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1% Jep iR 2 A Wy R vh — R M [ B R | DG A% Y B A T i I AR PR R 2
HRERZEFR " B4, Wang 1 Wu' " BFSE T — B Kermack-McKendrick #5547 3% fift (1) 7
FEME.L SRR TN AR AR SR R IS SIR & e B AL, Sk [ 13 109 T LA AEZR
PR AL AR iy SIR BB SR,

B, AREEAN SR R BISE T LA BAT A A AR R B SIR AL YL

8S(axt,t) =d,(J*S(x,t) = S(x,t)) = f(S(x,0))g(I(x,t =7)),
al(;ct,t) =dy(J*I(x,t) = I(x,0)) +f(S(x,t))g(I(x,t —7)) —yI(x,t), (1)
aR(;,t) =d,(J*R(x,t) - R(x,0)) +yI(x,1),

Holrd, > 00i=1,2,3) AT HER, y FRKEHE,r = 0 FRBR MR, T+ u(x,0)
JERTF S ] w FR BT # S (o) = S(a,t) , J#1Cx,t) =1(x,0) , J % R(x,0) =R(x,1) 433
SR SR R W BB R T, S g R A

(H1) f, 2 € C((0, + ), (0, +)), f(0)=g(0)=0,f'(S) >0, ¥VS=0,Hg'(I)
> 0,g"(I) <0,YI=0;
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(H2) J & C'(R), J(x) = J(=x) 20, [ Jx)de =1 HJ BATEHE,

TESAE(HL) F1(H2) F, AREEAZFE R EI T ¢ > max{c” , (3/2)d,o,}, R, =
(F(S_)Ng'(0))/y > 1B, RE(1)FFAEW R FZAMES( -0 )=S_, I( £ ) =0 BT,
HEFTHR <1EHHR, > 1,0 <c<c” B, RE() AMEETHEMBHEE, Hb o, =

S IOyt dy BER, Zhang SRS T RGEC) WOFTIRIOTAEREREL, L1

Schauder A3 5 2 FRAIXGA Laplace ZE 8Ny T R G0 (1) W4T IR IAEAEE 5 ANAEAE . SCRk
(14 RAERARERE (B ¢ > max{c™, (3/2)d,o,}) KU TFHRRNRG (1) AT HAETE
PR, SCER[ 15 1R AE/IMERE R E (BT ¢ > ¢ ) S50 P AR i AA e e AR, SCHR[ 14-15 1%
AVHE S ¢ = ™ I, RGE(1) AT RAFEPERIBL AT AR, SO BRSETE e > ¢
TR E AR, 12 ¢ = ¢ BT ETHER D, Mg T
S CHR[9,16-18], Horf Wul '™ 7E Fu %5 BF5T MEERE 1, 38 T LA R BERING S i A7 e b

aS(t)
ot =d[ S,‘+|(t) +Sj-1<l) - ZSJ(I) ] _st(t)lj(t)’
(2)
al(1)
I R ORY MOEETOIRY MOV OESTOP

Wu' SER R (2) LA S, IR TR ¢ > o A PATEOR AR, i
B2 ¢ =" BATHMAAENEBOR , Yang S5 R HISCHR] 18t Jr e oy 1 LA R A LI 37t
W AR

as(axt,t) =d,(J*S(x,t) - S(x,t)) = BS(x,t)(x,1),
(3)
al(;,t) =dy(J#I(x,t) = I(x,0)) +BS(x,t)[(x,t) —yI(x,t).

EREE, REG)RALE) B—DR0], I ARER RGE (1) R BATAEEAT I FEOE 91T
Befir IR E R,

HTWERGE (1) B A, R HIRRGE () T RE (M TRE(D) BWE =40k
HIAN T ERAZEH) .
B g (s e = Sen) = fS(r)eliet = 7).
al(x,t) (4)
m’ =d,(J#1(x,t) = 1(x,1)) +f(S(x,0))g(I(x,t = 7)) —yl(x,t).

A (S(x+et) I(x+ct))=(S(z) ,1(2)), P z=ux + o FHAUARGE(4) Al A3 0N AR AYAT
WAL
e8'(z) =d,(J*S5(z) =S5(2)) = f(5(2))g(I(z =cT)),

5
ol'(z) =dy(J*1(z) = 1(2)) +f(S(2))g(U(z —eT)) = vI(2), )

Horpi R
(S,)(=o)=(S_,,0), I(+o)=0, (6)

H STE + oo AERYIER AR,
BAE, % f(S_.)g' (0) >y, & L/ MEREHE .
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L Iy = dy + (5D (017 —y
<N A

RSCEICHRL 1718 e, EBORRGE(4) % ¢ = o WTTUARAO A AERE LI, ¥H)
FUIAERED] 1A 1, JERUR 11047 SERICIEE ¢ > o° WRIERIDAEAERE FR I o
> o WHREIAFAERER SEIG FOEIAFPERE AR | PR R, XU ERE R,

LA 2, ST 14 AERE T FS MR AEEERT | KRS 1 PRI T 5
AT, TSR SCRT 17-18 PP E , 7R U B0 A AT AERTE T 1 %5
P, HETTALSE T % ¢ > o BRI 0E i PR HR AL g HORETR OB, (6T
11 AT R, REVIAI 5 30K 17-18] 2 ARG,

ARIYSHAT 5 1 B9 < > o” RHTUAISA TS 502 WO = nbri
R FEHE 3 148 SLIKE I RE T BRSO 28R LIS 312 S B

1 AT fi A Ak

A EBEMR ARG (4) TR MA S STk 1417175, B R, > 1 Fllc > "I, RS
(4) FEEI 0 < S < S_, 1 > 0 fIfR(S,1), HS(-w)=S_,,I(-x)=0.

SIIE 1 R (S,]) BREREG)IHEN e > ¢ BITHMHEO0 < S < S__,T > 0, WK%

1G=y) | 8z =er)) |I'(2)
o = o) | R B

TERR Fde, RT(S) B A R R IR 1,
I IG-p) o fSE)eU=er))
f]( ) 1(z) dy = d, + 1(2)
M0 <8 < s i /A [ o TG0 ay SO

( ) 1(z)
K.
%Tﬁ@@m Wulz) =1'/I M =(d, +y)/c ME(7) K
dp G-y f(S())e((z = er)) _
u(z) = fJ<> e S

S8z =er))
cl(z)

(7)

c

jszJ(y)efj_}lt(“)‘Lde _
d .
TZJR](Y)eL H(X)dxd:y e
d, z | |
ic K :T M G(z) = exp(#z + f u(s)ds) L W G(2) XT 2 kS, A

G'(2)=(u+u(2)G(z) = Kjkj(y)efi""“)dsayc(z) > 0. (8)

LA G(z) AR Hlim_ ., G(2)=0.H 4% #F(Hz)ﬁ%u, r > 0, H i r 2 supp J HI2ERR R,
o < 2r, < r.Xﬂ‘jﬁfi(g)U\ - Fz *D/\

C(z) =« fRJ<y>efi”“w‘dyc(x)dx -
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KJ‘R](y)e‘”’fiw G(x — y)dxdy =
KjR](y)e’”f;r G(x —y)dxdy =

k| I 6 =y = 1)y,

0 .G<z_ro_ )
Jiw](y)emTﬂ

SRIG, ROTRR(8) KT Mz = ry B 2 B3, AT AR

G(z) —G(z-r1ry—y) = Kf; fRJ(y)eEi’#“)d‘dyG(x)dx =

dy < (kry) ",

Kj ](y)e”"f G(x —y)dxdy =
R z=rg
~2rg ,
kro| TGz~ 1y~ ) dy =
-2rg
Kroj J(y)edyG(z +r1,) .
-2rg
HAr > 2r, *ﬂf J(y)edy > 0 H
1

*27‘0 b
kro| " TC)edy

FRUA, XHMEEM E e R, B
G(z+ry) <w,6(z).

a)o =

T
Z = G(z -
fRJ(y) I(I<z>y) dy = fRJ(y)e’“ <G(z)y>d
Zi430(9) A (10) AT F
fRJ(y) 1(;(;)@ dy =
0 G(z - e G(z -
[ o 0y [T e S0 0y <
[ e Ce Dy [T <
0 G Z =Ty — ) +o0 /
wofw1<y>e”<0(z)ydy+JO T e dy <

w +o
S [y
Kr, 0

M G(z) AR, i
G(z) =2G(z—-cT).
G

(9)

(10)
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exp(,uz + j u(s )ds) = exp(,uz - per + jo u(s)ds) ,
exp(,um' - f; u(s)ds) =1,
5]l
exp([_”u(s)ds) < exp(uer) . (11)

HAPE(HL) AL SHEEM e [0,0(z-c)], A
f(5(2))gU(z = et)) _f(S(2))g(U(z = em)) I(z —eT) _

I(z) - I(z —cT) I(z)
gz =cr)) (p _
f(wa)mexp(L_wu(s)ds)\
SS_.) g (0)exp(per),
Iy
MSEDEIE D) < expuer) £5.0¢'00)
e LA

z - d2 €X ¢
lu(z) | < Kf J(y) ]<1( )y) dy + :7 + p<c“7>f<s,w)g'<0).

O

-y)
mit, [ s RN HIES

THABILA5 B ﬂ%ﬂifﬁ 1 1A .

I3 2 fEHlc, € (¢",c” +1) H (¢,,S,,1,) ZEREG(5)WHEN ¢ =c, FI—IFINTTHE,
HO<S, <S_., I > 0WHRAFHE—DTFI 2z, ) HFYE—+ 0 B 1(2,) =+, WS, (z)
— 0.

IERR OB MBS, WAE—NTFE {2, (T3 2, FR) i3 S, (z,) = &, K
H ke Nfle > 0.H3(5) EE—DHRE, A5 S,(2) <2d,S_,/¢" B, S,(2) =&/2, V2
€[z, -8,z UG 145, fFESKL > 02! I/, < LA, ¥MIEKEe N, A

1,(z) { < [ (s ) } Lo

[0 R U NS Rl A
Mk—+ o B, I,(z,) >+ o, N

I(z) = eI (z,) >+ .

I.(z) B = I(s) = ol
[k<Z_CT)_exp{fz—cr 1.(s) ds} S

Hit, ¥k—>+ o, H

Lmln I(z=ct) = e ™I(z) =e eI (z) >+ .
1702k ]

Vze[z,-6,z].

NN

EE
g(l(z=c1)) —g(0)
I(z=c1) -0

=g'(t,), tye [ 0, (z=cT)].
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MRAESRAE(HD) ATHIO < g'([(z —¢7)) < g'(1,) < g'(0) JUH(5) BEE—"IrfEfs

’ 2d,S_. e ,
max Si(z) < e —](ng(to)[k(z—m‘) —— o,

zel z-8,2,
x5S, (2) <S_, FIE.AERE. ]

S 3 #5 (S,]) RRG(S) WA e > ¢ BFAIFTIEME 0 < S(¢) <S_,., >0, Wlf
lim sup, ,,, 1(z) =+ o JBA lim_,, I(z) =+ o .

ER B m = lim inf ., 1(z) <+ e JUFFAESI {2, } )7 W R lim, 2, =+ o Fi
I(z,) > m. B, SHMEEME e N, HI(z,) <m+ 1.

P XDk e NBRBFE—N Ry, € [z,,5 + L] 8 1(y,) =max ., .., ().
MM lim sup, ,, I(z) =+ o, WM k—+ 0 Bf, I(y,) —+ o JHNL, ZE5IF 1 A ERH
B, UL, METER E e N, H1(y,) > (m+ 1)e", Her & supp J BERIA, H1y -
y, | < i A
](J’k)_ . (I’k I'(z)

dz) <e”, VYkeN,

= exp
I()’) y 1(2)
a5 [y, —r,y, + 1] C (2,2, + 1) AL, HX(5) E AR5 H
0=cl'(y,) =
dszJ(Y)(I(yk —y) = 1(y))dy +f(S(y,))g(U(y, —em)) —yI(y,) <
SCSCy ) ) gy, —em)) —yI(y,) . (12)

i lim, ., I(y,) =+ o FIGIE 2, FFlAlim, ., S(y,) = 0.5k, lim_,, I(z) =+ » JjE8. O
513 4" Bi% e >0, B(+) B—MELRENEE B( 2o ) = lim_,,_ B(z) .2 Z(z) N
— >R pR AR L
cZ(z) = f Jj(y)efj'«"z(.wdsdy +B(z).
K, 7 B—BOE2M—BCA FE, ¢ = lim_ , Z(2) FAAEH R
W= Jedy s B(2e)  (j=1.2)
[RFIEAR.
EIEA EERE (S, ARG (S)WHEN e > ¢ WHFTIHME S(-w)=S__,1 >0, N
I7E R FA 5.
IERR ROEEBE T7ER EEF, W lim sup, ., I(z) =+ o JRILHTIF2 FI5 B3, 7145
I(+®o)=+o MS(+0o)=0.
Cu(x) =1 (x)/1(x) JF(5) B A B REMBFEERL 1, WA
d - d -
u(2) =72JR‘M) 1(z - y) PRI L J(S(2))e(I(z —eT)) _

I1(z) Y c 1(2)
A S(+0)=0MS(—ow)=S__ FrLAHGIHE 4 0[5 lim,_,,_ u(z) /776, HiE
dQ(fR](y)e_”dy—l)—cx\ —y =0. (13)

h(c,A) Zdz(fRJ(y)e_Mdy - 1) -cA —vy.
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H, h W2 h(0,c)=—y < 0 H
oh *h
— =-¢ <0, =
A, o Y
BT FE (13) 7 AEME—IIEM A o A 1(2) > 0 Flllim_,_ I(z) =+ o ,Htlim_ . u(z) =0,
Mlim_, u(z) = A HICHER[14], AT I(2) < ', HHP0 <A, < A, BT

dzfi:J(y)e’“dy —dy —cd +f(S_)g'(0)e™ -y =0 (14)
FPIAFFIEAR K A, AT (14) , R4S

dzj*“,](y)e‘mdy —d, —ch, -y == f(S_)g'(0)e™ <0,
B0 < A, < Ay < AgBRlim,.,_6(=) = A, WTHEAE = F1 L2

[(z) = Le' o2/

EE A, < (A, +A,) 2 FJEJALL, 1/ R AEE. .

TERNSCHER] 14 ] AR ey, RS 1A F R T R4 AT I BH 25 AR uE .

2 WRR, > 1He > " HAN(S) FAEATHME(S(2) 1(2)) R0 < S(2) <
S.,0<I(z),S(+®o)=0 <S(-w)=S__, MI(+w)=0,Hi o > 0K

[5Gz = er))de <+, [ 1) <+ .

UERA i SCHRL 14 )R B 2.1, AR (5) AATE—E (S(2),1(2)) HWRE 0 < S(2) <
S.,0<I(z),S(+w)=0,8(-0)=S _ HMI(+0)=05TEMe,veR, A

fj“*s@') - 8(2))dz =

dszf(mze’”dy >0, lim h(A,0) =+ % .

fffiifwsw =) = S(v) Jdydé =
- jjﬁ:“”ﬁ;s’(v = ty) didydé =

[0 1300 = 1) = 506 = 1)1 dudy.
At

Uj(]*S(z) - S(z))dz| < ZS_mJi:J(}/) |yl dy:=C,
FIRSL(S) H— M v B o BUR, TT78
[rs)eiCz = er) yde =
4 [ (J%8(:) = 8(:))dz + eS(v) - eS(@) < dyCy + 265, .
i )
fRﬂS(z))g(I(z —er))dz <+ o0,
R (=) A5, FREE TSRO A5 1(2) < M G R (5) B — AT M ¢ 5l BUY , A1
v 1) = ] 1) (=) [ L10n = 03) =102 = 61 a6y +

[Asatitz = eryds = etitm) - 10)) . (15)
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At

yj:uzmz < 2d2MfRJ<y) =yl dy + fRf(S(z) Ya(I(z = er))dz + 2¢M.
fir A

le(z>d§ <+,

HRI(z) FER AR, Bk, (S M A FREAE I'(2) | <+ o0 HI(+o)=0.5
i, BT CHR[ 147, Al S(+ ) =0, Hd o > 0., EH 2 M7 R, O
2 I FBA T AR A
KEHEE Y c=c” MR, > 1 B, RGL(S) WATHARAAAENESS TIERY ¢ = o™ I BYF T %
(I FEAERE S R5E TS {c, ) (R lim, e, =¢" ARt BB, e [ ,e” +1]
H(S,, 1) 72X (5) BATH#.
5|15 {/,} fER AR
IERR BOIEE B AL WAFAE— T8 {2, ) (85 k—+ oo I, H 1,(z,) >+ .
I3 2 71}, S,(z,) — 0. XFERXHF—Ak, ¥HL(20)=0H1,(2) ARHIL, B (2,)
=maxg/,(z) JU I'(z,) = 0. KL
0=cl\(z)=
@ JO) Uz =) = 1)) dy + (8,20 (L5 = en)) = y1(2) <
f(8(z))g(I(z, —c7)) =yl (3,) .
XE SR kPG, ST} R—30E R, O
EE3 BER, > 1 flc=c" JUFFE(S) FAAHEITIEM(S, (2),1,(2)) R0 <S,(2) <
S, 1.(z2) >0,S,(-)=S__ MI,(+0)=0, Hf o =0.
WA e <c, <™ +1, ITLI0 < S.(2) <S_, MO <[ (z) <+o JFH,S,(-)
=S ,I(+0)=0MS(+w)=c <S__ . XHH(S,,I,) HE

¢ Si(2) = dlfRJ(y) (S:(z = y) = 8,(2))dy = f(5,(2))g(U,(z = 47) ),

odi(2) = 1) (= = 9) = 1,())dy + (16)
SN gz = em)) = Y1() -
XFE(16) BUEHE AT AE R LARSY, Al4s

[ U@ a = am)) =yl dz =0,

Iy
. yI,(2)

:lillf;f(sk(z)) < m, Vi eZ.

A /1L < K FZAR(HL) , Hik

. y1,(z) B

zlillfl‘ f(8(2)) < gl (z-¢T1)) -
1,(z2) [,(z = ¢,7) < 7tk 1
TG -em) e =) 7 £ @)

Vie [0,[(z-cT)].
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SN I JE—BA R, TR — DR 7% 1,(z = er) < M LA

inf f(S,(2)) < ye™™ R
HAAE (HL) AT A f(x) 2B H AS )g'(0) > v, WAAFTE 2, 2 f(S.(2,)) =
ye ' (1/g" (M) ) L3, TR £(S,(0)) =ye™ (1/g"(M)) XHHKO < S, <S_, H{l}
BB, UL, A SR, MR Arzela-Ascoli EH, Mk —+ o B, 7S, —S,
I, —1, 1 C. (R) a7 Hil e

.8 (z) =d|fRJ(y)(S*(z =y) =S.(2))dy = f(5.(2))g(l.(z = cT)),

@) =df T (G =y) = 1.(2)dy + a7
f(S.(2))g(l,(z=cm)) —yl.(2),
P
f(S*(O))z’yec*KTg,(l]W), 0$S*SS,°°,O$I* <+ o,
FMWUTFe>c A1, (+x)=0.
e, EM S, > 0EEE, BRIAERE y, € RIERE S, (y,) = 0 BGZ, M S, (y) = 0.
B, 5 (17) E"J%*/I\ﬁﬁﬁﬂfl{](y)&(y o= ¥)dy = 0. FTLLS, =0 HAS,) =015

f(S,(0)) FIEHI,S, > 0.
HW, EM 1, > 0JIER:, EAFE y e REAET. (y) = 0L BMIT S, (2) > 0 fiE
W, WA T, = 0. (17) B — AN
C*S'*(z)=d1fRJ(y)(S*(z —y) = S.(2))dy. (18)
i
H(v) := dl(jR](y)e_”dy - 1) -c'v.
ES bS]

o*H

oH
H(0)=0, —| =-¢" <0, ﬁzdnj J(y)y’e™dy > 0, limH(v) =+ = .
v 61) R >+

P, H(v) =0 A M40 Ao, X (18) SCHR[19] P PEBT3.6 Al S, (2) 7ER EA 5, W15

S.(z) = ¢, Hp ¢ e [0S ]. W f(S,.(0)) = ye " (1/g"(M)), F Ik f(C)

ye  (1/g (M) JEE, FRAS g (M) > ye ™™ >y BTLL, #Fp, < 0 ffifd
SCS_.) +ye ™M (1/g' (M)

S8, (2)) > 5 , Vé <p,
S.. e M (1/g" (M
f(Sk(pk>)=f< ) +y . (1/g"(M))

AT
PR, WA E— D IEWEC T, i3 p, = - T RIEE, Mk —+ o B, fip, >+ 0 JE
SCPIAS PR
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Ii(p, +z
U(2)=S,(p, +2), V,(3) = ip(p ) )

’ﬂ'JXﬂL—/I\k e N, ﬁ(U/c(z) ’Vk(z>) ﬁ’%}i‘
e, Ui(z) = dlfRJ(y)(Uk(z —y) —U(2))dy - f(U(2))g(L,(p, +z—cT)),

Yz e R.

Vi) = daf 1) (Vs =) = V(o) dy - (19)
g(l(z+p, —c7))
FU) == AN

3PS}

gl (z+p, —cT)) :g([k<z +p, —cT))

1,(p;) I(z+p, —cT) Uz =cr)=g"(t,)U(z =cT),

vtl € I:O’Ik<z + Py —c7r) ],
M (19) B2 A Ir il
¢, Vi.(2) :dZJR](y>(Vk(Z —y) =V (2))dy = f(U.(2))g'(t,)V,(z —eT) =¥V, (2).
Xy

I(z +p,) <o (%)
V,(z) = L exp(fpk 1.(x) dxj ,

N v.(z) # R ERB—E3E R RN TERN E e N,WH U(2) <S_, A, 8k —+ o
B, A U(2) > U, (2) MV(z) >V, (2), P U, (2) e CL(R),V, (2) € C..(R) .AN
lim, ., 1, (p,) =0, AU, (2),V,,(2)) i /&

CULE) =] T Uz =) = U2y, (20)

CVL@D = d[ T (Vi =y) =V @)dy +
FU (g OV, (z = er) =9V (2) s (21)
Hefblb, HiSCHRT 19T HHER 3.6 20 (19) BT U, (=) AL, T U, () = €, W, Hif
¢, RAFRH R Y

S_. e K (y/g" (M
FUA0)) =f(Su(pr)) =102 2(”'( 28

Fir A

S_. e K (y/g" (M
f(Um(z))=f( )+ 2(7g< )).

(U, (2) FRABIFE(21) 315
VL (2) = dszJ(y)(Vm(z —y) =V, (2))dy +

J(S_.) +e M (y/g' (M)
2

g (V. (z-c"7) —yV, (7).

4

Q) = dz(fRJ(y)e’X”dy - 1) - X +
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S(S_) +e M (y/g' (M)

g0 -y,

2
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QEE
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I(p, +2) _ ej”k”u/;(s)/zk(s))ds
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*
— Y :
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sy ST ey D)
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f(S*(—TO))Bf( 27 g'( )).
X5 £(S,(2)) = e My(1/g'"(M)) FJE.HI, AlfE1,(£) > 0.

FEFR,ATHES, (2) < S_, 7ER LGRS o (113 S, (@) =S_, LS, (@)
=0 HS, (@) e
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-f(S.(@))g(l. (@ -cT)).
X571, >0x)E.

e, WEM S, (- o) =S JSEIEMMERS ST 17 ]S e, (B T XER
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) {m, + e @ lim,_ .9, =— o Fllim, . S.(n,) =S Wr. & L%

d)n<x> 125*(x+0”,),¢"(x) ::[*<x+0n)9 X ER'
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n—+oo
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Hiftn e NNXHA S, (-w)=S, HJI(x)=J(-x), oI
[* [10) (.62 =90 = 500y =
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Existence of Critical Traveling Waves for Nonlocal
Dispersal SIR Models With Delay and
Nonlinear Incidence

ZHANG Qiu', CHEN Guangsheng'~
(1. School of Mathematics and Statistics, Xidian University,
Xi’an 710071, P.R.China;
2. College of Mathematics and Computer Science, Guangxi Science &

Technology Normal University, Laibin, Guangxi 546199, P.R.China)

Abstract: The existence of traveling wave solutions for nonlocal dispersal SIR epidemic models

with delay was studied. Firstly, the boundedness of / was proved by contradiction. Then ac-

cording to the boundedness of /, the existence of traveling waves with ¢ > ¢ was established.

Secondly, through further analysis of traveling waves with super-critical speeds, the existence

of traveling waves with the critical speed was derived. Finally, the influence of basic reproduc-

tion number R, on the existence of ¢ > ¢* was discussed.

Key words: traveling wave solution; critical wave speed; nonlocal dispersal; basic reproduc-

tion number
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