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Abstract This paper discusses the formulation and study of a fractional-order eco-
epidemiological model in the context of infectious diseases in the prey population.
The purpose of fractional order analysis is to investigate the effect of time memory on
the growth rate of the three populations. The fractional-order prey-predator model’s
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1. Introduction Fractional calculus has the ability to transform the way

we think about models and influence our surroundings (v. ( ).
The main motivation for employing fractional is that they are inextricably
linked to memory processes (v. ( ), ( ).

( ) showed that the stability of fractional-order differential
equations is comparable to that of their integer-order counterparts. The abil-
ity of fractional-order differential equations to describe nonlinear occurrence
almost accurately has made it an important research subject in science and
engineering.

The major reason for this is that the fractional differential equation can
depict the current state as a process that includes the record of past states
(v. ( ), ( )). As a result, most researchers
are optimistic about the fractional-order differential equation, particularly
in biological modelling. Fractional calculus is the study of non-integer order
differential and integral operators, as well as differential equations containing
such operators (v. ( )). Leibniz and Guillaume de I’'Hospital pro-
posed the fractional calculus for the first time in 1695 (v. ( ). The

Tts first appearance is in a letter written to Guillaume de I’Hépital by Gottfried Wilhelm
Leibniz in 1695 (v. ( ).
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presence of time memory or long-range space interaction affects the systems
using fractional-order differential equations (v. ( ),
(2017)).

The population ecosystem is the most important aspect of modeling be-
cause it allows the mathematical model to demonstrate the dynamic response
of the system (v. ( ) ). Communicable diseases
have become an integral part of the human and animal population monitoring
and disease in the eco system has become a substantial investigation topic
(v. (2021)).

The following is a breakdown of the current contribution: Section 2 in-
troduces the assumptions of the model with disease in the prey. Section 3
provides an overview of the theory of fractional calculus. We show that the
model’s solution exists and is unique in sections 3 and 4. We also demonstrate
that the solutions are non-negative and uniformly bounded. Section 5 delves
into the concepts of equilibrium points. The local and global behaviour of the
fractional-order preypredator model are examined in sections 6 and 7.

2. Construction of our Model In this section, we consider a fractional
order predator system with disease in prey as shown below.

CID)fal = S1a1 (1 — %) — /\alag — ¢a1b,

a1+ as
k

C]D)fb = wia1b + woaob — ub.

C}D)ffag = $9a9 <1 - > + Aaiaz — nazb — pas, (1)

The Caputo fractional derivative of order « is denoted by “D¢ and « € (0, 1].
The population sizes of the susceptible prey species, infected prey species, and
predator species are denoted by a1, ag, and b, respectively. Logistically, the
prey is increasing with the growth rate s; and the carrying capacity k. Here
A is the prey infection rate, p is the death rate of the infected prey, ¢ is the
predation rate on susceptible prey, n is the predation rate on infected prey,
w1, wy are the biomass conversion ratios of susceptible and infected prey, and
1 is the predator death rate.

3. Preliminaries This section provides basic definitions, main findings,
and properties of fractional differential equations that can be used to prove
theorems.

DEFINITION 3.1 For a function f : Rt — R, the fractional integral of order
« > 0 is defined as,

1 (1) = gy [ (1= w)" ™" f ()

Likewise the Caputo fractional derivative of order « is defined as
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DS (t) = 7

ey J (= 0)" 7 (v) do.

o o

where I' (o) is the Euler’s Gamma function and D = %.

LEMMA 3.2 If f(t) € Cle,d] , “DSf (t) € C(c,d] and 0 < o < 1, then
F@&)=f(0)+ g (D) (0) (t = )", c S v < wx € (c,d].

LEMMA 3.3 Consider the system CD%x (t) = f (t,x), t > to with initial con-
ditions xy, where 0 < o < 1, f : [tg,00) x Q — R™ Q € R™. If f (t,x) satisfies
locally Lipschitz condition with respect to x, then there exists a unique solution
of the above system on [to, c0) X Q.

4. Non-negativity and boundedness Let R3 = {:U € R3|z > 0} and
az (1)
Y(t)=| a2(?)
b(t)

THEOREM 4.1 Solution of (1) are positive and uniformly bounded.

PROOF To show that a (t) is positive for all t € RT U {0}. Based on the first
equation of (1),

“DYay (t) |e=t, -

From Lemma 3.2, we have a; (tf) = 0, which contradicts to the fact aq (tf) <
0 for ¢ > t;. Therefore we have a; (t) > 0, t € RT U {0}. Similarly, it can be
proved that as (t), b (t) are all non-negative.

Let us define a function

B(t)=ai(t)+az(t)+b(t).
Taking the fractional derivative of Caputo on both sides, we get

CDOB (£)=CD%; (t) +CD%s () +CD2b (£)
i 2
S % — Aaras — parh + spay — 202 _ 2102

k k
— pag + wia1b + waagb — ub
1&% S9a1a2 slag

s
:31a1—T—alb(¢—w1)+32a2—7———azb(n—wg)

— paz — pb

— —= + Aajag — nagd
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Choosing ¢ < wy , 1 < wa,

2 2
CDSB (t) +eB(t) = s1a1 — 81]:1 + s2a2 — % — % — pas
— b +eay +€az + ¢€b
aj $9a3 (3)
—<81+€>a1—%+<32+e> @ = 22— pay + (e — )b
k k
4 (s1+¢)’ +f82(82+€—p)2+(5—u)b

Taking € < minu and from 3.3, we get

l o L
B (t) < (IB% (0) —5> Eo [t + - "

< B(0)Ea -2t ~ L [1 - Ba [t

where | = ﬁ(51+5)2+&(52+57p)2 > 0.

Thus, B (t) — é ast —o0o& 0 <B(t) < é

As a result, all solutions of the system (1) beginning with R3 are confined to
the region Q = {(a1,az,b) € R |B (t) < é +e}. n

5. Existence and Uniqueness We examine the existence and unique-
ness conditions of (1) in this section. The following is the solution to the
system:

t
H(Y)=Y =Y+ / ) LE (X (6))d0
0
and we have

H(Yi) - / F (Y1 (0)) — F (Y2 (6))]d0
0

If the norm of N is defined as | N|| = sup |N (7)|, then the norm of the
7€(0,1]
matrix M is defined as

M| =" sup |mi;[r]].

i T€(0,t]

Denote

']I‘a
inmax{s1+2M(

NGRSy +A+9),

k
(5)
So + 2M <k+)\+77> +p,2M(W1+W2+H) }
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THEOREM 5.1 The sufficient condition for the existence and uniqueness of
solution of system (1) with initial conditions Y (0) = Yy and 7 € (0,1] is
L <1.

PROOF The fractional-order dynamical system (1) is denoted by

“Da(r) =F (Y (1)), 7€ (0,t],Y(0) = Yp

where

[ ay ai,

Y - ag )}/b = a20
| b bo

S1a1 (1 — %) — )\&1&2 — ¢a1b
F(Y)=| s2az (1 —2£%2) + ajag — nagb — pas
i w1a1b + woash — ub
Now

[H (Y1) — H (Y2)[| <L [JY1 = Y2 .

where L is given by (5). If L < 1, then the mapping ¥ = H (Y') becomes a
contraction mapping. This ends the proof. n

6. Local Stability. The stability of the fractional order prey-predator
model is examined in this section. First, we identify all of the system’s possible
equilibrium points (1),

S1a1 (1 — %) — )\alag — ¢a1b = 0,

S9a9 (1 _at a2) + Aajas — nagh — pas = 0, (6)

k
wia1b + woasb — ub = 0.
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The equilibrium points are,

El = {07070}7

E2 = {k7070}7

Ey = {07 _k:(p—sl)’o} ,
52

Ey

{o, £ 0} ,
w2
B st (—p+ kwi)
By = o 22T
5 {wla ) k:qbwl )
o —ks189 — pkz)\ + kZso\  —s1 (pk — k2)\)
0 s152 — ksoA + k202 s159 — ksoA + k2027 [
—@sopt + pkows — kopsaws — knu + knsiw
—NS1wa + Psaws — Psaw1 — kdwa\ + knwi X’
—ns1p — Psap — pkowi — knsiwy + kpsawr + koud
—NS1w2 + Psawa — Psawr — kpwa X + knwi A
—s1894 + pksiwa — ksisowy — ksapu — pkZir A — k?s1wo\ + k2sowi A + k2 )2
—Ns1wa + @sawa — PSaw1 — kPwa A + knwi A '

Er =

The Jacobian matrix J (ai, az, b) is equal

s1— 299 _ \ay — b —\aq —pay
— 5202.Fhay e e a2 (D)
+Aa1 —nb—p
wib wab wiay + w22 — @

THEOREM 6.1 E; = {a1 — 0,a2 — 0,b — 0} of system (1) is always a sad-
dle point.

PRrROOF The Jacobian matrix of system (1) at £y = {a; — 0,a2 — 0,b — 0}
is given by

S1 0 0
JE)=]0 sa—p 0
0 0 —l

Eigen values are Ay = s1,As = s90 — p,A3 = —u. Here A} > 0,A3 < 0. As a
result, system (1)’s equilibrium point is a saddle point. ™

THEOREM 6.2 Eo = {a; — k,a2 — 0,b — 0} of system (1) is asymptotically
stable if Ak > p then Ey is saddle point.
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PrROOF The Jacobain matrix at Es is
—s1 =AMk — ok
J(Es) = 0 Xe—p 0
0 0 kwi —
Eigen values are A1 = —s1, Ao = Ak —p, A3 = kwy — pu.Here A; < 0. If Ak < p
then Ao < 0, kwy < p then Ag < 0.
Therefore Fs is asymptotically stable. If Ak > p then Es is saddle point. n

THEOREM 6.3 E3 = {al —0,a2 — — k(p 81) ,b— O} of system (1) is stable

ZfS Ak(s2—p) and kw2 (s2—p)
EP) 52

< . Otherwzse it is saddle point.

PROOF The Jacobain matrix at Fj is

| 51 — 2e2=p) 0 0
J(E3) = | —%- k(S;;p) + /\k(iz;p) 59— 22 (k(SE;p) _kn(ssz;p)
i 0 0 hoaloap) _
[ 5y - Mee) 0 0
= ot M p— sy  —lnls2=p)
S
Fwoa(s3—p)
I 0 0 R
Eigenvalues are,
Ak —
No= sy o Mls2=p)
52
AQ == P - 827
k _
A3 = kwy (s2 —p) .
52

Ej is locally asymptotically stable if s; < )‘k(SQ £) and kwzls2=p) o . Other-

52
wise it is saddle point. n

THEOREM 6.4 Fy = Ja1 — 0,a2 — 20— 0} of system (1) is stable if
AL > s1wg when Ap < sjwa. Otherwzse E4 1s a saddle point.

PrROOF The Jacobian matrix at Fy = {al — 0,a2 — £~ b — 0} of system
(2.1) is

s1— M 0 0
J(Es) = Zig-i-if; b p gk
0 0 0

—Au+siw o 282+w2k
phsiws o 2sptp

The eigen values are Ay =0, Ao = s T
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It is obvious that A3 is always negative. If Ay > sjwe then equilibrium point
FE5 is stable. Otherwise it is a saddle point. n

THEOREM 6.5 E5 = {al — tas = 0,0 — %} of system (1) is

stable if Au > sjwe when A\p < siws, E4 is a+ saddle point.

PROOF The Jacobian matrix at Fs = {al — w%,ag —0,b— %} of

system (1) is

gy — 281 si(zpdhken) _ A _dn
1 kwi kw1 w1 ( ot w1
= _ Sap  Apo_ msa(—pthwn
J(Es5) = 0 82 = for T 0 b 0
s1(—ptkwr) was1 (—ptkwt)
ko kowi

Here the eigenvalues are

—pk?s1pwy — /D2kAsIp2w? + 4¢2kD s p2wi — 4¢2k8 sy p2w

A= 243 puo? ’
Ny — — k251w + / D2k p2w? + 4¢Pk sy 2w — 42kS sy pw]
2k3 pw? ’
A = Pk + nsip + pkwisy — Pkpwy — knsiwy — Pusy
Pkuwy

The equilibrium point Es is stable if

P’k i’ w? + 467K s pPw) > 497K s P,

— ks oy > \/¢2k4s%,u2w% + 492 k5 sy p2wi — 4¢2kS sy pPwi

and
PkAp +ns1p + Pkwise < pkpwr — knsiwi — duss.
Otherwise it is saddle point. n
- —ks150—pk2 A+ k250 —s1(pk—k2))
THEOREM 6.6 EFg = (a3 — e vy wn s vAREE O s —SISQ_kSMMQAQ,b —0

of system (1) is stable if a1 > 0, ag >0, az > 0 and ajaz — az > 0.

PROOF Jacobian matrix at Fj is,

P,
J(Es)=| Q. R. S,
T,
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where
M. — s 251 —ks159 — pk?X 4 k%50 ) —s1pk + k%51 )
T g 152 — ksoA + k22 s182 — ksoh + k222 )
_ 12 2
N*:—)\< ks1so — pkX + k 52)\>7

5189 — kso\ + k22

P _ —ks159 — pk?X\ 4 k250
T S§182 — k‘52)\ + k2)\2 ’

82 —s1pk + k%51 A
Q=73 <3132 — ksoA + k2/\2) ’
R — sy s2 <—k‘5152 — pk2\ + k‘282/\> 28 ( —s1pk + k%51 A >
* k 5152 — kso\ + k2)\2 k 5189 — kso\ + k2)\2

—ksis9 — pk?X\ 4 k%so)
+ A - P
S§182 — k82>\ + k2)\2

g __ —slpk:+k:231>\
* T TN sy — ksoh + k2A2 )

T — o —ks159 — pk2X\ + k%so\ oy —s1pk + k%51 ) B
F T T g s — ksoh + K2AZ 2\ 5150 — ksor+ k2a2 ) 1

The characteristic equation is,

A3 — (M, 4+ R, + T,) A® + (R, T, + M, T, + MR, — Q.N,) A
— (M,R, — N,Q.,) T, = 0.

This can be written as,

A3+ p1 A% + poA +p3 = 0.

where P11 = — (M* + R* + T*)7 P2 = (R*T* + M*T* + M*R* - Q*N*)y p3 =
(MR, T, — N, (Q.Ty)) .

Stable if p;1 > 0, po > 0, ps > 0 and p1ps — p3 > 0 by Routh-Hurwitz
criterion. n

THEOREM 6.7 The equilibrium point E7

. —psap + pkows — kdpsaws — knu + knsiwy

a )
! —NS1wa + dSawa — PSawi — kdwa A + knwi A
—nsiph — ¢sap — pkowy — knsiwr + kdsawr + kou
as —
—nS1we + PSowa — PpSowy — kpwa\ + knwi A
b —s15o + pksiws — ksysawy — ksapuA — kawl)\

—Nsiwa + dSowa — PSow1 — kdwad + knwiA
kE2s1wol — k259w A — kZ,u,)\Q
—Ns1wa + @sawas — Psawy — kPwa A + knwiA

of system (1) is locally stable if by > 0, by > 0, bs > 0 and byby — bg > 0.
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PRrROOF The Jacobian matrix at E7 of (1) is

Y11 2 Y3
J(E7) = | Y1 a2 o3
Y31 P32 P33
where
i1 = 51 — 2s1 (—(;552“ + pkows — kdpsawa — knu + kn51w2>
k —ns1w2 + Psawa — kpwa X + knwi A

1 (—nslu — ¢sa2p — pkpwr — knsiwir + kpsawr + k(bp)x) B
—nsi1w2 + ¢psawz — kwa A + knwi A
—s1820 + pksiwa — ksa2siwr — ksapu — pk2w1)\ — kZsowi \ + kz,u/\2
¢ ( —k (—ns1w2 + ¢psawas — kpwa + knwi ) ) ’
P12 = —A (*(1532,“ + pkowa — kpsawa — knp + kﬁ31w2> 7
—nsiwz + PpSawa — kpwa A + knwi A

iz = — (—d)SQ/J/ + pkowas — kdsawa — knu + knslwg)
13 —ns1w2 + Psawa — kdwa X + knwi A ’
o1 = _s2 <—7]51,u — ¢psap — pkowr — knsiwi + kpsawr + quuA)
k —nsi1w2 + ¢sawz — kpwa A + knwi A

2 (fnsl,u — ¢sap — pkowr — knsiwi + kpsawr + kd),u)\)
—nsiwz + Psawa — kdwa X + knwiA ’
s2 [ —psap + pkows — kdpsawa — knu + knsiwa
k ( —NS1w2 + Psawa — kpwa A + knwi A )
289 [ —ms1p — psau — pkowi — knsiwi + kpsawi + kou
ko < —nsi1w2 + ¢sawz — kpwa X + knwi A )
Y (—(Z)Sgu + pkopwas — kpsawa — knu + kns1w2>
—nsi1w2 + ¢sawz — kpwa A + knwi A
—s1821 + pksiwa — ksasiwi — ksauA — pk2w1/\ — k%sowi\ + k2,u)\2
— ( —k (—nsiw2 + dsawa — kPwa X + knwi \) > P
o = —1 (fnsllu — ¢sap — pkowr — knsiwi + kpsawr + kd)uA) 7
—nS1w2 + ¢sawa — kpwa A + knwi A
_ —s182L + pksiwa — ksasiwi — ksaph — pkZwih — kZsowi A + k2 uN?
Ya1 =W < —k (—ns1w2 + ¢psaws — kpwa X + knwi \) > ’
. —s1821 + pksiwa — ksasiwi — ksau\ — pk2w1)\ — kZsowi \ + k2u)\2
sz = wa ( —k (—ns1w2 + dsaws — kpwa\ + knuwiN) > ’
a3 = w (—¢sw + phdws — kdsawa — knu + knslwg)
—nsiwz + @sawa — kdwa X + knwiA
St <77731,u — ¢sap — pkdwi — knsiwi + kpsawr + k:qb,w\) -
—nsi1w2 + ¢psaws — kwa A + knwi A

P2 = 52 —

The characteristic equation is,

A3 — (11 + Y22 + P33) A% + (Pootss + P119ss + Y1933 — Y21912) A — (Pr1v22ss — Y12 (Y21133)) =0
This can be written as,

A3 + b1A2 + boA + b3 = 0. where by = — (¢11 + 192 + ¢33),

by = (¢Y221)33 + 111P33 + 111433 — h2lp12),

bg = (P1122v033 — V12 (P21733))-

Stable if by > 0, by > 0, bg > 0 and b1bo—b3 > 0 by Routh-Hurwitz criterion.m
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7. Global Stability Here we analyse the global stability properties of
(2.1).

LEMMA 7.1 Assume a1 (t) € RT is a continuous and differentiable function.
Then whent >0 .
Cpo [al (t) —at — atIn “1“)} < (1 ~d ) Cpe, aie RT,0<a<l.

a{ al (t)

THEOREM 7.2 The equilibrium point Es = {a; — k,az — 0,b — 0} is glob-
ally stable if Ak + s2 < p, w1 < @, ok < p, wa < 1.

Proor Consider the Lyapunov function as shown below,
V(a1,a2,b) = (a1 —k — kIn %) +az () + b (t).
Here V' > 0 for all (aq (t),a2(t),b(t)) # (k,0,0) and at (k,0,0) we get V = 0.

DV (a1,a2,b) < (alalk)CDfal (t) + D%ay (t) + Db (t)
= (alaz k) [slal (1 — a—kl) — Aaias — qbalb}
+ _52a2 <1 - Z@) + Aajas — nash — pag_ + (w1a1b + woagb — ub)
- (al_— k) {81 (1 - %) ~ g — d)b} _
+ _52(12 <1 B a2> + Aajas — nash — pag_ + [wra1b + woagb — ud]
< f%(al — k) = Xaras — ¢arb + Aask + ¢bk + saaz — ‘”‘2“2 - %

+ Aai1as — nasb — pas + wiarb + waash — pb
s
< —zl(al — k) + az (A\k + 82— p) + arb (w1 — ¢) + b (¢k — 1)

2
+ asb(we —n) — % <0.
If Nk + 53 < p, w1 < ¢, ok < p, wo < 1. then YDV (ay,a9,b) < 0 and
“DV (a1, a2,b) = 0 at Ey. Therefore E5 is globally asymptotically stable if
the above conditions are satisfied. n

THEOREM 7.3 (Equilibria Es and Ey)

(i) The equilibrium points E5 = {a1 — 0,as — (1,b — 0} where (1 = —k(psi_;l)

1s globally asymptotically stable if s1 < A(1, w1 < ¢, s9 < p and ws < 1.

(ii) The equilibrium points Ey = {a; — 0,a2 — (2,b — 0} where (3 = w% 18
globally asymptotically stable if s1 < Al2, w1 < @, s2 < p and wy < 1.
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PROOF Consider the Lyapunov function, V (a1, as, b) = a; (t)+(a2 — (G —Cln ‘é—f) +

b(t).
Here V' > 0 for all (ay (t),a2(t),b(t)) # (0,(1,0) and at (0,¢1,0) we get
V =0.

CD2V (a1,a2,b)
(a2 = G1)

a2

+
) — Aaiaz — paib+ (a2 — (1) |:32a2 (1 - %) + Xaia2 — nasb — paz | +

< “Dfar (t) + Dfaz (t) + < Db (1)

L@
k
[wia1b + waasb — pb)

=s101 (

s2 (a1 + a2)

k

saaz (a1 + a2)
k

< siap — Aaraz — parb+ (a2 — (1) [82 - + a1 —nb— P} + [wia1b + waazb — ub)

< s1a1 — Aajaz — ¢a1b + sgaz — + Aajaz — nazb — paz — (152

52¢1 (a1 + a2)
k

<ax (81 —%(@—Q)—)\Cl) +aib(wi — @) + a2 (s2 — p) — (1 (s2 — p) + azb (w2 —n) — ub < 0.

—Aa161 — n¢1b — pl1 + wia1b + weazb — pb

If 51 < X1, w1 < @, s2 < p and wy < 7 then YDV (ay,a9,b) < 0 and
DV (a1, a2,b) = 0 at E3. Therefore E3 is globally asymptotically stable if
the above conditions are satisfied.

Likewise, we can demonstrate (ii). n

THEOREM 7.4 (Equilibria E5, Eg and E7)
(i) The equilibrium point E; = {a1 — (7,09 — (8,0 — (9} where

_ —@sapt + pkopwa — kdpsawas — knu + knsiwy

N —NS1wa + PSows — Psow — kPwa\ + knwi\’

Gy = ST Psop — pkowr — knsiwr + kpsowr + kou
87 —NSs1wa + PSaws — Ppsaws — kdwa A + knwi A

Co = —8185op + pksiwa — ksysawy — ksa A — pk:2w1)\

—1nS1wo + PSaws — PpSaw1 — kdwa + knwi A
n —Ek2s1wa\ + kZsown A + k2 u)?
—ns1w2 + Psowz — Psaw — kpwa + knwi A

1s globally stable if w1(9 > w1b, wab < walg,s0 — p and b — (y.

(it) The equilibrium point E5 = {a1 — (3,a2 — 0,b — Ca} where (3 = £, (4 =
% if ¢ > w1, > wa, s2 < B2 and > 3.
(i1i) The equilibrium point Eg = {a1 — (5,a2 — (,b — 0} where

G = —ksi1s9 — pk2X\ 4 k%so\
> 58182 — k‘82>\ + k2)\2 ’
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—851 (,ok — k2)\)
58182 — k‘82>\ + k2)\2

G6 =

is globally stable if ¢ > w1, N > w2, s2 < B2, 1> @5 and A(g > CG%

PROOF Define the Lyapunov function as, V' (a1, ag,b) = (al — (¢ —(n %) +

(2= G = Gme)+ (b= Go— L),
Here V' > 0 for all (a; (t),a2(t),b(t)) # ({7, (s, Co) and at ({7, (s, (o) we get
V =0.

DV (a1, az,b)

c
< MD?@ )+ MD?@ (t) + MD?”@)
al a2 b
+ @ [wia1b + waazb — ub]
= (a1 —¢7) [51 (17 %) — a2 f¢b] + (a2 — (s) {sz (1, ai +a2> + Aay 7771,,,0]

+ (b= ¢o) [wiar +w2a2 — Y

S azs S
< —zl(th - -a (¢b+)\Cs + % + w1y —wib— <8k2)

azs2 | (8s2
k + k

If w1y > wib, wab < waly,s9 — p and b — (g then D2V (ay,as,b) < 0 and
CD2V (ay,as,b) = 0 at Er.

Therefore F; is globally asymptotically stable if the above conditions are
satisfied. Similarly we can prove (ii) and (iii). n

—az (—AC7—82—w2b+w2C9+nb+p+ )—Cs(82—ﬂ—nb)—u(b—49) <o.

8. Conclusion We described an eco-epidemiological fractional-order preda-
tor prey model that explains the relationship between predator and prey
inhabitants in the presence of infections in the prey. Here we developed a
necessary conditions for the existence and uniqueness of the fractional-order
system solution. We demonstrated that this model has at most seven equilib-
rium points where the local and global stability are thoroughly examined.
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Analiza stabilnos$ci modelu drapieznik-ofiara z chorobami u ofiar.

N.B. Sharmila i Gunasundari Chandrasekar

Streszczenie W artykule oméwiono formulowanie i badanie modelu eko—epidemiologicznego
utamkowego rzedu z chorobami zakaznymi w populacji ofiar. Celem analizy tego
modelu jest zbadanie wplywu pamieci czasu na tempo wzrostu trzech populacji.

W pracy sa kluczowe ustalen, takie jak istnienie, niepowtarzalno$¢, nieujemnosé i
ograniczonos¢ rozwiazan uktadéw dynamicznych utamkowego rzedu. Nastepnie omo-

wiono lokalng i globalng stabilno$¢ modelu ofiara-drapieznik w utamkowego rzedu.
Wydaje sie, ze model utamkowego rzedu ma dzialanie stabilizujace, ktére moze po-

moéc w sterowaniu wspoélistnienia podatnej ofiary, zakazonej ofiary i populacji dra-
pieznikéw.

Klasyfikacja tematyczna AMS (2010): 62J05; 92D20.

Stowa kluczowe: dwuparametrowe temperowane pole losowe Hermite’a, reprezenta-
cje spektralne, calki stochastyczne, catki Wienera-Ito .
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