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Chaotic attractors of certain dynamical systems

Belykh V.N.

Volga State Academy
belykh@Qunn.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 Ne (02.B.49.21.0003).

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

Bogaevskaya V.G.

Yaroslavl State University
Bogaevskaya VG @Qyandex.ru

We researched model equation with qubic nonlinearity that has following
form

i =0z + )z

Here z(t) is complex-valued function; o and 7 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)—2(t)) and K(z(t+T1) — 2(t)) + K (z(t +T5) — 2())
respectively, where K is complex coeflicient of delayed feedback control and
T, T, T, > 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 sufficient
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-fire oscillators
Maxim Bolotov!, Grigory Osipov', Arkady Pikovsky?
' Department of Control Theory, Lobachevsky State University of Nizhny
Nowvgorod, Russia
2 Institut for Physics and Astronomy, University of Potsdam, Germany
bolotov_maxim_ilich@mail.ru

Synchronization is a central mechanism for neural information processes
that connects different parts of the brain. One of the most general and
relevant dynamical phenomenon observed in the mammalian brain is the
rhythmic coherent behavior involving different 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 influence on the ensemble, however, many ensembles oscillators may
evolve to partially-synchronized state even there is no external influence.
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 field on the
"any-to-any connection"principle. At first 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 field dynamics. During the examination of
the dynamics of the coupled neural ensembles having different types we
investigate evolution modes of the common field 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 field 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.!, Nekorkin V.I.

The Institute of Applied Physics of the Russian Academy of Sciences
Lobachevsky State University of Nizhni Novgorod
Ladmitry@neuron.appl. sci-nnov.ru

Many real network systems from various fields 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 affect
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 different 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
different 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(851) 4177790
ddeejj@yandez.ru



Along with use of the initial differential equations of Hodzhkin-Haxley of
the fourth order (and their modifications), the equations of Ziman, Alonso-
Panfilov of the third order for the description and operational analysis
excitable tissue (ET), etc. are used the equations of the Van-der-Pol-duffing
(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 field
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 specified 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
field which certain impact on functioning alive electicity excitable and unexcitable
tissue can make. Degree of such influence can be significant, since voltage
of the conforming fluctuations 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. Popou
phoeniz.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 coefficient 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] JTazepuast peska // osvarke.com: Undopmaruonnsiii caiir o ceapke URL:
http:/ /www.osvarke.com /lazernaya-rezka.html

[2] C.M. Cemenor. CoBpeMenHbie XUPYPrUIecKre MHCTPYMeHThI. U3 1ares-
crBo «Ilurep», 2013 .

Bifurcations in a finite dynamical systems
Lev Glebsky
IICO-UASLP

glebsky@cactus.irco.uaslp. mx

Consider the dynamical system f : Zy» — Zyn, where Z,» is the ring of
residues modulo p", p is a prime integer, and f defined as

(1+p)*—1

fx) = »

mod p".

One can check that this function is bijective, so Z,» is the union of periodic
trajectories (cycles) of the form a1, as = f(a1), ar = f(ag-1),a1 = f(ax).
A cycle of the length k£ I will call a k-cycle.

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

e a p-cycle with m # 0 turns to p™-cycle;
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e for a fixed point there are two possibilities:

— it splits to p different fixed 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"tab =
a", b =w law, w' = 1) are sofic. 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@Quniyar.ac.ru; andkolesov@mail.ru; fpo.mgu@mail.ru

We consider a one-dimensional chain of diffusively coupled neurons with
Neumann boundary conditions.

ety = vj—g(u;)+d(uj1—2u;+u;1), U = a—u;—vj, 7=1,...,m,
(1)
where ;411 = U, ug = uy, and d = const > 0. Assume that every

individual neuron is described by system
e =v— g(u), V=a—u—wv, (2)

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

g(0) =0, ¢'(u)>0forué€ (—oo,uy), ¢(u) <0 for u € (uy, +00),

g (u) =0, ¢"(us) <0, a—us—guy) > 0.
Condition 2. For u — 400, we have the asymptotic representation

oo
o
g(u) = ap + Z u_:’ ag > 0, which remains valid after differentiating any

k=1
times with respect to u.

A singularly perturbed system of ordinary differential equations (2) with
a fast and a slow variable is a modification 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 0-like function. The following result is true.

Theorem For any fixed d > 0 and all sufficiently small € > 0, the
homogeneous cycle of system (1) is exponentially orbitally stable.

We have shown that diffusion 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 Ne2014/258-1875.

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 1.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 infinitely 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:



[1] Borisov A.V., Mamaev 1.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 diffeomorphisms 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 Universitat 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.!, Kaschenko S.A.?

' Belarus State Economical University, % Yaroslavl 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 differential equations, where
N is a number of longitudinal modes. The model takes into account cross-
saturation of modes due to the effect 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



[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 CO4 lasers. With
such a large parameter the system generates short-width spikes.

The obtained discrete (2/N+1)-dimensional mapping adequately describes
certain synchronous spiking in the original system of coupled oscillators. In
particular, the fixed 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 find 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 fixed 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

Tonmonormyeckast kjaccudukaliis CTPYKTYPHO YCTOMYNBBIX KAaCKaJI0B
C IBYMEPHBIM HEOJTy2K/IQIOIIMNM MHOY»KECTBOM HA 3-MHOT000pa3msax

B.3. I'punec
HHI'Y um.H. 1. /lobavwescrozo

vgrines@Qyandex.ru

JToKJ1aJ1 TIOCBSIIEH U3JI0KEHUIO PE3YJIbTATOB, MOJIYUYEHHBIX COBMECTHO C
E.B. 2Kyxowmoit, FO.A. Jlesuenko, B.C. Mensenesnim 1 O.B. [lounmkoii.

IIycrs M3 — raajkoe TpexMepHOe 3aMKHYTOe MHOroobpasue i G — KJacce
nddeomopduzmon f 1 M3 — M3, onpejesnsieMmblii CiIe[yIOMNMI YCIOBHSI-
MU:

1) moboit guddeomopdusm f € G gBisgercss CTPYKTYPHO YCTONIUBBIM;

ii) meburyx maroriee Muokectso NW (f) moboro pnddeomopdusma f €
GG uMeeT TOTOJIOTUYECKYI0 Pa3MEPHOCTh JIBA.

N3 yenoBus ii) u cnekrpadbroil Teopembl C. Cwmeilna crieyer, d9To
NW(f) cocrout u3 KOHEUHOro 00beIMHEHKs HEIIEPECEKAIOTIMXCA 3aMKHY-
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ThIX WHBAPUAHTHBLIX (GA3UCHBIX) MHOXKECTB PA3MEPHOCTH JIBA, OIDAHUYe-
ane guddeomopdusma [ HA KayKI0€ U3 KOTOPBLIX SBJSETCS TOMOJOTHIE-
CKM TpaH3uTuBHBIM. B cuiy [1] ycmosue ii) Bieder, uro kKaxoe HGazuchoe
MHOXKECTBO siBJIsieTcsi JInb0 arTpakTopoM Jinbo perejiepoM, a B cuiy |[2]
OHO sIBJISIETCsl JTMOO PACTSATUBAIONMMCS aTTPAKTOPaM, JIMOO CKUMAFOIIM-
csl penmesiepoM, Judo JIBYMEPHO# MOBEPXHOCTHIO, TOMEOMOP(MHOI TOpYy H
TOIOJIOTMYCCKH BJIOXKeHHOH B MHOroobpasue M3, Wz 3] cienyer, uro ecin
HEeOJIY 2K JTaloIee MHOXKECTBO CTPYKTYPHO ycroitanBoro guddeomopdusma, f
3aJIaHHOTO Ha M3, CONepyKUT PaCTATHBAIONIMIC aTTPAKTOD (CHKUMATOIHIi-
CsT PETesiep) TO OHO HEe MOYKET COJIEPXKATH JIDYTUX HETPUBUAIBHBIX Ha3uc-
HBIX MHOXKECTB ¥ HEOOXOMMO COJEPXKUT 110 KpaiiHeil Mepe OJInH CTOK (I/IC—
TOYHWK) ¥ KOHEYHOE MHOXKECTBO (BO3MOXKHO IIyCTOE) CEJJIOBBIX TEPUOJIHAYe-
ckux Touek. Kpome toro, B [3] ycranoBsieHO, 9TO B 9TOM cJiydae MHOTOOOpa-
sue M3 quddeomopdHO TpexMepHOMY TOPY, U f TOMOJOTHUCCKH COMPSKEH
nekoropomy 0000mentomy DA-uddeomopduszmy. Takum obpasom, uz [2]
u [3] caenyer, uro HebiyKatoIEe MHOXKECTBO J1I000r0 Juddeomopdusma
f € G cocTouT M3 KOHEUHOTO UHCJIA IIOBEPXHOCTEH, KarKJas U3 KOTOPBIX
romeoMopdHa JIByMepHOMY Topy. Bosiee Toro B [4] jlokazano, 4o KaxK bl
TaKON TOp Py4HO BJIOKeH B M 3, a Or'paHMYeHue HEKOTOPON crereHu Jindeo-
MopdusMa [ Ha 3TOT TOP TOMOJOTTIECKH COMPSIzKEHO ¢ muddeoMopdusMom
Amnocosa.

B HacrosiieM JIOKJajle yCTaHaBINBaeTC s, 4To MHOoroobpasne M3 joryc-
kaer juddeomopdusm nz kimacca G Torma m TONBKO ToOria, xorya M3
JuddeoMopdHO MHOr00OPaA3Uo, MOJYIEHHOMY U3 MPIMOr0 IPOU3BEICHUS
JBYMepHOro Topa Ha orpe3ok T2 x [0,1] oroxpecrsienmem Touex (z,1)
u (7(2),0), tie 7 romeomopdusM TOpa, MH/YIMPOBAHHBIN MaTpuiel Jubo
TOXKJIECTBEHHOM, JTUOO0 MUHYC TOXKJIECTBEHHOH, MO0 IeJ0UNCIeHHON YHU-
MojTyJsisipHO#t U runepbosmaeckoii. Ilocrpoen monkmace & C G MomebHBIX
JinbdpeoMopdr3MOB, TOMOJOrMYUECKast KJAaCCU(PUKAINS KOTOPHIX IOJIYyde-
Ha Ha aJiredpanyeckoM s3blKe. YCTaHOBJIEHO, UTO JiI000i Jinddeomopdusm
f € G Tomosornueckn COmpszKeH HEKOTOPOMY MOJIEJILHOMY YaCTHIHO TH-
11epbOJIMIeCKOMY U JIMHAMUYECKHU KorepeHTHoMYy juddeomopdusmy us P.

Pabora BbilOJIHEHA TTPU YaCTUYHOW (DUHAHCOBOW MOJJIEPXKKE IPAHTOB

POODOU Ne 13-01-12452-odu-m, 12-01-00672-a 1 PHD Ne14-11-00446.
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MPU MTOMOIINK YHEPreTUIECKOil (pyHKIIMm
E.4. I'ypeBuu
Havuonarvnud uccaedosamenveruts ynusepcumem Buicwan wxora sK0HOMUKY

equrevich@hse.ru

B jokjajie n3aaramoTces pe3yabTaThl, MoJydeHHble coBMecTHO ¢ B.3. ['pu-
necom u O.B. [lounukoit, n onybsukosamnmbie B [1].
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Paccmarpusaercs kiace G(M™) norokos Mopca-Cumeiijia Ha 3aMKHYTOM
ry1aJIKoM MHOTOOOpasun M" pazmepHOCTH N > 2, TaKUX, 9TO JI0O0H TTOTOK
ft € G(M™) obnajaer cieylomuMy CBOHCTBAMMU:

1. mebsyxK matomee MHOXKeCTBO €2 ft) HE COJICPXKUT MEePUOAYCCKUX TpPa-
€KTOPUI;

2. Unnexe Mopca ind(p) npoussosnbroit Toukn p € Q(f*) (paBublii pas-
MEPHOCTH HEYCTOHIMBOrO MHOTOOOPA3¥si TOUKHU P) IMPUHAJJICKUT MHO-
xecrBy {0,1,n — 1,n};

3. MHBapMAHTHBIE MHOTO00Pa3usl PasIMUHBIX celJIoBbix Todek nu3 Q(f7)
HE 11ePECEeKAIOTCs.

15 pabors [2| ciiegyer, uto s moboro noroka ff € G(M™) cymecrsyer
CAMOUHIEKCUPYIOULAACA IHEP2EMUNECKas Pynkyus — Takasd pynkius Mop-
ca ¢ : M"™ — [0,n], aro:

1. MHOXKECTBO KPUTHUECKUX TOYEK (DYHKIMK (0 COBNAJACT ¢ MHOXKECTBOM
Q(f);

2. o(f1(x)) < (x) pis aoboit rouxku x & Qf') n soboro t > 0;

3. ¢(p) = ind(p) nast moboro p € Q(f7).

Cnenysa P. Tomy, 6ynem naspisarh Gyakmun @ : M™ — Ru ' : M" — R
MONON02UNECKY IKEUBAACHMMHLMU, ECITH CYIIECTBYIOT COXPAHSIONNE OpPH-
enrtaruio romeomopdpusmer H : M" — M" n x : R — R Takwme, uro
Y'H = x ¢

K. Meiiep B [3] s0Kka3a/, 4TO TOMOJOIMYECKH IKBUBAJEHTHbBIE OTOKHU
Mopca-Cwmeitia uMeIOT SKBUBAJIEHTHBIE CAMOWHICKCHPYIOIIUECs] SHEPreTH-
qeckue (DYyHKINH, a B caydae TOTOKoB u3 kiaacca G(M?) sepno u obpat-
HOE YTBEPXKJIEHHE: TOMOJOIMIeCKas SKBUBAJIEHTHOCTD CAMONHIEKUPY FOIITIX-
ca1 sHeprerudeckux Gpynknuii norokos s G(M?) Baeder TOMOJOrMUECKYIO
9KBUBAJEHTHOCTh 9TUX ITOTOKOB.

Mpbr mokaspiBaeMm, 9TO STOT (PaxKT, BOOOIE TOBOPs, HEBEPEH B CIydae
n = 3, n BBOAWM 0Oo0Jjiee CHJILHOE YCJIOBHE SKBUBAJEHTHOCTH SHEPTETHUE-
CKUX (PYHKINH, HA3BAHHOE C0240C08aAHHOT 2KEUBAACHMHOCTbI. OCHOBHON
pPe3yJIbTAT JTOKJIAIa COIEPKUTCS B CISAYIONMEH TeopeMe.
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Teopema. Homoru f,f"" € G(M"), n > 3, monosoeuuecku sxsusa-
AEHMHDL MO020a U MOABKO M020a, K0204 UL CAMOUHIEKCUPYOULUCCA IHEP2e-
muyeckue PyHKUUL co2Aac08aHH0 IKGUBANCHIMHDL.

Pabora BbIloHEeHa OPU YACTUYHON (DUHAHCOBON MOJIEPXKKE I'DAHTOB
PODON Ne 13-01-12452-odpu-m, 12-01-00672-a u PHD Ne14-11-00446.

[1] Tpunec B. 3., T'ypesuu E. 4., [Tounnka O. B. Duepreruveckast GpyHk-
U IPaJUEeHTHO-OA00OHBIX OTOKOB U IIPOOJIeMa TOMOJOTNIECKON KIIacCu-
bukarun // Maremarmaeckue 3amerku. 2014. T. 96. Ne 6. C. 856-863.

[2] Smale S. On Gradient Dynamical Systems// Annals of Math. 1961.
V. 1. Ne 1. P. 199-206.

|3] Meyer K.R. Energy Functions for Morse-Smale Systems// Amer. J.
Math. 1968. V. 90. Ne 4. P. 1031-1040.

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 difference of their phases takes
a certain constant value, and the beating mode, in which the difference
of phases grows permanently while the mean frequency difference 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 difference 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-ahrQ@yandex.ru
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We study model differential equation
= (1— (1+ip)|ul*)u

with two different types of distibution.
As distributed in time equation we consider so-called Stuart-Landau
equation
= (1—(1—ic)u*u+ve(u(t —T) — u). (3)

The main assumption in this case is that delay 7" > 0 is sufficiently large.
We study existence of automodel cycles u = Rexp(iAt) (here R and A 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 27-periodic boundary conditions

o= (1— (14 ib)|ul*)u+e*(1 +id)u”, 4
u(t,x +2m) = u(t, x). "

Here the main assumption is that diffusion € > 0 is sufficiently small. In
this case we study existence of automodel cycles u = Ry exp(iAgt + ikx)
(here Ry, Ay are real constants, R > 0, k is integer) and their stability in
phase space C0, 27].

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 sufficient 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 figure-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 differential equations in variables w (angular velocities)
and 7 (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 Poincaré 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 figure-eight attractor.
The existence of the figure-eight attractor in three dimensional maps was
predicted in [2]. As we know, the system under consideration is the first
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
figure-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
No0.13-01-00589 and 13-01-97028-Povolzhie.

[1] Borisov A.V. and Mamaev 1.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 LR. 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 Scientific Foundation Grant 14-41-00044 and
by RFBR grant No. 13-01-97028.

Normalization of equations with two different by order delays

Kashchenko 1.

Yaroslavl State University
ikashchenko@yandex.ru
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Consider the equation with two delays
t+x=ax(t—T)+bx(t —T5)+ f(r.x(t —T1),z(t —Ts)), Ty >T,>0,

where f(x,y, z) is nonlinear function (f(0,0,0) = 0). Main assumption is
that both 77 and 75 are asymptotically large and T1T2_1 is large too. Let
Ty = ¢!, where 0 < ¢ < 1. Then Ty = e (ko + k1) (o > 0). The
problem to research is to determine the behavior of solutions in some small
(but independed of €) 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| 4+ |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 a. There are three different situations: (1) a < 1,
(2) @« = 1 and (3) a > 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 firing

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 modified FitzHugh-Nagumo model of neuron firing 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 finite 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-differential equation for the modeling of quantum system’s
evolution (under the action of electromagnetic field that generated by the
system itself) is proposed. We assume that the system radiates as an electric
dipole. This equation can be written as

b o ” . {d(EF0¢*(t£o)w(t,Fo))}

. - e re

th _ []{Ow + %((E f o] } td%"‘ (1)
igTadf [div (eﬁle;tle)dl’(tvFl))]ret vy

+ﬁf dt |F:)FO|1 mtd‘/b)v)w

H, is the Hamilton operation. If the only item with this operator remained
in the right member of the equation, we would call it “Schrodinger 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:

{ =GO, 2¢°

3 — 2
dci;Q = —v |Cl‘2 02’ Y Bcghw21 |lr21‘ ( )

Value 7y is the Einstein coefficient 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 (C; and Cy).

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
vladimar.klinshov@gmazil.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
Poincaré 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. Kocharovsky', V.V. Kocharovsky'? , V. Ju.Martyanov' ,
S.V. Tarasov!
U Institute of Applied Physics RAS, Russia
2 Texas A6M University, USA

Recent progress in analytic understanding of the origin and various
properties of self-consistent quasi-static configurations of magnetic field 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 filaments
[1,2], we find analytically a wide class of self-consistent magnetostatic
configurations 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 field profiles of all qualitatively different 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 2z axis. We assume that the current density is
oriented along the same z axis and we describe the magnetic field, which
lies in @ — y plane, by vector potential A(x,y) = A(zx,y)zo.

Then, for each particle the total momentum p and generalized momentum
P, along the 2z 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

Fy = Fj(p,p. + ¢jA(z,y)/c), (5)
then it satisfies the Vlasov equation. From Maxwell equations only one non-
trivial equation remains

82A 82A 4w / A D
— ei | Fi(lp,p.+eAlc p, 6
8372 8y c Zy: J J( J / )mjf)/j ( )

where ej, m;, and v; = (1 +p2/m§02)1/2 are the charge, mass, and Lorentz
factor of the particles of species j.

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

d i
Y p-+ejdfc : p- +e;A/c
F;, = — E Fu — ] . 7
j l exp (le m;c £ gl (p) mjc ( )
The result is a Grad-Shafranov equation

8214 0?A _@ (s)
8x2 y? dA’

where we introduce the so-called Grad-Shafranov potential

= 872 Z m203 Z exp((jia; ) Z ;' Ciim, (9)

=0

—Ciip Ciip dp
m ) mi -Y; me \ —_ DR
Ci Z/ il [ ! ( mjc T\ mye p%‘

20




Vii(t) = PO

HO T (= m+ 26

(exp(O)L(i —m+1,0) [t —m+2)(i —m+1)

a; = ejA/m;c* is dimensionless vector potential.

Classification of the current sheets is the following.

If magnetic field 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
profiles of parts of B(x) of different sign are mirror images of each other.
Corresponding density of current is symmetric w.r.t. to every plane of zero
magnetic field.

Non-periodic solutions arise when A(x — Zo00) either correspond to
local maxima of U(A) or go to infinity. This may be the same maximum (or
the same infinity), in which case A(z) bounces off 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 — Z£o00) may correspond to two different maxima
of U(A) of the same height (or go to infinities of different sign and could
complicate analytical evaluation of the Grad-Shafranov potential U(A)),
in which case magnetic field has the same sign everywhere. Corresponding
current density must change its sign at least once, and net current is zero.

If A(x — o0) corresponds to a finite maximum of U(A), this generally
means that B(z — o0) decreases exponentially (together with current
density).

If A(x — 00) — oo magnetic field 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 first case current density decreases not faster than z2 (possibly
oscillating with sign alternations, in contrast to fixed sign of magnetic field),
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 — +00) # B(x — —00), since
this kind of magnetic field would require external currents “at infinity” to
support it.
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Similar classification is possible for cylindrically symmetric solutions
(current filaments).

In the final part of the talk, several typical examples of self-consistent
current filaments and sheets with arbitrary energy PDFs are described.
On this basis we investigate various properties of current filaments 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 filaments 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 different regimes can coexist in systems of locally
diffusively 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, find 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 confirmed 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 different 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.
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We study numerically different 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.
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O kanaccudukaimm audpdeomopdu3zMoB 3-MHOT000pa3Uit ¢ OJHOMEPHBIMU
IMIPOCTOPHO PAaCIOJIO>)KEHHbIMI 0a3MCHBIMI MHO>KECTBAMMN.

JleBuenko FO.A., A.A. IIlunoBckas
HHI'Y um. H . U. Jlobawesckoeo

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

B jokiage paccmarpubatorcs A-juddeomopdusmbr (To ectb -
dbeomopdusmbl, yrosiaersopsitoniue akcnome A. C. Cweiina), 3ajaHHbIE
Ha 3aMKHYTOM CBSI3HOM S-MHOroobpasmn M?3. CorsacHo CHeKTpaJbHOIL
treopeme C. Cwmeiina webiyxpaomee muoxkecrso NW(f) moboro A-
auddeomopdusma  fupejgcraBiasiercs B BHUJE KOHEIHOIO OObEIMHEHHUsI
IOMAPHO HEIePEeCeKAIONINXCs 3aMKHYTHIX HWHBAPHUAHTHBIX 0G3UCHBIT MHO-
orcecms, Kaxi0e U3 KOTOPBIX COJEPXKUT BCIOJY IJIOTHYIO TPAEKTOPHIO.

B ciyuae ecin f 1 M3 — M3 nupunajexur kiaccy G, cocrosiiemy u3
A-muddpeomopduzmMos HEOITYKIAIOMEE MHOXKECTBO KOTOPLIX COCTOUT TOJIb-
KO U3 OBEPXHOCTHBIX ([IPUHAJIICIKAIINX 3aMKHY TOI HHBAPUAHTHOI TOBEPX-
HOCTH) JIBYMEPHBIX Oa3MCHBIX MHOYXKECTR, HADJIIOIaeTCsl TECHAST B3ANMOCBSI3hb
MEZKJLy TOIOJIOrMell MHOroobpasusi M3 n jMHAMMKOI paccMarpuBaeMoro
nuddeomopdusma. A nmenno, B [1], [2],[3] noxaszamno, aTo Muorootpazue M?
B 9TOM CJIydae sBJISeTCS JIOKAJbHO TPUBUAJIBHBIM PACCIOCHIEM HaJT OKPY K-
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HocThIO o cioem Top. B paborax (3], [4] sbitenen knace @ mojennubix jud-
deomopdusmos na muoroobpasun M; = T* xR/, rae (z,7) ~ (J(z),r—1)
JIJISI HEKOTOPOI'O aJiredpamdeckoro aproMopdusma J topa T?, 3a/1aHHOTO
marpuneit J € GL(2,7), kotopast 100 SIBISETCsT TUIEPOOJTNIECKOM, JTHOO
J = *+1d. Kaxnpeiii qudpdeomopdusm ¢ € P joKaJbHO SBJIACTCA IIPsi-
MbIM IPOM3BeJIeHreM ajrebpanieckoro apromopdusma topa T2, 3aj1aHHO-
ro runepbosinueckoit marpuieit C € GL(2,7Z), rakoit uro C'J = JC| u
CTPYKTYpHO ycroitunsoro auddeomopdusma okpyxkuoctu S'. Jlokaszano,
qT0 KaxK bl puddeomopdusm f € G apisercs (2-COnpsizKeHHBIM HEKOTO-
pomy b deomopdusmy ¢ € O, u 6osiee Toro, ecau f ABISIETCS CTPYKTYPHO
YCTORYIUBBIM, TO OH TOIOJIOTMYECKHU COIPSIAKEH C .

B nmokname paccmarpuBaercsa Kiace Gp A-muddeomopdusmon, 3a1aH-
HBIX Ha TPEXMEPHBIX MHOrO00Pasmsix W TaKWX UTO, HEOJIy»KIafolee MHO-
XKecTBO Jitoboro jguddeomopdusma n3 G NPpUHAIEKUT 00HEIUNHEHUIO KO-
HETHOIO YHCJIa JBYMEPHBIX MOBEPXHOCTEH, KayK1as U3 KOTOPDLIX SIBJISETCS
BJIO?KEHHEM JIBYMEPHOI'O TOPa M COAEPXKUT OJHOMEPHOe KAHOHHMIECKU BJIO-
YKEHHOE 1 TTPOCTOPHO PACTIOIOKEHHOE Da3rcHOe MHOXKeCTBO. [Ipn ecrecTBeH-
HBIX OI'PAHUYEHUSIX HA CTPYKTYPY IePecedeHust MHBAPUAHTHBIX JIBY MEPHBIX
MHOT00Opa3uil TOUeK M3 TaKUX 0A3MCHLIX MHOXKECTB, YCTAHABJIMBAETCS II0O-
JIyCOTIPST>KEHHOCTH Jiioboro nuddeomopdusma n3 G mogeanaomy auddeo-
Mopdusmy u3 kjacca P.

AsTopsr O1aromapar B.3. I'puneca 3a mocTanoBKy 3a/1a91 ¥ BHEMAHNE K
pabote. PaboTa BbIIIOJIHEHA [IPH YaCTUIHONW (PUHAHCOBOM I0JIJIEPyKKE I'DaH-

ToB PODI N 13-01-12452-0dpu-m, 12-01-00672-a u PHD Ne14-11-00446.
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ka, 2014, 7. 10, Ne 1, 17-33.

[4] V. Grines, Yu. Levchenko, V. Medvedev, O. Pochinka. On

topological cclassificationof 3-diffeomorphisms 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. 1.

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

Let M be a closed orientable surface. Then the group of diffeomorphisms
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 define the
corresponding stabilizer

S(f)={foh=f|heDM)}
and the orbit
O(f)={foh|heDM)}

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,w) of symplectic diffeomorphisms of M with respect to any
symplectic form (area) w 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
different 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 Scientific 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 different
types of coupling and demonstrate different 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 different 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 different 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
netmana@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, reflecting two distinct active amplification
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 affects 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 field
Artemyev A.V. !, Neishtadt A.I. !?

YSpace Research Institute, Moscow; ?Loughborough University, UK
email@mazil.com

Billiard in a magnetic field is a popular model in nonlinear dynamics.
In this model the motion of a charged particle in a plane region with a
perfectly reflecting smooth boundary is considered. A magnetic field is
perpendicular to the plane of particle motion. If the magnetic field 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 field. As a
result, the Larmor circle may recede from the boundary. Then the particle
drifts in a non-uniform magnetic field 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@ugavt-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 defined by a linear second-order differential
equation. Linear stability analysis shows that the system has 3" 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 first 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 satisfied 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 different regular and chaotic attractors is
observed [1]. Moreover, we reveal a range where the divergence of the vector
field 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
fibrosis 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 differ from those
in the originally excitable medium. This would result in the in-homogeneity
of the excitation pattern. The consequences of such effect are to be studied
further.
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We also demonstrated the generality of the effect 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-diffeomorphisms
with two-dimensional non-wandering set

O. V. Pochinka

National Research University Higher School of Economics, Nizhny Novgorod
olga-pochinka@Qyandex.ru

We consider the structurally stable diffeomorphisms defined on a
closed orientable 3-manifold. Assuming that the non-wandering set of the
diffeomorphism has topological dimension two, we prove that it has an
energy function.

Iloranos B.N.

B pabore mpoBejiecHO CpaBHEHWE MEXaHU3MOB POXKJICHUS XaOTHIECKUX
ATTPAKTOPOB B OjiHOMapamerpuieckoil cucreme @pandeckunu-Tubanbu|l]
v TpéXIapaMerpuueckoil cucreme Pukuraku[2|. YeraHoBjeHO, UTO cucTEMa
OpanvueckuHu-TudAIBIM B MATHMEPHOM MPOCTPAHCTBE MMEET CeMb CO-
CTOSTHUI PABHOBECUS W TPHU MPOXOXKJIEHUU KPUTUIECKOTO 3HAUCHUS TUCTA
Peitrosbica r1—22.85370163183116527 B okpectHOCTSIX cejio-dokycon(3,2)
POXKJIAIOTCS M30JMPOBAHHBIE TPEJIEIbHBIE IMKJIbI, TO €CTh HMEET MECTO
nokasbHasg oudypramusa Angponosa-Xomnda. Jlamee, npu yBeIndeHUn Ia-
pamerpa 1 10 28.8, B RS obpazyercs c10KHOE IPUTATHBAOIEe MHOXKECTBO
(paz3oBBIX TpaEKTOPHUIi: TPOUCXOUT IJI0DabHAS O ypPKAIUs, TepecTPoiKa,
dbazoBoit kKapTuHbl B 0bsiacTu, cojepKalieil Bce derbipe cejio-hokycal3].
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B ngrumepHoMm npoctpaHcTBe obpasdyercsi MHOroobpasue ¢ (ppakTabHO
pasMmepHOCThIO 4<D<5 -3170 Xaotmueckuit arrpakTop PpaHUECKUHU-
Tubanpmun. Takas «BojHas» MOJEIb MOMXKET O0bsACHATH IIPOUCXOXKJICHUE
TypPOYJIEHTHBIX TIPOIECCOB B TEUEHWE YKUJIKOCTH. AHAJOTWIHO JUHAMU-
YeCKMit XaoC BOCIPOM3BOJUT M dYeThIPEXMEpHast cucreMa Pukuraku, HO
MEXaHU3M €ro JIpyroi. B aToit MaremaTndeckoin Mojenn [4] JBYXJIMCKOBOI'O
JuHaMO PuKuTaKu, aJIeKBaTHO OIKCHIBaIOIIEll MHBEPCUM MarHUTHONW ocu
3eMHOI0 T1apa, UMEETCsST TPU COCTOSIHWST PABHOBECHS: JIBA CHMMETPUIHBIX
ycroiuuBbIxX (hokyca-ysna u ogHo ceqio (3,1). [lpu 3Hauenusix pesncTus-
Hoit juccunaruu 7=0,2 n koapdunuenron 71=0,022 u 72=0,02 BA3KOrO
TPEHWsT TPOUCXOIUT POXKIEHWE TTepeKpyIeHHoro mukia B R4 n3 cemaparpuc
ceqia(3,1). Hanee, npu 7—=1 71-0,008 72-—0,002 Tonosorusi cocrosiHuii
paBHOBECHUs He MEHsSIeTCs, Iepexojia KOpHeil depe3 MHUMYIK OCh HET, HO B
YeTBbIPEXMEPHOM IIPOCTPAHCTBE (DOPMUPYETCS CJIOXKHOE IIPUTATUBAIOIIEEe
MHOYKECTBO (DA30BHIX TPACKTOPUI € XAOTHUECKUMHU OCIHMJIISINASIMA KaK
TOKOB, TaK U YIVIOBBIX CKOPOCTEH JIMCKOB. XOTsI B 9TOH cucreme JIOKabHOM
oudypramuun Argponosa-Xomda 1 HEeT, OJHAKO BO3MOXKHO IIPH MAaJbIX IIe-
BEJICHUSTX TTapaMeTpPOB pa3pylieHne cernaparprcHOro IUK/Ia 1 00pa3oBaHme
MHOroo0Opasusi ¢ ¢ppakTaabHOi pasMepHocThio 3<D<4.00e paccMoTpeHHbIe
CHCTEMBbI SIBJISTFOTCSI JUCCUIIATUBHBIMU BO BCEM (pa30BOM IIPOCTPAHCTBE.
Cricok JmrepaTyphl:
Franceschini V., Tibaldi C. Sequences of Infinite Bifurcations and
Turbulence in a Five-Mode Truncation of the Navier-Stokes Equations //
Journal of Statistical Physics. 1979. Vol. 21. Ne. 6.
Ershov S.V., Malinetskii G.G., Rusmaikin A.A. A generalized two-disk
dynamo model// Geophys. Astrophys. Fluid Dynam. - 1989. -V.47 - p.
251-277.
[Toranos, B. WM. KadecTBeHHblii W 4YHCJIEHHBIH aHAJA3 JUHAMHIECKON
cucrembl  @panveckunu-Tubamaban // K. Hayunbiii BecTHHK, W3J-BO
Huxeropogickoro ynusepcurera um. H. W. Jlobauecskoro, 2011, Ne3 (1).
[Torarnos B.M. Busyanuzanust (pa30BbIX TPAeKTOPHUIl JUHAMUYIECKOH CHCTe-
Mmbl Pukuraku. Henmuneitnas nunavuka, 2010 r, 7.6,N°2,¢.255-265.

Improvement of diagnostic methods of microwave radiometry.
I[.V.Rakut
Radiophysical Research Institute
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1gor@nirfi.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 reflection coefficient 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 reflection coefficient
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 reflected from the patient’s body and creates on
of diagnostic map a false heterogeneity. Quickly identify this heterogeneity
does not allow a significant 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 find 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.

References:
[1] Rakut I.V. and other. Radiophysics and Quantum Electronics. 2005. T. 48. N 10-
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2] Kislykov A.G. and other. Abs. of all-Russian seminar on Radiophysics
mm and sub-mm range. IAP RAS, 12-15 March 2007, N.Novgorod, P. 63.

Generalized Rikitake systems and their applications
V. I. Potapov'!, I. V. Rakut?, A. E. Rassadin®
Yndustrial Institute of Norilsk; <niivip1951@yandex.ru >

2 Radiophysical Research Institute; <igor@nirfi.sci-nnov.ru >

SNizhny  Nowgorod — division of A. S.  Popov’s STSREC;
<brat_ras@list.ru>

Application of the Rikitake model namely two-disk dynamo system for
investigation of geomagnetic field 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 Nowvgorod 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 there 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
field of two different 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:

[1] Irhin V. 1., Rassadin A. E. Trajectory instability model of a dynamic
air carrier // Questions of radio engineering, radar technique series. 2008.
N 3. P. 149-155. (in Russian)

[2] Zaslavsky G. M. Statistical irreversibility in nonlinear systems. M.:
Science, 1970. (in Russian)

Intrinsic Strong Shape in Dynamical Systems
Shoptrajanov. M

Faculty of Natural Sciences and Mathematics
martin@pmf.ukim.mk

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 flow 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.

Ural Federal University
eudokiya@Qyandex.ru

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 effects 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 affect the mechanisms of excitation in neuronal systems. Even
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small stochastic fluctuations can lead to a significant 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 fluctuations 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].

Crmcok aurepaTyphl

|1] Hindmarsh J. L., Rose R. M. A model of neuronal bursting using three
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Falling Motion of a Circular Cylinder Interacting Dynamically
with N Point Vortices

Sokolov S. V.

Institute of Machines Science named after A.A.Blagonravov of
the Russian Academy of Sciences (IMASH RAN)
sokolovsv72@mail.ru

The problem of falling motion of a body in fluid has a long history and
was considered in a series of the classical and modern papers. Some of the
effects described in the papers, such as periodic rotation (tumbling), can
be encountered only in viscous fluids and thus demand for their proper
treatment the use of the Navier - Stokes equations with boundary conditions
specified 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
effects qualitatively.
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In this paper we study the influence 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 infinity. The circulation about the cylinder
is different 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 finding 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 influence of AMPA and NMDA receptor currents
on a neuron model with differential responses

Denis Zakharov' and Alexey Kuznetsov?

Lnstitute of Applied Physics of RAS, Russia
2Indiana University-Purdue University Indianapolis, USA
zakharov@neuron.appl.sci-nnov.ru

Several types of neurons (dopaminergic, noradrenergic, serotonin-containing
neurons, etc.) demonstrate response differentiation, i.e. they respond
qualitatively different to different excitatory stimuli. In particular, the
NMDA receptor (NMDAR) current can significantly increase their firing
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 firing. However, both currents
are produced by glutamate receptors and, consequently, in most cases
are activated simultaneously. Here we take a neuron model that responds
differentially to AMPA and NMDA synaptic currents and consider their
simultaneous influence. Different types of neuron activity (rest state,
low frequency or high frequency firing) are observed depending on the
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conductance of the AMPAR and NMDAR currents. We show that
the frequency increases more effectively 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 confirm the major role of NMDAR in the
evocation of high-frequency firing and conclude that AMPAR activation
further significantly 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 fixed points
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We consider Morse-Smale systems with the non-wandering set consisting
of three fixed points (two nodes and a saddle). We study the topological
structure of supporting manifolds and the question of classification. The
results obtained in collaboration with V.S. Medvedev.
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Dynamics of gradient-like diffeomorphisms on 2-manifolds
with one-dimensional invariant sets

Zinina S. Kh.

Ogarev Mordovian State University
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In 1973 M. Peixoto |2] classified the Morse-Smale flows without closed
trajectories using distinguished graph.
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In 1985-1987 V.Z. Grines and A.N. Bezdenezhnykh obtained topological
classification 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 diffeomorphisms on a manifold
M?. Nonwandering set of a diffeomorphism f € G is represented as Q(f) =
Qo(/HUQ(f)UQa(f), where Qo(f) , Qi (f) and Qo(f) are the sets of sink,
saddle and source periodic points of diffeomorphism f respectively.

In this paper, a class G of gradient-like diffeomorphisms of two-
dimensional manifolds such that for every f € G the set €21(f) is a union
of Q7 (f) Uy (f) such that:

Ll WEHucd( U WS consists of a finite number of disjoint

o ey
Componemts,1 each of Which1 is homeomorphic to a circle; 2. (2 U ) C
(clC U Wayue( U W3)).

oef S

Interrelation between dynamics of such diffeomorphism and topology of
the ambient manifold is studied. It was found that the ambient manifold
M? diffeomorphism class G is either a torus or a Klein bottle.

Under the additional restriction imposed on the class G, the problem of
topological classification reduces to the classification of structurally stable
diffeomorphisms 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.
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