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Chaotic attractors of certain dynamical systems
Belykh V.N.

Volga State Academy
belykh@unn.ru

In this talk several concrete dynamical systems having chaotic attractors
are presented. Particularly, we exhibit and discuss singularly hyperbolic
attractor for a map, quasi-strange attractor for a nonautonomous system
and wild attractor for a family of coupled nonlinear oscillators. This work
is supported by the Ministry of Education and Science of the Russian
Federation (agreement � 02.Â.49.21.0003).

Stabilization of cubic nonlinear equation's periodic
solution by delayed feedback control

Bogaevskaya V.G.
Yaroslavl State University
BogaevskayaVG@yandex.ru

We researched model equation with qubic nonlinearity that has following
form

ż = σz + γ|z|2z.
Here z(t) is complex-valued function; σ and γ are complex parameters.
In assumption, that given equation has unstable periodic solution, we

researched the issue of its stabilization by delayed feedback control. Two
types of control have been considered: with one and with two delays. They
have forms K(z(t+T )−z(t)) and K(z(t+T1)−z(t))+K(z(t+T2)−z(t))
respectively, where K is complex coe�cient of delayed feedback control and
T, T1, T2 > 0 are time delays chosen in such way to ensure the existance of
the initial periodic regime in a new system.

It has been shown that for some values of initial system parameters
stabilization is possible. For each type of delayed feedback control su�cient
and necessary conditions of stabilization have been analytically found. Also
we found borders of control parameters area which allow us to turn unstable
cycle into stable one. Furthermore, it was demonstrated that usage of the
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control with two delays gives considerable improvement and allows to reduce
area of initial system parameters for which stabilization is impossible.

Synchronization in ensembles of pulse coupled
integrate-and-�re oscillators

Maxim Bolotov1, Grigory Osipov1, Arkady Pikovsky2

1Department of Control Theory, Lobachevsky State University of Nizhny
Novgorod, Russia

2Institut for Physics and Astronomy, University of Potsdam, Germany
bolotov maxim ilich@mail.ru

Synchronization is a central mechanism for neural information processes
that connects di�erent parts of the brain. One of the most general and
relevant dynamical phenomenon observed in the mammalian brain is the
rhythmic coherent behavior involving di�erent neuronal populations. Many
models of pulse-coupled ensembles oscillators have regions in the parameter
space where the ensemble evolves neither to asynchronous state nor to fully-
synchronized one. These partially-synchronized states can be caused by
external in�uence on the ensemble, however, many ensembles oscillators may
evolve to partially-synchronized state even there is no external in�uence.
In this report the model of coupled ensembles oscillators is examined. Each
ensemble evolves to partially-synchronized state for certain parameter values.
Oscillators in the ensemble are pulse-coupled through a common �eld on the
"any-to-any connection"principle. At �rst we analyze the dynamics of single
ensemble oscillators. Depending on the parameters value, the dynamics is
characterized as incoherent, weakly coherent or strongly coherent, based
on the nature of the common �eld dynamics. During the examination of
the dynamics of the coupled neural ensembles having di�erent types we
investigate evolution modes of the common �eld and elements of ensembles
for various values of the coupling parameter. The mechanisms of transition
to frequency synchronization modes, generation and damping of the oscillations
in the common �eld of the ensemble, partial and clustered synchronization
of neurons in the ensemble are presented. In our analysis we use analytical
and numerical results.

Wave patterns in a neural network with competing regular
and irregular couplings
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Dmitrichev A.S.1, Nekorkin V.I.
The Institute of Applied Physics of the Russian Academy of Sciences

Lobachevsky State University of Nizhni Novgorod
1admitry@neuron.appl.sci-nnov.ru

Many real network systems from various �elds of modern science have
complex enough, irregular architecture of interelement couplings. There exists
a large number of studies on collective dynamics of such systems which are
devoted mostly to processes of partial (formation of clusters coordinated
oscillatory activity) and full synchronization. But how the irregularity a�ect
the wave processes is not clear enough.

We present some results on the study of spatio-temporal dynamics of
a ring of electrically coupled oscillatory Morris-Lecar neurons with extra
irregular set of (excitatory or inhibitory) chemical couplings. When there
are only the regular couplings the system produces so called �anti-phase
wave patterns� looking like the envelope solitons. They have the form of
spatiotemporal oscillations with a smooth localized envelope which propagates
along the system preserving its shape and velocity. We investigate how
this activity patterns evolve when di�erent kinds of irregular couplings
are added. To classify collective regimes emerging in irregular networks, in
addition to Kuramoto order parameter, we introduce a wave order parameter.
It indicates how close a regime to wave one. It is found that when a random
set of excitatory couplings are added the wave activity preserves only for
small values of their distributing probability and strength. A completely
di�erent laws are found when the irregular couplings are inhibitory. Here
the wave activity is observed for any value of couplings strength, but small
values of distributing probability.

This work has been supported by the Ministry of education and science
of Russian Federation and the Russian Foundation for Basic Research under
Grants (Nos. 12-02-00526, 13-02-00858, 14-02-00042, 14-02-31873).

High-frequency electromagnetic oscillations in excitable tissue .
Fomin L. B.

Specialised cardio clinical hospital
Nizhni Novgorod, 603950, street Vaneeva, 209 8(831) 4177790

ddeejj@yandex.ru
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Along with use of the initial di�erential equations of Hodzhkin-Haxley of
the fourth order (and their modi�cations), the equations of Ziman, Alonso-
Pan�lov of the third order for the description and operational analysis
excitable tissue (ET), etc. are used the equations of the Van-der-Pol-du�ng
(VDPD) the second order (Fitz-Hue, 1961).

Systems of VDPD are applied as a matter of convenience the analysis of
locomotion of variables (in particular, currents and strains in ET) and �eld
good resemblance under the form. To voltage, porosity with really measured
parametres of impulses in ET.

However, for example, in basic work of Fitz-Hue are not speci�ed time
rate in behaviour of variables at generation of self-oscillations, and frequency
characteristics of the conforming model of phylum VDPD were not considered.

In this connection, consideration of a range of vibration frequencies in
system VDPD in a self-oscillatory mode for an assessment of adequacy of
model of phylum VDPD to real locomotions of variables in ET is obviously
important.

For such analysis of systems VDPD it is convenient to pass to an equivalent
circuit of phylum of the generator on the tunnel diode (GTD), as locomotions
of currents and strains completely are described the similar equations.

Dependence of frequency period (in parametrical space of stability), for
example, from heatlosses where there is a frequency period upper bound
was considered analytically that corresponds 1 ms, or 1 khz.

It is shown, at work GTD (with real biophysical values parameters) in
space of steady self-oscillations frequency cannot be more low 1 khz and is
in a range (1 - 10000) khz.

It means that at work ET can provoke high-frequency (HF) electromagnetic
�eld which certain impact on functioning alive electicity excitable and unexcitable
tissue can make. Degree of such in�uence can be signi�cant, since voltage
of the conforming �uctuations 1 mv, i.e. order amplitude electrogrammes
of excitable frames of a tissue.

Lenses with distributed focus.
M.K. Galinsky

Society named after A.S. Popov
phoenix.michael@yandex.ru

Currently used laser cutters create a beam focused to a point and cut a
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wedge [1]. Thus it is necessary to maintain strictly distance from a lens to
the cutting material. There are also laser scalpels, focusing the beam to a
point [2]. In order to that the laser didn't cut and burns down further or
closer than some distance, focusing of a beam needs to be made distributed.
Lets function f(x) is distribution of power on axis OX.

There are described three types of lens, which can to focus laser beam to
the segment, and not point � analog of the Fresnel lens, optical inhomogeneous
plate and aspherical lens.

As result became equations, describing angle between surface of analog
of Fresnel lens, refraction coe�cient for inhomogeneous plate and form of
aspherical lens.

There are trends for use these lenses in laser surgery and cutting. There
is possibility to reduce liquid mass of metal during cutting, if focal distance
decreases with radius of elementary ring on lens.
References:
[1] Ëàçåðíàÿ ðåçêà // osvarke.com: Èíôîðìàöèîííûé ñàéò î ñâàðêå URL:
http://www.osvarke.com/lazernaya-rezka.html
[2] Ñ.Ì. Ñåìåíîâ. Ñîâðåìåííûå õèðóðãè÷åñêèå èíñòðóìåíòû. Èçäàòåëü-
ñòâî ¾Ïèòåð¿, 2013 ã.

Bifurcations in a �nite dynamical systems
Lev Glebsky
IICO-UASLP

glebsky@cactus.iico.uaslp.mx

Consider the dynamical system f : Zpn → Zpn, where Zpn is the ring of
residues modulo pn, p is a prime integer, and f de�ned as

f(x) =
(1 + p)x − 1

p
mod pn.

One can check that this function is bijective, so Zpn is the union of periodic
trajectories (cycles) of the form a1, a2 = f(a1), ak = f(ak−1), a1 = f(ak).
A cycle of the length k I will call a k-cycle.

If p > 3 is a prime then all cycles are pm-cycles, m = 0, 1, .... When one
pass from n to n + 1

• a pm-cycle with m 6= 0 turns to pm+1-cycle;
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• for a �xed point there are two possibilities:

� it splits to p di�erent �xed points or
� it turns to a p-cycle.

Well, all it looks like some kind of a bifurcation.
My motivation to study such problems comes from the group theory.

Particularly, it comes from the question if the Higman groups 〈a, b, w | b−1ab =
ar, b = w−1aw, w4 = 1〉 are so�c. The challenging problem here is to show
that some exponent-like maps have a small number of short cycles.

Nonclassical relaxation oscillations in neurodynamics
Glyzin S.D.∗, Kolesov A.Yu.∗, Rozov N.Kh.∗∗

∗150000 Yaroslavl, Sovetskaya st., 14, YSU, Math. dep.;
∗∗119899 Moskow, Leninskie gory, MSU, faculty of Mechanics and Mathematics

glyzin@uniyar.ac.ru; andkolesov@mail.ru; fpo.mgu@mail.ru

We consider a one-dimensional chain of di�usively coupled neurons with
Neumann boundary conditions.

εu̇j = vj−g(uj)+d(uj+1−2uj+uj−1), v̇j = a−uj−vj, j = 1, . . . , m,

(1)
where um+1 = um, u0 = u1, and d = const > 0. Assume that every
individual neuron is described by system

εu̇ = v − g(u), v̇ = a− u− v, (2)

where 0 < ε ¿ 1, a = const > 0. Let the following conditions take place.
Condition 1. There exists u = u∗ > 0 such that

g(0) = 0, g′(u) > 0 for u ∈ (−∞, u∗), g′(u) < 0 for u ∈ (u∗, +∞),
g′(u∗) = 0, g′′(u∗) < 0, a− u∗ − g(u∗) > 0.

Condition 2. For u → +∞, we have the asymptotic representation

g(u) = α0 +
∞∑

k=1

αk

uk
, α0 > 0, which remains valid after di�erentiating any

times with respect to u.
A singularly perturbed system of ordinary di�erential equations (2) with

a fast and a slow variable is a modi�cation of the well known FitzHugh�Nagumo
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model from neuroscience. The existence and stability of a nonclassical relaxation
cycle in the system (2) are studied. The slow component of the cycle is
asymptotically close to a discontinuous function, while the fast component
is a δ-like function. The following result is true.

Theorem For any �xed d > 0 and all su�ciently small ε > 0, the
homogeneous cycle of system (1) is exponentially orbitally stable.

We have shown that di�usion chain (1) exhibits nontrivial dynamics.
With a suitable choice of parameters in system (1), along with the stable
homogeneous cycle, there are a lot of the other attractors (cycles).

This work was supported by Russian Ministry of Education and Science
within project �2014/258-1875.

Lorenz-like attractors in a nonholonomic model
of a celtic stone.
Gonchenko A.S.

Lobachevsky State University of Nizhni Novgorod
agonchenko@mail.ru

We consider a nonholonomic model of celtic stone movement along the
plane. As well-known, the movement of celtic stone on the plane is considered
still as one of most complicated and very little studied type of rigid body
movements. Moreover, it is one of view types of such movements in which
chaotic dynamics is possible. The existence of strange attractors in the celtic
stone dynamics was recently discovered by A.V.Borisov and I.S.Mamaev [1].
In the paper [2] these results were extended and main bifurcations leading
to chaos appearance were studied. In particular, various types of chaotic
dynamics were found in the model: a spiral strange attractor, torus-chaos
attractors, nearly conservative chaos and even the so-called mixed dynamics
[3]. The latter type of chaotic orbit behavior means that the corresponding
nonwandering set contains in�nitely many coexisting periodic orbits of all
possible types: stable, completely unstable, saddle and, due to reversibility of
the system, symmetric elliptic periodic orbits. Moreover, for certain types of
celtic stone (possessing certain geometrical and physical properties) strange
Lorenz-like attractors were found in their nonholonomic models. In this talk
we observe the corresponding results related to scenarios of appearance and
break-down of such strange attractors.
References:
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[1] Borisov A.V., Mamaev I.S. Strange attarctors in dynamics of celtic stones
// Advances in Physic Sciences, 2003, v.117, No., 407-418.
[2] Gonchenko A.S., Gonchenko S.V., Kazakov A.O. On new aspects of
chaotic dynamics of �celtic stone� // Rus. Nonlin. Dyn., 2012, v.8, No.3,
507-518.
[3] Gonchenko S.V., Turaev D.V. and Shilnikov L.P. On Newhouse domains
of two-dimensional di�eomorphisms with a structurally unstable heteroclinic
cycle // Proc. Steklov Inst. Math., 1997, v.216, 70-118.

On bifurcations of area-preserving maps with quadratic homoclinic
tangencies on non-orientable surfaces

Gonchenko M.
Technische Universit�at Berlin
gonchenk@math.tu-berlin.de

We study bifurcations of non-orientable area-preserving maps with quadratic
homoclinic tangencies. We study the case when the maps are given on non-
orientable two-dimensional surfaces. We consider one and two parameter
general unfoldings and establish results related to the emergence of elliptic
periodic orbits.

Discrete model of the dynamics of a multimode laser
with periodically driven pumping
Grigorieva E.V.1, Kaschenko S.A.2

1Belarus State Economical University, 2Yaroslavl State University
grigorieva@tut.by

Dynamics of a multimode laser has been studied in papers [1,2] on the
base of the (2N + 2)-dimensional system of di�erential equations, where
N is a number of longitudinal modes. The model takes into account cross-
saturation of modes due to the e�ect of spatial hole burning, implies the
global coupling (each-to-all) for elements (longitudinal modes) and periodic
modulation of the pumping rate. Chaotic pulsing, splay states and cluster
states have been numerically demonstrated.

In this paper we analyze conditions for synchronous states on the base of
the Poincare mapping which we get by integrating the system asymptotically
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[3] in the case of the large ratio of the photon decay time in the cavity
and the population inversion relaxation time. That is indeed valid for class
B lasers, including semiconductor-based, solid-state, and CO2 lasers. With
such a large parameter the system generates short-width spikes.

The obtained discrete (2N+1)-dimensional mapping adequately describes
certain synchronous spiking in the original system of coupled oscillators. In
particular, the �xed point of the mapping corresponds to the splay state �
phase-synchronized oscillations of the period NT , where T is the modulation
period. One can reestablish also the oscillation characteristics: pulse energy
and time shift between the pulses. By computing the mapping we �nd the
basin of such a regular attractor. In the phase space it coexists with other
attractors. Phase-synchronized splay states can be stabilized by selecting
the initial conditions in the vicinity of the �xed point of the mapping or
by injecting a signal to switch on the attractor desired in multistability
domains.

References
[1] K. Otsuka. Phys. Rev. Lett., 1991. V.67, p.1090.
[2] K. Otsuka, Y. Sato, and J.-L. Chern. Phys.Rev. A. 1996, V.54, p.4464.
[3] Grigorieva E.V. and Kaschenko S.A. Relaxation oscillations in lasers.

2013. ISBN 978-5-397-03376-3

Òîïîëîãè÷åñêàÿ êëàññèôèêàöèÿ ñòðóêòóðíî óñòîé÷èâûõ êàñêàäîâ
ñ äâóìåðíûì íåáëóæäàþùèì ìíîæåñòâîì íà 3-ìíîãîîáðàçèÿõ

Â.Ç. Ãðèíåñ
ÍÍÃÓ èì.Í.È.Ëîáà÷åâñêîãî

vgrines@yandex.ru

Äîêëàä ïîñâÿùåí èçëîæåíèþ ðåçóëüòàòîâ, ïîëó÷åííûõ ñîâìåñòíî ñ
Å.Â. Æóæîìîé, Þ.À. Ëåâ÷åíêî, Â.Ñ. Ìåäâåäåâûì è Î.Â. Ïî÷èíêîé.

Ïóñòü M 3 � ãëàäêîå òðåõìåðíîå çàìêíóòîå ìíîãîîáðàçèå è G � êëàññ
äèôôåîìîðôèçìîâ f : M 3 → M 3, îïðåäåëÿåìûé ñëåäóþùèìè óñëîâèÿ-
ìè:

i) ëþáîé äèôôåîìîðôèçì f ∈ G ÿâëÿåòñÿ ñòðóêòóðíî óñòîé÷èâûì;
ii) íåáëóæäàþùåå ìíîæåñòâî NW (f) ëþáîãî äèôôåîìîðôèçìà f ∈

G èìååò òîïîëîãè÷åñêóþ ðàçìåðíîñòü äâà.
Èç óñëîâèÿ ii) è ñïåêòðàëüíîé òåîðåìû Ñ. Ñìåéëà ñëåäóåò, ÷òî

NW (f) ñîñòîèò èç êîíå÷íîãî îáúåäèíåíèÿ íåïåðåñåêàþùèõñÿ çàìêíó-
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òûõ èíâàðèàíòíûõ (áàçèñíûõ) ìíîæåñòâ ðàçìåðíîñòè äâà, îãðàíè÷å-
íèå äèôôåîìîðôèçìà f íà êàæäîå èç êîòîðûõ ÿâëÿåòñÿ òîïîëîãè÷å-
ñêè òðàíçèòèâíûì. Â ñèëó [1] óñëîâèå ii) âëå÷åò, ÷òî êàæäîå áàçèñíîå
ìíîæåñòâî ÿâëÿåòñÿ ëèáî àòòðàêòîðîì ëèáî ðåïåëëåðîì, à â ñèëó [2]
îíî ÿâëÿåòñÿ ëèáî ðàñòÿãèâàþùèìñÿ àòòðàêòîðàì, ëèáî ñæèìàþùèì-
ñÿ ðåïïåëëåðîì, ëèáî äâóìåðíîé ïîâåðõíîñòüþ, ãîìåîìîðôíîé òîðó è
òîïîëîãè÷åñêè âëîæåííîé â ìíîãîîáðàçèå M 3. Èç [3] ñëåäóåò, ÷òî åñëè
íåáëóæäàþùåå ìíîæåñòâî ñòðóêòóðíî óñòîé÷èâîãî äèôôåîìîðôèçìà f

çàäàííîãî íà M 3, ñîäåðæèò ðàñòÿãèâàþùèéñÿ àòòðàêòîð (ñæèìàþùèé-
ñÿ ðåïåëëåð) òî îíî íå ìîæåò ñîäåðæàòü äðóãèõ íåòðèâèàëüíûõ áàçèñ-
íûõ ìíîæåñòâ è íåîáõîäèìî ñîäåðæèò ïî êðàéíåé ìåðå îäèí ñòîê (èñ-
òî÷íèê) è êîíå÷íîå ìíîæåñòâî (âîçìîæíî ïóñòîå) ñåäëîâûõ ïåðèîäè÷å-
ñêèõ òî÷åê. Êðîìå òîãî, â [3] óñòàíîâëåíî, ÷òî â ýòîì ñëó÷àå ìíîãîîáðà-
çèå M 3 äèôôåîìîðôíî òðåõìåðíîìó òîðó, è f òîïîëîãè÷åñêè ñîïðÿæåí
íåêîòîðîìó îáîáùåííîìó DA-äèôôåîìîðôèçìó. Òàêèì îáðàçîì, èç [2]
è [3] ñëåäóåò, ÷òî íåáëóæäàþùåå ìíîæåñòâî ëþáîãî äèôôåîìîðôèçìà
f ∈ G ñîñòîèò èç êîíå÷íîãî ÷èñëà ïîâåðõíîñòåé, êàæäàÿ èç êîòîðûõ
ãîìåîìîðôíà äâóìåðíîìó òîðó. Áîëåå òîãî â [4] äîêàçàíî, ÷òî êàæäûé
òàêîé òîð ðó÷íî âëîæåí â M 3, à îãðàíè÷åíèå íåêîòîðîé ñòåïåíè äèôåî-
ìîðôèçìà f íà ýòîò òîð òîïîëîãè÷åñêè ñîïðÿæåíî ñ äèôôåîìîðôèçìîì
Àíîñîâà.

Â íàñòîÿùåì äîêëàäå óñòàíàâëèâàåòñÿ, ÷òî ìíîãîîáðàçèå M 3 äîïóñ-
êàåò äèôôåîìîðôèçì èç êëàññà G òîãäà è òîëüêî òîãäà, êîãäà M 3

äèôôåîìîðôíî ìíîãîîáðàçèþ, ïîëó÷åííîìó èç ïðÿìîãî ïðîèçâåäåíèÿ
äâóìåðíîãî òîðà íà îòðåçîê T2 × [0, 1] îòîæäåñòâëåíèåì òî÷åê (z, 1)
è (τ(z), 0), ãäå τ ãîìåîìîðôèçì òîðà, èíäóöèðîâàííûé ìàòðèöåé ëèáî
òîæäåñòâåííîé, ëèáî ìèíóñ òîæäåñòâåííîé, ëèáî öåëî÷èñëåííîé óíè-
ìîäóëÿðíîé è ãèïåðáîëè÷åñêîé. Ïîñòðîåí ïîäêëàññ Φ ⊂ G ìîäåëüíûõ
äèôôåîìîðôèçìîâ, òîïîëîãè÷åñêàÿ êëàññèôèêàöèÿ êîòîðûõ ïîëó÷å-
íà íà àëãåáðàè÷åñêîì ÿçûêå. Óñòàíîâëåíî, ÷òî ëþáîé äèôôåîìîðôèçì
f ∈ G òîïîëîãè÷åñêè ñîïðÿæåí íåêîòîðîìó ìîäåëüíîìó ÷àñòè÷íî ãè-
ïåðáîëè÷åñêîìó è äèíàìè÷åñêè êîãåðåíòíîìó äèôôåîìîðôèçìó èç Φ.

Ðàáîòà âûïîëíåíà ïðè ÷àñòè÷íîé ôèíàíñîâîé ïîääåðæêå ãðàíòîâ
ÐÔÔÈ � 13-01-12452-îôè-ì, 12-01-00672-a è ÐÍÔ �14-11-00446.
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ïðè ïîìîùè ýíåðãåòè÷åñêîé ôóíêöèè

Å.ß. Ãóðåâè÷
Íàöèîíàëüíûé èññëåäîâàòåëüñêèé óíèâåðñèòåò Âûñøàÿ øêîëà ýêîíîìèêè

egurevich@hse.ru

Â äîêëàäå èçëàãàþòñÿ ðåçóëüòàòû, ïîëó÷åííûå ñîâìåñòíî ñ Â.Ç. Ãðè-
íåñîì è Î.Â. Ïî÷èíêîé, è îïóáëèêîâàííûå â [1].
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Ðàññìàòðèâàåòñÿ êëàññ G(Mn) ïîòîêîâ Ìîðñà-Ñìåéëà íà çàìêíóòîì
ãëàäêîì ìíîãîîáðàçèè Mn ðàçìåðíîñòè n ≥ 2, òàêèõ, ÷òî ëþáîé ïîòîê
f t ∈ G(Mn) îáëàäàåò ñëåäóþùèìè ñâîéñòâàìè:

1. íåáëóæäàþùåå ìíîæåñòâî Ω(f t) íå ñîäåðæèò ïåðèîäè÷åñêèõ òðà-
åêòîðèé;

2. Èíäåêñ Ìîðñà ind(p) ïðîèçâîëüíîé òî÷êè p ∈ Ω(f t) (ðàâíûé ðàç-
ìåðíîñòè íåóñòîé÷èâîãî ìíîãîîáðàçèÿ òî÷êè p) ïðèíàäëåæèò ìíî-
æåñòâó {0, 1, n− 1, n};

3. èíâàðèàíòíûå ìíîãîîáðàçèÿ ðàçëè÷íûõ ñåäëîâûõ òî÷åê èç Ω(f t)
íå ïåðåñåêàþòñÿ.

Èç ðàáîòû [2] ñëåäóåò, ÷òî äëÿ ëþáîãî ïîòîêà f t ∈ G(Mn) ñóùåñòâóåò
ñàìîèíäåêñèðóþùàÿñÿ ýíåðãåòè÷åñêàÿ ôóíêöèÿ � òàêàÿ ôóíêöèÿ Ìîð-
ñà ϕ : Mn → [0, n], ÷òî:

1. ìíîæåñòâî êðèòè÷åñêèõ òî÷åê ôóíêöèè ϕ ñîâïàäàåò ñ ìíîæåñòâîì
Ω(f t);

2. ϕ(f t(x)) < ϕ(x) äëÿ ëþáîé òî÷êè x 6∈ Ω(f t) è ëþáîãî t > 0;

3. ϕ(p) = ind(p) äëÿ ëþáîãî p ∈ Ω(f t).

Ñëåäóÿ Ð. Òîìó, áóäåì íàçûâàòü ôóíêöèè ϕ : Mn → R è ϕ′ : Mn → R
òîïîëîãè÷åñêè ýêâèâàëåíòíûìè, åñëè ñóùåñòâóþò ñîõðàíÿþùèå îðè-
åíòàöèþ ãîìåîìîðôèçìû H : Mn → Mn è χ : R → R òàêèå, ÷òî
ϕ′H = χ ϕ.

Ê. Ìåéåð â [3] äîêàçàë, ÷òî òîïîëîãè÷åñêè ýêâèâàëåíòíûå ïîòîêè
Ìîðñà-Ñìåéëà èìåþò ýêâèâàëåíòíûå ñàìîèíäåêñèðóþùèåñÿ ýíåðãåòè-
÷åñêèå ôóíêöèè, à â ñëó÷àå ïîòîêîâ èç êëàññà G(M 2) âåðíî è îáðàò-
íîå óòâåðæäåíèå: òîïîëîãè÷åñêàÿ ýêâèâàëåíòíîñòü ñàìîèíäåêèðóþùèõ-
ñÿ ýíåðãåòè÷åñêèõ ôóíêöèé ïîòîêîâ èç G(M 2) âëå÷åò òîïîëîãè÷åñêóþ
ýêâèâàëåíòíîñòü ýòèõ ïîòîêîâ.

Ìû ïîêàçûâàåì, ÷òî ýòîò ôàêò, âîîáùå ãîâîðÿ, íåâåðåí â ñëó÷àå
n = 3, è ââîäèì áîëåå ñèëüíîå óñëîâèå ýêâèâàëåíòíîñòè ýíåðãåòè÷å-
ñêèõ ôóíêöèé, íàçâàííîå ñîãëàñîâàííîé ýêâèâàëåíòíîñòüþ. Îñíîâíîé
ðåçóëüòàò äîêëàäà ñîäåðæèòñÿ â ñëåäóþùåé òåîðåìå.
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Òåîðåìà. Ïîòîêè f t, f ′t ∈ G(Mn), n ≥ 3, òîïîëîãè÷åñêè ýêâèâà-
ëåíòíû òîãäà è òîëüêî òîãäà, êîãäà èõ ñàìîèíäåêñèðóþùèåñÿ ýíåðãå-
òè÷åñêèå ôóíêöèè ñîãëàñîâàííî ýêâèâàëåíòíû.

Ðàáîòà âûïîëíåíà ïðè ÷àñòè÷íîé ôèíàíñîâîé ïîääåðæêå ãðàíòîâ
ÐÔÔÈ � 13-01-12452-îôè-ì, 12-01-00672-a è ÐÍÔ �14-11-00446.
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Multistability of synchronization modes in system of
two oscillators with adaptive couplings

Kasatkin D.V., Nekorkin V.I.
Institute of Applied Physics of the Russian Academy of Sciences

kasatkin@neuron.appl.sci-nnov.ru

We studied the processes of synchronization in system of two phase
oscillators with adaptive couplings. Coupling weights evolve dynamically
depending on the relative phases between the oscillators. The main
operating modes of such system are the synchronization mode, in which
the oscillator frequencies are equal while the di�erence of their phases takes
a certain constant value, and the beating mode, in which the di�erence
of phases grows permanently while the mean frequency di�erence has a
certain constant value. It was also shown that system can demonstrate
another type of synchronization mode, in which the mean frequencies of
oscillators are equal and the di�erence of their phases varies in certain limits.
There is a parameter region where the system exhibits multistable behavior.

Existence and stability of automodel cycles of distributed
in space or time dynamical systems

Kashchenko A. A.
Yaroslavl State University

sa-ahr@yandex.ru
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We study model di�erential equation

u̇ = (1− (1 + ip)|u|2)u
with two di�erent types of distibution.

As distributed in time equation we consider so-called Stuart-Landau
equation

u̇ = (1− (1− ic)|u|2)u + γeiφ(u(t− T )− u). (3)
The main assumption in this case is that delay T > 0 is su�ciently large.
We study existence of automodel cycles u = R exp(iΛt) (here R and Λ are
real constants, R > 0) and their stability in phase space C[−T, 0].

As distributed in time equation we consider Ginzburg-Landau equation
with 2π-periodic boundary conditions

u̇ = (1− (1 + ib)|u|2)u + ε2(1 + id)u′′,
u(t, x + 2π) ≡ u(t, x).

(4)

Here the main assumption is that di�usion ε > 0 is su�ciently small. In
this case we study existence of automodel cycles u = Rk exp(iΛkt + ikx)
(here Rk, Λk are real constants, R > 0, k is integer) and their stability in
phase space C[0, 2π].

It is proved that in both cases solutions constitute one-parameter
family (main part of solutions lie on one-parameter curve). Explicit
formulas for solutions and corresponding one-parameter curves are found.
Necessary and su�cient conditions of stability of automodel solutions are
found analitically. Location of stable regions on these curves is studied.
Hypermultistability is proved in both cases.

Reversal and �gure-eight attractor in the
nonholonomic model of Chaplygin top

Kazakov A.
Labachevsky State University of Nizhni Novgorod

kazakovdz@yandex.ru

We consider a model of unbalanced ball moving on a rough plane. By an
unbalanced ball we call the dynamically asymmetric ball with a displaced
center of gravity. The roughness of the plane means that a body moves
without slipping. It is well known [1] that such a motion is governed by
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the system of 6 di�erential equations in variables ω (angular velocities)
and γ (projection of the vertical unit vector to the body frame). These
equations admit 2 integrals: energy and geometric one which reduce the
problem dimension from 6 to 4. To visualize the dynamics of this system we
construct three-dimensional Poincar�e map on some cross-section using the
Andoyer-Deprit variables [1].

If the gravity center of the ball is displaced along all 3 axis of the body
frame, the dynamics of the ball looks as very complex. In this case we found
few types of strange attractors such as torus-chaos and �gure-eight attractor.
The existence of the �gure-eight attractor in three dimensional maps was
predicted in [2]. As we know, the system under consideration is the �rst
system from applications where an attractor of such the type was found.
In this talk we present results related to scenarios of the appearance of
�gure-eight attractor and its properties. In more details results will appear
in [3].

The work was supported by Ministry of Education and Science of the
Russian Federation within the framework of its basic part, and RFBR grants
No.13-01-00589 and 13-01-97028-Povolzhie.

[1] Borisov A.V. and Mamaev I.S. Rigid Body Dynamics: Hamiltonian
Methods, Integrability, Chaos. Moscow�Izhevsk: R&C Dynamics, Institute
of Computer Science, 2005 (Russian).

[2] Gonchenko A.S., Gonchenko S.V., Shilnikov L.P. Towards scenarios
of chaos appearance in three-dimensional maps. Rus. J. Nonlin. Dyn., 2012,
V.8, No.1, p. 3-28

[3] Borisov A.V., Kazakov A.O., Sataev I.R. Regular and chaotic
phenomena in the nonholonomic model of the unbalanced ball rolling on
a plane Regular and Chaotic Dynamics, 2014, Vol.18, No.4.

This is a joint work with Sataev I.R. and Borisov A.V. This work has
been supported by the Russian Scienti�c Foundation Grant 14-41-00044 and
by RFBR grant No. 13-01-97028.
Normalization of equations with two di�erent by order delays

Kashchenko I.
Yaroslavl State University
ikashchenko@yandex.ru
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Consider the equation with two delays

ẋ + x = ax(t− T1) + bx(t− T2) + f(x.x(t− T1), x(t− T2)), T1 > T2 > 0,

where f(x, y, z) is nonlinear function (f(0, 0, 0) = 0). Main assumption is
that both T1 and T2 are asymptotically large and T1T

−1
2 is large too. Let

T1 = ε−1, where 0 < ε ¿ 1. Then T2 = ε−1(k0 + εαk1) (α > 0). The
problem to research is to determine the behavior of solutions in some small
(but independed of ε) neighbourhood of zero equilibrium state. The method
of investigations is so-called method of quasinormal forms.

We proof that if |a| + |b| < 1 then z = 0 is stable and if |a| + |b| > 1
then zero is unstable. So |a|+ |b| = 1 is critical case.

In critical case we construct special evolutionary equations (quasinormal
forms). Their non-local dynamics determines the local behavior of solutions
of the original equations. The particular kind of quasinormal forms is highly
depends on parameter α. There are three di�erent situations: (1) α < 1,
(2) α = 1 and (3) α > 1. Also, there are important situation when b is
small, so we have small multiplier at the term with largest delay.

Slow passage through a saddle node bifurcation of limit cycles
in the model of neuron �ring
Kirillov S.Yu., Nekorkin V.I.

Institute of Applied Physics RAS, Nizhny Novgorod, Russia
skirillov@neuron.appl.sci-nnov.ru

The dynamic saddle node bifurcation of limit cycles has been investigated
in the modi�ed FitzHugh-Nagumo model of neuron �ring in which one of
the parameters is slowly varying with time. It was shown that the stable
large amplitude oscillations in this system occur on the two-dimensional
invariant manifold and continue to exist for a �nite time even after the
passage through the bifurcation point. The delay time of the oscillation
disappearance can to be a very large and it is not negligible. The nonlocal
oscillation properties of the model and in particular the threshold properties
of the two-dimensional invariant surface of the saddle trajectory underlie
the delay phenomenon.
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The evolution of two-level system
in the presence of self-interaction

Kitaev A.E.
SKB RIAP

kitaev_a_e@mail.ru

Integro-di�erential equation for the modeling of quantum system's
evolution (under the action of electromagnetic �eld that generated by the
system itself) is proposed. We assume that the system radiates as an electric
dipole. This equation can be written as

i~∂ψ
∂t = Ĥ0ψ + i~e

mc((
1
c

∫ [
d(e~r0ψ∗(t,~r0)ψ(t,~r0))

dt

]
ret

|~r−~r0| dV0+

+ 1
4πc

∫ [
d
dtgrad

∫ [div (e~r1ψ∗(t,~r1)ψ(t,~r1))]ret
|~r0−~r1| dV1

]
ret

|~r−~r0| dV0)∇)ψ.

(1)

Ĥ0 is the Hamilton operation. If the only item with this operator remained
in the right member of the equation, we would call it �Schr�odinger equation�.
The index �ret� to the right of square brackets means the retardation [2].

If to look for the approximate solution with the presence of two energy
levels, we can receive the system of nonlinear equations for the complex
amplitudes of the wave functions like this:

{
dC1

dt = γ |C2|2 C1,
dC2

dt = −γ |C1|2 C2,
γ =

2e2

3c3~
ω3

21 |~r21|2 . (2)

Value γ is the Einstein coe�cient of spontaneous emission divided on two.
The solution of this system describes the spontaneous transition from

the high energy level to the low. The electric current corresponding to this
process is the high-frequency occilation (with the frequency of quantum
transition). It is modulated by bell-shaped function equal the product of
modules of amplitudes (C1 and C2).

References:
1. Loudon R. Kvantovaya teoriya sveta. Moskow: Mir, 1976. (rus)
2. Dzekson Dz. Klassicheskaya elektrodinamika. Moskow: Izdatelstvo

inostrannoy literatury, 1958. 642p. (rus)
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m : n synchronization of oscillators with time-delayed coupling
Klinshov V.V., Shchapin D.S. and Nekorkin V.I.

Institute of Applied Physics of the Russian Academy of Sciences
vladimir.klinshov@gmail.com

We carry out theoretical and experimental studies of m : n

synchronization of two pulse oscillators with time-delayed coupling.
In the theoretical study we use the concept of phase resetting curves and
analyze the system dynamics in the case of weak coupling. We derive a
Poincar�e map and obtain the synchronization zones in the parameter space
for arbitrary rotation numbers m : n. To verify the theoretical results we
design an electronic mimic and study its dynamics experimentally. We show
that the theoretical predictions agree with the experimental observations,
including location of the synchronization zones and bifurcations inside them.

1D analytical solutions to the magnetostatic problem
in relativistic plasma with arbitrary energy distribution of

particles.
Method of invariants of particle motion

Vl.V. Kocharovsky1, V.V. Kocharovsky1,2 , V. Ju.Martyanov1 ,
S.V. Tarasov1

1 Institute of Applied Physics RAS, Russia
2 Texas A&M University, USA

Recent progress in analytic understanding of the origin and various
properties of self-consistent quasi-static con�gurations of magnetic �eld and
current structures emerging in an anisotropic collisionless multicomponent
plasma with arbitrary energy distribution of particles is reviewed. It the
original part of the talk, following a method of invariants of particle motion
applied to the planar current sheets and cylindrically symmetric �laments
[1,2], we �nd analytically a wide class of self-consistent magnetostatic
con�gurations in a collisionless plasma admitting essentially arbitrary
energy distribution of particles. The theory is based on Grad-Shafranov
type equation and automatically takes into account complicated motion of
both trapped and non-trapped particles, as well as spatial inhomogeneity of
their anisotropic distribution functions. We describe general properties and
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typical magnetic �eld pro�les of all qualitatively di�erent one-dimensional
multicomponent current structures in a polynomial-exponential type of
particle distribution functions, including relativistic case.

We consider collisionless stationary neutral plasma and assume
translational symmetry along z axis. We assume that the current density is
oriented along the same z axis and we describe the magnetic �eld, which
lies in x− y plane, by vector potential A(x, y) = A(x, y)z0.

Then, for each particle the total momentum p and generalized momentum
Pz along the z axis are conserved. If for each particle species j we take the
particle distribution function (PDF) to be a function of these two integrals
of motion

Fj = Fj(p, pz + ejA(x, y)/c), (5)
then it satis�es the Vlasov equation. From Maxwell equations only one non-
trivial equation remains

∂2A

∂x2 +
∂2A

∂y2 = −4π

c

∑

j

ej

∫
F̂j(p, pz + ejA/c)

pz

mjγj
d3p, (6)

where ej, mj, and γj = (1 + p2/m2
jc

2)1/2 are the charge, mass, and Lorentz
factor of the particles of species j.

Integration over pz in (6) can be carried out analytically for a wide class
of distributions

F̂j =
∑

l

exp

(
ζjl

pz + ejA/c

mjc

) d∑

i=0

F̂jli(p)

(
pz + ejA/c

mjc

)i

. (7)

The result is a Grad-Shafranov equation

∂2A

∂x2 +
∂2A

∂y2 = −dU

dA
, (8)

where we introduce the so-called Grad-Shafranov potential

U = 8π2
∑

j

m2
jc

3
∑

l

exp(ζjlaj)
d∑

m=0

am
j Cjlm, (9)

Cjlm =
d∑

i=m

∫
F̂jli(p)

[
Yjlmi

(−ζjlp

mjc

)
− Yjlmi

(
ζjlp

mjc

)]
p
dp

γj
,
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Yjlmi(b) =
n! exp(−b)(−ζjl)

m−i−3

2 (i−m)!m!
·(exp(b)Γ(i−m + 1, b)

[
(i−m + 2)(i−m + 1)− b2] +

+bi−m+2 + (i−m + 2)bi−m+1) ,

aj = ejA/mjc
2 is dimensionless vector potential.

Classi�cation of the current sheets is the following.
If magnetic �eld changes sign more than once, then the solution is

periodic. The Grad-Shafranov potential U(A) has the form of potential
well and A(x) describes (in general, nonlinear) oscillations in this well. The
pro�les of parts of B(x) of di�erent sign are mirror images of each other.
Corresponding density of current is symmetric w.r.t. to every plane of zero
magnetic �eld.

Non-periodic solutions arise when A(x → ±∞) either correspond to
local maxima of U(A) or go to in�nity. This may be the same maximum (or
the same in�nity), in which case A(x) bounces o� a potential wall in U(A)
and therefore B(x) is antisymmetric with exactly one sign reversal at the
turning point. Corresponding current density is symmetric, but can change
its sign any even number of times.

Alternatively, A(x → ±∞) may correspond to two di�erent maxima
of U(A) of the same height (or go to in�nities of di�erent sign and could
complicate analytical evaluation of the Grad-Shafranov potential U(A)),
in which case magnetic �eld has the same sign everywhere. Corresponding
current density must change its sign at least once, and net current is zero.

If A(x → ∞) corresponds to a �nite maximum of U(A), this generally
means that B(x → ∞) decreases exponentially (together with current
density).

If A(x → ∞) → ∞ magnetic �eld far away from the sheet cannot be
exponentially small, and generally either demonstrates power-law decay (not
faster than 1/x) or approaches a constant value (as a rule, monotonically).
In the �rst case current density decreases not faster than x−2 (possibly
oscillating with sign alternations, in contrast to �xed sign of magnetic �eld),
net current is zero. It the second case the current may be localized with
arbitrary power-law index or even exponentially, and the net current is
nonzero.

We do not consider the case where B(x → +∞) 6= B(x → −∞), since
this kind of magnetic �eld would require external currents �at in�nity� to
support it.
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Similar classi�cation is possible for cylindrically symmetric solutions
(current �laments).

In the �nal part of the talk, several typical examples of self-consistent
current �laments and sheets with arbitrary energy PDFs are described.
On this basis we investigate various properties of current �laments and
sheets, including magnetic energy content, gyroradius to thickness ratio,
PDF anisotropy, and synchrotron radiation. We conclude that the approach
presented opens the possibility to analyical modelling of current structures
observed in cosmic and laboratory plasmas as well as obtained in numerical
simulations.

References:
1. Kocharovsky, V. V., Kocharovsky, V. V., Martyanov, V. J. (2010). Self-

consistent current sheets and �laments in relativistic collisionless plasma
with arbitrary energy distribution of particles. Physical review letters,
104(21), 215002.

2. Martyanov, V. Y., Kocharovsky, V. V., Kocharovsky, V. V. (2010).
Magnetostatic structures in collisionless plasma and their synchrotron
radiation. Astronomy letters, 36(6), 396-415.

Sequential activity in neuronal ensembles with excitatory couplings
Korotkov A. G., Osipov G. V.

UNN
koral81@bk.ru

Many dynamic processes in neuronal ensembles can be viewed as
sequential switching activity between elements or groups of elements. This
sequential neuronal activity could be explained by various physiological
functions of the nervous system. It seems extremely important to study
sequential activity in neural networks with regard to nonlinear dynamics.
There is a hypothesis that sequential activity in neural networks can be
accounted for by the existence of a stable heteroclinic circuit in the phase
space of a dynamical system that models activity in the neural network.
The basic principle underlying sequential switching activity generation
is winnerless competition (WLC) principle. The main idea of WLC is
that there exists a stable heteroclinic circuit between singular trajectory
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of the saddle type in the phase space (i.e. saddle equilibrium states,
saddle limit cycles etc.) and representative point moves in vicinity of this
heteroclinic circuit. If a representative point is moving in the vicinity of
a certain saddle trajectory, then a certain neuron or group of neurons
is activating. Thus, a stable heteroclinic circuit in the phase space is a
mathematical representation of sequential switching activity in ensembles
of coupled neurons. A necessary condition for such behavior is the presence
of inhibitory couplings between neurons. In this study we investigate
the problem of switching activity in the ensemble of excitatory coupled
elements. In this study we proposed a new model of neural ensembles.
The elements were connected with each other by excitatory couplings. We
studied models both with mutual and unidirectional couplings. It was found
that if an asymmetric coupling takes place, then there appears a stable
heteroclinic cycle in the phase space of the system. A stable heteroclinic
cycle also exists in the ensemble of inhibitorily coupled neurons. However,
the ensemble with mutual couplings does not have a stable heteroclinic
cycle but has a stable limit cycle. In addition, we studied the perturbed
system. It was discovered that this system also has a stable limit cycle
instead of a stable heteroclinic one.

Multistability of oscillatory regimes in chains of rotators
Kryukov A.K., Petrov, V.S, Osipov G.V.
Lobachevsky State University of Nizhny Novgorod

alkryukov@gmail.com valentin.s.petrov@gmail.com grosipov@gmail.com

We show that di�erent regimes can coexist in systems of locally
di�usively coupled rotators elements for the same parameters values. For
example, in-phase synchronization and regime of global synchronization
caused by the soliton-like wave propagation are observed depending on
initial conditions only. We classify synchronous regimes into �fast� and
�slow� and give an analytical estimation for the synchronization frequency
of the �fast� regime. We also provide an estimation on the number of �slow�
regimes coexisting for the same parameters and its dependence on the chain
length.
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Chaotic dynamics for some models of systems with dry friction
Kryzhevich S.G., Begun N.A.
Saint-Petersburg State University

kryzhevicz@gmail.com

We consider a simple dynamical system that includes a body, moving
under action of an external force and a dry fricton element. Such system
is the simplest model for the percussion drilling process. First of all, using
properties of the considered friction element, we reduce such system to a
discontinuous map of the segment. Controlling points of discontinuity, we
are able to apply classical theory of 1D maps and, consequently, �nd out
chaotic and periodic regimes.

The obtained type of chaos seems to have never been theoretically
obtained for single degree of freedom mechanical systems. However,
its existence is con�rmed by numerical simulations and experiments
(Wiercigroch, Krivtsov, Ing, Pavlovskaia et al).

Our approach could be applied to some systems with non-uniqueness
of solutions that can be caused by impacts and other strongly nonlinear
phenomena.

Transient dynamics in ensemble of inhibitory coupled Rulkov maps
Levanova T.A., Osipov G.V.

Lobachevsky State University of Nizhny Novgorod
levanova.tatiana@gmail.com

Nowadays there are multiple experimental evidences that sequential
switchings of activity between individual neurons and groups of neurons
governs processes in di�erent neuronal systems[1-3]. This activity also
underlies cognitive processes [4]. In the simple case ensembles that are able
to demonstrate predescribed types of activity contain only a few neurons.

We study three Rulkov maps [5-7] with mutual inhibitory couplings. In
order to receive more biological relevant description of couplings we consider
main features of real biolological inhibitory couplings, such as dependence
of postsynaptic element activity level on presynaptic element activity level
and inertia of couplings. Constructed in such a way model is discrete and
so it is very easy to numerical analysis.

24



We study numerically di�erent dynamical regimes that can be obtained
in this motif by governing coupling parameters. In particular, we focus
on two main regimes in such systems: sequential activity regime and
multistable regime, and also study bifurcation transition from one regime
to another.
1. V.S. Afraimovich, M.I. Rabinovich, P. Varona, Int. J. of Bifurcation and
Chaos 14(4) 1195 (2004)
2. P. Varona, M.I. Rabinovich, A.I. Selverston, Y.I. Arshavsky,Chaos 12(3)
672 (2002)
3. M.S. Fee, A.A. Kozhevnokov, R.H.R. Hahnloser,Annals of NY Academy
of Science 1016 153 (2004)
4. M.I. Rabinovich, R. Huerta, P. Varona, V.S. Afraimovich,PLoS Comput.
Biol. 4(5) e100072 (2008)
5. N.F. Rulkov,Phys. Rev. E 65 041922 (2002)
6. A.L. Shilnikov, N.F. Rulkov,Bifurcations and Chaos 13(11), (2003)
7. A.L. Shilnikov, N.F. Rulkov,Physics Letters A 328, 177 (2004)

Î êëàññèôèêàöèè äèôôåîìîðôèçìîâ 3-ìíîãîîáðàçèé ñ îäíîìåðíûìè
ïðîñòîðíî ðàñïîëîæåííûìè áàçèñíûìè ìíîæåñòâàìè.

Ëåâ÷åíêî Þ.À., À.À. Øèëîâñêàÿ
ÍÍÃÓ èì. Í.È. Ëîáà÷åâñêîãî

ulev4enko@gmail.ru, a.shilovskaia@gmail.com

Â äîêëàäå ðàññìàòðèâàþòñÿ À-äèôôåîìîðôèçìû (òî åñòü äèô-
ôåîìîðôèçìû, óäîâëåòâîðÿþùèå àêñèîìå À. Ñ. Ñìåéëà), çàäàííûå
íà çàìêíóòîì ñâÿçíîì 3-ìíîãîîáðàçèè M 3. Ñîãëàñíî ñïåêòðàëüíîé
òåîðåìå Ñ. Ñìåéëà íåáëóæäàþùåå ìíîæåñòâî NW (f) ëþáîãî À-
äèôôåîìîðôèçìà f ïpåäñòàâëÿåòñÿ â âèäå êîíå÷íîãî îáúeäèíåíèÿ
ïîïàpíî íåïåpåñåêàþùèõñÿ çàìêíóòûõ èíâàpèàíòíûõ áàçèñíûõ ìíî-
æåñòâ, êàæäîå èç êîòîpûõ ñîäåpæèò âñþäó ïëîòíóþ òpàåêòîpèþ.

Â ñëó÷àå åñëè f : M 3 → M 3 ïðèíàäëåæèò êëàññó G, ñîñòîÿùåìó èç
À-äèôôåîìîðôèçìîâ íåáëóæäàþùåå ìíîæåñòâî êîòîðûõ ñîñòîèò òîëü-
êî èç ïîâåðõíîñòíûõ (ïðèíàäëåæàùèõ çàìêíóòîé èíâàðèàíòíîé ïîâåðõ-
íîñòè) äâóìåðíûõ áàçèñíûõ ìíîæåñòâ, íàáëþäàåòñÿ òåñíàÿ âçàèìîñâÿçü
ìåæäó òîïîëîãèåé ìíîãîîáðàçèÿ M 3 è äèíàìèêîé ðàññìàòðèâàåìîãî
äèôôåîìîðôèçìà. À èìåííî, â [1], [2],[3] äîêàçàíî, ÷òî ìíîãîîáðàçèå M 3

â ýòîì ñëó÷àå ÿâëÿåòñÿ ëîêàëüíî òðèâèàëüíûì ðàññëîåíèåì íàä îêðóæ-
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íîñòüþ ñî ñëîåì òîð. Â ðàáîòàõ [3], [4] âûäåëåí êëàññ Φ ìîäåëüíûõ äèô-
ôåîìîðôèçìîâ íà ìíîãîîáðàçèè MĴ = T2×R/∼, ãäå (z, r) ∼ (Ĵ(z), r−1)

äëÿ íåêîòîðîãî àëãåáðàè÷åñêîãî àâòîìîðôèçìà Ĵ òîðà T2, çàäàííîãî
ìàòðèöåé J ∈ GL(2,Z), êîòîðàÿ ëèáî ÿâëÿåòñÿ ãèïåðáîëè÷åñêîé, ëèáî
J = ±Id. Êàæäûé äèôôåîìîðôèçì φ ∈ Φ ëîêàëüíî ÿâëÿåòñÿ ïðÿ-
ìûì ïðîèçâåäåíèåì àëãåáðàè÷åñêîãî àâòîìîðôèçìà òîðà T2, çàäàííî-
ãî ãèïåðáîëè÷åñêîé ìàòðèöåé C ∈ GL(2,Z), òàêîé ÷òî CJ = JC, è
ñòðóêòóðíî óñòîé÷èâîãî äèôôåîìîðôèçìà îêðóæíîñòè S1. Äîêàçàíî,
÷òî êàæäûé äèôôåîìîðôèçì f ∈ G ÿâëÿåòñÿ Ω-ñîïðÿæåííûì íåêîòî-
ðîìó äèôôåîìîðôèçìó φ ∈ Φ, è áîëåå òîãî, åñëè f ÿâëÿåòñÿ ñòðóêòóðíî
óñòîé÷èâûì, òî îí òîïîëîãè÷åñêè ñîïðÿæåí ñ φ.

Â äîêëàäå ðàññìàòðèâàåòñÿ êëàññ G1 À-äèôôåîìîðôèçìîâ, çàäàí-
íûõ íà òðåõìåðíûõ ìíîãîîáðàçèÿõ è òàêèõ ÷òî, íåáëóæäàþùåå ìíî-
æåñòâî ëþáîãî äèôôåîìîðôèçìà èç G1 ïðèíàäëåæèò îáúåäèíåíèþ êî-
íå÷íîãî ÷èñëà äâóìåðíûõ ïîâåðõíîñòåé, êàæäàÿ èç êîòîðûõ ÿâëÿåòñÿ
âëîæåíèåì äâóìåðíîãî òîðà è ñîäåðæèò îäíîìåðíîå êàíîíè÷åñêè âëî-
æåííîå è ïðîñòîðíî ðàñïîëîæåííîå áàçèñíîå ìíîæåñòâî. Ïðè åñòåñòâåí-
íûõ îãðàíè÷åíèÿõ íà ñòðóêòóðó ïåðåñå÷åíèÿ èíâàðèàíòíûõ äâóìåðíûõ
ìíîãîîáðàçèé òî÷åê èç òàêèõ áàçèñíûõ ìíîæåñòâ, óñòàíàâëèâàåòñÿ ïî-
ëóñîïðÿæåííîñòü ëþáîãî äèôôåîìîðôèçìà èç G1 ìîäåëüíîìó äèôôåî-
ìîðôèçìó èç êëàññà Φ.

Àâòîðû áëàãîäàðÿò Â.Ç. Ãðèíåñà çà ïîñòàíîâêó çàäà÷è è âíèìàíèå ê
ðàáîòå. Ðàáîòà âûïîëíåíà ïðè ÷àñòè÷íîé ôèíàíñîâîé ïîääåðæêå ãðàí-
òîâ ÐÔÔÈ � 13-01-12452-îôè-ì, 12-01-00672-a è ÐÍÔ �14-11-00446.

Ñïèñîê ëèòåðàòóðû
[1] Ãðèíåñ Â.Ç., Ìåäâåäåâ Â.Ñ., Ëåâ÷åíêî Þ.À. Î ñòðóêòóðå 3-

ìíîãîîáðàçèÿ, äîïóñêàþùåãî A-äèôôåîìîðôèçì ñ äâóìåðíûì ïî-
âåðõíîñòíûì íåáëóæäàþùèì ìíîæåñòâîì. Òðóäû ÑÂÌÎ, 2010,
ò. 12, � 2, 7�12.

[2] Ãðèíåñ Â. Ç., Ëåâ÷åíêî Þ.À. Î òîïîëîãè÷åñêîé êëàññèôèêàöèè
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[4] V. Grines, Yu. Levchenko, V. Medvedev, O. Pochinka. On
topological cclassi�cationof 3-di�eomorphisms with two-dimensional
surface nonwandering set. Regular and Chaotic Dynamics. V. 19, No 4
(2014), 506-512.

Deformations of functions on surfaces by symplectic difeomorphisms
Maksymenko S. I.

Institute of Mathematics of NAS of Ukraine
maks@imath.kiev.ua

Let M be a closed orientable surface. Then the group of di�eomorphisms
D(M) of M naturally acts from the right on the space C∞(M) of smooth
functions on M . In particular, for each f ∈ C∞(M) one can de�ne the
corresponding stabilizer

S(f) = {f ◦ h = f | h ∈ D(M)}
and the orbit

O(f) = {f ◦ h | h ∈ D(M)}.
In a recent series of papers the author described the homotopy types
of connected components of S(f) and O(f) for a large class of smooth
functions on M which includes all Morse functions. The aim of this talk
is to show that many of these results extends to the action of the group
Symp(M,ω) of symplectic di�eomorphisms of M with respect to any
symplectic form (area) ω on M .

Evolving dynamical networks with transient cluster activity
Maslennikov O.V., Nekorkin V.I.

Institute of Applied Physics of RAS, Nizhny Novgorod, Russia
olmaov@neuron.appl.sci-nnov.ru

We study transient sequential dynamics of evolving dynamical networks,
i.e., those having active nodes and links and activity-dependent topology.
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We show that such networks can generate sequences of metastable cluster
states where each state is a cyclic sequence of clusters following each other
in a certain order. We found the way how the sequences generated by such
networks can be robust against background noise, small perturbations of
initial conditions, and parameter detuning, and at the same time, can be
sensitive to input information.

Homoclinic orbits in certain multidimensional maps
Belykh V.N., Mordvinkina I.A.

Nizhni Novgorod, Volga State Academy of Water Transportation
belykh@aqua.sci-nnov.ru

In this talk we consider a certain map with one scalar nonlinearity.
For the unimodal continuous functions having a bounded away from zero

discontinuous derivative we prove the existence of a parameter domain for
which the map has a singularly hyperbolic attractor. In the case of unimodal
smooth functions we consider the limiting sets of the map, which can be
studied in terms of symbolic dynamics.

We prove the existence of a bifurcational set leading to the emergence of
di�erent homoclinic orbits.

On Limit Cycles, Resonances and Chaos
in Nearly Integrable Hamiltonian Systems

A.D. Morozov, T.N. Dragunov
Lobachevsky State University of Nizhny Novgorod

morozov@mm.unn.ru, dtn@mm.unn.ru

The role of limit cycles in autonomous two-dimensional quasi-
Hamiltonian systems in the case of periodical perturbations is discussed.
Several examples illustrate the following phenomena:

1. Transition of a limit cycle through a resonance zone;

2. Formation of a limit cycle and its bifurcations in a resonance zone;

3. Formation of quasi-attractors as a result of destruction of stable limit
cycles.
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Our work was partially supported by the Russian Scienti�c Foundation,
grant 14-41-00044 and the Ministry of education and science of Russian
Federation, project 1410.

Generation of bursting activity in coupled neurons
with post-inhibitory rebound

Nagornov R., Osipov G., Komarov M., Pikovsky A., Shilnikov A.
Lobachevsky State University of Nizhny Novgorod, Russia

nagornov.r@gmail.com

The control of rhythmic activity (swimming, running, etc) is provided by
the small neuronal subsystems, that are called Central Pattern Generators
(CPGs). CPGs consist of a small number of neuron cells with di�erent
types of coupling and demonstrate di�erent patterns of bursting activity.
It's also believed that post-inhibitory rebound plays an important role in
CPGs functioning. In our work we consider dynamic of half-center oscillator
(HCO), the two inhibitory coupled slightly di�erent neurons with rebound,
that can be considered as a building block of CPGs. We examine the
linkage of post-inhibitory rebound mechanism and generation of bursting
activity in HCO for di�erent cases of endogenous dynamics.

Nonlinear stochastic dynamics of sensory hair cells
Amro, A., Neiman, A.B.

Department of Physics and Astronomy, Ohio University, Athens, Ohio 45701, USA
neimana@ohio.edu

Sensory hair cells are mechanoreceptors transducing mechanical stimuli
to electrical signals in auditory and vestibular periphery in vertebrates. In
amphibians, hair cells exhibit spontaneous activity in their hair bundles
and membrane potentials, re�ecting two distinct active ampli�cation
mechanisms employed in these peripheral mechanosensors. We use a
two-compartment model of bullfrog's saccular hair cell to study how the
interaction between its mechanical and electrical compartments a�ects the
emergence of distinct dynamical regimes, and the role of this interaction
in shaping the response of the hair cell to weak mechanical stimuli. The
model employs a Hodgkin-Huxley type system for the basolateral electrical
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compartment and a nonlinear stochastic hair bundle oscillator for the
mechanical compartment, which are coupled bidirectionally. Consistent
with experiments, the model demonstrates that dynamical regimes of
the hair bundle change in response to variations in the conductances of
basolateral ion channels. We show that sensitivity of the hair cell to weak
mechanical stimuli can be maximized by varying coupling strength, and
that stochasticity of the hair bundle compartment is a limiting factor of
the sensitivity.

On adiabatic invariance for billiards in magnetic �eld
Artemyev A.V. 1 , Neishtadt A.I. 1,2

1Space Research Institute, Moscow; 1,2Loughborough University, UK
email@mail.com

Billiard in a magnetic �eld is a popular model in nonlinear dynamics.
In this model the motion of a charged particle in a plane region with a
perfectly re�ecting smooth boundary is considered. A magnetic �eld is
perpendicular to the plane of particle motion. If the magnetic �eld is strong
enough, then a drift of a particle along billiard's boundary is possible.
For this drift, a particle performs a skipping motion along the boundary
with numerous collisions with it. Segments of particle's trajectory between
collisions are close to an arc of Larmor circle. The radius of the Larmor
circle and the distance of its centre from the boundary change slowly in
the course of the drift due to non-uniformness of the magnetic �eld. As a
result, the Larmor circle may recede from the boundary. Then the particle
drifts in a non-uniform magnetic �eld for a long time without collisions
with the boundary. This gradient drift is described by the classical guiding
centre theory. If the trajectory of the gradient drift ends at a new collision
with the boundary, then the process is repeated. We show that the drift
along the boundary has an adiabatic invariant. Change of regime of motion
from the drift along the boundary to the gradient drift without collisions
with the boundary leads to a quasi-random jump of adiabatic invariant.
We obtain an asymptotic formula for this jump. We demonstrate that an
accumulation of results of these jumps for multiple changes of regimes of
motion leads to destruction of adiabatic invariance in a large domain of the
phase space.
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Evolving dynamical networks with transient cluster activity
Maslennikov O.V., Nekorkin V.I.

Institute of Applied Physics of RAS, Nizhny Novgorod, Russia
olmaov@neuron.appl.sci-nnov.ru

We study transient sequential dynamics of evolving dynamical networks,
i.e., those having active nodes and links and activity-dependent topology.
We show that such networks can generate sequences of metastable cluster
states where each state is a cyclic sequence of clusters following each other
in a certain order. We found the way how the sequences generated by such
networks can be robust against background noise, small perturbations of
initial conditions, and parameter detuning, and at the same time, can be
sensitive to input information.

Transition to chaos in 2(n+1)-dimensional system
consisting of n dynamically coupled nonlinear oscillators

Pankratova E.V., Belykh V.N.
Volga State Academy of Water Transport

pankratova@vgavt-nn.ru

In this work we study local and nonlocal bifurcations that change the
dynamics of 2(n+1)-dimensional system consisting of n identical nonlinear
oscillators with coupling de�ned by a linear second-order di�erential
equation. Linear stability analysis shows that the system has 3n saddle-type
equilibria. The manifolds of these states can form a network of heteroclinic
linkages, and, as a result, complicated dynamics with coexisting regular and
chaotic attractors can be observed. To examine attractors' structures and
bifurcations leading to their emergence, we �rst consider the case when n

identical subsystems are in synchronous mode. In this case the dynamics
of the system occurs on 4-dimensional manifold where the system has only
three steady states: the type of the trivial steady state depends on the system
parameters, two nontrivial equilibria are always of saddle type. We specify
the parameter range where Shilnikov conditions for these nontrivial states
are satis�ed and prove the existence of heteroclinic contour that connects
these saddle-foci in symmetrical case (or homoclinic orbit connecting one
of these saddle-foci to itself for asymmetrical case). Within this range
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coexistence of wide variety of di�erent regular and chaotic attractors is
observed [1]. Moreover, we reveal a range where the divergence of the vector
�eld on the leading 3-dimensional manifolds of the saddle-foci is positive,
the system has homoclinic orbit or heteroclinic contour and therefore chaotic
attracting sets become wild. The detailed analysis shows that the basins of
these attractors are relatively small and have riddled structure. Finally, we
demonstrate that in 2(n + 1)-dimensional phase space of the system these
attractors are persistent under transversal perturbations.

This work is supported by the Russian Foundation for Basic Research
(projects 12-01-00694 and 14-02-31727).

[1] V.N. Belykh, E.V. Pankratova. Shilnikov chaos in oscillators with
Huygens coupling. //Int. J. of Bif. and Chaos.- 2014.- Vol. 24. - No. 8. -
1440007.

Interaction-based transition from passivity to excitability
Petrov V.S. and Osipov G.V.

Lobachevsky State University of Nizhny Novgorod
valentin.s.petrov@gmail.com

In this work we suggest a mechanism of construction of excitable medium
from passive dynamical elements. The idea is to couple the passive systems
with the excitable ones. In the case of cardiology one may think of a site of
�brosis tissue in heart. Under normal conditions this piece of tissue can not
conduct electrical pulses and thus serves as an obstacle which may cause
arrhythmia to arise. We showed that a piece of excitable tissue attached
above the passive area of cardiac muscle can turn the problematic region into
excitable medium able to propagate signals. Again, in the case of cardiology
this could be possibly done via surgery. We demonstrated that the result of
the interaction of excitable and passive cells would be the transformation
of the latter into the excitable units. This could happen for a really large
parameter (coupling) ranges. Moreover, the new tissue would be stable with
respect to small perturbations according to the restitution curve studies. The
speed and with of the propagated pulse, however, would di�er from those
in the originally excitable medium. This would result in the in-homogeneity
of the excitation pattern. The consequences of such e�ect are to be studied
further.
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We also demonstrated the generality of the e�ect with the FHN system,
gave the analytic qualitative description of the process in terms of phase
space analysis and obtained the dependency of the excitation threshold on
coupling strength that align nicely with numerical simulation results.

Energy function for rough 3-di�eomorphisms
with two-dimensional non-wandering set

O. V. Pochinka
National Research University Higher School of Economics, Nizhny Novgorod

olga-pochinka@yandex.ru

We consider the structurally stable di�eomorphisms de�ned on a
closed orientable 3-manifold. Assuming that the non-wandering set of the
di�eomorphism has topological dimension two, we prove that it has an
energy function.

Ïîòàïîâ Â.È.
Â ðàáîòå ïðîâåäåíî ñðàâíåíèå ìåõàíèçìîâ ðîæäåíèÿ õàîòè÷åñêèõ

àòòðàêòîðîâ â îäíîïàðàìåòðè÷åñêîé ñèñòåìå Ôðàí÷åñêèíè-Òèáàëüäè[1]
è òð¼õïàðàìåòðè÷åñêîé ñèñòåìå Ðèêèòàêè[2]. Óñòàíîâëåíî, ÷òî ñèñòåìà
Ôðàí÷åñêèíè-Òèáàëüäè â ïÿòèìåðíîì ïðîñòðàíñòâå èìååò ñåìü ñî-
ñòîÿíèé ðàâíîâåñèÿ è ïðè ïðîõîæäåíèè êðèòè÷åñêîãî çíà÷åíèÿ ÷èñëà
Ðåéíîëüäñà r=22.85370163183116527 â îêðåñòíîñòÿõ ñåäëî-ôîêóñîâ(3,2)
ðîæäàþòñÿ èçîëèðîâàííûå ïðåäåëüíûå öèêëû, òî åñòü èìååò ìåñòî
ëîêàëüíàÿ áèôóðêàöèÿ Àíäðîíîâà-Õîïôà. Äàëåå, ïðè óâåëè÷åíèè ïà-
ðàìåòðà r äî 28.8, â R5 îáðàçóåòñÿ ñëîæíîå ïðèòÿãèâàþùåå ìíîæåñòâî
ôàçîâûõ òðàåêòîðèé: ïðîèñõîäèò ãëîáàëüíàÿ áèôóðêàöèÿ, ïåðåñòðîéêà
ôàçîâîé êàðòèíû â îáëàñòè, ñîäåðæàùåé âñå ÷åòûðå ñåäëî-ôîêóñà[3].
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Â ïÿòèìåðíîì ïðîñòðàíñòâå îáðàçóåòñÿ ìíîãîîáðàçèå ñ ôðàêòàëüíîé
ðàçìåðíîñòüþ 4<D<5 -ýòî õàîòè÷åñêèé àòòðàêòîð Ôðàí÷åñêèíè-
Òèáàëüäè. Òàêàÿ ¾âîäíàÿ¿ ìîäåëü ìîæåò îáúÿñíÿòü ïðîèñõîæäåíèå
òóðáóëåíòíûõ ïðîöåññîâ â òå÷åíèå æèäêîñòè. Àíàëîãè÷íî äèíàìè-
÷åñêèé õàîñ âîñïðîèçâîäèò è ÷åòûð¼õìåðíàÿ ñèñòåìà Ðèêèòàêè, íî
ìåõàíèçì åãî äðóãîé. Â ýòîé ìàòåìàòè÷åñêîé ìîäåëè [4] äâóõäèñêîâîãî
äèíàìî Ðèêèòàêè, àäåêâàòíî îïèñûâàþùåé èíâåðñèè ìàãíèòíîé îñè
çåìíîãî øàðà, èìååòñÿ òðè ñîñòîÿíèÿ ðàâíîâåñèÿ: äâà ñèììåòðè÷íûõ
óñòîé÷èâûõ ôîêóñà-óçëà è îäíî ñåäëî (3,1). Ïðè çíà÷åíèÿõ ðåçèñòèâ-
íîé äèññèïàöèè ?=0,2 è êîýôôèöèåíòîâ ?1=0,022 è ?2=0,02 âÿçêîãî
òðåíèÿ ïðîèñõîäèò ðîæäåíèå ïåðåêðó÷åííîãî öèêëà â R4 èç ñåïàðàòðèñ
ñåäëà(3,1). Äàëåå, ïðè ?=1 ?1=0,008 ?2=0,002 òîïîëîãèÿ ñîñòîÿíèé
ðàâíîâåñèÿ íå ìåíÿåòñÿ, ïåðåõîäà êîðíåé ÷åðåç ìíèìóþ îñü íåò, íî â
÷åòûðåõìåðíîì ïðîñòðàíñòâå ôîðìèðóåòñÿ ñëîæíîå ïðèòÿãèâàþùåå
ìíîæåñòâî ôàçîâûõ òðàåêòîðèé ñ õàîòè÷åñêèìè îñöèëëÿöèÿìè êàê
òîêîâ, òàê è óãëîâûõ ñêîðîñòåé äèñêîâ. Õîòÿ â ýòîé ñèñòåìå ëîêàëüíîé
áèôóðêàöèè Àíäðîíîâà-Õîïôà è íåò, îäíàêî âîçìîæíî ïðè ìàëûõ øå-
âåëåíèÿõ ïàðàìåòðîâ ðàçðóøåíèå ñåïàðàòðèñíîãî öèêëà è îáðàçîâàíèå
ìíîãîîáðàçèÿ ñ ôðàêòàëüíîé ðàçìåðíîñòüþ 3<D<4.Îáå ðàññìîòðåííûå
ñèñòåìû ÿâëÿþòñÿ äèññèïàòèâíûìè âî âñ¼ì ôàçîâîì ïðîñòðàíñòâå.
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Improvement of diagnostic methods of microwave radiometry.
I.V.Rakut

Radiophysical Research Institute

34



igor@nir�.sci-nnov.ru

The task of monitoring of the condition of a damaged the area body of
a patient without removing the protective bandage is very important in the
treatment of complex burns. IR cameras are not able to see a surface of the
patient's body even through one a layer of dry bandages. Our examination
of patients with burns using the methods of passive-active radiometry in 8 -
mm range [1] showed the possibility of solving this problem. Measurements
have shown, that operation of the radiometer in passive or passive-active
mode, the resulting distribution of self-radiation or re�ection coe�cient in
the burn area [2] and under the bandage, and without a bandage similar.
However there remain a number of unresolved until the end of the tasks.

The report compares the main characteristics and results of infrared and
microwave radiometry. In the report objects and phenomena are presented
that require further investigation in order to improve quality by microwave
radiometry. They include distortion maps diagnosis, which occurs as a result
of a decrease in resolution (of the order of the wavelength of the received
radiation) and the curvature of surface the patient's body. Power of its
own microwave radiation is much less than in the IR range, which requires
increasing the accumulation time of the signal. Since the re�ection coe�cient
of the human body for microwaves is much greater than that for the IR
waves, it is necessary to consider the radiation of local objects around the
patient. This radiation is re�ected from the patient's body and creates on
of diagnostic map a false heterogeneity. Quickly identify this heterogeneity
does not allow a signi�cant amount of time for create the one radio image.

The report suggests ways to improve the equipment, methods, algorithms
of obtaining and processing information. As a result, in contrast to existing
bulky stationary installations, doctors are will receive a mobile device.
The doctor will be able quickly to change the speed and trajectory of the
scan that will allow him to quickly �nd local heterogeneity. After that,
the doctor will be able carefully and deeply investigate this heterogeneity.
According to his desire, the doctor will be able to change the tilt axis, focus
and rotate the antenna in relation to the diagnosed surfaces. In parallel,
the computer accumulates the measured signals, creates the radio image of
the investigated area and simultaneously combines it with his video.
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Generalized Rikitake systems and their applications
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Application of the Rikitake model namely two-disk dynamo system for
investigation of geomagnetic �eld is well known [1]. Up to now this model is
considered as purely mathematical model. However it is obvious that if one
makes physical model of this system and chooses its parameters properly
then one would obtain chaotic output voltage that is one would obtain
generator of chaos. The device described do not include semiconducting
elements therefore it will be stable under the action of extremal conditions
of exploitation such as radiation or high temperature. This property of
generator of chaos is urgent [2].

In the report generalizations of the Rikitake system possessing by
2n-dimensional phase space on systems from n connected dynamo are
considered. One way of generalization of these systems is an investigation
of both regular and irregular lattices on plane from interacting magnetic
dynamo. The simplest example of such system is the system from three
connected dynamo. Another way of generalization of the Rikitake model
is a research of linear and ring structures consisting of identical weakly
connected two-disk dynamo.

At small n one can carry out numerical investigation of these systems
by means of program WInSet [3], but at large n one has to use parallel
variants of Runge-Kutta method and supercomputers. Perspectives of
experimental research of these systems on physical models interpreting as n
interacting magnetic vortexes in kernel of Earth by means of oscilloscopes
and frequency response analysers are also discussed.
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Model description of the dynamic air platform trajectory
instability within the bounds of Hamiltonian formalism.

A. E. Rassadin
Nizhny Novgorod division of A. S. Popov's STSREC

brat_ras@list.ru

When shaping radar images by means of airborne radar with synthetic
aperture antenna, the principal problem is air platform trajectory
instabilities. These air platform trajectory instabilities generate modulating
interference, which can cause complete degradation of spatial resolution
of the radar images. In the paper [1] vector of air platform trajectory
instability is found for the coaxial-rotor helicopter, regarded as a carrier for
the airborne radar. The most important feature of this design of aircraft,
which considerably improves stability and handling characteristics, is
aerodynamic symmetry. Due to aerodynamic symmetry there is practically
no connection between longitudinal and lateral motion on the coaxial-rotor
helicopter, so we can change a real helicopter by a model system, namely
spherical pendulum. In truth we always have small deviations of a mapping
line from the straight line. In the report it is supposed that therå are no
axial rotations of the pendulum. And vector of these deviations is thought to
rotate uniformly along the small circle. In this case one can reduce problem
investigated to the well-known problem about motion of an electron in
�eld of two di�erent longitudinal electromagnetic waves in collisionless
plasma [2]. Unperturbed Hamiltonian function of this system proves to be
Hamiltonian function of simple pendulum. Thus theory of perturbations is
constructed easily in action-angle variables [2]. Therefore the consideration
of the air platform trajectory instability and the consideration of the
function of interference modulation one can carry out with arbitrary degree
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of accuracy. The results obtained will be used for the further improvement
of range resolution of the synthetic aperture radar.
References:
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The interaction between topology and dynamical systems will be
considered through shape theory tools. Namely, using the intrinsic
approach to shape, the notion of a proximate sequence will be introduced
as a sequence of near continuous functions which converge in homotopical
sense and a natural way of producing one in a given �ow will be discussed.
The central part of the presentation will be the proof of the strong shape
theorem for global attractors in compact metric spaces using the intrinsic
approach to shape which combines continuity up to a covering and the
corresponding homotopies of second order.

Noise-induced bursting generation in Hindmarsh-Rose model
Slepukhina E. S., Ryashko L.B.
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Hindmarsh-Rose model [1] was developed to describe bursting, one of
the most important types of neural activity. It is a mode when intervals of
periodic spiking alternate with intervals of resting.

We study the e�ects of random disturbances on the Hindmarsh-Rose
model. Due to the strong nonlinearity, even the original deterministic system
demonstrates very diverse complex dynamic regimes. Random perturbations
considerably a�ect the mechanisms of excitation in neuronal systems. Even
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small stochastic �uctuations can lead to a signi�cant qualitative changes in
the nonlinear dynamics of such systems.

We consider a parametrical zone where the deterministic system has
the only stable equilibrium. We show that under random disturbances,
a stochastic generation of high amplitude oscillations occurs. The system
demonstrates an alternation of small �uctuations near the equilibrium
with high amplitude oscillations, that can be called noise-induced bursting
generation.

For the analysis of this phenomenon we propose a method based on the
stochastic sensitivity function technique [2].
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The problem of falling motion of a body in �uid has a long history and
was considered in a series of the classical and modern papers. Some of the
e�ects described in the papers, such as periodic rotation (tumbling), can
be encountered only in viscous �uids and thus demand for their proper
treatment the use of the Navier - Stokes equations with boundary conditions
speci�ed on the body's surface. As a rule, such problems are hardly amenable
to analytical analysis and can be addressed only numerically.

Another approach is to use (instead of the exact Navier - Stokes
equations) some phenomenological ODE models which capture the viscous
e�ects qualitatively.
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In this paper we study the in�uence of the vorticity on the falling body in
a trivial setting: a body (circular cylinder) subject to gravity is interacting
dynamically with N point vortices. The circulation around the cylinder is
not necessarily zero. So the model we consider here is exact and, at the same
time, not so despairingly complex as most of the existing models are.

The dynamical behavior of a heavy circular cylinder and N point vortices
in an unbounded volume of ideal liquid is considered. The liquid is assumed
to be irrotational and at rest at in�nity. The circulation about the cylinder
is di�erent from zero. The governing equations are presented in Hamiltonian
form. Integrals of motion are found. Allowable types of trajectories are
discussed in the case of single vortex. The stability of �nding equilibrium
solutions is investigated and some remarkable types of partial solutions
of the system are presented. Poincare sections of the system demonstrate
chaotic behavior of dynamics, which indicates a non-integrability of the
system.

Simultaneous in�uence of AMPA and NMDA receptor currents
on a neuron model with di�erential responses
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Several types of neurons (dopaminergic, noradrenergic, serotonin-containing
neurons, etc.) demonstrate response di�erentiation, i.e. they respond
qualitatively di�erent to di�erent excitatory stimuli. In particular, the
NMDA receptor (NMDAR) current can signi�cantly increase their �ring
frequency (more than 5-fold, compared to the tonic activity frequency)
whereas AMPA receptor (AMPAR) current is not able to evoke high
frequency activity and usually suppresses �ring. However, both currents
are produced by glutamate receptors and, consequently, in most cases
are activated simultaneously. Here we take a neuron model that responds
di�erentially to AMPA and NMDA synaptic currents and consider their
simultaneous in�uence. Di�erent types of neuron activity (rest state,
low frequency or high frequency �ring) are observed depending on the
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conductance of the AMPAR and NMDAR currents. We show that
the frequency increases more e�ectively if both receptors are activated
simultaneously (for the certain parameters values) than if they are activated
separately. In particular, the maximal frequency is 20% greater than that
with NMDAR alone. Thus, we con�rm the major role of NMDAR in the
evocation of high-frequency �ring and conclude that AMPAR activation
further signi�cantly increases the frequency. The dynamical mechanism
of such frequency growth is explained in the framework of phase space
evolution.

This work was supported by the Russian Foundation for Basic Research
(project 14-02-00916-a).

Morse-Smale systems with three �xed points
Zhuzhoma E.

National Research University Higher School of Economics
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We consider Morse-Smale systems with the non-wandering set consisting
of three �xed points (two nodes and a saddle). We study the topological
structure of supporting manifolds and the question of classi�cation. The
results obtained in collaboration with V.S. Medvedev.

Partially supported by Russian Foundation for Basic Research (projects
12-01-00672-a, 13-01-12452-o�-m).

Dynamics of gradient-like di�eomorphisms on 2-manifolds
with one-dimensional invariant sets

Zinina S. Kh.
Ogarev Mordovian State University
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In 1973 M. Peixoto [2] classi�ed the Morse-Smale �ows without closed
trajectories using distinguished graph.
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In 1985-1987 V.Z. Grines and A.N. Bezdenezhnykh obtained topological
classi�cation of gradient-like cascades on orientable surfaces (for a detailed
description of the results found in the book [1]).

We consider the class G of gradient-like di�eomorphisms on a manifold
M 2. Nonwandering set of a di�eomorphism f ∈ G is represented as Ω(f) =
Ω0(f)∪Ω1(f)∪Ω2(f), where Ω0(f) , Ω1(f) and Ω2(f) are the sets of sink,
saddle and source periodic points of di�eomorphism f respectively.

In this paper, a class G̃ of gradient-like di�eomorphisms of two-
dimensional manifolds such that for every f ∈ G the set Ω1(f) is a union
of Ω+

1 (f) ∪ Ω−
1 (f) such that:

1. cl(
⋃

σ∈Ω+
1

W u
σ ) ∪ cl(

⋃
σ∈Ω−1

W s
σ) consists of a �nite number of disjoint

components, each of which is homeomorphic to a circle; 2. (Ω0 ∪ Ω2) ⊂
(cl(

⋃
σ∈Ω+

1

W s
σ) ∪ cl(

⋃
σ∈Ω−1

W u
σ )).

Interrelation between dynamics of such di�eomorphism and topology of
the ambient manifold is studied. It was found that the ambient manifold
M 2 di�eomorphism class G̃ is either a torus or a Klein bottle.

Under the additional restriction imposed on the class G̃, the problem of
topological classi�cation reduces to the classi�cation of structurally stable
di�eomorphisms of the circle, which was obtained by A. Maier in [3].

The author thanks V.Z. Grines for the formulation of the problem and
for the useful discussion.

Acknowledgments. This work was supported by the Russian Foundation
for Basic Research (grant 13-01-12452-o�-m).

References [1]. Grines V. Z., Pochinka O. V. Introduction to the
topological classi�cation of cascades on manifolds of dimension two and
three - Moscow.; Izhevsk : Institute of Computer Science. : Regular and
Chaotic Dynamics, 2011. - 424 p.

[2]. Peixoto Ì. Ì. On the classi�cation of �ows on 2-manifolds //
Dynamical systems. New York: Academic Press, 1973.- P. 389-419.

[3]. Mayer A.G. Rough transformation of the circle to the circle. Uch.
Zap. GGU. 1939. Gorky, Pub. GGU, 12, 215-229.

42


