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ABSTRACT

In this thesis, chaos of a generalized heartbeat system with integral and fractional orders
is studied. Both nonautonomous and autonomous,systems are considered in detail. Chaos in
the nonautonomous generalized heartbeat system excited by a sinusoidal time function with
integral and fractional orders is studied. Next, chaos in the autonomous generalized heartbeat
system with integral and fractional orders is considered. Numerical analyses, such as. phase
portraits, Poincaré maps and bifurcation diagrams are observed. Chaos can be successfully
obtained in the fractional order system with the total order both less than and more than the
number of the states of the integral order generalized heartbeat system. Chaos excited chaos
synchrenizations of generalized heartbeat systems with integral and fractional order are
studied. Synchronizations of two identical autonomous generalized heartbeat chaotic systems
are obtained by replacing the amplitude or the sine time function of their ‘corresponding
exciting terms by the 'same function of chaotic states of arthird: nonautonomous or
autonomous generalized heartbeat system, respectively. Numerical simulations, such as phase
portraits, Poincaré maps and state error plots are given. Chaos excited chaos synchronizations
can be successfully obtained for the fractional ordersystems with the total fractional order
both less than and more than the number of the states of the integral order generalized
heartbeat system. Anticontrol of chaos for integral and fractional order generalized
nonautonomous heartbeat system is obtained effectively by adding a constant term to the
system. By numerical analyses, such as phase portraits, Poincaré maps and bifurcation

diagrams, anticontrol can be observed evidently.
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Phase portrait and Poincaré maps of the fractional order system for
a=[=08,k =0.02 ,k,=0.

Phase portrait and Poincaré maps of the fractional order system for
a=p4=05,k =30, k,=0.

Phase portrait and Poincaré maps of the fractional order system for
a=£=03,k =35,k,=0.

Phase portrait and Poincaré maps.of the fractional order system for
a=p£=02,k =-22,k,=0.

Bifurcation diagram of the integral order system with k, as
abscissa.

Phase portraitiand Poincaré maps of the integral order system for
k,=0,k,=0.3518.

Phase portrait and Poincaré maps of the fractional order system for
a=p=13,k =0,k,=0.005.

Phase portrait and.Poincaré maps of the fractional order system for
a=p£=11,k =0,Kk,=-0.052.

Phase portrait and Poincaré maps of the fractional order system for
a=£=09,k =0,k,=-0.05.

Phase portrait and Poincaré maps of the fractional order system for
a=£=08,k =0,k,=0.02.

Phase portrait and Poincaré maps of the fractional order system for
a=£=07,k =0,k,=-04.

Bifurcation diagram of the integral order system with k, =k, as
abscissa.

Phase portrait and Poincaré maps of the integral order system for
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k, =k,=0.1422.

Fig. 4.18 Phase portrait and Poincaré maps of the fractional order system for
a=p£=13,k =k, =1.

Fig. 4.19 Phase portrait and Poincaré maps of the fractional order system for
a=p4=12,k =k,=-0.01.

Fig. 4.20 Phase portrait and Poincaré maps of the fractional order system for

a=p=11,k =k,=-2.
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