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WEBE-HEEETIV(P)

wi = A[(1+kp(2)v)u] +u(A—u—b(z)v) in 2x (0, 00),
vg =Av + v(p + cu — v) in 2\ x (0, ),
Onpu =0 on 92 x(0,0),

Onv =20 on 92\ 2g) x (0, c0).

2,90 RNOEREFH (20 C 2, N > 1).
002,000 : 2, 20 NDBESHHIER.

u(zw,t) : QICERT BHEBEDEFEREE.
v(z,t) : O\ ICERT ZHEEBEDEGFREE.

Fig.1. Protection zone 2.

N>2 = )gC .
N=1, 0= (ay,ap) = 2= (a,ap) for some a € (a1, ay).
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HEE-HRBEETIV(P)
wu=A[(1+kp(z)v)u]+u(A—u—b(x)v) in 2x(0,00),

in 2\ x (0, 00),
on 912 x (0, co0),
on 92\ 2g) x (0, c0).

v =Av 4+ v(u+ cu — v)
Oonu =20
anv =0
A >0 IBEDIEER.

1€ R:IHREDEER.
k>0, c>0.

WEE-RHREETIV(P)

w=A[(1+kp(z)v)u]+u(A—u—>0b(xz)v) in 2x(0,c0),

v =Av +v(u 4+ cu — v) in 2\ x (0, 00),

fefeL, BIIIEETEH.

anU: 0] on aQX(0,00),
Opv =0 on 92\ 2g) x (0, o).
B _[rineve, , _[B in 2\,
P XN = g in o, 0 in 2.

HEE-BREETIV(P)
ur=A[(1+Ekp(z)v)u]+u(A—u—b(x)v) in 2x(0,00),
in 2\ x (0, 00),

v =Av + v(p + cu — v)
on 912 x (0, co0),

8nU:O
anU:O

Cross-diffusion kA[p(x)vu]
(#ﬁﬁ%d)@%%&%rg‘b‘% WEEWBEDILEDMEEETNS.

on 92\ 2g) x (0, c0).

|

Cross-diffusion €7 Jb : Shigesada-Kawasaki- Teramoto '79

PPM 2011-06 | 2



3| PPM 2011-06

EﬁFﬂﬁ%«E(SP)

Al(1 4+ kp(z)v)u] + u(A —u —b(x)v) =0 in £,

Av+v(p+cu—v) =0 in 2\,
Opu =0 on 092,
Opv =20 on 9(2\12y).

(SP) DIEERE (F1FR) EEDIEEIL 7

ISR GERAZALBURDEWNISS)

Au~+u(A —u—b(x)v) =0 in £2,
Av+v(p+cu—v) =0 in 2\,
Opu = 0 on 0f2,

Opv =20 on 9(2\2p).

A > 0: HBEDIBESR.
i1 ER:HBEDIBIER.

BIXNOD#ER GHEFALEBIENEVGS)
- EE N
M (920) 1 —Ain 2o ORDEETE (FEREMIE Dirichlet. fzfZL,
N =1D&,EIE, ¢(a) = ¢'(ap) =0) .

- fn@ (Du-Shi '06)

k=0&T 5.

() n> 0MNIBSE.
(SP) ICIEERHFEET B < A > I\ (u, 20).
TTT, limu—oco N (11, 20) = A (220).

i) p < ODIBH.

(SP) ICIEEBHFET 5 X > —pu/c.




w>0DEE, X=X\ (u, 29) T(u,v) = (0, n) DS IEEEHDIKT S.
n<0DEE, A= —p/cT(u,v) =

(), 0) B SIEERHDIKT S.

{A:ﬁll&l\?)‘—’ﬂ

I A= /\* ,U/, 'QO

)

7

C
H7z8El, (protection zone 29 # 0,k = 0).

H

w>0DEE, X=X\ (u, 29) T(u,v) = (0, n) DS IEEFEHDIKT S.

{ A NS A—2

uw>00EE, (N 0)IEFFREE.

M *(s £20)

.

7

C
H7F48HE (protection zone 2 # 0, k = 0).

10

3
[A?(%) RBEDEGTEZHE S HOMIE.

2 *(u, £20)
1%

7

C
H7z48E (protection zone 2 # 0,k = 0).

11
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I3

7

C
#7881 (protection zone 2 = ().

12

EER=E(SP)
Al(1 + kp(x)v)u] + u(N —u —b(x)v) =0 in 2,
Av+v(p+cu—v) =0 in 2\,
Onu =0 on 0f2,
Opv = 0 on d(2\ ).
~ Topics ~

1. (SP) DIEERDOEFETEE.

2. BMBD Kk & 2T B FHE.

3. (SP)DIEEREDEk — coD & EDEHEEE).
4. (SP) DIEEFED 1n — co D & EDFEHAEE.

13

po A=A (p, k, 20)
A i
k— o0
<—
<\
Z 0

%

HEFMEE (protection zone 29 # 0,k > 0).

A=K
C

14




- EH N

K)le(q, ?2):—A4+qin 2 (Neumann) DE/EB1E.

-l 1

&4
{(/\,u) € [0,00) x [0,00) 1 AY (% Q) = o}

L, k, 20), 1) : > 0} DFAeRENS. FFL,

« 1= N (p, k, £20) 1 [0,00) — [0, co) tdiEH CHeE B FHEM,
« \*(0, k, 29) = 0,

* X*(u, k, 20) < Bu for Yu >0,

* AZ.;o(k:a QO) = IIrﬂ}t—>OO A*(,LL, k, QO) < AlD(QO)

(SP) DIRDES
Al(1 + Ep(x)v)u] +u(N —u —b(x)v) =0 in 2,
Av+v(p+cu—v) =0 in 2\,
Opu =0 on 092,

U:= (14 kp(z)v)u in (SP) = (EP).

16

(SP) DIEDER
U U )
U b (T ) =0
(EP){4Av +v (u+ v _ v) =0 in £\ 82,
1+ kv

opU =0 on 042,

O = 0 on 9(£2\£20).
E&

S _ U

(U, v) B (EP) DEMBRDE E, (u,0) = (11U 0) %
(SP)DIEERTHDEERT 5.

17
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IEERDFEEE

- EE 1 .
(i) > 0MDIRE.

(SP) ICIE{EEDIFEET B < A > N (u, k, 29).
(i) u < ODIHA.
A > —u/cESlE (SP)ICIEERDFEET .

EilE]
[A&xk,ﬁo)::Ihnu_moA*Qhk,Qo)ng?(QO) }

18

BMED L & 20l T BK7FHE
- R 2 N
() p>0&FB. N (u,k, 20) 13 ERU 2B THEFRD THS.

(i) k>0&TBEE,

A% (K, £20) = inf .
> {$€HL(Q) " [ $2dz>0} /|, #%dz
20
BI\ 20|
k[$20]
T,
2\
Jim kA;’;o(k,QO)zm \ 0', lim A% (k, 20) = AP (020).
—00 |QO| k—0
_ J
19
-~ BB 2(ii)
E>0&95EE,
B 2
Vo|2de + = d
Ao (K, 20) = inf k‘¢|?+kkWﬁ)$
= {6€HY(2) [o, ¢2dw>0} /|, ¢?da
20
BI2\ 20|
k[$20]
= v
e % 1
lim A% (k,20) =0, lim M. (k, 2) =0 (k> 0).
L k—o00 20— 12 )

20




BoA= N ()

|

7

AR :
[k‘zoo)é_’.%, ”mQO_)_leD(Qo):)\lD(Q) > 0. }

A=-L

21

-~ EE 2(ii)
B 2
|V¢|%dx + = $2da
Nso(h, 20) = inf ks : lna,
{$€HL(2) [ $?dz>0} / o, P
Bl S|
L k[£20] )
EN
[k‘>00)<‘:.:§, |im_QO_)_Q)\?;O(k,Qo) = 0. }
=
Ek:oo)a%, im0 AP (020) = AP(2) > 0. }

22

(SP)DIEERDE — oo & LTz & EDHEEE

Al(1 + Ep(x)v)u] + u(N —u —b(x)v) =0 in 2,

Av+v(p+cu—v)=0 in 2\,
Opu =0 on 092,

23
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- TEE 3
N <3&L, BEIKXTLT (ug, v) % (SP) DEEDEERET S.

(i) 1> 0DIBAE.
lim up = X in C1(0), lim u, =0 in CH(2\2),
k—oo k—o0
lim v, = p in CH(2\2p).
k—oo
(i) 1= 0DIFA.
lim u, =X in CY(2), lim up =0 (2\20L—4),
k—oo k—o0
lim v, =0 in CY(2\2p),
k—oo
lim kv, = oo (2\20E£—#F).
k—oo

24

- EE 3 N

i) A > —u/c > 0DIFH.
liM; o0 by = co EMETEBRDEF {k;}52, 1T LT, BEEZSIE
BoFEEDT EICKYLTHMY IID:
Iim ug, = u (RE—#),
1im (vy,, kvg,) = (0,@) in CH(2\020)?,
fefzl, (u, )& (LP) DIEERTH S:
Al(1+p(z)w)u]+u(A—u) =0 in £,

(LP){ Aw 4+ w(pu+cu) =0 in 2\,
25
[l
A
r
> [
Y 0
(LP) DIEfERED 53K,

26




- T 4
N<3&9%.

FEREEES T C {(u, 0, Wp) : (U, wy) 1 (LP) DIEfER } BIETE
LTUTERLT:
() I'dp = —cATHBEPABRES {(1, X, 0) : p e RIDSHIKT S,
(i) 31 € (—oo, —cA]IER LT

(=eA,0) C{p: (1, up, wp) € I'} C (,0),
i) lim, o, = X in C1(£2),

lim,, o (ty, Wp) = (0,00) (2\20L—#F),

frerel, (p,ap,wy) € I

~

27

EE 4
i) lim, o, =X in C1(£2p),
Iimu—»O(auawu) = (07 OO) (Q\Qot_ﬁ)v
fereL, (,UJ,Q_LM,’LI)M) er. (|im7;_,oo kivki = IIJ).

- EE 3 N

(i) © = 0DIBSH.
Jim wgp =X in cl(00), Jim up =0 (2\ 20 E—15),
Jim v, =0 in CL(2\ ),
knm kv, = oo (2\20L—#F).

28

(SP)DIEERED 1 — co & LT & EDEHEEE)

Al(1 + kp(x)v)u] + u(N—u —b(x)v) =0 in 2,

Av+v(p+cu—v) =0 in 2\,
Opu = 0 on 0f2,
Onpv =0 on 9(N2\ ).

p o FHEEDEIER.

29
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- EE 5 -
k>0&L, Bulcr LT (uy,vu) & (SP) DIEEDIEERET S.

() AN > Mo (k, 020)&T 5.
,JLmoo(“u —pu) =0 (2\N2oL—#5).

(i) A= N (K, 20) DIES.
Jim_ =0 (RLE—1).

(i) A > Mo (K, 20) DIBE.
iMoo i = co ZMMIETERDET {1,152, I LT, BEERSIEER
P %ELEBTETUTHREY ILD:

lim uy, = uso (2L—#F).

71— 00

fefil, uxc AT EFB-TERTHS:
Uso = 0 in Q\Qo, 0 <uco <A in £2g.

Uso = 0 in Q\Qo, 0 < uco < A in 2.

Atoo + Uoo(A — uso) = 0 in 2.

31

1 (1imyuo0 A" (. k. 20) < M (20)) OFERR

~A¢1 =P (R0)¢1 In %, $1=0 on 0%, [, dTdr=1
EL, ¢ € HH( Q) EUTDESICEET 3!

51 =¢q1 in Qo, 51 =0 in _Q\Qo.

1+ kp(z)p

— inf / b(w),u - A*(N? k, 'QO) 2) dx
{oeHH(2) :[[¢ll 2 5)=1} " 1+ kp(z)p

< [, (Vo1 = Xk 20)7) do - (ERTo = Gy LIe)
= AP (20) — N*(p, k, £29)  for Ypu > 0.

(|V¢|2 -

KT, liMpumoo N (11, k, 20) < AP (20).

32




EXE 2(ii) DEERADBIER

2 B 2
/va¢\ dx—|—E/Q\QO¢ dx‘

M (k, 20) = inf ‘
o O/ (sen1(2): Jaq ¢2dz>0} /Qo $2dx

A
RN PRy
(/Qdﬁdx =1, ¢,>0in 0.

op =20 1in 2, Onpy =0 on 912,

1. {ouluzold H (2) THR.

BERS, Mo, ZENT TR TRAIS L, #E 1LY

2, 1 XNk, 20) —b(x)p 5 D
Joo IVoulPde = [, == ey Phde <A ().

33

X 2(ii) DFRADBIER

B
JyvoPas + 7 [, e

N (k, £20) = inf
(k. £20) {p€HL(2) : [, $2dx>0} /Q $2da
0

b(ll),u - )‘*(/'L) k, QO)
_Aqi“ T F kp(z)
/Qqﬁud:v =1, ¢,>0 in .

1. {ou}u>0l & HI(2) TER.

2. iMoo dp; = boo > 0 weakly in H1(§2), strongly in L2(£2).

3. p=b=0in Qo&Y

ou=201in 2, Onpy =0 on 012,

_Ad)oo'i‘iXQ\Qqu)oo = )\;O(k:, Qo)XQOgboo in 2, Ondoo =0 on I2.

4. BBRAERELY, ¢doo >0 in 2.

34

~ Harnack 7%= (Lin-Ni-Takagi '88, Lou-Ni '99) ————
max{N/2,1} < p < cole®HLT||fllp < BETSB. w € C2(2)N
cl(n
{Aw + f(z)w =0 in £2,
Opw =0 on 912
DIEERETH B EE, BBEEHBCy = Cx(p, N, 2, B)DFELT,

maxw < Cye Minw.
2 02

35
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| 22 3(i) DFERAODIER |
1. IEfEfRDa priorisHli (E{ERD L2+ Harnack RER) .

2. ||Uk||0179(_(—2) < HClHUkHWZP(_Q) < 302 (UkLCOL‘T‘BlEJ*i) .
3. 1iMpy oo (Ug, v) = (T, %) > (0,0) in CL(2) x C1(2\020).

4. 5> pin 2\, /Q\QOT)(,u—T))dac=O:>TJEu in 2\02.

5. |imk_>oouk=|imk_>oo$]’§%=0 in C1(2\00).

U
AU, + Uk <>\ ~ k - b(:c)vk) =0 in 2,
1+ kp(z)vy, 1+ kp(z)vy,

(EP) cUy, . =
A — =0 in 2\,
v + Vg, M+1—|—kvk vy, \$20

8nUk =0 on 89, ank =0 on 8(9\(_20)
36

| EE 3(i) DIEBAODIIH |

BRI, limg_ou, = X in C1(02p) #RY.

up = (1 4+ kp(z)vg)u,, = Uy, in 2, limg_oo Uy, = U in C1(2)
E)

U=X)in Qo&ETEIEKL. ZDRIC

/QO(A —0)2dz = A/QO(A —0)dz — /Qo T(\—0)dz <0

%ﬁt.if_kéx_ﬁmxgo%ﬁv.

37

| EE 3(i) DIEBADIEES |
AU+ Yk (A b(z)v) =0 in 2, U, =0 on o
——~(A—up—b(x)v,) = ) =
P b kol " g ok
&Y
A —uy, — A VU2
A = by, g AUk, VU, < g
2 1+ kp(x)v 2 U, 2 U
Ihbb,

: A —u, — By
liMg 00 kv, = 00 (2\20LE—8R)GDT, LXTE - c0&TBE
/QO(A — )dz < 0.

38




| EE 3(i) DIEBADIIAS |

AUk—i—uk()\—uk—b(m)vk) =0 in £, 8nUk=O on 912
)
/90 up(A — u)dz + /Q\Qo up(\ — up, — Bu)dx = 0.

limg_ooup =0 in CL(2\20) &Y, ERX Tk - 0 &TBE

/ T\ —TU)dx = 0.
2
"o T,
/QO(/\ —0)2%dz = A/QO(A — 0)dx — /QO T(\—T)dz < 0.

MELY

lim u, = lim Uy =0 = X in C1(£2).
k—oo k—o0
39
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