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Fig. 1. Phase portrait of Lorenz system for ¢ = 1.0,
B8=28/3, p=28.
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Fig. 2. The equilibrium orbits and bifurcation portrait: (a) a = 0.479; (b) o = 0.719.
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Fig. 3. Bursting oscillation for o = 0.479: (a) Phase portrait on the (z, z) plane; (b) TPP on the (w, z) plane.
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Fig. 4. Overlap of TPP and equilibrium orbits for a = 0.479 on the (w, z) plane.
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Fig. 6. Phase portrait for « = 0.599 on the (z, z) plane.
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Fig. 7. Overlap of TPP and equilibrium orbits for a = 0.599 on the (w, z) plane.
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Fig. 8. Phase portrait for « = 0.719 on the (z, z) plane.
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Fig. 10. Overlap of TPP and equilibrium orbits for o = 0.719 on the (w, z) plane.

SEHAR R FERIRY. R, 280 T184 3] Li X H, Bi Q S 2012 Acta Phys. Sin. 61 020504 (in

SR SRR R, T LR B Chinese) [ZEHZL, E#IE 2012 P24 61 020504]
N N ' ’ . . — [4] Zhu Y P, Tu S, Luo Z H 2012 Chem. Eng. Res. Des. 90

J7SCIRA AR B, R O B R R SR AR RS 1361

r}(%%}”}f%‘zrﬂ—] E’\]?%%’ éﬁ%%ﬁﬁ*ﬁ, T%/jf\‘z_\‘ [5] CaiZ Q, Li X F, Zhou H 2015 Aerosp. Sci. Technol. 42

7] 7 AR 3 1 = FE AL 384

[6] Wang H X, Wang Q Y, Lu Q S 2011 Chaos Soliton.
Fract. 44 667
[7] Ferrari F A S, Viana R L, Lopes S R, Stoop R 2015
%%Yrﬁk Neural Networks 66 107
[8] Huang X G, Xu J X, He D H, Xia J L, Lii Z J 1999 Acta

[1] Lashina E A, Chumakova N A, Chumakov G A, Boronin Phys. Sin. 48 1810 (in Chinese) [¥ 5.4, 122, f15#,

A 12009 Chem. Eng. J. 154 82 HER], B 1999 MITEAE 48 1810]

[2] Qin L, Liu F C, Liang L H, Hou T T 2014 Acta Phys. [9] Izhikevich E M 2000 Int. J. Bifur. Chaos 10 1171
Sin. 63 090502 (in Chinese) [ZEF, XIiEA, FFIIR, G [10] Ma J, Jin WY, Song X L 2015 Chin. Phys. B 24 0128710
T 2014 P44k 63 090502] [11] Bi Q S, Li X H 2013 Chin. Phys. B 22 040504

090501-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn//CN/abstract/abstract45020.shtml
http://dx.doi.org/10.1016/j.cherd.2011.12.004
http://dx.doi.org/10.1016/j.cherd.2011.12.004
http://dx.doi.org/10.1016/j.ast.2015.02.005
http://dx.doi.org/10.1016/j.ast.2015.02.005
http://dx.doi.org/10.1016/j.chaos.2011.06.003
http://dx.doi.org/10.1016/j.chaos.2011.06.003
http://dx.doi.org/10.1016/j.neunet.2015.03.003
http://dx.doi.org/10.1016/j.neunet.2015.03.003
http://wulixb.iphy.ac.cn//CN/abstract/abstract6763.shtml
http://wulixb.iphy.ac.cn//CN/abstract/abstract6763.shtml
http://dx.doi.org/10.1142/S0218127400000840
http://dx.doi.org/10.1088/1674-1056/24/12/128710
http://dx.doi.org/10.1088/1674-1056/22/4/040504

38 F W)

Acta Phys. Sin.

Vol. 65, No. 9 (2016) 090501

[12] Zhang Y, Bi Q S 2011 Chin. Phys. B 20 010504 [16] Kingni S T, Nana B, Mbouna Ngueuteu G S, Woafo P,
[13] Chumakov G A, Chumakova N A 2003 Chem. Engineer. Danckaert J 2014 Chaos Soliton. Fract. 71 29
J. 91 151 [17] Yang Z Q, Lu Q S 2006 Chin. Phys. B 15 0514
[14] Shilnikov A, Kolomiets M 2008 Int. J. Bifurcat. Chaos (18] Yu H T, Wang J, Deng B, Wei X L 2013 Chin. Phys. B
18 2141 22 018701
[15] Kiss I Z, Pelster L N, Wickramasinghe M, Yablonsky G [19] Izhikevich E M, Desai N S, Walcott E C, Hoppensteadt

S 2009 Phys. Chem. 11 5720

F C 2003 Trends Neurosci. 26 161

Mechanism of bursting oscillations with multiple
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Abstract

The main purpose of this article is to explore the bursting behaviors as well as the mechanism when multiple equilib-
rium states evolve into the bursting attractors. Taking the controlled Lorenz model with periodic excitation for example,
the coupling effect of different scales in frequency domain corresponding to the case that an order gap exists between
the exciting frequency and the natural frequency of the system with multiple equilibrium states is investigated. Unlike
the autonomous slow-fast coupling system, neither obvious slow nor fast subsystems can be observed in a periodically
excited system. Since the exciting frequency is far less than the natural frequency of the system, the whole exciting term
can be considered as a slow-varying parameter, leading to the generalized autonomous system. With the variation of the
slowly-varying parameter, the bifurcation forms as well as the behaviors for different equilibrium states in the generalized
autonomous system are explored. It is pointed out that for certain conditions, Hopf bifurcation and fold bifurcations
related to different equilibrium points can be observed. According to the conditions related to different bifurcations,
the bursting oscillations in two typical cases are presented. In order to explore the mechanism of bursting oscillation,
transformed phase portraits are introduced in which the whole exciting term is treated as a generalized state variable so
that the relationship between the original state variables and the slow-varying parameter can be clearly described. By
employing the transformed phase portraits, the bifurcation mechanisms of different bursting attractors are presented. For
the conditions where only fold bifurcation exists between two equilibrium states in the generalized autonomous system,
two un-symmetric bursting attractors can be observed. With the variation of parameters, when the repetitive spiking
oscillations pass across the attracting basin of another equilibrium states, the two bursting attractors interact with each
other to form an enlarged symmetric bursting attractor. For the conditions where both the Hopf and fold bifurcations
evolve into the bursting attractors, multiple quiescent states as well as repetitive spiking states exist in the bursting
oscillations, which may lead to complicated behaviors. It is found that the coexistence of multiple equilibrium states as
well as the related bifurcation forms not only leads to multiple forms of quiescent states and the spiking states, but also

results in different switching forms between different quiescent states and the spiking states.

Keywords: coupling of different scales, multiple equilibrium states, bursting oscillations, bifurcation

mechanism
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