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B B

Van den Driessche Watmough[ 1+18) Bri1+ u=Y)s (B> 0 v 20

k> 0). V=0 gs. 11,
>0 k=2 SIS , . Alexander
Moghadas' ™! f(I; v SIV B> 0,
V20 0< g <1 , B+ u?)s .
, Fe1+ umYs .
k=2 g=1 Br(e)(1+

U(t))S(t) SEIR

‘ ’ ” 2 " ” [20]

[23] :
, SEIR
; (G ; ; )
SEIR ,
1 SEIR
[1] [23], :
(d) (b)( d= b= 1), ; ,

N= S(t)+ E(t)+ I(t)+ R(t)= 1.

» pH( 0<p< 1)
, qHI( O0< g< 1 p+gqg=1)

3 2

Br(e)(1+ u(e))S(e)l"™", B> 0,0 2
0.
T , Be "T(t— T)(1+ U(t-
T))S(t- T+ qhe "I(1- T) (E) t— T ( H(e-T(1+
U(t- T))S(t- T)+ qH(t- T), T t (

b, . :
: SEIR
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S¥t)=— BI(t)(1+ U(t))S(t)— WS(1)+
U(S(t)+ E(t)+ R(t))+ pH(1),
(-
E(t) = [_Te CIIBICs)(1+ U (s))S(s)+ qH(s)]ds, -
Bt)= B "I(t— T(1+ U(t- T))S(t- T+
gbe I(t- T - (r+ WI(t),
R(1)= rI(1)- VR(1), (1)
S(t") = S(t)- mB(S(t)+ E(t)+ R(t))- mpPI(t),
E(1") = E(1),
() = I(1), ¢= af,
R(t") = R(t)+ mB(S(t)+ E(t)+ R(t))+ mpH (1),
S(t)+ E(t)+ I(t)+ R(t) = 1,
m(0< m< 1) t
¢ (S) pHI(t)( O< p< 1). t
‘ "(E) gH(t)(  0< g<1
p+ qg=1). (1) 5 8
(S)
mpHl(t) mB(S(t)+ E(t)+ R(t))
, (1
Sft)= B— BIi(e)(1+ U(t))S(t)- BS(t)- q¥I(t),
E(t) = J:_Te*““*“[ﬁl(s)(1+ U(s))S(s)+ qH(s)]ds,
Bt)= Be"T(t—- T(1+ U(t- T))S(t- T+ t #ul,
ghe “I(1= T = (r+ WI(1),
R(1)= rI(1)- VR(1), (2)
S(t") = S(t)- ml+ mgW (1),
E(1") = E(1),
+ t= nl
I(t7) = I(t),
R(t") = R(t)+ mbl— mgW(t),
(2) S(" )= S(t)- mb+ mbgl(t), [13] [16]
S(t')= (1= 0)S(1), , S I T
[24] [25] .
(5(0),1(0))  S(0)= mb+ mbql(0) SO m )
S(0") <o,
S(0) - mb +
mbgl (0) > 0
E R (2) 1 3

(2)



1126

que MT(t— T) = (r+ WI(t),
S(t") = S(t)- mb+ mgM(t),
I(") = I(1),

(®(s), B(s)) € C= C([- T,0J,R}), 4(0) > 0,

: (3)
G= {(s, IS, 1 20,8+ 1 <1}.

1( [24])

wit) S<(2)p(t)w(t)+ q(t), t Z
t= t, k €N,

w(th) S 2)duo(tr) + bi,
p(t).q(t) € C[R,R],dr 20 bi
(Ao) {tk 0 Sto< 11< 12< -
(A)w €EPCIR.R]  w(t) u(k€N)

t <t <1
0 k

w(t) S 2)w(to) Hdkexp[‘[])(s)ds}+ >

0k

Hdkexp ;(e)de q(s)ds, t 2.
J: < 1< L S

2%
d_xd%)'= rix(t— T)— rox(t),
rir2 T t €[- TO ,x(t)> 0.
(1) ri< ry,  lim~ex(t) = 0
(1) ri> r2,  limi"ex(t) =+ o0.
(3) 3 2
(3),
I(t)= 0, t 20.
I'=0 I(t) I'(t)=0
(5)
(3) :
SYt)= H- BS(1), t ZnT,n €N,

S(t" )= S(t)- mb, t= nl, n € N.

t < <1

S¥t)= V- BI(e)(1+ W(t))S(t)- BS(t)—- q¥I(t),
Kt)= Be"T(t- T(1+ U(t- T))S(t- T)+

t= nT,n €N.

t Znl,n €N,
(3)
: (3)
i= 12 (4)

[e ol
)

H djexp{ﬁp(s)(l-g}} br +

<t <(n+ 1T
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(6) ,
S(t)= 1- (1= S(nT))e =), < t <(n+ 1T,
S(nT) nT . (6) 2
S((n+ 1)T) = 1= (1= S(nT))e " = mb= f(S(aT)), (7)
F(S)= 1= (1- S)& "= mu. 1- md- &> 0, (7)
S' = 1-mW(l-¢"). f(S) S 1
S . (6)
S (1) = 1- l_mquTe‘““"“, ¢ € (nl,(n+ )T], n €N
‘ (8)
ST (0 )= S (alt) = 1- 1_mquT
e
(6)
, , S (0 )>0 ,1-mW(l-¢")>0
1- mb- ¢ > 0. (6)
S(t) = [5(0*)- [1— 1_’”e”_wﬂ e+ S (1),
t € (nl,(n+ 1)T],n €N, (9)
S (0)=1- l_mguT,
3.
3 (6) S (1), : (3) ‘
(S (1), 0) t€(nT,(n+ YT], n €N, S (nl")= S (0") = 1- mW(1
— exp(— M) > 0, (6) S(t), t o 8(t) S (t).
‘ ’ (S7(1).0)
R Bls 0l - 1c mpie e - )
' LeuT— IJ em(r+ B ’
1 A = max{Rl, mb/ (1~ e‘“T)}< L (3 ¢ (S"(t),0)
(S(t),1(t)) (3) (4) : Ri< 1,
€> 0,
e‘”[ﬁ(n U)[l— ﬁ{iﬁ %Jr qll]— (r+ 1)< 0. (10)
(3) 1 3
%<u_ BS( 1), t Znul, n €N,

S(tr) <S(t)- mpH, t= nT,n €N.
17

st <s(0) I ex| [~ wals Zp[j'- by (= nphy 4

| (3
.r H exp[J.— Ude] Bds = A1+ Mo+ A,
0 s i< 1 s
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uT(l _ WM z/T]ﬂ

W )

M= S0 )e M, b= (- mpW) DT = (- e M E

0< nl< t 1-e

t /T
A3 = eﬁp{J‘ Hepﬁ'dpsz eﬁp{.[) H eLnglngz

[ &/ T< /T
/T

e—w[J" H emgdllT§+ r H ewgdllT§+ . J7
Ote i< o/T lec nT< 1/ [

N N VN s e " Wy T
e 1_ euT + e — e .

ewgdl‘q‘q =

T &/ T< /T

. mpHe T WA [/ T+ = v/ T)
S(t)<A1+ M+ MA3= eﬁw[S(O)_F —h_ 1i|+1_7np - . <
e - e —
nH I
(500 e o e
- oM
liqLiupS(t) <1- e—[}l%, (1)
’ n A t >n1T,
S(1) 1= FPEs e=im. ()
(12) (3) 2 , t> nT+ T
Fe) <KBe M1+ UX(1- T+ gl (- T= (r+ WI(1). (13)

did%l: e LB+ W+ gz T - (r+ Wz(1).

(100, e " [B(1+ v+ gl < (r+ B, 2, lim~ wz(t) = 0.
s€[-T0 I(s)= z(s)= o(s)> 0, ( [24]
3.1.1) ( I(t) 20), t o I(t) 0. ,
t 20,0< I(t)< €< l/q. (3) 1 3

‘(11—‘? > U- gle— (Be(l+ Ve + H)S(1),

S(tt) 2S(t)- mh.
. e 0z1(t) S (1),  zi(1)

dz—cll(l—tlz B— gle- (Beg(l+ v+ Wazi(t), t ZnT, n €N,
z21(t7) = zi(t)— mb, t = nl, n €N, (14)

z21(0°) = S(0°)
(14 , <t <(n+ 1T,

_ H— gUe mb — (Be(h ve)+ B)(1- i)
zi(t) = Be(1+ ve) + TR e_(ﬁe(1+ue)+u)Te :

( [ 24] 3.1.1), a> 0, Ti> 0,
S(t) > zi(t) - &, t> Ti. (15)
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.31 3 ,

&S <
Qi S B- BS(),

S(it) <S(t)- mb+ mgle.
€70 ,S(t) Szoft) zoft) S (1), 2(t)

B

s m T = T qx*

%: W— Hz(t), t Znl,n €N,

2(t") = z2(t)— mb+ mgHe t = nl, n €N, (16)

(00 ) = S(07)

(16) , nT< ¢t <(n+ YT,

z2(t) = 1- %ém_"m.

) €, T.> 0
S(t) < z2(t) + €, t> T». (17)
e~ 0, (15 (17)
ST (t)- &< S(t)< S (1)+ &, (18)
’ , .ot e S0 T ST ().

1 (1) B+ v+ ¢b <Mr+ 1) m/(1- 7)< 1, Th< 1,
‘ ’ (S"(t),0) C(i) B+ U+ gi> e (r+ W), mi/(1-
)<l m>m T< T- > T q< q+, (S (1),0)

s T 1B+ U+ gl &Mr+ W

meo= U B(l1+ v ’
1 pimB(1+ V)
r- = Llln[1+ B(1+ v+ ¢u- em(r+ Ll)}’

v L Ble U™ 1o mpl)+ gife” - 1)
- B (e = 1)(r+ W

("~ 1)/B(1+ U+ B— " (r+ W]

>

¢- = 1- WmbB(1+ v+ - 1y
2 .
. (3)
3
1 D C 9 (3) (4)
D, (3)
ur
Ry = Ble” - 1)

er+ Ee’- 1)+ mbW
D(C(B(l+17)+L1)T_ 1)

m[B(1+ v+ V°

bt

= B1- ge ).

o
|

R3=
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2 A= mm{m R3}> 1, (3) .
X(t)=(S(t).1(t)) (3) (4) : (3)
2 )
Ft)= [Be "1+ W(1))S(t)- (r+ &EI(¢)-
& df (Bri+ u(0))S(0)+ gl 1(0)ds, (19)
€= W1- qe™).
V(t)= I(t)+ e‘“‘[‘_T[B(n U(0))S(0)+ qLﬂl(e)de.
3 V() . (19)
_ut
dI(/lﬁttl . g)[Be (r1++ gur(t))s(t)_ 1] I01). (1)
Ra> 1,
B :
%;m22+ [@+ q}mz + RLZ_ 1= 0
ms . .
B[ B(l- gmy) }_ |
r+ ELB(1+ Uny )ma + B 717 7
Be “T[ Hil- qmz) Um J .
r+ ELB(1+ Una jmy + M eqf (m3 B(1+ Wnz)+ H)T)- '
&,
rﬁfz% 1, (21)
_ M- qmz) Lim
P= B(1+ Unz)m2+ o exp{(mz B(1+ Un2)+ U)T}— 1_ &> 0.
ma2 to, t >t0, I(t) < ma
, to t 2o, (1) < m> . (3) 1
3 )
% 2 U(1- gm2 ) - (m2 B(1+ Un2 )+ W)S(t), ¢ Zdl, 2
S(1") 28(t) - mH, t= nT.
1, T1 >lo+ T, t >T1,
B(1- qms ) mbk .
S(t) > 03 Bl+ Uns )+ B expf (md B(1+ Ung )+ WTy— 1 & =:P
(23)
(200 (23),
ALl (s é)[ gp— l]l(t), 1 2T (24)

Il= mlntE[T],TlJr'ql(t)- t >T1, ](L‘) >Il
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D= {(5,1) € Rl mi SS(t),ma <I(t),S(t)+ I(t) <1}.
D : , (3)

T, t €T, T+ T+ T, I(t) P I(Tv+ T+ Ta)= 11 BT+ T+ Ty) <
0. (3) 2 (21),
FTi+ T+ Ty [ oo (r+ i)]] = (r+ i)[ " €p— 1]1 > 0
, t 2T, 1(;) >1'> 0. (24),
Ol—V@l> (r+ é)[ gp— 1]11> 0, (25)
t T+ oo, V(1) "+ oo Vit) K1+ (B(1+ U+ ¢ Te " t
, to, I(t) < ma 1 2o
m2 t ,I(t) > m2
| I(t) 2m t ,
I I(:) ma . my = min{m;/Z,m; ef(Hu)T}.
, I(t) 2ma. t o,
I(t)=I(t+ b)) = m)
I(t)< ma, < t< t+ O
I(t)< m2, I(t) 2m20< m2< m2) I(t) <
my, 1 , S(t)> P 1< i< 1+ ¢ . I(t)
, I(t) . Ts( 0< T3< 0 T3 t
), P SE S+ Ty I(t)> ma/2. b T, Ts<
b <0, (3) 2 ,ot< t St+ O 2 (r+ WI(t)
I(t)= ma, t< t S+ O<u+ 0,1(1) 2mse (WO : 1< 1S
t+ O I(t) Zma . , b 20, (3) 2 , I(t) 2
me ot St K+ 0 , , I(t) 2m2
t+ 0 <t S+ b . [t,t+ O] ( t ), I(t)
>m2 14 . m2 (3) P
t (1) Zma : II
(3) 1 3 :
% 2pH— [B(1+ U+ WS(¢), t Znl,n €N, (%)
S(t") 28(t) - mM, t= nl',n €N
Rs> 1, PW/(B(1+ U+ B — miy/ (PN _ )5 . , 1,
t €> 0
S(t) /B(1+D1LJ;+ - e{ﬁ(wfgﬂﬂ - E=imi> 0, 1> Ts. (27)
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(4) D . 2
2 Ri>1 m< ms T> T T< Ts q> q , (3)
, , ) me T T ¢
Cle - 1B e (r+ &) e L _ mBH
ms = B , T = llln[1+ B_ eur(r+ g
1 gie”— 1)+ Be— 1- mh)
T = In 7 s
b (r+ Wj(e - 1)
o (e = Dl(re Be"— B+ mBu
= nee - 1) '
( [27] [28]) §=0d=0g=0 b= M, (1) SEIR
S(t) = b- BS(t)I(t)- bS(t),
B(t)= BS(0)I(t)- Be"S(1— T)I(t-T)- bE(t), .
Kt)= BetS(t— T)I(t- T)= (r+ b)I(t),
R(t)= f(t)- bR(t).
= B (r+ b)< 1, (28) ¢ ’ . P= B "/(r+ b) > 1,
[27] [28]
SEIR ,
) 1 2 , )
(7 ( m), A< 1 ,
1 2, :
(1) 74 7 r m,
(E) )
(i) q q* .
(11]) B U 2 *\///2 B
) B v , )
(ivy 74 7% T : (7 ‘ (E)
(1) , ,
((B+ ql)e™) H roo( o+ ),
[ . , [13 b
. SEIR
(05g016)
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Global Dynamics Behaviors for a New Delay SEIR Epidemic

Disease Model With Vertical Transmission and
Pulse Vaccination

MENG Xirzhu"®, CHEN Lan sun’, SONG Zhi-tao
(1. College of Science, Shandong University of Science and Techn ology ,
Qingdao 266510, P.R. China;
2. Departm ent of Applied Mathem atics, Dalian University of Technology,
Dalian 116024, P .R. China)

Abstract: A robust SEIR epidemic disease model with a profitless delay and vertical transmission was
formulated, and the dynamics behaviors of the model under pulse vacdnation were analyzed. By use of
the disaete dynamical system determined by the stroboscopic map, an‘ infection-fre€ periodic solw
tion was obtained. Further, it is shown that the * infection-fre€ periodic solution is globally attractive
when some parameters of the model are under appropriate conditions. Using the theory on delay func-
tional and impulsive differential equation, sufficient condition with time delay for the permanence of
the system was obtained. And it was proved, that time delays, pulse vaccination and vertical transmis-
sion can bring obvious effects on the dynamics behaviors of the model. The results indicate that the
delay is “ profitless”.

Key words: permanence; pulse vaccination; horizontal and vertical transmission; delay; global attrac-

tivity



