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COMPUTATIONAL ANALYSISOF METHOD OF DETECTING
OF PERIODIC POINTSIN NONLINEAR DYNAMICAL SYSTEMS

Annotation. The problem of detecting of non-stationary periodic points of nonlinear dynamical
systems is considered in this work. A new approach has been suggested for the constructing of delayed
feedback. Effectiveness of this approach is shown on the basis of results of constructed examples.
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The phenomenon of chaos in nonlinear dynamical systems has been studied for many years,
however, it is still interesting to study new systems and methods of chaos control, and problems related to
chaos control, are still relevant. A lot of famous methods of detecting of periodic orbits exist [1, 2, 3]. In
this work it is suggested to use the method of periodic orbits’ stabilization, which got its development from
method suggested in [4], with applying the prehistory depth, that equals 3. The main purpose is to detect
cycles with the greater length than in previous received results.

Let us consider the vector nonlinear dynamical system

X4 = f(xn), x. 1T R",n=12,... (1)

It is considered that there is one or few non-stable cycles with period T in this system, (hl, K, hT)

isacycle. Multipliers of cycle are defined as roots of characteristic equation:
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where nis amultiplier of a cycle. It is considered, that there exist roots beyond the unit circle. Therefore,

the cycle of the system is unstable and it is problematic to detect it. One of the solutions of this problem is
connected with insertion in (1) the control to make the system such as given system:

X = f(x,)+u,,n=12,.. (3)
O. Morgul suggested to use contral in form[4]:
U, = e(Xn-T+l - f (Xn ))1 |e| <1 (4)

The depth of prehistory equals 1 in this approach. In [5] it is used the depth of prehistory N=2, that
let us to increase localization area of multipliers and find more cycles with greater length. Let us use N=3
to find cycles with greater length and increase effectiveness of control, using the scheme:
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where a;, bj are optimal coefficients of control, § b, =a a; =1 a;>0, b; >0, j=1N.
j=1 =1

Let us consider the algorithm of constructing optimal a; . Define nodes:

_pls +T(2j- 1) j :L___,N_éz (N— even), (NT'1 (N — odd)).

ot+(N-gT

2k
Define the polynomials: h,,,,(2) =z4 c;(k)z
j=0
h,;(2) = z(c0(1)22 +c(N)z+ cz(l))z z(z2 - 2cosy 4 +l), that is ¢, (1) =1, ¢, (1) =- 2cosy ,, ¢,(1) =1.
Define the coefficients for hyy.414(2) =N .5(2), consider, that h,,,,(z) areknown by formulas:

%1 in particular h,(2) =z,

¢.1(k)=0, ¢, (k) =0 (6)
Cs(k+1)=cs(k)_ 2Cs—l(k)cosy k+1 +Cs—2(k)ﬂ S=l:---12k' 1 (7)
Co (K) =1, Cppaa (K) =Cps, =0 )

We can build the polynomials in case N =2k +1 consequently using formulas (6)-(8). In case
N =2k + 2, polynomials will be constructed in the next way:
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In the same way, we can build polynomialsin case N =2k + 2, consequently using formulas (6)-(8).

Taxum oOpa3oM, B ciyuae HedeTHbIx N =2k +1 onpeaenum Ko3(QHUITUCHTHI bj 1o TpaBUIaM

Dig=Cu.j(K), 1=1....2k, wum B cmysae wermbix N=2k+2: Db, =Cy (k) +Cy ;(K),
c,(K)=cy, (k) =0, j=1....2k+2.
Eventually, optimal coefficients a; are defined by formula:

a. :Kgi- M%J j=1..,N, 9)

i -

2+(N-DT 4

N
where constant of normalization K is defined so that § c,=1, K= l_ -
j=1 § & l+(J'1)T9b
A 2o yre

Numeric computations were performed with some known maps. HENON, LOZI, IKEDA, etc., for
comparison of using N=2 and N=3 in the method of the cycles’ stabilization suggested in [5].

Due to applying of new algorithm of constructing coefficients of optimal control with depth of
prehistory N=3, it is succeeded to find cycles with such lengths as 2, 3, 4, 5, 6, 8 for HOLMES map. At
the same time, it is succeeded to find cycles 2, 3, 4, 5, when we used N=2. HENON: it is succeeded to find
cycles with such lengths as 2, 4, 6, 7, 8, using N=3, and when we used N=2, we found cycles 2, 4, 6; Ledli-
Ferhulst: it is succeeded to find cycles with such lengths as 2, 3, 4, 8, 9, using N=3, and when we used
N=2, we found cycles 3, 8.
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