOTCH IIPH
U3MEHEHUU ¢, A.
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O cyumrecTBoBaHUM pelIeHHMII HapaboJINMYecKoro ypaBsHEHUsI C JBONHOMN
HeJIMHEHHOCTBhIO B HEOTPAaHUYEHHBIX 00JIacTax
Anypusnosa 3. A. (YI'ATY, Poccus)

Myxvmaos @. X. (YduMcknii rocy1apCcTBeHHBIN ABHAITAOHHBII TEXHHICCKHL
yausepcuret, Poccust)

IIycte Q — meorpanmuennas obnacrp npocrpanctsa R, = {x =
(z1,22,...,2n)}, n > 2. B nunuanpudeckoit obmactu D = {t > 0} x Q mis na-
pabosInIecKoro ypaBHeHUs C JIBONHON HEIUHEHHOCTHIO PACCMATPUBAETCS [EPBAs
cMelnaHHasd 33/1a49a

n

(lul*"*u)e = > (s, " us)eis  kip>1, (%) € D; (1)

u(t, x) o= 0, S={t>0} x09Q; u(0,x)=px), ©x) L. (2)

Bormpocsl cyiecTBoBanus U €IUHCTBEHHOCTH PElIeHns 33291 PACCMaTPUBA-
such B paborax Raviart P. A. (1970), Lions J. L. (1969), Bamberger A. (1977),
Grange O., Mignot F. (1972), Bernis F. (1988). B 0CHOBHOM paccMaTpHUBAJIUCH
3a/1a4M B OrpaHuydeHHbIX o0iactax. CuiabHOE penieHue 3a/a9u B OrPAHUYEHHON
obsracru 66110 ycranosseHo Raviart P. A. myrem 3amenbl 9BOJIIOLUOHHON 1poOU3-
BOJIHOM pa3HOCTHBIM OTHOMmeHueM. Bernis F. mokazas cymectBoBamume c1aboro pe-
HIEeHUs 337291 B HEOIPDAHUYIECHHON 06JIACTHU MPEeJEeIbHBIM [IEPEX0I0M OT PEIIeHUH,
LOCTPOEHHBIX B orpanutenubix obnacrax Grange O., Mignot F. Oxgnako pabora co
C71a0BIM peIIeHreM BBI3BIBAET 3aTPYAHEHUE [IPY M3YU€HUHN, HAIPUMeD, yObIBAHMS
pemerus opu t — 00.

Mbr 1pejgjiaraeM OOBIYHBIN CIIOCOD IIOCTPOEHMS CUJIBHOI'O PELICHMS 3a/1a9u
Ccpa3y B HEOTPAHWYEHHOI 00/IaCTH HA OCHOBE TAJIEPKUHCKHUX IpubJrkeHwmit. Mx
TIOCTPOEHNE MAJI0 YeM OTiamdaercs oT npeioxennoro 2K. JI. JImorncom B KHmUTE
<HexkoTopble MeTOABI PEIIeHNST HEJIMHEMHBIX KPAEBbIX 303> I ciaydas k = 2.
IIpenaraemMsbrit MeTO MOXKET OBITH ATAIITHPOBAH HA CYNIECTBEHHO O0JIee MUIpPOKUil
knacc ypasuenuil. ITocrpoentoe pemenue npu ¢ € Li(Q2), Vi € L, () obnanaer
CAeAyIOMUMHA CBOMCTBAMM:

Q\uw“u € Ly(D").

ue C([0,T]; Lk()), Vu€ Loo((0,T); Lp(£2)), En

—1/p
Herpyzamo taxxke momyumts omenky ||Vu(t)||lr, < Ct . Tanepkunckue mpu-
O/IVKEHUS SIBJISIOTCS TJIAAKUMU (DYHKIUMSMY, ITO 00JIerdaeT JOKa3aTeJIbCTBO ISt
HUX PA3HBIX OIEHOK, KOTOPBIE 32TEM ITPEJIETbHBIM MTEPEXOI0M PACTIPOCTPAHIIOTCS
ma pewenwe 3axaau (1), (2). B wacrnocTu, B cayvae orpanudennoii obiaactu npu
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p > k cupaBemIuBbI OLIEHKH
(147 <u(t) |1, @ < MEYETE 0. (3)
IIpu p = k yObiBaHMe SKCIOHEHITHMAIHHOE
c exp(—At) < ||u(t)|lL, ) < Cexp(—At).

Omnenkwm (3) mpu k = 2 nonygensr A. ©. Teneesnim (1992) m Alikakos N., Rostma-
nian R. (1982) ans 3amaun Koy,
Pa6ora Beimosmena npu nogaepxke PODU, rpant 10-01-00118-a.

06 ycroitunBoCcTH pelneHunil OJHOro KJjacca
uHTerpo-aud pepeHnaJIbHbIX YpaBHEHUN
Ankwnnos A. B. (Ynpsanosckuii rocysapCTBeHHbI TEXHHIECKHE YHUBEDCUTET,
Poccust)
Bempmucos I1. A. (YnpsaoBckmii rocynapcTBeHHBI TEXHHIECKHE YHHBEDPCHTET,
Poccns)

B pabote, mpeacTaB/IeHHON HAHHBIM COOOIIEHHEM, HA OCHOBE IIOCTPOEHHBIX
MaTeMaTHIeCKUX MOJe/eil UCcCaenyercs AUHaMUYecKas yCTONIUBOCTD jgedopmu-
pyeMbix (BA3KOYNPYTUX, YIPYTHAX) 3/I€MEHTOB (TTACTHH, CTEPKHEH) KOHCTPYKITHi
C y9eTOM B3aUMO/IEICTBHS C J03BYKOBBIM UJIH CBEPX3BYKOBBIM IIOTOKOM YKH/IKOCTH
niu rasa. VicciejoBanus IPOBOAATCH /ISt JIEMEHTOB JIETATEIbHBIX U [10IBO/IHBIX
anmapaTon, TpybonpoBomHbixX cucreM. Onpenenenne ycroiiunoctu aedbopMupye-
MBIX 3JIEMEHTOB COOTBETCTBYET KOHIIENIIUN YCTONYMBOCTH TUHAMIYECKUX CHCTEM
o JlsamyHoBy.

B pa6ore 15t perrennst CBSI3aHHBIX 33129 a3POTHUIPOYIPYTOCTH UCITOIH3YETCS
nBa moaxoza. I[IepBelii MOIX0/T OCHOBAH Ha ITOCTPOEHVH DEIIEHUS adPOTUIPOINHA-
MUYeCKOH 9acTu 33129 MeToJaMu Teopur MYHKIMHE KOMILIEKCHOIO [I€PEMEHHOTO,
TIPU BTOPOM TOIXOE MCTOsb3yercs Meron Pypre. IIpu 5TOM a3poruapoamHamMm-
9ecKas HArpy3Ka (aBJEHUE XKUAKOCTH WJIU Ta3a) ONpeJIeNsercsa aepes QyHKnuy,
OIKCHIBAIONIYE HEM3BECTHBIE IPOrubbl 371eMeHTOB KOHCTpyKiwii. IIpu moacranos-
Ke BBIDAYKEHWsl s JaBJIEHWsl B yPaBHEHUs KOJIeOAHMI 3JIEMEHTOB pelleHne 3a-
J1a9 CBOJIUTCS K MCCJIEJIOBAHUIO CUCTEM CBSI3aHHBIX MHTErpO-Iud depeHmaaIpHbx
YPaBHEHHI ¢ YaCTHBIMU [IPOU3BOAHBIMY /1t DYHKIMHA 1porubos.

Hampuwmep, qj1s1 miockoit 3a4a<u adporuapoyIpyrocT O MAJIBIX KOJIEOAHUX,
BO3BHUKAIOIIUX [PU OECIUPKYJISAIMOHHOM O0DTEKAHUM [T03BYKOBBIM IIOTOKOM HJIe-
AJIBHOIO 'a3a TOHKOCTEHHON KOHCTPYKIMH — MOJE/N KPbLIa, COCTABHBIMU 4acCTs-
MU KOTODPOTO SIBJISIIOTCS 7 YIPYTHUX JIEMEHTOB, MOJIy9YeHA CHCTEMa HeJIMHENHBIX
naTerpo-aud depeHnaIbHbIX YPABHeHMI:

’
,Eka (uk/ =+ %wkIQ) +4 Mkuk = 0,

!
— ExFy |:wk/ (uk/ + %wk,2>:| + Myt + Diwy”"" + Nywy, + Borwi+
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+ Biktbr + Bartly | = _L Z / W (1, t) + Vavy(1, 1)) K(7,x) dr—

a2z—1

OK (T, )
Z / i (7, t) + Vawi(r, )) TdT—F

17'21—1

a2i41

V”Z / ™)+ (7)) G(r, ) dr,

z € (azk—1,02k), kK = 1 =+ n, rme mrpux 0603HATAET MPOU3BOTHYIO IO T W T, &
TOYKA — LPOU3BOAHYIO 10 t; Wy (z,t) u u (x,t) (k = 1+ n) — nouepeunsie u 1po-
MOJIbHBIE AedopMarun 371eMeHTOB B Hanpas/ennu oceit Oy u Ox COOTBETCTBEHHO;
f,j: () (k =1+ (n—1)) — byskuun, onpegensaomue bopmy HemedOPMUPYEMbIX
gacreit upobuns; V, B, Fi, Mg, Di, Nk, Bok, Bik, B2k (kK = 1 + n) —nexoropsre
nocrosuubie; K(7,x), G(7,z) — mekoropbie dhyHKIAN.

Pa3paboTaHbl aHAJATHYECKHE METOIWKN WCCICJOBAHAS  TUHAMUICCKOMN
YCTOHUMBOCTH B 3a/a9aX a’POrHAPOYIPYIOCTH, OCHOBAHHBIE Ha IIOCTPOEHUU
G yHKIIMOHAIOB 715 [TO00HBIX CHCTEM MHTerpo-auddepeHmaaIbHbIX yPABHEHUI ¢
YACTHBIMH TTPOU3BOJIHBIME. V3y9aeTcst yCTONYIMBOCTD 9JIEMEHTOB IIPH PA3TATHBIX
€1ocobax MX 3aKPEIVIEHNsi W PACITOJIOKEHNST HA KOHCTDYKIIUSX.

Pabora sBbimosimena B pamkax peasmsarnuu OIIIT  Hayumele n mHayumo-
elaroruaeckue Kaapol naaoBanmonuoi Poccum® (2009-2013 rr.), 'K Ne 11122,

JlokaspHasa NpegMaKCUMAaJIbHOCTD U IMIIepOOJIMYHOCTD
Amnocos /. B. (MockoBCKHit rocy1apCTBEeHHBIH YHUBEDCATET HMEHHA
M. B. JlomonocoBa, Maremaruaeckuii uacruryr PAH umenu B. A. CrekoBa,
Poccns)

CBOHCTBO JIOKAJIFHOM TPeIMaKCUMAJIbHOCTH WHBAPUAHTHOTO MHOMXKECTBa, F'
(MHBapWAHTHBIE MHOXKECTBA IIOIPA3yMEBAIOTCA KOMIAKTHBIMH) TOMOJIOTHIECKON
JAMHAMUYECKOR CUCTEMbL COCTOUT B TOM, YTO B JIIOOOH €r0 OKPECTHOCTU UMeeT-
Cs JIOKAJIbHO MaKCHMaJIbHOE MHBAPUAHTHOE MHOXKECTBO, cozep:xkairee F. B srom
OIIPE/IE/IEHNT TOBOPHUTCS O TIOBEIEHUU TPAEKTOPHUI, PACIOIOKEHHBIX BHE F (X0TH
n 6umskux k F'). Ho oxa3biBaercs, 410 B K/1acce runepbo/maecKux MHOXKECTB Ha-
JIMYWe WA OTCYTCTBUE y F' TaHHOTO CBOMCTBA BCEIIEJIO OTPEesIseTcs TMHAMUKOM
Ha camom F'.

A cCuUMIITOTUKY CABUHYTBHIX perieHuit ypaBueuuii H. KoBasieBckoro
Apancorn A. B. (HUU ampneti Pagunocssasu, Poccus)

PaccmarpuBaercst IBUXKEHHE TBEDPIOTO TeJa BOKDPYT HEIOABUYKHOM TOUKM.
B ofmem ciy4ae 3TO [IBHKEHHE OIMCHIBAETCH CHCTEMON ypaBHeHUil Diliepa—
IIyaccona [1].

OanH U3 YaCTHBIX CJIY<IAeB TOTO [BUKEHUSI OMMCHIBAETCH YPABHEHUSIMU
H. Kosasesckoro [2]. [ng cay9as, KOTJa HE3aBUCHMAS MEPEMEHHAT CTPEMUT-
Cd K HyJIIO min OECKOHEYHOCTH, C IIOMOLILIO aJrOPUTMOB CTEIIEHHOI reoMerpuu
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A. Bpiono, B. JIyues u U. I'amenesko [3] Bbraucamam Bce JIOKaJIbHBIE U ACUMIITO-
THdeckue pa3noxenus pemrenuil ypasuenunit H. KoBaseBckoro u ¢ ux momompsio —
BCe TIOJIMHOMUAJ/IbHbBIE DEIIeHNs ITUX yPABHEHMIA.

Tenepsr paccmaTpuBaeTcsa ciaydail, kKorga B ypasHermsax H. Kosasesckoro
He3aBHUCHMAas [IePeMeHHAsl CTPEMHUTCS K OTJIMYHOM OT Hy/is 1 6€CKOHEYHOCTH KOH-
cranTe. [Ij1s1 3TOTO B HE3aBWCHMMOil TIepeMEeHHOI D BBIZEJIeHa TTOCTOSHHAsS 9acTh
Do, ABIAIONIAACA HOBBIM IapaMeTpoM, a ypasHenud H. KosajeBckoro mprHmMa-
10T Bug [4]

o T+ Ldo dr + 3d p+a47+a20+a3pod +
dp 2 dp dp dp dp
+ asp’ + 2aspop + (aspg +a1) =0, )
Ud;T + ldffdi: +b2£ﬁ+b30+62p0£ + baT+
dp?  2dpdp dp dp
+ bsp” + 2bspop + (bspg +b1) =0,

rae p = p — po € C— me3aBucumas nepemennas, po = const € C, 0 < |po| < o0,
0,7 € C—mne3aBucumble nepeMeHHble, K03 duUnmMeHTs a1,...,as, bi,...,bs,
Cly...,C5, di,...,d13— palMOHAJIbHBIE BBIPAKEHUs OT MMAPAMETPOB yPABHEHUN
Oitnepa-Ilyaccona.

s cucrembr ypasaerwii (1) mpu p — 0 BEIYUCIAIOTCS CTETIEHHBIE PA3JIOKE-
HUS ee PeleHnii BuIa

(oo} (e o]
o=p" UOJFZUjﬁJA , T=p ToJrZTjﬁJA ; (2)

rue 00,05,70,7 € C, 00,70 # 0, o, 8,A € Q, A > 0. Cnaraemsie 0op®, 705"

HA3BIBAIOTCS NEPEHMYU NPUOAUNCEHUAMY PetTennit ypasaennii (1).

C moMOmpIO AJCOPUTMOB CTEIEHHOW IeOMETPHM, PeaIM30BAHHBIX B BHIE
KOMIIBIOTEPHBIX [IPOrPAMM U CKPHIITOB [Isi CUCTE€MBI CHMBOJIBHBIX BBIYMCJICHUI
Maxima [4], Beranciero cemb pasnoxenuii Buna (2). Ilapsl mokazareseii crerme-
ueit (o, ) nepsbix npubsmkenuii pemenunit pasust: (0, 3), (0,3/2), (0,4/3), (0,1),
(1/2,1), (3/2,3/2), (0,0). Just nsru pas/ioxeHui 3aMeHO I€PEMEHHBIX U KO-
(bUIMEHTOB MOy <IAIOTCS elne IMATH PA3JI0YKEHM!l pemennit ¢ mokasareasamu (3, o)
TIEePBBIX IPUOIMAKEHUN PeIeHuil.

Crnucok JuTeparypsbl

[1] T'oaybes B. B. Jlekumu N0 MHTErPUPOBAHHUIO YyPABHEHHH ABUKEHUS TAXKEJOTO TBEPIOrO
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06 ucciaenoBanuu aud pepeHnaIbHbIX YPaBHEHUI, He pa3pelIeHHbIX
OTHOCHUTEJBHO HPOU3BOAHOIN, METOLAMY TE€OPUMN HAKPBIBAIOIIUX
oTobpa>keHu i
Apyrionos A. B. (Poccuticknii ynusepcurer apyxk60p1 naposos, Poccus)
2Kykosckmnit E. C. (TamG0BCK#Hii roCy1apCTBEHHBIN YHUBEDCATET
nmenn I P. epxxasuna, Poccust)
2Kyroscknii C. E. (Poccuiickmii yHUBepCHTET JIpy>K0ObI Hapo1oB, Poccrst)

Pafora mocBsmena NpUMEHEHUIO TEOPUU (-HAKPBIBAIOIUX OTOOpazxkenuii [1-
3] k uccnepoBanmio muddepeHnmaNbHbIX yPABHEHHIN, HE PA3PENIEHHBIX OTHOCHU-
TeJIbHO Npom3BomHON. HalimeHbl ycoBHUa CyIIeCTBOBAHUA PEIIEHWI W WX HeIpe-
PBIBHOM 3aBHCUMOCTH OT HAYAJIHHBIX YCJIOBUU W MapamMeTpoB ypaBHeHHi. B mo-
JIy9eHHBIX YTBEPKIEHUAX HE HCIIOIb3yeTCs IVIAJKOCTHh BXOIANINX B YDABHEHHS
b yHKITHIIL.

IIycts (X, px), (Y, py)—wmerpmaeckme mpocrpanctBa. O6Go3HAUmMM [epes
Bx (u,r) 3aMKkHyTbIi map upocrpancrea X ¢ nentpom B 4 pamuyca r > 0. Ilycrs
3amaH0 gucyao o > 0, mEOoXkectBa W C Y, A C X X R,

OnpreAE/NEHUE 1. Otobpaxkenme F : X — Y Ha30BeM Q-HAKPOLLEAIOULUM
mmooicecmeo W na cosoxynnocmu 2, ecom ayia mobbix (u,r) € 2 umeer mecro
BKJIIOYUECHIE

By (F(u),ar)(|W C F(Bx(u,r)).

IIycTs 3amanbr: 3amkHyTOe MHOKeCTBO §2 C R™; {A;} C R™ u nocienosaress-
mocTh yrkmmit f; : [a,b] X R™ x Q@ — R™, ynosnersopsomux ycnosuio Kapareo-

nopu. Paccmorpum npu kaxgom ¢ = 1,2, ... 3amagy Komm nys me pa3pemeHHOro
OTHOCUTEIHLHO POU3BOAHON muddepeHnnaabHOr0 ypaBHeHNS
filt,w, i) =0, 2€Q, telab], a(a)=A. (1)

Pewenne 3amaun (1) 6ynem nckarp B knacce ACo, aBCOMIOTHO HENPEPHIBHBIX
dyskIWmit 2 : [a,b] — € ¢ CyUECTBEHHO OrPAHUYEHHO IPOU3BOIHOIL.

IIycrs 3amana dyukmus up € AC.. IHomoxum w;i(t) = fi(t, uo(t), o(t)),
t € [a,b]. Ilycrb umeer MeCTO CXOAMMOCTD VIal SUp,c(, ) |wi(t)| — 0, A; — uo(a).
B paboTe mOIy9eHbl yCIOBHS Pa3pENTMMOCTH TPU KaXKAOM ¢ 3amaum (1) m cy-
mecTBoBanus Takoro pemenus T; € ACs, 9T0 vral sup,c, ) [#i(t) — wo(t)| — 0.
OCHOBHBIM #BJISETCH [IPEIIOI0KEHNE, YT0 CyLIECTBYIOT TAKUE I0JI0XKUTEJIbHBLE (L,
R, v, aro mus mo6oro ¢ = 1,2,... upu . B. ¢ € [a, b] upu smobom x € Brn (uo(t), V)
orobpaxkenune f;(t,z,-) : £ — R™ gBagerca Q-HAKPHIBAIOIIUM MHOXKECTBO
Brm (fi(t,x,u0(t)), aR) Ha cOBOKymHOCTH

At) ={(v,r) : v € Ba(tw(t),R), 0 <r < R—|v—1o(t)]}.

Pabora Bommommena B pamrax PIII «Hayumbie n Hay9HO-II€IArOrmIecKue
Kaapbl mHHOBANMOHHOM Poccnm ma 2009-2013 rogpr> (korrpakT Ne 16.740.11.0426
or 26 moabpa 2010 roma), mommepxana PO@DU, rpart 09-01-97503.
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OrpaHudeHNs Ha CKOPOCTb yObIBaHUS Ha G€CKOHEYHOCTH B
HEOrPAHUYEHHOM 06/1acTy pelIeHus] JIUHENHOro 3JIJINIITUYECKOro
YPaBHEHUsI BTOPOro IOPsiJiKa, IIaBHAs 9acTh KOTOPOro MMeEET
AUBEPreHTHYIO (popMy
Acraxos A. T. (BopoHe>kckuit rocyaapCTBeHHBIH yHUBEpcuTeT, Poccust)

TEOPEMA 1. ITyemov u(z) = u(x1,...,2n), n = 1 — pewenue sasunmue-
CKO020 YPaBHEHUA

33 o (w )+ Fajute) o

onpedenenroe npu |x| = Ro > 0. Iycmo makoice 6bnoAsHAIOMCA YCAOBUA:
1°. aij(x) >0,Vi,5=1,...,n, f2(x) € C=(|z| > Ro);
9° fz(z) 1
T a5 (@) Tac|
3°. aij((E):O(ajj(VL)>,Vi,j:l,‘..7n,i?éj,'
go, Qeii@) _ (aii@ | Viii—=1 .
- e = ), npu x| — o0, Vi,j =1,..,n;
5°. lim J lu(z)|* dz =0, 2de € # 0 — Purcuposannoe wucao.
R—00 R |z|<R+e
Toz0a u(z) = 0.

—1=o0

npu |x| — oo;

CNELCTBUE 1. Hyemo u(z) = u(x1,...,%n), n = 1 — pewenue sarunmue-
CK020 YPAGHENUA

—~ 0 du
=0
28%( @) + @) =0,
onpedeaentoe npu |z| = Ro > 0. IIyems maxsice uinoIMANOMCA YCAOBUA:

1°. aj(x) >0,V5=1,...,n, fQ(m) € Coo(|x| > RO); o 1= O(L)

a; () B

npu |x| — oo;
20 3aj(a:) _ aj(z) V -1 .
- e, =0\ ) Vi= yee oy MPU |T| = 005

||

3°. lim J |u(z)|* dz =0, 2de € # 0 — Ppurcuposannoe wucao.
R—00 R |z|<R+e

Tozda u(x) = 0.

3AMEYAHUE 1. B cayuae a;;(z) = aj(x), Vi, j = 1,...,n reopema 1 e umeer
MecTa.

3AMEYAHUE 2. B ciyuae aj(z) =
CIIpaBeI/INBbIM.

a(z), Vj =1,...,n creacteue 1 ocraerca
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JIBa MeToma BbIYHCJIEHUSI KO3((PUIIMEHTOB PA3JIO>KEHUI I10
npousBoAHbIM Hernoukam Kespina

Axramos A. M. (Uucruryr mexanuxku YHI] PAH, Poccust)

PaccmoTpuM HECAMOCONIPSAZKEHHYIO CHEKTPATIBHYIO 33Iady

ou

aAu(z) +bA 92 Mu(z)=0 BQ, (1)
ag—;—&—)\u(x) =0 mal. (2)
3mecw a,b,a € R; % =3, %; g—% — mpoM3BOJHAA 10 BHENTHEH HOpMaJu, a

Q) — orpanuyennasa obsactb ¢ GeckonedHo riajakoi rpamureii I' = 0f), koropyio
MOZKHO JIOKAJIbHO BBINPSAMHTH IJIaJKAMU [IPEOOPA30BAHAAMYU KOOD/UHAT.

He orparmumBas o61mHOCTH, B JabHEATIEM GYI€M CIATATD, 9TO BCE COOCTBEH-
mbie 3Havennd 3agaqu (1)—(2) mpoctsre.

Cornacuo merony, upemyoxkennomy B paborax [1] m [2], paccmarpusaemas
3a/1a9a J0TyCKaeT JTuHeapu3anuio B mpoctpanctee H = H'(Q) x HO(Q).

Bonee Touno, B mpocrpancTtee H paccMOTpuM JIMHEHHBIHA ortepaTop L, ompee-

srennprit pasencrsom L( fo, fi1) = ( fi, —alAfo—0b %) ¢ 00J1aCTBLIO OlLIpeesIeHus
~ 0
D(L)Z{fz(fm f1) « fo€e HX(Q), f1€ H'(Q), Oéa];)-f'fl:o}.

Torma muHeiiHAs CIIEKTPAIbHAS 3309 Lf: )\f HMeeT Te ¥Ke COOCTBEHHBIE 3Ha-
uenusi, uro u 3amada (1)—(2), a cobcrBeHHBIN 3eMeHT omeparopa L, coorser-
CTBYIOIUIT COOCTBEHHOMY 3HAYEHWIO M\, UMEET BUJ fk = (uk, Ak ug), TOE UK —
cobcrBennas dynkmmsa 3amaau (1)—(2), orBedaromas ToMy ke COOCTBEHHOMY 3Ha-
weHnio \x. U3 [2] cremyer, aro cobcTBEHHBIE 371€MEHTHI 00PA3yIOT IOJHYIO U MH-
HUMAJIbHYIO CHCTEMY B TIpOCTpaHcTBe H.

Borancimm xo3ddunumentor {cx} paszmoxenua ssementa )? € H B pax no
cucreme {fi}.

TEOPEMA 1. Ecau f = Y ck f — pasaoocenue snemenma f no cobemeen-
HOM PYHKEYUAM onepamopa L, mo xosdpduyuenmor c, HATL0IAMCA N0 HOPMYAAM
Ck = Pr/qk, 20e

pr = —aa | foAUgdr + a g flﬁd:ch/(abea)\k)fost,
Q Q r

qr :—aa/ ukAﬁdx—&—Oc)\;f/ukﬁdx—l—/(abl(—a)\k)ukﬁds.
Q Q r

3decv K = >0 ni (ni — i-a Koopdunama eQunu4i020 6eKMopa snewrets nop-
manu); v, — cobemeennvie Pynryuu conpasicennot x (1)—-(2) sadawu.
KosddumpenTsr BoraucieHbr AByMsT METOJAMME:

o *
1°. ¢ mOMOMIBIO COMPSXKEHHOTO omeparopa L™;

2°. ¢ HOMOWIBIO CONPSZKEHHOIO IIyHYKa OLEPATOPOB, NEHCTBYIOMIEro B IIPO-
crpanctee Ly () x La(T).
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I'paBuTranuoHsble BoJIHBbI KBa3su(OTOHHOIO THUIIA Ha ITOBEPXHOCTH
JKUJKOCTH
Babu4a B. M. (C.-Ilerepbyprckoe oraeseane MareMaTnaeckOro HHCTHTYTA
um. B. A. Crexnosa PAH, Poccust)
Ionos A. HU. (C.-Ilerepbyprckuii rocygapcTBeHHbIH yHUBEpCHTET, Poccust)

N3y4uarorcst kBa3ndoToHbl (0C060TO KJIACCa BOJTHOBBIE TIAKETHI) JJIsi BOJTH HA
TIIOBEPXHOCTHU TSIYKeJION KHUIKOCTH. STa 3a/lava aKTyaJlbHa B CBA3UW C U3YYCHUEM
pacrpocrpaHeHuss W Pa3BUTHs BOJIH B Ookeane. KBasudOTOH —3TO pasiioxkeHue
BUOA:
0(r,e1,6%) = ,

1 .2 . 1 1 2 2

E E D,(1,6,£7,2)(ie)’, T=¢t, & =ex’, £ =ex. (1)

=0

~ e

rae B ¢BOIO odepens O u $; — dbopmapHbIe CTEIIEHHBIE PSIIbL:
0=00 10 4+ 1 ., & =010+ 1 . (2)

Bumecs 0 = @i (p)pit L cpit, @] = @ (T, )t - gt =
€ — &), i=1,2, rme & = £*(r) — 310 HexoTOPHIA buKcHpoBanmbi IIB-Ty.

Ilenpro mannoil PabOTHI ABJIAETCH ITIOCTPOCHUE YKA3AHHOTO ACHMITOTAIECKO-
T'0 TIPOCTPAHCTBEHHO-BPEMEHHOTO JTyaeBoro pana (IIBJI-psmga). Paccmarpusaiorcs
JIy9eBBIE W COCPEIOTOYEHHBIE B OKpecTHOCTH [IB-1y9a pemennsa (kBasudoTOHDI)
IJIs ypaBHEHUN IUHAMUKY BOJIH Ts2Ke o0l xumkoctu. IIpy mocrpoennn kak jrywde-
BBIX peIIeHuil, Tak ¥ KBa3m(pOTOHOB, 33Ja4Ya CBOJUTCS K YPABHEHHWSM SHUKOHAJIA
¥ TI€PEHOCA Ha TIOBEPXHOCTH KUJAKOCTHU. J[1sT MccaeqoBanns ypaBHEHUN TEPEHOCA
IIPUMEHSAIOTCH SHePreTudecKue coo0parkenusi, 9T0 TpedyeT BhIPAXKEHUH I CTap-
WX YJIEHOB SHEPTUHU U MOTOKA SHEPTHUU JIYUEBBIX PEIMIEHUNl W COOTBETCTBYIOIIE-
T0 3aKOHA COXPAHEHUs yCPeIHeHHOU sHeprun. VI3 yca0Buil pa3pennMocTs 3a1a9m
epBoOro npubJmkenns noaydaercda quddepeHmaibHoe yPAaBHEHNE IIEPEHOCA I
AMILIATYIHON (DYHKIMY HYJIEBOTO TpHUOJIMKeHus. VICmoap30BaHue MOy Y€HHOTO
paHee 3aKOHA COXPAHEHHUs SHEPTUH JTaeT BO3MOMKHOCTD MPEJICTABUTH yPaBHEHNE
IIEPEHOCA B AUBEPreHTHOU (pOpMe, ITO IIO3BOJIAET PENINTh YPABHEHUS IIEPEHOCA B
JIy4eBBIX KOOpAWHAaTaX. IIoCTpOeHe pelenuii Jjis BBICITUX MPUOJINKEHUN TPOBO-
[UTCS y7Ke JIEMEHTaPHO.

Haiinennr acumnrorugeckue npepcrasienus g 0 u ;. B wacraocru, okou-
JaTe/IbHOE BhIpayKeHUe M KBa3u(OTOHA B TIEPBOM TTPUOJIMKEHI:

P ~ egi(90+9jﬂj+%(r77m)) . 1)[)0(070) . COSh(k)(Z + H)) (3)
VJ cosh(kH)
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3mecn
or ant an?

9s  ds  Js ant  on?
= On_ Om” | —| @al  9al
J 0 Bai Ba; an* an® |’ (4)
0 an an da? da?
da? da?

rae at, a® — koopaunars Hawasa IIB-iyua Ha miockocta 7 = 0. Mbl BOCIIO/IB30Ba-
JINCH TeM, UTO 10 yCJIOBHUIO ,,OIIOPHBIH JIy1“ KBa3udOTOHA MIPOXOAUT Yepe3 HATAIIO
KOODAMHAT 1 4TO o', a’? — MaJjbl, TOTIa B MEPBOM MPHGIINIKEHIT

do(a’,a”) = o(0,0) + O(V/(a1)? + (a?)?). (5)
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DKBUBAJIEHTHOCTb CUCTEM OGBIKHOBEHHBIX JAU( depeHInaIbHbIX
ypPaBHEHHUII BTOPOTro HmopsiaKa
Bargepuna FO. FO. (HaCTHTYT MaTeMaTHKH ¢ BBIYHCIATE/IGHBIM 1IeHTpOM Y HII
PAH, Poccns)

PaccmaTpuBaroTcs CUCTEMBL IBYX OOBIKHOBEHHBIX 11 hepeHIInaIbHBIX yPaB-
HEHUIT BTOPOro mopgaka. [Ijisi HEKOTOPBIX KJIaCCOB TAKHX CUCTEM, 3aMKHYTBIX OT-
HOCHTEJIFHO TIPOM3BOJIHHBIX HEBBIPOKJEHHBIX 3aMEH ITePEMEHHBIX, PEIIaeTCs TPOo-
6s1ema sxBuBaJsIeHTHOCTH. 1. €. crpouTcs 6a3uc quddepeHaIbHBIX NHBAPUAHTOB
COOTBETCTBYIOIIEN I'DYIIBI IPeoOPA30BaHUIl SKBUBAJJIECHTHOCTH, & TaK¥XKe Olepa-
TOpHI MHBapmaHTHOro anddepennnpoBanns. IToryueHHBIe PE3YIHTATHI NCIOJIb-
3YIOTCS [JIsI YCTQHOBJICHUS KBUBAJIEHTHOCTY HEKOTOPBIX KOHKDETHBIX CUCTEM U
HAXOXK/IEHHs CBA3BIBAIOIIEIO UX IIPEOOPA3OBAHUSL.

Ipubnurxenue ncesaoanddepeHnuaILHBIX OMepaTopoB Ha KJjaccax
rnepuoanYecKux (PyHKIUHA MHOTUX NepeMeHHbIX
Baszapxanos /1. B. (Hacruryr maremarnkn, Ka3axcran)

Iycte k,I,n € N, k> n; z = {1,...,1}; Ng = NU {0}, Ry = (0,400);
T = (R/Z)" — l-mepubiit Top. Jna a,b € R' nycrs ab = aiby + ... + aiby, |a| =
la1| + -+ + |ai]. Pukcupyem m = (my,...,mn) € N" : |m| = k. IlpencraBum
z = (z1,...,75) € R¥ B Bume x = (z*,...,2"), tme ¥ = (Tuy_,+1, Ty ) €
R™; ko =0, ke =m1+...+my, Kv = {kv1+ 1, k), v € 2. BEcon z =
{vi,.;u} Czn (1 <11 < ... <y <n), 102" = (", ..,2"), Yo = Y1y Yoy )
sz € RF y e R, T™2 = T+t

Ilycts

i(z,D) : f(x) = a(e, D)f(x) = Y f(©)alz, &)™
gezk
— nepuogmueckuit ncesnopuddepennmanbaniit oneparop (II10) ¢ cumsonoMm
G:TE X ZF = C, a(€) € CF(T*) V¢ € ZF (F(€) = fuu f(z)e 2™ dz — xo-

sbdbunuentor Pypoe f).
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B noxkiaze paccmorpum mpubnmxkenue 110 u3 xmacca \Tl’izfﬂm (cm. ompe-
JleJleHre HiDKe) Ha (DYHKIMOHAJIBHOM KJIacce f‘; m B merpuke L. (TF) jm-
HEHHBIM METOJIOM, HMCHOJIB3YOIIAM KOHEYHY) CIEKTPAJbHYI0 HH(MOPMAIHIIO O
cumBone ¢ u dyskmuun f (1 < pgr,d < oo; s,u € R}, t € R"
KeN': 0<sy—ty <vy, my < Ky, v € 25 € €10,1]"). 3mech ﬁ;(’f — KJIacC THh-
ma Hukonsckoro—Becosa E;;" i JInzopkuaa—Tpubesrs E;;" (cm. ompenmenenme
B [1]). KoncTpyKnust 3T0r0 MMHEHHOrO METO/1a UCIIOIB3YeT MPEICTABICHAE ﬁ;’ g c
[IOMOIIBIO BCILIECKOB, nostyaernoe B [1]. IIpu ouenke norpemnocTu npubimKenns
[IPUBJIEKAIOTCA TIOJLyY€HHbIE DaHee OUEHKH norepedHukoB Pypbe Kiaacca ﬁ; 4 B
L,(T*), wacTiano anoncuposanmbie B [2].

OnPeAeaeEHuE 1. Iyers t € R™, v € R} ;2 € [0,1]"; K € N*; 1 < ¢ < oo.
Kumacc \Tl%fﬂm cocrout u3 I1J1I0 ¢ cumBoIaMu @, YIAOBJIETBOPSAIONIUMHA yCIOBUAM

Vz CzaVa,B €N tan < K, k €Ky, v € 2,3¢ap(z) = Cap(d,z) >0:
1A%y a(w,8)| < cap(@) [ 0+ VEre) ™, zeT", ez

VEZn
A8 OF, @, €) | BL || < caplz) [[(1+ VEE) 1o IHoven
vEz
x [+ Veeny 1" 2> eT™, ccz* (2 +#2)

vEZ

(3mech Al (9(;)) — cmemammag pasHocTh (MpousBoHas) mopgaaka o 1o & (1o ),

Uy My

HOpMA || - |§ooﬂ || BBrmMCAZeTCH O 275 7 = 2, \ Z).

Cnucok JauTeparypsbl

[1] Basapzanos [. B. Ilpubiaunxkenne scnsieckamu u nonepednnku Pypbe KIaccoB nepuoau-
ueckux (pyHKOuil MHOrux nepemenssix. I //Tp. MUAH. 2010. T. 269. C. 8-30.

[2] Basapzranos []. B. Ouenkn nonepeunnkos @ypre knaccos tuna Hukonbckoro—Becosa un
JInzopkuna—Tpubesns nepnonudeckux GyHKUUA MHOTHX IepeMeHHbIX // MareMm. 3amer-
xu. 2010. T. 87. Ne 2. C. 305—308.

CumBoJsinydeckKas JuHaMuKa opbuT BToporo Buja 3aza4du XuJuia
Barxun A. B. (HacruryTt npukmaanoit maremaruku um. M. B. Kemapima PAH,
Poccnst)

PaccMmaTpuBaeTcst IIOCKag KPyroBas 3aada Xujia W ee IPeJeTbHbIA HHTe-
rpupyeMblil BADUAHT, HA3bIBAEMbII IIPOMEK Y TOUHON 3a/1a4u DHOHA, /Il KOTOPro
WCXOTHASA 337298 XWUJLIA ABJISETCA CHHTYJISAPHBIM BO3MYIIEHUEM. 3amada Xujiia
WIMEeEeT MHOTOYHCJIEHHbIE TPUMEHEHNs] B HeOeCHON MeXaHWKe W 3BE3JHON THHAMUKE
(cm., manpumep, [1]). Junavuka 3312491 OLPEAe/ISeTCa IAaMAILTOHHAHOM BH/A

H:1(yf+y§)+m2y17m1y27x§+1x371, (1)

2 2 T
roe r = \/x? + T3, T; — KAaHOHWIECKWE KOOPTAHATHIL, J; — CONPAKEHHBIE MMITY.Th-
col. Tavmnbrorman 3agaam XWLma MOKHO IIPEICTABATD KAK CHHTYJISPHOE BO3MY-
meane GyHKIME [aMUILTOHA MHTErPUPYEMON IIPOMEXKYTOYHON 3ajaum DHOHA:
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H = Hy +¢/r. Torma cemeiicTBa mEeprOIMHYeCKUX PENIEHUI 33197 XUIJIa MOKHO
HCCIIe0BATD C MOMONIBIO TIOPOXKAAIONIUX PEIEHUN HEBO3MYIEHHON 3aa9u.

Cpemau penrennii MpoOMeKyTOYHOMN 339N JHOHA BBIIEISETCS CIETHOE UUCIIO
TOPOXK JAIOIINX PeNIeHI-IyT, OJHO3HAYHO OIPEee/ISIeMbIX YCIOBUEM II0C/Ie0Ba-
TEJIbHOI'O IIPOXO0XK/IEHUs HYepe3 HAavaa0 KOODJAMHAT — OCOOYI0 TOYKY ypaBHEHU
IBIKeHUs 33da4n Xniuia. Kakoe 3 9Tux penieHuii- 1y peajn3yeTcs Ha HEKOTO-
POM MHBAPUAHTHOM MHOr000DA3MUH, 33/1aBA€MOM IOIIOJHUTE/bHBIM II€PBBIM HHTE-
rpaJioOM YPABHEHHUI ABUKEHH [IPOMEKYTOYHOI 3a1a9u DHOHA. V13 OPOXK 1aiommx
pemreHnii-Iyr, Kak u3 «OyKB» HEKOTOpPOro «ayihaBuTa», COCTABIISIOTCS TIO OIpe-
JIeJIEHHBIM IIPABUJIAM «CJIOBA» — IIOPOXKIAIOIIME PEIIeHNs CeMeNCTB Iepuoante-
cKux opbut 3amaun Xwmuia. IlocaenoBaresbHOCTD «OyKB» B «CJIOBE» OIIPEIesIseT
TIOPSIIOK TIepeXoa OPOUTHI C OJHOTO0 MHBAPUAHTHOTO MHOT000pa3ust Ha IPYroe, a
MHOKECTBO BCE€X NPABUJIBLHO 33JAHHBIX «CJIOB» OIIPEIEsIseT CHMBOIMIECKYIO IH-
HamuKy opbur Broporo Buza 1o Ilyankape 3agauu Xusia. Cpeau pemeHuii-iyr
BBIIEJISIIOTCST SIMUIMKJIIONTAIBHBIE JYTH, COBEPIIAIOMNX j 060POTOB BOKPYT HAYAJIA
koopmuaaT (06o3nagaembie +j, j € N) u aBa s/IMIICa C TIEHTPOM Ha, OCH ODMHAT
(o6o3nagaemsbte i u €). B [2] moka3zano, 9T0 noc1e10BaTENBHOCTD, COCTABICHHAA U3
nyr +j, i, e, B KOTOPOil HET ABYX MUAYIIUX MTOAPSI IyT ¢ WK e OyIdeT MOPOXK Jai0-
UM peleHreM CeMeCTBa MepuondecKux opouT 3amaun Xumuta. [lopox gaomme
PelleHUs-AyTU MOI'YT ObITh «CHIMTBI» MEXK/ly OO0 C IOMOIBIO rUIEePOOJIMIeCKUX
TPAEKTOPWUH, SABJISIONMXCS PEIIeHNeM KJIaCCHIecKoi 3amaun Kerrepa.

IloBemenne cemeiicTB IePHOAMYECKUX PeNIeHUI 3a4a<u XUId IPU IIPOIOJI-
JKEHUH 110 IIapaMeTDPy OIPeesieTCs MOPIJKOM CJIeOBAaHUs PEIIeHUN-AyTr B I10-
POKTAIONIEM pelreHur. Takyke yIaeTcst IpeacKa3aTh HEKOTOPHIE CBOMCTBA OpOUT
MOPOXKIEHHOTO CEMENCTBA 0 CTPYKTYPE €ro MoPOXKAaIoNiero pemenud. B repmu-
HaX IIOPOXKIAIOIUX «CJI0B»—pelleHuil maercd Kiaaccudukams KBa3UCIly THUKOBBIX
OpOUT C PA3IUIHON TJIO0AIHHON KPATHOCTHIO W PA3INIHBIMYU CUMMETDPUSIMI.

Ora pabora BbIOIHEHA TpU o Iepxkke PODU, rpant 11-01-00023.

Cnucok JuTepaTrypsbl

[1] Bamzun A. B., Bamzuna H. B. 3agaya Xwuuna. Boarorpazn, Boarorpaickoe Hay4HOE
uszaresancrso, 2009.
[2] Hénon M. Generating Families in the Restricted Three-Body Problem. Springer, 1997.

Meton mynbTunoseil Ajsi pelieHusi HEKOTOPbIX CMEIIaHHbIX KPaeBbIX
3a71a4 B ABYCBA3HBIX 06J1aCTAX
Bespomusrx C. U. (BL[ PAH, TAHUIII MI'Y, Poccus)
Bnacos B. H. (BIl PAH, Poccus)

IIycrs G — opHoCBA3HAA 00/1ACTH Ha KOMILJIEKCHOI IIJIOCKOCTH 2, COJEPKaIast
Z = 00 B Ka9eCTBe CBOel BHyTpeHHeil Toukn. Ee rparumna G =: 7 (He 06a3aTeIbHO
JKOPZIAHOBA,) COCTOMUT W3 KOHEYHOTrO YHUCJIa JIAMYHOBCKHUX 3BEeHBEB, ¥ = Ugco 7q,
Yq €CT™, a € (0,1). Baecy Q := {1,2,...,Q} — MHOKECTBO HHICKCOB, KOTOPOE
YI00OHO TIPEICTABUTH B BUJE O0beIUHEHNs ABYX MHOMXKECTB mHIekcoB Q = D U K.
IIycts g — aBycBsi3Has momobiactb G, OAHOM KOMIIOHEHTOR IpaHuibl Jg KOTOPOit
ABJIAETCH Y, & BTOPON — KOPJAHOB KOHTYD I', cocrosiiiuil u3 KOHEYHOIO 4ucjia
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TJIQJIKUX 3BEHBEB |y, COETUHSIONMMXCA 07, (BHYTPEHHUMH) YIJIAMHA TTlm, Gm €
(0,p), p € (1,400).

O6o3uaunm gepe3 J; KOCYIO MPOM3BOMHYIO HA Vg, ¢ € K, 10 HAIIpaBIEHMIO,
COCTABJIAIONIEMY YIOJI T3q C KaCaTEeJbHBIM BEKTOPDOM K g, TJ€ gy U3MEHSeTCS
B maTepBase (0,1). B obsacTu g paccMOTpUM CMEIIAHHYIO KPAeBYIO 33ady I
ypasuenus Jlammaca

Awu(z) =0, Z € g; w(z') = hz") € Ly(T), 7 el (1)
u(z) =0, z€n~q q€TD; Oqu(z) =0, ZE€7v, qEK. (2)

Bmecs u(z') B (1) — HexacaTelbHBIE TIpeeIbHBIE 3HAYEHNS permenns u(z), TpH-
HA/IJIe2KANEro KJIACCy Tuma Xapan ep(g;y) dyHKumil, rapMOHHYIECKUX B ¢, HEIpe-
PBIBHBIX BMECTE C TPeOyEeMBIMU MMPOU3BOTHBIME HA g Uy, yOBIETBOPAIONAX yCII0-
BuaM (2) ¥ WMEIOMHUX B COBOKYITHOCTH OTDAHWYIEHHBIE L,-HOPMBI HA KOHTYPaX,
“napaswiesnpabix” [N (06 ananormaneix kmaccax cm. [1]-[3]). Jokasan uzomerpude-
ckuit n30MOpGU3M IPOCTPAHCTBA €p(g;y) dyrKImit u(z) n npocrpancrsa Ly (T)
crenos u(z') arux dymakmmit ma [, mToHEMaeMbIxX Kak (Ompeie/ileHHbIe TOYTH BCIOLY
ma I') HekacaTesIbHbIE IPEIE/IbHbIE 3HAUCHMUS.

Meron pemernst 3agaun (1), (2) ocHOBaH Ha TOM, YTO B KaYeCTBe AIMPOKCH-
MaTWBHOM mCTomb3yerca cucrema {Qx }rez+ (Tme Z1 — meoTpumaTenpHbIe TETHIE
4ycaa) PAHUYHBIX Mysbrunoneil 8 G (¢ CHHIY/ISPHOCTBIO B 2z = 00) Ul ypas-
HeHma Jlammaca, yIOBJIETBOPSIONIAX YCIOBUIO (2) W OMPEAEIAEMBIX C TIOMOITHIO
SBHBIX (DOPMYT B TepMHUHAX KOH(MOPMHOrO oToOpakeHusi obmactu (G Ha BHeII-
vocth kpyra U m pemenuns 3amaau Pumana-T'unnbepra B U. Ycramosieno, 9o
cucrema {Q }pep+ SABISETCS MOIHON M MUHUMAJBHON B ep(g;y). Pemenne 3ama-
an (1), (2) HAXOOUTCA KAK MIPEIEIT TIOCIEIOBATETLHOCTH TPUOINKEHHBIX PEIeHni
un (%), mpeacTaBigeMblx B BUe JuHEHHON KoMOunanun Gynkumii Qi (2), koaddu-
IIMEHTHI KOTOPO HAXOAATCSA U3 MTPOEKITMOHHOTO IpUHIUTA. J[0Ka3aHa CXOAUMOCTD
un(2) ¥ u(z) paBrOMEpHO BHYTpPH g U~y U CXOAMMOCTH TPOU3BOMHBIX BHYTPH g U5
npu 10CTaTrouHoi rragkocru ayru v C . Merox ecrecrBenno o6obuiaercss Ha
MHOTOCBSI3HBIE 00JIACTH.

Pabora Bemonrena npu nomaepxkke PODU (mpoext Ne 10-01-00837), IIpo-
rpammbl OMH PAH “Cospemensbie 1po6JieMbl T€OPETUYIECKOM MaTeMaTUuKu” ) 1IPO-
exT “OnTuMaJIbHBIE AJITOPUTMBI DEIIeHHs 3313 MaTeMaTudeckoit pusuku”’ u I[Ipo-
rpammbl N 3 dbysanamentanbabix uccaenosanuiit OMH PAH.

Crucok Jureparypsl

[1] Baacose B. H. O6 onHOM METOZE PelieHusi HEKOTOPBIX MJIOCKMX CMEIIAHHBIX 33434 JJIs
ypasrenus Jlannaca // Hoka. AH CCCP. 1977. T. 237. Ne5. C. 1012-1015.

[2] Baacos B. U. Kpaesble 3amadn B 061acTaX C KpUBOJMHEHHOH rpanuneit. M.: BI[ AH
CCCP, 1987.

[3] Baacos B. H., Cxopozodos C.JI. Meton Myabrunosneii ais 3ana4u Jupuxie B ABYCB3-
HBIX 06s1aCTaX Ca0KkHOU dopmbl // 2Kyphuasa Bbranca. marem. u marem. ¢pus. 2000. T. 40.
Ne1l. C. 1637-1651.
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KBasuberyuiue BoJIHbI, KaK ,,[IpaBUJIbHbIE® pacHInpeHUs Oerymmx
BOJIH
Beknapsan JI. A. (Learpaabupiii 9xonomuko-Maremarmaecknii Hacruryr PAH,
Poccus)

HUccnenyercs KOHEYHO-PA3HOCTHBII aHAIOI BOJHOBOIO YDABHEHUs C IIOTEHIH-
AJIBHBIM BO3MYIIEHUEM, MOJIEINPYIOINI TOBeIeHNe GECKOHEYHOTO CTEPIKHS IO,
IefICTBHEM BHEIIHEro IIPOOJIbHOIO CHJIOBOrO IoJisd. [l OHOPOSHOTO CTEpIKHS
ornucaHue perteHuil Tuia Geryieil BOJHbL OKa3blBAeTCH SKBUBAJIEHTHBIM OIIICAHUIO
BCEro MpOCTPAHCTBA KJIACCHTIECKUX PENIeHMI WHIYIIMPOBAHHOIO OJHOMAPAMETDH-
9ecKoro cemeiicTBa pyrkmmonaabHO-TId depenmmaababx ypasuerauit (DY) To-
YeYHOI0 THUlla C [IapaMeTPOM B BUJE XapaKTepucTuky Geryieil Bosubr. s Heom-
HOPOIHOTO CTEpIKHSI, B CHJIy TPUBHUAJIHHOCTH TIPOCTPAHCTBA pelreHnii tuma Oe-
rymeil BOJIHBI, OIIPEIeJIsieTCs UX ,IPABU/IbHOE" paciiumpenne B (hOpMe perieHHit
THIA ,,KBa3uOeryuieit Bosiabl. B oT/mmame 0T OqHOPOIHOTO CTEPXKHS, OUCAHIE Pe-
[IEHW TUMA KBa3UOErymeil BOTHBI OKA3bIBAETCS SKBUBAJIEHTHBIM OIMCAHUIO yIKe
BCEro IIPOCTPAHCTBA UMILY/IbCHBIX DEIIeHINIl HHIYIIMPOBAHHOIO OJHOIAPAMEeTpUIe-
ckoro cemeiictea ®IY Todeunoro rumna, GaKTOPU30BAHHOTO IO OTHOMIEHUIO SKBU-
BAJIEHTHOCTH, CBSI3AHHOTO C OIIPEEJIEHNEM DEIIEHUs] TUIA KBA3UOEryImeil BOTHBI.
CrarmoHapHbIe PenleHusl UCCIeLYyIOTCS HA YCTONTIMBOCTD.

Pabora mogmepxkamna Poccuiickum Ponmom Pynmamventanbusix cciaemosa-
muit (rpaat Ne 09-01-90200, rpart Ne 09-01-00324-a) m mporpaMmoii TIOIIEPKKHA
BeAymmx Hay4dHbX mkon (rpant HIT-3038.2008.1).
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6

AcuMmniToTuvdeckue npeacTaBiieHus pelneHuii guddpepeHnmuaabHbIX

ypaBHeHUi Buaa y(") = aop(t) T1 gai(y(i))
0

=

Bemozeposa M. A. (Onecckmii HAIIMOHAIBHBINH YHUBEDCHTET HMEHH
H. U. Meunukopa, Ykpanna)

PaccmarpuBaercs muddepennuaipuoe ypaBHeHHe
n—1
y" = aop(t) [T e:ts), (1)
i=0
B KoTopoM v € {—1,1}, p: [a,w[D —]0, +oo[ (—00 < a < w < +00), @; : Ay, —

10,+00[ (¢ = 0,...,n) — neupepbisable dynkuuu, Y; € {0,+o00}, Ay, — smbo
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npomesxyTok [yf, Yi[2) mbo — |Yi,y?]. Kpome Toro, mpejimoiaraeTcs, 4To Kavk iast
n3 bynxumit ¢; aBaserca npaBuibHO Mersomelica (cm. [3]) mpu z — Y; (2 € Ay;)
n—1
HOpsiiKA 0, IpudYeM y . o; 7# 1.
1=0
ONPEAEJEHUE 1. Pemenme y ypasmenua (1) Gymem massiBars P,(A0_;)-
pemerueM, tne —o0o < A0, < 400, ecsm

y o, 0l Ay, limyP () =i (i=0,.,n-1),

N el () MY
w (1) (n—2) - Snml
ey @)y ()

Bce mpasuibHO MeHstiomuecs nipu ¢ 1 w pemenust ypasaerus (1) aBastorcs
P, (X _,)-pemenusvu. Bosee Toro, P, (1)-pemenus (1) aBisiorcs GBICTPO MeHs-
omuvucs (cm. [3]) npu t T w Gyaxmmamm.

C yuerom Buma GYHKIHH o, ..., Pn_1 FCHO, uTO mast m06oro P,(Ad_1)-
pemenus ypasmerus (1) mveror mecto mpeacrapernus @;(y ! (t)) = [y (t)|7i oM
npu t T w. Takum o6paszom, ypasrenne (1) aBisiercs B HEKOTOPOM CMBIC/IE GJr3-
KUM K yDABHEHUIO

n—1
y™ = aop(t) [T 1y, (2)
=0

KOTOPOE BO3HMKAET BO MHOTUX OOJIACTSIX €CTECTBO3HAHUSI.

Jns ypasmenus (2) Bce P, (\)_,)-pemenns Gblam paHee IeTAaTbHO HCCIIE-
mosambl B [1, 2]. B nmammoii pabore mosy<ueHbl HEOOXOAUMBIE U JOCTATOYTHBIE
ycnosust cymectosamust P, (A _;)-pemenuit ypasnenus (1) B 0coGBIX ciryuasx

Y9293y 1 [
Myl Ipu ¢ T w TSt TAKUX PEIeHnil U UX ITPOM3BO/IHBIX /10 TIOPsSaKa N — 1 BKJIIIO-

N e€ {O 12, ”—_2} Takske yCTaHOBJIEHBI HESIBHBIE ACUMITTOTHYIECKHE (Hhop-

9IUTEJIbHO.
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CrekTpaJjibHble CBOICTBa 0GOGIIEHHBIX (PYHKINI M aCUMITOTUYECKIE
MEeTOAbl TEOPHUU BO3MY IIIE€HUH
Bemonocos B. C. (Uuacruryr martemarnku uum. C. JI. Cobonesa CO PAH, Poccns)

PaccmarpuBaercs BOIPOC O IIPUMEHEHUM aCUMITOTHYECKOI'O MeTo/ia
H. M. Kpnuiosa-H. H. Boromo6osa [1] k u3ydenuio ypasuenust uy = ef(t,u),

D IIpu w > 0 cuunraem, aro a > 0.
2 Ipu Y; = 400 (Y; = —oo) cumraem y? > 0 (y? < 0) coorsercrsenno.
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rae u(t) — byHKIMA CO 3HaUEHWAME B 0AHAXOBOM MPOCTPAHCTBE, f — Hempe-
poiBHBIHA 10 (t,u) HenmHEHHBIA omeparop, € — Masbli mapamerp. Hamomuunwm,
YUTO B OCHOBE METOJA JIEXKUT HAed O PA3JIOKEHWU peNleHuil Ha TJIABHBIN Me-
JIEHHBII apeiid u MaJible OBICTpble OCIMJIIAIINN: HINETCS TaKas 3aMeHa [IepeMeH-
ubix u = ®(t,v;e) = v+ Y p_, e¥pr(t,v), arobbt i (t,v) GblTH OrpanmYeHD! TIPH
t — 00, a MCXOHOE yPAaBHEHNE C TOYHOCTHIO JI0 CJIATAEMBIX MOPSIIKA £’ Iprobpe-
JIO BUI Uy = 622;3 e fir.(v). @yHKIHE v TPUOIMKEHHO OMMCHIBACT MeITCHHbIIl
npeiid, Ha KOTOPBIA «HAKJIAbIBAIOTCA» OBICTPHIE OCIUJLISIINN, 33/ [aBaeMble 0T00-
paxkenuem P.

CymiecTByromnre 000CHOBAaHUs JAHHOTO METO/a OOYCJIOBJIEHBI BECHMA JKECT-
kuMu orpanmdenuamu [2]. Omeparop f 0OBIYHO CYMTAETCA MEPUOAMIECKAM WJIH
TOYTH MEPUOJAVIECKUM T10 ¢, a Ps JOTIOJTHUTETHHBIX TpeOOBaHMI CBA3aH C TIpe-
OZI0JIEHHEM HM3BECTHON Ipob/IeMbl «MaJjblX 3HamMeHaTesneil» [3]. B mokmane npen-
Jlaraercs Apyras WHTepIpeTalnusa: B YPAaBHEHHM /Ul U JIOIYCKAIOTCHA HE TOJIHKO
ABTOHOMHBIE, HO TaK»Ke MeIJIeHHO ocumwumpyomue Gy fi(t,v). Crenens
ocIATIiA J1I060# (B ToM wmcse 0606mennoit) Gynkmun ¢(t) xapakrepusyercs
ee cexrpom o(g), TO ecth HOCUTEsIeM npeobpasosanus Pypwe F[g]|, mormmaemo-
T0 B CMBIC/IE Teopuu pacrpesesiennii. Kpome toro, B ¢dopmyne miss ¢ BmecTo &
BBIOUPAETCHA APYTO TIPOU3BOJILHBIN MaJIbI TapaMerp 0, XapaKTepu3yIouii Mac-
mrabd TPOCTPAHCTBEHHBIX MCKAXKEHUN [IPU 3aMeHe IIePEeMEeHHBbIX. Takoil 1oaxor,
TI03BOJISIET BOOOIE OCBOOOAUTHCS OT KAKUX-JIMO0 OTPDAHWYEHUI, 32 MCKIIIOYMEHIEeM
TpeboBaHmil K riIaakocTu GyHkmu f.

VYcranosneno, uro ecim f(¢,u) MMeeT HENPEPHIBHBIE W OrPAHUYEHHBIE IIPO-
usBoause D' f mopsakoB m < n + 1, To gma mo6oro w > 0 maiigercs 3aMena
IepeMEeHHBIX

u=v-+ chkwk(tw;fa(s),

k=1

TIPUBOAIIAS UCXOTHOE YPABHEHUE K BULLY Up = € EZ;S 8" fi(t, v; €, 8) ¢ TourOCTHIO
o ciaraemMbix mopsaka 0. Bee dymkimmu fi u ¢, a Takke UX TPOU3BOIHBIE
D, fi m Dy meupepbiBabl u orpanudenst, upudeM o(fi) C {\ : |A| < 2we/d},
(k) C{X\:|A] > we/d}. Ha mobom mpomexyTtre 0 < ¢ < T/ HOpMa pasHOCTH
MEXKJIy TOYHBIM U TPUO/IMKEHHBIM PEIIeHUsIMU OIEHUBAETCA CBEPXY BEJIMIUHON
C(T)6™. AbcrpakTHbIe PE3y/IbTaThl UILIIOCTPUPYIOTCS [IPUIOKEHUAMH K TEOPHU
MapaMeTPUYIECKOTO PE30HAHCA I HeJIMHEHHBIX TUIEPOOIMYECKUX yPABHEHUI.

Pabora Beimonaena npu durancosoit mogmepxkke PODU (komx mpoexra 09-01-
00221), IIpesupuyma PAH (nporpamma dynmamenranbHbix uccrenosanuit Ne 2,
mpoekT Ne 121) mw ABIIII Poco6pazosanus (mpoext 2.1.1.4918).

Crnucok Jureparypsbl
1

Kpwanoe H. M., Bozoawbos H. H. Bpenenue B Henuueiflnyw Mmexanuky. Kues: M3a-so
AH VCCP, 1937.

[2] Bozoatwbos H. H., Mumponoavckuti FO. A. AcuMnToTudeckue MeTOAbl B TEOPUU HEJIU-
HedHbIX Kosiebaunumii, uza-e 2-e. M.: Hayxka, 1974.

[3] Apnoavd B. H. MaremaTuveckune MeTOABI Kaaccu4ieckoi mexanuku. M.: Hayka, 1974.
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O6 acUMIITOTMYECKOM IOBE€eHNN TPACKTOPUI HEKOTOPBIX
KBaJpPaTUYHBIX OTOGparkeHni MII0CKOCTH
Benbmecosa C. C. (Huxkeropoackuii rocyjapCTBeHHbI yHUBEPCUTET
um. H. H. Jlobauesckoro, Poccusi)

Egpemosa JI. C. (Huxeropoackuii rocyfapCTBeHHbLH YHUBEDCHTET
um. H. H. Jlo6auesckoro, Poccusi)

s ogHOIIapaMeTpudecKoro ceMeicTBa KBaAPATHIHBIX OTOOPaKeHu! II0C-

koctu RZ:

Fu(z, y) = (zy, (z — U)Q)
npu kaxkaom g € (0, 1] ycTaHOBIEHO CyIecTBOBAHUE €TMHCTBEHHON NHBAPUAHTHON
KPHBOM, IPOXonsmeli aepe3 HenoABmKHyI0 Touky (4 + 1;1).

Haiinenrast meorpaHnyeHHas MHBAPUAHTHAS KPUBAs SIBJISETCS TIpaduUKOM
cTporo yObiBatomeii Ha naTepBaJe (i, +00) Gyrkmun. C nCmoIb30BaHIEeM YKA3aH-
HOU KPUBOI OIMCAHO aCUMOTOTUIECKOE IMIOBEIEHUE TPAEKTOPUIl TOUEK HEKOTOPHIX
HEOTPAHWYEHHBIX 00JIaCTell MepBOro KBAIPAHTA TJIIOCKOCTH.

JlaHo mMOJIHOE OmnMCaHWe JWHAMUKK HEBO3MYIEHHOTO oToOpaxkemwms Fy. B
9aCTHOCTH, JOKA3aHO, 9YTO B KaXKJIOM U3 OTKPBITHIX KBaapantos K; (i = 1,2,3,4)
cymecTByIOT croerusa L u L7 (k=1,2, j = 3,4) c aHATUTHYECKUMU CIIOAMU

Ir {(x;y):y:%,c>0} B K1, Ko,

I {(m;y):yz%,c<0} B K3, Ky;

npudeM CJI0eHud Lf u L;r WHBapPUAHTHBI; CJIOH l{r ABJIAETCA WHBAPUAHTHBIM,
npuaeMm J06as ero TOYKAa, 33 HMCK/IOYEHHWEM HEnoABmKkHOM Touku (1;1), aB-
JISeTCA TEePUONUYIECKON IIepMOma IBa. YCTAHOBJIEHO TaKyKe, YTO dYepe3 JIo-

6yro Touxky (z;y) € K; (i = 1,2,3,4) npoxXoauT eIWHCTBEHHAS MPAMAST
e = {(x;y) eR?:y=ka ke Rl} TaK, 4ro Juisd Jioboro k # 0 cupasenuBb
coorHomenust Fo(yi) =~ 1, Fo(y 1 ) = Yk, ¥ IpAMAS 1 ABIACTCS WHBAPUAHTHON

oTHOCTEIHHO Fy.

Yka3aHHbIE BbIIIE CBOMCTBa OTOOpaxKeHusi Fp 1mmo3Bosigior mepeiitu or Fp K
MIPSIMOMY TTPOM3BEIEHUIO OTOOPAKEHMI TPSMOM ¥ € €r0 TIOMOMIHIO TTOJTHOCTHIO OTIH-
CaTh aCHMIITOTHYECKOE MOBEICHNE TpaeKTopuii Fy, mpu 3ToM

1°. s moboit Touku (z; y) € {(z;y) : |y| < 2z } mMeroT MecTo pasencTsa

hm foyﬂ(x7 y) = 07 hm g(),n(x7 y) = 07
— 400 n—-+oo

2°. mma mo6oit rouku (x; y) € {(z;y) : [y| > 5 }, mmeror MecTo paBencTBa
lim |f0,n(x7 y)‘ = +OO7 lim goa”(:c7 y) = +OO7
n——+oo n—-+oo

rae fo,n ¥ go,n, — TIEPBas W BTOpasa KOOpAWHATHBIE hyHKIIN 1n-0it (n > 1)
urepanuu oTobpakenus Fj.

PaboTa BbITIOIHEHA TIpU YacTUYIHOM (uHancoBoil nmomaepxkke @A Pocobpa3zo-
Barame, OIII «Hayunsle u Hay9IHO-TIeIATOTHYECKUE KAIPHI MHHOBAIMOHHON Poc-
cum>, 2009-2011 rr., rpanr HK-13/9.
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Crucok Jureparypsl

[1] C. C. Beabmecora, JI. C. Ebpemoa. O k6a0pamuunsa omobpastCenuar HeKomopoao 00-
HONAPAMEMPUNECKO20 cemelicmen BAUKUL K HEBO3MYUennomYy omobpasicenuto, Tpynbt
MO®OTH, T. 2. Ne 2. 2010, C. 46-57.

CunrynsipHble BO3MYIIEHUsI cTelleHell oneparopa Jlamraca Ha Tope

Bensies A. A. (MI'Y um. M. B. Jlomonocosa, Poccusi)

IIycts T¢ — Top B d-mepmoM mpocrpamctse, u H*?(T?) — mpocrpancrsa
Cobonesa ma T?, rme —oco < s < 00, p > 1. B mpocrpancrse Lo(T?) paccmorpmm
oneparop Jlannaca Lou = Au. meem Lo > 0, m03TOMY KOPPEKTHO OIIPEIEIEHBI
TIOJIOKUTEIbHBIE CTEIEHH OmepaTopa Lo.

Msr u3ygaem omepaTop

Lu = —A%u + q(2)u,

neitcTRytommii & mpoctpanctre Lo(TY), roe g(x) — cunrymspras dyskmms n3
H*P(T%) ¢ HeraTMBHBIM HHIEKCOM LIAIKOCTH § < 0.

TEOPEMA 1. Quxcupyem npoussosvroe manoe € > 0 u 0603nawum

H=*%(T%), ecau a>d/2,

M. —
H-otsn/a ey a<d/2.

Tozda onepamop L moorcem 6vimvd Koppekmmo onpedener Memodom Cymm xeadpa-
munnos gopm. Boaee mozo, ecau qr(x) — 2aadxue dynryuu na mope T, maxue,
4mo

llgx — qllar, — 0O,

a Ly = A%+qi, mo L, — L 6 cmvicae pasromeproti pe3osseenmuot cxodumocmu.

TEOPEMA 2. Cnexmp onepamopa L duckpemmwil, a 0aa co6CMEEHHOT 3Ha-
wenuti Ay (L) enpasedausv, acumnmomuueckue Gopmyabe

)\k(L) = )\k(Lo) . [1 + 0(1)].

Cucmema cobemeennox u npucoedunernuns Gynkyud onepamopa L nosna 6 npo-
d
cmpancmee La(T?).

B moxazaTesbCTBaX UCMOMB3YIOTCA MeTOAbI pador [1, 2, 3].

Cnucok JauTeparypsbl

[1] Heiiman—3ane M. N., IIkanukos A. A., Oneparops! IlIpenuHrepa ¢ CHHIYJSAPHBIMU I10-
TEHLMAJIAMY U3 HPOCTPAHCTBA MyJbTUNINKaTopos// Marem. samerku T. 66, Ne 5 (1999),
C. 723-733.

[2] Neiman-zade M. I., Shkalikov A. A., Strongly Elliptic Operators with Singular

Coefficients// Russian Journal of Mathematical Physics, Vol. 13, No. 1 (2006), P. 70—

78.

Bak Jx. I'., IIkanukos A. A., MyabruniaukaTopsl B ayaabHbrx npocrpancrsax CoGosesa

u oneparopsl LlIpenunrepa ¢ CHHIYJISIPHBIMU [OTEHIMAJIAMHE-pacnpenesenusamu// Marem.

samexn T. 71, Ne 5 (2002), C. 643-651.
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06 ycToifiYuBOCTA B raMUJIBTOHOBBIX CHCTEMAaX C ABYMS$ CTEIIEHSIMU
cBOGOABI
Bubukos FO. H. (Canxr-Ilerep6yprckmii rocy1apcTBeHHDI YHUBEPCHTET,
Poccuns)

PaccmaTpuBaeTcsi BeleCTBEHHO-aHAIUTHYECKAsi TaMUJIBbTOHOBA CHCTEMA C
BYMs CTEIIEHAME CBODOIbI B OKPECTHOCTH II0JIOXKEHHUS DABHOBECHS B HAYaJIe KO-
ODIMHAT.

Tycrs ramunsronnan uveer Bug H = H° + H! ¢ meBo3mymenHoii acTbio

O = 2L (37 4 mg?) — 22 93
rme A1 > 0, A2 > 0, am > 1, n > 1—muarypaspuble gyncia. Pazioxenne Bo3-
mymenust H! 1o cremensm pi, qi, p2, @2 He COTEPIKUT TICHOB TIOPSIKA HUYKE
2N +|k—£|+1, rne N — manmenbimee obmee kpaTHoe auces m un, N = ml = nk,
€cJId, PAcCMaTPUBas P1 KaK BeJIMYUHY {-I0 U3MepEeHHs, a IIePeMEeHHYIO P2 KaK Be-
JIMYUHY Kk-TO M3MepeHWsi, TPUTINCAThH TTEPEMEHHBIM (1, g2 W3MepeHue, pasHoe N.

Cayqan, Korga XOTsl OBl OJHO M3 IMCeJ M WM 1 PABHO 1, paCCMOTPEHBI B
paborax B. 1. Aprnonbna—FO. Mosepa (cm. [1]) u A. I. Cokonbckoro [2].

JlokazaHbl IBE TEOpEMBI:

"+ TLQQ)

TEOPEMA 1. Ecau n # m, mo noaoscenue pasrosecus ycmouwuso no Jsa-
nYHOBY.

TEOPEMA 2. Ecau n = m, mo noaodceHue PasHOBECUA YCAOBHO YCMOUHUBO
no JIanynosy 0as HaUaAbHBT JaHHBT, Yooesemeopatouur yeaosuto H # 0.

VccnenoBaHa Tak:XKe YCTONYIMBOCTH HA MOBEpPXHOCTH ypoBHA H = 0.

Orta paboTa BhIMOMHEHA TipU ToAIepKkKe PO®U, rpant 09-01-00734(a).

Crucok Jureparypsl

[1] Aprnoavd B. U. MaTemaTndeckue MeTOAbl Kaaccu4ieckoit mexannku M.:Hayka, 1989.

[2] Coxoavcruti A. I O6 ycTOHIMBOCTH AaBTOHOMHON raMUJIBTOHOBON CHCTEMBI C JABYMs CTEIe-
HAMU CBOGOIBI IPK PE30HAHCE MepBOro nopaaka // IIpukiagHas MaTeMaTUKa U MEXaHUKA.
1977. T. 41. Botn. 1. ¢.24-33.

[3] Bubuxoe FO. H. O6 yCTOWYMBOCTY NOJIO’KEHUSI PABHOBECHs CYIIECTBEHHO HEJIMHEHHBIX ra-
MUJIBTOHOBBIX CHUCTEM C JByMsl CTeNeHsMH CBOGOAnl // DnexkTpoHHbid KypHan <dudde-
peHIMAaJIbHbIE YPDABHEHHU U IPOLECCHl ynpasieHus>. 2010. Ne 4. ¢.26-32.

N3somonoapomusie nedopmanun ManbsrpaH>ka

Bubusno IO. II. (BIID, Poccusi)

PaccMorpuBaeTca ceMeHCTBO CHCTeM JIMHEHHBIX 1. Y., KOTOPOe ToJa0MOPdHO
3aBucuT OT HabOpa mapamerpos t € D(t0),

dy_A - n T+l j t)
2= (2, 1)y, A(Z,t)*zz (z —a;()* ZA v

j=1 k=1

ITpm sToM momyckaercs, 910 (1) mMeeT UppPeryIapHbIe pe30HAHCHBIE OCOOEHHOCTH,
10 ectb (1) He sBigeTCH cucTEMOi 06IIEro MoI0KeHusl.
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OnpeneEHUE 1. Cewmeiictso (1) Gymem Ha3bIBaTH JOMyCTHMON medopMarui-
eit cucremsr dy/dz = A(z,t%)y, eciiu BBIIOIHEHBI CIEIYIONIIE YCIOBHS.

1°. ai(t), ..., an(t) romomopdusr, u a;(t) # a;(t), vt € D(t°).

2°. Bce panrn Ilyankape (1) MUHUMAJIBHBI 1 TIOCTOSTHHBL TIO {.

3°. Ilpm medbopmamun cexropa CTOKCA MEPEXOAAT APYT B APYTa MAPATLIETH-
HBIM LIEPEHOCOM.

OnPEJENEHUE 2. Tomycrumas medopmarms (1) cucremsr dy/dz = A(z,t°)y
Ha3bIBAETCA M30MOHOIPOMHOM, ecimm jid KaXKA0T0 3HaYeHud t € D(to) HalimeTCa
dbynnamenrtansHoe pemtenve Y (z,t) cucremst (1) Takoe, 9TO BBIIOJHEHBL CIIEYIO-
M€ YCJIOBHUS.

1°. IIpencraBieHmeM MOHOAPOMUM, OTIPEIEIeHHOE Ipu oMo Y (2, t), coB-
HaaeT ¢ IpeACcTaBIeHneM MOoHoapomun cucreMel dy/dz = A(z, t%)y.

2°. [l BCAKOW MpperyasapHoii ocobennocTn a;(t) maiimerca mabop dbynma-
MEHTAJIBHBIX pemennii Yy = Y, ...,Yﬁ}i, TAKOM YTO COOTBETCTBYIOIIU
rabop marpun, CTOKCa HE 3aBUCHUT OT .

B cayuae m30MOHOZPOMHBIX IedOopMaruii CUCTEM C UPPETYJISIPHBIMHU PE30-
HAHCHBIMHA OCOOEHHOCTSIMHY CIIPABEINBA CJIeIyI0IIasi TEOPEMA, XOPOIIO N3BECTHAS
111 GYKCOBBIX CHCTEM M UPPErY/ISPHBIX CUCTEM OOIIEro IIOJI0KEHUS.

TeoOPEMA 1. Jonycmuman dedopmavua (1), t = (a1, ..., an), Aeaaemea u3o-
MOHOOPOMHOT 0206 U MOABKO M020a, K020a cyuwecmeyem 20a0mopdras 1-popma
W, MmaKa, 4mo

1°. w = A(z,t)dz, npu waoscdom Purcuposannom 3nauenuy napamempa t €
D(t%);
2°. dw=wAw.

B noknane ommceiBaercs obmuii Bu Takoit qud depeHnuaibHoi hopMbl w U
HEKOTODbIE YaCTHBIE CJLyYau.

O6mwmit Bux qud depenpaabaoit GOpMBI W NUCIOIB3YETCS IS U3y ICHUsT pe-
3yJILTATOB W30MOHOPOMHOIO CJIMSIHUS UPPETYJIAPHBIX 0Co0bIX Touek. Joka3ana
TeopeMa 0 TOM, YTO Pe3y/IbTATOM HOPMAJIU30BAHHOI'O M30MOHOIPOMHOIO CJIUSHUS
HEPE30HAHCHBIX MPPETY/ISIPHBIX TOYEK CHCTEMBI 2 X 2 HE MOMKET OBITH CHCTEMA C
PAa3BeTBIEHHBIMU OCOOEHHOCTAMMU.

Pabora Bbinosinena 1nipu mojiepxkke rpanra Ilpesumenta Poccutickoit @ee-
parmu it TOCYJQPCTBEHHONW TOIEPIKKHA MOJIOABIX poccuiickux yuaerbrx (MK-
4270.2011.1).

Crnucok JuTeparypsbl

[1] D. V. Anosov. Concerning the definition of isomonodromic deformation of Fuchsian
systems // Ulmer Seminaire Euber Funktionalysis und Differentialgleichungen. 1997.
Ne 2 C. 1-12.

[2] A. A. Boaubpyzx. O6paTHbIe 330341 MOHOAPOMUHM B AHAJIUTUYIECKON Teopun muddepen-
nuaJbHbIX ypasaenuii. M.: MITHMO, 2009.
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O napamMeTpuYecKOM OIMMCAHUN MHOXKECTBa JOCTUXKUMOCTU
TpeXMepHOIl HEeJIMHEMHON yHpaBJseMoOi CUCTEMbI
Bonzgapenko H. B. (Mockosckuii rocygapcrsennntii yuusepcurer, Poccust)
I'puropnesa 3. B. (Texas Woman’s University, CIIIA)

Xatinos E. H. (Mockoscknii I'ocymapcrsennsiii yausepcuret, Poccust)

B pabote paccMaTprBaeTCst yIpaBJIsieMbIil IPOIECC GMOJIOTMIECKON OYUNCTKI
CTOYHBIX BOJ, KOTODBIN Ha 33JAHHOM OTPE3Ke BPEMEHN OIMCHIBAETCS HeJIMHEHHOM
cucteMoit Tpex auddepeHImaIbHbIX yPABHEHIHN CO CKAISPHBIM yrpasiaeraueMm. Ha
3TO yIpaBJIeHWE HAKJIAJBIBAETCS OTPAHWYEHNE B BHUIE OTpe3ka. BCeBO3MOKHBIE
u3Mepumble 10 Jlebery yHKIWE, IpUHUMAIOINE CBOM 3HAYEHUS M3 TOTO Orpa-
HUYUBAIONIEr0 OTPe3Ka, 00pa3yioT JOIMyCTUMBbIE YIIPAB/ICHHUS.

TlepBoe ypaBHeHME MCXOIHOM CHCTEMBI OMUCHIBAET M3MEHEHNE KOHIIEHTPAIIIN
KHCJIOPOJa B OYHCTHOM YCTPOMCTBE, BTOPOE — M3MEHEHHe KOHIIEHTPAIMH 3arpsi3-
HSIOIUX BEM[ECTB, TPEThe — N3MEHEHNEe KOHIIEHTPAINN ad9POOHBIX MUKPOOPTaHN3-
MOB.

CHavasia yCTAaHABIMBAETCS IPOJOJIKUMOCTh HA 33JaHHBIN BPEMEHHON OTpe-
30K pelieHuil pacCMaTPUBAEMON CHCTEMBI, OTBEYAIOIINX IIPOU3BOJIHHOMY IIOILY-
ctuMomy yrpaiennio. OGOCHOBBIBAETCS UX MOJIOKUTEILHOCTH ¥ OTPAHNYEHHOCTh
BCIOJLy Ha 9TOM OTpE3Ke.

BareM 1 UCXOMHON CUCTEMBbI BBOIUTCH MHOXKeCTBO moctrkumoctu. OHO
OKAa3bIBAETCS KOMITAKTHBIM MHOXKECTBOM, PACIIOJIOKEHHBIM B [TOJIOXKUTEIHHOM Op-
tanTe. [y MCCIe0BAHUS IPAHUIBI TAKOTO MHOYKECTBA IIPUBJIEKAETCS IIPHHIINIL
vakcumyma IlorTpsaruna. C ero moMoIbIO MMOKa3bIBAETCH, YTO KaXKJIOM TOYKe
TPAHMIIBI MHOXKECTBA TOCTUKHUMOCTH OTBEYIAET KYCOUHO-ITOCTOSTHHOE YIIPABJICHE,
NpUHUMAIOIIee KpaiiHue 3HAYMEHNs U3 OUPAHUYNBAIOIIEr0 OTPE3KA U MMeIolnee He
OoJtee ABYX MEPEKIIOUEHUN.

Tlocne wero BBOZATCST HEKOTOpHIE BCIIOMOTATEIbHBIE KOHCTPYKIMHM W M3yda-
10Tcs ux cBoiicTBa. OHU MOBOJISAIOT 3aT€M IIOCTPOUTH IIapAMETPHIECKOe OIMCAHME
MHOXKECTBA JOCTUKUMOCTH (€r0 BHYTPEHHOCTH ¥ I'PAHUIIBI) € TIOMOIIBIO MIEPEKIIIO-
YeHMI KYCOYHO-TIOCTOSTHHBIX YITPABJIEHUHN, TPUHUMAIOIINX KPAHNE 3HAYCHUS W3
orpanuamBaonero orpe3ka. OKa3bpIBaeTCs, ITO KAXKI0H BHYTPEHHEH TOYUKe TOro
MHO>KEeCTBA COOTBETCTBYET yKA3aHHOE YIPABJIEHNE POBHO C TPEMs: II€PEKIIIOIeH-
SIMH, & KaXKJO0H TPAHITHON TOUKE OTBEYAET TAKOE YIIDABJIEHME C He OoJiee IBYMsT
TIePEKTIOYCHU M.

YcTaHoBIEHHOE TTAPAMETPUIECKOE OIKMCAHNE MHOXKECTBA JOCTUKUMOCTH IIPH-
MEHSIETCS B IPUOIMAKEHHBIX PENIeHIX 33,429 ONTHMAJILHOTO YIIPABJICHUS IS PAC-
CMAaTPUBAEMOU CHACTEMBI.

O GecKkOHeYHOMEpPHBIX rpynmnax JIu B rugpoanHaMuKe Bpaliaiolleincs
KUJKOCTH
Boceix H. FO.
Yynaxuua A. II. (Iacruryr ruapomunavmku um. M. A. Jlabperrsesa CO PAH
HoBocubupckwuii rocyjapCTBeHHBIH YHUBEDPCATET)

VpaBHeHus IBUXKEHUS HECXKUMAEMON HEOJHOPOIHON YKUIKOCTH B IIPHUOJIH-
KEeHUM [-IJI0CKOCTU OLMCHIBAIOT MHOI'OMEPHbBIE KPYIHOMACIITAOHbIE JBUKEHUS
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CILJIONTHOM cpenpl B armocdepe u MUpPOBOM OKeaHe THIIA KPYIIHBIX BUXPEH, PHH-
roB, r1o6arbHbIX Teuernit [1, 2]. DTu ypaBHeHHa q0MyCcKaIOT B CMBICae Jlu OueHb
MIUPOKYI0 GECKOHEUHOMEDPHYIO TDYIIy JIu HempephIBHBIX mpeoGpasoBanmit [2].
3HaHue 3TOM IPYIIIIBL IO3BOJISIET CTPOUTDH IUPOKHE KJIACCHI TOYHBIX PENIeHHI MO-
JIeMPYIOIue BUXPEBbIE 3aKPy9IeHHbIE T€YEHHs THIA CMepYeil m Toprato [3].

JI1st TOCTPOEHMST PA3INIHBIX KJIACCOB TOYHBIX WHBAPWUAHTHBIX U YACTUTHO-
WHBAPUAHTHBIX pelreHnil muddepeHnajbHbIX yPaBHEHNN He0OX0IMMO IIepetnc-
JIeHHWe BCeX moaajre6p asredpst Jlu momyckaemoit ypasuenusMu rpynsl Jlu mpe-
06pa30BaHuil ¢ TOYHOCTHIO 10 BHYTPEHHNX aBTOMOPGU3MOB [4].

B pabore moxaszano, uro rpymnmna Jlu, momyckaemasi ypaBHEHHSIMH BPAIAfo-
mieiics KuaKocTu B npubsimzkennn S-1JI0CKOCTH, COAEPKUT B KAYECTBE IO/ PY IIIIbl
rpynmy muddeomopdnimos okpyxkuocTr. CtponTcs HAOOp mogaaredbp COOTBET-
cTByIoOLIeil 6eCKOHETHOMEPHOM aareOps! JIu ¢ TOYHOCTHIO 0 BHY TPEHHIX aBTOMOD-
du3mos. Uccnenyercs cBa3p OeckoHedHOMEDPHOU rpymmbl ¢ mpoussoanoil [Isap-
a u omeparopamu IItypma-JInysusuis [5]. IocTpoeHBI HOBBIE TOYHBIE DENIEHUSI
YPaBHEHMIT IUAPOAMHAMUKY [-IIOCKOCTH, comeprkamiue (yHKIMOHAIBHBIN IIPO-
u3Bos. CoorercrByiomue (GaKTOP-ypaBHEHUS CBOLATCH K HEOJHODPOIHBIM yPaB-
HernaMm Xorida, UCCIeIyeTCs TPUPO/Ia 00pA30BaHUsT CUHTY/ISPHOCTEH B PEITEeHNHN.
OTu penreHns ONUCHIBAIOT BOCXOASINNE BUXPEBBbIe IOTOKU U MMEIOT IIPUJIOKEHUS
B ¢usuke armocdepbl U OKeaHa.

Pabora Bemosmenus mpu dunancosoit momaepxke IIporpammer 14 O9MM-
I1Y, uarerpanmonnoro nmpoekta CO PAH Ne 65, PO®U (mpoekt Ne 08-01-00047),
MOH P® (rpanr Ne 2.1.1/3543).
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[3

VYHuuBepcanbHbII HEeJIMHEWHBIN aHaAIN3
Bprono A. /1. (UacruryT npukaagnoit maremarnku um. M. B. Kemaprma,
Poccns)

Pazpaboran HOBbBII HeJIMHEHHBIN aHAJIN3, OCHOBAHHBIN Ha CTEHNEHHON reoMmer-
puu [1, 2, 3]. On 103BO/ISIET BBIYKUC/IATD JOKAJIBHBIE U ACUMITOTHIECKHE PA3J10-
KCHIsS PENIeHN ypaBHEHUI TpeX KJIACCOB:

(A) anrebpamueckux,
(B) ob6biknoBenubIx nuddepennuanbubLX,
(C) B 9aCTHBIX MPOU3BOTHBIX,

a Takxke cucreM Takux ypasHeHuii. OCHOBHbBIE KOHIIEIIIUU W AJITOPUTMBI — 00-
mme [Ist BCeX KJIaccoB ypapHeHuil. Kpome Toro, njis Kax0ro Kjaacca ypaBHEHUN
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WCMOJIb3YIOTCS CBOM, JOTIOJIHATE/IHHBIE AJITOPUTMBI, B0 C/IOKHOCTH PEIIeHU BO3-
pacTaer mpu Iepexojie K yYPaBHEHUIM CJIEAYIOMNX KIaccoB. Tak, s aarebpan-
ueckoro ypaerenusi f(x,y) = 0 B6am3m ocoboit Toukn x = y = 0 Bce peureHust
Pa3JIaraioTcd B pAIbL
S
y=> ca’, (1)

rme mokasaresm s > (0 pammoHASBHBI, a KOIDDUIMEHTHI Cs MOCTOSH-
mol. s pemenuit y(x) obbikHOBeHHOrO muddepeHnnanbHOro ypaBHEHUS

flz,y,y .. .,y(")) = 0, rae f/ — MHOTOWIEH CBOMX APIyMEHTOB, UMEIOTCH CJIe-
JIYIOIe YeThipe THlla pasioxkeHuit suma (1):

1°. Cmenenmnvie, ¢ xkommwiekcubivu s, |Im s/ Res| < const u nocrosHubiMu
Cs-

2°. Cmenenno-nozapudmuneckue, Tae 8 — TE€ XKe, & Cs — MHOTOIIEHBI OT
Inz.

3°. Caooicnbie, TIE S — Te ¥Ke, & Cs — PAIBI IO yOBIBAIONIAM CTETeHsAM In .

4°. Dxzomumeckue, rae s — BEIIECTBEHHBIE, & Cs — DHAIBI IO CTEIIeHAM T'.

Kpome Toro, IMEIOTCA 9KCNOHEHUUAALHbLE PABTOKeHrs (THT 5)

Yy = Z by (I)Ckekq’(z),
k=0

rae by (z) m ¢(x) — crenennbie paapr, a C' — TPOW3BOJIbHAS TIOCTOSTHHAS; W IPYTHE
THITHL.

IIpuiioxkenusi. Kaace A. 1. MHOXKeCTBa yCTONYMBOCTA MHOTIOIIQPAMETDH-
geckux 3amad. Kaace B. 2. ACUMOTOTHKH M Da3/I0KEHHUs DEIIEHH ypaBHEHUN
Tlensiene [3] 3. Ilepunoguueckue ABMIKEHUsI CIIYyTHUKA, BOKPYI €ro LEHTPa Macc,
JBHKYLIETOCS TI0 SJUIUNTHIeCKOi opbure [4]. 4. HoBble CBOMCTBA JBUKEHHI BOJIU-
ka [5]. 5. CemelicTBa MepuOAMIECKUX PEIIEHU OrPAHMYIEHHON 321291 TPEX TEN ’
pacmpezenenne acteponsos [6, 7]. 6. nrerpupyemocts cucremsr OV [8]. Kaace

C. 7. Ilorpanuunstii csioi Ha urue [9]. 8. DBosonus TypGysenTHOrO Teuenus [10,
11].
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O6 acMMIITOTUYECKOM Pa3JIO2KE€HUN KOHTPACTHOI CTPYKTYPHI
IepeMEeHHOro TUMa JJIsi OJHOr0 KBAa3UCTalMOHAPHOI'O
nud depeHaIbHOrO YpaBHEHUS BTOPOTO IOPsAKa
Bykxanes E. E. (Mockosckuii rocyjapCTBeHHbI yHUBEPCUTET
um. M. B. Jlomonocosa, Poccust)

PaccMOTpHUM KpaeByio 3a/ady TepBOTO PO /A CJIeIYIONero CHHTYISPHO
BO3MYNIEHHOTO (10 MApaMeTpy €) KBasuauHeHHoro aud epeHnmanisHoro ypasHe-
HUA:

EYza = Yo (— 2y —x + §sint), (z,t) € (0,1) X R,

1
y(O,t,s) = _17 y(17t7€) = +17 teR ( )

Lora pemenns 3amaqu (1), mveromero Buj, KOHTPACTHOW CTPYKTYPBI IIEPEMEHHOTO
THUIA, OIy9YeHa aCUMIOTOTAYeCKas GopMyaa:

ACL‘O
2

yo(z,t,6) = — + (1 + AIO) th [(1 T Amo)m T -In(1 +Ax0)] (2)

2 2

B KOTOPOit Azg = Axo(t,€) — KOPEHb ypaBHEHWS:

€ 2
AZL‘O— 2+A1’0W|:

(24 Azo) (1 4+ Axo) exp{ LAIO ; sintH

= F(Axo,t,e), (3)
rae W(z) — dyuxuma Jlambepra, onpeae/nsemMas COOTHOUIEHUSIMU:
weV =z, x> —1/e, W = —1;
BesmauHa 7o = Mo (X, t, €) pasHa
no(z,t,e) = i (z — =zo(t,e) —ex1(t,€)),

rae

1 A 2 1
wolt,e) = gsint+ A, mte) = = 5= [(T) +5 7

MeTo/10M MPOCTHIX WTEPANM /T PEIeHns ypaBHeHus (3) IOCTpOeHa uTepa-
IUOHHASA IOC/IeJ0BATEIbHOCTD:

Az® _ —%sint, sint <
0 0, sint >

0 n n
0’ Amé - F(A:L‘g ),t,a), n =0, 00,
upu srom Az (t,e) = Az (t,€) + O™ In" 1 e).

Tounocts dopmyist (2) cocrasusier O(e):

y(x, t, 5) = yo(l’, t, 6) + 0(5)7

IpuYeM [jis COXPAHEHUs YTOM TOYHOCTHU B BhIpaxKeHuu auid Yo (&, t, £) BMecTo Ao
MOXKHO HCIIOJIb30BAThH AxEJ?)
Ora pabora BbioaHeHa 1pu noepxkke PO, rpanr 10-01-00319.
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[2] Byxoicanes E. E. ACHMITOTHYECKO€E PA3/IOXKEHNE KOHTPACTHON CTPYKTYPbI I€EPEMEHHOTO
tuna // MaTremaTudeckue MeTOAbI M MPUIOXKEHHs: Tpyabl NATHAIIATHIX MaTeMaTHUe-
ckux urennit PI'CY (28-31 susaps 2006 roza). M.: PT'CVY, 2006. C. 28-30.

HenpepsbiBHasi 3aBUCUMOCTDH OT [IapaMeTPOB MHOXKecTBa (pa30oBbIX
TPaAeKTOPUM yIIpaBJisieMOili UMITYJIbCHOI CUCTEMbI ¢ (pa30BbIMU
OrpaHNUYEHUSAMHU [0 YIIPABJIEHUIO
Bymraxos A. U. (Tam6oBCKHit roCyAapCTBEHHBIH YHABEDCUTET
nmenn I P. epxasuna, Poccnst)

Maumoruna E. B. (Tam60Bckuii rocysapCTBeHHBI yHUBEPCHTET
nmenn I P. Jlep>xkasuna, Poccnst)

Ouummosa O. B. (Tamb6oBckmii rocy1apcTBeHHbI YHUBEPCHTET
umenn I'. P. Jlepxasuna, Poccnst)

Hna dbopmynmmpoBku 3aja4u BBegeM ciaepyomue obosnadenus. [Tycrs R™ —
n-MepHOe BEKTOPHOE IIPOCTPAHCTBO ¢ HOpMOH | |, comp[R"] —mHOXKecTBO BCex
HEILyCTBIX KOMIIAKTOB IpocTpaHcTBa R™; K — MeTpuyeckoe IpoCTpaHCTBO.

Ilycrp 3amambr menpepbiBHag Gyakmms [ : [a,b] X R X R™ x K — R" u
HerpepsIBHOE 1m0 Xaycaopdy MHorosuaunoe orobpaxenue U : [a,b] X R" x K —
comp[R™]. PaccMOTprM ympaBisieMyIo CHCTEMY C MMITYJIbCHBIMHA BO3ICHCTBAAME

&(t) = f(t,z(t), & u(t), telab], €K,
u(t) € U(t,z(t),€), t€]la,b],
Ax(tr)) = Ie(x(tr),€), k=1,....p,
z(a) =xo (z0 €R"),

(1)

rae orobpaxkenust I, : R™ x K — R", k = 1,2, ..., p, uenpepsiBusl, A(z(tr)) =
z(ty +0) —
—z(tk), tx € (a,b], k=1,2,...,p.

i manHoit 3a7auM HaIEeHBl YCIOBHUS HENPEDPHIBHONW 3aBHCUMOCTH MHOXKe-
cTBa $Ha30BBIX TPAECKTOPHIl ympaBageMoii cucremsl (1) oT mapamerpos.

Pabora Beimosiaena npu dunamcosoit mogmepxke Poccuiickoro @onma Pyn-
mamvenTaababix Uccnemosanmii (rpant Ne 09-01-97503), MunrncrepcTsa 06pa3osa-
mug u nayku PO (ABIIII <Pa3suTne HAayTHOTO TOTEHIMAJIA BBICIIEH NIKOJIBIS,
npoekt Ne 2.1.1/9359; ®IIII «Hay4nble n HAy9HO-IEIATOrMIECKUE KAIPbl MWHHO-
Barmonnoit Poccrm ma 2009-2013 r.>, rockouTpaxkTsr 11688, Ne 14.740.11.0349,
Ne 14.740.11.0682; Temmmanm 1.8.11).
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O6parHas 3afa4a [ijis CHMMETPUYHOrO MOTeHInala Ha rpade-3Be3e
Byrepnn C. A. (Caparosckwnii rocyrusepcuret, Poccust)

IIycts B KOHEYHOMEPHOM €BKJIMIOBOM IIPOCTPAHCTBE 33aH KOMIIAKTHBIN
rpad Tuna 3Be3npl I', cocroammii m3 m pebep mmmmbl /2. Kaxmoe pebpo ma-
paMeTpm3oBaHO mepemenHoit z € [0,7/2], npuuem x = 0 Bcerma COOTBETCTBYET
BHYTPEHHE BEpIINHE.

Paccmorpum ma I kpaesyio 3anaay Hlrypma—/Inysuina L = L(q(z), h) ¢ oa-
HUM U TeM ¥Ke Ha BCeX pefpax BEeIeCTBeHHBIM IIOTEHINAIOM ¢(T), CTaHIAPTHBIMA
YCJIOBUSIMU CKJIEHKY BO BHYTPEHHEe BEPIIMHE U OJNHAKOBBIM KPAEBBIM yCJIOBHEM
BO BCEX I'DAHUYHBIX BEPIIUHAX:

T 3 _— s
—uf +al@ly =Ny, 0<e<g j=Tm g@el(05). O
y1(0) = 42(0) = ... = Y (0), 1(0) +95(0) + ...+ 91, (0) =0, (2)
e ™ . T
yé(i) n h-%‘(§) =0, j=T,m, heR 3)

TEOPEMA 1. Cobcmeennvie 3nauenus wpaecol 3adavu L seujecmeenmvl
u (6e3 yuema wkpammocnu) 06pA3yOM 603PACTNAIOULYI TOCAEIOBATREADHOCTTIL
D tnzo, npusicu

V)\TL:n+i+@7 {K;n}€l27 (4)
™ n

20e

w:2h+/2 q(x) dz.
0

IIpu smom 6ce cobecmeenHble 3HAUEHUA A2y, TPOCTNBLE, G A2p+1 UMENM KPAMHOCTND
m — 1.

Paccmorpum  ofparTHyio 3agady: 1O CHEKTPY {An}n>0 KpaeBoil 3amaun
L(g(x), h) maiitn noreanman ¢(x) n kosdduiment h rpaHUATHBIX yCIOBHIHA.

TEOPEMA 2. 3adanue cnexmpa {An}n>0 00n03HawHO onpedessiem nomenyu-
an q(x) u Kospduyuenm h 2panuuHHT Yca06ul.

Crenmyromast TeOpeMa JaeT KPUTEPHUil Pa3penrnMocT 00paTHOM 3a,1atH.

TEOPEMA 3. [Jasa mozo, 4mobb, npou3eoabhas nocaedosamenssbHocmb nonap-
HO PASAUMHBLT GEULECTNEENHBT “uces {An }n>0 A6AAAGCH cnexmpom (6e3 yuema
xpamuocmu) nexomopot xpaesoli 3adavu suda (1)—(3), neobrodumo u docmamo-
HO 6NOAHEHUE YCAo6UA (4).

IIpn m = 2 paccMaTpUBaeMBbIil CTydail CHMMETPHYIHOTO HOTEHIHATIA COBIA-
JlaeT C KJIACCMYeCKUM CJLy9aeM CHMMETPUYHOrO OTeHnmaIa Ha orpeske [1], [2]. B
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obmem ciydae obpaTHbIe 3a7aun s audPepeHnnaaIbHbBIX OIMePaTOPOB Ha IIPO-
M3BOJIBHBIX KOMITAKTHBIX I€PEBbax U rpadax ¢ mukaamu ndyvammcs B [1], [3] (cm.
TaKKe JIATEPATYPY TaM).

Pabora Bemosnena npu dunancoBoit nognep:xkke POOU u HHC, rpanrst
10-01-00099, 10-01-92001-HHC-a.
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O6 0COGEHHOCTAX ACUMIITOTUK MOTPAHCJIOMHBIX pelleHuii B
CUHTYJISPHO BO3MYIII€HHBIX 3a/ladaX ¢ KPaTHbBIM KOpPHEM
BBIPO>KI€HHOI'0 YPaBHEHUs
Byrysos B. @. (Pusnueckuii paxymprer MI'Y um. M. B. Jlomonocosa, Poccusi)

VcceoBanne CHATYISPHO BO3MYINEHHBIX 33189 B CIy9ae KPATHOTO KOPHS
BBIPOXKJIEHHOTO YPABHEHWS HAYAJIOCHh B Tocieanaue 3—4 roma. OGHAPY KMIOCh, 9TO
ACHMIITOTHKY TTOTPAHCIONHBIX PEIleHnil B 9TOM CIydae 00IIal0T PAIOM OCOOeH-
HOCTEI M0 CPABHEHWIO CO CJIyYaeM TPOCTOTO (OAHOKPATHOTO) KOPHS BBIPOYKICH-
HOTO YpaBHEHUS.

Paccmorpum B KadecTBe mpuMepa CHHTYISPHO BO3MYIIEHHYIO KPAaeByIO 3a/1a-

qy
2
52%+€A(x)%+f(u,m,s):0, 0<z<1, (1)
du du
== = 1 = 2
M. = 200 =0, )
rae f(u,z,€) = —h(u, z)(u—@(x))*+e fi(u, x, €), u, ClIeTOBATEIHHO, BEIPOK IEHHOE

YDaBHEHHME UMeeT ABYKPaTHBIA Kopenb u = ¢(x). B owmawme or ciaygas npocToro
KODHH BBIPOXKJEHHOTO yPABHEHU S, KOTa ACUMIITOTHIECKOE PA3JIOKEHNE PETTeHUsT
mpecTaBasger co0O0W Pl IO MEJIBIM CTETEHAM €, a TIOTPAHC/IONHbBIE MEPEMEHHBIE
AMEIOT BHJ
T l1-=z
€0 T 51 - e (3)
B JAHHOM CJIydae pasjioxkeHue pemenust 3amaan (1), (2) Begercss mo apoGHBIM
CTEMeHsM £, BHJI MOTPAHCIOWHBIX TIEPEMEHHBIX OTIMIAETCA OT (3) M 3aBUCHT OT
ko bunuenra A(z) u dyukuun fi(p(x),z,0). Eciu A(z) =0 u fi(p(z),z,0) >
O,Tofﬁo:%,&237436,aecnnA(m)>0,To§0:£,£1: -z
€ € € Ve
B mokmname OymyT paccMOTDPEHBI OCOOEHHOCTH ACHMITOTHUK IIOIDAHCJIOMHBIX
pemenwii 3amaau (1), (2) ans coy9aes ABYKPATHOTO W TPEXKPATHOTO KOPHS BbI-
POXKJIEHHOTO yDAaBHEHHsI, & TAKXKE B HEKOTOPBIX 33Ja9aX JJIsl yPABHEHUH C 9acT-
HBIMU [IPOU3BOJHBIMH.
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ITokazaTenu Bosas u kiaaccel pynknuii Bapa
Brerkos B. B. (Mockoscknii rocyaapctBennsiii yausepcuret, Poccns)

Tlokazaremm Bons (remepambubie, 0coObIe MOKA3ATEN) JTAHEHHONH 1-MepHOMH
cuctemsr & = A(t)r ¢ mempepbIBHBIMHI (He 06S3aTEIBHO OrpaHMYeHHBIME) HA R
ko3 dunumernTamu onpeneaaoTcs GopmMyIoi

Ap(A) =inf{A € R| sup [[Xa(t, 7),, lexp(AM(T —t)) <+oo}, k=1,....n,
t>7>0 k

rue L}, (A) — MHOXeCTBO 3HAUEHMI B TOUKE T T€X PEIIeHUil pacCMaTPUBAEMO CH-

cTeMsbl, I0Ka3aresu JIsAmyHoBa KOTOPBIX He IPEBOCXOLAT Kk-ro (B IOpsiaKe HeCTpo-

roro ybbiBanus) 1oKa3aress JlsiiyHoBa sroit cucremsl, a Xa(-, )| — cyxenue

onepatopa Komm cuctembr A Ha mommpocTpancTBo Lj cumtaem inf@) = +oco. B

ClIydae CHCTEMBI C OTPAHHIEeHHBIMY K03( PUIMeHTaMU BBeIeHHbIe BeTHINHBI COB-

HAJAI0T C oupejeseHapMu B [1].

TroPEMA 1. ITycms M — monosrozuneckoe npocmpancmeo, a A: RY x M —
EndR"™ — nenpepusnoe omobpasicenue. Tozda dasn ecaxozo k = 2,...,n Gynxyui
u— A (A(-, 1)) npunadaescum wemsepmomy xaaccy Bapa.

3AMEYAHUE 1. B cayuae k = 1 paccmarpuBaemast OyHKINUS IPUHAIEKUT
BTOpOMy Kjaccy Bapa [2].

CnenctBUE 1. Ecau M mempudyemo nosnot mempurotl, mo CYnHcenus 6CET
pynryuts p — A(A(,p), k=1,...,n, na nexomopoe 6c100y NAOMHOE MHOICE-
cmeo muna Gs HenpepvLeHoL.

TEOPEMA 2. /[laa awbozo n > 2 cywecmeyem makoe HEnpepberoe 0mob-
pasicenue A: RT x [0,1] — EndR", wmo dan ecaxozo k = 2,...,n @ynxyus
w— A(A(-, 1)) ne npunadaesrcum emopomy xkaaccy Bapa.

Crucok Jiureparypbl

[1] Muasuornwuros B. M. Hepemennas 3ana4a u3 T€0pun yCJI0OBHOH ycrofiunsocru // Ycne-
xu mMareMm. Hayk. 1991. T. 46, Ne 6. C. 204.

[2] Muasvonwuros B. M. Ilokasarennp Boss suHefiHOR cucreMbl, KO9DMUIMEHTHI KOTOPOil
MOryT 6biTh HeorpanudeHHsiMu // duddepenn. ypasaenus. 1991. T. 27, Ne 8. C. 1461—
1462.

O noJIMHOMMAJIBHBIX WHTErpajiax reofe3n<vecKoro noToka Ha
JABYMEPHOM TOp€e
Bamprit M. JI. (Yausepcurer Tess-Apusa, H3panip)
Muponos A. E. (Uacrutyt maremarukn um. C. JI. Co6onesa, Poccust)

Hamu mokazamo, 9To cymiecTBOBaHue IIOMHOMHAJIBHOTO WHTEIPAJIA IO MM-
Iy/IbCaM Te0fe3nIeCKOro MOTOKA Ha JBYMEPHOM TOPE SKBUBAJIEHTHO CYIIECTBOBA-
HUIO TIEPUOAUIECKUX PENIEHMI CUCTEMbI KBA3UIMHEHHBIX yPaBHEHUN. DTa crucreMa
ABJIAETCH [I0JIyIaMUIBTOHOBOM. DTO O3HAYAET, YTO B ruuepbosmaeckoit obiaacru
OHa MOYKET OBITH 3aIMCaHa B BU/Ie MHBAPUAHTOB PrMaHa u B BH/ie 3aKOHOB COXpa-
Henus. TakuMm 06pa30M B THIEPOOJTHIECKON 00/IACTH K 3TOM CUCTEME MOXKEeT OBITh
upumenes 0606wmennbiii merog rogorpada C. I1. Iapesa.
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B cayuae uaTerpasioB TpeTheil M 4eTBEPTOM CTEIIEHH 10 UMILYJIHCAM ITOKA3aHO,
9TO B JIIAMTUYECKUX OOJIACTIX TU MHTETrPAJIbl CBOASTCS M MHTErPAJIaM IePBOit
WJIN BTOPOM CTENeH!.

Crnucok JuTeparypsbl

[1] Bialy M., Mironov A. Rich quasi-linear system for integrable geodesic flows on 2-torus//
Discrete and Continuous Dynamical Systems — Series A. 2011. V. 29. Ne 1. P. 81-90.

2] Bialy M., Mironov A. Cubic and Quartic integrals for geodesic flow on 2-torus via system
of Hydrodynamic type // arxiv: 1101.3449.

O BBIPOXK/JEeHUM rapMOHNYECKUX KBAa3WIIOJUHOMOB, CBA3aHHBIX C
ypaBHenueM Illpeaunarepa
Baxynenko A. @. (IIOMH PAH, Poccust)

Paccmorpum ypasuenwne Illpenuurepa ¢ Hy/eBoi 3HEprueit
—Af(@) + q(@)f(z) = 0 (1)

r/ie [HOTeHIUAJl ¢ — BEIeCTBEeHHAs, [VIaJKasd MYHKIMA ¢ KOMIAKTHBIM HOCUTEIEM.
JIOTIOTHUTEILHO TIPE/IIOJIOKNM, YTO YPABHEHHE He MMeeT yOBIBAIONIUX PelIeHu.
Iycts n = 0,1,.... O6o3nauum gepe3 H,, npocTpancTso pemennit ypasaenns (1),
pacTymux Ha 6eCKOHeYHOCTH He GhicTpee, 9em |z|™. Pazmepnocts npoctpancts H,
He 3aBUCHUT OT ¢, pu ¢ = 0 3TO XOPOIIO M3BECTHBHIE TAPMOHUYIECKUE TOJMHOMBL.
DukcupyeM HEKOTOPYIO TOUKY G W OIpezen M JmHeiinoe orobpaxenue Fy,(a), co-
nocrasisist byuknunn f € H, ee CTpyio OpsiAKA . B TOYKE .

OnprEAEJNEHUE 1. Touka a Ha3bIBAETCS S-TOUKOM MTOPSI KA, 1, €CJIHA SIPO OTOO-
paxennsa F),(a) merpuBmanbroO.

IlepBoHavaabHO 3TH TOYKM BO3HUKIIN B CBA3U € 3d(HEKTOM moTepH yIpaB/is-
eMOCTH TP aHaJm3e 00paTHoi 3amaun BC-metomom. BriociencTBum BBISICHUIIOCH
[1], 9ro maTpunma paccesiaust omeparopa LllpenuHrepa, BBIYUC/IEHHAs B CUCTEME
KOODJIMHAT C HAYAJIOM B S-TOYIKE, HE JIOIyCKAeT CTaHmapTHOi (B cmbiciae P. Heio-
ToHa [2]) dbakTopmsanmm.

Ilogpobnoe ommcamme MHOMXKCTBA S-TOUEK IMOJIYYEHO [JIs DPaIUAJIBHO-
CHUMMETPUYIHOI'O IMOTEHIUAIA.

TEOPEMA 1. Mmnootcemeo s-mouex menycmo mozda u moavko mozda, Kozda
duckpemnuti cnexmp onepamopa Illpedunzepa ne nycm, 6 nocaednem caywae oro
npedcmasasem cobot Geckoneunvili Habop KOHUEHMPUYECKUT cfhep.

IlepByio gacTp Teopembl B 00meM Ciaydae yIagoCh 000OMIUTH TOJIBKO HA S-
TOYKH HYJIEBOTO TIOPsIIKA. B HAcTOsIEeM COOOIIEHNN MBI MIPEIOaraeM OMHCATH
BO3MOXKHYIO CTPYKTYPY MHOXKECTBA S-TOYEK U €€ IIPOSBJICHNE B CIEKTPAJIbHOMI
reopun oneparopa Ilpenunrepa.

Cnucok JauTeparypsbl

[1] Belishev M. I., Vakulenko A. F. s-Points in Three-Dimensional Acoustical Scattering //
SIAM J. Math. Analysis. 2010. V. 42. Ne 6. P. 2703-2720.

[2] Newton R. G. Inverse Schriodinger scattering in three dimensions. Texts and Monographs
in Physics. Springer-Verlag, Berlin, 1989.
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MHoronapaMmeTrpudeckne o6parHble CIIEKTPAJIbHbIE 3aa9U OJIs
OIIepaTOpoOB C PACTYIIMM CODCTBEHHBIM 3HAYEHUEM

Banees H. @. (Huacruryr maremarukn ¢ BIT YHIT PAH, Y¢a, Poccuz)

B cemapabessHOM run0epTOBOM TpOCTpaHCTBe H paccMaTrpuBaeTcs m-ma-
paMeTpHIecKoe CeMeHCTBO KOMIIAKTHBIX U CAMOCOIPAKEHHBIX OIIePATOPOB BUIA!

B(p) =Bo+p1Bi + ... + pmBm, pER™.

IIycTs )\i" > )\3' > .2 )\j' > ... > 0—monoXuTeabHbIe COOCTBEHHBIE
3HAYEHWsI, 3aHYMEPOBAHHBIE C YYeTOM KpATHOCTEH B TOpsAake yObIBaHU, a
AT <Ay <0<, £ ... £ 0—orpunarenbHble COOCTBEHHBIE 3HAYCHH OIle-

paropa B(p), 3aHyMepOBaHHBIE C YIETOM KPATHOCTEH B IMOPSIIKE BO3PACTAHMISL.
Lna omeparopa B(p) m3ywaerca ciemyiomas TOCTAHOBKA OODATHOHN CIIEK-
TPpaJbHON 33/1a49u.

3a1A49A 1. Tpebyerca naiitu p € R taxoii, 4T00bl HanIEpe 1, 3aJaHHbIE TUC-
Ja
- — — - + + + +
< prg <pg <o <py <0, py >pg >ps > >, >0

ObLIM OBl PABHBI COOTBETCTBYIONIUM COOCTBEHHBIM 3HAUEHUSIM

M <A <A3 <o <A <0, M SATSAT > > AL >0, kitke=m,
(1)

oneparopa B(p).
st 5TOM 3a71a7H CIpaBeIBO CJIEYIONee yTBEPK ACHHE.

TEOPEMA 1. ITyemv xoma 6o 044 001020 COGCMBEHHO20 3HA%EHUA /\]:.t uz (1)
BLINONHERD YCAOBUE

lim Ag(p) = oo. (2)
pP—o0
Tozda 06pamnan cnexmMpasvHaa 360a4%a UMEEM PeuLeHue.

Hamu Tak»ke 10/1y9eHbl HOBbIE PE3y/IbTaThl O CyIIECTBOBAHUYU PEIIEHUN MHO-
TOTIapaMeTPUIECKON 00paATHON CIEKTpaJbHON 3amaun it auddepeHma bHbIX
OIIePaTOPOB.

Ora pabora BbinosHeHa 1pu noaepxke PO, rpanr 09-01-00440-a.

Crucok Jureparypsl

[1] B. D. Sleeman, Multiparameter spectral theory and separation of variables, J. Phys. A:
Math. Theor. 41 (2008) 015209, 20 pp.

[2] H. @. Baaees, PerynspHble penieHus MHOTONAPAMETPUIECKO 06pATHON CIEKTPAJbHO
3ana4dn, MareMm. 3amerku, 85:6 (2009), 940—943.

KoppekTHocTh rpaHUYHON 3a/1a4M [JIsl IIOJTHOTO
muddepeHImaabHO-0IIEPATOPHOIO yPABHEHUSI TPETHEro MOPSAKA C
mepeMeHHBIMHU 006JIacTsIMU OINpeaelIeHUs
Bacmnescknii K. B. (Benopycckmii [ocymapcrsennniii Yausepcuret, Berapycs)

B rmmsGepToBom npocTpancTse H €O CKaIsAPHBIM MTPOU3BENEHHEM (-, +) U HOP-
MOH | - | HOKa3bIBAETCH KOPPEKTHOCTH BO MHOXKECTBE CJIA0bIX PELIeHUil IPAHIIHOM
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3a1a4u
—u® (1) + (Az(t) u' (1)) + A (t) W/ (£) + AAo(t)u = f(t), t €]0, T[, x>0, (1)
u(0) = v/(0) = u(T) =0, (2)
rae u u f — Heu3BecTHas U 3ajanHas HyHKIMU epeMeHHol ¢ co 3uadenusvu B H,
A;(t) — nuHeiHbIE HEOrPAHUYEHHBIE 3AMKHYThIE OIIEPATOPEL B H ¢ 3aBUCAIIUMIE OT
t m mnotabivu B H o6mactavu onpenenenns D(A;(t)), i = 0, 2.
IIpocrparcTBOM CJ1abbIX PpeEIIeHU SBJIAETCS TI'UILOEPTOBO MHPOCTPAHCTBO
HY = {u € H:u' € H = Lo(10, T[, H), u(0) = w(T) = 0} ¢ nopmoii
T 1/2
lull = (fy [lul® + '] dt) .
OnPEAENEHUE 1. Dyukiug u € H)) maspiBaerca craGbIM pelIeHHeM Tpa-

nuuaHof 3ajaun (1), (2) aus npasoit wactu f € H*~ = Ly(]0, T[, H; ™), ecm ona
YZIOBJIETBOPSIET WHTETPATHLHOMY yPABHEHHUIO

/{(% S0<3>) + (v, AT (1) — A5()¢") + A(u, Ag(t)np)}dt :/(f, tp><t)dt
,I(J'ISIOBCGX ’

pe®={peM : pt) € D(A;(1)) N D(AI(1), ¢’ (t) € D(A3(1)), t € [0,T};
P €M, i =T,3; A (t)p, As(t)p’ € H,j=0,1; p(0) = o(T) = ¢'(T) =0},

rme H; ™ — aHTHIBONWCTBEHHBIE NMPOCTPAHCTBA K THIHLOEPTOBBIM TIPOCTPAHCTBAM
H;" — zamprkanmam muoxects D(AG(t)) mo mopmam (v)y = +/Re(Aj(t)v,v),
(-, ) (1) — moiyropasuueiinas GopMa AHTUIABOMCTBEHHOCTH MEXKIY H'" u H ™,
Aj(t) : H D D(Aj(t)) — H — coupsixerHsle omepatops! kK oneparopam A;(t) :
H > D(A;(t)) —» H, i =0,2.

CymecrBoBanue cnabbix pemennii 3agaqun (1), (2) mokasbIBaeTCs ¢ IOMOMIBIO
npoexkimonHoi Teopembl 2K.-JI. JInoHCa, equHCTBEHHOCTHh — 0D00IIEHEM MeToIa
pa6orsr [1].

Hoxam ocHoBaH Ha coBMecTHOI pabore ¢ @. E. JIoMoBIeBbIM.

Cnucok JauTeparypsbl

[1] Bacuaescxuti K. B., Jlomoeues @. E. JuddepeHnuanbHoe ypaBHEHHE IIEPBOrO NOPALKA
C nepeMeHHbIMHU O6GJIACTAMH OIPEeNe/IeHUsl KyCOYHO-INIAAKUX ONePAaTOPHBIX KO3dbunuen-
ros// Hoknaner Axanemun Hayk P®. 2008. T. 423. Ne 5. ¢. 583-587.

HccnenoBanme Ha yCTONYNBOCTD COCTOSIHUSI PABHOBECUSI OJHOM
cucremsl aud pepeHnmanbHbIX ypaBHEHU ¢ napaMeTrpamMu
Bacmaves M. J1. (Cesepo-Bocrounsrit ¢penepanpubii yausepcuret, Poccnst)

PaccmarpuBaercs cucrema aud depeHInaabHbIX YPABHEHWH BUIA
ii?1 = 131(1 — T — bIQ - al’S),
T2 = 22(1 — bx1 — z2 — axs), (1)
3 = —z3(k — ar1 — az2 — x3),
rje a, b, k — noJioxkuresibHbIE ITIOCTOSHHbIE.
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JlanHyio cucreMy ypaBHEHHi, TIPU OIIpe/IeJIeHHBIX YIPOIMICHUAX, MOKHO pac-
CMaTpPHBaTh KaK MaTeMaTHIeCKylOo MOAETb B3aHMOAEHCTBHA HEKOTODPLIX MOILy/Is-
it [1].

PesynbraroMm paboThl sBIAETCA HCCIEIOBAaHUE COCTOSHUsA pasHoBecuss M ¢
[OJI0KHUTEJIbHBIME KOODJMHATAMYU HAa yCTOWYMBOCTH 10 JlamyHoBy [2, 3].

Cocrostnue papHOBecusi M MMeeT KOOPIMHATHI

L1 D3

A y L3 = A )

roe A = (1-b)(14+b—2a%), A1 = Ay = (1-b)(1—ak), Az = (1—b)[(14b)k—2a).
B cucremy ypasuenuii (1) BBeeM C/IeIyIOMyIo 3aMEHY TT€PEMEHHBIX:

* *
T = Tg =

1 =21 +y1, T2=x5+Y2, T3=2x3+Ys.
Torna mosyduM cucremMy ypaBHEHUN
91 = (2T +y1)(—y1 — by2 — ays),
Yo = (x5 + y2)(=by1 — y2 — ays), (2)
93 = (x5 + y3)(ay1 + aya + ys3)-
TaK KaK COCTOdHUue paBHOBeCI/IH M I/ICCHeI[yeM C IIOJIO2KUTEJIbHBIMAX KOOpﬂI/I-
HaTaMI/I, TO OJOJIZKHbBI 6])ITI) BbIIIOJ/IHEHDbI HepaBeHCTBa:

(1 —ak)(1+b—2a) >0, [(1+b)k—2a)(1+b—2a°)>0. (3)
TrOPEMA 1. Myems b < 1, b < 24> —1 u k > %. Tozda cywe-

cmeyem cocmoanue pasnosecua M ¢ nososcumesbHuMy £K00pOURAMaAMU, U OHO
ACUMNMOMUNECKY, YCMOTUYUBO.

TEOPEMA 2. ITyems b < 1, b < 2> —1 u k = %. Tozda cywe-
cmeyem cocmoanue pasrosecus M ¢ nososcumesbHumy K00pouramam, U 0HO
YCmotuuueo.

TEOPEMA 3. ITyemv b=1,a>1 u k > % = 1. Toada cyuwecmeyem
cocmoanue pasrosecus M ¢ nosorcumesbHuMy K00pOUHAMAMU, U OHO YCTMOUYU-
60.

TEOPEMA 4. IIyemv b =1, a > 1, k = 1. Toeda cywecmsyem cocmoanue
pasHosecus M ¢ noaoscumesvrvmu K00pOUHAMAMU, U OHO YCMOUYUBO.

Crnucok Jureparypsbl

[1] May R. M., Leonard W. J. Nonlinear aspects of competition between three species //
SIAM J. Appl. Math. 1975. vol. 29. P. 243-252.

[2] JIanynos A. M. O6masn 3ana4a 06 ycroitunsocru nsuzkenusi, M.; JI.: Tocrexusnar, 1947.

[3] Copporos E. T. YcToWunBOCT ABTOHOMHBIX CUCTEM B KPUTHUIECKHX CJydasx, Hosocu-
6upck: Hayxka, 2000.

Kouimoroposckue nonepedynuku BecoBbix kjaccoB CobosieBa Ha
obJracTu ¢ ycJIoOBUEM I'MOKOro KOHYyca
BacmapeBa A. A. (MockoBcknit rocymapcTsennsiii yansepcuret, Poccust)

Yepes dn (M, X) Gymem 0603HAYATH KOJIMOTOPOBCKHUI MOTEPETHUK MHOMKE-
crBa M B npocrpancrse X (cm. [1]).
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OnpeAEAEHUE 1. IIycts Q C R? — orpammuenmas o6macts, a > 0. Bymem
rosoputb, aro {2 € FC(a), ecim maiinercs Touka . € () Takas, 9T0 a1s JI060TO0
x € § cymecTByer KpuBast v, : [0, T(z)] — Q co ciaenyommmu cBoiicTBaMu: v, €
ACI0, T(2)], |7z = 1 n. B, 72(0) = z, 7. (T(x)) = x«, mua moboro t € [0, T(x)]
3aMKHYTBIH map pagauyca at ¢ HEHTPOM B TOYKE 7Y (t) comepxurca B ).

Ecm Q € FC(a) mna mexoroporo a > 0, To £ yIOBIETBOPAET yCIOBUIO
rubKOro KoHyca. DKBUBAJIEHTHOE OLPEIEIeHNe JAHO B KHure [2].

IIycrs X, Y — muoxecrsa, fi, f2: X XY — Ry. Mot mmmenm fi(z, y) S

Y

fao(z, y), ecom

VyeY de(y) >0: Vz e X fi(z, y) < c(y) fo(z, v);
fiz, y) = fo(@, y) —ecmn fi(z, y) § folz, y) m folz, y) ? fi(z, y). Tyers g,
v: Q — Ry — usmepumbie dyukuuu, r € N. TTonoxum

Wig(@) ={f: Q=R V" f/gl» <1},

1 1\ !
wo = l[0flly <00}, 2= (f M f) .

Lqw(Q) = {f:Ifl d g »p

TEOPEMA 1. ITyems Q C RY — ozpanuuennan obaracmo, Q € FC(a), r € N,

1<p<oo,1<qg<oo 5+ é — % > 0. IIpednoaosicum maxoice, 4mo ecau
1

P
2

-

1<p<2<q<+oo,mo§7é%,aecnu2§p<q<+oo,mo§7é%4 <

i

1

q
IIyemsv g € Lo (92, Ry), v € Lg(Q, Ry) ydosaemesopatom 0dnomy u3 caedyrouus
ycaosul:

1°. 1
T

2°. q:ﬂu%—i—é<min{w7 1},
B

3°. f>q f<t+i<lut+i<i+i-1
4. B>q, §=5+,<1L
Toz0a
— da (W (), Ly (Q
i 2 Wes(@): Leol@) oy
n—00 dn(Wg[O: 1} ) LQ[07 1} ) r,d,q,p,a,a,3

ecau g, v € LT(Q) (em. [3]), mo

i V5(), Lan(@)
n—oo dn(Wzr[(L 1}d7 LQ[07 Hd) T, ¥

d,q,p

llgolls.

Ora pabora BbinosHeHna npu noggepxke PODU, rpanrer 09-01-00093 u 10-
01-00442.

Crnucok JuTeparypsbl

[1] Tumomupos B. M. Hekoropbie Bonpocs Teopun npubavkennit. M.: M3a-so MT'Y, 1976.
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uuit u reopemsl Baoxkenus. M.: Hayka, ®uzmariaur, 1996.

[3] Bacuavesa A. A. Kosmoroposckue momnepedHuku BecoBbix kjaccos CoGosesa Ha kyGe
// Tpynst UMM ¥YpO PAH. 2010. T. 16. Ne 4, C. 100-116.
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dkcTpeMasibHble PYHKIUYU KyOaTypHBIX (bOpMyJ1 B IIPOCTPAHCTBAaX
Cob6osteBa Ha MHOromepHoii cdepe
Backesuu B. JI. (Hucruryr maremaruxu um. C. JI. Co6onesa CO PAH, Poccust)

Ha emunnanoit chepe S C R", n > 2, paccmarpuBaioTcst KybarypHbie ¢Gop-
MyJ1bl, PyHKIMOHA/IBI IIOrPENIHOCTH KOTOPBIX MMEIOT CJIEAYIOIUii By

N N
1 . .
l =_- _ E : . () () } : -
( N, 90) On1 90(9) as / CJ()O(Q )7 0 €S, . Cj 1,
K Jj=1 Jj=1
roe op—1 — miomans S. Ilpenmosaraercst, 9TO MOABIHTErpaJsbHBIE (DYHKITHII

¢ = @0), tne 6 = z/r, x € R", r = |z|, upunajyexar npocrpaucrsy X (S)
cobosresckoro tuma Ha cdepe S [1]. IIpocrparcTso X3 (S) — 310 NOmosHEHNE CO-
BOKYIIHOCTH BCeX C(hepHIeCKuX IOJIMHOMOB II0 HOpMe

o (k) 1/2

. 1 2N
el X3S =2 [ o) db] + >N S lawa(o)
k=1 =1

On—1

Bmeck A = k(n+ k —2), o(k) = (n+ 2k — 2)% Yucyio r MOXKeT OBITH
u apobusiv, T > (n — 1)/4. Besmuunst ag(p) — sro xoadpdbunuenrst Pypoe B
PA3JI0KEHNH (p IO OPTOrOHAIBHOMY 0a3ucy u3 cepudecKux TapMOHUK. DKCTpe-
manbHas Gynkuus uy(0) yuakinponana Iy B X3 (S) onHo3HAYHO oumpejesseTcs

coorHowenuaMu [2]
llin | X5(5)°11% = (v, un) = llun | X5(S)|.

Ycranossmena dopmyma 00mero Buga KCTpeMasabHbIX (byHKmmi Trma un(0), a
TaKKe CBA3b ITUX DYHKIWMA cO ChepUIecKNMU HATYPATbHBIMU CIIAHHAMMA.

TEOPEMA 1. IIpu r > (n — 1)/4 sxcmpemansvrasn 6 X3(S) dynryua un(6)

N
Kybamyprol Popmyavl /tpdS = chyz(@(j)) npedcmasuma 6 eude caedy-

On—1 —
s J=l1

N .
rowet aunetinoti Kombunayuu: un(0) = w(@ | 6, ..., 00 = 3 ciu( | 69)),
j=1

2de waocdan Pymryua u(6 | Q(j)) IKCPEMAALHA OAA KYOAMYPHOT POPMYADL C

EOUHCTMBEHHDIM Y3AOM pdS = @(0@) u npedcmasuma 6 sude cAedyro-

n—

g
wez0 abCOAOMHO CTOOAULE20CA PAOG:

2r
In—1 173 *nk

u(®|09) = — 3" %(k) G- 09).

IHonrunom I'ezenbayapa GEC") (t) adecv nopmasusosan ycaosuem G,(C")(—}—l) =1.

Pabora Beimosmena npu noggepxke PODPU, rpant 11-01-00147.
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O nHesmHueliHbIxX quddepeHUAIbHBIX YPABHEHUSIX HEHTPAJIbHOIO THUIIA
c 00O0OLUIEHHBIM BO34€MCTBUEM B MpPaBoil 4acTu
Bemkyposa f. A. (Vpanbckwnit ¢penepanpabnii yausepcuret, Poccust)
Cecexknn A. H. (Hactutyt maremarnkn u mexanuku YpO PAH, Poccwms)

Paccmarpusaerca caenyomas 3agagua Komum

z(t) = f(t,z(t),z(t — 7),v(t)) + G(t,z(t — 7))z (t — 7)+
+ Q(t,z(t)x(t — ) + B(t, z(t))o(t), z(t) = o(t), t € [to — 7,t0]. (1)

Baecs t € [to, V], z(t) u v(t) coorBeTcTBEHHO M- U M-BeKTOP (GYHKIUM BpeMe-
mu, f(t,z,y,v) — n-sBekrop dynkuumsa u G(t,z), Q(¢,x), B(t,x) coorBercrBeHHO
n X n-, n X n- u n X m-Marpunsi-bysxnun, v(-) € BV, [to, V], tae BV, [to, VY]
obo3HaYaeT 6AHAXOBO MIPOCTPAHCTBO M-MEPHBIX BEKTOP-DYHKINH OrpaHTIeHHON
Bapuanum, 7 > 0 — mocrosHHOE 3anasapiBanue, ¢(t) — HAaYAIbHAL N-BEKTOD-
dbyHKIMS OrpaHWYIEHHON Bapuayn.

Ocobernnoctpio ypasuernus (1) gBisgercs TO, 9TO BO BTOPOM, TPETHEM U H€T-
BEPTOM CJ/IaraeMblX, HAXOAAIMXCA B LIPaBoil wactu ypasmenus (1), comepxkarcs
HEKOPPEKTHBIE OMEPAITAN YMHOXKEHUS PA3PBIBHBIX (DYHKIMA Ha 0000IEHHBIE.

Ilon pemennem ypasaenus (1) GyzeM moHUMATH BEKTOP-(DYHKIMIO OrpaHwm-
YeHHO Bapuanyy, ABJIAIONIYIOCA IOTOYEYHBIM IIPEJIEIOM II0CIEA0BATETLHOCTH
IIaJKUX permennii ypasHerus (1), TOpOXKIEHHOM MOCIeI0BATEIHHOCTHIO Map ab-
COJTIOTHO HENTPEPBIBHBIX (hyHKIUH, anmpOKCAMHAPYIOMUX (DYHKIAO OrPAHAIEHHON
Bapuanun v(t) u HavaabHyio Gynkumio ¢(t), ecau mpeaes1 MOCIeA0BATEIbHOCTI
pemennii () He 3aBuCHT OT cmocoba ammpokcuManuu Gyskmui v(t) m p(t).
VCeTaHOBIEHBI JOCTATOYHBIE YCIOBUS, 06ECIIEIMBAIOITE CyIECTBOBAHAE TAK OTIPe-
JIEJIEHHOTO PENIeHUsl W TIOJIy9€HO MHTErPAJIbHOE yPABHEHNE, ONMCHIBAOIIEE TAKOE
penierane. AHAJIOTMIHBIE BOTPOCH 71T OOBIKHOBEHHBIX (D (dHepPEHITANbHBIX yPaB-
HeHmii paccmarpuBamch B [1], a qia bynknnonansro-aud depernuaabHbIX ypas-
HeHMi B [2].

OTa paboTa BbInoaHEHA Ipu moaaepxkke PODI, rparr 10-01-00356.
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O cnekrpanbHbIx cBoiictBax 3aga4du [IIrypma—JInysuiias c
caMoIo/I06HBIM BECOM KaHTOPOBCKOI'O THIIA
Buaguvmupos A. A. (BII um. A. A. Jopomuunpina PAH, Poccus)
Ileiinax U. A. (MI'Y um. M. B. Jlomonocosa, Poccust)

Ussecren [1], [2] cremyromuii dakr:

TEOPEMA 1. B cay4ae TNOA0NHCUMEABHOCTIU CTEKMPAALHOZO TIOPAIKA
D €10,1) camonodobroti 0606wénnoti nepeoobpasnot P € L2[0,1] secosoti dymx-
yuu p = P € W;H0,1] cuumarowan dynryua N : (0, +00) — N cobemesenmois
3Ha%ERUT 2PaHUYHOT 3a0a4U

—y" = Apy =0,
y(0) = y(1) =0

umeem npu A — +00 aCUMNMOMUKY
N = AP - [s(In)) + o(1)],

2de s — HEKOMOPAA 3A6UCAULAA OM BB60PA BECA HENPEPBLEHAL NEPUOIUUECKAA
PYHKYUA.

OCHOBHOW 1eJIbIO [IOKJ/Ia/1a ABJIAETCH yCTAHOBJIECHUE B CJlydae BecOBOM (yHK-
AN KAHIMOPOBCKO20 MUNG CIIEAYIOIeN XapakTepu3anuu kodd dunuenTta s:

TEOPEMA 2. Ha ce0ém nepuode [0,v] dynryua s donyckaem npedcmasaenue

2de D — sviweykazarnolli cnexmpasvroit nopadox gynkuyuy P, a 0 — nexomopas
YUCTNO CUHLYAAPHAA HeYOvneawas PYHKUUA.

B wactHocTH, 3T0 aBTOMaTUYeCKM O3HA4YaeT CIPaBeIJINBOCTh IS BECOB pac-
CMATPUBAEMOrO KJIaCCa BHICKA3AHHOI B [3] rHmoTe3bI 0 HEHOCTOSHHOCTH (HYHKIIN
s.

Pabora mommepxkana PODIU, rpant Ne 10-01-00423.
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y4. cemun. IIOMH, 311 (2004), 190-213.

Brnamumupos A. A., Ileifimak . A., O 3adauwe Hetimana Oasn ypaswenus IImypma—

JTuysuars ¢ camonofobHbmM 6€COM KAHIMOPOECKO20 MUNG, arXiv:1102.4199.
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AcumMmnToTudyeckue cBOHCTBA pelleHUul IUKIJINIECKUX CUCTEM
aud depeHIuabHBIX yPaBHEHUH C MIPaBUJILHO U MeJIEHHO
MEHSIIOIUMUCS HeJIUHEeHHOCTAMU
Brnanosa E. C. (Opeccknit HAIMOHAIbHBII YHHBEPCHTET, YKPaWHA,)

PaccmarpuBaercs cucrema anddepeHnnansbHbIX ypPaBHEHHI

yi = aipi(t)piv1(yiv1) (i=1,n—1),
Yn = anpn(t)e1(y1),

(1)

B Koropoit a; € {—1,1} (i = 1,n), p; : [a,w[—]0, +00[ (¢ = 1,n) — HeupepbiBHbIE
byuxmm, —00 < a < w < 400, ¢; : A(YPY) =]0;4+00[ (i = I,n) — HerpepriBHO
b depenrupyembie u npaBuIbHO Mensiomuecs (cu. [1]) mpu y; — Y bynkuum
LOPANKOB 0; TaKWx, 4to ||, oy # 1, rme A(Y?) — mexoTopasg OJHOCTOPOHHSS
okpectaocTs Toukn Y, Y pasmo mubo 0, mu6o Foo.

IIpu n = 2 acUMOTOTUYECKUE IIPECTaB/IeHIs HEKOTOPHIX K/IaCCOB pelleHuit
TAKOI CUCTEMBI UCC/IEA0BAHbI B [2].

Pemenne (y;)j—; cucremsr (1), 3aarHH0e Ha IpoMexRyTKe [to, w[C [a,w], Oyaem

Ha3bBaTh Py, (A1, ..., An_1)-pemennem, ecim Iy HETO COOMIONAIOTCS YCIOBUS:
.  Yi(t)yiga (t)
() € A(YD) mpu t € [to,w], limy:(¢t) =Y, lim 2228 — Ay
yi(t) € AXYD) mpm ¢ € [to,w,  limy(t) i Dy ()

roe ¢t = 1,n—1.

Jns cucremsr (1) B caywae, xorma A; # 0, 1 = 1,n — 1, momy4yensr Heo6x01m-
MBI€ U IOCTATOYHBIE YCJI0BUA CymecTBoBanmsd Py, (A1, . .., Ay_1)-pemenwnii. Takxe,
npu t T w, MOJIyYeHbl ACHMITOTHYEKHE [IPECTAB/ICHUS BUIA:

i () — B () dr 0 ecm i €7
IO zﬁzJpz( )dr[1+ o(1)], €7,
® jpz(r)jpl(s)ds dr
=B d [1+0(1)], ecrm i € 7,
@Z-H(?JH-l(t)) f{pl(T) dr

rme J={ie{l,...,n} : 1 —ANjogst1 #0}, I ={1,..,n}\J, l = minJ, a 8; —
HEKOTODbIE TOYHO OIIpee/igeMble OTIIMIHBIE OT Hy/sd IOCTOSHHBIE,

B cayuasx, korga cpeau A; MMeIOTCS paBHBIE HYJIIO, aHAJOTUYHOTO THIIA Pe-
3yIBTATHI HOTyIeHEl IPH HEKOTOPHIX JOIOJHATE/TLHBIX OTPAHIICHATX.

Cnucok JauTeparypsbl
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T'pannna ycroiiunBoctu no JISiyHOBY B HEKOTOPBIX KJaccax
MOHOJPOMHBIX POCTKOB
Boponnn A. C. (Qenabunckuii rocygapcrsennpiii yaupepcurer, Poccus)
Mensenesa H. B. (Yensbuncknii rocymapcTsennsii yausepcuret, Poccnst)

B paGore ucnoss3yercst Tepmutosiorus [1]. Onpenesenust, cBsi3aHHbIE ¢ TUa-
rpammoii Heiorona, naust B [2]. IlocTpoeHs! qBa WieHa aCUMIOTOTHKE IIpeoGpa3o-
BaHUA MOHOJIPOMHH BEKTOPHOI'O HOJIS C MOHOJIPOMHON 0COD0M TOYKOM, uMeroniei
mmarpamMmMy HbIOTOHA, COCTOSIIIYIO M3 OHOTO WJIM JABYX YETHBIX pebep MpH yCJo-
Buu [-HeBbIpoXKeHHOCTH [3], a TaK:Ke NPHU HAJMYUM HEKOTOPHIX BBIPOXKEHUH.
IIpuBeneM 371€Ch OMH U3 MOCTIETHUX PE3Y/IBTATOB.

TEOPEMA 1. ITycmov V — eexmopHoe nose ¢ MoH0IPOMHOU 0c060T MowKkol U
¢ duazpammots Hotomona, cocmoaweti us deyz wemmnmz pebep £ u f ¢ noxasamens-
MU @ =m/n u&=m/n (necokpamumve Opobu), o < &, NPUYEM M HEYEMHO, N
wemmo. Ilycmo mmozounenw Fo(x,y) u Fy(z,y), coomeememeyrousue pebpam dua-
2pammo, Hotomona, ne umerom seuecmeensir npocmas muoocumenet. U nycmos
sunosnsemca ycaosue b — ma = 0, 2de (a,b) — eexmophuti KosfdPuyuenm eep-
wunst, coedunaroutet pebpa £ u ¢ duazpammv. Horomona. Tozda npeobpasosarue
monodpomuu ocobol mouxu (0,0) eexmoprozo noas V. umeem npu nodzodauwem
evbope Mpanceepcast, u, 6vmsb MOHCEM NocAe 00PAUEHUA BPEMEHU, ACUMTITO-
muxy euda A(p) = p(1+Cp+o(p)), p— 0, 2de

+o0 3
_ (1) (7, 1)
— o0 (0]

Yemosue b — ma = 0 o3HadYaeT, ITO B pe3y/IbTaTe PA3AYTHs OCOOEHHOCTH,
CBsI3aHHOTO ¢ jauarpaMmoii HbioToHa, Ha BKJIEEHHON KPUBOM IOABJIAETCI OCObast
TOYKA THUIIA <BbIPOXKAeHHOE ceyio>. Muoxecrso {C = 0} asnserca rpanuueii
YCTOWYIMBOCTH B PACCMATPUBAEMOM KJIACCE BEKTOPHBIX TOJEH (POCTKOB).

W3 mocTpoennsix GHoOpMysT MOTydeHbI HEKOTODBIE CIEICTBUs, WMEIOIINe OT-
HOTIEHNE K BOTIPOCY 06 aHAIMUTHUYIECKON PAa3PENIMMOCTH TTPOOIEMBI yCTONIHBOCTH
0COOBIX TOUEK BEKTOPHBIX IMOJIEH Ha IJIOCKOCTH. A UMEHHO, TPUBEIEHBI TIPUMEPHI,
KOTOPBIE TOKA3BIBAIOT, YTO KO3(h(UIIUEHTHI ITpeodpa30BaHus MOHOAPOMUM, 331~
IOIIVie TPAHUIIBI YCTOWUMBOCTH B KJIACCAX MOHOIPOMHBIX DOCTKOB U SIBJISTIOIIHAECST
AHAIATUIECKUMU (PYHKIUSAME OT KO3 PUITMEHTOB CTPYHW BHYTPHU KJIacCa, BOOOITE
rOBOPS HE TPOO/IKAIOTCA AHAIMTAYECKH HA TPAHUIBI KJIACCOB (M /1a’Ke MOTYT
WMETh PA3PBIBBI), HO TIPU 3TOM MOTYT CYIIE€CTBOBATH TOYKH MEPECETCHUS 3aMbIKA-
HUS TPAHUIBGI YCTOWYMBOCTU W TPAHUIBI MOHOIPOMHOTO KJjIacca. B Takmx Todrax
BO3MOYKHBI [TATOJIOTUN TPAHUIIBI YCTONYINBOCTH, XapPAKTEP KOTOPBIX JI0 CUX TIOD He
WCCTIeOBAH.

YHactuuno mnojagepxkano 1o rpantam POOU  10-01-00587-a u  DIII
02.740.110612.
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® yHKIIMOHAJIbHbIE NTHBAPUAHTHI POCTKOB MOJIyTUIIEPOOINYIECKUX
oTobparkeHuit

Boporun C. M. (Yensbunckunii rocymapcrsennsii yausepcuret, Poccrst)

@ommna I1. A. (Yenabunckuit rocynapcrsennsiii yansepcunret, Poccnst)

Pocrok romomopdmoro orobpaxenus F : (C?,0) — C2 0) 6ymzem Hasbl-
BaTh NOAY2UNEPOOAUNECKUM, ECITH OJUH U3 €r0 MYJIbTUILINKATOPOB — €IMHUIHBII,
a apyroit — rumepGommaeckmit. Hampumep, capur Fy = gb 33 eIUHATHOE BpeMs
BJ10JIb 110151 v = P! % + ya% — IOy rUmepOOTmIeCKuii.

OKAa3bIBACTCS, AHATUTHICCKAS KIACCU(DUKAIIS OTyTHIePOOTIIECKUX POCT-
kOB mMmeeT (byHKnmoHaTbEbIe Moy . C membio ympormenus GhOPMYIHPOBOK, MBI
OIMIIEM UX JJIs 9aCTHOTO Ciiydas (a MMEeHHO, jyid Kiaacca JF (popMasbHON SKBU-
BaJIEHTHOCTHU POCTKA Fp).

Hecnoxmo ipoBepuTh, 9TO KaXKABIH POCTOK U3 JF T010MOPdHOMN 3aMeHO mpu-

BOIUTCA K BALY
F i (2,y) = Fo(z,y) + (o(z"*1),0(a")), & — 0. (1)

IIycrs Fo — knacc pocrkos Buga (1). Isa pocrka m3 Fo OymeMm HA3bIBATH CMPO-
20 9KEUBAAEHHHLMU, €CJTA OJUH W3 HUX MOYKHO TIEPEBECTH B IPYTOH JIOKAJIbHOMN
zamenoii koopmunat Buna (z,y) — (z + o(z?), y + o(2?)), x — 0.

Paccmorpum kiace M, cocroamumii u3 nabopos (C, P4, ¥y, P, V), rne C €
CP, &4 u Uy (O u V) — mabopbl, KaXK/Iblii U3 KOTOPBIX COCTOUT u3 p (DYHKITHIA,
romomopbusx B (C?,0) (coorserctrenno, B (C,0)).

TEOPEMA 1. IIpocmpancmeo M asasemcs npocmpancmeom modyset 6 3a-
daue 0 cmpozotl anasumueckol kaaccupurayuu pocmros u3 Fo.

OtmernmM, 9TO:

1°. Pocrox F wumeer rojiomop¢gHOEe LEHTPaJIbHOE MHOroo0pasue ecjud u
ToIbKO ecnu C-KOMIIOHEHTa ero MOAyns — HyneBad. IIpu sroMm mapa
(®+(t,0), U (t,0)) aBaserca momynem [1] cyxenus pocrka F Ha ero
LEHTPAJIbHOE MHOr00Opas3ue.

2°. Pocrok F BruiouaeM (T. e. SIBJISieTCsl CABUIOM 33 €JUHUYHOE BpEMsi
BJIOJIb HEKOTOPOIO LOJISL ¥) €CIM U TOJbKO eciu KOMIOHeHThl Pi, Uy
ero moaysis — Hysesbie. Ilpu srom mapa (C, @) ecrs mogysnp Maprune—
Pamuca [2] coorsercrByiomero nosst v (a ¥ — moxyns MemepsikoBoi—
Teccoe [3, 4] sToro mons).

Pabora mognep:xana rpanrtamu OIIIT 02.740.110612 u PODI 10-01-00587-a.
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KBasukiaccudeckas 6miioKaansanysa U TPAHCIOPTAIUA B
HECUMMETPUYHON JABOWHON siMe
Bei6opnprii E. B. (MockOBCKHIT HHCTHTYT 3/IeKTPDOHHKH H MaTeMmaruku, Poccust)

I3yuaeTcss aCHMIITOTHKA BOJHOBLIX (byHKImii onepaTopa Hy = —(hid/dx)? +
V(z) npm h — 0 Ha OCH C IIAJKUM BENIECTBEHHBIM MOTEHITUAIOM V , MMEIOUIM
By aBoMHON simbl. IlycTts Ha ypoBHE sHeprum F kiaccumdeckast 00acTh JIBUKeE-
HUST SaCTHUITHI COCTOUT M3 JBYX KOHEUHBIX HHTEPBAIOB. B /i2-0KpeCcTHOCTH JAHHOr0
YPOBH# SHepruu ucciaenyercs 3GdexT MexbAMHON MPaHcnopmayuy: mepemMente-
HU€ YaCTHUIBI C BEPOSITHOCTHIO, OJIM3KONW K eIWHWIE, W3 OMHOM SIMBI B APYTYIO
depe3 pazzmesnsdionuil ux O6apbep. s ero peanmsarmu HEOOXOIUMO, UTOOBI CO-
OTBETCTBYIOIINE COOCTBEHHBIE COCTOsHUs omeparopa Hp Obuin 6us0Kkasu306aHYL
(cocpemoToUeHnl ¢ HEHYIEBOi BEPOATHOCTHIO CPa3y B ABYX amax mpu i — 0).

3sBectHo [1], 94T0 [yIst 3epKAIBHON CHMMETPHYHBIX ABYSIMHBIX IOTEHIINAJIOB
OuIoKaM3as U TPaHCHOPTAIUs AefCTBATE/IbHO UMeloT MecTo. Ho dbusudecku
MHTEPECHBI U HECHUMMETPUYHBIE TOTEHIMAIB! (CM., HanpuMep, B [2]). s Hekoro-
PBIX CIenUajIbHBIX IIPHMEPOB HECHMMMETPHUYHAs OMIOKaIN3aIms HAaOII01aIach B
aucsieHHOM dKkcnepumente [3]. B mameii pabore, ¢ ncnosb3osanuem uaeit [4], nan
KpUTEpHii OMIOKAIM3ANNY M TPAHCIIOPTAIMH [T OOIINX JIBYSIMHBIX TTOTEHIINAJIOB,
a Tak»Ke PACCMOTPEHBI HOBBIE KJIACCHI IIPIMEPOB.

Bamamum Ap = \/%exp (—% S/ Vi(z) - Edm) C TIOMOIIBIO TOT0ApPhEp-

HOro muTerpaia u mepuomos 1V, T2 KIacCHYecKoro ABMKEHHS B ABYX fMaX Ha
yposue E.

TEOPEMA 1. 1°. Credyrouue mpu ycao6us sK6USAAECHITIHDL:

o cbausu anepeuu E cywecmeyem 6uaoxaausosannoe cobcmeentoe
cocmoanue onepamopa Hy,

e 6 cnexmpe onepamopa Hy, 66ausu snepeuu E umeemca ,uncman-
MOHKAA“ NAPa Mouex, Paccmoanue Mexcoy KOmoPbLMY UMEET, o=
padox Ay,

e 6 cnexmpaz deyz onepamopos Llpedunzepa ¢ 00MOAMIBLMU NOTEN-
yuaaamu, cocmasamowumy V (), ebausu snepeuu E umeromca
mouku Ej u B}, paccmoanue mescdy KomopoLmu umeem nopador
Ap.

2°. B ycaosuazr 1 paccmoanue mesicdy monwkamy uHCmanmonnol napw, da-
emea dopmyaot Ap\/1+ (EZ — EL)2/AZ (1+ O(R)).

3°. Ecau |Ef — E|/An = O(h), mo ebausu E ¢ mownocmwvio O(h) npouc-
TOOUM MEINCTAMNAA MPArCNopmayus ¢ wacmomot 2y, /h.

Aptop 6maromapen M. B. KapaceBy 3a mocTaHoBKy 3aja4u U 06CY XK I€HUS.
Pabora Beimosimena npu nogaepxke PODPU, rpant 09-01-00606.
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JlokasibHas peryJjsipHOCTBb pEIIeHUii CHCTeMbl MarHUTHOM
TUAPOAUHAMUKY BOJIN3M MJIOCKOTO yJacTKa IPaHUIBI
Bamos B. A. (Canakr-Iletepbyprckmii rocyapcTBennblii yausepcuret, Poccrms)
HTunkua T. H. (Caskr-Ilerepbyprckoe oTmeseHne MaTeMATHIECKOTO HHCTHTYTA
um. B. A. Crexnosa, Poccus)

Jlok/1a/T TIOCBSAIIEH WCC/IEIOBAHUI0 KPUTEPUEB JIOKAIBHON DEryIspHOCTH pe-
IIEHW CUCTEMBI yPABHEHNH MAarHUTHON THAPOAMHAMUKYN BOIM3U IIJIOCKOTO YIaCT-
Ka I'PDaHUIIBI. ,HaHHaH CHUCTE€Ma OIIMChIBAET ABHUXKECHHE HpOBO,Z[HIl[eﬁ BA3KOI HECKU-
MaeMO KNIKOCTH B MalrHUTHOM IIOJIE€ B O6J'IaCTH OFpaHI/I‘{eHHOﬁ nuaeaJibHbIM IIPDO-
BOJHUKOM U MOXKET OBITH HHTEPIIPETHPOBAaHA Kak crucreMa ypasHenmii HaBbe—
CTokcCa, BO3MYIIIeHHAas BHENTHEN CHUION.

B nokmame o6CyKIaioTCs pa3/IndHbIE YCIOBUMA, JOCTATOYHBIE /11l HEIIPEPHIB-
HocTH TI0 [esTh/Iepy TOAXOISIUX CAA0BIX PENIeHUH CUCTEMBI B OKPECTHOCTH TOY-
KW, IIpAHAJJIEKAITEl IJIOCKOMY YIaCTKy I'DAHUIIBI, U IO3BOJILIONINE OIEHUTDh Xa-
ycaopd OBy Pa3MEPHOCTH MHOXKECTBA CHHTYJISIPHBIX TOUEK.

BuaaromapHocTu: Dta paboTa BHIMOJIHEHA TIPU TOIIEPKKE J1abopaTo-
pum mm II. JI. YeGoimesa (Maremarnko-mexanmaecknii dakymbrer, CamkT-
Ilerepbyprekmii rocymapcerBennsiiit yamsepeurer), rpant 11.G34.31.0026 npasu-
TenbcTBa Poccmiickoit @eneparmn.

Pa3sbuenune camonomobuoii pyHKImu Ha abGCOJIIOTHO HENPEPHIBHYIO U
CUHIYJISPHYIO YacTH
Taranos H. B. (MI'Y nm. M. B. Jlomonocosa, Poccust)

Paccmarpusarorcst camononobuble Henpepbisable GyHkuuu Ha orpeske [0, 1],
mopmuposanabie yeaopuamu f(0) = 0 m f(1) = 1. Yepes H o6o3nadmm MHOKE-
CTBO €caMONOAOOHBIX (DYHKIUHA, TPEICTABUMBIX B BH/IE CyMMBbI ABYX (DyHKIMA —
CHHLYJISPHON u a0CO/OTHO HenpepbiBHOU: [ = faps + fsing-

YcTaHOBIIEHBI CJIEAYIONINE CBOWCTBA CAaMOTOMO0HBIX (yHKImH Kaacca H.

TEOPEMA 1. Ecau f € H camonodobra, mo e€ abcosrommo HENpepueHas U
CUHRYAAPHAA 4ACMU fabs U fsing MoOdICE CaM0On0dobHb. [Tapamempo. camonodobus
IMULT GYHKUUT MaK0EDL:

1°. 0aa faps: ak, di, ck me cice, wmo u y f; wucaa Br NEPECUUMDBIEAIOMNCA
1o 3nauenuto fops(1) u no yerosuam nenpepueHocmu;

2°. 0aa fsing: ar, dr me oice, mo uy f; cx = 0; wucaa Br nepecwumoisaromes
10 3Ha%eHUI0 fsing(1) U no ycaosuam nenpepueHoCmU.
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TEOPEMA 2. Kaacc H moorcho onucamsv caedyrowum o6pazom:

H:B|_|{f|f:t093+f1, fi € A},

2de B — mHoorcecmeo camonodobHvLs HENPEPbLeHbT GYHKUUT 02PAHUYEHHOT 6aPU-
ayuL, & A — MHONHCECTMBO HEBLPOHCIEHHBLT CAMONOIOOHVT CUHLYAADPHOLE PYHK-
n
yutl, maxuz, wmo » |dg| > 1.
k=1
TeEOPEMA 3. ITycmv [ — neswpooicoennas Henpepuenas Ccamonodobras
pynryua. Tozda seprol credyrowue YmeeprHcoerus:

n
1°. ecau Y |di| < 1, mo f abcoarommno nenpepviera;
k=1

n
2°. ecau Y |di| =2 1 u f € H, mo abcoaromno HeEnpepuieraa 4acmo Gymx-
k=1

yuu evpostcderna, m. e. f = tox+ fsing, 20 fsing — cuneyaapras Gymx-
yua;
n
3% ecau Y |dk| = 1, mo ycaosue f € H sxeusarenmno momy, 4mo ece
k=1

npeobpasosanus O (t) = dk;% UMENT, 06UWYI HENOJBUNCHYIW MOUKY
to, u ece di > 0;
n

4°. ecau Y |di| > 1, mo ycaosue f € H sxeusanrenmuo momy, 4mo sce Oy
k=1

umerm 00wy Henodeuschyto mouky to, ». dp =1, u Y. axln |Z—:| <
k=1 k=1 '
0.

Pabora Beimosimena npu noggepxke rpanta PO®IT Ne 10-01-00423.

O Boamyinenunn oneparopa IllpeguHrepa y3KuM IOTEHIIAIOM
TIagprmemmm P. P. (Bamkwupcknii rocyAapCTBEHHBIH 1TE4arOrH9eCKHil
yuusepcuret, Poccust)

Xycuynmn W. X. (Bamkwupcknii rocy1apCTBEHHBIH MEJarOrMIeCKHi
yausepcuret, Poccust)

Wccnemyercs BO3MyIIeHne JUCKPETHOTO CrieKTpa onmepaTtopa IlIpenmarepa ma
0CH, OCYIIECTB/IIEMOE IOTEHIMAJIOM, 3aBUCAIUM OT JABYX MAJIbIX ITaDAMETPOB,
OJTMH W3 KOTOPBIX OMUCHIBAET JJIMHY HOCUTEJIS TOTEHIHMAa, a 00paTHOoe 3Hade-
HEE€ BTOPOTO COOTBETCTBYIOT BEJIMYWHE TOTEHIWAA. YCTAHOBIEHO COOTHOIIEHWE
HA MaJible [TAPAMEeTPBhI, IIPU KOTOPOM MMEET MECTO OBOOIIEHHAs CXOAUMOCTD BO3-
MYIIEHHOTO OTIEPATOPa K OMepaTopy 6€3 BO3MYIIAIONIEr0 Y3KOTrO MOTeHIHaIa. 110~
CTPOEHBI ACHMIITOTHIECKHE PA3IOKEHUS COOCTBEHHBIX 3HAYEHMIA.

Pabora Bbimonmena npu nopgepxke rpanros POOU (09-01-00530), Ilpe-
sumenra Poccmm ays Bemymwux maywmerx mkosr (HII-6249.2010.1) w DIIII
(02.740.110612). PaGora BTOpOro aBropa nomaepxkana takxke rpanrom IIpesnmen-
ra Poccnu pyist mostoapix yuenbix—nokTopos mayk (M/I-453.2010.1).
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YucaeHHoe ycpegHeHUE B 3a/avYax (pUIbTPALU CO CBOGOSHBIMU
rpasuaMu
Tanpnes O. B. (Bearopoackwmii rocymzapcrsennsiii yaupepcuret, Poccns)
Metipmanos A. M. (Besropoackuii rocygapcrsenspiii yaupepcurer, Poccus)

Hacrosamuit mokiax MOCBANIEH WCCIETOBAHUIO HeycToMumBoCcTH Pejes—
Teitopa Ipu ABUKEHUH OBYX BA3KIX HECXKUMAEMBIX HECMEIIUBAIOIIUXCH YKUIKO-
creil pa3/InIHON IIOTHOCTH, PA3/IEJIEeHHBIX CBOOOIHON TOBEPXHOCTHIO. DTa 331342
UMeeT BasKHOE TEOPETHUECKOe U IIPAKTUIeCKoe 3HaueHne [1], Kak B KJIaCCHIeCKOH,
TaK ¥ B IOA3eMHOU ImapoamHaMuKe. Eciam nuHaMWKa KHUIKOCTEH ONHCHIBAETCH
cucremoii ypaaenuii CTOKCa, TO CyIIeCTBOBAHUE €MHCTBEHHOIO KJIACCUYIECKOIO
penterus (T. €. PENIEHUST C TJIAIKOW MTOBEPXHOCTHIO PA3/IENIa) B IEJIOM M0 BPEMEHH
OBbLIO yCTaHOBJIEHO B [2]. B Teopun dusbrpanuyu aHajorndHas 3a/ada Ha3bIBaeT-
ca 3adaveti Mackema u B CBOEll KJIACCUYIECKOI IOCTAHOBKE COCTOUT U3 YPABHEHU
dunprpannu Japcu B Kaxm0it u3 o0acTeil, 3aHATHIX OJHOPOIHOMN KUIKOCTHIO,
¥ CTAaHJAPTHBIX yCJIOBHIl Ha MOBEPXHOCTH KOHTAKTHOI'O pa3phiBa. EcTecTBeHHBIM
obpa3oMm ompeessercs 0600menHoe pemenne 3amadn Mackera. Bompoc o cyme-
CTBOBAHMM KJIACCUYECKOTO JIMO0 0GOOIIEeHHOro pemenus: (B [eJ0M IO BPEMEHH)
0CTaeTCd OTKPBITBIM ZI0 HACTOAIIEro BpeMeHu. MbI IpesjiaraeM CTpOroe OIUCaHue
IBUKEHUS ABYX HECMEINIUBAIONINXCH KUIKOCTEH B MIOPUCTHIX CPeIax KaK Pe3yJib-
TaT YCPEIHEHUsI TOYHOW MUKPOCKOIMIECKON Mojenu. B 3Toi Momenm TuHAMUKA
JKUIKOCTEH OIMUCHIBAETCH cucTemoit ypasHeHuit CTOKCa, a JWHAMHUKA YIPYTOTO
cKejieTa — cucTeMoil ypasuenuii Jlame. PopmasibHOE yCpeqHEHNE MOIEIN Ay ab-
COJIIOTHO TBEPIOro CKeJeTa MpuBoauT K 3amade Mackera. Hedopmambmoe ycpen-
HEHWE STO MOJEH BBI3bIBAET HEMTPEOJOIUMBIE (/10 HACTOAMErO BPEMEHH ) TPYIHO-
CTH, B TO BPEMd KaK y9IeT yIPYTUX CBOMCTB TBEPIOrO CKEJIETA II03BOJILET CTPOTO
BBIBECTH HOBYIO KOPDEKTHYIO (heHOMEHOJIOTMYECKYIO MOZIE/h, KOTOPYIO HA30BEeM
3amaqeit Mackera mis Basko-ynpyroit duabrpammu [3]. Yucrerrnoe momenmpo-
BaHUE TOYHON MHUKDPOCKOIIMYECKON MOEJIN [JIsi PA3JIHMYIHBIX CTPYKTYD IIOPOBOrO
MPOCTPAHCTBA [TOKA3BIBAET, UTO B YCPEIHEHHOM MOIEN st aOCOIIOTHO TBEPIOTO
CKeJIeTa TIPOUCXO/IUT MepeMelenne 60see TIKeJI0N KUIKOCTH BHU3 B PE3yIbTaTe
nepeMemuBanud kujakocreil. To ecrb BMeCTO CBODOMHON I'paHUIBI HAOIIOIAETCS
3oma mepemenmmBanus (mushy region). Ecim ke yumrbBaTh ynpyrume cBO#CTBa
TBEPIOTO CKeJleTa, TO TepeMelnenre 0oJiee TIKeI0M KUTKOCTA BHU3 MPOUCXOTUT
Ipu HaMIUH CBOOOIHON OBEPXHOCTH (KIACCHYECKOE PEIIEHHE), ITO 00yCI0BIICHO
CYIIECTBEHHBIM BiMsSHUEM K03 dUIMeHTa yIpyrocTu TBepaoro ckesiera. Iloce-
MIOIIHe IHCIEHHBIE SKCIIEPUMEHTHI TTOKA3a 1, YTO MPYU MAaJIbIX 3HAYEHUSTX KO3d-
dumenTa yupyroctu u O60IbIINX 3HAUEHUAX OTHONIEHUS TSKEJION KUIKOCTH K
JIETKO# mepexonuoii ¢da3er He HabMIOMaeTCa (TIpM 33JAHHOM Pa3MEpe TIOp), W CaM
nporecc GpuIbTpanuu CymecTBEHHO 3aMeisaercd. A Ipu yBeJIudeHur pa3Mepa
[IOp IE€pPeMENINBAHNE KUIKOCTeH OyaeT IPOUCXOAUTh ObICTDee.

Pabora Bemosmena B pamkax PIIIT «Haywmbsle u Hay9HO-IIEJArOTHIECKHE
Kaapel wWHHOBANMOHHONW Poccmm> wa  2009-2013 rompt  (TOCKOHTPAKT
Ne 02.740.11.0613).
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OueHKH [Jisi OTpULlATEJIbHBIX COOCTBEHHBIX 3HAYE€HUN oreparopa
IIIpeaunrepa ¢ 6bICTPOYOBIBAIOIINM MOTEHIINAIOM
Teitan B. JI. (MI'Y um. M. B. Jlomonocosa, Poccust)

IIycts L — omeparop IIpemunrepa B mpocrpancrse L2 (0, 00):
iy) = —y"(@) +q(@)y(x), 2 €[0,00), (1)
¢ 0061acThIO

Dom(L) = {y € L*(R"):  y(0) =0, y,y € AC[0,00], Lye L*(R")}.
Cunraem, aro moreruuan g — 6bicTpoyGuBalomuit, . e. [ (1 + z)|g(z)|dz < oco.
0

Ussectno [1], aro omeparop L camocompsixén, ero ciekrp cocrour u3 RT u xo-
HeIHOTO (OBITH MOYXKET, TyCTOTO) MHOYKECTBA OTPHUIATETHHBIX COOCTBEHHBIX 3HA-
YEHUA.

Paccmorpum Takxke 3amaay Pemxe [2]:

—y" +q(z)y = Ny,
y(0) =0, v'(a) —iry(a) =0.

Yepes ¢q(x) obo3naumm Gynknmio, koropas conagaer ¢ ¢(z) upu x € [0,a], a
TIpU T > a TIPOJ0JIZKEeHA HYJIeM.

(2)

TEOPEMA 1. ITycmo nomenyuan g npunadaescum L (RT), npurem (& nop-
me L) swnosneno ||¢ — qallco — 0 npu a — oco. Ilyecmv onepamop L umeem
N OMPUYATNEALHUT COOCMEERHUT 3Ha%eRul { ik f ey, 3AHYMEDOBAHHUT 6 NOPA]-
ke eoapacmanua ¢ ywemom xpammocmu. ITyems {Ai(a)}i, — ompuyamenvroie
cobemeennvie 3nauenus 3adawu Pedoce, 3anymeposannvie maxum sice 00pasom.
Tozda npu ecex docmamouno GOALWUT 4 UMEEM M = N, U CNPAEEIAUEDHL OUEHKY

Wk_)‘i(a”guq—qa”oo; ]C:].,Q,...,’I’L.

TEOPEMA 2. ITycmo nomewyuan q npunadaexcum L*(RT) u onepamop L
UMEEM N OMPUYUAMEALHUL COOCMEEHHHT 3Hauenul {fk e, 3GHYMEPOBAHHDLT
6 nopadke cospacmanus ¢ yuemom kpamnocmu. ITycmo {A\3(a)}r, — ompuya-
meavusie cobcmeenmvie 3navenud 3adawu Pedoice, 3anymeposarnvie makum orce
o6pasom. Tozda npu 6cex docmamouno GOALWUL G UMEEM M = N, U CNPAGEOAUBDL
OUEHKY

Ik —Ai(@)] <Cllg = gallz,  k=1,2,...,n,

2de nocmoannas C 3a8ucum moavko om nomeryuana q.

Joknam ocHoBaH Ha coBmecTHO padbore ¢ mpod. A. A. Illka/mKoBbIM.
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O ¢dyKcoBoii peayKIuy HeJIMHENHBIX Aud depeHIualIbHbIX ypaBHEHUH
Tony6esa B. A. (Mockosckuii aBuaumonnptii uacruryt, Poccusi)

B nmocnenmme necstuieTnst TpoONIIOTO CTOIETUS B TEOPUN yPABHEHUN B 9aCT-
HBIX TTPUIOYKEHWAX BO3HUK HOBBIN METOJ MCCAETOBAHNS OCOOEHHOCTEH W TIOCTPO-
€HAd ACUMITOTHYECKHUX PA3JIOKEHUU pelleHWll HeJIWHEHHBbIX YPaBHEHUN, Ha3BaH-
HBIH MeTOOM (DYKCOBOH PEyKIMU. DTOT METOJ, HALIE] MHOTOYUCJ/IEHHBIE TIPUIO-
JKEHUs B PA3/IMUYHBIX Pa3esIaX MaTeMaTUKH, KaK, HATPUMED, B TEOPUN (PYKCOBBIX
HAYAJIPHBIX ¥ TPAHUYIHBIX 33,189 B TpocTpancTBax CobosieBa, /IINITHYECKUX Tpa-
HUYHBIX 337129, a TaKKe B MHOTOYNCJIEHHBIX MPUJIOKEHUAX: ACTPOHOMUH, O0IIeit
TEOPUM OTHOCUTETHbHOCTY, TEOPUHU HEJIUHEHHBIX BOJIH, B YACTHOCTH, B TEOPUU CO-
JINTOHOB H JIP.

Meron dbykcoBOil pemyKmuu I03BOISET MOJIy4YaTh (HOPMAJIbHBIE U ACMIITOTH-
YeCKUe pelIeHnsl MHTErPUPYEMBIX YPABHEHWI B YaCTHHIX TTPOU3BOIHBIX. BrpaTie
9TOT METO/ COCTOUT B IPEICTABJICHUN PENICHUs] HEJIMHEHHOTO YPABHEHUsI B BUJIE
u = s+T™v, Tae s 3anana B aBHOM Buze u cunrysaapua upu 1 = 0 (T urpaer posb
dbyxcoroit mepemennoit), GyHKIMS v OMpEAENAET PErYIIPHYIO 9aCTh u. PemxyKrus
COCTOWMT B TIpe0Opa30BaHWM ypaBHEHUS B YaCTHBIX MpPOm3BOmHBIX F(u) = 0 ¢ mo-
MOIIBIO 3aMEHBI HEU3BECTHOM (DyHKIMHU 1 iepeMeHnbix K Buny Lv = f(v), npuaem
JIOJIKHBI OBITH BBITIOJTHEHBI CJIEIYIOIINE YCJIOBHS:

1°. moxuo BBeCTH Iepemennbie (T, x1, ...) Tak, aro T = 0 eCTh CUHTYISPHOE
MHOKECTBO;

2°. omepatop L mMacmTabHO WHBApWUAHTEH B HampasaeHnn 1

3°. dyskmua [ ,mama“ mpm T, cTpemMAmeMcs K HYJIO;

4°. orpaHWYEHHBIE DEIIEHWs U PEAYIUPOBAHHOIO YPABHEHUS OMPEIE/IAIOT
CHHTYASpHYIO QyHKIWIO u ¢ ocobernnocTssmu ipn T = 0.

IIpaBast 9aCTh MOYKET COIEPYKATh IPOU3BOAHBIE v. Ilocie peayKIwm K CucTeMe Tep-
BOTO TIOPAZIKA ypaBHEHHe MoxkeT Obrtb 3ammacano B suze (15 + A)w = f(T,w),
rae mpaBagd 9acTh obpamaerca B Hysb npu 1 = (0. YpaBHeHHE TAKOro BH/1a HA3bI-
Baerca ,,pykcoBbim®. DYKCOB KIACC WHBAPUAHTEH OTHOCUTEIHHO DPEIYKIUUA TTPU
JIOBOJIBHO 06mux ycsosusax g f u A.

B noxkitaze paccmarpuBaiorcs npuMepbl GyKCOBBIX PeAyKUIUN, T03BOJILIOINE
3aMEHUTH TIOVMCK TTPUOJIMKEHHBIX PENIeHUH 33 JaHHOT0 MOIeJIbHOTO YPABHEHHUS 10~
HMCKOM TOYHOT'O PenieHus IPUBINKEeHHON MOIesIn.

K onTumMunsanmuu yckopeHusi BI3KOYIPYroro reJa
T'ony6arankos A. H. (MockoBcknii rocyaapcrBennsiii yausepcuret, Poccns)

IIpobsrema yckopeHnst MATKUX 000JI0EK, B 9aCTHOCTH C 00PA30BAHNEM KYMY-
JIATUBHBIX CTPYH, MCC/Ie0BAIACh MHOTMMU aBTOpAaMH. B mociesmee Bpemst OBLIT
JOCTUIHYT IIPOIPecC B ODecrievueHn: yCTONYMBOCTH [ABUKEHUH TOHKON 000JIOUKH
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3a CUeT ydeTa OCTATOTHOH (IOCse MedCTBUS yJapHOW HATPY3KHW) YOPYTOCTH Ma-
repuasa [1]. [IpencraBisier mATEPEC MPOBEIEHUE IHEPreTUYIECKONW ONTHMU3AIUH
YCKODEHMUST TeJIa KOHEYHBIX PA3MepPOB MOAXOISIINM PACIPEIeIeHIeM TOBEPXHOCT-
HBIX CHJI, @ TaKyK€ MCCJIeJOBAHME YCTONIMBOCTH ONTHMAJILHOIO DENIeHHUs TAKOM
3agaun. VCHoap3yercs MOJe/b HECKHMAEMOro OJHOPOIHOIO BA3KOYIPYIOro Te-
na Qoiirra. 3amaHkl Macca Tesa, MJIOTHOCTH, BpeMsl ABMKeHUs, Ko3ddurpent
nonepedHoro obxkarus k u mpumobperaemsrit uMmirysbe. [lnoTHoCTs AUCCHIAImT —
kBagpaTwaHaa HopMa OT KOMIOHET cKopoctr medopManun (wmm 0bas riaakas
BBITlyKJ1as (DyHKIMs), & 9aCTh yAeJIbHON BHYTPEHHEH SHEPTUH, BXOAAIAA B yPaB-
HEHIe XKWUBBIX CUJI, — IIPOU3BOJIbHAS (DYHKIMNS JIATPAHKEBBIX KOMIIOHEHT MEeTDH-
YeCKOI'0 TE€H30Da, BBIIYKJIas 110 AucTopcud. 1pebyercs MUHUMU3UPOBATH CYMMY
paboOTHI TOBEPXHOCTHBIX CUJI M SHEPTUH BO3MOYKHOIO HAYAJIHLHOTO yaapa.

B urTerpaspHoe ypaBHeHNe KUHETUYIECKON SHEPTUH, 3aIIMCAHHOE B KOHEIHBIH
MOMEHT, BXOJUT HHTErPaJI 110 BPEMEHH OT JUCCULIAIIK, KOTOPbI MUHUMUABUPYETCS
HE3ABUCHMO. DTO TMPUBOINUT K JBIIKEHUIO C OJHOPOAHON Igedopmarimeil, mpudeM
0CECUMMETPUTHOMY, CTAI[MOHAPDHOMY U IIOTEHIIMAJIBHOMY II0 CKOPOCTH, YITO COB-
MecTHO ¢ auddepeHnuasbHBIME YPABHEHUAMY JBUKEHUs, KOTODbIE, B JIAHHOM
CIydae, CBOASTCS K YPABHEHUSIM MAEATLHOM KMIKOCTH U OMIPEIEISIOT TOJIBKO Pac-
npejieieHre TaBJIeHus. Kpome 3Toro, ocTaeTcs emre omHa IPON3BOJIbHAS (DYHKIHST
0T BpEMeHH, BHIOOD KOTOPOIl LI03BOJISET HOJIHOCTHIO OLIPE/IE/IUTD [IBUKEHNE MaTe-
pHaJia ¥ BBIYUCIUTH SHEPUIO HAYAJIBLHOTO yaapa, obs3aTeasrHo HeHysaeByo. lasee
MUHAMA3UPYETCS KOHEYHAs KUHETUIeCKas SHEPIHs, 9TO IPUBOANUT K HATAIHHON
dopme Tesna B BUIE CIUIIOIEHHOIO S/IJMIICON/A BPAILEHUS ¢ COOTHOIIEHUEM I1PO-
JOJTBHOM U TIoTepeuHoit oceit k> /2 (06brano k ~ 1/2), T. e. meiiCTBUTEHHO OTHO-
CHTE/IbHO TOHKOTO.

TTosyuennsbtil pe3ysbrar 103BOJIET IPOBOJUTH CPABHEHUE C JABHKEHUEM TeJl
npyrux dopm. Ouers 6M3KMH pe3yabTAT JAET ONTUMMU3ANUS B KJIACCE MPSIMBIX
KPYIOBBIX IM/IMHIPOB, YCKOPEHHE KOTOPBIX MOXKET OBITH 0OecIedeHo aefdcTBHEM
HOPMaJIbHOP HAarpy3ku. B paMKax MOIeIH HAeaJIbHON KUJIKOCTH HCCJIeI0BaHA
B JIMHEHHOM MPUOIMKEHNN YCTONYMBOCTD JBUKEHUS ONTHMAILHOTO IWJIMHIPA,
9TO yKa3blBaeT Ha yKe HAYAIbHYI0 HEyCTOMYHUBOCTD B BH/IE BHIOPOCA KyMYJISTUB-
HBIX CTPYil, 38 CYET HAJIUYHMA MAJIOr0 3HAMEHATE s, CBA3AHHOIO ¢ KyOOM OTHOLIe-
Hus pa3mepoB. OOCYKIAeTCI TaKKe BO3MOKHOE HEOAHOPOAHOE (KBAIPATHIHOE
[0 JIATPAHKEBBIM TEPEMEHHBIM) DPACIPEJIE/IEHNE YIPYTUX CBOHCTB CPENbl M WX
B/IMZHEE HA yCTOMYMBOCTH. AHAJOIMYHbIE Pe3y/IbTaTbl [I0JIy9al0TCd U B TeOpUn
BA3KOYIpPyrocTu Maxkcsesia.

Pafora Bemosmena npu dunrancosoii mognepxkke POOU (mpoexts 11-01-
00051, 11-01-00188).

Cnucok JauTeparypsbl

[1] Toaybsmunuxos A. H., 3onenrxo C. H., Yepnwti I. I'. Hosble MOaen 060JI04U€K, METAEMBIX
B3peioM // Ilpuknannas maremarunka u mexanuka. 2007. T. 71. Beim. 5. ¢. 727-743.
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O6 aHaMTUYECKUX pelneHudaX audpepeHnnaabHbIX YPaBHEHU B
6aHaxoBOM MIPOCTPAHCTBE HAJ[ HEAPXUMEIOBbIM M10JI€M
TI'opbauyk B. M. (Hammonanprsrii rexamaecknti yuusepcurer KIIN, Ykpanna)

PaccmarpuBaeTcda ypaBHeHHe BHIA

YN = Ay(N) = f(N), (1)

rae A —3aMKHYTBHI JHHEHHBIH omepaTop B 0GAHAXOBOM IIPOCTPAHCTBE B HAT
mosieM §) KOMILIEKCHBIX p-afuaecKux aucest, f(A\) — JOKaJIbHO AHATMTHIECKAS B
OKPECTHOCTHU HyJ/Id ‘B-3HavUHAS BEKTOP-DYyHKIII.

TlokaseiBaercss, 9T0 ecim omepatop A mMeeT OOpPATHBIHM, OIpeme/I€HHBI HA
BCceM ‘B, a BeKTOp-QYyHKIUS

FO) =D baA", by €3,
n=0

ABJIAETCH aHAIUTUIECKOH B oTKpbiToM Kpyre D(0,77 ) ={A € Q: [\, <r} ¢
r>s/m(ATY, s(ATYH = lim YA,
n— o0

(]|p —HOpMa B ), TO CYIIECTBYET JIOKAJIHHO AHAJUTUYECKOE B OKPECTHOCTH HYJIS
penrenne ypasrenns (1); maercsa onmcaHme BCexX TaKWX pemennii. B ciaywae, korma
BekTOp-pyrkma f(A) nemad, cymecTsyer enuHCTBEHHOE penteHune ypasraenns (1)
B KJIACCE LEJIBIX B-3HAYHBIX BEKTOP-QYHKIWI. DTO perrenne maercss popMyaoit

YO = — 30 AT ) $ g,
n=0 n=0
roe
ad (mk + n)' —(k+1)
n — — —FA bm n-
¢ kZ:O n! r

JlokasbiBaercs Takxke, 410 3aja4a Koum
v O0) =y B, k=0,1,...,m—1, (2)

uMeeT eIMHCTBEHHOe PellleHue B KJIacce JIOKAIbHO aHaJIMTUIeCKUX B HyJle BeKTOD-
dyHKIUMI TOrga ¥ TOIBKO TOTJA, KOTIA

a = Yk — z:z‘r(nﬂ)f(mwrk)7 k=0,1,...,m—1,

n=0

— IIeJIble BEKTOPbl KCIOHEHIMAILHOTO THIA oreparopa A, T. e. Jyid KaxKJ0ro
k=0,1,....m—1

Ja = a(k), Jc = c(k,a), Vn € NU{O} ¢ 1A% ak]| < ea™.

Bosee Toro, ecim omeparop A menpepbiBer, To 3ama9a Kommu (1)—(2) omrosnawmo
paspemmnma B KJIaCCe JIOKAJIHHO AHATUTHIECKUX BEKTOP-(hYHKITUH IPH JTIO0BIX Y €
B, k=0,1,...,m— 1.
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Hedopmanbusbie pemenusa O1Y
TI'oprouknna U. B. (UacturyT npukaagaoi maremarnkn um. M. B. Keqapima
PAH, Poccns)

Paccmorpum obbikHOBeHHOE Mud depeHnnaIbHoe ypaBHEHMEe

f(x’y7 y,7""y(n>) :O’ (1)

roe f(z,y,9,..., y(”)) — MHOTOYJIEH CBOMX NepeMeHHbIX. llycts mpm |z] — 0
(arg(x) orpanmaen ¢ aByx cropon) ypasuenue (1) umeer dbopmanbHOe pemenue

y:chxs, se K CC, (2)

re

K= {So + mir1 + mare, mi,mo € Z, m1+ mg > 0, mi,ma > 0},
so € C\Q, m1 = (Ru, (1,80)), r2 = (Rz, (1,50)), R1 = (a1, B1), R2 = (a2, B2),
Ri, Ry € 72, Res > Reso, nokasareau CTeleHd s yHOPSJOUEHbI 110 POCTY Be-

IIECTBEHHBIX YACTeH, Cs — KOMILIEKCHBIE TTocTOsTHHBIE. CesiaeM B ypaBHEHUN (1)
3aMeHy 3aBUCHMON MepPEeMEeHHO

Y= zm csx® + u, (3)

s=sq

rae m € Z4, Re(sm —s0) > n, s u cs w3 Gopmyisr (2); OCIE KOTOPOit OHO TPUMET
BIT

fo ™ Li@)u + g(@,und,... ™) =0, )
rae L(x) — smuneitabiit quddepennpanbablii oneparop Buaa

= d'u
L(z) =az" Zaml -
— dx

L(z) Z0, v € C, a; — KOMILIEKCHBIE TTOCTOSHHBIE; (DYHKIHS § MOKET COAEPKATDH

m
0 d
bl I‘Ul tmZ -

. U

ymHeiHbe M0 U, v, . .., u'™ wieHsr Buma ¢ Revi > Rew, v1 € C,
0<m < n,b) = const € C, mermueitnsie o u, v, . .. ,u"™) u 3aBUCAIME TOIBKO OT
x anenst. Ilycts B 3amene (3) Re sm > Re A, e A;, i = 1,...,n, 310 cobcTBEHHbBIE

3uauenus oneparopa L(x), rorga ypasraenue (4) umeer dhopMasbHOE perieHue
u= g cs®, (5)
S

rae Res > Resm41 > n, Resm+1 > Re A, s € K, ¢s —ogHo3Ha4HO orrpegesieH-
HBbIe KOMIIJIEKCHBIE TIOCTOSHHBIE.

TEOPEMA 1. Ecau 6 ypasnenuu (4), xomopoe noayuwaemca us ypacrenud (1)
nocae samenvs nepemernot (3), nopadox cmapwed npouseodnot ¢ L(x)u pasen
nopadxy cmapwed npoussodnol 6 cymme fo, mozda pad (5) crodumes dan do-
CMAmMoOYHo MaAWT |T|.

Teopema 1 —wacrublit ciaygait Teopemst 3.4 [1], chopmymmposannoii 6e3 no-
Ka3aTesqbCTBA. J[0KAa3aTeIbCTBO B CJIydae PAIMOHAIBHBIX ITOKA3aTeseil CTeneHn
omy6smmkoBano B [2]. JJoka3aTesbCTBO TEOPEMBI 1 MOXKHO 0GOOIIATH J/IsT TEOPEMBI
3.4 [1].
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Crucok Jureparypsl

[1] Bprono A. [I. AcuMITOTHMKE U PA3JI0KEHUs] PelIeHnil 06bIKHOBeHHOrO nud depennuainb-
Horo ypasuenust // YMH. 2004. T. 59. Ne 3. C. 31-80.

2] Bprono A. /., I'oprowkuna U. B. O cxonuMocTn (HOPMAIbHOTO peleHns 06bIKHOBEHHOTO
nuddepennuansHoro ypausenus // JAH. 2010. T. 432. Ne 2. C. 151-154.

O TomnoJstornveckoii kjaccudukauuu audpeoMoppusMoB Ha
3-mMHOroo6pasusix ¢ NOBEPXHOCTHBIMH [ABYMEPHBLIMU AaTTPAKTOPAMHU U
pernesuiepamu
I'punec B. 3. (Huxeroposckuii rocygzapcrsenspiii yuupepcurer um. H.I.
Jloba4esckoro, Poccust)

Jlepaenko FO. A. (HuzkeropoJckas rocynapCTBEHHAS CEIbCKOXO3AHCTBEHHAS
axaznemusi, Poccus)

Paccmarpusatorca  muddeomopdusmbl, ymosiaerBopsone akcuome A
C. Cwmeitma (A-muddeomopdusmer), Tpexmeproro MHOT006pasus M3 B mpesmo-
JIOYKEHWH, ITO HeO/IyZKJaomnee MHOXKeCTBO auddeoMopdu3MoB COCTOUT U3 00b-
€IVHEHUA ITIOBEPXHOCTHBIX IBYMEPHBIX 6a3HCHbIX MHOXKECTB. ECJ'II/I B ABJIAEeTCA
JBYMEPHBIM 0a3MCHBIM MHOXKeCTBOM A-mnddeomopdusma f, 3agaHHOTO HA 3a-
MKHyTOM 3-MuOTOGpasuu M?>, To cormacuo [1] (reopema 3), B apasercs sm6o
arrpakTopom, ymbo peresurepom. B [2] ycramosieno, 9To 060€ MOBEPXHOCTHOE
IBYMepHOe 6a3UCHOe MHOKECTBO ABJIAETCS 00bEIUHEHUEM KOHEUHOTO UMUCIIa, MHO-
roobpaswii, KayK0€e U3 KOTOPHIX TOMEeOMOP@HO ABYMEPHOMY TOPY, DY HO BJIOXKEH-
HoMy B M3, a orpanmuenue nekoropoii crenenu muddeomopdusma f Ha Hecyuiee
MHOT006pa3me COMPSIKEHO ¢ TUIepOoImaecknM aBToMopdusmom Topa. B [3] moka-
3aHO, UTO ecam Heb/IyxKaaomee MHOKeCTBO A-muddeomopdusma f : M> — M3
COCTOUT U3 ABYMEPHDBIX IIOBEPXHOCTHBLIX 6&3HCHBIX MHO2KECTB, TO M3 ABJjIdeTCd JI0-
KaJIbHO TPUBHMAJIBHBIM PACCIOEHNEM HAT OKPYIKHOCTHIO CO CJI0€M FrOMeOMOpPGHBIM
IBYMEPHOMY TODY.
k
Tonoxxum A = |J Ai, R = | Ri. U3 [1] crenyer, uro must mo6oii Toukn
i=1 i=1
z € A (z € R) ommomepnoe HeycroiumBoe (ycroiiamsoe) muOroobpasme W*(z)
(W#(2)) upunagmexur A (R). C gpyroii croponsl, ycrofiumsble MHOr00Opa3us
W*(2), z € A zanator mBymepnoe citoerue N° = |J W*(z) na M?\ R, a neycroii-
z€EA
quBbIe JABYMEpHBbIE MHOrooOpasus W%(z), z € R 3amaioT JByMepHOE CJIOeHWe
N*= | W*(z) ma M3\ A.
ZER
B macrosmeit pabore paccmarpuBaercsa kinacc G A-muddeomopdusmos Ha

M 3, YZI0BJIETBOPAIONINAX CJIEAYIOIHUM YCJIOBHAAM:

1°. mebayxgaromee MEOXKeCTBO muddeomopdusma f € G cocront 3 00b-
€/IMHEHNs CBA3HBIX [MOBEPXHOCTHBIX ABYMEPHBIX ATTPAKTOPOB M PeEIeJ-
JIEPOB;

2°. nBymepmble cnoerns N° mw N* mepecekaioTcss TPaHCBEPCAIBHO TI0 OTHO-
mepromy cnoenuio N°* = N° N N oupenenennomy ma Ms \ (AU R),
TAKOMYy, 9TO KarkK/as KOMIIOHEHTa CBA3HOCTH Jiro6oro ciost u3 N ectb
OTKDBITasl IyTa, UMEoas POBHO /IB€ TPAHWIHBIE TOYKHU OHA W3 KOTO-
poix npuHaexnr A, a apyras R.
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B mokase mostydeHa moIHast TOMOIOTHYeCKast Kiaaccudukanms quddeomop-
dusmos u3 kaacca G.

Pa6oTa BhIIOTHEHA TTpM YacTHYIHOM Tomaep:xkke PODU, rpant Ne 11-01-00730,
u rpaHTa IpaBuTeascTBa Poccuiickoit Pemeparmu Ne 11.G34.31.0039.

Cnucok JauTeparypsbl
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[2

O Mmepax ckopoctu aedopManuy rpaHul o, JeiicTBUEM
JAVMHAMUYECKUX CHUCTEM
Iypesua B. M. (Mockoscknii rocymapcrsennastii yausepeuret, Hacturyt
npobsem nepegauan nagopmaunu PAH, Poccns)
Kowmeu C. A. (HuactutyTt npobaem nepenaan magopmarnuun PAH, Poccust)

Paccmorpum quramuaeckyio cucremy (X, f, 1), toe f — romeomopdusm kom-
TMAKTHOTO METPUYECKOTO TIPOCTPAHCTBA X, COXPAHAIOMNN GOPETEeBCKYIO0 BEPOST-
HOCTHYIO Mepy p. s Beakoro muoxkectBa Y C X o6osmaanm wepe3 U.(Y) ero
g-okpectHoCcTh. Ilycts B(z,7) C X — map pamuyca r ¢ UEHTPOM B TOYIKE I.
AcmmnroTuky mpu n — oo m € — 0 OTHOMEHUS

L (U B@e) 1, pU(f"Br.<)
n ==In (1)
n p(frB(z,e)) n n(B(z,¢))
MOXKHO PACCMaTPUBATH KaK JIOKAJbHYIO JOTapu(dMUYIecKy0 CKOPOCTh aedopma-
1y rpaHupB obnactu B (aszoBoM mpocrpaHcTBe cuctembl (X, f, p). Herpusu-
aJbHAadg ACUMIITOTHKA BO3MOXKHA, OHAKO, JIMNIb B CJIy9Iae, KOTJA 1 U € CBA3AHBI
COOTHOIIEHHEM
n =n(e) = o(ln(e)). (2)
IIpu BHIIOTHEHWH 3TOTO YCJAOBUSA YIAETCS JOKA3aTh, ITO Il HEKOTOPBIX CHMBO-
JINIECKUX JUHAMUIECKAX CUCTEM (CABUIOB HA WHBAPUAHTHBIX KOMIAKTHBIX IIOJI-
MHOYKECTBAX MPOCTPAHCTB MOCIEA0BATEIHHOCTEH) W TPOU3BOIHHBIX PTOIUICCKIX
mep u Beipakenue (1) cxomurea (mpm € — 0) k sarpormm A(f, u). Ilepsoiii pe-
3yJIbTAT TAKOrO POJA, MOJIy<ueHHbIH B [1] mia Tononormyecknx casuros Mapkosa,
JIOTTyCKaeT 0600IIeHne Ha KJIacC CHHXPOHM30BAHHBIX CUCTEM, BBEJICHHBIH B paboTe
[2]. DTOT KMACC COMEPKUT HE TONMBKO TOmOIOTIIecKHe casuru Mapkosa, HO B Tak
HasbiBaemble coduaeckue cucremsl (cm. [3]).

s rnagkux cucrem (auddeomopdu3MoB puMaHOBBIX MHOTOOGpa3mii) O
u B (1) ecTecTBeHHO TIOHMMATDH TaKKe PUMAHOB 00beM vol. Jna aBromopdusmos
n-mepuoro Topa (korma vol — naBapuanTHag Mepa) B [4] GbLia ycraHoBIEeHA CXO-
mumocTh (1) K 9HTpONMHE BO BCEX TOYKAX MHOrooOpasus. XoTsa B 00mieil curyanumn
pPUMaHOB 00bEM He MHBAPUAHTEH OTHOCUTENBHO f, OKA3BIBAETCS, UTO, TI0 KpaiHei
mepe g guddeomopdusmos Anocosa, ornomenue B upasoit wacru (1) cxoqurces

184



(npu BbInOSIHEHNH yCiI0BUs (2)) K CyMMe HOJIOXKUTEIbHBIX oKa3aTeseil JIsmyHo-
Ba, OTBEYAONINX IIPOU3BOIbHON HMHBAPUAHTHOM 3ProAudecKO Mepe, II0YTH BCIOLY
0 9TOU Mepe.

Crucok Jureparypsl
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Komen C. DHTPONHA U CKOPOCTb YCJOXKHEHHs] TPAHUIl B IMIEPOOJNIECKUX cUcTeMax//
Tpynsl 27 koHdepeHIUH MOJOABIX ydeHbIx Mexmara MIY wum. M. B. Jlomonocosa.
Mocksa, 2005. C. 76-80.

[4

AcuMmnrorudeckue cBoOMCTBa pellleHUN JIMHeapu30BAHHBLIX ypPaBHEHUN
JBUXKEeHUs cJ1abo coKMMaeMoil 6apoTpOITHOi cpeabl
I'yces H. A. (Mockosckuii ¢pusuxo—rexangeckuii nuacruryt, Poccns)

PaccmoTrpum c1abo cxxmMaeMyto 6apOTPOITHYIO CIJIONTHYIO CPETy C yPaBHEHH-
eM cocTogaust 9 = Qo + (P — Dref), TJ€ @ — IUIOTHOCTH, P — Jasienue, & > 0 —
xospuvuenm (Paxmop) corcumaemocmu [1], go > 0, pret = const. Ilycrs D C R?
— orpaHmdeHHas 00JIacThb C KycodHo-ryamkoil rpamumeit, d € N, d > 2, T > 0.
JIuneapusamusa ypasaenunii Hasbe—Crokca B mumaape D X (0,7") B6/m3u npons-
BOJIBHOTO COCTOSTHAS € MOCTOSTHHOM TIJIOTHOCTRIO (0 = 0o) TSl TAKOH CPEIBl MMEET
BH/I

pt — (b, V)p+cp+divu = o,
u: +Vp=—Au+ pf +s, (1)
p = ap,
rae
—Au =vAu+ kVdivu — (a,V)u+ Mu,

b,u,f,s,a: D x (0,T) — R* — sexropusie nous, p,c,o,p: D x (0,T) — R —
cxasapubie noas, M = M(z,t) — ksaaparnas marpuna pasmepa d X d, © € D,
t€[0,T]; v >0, k > 0 — xoadPunuents: Bsa3kocru. HemssecTHBIMU B cucTEME
(1) aBrAIOTCH MO P, U T P.

IIycrs blop = 0. Ilocrasum mus (1) caeayiomue HadaIbHbIE U KPAEBbIE YCJI0-
BHSI:

u|i:0 = uov p|t=0 = p07 u|6D =0, (2)
rmeu’: D - RY p°: D — R

B moxmazie mMpuBOAATCA JOCTATOYHBIE YCIOBHS CYIIECTBOBAHWS W €IMHCTBEH-
HOCTH CIabbIX pemenuii HadabHO-Kpaesoil 3amaum (1), (2). Uccaemyerca cxo-
IAMOCTh 3TUX pemeHwii mpu « — 0 K PEIeHuI0 COOTBETCTBYIOIIEH HAaIaIbHO—
KpaeBOW 3a7a9W JIsl JIAHEAPU30BAHHBIX yPABHEHWH JIBUKEHUS HECKUMAEMON
xuakoctu. s ypasuernnit Habe—CTokca 0mo0GHBIE BOITPOCHI PACCMATPUBAJIACH
B [1, 2, 3] u npyrux paborax. B noksane npuBoagaTCa aHAIOrH PE3yIbTATOB 2, 3]
0 caboi CXOAMMOCTH TIOJIsT CKOPOCTH, & TaK¥kKe JOCTATOYHBIC YCIOBUSA CHIHHOM
CXOIMMOCTH TIOJIeH CKOPOCTH 1 maByeHns. OCHOBHBIE U3 9THX PE3YJILTATOB COCTO-
AT B CJIEIYIOMEM:

1°. B obmem ciydae moJse CKOpoCTu U = Uy CXOAUTCHA €Aa00;
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2°. Ecym Ha9aahHOE YCJIOBHE U° JIJIS TTOJIST CKOPOCTH COJIEHOMTAJIBHO, TO Ugy
CXOIIATCS CUADHO, & TIOJIE TABJIEHUA P = Po, CXOIMUTCH *-CAGOO.

3°. Ecuwm, kpoMe TOTO, HAYAJIHHOE YCJIOBUE JJI5 JaBJIEHUS COBIIAIAET CO 3HA-
qeHueM ¢° JABJICHUS ¢ B HECKUMAEMOM KUJIKOCTH B HAYAJIbHBIA MOMEHT
BpeMeHnu, npudem Ot f D qdx = 0, TO CXOMUMOCTH IO/ JABJICHUS SBJIA-
eTcsa cunAbHOoU.

Ota pabora BbinoIHEeHa npu noaaepxke POOU, rpant 09-01-12157-0du_ M.
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O paspemmnmocTtu 3agaun Jupuxiie AJjisl SJJIANTAYECKOTO ypaBHEHUs
BTOPOI'O IOPAJKA
Iymun A. K. (Maremarnyecknit nacturyt num. B. A. Creknosa PAH)

B orpanmdennoit obmactu (Q C R, paccmarpuBaercs 3amaqda lupuxie mist
PABHOMEPHO JUIAIITHYECKOI'O YPABHEHUsl BTOPOrO IOPSAIKA B CaMOCOIPSAKEHHON
dopme 6e3 mmagmux wieHoB. Ilesbio paboOTHI SBISETCS OTHICKAHWE YCIOBHI HA
k03 bunuenTs!, 06€CIeINBAIONINX OJHOZHAYTHYIO PA3PEIINMOCTD 333 M, B KOTO-
poii rpanmanoe 3HavYenue uo € Lp(0Q), p > 1, nonmmaerca xak upegea B Ly
CJIEIOB PENIeHnus Ha ,,TTapaJIIeIbHBIX TPAHUIE TTOBEPXHOCTIX .

B ciydae p = 2 3TOT BOIpPOC I0CTATOYHO TMOAPOOHO m3ydeH. s cmpases-
JIMBOCTU TEOPEMbI O CYLIIECTBOBAHUU W €IUHCTBEHHOCTH DELICHUS W3 WQ{IOC(Q)
(ompenesieHye TAKOTO pelreHus IPeJIoKeHO B [1]) HyKHBI yc/I0BUST Ha TJIaIKOCTh
k03¢ purmenTos Ha rparune obmactu. loctaroano, cum. [2], aTobbr Koabdumen-
THl ypaBHeHUs (M3MEPHUMbIE U OrpaHu<eHHble B () Oblim HenpepoBHBL 110 Junu
Ha rpanwune 0Q. [Ipuaem orkazarbest oT 3TOro0 ycsoBus Heab3s. OT rpaHuIsr 06-
JacTu TPeboBaJIOCh, YTOOBI HOPpMaJb K Hel Oblia HempepbiBHA 1m0 Junu. Jasee
9TU YCJIOBUS Mbl OyJ€M CYUTATH BbILIOJIHEHHBIMU.

B ciaydae p # 2 curyanmsi 60s1ee ciaoxkHasa. s onpeesieHnsi TpaHUIHOTO
ycnoBust HEOOXOMUMO, 9T00bBI cempl penteHust npuHagnexam L,. Ecrecrsernoe
obecrieuuBalomee 3o CBONCTBO TpeboBaHUE — IIPUHA/JIEXKHOCTHb PELIeHUs IIPO-
CTPAHCTBY W;IOC(Q) — TPUBOIUT K YCIOBUSIM TJIQJIKOCTH KO3(PDUITMEHTOB BHY T-
pu Q: 6e3 HmX pm p > 2 pemenwe HE cymecTByer, a mpu p € (1,2) omo me
€/IMHCTBEHHO.

Taxkum 06pa3oM, 1Tt CIIPABEIINBOCTH TEOPEMBI 00 OJHO3HATHON pa3pennMo-
ctu 3agaun Jupuxite 6e3 ycaoBuil riiaakocTu Ko3dGuimeHToB BHyTPpH 006J1aCTH
B OIIPEJIEJICHUH PelleHus HeOOX0AMMO OTKA3aThCd OT COIJIACOBAHHOIO C I'DAHUY-
HBIM YCJI0BHEM TPeOOBAHMS IPUHAIEIKHOCTHA PENIeHHUs IIPOCTPAHCTBY W; 10c(Q).
Pewenuem 6ymem Ha3BIBATh QYHKIAO U € W21,10¢(Q)7 YAOBIETBOPAIONIYIO ypPaB-
HEHHUIO B CMBIC/IE PABEHCTBA 0000meHHbIX (DyHKINIA, C/reIbl KOTOPOM HA IVIAIKIX
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(n — 1)-MepHBIX IOBEPXHOCTAX NMPUHAJIEKAT TPOCTPAHCTBY L, W KOTOpasd mpu-
HUMaeT 'PaHUYHOe 3HaYCeHHe UQ.

TEOPEMA 1. Jas 410600 ug u3 Lp(0Q) u 410600 npasot wacmu ypasrenus f
u3 nepecewernus Ly(Q) u L21oc(Q) cywecmeyem eduncmeennoe pewenve u 3ada-
yu Jupuzse. Ipu smom Gyrryus |u\”/2 NPUHAOAEHCUM, NPOCTPAHCTNEY WQI’IOC(Q)
U CNPasedIuBa 0UeHKa

/dist(:mBQ)|u(m)\p72\Vu(m)|2d:rSconst /|u0(m)\pds+/\f(x)\pdx . (1)
Q Q Q

Pabora Beimonena npu dbunancoBoil momaepxke Poccuiickoro douma dym-
MaMEeHTATbHBIX uccaenosanmii (rpaat 10-01-00178-a) w rpanTa mpesumenta PO
JUIS TIO/IIIEP KKY Bemymmx Hayaabix mkos (HII-7675.2010.1).

Crnucok JuTeparypsbl

[1] Muzatinos B. II. O 3anade Jupuxie AJjisa SJJIUNITAYECKOr0 yPABHEHUs BTOPOr0 NOPAKA
// Ouddepenn. ypasaenus. 1976. T. 12. Ne 10. C. 1877-1891.

[2] Mywun A. K. O 3amaue Jupuxie Ajsi 3/UIMITHYECKOT0 yPAaBHEHUs! BTOPOro nopsiaka//
Marem. ¢6. 1988. T. 137. Ne 1. C. 19-64.

O Buge acMMITOTHYECKOTO Pa3JIo>KEHUs BBINYKJIOTO TEPMUHAJIBLHOTO
(b yHKIMOHAIa KavecTBa B JJMHEWHOI CUHTYJIsIpDHOI 3aJade
ONTHMAaJIBHOIO yIIPaBJICHUS
Jamnmna A. P. (Hacruryr maremarnkn u mexaauku YpO PAH, Poccns)
Hapermesa FO. B. (Hacturyt maremarukn u mexaauku YpO PAH, Poccwns)

PaccMorpuBaeTcs ciemyiomas 3a1aua ONTUMAaIbHOTO yrpasserus [1], [2] ¢
OBICTPBIMU U Me/JICHHBIMU II€PEMEHHBIMU [3]:

Te = A11xe + A12y: + Biu, te [O,T], ”u” <1
e¥e = A212c + A22ye + Bou, ze(0) = 950, Y= (0) = y07

0(@=(T),=(T)) > inf o(a=(7).y-(T) = (.21,
rme z € R", y € R™, u € R"; A;;, B, i,j = 1,2 — TOCTOSIHHBIE MaTPHIILI
COOTBETCTBYIOIIEI Pa3MepPHOCTH;

Resp(A422) < —a <0 (sp(A22) — cexrp marpunsr Az2),

o(-) — Geckoneuno muddepennupyemas Ha R, cTporo BeImykias 1 KODUHUTHAS
(r. e. V2 € R" AEIEOO Ato(Az) = +oo [4]) bynkuus, a || - || — eskamaosa Hopma
B R".

st 310# 3a1a4u HAREHBL yCJI0BUS, 1IPU KOTOPBIX ACUMIITOTUYECKOE PA3JI0-
JKEHIe OMTUMAJIBHOTO 3Hauernus ¢ynkimonana xkadectsa we (T, z°,y°) mmeer Bux
CTEIEHHOrO TI0 € PA/A, U TOKA3aHO, YTO [IPU HAPYIIEHUU STUX YCJIOBUM aCUMIITO-
THUYECKOe pa3jiokeHue Oymer mMmeTh 0oJiee CI0KHBIN BHI.

OTa paboTa BBINOIHEHA P YACTUIHON IMOIep:KKe mporpaMmbl <Haywmbre
mkombr> HITT-6249.2010.01 u @enepanbuoii meneBoii mporpamMmbl (Ne TOCKOHTpaK-
ra 02.740.11.0612).
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Crucok Jureparypsl

[1] Houwmpaeun JI. C., Boamanckut B. I'., l'amxpesudse P. B., Muwenrxo E. @. Mare-
MaTHYecKass Teopus onTuMaJsbHbIX nponeccos. M.: Hayxka, 1983.

2] Kpacoscxuti H. H. Teopus ynpasnenus asukenunem. M.: Hayka, 1968.

[3] Tumonos A. H. // Mar. ¢6. 1952. T. 31(73), Ne 3. C. 575-586.

[4] Poxagesnrap P. Beinykmasiii ananus. M.: Mup, 1973. 472 c.

CrekTpaJjibHBIE CBOMCTBa OOHOTO KJjlacca 3a4adv JJjs1 0GbIKHOBEHHOT'O
aud depeHIIaIbHOrO oleparopa ¢ UHTErpaJbHBIMU YCJIOBUAMU
Jlaposckas K. A. (Poccuiicknii yamepcureT apy»)661 Hapoaos, Poccust)

PaccmarpuBaercs oObIKHOBEHHBIH ud depeHImaabHbIi onepaTop
Au+Nu = —ao(t)u” (t) + a1 () (1) +az(t)u(t) +Xu(t) = fo(t) (t€(0,1)) (1)

C MHTETPAJILHBIMU YCIOBUAMU

Blu= [ h(0u?Odt =5, (p=1.2). (2)

Baecw j =0, 1,2 duxcuposano, a; (i = 0,1,2) — BemecrBenno3navnbie byHKIUM,
Takme, 9T0 ap > k > 0 (t € [0,1]), m a1, a2 € C[0,1]; fo € L2(0,1), f, € C
(p =1,2); A € C— crnexrpasbHblii mapamerp, h, — JIMHEHHO HE3ABUCUMBbIE BeIe-
CTBEHHO3HAYHbIE (DYHKIUH.

. Boob6ue rosopst HKIUKU h, MOrYT ObITH DAa3IMYIHBL It
3AMEYAHUE 1. Boobur pd, dysxnuu h, yT O p T
pasnuaHBIX j. JJOMONTHATELHBIN WHIEKC B HAX HE BBOAMTCH, MOCKOJIBKY 33/1a-
qa (1), (2) paccmarpuBaercst fuist GUKCUPOBAHHOTO j.

Jokazana anpmopHag orenka pemennii 3ama<m (1), (2) mpu qoctaroaso 6016~
LIMX 3HAYEHMSX 11apaMerpa u, C ee HOMOUIbIO, 10JLyYeHbl yTBEPKJACHUd O CTPYK-
Type CIIEKTPA COOTBETCTBYIOIIErO OIIEPATOPa.

Hacrosamas pabora Bermosiaena mpu nogaepxke PODU, rpaunt 10-01-00395-a,
un ABIII «Pa3Burue Hay4HOr0 HOTEHIMAIA BHICIIEH IIKOJIbI», mpoexT 2.1.1/5328.

Crnucok JauTeparypsbl

[1] Aepanosu~ M. C., Buwux M. H. Duiunrtudeckue 3aadu ¢ MapaMeTpoM U mapabosin-
weckue 3aga4u obwero suna// Yenexn mar. Hayk. 1964. T. 19. Ne 3. C. 53-161.

[2] Zdaposckas K. A., Crybauescrut A. JI. O6 0gHOH CHEKTPAJBHON 3a1a4€ ¢ HHTErPaJjb-
HbiMu ycaoBusamu// Tpynsl cemunapa um. W. I'. ITerposckoro. 2010. T. 28. C. 149-162.

[3] Cxybanescrut A. JI. Heknaccudeckne kpaessie 3agaun. 1// CoBpemeHHas MaTeMaTHKA.
®yHnaMeHTaJbHbIe Hanmpasaenusa. 2007. T. 26. C. 3-132.

BricTphle Bo3elicTBUA B 3aJade CHHTEe3a yIpaBJIeHUI IIpu
HeoIlpeJeJIEHHOCTH
Jlappur A. H. (MockoBCKHiT roCyapCTBEHHBIH YHUBEDCUTET
umenu M. B. Jlomonocosa, Poccust)
Kypxancknii A. B. (MockoBCkuii rocyapcTBeHHbIH yHUBEDCUTET
nmenn M. B. Jlomonocosa, Poccust)

IlenTpambHBIM BOMIPOCOM MAaTEMATHIECKON TEOPHUU YIIPABJIEHUS B YCJIOBUSIX
HeW3BEeCTHBIX BO3MYUIEHUN ABJIAeTCA IIOCTPOeHHEe CHHTE3UPYIOMIUX yIIPaBJIAIOMIIX
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CTpaTernii, peaju3yIoNuX COOTBETCTBYIONINE BO3AENCTBYS B BUIE€ OOPATHOIM CBSI-
3u. Borunciienne momoOHBIX cTpaTeruii MOkeT TPebOBATH CYIIECTBEHHBIX BBIUHC-
JNTEJIHHBIX 3aTpaT.

WssecrHo [1, 2], 4T0 B JIMHEHRHO-BBILYKJIOH 33a9e YIPABJIEHUS [IPU HEOILpe-
JEeJI€EHHOCTH

z(t) = A(t)z(t) + B(t)u(t) + C(t)v(t), t € [to, 1],

TIPY BBHITIOJTHEHUH YCJIOBHSl OJHOTHITHOCTH MU3BECTHBIX T€OMETPUHIECKUX (MTHOBEH-
HbIX) orpanmdenuit u € P(t), v(t) € Q(t) Ha ympaBieHue U Heolpee/eHHOe
Bosmymenue (Buma B(t)P(t) = aC(t)Q(t), |a| > 1) pemenns 3aa4 MUHUMAK-
CHUMU3AINY, [TOJIyI€HHBIX B KJIACCe IPOrPAMMHBIX U B KJIACCE€ CHHTE3UPOBAHHBIX
yrpasJsienwii, copnamaior. [lociemee mo3BoasgeT HAXOMUTH yIpaBseHus Oostee 3¢-
GdeKTUBHO.

B moxsaze yka3aH MHOI KJiacC yIpasjeHuil, obecrednsaomuii a¢dexr, ana-
JIOTUYHBIN TTOPOKIEHHOMY YCJIOBUEM OHOTUIIHOCTH, HO i 00JIee IIMPOKOTO KPy-
ra CHCTeM, YeM B 33a9YaX C OJHOTUITHBIMHI MeOMeTPUIECKVMY OTPAHUIEHUSIMI HA
VIIPABJIEHUS ¥ BO3MYILIEHMs. DTO KJIACC KyCOYHO-IIOCTOSIHHBIX (DYHKIWI C mepe-
MEHHBIMU AMILIUTYIAMU, ITOPOKAECHHBIN AMIPOKCUMAINIMA «HIEATbHBIX YIIPaB-
JIEHWi» — JIMHEHHBIX KOMOWHAIINI e/ ThTa-(DYHKIWH U WX BBICIINX TTPOU3BOTHBIX
[3]. Uconb3oBaHMe TAKOrO Kjacca YIPABJEHUN TaK¥Ke I03BOJISET CBOJUTH Ha-
XOK/IeHUEe DelleHns 33/1a9i CUHTe3a K 0ojiee mMpoCToil 3a7ade BBIYUCIEHUS IIPO-
TPAMMHBIX YITPABJICHUN.

PaccvoTpens! Bce 3Tambl pemreHus 33a49M: KCIIOJIH30BAHME OOOOIEHHBIX
YIIPABJISIOMUX BO3AEHCTBUI, AIIPOKCUMAITNS MOCIEIHUX O PAHNIEHHBIMU (DYyHK-
UMY, COOTBETCTBYIONINE TTPEO0OPA30BAHMST MCXOMHON CHCTEMBI, YTOYHEHNE Orpa-
HUYEHUN HA yIpPaBJ€HHe U [IOMeXY, BHIUNC/ICHNE YIIPAB/ISIONNX BO3MeUCTBHI It
ucxomHo# cucremsbl. IIpuBoggarcsa mpumepsl.

PaGora Bermosaena mpu durancosoii mogaepxkke PODU (rpant 09-01-00589-
a), ®LII «Hayabie 1 HAyTHO-TIEIArOTUYIECKHE KaAphl THHOBAIMOHHOM Poccun Ha
2009-2013 rogpr> (konTpaxt Ne 16.740.11.0426 ot 26 nosziGps 2010 roga) u rpanTa
MK-1111.2011.1.

Crucok Jiureparypsl

[1

Kpacoscxut H. H., Cy66omun A. U. Ilosunuonnsie nuddepennuanbubie urpei. M.: Ha-
yka, 1974.

Kyporcanckut A. B. AlbTepHUPOBaHHBIN HHTErpas IIOHTPArIHA B TEOPUH CHHTE3a YIPAaB-
nennii// Tpynet MUAH. 1999. T. 224, C. 234-248.

Kurzhanski A. B., Daryin A. N. Dynamic programming for impulse controls// Annual
Reviews in Control. 2008. V. 32. Ne 2. P. 213-227.

2

3

TpexTouyedyHasi KpaeBas 3aJadva JJjisi nHTerpo-aud epeHnuanbHbIX
YPaBHEHUI ¢ MAJILIM IIapaMeTpOM
Laypinbaes M. K. (Kasaxckunii HanuonapHbIi ynusepcurer uMmenu ajab-Papabu,
Ka3zaxcran)

PaccmarpuBaercs ma orpeske [0, 1] smueiinoe unrerpo-auddepennnansaoe
YPaBHEHME TPETHErO MOPSIAKA C MAIBIM MapaMeTpoMm &£ > () mpu cTapineil mpon3-
BOJIHOI:
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Ley(t,e) = ey’ + A(t)y" + B(t)y' + C(t)y =

+/ (Ho(t, )y(z,e) + Hi(t,x)y (z,€)) dz (1)

C KpaeBbIMU YCJIOBUAMU

Hly(tvg) Ey(075) =aq, Hgy(t,&‘) Ey(t075) :/87 H3y(t7€) E’y(l,&) =7
(2)
rme A1(t) > 0,0 <t <1, o, 8, 7y — HEKOTOpBIE U3BECTHBIE [IOCTOSHHbIE, He 3aBU-
camue oT €, a 0 < tp < 1.
Hapsany ¢ ypaBuermem (1) paccMOTPHM M3MEHEHHOE HEBO3MYUIEHHOE JIMHEMH-
HOe mHTerpo-auddepeHIaIbHOe ypaBHEHTe

Loy(t) = A(t)y" + B(t)y + C(t)y =

1

= F(t) + / (Ho(t, 2)3(x) + H(t, )i (x)) dz + At) (3)

0
C USMEHEHHbIMU KPAa€BbIMU yCJIOBUAMMU:

Higt)=5(0) = a+ Ao, Hagt)=g(to) =B, Hagt)=g(1) =  (4)
Baech A(t), Ag— Tak Ha3bIBaEMble HAYAIBHBIE CKAIKA WHTETPAIHHOTO HUJICHA W
pemrenns 3amaawm (1), (2) coorBercTBEHHO.

B nacrosimeit pabore Ha 0CHOBE KOHCTPYKTUBHOM (hOPMYJIBI IOy I€HBI ACHMII-
TOTHYECKUE OIEHKHU PENEHUs TPEXTOIeTHOM Kpaesoil 3amauan (1), (2). C momompio
9THUX OIEHOK J0KA3bIBAETCS, YTO PElIeHNe CUHTY/ISPHO BO3MYIIEHHON KPaeBoi 3a-

nmauwm (1), (2) upu crpemsiennu MasIoro napaMerpa K Hymo B Touke ¢ = 0 obsagaer
SABJIEHVEM HAYAJIHLHOTO CKAYKa HYJIEBOTO TIOPSIKA

W0 =0, v0.9-0(1). v02=-0(%).

Tlo/ry9eHbl OIEHKN PA3HOCTH MEXKIY PEIEHUAMU CHHTYIAPHO BO3MYIIEHHON
kpaesoii 3amauwm (1), (2) m cooTBeTCTBYIOMEH N3MEHEHHOW HEBO3MYIIEHHON 3a71a-
au (3), (4), ¢ HTOMOWBIO KOTOPBIX IIOJIy9€HBI [IPEIE/IbHBIE PABEHCTBA:

limyY (t,e) = g (t), 0<t<1, j=0,1,2.
e—0

Onpe;[eneHbI BEJIMYUHBI HAYAJIbHBIX CKaQYKOB WHTETPDAJILHOTO YJI€Ha W pernie-
HUA.

O cnocobax annpokcumanuu pemteHnii auddepeHnmanbHbIX
yPaBHeHMI ¢ 3ana3jpIBaloM apryMeHTOM
Jevunenko I B. (Hacruryr maremaruxn um. C. JI. Co6onesa CO PAH,
Hogocubupck, Poccust)

B macrosimee Bpems umeercs psiji CIIOCOOOB alllIPOKCUMAIUU pelneHuil pud-
depeHITna/IbHBIX YPABHEHUI ¢ 3aMa3IbIBAIOIINM aPryMEHTOM

Lyt = Sty 7)), t> T, 1)
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C IIOMOINBIO PENIeHNi CIeNNaJIbHBIX KJIACCOB CHCTEeM OOBIKHOBEHHBIX muddepeH-
IUAJIHbHBIX YPABHEHUN O60IBIION pa3MepHOCTH

% = Az + F(t,z) )
(cm., manpumep, [1]-[8]). B mamreii pabore npeaaraerca emie OuH Criocob anmpok-
cumarnmu perrenwii (1), OCHOBAHHBIM Ha TEXHWKE BEHBJET-aHAIN3A W CBOHCTBAX
penreHuii HEKOTOPBIX KJIACCOB cucTeM muddepenrmaababiX ypaBHeHwid (2).
Pabora sBeimonmmena mpu momamepxkke DIIII “Hayamprle u  wHaydHO-
TeJarOTMYeCKUe  KaJphl WHHOBAIMOHHOW Poccwm” ma 2009-2013 rr. (rocy-
mapcrBeHHble  KOHTpakThl Nt 02.740.11.0429, Ne 16.740.11.0127), Poccwmiickoro
donna dynnamenranbubix nccinenosanmii (mpoext Ne 10-01-00035) u Cubupckoro
otnenennsa Poccwiickoii akamemmyn Hayk (mpoekT Nt 85, MeAMCIMTIIMHAPHBIH
mpoekt Ne 107).
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wwum aprymenrom // Cub. mar. >xxypu. 2005. T. 46, Ne 3. C. 538-552.

[6] demudenko I'. B., JTuzowsati B. A., Komosa T. B., Xponosa 0. E. O6 0oqHOM Kaacce cu-
crem auddepeHnaabHBIX yPABHEHUN U 00 yPaBHEHUAX C 3aMa3AbIBAIOLINM aPTYMEHTOM //
Cub. mat. xkypH. 2006. T. 47, Ne 1. C. 58-68.

[7] demudenxo I. B., Meavnux HU. A. O6 ogHom cnocobe annpokcuManuu pemeHuil nudde-
PEHLUAJBHBIX yPABHEHUH ¢ 3anazapiBaomum aprymenrom // Cub. mar. xypn. 2010. T. 51,
Ne 3. C. 528-546.

[8] Krasznai B., Gyéri I., Pituk M. The modified chain method for a class of delay differential
equations arising in neural networks // Math. Comput. Modelling. 2010. V. 51, no. 5-6.
P. 452-460.

EpunHcTBeHHOCTH pemieHnsi o6paTHOM 3aa4u [JIsl ypaBHEHUS
aunddys3un c rnepeonpegesieHNeM B BUe BHEIIHEro o6beMHOro
[OTeHIaIa
Lernncos A. M. (MockoBcknii rocyapcrsennblii yausepcurer uvean M.B.
Jlomonocosa, Poccust)

PaccmoTprM HaIaIbHO-KPAEBYIO 3314y M byHKmud u (T, Y, 2, t)

u=Au—u, (z,y,2)€Q, te(0,T],
cut B9 =0, (2,y,2) €00, te0,T],

u(l‘7 y7 Z? 0) = "}/(1‘7 y7 Z)? € e Q’

rae ) —orpanudenHas 00acTb ¢ KyCOYHO-IVIAJAKON rpanuneit 0f), % — npowns-
BOJIHAs 10 BHEIIHEH HOpMaJIH, & U § — HEOTPUIIATeIbHbIE TOCTOsTHHBIE, v+ 3 > 0.

O6o3Haynm yepe3 Y. JO0CTATOYHO IMIAJKYI0 3aMKHYTYIO TIOBEPXHOCTD, COIEP-
JKAIyio BHyTpHu cebs Q.
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Cdopmymupyem obparayo 3amady. [lycte B mocTostaabre o m  3a7aHbl, a
dbysxkmma y(x,y, z) memssectna. Tpebyerca onpememurs y(z,y,2) u u(z,y, z,t),
ecm st (x,y,2) € 3, ¢ € [t1,t2] C [0,7] 3aman BHEMTHMIT 06 BEMHBII TOTEHITHAI

= |||

Taxyio 06paTHyO 337ady MOXKHO PACCMATPHUBATH KAaK JIMHEAPU30BAHHYIO [IOCTA-
HOBKY O0pAaTHOH 337341, BOSHUKAIONIEN IIPX MCCAeI0BAHNNA MATEMATHIECKIX MO-
Jesieit BO3OYKIEHWS CEPIIIA.

Jlok/1a/1 TIOCBSIIIEH WCCJ/IEIOBAHUIO €IMHCTBEHHOCTH peleHus CHOpMyInpO-
BaHHOI 00paTHOM 3a/1a4u Jjid HEKOTOPBIX YaCTHBIX CJLy4daeB obmactu 2.

Pabora BhITIO/IHEHA TIpM Y9acTUYHON omuepxkke Poccuiickoro @omma Pynma-
MeHTaJIbHBIX VccmemoBanmit, mpoexT 11-01-00259.

O gocTaToOYHBIX YCJIOBHAX CTaOMJ/IN3aluy pelleHus 3agaum Jupuxie
[J1s1 TapaboJindecKoro ypaBHeHUs!
Aenncos B. H. (Mockosckunit rocymapcrsernsrii yansepcnret, Poccnst)

B mmmaape D = Q X (0, 00), rae @ — 06/1acTh (BO3MOXKHO, HEOTPAHMIEHHAS )
B RN, N > 3, paccmorpum 3agauy Jupuxie
N

Lu= (@i (z,t)uzy,), —ue =0 BD,
ik=1 ‘ (1)

ult=0 = uo(z), = €Q, uls=0,

/15 PABHOMEPHO 1apabo/IMuecKoro oneparopa L ¢ ©3MEpUMbIMU, OIPAHUYEHHBIMEI
kosddunmentamu. 3aecs S = 0Q X (0, 00) — GOKOBas MOBEPXHOCTD IIIUHADPA D,
uo(x) — orpanmveHHas HempepbiBHAA B () DYHKIHA, peleHre OrpaHmIeHHOE W
noHnMaercda B 0606menuaoM cMbicae [1].

TEOPEMA 1. Ecau pacxodumcsa unmezpas

/ cap (ET \Q) AN dr = 00, (2)
mo pewenue 3adauu (1) umeem npedes
lim u(z,t) =0 (3)
t—o0

pasromepHo no T Ha Kascdom xomnarme K & RY.

Buecy B, = {|z — z0| < T} — 3aMKuyTbHIil AP C HEHTPOM B HPOM3BOJILHOL
TouKe To pagmyca T, cap(FE) — BuHepoBckaa eMKocTh KommakTa E C Q.

Crywait, xorma kodddummentor B (1) He 3aBuUCAT OT BPEMEHU t, M3y9eH B
pab6ore [2].

Pab6ora BeiostHena npu ¢hunancosoit nogaepkke POOU, mpoext 09-01-00446
u OIUII “Hayunble n Hay4IHO-TIEJATOTHYECKIE KaIpbl MHHOBAIMOHHON Poccun ma
2009-2013".
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CrieKTpajibHBIE CBOMCTBAa IIPOU3BEAEHUS CAMOCOIIPSI>KEHHBIX
orepaTopos
Uenncos M. C. (Boponexcknii rocyapcrseHnblii yausepcuret, Poccns)

Iycrs (H,(+,-)) — ruibbeproso nupocrpancrso. Bumneiinyio dopmy [G-, -],
TTOPOXKIEHHYIO feicTByomuM B (H, (-, -)) HETPEPBIBHBIM CAMOCOTIPSAKEHHBIM OTIe-
patopom G,

['7'] = (G'7')7 (1)

Oyzem Ha3biBaTh G-Merpukoii. 'misbeproso npocrpancrso (H, (,-)) ¢ 3ananHOlM
ma mem G-merpukoii (1) Gymem HasbBaTh G-IPOCTPAHCTBOM.

Bciomy masee mpemoIaraeTcs, 9To BCe pACCMATPUBAEMbIE OTIEPATODHI TLIOTHO
ompenesenst B (H, (-, -)), ecimm me oroBopeno muoe. Cumsosom p(T) obosmaamM
Pe30/IbBEHTHOEe MHOXKeCTBO omeparopa 1. Jlumeitubtit omeparop 1, melicTByomumit
B nipocrpaHctee (H, (+,-)), HaszpBaOT G-cuMmMerpudecknM, ecin [Tz, y] = [z, Ty]
Juist mobbix z, y € dom(T).

OnpPEAEJEHUE 1. BamknyTsrit G-cumverpuaeckwuii oneparop 1 : dom(7T) —
‘H naspBaerca aedunmsupyembim B G-npocrpanctse H, ecrm p(T) # @ mu cyme-
ctRyer muoroumen p(t) Taxoi, uro [p(t)z,z] > 0 mms moboro x € dom(T*), rae
k = deg(p(t))-

O,HHI/IM U3 OCHOBHBIX PE3YyJ/IbTATOB IOKJ/IaJda ABJIAETCA CIAEAYIOIlad TeopeMa:

TEOPEMA 1. ITycmov evnoanens, caedyoujue Ycaosui:

1°. Onepamopv. G u A camoconpasicenv, 6 2uabbepmosom NPoOCMPAHCMEE
<H7 ('7 )> .

2°. p(AG) # @ u p(GA) # 2.

3°. Onepamop G ozpanuuen, a onepamop AG Jdepunusupyem 6 G-
npocmpaHcmee.

Tozda cnexmp onepamopa AG — seujecmeertvill, 36 UCKANOUEHUEM KOHEYHO20
YUCAG UZONUPOBAHHOLET KOMNAEKCHOLEL COOCTNEEHHHT 3HAYEHUL, DPACTIONONHCEHHDLT
CUMMEMPUYHO OMHOCUMEADHO Sewecmeennot ocu, u Yy AG cywecmeyem cnex-
MPANOLHAA PYHKUUA.

3AMEYAHUE 1. YrBepxk/eHue reopeMbl 1 0CTaercs BEPHBIM, €CJIU 3aMEHUTH
ycsioBue 3 TeopeMbl 1 Ha caeayioliee:

3a°. Omeparop A wmempepsisro obparmm, u AG medunmsupyem B A~ -
IPOCTPAHCTBE.

Hoxuaz ocaoBan Ha coBMmectroit pabore ¢ T. f. Aszuzosbim u F. Philipp. Dra
pabora BeimosHena npu noagepxke PODU, rpant 08-01-00566-a.
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T'nobanbHasa pa3pemmMoCTh 3aJa4U O JABHXKEHHU ABYX HECXKHMAaeMbIX
KalNJJISIPHBIX >KUIKOCTEN
Aenncosa U. B. (UacruryT npobaem mammuaoseaenns PAH,
r. Cankr-Ilerepbypr, Poccus)
Comonankos B. A. (Cankt-IleTep6yprckoe OTae/IeHIe MATEMATHIECKOTO
uncruryra uMm. B. A. Creknosa PAH, Poccust)

PaccmaTpuBaeTcs 3a/1a4a O IBUYKEHNH JIBYX HECKMMAEMbIX KUIKOCTEH B KOH-
TeliHepe, OfiHa W3 KOTOPBIX HAXOAWTCH BHYTPU Apyroii. BHyTpeHHsst XKUIKOCTH
zanmmaer obmacts QF C R a smenmmaa — Q; C R®\ Q). Ux pazmenser meus-
BECTHAs 3aMKHYyTas HOBepxHOCTH Iy = O, mpirdem B HauambHblil MoMenT ¢ = 0
nosepxnocts Iy 3a1ana. Buemnsas rpanuna S = 9(Q UT:UQ, ) — sanannas no-
CTOSTHHAS TTIOBEPXHOCTh, TTpu 3ToM S NIy = (). Tpebyercs HAHTH TpAHUITYy pa3aena
I':, a Takxke mosie ckopocteit v = (v1,v2,v3) u HYHKIUIO JABJICHAS D BHEITHEH W
BHyTPeHHeH KNUIKOCTel, yI0BIeTBOPAOINX Hada/IbHO-KPaeBoil 3aziade 114 ypas-
nennit HaBre—Crokca

8—vfuiv2v+(v«V)v+in:0, V-v=0 BQf‘, t>0,
ot pt
Vle=o =vo, [v]lr, =0, [Tn]lr, =cHn, v|s=0,

e I/i, pi — cTymenyaTrbie GYHKINN BA3KOCTeH U MI0THOCTEHN KUIKOCTEH, COOT-
BETCTBEHHO, Vo — Ha4daJibHOE pacipejeieaue ckopocreil, T — TeH30p HalpsKeHu
C 3JIeMeHTaMu’

{T(v,p)}ix = —pdj. + p* (0vi/Owk + Ovr/Ox:), i,k =1,2,3;
+

pt = vEpt — numammueckme Bs3KOCTH, N — BEeKTOp BHemHeld Hopmamm K
[w]|r, — ckauox BekTopa W mpm mepexoze wepes Iy m3 QF B Q5 0 > 0 — ko-
3¢ dunmenHT MOBepXHOCTHOrO HaTsIKeHUs, H — yJBOEHHasl CpelHsist KpUBU3HA ['¢
(H < 0 B Toukax BeIIyKJIOCTH 't B cTOpOHY ;).

Kpowme TOro, mpesmonaraercs, 9To IacTHIBl KUAKOCTH HE HOKHIAT [: ¢
TeueHneM BpeMeHu: Vu = v - n|r,, T. €. CKOPOCTH JABUMKEHUS IIOBEPXHOCTU B HOD-
MaJIbHOM HATPABJIEHAN COBIIAIAET C MPOEKIWeEN CKOPOCTH YKHUIKOCTH Ha HOPMAJIb.

st 9TOM 331297 IPU JOCTATOMHO MAJIbIX IVIaIKAX HAYAIbHBIX JTAHHBIX JTOKa-
3BIBAETCS CYIIECTBOBAHME pemleHus (V,p) B aHU30TPOIHBIX IPOCTPAHCTBAX Lesib-
zepa npu Beex t > 0. JJokazarenabcTBo 3T0ro GpaxkTa OMUPAETCs Ha CYLECTBOBAHUE
JIOKAJIGHOTO 110 BPEMEHH PELIEHUs U ero resbaeposckue onenku [1]. IIpu sTtom Met
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cjesyeM cxeMe, IIPeJIJIOXKEHHOM OJHIM U3 aBTOPOB I JOKA3aTe/IbCTBA CyIeCTBO-
BaHMA T7I00AIBHOTO PEIEHus /I OJHON KUIKOCTH OrPAHUMEHHOrO o0bema [2].
Ormmpasich Ha pABHOMEPHYIO SKCIOHEHINAIHHY IO OIIEHKY JIOKAJIHHBIX PEITeH, MbI
MOKa3bIBAEM, ©ITO IPU JOCTATOYHO MAJION HAYAIBLHON CKOPOCTU M MAJIOM OTJIHMSHIH
HA4YaJIbHON IOBEPXHOCTH OT CHEPHI ABUKEHHE KAIIU B XKUJKOCTH 3aTyXaeT, a ee
dopma cTpeMuTcsa K mrapy COOTBETCTBYIOIIETO PAIMNYCa.

OTa paboTa BbImosiHeHA Ipu mogaepxkke PODU, rpart Ne 08-01-00372a.
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TeopeMbl BJIOXKE€HUS U OCUMJLISINUS PElIeHn ypaBHeHU
cob0JIeBCKOTO THIA
Jlerncosa T. E. (MockoBCKmii TOPOJCKOI MCHXOIOTO-TTEJATOTHIECKHIT
yausepcuret, Poccust)

B nmoxsame OymeT M3/I0KEHO MPOIOJIKEHUE HCCIICJOBAHUI, HAYATHIX B Pa-
Gorax [1]-[3]. PaccmarpuBaeMble BOIPOCH MMEIOT B KAYECTBE <OTIPABHON TOY-
K> caemyouryio 3amaty. B paborax C. JI. CobGosieBa n €ro yIeHMKOB CIIEKTPAJIh-
HBIMU METOJAaMU OBbLTIO, B 9aCTHOCTH, ITOKA3aHO, UTO PEIIeHne TMepPBOil HAYAIbLHO-
KpaeBoll 3amaum 1 ypasHenuss CobosieBa modTH MEPHOIWHMHO B Kpyre (mpm
n = 2), a TakXKe B JUINICONJE U B IMIVHADE ¢ 06pa3youie, OpHeHTUPOBAHHOM
ompesesieHHbM 00paszoM (mpu n = 3). OCOGEHHOCTD 33/1a9M 3aKJII09AECTCA B TOM,
uaro penienue ypasaenus CoboJieBa He 3aBUCUT HEIIPEPHIBHO OT IPAHUIIBI 06JIACTH
(marpumep, B Kpyre 7 < 1 penreHme MMeeT TUCKPETHBIN, a B 00/1aCTH ¢ TpaHUTIeH
r =1+ esin® ¢ — menpepuiBabi cnektp (Ve > 0)). IlosToOMy BO3HHKAET BOIPOC:
<Kak Bener cebs pemenne B 3aBECHMOCTH OT IIPOCTPAHCTBEHHOMN obsractn?> Pac-
CMATPUBAEMBII ITOJIXOM K PEIIeHUIO 3TOM 331a4n Da3UpPyeTcss Ha MCIOJIH30BAHNUN
COOTBETCTBYIOIINUX TEOPEM BJIOZKEHUA U CBOAUTCA K CJICAYIOIUM STallaM.

1°. Ha ocmose Becossrx mpocrpancte Cobomesa W\, (RT) crposites mpo-
CTPaHCTBA QWé\fa (R") dbynkumit ommoit nepemenmoit. IIpu omnpeeernm

HOPMBI
N —_—
|7 QW ®5)|| = [[£. Wk ®)|| + > sup | D ()|
k=0 (0:1]
B TaKHX MPOCTPAHCTBAX HCIIOJIb3YETCAd T€OpeMa, aHaJIOTUIHad TeOopeMe
IIs/m1-Busnepa.

2°. JI0Ka3bIBAETCS, YTO IIPOCTPAHCTBY Qsz\fa (R") upmuaexar cymmupy-
eMbIe U OCTI/IIMpYIomue QyHKImn.

3°. BBommTCcs B pacCMOTPEHHE TIPOCTPAHCTBO Wé}fa (RY, W™ (g)) byuxmmii,
onpenenentbix Ha RT X g m raknx, wro || f, W, (g)|| € W, (RT).

4°. Ina moboro k € {[a],..., N—1} mpu 1 < %—oa < N+1 ycranasnuBaercs

srowerme D2 DEWN, (RT, W™ (g)) ‘RW@?’_”@%) C QWYTE(RY), rae
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n
> pi < m— %, npudeM ycaoBus Ha 06IaCThb g TaKHe JKe, KAK B TeopeMe
i=1
Broxennst Cobosiena.
U3 »sroro BIOXKEHUS, CYIECTBOBAHHUS I€PBBIX WHTErPAJOB U  OIEHKH
HDku, W3t (g)|| = O™ ' + 1) cieayer, 4ro npu HAuAIBHBIX JAHHBIX U3

KJacca ﬁ/? (g9) pemenme mepBoil HAYANBHO-KPAEBON 3a1a4m /Ui ypaBHEHUS
CoboseBa siBasIETCS MO0 CYMMUPYEMBIM, JTNOO OCIIMJITHDY IOIIHM.

OO6CyXmafoTcs  AOCTOMHCTBA  (ITPOCTPAHCTBEHHAS OOJIACTh OIPEIENISAeTC
JIAIBb COTBETCTBYIOIUMU T€OpeMaMu BJ'IO)KeHI/IEI) 1 HEeJOCTaTKH (OCHI/IHJIHHI/IH pe-
MTEHWsT HE OTAEIACTCS OT CYMMUPYEMOCTH) U3JI0KEHHOTO METOJA.

ITpuBoauTCa MILTIOCTpAIUS TPUMEHEHUS JTAHHOTO ITOAX0IA K HCCJIE/IOBAHUIO
ACHMIITOTAYIECKOTO MOBEJIEHUS PENIEHN IIePBOil Ha“aJJIbHO-KPAE€BOU 3a0a9u I
YPaBHEHMIT COOOJIEBCKOTO THIA C MTOCTOSTHHBIMUA U € TIEPEMEHHBIMI K03 (d dunmen-
TaMM, a TaKXKe€ K HUCCJIEIO0BAHUIO PEIICHUA 3a/1aI1 KO]_HI/I C pOCTOM BpEMEHMH.
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KBagparu4dHble ycJ/I0BHAs ONTHUMAJIBHOCTHU [JIs PEJIeiiHO-0COObIX
yIIpaBJI€eHUN

Juurpyk A. B. (MI'Y um. M. B. JlomoHOCOBa)

Ha dukcuposannom orpeske [0,7] paccmarpuBaeTca 3a1a9a ONTUMAIBHOTO

yTIpaBJICHUS:
&= f(t,z) +ug(t,z), lu| <1,
nj(x(0),2(T)) = 0, i=1...,u,
pi((0), 2(T)) < 0, =1 v
J = o(z(0),z(T)) — min,

JIMHEHHAsi 10 CKAJSIpHOMY ympasieHuio. 3xeck x € R™. Ilycts mporecc
(2°(t),u’(t)) ymoBmerBOpseT HIPHMHINIY MAKCHMYMa C eIMHCTBEHHBIM HAG0POM
mHEOKHUTe el Jlarparka, mpuuem byHkIms nepexmouenus ¢(t) g(t, z°(t)) > 0 ma
(0,0), n paBra mymo Ha (6,7T), Tak 9TO HA TMEPBOM WHTEPBAJE YIIPABJIEHUE TDa-
mramoe: u’(t) = 1, a ma Bropom ocoboe: |u’(t)| < 1. Cunraem, 40 BCe KOHTEBLIE
HEPaBEHCTBA aAKTHBHHI.

ITycts €2 ects BrOpas Bapuamus dyuknnn Jlarpanxa, a K ecTb KOHYC KPUTH-
YeCKUX Bapualldii, 3alaHHbIH JIMHeapu3alueil Bcex orpaHnyeHnii 3agaqau. B gact-
HOCTH, JTUHEAPU3AIUd yIPABIAEMON CUCTEMBbl UMeeT BU/ ¥ = AZ + Bu. Beegem
KBa/IPATHYHBII TOPSITIOK

T
v@m»:wwf+/|wﬁ+www, pej=a,  §(0)=0.
0
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ITepenucas () ¢ momompbio 3amensr T = & + BY, noaydaeM KBagpaTudaryio Gpopmy
BHIA

Q = q(&(0), &T), §(T)) + / (GE.6) + (PE,9) + (Q4,9)) dt

OcBo6OXIasACH OT €BA3M Y = U, mepexomuM ot Tpoek (£, §, §(T)), MOpOXK IeHHbIX
xomycom K, k tpoiikam (£,7,h), rae § € L2[0,T], h € R, obpasyomum KOHyc
H(K), 3a1a101uiicss COOTHONUICHISIMIL:

E=Af+(AB—-B)y, §=0 mua(0,0),
Mo €(0) + 1 (E(T) + B(T) h) = 0,

oo €(0) + @op (E(T) + B(T) h) < 0.
TEOPEMA 1. 1°. Eecau npoyece (z°(t), u(t)) docmasanem crabout mu-
numym, mo @ >0 na H(K).
2°. Ecau Ja > 0, makoe wmo Q > ay na H(K), mo (z°(t),u°(t)) docmas-
AAEM CMPOo2UL CUADHDOIT MUHUMYM.

<0

Amnasormunble pe3ysIbTaThl CIIPABEJIMBLI U st 6oJiee ODIIEero ciydasi, KO-
I/[a KOHEYHOE YHCJIO YIaCTKOB PEJIEHHOIO YIIPaBJIEHUs Y€PEyIOTCH C yIaCTKaMu
ocoboro.

Pabora BeimosiHena coemectHo ¢ C. Apounoit, ®. Bounauncom u II. Jloturo.
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HekoMmnakTHBIE JIarpaH2KeBbl MHOroo0pasusi U JIOKAJIN30BaHHbIE
acUMIITOTUYECKHE PElleHUsi MHOT'OMEPHOI'O BOJIHOBOIO ypPaBHEHUS C
BBIPOXKJAIOIIEN CKOPOCTHIO
Jobpoxoros C. IO. (Hucruryr npobiaem mexanuku nm. A. FO. Hmmbckoro
PAH n MockoBcknii (pu3HKO-TeXHHIECKUI HHCTATYT)

Ilox HeKOMIAKTHBIME JIArPAHKEBBIME MHOTOOODA3USMY MBI B OCHOBHOM II0-
HAMaeM MHOroo6pas3usi, KOTOPble MMEIOT HeOrDAHUYEHHbIE UMITYJIbCHBIE KOMIIO-
menrTol. Takue MHOrooOpasus HOAB/IAIOTCH [PU IIOCTPOEHUU ACHUMIITOTHYECKHUX
OBICTPOYOBIBAIONINX U OBICTPOOCHMJIIMPYIONAX PEIIeHNH yPaBHEHUI ¢ 0COObIMU
ko3bdurmentamu. Mbr paccmarpuBaem 3amady Korrn fist 1ByMepHOTo BOJTHOBO-
r0 ypaBHeHUs

2

uye = V- (¢*(x1,2)Vu) (1)
Ha [OJTyILTOCKOCTH &1 > 0 ¢O CKOpocThIo ¢ (21, &2), 06palafomeiica B HOb (TO/b-
Ko) Ha TpaMoil 1 = (0 W B OKPECTHOCTM 3TON TPSAMOIl MMeIoIeil IOoBeJIeHIe

A(z1,22) = y(z2)r1 + O(2}), ¥ ¢ HAYATHPHBIME JAHHBIME JTOKAJA30BAHHBIMU B
okpecrHoCcTH TO4YKU T = (a,0)

r1 —a T2
utzozvi,f, utt:():O. 2
\ ( . u) | (2)



3aecw V(y1,y2) — rmankasa duanraas byaknus, p > 0 — massnii mapamerp. C re-
YeHreM BPEMEHHU PelleHre 3TON 331241 CTAHOBUTCH JIOKAJIN30BAHHBIM B OKPECTHO-
ctr bpPOHTA — KOTOPHIH CHAYasIa NMEEeT BU IVIQIKOM KPUBOI, & 3aTeM He IJIaIKOM
KPHBOIl C TOYKAMU ITIOBOPOTA M CAMOIIEPECETIeHUSIMI. DTA KPUBAS IOIYIAETCT KaK
NPOEKIUs HA MOJIYILIOCKOCTH X1 > () BOJIHOBBIX (DPOHTOB-KOHIIOB OHOIIAPAMET-
PUYECKOTO CeMeiCTBA TPACKTOPWI TaMWJILTOHOBON CHCTEMBI B YeTHIDEXMEPHOM
dbazosom pocTpancTBe ¢ KOOpAmHATAMH (P1, P2, T1, T2). Ilocae MOMEHTa KacaHus
dponTa npusmoit 1 = 0 UMIyIbCHAS KOMIIOHEHTa Ha BOJTHOBOM (DPOHTE IIPHHU-
MaeT B HEKOTOPBHIX TOYKAX OECKOHEUHBIE 3HAUEHWsI, YTO M IPUBOIAUT K HEOOXOIV-
MOCTH PACCMOTPEHHsI HEKOMIIAKTHBIX JIATPAHKEBBIX MHOTr000pa3uii, Momuduiu-
POBAHHOIO KaHOHWYIECKOro oreparopa Macnosa u 1. 1. B gokazne moiiner peus
06 acummToTmKax mpu 4 > 0 1 Apyrux 06beKTax, CBA3AHHBIX C TAKUMHI MHOT000-
Pa3UAMU U JIETKO PeaJIn3yeMbIX Ha IepPCOHAJTHPHOM KOMIIBIOTEPE, & TaKXKe U HOBBIX
3a/1a49aX, BO3SHUKAIONUINX IIPU UX PACCMOTDPEHUN.

Ota pabota BeImosHeHa coBmectHo ¢ B. Tupormm n B. Hazalikumckum u npn
nonmepxkke rpanta PO®U 11-01-00973 u coryramenus Mexay DPusmdecKuM Ie-
napramenTom YramBepcurera <La Sapienzas (Pum) u ncruryra npobaem mexa-
uukn um. A. FO. Umnunackoro PAH.
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Acumrnitorudecku ogHOPOAHBIE 0000IIEHHbIE PYHKIIUN
Jpoxxunos 0. H. (MHAH, Poccus)
3asesioB B. . (MHAH, Poccus)

O606mennbie Gynxumm, 06/1aJa101I1Me KBA3HACUMIITOTAKON (aCUMIITOTHKOM B
C1a60M CMBICJIE) TT0 TPAEKTOPHUAM, OTIPEIEIAEMBIM OTHOTIADAMETPUIECKIMU TPYTI-
HaMu JTUHEHHBIX Tpeobpa30BaHuii B aCUMITOTHYIECKON IIKaJIe IPABUIbHO MEHSIO-
muxcsd QyHKINA, HA3BIBAIOTCA ACUMITOTUYIECKH OJHOPOIHBIMH II0 STHM TPYIIIaM
npeobpazosauuii. [Ipemensubie 0600uIeHHbIe (DYHKIINN OTHOPOIHBL IO STUM TPYII-
mam. B mokmaze Oymer maHO onmcaHWe aCHMIITOTHYIECKH OJHOPOIHBIX 0000IIeH-
HBIX QYHKINUN BIOIb TPAEKTOPUI, OIIPee/IsseMbIX HEIIPEPHIBHBIMI MYJIHTAILINKA-
TUBHBIMY O/THOTIAPAMETPUIECCKUMHU TPYIIAaMU TPpeoOpa30BaHmii, y KOTOPHIX BeIle-
CTBEHHBIE YaCTU BCEX COOCTBEHHBIX 3HAYEHHUIN T€HEPATOPA TPYIIIBI MOTOKHUTETb-
HbBI, B TOM 9HCJIE U I KPUTUIECKUX [MOPAIKOB aCUMIITOTHIECKON mrkasbl. Kpome
TOro OyIeT MPUBEIEHO IOJIHOE OIMCAHNEe 000OIEHHBIX (DYHKIWIL, OJHOPOIHBIX II0
TaKuM rpymmaM. ByzeT paccka3aHo O IPUMEHEHHUH TI0/IY9€HHBIX Pe3Y/IbTATOB IS
IIOCTPOEHUS ACHMITOTUYECKHA KBA3UOMHOPOMHBIX pemreHuil nuddepennuabHbIX
YPaBHEHWI1, CHMBOJIAMHA KOTOPBIX SBJISIOTCS KBA3WOTHOPOIHBIE MHOTOUJIEHBI.

Pa6ota Boimostaena nipu dhuramcoBoM mogaepxke PODI, rpant 10-01-00178,
u rpaar P® HIII-7675.2010.1.
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CTpyKTypa KHHEMATHYECKUX PA3PbIBOB B MOTOKAX B HAKJIOHHBIX
KaHaJIax
JIpozmosa FO. A. (Poccmiickmii TocymapcTBeHHbIl yHUBEpCHTET HETH M ra3a
nmenn U. M. I'y6kuna, Poccust)

Teopusi KMHEMATUYECKUX BOJIH WCIOJIb3YEeTCS [ ONMUCAHUS OTKPBITBIX I10-
TOKOB B HAKJIOHHBIX KQHAJIaX IIPU yCJOBUH, YTO BPEMEHHBIE U IIPOCTPAHCTBEHHBIE
(BmOMIH HA) MACITTAOBI TEUEHUS] HACTOIHKO BEINKH, 9TO B yPABHEHUSX JTBUKCHUS
MOXKHO TIpeHebpeds nd ¢ epeHnma bHBIMU IIEHAME 0 CPABHEHUIO C 4IEHAMU, HE
COZEPKAIMMYU IPOM3BOAHBIX 10 BpeMenu u kKoopauuaram [1]. O6sactu ¢ oTHOCH-
TEeJIbHO MAaJIBIM TIPOJOJIBHBIM MACHITA0OM 3aMEHSIIOTCSI TP 3TOM pa3pbiBamu. B
paboTe uCCaeayIOTCS KHHEMATHIECKNE PA3PbIBl B MIOTOKAX B KAHAJIAX CJIOKHOTO
OIepevHOro cedenust. [lokazamno, 9To /i KAHAJIOB CIIENUAILHOIO BUIQ YCJIOBUS
COXPaHEHWs MaCChl ¥ MMITYJIbCA IIPM 33JaHHBIX CKOPOCTH BOJIHBI U TIJIOIIAIN YKU-
BOTO CEYeHHs MOTOKA Iepe] CKAadKOM He OIpPEeIe/siOT 3HAaYUeHHs IapaMeTPOB 3a
CKQ9IKOM eJMHCTBEHHBIM 00pPa30M: 32 CKAYKOM MOTYT OBITH TPH PA3INIHBIX 3HA-
YeHWs TIUIOIIAIN CeYeHUsi. B 3TUX CIydyasix eIMHCTBEHHOE PEIIeHNe MOYKeT OBIThH
BBIZIEJIEHO C TIOMONIBIO UCC/IEIOBAHAS CTPYKTYPBI CKadKa. [2].

CrpykTypa KMHEMATHYECKOIO Pa3pbiBa UCCJEAyercs B 3T0i pabore ¢ 1moMO-
mpio ypasHeHuit Byccunecka. 3aata CBOAUTCS K HMCCIEIOBAHHIO OCOOBIX TOUEK
CHCTEeMbl YpaBHEHWI, TIOyIeHHON U3 ypaBHeHMII ByccuHecka B Mpe/ImoI0KeHnH,
410 peienue umeer Buj Gerymeit Bosiabl. Oupesesenbl Bce BO3MOXKHbIE TUIIbL 0CO-
OBIX TOYEK. BhITIMCAHBI YCIOBUS HA TTapaMeTphbl MOTOKA, IMIPU KOTOPHIX CTPYKTYPa
He nMmeeT Komebanuit. [IpoBeieno ducaeHHoe nCCae0BaHNe CTPYKTYPhl KHHEMATH-
YeCKHUX BOJIH B PYCJIe C C€YeHnEM B BHE M3IOMAHHOrO TpeyrosbHuka. Ilokazamo,
YTO MHTErpaJbHbIe KPUBBIE, COOTBETCTBYIOIINE CTPYKType KMHEMATHIECKUX pa3-
PBIBOB, COEIUHAIOT ABe OJmyKafmme ocoOble TOYKH.

Crnucok JuTeparypsbl

[1] Yusem Jotc. Jlunefinvie n Hennueinsle Bosusl. M.: Mup, 1977.
[2] Kyauwoscxuti A. I CunbHble pa3pbIBbl B T€YEHUAX CILIOIIHBIX CPEI U UX CTPYKTypa //
Tp. MITAH. 1988. T. 182. C. 261-291.

06 oaHOM HepaBeHCTBE THUIIA XapAyu W €ro NPUJIOXKEHUAX K 3azadaM
MaTeMaTudeckoii (pM3UKMU B MOJIHOM €BKJIM0BOM IIPOCTPAaHCTBEE
Jy6uackmii FO. A. (Mockoscknii sueprermaeckmnii uactutyt, Poccust)

1°. KOHCTPYKTHBHOE ONHMCAHUE BECOBBIX MHOXKUTEIEH B HEPABEHCTBAX THIIA
Xapmmn.

2°. @axTopHM3anMOHHBIE HEpaBeHCTBa THa Opuapuxca u Ilyankape B moJ-
HOM €BKJIII0BOM IIPOCTPAHCTBE.

199



3°. VYpasuenne Ilyaccona B mpocTpancTBax GyHKIHIA ¢ HyJIeBbIM Chepude-
CKHM CPpEIHHM.

4°. Pa3snoxkeHne COGOJIEBCKOM TMKAJBI B CYMMY COJIEHOWIAJBHBIX W TIOTEH-
ITHUAJIbHBIX ITOJMNIKAJI.

5°. CoJleHona/ibHad U MOTeHIMAaIbHasa cucTeMbl CTOKCA B IOJIHOM €BKJIM-
JIOBOM TIPOCTPAHCTBE.

6°. Crammonapuoe ypasrerue Komamoroposa—®oxkepa—ILmanka.

Ora pabora BbInogHeHA mpu noagepxkke PO®U (rpart 09-01-00366) u Mu-
Ho6prayku (roc. kourpakt 11690 or 20.05.10).

O paspemumocTtu 3aga4u Jupuxie ajisi o61Iiero 3JInnTuYecKOro
yPaBHEHUsI BTOPOT'O MOPSIKa
Jymvaman B. 2K. (EpeBanckuii rocyapCTBeHHBII yHUBEPCHTET, ApMeHmHst)

B orpammaensoii obmacti Q C Ry, n > 2, ¢ rmagxoit rpanureit 9Q € C', uzy-
JaeTcs pa3pemunmMocTh 3aaa4u Jupuxie B W21 toc (Q)-mIOCTAHOBKE My151 JIMHEAHOTO
SJIJINTITUIECKOTO YPABHEHUSI BTOPOTO TTOPSIIKA

—div (A(z)Vu) + (b(z), Vu) — div(é(z)u) + d(z)u = f(z) —div F(z), =€ Q,

u|8Q = o,

¢ rpanmanoii dynkuueit uo u3 L2(0Q). Ilpeanonaraercs, aro dynkuuu f u F =
(f1,--., fn) mpuraIZIERAT L2, 10c(Q), cMMMeTpuaeckaa matpuna A(z) = (a; j(x)),
3JIEMEHTBI KOTOPOH ABJISIOTCS BEIIECTBEHHO3HATHBIMA N3MEPUMBIMA (O yHKIIASIMH,
V/IOBJIETBOPSIET YCJIOBUIO

n
YEP < D0 ais(@)&E = (€ A@)) <P
i, j=1

mis Beex € = (&1, ..., &n) € Rp m 1. B. £ € () C HOJIOKHUTENBHO [IOCTOAHHOMN
v, a koaddummentor b(z) = (b1(x), ..., bu(x)), c(z) = (c1(x), ..., cu(z)) u d(x)
SBJIAIOTCA N3MEPUMBIMU W OTPAHUIEHHBIMA B KayK 10l CTPOrO BHYTPEHHEH 11om06-
sractu obsiacru (Q dyHKUMAMY.

IIpw ecTeCTBEHHBIX OTPAHUYEHUSX HA POCT BOJIM3W TPAHUITHI KO3(D DUIMEHTOB
TIPU MJIAIIUX 9IeHAX W MIPABOA 9aCTH ypaBHEHUs YCTAHOBJIEHO, 9TO yCIOBHE Pa3-
PEIUMOCTH UCCIIeIyeMOM 33291 UMEET BH/I, AaHAJIOTUYHBIA yCJIOBUIO PA3PEIuMO-
ctH B 06BIMHOIM 0606menHoi mocTanoske (B Wi (Q)). B wacTHOCTH, ecii oqaopo-
Had 331298 (C PABHBIMU HYJIIO TPAHWUYHON (DyHKIMeH 1 mpaBoii 9aCThIO) HE UMEET
HeTPUBHAIBHBIX PelIeHHi 13 mpocrpancTsa Wi (Q), To mig Beex up € L2(9Q) u
Beex f m F m3 cooTBeTCTBYIOMUX ()yHKITMOHAILHBIX TPOCTPAHCTB CYTECTBYET pe-
IIeHWEe HEOTHOPOMHOH 3amaaw (B W21 toc ()-TIOCTAHOBKE); TO peleHne TprHaIIe-
xwut mpoctpancTBy ['ymuaa Cp,—1(Q) — (n — 1)-MepHO HerpepbIBHBIX bYHKITT —
W JJIST HETO CIIPABEJIABA OLEHKA,

3
||“||2cn,1(Q) + /7’ |Vu|2dx < C(HUOHQLz(aQ) +/r3 (1+|lnr])?2 2 do+

Q Q
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+ /r(l + |lnr|)% |F\2d:c),
Q

rae r(x) — paccrosaue Toukm T € (Q 1m0 rpamunbl JQ, a C' He 3aBHUCHT OT ug, f,
F.
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[4

ITosumuonnkie penienus HepaBeHCTB 'amusnbToHa—fIKOOU B 3amadax
yIpaBJIeHUsI HEJIMHEWHBIMU OObIKHOBEHHBIMU U UMILYJIbCHBIMU
JUHAMUYECKUMHU CUCTEMAaMU
Aeixra B. A. (Hacrutyt auaamukn cucrem u teopun ynpasaeama CO PAH,
Poccnst)

Copokun C. II. (MacruryTt quaavukn cucrem u teopun yrpasiaeans CO PAH,
Poccns)

Jlok1a/1 TTOCBSIIEH HEOOXOIMMBIM ¥ IOCTATOYHBIM YCJIOBUSM TJIO0AIHHON OTI-
TUMAJIBHOCTU B HEBBILYKJIBIX 33/1a9aX OITHMAJIBLHOIO yIpaBieHus ¢ obmumu (He
Pa3/IeIeHHBIMA) KOHIIEBBIMA W MHOTOTOYETHBIMY OT PAHUIEHUSME Ha, TPAEKTOPHIO.
PaszBuBaembriii mogxos 6a3upyercsa Ha UCIOIL30BAHUU HEITIAIKUX CIab0 U CUIBHO
MOHOTOHHBIX (byHKnuit Tuna Jlanynosa [1, 2, 3, 4], yaosaerBopaiomux cooTBeT-
creyommM auddepennmanbabiM HepaBencTBaM [avmmbrona—dko6n (T. e. aBis-
0IUXCA Cynep- U CyOpeneHnsaMu OJHOMMEHHOTO ypasHernus [5, 6]). C momompro
rakux QYHKIUN 1 UX CeMENCTB [0y 9al0TCs BHY TPEHHUE U BHEIIHUE OLIEHKU MHO-
JKECTBa TOYEK B PACIIMPEHHOM (ha30BOM MPOCTPAHCTBE, COEIMHUMBIX TPAEKTOPH-
MU JAHHOW YIPABIAEMON CUCTEMbI. DTU OLEHKU U CJIYXKAT UCTOYHUKOM BBIBOIA
yC10BUi 17106aJIbHOM ONTUMAIBLHOCTH B PACCMATPUBAEMbIX KJIACCAX YIIPABJIAEMbIX
cucreM (OGBIKHOBEHHBIX, THOPUIHBIX W HIMITYJIbCHBIX — C YITPABICHUEM B BUJIE BEK-
TOPHOH MepBI).

OCHOBHOE BHUMAHHE YJIEJIEHO TAaK HA3bIBAEMbIM IIO3UIMOHHBIM PEIIEHUIM
HepaBeHCTB [aMmibToHa—IKOOHM, KOTOPHIE TTAPAMETPUYECKHU 3ABUCAT OT HAYAJIb-
HOM WM KOHEYHOM TIO3UIUK U OKA3BbIBAIOTCH €CTECTBEHHBIMY IPU HATUYIUH OOIUX
KOHLEBbIX U MHOrorodednbix ¢dhazoorpanuyuenuii. Kpome Toro, ¢ ucnosb3oBanuem
JUHERHBIX Cy0- u cyneppernennii ypasaenuit [ammisrona—kobu mosrygaoTes g0-
CTATOYHBbIE U HEOOXOIMMBbIE YCJIOBUs ONTUMAILHOCTHA B (pOPME yCHIIEHHOTO TIPUH-
nuia Makcumyma IToHTpsiruba st HeJlMHEeRHbIX 33129 OLNTUMU3ALNN YKA3AHHDBIX
THUIOB JUHAMUYECKUX CHCTEM.

Ora pabora BeinoaHeHa npu nomuepxkke Cubupckoro ornenenns PAH, unre-
rpammonssiii upoekT CO-YpO PAH Ne 85.
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06 acumnroruke pemieHuil HeJanHeNHbIX auddepeHIaIbHBIX
ypaBHeHU n-ro mopsigkKa
EBtyxoB B. M.
Komor A. M. (Onecckuii HanlmOHAIBHBI YHUBEPCHTET
umenn U. 1. MeunukoBa, Ykpanua)

PaccmarpusBaerca mud depenrnmaipiuoe ypaBHeHTE

v =" k()1 + e (®)ler (), (1)
k=1

roe ap € {-1;1} (k=1,...,m), px : [a,w[—]0,+o0[ (k =1,...,m) — menpepbis-
Ho muddepennupyemse dyukimn, 7y : [a,w[— R (k= 1,...,m) — HenpepsIBHBIE
dyHKIMH, YIOBIETBOPSIONINE YCIOBUAIM

ltiTmrk(t) =0 (k=1,...,m),
ok : AYy —]0,+00[ (k =1,...,m) — mpaBuIbHO MeHsIIOmMECs npu y — Yy GyHK-

mmu nopaakoB o, (k = 1,...,m), —c0 < a < w < 400, AYy — ogHOCTOPOHSAR
OKpEeCTHOCTh Yy, Yo paBuo jubo 0, mubo +oo.

Ilomoxum
- (t) - t, ecan w = +00,
VT t—w, ecmm w < +00.
Pemenune y : [to,w[— Ay, ypasmenma (1) 6ymem masemarb I1, (Yo, uo)-

pemenueM, rae —o0 < fig < +00, €CJIH OHO YIOBJIETBOPSAET CJIeAYIOIINM YCIOBUIM:

y:lto,wl= Ay, limy(t) = Yo,
y" V() £0 mpu t € [to,w],
. (k) . mbo 0, . _
ltlTIBy (t)i{ smbo  £oo (k=1,...,n-1),
7 (t)y"™ (t) y ™ (£)y" 2 (¢)

lim —2 22— ) lim =—22 Y
IO N I IO
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IIpu m = 1, . e. B ciyqae ABy<IeHHOrO nud HepenmaabHOr0 YyPABHEHUS, ACHMII-
rormaeckoe nosenenue P, (Yo, (o)-penrennii 70CTaTOTHO MOJIHO BCCaIen0BaHo B [1].

s m > 1 mosy4YenHsl yCIOBWs, MTPW BBITTOJHEHUW KOTOPHIX TIPABas 9aCTh
muddepenmmanpaoro ypasaerns (1) ma xaxmom P, (Yo, po)-pemennn acuMmTo-
TH9aecKn dKkBuBasieHTHA npu ¢ T w dbukcupoBarnnomy i-my (i € {1,...,m}) cna-
raemMoMy. B c/lydae mx BBITIOJIHEHUS YCTAHOBJIEHBI HEOOXOJAMMBIE W JTOCTATOUHBIE
ycnosus wagwauns y ypasuenus P, (Yo, po)-pemennii, a Tak»Ke MOJIyIeHbl aCHUMII-
TOTUIECKHE TPEJCTABICHNS /I TAKAX PEIIeHWH M WX MPOU3BOIAHBIX JI0 TOPSIKA
n — 1 BkounTebHO. B crity mMpom3BOIBHOCTH BBHIOOpA w < 400 Pe3y/IbTATH 03~
BOJIAIOT OMACHIBATH ACHMIITOTHKY HE TOJIHKO MPABUJIBHBIX, HO W PA3JIMTHOTO THUTIA,
CHHTYJIAPHBIX pemenuii ypasuenus (1).

Crucok Jureparypsl
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CsoiicTBa pemenmnii quddepeHrnalbHbBIX HEPABEHCTB C
HYJIb-JIarPaH>XKHUAaHOM
Eropos A. A. (Hacruryr maremarusu um. C. JI. Co6oresa CO PAH,
Hosocnbupckwnii rocypapcTsennsiii yansepcuret, Poccns)

B pabore uccneayiorcs cpoiictsa pemenuii v: V. C R” — R™ nenuneinbrx
muddepernuaabHbIX HEPABEHCTB

F('(z)) < KGW (z)) pnamn. s zeV. (1)

Baech G: R™*™ — R — myms-marpamkuan, F: R™*" — R — neoTpunareabHas
byrxmua, v’ = (g%’:) — marpuna Adxkobu orobpaxkenus v, R™*"™ — npocTpaHcTBO
BELIECTBEHHBIX M X n-Marputl,. Ilojyues ps/y TeOpeM O PeryjisgpHOCTH, 3aTHPAHUN
0COGEHHOCTEM, 3AMKHYTOCTH U IIPEIKOMIIAKTHOCTH CeMeiCTB pemenuii. Vcmorn-
3y 9TH TEOPEMBI, yAAIOCh yCUJIUTH PNl Pe3yNbTaToB crarbu [1] mo ycroiauso-
cru kjaccos peutenuit u: V. C R™ — R™ ypasuenus F(u'(z)) = G(u'(z)) misa
n. B. z € V. B 9acTHOCTH, ITOJIyI€HBl HOBBIE OIEHKH YCTONYIMBOCTH M TEOPEMBI 00
yCTOHYMBOCTH B Ie/IbIX 001acTsaAX. HeKOTOpble U3 MPefCcTaBIseMbIX Pe3y/IbTaTOB
ony6siuKoBaHbl B npenpunre [2].

Drta pabora BhIMOMHEHA TpH moIep:kke POOU (rpanTer 11-01-00819, 11-01-
92609), OIIII «Hay9nble n HayIHO-TIEJATOTUEIECKHE KA IPhl MHHOBAIMOHHON Poc-
cum» Ha 2009-13 rogpt (roc. xonrpakt 02.740.11.0457) u Cosera 1o rpanram Ilpe-
sumenta P® s mopmepkkm BeAymux Hayaabrx mkos (rpaat HI-6613.2010.1).
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[1] Ezopos A. A. KpasusblnmykJble (DyHKIHMH U HyJb-JACPAHXKHUAHBI B MPO6IeMax yCTORYIHN-
BOCTH KJIACCOB 0To6parkenuii // Cub. mar. xkypu. 2008. T. 49. Ne 4. C. 796-812.

Egorov A. A. Solutions of the differential inequality with a null Lagrangian: regularity
and removability of singularities // arXiv:1005.3459, 2010.
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O6 oxHol1 3ama4de IOBeAEHNUsI TOHKOIO HEOJHOPOJHOI'O CTEP2KHA U3
marepuana KensBuna-@olirxra pu HaJIAYUN COCPENOTOYEHHbBIX U
pacrnpeieIeHHbIX CHJI 1 MOMEHTOB
Eroposa A. A. (Hay4no-uccieq0Bare/ibCKuii HHCTUTYT MATEMATHKH [IPU
SIkyrckom rocymzapcrBeraoM yausepcurere um. M. K. Ammocosa, Poccust)

B pabore crpourcst 110JIHOE ACUMIITOTUYECKOE PA3JI0KEHNE TPEXMEPHOH 3a/1a-
91 TEOPUH JIMHEHHON BA3KOYNPYTOCTH, 33JaHHOM B TOHKOM HEOJHOPOIHOM IIE€PHAO-
[UYeCKU HEOJHOPOJHOM CTePKHE, 3aKPEIIJIEHHOM € OJHOrO KOHI[A, W UCIIBITHIBAIO-
meM JeHCTBYE PACTIPEIEJIeHHBIX TI0 TOPILY CUJI HAa APYTOM KOHIIE. Y DABHEHUS STOMH
3312491 COOTBETCTBYIOT TE€OPUN JIMHEHHON BA3KOYNPYTOCTH B CIydae MaTepHasa
KennBuna—Doiirxra.

C momompbo MeToma ycpeauenusi, pa3dpaborannoro H. C. BaxBamoBbiM, BbI-
BOZISTCSL yCPEJHEHHbIE YPABHEHUS JJIsl IPOIOJIHHBIX, HOIEPEYHBIX U KPYTUIBHBIX
xosrebanwmii crepxkus. VlccmenyroTes 3a1a4u 471 IOrPAHKNYHBIX CI0EB IIPH YCIOBUAN
TIPOTIOPIMOHAIHLHOCTH T€H30POB YIPYTOCTH U BS3KOCTHU. JI0KA3BIBAIOTCSI COOTBET-
CTByIOLIME TeopeMbl 0 paspentumoctu 3ama4d turna CoboseBa, Teopema 00 OIeHKe
Pa3HOCTH TOYHOI'O ¥ ACUMIITOTHYECKOI'O PelleHuii.

®@opmysa Beca MUHUMAJILHOTO 3aIOJIHEeHUs KOHEYHOTO MeTPUYecKOro
IIpoCTpaHCTBa
Epemun A. FO. (Mockosckwnii rocymapcrsennsiii yausepcnret, Poccus)

3azat1a 0 MUHIMAJIHHOM 3aII0JIHEHUN KOHETHOrO MeTPHIEeCKOI0 IIPOCTPAHCTBA
BriepBbie Obl1a nocrasiena VBanosbim n Tyxummabiv B cratbe [1]. Ona Bo3HIKIA
Ha CTBIKE IBYX KJIACCHYeCKuX mpobsem: mpobsems Illteiinepa o kparyaitieit cetn
u 1pobsieMsl I'poMOBa 0 MEUHMMAIBLHOM 3AIIOIHEHUN TJI3IKOTO MHOTOOODA3HsI.

Ilycts mano komeunoe merpuueckoe mpoctpanctso M. PaccmarpuBatorcs Bee-
BO3MOYKHBIE CBI3HBIE B3BENIEHHBIE TPAdbI, TAKWE UTO MHOXKECTBO WX BEPIIWH CO-
nepxut M u mns 00bIx AByX TodYeK w3 M Bec JI000T0 MyTH, COEIUHSIIONIErO
ux B rpade, He MeHbIIIe PACCTOTHUAS MEXKIy HAMHU B METPHUIECKOM ITPOCTPAHCTBE
(Taxme B3BemeHHbIE rPadbl HABBIBAIOTCA 34NOANEHUAMY JAHHOTO METPUIECKOTO
MPOCTPAHCTBA). 3a/Ja9a COCTOUT B TOUCKE MUHUMEALHOZ0 3GMOAHEHUA, TO €CTh
3am0JIHeHNsT HAMMEHBIEro Beca. Bec MUHMMAJILHOTO 3AI0JIHEHHS IPOCTPAHCTBA
M o6o3nauaercs mf(M).

B [1] noka3biBaercs cienyiomast Teopemas

TEOPEMA 1. MuHumasvHoe 3aN0AHEHUE MEMPUYECKO20 TPOCNPAHCNEA BCE-
2da cywecmeyem, Goaee M020, CYULLCMEYEM MUHUMAALHOE 3GNOAHEHUE, ABAAN0-
weeca Ounaprom depesom (Mo ecmv 0epecom, Y KOmopozo GEPULUNDL, AEHCAULUE
6 M, umerom cmenendv 1, ocmasvroe 6epuUHYL UMENT cMENeHd 3).

Takum obpazom, s MOUCKA BECA MUHUMAJIBLHOTO 3AIOTHEHUS TOCTATOYHO
PaCCMOTpeHUs 3aIOTHEHU, SIBJISIONNXCS OMHAPHBIMU JT€PEBhIMU.

OnpreEAENEHUE 1. HazoBeMm myavsmuobzrodom kpamHocmu k GUHAPHOTO JIepe-
Ba G = (V, E) 3amkHyTBI! myTh, Ipoxoaammii 2k pa3 mo kaxaomy pebpy rpada
G.
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Ilycts Tenmeps GunapHOoe nepeBo (G 3aTATrMBaeT METPUTIECKOE IIPOCTPAHCTBO
M. Torma kaxmoOMy MyJIbTHOOXOMY T MOYKHO IOCTABUTH B COOTBETCTBHE UHCJIO
p(M, m) — mepumerp 3TOro 06X0MA.

TEOPEMA 2. Bec MUHUMAALHO20 3aNOAHEHUA KOHEUHO20 MEMPUUECKO20 NPO-
cmpancemea M moorcem 6wms Hatiden no dopmyse

mf(M) = mén max p(M, ),

2de G — sceso3mooicnule bunapHvie depesva, 3amazusarouwue M, T — UL MYLLMU-
0600, p(M, T) — coomeememeywue NEPUMEMPbL.

Hanuas dopmysia mone3Ha Kak u caMa mo cebe, TaK W MPU [JOKA3ATEIHCTBE
PA3/IMYIHBIX CBOUCTB MUHUMAJIHBHBIX 3AII0/IHEHUI METPUIECKUX IIPOCTPAHCTB.

Orta pabora BbmosHeHa Tpu mommepxkke POPU (mpoekt Ne 10-01-00748-
a), I'panra npesunenra P® nomnepxkku Beaymmx HayIHbIX mikos (mpoext HITI-
3224.2010.1) n IIporpammbl <Pa3BuTme Hay9HOrO INOTEHIMAJIA BBICIIEH MIKO-
aer> (mpoext PHIT 2.1.1.3704).

Crucok Jureparypsl

[1] Heanoe A. O., Tyorcusun A. A. Onnomepnas npobiaema ['PoOMOBA 0 MUHMMAJIBLHOM 3a-
nonHenun // Maremarudeckuii cGOpPHUK, B IE€YaTH.

[2] Epemun A. FO. OpnomepHas npobiema I'poMOBa 0 MUHUMAJILHOM 3anosHeHuu. OopMynia
B€Ca MHHMMAJIbHOI'O 3aIl10JJHEHUA KOHEYHOIr 0o MeTpI/I'{eCKOFO HpOCTpaHCTBa // MaTeMaTI/I—
4ecKuil COOPHUK, B IEYATH.

CuekTtp u cobcrBeHHble (DYyHKIUM ollepaTopa MHAYKIMUA MAarHUTHOTO
MOJIsI Ha ABYMEPHOM KOMIIAKTHOI ITOBEPXHOCTHU BpallleHusl
Ecuna A. H. (Uacruryr npobnem mexannku PAH, Poccus)

MaruuTHOE TOJIe B MPOBOAAIIEH KUIKOCTH (B 9aCTHOCTH, HEKOTOPHIE Mar-
HUTHBIE TIOJIS TAJAKTHAK U TJIAHET) ONMCHIBAETCA OMEPATOPOM HMHJLYKIIWH:

LB =eAB+{V,B} =eAB+ (V,V)B — (B,V)V,

rae B — maramnTHOE TI071e, V — moJ1e CKOpOCTei n € — Mastblii mapaMeTp (CompoTus-
sierne). Mpl n3ygaeMm CrieKTp u co6CTBeHHbIE (DYHKIMU 9TOr0 OIEpaTopa Ha IIPO-
W3BOJILHOM IBYMEDHON MOBEPXHOCTH BpalleHus. B cTraThbe ommcaHa aCUMITOTHKA
CIeKTpa Mpu GOILITUX MArHUTHBIX Ynciax PefiHosbaca, a Takke TpOCTPAHCTBEH-
Hasg CTPYKTyPa MArHUTHOIO LIOJIS.
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O kJaccupukanyuy HAKPbITUH OKPY2KHOCTH
2Kyxoma E. B. (Huxkeropoackuit rocyapCTBEeHHBIH 1T€4arOTHIeCKHait
yausepcuret, Poccust)
Hcaenxosa H. B. (Huxeropoackuii rocyiapcrse bl 1€4arorudeCKui
yausepcuret, Poccust)

Ionyuena knaccudukamus d-HakpbiTuii crenenn d > 2 oxpyxzocta S' ¢
TOYHOCTHIO [0 COMPSIKEHHOCTH C ITOMOINBIO COXPAHSIONMX OPHUEHTAINIO TOMEO-
mopdu3moB. Ilokazano, YTO MOJHBIM KIACCU(PUKAITMOHHBIM WHBAPUAHTOM C TOY-
HOCTBIO JI0 d-9KBUBAJEHTHOCTHU ABJIETCH HAJIEJIEHHOe CXeMO HHBAPUAHTHOE CYeT-
HO€ MHOXKECTBO (OTMEYEHHOE MHOXKECTBO) JIMHEHHOTO PACTATUBAIONIETO SHIOMOD-
dusma crenenu d.

Pabora Bbrmosimena B pamkax rpanTta [IpasBuresnncrsa Poccuiickoit Penepa-
WU 718 TOCY/TaPCTBEHHOM TOIIEPK KU HAYIHBIX UCCIETOBAHMIA, TTPOBOIUMBIX IO
PYKOBOJICTBOM BEJYIIUX YYEHBIX B POCCUMCKUX 00PA30BATENbHBIX yUPEkKICHUAX
BbICHIErO 1podeccrnonaabHoro obpasosanus, gorosop Ne 11.G34.31.0039.

Crpykrypa MmHOX>xkecTBa 0606mennpix cucrem Kommn-Pumana B
TPEeXMEepPHOM MIPOCTPAHCTBE U UX MPUJIOXKEHUA
2Kypa H. A. (®usnaeckmii macturyt um. I1. H. Jle6enesa PAH, Poccus)

ITox 0606mennbiM oneparopom Komur—Pumana morumaem Takoit aud depen-
LMAJIbHBII OLIePAaTOP LIEPBOrO LOPAIKA

0 0
S taza— tazy—
L1

L=ag D D3

C IOCTOSIHHBIMHM MATPUYIHBIMEA KO3} bUImeHTaMu, ITO PeIIeHns U OJHOPOIHOTO
ypaBuenusi Lu = 0 ABJIAIOTCS TapMOHWYeCKMMU BekTopamu. Kiaccudukamms u
CBOMCTBa MHOTOMEPHBIX onepaTopoB Komun—-Pumana 6b11u peimMeToM paccMoTpe-
HUSI MHOI'MX CIeNUaJucTOB [1, 2, 3|, B OCHOBHOM € TOYKM 3peHus TEOPUU IIPEICTAB-
Jerwit rpynmn. B HacTosimeit paboTe BOMPOC 0 CTPYKTYPE MX MHOYKECTBA PENIAETCS
3JIeMEHTAPHBIM METO/IOM, HEe UCIOJL3YIOIUM TeOpUr mnpeacrapienuiit rpymmn. On
MOKET OKa3aThCS IIO0JIE3HBIM IIPHU PEIIeHHN U3BECTHOU IIPOOJ/IEMBI, IT0OCTABICHHON
eme B 1956 roxy 1. M. lemndanmom, U. I. Ilerposckum u I'. E. IMusossmv [4] o
9HC/Ie CBA3HBIX KOMIIOHEHT MHOZKECTBA SJIIUITUIECKAX CUCTEM MIEPBOTO TOPSIIKA;
HCYEPIIbIBAIOIIEE PENIeHrne 3TOr0 BOIPOCA, IIO-BUAMMOMY, emje OTKPhITO. B pabo-
Te PAcCMATPUBAEM TOJBKO Omeparopsl L ¢ kodddummentamu ar € C**. B ux
pa3oxkeHUSX 0 obpazdyiomum eg = 1,e1, ..., e15 anredbpsr Kmuddopma koabdn-
nuenT upwu eg pasen myao. Ocranbable ke k03D uUuuenTol (KX MOXKHO CIMTATDH
BEIECTBEHHBIMH) MpeacTaBuM B Bume mMarpumbl S € R'*3 koTopyio pasobrem
HA MMATH KBAAPATHBIX MATpuIl Si,...,S5 TpeThero nopsaka. IIpm 3Tom cooTBeT-
crBue Mexay L u S B3auMHO OJIHO3HAYHO C TOYHOCTBHIO 70 00pa3yiomux aaredpbt
Kmuddopaa. B stux 0603HaUIEHNSIX OCHOBHON PE3yJIbTAT CJIEIY IOIIUIA.

TEOPEMA 1. Onepamop L saseasemcsa obobuiernvim onepamopom Kowu—
Pumana mozda u moavko mozada, kozda aubo Sy € O(3,R), S, = 0, k # 4,
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aubo S5 € O(3,R), Si, =0, k # 5, aubo enoane onpedenennas auneldinan Komou-
nayua mampuy, S1, S2, Ss npunadasesrcum O(3,R), a Sa = S5 = 0. B uacmuo-
CMU, MHOHCECTNEO PACCMATMPUELEMBLL ONEPAMOPOE UMEEM, WECTND CEASHBLEL KOM-
nonenm. Coomeemcmeyrowue L onepamopo. H = id/dt — L zunepGoauuriol.

B03MOXKHEL TpH CJIydasi, KOrga yka3aHabie maTpursl u3 O(3,R) exunuanste;
OTBEYAIONIE UM OIepaTOphl L Ha30BeM KaHOHWYECKWMU. I[loKa3aHo, 9TO OWH U3
HuX ecTh oneparop Mouncuna—Teonopecky, a apyroit — oneparop Jupaka (cramm-
OHAPHBIHA, 6€3 MJIQTITUX YIEHOB).

Ecmm L sBisiercst omeparopom Moncuma—Teomopecky, To KOMIIOHEHTHI perie-
Hug ypasaenus Hu = 0 gomyckaor ¢bu3mHaecKyo nHTEpIpeTanuio (B IPOTHBOIIO-
JIOXKHOCTE OMeparopy JIupaka W TPeTheMy W3 3TUX KAHOHWYIECKUX OTIEPATOPOB).
B nokstazie mpuBOAMTCS TaKXKe Pl APYTUX PE3YJIHTATOB MJIS STUX OMEPATOPOB.

Crucok Jiureparypsbl

[1] Stiefel E. On Cauchy—Riemann equations in higher dimensions, J. Res. Nat. Bur.
Standards, vol. 48, (1952), 395-398.

[2] Stein E.M., Weiss G. Generalization of the Cauchy—Riemann equations and
representations of the rotation group, Amer. J. Math. , vol. 90 (1968), 163-196.

[3] Stein E.M., Weiss G. Introduction to Fourier Analysis on Euclidean Spaces, Princeton
University Press, Princeton, N.J., (1971).

[4] Hemposckudi HU.I. N36paunsie Tpyasl. CucTeMbl ypaBHEeHUH ¢ YACTHBIMH MPOU3BOLHBIMH.
Anre6bpanyeckas reomerpus. M., Hayka, 1986, 504 c.

HopmanbHO paspemuMble KpaeBble 3aJa4U AJIS OII€PATOPHbBIX
ypaBHeHU B HaHAXOBOM IPOCTPAHCTBE
2Kypasaes B. @. (2KutoMupCknii HATHOHAJIBHBIN arpO3KOJIOTHICCKHL
YHUBEPCHTET, YKPauHa)

IIycte 1o (Z, B1) — 6aHAX0BO IPOCTPAHCTBO OrPAHUIEHHBIX BEKTOD-(yHKIMA
z(t), OUpeesIEHHBIX HA KOHEYHOM MPOMEXKYTKe Z CO 3HAYEHWSMU B 0aHAXO-
BoMm mpocrpanctse Bi, z(-) : Z — Bi ¢ mopmoit |||f||| = sup,ez || f(2)]B:, 2
1o (Z, B2) — 6anaxoBO IPOCTPAHCTBO OrPAHUYEHHBIX BeKTOP-GyHKumii ¢(t), onpe-
JIEJIEHABIX HA TOM K€ MPOMEXKYTKe L CO 3HAYEHUAMHU B GAHAXOBOM IPOCTPAHCTBE
B> ¢ mopmoit |||¢||| = sup,cz |¢(t)]|B,, B —6anaxoBo IpoCcTpaHCTBO UHCIOBBIX
MOCJIEIOBATETLHOCTEA.

PaccmorpuM 3a7ady 06 yCIOBAAX Pa3PEITUMOCTH U TIPEICTABICHAN DENTeHUI
KpaeBoOil 33/Ia9u [T OTIEPATOPHOTO YPABHEHWS

o= ([ 7 ]-)o=[ 7], 8

rae L : 1(Z,B1) — 1(Z,B2) — smneiinbtii orpaamaenssii 0606menno o6parn-
mbit oneparop [1]; € = col(l1,l2, I3, ...) : 1o(Z, B1) — B — ymneiinpiii orpanuven-
HBII BekTOp-dyHKIMOHAT; o € B.

O6obmenHas 06paTUMOCTh omepaTopa L o3Ha4YaeT, 94TO Hy/Ib-IIPOCTPAHCTBO
N(L) u appo R(L) nmomnosmsembr B Gamaxosbix mnpocrpancrBax lo(Z,B1)
n 1o(Z,B2), COOTBETCTBEHHO, W OH HOPMAJbHO pa3pemwM. llpm 3TOM Cy-
mectByior [2] orpammdenmpre mpoekTopsl Py(r) : leo(Z,B1) — N(L) m
Py, :1(Z,B2) — Y1, xoropsie paszbusaior nupocrpanctsa loo (Z, B1) u 1o (Z, B2)
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B mpsiMble CyMMbl HogupocrpascTB lo(Z,B1) = N(L) & X1, 1(Z,B2) =
Y. @& R(L).

TEOPEMA 1. ITyemov L u L — 0606werno obpamumsvie onepamopsvi. Tozda co-
omeemcmeyrowan (1) odnopodnas (p(t) = 0, a = 0) xpaesaa 3adaua umeem
AUHETHO HE3ABUCUMBLE DEWEHUSA 6UOQ

2(t) = (Pn(ayo) (1),

2de Pn(ay = PnwyPn(c) — npoexmop banazosa npocmparcmed loo(Z,B1) na
nyav-npocmparemeo N(A) onepamopa A, Zo(t) — npouseosvhvii ssemenm bara-
zosa npocmparcméa loo(Z,B1). Heodnopoonas xpaesasn 3adaua (1) paspewuma
oaa mex u moavko mex ©(t) € 1o(Z,B2) u a € B, xomopwe ydosaemsoparom
YCAOBUAM

(Pye)(t) =0,
Py {a— UL ¢)(")} =0,
U npu Imom ee 051}.466 pewerue umeem sud
2(t) = (Pn(ay%0)(t) + (Go)(t) + (Pn(r) (L7 a))(1),

ede L = {Pnu) : 1oo(Z,B1) = B; Py, : B — Y — ozpanusennoill npoexmop;
(Go)(t) = (L™ p)(t) — (PN L™ LL™¢)(-))(t) — 0bobwernnu onepamop I'puna.

Crnucok JauTeparypsbl

[1] T'oz6epe HU. 1., Kpynnux H. 1. BBeneHue B TEOPUIO OJHOMEPHBIX CHUHIYJIAPHBIX HHTE-
rpadabHbIX omepatopoB. Kumuues: ITlrunnmna, 1973. 426 c.

[2] Kadey M. H., Mumazun B. C. JJononHsieMble DOANPOCTPAHCTBA B GAHAXOBBIX MIPOCTPAH-
creax // YMH. 1973. T. 28, Beim. 6. C. 77-94.

O6 olieHKe cBepXy AJis IokasareJieil JIanmyHoBa BO3MYIIE€HHOMN
abcTpakTHO JIMHEITHOM cucTeMBbI
3arpebmna U. C. (Vamyprckuii rocyaapcrsennsiii yausepcuret, Poccns)

IIycrs ) — Merpudeckoe HpocTpaHcTBO ¢ MeTpukoii p; F') V — Bemecrsenubie
JIMHEHbIE HOpMUPOBAHHBIE TTPOCTPAHCTBa; L(F, V') — HOpMHpPOBAHHOE MTPOCTPAH-
CTBO OTPAHUYEHHBIX JTUHEHHBIX oTOOpaxkenwuii u3 F' B V' ¢ HOpMOIA, coriacoBaHHOM
c wopmamu B F' u V| 1. e. ynosnersopsaiomeii yciosuio ||Az| < ||All||z| npr Bcex
A€ L(F)V), z € F; GL(F) — rpynua Bcex obpaTuMbix smementos u3s L(F, F).
Heiirpampabtit snement rpynmst GL(F) 6ynem ob6o3nadars gepe3 F.

ONPEJNEJEHUE 1. AGcrpakrnoil ymueinoit cucremoit (AJIC) ma npocrpan-
cree 2 ¢ da3oBbiM mpocTpancTBoM F' Gymem maseBarh Tpoiiky (L, F, X), rae
X : Q x Q — GL(F) npencrasyger coboii HEMPEPHIBHOE MO KAXKIOMy aPTyMEHTY
orobpazkenue, ynosnersopsiomee ycinosuam X (t,t) = FEu X (t,5)X (s,t) = E pna
mobeix ¢, s € Q. Orobpakenne X, a TakKe W BCAKOe ero 3Hadenue X (t,s) mpm
dukcuposannbIx t, s € 2, Gymem maspiBaTh oneparopom Komu AJIC (2, F, X).

OnpPEREJEHME 2. AJIC (2, F, X) GyzeM Ha3bIBATh BIOJIHE PA3PEMINMOI, ec-
JIU TIpH JTIOOBIX t1,t2,t3 €  BeIMOHEHO paBeHCTBO X (t3,12)X (t2,t1) = X (t3,t1).
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OnpPEAEJEHUE 3. Pemernmem AJIC (Q, F, X) Gynem Ha3bBaTh 0TOOpasKeHUE
z : Q — F, ynosnersopaomee ycnosuio x(t) = X (¢, s)z(s) npm mobbix t,s € Q.
IMokazarenem JIamynosa pemenns z(-) AJIC (Q, F, X) Gymem Has3bBaTh Az

— 1 .
lim ——— In ||z(t)||, toe Fo — dunprp nonosHennii 10 OrpaHTIEHHBIX MHOYKECTB
Fo p(tv tO)

B

Paccmorpum ne Bnomme paspemmmble AJIC — ucxommyo (R™, F,X) m
Bosmymennyio (R™ F,X(E + H)) ¢ Bosmymenuem H wu oneparopom Kommu
Y(t,5) = X(t,5)(E + H(t,5)).

TEOPEMA 1. ITycmo 3adana nosoosrcumesvhan Pynkyus B, onpedesentas na
Z", makaa, wmMo cnpacedsuo PAGEHCME0

Jim T —t0|| Z B ()| H (b, t)]| = 0,
20e {tm} — nomedaeamemmocmb u3 Z", tm — 00 npu m — oo. Tozda dan no-
Kasamens JIANYHO6a NPOU3BOADLHO20 HEMPUBUAALI020 Pewenud Y(-) 603MYyULeH-

notli cucmemvt evnoansemcs oyenka Ay < lim 71n17m, 2de nocaedo-
m—oo |[tm — tol|

6AMEALHOCTND T, NPU M > 1 ydo6aemEopAEM DEKYPPERMHOMY COOTHOULEHUIO
Nm = max(|| X (¢m, te)||B(tk)nK), k € N, ¢ npouseosvrom HAMAALHBM YCAOBUEM
k<m

m > 0, npuvem seaununa lim

Innm He 3a8ucum om ewvibopa 11 .
m—oo ||tm — tol|

Cnucok JuTepaTrypsbl

[1] Maxapos E. K. O6 acumnroTu4eckoii kaaccudukanun aGCTPAKTHBIX JHHEHHBIX CHCTEM
// Tpyapl nacruryra maremaruku HAH Besapycu. Munck. 1999. T. 3. ¢. 79-88.

[2] Maxapos E. K., Mapuenxo H. B., Cemepurosa H. B. O6 oueHke CBepxy Ijisi CTapIue-
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AcuMrnToTuka MarHuToruapoJAuHaMudeckoi 3agauu Jlam6a ¢ ygerom
MOJIEKYJISIPHOI ¥ MAarHUTHOU Bs3KOCTel
Bagopoxmnsrii A. U. (FOxnubrii ¢penepanpubrii yausepcuret, Poccust)

Knaccuuaeckas 3amaga Jlamba mpencrasiaser co0oil THMHEAPU30BAHHYIO 33/1a-
9y 0 CBOOOJHBIX I'DABUTAIMOHHBIX BOJIHAX B OJHOPOIHOM BSI3KOM HECKUMAEMOM
JKUJKOCTH, IPAHUIAIIE ¢ BAKYYMOM H 3aIOHSIOMEN HIKHIOK II0IyILIOCKOCTb.
Ormerum, yro H. H. MouceeB nocTpom aCUMUTOTUKY YKA3aHHON 3aja4u JJis
MaJIo#l BA3KOCTH, IpUMeHuB MeTon Bumuka-JIrocrepruka. MI'/] anasoru 3ama«m
Jlamb6a mpy HAIOXKEHWN HA CHCTEMY CTAMOHAPHOIO OJHOPOJHOIO TOPU30HTAJIb-
HOI'O MArHUTHOI'O 110Jis PACCMOTPEHbI HAMHM I ciydaeB R, = oo, R4y — upouns-
BosibHO (1996), a Takxke npu R, = 0o, R,, —npoussossHo (2000), rae Ry, Ry —
TUOPOAMHAMMYECKOe U MarHUTHOe uucia Peinonsica.

B macrosimem noksaie pacCMaTrpUBaeTC MOAEIbHA 381344 I 001Iero ciy-
qasi HAJINYIMS KaK THIPOJAMHAMHYECKOrO, TaK M MArHUTHOrO |ncesn PeitHoabmaca.
IIpencraBmisisi BEPTUKAIBHYIO KOMIIOHEHTY BEKTODA HAIPSKEHHOCTH, MHIYIUPO-
BAaHHOI'O JABHXKEHHEM KUIAKOCTH, B BUIE h. (x, z,t) = Z(z) exp(iz + ot), paBHo Kak
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¥ QHAJIOTUIHBIM 00pa30M, OCTAJIbHBIE NCKOMBIE BEJIMIUHBI, IPUAEM K CJIeIyIOIeit
Kpaesoil 3agade Ha coOcTBeHHBIE 3HaYeHns ausa O1Y

(Rg - Rm) "M®[Z(2)] — 0 (Rg™" + R ") M?[Z(2)] + (0° + A)M[Z(2)] =0

d2_1

T7e 0 — MCKOMBIf CHeKTPaIbHblil mapamerp, A —wmcmo Ambdsena, M = S~

Cdopmyaupyem rpaHUYIHBIE YCTOBUSI:

(Ry - Ron) ™" [Zv(o) —42"(0) + 3Z’(0)] — R, 0 [2"(0) - 32'(0)] —

B Rm71{[zul(0) . Z/(O)} + é [Z”(O) - Z(O)] }+

+0°Z'(0)+Z(0)+ A[Z'(0)+Z] =0

— yCJIOBH€ HeIIPePBIBHOCTH HOPMAaJIbHOII KOMIIOHEHTBHI TeH30pa IIOJIHBIX, T. €.
TUAPOIMHAMUYECKUX W MAarHUTHBIX, HANPAKEHWI TIPU Tepexone depe3 TPaHuILy
pas3nena , KUIKOCTb-BAKyyM";

Ry [ZIV(O) - Z(O)] — o [2"(0) + 2(0)] =0

— yCJIOBUE OTCYTCTBUS BA3KHMX KAaCATeJIbHbIX HANPsKEHUH Ha cBOOOIHOI 11OBEpX-
uoctu (CII). YcsoBre HENpephIBHOCTY KACATEIBHOM COCTABIISIONIEN TeH30pa Mar-
HUTHBIX HaIpsiKeHwi mpu nepexone depe3 CII HocuT qBOMCTBEHHBIN XapakTep, a
MMEHHO:

1°. Z"(0) — Z(0) = 0 — npu HAJMYUU TIOBEPXHOCTHBIX TOKOB,

2°. Z'(0) + Z(0) = 0 — pu uxX OTCYTCTBUU.
Ilpm z — —oo craBum ycaosue |Z(z)| — —o00, T. €. 3aTyXaHuUd BCEX BO3MYNICHUI
C TUIyOMHO.

JlanbHeiimmee nccre10BaHMe TPOBOANTCS AJIS YACTHOTO ciryvas Ry = Ry, =
st manbix BaskocTeir R = €2,0 < € < 1, B COOTBETCTBUM C TIPOIELyPOil Me-
roga Bumuka—JliocTepHuka, CTPOUTCH PA3JI0KEHHE IIEPBOTO UTEPAIMOHHOIO TIPO-
1Iecca M TPY YJIeHA TUMA TMOTPAHINYHOTO CJI0st. B pe3yibrare OrmpenesseTcst acCuMII-
TOTHUYECKOE BBIPAKeHUE I COOCTBEHHOIO |HCJIA, XapAaKTEPHU3YIOIIero H4acToTy
¥ JIeKpeMeHT 3aTyxanus kosiebannmii. [lommmo sToro maiimeHo , Toumnoe” mpparmo-
HAJIHFHOE YPABHEHHE TACTOT, ITO [TO3BOJISIET CPABHUTH ACHMIITOTHYIECKIE (hOPMYIIBI
C pe3y/IbTATaMU YHCJIEHHBIX PACIETOB.

PaBHOMepHasi 3KCIIOHEeHIMA/IbHAsI cTabuamnsanusi cemeiicTBa
HEJIMHEUHBIX YIPaBJISE€MBbIX CHCTEM

3atines B. A. (¥Yamyprcknii rocyzapcrsennsiii yausepcnrer, Poccus)

Toukos E. JI. (¥amyprckmii rocymapcTBennbtii yausepcenret, Poccrs)

Iycts (X, hY) — Tomonormyaeckas TMHAMEYIECKAs CHCTEMa, ¢ KOMIIAKTHBIM (a-
30BBIM mpocTpancTBoM Y. Ilycrs 3amana dbyukmus (o,z,u) — F(o,z,u) € R",
PaBHOMEDHO HENPEphIBHAA BMECTE CO CBOMMHU YACTHBIMHU ITPOM3BOAHbIME Fy, FY,
Ha MHOXKecTBe X X R™ x R™.

PaccmaTpuBaeTcst CeMefCTBO yIPaBIsSeMBbIX CUCTEM

&= F(h'o,z,u), (t,z,u) R xR" xR™, (1)
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3aBUCSLIUX OT Iapamerpa o € X. Jonycmumoum YnpasaiemoLM npoyeccom CACTe-
mbi (1) naspiBaerca Besikas dynkuus t — G(h'o) := (Z(h'o),u(h'c)), paBromep-
HO HeITpepLIBHAA W OrpaHmdenHas Ha R, Takas aro Z(h'c), t € R aagerca pemre-
mmem cucremsr (1) mpu u = u(h'o). Pacemorpum gomycrumbtii mpomece ¢ — B(hlo)
nuis kazxgoro o € Y. Ioayuum cemeiicrso (3, Y) := {t — §(h'o), o € ¥} nouy-
CTHMBIX TIPOIECCoB. Bymem ropoputs [1], 9T0 ceMeHCTBO MOIMyCTUMBIX TIPOLIECCOB
(3, %) pasromepno IKCNOHEHYUAABHO CTNABUAUSUPYEMO ¢ NoKasamenem & > 0, ec-
s HabimyTes unciaa N > 0, 2 > 0, 6 > 0 Takue, 9To A5 JIIO6OTO 0 € X HANAETCS
HerpepbiBHOE ynpasienne (t,x) — u(t,z,0) € R™, (t,z) € Ry x Os(Z(h'0)),
YZOBIIETBOPAIONIEE CJIELYIOMNM YCTOBUAM:
1°. BmmosHEHO HepaBeHCTBO |u(t, z,0) — u(h'o)| < s
2°. u(t,2(h'o),0) = u(hto);
3°. moboe pemenue t — x(t,0), t € Ry cucremst (1) ¢ BoiOpannbiM ynpas-
serneM u = u(t, z,0) n HadaasHsM ycaosueM z(0,0) € Os(Z(0)) ymo-
BJIETBODAET IIPX BCex ¢ > () HEPABEHCTBY

lz(t,0) — Z(h'o)| < N|z(0,0) — (0)| exp(—at).

Iloctponm cucremy smHEHHOr0 IPUOIMKEHUS B OKPECTHOCTH JOILYCTHMOLO IIPO-
mecca

§=A(h'o)y+ B(h'o)v, (y,v) €R" xR™, (2)
A ht — dF (hto,z,u) B ht = dF (hto,z,u) . C o _
rae A(h'o) T | ey (h'o) T |t eMefcTBO s

HellHbIX yupasisemblx cucreM (2) (3aBucsuiee or napamerpa o € ¥) Ha3blBaeTcs
DABHOMEDHO 6TOAKE Ynpasasemvim [2], ecan cymecTByior KoHCTaHTHl ¥ > 0 U
£ > 0 Ttakwme, uro gy moboro o € ¥ u s J1oboro yo € R™ maiinercs nsamepumoe
yupasyenue t — v(t,yo,0), t € [0,9] rakoe, uro pewenue y(t, o) ypapuenus (2)
¢ ynpasaeruem v = v(t, Yo, o) ¢ HagaababIM yeaosueMm y(0, o) = yo yIOBIETBOPS-
er ycnosuio y(¥,0) = 0, upu 5TOM BBIIOJIHEHO HepaseHCTBO |v(t, Yo, o)| < £|yol,

t €10,9].

TEOPEMA 1. ITycmo cemeticmeo cucmem (2) pasHOMEPHO 6NOAHE YNPLEAA-
emo. Tozda das awbozo o > 0 cemeticmeo donycmumuz npoyeccos (@, X) pasho-
MEPHO IKCTOHEHYUGABHO CNAOUAUSUPYEMO C NOKA3AMENEM (L.

Pabora mommepxana rpaHToM HaydHBIX ucciaenoBanuit IIpaBurenncrBa PO
(mporpamma Ne 11.G34.31.0039) u rpantom PO®U (nporpamma 11-01-00380-a).

Crnucok JauTepaTrypbl

[1] Batiuee B. A., Ilonosa C. H., Touxoe E. JI. kcnoOHEHIUATIbHAS CTABGUIN3UPYEMOCTD
HesIMHeHHbIX ynpasiasembix cucreM // Becrauk Yamyprckoro ynusepcurera. Maremaru-
ka. Mexanuka. Komnbiorepusie nayku. 2010. Ne 3. C. 25-29.

[2] Towxos E. JI. lunaMuyeckas CUCTEMa CABUTOB U BOIPOCH PABHOMEDPHON yIPABJIAEMOCTH
pexkyppenTHoOil cucremsr // JAH CCCP. 1981. T. 256. Ne 2. C. 290-294.
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06 acuMIITOTUYECKOI KBUBAJIEHTHOCTU CUCTEM C HEOrPAaHUYEHHBIMU
KO3 punumeHTamu
Sampirnna B. U. (Mockoscknii I'ocymapersennstii Yausepcurer
umenu M. B. Jlomonocosa, Poccust)

Ina 3amaasoro n € N o6o3naunm vepe3 M" MHOKECTBO JIMHEHHBIX CACTEM
BUIA

i=A(t)z, z€R" teR", (1)

C KyCO‘IHO—HerepI)IBHBIMI/I (He O65{3&T6J'ILHO OFpaHI/I‘{eHHLIMI/I) ManI/I‘{HBIMI/I

dyukuamu A, KoTopbie 0yIeM OTOXKIECTBIIATH C COOTBETCTBYIOIIUMUA CUCTEMAMHU.

OnpeAeaeEHUE 1. Caenys [1], Oymem HasbBaTh cucremst A, B € M"™ acumn-
TOTUYECKU IKBUBAJIEHTHBIMU, €CJIA CYIEcTByeT npeobpa3osanue JIamyHosa, mepe-
BOgIIee OOHY U3 cucTeM B Apyryio. Ilpu stom mox mpeobpazosanuem JlgmynoBa
TIOHUMAETCS HEMpePbIBHAS KycouHo-aud dpepennupyemas MaTpuanas Gyakmms L,
VZOBJIETBOPAIONAS YCIOBUIO

sup (|L(t)|+|L™"(t)]) < +o0,

teRTt

rzIe HOpMa MAaTpuIpl onpenenserca dbopmymnoit | X| = max |3
1<i,j<n
s sanannoit yrkmmn f : RY — (0, 400) o6osnaunm vepes M} Muo)ecTBO
cuctem A € M™, ynosnersopsiomux g Beakoro t € RT mepasencTsy

|A(®)] < f(B). (2

)

TeorPEMA 1 (cp. [2]). Jaa ecaxux nenpepwsnoti pynryuu f : RY — (0, +00)

u € > 0 natidemea makaa nocaedosameavnocms (ty), tx T +00, wmo das 10607

cucmemor A € M} cyuecmeyem acumnmomusecky IK6UCAAEHMNAA el CUCTIEMA
B € M}, ., nocmoannas na xasicoom unmepsane (tkytrt+1), kK €N

TEOPEMA 2. Jlaa ecaxoti nocaedosamenvnocmu (tx), ty T +00, cyuwecmeyem
makxaa cucmema A € M™, umo HuKaKea cucmema ¢ nOCMOAHHBLMY Ha KAAHCIOM
unmepsane (tg,tet1), k € N, KospPuyuernmamu ne A6AAEMCA ACUMNMOMUNECKU
IKeusasenmHol cucmeme A.

TEOPEMA 3. Jlna ecaxoti menpepusnoti gynwyuu f : RT — (0,+00) nati-
demca maxas nocaedosamenvnocmy (ty), tx T 400, wmo daa a0boli cucmemov
A € M} u am06otl cucmemv, B € M™ ¢ ozparunennvmu xosfhuyuenmamu cyuse-
emeyem maxaa cucmema B ¢ nocmoannomu na xaswcdom unmepeane (tg,tpy1),
k € N, xosppuyuenmamu, wmo sup,>g |B(t)| < Sup;so |B(t)| v cucmemw. A+ B
u A+ B acumnmomuiecky sK6usaaeHmmbL.

B nokazarenscrse TeopeM 1 u 3 ucnosnb3oBana Teopema 1 u3 [3].

Cnucok JauTeparypsbl

[1] Bozdanos 0. C. O6 acUMNTOTUYECKH SKBUBAJIEHTHBIX JIMHEHHBIX Aud depeHnnanbHbIx
cucremax // duddepennnanpuee ypasraenns. 1965. T. 1. Ne 6. C. 707-716.

[2] Masarnux C. A. O6 acMMOTOTMYECKH SKBUBAJEHTHBIX JMHEHHBIX nuddepeHnuasbHbIX
cucremax // dnddepennunanbusie ypasaenua. 1981, T. 17. Ne 5. C. 923-926.
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[3] Hso60o6 H. A., Masanux C. A. O6 aCHMITOTHYECKN YKBUBAJIEHTHBIX JINHEHHBIX CHCTE-
Max IPHU YKCHOHEHLIUAJIbHO yOblBaomux so3mymennsnx // duddeperunanbubie ypaBHe-
Hust. 2006. T. 42. Ne 2. C. 168-173.

06 omHoOM crmocoGe obGpalienus oreparopa Basie-Ilyccena
Bassnna B. U. (FOxno-Ypanbckuii rocygapcrsennsii ynusepcurer, Poccust)

IIycrp Z(t) — mabmopaemsplii B 9xcnepumente curaas, u(t) — CurHas, mozse-
xkamuii onpesesienuio. [Ipesmonaraercs, 910 © ¥ U CBSI3aHBI yPABHEHUEM

Liz) =2 4 an 1(0)z"" ™V + -+ ar()a’ +ao(t)z = u(t), telab, (1)
U T yIOBJIETBODsieT KpaeBbiM ycsosusM ([1])
(i) =1, a<ti<ta<...<tp<b (2)

Ecim 3amaga (1)—(2) opgmosnauno paspemmma, 1o, kax ussecruo ([2]), cy-
MECTBYET OJHO3HAYHO ompesenseMas yuaknua ['puna G(t, s) Takas, 910 mmeer
MECTO PaBEeHCTBO

b

/G(t, s)u(s)ds = zine(t). (3)

3necb
b
Bt (®) = 2(t) = (1) ~ [ Glt.s)Lv] s,

U (¢) — MATEPIOIATINOHHBIA MHOTOY/IEH, ACCOIMAPOBAHHBIA ¢ IPAHUIHBIME yCJI0-
BHAMH PacCMaTPUBaeMOil KpaeBOU 3a1a4u.

Coorromenne (3) m ABIAETCT WCKOMBIM O0pameHueM omeparopa Basmie—
Iyccena (1)—(2).

TEOPEMA 1. ITycmwv 0dnopodnas 3adaya (1)—(2) obaadaem nempusuasvhoim
pewenuem 0aa HEKOMOP020 HabOPa UHMEPNOAAUUOHHHT Y3408 a < t1 < t2 <
e < tp < b. To2da mooicno mak caezka ,nowesesums amom Habop:

Vé>0 Fa<ti<ty<...<tn<b: |t;—t;| <,

YImMo MHO20MoveuwHaA 3adaua Baane—Ilyccena 6ydem 00no3Ha4HO pa3pewsumots OAA
Mmobour npaswix wacmed u(t).

TEOPEMA 2. IIycmv ysave unmepnoaayuu sadawyu (1)—(2) ewbpanv. marx,
4mo ama 3adanua 00103Ha4H0 paspewuma. Tozda gynryus puna G(t,s) asarem-
CA eOUHCTNBEHHbIM PEUEHUEM UHMEZPAALHOZ0 YDABHEHUA

b
G(t,s) — G(t,s) = /G(t,T)V(T, s)dr, (4)

a0po xomopozo V (7,5) u Pynxyua é(t, S) BBINUCHLEAIOMCA AGHBLM 00PAZOM.
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Crucok Jureparypsl

[1] Zowc. Cancone, ObbikHOBeHHbIE nuddepennuanbabe ypapaenus, M.: I3x. unocTpanHoi
sgureparypst, Tom 1, 347 c., 1953.

2] Hoxoprwi FO. B. O HekoTopbix oueHkax dyHKuun ['puHA MHOrOTOYEdHOI KpaeBoi 3a-
nauu// Maremarudeckue 3amerku, T. 4, Ne 5, 1968. C. 533-540.

KpaeBas 3amava Jisl ypaBHEHUS 3JIINIITUKO-TUNEPOOINYIECKOro THUIIA C
HEJIOKAJIbHBIM MHTErpajbHbIM yCJIOBUEM
Bapybuna JI. B. (IloBomKCcKas rocyapCTBEHHAS COIAAIbHO-TYMAHATADHAS
axazgemus, Poccrs)

Paccmorpuwm ypasuenune JlaBpentreBa—bBumanze
Lu = ugy +signt - ug =0

B mpsiMoyroabHoit obmactu D = {(z,t) |0 < z < 1, —a < t < S}, rzme q,
B — 3amaHHbIe MOOKATELHBIE JefiCTBUTETbHbIE YHCIa, U IIOCTABAM CeLyIONIyTo
3a/ady.

3Aaaa4A 1. Haiitu B o6mactu D byuknmio u(x,t), yI0OBIETBOPSIOILYO yCIIO-
BHUAM:

ue C'(D)NC*(D- U D); (1)
Lu=0, (x,t)€ D-UDy; (2)
W@, f) = p(z), u(z,—a)=p(z), 0<z<L; 3)
w(0,0)=0, —a<t<p ()
/1 u(z,t)de = A=const, —a<t<g, (5)
0

rue (x), p(r) —3amanuble gocrarouno riagkwe ¢yrkumm, ¢(0) = ¥(0) = 0,
fol o(x)dz = fol P(x)der = A=const, D =DnN{t>0}, D_=DnN{t <0}

OrmernM, 4ro naTerpasbaoe yciaosue (5) fBisercs HesoKaIbHbIM, du3ude-
CKHU OHO O3HA4aeT IOCTOSHCTBO BHyTpeHHeil sHeprum cucTeMbl. KpaeBas 3amata
Il yPaBHEHUsI CMEIIAHHOT0 apaboJio-rurepboImdecKoro TUla ¢ TaKUM HeJjo-
KaJIbHBIM MHTEIPAJIbHBIM YCAOBUEM PaccMoTpena B pabore [1].

B nmamnoit pabore, ciaenys [1], ycTaHOBIEH KpUTEpHil €ANHCTBEHHOCTH pelle-
Hus nocrasiaeHHoi 3amaun (1)—(5).

TEOPEMA 1. Ecau cywecmsyem pewenue 3adawu (1)—~(5), mo ono edum-
cMeerHo moavko mozda, kKozda npu ecer k € N 66n0AREHO HEPABEHCTE0

cos Aga - sh A\gfB 4 sin Ay - ch A8 # 0, A = 27k.

Crucok Jiareparypsl

[1] Cabumos K. B. Kpaesas 3ana4a s ypaBHeHus: napabosi0-runepGoInyuecKoro THIA C
HEJIOKAJIbHBIM MHTErpaabHbIM ycaosueM // dnddepennuanpube ypasuenns. 2010. T. 45.
Ne 10. C. 1468-1478.
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O dopmyne s peryiisipu30BaHHbBIX CJIEOB
Barunkunii I1. B. (Canxr-Ilerepbyprckmii rocyausepcuret, PD)
Cromapos /I. M. (Cankr-Ilerep6yprckuii rocyausepcuret, PD)

Paccmorpum omeparop L, mopoxgaembiiit aud depeHimabHbIM BhIPAKEeHHEM
2m—2
= (-)"D"y+ 3 pu(e) Dby
k=0
(3mecw pr € L1,10c(R4+) — BemecTBennbe GyHKIMN) ¥ IPAHUTHBIMYU yCIOBHAMHE

Pj(D)y(0) =0, j=1,...,m

(3mech P; — monmHOM CTeneHu kj, MPUYeM IPAHUIHBIE YCJIOBHS CIMTAIOTCH NPU-
sedenmvimu, 1. €. 0 < k1 < k2 < ... < km < 2m — 1). Jomyctum, 910 3TOT
OTepaTop CaMOCOMpsIKeH B mpocTpancTse Lo (R4 ), mogyorpanwaen cHU3y w mMe-
eT YHCTO JMCKDPETHBIH CriekTp {A,}/ > (HyMmeparms 1o BO3PACTAHUIO C yd4eToM
KPaTHOCTH).

IIycTs Q — omepaTop yMHOXKEHUS HA BEMECTBeHHYIO GYyHKIMIO q € Loo (R4 ).

Torna oneparop L + Q Tax:ke UMeeT YHCTO JTUCKPETHBIEH CIEKTD {fin },125.

TEOPEMA 1. Ilyemv q umeem o02paHudeHHbl HOCUMESb, 6 OYHKUUA

Y(z) = ifq(t) dt umeem ozparuvenHyro sapuayuro 6 Hyae. Tozda cnpasedauso
paseHcmeoO
= c T m 1 24
= — - — = — N — 1
S1= Y [ == /q(t) at) = vt (F-1-0) O
n=1 0
2de
1 1 i
c1 = A" Cn = AZT — A2, n> 1 =Yk
j=1

BAMEYAHUE 1. [last ompotenHex kpaesbix yenosuii Pj(D) = DFi dopmyma
(1) 6pL1a mokazana B mpenpuaTe [2]| (Tpw wacTHBIX caygasa: k; = 27 —2; kj = 25 —1
u k; = j—1 6pm panee paccmorpenst B paborax [3], [4]). Ilosmoe gqoka3arenbcrso
conmepxurcs B [1].

Ioxknam ocHOBaH Ha copmecTHOI padore ¢ A. V1. Hazaposbim.
Pabora nomnepxana rpantom 11.G34.31.0026 IIpaBurenncrea P® (mabopa-
ropug mvern 11. JI. Yebpimesa nmpu CIIGIY).

Cnucok JauTeparypbl
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OrneHKH yCcTOWYMBOCTU AJisi HEKOTOPBIX JIMHEMHBIX CHUCTEM
Beripman A. U. (Bosoroackuii rocyapCTBeHHBI 11€4aroru9eCKuii yHUBEPCHTET,
HCOPT PAH u HUIIN PAH, Poccus)

Koporsmmesa A. B. (BoJoroackmii rocyapCTBEHHBII 11€arOrA9eCKuLi
yuusepcuret, Poccust)

IMangunosa T. A. (Bosoroackuii rocyjapcrBeHHbL 1€4arOruaeCKuil
yausepcuret, Poccust)

PaccmarpuBaercsa cucrema auHEHHBIX Mg depeHInaIbHBIX YPABHEHNH, OIH-
CBIBAIONIAs HECTATMOHAPHYIO MapKOBCKYIO erb X () ¢ HEMpPEPBIBHBIM BPEMEHEM
u npocrpaucTBoM cocrostamit En = {0,1,---, N}. Marpuna A(t) = (aij(t))i\fj:(]
upamoii cucrembr Konmoroposa quis nenm X (t) o6nagaer HEKOTOPBIMUA CIIETAAJID-
HBIMJ CBOMCTBAaMH, a UMEHHO, CYMMa, 3JIEMEHTOB KayKOT0 CTOJIOIA TaKOil MaTpu-
bl TIPX BCEX © paBHA HYJIIO, BHEINATOHAJIHHBIE J/IEMEHTHI HEOTPUIATE/IHHBI TIPU
Beex t > 0, a Bee a;;(t) okanbpaO mATErpEpyeMsl Ha [0, 00). IIpeanonaraercs, aro
X (t) onmceiBaer umcsio TpeGoBaHWIT B cucTeMe OGCIyKMBaHUS ¢ KaTtacTpodamu
(cm., mapumep, [1]). B sTom ciygae Bee ao;(t) > £(t) mpu j > 1. Paccmarpusaior-
Csl OIIEHKH yCTONYUBOCTH CHCTEMBI TI0 OTHOUIEHUIO K BO3MyIieHusAM MaTpursl A(t)
B TIPEJITOJIOKEHUH ,,CYIIeCTBeHHOCTH KaTacTpod. B aTom ciayuae ymaercs mpume-
HUTH METOJ, UCIIOJIb30BAHHBIMN JjIsi GoJIee y3KOro KJacca Mojeseii B [2], nobusmmcs
CYIECTBEHHOrO Y/Iy4lIeHUs KOHCTAHT C HOMOIIBIO IIPHEMa, IIPUMEHEHHOIO BIIED-
Boie B [3]. IlycTs mpsimast cucrema KoaMoropoea [yisi NCXOJHON M BO3MYIIEHHOMN
MapKOBCKOH ITerneil mMeeT COOTBETCTBEHHO BUJ,

dp dp -
— = A(t — = A(t)p. 1
o = A 5 =AM)Dp (1)
TEOPEMA 1. ITyemo £(t) > b > 0, a ||A(t) — A(t)|| < & nowmu npu ecex
t > 0. Tozda das awbvz navarvroz yeaosud p(0) u p(0) cnpasedausa ouenka

)
limsup [|p(t) — p(#)[| < (2)
t—o0
TEOPEMA 2. Ilyecmv mampuya A(t) 1-nepuoduuna, fo t)ydt =0 >0 u
|A®t) — A(t)|| < € nowmu npu scex t > 0.
Tozda das a0boz navasornux yeaosut p(0) u p(0) cnpasedauso nepasercmeo

lim sup [ p(t) — p(o)]| < EEF9), 3)

t— o0 9
Te 7ke OIEHKY YAAeTCs TIOIYIATh U B CIyH9ae CIeTHOTO MPOCTPAHCTBA COCTOSI-
auit. ONeHKr yCTORYIMBOCTY IPYTHX XapaKTepuCTuK rernu X (t) yaaeTcs oy IuTh
C HOMOINBIO CIENUAJBHBIX IPe0OPA30BAHMIL, ONMCAHHBIX B [4].

Crucok Jiureparypsl
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Pemenue 3azaun Kommu /15 ypaBHeHus ¢ 1oty b pearojibMOBbIM
orepaTopoM IMpHU TPOU3BOHOM
3y6osa C. I1. (Boponexcknii rocymapcrsennsiii yausepcuret, Poccns)

Uccnenyerca ypaBuenue

dx(t)
A(?) = D(t)u(t), (1)

dt
rome A(t) — 3aMKHyTbHI JWHEHHBIA HETEPOB TPHW KaXKJAOM [ OIEpaTop
(om xe mnomydpenronpbmosB, o ke GPEArOJLMOB € HEHYJIEBBIM WHIEKCOM
» = dimker A(t) — dimcoker A(t)), neiictByommii u3 GaHaxXOoBa MPOCTPAH-

crBa E1 B 6amaxoBo mpocrpanctso Ea, D(A(t)) = Ei, dimker A(t) = const,
dim coker A(t) = const, B(t) € L(E1, E2); t € [0,T].

OnPEAENEHUE 1. VYpasuenwe (1) maswiBator perymsipbiM, ecan 3(A(t) —
AB(t))™!, ans mo6erx A € CNU(0), Vt € [0, 7).

ONPENEJEHUE 2. Ypasuenue (1) HA30BeM TICEBIOPEry/IsPHBIM, €CJIHA

ker(A(t) — AB(t)) = {0} VA e CnU(0),vt € [0,T).

1. Cuywait mocroaambix A, B. Ilpu pemenun peryngpuoro ypasuenus (1) ¢
yenoruem z(0) = 2° € F; 6omsmryio poss urpaer omepatop Ay = (A — AB) ' A.
B miceBmoperygpHOM CiIydae CTPOUTCA oneparop Ay apyrmm o6pa3om.

TEOPEMA 1. B E; saoocenn, nodnpocmparcmea M u N, uneapuarmHvie 0m-
Hnocumenvho Ax. B M onepamop Ay obpamum, N — Kopresoe nodnpocmparcmeo
daa Ay.

B perynspraom ciyuae
E; = M+N, (2)

TO ecTh uncyo 0 aBagercs Ajaa Ay HOPMaJbHBIM COOCTBEHHBIM YUCJIOM.
B nceBnoperynaprom ciaygae passioxkenue (2) UMEET MECTO JIMNIb JIJIsl OIpPe-
nemenueix A, B.

TEOPEMA 2. Pewenue 3adauu Kowu daa (1) cyuwecmeyem 6 mom, u moavko
mom cayuae, xkozda x° € M. Ipu smom z(t) € M u eduncmeenno.

TrOPEMA 3. ITpu 3\ € CNU(0) marozo, wmo ker(A — AB) # {0}, ¢ Fy
BA02ICEHO UHBAPUAHIIHOE omHocumensvho Ax nodnpocmparcmeo Mso. Pewerue
sadawu Kowu cyuecmeyem mozda u moavko mozda, x02da ° € Moo. IIpu smom
z(t) € Moo u needuncmeerno.

2. Cuyuait nepemennbrx A(t), B(t). BesBasiiores ceoiicrsa A(t), B(t), mo-
cTaTouHble /s BblnoaHeHus TeopeM (1)—(3).
Bo Becex ciryuasx soiBoggrcs hopmysibl s peuterust z(t).
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PerynspusoBaHHbIi ciles BO3MYIIEHUS ollepaTopa
Jlannaca—Beaprpamn
3pikoBa T. B. (Mockosckmii rocymapcrsennsiii yausepcnret, Poccus)

OCHOBHBIM Pe3yIbTATOM PaBOTHI ABISAETCS HAXOXKJICHUE PEryJisipU30BAHHOTO
chema omeparopa Jlammaca—BensTpaMu ¢ TOTEHIMAIOM Ha MHOTOOOPA3NN, 3a,1aH-
HOM HEKOTOPHIM (DYHKITMOHAJIBLHBIM CEMEHCTBOM TJIAIKAX MOUMU AUYEUMLECHLT
Merpuk Ha cdepe (IIpU 3TOM BCe reoie3mdecKue STHX METPUK 3aMKHYThl M UMEIOT
oarHaKOBYIO [ymHY) [1]. st mocTpoeHus 3TOro ceMeicTBa, MeTPHUKA TOCTOSTHHOM
KPUBU3HBI Ha c(epe TPeACTaBIAeTCS B JIMYBUJLIEBOM BHIE C MOMOMBIO cdhepo-
KOHMYIECKHUX KOOPAMHAT (U1, V2, V3).

2 2
ds? = i(w ~ ) (- Pd(f;) + Pd(Z)> Ctme P() = (a+0)(b+v)ctv). (1)
Barem npocrpancrso R® pasbusaercs Ha derbipe 06JIACTH, U HOKA3BIBAETCS, YTO
Ha Kax0i m3 Hux dyskumu P(ve) u P(v3) MOXKHO 3a7aTh HE3aBUCHMO JADYT
OT Ipyra W BHYTPH KaxKmaoi obsactu, Bmecto bynkmmit P(ve) m P(vs), 3amaBa-
eMbIX OZHOHM dyHkImeill P, MOXKHO B34Th ABe pa3Hble. Tak, HanpuMep, Ha 1-oif
obmactu Merpuka Oyzmer 3aBucerb or Gyskmmit Q1 (v2) u Ry(vs), Ha 2-0ii —or
Q+(v2) u R_(v3), na 3-eif —or Q_(v2) u Ry (v3), Ha 4-oit —or Q_(v2) u R_(v3).
Oupenenennbivm 06pa3om mensis dynkuuun Q1+, Q—, Ry, R_, nonyuaem 6oraroe
dbyHKIHOHATBHOE ceMeicTBO rmagkux Merpuk ds>(Qy,Q_, Ry, R_) ma cdepe,
TeOIe3UIECKAE KOTOPHIX 3AMKHYTHI M UMEIOT OJMHAKOBYIO IJTHHY.

TEOPEMA 1. Ilyemv ML — mnozo06pasue, onucannoe svwe. Ecau q —
becroneuno-ouddepenyupyeman 6eUecmEeHH03HaA%HaA PyHryus Ha M L, mo daa
cobemeennur wucea onepamopa A = A + q 6epHo pasencmeo:

oo 2k
ZZ Aei — k(k+1) _7// q(v2,v3) \/@d?}gchb =
k=0 i=0

T 1672
S*ML

~ % / (Ag(v2,vs) + 3¢% (v2, v3) — 2q(va, v3)(Y(ML) — 1) )) V/det g dvadus,

- L /(q‘“’) / (Ay(ML) +~*(ML) —~v(ML))\/det g dvaduvz—

2de (ML) — zayccosa wpususna ML, u v/det g — xopenv us onpedeaumens mam-
puyb. mMempuueckozo menzopa, S*ML — paccroenue eOuHUNHBET chep 6 Kokaca-
MEALHOM npocmpancmee, dv — xanonuueckan gopma obsema na S* ML, a ¢*¥ —

1 sy
cumson ycpednenua wa ML (¢%° = o [ (expt=)*(q)dt, 2de E — zamuavmoro-
T o

60 6eKmMoOpHOE noae Ha Koxacameavrom paccaoeruy T*ML\ {0}, onpedeanemoe
pumanosot cmpykmypot wa ML),
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OTa pabora BeimoHeHa pu noaaepxkke IIporpammer Ilpesnnenta PO «Ilox-
IepKKa Bedymnx HaydHbIX mioss>, HIT1-7322.2010.1.
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O HepaBeHcTBax JIn6a—TuppuHra Ha HEKOTOPBIX MHOroGpasusix
Hnsua A. A. (UIIM uvm. M. B. Kesnapina, Poccust)

OGozuauum uepes M asymepuyio chepy S? wam msymepusiii Top T2, Tis
JOCTATOYHO TJIAIKOTO TIOTeHIMAIa V PacCMOTPUM KBaAPATHUIHYIO (hOpMy

Qv(h):/M |Vh(z) dM+/ V(z)h(z)? d,
he H' (M), /Mh(x)dM:O,

KOTOpasd OTPaHIWYeHa CHU3Y M OIIpeJesdeT CaMOCOIPAXKEHHBIIl OIepaTop C JuC-
KPETHBIM CITEKTPOM V1 < Vg < -+ - — 00.

TEOPEMA 1. Jlas ompuyamenavrozo cnexmpa 3mozo0 0nepamopa cnpasediuea
0UEHKG

S | < La(M) /M Vo@)2dM,  V_(2) = (V(x)| - V(2))/2.

v; <0

IIpu amom

2 3 2 3
L1(T)<8, L1(S)<8.

B omHOMepHOM ciiy4yae CIpaBejInBa OIEHKa C J006aBOYHBIM dUjieHOM. JIjist
L-miepuogudeckux (pYHKIWI C HYJIEBBIM CPEJHHM PACCMOTPHUM OI€PATOpP, COOT-
BETCTBYIONUN KBAIPATUIHON opme

Qv(h) = /OL B (x)? dx + /UL V(x)h(z)® d.

TEOPEMA 2. IIpednososicum, wmo cywecmeyem N ompuyamesvholx cob-
cmeernnur 3naverut v; < 0 amozo onepamopa. Tozda

N
|u|+N / V_( 2dm

Ora pabora BbinoaHeHA Tpu o aepxkke PO, rpant 09-01-00288.
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ToxxaecrBo IToxoXkaeBa U BbIYMCIIEHNE KPUTUYECKUX HeJIMHeMHOocTell
IJ1d 3aa4 cOo CBOOOIHOI rpaHuIieit
Hipsacos 1. 1. (Mucruryr maremaruxu ¢ BII YHI] PAH, Y¢a, Poccus)

B 1999 rony duac u Dpuanzec [1], B onHoMepHOM ciy4ae (n = 1) nokasasm,

YTO ypaBHEHUE
—Au=Aul""tu— |[ul*tu B R", (1)
rae 0 < a < f < 1, uMeeT Ipu JOCTATOYIHO OOIHIINX A HEOTPUIIATEIHHOE PElIeHIe
¢ KoMnakTHbM HocutTesieM B R™. B siureparype Takue penieHus MHOTIA HA3BIBAIOT
KOMIAKTOHAMMY WJIV PENIeHUsIMU 33724 co cBOGOmHOM rpanumneii (cm. [3]). Bompoc
0 TOM, CYMECTBYIOT JIi KOMIAKTOHBI y 3ama=au (1) mpm n > 1, mo memaBmero
BPEMEHU OCTABAJICHA OTKPHITHIM. BriepBbie oTBeT Ha 3TOT mpobsemy ObLI HAMIEH B
coBMecTHOI paore aBropa ¢ FO. B. Eropossim [2], rue 661710 10KAa3aHO, UTO €CIu

201+ a)(1 + ) o
(l-a)1-5)"’

T0 ypasuennme (1) obamaeT HEOTPUTATETHLHBIM KOMIAKTOHAMI TIPU BCEX A > A*,
s mekoToporo A* > 0.

OCHOBHOI! IEJTHIO TPECTABICHHOTO TOKJIA,1a, SBJISeTC 060CHOBAHWE TOTO, UTO
pasMepHOCTh n*, 3amaBaeMas 1o dopmyse (2), meHCTBUTENHLHO 00IAAeT CBOMH-
CcTBaMU KPUTHYECKOro nokasaress g (1). B ocHoBe Hamero momxoma Jieskur
ncnosk30Banne ToxaecTBa [loxoxkaesa [4], MPUMEHAEMOT0 B HOBOM KadeCTBe.

OTa paboTa BbInosHEHA Ipu mogaepxkke PODI, rparr 11-01-00348-a.

n>n" =

Crnucok JuTeparypsbl

[1] Diaz J. 1., Herndndez J., Global bifurcation and continua of nonnegative solutions for
a quasilinear elliptic problem// C.R. Acad. Sci. Paris, V. 329, (1999), p. 587—-592.

2] Ilyasov Y., Egorov Y., Hopf boundary maximum principle violation for semilinear elliptic
equations// Nonlinear Analysis: Theory, Methods & Applications Vol. 72, (7-8), 1 (2010),
3346-3355.

[3] Herndndez J., Mancebo F. J, Vega J. M., Positive solutions for singular nonlinear
elliptic equations// Proc. Roy. Soc. Edinburgh, 137(A) (2007), 41-62.

[4] Pokhozhaev S. I., Eigenfunctions of the equation Au+Xf(u) = 0// Sov. Math. Doklady,
5 (1965) 1408-1411.

XapaKTepuCcTUYECKU ONpeaesINTelIb CIIEKTPAIIBHON 3aa49u IJist
OGBIKHOBEHHOTO /¢ PePEHINATBHOrO OIIEPATOPA C UHTErPATIbHBIM
BO3MYIIleHUEM KPaeBOr'o yCJIOBUSA
Hwvanbaes H. C. (MexxayHapoJHbpIii Ka3aXCKO-TYPEIKAI YHABEPCATET
nm. A. Scasn, Kazaxcran)

B npocrpancrse L2(0,1) paccmorpum oneparop Lo, HOPOXKIEHHBIH OGbIKHO-
BEHHBIM (D HepeHIaIbHBIM BBIPAKEHTEM

I(w) = u™(2) + g(a)u™ "2 (@) + ... + gu()u(z), 0<z <1, (1)

U KPpaeBbIMU yCJIOBUAMMN

Uj(u) = Ti[ajku(k)(o) + B (1)) =0, j=Tn. (2)
k=0
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IIpenmomaraem, wto xKo3dduruents ypasuenus i (z) € C"*[0,1], k = 2, n,
a dopwmbr Uj(u) — nuaeiHO HE3aBUCHMbIE, C KOMILIEKCHO3HAYHBIMU MOCTOTHHBIMHE
k03( purmeHTaMN.

Ilycts L£1 —omeparop B L2(0, 1), 3amannbtii Bepakennem (1) u ,,Bo3Mytien-
HBIMU"“ KPAaEeBBIMU YCJIOBUSIMU:

Uj(u) =0, j=Ln, j#m,

1 3
Un (u) :/ pm(z)u(x)dz, pm(z) € L2(0,1). ®)
0

Bompoc o 6asucaoctu Cull® omeparopa L1 ¢ Gojiee OOIIUMY HHTET PATIHHbBI-
MH KPaeBBIMU YCJIOBUSIMU IIOJI0KUTEHHO pelreH B [1], rae mokasaHa 6a3ucHOCTD
Pucca co ckobkamu mipu ycsioBum perysisipHOCTH 110 Bupkrody KpaeBbIX yCIOBUiL
(2); a Tpm IOMOTHAUTETHPHOM TIPETIONOKEHUN YCUJIGHHOH PEeryasapHOCTH — Oa3nc-
Hocts Pucca Culld.

B nacrosiimem 10K/1a1e B IPEIIOI0KEHUT, YTO HEBO3MY IEHHbI oriepaTop Lo
06/mamaeT cucremMoii co6CTBeHHbIX U pucoeauraenubx dhyuknuit (Cull®), o6pasy-
romeii 6asnc Pucca B L2(0, 1), MBI IOCTpOMM XapaKTEPUCTIIECKHI OMIPEIETUTETH
CHEeKTPAJIbHON 3a/aum yid oniepaTopa L.

TEOPEMA 1. ITycmo 3adaua (1), (2) obaadaem cobemeennvimy 3HAUEHUAMY
X w Cull®, obpasyrowumu 6asuc Pucca. Tozda zapaxmepucmuueckuti onpede-
aumens 3adawu (1), (3) ¢ 603MYWEHHBMU KPLEGHIMU YCAOBUAMU TPEICTIABUM G
sude

0o m? mk j 0
_ (AL —_
A1(A) = Bo(A) | 1 - Z Z Akj Z = )/\O]r+1 Van— m+1(vk3+r) ; (4)
k=1 | j=0

2de Ao(N\) — zapaxmepucmuneckul onpedeaumenv 3adawu (1), (2); Vap—mt1 —
aunetinve 00HopodHble POPMbL, B03ZHUKAOULLE NPU NOCTNPOEHUY KPAEGHT YCA0EUT
conpasicennotli nesosmywennoti sadavu; {vy;} — Cull® conpasicennol necosmy-
wennoll 3adawu; ap; — KoadPuyuenmo. Pypve GUOPIMOZOHANLHOZO DPASAOHCEHUA
Pyrryuy pm () no amoti cucmeme.

Hoxnam ocaoBan Ha copmecTHO pabore ¢ M. A. CagpibekoBbIM.
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O6ob61eHne TeOpeMbl 0 PABHOMEPHBIX ATTPAKTOPAaX IOJIyIIPOLECCOB
Hnarosa B. M. (Mockoscknii ¢pusnko-rexamaeckuii macturyT, Poccms)

JuHamMuaecKue CuCTeMBbl, IOPOK JaeMble IUCCUIATHBHBIMI SBOJIIONIOHHBIMI
YPaBHEHUAMH, ¥ UX aTTPAKTOPHI IPHUBJIEKAIOT BHUMAHUE HCC/IEIOBATe/E B pa3-
JINYHBIX 00JIACTAX 3HAHU. [IepBOHATAIHHO ATTPAKTOPHI PACCMATPUBAINCH TOJIb-
KO JijIsl aBTOHOMHBIX yPaBHEHHI, 3aTeM 9T0 nouarue 6110 06061meno [1] na cay4aii
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HEABTOHOMHBIX YBOJIIOIMOHHBIX CUCTEM. BaKHBIM [JTsl IPUJIOKEHUI SBJISETCS BO-
IPOC O TOM, HACKOJILKO OJIM3KH aTTPAKTOPHI AUCKPETHBIX AMMIPOKCHMAIII MaTe-
MaTHUYIeCKUX MOZeNel K NX NCTUHHBIM aTTPAKTOpaM. /[Jist aBTOHOMHBIX ypPaBHEHMIH
9TOT BOIpOC 6Bl U3ydeH B [2], rae Gblia J0Ka3aHa TeopeMa O MIOJIyHeIIpepPhIBHOM
3aBHCHMOCTH OT [IapaMeTPa ATTPAKTOPOB CEMEUCTB MOJIYAMHAMIYIECKIX CHCTEM.
B pa6ore [3] aHasornvHbIi pe3ybTaT GBI MOy YeH JJisi PABHOMEDHBIX ATTPAKTO-
POB CeMelCTB MOJIYIIPOIECCOB, COOTBETCTBYIONINX HEABTOHOMHBIM 3BOJIIOINOHHBIM
ypasrenuam. B [2, 3] npeamosiaranocs, 9T0 paccMaTpuBaeMble CeMEHCTBA IMEIOT
OOIILYIO MOIYTPYIIY BPEMEHU, IO3TOMY IIPH MCCJIETOBAHUN CXOIUMOCTH ATTPAK-
TOPOB KOHEYHO-PA3HOCTHBIX CXeM MIPUXOJUIOCH CUUTATH, UTO IIAr CEeTKU Ipe-
cTaBiseTcda B BUne T = Tn, = 1p/n, rme To — HEKOTOPOE MOJIOKUTENIBHOE IHCIIO,
n € N.

B macrosimeit pabore mokazaHa 6osiee 00masi TeopeMa O IIOJIYHEIPEPHIBHON
CBepXy 3aBHCHUMOCTH OT IapaMeTpa PABHOMEDHBIX aTTPAKTOPOB CEMEHCTB IOJIy-
TIPOIIECCOB IS CIydasi, KOTJa PacCMaTPUBAEMble CeMeCTBA MOTYT He MMETh 00-
1Ieil MOJIyrpyNIibl BpEMEeHH.

Ora pabora sbmosasena upu noggepxkke DI «Hayunbie u nayuwno-
TeJarornueckue KaJapbl WHHOBAIMOHHOW Poccums> ma 2009-2013 romsr u ABIITT
«<Pa3BuTHe Hay4HOrO MOTEHIMAJIA BhICIIEH MIKOIbI>, rpanT 2.1.1/11133.

Crucok Jiureparypsl

[1

Chepyshov V. V., Vishik M. I. Attractors of non-autonomous dynamical systems and
their dimension // J. Math. Pures Appl. 1994. V. 73. P. 279-333.

Kanumancrkut JI. B., Kocmuw . H. ATTpakTOpHl HEJUHEHHDBIX dBOJIIOIUOHHBIX YPaB-
HeHU#l U ux annpokcumanuii // Anrebpa n ananus. 1990. T. 2. Bemm. 1. C. 114-140.

[3] Anamosa B. M. O6 arrpakropax allnpPOKCUMALMHA HEABTOHOMHBIX SBOJIIOLIMOHHBIX yPaB-
nennit // Maremaruueckuit c6opuuk. 1997. T. 188. Ne 6. C. 47—56.

[2

HepaseHncTBo BupTuhnrepa [Jjisi onepaTopa BHyTPeHHell CyIepro3uIiun
Hcnamos I. I. (Yamyprckuii rocyausepcnrer, Poccus)

Ha rnamkmx 2m-nepmommdecknx GyHKmuax x(t) pPACCMOTPEM TIpH
m

t € [0,27] omeparop BHyTpenHeil cymepmnosunmu (Sz)(t) = ij(t)x(qj(t)),
j=1

rae p;j(t) m g;j(t), COOTBETCTBEHHO, KBaAPATHUYHO CyMMUPYEMble M U3MEDH-
mbie 1o JleGery dyukmum. Ompemenum mpu ¢ € [0,27] oTKIOHEHUS
hj(t) = q;(t) — 2wk, ecnu ¢;(t) € 2wk, 2w (k + 1)), k = 0,4+1,+2,... OueBun-
o, aro (Sz)(t) = 27" p;(t)x(h;(t)), npuuenm h;(t) € [0,27) upu t € [0, 2].
U3sBecrroe HepaBercTBo Buprunrepa [1] qaer ciemyiommee yTBep K aeHue:

TEOPEMA 1. ITycmv dynkyuu mes h;l(O, t] abcoarommo HenpepvieHL Ha 0~
pesxke [0, 27],
o = vral supi i/ Ip; (s)? ds < oco.
tefo,2n] 5= dt h70,8)
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ITycmo, danee, z(t) = (Sy)(t), 2de y(t) ecmv 2m-nepuoduueckan PynKkyus ¢ nyae-
2m

68bM CPEJHUM HA Nepuode y(s)ds = 0) U K6adPamu4Ho CYMMUPYEMOT Ha
0

[0, 271] npouseodnot y'(t). Tozda ||z]|12(0,2x < Y[l L2(0,27)-

YTouHeHre KOHCTAHTHI (¢ B TIoCJIeTHEM HEPABEHCTBE OBLIO TOJIy9Y€HO Ha OCHOBE
CJIeAYIOMEero MHTErPpaJIbHOTO IIpEeaACTaB/ICHUA
27

vt = ()0 = 5 [ k= s/ (@ ds

rrafkux 2m-nepuoguueckux Gyuknuii y(t) ¢ HyJeBbIM CPEJIHMM Ha LEepUOJe U
mocsieyoniero npumenenus ,recta llypa“ [2] k uarerpansaoMy omepatopy |SK|

1 m
c sapom |G(t,s)|, tme G(t,s) = Z—ij(t)k(hj(t) — 5). 3mecs k(t) ects 27-
m
j=1
neprogmaeckas HYHKIUs, ONPENEIeHHAs HA [—T, 7| PABEHCTBOM
—t+m, ecmmt € (0,m],
k(t)=14 0, ecrm ¢t = 0,
—t—m, ecmte€[—m,0).

TowHoe 3HaYeHNE KOHCTAHTHI (¢ PABHO Min HAMOOJBINETO 3HAYUEHMS Tapamerpa
c

w = w(c) B CeKTpaJbHOM 3ama4e ¢ GUKCUPOBAHHON KOHCTAHTOI ¢
27 27
w2u(t) = / (G(t,s) —c)v(s)ds, wv(s)= / (G(t,s) — c)u(t) dt.
0 0
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O kpuTepuu JIOKAIN3aluu CIIEKTPA MOJEJBHON 3a4a4u, CBA3aHHON C
oneparopoMm Oppa—3ommepdensaa
Hmxnn X. K. (Bamkupcknii rocyzapcrsennsiii yausepcnret, Poccus)

C m3BecTHBIM B ruapouHaMuKe oneparopom Oppa—3ommepdernsaa [1] acco-
NUUPYETCs MOJIEIbHAS 3a7a9a BHJIA

i’y + q(z)y = My, (1)
y(—=1) = y(1) = 0. (2)

Baecy € > 0 — masbiit napamerp, dbynknua ¢ Bo3pacraer Ha [—1,1]. Ecm ¢
cymmmpyema ua waTepBase (0,1), o ciexrp 3amaun (1)—(2) muckperen w jgexuT
B nonynosoce I = {a < Rez < b, Imz <0}, rne a = gq(—1), b = ¢(1). B paGore
[2] mokazano, uyro ecsm g upunagyexur knaccy AM dyHknuii, momyckaoomumx
aHAJINTHYIECKOE MIPOJOJIKeHne ¢ oTpe3ka [—1,1] B mekoropyio obaacts G C C
Tak, 9To oTobpakerwe q : G — Il HempepwHIBHO W GUEKTHBHO, TO TIPeIeThHbIH
cnekrpanbubrii rpad I 3amaan (1)—(2) nmeer Gopmy ,,CIEKTPATHLHOTO TAICTYKA

=7 U7t Ueo, (3)
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TJ1€ KPUBBIE 7Y+, Yoo UMEIOT €IMHCTBEHHYIO OOIIYIO0 TOYKY Ao U COeaUHSIOT ee ¢ +1
U —100 COOTBETCTBEHHO.

B mpeytaraemom qokiase o6Cy K IaeTCst BOIPOC: HACKOIBKO yciaosue ¢ € AM
HEObXOMMMO i peanm3anum 1 B Buge (3)7

Msbr mokasdbiBaeMm, 9To mpu ja0b6oMm [ < Im Ao mpeamosoxkenue 0 TOM, UTO
st 0(e) —uwactu crekrpa 3anaun (1)—(2) B momymosoce I, = IIN {Im A < I} —
TIPE/IEJIBHBIM CIIEKTPAJIHHBIM IPadOM CIIYKUT KPUBAA Yico = Yoo 1{A € C: Im A <
l}, Bneger 3a co60i BO3MOKHOCTH AHATMTUIECKOTO IIPOIOJIZKEHHS § B HEKOTOPYIO
OKDEeCTHOCTB oTpe3ka [—1,1].

OTa pabora BeimosHeHa npu mognepkke PODU, rpanter NeNe 09-01-00440-a,
08-01-97020.

Crucok Jiureparypsl
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|2] Shkalikov A. A. Spectral portraits and the resolvent growth of amodel
problem associated with the Orr—Zommerfeld equation// Electronic version:
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O criekTpe U 4acTgaX CIIEKTPa OJHOM 3amauu OJisd Aud epeHnnaIbHOro
YPaBHeHUs B 6AaHAXOBOM IIPOCTPAHCTBE
Kammreua A. C. (/Iumenkwuii rocyapCTBEHHBIH MEAATOTMYECKHI YHABEDCUTET,
Poccns)

B 6anaxosom npocrpancrse X = X (S) paccmarpusaerca 3anaga Komn

AT = M) % 4 N+ 1), alto) = p(s), 1)

rae A — 4Yuc/a0BOi napaMerp, S — MHOXKECTBO KOHEYHOU Jieberosoii mepot B R",
t € [a,b], f(t) — HenpepbIBHAs HA [a, b] BeKTOP-DYHKIUS CO 3HAUEHUSIMU B IPO-
crpanctee X, ¢ € X, M(t) m N(t) — oneparop-dyHxmn

(M(t)u)(s):/sm(t,s,a)u(a) do, (N(t)u)(s) :/Sn(t,s,cr)u(a)da,

a dz/dt — npomssogmas @peme. [lox pemenunem 3amagam (1) moHMMaeTCs HETIPE-
peiBHO muddepennupyemasa Ha OTpeske [a,b| Bexrop-bynkmua z(t) co 3Haue-
uuMu B npocrpanctee X. C 3amaueit (1) ceszama 3amava Komm st waTerpo-
muddepennmaipHoro ypasuenus Bapbammuna:

)\M = /Sm(tﬂaa)%da+/Sn(t,s,a)ac(t,a)da+f(t,s),

ot
z(to, s) = ¢(s).

IIycte S — xommakt, m X = X(S) — mpocTpaHCTBO HEMPEPBHIBHBIX HA

S dbynkuuit ¢ cyupemym-uopmoii. Anasnoruuno [1] mokasbiBaercs, 4TO pewie-

uue z(t)(s) 3amaun (1) ompenensier mempepsiBHOe Ha D = [a,b] X S Bmecte c

0x(t,s)/Ot pemenne x(t,s) := x(t)(s) 3amaun (2), upu 3ToM BepHO U o6paTHOE

yrBepxkaenue. IIpeanonoxum, aro oneparopst (My)(t, s) = fs m(t, s, o)y(t,o)do
224



u (Ny)(t,s) = ft Jsn(t,s,0)y(r,0)drdo neiicryior 8 npocrpancrse C(D)-
HenpepbuIBHBIX Ha D byHKIMIA. B stom cayuae M (t) u N(t) — cunbHO Henpepbis-
Hble oneparop-dyHKImY, a 330a49a (1) paBHocHabHA paccMarpuBaemoMy B C(D)
HMHTErPaJbHOMY yDaBHEHUIO

Ay(t,s) = (M + N)y)(t,s) + g(t,s) = (Ky)(t, s) + g(t, 5), ®3)
rae g(t,s) = f(t,s)+ [gm(t,s a)cp( )da B TOM CMBICJIE, UTO WX DEIICHUS CBSI3a-
ubl paBeHCcTBOM Z(t)(s) = z(t, s) ft s)dt + ¢(s). IosToMy oz CIEKTPOM
u yacrtamu cnekrTpa 3agaqm (1) 6y;LeM [IOHUMATh CIIEKTP W YaCTH CIEKTpa Aeii-
creytomero B C(D) omneparopa K u3 ypasuerus (3). Uepes C(L') obozmammm
MHOXKECTBO M3MepuUMbIx Ha D X S GyHKImii, KaxkK/1ad U3 KOTOPHIX HENPEepPLIBHA
o (t,5) € D xak BexTop-bynkmus co 3magenusvu B L' (S), qepes o(A), gew(A)
u 0es(A) — cmekTp, cyuecTBeHHBI crekTp B cMbicie Boabda u Hlextepa -
ueiinoro B C(D) oneparopa A [1], a uepes o(M(t)) — cuextp meficTByIOmEro B
npocrpancree X oneparopa M(t) (¢ € [a,b]).

Tax e, Kak B [2], moka3uiBaercs, uto ecau m,n € C(L'), To

0(K) =0cw(K) =0es(K) =0(M) = 0w (M) = 0es(M) = Ura(M(1)).

Crucok Jureparypsl
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O6 omHoill 3amade aJis HeJUHeEHHOro quddepeHIuajJIbHOTO YpaBHEHUS
B 6aHaXOBOM HIPOCTPAHCTBE
Kaymreua B. A. (/Iumenkwnii rocy1apCTBEHHBIH MEJATOTMIeCKHA YHABEDCHTET,
Poccns)

B BemecTBeHHOM GaHAXOBOM TPOCTPAHCTBEe X paccMaTpuBaeTcs 3amada Ko-

d d

S = MO+ OOz + Nz + f(t),a(t) = ¢, (1)
rue ¢ € [a,b], f(t) u z(t) — onpenesnenusle Ha [a,b] BekTOp-DYHKIMU CO 3HAYE-
HUAMU B npOCTpaHCTBe X, p € X, C(t), M(t) u N(t) — oneparop-dyHkuumu:

(C(t)u)(s) = cft, s)u
(M /m (t,s,0)u(o)do, (N(t)u)(s) := / n(t, s, o,u(o)) do,

s

dz/dt — npoussoguaa Ppewe, S — KOMIAKTHOE MHOKECTBO B R, MHTErpaJIbl 110-
HUMAIOTCS B CMBIC/IE Jlebera, a Mo pemeHneM 331a9n MOHUMAETCsT HEIPEPHIBHO
muddepenrupyemasa Ha OTpe3ke [a,b] BeKTOP-QyHKIMA CO 3HAYEHUAMHU B IIPO-
crpancree X.

IIpm ecrecTBeHHBIX yCa0BHUAX 3ama9a (1) MOkKeT OBITh MHTEPITPETHPOBAHA KAK
3amaua Komwu my1s HesmueiiHoro muTerpo-auddepeHnuaibHoro ypasuenus bap-
Oamrmua:

axts /mtsa z(t, o )d +/n(t,s,a,x(t,o))d0+
ot s
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+c(t, s)z(t, s) + f(t,8), x(to, s) = @(s). (2)

Iycts D = [a,b] x S, C(D) u X = C(S) — npocrpaHcTBa HENPEPHIBHBIX
ma D u S coorBercrBenno dbynkuuii ¢ cynpemym-nopmoii, a Ct(D) — MHOXKECTBO
HEIPepHIBHBIX Ha D BMeCTe ¢ YaCTHOMN MPOU3BOAHOM 10 ¢ dyHKIWMIi. AHAJIOTHIHO
[1], menpepbiBHO MUd depertmpyemoe Ha oTpe3ke [a, b] pemenne x(t)(s) 3amaum (1)
oupenensier pemtenue (t, s) := x(t)(s) 3anaqu (2), upunannexamee Ct(D); Bepro
u o0paTHOE yTBEDXKICHME.

Yepes C(L') 06o3naumm MEOKECTBO m3MepHMbIX Ha D X S byHKImit, Kaxas
u3 KOTOpbIX HenpepbiHa 10 (t,8) € D kax BexkTOp-QyHKIMA CO 3HAYCHUAMU B
L'(S).

Crenyromas TeopeMa JJOKa3blBaeTCs C IPUMeHEHreM 0600IEHHOTO IPUHITAIIA
CKuUMaomux 0Tobpaxkenuii [2].

TEOPEMA 1. Ecau ¢, f € C(D), m € C(LY), ¢ € C(S), nenpepwenas na
D x 8 X (—00,4+0) dynwyusa n ydoeaemsopaem ycaosuro Junwuya

|n(t,s,0', u) - n(t,s,a, 1))| < nl(ta 8,0')|U - ’U|,

ede n1 € C(LY), a onepamop I — M(t) obpamum ¢ C(S) npu xasicdom t € [a,b],
mo 3adaua (2) umeem 6 Cy(D) eduncmeennoe pewerue.

B ycnosum Teopembr 3amaga (1) mveer ma oTpeske [a, b] equACTBEHHOE HETIPE-
peiBHO nuddepeHnupyemMoe penieHue.

Cnucok JuTeparypsbl

[1] Appell J. M., Kalitvin A. S., Zabrejko P. P. Partial Integral Operators and Integro-
Differential Equations. New York: Marcel Dekker, 2000.

[2] Kpacnoceavexuti M. A., Batinuxwko I M., Babpetixo II. II., Pymuuyxud . B., Cme-
uyenxo B. A. IlpubanzkenHoe pemienne oneparopHbix ypasuenuii. M.: Hayka, 1969.

O ABYyCTOPOHHUX OLIEHKaX COOCTBEHHBIX 3HAYEHUM 00'bEMHOIO
noTreHumaJa JAjsi ypaBHenus: Jlarmsaca
Kamnpmenos T. I1I. (Hacruryt maremarukn, nagopmarukn n mexaankn MOH
PK, Kazaxcran)
Cyparan /I. (Hacturyr matemarnku, nagpopmarnku u mexanukun MOH PK,
Kasaxcran)

B paGore [3] BuepBble BBIIMCAHO TPAHUYHOE YCJIOBUE OOBEMHOTO [IOTEHIUAIA
st ypas-Henus Jlamiaca B Tpou3BOILHOM 06/1aCTH M HAMIEHBI COOCTBEHHbIE 3HA-
qeHns U COOCTBeH-Hble (DYHKIMN 00BEMHOIO IIOTEHINAIA B CIydae ABYXMEDHOTO
Kpyra u TpexMepHoro mrapa. Hurke ycraHoBuM 1BYCTODOHHIOIO OLIEHKY COOCTBEH-
HOTO 3HAYEeHMsT 0OHEMHOT0 MMOTEHINAIA Uepe3 COOCTBEHHbIE 3HAUEHMS KJIACCHYIE-
ckux 3amad Jdupuxie n Helimana nig ypasaenus Jlammaca.

Nwmeer mecto

TEOPEMA 1. [Tycms 2 C R, d > 2 — ozpanunennan 06aacms ¢ Q0CMAMOUHO
2nadxol eparuyet 0S). Tozda
)\71:7-4-1 < A’fivfl <A, (1)
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dna scex n € N 2de AP, NN — cobemeennvie snavenua sadaw Jupuzae v Hetma-

na Oas ypasrenus Jlansaca, coomeememesenno, a A\YT — cobemeennvie anauenus
0666MH020 nomeHU,ua/La
NP
/ (@ — y)un(y)dy = A Fun(2). @)
Q
(@—y) = ——Inlz—y|, calx—y) Ly d>2 @)
EolT — = ——1N|Tr — Ed\lxr — = —-—|T — .
2(z—y 5 vl el —y) = ggyle -yl

30ecw £4(x) — Pyndamenmanvhoe pewenue ypasrenua Janaaca, a o4 — naouwado
nosepzrocmu edunuwnol chepo. 8 R
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AcumnitoTndeckuii ananmus Mofenu Bioxa B Teopum simepHOro
MarHUTHOTO aBTOpPEe30HaHCca
Kanaxnu JI. A. (Macturyt maremarnxn ¢ BII PAH, Poccns)

WccnenoBana cucrema tpex muddepeHnuaabHbIX YPABHEHIH IEPBOTO MOPSII-
Ka, KOTOpas BO3HMKAeT TIPH YCPEJHEHUHN ypaBHeHM bBjoxa B Teopum samepHO-
T0 MAarHUTHOTO pe30HaHca. Jloa ycpemHeHHOU CHCTEMBI HOCTPOEHA ACHMITOTHKA
YCTONYMBOIO PelIeHns C HEOIPDAHMIEHHO PACTyIeil aMIUIATYI0i. DTOT Pe3yabTaT
aeT KJII0Y K MOHVMAHUIO aBTOPE30HAHCA B CJ1a00 JUCCUTTATUBHBIX MATHUTHBIX CH-
cTeMax, KaK fgBJIeHUd 3HAUUTEeJIbHOIO POCTa HAaMarHUYeHHOCTH, HHUIIMIPOBAHHOIO
MaJIoii BHeITHell HaKadIKOMu.

OCHOBHBIM 00HEKTOM WCCIIEOBAHUS SIBJISIETCS CUCTEMa TPEX ypPaBHEHMU

dr _ A(7)sint — Bar, d—j = B(1)rsiny — Bz,

. I &)
r[% +A(r) — z] = C(7) cos ¢ (81, B2 = const > 0).

DTa cucTeMa MPEeJICTABIAI0T OO0 aCUMIITOTUYIECKOE TPUBJIMKEHNE JJid yPaBHEe-
uuit Buoxa [1], onuceiBaomux qunamuxky sBekropa namaramaennocru. Cuenuduka
321241 3aJI0’K€HA B HEOIDAHWYIEHHO PACTYIINX IO BpeMeHn Kod(ddummenrax:

A(T) =AT+0(1), A(r) =a1+0(1), B(r) =b7t+0(1), C(1) = c7+0(1), (2)

rae A, a,b,c = const # 0. Cuuraercsd, 910 OCTATKM B 3TUX (POPMyIax IpescTaB-
JIFIOT CO00M rajgKkue orpaHudeHHble (DYHKIMH, KOTOPbIE PA3JIAralOTCA B ACHMII-
TOTUYECKHE DSAMBL TI0 TeJIBIM HEITOJIOKUTEIbHBIM CTENeHsIM TIpU 7 — 00. B mpu-
noxkernax kodddunuenter 06brano0 cosmamaot: A(t) = B(r) = C(7) = —7. Bes
OrpaHuYeHnsi OONIHOCTH MOYXKHO CIHTaTh, YTO0 A > 0, a = b = —1.
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IenTpaibHBIM pe3yJIbTATOM SIBJISETCS BBISBJICHUE DEIIeHHs C pacTylieil am-
wmaryzoir r2(7), 2(t) ~ O(T), T — 00, AJg KOTOPOTO NOKA3BIBACTCH yCTOL-
auBoCTh 1O Jlamynosy. [ns ypasuenuit (1) ¢ ycmosuavm (2) mocrpoenme ¢bop-
MaJIbHOIO0 ACHUMIITOTHYECKOIO DEIIEHUs] B BHUAE PSLOB IO OOPATHBIM CTEIEHSIM
T7"/2 n > —2 He BBI3BIBACT 3aTpy/HerHit. Ha 9TOM Iy TH CTpOSTCS [Ba pelTeHus,
OTINYHs B KOTOPBIX MHUIUUPYIOTCS JBYMsl KODHAMU TPUIOHOMETPUYECKOIO yPaB-
HeHnd sin o = 0. YCTOMYNBHIM OKA3BIBAETCS OJTHO M3 PENIeHUT, KOTOPOe COOTBET-
crByer g = 0. O603HaUNM KOMIIOHEHTHI 3T0ro0 pemmenus Ro(7), Zo(1), Yo(7). dus
006Cy2K1aeMOr0 PellleHrs] ACUMIITOTUKA [IPH T — 0O OnMChbiBaercs GpopMynamMu

Ro(r) = VT + 10+ O(r™1%), Zo(7) = Ar + O(V/7),
Wo(r) =772+ O(r ),
112 = v/ )\,31/52, To = 70/2)\, 1/11 = 7l/2ﬂ2.

TEOPEMA 1. Ecau B1 > (14 ¢)B2, B2 > 0, mo pewenue Ro(T), Zo(T), Yo(T)
ACUMTITOTIUNECKY, YCTOTUE0 Npu T — 00.

Hoxksan ocHoBaH Ha coBMmecTHOH pabore ¢ O. A. CyaTaHOBBIM.
Pa6ora Beimonmmena npu noggepxke PODU, rpant 10-01-00186.
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IMonyrpynnoBoe CBOCTBO onepaTopa NPOrpaMMHOTO MOTJIOIIEHUs B
Urpax ¢ OPOCTHIMU JIBUXKEHUSIMU HAa ILJIOCKOCTU
Kammnesa JI. B. (Hacruryr maremaruku u mexanuku YpO PAH, Poccusi)
Hanxo B. C. (Mactutyt maremarukn n mexaanku YpO PAH, Poccus)

PaccmaTpuBaercst KOHMDINKTHO-YIPAB/ISeMasi CUCTEMa € ITPOCTHIMU JIBHKE-
Huamu [1]:
t=u+v, wueP, veQ, xzeR*® telo,v)], (1)
rae P, Q C R? — BbIILyKJIble KOMIIAKTHL.
Omneparop mporpaMMHOTO TOrJomeHus [2, 3, 4]
T.(M)=(M—¢eP)—eQ, >0, McCR?

CTaBUT B COOTBETCTBHE 3aMKHYTOMY OrpDaHu<deHHOMY MHOXkecrBy M wu Bpe-
MEHHOMY TPOMEXYTKY [JIMHBI € MHOXkecTBO T1:(M). 3mech MCIOIB3yIOTCS Ore-
panuu anrebpanmaecKkoil CyMMBbL

A+B={d: d=a+b, ac A, be B}
T TeOMETPUIECKOIl PA3HOCTH
ASB={d: d+BC A}.
IlomyrpymnmoBoe cBOICTBO O3HA9YAET, 9TO

Te\+ey (M) =T, (T€2 (M)) (2)
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3BecTHO, 9TO B CiIydae BBIIYKJIOIO MHOXKeCTBA [V IOSIyrpyHIoBOe CBOMCTBO
nmeer mecTo [4].

B pabore mis 3ama49 Ha IJIOCKOCTH (DOPMYIUPYIOTCS JOCTATOYHBIE YCIOBUS
(maknagpiBaemble Ha MHOXKECTBa M, P, Q M 06/1aCTh M3MEHEHUST BEJIMYIUH £1, £2),
KOTOpBbIE 0fecrednBalorT pasBeHcTBO (2) m B HEBBULyKJIOM ciayuae. lIpuBoggarcs
KOHTPIIPUMEpHI, MOKA3bIBAIONINE CYI[ECTBEHHOCTh KarKJ0TO M3 OrOBAPUBAEMBIX
TIPEJIIOJIOXKEHMIA.

B urposbix 3azagax ¢ punamuxoit (1), puUKCHPOBAHHBIM MOMEHTOM OKOHYA-
HAS ¥ ¥ TePMHUHAJIHLHOM HENPepbIBHOM (hyHKITHeH IIaThl HAJIMIIe IOy PYIIIOBO-
ro cBoiicTBa (IPOBEPAEMOTO M1 MHOXKECTB yPOBHs (DYHKIIUH IIJIATHI) BJIEUET 32
€000l coBLIa/IeHUE LEHbL UI'PbL ¢ DYHKIMUEH LIPOIPDAMMHOIO MAKCUMUHA.

Pabora Bbinosnena B pamkax nporpammbl IIpesumuyma PAH | @ynmamen-
TaJIbHBIE TPOOJIEMBI HEJIMHEHHOM nuHAMUKY, TIpu (UHAHCOBOI nomaepxke ¥YpO
PAH (mpoekr Ne (09-I1-1-1006), a Taxxke mpum nommepxkke POOU, rpanr 09-01-
00436.
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Kosddurienrunie obparubie 3aga4u A1 napabondecKux ypaBHEeHUN

Kampiaun B. JI. (HUSAY <« MH®H>, Poccust)

B nokmame paccMarpuBaioTCs BOIIPOCHI CYLIECTBOBAHUS U €IUHCTBEHHOCTH
permienuit 00paTHBIX 33129 OMPE/IeJIeHNsT OTHOTO U3 HEM3BECTHHIX KO PUITMEHTOB
B apaboInIecKOM ypPaBHEHUN

p(t, 2)ur — a(t, ©)uge + b(t, 2)us + d(t,x)u = f(t,z), (t,z) € Q=10,T] x[0,1].
1

Ipeamomaraercd, 9T0 3aJaHbI KPAaeBhIe YCIOBH
u(0,2) = uo(z), =z €]0,l], u(t,0) = Bi(t), u(t,l) = B2(t), te€[0,T], (2)

a TaKKe TOIIOJTHUTENIbHOE YC/JIOBUE MHTErPAJIbHOTrO Ha6J’IIO,ILeHI/IH

/0 u(t, 2)x(8)dt = (). 3)

B zamauax (1)-(3) memsBectapivu aBsioTca dbyukmusa u(t, T), a TakKe OJUH U3
ko3 durmenton a(t,z) = p(x), b(t,x) = p(x) wm d(t,x) = p(x), 3aBucammii
TOJIBKO OT .
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UccorenoBanue CymecTBOBaHUSA W €IUHCTBEHHOCTH PEIIEHUN pacCMaTpUBae-
MBIX 33129 B JIOKJaJe MpoBoauTca B Kiaaccax CobosieBa 1pu MUHUMAJIbHBIX TPe-
0OBaHMAX TJIAJKOCTU HA W3BECTHBIE BXOIHBIE JaHHBIE 9TUX 3a0a4. Kak 0Ka3aa0ch,
OTIPEIEJIAIONIYIO POJIb B TAKUX MCCJIEIOBAHUAX MOLYT CHIMPATh AllPUOPHBIE OIEH-
K1 HOpPM pemenuii npamoii 3agaau (1)—(2) B mpocrpanctsax Cobosesa ¢ ABHO
BBIUYUC/ICHHBIMA KOHCTAHTAMHU.

Hampumep, BOIpoc 0 CymnecTBOBAHUY PENIeHUsT 00PATHOM 331491 MOXKET ObIThH
CBEJIeH K BOIIPOCY O Pa3pemuMOCT HEKOTOPOI'O OIEPATOPHOIO yPaBHEHUS

p=Alp) (4)
B ONPEIEIeHHOM 6AHAXOBOM MPOCTPAHCTBE, W 3HAHUE TAKWX KOHCTAHT MTO3BOJIS-
€T yKa3aTh YCJIOBUS Ha BXOIHBIE ITAHHBIE OOPATHBIX 3ama4 (1)—(3), mpu KOTOpPBIX
onepartop A B ypasuenun (4) obsazaer TpeGyeMbIMU CBOWCTBAMU, HAIPUMED, SIB-
JIAETCS KOMIAKTHBIM HJI C2KUMATIOUIHM.

Bce ycioBusi JOKA3BIBAEMBIX TEOPEM CYIIECTBOBAHUS U €IMHCTBEHHOCTHU De-
menuit o6paTHbIX 33134 (1)—(3) BBIIMUCHIBAIOTCH B BUZE JIETKO IPOBEPSEMbIX HEPa-
BeHCTB. 1IpMBOAATCS HETPHBHAIHHBIE NPUMEDPHI KOHKPETHBIX OGPATHBIX 337134,
JI7IS1 KOTOPBIX TAKWe YCJIOBUSI BBIIIOJHEHBI, & CJIEIOBATENBHO, JJIS HUX CIPaBE-
JIUBBL JOKA3aHHBIE TEOPEMBI CYIIECTBOBAHUS U €IUHCTBEHHOCTH PEIIEHNUS.

Hexkoropbie u3 pe3ynbTaToOB JAHHBIX MCC/IEI0BAHMN OmyOmkoBansl B [1, 2].

Pabora Beimosimena mpu moggepxkke ABIIIT «Pa3purre HaydHOrO TOTEH-
nuasia Belcuiedl mikosbr> (mpoekt 2.1.1/6827) m @Il «Hayumble u Hay4HO-
[eJATOTMYIEeCKUe Kaapbl MHHOBAIMOHHON Poccmm> ma 2009-2013 rr. (mpoekt

T1268).
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O ToxkgecTBax MJisi cOGCTBEHHBIX 3HAYEHUII oneparopa Jlangaca B
IIPOKOJIOTOI obJsiacTu
Kanryxwun B. E. (Ka3axckuii HallmOHAJIBHBIH YHUBEPCATET HMEHH ajib-Dapabw,
Kasaxcran)

Paccmorpum [1, 2] 3anaay Tupuxsie ajs ypasHeHus IlyaccoHa B IPOKOJIOTOM
obmacta Qo = Q\Mo, rae Mo(xo,yo) —HEKOTOpadg BHYTPEHHAS TOYIKA OBIacTH
Q={z?+4* <1}

Au(z,y) = f(z,t), (2,y) € Qo, (1)
u(z,y) [so= 0, (2)

yo+6
lim {/y [a—gu(xo —6,m) — %u(:ro +6,m)]dn+

§——+0 0—6
Totd g9 )
+ / ° [%U(&yo—&—%U(é,yo+5)]d§} - / /Q o€, n)f(€.m) dedn,  (3)
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yo+o

Sim o [u(zo — 8,m) — u(wo + &,m)]dn = 0, (4)
xo+6
lim [u(év Yo — 5) - ’ll,(f’ Yo + 5)] df = 07 (5)

5—+0 zo—8

rae az,y) € L2(92).
Omneparop, coorBercrByomuii 3amaqe (1)—(5), obosnaumm wepe3 Lo. Torma
oueparop Lo coorBercrByer 3amade Jupuxie B 0gHOCBA3HON obsactu €.

TEOPEMA 1. ITyemsv {Ap}izq, {pk}re1 — cobemesennvie 3nasenua onepamo-
po6 Lo u Lo, coomeememeento, npoHymeposantoe 6 nopadke 603pacmanus no
MOJYAW ¢ Yuemom u Kpammocmet, mozda ePHO CAeYOULEE PAEEHCTLEO

Z()\ik N i) = —//Qa(&n)G(&n,xo,yo) dédn, (6)

ke
2de
Gy, 61) = o=In((z — O + (y — 1))
(& + ) (2 = ) + 0= i) )]
— Ppynryua Ipuna 3adawu Jupuzae dan ypasnernua Janaaca 6 wpyee [3], u daa

2106020 HamMypasvHozo | cnpasedsuso

= 1 1 . p
2o ) = 2 [ | atem(zo) (L) Gle.n.z0.) den
(7)

Hoxmam ocHoBan Ha coBMecTHON pabore ¢ H. E. TokmarambeToBbIM.
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ITesiounciieHHblE pelIeTKU IIePEMEHHBIX JeHCTBU HEKOTOPBIX
WHTErpUpyeMbIX FaMUJIbTOHOBBIX CHUCTEM
Kanrouucrosa E. O. (Mockosckuii T'ocygapcTBeHHbLE YHUBEPCHTET)

B nocnennue rogpl u3ydenune raMUIbTOHOBBIX CUCTEM CTAHOBHUTCS BCe GoJiee
AKTyaJIbHbIM, OJIHAKO CYLIECTBYET MAaCcCa HEPELUIEHHBIX 33124 B 9TON BeTBU MaTeMa-
TUKU, TIO9TOMY HCCJIETOBAHNS B JAHHON 00/1aCTH BIOJIHE 0OOCHOBAHHBI. B maHHOM
paboTe MPUMEHEHBI BHIYUCIEHUS HA KOMIIBIOTEPE, C TOMONILI0 KOTOPBIX TI0JIy YEHbBI
KaQPTUHKU PEUIETOK [IEPEMEHHbIX JIeHCTBUS HEKOTOPBIX UHTEIPUPYEMbIX MaMUJIb-
TOHOBBIX CHICTEM.

PaccmoTpuM mHTErpupyeMyIo raMmiabTOHOBY cucremy (M ™ w, H ) ¢ n cre-
neasivu ¢Bobomer. Ilycts Fi, ..., F,, —ee mepsbie unrerpasnsl, Iy = H. Ilycrts
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® = (F1,...,F,): M®" — R™— omobpascenue momenma, L — 6udypKarmos-
Hag auarpaMma orobpaxkenus momenta. CorsiacHo Teopeme JluyBuiuis, B OKpecT-
HOCTM KOMITAKTHOTO CBSI3HOTO DPETYISPHOTO MHOXKeCTBAa ypoBHS T: = ot &),
¢ € R", cymecTByiOT KaHOHUYECKUE IEPEMEHHBIC, HA3BIBAEMBIE 7EPEMEHHbBLMU
deticmeue-yzon (I, ..., In, o1 mod 27, ..., ¢, mod 27), mpuvem nepeMeHnble meii-
crust 1, ..., [, SBISIOTCS (DYHKIUSIMU OT TIEPBBIX WHTETPAJIOB.

IlepBbIM 3TammOM JaHHONW pabOTHl CTAJI MMOWCK W BBIUUC/IEHUE SIBHBIX (DOPMYJT
TepeMeHHbIX JeHCTBus [1Isi 000DIIEeHHOr0 caydas JlarpaHka B JBUKEHUM TBEP-
IOrO Tejla, a TaKXKe JJId KOMILIEKCHOU TaMUJIBTOHOBOU CHCTEMBI, 33/JaHHOI TTOIU-
HOMOM f(2,w) = 22 4+ w?.

ONPEAEJEHUE 1. Muoxecrso touek B ®(M?")\E C R™, 06pa30BaHHbIX me-
peceuenmeM n runeprosepxuocteit yposua dyaxmmit [v = [1(£),..., [, = L,(§)
C TIETBIME 3HAYCHUAMHE, HA30BEM UEA0UUCAEHHOT pewemroti R nepemennnr 0ed-
cmeua (nasnee upocTo pewemrod).

Ha Bropom sramne, 3uas sBHBIe (DOPMYIIBI /I IEPEMEHHBIX TeHCTBUS, CTPOU-
JIUCh PELIeTKH /g UCC/IeLyeMbIX C/IydaeB.

OnpPEAENEHUE 2. OcyuiecTBUM OZHOKPATHBIN 00XOI MO 3aMKHYTOMY IIyTH
BOKDYT BHyTpeHHe 0cob0it Toukn. HauaapHbrit 6a3uc pemeTku e1, €2 1 KOHEIHBIH
6asuc e}, e5 CBA3aHbl HEBLIPOXK ICHHBIM JHHEHHBIM IpeobpasoBaHneM ¢ MaTpuIed
M. D1a MaTpuUIla Ha3BIBAETCT MAMPUYEl MOHOOPOMUY CACTEMBIL.

B pesyabprare Tpernero srama paboThl ObLI CO3IAH aJITOPUTM 0OX0Ia BOKPYT
BHYTPEHHUX 0COOBIX TOUEK UCC/IETYEMBIX CUCTEM U MTOICUYUTAHBI COOTBETCTBY IOIIIVE
MaTPUITHI MOHO/IPOMUM.
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KBaHTOBasi reoMeTpusi UHTErPUPYEMbIX CHCTEM
Kapaces M. B. (MocKOBCKMIi HHCTHTYT 3JIEKTPOHHKH U MareMaTuku, Poccrs)

Muryurusnas rumoresa Ilmanka, chopmynmposanuas B 1911 r., mexmapwu-
poBaJia, uto obiee (PpU3MUECKOE IBJIEHUE KBAHTOBAHHUS MOXKET OBbITh MaTe€MaTH-
YecKy OIMCAaHO B TE€PMUHAX JAMCKPETH3AIUMU KOOPAMHAT ,jeificrBus® B (a30Boit
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reomerpun. g omaomeprbix cucrem 11, Aprumpec (1965) peanm3oBast mIaHKOB-
CKYIO HUJI€I0 U IIPEJCTABUJI IPABUIA JUCKPETH3ANNY UePe3 MHTErPAJI II0 yPOBHAM
HEPruy raMuIbTOHNAHA. {151 MHOrOMEPHBIX CHCTEM THIIOTe3a KBAHTOBAHMS ObIIA
MaTeMarudecku nposiciena B. Macsoseim (1965) B mepBbIX JBYX WIEHAX aCHUMII-
TOTUKHM 110 IapaMerpy kBanrosanus. OmHako, npob/emMa BBICIIUX IPUOJ/INKEHUT
B CIIEKTPAJILHON ACHMIITOTHKE B CJIy9Iae MHOTHX CTereHeil cBOOOIBI OCTaBaach
OTKDBITOM.

B paGorax [1, 2|, 6pu1 ycranosnen caemyomuit hakT: paccaoenue $haso6020
npocmpancmea mopamu JIuyeuiia—Aprosvoa U KAGCCUECKAA CUMNAEKTMUYECKAA
2-popma mozym Goimo deopmMuposarsvL NO NAPAMETNPY KEAHMOBAHUA (C COTpare-
HUEeM CB0UCMEa MOPO6 Guimb AG2ZPDAHIICEBUMY) MAKUM 00Pa30M, Mo 06 uH0e
2e0MeMPUYECKoe NPaAsus0 JUCKPEMU3QUUL, 3ANUCAHHOE 0AA 0ehoPMUPOBAHHBLT
mopos u dedopmuposarnrot 2-gopmol, npedcmasssem CRexmp, nAOMHOCTIL CO-
CMoARUYT U caed 0Nepamopa 360A10UUY KEAHMOB0T UHMEZPUPYEMOT CUCTNEMbL C
npou3eoavroli cmenenrolt MoYHOCTILIO0 N0 NAPAMEMPY KEAHMOBAHUA.

TaxumM 06pa3oM, MBI [IOJIy<IaeM yHHUBEPCAIbHBIN aJITOPUTM IS BHIUNCICHUS
CIIEKTPAJIbHBIX ACHMIITOTUK MHOIOMEDHBIX KBAHTOBBIX MHTEIDUPYEMBIX CHCTEM.
OMHOBPEMEHHO 3TOT TIOXO, YCTPAHAET ABIeHUE pasBana (muddys3unm) mpr KBaH-
TOBOII 9BOJIIONNN 15T KJIACCHIECKOT0 paccyioeHns (ha30BOro MPOCTPAHCTBA HA TO-
pot JInyBuuis—ApHosbaa. A UMEHHO, €c/id IPABUIBHO e OPMUPOBATH PACC/IOe-
HU€ U PACCMOTPETH CJIOW, yIOBJIETBOpsoNine 1edhOPMUPOBAHHOMY IPABIILY JIHC-
KpeTn3anuu, B KOTOPOM ydacTByeT AedOpMUpPOBAHHBIN kKjaacc Macsosa, TO 3T0T
HOBBII reoMeTpudecKnil 00beKT He OymeT pas3pyuIaTbCs IPU KBAHTOBOM 3BOJIIO-
mmn Ha GOIBIIMX BpEMEHAX, a 0yIeT MPOUCXOIUTH TOJBKO auddy3us MIOTHOCTH
COCTOSTHUM BIIOJIb CJIOEB.

MozkHO 3aK/IIOYUTD, 9TO I MHOIOMEDHBIX HHTEIPUPYEMbIX CUCTEM IHUIIOTe-
3a ITmanka MoxkeT paboTaTh HE TOJHKO B ABYX TJIABHBIX UIEHAX ACHMIITOTHUKH,
HO TaK’Ke U BO BCEX BBLICIINX WIEHAX KBA3UKJIACCHYIECKOTO NPUOIVKEHUS, eCIIH
3aMEHUTh KJIACCUIECKYIO reoMerpuio (ha30BoOro IPOCTPAHCTBA OAXOAANIEl KBAH-
TOBOI1 reomerpreil. 910 nedOPMUPOBAHHAS T€OMETPHsSI CTPOUTCS 10 UCXOIHOMY
JIarpaH>KeBy PACCIOEHUIO U 3aBUCHUT OT BCEX BBICIINX IIPOU3BOJHBIX KJIACCHIECKUX
nepeMeHHbIX AeficTBue—yrosi. C npou3BOJIbHON TOYHOCTHIO 110 [IAPAMETPY KBAHTO-
BAHUS 9TO [TO3BOJISET BHIICINTH U3 JAHHON KBAHTOBOM CHCTEMBI KOMITOHEHTY ,,& la
KJIACCUIECKasl MeXaHnKa" B [yxe O0POBCKUX IPUHINUIIOB COOTBETCTBUS U TOTIOTHI-
TeJIBHOCTH, OTJE/IUB 3Ty KOMIIOHEHTY OT TOMH, I/ie JOMUHUDPYeT reif3enbeprosckas
WCIIEPCHST Y HEOTIPEIeJICHHOCTD.

Ora pabora BbinoaHeHA TpU o aepxkke PODU, rpant 00-01-00606.
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ITosnmnaoMuanbHbie permnenus 3aga4uu Jdupuxiie st GUrapMoHUYIECKOro
ypaBHeHUsl B Liape
Kapaunx B. B. (IOxno-Ypaascknii rocymapcrsennbiii yausepcuret, Poccrns)
Anrponosa H. A. (KOxuHo-Ypasusckuii rocygapcrsenspiii yaupepcurer, Poccus)

B macrostem J1o0k1azie m3BectHoe npeacrasiaenue Anbmancu [1] ais mosmrap-
mommaecknx dbynkmmit Q(z) = Ho(x) + |22 Hi(x) + - - - + |z|** Ho (), Tme Hy(x) —
HEKOTOPbIE FapMOHUYECKHE ()yHKINY, IPUMEHSIETCS 1715l IOCTPOEHNUS PELIeHNS OJI-
HOPOHOM 3a1aun [lupuxiie I HEOIHOPOAHOrO GUTaPMOHUYECKOrO YDABHEHUS, &
3aTeM M ISl IOCTPOeHUs! pelteHust obmeit 3axaun Iupuxiie [jisi HEOTHOPOIHOTO
OGUrapMOHMYECKOrO yPABHEHUS B €JUHIYHOM IIape C IIOJMHOMUAIBHBIMU JAHHBI-
mu. B [2] npencrasienue AjbMaHCH IPUMEHSIIOCH JJIsi HOCTPOEHUs! IOJIMHOMUAJIb-
HOTrO pemrenns 3aaa4n Jlupuxsie mst ypasHenus Jlamaca. B [3] ¢ momombio dop-
MyJibl AJIbMaHCH OBLIN IIOCTPOEHBI IOJMHOMUAJIbHbIE DelleHus ypasHeHus [lyac-
coma Au(z) = Q(z) m mosmrapmonmaeckoro ypasmenma A™u(z) = Q(x), tae
Q () — IPOU3BOJILHBILIT TIOJIMHOM.

Paccmorpum omeparop Au = Y7 TrUa,, u nycrs Q(z), P(x) n R(x)—
HEKOTODbIE MOJIUHOMBL 0T = € R™.

TEOPEMA 1. Pewenue 3adavwu Jupuxie

Au(z) = Q(z), =€

0
upa = P(x) 00, i\aﬂ = R(x)|90

6 edurununom wape Q@ C R"™ ¢ nosunomuasvhomu dannvmu Q(x), P(x) u R(z)

uMeem 6uo
FEZ Y () — APy + BRI

2
TS (1 —afz]?)*(1 —a)®
X/O Z_:o( (2s)|!!22?312)u) A (AP - B+

u(z) = P(z) +

l1—«
2s+4

+ Q- AQP)) (azx) a™* ' da.

K coxanenuro, mosiydeHHble MOJIMHOMHAJIbHBIE DEIIEHMs IS 3AMINCH UX B
00BIYHOM BH/Ie TPeOYIOT BBIUWCJIEHHsI CTeleHell omeparopa Jlamiaca or HEKOTO-
PBIX MHOTOYJIEHOB, OIPEIe/IsIeMbIX TAHHBIMYM KPAEeBOH 3aJa4u. JTOT HEIOCTATOK
JIETKO yCTPAHSeTCs C IOMOINbIO ImpuMeHeHus makera “Mathematica”. Hampumep,
pemenme 3amaun Jupuxie mpu n = 3, Q(z) = zizo23, P(z) = 0 u R(x) = 0 merxo
BBIUNCJISIETCST U IMEeT BUT

_xlxz(x% + 23 + 23 —1)?
12252240
— 119023 + 861z3 + 1427 (—17 + 1323 — 35023) + 145 (17 + 57x3)).

u(z1, x2,23) = ( — 255 + 245z7 — 6325 —
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dproauyeckKue TeopeMbl Jis COXPAHAIIUX Mepy JelcTBuii
MapKOBCKHX IIOJIyTPYIIII
Kmnumenko A. B.

Hoxnazn ocaoBan Ha copmecTnoii padore [1] ¢ A. 1. Byderosemv u M. 10. Xpu-
cTO(MOPOBBIM.

IIycTh 3aaHa KOHEYHO-TIOPOXKIEHHAS MOIYrpynmna [ ¢ KOHEYHBIM HAOOPOM
obpasyomux O. Ha I' umeerca nopma |- |0, paBHaa ausa snementa g € I' qymne
caMOro KOpOTKOro cjioBa B andasure O, npeacrassiomero g. Ilomoxum So(n) =
{g9:lg9lo =n}.

Hamomunm omnpenesienne mapkoBckoil mosayrpymmst. Ilycrse G — komedHBIN
opueHTHpOBaHHBI rpad ¢ MHOKecTBoM pebep £(G), m KaxaoMy ero pebpy
e € £(G) mocraByieH B COOTBETCTBHE HEKOTOPHI ayement £(e) € O. 3adukcu-
pPyeM HEKOTOpyIO Bepmuny vo rpadba G u paccmorpum muoxectso P(G,vo) BCex
KOHeuHBIX myTeil B rpade G, HaunHaOmMUXCs B BepmmHe vg. Onpenenum orobpa-
xernme £: P(G,v9) — I' crnemyrommum obpasom: ecm p = e ...en, € P(G,vp), TO
Ep) = £(e1). .. £(en).

TTomyrpymmia ' Ha3bIBaeTCsS Maprosckoli OTHOCUTEIHLHO HabOpa 00pasyro-
mux O, ecm MOXKHO 337]aTh KOHEYHBIN opmeHTHpoBaHHbIN rpad G, ero Bepn-
my vo m orobpaxenme &: E(G) — O T1ak, 4robbl OLpeneseHHOe Bbiule 0TOOpA-
wenme &: P(G,vo) — I' 6bUI0 GHEKTHBHO, TIPUYEM MHOMKECTBO MyTei JJIMHBI 1
oroGpaxkaercsi Ha MHOXKeCTBO So(n).

IIycrs I' pmeiictByer coxpamsiomumu mMepy npeodbpaszosanusvu 1y, g € I, ma
BeposiTHOCTHOM TipocTpamncTse (X, v). Ins byskmmn ¢ € L'(X,v) paccmorpum
[I0CJIe/IOBATEIHHOCTD €€ cg‘)'epu%ecnuz cpeonus

Sn(@) # O( Z @OTLN

g€So(n)

ecmn So(n) = &, monoxmm s, (@) = 0. danee, paccmorpum cpemname mo de3apo
chepudecKux CpeIHuX:

1 N-1
o)=L,
n=0

TEOPEMA 1. ITyecmv I' — MapKkosckas noayzpynna omHoCumesvho KoHey-
H020 Habopa obpasyruwus O. IIpednonootcum, wmo I' deticmeyem corpanarowumu
mepy npeobpazosanuamu Tg, g € I', na sepoammuocmmom npocmpancmee (X,v).
Tozda dan awboli Pynrkyuu @ € LP(X,v), p € [1,00), nocaedosamensvrocmo
en(p) cpednuzr no Yeszapo ee chepuneckuxr cpednuxr crodumea ¢ LP(X,v). Ec-
au p € L(X,v), mo nocaedosamesvrnocms cn(p) crodumca makoice v-nowmu
6C100Y.
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HenokasibHble KpaeBble 3a1a4u u guddepeHnmalbHble yPaBHEHUS C
HEU3BECTHBIMHU KO3@ PurpmeHramm
Koxanos A. H. (Hacruryr maremaruku nm. C. JI. Cobosesa CO PAH, Poccusi)

Teopust HEOKAJBbHBIX KPAEBBIX 33/t IIPEICTABJIET COOON aKTHUBHO PA3BU-
BAIOIIeeCs HAIPABJIEHNE COBPEMEHHON Teopuu auddepeHInaabHbIX YPAaBHEHH C
YaCTHBIMU IPOU3BOAHBIME. HO, MOMIMO CaMOCTOATEIHLHOTO 3HAUEHNS, ITA TEOPHUSI
npecTaBisgeT co0oit DOIBINOI HHTEPEC C TOYUKHU 3PeHNs Teopri K03 PUIIMeHTHBIX
0o0paTHBIX 33734 471 Aud depeHInaJIbHbIX YPABHEHNN C YaCTHBIMU [IPOU3BOIHbBI-
M.

B macrogmem [10K/1ajie IpeICTaBIeHBl HEKOTOPBIE PE3Y/IHTATHI O PA3PEIInMO-
CTH HOBBIX HEJIOKAJIbHBIX KPAEBBIX 3329 U HOBBIX K€ K03 durmenTHex o6par-
HBIX 337139 115 auddepeHaIbHbIX YPABHEHNI, CBI3AHHBIX C COOTBETCTBYOIH-
MU HeJTOKAJbHBIMH 3aJa9aMU.

B gactHOCTH, IpEICTaB/IEHBI PE3YIBTATHL O PA3PEIIUMOCTH

e amasioros 3amaun Bunamze—CaMapckoro iist mapabo/IMaecKuX U TUIep-
GOJIMIECKUX YPABHEHMUIT;

e 0OpaTHBIX 33439 J/1d HapabOINIEeCKUX U TUIePOOTMIECKIX YPABHEHUIA C
HEU3BECTHBIMHU KOS(i)(i)I/IL[I/IeHTaMI/I, 3aBUCAIIUMU OT BPEMEHU, IIPU 3alla-
HUU WHTErPAJIbHOTO II€PEOIPeAeIeHNs 110 00JIACTH WK K€ II0 TPAHUIIE;

® KPAaEBbIX 3a/a4 ¢ MHTErpaJIbHbIMU YCJIOBUAMU 1A Hapa60ﬂI/I“IeCKI/IX nu
rurepOOIMIeCKIX yPABHEHMH.

WccnenoBanns mo mpencTaB/IeHHON B JOKJIaJe TeMaTHKe BedyTcCd IPU IOA-
nepxke PO®U, npoekt 09-01-00422a, Munucrepcrsa obpazoBanns un nayku PO,
mpoekT 02.740.11.0609, ®IIII «Hayqunsle n Hay9IHO-TIEJaTOTHIECKUE KAQPBI NHHO-
BaIpoHHOM Poccum», rocyaapcTBeHHbiii KOHTpakT 16.740.11.0127, u ABIIII «Pa3-
BHTHE HAY9IHOrO [MOTEHNNAJIA BbICHIEH MIKOsbI», mpoekT 2.1.1/13607.

V6biBaHNe pellleHnil aHN30TPOIIHOrO KBasuJIMHeHOro
napaboJIN4ecKoro ypaBHeHUsl B HEOTPaHUYEHHBIX 06J1acTsaX
Koxepuukosa JI. M. (Crepsmramakckas I'IIA, Poccusi)
Jleournes A. A. (Crepsmramaxckas I'ITA, Poccust)

Ilycte ) — mnHeorpaHmveHHast o0sacTh mpocrpancTBa R, = {x =
(z1,22,...,20)}, n > 2. B mwmaapudeckoit obmactu D = {t > 0} x Q nna
AQHMU30TPOIIHOIO KBA3WIMHEHHOIO 1apabo/m4ecKOro YPaBHEHHUS BTOPOIO IIOPHAIKA
PACCMATPHUBAETCH IEPBAs CMEITAHHAA 3319

n
(Jul*"2u), = Z:(aa(t7 X, Vu))z., k>2, (t,x)€D; (1)

u(t, x) o= 0, S={t>0}x099 u(0,x)=0ep(x), @x)eL(). (2)
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IIpemnomaraerca, aro Gynkmmn aq (t, X, §), o = 1,n, m3mepumsr 1o (¢,x) € D mna
& € R,,, menpepoiBabl 110 € € Ry, mia (¢,X) € D 1 NOAIUHAIOTCA yCIIOBHIM:

Z |an (L, x, §)|pa/<pa*1) < az €a|P=, Z o (t,x,6)é0 > az |€a|Pe
a=1 a=1 a=1 a=1

C TOJIOKHUTETHHBIMEA KOHCTAHTAMH @, G W 9HUCAAMH Py > k, a = 1,n (p1 < p2 <
e < pn).

Pabora mocBsimena ucc/ie10BaHUI0 3aBUCUMOCTHA CKOPOCTU CTaOU/IM3auu pe-
menns 3amaan (1), (2) mpm ¢ — 0o OT reomMeTpum HeOrpaHWYEeHHOH obmacTm )
B npemnonoxkennn dbuauTHOCTH GyHKIMU ©(X). IlpmBemem pesysabraT ams 06-
JlacTeil, pacroI0KeHHBIX BIOJb BhimeaeHHoi ocn Oxs, s € 2,n — 1 (obnacth
JIEXKWUT B IOJIyIIPOCTPAHCTBE s > 0, cedernnue vy, = {x € Q | s = r} =He mycro u
orpamyeHo npu Jrobom r > 0).

st r > 0 BBemeM cireayiommne 0603HATEHUS:

v(r) = min{v (r), vn(r)},
va(r) = inf { gz, o) | 960) € CE(D), Ngllz,, ) = 1}
() = inf {llgas 12, @) | 9 € (), llgllzaar) = 1},
Q" ={xeQ |z, <r}

IIpeamonaraercd, 910 Ajig 061acTH § BHIIOTHEHDLI YCIOBH:
oo
v(r)dr =00, lim pi(r)=0.
1 T—> 00

Wnage gocruraercsa MakCuMasbHAas CKOPOCTH YOBIBAHHUS DEIIEHUd, T. €. CIIPABe/I-
JINBA OTIEHKA

lu(t)|| L, < Mt~ @®r=h oy s .

TEOPEMA 1.  Cywecmsyiom  noaoswcumenvnve  wucaa  £(k,ps),
M(k,ps,p1, |ollL, ) maxue, wmo daa pewenua u(t, x) sadawu (1), (2)
Cnpasediusa ouenKa

()20 < M (@ (r(1) "0 >0,

¢ npouseoavroli noaosicumenavnol Gynkyuet r(t), ydosaemsoparoueli Hepacer-
cmey

(t)
(5 (r(1))t) " P exp <H/ V(p)dp> >1, t>0.
1
Ota paboTa BbImogHeHA Tpu moaaepxkke PODI, rpart 09-01-00440-a.

IMouTu TopuYecKue paccjoeHUs Hal JByMepPHbIMU MOBEPXHOCTAMM
Kosmos U. K. (Mockoscknii rocymapcrsennsrii yausepeuret, Poccnst)

B mokmame 6ymyT paccMOTpeHBI JTArPAHKEBBI PACCIOEHUS C OCOOEHHOCTIMU
CLENUaIbLHOrO BU/IA.
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OnpEAEAEHUE 1. JlokampHo-TpuBHMaIbHOE pacciaoerue 7 : (M?™ w) — B™
HA3BIBAETCS JTATPAHYKEBHIM PACCTOCHHEM, €C/IM TOTATbHOe TTpocTpancTso (M>", w)
SIBJISIETCST CUMILIEK TUIECKIM MHOT000pa3meM,  orpannyeHne (popMbl HA KK AbIi
CJIOM TOXKECTBEHHO PABHO HymO w|pn = 0.

Msr paccMaTpUBaEeM JIArDAHKEBBI PACC/IOCHUS C OCOOCHHOCTSIME SJLJIMIITAYE-
ckoro u (hpOKYCHOrO Tuma. A MMEHHO, PACCJAOEHUE T : (MQ”,w) — B saBiser-
C4d JIarPaHZKE€BbIM PaCCJI0€HUEM HaJ OTKPBITBIM BCIOAY IIJIOTHBIM IIOAMHOXKECTBOM
By C B, u B oxpectHocTH 1000i 0c060it Touku & € (M>" W) B HEKOTOPHIX JIO-

KAJIbHBIX KOOPIUHATAX MPOEKIAA T = (71, ..., Ty ) AMEET BHUJ
o mi(p,q) = p? + q]2- (dnmunruaeckuit Tum) § = 1,. .., ke,
o 7;(p, Pigi + Pi+1¢i+1,  Ti+1(P,q) = pigi+1 — pj+14; (doxye-

Q) =
dokyc) j =ke + 1, ke +3,..., ke + 2k — 1,
e 7;(p,q) = p; (perynspuas qaCTb) j=ke+2ks+1,...,n,

ONPEAEJNEHUE 2. JlarpaHKeBbl Pacc/IiOeHHUsl C TAKUMH OCOOEHHOCTSMM Ha-
3BIBAIOTCS TTOYTH TOPUIECKUMU PACCTIOCHUSIMU.

IIoapoGree 0 mouTn TOopuHdeckux paccuaoerus cM. [1], mpo meBBIpOXKAEHHBIE
0COGEHHOCTH MHTErPUPYEMbIX FaMUJIBTOHOBBIX CHCTEM CM. [2].

B moxsame OyzeT pacCcKa3aHO O HEKOTOPBIX CBOMCTBAX IOYUTH TOPUIECKHUX
pacciioeHuil HaJl AByMEPHBIMH [TOBEPXHOCTAMU. By/LyT OIKMCAHBI TOIOJIOTUYIECKHIE
¥ CUMIIJIEKTHYIECKIe MHBAPUAHTHI TAKUX PACCIIOCHMUI, a TAK¥Ke IIPOBEIEHA X KJIaC-
cudrKanma B HEKOTOPHIX YACTHBIX Caydasx (0 knaccudukanmmm paccroenwii 6e3
ocobennocreit cm. [3]).

Cnucok JauTeparypsbl

[1] Leung N. C., Symington M. Almost toric symplectic four-manifolds // J. Symplectic
Geom. 2010. V. 8 Ne 2 P. 143—187.

[2] Bolsinov A. V., Oshemkov A. A. Singularities of integrable Hamiltonian systems // in
book: Topological methods in the theory of integrable systems. Cambridge: Cambridge
Sci. Publ. 2006. P. 1-67.

[3] Kosnos H. K. Knaccudukanusa JTarpaHKeBbix pacciaoenuit // Marem. ¢6. 2010 T. 201
Ne 11 C. 89-136.

DKCIIOHEHIUAJIbHAS YCTOMYNBOCTh U OIEHKU KBA3WMMOHOTOHHBIX
cucreM pYHKIHUOHAJIbHO-AU@PEepeHINAJIbHBIX YPaBHEHUN
Kosmosa O. P. (M/ICTY CO PAH, Poccus)

IIycts Cy — MHOXKECTBO HempepbiBHBIX Ha T = [—h, 0] dbyHkmmii co 3naueHn-
avu B R} = {x € R" : « > 0} u nopmoii ||¢|| = mal(ma%|¢¢(7)|), X — obnacrp
i=1,n TE
B Ri X C+.

Cucrema GyHKIMOHATHLHO-AV} DEPEHITHATBHBIX YPABHEHUIA C TIOC/IEIeHCTBI-
eM
Bt = f(ba(),20), f: Ry x X - R,
0o =¢0 €Cy, z(to) =¢0(0) (ze(r)=a(t+7), 7€T);
Ha3BIBAETCA  KBa3umonomonnot [1], ecma  f(t,x,9) me ybObBaer mo :
f(t,m,0) <f(t,r,v) nupu ¢ <, u KBazumoHOTOHHA 110 T : Vi = 1,n fi(t,z,p) <
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filt,y,) mpm =z < y, x; = vy;. llpenmonaraercsa, 9To f YIOBJIETBOpPS-
er B Ry X X ycmoBusm Kapareomopu u OmHOCTODOHHEMY JIOKAJIBHOMY YyCJIO-
Buio JIummwma mo x, ¢: B m060it orpanmdennoit okpecrnoctn U C Ry x X
Fty ) — f(t2,9) <K O(3,9) — (@@)ll) mpn @ < y, ¢ < ¥ ¢ cyvm
pyemoit Bekrop-dyuknueit K,. 910 obecnednBaer JOKaJIbHOE CYIIECTBOBAHHE H
TTPaBOCTOPOHHIOID €TMHCTBEHHOCTDL K -pentenuii KBa3uMOHOTOHHOMH cucrembr (1).

TEOPEMA 1. ITycmo cywecmeyrom mowka z € R", z > 0 u wucao o < 0
maKue, wmo

Vt € Ry Ve e [0,1] f(t,cz,cz®) < acz, 2de 2°*(1) = z-exp(ar).  (2)

Tozda cucmema (1) sxcnonenyuasvro yemotuusa 6 xowyce RY X Cy, u npu
|zeolc < 2z ee pewenus YVt > to ydo64eMBOPAIOM IKCNOHEHUUAALHOT OUEHKE
z(t, to, Try) < M|z, ||e@®740), 20 M = z - max ((z:) 7).
i=1,N

TEOPEMA 2. Ecau f me 3asucum om t (asmonomna) u duddeperyupyema
6 mouxe 0 (6 cmucae Iamo), mo ycaosue (2) nmeobxrodumo u docmamouno din
ceoticmea Y xeaszumonomonnol cucmemv: (1). Ipu smom cmenens 3amysanud
a mooicem 6umob 6ul6Pata ckoab Y20010 OAUSKOT K MAKCUMANLHOMY (NEPPOHOBY)
KOPHI0O A\ (HEOBTO0UMO BEULECTNBEHHOMY) TAPAKMEPUCTIUMECKO20 KEAZUNONUHO-
ma det(A — A(N)), a2de A(N) = Alirli {0f(0)(1,;)°*}, 1; — j-mwd opm 6 R™.

J=1in

SAMEYAHUE 1. I OTPUIIATEIHBHOCTH KOPHS Ay, HEOOXOIVIMO U JOCTATOTHO,
aro6er Marpuna A(0) (Marpuna JIuHeapU30BaHHOM cucTeMbl (€3 mocIeneiicTBus)
ObLIa TyPBULIEBOM.

C ucnonb30BaHUEM TEOPEM IOJIYYAIOTCs SABHbBIE YCJIOBHS SKCIIOHEHIMAIbHON
YCTOWYMBOCTH M COOTBETCTBYIONINE OIEHKW [JIsI HEKOTOPBIX JIMHEIHBIX ABTOHOM-
HBIX CHCTEM C 3aI1a3IbIBAHUEM.

Ora pabora BbinosHeHa 1pu noaepkke POOU, rpanr 11-01-00672, IIpesu-
muyma CO PAH, mpoexT 107.

Crnucok JuTepaTrypsbl

[1] Smith H. L. Monotone dynamical systems: an introduction to the theory of competitive
and cooperative systems. AMS Publ., Providence, 1995, 182 p.

PenakcanmonHbie Kosiebanusa u Audpy3MOHHBINI XaoC B peaKIuu
BesoycoBa
Komecos A. FO. (Spocraasckuii rocyaapCTBEHHBI yYHUBEPCHTET
nm. I1. I Temnzosa, Poccust)
Po3zos H. X. (MockoBckmii rocy1apCTBeHHbII YHUBEPCHTET
um. M. B. Jlomonocosa, Poccust)

Peakmus, orkpuitas B. I1. Benoycossim B 1951 1., siBisieT coboit moyunTeb-
HBII 31113071 B HCTOPUYU OTE€YECTBEHHOIO eCTecTBO3HaHN. Ee MaTemMarudeckas Mo-
[IeJib JOCTOMHA BONHTH B 00s13aTeIbHBIN Kypc Aud depeHnaibHbIX YPABHEHNN 1
MOKeT IIPeIBAPATHCS JOBOJIBHO IPOCTO OPraHU3yeMbIM HAIJISTHEHITIM SKCIepu-
MEHTOM.
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Paccmorpum MommduKaImio MaTeMaTHIeCKOM MOIe/ M peakimu Beoycosa
i=mll+a(l—z)—ale, g=rafe—yly, z=mlaz+1-ay—2z (1)

re mapamerpsl 71, 72,73 u a noaoxurenbuel, « € (0,1); mapamerp a saBaseTCH
,,OUEHBb OOJIBIINM*, & OCTAJbHBIE UMEIOT TOPSITIOK 1.

B peaxnum BesoycoBa HaOIIOMAIOTCS pPeIAKCAIMOHHbBIE KOJIEOAHUST — ,,Ipe3-
BBIYAMHO OBICTPO" IPOTEKAIONINE STAIBI YePEaYIOTCS C ,, JOCTATOIHO MeIIeHHbI-
mu“. U3yuensl Takme pexxumbl B cucteme (1), Tae oT a mepeiizemM K MajgoMmy Ta-
pamerpy € = 1/a.

Durcupyem IIPOU3BOJIbHOE KOMITAKTHOE MHOKe-
CTBO Qo u3 TIOJTYTIOJIOCHI T = {(uo,vo)
ug > 0,0 < vo < 1} m obo3HaTAM TEpe3

Le(uo,v0) = (2(t,u0, v0,€), y(t,uo,v0,€), z(t,u0,v0,€)) : t>0, (uo,v0) € Qo

(2)

TPAEKTOPUIO CHCTEMBI
ez =ri[l —z4+e(l—a)]z, y=riz—vyly, zZ=rijaz+(1—-a)y—-zlz (3)

Boinymennyio upu ¢t = 0 u3 rouku (z,y,z) = (1,uo0,v0). Paccmorpum BTOpOIt
nmosoKuTenbHbl Koperb t = T'(uo,vo,€) ypasuenus z(t, uo,vo,£) = 1 (ecom on
cymecrByer), n Ha cekymeil wiockocru {(z,y,2) : © = 1} oupemenmm oneparop
nocienosanus [lyankape

HS(UO,’U()) = (y(tr anUOaE)v z(t’uo’vo’s))|t:T(uo,v0,s)' (4)

TEOPEMA 1. Ha mnooicecmee Qo 6 mempure npocmpancmsa C*(Qo; R?) cy-
wecmeyem npedeavruiti onepamop lime o Il (uo, vo) = Io(uo, vo).

TEOPEMA 2. IIpu o < r2/(r1 + 72 + 7r3) y onepamopa Ily 6 noaynosoce
™ cyuecmeyem roma 0v 00Ha ycmoluusas nenodeusichas movwka. Ipu ecex do-
cmamouno maaoz € > 0 onepamop Il . umeem yermotiuueyro nenodsudrcryro mowky
(e, ve) ¢ acumnmomunecku bauskumu & (uo, Vo) Komnonenmamu. B cucmeme (3)
eli omeeuwaem Yycmotiuusuli peaakcayuornot yuxa Le.

TEOPEMA 3. Bpema dsusicenus $pazo6oti mowku cucmemdve (3) no ,0vcm-
pom ywacmram mpaexmopuu L. umeem nopadox €In(1/e), a no ,medaenmoim
yuacmram“ — donyckaem npu € — 0 KoHeunvill NOAOHCUMEALHBLT Npede.

B oteewatomeit cucreme (1) pacmpemeneHHol Moes M — mapaboMIeCcKOi
KPaeBoOll 3a/1aue — YUCJAEHHBIMU YKCIEPUMEHTaAMU MPOJIEMOHCTPUPOBaH (heHoMeH
mud dy3u0HHOTO Xa0Ca.

Pabora Bormosinena mpu mogaep:kke POOU, rpanter 08-01-00342a n 09-01-
00614, u IesreBoit mporpammbl <HaydrHbie u Hay9HO-IT€IATOTUIECKUE KAIPHI WH-
HoBarmouuoit Poccuns, rockorrpakT 02.740.11.0197.
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CraekrpajibHasi yCTOMYNBOCTh HeJIMHENHOro ypaBHeHus Jlupaka

Komew A. A. (UIIIIN PAH, Poccus)

Henuneitnoe ypasnenue Jupaxa [5], Taxxe ussecrnoe kax “Soler model”,
AKTUBHO M3y4aeTcs B TeopeTmteckoil ¢pusmke ¢ 1970 roma:

0 e d . n o
i = ;aj%ng(w BY)BY,  P(x,t) eC*, zeR", geC(R).

M = —1
(1)

CamoconpsizkeHuble MaTpunibl Jupaka a; U 5 yIOBIETBOPSIOT COOTHOIIEHHSAM
2 2
Qaj Zﬂ = I, o + o :25jk12N, Oéjﬂ+ﬂ04j =0.

Corsacuo paGote [3], mis mmpoxoro kjacca HenuHeiiHOCTel ypasrenue (1) mo-
IIYCKa€T pelIeHnud TUulla YEIWHEHHbIX BOJIH:

Pla,t) = p(x)e ™, e L’ R",C?"), wekR

Mer ucciegyeM, B KAKUX CIydasX TaKue PEIIeHHs: OyOyT CIeKTPAIbHO YCTONHN-
BBIMHU, TO €CTh KOT/Ia JIMHEAPW3AINsl OKOJIO TAKOTO PEIIeHUsl He COMEPXKUT COO-
CTBEHHBIX 3HAYEHUI C IIOJI0XKUTEJIbHON BelecTBEeHHON 4YacTbio. IlomobHbIi BO-
TIPOC ITOIPOOHO MCCJIeTOBAH j1s HeanHenbx ypasHenwii IlIpeguarepa n Kireitrna—
Topmona (m mEkOTOPBIX Apyrmx). IIoMMMO XOpOMIO WCCAEMOBAHHON AuHElHO
ycroitumsoctu [7], mus 9TMX MOAesell MMEeIOTCa JOCTATOYHO Oflue pe3yJ/IbTaThl
0 0pbumanvroli YCTONUNBOCTA yeJUHEHHBIX BOJIH [6, 4] 1 — B HEKOTODPBIX CJIy-
qagx —I0 acumnmomuneckoti ycroiamsoctn [2]. BmecTte ¢ Tem, Bompoc o cnex-
mpaabHol yCTOUYIUBOCTH HEJIMHENHOTO ypaBHeHus J{upaka 0CTaBajCd IIOJIHOCTHIO
OTKPBITHIM; HET JaKe JOCTATOYHO OOLIMX YHCJIEHHBIX Pe3y/IbTaTos [1].

Ham ocHoBHOI pe3yabTaT JaeT 9acTUIHBIA OTBET HA STOT BOIPOC:

TEOPEMA 1. B pasmepnocmu n = 1 dasa wupokxozo xaacca wesunetdnocmeti
(nanpumep, g(s) = 1 + ks + o(s), k # 0) yedunennvie soans. ypasnernua (1) do-
CNAMOHO MAAOT, AMNAUMYOD, ABAAIOTNCA CNEKMPAILHO Ycmoluuenmu. To ecmo,
CNEXMDP ONEPAMOPL AUHEAPUIAUUY OKOAO IMMUTL YEOUHEHHHT GOAH PACNOAONHCEH
CMPo20 KA MHUMOT O0CU.

Muorue n3 HaMIKUX PE3yILTATOB 000DIIAIOTCA HA MHOIOMEDPHBII CJLy<ail.

Cnucok JauTepaTrypsbl

[1] Gregory Berkolaiko and Andrew Comech. On spectral stability of solitary waves of nonlinear
Dirac equation on a line. ArXiv e-prints, 2009. arXiv: math-ph/0910.0917.

[2] Vladimir S. Buslaev and Galina S. Perel’man. Scattering for the nonlinear Schrédinger
equation: states that are close to a soliton. St. Petersburg Math. J., 4(6), 1111-1142, 1993.

[3] Maria J. Esteban and Eric Séré. Stationary states of the nonlinear Dirac equation: a
variational approach. Comm. Math. Phys., 171(2), 323-350, 1995.

[4] Manoussos Grillakis, Jalal Shatah, and Walter Strauss. Stability theory of solitary waves
in the presence of symmetry. I. J. Funct. Anal., 74(1), 160-197, 1987.

[5] Mario Soler. Classical, stable, nonlinear spinor field with positive rest energy. Phys. Rev.
D, 1(10), 2766-2769, May 1970.

[6] Michael I. Weinstein. Lyapunov stability of ground states of nonlinear dispersive evolution
equations. Comm. Pure Appl. Math., 39(1), 51-67, 1986.

[7] H. I. Baxuros and Anekcanap Asnexcannpoeuu Kosokonoe. CranuoHapHble peleHns BOJI-
HOBOI'O yPaBHEHHUsI B CPeJe C HACHIIIEHHEM HeJMHEeHHOCTH. M 36€cmus 6ucwul yvebuus
saeedenuti. Paduopusura, 16(7), 1020-1028, 1973.
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06 omuoMm o6061eHun yciaosuii Komu-Pumana ajis MHoroobpaswuii
[POU3BOJIHONU pa3sMepHOCTU
Konenxos A. H. (Psa3anckuii rocy1apCcTBEHHBIH YHHUBEDCHTET)

Ha rimagkom prMaHOBOM MHOTO00pA3WH PAa3MEPHOCTH 7 > 3 BBOISATCS HEKO-
TOpbIe HeJTMHeHHble yPaBHEHNs, KOTOPbIe MOYKHO PacCMaTPUBATh KaK 00001eHwms
ypasuennii Komm—Pumamna pu n = 2. VccmeayooTes JJoKaJIbHBIE CBOMCTBA perie-
HUM, AJI9 OJHOTO YaCTHOTO CJIyYas YCTAHABJIUBAETCH WX JIOKAJIBHOE CYIIeCTBOBA-
HUE JIjIs TIPOU3BOILHOM I'JIaIKOM MeTpuku. [[isi perreHuii J0Ka3bIBAIOTCA PABEH-
cTBa, aHajgoruvnbie ycaoBuaMm Komur—Pumamna. [Tokazano, ¥TO BBITIOTHEHUE STUX
PABEHCTB SBJISETCS B HEKOTOPOM CMBICJIE€ HEOOXOINMBIM U JIOCTATOYHBIM YCIOBUEM
IJIST TOTO, YTOOBI yI0BIETBOPONe UM (bDYHKITUN ObL/IN PENIeHusIMN PAcCMaTPH-
BaeMbIx ypasuenwuii. [logyuennnie ycoBus He cofiep:KaT B SBHOM BUIE METPUKHI
(Tax ke kak u dpopmynsl s yenosuit Komm—Pumana B kordopMHEBIX KOOpIuHA-
Tax).

Kackaapl yTOK B GHOJOrMYeCKUX MOJEsIX
Konknna A. A. (Camapckmii rocyaapcTBennsrii yausepcnret, Poccust)
Cobones B. A. (Camapckmii rocynapCTBEHHBIH a9POKOCMIUYIECKHI YHUBEPCHTET,
Poccns)

Pabora mocBsinieHa nCCIeJ0BAHNUIO CHHTYJISIPHO BO3MYIIEeHHbIX aud depeHiu-
aJIbHBIX CHCTEM Ha IIJIOCKOCTH. PaCCManI/IBaeTCﬂ aBTOHOMHaA CHCTEMa BHIA

':t:f(ma:%a)’ (1)
ey = g(z,y, a), (2)

TIe T,y — CKaJdpHBIe IlepeMeHHbIe, € — MaJIbIi [TOJI0XKUTebHBIN TapaMeTp, o —
JOIOJIHATEIbHBIN CKaJIsIPHBIN mapaMeTp, TOYKON o0o3HadueHo auddepeHmpoBa-
HPeE 10 He3aBUCHMON IepeMeHHoi ¢, f, g — mocratoduno riaakne GyHKIUNA. Y PpaB-
menue g(x,y,a) = 0 3amaer MeqneHHyio kpusylo cucreMsl (1)—(2), mapamerp o
[IPH 3TOM CUUTAETCH (PUKCHPOBAHHBIM.

V9acToK MeIJIeHHOW HA3LIBAETCA YCTOWYIUBBIM (HEYCTOWYIHWBBIM), €CJIH
I BCEX TOYEK STOTO y9YaCTKA BBIMOJHAETCA HEPABEHCTBO gy(T,y,a) <
0 (gy(gv7 y, o) > 0). Hanuume monosmuresisbHOrO CKAIAPHOIO IapaMerpa o obecrre-
YUBAET YCJIOBUS [JIsT TOrO, 9TOOBI TPAEKTOPHH, IIPOXOISINNE BOINU3HU YCTONIHNBOTO
¥ HEYCTOWYMBOTO YYACTKOB MEJJIEHHONW KPHUBOM, MOXKHO OBLIO ,,CKJIEUTH B TOY-
K€ CMeHbI ycToiiumBocTu (Touke CpbiBa). depes 3Ty TOUKy NPOXOAXT TPAEKTOPHS,
KOTOpasi Ha3bBaeTcs yTkou. [lox TpaekTopumeii—yTKOil OOBIYHO MOHMMAETCS Tpa-
eKTOpUL CHUHTYJIAPDHO BO3MYIIEHHON CHCTEMBI, KOTOPad IIPOXOAUT BHAUase BIOIb
YCTOHYMBOIO y4acTKa MeAJIeHHOI KPUBOH, a 3aTeM B0JIb HeyCTOHINBOIO, IIpUIeM
00a pa3a paccTosiHUS MOpsiiKa euHUNE! [1, 2].

Ecnu MenmenHast KpuBasi MMeeT HECKOJIBKO I€PENYIONIUXCS YCTOMYMUBBIX U
HeYCTOIMYUBBIX YyYaCTKOB, TO HaJIAYHe JOIOJHUTEIbHOIO BEKTODHOIO HapaMeTpa
a obecreurBaeT yCJIOBUS [UJIsi TOTO, 9TOOBI TPAEKTOPHUM , IIPOXOAANIue BOIM3M
YCTONYIMBBIX U HEYCTONUIUBHIX YIACTKOB M€/JIEHHON KPUBOM, MOKHO OBLIO ,,CKJIe-
uTh" B TOYKaX CpbiBa. lloryueHnyI0 B pe3ysibTare CKIENBAHUS TPAEKTOPHIO Oy/1eM
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HAa3BIBATH Kackadom ymok. B pabore mpenjioykeH aCHMITOTHYECKUN MeTO [IPH-
O/IMKEHHOTO BBIYUC/IEHUS ,, Yy TOYHOTO" 3HAYEHUS IMapaMeTPa W KACKaJga yTOK.

B mocseaHme roapl TOSIBUIOCH 3HAYUTETHHOE YUC/IO0 TTyOIMKAIIN, TTOCBSIEH-
HBIX IPUMEHEHUIO TPACKTOPUIN—YTOK B PA3IMIHBIX 33/1a9aX OMOJIOTHN, MEXAHUKH,
XUMUU, SKOHOMUKH 7 31eKTponukm [3]. B kadgecTse mpuiokeHwii mosry<eHHBIX
MaTEMATUYECKUX PE3Y/IbTATOB PACCMOTPEHBI HEKOTOPHIE ODUOJIOTUYECKHE MOIEJIH,
xapakTepusyiomuecs: 3HHEKTOM MHUM020 ucHwesnosenus [4, 5, 6].

Ora pabora BbinoaHeHa 1pu noaepxkke PO, rpant 10-08-00154.

Crucok Jureparypsl

[1] Benoit E., Callot J. L., Diener F. and Diener M. Chasse au canard// Collect. Math.
1981. V. 31-32. Ne 1-3. P. 37-119.

[2] Muwenxo E. @., Koaecos FO. C., Koaecos A. IO., Pozos H. X. Ilepnonudeckue nsu-
JKeHHus U OudypKAIMOHHbIE IIPOLIECCH B CHHIY/ISPHO BO3MYIIEHHBIX cucTeMax. M: Pus-
marauT, 1995.

[3] Cobones B. A., Ilenaxuna E. A. Penykuus momeneii m KPUTUIECKHE SIBJIEHUST B MaK-
pokuHeruke. M: @usmaraur, 2010.

[4] Gause G. F. The struggle for existence. Baltimore: Williams & Wilkins, 1934.

[5] Gavin C., Pokrovskii A., Prentice M., Sobolev V. Dynamics of a Lotka—Volterra type
model with applications to marine phage population dynamics// J. Phys. Conf. Ser.
2006. Ne 55:1. P. 80-93.

[6] Brons M., Kaasen R. Canards and mixed-mode oscillations in a forest pest model//
Theoretical Population Biology. 2010. Ne 77. P. 238-242.

Acumnroruku pemiernil audpepeHIuanbHbIX YPABHEHUN € BBICIIIUMU
BBIPOXK/JEHUSIMU B HEPE3OHAHCHOM CJIy4ae

Koposmuna M. B. (MI'Y, Poccus)

Paccmorpum ypasHenme

3 1 gy d
H _= il = 1
(gt ) u=s. 1)
rne u € E(Sre,B1), f € E(Sge, B2), B1 u Bs;—Hekoro-
pere  GamaxoBbl ~ mpocTtpaHcTBa  (mampumep, — npocrpancrBa  H°® (Q)),

Sre = {r|—e <argr <e,|r| <R}, awuepe3 F(Sg,,B) 0603HaY€HO MPOCTPAH-
cTBO (YHKIWIT CO 3HAUYeHMsAMK B 0AHAXOBOM IIPOCTpAHCTBE B, rosoMopdHBIX B
obactu SR, U IKCIIOHEHIMAIBHO PACTYIUX B HYJIE.

I[peacTasuy omepaTopo3HadHsii cumsosn H (r,p) B Bume

H(r,p) = Ho(p) + rHi(p) + r*Hz(p) + ... + 7" Hi_1(p) + r" Hi(r,p),
rae H;(p) — COOTBETCTBYIONIME TIOJTAHOMBI.
TEOPEMA 1. ITycmw onepamopnoe cemeticmeo Ho (p) = ﬁ((),p) ABAAEMCA

Pppedzonvomosvim. Tozda:

1°. Ecau u — pewenue ypasnenua (1) daa k-pecypzenmoti npasoti wacmu f,
mo u maxodice asasemces k-pecypzenmoti Pynrxyued.

2°. llaa  aw0botli  k-pecypzenmoti mpasoti wacmu f cywecmeyem k-
pecypezenmoe pewenue ypashenus (1).

Bynewm rosoputh, ato Touka p1 € spec Ho (p) aBnserca npocToit ecom

~y N
1°. Oueparoposnaunas Gynkuus Hy = (p) umeer B ToUKe p; LPOCTOI LOJIIOC.
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2°. Pasmepuocts sapa ker Hy (p1) pasna emummme.

TEOPEMA 2. ITycmb GyHKyuA U O 3HANEHUAMY 8 BAHATOE0M NPOCTNPAHCINGE
Bi1 aeaaemca pewenuem 00nopodnoezo ypashenua (1), a mouru p; € spec Ho (p),
j=1,2,... asaatomea npocmuimu, moz2da 04a 4106020 NOAOAHCUMENDHO20 YUCAG A
PyHnryua u npedcmasuma 6 eude

()= u; () +0 (7).

NPUUEM CYMMA COOEPAHCUM KOHEUHOE HUCAO CAG2AEMBLT, KAHCI0E U3 KOMODHLL 0M-
6EUAEM MOYKE Pj CNEKMPA ONEPAMOPHO20 CEMEUCMNEA H, (p), pacnoaoorcennot 6
noaynaockocmy, Rep > —A, npu amom dynxyuu u; (r) aeadaromea obpamuvimu
npeobpazosanuamu Janaaca—Bopeas dynkuyud u; (p), umerowus ocobernocmu 6
MOYKAT Dj, U UMEM GCUMNMOMULECKUE DA3N0AHCEHUA

oh

ﬂ+z’-€71 —i 5 o i
uj (r) = erk i Gkl Zbgr , (2)
i=0

2de b] — saemenmu, npocmpancmea By .

Ilycts f sBnsterca k-pecypremtnoit ¢dymkmueil. PaccmorpmMm Hepe3oHaHC-
HBIA cyiy4ail. 9To 03HaUYaeT, 4TO ocobenHocTr mpeobpasosanus Jlamraca—Bopensa
dyukuuu f He COBLHAJAIT C HPOCTHIMU TOYKAMU OLEPATOPHOrO cemeiicrsa. Ecim
TpaBasd 9aCTh YPABHEHUS UMEET 0COOEHHOCTH ThTa, (2), TO ACHMIITOTHKA, PEIIEHUST
OyseT uMeTb TAKOW K€ BHUJ, YTO U B OJHOPOJIHOM CJIydae, TPUYeM CyMMUPOBAHKUE
Gyaer 6parbca o 00beuuennio {p; } u ocobennocreii npeobpazosanus Jlanmaca—
Bopensa dyukmun f.

O HeKOTOpPBIX JINYBUJIJIEBBIX TeOopeMaxX AJIsi PEHIeHUI SJIITNITHYeCKUX
YPaBHEHU Ha MHOroo6pasmusax ¢ KOHIIaMH
Kopompkos C. A. (Boarorpazackuii rocyaapcTBeHHbIH yauBepcuTet, Poccust)
Jloces A. I. (Bonrorpaznckuii rocymapcTBenasiii yausepcuret, Poccus)

CunTaomasicst KJIaCCHIeCKoi (hOPMyYIHMPOBKA TeOPEeMbI JInyBU/IIs yTBEpK 1a-
€T, Y4TO BCsAKas OrDaHWYEHHAs rapMoHuYeckas B R" byHKIus sBISeTCS TOXKIe-
CTBEHHO 0CTOAHHOI. B paborax psja aBTOPOB LIPUBOAATCS YCJIOBHS BbIIIOJIHE-
HUsT TeopeMbl JIMyBU/IIS HA HEKOMIAKTHBIX PUMAHOBBIX MHOTO00Pa3MsSX B TEp-
MHUHAX POCTa 00beMa, BBHIIOHEHHS HW30IEePUMETPHYECKUX HEPABEHCTB, YCIOBUI
Ha KPUBU3HY H T. 1. B TO Ke BpeMs K/1acC PEMAHOBBIX MHOroo0pasuil, Ha KOTO-
PBIX CYIIECTBYIOT HETPHUBHUAJIbHBIE OIDAHUYEHHBIE TAPMOHUYECKHE (DYHKINU, [10-
cratouHo obmupen. Bosee Toro, obHapyKeHBI MHOXKECTBA MHOT000pa3uil, Ha KO-
TOPBIX pa3pemnmMa 3313493 Jupuxiie 0 BOCCTaHOB/IEHUH ITapMOHUYIeCKO (hyHKImn
110 HEIIPEPBIBHBIM IPAHUTHBIM JAHHBIM HA ,,6€CKOHETHOCTH .

B nocreaee BpeMsi OCYIECTBIISETCS CIEAYIOMUI OAX0 K TeOPEMaM THIIA
JInyBmwuia. Ilycte Ha mossom pumanoBoM MHOroobpasuu M 3azan kiaace GyHk-
mmit A u ssmunrudecknii oreparop L. ToBopsT, uto Ha M BBIIOJIHEHO 06061IeHHOE
(A, L)-mayBunieBo CBONCTBO, eCam MPOCTPAHCTBO pemeHuti ypasuenus Lu = 0,
npuHajyiekamux GyHKIUOHAJIBHOMY KJaccy A, umMeer KOHEYHYIO Pa3MEPHOCTb.
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Psan pabor ObLI IOCBAIIEH M3YYEeHUIO PEIIeHUH SJUIMNTHIeCKUX YPABHEHUM
Ha MHOroo6pasusax ¢ koanamu. OTkpsiroe MEHOXKecTBO ) C M Ha3BIBAIOT KOHIOM,
€CJIV OHO SIBJISTETCSI CBSI3HBIM, HEOIDAHMYEHHBIM ¥ ero rpannna 02 — kommakT. ['o-
BOpAT, 4T0 M sIBIsieTCs MHOrooOpa3nueM C KOHI[AMHY, €CJIM OHO IIPECTABUMO B BUIE
00'beIMHEHNST KOMIIAKTHOIO MHOXKECTBA B 1 KOHEYHOT0 YHC/Ia HellePeCeKaOIIIXCs
KOHIIOB.

Jlannast paboTa MOCBAIIEHA M3YUEHUIO IMOBeeHUs L-rapMOHUYIeCKHX (YyHK-
Ouii, T. e. peleHni ypaBHeHUd

Lu(z) = Au(z) — c(z)u =0,

rae ¢(z) —neorpunarensnag na M dynxuua, Ha MEHOroo6pasusx ¢ KOHIAMU.

IIpenmomoxkum, wro HA KOHIE §) cymecTByeT L-rapMonmdeckas GYHKINUA U
rakast, 910 0 < un < 1, wo = 0 Ha O m suppun = 1. Bymem rosopurs
B 9TOM ciydae, 9To () siBasiercss L-MaccMBHBIM, a (YHKIMIO U@ HA3BBATL L-
rapMoOHHYeCKOi Mepoil ko 2. Ecaum L-rapmoHmueckass Mepa yIOBIETBOPSIET
YCJIOBUIO

D(u) = / |Vua (z)|? + c(z)ud(z)de < oo,
Q
T0 KOHert {) OymeM Ha3bBATHL L D-MaCCUBHBIM.

TEOPEMA 1. Cnpasedausn, caedyrousue ymeeprcoeHUuA.

1°. Pasmeprocmdv npocmpancmea ozpanudenusr L-2apmonuveckus na M
Pynryul — ne menvwe Koauwecmea L-maccusnur xonyos M.

2°. Pasmepnocms npocmpancmea 02paHudnenunr L-zapmonuyveckus wa M
PYHKUUT ¢ KOHEUHDLM UHMEZPAAOM IHEPRUL — HE MEHDULE KOAUKECTNEA
LD-maccusuonz xonyos M.

Taxk:ke B pabore HaWIEHBI pPAa3MEPHOCTH [JPYTUX MPOCTPAHCTB L-
rapMoHmIecKuX GyHKImiA (II0/I02KUTETBHBIX, OTPAHUYEHHBIX C OZHON CTOPOHBI HA
KaJIOM KOHIIE U T. ).

Pabora Bbmmosmena npm mommepxkke P@®I, rpamr 10-01-97004-
P__IIOBOJIKbE _ a.

BasucHocTbh ogHOIT crucTeMbl (PYHKIUM CBSI3aHHOI ¢ oOpaTHOI 3a/a4eit
JIJIs1 9BOJIIOI[MOHHBIX ypPaBHEHUM

Kocrum A. B. (HISIY MH®II)

IIycre H — komiutekcuoe rusibbeproBo mnpocrpauctBo, A : H — H — ywm-
HEWHBIN, 3aMKHYTHIN OMepaTop ¢ 00JACTHIO OIPEIeICHUsT D(A), njaoTHoit B H,
a omeparop (—A) sBigeTcs remeparopoM mosyrpymmbl kiacca Co. Paccmorpum
obparnyio 3anady Haxoxaenus napbt {u(t); f)} u3 ycmosuii:

W' (t) + Au(t) = @(t)f te€[0,T], u(0)=0, (1)

wT)=x, x€D(A), (2)

rae omeparop-bynxmas ®(t) € C'([0,T]; L(H)) u mepeompemesenne X 3aIaHbL,
a Hem3BeCTHBIMU ABAAOTCA Gynkmms u(t) m smement f € H. Ilom pemenuem
obparnoit 3amaum (1), (2) mormvaerca snement f € H, Takoii, 9To pemenue 3a1a-

an Komw (1) yzosserBopser ycnosuio nepeonpeaesenus (2). Ormerum, 910 npu
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CIIETAHHBIX TIPEIOJIOKEHNAX Ha oneparop A m omeparop-byrkmuio P (t) peme-
Hue npamoii 3agaau (1) cymectByer m enmHCTBEHHO 11pm Jyobom f € H, npuaem
u(t) € C*([0,T]; H) N C([0,T]; D(A)). Hanee ans ynobcTra Gyaem cauTaTh, UTO
O(T)=1,a0 € p(A).

OnpeneaeHUE 1. O6partayo 3amagy (1), (2) Gymem Ha3bIBaTH KOPPEKT-
HOH, ecim mya goboro x € D(A) cymecTByeT €IMHCTBEHHBLH 3JIEMEHT
f € H —pemenne o0paTHON 331291 — U CIPABEIINBA OIEHKA YCTOWIMBOCTH:
11l < C(lIxll + Il AxI]), rre ||f|| —nopma f 5 H.

B pa6ore [1] mokasamo, [Wro ecim coGCTBEHHBIE BEKTOPBI {ex} omepa-
ropa A o06pasyor oproHopmuposaHublii 6asuc B H, a {\} C C—co-
OTBETCTBYIOIWE UM COOCTBeHHBIE 3HaueHusi, 1O gist cucrembl {Wy}, rme

R— T R—
U, = A [exp[—A, (T —7)|@* (1) drex, k = 1,2,..., CIpaBe/IMBBI CJI€AYIONTE
yIBepIK e,

TEOPEMA 1. Cucmema saemermos {¥r} noana 6 H moavko mozda, xozda
pewenue obpammoti sadauu (1), (2) eduncmeenno.

TEOPEMA 2. Obpamnaa 3adaua (1), (2) xoppexmna moavko mozda, Kozda
cucmema {Vy} — 6asuc Pucca 6 H.

B macroameii paGore pesymbrare [1] o6obmarorca Ha cay[ait, korga A mveer
nosnyio B H (coorsercrByomuii 6a3uc B H) cucremy u3 COOCTBEHHBIX U IIPHUCO-
€IMHEHHBIX JIEMEHTOB C [IEII0YKaMU KOHEUHOi [ymHbl. B aToM ciaydae mjis cucre-
mbr arasormanoil {U} (ee onpenesenne Gonee CI0KHOE) yCTAHOBIEHBI TEOPEMBI,
Gsmm3kue x reopemam 1 u 2 . Mcnons3ya pesysbrarst [2] u [3], MoxHO nosmyunTs
6a3MCHOCTD HOBBIX KJIACCOB cuCTeM (DyHKIMIL.

Ora pabora Bemonrena npu noanepxkke PIIT «Kanpers (mpoekr 11268) u
ABIIIT «Pa3surue HayvHOro norTeHnualna spicmeil mkosusrs> (npoexr 2.1.1/6827).

Crucok Jureparypsl

[1] Kocmuwn A. B. BasuchnocTs onHO#M cucrembl (hyHKUMi, CBA3aHHON ¢ 00paTHOH 3amaqei
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15t aOCTPAKTHOIO BOJIIOLMOHHOIO yPABHEHHUS B YyIOPALOYEHHOM OAHAXOBOM IIPOCTPAH-
cree // ©ynku. ananus u ero npuoxenus. 1993. T. 27. Bemn. 1. C. 81-83.

[38] Hpunsenxo A. H., Kocmun A.B. OneHka CHEeKTPAJBLHOTO PAaguyCca OJHOTO ONEPaTopa
1 Pa3pemuMoCcTh 0GPATHBIX 3879 JJ1s YBOJIONMOHHBIX ypaBHeHUH // MareMm. 3aMeTKH.
1993. T. 53. Boin. 1. C. 89-94.

YeTHOCTh U OTHOCHUTEJIbHAS YETHOCTH B TEOPUU y3JIOB
Kpruros /1. FO. (MockoBckunii rocymapcTseHnsrii yausepcuret, Poccnst)

OnPEAENEHUE 1. Juarpammoii BUPTYaJbHOTO 3allEIJIEHUd U3 kK KOMIIOHEHT
Ha3bIBAeICs 06pa3 HOrpyzKeHus k OKpyxHOcTed B R%) 1. 4. KaxK/as TOYKA CaMO-
TepeceveHns ABOMHAS, TPAHCBEPCAIbHAS U OCHAIEHA CTPYKTYPO KJIACCHIECKOTO
(mpoxom/mepexo) M BUPTYaILHOTO epekpectka. Ilpm k = 1 06pa3 massiBaercs
MArpaMMOil BUPTYAJIbHOIO Y3J1a.
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ONPEJEJIEHUE 2. JlmarpaMMbl HA3bIBAIOTCS SKBUBAJEHTHBIMU, €CJIN OIHY
MOXKHO IepeBeCTH B JPYTyIO MOCJeI0BaTeIbHOCTHIO H30TONHUI IIJIOCKOCTHA M BHUP-
TyaJIbHBIX JABMKeHnil Peiinemeiictepa.

ITo amarpamme BUPTYa/IbHOTO 3AIIEILIEHIS MOYKHO ITIOCTPOUTDH CEMENCTBO aTo-
MOB — 3aMKHYTBIX KOMIIAKTHBIX IIOBEPXHOCTEHN, [IPH 3TOM BCE ATOMbBI OYIAyT OZHO-
BPEMEHHO OPUEHTHUPYEMbI UJIU HEOPUEHTUPYEMBI.

TeoPEMA 1 (O. 4. Bupo, B. O. Manrypos, 2005, [1]). IIycmo duazpammos
6UPMYasvros Y3a06 K u L 9K6u6asenmmuo, U uMe0m oPUCHMUPYEMDLE GITLOMDBL.
To20a oMU IKEUBAAEHMMDL 6 KAACCE OUAZDAMM C OPUEHMUDYEMDBLMU ATOMAMU.

B moxkmame Oymer pacckazaHo 06 00600IIeHWM 3TOTO pe3y/abTara Ha CJIydait
[MarpaMM BUPTYAJIbHBIX 3aIlellJIeHUi, MoJIyueHHOM aokjagiukoM u B. O. Mam-
ryposbiM B 2010 roxy (cm. [2]). JokasaresbcrBo OCHOBAHO HA MOHATUM Y€THOCTH.

ONPEJEJIEHUE 3. YeTHOCTHIO HA3BIBAETCS OCHAIIEHWE BCEX KJIACCHYECKUX
TIEPEKPECTKOB BCEX AMArpaMM BUPTYAIbHBIX 3AIEIIEHUN dJIeMeHTaMu u3 Zg, yJI0-
BJIETBOp4IOIEee HEKOTOPbIM OIlIpedae/iIeHHbIM COOTHOLICHUAM Ha OCHAIleHud JAua-
rpaMM, OTJIUYIAIONINXCS OTHUM 00O0OIIEHHBIM ABUzKeHneM Peiimemeiicrepa.

Crnucok JuTeparypsbl

[1] D. P. Ilyutko, V. O. Manturov, Introduction to graph-link theory //
ArXiv:Math.GT/0810.5522v1.

[2] D. Y. Krylov, V. O. Manturov, Parity and relative parity in knot theory //
ArXiv:Math.GT/llOl.0128V1.

IIceBmoaud depenHnuaibHble OIEPaTOPbl B BECOBBIX MPOCTPAHCTBAX
Teabaepa-3urmyHsa Ha R": pazpemmMocTh U XapaKTepu3alus
Kpaxeua B. 1. (FOxwubti penepanpasiii yausepcuret, Poccus)

B moxmaze paccmarpuBaiorcs rceBaoanddepeHnnaibHble OepaTOphl U3
knacca JI. Xepmannepa ¥i's, 0 < 0 < 1, onpezerennbie o ¢hopmyJie

Au(@) = 20)" [a(e,) [uln)e ™ dyde, e s@,
¢ cumBosiamu a(z, €), yA0BIETBOPAIONUMHE YCJIOBULM

—§18]—
alya =, max_ sup [0L0a(a, O)(1+ Jg)/*1 T <
<p, =9 (x, n

Omnepatopsr A nmeficTByior B mxkaje npocrpancts lexpnepa—3urmynma A% (R™) ¢
IJIAJKUM BECOM W, UMEIOIUM CTEIIeHHOE [TOBeIeHNe Ha GECKOHEYHOCTH.

TreoPEMA 1. Ilcesdoduddepenyuarvrot onepamop A € Wi's asasemca
enoane nenpepveroim us AP (R™) ¢ AP~ (R™) mozda u moavko mozda, xozda

lim a(z,§)(1+ €)™ =0.

|z|+|€]—o00
TEOPEMA 2. ITycmwv daa mobwxr mysvmuundexcos o u B, B # 0,
lim sup |070¢a(x,&)|(1+ €)™ = 0.
|z|—o0 ¢c R
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Icesdodudpepenyuarvnmi onepamop A € WY, deticmeyrowuti us AP (R"™)
APT™9(R™), nemepos mozda u moavko mozda, xozda
lim  inf Ja(z, &)1 +[€)"™ > 0.
Jim it (e 9l +[€)
Tycrs L;B = [izj, B] = ix;B — iBx; u M;B = [0x,;,B] = 0., B — BOy;
s omeparopa B i S(R") — S'(R™). Oua «o,8 € (Z+)"—B<(g)) =

LY. Ly M. Mg B u By = B.
TeorPEMA 3. Ilyemv 0 < s < 1 — 6. Jlunetinoe omobpasicerue
B: S(R") = S'(R"™) npunadaescum ¥’ mozda u moavko mozda, £020a 0aa 410~

6oz myavmuundercos o, B € (Z4)" aunelinwui onepamop B((g)) npodoasicaemca 0o

ozpanunentozo onepamopa us npocmpancmea ASTTINFOIBLY (RRY g Asw (R,

TEOPEMA 4. ITycmwv ncesdoduddepervyuarvhoiti onepamop A npurnadsescum
Vs w obpamum u3 A>“(R™) e A°7™“(R™) npu nexomopom s. Tozda obpammod
onepamop npunadaescum Wi .
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HekoTopble cMemaHHbIe 3a7a49y JJid ypaBHEHUs KoJebaHUull CTep KHH,
COCTOSIIEro U3 ABYX Pa3HOPOJHBIX YyYaCTKOB
Kynemos A. A. (MockoBckuii rocyiapcTBeHHBIH YHUBEDCHTET UM.
M.B.JIomonocosa, dpaxymsrer BMuK, Poccus)

PaCCManI/IBaIOTCSI CMeIlaHHbIe 3a/JaYU /I PAa3PBIBHOTO BOJIHOBOTO yYpaBHE-

HUA
a?um(x,t) opu 0 <z < xg, 0<t<T,
un(z,t) =9 (1)
a3Ugy(z,t) mpmxzo <z <l, 0<t<T,
C HyJIeBbIMU Ha4aJ/IbHbIMU yCJIOBUAMU
U(:L’, 0) = 07 ut(a:7 0) =0 (2)
W C OJHOI M3 CAeAYyIOINX COBOKYITHOCTENH TPAHWIHBIX YCJIOBHIA:
u(0,) = p(t) 3)
u(l,t) = v(t),
u(0,1) = p(t)
(4)

ug(l,t) = v(t),
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(5)

e (0,1) = pu(t) ©
ug(l,t) = v(t),
B poxkstaze npencraBiien saBHBIN BuA 0000IIEHHOTO PEIIeHNs YKA3AHHBIX CMEIIaH-
HBIX 3329, & TAK¥KE PEKYPPEHTHBIN aJITOPUTM BBIYNC/IEHUS BXOISIINX B PEIIEHIE
HOCTOAHHBIX KO3 PUIIMEHTOB.
Aprop BbIpaxaer riaybokyio 6Gsaromapaoctb akagemuky B. A. Wibuny 3a
TMOCTAHOBKY 33/[a4YN W TIOCTOSTHHOE BHUMAaHWE K paboTe.
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[2] Havun B. A. O npupeneHun B NpousBOJBHO 33JaHHOE COCTOsIHME KOJIe0aHuMi mepsBoHA-
YaJIbHO MOKOSLIErOCs CTEPXKHs, COCTOSIIEro U3 ABYX PA3sHOPOAHBIX y4acTKOB // JIOKJI.
PAH. 2010. T. 435. Ne 6. C. 732-735.

[3] Havun B. A. O noJHOM YCIOKOEHHH C NOMOLIbI0 PAHUYHOrO yIPABJIEHUS HA OIHOM
KOHIle KOJIeGaHUil HEOTHOPOLHOrO cTepxKHA // Tpynbl uH-Ta MareMaTUKU U MeXaHHKH
¥YpO PAH. 2011. T. 17. Ne 2 (B mevarn).

MexaHusM JOKPUTHUYIECKOro BO30y>KAeHUA aBTOKoJieOaHmil, CBA3aHHBIX
c pesoHaHcoM 1 : 3
Kymkos A. H. ($IpocraBckmii rocy1apcTBeHHDIH YHUBEPCHTET
nm. I1. I Temnzosa, Poccust)
Kymuxkos /I. A. ($IpocaBckmii rocyTapCTBeHHBI YHUBEPCHTET
nm. IT. I Temunmosa, Poccust)

B R" paccmarpuBaeTcs cucTemMa OOBIKHOBEHHBIX AU (hepeHImaabHbIX yPaB-
HeHUH!

&+ 2ei + A(e)x = F(z, ,¢), (1)
rae € —wMasblit HeorpuuaresapHblil mapamerp, x(t) = colon(zi(t),...,zn(t)),
A(e) —xBaspaTHAs MaTpHUIA, JEMEHTHl KOTODPOH TIJIaJKO 3aBUCAT OT TTapaMeT-
pa e. Dimankas Bekrop- dynkmma F(z,y,£) uMeeT 1m0 MEPEMEHHBIM X,y B HyJe
TIOPSITOK MAJIOCTY BBIIIE ITEPBOTO.

IIycts marpuma A(0) mmeer mpocThie COOCTBEHHBIE 3HAYeHUdA 0; € R, 0; #
0,j=1,...,nunpusrom o1 : 02 = 1 : 3. Cunraem, 9T0 UHbIE MJIAJIINE PE3OHAH-
CBHI OTCYTCTBYIOT.

OrpanmamMcst pacCMOTPEHHEM BOTIPOCA O CyINECTBOBaHWHU y cucTeMbl (1) me-
PHOIMHYECKUX pemenHuil ¢ mepuogom Omm3kuMm K 27/01 mwm 2w /o2. Ucnonb3ys
AJITOPUTMBI TIOCTPOEHMsI HOPMAJLHBIX (opM u3 MoHorpadum [1] MoxkHO MmOKa-
3aTh, ITO BOIIPOC O CYLIECTBOBAHUN U YCTONTINBOCTH TAKUX IIEPHOIMIECKUX Delre-
HUH MOXKeT OBITH CBE/IEH K N3yJIeHUI0 CUCTEMbI YPABHEHUN — HOPMAJIbHOU (hOPMBI,
TJIaBHAs 9aCTh KOTOPOI MMEET BUJ

Z = 6[(—1 +iar) + 6112‘1|Z1\2 + 61221|22\2 + 6235%22}3 @)

2o = 5[(—1 +icn) + 02122|Z1\2 + 02222|22\2 + 02323}7
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i = ez [(—1 +iar) + curlz1 | + erz|22)?], (3)
rae k=3,...,n, z;(t) = z;(t) + iy;(t), a; € R, ¢jm € C.

TEOPEMA 1. Cucmema (2), (3) donycxaem asmomodesvhovie nepuoduieckue
pewenua suda z; = pjexp(iw;t), 7 = 1,2,p; > 0, w; € R, a ocmasvnue z = 0.
Smu pewenua 6 CUMYayUL 06ULE20 NOLONHCEHUA NONOHCERUA NOPOHCIAIOM NEPU-
oduueckue pewenua cucmemvs (1) ¢ nepuodom bauskum x 2w/o1 uau 2w/o2 ¢
HAcAedOBARUEM UT CE0UCTNE YCMOTUYUSOCTNU.

B paGorax [2, 3] 6bL1M pacCMOTPEHBI Ba2KHBIE, C TOYKH 3PEHUs [TPHJIOKEHUH,
3a/1aun, aHAJOTWYHBIE JaHHOW. B paGore [2] 6bL1 paccMoTper Bompoc 06 mccie-
JIOBAQHUYU HEJIMHEHHOTO HaHesJbHOro (iarrepa, a B pabore [3] —oxHa u3 3ama4 o
CHHXPOHHM3aInH KOebaHuil B cucTeMe CBA3aHHBIX OCIHLIATOPOB. 3aJad9a 0 KeCT-
KOM BO30y»KIEHMM aBTOKOJIEDAHMIL, B CIydae, OIM3KOM K PE3OHAHCY COOCTBEHHBIX
gacror 1 : 2, GblIa PACCMOTPEHA B PA3/IMYHBIX IOCTAHOBKAX B CTaTbsaxX [4-5].
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5

Heonuopoaubie ypaBHenuss XuJia u Marbe
Kypur A. ®@. (Boporexkckuii rocyaapCTBeHHbIH yauBepcuTet, Poccns)
Tynenxo E. B. (Boponexckmnii rocymapcrsennsiii yausepcuret, Poccns)

Heommopommble ypaBHeHns Xwuima m MaTbe HHTEpeCHBI I IIPHUIIOZKeE-
auii. C WCIOIB30BaHMEM ACHUMITOTHYECKOTO MeTONd YCPeJHEHUs BO BTOPOM
npubsvokennun Merona pemaerca 3azada Komw (¢ HagaIbHBIME  yCIOBUAMUI
2(0) = 20, 2(0) = 20) aya ypaBHEHUS

2+[po—i—mecos(mt)}z:F(t), m=12,.. (1)
m
mpu pesoHaHcax po &~ 0, 1/2, 1 B onHopoauoM ypasrenuu (cu. [1],[2]).

1. Byzem cuurarh po ~ €2, pm ~ ¢, F = e>f(1), T = et, rae € > 0 — Masblil
mapamerp. C OMOIIBIO 3aMEeHBI, KOTOPas ABIAETCS 0000ImeHreM 3aMeHbl Borotro-
6oBa B 3a/1a9€ 0 MaATHUKE C BUOPUPYIOmEH TOIKOI moaseca [3] ma caywail, korma
k03 dunment B (1) cogepxur Gosee OAHOrO LEPHOAUIECKOrO KoJeOaHms, 11
HOBBIX TEPEMEHHBIX (0, {) TIOJydYaeM CHCTEMy YPaBHEHWI B CTaHAApTHOH (opme
[8]. dns ycpemnennoii mo dazam GercTpoix konebannii dbyaknun @(t) npuxoauM K
YPABHEHHUIO OCHMLIATOPA @ + Ao@ = F, ty1e Ao u Hauasbubie ycaosus G(0), ¢(0)
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OIIPEIENIIOTCS COOTBETCTBEHHO (opmymnamu (2.11) u (2.14), (2.15) paGorst [1].
Pemenne z(t) ypasuenus (1) umeer Bug

) =1+ %; cos(mt)]@(t).

B wacraocTH, ecnin F' = Fy cos[ My cos(vyt)], rae mocrostamasi ammantyna Fo ~
€?, a wacrora vy ~ &, npu Ao > 0 B ypapuenmu (1) UMEIOTCH PE3OHAHCHI Vj =
Vo/(2k), k=1,2....

2. Ilycrs Teneps B (1) a &~ 1/4; 1 u F = Fy(et) cos[wit + h(et)]. Ilocrosnuas
gacTora w1 &~ 1/2; 1 npm a ~ 1/4; 1 coorBercTBenno. Ypasuernue (1) ceomurca k
cucreme ¢ MHOrUMU ObIcTphIiMu dazamu. st yepemmeHHBIX M0 (a3aM OBICTPHIX
kosreGanmit ammIaTyapt b 1 Metennoit dhaser 6 (bysxmmit b u f) myTem mpeobpaso-
pamms P = bsin(0/2), R = bcos(A/2) (mpu srom b = /P2 + R?, tg(0/2) = P/R)
MOy IA€TCA JTMHEHHAA CHCTEMA

P=05(r+4s)R+050"+r )cosa, R=0.5(r—s)P+050r" —r )sina.

3aech mpu a &~ 1/4 dbaza o = (w1 —1/2)t+h, k0o3pdunmenTst r u § onpeaeaAIOTCT

dbopmyramu (3.7) paboret [1], 7~ = —Fo/\/Do, 77 = p1Fo/(4po). Ecu a =~ 1, To
a=(w —1)t+h, rus—sro (3.10) B [1], a r~ = —Fy/\/po, v = p2Fo/8po.

Pewenune z paBHo

F
+ 2,/po(y/Po +w1)’

rae 29 (t) onpenensierca dbopmyioit (6.1) B [1]. Ananusupyiorcs He mapamerpu-
YeCKre PE30HAHCHI ITPU aAMILIUTYIHO W YaCTOTHO MOIYJINPOBaHHON dyHKImu F.
Tlomaras Be3me m = 1, moxygaem dopmynst ist ypaBHeHus Martbe.

2(t) = 20(1)
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AcuMmnroTnvyeckmuii aHAIA3 CUHIYJISIPHO BO3MYIIEHHBIX
JIMHEeHHO-KBaAPaTUIHBIX 3a/1a9 ONTHMAaJIbHOTO yIIPAaBJIEHUS C
paspbIiBHbIMU KO3(dPUIMEHTAMIT
Kypuna I A. (Boporexxckuii rocyaapCcTBeHHbIl yausepcuret, Poccns)
Hryen T. X. (Boernavcknii HanuonabHbIH yHuBEpCuTeT, Brernam)

PaccmarpuBaerca 3a/ada MUHUMWU3AINN KBAAPATHIHOTO (DYHKITMOHATA HA
TPaeKTOPHUAX CUHI'YJIAPHO BO3MYUIEHHON JIMHEWHON CHCTEMBI C 3aKPEeNJIeHHbIM Jie-
BbIM KOHIIOM. K03 durimenTsl mMeoT pa3pblB MEPBOTO PO B OTHON MTPOMEKY-
TOYHON TOYKE, B OCTAJIbHBIX TOYKAX OHU HEMpPepPHIBHBI. /s MOCTPOEHMST aCHUMII-
TOTUKM PELIeHUsl KUCLOJIb3YEeTCd HEIIOCPEJICTBEHHAH II0/ICTAHOBKA B yCJIOBUA 3a-
a9y TIOCTYJIUPYEMOT0 aCUMITOTHUYUECKOTO PA3JIOXKeHUs penteHus. Takoil momaxomn
K IOCTPOEHUIO aCUMIITOTUKY PENIEHUS 33129 ONTHUMAJILHOTO YIIPABJIEHUS HA3BAH
M. I. Imurpuesbim u C. B. BesloKonbITOBbIM LIPAMOii CXEMOIA.
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Pemnrenne paccMaTpuBaeMoii 3a/1a9u, MTOCTPOEHHOE TIPHU TIOMOIITN IPSAMOM CXe-
MBI, COJEPXKUT (DYHKIUU NOIPAHCIOA YeThbpex TUIOB. HaliieHbl 3aja4u OnTu-
MaJIbHOTO YIPABJIEHUST, KOTOPHIM YIOBJIETBOPSIOT KO3(PDUIMEHTH aCHMITTOTIYE-
CKOTO Pa3JIoXkKeHusi pemnienus. /s 3TuX 3a/1a49 MOy YeHbl HeOOXO0IMMble W T0CTa-
TOYHbBIE yCJIOBUS OITUMAJILHOCTHU YIIPABJICHUA U JOKA3aHA OJHO3HAYHASA PAa3Peliu-
MOCTh. YCTaHOBJIEHO HEBO3pACTAHUE 3HAYEHUN MUHUMU3UPYEMOTO (hYHKIMOHAIA
P UCIIO/IH30BAHAUY CJIEIYIOIEr0 aCUMITOTUIECKOTO TTPUOINKEHIUS OIITUMAIBHO-
ro yIpaBJIeHUs.

Tlostyduen BuI ONMTHMAJILHOTO yIpaBJjieHuss B (OpMe OOpaTHONM CBA3U ISt
JIMHEHO-KBAIPATUIHBIX 3319 C pa3pbiBHBIMU Kodddurmentamu. [locTpoena
ACHMIITOTHKA HEIIPEPLIBHOTO PENIEHNsS BO3HUKAIONIEH IPH 9TOM 331849y /i CHH-
TYJISTPHO BO3MYIIEHHOTO MATPUUIHOTO auddepeHimaabHoro ypasaenns Pukkaru ¢
Pa3pBIBHBIME B IIPOMEXKYTOUHON TOUKe K03 durmenramu. VICmoab3ys 9Ty aCuMII-
TOTHKY, IOCTPOEHA ACUMIITOTHKA ONTUMAJIbHOIO yIrpasieHud B dhopme o6paTHOM
CBSI3U.

MeTom0M TIpsIMOii CXeMBI TIOCTPOEHO TAKKE ACUMIITOTHIECKOE PEIIEHNE CHHTY-
JIIDHO BO3MYIIIEHHOM JIMHEHHO-KBAaAPATUYHOMN 32249 OINTUMAJIbLHOTO YIIPABJICHUS
C Pa3pBIBHBIMU B MIPOMEKYTOYHON TOUKe KOI(DDUITMEHTAMU U JEIMIEBbIM YIIPaBJIe-
HHEM.

ITosryaenst onenku 6s1m30CTH TPUOIMKEHHOTO ACUMIITOTUIECKOTO PEIIEHUS K
TOYHOMY PEIIEHUIO0 BO3MYIIEHHOMW 33[a4n 10 YIIPABICHUI0, TPAEKTOPUHN U (HYHK-
IUOHAJTY.

IIpemiaraembie METOBI TOCTPOEHUS ACUMIITOTUKY UILTIOCTPUPYIOTC YUCJIEH-
HBIMU TIPUMEPAMHU.

OcHoBHBIE Pe3y/IbTaThL JOKJIaAa OybiukoBassl B [1-3].
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[2
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prHHOBOﬁ aHaJIn3 HeJIMHENHOro YpaBH€HHUsI KOJIMOI'OPDOBCKOIO TUIla U

MHBapUaHTHbIE€ pelleHunud 3aJadn Kormmn

Jlarno B. H. (Ilosrrasckuii HaupoHa/IbHbL 1€4ArOIHI€CKHU YHHUBEPCUTET,

Vkpanna)

Crorumii B. U. (Hammonarpasrii Texamaecknii yausepcurer Ykpaunabr "KITI,

Ykpauna)

Mapxkwnranos FO. H. (HanuoHa/IbHBIIH TEeXHUYIECKH YHUBEDCATET YKPAHHDI

"KITN”, Ykpanna)

Henumeiirnoe ypasuemnune

Ut — Uge — UUy = F(u), (1)

rue F'—Hekoropas HenpepbiBHast pyHKIuUs mepeMeHHOR u = u(t, x,y), BCTpeda-
erca B pa3nmaHbIX npobaemax ¢urancosoit maremaruku [1]. Habmomaerca [2, 3]
¥ OTIpeJIeJIeHHBIN WHTepeC K MCC/IeJOBAHUIO CBOMCTB perrenuit 3amadn Komm st
ypasrerus (1) ¢ HAYAIBHBIM yCIIOBHEM

u(0,z,y) = g(z,y). (2)

Hawmu, ¢ mcrnonn3oBaHmeM METOIOB TPYMIIOBOrO aHaim3a anddepeHnnaabHbIX
ypaBHeHwuit [4], uccie0BaHbL CJIeLYIONIe IPOGJIEMBI:

(1

2]
(3]
[4]

1°. IIpomemena rpynmosas Kinaccudrkanus ypasuenus (1), BcreacTeme gero
nosty<ensl Bee cnerubnkanyu dbyakmun F, ayis koropeix ypasaenue (1)
nMeeT HETPUBUAJIbHBIE CHMMETPUUHBIE CBOMCTBA.

2°. IlpoBemeHa CHMMETPHIiHAA DPEAYKIWSA W TOCTPOEHBI TOYHBIE (MHBAPH-
AHTHBIE) PENIeHWs JIJIS IOy 9€HHBIX B KIACCU(PUKAIMA yPABHEHUH.

3°. s ypasmenus (1) ¢ HauBbICIIMMHM CHMMETDPUIHBIMU CBOHCTBaMH
(F = 0) npm HEKOTOPHIX 3HAYEHUAX DYHKIMHU ¢ B ycaoBum (2) TOIy-
YeHBI MHBAPUAHTHBIE DEIleHus 3ajaun Kommn.

Crnucok JuTeparypsbl
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MI/IHI/IMyM OTHOIIEHUsI BeCca MUHMUMAaJIbHOIO 3allIOJTHEHUHA K Becy

MWHHMAaJIbBHOI'O OCTOBHOTI'O JiepeBa [AJid BbIIIYKJIbIX YeTbhbIpeXyro/JibHUKOB

Ha €BKJIUJI0BOI IJIOCKOCTH
Jlayr H. JI. (Mockosckmii [ocymapcTBeHHBIH YHUBEDCATET)

ONPEAENEHUE 1. MuHuUMaJIbHBIM 3aN0JHEHHEM KOHEYHOTO METPUYECKOTO

IPOCTPAHCTBA HA30BEM B3BEUIEHHBINH I'pad HANMEHDHIIErO BECA, 3ATATUBAIOIIMIL
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MAaHHOE METPUYIECKOE MPOCTPAHCTBO TAK, U4TO JJIs JIOOBIX JBYX TOYEK METpHIE-
CKOTO TIPOCTPAHCTBA BeC JIOOOTO IIyTH, COEIUHSIONIEr0 UX B rpade, He MeHbIIe
PacCTOTHUS Me¥XKIy HUMU B METPUYECKOM ITPOCTPAHCTBE.

ONPEAEJNEHUE 2. MuHuMaJIbHBIM OCTOBHBIM JI€PEBOM KOHEYHOI'O METpUYe-
CKOTO IIPOCTPAHCTBA HA30BEM B3BENIEHHBIN T'pad HANMEHBIIETO BeCa, 3aTATMBA-
OIniil TAHHOE METPUYeCKOe MPOCTPAHCTBO TaK, UTO pebpa rpada WHIMIEHTHDBI
TOJIBKO TOYKAM METPHYIECKOI0 IIPOCTPAHCTBA U BeC pedpa PaBeH PACCTOAHUAIO MEXK-
Ay TOYKaMU MeTPUYECKOTO IIPOCTPAHCTBA, UHITUICHTHBIMU €My.

B nmannoit paboTe moKa3aHa TOYHAS OIEHKA OTHOIIEHWS BECA MUHMMAJIHHOTO
3amoJIHEeHNsT K BeCy MUHUMAJIBHOTO OCTOBHOTO J€PEBA BBHIMYK/IBIX 9eThIPEXTOYETd-
HBIX II0JIMHOKECTB €BKJIMIOBOH ILJIOCKOCTH.

TEOPEMA 1. ITycmv M = {A,B,C,D} C E?, 2de A, B, C, D — sepuiuno.
BUNYKA020 wembpery2oavhuka. ITycmos w(M) — 6ec MUHUMAADLHO20 3G4NOAHEHUA
M, u(M) — sec munumaavrozo ocmosnozo depesa M. Tozda eepra ouenka:

w(M) > §
p(M) ~ 4

Crucok Jureparypsl

[1] UBanos A. O., Ty:xununa A. A. Odnomeprnasn npobrema I'pomosa 0 MUKUMAALHOM 3a-
noaneruu, Maremarudeckuii c60pHUK, B IE€YATH.

AcuMnToTuveckuii aHaJIN3 JIMHEMHBIX Aud depeHIaaIbHbIX

ypaBHeHUU ¢ GosibmiuM napamerpom. PesoHaHcHBIN city4aii

Jlepermrram B. B. (FOxwubiii ¢penepampusrii yansepcnret, FOxuprii
maremarmaecknii macturyt, Poccust)

IIycrb n, p— Harypanbubie uncna, A, B(t), |k| < n, t € [0, T], —xBagparubie
MaTpULBL LHOPAAKA P, LpHYeM 3jeMeHTbl Marpuy By (t) mmeor na unrepsase
t € (0,T) mermpepbIBHBIE TPOU3BOAHBIE JTIO0OTO MOPSIIKA, KOTOPHIE TTPOIOJIZKAMBI
0 HempephIBHOCTH Ha Bech oTpe3ok t € [0,7]. O6ozmaumm wepes \;, j = 1,p,
co0CTBeHHBIe 3HavMeHNst MaTpunbl A, a depe3 ®(m), rae m — 1mesoe 9nuCsI0, — MHO-
xectBo map (k,j), Takux aTto A\p, — A; = 4m. Bymem mpemnosarath, 9TO TIpH
HEKOTOPBIX M cupasegymueo P(m) # &, T. e. BBIIOJHEHO yCa0BUe pe3oHanca. lus
mpocToThl Gymem cuntarh, uto P(0) = &, T. e. cOGCTBEHHBIE 3HAUEHUST MATPUILIHL
A pa3IudHbL.

Ha yuactke t € [0,7] paccMOTpUM HOPMAJIBHYIO CUCTEMY

&= |wAo+ Y Bi(t)e™ |z, (1)

Ikl<n

rae w — 6onpuroi mapamerp. ACHMITOTHYECKOEe pa3/iozKeHune (yHIaAMEHTaIbHOI
MaTpuIsl pemennii X (t) 9TOM CHCTEMBI HAXOAUM B BHJE

Xt =Y "w™ > Usn(t)e™ e (2)
s=0 m=—00

rae Q(t,w) = wtQ—1 + Qo(t), u marpuusr Q—1, Qo — AMArOHAJILHBIE.
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st 11060T0 1eI0r0 HEOTPHUIATEILHOrO | PACCMOTPHUM [-YIO JACTHIHYIO CyM-
my X;(t) pama (1):

!
Xi(t) = Zwis Z Usm ()™ Q)
s=0 m

Yepes x)(t) u qr(t,w), k € 1,p, obosmaunm k-writ cromber; Marpumbt X;(t) m,
COOTBETCTBEHHO, k-blif IuaroHaJbHbIN nement mMaTpunst Q (¢, w).

TEOPEMA 1. Cywecmsyem wo > 0 makoe, 4mo npu w > wo 044 Ka#cdo20

k € 1,p natdemea pewenue ©*(t) cucmemn. (1), ydosaemsoparowsee credyrouse-

MY Ycaoeuro. Jas kadcdozo 4eao2o HeompuyamesvHozo I cyuecmeyrom nosoxHcu-

MEALHBIE HUCAG € U Wi, TNAKUE ¥Mo NPy w > w; afdexmueno cmpoumea l-oe
npubauoicenue xy (t) pewenua ©*(t) u npu ecex t € [0,T] cnpasedrusa oyenra

[l (t) — et (e ™| < —r

O nuHelinbix auddepeHManbHbIX yPaBHEHUIX
Kopaana—Iloxrammepa
Jlexcun B. II. (MockoBckuii rocygapcrsedssiii 006/1aCTHOM
CONMAaIbHO-TYMAHUTAPHBI HHCTHTYT, Poccns)

Paccmarpusatorca cneruasibabie HyKCOBbI ypaBHeHus Ha cdepe Pumana

Q™ — () + KL gy )

—pRy" TV + (p+ DR )y — =0 (1)

7 KJ1aCC PYKCOBBIX CUCTEM HA MHOTOMEDHBIX KOMILIEKCHBIX JIMHEHHBIX (MM TIPO-
extuBHBbIX) npocrpancTBax C" (mmm CP™), maseBaembrii cucremamu 2Kopmana—
TToxrammepa

v = ¥ Ay @)
1<i<j<n S

Kaxmas marpuna J;; ©MeeT pa3Mep 1 X 1, ¥ HEHY/IEBble 3JIeMEHThl MOI'YT CTOSATh
TOJIKO Ha II€PECEYEHUU ¢-TOH M J-TOH CTPOKU C TAKHUMHU 2Ke cTojdonamu. B i-rom
CTOJIOIIE CTOAT YHUCAA A\j U —A\j, @ B j-TOM CTOJIOIE CTOAT UUCJIA A; B —\;, B3ATHIE

73 yIOPsAI0YEHHOTO HAG0pa KOMILIEKCHBIX auces A = (A1, A2, ..., An).
VYpasuenus u cucremsl (1) u (2) umeror 6asuc peureHuii, LpesCTaBJIEHHbLH
WHTErpaJIaMHu 10 IUKJIaM OT TTPOU3BEIECHUs CTETeHel JTUHERHBIX (HOPM, YMHOKEH-
HOTO Ha moaxoagaulyio auddepenmuanbayio Gopmy. CymecrBoBanue Takoro Oa-
3UCa [103BOJIIeT HAMTU ACUMIITOTUKY PEUIEHUI B OCOOBIX TOYKAX U OLUCATH LIPEJI-
CTaBJIEHUST MOHOJIPOMUY YPaBHEHMI U cucTeM. Ha3BaHue OMMMCAHHBIX YPABHEHUN U
cucrem Bocxogut K kaure Aiinca ([1], rmasa 18, § 4), tae, mo-Bmaumomy, BepBble
paccmarpusauch ypasuenus (1). Onu O6pum nHassanbel ypasaenuamu 2Koprana—
IToxrammepa u cucremamu 2Kopmama—Iloxrammepa B CHy TOTO, 9TO JJId TIO-
JIyYeHUs PENIeHMil TaKUX yPABHEHUH HCIOJIb30BAJIMCH pe3yiabrarsl 2Kopiana u
IToxrammepa 0 HEKOTOPBIX MHTErpajax [0 IUKJIAM U COOTHOLIEHUS JiJjIsl TaKUX
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uHTerpasos. B paGorax [1, 3, 4, 6] mpexbsaBIIEHBI IOPOKAAIONIME MATPUIBI MO-
HOAPOMUY WV NAHA XaPAKTEPU3AIWs [IPEICTABICHUN MOHOAPOMUM yPABHEHUH 1
cucrem (1) u (2).

Mpb1 Gymem paccMaTpuBaTh TPUJIOKeHUs ypasHernuit n cucrem (1) m (2) x u3y-
venuio ypasuenuil [1l1e3uarepa n30MOHOAPOMHBIX fAedopmaruii GyKCOBBIX ypaB-
HEHWI W CHCTEM BTOPOTO TIOPSIZKA C MPUBOJUMBIMH ITPEICTABJICHUSIMEA MOHOIPO-
vum. g takux ypasrennmii 1llne3unrepa, ¢ BCIOIb30BAHUEM CBOMCTB peNIeHU
ypasrennii u cucrem (1) u (2), 6yayT paccMOTpEHBI CBONCTBA BeTBJIeHAH pemennit
7 CBOWCTBA TeTa-TUBU30pa MasbrpaHKa.

Ora paboTa BHINOJHEHA TIPU TIOJIEPXKKE MPOTpaMMbl <Bemymme Hay9HbIE
mkonbr> (rpant HITI-8508.2010.1).

Cnucok JuTepaTrypsbl

[1] Adinc 3. O6sixkHOBeHHBIE nuddepeHnnaabHbIe ypaBHeHus. M: ®axkropuas. 2005.

[2] Kapovich M. and Millson J. Quantization of bending deformations of polygons in E3,
hypergeometric integrals and the Gassner representation// Canad. Math. Bull. 2001. V.
44. P. 36-60.

[3] Kohno T. Linear representations of braid groups and classical Yang—Baxter equations//
Contemporary Math. 1988. V. 78. P. 339-363.

[4] JIexcun B. II. MonoapoMusa (pyKCOBBIX CHCTEM HA KOMILIEKCHBIX JIMHEHHBIX NPOCTPAH-
creax// Tpyas Maremarn4ueckoro uacruryra umenn B. A. Crekmnosa. 2007. T. 256 C.
267-277.

[5] Manin Yu. I. and Schechtman V. V. Arrangements of hyperplanes , higher braid groups
and higher Bruhat orders// Advanced Studies in Pure Mathematics. 1989. V. 17. P. 289—
308.

[6] Takano K. and Bannai E. A global study of Jordan—Pochhammer differential
equations// Funkcial Ekvac. 1976. V. 19. Ne 1. P. 85-99.

06 acuMNITOTUYECKOM TOBEJIEHUM PEINeHUil CUCTEMBI ypaBHEHU
IIpanarasa ajist crpaTuddUIMPOBAHHON MAarHUTHOUN >KUIKOCTH
JImaxesua A. FO. (Vausepcurerckmii komnemkx Hapsuka, Hopserns)

Cuupuzgonos C. B. (MI'Y um. M. B. Jlomonocosa)
Yeuxnn I A. (MI'Y um. M. B. Jlomonocosa, YHUBEpCHTETCKHI KOJLIEHK
Hapsnka, Hopserusi)

W3ydgaercsa moBeneHne CUIHHO CTPATH(UITMPOBAHHON MAaTHUTHON YKUIKOCTH,
IIPOXO/ISAIIENH CKBO3b MEJIKOSIENCTYIO MOPUCTYIO TIperpaday. MaJstii mapamerp € >
0 ompenesnseT XapaKTEePHBII pa3Mep d49eeK IPerpaibl i, COOTBETCTBEHHO, TOJIIAHY
cioes kunkoctu. CormacHo Teopuu [IpaHaT/ist, KUIKOCTH MOKHO CINTATH BI3KOM
TOJIBKO B OKPECTHOCTH 00TEKaeMOro TeJa, rae cucreMy ypasuenuit HaBre—CTokca
MOXKHO 3aMEHHUTH 60Jiee IIPOCTO:

&%u. Oue Oue o 0 AU
v 6y2 — Ue o — Ve ay - _df(x,y)(U (33)—’(1,5) -U dz ) (1)
Ous | Ove 0
ox oy

B obmactn D = {0 < z < Xo,0 < y < 00} ¢ FPAHUYHBIMA yCIOBUSIMHA
u:(0,y) = Ue(y),
ue(2,0) =0,  ve(z,0) = Ve(z), (2)
ue(z,y) = U™ (z) mpm y — oo.
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> (0, 0. — MarHuTHag IPOBOAUMOCTD YKUJIKOCTH,

2
Baeco de(z,y) = 705(:6’1/33 ()

B — OPTOTOHaJIbHaA K TTOBEPXHOCTHU O6TeKaeMOfI TIJTACTUHBI KOMTIIOHEHTa BEKTOPa
MarHUTHON MHAYKIWA, p = 1 — IUIOTHOCTB XKUAKOCTH, (U (z,Y), ve(x,y)) — moue
CKOPOCTEH TOTOKA KUAKOCTH (HapasulesIbHas W OPTOrOHAJbHAS ILJIACTUHE, COOT-
BercrBenHo), (Us(y),0) — HagasbHast ckopocThb ToToKa, (0, Vz(z)) — ckopocTsh Ha
HUXKHEl rparume paccMarpusaemoii obmactu, (U™ (z),0) — cKOpocTh Ha BEpXHEH
T'paHUILE.

Jlokazano, 9To TpeeIhbHOE ToBeAeHre pentenwii 3amauu (1) mpu € — 0 ompe-
Iendercd ClIeAyIomeil yCpeaTHeHHOU 3aJadeii:

*u ou ou o oo AU
Va—yg - u% — va—y = —d(z,y)(UT(z) —u) - U P .
du ov_
oxr Oy
B 0o06actu D ¢ TPAHUYHBIMU YCIOBUSIMUA
u(0,y) = U(y),
U(ZE,O) = 07 'U(:Z?, 0) = V(:Z?), (4)
u(z,y) - U (x) npu y — oo,
rae

a TaKKe TOJIyIeHBI OIEHKHM CKOPOCTH CXOIWMOCTY PEIIEHUH WCXOIHOM 33aaYn K
pelIeHndaM yCPeJHEeHHOM.

Pafora manmcana npu gactuanoil nogaepxkke rpaara POOU (npoext 09-01-
00353).

AcuMniTOTUKA HAMMEHbIIEro cCOBCTBEHHOrO 3HAYEHUsl JeJibTa
BO3MYIIEHHUsI HA IIyYKe HPAMBIX
Jlo6anos . C. (Cauxr-Ilerepbyprekmii rocy1apcTBeHHbIH yHUBEPCHTET
HH(GOPMAIIOHHBIX TeXHOJIOTHH, MEXaHUKHA U onTHKH, Poccus)
Iomos U. FO. (Carxr-Ilerepbyprexuii rocyaapCTBEHHBI YHUBEPCHTET
nH(GOPMALNHOHHBIX TEXHOJIOrHH, MexaHuku u onruxu, Poccus)

Mer pacemarpusaem omepaTop H, dopmambho 3amammsii za L2 (R?) sorpaxe-
HUEM

H=-A+ad(-—mn)+ad(- —2) (1)

I HEKOTOPOH KOHCTAHTHI ¢ € R ¥ mapsl mpsMBIX Y1, 72, 00pPA3yIOMUX YTOJ

0,0 < § < 5. Oneparop H MOXKeT pPacCMATPHBATHCA KaK TAMHUIBTOHHAH TaK

Ha3BIBAEMOro “3Be31000pasnoro ymnkoro rpada’ [1], [2], cmyxamero mopensio

GeCcCMHOBOMN 3aPSKEHHON YaCTHUIBI HA, TIY9IKEe BOJHOBOJOB C PA3DENICHHBIMU TTe-

PeCKOKaM| ¢ BOJIHOBOJa Ha BOMHOBOA. B paGorax [1], [2] mokaszano, aro mempe-
PBIBHBIA cuekTp ouneparopa H coBmajaer ¢ MHTEPBAIOM [—0‘72, 00), & TOYedHBIil
CIreKTp omeparopa H He IyCT, ¥ JaHbl ONEHKH JIJIsT YUCJIa COOCTBEHHBIX 3HAUECHUN
¥ HUKHEro COOCTBEHHOro 3HaueHus oneparopa H npu 0 — 0. B macroameit pado-
Te OLIEHUBAETCs 1I0BE/IEHUEe HUXKHEro cOOCTBEHHOro uucsia upu 0 &~ I ucnosnb3ys

2
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omIMYHBIA OT crareit [1], [2] moaxon, ocHoBaHHBL Ha pe3yabrarax [3]. 3anucsBast
anaJior pe3osibBeHTHON dopmynst M. I Kpeitna B nuMmiyibCcHOM mIpeicTaBIeHUN U
WCTIOIh3Ysl CrieKTpaibHoe ypasHeHne A. TToCHIMKaHO, MBI JOKA3BIBAEM CJIEIYI0-
Wil pe3yJIbTaT:

TEOPEMA 1. Bcesakoe wucao E aeasemca Henozpyscennvim 6 HenpepveHbil
cnexmp cobemeentoim snavenuem onepamopa H, ecau u moavko ecau das rexo-
mopoti napw. dymryut fo, f1 € LR, (1 + :cQ)%) u 6cex n = 0,1 swnosnsemca

asin @ /°° SFnt+1moaz(t) dt . « ()

2 J_oo 2 +t? —2qtcosf — (—1)"E'sin@ 20/eE—-E)" -

CnenctBuE 1. Haumenvwee cobemeennoe snavenue onepamopas H ne npe-
soczodum eesununs, —a*T(sin@ — 1)2, 2de

1 3mr—8 512072 — 388 — 457
T() == — -
(t) 2 t 3 Tt 157
_ ;3 —3255m — 15884 4 58807/2 + o).

1057
Ora pabora BbinoaHEHA TpU o epxkke PODU, rpant 11-08-00267.

Crucok Jiureparypsl

[1] Brown B. M., Eastham M. S. P., Wood I. G. Estimates for the lowest eigenvalue of a
star graph // J. Math. Anal. Appl. 2009, V. 354. Ne 1. P. 24-30.

2] Ezner P., Nemcova K. Bound states in point-interaction star graphs // J. Phys. A.
2001, V. 34. Ne 38. P. 7783-7794.

[3] Posilicano A. A Krein-like Formula for Singular Perturbations of Self-Adjoint Operators
and Applications // J. Funct. Anal. 2001. V. 183. P. 109-147.

Kunaccudukanusi HEBBIPOXK/IEHHBIX ITOJIOXKEHUN paBHOBeCUsS U
BBIPOXKJIEHHBIX OJHOMEPHBIX OPOUT MHTErPUPYEMOU CUCTEMBI
KoBaJsieBckoii- AAxbu
Jlorauesa H. C. (Mockosckuii rocymapcrsennptii yausepcuret, Poccrns)

Cryugait uarerpupyemoctu KosanmeBckoii—fIxpu siBisiercss 0606uieHneM Kiac-
cugeckoro Boruka KosaneBckoil Ha ciydail 3aa4m O JABMXKEHHUH THKEJI0I0 THPO-
crara.

VpaBHeHHUs ABUXKEHUS U [I€PBble MHTErPAJIbl 3TOM CHCTEMBl UMEIOT CJIeIyio-
muii B

. -
A= (Aw+ X) xw—d xv,
V=V Xw.

fi EV12+V22+V32=17

w3 + A
fo=winn erszJr%:g,
2
sz12+w22+%*l/1:h,

=
Il

(w12 —wel 1/1)2 + Qwiws + 1/2)2 + 2\ (ws — )\)(w12 + w22) + 4wz = k.
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31mech w — BEKTOP YIVIOBOI CKOPOCTH TeJIa-HOCUTEJIS, ¥ — €JUHIUIHBIA BePTUKAIIb-
HbIH BekTop, A — QuaroHajbHAs MATPHULA TEH30pa HHEPLUH, @ — BEKTOp, Ha-
TIPABJIEHHBIH W3 HEMOABIIKHOM TOYKY K IIEHTPY MAacC, IJIMHA KOTOPOTO PaBHA TIPO-
W3BEJIEHUIO BECA TeJIA HA PACCTOSHEE OT ero IIeHTPa MACC [0 HEeIOABUKHON TOYKH,
X) — I'IPOCTATUIECKUA MOMEHT.

Utax, M, = {fi = vi +v3 +v3 = 1, fo = 2(w1v1 +wara) + (w3 + N)vs = 2g},
rae f1 u fo —dyukuun, gexamue B aape ckooku JIlu—Ilyaccona u gsisiommecs
TMEePBBIMU WHTETPAJIAMHU YPaBHEHMIA.

OnpreAENEHUE 1. Touka z € M;1 Ha3bIBAETCA TOYKON IOJIOXKEHUd paBHOBe-
cus, ecyu dH(z) = dK(z) = 0.

ABTOpOM HaileHbl BCe TOYKU [I0JI0XKEHUs PABHOBECUs, UX KOODAMHATHL yKa-
3aHBI B CJeAyoIeil TeopeMe:

TeEoPEMA 1 (H. C. Jlorauesa). B cayuae Kosanesckoii—SHzvu mouku no-
NOHCEHUA PAEHOBECUA HA PAZ080M NPOCTPAHCINGEE CUCTIEMDL UMEIOM CALIYIOULUE
KOOPOUHAMDL:

2gz — A 2gz — A

w1 ::I:\/ZQ—IW, wa =0, W3:m7
2-1 1
m=+Y2 "7 vy =0, vy = -,
z z

2de z — deticmeumenvHbili KOPeHsd YPasHeHUA

(292 — N)?
(222 — 1)

29z — A

9PN L2 1=
222 —1 i 0

2(z* —1) —z(z2 = 1)

2UT KPUMUNECKUT TMOYeEK Y 2aMusbmonuanos Hyx na MY nem.
g g

CrammonapHsie 6udypkanuoHHbie 3aga4u co crekrpom IImuara B
JIMHeapu3anyy B yCJIOBUSX IPYIIIOBOM CMMMeTpHUU
Jlorunos B. B. (YnI'TY, Poccust)

Kononnesa U. B. (YnI'TY, Poccust)

Muponosa JI. B. (YBAYI'A, Poccust)

B BemecrBenHbIx 0aHAXOBBIX IIpOCTPaHCTBAX K1 u F B IpeaunoI0KeHUU
WIOTHOCTY Bjoxkenmit K1 C Fo C H B ruanbepToBo mpocTpancTBo H ¢ omen-
kamu |lul|lg < azllu|le, < a1llu||E; paccmarpuBaercsa cucrema ypaBHEHU

Fl(x7y7)‘):0> FQ(x>y7>‘):07 Fk('r07y07)‘)507 k:1727 >\:>\0+5a
(1)
AO0ITyCKamlasa JIOKAJIbHYI0 3aIlluCh
BoX — /\()A()Y = A({-Z)Y — B(E)X + Rl(:l?o, yo,X, Y, E),

2
By X — MA)Y = A(e)Y — B*(e) X + Ra(zo,%0, X, Y, €), )

rme X =x —xo, Y =y — Yo, Ao 1 Bp — MJIOTHO 33]aHHBIE 3aMKHYTHIE (DPEaTOJIb-
MoBer omepaTopst, Dy C Day, Dp)y C Day, Rj(x0,10,0,0,e) =0, j = 1,2.
IIycte n-xparnoe cobcrBennoe 3uavenue [lIvmumara Ao aBaserca dpenroapmoBoit
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TOYKOI CIIEKTPA COOTBETCTBYIOIIETO JIEBOI YACTH MATPUIHOTO OIIEPATOPA B IIPs-
Mot cymme H runpbepToBbix npocrpancts H. Omeparopsr Fj, j = 1,2 nonyckaror
HempepwIBHYIO rpymnmy G, T. e. CylIecTBYIOT ee mpezcrasienns Ly B 1 nu Ky B
E>, cuneratomue Fj, 1. e. KoF;(z,y,\) = F;(Lgx, Lgy,\), npuaem rpymma Jln
G = G; = Gi(a) (a = (a1, ..., a;) — €e CyIECTBEHHBIE TAPAMETPHI ) TIPEII0IATAETC
[-MepHBIM qud HEPEHITNPYEMBIM MHOTOOOPA3MEM, YIOBIETBOPSIONINM YCIOBUSIM:

1°.

2°.

npencrasienue ¢ —  Lg(q)To, AeliCTByIOIee U3 OKPECTHOCTH eJIH-

muanoro ssementa (i(a) B mpocrpancTBo Ei NPHHAIJIEKHUT KIacCy

Cl, TaK 4IT0 XTo,Xyo € FE1 Anad BceX TPOU3BOASAIINX OIMEPATOPOB
i 1

Xz = limt™ " [Lya@)e — x] B KacatembnoMm K Lg(,) MHOrooGpasum

t—0
L.
Ty(ays
CTAIMOHAPHAS HOAIPYLIIA 3JIEMEHTOB (Lo, Yo) ONPENEAeT IIPEICTAB-
merme L(Gs) moxkamprol Tpymmer Jiu Gs C G, s < I, ¢ s-

MepHoit momanrebpoit Ty,
menrbl (XxZo, Xuyo), Xk € Tgl(a) 06pa3yioT B IOIIPOCTPAHCTBE HYy-

Jieit MarpumaHOro omeparopa k = (I — $)-MepHOE MOIPOCTPAHCTBO

MIPOM3BOJSAIINX OMEPATOPOB, T. €. 3Jjie-

u 0a3uchl B HEM U B aJrebpe Té(a) MOKHO YTHOPSIOYUTH TaK, 9TO
(Xewo, Xeyo) = O = (ug”,v")T, 1 <k < K, 1 (Xjz0, Xjyo) = (0,0)
i j > K+ 1.

B 3TuX yCa0BUsIX HAa OCHOBe HAlUX paboT [1-3] moKa3aHBI TEOPEMBL O HACJIE-
JOBaHUHN prHHOBOfI CUMMETPHUN COOTBETCTBYIOIMUMHU YPABHEHUAMU Pa3BETBJICHUA
(YP) u ypaBreHmaMu pa3seTBieHus B KOpHEBbIX moampocrpanctsax (YPK) co
CJIeICTBUAMM:

10
20

TEOPEeMOIl O HEeSIBHBIX OIEPATOpPaX IIPU K = N;
Teopemoii 0 pexykiuu YP u YPK nna memaBapumanTHOro sapa.

VKa3aHbI IPUI0KEHNS B TEOPUM SJIEKTPOMATHUTHBIX KoJieOanwmii. Pabora mommep-
xana PIII 'K 111112 w npoexrom 2.1.1/6194 PHIIBIIT Muno6prayknm P®.

Crnucok JauTeparypsbl

[1] JIoeunoe B. B. O naxoxpeHunm COOGCTBEHHBbIX 4uCel M (DYHIAMEHTAJBHBIX 9J1€MEHTOB
I[IMuaTa BIOJIHE HEMPEPLIBHOIO OIEPATOPA B TMibOEpTOBOM mpocrpaHcTse // Jokaans:
AH VY3CCP. 1965. Ne 1. C. 5-8.

[2] Kononaesa HU. B., Jloeunos B. B., Pycax FO. B. CumMeTpus 1 IOTEHIHAIBHOCTD yPAaB-
HeHHU#l pa3BeTBJIEHUs] B KOPHEBBIX IOANPOCTPAHCTBAX B HESABHO 33JaHHBIX CTAIHOHAP-
HBIX U AuHaMu4eckux Oudypkannonnsix 3agaqdax // Jokaaner PAH. Maremaruka. 1960.
T. 419. Ne 2. C. 1-5.

[3] Kononaesa H. B., Jloeunoe B. B. Budypxanusi, cuMMeTpusi 1 KOCUMMETpusi B 1ud>-
depeHIMANBHBIX YPAaBHEHUSIX, HE Pa3pPEIIeHHBIX OTHOCUTEJbHO IIPOU3BOAHON, ¢ BapH-
AlMOHHBIMHM ypaBHeHUAMH passersienusa // Uss. Bysos. Cesepo-Kaskasckuil peru-
on.EcrecrBennsie nayku. 2009. Cnensoinyck < AkryasabHble TPOO/IEMBI MATEMATHYECKOH
ruaposuaamMuxku>. C. 115-124.
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Kpaeasa zamaga niia guddepeHnualibHOro ypaBHEHUS B YaCTHBIX
IIPOU3BOAHBIX YE€TBEPTOrO MOPSJKA IIPY HEJIOKAJIBHBIX YCJIOBUSAX IO
BPEMEHU U HECTAIlMOHAPHBIX I'PAHUYHBIX YCJIOBHUIX
Jlomosues @. E. (Benopycckuii I'ocymapcrsennptii ¥Yuusepcurer, Besapycn)
Xaruvmos H. A. (Bemopyccknii ['ocynapcrsennsiii Yausepcuret, Begapycs)

Jloka3aHa KOpPpEeKTHad Be3Ze paspemruMocThb nuddepeHnnasbHoro ypaBHe-
HUAS

—Utttr + (@(2) Uz ) zw + 01 (2, ) ues +b2(2, t)uze = f(,1), {z,t} € G =]0,1[x]0, To],
(1)
C 3aBI/ICH]J_l;I/IMI/I oT BpeMeHI/I FpaHI/I‘{HbIMI/I yCﬂOBI/IHMI/I

(a(2)tza)z|a=0 + a1 (t)u(0,t) =0, a(0)uzs(0,t) — az(t)u(0,t) =0,

(a(2)Uga)z|o=t —as(t)u(l,t) =0, a(l)uws(l,t)+aa(t)ua(l,t) =0, t € [0,To], (2)

u jist Beex ¢ € [0,1] ¢ HeJOKaIbHBIMYU YCJIOBUSIMHU 110 BPEMEHU

u(m,O)—,uu(ac,To) = gp(m)7 ut(xvo) = ut(x7T0) =0, utt(xvo)_:uutt(xaTO) = w((x))
3

TEOPEMA 1. ITyemv a € CP[0,1], a(z) > a0 > 0, by, be € C(G), 0 <
ai € CP00,Tp], ai(0) = a;(To), i = 1,4, ai(t) + aip1(t) # 0, i = 1,3. Tozda
cywecmsyrom maxue Ty > 0, 0 < po < 1, wmo npu scex ¢t € [0,To], |p| < po,
f e FG), ¢ € W0,1) u ¥ € L2(0,1) cusvnoie pewenus u € E(G) wpaesot
3adavwu (1)—(3) cywecmsyrom, eduncmeennvl u

l
a1 < eo (I @)1+ 142 @p@* + [ @) da). co >0,

2de [|AV2(t)ul* =[5 Iu" (@) dz + a1 (B)[u(0)]* + az(t)u’ () + as()u(®)® +
aa(t)|u’ (1)]*.

3mech  ruabGepTOBO  MPOCTPAHCTBO — CWIbHBIX — pemrenmit  E(G) —3a-
MBIKaHWE — MHOKecTBa  dymkmmi  CY (G), ymOBMETBOPAOMMX  YCIIO-
BuaM (2) um  w(x,0) = w(z,To) = 0, mo SpMHUTOBON HOpME
lulle = ([, luee|® dzdt + fOTO | A2 (t)w|? dt)l/g, 6aHaxoBO TPOCTPAHCTEO JAHHBIX
F(G) = W (@) x W3(0,1) x Ls(0,1), rme Wi» 1 (G) —sambikanme Lo(G)
mo vopme ||f|lF = supv|fG fvdmdt|/(fG |’Ut|2d$dt)1/2, v(z,0) = v(z,To) = 0,
WQZ(O,l)—saMbIKaHHe MHOXKeCTBa (MyHKImd u € cWw [0,], ynoBnersopsromux
(2) mpu t = 0, no mopme ||AY2(0)ul|.

KopperTHOCTh HEJTOKAIBHON 3aa4n Tt rurnepbotmyecKux aud G epeHimaib-
HBIX YPABHEHUII BTOPOrO MOPSIKA C IIEPEMEHHBIMU OBJIACTAMU OIPEIETIEHHUs OITe-
paropos u3y4ena B [1].

Crucok Jiareparypsl

[1] JTomosuee @. E., Xamumuyos H. A. HejokanpHas 3a1a4a 1Js HOJIHBIX runepGosmte-
ckux auddepeHnanbHO-0pePATOPHBIX YPABHEHNH BTOPOTO MOPSAAKA C IePEMEHHbIMU 00-
snacramu onpenenenusa// duddepenn. ypasaenus. 2011. T. 47, Ne 4, c¢. 507-518
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Pemenune 3amaum ObIcTpoAeiicTBUS [Jis JIMHEMHON HeCcTalMOHAPHOM
YIIPaBJIAEMOM JJOKPUTUIECKOU CUCTEMBbI C MHOIOMEPHbBIM yNpaBJIEeHUEM
Jlykpsaros B. B. (Yamyprckmii rocymapcrsennbiii yausepcenret, Poccrms)

PaccMoTpuM JIMHEHHYIO HECTAIIMOHAPHYIO 33124y OBICTPOIEHCTBUSA B HY/Ib
b= Atz + B, (1)
z(to) = xo, x(to+T)=0, T — inf, (2)
rae dyrakmmm A: R — £(R™,R™) u B: R — £(R",R") menpepoiBabt. MuOXKECTBO
JIOTYyCTAMBIX yIpaBJIeHnit [{ — COBOKYTTHOCTh BCeX M3MepUMbIX (byHKIWT u: R —
U=I[-1,1]".
Sabukcupyem  HeKoTOpylo  (yHIAMEHTANBHYIO  CHCTeMy  pelleHuil
Y1(t),...,¥n(t) compsxkennoit cucrembr 1) = —1A(t) m ompemenmmm cemeii-
CTBO HEIPEepPbIBHbIX (DYyHKIIUiT

&) = i)V (¢), i=1,...,n, j=1,...,m

rae b’ (t) — cronben marpuust B(t) ¢ momepom j. Insa dbuKCHpOBAaHHBIX HwH-
cen to € R, 0 > 0 u menynesoro Bektopa ¢ = (ci1,...,¢,) € R" o06Go3na-
auM n; = n;j(c) — KOIMIECTBO T€OMETPUHUECKH PA3JIMIHBIX KOpHEH (yHKImn

Etie) = ar&l(t) + -+ + call(t) ma umrepsane Iy, = (to, to + o). ObozHauMM
o(to) — TOUHYIO BEPXHIOIO rpaHb TakuX o > 0, uro HA mHTEpBase [y, mpu JI1060M
HenyseBoM ¢ € R™ BbimosiHeHO HEpaBeHCTBO N1 (c) + -+ - + nr(c) < n — 1.

OnpeneEgEHUE 1. Cucremy (1) Gymem masbiBaTh Jdokpumuueckoli B TOUKe
to € R, ecm Bemmomeno mepasencTso o(tg) > 0.

Hanee npemnonaraerca, aro cucrema (1) mokpurmaeckas B Touke to. Ompe-
JeJIMM TOKPUTHYIECKOe MHOYKECTBO YIPABIAEMOCTHI

to+o(to)
Dy = / X (to, s)B(s)u(s) ds.
el 7 to
Tonoxum N = {(n1,...,n.) € ZY :n1+...4+n, < n—1}. [ KaskI0r0 BEK-
Topa n = (ny,...,n,) € N obozmaaum c(n) = {c € R" \ {0} : ny = ni(c),...,n. =
nr(c)} m onpenesMM MHOKECTBO
Ay = U {(61(c),...,6-(c))}, rTme 6;(c) = t_l)itron+o sign & (t; c).

c€c(n)
Hms  waxmoro Bektopa n = (ng,...,n.) € N, KaKIOTO BEKTOPa
0 = (d1,...,9,) € A}, u moboro 6 > 0 obozmaumm =epe3 U5 (#) coBokymHOCTH

BCEBO3MOYXKHBIX KYCOYHO-TIOCTOSHHBIX (yHKmmit u: R — U, ToxkIgecTBeHHO paB-
HBIX HYJII0 BHe mHTepBaJsa (to, to + 0); Kaxkgas koopauHaTHas GyHKIM u;(-) Ha
naTepBage (o, to+0) npuaNMaeT 3HaYennsa +1 1 UMeEeT POBHO N; TIEPEKJIIOIEHNH,
a 0; — 3maqgenne dbynkun u; () B mpaBoit okpecTrocTH TOUKH to. [TocTponm MmHO-
xectBo Ly = Y U U 45(0) (U5(0) cocront 3 TOXKIECTBEHHO PABHOM
0<0<0(to) nEM SEAL

Hymo GyHKI@U) U ompenesuM orobpaxenue Fy,: i, — R"™ ¢ moMompio paseH-
CTBa

to+o(to)
Fig (1) = — / X (to, ) B(s)u(s) ds.
t
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TEOPEMA 1. Fcau ynpasasemasn cucmema (1) doxpumuueckasn 6 mowwe to,
mo omobpasicenue Fyy: Uy — Dy, Aeasemea 63aumHo 00H03HANHBLM 0MO0Padice-
nuem muooicecmea ynpasaenut Uy C U na dokpumuueckoe MHONCECTNEO YNPAG-
aaemocmu Dyy w daa 410600 mowku o € Dy, ynpasaenue G(-) = thl(xo) ABNA~
emea pewenuem 3adavu (1)—(2).

O HeycTONYMBOCTH reHEpPAJIbHBIX MOKa3areseil OTHOCUTEIbHO
CJIyYalHbIX BO3MYIIIEHUN
Jlynoukun M. A. (KocTpoMmCKO#i rocyapCTBeHHbIH yHUBEPCUTET
nm. H. A. Hekpacosa, Poccust)

JlaHo orpaHWYeHHOE JIMHEMHOEe YpaBHEHME MEePBOro MOPSIKA
. 1
t=a(t)z, ze€R, ¢t>0, (1)
a Tak»XKe ero JOMyCTUMOe CIydaiiHoe Bo3Mylnenue [2]

g = (a(t) + co (t,w))y, (2)
rae o € (0,1), a w — 31eMEHT BEPOATHOCTHOTO MPOCTPAHCTBA.

B pa6orax [2], [3] ucciemoBan BOMPOC CTOXACTUYECKON YCTORUMBOCTH TIOKA-
3areneil JIamyHnosa cucreMm J060ro mopsaka. B 4acTHOCTH OKAa3aHO, YTO B pac-
CMaTPUBAEMOM CJIyYae yDABHEHUS W €ro JOIyCTHMOIO CJIyYaifHOrO BO3MYIIEHUS
TIOKa3aTesh JISIIyHOBA CTOXaCTUYECKY YCTOWINB, T. €. 1Jis Jroboro € > 0 Haligercs
taxoe o’ > 0, uro aj1st Beex o € (0, 0”) OYTH HaBEpHOE BBHITIOHAETCS HEPABEHCTBO
Aw;o0) — Al <e.

PaccMoTprM BepxXHWIT M HUKHMIA TeHepasbHble ToKasarean (1] s, ), nns
ypasrerns (1) u sy (w; o), s, (w; o) nua ypasaerns (2). Bynem caurars, 9ro re-
HepaJIbHbIE MTOKa3arenu ypasHenus (1) KOHEIHBI.

TEOPEMA 1. IToumu naseproe das awbozo o € (0,1) swnoanaromesn paser-
cmea
. f— / . —
sg(w;o) =00, sg(w;o) = —00.

KaK BuauM, B cnytlae renepaJjibHbIX ILIOKa3aTeJell CToXacTu4decKad yCTOfI‘{I/I-
BOCTH HE HabJIIOAAETCS.

Crucok Jureparypsl

[1] Janreuxuti FO. JI., Kpetin M. I'. Ycroitansocts pemennii auddepeHnnanbHbIX ypaBHe-
Huit B 6anHaxosoM npocrpanctse. M.: Hayka, 1970.

[2] Muasuvonwurxos B. M. K Teopun XapakTepUCTHUECKUX MOKa3aTeseil Jlanyxosa // Ma-
Tem. 3amerku. 1970. T. 7, Ne 4. C. 503-513.

[3] Heyen Junv Kone. O croxacTudeckoii ycroiunsocTu nokasarenei JIanyHosa ypaBHeHui
npou3seosbHOro nopsinka // Jduddepenn. ypasnenns. 1985. T. 21. Ne 5. C. 914.

Kuaccesr dyukumit JInysunns-KunpusiHoBa
Jlaxos JI. H. (Boporexckwuii rocyagapcrsenssiii yaupepcurer, Poccns)
@eoktucropa A. A. (JIumenkwmii rocyTapCTBeHHBII TI€arOTH9E€CKUIl YHHBEPCHTET,
Poccust)

HOycte Ry = RE xR, m1 <k <n < m < N. Beegem oGozHate-
mus u=(z,y)ERY, r=(u1,...,un)ERY, y=(unt1,...,un)ERY_, . Kammas u3
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TIepeMeHHBIX T W § B CBOIO o¥epemsh pasbura ma wactw x=(x',z""), y = (v',y"),
/ " / 1

'=(uty. . uk), ' =(Ukt1, - Un), Y =(Unt1y oo s Untm), Y =(Untmaiy.. ., UN).

9 Sev = Sev(RY;) 06 111 -
epe3 Sey ev(R}) 0003HaUMM MOMITPOCTPAHCTBO TpocTpancTra IlIBapma oc

roBHBIX Gyrkmmit S(Ry ), cocToamee n3 HyHKIHI, TIETHBIX IO KaXKI0H U3 BECOBBIX

IepeMeHHBIX U; U Uj, t = 1,...,ku j=n+1,...,n+m. IIpocrpancrBo BecoBbIX

0606mennrrx GyHxImit SL, = Sgu(Rﬁ) OTIpeIesISIeTCS Ha OCHOBE BECOBOW JIMHE-

2 .
noit dopmer (f, ), = fo f(w) o(u)u” du. Hycts By, = B, = 3817 4o 6%1'

Uq

— omepatop Beccens u | = (I1;12) = (I3,17;15,15), vae 13, 1, 15, 15 — wmyms-
TUUHOEKCHI, COCTOAINNEe N3 LEeJbIX IIOJIO2KHUTEJIbHBbIX YHCeJI Pa3MEpPpHOCTH COO0T-
percrermo k, n — k, m, N — n — m. U nycrs (BD)! = (Bi/l,Dg,B;%D;%’, ,
rne By = (Buy,---,Bu), Den = (ﬁ,...,%), By = (Bupsrs---» Bun),
Dy = (Tiﬂ’”"%)'

Cwmemrarnaoe mpeobpazosanne Pypre—Beccens mo wacTu mepeMeHHBIX T 000-
saaunM (Fr)q[p](€) (cm. [1]). Oneparnust

F = Lg.arf = (F5'e [(1+167) 7% (Fe)[f]] (1)

COOTBETCTBYeT IeHCTBUTELHOMY UHCIy T, 0ToOpazKaeT S ., Ha S ., B3aHMHO Of-
HO3HAYHO. MBI TaKyKe PacCMOTPHUM TOJOOHBIE OTIEPAIINA HA KOOPJMHATHBIX OCAX.
Ecam peibpama och uj, To orepammio (1) obosmarmm wepes Iy u ;-

Hns mobdoro 1 < p < oo gepes L) obo3maumM 6aHAXOBO IPOCTPAHCTBO, CO-
cTodIee U3 M3MEPUMBIX GyHKIHH, /I KOTOPBIX fR+ |f(2)|Pz7dx < cc.

N

Mycts f € L. Muoxectsa bynkimit F' = Iy () or fy F' = Iy; u;r f, f € L} Oy-

JleM Ha3bIBaTh Kjaccamu JIuysunna-Kunpusuosa u o6o3uavars Ly, = L) (R}),
rY Y (R
Ly = Lulh(Ry), 1 <p < oo, —o0 <7 < +00.

QOyuxmus f npunagyexxur npocrpancrsy Cobosresa—Kunpusanosa W,7, ecrm
feLlL)u(BDYfelL), j=1,...,r. Yepes W, 0603HaIaeM IPOCTPAHCTBO
Cobonesa—Kunpusanosa, B koTopom npousBogHasa (BD)" meficTByeT TOJBKO 1O
YACTH TIEPEMEHHBIX T.

TeoPEMA 1. IIpu 1 < p < oo npocmpancmea Ly uw Ly ™7, Ly u Wyl =
Wap™7 (r=1,2,...), Ly u Wy coenadarom.

TyY T Y Y Tyeos Y _
Ly, =Ly, "7, Ly =W =Wey "7 (r=1,2,...),

xTp zp

LZ’P"’ = W;I;’Y (F = (Tlv . 'aTn)ari > O)

Crnucok Jaureparypsbl

[1] Jiazos JI. H. B-runepCuHIy/sApHBIE HHTEIPAJIBL U UX NPHUJIOXKEHUA K ONUCAHUIO DYHKIIU-
OHAJBHBIX KJACCOB KUNPUSAHOBA U K UHTEIDAJILHBIM YPABHEHUAM C B-IOTEHIUAJIBHBIMU
aapamu. Jluneux: JITITY, 2007.
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JInyBuij1eBo cBOMCTBO M KpaeBble 3a4aYy AJIsl IIOJIyJINHEHHbBIX
SJJIMOTUYECKUX YPaBHEHUI HA HEKOMMIAKTHBIX PUMAaHOBbBIX
MHOrooopa3usax
Masena E. A. (Boarorpasckwii rocyzapcTBeHnbIii yausepcuret, Poccrs)

B paboTe uccireayercss aCHMITOTHYECKOE TIOBEIEHNE PENIeHI 0Ty INHEeHBIX
/IANITAYIECKUAX YPaBHEHHUH BUIA

Lu = Au+ (b(z), Vu) = gi(z,u), (1)

rane b(z) € Ci (M), 0 < a <1, gi(x,0) =0, gi(z,u1) > gi(x,u2) > 0 mpm us > usz
Ha HEKOMITAKTHOM PUMaHOBOM MHOTOOGpaszmm M.

Bymem rooputh, 9T0 HA HEKOMITAKTHOM MHOT000pa3uu M BBITIOHEHO AUYEUA-
€60 €601ic60 I OTPAHWYEHHBIX pemenuii ypasuerms (1), ecom mo6oe Takoe
PEIeHre eCTh TOKIECTBEHHBIN HYJIb.

IIycts mpaBag wacTh ypasueHus (1) yaoBiaeTBopser CIeaylOIuM CTPYKTYD-
HBIM yCJIOBAAM:

1°. ( ,€) € Lip(M x R);

2°. g(x, —¢) = —9(1’7 £);

3°. (x,&) > g(x,&2) mna Beex &1 > &o;

4°. cymecrByer nocroganas A > 0 rakas, aro Ag(x,§) > & aua Beex € > 0.

CrpaBeyIUBO CJIYIONee yTBEPK ICHUE.

TEOPEMA 1. Ha noaHOM HEKOMNAKMHOM PUMAHOBOM MH02000pasuu M o0rn
ozpanusennolr pewenut ypasuenus (1) enpasediuso auysusLeso ceoticmeo mozda
U Moavko moezda, k02da 1a M 66imoAHEHO AUYBUNLEBO CEOTUCTMEO 0AH 02PAHUNEH-
HOT pewenull ypasnenus Au = u.

Ianee B pabore n3ydaerca B3aMMOCBA3b PA3PENIMMOCTU HEKOTOPBIX KPAEBbIX
7 BHEITHUX KPAEBbIX 3371349 (B 9acTHOCTH, 3amaun npuxme) ans ypasuenus (1).
Ilycts {Bi}ie, — mcuepnanme MHOT000pasus M C TJIAJKAMHU TDaHUIIAMHA
OBj. Bynem rosopurb, uro menpepbiBabe Orpanuntennabie Ha M Gynxmpm fi(z) n
f2(x) axeusanenmmun, (fi(x) ~ fo(x)), ecom ayist HekoTOporo ncuepranus { By }7o

lim If1(2) = fa(@)llcoan 5, = 0.

Ob6o3rasnM KJIacC dKBUBaCHTHBIX [ byHKmii epes [f]. Bymem roBopmts, @T0
va M paspewuma xpaesan 3adaua dasn ypasnenus (1) ¢ 2parusHbMU YCAOBUAMU
u3 Kkaacca [f], ecrm vHa M cymectByer pemenne u € [f] ypasuenus (1).

IIycts B C M — npom3BOJIbHOE CBSI3HOE KOMITAKTHOE TIOJIMHOYKECTBO C TJIA/I-
Koii rparmueii. Bynem rosoputs, aTo asa nenpepsiBroit Ha 0B Gynxkimmn ®(z) na
M \ B paspewuma enewnas xpaesas 3adava das ypasrernus (1) ¢ epanuunvmu
yeaosuamu us kaacca [f], ecomm ma M\ B cymecrByer pemenue u(x) ypaBHEHUS
(1) raxoe, aro u € [f] 4 ulyz = P|yp5-

Jlajiee BMECTO CTPYKTYPHBIX yCaoBUi 1—4 GymeM paccMaTpUBATh CJIEIYOIIre
yCJIOBHS:

1a°. g(z,€) € C7(G x R) gnst moboit nogobnactu G € M, 0 < v < 1;

2a°. g(z,0) = 0;

3a’. g(z,&1) > g(x, &) ana Beex &1 > &o.
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Torma cpaBenuBO Citeyroniee yTBepKICHUE.

TEOPEMA 2. ITycms na M\ B das ypasnenus (1) daa ar060t nocmoarnot na
OB ¢pynryuu ® paspewsuma 6HewnAAL KPAEEAA 30004 C 2PAHUNHILMY YCAOBUAMU
ug kaacca [f]. Tozda na M dan ypasuenus (1) paspewuma xpaesas 3adaua c
ZPAHUNHBLMUY YCAOBUAMYU U3 TO20 IHCE KAGCCA.

Pabora Bemmosmena mpm  mommepxkke P@®I,  rpamr  10-01-97004-
P__TIOBOJIZKBE _ a.

O6parHasi HeJIOKaJIbHAsA 33a/ia4a /IJisi yPaBHEHUsI C OIIEpaTOPOM
JlaBpeHTheBa-Buiaa3e B npsiMOyroJibHOIM oGJiacTu
Maprempsarosa H. B. (IloBosxkckas rocyqapCTBeHHAS] COMHATBHO-TYMAHUTADHAS
axagemmus, Poccrs)

Paccmorpum ypasuenume JlaBpentheBa-bBumanse ¢ memsBecTHOIl mpaBoil da-
CTBIO

fl(x)a y >0,
fg((l’), Yy <O7

B npsimoyrosbHoOit obmactu D = {(z,y) |0 <z <1, —a<y < B}, tne o, fub—
3a/TAHHbBIE TOJI0¥KUTETLHbIE TIOCTOSTHHbBIE, M TIOCTABAM CJIeYTONTYIO 3aady.

Lu = ugy + Signy - uyy —b2u:f($7y) = {

3a71a4A 1 (Ob6parnas 3amaga). Haiitm B obmactm D byskmmm u(z,y) n
f(z,y), ynoBnersopsiomue yCJIoBHsIM:

we C'(D)NC*(D-uUDy); fi(z) € C(0,1)NL[0,1], i=1,2; (1)

Lu= f(z,y), (z,y) € D-UDy; ()

uz(0,y) =ua(Ly), u(ly) =0, —a<y<p; ®3)

u(z,f) = (), uw@,—a)=19p), 0<z<l; (4)

uy(z,B) = x(x),  wy(zw,—a)=g(z), 0<z<1, (5)

rae o(z), ( ), x(x) m g( )—3aJ1aHHLIe moctaToaHo rnaakue Gyakmum, (1) =
$(1) =0, ¢'(0) = ¢'(1), ¥'(0) =¢'(1), Dy = DN {y >0}, D- = DN{y <0}

Cuenys [1], [2], nocraBienHas 3ajada UCCIIELYETCs CIEKTPAIBHBIM METOIOM.
Cayuait f1(z) = f2(z) = f(x) paccmorpen B [3].

OTmeTrM, 9TO K HEJOKAJILHOMY yCIOBHIO Ug(0,y) = ug(l,y), —a < y < 8,
BBIPAYKAIONEMY PABEHCTBO MOTOKOB 9Yepe3 cTOpoHbl & = 0 m & = 1 mpamMoyrossb-
HUKa D, CBOAWNTCS HEJIOKAJIhHOE MHTErPAJILHOE YCIIOBUE

1
/ u(z,y)dr = A =const, —a<y<pg. (6)
0

Ilocnenmee BO3HWKaET, HAIPHUMED, NPU WIYUEHUHW BOIPOCA 00 yCTOHYIMBO-
crm paspexennoii mmasmbel [4]. Kpaesag 3amada gya ypaBHEHHS mapabOmo-
runepboamuygeckoro tuia ¢ ycjaosueM (6) usydena B padore [2].

B manmoit pabore pemenune 3amaau (1)—(5) mocTpoeno B BUmE CyMM GHOPTO-
TOHAJIPHBIX PA/IOB. YCTAHOBJIEH KPUTEPHUN €TNHCTBEHHOCTH W JOKA3aHA yCTONIH-
BOCTH pelleHust 00parTHOil 3aa4u 110 rpanuynbiM Jannbiv (4) u (5).
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06 acuMNITOTNYECKOM YyCTOMNYMBOCTU perieHnii HeJnHeWHbIX
auddepeHaNbHBIX yPABHEHUI € 3al1a3/1bIBAIOIIUM apryMeHTOM
Marseesa H. U. (Hacruryr maremaruku um. C. JI. Co6onesa CO PAH,
Hogocubupck, Poccust)

Paccmarpusatorca cucrempr HesmHEHHBIX quddepeHnaJIbHbIX YPABHEHHI C
3ama3IbIBAIONIUM APTYMEHTOM

d
V@) = A@y(@) + BO)y(t — 1) + F(t,y(t),yt = 7)), t>7, (1)
rue A(t), B(t) — MaTpuupl ¢ HeUpPepHIBHBIMEU T -IIEPUOIUYECKUME SJIEMEHTaMH,
T. €.
A(t+T)=A(t), Bt+T)=B(t), T>r,
F(t,u,v) — BewecTBeHHO3HAYHAS HELPEPbIBHAS BEKTOP-DYHKIMS, YI10BJIETBODS-
omas ycaoBuio JIummmna mo u, opu 5ToM

HF(tvu’ U)H < QIHUHH—WI +q2HUH1+wz7 q1, g2, w1, w2 > 0.

Ucnonpzys wmomudunuposanubiit  ¢yuknmonan Jlaoymosa—Kpacosckoro,
npezyioXkeHHblii B [1], 1 onmpasich Ha pe3yabTaThl U3 pabor [2, 3|, MBI yka3bI-
BaeM JOCTATOYHBbIE YCJIOBUS ACHMIITOTIYIECKON YCTONYIMBOCTH HYJIEBOTO DEIIEHUS
cucrembl (1), momy9aeM ONEHKHM SKCIIOHEHIMAJILHOrO yOBIBAHW:A PENIEHUI CHCTe-
mbt (1) mpu ¢ — 00 U HaXOAUM OGJIACTH TIPUTSIKEHUSI.

Pabora sBbimosimena mnpu mnoxmepxkke PIIIT  “Hayumele u  HayuHo-
[earoruaeckue  Kaapbl uHHOBanmOHHONW Poccmn” ma 2009-2013 rr. (rocy-
mapcTBeHHble KOHTpakThl Nt (02.740.11.0429, Ne 16.740.11.0127), Poccwmiickoro
dbonna bynmamenTanbabix nccaenosanmii (mpoext Ne 10-01-00035) m Cubupckoro
oraesennsa Poccuiickoil akanemmn mayk (mpoext Ne 85, MexamcnunmHapHBLA
mpoekt Ne 107).
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Hemudenxo I. B., Mameeesa M. H. Ycrohtunsocrs pemenuit nuddepeHunaibHbIX ypas-

HeHUH C 3ama3JbIBAI0IIUM aPryMEHTOM U mepuosnvdeckumu kodddunuenrammn B TUHEHHBIX

wienax // Cub. mar. >kypH. 2007. T. 48, Ne 5. C. 1026-1041.
267

3



O6 oxHoll 3a/jadye ynpaBJIeHUA IPOTI>KEHHBIM 00bEKTOM B MOMEHT
Marsuiiayx A. P. (Hacraryr matemarunkn n mexaaukun YpO PAH, Poccus)

B pabBore paccmarpuBaercs 3ajada yIpaB/IeHUs TOYEYHBIM WJIM ITPOTIKEH-
HBIM 00BEKTOM C (PUKCUPOBAHHBIM IIEHTPOM B N-MEPHOM €BKJIMIOBOM MPOCTPAH-
CTBE TIpY HAJININN (PA30BHIX OrpAHIYEHUH. 3a/a49a PACCMATPUBAETCS HA KOHETHOM
IPOMEKYTKe BpeMeHn [to, ], rae xKeCTKUMA yCIOBUAMU ABJIAIOTCA MOMEHT CTaPTA
to U MOMEHT TIPUOBITHS HA, TIEJIEBOE MHOXKECTBO 1. /I[nHaMuKa 06beKTa, OMMCHIBAET-
ca mudepeHnmaIbHBIM ypaBHEHNEM 33aHHOT0 Brma. Ha cuctemy Hak/Ia pIBa-
0TCs CTAHJAPTHBIE yCJIOBUs, ODecrednBaonye CyneCTBOBaHue, eIMHCTBEHHOCTh
U TIPOJIOJIKUMOCTh DEIIEHNit Ha BECh IPOMEXKYTOK BpeMeHH [to, ¥]. Takske 3a1anbl
CTapTOBOE U IIE/IEBOE€ MHOXKECTBA U (pa30BOE OTPDAHWYEHUE C HEITYCTHIMU CEYEeHW-
amu. Jlomyckaercs HenpepblBHOE u3MeHeHue (Da30BOr0 OrPAHMYUEHUs C TEYEHUEM
BPEMEHU TI0 M3BECTHOMY HAM MTPOTPAMMHOMY 3aKOHY.

Heobxommmo mpuBecTH yripaB/isieMblii 00bEKT CBOUM IIEHTPOM U3 CTapPTOBOTO
MHOXKECTBA Ha IIeJIEBOE MHOXKECTBO B MOMEHT BPEMEHU TakKuM 00pazom, 4robbl
VIIPaBJISIEMbIl 00BEKT BO BPEMsi CBOETrO JIBUYKEHUsI HE BBIXOAWJI 32 Tpedessl (a-
30BOTO OTpAHUYEHUS.

ITomo6HbIe 3aJaur BOSHUKAIOT B TAKUX 00/1aCTAX, KAK JIOCTaBKA MACCaXKUPOB
¥ TPY30B IO PACIHCAHUIO W3 OJHOTO MECTAa B JIPYroe TPHU HAJUYNN U3BECTHBIX
TIOJBUZKHBIX MTPEITSITCTBHIA.

To4HO aHAMTUYECKY PENIUTD [TOCTABIECHHYIO 33/1a41y He IIPEeCTaBJIsAeTCs BO3-
MOYKHBIM, TIO9TOMY PENIaTh 33Ja9y TMPEIIaraeTcs MPUOJINKEHHO B IUCKPETHON
MOJZIE/I BPEMEHU TIyTeM BBIOOpa pasbmeHwus mHATEpBaJIa [to, Y] ¢ MOCTATOTHO Ma-
JIBIM 11aroM. Jljisi MOMEHTOB BpEMEHH U3 BBIOPAHHOIO pa3bHeHus II0C/Ie0BaTe b=
HO, HAYWHAs C MOMEHTa BPEMEHHU 1}, CTPOSITCS MHOYKECTBA YIIPABJISIEMOCTH BILJIOTH
10 MOMEHTa BpeMenu to. Eciiu nepeceyenue moceHero mocTpoeHHOr0 MHOXKECTBA
YIIPAB/ISEMOCTU U CTAPTOBOI'O MHOXKECTBA HeE IIyCTO, TO Bbibupaercs Jiobas TOYKa
W3 TIePECedeHns U CTPOUTCS YITPABJICHNE, ITPUBOJISIIEE CHCTEMY Ha, I1eJIEBOE MHOXKE-
crBo. ITocTpoenue yrpaB/ieHrs: OCYIECTBIAETCS MOCIEI0BATEIHHO TI0 NIaraM, Ha
KaKJIOM IlIare U3 yCJIOBUs IIPULIEIMBAHUS HA OYEPEIHOE MHOXKECTBO YIIPABIIAEMO-
CTH JI0 T€X TIOP, TIOKA B KAYECTBE Ie/Ih He OYIeT paCCMOTPEHO IIEJIEBOE MHOXKECTBO.
Taxkoit MeTos O3BO/IsIET IPUBECTH YIIPAB/IsIEMbI 00HEKT B MOMEHT BpeMeHu U B
3a/IAaHHYI0 OKPECTHOCTH LIEJIEBOIO MHOXKECTBA, HE3HAYUTE/bHO Hapymasd (ha3oBoe
OTpaHUYEHNE.

TIpencraBnennas cxeMa MOCTPOEHUS PA3PENIAIONIETO YIIPABIEHUS UCTIOIb3yeT
ABYX9TAIHBIA METO/, I/Ie, B OIJIMYKhe OT METOJA PelleHus 33aa9u OLTUMAJIbHOIO
yupasjeHust u3 [2], HeT HeO0OXOAUMOCTH B TIOCTPOEHUHU MOBO/IBIPSI.

B kagecTBe MILTIOCTPAIIMY TPUBOIATCA TPUMEDPDBI, PACCUUTAHHBIE ABYMS IUC-
JIEHHBIMU METOZAMU, METOO0M MHOIOYI'OJIbHUKOB M CETOYHBIM METOOM.

Pabora BeimosmHena mpm mnopgep:xkke rpanta PO®PIT Ne 10-01-96006-
p_ypan_a, mporpammsl IIpesumuyma PAH “Maremarnaeckasi Teopus yrpasiie-
uus” U nporpaMmmbl coBMmecTHbix uccienoBanuii YpO u CO PAH “Paspa6orka Bo-
IPOCOB W TEeOpuH, 00beJUHSIONIEN 33/1a9¥ PEKOHCTPYKIMK, OOPAIIEHNs U yIIPaB-
nesus’”.

Joxknam ocroBan Ha coBmecTHOR pabore ¢ A. [, MasneeBbim.
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O peleHMsIX JUIMNTUYIECKUX KPAEBbIX 3a/a4 B 06JIacTsAX ¢ HErJaaKoMH
rpaHureii
Marepocsn O. A.

3ydensr cBoiicTBa 060OIIEHHBIX PEIIEHUIT OCHOBHBIX KPAEBBIX 3334 [ 9JI-
JIMITHYIECKUX ypaBHeHuil u cucrem (cucrema ypasrenuii Crokca, cucrema reopun
YTIPYTOCTH) B 061aCTAX C HETIaAKoi rpamwneii. [Ipemnosaraercsa, ato 0600meH-
HBIE peneHus 06IaIal0T KOHETHBIM BECOBBIM MHTErpasom Jupuxse (SHE€prum) co
CTEII€eHHbIM BE€COM. B 3aBUCUMOCTHU OT II0OKa3aTeJsd CTEIIEeHHOI'O BeCa HOJ'Iy“IeH Kpu-
TepI/II‘/JI e,HI/IHCTBeHHOCTI/I, a TaKXKe HaI./JI/IeHI)I TOYHBIE (I)OpMyIIbI JJId BBIYUCJICHUA
Pa3sMepPHOCTH IPOCTPAHCTBA PENIEHHI OCHOBHBIX KPAaeBBIX 3aJad. Kpome TOro,
IIPUBEAEHDbL (I)OpMyIIbI ACHUMIITOTHUYIECKOI'O PA3J/I02KeHUA I/I3y‘{aeMbIX 3ada4.

O cyiecTBOBaHUM U €JUHCTBEHHOCTH CIIpaBa pelleHuii cucrem
anrebpo-aud pepeHnaNbHBIX yPAaBHEHUN ¢ pa3spbIBaMU
Marpocos U. B. (LlenTp mccnenoBaHust yCTOHIUBOCTH U HEJIMHEHHON THHAMAKH
npu UMAIII PAH, Poccus)

OOBEKTOM WCCIeIOBAHUS SIBJISETCS KOHETHOMEDHAS CHCTEMa ayrebpo-
muddepeHnuaabHbIX yPaBHEHUN ¢ pa3pbiBaMu B BeKTOpHOU dynkmmm f € R"
u upousBoaubix G € R™:

dx

i f(z,y,t), G(z,y,t) =0. (1)
PaccmaTpuBaerca 3a/1a9a anIpOKCUMAIIAN €€ PeIleHil IPY ITOMOIIY PeIleHi CH-
crembl muddepeHnmaIbHbIX yPaBHEHUH, ComepKalieil CTAONIN3UPyIoIee Ciarae-

moe —M G/||G|:
dx dy 1 (7 G oG 3G>

T A )

E = f(xayvt)7 E = L(:c,y,t) T a..) T ¢

JIEMMA 1. ITyemwv napa ¢gynxuyut x(t) € R, y(t) € R™ aeasemca pewe-

nuem cucmemve (1) u 6 oepanunennot obaacmu U C R ™! ydossemsopaem
CAEOYOUUM YCAOBUAM:

o dy
1°. dynxyua y(t) abcoaromuo nenpepoieha, o ee NPpoussodnas 52 ozpanude-

Ha;

2°. f oepanuvena, Henpepuira no nepemernnol y, udmepuma no Jebezy no
nepemenol t u B-nenpepuena 6 cmoicae A. @. Duaunnosa no nepemen-
"ol x5

3°. dan ecex smauenuti nepemenmns (v,y,t) € U dynryua G oepanue-
HA U ABAAEMCA CMPO20 KYCOWHO-2A60K0T N0 NepeMerHoll Y, NPUYEM 6
Kaotcdot mouxe (x*,y*,2") € U coomseememeytousee KycouHo-sunetinoe
npubausicenve Ly« y+ 1+)(y) obpamumo;
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4°. eHe HeKomopozo Koneuwnozo obsedunenua zunepnoseprrocmets S Gynx-
9G (z.y.t)
yua G nenpepvisno duddepenyupyema no T, y u t, npuvem — g5 "= u

0G(z,y,t)
5 oepanumenvr 6 U\S.

Tozda cywecmeyem M > 0 maxas, wmo pewenue z(t), y(t) cucmemv, (1)
ABAAEMCA PeuweHuem cucmemv, JudPeperyuarvins ypasuenut (2) 6 cmwicae
A. @. Quaunnosa.

JIEMMA 2. ITyemw 6 obaacmu U cucmema (1) ydosaemsopaem ycaosusam 2-
4 aemmus 1. Tozda daa pewenua T, y cucmemdvs (2) ¢ HAUAADHOLMY YCAOCUAMU

z(to) = o, y(to) = yo:

e aubo npu t* < to+ W

6N OANHEHO npede/wnoe coomHrowerue

lim p((m(t)7 y(t),1),0U) =0, (3)

t—t*

e aubo Vit > to—i—w, napa x(t), y(t) asasemca pewenuem cucmemoe
(1).

OJHOKpaTHOE WJIH, B BBIPOXKIEHHBIX C/IydadX, MHOMOKDATHOE IPUMEHEHHE
geMM 1 u 2 mo3BoJIgeT JATh aJrOPUTM HCCJIEIOBAHUA CBOICTB CyIIeCTBOBAHHUA U
IPABOCTOPOHHE eAMHCTBEHHOCTH pemrennst cucteMst (1) myrem npumvenenust x (2)
teopun A. ®@. Oumnnmnosa nud depeHnnaabHbIX YPABHEHMI ¢ Pa3PhIBHON MPaBOii
9aCThIO.

STOT TOAXO, TAK¥Ke MO3BOJINJI TOCTPONUTH METOJ, IHUCIEHHOTO PEIeHns CUCTeM
PacCMaTPUBAEMOT0O BUAA U JaTh YCIOBUL €r0 CXOAUMOCTH K UCTHHHOMY DELIECHHUIO.
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O BJIO>keHHU cenaparpuc guddeomopdPusMoB, 3aJaHHBIX HA
3aMKHYTBIX MHOTrooGpa3usax

Mensenes B. C. (HUU IIpuknaaroii MATEMATHKH U KHOEDHETHKH MDA

Huxeroponckom rocynusepcurere um. H. H. Jlo6auesckoro, Poccus)

B moksaze paccMaTpuMBAIOTCS WHBAPWAHTHI TOMOJOTMYECKU COMPSKEHHBIX
muddeomopdu3MOB HA N-MEPHBIX TJIAJKUX 3aMKHYTBIX MHOroobpasusax M",
n > 2.

Tomeomopdusm f: M"™ — M"™, ycraHaB/IMBAIOIINIA TOMOJOTUIECKYIO COMPSI-
JKEHHOCTD 1 deomopdu3MoB, 0TOOPaXKAET CEemapaTPUChl B CEHAPATPUCHI CEIIJIO-
BBIX [IEPUOJIMYECKUX TOYEK coupsraeMbix auddeomopdusmos na M". ITosromy
TOMOJIOrMUeCKIe MHBAPUAHTHL TOIPYYKEHNsT k-MepHBIX cemaparpuc w®, k > 0, B
MHOTr00Opasue M™ ABAAIOTCH TaK¥Ke TOTOJIOTNIECKUMHA UHBAPUAHTAMU COIPSKEH-
voix guddeomopdusmMos.
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B noxiaze maeTcst ommcaHue IOTDYKeHUH k-MEePHBIX CeIapaTpUC CeIJIOBBIX
HEePUOIUYIECKUX TOYEK Oe3 reTepOoKJIMHUYEeCKUX nepecevenuii quddeomopdusmon
¥ TJIAJKVUX TOTOKOB Ha M-MEPHOM MHOroobpasmu M ™.

Pabora BbImosiHeHa B paMkax rpanrta IIpasuresncrsa Poccuiickoit @enepa-
yu [Tl TOCYJAPCTBEHHOM MO/IEPKKYU HAY YHBIX UCCIEA0BAHUN, IPOBOIUMBIX IO,
PYKOBOJICTBOM BEAYINMX YI€HBIX B POCCUICKUX 00PA30BATEIBHBIX YUPEIKICHUSIX
BBICIIErO MPO¢heCCOHAIHFHOTO 00pa3oBanwms, morosop 11.G34.31.0039.

OTobparkeHusi Heppu OKPY>KHOCTHU U MOTOKU Heppu HA 3aMKHYTBIX
HOBEPXHOCTHAX
Meunsenes T. B. (Huxkeropoackuii rocyzapcrsenssiii yaupepcurer, Poccns)

Coob1ieHue mocB4mEeHo0 TOMOJIOrMIecKoil Kiaccudukanuy nmoTokos deppu Ha
JBYMEPHOM TOPE€ W 3aMKHYTOW HEOPUEHTHPYEMON MOBEPXHOCTH POJA 3, a TaK¥kKe
TOIOJIOTUYIECKON KJIaCCU(pUKAIMY UHIYIUPYEMBIX UMHU OTOOPaKEHUN Ha 3aMKHY-
TOU TPAHCBEPCAJIH.

TloTokm Yeppu SIBASIOTCS YACTHBIM CJIYYAEM APAIMOHAJIBHBIX TOTOKOB, TO
€CTh TOTOKOB 0€3 TMepUOINIECKNX TPAECKTOPUIl U CEMapaTpPUCHBIX CBs3eil. /luma-
MUK apalMOHAIbHBIX IOTOKOB HaubOJIee TECHO CBdA3aHA C TOIOJIOrUell HecyIei
moBepxHOCTH. OCOOBII MHTEPEC MPEeICTABJISIOT MTOTOKY, WMEIOINe HEeTPUBUAJIb-
HBIE PEKYPPEHTHbIE TPAEKTOPUHU, TO €CTh HE3AMKHY ThIE TPACKTOPUN TIPUHA,JIEKA-
e COOCTBEHHOMY IIPEJIeIbHOMY MHOXKeCTBY. TOII0/I0ru4ecKoe 3aMblKAHUE HETPU-
BUAJBHON PEKYPPEHTHON TPACKTOPUM HA3BIBAETCS KBA3UMUHUMAJILHBIM MHOYKE-
CTBOM.

Apanponansueii C' norok f! Hazeiaercs morokom Yeppu, eciiu BBIIIOJIHS-
I0TCSL CJIEYIOIHE YCIOBUSI:

1°. f' mMeer 0fHO KBa3UMHHUMAIbLHOE MHOXKeCTBO ((f);

2°. COCTOSHUS PABHOBECHS f' SBISAIOTCH TOIOJOTMYCCKUME Y3/IAME M CEI-
JIAMY C 9eTHIPbMs CEerapaTpPUCAMU,

3°. B KaxKIbIi y3e/T TIOTOKA ft WAET POBHO TIO OJHON cerrapaTpuce Ceia;

4°. ecim cejyIo MMeeT Cernaparpucy, WYy B y3es, ono sgexur B Q(f°).

TTocTpoenme Tomostornteckoit KaacCupUKAIMI ITOTOKOB Ueppyu OCHOBHIBAET-
ca Ha umee Ilyankape m3ydennsi 0TOOpaXKeHUsT TTOCTIEI0BAHNS, WHLYTMPOBAHHOTO
HOTOKOM Ha HErOMOTOIIHOM HYJ/IIO 3aMKHYTOI TpaHCBEpCAJu, KOTOPOE Mbl HA3bI-
BaeM oTobpakenmem Yeppu. B ciyuae moToka Ha 3aMKHYTOH HEOPHEHTHPYEMOIT
TIOBEPXHOCTH POa 3 9TO 0TOOpaKEHNe NMeeT TaK Ha3bIiBaeMblil buinm. Bragaste pe-
[IAETCH 331394 TOIOJIOTMIECKON KIaCCuMUKAINN TAKIX 0TOOPAXKEHN C IIOMOIIHIO
TIOJTHOM CHCTE€MBI TOTIOJIOTHYECKUX WHBAPUAHTOB, HA3BIBAEMBIX CXeMoi. BBoguTcs
TMOHsTHE a0CTPAKTHON JOMYCTUMOM CX€MBI M TIOKA3bIBAETCs, UTO I KaxkK A0 ab-
CTPAKTHOU JOILyCTHMOM CXEMBI CyIIeCTByeT 0TOOparkeHne leppu OKPYKHOCTH CO
cxeMoit, m30MOpGHON TAHHOIA.

Tlorygennsie pe3y1bTaThl MPUMEHSIOTCS /TSI TIOCTPOEHMST CXeMBI TIOTOKa Uep-
p¥ Ha IBYMEPHOM TOPE U 3aMKHYTON HeopueHTHpyeMoil moBepxuoctu poaa 3. Ilo-
Ka3bIBAETCS, ITO CXEMa MTOTOKA deppu TaKKe SABJSETCS IMOJTHBIM TOTOJIOTHIECKUM
WHBAPUAHTOM U JITsl KAXKI0M aOCTPAKTHOM JOMYCTUMOM CXeMbI CYIEeCTBYET ITOTOK
Yeppu ¢ JJaHHON CXEMOiA.
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3agava Jupuxiie Jis HArpy>KE€HHOI'0 yPaBHEHUsI CMEIIaHHOI'o
SJIANITUKO-TUNEePGOINYECKOro TUuma
Mesmmesa E. I1. (Iloposxckas rocysapCTBeHHAs COLHUAIDHO-IYMAHUTADHATL
axagemmust, Poccrs)

PaCCMOTpI/IM HarpyzKe€HHO€ YpaBHEHUE CMENMIaHHOTO THUIIa
Lu = signy - Uge + uyy + C(y)u(z,0) =0 (1)

B npamoyrosnbroit obmactu D = {(z,y) : 0<z <1, —a <y < B}, o, B —3anan-
HBIE TOJI0KUTeNbHBIEe TocTostHEBIe, C(y) = Ci(y) mpm y > 0, C(y) = Ca(y) nupn
y <0, Ci(y), i = 1,2, — 3amannble HENPEPHIBAbBIE (DYHKITAH.

3a7a4A 1 (3amaga dupuxne). Haiitn B o6mactu D dbynkmuo u(z,y), yao-
BJIETBOPHAIONLYIO CJIE/LYIOIUM yCIOBUAM:

u(z,y) € C* (E)QCQ (DL UD_); (2)
Lu(z,y) =0, (x,y) € DLUD_; (3)
u(0,y) =u(l,y) =0, —a<y<p (4)
u(z, B) = (), u(z,—a)=v¢(), 0<z<1, (5)

rae ¢(x), ¥(x) —3amaHHBle HOCTAaTOUHO Taankue dyHkimu, npu rom ¢(0) =
p(1) =4(0) =¢(1) =0, Dy = DN{y >0}, D- =DN{y <0}

OrmeTuM, 9TO KpaeBble 3aJadM I HArPyKeHHbIX auddepeHnuaabHbIX
ypaBHEHMH B 9aCTHBIX [IPOM3BOJHBIX paccMoTpensl B paborax [1, 2]. B paGore
[2] mnst marpyskeHHOro MapaGOJIO-rUIEPGOINIECKOTO YPABHEHUSI B HIPSIMOYTOJIb-
HOl o6actu D m3yvyeHa HAYAIbHO-TPAHUYHASA 337a9a, B KOTOPOH METOIOM CITIeK-
TpaJbHBIX Pa3soxkenuil [3] ycranossien kpurepuil e IMHCTBEHHOCTH PEIIEHHs STOM
321291 ¥ CaMO PEIIeHNe IOCTPOEHO B BUIE CYMMBI PsiIa II0 COOCTBEHHBIM (DyHK-
IUSIM COOTBETCTBYIOIIEH OTHOMEDPHON 3a7aun HA COOCTBEHHBbIE 3HAYCHWUS.

B pabGore [4], cnenys [2, 3], ycranoBien kpurepuil € JMHCTBEHHOCTH PELIEHUST
samaqm (2)—(5), n penreHune 3a/1a9M TIPEACTABIICHO B Buje psafa Oypbe, CX0aIuMOCThb
KOTOPOTO B K1acce GpyHKmmii (2) yCTaHOBIEHA, KOTJIA (¢ ABJISETCS MOJI0KATETBHBIM
PanmOHAJIbHbIM YIHUCJIOM.

B nmammoii pa6ore cymecTBoBanme pemenns 3amaau (2)—(5) mokaszaHo B Ciry-
Yae, KOra @ dBJAdeTCAd KBaJAPAaTUYIHBbIM HUPPAITUOHATIbHBIM YHCJIOM.
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VYcioBust perysisipusyeMocTy U HYJIb-IIPOCTPAHCTBA MHTErPaIbHBIX
ornepaTopos
Mennxec JI. 1. (FOxno-Ypasbckuii rocygapcrsennptii yuusepcuret, Poccus)

IIycts X u'Y — GanaxoBsl mpocTpaHcTBa, A : X — Y — jnuHeiHbIH HeIPePHIB-
HBIH MHHEKTHBHELL omepaTop. OTobpaskerne A~ Ha3BIBAGTCH PEry/IsSpPH3yeMBIM,
eciu cyuwecrByer cemeiicrBo orobpaxenuii Rs : Y — X, 6 € (0,00) rakoe, aro
g jioboro © € X

lim sup ||Rsy—z| =0. (1)
020 |y—Az| <5
B sToM caaywae cemeiicTBo {Rs} Ha3bIBAETCT PETYIAPU3ATOPOM JIJIsi OTOOparKe-
must AL

Bo muorux cayuasix (B wactaoctn, ecniu X = C(a,b)) perynsipusyemocTtsb
A™! SKBHBaJIEHTHA CyIECTBOBAHHIO TIOC/IEIOBATELHOCTH JIHHEHHBIX HEIPepPHIB-
HBIX onepaTopoB R, : Y — X Takoii, aro mra mgoboro x € X

lim R Az =z. (2)
n—o0
Dro o3mauaer, 4To OGPATHLII omepaTop AT HOTOYEYHO HPHOIMKACTCH Herpe-
PBIBHBIMH.

Paccmorpum kmaccudeckyo curyamuio X = Cf(a,b), Y = La(a,b). Bynem
Ipeanosararb, 4To oneparop A HenpepbiBeH Takxke u B Lo-HOpME. DTO BBIIOJI-
HEHO, HATIPUMED, JIJIT MHTErPATHHBIX OMEPATOPOB C HEMPEPBIBHBIMA siapaMu. 1o-
raa A MoxkeT GBITh MPOIOJIZKEH IO HENPEPBIBHOCTH HA PA3IMYHBIE MOAIIPOCTPAH-
crea M, C(a,b) C M C La(a,b). B [1] 6bu10 nokasano, 4o eciu 1pojosnkenue A
Ha HexkoTopoe Ly(a,b), p > 2 nMeer KoHeuHOMEpHOE sapo, T0 A~ ' perymspusy-
eMo, B [2] moKazaHo, 4TO perymapu3yeMocTh AT credyer m3 KOHEYHOMEPHOCTH
anpa upoposnkenus A Ha Loo(a,b).

Cremyiomue 1Ba yTBEPKIEHAS MOKA3BIBAIOT, ITO BCE ITU YCJIOBUS PA3IAIHBL.

TeEOPEMA 1. ITyemv p1 > p2 > 2. Toeda cywecmsyem uHseKmMUu6-
ol unmezpasonol onepamop u3 C(a,b) 6 La(a,b) ¢ eaadxkum cummem-
pudHbM AIPOM, Tipodoadicenue Komopozo na Lp,(a,b) umeem 6eckonenmnomep-
HOE HYAL-POCMPAHCME0, 4 npodossicenue na Ly, (a,b) — Koneunomeproe Hyab-
nPOCMPAHCMNEQ.

TEOPEMA 2. Cyuwecmeyem UHGEKMUGHOT UHMEZPAAbHOl 0nepamop us3
C(a,b) 6 La(a,b) ¢ 2aa0kum cummempuunvim AdPom, NPodossicernue Komopozo
na arboe Ly(a,b), p > 2 umeem 6eCKOHEVHOMEPHOE HYAL-NPOCTNPAHCIMEO, G HG
Loo(a,b) — xoneunomeproe nyab-npocmpancmeo.

Nmeer mMecTo TakkKe CIeayionias TeOpeMa.

TEOPEMA 3. Ilyecmov (pn) — cmpozo 603pacmarnuai nocaedosamesbHocms

seujecmeennulr wuces > 2 u lim p, = p. Tozda cywecmseyem uHsEKMUSHBLT Uk~
n—oo

mezparvhbil onepamop ¢ 2aa0kuM cummempuinsim adpom u3 C(a,b) 6 La(a,b)
maxot, 4mo HYAL-NPOCMPAHCMBO €20 NPodosdicenus na atoboe Ly, (a,b) Geckonew-
HOMEPHO, G HYAbL-TPOCTRPAGHCE0 €20 npodosdicenus na Ly(a,b) xonewnomepno.
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CuMBoJIMYecKUil MOAX0/] K CBOMCTBAM CpPeJHUX 3HAYEHUU perieHuin
JIMHENHbIX yPaBHEHUN B YACTHBIX HPOU3BOIHBIX
Memxos B. 3.
Honosuakuu NU. I1. (Bopore:kckuii rocygapcTBeHHBIH yHUBEpCHTET, Poccnst)

Yepes f O6ynem ob6o3nauarh npeobpazosanue Pypne pacnpenenenus f € S.
Hasee, mycts Dj = —i%, j=1,...,n, D= (D1,...,D,), P(w) — omHOpOOHBIil
J
MHOTOYIEH IOPSIKA M.

OnprEAENEHUE 1. Pacrnpeneserne ® ¢ KOMIaKTHBIM HOCUTEIEM HA30BEM CO-
npoBoxkpaomuM (conposoxaenuem) ypasaerne P(D)u = 0 (omeparop P(D)),
ecau st oboro pemenuns u(z) € C*°(R™) umeer mecro pasencrso (P, u) = 0.

TEOPEMA 1. Jasa mozo, wmobw pacnpedeaernue P ¢ Komnaxmmom Hocume-
AEM ABAANOCH CONPosodicIenuem onepamopa P(D) 6 R™, neobxrodumo u docma-
MOUHO, YM00bL CYULECTNBOBAAL HEKOTNODAA UEAAA GHAAUTMUYECKAA PYHKUUA J(w),
A Komopoti

d(w) = P(w)d(w), weC".

TEOPEMA 2. [Tyemv P(D) = Pi(D)P2(D), 20e P1 u P cymv 0dnopodnvie
mHozouwseno. ITycmo ®; — pacnpedenenue ¢ KOMNAKMHOLM HOCUMEAEM, COTPO-
soorcdarouee onepamop Pi(D), | = 1,2. Pacnpedeaerue ® = O x Dy asanemca
conpososicdarousum onepamop P(D) = P1(D)Px(D).

Ha ocmoBanum Teopemst 2 moka3amHo, 910 B ciydae Jud¢epeHnaaibHoro ome-
paTopa ¢ MOCTOSHHBIMU KO3(d dhunmenTamMu ¢ AByMs HE3ABUCUMbBIMU [T€PEMEHHBIMU
C OZJHOPO/HBIM CUMBOJIOM T€OPEMBbL O CPEHEM 3HAYEHUU MOr'YT ObITh II0JLy Y€Hbl U3
npocTeimux (HhOpMyJI CpeIHero AJisl OIepaTOPOB IIePBOr0 MOPSIIKA U [JIs JITHITH-
YeCKHUX OMEePATOPOB BTOPOro mopszaka. B gwacraoctu, Takomy omeparopy P (D) co-
OTBETCTBYET HEKOTOPOE CeMEHCTBO Pa3HOCTHBIX oneparopos P, (B obwewm ciydae
TTOCTPOEHHBIX HA KOMILJIEKCHBIX TOYKAX W ¢ KOMIUIEKCHBIME KO3(hdunmentammn),
TaKMX, YTO UMEET MECTO MMILIMKAIIUAS

PD)u=0= Pou=0, uecC™R").

ABy4dnennsie nquddepeHnalbHble ONEPATOPhI C CUHTYJISIPHBIM
K03 (d PpuimeHToM
Mupsoes K. A. (MI'Y um. M. B. Jlomonocosa, Poccust)
IIxamukos A. A. (MI'Y um. M. B. Jlomonocosa, Poccusi)

Hamra me1s — mocTpoenme CreKTpaabHONU TeOPUN OMEPATOPOB, TIOPOXK JEHHBIX

B L2(a,b) xBasunud epennmaabHbIMy BRIDAKEHATMA BH/IA

fy] == (=1)"y® + oMy, (1)
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rme o) — npoussonmas mopsaka k or perymsproii Gyuxiuu o. 3xecs k < n, a
o € L,.(a,b), ecru k < n, uw o € L}, (a,b), ecmu k = n. Unrepsan (a,b) C R
MOKeT OBITH KaK KOHEYHBIM, TaK M OECKOHETHBIM.

OnpemeanM KBaIpATHYI0 MATPHUILy PA3MEPHOCTH 2n, [IOJIArast

fige1 =1, j=1,2,...,2n—1;
f2n—l+j—k,j = (71)n+jcjzgy .7 = 17277k+1’
fona = (=1)"0%8nk;
fi; =0 P BCEX OCTAJIbHBIX 3HAYEHUHAX T U 7,
re Cf; — OunomuaJibabe K03 durmenTsl, a O,k — cuMBoil Kponekepa. Onpee-
JUM KBasurpoussosubie y) (j=0,1,...,2n — 1) byaxkuun y (=: y[o]) U KBa3u-
muddepennmanbHOe BIpaXkenue T(y|, mopox aéHHbIe MaTpuneil F', mosaras

Y= (ylly, j=01,....2n -2k,
y[2n7k;+j] . (y[?'n,flfk«l»j])/

7f2n—k+,j+1y[j]a j:0a17"'ak71?

[27171])/

Tyl = (v — fongs1y™ = fonay.

JIEMMA 1. Ksasudufpeperyuanrvroe swpasicenue (—1)"7[y| cosnadaem c
swupasicenuem (1), 2de o™ osnanaem npoussodnyio nopadra k ynkyuu o 6 cmoic-
A€ meopuy pacnpedenerud.

OTa JeMMa MMO3BOJeT BKJIOYUTh MUHUMAJbHBIA omeparop Lo, TOpPOXIEH-
Hbii BepazkerueM (1) B mpocrpancrse L2(a,b), B K1acC onepaTopos, IOPOKIEH-
HBIX CAMMETPUYIECKUMU KBa3uIud HepeHnaJIbHbIMA BHIPAKEHUIMU C JIOKAJIHLHO
cyMMupyeMbiMu KO3 duimeHTaMu, U TAKUM 00pPa30M IT03BOJISET CTPOUTH CIIEK-
TPajbHYyIO Teopuio oneparopa L.

B mokmaze peas noiaéT 06 ycnosusx Ha o(x), x € (0, +00), KoTOpBIE 06ectTe-
YUBAIOT CIy9au HEMAKCHMAJIbHOCTU (B 9aCTHOCTH, MUHAMAJIBHOCTH) Me(EKTHBIX
uaucesn oueparopa Lo. Kpome Toro, Mpl moka)kem, 4ro B Ciy4ae, KOrja O sBJisd-
eTCsl CTYNIeHYIaToN (pyHKIMeH ¢ 6eCKOHEYHBIM YNCIOM CKAdIKOB, TO YCJIOBHE MaK-
CUMAJIBHOCTU Ae(EKTHBIX YUCEJ ITOTO OePaTOPa PABHOCUILHO YCJIOBUIO MAKCH-
MaJIbHOCTH Je(dEKTHBIX YUCEJI OlIEPATOPA, [IOPOXK IEHHOIO HEKOTOPOI 0060011EHHO
AKOGIMeBOi MATpPHUIEil B MPOCTpAHCTBE 2.

Pabora Bbmosena npu duHamcoBOi moggep:xkke POOU, rpant Ne 11-01-
00790, u AnasmTudeckoil BeIOMCTBEHHOIN NeseBoil nporpammbl MunoOpHayKH,
upoext Nt 2.1.1/10641.

O HeKOTOpPBIX KpaeBbIX 3aJa4 JJis OJHOro KJjiacca
oneparopHo-aud P epeHInaIbHbIX ypaBHEHUA BICOKOTO MOPSIKa
Mup3soes C. C. (Bakuucknit rocygapcrBeHnsiii yausepcnret, Azepbaiimxan)
Asmes A. P. (Bakunckuii rocyzapcrsennpiii yausepcuret, Azepbaiisxan)

MHuorwue 3ama4un T€OpUH YIPYTOCTH, B YACTHOCTH 3329 JJIs MHOTOCJIONHBIX
b
TeJl, MOJEJIUPYIOTCH YPABHEHUSAMU C KyCOYHO-IIOCTOSTHHBIMU KO3ddunuentamu B
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cermapabebHOM I'uIb06epTOBOM npocTpaHcTBe H. PaccmarprBaemsril HuxkeceLy-
OIMii KJIacC OmepaTopHO-Aud dbepeHITnaIbHbIX YPABHEHUI ABISETCS TAKOBBIM:

(=Dl (1) + p (0) A (t) + 0 A ()u® P (1) = f (1), € Ry =[0,+00),

(1)

tae f(t) € Lo (Ry; H), u(t) € W (Ry; H) (em[1]), p(t) =, ecrm 0 < ¢t < T

np(t) =0, ecm T <t < 400, npudeM «, 3 — NOI0KHUTEIbHBIE, BOODIIE TO-

BOp#A, HE PaBHBIE APYT JAPYTY 9HCIA, & A — CAaMOCONPAKEHHBIN MOTOKUTETHHO-

ompesesiennbrii omeparop, A; (t), j = 1, 2k — numeiirbre, Boobme TOBOPs, HEOTPa-
HUYEHHBIE OIEPATOPBI, OIIPEIEJIeHHbIE TIOYTH IPH Beex ¢ € R .

B paGore [2] HaMu GBLIN YCTAHOBJIEHBL JOCTATOUHBIE YCIOBUS CyIIECTBOBAHUS

U eUHCTBEHHOCTH pelrenns u3 mpocTpanctsa Wir (Ry; H) nna ypasuenus (1) B

cnyqae, KOrga K HeMy B Hyne IIpuCoeIMHEHDbI CaMOCOIIPDAZKEHHDbIE KDa€BbIe€ yCJ’IOBI/IHZ
w9 (0)=0,i=0, k-1, (2)

rIe s; —HaTypajbHble dnciia Takme, 910 0 < 5o < 81 < oo < Sp—1 < 2k—1wm
sits;£2k—1,0<1i,j<2k— 1.

Cury4ail HECAMOCOLPSXKEHHBIX KpaeBbIX ycsioBuil (s; + s; = 2k — 1) rtpeGy-
€T OTJEJHHOIO CBOEr0 HE3aBUCHMOTO PACCMOTpeHHs. B 9TOM cilyuae BO3HHKAIOT,
HAIPUMepP, TAKHUe BOIIPOCHI:

1°. He MOXKeT i CIIyYnTHCS, 9TO I HEKOTOPBIX 3HaUeHui «, 3, T 3amaqa
(—=1)" w9 (8) + p (t) A% u (t) = 0,
u(0)=0,i=0, k—1,

HMeeT HeHyJIeBoe pelreHne u3 mpocrpamctsa Wit (Ry; H)?
2°. TIpu KaKWX yCJIOBUSIX Ha oTlepaTopHbie kodbdmmentn A; (t), j = 1, 2k
zamaga (1), (2) wmmeer e WHCTBEHHOE pEIIEHWE U3 TPOCTPAHCTBA
W3* (Ry; H)?
B mamnOM mOKJIaje Mbl OrBedaeM Ha 3ty Boupocbl. OTmerum, 410 COOTBET-
CTBYIOIIZE T€OPEMBI U3 paboThI [2] 0CTAIOTCS B CHJjle U B CJIydae HeCAMOCOIIPSIKEeH-
HBIX KPAeBBIX yCJIOBUI.
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Tonosiornyeckasi kiaccudpukanus audpeomopPu3MoB IIOBEPXHOCTEN
C KOHEYHBIM YHCJIOM MOZYJIEI TOIIOJIOTMYECKOH CONPS>KEHHOCTH
Murpsaxosa T. M. (Huxeropoackwnii rocyjapcTBeHHbIH yHUBEpcHTeT, Poccnst)

Jlok/1a/1 MOCBAIIEH SKCIIO3UINU Pe3YIbTATOB, MOy YeHHbIX coBmecTHO ¢ O. B.
ITounnkoii.
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Paccmarpusaercsa kiace ¥ muddeomopduzmos, 3a1aHHBIX HA IIAIKOM IBY-
MEPHOM 3aMKHYTOM OPUEHTHPYeMOM MHOrooGpasuu M? 1 y/10B1eTBOPSIIOIUX CJ1e-
IYIOIINM yCI0BUsIM: HeOJTy K qaromiee MHOKeCTBO nuddeomopdusma f € ¥ cocro-
WUT 73 KOHEYHOIO YNCJIa TUIepOOIMYeCKrX HEINOABMKHBIX TOUEK, & ero Oiry»Kia-
101[ee MHOXKECTBO JIOIYCKAET KOHEYHOEe YUCJIO TeTEPOKJIMHUYECKUX OpPOUT TpaHC-
BEPCAJILHOTO TIEPECEUEHMST T KACAHMUS.

Hapymenne ycioBust TpaHCBEPCAIBHOCTH TeTEPOKIMHUIECKUX II€PECeICHH
ceyTOBBIX TOYeK mauddeomopdusma NPUBOIAT K ero HerpybocTu u, Kak o0HADPY-
xun 2K. ITame B 1978 romy, K BOBHUKHOBEHUIO HEIPEPBIBHBIX TOIIOJIOTMYECKUX
WHBApPUAHTOB — MOJYJell TOIMOJIOTUIECKOil compsikenHoctr. OTCOna, B 9aCTHO-
cru, caegyer, uro B moboit Cl-oxpecrrocru muddeomopdusMa H0BEPXHOCTH, 10-
MYCKAIOIEr0 TeTEePOKINHUIECKOE KACAHME, MMEETCSI KOHTHHYYM TOIOJIOTHIECKY
HeCOIpsKeHHBbIX aud deomopdu3Mos.

B pa6ore B. qu Memny, C. 2K. Barn Crpuna 1987 roga naiimenbl Heo0XouMble 1
OCTATOYHBIE YCJIOBUS TOTO, YTO MHOXKECTBO KJIACCOB TOITOJIOTMIECKOMN COMPSIAKEH-
HOCTH B OKpecTHOCTH Jnddeomopdr3ma OpueHTHpyeMOil TOBEPXHOCTH OIUCHIBA-
€TCs C IOMOUIBIO KOHEYTHOTO YHCJ/IA IAPaMeTPOB (MOmy/Iell TONOIOrnIecKoi comps-
senHoctn). Vcmosnb3yst o1u pesysbrartsl, B paborax [1] u [2] mua quddeomopdus-
MOB 13 Kj1acca V HalileH OTHBII TOIOJIOTHYeCKII HHBAPUAHT, KOTODBIU gBJIAeTCA
KOMOMHaIMel reoMerpuiecKux WHBAPUAHTOB, BBEJEHHbIX B padorax X. Bonar-
1, B. 3. I'puneca u P. Jlamxkesena mis kimaccudpukanmm auddeomopdusMon
Mopca—Cwmeiisa, a Takke aHAJUTHIECKUX WHBAPUAHTOB (MOJIyJI€eil), CBA3AHHBIX C
reTEPOKJIMHUYECKUMU OJIHOCTOPOHHUMYU KacaHUAMU. B [10K/1a/ie pemaercs TaKkKe
npobJieMa peasn3anuy KaykI0rT0 KJIACCa TOMOJOTHYECKN COMPSIKEHHBIX auddeo-
Mopdu3moB, npuHagTexamux .

Pabora moggepxana rpanrom 11-01-00730 PO, rpanTtoM mpaBUTEIHCTBA
Poccwuiickoit @eneparmm 11.G34.31.0039 u rpanTom PemepaabHOl 1eJI€BOI TTPO-
rpammbt “Haygrbie n HaydHO-IeIarOrnaecKme KaIpbl HHHOBAMOHHON Poccun” Ha

2009-2013 roxsr (mpoexr HK-13I1-13).
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OpuomepHble oneparopsl IlIpenuHrepa ¢ noTeHHUaIAMU-MEPAMU
Muxaiinen B. A. (Hucruryr Maremaruku HAH Ykpautsr)
Monm6ora B. H. (Hucturyr Maremarnkn HAH Yxpawnnbr)

B rmmsbeprosom npocrpanctse L (R) mccieayoTes CoeKTpaIbHbIe CBOMCTBA
oneparopos [pemunarepa S(q'), y KOTOPBIX HOTEHIMA ABJIAETCH BEIECTBEHHOMN
Mepoit Pamona:

S(¢Nu == —u" + ¢ (2)u, q € BVioc(R).
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Crenys [1], onpenenum oneparopst S(q') Kak xeasu-muddepeHiuaIbHbIe:
S(@)u=lglul,  lgfu] == —(u' = qu)’ —q(u — qu) — ¢*u,
Dom(S(q")) == {u € L*(R) |u, u” — qu € ACi0(R), l4[u] € L*(R)}.

TrEOPEMA 1. ITycms C € Ry u

/] da(z) > —C (1)

oan 6cex unmepsanos J sewecmeennot ocu R daunw |J| < 1. Tozda onepamop
S(q") noayozpanumer cnusy u camoconpagicen.

TeOPEMA 2. Mycmo swnoaneno ycaosue (1). Onepamop S(q’) umeem duc-
Kpemubll cnexmp mozda u MoAbKo moz2da, K206
a+h
lim inf dq(z) = +o0 Vh € (0,1].

la]—oco Jg

Teopemst 1 u 2 0606maioT pe3yabrars. [2] Ha cirydail CHHIYJISPHBIX IOTEHIU-
aJIoB.

Ecrm mepa ¢’ sastercst 1-nepmommaeckoii, To cnektp omeparopa S(q') abco-
JIIOTHO HeNpepBhIBeH U HMeeT 30HHYIO CTPYKTYPY: CIeKTpajbHBIE 30HBI IepeMe-
JKAIOTCS CO CHEKTPAIHHBIME JaKyHaMd, cM. [3] u ccpuiku tam. OGo3HaduM 1epes
{7¢’ () }nen mOCIEDOBATEIHBHOCTD JJIHH €0 CIEKTPAILHBIX JAKyH. [1JIs JIOKaJIBHO
abCOJIIOTHO HEeNPEPBLIBHBIX Mep Yy (1) — 0. IIpuMepsl aBTOPOB MOKA3BIBAIOT, UTO
CymeCTBYIOT Heprogmaeckue pacnpedeaenus ¢ € H; ¢(R) mpu Beex € > 0, mus
KOTOPBIX {7y (n)}nen ¢ 1°°.

TrEOPEMA 3. ITycmo nomenyuan ¢ asasemca 1-nepuoduneckoti mepoti. To-
2da nocaedosamenvrocmo {Yy (n) Inen € 1%, u npu n > 8w/m eepra oyerka

nm

6w
Vg () < 24w + 2 (—) ,
2de w — noanas sapuayus mepv. ¢ na ompesxe [0,1].

Crnucok Jureparypsbl

[1] Caswyx A., Ilxasuxoe A. Omneparoper lllrypMma—JluyBuisisi ¢ NOTEHIUAJAMU-
pacnpenesnenusmu // Tp. Mock. Mar. O6-sa. 2003. T. 64. C. 159-219.

[2] Brinck I. Self-adjointness and spectra of Sturm-Liouville operators // Math. Scand.
1959. V. 7. Ne 1. P. 219-239.

[3] Mikhailets V., Molyboga V. One-dimensional Schriédinger operators with singular
periodic potentials // Methods Funct. Anal. Topology. 2008. V. 14. Ne 2. P. 184-200.

3asavya ONTUMAJIbLHOIO IPAHNYHOrO YIIPABJIEHUs CUJION HA OJHOM
KOHIIe CTPYHBI TIpY 3a/IaHHOM pe>KMMe CUJIbI Ha JIpYyTOM KOHIIE
Moumncees E. . (MI'Y mm. M. B. Jlomonocosa, Poccust)
Xonomeesa A. A. (MI'Y um. M. B. Jlomonocosa, Poccusi)

B mammoit paboTe B TepMmMHAX 0GOGIIEHHOTO pemrenws u3 Kaacca Wi OmHO-
MEPpHOTO BOJTHOBOTO yPaBHEHMS
Ut (2, ) — Uz (2,1) =0 B 0Bnactu Qr = [0 <z < x [0 <t <T] (1)
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pelreHa 3a/7aa 00 OTHICKAHUYU B IBHOM QHAJIMTUYIECKOM BH/I€ OITUMAJIHHOIO Ipa-
HUYHOTO yIIPABJIEHUs KOJIEOAHUSIMU CTPYHBI JJIUHGL [. Y IpaBIeHNne TPOU3BOIUTCS
Ha OJHOM KOHIIE CTPYHBI

uﬁ?(07t) = iu‘(t)7 (2)
a Ha JIeBOM KOHIIE 33JaH HEKOTOPBII M3BECTHBIN 3apaHee PeXKUM AeUCTBUSA CUJIBL
ua(l,t) = v(t). (3)

3amaua COCTOMT B HAXOXKJEHWW TAKOro ympasienus L(t), koropoe 3a Bpemsa T’
IE€PEeBOAXT CTPYHY U3 3a/[aHHOI'0 HAYAJIbHOI'0 COCTOAHUHA

u(z,0) = p(@), wi(z,0) = P(x) (4)
B 3aJaHHOE (l)I/IHa.J'H)Hoe COCTOdAHUE
u(e, T) = 3(x), ue(e, T) = P(x), (5)

YYIUTHIBAad 3a/aHHBIA I'PDAHWYIHBIN PEeXKUM.
B pabore mokazana

TEOPEMA 1. O6o6wennoe us Wi (Qr) pewenue navaivro-xpaesoti 3a0awu
dan ypasnenua (1) ¢ navarvromy yeaosuamu (4) u epanvunvmu (2), (3) cywe-
cmeyem u eQUHCMEEHRHO.

IIpu sTOM B MOKa3aTe/CTBE YKa3aH CIIOCO0 TOCTPOEHUS PEITeHMUSI.

Hamnee npu 60sIbIINX TPOMEXKYTKAX BpeMeHu 1 mpoBeeHa ONTUMHU3AIIN, T. €.
cpean BCeX TPaHUYHBIX praBﬂeHHfI BI)I6I/Ipa,eTCH TO, KOTOpO€ JOCTaBJIA€T MHUHU-
MyM HHTETPaJLy

inf /O (u(t))? dt. (6)

Pabora Bemmosmena mpm mnomgepxkke OIII  <«Hayumsie wu  mHaydHo-
negarorudyeckue KaJpbl uHHOBamoHHON Poccums> wma 2009-2013 romer u
IPOrpaMMbl MOAEPXKKH Beaymux HayaHbrx mkos (mpoext HITT-7332.2010.9).

Crnucok JuTeparypsbl

[1] Havun B. A., Moucees E. M. OnrtuMusanusi TPaHUYHBIX yHPABJIEHUH KOJIeGaHUAMH
crpyHsl // Yenexu mar. Hayk. 2005. T. 60. Bein. 6. C. 89-114.

[2] Moucees E. I1., Xonomeesa A. A. OnTuManabHOE TPAHUYHOE YIIPABJIEHNE CMELIEHUEM KO-
ne6aHNAME CTPYHBI C HOJIOKAJIBHBIM yCJIOBHEM HEYETHOCTH mepsoro pona // Huddepen,.
ypaBuenusi. 2010. T. 46, Ne 11. C. 1623-1630.

[3] Xosmomeesa A. A. OnTrManbHOE FPAHUYIHOE YyIIPABJIEHAE KOJIeGAHUAMI CTPYHBI C MOZEJIIb-
HBIMH HEJIOKAJIbHBIMH YCJIOBHSMHU OZHOrO U3 AByX Tunos // Hoknansl Axamemun Hayk.
2011. T. 437, Ne 2. C. 164-167.

[4] Moucees E. 1., Xonomeesa A. A. OnTuManbHOe IPAHMYHOE yIPABJIEHHE CMELIEHUEM HA
OIHOM KOHIIe CTPYHBI IIPpU 3aJaHHOH ynpyroil cuie Ha apyrom koHue // Tpyast WMucru-
TyTa MaTeMaTUKd U Mexanuku. 2011. T. 17, Ne 2.

Popmyiia cpeJHero 3Ha4YEeHUs JJIsi TADMOHUYECKOH (DYHKIIUU B
KpPYrOBOM CEKTOpe

Moucees T. E. (MI'Y um. M. B. Jlomonocosa, Poccust)

B pabore ucuepnbiBaromum 06pa3oM penreH BOIPOC O CIIPaBeIIMBOCTH (Hhop-
MyJIbl CPEJHEro 3Ha4eHus [l FaPMOHUYECKON B KPyroBoM cekTope (yHKIWU,
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y,ILOBJ'IeTBOpHIOLU;efI Ha HpﬂMOJ’II/IHGfIHbIX y49acCTKaX I'PaHUNBI 9TOTO0 CEKTOpa OIHO-
POOHBIM KPaeBbIM YCJIOBHAM THUIIA HAKJIOHHOW HPOM3BOIHON ¢ KOdd dburmenramu
k n K, cooTBeTCTBeHHO. /l0Ka3aHa CrpaBeJIMBOCTE 3TOM (HOpMysas ipu k + Kk > 0
¥ yCTaHOBJIEHO, uT0 1pH k+k < 0 3Ta dopmysia, BooOIIe rOBOPsI, HE CIIPABEJINBA.
Hoxazannaa ¢opmyna o6obmaer panee nmosryaernsie dhopmynst [1-3].

Bsenem ob6mactn

D=[{r0}:0<r<ro 0<60<a, rme a € (0,2m)], (1)

IIPEICTABJISIONLYI0 OO0 KPyroBoit ceKTop. 37eCh 7o — PaIMyC OKPYYKHOCTH, (g
— ¢dukcupoBannoe [wucyao. B cextope 3amana rapmonmveckas bynkmusa u(r, 6),
r.e.BD

Au =0, (2)
A Ha I'PaHUIIE CEKTOPA 3adaHbl 'DAHUYHbIE yCJIOBUA

10u ou
- —-— =0 0<r< 3
ro0 Vo, T ®)
10u ou
A =0, 0 . 4
roo Tor|,_, "~ srer @)

B pa6ore ana rapmonwteckoii dynkmum u(r, 0) (byHKus mpaxsr mHempe-
poiBHO mubdepennupyema B obnacru D u menpepoisHa B 3aMblkanuu obsactu D)
ycraHoBIeHa (HOPMYJIa CPETHEro 3HAYCHUST

ag
u(r, 6) df u©0,0) T(3-H)CG-%)
20, 30, = p [670) F (1 _ 91+90) . (5)
o [sin (25)] 7 [eos (25)] 7 ’
2a0 2ap
B dopmyne (5) 6y = arctgk, 61 = arctgk, moITOMY MHTErpasbl B JIEBOH 9acTH
cymecrsyior; ['(z) — ramva-dynkuua itnepa.

TEOPEMA 1. @opmyasa cpednezo snauenus (5) cnpasedsusa npu k + k > 0
u, 8oobuse 2060pa, necnpasedausa npu k + Kk < 0.

TTompo6Hoe MOKA3aTEeHCTBO (GOPMYITHI CPEIHEro 3HAUeHus (5) COMEPKUTCS B
[5].

Pa6ora Beimosmena npu moagepxkke PO®I, rpant 10-01-00411, mporpaMmbt
TO/IEPKKA BEyIUX HaydHbXx mkos (mpoext HIT-3514.2010.1) u ®IIIT «Ha-
y49HBIE U HayYHO-TIeJAarOTHdecKue KaJapbl MHHOBarmoHHOU Poccums ma 2009-2013
OB
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KpaeBas 3agada qisa auddepeHnuasbHO-0IIEpaTOPHOTO ypaBHEHUs B
YaCTHBIX MPOU3BOJAHBIX BTOPOTrO MOPsA/Ka C epeMeHHbIMU objacTsaMu
ornpeeleHus
Moresuy A. B. (Benopyccxuii I'ocynapcrsennpiii Yuusepcurer, Besrapycn)

B rmis6epToBoM npocTpancTse H €O CKaJIsIPHBIM IIPOU3BEIEHUEM (-, -) ¥ HOP-
MOii | - | mOKa3aHa KOPPEKTHAs BE3/E PA3PENIMMOCTh KpaeBoii 3amaam tuma ['ypca

3

‘C(t)u = Utytp (t) T Uty (t) T Uty tg (t) + A(t)u(t) = f(t)7 T= H}()? Ti[v (1)

i=1

hu = uly=0 = @1(ta,t3), lau = uli,—0 = p2(t1,t3), l3u = ulym=0 = @3(t1,1t2),

2)
rae A(t) — caMOCOTPSIKEHHBIE TIOJIOKUTEIHHBIE HEOTPAHUYIEHHBIE 0NepaTophl B H
¢ zaBucsiuumu ot ¢ = {t1,t2,t3} obnacrsamu onpenesnenust D(A(t)). Huxaumu
najgekcamyu GyHKIMU U 0003HAYMEHBI €e JaCTHBIE IPOU3BOAHBIE 0 YKA3AHHBIM B
UHJIEKCe TIePEMEHHBIM.

OnpPEAEJEHUE 1. CuibHbIM pemennem Kpaesoii 3amauu (1), (2) massiBaercsa
peienye onepaTopHoro ypasuenus Lu = &, ® € F, rne L — cuiibHOe 3aMbIKAHIE
oneparopa L = {L(t), l1, l2, I3} : E D D(L) — F B npousseneHun IPOCTPAHCTB
E x F ¢ nuotroit obmacteio onpenenerus D(L) = {u € H = Lo(T,H) : L(t)u €

TEOPEMA 1. ITycmo npu ecex t € T obpammusie onepamopo. A7 (t) % onepa-
mopam A(t) cuavro nenpepwenv no t 6 H u umerom 6 H maxue ozparusermnve
cuavnvie npoussodnwe OAL(t)/0t;, O*A (t)/0t:0t; = O AL(t)/0t;0t:, wmo
6BINONHAIOMNCA HEPAEEHCTEA

|((8A71(t)/8t1)g7g)‘ < cl(Ail(t)g7g) vy € H? a2 Oa 1= ﬁv
(DA (1)/0t:)g, )| < calgl(A (W), ) Vg, he H, 3>c2>0, i=T3
|((9° A7 (1) /0ti0t;)g,v)| < eslgl(A™ ()v,v) Vg,v € H, c5>0,

20ei < j,i,7 = 1,3. Toada daa xascdozo ® = {f, 1, 02,03} € F = Hx Hy x Ha X
H3 cuavnoe pewenue u € E xpaesot 3adavwu (1), (2) cywecmsyem, edurncmeento
u ydosaemesopaem anpuophotl oyerke

3
3
fulfe < o[ 15O a4 Y loildy ), = S expl(Ti-+ Tat To maxter, 3.
=1

3mech 6aHAXOBO TPOCTPAHCTBO CHUJIBHBIX pernieHuit F — 3aMbIKAHUE MHO-
3 T; rT;
xectea D(L) mo mopme |ullp = (sup,er Siicti<iJo” Jo [$lue)® +
Slug [* + |A1/2(t)u|2] dtidtj)1/27 ruIb0EPTOBBI  TPOCTPAHCTBA H; — 3aMbIKa-
mug cnenoB bynkmmit v w3 D(L) npm ¢; = 0 mo 3pMHUTOBBIM HOPMaM
T; T /2 ., ..

lully = (fo 7 Jo & [lue, | + 5lue, > + \Al/Q(t)uF] |ti:0 dtrdt;) / v F£ Gy 1 F K,
k <j7 i7j’k:m'

Hoxkmnam ocaoBan Ha coBmecTHO pabore ¢ . E. JIomoBLEeBbIM.
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KoMmMmyTupyoniue o6bIKHOBEHHbIE au¢ pepeHnalbHbIE OllepaTOPhI
paHra 4, orBedarolnue 3JUIAIITUYECKON KPUBOI: pa3pelnMocTb
cucreMmbl ypaBHeHuii KpuueBepa—HoBukoBa medopmanuu napamMmeTpoB
Tropuna
Moxos O. U. (MockoBcknii rocymapcTBeHnblii yausepcuret, Poccust)

JIoKa3bIBAETCs, YTO TOCTPOEHNE KOMMYTHDPYIOUNX OOBIKHOBEHHBIX mudde-
PEHIIHMAJIBHBIX OI€PATOPOB, KOTOPHIM OTBEYAET HUETHIPEXMEpPHOe DPACC/IOeHre 00-
mux cOOCTBEHHBIX (DYHKIMI HAJ SJUIMITAYECKON KPUBOH, T. €. KOMMYTUDY IOIIUX
OOBIKHOBEHHBIX muddepeHnmaabHbIX 0repaTopoB panra 4 n poma 1, cBoguTcs K
PeIIeHnio CUCTeM ajrebpamdeckux ypasHeHuil. COOTBETCTBYIOIIE KOMMYTHPYIO-
mue obpikHOBeHHbIe mubdepennmaibabie oneparopsl (mopankos 8 u 12) ceasa-
HBI JIJTUITUYECKUM COOTHOIIEHNEM M 3aBUCAT OT TPEX MPOM3BOJIBHBIX (DYHKITHIT
(byHKIIMOHANBHBIX TADAMETPOB).

Obwas kiraccuduranms CKaJagPHbIX OObIKHOBEHHBIX KOMMYTUPYOmuX aud-
depermamBbHBIX onepaTopoB pawra | > 1 6buta monydena Kpuuesepoum [1]. Kpu-
uesepoM un HoBukoeiM [2] 3ama4a IOCTpOEHUST KOMMYTHPYIOIIMX OOBIKHOBEH-
vbix auddepeHnuaibHbIX OepaTopoB panra [ > 1 cBeleHa K PElIeHuI0 CucTe-
MBI ypaBHeHHUI nedopmanny mapaMeTpoB TIOpuHA PACCIOeHUsT 00IMMX COOCTBEH-
HBIX (DYHKIMIA HA COOTBETCTBYIOMEN anrebpanieckoit Kpusoii. [lotHOCTHIO crcTe-
ma Kpudesepa—HoBukosa nedopmaruu rnmapamerpos TopuHa pemieHa Jiidg paHra
2, poma 1 (Kpuuesep, HoBukos, cm. [2]) u mnst pamra 3, poma 1 (Moxos, [3],
[4]). HemaBro Muponosbim [5], [6] mocTpoens! stBHBIE IPUMEPBI KOMMY TUPY IOTITAX
00bIKHOBEHHBIX Aud depeHImaibHbIX OIepaTOpOB paHra 2 u pojoB 2 u 4.

B mammoit paboTe moKa3aHa Pa3penmMOCTh CUCTEMBI ypaBHenwuit Kpidaesepa—
HosukoBa nedopmarnuu nmapamerpos TiopuHa g panra 4 m poma 1 M TakKuM
00pa3oM perreHa 3a/a49a HOCTPOEHUS KOMMYTHDPYIOIINX OObIKHOBEHHBIX mudde-
PEHINAJIBLHBIX OIIepaTopoB panra 4 u pona 1.

TEOPEMA 1. Iloanoe pewenue cucmemo. ypasnernuti Kpuwesepa—Hosurosa
dehopmayuu napamempos Tropuna daa panza 4 u poda 1 u nocmpoenue Kom-
MYMUPYOUUT 00DKHOBEHHUET JUPPEPEHUUAALHBLT ONEPAMOPOS PaHaa 4 u poda 1
CBO0ANCA K PEUEHUIO CUCTILEM GA2eOPAUNECKUT YPAEHEHUT.

Ora pabora BbinogHEHA TpU o aepxkke PODU, rpant 11-01-00197.
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282

2

[4

5

[6



3amada KiaccudUKanuy Hapbl ¢-KOMMYTUPYIOMINX HUJIBIIOTEHTHBIX
orepaTopos
Myparos M. A. (TaBpuyecknii HAITMOHAIBHBII YHUBEPCHTET, YKDanHA)

IIycts (A, B) — mapa JWHEHHBIX OMEpaTOpOB, AEHCTBYIOIUX B KOHETHOMED-
HOM BEKTODHOM IIPOCTPAHCTBe V, CBI3aHHBIX COOTHOIIEHUIMU:

A*=B%=AB* =0,
AB =qBA, q#0.

JloKa3bIBAETCsT, 9TOT 33/1a9a KJIACCH(DUKAIIIMHU TAKON Tapbl OMEPATOPOB, C TOUHO-
CTBIO JI0 IIPeoOpa30BaHus MOI00MS, ABIIETCH ,,JUKON ) T. €. CONEPKUT B KAIECTBE
o33 Ma49M 3312y KJIACCH(MUKAIMY TTaphl OTIepaTOPOB 6e3 CBsI3eil.

IIpocrpancTBa XepMaH/iepa U UX MMPUJIOXKEHUS
Mypau A. A. (Hacruryr maremarnkun HAH Ykpaunnpr, Ykpaunna)

Jlok1a ] IOCBAIEH IUIb0epPTOBBIM IpocTpaHcTBaM XepMmaraepa H" := B ,,
napamMerpu30BaHHBIM BECOBOH (yHKUmEH [, 1 UX PA3/IMIHBIM IPUIOKEHUAM . DTH
npocTpaHcTBa BBeaeHb JI. Xepmanmepom B R™ u B eBkmmoBsrx obiactsax. IIpo-
crpancteo H*(R™) cocromr m3 Becex pacmpemenenmit w € S'(R™) rakux, «ro
uwFw e Ly(R™), rae Fw — upeobpasosanune Oypbe pacupeseseHus w.

BBenennr mpocTpanCTBa XepMaHAepa Ha TJIAIKOM 3aMKHYTOM (KOMITAKTHOM )
MHOTO00DA3UH Tl IMUPOKOrO KJIACCa PATUAJIBHBIX (DYHKITMOHAIBHBIX ITAPAMET-
pos . Tlocaenue gBIAIOTCH HPABMIBHO MeHAOmMuUMECH Ha +00 (o M. Kapama-
Ta) byskmmavmm aprymenta |£|. [[aHbl pa3auaHbIE SKBUBAJEHTHBIE OMPEIE/TCHUST
9THUX MPOCTPAHCTB, MOJOOHBIE T€M, KOTOPBIE UCIIOIB3YIOTCH /IS COGOIEBCKHIX TPO-
CTPAHCTB.

VKa3aHbl MPUIOKEHNs TPOCTPAHCTB XE€PMAHIEPa K SJIIUIITHIECKAM OIepa-
TOpaAM HA MHOrOOOPa3WAX W JUIMNTHIECKUM KDPAEBBIM 33/1a9aM, & TAKXKe K HC-
CJIEZIOBAHWIO PA3MYIHBIX THUIIOB CXOJUMOCTHU PSIOB TTO0 COOCTBEHHBIM (DYHKIIUAM
CaMOCOTIPSIZKEHHBIX 3JIIANITAYECKAX OTIEPATOPOB.

Onmcanbl Bce THABGEPTOBBI IPOCTPAHCTBA, WHTEPIIOJIAIIMOHHBIE ISl TTPOH3-
BOJIBHOI MApBI COOOJIEBCKUX THIH0EPTOBBIX TPOCTPAHCTE. /[0Ka3aHO, 9TO TIEPBHIE
00pa3yIoT KJIacC M30TPOHBIX TPOCTPAHCTB XepManaepa HY | rne mapamerp p aB-
ssiercst RO-menstomedicst Ha +00 (o B. ABakymosuuy) dynkuumeii aprymenta [€]|.

PesynbraTsl mosyuensr coBmectHo ¢ B. A. Muxaiimenom [1-2].
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Theory Adv. Appl. 2009. V. 191. P. 447-470 (arXiv:0904.0372).
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HauanbHo-KpaeBble 3a/1a4u JJisi BOJIJHOBOT'O yPABHEHUs C
BBIPOXKJAIOIIEHCSI CKOPOCTHIO U JIOKAJIU30BAHHBIMUA HAYAJIbHBIMU
JAHHBIMU
Hasatiknackwii B. E. (Hactaryt npobmem mexannkn PAH, Mocksa)

M3ygaerca acumnToTuka npu (4 — ( pemreHnst BBIPOXK JAIOIIETOCH BOJTHOBOTO
ypaBHEHUSA

Tr—r0o0

Nee — (E()Ne)e =0 [c(x) >0, c(x) == coo >0, c(x)~+z upuz— 0]
(1)
mst dyukmuu n(x,t) B obmactu {(x,t) : =z € (0,00), t € [0,T]} ¢ HauaNBHBIMU
yCJI0BUAMU
n(z,0) = V((x—1)/pn), mn(z,0)=0 [V € C5°(R) — semecrsennas dynxmms|.
(2)
Bamaua (1), (2) Bo3HmMKaeT UpHM JIWHEAPHU3ANWU OJHOMEDHBIX yDABHEHHN MeJ-
KO BOZBI M XOPOUIO M3BECTHA B T. H. Teopunm Hakarta (cMm., Hamp., [1]). Ee
CTpOTad TOCTAHOBKA MOAPA3YyMEBAET 33aHWE OOJACTH OIIPEJIE/ICHHs BBIPAKE-
mag { = —9,c?(x)dy. Ilycrs Lg, § € [0,7) — CaMOCONPSKEHHBIA OIIEPaTop B
L?((0, 00)), momyuaembrii u3 £ 3aMBIKAHUEM CO MHOKECTBA

{u e C7((0,00)) : u(z) =0, z>r=r(u);
u(z) =alnz + b(z), b € C*(]0,00)), acosf + b(0)sinf = 0}.

Coorsercryiouyio 3agady obosnauum gepes (1lg), (2). Jns 6 = 0 acumuroruku
ee peureHnit ObLIN HCCIeROBAHbL B [2] (cM. Takxke Gubsmorpaduio B [2]).

B manpreiimiem must ynpomenus dbopmyn camraem, aro ¢(1) = 1.

Ha xpusoit A = Ay UA_, Ax = {(z,p) € R*: 2 > 0, p = ¢ ' ()}, BBe-
JIEM KOODJMHATY T = £ foz c(€)™! d¢. Ha npocrpamcrse 680 (A) rmaakux upu 7 # 0
KYCOYHO-TIaAKUX (DYHKITHIA OT T ¢ KOMIAKTHBIM HOCHUTEIEM OIPEIe/ UM KAHOHUHE-
ckuii oneparop Maciaosa KR ¢ Maibiv napamerpom h, jiist 9ero OKpPOeM KPHUBYIO
A pBymst «Heocobbimuy kapramu {7 > 1} ¢ koopauHaroit T u «0coboi» KapToii
{|7] < 2} ¢ koopmuHaroii p, 3aduKCUpyeM B 3TUX KapTax apryMeHTHI IKOOHAHOB,
nosarag arg 0x /Ot = 0, arg Op/0T = wupu 7 > 0 m arg Oz /0T = arg Op/O7 = —7
mpu 7 < 0, u Bocmosb3yeMmcst cTaHmapTHeME dopmynamu u3 [3] (mpm sToM B
0c060i1 KapTe BO3HUKAIOT HECOOCTBEHHBIE MHTErPAJIBL II0 IIEPEMEHHOI P, KOTOphIe
KOPPEKTHO OIPEIEIEHbl KAK OCIH/ITMPYIONIAE WHTEIPAJIBI).

Hycts po € CF° (A) — byskuma ¢ HOCHTENEM B OKPECTHOCTH TOYUKH T) =
fol c(€)7t d¢, Takas uaro po(r) = 1 B6mm3m 70. dus t € R momomxmm 4(7) =
wo(t—t)mpu 7> 0m
cosf + (2y —mi —2Inh)sind
cos@ + (2y+ mi —2Inh)sinf vo

TIe Y — mocTosiHHas Jitepa, mpu 7 < 0.

pi(7) = (r=1),

TEOPEMA 1. Acumnmomura pewenua sadavwu Kowu (1g), (2) ¢ mownocmoro
do O(u) 6 omseuaroweti onepamopy Lo snepzemuneckoti nopme daemesa $opmyrot

n(z, p) = 2Re/

©

o0

(Vo) +uVi(p)) (e (KR i) @)+
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+ KR o] (@) do,

2de Vi(y) = ¢ (V' ()y2/2, a V(p) = = [ eV (y)dy — npeobpasosanue
Dypve pynryuu V(y).

Ora pabora BbinosiHena upu noggepkke PODU, rpanrst 08-01-00726-a u 11-
01-00973-a. Asrop npusnaresen C. FO. JTo6poxoToBy 3a 1moJsie3HbIe 00CY K IACHUS.

Cnucok JauTeparypsbl

[1] Heaunoscwuti E. H. I'maponunaMuxa soad myHamu. Huskuuit Hosropon: MII® PAH,
1996.

[2] Dobrokhotov S. Yu., Nazaikinskii V. E., Tirozzi B. // Russ. J. Math. Phys. 2010. V. 17.
Ne 4. P. 428-444.

[3] Macaos B. II., ®edoprox M. B. KBasuknaccudeckoe npubJnKeHne 1151 y PABHEHUH KBaH-
ToBo# Mexanuku. M.: Hayka, 1976.

KpaesBble 3a/1a4u [ijisi HArPY>KE€HHBIX yPABHEHUI CMELIAHHOIO THUIIA
Haxymes A. M.
Haxymesa B. A. (Yapexzgenne Poccuiickoli akagemun Hayk
Hay4no-ncciae0BaTesbCKuii HHCTHTYT MPUKJIAJHOH MaTEMATHKH U
asromarusanuun KBHI[ PAH, Hampauk, Poccns)

Jloka/1 COCTOUT U3 CIIeYIONUX Pa3IesIoB:

1°. KpaeBble 3aa4M JJ151 HATPYKEHHOTO yPaBHEHMUsI CMENTAHHOTO MapaboJIo-
rutepOOJIMIeCKOT0 THIIA C BHIPOXK JEHIEM IIOPsIKa B 00IaCTH €ro THIlep-
6OIMIHOCTH.
2°. BHyTpeHHeKpaeBble 3aJaud JJisi YPABHEHWH CMENaHHOTO MapaboJio-
rutepOoJIMIeCKOr0 TUIA € XaPAKTEPUCTUIECKON M HeXapaKTepHUCTHIe-
CKOIl Harpy3KaMu U WX CB#A3b C 3amadeil Tpukomu.
3°. Kpaemast 3amava [jisi HArPY’KEHHOTO YDABHEHWSI  CMENIAHHOTO
SJTAIITUKO-TUIIEPOOIMYIECKOr0 THUIIA C BBIPOXKIEHHEM IODPSIKa B
00/1aCTH €ro runepoOTUIHOCTH.
4°. Kpaesble 337291 [IJIs YPABHEHUS TETJIOMPOBOIHOCTH CMETTAHHOTO THTIA.
5°. 3amaga rpaHUYIHOTO YTIPABJIEHUS sl YPABHEHUSA C BHIPOXKICHUEM TI0-
PAIKa II0 BPEMEHHOI epeMeHHOM!.
6°. Kpaesble 33/1a9 ¢ HEJIOKAJIHHBIM ycaoBueM DpaHkJis.
AKIeHT nesraeTcsi Ha OCHOBHBIE Pe3yJIbTaThl TPEX IMOCJEIHUX DPA3/IesIoB, IIe
HCCIIeYIOTCS KPaeBble 3aJa9 JJIs C/IeAYIOIUX HAarPYKEHHBIX yPaBHEHUH BTOPOro
TOPSIIKA CMENIAHHOTO THIIA!

2
aH(z)+2H(—=) o 0%u(z)
DOy u(:p + ”7) - or2 y > 07 (1)
_ . ?
D(Q)y H<y)u(:c +in) = [H(y) + C2H(_y)]au7(:), (2)

rIe D(‘fy — omepaTop apo6roro auddepennnpoBanns Puvana—/Inysuiuis nopsaka

w € € {0,1,a} c masanom B Touke 0 [1]; 0 < o = const < 1; H(t) — dbyukuus

Xesucaiing; =,y € R, z = x 4 iy — xommiekcuaa nepemennas; u(z) = u(x,y).
Vpasnuenue (1) paccmarpupaerca B obmact Q = QT U Q™ U AgBo, e

O ={z:0<z<m 0<y<T}k
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Q ={z: —z<y<z+T, -T/2<2z2<0}
AoBo ={(0,y) : 0<y<T}.

B paszene 5 33129 rpaHUTHOTO YIIPABJICHWs JIsl ypaBHEHUd (2) CTaBATCA B
cMemaHHoi mpaMoyrombHON obmact QT UQ™ U {iy: 0 <y < T}, e

Q" ={z:0<2<r0<y<T}
Q" ={z:1l<2<0;,0<y<T},

a B pasmene 6 B ciydae 3agaan Opankis aia ypasHenus (2) — B obiacra, orpa-
HAYEHHOHN OTpe3KaMu

BoBj = {iy : —T <y < T = const > 0},
ByB,={z : y=-T; 0<a <p=cT},
ByA,={z: 2=p; -T <y <0},
ApAr ={z=z : p<ax<r}
ArBr={z:2=r 0<y<T}
B,By={z:y=T,0<z<r}

ITpoGieme onTUMMU3ALUYE IPAHUYHOIO yIIPABJIEHUS KOJIEOAHUSMU CTPYHBI IIOCBSI-
men nukst Gynnamentanbabix ucciaenosanmii B. A. Winbuna u E. 1. Mouceesa [2].
3amaua PpaHKIIS OTHOCHTCSI K KJIACCY KPAaeBbIX 3aJad CO CMEINEHWEM Ha IacTh
rpanuns! [3]. OcuoBHble pe3ynbraTs! pasnena 4 onyGiukoBanbl B pabore [4].

Crnucok JuTeparypsbl

[1] Hazywesa B. A. Juddepennuanbable ypaBHEHUsI MATEMATHIECKUX MOZEJEH HEJIOKATb-
HBIX npoueccos. M.: Hayka, 2006. 174 c.

[2] HAavun B. A., Moucees E. M. Onrumusauusi rPaHHYHBIX yIPABJIEHUI KOJIE€OGAHUAMU
crpynstl // YMH. 2005. T. 6, o 6 (366). C. 89-114.

[3] Hazywes A. M. 3agaum co cMemeHHEM JIst yPABHEHMH B 9ACTHBIX MPOM3BOAHBIX. M.:
Hayxka, 2006. 287 c.

[4] Hazmywesa B. A. Kpaesble 3aa4u AJs ypPABHEHUs TEIJIONPOBOLHOCTH CMEIIAHHOIO THUIIA
// Hoxnaner Anpirckoii (Yepkecckoii) MexxaynaponHoii akagemun Hayk. 2010. T. 12, Ne 2.
C. 39-45.

PaspemmMocTh B mpocTpaHcTBax LesibJiepa KpaeBbIX 3a7ad JJis
CWJIbHO 3JuTunTHYecKux auddepeHnualbHO-PA3HOCTHBIX ypaBHEeHMH
CO C/IBUraMM apryMeHTOB B MJIAJIIUX YJIeHaX
Heseposa /I. A. (Poccuiicknii yausepcurer apyx6pr Haponos, Poccusi)

IIycts Q C R™ — orpanudennas obmacts ¢ rpannmeit 0Q kmacca C™°. Ilycts
Trakxke oneparop Rg = PoRIg, rae I npencranser coboil omepaTop IpogoJIKe-
mug mynem Ha R™ \ Q, Po — oneparop cyxenus Ha (), oneparop R omnpemesnen mo
dopmymne

Ru(z) = Z apu(z + h).
heM
3mecp M — MHOXKECTBO, COCTOsiliee U3 KOHEYHOro 4wmcja BekTopoB h € R™ ¢
TEJIOYUCJIEHHBIMU KOOPpAWHATAMU, A — BEIMIECTBEHHBIC YHNC/IA.
PaccMaTpuBaeTCs CIeayIomas 3a/1a4a;

—Au(z) + Rou(z) = f(z)  (z€Q) (1)
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C OTHOPOIHBEIM ycJjoBueM Jlupmxiie

Uy =0, (2)

rue f(z) € C7(Q), (0 < o < 1).

ITpu npemosoxKenuy OI0KUTEILHOM oupeenenHocTy oneparopa Rg + R,
TOKA33aHO CYNIECTBOBAHME W EIWHCTBEHHOCTH KJIACCUYIECKOTO DpeIIeHust u €
C?**7(Q) zamauu (1), (2).

Crnucok JuTeparypsbl

[1] Skubachevskii A. Elliptic functional differential equations and applications. Basel—
Boston—Berlin: Birkhauser. — 1997.

ITorpanuyHble M BHYyTpEHHUE CJIOU B HEJIOKAJIbHOM 3aza4de
aKTHUBATOP-UHIUOUTOD
Hegenos H. H. (MockoBckmii rocyapcTBeHHbII yaEUBEpcuTeT, Poccrms)
Huknrua A. I. (MockoBcknii rocyaapcTBennsiii yausepcuret, Poccns)

PaccmarpuBaercss HesMHeHHAsT WHTErpOMapabOINtIecKast 3a/Jada, BO3HU-
Kamolias TpHU MOIEJUPOBAHUN IWHAMUKN TIPOIECCOB B CHCTEMAX AaKTUBATOP-
uaruburop. Ha ocHoBamum pasBuToil pamee B paboTrax aBTOPOB TEOPHUH ACHMII-
TOTUYECKOTO WMCCIEIOBAHMUS 33129 TAKOTO KJIACCA YCTAHOBJIEHO CYIIECTBOBAHUE U
MOJIyY€HA ACHMITTOTHKA, PENTeHni ¢ TOTPAHNIHBIMY U BHYTPEHHUMU CJIOSIMU.

Pabora Beimosmena npu nogaepxke PODU, rpant 10-01-00319.

Crmcok Jureparypsl

[1] Nefedov N. N., Nikitin A. G., Recke L. Moving Internal Layers in the Singular
Perturbed Integro-Parabolic Reaction-Diffusion-Advection Equations // Preprint
Nr. 2007-22. Humboldt University of Berlin, Institute of Mathematic, pp. 1-17.

06 acuMnITOTHKE pelIeHuil KpaeBbIX 3aka4d st ypaBHeHust Au — ku = f
B cJIoe
Huknmkna B. A. (MockoBCKwnii rocy1apCTBEHHBIH YHUBEDCATET SKOHOMHKH,
craructukn u nuagopmarukn, Poccrs)

PaccmarpuBatorcs kpaesble 3amaun s ypaHenus Au — ku = f B ciioe,
[IOJIyY€eH TIEePBbIN YeH ACHMIITOTUKU PenieHunii Ha GECKOHEeTHOCTH.
Beegem obo3nadenus:

IM={(z',2,) € R" |2’ € R”" ", 2, € (a,D)}, —c0<a<b<+4oo, n>3,
' = (21,22, ...Tn-1), z= (' z,), ' = ‘x” , r=|z|,
' ={zeR"2’ € R" "z, =0a)}, I'" ={z € R"|¢' € R”" "z, =b)}.
B macrosmeit paboTe pacCMaTpUBAETCS 330294
Au—ku=f zell,
ou

_ +
_Q+E+U—O mGF s (1)
a,ﬁ—kuzo rel,
O0xn
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rje noctoguuble ay > 0, a— > 0.
ITycts A1 — mepBoe m0/I0)KUTEIHFHOE COOCTBEHHOE 3HAYUEHNE 33/1a9H

y'(t) + Ny(t) =0 € (a,b),
—a+y'(a) +y(a) =0, (2)
a-y'(b) + y(b) = 0.

TEOPEMA 1. Ilycmo 6 3adaue (1) nocmoannwe ay > 0, a— > 0, a Pynryus
f(z) € C>*(M) u gunumna. ocmosnnaa k ydoeaemsopaem ycaosuro k + N3 >
0, 2de A1 — nepsoe noaosicumenvroe cobemeennoe wucao 3adawu (2), a @1 —
coomeememeyrowan cobemeennan Gynryua. Tozda dan pewenusn u(z) zadawu (1)
CNPasedAuBo ACUMNIMOMUYECKOe NPedCcmasieHue

u(@) = ————5—P(01,...,0n2)p1(zn) + O | — 75—
()= (r')2
2de ®(01,...,0nh—2) — dupdepenyupyeman Pynryus.

Ora paboTa BbIIOJHEHA IpU mojIepxkKe Munucrepcrsa o6pa3oBanus U Hay-
ku, rpart ABII PHIT 2.1.1/7161.

Crucok Jureparypsl

[1] Huxkvwrun B. A. O6 oueHKAX pelIeHni SIINNTHYECKHX KPAEBbIX 3334 B caoe// Tud-
depennuansuble ypaBHenus. 2011, B nmegyartu.

[2] Huxvwrurn B. A. O6 oueHKax peLIeHHi] SJIUNTHIECKUX KPAaeBbIX 3a1a4 B ciaoe// PyHK-
UOHAJBHBIN aHanuz. 2011, B meyaru.

PaspesnieHne niepeMeHHBIX U TOHOJIOTUS cJjioeHust JIlnyBusisis
reo/Ie3MvecKoro moTOKAa Ha 3JIIUIICOUE OGIIero IoJIoXKeHus
Hukonaenxo C. C. (Mockosckuii rocygapcrsennniii yuusepcurer, Poccust)

Kak m3BecTHO, reofe3ndecKnii OTOK Ha, SJIIUIICOUIE SBJISIETCS WHTETPUpYe-
MO ramunbTOHOBOM cucremoii. B paGore [1] T. 3. Hryen paccmarpusaer ciaoenue
JINyBUILIST T€0/IE3UYECKOr0 TIOTOKA HA N-MEPHOM 3Jututiconsie S™ 0BIIero mosoxe-
uusi. OCHOBHOM mjeeil ABNAETCS BBEJEHUE HA SJUIUNCOUIE SJLIANTUIECKUX KOOP-
[MHAT ¥ HAKPBITUE ero TOPoM 1™ 94T0 B KOHEYHOM CUETE IIPUBOJUT K PA3/IEICHUIO
TepeMeHHBIX.

2
n xy

izoa—izl}ca0<a1<...<an

BBEJICHBl SJUIMNTUYECKUE KOODIMHATBL (A1,...,An) (A; onpenenserca kak pe-

2
n xZ7
i—0a, > = 1 ma orpeske [ai-1,ai]). B pesymprare pas-

BerBénHOro Hakpoitma 1" = T x ... x Tt — S™ KoopaumHATAa \; CTAHOBUT-

IIyctp ma m-mepHoM sJjummiicoune {Y.
IIeHWe yPABHEHWS Y

cst bynkuumeit Mopeca ma T}, a nogusTsii reojgesudeckuii norox na T* K™ (rme
K" = T"\{oGpa3 Touex BeTBJIEHWs}) MHTEIPUPYETCS C MOMOIIBIO UHTErPAJIOB
Fi, ..., F,, KOTOpbIEe HAXOAATCA U3 CUCTEMBbI yDABHEHUI

n—1
SN-F=(-1)""p}, i=TLn, (1)
3=0
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r7e pi, i = 1,m, — KOOPAWHATH B CJI0E KOKacaTelbHoro pacciaoerns T K™. dto
TaK HA3bIBAEMBIIl IITEKKEIEB BU HHTeI‘ppreMOfI CHUCTEMBI.

Cucrema (1) mocTaBiaseT MCKOMOE DA3/EICHWE MEPEMEHHBIX, T. K. KaXKI0e
ypaBHEHNE 3aBUCHUT TOJIHKO OT mepeMeHusrx ua, 77T, . OTCioma JOCTaTOUHO IPOCTO
U3BJIEKAIOTCA HEKOTOPbIE CJAEACTBUA, KaCaKIUeCd TOIIOJIOTHU JINYBUJLJIEBA CJI0€-
uus. B wactHocTH, kak mokasas T. 3. Hryen, Bce 0COOEHHOCTH TIEPBOTO TIOPSIIIKA
reo/Ie3MIeCKOro II0TOKA HA N-MEePHOM 3JIIMIICOU Ie OOIIero moI0KeHNnsT MEIOT THII
aromoB A,Co mpun =2; A, B,Co upun =3; A, A", B,Cs upu n > 4 (cm. [2]).

Vmeer MecTO ClenyIomuil pe3yabTaT.

TEOPEMA 1. Yucao pezyasaprux mopos JIuysuars 6 npoobpase omobpasice-
HUA MOMEHMA PE2YNAPHO20 3HAYEHUA PAEHO 2N Biecv N — wucao undexcos
i ¢ yeaosuem I; > a;, Iiz1 < aiy1, 2de I, ..., In_1 — nocaedosamenvrvie sewe-
CMBEHHBLE KOPHU MHOZOUAEHG

Fi4+ A+ ...+ Fp A" 242" h

PaGora BemosmHena mpu moggep:xkke PO®U (rpant 10-01-00748), mporpam-
bl <Begymme mayanbie mkossr PO (rpamr HIII-3224.2010.1), ABIIII <Pas-
BHUTHE HAy9YHOTO IOTEHIMAJIA BhICIIeil mkosbrs> (npoekt PHII-2.1.1.3704), ®IIIL
<Hay4nsie n HayIHO-TIeTATOTHYECKAE KaAphl MHHOBAITMOHHOH Poccrmn> (koHTpak-
ot 02.740.11.5213 w 14.740.11.0794).

Crucok Jureparypsl

[1] Heyen T. 3. TonoJsiorumdeckue MHBAPUAHTHI HHTEIPUPYEMBIX [€OLE3NIE€CKHX [IOTOKOB HA
MHOromMepHom Tope u cdepe // Tpyast MUPAH. 1994. T. 205. C. 73-91.

[2] Heyen T. 3., ®omenxo A. T. Tomonormdeckasi KiIacCUMUKALMSA UHTEIPUPYEMbIX HEBbI-
POKIE€HHBIX TaMUJIbTOHUAHOB HA M309HEPreTU4ecKoi Tpéxmeproit cdepe // YMH. 1990.
T. 45. Ne 6. C. 91-111.

CxoauMoCTh HEKOTOPBIX KPBIJIOBCKUX METOIOB C
npegobyciasauBaresiem ILU Ha marpupax ¢ 3alaHHBIM CHEKTPOM
Hukonbcknit U. M. (Mockoscknii rocymapcrsennpiii yausepcurert, Poccrns)

TIpu umCIEHHOM WHTErPUPOBAHUY YPABHEHWI B YACTHBIX MTPOW3BOIHBIX BO3-
Hukaet Heobxomumocth pemenus CJIAY Buma

Ax =D (1)

¢ KBaJIpaTHOH HeBBIPOXKIeHHOM MaTpuneii A € RV *YN . Marpuma A 06bramo mMe-
€T HEKOTOPYIO CTPYKTYPY U ABIAETCH PA3PEHCEHHOU, T. €. KOJIMIECTBO HEHYIEBBIX
9/1eMeHTOB B Heil MHOro Menbure N2, Pasmepsl MaTpuisl MOryT GbiTh OUY€Hb BeJu-
ku. J[j1st penrennsi TaKUX CUCTEM OOBIYHO MPUMEHSIOT UTEPAIMOHHbIE MeTOabI. Ha
CJIAY c 6ombmmmu pa3peKeHHbIMU MATPUIIAMU OHU OKa3biBalOTCa 3 dekTuBHee
[PAMBIX.

CKOpOCTb CXOZMMOCTH METOA 3a9YaCTYIO OKA3bIBAETCH HEIOCTATOTHON. DTa
npobiemMa pemaercs ¢ moMombio npedobycaasiusamenet. Bmecto ucxomuoit cu-
cremst (1) pewaror CJIAY

M Az = Mb. (2)
Ureparuu GyayT cxomurhest GuicTpee, eciu Marpuna M € RNV (upemobycmas-
JIIBATE/Ib) B HEKOTOPOM CMBIC/Ie OimsKa K A1,
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B mpemyraraemoii paboTe TpOBEIEHO WCCIIEIOBAHNE 3aBUCAMOCTH CXOIAMOCTH
HEKOTOPBIX MeTOJ0B KpbLtoBckoro tuna (a mmenno BiCGStab, BiCG, QMR, CGS
u GMRes, cm. [1]) B coueranun ¢ npenobyciaasnusatenem ILU ot pactnpenenenus
cobcrBennbix 3HadeHwit MaTpuipl CJIAY. i TeCTOB MCIOIB30BAJINCH MATPHUIIBL,
CreHepupoBaHHbIE€ C IIOMOIIBIO CIIENUAJIBHOTO aBTOPCKOT'O aJITOPUTMa U MMEBIINE
3apanee 33JaHHBIH CIEKTpP (BEmeCTBEHHBIN MO0 KOMTLIEKCHBIH).

Panee (cM. [2]) Gbu10 nokazano, aro merory BiCGStab maer xopoume pesysb-
TaThl IIPU UUCIEHHOM PEeNIeHUN HEKOTOPBHIX AuddepeHInaabHbIX YPABHEHNN J1-
JIUIITUYECKOTO TUIlQ HA IIJIOCKOCTH. Pe3yJII)Ta,TbI HaCTOHH.[efI pa6OTbI TTOKa3bIBAIOT,
9TO IPU HEKOTOPBIX pACIpeeseHnsXx cOOCTBeHHBbIX 3HaueHumil Meron BiCGStab
MoxkeT 3HaunTesbHO npourpsiBarh Merogam BiCG, QMR, CGS u GMRes.

Crucok Jiareparypbl

[1] Saad Y. Iterative methods for sparse linear systems// SIAM, 2003.
[2] Huxoavexutt . M. CpasuuTenbnblil anann3 3B @HEeKTUBHOCTH HEKOTOPIX NPeno0ycias-
nusaresieii// Tesucsl Koudepenuun <JIomonocos-2010>. T. 4. C. 147-148.

O peJsieliHOCTU ONITUMAJIbHBIX IO OBICTPOAEHCTBUIO YyIIPABJECHUMN IJIs
HEKOTOPBIX JIBYMEPHBIX U TPEXMEPHBIX HEJIUHENHBIX yIIPaBJIsi€MbIX
00'bEKTOB
Hukonsckuit M. C. (Maremarugeckuii uacruryr um. B. A. Creksoba PAH,
Poccns)

CBOWMCTBO peseiiHOCTU ONTUMAJIbHBIX 110 OBICTPOIEHCTBUIO YIIPABICHUI [IPE/I-
CTaBjIsfgeT OOJIBIION MHTEPEeC Ui MPUI0KEHUN B CHLY IIPOCTOTHI MX TEXHIIECKOM
peamm3arnuu. Bosiee Toro, 3T0 CBOMCTBO CyNMECTBEHHO yIIPOIIAET IPAKTUIECKOE Ha-
XOK/IeHe COOTBETCTBYIOIINX ONTUMAJbHBIX yIpasseHuil. Bakuble kpurepun pe-
JIEHHOCTH ONTHMAJIBHBIX 110 OBICTPOAEHCTBUIO YIIDABICHUI IS JIMHEHHBIX YIIPaB-
JIsIeMbIX cucreM uMerorcs B . 3 [1]. B pa6ore [2] mas nauseitnoro ciydast GuLim
LOJIyY€HbI OLIEHKU CBEPXY JJId YUC/Ia TOYEK LIEPEKJIIOUEeHUs PeJIefHbIX OITUMAJIb-
HBIX 110 OBICTPOIEHCTBUIO yIIpaBJIeHui. s HeIMHEeHHBIX YIIPABISIEMbIX 00 HEKTOB
moJtyueHne O0muX Pe3y/IbTaTOB O PeIeHHOCTH ONMTUMAIBHBIX 0 OBICTPOIEHCTBUIO
VIIPABJICHUI HATAJIKUBAETCA Ha OOJIbIINe TPYIHOCTU U TPeOyeT Pa3BUTUS HOBOIO
anmapara (cM., Hanpumep, [3]). JoKIax IOCBSINEH U3/I0KEHNUIO HEIABHUX PE3YJIb-
TaTOB ABTOPA M0 PeIEHHOCTH ONITUMAJIBHBIX 0 OBICTPOIENCTBUIO YIIPABICHUN 15T
HEJIMHEHHBIX JBYMEPHBIX M TPEXMEDHBIX YIIPAB/IAEMBbIX CHUCTEM, JYACTUIHO OIyO-
JIMKOBAHHBIX B [4, 5] 1 NCIIOJIB3YIOMUX TPAIUIIMOHHBIE METOBI TEOPUH OITAMAJIb-
HOT'O yIIPaBJIEHU.

B pabore Takxke mosmydensl 3 dbeKTUBHBIE OLEHKNA CBEPXY I 9HCJIA TOYEK
TIEePEKJIIOYEHNST PeJIEHHBIX ONTHUMAJIBHBIX 110 OBICTPONEHCTBHUIO YIIPABJICHMI.

Pabora Bemmosnena npu dunrancosoii mognepxkke POOU (mpoextsr 09-01-
00633, 09-01-00378).
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Cii0>kHOCTh 3aJgav1 OoIITuMaJibHOro GI)ICTpO,E[eI.;ICTBI/IH AJIdA MadTHHUKa

Osceesnu A. H. (UIIMex PAH, Poccusi)

Du3naecKuii MAITHUK, YIIPABJISAEMBbIN TTPUI0KEHHBIM K IMTAPHUPY MOMEHTOM,
OMUCHIBAETCA ypaBHeHUeM I + sinz = eu, |u| < 1, rme £ — yros OTK/IOHeHus Ma-
ATHUKA OT BEPTUKAJIM, & € — MAKCUMAJIbHAA aMILIATY/Ia YIIPaBJILIOIEr0 MOMEH-
ta. PaccmarpuBaercst 3a7ada OBICTPEHTIIETO TIPUBEIEHVSI MASTHUKA B COCTOSIHUE
ycroliuuBoro pasHosecusi. OnTUMaabHOE YIIPABIEHUE PEIeHHO, T. €. MPUHUMAET
3nadenus v = +1. B amajiormyHoil 3aga4e [y JIMHEMHOIO MagTHUKA Ha KaxK 10
ONITUMAJIBHOM TPAEeKTOPUN MMeeTCs KOHEYHOE YHCJIO ITePEeKJTIOYeHNi YIIpaBJIeHN,
€CJIn YKe PacCMAaTPUBATDH BCE ONMTUMATbHBIE TPAEKTOPUU C TPOU3IBOIHHBIM HAYATHb-
HBIM COCTOSIHHEM, TO COOTBETCTBYIOIIEe KOJIMIECTBO II€PEKIIIOYeHNI MOXKET OBbITh
CKOJTh YTOZHO BEeJIUKO. MBI TOKa3bIBAEM, 9TO /I HEJIUHEHHOTO MAsSTHUKA UMEeTCs
ob1Iast BepXHssl IPAHULA /IS KOJTUYIECTBA MIEPEKTI0YeHN Ha BCEX ONTHUMAIbHBIX
TpaekTopuax. HalineHsl TOYHbIE 110 MOPAIKY BEJIMYIUHBI OLEHKU CBEPXY U CHHU3Y
IJISE 9TOTO YNCJIa B CUTYAIlWH, KOT/Ia BO3MOYKHOCTH YIIPABJIEHUS MaJIbl.

TeEOPEMA 1. ITyemv Ne(z,%) — Koauuwecmeo nepexatovenuli ynpasaeHus
Ha onmumasvroti mpaexmopuu, coedunarouwets (x,x) ¢ (0,0). Tozda eeaununa
N. = sup N.(z, &), 2de sup Gepemca no scemy pasosomy npocmpancmey S* x R,
KOHEYHQ.

TEOPEMA 2. HUmeomes nosotcumesbHvle KOHCMaAHMbL C1, C2, maxue 4¥mo

C C:
TN <2
E g

npu doCcmamouno MaNOM NONOHCUMENOHOM E.

Mot IIpearojaraeéM, 9TO BbIIIOJIHEHbI HE TOJTbKO HEPaBE€HCTBaA, HO U aCHUMIITO-
TUYIECKOE PaBEHCTBO:

T'unnoTesA 1. Ilpum € — 0 mMeeTcs aCHMITOTHYECKAS SKBUBAJIEHTHOCTD

™

D 1
NEN?, rgeD:iSi(ﬂ)z/
0

sinx

dz = 0.925968526 . . . (1)

OTa pabora BhITOIHEHA TIpH moaepxkke PODI, rpant 11-08-00435.
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DHTponus, copudecKrne CUCTEMbI U XaycaopdgoBa pa3zMepHOCTb
Ocenener; B. H. (MockoBckuii rocyaapCTBeHHbIH yHUBEPCUTET
um. M. B. Jlomonocosa, u ABUK, Poccust)

Ilyctes D — xOHEYHOE MHOXKECTBO HEOTPHUIATEIHHBIX IIesbiX gucesn. IlycTs

C=Cp+Gp’+ .

rie (1, (2, ... — HE3ABUCUMBbIE OMHAKOBO PACITPEIE/IEHHbIE CIyJIaliHble BETNINHbI,
npunumalomue 3Hadenus B D, u P((; = d) = ‘%, (0 < p < 1). Mbl Gysem Ha3bI-
BaTh paclpejesieHue Ciiydainoil sesmaunbl ¢ Mepoit dpaema. O6o3nauuM gepes
A HOCHTENH Mephl Dpaema. 3a/a9a 0 BBIYUCICHUN XaycaI0p¢hOBOil pa3MepHOCTH

MHOXKeCTBa A paccmarpmsanack B paborax [2], [3], [4].
Ilycts 8 = %—qncno ITuzo. Mer nokassiBaem, caeays [1], aro xaycaopdosa

pa3MepHOCTh MHOXKecTBa A paBHA XaycmopdoBoil pa3MEepPHOCTH HEKOTOPOT'O CHM-
BOJIYECKOr0 CODHUIECKOr0 METPUYECKOI0 KOMITAKTA. DTa IHOC/IHSSA PA3MEPHOCTh
ecrb oTHOWIEHHE TOHOs0rmaeckoil surponnu u In(B). Orcioga Ml nosygaem s

In(X) o o
uee dopmymy m(3)> LAe A — criekTpanbablil paguyc 0—1 MaTpuiel, CBA3aHHON C

codmaeckum KOMIakToM. dta dhopmyna anagorumasa Gopmysne Jlammm [4].

PaccMoTpum Tereps ciywair, korma 8 = 14 /3, D = {0,1,3}. Coruacuo [4],
910 Hambosee TPyAHBINA Caygail, paccmorpenssiii B [3]. B [4] 6110 mokazamo, aTo
xaycaopdosa pasmepnoctb muoxkecrsa A & 0.971847 u menbiune 3roro yucsua. Mot
JOKa3aJ/Id, 9T0 Xaycaopdosa pa3zmepHoCcTh paBHa 0.97181524363298 . ..

Ina ,cexTpyamporo® cay4as, ykazanuoro Jlawm B [4], mma xoroporo dbop-
myna Jlamau 6ecriosie3na, Mbl BEIYUCIAEM XayCaopdOBy Pa3MePHOCTh MHOXKECTBA
A ¢ 6oTbIIMM YHMCIOM 3HAKOB.

910 coBmectHas pabora ¢ 3. 1. Bexaenoii.

Ora pabora BbioHeHA 1pu 1o epxkke PO rpanr 11-01-00982.
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O HEKOTOPBIX TOXKAECTBAaX [JJIsA PAIMOHAIBHBIX (PYHKIUHA u popMyax
cJie 108

Ocumos A. C. (HUH Cucremusix Hcecnenopannii PAH)

B 1857 rony H:x. Bymem, mis panuoHaabHbIX DyHKINN BUIA

OBLJIO ITIOJIY<I€HO CJIeLYIOIIee TOXKIECTBO:

N N
CY (=)= A, 1
k=1 k=1

rae pr —aymn F(A) [1]. Kak 6bu10 ormeueno B [2], dopmysna (1) asnserca nep-
BOI B 6ECKOHEUHOI1 I0CJIe10BATEIbHOCTU TOXK IECTB, CBSI3bIBAIOIIUX HYJIHU U IIOJII0CA
F()). B paborax [2]-[3]| paccmarpusanach cBa3b mexry ananorom dbopmymbt (1)
s Gynknuil knacca Hepaniuaapl u 6€CKOHETHOMEPHBIMA SJ/UIAITHIECKUME KO-
opamHaTamMu. B CBOIO 09epesp, 3TH KOODIWHATHI TECHO CBA3AHBI CO CHEKTPAME
Pa3HOCTHBIX OIEPATOPOB, MOPOXKIAEMbIX OeCKOHEeYHbIMU MaTpuramu Axkobu. Vc-
TIOJIb3Ysl 9TU HaOJIIOIEHNs!, YCTAHABIMBAIOTCS HOBBIE (GOPMYJIBI CIIEIOB TAHHBIX
onepaTopos. Kpome Toro, paccMarpusaercst CBsi3b TOXKAeCTBa Bysst co cienamu
nuddepernmanbHbIx onepaTopos [4].
OTa paboTa BITONHEHA TIpY moaepxkke PODI, rpant 11-01-00790.
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Anrebpa oTHOCUTEBHBIX NMHTErPAJIBHBIX OIIEPATOPOB HAa
MHOroo6pasum ¢ BblJeJIEHHBIM IOJMHOroobpasueM
IMasnenxo B. A. (UHCTHTYT MATeMATHKY C BHIYHCIATEIBHBIM IIEHTDOM
Ygnmckoro nayanoro nearpa PAH, Poccns)

OCHOBHOM 11e/1HI0 PADOTHI ABJIAETCS TOCTPOEHKE AITe€OPHI OTHOCUTETLHBIX WH-
TerpaJibHbIX OLIEPATOPOB HA MHOI006pA3uu C BbIIEIEHHBIM I0AMHOI000pa3uem.

IIycts X — xoMmakTHOE MHOTOOOpasme (6e3 kpasg) pasmepHocTH N, B KOTO-
POM BBIJEIEHO TIVIAJIKOe IToAMHOrooOpasue ) kopa3dmepuoctu 1. HazoBem KOHOP-
masbHOM dynkuueit na X a100yI0 rnaaxyo Gbyakumo v Ha X\ Y, ZOIyCKAOLy O
aCHMITOTUYECKOE PA3JIOZKEHHe ONpee/ieHHoro suga Bosm3u ). Tounee, B 10601t
JIOKAJBHOM CHCTeMe KOOpAHHAT ¢ Koopaumaramu (z,y) € R x RV ™!, ompenemnen-
HOI B OKDECTHOCTH TOYKH P € ) u Takoil, uro ) 3amaerca ypasaenuem r = 0,
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CIIpaBeJINBO PA3JIOKEHHe:

u(z,y) ~ Z a-k(y)e* I |z| = —0,
(z,k)EE

rae a. ,(y) — rmagkue dynkmun va ), F — mexoropoe mogmuokecTBO B No X No
(urnexcroe MaOXKECTBO byHKIME ). MOKHO TaKKe BBECTH IMOHATAE KOHOPMAJIb-
HOW (QYHKIMHU B CIydae, KOTIa ) SABISIETCH KOHEYHBIM OOHEINHEHWEM TJIQTKUX
TIOMHOT000pa3uil, IIePECeKAONINXCS TPAHCBEPCAIHHO.

IIyctre X — rnagkoe kKommakTHOe MHOrooOpasme (6e3 kpas). Ilpen-
moOXKMM, UTo Xo — TJIaaKoe TOAMHOTOOOpa3me X Kopa3mepHOCTH 1.
OTHOCHUTEIPHBIM HMHTErDAJbHBIM OIEpaTOpOM Ha X HA3BIBAETCI OMIEPATOP
A:CP(X \ Xo) = C°(X \ Xo):

Af(x) = / Ka(e,y) () duly), € C5(X \ Xo),

aapo Ky € C((X x X)\ ({Xo x X} U{X X Xo})) xoroporo siBisieTcss Ko-
HOpMaabHOU dyrKImed Ha X X X OTHOCHUTEIHHO BBIJIEJIEHHOTO TTOAMHOT000DA3HST
{Xo X X}U{X X Xo}.

JI1060i1 OTHOCUTEIBHBII MHTErPAJILHBIN OIIEPATOP IEPEBOIUT KOHOPMAIHHYIO
dbysKIMIO (TP HEKOTOPOM YC/IOBHHW HA €€ MHIEKCHOE CEMEHCTBO) B KOHOPMAJIb-
uyio. [Ipu onpesesieHHBIX yC/IOBUAX HA MH/IEKCHBIE CEMENCTBA s/I€p OTHOCUTE/Ib
HBIX WHTErPAJIbHBIX 01epaTopoB A u B ux komnosunus A o B siBJIsieTCst OTHOCH-
TeJIbHBIM UHTErPAJTIBHBIM OIEPATOPOM.

OrHocurenbHbIfl uHTErpasbHbLl oeparop A na X, BooOuEe rosops, He sB-
JISI€TCS SIIEPHBIM OII€PATOPOM, HO JJIsT HEr0 MOYKHO OIPEeIEeINTH HEKOTOPYIO pe-
rynapu3anmmio crega r-Tr(A), orrocurenpublil cen omeparopa A. Omnpemereno
cemeiicreo {I,(A,\) : A € C} uHTerpaJbHBIX OLEPATOPOB C LJAJAKUM AIDOM B
npocrparctee C°(X(), HA3BIBAEMOE MHIMITHAIBHBIM CEMEHCTBOM omepaTopa A.
Hokazana ¢hopmymna [y OTHOCUTEIHLHOTO CJIe/1a KOMMYTaTOPa OTHOCUTEILHBIX UH-
TerpaJibHbIX oueparopos A u B:

+oo
r—Tr([A,B}):—% /tr(GA[V(A,)\)oL,(B,)\))dA.

—o0

,D;aHHbIe PE3yAbTaThl IPUMEHAIOTCA 14 UCCAEI0BAHUA HEKOTOPBIX reOMeTPpu-
Y9EeCKUX U aHaAJUTHYICCKHX 3a/da9 Ha MHOI‘OO6pa3I/IﬂX CO CJIO€HHEeM.
Agsrtop BeIpaxkaer GsiarogaprocTs FO. A. KopaiokoBy 3a MOCTAHOBKY 3aadu
U II0JIE3HbIE 3aMeYaHWud.
Pabora Beimosmena npu noggepxke PODPU, rpart 09-01-00389-a.
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OrnruMalibHOE ynpaBJleHHEe AMCKPETHO-HENPEPBIBHOM AMHAMUYECKON
cucTeMoii

Iasnenox H. C. (Besopycckuii rocygapcrsenspiii yausepcurer, Pecybimka
Bemapycs)

PaccmarpuBaeTca 3amada ONTUMAIBLHOTO YIPABJICHUA CHCTEMOU, OIMCHIBAE-
MOH HENPEPBHIBHBIMA KU AUCKPETHBIME ypaBHeHusaMu [1]:

J(u,v) = a(t™) + ¢y (t™) — max; (1)

i =Ac(t)r+ Aey)y + Bx()u;  y=yt) =y(s), tel[s,s+hf (2)
Y(s+ ho) = Ay(s)y(s) + Aya(s)z(s) + By(s)v(s);

z(te) = o, ylts) =yo; g« < Hz(t") + Hy(t") < g% 3)

ue <ut) <u’, teT =[t,t"]; v <v(s)<v*, se€T, (4)

rae x = z(t) € R™® — COCTOsIHNE HEIIPEePHIBHOM YaCTH CUCTEMBL B MOMEHT BDEMEH!
t, y(s) € R™¥ — cocroanme JUCKPETHON 9acTh B MOMEHT S; u = u(t) — 3HaYeHue
YIPABJSAIONIEro BO3AEHCTBAs HENPEPBIBHON wacTu cucreMbl, v(S) — IUCKPETHOM
gacta; hy = hy /M, hy = (t* — t4)/N, M, N — HaTypajbHBIE 9UCHIa; C; € R,

€ R"; H* € R™*", HY € R™*™; g.,g* € R™; zy € R"™, yo € R";
u*,u € R , Ux, " € R™ — 3amamnable BeKTOPHl U Marpunpl; 1, = {t., t. +
By ooyt = ha}y Ty = {ta, b+ Ry ooy 5 — R}y Ag(t) € R™7 " Ayy(t) € R 7",
B, (t) € R"**"™ t € T — KycO4YHO-HeNpepbIBHbIe MaTpudHble GyHKImU; Ay (s) €
RMyXme A (s) € R™*™, By(s) € R™*", s € T, — marpunpl. Oyakomm u(-) =
(u(t) € R™,t € T), v(-) = (v(s) € R™,s € T,) Ha3bIBAIOTCS AUCKPETHBIMHU C
IeprofiaMy KBAHTOBAHUA Ny, hy, ecmm u(t) = u(s), t € [s,8 + hul, s € Ty, v(:)
ompejeeHa B MOMEHTHL § € T,.

VYupasasiromue Bo3zpeiicTBust u(:),v(+) HA3BIBAIOTCS IPOrpAMMAaMU, €CJIM HA
HUX BBITIOHAIOTCA Orpanmvenus (4), W COOTBETCTBYIOIAs WM TPACKTOPHs CH-
cremst (2) ynosnersopsger yciaosusaM (3). OnruMasibHble IPOIPAMMbl, B OTIAYHE
OT TIO3WIMOHHOTO penreHusi, (POPMUPYIOTCA 0 HAYAJA MMPOIECCA YIIPABJICHUS TI0
anpruopHOi HHGOPMAIIMY U HE MOTYT yUYATHIBATH JOTIOJTHATEILHY O HHMOPMAITHAIO,
JMOCTYIHYO B IIPOIECCE YIIPABJICHUS.

Ienp MAHAOTO JOKJ/IAIa — OMHMCATH METOM CHHTE3d (MOCTPOEHWs TIO3UITAOH-
HOTO PENIeHHsT) ONTUMAIBHBIX JUCKPETHO-HENPEPHIBHBIX CUCTEM YIIPABICHU, Pe-
AJM3YOMKUX COBPEMEHHBIN IPUHIUII YIPABJIEHMAs 110 3aMKHYyTOMY KOHTYPY, Ha-
3BIBAEMBIIl IPUHIMUIIOM YIIPABJEHUs] B peasbHOM Bpemenu [2]. Ilpm ero ucnoss-
30BAHUHU ONTUMAJIbHbIE OOpPATHBIE CBA3M HE CHHTE3UPYIOTCH. BMecTo 3Toro obob-
€KT YIPaBJIEHHs 3aMbBIKA€TCA C IMOMOIILIO BBIUUC/IMTE]bHBIX, H3MEPUTE/TbHBIX 1
WCTIOJTHATETHLHBIX YCTPOWCTB , KOTOPBIE TIO X0y YTPaBJIEHUS CO3TAIOT B PEKU-
Me PeasTbHOTO BPEMEHH TEKYIIHe 3HAYCHUS ONTUMATbLHBIX OOPATHBIX CBA3eEH, T. €.
GopMuUPYIOT TeKylnue 3HAYEeHHUs PeaIn3anuil ONTUMAJIbHON O0paTHO# CBA3W 10
TOCTYTIIEHUST WH(MOPMAIAT O TIOCIEIYIOMNX COCTOAHUAX 00HEKTA.

Pe3ynbTaThl WILTIOCTPUPYIOTCS HA MPUMEPE ONTHMAJIBHOTO yIPABJIEHUS T'H-
OpuHOM KoJiebaTe/ IbHON CUCTEMON YeTBEPTOrO HOPsIKA.
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ITorepst cuMmMmerpun u IOAATTPAKTOPbI KUHETUYECKUX yPaBHEHUN
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um. M. B. Jlomonocosa, Poccust)
Pankesna E. B. (MockoBckmii rocy1apCTBeHHBII YHABEPCHTET
um. M. B. Jlomonocosa, Poccust)

s tpex cucrem tuna Bponysnna (muckpernbix ypasrennii Bosbnmana) [3]
TIOJIy9eHbl YCIOBUS CyINECTBOBAHUS B OKPECTHOCTH PABHOBECHBIX COCTOSTHHIA TTO-
IATTPAKTOPOB — HMPUTATUBAIOIUX WHBAPHAHTHBIX MHOI006pa3uii.
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Pacnpocrpanenne reopemsr H. H. Kpacosckoro o cia6oii
HEYCTONYNBOCTHU Jis ceMelicTBa AuddPepeHINaTIbHbIX BKJIIOYUEeHUH
IMaracenko E. A. (Tamb0oBCcKkmii rocynapCTBeHHBII YHAUBEPCHTET
nmenn I P. Jlepxxkasuna, Poccnst)

3nech choOpMyIMPOBaHbL YCI0BUsL HEYCTOMYUBOCTU JUHAMUYECKON CUCTEMBI,
pacmpocrpausiomue Teopemy H. H. Kpacosckoro (cum. [1]) va muddepernnass-
HbI€ BKJIIOYEHHNIA. B CBOHUX HCCIEAOBAHUAX 4 OIMHUPAIOCHh Ha HCCI€AO0BAHUA pa60T
2, 3]

IIycts (X, ht) — TOIOJIOTUYECKAs TMHAMAYECKAS CUCTEMA C KOMIAKTHBIM (ha-
30BBIM IIPOCTPAHCTBOM Y. Paccmorpum mud depeHmanbHOe BKIIOYEHTEe

i€ F(h'o,z), (1)

3aBucsiee or napamerpa o € X. 3uecs F' @ ¥ x R™ — clev(R"), clev(R™) —
TIPOCTPAHCTBO BCEX HEMYCTHIX, 3aMKHYTBIX, BBITYKJIBIX MOAMHOKECTB ITPOCTPAH-
crBa R™ ¢ merpukoii Xaycmopda—BeGyrosa Dist [2]. [IycTs, kpome Toro, 3amana
dbysxkmua M : ¥ — comp(R™), rme comp(R"™) — npocTpaHCTBO BCEX HEILYCTHIX
KOMITaKTHBIX ToaMHOXKecTB R™ ¢ merpukoit Xaycnopda dist. st kaxkmoro mo-
noxurensHoro r obosnaunm O = {z € R™ : [z| < r}, M"(0) = M(0) + O,
NT(0) = M"(o)\M(0).

ONPEAENEHUE 1. Muoxecrso M (o) HasbiBaercst caa60 Heycmotwues.m oT-
mocurenpbuo Braodenus (1), ecom cymecrsyer takoe uuciao € € (0,7), [ro
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JUIS KasKJOTO TIOJIOKUTEBHOTO § Hadmyrca Touka (o,zo) € X X Ni(cr), MO-
ment Bpemenu t* > 0 m pemenme t — xz(t;0,x0) Brmodenus (1) rakme, aro

z(t*;0,20) & M*(h' o).

IIycte r > 0, a byakmma V : X x M"(0) - R JloOKalIbHO JIMMmunEBa W
pasHa mymio npu (o,z) € X X M(o). Hanee, V°(o,x;q) — obobuennas mpoms-
Bopnas Knapka [4] dymkumm V' no naunpassenuio ¢ € R™ B Touke (0,z) u
Lo(V) = {(0,2) € £ x Ni(0) : V(0,2) = a} — moBepxHOCTb ypOBHs (hyHK-
mun V, e (@ HEOTPHUIATETbHO U OJIM3KO K HYJTIO.

TEOPEMA 1. ITyemw gynxyua F : X R™ — clev(R™) noaynenpepviena ceep-
zy (6 mempuxe Xaycdoppa—Bebymosa) a dynrxyua M : ¥ — comp(R") nenpe-
pusha (6 mempure Xaycdoppa), u natidemea makoe v > 0, wmo cywecmeyem
A0KAADHO Aunwuyess no T Pynryua Vo X X M7(0) — R, ne asaarowaaca
6 MPou3soavLHol oxpecmmocmu muooicecmea M (o) snaxoompuyamenorol. Ecau
Ve(o,2;q) = 0 dan scex (0,z) € XN (0), q € F(o,x), u daa xasrcdozo o € (0,7)
mrooicecmeo La (V') me codepotcum noaodtcumesbuols nosympaexmopud, mo mHo-
orcecrneo M (o) meycmotinueo omuocumenvno exarovenus (1).

Ota pabora BHIMOIHEHA TTpn Toepxkke PODU, rpaut 09-01-97503; ABIIII
<Pa3sBurre HayuHoro norenrmasa B>, npoexr 2.1.1/9359; OIIII «Hayussie u
HayIHO-IIearOrmYIecKne Kaapbl nHHOBannoHHoM Poccun wa 2009-2013 romers.

Crucok Jiureparypsl

Kpacoscxutt H. H. O6 ycnosusx obpamenns teopem A. M. Jlanyrosa 0 HeycTORIHBO-
CTH /sl CTALMOHAPHBIX cucreM auddepennmnanbubix ypasuenuit // JIAH CCCP. 1955.
T. 101. Ne 1.

HHanacenxo E. A., Towxos E. JI. Pacnpocrpanenue teopem E. A. Bapbamwuna u
H. H. Kpacosckoro 06 yCTONYMBOCTH Ha yIpaBiseMble quHamudeckue cucremst // Tpy-
net a-ta Marem. m Mexan. YpO PAH. 2009. T. 15. Ne 3. C. 185-201.

[3] Hanacenwxo E. A., Poduwa JI. H., Touxoe E. JI. ACHMOTOTHYECKH yCTOHYUBBIE CTa-
THCTUYECKH C1a00 MHBADHAHTHBIE MHOXKECTBA yNpaBiseMblx cucreMm // Tpyasr Ma-Ta
MareMm. u Mexan. YpO PAH. 2010. T. 16. Ne 5. C. 135-142.

Kaapx @. OnruMmuszanus u Hernankui anamaus. M.: Hayka, 1988.

[1

[2

[4

O mo4YTy HepuoAVYECKNX PELIEHUsIX YPaBHEHUN C YaCTHBIMU
IIPOU3BOAHBIMH II€PBOr0 ¥ BTOPOI'O IOPAJKA
Hammesa E. A. (Hmxkeropoackmii rocytapcTBeHnblii yausepcuret, Poccms)

B HeKOTOpPBHIX PaboTax MCCIIEAYeTCs 3aada O CYI[ECTBOBAHWHU IOYTU IIEPHU-
ommaecknx (II. I0.) pemeHnii pa3nmaHbIX BUI0B aubddepeHInanIbHbIX yPABHEHAH
¢ gacrabiMu npoussoausivu (JIYcYIl) (umeercs B Buay HOYTH LEPUOAUYHOCTD
N0 HECKOALKUM nepementoim), Hampumep, [1], [2], [3] u 1. n. BaxubiM siBsiercs
BOIPOC 006 YCIOBUAX CyNIECTBOBAHUS WM OTCYTCTBUSI TAKMX DemeHuil (a Takxke
OIEHKE WX 9HC/IA) — B 3aBECEMOCTH OT KJIACCA [VIAZKOCTH, IIPH 9TOM UMEIOTCH Cy-
IECTBEHHBIE OTJIMYHUS OT CJIy9as NEPHONMIECKNX (IO HECKOJBKHM II€PEMEHHBIM)
pemenwii. IIpy OnpeIe/IeHHBIX YCIOBUAX MIPEICTABISET HHTEPEC 337298 B KIACCe
AQHAJMTUYECKUX II. 1. PenIeHuii.

CHawaJa pacCMaTPUBAETCS BOIIPOC O CYIIECTBOBAHUY MJIH OTCY TCTBUH HETPH-
BUATBHOTO T1. 1. pemrermst kmacca C1(R?) st ypaBHeHumit TepBoro Topsiaka

a(z, y)us + b(z, y)uy = v(z,y)u, 1)
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rae
1°. a, b, y—m m. mo z,y, a >m >0, v > 0.

HeprﬂHO YCTaHOBUTH OTCYTCTBHE HETPUBUAJIBHBIX IIE€PUOJUYICCKUX peIHeHI/Iﬁ.
Kpowme Toro, ecin a, b, v — dbynkuun 6osee obmero Tuma, To BO3MOXKHO CyIIe-
CTBOBaHWE HETPUBUAIBHOTO, JaXKe AHATUTHIECKOro, penreHus u = ¢(x,y) ypas-
merng (1), KOTOPOE MMEET MAKCUMYMbI I MAHUMYMBI TOJIBKO HyJIEBBIE.

TEOPEMA 1. Ilpu ycaosuu 1 me cywecmsyem Hempueuasohss 3HaKonepe-
MEHHOLE M. N. pewenut ypasHenus (1).

1ot hakT caemyeT U3 TOro, YTO W3 MPETIOJ0KEHN CYIECTBOBAHNS 3HAKO-
MePEMEHHBIX II. II. PeMeHHi TOoABIAI0TCA TPOTUBOPEYUBHIE YCIOBUSA B OTHOIIEHUN
oBeieHUs XapaKTepucTuK ypasuenus (1).

JIst ypaBHEHUs BTOPOTO TIOPSIKA CIIEIUAIHLHOTO BUIA MOYKHO MOJIy4YUTh Pe-
3yJIbTAT O CYIECTBOBAHUU 0O0JI€E OHOrO II. II. PelleHHs.

TEOPEMA 2. [Tycmv ypasuenue Au = |u| + p(z,y) umeem n. n. pewenue
u = p(z,y), npuiem || u Ap npedcmasasromes abcorOMHO CTOIAUUMUCA PA-
damu Pypve u @ He asasemca noaodcumesvrum, u |p(x,y)| > Ap(z,y). Tozda
ypasnenue Au = u + p(z,y), 2de p(z,y) = —|e(z,y)| + Ap(z,y), umeem n. n.
pewenue Y(x,y), Komopoe 6ydem HEOMPUUATIEADHBLM, ECAU OHO TIPUHUMAETT, HaAU-
menvbuee snavenue, u mem camvim (x,y) 6ydem A6AAMBCA T, N. PEULEHUEM UC-
T00M020 YPAGHEHUA.

3AMEYAHUE 1. Bo3moxken ciywaii, korma ¢(x,y) — 3HAKONEPEMEHHOE, TAK
YTO IIPU yCJOBUAX TEOPEMbl TaKOBbIM OY/I€T O/IHO U3 JBYX II. 11. peienuii. B kave-
CTBE MIpUMEpa MOXKHO B3aTh ¢ (x,y) = sin(w1x + way) + sin(w2x + w1y), Tae w1, wa
HECOM3MEPHMEL, U wi + w3 < 1.

Jokaz ocHOBaH Ha coBMecTHOM pabore ¢ E. A. Cumoposbim.
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AcuMnToTndeckue pasJIoXKeHHsl pelleHui nsaroro ypasHeHus Ilennese
Mapycankosa A. B. (MoCKOBCKHIT rOCYAapCTBEHHBIH YHUBEDCUTET
um. M. B. Jlomonocosa, Poccust)

PaccmoTpuM nsToe ypaBHeHHs [leHTIeBe, KOTOPOE NMEET BHJL
" 1 1 ne w o (w—1)? B yw  Sw(w+ 1)
(=4 = I e ? 2y 2 T g
v <2w+w—1)(w) PR RIS R S | > (@D

rae «, (3, v, 0 — KOMILIEKCHBIE TapaMeTPhl, 2z — HEe3aBUCUMAasd, W — 3aBUCUMAast KOM-
mieKkcHble nepemennsie. Ypasaenue (1) nmeer nse ocobbie Touku z = 0 u z = 00.
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B sro0it paGore MeTomaMu cTemeHHoN reomerpun [1], [2] mmem Bce acumIITo-

TU9IeCKHe pa3JioKenns pentenuii ypasuenus (1) npm z — 0 u npu z — 00 BHIA

w=cr(2)2" + Z cs(2)2%, (2)

seK

rae ¢r(z),¢s(2),mr,s € C, K C { s | Res > Rer} ana pasnoxenuii upu z — 0
K C { s| Res < Rer} mus pasmoxenuii npu z — 00; MHOKecTB0 K cueTHO.

Paznuaaem 5 tunos pasnoxenuii (2):

1°. ¢r(2) m ¢s(z) — mocrosTHAEBIE.

2°. ¢r(z) —mocroannbiii Ko3bdument, ¢s(z) — MaOro4IeHH OT In 2.

3°. ¢ (%) m cs(z) — pangsl o y6I>IBaIOH_II/IM CTereHsaM In 2.

4°. ¢r(2) n cs(z) — psiApl TIO CTEmeHsM 2°, B ¢, COIEPIKUTCSI CIeTHOE HUHCIIO
ClIaTaeMbIX ¥ TIOKA3aTe/N CTeTeHeil z' orpaHmdens Jubo cBepxy, Jubo

o

CHU3Y.
5°. ¢r(2) — KoHe4Hast CymMa creneHel z° ¢ KoMiuleKcHbiMu Koad duenra-
MU U C4(z) — PSIIBI TIO CTETEHSIM 2.

IIpu z — 0 momnyueno 30 cemeiicTB pasnoxenwii pemennit ypasuenus (1):

22 W3 HUX TIOJIy9eHBI U3 OMyOJIMKOBAHHBIX DA3JIOKEHU PEIIeHNii MeCTOro ypas-
uenus Ilennese [2], cpexu ocrasibHBIX 8 ceMelcTB 04HO GbLIO M3BeCcTHO [3], eme
Z1Ba MOTYT OBITH IIOJIy9€HBI U3 Pa3JI0KEHUI PemeHuii Tperbero ypasnenus llen-
seBe [4]. HoBbiMu siBSIsTIOTCSE 3 ceMeNCTBA pa3JIoXkKeHuit Tuma b 1 2 ceMefcTBa pas-
soxernniit Tuma 3. [lpm z — oo madigeno 10 pasnoxkenwii pemmenwmii ypasaeraus (1)
B CTemeHHble pspl (pasioxkenus tuna 1): 6 u3 Hux (IO LEeJbIM CTeleHsM z) Gbl-
st u3BecTHHI [3], [7], gersipe (10 moutyIesBIM) — HOBBIE. I10IPOGHBIE BBIK/IAIKA U
JIOKa3aTe/bCTBa II0 9T0i paboTe cM. B mpempunrax [5], [6].

Ora pabora BbinosHena npu noggepxke PODU, rpanrer 08-01-00082 u 11-

01-00023.

[1

[3
[4
[5
[6

[7
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IIpuHIMI KOMIIEHCUPOBAHHON KOMITAKTHOCTHU U Pa3peniuMOCTb
06061menHbpIX ypaBuenuii HaBbe—CTOKcCa
Iacryxosa C. E. (MockoBckuii HHCTUTYT PaAHOTEXHUKH, JJI€KTPDOHUKH H
aBromaruxu, Poccust)

B memaBHEUX paboTax [1-5| OBLIM yCTAHOBJIEHBI BAPUAHTHI IIPUHIIATA KOMIIEH-
CHPOBAHHOW KOMIIAKTHOCTH, KOTOPBIE O000MIA0T KIACCUIECKYIO div-curl jemmy
Taprapa—Miopa B pa3/iIM4HbIX HAIIPaB/IeHUAX. B ToM ducse, ObLIH JTOKa3aHbI TUI-
poMeXaHU1veCKNe BapUaHTHhI, OﬁCJ’Iy)KI/IBaIOH_[I/Ie CTallMOHaPpHbIE U HECTAallMOHAPHBIE
ypasuenusi HaBre—CTOKCa 11 HEC:KMMaEMOil HEHBIOTOHOBOH KuUIKOCTH. B 3TOM
ciaydae Ten30p Baskmx Hanpsakenmit A = A(-, D) ectb menmneiinaa GbyHKIUS OT
TeH3opa ckopocteit fedbopmanym D ¢ nmokazarenem pocta p # 2. Hampuwmep, B Mo-
nempHOI cucTeme mveem A = |D[P 72D, p>d2—f2, (d — pa3sMepHOCTH IPOCTPAHCTBA),
u pu p = 2 noiy4daeMm kiaaccudeckoe ypasuHenne Hasre—Crokca. Hanbosee mmre-
PeceH CiIydail IICeBIOIIACTUYHbIX TedeHuil, korma p < 2. Ilokazarens mesmHeii-
HOCTH D MO2KeT 6bITb II€EpeMEHHbIM, U TOI'Ja CAUCTEMa OIIMCBIBAET TaK HAa3bIBa€Mbl€
9JIEKTPOPEOJIOTUIECKHE JKUIKOCTH [6].

Ha OCHOBE€ IIDpWHITUIIA KOMHeHCHpOBaHHOﬁ KOMITAKTHOCTHU IIOJIYYI€HBI HOBBIE
pe3ynbrarsl 0 paspemmmMoctu 0606mennbix ypasrenuii Hasre—Crokca [4, 5]. Kak
OOBIYHO, peIIeHVe CTPOWTCS KaK IPeIesl DPENIEHW Peryaspu30BaHHON 3a1atu.
KomnencupoBarHas KOMIIAKTHOCTD ITO3BOJISIET 0OOCHOBATDH IIPEIETbHBIN IIePEexOsT
110 IIapaMeTpy peryidpusanui B CaMOM CJIO2KHOM MeCTe, KOrJa yCTaHaBJINBAECTCA
cmabast CXOOUMOCTD ITOTOKOB K MOTOKY, A, — A. 31ech TPYIHOCTD 3aK/II0YAETCS
B TOM, 9TO MOTOK (WM TEH30D BA3KWX Hampskerwit) A, = A,(-, Dn) mna pe-
TyJIIPU30BAHHON 33/1a49n sAB/ISETCA HeJMHEHHON dyHKImed Ha caabo cxomdameics
nocaemoBarebHocT D,, — D, u pobJieMy COCTaBJIIeT WACHTU(DUKAINS TTPEIEIa
HOCIeNOBATELHOCTH Ay, .

B pasmeprocru d = 3 HadaJibHO-KpaeBas 3a/@a4da B OrPAHHMYEHHON obJiacTu
JUIST MOJIE/TBHON CUCTEMBI paspemuma, ecau p = p(x,t) — u3mepumasa Gyrakmms,
rakasg 910 o < p(x,t) < 7, & KOHCTAHTBI (X ¥ 7y MOJIUHEHBI HEPABEHCTBY

9
g<a§7<a0,

roe aozga npu a<3 U qp=00 Hpu a>3.
Ora pabora BbinosHeHa npu nojaep:xkke POOU, rpanTer 08-01-00616, 09-01-
12157.
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ITopsankoBas cxomuMmocTh Ue3apOBCKUX CPESHUX B CUMMETPHUYIHBIX
HPOCTPAHCTBAX
Hamxkosa FO. C. (Tappuueckuii HAHOHAIBHPBIH YHUBEPCHTET, YKDaHHA)
Py6mrreiin B. A. (Yausepcurer Ben-I'yprona, U3spans)

IIycts (€2, ;) —IPOCTPAHCTBO € GECKOHEYHOU O-KOHEYHOM HEATOMUIECKOM

mepoii, Lo = Lo(2, ) — IpoCTpaHCTBO BCEX (-W3MEPUMBIX TIOYTH BCIOMY KO-
meunbrx Gyskmmit f ma Q, u L, = L,(Q,p), 1 < p < +oo. B ciayuae, xo-
rnia @ = Ry = [0,00) u 4 = m — mepa JleGera nHa [0, +00), Oymem mucarh:

Lo = LO(R_A,_, m)

JIuneitubtit ommeparop 1’ @ L1 4+ Loo — Li + Lo Ha3bIBaeTCa abcostommvim
COICAMUECM UM (Ll,Loo)-cwcamueM, eciim I aBnseTca ckatneM Kak B Lj, Tak
u B L. O603uaunm gepes P.AC MHOXKECTBO BCEX MOJIOKUTEIHHBIX a0COTIOTHBIX
CKATHM.

s mobeix T € PAC n f € L1 + Lo paccMOTpuM TOCIEI0BATEIHFHOCTH

n—1
9e3apoBCKux cpeaaux A, rf = % S TFRF
k=0

Banaxoso mpocrpancto (E, | - ||g) u3mepnmbix dynxmmit w3 Lo(€2, 1) na-
3biBaeTca cuMmMerpuanbiM (¢, 1), ecoim u3 f € Lo, g € E u f* < ¢* cneayer,
aro f € Eu ||flle < |lglle (f* — meBospacraromas mepecranoska (yukiun |f|).
IocnenosarensrocTts { frtne1 C E maseBaerca nopadkoso crodswetica x f € E
(fn @ f), ecimu cymecrsyior rakue 0 < g, € E, uro |f, — f| < gn | 0 mpu n — co.

Ecm (2,0) = (Ry,m), 7o c. . E = E(R4,m) masbBaerca cman-
dapmuvim. Oua c. n. E(Q, u) ma npomssosbrOM mpocTpancTse ¢ mepoit (€2, )
cymecTByer equHCTBeHHOE cTapmapruoe ¢. . E(R4, m) na (R4, m) Takoe, aro
f € E(Q2, 1) Torma m Tompko Torma, korma f* € E(R4, m).

0603Ha9UM

Exr = Bra( 1) = {f € (L + Loo) () ¢ 7 € B(Ry,m)},

rae
U@ = [ £©ds fe it La)(@p), x€ 0 +o),
0

u nonoxum |flley = ||f e Oycts Ro = {f € Li + Loo: f*(+00) =
hIJIrl f*(z) = 0}.
r—r+0o0

TeOPEMA 1. IIyemv E — c¢. n. Tozda das ecex f € EmNRo uT € PAC
nocaedosamenvrocmy cpeduur A, rf nopadkoso cxodumcea e E.

Obpamno, nyecmo E — maxoe c. n., wmo E # Ex N Ro. Tozda cywecmey-
wom f € E uT € PAC maxue, wmo nocaedosamenvrocmov A, rf He asasemca
nopadkoeo crodauetica 6 K.

TEOPEMA 2. ITycmo E — c. n. Caedyruue ycrosus sK6UBAAEHTTIHDL:

1°. Iocaedosamenvrocms wezaposerkur cpednuxr A, rf (0)-cxodumes ¢ E
dan ecex f e EuT € PAC;
301



2°. E=Eun u ECTRy.

AcumnToTnka B6JIM3M rpaHMI] CHEKTPAJIBHBIX KJIACTEPOB
Ilepeckokos A. B. (MockoBcKnii 9HEpreTHIeCKHii HHCTHTYT)

PaccMaTpuBaercs 3ama4a Ha cobcTrennbie 3nadenms B L2 (R?)

(—=h*((9/0a1)*+(0/0a2)*) +ai + a5 +eV (a1, 42) )Y = M, 1Yl 22y =1, (1)

rae V — mpou3BosibHBLI MHOTOWIEH 4 cTeneHu, fi, € — MaJible TapaMeTPhl, IIPUIeM
e L h.

JIydesoit Meron [1] u obmras Teopus KOMIUIEKCHOrO pocTka Macsosa [2] mo3-
BOJTAIOT CTPOUTDH aCUMIITOTUYECKHE PEIIeHuAd, JTIOKAJIU30BaHHbIE B6J'II/I3I/I MaJioMep-
HBIX MHBAPMAHTHBIX MOAMHOro0o0pa3mii B (azoBom mpocrparcTBe. OOHAKO yKa-
3aHHbIE€ METOAbl HEIIPDUMEHUMbBI B C/Iy4da€ PE30HaHCa IaCTOT, KOTOprﬁ nMeeTcd B
3agaqe (1). Meron mocTpoeHnsT KBaA3UKIACCHIECKUX ACUMIITOTHK [Ij1sl yPaBHEHUI
C JaCTOTHBIMU pe30HaHcamu ObLT pa3paboran B cepum pabor M. B. Kapacesa,
nauunas ¢ [3]. OH OCHOBaH Ha OIEPATOPHOM YCPEIHEHWN BO3MYIIEHUS, [EPEXO-
e Ha aaredpy CUMMETPHil M KOT€PEHTHOM HPeOOPA30BAHUN OT MCXOMHOTO IIpei-
CTaBJIEHUS 3TOMN a,JII‘e6pr K €€ HEeIIPpUBOJANMOMY IMPEACTaBJICHUIO B IIPOCTPAHCTBE
dyHKIUI Hag JIATPAHKEBBIM II0JMHOr000pa3reM B CUMILIEKTUIECKOM JIHCTE.

Oco0blit nHTEpPEC NIPEACTABIAIOT Pemenus ypasaenuii Tuna (1), orBewaromue
TpaHUIlaM CIEKTPAJIBbHBIX KJIACTEPOB B6IH/I3H CO6CTBeHHI>IX 3HAYECHUIN HEBO3MYIIIE€H-
HOTO YPAaBHEHUA, T[I€ YIIOMAHYTHIE JIaTr DaHZKE€BbI HO,ILMHOFOO6P3,3I/IH II0YTH CXJIOIIbI-
BalOTCd U MHTErpaJibHOE IIpeaCTaB/JIC€HUE PelleHud Ha/Jl HUMHW CTaHOBHUTHCA HEBO3-
MOXKHBIM. IT0/IX0/T K MMOCTPOEHHIO ACUMIITOTHKH OKOJIO TPAHMUI[ KJIAaCTEPOB C TIOMO-
MBI ,,1ePOPMUPOBAHHBIX® KOTE€PEHTHBIX COCTOSHWI ObLT HaMedeH B [4], HO ero
060CHOBAHUE [IOKA HE OCYLIECTBJIEHO.

B mammnoi#t pabore ma mpumepe 3amaam (1) TpemyIoXKeH METOM TOCTPOEHUST
ACUMIOTOTUYECKUX PEIIeHUH BOIM3M BEPXHEH W HMKHEH TI'PAHUI CIEKTPATbHBIX
KJIaCTE€POB C IIOMOIIbIO HOBOI'O HMHTEr'PAJIBHOI'O IIpeIaCTaBJICHUA. HOCHe IIpuMeHne-
uust [3, 4] omepaTopHOrO yCpeJHeHWsl U KOTePEHTHOrO MpPeo0pa3oBaHUs K 3a/1a-
=e (1) Ha [-oM HEmTPUBOIMMOM TIPEICTABICHAN AMT€0Phl CHMMETPHI HEBO3MYIEH-
HOI'O OII€PATOpPa MbI IPUXOJAUM K 3aJ@a4e Ha COOCTBEHHbIE 3HAYEHHS B IIPOCTPAH-
ctBe Py nommuoMOB crenenu He Borme £ ~ 1 /4. VICKOMBIi TIOIMHOM yJIOBJIETBOPAET
g dbepeHnuaTbHOMY yPaBHEHHUIO 2-0T0 mopsaka Kiracca Pykca ¢ 4-Ms KOHEIHBI-
MK OCO6I)IMI/I TOYKaMH. BHa“Iaﬂe n3ydaercd BCIIOMOraTe/IbHad CIIEKTPaJibHAadA 3a-
Jadga B KJiacce roioMopdHBIX (DYHKINA ¢ PABHBIMHI HYJIIO XapPaKTEPUCTUIECKIMU
IIOKa3aTe/IdMHU B KOHEYHbIX OCO6I:>IX TOYKaX. ,Z[a.nee, ACUMIITOTUKa HUCKOMOTIO IIO-
JIMHOMAQ II0J1y4aeTCd € IIOMOMIbIO OIl€panuy IIPOEKTUPOBAaHUA Ha IIOJIIPOCTPAHCTBO
Py, 06001maomneit nHTErpagbHOe mpeacTaBieHue Jupaxka.

N3ydena Takke 3a/1a9a BBIUUCIEHNS CPETHUX 3HAUEHUN Ird epeHnmaTbHbIX
oneparopos Ha pemenusax (1) B6im3u rpanun cuekTpasbHbx Kiaacrepos. Oxasa-
JIOCh, 9TO aCUMIITOTHUKA CPEIHUX B YJI€HE ITOPAIKa h BBITJIAIUT HETPUBUAJIBHO.

Ora pabora BemosHEeHA TP TIoaepxkKe PODU (mpoekt 09-01-00606) u Co-
Bera 1o rpanTtam upu IIpesunente PP (upoexr HIII-3439.2010.1).
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Crucok Jureparypsl

[1

Ba6uw B. M., Byadwpese B. C. Acumnroruyeckue MeTonnbl B AudPakiiuu KOPOTKUX BOJIH.
Meropn sranonubix 3aza4. M.: Hayka, 1972.

2] Macaos B. II. Komniexcuoiii meron BKB B HenmuelHbIx ypasHeHunsx. M.: Hayka, 1977.
[3] Karasev M. V. Birkhoff resonances and quantum ray method. In: Proc. Intern. Seminar
<Days of Diffraction—2004>>, St. Petersburg, 2004, 114-126.

Kapacee M. B., Hosukosa E. M. IlpencraBieHue TOYHBIX M KBA3HKJIACCHYECKHUX COO-
CTBEHHBIX (DYHKIHI 9epe3 KOrepeHTHbIe COCTOSIHUSA. ATOM BOZOPOAA B MArHATHOM 1oJje//
TM®. 1996. T. 108. No. 3. c. 339-387.

[4

O pemeHusix KpaesBbIX 3aZa4 JJIsi BRIPOXKAEHHBIX qud depeHaabHbIX
YPaBHEHUI ¢ MMILYyJIbCHBIM BO3JelicTBueM
Iepecriok H. A. (Kuepcknii HanmonaipHbIi yauepcurer umenn Tapaca
IIlepuenxo, Ykpanna)
Koposps U. U. (Yxropoackwmii HAlmOHAIBHBIN YHUBEDCATET, Y KPAHHA,)

Paccmarpusatorcsa cucremsr qud dbepeHnma bHbIX yPABHEHNH C BBIPOK IEHHOMN
MaTpuIeil Ipu NPOU3BOAHON W MMITYJIECHBIM BO3EHCTBAEM

B(t)fi—f =A{)z(t)+ f(t), t#7, ze€R™, t 7 €labl], (1)
A(Ba:)|t:n. = SIB(TZ)QZ(Tl) + Si, det(]En + SI) 75 0. (2)

rue rank B(t) = n — r = const Vt € [a, b], r > 0; BekTop-byukuns f(t) u (n X n)-
marpunst A(t), B(t) gocrarouno rmagkue, a < 11 < ... <7, < b, p < oco.

Ilon pemtenmem cucremsr (1), (2) MBI mompasymeBaeM KyCOYHO HENIPEPHIBHO
muddeperntmpyemyio Ha [a, b\ {7:}, ¢ = 1, p ¢ pa3psiBaMM TEPBOTO POJA B TOUKAX
t = 7; bynkmmo z(t) € Cl.([a,b], R™):

zo(t), tE€la,m],
LE(t) = Tj t)v te (ijTj+1]7 .7 = 17p7 1a
zp(t), te€ (1p,b],

KoTopast yzmosiersopsier cucreme (1) m mmmynbcabiM yciaoBusM (2). Cunraem
dbyusxnun z;(t) oupemenennpivu u HEnpepbBHO HuddepeHIUpyeMbIME HA COOT-
BETCTBYIOIAX 3aMKHYTHIX HHTEPBAJIAX:
ml(t) S Cl[ﬂ7 Ti+1}, IZ(TZ) = Ii(’Ti + 0) = t—1>i-5?+0mi(t)’
W 9TO PEITEHWE HEMPEPHIBHO CJIEBA, T. €
z(rs) =x(r —0) = zi—1 (1) = t_l}iTjirl_Om¢,1(t).

15t BBIpOXK AeHHbIX aud depeHnmaabHbIX CHCTEM ¢ HMITY/IbCHBIM BO3ICHCTBH-
em (1), (2) mocTpoeno obmiee pemenwne, HaiIEHBI HEOOXOMUMBIE U TOCTATOTHBIE
YCJI0BUS CyIECTBOBAHUS W €IMHCTBEHHOCTHU penreHus 3anaan Komm.

Kpowme TOro, Kak B HEKPHTHYIECKOM, TAK W B KPUTHIECKOM CIIydasx Haiize-
HBI HEOOXOAWMbBIE U JOCTATOYHBIE YCJIOBASA CYIECTBOBAHUS W MMOCTPOEHBI TIEPUO-
nuaeckue pemenns cucrembl (1), (2) u pemenus, ymoB/IeTBOPAIOMUE JIUHEAHBIM
GYHKIMOHAIBHBIM YCIOBUSM OOILIEr0 BHUIA

lz()=a, acR”, (3)
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rae | — JUHeHHBI m-MepHBIH BeKTOP-(QYHKITMOHA HAJ MPOCTPAHCTBOM HEIpe-
PBIBHBIX HA [a, b] BekTOp-bynkmmit: £ : C'([a,b],R") = R™, a € R™ — nocroaHusbtii
BEKTOD.

Crnucok JuTeparypsbl

[1] Samoilenko A. M., Perestyuk N. A. Singapore: World Scientific, 1995.
[2] Camotinenwo A. M., HIxuav M. H., Hxoeey B. II. Jluneiinsie cucrems! auddepeHnu-
aJbHBIX ypaBHEeHHUil ¢ BeipozkaeHusamu. K.: Beicmas mkosa, 2000.

YacToTHbIE METO/Ibl B TEOPUU OrPAHUYEHHBIX PEILIeHUl HEeJIMHENHBIX
BEKTOPHO-MaTpUYHbIX Aud dPepeHrnaibHbIX ypaBHEHUA N-T0 NMOpSAaKa
Ilepos A. I
Kocrpy6 H. /I. (Boporexckuii rocygapcrsenssiii yaupepcurer, Poccus)

B eskmmmosom mpocTpancTtee R? paccmMarpmBaercst ypaBHEHNME n-T0 TOPSiIKA
crenyomero suna: Aor™M+ A1z V4. 4 Apz = fitz, ..., m("’w), K03 urn-
€HTHI KOTOPOTO — MOCTOSHHBIE d X d-MaTpumbl. IIpeamoaraeTcs, 9T0 MaTPAUIHBIH
xapakrepuctuaeckuiit muorowren L, () = A" Ao + A\"1A; + ...+ A, aBagerca
HepesonancuniM, T. €. det Ly, '[(i0)] # 0 mpu —oco < § < +oo. YacroTmbie To-
CTOSTHHBIE BBOJSATCS CJIEAYIOMIM 06DPa30M: 0 = MaX_co<g<too |(10)7 Ly H[(i0)]],
7=0,1,...,n — 1. Henuueitnas byakus

flt,xo, 21,y Tn—1) : R X RYx ... x R* - R?
—_——

n pas
IIPE0JIATaeTCS HEePEPHIBHOM 110 ¢ U yI0BIeTBODAONel ycaosuio Jlummruma

n—1

|f(t71:07I17 ~--7:rn—1) - f(tay07y17 ~--,yn—1)‘ < lekl"]' - y]'"
3=0

Hempepsisaast dyukims fo(t) = f(¢,0,0,...,0) npeamnosaraercst orpaHUIeHHOMN.
-1
IIpu BBIIIO/IHEHUH YACTOTHOIO YCIOBULA (o = Z;'L:o o;l; <1 noka3ambl ueTbI-
pe TeopeMsbr:

1°. cymecTBOBaHWS W €IWHCTBEHHOCTH OTPAHWHYEHHOTO DENTEHUsT W OTCHKT;

2°. CXOIMMOCTH METOMA TIOC/IEIOBATETLHBIX TIPAOJINKEHUH K OrPAHUIEHHO-
My PENIEeHHUIO;

3°. ecmu f(t,x0,%1,..., Tn—1) TOYUTU TIEPUOJUYIHA II0 ¢, TO OTPAHUTIEHHOE Pe-
NIEHWE TAKKE ABJIAETCS TIOUTH TEPUOAMIECKAM W €r0 IaCTOTHI BKJIIOYUE-
HbI B CPYIILy 9aCTOT HEJMHEAHOCTH;

4°. ec/M MATPUUHBINA XapAKTEPUCTUICCKUI MHOTOUIEH Ly, (A) siBISI€TCS TYD-
BUIIEBBIM, TO OTPAHUYEHHOE PEIICHNE ABJISETCT ACAMITOTHIECKH yCTOMN-
YUBBIM B 11€JI0M ([IPU3HAK KOHBEPreHTHOCTH).
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OuH MeTon ucciieoBaHus KPAaeBbIX 3a/a4 /iJisi He pa3pelleHHbIX
OTHOCHUTEJIbLHO MPOU3BOAHON Aud depeHIualIbHbIX ypPaBHEHUH
Inyxnuxosa E. A. (TamboBCKuii rocysapcrBeHHbIH yHUBEPCUTET
nvenn I P. Jlepxkasuna, Poccnst)

B pabote mpemiaraeTcsi METOM MCCIEIOBAHUS KPAEBBIX 3314 JIJIsi HE pa3pe-
[IEHHBIX OTHOCUTEJIBHO MPOU3BOAHOMN nud depeHnnaibHbIX ypaBHEHU, NCIOIb3Y-
O TEOPUIO HAKPBIBAIOIIKUX 0TOOparkeHuil. MeTo 1 mo3Bo/ger moIyYuTh yCJIo-
BUST CYIIECTBOBAHWSI PENIEHNH U WX OIEHKH, TOKA3aTh YTBEDPIKICHUS O HEIPEPHIB-
HOM 3aBUCHMOCTH PEIIeHni OT KPAEBBIX YCIOBUI U mapamMeTpoB mud depeHrnalib-
HOTO ypaBHeHUs. B OCHOBE MeTOIa JIEXKUT CJIEYIOIIEe YTBEPKIEHUE O BO3MYIIe-
HUSIX HAKPBIBAIOIINX OTOOPAKEHWH, TEHCTBYIOMNX B TPON3BEIEHUN METPUIECKUX
IIPOCTPAHCTB.

IIycts (X, px), (Y, py)—wmerpmaeckme mpocrpancrBa. O6o3HaumM [epes
Bx (u,r) 3aMKHYTBI# map IPOCTPAHCTBA X C IEHTPOM B TOUKE U PAIUYCA 7.

OnprEAENEHUE 1. ITycts 3amano o > 0. Orobpaxkenne ¥ : X — Y Ha3bIBAIOT
a-naxpusarouum (Hakpusatowum), ecim it Beex 7 > 0, u € X umeeT MecTo
sruouerne V(Bx (u,7)) 2 By (V(u), ar).

Ilycte 3amamer merpumaeckme npocrpancrsa (X, px;), (Yi,py;), ¢ = 1,n.
Ompenesmm B mpocTpancTBax X = X1 X Xo X ... X X,,, Y = Y1 X Y2 X ... X Y,, meT-
PUKH pasencTBaMI px = |(0X1,PXss - PX,)]s PY = |(Py1, Pyas-os Py, )|- HycTs,

naJstee, 3aaHbl oTobpaxkenns F; : X; X X — Y;, i = 1, n. Oupenesmm oTobparkenne
DX x X =Y, ®(v,2) = (Fi(vi,2)),_+
TEOPEMA 1. IIpednososicum, wmo npocmpancmea X;, i = 1,n, A6AA10MCA
noanvmu. Ilyems das wasicdozo i, j = 1,n, cywecmeyrom maxue oy > 0, Bi; > 0,
YImo:
1°. omobpaocenue Fi(-,x1,22,....,2n) : Xi — Y asaaemca 3ameuymoim u
Qi -HAKPBLEANUUM O 6CeT T € X ;

2°. omobpasicenue Fi(Vi,T1, ..., Tj—1, " Tjt1, -y Tn) = X; — Y Aeasemca
Bij-aunwuyesvim npu 6oz v; € X;, x1 € X1, ..., xj—1 € X;_1,
Tj+1 € Xj+1, very Ty € Xpy.

Tozda, ecau dasa cnexkmpaabHoz0 PaduUYCs 0 MGMPULDL (Oé;lﬁij)nxqq 8HLNONHEHO
0 < 1, mo omobpasicenue ® : X x X — Y 6bydem naxpuearoujum.

IIycrs 3amanwt I,m € R, ¢ € R", a Takke wm3mMepumas [0 [IEPBOMY
¥ HEOpepbhIBHAS II0 COBOKYIIHOCTH BTODOIO M TPETHEro aPryMeHTOB (YyHKIWS
f:a,b] x R™ x R™ — R™. IIpumenenne TeopeMbl 1 K KpaeBoil 3aaade

f@ta(t), () =0, telabl, lx(a)+mzd)=q,
103B0oJIsIeT CHOPMYJIMPOBATH CJIEAYIONNI IPH3HAK €€ PA3PEITUMOCTH:

1°. oroGpaxenwme f(t,x,-) : R® — R™ aBnserca a-HAKPHIBAIONIMM IIPH JTIO-
6om z € R™;

2°. orobpaxkenwue f(t,-,y) : R" — R™ aBaserca S-TUMITAIEBBIM ITPH JTIOOBIX
y € R™;

3°. umeer mecro mepasencrso a|l +m| — B(b— a)(|l + m| + |m|) > 0.

305



Hoxuazg ocuoBan Ha coBMecTHOi pabore ¢ E. C. 2KykoBckum.

Pabora Beimonmena npu nogaepxke PODU, rpant 09-01-97503; PIIII «Ha-
VYHBIE U HAYYHO-TIeTarorundecKre KaJpbl mHHOBaImMoHHON Poccrm ma 2009-2013
rOJbI>, TOCYAApPCTBEHHBIM KOHTpakT Ne 14.740.11.0349.

CyuiecTBoBaHUE pellleHHUi B 3a/iade ONTUMAJILHOIO yNPAaBJICHUS JJIS
CHCTeMBI rUINepboINIecKNX 3aKOHOB COXPAaHEHUsI
Horonaes H. U. (UacruryTr quaavukn cucreMm u teopun yrpasiaeans CO PAH,
Poccns)

B JOKJIaZle paCCMaTPUBAETCA YIIpaB/JIdeMad CUCTEMa

Oru+ 0z f(u) =0, (t,z) € [0,T) x Ry,
b(u(t,04)) = B(t, w(t)), t € 10,77,

w(t) = F(t,u(t, 04), w(t))a(t) + G(t,u(t,04),w(t)), te[0,T],

w(0) = wo, u(0,z) = uo(x), x € Ry,

alt) € 4, te (0,7,

1)
rmeu € R, weR™, a € R?, f: R® - R", b: R - R, B: [0,T] xR™ = R,
F: [0, T]xR"xR™ — L(R?;R™), G: [0,T]xR"xR™ — R™, A C R” — BbluykJi0e
KOMITaKTHO€ MHOXKECTBO. praBJIHIOH_II/IM HapaMeTpOM 30€Ch ABJIIETCA (.

OnpPEAEJEHUE 1. Pemenmem cucrembr (1) mazoBem Tpoiiky dynxmmit
(u, w, @) Takymo, 9TO

1°.u € C(0,T);L"(R;R™)) u TV (u(t)) < oo ama m B. t € [0,7],
w: [0,7] - R™ — abcomorHo HenpephiBHa, «: [0,7] — A — u3mepnma;

2°. uw(0,z) =uo(x) g . B. £ >0 m Ilir& b(u(t,z)) = B(t,w(t)) ans m. B.
t > 0;

3°. nyst Beex x > 0 DyHKIMS v ABIASIETCS CJIAOBIM SHTPOMUIHBIM PENIeHIeM
ypasrerus Oru + Oy f (u) = 0;

4°. mna . B. t € (0,7

w(t) = wo + /0 [F(1,u(T,04),w(T))a(r) + G(7, u(r,0+),w(7))] d7.

MHuoxkecTBO BCex perrenmii cucrembr (1) o6o3maumm gepes S.

Iycrs g: [0, T] x L' (R; R™) x R™ x R? — R — nekoropas usmepuMas byHK-
mus. [Ipu ompemesieHHBIX, TOCTATOYHO CTAH/IAPTHBIX, MPEITOI0KEHUTX OTHOCH-
resibHO byukmit g, f, b, B, F u G Mbl goKa3biBaeM CyIeCTBOBAHUE PEIlEeHUs B
3a/1a4€ OLTUMAJILHOIO yIIPABJICHUS

/o g(t, u(t),w(t),a(t))dt — min, (u,w,a)€ S.

Cucrembt Buga (1) MOAEIMPYIOT IPOLECCHI, B KOTOPBIX 2KHUIKOCTH B3AUMOZEH-
CTBYEeT C TBEPABIM T€JIOM. JIBUKEHME TBEPIOr0 Tejla OMMCHIBAETCS CUCTEMOM 0OBIK-
HOBEHHBIX /(D depeHImaIbHbIX YPAaBHEHMI, B TO BpeMs KaK JBUKEHNe KUIKOCTH
IIOJYUHEHO CUCTEMe yDaBHEHHUI B 9aCTHBIX npou3BogHbix. KoHKpeTHbIE TpHMEDDI
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TaKUX MOJeJIel MOKHO Halitu B pabore [1]. [lomgepkHeM, 94TO HaHHAS IOCTAHOBKA
He MCKJII0YAeT BO3MOXKHOCTU BOSHUKHOBEHUS! yIAAPHBIX BOJIH.

Pa6oTa Brmosisena npu mogaepykke POOU (rpant 10-01-00132-a) u CO PAH
(waTerparmmonnsrii mpoekt CO PAH-YpO PAH Ne 85).

Crucok Jureparypsl

[1] Borsche R., Colombo R. M., Garavello M. On the coupling of systems of hyperbolic
conservation laws with ordinary differential equations // Nonlinearity. 2010. V. 23. Ne 11.
P. 2749-2770.

06 ycpeaHeHUN HavYaJIbHO-KpaeBoOi 3aJa4u B Iep(opupoOBaHHOMN
obJlacTu ¢ HEeJIMHENHBIM KPaeBbIM YCJIOBHUEM TPETHEro THUIla Ha
rpaHuUlle IMOJIOCTEN AJisi HEJIMHEITHOro napaboJInYecKoro ypaBHEHU
Iomonscknit A. B. (Mockoscknii TocynapcTsennpiii Y HUBEpCHTET
um. M. B. Jlomonocosa, Poccust)

ITamomankosa T. A. (Mockosckmii [0Cy1apCTBeHHDII Y HUBEDPCHTET
um. M. B. Jlomonocosa, Poccust)

B pafoTe u3y9eHo aCUMIITOTHIECKOE TIoBeeHne ipy € — () peImenns u. Kpae-
Bl 3aqa4n 1yt ypasrenus 0y ue —Apue = — div(|Vue|P"2Vue) = f,tme p € [2,n),
B e-mepuonamyecku niepdopupoBannoii obmactu . C R™, n > 3, ¢ HenmHeHHBIM
TPETHUM KPAEBEIM yCJI0BUEM BHAA Oy, ue +€ ' 0(x,u:) = € ' g(x) Ha Tpanume mo-
nocreit, tae dy,us = |Vue|P"*(Vue,v), v — BeKTOp BHeNTHeit e IMANHON HOpMAH
K Tpamune moJsocteii. [Ipemnonaraerca, aTo muamerp mosocteii pasern Coe®, e
Co >0, a =n/(n—p); v = a(p —1). IIpn Takux ycraoBHAX MOCTPOEHA yCPEI-
HEHHAS 337293, COAEPKAMAA HOBOE HEJMHEHHOE CIaraeMoe, W TOKA3aHa TEOPeMa
0 cxoguMmoCTH Ipu € — 0 pelreHns NCXOOHOM 3aJa9l K PEIIeHNI0 yCPeTHeHHOM.

Tlosmoxum Q. = Q\ G., Se = 0G., 80 = 00U S.. B mummuape QL = Q. x
(0,T) paccMOTPHM CJIEIYIOIIYIO HAYAIHHO-KPAEBYIO 32Ja<Iy

Orue — Apue = f(z,1), (z,t) € QF,

Ovpue +€ To(z,uc) = "g(x), (x,t) €S =5x(0,T), 1)
ue =0, (z,t) € 902 x (0,T),

ue(z,0) =0, x € Q.,

rae Apu = div(|VuP?Vu), p € [2,n), dy,u = |Vu[P"*(Vu,v), v— sremmas
epuHnaHag HOpMaab K ST, v = a(p — 1), u upeanosaraercsa, aro f € Lq(Q7F),
g=p/(p—1)m g € C(Q). Hpeamomoxum, ato o(x,u) — HermpepssHo muddeper-
mpyeMas 1o mepeMerHsM ¥ € Q u u € R dynkmmsa, taxag, uro o(z,0) = 0 n
CYMIECTBYIOT TAKHWe TOJIOKHUTEIHHBIE TIOCTOTHHBIE k1 U k2, 9TO BBHITOJHEHBI HEPa-
Bencrsa (o(z,u) — o(z,v))(u —v) > kiu —v|?, |o(z,u)| < ka|u[P~L.

Ilon pemennem mommmaem u. €  L,(0,T; Wl’p(Qs,(’ﬂQ)), Oiu. €
Lg(O,T;Wﬁl‘p/(Qs,aQ)). Umeer mecro ciemyiomias Teopema o6 ycpeaHenu 3a-
mauan (1).

TEOPEMA 1. IIyemvn >3,2<p<n,a=n/(n—p),y=alp—1) u uc —
o6o6usennoe pewenue sadawu (1). Beedem dynmyuro u € Wy P () xax 0606wenmoe
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peweHue 3a0a4U

dvu — Apu+ A|H (z,w)|P °H(z,u) = f(z) 6,

u=20 na 0 x (0,7,
u(z,0) =0 npu x € €,
p—1
2de A = (%) Coy Pwn, wp — nuowads noseprrocmu edunuunot chepo. 6 R™,

H(z,u) — pewenue ypasnenua

BolH"*H = o(z,u— H) — g(z),

-1
2de Bo = (H)p Cy7P. Toeda e — u 6 Ly(0,T; Ly(Q)) npu e — 0.

p—1

O6 umHTerpaJbHOM NpPEACTABJIEHUN PEHIeHUil CHCTEMbI
Mowncuna—Teogopecky
Honynmu B. A. (Bearoposckmii rocymapcTBennbiii yausepcuret, Poccrms)
Connaros A. I1. (Bearopoackuii rocyaapcrsenssiii yaupepcurer, Poccns)

Iycrs raagkas mosepxuaocts S C R? ciyskur rpaHumeil KOHEYHOM OIHOCB3-
HO#t 06/tacT D, 1 n €CTh eIMHWYHAS BHEITHAS HOPMAaJb Ha S. XOpOUIo W3BECTHO
[1], 9T0 TpexmepHsbIil aHasoOr MHTErpaa Tuna Komm

_ 1 [ M(y—=)
S or s ly—=x3

(I9)(x) Mn(y)y(y) doy, =€ D, (1)

cnyxur pemennem cucrembl Moncmra—Teomopecky [1]

0 G G G
o 9 0 _ |l &G 0 = ¢
M(Tﬂa%?%) u(z) =0, M(C) = G s 0 G . (2)
G —C¢ G 0
Ecim ¢ € C*(S), T0 rpanuvHoe 3HaYCHKE
ut(yo) = lim__u(z), yo€S,

r—yo,x€D

dbyukmuu v = [ cymecTByeT U CBSI3aHO C COOTBETCTBYIOIINM CHUHTYJISIPHBIM WH-
rerpamom u* = I*1 dopmymnoit Tuma Coxomkoro-Ilnemensa ut = 1 + u*. B meii-
cruTebHOCTH [2] B mpemonoxenmm S € CHT0 (1. e. § € CM#FE ¢ meroTOpHIM
MaseM € > 0) omepatop ¥ +— [t orpammaen C*(S) — C*(D). Crienma bHEI BHI-
6op mwrorrOCTH B MATerpase (1) obecreumBaer cnpaseqmBocTh Gopmysnbl Komm
2u = Tu" ana pemenns u € C* (D) cucrembr (2).

OCHOBHOI pe3ysIbTaT JAHHONH PabOTHI COCTOUT B CJIEIYIOIIEM.

TEOPEMA 1. Iycmo S € C*10. Tozda dnn awbozo pewenus v € C*(D)
cucmemss (2) cywecmeyem eduncmeennas 2-eexmop-pynkyus @ = (¢1,92) €
C*(S), maxasn, wmo

s 1, i=1,
u=1y, wi_{gani,l i=2,3,4.
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C momoribio 3Toro mpeactasienus u popmyiasl Coxorkoro—-Ilnemens mo0yio
KpaeByIo 3a/ady is cucteMbl Moncmia—Teomopecky B obactu D MOXKHO JI€TKO
PeayLMPOBATH K YKBHUBAJIEHTHON CHCTEME IBYMEPHBIX CHHTY/ISPHBIX MHTETDAJIb-
HBIX YPABHEHMI Ha IOBEPXHOCTH S.

Pabora Bemmonmena B pamkax ®III «Hayunmsle um mHaywHO-IIemarormieckme
Kaaphl mHHOBaImonHO# Poccmm» ma 2009-2013 romer (rockomrpaxTter 11, 11693,
Ne 02.740.11.0613).

Crnucok JuTeparypsbl

[1] Buuadse A. B. KpaeBble 3a0a9u [JIs1 SJUIMNTUYECKUX yPABHEHUH BTOPOro mopsaaka. M.,
1966.

[2] Hoaynun B. A., Coadamos A. II. Tpexmepnsiii anasor unarerpasa runa Komu // Jud-
depenn. ypasaenus, 2011, . 47.

O BHYTpeHHel IJIaJKOCTH ODODIIEHHBIX PelleHUl HEKOTOPbIX
yumnrudeckux auddepeHralbHO-PaA3HOCTHBIX YPaBHEHUN ¢
BbIPOXKI€HUEM
Iomos B. A. (Poccuiicknii yaupepcurer apy»k6pr Hapoaos, Poccust)

PaccmarpuBaercs snunTudeckoe auddepeHnmaibHO-PA3HOCTHOE ypaBHe-
HU€ C BBIPOXKIEHUEM

Aru = — ijZ:I MRWU =fz) (z€Q) (1)
C Kpa€eBbIM YCJIOBHEM
u)=0 (zeR"\Q), (2)
rae @ C R™ — orpanmyenHasi 06J1acTh ¢ KyCOYHO-TJIQIKOM rpanuneit 0Q, Ri; —
Pa3HOCTHBIE OIEPATOPDI,

Riju(z) = Z aijnu(z + h), (3)
heM
M C 7 — KoHeYHOE MHOXKECTBO BEKTOPOB, a;;n € C.

IIpenmosnaraeTcs, 9T0 PA3HOCTHBIE OTIEPATOPHI ABJIAIOTCA HEOTPUTIATETLHBIMHA
¥ BBIIOJIHAETCS YCJIOBHE MOAYMHEHHOCTHU fA7ep PA3HOCTHBIX Omeparopos. B orm-
9mue OT H/IANTHIECKUX aud GepeHnnababIX ypaBHEHHI ¢ BRIPOK ICHUEM, BBIPOYK-
nenue B 3amade (1), (2) mocur HesokanbHBIA xapakrep. B [2], [3] mokazauo, uro
HEKOTOPBIE KJIACCHI HEJIOKAJIBHBIX HJIJIMITHIECKUX 337124, BO3HUKAIONNX B TEOPUU
mna3mel [1], cBomsaTcest kK simnTudeckuM b depeHarbHO-PA3HOCTHBIM yPaB-
HEHUAM C BBIPOK/ICHHAEM.

Beenem omeparop Ar mo dopmyne (1) ¢ obmacTeio onpezneneHus
D(ARr) = C§°(Q). Hdus oneparopa Ag HOJIyUeHB ATPUOPHBIE OLEHKH, TI03BOJISIIO-
mue nocTpouTh (Gppuapuxcoso pacumpenue Ag oneparopa Ar [4].

OnPEAEAEHUE 1. OGobuienubiM pemrenuem 3amaun (1), (2) ¢ f € L2(Q)
nasbiBaercst pyukims u € D(Ag) Takas, uro Aru = f.

B pabore mokazano, aro gya moboit byakmum f € L2(Q) oproronambHas
npoekrust P11y 0o606mennoro pemenns u € D(Agr) mHa 00pa3 pasHOCTHOTO Ore-
paropa Ri1 obnagaer ciegyommM cBodictBoMm: Priu € WQQ’ZOC(QT) (r=1,2,...).
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3aecb @ — OTKpHITHIE CBA3HBIE KOMIIOHEeHTH! MHOXKecTBa @ \ |J (0Q + h), M —
heM
AIUTUBHAS TPYIIIA, TOPOXKIEHHAT MHOXKeCTBOM M.

Ora pabora Beinoaaena npu noguaepxke PODU (upoext Ne 10-01-00395, npo-
ext Ne 09-01-00586), amaMTHIECKO# BEJIOMCTBEHHOI MPOrpaMMbr ,, Pazsutne Ha-
YYHOTO MOTeHmAaIa Bhicme mkobl (mpoekt Ne 2.1.1/5328), m B pamkax deme-
PaJIbHOM 1IeJIeBOM 1IporpaMmbl , HaydHble u Hay YHO-IIE1arOru9ecKue Kapbl MHHO-
sanuonnon Poccun 2009-2013 rr.“

Cnucok JauTeparypsbl

[1] Buuadse A. B., Camapcruti A. A. O nexoropbix npocreifinx 0606weHnsnx NMHEHHbIX
saunTuyeckux Kpaesbix 3amad // JAH CCCP. 1969. T. 185. Ne 4. C. 739-740.

[2] Skubachevskii A. Elliptic Functional Differential Equations and Applications. Basel-
Boston-Berlin, Birkh&user, 1997.

[3] Cxybanescrut A. JI. Dnnuntudeckne auddepeHInalbHO-PASHOCTHBIE YPABHEHUS C BbI-
poxaenuem // Tpyast MMO. 1997. T. 59. C. 240-285.

[4] IHonose B. A., Crybauescxuti A. JI. Cexropuanbuere nuddepeHnnaabHO-PA3HOCTHDIE
onepaTopsl ¢ Beipoxkaeruem // JTIAH. 2009. T. 428. Ne 4. C. 450-453.

TnobanbHas JOCTUXKUMOCTh U TJI00ajibHAasK JISIIy HOBCKAas
HOPUBOAUMOCTh JINHENHbIX YIPABJISEMbIX CUCTEM
ITonosa C. H. (¥amyprckuii rocypapcrsennsiii yuusepcuret, Poccust)

PaccmorpuM srHeNHYIO yIPaBIgeMYyIO CHCTEMY
z=A{)x+B®t)u, z€R", uweR", t€R, (1)

C KyCOYHO-HEIPEPHIBHBIMI 1 OFPAHMIEHHBIME HA R MaTpudHbIMu K03 durmenTa-
mu A(-) u B(+). Yupasnenue u(-) B cucreme (1) BeiGupaercs nuneiinbiM 1o daso-
BbIM KoopauHaTaM, U = U (t)z. Kycouno-nenpepoiBnas u orpanudennas GyHkuus
U: R — M,,, urpaer pojgb MaTpUYIHOIO YIPABJIEHUSI B 3AMKHYTOIl CHCTEME

i = (A(t) + B(t)U)w. (2)

OnpEAENEHUE 1. Ilycrs U C M,,,, — HeorpanudeHHOE MHOXKECTBO. Bynem
rOBOPUTH, uTO cucTema (2) obsazaer CBOHCTBOM pasHomephol 2406anvnotl do-
CTUACUMOCTIU 0HOCUMENbHO MHodcecmea U, ecim ipu HeKoTopoM ¢ > 0 miist
mpom3BObHEIX @ > 0 m 8 > 0 mHalimerca takoe [ > 0, 9To s 060 MaTPHIIBL
H € M,,,,, ynosnersopsiomeii HepasenctBaM ||H|| < o w det H > 8, u qyst jmo-
Goro to € R cymecrByer KycouHo-HenpepsisHoe yupasierue U : [to, to + 9] — U,
IU|lc <1, rapanTupyiomee BBILIOIHEHIE PABEHCTBA

XU(to + 19, to) = Xo(to + ﬁ,to)H,
rae Xy (t,s) — marpuna Komwn cucremsr (2).

OnprEAENEHUE 2. Ilycts U C M,,,, — HeOrpanudeHHOE MHOXKECTBO. Bynem
TOBOPHUTH, 9TO cucTemMa (2) 06/aTaeT CBOWCTBOM 2400a4vH0T AANYHOECKOT NpU-
6800UMOCTIIU OTHOCUTNEAbHO MHodcecmea U, ecau st 1000 KyCOYHO HEIIPEPHIB-
HOU m orpammdennoil marpuisl D : R — M, Halimercs KyCO4YHO HempepbhIBHOE
orpanndentoe ympasiernne U : R — U, obecreumBaroniee aCHMOITOTHIECKYIO K-
BUBAJICHTHOCTH CUCTEMBI

z=D(t)z, ze€eR"
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u cucremsbr (2) mpm U = U(+), T. e. cymecTByeT npeobpasosanue JIamynosa, cBs-
3bIBalOIee 3T CUCTEMBbI.

OnpPERENEHUE 3. Cucrema (1) Ha3bpIBa€TCA PABHOMEDPHO BIIOJIHE YIIPABIITEC-
moit (B cmbicie P. Kasvana), ecim cymecrsytor takue ¥ > 0 u v > 0, 9ro upu
Bcex to € R u £ € R™ BBINOJIHEHO HEPABEHCTBO

to+9
[ e Xotto, 9B ds = e
to

TEOPEMA 1. IIyemov U C M,y — Heozpanuvennoe muosicecmeo. Ecau cu-
cmema (2) pasHomepro 240044510 Q0CTNUNCUME OMHOCUMEALHO MHodcecmea U,
mo coomseemcmeyrowan cucmema (1) pasromepro enoane ynpasasema (6 cmoicae
P. Kaamana).

TEOPEMA 2. IIycme U C My, — neoepanuwennoe mmoocecmeo. Ecau cu-
cmema (2) pasHomepro 240044510 Q0CTNUNCUME OMHOCUMEALHO MHodcecmea U,
mo (2) obaadaem ceoticmeom 2406aAvHOT AANYHOECKOT NPUEOOUMOCTIY OMHOCU-
meavro U.

IToxazamo, T0 B 00IeM Ciyuae yTBepXKaeHusi, oOpaTHble TeopemMam 1 u 2,
HEBePHBI.

Pabora Bbinosinena B pamkax rporpammbl Ipesuauyma PAH «Maremaruye-
CKad Teopud YIPaBJICHHUI>.

O HekoTOpPOM KJjacce NPUKJIAAHBIX JUHAMHUYIECKAX CACTEM U HUX
oudypkramuax
IMoraros B. U. (Hopuabckuit WEIyCTpHAIBHBIH HHCTATYT, Poccmst)
Moposos A. /. (Huxkeropoackmii rocyZJapCTBeHHBIH YHUBEPCHTET
um. H. H. Jlo6auesckoro, Poccusi)

N3ygaercs kmacc AUCCUIATUBHBIX MPUKJIAIHBIX IUHAMUIECKUX CUCTEM BHIA

m‘i:Fi(xlam27'“71771;/1/17/1’27'“1“16)7 7::1727“-7”7 (1)

OF 9F,
YAOBJIETBOPAIOMNX yCIIOBUIO 7 - +...+ ﬁ < 0, rme x; — da30BbIe IepeMeHHbIE,

a [4; — mapaMeTpHl.
K cucreme Takoro Tuma mpuxOAWM TIPU MOJEINPOBAHUY KOJ€0ATE/IHHBIX pe-
JKAMOB B pabOTe ITapoBOi MAIIWHBI YaTTa C [MEHTPOOEKHBIM PEryIsTOPOM:

1:1 = X2,

. . 2 .

Z2 = —yx2 +sinz; + x3sinxy cos (2)
Z3 = k(cosz1 — p).

Ee nasbsiBaeM TpexmapaMeTpUUIecKOl JUHAMUYIECKOM cucTeMoi Boinraerpaackoro—
Iourparuna. B nannom noxnazne nogpobuee ocranoBumcsa Ha cucreme (2).

Omna mmeeT om0 cocrosame pasrowecus O1(arccos p; 0; ﬁ), W TUBEPTeHITHs
€e BEKTOPHOIO TI0JIsi BCIOAY OTPUIIATETbHA.

Iloka3ano, uro B cucreme (2) Ipu KPUTUIECKUX 3HAYCHHUAX IIAPAMETPOB k =
1, p = 0,815 u v = 1,472 peanusyercs kjaccudeckas Oudypranus AuapoHoBa—
Xormda poxkaeHns €IMHCTBEHHOTO MPEebHOTO NHKIa u3 cemo-gokyca. laree
upu 7 = 1 u Tex xe 3HaueHusXx k u p HOABJIAIOTC [1BA [IEPEKPY Y€HHbIX 1UKJIa. [Ipu
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yMmenbuieranu 7y 10 0,5 uaer mporemaypa yaBOEHUs IE€PUOa IUKJIA, IPUBOISIINAST K
CJIO’KHOMY IIPUTSATUBAIOIIEMY MHOXKeCTBY (Pa30BBIX TPAaeKTODHIL.

Takke B AOKIaze 00606IMAIOTCS CBOMCTBa pemenmii cucrem Buma (1) mHa
6aze gumammdeckmx cucreM UymakoBa—Crmabko, Pukuraku m Ppamdeckuun—
Tubanbau.

O cuHrynsipHbix pemreHusix ypasHeHust Kia®
IToxoxaes C. H. (Maremarugecknii uacruryr PAH, Poccust)

Bo Bcesrennoit Kopresera—ne ®pusa, Kak 1 BO BCAKOU pacmupsgiomeiica Bee-
sreHHOH (Kaxk b1l rox mybnukyerca 6onee 100 crareii, u kaxapie 2—3 rona BIXOIUT
KHWTA, TIOCBSATEeRHasa ypasHenuio Kopresera—ae @pusa), IMEIOTCA IEPHBIE JBIPHI
¥ IPOUCXOAAT B3PHIBBI CBEPXHOBBIX.

Hoxkua 1 mocBsines npobJjieMe YepHbIX JbIP W B3pbiBaM B 3ToM BceesrenHoi
Kn®, T. e. CHHIy/ISIpDHBIM DENIEHVSIM U MX Pa3pyIIEHMIO 33 KOHeTIHOe BpeMs. Pac-
CMATPHUBAIOTCH HAYAIHHO-KPAEBBbIE 330a91 HA OIPDAHUYEHHOM IIPOCTPAHCTBEHHOM
MIPOMEXKYTKe, Ha IIOIyOrDAHNIEHHOM IIPOMEXKYTKe, U 3amagda Kommn.

YcTaHaBIMBAETCS, UTO MOSIBJICHIE CHHTYJISIPHBIX PENIEHNI HATaIbHO-KPAEBhIX
33124, pa3pyIIAOIINXCs 32 KOHETIHOE BPeMsI, 3aBUCUAT OT TUIA IPAHUTHBIX yCJIO-
BUIl; B C/Iy4ae IOJIyOrPAHUYEHHOTO IPOMEKYTKA IMIOSBJIEHNE CUHIYJISIPHOTO pele-
HUST 00YC/IaBINBAETCS COOTBETCTBYIONMMI “HAYAIBHBIM TI0 T YCIOBUSIMU.

B cnydgae 3amaun Komu nosiB/ienne CHHTYISIPHOTO PEIeHNsT, Pa3pyIAOMero-
Cs 32 KOHEYHOE BPeMsl, 3aBUCUT OT ACUMIITOTUKY HAYAIbHBIX JTAHHBIX, BEIBOIAIIAX
IUIQJKY10 HAadalbHyo dbyHKnuio u3 npocrpancrsa una H°(R) ¢ s > —3/4.

st 3apaan Komu mocTpoeHo ceMefCcTBO ITaJKuX PenieHuil, pa3pymaonnx-
cg 3a koHegrHoe Bpems. Ha srom nmpumepe obcyxgaercs siBiaeHne caMopOKyCHPOB-
KU TIOCTPOEHHBIX PEIIeHuI.

OGpaTHaﬂ 3agavda OJid rlapa60.m/1'{eCKoro YpaBH€HHU:A C HEJIOKAJIbHbIM
yciaosuemMm HaﬁHIO,Z[eHI/ISI

IIpunenko A. H. (MI'Y um. M. B. Jlomorocosa)

Iycrs Q@ C R™ — orpannuensas obaacts ¢ rpapuneit I' € C?. B numusape
Q = Q x (0,T) paccmarpuBaercs 3amaua HaxoxKmeHus: mapsl {u(z,t); f(x)} u3
YCJIOBHIA:

x,t) — Lu(z,t) = h(x,t) f(x) + g(z,t) (z,t) € Q, (1)
u(z,0) =uo(z) z€Q, wu(x,t)=0bxt) (z,¢t)el x][0,T], (2)

l(u) = /0 u(z, 7)dp(t) = x(x) = €. (3)

e
~
8
~
=
e
By
—

3necy dyurmmn p, h, g, uo, b, K, X 3aTaHbI, & PABHOMEPHO SJLIUIITHYECKUI OTTe-
parop L umeer Bu:

Lu= i % (aij (x)%) + (?(m,t),Vu) +d(z,t) - u.
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Oynxrus (4(t) B yCIOBAN HEJIOKAIBHOTO MEPEOTpeiesieHus (3) — CKaIspHasi, IMe-
et orpaamienHyio Bapuanmio Ha [0, 7] u menpepeBaa npu t = 0 cupasa. O603na-
i wepes u’ (2, t) pemerue mpsmoit 3amaum (1)—(2) ¢ f = 0, U ycTs BCIOAY HUKe
BBITIOJTHAIOTCS CJIEIYIOMAE yCIOBHs HA 33 aHAbBIE (DYHKIIUH:

aij(z) € CH(Q);  pope € C(Q);  bi,0bi/0xi,0b:i/0t,d,di € Loo(Q);
9.9t € Lp(Q);  uo(x) € Wy (9);
30,0, € W H(Q) : ®(2,0) = uo(x) z € Q, ®(x,t) = b(x,t) (x,t) € S;
X(@) € W(Q); by hi € Loop(Q); p € [2,00);  1(b)(2) = x(2) z €T
p(z,t) > p1 >0, d(z,t) <0 (z,t) €Q; |l(h)(z)| >5>0x€Q.
OnprEAENEHUE 1. O0Go0mieHHBIM pernreHneM OOpPATHON 3aa<y HA3BIBAETCS

napa bynxmuit u(z,t) € W2'(Q), f(z) € Ly(RQ), rae p € [2,00), yaosiersopsio-
mast ycaosusim (1)—(3).

TEOPEMA 1. 3adauwa (1)—(3) sxeusasenmmua AUHEUHOMY ONEPAMOPHOMY
ypasrenuto 2-020 poda ¢ enoane nenpepusiom 6 Ly(Q) onepamopom.

TEOPEMA 2. Ecau by = bi(x), a mepa du(t) = w(t)dt ¢ Pynxyued
w(t) € Wi (0,T), npuvem cnpasedrusv. nepasencmea w(t) > 0 wna [0,T];
(wp); < 0, I(h)~" - h(z,t) > 0 6 Q, mo obobusennoe pewenue obpamnoti 3ada-
wu (1)—(3) cywecmeyem, eduncmeenno u cnpasedausa ouyenka ycmolvusocmu:

lu— w02 + (| fllpe < C - lIx — 1u®)]| P

B nmamnoii paGore pesyJbrarbl, HojydeHHble B [1] merogamu reopuu nosty-
TPYIIT, TTEPEHECEHBI HA 00pATHBIE 337497 I MapaboIMIecKnX ypaBHeHnuil B Ly, ¢
HeCTaIMOHAPHBIM oneparopoM. Crydail (MHAIBHOTO W MHTEIPATBHOTO HAOIIOIE-
HUs UCCIIEN0BasC B [2].

JTokJta; OCHOBAH Ha cOBMecTHOI padore ¢ A. B. KoctunabiM.

Patora mommepxana LI «Kanpers (npoekt I1268) mw ABIIII <Pa3ssutne
HAy9IHOrO LOTEHIMAJIA BICwel mkobr> (npoexr 2.1.1/6827).

Crnucok JuTeparypsbl

[1] IIpuaenxo A. H., Tuzonos M. B. BoccraHOBIEHHE HEOJHOPOIHOIO CJIATAEMOro B ab-
CTPAKTHOM 3BOJIONMOHHOM ypaBHeHuu // M3sectus PAH. Cep. maremarudeckas. 1994.
T. 58. Ne 2. C. 167-188.

[2] Ipunrenxo A. H., Kocmun A. B. O HEKOTOPBIX 06PATHBIX 3a0a4aX NI NapaboInIecKux
ypaBHeHUH ¢ (DHHAJBHBIM M HHTErpaJbHbIM Habmogenuem // Marem. cGopuuk. 1992.
T. 183. Ne 4. C. 49-68.

IMonuuomsbl JIUT/ByAa U clieKTpaJibHasi TEOPUsl JMHAMUYECKUX CHCTEM
IIpuxonpko A. A. (MockoBckmii rocynapCTBeHHBI yHUBEPCHTET
nmenn M. B. Jlomonocosa, Poccust)

Ilosmaom
P(z)=co+ciz+...+cnz", ¢ €C,
HA3BIBAETCH YHUMOIYAApHuM, ecin |¢;| = 1 mysa Beex j. Jx. Jlutasyx B 1966 r.
[7] mocTaBun BOompoc 0 TOM, HACKOIBKO yHUMOMY/IAPHBIA MOTMHOM MOXKET OBITH
06/IM30K K KOHCTAHTE II0 A0COIIOTHOM BeJIMYWHE HA EJUHUYHOH OKPY?KHOCTU
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S'={2¢€Z: |2| =1}. MupiMu cjioBaMu, CYNIECTBYeT JIU JyIsi 33jaHHOTO & > 0
YHUMOLyAPHBIH nosmHoM P(2) cremenn n > 1, yaoBaeTBopaomuii oneHKe

1
vn—+1

mng moboit roukm z € C, takoii, aro |z| = 1?7 Hapanmy ¢ xmaccom yHMMOmysap-
HBIX TTOJIMHOMOB M3yYaeTCsl MHOYKECTBO APYTUX KJIACCOB TIOJMHOMOB M SKCIIOHEH-
IUAJIBHBIX CYMM, TOCTPOEHHBIX Ha OCHOBE O0jiee 00muX wIn 60J1ee 9aCTHBIX OTpa-
HUYeHUN Ha KOMQUIMEHTHI, 00beJIMHEHHBIX 110/ OOIMM HA3BAHUEM 7NO0AUHOMDL
Jumaseyda. VlccenoBamme aHATUTHYIECKUX CBOWCTB MTOJIMHOMOB JIMT/IBYIa mMeeT
00IBIION KPYT IPUJIOKEHNUI B TEOPHUM TIHCeJ, aHAJN3€ U TEOPHUH JUHAMUIECKUX
cucrem. Iosoxurensublil oTBeT Ha yrnoMmsHyTh Bonpoc Jlutasyna man 2K. Ka-
xaH B 1980 r. [6] 1, B TO ke BpeMsi, MHOTTE TTPOGJIEMBI, CBII3AHHBIE CO CBOHCTBAMHI
OTMHOMOB JIMT/IBY/1a, OTKPBITHL U CEHtIac.

OCHOBHBIM 06EKTOM HAIIEr0 HCCIEI0BAHNS gBiIgercd Kiaace MF momroMos
JIutnsyna ¢ koaddumenramu {0, 1} #a rpymme R, Bo3HUKAOMMIT B 3a1a9aX CIIEK-
TPAJIbHOM TeOPHU TWHAMHYECKHX CHCTEM C MHBAPUAHTHOHN Mepoii. B macToameit
paboTe yCTaHABIMBAETCH CyIIECTBOBAHME HOJHHOMOB B Kmacce M, gpasiommx-
Csl MHTErpaIbHO E-TIJIOCKUMU HA JIIOOOM 33JaHHOM KOMITAKTHOM TIOJIMHOYKECTBE
muoroo6pasus R\ {0}. A umenno, nokassBaercs, 4ro s 3agaHubx 0 < a < bu
€ > 0 cymecTByeT IOJIHHOM

1P(z)| -1 <e

2 N
Pt)=—=> ™0 w(j)eR,
\/6;

SABJIAIOIUIACS €-NAO0CKUM HA OTPE3KE [a, b] 0 OTHONIEHUIO K HOPME IPOCTPAHCTBA
L'([a, b]). TIpumenenye TaHMHOTO aHATHTHUECKOTO PE3YIHTATA TIO3BOJISET JATH TIO-
JloxxuTesbHbIN orBer K runore3e Credana Banaxa [4, 2] o cymecTBoBaHu 1uHa-
MHYECKOHN CHCTEMBI C IPOCTHIM J1e0ETOBCKUM CIIEKTPOM B Kjacce AefCTBHUI IpyIi-
mor R. A mvenro, moxasereaercs cymiecToBamme motoxka {1}, tae t € R, meii-
CTBYIOIIETO COXPAHAIONMMA MEPY Tpeobpa30BaHMAMK Ha TMPOCTpAHCTBE JleGera
(X, A, i), Takoro, 9T0 aCCONMMPOBAHHOE C HUM YHUTAPHOE IIPEJICTABICHUE UMEET
OZTHOKPATHBIH J1e6eroBcKmii cekTp. KOHCTpyMpyeMblii TOTOK TPUHAIEKAT KIIAC-
Cy JUHAMWYECKUX CHCTEM AllPOKCHMAIUOHHOrO panra 1 (cm. [1, 3]).
Pa6ora Beimosmena npu nogaepxke PODU, rpant 11-01-00759-a.

Crmcok Jiareparypsl

[1] ZA. B. Anocos. O cnekrpaJbHbIX KPATHOCTAX B sproguieckoi reopun // Cosp. npobi.
marem., MMAH. 2003. T. 3, C. 3—85.

[2] A. A. Kupuanos. Innamudeckue cucremst, (pakTopsr u npeacrasiaenns rpynn // YMH.
1967. T. 22. Ne 5(137). C. 67—80.

[3] A. M. Cmenun. CuekrpanbHble CBOHCTBA THIMYHLIX AUHAMUYECKHX cucteM // M3s. AH
CCCP. Cep. Marem. 1986. T. 50. Ne 4. C. 801—834.

[4] C. Yaam. Hepemennnie marematuaeckue 3anaau. M.: Hayka, 1964.

[5] J. Bourgain. On the spectral type of Ornstein class one transformations // Isr. J. Math.
1993. V. 84. P. 53—63.

[6] J. P. Kahane. Sur les polynomes a coefficients unimodulaires // Bull. London Math. Soc.

1980. V. 12. P. 321-342. ) )

J. E. Littlewood. On polynomials, 31" 2™, 3" e@nizm = % // J. London Math.

Soc. 1966. V. 41. P. 367-376.

[7
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KpaeBble 3a3/1a491 C HEJIOKAJIbHBIMU I'PAHUYHBIMU YCJIOBUSIMU JIJISI
YPaBHEHUsI BBICOKOIO IOPS/IKA [0 BPEMEHU
ITynpkuna JI. C. (Camapckuii rocypapersennsii yuusepcurer, Poccust)

B poxsazme paccMaTpuBalOTCA KpaeBble 3aJa4U I YPAaBHEHHUS
(=)™ D"t — s + o, Hhu = f(a,1) (1)

B mpamoyronpauke Q@ = (0,1) x (0,T), rme I,T < 00, W IOKA3BIBAIOTCA TEOPE-
MbI CyHI€CTBOBaAHUA U € TMHCTBEHHOCTHU pe]J_IeHI/II./JI7 YAOBJIETBOPAOIUX HaYaJIbHBIM
YCJIOBUSAM

Diuli—o =0, k=0,..m; Diuler =0, k=1,..m—1, (2)

TPAHUIHOMY YCJIOBUIO uz(l, t) = 0, 1 OTHOMY M3 CJAEAYIOMMNX HEJIOKAJIHHBIX YCJIO-
BUIA:

l
ue(0,t) = /K(m)u(x,t)dac, (3)
Ol
w(0,1) = / K (2)u(z, t)dz, (1)
/ K (@)u(z, t)dz = 0. (5)
0

JoKka3aTesbCTBO PAa3PEmUMOCTH IOCTABAEHHBIX 33139 i M > 1 OCHOBAHO HA
PEIyKITUW K OTIePATOPHBIM YPABHEHUSM U 0A3WPYETCST HA TIOJTY I€HHBIX ATTPUOPHBIX
oneHkax B anu3oTponHbx npocrpancrsax C. JI. Cobonesa.

Bamerum, uro Henokaabube ycsosug (3)—(5), moxoxkue apyr Ha Apyra mpu
GeryIoM B3TJIAE Ha HUX, KAIECTBEHHO PA3JIMYHBI BECbMA CYINECTBEHHO, UTO TIPHU-
BOJWT K HEOOXOJUMOCTH WHIAMBHIYATHHOTO TIOAX0Aa K BRIOOPY Criocoba pe Ty KImu
K OIIEPATOPHOMY YPABHEHHIO B KaKJIOM U3 TPex CiaydaeB. IlogpoGHOe M3JI0KeHune
JI0KA3aTeIbCTBA PA3PENIMMOCTH 33129 C HEJIOKAJIBHBIM YCJI0BUEM (3) U OHUM U3
IPaHUYHBIX ycraoBul uy (1, t) = 0, u(l,t) = 0 musa ypasuenus (1) npuseneno B [1].

Cnucok JuTeparypsbl

[1] Hyavxuna JI. C. Kpaepble 3a1a41 ¢ HEJIOKAJIBHBIMA FPAHUYHBIMY YCJIOBUAMH IJIA yPAaB-
HeHuil BbIcOKOro mopanka // Hekjaccudueckue ypaBHEHHS MATEMATHYECKOH (DU3HUKH.
C6opuuk Hayuusix pabor. Hosocubupck, 2010. C. 220-232.
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VYciioBus NpeacTaB/IeHUus OCTATOYHOro WwieHa B dopmydsie Teiisopa aJis
rosiomopdHoii B obaactu dyuknuu B popme Jlarpamrka
Pamsnesckas E. . (HanmonanbHbI yHUBEPCHTET MUIMEBBIX TEXHOJIOTHH,
Ykpauna)

Hccenemyercsa BOpoc o mipeacTaBeHuu rojaoMopdHoi B obiactu D koMmILieKc-
Hoi nnockoctu C (byHKH,I/H/I f B Bume

Z (1 20) ) 4 L= 20) g g 1)

u Bompoc o Jyiokanm3anuu £ B (1). ITokazano, B wacTHOCTH, 9TO AJ1st IOOBIX 20 € D
u 6 € (0;7/2] maiimercst takoe mosjoxkuresnbHoe r, uro kpyr U, = {z € C
|z — 20| < r} memukom nexwur B D u mya Bcex z1 € Ur m 21 # 2o CymecTByer,
xorst 66l 01O, £, yaoBeTBOpsiomee coorHomenusM | — (z1+20) /2| < |z1 —20]/2,
|arg((§€ — 20)/(21 — 20))| < 0, s xoroporo cupasemmusa dopmyiaa (1). Tanst
YCI0BUs OTHOCUTENbHO hyHKImE f u uncia §, obecriednBaioniune eIMHCTBEHHOCTD
YKa3aHHOrO &, a TaK)Ke [PUBEIEHbl yC/IoBUsd, Kak 110 GyHkiuu f BoiOuparb 3¢d-
dexTuBHBIE OMEHKW pammyca r Kpyra Up, IUIs TOYEK 21 W3 KOTOPOTO BBITOJIHS-
erca (1). 1I3 moka3aHBIX yTBEDXKIEHWH, B 9aCTHOCTH, TOIY9IEeH Pe3y/IbTAT s
dbysxnun e*: ecau |z1 — zo| < 1,451 w z1 # 20, Mo cywecmeyem edurcmeeH-
noe € us xpyza U((z1 + 20)/2; |21 — 20|/2), daa womopozo cnpasedausa dopmyaa
e*t — e* = (21 — zp)ef. DTOT pesynBTAT, HO U 3HAMUTEIHLHO OOJEE KECTKOM
rpeboBanmu |z1 — 20| < 0,3, 6pw1 ycranosaen Ix. PoGeprcon B [1].

Crucok Jureparypsl

[1] Robertson J. M. A local mean value theorem for the complex plane // Proc. Edinburg
Math. Soc. 1969. V. 16 Ne 4, P. 329-331.

Kiacc pemeHnnii a1 oJHOMEPHBIX CTOXaCTHUYECKUX HEJIWHEHHBIX
KpaeBbIX 3a/1a4 PeoJIioruu
Pamaenko B. I1. (Camapcknit rocyapCTBEeHHBIH TEXHUIECKHH YHUBEPCHTET,
Poccns)
Homnos H. H. (Camapckmii rocyaapCTBeHHBII TexHUIeCKHii yauBepcuret, Poccms)

IIpenmoxken MeTos permeHnsi CTOXACTUIECKUX HETUHEHHBIX KPAEBBIX 33]1a9
PeosIoruy B OUIMHAPUYECKONR CHCTeMe KOODAMHAT [UIA CJIydas IJIOCKOro medop-
MHUPOBAHHOTO COCTOSIHUS B IIPEIIIOIOKEHNN, ITO CTOXACTHIECKIEe CBOMCTBA MaTe-
pHaJIa ONHMCHIBAIOTCS TPH TIOMOTIH CJIy9aiiHo DyHKImY ogHoM nepemenuoii (paau-
yca 7). Merog npomwniocTpupoBan Ha 3a4a49aX [l TOJACTOCTEHHON TPyObl BHYT-
PEHHEro pajnuyca a IOJ [eHCTBUEM BHYTDEHHErO [ABJICHHS ¢ M BCECTOPOHHETO
PACTSIKeHUsl yCUIneM p O€CKOHETHON IIACTUHBI U3 CTOXACTUIECKU HEOIHOPOIIHO-
0 MaTepuaJIa, 0CIA0€HHON KPYTrOBBIM OTBEPCTUEM PAIUYCA Q.

CucremMa CTOXaCTUIECKUX PEOJIOTHYeCKUX yPAaBHEHUIl 3amncana B 6e3pa3mep-
HBIX KOoOpamHaTax p = 7/a (a — BHyTpeHHHI paguyc TpyObI) m COCTOWUT U3 ypaB-
HEHUS DABHOBECUS JJIs HAIIPSAKEHUI

do, n oy — Og
dp p
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yCJI0BUSI COBMECTUMOCTH Jedopmariuit

deg . .
p— +¢co—cr=0
dp
¥ OIpeleIdIonX COOTHONIEHWH, IPUHATHIX B COOTBETCTBUU C HeJIMHENHON Teopu-
el BA3KOTO TEYEHNs B CTOXACTUIECKON (popme

g =cs" o, (1+ alU(p)), g0 = cs" 'ag(1+ alU(p)),

rae 0, U Gp — KOMIIOHEHTBI TEH30DA [€BUATOPA HANPSKEHNUU, § — HHTEHCUBHOCTD
nampsixkennit, U(p) — caydaiinas (GyHKIMs, OMUCHIBAIONAs (BIIyKTYaIlMH DPeoJIo-
TUYECKUX CBOHCTB MATEPHAJIA, XapaKTEPUCTHKU KOTOpoit m3sectabl: (U) = 0,
<U 2> =1, wucao a (0 < a < 1) urpaer ponp kodddunmenTa Bapuanyum STUX
CBOJICTB, ¢ M N — MOCTOSTHHBIE MAaTEPUAJIA.

JIj1st TOJICTOCTEHHO TPYOBI pelreHne 3a/1a491 IIPOU3BONTCS IIyTEM Pa3JIoikKe-
HAY PAJAUAIBHOIO HAIPSKEHW: B Psf 110 CTeleHsM Masoro mapamerpa. Ilosy-
YeH PEeKYPPEHTHBIH BU CUCTEMBI CTOXACTHIECKN JIMHEHHBIX Ard depeHmaaIbHbIX
YPaBHEHMIT, 13 KOTOPBIX MOXKHO HAWTH COCTABJISIIOIINE PAUAILHOTO HAIPSAKEHIST
¢ 11060i cremenpio TogrocTr. Ha 0cHOBE aHA/IMTHYIECKOTO pellleHus IPOBEJEH CTa-
TUCTUYECKUI aHAIN3 CJIyYaiHOTO OIS HAMPSIAKEHU 1 cKopocTeil gedopMarmii B
3aBUCHMOCTH OT IIOKA3aTeJsI HEeJUHEHHOCTH 1 M CTEIeHN HEeOTHOPOJHOCTH MaTe-
puaia a.

BrimosHen aHaan3 CXOAMMOCTY METO/Ia MAJIOT0 MapaMeTpa JJIst TIOJIeH HAIpsI-
JKeHuit u medopMaryii.

Jis pacTaruBaeMoil IJIACTHHBL IIyTeM BBEJIEHUsI HOBBIX IIEPEMEHHBIX S U
o dopmynam o, = 2pcos/vV3, o, = 2pcos(p — 7/3p)//3 kpaeras 3amaua
CBOAUTCH K CHCTEMe CTOXACTHYECKUX HeJMHEeHHBIX muddepeHnuaabHbIX ypaBHe-
HU, KOTOpas JNHeapu3yeTcs Ha OCHOBE IIEPBOrO IIPUOJIMKEHHS METOId MAaJioro
mapamerpa. JIuneitnas 3aga4a pemaercd aucygaeHHo MetonoM Pymre-Kyrra. IIpn-
BOZISTCS PE3YJIbTATHl IMC/IEHHO-QHATUTUIECKUX UCCJIETOBAHNIN PENIeHNi KPAaeBbIX
3a/1ad.

Pab6ora Beimosiena mpu nognepkke POOU, rpant 10-01-00644-a.

O B-mapabosmndeckux cucreMax AuddepeHIuaabHbIX YpaBHEeHUH
Patixenprays JI. B. (Boponexckuii rocygapcrsennntii yuusepcuret, Poccust)

Oycrs 2=(2', 2" )eRL, =R XRN—n, &' €RS={a":21>0, ... ,2,>0}, u mycTs
a=(d/,a") — nenounCIeHHBI! MyIBTHMHAEKC AIHHEL |a|=a1 + . .. + an. OGo3Ha-
YeHUS:

’ ” an 1 0
(DB)g/ == (DaBi’ .. .,DOLZ)7 D‘g// = (Da;ni—117 .. >Dg;\7\,)7 D:Ej = i)
i Ox;
a;/2
o 1 B.7'", a; =2k,
DBJJ-:E ! (aj—1) ! k=0,1,2, ...,
: 2 _
Dszj , o;=2k+1,
82 Y o}
==+, 7 >0
0z w0yt



M3ygaerca cnemyromada 3agaga Kommn:

Ju(z,t)

5 = L ((DB)er, (D)ar) w(z,t); u(z,0) = uo(z). (1)

IIpumensiercss mosiHOE cMernTanHoe TpeobpasoBanme Pypre—bBeccemns

Fulfl€)=f(&)= / f@) AT (@€) (2°)Pdz,  §5'[fl(x)=CyFslf)(~x),

n i xi & . 2! e
1:[ (Jvﬁl (&) F ifljw;l (-’Ez‘&)) e

rue ju(z) = C(y) J;Ef), a J, — bynakmus Beccens mepsoro poaa.
9710 Ipeobpa3oBaHme TPUBOAUT K 3aaue Kormmu g1 CuCTeMbl OOBIKHOBEHHBIX

i bepeHuaTbHbIX YPABHEHHMI

D _ plgyuien), @) =AED:  v(E0) = wle) = o(e).

Matpurty HOpMaJbHON (YHIAMEHTAJIbHOW CHCTEMBI pemeHuit  0003HAINM
Q(&,t0,t), Yepes ' (R};) obo3nauum mpocrpancrso obobmentbix yHKmii, 10-
cTpoeHHbIX o cxeme 1. V. JlmzopkuHa.

TeoPEMA 1. Ecau 6 npocmpancmee V. (RY) = Fp[®(RY)] ocrosnuz
Pynryut P(€) (credosameavrno, u 6 npocmpancmee 6eCO6uT pacnpedeneHul
U (RE)) saemenmu mampuym Q(€,to,t) asasomes Fp-mysvmunauramopamu
npu awbom t > 0, npuuem cobcmeenHble 3ZHAYEHUA ABAAMNCA PA3AUY-
HOLMU U ompuyamesvrumu, mo 3adaua (1) umeem pewenue npu  at0-
6oti mavairvnoli eecosoii obobusennotl eexmop-dymryuu vo(€) € W (RE):
v(&,t) = u(€,t) = Q(&,0,t)vo(§), npunem Mo pewenue HENPEPLIEHO 3A.BUCUM
om nauaavrol éexmop-Pynryuu vo(€) 6 cmbicae HENPEPBLEHOCTIU, YCTIAHOBALH-
noti das npocmpancmea pacnpedeaenut W' (RE).

TEOPEMA 2. Ecau 6 npocmpancmee W~ (RY,) ocnosruz dynryud 1 (caedo-
6ameavHo, 6 6eco6om npocmparcmee pacnpedeaenutd W'y ) saemenmol, mampuypl
Q(&, to, t) asaaromea myavmunauramopamu npu mobwz t, 0 < t < to, npuuem
CO0CTMEENHBLE SHAMENHUA ABAAIOTMCH PASAUNHHMY U OTPUYETEADHBLMU, TO 360a4a

m
(1) mooicem umemv Auws eduHCMEENHOE PEULEHUE 6 KAGCCE ‘If',(Y )(Rﬁ).

Hoxknam ocuoBan Ha comecTHOl padore ¢ JI. H. JlsaxoBbim.

Cnucok JauTeparypsbl

[1] Kunpusanos H. A., Kampazos B. B. O6 ogHoM Kjacce OJHOMEPHBIX CHHLYJISPHBIX
ncepnopuddpepennmanpubix onepaTopos // Mar. cGopuuk. 1977. T. 104, Ne 1. C. 49-68.

318



KpaeBas 3amada aysa ypaBHeHull Juddys3un ApoOHOro mopsaaka u
BJIaroriepeHoca
Penmm O. A. (Camapckuii rocymapcTBeHHBIN SKOHOMHYIECKHI YHUBEPCHTET,
Poccus)

Paccmorpum ypasuenue

{um—DSﬁyu—O (y>0,0<a<l), @
1

Y Uzz — Uyy +us =0 (y < 0),
rae DGy ,u(z,y) —gacrHas apobHas LHpousBoaHas Pumana—JlimyBuis HOpAIKA
a ot dyuknun u(x,y) 0 BTOPO MEPEMEHHOH.

Hacroamasga paGora mocsamena m3ydenmnio ypasuernus (1) B obmactu D, xo-
Topas mpeicTasiger coboi obbeauuenne kpagpara DT = {(z,y) : 0 <z, y < 1}
m obmacta D, nexameil B HukHEH moymiockoctr (y < ), OrpaHUYeHHON Xa-
pakrepucrukamu AC : z — % =0; BC:z+ % = 1 ypasrernna (1) u orpeskom
[0, 1] mpstmoii y = 0, rme A = (0, 0), B=(1, 0), C = (3, —1).

Jna ypasuenus (1) moctaBum m mccremyem 3amady: Haiitm pemenue u(x,y)
ypasuenus (1) B obsactu D, ynoBIeTBOPAIONIEE KPAECBbIM YCIOBUAM:

uw(0,y) = @o(y), u(l,y) = »1(y), 0<y<1,

Ar (I ulbo(0)]) (@) =
3 p_3 ,
= o (17 u(t,0)) )+ (1778 0,0,0)) (@) + Aus

O<z<l,a>-1,b>1%c¢>-2 k> —-1mb0a>-1,b>

k> —%), a TaKXKe YCIOBHAM COIPAKEHNA

1

§,C< —2,

lim y'"%u(z, y) = lim u(z,y) (0<z<1),
y—0+ y—0—

. 11— T
Jim oy (Ml ), = limouy(zy) (0 <z <)

l—«a

Baecw ¢o(y), ¢1(y) —3amannble byHKIUH, TAKAE, 9TO

eo(y), e1(y) € ¢(I), 1(0) =0,

A;, i = 1, 4— pelicTBuTebHBIE KOHCTAHTHI, Takue, uro Ap, A3 > 0, Ay > As
mubo A1, As < 0, A1 < Ag, 6p(z) — TouKa mepeceueHNsT XaPAKTEPUCTUK yDPaB-
menus (1), Boxomsmux u3 touek (z, 0) (0 < z < 1), ¢ xapakrepucruxoii AC,
I&’_B *f(z) — oneparop 0606menHOr0 1pobHOro uHTerpo-muddepenuupoBanus ¢
runepreomerpudeckoil pyukimeit aycca B siape.

EMHCTBEHHOCTD PeIIeHus MCCIeyeMON 3aa4r JOKa3aHa C IIOMOIIbIO IPUH-
OUIIa 9KCTPEMYMa, & CyLIeCTBOBAHUE — CBEIEHO K paspemnmoctu guddepenim-
aILHOTO ypaBHEHUS MOPAIKa 1/2, KOTOpOe MMeeT MPUIIOKEHHs B TEOPHUHU TIOJIAPO-
rpaduu, BOIbTMETPA, JIEKTPOXUMUK. PelleHre 3T0ro ypaBHEHUs! BbIIUCHIBAETCS
B dBHOM BHJIE.
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Dyakiyu JISANMyHOBa U CTATUCTUYECKN WHBAPUAHTHBIE MHOX»KECTBA
YIIPaBJISIEMBIX CHCTEM CO CJAYYaliHbIMHU [IapaMeTrpaMu
Ponuna JI. . (¥amyprckuii rocypapersennstii ynusepcuret, Poccust)

B sTtom mokmaze paccMaTpMBAIOTCHA YCIOBUSA, DM KOTOPBHIX 33/IaHHOE MHO-
kecTBO M CTaTHCTUYECKH MHBAPUAHTHO C BEPOSATHOCTHIO €INHUIA OTHOCUTEIHHO
yIpaBJdeMOl CUCTeMbI

&= f(h'o,z,u), (t,0,z,u) € Rx I xR" xR"™, (1)

TapaMeTpU30BAHHON METPHYIECKONW AMHAMUYIECKOI cucremoit (3, 2, v, ht).

IIpenmonaraem, 9To0 CymecTBYeT MHOXKeCTBO Lo C X takoe, uaro v(Xo) =1n
JU1sL KQ2KJ0r0 0 € Yo BBIIIOJIHEHbI YCJIOBUSL:

1°. dbynkmua (z,u) — f(h'o,z,u) neupepoisha;

2°. dynkmusa t — f(h'o, T, u) KycodHO-HeMpephiBHa;

3°. dbymkmus (t,r) — U(h'o,x) € comp(R™) mosyHenpepbBHA CBEPXyY [JIs
Beex (t,x) € R™TL.

Jns nenpepsiBaoit dyukimu o — M (o) € comp(R™) mocTponm 3aMKHYTYIO
okpecrrocts M (o) = M (o) + O,(0) muoxkecrBa M (o) u mHOXKecTBO N (0) =
M7 (o) \ M(c). B npeanosozxenun, uto mroocecmeo docmusrcumocmu D(t, o, X)
cucrems! (1) B MoMeHT ¢ 13 HauabHOrO MHOXKecTBa X cyliecTByer upu Bcex ¢t > 0,
PACCMOTPUM XapaKTEPUCTUKY
mes {t € [0,9] : D(t,0,X) C M(h'o)} @)

19 )

rae mes — mepa JleGera Ha umcioBoii npamoii. Ecsim npenen (2) cymecrsyer, To
freq(o, X') Gymem Ha3BIBATH 0MHOCUMEALHOT “WACTNOMOT T02A0ULEHUA MHOKECTBA
Jocrukumoctu cucreMst (1) muoxkectsom M =3 X M (o).

freq(c, X) = lim

o Y—o00

OnPEAENEHUE 1. MuoxkecTBO M HA3BIBAETCS CMAMUCTIUYECKY UHBAPUAHITL-
HOLM C 6EPOATIHOCTILIO eQUHUYG OTHOCUTEIBHO yTpaBiaseMoil cucrembr (1), ec-
M JJId TIOYTH BCeX 0 € Y. BBIIOJIHEHO PABEHCTBO freq(a,M(J)) = 1, 10 ecTb

v{c eX: freq(o,M(0)) =1} =1.

Ckangpuas Gynkmma V (o, ) nepemernnix (o, z) € ¥ X R"™ nassiBaerca @ymk-
yuet JIanyro6a OTHOCUTEIBHO MHOXKeCTBa M, ecom OHa JIOKAJILHO JIMIIIUIEBA, 110
(0,2) n ynoBIETBODSIET YCIOBUSM:

1°. V(o,2) < 0 mns Beex (o,z) € ¥ x M(0);
2°. V(o,z) > 0 gz Beex (0,2) € ¥ X Ni (o).
Yepes Vigax (0, ) Gymem 0603HATATD 6€pLHI010 NPouscoonyto byukmmm V B crty

nuddepeHnuanbHOro BKIIIOYeHHsl, COOTBETCTBYIomero cucreme (1).

22" <
PaccMoTpuM XapakTepucTuky x (o) = 19lim mes{t € [0, 19]19 2(t0) < 0} , TIe
— 00

2" (t,0) — BepxHee penreHWe CKAJIAPHOI 3amaun Komm
2 =w(h'o,z), 2(0,0)=0, t>0.

TEOPEMA 1. ITyemv Yo C X, v(Xo) = 1 u daa scex o € Yo daa Kasncdot
mouru x € M(o) ece pewenun cucmems (1), ydossemsoparowue HaAUAALHOMY
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yeaosur ¢(0,0,x) = x, npodoasicaemvr na noayoco Ry Ipednoaoorcum, wmo cy-
wecmeyrom Pynryua V(o,x) nepemennnz (o,z) € X X R™ u dynryus w(o, z)
nepemernnwz (0,z) € X X R, maxue, wmo V(o,x) asasemca Pynwyuets JTany-
Ho6a ommocumenvro muoocecmea M u das ecex (o,x) € o X R swnoanero
HEPABEHCTNEO
Vinax (0, ) < w(o, V (o, x))

Tozda, ecau »(0) = 1 daa ecex o € Yo, mo mnooicecmeo M cmamucmuuecky
UHBAPUAGHMHO C BEPOAMHOCTBIO eOUNUYL OMHOCUMEAbHO cucmemb, (1).

Pabora monnepxana rpanrom [IpaBurenscrsa P® no rocymapcrsenHoil mos-
JiepxKe HaydHbX ucciaenoBanmit (Ne11.G34.31.0039) u rpanrom PODU (Nel1-01-
00380-a).

06 ogHOM aHaJsiore ypasBHeHus: Diiiepa
Pomuonos B. U. (Yamyprckmii rocymapcTsennbiii yausepcuret, Poccms)

ITosmoe merpuyueckoe npocTpancTso (R, 0) COCTOMT U3 PACIIMPEHHOR HC/I0-
soit ocu B u serpuxn o (€,1) = | f(€)—f(n) |, e &, € B, f(2)= 1555 upu = € R,

f(=o00)=—1m f(oco)=1. Ecsim I — 3T0 0TPE30K, MHTEPBAJ UIX IIOJyHHTEPBAII,
T0 uepe3 I2 oGosmaumm muOKecTBO { (7,8) € I : T # s}. Beaxkas dymxmus
- a(s)—a(r)

z: [a,b] = R nopoxaer Gynkuuio asyx nepemenunix P (7, s) , OIIpe-

JeJICHHYTI0 Ha MHOXKeCTBe [a, b]?.

OnPEAENEHUE 1. Qyukuus z : [a,b] — R nasbiBaerca RL-pynxyued, ecim
cymecrsyor uucia Ay (t) € R, t€(a,b], u B;(t) € R, t€[a,b), rakue, uro
Vite (a,b lim o (Pa(7,8),A(t)) =0,

(r,s8) € (a,t]z
(m,8) = (t,1)

Vtea,b) lim  o(Pa(7,s), Bz(t)) =0.
(r,8) €[t,b)2
(7,8)=(t,1)
1°. Beakas kycouno-rmaakaa ¢byskmua : [a,b] — R asmser-
cs RL-dymxmueit, to ects KC'[a,b] C RL[a,b], B wuacTHoCTH,
C'la,b] C RL[a, b].
2°. Jliobaa dyakmma x € RL[a, b] mvmeer orpannaeHHOE M3MeHEHHE.
3°. Ecim z € RLa,b], To mus nourn Beex ¢ € [a,b] cymecTByer KoHeuHAsT
npowmssogmas ©(t). Ecim 2(t) xomewno mma mexoroporo t € (a,b), To
Az (t) = Bz(t) = (t) € R. Ecau #(a) xoneuno, 1o By (a) = &(a) € R.
Eciu @(b) xoneuno, o A, (b) = &(b) € R.
4°. Ecim z € RL[a,b], ro dbynkmua A, : (a,b] — R menpepobisua ciesa, a
byuxmus By : [a,b) — R nenpepsisua cripasa.
5°. IIycrs © € RL[a,b]. ®yukuns A, HempepbiBHa B Touke ¢ € (a,b) Torma
U TOJIBKO TOT/Ia, KOTJIa B 3TO TOYKe HenpepbiBHA dyHKIus B,. [lpu
stom Az (t) = Ba(t).

IIpocrpancTso Bcex abcomorno nenpepoiBabix bynkumii © € RL[a, b] 0603na-
qanm yepe3 RC =RC]a, b], a ero jmHeitHOE OAIPOCTPAHCTBO, COCTOsIIIEE U3 (DYHK-
nuii, y KOTOPBIX BCe mpeenbublie aucia Ay (t) u By (t) korednsr, 0603Ha9uM 9epes3
RS =RS][a,b]. ®yukuuu x € RC[a, b] Ha3bBAIOTCH PE2YAADPHO HENPEPBLEHDLMU, &
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dyukmun © € RS[a,b] — peeyaapro 2aadrxumu. IIpocrparcreo RS[a,b] Ganaxo-
Bo o HOpMe ||z, = |z(a)l +( )SUI[) ” |®2(7,s)| (oHO sBisIeTCH 3aMbIKaHUEM
7,8) € |a,b]%
MPOCTPAHCTRA, ToMaHLX 1o Hopme || - |1, ), a RC|a, b] — mosmoe mpocTpamcTso B
merpuxe d(z,y)=|z(a)—y(a)[+ sup o(Pu(7,s), Py(7, ).
(7,5) € [a,b]2

IlycTh mempepbiBHAS MO COBOKYMHOCTH mrepemeHubix dbynkmua L = L(t, x,y)
oupenesena na Maoxecrse 2 = [a,b] X R X R u umeer Tam HePEPBIBHBIE 110 COBO-
KYIHOCTH [I€PEMEHHBIX YaCTHble IpousBomubie Ly (¢, z,y) u Ly(t, z,y). 3abukcu-
pyeMm unucna «, 8 € R, u nycrs Pog={z € RS[a,b] : z(a) =, z(b) =F}.

TEOPEMA 1. Eeau Pymxyua To € Pag ABAAEMCA MOUKOT AOKAABHO20
b
oxcmpemyma (no nopme || - ||1;,) sadawu J(I()):/ L(t,z(t),z(t)) dt — inf,
a
x € Pag, mo daa n. 6.t € [a, b

Li(t,zo(t), 2o (t)) — / La(s,z0(s),Z0(s)) ds = const.

TEOPEMA 2. ITycmo Ji, J2, J3 — ungumymo gynryuonaros x(-) — J(z(-))
(z(a) =, z(b) = B) 6 npocmpancmesaz RS, KC' u C* coomeemcmeenno. Tozda
Jy=Jz = Js.

Pemenne z(t) = t'/3, t € [0, 1], n3BecTroro npumepa I'mibbepra, B KOTOPOM
a=0,b=1,a=0,8=1, L(t,z,y) = t?/3 y>, IPUHAIEKUT TPOCTPAHCTBY
RCJ0,1].

Beryuiue BosiHbl B pyHKIIMOHAJIbHO-AU(} dEepEeHIInaIbHOM ypaBHEHUN
mudPys3un ¢ IOBOPOTOM apryMeHTa U 3anasgblBAHUEM
Pomarenxo T. E. (Mockosckmii rocynapcrsennsiit yausepcurer um. M. B.
Jlomonocosa, Poccust)

ITenpio mamnoit paboThl OBLIO WCCIemOBaHue penieHuil Tuna Oerymeil BOJ-
HBI B IIEPUOJMYECKON KPaeBoil 3a1a4e Jyist (pyHKIIMOHAILHO- b (hepeHmaIsHoro
ypaBuenus mauddy3un:
ou 0%u
7(907 t) = DW(‘P? t) - u(907 t) + K(l + ’Ycosu((p + 97t - T))7 u(O, t) = u(2777 t)'

(1)
DT0 ypaBHEHHWE UCIOJIL3YeTCs [PU MOJEJUPOBAHUU B3aUMOJIEHCTBUSI CBETOBBIX
JIydell B HeJMHEHHOU OITHYECKOH CHCTeMe C HEeJIOKAaJIbHON 00paTHO# CBA3BIO B
IpuUO/IMKEHNE TOHKOTO KOJIBIEBOTO CJIOSl ¢ yUeTOM 3ana3isiBaHus [1].

MOoHO BBIIEIUTH HECKOJIBKO METOJOB, UCIOJIb3yeMbIX B HACTOAIIEE BPEMs
[IPU UCCJIEJOBAHUHA [IEPUOMYECKUX PEIleHUN HeJIMHEHHbIX 1apaboIMIecKux ypas-
HeHni ¢ 3ana3aeiBanreM. OUH 13 HUX OCHOBAH HA aHAIM3e NHOUHUTEINMATIHEHOTO
MPOU3BOALAIIErO OMepaTopa KOMIAKTHON Co-TIOIyTPYIIIbL, TIOPOXKIEHHON peleHu-
MU JIMHEAPU30BAHHON 33/1291, ¥ [IPUMEHEHUN TEOPEMbI O HESIBHOM oreparope [2].
B ocHOBe apyroro mMeroza, MpeJCTABJIEHHOrO, HApUMep, B [3], jexur TexHuKa,
OCHOBAHHAs HA TEOPUU MHTErPAJIbHBIX MHOrooOpasuii. O6a OTMEYEHHBIX MOAX0IA
B 00uieM ciydae TpebyIoT IPUMEHEHUs JOBOJIbHO CJIOKHONM TEXHUKH.
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B paccmarpuBaeMoii Moziesi, OMMChIBaEMoii 3amaqeii (1), 6maromapa mpocT-
PAHCTBEHHOU CHMMETPHU IEPUOAUIECKIE DelleHns] HAXOIUINCh B BUIE OJHOMED-
HBIX POTAIMOHHBIX BOJIH, MPOMIIH KOTOPHIX OMPEIeIsICsS U3 CTAIMOHAPHOI 3a1a-
4 [I0CJIE IIePeX0a B ABUKYILYIOCH CHUCTeMy KoopanHaT. OTMeTHM, ITO epexo/ B
IBUKYIIYIOCS CUCTEMY KOODMHAT IIPUMEHSLICS PAaHee /I TapadoIndecKuX ypaB-
HeHMii 6e3 3amasasiBanus (cM., Hampumep, [4, 5]). Jis ypasHeHwmit ¢ 3ama3asiBa-
HEEeM TaKOM IpueM Ipu ucciaenoBanuu oudypxanuu Xomda BrepBble IPe/JI0KeH B
maHHO# pabote. B xo/e nccaeqoBanus ObLIN JOKA3aHBI TEOPEMA CYIECTBOBAHUS 1
TeopeMa eJUHCTBEHHOCTH ITePUOIMIECKUX DEeINIeHM Mmapaboamdeckoro BhyHKINO-
HaJIbHO-Tud (D epeHITnaaIbHOTO ypaBHEHNUS C 3aITa3bIBAHNEM B Br/Ie Oery X BOJIH,
TIOJIy Y€HBI IIePBbIE WIEHBI PA3/I0KEHNs PEIleHns 10 MaJIoMy mapameTpy. Berymmue
BOJIHBI, ITOJIyYE€HHBIE HUHUCJIEHHO [JIsI TapaMeTpPOB, Y/IOBJIETBODPSIIONINX YCIOBHSM
TeopeM CyIIeCTBOBAHHS U €JUHCTBEHHOCTH, O0JIAAI0T BPEMEHHBIM II€PUOIOM U
IIPOCTPAHCTBEHHOI 9aCcTOTOMH, IIpeJCKa3aHHbIMU Teopueil, 1 yCTONYUBEI.

Pabora Bemosmena mpm mnomgepxkke OIII  <«Hayumsie wu  mHay4Ho-
negarorudyeckue Kaapbl MHHOBaMoHHO#M Poccums na 2009-2013 rr.
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Kpurepuii anguTUBHOCTH KOHEYHOI'O METPUYECKOro IIPOCTPAHCTBA U
MHHUMAaJIbHbIE€ 3alIOJTHEHUS
Py6aesa O. B. (Mockoscknii I'ocymapcrsennsrii Yausepcurer um. JIOMOHOCOBa,
Poccns)

B noxkiaze 6ymer chopMyInpoBaH u T0Ka3aH HOBBIM KPUTEPHUHN & IINTUBHOCTH
KOHEYHBIX METPUYIECKUX IIPOCTPAHCTB, OCHOBAHHLIN Ha CBOMCTBAX MHUHUMAJIbHBIX
3anosiHeHnit B cMbIcsie M. I'pomosa.

TEOPEMA 1. Bec MUHUMGABHO20 3ANOAHEHUA NCEBIOMEMPUHECKO20 NPO-
CMPAHCMEA PABEH NOAYTEPUMEINPY IMO20 NPOCTNPAHCINEE M020a U MOAbKO Mo2da,
K02da npocmpancmeo adduMmuUsHo.

Pabora Bemonmena npm wactmaaoi mogzmepxkke PODU (mpoekt Ne 10—
01-00748), I'panra IIpesumenra PP nompepxkn Benymmx HayIHBIX IIKOJ
(HIII-3224.2010.1), IIporpamvbl <Pa3BuTme HAy9HOTO MOTEHIHAJA BBICTIEH
mronbr>  (mpoexkr PHIT 2.1.1.3704) m IIporpamvbr <Haywanele wm mayaHO-
eJaroruuecKue Kaapol mHHOBanuoHHOoM Poccun> (rockonrpaxt 02.740.11.5213).
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AcuMnToTHKa MHTErpaJjioB SHEPruyu AJId BapHAIlMOHHBIX 33aJa4 T€OPUH
TPEeIyH C OJHOCTOPOHHUMHY OrpaHUYeHUsIMU
Pynoii E. M. (Uacruryr ruapomquaavukn um. M. A. Jlabpearbepa CO PAH,
Poccns)

IIycrs Q C R? — orpanuuennas obuacts ¢ rpanuueii 9, wo — 10106.1acth €
¢ rpamuneit dwo takaga, uro w C Q. Iycts 7o C Owp. Onpemesanm mTpoCTPAHCTBO
KECTKUX TepeMelnteHnii

R(wo) = {p = (p1,p2) | p(x1,22) = Bx + C, x = (z1,72) € wo},

rae B — kococummerpudeckas marpuia, C' — MOCTOSHHBIA BEKTOP.
Paccmorpum ciaenyiomyio KpaeByio 3a1ady:

—045,;(Uo) = fi 1. 8. B Q\Wo,
U1 = U2 = 0 1. B. Ha 89,

Up=Bor+Cyp 1 B.B wo,

w

[Uo]vo > 0 m. B. HA 70,
UT(U()) = 07 O'VO(Uo) S O7
vy (Uo)[Uo]lvo =0  ma 7o,
/ (c(Uo)wo) - p = /de:r Vp € R(wo).
wo

dwq

A/—\AA/—\A/—\
[SLEE
> 22 EE =2

3aecs Up — aByxkoMuoneTHslit Bekrop nepemetnenuii, €i;(Uo), 045(Uy) — Komio-
HEHTBI TEH30pOB AedopMarmii u HampsixkeHuWHl coorBercTBeHHO, F' = (f1, f2) —
3aJ@HHBIH BEKTOD BHEIIHHUX CWJI, Vo — BEKTOD €IMHUYHON HOpMaaId K 7o,
O'VO(Uo) = O'ij(Uo)l/ol'l/oj, O'Ti(Uo) = 045 (Uo)l/oj — O‘VO(Uo)I/()i, 1= 1, 2.

3azata og00HOT0 POTa BOZHUKAET B ABYMEPHOI TEOPHUH YIPYTOCTH IS Te-
J1a, COAEPIKAIIEr0 YKECTKOe BKJIOYEHHE wo U TPEIuHy Yo. IIpu sToM Ha OGeperax
TPEIIMHbL 33/[aH0 yCJIOBUE HEIPOHUKAHUS — YCJIOBHE OIHOCTOPOHHEIO OrpaHH4e-
HUS.

Bamaga (1)—(7) dopmymupyercs B Buge MurnvMm3amn GbyHKIIMOHAIA SHEPIUR

Q0 V) = 1 / o1 (U)ess (U) dx—/FUdJ:

Q\@ Qo

Ha MHO2KECTBE [J0I1yCTUMbIX CMeHl;eHI/IfI.
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OcHoBHas 1esib PAbOTHI — HAWTH MPOU3BOAHYIO (DYHKITHOHAJA SHEPTUH IIO
dopme obmactm. Jna sroro paccmarpusaerca Bo3mymenue y = & + 0V (x)
(V € {W?*>12) obnactu (), 3aBucsmee or mapamerpa . CripaBeimpa Ciery-
I0IIAast TEOpPeMa;

TreoPEMA 1. Cywecmesyem npouseodnas 11'(Up) dynxyuonasa snepzuu no
napamempy 6o3myuienus 6 npu 6 = 0, komopaa 3adaemca Gopmyaot
1 .
H/(Uo) = 5 / div VOij(Uo)Eij(Uo) dr—
Q\wo

— / Uij(Uo)Eij (%;Uo) d:c—/div (sz)um dm—/F (BOV) d{E—
Qo

Q\wo wo

(o (Un)vo, BV 2.y — <UV0(U0), (%[Ud) 1/0>00 ,

70
ov 1 [ Ouo; Ouo;
Ejl—=—U| =z Vij+ Vi) -
’ <(9:r 0) 2 <8xk ki '
OTa paboTa BBINOIHEHA IpW Momaepkke rpanta [Ipesmmenrta PP, mpoekr
MK-222.2010.1.

O mpeacTaBJIieHUU pelIeHUil KBa3sUJINHEHHBIX IMIep0oImdecKux
cucreM Kak Habopa KPUTUYECKUX TOYEK BEKTOP-(pyHKIMOHAJIOB HA
TpaeKTOpUIX
Poixop FO. I'. (HacruryT npukaaanoit maremarnku um. M. B. Kemapima PAH,
Poccnst)

Paccvorpum kBa3mauHedHy0 runepboandecKkyio 2 X 2 cucreMy ypaBHEHHIT
U+ F(U), =0, (1)

e U = (u(t,z),v(t,)), (t,z) € RT x R. Ilycts Bextop-bynkmus F (U) € C*, a
BekTop-yukuus U (¢, z) Mo¥kKeT, BOOGIIE TOBOPS, TEPIIETh PA3PHIBBI HA HEKOTOPBIX
KPUBBIX.

W3BecTHO, 9TO TIpM MCCIEIOBAHUHN BOIPOCA O CYIIECTBOBAHUHU OOOOIIEHHBIX
peIIeHnii aHAJIOTUYHBIX, L X M, 1 > 2, CUCTEM AIPHUOPHBIX OIEHOK HEIOCTATOY-
Ho. Ilpu n = 2 curyanuio 9acTHUYIHO YIAETCS PA3PENINTh C IIOMOIIBI0 HEKOTOPBIX
CIENUAJIBHBIX METO/I0B, HAIIPUMED, METOIa KOMIIEHCUPOBAHHON KOMIIAKTHOCTH [1].

B Hacrosimem qoKJIa e CIe/IaHa moMbITKA BEHIpAb0TaThH COBEPIIEHHO MHOM TT0T-
X0, OCHOBAHHBIII Ha ITOWCKE IIPEJICTABJICHUS PEIIeHUI Yepe3 BAPUAIMOHHYIO II0-
CTAHOBKY, JIJIsl CJIydas OJHOTO ypaBHEHUd 3TOT 1oaxoz uctosib3osauaa O. A. Oueii-
Huk [2]. 3aeck orpanmunMcs cucTemoii 2 X 2, 0AO00HBIN B3MUISL MOYKET OBITH PO~
BeJeH M Ui CUCTeM m X n. PaccMmorpuMm cremyromuit BeKTop-dyHKImoHan J,
onpezenenusii Ha Tpaekropusix (z(7),U(7)),  (0) =y, = (t) =z, U (0) = Uo (y),

7z/yUo (s) ds—f—/t{U:ic—F(U)}dr. @)
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OnPEAEAEHUE 1. Hazosem ma6op tpaexropuit x (7),U (7) kpurmdueckum

st pyHkipoHana (2), ecsm ero nepsast Bapuanus § J 0o0palaeTcs B HOJIb IPU
yenosuu 0z = l; (U) - U mus mexoroporo ¢ € {1,2}, rue l; (U) — neBble cobersen-
ubie BekTopa mMarpumml F (U).

YTBEPXKJAEHUE 1. [nadkoe pewenue cucmemuv, (1) moorcem 6umsb npedcmas-
AEHO KAK COCTNOAUEE U3 KPUMUYeCKko20 nabopa mpaexmopull co2aacto onpedese-
nuto 1 unput=1, u npu i = 2.

YTBEPXKAEHUE 2. Eeau 06o6wennoe pewenue cucmemvr (1) umeem paspo-
6bi, MO KpumMuyeckull nabop mpaexmopul Gynryuorasa (2), OKAGHYUBAIOUUTCA
HQ AUHUALT PA3PEA, ABAAECMCA PEWEHUEM BAPUAUUOHHOT 300a%U € NOJBUINCHVI-
MU KOHYaMU 0an J (064aCMb 64PUALUL KOHUELEBT MOUEK 02PAHUYEHE AUHUAMU
paspwisa). IIpu smom Ha AUHUAT Pa3pbiea Cnpasedauss. coomrowenus Pernkura—
IMozonuo daa cucmemv, (1).

Pabora BbimosHeHa mpu (puHAHCOBOIN mommepxke PDPDU, rpant Ne 09-01-
00288, u mporpammbr Ne 1 OMH PAH.
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HexkoTopble aHAJIOTU TeOpeMbl O MPUHIUANE apryMeHTa s
JO3BYKOBBIX T€UYEHUII U MX reoMeTpuvecKasi TPaKTOBKa
Poinos A. H. (Uacraryr maremarukn nm. C. JI. Co6onesa CO PAH,
Hosocubupck)

PaccmaTpuBaiorcsi 103BYKOBbIE TEUEHHUs, MAIOIKUE, KaK M3BECTHO, XOPOIIUiA
upumep KBa3ukoHpopMHbIX orobpaxkenwuit. [Tycrs G — 3aMKHyTas KpuBas, sBJIsd-
omasicss rparuneit obsactu D ykazammoro tedennst. OTpaHHUHMCH WU3ydIeHUEM
[OBEJICHUS YTJIOB HAKJIOHA BEKTOPOB CKOPOCTHU @ M yCKOPEHUS wW.

TTokazano, 4o myisi € TOUKaMU HEOAHO3HAYHOCTHU ABJIAIOTCH TOYKH TOPMOXKE-
Hud, gBagiomuecd aHajoramu Hysneil n3 TOKII) a amanoros mosmocos HeT. Ilpu
TIOJIOKUTETHBHOM 00X0/le TOYKU TOPMOXKeHwust ) MeHsieTcs 110 3aKoHY 6§ = —ng. B
TO K€ BPeMsd TOYKU HEOJHO3HAYHOCTH (DYHKIMU W U3 [03BYKOBBIX TEYEHUIl Je-
JIATCA HA JBa THTA. DTO CTAMOHAPHBIE TOYKHU (TOYKH OOPANEHUS B HyJIh 06Emx
KOMITOHEHT BEKTOPa yCKOpeHwust), fy1s Koropbix B TOKII anamorom aBiasoTcs Hy-
au (w = —n¢), u TouKU TOPMOKeHu:, anaaorom Koropoix B TOKII asnaorcsa
nosmioca (w = ¢). 31eCh ¢ — MOAPHBIIA yTOJI, 2 — CTEMEeHb 0COOCHHOCTH.

YTBEP>XK/JAEHME 1 (Anasor reopemsr 0 upunnune aprymenta). IIpu nosoocu-
meavHom 06xo0de eparuyv, G u mouex HeodHosHawHocmu ki cymmaproe npupauie-
nue yaaa 0 (yeaa w) pasno nyao.

Cawmast CI03KHasi 9aCTh JJOKA3ATENbCTBA YTBEPIKIEHUS COCTOUT B BBISBJICHIN
W aHAJIM3€ TOUEK HeOMHOZHAIHOCTH. I10CIemyomue eTamr BO MEOTOM TOBTOPSIIOT
n3noxennoe B [1].
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IIpuBeneHHBIE BBINIE PE3YIHTATHL MOTYT OBITH TIOJIYY€HbI U C IIOMONIHI0 METO-
12 JIMHUI yPOBHH, YTO OJHOBPEMEHHO J1aeT M M€OMETPHYECKYIO TPAKTOBKY. st
TTPOCTOTHI OTPAHUYMMCS TO3BYKOBBIM OOTEKAHUEM TeJIa PABHOMEDHBIM W TOPU30H-
TaJIbHBIM Ha, GECKOHEYHOCTU ITOTOKOM C TOYKAMU DACTEKAHUs M CXOJd, PACIIOJIO-
JKEHHBIMU Ha TeJjie. B 9TOM ciiy4ae TOYKaMU HEOJHO3HAYHOCTU (YHKIMUA W sAB-
JISIFOTCS JIUTIH CTAIlMOHAPHBIE TOYKH, B TOM YHCJIE M GECKOHEYHOYIAIeHHAs TOYKA,
(BYT). PaccMoTpnM HOBYIO OHOPOAHYIO CHCTEMY yPABHEHUH ra30BOi JMHAMUKH,
OCTPOEHHYIO Ha OCHOBE IpeAbLAyInux pabor aBropa |2, 3]:
Ay JcU——AU“’ Ao ——U——@
U
Ormerum jmnib, 9to A = tan(w—0)/p. C ucnonbp3oBanueM CBORCTB MOHOTOHHOCTH
OAHOPOAHBIX cucTeM [4] H0Ka3aHO, Y9TO U3 KAK/I0M CTAIMOHAPHON TOUKH BBIXOIMT
My“IeK JUHUNR A = const, 1 KaxKk1as U3 ITUX JIMHIN BBIXOAUT Ha oOTexaemoe Teso. B
TO K€ BpeMs He MCKJIIO9€Hbl II0IKOBOOOPAa3HbIE JIMHAN A\ = CONst, HAYMHAIOIHEC
¥ 3aKAHYUBAIOLIMECH HA TeJIe, U He CBA3AHHbIE CO CTALMOHAPHBIMU TOYKAMHU.
Aprop 6Gmaromapur B. M. MUKIIIOKOBA 32 IIEHHBIE COBETHI.
Pabora BeimosiHeHa ipu nojepKKe uaTerpanuonsoro npekrta 103 CO PAH.

Crnucok Jureparypsbl

[1] M. A. Kpacnoceavcxuti, A. H. Ilepos, A. H. [osonouxut, II. II. 3abpetixo. BekTopHbBIE
noJsig Ha miaockoctu. M., @usmarrus, 1963.

[2] Powsaos A. H. O cBoiicTBax OSHOPOSHBIX CUCTEM yPABHEHUH ra30BON JUHAMMKH 151 KOM-
[IOHEHT BeKTOpa yckopenus // Cub. x. magycrp. maremaruxu. 1998. T. 1. Bem. 2. C. 169—
174.

[3] Pwaos A. H. Tomomorunsi MUHUN HyJeBBIX 3HAYEHHH KOMIIOHEHT BEKTOPA yCKODEHHUs B
103BYKOBbIX Tedenuax // IIMM. 2006. T. 70. Bem. 3. C. 400-411.

[4] Pwsos A. H. CpolicTBa MOHOTOHHOCTH PELIEHUIT S/UIMITUYCKUX CUCTEM I1€PBOTr0 IIOPALKA
U UX NPUJIOXKEHMsI K yPABHEHHUSIM MEeXaHWKH Kuakoctu u raza // IIMM. 1995. T. 59.
Brim. 5. C. 758-766.

O moJsiHOTE KOpHEBBLIX (PYHKIUM aud dpepeHInaIbHOro oreparopa,
HOPO2KAEeHHOro npocrefmumM quddepeHualIbHbIM BbIPAXKEHUEM U
JABY4JIEHHBIMU [JBYXTOYE€YHbIMU KPa€BbIMU YCJIOBUIMU
Poixmos B. C. (Caparosckuii rocymapcrsernnsrii yausepcuret, Poccust)

Ilycte L — omepatop, mopoxaennbrii Ha otpeske [0, 1] muddepenmmansbabiv
soipazkenneM £(y) := y(™ u xpaesbMu ycioBIsME

Ui(y) = a;y" 1 0) + 849 V(1) =0, j=T,n,

rmen=2m+1,m>2 a; €Canaj=1,n, as, #0u Bs = 0 q/1a HEKOTOPOTO
se€{l,...,n}, B =1 ama j # s. B [1] uccrenoBanca cmywait, korma 3; = 1,
j=1Ln.

2j—1)mi
O6o3nauum: w; = exp%

, j = 1,n, xopau n-it creneau u3z —1, Q :=
v—1\" e T — A v—1
(w]. )v7j=1’ a:= (a1,a2,...,a,)" . OueBnguo, det Q # 0. Beemem a, 1= dw] ™,

. . -1 ~
v =1,n, r;:e al, €CTh KOMIIOHEHTBI BEKTOpAa & = (QT) a. Ilyers a; := a; —
2a,

2(S,1) + 4“,1) , TJle MHIEKChl U3MEHSAIOTCH IUKIMIeCKN 10 MOAymio n. Beemem
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onpeaemTe/ In

(~12 ail N (~lk+5 &k+4
< as as ... Qka6 Qkxs -
Aig k= + B k=1,n-2.
Gn—k Qpn—k—1 ... 03 a2

JIEMMA 1. Onepamop L pezyaapen no Bupxeopy (cm. [2]) m. u m. m., xozda
Atz.m #0 u D12, mi1 # 0.

_JIEMMA 2. Onepamop L caabo mepeeyaapen m. u m. m., x02da Avs..m #0
u Atz my1 =0 usru Ar2..m =0 u A1z my1 # 0.

OnpPEAENEHUE 1. Bynem nasniBath omepaTtop L CHIBHO HEPETYISIPHBIM, €CITN
OH He $IBJISTeTCS HU PEryJIsipHBIM, HU CIa00 HEPEryJspHBIM.

Oyukrun ['prHa CHIBHO HEPETYISIPHBIX OMMEPATOPOB MMEIOT YKCIIOHEHITHAIb-
HBII POCT II0 CIIEKTPAJIbHOMY IIapPaMeTpy II0 JI000MYy HAIIPABJIEHUIO.

JIEMMA 3. Onepamop L cuavno nepeeyaapern m. u m. m., k020a u A1z, m =
A2 mt1 = 0.

MHozkecTBO onepaTopoB L, Jijisg KOTOPBIX Alzmm = Alzmmﬂ = 0 u BBIIIOJI-
HSAETC:
1°. AIQUAm—l 75 Owu A12mm+2 75 0 — o6o3HAYUM NR17
2°. A12...m71 75 Owu Alg_,_m+2 = 0 — obo3HaunM NR?,
3°. Au,_,mfl =0mu Algmerz 55 0 — obo3naguM NR%

Omneparopst u3 muoxkects NR1, NR} u NRI B cooTBeTCTBIM € /IeMMOIH 3 STBIISIOTCS
CHUJIBHO HEPETYISIPHBIMUA.

TEOPEMA 1. Ecau onepamop L € NR1 U NRY U NR}, mo cucmema xopress.z
Pyrryul smozo onepamopa Asasemca noanot e npocmpancmee L0, 1].

Pabora soimosmaena npu duHancosoi noagepxkke POOU (mpoext Nel0-01-
00270) u rpanTa IIpesunenta P® ma nommepKy BeLyIux HAY THBIX ITKOJT (IPOEKT
HIIT-4383.2010.1).

Crucok Jiareparypsl

[1] Pwxaoe B. C. O nonnoTe KOpHEBBIX (DYHKIHIA NPOCTEHIINX CUIBHO HEPETyISAPHBIX fud-
(bepeHL(Ha.T[beIX OommepaTopoB C ABYYJIEHHBIMHU ABYXTOY€YHbBIMU KPAE€BbBIMU YCJIOBUAMU //
Hoxknanel Akanemun Hayk. 2009. T. 428. Ne 6. C. 740-743.

[2] Hatimapx M. A. Jluneiinbie nuddepenunanbubie omeparopsl. M.: Hayka, 1969.

O pacnosio’keHnu crnekTpa 3azadn TpukoMmu Ayisi ypaBHEHMIT
CMeIIIaHHOT'oO THUIa
Cabwuros K. B. (Crepmramakckuii IHCTHTYT OPHKIaAHBIX HCCIEJOBAHHIL,
Poccns)
Typumsresa FO. K. (Crepimramakxckuii IHCTHTYT NPHKIaAHBIX HCCACIOBAHUI,
Poccns)

Paccmorpum ypasHerue ¢ 06001eHHBIM OmtepaTopoM 1 puromMu

Tu = signy - |y|" tzz + uyy — Aly["u =0, (1)
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rmen =const >0, A=A mpuy >0, A = X2 mpu y < 0, \1 u A2 —3a7aHHbIE,

BOODIITEe TOBOPsI, KOMILIEKCHBIE TIAPAMETPHI, B 001acTu D, Orpanrn9IeHHON KyCOYHO-

ryaakoit kpusoii I, serkaimeit B mosymiockoctu y > 0 ¢ xormamu B Toukax A(0, 0)

un B(1,0), 1 > 0, u npm y < 0 — xapakrepuctukamu AC u C' B ypasuenus (1).
IIycts D_ =D N{y <0}, D =Dn{y >0}

3aga4a 1 (Bamaua Tpuxomu). Haiitu ma muoxectse Dy U D_ peurenue
u(zx,y) ypasuenus (1) u3 xmacca C(D)NCH(D)NC? (D4 UD_), yaosrersopsiomee

rpanmdHbIM yeaopuaM: u(z,y) = ¢(z,y), (z,y) € [, u(z,y) = ¢(z,y), (z,y) €
AC, rne ¢ u ¢ —3amaHHbBle JocTaTo4HO ryankue byukmun, ¢(A) = P (A).

B moknane mpuBomATCS yC/IOBUS OTHOCUTEJIHHO IAPAMETPOB A1 U A2, IIPHU KO-
TOPBIX OJTHOPO/IHASA 33/1a9a T PUKOMU MMEeT TOJTHKO HYJIEBOE PEIIeHNe TIpU JTI0O60M
n > 0. Orcro/ma moJIy 9eHbl MHOYKECTBA, Ha KOMILIEKCHOM IJIOCKOCTH A\, T/Ie HE JIeZKaT
TOYKM crekTpa 3aja4uu Tpukomu. [Tosyuen ciegyromuil OCHOBHOM pe3ysbTar.

TEOPEMA 1. Ha mmnooicecmee wuces A\ U A2, YO0BAETNEOPAIOULUL HEPABEH-
cmey

2Re A1 + Re X2 > |)\2| — 2p,

nem cnexmpa 3adauu Tpukomu, 20e p — NOAOAHCUMENDHAH NOCTOAHHAA, 306UCH-
WaA MOALKO 0 mepv, obaacmu Dy .

Ormerum, uro B pabore [1] usyuen ciyuqait n = 0.

Crucok Jureparypsl

[1] Cabumos K. B. O 3anade Tpukomu nuas ypashenus: Jlaspenrhesa—Bunanse co cmek-
TpanabHbIM napamerpoM // Huddepenn. ypasaenusa. 1986. T. 22. Ne 11. C. 1977-1984.

Teopembl paBHOCXoaAuMoOcTU AJist oneparopoB IIItypma—JInyBuimias c
HOTEHINAJIAMU—PaclpegesIeHUSIMU
Camosangas U. B. (Mockosckunii rocymapcrsernsrii yansepenret, Poccnst)

N3zy4gaerca omeparop IItypma—/Inysumna

q2
L= b q) M
B npocrpanctse L3[0, 7] ¢ rpanmanabivu ycnosuamu dupuxne. IIpennonaraercs,
9TO MOTEHINAT ¢(x) SIBJISETCS PACHpEeIeSeHNeM IEePBOrO MOPSIIKA CHHIYIISIPHO-
ctm, . e. ¢ € Wy 0, 7], a mmermo, g(x) = u'(x), u € L2[0, 7] (mpomssommast 31eckh
IOHUMAETCA B CMBIC/IE pacrpemenernit). [1o moBomy ompenesierns u CBOACTB orme-
paTopos Takoro Buaa cu. [1]. MI3yuaerca Boupoc 0 paBHOMEPHOI HA BCEM OTPE3Ke
[0, 7] paBHOCXOAMMOCTH pa3/oKeHnus HYHKIMU f B P [0 CUCTEMe COOCTBEHHBIX
¥ TIpucoeMHEeHHbIX GYHKIUN omepaTopa L ¢ ee pasnoxkenueMm B psam Pypbe 1o
cucreMe CuHycoB — cobcrBennbix dynkiuii oneparopa LY = —d? / dz? ¢ Temu xe
rpaHUIHBIME yCaoBuAMU. Halieno mocratounoe yciaosue (B TEpMUHAX TIEPBOOG-
Pa3HON TMOTEHIMAJIA) TAKOW PABHOCXOAMMOCTH [y Jr000# GyHkmmu f w3 mpo-
crpancrsa Lq[0, 7.
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TeorPEMA 1. Hycmw Ly = —y" + q(x)y - onepamop HImypma—Jluysuiia,
deticmeyrowut 6 npocmpancmee L2[0, 7], ¢ epanuunvmu yeaosusmu Jupuzae
y(0) = y(m) = 0, 2de q(z) = v'(z), a xomnaexcrosnaunaa gynxyua u € Loo[0, 7] u
Y006AEMBOPAETT YCAO6UI (T0AGZAEM U TEPUOOUHECKU TPOOOANCEHHOT 3G 0TMPE3OK

[0,7]):
dt < C < +oo. (2)

sup  sup / U(t+x+h2 —u(t+x)

0<z<m 0<h<m
h<[t|<n
Obosnawum wepes {yn(x)ne1 cucmemy cobcmeennvs u NPucoedureHnos Y-
yutli onepamopa L, a wepes {wn(z)}nz1 — 6uopmozonasvhyro % wet. Tozda dan
w060t Pynryuu f(z) us npocmpancmea L]0, 1] umeem mecmo pasromepras pas-
HOCTOOUMOCTND

=0.
C[0,n]

lim
m—r 00

m 2 m

E Cnyn(T) — 4/ = E Cn,0 sin(nx)
™

n=1 n=1

3decv cn = (f(z), wn(2)), cno = /2/7(f(x),sinnzx)

SAMEYAHUE 1. VYcaoBuio (2) yIOBIETBODPSAIOT, HAPUMED, HETPEPHIBHBIE
dbyHKIIM, MOIYIE HEMPEPBHIBHOCTH KOTOPBIX YIOBIETBOPaeT orneHke w(u;d) <

W; dbyHKIME ¢ WHTErpaIBHBIM MOIyIeM HenpepbiBHOCTH wi (u;d) < C6, B
n
9acTHOCTH, BCe (DYHKIWMN OrPAHWYEHHON BapUAIIUN.

Ora pabora BeinoaHeHa npu noggep:xkke POOU, rpart 09-01-90408 u rpanTa
Beaymux Hayuabix mxosr HIT-3514.2010.1.

Crucok Jiureparypsl

[1] Caswyx A. M., Hlxasuxoe A. A. Oneparopw Illtypma—J/InyBuans ¢ HOTEHIMAIAMUA—
pacnpenenenusimu // Tpynet Mockosckoro Mar. O6mecrsa. 2003. T. 64. C. 159-219.

HauanbHo-KpaeBasi 3a/ja4a /iJisi ypaBHEHUs TEIUJIONPOBOJHOCTHU C
HEYCUJIEHHO PEryJsipHBIMU KPaeBbIMU YCJIOBUSIMU
Cazpibexos M. A. (Hucruryr maremarnku, nHGOPMATHKH U MEXAHHKH,
Ka3zaxcran)

B moknane B obmactu Q = {(z,t): 0 <z <1, 0 <t < T} paccmarpuBaercs
3aJa9a O HaXOXKIECHUN peH_[eHI/IH ypaBHeHI/IH TeHHOHpOBO,Z[HOCTI/I

Ut(I, t) = uzz(‘ra t) - q(m)u(x,t) + f(ma t)7 (1)
YIOBJIETBOPSIOIIETO HAYATLHOMY YCIOBHIO
u(z,0) = p(x), 0 <z <1, (2)

N KPaeBBIM YCJIOBUAM BUOA

a1uz(0,t) + bruz(1,t) + aou(0,t) + bou(l,t) =0, 3)
c1uz(0,t) + diuz(1,t) + cou(0,t) + dou(l,t) =0,
rae ak, bk, ck,dr, k = 0,1 — KOMIUIEKCHBIE YHUCIA.
Bagaum mapaboMIecKoro TUIA ¢ JBYXTOUYCIHBIMA KPAEBBIMA YCJIOBUSMU 00-

wero Buga (3) usyuamuch panee B pabore H. . Moukuna u E. V1. Mouceesa
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[1], ome B mpeanosIOXKEHUN YCUIEHHON peryssipHOCTH ycsoBuii (3) Momudummpo-
BaHHBIM METOIOM DPa3/IeJIeHHsl IIEPEMEHHBIX MMOCTPOeHO penrenue 3amaqm (1)—(3),
JIOKa3aHa €ro eJMHCTBEHHOCTh U YCTONUMBOCTD TI0 HAYAJILHBIM JAHHBIM B DA3JIAY-
HBIX HOPMaX.

B ciywae ke, KOrjja KpaeBble yCJIOBHs SBJAIOTCA PEry/IsAPHBIMA, HO HE YCHU-
JIEHHO DETyJISIPHBIMHE, BOIIPOC 0 GA3MCHOCTH CHCTEM COOCTBEHHBIX U TIPUCOEINHEH-
HBIX (DYHKIWI 0OBIKHOBEHHOTO Au((epeHInaIbHOrO OIepaTopa 10 KOHIIA OKOH-
uyarTesbHO eule He peuteH. 1 B TakoMm ciydae 3azada (1)-(3) me Bcerma moxer
OBITH peleHa METOIOM pa3feseHnus mepeMeHHbIX. B [2] 6611 oGocHoBan Mommdn-
LMPOBAHHBINA METO, Pa3/eJIeHUs! IIePeMEHHbIX Ipu peurenn 3anaqau (1)—(3) s
OZJHOTO CJIydas KPaeBbIX YCJIOBUii, HA3BIBAEMBIX B HACTOSAIIEE BPEMs yCJIOBHIMHU
Camapckoro—loHkuHA.

Opmaxko, maxke B mpocreitmem caygae ¢(z) = 0 10 ceromnsmHero nHg He GbLIO
eamHOTO Ccrnocoba PEIeHns U IOKA3ATEIbCTBA KOPPEKTHOCTH 33/a9H, HE 3aBUCH-
Iero OT CBOMCTB GA3MCHOCTH COOTBETCTBYIOMIETO OOBIKHOBEHHOTrO muddepeHtim-
AJIBHOIO OIIEpPaTOpA.

B macrogmemM mOKIaze mpeiaraeTcs HOBbIM MeTox pemrenus 3azaqan (1)—(3)
JIsL CJlydasi, KOT/Ia KPAeBble YCJIOBUSL SIBJISIOTCSL PEryJISPHBIMU, HO He YCHJIEHHO
perynsapubivE. 1Ipeayaraemplii METOZ, peNTeHus 33a91 MOYKET OBITH IIPUMEHHM
JUIS IOCTPOEHHS KAK KJIACCUIECKOrO, TaK U [l PA3JIMIHBIX THIIOB 000OIEHHBIX
pelIeHuit.

TEOPEMA 1. Pewenue 3adauu (1)—(3) 6 cayvae pezyarapusic, 1o He YCUAEHHO
peeyaapuuz yeaosul, npu q(z) = q(1 — x) ecezda moorcem 6vimv IKEUBAAECHMHO
c6edeno K MocaedoBamesbHOMY PEWEHUI 08YT KPAEGUT 34044 C YCUNEHHO Peey-
AAPHBLMYU KPALESHLMU YCa08uamy muna IIImypma.

Crucok Jureparypsl

[1] Honuwun H. H., Moucees E. H. O 3amade nas ypaBHEHHUS TEILIONPOBOLHOCTHU C JBYXTO-
4euHBIMH Kpaesbimu yciaosusivu // nddepenn. ypasrennsa. 1979. T. 15. Ne 7. C. 1284—
1295.

[2] Homwun H. H. Pemenne 0aHON KpaeBoil 3aJa4u TEOPUHU TEILIOINPOBOLHOCTH C HEKJIACCHU-
ueckum kpaesbiM yciaosueM // Huddepenn. ypasnenns. 1977. T. 13. Ne 2. C. 294-304.

O cBSI3M CXOAMMOCTH II0CJIELOBATEJILHOCTH IOJSYTPYIIIl CO
CXOZUMOCTBIO COOTBETCTBYIOIINX UM Mep
Cak6aes B. 2K. (M®THU, Poccust)
Cmomnsaos O. I (MI'Y, Poccust)

Hnsa onucannst qudpdy3un 1 KBAHTOBON TMHAMUKHN KBa3UIACTUILI ¢ b dek-
TUBHOU MACCO#, 3aBUCUMOCTH KOTOPO# OT KOOPAWHATHI HOCUT PA3PBIBHBIN Xapak-
Tep, U3yvaercs CeMEeHCTBO raMU/IbTOHUAHOB (T. €. CaMOCOLPSKEHHBIX OIEPATO-
POB), ABJIAIOMAXCS CAMOCOTPSIKEHHBIMYA PACTIMPEHUAMHU (HOpMATHLHOTO mudde-
PEHIIUAIBLHOrO OlepaTopa ¢ pa3pblBHbIMU Koddduimentamu. [Ipu 3Tom uccie-
ayiorcs cxomauMmocTh nomyrpyun [penurarepa, mopox aeMbIX CrIaKE€HHBIMA Ta-
MMUJIBTOHUAHAME, K TIOJIYTDYIIe, MOPOXKIAEMOM MCXOJHBIM TaMUJIBTOHHAHOM, a
TaK)Ke CXOJIMMOCTH II0CJIE0BATEIFHOCTH TOPOXKIEHHBIX MOJIYTPYIIIAMA Mep Ha
MHOXKeCcTBe (DyHKImil CO 3HAYeHUSIMU B KOHMUIYPAIMOHHOM [IPOCTPAHCTBE.
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IIycts {L,} — mocienoBaTelbHOCTD JEHCTBYIOIUX B THILOEPTOBOM IIPO-
crpanctee H = L2(R) paBHOMEDHO S/UIMNTUYECKUX OIEPATOPOB C TJIaJKHU-
Mu k03 hunmentamu, annpokcuMupyomux ramuabrornan L. O6o3naunm wepes
Cyl anrebpy mmmHIpEIecKnX ToaMHOXKeCTB B mpoctpanctBe C(Ry, R), xax-
J10€e U3 KOTOPBIX OIIpeieJisieTcsd 3HaYeHuAMu (MYHKIUNA B KOHEYHOM Habope TOYeK
ti,....tm € R4. Ilycrs xaxmomy n € N comocrasien muddy3noHHBINH Caydaii-
HBII 1porece &, MPOU3BOASINIAM OIIEPATOPOM KOTOPOTO $IBJISI€TCS TAMUJIBTOHU-
aun L,. ITocrenoBarenproCTH Cirydaiiabix mponeccoB {€,} COOTBETCTBYET mocie-
JIOBATEJILHOCTh Mep {fi,} HA MUHUMAJBLHOW o-asrebpe F, comepxKaeil aare6py
mumHapraeckux dyuknuit C'yl, TakuM 06pa3oM, 9TO Mepa [y, OIPEeIesIseT IOJIy-

TpyHiLy e ! 11pu nomomu pasescTs
(v,e""fu) = / v(€(0)u(€(t)dun(§), ¥ t >0, u,v € W3 (R). (1)
C(R,R)

O6o3HaTMM 9epe3 | TOMOJIOTHIO HA JIMHEHHOM TTPOCTPAHCTBE MEp, 33 TAHHBIX
ma m3mepuvom npocrpanctse (C(Ry, R), F ), mopoxaeHHyI0 cemeiicTBoM byHK-
mmonasnos {P,r, T > 0, v € H}, rue npu kaxkaom v € H, T > 0 dyHknnonan
P, T 3a7aH paBeHCTBOM

Por(w)=  sup / w(€(0))u(€(t))du(€)

tel0,T], [lwll g =1
(R,R)

TEOPEMA 1. ITyemb jin, — nocaedo6amesbHOCmb MeP, COOMEEMCMEYULLA
HEeKOmMOoPol Mocaedosamesvbrhocmu JuPPy3uoHHuL nPoueccos &, ¢ MPoOuU360da-
wumu onepamopamu Ly,. Tozda crodumocms nociedosamesvrocmu noayzpynn
{e"*} 6 cusvnol onepamopHoli MONOA02UL, PAEHOMEPHAA HG KAHCIOM OTMPE3KE
noayocu R, pasrocuavra cxodumocmu nocaedo8amesbHOCTU MeD [y 6 TOT0AO-
2uu .

Ecau 00H0 U3 DPABHOCUABHBIT YCAOBUL 6WNOAHEHO, MO M020a NpedeavHad
onepamop-pynxyua F nocaedosamenvrocmu noayepynn {e“"'} asasemea noay-
2pynnot, npuvem npedeavras mepa v noposcdaem noayzpynny F cozaacto pasen-
cmey (1) u onpedeasemca no noayepynne F cucmemoti pasercmes

V(AR ) = (XBa s Ftm — tm—1)Pp,,  F(tm-1 — tm—2)..Pp,F(ta — t1)xs,),

ceostm,

0na Kaotcdozo MHOIHCECTNEA Agl’wam € Cyl, sadarnozo ycrosuem
AR, = {6 €C(Ry, R): &(t)) € B; ¥ j € L},

ede ti,....tm € Ry, Bj —b6opeaesckue nodmnooscecmea R, a Pp — onepamop
YMHONCEHUA HA UHOUKAGMOPHYW GYHKUUIW X B MHodHcecmea B.

Aduckperusamnus rurnepGoindyecKux ypaBHeHuil JInyBu/jieBcKoro Tura
Caxmepa A. Y. (Iucruryr MaTeMaTuku ¢ BBIMHCANTEABHBIM nearpom YHIT
PAH, Poccus)

ypaBHeHI/Ie B 9aCTHBIX ITPOU3BOJIHBIX I‘I/IHGP6OJ’II/I‘I€CKOI‘O THUIIA

Uzy = f(x7y7u7 Uzauy) (1)
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HA3BIBAETCS ypaBHEHWEM THUIA JIMyBHMJIISI, e€CaM OHO WMEeT HHTEerPaJIbl
mo O0DOMM XapaKTePUCTUYEeCKUM HAIPaB/IEHUSAM: T. €. HMeeT I-HHTerpaJl
W (z,y, u, Uy, Uyy, ...) 1 y-uaTerpai V(z,y, u, Uz, Ugz, ...)-

Amnasnormano, quddepeHnranibHO-PA3HOCTHOE YPABHEHUE BUA

%u(n—i—l,x) = f(x,u(n,x),u(n—i—l,x),%u(n,x)) (2)
¢ Hem3BecTHOH byukumeit u(n, ), 3aBUCAIEH OT HENPEPHIBHOM MIEPEMEHHON| T U
JMCKPETHON [IePEMEHHOI 1, SIBJ/IsIeTCs MOy ANCKPETHBIM ypaBHeHueM JInyBuies-
CKOrO THIIA, eciau cymecTByior dyukmuu F u I, 3aBucsamue oT KOHEIHOTO HHC-
Ja aprymenToB z, {u(n + k, )} _ o, {%u(m :c)}:O |7 TaKme, =ITo D,F =0m
DI = I, rne D, — oneparop nomHoro muddepeHmmposanms o «, a D — omepaTtop
casura: Dp(n) = p(n+ 1) (cm. [1], [2]).

Vpasuenune (2) HA3BIBAETCS MUCKPETHBIM aHAJIOTOM ypasHenus (1), ecim B
mpejiesie Py CTyIEHUH CeTKU N0 1 = y/e ypasHerue (2) mepexomuT B ypaBHe-
mue(l). B noxnazge npennonaraerca o6cyx neane 3G GHEKTUBHOrO aaropurMa 0ThIC-
KaHWdA JUCKPETHBIX aHAJIOrOB JIMyBWJIJIEBCKOTO THTA i ypasHenuii Buma (1),
KOTODBIE CaMH SBJISIOTCH ypaBHeHusIME JIuyBuuteBckoro tuna. CyTh aaropurMa
COCTOMT B TOM, 9TO IIPELOIAraeTcs, 910 ypasuenue (1) u ero quckperusiii anasor
nmeroT 06mmit maTerpas. s marerpupyembrx mo Jap6y ypasrenuii (1) mocTpoe-
HBI UX [TOJIYIUCKPETHBIE aHAIOTH. [Ijst 5TOro MbL 6€peM sl KazxKI0r0 HHTerpupye-
moro ypasuenus (1) ero unrerpan W (z,y, u, Uy, Uyy) wim V (2, y, 4, Uz, Uzz), 1 110
9TOMY WHTETPAJTY CTPOUM TIOJIyJUCKPETHOE YPABHEHUE U1, = f (T, u, U1, Uy ) TAKOE,
910 JjIsi 9TOr0 UCKOMOro ypasHernus dyukius W unn V aBisercs n-mHTErPaIoM

(cm. [3]).

ITpumeP 1. dns aBHEHUd JIMyBUILIA Uz, = € y-MHTETPaAJIOM SBJISAETCH
yp Y y Y p

byukmug V = Uzy — 0.5u,2. Boraucsienus [OKA3bIBAIOT, YTO IIOJIYAUCKDPETHBII

AHAJIOT 3TOTO YPABHEHUS €CTh yPABHEHUE Uiy = Ug + CePutu) ¢ = const, ms

KOTOPOTO 3Ta K€ (PyHKIMst V ABIAIETCS N-WHTErPAJIOM.

Crucok Jureparypsl

[1] Habibullin I. T., Zheltukhina N. A., Sakieva A. U. On Darboux Integrable Semi-
Discrete Chains // J. Phys. A: Math. Theor. 43 (2010) 434017 (14 pp).

[2] Adaep B. 3., Cmapues C. . O nguckperTHbIX aHajorax ypasHenus Jluysusns // TM®D.
121:2. 1999. C. 271-289.

[3] Habibullin I. T., Zheltukhina N. A., Sakieva A. U. Discretization of hyperbolic type
Darboux integrable equations preserving integrability // arXiv:1102.1236v1 [nlin.SI]
7 feb 2011.

CrekTpaJjibHOE pasJioXKeHue Ha Bcel npsimoii dyHkiuu I'puHa asis
JBYXCJIOMHOM cpebl o (pyHAaMeHTaJbHbIM (PYyHKIUAM
camocorpsi>keHHoro orneparopa IIIrypma—JIuyBuiis
Casnreixos E. I. (MockoBckwii rocy1apcTBeHHbIH YHUBEPCHTET
mm. M. B. Jlomonocosa, Poccnst)
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TEOPEMA 1. Pewenue u(z,x) ypasnenua

2
gzg +%+k (2)u=—26(z — 2")o(z — =), (z, 2) € R?,

E*(2) =e1 npu 2 <0, k*(2) = e2 npu 2z > 0, &; > 0,5 = 1,2, no nepemennoti x

He asasemea abcoatomuo unmezpupyemot ynkyuet na 6cell ocu T, ydoeaemeo-

PAEM 6 MONKAT Pa3puiea nepeozo poda dynruuy k2(2) YCA06UAM CONPAICEHUA

(nenpepuenocmu PYHKUUL U U ee HOPMAALHOT K 2DANUYUE PA3PBLEE NEPE020 POJa

Koagpuyuenma npouseodnot), npedcmasumo npu €1 7 €2 6 6ude

s —v/u2—egilz—a’|
(z2)= Y. | = we i ) dpi(), @0,z,7 € R
NI
i=1,2 0 ( )
1

Dynryuu U1 = Y1 u Uz = QP2 ABAANMCA 0ZDEHUYEHHOLMY PYHKYUAMU HO 6Cel
ocy z, Yoo8AEMBOPAIOM YPABHEHUAM

d2

dZ2 _k: ( ) :(.U‘Q_gi)uiv /-LERly i:1727 (2)

U YKAZAHHOLM GBUE YCAOBUAM CONPAdIcERUs 6 mouke z = 0, a p;(pu) — omauunoie
0 HYAA IAEMENTIOL CNEKMPAAbHol mepo,, npedcmasaatouels coboli duazonass-
HYN MAMPUUY-PYHKYUIO,

dp1(p) = dp/(ap® (p)by? (1) - 2m),  dpa(p) = dp/(ay" (b3 " (w) - 27).

1,2 21 ;1,2 12,1
3decv koappuyuenmo, a’”, ay”, b7, by omauuHb om HYysa NPu €1 F €2 U

onpe&e/mmmwz u3 pasercmse

b2 (1)1 (2, 1) + ay? (1)1 (2, — 1) = P1(z,p),
by ()2 (2, 1) + a3 () (2, —p) = @a(2, 1),

npu IMom PYHKUUU Y2 U O1 ACAAIOMCA HEOZPAHUMEHHBLMU WG 6Cel NPAMOT 2
pewenuamu ypasuenud (2).

ITpedcmasaenue (1) nonumaemcsa 6 cmvicae NPUHLUNG NPEIEABHOZ0 TO2A0-
wenua, npumenaemozo npu Im k%(2) = 0 [1, 2].

IIpedcmasaenue (1) nonumaemes 6 cmbicae 24461020 3HAUEHUA, K0200 6EPT-
nue npedeas, 6 060UT UNMEZPAAAT CTPEMATCA K HECKOHEMHOCTIU 00H0BPEMEHHO.

Crucok Jureparypsl

[1] Amumpues B. H., Caamwroe E. I. Hosoe npencrasienne bynknun puna 3anaqn
3omMepdensaa A IPOBOAAILEr0 0ONHOPOIHOTO MOJYIPOCTPAHCTBA // YCIexu MaT. HayK.
1994. T. 49. Ne 4 (298). C. 79-80.

[2] Canmuros E. I CuexrpasibHO€ pa3iiozkeHue Ha Beeil upsimoit dynkunn I'puna nos apyx-
CJIOHHOM cpenbl 0 COOCTBEHHBIM (DYHKIMAM HECAMOCONPsi2keHHOro oneparopa [lrypma-
JInysunns// Juddepenn. ypasrenuns. 2002. T. 38. Ne 5. C. 687—-691.
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O noJIMHOMMAJIBHOM HOPMAaJIbHON (popMe aBTOHOMHBIX CUCTEM C OJHUM
HYJIEBBIM WJIM JBYMsi MHUMbIMU 3JIEMEHTAMU CIIEKTPa
Camosou B. C. (HaumonapHbIi nccaeqoBaTensCckuit yaupepcurer — Bricmras
wkosta sxonomuku, Poccus)

PaccmoTpuM BeuecTBeHHYIO aBTOHOMHYIO CHCTEMY

dx

“ = Q) 1)

rme 2,Q(z) € R, n > 0,1l =1mwml = 2, Q(z) — yuxkuus kmacca C™ B
HEKOTOPOIt oKpecTHOCTH Hagasa koopmuaat, Q(0) = 0, marpuma Q'(0) mmeer n
COGCTBEHHBIX HMCEN, JIeKAITMX BHE MHUMOHN ocw, m ogHO Hymesoe (I = 1), mmbo
JIBA 9UCTO MHUMBIX (I = 2) COGCTBEHHBIX YUCIIA.

TEOPEMA 1. Zlas w060l cucmemsvs 6uda (1) 3a uckaroueruem mmostcecmesa
Kopasmeprocmu beckonewnocms das a06020 yeaozo wucaa k > 0 cywecmeyem
neevposicdennoe npeobpasosanue xaacca C*, npusodawee cucmemy x nosuromu-
anvHOU PE3OHANCHOT HOPMANLHOT POPME 8 MAAOT OKPECTIHOCTNU HAYUANL KOOPOU-
Ham.

Teopema o6o6uaer Teopemy Crepubepra—dens (reopema 12.2 u3 [1]) Ha cay-
Jail cucrem C OTHUM HYJIEBBIM WJIA ABYMHA YNUCTO MHUMBIMHA CO6CTBeHHI)IMI/I quc-
JIaMH.

Crnucok JuTeparypsbl

[1] Xapmman @. O6sikHOBeHHBIE AuddepeHnnaabHbIe ypaBHeHus. M. : Mup. 1970.

Acumnitorndeckoe pemnieHve 3agauyn Komm /ijisi CUHTYJISIDHO
Bo3MyIleHHOro ypaBHeHusi Kopresera-ne ®pusa ¢ nepeMeHHbBIMU
KO3 purmeHTaMu
Cawmortinenko FO. U. (Kuepckmii HanuoHa bHBIH yHUBepcuTeT mMenn Tapaca
Ilepuenko, Ykpanna)

Paccmarpusaercsa 3amada Komu Jyist CHHIY/ISPHO BO3MYLIEHHOI'O YPABHEHUS
Kopresera—me @pusa c nepemeHHbIME K03 dUmeHTaMn BruIa

" Upas = a(z,€)ur + b(x, e)uuy, meN, te (0;T], (1)
w09 = (%), @
£2
rie
a(z,e) = Zak(:c)sk, b(z,e) = Z by (z)e",
k=0 k=0

ar(z), bp(z) € C(R), k > 0; & > 0— masmiit napamerp; dynxmus f(1) upu-
HA/JIE?KAT IPOCTPAHCTBY OBICTPO yOBIBArOmmx yHKIWIN.

IIpu nmomomm meroma morpamcios [1] u meroma BKB [2] mpemmoxen asro-
PUTM [OCTPOEHHs! ACUMIITOTUYECKOIO COJIUTOHOLIONO0HOrO peumenust 3amadn (1),
(2). ITokazano, 4ro BUJ TAKOIO PELIEHUs 3ABUCUT OT LIOPs/IKA CUHIYIAPHOCTUA B
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(1), . e. uncia n. B 9acTHOCTH, IpU YETHOM N ACHUMITOTUYECKOE IPUO/IUKEHIE
g pemernns 3amaqau (1), (2) nmeer Bug [3, 4]

N
un(zte) = 3 & (Vi(t,m) + Wj(ri,m)) + 0N ),
7=0

T = Lif(t), T2 =
€2 €
rae V;(t,71), W;i(71,72), j = 1, N, IBASI0TCA GBHICTPO YOLIBAIOTINME OTHOCHTETh-
vo 71 € R dymkmmavm, 6eckoreuno muddepenmmpyemas dbynakmua x = (1),
t € [0;T], onmcpiBaomas JIMHAIO PA3PbIBA PEIIEHUs] HEBO3MYIIEHHOTO yPABHEHMS,
OTIpeiesIsieTcs B TIPOLIECCe MOCTPOEHHs! perrenus [5].
JlokazaHa TeopeMa 006 ACHMITOTHYIECKON TOYHOCTH IOCTPOEHHOIO PEIleHNsI.

B

)

N3

Crnucok Jureparypsbl

[1] Bacuavesa A. B., Bymysoe B. @. ACHMITOTUYECKHE METOABI B T€OPUU CHUHIYJISPHBIX
Bo3MyInenuii. M.: Beicmag mkoma, 1990.

[2] Maslov V. P., Omel’yanov G. A. Geometric asymptotics for PDE. I., Providence:
American Math. Society, 2001.

[38] Camotinenro FO. H. AcuMmnroTuaeckue pas3joskeHus Ajist OGHOGMAZ0BBIX COTUTOHOIOR00-
HBIX pelnenunii 3ana4du Komu nia ypasnenusa Kopresera—ae @pusa ¢ nepeMeHHbBIMU K03(h-
dunuentamu 1 Manoi aucnepcueii // Hayunsiit Bectuuk YepHosenkoro yH-ra: C60pHUK
HayuHbix pabor. Maremaruka. 2007. Boin. 336-337. C. 1641-1647 (na ykpauHCKOM).

[4] Camotiaenxo B. I., Camotinenxo FO. H. Acuvmrormaeckme pemenns 3amaan Komm ns
CUHTYJIAPDHO BO3MyIleHHOro ypasHeHussi Kopresera—ae @pusa ¢ nepemensabsimu k03ddu-
nuenraMu // Ykp. mar. xkypH. 2007. T. 59, Ne 1. C. 122-132 (Ha yKpaumHCKOM).

[5] Camotinenxo B. I'., Camotinenxo FO. H. Meron morpascjiosa U yciaoBue Tuma [ioro-
Huo nasa ypasnenuss Kopresera—ne ®pusa // Becrnux Bpecrckoro ynusepcurera. Ce-
pusi 4. ®uzuka. Maremaruxa. Ne 2. C. 111-129.

Peienue ypaBHeHUII CHMMETPUYHOIO IIOTPAHUYHOIO CJIOs 00OOIIEHHO
HBIOTOHOBCKOU cpe/ibl
Camoxmnu B. H. (Mockosckunii rocynapcrseHnsrii yaupepcurer nedaru uM. VBana
Denoposa, Poccus)

PaccmarpuBaerca cranmoHapHAs CHCTEMa yPABHEHUU IIOIPAHUYHOIO CJIOS
HEHBIOTOHOBCKOI1 Cpefibl, MOJIeJIb KOTOPOil mpeyioxkena B [1] ¢ menbo moxuduka-
muu cucrembl ypasuenaunii Hasbe—CTokca B ¢Bsi3u ¢ mpo6sieMoii 0IHO3HAYHON pa3-
pemnMocTy 1ux ypasaenuii. COOTBETCTBYIOIUE YPABHEHUS IOIPAHUYHOIO CJIOS
SIBSIOTCS 00001eHneM cucTeMbl ypaBaeHuit [IpaHaTis u nuMeT BU

v(1 4 3k(uy) ) uyy — vty — vuy = —U(2)Us(z), s + vy = 0. (1)

Baecs (z,y) € D ={0< 2z < X,0 <y < 0o}, ¥ u k— HOJNOXKHUTEIbHBIE [OCTOSH-
ueie, U (z) —3amannas Gyskms. 3amada o MpoIossKeHIH TIOTPAHNIHOTO CJI0ST IJIst
cucrems! ypasreruii (1) paccmorpena B [2], [3] u psime apyrux pa6otr. [Jokasana
O/IHO3HAYHAS PA3PEIIUMOCTDb 3312491 U U3Yy4YeHbl HEKOTOPHIE BOIIPOCHI KaveCTBEH-
HOTO TTOBEJICHUS TIOJYYEHHOTO PENTeHUST.

B noksaie pacCMaTpUBaeTCs CIIydaii CAMMETPUEHOTO OTPAHIIHOTO CJIOS, TO
ecTb cucreMa ypasHenuit (1) pemaerca mpu ycaoBusax

u(0,y) =0, u(z,0) =0, v(z,0) =0, u(z,y) = U(x) upu y — 0. (2)
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IIpu sTom npemnonaraerca U(0) = 0, U,(0) > 0.
Jna pemenus 3anaawm (1)—(2) npumenen meron paGors: [4].

TEOPEMA 1. IIpednosoorcum, wmo pynryus U(x) asasemca 2aadxol npu
0 <z < X. Tozda 6 obaacmu D cywecmsyem, npuiem eOuHCMEEHHOE, PEULEHUE
sadauwu (1)—(2), obaadarowee caedyrwuumu ceoticmeamu: u(z,y) > 0 e D, npo-
ugeodunvie gynxyut u(z,y), v(x,y), 6xodawue 6 cucmemy ypasnenut (1), nenpe-
poueHvL u ozpanusens. 8 D; u(z,y) — 0, uy(x,y) = 0, uyy(x,y) = 0 npu x — 0;
Uz (x,y) = aly) npu z — 0, 20e a(y) — pewenue ypasnerus

Y

@)~ [[atcyac 40—, LA _ o)y

0

C YCAno8UAMU

a(0) =0, a(y) = UL(0) npuy — oo.

Crucok Jiareparypsl

[1] JIadwoicencran O. A. MaTemarnieckue BONPOCH AUHAMUKH BA3KOH HECXKUMAEMOH Kuz-
xoctu. M.: Hayka, ®usmaraur, 1970.

2] Camoxun B. H., @adeesa I. M., Yewxun [. A. YpaBHEHHU HOTPAHUIHOTO CJIOS JJIA MO-
nudunuposannoil cucremsl Hasbe-Crokca // Tpyast cemunapa um. W. I'. Tlerposckoro.
2010. T. 28.

[38] Camozun B. H., @Padeesa I M., Yeurxun I. A. O HenpepbIBHOI 3aBUCUMOCTH PELIEHUs
ypaBHEHMI NOrPAHUYHOrO CJI0s1 0T NMPod U HAYAIbHBIX Ckopocrelt // Becrank Mockos-
CKOr'0 roCyZapCTBeHHOro yHusepcurera nedaru. 2010. T. 4. C. 64-71.

[4] Bsedewncxas H. /[. O pemeHun ypaBHEHUH NOTPAHHUYIHOTO CJIOSI B OKPECTHOCTH KPUTHUE-
ckoii Touku // 7K. Borumca. mar. u marem. ¢us. 1967. T. 7. C. 924-929.

CunbHas u cj1abasi ”HBAPUAHTHOCTh MHOXKECTB OTHOCUTEJIHHO
HEJINMHEMTHOUN MMITYJIbCHOUM yNpaBJIS€MON CHUCTEMBI
Camconrok O. H. (Hacturyr auaamukn cucrem u teopun ynpasaeans CO PAH,
Poccns)

Paccmarpusaercs HesmHeliHas nMILy/IbCHAA yupasigemas cucrema (D) ¢ Tpa-
eKTOPUAMHN OTPAHWYEHHO!N BapHWallid M YHPABJIEHUAMHU, ABIAIOIIMMUCA OTDAHM-
YeHHBIMU OOPEIEBCKUMU BEKTOPHBIMI MepaMu. MHOXKeCTBO TpaeKTopuil 3Toi cu-
CTEMbBI COBIIQIAET C MHOXKECTBOM ODOOLIEHHBIX DeNIeHUNl HeJMHENHOU yIpaBJise-
Moii cucreMsl [1, 2]

i(t) = f(t z(t), u(t)) + G(t, z(t))v(t),

u(t) eU, w(t)e K VteT, @
rae z(-) — abcomoTHO HermpepbiBHAA BekTOp-Gymkmma, x(t) € R™, u(-), v(-) —
unrerpupyembie BekTop-dyukimu, U C R"” — komnaktHoe MuOxkectBo, K C R™
— BBILYK/BIA 3aMkHyTHI Koryc, T' = [a,b] — dukcuposannbrii orpesok. Pynx-
mun (¢, z,u) — f(t,z,u) n (¢,x) — G(t,r) 3a7aHBI, HEPEPHIBHBI TI0 BCEM TIEPE-
MEHHBIM, JIOKAJLHO JIAIMIIATEBBI TI0 £ W YIOBJETBOPAIOT YCJIOBHIO HE Gosee deM
smaeiiHoro pocra 1o z, muoxecrso f(t,z, U) BpurykJIO.
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OnPEAENEHUE 1. @yuknusa z(-) € BV"(T) nasbiBaercs TpaeKTopuel cu-
crembl (D), ecnm Halimercs Takas MOCIEAOBATENIBHOCTH MPONECCOB cucTeMbl (1)
{(zr(-), ur(-), v (-)) }, a0 BEIMOMASIOTCS yCTOBMS

sup [|vk|z, < +oo,
k
zx(t) > z(t) VteT.

Baece BV™(T) — 6aHaxoBO MPOCTPAHCTBO M-MEPHBIX (DYHKIMI OTpAHUYEHHON
Bapuarum Ha 1.

BBetenbl OHATAS CHJIBHO U CJ1a00 MHBAPUAHTHBIX OTHOCHTEIHLHO HMILYJIbC-
HO# ynpaBisiemoii cucrembr (D) MHOXKECTB M OKA3aHBI COOTBETCTBYIOIIUE TIPOK-
cuMaJsIbHBIE KpuTepruu. B ormmaune ot paboTst [3], roe paccMaTpuBamach aHAIOTIY-
Has CUCTEMA, HO C HEOTPULATEIbHBIM UMILy/IbcHbiM yupasienueMm (K C RTT), see-
JIeHHBIE OTIPe/IeJIeHNST 3 TAIITHPOBAHBI K HEABTOHOMHOCTH HEJIMHEeHHOM NMITyJIbCHOM
CHCTEMBI 110 <OBICTPOMY > BPEMEHHU, B KOTOPOM OCYIIECTBJIAETCH UMILYIbCHAS [TU-
HAMUKA Y, B 9aCTHOCTU, CKAYKU TPACKTOPUIL.

Pabora BbinosHeHa 1ipu (uHaHCOBOM moaaepxkke rpanta CO-YpO PAH, un-
TerparmoHHbIi mpoekT Nt 85, a takxke mpu nogaepxke PODU, rpart 11-01-00672.

Crnucok JauTeparypsbl
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Hepetipa @. JI., Cunsa 2K. H., Oaugelipa B. IHBapuaHTHOCTD JJIsI UMIIYJIbCHBIX YIIPaB-
asieMbIX cucteM // ABromarmka u TesemexaHuka. 2008. Ne 5. C. 57-71.
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[3

IIpusnak 6asmucHocTu Pucca sjieMeHTOB mpocTpaHcTBa Lo
Capcenbu A. M. (FOxno-Kazaxcranckuii rocysapCTBeHHBIH yHUBEPCUTET
um. M. Ayesosa, Kasaxcram)

B cunekrpaJibHOIl TeOpuM JIMHEMHBIX HECAMOCOIIPsKEHHBIX 1 depeHumaib-
HBIX OIEPATOPOB 0COH0E MECTO 3AHNMAET BOMPOC O DABUCHOCTU WX KOPHEBHIX BEK-
TOPOB B TOM WX WHOM KJiacce GyHKImi. BoabmuHCTBO MIUPOKO M3BECTHBIX CH-
creM GYHKIMI TaK WM WHAYE CBA3AHBI ¢ qud bepeHnaJIbHbBIMU OIEPATOPAMH, U
X TIyOOKOe M3yUeHre BBI3BAHO OTYACTU MOTPEOHOCTIMU CIIEKTPAJIHHOM TEOPUH.

Hemasro B paGore [1] aBTOpa HAcTOAmEH 3aMETKH OBLIO YCTAHOBJIEHO, €TO
PaBHOMEpPHAs OI'DAHUYEHHOCTDb IIOYTU BCIOLY MOJYJIEH KOPHEBBIX BEKTODPOB IIpsi-
MOTO U COTPSIKEHHOTO Av(depeHITnabHBIX OMIEPATOPOB BTOPOTO TOPSIKOB siB-
JISIeTCsT HEeOOXOIMMBIM W JTIOCTATOYHBIM YCJIOBHEM mX 6asucHocTu Pucca B Kitacce
L.

B ciyuae mpon3BOJIBHBIX CHCTEM U3 KjIacca Lo, He CBI3aHHBIX C KOHKPETHBIM
muddepeHnraIbHbBIM OIIePaTOPOM, (haKTOB, MOJTOOHBIX IIEPEYNCIEHHBIM BbIIIE, He
mabmogaerca. Tak, cucremsr Buma [2] {|z|*¢™}, {|z|™®e™"™*}, rme n— memoe
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aucao, 0 < a < 1/2, aBnsioTca GHOPTOTOHAJIBHO CONPSKEHHBIMHA, TIOYTH HOP-
mupoBanHbiMu. Kaxnaa u3 aux obpasyer 6asuc npocrpancrsa Lo(—7, 7), HO He
6a3uc Pucca.
Ilomuuomsr Jlexangpa (cu., Hanpumep, [3, crp. 44]) obpasyior 6asuc Pucca
npocrpanctsa L2(—1, 1) (opromopmupoBanmbiii 6a3uc), HO OHE HE OTPAHWYEHBI.
Tem He MeHee, CIIpABEIJIMBA CJIE/IYIOIIAST

TeOPEMA 1. ITycmo ®aocdas u3 GUOPMOZOHAALHO COMPANCEHHBIT CUCTIEM
{ur}, {vr} us kaacca L2(G) noana, u 6vnoarens, credyousue pasHoOMEPHBLE 0UEH-
Ku:

urll Lo @) < Ch, [vkllLoc (@) < Ca.

Tozda kaorcdan u3 smuzx cucmem obpasyem basuc Pucca 6 La(G).

Cnucok JuTeparypsbl

[1] Capcenbu A. M. Kpurepuu 6asucHoctu Pucca cucrteMm COGCTBEHHBIX U NPUCOEIMHEHHBIX
byuknuilt nuddepeHInaIbHBIX ONEePATOPOB BBICIIKUX NOPSAAKOB Ha oTpeske // Jlokmanbl
PAH. 2008. T. 419. Ne 5. C. 601-603.

[2] Babenxo K. M. O conpsixennbix dynkuusax // Hokaaner AH CCCP. 1948. T. 62. Ne 2
C. 157-160.

[3] Anexcuw I TIpo6seMbl CXOOUMOCTH OPTOrOHAJNBHBIX panos. M.: Hayka, 1963.

Cunrynsapublie onepatopbl IlITypma-JInysumis c
MOTEeHIAaJIOM-pAacIipe/ie/ieHueM B MIPOCTPaHCTBE BEeKTOP-dyHKIMMi
Cagonosa T. A. (Ilomopckuii rocy1apcTBeHHbIH YHUBEPCUTET
nmenu M. B. Jlomonocosa, Poccust)

IIycrs smementsr Marpuisl P = (pij)ij—1 — AeHCTBUTEIHLHO3HAYHEIE, W3-
MepuMmble Ha mosmyocu Ry = [0;4+00) byHKImmM, Takme, 4TO p;; = pj; #
pfj S Llloc(R+) opu 3,5 = 1,2,...,n. [Ipeanosaras;, 9To BeKTOp-PYHKIUA Yy U
yg] :=y' — Py y¥Ke ompeieeHbl U ABIAI0TCA JOKATLHO abCOTIOTHO HeIPePLIBHLI-
Mu Ha R4, pacCMOTpUM OJHOPOIHOE CUMMeTpudeckoe audepeHmaIbHoe yPaB-

HEHIEe BTOPOTO MOPSIKA C MATPUIHBIME K03 durnumenramu

1 1
—(p) = Pyl - PPy =0,  weR;. (1)
IIycrp masiee mMaTpuia P = (pgjl))l j=1 OOIajaer TeMu XKe CBOMCTBAMM, UTO
u ManHua P, a BexkTop-pyHKIIUHU ¥, yul) =y — PWy onpenenens, npmaem

Y, y P(1> € ACioc(R+). Yepes T obozaasnM GyHIAMEHTATHHYIO MATPHUILY CACTEMBI
peleHuil ypaBHeHUS

—@hy) = POy — Py =0,  zeRy. (2)

OueBuano, 410 croa6LUbL MarTpulpl T umetor Bug, (u;, (uj)E;](l))t (G=1,2,...,2n),
rze uj; — IMHEHHO He3aBUCHMBbIE BEKTOPHBIE pemeHus ypasaerus (2). Jokman mo-
CBSIIIEH YCTAHOBJIEHUIO JIOCTATOYHBIX YCIOBUi Ha Ko3ddunments: marpur P u
PY u pynmamenTampHyio cucTeMy penrenuii ypapHeHus (2), 06eCTedHBaommX
ACIMIITOTHYIECKYIO Osm30cTh pentenmii ypasuernnii (1) m (2). B wactrocTm, cripa-
BeJIMBA, CJIEYIOMAs TEOPeMa.
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TEOPEMA 1. IIycmv mampuys, P, PO yuT MAKO6bL, 40

1 - p® 0
/H ( Py (P0)2 —py p ) | < Fo0

To20a 0an MOGBLT KOMNACKCHBLE “HUCEA (1, A2, . . ., Q2n Ypashenue (1) umeem pe-
wenue ¢(x), ydosaemsopaouwee Ycio6uAM:

2n 2n
o(x) =Y loy +aj(@)us (@) (@) =Y loy + a5 (@)](us) iy (@),
j=1 j=1
2de a;(z) = o(1) (i = 1,2,...,2n) npu x — +oo, a ||.|| o3nawaem cymmy abco-
MOTMHBLT BEAUNUH BCET INEMENTOE MATNPULDL.

Tlosmydennbie pe3yabTaThl MPUMEHSIIOTCS JIJIsT TIOCTPOEHWST TTPUMEPOB PeaJIn-
3anMu CIydast MAKCHMAJIbHOTO JedekTHoro uucia s nuddepeHnnaabHoro ome-
paropa, TIOPOKIEHHOTO BRIpaskermeM Buaa —y~ + Qy, rae Q(x) — kBampaTHas
MaTPHUI BTOPOTO TIOPSI/IKA C JIEMEHTAMHU, COAEPKAIINUMHU 0-()YHKIHIO.

Aprop BBIpazkaer mpusHaresbHOCTH Mpod. MupsoeBy K. A. 3a mocTaHoBKY
3a/1a49U U TI0JIe3HBbIE 00CY XK ICHU.

Pabora Bouimosmena mpu noggepxkke POOU Ne 11-01-00790-a w ABIIII
Ne 2.1.1/10641.

Tomosornyeckre NHBapPUAHTbI JIMHEHHBIX PacCIIMpPeHM
KBa3WIepUONIECKAX MOTOKOB
Caxapos A. H. (Huxeropoickasi rocyAapCTBEHHAsl CEJIbCKOXO3HCTBEHHAS
axazgemmus, Poccrs)

B mokitaze 06CyK/1a10TCs BOTIPOCHI TOTIOJIOTHIECKON KIaCCH(DUKAIINN JIMHEH-
HBIX IIOTOKOB Ha KOCOM IIPOU3BEICHUU T2 x C? ¢ KBa3UIIEPUOUICCKAM [TOTOKOM
Ha TOpe T2. Bes OTPAHUYEHNST OOIIHOCTH, MOYKHO CUWTATh, YTO TAKWE MMOTOKHU
THOPOXK/TAIOTCA BEKTOPHBIMU ITOJIIMHU BUIQ

p=w, &= Al (1)

rae ¢ = (@1, p2) — yroBbie KoopauHarsl Ha Tope T2, w € R? — dukcuposanmbrii
BEKTOD C PAIHOHAIBHO He3aBUCHMBIME Kommorentamu, £ € C?| A(p) — maTpuia-
dbynxmus ma T2, Takum 06pa3oM, pacCMaTPHBAEMBbIe TOTOKH SBISIOTCS IAHEHHbI-
MH PaCIIMpPEeHHSMY KBAa3HUIIEPUOIMIeCKOro moToKa Ha T2. Tak Kak BEKTOp 9acTOT
w bHUKCHPOBaH, TO PACCMATPUBAETCH 3aa4d KIACCU(PUKAINN TAKUX JIHHEHHBIX
PaCHIupEHu ¢ TOYHOCTBIO OO IIOCJOMHON TOMOJIOTHYECKOM SKBUBAJIEHTHOCTH.

JlumeiiHoe pacuiupeHie HHIYIIPYET TAK Ha3bIBaeMOe IIPOEKTUBHOE PACIInpe-
HHe — IOTOK Ha KOMIAKTHOM MHOroobpasmu T2 x S? [1].

TEOPEMA 1. JIunetinvie pacuuperus, nopoHcIGEMbLE BEKMOPHHMU TNOAAMU
suda (1), nocaotino monosozusecky IK6UBaAEHTMHDL TNO020G U MOABKO Mo20a, K02da
UHOYUUDYEMBLE UMU NPOEKMUBHBLE PACULUPEHUA MONOAOLUKECKY IKEUBANEHMHDL.

Bazx#abIMz TOIIOJIOrMYEeCKUMUT HUHBAaPpHUAaHTAMU IIPOEKTHUBHBIX pacmnpeHI/n‘/’I AB-
JIAIOTCA 9MCJI0 M1 THUILI MUHHUMAaJIbHBIX MHOXKECTB.
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TEOPEMA 2. Ilpoexmueroe pacuuperue MOMCEm UMemMsb 000 uay 064
MUHUMAIOHOLE MHOMCECTEa, Aubo dazoeoe npocmpancmso T2 x S? asssemca
HeCUeMHbM 005e0UHEHUEM MUHUMAADHHT MHOHCECTE.

B 3aksmrogenue 06Cy K Jai0TCs BOIIPOCHI CYIIECTBOBAHUS “CpPeIHer0 BpalleHust”
cJ104g 53, ={p} xS 2, OA00OHOr0 YNCITy BPAIEHUs CJIOS BEIIECTBEHHBIX IPOEKTUB-
HBIX TIOTOKOB [2]. Iy HEKOTOPBIX YACTHBIX CJIY9aeB JOKA3AHO CYIIECTBOBAHUE
OCTOAHHOM MaTpurel Bpamenua R € SO(3).

Ora pabora BbinogHeHa 1pu o aepxkke PO, rpanr 11-01-00730.

Crnucok Jaureparypsbl

[1] Koaomuey M. JI., Cazapos A. H. Knaccudukaius NpOEKTUBHBIX PACIINPEHUI KBA3HU-
nepuoguieckux norokos // <Henuneiinbie kosebanus mexanuveckux cucrem>>. H. Hos-
ropox. 2008. C. 295-299.

[2] Johnson R. A, Moser J. The rotation number for almost periodic potentials // Comm.
Math. Phys. 1983. V. 84. Ne 3. P. 403-435.

Teopembl Tuna MioHa—Caca JJisi BECOBBIX IPOCTPAHCTB
Cennmenxuii A. M. (MockoBckwmii roCyTapCTBEHHBIH YHUBEDCHTET
um. M. B. Jlomonocosa, Poccust)

Peub mjaer o 1OJHOTE CHCTEM KCIIOHEHT
—Antyoo ¢S}
e(A)=(e " )nz1, Redn >0, A= (An)nzs

B BecoBbIx npocrpaicTBax Co o = Co,a[0,00) u L7 = LP*(R.), onpenensieMbrx
CITeTyOmuM 00pa30M.

Yepes Cp,o 0603HaUAETCSH LIPOCTPAHCTBO HeupepbiBHbIX Ha [0, 00) byHKIuil,
TaKWX, 9TO

lim f(t)(1+1)* =0,

t——4o00
C HOpMOU
Ifllco.. =maxfB)(1+8% aek

Yepes LP'* o6o3HawaeTcst MPOCTPAHCTBO M3MEPHUMBIX HA MOJynpsMoit Ry
byHKIHI ¢ HOPMOIt
1/p
Iflre = ( [ 1r@PQ+07a) . 1<p<o ack
Ry

OCHOBHOI pe3yJibTaT JA0KJIa1a COCTOUT B CJIEIYIOIIEM.
YTBEPXKAEHUE 1. Ecau B — kakoe-nHubyds u3 npocmparcme
Coa, a<0 uau LP% 1<p<oo, a<-1,

mo noanoma cucmemos €(A) 6 B pasrocusbha Ycaosuro

Z 1Re)\n +/ log(1/dist(y, A))dy — oo, (1)
n=1 R

+|)‘n‘2 1492

mo ecmsv pacrodumocmy Toma 6o, 00H020 U3 CAGRAEMUT 6 Ae60T uacmu (Hado
uMems 6 6udy, YMo JaHHbT UHMEZPAN MONHCEM PACTOOUMDBCA MOALKO K +00 ).
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Pambure [1] Gblia u3BecTHA HEOOXOAUMOCTH ycaoBust (1) st HOSHOTEL CUCTe-
mbt e(A) B mpocrpanctse Co .

B kauecTBEe KOMMEHTApUsi OTMETHM, 9TO PACXOIUMOCTH psaga (Tak Ha3bIBa-
emoe yciosme Caca) O3HATAET, 9TO TOUEK Ap ,,JOCTATOTHO MHOTO®, TOT/a KaK
PACXOIMMOCTD UHTErPaJja XapaKTEePU3YeT , IOCTATOYHO TECHOE" IIPUJIEraHue STUX
TOYEeK K MHUMOIT OCH.

OTa pabora BeimosHEHA TpHU moAep:kke PODU, rpant 09-01-00225-a, u mpo-
rpammbr HITI-7322.2010.1.

Crucok JuTeparypsbl
[1] Cedneuyrxuts A. M. Annpoxcumanusa tuna Mionua—Caca B IpAMbBIX IPOU3BEIEHUAX IPO-

crpancrs // W3sectuss PAH. Cepua matem. 2006. T. 70, Ne 5. C. 179-196.

PacrnpeseneHre nosHbIX 4acTOT U IMOKasaTteseil OJiy>kiaeMmocTu B
IIPOCTPAHCTBE pelleHuil JIUHEeHON CUCTEeMbI
Ceprees 1. H. (MockoBckwii rocyaapCTBeHHbII yauBepenuTeT, Poccust)
PaccmorpumM cucremy
T = Ax, z€eR™ t2>0, (1)

¢ moctostHHbIM oriepaTopoM A € End R". Kaxk oMy ee HEHyJIeBOMY PENIeHHIO T 0~
CTaBUM B COOTBETCTBHUE CJIEAYIONINE BEIMYIUHDBI: XaPDaKTE€PUCTUIECCKUE NOoKaA3AMEND
u cmenens [1]

x(@) = m Linfa(t),  B(x) = T log, (|x() e ),
t—oo t t—00

a TaK¥Ke MOKA3aMesdb OAYHCIaemocmy u noanyo wacmomy [2]

1
plx) = Legﬁw tlirgo —v(Lz), o(z) = migﬂgn tli%o %V(x,m,t),

/ot = (é%)! o

a v(x,m,t) — amcno myneit na npomexyrke (0;t] dynxmmn

rae

v(z)

(z(1),m) = zi(T)m1+...+zn(T)mn, = (T1,...,Tn), M= (M1,...,Mmy).

TEOPEMA 1. B npocmpancmee pewenut a060h cucmemv, (1) cyueecmeyem

Paae

SoCS1C...CSn, dimS; =4, i=0,1,...,n, (2)
ydosaemeopawull paseHcmeam

o(z) = [Im \;], z €S\ Si-1, i=1,...,n, (3)

2de Ai,...,An — cobcmeennvie 3Ha%EHUA onepamopa A, YynopadoueHHble N0

necmpozomy yooeanuro wuces |Im A;|.

Eciu pyist Kaxx 100 2KOPJAHOBOM KJeTKu oneparopa A npoHyMepoBarb BCe M
(TOPAIOK KJIETKM) OTBEYAIONINX € OMHAKOBBIX COOCTBEHHBIX 3HAUEHUI TUCTIaAMA
0,1,...,m — 1, To Kax0€ U3 n COOCTBEHHBIX 3HAYEHUN A omeparopa A mosydur
cBoit Homep k(A).
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TEOPEMA 2. B npocmpancmse pewenuti awobol cucmemn (1) cywecmeyem
Paaz (2), ydosaemeopamousuti pasercmeam

(x(@), B(z), p(x)) = (Re Xi, k(N), [Im Nif), €8\ Si-1, i=1,...,n, (4)

20e A1, ..., \n — cobcmeennvie snavenua onepamopa A, ynopadowenmvie no sex-
cukozpadunecromy eozpacmaruto mpoek (Re i, k(X\;), — [Im As|).

3AMEYAHUE 1. Ynomunraemsre B Teopemax 1 m 2 dyiarm (2) B mpocTpancTse
penreHuii Kakoi-mb0 01H0M cucTembl (1), BooOmIe TOBOPA, HE COBIAMAIOT APYT C
JIPYyroM.

3AMEYAHUE 2. YrBepxaenus o cymecrsoBanun ¢siaros (2), y1oBiaeTBops-
10mux paBercTBaM Tuma (3) mwm (4), He PacIpOCTPAHAIOTCA Ha JIMHEHHBIE HEaB-
TOHOMHBIE CHCTEMBI.

Crucok Jureparypsl

[1] demudosuw B. II. O6 ogHOM 0600611€HNN KPUTEPHS YCTOXIUBOCTH JIAMyHOBA /11 TPABUJIb-
Hbeix cucreMm // Marem. ¢6. 66 (108). Ne 3 (1965). C. 344-353.

[2] Cepeees H. H. CpaBHeHHe MOMHBIX 9aCTOT U IOKa3aTesell Oy KIaeMOCTH pelleHnil JuHeii-
Hoii cuctems! // Huddepenn. ypapuenus. 2010. T. 46. Ne 11. C. 1667-1668.

3aBHUCHUMOCTD IIOYTH IIEPUOANIECKUX PEIIeHUil ypaBHEHUS
Z = |z| + p(t) + € or mapamerpa

Cuzopos E. A. (Huxeroponckuii rocyAapcTBeHHbIH YHUBEDCUTET
um. H. H. Jlo6auesckoro, Poccusi)

Hpanos U. ®@. (Huxkeropoackmii roCyJapCTBeHHBIH YHUBEPCHTET
um. H. H. Jlo6auesckoro, Poccusi)

Paree [1] paccmarpuBaics BOIPOC 0 3aBHCHMMOCTH 3HAKOIOCTOSHHBIX ITOYTH
nepuoamaeckux (IL. 11.) pentenuii or mapamerpa & (> 0) myig aHAIOrUIHOrO ypaBHe-
HEst 1-T0 IopsAIKa. B JaHHOM COOBIEHMH STOT BOIPOC UCCIIEYETCS TSl Y PABHEHWST
2-ro NOPHA/IKa, IPUYEM U JIJIs 3HAKOIIEPEMEHHBIX I1. TI. PEINEeHUIl, ¢ UCTIOIb30BAHUEM
urepanuii uHOro THNA, UeM B [1].

Huxe npenosaraercs, aro npu ¢ = 0 mus ypaBHenus & = |x| + p(t) cy-
mecTByeT I. I (MHOrZA mepHommueckoe) pememnme = = o(t) € C?(R), Tak 4uTo0
yYDaBHEHUE UMeeT BHL

& = || = |p(®)] + ¢(t) (1)

TEOPEMA 1. Ecau n. n. gynruus ¢(t) € C2(R) maxosa, wmo |o(t)| > |p(t)],
U HE ABAAEMCA HEOMPUYAMELHol, mo ypasnenue (1) umeem neompuyamesvroe
n. n. pewenue T = @1 (t).

B caydgae 3aBrCHMOCTH II. II. pellleHHil OT IapaMeTrpa € > 0 cupaBenuBa

TEOPEMA 2. ITyems n. n. dynxyusa o(t) xaacca C*(R) ydosaemsopaem ycro-
BUAM:

1°. Cywecmsyem nocaedosamenvrocmy npomescymxos (ag, by, k € Z, ma-
KU, ¥mo na (akr,br) 1 @(t) >0, a na (br, ar+1) : ©(t) < 0;
2°. bk+1 — b > ﬁ > 0,’ Ap4+1 — b < [N
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3°. Cywecmeyem €1 > 0 makoe, 4mo 6LNOARAETNCA HEPABEHCTTIEO
(@+2-e1) e (1—e ) < 1/3;

4°. Qynxyua o(t) dossicna 6oims makot, Mo NPy JOCMAMOUHO MAAVL € >
0 cywecmsyem €1(> 0) — 0 npu ¢ — 0.

Tozda daa Pynryuuy = x—p(t) coomeememeyrowee ypasnenue § = |y+p|—|p|+e
umeem n. n. pewenue y = P(t,€) — npedea umepayuonroli nocaedosamesvHocmu
n. n. Pynxyud {yn(t,€)}. Ipu smom yo = 0, @ Ynt+1 ABAAEMCA €OUHCMBEHHBLM
7. N.PEWEHUEM YPAGHEHUA

Unt+1 = Yn+1 + [yn + @ =[] — yn + €.

Taxum o6pazom, dannoe ypasuenue & = |z| + p(t) +e (p(t) = —|o(t)| + ¢(t)) npu
docmamouno maanz € > 0 umeem n. n pewenuve z(t, ) = p(t,e) + ®(t, €).

IIpu moka3aTenbCTBE yCTAHABINBAETCS: UTEPAIIAN Y, OMPEIETSIIOTCS WHITYK-
TUBHO U ABJIAIOTCH II. II. GyHKmuaMu, upudeM —3€ < Ynt1 < Yn < —€, U BBIIOJI-
HAETCH OMEHKA |Ynt+1 — Yn| < 2/3 |yn — yn—1| (n > 1).

3AMEYAHUE 1. YTBep:kKeHUE TEOPEMbI CLIPABEIMBO U B OTHOLIEHUYU LIEPU-
omuaeckux (HbYHKIHIA, TO €CTh ecu (1) — MepuoamIecKoe pemenne (TP BBITTOJI-
HEHUM COOTBETCTBYIONIMX YCJIOBUIA).

3AMEYAHUE 2. Ecmu () He ymosmeTBopsier ycaouam 3, 4, TO HCCIEI0BAHAE
3aJa91 CTaHOBUTCA 3HAYUTE/IbHO 60J'Iee CJIOZKHBIM.

Crnucok JuTeparypsbl

[1] Cudopos E. A. O cocyimecTBOBaHMM DPA3HO3HAYHBIX MEPUOJANYECKUX PEIIEHUN HEKOTO-
pBIX KycodHo-auddepennupyeMbix auddepeHnuaabHblx ypasHeHuil // Te3ucsr mMexxmy-
napoaH. koudep. </luddepennuanbabie ypaBHEHUA U TOIOJIOIUA >, NOCBALEHHOH 100-
aeruto JI. C. Ilourpsaruna. Mocksa, 17-22 uwomaa 2008. C. 194-195.

PazsimmyHble KJjacchbl oniepaTopoB mnpeobpa3oBaHus Bynivmana—paeiin
Curank C. M. (Boponexcknii mactatyr MBJI Poccun, Poccns)

Oneparopsl Bymvana—dpaeiin aBIs0TCA HHTErPAJIHHBIMUA OIIEPATOPAMHU CIIe-
muasibHOrO Buaa ¢ dyukmmavu Jlexxannpa B sapax. [Ipu onpenesennom Beibope
MapaMeTpPOB OHU SIBJIIOTCST OTHOBPEMEHHBIM 00600IIEeHIEeM OTIEPATOPOB TTPe0OPa30-
Banus Comuna—Ilyaccona—/lenbcapra u uxX CONPSKEHHBIX, OMIEPATOPOB APOGHOTO
unrerpupoBanus Pumana—/Iuysuing u Dpaeiin—Kobepa, a TakKe MHTEIPAIbHBIX
mpeobpazosanmii Menepa—Poka.

Uurerpanbabie ommepaTopbl YKa3aHHOTO BUAA ¢ DYHKIUAMHA Jlexkanapa B si-
pax Buepsble Bcrperwiuch B paborax E. T. Copson no ypasaenuio ditnepa—
IIyaccona—/lap6y B komme 1950-x romoB. BrepBrie mompobHOe m3ydeHme paspe-
MIUMOCTH U 0OPATUMOCTH JTAHHBIX OIepaTopoB ObLI0 HavaTo B 1960-x romax B pa-
6orax P. Bymmana u A. Dpaeitu, u nupogoskeno B paborax Higgins, Ta Li, Love,
Habibullah, K. N. Srivastava, [Iuas Xoaur Aub, B. I. CmuproBa, B. B. Karpa-
xoBa, H. A. Bupuenko, A. A. Kun6aca u O. B. Ckopomuuk. Hazsanue g sroro
KJIACCA OLIEPATOPOB ILIPEJJIOKEHO ABTOPOM, OHO CTAJI0 OOIEIPUHATHIM.
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BazxuocTh oneparopos Bymmana—pieiin BO MHOTOM O0YCJIOBJIEHA WX MHO-
TOYUC/IEHHBIMU IPUIOKeHusIMU. Hanpumep, OHE BCTPEYAIOTCS B CJIELyIONIHX BO-
MpoCax TEOPUN YPABHEHMH C YACTHBIMH ITPOM3BOJHBIMU: IIPU DPENICHUN 331a9N
Hupuxiste nns ypasuenus Jisrepa—llyaccona—/lapby B <w€TBepTH ILUIOCKOCTH U
YCTAHOBJIEHUU COOTHOLIEHUN MEXK/y 3HAYeHUSMU DelleHuil ypaBHeHus Jiiepa—
ITyaccona—/Iap6y ma MHOr00Opa3Wy HAYAJIBHBIX JTAHHBIX ¥ XapPaKTEPUCTHUKE, TEO-
puu npeobpazoBanus PasoHa, Ipy HCCIIeIOBAHIN KPAEBbIX 3314 1JIs PA3JIUTHBIX
YPaBHEHHI C CYIIeCTBEHHBIMU OCOOEHHOCTAMU BHYTPH O0JACTH, JOKA3aTE/IbCTBY
Broxkennsi ipocrparcTs U. A. Kunpussosa B BecoBsie mpoctpancTsa C. JI. Co-
00J1eBa, YCTAHOBJIEHNIO CBSI3€il MEXK Iy OIlepaTOPaMU IIPpe0OPA30BAHUS U BOJHOBBI-
MU OIlepaTOpaMy TeOPUU DacCesHus, ODODIIEHUIO KJ/IACCHYECKUX WHTEIPAIBHBIX
npecTaBaeHnit mis crermaibHbx Gyukiumit Connna u Ilyaccomna u omepaTtopos
mpeobpazosanus Conmna—Ilyaccorma—/lenbcapra.

OcHOBHBIE pe3y/IbTaThl aBTOPA II0 OleparopaM mnpeobpa3oBaHus Bynimana—
Opzeiin nonyvenst B [1]-[7], ornn moapobuo msnoxens B [3]-[4].

Crnucok JauTeparypsbl

[1] Cummnux C. M. YHUTAPHOCTb U OFPAHUYEHHOCTD ONepaTopoB Bymmana—paeiin HyneBoro
nopsiaka raagkocru // Ipenpunr MAITY IBO PAH. Bragusocrok. 1990. 45 c.

[2] Cumnux C. M. QakTopusanusi 1 OLEHKH HOPDM B BECOBBIX JIE0ErOBBIX HPOCTPAHCTBAX
oneparopos Bymmana-Opaeiin// JAH CCCP. 1991. T. 320, Ne 6. C. 1326-1330.

[3] Cumnux C. M. Oneparopsl npeobpasoBanus u ux npuioxenus// O63op: B kuure: <HMec-

CJIeOBAHUS [I0 COBPEMEHHOMY AHAJIM3Y U MAaTeMaTHUeCKOMy Moaenuposanuio>. (Ilox pen.

B. ©. KopoGeiinuka, A. I'. Kycpaesa). Baanukaskaz, IM PAH, 2008. C. 226-293.

Sitnik S. M. Transmutations and Applications: a survey//

http://arxiv.org/abs/1012.3741, 141 P.

[5] Cumnux C. M. OrpaHn4eHHOCTb ONEepaTopoB npeobpasosanua Bymvana—paeitn// Tpy-

Ibl 5-0it MexkayHaponuoil koudepenuun <Analytical Methods of Analysis and Differential

Equations (AMADE)>, Tom 1: Maremarudecknit Ananus. Hanuonanpaas Akanemust Ha-

yk Besopycu, nucruryr maremaruxku. Munck, 2010. C. 120-125.

Cumnux C. M. Pemienne 3ana4u 06 yHuUTapHOM 06061€HUH OIIEPATOPOB Ipeobpa3oBaHus

Conunna-Ilyaccona// Hayunsie BemomocTu Bearopoickoro rocy1apCTBEHHOIO yHUBEPCH-

rera. 2010, Ne 5 (76), Beinyck 18, C. 135-153.

Cumnur C. M. Meron dakropusanuu oneparopos npeobpaszosanus B reopun guddepen-

nuanbHbix ypapHennit// Becrunk Camapckoro Tocymapcrsennoro Yuupepcurera (Cawm-

T'VY). EcrecrBenHoHay4uHas cepusa. 2008, Ne 8/1 (67), C. 237-248.

[4

|6

[7

O cyuiecTBOBaHUM PYYHO BJIOXKEHHOM cenapaTpuchl y
auddeomopdpusma Mopca—Cwmeiina
Ckyamsakosa /I. C. (Hukeropoackwii rocyapCTBeHHbII YHHBEPCHTET
um. H. U. Jlobauesckoro, Poccusi)

JlokJ1a/1 OCBAUIEH OLMCAHUIO DPE3YyJIbTaTOB, II0JIyYEHHBIX B COABTOPCTBE C
B. 3. I'punecom u O. B. ITounnukoii.

HUccnenoBanue muddeomopduzmos Mopca—Cwmeiina Ha MHOrooOpas3usax pas-
MepHOCTH OOJIbIIEH [BYX, IpeAcTaBJser CODOH JI0CTATOYHO CJIOKHYIO 3aJady
BBHJIY BO3MOYKHOCTHU JUKOTO BJIOKEHUsI WHBAPUAHTHBIX MHOTO00pa3mil CeIIOBBIX
neprogmaecknx Touek. . ITukcrom [1] moctpomn mpmmep muddeomopdusma
Mopca—Cwmeitina na rpexmepHoii cdepe, Hebiry K gai01ee MHOXKECTBO KOTOPOI'O CO-
CTOUT W3 4 HENMOJBMIKHBIX TOYEK (MCTOYHWKA, JABYX CTOKOB W CEMJIA), W OTHA U3
OZTHOMEPHBIX CEMapaTpuC ABIAETCA JUKO BIOKeHHOH. B pabore [2] mokaszano, aro
X0Ts Obl O/lHA M3 OJHOMEPHbBIX CElAPATPUC /I KaXKO0I0 U3 PACCMATPUBAEMbIX
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muddeomopdu3MOB ¢ TAKHM HEOTY K TAIOIIUM MHOXKECTBOM SIBJISIETCS PYIHO BJIO-
KEHHOU.

B mokname paccmorpen kitacc auddeomopduzmon Mopca—Cwmeiina Ha chepe
S3, mHebiIy X aromee MHOKECTBO KOTOPBIX COCTOMT U3 IIECTH HEITOJBUKHBIX TO-
9eK, a OJIyKIarolnee MHOYKECTBO HE COMNEPXKUT TeTePOKIMHUYIECKUX KPUBBIX. B
cuiy paborsl [3], muddeomopdusMBl paccMaTPUBAEMOr0 KJIaCCa JOIYCKAIOT V-
KHe€ BJIOZKEHUA CellapaTPpUC CEAJIOBBIX TOYEK B OKPECTHOCTU CTOKa WUJ/IX NCTOYIHUKA.
ITosromy, 3amaua Tomosiormueckoit kimaccudukammu auddeomopdu3MoOB CBOIUT-
C4d K BBIACHEHUIO TUIIA 3ay3JIMBAHUA OAHOMEPHBIX CellapaTPUC B TIPOCTPAHCTBE
S? x St

ApTopamu ycraHoBJIeHO, 9TO [isd j11060ro auddemopdusma u3 paccMaruBa-
€MOT0 KJIacCa, COJAEPIKAIIETO €IUHCTBEHHYI0 MCTOYHUKOBYIO (CTOKOBYIO) TOUKY,
XO0TsI OBl O/THA M3 OJHOMEDPHBIX CEIIAPATPUC SIBJISETCS PYIHO BJIOYKEHHOIL.

Pabora Beimosmena npu noggepxke PODU, rpant 11-01-00730.

Crnucok JauTeparypsbl

[1] Pizton D. Wild unstable manifolds // Topology. 1977. V. 16. Ne 2. P. 167-172.

[2] Bonatti Ch., Grines V. Knots as topological invariant for gradient-like diffeomorphisms
of the sphere S® // Journal of Dynamical and Control Systems (Plenum Press, New York
and London). 2000. V. 6. Ne 4. P. 579-602.

[3] Bonammu Xp., I'punec B. 3, Howunxa O. B. Knaccubuxkamua nuddeomopdus-
moB Mopca—Cmeilyia ¢ KOHEYHBIM MHOXKECTBOM I'€T€POKJIMHUYECKUX Opbur Ha 3-
MHOroo6pasusax // Tpyapt matem. un-ra um. B. A. Creknosa. 2005. T. 250. C. 5-53.

Onenka tuna IIBukesnsi [Jisi 0HOrO KJjacca orepaTopoB
T'unsbepra-IIImuara
Crnoyny B. A. (Canxr-Ilerep6yprckmii rocymapcrsennptii yausepcuret, Poccms)

1. Peus moiiner 06 oneparope Buga Ty, := f(H)g(z). 3mece H — camoco-
HPSKEHHBIN S/IHITHYeCKuil aud hepeHnuaabHbIil orepaTop BTOPOro HOPsiIKa B
L2(R%), d > 1; f(\), A € R, — 6openerckas orpanudennas byHKIWST; § — W3-
mepumasg byukmusg u3 Lo joc(R?). IIpu sToM mpeamomaraercs, uro GyHKmmm f u
g TaxoBbl, uT0 omneparop Tj, aBiserca omeparopoMm ['miusbepra—IlIMummra. s
9TOTO cyiydas B paboTe JAHBI OLEHKM CHHTYJISPHBIX drces oneparopa Tyry B Tep-
vuHax Gyskui f u g. TpeboBanus Ha T/IaIKOCTH KOdd G uUIMeHTOB omepatopa H
HE HAKJIA/IbIBAIOTCH.

2. Bosee Touno, H = —div g(z) grad +p(z) — paBHOMEDPHO 3JUIUNITHYECKUIH
camoconpsKennsi auddepenmuampubii omepaTop B L2 (R?), d > 1, ¢ BemecTsen-
HBIMH OrpaHuYeHHbIMU KO3 durmenrtamu. Iy IPOCTOTHI MOXKHO CYHTATH, 4TO
inf o(H) = 0. Yca0oBUMCSI 0 HEKOTOPBIX 0003HAUEHUSIX:

a0 =0, ap:=2", keN, Q:= [0,1)d7 Qm :=Q+m, mez (1)

C kax0il orpanudeHHON 6opeseBckoil byHKIMeN f Ha OCH CBSIYKEM II0CJIeI0BA-
TEJILHOCTD

u(f) = {un(f)rezy © we(f) =sup{|f(N)], A€ [ak,ar+1)}- (2)
s xaxao0it byHkmmm g € Lg,loc(Rd) OIpPeaeuM II0CJIEI0BATE/IbHOCTD

v(g) = {vn(@}neze = vnl9) = ll9llLac0n)- ®3)
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Hepes u(f)v(g) Gyaem obozrauats mocneno0BaTembHOCT {uk (f)vn(9)}kn)yez, xzd-

Iycrs dk dn — cunraomas Mepa na Z := Z, X Z%; sBenem mepy dv := aifldk: dn
ma Z. O6ozmauum wepes lp o(Z,dv), p € (0,00), ¢ € (0, 0], cranmapTHBIE KIACCHL
Jlopenna, gepe3 S, 4, p € (0,00), ¢ € (0, 00|, — cTaHAAPTHBIE KIACCH KOMIAKTHBIX
onepaTopos (cM., Hanpumep, [1]). IIpeamnosoxkum, 910 CIIpaBeIIMBO BKIIIOUEHUE

u(f)v(g) € lp,q(Z,dv), pe(0,2), g€ (0,400], (mbo p=qg=2). (4)
Ciienyiomiee yTBepxKieHIe — OCHOBHOI pe3ysbrar paboThl.

TeEOPEMA 1. Iycmv dynxuyuu f u g ydosaemeoparom ycaosuro (4). Tozda
enpasedauent sxarouenue Try € Gy o(L2(RY)) u oyenxa

ITtglle,., < Clpsg,d, H)l[[u(f)v(g)llr, - ()

B yciaoBusx teopembr 1 Ty, aBroMaruyecKud LIPUHAJIEKHUT KJIACCY
I'masbepra—IlImuara.

3. Ucxomapivm myia wHac asaaiorca paborst [1], [2] u [3], rae 6pum noxyvenst
YTBEpKIEHUs O IpUHAIERHOCTH omeparopa Tyf, kmaccam G, 4, p € (0,2), B
caygae H = iV. [na noka3arenbcTBa TeopeMbl 1 HEOOXOAMMO KOMOMHHPOBATH
nnen pabor [1], [2] u [3] u HexkoTOPBIE COOOpPaKeHMs, OCHOBAHHBIE HA OIIEHKE AIPA
mosyrpymmet e~ 7t > 0.

Ora pabora BbinosHeHa pu noaepxkke PO, rpant 11-01-00458-a.
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OcpenHeHne TOHKOM IJIACTUHBI, yCUJIEHHON CTEP>KHEBBIMU
BKJIIOYUEHUSMU
Caynkunii A. C. (Caakr-Iletepbyprckmii rocy1apCTBEHHbI YHABEPCHTET CEPBUCA
u sxoHomukH, Poccust)

Coobuienue nocBsiieHo BuiBoAy auddepeHnuaabLHoro ypaBHeH s, OUChIBA-
IOIIero M3rub TOHKOM IIJIACTHHBI, aPMUPOBAHHON MEPUOINTIECKIMI CeMeHCTBaMU
pPa3beIMHEHHBIX TOHKUX cTepxkHei. [Ipesmmosiaraorcs, 9ToO IACTUHA WMEET Ma-
Jy10 orHOCHTEenbHYIO (6e3pasmMepHyio) TosmumHy h, CTEPXKHU HE COEIUHEHbI, HO
PACIIOJIOXKEHBI OJIM3KO0, Ha PACCTOSTHAAX HOpsaka h. Marepnas creprkueil mpearo-
JIaraeTcsl 3HAYUTETHHO DOJTee KECTKUM, 9eM MATePHaJl IITACTUHBL: yIpyrue Kodd-
GbuImenTH IIACTUHBL 110 IIOPAAKY B h pa3 MeHbine, YeM yupyrue K03dGumeHTst
apMUPYIONINX IJIACTUHY CTepXKHei. 13-3a TOro, 9T0 CTepKHU He COeIMHEHBI U UX
B3aNMOIEHCTBUE OCYIIECTBIIAETCS TOIbBKO depe3 MOIATINBBIM MaTepuasl MaTPHUIIHI,
AJIrOPUTM IIOCTPOEHUS ABYMEPHON MO/1esin u3ruda [IaCTUHBL CYIIECTBEHHO OTJIH-
YaeTCsl OT KJIACCUYIECKUX IPOIEAYDP TEOPUN KOMIIO3WTHBIX IIACTHH U PE3YJIbTAT
OCpeJIHeHHUs He COBIAIAeT CO CIy9IaeM CTEPXKHEH, CKPEIIEHHBIX B €INHYIO Ieph-
OMYECKYIO CeTKy. TakK IpeesibHasd IJIOCKAs 337a49a O IPOJOJIbHON Jedopmarn
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IJIACTHHBI TEPAET IJUIUNTAIHOCTh (KOMIIO3WTHBIA MaTEpPHUAJ HE ,,BBIIEPKHUBAET
CIIBUTOBBIX HArPY30K ), II09TOMY PACCMATPUBAETCS JIMIID ,, TUCTHIA“ m3rub mracTu-
HBI, TIOAPA3YMEBAIOIIII CHMMETPUIO TEOMETPUIECKNX (HOPM, (PU3NIECKNX CBOHCTB
¥ HArpy30K OTHOCUTEJIHFHO CpeawHHON miockocTu. Ocpennennsrii auddepen -
aJIBHBII OLIEPATOP Y€TBEPTOrO MOPSAIKA IIOJIYYAETCH CyMMUPOBAHHEM HEdJLIAIITH-
YeCKUX OIMepPaTOPOB, TOPOXKIECHHBIX KAXKIBIM M3 CeMEHCTB CTep)KHeil. DTOoT orre-
PATOp OKa3bIBAETCH JJIIUITUYIECKUM B TOM M TOJIBKO B TOM CJIydae, eCIU CTEPIKHI
X0Tst OBl M3 JBYX CeMEICTB He SBJIAIOTCH HapaJsuie/bHbMu. [orydens! siBabie Gop-
MyJIBI 71t K03 DUImeHTOoB BO3HUKAOMEro i GepeHInaIbHOT0 YPABHEHHS YeT-
BEPTOro MOPsAIKA. B KaduecTBe yIpOUEHHOIO MpUMepa PACCMOTPEHA aHAJIOTHIHAS
cTalpioHapHas 3a7a9a TeIJIOIPOBOJHOCTH.

B ciywae aByx map CMMMETPUTHO PACITOIOKEHHBIX B3ANMHO MEePIIeH UK YIISP-
HBIX CHCTEM CTepPyKHEHl C OJMHAKOBBIMU CBOMCTBAMU De3yJIbTHPYIOIIee ypaBHEHIE
n3ruba TOHKOW IJIACTHHBI IPUHUMAET BUJ

T a4 1 1 [ TA+10p 8*w w A+ 10p 0*w
TR s s, 4 29,2 4
4 Atp Oy Oyi0y; A+p Oy;

’

T7e w — MPOru6 TIACTUHBL, (Y1, Y2) — AEKAPTOBA CUCTEMa KOODIAWHAT B CPEIMHHOMN
TJIOCKOCTH TLUTACTUHBI, A, i — K03 PumumenTsl Jlame MaTepuaa TOHKUX KPYIJIbIX
CTepKHel, nMenux paauyc cedenns hR, a hs; — ,,mar” npaMoyroabHOil pemrer-
KV B HAITPABJIEHUU OCH ;.

OTa paboTa BbinosHEHa Ipu mogaepxkke PODI, rparr 09-01-00759-a.

VYnpasJsieHue npoieccoM, OINMCHIBAEMBIM pa3pbIBHBIM TeJierpadHBIM
YpaBHeHHEeM
Cwvupros U. H. (Mockosckmii [0cynapcTBeHHbI YHUBEPCHTET
umenu M. B. Jlomonocosa, Poccust)

B repmumax 0600mieHHOrO perterns TesrerpadHOro ypaBHEHN, JOILYCKAOIe-
r0 CyIIEeCTBOBAHHNE KOHEYHON SHEPTrHUH, M3yJAIOTCS 334291 00 OTHICKAHUU SIBHOTO
AHAJIUTUYECKOTO BUAA T'PAHUYHBIX YIPABJIEHUN, TPOU3BOAUMBIX Ha IBYX KOHIIAX
CUCTeMBbl WJIM Ha OJHOM KOHIIE, IIDU YCJIOBUU, YTO BTOPOU KOHEI| 3aKpeIlIeH UJIu
cBOOO/IEH, CMEIIEHNEM WJIM YIPYro¥ TPAHIYHON CHJION M TIE€PEBOISINNX IIPOIECC
KOJIe0aHMIT 3TOU CHUCTEMBI W3 ITPOM3BOJIFHO 33JAHHOTO HAYAIHLHOTO COCTOSHUS B
IIPOM3BOJIBHO 33/IaHHOE (PUHAIHHOE COCTOSHUE.

JIy1si MpOW3BOIBHBIX IIOJIOXKUTEJBHBIX dnces [1 U lo pacCCMOTPHUM CTEpIKeHb,
PACIOJIOKEHHBIH BI0Ab OTpe3ka —l1 < & < lp m cocTosamuil 3 ABYX yYaCTKOB:
yaactka —I1 < z < 0, umeromero TuHERHYIO IUIOTHOCTD p1 = const u k03ddurm-
eHT ympyroctu k1 = const, n ygactka 0 < x < l2, IMEIONEro JUHENRHY IO TIJI0THOCTh
p2 = const u ko3 umment ynpyroctu k2 = const. Ecim 0603naquTh wepes u(z, t)
CMeIeHne TOYKHA CTEPXKHA & B MOMEHT BPEMEHH ¢, TO IIPOIECC KOJieDaHU TaKO-
IO CTepXKHH, IPOTEKAIOMMI 3a TpoMexXyToK Bpemenu 0 < ¢ < 71, onuceiBaeTcs
Pa3pBIBHBIM TesierpadHBIM ypaBHEHUEM

Uee (z,t) — Culz,t) B[l <

x
agum(:c,t) — C2u($,t) B0Sz<l]x[0<
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<0 x[0<t<T],
Utt(ZE,t) =
t<T
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[ k1 [ ka2
B KOTOPOM a1 = 4/ —-, a2 = 1/ —2.
p ! pr 42 P2

Hacrogmuit moknam nocssmen npobjiemMaM pelleHns YKa3aHHbIX 33/a9 Ipa-
HUYHOTO YIIPABJIEHNA B CJIEAYIONINX C/IydasdXx:

B cnydae, xorga komaeOa0muiics CTEPXKEHb COCTOUT U3 ABYX PA3HOPO/I-
HBIX y4aCTKOB, UMEIONIUX Pa3Hble IJIOTHOCTHA U YHPYTOCTH, HO OJUHAKO-
Bble UMIIEJAHCHI.

2°. B caiydae, Korga KoaeOmomuiica CTEPKEHb COCTOUT U3 IBYX yIaCTKOB,
MMEIOUIUX Pa3HbE IIJIOTHOCTH M YHIPYIOCTH, HO MX BeJIuduHBL obeciie-
YUBAIOT PABEHCTBO BPeMeH MPOXOXKJIEeHUA BOJHBI 110 KayKJIOMY U3 3TUX
y4aCTKOB.

Jns Bcex m3ydaeMblX 33729 Hall/leH ABHBIA aHAIUTHYECKUN BHJ UCKOMBIX IDa-
HUYHBIX YIIPABJICHUI.

OTa paboTa BBIIOJIHEHA IPU IOAAepKKe MunncTepcTBa 00pa30oBaHus 1 HayKQ
P®, rpanT 02.740.11.0199, u IIporpamMmbl rocy1apCTBEHHOMN HOIIEPKKN BELY IIIAX
HaydHBIX ITKOJI, TpanT HIM-3514.2010.1.
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Onpenenenne KoapdurmueHTa B 3JUIMOITUIECKOM YPaBHEHUN B
MUJINHAPE
Comospes B. B. (Hanmonanapnbiii Hecnenoparenscknii SInepupiii Yausepcnrer,

MI®H, Poccus)

Iycrs G C R?, G —orpanudennas objacTs ¢ rpanuneii knacca C2¢
0 < a < 1, ¢ > 0— dukcuposanusle mnocrostauele, Q2 = (—q,q) x G,
Q_ = (—¢,0) x G—uumHaper B mpocrpancrse Touek R, X Ry, (y,z) =
(y, 21, ..., Tn). Onpenemmm xmaccer bymxmmit U(Q) = {u € C(Q) : u € C>* ()},
UL() = {u € U),uy, € UQ)}, F(G) = 1f € C(G) : f € C(G),f < O},
H(x) ={x €C(Q): x € C**(@), Ayx € C(G)}. PaccmoTpum 06paTHYIO 3a1aMy
onpezenenus napst Gyskuuii (u, f) € U1(Q-) x F(G) u3s ycnosuii:

z) =

—Au(y, f@)uly,z), (y,2) € Q-, (1)
w(y,z) =v(y,z), (y,z) €ET- =[-¢0 x9G, u(—q,z)=0, z€G, (2)
uw(0,z) = x(x), uy(0,z) =0,z € G. (3)

B ycnoBusix (1)-(3) v, x —3anmansble dyskuuun. Ilycrs (y, ) — derHoe mpo-
pokenne Gbynkipm v(y,2) Ha GOKOBYIO I'DAaHMI IHIMHAPA ) — MHOXKECTBO
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I' = [—q,q] x 8G. Y106l chopMyIMpOBATH TEOPEMY CYILIECTBOBAHUS U €/IUH-
crBennocTu Juis 3anadu (1)—(3), oupenemum dyukunuio @ € U(Q)) kak peurenue
caenyoomeil KpaeBo 3aIa4m:

—Aw(y,x) =0, (y,2)€Q, w(y,x)=10y, (y,z)el, w(tgz)=0z¢cd.

TeOPEMA 1. Hycmo v,vy, € C(I'Z), 6wnoanens Ycao6us co2aaco8anua
v(—q,z) =0, 1y(0,2) =0, vyy(—q,z) =0, z € G u nepasencmsa v(y,z) > 0,
vyy(—q,z) < 0, (y,z) € T'—. Tozda dan moboti Pynxyuu x € H(G), ydosse-
meopaowel yeaosuam cozaacosanua X(xr) = v(0,z), x € 0G u nepasencmeam
x(x) > xo0 >0, w(0,z) + Aex(z) >0, z € G, cywecmsyem eduncmeentoe peuse-
nue 3adavu (1)—(3) 6 yrasanrom xaacce.

Meroga ycpe/iHeHusl B 3a/la¥axX ONTUMAJIBHOTO YIIPABJIEHUS
OOBIKHOBEHHBIMU AN (pepeHIaTIbHBIMU Yy PABHEHUSIMU
Cramxunxnii A. H. (Kuescknit nanqmonanpupiii yausepcurer um. Tapaca
IIleBuenxo, Ykpanna)

Kopamsayk T. B. (KueBckuii HAMOHAJIBHBIH TOPrOBO-9KOHOMHYIECKUIT
YHUBEPCHTET, YKPauHa)

Paccmarpusaercs cireyromast 3a/1a49a ONTUMAJIBHOTO YIIPABICHUS CACTEMAMU
00bIKHOBEHHBIX Aud depeHImaabHbIX yPABHEHHIL:

Y —eX(hwu(t), #(0)=wo, I(u) > inf (1)
KaK Ha aCHUMIITOTHUYECKU KOHEYHbIX (HOpH,ZLKa %) BPEMEHHbIX HMHTEPBaJlaX, TaK U
Ha moJsiyocH, TyT I.(u) — HEKOTOPHIN KPUTEPHIl KaIeCTBa.

3nech € > 0 — maunbiii mapamerp, * € D — obaacts B R", x — ¢a3osbiii Bek-
Top, u(t) C U C R™ — BekTop ynpasnenus, t > 0.

Ucxommoii 3amagwe (1) cTaBuTCs B COOTBETCTBUE YCPEJIHEHHAS 3371293 OTITH-
MaJIBHOT'O yIIPaBJIeHUA

d .
Y= eXoult), y(0)=w0, I — (u)inf, (2)
rae
T
Xo(2,u) = lim %/ X (¢, 2, ) dt. 3)
o0 0

B ornumume oT mpeanecTBEHHUKOB, B KOTOPBIX COOTBETCTBYIOIIMIA yCDETHEHHBIH
00bEKT CTPOMJICA JIOBOJILHO CJI02KHO (KaK IIPABUIIO, 9TO HEKOTOpoe nuddepennn-
aJbHOE BKJIIOYEHHWE), MBI TpejjIaraeM 6ojiee mpocTyio cxemy ycpeamenus (3), B
KOTODO#i ycpefHeHnue 1o u He npooaurcs. OTMETHM TakKe, 9TO B HAIIEM CJLy-
qae MHOkeCTBO U 3HadeHuil ynpas/ieHus He 00g3aTebHO KOMIIAKT. Kpome Toro,
JAHHBIM TOAX0 HA 6ECKOHEYHOM WHTEDBAJIE PaHee HE PACCMATPHBAJIC.
JlOKa3BIBAIOTCS TEOPEMBI O GIM30CTH COOTBETCTBYIOMUX penteruii cucrem (1)
u (2) KaK HA ACMMITOTMYECKM KOHEYHDBIX TaK U HA 0ECKOHEYHBbIX BPEMEHHBIX MH-
repBasiax. C NOMOIIBIO 3THUX TEOPEM YCTAHABJIMBAETCS CJIEAYIOUIVIA DE3ysIbTaT:
ecm u* (t) — onTEMATBPHOE yIPABJICHWE yCPEIHEHHON 3a7a[u (2), TO OHO C TOY-
HOCTBIO JI0 € peaymu3yer Kpurepuil kadecTsa TO4IHO 3aga4u (1), To ecTh aBIAETCH
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€-OITUMAJIBHBIM [IJISI TOYHOM 331a4uu. Kpome Toro, B ciiydyae JUHEHHBIX 110 YIIPaB-
JIEHHIO CHCTeM, JOKAa3aHO CyIleCTBOBaHNE ONTHUMAJIbHBIX YIIDABJ/IEHHU TOYHONU
YCpPeTHEHHOU 3aatd.

Cumcok Jiureparypbl

[1] Cmanorcuuyruts A. H., Jo6podsut T. B. Mccnenosanne 3a0a4 ONTHMAJIBHOIO yIPaBJIe-
HUSI HA MOJIyOCH MeTomoM ycpenuenus // Jduddepennmanbubie ypassenns. 2011. T. 47.
Ne 2. C. 264-277.

PaspemmumocTp 3a1a4n 0 JUHAMUKE CAMOJBUXKYIIIErOCsl TBEPIOro TeJjia
B BS3KOU HECOXKMMAaeMOU >XUIKOCTU
Craposotitos B. H. (Hacruryt roapoauaavukn um. M. A. Jlaspeareea CO
PAH, Poccus)

WccnenoBana 3aa4va 0 TUHAMUKE CAMOIBUKYITUXCST AOCOTIOTHO TBEPIBIX TEJT
B OTPAHUYEHHOM 00beMe BSI3KON HECKUMAEMON KUIKocTh. [jist onmucannst Teve-
HUsl XKUIKOCTU UCIIO/Ib3yiorcsd ypasuenus Hasbe—Crokca. Tena nsuxkyrcea cornac-
HO 3aKOHAM KJIACCHYECKOU MEXaHUKU IO/, JeUCTBUEM OKPYXKAIOMEeHd UX KUJIKOCTHA
u Gy1arozapst «MOTOpaM», paboTa KOTOPHIX MOIETIUPYETCS 33/ JaHUEM TTOTOKA KU
KOCTH 4epe3 rpaHuibl Tes. JJoka3aHo, 94To 3aja4a UMeeT 110 KpaiiHeill Mepe OHO
c1aboe perrenrie Ha MPOU3BOJILHOM MHTEPBAJIE BPEMEHHU, He BKJIIOYAONEM MOMEH-
THI COYZIAPEHUsT TeJI MeXKy co00i u ¢ rpanurieil 0071aCTH TEIEHUS.

BecoBbie HepaBeHcTBa i1 npeobpa3oBaHusa I'mianGepTa Ha
MOHOTOHHBIX (PYHKIASIX
Crenanos B. I. (Poccniickmuii yausepcurer ApyK061 HapoaoB, Mocksa)

Usyuaerca asyxsecosoe LP — LY nepasencTBo ajiga npeobpasoBanus ['mibbep-
Ta Ha KOHycax MOHOTOHHBIX dynkumit. [Ipn 0 < p < ¢ < 0o HalAEHBI HEOOXOIV-
Mble ¥ JOCTATOYHBIE YCJIOBHS BBIIIOJIHEHHS HEPABEHCTBA JJIsi CTEIIEHHBIX BECOBBIX
dyukuit. AHAIOrUYHBIA Pe3yJIbTaT YCTAHOBJIEH s JTUCKPETHOrO Ipeobpa3oBa-
uus ['minbepra.

Cy6ornomenue IllteiiHepa ajs 9eTbIpex TOYEK HA €BKJIMJOBON
IJIOCKOCTH
Crenanosa E. H. (Mockosckuii Iocygapcrsennptii Yausepcurer
um. Jlomonocosa, Poccms)

B nmokmaze 6ymer paccmorpeno cyboruomenwe [llteitnepa — Besmuamna, xa-
PaKTepHU3yomas CBA3b MUHUMAJIBHOrO AepesBa lllreiimepa m MUHUMAIBLHOIO 3a-
noyiHeHus B cMbicie M. ['poMoBa fj1s MeTpUYeCKUX MPOCTPAHCTB, M paBHAS OT-
HOIIEHUIO BECa MUHMMAJbHOTO 3amosHennsa K jaymHe aepea Illreiinepa. s de-
TBIPEXTOYEIHBIX IOJMHOXKECTB IIJIOCKOCTHU C €BKJIMIOBON METPHUKON Hall1eHO Cy0-
oraomenwue Illreitnepa.

TEOPEMA 1. Jasa wemwper mouex na e6xAudo60t niockocmu cybommouse-

nue Illmetinepa pasro 3 mo ecmo pasro omnowenuro IlImetinepa.

2
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Pafora BBITIOTHEHA, TIPU 9aCTUEHON moepxkke POOU (rpart 10-01-00748),
nporpammbl <Benymue mayanbie mkonst P®> (rpanr HII-3224.2010.1), ama-
JIMTUYeCKOM BeIOMCTBEHHOU ITeJIeBOM IpOrpaMMbl <Pa3BuTue Hay9IHOr0 MOTEH-
nmaJsa Bbicel mKoabr> (mpoekt PHII-2.1.1.3704), ®LIII <Hayaabie n may<HO-
[eIaroruaeckne Kaapbl MHHOBAIMOHHON Poccum> (xomrpaxter 02.740.11.5213 n

14.740.11.0794).
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uble cern”, Maremar. c6opuuk (1991).

AcyMOTOTHKA TEIJIOBOTO SI/Ipa U PEryJsipU30BaHHBIN CJIe]]
nnd py3U0OHHOM IOy PYIIIbI
Cremun C. A. (MI'Y umenn M.B.JIomonocosa, Poccust)

C moMOmbI0 MPEeCTABICHNS TEIJIOBOTO SAPa B BUI€ KOHTHUHYAIHHOTO MHTE-
rpaJa HOJIy4eHbl B HEKOTOPOM CMBIC/Ie TOYHbIE IBYCTOPOHHUE OLIEHKHU perynadpu-
30BaHHOIO CJleJa COOTBeTCTBYIONel 3BOIIOIUOHHON OJIy'DYIIIIbI.

TrOPEMA 1. ITycmo sewecmeenviti nomenyuan V(x) € Li(R?) nenpepoisen
u ozpanuyven. Tozda npu t > 0 onepamop exp (t(A/2 + V)) — exp (tA/2) AdepHwiil
U UMEIOM MECTNO HEPAEEHCTNEA

/ (exp(tV(z)) — 1) dz > (27rt)3/2Tr(et(A/2+V) - em/z) >
R3

> /Ra dac{exp (t/RBV(Hx/iﬁ)so(lﬁl)dg) —1} > t/R3 V(z)dx,

2de p(r) = f01 (2ms(1 — s))_3/2 exp (7725(71275)) ds.

CBs3b yIIOMAHYTOTO TPEJCTABIEHUS C METOJOM MAaPAMETPUKCA TPUMEHIET-
ca upu Boraucjenun (oneHkKax) K03Gb@GUIMEHTOB KOPOTKOBPEMEHHOIO aCHMIITO-
TUYECKOT0 PA3JIOKEHUs (PyHIAMEHTATHHBIX DEIIeHUH IS ONPeJeIeHHOTO KJIacCa
ypaBHenwil 1uddy3nOHHOTO THUTIA.

TEOPEMA 2. IIpu ycaosuu ozpanusernocmu koapduyuenma nepenoca a(zx) €
C*(R?) dna Pyndamenmanrvrozo pewenua po(x,y,t) ypasnenus O = Au/2 +
a(z)Vu npu t | 0 umeem mecmo gopmyaa

oo t) = @ty exp (= B2V [atee. (- o)) as)
x {1 4t (% /01 (Aa(€(s), (y — 2)) s(1 — s)ds — /OlaQ(f(s))ds -

_ /01 diva(&(s)) sds + /01(1 — s)ds /Os [< rot a(&(s)), rot a(f('r))>(y _ :r)2 _
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= (rotal€(s). (v~ 2} rotale(r)). (v ~ )] i ) + O

6 Komopot £(s) = x + (y — x)s.

IIpu BBIBOMIE TAHHOM ACHMITOTHYIECKON (DOPMYJIBI UCHOIB3YETCs 3AMNCH Tud-
GbyY3MOHHOTO $ipa B BHIE BUHEPOBCKOTO WHTErpajia OT (DYHKIMOHAA, KOTOPBIH
BBIPAZKAETCS 9epe3 CTOXAaCTUIECKuii mHTerpaJt VITo mo 6pOyHOBCKOI TPAEKTOPUH.
TIpemuoskeHHbBIN TOAX0, PACIIPOCTPAHAETCS HA CJLydYail IPOCTPAHCTBA IIPOU3BOJIb-
HOI Pa3MEpPHOCTU M SBOJIIOMUOHHBIX TIOIYTPYTI, TIOPOKIAEMBIX HJILIUNTHICCKUMUA
0TIepaTOPAMU BBICIIUX TOPSIKOB.

CkpydeHHbIe sTHrHaHbI cynepaJjreop JIu
Cryxomun B. A. ([Jonckoii rocyapcTBeHHblli TeXHHYECKHI yHUBEPCUTET,
FOxmprit maremarmaeckmnii mactutyt, Poccus)

B mocsenHme Tompl HapsiAy € SHMHAHAMM TPOCThIX aareGp JIm ([1]) cramm
M3y4aThCs SHIMAHBL KJIacCudeckux cynepanrebp Jlu (cm. [2], [3]). B mammoii 3a-
METKE Mbl PACCMATPHBAEM IOHATHE TAK HA3BIBAEMOIO ,,CKPYYIEHHOrO“ sHrUAHA,
KaK KBAHTOBAHWSA CKPYYEHHOW aire6phl TOJMHOMHUATHLHBIX TOKOB, W PACCMATDPHU-
BaeM MPOCTOH MpUMeEp TAKOTO 00bekTa. VIMEHHO, pACCMATPUBAETCSA AHTUAH CTPAH-
HOl cynepanebpsr JIu Tuma Q2 (cm. [4]). Ha ocroBe nmosmyaennbix ¢popmysn MOKHO
OIIpe/IeJINTh KBAHTOBBIN my6sb siurumana Y (Q2) cTpaHHOl cymepasre6opst JIu Qa.
Cnenys nomxoxy B. I'. Ipuadenbaa Mbl OnnceiBaeM HEKOMMYTATHBHYIO gedop-
MAIMIO CKPY9IEHHBIX Cymepanredp JIu noJmmHOMHBAIBHBIX TOKOB (CBA3aHHBIX C pa-
IMOHATHHBIMA penteHusMu ypasHenus slara-Bakcrepa). B mmeiinom nmiane Takas
nmedbopManusa moxoxka Ha 1edhOPMAIMHA OJHOPOIHBIX MPOCTPAHCTB, TMPUBOIAIINE
K KBAHTOBBIM OJHOPOJIHBIM IIPOCTPAHCTBAM, YTO HEYJUBUTEJIHLHO BBUIY TECHOI
CBA3W OJHOPOTHBIX MMPOCTPAHCTB W CKPYYEHHBIX anarebp Tokos. Crmemyer orme-
THTB, 9TO BOMPOC 0GOCHOBaHWs KOPPEKTHOCTH OIpEJesIeHnsl (CYNIEeCTBOBAHUS W
€MHCTBEHHOCTU KBAHTOBAHUSA) B 00IIEM Ciiydae TpeGyeT BbIMUCJIeHns KOTOMOJIO-
ruit Xoxmumbaa. Clreayiomas Teopema sBIseTCs OCHOBHBIM PE3Y/TLTATOM 3aMETKI
(cpaBuu c [4]).

TeEOPEMA 1. Hneuan Y (Q2) usomoppen accoyuamuenol cynepanzebpe
Xonga ¢ edunuuet nad C, noposicderoti 06pasyrouumis b, km, zt, 25 m e Z,,
Yd0BAEMBOPAIOULUMY CALIYNWWET, CUCTIEME ONPESEAANULUT COOTHOUEHUL:

(s hn] = 05 [k hn] = 05 B = (2, 27]);

[:%L,x;k] = [m;k,:i:n] = km+2k; [j;twmj_ﬂkjtl] = [xz2k+1’£j_,m] =0;
(Pi1, 2] = (b, 2] + (ﬁk%i + i he);
[xlzct+l’xli]
o, 3] = [hi, 375) + (hadi® + & e,
(Fmt2, mzﬂ = [kmvxzi-m] + (kmxli + xlikm)7
[mki+1’ f’li] = [xki,xﬁ_l] + ('Tk xl + xl Ty )

[izilﬁ-uxli] - [xétk—hxli-&-Q] =0.

353

+ 4+
= [z, 23] + (mk xl + "Ek)



Ota pabora BbimosiHeHa npu noggepxkke PODI, rpant 09-01-00671-a, a Tak-
ke derepasbHO meseBoil nporpaMmel < HayHble n Hay9HO-II€JarOruIecKre Ka-
pBI IHHOBAIMOHHOI Poccnn> B pamkax Meponpustns 1.2.2 (FOCKOHTPAKT HOMED
I11116).
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O pemennu 3agaan Komu piisi ypasaeauss T'amunbrona—$Ikobu c
dazoBbIMHN OrpaHUYEHUsIMUA
Cy66oruna H. H. (Hacruryt maremarnku u mexanuku YpO PAH,
Exarepuntypr, Poccust)

PaccmarpuBaercsa ciemyomas 3agagua Komum
Ou/ot + H(u',x) =0, t>0, z¢c[-1,1]; (1)

u(0,z) = uo(z), z€[-1,1]. (2)
Buech u' = Ou/Ox, a ramunpronuan H(u', ) 3a1an cooTHOmEHIEM

1+x 2u’ 1—=z —2u’
e e

3
3 3 3)
Ora 3ama9a BosaukaeT (cum., Hanpumep, [1]) mra momenn Kpoy—Kumypsr Mosrexy-
JIAPHOH 3BOJIONMU. B 1pU/IoKEHUAX MHTEPEC HIPeICTaB/isger BOIPOC 06 aCUMIITO-
THKe

—H@  2) = f(z) — 1+

max u(t,x) mpu ¢ — 0.
re[—1,1]

Bamaga (1)—(3) me mmeer T106aTHHOTO KTaccHIeckoro pemenns. O6Cy K 1ai0T-
Csl Pa3JIMIHbIE U3BECTHBIE IOAXO/BI K OLPEIe/ICHUIO 0000IEHHOrO PEIeHNUST 331 K
Ko nyis ypasuenns lamunbrona—fko6u ¢ ¢pazospivu orpannaennsavu [2, 3, 4].

IIpenyoxeno [5] opuruHanbHOE OIpeEEJIeHNe HEIPEPHIBHOTO 0GOOIIEHHOTO
pemrenus 3ama4un (1)—(3). Jloka3aHo CyLeCTBOBaHUE TOrO PELIEHUS IIPH JI0CTa-
TOYHO OBIUX IIPEIIOIOKEHUAX O BXOAHbIX HaHHbIX Uo(-), f(-). JokasaresbcTso
KOHCTPYKTHBHO U OIMPAETCS Ha CBeJeHMe 3a1a4n Komu K COOTBeTCTBYIOMmE 3a-
nrade [lupuxiie, B KOTOPO KpaeBoe MHOr000pa3ue OIpeIe/steTcs Kak 00 beuHeHre
HA9a/IbHOr0 MHOroo6pasua 3amadu Komu (2) u MHOXKECTB

{(t,z)| ===+1, te[0,T], T > 0},

HA KOTOPBIE TJIAJIKO TIPOmozKena GyHKmusa uo(-).

ITokazano, 4ro 0600IIEHHOE pellleHue B PACCMAaTPUBAEMON 3a/ade HeeuH-
crBerno. OOCyKmaeTcs BOTMPOC O TPUPOJE HEEIWHCTBEHHOCTH U JIOCTATOUHBIX
YCJIOBUSX CYIECTBOBAHUS €JMHCTBEHHOTO O0ODIEHHOrO pelleHus yPaBHEHUS
Tamunbrona—Akobu B 3aga4e Ko ¢ pa30BbIMU OrpaHUYEHUSMU.
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Pabora Bemosmena npu nomgepxke POOU (rpanr 08-01-00410), mporpaMmsr
rOCYIapCTBEHHOM NOMAIEPKKH BeAymux HayIHbix mrkos (rpart HITT-64508.2010.1)
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O HekoTOpOM aHaJjIOre BapualMoHHONI (dopmysisl A yamapa
Cyerun C. II. (Maremaruyeckuit uncruryr um. B. A. Crexnosa PAH)

IIycre G — orpanuveHHas KOHEIHOCBA3HAA 00JIACTH, FPAHULA Y KOTOPOH CO-
CTOUT M3 KOHEYHOTO IHC/Ia AHATATHIECKAX KPUBBIX, T, — €IMHAYHAS BHY TDEHHSIA
HOPMaJIbh K KPUBO# 7 B TOUKe 2z € . IlyCTh 1) — MOIOKHUTENHHAS AHATATHIECKAT
dbynku HaTYpasbHOrO napamerpa Ha . Torma A NPOU3BOJILHOIO JIOCTATOYHO
MaJIoTO € > () MOXKHO OTIPEJIEINTH MOJIOXKUTEIbHBIN caBuUr €1)(z)n, BHYTpPDH 06Ja-

ctu G IO HAIIPABJIEHUIO HOPMAJIW M, Ha BeamuauHy On, := e¥(z) > 0. Kpusaz
~ HmepexoauT B KPHUBYIO 7", OrPAaHMYMBAIONIYI0 HOByIO obmactb G*, 0G* = ~*,
G eaq.

O6o3maaum wepe3 g(z, () bynknuo I'pura ucxommoit obmacta G ¢ ocoberHO-
crpio B Touke ( € K € G, u mycrs g*(z,() — coorBercrByoma ¢ynknua I'puna
miist obmactu G¥. Umeer mecTo caemyomas BapuarmonHas ¢opmyna Amamapa

(em. [1]):
00950 = o [ DWW s, 4o, )

2r J, One 0N

rae z € G*, onenxa O(e?) cupasemymsa pasromepno mo ( € K € G*. TTockosbKy
G* € G, To ipn z € G* ouesnmno umeem g*(z,¢) < g(z,¢). @opmyna (1) maer
KOAUNECMEEHHYI0 OTIEHKY TIOCIETHET0 HEPABEHCTBA.

Dopmyna Axamapa (1) uMeer MHOrOYHMC/IEHHDBIE IPUJIOKEHH, TAK KAK I€pPe3
dyskmmo I'pura BRIpaKalOTCsa BCe OCHOBHBIE (DYHKITUW, CBA3AHHBIE C 00JIACTHIO
G.

Ilycrs renepn h(z) — npoussoavuas dynxums, rosomopdnas B HEKOTOPOI
okpectrocTH V KpuBoii v. Onpemenmy npeobpa3osanue (BapUamnIio) MEPEMEHHOTO
2z — z¢ bopmystoit

2zt = z + th(z), (2)

rae t — Manbrii kKommurekcubtil mapamerp (eu. [2], [3], [4]). IIpm nocrarouno mamaom
t upeobpasosanue (2) koHGOPMHO u OZHONMMUCTHO B V U 1EPEBOAUT KPUBYIO 7Y B
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KpHBYIO 7", OrpaHUHMHBAIONTY IO HOBYIO 00/1acTh G*. B (2) B Ka4eCTBE 9aCTHBIX CJIy-
waeB cogepxarca Bapuanua Anamapa m sapmamua [uddepa [1]. Cupasemmmsa
CIeAYIONasa BapuanuoHHas (hopMyIa

526~ 900 =Re{ oL [ Plw. 0P oty dw +00),

rae P(w, () = g(w, () +ig(w, () — xommnekcuas dbynkuus I'puna, g(w, () — pyHK-
nust, rapMOHWYECKH compskenHas g(w, (). U3 (3) B kauecTBe YACTHBIX CJIy9IaeB
BBITEKAIOT Kjaccuaeckue papuanuoHabie dopmysast Amamapa n Hluddepa (cm.
raxxce [2], [3], [4]).

Pab6ora Beinostaena npu nogaepxkke POOU, rpant 11-01-00330-a, u mporpam-
mb! “Bemymue nayunsre mxossr”, rpant HITT-8033.2010.1.
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KBaHTOBaHME HEKOTOPBIX aBTOHOMHBIX peAyKumii ypaBHeHuii Ilennese
nocpeactsoM ux L, A-map u crapas KBaHTOBas Teopus
Cynetimanos B. U. (Uuacturyr matemaruxu ¢ BI[ Y dumckoro HayaHOro neHTpa
PAH, Poccns)

Crpositest uckpersble cepun (n = 1,2,...00) SIBHBIX pelleHmil ypaBHeHUI
IIpenuarepa:

2_ 2
inw, = (—p2 Yoy | Ty (1)
2 2

ihW, = —h° ‘1/;”“ + a(exp(—2z) — 2exp(—x))¥, (a— const) (2)
i, = —h?(z — 1)*(@Was + U,) + (cz)¥ +  (c— const) (3)

OHpeﬂeJ’[HeMbIX TaMUWJIBTOHUAQHAMMN

1
H(q,p) = 50" +*¢"), (4)
2
H(g,p) = T + alexp(~2q) - 2exp(~0)), (5)
H(q,p) = q(q — 1)*p° + cq, (6)
TaMUJIBTOHOBBIX CHUCTEM

@ = Hp(p.q), pe=—Hq(p,q). (M)

Hannbe pemenus ypasuennii Ipemunarepa (1)—(3), apisommecs orpann<aeHHbI-
MU TIpH BCEX 3HAYEHWUSX T, YIOBICTBOPSIOT TAKKE YPABHEHUSM BHIA

\Ilt = B(hv t7$7 q(t)vp(t))‘llz + C(hvt’ T, q(t)vp(t))‘l” (8)
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K03)PUIMEHTH KOTOPBIX 3aBUCAT OT AUCKPETHBIX CEPWH PENICHWH TaMUJIb-
roroBbix cucrem (4)—(7), BBLOESAEMBIX CTapblM BapUAHTOM NpaBmia Bopa—
Sommepdenbaa.

HUcknrouenne u3 cucreM (4)—(7) umiryabcos p naer o6bikHOBeHHOE qud depen-
[uaIbHOE YPABHEHHE HA ¢, TOYEYHO SKBUBAJIEHTHOE aBTOHOMHON Pe Ly KITUK O/IHOTO
n3 ypasuennii [lensese. [Iyrs raMuabrormana (4) 9T0 €CTh PeIyKIWs yPABHEHUS

Arr = ca(2X% +70) 4+ e3(6X> +7) + c2A + ¢1) (¢; — const),

s ramMuabToHrana (5) ¢ norernmanom Mopca — pemyKnus TPeThero ypaBHEHUs.
Ilensnese must raMunbroHnaHa (6) (BeIparkaroImerocsi 4epes raMujIbTOHMAH SHEp-
rum ¢ MOIUUITUPOBAHHBIM KCIIOHEHIINAIBHBIM oTeHmaoM 1lenuta—Tesmepa)
— penykuus usrtoro ypasuenusi Ilensnese. CoBmecrtHocTh ypasaenuil Ilpesun-
repa (1)—(3) ¢ coorBercTBYIOmMUMHU ypaBHeHUAME (8) CIEAYET U3 COBMECTHOCTH
L, A-nnap nyis ypasuerwuii [IeHsieBe, BBIIMCAHHBIMY B KJIACCHIECKOii ctaTtbe P. T'ap-
mpe [1].

Pab6ora Bermosaena mpu nogaep:kke POOU, rpant 10-01-91222 u OIIII, kou-
rpakT 02.740.11.0612.

Cnucok JauTepaTrypsbl
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V. 29. P. 1-126.

VYcroiiuuBOoCTh aBTOpEe30HAHCA
Cynranos O. A. (Ydumcknii rocy1apCTBeHHBINH ABHAITAOHHBIIT TeXHIICCKHL
yausepcuret, Poccust)

B pabore pemaercs Bompoc ycroitdmsocTn perneHuil guddepeHmaabHbpIX
YDaBHEHHUI, CBSI3aHHBIX C sIBJIEHMEM aBTope3oHaHca [1]. Paccmarpusalorcs cie-
Aymomue HeJIMHEHHbIe HeaBTOHOMHDBIE YpaBHEHUA:

dr dp

. 2
i sin 1, r[a —r°+ /\t] = bcos; (1)
dr dy 2 _ ]

7 = sin Y, i + At = beos; (2)

3mech A, b = const. Takue ypaBHeHUsI BOSHUKAIOT B TE€OPHUM KOJIe0aHUI IIpU yCpeI-
HeHuu 00JIee CJI0XKHBIX HEeJIMHEMHBIX CHUCTEM. ,D;J'IH HaIIMCaHHbBIX ypaBHeHI/IfI HHTEe-
pec TpeaCTaBJIAIOT PENIeHns ¢ PACTyIIeil aMIIUTYJ0M:

ro(t) = VAt 4+ O(1), tho(t) =7+ Ot ?), t— . (3)

OrmpesiesieHrie yCTOMYIMBOCTH TAKUX PEMIEHUN COCTABJISIET OCHOBHYIO II€JIh JAHHOMN
paboThl. YCTORIMBOCTD 1O JIATTyHOBY //Isi HEABTOHOMHBIX CHCTEM TIOHUMAETCST B
cumbicie [2], crp. 9. Bompoc 06 ycroiiuuBocTu pelreHus ¢ acUMITOTUKOMN (3) cBo-
UTCS K WCCJIEIOBAHNIO YCTOMUUBOCTH HYJIS B YPABHEHUAX, KOTOPHIE TTOJTYIaI0TCS
W3 UCXOHBIX TIOCJIE 3aMeHbl T = 1 + 1ro(t), ¥ = ¥ + ¥o(t). Ha sTom myTm ypas-
HEHMS OPUBOJATCA K CJIEAYIONIEMY BUILY

= —0pH(r,,t), ©=0-H(r,¢,t)+ F(r,,t) (4)
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¢ ravmbrommanom H(r,1,t) = (r? +4?)/2 4 o(1), mpu 7,9 — 0, t — co. Io-
X0Kad 3a7a9a paccMarpusanach B [3] upu 0:H = 0 m HEKOTOPBIX OTPAHUYEHU-
ax Ha Gyuknuio F(r,1,t). YCTONIMBOCTD MOIOKEHNST PABHOBECUS PENIajach IIy-
Tem moctpoenns byHkun JIamyrosa. B ciywae ypasrennii (1), (2) xorcTpyKImsa
dyuaxnun JIamyHoBa HECKOIBLKO M3MEHAETCs BCIIEJACTBHE YCI0KHEHUN CTPYKTYPbI
Boamyuenust F(r, 1, t). CupaBeiuBbL CJIeyIOIMe YTBEPK IEHUS:

TEOPEMA 1. Ecau 6 cucmeme ypasnenuts (1) xospduyuenm b > 1/2, mo
pewenue 1o(t), Po(t) ¢ acumnmomurot (3) acumnmomuuecku ycmoliuueo npu
t — 00. Ecau b < 1/2, mo amo pewenue neycmotinueo.

TEOPEMA 2. Ecau 6 cucmeme ypasnenut (2) xoapduyuenm b > 1, mo pe-
wenue To(t), Yo(t) ¢ acumnmomurod (3) yemoduuso npu t — co. Eecau b < 1,
Mo 9mo pewerue Heycmotuueo.

Jloka3aTeIbCTBO MTPOBOINTCS IyTEM MOCTpOeHus (GyHKImY JIsamyHoBa m Ma-
JKOPAHTHBIX OIEHOK.
Ora pabora BbinogHeHa 1pu noaepxkke PO, rpant 10-01-00186.

Crucok Jureparypsl
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Kpacoscxuti H. H. HekoTopble 3a1a48 TEOPUH yCTONYUBOCTH ABuKeHUus1. M.: Pusmarrus,
1959.
Cyamanoe O. A. @yukuun JlanyHoBa A HEABTOHOMHBIX CHCTEM, OJIU3KUX K TaMHUJIb-
ToHOBBIM // Ydbumcknit mar. xxyprax. 2010. T. 2. Ne 4. C. 88-98.

[2

3

O pemenunn rpanu4HOl 06paTHO 3aja4u AJI MOJIYJIMHEHHOrO
napaboInYecKOro ypaBHEHUsS METO/IOM BCIIOMOTATEJIbHbIX I'PAHUYIHBIX
ycJoBuii
Tabapunnesa E. B. (FOxno-Ypaabckwii rocymapcrBennsiii yansepcuret, Poccnst)

PaccMoTpuM rpanmyHyo 006paTHYIO 3a/ady, T. €. 33/lady OIlpeJleJeHrs] Tpa-
auanoro ycnosus v(t) = u(l,t), rae u(z,t) ysosrersopser ycaoBuam

—=i+f(u) 0<z<1;t>0);
u(z,0) =0; w(0,t) =0; wuz(0,t) = p(t).

(1)

Baech p(t) € L2[0,00) —3anannas dbyukuus, f : L2[0,00) — L2[0, 00) — orobpa-
JKEeHUe, yAOBJIeTBOPSIONas yCJIOBHIO JInmmuma: s Beex u, uz € L]0, 00)

[[f(ur) = f(u2)|| < Lijur — uz]].

IycTs m3BecTHO, 9TO 337a4a (1) WMeeT pemenwe, TPWHAITEKAIECE MHOKECTBY
PaBHOMEPHOI pery/gapusanun
2 2 2
M= {U(t) : ||UHL2[0700) + HU (t)HLQ[0,00) S T }7
HO BMECTO TOYHBIX 3Hadenuit ¢yukmuun (t) wu3BeCcTHBI J-TpUbIMAKeHUe
©s(t) € L2[0,00) m ypoBenb morpemnocTn § Takme, 9o ||¢s — ¢|| < 8. Tpeby-
eTCs IOCTPOUTE MPUHIMKeHHoe penterne 3amau (1) 1 ONEHUTD ero yKIOHeHrne 0T

TOYHOI'O penieHud.
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Lj1st mocTpoeHust yCTORYIMBOrO MpUOIMAKEHHAOTO penteHuns 3a1aqu (1) paccMoT-
PHM BCHOMOTATeJbHYIO 339y C MaJIbIM ITapaMeTpoM € > 0

ou  0%u
E_@+f(u) (0<a7<1,t>0),

u(z,0) =0; u(0,t) =0; eu(l,t)+ uz(0,t) = gs(t)

(2)

B xagecTse mpubmmkeHHoro pemenns 3ama9u (1) 6yzmem paccMaTpuBaTh & YHKITUIO
e(d 8
v () = w5 (1,8), (3)

rue uj(x,t) ymosnersopsier ycnosusiM (2) u 3aBHCHMOCTB € = £(0) BblOpaHa IO
cxeme M. M. JlaspenrbeBa. OueHuM IOrpenIHOCTD METOA BCIIOMOIaTeIbHBIX IPa-
HUYHBIX YCJIOBUH Ha MHOXECTBE M, T. €. OIEHUM BEJINIUHY

A(e, 6) = sup{||vs — || : v € M; |le — 5| < 6}
Boosiasiercs

TEOPEMA 1. ITyemw v§(t) — npubsuscennoe pewenue 3adawu (1), onpede-
aennoe gopmyaoti (3), £(§) — snavernue napamempa peeysAPUSAUUY, 6bOPAHHOE
no cxeme M. M. Jlaspenmvesa. Tozda cywecmsyrom nocmoarrve C > 0, §o > 0
maxue, wmo npu ecex 6 € (0;d0)

C
In?6"

A(e(9),0) <

Cnucok JauTeparypsbl
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Kunaccudukaiysa oco6bIXx KPUBBIX OOGINEH CHEHUAJIBHON CHUCTEMBbI
nud dpepeHnanbHbIX yPABHEHUN B YaCTHBIX MPOU3BOAHBIX BTOPOTO
nopsaka
Tacmamberos 2K. H. (AxTiobunckuii rocy1apCcTBeHHbINH yHHBEDCUTET
nv. K. 2Ky6anosa, Kazaxcran)

N3ydena cucrema muddepeHnuaabHbIX yPaBHEHUN B YACTHBIX ITPOU3BOIHBIX
BTOPOI'O LIOPSJIKA
{x2-po-Zm+my-p1 Ty + Y D2 Zyy+ D3 Doty -pa-Zy+ps-Z=0,

290 Zaw +2Y g1 Zay + Y’ g2 Dyy + T g3 Zu+y-ga-Zy+gs-Z =0,

(1)

rue xkoaddunmentst p; = pi(z,y) u g = gi(z,y) (¢ = 0,5) — MHOTOUIEHBI ABYX
[IePEMEHHBIX BTOPOr'O IIOPSIKA

2
pilwy)= > all, -a" -y’ (afy #0),

w,v=0

2

gilwy) = > b, -at ¥ (b5) #£0, i=0,5).

1, v=0
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TpebyeTca yCTaHOBUTH KJIACCHMUKAIAIO 0COOBIX KpUBBIX cucTembl (1) ¢ Ko-
sbdunmentamu Buga (2), m IOCTPOUTH penteHus: BOIN3K yCTAHOBIEHHBIX OCOOEH-
HOCTEIA.

B obmem ciydae kK03 PUIHMEHTH CHCTEMBI MOTYT OBITH AHAJIUTUIECKUMHU
GYHKIUAMY WM MHOIOWIEHAMH JBYX [E€PEMEHHbIX. TaKue CHCTEeMbl aMepUKaH-
ckuii maremaruk E. BuisanHCKnit mcnoas30Bas st 060CHOBAHUS TTPOEKTHBHO-
muddepennmanbaoit reomerpun, a II. Anmens, B. Topn, III. DQpmur u apyrue
pPacCMaTPUBAJIA B CBA3U C U3y9YEHUEM THUIIEPreoMeTpudecKux (OYHKIUNA Wil OPTO-
TOHAJILHBIX MHOTOUJIEHOB IBYX mepeMenHbix [1]. OnHako, 10 cuxX mop, 09eHb MaJjo
U3BECTHO O MOBEIEHWUN DEIIeHWI B OKPECTHOCTH TOUEK, IJe IePeceKaroTcs boJiee
4eM jiBe 0coDble KPUBbBIE WU B KOTOPBIX JiBe 0cObOble KpuBble Kacalorca. Ocraercs
TaK¥Ke MaJIO M3YIEeHHON KIACCU(DUKAIMST OCOOBIX KPUBBIX.

Ocob6wre kpusbie cuctem (1)—(2) onpenenaoTcs TprupaBHUBAHUEM K HYJIIO KO-
3¢ bunmenToB IpHU CTAPUINX IPOU3BONHBIX Lrz, Lzy U Lyy:

2’ po(z,y) =0, zy-pi(z,y) =0, y* pa(z,y) =0, (3)
0 0 =0.

z gO(I,y) =Y ’ yQ'QQ(CL‘,y)

OcoObIMU KPUBBIME MOT'YT OBITH MMapaJsiiieIbHbIE PAMbIE, KPUBbIE BTOPOTO TIOPSI/I-
Ka — JUIUIC, mapabosia, rumepdosia. TPyaHOCTH HOABIAIOTCA IPU HAXOXKIECHUN
TOYKN WX TIEPECEUEHUsT U OIPEE/ICHUN PETYJIsPHBIX U UPPETYITPHBIX 0COOEHHO-
creif, B 3aBUCUMOCTHU OT Y€ro, CJIeJyeT YCTAHOBUTH BUJI PEIIEHUs.

Jns mocrpoenus penieHuil BOJIM3U PA3IMYHBIX OCOOEHHOCTEH IIPUMEHSAETCH
metoxr Ppobennyca—JlaThInmeBoil. YCTaHOBIIEH IPOCTOM TPU3HAK OMPEIE/ICHUST Pe-
TYJISPHBIX Y UPPEryaapHbIX ocobenHocTei. JJoka3an psis TeopeM.

Crucok Jiureparypsl

[1] Appel P., Kampe de Feriet M. J. Fonctions hypergeometriques et hyperspheriqges.
Polynomes d’Hermite. Paris: Gauthier-Villars, 1926.

Bummsinne pasMepHOCTH Ha pa3pemuMocTb 3afaqdn upuxie ais
aHU30TPOITHOIO aHAJIOTa ypaBHEHMs p-JlalljlacuaHa
Tepcenos A. C. (Hucruryr maremaruxku um. C. JI. Cobosesa CO PAH, Poccusi)

OHUM U3 KJIACCHYECKUX MIPUMEPOB HEJTUHENHBIX BBIPOXKAAIOMIMXCA U CHUH-
CYJISIPHBIX SJUIMIITUYECKUX yPABHEHUN $IBJISETCs P-JIAIUIACMAH U €r0 aHU30TPOII-
HBII QHAJIOT. DTH yPABHEHUS MUPOKO IPUMEHSIOTCS TTPU MOJIE/IMPOBAHNN TEYEHUS
[ICEB/IOTIACTUYHBIX U IAJIATAHTHBIX HEHHIOTOHOBCKUX YKUJIKOCTEMH, YKUJIKOCTEH B
cpeze C Pa3HOU HPOBOAMMOCTBHIO B PAa3HbBIX HAIPABICHUSX, a TAKXKe B TEOPUU
dunbrpanuu. B omimumm 0T KpaeBbIX 33J1a9 IS P-JIAlIaCHaHA, KOTOPbIE U3Yy-
Yal0TCs WHTEHCUBHO yike Oosee 30 JreT, MCCIeOBAHNMS AHAJOTUIHBIX 3339 IS
AQHU30TPOIHBIX JUIMIITUIECKUX YPaBHEHUI HPUOOPEn CUCTEeMATUIeCKUIl XapaK-
Tep Jsimnrb ¢ KOHIA 90-x ro10B mponioro Beka. Hac mHTEpecyeT BOIIPOC CyIeCTBO-
BaHWS OTPAHUYEHHOTO OOODOIIEHHOTO pernreHus 3a7a4qn upuxiie s yKa3aHHBIX
ypasHenuii. B gacrHocTH, paccmarpuBaercsd 3ajada lupuxiie ajis HeJMHEHHOro
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AQHU30TPOITHOT'O SJIJIUIITUYIECKOTO YpaBHEHUA BUIA

N
i . N
=3 milfue, P ue,)e, = e(x)g(u) + f(x) B QCRY, (1)
i=1
rae nocrogHuble (4; > 0up, > 1,1 =1,..., N, a Q— crporo BblllyKjas OIpaHu-

veHHast 0071aCTh. OTHOCUTETHHO (DYHKIMKM g MBI TIPEIITO/IaraeM, YTO OHa, YIOBJIE-
TBOpSIET CJIEAYIOUEMY YCJIOBUIO

g(0)=0, |9(§)] <g(n), VE&n maxmx, aro [¢] <. (2)

Hampumep, dynxmun g(u) = In(ju| + 1), g(u) = |u|? u, g(u) = |u|? wm
g(u) = e" — 1 ynosnersopsior ycaoeuio (2). Uccnenyercs ciy4aii, Kormga B ypas-
mernu (1) TPUCYTCTBYIOT CUHTYJISIDHBIE <JI€HBI, T. €. 9JIC€HBI C MOKA3ATEIAMHU
1 < p; < 2. Ilokazano, 94T0 pa3pemmuMocTb 33ma4u lupuxiie B KJacce OTPaHU-
YEHHBIX DEIeHNii B CUHTYISPHOM CJIydae CYIIeCTBEHHO 3aBHCUT OT Pa3MepPHOCTH
obiacTu, B KOTOPOi OHA mccieayercs. IIpuBeneno ycaoBme, KOTOpOe OIIpeesisieT
9HUCJI0 CUHTYJISPHBIX P;-bIX (M KaK CJIEICTBUE PA3MEPHOCTD), TAPDAHTUPYIOUIEE Cy-
[IECTBOBAHNE OTPAHUYIEHHOT0 0600IIEHHOTO pertenns 3aaaan Jlupuxiie 1ist ypas-
merna (1). AHAIOTMIHBIN pe3y/IbTAT UMEET MECTO W I MapabOJIuIeCKuX BEPCHit
P-JIAIUIACHAHA M €r0 AHU30TPOIIHOIO AHAJIOTA.
OTa paboTa BhITOIHEHA TIpH moaepxkke PODI, rpant 09-01-00221.
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JByxmepHbIe anrebpsl nuHammndeckux cummerpuii OY
Tuvommun M. U. (VapaHOBCKHIT rOCYAapCTBEHHBIN TEXHUIECKHH YHUBEDCHTET,
Poccns)

Codyc JIu [1], mpoBeas knaccndUKAIUIO ABYXMEPHBIX aIre0p TOUEUHBIX CUM-
MeTpuit, mpuBoauT dersipe Tuna O/Y BTOpOro mopsaka :

L Xi=42, Xo=2, (X1, X2] =0, XiVXa#0, y'=Ff();
L Xi1=g, Xo=uxg, (X1, X5 XiVXe=0, y'=f(2);
ML X1 =2, Xo=ag+yd, [Xi,Xa]=X1, XivXa#0, ¢'=21f(y);
V. X1 =&, Xo=yzZ, (X1, Xo] = X1, XiVXa=0, ¢'=f(z)y

B paGore [2] paccmarpuBaioTca TMHAMUYIECKAE CAMMETPHH, IIOCTPOEHHBIE C TIOMO-
IIHIO OTIEPAINHN IPOJOJIKEHNST MTHBAPUAHTOB.
Kiraccmaeckne TOYeIHBIE CUMMETPUU 3aJai0TCa nByMs dbyukmuamvu &(x,y),

n(z,y):
8 a / a ! 12; a
Xfé(x,y)%ﬂ%(x,y)a*frm (z,y,y)anyrnz (z,y,9,y )@’ (1)

dn;—1
dx

r7e KOMIIOHEHTHI 7); OIpeaesstiorcst ¢hopmystoit mpogosnkerns C. Jlu n; =
(OX:'3
Y dx*
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B [3] izt urTerpuposanus OLY mpejjaraercsi HCIOAb30BATE AUHAMUIECKIE
CHMMETPUH, TMOPOXKAaeMble TpeMs (GYHKIUAMA OT ABYX II€PEMEHHBIX, KOTODbBIE
comep:kaT B cebe BCe MHOYKECTBO TOUYEUHBIX CUMMETPHIL.

C mOMOIIBIO ITUX CHUMMETPHUil ObLIM HalIeHbI HOBBIE DEIIEHUs yPABHEHUI
Koamoroposa—ITlerposckoro—Iluckynosa, Cemenosa.

B mpemgiaraemoii pabore pacCMaTpUBAIOTCS IBYXMEpHBIE aarebpbl, 06pa3o-
BaHHBIEC W3 TOUEUHON cuMMeTpun (1) W TMHAMUYIECKOH CHMMETPHH, TPUBEIEHHON
B [3]. IToka3ano, uTo Takme anre6pbr, HapaAmy ¢ derbipbMa tumavu OLY, Bbiae-
snerrsivu C. Jlu, mpuBOASAT K ypaBHEHUIO

" / dA /
— = A 2
Sy F+X), (2)
rme A = A(y). Jlerko BhImmcath mepBhIil nHTErpas ypasHerusi (2). OGoszHauMB
dq;g}w = f(lv), [IOJIy YMM MHTErpajl B BUJE
P (y +Ay)) =z +Ch. 3)
OueBuzanO, 9TO penienue ypaBHeHus (3) PABHOCUIBHO DEIICHUIO yDABHEHHS
dy d®
— =—(v—A . 4
W_ 9 xw) (4)

B pmoxsazse npuBOAMTCA MHOXKECTBO C/1y<aeB MHTerpupyemocru ypasuenunus (4),
CpeJil KOTOPBIX HECKOJIbKO HOBBIX CJIy9YaeB MHTErPDUPYEMOCTH ypaBHEHUs Abesis
BTOPOTO POAA.
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Turkey, July 28-31, 2010. http://nsc10.cankaya.edu.tr/ proceedings/index.html.

Bapa4da ¢ pUHANBHBIM IIE€PEOIPEJESIEHUEM [1JIsi 9BOJIIOLVIOHHOTO
ypPaBHEeHMUs, He Pa3PeIIeHHOr0 OTHOCUTEIBHO MMPOU3BOAHOMN
Tuxonos U. B. (HUAY «MHUDH>», Poccust)

IIycts £ — xommurekcHoe 6aHaxoBO mpocTpaHcTBo. Paccmorpum B E mpnm
duxcuposanuom T > 0 muddepennuaasHoe ypaBHeHue:

Bu'(t) = Au(t) + p(t)g, 0<t<T, (1)

¢ mensBectHoi dynkmmeit u: [0,T] — F u memssectHbiM 31eMmenToMm g € E. IIpen-
nonaraem, uro A, B — suHelinble 3aMKHY Thie orieparopsl B E ¢ obiactamu onpe/ie-
sernust D(A) C E, D(B) C E cooreercreenno. Cransipaas dyukiust o € C([0,7])
3amana Tak, ato ¢(t) Z 0 ma [0,7T]. CnpammBaercsa, Oymer mm mapa (u(t), g) oa-
HO3HAYHO BOCCTAHABIMBATHCA 10 ycroBuio Komn u(0) = uo n ¢unansaomy mepe-
onpenenernio u(T) = u1? TIOCKOIBKY pedh UIET O €TMHCTBEHHOCTH PENIeHMUs], TO
MOKHO OTDAHWUYUTHLCS OTHOPOTHBIME YCJIOBHSIMU:

w(0) =0,  w(T)=0. (2)
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$lcuo, uro B 3amave (1), (2) Bcerma ects Tpusmasbhoe pemenue u(t) =0, g = 0.
CraBurcst BOIIPOC O HAJIMYMH [IPYTUX, HETPUBUAJIBHBIX DEIleHuil.

Tlosrmasa Teopust enmHCTBeHHOCTH T 3ama<m (1), (2) B cay9ae emHATHOTO
oneparopa B = I, T. e. mjs ypaBHEHUsI, pa3PEIIEHHOTO OTHOCUTEJHLHO IIPOU3BOJI-
HOH, 6bta mocrpoena B [1], [2]. B menmasmeii ny6aukamuu [3] caenana monbit-
Ka TIEPEeHeCTH MeTOauKy paborel [1] Ha ypaBHeHHe «COGOJIEBCKOTO THMA», KOT/A
ker B # 0 mw D(A) C D(B), npuaem noTpeGOBalInuCh W APyTHUE, BECbMa CIIEIU-
ajbHbIe orpanuyenus Ha orneparopbl A, B. Ilo-BuaumoMy, NP W3yYeHUN 303491
(1), (2) Gomee ecrecTBeHHO OnMMpaThCs Ha pabory [2], HeGosbmas MoxudUKas
MOXOZ0B KOTOPOH IO3BOJISIET IIOJIYIUTh CJIeAYIONIHi OOIIMil Pe3yIbTaT.

TEOPEMA 1. IIycmv A, B — aunetinvie 3amMKHYyMbLE 0NEPAMOPsL 6 banaTo-
som npocmpancmee E. Iycmo ¢ € C([0,T]), npuuem ©(0) # 0 u o(T") # 0. Tozda
das mozo, wmobw, 3adava (1), (2) umera na [0,T] mosvko mpusuasvroe peuse-
nue u(t) =0, g = 0, neobzrodumo u docmamouno, 4mobo, Hu 00UH HYAL UeAoT

PYHKEYUY
T
L) = / AT ds,  AeC, 3)
0

HE ABAAACA COOCTMBEHHLIM 3HAUEHUEM onepamophozo nyuka P(\) = AB — A,
AreC.

Teopema 1 npumeHnMa 1 K KJIACCHYECKUM, 1 K O0OOMIEHHBIM PEIIEHUAM 332~
an (1), (2). Pyskwo (3) ecCTeCTBEHHO CIUTATH TAPAKMEPUCTIUMECKOT NI 33 adn
(1), (2). Baxnym posib B MOJIy9€HUN PE3Y/IHTATOB TAKOTO COPTA UTPAIOT HEKOTO-
poie umen FO. C. Diinenprmana. Pabora seimosrena mpu nmogaepxkke PIIIT «Kasu-
poi> (mpoekt 11268) m ABIIII «Pa3surme Hay9IHOrO TIOTEHITAJIA BBICIIE TTKOJIBI»
(mpoekt 2.1.1/6827).

Crnucok JuTeparypsbl

[1] Tumowos H. B., Dtdeavman FO. C. Teopembl 06 0TOGPA’KEHHH TOYEYHOrO CIIEKTPA
st Co-IOJIyrpyINn M UX NPUMEHEHHE B BOMPOCAX eJUHCTBEHHOCTH sl abCTPaKTHBIX
nuddepennuanbubix ypasnenuit // Hokaaner PAH. 2004. T. 394. Ne 1. C. 32-35.
Tuxonos H. B., Ditideavman 0. C. Kpurepuit exmucreennoctu B o6paTHOd 3amade
nasa abcrpakTHOro nudbepeHnuantbHOr0 ypaBHEHNs ¢ HECTAITMOHAPHBIM HEOSHODOLHBIM
caaraemblM // Marem. samerku. 2005. T. 77. Bein. 2. C. 273-290.

Vpasaesa A. B. OrobparkeHue TOYEUIHOTO CHEKTPAa U €IUHCTBEHHOCTh 0OpATHON 3ama4u
naist ypaBHeHus cobosiesckoro tTuna // WUseecrus By3os. Maremaruka. 2010. Ne 5. C. 55—
64.

2

3

ITpo6aemsr PoxyinHa 1 nepeMernnBarliiyie rpynmnoBsie qelficTBUs
Tuxonos C. B. (Poccuiickmii I'ocynapcrsennsiii Topropo-OkoHOMIIECKHIT
Yausepcurer, Poccns)

B pabore BBOgmTCH MeTPUKA, JI€/IAI0IIAA MHOKECTBO [IEPEMEIIUBAIOIINAX J1eH-
CTBUI UCKPETHOM Ipynsl § MOTHBIM cernapabesbHBIM IPOCTPAHCTBOM. Paccmar-
PHUBAIOTCA TPUIOKEHWS STON METPHKH K KJ/JIACCHYEeCKHM BoIpocaM Poximna o
KPAaTHOM IE€PEMENINBAHUA U OJHOPOJHOM CIEKTPEe KOHEYHOU KPATHOCTH.

IIycts (X, X, 1) — emUHAIHBIN OTPE30K C o-aarebpoii 3 u 1e6eroBCKoi Mepoit
. MHOX)XecTBO 06paTUMBIX, COXPAHSIONMUX Mepy Tpeodpa3oBaHuil, AefCTBY IOIINX
Ha 9TOM LPOCTPAHCTBE, 0003HaYUM uepes A.
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HeiicrBuem T nuckpeTHO# rpymmbl § Ha3bBaeTcsi oTrobpakenue g — 19 u3
G B A, corylacoBanHOe € TPyHIoBbiMu oneparuavu. Jleiicrsue T Ha3biBaeTCs 1e-
PEMEIUBAIONINM, HA MMOAMHOXKecTBe [’ rpymmsl G, ecsam [uist JIIOOBIX MHOXKECTB
A, B € ¥ u 106010 6eCKOHEYHOT0 TI0/IMHOMKECTBA {gi }; oy C I'; nmeem

(T ANB) = n(A)p(B),

opu ¢ — 00.

MuoxkecrBo Takux aedicrsuii 06o3uauum yepe3 Mg r. Eciu I' = G, 1o coor-
BETCTBYIOIINE JEHCTBAA HA3BIBAIOTCA MPOCTO <IMEPEMEMUBAOIUMIS> (AN <OJI-
HOKPATHO TIEPEMEITUBAIOTIAMIS ).

YTBEPXKIEHUE 1. Mnoowcecmeo Mg — nosanoe cenapabeavroe npocmpar-
CMBO 0MHOCUMENDHO TLOOTO0AULET, MEMPUKY TN

MeTpnka m MOKeT OBITH WCIOIH30BaHa I WCCCAETOBAHWUS TUTMIHBIX 1
VHAWBAYaJIbHBIX CBOHCTB TIpeobpa3oBanmii n G-neicTBuii (CBOHCTBO HA3BIBAETCS
TUOWYHBIM, €CJIM BBIMIOJHEHO IS 3JEMEHTOB BCIOAY ILUIOTHOTO (5-MHOXKECTBA).
M#er paccmaTpuBaeM ee BCBSA3W C IBYMs KJIACCHMYECKWMM BompocamMn Poximma — o
KPATHOM II€PEMENIUBAHUN U 00 OJHOPOIHOM CIEKTDPE KOHEYHOH KPATHOCTH.

Heiicteue T rpynnst G Ha3bIBaeTCH ABYKPATHO [EPEMENIMBAIOIIAM, €C/IN IS
mobeix A, B,C € ¥ u Geckoneunsrx MHOXKeCTB {g;},{h;} C G rmakux, aro 3e-
MEHTBI h;g; PA3JINIHBI IPU PA3HBIX %, HUMeeM

u (THANTMBOC) = u(A) i (B) n(C),
opu ¢ — oo.

TEOPEMA 1. Tunuunsie nepemewusarouue Z*-deticmsusa, d € N, obaadarom
I8YKDAMHBLM NEPEMEUUCAHUCM.

BameruM TakKe, 9TO AHAJOTUYHOE YTBEPIK/IEHUE BEPHO JJTsl TIePeMenTuBAHUS
soboit kparuoctu. C KaxapiM npeobpasosanuem T € A cBsa3aH yHUTAPHBLHA OLe-
patop Ur, meiicTByIONmuMii Ha TPOCTPAHCTBE KBAIPATUIHO MHTErPUPYEMBIX (DYHK-
muii ¢ HyneBbiM cpemaum 1o dbopwmyne Urf = f o T. Ilpeobpazosanme 1T mmeer
OJIHOPOJAHBIN CLEKTP KpaTHOCTH 1, ecju Ur 1IpeacraBigercsd Kak LpaMas CyMMa
7 9K3EMILISIPOB OJHOTO OIIEPATOPA C IPOCTHIM CIIEKTPOM.

TEOPEMA 2. Jlaa awbozo n € N cywecmeyiom nepemewusaroujue npeobpa-
308aHUA € 00HOPOOHDBLM CNEKMPOM KPAMHOCTU N.

Pa6ora Beimosmena npu nomgepxke PODU, rpant HIIT-8508.2010.1.

IToBeieHVe MTHBAPUAHTHOIO MHOXKECTBA IIPU MAJIBIX BO3MYIEHUSIX
cuCTeMbI PA3HOCTHBIX ypPaBHEHUN
Tkagyk A. H. (Hanmona/pHbIH yHUBEPCHTET MUIMEBBIX TEXHOJIOTHI, YKPAHHA)
Cemennmuna . B. (ITogoabckuii rocysapcrBeHHbIH arpapHO-TeXHHIECKHIT
VHUBEPCHTET, YKpauHa,)

PaccmarpuBaerca cucrema pa3sHOCTHBIX ypaBHEHUN BUIA

2t =2l hX(al), (1)
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roe h > 0— mar ypasmenus, n € ZT, zi = 2" (to + nh), z§(to) = x0, z € R,
dbyaxmma X (z) onpenesrena u yaosaersopser ycnaosmio Jlummuunia. Torma Bo3my-
MEHHAs CUCTEMa PA3HOCTHHIX YPABHEHWI MMeeT BT,

Thir = ah+ b [X (@) + (@), @)

# > 0 — Maurelil mapaMeTp, KOTOPBII XapakTepu3yeT Bo3Mmymnerud. Pynkrmm Xu
Y oupenesieHsl U yIOBAETBOPSAIOT yCA0BUIO Jlummuna npu Bcex © € D C R™.

OnPEAENEHUE 1. Muoxectso M C D Ha3biBaeTCs MHBAPUAHTHBIM MHOYKE-
ctBom cucrembl (1), ecm pemenme cucrembr (1), KOTOpOE HAYMHAETCS B TOUKE
o € M, ocraerca ma M mpu mobnix n € Z. Eciu n € ZT, 1o muoxectBo M
HA30BEM II0JIOKHUTEIHHO MHBAPUAHTHBIM MHOXKECTBOM cucrembl (1).

ONPEAEJNEHUE 2. Ilonoxurensno uasapuantHoe MHoxkecrso M cucremst (1)
HA30BeM yCTOHumMBbHIM, ect Ve > 0 3§ = §(g) > 0 rakoe, uro p(xo, M) < 4, TO
p(xh (x0), M) < ¢ mpu n € ZT. Ecnu muoxectso M yCTONYHBO U yIOBIeTBODSET
[PEJEIbHOMY COOTHOLIEHUIO nh_)rrgo p(xl (x0), M) = 0 upu Bcex ¢ U3 HEKOTOPOIL

$0-OKPECTHOCTH MHOYXKeCTBa M, TO Ha30BEM €ro aCUMITOTUYECKU YCTONUMBBIM.

OnPEAEAEHUE 3. O6nacteio npurskenns [1(Mo) mMuOXecTBa Mo Ha30BEM
BCe TOUKH Tg € D, mms koropsix 25, C My, rae 2, — w-IIpeaenbHOe MHOXKECTBO
TPAaeKTOPHUIi.

JIEMMA 1. Ecau pewenusa cucmemu (1) npu p = 0, z(x0,0) = x%(20)
npunadaescam obaacmu D daan € [0, no]l u zo € P C D emecme ¢ nexomopoti e-
0KPECTNHOCTIBI0, TO NPU JOCTNAMOUHO MAABE [t peusenua T (zo, 1) cucmemvl (2)
npunadaesrcam npu n € [0, ng| obaacmu D emecme ¢ nekomopot okpecmuocmbio,

U UMEETT, MECTIO NPEIEABHOE COOTHOULEHUE sup ‘xﬁ(mo,,u) — a:Z(a:o)| —
n€l0,ngl; xg€P

0, o0 — 0.

Tlosrygen ocHOBHOI pe3y/IbTAT, KOTOPBIN OOBICHIET XapaKTeP TOBEICHUS 3a-
MKHYTOI'O MHBAPUAHTHOIO MHOXKECTBA cucTeMbl (1) mpu ee MaJsblX BO3MYLIECHUSX.

TEOPEMA 1. Ecau Moy — 3amKxHymoe KoMnaxmuoe aCUMNMOMULECKU
YCmotuu60e UKBAPUAHIMHOE (TOA0IHCUIEALHO) MH0JICECTnBo cucmembs (1), mo cy-
wecmeyrom maxue 6 > 0 u po = po(d) > 0, wmo npu p < po cucmema (2) mooice
uMeem 3amknymoe unsapuarmmnoe muoocecmeo M = M(u,h), das xomopozo
iiinop(Mo,M) =0 u Us(Mo) C II(M).

Crucok Jureparypsl

[1] Txauwyx A. M. lupapianTHi MHOXKMHU pi3HHIEBHX cuCTeM Ta ix criiikicts // Hemninifini
koausanHs. 2005, T. 8, Ne 2. C. 258-264.

O6 oGpaTHOI1 3agave BOCCTAHOBJIEHUsI C BbIpoXKJaromieiica nuddy3ueit
Tney6eprenos M. U. (Hucruryr maremarnku, Kazaxcram)
Hoépaesa I'. T. (Hacturyr maremaruku, Kazaxcran)

OcCHOBBI TeopHH T OOIIME METONBI PeIleHrus OO0paTHHIX 3a1ad aud depeHtm-
aJbHBIX cucreM pa3paboransl B [1-3| m Ap. Ayia A€TEPMUHHPOBAHHBIX CUCTEM,
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YPaBHEHHsI KOTOPBIX SIBJIAIOTCH OOBIKHOBEHHBIME My (epeHnmaabHbIMI yPaBHe-
HUSMH.

Paccvorpum obparHyio 3amacty muddepeHIaabHbIX CUCTeM MPY HAJIWYAN
caydaiiaeix Bo3Mmymierwuit. IlycTs 3amana cucrema croxactudeckux auddepentm-
aJIbHBIX yPaBHEHUI 11epBOro nopsaka rumna Vro

v =fly,zvwt), yeR', zeR? oveR we R,
i = fa(y, z,0,w, ) + 01(y, 2,0, w, )€, EER", li+l2+p1+p2=n,
v = f3(y,z,v,w,t) + Li(y, z, v, w, t)u1,
w = fa(y, z,v,w,t) + La(y, z,v,w, t)us + o2(y, z,v, w, t)£
TpebyeTcsa onpeeuTh 0 33 JaHHOMY WHTETPAIHHOMY MHOTOOGPA3UIO
Alt): My, z,v,w,t) =0, tme = \(y,zv,w,t)€ C’;iilt, AeER™ (2)

BekTop-dyuxmman ui(y, z,v,w,t) € R* u us(y, z,v,w,t) € R*2 ki + k2 = k,
BXOJAmKe B KO3 GUIMEHT CHOCA.
ITocraByiennast 3a/a4a;:

1°. B ciygae o1 = 0, 02 = 0 orcyTcTBUA CIIy9afiHBIX BO3MYIIEHHN T0CTA-
TOYHO IIOJIHO UCCJIeNoBaHa B [2, 3] u ap.;

2°. o6obmaer paccmoTpennyio B [4] 3amady mocrpoenmsi ypasuenuit UTo
BTOPOro mopsiaKa & = f(x, &, t) + D(z, i, t)u+ o(z, i, t)€ no 3amammoMy
WHTErpaibHOMY MHOT000Da3Uio

At) : Mz, 2,t) =0, tme A = Az, &,t) € CL3};
3°. MHBIM METOZOM, a MMEHHO, METOIOM KBa3uoOpamenus, pemena B [5].

IIycte K osmawaer muOxkecTBO dynkmmii 7(y, z, v, w,t) € K, HENPEPBHIBHBIX
o t m Lip mo ocrampubiM aprymentam. CrpaBeinBa

TEOPEMA 1. Jaa mozo, 4mo6o, mnoocecmeo (2) 6600 UHmMe2paibHbLM MHO-
2006pasuem cucmemns Jupdeperyuarvuns ypasnenut (1), docmamoyuno, wmobo
BBUNOAHANUCD CALIYIOULUE YCAOBUA:

1°. xsadpammnve nodmampuys D', G’ mampuy D, G 6vau neeviposicder-
nowmu det D' # 0, det G’ # 0;
2°. npu npoudseoavno 3adamnunT u1, uy € K nepevie m xoopdumnam uh Gex-

o\
mopa Uz uMes 6ud Uy = (D')_I(N — %Lﬂn — D”ué’);

3°. npu npouseoavro 3adannur o1, 04 € K nodmampuuya o mampuyv, o2
_ oA oA
umena sud oy = (G) 1(37 gale”Jg), 2de ,D = %Lg, D =
oA o u
(D', D"), = (G',G"), o2 = ((é), U = (u'%)’ D' u G ecmow

2

Ksadpamnme no&mampuum COOmMeeMCMEEHHO MAMPUY, D u—.

ow

Crucok Jiareparypsl
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[38] Myzamemsanos H. A., Myzapaamoe P. I YpapneHuns nporpaMMHBbIX apukeHuii. M.
PYJIH, 1986.

[4] Tweybepeenos M. M. O6 o6paTHON 3ama4e BOCCTAHOBJIEHHS CTOXACTUIECKHX auddepeH-
nuanbubix cucreM // duddepennuansusie ypasaenus. 2001, T. 37. Ne 5. C. 714-716.

[5] Tweybepeenos M. H., Hbpaesa I T. K cToxacTu4eckoil 3amade BOCCTAHOBJIEHUS C BbI-
poxpawoweiics nuddysueit // Uzsectus HAH PK. Cepus ¢pusuko-maremarnueckas. A
martel. 2006. Ne 5. C. 8-13.

O rpaHMYHOM YCJIOBUH TEILJIOBOT'O INOTEHIAAJIA
Toxmaram6eros H. E. (Huacturyr MareMaTnku, HHPOPMATHKA H MEXaHUKH

MOH PK, Ka3zaxcram)

B mmmmaapraeckoii obmactu (x,t) € Qr = 2% (0,T), rme @ C R™ — ogHOCBA3-
Hasg U OrpaHMYEHHAas 00J1aCTh C JOCTATOYHO IJIAJAKON rpanwuneii 0f), paccMoTpum
TETJIOBOI TIOTEHITHAJT

U(:E,t):/t/ﬂé‘(fbff,t*T)f(ﬁ,T)dde, (1)

rae (1) = o exp(—127)

YPaBHEHUS TeHIIOHpOBO,ZI;HOCTI/I 1], T e.

— byumamenTaabHOE penrenne 3aga4uu Ko s

Oz,ts(x - f,t— T) = (% - Az€(:13 - fat - T) = 5(‘1; - €7t - T)7 (2)
Otoele =&t =) = (~ 2~ AJelw— &t =) = bz —Et—7),  (3)
e(x—&t—7) == 0. (4)

Ussecrno [2], uro ecom dbynkuus f(z,t) € CQ’Q(QT)7 ro u(z,t) €
C2+a1+2(QT) mel<a<lu

(2~ A1) = fo1), (5)

u(z,0) = 0. (6)

TenoBoit moTentmas (1) MMPOKO UCMOTH3YETCS B PENICHWIT PA3IMIHBIX Kpa-
€BBIX 337129 JjIs ypaBHEHNUs TemI0npoBoaHocTr. Huxke Haxoqum G0KOBOE TpaHWd-
HOE yCJIOBHE, KOTOPOE OJHO3HATHO OIpeIesaseT TerioBoil morermuan (1).

TEOPEMA 1. Jaa aobot f(x,t) € Ca’ : (Qr) menaosoii nomenyuaa (1) ydo-
BAETNEOPALT ZPAHULHOMY YCAOBUIO

u(z,t) /t Oe(x — &t —1)
— 4 /= (€, T) dSedT—
5 oo Tne (&, 7) dSe

C[oougT) _
—/0 o0 T%g(.f—g,t—T)dsng—o, (7)

V(x,t) € 02 x (0,T),
2de % — NPou36odnas no erewHel HOPMaAU 6OK0B0T 2PaHUYbL.

Ecau pynryus u(zx,t) € C’2+a tg (Qr) ydosaemeopaem ypashenuto (5) u

nauasvromy ycaosuro (6), a maxoice Goxosomy epanuyvnomy ycaosuto (7), mo
Pynryua u(x,t) 0dnoznawno onpedessem menaosot nomenyuan (1).
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Teopema 1 ocTaercs B cujie u JiJIsi HEIMIUHIPUIECKUX 00/1acTEN.
Hoxkuasr ocaoBan Ha coBmectroil pabore ¢ T. III. KasbmeHoBbIM.

Crnucok JauTeparypsbl

[1] @pudman A. YpasHeHusa ¢ 4aCTHBIMU NPOU3BOAHBIMH Napabonudeckoro tumna, M.: Mup,
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[2] Kpwaos H. B. Jlekuuu 1mo 3JIIMOTHYECKUM U Napab0/InieCKuM yPABHEHHSIM B MIPOCTPaH-
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O rpaHUYHOM YCJIOBUU BOJIHOBOI'O MOTEHIMAJIA
Toneyxanos A. E. (Hucrturyr maremarnknu, napopmaruxu u mexaanka MOH
PK, Kaszaxcram)

B orpanmaennoii obmactu Q = {(z,t) : (0,1) x (0,T)} paccmoTpum omHOMED-
HBIM BOJIHOBOII ITOTEHITHAJT

u(z,t) :/ e(x—&,t—71)f(&, 1)dédr, (1)
Q
rae e(z — &t — 1) = 30(t — 7 — |z — £|) — byHnaMenTaIbHOE pelleHne 331K
Komwn myia BosmOBOro ypasuenus [1], T. e.

e(x — &t —1) B e(x — &t —1)

o2 o2 = 5(1: - 57 t— T)7 (2)
Pe(x—&t—1) Pe(x—&t—1) _

8T2 - 652 - 5(1: - 67 t— T)7 (3)

=gt —7) o= PESITT O EITD g ()

Mssectro [1], aro ecmm bynkuus f(x,t) € L2(Q), o u(z,t) € Wi (Q) N
W5 (09Q) 1 06BbeMHBIiT BOTHOBO# moTermra (1) yIoBIeTBOpseT CIeLy0meMy ypas-
HEHHIO

O?u(z,t) _ OPu(x,t)

92 Dz f(z,t), (z,t) € Q, (5)
U HAYAJBHBIM YCJIOBUSIM
u(z,0) = us(z,0) =0, 0<z<l. (6)

BostroBO# morernman (1) mMUPOKO WCHONB3yeTCs MPH PEIEHWH PA3IATHBIX
KpaeBbIX 3a/1a4 /I BOJHOBOTO ypasHeHus. Huxke HaxoauM 60KOBbIE IDaHUYHbIE
YCJIOBUSA, TIOPOKTAEMbBIE BOJTHOBBIM TTOTeHImaoM (1).

TEOPEMA 1. ITycmo dynxyua f(z,t) € L2(Q), mozda u(x,t) — sosnosod
nomenyuan (1) ydosaemeopaem GoKo6bLM 2PAHUNHBM YCAOBUAM

(uz —ue)(0,8) =0, x =0, 0<t<T, (7
(ug +ue)(l,t) =0, z =1, 0<t<T. (8)
Obpammo, ecau dynxyua u(z,t) € W3 (Q) N W3 (9Q) ydosremeopsem ypashe-
nuto (5) u neuaavrom yeaosuam (6), a makoice GOKOBLLM 2PAHUNHBM YCAOEUAM
(7)-(8), mo pynryua u(x,t) 0dnozuauno onpedesiem 00HOMEPHBLT 60AH0BOT NO-
menyuan (1).
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OrmernM, uro rpaHuuHoe yciaosue (7)—(8) BosmoBoro morennmana (1) sB-
JIA€TCAd JIOKAJIbHBIM I'DAaHUYHBIM YCJIOBHEM, B OT/JIUYNE OT I'PAHUYIHOTIO YCJ/IOBUA
06beMHOr0 ToTeHnMaa Jlamnaaca IpuBeIeHHOro B padore [4].

Hoxmam ocHoBan Ha coBmecTHOi padbore ¢ T. I1I. KasbmeHOBBIM.
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Cy1iiecTBOBaHNEe U yCTOWYNBOCTD PEJISITUBUCTCKOUN CBODOHOM rpaHUIlbI
«ILJIa3Ma-BaKyyM»
Tpaxunun FO. JI. (Macruryr maremaruku um. C. JI. Co6onesa CO PAH u
Hoocubupcknii rocymapcrsennsrii yausepcutet, Hopocubupcek, Poccns)

YpaBHeHUs DPeIATUBUCTCKON MArHUTHON I'MAPOAMHAMUKK B IIPOCTPAHCTBE-
Bpemenn (¢, ) MUHKOBCKOTO 3aITMCHIBAIOTCS B BUJIE CHCTEMBL 3aKOHOB COXPAHEHUS,
a 3aTeM U B BUJE KBA3WINHEHHON CHMMETPUIECKON I'UIIepOONTIeCcKOl CHCTeMBI

Ao(U)atU+A1(U)81U+AQ(U)@QU—f—Ag(U)agU: 0 (1)

nng sextopa U = (p,u, H,S), tne p — pasaenune, S — sarponmsa, v u H —
3-BEKTODPBI CKOPOCTM U MArHUTHOIO I0Jis. KOHKDETHBI BUJI CHMMETPHYIECKUX
marpun, A, Hadimen memasuo B [1]. Ypasmemma Makcsemna OvH + V x E = 0,
O E —V X H = 0 gns snekrpomarnursoro nons V = (E, H) B Bakyyme Taxxke 06-
Pa3yIoT cuMMeTprUecKyio cucremy Buaa (1) ¢ Ao = I 1 MOCTOSIHHBIMM MAaTPULIAME
A;. Kpome Toro, umerorcst nuBeprentabie orpanudenus div H = 0, div E =0 u
div # = 0 na Ha‘{aﬂbeIe ,Z[aHHbIe (U V) |t=0 = (Uo, Vo).

Iycts QF(t) = {m o(t, 2%,z } — obmacTu, 3aHIMaeMbIe nnasMon " Ba-
KYYMOM COOTBETCTBEHHO. Tor,ua ma cBobommoi rpanme X (t) = {z' = ¢(t, 2%, )}
331A10TCsL YCI0BUSL
8,5(,0 = UN, q = (|’H‘2—‘E‘2)/2, E2 = Hgattp—E162(p, E3 = —'Hgat(p—E183Lp,

(2)
roe ¢ = p+ (|H|? + (u, H)?) /(24 2|u|?) — mommoe gasnenue, a vy — HOpPMaJbHAL
kommonenta v = (1 + |u|?)™Y/2 u. TIpu srom, yenosus Hy|s = 0 u Hy|s = 0 as-
JISIIOTCSL OTPAHWYEHUsIMY Ha HadasIbHBIE JaHHBE. [[pemosaraercs, 9To mI0THOCTb
pls > 0.

Hawa nenp — maiitu ycnosus ma nagasbable mannbie (U, Vo, o), rapasn-
TUPYIOIUE JIOKAJIHHOE [0 BPEMEHM CYIIECTBOBAHWE M €JUHCTBEHHOCTDH IJIAJIKOTO
pemenus (U, V, ) 3amaqu co coboanoit rpanumeit qs cucremsr (1) 8 Q7 u ypas-
nenuit Makcsesuia B Q7 ¢ rpanuanbivm ycaosusamu (2) wa X. Coenys [2, 3], Mol
HCIIOJIb3YEM «DACIpPSIMJIEHHE» TDAHMIIBI, [IEPEX0J] K «XOPOILIeMY HEM3BECTHOMY >
Ammabaka [2] n nreparmm Hama—Mo3zepa. Tak kax X(t) — xapakrepucTaaecKas
LIOBEPXHOCTD, KaK U B [2], alpUOpPHbIE OLIEHKYU BLIBOAATCH B BECOBBIX aHU30TPOLI-
ueix npocrpancreax Cobosesa H)'. Kiro4eBBIM MOMEHTOM SIBJISIETCS HAXOXK/IE-
HU€ JOCTATOYHOIO YCIOBUS YCTONUUBOCTYU ILIOCKOHM IPAHULIBI «ILIA3Ma-BaKyyM» C
LIOMOIIBIO LOCTPOEHU 6MOPU4HOl cummempusayuy 5] ypasuenuit Makcsesuia.
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Tpebyercsi, 9TO0BI STO yCIOBHE BBITIOIHAIOCH BO BCEX TOYKAX HAYAIHHON ITOBEPX-
nocru 3(0).

Uccnenyemas 3aava BayKHa JIJ1s1 IPUIOXKeHUH B acTpodusnke. COOTBETCTBY-
I0IIas 33298, I HEPETATHBUCTCKOTO CJIy9as IMEET CyTECTBEHHBIE OTINIHs (CM.
[4]).

OTa pabora BhImoIHEHA Tpu moaaepxkke PODI, rpant 10-01-00320-a.
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dAud depennmansubie cBoiicTBa HyJieli cOGCTBEHHBIX (PYHKIUI 3aa4u
IIrypma—JInyBumis
Tperaur A. FO. (Capatosckuii rocyaapcTBeHnbiii yausepcnret, Poccnst)

Ilosyuensr HekoTopbie quddepenimaibHble COOTHOIEHNS B TEPMUHAX AU~
dbepennmainos I'aTo 11t y3/10BbIX TOUEK perynspHoi 3anaun [[Itypma—/InyBuimis
C KPAeBBIMH YCJOBUSMHU TPETHEro poma. JlJisi rPaHUYHBIX YCJIOBUI IIEPBOrO PO-
/13 AHAJIOIMYHbIE COOTHOLIEHHUS, [IPABJA, COJAEPXKAIIUE IIPOU3BO/IHbIE COOCTBEHHBIX
dyHKIWMIL 10 CIEeKTpaIbHOMY HapaMeTpy, IoJydeHs! B [1].

Iycts ¢ € L[0,7], u A\, = An[g] — n-oe cobcrBeHHOE 3HAaYeHUE 3a7a4H
Irypma—/InyBuiisa

U+ A= qU =0,
sin alU’(0) 4 cos aU(0) = 0, (1)
sin BU’ (1) + cos BU(7) = 0,

a y(z,q9,\n) = Un(x) ecTtp cooTBercrByIOmas €My OPTOHOPMHUPOBAHHAS COO-
creenHast GyHKmus 1ot 3ama9u ||y(-, ¢, An)llL,0,.] = 1. Bymem mywmeposars
aym bysknuun U, takum obpasom: 0 < zon < Zin < -+ < Tppn <7
Badukcupyem mekoroppie n € N u 0 < k < n, k € N. Oboznauum depe3
Zk,n[q] byHKIMOHAN, CTaBAmMi B COOTBETCTBHE MOTEeHImaly ¢ k + 1-biit Hysb
cnesa n-oit cobersennoil bynkmmm y(, ¢, An[q]) = Un(z). Jorosopumcs 0603Ha-
Tarh "epe3 Dolq, w] = limi—o w muddepennnan aro dbyHKImoHa A
¢ : L[0, 7] — R upu npupamenun w € L0, 7.

TEOPEMA 1. ITyemw g, w € L[0, 7], mozda dufpepernyuan I'amo Pynryuo-
Hara Tenlgl (n € N u 0 < k < n) npu npupaweruu w yoosaemeopaem coommo-
WeHUH

1 B 2
D n |4 N Y) ) 7)\7L n d7 2
sl = | wewrarosaman @
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2de

1—agn, ecauT € [0,Tkn],
6k: n( ) - {

T,m
Qg,n = / y2 (Ta q, An) dr.
— Qkny,  €CAU T € (T, T, 0

TEOPEMA 2. Kaxot 0b, CYmmupyemviii nOMenyuas ¢ wu 634ms, das 4106020
&€ (0,7m), daa scexn € N u 0 < k < n maxuz, wmo Ton[q] Z 0 wau T, n[q] Z T,
dudppepernyuan Lamo Pynryuonara Tr,»[q] npu npupaweruy

{ 0, ecauz€]0,£],

w(z) = 1, ecaux € (&

6ydem ompuyamener, mo ecmv Dz n[q, w] < 0.

B pa6ote [2] conep:KuTcst J0Ka3aTeIbCTBO STUX PE3YJILTATOB B YaCTHOM CJIy-
Yae KPaeBbIX YCIOBHIl TPeThEro poia, W3 KOTODPBIX yIAJIEHbI yCJIOBUS IIEPBOTO
poza.

Pafora BBRIOHEHA TIpW MOJ/IEPKKe rpanTa npesugeaTa PO (mpoekt HIII-
4383.2010.1).
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Ob6paTHas 3ama4a OJIs yPaBHEHUS CMEMIaHHOTO
ILIANITUKO-TUIIEPOOINYIECKOr0 TUIIA C YCJIIOBUSIMU IME€PUOAUYIHOCTHI
Vramosa I. FO. (Camapckuii rocyjapcTBeHHBIN APXUTEKTYPHO-CTPOUTETBHBIH
yuusepcuret, Poccust)

Paccmorpum ypasmenume JlaBpentheBa—bBumanse ¢ memsBecTHOI mpaBoil da-
CTBIO

Lu = Uz +signy - uyy = f(x) (1)
B mpsiMoyrosbHoit obmactn D = {(z,y) |0 < z < 1, —a < y < B}, tme o, B—

3a/JaHHbIe TIOJI0XKUTe/bHbIe 9UCIa, U CAeAYIOMYIO 3aJady.

3a71a4A 1 (O6parnag 3amasa). Haittu B o6sactu D bynxuum u(z,y) u f(z),
YIOBJIETBOPSAIOIINE yCIOBUAIM:

weC'(D)NC*(D_UDy); f(z) e C(0,1)NL[0,1]; (2)
Lu= f(z), (v,y) € D-UD4; 3)

u(0,y) = u(l,y), u(0,y) =ua(1,y), <y<p; (4)
u(z,B) = p(z), ul@,—a)=¢(z), 0<z<L (5)
uy(z, —a) = g(z), 0<z<1, (6)

rue ¢(z), Y(z) n g(x) —3amamnabie gocrarouno rmagkue Gyukunuu, (0) = (1),
(0) = (1), ¥'(0) = ¥'(1), ¢"(0) = ¢'(1), D+ = DN{y > 0}, D~ = DN{y < 0},
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Bompochl pa3spemmuMoCcTy pa3/IuaHbIX O0PATHBIX 33139 JIST OTIAETHHBIX TH-
noB aud GepeHnmanbHbIX yPABHEHUH B 9ACTHBIX MIPOM3BOAHBIX M3y IAIICH BO MHO-
rux paborax. K. B. Caburos [1] mpeayoxui HOBBIA MOIX0OI — METOJ, CIIEKTPAJIb-
HBIX PA3JIOKEHWIi — 1y 060CHOBAHWS €IMHCTBEHHOCTH W CYIIECTBOBAHMS pemre-
HUS IPAMBIX 33729 JyIs yPABHEHUI CMEIIAHHOTO THIIA B IIPAMOYTOJIBHON 061acTu.
TakuM METOIOM DETNeHa 33a49a ¢ YCJIAOBUAMU TIEPUOANIHOCTH (4) 71T BRIPOK Ta-
IOLIEroCs ypaBHEHUs CMelIaHHoro tuna [2]. B pabore aBropa [3] mis ypasHeHus
tuna (1) m3yuena obpaTHas 3a7a9a C TPAHUYHBIMU YCJIOBHIMH BTODOTO POAA:
uw(O,y) = uﬂv(lvy) = 0, —a<y< /6

B macrosimeii pabore u3y4aercs obparHas 3aa4a yist ypasHenus (1) ¢ ycio-
Buamu nepuogumanocTr (4). MeTomoM CHneKTpanbHBIX PA3/IOKEHUI yCTAHOBIEH
KPUTEpHii eIMHCTBEHHOCTH pemenus 3amaan (2)—(6). Camo pemenue mocTpoeHo
B BUzE CyMMbI paga Pypbe 1o cOOCTBEHHBIM (DYHKIMAM COOTBETCTBYIOMIEH OHO-
MepHOH 331241 Ha COOCTBEHHBIE 3HAYeHus. [J0Ka3aHa yCTONINBOCTD PENIEHHs 110
3amaHHabIM rpaaraHbiM Gyakmmam (5) u (6).

Crucok aureparypsbl
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HedeKT crabuibHOCTH B UIPOBBIX 3a/la4axX yIpaBJIeHUs!
Ymakos B. H. (Hucruryr maremaruku u mexanuku YpO PAH, Poccust)
Yemenckuit A, A. (Hucruryr maremaruxku u mexanuku YpO PAH, Poccust)
Jle6enes I1. /I. (Muacturyr matemarnkn n mexaankun YpO PAH, Poccust)
Manes A. I. (Hacruryr maremaruxu u Mexanuku YpO PAH, Poccust)

V3yuaercs urpoBast 3a/1a9a 0 COMMKEHNY KOH(DJIMKTHO YIIPABJISIEMON CHUCTE-
MBI C IENBI0 B (DUKCHPOBAHHBI MOMEHT BPEMEHH W CBOHCTBO cTabumprOCTH [1]-
[3]. CrabunpubLit MOCT — MHOXKECTBO B IPOCTPAHCTBE LO3ULMI MIPOBOI 3a1a4u,
obJragaroree CBONCTBOM CJIab0il MHBAPUAHTHOCTHA OTHOCUTEHHO Habopa mudde-
PEeHIMATBHBIX BKIOYEHNH, OTPEIeITIONNX JUHAMUKY KOH(DIMKTHO YIIPaBIsTeMON
CHCTEMBIL.

IIpemyiorkeHo pacunpenre KOHIIEIIINN CTAOMILHOCTH, B PAMKAaX KOTOPOTO 3a-
MKHYTOMY MHOYKECTBY B IIPOCTPAHCTBE TO3UITHI UTPOBOI 33/1a9M CTABUTCS B CO-
OTBETCTBUE HEKOTODas HEOTPUIaTe/bHAs (DYHKIHS, 33JaHHAS HA IPOMEKYTKE
BpeMEHU UTpbhl. JTa (PYHKINS OIEHUBAET CTEIIEHb HECOTJIACOBAHHOCTH MHOYKECTBA
C TUHAMHUKON KOHMJIUKTHO YIPAB/ISEMOM CHCTEMBI C TOYKU 3PEHUS MOHSATHAS CTa-
ounpaoctu. Ilpu 3TOM CTeneHb HECOITIACOBAHHOCTH PACCMATPHBAEMOIO MHOXKE-
CTBA C MAaKCUMAJIFHBIM IO BJIOYKEHWIO CTaOM/IbHBIM MOCTOM BBIpayKeHa WHTErpa-
nom Jlebera ot 310l dyHKINN, KOTOPHIM HA3bIBaeTCs TePEKTOM CTAOUIBHOCTH
mHOXKecTBa [4, 5.
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Pa3paboTanbl ajaropuTMbl BBIYHC/IEHUS Ae(eKTa CTaOWIHLHOCTH IjIs MHO-
JK€CTB C KyCOYHO-TJIAJKON IpaHuIleil, ampoOupoBaHHbIe Ha KOHKPETHBIX IHMHAMI-
4ecKUX cucTeMax. [Ipu mocTpoeHny penreHnii IrpOBBIX 33a TAKKe HCIIOIh3YeTCSs
TOXO0, IIPH KOTOPOM MAKCUMAJIbHBIE IT0 BJIOYKEHUIO CTAOMIBHBIE MOCTBI CO CJIOXK-
HOII reoMeTpueil CBOell IPaHUNBI IIOAMEHAIOTCH MHOXKECTBAMU C /JITUITHIeCKIMHI
ceuenusivu [6]. Ilesrecoo6Opa3HOCTL TAKOTO TOAXONA MOTUBUDOBAHA BO3MOMKHO-
CTHIO IOCTPOEHUs] MHOXKECTBA C IVIAAKON I'DAHUIEH, NMEOUero MaJblil gedexT
CTabMWIHHOCTH U ITO3BOJISIONIETO PEIIATH UTPOBYIO 3302y COIMKEHUs B «MITKOU»
TMOCTaHOBKe. «Msrkasiy MOCTAHOBKA 33aJa9M COJIMIKEHMST MPEAIoaraeT MoCTpoe-
HU€e O3UIMOHHOM NPOIeAyphl YIPABJIEHHUs, 00eCIeunBalOIIeil IpUBeIeHNe IBU-
JKEHUsT KOH(DJIMKTHO yIPABIAEMOI CUCTEMBI B OKPECTHOCTD II€/IEBOI0 MHOZKECTBA.

Pabora BeImosiHEeHA Tipy (HMHAHCOBOI TOAAEp:KKe mporpammel IIpesnmmyma
PAH «Marematmaeckas teopusi ynpasiaeaus», POPU (mpoekt 08-01-00587-a) m
nporpammbl coBmectHbix uccseaopanuit YpO u CO PAH «Paspaborka Bompocos
TeopuH, 00bEINHSIONIEN 3aJa9N PEKOHCTPYKIWH, OOPAIIEHNS U YIIPABJICHIUS .
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Acumnrorudeckoe noBeJIeHUE PEIIeHN ypaBHEHUIN MOrPaAHUYHOIO
cJ10s1 0GOBIIEHHO HBIOTOHOBCKOM Cpebl
@azneesa I. M. (MockoBckuii rocyaapCTBeHHBI yHUBEPCHTET
nm. M. B. Jlomonocosa, Poccust)

PaccmarpuBaercsa cucrema ypaBHEHHI HOIDAHHYIHOIO CJI0d ODOOIIEHHO HBIO-
TOHOBCKO# cpens (cm. [1]-[3])

Il — | —u= —p= = — 4+ — = 1
”ay Oy Yor v@y ox’ Ox = Oy 0 (1)

2
0 1+k(gz> ou ou ou _@ ou = Ov

Bobmactu D ={0<z <X, 0<y< +00}C rpaHUIYHBIMHA YCJIOBUSIMU
u(0,y) =uo(y), u(z,0)=0, v(z,0)=wvo(x),
u(z,y) = U(z) upumy — +oo,
Hannaga cucrema csogurca (cm. [1]) x omHOMY KBa3uamHEHHOMY ypaBHEHHUIO
3 <8w>2 Pw  dw ow dp

vw 1+Zk W_%_vo(m)%: Iz (2)
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B obmact G = {0 < z < 400, 0< 1 < 400} ¢ ycaoBusimm
w(0,9) = wo(v), w(x,0)=0, w(x,¥)—U(z) mpm 3 — 4oo. (3)
IIpn mexoTOpBIX ycoBuax cucTeMa (1) mMeeT aBTOMOIEIHHOE PENIeHHE, KO-
TOpOE€ II0JIydaeTCd C IIOMOIIbIO penieHnud ypPaBHEHUA BUIA
(143K (UL"/0)°) 7"+ 11"+ BOL= (1)) =0,
obobmaromtero ypasuerne Pankaepa—CKIH, C TPDAHUIHBIME yCIOBUSIMHI
fO)=fo, f(0)=0, f'(n)—=1, n— oo

TEOPEMA 1. Iycmoe U(z) = Uy = const; wi(z, ), wa(z, ) — dea pewenua
3adanu (2), (3) ¢ nauasvrvmy yearosuamy wi(0,1) = wio(y), w2(0,1) = wae(¥).

FEcau
—+o0

/ V(@) — v/ @)|dw < +oo,

0

(Vwi (e, 9) = Vwa(w,9))* < C(1+2)7/*
npu 0 < Yo < ¢ < P1 < 400, 2de 6ubop nocmoannot C' 3asucum om vy u Y1.
IIpu z — oo pewenua w; (T,¥Y) cMPemAmCa K a6MoMOIEALHOMY PEWEHUIO 300a4U.

Ora pabora BblnOJHEHA coBMmecTHO ¢ upodeccopamu . A. Heukunbim u
B. H. Camoxuusim npu nmogaep:kke PO®I, rpant 09-01-00353.
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Popmysia perysipu3oBaHHbIX CJIEI0B JJIsi BO3MYIIEHUN U3 KJacca Op,
peN
@azynmn 3. 0. (Bamkupcknii rocyzapcrsenssiii yausepcnrer, Poccns)
Myprasna X. X. (Bamkupckuii rocyaapCTBeHHbIH yHUBepCcuTeT, Poccwus)

IIycts Lo — mostyorpaHUYIeHHBIN CHI3Y CAMOCOIPAYKEHHBIN JUCKPETHBIH OIIe-
parop B rmnbbeproBom mpocrpancree H, {Ag}ie; — cmextp omeparopa Lo, mpo-
HyMePOBaHHBIN B MOPAJKE POCTa ¢ ydeToMm KparHocreil; V = V* —oneparop u3
knacca op, p € N. Hepes {u}ye; obo3Haunmm crexrp omeparopa L = Lo + V,
IPOHYMEPOBAHHBIA B MOPsiJIKe BO3pacTanusa ¢ yaerom kparHocreir. Crpasegmusa

TEOPEMA 1. ITyemo V € 0, N3 p >3 w36 >0 u {nm}me1 C N maxan,
wmo npu m > 1 Ap,, 41 — An,, > 0. Tozda umeem mecmo

Nm p—1
lim [ (k=) = > a™ | =0,
mTee = 1=1
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2de al™ = Cut spfp 2 (Ro(2)V)" Ro(z) dz,

27

Ly = {z | z = 2nmtlthnm i g < < 27r}, Ro(z) = (Lo — 2I)"".

OrmernM, uro mpu p = 2 3ra TeopeMma JoKa3aHa B pabore [1], mpu Gosee
KECTKUX YCJIOBUAAX: An,,+1 — An,, —> 00, M — 00, fyia p > 2— B pabore [2].

Cnucok JauTeparypsbl

[1] Mypmaszun X. X., @asyasun 3. FO. HesnepHble BO3MYIIEHUA TUCKPETHDLIX OIIEPATOPOB
u dpopmynst ciaenos // Maremarudecknii c6opuuk, 2005. T. 196. Ne 12. C. 123-156.

[2] Cadosnunuti B. A., Hodoavcxuti B. E. Cyjenpl onepaTopoB ¢ OTHOCUTEILHO KOMIIAKT-
HbIM BO3MyueHuem // Maremarndeckuii c6opuuk. 2002. T. 193. Ne 2. C. 129-152.

O HesaBHBIX opMaxX U HENMPEPHIBHBIX ANIIPOKCUMAIIUIX
aud pepeHInaIbHbIX YPaBHEHHUI C pa3pbIBHOM IIPaBOM YacTbIO
@unorenxo U. A. (Uacruryr muaavukn cucteMm u teopuu ynpasaeaus CO PAH,
Poccns)

Wccnenyerca cucrema 006pIKHOBEHHBIX AudepeHINAIbHBIX YDABHEHUI B BEK-
TOpHOH! (hopme:

i = f(t, ), (1)
rae f: (a,B) x Q = R™™ (o, ) — mHTepBaN Ha YUCIOBON HPAMOH, ) — HEKO-
Topas obsacts B npocrpancrse R". IIpennonaraerca, aro dbyunkuusa f(t, ) oupe-
JIeJIEHa W HEeTTPEePhIBHA BCIOMY 33 MCK/IIOYEHUEM HEKOTOPOTO MHOXKECTBA TIATKHX
runepriosepxuocreit M; = {(t,z) € Q : ¢:(x) =0}, i = 1,..., m. Pemenune ypas-
mernnd (1) noammaerca B cvpicae A. @, Ounmnmosa [1], kax pemenue nuddepen-
UATHHOTO BKJTIOYCHUS

z € F(t,x), (2)
rae F(t,xz) — Boimyksas 060/I09Ka BCEX TIpenebHbIX 3HavYenuit Gynkmmn f (¢, x)
B Kaxk0i Touke (¢, ).

B mamnoii pabore st ypasrenns (1) mosydeno npeacraBieane B hOpMe HesB-
HOrO b dHEPEHITMANIBHOTO BKJIIOUYEHA

i€ F(tz, &) (3)

¢ HEKOTOPOil MHOro3HauHol ¢yuxmueint F(t,z,¢) C F(t,x) B upaBoil uactu, u
ycTaHoBaeHo, uto muddepennmanbabe BKaovdenns (2) n (3) paBHOCHILHBL B TOM
CMBIC/I€, YTO MHOXKECTBA UX PELIeHUl COBIIAIAIOT.

IIpn ommpocTOpOHHMX yCaoBuAX Jlummwura (WM yCIOBUAX THUIA MOHOTOHHO-
CTH) JOKa3aHA OJHO3HAIHAS OIPEJEJEHHOCTh BeKTOpa & = Fy(t,x) m3 BmO-
uenus (3), U LOCTPOEHO OiHOIIApamerpudecKoe cemeiicTso JuddeperiuanbHbIx
ypaBHEHHUN

z = F\(t,z), A>0, (4)
rae F)\(t,z) npu A > 0 — HenpepsIBHbIE, OMHO3HATHBIE (QyHKIMA (AMITPOKCUMATIAN
Wocunpr Mmuorosnaanoro orobpaxenus F(t,x)). Joka3ana Teopema O CylIeCTBO-
BaHUM ¥ €JMHCTBEHHOCTH MEJJIEHHBIX [IPABOCTOPOHHUX pemreHuii (cm. [2]) auist
samaun (1) B sxBuBasentHbix ¢dopmax (3) wim (4) npu A = 0. ITonygena ouen-
ka Gim3ocTu s pemenuit ypasuenus (1) u anupokcumupyiomux ypasaenunit (4)
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mpu A > 0 Buma O(V/\). AHaJOTHYHAS OLEHKA B IIPOCTPAHCTBE HEIIPEPLIBHBIX
dbyaxnmit momyaena s MHOXKeCTB pemenuii qud depeHnuanbHbIX BKIIOYeHn T

z € Fx(t,z) + U(t, x)

mpu A = 0m A > 0, rme U(t,z) — MHOrO3HATHOE OTOGPAKEHWE C BBITYKJIBIMHY,
KOMITAKTHBIMU 3HAYCHUSMU.

Pabora Beinonnena upu nomuepxke CO PAH, unrerpauuonsstit npoekt Ne 85
u POO®U, rpant Ne 10-01-00132.

Cnucok JauTepaTrypsbl

[1] Puaunnos A. @. Nuddepenunanbuble ypaBHeHUs: ¢ Pa3pbIBHONH npaBoil uacrbio. M.:
Hayxka, 1985.
[2] O6en XK.-II., Dxaand H. llpuknanuoii HennHelinblit anamus. M.: Mup, 1988.

06 onepaTope ¢ YacTHBIMHU MHTErpajlaMu B OJHOM BECOBOM
IIPOCTPAHCTBE
®posoBa E. B. (/Iumenkwuii rocyapCTBEHHBIH MEJATOrMIeCKHE YHHBEDCUTET,
Poccns)

Hekoropsie 3aatn Teopun mepeHoca U3IydeHns B aTMocdepax 3Be3] 1 IMJa-
HeT, TEOPUN YIPYTUX 000JI0YEK U APYTrue IPUBOAATCI K YPABHEHUIM C 9aCTHBIMU
WHTErpajamMu BUIA

rome K = L+ M + N, oneparopsl L, M, N onpenensioTca paBeHCTBAMU

+oo +oo
(Lz)(t,s) = / lt,s,m)x(r,s)dr, (Mz)(t,s) = / m(t, s, o)x(t, o) do,

(Nz)(t,s) = /a+°<> /c+°0 n(t, s, 7,0)x(r, o) dodr;

t,7 € [a,+), s,0 € [c,+00), l,m,n—3ananable m3mepumble GYHKIUH, 2
uHTErpansl noHuMalorcs B cmbicie Jlebera. Ilycts D = [a,+00) X [c,+00),
C(D) —npoCTpaHCTBO PABHOMEDHO HEIPEPHIBHBIX M OrPAHWYEHHBIX HA D GyHK-
muit ¢ supremum-aopmoii. Yepes Cp(D) 0603HAYMM MHOXKECTBO 3aJaHHBIX HA D
dbysknmit, rakux, aro pr € C(D). Hopma B Cp(D) onpenensercs paBeHCTBOM

Izlle, 0y = lIpzlle(D)-

TEOPEMA 1. Ecau onepamop K deticmeyem e npocmpancmee Cp(D), mo on
HEMPEPLLEEH.

Kpurepun neficTBust JIUHEHHBIX OLEPATOPOB € YaCTHBIMU UHTErPAIAMU B IIPO-
crpancrse Cp(D) neussecrubl. PaccMoTpuM locTaTodHble yCa0BUst JeHCTBUS OLle-
paropa K B Cp(D).

OnpeAEAEHHUE 1. Ilycrs Q € {[a,+00),[c,+20),D} n w € {r,0,(7,0)}.
M3mepumas ma D x Q dyuxmus u(t, s, w) nassBaercs L -HempepbIBHOIL, ecin ais
moBoro ¢ > 0 cymecrsyer § > 0 rakoe, uro |lu(ti,s1,-) — u(tz, 52, )|p1q) < €
upu [t — ta|, [s1 — s2| < 6, m L'-orpanmaennoit, ecm [[u(t, s, )| 1)< U < oo.
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TEOPEMA 2. IIycmo

I(t,s,7) =p(r,s)li(t,s,7),m(t,s,0) =
=p(t,o)mi(t,s,o0),n(t,s,7,0) = p(r,0)ni(t, s, 7,0), (2)

2de pynkyuu 1, mi1, n1 L'-nenpepwens, u L'-oepanuvernw. Tozda onepamop K
deticmeyem 6 npocmpancmee Cp(D) u nenpepuicen.

TEOPEMA 3. IIyecmw adpa l,m,n umerom eud (2),

ll—zl s)ai(T), M1=ij(t)ﬁ1j(8)bj(0),

ny = Z Nk (t)ﬁk (S)Ck (7', U)’
k=1

2de ll,l_z (iI 1,...,p), mj, m; (jZ 1,...,(]), Nk, Nk (k}: 1,...,7")*])0,6-
HOMEPHO HENPEPLLEHBIE U 02PAHUYEHHbLE YHKUUU; f‘joo lai(T)|dT < A <
(i = 1,...,p), [IZjlo)dc < B < oo (5 = 1...9),
f;oo fc+°°\ck(7',a)|d0d7' < C < oo (k = 1,...,1); a cucmemwn Pynxyud
{a; |i=1,....p}, {b; | 1 =1,...,q9} opmonopmuposans. Tozda onepamop K
deticmeyem 6 npocmpancmee Cp(D). Ecau oice |D1 )| = ||6UC —,um H >a>0,
|D2(t)| = [|6; — vau(@)|| = B > 0, 2de pir(s f a; (7))l ()l (s)p(T, 8) dT
(i, k = 1,...,p), i = 1 npui = k, d;1, = O npu i # k; 5 =1npuj =1,
i1 =0 mpu j # 1, vu(t) = [ b;(a)mu(t)mu(o)p(t,0) do (j,l = 1,...,q), mo
onepamop I — K u ypasnenue (1) ppedzoavmosn.

TTopsimok cxogumocTtu B 3agadve CredaHa npu cTpeMJIEHUU K HYJIIIO
YAEJIbHOUN TEenjIoeMKOCTU
®pososa E. B. (Canxr-Ilerep6yprekunii DneKTpOTEXHHIECKH YHUBEPCHTET,
Poccnst)

B [1], [2] paccmoTpena 3amada Credana ¢ MaIbIM TAPAMETPOM € MPHU TIPO-
U3BOIHOII 110 BpeMEHU B yDaBHEHHM, KOTOPBIH COOTBETCTBYET y/IeJbHONH TeIIo-
emkocTr. Jlokazano, aro npu mocrarogno manbix € € (0,£0) rmagkoe pemenue
CYIIECTBYET Ha HEKOTOPOM WHTEPBAJIE BPEMEHHU, HE 3aBUCSINEM OT . Pernienue
CPaBHUBAETCS C PEIeHUeM JIITUIITHIECKON 3a/1a9u CO CBOOO/IHOM IpaHUIIE, COOT-
BeTCTBYIOLIeH HyJeBOMY 3HaY€HMIO IlapaMerpa €.

TIpenmonoxum, uro mpu ¢ = 0 rpamunsl pasmena ¢a3 OAMHAKOBHI B Mapa-
0OIMYECKON W JLIUNTUYIECKON 3a/adax, HO PelleHre SJIIUITUIECKON 3a1a9u He
COBIAIAeT C HaYaJIbHBIMU JIAHHBIMU ITapabosimdeckoii. BBoaurcs BcroMmorare ib-
Hast DYHKIUS TTOTPAHWYHOTO CJIOST, SKCIIOHEHIIMAIHHO YOLIBAIOIIAS CO BPEMEHEM.
UccnenoBanue 1o GyHKIUU Ja€T BO3MOXKHOCTD JOKA3aTh, 9YTO HECOOTBETCTBUE
B HAYAJIbHBIA MOMEHT BPpE€MEHU HE IIPENATCTBYET CXOAUMOCTU pPenieHnud ,I[ByX(l)aB-
Hoit 3amaun Credana K pemeHuio mpeaebHON 3amauu pu € — 0, Tak Kak pas-
HOCTH pemenmii nveet mopsaok O(e) + O(e™ ), a > 0. OueHKH BHITIOIHEHE B
npocrpancTBax [embaepa.

Ora pabora BbiojHeHa 1pu noaepxke PODU, rpanr 08-01-00372-a.
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Cononnuros B. A., @pososa E. B. O cnpaseamBoCTu KBA3UCTALUOHAPHOTO npubin-
sxeHns jqa 3agaau Credana // 3anucku vayun.cem. IIOMHU. 2007. T. 348. C. 209-252.
Dponosa E. B. Ipyxdasunas 3anaua Credana ¢ yaeapbHOH TEIIIOEMKOCTbIO CTpeMAIeHcs
K Hymo. // 3anucku Hay4dn.cem. IIOMMU. 2008. T. 362. C. 337-363.

®@poaosa E. B. Tlopanok cxonumoctu B 3anade CredaHa npu CTPEMICHUN K HYITIO YIeTb-
HO# Temyoemkoctu. // 3anucku Hayun.cem. [IIOMI. 2010. T. 385. C. 206—223.

[1

[2

3

ITonynuueiinbie napaboindecKre ypaBHEHUs] HOPMAJIBHOIO THUIA:
cBOMiCcTBa AUHAMWKU U HEJIOKAJIbHas crabunmsanusi mocpeicTBOM
CTapTOBOrO yIIPaBJIEHUS
Dypcuxos A. B. (Mockosckuii rocyzapcrsennsiii yausepcnrer, Poccust)

Omueprermaeckas OIEHKA OIPeesiseT MHOTUE Ba2KHbIE CBOMCTBA pemenuii 1is
MMPOKOTO KJIACCA YPABHEHWIT MaTeMaTHaeCcKoi ¢husuku. Hanpuvep, n3 sneprern-
YECKOTO HEPABEHCTBA BBIBOJUTCHA CYINECTBOBAHWE OOOOIEHHOTO PENIEHUS y TPeX-
mepHo# cucrembr Hasoe—Crokca, a OTCyTCTBHE aHAJIOrMYHON OoneHKu B $Ha30BOM
npocrpactse H' sBIsieTCs Cephe3HBIM MPEMATCTBIEM IS JOKA3ATEIHCTBA HEJIO-
KAJIbHBIX TEOPEM CyIECTBOBAHUS TIAJKAX PENIEHUH y STON CHCTEMBI.

ITapabosmaeckoe ypaBHeHHe uMeeT HOPMAJIBHBIM THUI, €CIU HeJIUHEHHBIN
orrepaTop B u3 5TOro ypaBHeHust 06J11aeT CJIeIyONMM CBOHCTBOM: JJIsi KayK I0T0
BekTOpa v BeKTOp B(v) Komueaped v. JIpyrumu CioBaMu, ypaBHEHUS HOPMAJTh-
HOrO THUIIA HE YAOBJIETBOPSIOT SHEPreTHHECKOll OleHKe B HambOJbLIEH CreneHu
(Tax KaK YHEPTETUIECKOE HEPABEHCTBO BBIBOAUTCA W3 yciaosua B(v) L v).

s mpocreiiniero mapaboInIecKOro ypaBHEHAS HOPMAIBHOTO THIIA C TIEPHO-
IM9IECKUMH KPAEBbIME YCJIOBUIMHE MCC/IEA0BaHa CTPYKTypa ee (Ha30BOro mOTOKA,
a mMeHHo (Hha30BOE MMPOCTPAHCTBO PaOUTO HA TPU MHOKECTBA:

1°. MHOXKeCTBO yCTONUmMBOCTH (peIIeHns ¢ HAYATLHBIMYU YCJIOBAAMI U3 ITO-
ro0 MHOXKeCTBa CTPeMATCd K HyJII0, Korga Bpemda { — 00 C HEKOTOPOI
3a7[AHHOIN OLEHKOH CBEPXY),

2°. MHOXKECTBO B3PBIBOB, KOT/Ia DEIIeHUE B3PBIBACTCS 33 KOHEIHOE BPEMs,
u

3°. MpPOMEKYTOYHOE MHOXKECTBO, KOT/I4 PEIICHHE U0, CTPEMsCh K HYJIIO
mpu t — 00, He YIOBIETBOPSET 33JaHHON OIleKe CBEPXY, Tub0 HeOTPaHU-
YeHHO pacTer mpu t — oo.

IIpu m060M HAYAIBHOM YCJIOBHE IOCTPOEHO CTAPTOBOE YIIPABJIEHNE C HOCH-
TeJeM B MPOM3BOJIBHON (DUKCHPOBAHHON 110/100/1aCTH, TAKOE, YTO PEIleHue MOJIy-
YeHHOH KpaeBO 3a/a49u CTPEeMHUTCH K HYJI0 IIpu ¢ — 00.

Ora pabora nogaep:xkana IIporpammoit OM PAH «CoBpemenubie mpobieMbl
TEOPETHYIECKON MAaTEMAaTUKI>, IPOeKT <ONTHMAaIbHbIE AJTOPATMbI PEIICHHS 3a-
a4 MaTeMaTu4ecKoil pusukus.
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HeoGxoaumbie 1 JoCcTATOYHBIE YCJIOBUsI €IUHCTBEHHOCTH PEIIEeHUS
obpaTHOU 3a/a4u J|Jisi ypaBHEHUsI CMENIAHHOTO THUIIA C OIepaTopoM
JlaBpenTbeBa—Burjaagze
Xaupxu H. A. (Crepanramakckas rocyjapCrBeHHasl 1€4arOrudecKas aKaJ eMUsd,
Poccust)

Paccmorpum ypaBHEHHE 3JIMITUKO-TUMTEPOOIMIECKOTO TUTIA

Lu= Uze + (blgl’l y)uyy - b2u = f(.’L‘, y)7 b> 07

rae
o fl(m)’ Yy > 03
f,y) = { fa(z), y <O,
B mpsiMoyrosbHOi obmactu D = {(z,y)] 0<z<1l,—a<y<pB}, tme o, B—

3aaHHbIE IIOJIOKHUTEJ/IbHBIE YUC/IA.

3a7a4A 1 (Ob6parnas 3amaga). Haiitm B obmactn D bysxuum u(z,y) n
f(z,y), yIOBIETBODSIONINE YCIOBUSIM:

we C'(D)NC*(Dy UD_); (1)

filz) € C(0,1)N L[0,1], i=1,2; (2)
Lu(z,y) = f(z,y), (x y) € DL UD_; 3)
u(0,y) =u(l,y) =0, —a<y<p; (4)
u(z, B) = e(x), uy(z,B) =h(z), 0<z<1, (5)
(z,—a) =(z), uy(z,—a)=g(z), 0<z<1, (6)

rae o, ¥, h w g — 3aaHHbIe TO0CTATOUHO raaakue dbyrkmm, mpuaem ¥ (0) = ¢ (1) =
0, 9(0) =¢(1) =0, Dy =DN{y >0}, D-=Dn{y <0}

B mamnoit pabote cienys [1] u [2] mpuBomuTcst 060CHOBaHME €UMHCTBEHHOCTH
pemrenus: o6parHoii 3ama4un (1)—(6) mis ypaBHEHHs] CMENIAHHOTO THIA C OIEPATO-
pom JlaBpenrheBa—DBuraze.

TEOPEMA 1. Ecau cywecmsyem pewenue 3adauu (1)—(6), mo omno edumn-
CMBEHHO TOAbKO mozda, Kozda npu ecex k € N swnoanens. ycaosus

0ap (k) = sh A\gB—sin Apa+sin Aparch AgS—cos Apash A8 # 0,  Ap = b°+(mk)>.

Crucok Jureparypsl
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YDaBHEHUsI U CMeXKHble MpoGiieMbI>>, nocBaAml. 06uien akagemuka B. A. Mabuna. 2008.
Ne 2. T. II. C. 154-161.

[2] Cabumos K. B, Xadowcu H. A. Kpaepas 3amaua niasa ypapHeHeHusi JlaBpeHTbeBa—
Bunanse ¢ HenmssecTHOI mpasoit wacteio // W3Bectus By3os. Maremaruka. 2011. Ne 5
C. 44-52.
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VYripaBiieHue nepexo/IHbIMU IIPOLECCAMU B HEJIUHEMHbBIX
nud depeHnuaIbHbIX yPaBHEHUIX
Xamaes M. M. (Mockosckuii rocyzapcrsennpii yausepcuret, Poccus)
Teproscknii B. B. (Mockosckuii rocynapcrsennsiii yausepcuret, Poccns)

B nacrosiimee Bpems OGbICTPOAEHCTBUE SJIEKTPOHHBIX YCTPONUCTB IOONLIO K
cBoeMy (U3UTECKOMY Ipeey, CBI3aHHOMY C KOHEYHOI CKOPOCTHIO TepeMelre-
HUS HOCUTeJell 3apsia, SBICHUSIMH CAMOWHIYKINA W T. 1. Bo3HmKaeT BOIpOC,
Ha KOTOPbI aBTOPHI OTBEYAIOT yTBEPIAUTEIHLHO: BO3MOXKHO JIU YIIPABJ/IATH HEJIU-
HEWHBIMU YCTPOWCTBAMU U COKPATUTH BPEMsl TIepexoqHoro mporiecca’ Ha mpume-
pe ypaBuenus Ban ep Iloss m3yvaiorcss mpoOItecchl yIpaB/IeHUsT HEJIUHEHHBIMU
YCTPOMCTBAMU BBIXOJOM TPAEKTOPUU HA IIPEJIEIbHBIA UKJI 33 MUHUMAJIbHOE Bpe-
Msi. IMCTEHHBIN METOJ TIOMCKA HEM3BECTHOM YIpaBJsIoOmieil (GpyHkimm pa3pabo-
TaH B COOTBETCTBHUM C METOIWKON perreHns 0OpaTHBIX HEKOPPEKTHBIX 3a/a9 IIPU
YCJIOBAM KOMIAKTHOCTU MHOXKECTBa M0CTHKUMOCTU. OOblYHAs IPAKTUKA MUHU-
MU3AIUY PETYIAPU3UPYIOMETo (CrIakuBaonero) yHKIMOHAI HECOCTOATETHHA
B 3a/[a9aX YIIPABJIEHNUS C BO3MOXKHBIMU PAa3PbIBHBIMU PEIMICHUSMHU, TaK KaK MPHU-
meTcs “yragplBaTh’ Pa3PBIBHOE YIIPABJIEHUE B IVIQJIKUX KPUBBIX, HCUYE3AI0T TOYKH
nepekTioYeHns. HOBBIN MeTOI CBOAWTCS K MUHUMMU3AIUU (HYHKIIMOHAIA BpeMe-
HU C JIOKQJIbHBIMU W WHTETPAJIHHBIMU OTpaHndeHussMu. B cBOIO odepe/ib, B WHTE-
rpaJibHble ONPDAHUYEHUS BXOAAT Hen3BeCTHbIE (DA30BbIE [IEPEMEHHDBIE, ABJIAIONIMEC
perreHreM KpaeBoi 3aman. MeTo T m03BoIseT pemnaTh 331a9% ¢ OCOOBIMIU U HEM3-
MEPUMBIMU YIIPABICHUIMHA.

O paBHOBecuUM YIIPYTrUX TeJ C »KECTKUMU BKJIIOYEHUSIMU
Xuayauaes A. M. (Uacruryr ruapomqunavusu um. M. A. Jlabperrpesa CO PAH,
Poccnst)

PaccvarpuBaerca nByMepHOe yIpyroe Teso, cojeprKaliee BKIIOYEHUe U TPe-
muny. Ha Geperax Tpemunbl 3aa10TCs HeJIMHEHHbIE KPAEBble YCJIOBUs BU/Ia HEPa-
BEHCTB, 00eCreunBaloNIie B3aNMHOE HeIpoHuKaHne Oeperos. CBOMCTBA BKJIIIOUE-
Hug 3aBucaT ot napamerpa A € [0, 00]. Ciyqait A = 0 COOTBETCTByeT OTBEPCTHIO
B yIPYrOM Teje, A = 00 COOTBETCTBYET KECTKOMY BKJ/IOUeHumIO, a upu A € (0, 00)
BKJIIOYEHME sIBJIsIeTCsl yupyruM. IlycTh mapameTrp ¢ XapaKTepu3yeT BO3MYIIEHHE
AuHBL TpemuHbl. {71 Kaxoro A HaxoguTcs MOPMyIIa ST IPOU3BOIHON BYyHK-

dTI(A, 6)
[OHAIA SHEPrun — 1= 110 JIJ/IMHE TPELUHbL U OlLpeAesdercs (PyHKIUOHA
KaIeCcTBa 9=0
dTI(\, §)
JN\) = —2—~2 .
(N &,

Suauenne GyHKIMOHATA J BCETIa HEmoM0KUTEHHO. C TOYKN 3pEHUs] KPUTEPHUs
paspytrenus: I'puddurca omacHBIMU ABISIOTCH TaKue 3HAYCHUS (DYHKITNMOHAIIA, JJ,
mpu KOTOpeIX J = K, tme kK < 0 — marepuaapHblil mapamerp. B pabore mokazamro
YTBEpKICHUE.

TeEOPEMA 1. Cywecmsyem pewenue 360a4U ONMUMAALHOZ0 YNPALENEHUA

sup J(A).
A€[0,00]
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Pabora Bermosrena ipu nogmepxke PO®U (rpart 10-01-00054) u OIIII Kas-
pst (rpanr I1597).

Cumcok Jiureparypbl

[1] Xayonee A. M. 3anauu reopun ynpyrocru B Hersaakux obsacrsx. M.: ®usmaraut, 2010.

2] Jlotieepune I'., Xaydnee A. M. O paBHOBeCHH yHPyTHX TeJ, COAEPXKALMX >KECTKHUE
skuouenus: // JIAH. 2010, T. 430, Ne 1. C. 1-4.

[3] Khiudnev A. M. Optimal control of crack growth in elastic body with inclusions //
European Journal of Mechanics, A/Solids. 2010. V. 29. Ne 3. P. 392-399.

O6 oxHoll cMeIlIaHHON 33a/lavde OJis YPaBHEHUS MEePBOro IOopAgKa C
UHBoOJIIOLMEN
Xpomos A. II. (Caparoscknii rocyausepcuret, Poccns)
Bypnynxas M. I1I. (Boponexckuii rocynusepcurer, Poccust)

Paccmorpum cmenrannyio 3agady:

iau(z,t) _0u(&,t)
Bi ot —  0¢

. + @ (w)u(x, t) + g2 (x)u(l — x, 1), (1)

u(0,t) =0, u(z,0) = p(z), (2)
rae ¢ € [0,1], t € (—o0,00), B — BemecTBermoe umcio, ¢j(x) € C1[0,1], q1(x) —

semecrsennaz, ¢2(z) = g2(1 — x), ¢2(0) = 0, p(z) € C*[0,1], p(0) = ¢'(1) = 0.
O6o3naunm uepe3 L (Lg) omepaTopsr:

L: Ly =y (1—2z)+q(x)y(z) + ¢(z)y(1 —z), y(0) =0,
Lo:  Loy=y'(1—-2)+ ¢ (z)y(x) + ¢3(z)y(1 — z), y(0) =0,

e ¢1 (z) = 3[q1(2) + a1 (1 — )], ¢3(x) = 3[a2(x) — @2(1 — 2)].
JIEMMA 1. Cobemeennoie swavenus N onepamopa Lo npocmue u umenom
1
6ud X\p=2mn+a, n € Z, 2de a = /2 + [ ¢7(t)dt.
0
JIEMMA 2. Cobcmeennvie 3HaweHus An, onepamopa L, docmamoywro bosvuiue
no modyao, npocmaie, npuvem A, = Ao + O (1/n).

JIEMMA 3. Cobcmesennme @ynryuu yn(z) (yo(x)) onepamopa L (Lo) obpa-
3Y10M, NOAHYI0 OPMOHOPMAADHYN CUCTIEMY.

IIycts Ry u RS — pesosbBenTsi oeparopos L u Lo COOTBETCTBEHHO.

TEOPEMA 1. Kuaccuueckoe pewenue 3adaywu (1)—(2) cywecmeyem u umeemn

6u0d:
u(z,t) = uo(z, t) + ui(x, t) + uz(x, t).
3decw
uo(xz,t) = % [p(l —z)fo(1 —x+ Bt) —ip(x) fo(x +ﬁt)] exp (aﬂit + /Oz qg(T) dT) ,
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p(x) = exp (i(az — o a1 (1)dr)), fo(z) — nenpepusno dugdepenyupyeman npu
x € (—00,400), nepuoduueckan c nepuodom 1 Pynxyua, npuuem fo(x) =

3 lie1(z) + 01(1 — )] npu @ € [0,1], 2de ¢1(x) = p(x) exp (= [ g2(7) dr);

1

Ul(x,t) = 7277”

/ ((Rx — RY) @) (x)e> A,

IX|=r

20€ T HACTOADKO BEAUKO, WMO Ay U NS, GoAbUMLE NO MOOYAIO, HEM T', — TPOCTNOLE;
pad

w@t) = Y () v@ T — (e ) @] @)

[An|>r

u padvs, noayuarowueca u3 (3) nowaennvm Juddepenyuposarnuem no T u t, cro-
damen paernomepno no x € [0,1] ut € (—A, A), 2de A > 0 awboe.

Pabora sBpmmosmena npu Gunrancosoit nogaepxke PODPU (upoexr 10-01-
00270) u rpanTa IIpesmaenta PP ma mommepxkky Bemymmx mkosa (mpoext HIII-
4383.2010.1).

CssizanHas cucrema ypasHeHuii HaBbe—Crokca—®okkepa—Ilianka
Xpycnos E. £1. (Pu3nko-TexHHYECKHI HHCTHTYT HU3KHX TEMIIEPATYD
um. B. U. Bepkmna HAH Ykpannsl, Ykpanna)

PaccmarpuBaeTcsa cucremMa ypaBHEHUN, OUCHIBAIONIAS TUHAMUKY CUJIBHO TUC-
IEePCHOH CMeCcu BA3KONU HECXKMMaEMOU KUIKOCTHA C MEJIKAMU TBEPABIMH “TaCTHUIA-
Mu:

% +(U,VI)U—VAZ’U,O(//T(U—U)dedT—Vzp:g7 (1)
0 Rd
divu =0, (2)
af .
E + (’LL, vZ).f + dll)V[GT(/l‘h U)f] - UTA’Uf = 07 (3)
Gr(u,v) = Br *(u—v) + g1, or =oar ", (4)

3aecy memssectabie u = u(x,t), p = p(x,t) — moaa CKOPOCTEl W TABIEHAS B HECY-
meil xunkoctu u f = f(x,v,r,t) — byaxuua pacupeneseHus 4acTul M0 KOOP-
mmaram z € Q C R?, ckopocram v € R? (d=2, 3) u mpuBemeHHBIM paaumycaM
r € (01), g = g(z,t), g1 = g1(x,t) —3amanmble mona BHeMHUX cwl, o, 3, o —
[10/102KUTe/IbHBIE YUCJIA.

IIpu r = 3 moka3aHO CymECTBOBaHWE TJIOOAIBHBIX CJIa0BIX PpEeNIeHuH
HAYaIbHO-KPaeBoi 3amaum mua cucremsr (1)—(4), a mpu d = 2 — cymecTBoBanme n
€/IMHCTBEHHOCTDb KJIACCUYECKOr0 IJ100a/IbHOI0 PElleHus.
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Tnagkue peleHus JIMHEMHBIX (PYHKINOHAJIbHO-AU@PEPEHIINATIbHBIX
YPaBHEHUI HEUTPAJBHOrO TUMA
Yepenennukos B. B. (HacturyT cucrem suepreruxu mm. JI. A. Mesenrpesa,
Poccus)

PaccmarpuBaeTcs CkaJisipHOE JIMHEHOe (DYHKITMOHAIHHO-Trd (hepeHTmaaIbHoe
ypaBHEHHE HeHUTPaIbHOT'O THIIA

() +pt)e(t — 1) = a(t)z(t) + b(®)x(t/q) + f(t), ¢>1, te€R. (1)

Baecy p(t),a(t),b(t) m f(t) momaraorcs momromamu. Ecomm p(t) = p— const,
a(t) = a—const, b(t) = 0, f(t) = 0, To cymecTByer GECKOHETHOE MHOXKECTBO
aHAUTHYIECKUX pemenmii ypasuenus (1). B apyrux ciydasx aBTOpy He M3BECT-
HBI PE3Y/IbTATHI O Pa3pemmMocTu ypapHenns (1) B KIacce JOCTATOTHO TUIATKHAX
win aHauTudecKux byuknuil. /l1s nccie10BaHus I0CTABIEHHON 33/1a91 UCIOJIb-
3yeTcsi METOJ| OJAMHOMUAJBHBIX KBasupemenuii (ITK-pemernmnit) [1], ocHOBaHHBILH
Ha npencrasiennn dbysknun z(t) B Buae nomuaoma crenern N. [Ipm nomcranoske
9TOro noamHoMa B ypasaenue (1) nosBiisercs HEKOPPEKTHOCTh OTHOCUTEILHO Pa3-
MEPHOCTH TIOJIMHOMOB, KOTOpasi KOMIIEHCUDYETCS BBeIEHHEeM HeBsa3Ku. B pabore
WCCIIeTyI0TCs BOIPOCH cymiectBoBanus [1K-pemennit pa3nnansix creneneii. [Tpu-
BOJUTCH AJICOPATM HAXOXK/IEHHS HEU3BECTHBIX KOd(hdurmenros ., [IK-pemenus
u TouHble (HOPMYJIbl HEBSI3KHU, KOTOPBIE IO3BOJISIOT CYAUTH O MEpPEe BO3MYIIEHUS
HUCXOMHOM 3amaun. PaccMaTpuBaoTes KaK HavaIbHas 331298 ¢ HA9aIbHON TOYKOM,
TaK U Kpaesas 3a7a4a. Jlisg HadgaapHON 3a7a4u ¢ HAYAIHHON (DyHKImel moka3a-
HO, YITO €C/i B KadecTBe HavdaabHOUM dynkmmu 3amarsh [IK-pemenne cremenu N,
TO TIOPOXKTAEMOE pelreHre OyIeT UMeTh B TOYKAaX CTHIKOBKU DeIIeHuil TIaIKoCTh
e Hmxke N. Ilosygennsie pe3ybraThl MLTIOCTPUPYIOTCH IIPUMEDAMU.

Cnucok JauTepaTrypsbl

[1] Cherepennikov V. B., Ermolacva P. G. Polynomial quasisolutions of linear differential
difference equations // Opuscula Mathematica. 2006. P. 47-57.

PerynsipHOCTh pelIeHuI KpaeBbIX 3a7a4 /Jis napabonmaecknx
YPaBHEHUI1 MPOU3BOJILHOIO MOPAAKA B BECOBBIX IPOCTPAHCTBAX
Tensnepa
Yepenosa M. @. (MockOBCKHIT 9HEPreTHIECKHI HHCTUTYT)

PaccmarpuBaiorcst kKpaeBble 3aJaud [T JIMHEHHOTO  PAaBHOMEPHO-
napabo/IMvecKoro ypasHeHus LOPaAka 2m (M —HaTypajabHOE) B HEIWJIMH-
JIPUEECKUX 00JIACTAX, BO3MOYKHO, HEOTPDAHWYEHHBIX (KaK 10 T, TaK W MO 1), C
mernaakoi (mo t) m HEKOMIAKTHOM GOKOBOH rpammmeii. IIpeamosaraercs, €To
mpaBas 9acTb W Mjaamue KodbdUIMEeHTb ypaBHEHWsST MOTLYT DACTH OIIpeie-
JIGHHBIM 00pa30M Ipy HMPUOJIMKEHNN K Mapabo/mdeckoil rpaHuie o6JacTu, BCe
K03bDuIMeHTs ypaBHEHUs JTOKAJIBHO Te/IhIEPOBBI, IPUYeM WX KOIDPUITHEHTHI
Tlebnepa pactyT, BooO1Ie rosops, BOIu3u n1apabomIecKOil IPAHMIBL.

ITocTpoena nrkasa ry1aJKOCTH PEIIEHNI STUX 33127 B BECOBBIX IIPOCTPAHCTBAX
Tlembaepa dyukmii, TOMyCKAOMNUX OMPEIETIEHHBIH POCT CTAPIINX TTPOU3BOIHBIX
BO/IM3M 11apabOJIMYECKOM IpaHUIbI 00JIACTH.
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VY3Kue ny4Yku Ha ceTdX: cJiydall JJMHENHO 3aBUCUMbIX BpeMeH
npoxoXK/aeuusi peéep
Yepupunes B. JI. (MockoBckuii rocyjapcrBeHHbIH TEXHUIECKUI YHUBEPCUTET
um. H. D. Baymana, Poccust)

JIoKIa/1 OCBSIIIeH JqUHAMPKE y3KUX IIyYKOB Ha reoMeTpudeckoM rpade (cM.
crarbu [1], [2] u cepiku B Hux). OGCYKIaI0TCSL CaMOCOIPsIKEHHbIE YCIOBHsL, Ta-
PaHTHPYOIMKE OTCYTCTBUE OTPAXKEHHs NaKeTa B BepmnHe. PaccmarpuBaercs cra-
THUCTHUKA PACIPOCTPAHEHHS TQYCCOBLIX IMAKETOB ISl CIIydasl JMHEHHO 3aBUCUMBIX
HAJ[ II0JIeM PAINOHAJIBHBIX UHCesI BPeMeH IIPOXOXKIeHUT pebep.

Pabora Bbimmosimena mpu gactudHON (buHaHCOBON 1mognepxkke rpanroB MK-
943.2010.1, PODU 10-07-00617-a u 09-07-00327-a, PHII 2.1.1/227 u nporpammst
<Hay4nble 1 Hay4YHO-IIEIArOrUYECKHE KaApbl MHHOBAIMOHHONE Poccums (rockon-
rpakT 14.740.11.0794).

Crucok Jiareparypsl

[1] Yepuviwes B. JI. Hecranmonapuoe ypapuenue lllpenuHrepa: CTATHCTHKA PACHPOCTPA-
HEHHsl TayCCOBBIX NAKETOB Ha reomerpudueckoMm rpade // Tpyaer Maremaruaeckoro Ma-
cruryra uM. B.A. Creknosa. 2010. T. 270, C. 249-265.

[2] Toauwennuxos A. A., epuwwes B. JI., Ilagapesuw A. M. AcuMnrorudeckue CBOMH-
CTBA U KJIACCUYE€CKHE JUHAMHYECKHE CHUCTE€MBbl B KBAHTOBbIX 3aJavaxX HA CHUHIYJIAPHbIX
npocrpaucreax. // Henuneiinas nunamuka. 2010. T. 6, Ne 3, C. 623-638.

O juHEHHBIX JUHAMUYECKUX UrPaxX JJisl CUCTEM C UMILYJIbCHBIMU
BO3/leCTBUSIMUI
Ywukpmii A. A. (Uuacturyr kubepuernkn HAHY, Ykpanna)

PaccvaTpuBaroTcst KBa3wyMHENHBIE KOHMJINKTHO YIPABIISEMBIE IIPOIECCHI,
MO/IBEPKEHHBIE OJTHOBPEMEHHO HEIPEPHIBHOMY U UMITYJILCHOMY YIIPABJICHUIO JIBYX
IPOTUBOAEUCTBYOMUX CTOPOH. MOMEHTBI MMITY/IbCHBIX BO3AeicTBuil b0 buk-
CUPOBAHBI, 00 BHIOMPAIOTCS MUIPOKAMM, KaK M BEJUTHUHBI MMIIYJILCOB, KOTOPHIE
NPUHAIEXKAT 3aJaHHBIM KoMakTaM. Popma BbIPaKEHUs UMITYTbCHOTO BIIATHUS
HA IMHAMHYIECKYIO CHCTEMY MOXKET ObITb pa3imaHoi [1-4].

IIpunsiB CTOPOHY TIEPBOrO UTrPOKA, CTPEMSIIIETOCS BEIBECTH TPAEKTOPUIO IIPO-
1ecca Ha IMUIMHIPUIECKOE TEPMUHAIHLHOE MHOXKECTBO, AAI0TCS JIOCTATOUYHbBIE YCII0-
BUS [l Peau3aiuu 3T0ro (paKTa 3a HEKOTOPOEe rapaHTUPOBAHHOE BPEMsl IIPHU JIIO-
OBIX IIPOTUBOAEHCTBUSAX BTOPOro urpoka. IIpm sToMm mcmomb3yercst aubo mpeabic-
TOPHUA YIPABIEHUS BTOPOTO UTPOKA, JUO0 JIMIIH €r0 MIHOBEHHbIE 3HadeHus. B ka-
decTBe 6A30BOI0 METONA i MCCJIEA0BAHUS UCIIOJIb3YETCs METOJ, Pa3Peliaionux
dyukmit [5]. Cxema yHOMSHYyTOr0 MeTOAA MPEAIOJIAraeT BBIIOJHEHHBIM yCJIO-
sue [loaTparvua wim onHOM U3 ero MoguduKaImil ¢ MOCIELYONUM TOCTPOECHUEM
CLeNUaIbHbIX MHOMO3HAYHbBIX 0TOOPAaXKeHUHN 1 X OOPHBIX (BYHKIMA, HA3BAHHBIX
pas3pemaomuMe (DyHKIHMSAMY, ¥ XapaKTePU3YIOUNX KAaYeCTBO WIDHI [IEPBOTO WI-
POKa IpU U3BECTHOM YNPABJIEHUU BTOPOTO B 3aJaHHbI MoMenT. HakonurenbHas
CUCTEMa OLUEHKHM KAa4eCTBa WUIPbL 1I03BOJILET BKJIOYUTH B UCXOJHYIO CXEMy METO-
[1a mepBbIil npssMoit MeTor [loHTpsruna, mputieM eMy COOTBETCTBYeT OECKOHETHOe
3navenue pazpemaiomeil Gyakmuu. CBoCTBO COBOKyNHON L X B-uzmepumocTu
BBEJEHHBIX MHOI'O3HAYHbIX OTOOPAXKEHMiIl U COOTBETCTBEHHO CYIIEPIIO3ULIMOHHOMN
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U3MEPUMOCTHU UX CEJIEKTOPOB Jal0T BO3MOXKHOCTH OCYIIECTBUTH I/I3MepI/IMI)II7I BbI-
00p ympaBsileHW [IEPBOT0 WTPOKA B HEIPEPHIBHON YACTH IO AHAJIOTUU C Teope-
moit @wmrmosa-Kacrerna. CooTBeTCTByIONMEe YCIOBUE MPEMMYIIECTBA TTEPBOTO
UrpokKa B I/IMHyﬂbCHOﬁ qaCTu BO3I[efICTBHH TaKXKe JaeTCd. PaCCMOTpeHbI CJIyvan
OTI€JIbHO TOJIbKO HEIIPEPBIBHOT'O YIIPpABJ/IEHUA IIEPBOTO UI'PDOKA U TOJIbKO UMITYJ/IHC-
HOTO YTIPABJIEHUsI BTOPOTO M HAOGOPOT, CIyday MMITYJIbCHBIX YIIPABICHUH 000MX
urpokoB. OTMeTHM OTIeIBbHO, 9TO pa3pemaomne (YHKIN, SBIISIONINeCs KITIOoTe-
BBIM 00'bEKTOM B UCCJIEOBAHUM, 110 IIOCTPOEHHIO €CTh B HEKOTOPOM POJie 0OPaTHbI-
Mu dyHKIMOHAIAMU MHUHKOBCKOTO OIPEIesIEHHBIX MHOTO3HAYHBIX OTOODaKeHM
[5]. D10 06CTOSATENBCTBO IO3BOJILET CTPOUTD pa3pemaiomye HYHKIUA B aHAIATH-
YEeCKOM BUE I MIHPOKOTO KIaCCa KOHMINKTHO YIIPaB/ISeMBbIX IpOreccoB. Pe-
3YJAbTAThI UWIIJTIOCTPUPYIOTCA Ha MHOTOYHUCJ/IEHHBIX MOJE/IBHBIX TIPUMEPaX UTPOBBIX
3ada4 AjId CHUCTEM C HUMITYJIbCHBIMHA BOB,ZLeI‘/JICTBI/IHMI/I n TO/JIMKaMW, B 9aCTHOCTH,
maeTcss 0OOCHOBAHVE [TAPAJLIEIHFHOTO COMKEHNS B 9TOM CATYaIlnu.

Crucok Jureparypsl

[1] Quaunnose A. @. Ouddepenunaibhble ypaBHEHHs C PA3PBIBHONM HPAaBOd 4acThro. M.:
Hayxa, 1985. 224 c.

[2] Camotinenxo A. M., Ilepecmiox H. A. NuddepeHnuanbuble ypaBHEHUsS C UMILYJIbCHBIM
Bo3zelicreueM. Buma mkomna, 1987. 288 c.

[3] Muanep B. M., Pybunosuy E. A. OnTuMu3anus JUHAMMYECKUX CUCTEM C UMILYJIbCHBIMU
yupassienuamu. M.: Hayka, 2005. 430 c.

[4] Kpusownoc FO. I'., Mamuwun H. H., Quxputi A. A. luHaMuvuecKue urpbl ¢ pa3pbIBHBIMH
TpaexkTopuamu. K.: Hayk. agymka, 2005. 220 c.

[5] Quxputi A. A. O6 ogHOM AHAJUTUYECKOM METOAE B JUHAMHYECKUX UTPaxX COJIMIKEHU.
Tpyner maremarunueckoro uacruryra um. B. A. Creksosa, 2010, T. 271. C. 76-92.

OaHa urposas 3a/1ada 0 MSAATKOU BCTpede JBYX PA3HOTUITHBIX 06'bEKTOB
Yukpmii I. L. (Macturyr kubepuernkn HAHY, Ykpanna)

Anasmus ycmosus Ilontpsirnsa [1], sieskanero B 0CHOBE IPSIMBIX METOJIOB IIpe-
ciefoBaHus Teopun TuHeHHbIX aud depennuanbabix urp, nposeaertsii M. C. Hu-
KOJIbCKUM, I[I0Ka3aJI, 9TO OHO MOXKET HE BBIIOJHATHCH I LEJbIX KJIACCOB 3314
[2]. . 3ounesens B [3] npeayoxun ero MoauduUKannoO, OCHOBAHHYIO HA TIOCTPO-
€HUU TIPEC/IeJI0BATEIEM CBOEr0 TEKYIIero yIpaB/IeHUs II0 yIpaBJIeHUIO yberaro-
[Er0 B IPOULJIOM. BblsicHeHMe CBA3u MOAUMUIMPOBAHHOIO yCJI0BUdA C (hakTmde-
CKHUM TI€PEXO/IOM K WI'DPe C IePEMEHHBIM, 3aBUCIIINM OT BPEMEHN 3aIa3/bIBAHIEM
uHOpMAIUNA, KOTOPas SKBUBAJIEHTHA HEKOTOPOW WUIpe C IOJIHOM wWH}OpMarmei
[4], crocobeTBOBAMIO PA3BUTHIO MHOrO MOAXOAA K HCC/IEJ0BAHUIO CIOXKHBIX HIPO-
BbIx 3a1a4. C ero moMoIpio GbLIO 3aBepiieHo Havaroe B [3] ucciaenosanue urpo-
BOU 3aj[a4u 0 MATKOM BeTpeue nByX udepeHrunaabHbIX CUCTEM, OMUACHIBAIONTUX
HBIOTOHOBCKYIO JMHAMUKY IIPU HAJIAYUU TPEHUs: YTOYHEHbI yCJIOBUs HA Iapa-
MeTDBI UTPHI, JOCTATOUHBIE /IS 3aBEPIIEHNs IPECIeIOBAHNS 33 KOHEIHOE BPeMsI
npu JOOBIX HAYAJIBHBIX YCJIOBUAX, & TAK¥KE BBIBEIEHBI yCJIOBUSA, IPU KOTOPBIX
[pec/eJIOBAHUE MOXKET ObITh OCYIIECTBJIEHO CTPOIO 110 '€0OMETPUYECKON TPAEKTO-
pun (,,cieny”) nporusHuKa [5]. AHaIOrMUHBIE PE3YJIBTATHL OBLIN IIOJIYYIEHBI s
JIMHEHHBIX YIPABIAEMbBIX CUCTEM BTOPOrO TOPSAIKA, COBEPIIAIOIINX 3aTyXAIONIUe
kostebanus [6]. Ilpu sToM s JOCTHZKEHUST CBOEH Le/I IIPEeC/Ie10BATe/ b CTPOUT
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CBO€ yIIpaBJIEHNE 10 YIIPABJIEHUIO [IPOTHBHUKA B IIPOIILIOM, KaK ecau Obl uHdOp-
Malys O €ro IOBeJeHNH [IPUXOAUT C 3ala3IblBaHueM HHQPOPMAINY, SBIISIOMIIMCS
HernpepsIBHO- TG d epentmpyemoit dyukimeit Bpemenn. OgHaKO MOIUMUIIPOBAH-
HOE yCJIOBIE OKA3bIBAETCS IIPUMEHUMBIM U B CJIydae, KOTJA ITOIXOAANAst () yHKIIST
3ala3/plBaHNs PAa3pPbIBHA CJI€Ba HA CYETHON BO3PACTAIOIIEH [I0CIIe10BATEIbHOCTH
MOMEHTOB BPEMEHH! M HempepbIBHO-muddepeHnmrpyeMa B TOYKAX CBOCH HEIIPEPHIB-
HOCTH. Biraromaps 3ToMy aHAJIOTUYHBIE PE3Y/IbTATHL YAAJIOCH IIOIYIATh U B CIydae
PA3HOTHUIIHBIX 00bEKTOB, KOI/1a IPEC/IeAYONHil 00bEKT UMeeT HbIOTOHOBCKYTO [ii-
HAMUKY (TP HAJIMYIMU TPEHNUS ), 8 IBUKEHUE YKJIOHAIOMETOCT OT BCTPEYIH O0HEKTA
ONMCBHIBAETCS JIMHEHHBIMY 3aTyXAIOMIMI KOJIeOAHUSIME.

Crucok Jureparypsl
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Ne 3. C. 520-523.
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[5] Yuxput I. IJ. Ucnonb3oBanue >dbdexra 3anasapiBanusa nadopmanuu B auddepeHnu-
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105.
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yupasjeHus u uadopmaruku. 2009. Ne 5. C. 5-12.

3akoHbI COXpAaHEHUsI U IPYNIIOBbIe CBOMCTBA ypaBHEHU TENJIOBOrO
JABU>KEHUsI C’KIMAaeMoro rasa
Yupkynos FO. A. (HoBocubupckuii rocyaapCTBeHHBIIT TeXHHICCKHL
yausepcuret, Uacturyt eraucmresabrx texuaosaornii CO PAH, Poccust)

TennoBoe ABUKEHNE CKIMAEMOTO Ta3a OMHUChIBAaeTCA 1] ypaBHeHHAME
plus+(u-V)u)+Vp=0, pr+u-Vp+pdivu=0, p,+u-Vp=0. (1)

3aech: t—Bpems, x € R" (n > 1), u = u(t,x) € R"— BEKTOp CKOPOCTH,
p = p(t,x) —mnotrOCTD, P = P (t,X) — maBnenme. Meromom A-omepaTopos [2, 3]
st cucremsl (1) HalfineHb! BCe 3aKOHBI COXPAHEHUS HYJIEBOrO LOPsiaKa. Bpimosme-
HO T'DYIIIIOBOE PACCIOEHUE ITOH CUCTEMbBI OTHOCUTEIFHO O@CKOHETHOM IOATrPYIIIEL,
SIBJISIOINIENCsT HOPMAJIbHBIM JIEJIUTEIEM ee OCHOBHOM rpymmsl Jlu mpeobpa3oBanmit;
HaliZleHa OCHOBHAag IPyIa pa3peniaonieit cucrembl. C IOMOIIBIO IEpeX0ia K Mac-
COBBIM JIATPAHKEBBIM TTEPEMEHHBIM HAWIEHBI HEJIOKAJIbHBIE CUMMETPUN TIEPBOTO
MOPSAJIKA I UCXOHOM cucTembl. CreruaabHbIi BHI60P MAaCCOBBIX JIATDAHKEBBIX
[IEPEMEHHbIX [I03BOJILET [IPUBECTH Ty CUCTEMY K IKBUBAJEHTHOMN €il pey upoBaH-
HO cucTeMe, comep¥Karieii n — 1 TpOCTPAHCTBEHHBIX TTEPEMEHHBIX, KOTOPas TP
n = 2 C IOMONIHI0 KOMILIEKCHBIX 3aBUCUMBIX U HE3aBUCUMBIX [TEPEMEHHDBIX 3allV-
CbIBAETCH B BUJE OJHOMEPHOI'O KOMILIEKCHOI'O YDPaBHEHMSs TEILIONPOBOJHOCTH, &
npu n = 3 —B BuIe

-T%t = - [1‘271‘3] ) xft = - [1‘371‘1] ) w?t = - [1‘171'2] )



1,2

rae (2,22 2%) = x; [a,0] = | 228

a(e.¢2)
BBI [TI€EpEMEHHbIe, OCHOBHAsI rpymma Jlu nmpeobpa3oBaHuii KOTOpPOil GeCKOHEYHa ¥

— ckobka Ilyaccona, &', €2 — narpamxe-

IIOPOXKIAETCA OIIePATOPAMU:
0 + &' 01 + &0z, 10, —2x-Ox, XxAOx, Ox, 10x, Ge20c1 — gerOgz,

rmeg=g (5 Y 52) — IIPOU3BOIbHAS (DYHKITHS.
Pabora BbimosiHeHA mpu (PUHAHCOBOM MOJIEPXKKE MEXKPErnOHAIHLHOIO WHTEe-
rpanmonnoro upoekra CO PAH Ne 103.
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O6 ycJjioBusaAX KOMMYTHUPOBaHUSA AuU( pepeHInaIbHbIX OIIepaTOpPOB B
JBYyMepuun
ITa6ar A. B. (Hacruryr Teopermaeckoii @usuxwm um. JI. 1. Jlanmay, PAH,
Poccns)

PaccmarpuBaerca Bompoc o mocTaTodHo o0mieil MareMaTmdeckoil dbopmysim-
POBKE 339 0 KOMMYTHUpYOmMUX aud(epeHnmnaabHbIX OTepaTopax B CIydae
IBYX HE3AaBUCHUMBIX [TEPEMEHHBIX. [IpUBOAATCS TpUMepbl U (POPMYIUPYIOTCH pe-
3yJIbTAThl UCCJIEI0OBAHUS JABYX MO/E/IbHBIX 33/1a4.

IIpumeHeHuEe METOI0B TEOPUM OITHMAJBHOIO YIIPABJIEHUS B PEIIeHUN
3a/ja4y MOJIEKYJISIpHOI GuoJsiorum
ITaranosa JI. I. (Hacturyr maremarnkn n mexaaukn ¥YpO PAH,
Exarepun6ypr, Poccust)

Paccmarpusaercs upusenennas B pabore [1] gna mogenn Kpoy—Kumypstr mo-
JIEKYJISIPHOM 3BOJTIONNYN 33da9a Kormrm.

Ou/ot + H(z,0u/0x) =0, 0<t<oo, —-1<z<1, (1)
u(0,z2) = uo(z), —-1<z<1. (2)

Buecs H(z,p) = 1 — f(z) — HZe® — 155%™, rae f(x) — 3ananHas dyHKIms
durHeca.

PaccmarpuBaemas 3ama4ga ¢ (pa30BBIMU OIPAHUYIEHUSIMY HE TMeeT rI00aIbHO-
IO KJIACCUYECKOIO DEIIEHUs], U Jjisl Hee He BBIIOJIHSIOTCS M3BeCTHBIE [2]| yciaoBus
CymeCTBOBaHUA BA3KOCTHOI'O pEHIeHnud.

Beoaurcst [3] monsiTie HEMpepHIBHOTO 06061meHHOr0 pemenust 3amaqan (1)—(2).
PaccmarpuBaercs BCIoMoraTebHast 33/1a4a ontuMaJbHoro yupasierus (OCP)

i=—Hy(z,p) =1 +xz)e* —(1—z)e?, te0,T], peP (3)
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o
Ty o) (0()) = / p(7) Hy ((7), p(r)) — H(z(7), p(r))dr + @(t, (t)) — max,
’ (4)

rae P = P([0,T]) — kommakT, ¢(-) — mddepernupyemas byHKIHMS, ABIAIONIAS-
cs1 uponoskenuem dbyuxnun ug ma [0,T] X [—1,1], t* — Momenr wepsoro Bbixosa
tpaexropun z(-) = x(-; to, To, p()), cTapTyIOmei n3 HAYAIBHON ToIKH (to, To) MO,
BO37€eiicTBIEM U3MepuMOro ynpasienus p : [0,7] — P, Ha 1e71eB0e MHOKECTBO

G={(ta)|o<t<Tz=1}J

Ut ao<t<T o =1} {t o)t =T, -1 <z <1}

Onmpasce Ha pe3ynbrarel pabor [4, 5, 6], mokazano, aro GbyHKIHUA TEHBI B
sagaie OCP coBuazaer ¢ BBegennbiM 0000mennbiM pemenuem 3anaqn (1)—(2).

IIpuBoaATCS PE3YIBTATHI IUCTEHHBIX YKCIIEPUMEHTOB /ISl PA3TUIHBIX Uo(-) U
1.

Hokutaz ocuoBan Ha coBmectroit pabore ¢ H. H. Cy660runoii.

Pabora Bemosaena npu nommepxkke PODU (rpant Nt 08-01-00410), Ipo-
rpaMMBbl IOZIEPKKA Beymux Haygabrx mkosr (rpart HITT-64508.2010.1) u IIpo-
rpammbl dysgamentanbabix ucciaenoBanuii [Ipesuauyma PAH “Maremarudeckas
TeOpUs yIpaBeHus .
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06 ycroiitunBoCcTH pelleHnil ypaBHEeHU, ONUCHIBAIOMIAX
BOJIHBI-Y O IIbI
HTamun P. B. (Hacruryrt oxeanosoruu um. I1. I1. Iupmosa PAH;
Hosocubupckwnii rocypapcTsennsiii yausepcuret, Poccns)
Cuuprosa A. U. (Poccuiicknii yansepcurer apyx0b1 Hapoaos, Poccust)

BosmaMu-yOwmiiiaMy  Ha3bIBAIOTCS BHE3AIMHBIE MOPCKHUE BOJIHBI aHOMAJIBHO
6ombuIol aMIATyAbl. Takue BOJIHBI BOZHUKAIOT B XO/€ HEJIMHEHHOW JTUHAMUKU
HIeasIbHON KUIKOCTH CO CBOOOIHOI mOBepXHOCTHIO. Kak mpasmiio, BosiHA-yOuita
TIpe/ICTaBIsgeT OO0 OMMHOUHYIO BOJIHY 00O (10 30-TM METPOB) aMTLIATYIBI.
IIpu u3ydeHun 3TOro 3KCTPEMAIHLHOIO ABJIEHUS BO3ZHUKAET aKTyabHBIA BOIIPOC
00 yCTOMYHMBOCTH BOJIH-YOUIII] OTHOCUTEIHHO BHEIIHUX BO3AEHCTBUIA.
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B macrosmieit paboTe BOJHBI-YOWIATIHI M3y IAIOTCS HA OCHOBE TIOTHBIX HEJIMHEH-
HBIX YPaBHEHUU THAPOIUHAMUKU W/I€AJTHHON YKUIKOCTU CO CBODOIHON ITOBEPXHO-
cTh10. JIOKa3aHO, YTO PAaCCMATPUBAEMBIE PEITEHUsT SBJISTIOTCS YCTOWYUBBIMU OTHO-
CUTEIHFHO MAJIbIX BHENTHUX BO3/IEHCTBUIM W HAYAJIBHBIM JIAHHBIM.

B xome MacmTabHBIX BBIYHCIUTEIHHBIX IKCIEPUMEHTOB OBLIIO YCTAHOBJIEHO,
YTO BOJIHBI-YOUMITHI SBJISIOTCS YCTOWUMBBIMU TP HAJUYANA BETPA. JTO SIBJISTETCS
BaXKHBIM PE3y/IbTATOM B OKEAHOJIOTHH.

Pabora Beimosmena npu dbumancoBoil mogmepxkke rpanta HITI-7550.2006.2
n IIporpammoii dbyHIaMeHTAIBHBIX HccaenoBanmii [Ipesnamyma PAH «Marema-
THUYECKUEe METOAbl B HEJIWHEHHOW NMWHAMWKE», a8 TaKXkKe IMpPU TOAJAEPKKe T'DaH-
ta IlpaBurenscrea P® s rocysapcTBeHHOU MOMAEPKKHM HAYIHBIX KCCIET0BA-
HUH, TTPOBOIMMBIX TIOJ PYKOBOJICTBOM BEAYIIUX YYEHBIX B POCCHUACKUX 00pa3o0-
BaTEJbHBIX YIPEXKIEHUAX BBICIIETO MPOodeccroHaabHoro obpasosanus (/lorosop
Ne 11.G34.31.0035 or 25 mosabpsa 2010 mexay MunO6pHayku P®, HT'Y u Bemy-

UM Y9IEHBIM).
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2

ITonHBIE cIMCKY NMEePBBIX MHTErpaJjioB B JJUHAMUKE 4YeTbIPEXMEPHOTO
TBEPIOro Tejla B HEKOHCEPBATUBHOM IIOJIE
ITamomma M. B. (Mockosckuii rocymapcTsennsii yausepcuret, Poccnst)

HccnenoBaHnio crydaeB MOJHON MHTETPUPYEMOCTH YDABHEHU IBUKEHUS tIe-
TBIPEXMEPHOTO TBEP/IOTO TEJIa MTOCBAIIEHO OTPOMHOE KOomm4aecTBo pabot. Cpasy xe
OTMETHUM, YTO IIPHU KCCIETOBAHUM ,,MAJTOMEPHBIX" YDABHEHUIl IBUKEHWS BIIOJIHE
KOHKPETHBIX (/IByMEPHBIX M TPEXMEPHBIX ) TBEP/IBIX TE/I B HEKOHCEPBATHBHOM MOJIE
CHJI TIPUILIA ujiesi 0000IUTh yPaBHEHUs] HA CAydall BUKEHUS IETHIPEXMEDPHOTO
TBEP/IOrO Teja B aHAJIOTMHYHO IIOCTPOEHHOM mogne [1, 2, 3.

B pesysibrare Takoro 0600IIEHNS TOIYUNINCH HECKOJIHKO CJIyTaeB MHTEIDU-
pyeMocCTH B 33Ja4e O ABMKEHUHU TeJla B COIPOTUBJIAIONIENC Cpee, 3al0THA0Iei
YeTbIPEXMEPHOEe IIPOCTPAHCTBO, 1IPU HAJIMYNU HEKOTOPOH Cieligdeil CUilbl, I103B0-
JIA0mel MeTOAMIeCKNM 00pa30M MOHU3UTD MOPSIIOK OOIell CHCTeMBI JUHAMUYIe-
CKHUX YPaBHEHUI IBUKEHUSI.

Boutee Toro, na B3r/1 aBTOPA, HOJIyY€HHbIE PE3Y/IBTATH OPUTUHAIBHBL C TOI
TOYKU 3PEHUS, YTO B CUCTEME MIPUCYTCTBYET Mapa HEKOHCEPBATUBHBIX CHUJI.

Panee aBTopom Obl1a TOKa3aHa MOJTHAS WHTETPUPYEMOCTH Y PABHEHHH T1I0CKO-
HapaJIJIeJIbHOIO JIBU2KEHUS TeJla B COIPOTUBJILAIONIIENCH Cpejie B yCJI0BUAX CTPYU-
HOro OOTEeKaHWs, KOTJa Yy CHCTEMBl JUHAMWYECKUX YPABHEHUN CYIIECTBYET Iep-
BBIi MHTErpaJ, ABIAOMUACA TPAHCIEHIEHTHOH (B cMbICIe Teopun DyHKIHI KOM-
IJIEKCHOTO [IEPEMEHHOr0, MMEIomel CymecTBeHHO 0co0bie Toukn) GyHKUmMel KBa-
3uckopocteit. Torma mpeamosarasoch, 9To BCe B3AUMMOJEUCTBHE CPEIbl C TEJIOM
COCPEIOTOMEHO Ha TON YaCTH MOBEPXHOCTH Tena, Kotopad mmeer ¢dopmy (omHO-
MepHO#) miacrunst [3].
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Ilo3amee muockas 3amada 6bL1a 0600MIEHA HA TPOCTPAHCTBEHHBIA (Tpexmep-
HBI) CJIydaif, IpU 9TOM y CUCTEMBI JMHAMUYECKAX yPABHEHUI CyNIECTBYET II0JI-
HBI HAOOP TPAHCIIEHIEHTHBIX TIEPBHIX WHTErPAIOB. 3/1eCh y¥Ke MPEeN0Iarajaoch,
9TO BCE B3aWMO/IECTBHE CPEIBI C TEJIOM COCPEIOTOYEHO Ha TOI YaCTH ITOBEPXHO-
cTH Tesa, Koropas umeer Gopmy mIOCKOro (aBymepnoro) mucka [1, 2].

B mpegmaraemoii pa6ore 0600IIaI0TCS HEKOTOPhIE M3BECTHHIE PAHEe Pe3yJIbTa-
ThI II0 UHTETPUPOBAHUIO ABYMEPDHOTO0 U TPEXMEPHOr'0 TBEPAbIX TEJI, HaXOAANNXCA
101 I[eﬁCTBHeM HEKOHCEPBATUBHOI'O MOMEHTa CHJI, & TaKzKe€ HCCIAEAYIOTCA ypaB-
HEHUI IBUXKEHUA TUHAMUYIECCKU CUMMETPUYIHOTO YE€ThIPDEXMEPHOTO TBEPIOTO TeJia
B OHOM M3 ABYX JIOTUYECKU BO3MOXKHBIX C/Iy49adX — B 3aBUCHUMOCTHU OT pacCCTa-
HOBKH IJIAaBHBIX MOMEHTOB HWHEPIIHH. CprKTypa TaKHX ypaBHeHI/Iﬁ ABHUXKE€HHA B
HEKOTOPOM CMBICJIe COXPAHSIETCS TIPU TIEPEHOCE Ha CJIyYau GOJIbIIel pa3sMepHOCTH.

Crucok Jureparypsl
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[3] lamoaun M. B. O6 nHTErpupyeMOM ClIy4ae B IPOCTPAHCTBEHHON AMHAMUKE TBEPIOTO
Tesa, B3auMomeiicTeyomero co cpenoii // Uzsecrus PAH. MTT. 1997. Ne 2. C. 65—68.

O enUMHCTBEHHOCTH MHTErpuUpyeMoro penienus 3agadu Komum gias
ypaBHeHusi ®okkepa—Ilinanka—Kosumoroposa
ITamomraukos C. B. (mexarmko-maremarmaecknii dpaxynprer, MockoBckmii
T'ocypapcrsennsiii Yuupepcurer umenn M. B. Jlomonocosa, Poccust)

Uccnenyercs mpocTpancTBo pernenuit 3amaun Komm

O = Ap — div (bp),
pli=o0 = v,

rme b = (b'(x,t))1<i<a — BOperesckoe BexTOpHOE TOMTe, a f = fut( dx) dt — 6ope-
neBckag mepa ma R? x (0, 1), 3amanmas ceMefcTBOM GOpeneBCKEX Mep (Lt )o<t<1
ma R%. IIpeamooxuM, uTo IyIsi HeKOTOporo p > d + 2 kosdgduuuent b mexuT B
LP (R% x (0,1)). Torma BesKoe Pemienue (i 3a1aeTCst HePEPBIBHOMN TLI0THOCTHIO
0 otHOCHTEbHO Mephl JleGera ma R? x (0,1). IIycTh v — MPOM3BOIBHAS KOHEH-
Hast Gopesiesckast Mepa Ha RY. Uepes £, 0603HAYNM MHOKECTBO GOPEIEBCKIX Mep
p = oz, t)dedt ma R x (0,1), yaormerropsiomux 3amave Ko ¢ navaanHbsm
ycmosueM v, mst kotopeix @ € L*°((0,1), LY (RY)), u mns sesxoro mapa U C RY
u HekoToporo p > d + 2 Bepuo Bkmogenue |b| € LP(|u|,U x [0,1]). Mbt npusomum
JIOCTATOYHBIE YCJIOBUs €IMHCTBEHHOCTH pemneHus: 3amaun Komwu B kiacce L, u
CTPOUM IIPUMEPHL, OKA3bIBAIOIAE TOYHOCTD ycaoBuil. OTMeTnM, 4T0 €qUHCTBEH-
HOCTb 3a1a49u Ko B KJ1acce HHTErPUPYEMbIX PEIIeHUil HCCIeN0BaIaCh BO MHOIHX
paborax, u3 xKotoperx ormeruM [1], [2], [3], [4] u [5]. Ham ocnoBHO# pe3ysibrar
COCTOUT B CJIE/LYIOIIEM.

TeoPEMA 1. ITyemw b € LY, (R% x (0,1)) das nexomopozo p > d + 2. ITped-
NOAOKICUM, “MO CYULLCMEYem maxas noroscumessnas gynryus Vo € C*(RY),
wmo V(z) — +oo npu |z| — 400, u dan mexomopozo wucaa C > 0 u ecex
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(x,t) € R* x (0,1) swnoanens nepasencmea LV (z,t) > —C u |VV(z)| < C.
Tozda mmooiceecmeo L, codepotcum ne Goaee 00H020 INEMEHMA.

ITpumep 1. Tlycrs mmst Besikoro mapa U C RY dywnkmms |b| orpanmdena ma
muoxkectse U X [0, 1]. [Iyist e fMHCTBEHHOCTH HHTEIPUPYEMOTO PEIIeHNUs JOCTATOIHO
mvers onenky (b(x,t),z) > —C|z|? In(Jz| + 1) — C. JleiicTurensho, ycioBus Teo-
penmr BrimosHsIIOTCs Mutst by V€ C2(R?) maxoit, wro V(z) = In(In(1 + |z|))
upu |z| > 1.

ApTop BbIpaxkaer riybokyio 6iarogapuocts B. V. Boradesy 3a miomorBop-
HBble O0CYIeHWs W 3aMedanus. Pabora mommepxaHa TPAHTOM Tipe3umaeHnTa Poc-
cutickoit @eneparmr MK-3674.2011.1, npoektamu POON 11-01-00348-a, PODU
10-01-00518-a u SFB 701 upu yuusepcurere Bunedenbaa.
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CrekTpaJsibHble cepun oneparopa IlIpeguHrepa ¢ aejbTa-IIOTEHIIAATIOM
Ha TIOBEPXHOCTH BpAallleHusl U KBaHTOBaHWE HEKOMMAaKTHBIX
JlarpaH>KeBbIX MHOTroobpa3suii
ITagapesma A. H. (Mockoscknii I'ocynapcrsennniii Yuausepcurer, Poccnst)

B moxmaze onmcana kBasuknaccumyaeckas (h — () acCHMIITOTHKA, CTIEKTpPa OTie-
paropa Illlpeaunrepa ¢ me/ibTa-MOTEHIINAIOM
2

H= —%A—i—a&(m—xo) (1)

Ha JBYMEPHOI KOMIIAKTHOU moBepxHocTu Bpamienus M, romeomopdHoil cdepe;
3mech A —oneparop Jlammaca—Bensrpamu, xo — MOJTIOC MOBEPXHOCTH BPAILEHHUS.

Paccmorpum B KOKacaTenbHOM paccmoenmu 1M jarpaHzxkeBO MHOrooOpa-
3ue A, nomydennoe u3 oxpyxuoctu Ao : & = o, |p| = E neiictBuem reogesute-
ckoro noroka. Ouesnamo, A romeomMopdHO TOpY, a HEKOMIIAKTHOE MHOTrOOOpa3ue
A = A\Ao — mmmamapy. Ha A Beimonmenst ycaosusi kBanToBamms Maciosa [1] u

cymecTByerT KaHOHW4eckuii omeparop Macnosa Kj : C™(A) — C*(M\{zo}).
O6o3HaunM Uepes3 y TPAeKTOPHIO Te0Je3UIECKOr0 MOTOKA, JIeKAILyIo Ha A.

TEOPEMA 1. ITycmv E — pewenue ypasHenus

ta(gy f () + 0 = 2 (w55 + ).

h
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2de ¢ —nocmoannas Jtsepa. Tozda cywecmeyem mowka cnexmpa Eg onepamopa
H, maxas wmo |E — Ey| = o(h) npu h — 0.

3AMEYAHUE 1. Ilycrs (”h +Iln+ i) — oc. Torga ycioBue KBaHTOBAaHMS IPH-
HUMaeT CTaH,I[apTHbIﬁ BUI:
1
27h

rae k € Zy (k~ £,h — 0).
ITycts Teneps mpaBas 9acTh B yCJIOBAU KBAHTOBAHUSA CTPEMUTCH K KOHCTAHTE

wh?
B+1In h+o(1)

[ .do) =i+ 5+ o),

B upu h — 0 (3T0 BO3MOXKHO, €C/IH (v = ). Torma CieKTp HAXOAWUTCS U3

HeCTaH,ILapTHOI‘O yCHOBI/IH KBaHTOBaHUA
1 1

g(~ 7{(1), de)) = L (In2E + 2¢ + B) + o(1).
2h - T

SAMEYAHUE 2. AcuMnroruka cOGCTBEHHBIX (DYHKITHI BHE CKOJIb YTOTHO Ma-
JIO#i OKPeCTHOCTH mHoJtioca xo uMeer BUL ¢ = K (1) + O(h).

Cuucok Jureparypbl

[1] Macaos B. II.,®Pedopiox M. B. Kpaszuknaccudeckoe npub/uzKeHne i y PABHEHUN KBaH-
ToBo# mexanmku. Mocksa: Hayxka, 1976.

[2] @uaamosa T. A., Hlagapesun A. H. Kpasukjaccuieckne CreKTpasbHBIE CEPUU OTIEpa-
ropa Illpeaunrepa ¢ AeabTa-NMOTEHUUAJOM Ha NpaAMOH u Ha cdepe. // Teoperndeckas u
MmareMaTH4yeckass dpusuka, 1. 164, Ne 2, 2010. C. 279-298.

OauH npusHaK perynsipHocTd auddepeHnnalIbHbIX OIepaTopoB
ITTupsies E. A.

ITIycts L — omeparop, mopoxkaeHHbIH qud depeHImaibHBIM BhIPAYKEHIEM

1(y) = (—)"y™ (@) + p2(2)y™ "> + - + pula)y (1)

U N JJUHENHO He3aBUCUMBIMU HOPMHUPOBAHHBIMU KPa€BbIMU YCJIOBUAMU BUIA
kj—1

Us(y) = ayy™ (0) + by ™ (1 +Z(a1,sy 0 +b,5 M) =0, (@)

rae j = 1,...,n. Ilpeqnonaraem, aro ko3 dummentsr p;(z), j =1,...,n — cym-
Mupyemble KoMiulekcHbie dbyHnkuuu Ha orpeske [0, 1;n—1>2 ki > ko > ... 2k, >
0, kj > kjt2. Cunraem, uro L neiicryer B mpocrpancree L2 (0, 1) u onpexnenen
pasenctsom L(y) = I(y) ma obmactn

D(L) = {y |y € AC[0, 1], s =0,1,...,n—1,
l(y)€L27 UJ(y):Ovjzlvvn}

Oupenenenue perynspuoctu auddepennuanbaoro oneparopa gaHo Jx. Bupkro-
dom. Ero moxkuo HaiiTi B m3BecTHON Monorpadwuu M. A. Haiimapka.
UzBecTHO, 9TO pe3osibBeHTa L €cTh MHTErpasbHbINA OIepaTop

(L—p")'f /fop £6) de,



rae G(x,&, p) — anpo 'pura. Ecim onepaTtop mOpoXkIeH PEry/spHBIMEA KDPAEBBIMHU
ycoBusiME, TO fyist ero sypa I'puna ects omenka suma |G(z, €, p)| < M|p| ™"t .
CdhopmymmpyeM pe3yabTar, COmep:Kalnii 06paTHOE YTBEPKICHUE.

TEOPEMA 1. IIycmv L — duddeperyuasvhoil onepamop, noposrcoerrbit
duppepernyuanvrvm svpasicenuem (1) u xpaeswmu yeaosuamu euda (2). IIycmo
npu n = 2m wnaiidemea ayw vy = {p | argp = ¢ € (0, 7/n)}, na xomopom (npu
docmamouno Goavwu |p| > o) BUNOAHERE ACUMNIMOMUYECKAA 0UEHKG

|Gz, €, p)| < M|p| ™" ®3)
2de M = M (e, co) — nexomopas nocmoannan. Tozda onepamop L pezysapen.
IIpu newemmnom n = 2m — 1 ymeeporcdenue dopmyaupyemca caedyroujum

o6pasom: ecau natioymea dea ayua y1 = {p | argp = p1 € (0, 7/n)} uy2 = {p |
argp = @2 € (7/n,27/n)}, Ha KOMOPLIT 6BINOAHENE ACUMNMOMUNECKAA OUEHK
(3), mo L peeyaapen.

Pabora BbIOTHEHA 101 pyKOBOACTBOM mpodeccopa A. A. IllkanmkoBa mpu
nogaepxke PODU, rpart Ne 10-01-00423.

Crnucok JuTeparypsbl

[1] M. A. Haiimapk. JTunetinne duppepenyanvnoe onepamoprn. M.: Hayka, 1969.

OrpaHudeHHOCTh JApob6HOro B-uHTerpaJia JlnyBusisa
IInmkura 3. JI. (Boporexckuii rocyaapCTBeHHbIH yHUBepcHTeT, Poccust)

B pab6ore [1| 6bumn BBeneHBI pasimaHbe (POPMBI TPEJCTABICHUST APOOHBIX
creneneit auddepennuanbHoro oneparopa Beccess.

Paccmorpum apoGubie  B-maTerpannr Jlmysura (OTpumaTeibHBIE CTETICHHA
oneparopa Beccens memenoro mopsinka), seenenubie Jlaxosbim JI. H. m Cann-
uwoit E. JI., cirenyromero Buga

+oo

Hwﬁwrwwmm:amw/f@Wf*ﬂw@,o<mw,w>u

0

(1)

rae C(o,y) — mopmupyiomaa nocroaanag. B ¢opmyne (1) B — oneparop Becce-
ISt

p- L 1d

de?  xdx

a T} — omepatop 0606merHHOr0 casura (cM. [2]):

F(LH

(2)

T} f(z) = 72)//%\/&22 +y2 — 2zy cos ) sin"™t @ de. (3)
ey
IIycts 1 < p < oo. Ipocrpancrso L) = LJ(0,4+00) cocrour dynknmit f,
TaKUX YTO
+oo 1/p
1l = | [ H@reas) <o @
0

393



Canenys [3], 6bL1a nostydeHa Teopema

TEOPEMA 1. ITycmo f(x) >0, fe€ L), 2dep>1+~ u

1 1
0<a<-, = m, (5)
D l+y—ap
mozda I5f € LY, u
1 flly < KIIf s (©)

2de K = K(p,7v,a) — nexomopasa koHcmanma.

Cnucok JauTepaTrypsbl

[1] Lyakhov L. N., Sanina E. L. Schlémilch polynomials: Riesz’s interpolation formula for
B-derivatives and Bernstein’s inequality for Weyl-Marchaud fractional B-derivatives.
Doklady Mathematics, 2007, Vol. 76, Ne 3, pp. 916-920.

[2] JleBuran B. M., Pasnoxenue no dbyukuuam Beccens B paasl u uarerpassl @ypbe, Yenexu
MaTeM Hayk, T. VI, Ne 2 (42), 1951, C. 102-143.

[3] Xapau I. T, JIurtaesys dx. E., Ilonna I'. Hepasencrsa. Jlennnrpan, 4-s runorpadus
um. EBr. CokosoBoit Tpecra <Ilonmurpadxuura> OI'M3a, 1947.

O MeTo/ie BO3MYIIEHHOTIO XapaKTEPUCTUYECKOro YPAaBHEHUsI B TEOPUU
ACHUMIITOTUYECKOTO MHTErPUPOBaHUA cUCTEM AuddepeHINnaIbHbIX
ypaBHEHUMN
IIknme H. U. (HanuoHa/IbHBIH 1T€Aaroru9eCKuii yHUBEPCHTET, YKDanHA)
Camycenko II. ®@. (HauuoHa/mHbIH Mejarorm9ecKuii yHUBEPCUTET, YKPAUHA,)

AcumnroTnyeckue peniennsi CUHTYIaPHO BO3MYIIEHHON cuctembl aud depen-
OUAJIbHBIX yPaBHEHUNI

d
ad%' = A(t,e)z, tel0;T], (1)
rae z = x(t, €) — UCKOMBII n-MepHbIi BeKTOp, A(t, £) — KBagpaTHas MaTPUIA 1-TO
nopsaka, npuaem A(t, ) = Z e®As(t), € — maJsblii mapaMeTp, B CIydae IPOCTHIX
s>0
KOpHell XapaKTepUCTUIeCKOr0 yPaBHEeHUs

det(Ao(t) — AE) =0 (2)

MOYKHO MCKATh B BHJe (POPMATHHBIX PSIOB IO CTEIEHSIM IapaMeTpa €.

B paGorax M. Xykyxapst, 1. CuGyiin, M. Usano, C. ®. ®eimeHko 10Ka3aHb!
TEOPEMBL O ACHMITOTUIECKOM pacuierieHnu cucrembl (1), ¢ moMOmbIO0 KOTOPBIX
MOXKHO TIOHU3UTH ee MOpsAoK. Takum o6pa3oM, ciydail, KOra XapaKTepPUCTUIe-
CKOe ypaBHEHUe CHCTEeMbI IMeeT HECKOJIbKO KOPHel ObLIT CBeZieH K 60Jtee IIPOCTOMY
CJIydalo0, KOIJa 9TO yPaBHEHHE NMEET TOJIbKO OJUH KODEHb.

Cama e mpobsremMa KpaTHOTO KOpHs ObLia peniera B paborax H. W. Mkwnrs,
IZIe 0KA3aHO, 9TO B 3TOM CJIydae PemeHus cucTeMbl (1) MOXKHO MpeJCTaBUTh B
BHUJE ACHMIITOTHYECKUX PHAIOB 10 APOOHBIM CTEIEHAM IIAPAMETPa €, IOKA3ATEeIH
KOTOPBIX 3aBUCAT KaK OT KPATHOCTH KOPHEH ypaBHEeHus (2) W COOTBECTYIONAX M
37IeMEeHTAPHBIX JeIUTesell, TaK U OT IIOBEeJeHNs] BO3MYIIAINuX KodddunuenTos
CUCTEMBI.

B nmammoit paboTe aCHMITOTHYECKUE PEIIeHNs JTMHEHHON CHHIYISIPHO BO3MY-
mennol cucrembl muddepeHmaTbHbIX ypasHeHnit (1) mOCTPOeHbl ¢ MOMOMIBIO
MeTO/a BO3MYIIEHHOI'O XapaKTePUCTUIEeCKOI'0 yPABHEHU, [T03BOJIAIOIIEr0 CJIydai
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KPaTHOTO KOPHS CBECTH K CJIy9al0 MPOCTBIX KOPHEH COOTBETCTBYIONMIETO XapaKTe-
PUCTHYECKOTO YPABHEHUS.

CoriacHo MeToIy BO3MYIIEHHOTO XaPAKTEPUCTHIECKOTO YPABHEHUS CIUTAEM,
9TO MATPHITA

Bo (t, E) = Ay (t) + A (t)

WMEeT MPOCThIE COGCTBEHHBIE 3HAYeHusd w;(t,€), 1 = 1,n, aa Beex t € [0; 1.

Honoxum B(t,e) = Y e By(t,¢), rae Bi(t,e) = 0, Bs(t,e) = Ay(t), s > 2.

s>0

Torga BCe KOPHH COOTBETCTBYIOIIETO XaPAKTEPUCTHYIECKOTO ypaBHEHUs (BO3MY-
MIEHHOE XaPAKTEPUCTUIECKOE ypaBHeHue) Gyy T IPOCTHIME U IIOTOMY /ISl HAXOXK-
JIeHUsl ACUMIITOTUYECKHUX DeIleHuil 1peo0pa3soBaHHON CHCTEMbI MOXKHO BOCIIOJIb-
30BaThCs KIACCHYECKUMI Pe3yJIbTaTaMy, U3JI0XKEHHBIMHY, HaIpuMeD, B [1].

Cnucok JauTepaTrypsbl

[1] @Pewenro C. @., HIxuav H. H., Huxosenxo JI. JI. Acumnrorudeckne MeToabl B T€OPUH
auHeiHbix auddepennuanbubix ypapuenunii. K.: Hayk. nymka, 1966.

Acumnitorudeckue npeacTaB/IeHUs] PEIleHnil CyeCTBEHHO
HEJIMHEMHBIX CUCTEeM OOBIKHOBEHHBIX Aud depeHIualIbHbIX ypaBHEHUH
C NIPAaBUJIbHO U OBICTPO MEHSIOIUMUCS HEJINHEHHOCTAMU
IInenakos O. P. (Opeccknit HATMOHAIBHBIIT YHUBEPCHTET, YKDaWHA)

PaccmarpuBaercsa cucrema mud depeHnuaIbHBIX yPABHEHUH
yi = aipi(t)piv1(yiv1) (i=1,n—1),

Y = anpn(t)o1(y1), M

B KoTOpOIt vy € {—1,1} (i =1,n), p; : [a,w][—]0,+00[ (i = 1,n) — HenpepbiBHbIE
bynkman, —00 < a < w < +00, @; ¢ A(Y?) =]0; +oo[ (i = T,n) (A(Y?) — mexo-
TOpast OJHOCTOPOHHSS OKpecTHOCTh Toukw Y, Y pasmo mu6o 0, mu6o +o00) —
IBaxKIbl HerpepbiBHO Tuddepenimpyembie (DYHKIWH, yI0BIETBODSIIONUE YCJIO-
BHAM

Pi(z) #0mpn z € A(YS),  lim  gi(z) = @] € {0, +oc},
zeA(y:F’)
" .
P (f)%(f) _
Y lei(2)]

zeAYD)

iy

rae [, (1 —7) # 1.
IIpu v; = 1 dysxmma ¢;(z) aBaserca GbICTPO MeHAOmENHCH, pu y; # 1
bynxmms @;(z) aBIgETCA MPABIILHO MeHsIometica mopaaka ——— (Cw. [1], [2]).

1—7;

Pemrenne (y;)j-; cucrems (1), 3amamnoe Ha ipoMexkyTKe [to, w[C [a,w], Gymem
HasbBaTh Py (A1, ..., Ap_1)-pemennem, eciu Gyurimn u;(t) = ¢i(y:i(t)) ynosie-
TBOPAIOT CAEAYIOMAM yCJIOBHAM:

() uliyq (t R —
limu;(t) = ®Y, lim wi(Duis (1) =A (i=1,n-1).

thw ttw w(t)uip(t)
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s cucremsr (1) B caywae, xorma A; # 0, 1 = 1,n — 1, moyvaensr He06x01m-
MbI€ U IOCTATOYHBIE YCa0BUA CymecTBoBannsd Py, (A1, . .., An—1)-pemennii. Taxxe,
nipu ¢ T w, TIOJyYEeHB ACUMIITOTUYECKIE TIPEICTABICHAS BUIA:

t

ei(yi(t)) — il [ pi(r)drl1 + o i
T slia@) ~ 0 [ PO+ e
jpi(T) fpl(s) dsdr
) R S —— 1 +0(1)], ecm i€,

@5 (yi (t)pit1(yira(t))
Afl pi(T)dr

rmeJ={ie{l,...,n} : 1—A;—~v #0} T={1,..,n}\J,l = minJ, a 5 —
HEKOTOpLIe TOTHO OIIpee/geMble OTIIMTHEIEe OT Hy/sS MOCTOSHHBIE.

ITpu HEKOTOPBIX JOTOHATETLHBIX OTPAHAICHIAX Ha GYHKIAN @;(2) acuMr-
TOTHYECKHE [IPe/ICTABICHUS JiTs pemenuti cucrembl (1) MOryT GBITH 3HAYUTEIBHO
YIIPOIIEHEL.

Cuucok Jiureparypsl

[1] Cenema E. Ilpasunbpro Mensommecs bynkuuun. M.: Hayka., 1985.
[2] Maric V. Regular variation and differential equations. Springer, 2000.

O 4gucJsie obJacreii, 06pa3oBaHHBIX HabopamMu 3aMKHY ThIX
reo/Ie3nYecKnx Ha MJIOCKUX IOBEPXHOCTIAX
ITaypaukos 1. H.

ITycTh 3aMKHyTOE CBSI3HOE IByMEPHOE PUMAHOBO MHOroobpasme M? mmeer
MIOCTOSHHYIO TayCCOBY KpuBHM3HY, U Ha6op [’ cocTouT m3 n pas/mIHbIX 3aMKHY-
Thix reomesmaecknx ma M2, Iycrs f(I') 0603HAYAET YHCIO0 KOMIOHEHT CBA3HO-
CTH JIOTIOJTHEHWST B MHOTOOOpaszum M 2 K 00'bEeIMHEHNIO Te0fe3NIeCKX U3 HaBO-
pa I'. Kak ycrpoeno muoxectso F(M?,n) Bcex Bosmoxmbix umcen f(I') mns
dbukcupoBannbix MHOroo6pasus M2 u uncna reogesudeckux n? Buepsbie sTor Bo-
mpoc paccmorpes B. I'proubaym [1] it IpsiMBIX HA BEIIECTBEHHOH IPOEKTUBHOMN
wiockoctu RP?. H. Maprumos 2] mommocrsio Hamen muoxectso F(RP?, n), koro-

pO€e COMEPIKUT TIOYUTH BCE TIE/IBIE FMCIIa OTPE3Ka, (n; 1+ %) npu n — oo. llpm

n > 3 OCTaBIIMECS YUCJIA TPEICTABJISIOT CO00H 00beauHeHne [,/271 — 5% — %]

JIAKYH, IIPUYeM JIAKYHA HOMED % COCTOUT U3 1 — % — 2 LeJIBIX JHCeJI.

B orauane ot mpoekTuBHOit mrockoctr RP?, mast topa T2 u 6yTeiaxn Kieitmna
KI? ¢ eskyunosbivu Metpukamu mMuoxectsa F(T2,n) uw F(KL? n) ssnaorcs
6eCKOHEYHBIMU MHOXKECTBAMHU, COJAEPXKAIIUMHU OJHY JIAKYHY npun > 6 un > 7

COOTBETCTBHHO.

TEOPEMA 1. Jas mopa T? u 6ymosu Kaetina KL ¢ eexiudosvimu mem-
pukamu seprno F(T?,1) = {1} uw F(KL? 1) = N. Mnooicecmea F(T?%,n) u
F(KL?,n) npun > 2 umerom caedyrowuti 6uo:

F(T%n) ={n—-1,n}{ {lEN|l>2n-4},  F(KL’n)=FT*n)| J{n+1}.
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IIycts p1 : R? — T2 — ynuBepcasibHOE JOKATILHO M30METPUYHOE HAKDPHITHE.
IIycts BekTOpa u m v 06pa3yioT 6a3uc B pemreTke mpoobdpasza pfl IPOU3BOJILHOMN
TOYKH TOPA.

ONPEAENEHUE 1. g B3auMHO HPOCTBIX IeJIbIX uuces k, | zeodezuueckot
muna (k,1) ma tope T? (c 6asmcom pi(u),p1(v)) Ha30BeM 3aMKHyTyIO Teome-
3WYECKYIO, JJIsl KOTOPO J1100asi e HAKPHIBAIONIASA TIPAMasl MaPaJIIEIbHA BEKTODY
ku + lv.

JIEMMA 1. [ee samrnymoie zeodesuueckue 1a mope ¢ esxaudosols mempurot
munos (a,b) u (c,d) nepecexaromesn 6 |ad — be| mouxaz.

Ilycte KL? wu30MerpuuHa MapajuIeIOTPAMMy C  OTOXKIECTBIICHHBIMI
IIPOTUBOTIOJIOKHBIMI CTOPOHAMHY, KOTOPBIE MTAPAJLJIeIbHBI HEKOTOPBHIM BEKTOPAM U
¥ v, TPUYEeM CTOPOHBI, TMapaslyIeIbHBIE U, OTOXKIECTBJISIOTCS HEOPUEHTHPOBAHHO.
IIycts w — OpTOroHaMbHAS K ¥ COCTABIAlOmAs u. Ilycts py : R?2 — KIL? —
JIOKQJIPHO M30METPUIHOE HAKPBITHE.

OnPEJENEHUE 2. Teodesuueckoti muna (k,1) ma K L? HazoBeM 3aMKHyTYIO
reoJIe3mIecKy o, JJIsi KOTOPOi HAM/IeTCs HAKPHIBAKOIIAS €€ IPSAMAs, apaJliebHast
BeKkTOpPy 2kw + lv.

JIEMMA 2. Bamxnymas zeodesuweckas muna (k,l) na naockoil Gymoiike
Kaetna KL? umeem |kl| mouex camonepeceuenua, xpammocmu d6a KaHcoas.

Jannasa pabora 6bL1a mpoaesana npu noaaepxkke PODU (rpart 10-01-00748)
u nporpammbl <Beaymue nayansie mkosst PO> (rpanr HIT1-3224.2010.1).

Crnucok Jureparypsbl

[1] Grinbaum B. Arrangements and Spreads. AMS, Providence, Rhode Island, 1972.
[2] Martinov N. Classification of arrangements by the number of their cells // Discrete and
Comput. Geometry 1993. V. 9. Ne 1. P. 39-46.

O6 ycpegHeHUN ypaBHEHUH aKyCTUKU [JIsl IOPUCTBHIX BSI3KOYIPYTUX
MaTEepUAaJIOB, 3all0JIHEHHBIX BA3KOM >KUJKOCTBHIO
IIymmnosa B. B. (Hacruryr npobaem mexaaukn nm. A. FO. Hmanackoro PAH,
Poccus)

PaccmarpuBaercss MaTeMaTHdeckasi MOIEIb MAJIBIX KOJIeOAaHMIT B IIPOCTPAH-
cree R3 IS E-TIEPUOINIECKON KOMOMHUPOBAHHOU CPEIbl, COCTOSAIIEH U3 MOPH-
CTOr0 BA3KOYILIPYIrOro Marepuajia ¢ MIHOBEHHOM LAMATHIO U BA3KOM KUJIKOCTH,
sanosmsiiomedt mopst [1], [2]. C momompio Meroma AByxmacmTafHON CXOIUMO-
ctu [3] cTpomTca ycpemmeHHAs MOMEb, BKIOYAIONAA B C€0S CHCTEMY WHTETPO-
nud dbepeHnuaIbHbIX ypaBHeHN! JInHeMHO! Ba3koynpyrocta. Ilonygennas ycpen-
HEHHAsI MOJE/b €CTh MOE/Ib MAaJIBIX KOJIEOAHMI [jIs CIIOIIHOTO BSI3KOYIIPYIOTO
MaTepuasga C J0JI'OBPEMEHHON MaMsiThIO, a yCPETHEHHOE YyPaBHEHUE COCTOSAHUS
uMeer BU/L

0
0ij = ijknerh (W) + Bijknerh (7u> + gijrn(t) * exn(u), (1)

ot
397



rne u(z,t) — Bekrtop cmemenuit. Kosddumumenrsr oijrn, Bijkh U Gijkn(t)
(1 < 4,5,k,h < 3) onpemensioTca Uepe3 penleHusl TPEX BCIIOMOTATEIbHBIX IIe-
PUOIUYECKUX 33729, 33JaHHBIX C TTOMOINBIO CUCTeMbI qUd ¢ epeHIuaIbHbIX YPaB-
HEHUU.

VcepenneHHas MOJIETD TAKKE CTPOUTCS [IJTsl £-IIEPUOTUIECKON KOMOMHUPOBAH-
HOM Cpeibl, B KOTOPOii, B OTJIMYME OT PACCMOTPEHHOTO paHee CIydas, BMECTO B3~
KOYTIPYTOTO MaTE€pPUaJIa ¢ MIHOBEHHOM MaMATHIO B3AT BASKOYIPYTHI MaTepHUaJl C
JIOJITOBPEMEHHON TaMAThI0. B 3TOM C/iydae yCpemHEHHOE yPaBHEHUE COCTOSHUS
Takxke uMeer B (1), TpudeM Be W3 TpeX BCIIOMOTATETHLHBIX TTI€PUOIMIECKAX 3a-
Jlad [yist HaXOXKAeHUst K03(POUIMEHTOB Qvijkh, Bijkh U Gijkn(t) (1 < i,7,k,h < 3)
3amaorca cucremMamu aud bepeHnuaTbHbIX YPABHEHUH, & TPETbs — CHCTEMON
nnTerpo-and depeHnaIbHBIX YPABHEHMIA.

Crnucok JuTeparypsbl

[1] IIamaes A. C., [Ilymunosa B. B. YcpenHeHne ypaBHeHUH aKyCTHKU [IJisl YACTUIHO I€P-
bOPUPOBAHHOTO BA3KOYIPYTOro MaTepuaJa ¢ BA3KOH kuakocrbo // JTAH. 2011. T. 436.
Ne 2. C. 199-202.

2] amaes A. C., lymusrosa B. B. YcpenHeHune ypaBHEHHI aKyCTUKH IJIsl BA3KOYIIPYTOTO
MaTepuasa ¢ KaHAJAMU, 3al0JIHEHHBIMH BSI3KOHM CxkmMaeMmoit xxuakocreio // Wse. PAH.
M2ZKT. 2011. Ne 2. C. 92-103.

[3] Nguetseng G. A general convergence result for a functional related to the theory of
homogenization // SIAM J. Math. Anal. 1989. V. 20. Ne 3. P. 608—623.

O cTabuansalnMoOHHbBIX MHAEKCAX
IIIyrosa A. U. (MockoBCKwMii rOCYTapCTBEHHBI YHUBEPCHTET
um. M. B. Jlomonocosa, Poccust)

st pukcupoBarroro n € N paccMOTpUM TIPOCTPAHCTBO S, JIMHEHHBIX CH-
CTeM C HeIPEePBIBHBIMY KO3 h durmenTamMmu

&= A(t)x, z€R" teR", (1)
HaJleJIeHHOe TONoJIoruell pasHoMepHoit Ha RY cxomumoctu ko3bduimenTos.

OnPEAEJEHUE 1. VHAEKCOM yCIOBHO#H (COOTBETCTBEHHO, YCJIOBHON IKCIIO-
mHennmasbuoi) ycroitamsoctu inds(A) (indes(A)) cucremsr (1) masosem makcwu-
MaJIbHOE 4nciio k, a1t Kotoporo cucreMa (1) ycaoBHO ycroitansa (COOTBETCTBEH-
HO, YCJIOBHO 9KCIIOHEHI[MAJILHO YCTOWYNBA) C UHIEKCOM K.

OnPEAENEHUE 2. CrabuwmsanuonssiM ungekcom s(A) (coorsercrBeHHO,
es(A)) cucremsr (1) Ha30BEM MWHUMAJBHYIO MOJyHEIDEPHIBHYIO CBEPXY MAaKO-
PAHTY MHJEKCA yCIOBHOW (COOTBETCTBEHHO, YCJIOBHOH SKCIIOHEHITNAIBHOM) yCTOMN-
YUBOCTH, PACCMATPUBAEMOTO KakK (yHKIHA HA IPOCTPAHCTBE Sp.

Ilycts M — HEKOTOPOE TOTIOIOTHIECKOE TTPOCTPAHCTBO, a A(+,-): M X RT —
End R" — npowusBosbHOe HempepbiBHOE oToOpaxkenue. Paccmorpum dyrkimm u3
M B {0,1,...,n}, oupenensembre creayomumu GHOPMyIaAMHE:

10— es(A(p, -));
2° = s(Ap, ).

TEOPEMA 1. Mnosicecmso mouex nosyHenpepberocmy ceepry (CHu3y) Kaic-
00t us Pynxuut 1° u 2° naommo ¢ M.
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OnPEAEJNIEHUE 3. CBONCTBO TOYKM TOMOJIOTMIECKOTO TPOCTPAHCTBA HA3BIBA-
eTCsl TUINYHBIM 110 B3Py, eciim MHOXKeCTBO TOYeK, 00IaJal0NUX STUM CBOMCTBOM,
COZIEPKUT BCIOAY TJIOTHOE MHOXKECTBO ThTa G5 (TI0/T KOTOPBIM MTOHUMAETCS TIEPECe-
YEHME CIETHOH TIOCJ/IEIOBATETLHOCTH OTKPBITHIX MHOXKECTB). Toukn, ob1amaomue
THUIINIHBIM CBOI‘/JICTBOM7 6y,HeM TaK>K€ Ha3blBaTh THUIINYHbIMHA.

TEOPEMA 2. Cywecmeyrom makue noanoe mempuyeckoe npocmparcmeo M
u nenpepvisroe omobpasicenue A(-,-): M xRT — EndR", wmo 6 munuumnoti mou-
Ke mroorcecmea M omeymemeyem noaynenpepueHocms chudy Kaotcdot u3 Pymk-
yuti 1° u 2°, a MHOJICECTNE0 MOYEK HEMPEPBEHOCTU Ka2icol u3 amur Pynwyul
nyemo.

TEOPEMA 3. Cywecmeyom makue noanoe mMempuseckoe npocmparcemeo M
u nenpepwvieroe omobpasicenue A(-,-): M x RT — EndR", wmo 6 munuwnot mou-
Ke mroocecmea M omeymemeyem nosyHenpepseHOCMb CEEPTY Kaxncdol u3 Pymx-
yul 1° u 2°, a MHOJCECTNBO MOYUEK HENPEPLLEHOCTNY KaH#cI0T U3 IMULT GyHKyul
nycmo.

Teopemst 1-3 pewaror 3azaqy [1].

Crucok Jureparypsl

[1] Muasuornwuros B. M. 3anaun o crabunusanuonHbix nHnekcax // uddepenn. ypas-
Henus. 1993. T. 29, Ne 11. C. 2017.

O npoo/IKUMOCTH pelIeHuil HeJIMHEMHbBIX
anredopo—and dpepeHIaaIbHbIX CUCTEM
Ilernosa A. A. (Hacruryr qunavuku cucrem u reopun ynpasiaeauns CO PAH,
Poccust)

PaccmarpuBaercs cucremMa HEJTMHEHHBIX OOBIKHOBEHHBIX (D dePeHIMa TbHBIX
ypaBHEHHUH

F(t,z(t),2'(t)) =0, t€R = (~o00,+00), (1)
rue z(t) — mckomas m-MepHas BeKTOD-MYHKIMS; n-MepHas BeKTOP-DYHKIHs
F(t,z,y) onpenenena ma npamom npomssegenun R X R™ x R™; det %j’y) =0.

Cucrembr Takoro poga nassisaorca anredpo—muddepenmmansapivu (AC). Me-
poit HepazpenierHocTH AJIC 0THOCUTEBHO TTPOU3BOIHOM CIIYKUT I1eJI0YNCIIEHHAS
Bequmuamnua 1 : 0 < r < n, Ha3bIBaeMas WHIEKCOM.

Bomupoc 0 Heorpanuyennoil upojoszkumoctu pemenuii neauneitnbix AJIC Bu-
ma (1) mamekca Hepa3pemeHnHoCTH GOJIbIIE eNHUIBI B HACTOAIEE BPEMS OCTAETCS
OTKPBITBIM. DTO OObACHIAETCS ABYMs OCHOBHBIMU IIPUYUHAMMU.

Ussecren caenyomuii noaxos [1-3] kK 40ka3aTebCTBY TEOPEMBL O CyLIECTBO-
BaHum penrenus 3amaun Kommu z(tg) = zo. Crpourcst cucrema Buaa

U
z'(t) = f(t, 2(t)), (2)
koropas sxksusajgenraa AJIC (1) B cmbicie pemenusi. Cucrema (2) oupexnesena
B HEKOTOPO# OKPECTHOCTH HAYAILHON TOYKT (to, To), TIOCKOIBKY TIOTy9IaeTCsa KaK
9aCTh KOMIIOHEHT HESBHON (DYHKITHH, YAOBIETBOPSIONIEH r-IIPO/IOIKEHHON CrCTe-
me. ITog r-nponomkennoii cucremoii MoxHO norumars coBokynuocrs AJIC (1) u r
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€€ TIOJTHBIX MTPOM3BOJHBIX TI0 ¢, PACCMATPUBAEMYIO B KAY€CTBE CUCTEMBI KOHEUHBIX
yPABHEHHil ¢ He3aBUCAMBIME TepeMenHbvn ¢, ¢, «, x” ..., 2"+,

Jna amanm3a npobseMbl NPOAOJIKMMOCTH HYKHO, 9100l dynkmma f (¢, x)
ObLta ompenesena Bcogy B R X R™. Takum 06pa3oM, miepBas U3 MPUYAH CBA3A-
Ha ¢ HEOOXOIMMOCTBIO UCIIOJIBb30BAHMA JIJIsT HAXOKICHUs CUCTEMBI (2) HEKOTOPOTO
7100/ IbHOTO BAPUAHTA TEOPEMBI O HESBHON (yHKINN.

Bropas mpuumHa cBa3aHa ¢ TeM, uTo ¢yHkims f({,r) 3aBeIOMO IOJIKHA
YIOBJIETBOPSATH HEKOTOPOI ONEHKE, OTPAHWIUBAIONIEH CKOPOCTh M3MEHEeHus (TIpo-
M3BOAHYIO) pelenus ypaBHenus (2) Takum 06pa3om, 9T06bl HOPMa TOrO PEIIeHnst
He MOTJIa CJIeJIAThCsT HECKOHEYHO GOIBITON 32 KOHETHOE BPEMSI.

B pabore 3Tm TpyaHOCTH OBLINM IIPEOIOJIEHBI, W ObLIA JOKA3aHA TeOpeMa O
HEOTPAaHUHIEHHON npomoskuMocTu peurennii memmueiinoil AZIC suna (1) npowus-
BOJIBHO BBICOKOTO MHIEKCA HEPA3PEIIeHHOCTH.

Pabora BeinosiHena npu nomuep:xkke PO®I, rpanr 10-01-00132, u CO PAH,
Mexaucrmmimaapabiilt uaTerpanuoHabiil mpoekt 107, MaTerpamumoHHbl mpO-
exT 85.

Cnucok JuTeparypsbl

[1] Yucmaxos B. @., [eanosa A. A. I36paHHble rIaBbl TeOPUH alaredpo-auddepeHnnab-
wbix cucrem. Hosocubupcek : Hayka, 2003.

[2] Brenan K. E., Campbell S. L., Petzold L. D. Numerical solution of initial-value
problems in differential-algebraic equations (classics in applied mathematics; 14).
Philadelphia: STAM, 1996.

[3] Kunkel P., Mehrmann V. Regular solutions of nonlinear differential-algebraic equations
and their numerical determination // Numer. Math. 1998. Ne 79. P. 581-600.

IIpuGnamkenunie popmyJibl st 3P PEKTUBHBIX MOAYJIEN KOMIIO3UTOB U
OLIEHK! WX MOT'PEIIHOCTHU
Ormmr M. 3. (MI'Y umenn M. B. Jlomonocosa, Poccms)
Sky6enxo T. A. (Uacturyt mexamnkn MI'Y, Poccus)

Jns Berancierns: 3bdekTUBHBIX MOIyIell KOMIIO3UTOB U MOPUCTHIX CPEJ Ie-
PUOAMYECKOM CTPYKTYPBI B Ciydae, KOI/ia OTHOLIEHHE ¢ MacIiTaba HeoIHOPOIHO-
CTH K IJI00aIbHOMY JIMHEHHOMY MAaCHITAa0y MPOIECCAa MAJIO, MOXKHO HCIIOJIH30BATH
MeTOJ ABYXMACIITAOHBIX aCHUMITOTUYIECKNX pa3sioxkenuil o €. IIpu srom mrs na-
XoxKaenns BeaudnH 3(PdEKTUBHBIX MOIy/Ieil Tpedyercs pellleHre TaK Ha3bIBae-
MBIX 33724 Ha ddelike. [[71g cpesr CI0XKHOU CTPYKTYPHI PElIeHnsd 3aa9 Ha TIeiKe
MOXKHO IIOJIyIUTb TOJIBKO HUHC/IEHHO, IIO3TOMY sIBHBIe DopmMynst mis dddexkTus-
HBIX MOAy/ell orcyrcrByioT. B aToil pabore npuBOAMTCH BBIBOJ IIPUOJIMKEHHDBIX
aBHBIX (opMyst 1i1st 3b eKTUBHBIX K03(DDUIMEHTOB TENIOIPOBOSHOCTH U YIIPY-
TOCTH KOMIIO3UTOB ¥ IOPUCTBIX CPeJI CIENNAIbHON CTPYKTYPBI, B OIIMCAHUN KOTO-
PBIX, KPOME €, IIPUCYTCTBYIOT JIOILOJIHUTEIbHbIE MaJible IIapaMeTpsl. JJoka3pBaer-
Csl, 9TO TOTPENIHOCTh 3TUX (POPMYJI CTPEMHUTCS K HYJIIO IIPU CTPEMJIEHUH K HYJTIO
JIOIOJTHUTEIbHBIX MAJIbIX apaMerpoB. s onpeseneHus n UCC/IeI0BAHUS BeJIU-
9UHBI IOIPEUIHOCTU ABHBIX (POPMYJI B C/Iydae MAJIbIX, HO KOHEUHbIX 3HAYEHUN € U
IOTOJIHUTEIBHBIX IAPAMETPOB IIPOBOIUTCS BhIUHCIeHNE 3DDEKTUBHBIX MOIYIei
C IIOMOINBIO PelreHus 3a7ad Ha sdeiike U I0/Iy<YeHHbIE BETUYINHBI CPABHUBAIOTCS
C PACCYUTAHHBIMHU 110 SBHBIM IPUOIMAKEHHBIM (HOPMyJIaM.
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Pabora Boimosmena npu moggep:xkke PODI, rpamrsr 09-01-00625a, 11-01-
00188a.
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[1] Axybenxo T. A. DddexkTuBHbIE XaPAKTEPUCTUKU TPEXMEPHOM MOPUCTON Cpeapl Crenu-
anbHOU cTpykTypbl // ZK. Bbumca. marem. u marem. ¢us. 2002. T. 42. Ne 1. C. 89-100.
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[3] Deaum M. 3., Axybenxo T. A. O6 >ppexTuBHBIX MOLYIAX HEOTHOPOAHBIX CPEJ, XapaK-
TEePU3yHLMXCS HECKOJIbKHMU MaJIbIMH nanaverpavu // Mexanuka rBepnoro tema. 2011.
Ne 1. C. 103-113.

AcuMmrToTnydeckuii aHaJnu3 ypaBHeHUs: U@ y3UU-IIOTJIOMIEHUS C
OBICTPO U CHJIBHO OCUHUIJIMPYIOIUM KO3(hdUIMEHTOM IIOrJIOIEHNST
Sunbepr A. E. (Hacturyt maremarnkn u mexaanku YpO PAH, Exarepunoypr,
Poccns)

PaccmarpuBaercs ypasuenue ['ebMrosibia ¢ 65ICTPO OCIMILIMPYIOMINM KO3dh-
duUIMeHTOM IOTJIONIEHNST M IIOCTOSTHHBIM Ko3ddurmentom orpaxkenus. OHO MO-
[leJIMpyeT IMOIJIOIEHUE CBETa B CPEJax, COAEPKAIMX [IEPUOIUIECKOE MHOXKECTBO
TOHKHUX COCYIOB KpoBHU. Ilpesmosiaraercsi, 9T0 MOTJIONIEHNE TPOUCXOIUT TOJIHKO
BHYTpH 31X cocyaoB. KoaddurumenT orpakenus: mpenoaaraeTcs moCTOSHHBIM,
B TO BpeMsl KakK KO3 UIMEHT [TOTJIOMEeHs IPE/III0JIaraeTCs MaJIbIM Be3e, KPOMe
MHOYKECTBA MMEPUOJUTIECKUX TOHKHX ITOJIOC, MOJEJUPYIOMNX COCYIbI KPOBH, TIe
K03b uIMeHT TOrIoNeHnsT PaBeH OOJIBIIOMY mapaMeTpy w. B 3amade mmerorcs
[IBa IPYI'UX apaMerpa: € — OTHOUIEHHE PACCTOSHMs MEXK/Iy OCIMU COCY/I0B K Xa-
PAKTEPHOMY MAaKPOCKOIIUTIECKOMY pa3Mepy, U ¢ — OTHOIIEHWEe TOJIIIUHBI TOHKUX
cocymoB Kk niepuogay. Oba mapamerpa € u § IPEIOIaralOTCs MaIbIMU.

OpHOMepHas [IOCTAHOBKA:

—u" +q (g) u= f(z), £€=uz/e,

5
w, 0<£<§7

5 5

q€)=40, -—<ét<1-—

2 PX

§

PaCCManHBaIOTCH TPpU IIOCTAHOBKU 3aJaYU: Ha BCel ocu R, C IepuoaIuvIeCKUMUn
TPAHUYHBIME YCIOBUSMU, U KpaeBas 3aada Jupuxite.

Kraccuaecknit MeTon ocpesHeHns IPUMEHUM TOJIBKO B CJLydae 2ws — 0,
w6 — 00, TOTIA KAK TIPH £2wd — const umm e2wd — 0o OH He PabOTAET, U IOCTPO-
eHMe aCUMIITOTUYECKUX MPUOIUKEHUN ObLJI0 OTKPBITOM IIPOOIEMO.

CTpOI/ITCH u OﬁOCHOBbIBaeTC?I ACHUMIITOTUYECKOE pelleHue B BUIe

(2) | o x
u= Y + kZ:OEka (g) D*v.
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JIByMepHad IIOCTAaHOBKA:
%y O%u 1 _
“o2 " 0a2 + (?) u= f(x1,x2).
CTponTcs aCUMITOTHYECKOE DEeIIeHre B BUIE
oo
= M + Z Ek+2ij’2j ($1/€)Dk’2jv($1, 322).

k,j=0

w

Crucok Jureparypsl
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O cmemaHHOU 3aga4e uisi HeJinHelHOro auddpepeHnaIbHOro
YPABHEHUsI B YACTHBIX [IPOU3BO/IHbIX YE€TBEPTOro IOPsiIKa
KOnpames T. K. (Cubupckuii rocygapcrBeHHbLE a9DOKOCMHYICCKHE YHHBEPCUTET,
Poccnst)

B obmactu D paccMaTpuBaeTCst ypaBHEHHE

2 0 \?
(5 - o) ulta) = F((tavu(t.a) )
C Ha4aJIbHbIMU U I'DAHUYIHbIMA yCﬂOBI/IHMI/I
u(tvx)|t:0 = p1(x), u(t, x)'t:O = p2(x),
_ _ (2)
Utt(t,&?)'tzo - @3($)a utti(tv x)|t:0 - 904(1.)5
U(t, m)'z:() = u(tax)lz:l = uII(tvaz:O = uIi(tv x)|z:l = Oa (3)
vae f(t,z,u) € O(D x R), pi(x) € C°(Dy),
@i(@)|,z0 = @i(@)|,oy = ‘Pé/($)|x:0 = ‘pél(x)hc:z =0, i=14,
D =Dr x Dy, Dr = [O,T], D, = [0,[,], D = [O,l], 0<l<o0,0<T <o0.
PaccMaTpuBaeTCs BOMPOC OJHO3HAYHON Da3permuMOCTH CMENTaHHON 3a1a9u
st HemmHeRHOTO aud HepeHIMaIbHOTO yPABHEHHs], COMEPIKAINEr0 KBAIPAT TH-

11epOOJITIECKOTO OLepaTopa B JIEBOil 9acTu ypaBHeHUs. UlmmeM penreHne cMemraH-
Hoit 3amaun (1)—(3) B Buge psga Dypse [1]

u(t,z) = an(t) - bu(x), (t,7) € D,

2
rae bn(z) = \/;sin)\nx, An = nl—ﬂ-, n=12,...

OTmeTnM, 9T0 OOBIMHAS METOAWKA PA3MEICHUS TIEPEMEHHBIX B CIIy9ae ypaB-
merna (1) He mpUMEHMMA, TO €CTh IEPEMEHHBIE B 9TOM YPABHEHUH HE PA3IE/IAIOT-
ca. Bosiee Toro, npumenenune pana @ypbe mo3BOJET HAM B OTJIMYUE OT APYTUX
pa6or (cm. Hamp. [2, 3]) oTKa3bIBATBHCSA OT HempepblBHON auddepeHnnpyemMocTn
npaBoil HemmEeHON yacTn ypasuerns (1). Kpome Toro, Takoil moaxom mo3Boser
HaM Ha OCHOBE NIPUHATHUS MHTErPAILHOIO TOXKIECTBA CBECTH CMEIIAHHYIO 3aJady
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K CYeTHOI CHCTeMe HeJMHEHHBIX MHTEeIPAJIbHBIX yPAaBHEHUN, OJHO3HAYHASA pa3pe-
HIMMOCTH KOTOPOH JOKa3bIBAETCH METOIOM IIOC/IeJ0BaTe/IbHbIX npubxkernii. C
TIOMOINBIO IPUHATOIO MHTErPAIBLHOTO TOXKIECTBA JTOKA3BIBAETCS CXOIUMOCTH IIO-
JTydeHHOrO pana DPypsbe.

Crnucok JauTepaTrypsbl

[1] IOadawes T. K. YpaBHeHHS B 9ACTHBIX IPOU3BOAHBIX YeTBepTOro mopaaxka. Omr: Oml-
IOWU, 2010. 136 c.

[2] Yepuamun B. A. O6ocuosanune meroga Pypbe B CMEIIAHHON 3aade /s yPAaBHEHHH B
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O6parHas 3aja4ya [Jisi ypaBHEHUsS C OIIEPATOPOM
JlaBpenTbeBa-Bunanase ¢ nByMs HeJIOKAJIbHBIMU I'PAaHUYHBIMU
YCJIOBUSIMHU
FOmnycosa I'. P. (Camapckunii rocyAapCTBeHHBIH apXUTEKTYPHO-CTPOUTETHHBIE
yausepcuret, Poccust)

Paccmorpum ypaBuenue ¢ oneparopoM JlaBpenTbeBa—buranze ¢ Hen3BecTHOM
IpaBOil IacCThIO
Lt = tgs + (sign y)uy, — bu = f(x) (1)
B npsimoyrosbHo# obmactu D = {(z,y) |0 < 2z < 1,—a < y < B}, tme a > 0,
B >0, b > 0—3amaHHble NeHCTBATEILHBIE YHCTA.

3aga4A 1 (O6parnast 3anada). Haiditu B o6mactu D dyukuum u(z, y) u f(x),
YIOBJIETBOPSIOIIYE CJIEAYOMUM YCIOBHSIM:

u(e,y) € CH(D) N C*(D_ U Dy); (2)

f(z) e C(0,1) N L[0,1]; (3)

Lu(z,y) = f(z), (z,y) € D-UDy; (4)

u(0,y) =u(l,y) =0, —a<y<p; (5)

u(z, —a) —u(z,8) = p(z), 0<z<1; (6)

uy(z, —a) —uy(z,B) =P(z), 0<z <1 (7

u(z,—d) =g(z), 0<z<1, —a<-d<0, (8)

rre p(z), ¥(x), g(z) —3amannble gocrarouno raaaxue dbyukuum, ¢(0) = p(1) =0,

P(0) =v¢(1) =0,9(0) =g(1) =0, Dy = DN{y > 0}, D- = DN{y < 0}, d>:0*

3aJaHHOE JIEHCTBUTEILHOE TIUCTIO.

Panee KpaeBble 33/1a4i C YCJIOBUSIMY TIEPHOJUYHOCTH BIOJb ocu y = 0 m3y-
gammck B paborax [1, 2]. B mannoii pabore mia ypasrenus (1) B mpaMoyrobHON
obaacru D usyvena o6parnas 3aga4a (2)—(8) ¢ 4ByMsi HEJIOKAIbHBIME yCJIOBUSAME
(6) m (7), KOTOpPBIE CBA3BIBAIOT 3HAYEHUST MCKOMOTO PENICHUS W €€ TPOM3BOIHOM,
NPUHA/TIEIKAAX PA3HBIM TAMAM PACCMATPUBAEMOTO ypPaBHEHUs. 37€Ch HA OCHO-
Banuu paborel [3] ycranos/sien Kpurepuii € JMHCTBEHHOCTH M METOAOM CIIEKTPAJIb-
HBIX PA3JIOKEHWI PENIeHne TIOCTPOEHO B BUE CYMMBI Psifia TIO CHCTEME COOCTBEH-
HBIX (DYHKIMH COOTBETCTBYIOINIEH OTHOMEPHOM CHeKTpaIbHON 3amaun. Jlokazamna
YCTOMYUBOCTD pelieHns 110 rpanudnbiM ycosusM (6)—(8).
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O BoccTaHOBJIeHNN AU PepeHTNATBHBIX TOJINHOMUAJIBHBIX IIyYKOB
FOpko B. A. (Caparoscknii rocyaapcTsennsiii yausepcuret, Poccns)

Paccmorpum kpaesyio 3amady L Buga

-y +aq(x)y=Xy, ze(0,7), gq(z)e L(0,7), (1)

Ue(y) := Rer(M\)y (7€) + Reo(Ny(n€) =0, £=0,1, (2)
Tek

Rer(A) =D Rew A7, £k=0,1, rex >0. (3)
j=0

Ilycrs nma oupenmenennoctu 1¢1 = 1¢o > 0, € = 0,1, Reio = 1. Yepes
7, = {ZkS}s:m o6ozuasmm Hymm Rox(N), k = 0,1. Ilycte ®(x, \) — pemenne
ypasuenus npu ycaosusx Up(®) = 1, Ui(®) = 0. Iomoxxum M (A) := @(0, A).
Dyukuus M (\) HazsBaercst gynryuetd Bedas nius L. Ilycrs { A, }n>0 — cobcrBen-
Hble 3HaYeHus L kpataOoCcTEH My (An = Ang1 = ... = Aptm,—1). [lonoxum

S:={n: -1 # M}

TEOPEMA 1. Cnpasedauso npedcmasaerue

N Mo
M) = ZS Z;) m7 (4)

20e My, — Kosdpuyuenmo, 2aaenot wacmu pada Jlopana daa M(N) 6 oxpecm-
HOCTNU NOAIOCA Ay, .

MmuoxecTtBo (2 = {)\n7Mn}n20 HA30BEM CHEKTPAJbHBIMU JaHHBIMU s L.
Uccnenyerca obparnas 3a1a9a BOCCTAHOBICHUS MOTEHIHMANA ¢(Z) MO CHEKTPasIb-

HBIM JAHHBIM IIPDH YCJIOBHH, UYTO ), = {st}szﬁ’ k = 0,1, n3BecTHHI.

TEOPEMA 2. 3adanue cnexmpasvhos darnnuz Q = {An, My }n>0 00r03HauHO
onpedeasem NOMERUUAL U KOIPPHuyuermo, Kpaesvs Yycaosud.

Metom 10Ka3aTeIbCTBa ABASETCS PA3BUTHEM METOA CIIEKTPAJIbHBIX 0TOOpa-
xenwil [1] u maeT KOHCTPYKTUBHYIO IPOLEAYDPY PeleHus o6paTHOM 3ama<m.
Pabora BeImosiHeHa mmpu moepxkke Poccniickoro dhonma GyHIaMeHTATBHBIX
nccenenoBannii w HarmmonasmbHoro maywnoro cosera TaitBams (mpoektsr 10-01-
00099 u 10-01-92001-HHC).
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[1] FOpxo B. A. Beenenue B Teopuro 06paTHBIX CIeKTpaabHbIx 3aza4. M.: Hayka, 2007.

DddekThl PUIBTPAIMOHHOrO TE€YEHUsI B MIOPUCTHIX Cpelax
SkoBnes A. A. (Ydumcknit rocynapCcTBeHHBIH aBHAIIMOHHBI TEXHHICCKHI

yuusepcurer, PH-YdaHUIIHuedrs, Poccus)

IIpu u3ydennn BHITECHEHUs! (DPJIIOWIOB B TOPUCTON Cpeae CYIIECTBEHHBI BO-
IIPOCHI CJIOZKHOCTH TTPOBOIMMBIX TIOCTPOEHUH, BEIYUC/IEHUM U YCTOWIHUBOCTH MIOJTY-
4eHHBbIX penieHuil. JacTo HAa MPaKTUKE JaHHBIE BOIPOCHI ACCOIMUPYIOTCH C IIPO-
cTeivu, “GpicTphiMu” mByMepHbIME (2D) W CI0KHBIME, “MeIIeHHBIMA’ TPEXMep-
aeivu (3D) momenavu. OHAKO, BBULY OTCYTCTBHUS QHAJTATHIECKOTO DEIIEHUS 3a-
naun duabrpamuu B 2D u B 3D, Bo3HHKaeT HEOOXOIAMMOCTH YUHMCJIEHHOTO MO/Ie-
JINPOBAHWS, ¥ KaK CJIEJICTBHE, BOMPOC OIPEIESIEHNs TapaMeTpPOB CETKM, ee pa3-
MEpOB, THUIA, W 3aJaHud B HEH Quibrpanmmonno-eMmkocTHBIX cBoiicte (PEC). B
Cilydae eci JIMHEeHHblE Pa3Mepbl HEOQHOPOAHOCTHU I1JIaCTa MHOIO MEHbIIE XapaK-
TEPHBIX PA3MEPOB MCCIEIYyeMOTO 00beKTa (HATpUMep, PACIETHON S9eiiKN CeTKH,
3JIEMEHTa pa3pabOTKM), BO3MOXKHO OCPETHEHHE CBONCTB TIOPUCTOH CPEMbl, OIpe-
nenenne ee 3(H@GEKTUBHLIX XapaKTEPUCTUK HAa paccMarpuBaeMoMm obbekre. Ilpu
Te0JIOTO-THIPOINHAMUIECKOM MOJEIMPOBAHUN PA3PAOOTKM MECTOPOXK IEHUN TaH-
HBII BOIIPOC SIBJISETCS BazKHBIM, TOCKOIbKY PEC macta 3amanbl HETpephIBHBIM
cay9aiiapiM 06pa3oM (IOCPenCTBOM re0CTOXaCTUIECKOrO MotenpoBanust). Bosee
TOTO, 331214 OCJIOXKHSIETCS HeJOCTATOYMHO PA3BUTHIM MATEMATHIECKUM AIapaTOM
OCpeJHeHUs IIPOIECCOB B CIydaiiHbix cpemax. Hampumep, npu onernke addexTus-
HOM NPOHUIIAEMOCTU CJLy9YaiHbIX CPE/l JaKe BOIPOC IIOJI0KUTEIHLHOCTH TEH30Da
TIPOHUIIAEMOCTH MOYKET BBI3BIBATH OOJIbINNE 3aTPyAHEeHNs. B qacTHOCTH, 1715 9TOTO
HeoOX0 MO mpeonpeenenrne hakTa CBAZHOCTH CJIyYalHON CTPYKTYPbI, KOTOPOE
B CBOIO O4Yepelb ABJIAETCI HEPEIIeHHOU KJII09eBOIl 3a/adell Teopuu MEPKOIAAN.
Ou3ndecky PN 3aBOJHEHNN TJIACTA BO3MOXKHO BO3HMKHOBEHHE HEYCTOWIHNBOCTHU
G poHTa BhITECHEHUs ¢ 00pa30BAHUEM ,,IIPOPHIBOB BBITECHAIOIIETO areHTa OT Ha-
CHETATEJIbHBIX CKBaXKuH K 06biBatomumM. Janubii dhakr cBa3aH C NPOHUKHOBE-
HueM (32 CYeT Cay9vaifHbIX BO3MYIIEHWI) 9acTur 60jee TOABUKHOTO (BJIIONIA B
00671aCTh, 3aHATYIO MEHEe MOJBUKHBIM (DIIIOUIOM, TIPU ITOM JIBUKEHUE YACTHI],
yckopserca. Ecmu 6ostee monBuzKubIi (BIIIONI ABIAETCA BBITECHAONIUM, 3TO MO-
JKET TIPUBECTH K PAa3paCcTAHUIO BO3MYINEHUI (BO3HUKHOBEHWE BI3KUX ITAJIBIIEB).
Pasuuna B NoaBUKHOCTIX, PA3JINIHOE HAYAIHLHOE HACBIIEHUE U CaMa CJIydalHas
cpeia maacTa yCJIOXKHAIOT Iporece GUIbTPAIAA U MOLYT BJIUATH Ha KO3bdum-
ent ussneuenns Hedtn (KMH). Takum o6pa3om, ipu ompeesiennu 3bdeKTHBHBIX
(ocpemHEHHBIX) XapaKTEePUCTUK TTAcTa (B TOM €mcie, mpu nepexoae w3 3D B 2D
WM yKPYIIHEHUH CETKHU) HEO6X0auMO 3a00TUTHC O COXPaHeHnU Poja dhuibrpamny-
OHHOTO TedeHnsi. B paboTe pacCMOTPEHBI BOIIPOCHI OIMCAHUS CIIyJIafHON CPeIbl C
TOYKY 3PEHUs BBITECHEHU: (MOCPEICTBOM JIMHUI TOKA) U TeoMeTpru (FIepe3 Tomo-
JIOTMHECKHUEe, TeOMETPUIECKUE U IIEPKOJIANUMOHHbIE Xapakrepucruku). Paccmorpe-
HBI HEKOTOPBIE KJIIOUYEBbIE 33Ja9H OCPEIHEHUS CIIyIalHbIX U IIePUOTAIECKIX CPEI.
Tlosnyuensr HoBbIE 3 dEKTH DUIBTPANMOHHOTO TEYEHUS B CIYIANHBIX W OIHO-
ponubix cpemax. Ilokazano Bo3MOkHOe yBesimdenue Kodbdumumenra n3B/IeI€HUAT
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He(TH B HEOTHOPOIHBIX CPEIaX MOCPEICTBOM CO3/IaHUsS TOYEUHBIX BO3MYIIEHUIA
(G poHTa BHITECHEHHS Ha HAlHETATEIbHBIX CKBAYKHHAX.

IIpo6aema II. JI. YebbimeBa 06 MHTErpaabHBIX HepaBeHCTBaxX (c
[IOCTOSIHHBIMH IIpeJe/laMy MHTErPUPOBAHMs )
SIky6os A. 4. (Hewenckwii rocyzapcrsennsiii yaupepcurer, Poccns)
sdxy6os 4. A. (Tarectauckuit puman OAO Pycl'mapo, Poccrst)

B 1882 r. I1. JI. Yebsties [1] mjist MHTErpaIbHBIX CPEHAX 3HAUEHUI (HyHKIMI
f, gu f+g nonydan uaTerpasbHOE HEPABEHCTBO

</abfgdt)//abdt>(Lbfdt~/abpgdt)/</;bpdt)27 (1)

ecim obe dynknmu f m g Bo3pacrtaror mim obe ybmiBarorT Ha [a,b], m obpaTHOE
HEPABEeHCTBO, eciu oaHa GyHKIUs BO3pacTaer, Apyras yObiBaer Ha [a,b]. Hepa-
BercrBa (1) BeI3BAIM OCOOBI MHTEPEC MHOTHX MAaTEMATHKOB Beero mupa, (IL1. IIu-
kap, [II. OpmuT u T. 1) B CBA3M C MHUPOKUMHU BO3MOKHOCTSIMU WX MPHJIOKEHHAS,
M PellaJIMCh BOIPOCHI PACIPOCTPAHEHUs UX Ha 00Jiee NIMPOKUe KJIACChl (yHKIMiA,
9eM KJIACC MOHOTOHHBIX (hyHKIIHIA.

B pabore maercs ommcanme BCceX M3MEPUMBIX (DYHKITHN, 71 KOTOPBIX UMEIOT
MeCTO HepaBeHCTBa lebblinesa.

IIycts Q° — n-mepmsiit Gpyc B R™.

OnNPEJENEHUE 1. Bynem roBopurs, 9yto usmepumsbie Ha 6pyce g, GyHKIMN
f u g uaTEerpasbHO CUHXPOHHBL HA (g 5, €C/u KBagpaTudHas Gopma

() = / / PP — F)llg(t)u — gly)] didy

SIBJISIETCS TIOJIOXKUTEIFHO ONPEIe/IeHHOM Ha {4 p, M MHTEIPAIHLHO AaHTHCHHXPOHHBI
Ha Qqp, €cim KBagpaTudHas Gopma

Blu,v) = / / PP O — F)ulla(tu — gly)] didy

ABJISIETCS T10JI0XKUTEIbHO OlLPe/iesIeHHOl Ha (g p /IS BCEX HETPUBMAJIbHBIX h =
h(u,v) € R2.

TEOPEMA 1. /Jlaa mozo, wmobu usmepumoie 1a g p pynruyuu f u g ydosae-
MEoPANU NPAMBLM (06pamHbim) Hepasencmeam debviuesa, Heobrodumo u docma-
mouno, wmobw, Pynxyuu f u g ObAU UHMEZPAADHO CUHTPOHHY (COOMGEMCMGEEH-
HO, AHMUCUHTPORHY) Ha Qap [2].

Ora pabora BbinoaHeHa Tpu noaepxkke PO, rpant 08-01-00441.

Crnucok JuTeparypsbl

[1] Yebuwes II. JI. O npubanKEHHBIX BBIPAYKEHHUAX OJHUX MHTETPAJIOB Ye€pe3 Apyrue, B3sd-
TeIe B Tex ke npenenax // Coobui. u nporok. 3ac. Mat. 06m. npu XapbkoBckoMm Mwmm.
Vuus., 11, 1882, 93-98.

[2] Yakubov Ya. A Convolutions of weakly sinchronous functions // Integral Transforms and
Special Functions, 8(3-4): 287-298, 1999.
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JIuHeiiHble 0OBIKHOBEeHHBbIEe guddpepeHralbHble YPaBHEHUS BTOPOro
HOPsSJKA C HEKJIACCUYECKUM IIOBEJEeHUEM pelleHui
SIky6os B. 5. (MockoBckuii rocy1apCcTBEeHHBIN HHCTHTYT JIEKTPOHUKH H
maremaruxu, Poccus)

U3BeCTHO, 9TO JIMHEHHDBIE YPABHEHNA BTOPOTO TOPSKA PA3TUIHBIMHU CITOCO-
G6amu (cM., mHanpumep, [3]) MOKHO mPHBECTH K TaK HA3BIBAEMOMY CTAaHIAPTHOMY
suny y” +a(x)y = 0, KOTOPHI, B CBOIO 0¥epeh, mpu a(z) > 0 TPUBOIATCS K BUILY

"
Y+ (1+ p(a))y = 0. (1)
Jlo TpUAIATHIX TOJIOB JIBA/IIATOI0 BEKa CUUTAJIOCH, YTO €CJIM BBITIOJIHEHO YCJIOBUE

lim ¢(z) =0, (2)
T —r 00
TO BCe perrenws ypasHeHus (1) orpaHwYenHsl m, CiaemoBaTenbHO, ypasrenme (1)
yeroitamso. B 1929 roxy II. @ary [1] maxe onyG/mKOBaI AOKA3ATEIHCTBO YTOTO
dakra, omHaKO OHO OKa3aI0Ch ommbouHbIM, 160 B 1930 roxy O. Ileppon [2] mo-
cropoms ypasuenne Buga (1) ¢ ycrnosuem (2), pemenme KOTOPOro Bemo cebsa mpm
T — 00 KakK /T u, TakuM 00Pa30M, HE ABJIAIOCH OrPAHMIEHHBIM.

Ham ymamocs moctpouth ypasuenwst Buga (1), k03ddunmenTsr ¢ KOTOPBIX
YIOBIETBOPSIOT YCJIOBHIO (2), M 9T yPABHEHHs UMEIOT DEIEHUs, BhIPAKEHHBIE B
3/1eMeHTaPHBIX (DYHKIUAX, U MAKCUMYMBbI MOAY/IEH KOTOPBIX IIPU & — OO PACTYT
Kak JiorapudMIYecKasi, CTENIEHHAsI U JaXKe KaK IKCIIOHEHIMAJIbHAs (DYHKIUH.

OcCHOBHBIE Pe3Y/IbTATHL.

1°. Vpapuenwue

Yy + (1+ % (Sin?m— % (1+ alll_tl)cos4:r>>y:0,

rae t = 2z + sin 2z, mmeer pemrenme y = |Int|*~'Int cosx, t > 0, t # 1,
a > 0.
2°. ¥Ypasuenue

1’ . 2 _1
Y+ (1+ 87(1 (sm2x— ycos}x))yzo,

rae t = 2z + sin 2z, umeer pemenne y = t“ cosx, t > 0, a > 0.
3°. VYpasuenme

2 -1
Yy + (1 + t?i (sin 2x — pre <a + Lta > cos* x)) y =0,

rae t = 2z + sin 2z, umeer pemenne y = expt® cosz, t > 0,0 < a < 1.

BameHnss B UpeAbLIAYIIMX YDPaBHEHUAX cosz wma sin®z u wnonarasm

t = 2z — sin 2z, moIyYHM ceMeiiCTBa ypaBHEHHI, pelIeHns KOTOPBIX IO/Iydal0TCH
U3 COOTBETCBYIOIIUX PelleHnl ypaBHeHUH, TpUBeJeHHBIX BBIIIe, 3aMeHOI Cos T Ha
sin .
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[1] Fatou P. // C.R. Acad. Sci. Paris 1929. V. 189.
[2] Perron O. // Nachr. Math. Ges. Gottengen 1930. P. 28-29.
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Cucrema ypaBHeHUii OBU>KEHUs Bo3AyXa ¢ (pa3soBBIM I€PEXOA0M BOIbI
Smmava-@yxwnra X. (locymapcrsennniii yausepentet ['sipma, Amxup;
TI'ocymapcrsennstii yansepcurer Typun, Hramst)

MbI paccMaTpUBaeM CHCTEMY yPaBHEHHH, KOTOPad MOJETUPYET JIBUKEHHE
BO3ayxa ¢ (ba30BBIM MEPEX0IOM BOABI B atMocdepe (mmsa ommcarusa duzmaeckmx
mpoueccos, cM. [1]) MckoMbiMu GyHKIUSIME CHCTEMBI SIBJISIIOTCH CKOPOCTH BO3-
nyxa v(z,t), remneparypa T'(z,t), mnoraoctu cyxoro Bo3ayxa o(z,t), BOZIHOTO
mapa m(x,t), skuakoit Bogst o(m, x,t) u BogsHOrO Kpucrasia v(m, z,t) (m — mac-
ca KaIjlM WM JIEAAHOTO KyCKa), a masjerme p(x,t) m CKopocTh Kamneab u(r,t) m
JlensaHbIX KyCKOB w(x,t) onpenenaiorca dyHKIuIMU

p:p(g,W,T), u:u(m,v), w:w(m,v).
Hama cucrema COCTOUT U3 CHEIYIONMX YDPABHEHMIA:
(0+m) (0w + (v V)v) = nAv + (¢ +n/3)V(V - v)+

V- [/Ooo(cr(m) T+ u(m))dm + o+ 7| VE, (1)

(0 +m)co (0T +v-VT) =rAT — pV - 0+

ov; avj 2 o ov; 2
0 Z (8mj Ox; géz]V U)@ Vo

+Lnggl +LlsHls +Lgngs +E, (2)

Do+ V- (ev) = 0, 3)

o + V- (mv) = —Ha(T,m,0(")) — Hes(T, 7, v(")), (4)
Do+ V - (ou) + W — hgio + F(m, T, ,0,v), )
ow+ V- () + XN st G, T, 0,0), (6)

roe Hy, His, Hys — Ko/mdecTBa KOHIEHCALIUHU, OTBepAeHUA U cybmumarum, L,
Lis, Lgs — ckporroe renno, E — ucrounuk renna, hg = hg(m), hgs = hgs(m) —
KOJIM9IECTBA KOHJICHCAITMN W CyOIMMAIy Ha, KaTle W KpACTAJLIe Macchl m. Paso-
BBIH TEPEXO1 BOJBI OMPEIEIAETCA PAZHOCTBIO T — Tys (1), TAE Tys (1) — mmoTrOCTH
HACBIIEHAOTO TIapa.

MpbI f0Ka3bIBaeM CyIMIECTBOBAHWE W €IMHCTBEHHOCTDH JIOKAJBHOTO DENTeHUsT
sierko Moaudumposanuoit cucremsl ypasrenuit (1)—(6) (em. [2]; em. Takxke [3],
[4]).
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