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First conf er ebynamigal Systems Modeling and  Stability

Investigation 0 were embarrassed by narrow frames of st
dynamical processes under superconductivity conditions. But taking into

account the growing interest to the co nference, organizers have extended

t he subject, whi ch consi sts of five topi cs: n S
ASystem Modelingo, AMechanical Systemso, AContr
AProgramming amat hematci c al Met hods 0.

The A Mat hemati cal met hvael st iod,ahsifyrgsriopecms dormected to
mathematical studies of dynamical system investigation, described by different types of
equations (differential, functional), and mathematical modeling instrument development
problems.

The A Mat hemat i cradg arfodp ! Dtopicscensiders the wide spectrum of
mathematical modeling in physical, technological and biological processes. The reports

about stability in superconducting systems, technological processes investigation, financial

and economical models are presented.

The iModel i ng and i nvesti gat i ontopio presants enbdern i c a |
researches on aerohydroelastic problems, composite materials mechanics, elasticity
theory, plasticity, destruction, bounded fields theory and theoretical mechanics.

The "Mathematical methods of control and optimization" topic presents mathematical
problems of controlling technical and physical systems. The significant attention is devoted

to control problems in mechanical systems.

The A" Pr ogr ammi ng -mathematic afi anet hod s o ftopicreins éd i n g o
present new results in subject domain specification, programming system development,

logic of dynamic system modeling.



The Conference covers the following topics:

1.The"Mathematical methods of system investigation'is connected to mathematical studies
of dynamical system, described by different types of equations (difference, differential, functional),
and mathematical modeling instrument development problems:
A Investigation of differential, functionalifferential anddifference systems
A Investigation of system stability, controllability and optimization
A Bifurcations and chaos in dynamical systems.
A Lyapunov's methods in system investigation.

2.The"Mathematical modeling of processes"considers the wide spectrum of mathatical
models in physical, technological and biological processes. The reports about stability in
superconducting systems, technological processes investigation, financial and economical models
are presented:
A Mathematical modeling and investigation ofypltal, technical, chemical and biological
processes.
Mathematical modeling in superconducting systems.
Modeling and investigation of technological processes.
Mathematical models related to economics and finance.

>

> > >

3.The"Modeling and investigation of mechancal systems"presents modern researches on
aerohydroelastic problems, composite materials mechanics, elasticity theory, plasticity, destruction,
bounded fields theory and theoretical mechanics:
A Mathematical modeling in composite materials of mechanics.
A Modeling and investigation of dynamical processes in elastic and hydroelastic systems.
A Mathematical modeling in connected fields of mechanics.

4. The"Mathematical methods of control and optimization" topic presents mathematical
problems of controlling technitand physical systems. The significant attention is devoted to
control problems in mechanical systems:

A Methods of control.

A Methods of optimization.

A Methods of differential games.

A Fuzzy modeling and control.

5.The"Programming and logic-mathematical methodsof modeling" topic aims to present

new results in subject domain specification, programming system development, logic of dynamic
system modeling:

A Methods and tools of subject domains specifications.

A Methods and tools of software systems description.

A Modaland temporal formalisms of systems modeling.

6.Satellite Conferencerivestigations on the Dynamics of Random Processes and Analysis
of Population Models'. Taking into account a high interest to the Conference from scientists of the
economical disciplinesQrganizing Committee decided to extend the section connected with
modeling of socieeconomical processes. It became possible thanks to the initiative of the ISTF
Advanced Mathematics Department Kyiv National Economic University, one of the leading
economcal universities in Ukraine. The Satellite Conference is interested in promoting high quality
research in the fields connected with modeling of -ligal processes in biology, economy,
chemistry, etc.
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THE DI RECT LYAPUNOV METHOD I N STABI LI TY PRC(
STABI LI ZATI ON AND CONTROL I N MECHANI CAL

Andreev A.S., Artemova A.O., Shepel

paper are presented anwnl ysnsaandomsy'step
S on extension of the direct Lyaplbbhov n

The paper consists of three parts. I n th
Lyapunov met hodpreoxbtleenns i @m dtnahbtihlei t y -doiff fdeirfefnetri
equations including with discontinued right
various methods applying to solving stabiarey
simul ated-ment hobefiloequati ons.

Systematizes the primary results on stabil
of mechanical systems. Presents new results o
coupl ed solids

The research was dme swirtyh odu Egarctato font taend
Federation (agreement 14. B37.21.0373 -ihiExedaerns
mechani cal systems control pr oblmeontsi oinn voefs tsiygsal
solidso).
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GLOBAL ERROR ESTIMATION IN EXPONENTIAL INTEGRATORS

Auzinger W., Stolyarchuk R.

For the numerical approximation of the solutio0,T]- R" of semilinear stiff ODE
systems
ui(t) = Au(f + g(u(D), UO)given (1)
exponential integrators are widely used. Here it is assumed thatehe piart involving the
stiff coefficient matrix Al R™" can be “exactly integrated’, i.e., an efficient procedure for
evaluation or accurate approximation of the mappirg € v is available. Exponential integrators

of multistep type are based on reformulatiiy 4s a local integral equation via the variatain
constants formula and approximate it by interpolatory quadrature. This leads to discrete schemes of
the type

Uy = €Y+ V(Y ), § 1) (stifforderp ), or (2)
Uy = €20+ W( G Yo G0, O ) (stifforderp+l),  (3)
where h is the stepsize and, © u(t,) = u(nh. These schemes are generalizations of the
classical (explicit) Adam8ashbrth and (implicit) Adamdvioulton schemes. The ternfdV/,(---)
and hW (---) are multistep approximations of the variatioficonstants integral over the interval

[t..t...] which involve further evaluatianof exponentials.

The numerical realization of3) is much more involved than foR)( because each step
involves the solution of a nonlinear system. As in the classicalgtihhmultistep context, there
are various ways to combin®)(with (3), e.g., h a predictoicorrector type fashion. Here we

consider another option, namely a procedure for estimating the globatigfrou(t, ,) of (2) in an
a posteriori sense, by means of
A computing t heu,dvhfrespetttof)ineashistbpantl) of
A backsolving for a global error estimate
simple auxiliary scheme like exponential Euler.
This way of estimating the error is called defect integration. Herend its error estimate
are determined simultaneously.

We present relevant details of this error estimation procedure and demonstrate its
effectiveness for a nonlinear stiff test problem. We also include results for rational inegrato

wheree™ is approximated by an-8tablep-t h or der Pad® approxi mati on

how to extend the existing convergence theory2pir( order to prove the asymptotical correctness
of theestimator (work in progress).
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MULTIPLICATIVE METHODS FOR THE SOLUTION OF EVOLUTIONARY
STOCHASTIC EQUATIONS

Butsan G.P.

The main idea isni the decomposition of the given evolutionary stochastic differential
equation into some simpler parts, solution of each part and following multiplicative composition of
obtained solutions to get the solution of the given one using the new notions ofpmidedtx and
mixed sunt, introduced by the author. Examples are considered.

For evolutionary operator multiplicative systéufs, t), U(s,t) = U(sz)U( ¢1),

n
0¢s ¢ tinsome Hilbert spacd we consideY(s)=lm& (W $.., §) - ),
k=1
d,=max(, -s.;) -C itsinfinitesimal evolutionary additive operator system, when lim was

taken in some norm okl , MU(s,t)=1, MY(s)=0,0¢s ¢ ¢ T. For them we have
next formulas (G.Butsan):

UGs)=imO(Y(s.y 8 +)UGH=1 #J(s2)dY(s J, dU(s 9= U(s §d¥ s)
k=1 S

For independent), (s, t) ,U,(s, t)and correspondind; (s 9,Y,(s 9,Y(sD=Y(s} +¥( s)

U(s,t)=U1(st)EUZ(s,t)=Lj;mokCn_)1U1(sK-1, DU g2 B=M(s)+ DR MV(sh+ D) =

=iMOM(5. D) *N YW 75§ 4 IMOM(S.2 D+ W s § +)
n- * k=1 n- Yk=1
For dependent, (s, t) ,U,(s, t) and correspondin; (s 1),Y,(s § next new results are true:
SY(S 9EY(s 0= Im A Yy © Y s 8 V(S 0= Y(5) +¥( o1 4 9
=1
Yo(s 9,

UED=Im 050 D+ W £a 8 +i8 Sal8s D+ )
=1

h-

=ImO0K(5.5 ® M £ B KX 8y 3P%(50 D)+ ),
=1

n

U(s D=1 4(st)d(X(s 7 H(s)r X .S)BYy(s D),
S
du(s9=U(s dY( sX +X( S)t 4{,9BY,(s 9),

In the report it will be compared with correspondingifissof Yu. Daletskiy, S. Fomin,
others.
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STABILITY OF SOLUTIONS TO SYSTEMS OF DIFFERENCE EQUATIONS WITH
PERIODIC LINEAR TERMS

Demidenko G.V.

In the present paper we continue to study the problem on asymptotic stability of the zero
solutionto the system of difference equations with periodic coefficients in linear terms [1, 2]

=AM %, ¥(m x),m=0,1,.., (1)
where the matrix sequen¢@\(m)} is M -periodic; i.e., Am+ M) =A'm, m2 0. We formulate a

new criterion for asymptotic stability of the zero solution to linear equations, prove an analogue of
the Levinson theorem for nonlinear equations dntdia estimates characterizing the decay rates of
solutions to these equations at infinity.

If the nonlinear continuous vectunction; (m®: R - R' satisfies the condition
||/'(m,x)||¢q|>|:|l+2a, xIR, md a & 2)

thenthe following theorem holds.
Theorem. Let the condition (2) be satisfied and let the boundary value problem

HO-AOHI BAQ) 15 | 04,.M 1
H(O)=H (M),
have a Hermitian solutioH (I) such thatH (0) > 0. Then the zero solution to (X asymptotically

stable. Moreover, if the initial vectax, satisfies the condition(mH (0)><o,x0>a ¢ d with

d=min{, .} fg/u/xl U LU LR

then, for solutiong x..} to (1), the foIIowmg estimates hold

rT(JéZ
6 IHOIw].  m 2

a
bl ¢ 3 57— 8

WhereHmaX:max{”H ) |H (111 L|H M 1[}}

The research was supported by the Federal
Personnel of | nn o wal8 (agreemeRtul4.B37.2LD355) and by2the Bderian
Branch of the Russiaficademy of Sciences (interdisciplinary project no. 80).

1.DemidenkoG.V. Matrix equations/ G.V. Demidenko i Novosibirsk Novosibirsk State
University,2009.1 203 p.(in Russian).

2.DemidenkoG.V. Stability of solutions to difference equations with pedazbefficients in
linear termg G.V. Demidenkad/ J. Comput. Math.Optim.T 2010. V.6, no. 171 P. 1-12.
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EXISTENCE AND ESTIMATE OF UNBOUNDED SOLUTIONS OF A LINEAR
DIFFERENTIAL EQUATION WITH DELAYS

DiblkJ, CHR®&m& RIgtkov § M

We consider an equation of the form
yn=asmiyt- g -yt 4 (1)
i=1

for t- o where n>0 is an integr, d, ti R":=(0,0), ¢, > ¢ for i=1...n,
b :1_,- R are continuous functions and,:=[t,- ¢, 9, t,0 R, £ =max{ £..., ,}. Without
loss of generalft, we assume alsd,- # >0 (this is a technical detail necessary in some of

computations).
Theorem 1 Let there exist a constaat> 0 such that the inequality

AB007 ML @ B 121 @

holds for allti 1_,. Then, there exists a strictly increasing and unbounded soly{inof
(1)ast- =.
Theorem 2 Let there exist a consta@a> 0 such that the inequalit§2) holds for allti 1,
and the inequality
an>at
i=1
holds for allti 1 \{t} . Then, there exists a strictly increasing and unbounded soly(ipn
of (1) on |, satisfyingthe inequalities

D

S n

t
(tt,- £)° oy(t) @xpSa [ Hs)ds

=1t~

D D D

onl_,.

1.J. Diblk and M. Rig ¢k o vE8ponential solutions of equation
y(t) = b()[Nt- & -t )/ Mathematical analysis and Applicaten2004.- vol. 294, no. 1,
273287.- 15 pages.

2J . Di bl k, C, RI. Rudikww ®nbounded solutions of the equation

yt)=a inzlbi OIt- g -y(t-¢,)] // Applied Mathematics and Computatio(submitted).
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A BIFURCATIONAL GEOMETRIC METHOD
Gaiko V. A

We carry out the qualitative investigation of polynomial dynamical systems. To control all
of their limit cycle bifurcations, especially, bifurcations of multiple limit cycles, it is necessary to
know the properés and combine the effects of all of their rotation parameters. It can be done by
means of the development of a new bifurcational geometric method based on tkeowsll
Weierstrass preparation theorem and the Perko planar termination principle stidtthg thaximal
oneparameter family of multiple limit cycles terminates either at a singular point which is typically
of the same multiplicity (cyclicity) or on a separatrix cycle which is also typically of the same
multiplicity (cyclicity) [1]. This prindple is a consequence of the principle of natural termination
which was stated for high&limensional dynamical systems by A. Wintner who studied one
parameter families of periodic orbits of the restricted tinaey problem and used Puiseux series to
show that in the analytic case any eparameter family of periodic orbits can be uniquely
continued through any bifurcation except a pedodbling bifurcation. Such a bifurcation can
happen, e. g., in a thremensional Lorenz system [1]. Besides, the quziin a ongarameter
family of a higherdimensional system can become unbounded in strange ways: for example, the
periodic orbits may belong to a strange invariant set, strange attractor, generated at a bifurcation
value for which there is a homoclineh gency of the stable and uns:H
map. This cannot happen for planar systems. That is why the WiPénko termination principle is
applied for studying multiple limit cycle bifurcations of planar polynomial dynamical systdms [1

If we do not know the cyclicity of the termination points, then, applying canonical systems
with field rotation parameters, we use geometric properties of the spirals filling the interior and
exterior domains of limit cycles. Applying this method, werdgolved, e. g., Smale's Thirteenth
Problem proving that the Li ®nakrHcashawtatenmost wi t h
limit cycles [2]. Generalizing the obtained results, we have also solved tlxermpraf the
maximum number of limit cycles surrounding a singular point for an arbitrary polynomial system
[ 3] and Hil bert's Sixteenth Problem for a gen
finite) number of singular points [4, 5]. Applyirtge same approach, we complete also the strange
attractor bifurcation scenario which connects globally the homoclinic, pddodling, Andronov
Shilnikov, and perioghalving bifurcations in the classical Lorenz system.

1. Gaiko V. A.Global Bifurcation Theory and Hilbert's Sixteenth Problem.Kluwer
Academic Publishers, Boston, 2003.

2.GaikoV.ALi mi t c vy c |-tgpe dyoamicdl systkems /f QubQ008.- 10. - P. 115
132.

3. Gaiko V. AOn limit cycles surrounding a singular point // Differ. . Edpyn. Syst- 2012.-
20. - P. 329337.

4.GaikkoV.AThe applied geometry of a gener al Li
Letters- 2012.- 25. - P. 23272331.

5.GaikkoV.ALi mit cycl e bifurcations of astagiegner al
and damping functions // Int. J. Dyn. Syst. Differ. EqR012.- 4. - P. 242254.
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IDENTIFICATION OF HOPF AND SADDLE -NODE INSTABILITIES IN A MODEL
SYSTEM BY IMPEDANCE METHOD

Gichan O.l.

The impe@dnce spectroscopy is an effective method for investigation of dynamical
instabilities in electrochemical systems. Impedance spectroscopy is based on the same concept as
linear stability analysis: linearization. In impedance spectroscopy, bifurcationspresented by
zero impedance or admittance [1, 2]. The dynamical instabilities can be identified via a form of
impedance diagrams.

In this paper, the analytically derived expression for impedance allows us to investigate the
possible realization of Hopf @tability and saddi@ode one in a model electrocatalytic process on
electrode surface with different shape (sphere, cylinder and plane). The system is described by the
partial differential equations with nonlinear boundary conditions [3].

The results obtaed can help in understanding complex dynamics of nonequilibrium systems
and finding the way of its control.

lKoper M. T. [. Stability study and categor
impedance spectroscopy // J. Electroanal.Chiet996.i V.. 4 0 2. P."1751182.

2 Naito M., Tanaka N., Okamoto H. General relation between complex impedance and linear
stability in electrochemical systems // J. Chem. Ph§899.7 V.111.7 P. 99089917.

3.Pototskaya V.V., Gichan O.l. On stability of model electrocatalytic process with Frumkin
adsorption isotherm occurring on a spherical electrode // Russ. J. Electréch@eb2.i V. 48,
2.1 P. 15 - 162.
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THE INTEGRABLE TWO -DIMENSIONAL GENERALIZATION OF THE
RELATIVISTIC TODA LATTICE AND ITS BARGMANN TYPE INVARIANT
REDUCTION

Hentosh O.Ye.

By use of the hierarchies [1] of squareidenfunction symmetries for the Lax type vector
fields on the extended dual space to thedlgebra of the Laurent series by the usual shift operator
& the Lax integrable twalimensional relativistic Toda lattice are obtainedres system of two
evolutions

df /df=(- M} +H T, df'/d (M -l)ef
df /dT=(F- M; €I f, df /dT=( & My &)f,
where | :=£+af:lfi8(€ Ay, f=(f, f,, f ) 1 M* ES@Z;R*), the subscript "
designates a projection of the corresponding gperator on :[he Lie subalgebra of griegenysthe
shift operatoré, 4, is a Kronecker symbolkl {1,2}, £,tl R are evolution parameters, and

MS=8 :O(I PENE- 1)) Pf,), sl {1,2}, with thecompatibility condition
diz/dr =[IZM]] ., (2)

where 12 =&*+w,E wy,, W, Wi S(Z;R). Considering the eigenvalues,..., {, of the
associated spectral problem

(1)

ly="1y,
where yi S(Z;R) and /| C is a spectral parameter, as smooth by Frechet functionals on

M*, one investigate the differentigeometric properties of the invariant with respect to the system
(1)-(2) finite-dimensonal Bargmann type subspace

M ={f1 M* gradC[f(D]=0}, L= -g & :‘\Izlcj {

where g, = § iz a_zzlfi (n) £ (n), is a local conservation law of the systelj+Q), c, I R,

j1{1,...,N}.

By means of the Gel'farDikii relationship [2] for diffeential forms on discrete manifolds
the vector fieldsd/df and d/dT, reduced upon the submanifody E M*, are shown to be
Hamiltonian with respect to the exact canonical symplectic struclinee.Lax representations for
the reduced upon the subspadé, E M* vector fields are given by the monodromy matrix of the
corresponding matrix spectral problem. Among the coefficients of the expansions of the traces of
the monodromy matxi natural powers by poles one can choice the seBMf functionally
independent conservation laws, being involutive with respect the Poisson bracket, generated by the
found symplectic structure. This set of conservation laws prewtue Liouville integrability of the
reduced vector fieldsl/ df andd/dT.

1 Hentosh O.Yd.ax integrable differentiatlifference dynamical systems on extended phase
spaces // Symmetry, Integrability and Geomelfgthods and Applications.2010.- V. 6, 034.-

14 p.; nlin.S1/1004.2945v1.

2 Prykarpatsky A. et aSome remarks on Lagrangian and Hamiltonian formalisms related to
the infinitedimensional dynamical systems with symmetries // Condensed Matter Phy€i85.-
V.6.-P.79104.
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HOW INDECOMPOSABLE CONTINUA ARISE IN DYNAMICAL SYSTEMS
Kennedy J. A

A continuum is a compact, connected metric space. A continuum is indecomposable if it
cannot be written as the union of two proper subcontinua (which must intersect). A brief history of
the study of indeomposable continua is given, as well as a discussion of the different ways these
continua are known to occur at present in dynamical systems. New ways have arisen in the last few
years. Relevant work of several researchers in the area is discussed)gnatude work of the
author with James Yorke and others.
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APPLICATION OF ASYMPTOTIC METHODS TO REGULARLY AND
SINGULARLY PERTURBED DIFFERENTIAL DIFFERENCE EQUATIONS

Klevchuk |

We consider the singularly perturbed system

D= X, y0. Y e D) XD, YD At P,
ej—f:G(t,x(t),y(t),y(t- @) +RetL X, (D, Wt -)) @

Here e is a small positive parameter arfitl is a fixed positive numberxi R", yi R';
equationG(t, x, ¥, y) =0 has an isolated solutiog =/ (t,X). We assume that the functigr(t, x)
is twice continuously differentiable and bounded #HsR, xi R", functions f(t,x,YV,2),
are twice continuously differentiable and bounded as ,

Let
where

when ; all roots of the characteristic equation

lie on the halfplane .
Then the integral manifold of system (1) can be represented in the form
, Where

We show that, under certain conditions on the figdmid side, the Poincare map for a
perturbed system possesses a transversal homoclinic point [1]. The Mel'nikov method is used to
analyze saddlaode bifurcations. If degenerate system is hamiltonian, then we obtain a countable
number of periodic solutions.h& stability of these periodic solutions is also investigated. We use
the second approximation in the averaging method to study stability of a system of weakly coupled
oscillators with time delay. A sufficient stability (instability) condition is obtaifeda linear
system of differential difference equations. We consider some examples.

1 Klevchuk I.I.Homoclinic points for a singularly perturbed system of differential equations
with delay // Ukr. Math. J. 2002.- 54, 4.- P. 693699.
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