ARV O)Loai: A 0)90 ‘gs“bl'.’.) ww Lg)L..JJM 4l7bc

— )% Jow yo (ilxo ool saslge S LSS g 0529
S5 ez )90 (S

s § dae 4l 8 M g Sles ) i doro
)yLm.._: olKisls “5.51.3‘) 09;
VWAVIAA <o pds 2o, A YAV Y E il o b

S59955T 0397 5o (7SS )8 sla e jo (Salins elys addS slaans jo tounSs
ez S doe ;o Clsz (0015 g oIl egdleay sl oals s 2 09 )5-%“% =2k,
S e o Sy dlie cpl o tenl 458,515 aalllaed j9e 008 g (62 slo g0
S Sl )0 el 418 18 Lloxigay x5 950 (G090 (69,5es Gl 98 5] (2 S0
5 Gl sl SBU Lalps 5 oad Llxisa s GlaisS kx50 ()58 - Jas
a,bs 5l peas pl o el saddll )] IS8 - I SYoles oKiws slaClsx (5 lo],S
5 9579 cwlie Sl &b 3l b Zaledys 5 0adaid 5SS deshians slagglusls

el 00 L3 il il g,y 45 (g puilpos sl glie Llyz LS

XYVBOO YFKYA :(Y+)e) (£odgo 03,

doodo —)

g ol jgpiin g —LSg) Yolae olSiws @y aS Gl ag a8 At >S5 - 0 e
6ol plads g olaieiils do gy alivs oyl Sy 0 s ()8 P 4B Jlgl 4 oyl assles
ladlis 5 LolS 5 sadplxil jogas (ol o Slglp Glagdios culodS Ll 055 4,
ol 0,5 ax>lye [¥ & e Ol oo Jleglgicds a5 ol ool o 4t 4 g0k
Silgr (SislsS] pole S Az £edge S Oy hmexr laaisS (m Seslud

mh.rahmanidoust@neyshbur.ac.ir :allie Jgius ooiun g Seig Sl 0l -\



ey Dldl ) Sy g4ty o4 (ga oo g aLdls disle (LOL ) ¢ (lidicun )
OF Sy wn " Sund 5 2" 0F €3S (8 chie st ssel sgzg 4 "
odBle Lo pusl s 3o (g0l5 plaims a4 ol o (paoy ol ! ey 9 (2" 08 4ol
Qg ol ool Cowl Saw Jlue cpl adgl oSS G jo 0iiS 580 09> ol 40 AT Wlonds

sl e e Moy ot ol Bl i 5 s

ol 0y (0] )5 (6590 Gl06T A IS - IS8 o e Y olae olKiws jl o9
sor by b Eel b (BB GlgSais ()00 DYl ol sl 2 5 oL
S S0 sl el snd oy V] e Gl " Lo i slaclss ey L8] wilos s
"l lagz e e 5 0 5 sl (SO0 ile sl S I alin
Sledly 5 eslyns SYolee GLOLS @ (g5 oo $59055T (22b 9 Sy (2L, O SIS

2,8 axxle VY JIA] ales 5l s

P MLM (5\4355)1.@‘% 4 (5,90 6“‘595 dw ‘-?)li»; —)li& GL:?)_..C J..\.o d.d:u u;‘ 5
Yol ol&iws ol o glate oy .l ool fol> L3

d, (t)x, (t)x, ()

X\(t)zx\(t)[r‘(t)_a‘(t)x‘(t)_c\(t)+b‘(t)x\(t)+x\r(t)
N ko (t)d, (t)x](t) :
¢, (t)+b, (t)x, (t)+x](t) O (0
()X, (t)x, (t
%o () =X (O (1) =3 (Ox-(0)= Ox Ox ©
) k,(t)d, (t)x,(t) :
c, (t)+b, (t)x, (t)+x](t)

M

+Cv(t)lbv(t3xv(t3+ Y(t)] O (0
)X ()X (t
(0= OO OO~ O 0 o
. k. (t)d, (t)x;(t) |
c, (t)+b, (t)x, (t)+x/(t)



1655 ke 690 (28 8 Joe 50 (ibre wolie slaclsz QUSG5 092y 1T

S 6 9bd e S i o )
g0 4isS S 5 p)ler 4355 (2S5 Bl gl S Comex JISx X, (1)
tpgms 55 S5 5 Jol 655 (2158 Dlyiea pgo s oo JRz X, (1) Y

ez 45 IS 5 pgd 4isF (2 )IKE plyieds pyms g Cumex JBz X (1)
Js 4555 IS5 5 pam €355 (255 Olsieas plez 655 Comar SRz X, (1)
RUESTER SRR
"o b Sate (1) olfiws gl bt lpzear | =LYV E 8 X (o) =, () ol
QoS jobas 8 558 o ki (t) 5 (1) d(t) ¢ (t) by(t) @ (t) culps wiss
Lol (G X g0 (69, 5bos wly g atsly JB Jow ol jo ailodds 8 yee

—

w4

o0 slas 8 g i ylai ¥

b sl Wl 5L 90 GBS B e 5 p3Y i wax

hol @i g e =Y

Sl )-Y

igds_sol)| ol Lol slaand Lisyse a5 o aiz Jl>

X (o) >e adgl b Lot 2e gx 2x(b—-ax) b>oa>c sl(dlvlw o
el 185 5 ssbuals

liminf X (t )=

t—oow

»|o

225 Solesls X () >0 adgl bys b oKT it >0 g x <X (b—ax) b>e a>e Sl(o
w‘)bsj.s

limsupx (t)<

t—ow

) ol sl {(X, (1) X (1) X, (0).X (1)) X ) Vi =001, degazme Y o

Ll Cute sLL

»|o

lior s 4y 5 S a4 (V) olfiws Slg il



X*(t):X*(O)Eij{r‘(S)_a*(s)xf(s)_cf(s ;bf(s;xf(s‘)jxf'(s)

k. (s)d, (5)x1 (s) ©
C,(s)+b, (s)x, (s)+x(s)
leiglh ool @ axg by X ()= () 5 T =0T adsl polie o e
acgoze (plpll el Codie (V) olRiws S¥olas 3l plaS ) cly o 950 0 ais

{(X,(t),xr(t),xv(t),xf(t))|xi>o Vi =\,Y,\”,\°}

Lol e gL (V) oo gl

AL gor0 os){.g o )‘..\;Lv(\)olium) oliﬂ u.\ml.w )‘)3).: q jA Y & dLmuo)S ;‘ ¥ 4&"25
(XX, XX, )[X; €R,m; <X, <M i =\,¥,¥, ¥
el s l,S Tales (V) olfes gl

X, (),
Jo w'( () HORS

()%, (5)x ())ug polie b () olfiws el

(o)X () i e (X, (1), (8%, ()%, (1))



1655 ez 690 (28 8 Joe 50 (ibre wglie slaclsz QUSG5 092y VY

by b (1) olians jlalssds ol G (X, (), (1), (£)X, (1)) Doz s 53
a3 go 4 (1) olKd 51 Jl olas sl (X, (2),X, (=), (=), %, (<)) adsl

Golsl V53 5l ool b

dx, (t
dt( )(t)SX‘(t)[I"U +kod/ —a}x,(t)] ™)
W o ax B A (22 9 Y o) el S8
limsupx, (t)<M, 9]

t—oo

s Sk

2,0 1) 0 ) 2L

zx‘(t){r\L—&LX\(t)——d‘ (t)k()\'tﬂ'w)}

9 g0 ol 15 golunls 13 il W53 o olg3ds Cote gl 0 & oS

e o x-S



U
Pl 1) (1) - —a v, 1) - 2 UM &
liminfx, (t)>m, ™
t—oo

X,(t)<M +¢ )
Sgud oo Azl (V) olKiwsd pgo dlolas 3l e oo I 1o Dlo i by 5l a5 palice 59, 4
limsupx, (t)<M, V)
t—oo
liminfx (t)2m, 0°)

Gl T 5l 55,5t o gl aS ojls 09y e To a0

X, (t)<M . +¢& o))

&5.«.4‘54 m (\) ol.i';.wo Py c\J\va.n )| 4.11.......@ )5.‘444 w‘ )|)3).|

limsupx, (t)<M . v
t—w

QAY;

lirtrlglfxr(t)Zm,.

L53L.*,.;,Ls-|-‘, IS, pt s glpaS oo Ty aule e Jade A

X, (t)<M, +¢ 0%
39 o0 azd (V) oSws pylez dobas 3l sl jabay .conljl )3 5
limsupx, (t)<M, Q1))

t oo
hl;lliilfxf(t)sz. 1)

X ()M, +e \Y)
gslasl izman ol sl (1) ol cpylpily el )35 (F) iy o 4 (oplasly Lyl
FESICTISCIN [ JO () RS SR RN IO CH PR S JCAPC SRV AN R SRR RN

] )bu‘; LL@H (\) oKwo Ls‘)" ) A g00
(XX XXX €RLM <X <M LT =YY E
Sgd g0 JolS anad oLl



1655 ke 690 (D S Joe 5o (oilbre gl slaclsx QLS g 0g2s VTR

S g 0929 V-V

PR L 0sdio pyp (V) sl pilre glie Olsz QLS 5 0929 Gide (nl (o
u;ul.?bo g.ssl.».uo oli;..m) th EC 9 f EC ([—r,O],Rn)

dx
Ezf (t’Xl) (\A)
sy owzes X (0)=X(0+) , O[] s w5 a3 Ll |,

axii OF) apdd oy | '|X|:i|xi| S i X = (XXX

v PERRED)

x,)eR"
o aS 0,00 07y e H 05l o
X|<aM, <H . RES

S iy, DeC gl

= sup @(t)|
—r<f<.
C, ={®eC,@<H} o
Sy ={x eR",|x|<H|
g S ks ol g Sl olKs
dx
E:f (t,Xt)
QR))
dy
—=f (t .
dt (tyo)

il )35 5 bulps v €C (R, xS, x5,,,R,) aus on [V F118 o
Sloate g gy 53920 s D(F) sa(r) s a(x —y[)<b(x —y|)
'\/(t,X\,y\)—V (t’Xrayr) SL(|X\_)(r|+|y\_yr|)'

Cuo S j2 (sl S (gysbay ail anils g2y P(S) wiile Mgy @osmoyd b (o
s oib iy P(5)>S

p(v (t,@(o),Q(o)))w (t+0.2(0).9(0)) . Oe[-r.e].
323 4z 0 aule sude coli glp

V(1L.2().2()) <0 (1.2().2()).




e SH ol t 5l 55,50t Gl as asl Lls 7(t) Slsz OA) olfsws sdlea
bre Sl Co ey jebas a5 8jls  ibre wglite LSy Glgr (VA) olKiws olT .ol
ol5iws olT .l VY 2,8 0 oo iy yas G, g 6, 0, 6 polis oS 5,5:1F anad

ol C eSS il Jlul aS ol LUSS cile gl Cls> (V)

e a0 1) g Sladl olfitws J el oS " Tules (1) olfitws Olsa el

05 O )-8 s T e e (7
)12 0% 0 T 50 50 s (A
R e N YR Fea O M R YO Feaio)
X002 0% O T e @ e (4
=8 O~ 005 o (a0 6 7
00000~ 5 a8 070
A= 06 08 0 ) 5 8 s ), ) T
0050 050 (e (e 470
Y

IS oy

“(t)=1Inx, (t
(1) =Inx, (1) i =\YY,f (YY)
P S0 Ll o ]y 5 Sl &b

Y, (t)=i|x:—uf|. ¥t
OR)S Hh e b



Sla8 ez )90 (F8 )RS Joe 5o (oilre glie slacler SUSS g 0929 VO

£

a(r)zb(r):izz;‘xi*—ui*‘

(Y0)

65[.......@[.1 )l oolazwl 9

%)

2/ lblI<la-b]

Sy Sy V0 o) o gl Loyl 1l 0gd e azeS

ol

stign (% (t)-u; (t)). W

Xi(t) ui(t)

X, (t) u(t)

DV (t)

DV (t)<-a’|x,(t)-u,(t)

A~ =

)
+x[(t) c (t)+b (t)u (t)+ul(t)

—|—~

c, (t)+b, (t)x, (t)+x](t) c, (t)+b,(t)u (t)+u;(t)

c, (t)+b, (t)x, (t)+x;(t) c.(t)+b, (t)u, (t)+u/(t)

ol



M M M Y
DV (t)<| -at + & DM AATMML L ry 4y 4 1)
(ct+b"m, +mY)

c'd"M +d "M +dM M T
Y
(ct +bm, +m)

]X[XY(I)—UY(t])

Md"M . +d"M M
S

c'd"M_ +d oM +dMMT

(ct+bim, +m/)

]x[xr(t)—ur(t)]

MAMM. +dMM M
‘ -a:+°*(cz+bz;; e f}[xrm—uraﬂ

cd"M_ +dMb" M +d"M ]

Y
(CVL +bim, +m§)

]x[xf(t)—uf(t)l

L C\ZVI dfMM\+d\‘MM\:M\
+| —a; +

X (t)-u, (t
(ct+bim, +my) -]
- 1 )

M M M Y
+ —a\‘L+Cf df M\+df MTM‘ X[Xf(t)—uf(t)]

L L v\
I (cr +brm +m) |

c'd"M, +d oM +d"MT

L L v\’
(cF +b,m, +mf)

+

:|X[X\(t)_u\(t):|
TR TS R R ERT W ui_(t) 9 X (t) o= T (t) 9 [ =\V,Y,f (5‘)’. S Azl
:.)9.5&
I (t)-u, (t )|=\exp(x:(t))—exp(u:(t))\
:\exp(m (t))Hx:(t)-u:(t )|
D9 o0 Jol> 15 sl gglunl cdo 6"’5 L

m, () —us (O] <[ (£)=u; ()M x ) -ui ()] o



Sla8 ez )90 (FHS —)KS o jo (ilre gl slacly> LSS g 0929 VAT

DV (t)

IA

S oo 4zt (Y1) 9 (YA) Lailg, 5

o dMM, +d MM,

Y
(C\L +b'm, +mf)

]xm‘[x\*(t)u\*(t)]

c'd"M +dMbMM " +dM M| y
(c‘L +b‘Lm‘+mf)Y
CL Al M, dM MM,

-
(c,L +brm, + mj)

}mr[x:(t)u:(t)]

cdMM_ +dMbMM T +dMMT

-
(c,L +bim_ + m:)

}M,[x:(t)u:(t)

LG dY MM,

-a }mr[x:(t)u:(t)]

-
(crL +bim_ + m:)

cd"M_+d"bMM]+d"M ]

(ct+bim, +my)

}Mf[x:(t)—u:(t)

L+c§A d"M +d"M M,

(ct+bim, +my)

]xmf[x:(t)—u:(tﬂ

cd"M, +d"bM"M T +d "M

-
(cr +bSm, +m)

]xM‘[x\*(t)—u‘*(t)J

s goads ol Sile VY (58 dead Gyme O 5 0, 0, 0 polie oL aS

-0

X

*
Y

\

X[ (t)=ul (t)] + 6| (t) -u; (t)

+6. x:(t)—u:(t)‘+9f




DV (t)<-[8 X; (t)-u; (1)
(1)~ (0] + 0, (6)-u ()

st 5=min(6,,6,,6,,6,) bl b (¥+) aka,

Yoy oYy

X*(t)—u‘*(t)‘-‘re‘,

\

")
+06.

DV (t)<-4(t) )
g g0 Jol> 5 dseis aS cewl S35 (V0)
L3 5 sl e sy S lgiSs bty 4 ol _olome oglite Gy gz (1) olSans

Oed oo JolS aad

&8s §ilwany —F

) el (o sLLaS 3 land 10 suel Cawd 4 @l Como ol Bus Lo isu ol o
Ol sl mlesls plol VeV F Cdie I8l 5 bawss 1) (gileannd (ol oS (o0 sileannd
w2 B 5o il enled oo oy S 90 ol Al gl al )y (jslae
a =)a =)a =)a =\b =\b. =ssb. =vb. =¥,
c,=vc =sC =YC =%d =\d =o,d, =5d, =%,
r=\r =\r =\r=\k =vk =0k, =\k =¥,
o VY g VA gla 58 5l ool
m, =f,m ~y/ay,m =yv,m ~a/#Y,
M =v,\M_ =¥M_ =v+,M_=V,
O = /\$58,0, %o /AVoY,0, = —\YV#/\,0, =Y/ AYoV.
OV 258 30 6 polie (o iieli g (V) (2,8 (g el )35 () (28 polie nl sl
Coudo bl laoly>  Sen ( aiol g calizie adgl polie sljl @ Y o) plo axieds )3,

Lilrd )l r ez b Grizres Sl ovalive LB zoogr (V) S5 50 s (pl st
ol ooles 35 (V) S8 50 a5 w)lab bolss a5 wiS o ol VF auidd () b (P)
Xy =o B0 XD =V/VY X SV FY i () olSis Jobs abai 4 il & )jge

LS oo Jae Xy =V/0F



Sl ez )90 (FHl - KS Joe 0 (ilre gl slacly LSS g 0925 V0O

35 T T T 3

25t

2.5

x, (1
X, (8
[

15 /

15

0 1 2 3
Time t
3
2.5
2
=
bl
*
1.5
1
0.5
1] 1 2 3
Time t Time t

ilizee 4yl polie il cJol <l 5o X (1) b X, (1) slalogas () JSio

rlas
a =va =v8a =\e,a =\b =sb =veb =vb =1,
c,=\C =Y.c.=Vc,=\d =v,d =v,d =\d =¥V,

r=\r =\r =\r. =k =vk =0k, =\k, =V,



3 3
I 2.5
2.5
|
II =
2t
s \ ‘;;u 1.5
1
1.5 [
q
0.5
0
3 0 1 2 3
Time t Time t
3 3
2.5 25
2 2
= 15
»
1
0.5
0 — 0
0 1 2 3 0 1 2 3
Time t Time t

il adgl polia sl 4 pge <l 5o X (E) b X (1) (slaloges :(¥) JSis

1wl (V1) 5 (A) «(A) 2,8 5l eoliiul b
M, =o/OYYY,M, ~o/o¥F, M.~/ Ve AY,M =/ VAVA,
M, =Y/0e,M, =c/Yo,M_ =V/5o,M =c/V0,
) R/ FV\Y, 0, xo/ ¥0058,0, mo/ FoVY,0, mo/ 0AYe
> aslen ol b sz 5135 V) B (8) sla b8 ples cpolie ol sl a5 ool a> o3
el aseine (V) S 0 a8 05,13 VF acdd o VY o) sl



Sla8 ez )90 (FHS —)KS Joe o (ilre gl slacly LSS g 09>y VOV

@lizes adsl polie glil 4y pgo clls (o 51 amio Jlogad (V) S5

s [ Kan 5 Jols ahats 4 lul &)g0d olg>

X =0/ \Y,X, =0/ VX, =0/ o0,X, =0/ 0¥,
B usLa...a 4...]3‘ ).M)LM 6|)‘ L ‘) oKwo u‘? c(\) oo ‘_g)‘..bl.’ )P ‘_g‘).’ 401 » os)l.c
Lolsr e yuwdy sl lagy S0 51 a5 jaboylos Lmalod )57 ey (V) JSCo j0 518 axdn Lo

(F) 5 (V) IS8 )0 g4 a5 el (il 55 51 (sl (ol comiron g oo Jlak



S ams -0

655 ShgaSem (60,8es Gl g9 5] (2,80 8L S g Jae ol cnl o
SISO 5 5l syt SIS Lo ogdlay sl 453,513 Jaonigis 25 3,0 ol o
- alnsl 4,5 5 g ol o el ot ail) oI55 -5 EYols olSis lolsx
3 3575 Sl wmlin ) b L b Calgh 55 5 0ad €555 S5 ol sl
5O Sz 50 el 0l &1l il e (5laul 45T (6 sl s cilme gliie Ul LSS
alol jo el gam 458 IS 0oy (LB 4T > G A > e 0 550 o ol
oo gpar gloand magel Giluand cdie S8l b goue &0 1) s

D9dicn £ae ) S ST 50 anleiige anli ) 0us ol Ll

pooxs BB s slaaiss olass glilo b slases T 690 Jowe slp ol Cwd & s LT
GBS N sl o fol> sloass LT st b sae KM as IS cd s Se]

?w‘)‘fe))

&L

[1] Rahmani Doust, M.H. and Gholizade, S. (2014). An analysis of the
modified Lotka-Volterra predator-prey equations, Gen. Math. Notes, 25,
2, 1-5.

[2] Rahmani Doust, M.H. and Gholizade, S. (2014). The lotka- Volterra
predator-prey equations, Caspian Journal of Mathematical Sciences, 3(1),
227-231.

[3] Rahmani Doust, M. H. (2015). The efficiency of harvest factor; Lotka-
Volterra predator-prey model, Caspian Journal of Mathematical Sciences,
4(1), 51-59.

[4]LiY. K., and Ye, Y. (2013). Multiple positive almost periodic solutions to
an impulsive non-autonomous Lotka-Volterra predator-prey system with
harvesting terms, common. Non-linear sci. Number. Simul. 18, 3190-
3201.

[5] XU, C. and Zhang, Q. (2014) Permanence and asymptotically periodic
solution for a cyclic predator-prey model with sigmoidal type functional
response, Wseas transactions on Systems, 13, 668-678.

[6] Yang, Y. and Chen, W.C. (2006). Uniformly strong persistence of a
nonlinear asymptotically periodic multispecies competition predator-prey
system with general functional response, Appl. Math. Comput. 183, 423-
426.



1655 ke 690 (8 )8 Joe 50 (ilre glie slaclsx QUSG5 0g2s V0]

[7] Yuan, R., (1992). Existence of almost periodic solutions of functional
differential equations of neutral type, J. Math. Anal. Appl. 165, 524-538.

[8] Murray, J.D. (2002). Mathematical biology (Vol. 1: An Introduction).
Springer, New Y ork.

[9] Murray, J.D. (2003). Mathematical biology (Vol. 2: Spatial models and
biomedical applications). Springer, New Y ork.

[10] Cornin, J. (2008). Ordinary differential equations. Third Edition,
Chapman & Hall/CRC.New York.

[11] Perco, L. (2001). Differential equations and dynamical systems. Springer,
New York.

[12] Miller, R.K. and Michel A.N. (1982). Ordinary differential equations,
Academic press, New York.
ol ylasl o Jol Al (658557 5 owilyirs S Yoleo (VYAY) ¢y dasrs cansgd (slo>, [1Y]
oplaed oBils (I 5 559,58
[14] Montes F. de Oca, and Vivas, M. (2006). Extinction in a two dimensional

Lotka-Volterra system with infinite delay. Nonlinear Anal. Real World
Appl. 7, 1042-1047.



Existence and Uniqueness of Asymptotic Periodic Solution in the
Cyclic Four Species Predator- Prey Model

Mohammad Hossain Rahmani Doust, Farzaneh Motahari Nasab
Department of Mathematics, University of Neyshabur, Neyshabur, Iran
Abstract

In the past decades, the dynamical properties in the predator-prey models of
the mathematical ecology have been studied. Moreover, the stability and
boundedness of the solution for population models such as cyclic, delayed and
etc. have been studied. In the present paper, a nonlinear cyclic predator-prey
system with sigmoidal type functional response is analyzed. Indeed, a model
of four species predator-prey system has been investigated and the sufficient
conditions for stability and boundedness of the solutions of predator-prey
system have been presented. For this purpose, the differential inequality
theory is employed and finally, by constructing a suitable Lyapanov function
the existence and uniqueness of asymptotically periodic solution which is
globally asymptotically stable are proved.

Keywords: Predator-prey, Functional response, Sigmoidal, Lyapanov
function, Stability.
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