55 39 5 2 W T 2 BE 2 4 2023 4£ 4 J]
Vol. 39,No. 2 Journal of Binzhou University Apr. ,2023

L5 7 12 550 ) R 5]
B G RER S SIQRS L wmEE

(2N 323 K RO e T 22 730070)

H EARASWHAATRERZFER AT —ARLAEAEE 0 FHat SIQRS & %
FAEA A A B X )3 Bk 4 AEK sk v & Routh-Hurwitz 3] 38, 3E 8] 7 & %47k M 04 5 £
— KL AT P A AR AR A A% Hopl 9 X6 %a, W T 424 af &
HA THERGHER,

KR FEMRTR R BT

hESZES. O 175 XHERFRIZES: A DOI:10. 13486/j. cnki. 1673 — 2618. 2023. 02. 007

e Gl Bt FE S N & AR T8 AR 7 3 B R A o A A T A s 1 4 8 4 R WS R R R R A
T3 A7 A% g 1) i e T LASE 4 M BEA T B 45 o AR AN A2 - £ R 58 A A% i i AR T2 3R IR e A0 B AT B Y
AR AR A L PRI 22 K2 A RR W 8 T R ) @7 JF 0PI TV 2 AR IR A A M AE e B L R
I i 2 2 Hopf 43 3207 A2+ BOCHE Bl 7 27 B 0w st i e DA A 2 Al o 0 B2 A9 B2 iy LR 3% T F 22 A e g 1 1%
A7 AN [R] By BEX AT T g BT 195 20« DRI 90 H AT 3 14 % 3 50 R 2 AT 92 B 3 SO SR8 ]
WHFE T — 28 AT I ) SIR £ S 8L 5 35 7 SCHRES J ik Al o A 1 el 8 4 e J2 — U gife . i 52 17—
A~ SIQRS & Y B R IF b 1T H3h J1 247

1 BRIy

& SCan) TCar0) - QUart) Reant) g ¢ WAV A a 1 55 1 oK R 5 AT S AL 11 10 % 1
B, B B R R R R R I P R 2 T B R B b TR AR AR A ] 7= >0 Ry M RO
BRI LB SR R T A o 6 Q= { ant) :0a<sA 0T W ESr T STQRS f e B

%+%?:*A(ast*r)S(a,t)‘Q—a(a,t)R(a,t)*/11 (a,t)S(a,l‘),
%+%:A(aaf_f)s(aal)_g<aat>1((1—9[)_/12((lv[)l(aal) ’

) ) (D
Q49D D Ias) = 7@ D QD) =g (a:0QCasD)

IR | IR

+Tt:’y(aal>Q(aal‘/)7Q(Q9I)R(a9[)7/,(,1(Cle[)R(Cle[)c

Jda

A
B A BB ACart— ) = k(a,r—ﬂj Bara ot — DT vt — o da G Z M
0

W HET 2022 -07 - 17
EEWMB :HRARFFEESTH 1561041
EEB N TA&EW 998, Lo INAR M AL+ F 58 A4, EEMNFAEWECEETR . E-mail: wwangxy3@163. com

e 30 .



BEIH 22 B 2 4 %039 &

S(a,0) = S, (a),
Jl(a,t) = IL,(a,t),t € [—7,0],
lQ(a,O) = Q (a),
R(a,0) = R,(a),
R

A
S0, = J (b1 (@)SCast) + b, (a) (1 — plast))I(ayst) + b;(a)Qast) + by (a)R(a,0) |da,

4

A
I1(0,0) = J by () pla,t)1(a,t)da,

Q0,0 = 0,

R(0,t) = 0,

HorbopiCas) b (@) G=1,2,3,4) RAFERMB R IETRAE A a(a) FREREEE, [ga,0 ]
VBB W .y Can ) RREF k(ast — o R AR 1% 58 R Blasa’ o) Ry AT I AR 61 (0 B Y 36
plast) g B R

2 AT R AT AEME— Pk

T 3o 7 T 4 2 A 43 R 0 9938 7 1 o9 3R AT U 1 £ E W —
BT R G (1) L B
(HD % a € [0,A]H,Si(a), [, (a,0) N ELEHY Y a > A—00,1,(a,0) =0,S, =0,

(H2) frE S5 A 1E . H
bi(a)sflast) spiCast) salast) vy(ast) sgla ), plat) € C(Q) ;0 < ala,0) < 1,0< pla.t) <1,

(H3) FHr A5 AF

A
S, (0) = J (b (@)So(ast) + b, (@) (1 — plast)) i (ast) + b3 (@)Qy(ast) + b, (a)R, (a»t) ]da,

A
I,(0,0) = J by () pla,t)I,(a,t)da,

1

Q,(0) = 0,

R, (0) =0,

EE 1 AEB(HD ~ (H3) oz W R SE (D) A7 EME— i) 18 2247 B

ERR KRG (D WEE L ¢ — a = cCHED B AL R AR 2 Mt i o 1

S, =—At+c,t—)SU+c,) +alt+c,ORGFct) — 4+, DS +c\1),
I =2 +cst —)SG+ct) —g+c, ) I+ cot) —po(t+ DIt +cst),
Q=gG+c.)IG+c,t) =7+, )QUt +cst) — st + ¢, QU+ ¢y1)

R =y+c¢,0Q+c,t) —alt+ ¢, ORG+cst) —pu (4 + ¢ O R+ 50

(2

Horp
A
Ait+cst—17) = k(Z—Q—C',t*r)J Bt+c.at—o)Ia" st —o)da’,
0
01U 4
S(c.,0) = S,(¢),
I(C!O) — Io([+(‘9[)9[ 6 I:iTyO]’
Qlc,0) = Q,(c) =0,
R(c,0) = R,(¢c) =0,

o 40



2 ]

EEW  BARE AR5 SIQRS f4 e 2 1

4%7‘5;‘1""31[2[‘@[0”1‘] éj\j‘j K/I\IXIEJvEI][tk 1’th:|v;H:‘EP k= 1’2""’K’t0 =0,k = T’tk - kA’;jB/L\[tk 1vtk:|
A LA S B 4

Q= {(as) |t € [(k—DAa+ Ek—1A],a € [0,A]},
Q ={(a.v) |t € [at+k—DARAT],a € [0,A]},Q=US (Q U Q).

SIS
6k - {[705,7 *C,k,Jrlj | Cﬁ — na, +(k*1)A’7’1 — 17"’9N*17('f\5 — kA}vk - 1729°'°’Ko

et — A <o N = (AT med - 12> 0 N = (2,

BT RFI I L AR R G (2) A b= 1, 1B — DI X E ¢ € [0,] AR C ek &
Izt — o) WBRNRG Q) WX T =234, HBXE € [(h— De.he ] EEMPR. ZFHE R
Gi(2) RN e [0,T] Fryf#

I,

I

Sl((fst) — SO(C)Zl (C',Oyt,l’) +J121(C‘séyt,f)d(c—’—s?S)R(C+Sy$)d57t 6 [Oy‘[],
0

Si(est) = S ()2 (e (h— Dzstsr) JrJ Zi(c, & t0)alc+ E8R(c+£,8)de =
)t

"t
(h—1

So((f)Z] (c,0,t,7) JFJ[ Z] (ngytvf)(Z(('+555>R<C+S$E>dg,t & [(h_ l)Tyh'[':Ia

Zi(ertrtor) = exp[—ﬁ et 86— 0+ (e + 8,0 de]s

‘o

(C'at) - Io((‘aO)ZQ(C,O,t) _’_J[ZQ(CQSat)A((_’_Saé*T)S(C+E,$)dg,t 6 [O?T:I’
0

(C’at) - I/,,l((_'g(h* I)T)Zz(t'y(h - I)T’t) +J ; Zz((ag’t)A(C+E’577)S(C+Ssg)ds -

“t
(h—1

L, (.07, (c,040) +J1Zg(c‘,S,t)A(CﬁLE,E*r)S(c‘+E,E)dS,t € [(h—Dehels

Zz((yt()alf) == exp[—J[ (g(C+€vs)+[lz(C+gvs))d€];

to

Q (cr0) — JzZs(c,{-’,t)g(c+E,E)I(c‘+5,5)d5,t € 10,71,

t

Q. (cst) = Q1 (e, (h— Do) Z; (¢, (h— Do) Jrj Z;(c &) gle+E.91(c+ &8 de=

(h—D<z

ﬁ Zo (et glet £+ £ det € [(h— Drohe].

Z,(ertyrt) = exp[—f (Ple+£:8) + s (e + £, de]s

0

R](Caf) = J/ Z,l(Csfvt)y(C+595)Q(C+595)d591 - [Ov‘[]a

R/,(Cal) — R;,,l (Ca(h* 1)‘[)21((‘7(}1* 1)T7t) +J Z1(C’Eaf)Y(C+€ag)Q(C+59$)dg -
)T

t
(h—1

jz (T y(c +6.0Q( - a8 dent € [h— Devhe ],

RiCertont) = expl— j (aCc+ 6.8 + i (e + 60 de].

0

A
Hpaale+&6—0 = /e(CJrS,S—r)J Ble+ & é—I(y.6—dy.

FHE MG AR RO RR B4 (2) MRS (3) ~ (6), W (a.0) € QRS (D) WAL

(3

4)

(5

(6)

o 4] o



BEIH 22 B 2 4 %039 &

ICa,t) = I (cot) = IV (a—t50)
IQ(a,z) =Q '(c,t) =Q "(a—t,0),
R(a.t) = R, '"(c.t) = R} '(a—1t.1),
MR Cast) € Q- RED W2
SCast) = Si(cst) = Si(a—1t41)
JI(a,L‘) =TI (cot) = Ij(a—1t,1),
lQ(w) — Qi) = Qa—t.0),

R(a.t) = Rj(c,t) = Ri(a—1t,0),
Mh=1la—t=cHABHRGED EQ MO LI EEHLEUAKRRLED Er =12, K
(1 5 21T I A

S’ (ert) = S, () Zi(es0st57) *J;Z' (2605 D)ale+ & DR (c+&,0de,

JS(a,t) =S (c,t) =S " a—1t,0),

S = FUOZ G = et + [ Zi(gutate+ £ OR (+ 5.0)ds;
I'Ceat) = I, (c20)Z, (c2040) JrJ.;Zg(c,E,z‘,)/l(chS,S*T)So(c‘+5,$)d{:,
PG = GHOZ e — e+ | ZolegiDate 55— 08 e+ 2.0)ds;
JQO(c,t) - J;Zg(c',é,t)g‘(c'+E,E)Io(c—f—é,é)dé, JR%C,z) - J;L(c,s,t)y(c—O—S,S)QU(c-i—S,S)ds,

|@ e = [ zcangeranrctaod |k e = |z ceoret aoQ et aod.

Hrp.F' (o),G' (o) i@ XLIHTBIBREL Fl (o) GE(),SE(O) I (0) , Qi () ,RE(e) (B =1,-,K) 4/ H
(F'(e),G' () = (F*(o), G () ye e [— s — ],m=1,-,N,_,

& it

Sﬁ(cvt) - Fﬁ(()Zl ((" 76’9t7f) +J1>21((,'ss’t’l')a(("—’_S?S)Rﬁ((‘+Sﬂg)dgv

Iﬁ((‘st) - Gﬁ((f)Zz(Cs *C?l‘) +J’ ZZ(C’Svt)A((TLEvS*T)Sf,(C‘FSyS)dSy

Q:,((at) — J:Z‘g(Cﬁgvt)g(Cstv{:)Ii((+5’g>d5’

Rﬁ(Ca[) = J:Z‘ (Cvsvl)y(C‘JFSaS)Qﬁ(CJFEsS)dEo

Hrrn =1, N, — 1;ERE F: (o) ,G' (o) AT N T Eam .
Bu€e [—cs—ct]B. 5 F(w .G (w) BIEIRH

At

F* (w) :J ' [b(c—u, —w)S" (co —w) +b(c—us—uw A —plc—u, — )" (c, —uw) +
“+u

4

by(c—u, —wQ "¢y —w) +b,(c—us, —uwR" " (c, —w]dc,

Atu
G?(M)ZJ plc—us—wby,(c—us,—w I (cy, —u)de;
Fu

a;

Mue [—d, = ]m, g Fi G G (w) IFRIEA N

Fi(uw) = J K (b (c—uy—wS" (¢, —u) +b,(c—uy — w1 —plc—u, —u)I*(c, —u) +
tu

a;

o 42



%2 EEW  BARE AR5 SIQRS f4 e 2 1

Atu
bi(c—us —wQ (co —uw)+b,(c—us — )R (¢, — u)]dCJrJ . (b (c—us —uw)S" (¢, —u) +

by(c—uy, — w1 — plce—u, —u)I*(co —uw) +b,(c—u,w)Q (¢, —u) +b,(c —uy, —wR (¢, —w)]dc,

5 At
plc—u, —wb,(c—u, —wI*(c, — u)dc+J . ple—u, —wb, (c—u, —wI*(c, —wdc;
tu »

‘0

% u 6 I:_Cf;v _C:\; ]:Ian = 3"”’Nr ij‘vﬁj‘/fgf‘ F:‘;(u)a(;ﬁ(u> E@%@ﬁﬁﬂﬂ

G (w) :J

a
1

I3

F ) :J T b e — s — w0 S e —w) + by (e — s — ) (1 — ple—us — u) I (s — u) +
“+u

by(c—uy, —wQ (¢co —uw) +b,(c—u, —uwR"(c, —uw) Jdc + EJ l: (b (c—uy —uw St (e, —uw) +
i=0Y 1
bg((‘*u,*u)(l*p(c*u,*u))[fvl(c‘,*u)+b3(c‘*u,*u)Qfﬂ(C,*u)—F

Atu
b, (c—us —uwR:, (¢, *u)]dc—l-J , (b (c—us —wS" ' (cy —w) +b,(c—us —u)(1—

ple—us—uDI"'"(cy —uw) +b,Cc—uy —w)Q "' (¢y —uw) +b,(c—us, —wR"" (¢, —w) ]dc,

G!(w) =J e — s — Wby (e —ur — w I (er —wde +

aytu

n—3 I3

>

A B CH3) JRSZ o AT 52 Ak 14 1 988 0 2 2 1Y) 5 o A% 48 A9 2 00 A s 46 PF (CHLD (H2) L I &R 48 (D)
A7 AEME— 1) 1% L2 AT B

3 ARGWIRLE

S K T RS R A A) 320 A ] S b oA A 4 1 B AR 2 T A A ) R T 1 TG 0 Y- 4 B b o -
i s R P

B HBIERG (D MR FEEL W 1 (avt) = pabi(a) =bivi=1,2,3.4,a(ast) =ar-glast) =g,
vast) = vy, plast) = posklast) = ko flasa’st) = B A IR a = 0 FFARHE I FRA% 00 18 fb 4 14 il
S(A,t) = 0,I(A,0) = 0,Q(A,1) = 0,R(A,1) = 0, I\ 755 3¢ T 4 2 A BEB I 14 9 28 M 0043 7 i

N/ () =— (uy —b)ON. () — kBN (t — )N, (1) + b, (1 — p)ON,(£) + by N, () + (b, +a)N, (1),

N, (1) =— (go + po — pob))N:() + kBN (ON (1 — 1) s

Atu
plc—us—wby,(c—u, —uw I (c, —u)chrJ cple—us —wb, (e —u, —wI*(c, —wde,

o

N, (1) =— (7 + )N, () + g, N, (1), 7
N, (t) == (ay + p)ON, (&) + 7, N, (D),
Wk 551
~A
N, (0) :J S, (@) das
A
N, (0) :J I, (a,t)da,
A
Nq(o) :J‘ Q()(a)da$
0
A
N, (0) :J Ry (&) da.
0
PN > ML N Nko 0 N NI N N e
SRS T AT O R = O S R ) R AP i E =
S0 2 o2

(0,0,0,0),34 R, >1 W}, REG (D AFAE— M E#r 5 E* (N N/ ,N, ,N;/ ), Ht,

o 43



BEIH 22 B 2 4 %039 &

N __ 8o +#2_P0/72 N* = by — )N/
! koo T e —b ~bsgoCaotp) 7080 (b tao) ’
o #e : (ao+p4)(70 +#3>
*:goN{‘ N* = Yo & N/
‘ Yo +/l? ’ " (0{0+/,L1)(70 +/13)0
0 HALY
by Pobe b3 g0 Cao ‘5—/1,1)—'—70;;0(6,1‘0—(10)
R, =—>1,R,=———<1.R;= <1
' 23 T 8ot ’ Cao tpu) Cro - ps) (go +ps —02)

BN, >0,N; >0,N,; >0,N, >0 f£1E .
FIE2 MNTAEE =02 R, <1.R,<<1 M w0, W FA S E, Bl .
IERR E, MRHIE TR R
At = b)) A+ go T2 = pob2) A+ vo + ) A+ a0 + ) =0, ®
o >01 s 8o pn = poby s B Ry <1 R, <<1 BT, WUARAE J5 72 (8) FAAE 4 A1 SEAR L B B J2 J5 3 7 3 A2
.
T A AR et F IR R G AT 2R AR B R AR AR A D 3 R A A M e S S R E M . X &R
45 (T VE St Ak b B4 51
L=~ (=)L) = kB[N L ()+NL,(t—0) ]+ —p)b, L, () +b,L, () + (b, +a) L, (1),
L ()=—(gy+po—pobDL; () +ko B[N/ L (O+N L, (t—20) ],
V/u)<yo+,13>1,q<t>+g01,,.<t>,
L/ ()=~ (ayTpu) L. () +yL,()=0,
% M, =b —m M= g0ty — by s My =7 T ps My = g0t — poby s M = AR ET B RAE T R
A +D X +D > +Da—M, e ¥+ (D, —M)HA*+(D,M;, —D)A—D, M, ]=0, (9
Hr,D,=MM,,D,=M,—M, ,D;=M,+M,,D,=M,M, ,D; =D, +D,+MM,M;",D;=D,D, —D, +
D, + (Dy+M,—b,(1— p,) )M, M,M; "' ,D. =D, D, — D, Dy + (M, M, +M, M, + M, M, — g,b; )M, M,M; ",
BEFORAIMTAERTHE =0 F1 c>0 WIS ML T E" BkasE k.
M oe=0 I, BRAE 7 FE ) fajfk Ny
A+ (D;—MD)OA+(Dy— D, — D, M)A+ (D, —D,D,—D,M)>A\—D, D, =0, (10)
M5 R >1,R,<<1,R,<<1 Worit, B4k D, >0,D,>0,D,>>0,D, >0 F ,ifl i 715 15
JDS—M4:M3+M5+M1(M4M51—1>>o,
Dy—D,—D,M, =M, (M, +M;) (M,M; ' —1)+M, M, M, ' M, +M, M, >0,
1D7—D2D4—D1M1=M1M3M3(M1Mgl—1)+M1M,1Mg] (M, (M;+M,) —g,b;) >0,
%
(D;—M,)(D;—D,—D,M,)(D; —D,D,—D,M,)—(D: —D,D,—D,M,)*—(D; —M,)*D, D, >0, (11)
MIARPE Routh-Hurwitz H 46 . FEAE 5 F2 (10) AR B 2L A 5236, B E- R diim fas . LA DLT i AR

o

Mo
I3 Y e=0 mf, FH B BT W) 3tb 75 55 - 6 555 Ja) 3 7 3 A
M >0 I R T R (O IEEA AR A= iw(w™>0) B T A AT FE(8) 143 B 52 5 H 1 &5 . 15
D;w—Ds o’ =sin(we) [ (D, +M,D,)w’ +D,D, 1—cos(wr)[M,o’ — (D, D, +D;M)w ],
{(M—Dﬁwz—cos<wr)[(D1JrMIDz)w2+D]D1]+sin(mr)[1\/[4w3—(DZD,I+D3MI)w]o
A r=a’ MAH

(12>

'+ (D —2Ds —M)x* +[D; —Di —2D; D; +M; (2D, —D3) Ja* +



2 ] TEW  HATRH AR 54 SIQRS & G i i 1

[D}(D}—3D;)+D:M; + D Jo— Di D} =0,

(x)=x'"+(D?—2Dy —M) ' +[D?— D} —2D;D; +M: (2D, — D) J2* +
[D?(D:—3D,)+D:M:+D:x—D?D?,
A R,<<1,R,<1,M]
D:—2D; —M;=M;+M: +M; (M, M, ' —1)"+2b,(1—p,) >0,
i 15
D} —D}—2D; D; +M: (2D, —D})>0,D% (D} —3D;) + DM +D? >0, (13)
R 5 IR A5 B0 0] 40 52 AR Lo — A IEAR 20538 o R Eiwy = £1 Vo, 85/ A2) i[5

1 iy Drom Do )LD, M. D))o + D, D I (0! = Diw ) [Miw’ = (D, D, +D:M)w] | 2kx
T [(D,+M,D,)o’+D,D, )’ +[M,o’ —(D,D,+D; D))’ wo

Hrh k=0,1,2,-, I, 2 <€ (0,7 I 7 2 (9) BYAT B AR X B ™ & 170925, B 77 ~F- 47 6 Jmy 78 ¥ e
T 32 r=10 BB Tiwe S0 T5 88 (9) AUAR S HA TS GO 5 102 e >0 B 0 J7 0 P O AR E 19
B E R A SRR DT R (DX e SR T A

() _3MA* 20,40, — (AN £ 3Dx* +2Dat D" o
de M A 0,2 +0,A>— D, DsA A
Wik — A
dA o VlﬁLVZ*Vs
R 4 ! =i = 9 3 27 27’
C{(df) }A o wo'[(Muuf)_02w6>2+(61w§+D1D4)']
Horp,

Vi=wi (0, —3M,w;) (M,w; —0,) — 2w 0, (w0, +D;D,) ,
V,=wi (M,w; —0,) (3Dsw; — D7) cos(wyt) —wi (Myw, —0:) (4wt —2D5) sin(wy 1) »
Vi=w,*(0,w; T+ D, D,) (4w —2D;) cos(wor) T wo (Ghwi + D, D) (3Dswi — Dy ) sin(w, ) .
DALY c=10 A= 1w, B BIRA

l/(l‘o) .
(M, wi — 0, 03)* + (01wt +DyDy)* }107“,; =0,

sign{Re(%) S — :sign{Re((jf'j_)fl Voo amia, — sign{

PR 5 T Hopf 43 SCE #8040 R #41.
BB A4 XA ML Y 0<Te<Tzo W 4775 1 A5 i J5) SR L AR 5 2 < € [0 7o JIN 3B 755 -
SR RS E 52 v=1o W AT 0 77 5 - A 25 AL 7 A Hopf 7032

4 gt

PR SCAE SCHRES Th S Al X [ A58 R (R AT it 25 8 T B R I LA R RS i O il S T — N BE
A7 Il AT 3 AR e STQRS BEAY L GIEW] T 3208 B AT I A 1) A7 7 1 A O — L OF A — R S5 PR R IET TR
o - A4 st R0 34 75 Y A4 ) JR) T AR E M SRR T Hopf 23 SO™ AR S8 F . IZIE TR Y « ol il
FHE o B R GE (D 2R RAGE MR ™ A2 Hopf 7332 [H e 45 J i i 2 JH BR AL P i B2 T Be. 340 i Ry
(2 18 2 nT LU HY o Bl 0 2 B3k % e 1) A 28007 5

& X X #k:
[1] AKIMENKO V V. Nonlinear age-structured models of polycyclic population dynamics with death
rates as power functions with exponent n[J]. Mathematics and computers in simulation,2017,133:

175 - 205.

o 45



T 27 B 2 4 %039 &

[2] ARENAS A J.GONZALEZ-PARRA G.DE LA ESPRIELLA N. Nonlinear dynamics of a new sea-
sonal epidemiological model with age-structure and nonlinear incidence rate[ J ]. Computational and
applied mathematics,2021,40(2):1 - 27.

[3] LIXZ,YANG J.MARTCHEVA M. Age structured epidemic modeling[ M ]. Berne: Springer Na-
ture,2020.

[4] CAIY,KANG Y,BANERJEE M,et al. A stochastic SIRS epidemic model with infectious force un-
der intervention strategies[ ] ]. Journal of differential equations,2015,259(12) 7463 - 7502.

[5] KUMAR A. Mathematical analysis of a delayed epidemic model with nonlinear incidence and treat-
ment rates[ J ]. Journal of engineering mathematics,2019,115(1) .1 — 20.

[6] DE LA SEN M, ALONSO-QUESADA S,IBEAS A. On the stability of an SEIR epidemic model
with distributed time-delay and a general class of feedback vaccination rules[J]. Applied mathemat-
ics and computation,2015,270:953 — 976.

[7] WANG W. Global behavior of an SEIRS epidemic model with time delays[J]. Applied mathematics
letters,2002,15(4) :423 — 428.

[8] AKIMENKO V. An age-structured SIR epidemic model with fixed incubation period of infection
[J]. Computers & mathematics with applications,2017,73(7) ;1485 — 1504,

[9] HASSARD B D,KAZARINOFF N D,WAN Y H,et al. Theory and applications of Hopf bifurca-
tion[J]. SIAM review,1982,24(4) ;498 — 499.

Age-structured SIQRS Epidemic Model with Time Delay
WANG Xin-yu

(School o f Mathematics and Physics,Lanzhou Jiaotong University ,Lanzhou 730070,China)

Abstract: In order to further analyze the characteristics of epidemic transmission and better control
the development of the epidemic,a SIQRS epidemic model with vertical transmission and time delay is es-
tablished. The existence and uniqueness of the traveling wave solution of the system are proved by using
the explicit recursive algorithm combined with the characteristic line method and Routh Hurwitz criteri-
on,and then the stability of the equilibrium point of the system is analyzed in order to find out the influ-
ence of delay on Hopf bifurcation. It is proved that controlling time delay is beneficial to eliminate the ep-
idemic.
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