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Xi(t) = xi(t)(r— axi(t— T)— bux(t)),
xo(t) = kbi(t— T)xs(i— To)j— (D+ M)xa(t),

(1)
x3(t) = Dus(t) — Hoxs,
» %i(t) t sxa(t) w3(t)
t . [12].
o P -
) . Song
Chen ¥ , . Dong
Chen'" - . Beretta Kuang[lo]
_ Wang 119l
Michaelis— Menten
¥1(t) = xi(t)(a= bei(t))— Bea(t)xs(t),
x/z(t) = kBei(t)xs(t)— kBe Niwi(t— T)xs(t— Ti)— wuxa(t), L Z T,
x/3(t) = kBe "Mwi(t— T)xs(t— T)— daxs(t)— Exs(t),
Mei(t) = B (2)
Aeo(t) = 0, t= nTin= L2 ..
Mes(t) = 0,
L(®1(E), %), () € C= C([- 1,00, R, %(0)> 0;i= 1,23
x1(t) t ,x2(t) x3(t) i
. b ,a> 0 ,b> 0 , B
. k , W
, d3
. 0< E< 1 w< di+ E. Mvi(t)= x1(t7 )= x1(t),
b 20 t:nT,n€Z+(Z+:<1,2,-.}) T
(2
, (2 :
(2) 1 3 x2t), (2)
xll(t) = x1(t)(a- bei(1)) = Bea(t)xs(1),
wa(t) = KBe “Mxi(t - Tyxs(t— T) - daxs(t) - Exs(t),} e
Axi(t) = K, (3)

t = nT;n: 1, 2’
Axs(t) = 0,
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(3)
(®(2),9(2)) € Cr= C([- T,0],R), @90)> 0;i= 1,3 (4)
1
(2) x(t)= (x1(t),x2(t), x3(t))" x:R TR x(1)
(nT (n+ )T (n €Z ) , x(nT) = lim~ v x(t). (2)
f . f (2 ( [17
- 18]) . , :
®(0) = fT EBe ®1(s) P3(s)ds. (5)
1.1 (Pi(t), Pat), P(t))> 0,- i< £ <0, (2) .
(2) xif(t)= 0t ZnT ,xi(t)= 0 xi(nT)=
xi(nT)+ K B 20, t> 0 ,xi(t)> 0.
t>0 ,x3(t)> 0. x3(t) > 0, to x3(to) = 0,
to> O. to x3(t) = 0, o= id{t> 0:x3(t) = (}, xg(m):
kB “Cixi(to— Txs(to— Ty > O, €> 0, xyto- € > 0. to
. xa(to— € <0. 1> 0 (1) > 0.
(1) == kB Mai(t— Tus(t— T)— ws(t). (6)
(2) , s(t) (6) ,  x1(t) (2) , 0< 1< T
x2(t) > s(t)- (6)
s(t) = e_m|:x2(0)— .[; EBe Tl)xl(u— T)x3(u— Tl)du],
(5
s(T) = e‘“l[L kBe™@i(s) ®(s)ds -
J:l EBe”™ Vaxi(u- T)xs(u- Tl)du] ,
xi(t) = ®(1), x3(t)= $(e), t €[- T, 0],
.[)T EBe™®(s) P3(s)ds
_E‘ EBe" "W axi(t— T)xs(t— Ty)ds
, s(T) = 0. x2(t)> 0. s(t) , 1 €
(0, Th) xi(t)> s(t)> 0. 0<:<T x2(t) > 0.

[19] 1 \ t 20 xa(t)> 0.
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TEREATERA R (2) WA R —BoE2h R K.

513 1.2 MTFHIKRE ¢, RE(2) WAEEM (2,(1),x(0),x3(0)) FFEFE M > 0ff
7 x,(t) < M/k,x,(t) < Myx3(t) < M

MR X V(t) = k() + x2(8) + 23(e) , BN w < dy + E,FFAY ¢ % nc B}, K

D* V(t) + wV(t) = k(w + a)x, - kbx3(1) + (w - dy - E)x3(t) < M,
Her My = k(a+w)?/(4b), %t = ne, B V(ne*) = V(nr) + . HI5IFE2.2(03CH[1]23),
XF € (nr,(n+ 7], RAVEH
-d(t-1)

M
) < VO™ P - ) 4 BTG
- €

M edr
L
d e -1

Wit v(e) B—BE2ERE . B2, B v(e) WESLMFRSKN o FHE—DHERM =
My/d + ,uedr/(edr - 1) > 018 x,(t) < M/k,x,(t) < M,x;3(t) < M. JEBHSEEE,
7 J8T T A B O R
2 (t) = ayx(t - ) - ayx(t), (7)
% ay,ar, 7 > ; HFE -t <t <0 FFH x(t) > 0.
513 1.3 MFREMD) B a) < ar W limewx(2) = 0.
513 1.4 BETFmAbkoh RS

v (t) = v(t)(a - bv(t)), t # nt,

{ (8)

v(nt*) = v(nt) + p, t = ntsn = 1,2,
Hea>0,b >0, >0, WRL(8)HME—HIF & HI#E

5(\7) = ar ea(l:”ﬂ(l =1 t€ (nr,(n+)zlsn€Z,,

a-b" + by

HE2R##taEm, L

o' = (a+b;x)+«/(a+éul:)2+4aby/(e‘" 1)(>f)'

Hﬂ/%gﬁ(:;),%"%%ﬂjﬁﬁﬁ thE€Z,,t >t 15 x3(l -7) =08 x3(t) = 0. )

x1(t) = x(t)(a - bx, (1)), t # nt,

{ 9)

Ax (t) = p, t = agin. = 1,24

MR GFIH 1.4, RATVHE RS (2)F — Ml H K41 5 1%

a(t-nr)
a(t-nr) ’0’0) ’

axle
t€ (nt,(n+1)clsn €2Z,,

(;1\(;/) ,0,0) = (

a — bx;" + bx; e”

HERG ) A — T RE KL B

a(t-nr)
— axl e
= 0],
(x,(t),O) (a _ bxl + bx; ea(t—nr) )

t€ (nr,(n+clsn€Z,,

HE2R##aEn, K

. (a+b,u)+\/(a+by)2+4ab/1/(e‘" 1)( i)
X 2b > b .
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2 2RRGIS5HFA

AT, AT EI RS (2) Mo & KGR E 2R 5 & 1.
EE2.1 MR
akﬁx l* e(IT—IA.'TI

a - bx; + bx| e”

Tof .l = (a+bu)ff(a+%)2+4aby/(e“’-l)(>_Iie)

WS IR ARG () K B % K4 FIBIAE (2,(1),0,0) B2RETIH).
iE REBAZREQ)MHEERLHBR (x,(1),0,0) LRSI HEENTFRLEOG) ©

HRE K%L (x,(0),0) MERB3IHE, FURNMEDFHREREOG). BRE >
(akfei e ) /(a - bay + bxj ™) — dy, RATTAEFEFE /MG €0 (75

ax, e”

E > —d3y

kBe™ "™ —+e&)<dy+ E,

a - bxl* + bxl*e

oo X = (a+by)+\/(a+§;g)2+4abu/(ear—l)(> %)

HALG)HE 1 AAHRAE dr, (1)/dt < x,(0)(a - bxy(2)). FTUATRATE BT H A Bk b LE

dx(t) = x(t)(a - bx(t)), t % nt,

dt

Ax(t) = U, i = Rt, (10)

x(0+) = x1(0+).
MEIHE 1.4, FATE RN RG(10) 195 i #

o ax ¥ a(t-nr)

x(t) = a—bxl*[-:bxl*e“(""r), t€ (nr,(n+)rlsn €Z, (11)
B2 REREr, Hrp

g® - (a+by) +V (a+ gxg)z + 4abp/(e” - 1)( N %)

MBI 1.4 Pk R R EER Y > o B, BATEE x,(2) < 2(2) 5 2(t) >
x(0). MABE—NER by > byt > b (75

x(t) < 2(t) < x,(t) + &, nt < t<(n+)rsn > ky,
i
* ar
. ax| e A
x(t) < x,(t) +e0 < = % 8 = B

a - bx; + bxje
nt <t<(n+1)ts5n > k.
M), FKATER

dx3(t)

di gkﬂpe"”lm(t—tl)—(d3+E)x3(t), t > nt+ T30 > kz. (12)
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ZETHMILERE
WO _ hgoeniy( - 2) - (dy + BNy (o),
t > nt+ty3n > ky, (13)
RAVBE kBoe ™ < ds + E. I3 1.3, HATEE] lim,. y(2) = 0.
B (2,(1),%3(2)) BREL3) WAL (6) HIFE 23(0) = o:(0(E € [-7,,0]),
y(¢) B%(13) BWHESM y(§) = ¢3(9)(E € [- 7,,0]) B, i tbEUEH, 773
11_1.12 x3(t) < ,1_1.'2 y(t) = 0.
28 F| x,(1) BIEHE, RATHE lim, o 23(¢) = 0, HML, IHERE &) > 0D FE—TBE
ky(ksr > byt + 70), % ¢ > kst B {875 x3(1) < ey
MZRGE(2), &K ATHE
dxy (1)

[(a - bx;(2)) - KBe )% (t) < TR x(t)(a - bxy(2)), (14)

M 2,(2) < 21(2) < 22(8) Bz (2) > 200, 20(8) = x,(2), % 1 —> o Bf . A 2,(2) 5
NOF:s

dz:_i(tt) = 2()[(a - KBey) - bzy(£)], % nr,
\zl(t'f) =zl(t)+;1, t = nr, (15)
L£,(0*) = x,(0%)
5
dz(zi(tl) = z,(t)(a - bz (1)), t 4 nr,
ZZ(t+) = Zz(t) + U, it = N, (16)
2(0*) = x,(0%)
.
/T'/) _ (a - kﬂE])Zl* e(a_kﬂel)("'")
R = (a = kﬂel) - bzl* 4 bz]*e(a‘kﬂel)(l—nr)
(nr < t < (n+ 1),
Hrp
* (a — kBEl + b,u) +’\/7(ll - kﬂel + b/l)z +4(a - kﬁel)b#/(e(a-"ﬂsl)r I 1)
zZ = 2b
a - kBe
(> ==57).

Bt SHERIMG € > 0. BFE—MEE ke, n > by 182,00 + &2 < x,(2) < x,(1) - &2,
%o, >0 H ¢ K, T (D) - e < 11(2) < 11(0) + &0, XKL ¢ > oo B, x,(¢) >
x,(1). TEBASEEE.

2.1 HEHE 2 WOk AR R KA, B A YRR T KRR
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ETRENARRGE QMFEA. B RARBFAREX.

EX 21 WRFEERE m,M > 0(5¥ELX) SHRME T,,2% ¢ > T, 0, HEER%
(2) BIFTAE R (2, (1), 22(2) ,x3(2)) (EHYE 2,(2) > 0,%,(0*) > 0,23(0*) > 0),H m <
x1(t) < M/k,x(t) < M,m < x3(t) < M JBOL, IBARMREL (2) BHEFAM.

EE2.2 %

E < dy+ B[ ((a- i) 4 by) +

\/((a — B )+ bu) +4(a - fuf ) b/ (elomBT _ 1)]/(21,)}’
R AE— R B ¢ MFFAKEY ¢, 618 REE (D) BB— DR (x1(0),52(1)) W (1)
= q’ﬁ:q] xy HTEMTERE:
2b(ds + E)
kBe™ "™
vV ((a - ) + bu)? + 8(a - B3 Vb /(o7 1),
EW REGNE 1 MHETURER

dxé_gt) = [kBe ™ 1x,(t) - (d3 + E)]x5(t) -

= ((a—ﬂx3*)+b,u)+

e 4] w (W (udu, (17)
B (e, (0),x:(0) REG) WIEEER . h(17) 2,2 V(0) JF
V(1) = x(e) + kﬂe"”ﬁj:_r 21 () s},
V() BREQMRELRS .

dZ—(t‘) = (KB i2y(t) = (ds + E)]as(1). (18)

E<-dy+ hge{[((a-pes) s o) +

V((a-B3) + be)? + 4(a - fes Y bu/(eo-8507 _ 1)) /(2) ],
MAFFHETSN /N & > 0 875

k,Be"""l({[((a - Brs ) + bu) +

vV ((a = fe) + bu)? + 4Ca - g b/ (e s - ] /@0 }ee) > ds + E.
RAGELE 10 > 0,% ¢ > 10 B, THEAFHE 3(1) < x5 . (RELKRATREN WAL 10 > 0,
Lo > b0 H18 0(0) < x50 Yo > o, HEZQ)WE 1| MHEA

) e - o) = be(D)]mi (o). (19)
> 0 b, BETHK LR

[d”d—(t‘) = [(a=-fed) = b (D]xi (1), 12 e, -

Av(t) = M, it = nr,

H5IH 1.4, K175 5
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xy o % (a-fry )(1-nz)
;(\t/) = (a - ,Bx3 )v € B i ’
(a-px3)-bo" + by * ela-Fe )e-nc)

F 7R (20) HOWE— 0 2 TR 2 0 J R Se

pr o La=Beg) + bu) o (Ca = Bes) + bp)? + 4(a — e Db/ (R )7 _ 1)
- 2b

nt<t<(n+l)t

(> e=),
b
T e B P T R B B A E 1, (> 19+ 7)) BEABARER 2, (1) 3 0(1) + € L,
t=u . BASH = B H (1) =0 +e. HTHE RIMELS o So* +e. FR
#HA1E2
kBe "6 > d3 + E,
FrAY ¢ > ¢ BB
V'(t) > x3(t)(kBe ™16 - d3 - E).
o= mi“:e[zl.:lnl}xs(t)éfﬂf]’l%iﬂf%é’l t= ) B, 03(t) =27, RZ,FET;>0,%1, <
t<ti+ 11+ Toon3(ty + 7y + Tg) = 25 B, {878 x3(¢) = a2 Hx3(e, + 70+ Tp) <0. ME
Z)WFE 1M HIREY
x3(ty + 7 + To) =
kBe ™ ixy(ty + 71+ To)xs(ty + 71+ Tp) = (ds + E)xs(ty + 7y + Tp) =
(kBe ™Mo — dy - E)x§ > 0,
XHEATE. LS e > B, 203(0) =25, WXt > 08,V (1) > 27 (kBe 16 — dy - E)
>0, XERM1—>0,V(1) >, M5 V() < M1+ ke Be) HIFE. BimiEWsELE.
WRIBLW S, IR EZERHEE. B 1 HEEEMIA R KN ¢ Fxs(t) > x5 3
LHATHAB TIEMRER . B2 MEERXM K ¢ B 23(¢) 7E x5 &3,
& X

g = mi“{%}’ql}’ (21)

He gy = xg e S Bn, RINFEBIMNFRDIAN B x3(1) > q. WEERXTH 1 FifEE
ERPARE . MY FE2MEE T <t <™ + 6,8 t" >0ME S OMRE (")
= 231" + 6) = x5 H ox3(0) < g JHHP " FASKMER

x03(t) >o,t" <t <t’ + &,
xy(1) B—BUELZ . RAEQ) WIEME—BERH (o) HBAEZIKbiEm . Hit, f7ER
MTO<T<o HTHKEF ") R 2(e") >3 20" <t <t™+T). WReE<T,
ZREFHE ., RIMREZET <6< o, BE. BRxG) >- (dsy+ E)xs(t) H x3(¢7)
= x5 BT e € [t",¢" + 1], 203(¢) = q oL . FHIC EIRIERA AT DALk ST 5
MXF € [¢" + o,t" + E],ROTATAR 23(¢) = ¢ BEAMEKXE ¢ € [¢7,0" + €] ATLL
EERER(ULEK ¢ BEER). FrASFREKA ¢, TLERILEIL x3(1) > q. FEF 2R
IS, KL EE RS, ¢ FEBEA KBRS (3) MIEM, B, X F KA ¢, aTH RS (3)
EfTIEREH R x3(t) = q. EFIESE.
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EE2.3 &

E < =ds% k[)’e'“"{[((a - Br3) + bu) +

V (Ca = i) + b)? + 4a - fg Vb (o857 1] /@20)
R SE(2) R HAH.

R REEQ)MEEMICHE (x,(1),x(1),x3(1)). HEZQ)WE 14/ TRE5ER
2.2,15%)]

dx(liit) - xl(t)[a _ ﬂ(%) 3 gd/f—‘ii—rl)_ bxl(t)],

FUUFEH 2.1 B93HE, B3 lim, e x,(£) > p, H

(a - BM + by) +v (a - M + bp)? + 4(a - BM) bu/(e =A% _ 1) .
2b -

p =

- d + edr = 1'
FHEH 2.1, REQ)WE 2 M RAT LIS K
dr |2
dxz(t) kﬁ[ pq - (MO + —Ledre ) e""l] - wxy(t),

d -1

o~ (ol % 2]
MEH 2.2 5 EEMTHE TR (2) RIFAR. EH 2.3 iEH %,

2.2 dEH 2.3, WATHE & HEABOKERH B EFBAS KGR, 4 B IRTT R REa [ A
FAHMMHR-RIEREEA.

3 MBS

FEXFRSCH, HATAR THE & AN B kb - E R %, RO HE3)
ARG ()W EH KL MR RE RS0, mEEMT TR, o S i sk
EMREQAERIEM. B dy=02,a=1,b=1,E=0.8,7,=0,2=0.1,8=1,
k =0.9,x(0) =0.8,x(0) = 0.8, RIABSEHEEH 2. 1 KRN, HEE KL AHMES
Js R (E 1 ~ B3). XMRiZd; =03, a=1,b=1,E=03,2=0.5=2, 1, =
0, £ =0.9, x,(0) =0.1,x3(0) = 1.1, T A MSEEE L EH 2. 305K, B4, B5%(2) B
ARI(ILIE 4 ~ B 6). XL T S EANR ST A YRR TR R . MEH 2.1
SEH 23, B BB —FANEME o°, R 1 < 17, BEQ) MR E K 4% JE 1w
(6,00),0,0) BARBEI . WF 1 > 27, RY(Q) BFAN, SEHER 2.1 5EM2.3 7]

H—EFE— B E . WRE > B REQ) WIHRH RALWIM(x,(2),0,0) BLIH0K
K. WRE < EY, REQ)RBFFAN. SRR EHEMNREQ) WA RS —
ANEZHEM, BN DAY R R AL 7RSSR, (HREEA — M BRI  RRA1E
LTI R G (2) WYUK IRI 7 LAJG , FRATT AR SERF 73X St ) £

F B350 40 = 1.1,(0) = 1.1,7, =0,d3 = 0.2,a = 1,b = 1, = 0.8,E = 0.8, = 0.1,
t=0.5k=09E23%K 0 = 1.1,x(0) = 1.1,7; =0,d; = 0.2,a = 1,b = 1,8 = 0.8,E = 0.8,
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0.0704
1.1
0.0700
1.0
Z 0.0696 Z 09
= =
0.0692 08
0.7
0.0688
60 64 68 72 0 10 20 30 40 50

2 (3
X](Z)
" 60 64 68 72
t
3 (3 4 (3)
x3(t)
2.16
2.14
212
Z 21
=
2.08
2.06
0.1 0.2 0.3 0.4 0.5 0.6
x,(2)
5 (3) 6 (3
x(t)
H=0.1,T= 0.5 k= 0.9, 3 21(0)= 1.1L,x30) = 1.1,Ty=0,ds= 0.2,a= 1,b= LB= 08,
E=084Y=01LT=0.5%k(= 0.9 4 21(0)= 1.Lx30)= 1.1,T1=0,d3= 0.2,a= 1, b= 1,
B=2,E=0.3T= 05 = 0.5 k= 095 5 x1(0)= L1,23(0) = 1.1, Ty= 0,d3= 0.2, a= 1,
b= 1,B=2E=03,T=05d= 05k= 095 6 x1(0)= L Lax3(0) = 1.1, Ty=0,ds= 0.2

a= 1L,b= 1 B= 2,E= 0.3, T=058= 05 k= 095
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Permanence and Global Attractivity of a Stage- Structured
Predator- Prey Model With Continuous Harvesting on
Predator and Impulsive Stocking on Prey

JIAO Jian- junl’z, CHEN Lan- sunz, Juan J. Nieto3, Tormres Angela4
(1.School of Mathem atics and Statistics, Guizhou College of
Finance &Economics, Guiyang 550004, P. R. China;
2. Departm ent of Applied Mathem atics, Dalian University of Technology,
Dalian 116024, P .R. China;

3. Departm ent of Mathem atical Analysis, Faculty of Mathem atics,
University of Santiago de Compostela 15782 Santiago de Compostela, Spain ;
4.Departm ent of Psychiatry, Radiology and Public Health, Faculty of Medicine,
University of Santiago de Compostela 15782 Santiago de Compostela, Spain )

Abstract: A stage- strudured delayed predator- prey model with impulsive stocking on prey and
continuous harvesting on predator is investigated. According to the fad of biologica resource manage-
ment, the assumption of a predator— prey model with stage structure for predator population that each
individual predator has the same ability to capture prey was improved. It was assumed that the inma-
ture individuals and the mature individuals of the predator population were divided by a fixed age and
that immature predator population does not have the ability to attack prey. Sufficient conditions,

which guarantee the globa attractivity of predator- extinction periodic solution and the permanence of
the system, were obtained. The results show that the behavior of impulsive stocking on prey plays an
important role for the permanence of the system and provides tactical basis for the biological re-
source management. Furthermore, numerical analysis is inserted to illuminate the dynamics of the
sy stem.

Key words: stage— strudured, impulsive stocking; continuous harvesting; global attractivity; per-

manence



