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S(t) JI(t) ,B>0 ,w> 0
[ 12]
S(t)=- B(t)I(t), I'(t)= B(t)I(t)- wl(t)+ u(t), (2
u(t) , ) (3 ,
(Hethcote [19]
, Anderson May (24201
;Levin 17 B BS'F/N ; 2
BS(t)/(1+ aS(t)) B(t)/[1+ aS(t) +
bS*(t)]: V. Capasso, G. Serio!™ F(1)S ;
[31 B e)/[1+ ol*(t)]
b S(e)+ ()| BS(e)I(t)
S(t)= rS(t)[l— K ]— 1+ d’1)’ t ZnT,
Bt
[(t) = ﬂ%‘ wl(t), t ZnT, (3
AS(t) =- WS(t), t= nT
Al(t)=- WI(t)+ K t= nTn= 1,2 ...
BI(e)/[1+ al’(t)](a> 0) ,r> 0 K
>0 ,AS(t) = S(t7)— S(t),Al(t)= I(t")- I(t),0< 0< 1,0< [
< 1,20 t= nT,n€Z J> B 201> W 20 t= nTn €Z
7. = {1, 2, } , T
2
(3 x(t)= (S(t),1(t))" . xR ORI x(t) (nT,
(n+ )T, n €Z , x(nT )= lim~ v x(t) : f
(3) : f (3) (
Lakshmikantham [32]). s

S(t)=0 S(t)=0t#ZnaT, I(t)=0 [(t)= 0t #nT, I[(nT )= I(nT)+ K K
20.

1 x(t) (3) x(07) 20, t 20 x(t) 2
0, t 20 x(0°)> 0 x(t)> 0.

2( [ 33]23, Lenma2. 2 m € PC[R, R]

m(t) S<p(t)m(t)+ q(t), t 2ot Zin k= 1,2, .-

m(th) Sdm(ty) + b, t= i (4

p.q € PC[R,R], dp 20, b ,
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m(t) <m(to) || dkeXp{J.[P(S)dS} S [ I1 djexp{‘[p (S)dsﬂ by +

k

f Hd/iexp[‘[;)(o)d%q(s)ds, t 2t

0.
(3 .
3 M> 0, L (3) (S(t),I(t))
S(t) Ml(t)
V(t)—S(t)+ I(t). t ZnT
D' V(t)+ wV(t)= (r+ w)S(t)- TSZ”— I

2
(r+ w)S(t)- i}{m < Mo,

Mo= K(r+ w)¥4r, t= nT,V(nT )= (1= W)S(nT)+ (1- W) [(nT)+ L V(aT)
+ U 2, t € (nT,(n+ 1)T],

' \
V(t) V(O) J.OMOG* w (= S)ds+ O<Z<:’u671”(t7 nT) _
ot M o Sw(eT)  —w(E(m )T
R e
- €

Yo~ w(i-T) ue'wT N
1= ™ Tt

.M Y
V(0)e "+ ;0(1— M)+

&
%+ w%:ci t_) o,
e’ — 1
Vi) : V(t) , t,
M> 0 S(t) KM, I(t) <
S(t) = 0, (3
[(t) == wi(t), t ZnT,
I(nT )= (1= W)I(nT)+ K, t=nTn= 12 . (5

1(0") = 1(0) > 0,

pe— w(t— nT)
I(t)= (1w t €(nT(n+ YT, n € Z,
I(0") = I(nT ) = - (l—ullz)e"’”

(5 : (5

I(t): (1_ Uz){](d)— 1- (l_upz)e—w"] e_m+ I(t),
t €(nT(n+1)TY, n €Z

4 (5 I(t), (5) I(t), t oo
I(t) " I(t).
, (3 (0,1(t)).
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pe Y
(0.1(t)) = {0’ 1- (1- p,z)e-wT}a (6
3%
nT< ¢ S(n+ )T; I(nT )= I(0") = T me n €Z .
1 (S(t),1(t)) (3
B9 = ™)
T K1 (1 e
B a4 (1= (1= Bye")? ;
2aw n(l— (1- le)e_wT)2+ alPe 2 (
(3 (0,1(t))
s(t)= S(t),i(t)= 1(t)- I(t),
(3) (0,1(1t))

2
By L

{s/(t)} ) K
i'(t)

BI(1)’ C
1+ al(t)’
0 Br(t)?
ex r— I - S
1) = p[-&{ kA= al(t)z}d}
s(nT) _ 1- W 0 s(nT)
i(nT)) | 0 1= W) [i(nD)’
(0.1(t))

1- By 0 o
= T
M 01— 1w (Y

N = (1— UQ)ein< 1, X = (1— ul)exp{j-t{r_

0
1 | Nl< 1,

1 rH(1- ")
In——> rT- -
"o W T K- (1= Wy)e ")

B aP+ (1= (1- By)e"")?

200 (1= (1- W)e"")’+ alle ™™

(0.1(t))

1+ al(t)’ {s(t)}
i(t))

— wit

(3 3 4

2
Ry - Jd}
1+ al(t)
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€> 0

o (BI(t)- €?
P ul)eXp“‘)r_ K - e)zd)ﬂ< 1

(3 2 . I'(t) 2 wi(t).
Y (t) == wy(t), t ZnT,
y(1") = (1= W)y(1)+ 1 t= nT, (8
y(0°) = 1(0°).
2 ( [13] 3.1.1 I(t) 2y(t) y(t) I(t)
t_> o,
I(t) 2y(t) 2I(t)- & (9
t (9) t> 0 . (3),(9)
y=x/(1+ ax)
r0 BrI(t) - ¢€)?
/ < r— —(I(t)- € - n
S'(t) \S(t){ g (1) -8 L+ att(e) - 8)%, ¢ #nT, o
S(nT )= (1- W)S(nT), t=ntn= 12 ..
S((n+ 1)T) <S(nT)(1- Hy) x
Yt 1) T 0 Bri(e)— €
r— ~(I(t)- € - s
e"p“ﬂ { M=o a(I(1)~- 8)2} d‘}’
S(aT) <S(0°)F S(nT) "0 n_ o  S(t) 0 t oo
I(t) - I(t) 1 oo, 0< € <w, to> 0 0<
S(t) < € t 2o , 0< S(t)< € t 20,
(3,
—wl(t) KT (1) <(-w+ €I(1), (11

2i(t) SI(t) <za(t)  zi(t)  I(t),z2(t) I(t) ¢ oo zi(t) z2t)
2(t) = — wei(t), ¢ ZnT,

z2i(t7 ) = (1= Wjzi(1) + B, t= nT, (12
2(0°) = I(0)

z/z(t) = (- w+ &z2t), t ZnT,
o(f) = (1= Wjea()+ B 1= aT (13
(0" ) = 1(0"),

l’le(_ w+ 8)(5— nT)

Z2(t): 1_ (1_ uz)e(warS)T; nT< A <(n+ 1)T

&> 0, L1, t> 1
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I(t)- &< I(t) < z2(t)+ €.

—

)
I(t)- &< I(t)< I(t)+ &,
2 I(t) " I(t) t oo
(3 R R :
1 m, M > 0( ) To, (3)
S(07)> 0,1(07)> 0  (S(t),I(t)), m SS(t) SM,m KI(t) <M
t 2Ty (3) . ( To (S(0%),1(0°)).
2 (S(t).1(1)) (3 .
1 rb9(1 - e_wT
T <t Kw(l—((l— UQ)L_WT)_
B a+ (1= (1- Wy)e"")?
2%1“(1_ (1- M) )y ale ™" (14
. (3

(3 S(0)> 01(0)> 0 (S(t),I(t)), 3,

M> 0 S(t) SM I(t) <M t S(t) SM,I(t)
<M M> Ji/B t 20. (9) I(t)> I(t)- & I &>
0, I(t) 2He /(1= ¢")- 2= m ‘.
m1> 0 S(t) > m L .

1° (14, m3> 0, &> 0 s m3< w/B, 8= B < w
Cuw+ )T
0= rT- EmyT- rKigr_ Ko™ rSI)J?(ll_ ((i— o e}(‘“’+ T -
By a( B+ b€ )+ b°
a(w— 8)(agi+ 1) a(be ™" VT be)’y b2
P, [ Lak Jalb . 6)T} _
J;(w— 6)(a8%+ 1) arctan b — arctan b e
B¢ L b g
(w—- 6)(atl+ 1)1“ B~ 9T b
BU(1- 1) a( B(1- W)e " V7% pg)is b2
a(w—- &) (aS+ 1) a(Be VT4 pg)i+ B2
Be B(1-— muye " 9T p g
(w—- 8 (aB+ 1) " U(l- M) T g 0
c= 1-(1- B)e ™) b= (1- ag)c. S(t)< ms t 20
[(1) <(-w+ 8)I(1), t ZnT,
I(f) = (1= B)I(0)+ W 1= nT, (15
3 4, I(t) S<z(t) z(t)  z(t),t oo 2(t)
Z(t)= (- w+ 8)z(1), t ZnT,
2t )= z2(t)+ M t= nT, (16

2(0°) = 1(0)
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e 8=

z(t) = - (1- pz)e(—mﬁ)u
T:> 0

I(1) <z(t) <z(1)+ &

t €(nT(n+ 1)T].

Blz(t)+ &)°
S(1) S(U[“K””‘K(z(’f“e) 1+(a((zt;t;+)8')2]’

t ZnT (17
S(it" )= (1- W)S(1), t= nTn= 1,2 ..
t 2T, NiEN NiT> Ty, (17) (aT(n+ 1)T(n 2N
n+1)T
S((n+ 1)T) 2(1= W)S(nT Jexp f r— oms-
), —— B+ &)’ ~ o
K (z()+ &) I+ a(z(1)s 8) de| = (1= W)S(nT)e’,
S((Ni+ k)T) 2(1- W)'S(N1T )" 7 oo k7~ oo S(t)
t11> 0 S(t) > ms.
2 t 20 S(t) Zms, .

= {(S(t), I(t)) € R?: S(t) < m§ . ;o= inft>tl{5(t)<
m3p, t :

1 ¢ =L €Z, S(t) Zms 1€t ) S(tT )= ma (1= W)m;
SS() S(1- W)S(t) Sms. ny ny €N

In(&/ (M + U
n2T> T2= n(_l L(U++6 ))9
(1- By "e"e > (1= W) "e™ V0TS
m3 0 Bu®
01 = r-— K ~ K —1+ GJW2< 0.
T= niT+ naT, €[, 1+ T) S(t2) > ma, (16) z(t")

= I(i),

*t 3] - w+ -1
z(t) = [z(t ) - - (1- l-'z)e(_w+6)T] e( v( )+z(t),

t € (nT(n+ )T, n Sn Sni+ m+ n,
(—w+5)(z—(nl+ yT)

l z(t)— z(t) I< (B+ M)e < &,
I(t) <z(t) <z(_z)+ et + mT<: <t + T, (17) to T < <4
+ T . s
S(t + T) 28(t + m)Te"’.
(3 1
2
S(t) >S(t)[r— m3- [Q—QM- “BLHMZJ = 0S(1), t ZnT, (18
S(¢") = (1= WM)S(t), t = nT

*

(18 [t .1 + n2T]
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S(t" + mT) Zms(1- M) "e’".

S(t" + T) Zma(1- Hy)he™%e™"> ma,

¢ = infl%{s(t) >m3} S(t) 2ms t €[t 1], S(t) 2(1
S M) S e B (1 W) el (Y =y 2, S(t) 2m
S(t) 2 ma, t 2t S(t) 2m
o>  FZaTn€Z, 120 S(t) Zms St )=msn 4 = inft>;l{5(t)<
m§ t €[0T ) S(1) Pms S(i )= ms. ¢ EmT (m+ )T, 0, €
N, 12 €E[(ni+ T (ni+ 1) T 7). (16)  z((nmi+ YT )= I((ni+

)T ),

(1) = (2(ms VT )= o

t €(nT(n+ 1T, n/1+ 1<n <n/1+ 1+ n2+ ns.

(—w+ 8)( + (71/1+ DT + Z(_t)

| z(t) - z(t) I< ( B+ M)e(’mﬁ)(t*(",l”ﬂ)< e,
1) <z(1) <z(t)+ &, (m+ 1+ n)T<e L(ni+ 1+ T)T. (m+ 1+
n)T<t <(ni+ DT+ T, (17 ,
S((ni+ 1+ na+ n3) T Z(1= B)"S((ni+ 1+ na)T)e"s.
(3 1

2
S(t) S(t)[r— K3 [r(—_eM By 2]: 01S(t).

1+ aM
(n1+ 1+ n2)TJ]
S((n1+ 1+ n2)7T) >(1_ W) %t Tgel(n U,

S((n1+ 1+ n2+ n3) T) > mae’ (" Ve s ma.

i = inf;>f{5(t) /mg, S(f) Zma,t €[t 1] t 21,
S(t) 28(t )T Zmae’(F ) = gy, . S(i) 2
ma3s, t >t1 S(t) >m1
1
o 1- e B al’+ (1- (1= By)e"h)? 1
SO = rT- Kw(1- (1- Hye uT)_ 2aw1n(1_ (1- llz)e'“T)2+ al2e 20T ]Hl_ u’
FO == < 0,41 e T (T 0
S(H)=20 , T 1 2 Tax . T< T (3)
(O: I(t)) 5 T> Tmél‘( ’ (3 -
2 H=Q , Ty= Iy V/(1- Ky)] . T
> Ty,
3
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Nonlinear Incidence Rate of a Pest Management S-1I Model

With Biological and Chemical Control Concern

JIAO Jian-jun"’>, CHEN Lan-sun'
(1. Department of Applied Mathematics, Dalian University of Technology,
Dalian , Liaoning 116024, P . R. China;
2. School of Mathematics and Statistics, Guizhou College of Finance &Economics,
Guiyang 550004,P . R .China

Abstract: A pest management S-1 modd with impulsive releases of infective pests and spraying pesti-
cides is proposed and investigated. It was proved that all solutions of the model are wnifamly ultimately
bounded. The suffident conditions of globally asymptotic stability periodic solution of pest-extinction and
permanence of the model were also obtained. The approach of combining impulsive rel easing infective pests
with impulsive spraying pesticides provides reliable tactical basis for the pradtical pest management.

Key words: impulsive; infective; chemical control; uniform permanence; pest-extinction



