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Abstract

We analyze numerically the neuronal activity of bursting and spiking in the 3D Hindmarsh-Rose
(HR) neuronal model. We introduce the ratio of different pulse to give the critical current I, which
induces the continuous bursting behavior of neuron. We find that the parameter u can control the
number of peaks in a discharge cycle. Moreover, we numerically investigate the synchronization
and stability of linear coupling HR neuronal network by the master function method. We find that
the synchronization and its stability depend on the coupling strength and the structure of the
network, but weakly related to the bursting and spiking phenomena. We give the phase diagram of
the synchronization and its stability of the HR neuronal network in the parameter space, which
provides an understanding of the dynamic behavior and its stability of HR neuronal network.
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Figure 1. (a) The time evolution of the HR neuronal model (x, y, z); (b) The action potential x;
(c) The fast ionic fluxes y; (d) The slow ionic fluxes z
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Figure 2. The time evolution of the action potential x. (a) The bursting for | = 1.5; (b) | = 2.5; (c)
The spiking for | = 3.5; x = 0.001
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Figure 3. The mutation of 7 = ty/t,, form 0.1 to 1,for x = 0.001
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Figure 4. Time evolution of the action potential (a) (b) and (c), bursting for x = 0.001, 0.0055, 0.01.
The number of peaks is different in a discharge cycle
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Figure 5. Master stability function for x-coupled HR neurons. (a) 3D map; (b) Contour map
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Figure 6. The influences of neural firing pattern on synchronous
stability. (a) 3D map; (b) Contour map
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