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SIR model with a free boundary

(FBP) {

h(0)

(S, = dS,, — SI,
It — m:p‘i‘Sl—’yIa
S, (t,
0= 1I(h(t),1),
W (t) = —ul.(h(l),t) >0,

0) — Ia:(tv 0)

= hy.

reR, t>0,

x < h(t), t >0,
=0, t>0,

t >0,

Stefan-like condition (cf. Du, Lin [1])

IA

h'(t) >0 (.

L(h(t).1) < 0)
(

[1] Du, Lin, J. Eur. Math. Soc. 17 (2010) 2673-2724.

S(CL‘,t) :g(z),
I(x,t) =f(2),z=a — ct

[2] E., Ushijima, Ishiwata, submitted.
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dg" +cg' — fg =0,

f"+ef'+fg—f=0,
g(—OO) — a, g,( OO) — O
g(+o00) =1, g'(+00) =0,
E 00) = f'(—o0) =0,
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It Stefan-like condition

h(t) v

[ Sy =dSy. — S, reR, t>0,
Iy = Ipw + ST =1, x < h(t), t >0,
Sx(t,0) = I(t,0) =0, t >0,
(FBP) < O_I(h() t), t >0,
W (t) = —ply(h(t),t),h(0) = ho, >0,
S(x,0) = So(x), r € R,
| 1(2,0) = Io(x), r < h(t).

d>0 fEEERE v >0 [EE=X
© j> ho > 0 B3l ¢ = 01285155
Susceptible Infected R AR T D E BB DIEF
p>0 BREFROBER




It Stefan-like condition

h(t)

( Sy = dS,, — S1, reR, t>0,
Iy = 1.0 + 51 — I, r < h(t), t >0,
S:(t,0) = I,(t,0) =0, t >0,
(FBP) ¢ O—I(h() ), t >0,
W (t) = —pdz(h(t),t), h(0) = ho, >0,
S(z,0) = Sp(x), r € R,
| I(x,0) = Ip(x), r < h(t).
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Kermack-McKendrick (1927) e

{ _ 5 ST 2000 Bombay Plague Outbreak (1905-06)
— : |

— BSI —~I, t > 0.

Ry = %(0) FEC | Rodt1EUKECED |
1) Ry > 1 DOEE wx"m’”‘?
B BRI (T FAREZI Do DR/ NS Tl
RSN THY, HIBUTRAEELS. 20
% | IXEARDOMND0IZINET S,

2) Ry < 1MDE=E

RELEAZL T (ZEERRBDMND0ICUNERT 5.
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BERRA

( Sy = dS,. — SI, reR, t>0,
I = I + ST —~I, x < h(t), t >0,
Saz(ta O) — Ix(tao) — 0) t > 07

EBP) N 0= 1(h(t). 1), £>0,
h(t) = —pul.(h(t),t) t>0,
| h(0) = ho.

Stefan-like condition (cf. Du, Lin [1])
It

O
B (t) >0 (. L(h(t),t) <0)~

[1] Du, Lin, J. Eur. Math. Soc. 17 (2010) 2673-2724.



Du, Lin (2010), Du, Lou (2015), Du, Matsuzawa, Zhou (2015),
Kaneko, Matsuzawa (2015), Kawai, Yamada (2016)

* Single RD eq. + FBP
* Spreading-Vanishing dichotomy
e Estimate of spreading speed, etc.

—7%, BHEEFRZED RD “system” [T I S ITHED
Single RD eq. EEEARTRLN.




EZERICHITOIITHE

Kaellen [3], Hosono, llyas [2]
St =dS,., — S1, reR, t>0,
It: xm‘FSI—"}/I, $€R,t>0

c>0ZFEHELT
S(xz,t) =g(z), I(x,t) = f(2), z=2 —ct
AT DE
dg" +cg’ — fg =0,
f"+ef"+fg—~f=0,
WY g(-00) = a, gl+o0) = 1, g'(+00) = 0,
f(00) = f'(£00) = 0.

::—G, a € (0’ 1) "G%éo [2] Hosono, IIyasf Math. Models Meth. Appl. Sci., 5 (1995) 935-966.
[3] Kaellen, Nonlinear Anal. TMA, 8 (1984) 851-856.




Kaellen [3], Hosono, llyas [2]

[ dg" +cg — fg=0,
f"+ef'+ fg—~f =0,

(TW) § g(—00) =a, g(+o0) =1,g'(£o0) =0,
f(=00) = f'(—o0) =0,

| f(+00) = ['(+00) = 0.

FIE (d = 0:Kaellen [3], d > 0:Hosono, llyas [2])

(1) v < 1THdEE(TW) DENFETHEIFTEVIZEETHS.
2) 7v<1&TB. ZDEE, FED c > 2¢/1 — v IZHLT, (TW) (&
F=I-—DDfEHEED.

[2] Hosono, llyas, Math. Models Meth. Appl. Sci., 5 (1995) 935-966.
[3] Kaellen, Nonlinear Anal. TMA, 8 (1984) 851-856.



(FBP) IZF [+ Semi wave AViaT=9 HIE=R
[ dg" +cg' — fg=0,
f"+ef +fg—~f =0,
(SW) ¢ g(—o0) =a, g(+o0) =1,g'(£o0) = 0,
f(—=o00) = f'(—o0) =0,
- f(0)=0, f(0)=—<.
fngal GEFEE) d =0 &9 5,

FED Y <1ITHLT, p< 1 a+,),loga PRRYILDEE, (SW) EimT=7
f9,¢ FFELE. ZCT a< 1ldFa—1+ Z(loga)® —aloga=0%
=g =E—DO DR THS.



an el 1 DA

H(g, f. f):

=f+g—710gg+f;

=const.
cg' — fg =0, é {
R (R

Flu,v) = %u? ¢ (%qﬂ _afe? — v))

EB<E, LF(u,v) <0&Y
F(0,0) > F(O —loga).
LAL, p <= a,—l—fyloga THod1=H

F(0,0) < F(0,—loga) L13YFIE.

!/

cg’' — fg =0,
ff=clb—f—g+~logg).

v =1logg — loga,

I
SIS Bl

l:f

o= (v —ale’ - 1) —u),
E—u, —OO<7'<0
u(—o0) = u(0) =0,

v(—o0) =0, v(0) = —loga.



[ dg" +cg' — fg=0,
f"+ef'+fg—~f =0,

(SW) ¢ g(—o0) =a, g(+00) =1, g (£o0) =0,
f(=00) = f'(=o0) =0,

_ f(0) =0, f(0) =—+.

ﬁiﬁz(ﬁﬁ) d — 0 tj_éo

FEED v < 1HZHLTHD a. (V) BNEEL, a(v) < a < a.(y) @7
FEED Al T 1 = 75 1oga PESIT (SW) EiBT=FEED [, g,
FETD C0EE a<1lFaly) —vloga(y) =0 &#@Em=9=2—o0
BTHD. F=, c<2\/v—d(y) PRYID. 22T, d(y) > al&

a —vyloga = a'(y) —vloga'(v)
w9 t-F—D OB TH B,
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