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Abstract: To address the insufficient research on the complex dynamics of high-dimensional
Lorenz-type systems, a new four-dimensional hyperchaotic system with three equilibrium point
curves was proposed by designing a linear feedback controller based on the three-dimensional
Lorenz system. The dynamical properties of this new system were investigated by using
Lyapunov exponents, bifurcation diagrams, and phase portraits. It is found that under certain
parameter conditions, the system exhibits rich dynamical behaviors: it possesses three
equilibrium point curves; under the condition of a unique equilibrium point, an evolution process
from chaos to limit cycle, torus, and focus is observed; in the presence of equilibrium point
curves, the coexistence of multiple stable attractors under different parameters is demonstrated by
numerical simulations; various dynamical phenomena including period-doubling bifurcation,
inverse period-doubling bifurcation, and Hopf bifurcation are exhibited. The existence of the
four-dimensional Hopf bifurcation was strictly proven and verified numerically. Furthermore, a
chaotic circuit was designed to physically verify the complex dynamical phenomena of the
system, such as chaos and hyperchaos. The obtained results verify the validity of theoretical and
numerical simulation results.
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(b)
El6 ZEHEQ)ESLHopfH R :(a.b,c,mk )=(1,1,0,2,-5)
Fig. 6 Hopf bifurcation of system (2) at origin: (a,b,¢,m,k,)=(1,1,0,2,-5)
(a)—FH5 5, k,=—1.05; (b)—JA M , k,=—0.99.

xR1 BHQ)VESH(a.b,c.m k,)=(10,8/3,10,1,-2) FHIZI HZFITAH
Table 1 Dynamical behaviors of system (2) under parameters(a, b, ¢, m, k,)=(10,8/3,10,1,-2)

k, 2 2 2 A4 Lyapunov 441 EIPIEZRW))
-85.2 0.4140 0. 000 0 -3.4145 -11. 640 7 2.1213 R
-62.8 0. 000 0 -0.2113 -2.613 1 -11.798 2 1.000 0 JAHAtE M
-49. 4 0.3146 0. 000 0 -2.2667 -12.6211 2.1388 R

13.2 2.604 2 0.1162 -0.044 7 -17.3241 3.154 5 ABIRIE

(®)

1 1 1 1 1 0
-250 -225 -200 -175 -150 -125 -100 -60 -55 -50 -45 -40 -35 -30 -25
b b

B7 RZEQHHEE
Fig. 7 Bifurcation diagrams of system (2)
(a)—k, €[-250,-100]; (b)—k, €[-60,-25].
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B8 EEURE Kk B RGEQR)WHEEEZL
Fig. 8 Phase diagram variations of system (2) under different k&,
(a)—k,=—=12.15; (b)—k,=—11; (c)—k,=15.
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Fig. 10 Simulated circuit of system (2)
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Fig. 11 Circuit experimental results of system (2)
(a), (b)—IRME#R I, Z50 (a0, b, c,m k|, ky)=(10,8/3,28,1,-91.6,-2), WIE (1, 1,1, 1), (a) K X-Y#L 1 , (b) N X—Z 41 ;
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