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Abstract

To explore the regulatory mechanism of electrical synapses and initial disturbances on the synchro-
nous transition of neural networks, a magnetically controlled memristor is used to simulate the elec-
tromagnetic induction effect of neurons, and a ring neural network model with electrically coupled
memristor is constructed. By using two-parameter synchronous cloud maps, spatiotemporal dynam-
ics maps and time-domain maps, the dynamic evolution laws of neural network clusters under differ-
ent parameters and initial disturbances are analyzed. The simulation results show that electrical cou-
pling is the core parameter determining the synchronization ability of the network. Increasing the
electrical coupling strength can effectively broaden the synchronization interval, and the positive
magnetic coupling strength is conducive to promoting the synchronization of neurons. Under global
gradient initial value perturbation, the network can still achieve stable global cluster discharge by re-
lying on coupling effects. Under weak coupling conditions, the initial disturbances oflocal neurons
will disrupt synchronization, induce disordered discharge and traveling wave propagation. As the cou-
pling continues to strengthen, the interaction between neurons gradually cancels the initial phase
deviation, and the system converges back to global cluster synchronization, revealing the intrinsic
mechanism by which electrical coupling and initial abnormal potential disturbance jointly regulate
the dynamics of neural clusters.
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Figure 1. Synchronization factor diagram
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Figure 2. Synchronous verification diagrams
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Figure 3. R diagrams (1) for dual-parameter simultaneous statistical factors
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Figure 4. R diagrams (2) for dual-parameter simultaneous statistical factors
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Figure 5. Spatiotemporal dynamics diagrams (1)
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