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Abstract: The existence of critical traveling wave solutions for a class of discrete diffusion SIR models with

nonlinear incidence and time delay were studied. Under the condition that the total population is not a constant,
=]

the upper and lower solutions method and the Schauder fixed point theorem were used to prove the existence of

tion, the asymptotic boundary of the critical traveling wave was obtained.

the solution on a finite interval. Furthermore, the existence of critical traveling wave solutions was proved on
the real number field through limit arguments. Finally, with the fluctuation lemma and the proof by contradic-
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AR e < e WEATIfg AR H SCTF-IF T S, RIVIBEE 25 T foe /N )47 DA A7 AEVE TARRIRS D
2016 4, Fu SFR YT — 28 A% 5 8 ) RGBT A Y B HCY B SIR AR

5,00 =d1S,0.(0) + 5,00 = 25,(0] = BS,(D1(0).
(1)
L = (D) + 1,00 = 20,0 ] +B8,(D1,(0) = ,(1) -

TESCHR[ 5], Fu 2538 1 v A B8 12502 B Schauder A3 AU EBLDL AR BRAVEAEUEH T ¢ > ¢ BTRSG(1)
TP R AAAENE  IF i — S B I TIE A T ¢ < " BT IR I ARAAAEVE AR AT I A A D T8 i 1 A 3
P DR I A 00 At B A7 A P I L A2 SCHiR [ 6 ] B9 &, W 7 A Fu 280 iR s 6k bl e R (1) h T
AT AL A BRIE AR T ¢ = ¢ RS () AT M MAAAEE S | Yang 551 R FISCHR[ 7 ] i 05 ik, BF
581 LA A ST A

%S(x,t) =d,(J*S(x,t) = S(x,t)) —=BS(x,t)I(x,t),
(2)
%I(x,t) =d,(J*I(x,t) = I(x,t)) +BS(x,t)[(x,t) —yI(x,t).

FEE BN D AR E E B, Shu 55 RS T BA —RARLIME R AR Y = 4 SIR 5L

%S(x,t) =d,AS(x,t) —o(S(x,t),I(x,t),R(x,t)),
%I(x,t) =d,Al(x,t) +@(S(x,t),I[(x,t) ,R(x,t)) = (y +8)I(x,t), (3)

d
FIR(x’t) =d,AR(x,t) +yI(x,t).

Shu 25 3 EAE A BB 03 1 42 Schauder 7531 A2 H0 TEDT T R55(3) MG AT IERAG 17
FEE IFRUIER: 5004 Laplace BN T R, < 1 8 c < o* MBI ATEEREAIR T o = c* BT
A AL P TR i

KT, AR S FIAT B 10 4 o BT U Laplace 55 A 10 Eol— AT S 0 % B
e, TG 0 SR 4 1 B2 [ 03 R B SEMe 2 W R, o 502 B BE ), B0
WESE T S SCHR 10-14] 5 SR 7 — BN AR BRI LA AR S5 LR, A SO T — 2
A A e e A B O SR B

5,00 =[S, (0) + 5,400 = 25,07 = f(S,() (1 =) R(0).

%In(t) =d,[1,.,(0) +1,(t) =20(e) ] +f(S.(¢),1(t =7),R (1)) = (y +8)[,(1), (4)

R = R0 + R (0) = R0 + 9,00
Her S, (¢),1,(¢) R, (t) 50 NFRIR T IR SR H IR AL S n FNE] ¢ AN VB FE 5 d,(i=1,2,3) 3R
TN SR RY BR B y RN E R E R 6 FOR PR FEUNSET R AR R AR (S, 1LR) T AL .

(A1) f(S,I,R) XTAH (S,1,R) HER i, HCTAR & S, 1 AR, & TA8 i R AR ).

(A2) f(S,I,R)/I < 9,f(S,0,0);/(S,I,R)=02HAL SI =0,

R T RGE(4)TE ¢ = ¢ WA AR 0 A7 70 1 S A TE 55 S A A7 R 1 5, B B F ik 5
Schauder A1 &5 %E BEUE R T A 46 AT 2 AT P DX ) b A2 e 1 5 LR 3l A A BR A 1845 S04 I8 A £ 28> S 8508
AFAE s 5 R SRS 5 i 5 | B 45 30 1 I A 5 I A A TG 55 3 Ak R 3 A T A

T BLAE R T SOk 7 ] el AR PR iR AR KRR R F R 48 (1) I LR ke A 3 Sk
[16] FhEIAS o> R G BAH B 2B | T R 5 (4) B P AR s 8 e O A E T R 55 (4).%
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SCHR[ 17 1B E &, RATRBLAT LA | R ##5 Schauder A3 5 5 BRI W5 I FLAT I i O AEAEME , 37T LA
e 3 = E By HL SIR A,

RSO ZERINR 1528, N T #kS Schauder A3l 5358 BRAR 1 T — AT 7] 25004 A 5 =2 05, g A
FRAGEAMBE T ¢ = ¢ BT ER LA A5, i — Sl e e A5 2] 7 17 0 19 1E M 517
B, XA SCHE T T A,

17 & R
A SO BAT IR IR
(S,.1,,R)(1)=(S,LR)(§), E=n+a,

RS
eS'(§) =d,[S(E+ 1) +5(§-1) =25(8) ] - Bf(S(&) ,1(§ —c7) ,R(E)),
o' (§) =d,[1(§ + 1) +1(& = 1) = 21(§) ] +B(S(&) I(§ —c7) R(£)) = (v +8)1(§), (5)
cR'(§) =d;[R(&+ 1) +R(E - 1) =2R(E) ] +vI(§),
A KA il A
S(=®) =8, [(=2)=0, R(-»)=0,
v(Sy = 5))
S(+oo)=S],I(+w)=0,R<+w>=W_

XFRGE(S) BUER —ANTTRAE (S,,0,0) WAL IFILI(E) = e, 15

A =d,(e* +e =2) +B3,f(S,,0,0)e™™ = (y +8§). (6)
5SCHR 18] BB 1 B 2.1 R HE 2.2 AHL, 45 H LR B~ 5 ] FL
511 4
(A, c)=d,(e* +e™ =2) —cA +B9,((S,,0,0)e™™ = (y +95). (7)

8% Ba, £(S,,0,0) >y + 8, WA NHE ™ > 0K A" >0, ffifs
QA" ,e")=0,(1" ") =0.
5|2 4
CD(/\,C)=C)\—d3(e'\ +et -2), (8)
WIXHEE ¢ > 0, TEEHELA > 0ffif3 A e (0,A) B, d(A,c) > 0.
2 ImAATI R
R TAEF4r, FEEE Ba, £(S,,0,0) >y +8,c=c".
2.1 #iEETRE
S(€) =Sy, 1(£) = - Mée*™*, R(§) = Ke*,
S(€) = max{Sy(1 - Me®),0}, I(§) =max{[ - ME - M,(-&)?]e* €0}, R(§) =0,
Hofar ol 1 AL =e'In M ¢ =- MEM > BUEEMK > 0,6, € (0,min{A,A"}) {fif5
"%fe“**z“ - ®(e,,c7) <O, Eehl,
IR R M, > 0 FIEHE/INMl e, > 0, fHif5 € < & B,
d,M,S,(2 = e —e™ ) +c e MS, +BM(E ¢ 1)d,f(S,,0,0)er " VEATTT =,
EX
Dlul(€)=u(E+1) +u(é-1) - 2u(é).
SII3 WMTLELAE LB e > 0,6, > 0 IKEBKRA M, > 0,M, > 0, RELS(€),S(&),1(¢),
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1(€) ,R(&) ,R(&) W2
DIST(E) —c"S'(&) - BAS(E) (£ -c"7),R(§)) <0, éeR, (9)
DIIT(E) =" T'(8) +BA(S(E) (€ -c" 1) ,R(E)) - (y+8)I(§) <0, &eR, (10)
DIRI(E) —c"R'(&) +yI(§) <0, ¢eR, (11)
DIST(&) =" S'(&) -BAS(E) (£ -c"1),R(&)) =0, E#E, (12)
DIIT(E) =" T'(&) +BAS(E) (€ -c"7),R(&)) = (y +8)I(§) =0, é#&,  (13)
DIRI(E) ¢ R'(§) +yI(£) =0, ¢ e R. (14)

iERR T(9)%H(14)ﬁﬁi‘zﬁijiﬁ?%%lﬂ%ﬁﬁlﬁ%ﬁlﬁ.
Step 1 XMEEM E e R, B I(E) =- Mé E1(£ = 1) =— M(& - 1)e*" €V [(& - ¢"71) =— M(& -
')t T T(E 1) < - M(E+ 1)t ¢V a1 5
d,D[T](&) =" I'(§) +Bf(S(£) (£ -c"7) ,R(£)) = (v +8)I(§) <
- MéerEQ(AT ¢t) - Me* (A7 ,eT) = 0.
Step 2 M1 1(&) ,R(&) W& XLIRBIFE 2 1 SHEEM & € RA
d D[R] (&) = c¢"R'(&) +yI(&) < K&zﬁ—ﬁ”gé“*ﬂﬁ - @(ez,c*)} <
Step 3 & > & BF,S(&) =0, AKX (12) BRI NIE € < & BENIUEE /MY e, e (0,47) LA
BRI M, > 0, 45 S(€) ,1(€) ,R(€) HIRE AT
d,D[S1(€) —c"S' (&) =PAS(&) I(é =c"7) ,R(§)) =
e[ dMSy(2 — e —e™ ) +c eMS, +BM(E —c 1), £(5,,0,0)et TV =,

Step 4 & > & B RER(13) AR AL T RFIE E < &, MIENBUEB R M, > 1 FEB/NT €,
e (0,e,) fHifF &, < & < 0, M Taylor & Hif5

1 1
(_§+1>I/2$(_§>1/2+7(_ ) -1/2 ( f )1/2$(_§>1/2_7<_§>—]/2’

2 2
(_g_l_c*q_)]/z < (_5)1/2 +%(_§)—1/2 _%(_§>_3/2 (c 7') ( f) -2
R (13) 0T
d,DT1(€) = I'(§) = (y +8)1(§) +Ba, f(5,,0,0)I(§ —c"7) =
B0, f(S4,0,0)I(£ =c"7) = B(S(&) (£ -c"7),R(§)). (15)
HF QA" ") =0,(A" ") =0, MR(15) W7z 2
d,D[1](&) =" I'(§) = (v +8)1(£) +Ba,[(5,,0,0)I(§ —c"7) =
BM,5, £(S,,0,0)" € [<8>< Ly <c16r> (_f)-m}_
HUTEM € e (0,0,£(5,,0,0)) , BEAFAE /NG ERE o, B0 < 1 < o B,

]L’[I’R) = 9,£(5,0,0) —e.

W20 <1 <o, A

Ba, [(85,0,0)I(£ =" 7) = Bf(S(E) I(£ =" 7) ,R(§)) <
[ B9, /(8,,0,0) =B(9,/(5,0,0) —e€) +(§-c"7)]". (16)
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M, >+ o, 140 < I(§) < 0,5(&€) — S, HTFAREX(16) XTI € T, W

Ba,(Sy,0,0)I(& =" 1) =BA(S(E),I(§—c"1),R(&)) S [I(¢-c"m)]P < [I(§-c"7)].
B2 (15) 40 T-E W]

A M, peens (¢7T)? -12 T
et sﬁﬁa,f(So,0,0)e T (-&) (2_5)' (17)
MM, —+ o B, (17) £ T 0, 70T o« , (13) AL, O
2.2 HWriEE
XN TS

0,={(d,0,) (&) € C([-X,X],BR*) | ¢(-X)=S(-X),0(-X)=1I(-X),
Y(—X)=R(-X),S(§) < (&) < S(&),I(&) < op(é) <I§),

R(£) <¢(€) <SR(E),Ee[-XX]},
Hor X >l=max{l & ,c"7,1} . BRO, B0 C([ -X,X],RY) LAvAEss A5 MMMEFER X [ - X
- LX +1] B HERM (,0,4) (6) € O, EX
d(X), €£=X, e(X), £=X, p(X), £=X,
b(&) = P(§), L El < X,
' [ R(§), €s<-X.

d(&),  TEI<X, p(¢)=10(&),  TEI<X, (&)=
S(&),  £s-X,
ST ENEe [-X -1, X+1], A
S(&) < b(&) <S(E), 1(£) < (&) <I(E), R(E) <P(é) <R(E).
X 1B LR R ]
S(E) =d[P(E+ 1) +P(E-1) —25(&)] - aS(&) +ad(¢) -
BI(b(&),p(6 -c"1),0(£)),
T(E) =dy[p(E+1) +p(£-1) - 20(£)] +
BI(b(&), (& —c 1), (£)) - (y +8)1(§),
CR(E =d[P(E+ 1) +P(£-1) —2R(E)] +yp(é),
S(-X)=S(-X), I(-X)=1(-X), R(-X)=R(-X),
Hirée [ -X,X],0 > B.HEMSITEIILH, R (18) FEAWM C'([ - X,X],RY) FAAFEME—E (S,(€),
L&) R (&), I BT IR R

—(2dy+a) (X+&)/c™ 1 ¢ +a &) /c*
$1(§) = S(= Xy D [ G (g0 ) (1) dn,

c -

1(¢), Es<-X,

(18)

* 1 ¢ +y+ =£)/c*
1(§) = 1(= X)e P/t 2 (Car o (g o) () dn, (19)

c

1 ¢ .
R(&) =~ O (o) (m)dm,

y
+

H(d,0p) (6)=d,[d(£+1) + (£~ 1)] +ad(¢) -
BA(H(E),p(£—c"7),p(£)),

Hy(d,@ ) (6)=dy[@(£+1) +p(£-1)] +
BA(E) (& - 1), (),

Hy(b,@,00) (&) =dy[d(E+ 1) +4(£ - 1)] +yp(§).
Fhﬂ:a >ﬁ, %B/Z% Hl((bs@sl//) %?¢i§§ﬁ,§éﬂ:¢’,¢ﬁis}]2(¢’,¢’¢) ﬁé?lﬂﬁnﬁ,ﬂ‘éﬂ:(ﬁa@ﬁ_@i,fk((ﬁ,ﬁos
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W) ET o U BERE(1)EXAET 7= (7,,9.9,):0, > C'([ - X,X],R*), L
T, ) (&) =S (&), T, ) (&) =1,(&), (b, ,4) (&) =R (&).
5184 B+ 9=(9.,%,%):0,— 0, E&ELLN.
R HIBIEE T 9= (7,,9,,7:):0,— 0, °X'_J-£EJ%:<¢5§D’¢>(§> € O, HAFIE
S(&) < Sy (&) <S(&), 1(&) SI(§) <I(€), R(E) SR(€) <SRE), Eel-XX].
HOH, (d,0,0) (&) HIRTEYELL KR (9) 15
d[(E+1) +(E - 1) =25(6)] —¢"S'(€) - aS(&) +ad(é) -
BAD(E) (& —c™ 1), (&) <
d,D[S](&) —¢"S'(€) —aS(€) +aS(€) - f(S(&),I(€ -¢ 1) ,R(§)) <0,
¢el-X,X],

¢"S'(€) +(2d, +a)S(E) = H (b0, ) (€), Eel[-XX].

Q Q - +a) (X+¢)/c* 1 (¢ +a) (n-§)/c*
$(6) 2 §(=X)e Py T O (0, ) () dn =

-X

- +a) (X+€)/c* L +a &) /c*
S(= Xyer Gty S GO (g ) () dn = S,(€),

Eel[-X,X].
il H (¢,e,0) (&) BPEMELI R (12) X ¢ e [-X,€,) U (&,,X] A
d[P(E+1) +d(£-1) —28(£)] —¢"S'(£) —aS(€) +ad(£) -
BA(D(E),@(£—c 7)., p(€)) =
d\D[S](£) = ¢ S'(£) —aS(€) +aS(é) - f(S(€),I(£ -c"7),R(£)) =0,

¢"S'(€) + (2, +a)S(¢) s H (b)) (&), §el[-X&) U (§,X].

1 ¢

§'<§> < §'( _ X)e—(2d1+a)()(+§)/6* + ?f_xe(2d1+a)(7l‘§>/c*Hl(d)’go’w) (n)d‘l’] — SX<§) ,

g € [_X’§1> U (§I’X:|°

1(§) = 1,(§), &el-XX],
!(‘f)glx(f), fe[—X,fz)U(fz,X],

R(&) <SR (&) <R(§), ¢el[-XX].

TR T T BB (S,(€) . 0,(6) ,R(£)) e C'([ - X,X],RY) Hili2:X(19) R4 S'\(€) .1
(&) ,R\(€) TERIXIE] [ - X,X] _FAFHYE Arzela-Ascoli BHH, BT 7 & EM. G IFHE T T &2 5T
B (b,0,0,) (€) € 0,(i=1,2), fFIEFHEC, i
LA (§),0,(& =" 1), (€)) —[(h,(€),0,(E —c"7) (&) |
C(lé, —d, 1+l o, =@, | +l &, =, 1),
Iy
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l H1(¢|7¢I’¢,1)(§) _H|(¢2’¢2’¢’2>(§) | <
(2d, + a +BC) gs?l—lp,x]l b, — ¢, | +BC§E?L_1BX]| @, — ¢, | +'Bcge?l—lp,x]| -, .

B2
L F(r,e,0) () — Ti(dy,0,,8,) (E) | <
2d, +a +BC C
2d, +a ge?u}?ﬂl 4 _¢2|+2d +a g Px %ng?‘ﬂ?,x}l b= 1)
L, B g, L FHEES 9, , 7, ELE. O

RSB 4 L Schauder NS AUE AL, T G AETERSE (S,,1,,R,) (£), MR ARG,
¢"SY(€) =d\ DS, J(E) = BAS(E) (€ ~¢"7) Ry(£)),
¢ I(E) = dy DI (E) +BAS(E) (€ =" 1) ,R(E)) = (v +8)1(€), (20)
¢ RY(E) = dDIRI(E) +yI(€) .
HxtéeEe [ -X+I1,X-11A
S(&) < Sy(§) < S(&), 1(§) < I(&) SI(&), R(§) S R(&) <R(E).
2.3 IGRITHBHTFEEE
EE1 % 9,/(S,,0,0) >y +8,c=c", ARG (S)FEAEATISR (S(E),I(E) ,R(E)) Wi/

S(§) < S(&) <S(&), 1(&) <I(§) <I(§), R(E) <SR() <R(§), ¢eR. (21)
MR IR (X, ) R X, > FE Y n ot o X, >+ @ (S, L], R, ) (&) REL
(20) W9 SHEE R ERI N e N, i TERELS(€) ,1(€) ,R(&) 16 [ - X\, X, ] LA BLF

{S0,(8) Foans UL (€) } uzns ARy (€) ) 2y, LSy (8) ,IX,,(f - c*r) Ry (6)) 1=y
TE [ - Xy, Xy ] E—BCA Rl AR5 (20) 15
{SY(E) ) oy, I (E) oy (R (E) ) on
E[ - Xy +1,Xy - 1] E—BERAINRGE(20) #7005, 15
(8% (&)} ooy {1 (E) ) ,ons AR (E)},2y
TE [ = Xy + 20,X, - 2] b —B0f 5l Arzela-Ascoli & ¥R HIAF1EF 4, 5iCh (S, },n, 1y }ocas
{Ry }oen, Bif Y n— oo W XMER (S,ILR)(§) € . (R) A
Sy (&) = S(&), Iy (&) = 1(&), Ry (§) = R(§) .
BRI (S(€),1(€) ,R(&)) ZFRG(5) Bfdfmi2=(21). ]
T HERFE ARG (5) AT IR TR T A T 1 UEWI LU 4
EIE2 XAEMHEES, > 0,8, >0, % 9,£(S,,0,0) >y +8,c=c", WARG(5) FAEIEFIEST
Bl (S(&),1(€) ,R(&)) Wi
(1)0 < S(&) < S,,I(¢£) >0,R(¢) >0,6 e R;
(M S(-o)=8,,I(-®)=0,R(—)=0;
@S(+ow)=S <S,,I(+x)=0;

@) (y +8) [ 1£)dg =B[ F(S(£) 1(§ = 7) R(£) )l =" (S, = $,);
(V) & lim sup, ,,, R(£) <+ o, MR(+o0w)=(y(S,-S,))/(y+8) H(S',I',R")( £ )=(0,0,0).
ERA Step 1 HBEM TAEEIE e REA 1(E) > 0IESE, BIRAFTIEE, e REE1(E,)=0,M1 (&)

= ORI RGE ) HEATTRARI(E, + 1) =1(€, - 1) = 0IF X FALEIEE n #04 1(€, - n) = 0. T4 T
EEE e (-,&),1(8) =1(€) >0, “AFEHMN, X ¢ e RAIE) > 0.KMUFIEMR S(€) > 0,R(&)

> 0. FiE S(&) < S, MEAFAETELE, 1875 S(E,) = S,,5"(£,) = 0. RS (5) W — AR
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0=d,D[S](&,) —c"S'"(&,) = BAS(E) (€, - 1) ,R(&,)) <
= Bf(Sy,I(€, = ¢"7) ,R(£,)) <0,
PR P ARG SRS E,S(€) < S, .
Step 2 H SETTIBMRAE -0 AL BWTE AT R AEZ(21) HR FHH R B, WIS (S,I,R) (- » ) =(S,,0,0).
TFAUEARTE +o0 AbAUWTUETT R 3 B 56 (5) 055 — A RAEIX ] [y,£] LHEFFRUY i 75

B[ 1(S(n) (= ¢*7) R i =

dlfD[S](n)dn e[Sy < (4d, + 2008,
Gt S(6) I(E) R(E) 6 B LRYERE 1
[ rs@) ace - R(@))de < o
X RG(5) AT BRIEXN [y,&] L, 5
f(y +8)I(n)dn < (4d, + 2¢)1, + (4d, +2¢)S,,

SO 1, = supy o 10) JFAER L 1(8) > 0] 1(6)dE < e A I'(£) R L i9—F0 e, T

FI(+ ) =0,
FUE S(+ o) =S, FIHRAED BB lim sup, .., S(&) > lim inf, ., S(&) HRIEW T IH" HAELER

NIFIN AE, S vers A0S ey TR n—+ o B E m, —+ o, i1

31:2 S(¢,) = li?lf,ilp S(¢) =n,, }LILI S(n,) = li§r2+iwnf5(§) =n, < n,. (22)
ic

S.(y)=S8(n, +y), L(y)=1(n, +y), R(y) =R(n,+y), yek, (23)
HTI(+0)=0, W n—o B (y)—0. MR (21) IRRSG(5) S — DT FH S(£),5'(£),8"(¢) TE
R F—80H FLHIESE C, (R ) FAFETFS] o, 13 n, —+ o BF,S, (y) =S, (y) LUK S, (0) =n,.HX
(22) LR ARGE(5) B3 — DI A

'S (y)=d, D[S, ](y) =BAS(y) . I(y —¢"7),R(y)), yeR. (24)
X2 (24 ) Y R i BOR PR A

¢'S,.(y)=d,D[S,](y), yeR. (25)
MR SCER 16, 2 X

S.(y)=a, +a,e”, yeR, (26)

Hva,,a, WEE p Fd (" +e” =2) —cp =0 MM TERFHTEEIR S, () AH, W a, = 0. K1,
S.(y)=a, =S,(0) =n,, ATE C, (R ) =[] LA

}1:2 S(n, +y)=n,. (27)
BT lim, ., S(£, +y) =n, JEFHAREGE(S) W5 —ATTEACIKE] [,,€,] IR IR (27)
BIJ Leshegue Fi sl BT 8

0 <c'(n, —ny)=

€0 &0
4, Tim [ T[S+ 1) + (& = 1) = 25(6) 1dé = lim [ BA(S(£) (¢ = ¢"7) R(£))dé = 0.

FIE I S(+ 00 ) FEAE,ICHN S, . FIES, < S, HAxF & € RIGE S(E) < Sy, WA S, <8, FHRIFE,
BB S, = S,, FEMRSE(S) M —ATr B B LATBUY 18

0=c"(S,-8,)=

dIJi:[S(f F1) +S(¢-1) - 25(8) Jd¢ _J:gﬂs(g),[(g o) R(E))AE <0,
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FEAEPEJALL, S(+ @) =S5, < S,.

B JEE B AR Tim sup, ., R(€) < o JFAR(+ 0 )=(8(S,=8,))/(8 +y) .5 LBUEIARZERL, Bk
lim sup, ., R(&) > lim inf, , R(¢) CHSCERLIS AL AFAE I TN (L, ) gy 1V, g R n—+ o
., v, >+ o, fiiff

lim R({,) ==li§n sup R(¢) =n,, limR(v,) =:li§m inf R(§) =n, < n,. (28)
5 _ERig e, i1
limR({, +y) =n,, limR(v, +y) =n,. (29)

XERGE(5) 95 = AITRAEIRIL (£,,0,] EHATBUMES n >t o, 14
0<c'(ny—ny)=
{n n
dy lim["[R(E + 1) + R = 1) = 2R(£) ] d€ ~ lim | "y1(£)d€ = 0,
PP L R+ o0 ) AETEFEXEREE(S) B9 —AITRAE B 10T B 1
¢ (8, =80 =B] fS(E) 1 = ") R()) e
XERG(S) S AR B LTS 8

[+ o)1erde =B[ f(3(6) 16 e m) R(EIE =" (5, - 5)) - (30)
XERSE(S) W50 = AR B LY, T4 (2 (30) 1
Y<So _Sl>
R(+ o« ) ZW.
Step 3 JRJFXTRSE(S) AT BIRBKBL (5.1 R) (£) = (0,0,0) . O

3 & z5

ASANEF B TR — B EA AL Az A RN (9 = 2 2 B 101 G AR ) i A T e > e =
¢, B3, f(S,,0,0) >y +8 B it TE I FIFES S Schauder AS3 i e B DL AR FREAEGIER TR FL L IE
o] A AT AEAE T, Z SRR s S s 5 | BRAIE ST 1 AT e (0 i A7 Ry T G AT B Al AN A7 e
DL —1 X R T — 2D E i e [m)

2 2% 3k ( References) .

[1] HOSONO Y, ILYAS B. Traveling waves for a simple diffusive epidemic model[ J]. Mathematical Models and
Methods in Applied Sciences, 1995, 5(7) : 935-966.

[2] BAIZ G, WU S L. Traveling waves in a delayed SIR epidemic model with nonlinear incidence[ J]. Applied
Mathematics and Computation, 2015, 263, 221-232.

[3] WANG X X, WANG HY, WU J H. Traveling waves of diffusive predator-prey system: disease outbreak propa-
gation[ J |. Discrete and Continuous Dynamical Systems(Series A) , 2015, 32(9) : 3303-3324.

[4] WANG HY, WANG X S. Traveling wave phenomena in a Kermack-McKendrick SIR model[ J]. Journal of Dy-
namics and Differential Equations, 2016, 28. 143-166.

[5] FUSC, GUOJS, WU C C. Traveling wave solutions for a discrete diffusive epidemic model[ J]. Journal of
Nonlinear Science, 2016, 31(10) . 1739-1751.

[6] CHEN Y Y, GUO J S, HAMEL F. Traveling waves for a lattice dynamical system arising in a diffusive endemic
model[ J]. Nonlinearity, 2016, 30(6) : 2334-2359.

[7] WU C C. Existence of traveling waves with the critical speed for a discrete diffusive epidemic model[ J]. Jour-
nal of Differential Equations, 2017, 262(1) . 272-282.

[8] YANG FY, LI WT. Traveling waves in a nonlocal dispersal SIR model with critical wave speed[ J |. Journal of



1326 A R~ G SO | ) = 2021 4F 2 42 &

B

Mathematical Analysis and Applications, 2017, 458(3) . 1131-1146.

[9] SHU HY, PAN X J, WANG X S, et al. Traveling waves in epidemic models: non-monotone diffusive systems
with non-monotone incidence rates[ J |. Journal of Dynamics and Differential Equations, 2018, 31. 883-901.

[10] SAN X F, WANG Z C. Traveling waves for a two-group epidemic model with latent period in a patchy environ-
ment[ J]. Journal of Mathematical Analysis and Applications, 2019, 475(2) . 1502-1531.

[11] SAN X F, SUN J W. Spreading speed for an epidemic model with time delay in a patchy environment[ J ]. Pro-
ceedings of the American Mathematical Society, 2021, 149. 739-746.

[12] ZHANG R, WANG J L, LIU S Q. Traveling wave solutions for a class of discrete diffusive SIR epidemic model
[J]. Journal of Nonlinear Science, 2021, 31(1) . 1-33.

[13] ZHOU J B, SONG LY, WEI J D. Mixed types of waves in a discrete diffusive epidemic model with nonlinear
incidence and time delay[ J]. Journal of Differential Equations, 2020, 268(8) . 4491-4524.

[14] WEIJ D, ZHOU J B, ZHEN Z L, et al. Super-critical and critical traveling waves in a three-component de-
layed disease system with mixed diffusion[ J]. Journal of Computational and Applied Mathematics, 2020,
367. 112451.

[15] WU JH, ZOU X F. Traveling wave front solutions in reaction-diffusion systems with delay[ J |. Journal of Dy-
namics and Differential Equations, 2001, 13. 651-687.

[16] CHEN X F, GUO J S. Uniqueness and existence of traveling waves for discrete quasilinear monostable dynam-
ics[ J]. Mathematische Annalen, 2003, 326 123-146.

[17] FU S C. Traveling waves for a diffusive SIR model with delay[ J]|. Journal of Mathematical Analysis and Ap-
plications, 2016, 435(1) . 20-37.

[18] WEIJ D, ZHEN Z L, ZHOU J B, et al. Traveling waves for a discrete diffusion epidemic model with delay[ J].
Taiwanese Journal of Mathematics, 2021, 25(4) . 831-866.



