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Abstract

To investigate the effects of mixed synaptic on neuronal firing patterns and synchrony states, the
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Chay neuronal model under electromagnetic excitation is considered, and numerical calculations
are performed using a variable-step fourth-order Runge-Kutta algorithm. Using peak-to-peak bifur-
cation diagrams, phase diagrams, time-history plots, and two-parameter bifurcation diagrams, the
effects of different parameters on bifurcation in coupled systems are investigated. It was found that
coupled neural systems can generate periodic discharges, inverse-periodic discharges, and chaotic
cluster discharges under different parameter values. Synchronizing statistics using similarity func-
tions, the synchronization behavior of coupled neural systems is investigated, and it is concluded
that increasing coupling strength promotes synchronization in coupled systems. This reveals the
encoding and transmission mechanisms of neural information in coupled systems, providing a the-
oretical foundation for treating neurological disorders.
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1. 518

P TUENME RGN S D) Re AT, 18IS 5 2% 1) S5z SR & WL S B &5 B IE 14
BAEVSER[IIESE, &S BG e 2R W FRE, FOd RS R 45 DR B AH G, iR
%2 52 FEm N SURPELA . A T EIVEYME RGNS 2 5FREHE, S8 T AT &
AR, I HH R [2]. ML #£EeiE R3], HR M4 et R[4]. Chay #4 o R[4, Fi%
WA BRI E RGNk P[6]. WHH[7]. FRRE[S1EEA [ AR BNy, £ A 4= 5 1 3h )1 2%
RS

eI A 9] (LR AM[10]. VR A RAINFISISHE AR, WSElE B gmiD 5L, &
AN A AR A A5 BALALHIRTF 7, B el CBONRF AT . BT RG5O A 2 S 8o
SV, WSRO BURRIGEE. WS, SURFME RGUBCEAT AR IR B 1R 7 e fit
HR IR . BEESE[12) R A SR B I 10 77, ST EBEER R HR & SR AL AT 40 7% 20 AT R0 il i
F, WREARF RGN AT R A 2A ZFOER. XIS [13]N B & Chay M& oY 73 2%
AFEEWETL, 15 B KRG R R R 3R & R M EPAT . Tk (141558 N FE i F A0 5 S il &
AR Morris-Lecar #1282 W 215584 (1) 73 25 5 [R5, 387~ A 500 G B E X P 5 B A% 1 1 AR 52 0 ¥ N ZE AL
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BT B, ASCIHET =4E Chay & oAl Hhn e r BN i, R VR & S il ~r r R SR

DOI: 10.12677/aam.2025.1412491 116 N H it e


https://doi.org/10.12677/aam.2025.1412491
http://creativecommons.org/licenses/by/4.0/

FEHE
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Figure 1. Bifurcation diagram of the peak-to-peak interval of parameter H_
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Figure 2. Phase diagram and time history diagram
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Figure 3. Bifurcation diagram of the planar (kl,gKV) two-parameter system under different chemical coupling

strength values
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Figure 4. Bifurcation diagram of the planar (in,a) two-parameter system under different chemical coupling

strength values
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Figure 5. Synchronous graph of the similarity function for chem-
ical coupling strength H_

B 5 WEBEEE H,, BEIER K E L E

DOI: 10.12677/aam.2025.1412491 121 N H it e


https://doi.org/10.12677/aam.2025.1412491

FEHE

BOE ARG IR D=2 1, WIIRSKMAEN (V,n,Cp e, V,.0,,C,,0,)=(0.01,0.01,0.01,0.01,-0.01,-0.01
-0.01,-0.01), HIPIMMETCHIPIIAACAFAARSEN, BUETHE G TR A BRI H, AR 2R ],
s 5 fia. BEE Hy, MAKEA, MUK S(0)>0, WA RFHARTEERFASRE: X
Hy, =1.62 I, AR AR HOHGE T B, Ui AR & RGAERUN I BN R A 72 R I Z JE AR BUZ )
HE|H, =6, S(0)~0, M&ERGAT REFIRE, Prehm- MLt SRR B H R
WAEREE BRI .

AT RAERE RE M FARDS, 1EE 5 PRI %2 S8UE, BEBUE T A 2EE R5Q2)
i 6 Fras i) R RAE K] [ 6(a) /& Hy, =1 I AOAR BRI ] I RE P, ANPEIehm] AAS e ARG 7 A A4 L
H— MR EAME Y, 55 /MR REALV, EAMESE, BV, =V, MG 25l T 7PRE,
5515 5 xR — 8, FERTAIXA][100, 130)2 1], #E& RGuab TR M AREN, BAWAE; G H,, =6
i, R R — RN LA, BIV, =V, , ARG T RRE, 7ER 1A X [AI[100, 130]
I, FERGAETRMEBBRR, R A, RITRRICENE, U IZ AT T RS RGRFSKL
HL PR B )

-10
20 F
30F
~
-40 t
_50 L
-60 : : : : - : :
-60 -50 -40 v, =30 -20 -10 100 110 t 120 130
(@1) H,, =14k (@2) H,, =1mf i pifk
-10 -10
ol 0l — V"
30t 30}
= -40 t s’_40 :
50 + -50 |
-60 : : : : -60 : :
-60 -50 -40 V1-30 =20 -10 100 110 ) 120 130
(b1) H,, =6 (b2) H,, =6 [E LK

Figure 6. Synchronous verification diagram
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