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Fig. 1. The bistable potential in FHN neural system
(a=0.5,b=0.01,v=1).
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Fig. 2. (color online) The curve of Py (v) with differ-
ent multiplicative noise intensity D (Q =1, ¢ = 0.95,
=05 A=0.5).
M3 AT LAF th, B8 D0 e A 0 B Q BUE A
7, 72 A5 AR B2 BRI E P (v) HIT 2 U8 PR B0 7 e £
BRI AR T R AR A, Bl R IO A R Q 1
HOR, VBB A, A WEIRET TS, B Q = 21,
FEVETH O, BT B SE R 3 U B e N 7 iR P
QP LA AR AEAS. R IE R & H, 20 P
FEORIE Q BUNK, M TT R G HEAL TAAAS vi (78
B, (HREE INPERE SR Q HOK, M TT R AT

RERARS 0p (BORAS) BOREAIEK, BT WA
KA FIF RS B IR AR AL, W 2
3 AT LU, Ttk 7 3R D 5 IR AR Q
i 25 A2 B S P A RS .
0.50 g g g g g g
0.45} —Q =0.05

0.40f --Q=1
035} o @=2

0.30}
0.25}
0.20}
0.15}
0.10}
0.05}

Py (v)

3 (MTIRE) &S LR BT Puy (v) BEASE N1
T Q AL (D =3.5, ¢ =0.95, 7 = 0.5, A = 0.5)
Fig. 3. (color online) The curve of Ps;(v) with different
additive noise intensity Q(D = 3.5, ¢ = 0.95, T = 0.5,
A =0.5).
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Fig. 4. (color online) The curve of Py (v) with different
non-Gaussian noise deviation parameter ¢(D = 3.5,
Q=1 7=05 A=0.5).
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Fig. 5. (color online) The curve of Pt (v) with different
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Steady state characteristics in FHIN neural system
driven by correlated non-Gaussian noise and
Gaussian noise”
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Abstract

Recently, the dynamics problems of nonlinear systems driven by noises have attracted considerable attention. The
researches indicate that the noise plays a determinative role in system evolution. This irregular random interference
does not always play a negative role in the macro order. Sometimes it can play a positive role. The various effects of
noise are found in physics, biology, chemistry and other fields, such as noise-induced non-equilibrium phase transition,
noise-enhanced system stability, stochastic resonance, etc. Especially, in the field of biology, the effects of noise on life
process are significant. At present, a large number of researchers have studied the kinetic properties of the neuron system
subjected to noises. However, these studies focus on the Gaussian noise, while the researches about non-Gaussian noise
are less. In fact, it is found that all the noise sources among neuronal systems, physical systems and biological systems
tend to non-Gaussian distribution. So it is reasonable to consider the effects of the non-Gaussian noise on systems, and
it is closer to the actual process. Therefore, it has some practical significance to study the FHN system driven by the
non-Gaussian noise and analyze the kinetic properties of this system. In this work, we study the stationary probability
distribution (SPD) in FitzHugh-Nagumo (FHN) neural system driven by correlated multiplicative non-Gaussian noise and
additive Gaussian white noise. Using the path integral approach and the unified colored approximation, the analytical
expression of the stationary probability distribution is first derived, and then the change regulations of the SPD with the
strength and relevance between multiplicative noise and additive noise are analyzed. After that, the simulation results
show that the intensity of multiplicative noise, the intensity of additive noise, the correlation time of the non-Gaussian
noise and the cross-correlation strength between noises can induce non-equilibrium phase transition. This means that
the effect of the non-Gaussian noise intensity on SPD is the same as that of the Gaussian noise intensity. However,
the non-Gaussian noise deviation parameter cannot induce non-equilibrium phase transition. Moreover, we also find
that the increases of the multiplicative noise intensity and the cross-correlation strength between noises are conducive
to the conversion of the exciting state into the resting state. And with the additive noise intensity and the correlation
time increasing, the conversion of the resting state into the exciting state becomes obvious. Meanwhile, the increase of

non-Gaussian noise deviation parameter increases the probability of staying in the resting state.

Keywords: FHN neural system, non-Gaussian noise, stationary probability distribution, non-equilibrium

phase transition
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