Journal of Scientific and Human Dimensions

e @M‘g‘j Z\*‘M‘ Ju-fg‘ KJ.;A Journal of Scientific and
Human Dimensions

JSHD ISSN: 3106-1702 ol o
O Xy
@ Volume 2, Issue 4, 2026 Pages: 427-429 \ @

Journal homepage: https://jshd.com.ly/index.php/jshd/en

o 2025

Global Dynamic of Prey-Predator Model with General Incidence

Zainb M. F. Alhegazi *, Hanan Amhimmid Ali Amhimmid ?
12 Department of Mathematics, Faculty of Science, Omar Al-Mukhtar University, Al Bayda,
Libya
H(S,1) daara) dlal) die (g fidall g Ay Al 73 gail ALall) duraliyal)

2 daal ‘_;.:: deaal s 1 L,SJKAAJ\ d:\..as Aaaa b )
Lol celimud) Sall yac Anala cashall S el I and 12

“Corresponding author: zainb.alhegazi@omu.edu.ly

Received: August 29, 2026 | Accepted: October 25,2026 | Published: November 12, 2026

@ Copyright: © 2026 by the authors. This article is an open-access article distributed under the
terms and conditions of the Creative Commons Attribution (CC BY) license

(https://creativecommons.org/licenses/by/4.0/).
Abstract:

In this paper, we consider a prey-predator system in which the susceptible and infected prey populations are
predated by a predator species. We also discuss different models of prey-predator systems with a general incidence
rate H(S, I). The aim of this paper is to study the dynamics of the prey-predator model using different analytical
techniques with a generalized incidence function, and to investigate the nature of its equilibria and global stability
properties.
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1. Introduction

Over the past decades, the dynamical behavior of prey-predator models has received considerable attention.
Mukherjee [1] showed global stability of a population in a polluted environment. Also, many researchers have
looked at specific problems that can be solved using several models of prey-predator systems.

We present the following model:
S =0-IH(S. ) - diS

L= H(S, 1)~ alY — dal o)
d,
d—i] =ealy — day

Where:
H(S, I): General incidence rate.

427 | Journal of Scientific and Human Dimensions


mailto:zainb.alhegazi@omu.edu.ly

0: Constant recruitment rate of susceptible prey.
a: Predation rate among the susceptible and infected prey population.

di, d2, ds: Natural death rates of the respective populations; e: the coefficient of biomass conversion adopted by
the predator.

S(b), I(t), Y(t): Susceptible prey, infected prey, and predator populations at time t, respectively.

The dynamic of (1.1) in D is equivalent D:{(S,I,Y)ER3:0§S+I+Y§ di}
1

52{(5,1,Y)ER3:S+I+Y§§ }
1

Theorem 1.
We define the quarantine reproduction number in the form
L3
d
Rq —__ "1
ay +d,

If Rq < 1, there exist unique equilibrium P, = (di,o,o) if Rg=1
1
Then there exist an endemic non trivial equilibrium point
P*=(8*1"Y) € {
Proof. The uniqueness of the endemic nontrivial equilibrium point can be guaranteed by [2]. From the isocline
equations, it is clear that coordinates of the endemic equilibrium point P* = (S*,I*,Y*) satisfy (1) . Hence since

. 6 . . S .
S*exist, then H must be less than - le when R, > 1,5"does not exist and the only equilibrium points P, =
1

(di, 0,0) . now the local stability of Pycan easily deduced by inspection of the eigenvalues of the following
1
Jacobian matrix at P,,.
0 6
Mp = [—d1 —H(— 0) OOH(d—,O>—d2 000 —d;

0 dl ' 1
Which has the eigenvalues A, = —d;, 1, = H (di,o) —d,, 13 =—d;
1
This completes the proof
2. The Nature of Equilibria
In this section we study and discuss stability properties of the equilibrium .
The Jacobian matrix of (1.1) around E, is
[1H,(S, D) —dy — A —IH,(S,1) + H(S,[) 0 IH(S, 1) IH,(S,1) + H(S,]) —a—d, — 1 —al 0 eay eal —d; — 1] (2)
The dynamical behavior of model (1.1) is as follows :
(a)E, (di, 0,0 ) is non trivial equilibrium point .
1

(b) the eigenvalues corresponding to the equilibrium point E, ((%,0,0) are —d,,—a+ H(S*,I") —d,, —ds
(2.2)

Thus it will be locally stable If H(S*,I*) < d, and d5 > 0. Further this is always stable in (S) direction . It shows

an unstable saddle point for H(S*,I*) < d in (S), (I) direction
(c) The equilibrium point E; will biologically exist if H(S*,I*) < d,
dqds

(d) The equilibrium point E, (o,o, —) ds > eal

eazy
The variation matrix (2.1) for this position provides the eigenvalues

Ay =T"H (S5 1)+ H(S* ") —ay* —d,
And the two eigenvalues as the roots of the quadratic equation
22+ (az+ dl)l =0(3)

('e) non zero equilibrium E;(S*, I*,y*) is feasible provided (see[2])
ead, > H(S*,I")d; + ea,d,
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”(SS ERIIEN ”(Ss D e, 1" (2.4)
Also

ds —eayl”
sr=-2_""2 <
ea,d,

ds ea,l”

[f=—__ 7= @
eaz eaz%— ea,d,
and
d3 I*
LSt cass

>0
eal*

y
3. Existence of Stability of E(S*, I*, Y*) Using Lyapunov Function
Let us consider Lyapunov function :

VS LY) =3, W <Si —S; = 5; log log ;9—) +W; (yi —yi —y{ log log yl) @)
The time derivative of above function will be ......
V= (OWiZy5+ WoZy o + Wiz ....(5)
Where
Z,=(5-8)2Z,=(1-1),Z3=(Y-Y)

Using the set of equations (1.1) and (3.2) we obtain

owW,z2  H(S, D) H(S, D
- —lelzz - OCW1Z123 + TWZZlZZ - aWZZzzg + eaW3ZZZ3

Vo= - S

we can choose W, = W, and W5 = Ewe get

) = 0%

V) = o =0
This shows that E5is globally asymptotically stable . Hence Lyapunov theorem implies that E;( S*,I*,Y*) is
globally asymptotically stable [ 3, 4]

4. Conclusion

Our main results are concerned for discussing equilibria stability existence and uniqueness with general incidence
H(S,I) when
E, is non trivial equilibria and unique endemic point.

Py= (di, 0,0 ) is globally asymptotically stable in { if Rg> 1,
1
While its an unstable saddle point if Rg < 1.
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