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(y,t)€R%[0,T) (y,t)er2x[o,T] P
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— =H(t,w , W , ye0),t>0,
at p ( ) ( 2 ) ( )

0w, o) = ct, ol oY), ye ), t>0
a ( )

ow®) dy (k) (k) (k=1)  (k—1)
=L _ s Awy + Miwy = H(tw, wy ), y€£2(0),t>0,
31(% ) P2(t)

dw’ da k k k— k— (28)
o~ Ml = Gt wl ),y e ), t>0,

ow™  ow®  owl  owl

==1 = =222 _ 902(0), t >0

o an an an , y € 092(0), t >0,

w1 (y,0) =@V (5, T), W (y,0) =@y V(, T),  ye 20),
wi®(y,0) = w* V(4 T), wh (4,0) = w VT,  ye R0),

ok = 1,2, AR SCER[B0] K E A, Bk AR R (28) 13 31 Ly 5w, wi ) AR g

1 (wf* ,wé’“’)/ﬁ&ﬁﬂ??@%
(i wf”) < ("™ ") < (g wy) <

e (29)
@ m") < @ el ) < @, @),
TR EFRAE HILP FE Y *DSobolevﬁi’J\%@[gl AT 51 2
(@, @), (™, wi?)) € C21(2(0) x (0,00)) N C(R(0) x [0,00)).
S 5 K (20) AT I KM IR
Jim @ @) = (@1,w2), lim (), wi") = (wy,w,) (30)
TEAE AR
(i, w”) < (™ w" ) < () ws”) < () < 31)
(@1, @) < @, @) < (@, wd ) < @, o)
bl
% - p;l(lt)Awl — h(@2) — )T — Z’Eg)wl, y € 2(0), t >0,
% - pfé)Awg — g(®@1) — B(t)w2 — ”pp(f))wa, y € 2(0), t>0,
0 d o(t
O st = b)) — a0, - 2wy e 0), 150
0 d H(t
T = g Ay = glan) ~ A0, — ",y e 200 00,
owy  Ow; 0wy Owy
Tn = = n = on =0, y € 002(0), t >0,
wl(yvo) = E1(y7 ) w2(y7 ) - EQ(yaT)v Yy € “Q(O)v
w1<ya0):w1(ya )7 w2(y’ )—’LUQ(?],T), ye Q( )
)

A& SCHR[30], (w1, w2) T (wy, wo) A& [ AR (19) IS FLSLT-JA I, v (w1, wa) 9 B K IET- A 39
fi#, (w,, wy) NE/INIET-F HIfE.

SR8 (W1, W) (3, 0) = (wy, wy) (y, OV IS IL, 44 1 B8 (10) B HE— M HILLAEL 1R, WI44 4% 1
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P (wr, w2)(y, 0) = (wi.0(y), wa.o(y)), FIFHIETHIAD 2GR 17 2EME— VM SR 1 7 7
(@1, @2)(y, 1) = (wy, ws)(y, 1) := (wi,w3)(y, 1), y€ 2(0), >0,

R — P ASIE.

DI b L2837 ) 5 (19) B0 TET- 80 S48 1 7715 M, S5 5 4 9 10 ) MR YW 51 M. R ¢
HR[30)H 1 e BEB AN 5] BE3.1, B Jegh H T A 5] #

SIF3.1  siBARIT L (28) H 1 & BA 2544 EH

@™, @) (y,0) = (i, W) (y,0) = (wr,0(y), w2,0(y))
FREUAR, 3o (w1,0(y), wa,0(y)) € So, k= 1,2, -- JﬁMﬁﬁﬁ«%ﬁWﬁJ(wgk),@ YA (w | wik))
B SR i R (8) O — R (W, W) (. ), LI 2
(@!”, wl”) < (Y, wi ) < (@, wi) < <W1,W2>
@, @) < @V, 7)< @, wy)), ye ), t>0.

SI1H3.2 AHEE M ERMEAE, %@, 7)), (w (k),w O R R (19) XA

i, ERTIE
(wi), w ““’))( ,0) < (w0(y), wa0(y)) < @, W) (4,0, y e 2(0),

W@, o), (i), wl) R (8) % L AR

§|f¥33 W (W1,W2)(y,t w0, Wa,0) 72 1] AR (8) HIAR, SHER (w1,0(y), wa,0(y)) € So, #A

(™, wS) (5, 1) < (Wi, Wa)(y,t + kT3 w10, wa0) < (@1, @87)(y, 1), y € 2(0), ¢ >0,
Hor kTR

BT Bk T HE X ) @ (8) i IS S gl SRR IR W

EIE3.4 W(Wi, Wa)(y, t; w0, wa,o) A& 18 (8) AT ZAR, WU T 4518 A

(i) Ry > 1, W

lim (Wy, Wa)(y,t + kT w10, w2,0) =
k—+4o00

(w1, W) (y,t), # (w1, W2) < (w10, w2,0) < (W1, w2), y € 2(0), (32)
(wy, wy)(y, 1), #5 (W1, Wa) < (wi,0,w2,0) < (Wy,w,), y € 2(0),
o (wy, we) (y, ) (wy , wo ) (y, )73 A2 7] 8 (19) (1 5 KRN /)N 1E T-J 33 i
BEAE, 5 FAEE (w10, wa,0) € So, Mk — coltf, H
(wy,wy) (y, ) < (W, Wa)(y, t + kT w10, w20) < (W1, W2)(y,), y € 2(0), t>0. (33
B8, R (wy, wy) (y,0) = (W1, W2)(y,0) := (wi,ws)(y,0), WA
(w1, o) (y, 1) = (W1, W2)(y, 1) = (wy,w3)(y,t)
PR
kETfOO(Wh Wa)(y, t + kT; w1 0,w2,0) = (wi, w3)(y,t), y e 2(0), t>0. (34)
(i) WRRy < 1, MAX TAEE (w10, wo,0) KA
kET@(Wl, Wa)(y,t + kT; w1 0,w2,0) = (0,0) (35)
iy € 2(0) L —FURoL.
WE E YA IE(32) (W1, Wa) (y,0) < (w1,0(y), w20(y)) < (W1, W2)(y, 0) ML, ik
(w1, wa) (y, OVENIRE(8) T, 45| #E3.10] 15
(w1, w2)(y,t) < (Wi, Wa)(y, t; w10, w20) < (W1, W2)(y,1), y € 2(0), t>0.
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R, S ERNES

(w1, w2)(y,t) = (W1, W2)(y, t + kT) < (W1, Wa)(y,t + kT;w1,0,w20), y € 2(0), t >0,
51 #3377 40

(@1, W2) (y, ) < (W1, Wa)(y, t + KT w10, wz0) < (@, 08)(y,1), y € 2(0), ¢ > 0.
Mk — oolt}, 454r(30) ] %

hm (Wl,Wg)(y,t+kT w10, Wa,0) = (W1, W2)(y, ).

FAh—FilE /R(wl,wz)(% < (w1,0(y), wa,0(y)) < (wy, wy)(y, 0)FAUTTFT, (33)7939@%(31)%11
S H3.318 8. (W1, W) = (wy, wy)(:= (wi,ws)), 7 H(33) Al EAZFH (34), KL >)HIE.

BE— B AE M S5 G). X AR R BT (C, Cr) > (K, Ka), 454 B3, 1E’MEHE%DL
bR B (w1, @), (W1, Wa)) (y, 1) = ((C1,Ca),(0,0))52 M B(19)H — X G ¢ L F g, Bh4h, &
P33 B ) (19) H A 55 K IET-JE WA (w1, w2) (y, 6) A1 5/ IET-J8 HA AR (w, wo) (y, t), I HLi
XK FR(0,0) < (wy,wy) < (W, W2) < (C1,Cr). 53— J7 I, & H3.2% B 7] fi(19)7ERy < 111
FAF T AAFAEFAR(0,0), HEHRy < 1, (wy,wy) = (W1, Wa) = (0,0)&2. FIFHEEER () HIIE
BA 7 1 A RO (O, Co) AT =, 3 AT 2 JE S 4 B8 200 (wy 0 (y), wa,o(y)), T i &5E(8) 1)
i (W1, Wa) (y, t; w10, wa,0) F A WN S E

i (W3, Wa)(y,t + KT5wi0,w2,0) = (0,0), y € 2(0), £ >0,

MITIAFH(35), #TERL T 7 B34 THER .

Ba, B34 K () B

St = {(wy,wz) € C(2(0) x [0,00)) :
(wy, wy)(y, 1) < (wi,w2) < (W1,W2)(y,1), y € 2(0), t >0}

A2 ) R (8) ) — N 51, I H(W1, W) M (wy, wy )34 A2 H L HTILAROE 1. 5 6 A (wy, wy) =
(W1, W) := (wi, ws), W (wh, wh) M () —A 4 5] 7.

G4 [ 2 X032

Fip(t) = 1, BIAAL X0 () ¥ 1B 40 Jy ] g X I02(0), T i) 5(8) A1 (19) tAH R M 1B Ak Ky

g}tll — d1A’LU11 = h(’wgg) — Oé(t)’wu, Y < .Q(O), t> O,
0
2052 — dQA’lUQQ = g(w11) - ﬁ(t)w223 /AS 'Q(O)v t>0, (36)
Owyy Owaa _
o= o =0 y € 90(0), t >0,
PEREE WIIR % AT
wll(y70) = wl,O(yv 0)7 w22(y7 O) = wQ,O(y70)a ye ‘Q(O)a (37)
DA JE 2% A
w11(y,0) = w11 (y, T), waa(y,0) = waa(y,T), y € £2(0). (38)

S5 AL i () T 36 % T 2k H R A i SURTRE R, i T LR TR — P e BTy ik S
L (36)-(37) (LA FLAE $U Ry, F40 tH DA FHESR
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SIEB4.1 (i) Ro = o, FLrFpuo @0 T Jo S0 i A ) SR AR AEAE.

Do ~ K(0)~ ~

% —d1A¢, = A(L)¢2 —a(t)dq, y € 2(0), t >0,

06, = g0~ -

W—dzAébz— L ¢1 — B(t) 9o, y € £2(0), t >0, (39)
061 _ 00y _

%1(2/70) = al(yaT)a &;2(?%0) = $2(yaT)a ye ‘9(0)7

(¢, ¢y) € Cr x CoRANBIRFE RSN, 7E02(0) x (0,00) R o, > 0, ¢y > 0.
(i) sign(1 — Ro) = sign(No), Fe X2 T 100 SIH0A42D i R0 1 5 R A

Os 4y Ady = WO — s + 3y, 1€ 20), 150,
O 1,y = O, A+ N,y 010), 150,
oy Oy

07777871770’ y € 002(0), ¢t >0,

@1(:%0) :121(3/,T)7 iQ(yvo) :@2(y7T)7 ye ‘Q(O)a

H1(4y, 1) € Cp x CrR=EMINAFIERE, 7£02(0) x (0,00) B RY, > 0, Py > 0.
EE41 Hat) = o FB(E) = B AL WHB(36)-(37) IS AT B R IR BN

5 g'(0)h'(0)

Ro =[S0 (40)
S #a(t) = o*MIB(E) = B3 NI (39) BT T 13
8{;3;1 —diAg, = hL(O) by —a(t)p,, y e 2(0), t>0,
- Ro (41)
20— 18dy = 205, 5116y, e 20), 150,

Ry

A A2 AE 5 3O B¢, 62) = (C, 1) (O N TH) N (41) K H AT LG5
. Jarg'(0) 5 [g(0)r(0)
“\ o)y 0 g
AR A AP () M — T 748 (40) B 7.
R4 MR IR R FRA, FT U BT Ko (6) 03 (e) 59 09 AR A8 X 3L ity 3 A i
M RN 5 [X 3 IR AT AR R0 ISR R A2 R > Ry,
BT I3 1-EFE3.4, BFU T FELE R
42 WRRo > 1, IANE(36), (38) FAFHE— A ET- BN (i (3, 1), waa(y, 1)).
EI4.3  WRR, < 1, NH(36), (38) JC 1ET-JE HifiE.
EHE44 WHR, > 1, W1 E(36), (38)17 15 i K- I (w11, wao) B J5% /1 TET-JH 301
(W, wys).  H (Wi, W) (y,0) = (wyy,wzs)(y,0), W1 (36), (38)1 A7 ¢ Mt — IET-/

ﬁﬁ(wﬁ,w&), H%E(mlhw%) = (w1, Wao) := (Wi, wy).
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EHE4.5  B(Wit, Waa)(y, t; w0, wa,o) & FIE(36)-(37) BAERAR, W0 F S50 BT
(i) %Ry > 1, M

kETm(Wn, Wao)(y, t + kT wy0,w2,0) =

t),
Y, t), £ (W11, Wa2) < (w10, w2,0) < (Wy1,Was), Yy € 2(0),

{(wn,wm)(y, ), (W11, Wa2) < (w10, wa0) < (W11, Wa2), y € 2(0),
(w11, wa)(
Hor (w11, Woo ) T (w1, wao ) 73 Al 2 111 (36), (38) I H A FH /I IET-J HAAA.

IEAR, X FAEE (w10, wa,0) € So, 4k — ocofif, H

(wy1, W) (Y1) < (Win, Waz)(y, t + kT w10, w20) < (W1, Wa2)(y, t), y € £2(0), t >0.

B0, 35 (W11, W22) (y,0) = (w11, war)(y, 0) == (wiy, w3y)(y,0), WA

(W11, W22) (Y, t) = (w11, Wa2) (Y, 1) == (W1, w3a) (Y, 1)
PA K
kEToo(Wll’ Waz)(y, t + kT w10, w2,0) = (wi1, w3y)(y,t), y € 2(0), t > 0.
(i) &Ry < 1, ¥ TALE (w10, wa0), A

lim (Whii, Wa2)(y,t + kT w10, wz,0) = (0,0)
k—+o00

tEy € 2(0) F—Buior.
§5 FEBIUAN TS

FEATT 38 5 AR AU UL 58 X 35 1 2 o () ) 6= 11 A% i A% FE OS2 R, O 45 & i ST b 9
AR Hren ARV R

B, Bk

02(t) = (0,2(t)), x(t) = p(t)y, y € (0,1),
AR AR 2k R 2
g(w) = (w1 + 1) =1, h(wz) = (wy +1)/3 =1,
AR B HLg (w1 ) BT R (wo) 16 AR B R A (I1), (J2). BLAR, 2
a(t) =a*, B(t) =p0*, dy =0.1, dy = 0.3,
wi,0(y) =5+ 0.1sin(my), weo(y) =3+ 0.1sin(my) + 0.05sin(37y),

Horhor Mp* 54 1EH AL

5.1 EHa* = 0.95, * = 0.1RIXILEML K p, (1) = 1, HEH4.17]15

Ro=4/2 (SZZ*(O) =1/ (2)./935'.10/.?1’ ~ 1.5204 > 1.

R4 S A5 [0 (1) 38, SR TSRy > 1, A5 9k 0 B 2 iRt 77 5. S i
Pl r 10 e BT DUAR 375 B 6D 2 1) L (37) - (38) i — B S T- IERRE A, o IEIRIAS 1 53 1) 2 of L
F14 A8 T Pl A 6 v 2 1.

5.2 EHa* = 0.95, B = 0.1RI X3k b K py(t) = e0-04(1—cos20+0.01 " hh o (£) > 1,
HRAREA.LRIB05. 1T SERT49 Ry > Ro > 1.

FRAE € B3 AP I (1) AT 0, AR FRAE R Ry > 1A, R0 4 2 A% B i 21 it 75 .l i
2 e ) e BRI o BT AR T T PR 7 80 R e N TR ) 8 P A 7R A I 4
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The dynamics of a fecal-oral route epidemic model
on a periodically evolving domain
ZHANG Han, ZHU Min
(School of Math. Stat., Anhui Normal Univ., Wuhu 241000, China)

Abstract: Different from the normal fecal-oral route epidemic model on the fixed domain, this
model is established on the periodically evolving domain, aiming to explore the impact of periodic
changes in spatial regions on this epidemic. In view of the next infection operator and eigenvalue
method, the correlation properties of the basic reproduction number Ry of the model are analyzed, and
compare the relationship with the number ITBO of the fixed domain. The dynamics of the model with
evolving domain shows that if Ry > 1, then the model admits a unique positive periodic solution which
is globally asymptotically stable, while Ry < 1, then it only admits a globally asymptotically stable
zero solution. Final simulation further indicates the larger evolution rate of domain could increase the
risk of this virus spread.

Keywords: fecal-oral route epidemic model; evolving domain; basic reproduction number; peri-
odic solution
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