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Abstract

This paper studies the Brusselator model of a class of nonlinear reaction-diffusion equations, so it
is very important to find a simple and effective numerical method for nonlinear reaction-diffusion
systems. Based on this problem, some numerical examples are simulated by using this new spatial
spectral interpolation collocation method.
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Brusselator F 8 & —ANE A 1] [2], s 2 H SRR 22 R BN F2 A 22 e = AR — 2Kz
N EOTREA3]. HER N

ik

%:A(u11u+ulzv)—(,8+l)u+u2v+a,(x,t)eQX[O,T]

%: Aty +uyv)+ pu—uv,(x,1) € Qx[0,T] O
Z—Z:%:O,(x,t)e oQx[0,T]

u(x,O):l//1 (x),v(x,O):(//2 (x),er

o° 0

Horre u(x,p,0) Riv(x,p,t) RARFBEG  wyy,uy,uy,u, T ERE A=6—2+a—2x%ﬁj§ﬁ,ﬁﬁﬁ¥,
X Y
(x,y) e Q,t >0 {EFM AT 0Q HIFFIK Neumann i 55644, AJ 8u/6n|an =6v/6n|an fuv),g(uy) 22

FRIEH B EL

VI 2 7 159 F R fif U Brusselator B8, X 8677 VLB 36 A BR 22 405 [4], Galerkin R Ti%L[5], &
YIS (BURA)YH BT BA[6]o A SCHET —Flobi i 23 (0] RE 4 (L T A0 7795, WEFL T Brusselator R3]
JIFAT N, 0 T RERI R T YE(7] [8]. BUEBASE RANFR W) &8 AF, 07 Ba5 KR %7 M
AR

2. E)EHREE R 75 AR IR

TEARSTH, FAME F 2 (8] 1846 B C 55 1R iRk Brusselator F7Y(1).
B2 SCRR[9] [101H, BATTAT LA BB BUT 5wy, uy -1y IOREAE BREL L u(x) 0T DL A

u(x)~INu(x)=iumSN (x-x,) )
~ sin (mx/h) ‘ ok v b N oy
o SN(X)_—(Zn/h)tan(x/z)’ Iy % FARAT s, #R IXFE MR S T, u(x) £ X A [0,2n] & XM

u; :u(jh),jzl,---,N,xj -X, :(j—m)h ) Tﬂ?ﬁ’?@?’\jspan{&v (x—jh),jzl,Z,---,N} o HILHERH n By
SR AR XA Tyu(x) 78 x, = jhAEHT n B SRR R RE A A, A
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s, £E=

INu(")(xj):iumS,(f)(xj —xm) 3)
Stk D) =[S (x,—x,)] BB n BUMERED).

X AT A BRI Q =[0,2n]x[0,2n] » FAi 1@ X N ANSERIBEF R SEX R Q F, KL
(%.7,)=(ih, jh).i,j =1,2.3,+,N.
St = 2T 5T R I ARSON €N o Q) MURE A B Ly (e t) L () 6 T B
N
u(x, ) W v (x, y,0) T LABES A

“)
v(x,y,t)~[Nv(x,y,t):iiSN(x—xi)SN(y—yl.)v(xi,yj,t)
i=1 j=1
Horu,  =u(x, )0, = V(00,000 j =120 N o B, FHIRIE A (x, ., ) LORSL:
N N
u(xp’y‘I’t)~INu(xP’y‘I’t):ZIZ;SN<xp_xt)SN(yq_yi)u(xi7yj7t)
inl j=
(5)
N N
v(xp,yq,t)~INv(xp,yq,t)zz;Z;SN(xp—xl)SN(yq—yi)v(x,.,y/.,t)
i=l j=
o’ V.,
M(Z,O)(xp’yq’t)’vINu(LO)(xpsyqat):%:iist’(\?)(xﬂ_xi)SN(yq_yi)u(xi’yj’t)
in1 j=
(02) (02) 62u(xp,yq,t) N N )
u (xp,yq,t)~1,vu , (xp,yq,t): o :ZIZISN()CI’_X[)SN (yq—yi)u(xf’yj’t)
in1 j=
(20) 20) 82v(xp,yq,t) N
v (xx)’yq’t)~[Nv ' (xp,yq,t)= o2 =Z;Z;SN (xp—xl.)SN(yq—yi)V<x,.,yj,t)
=1 j=
(0.2) (0.2) 52v(xp,yq,t) L (2)
v (xp,yq,t)~INv ’ (x,,,yq,t)= 6y2 =Z}Z;SN(xp—xi)SN (yq—yl.)v<xi,yj,t)
in1 j=
PE=NipS
“:[“n’“21>""“Nls“lzsuzza'"s“NpulNa"'s“/wv]Ts ©
v:[v119v21’“"vN19v12’v22’“"vNZ’le"“’vNN]T9
Ft, ARG LA S l— N A
u®0 = p0y, 1,02 _ p(0.2);, 1,20
' " ™

= D0y, %) = D2y,
D =Dy ®E,,D{?
—E, DY, D" =E, ®FE,,
HAE, 2 NHreafifibe, @ MRS N, M. —Hrigir i .
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1 2(2/;] 1 Z(Ihj 1 2(311)
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—CSC | — . —CSC | — —CSC | —
2 2 2 2 2
1 z(mj 21
—CSC | — -
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s R (6) MR (7), Equation (1)1 LA LA T &%
olu|_ up D u,D|lu| JAURY) ©)
ot| v uy D u,D || v £y (u,v)

XH
[14,9] = [ttty sty T+l Vi3 Vgt Vs Vs Vi Vi |
D=D{" + D
-DY®E,+E,®DY,
HICHNACS)

:|:f1 (“11»"11)""af1(”NN)VNN)afz(”117V11)a""f2(“NNaVNN)’f3(unavll)»”'afs(”NN:VNN):I
FIH Matlab H111) ode45 KA KR L(9), H3RG(DMEUANE
3. BIHRG S

FEX — 57,
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du 2
—=a+u'v—(f+1)u
dt (ﬁ )
dv 2
—=fu—-u‘v

drt P

HAIZ5 7 Brusselator B KR 73 ST 1] WIRAFRET HOLR, RIMEBI 1

(10)

MB35 FERRATIR 3T R GEL0) AR PRI [12]0 T 56(10) R ME— I P fE (o, B/a) « FLIK, 1

WX — P g fe e . NI FE(10)[) Jacobian 4F F4:

pr(u)-[2 ) ]

HAEFHfk (a, B/ o) 1) Jacobian Ry
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B-1 o
-p _az}

BRI © = tracDF (a, Bla)=-a’ + -1, HHIRA=-a*(B-1)+a’B=a’. BT
A=a’ >0, FrllADEIEHERFS, #:

1) #r<0, W A>a+l, Pk (a,fla) ZFER:;

2) #7>0, B B<a+l, FHifE(a,Bla) R RE.

THEW A&, FE a, ik fAF. He=018%4, =a*+1. FHEIKIEH B, Z10)H
Hopf 737 si[13] [14] [15], & A NADBFRHER, RS AEER: (a) ADTE B, MRA—X4ER. (b)

ORe(A)[0f#0. HEL, (11)5@%@%4,2:(Ti\/fz_zm)/z, =08 A=a’ 1A, =tai. bl

DF(a,ﬂ/a):{ (11

(@RI, HIK, EE/IM=(ri\/rz—4A)/23H5'°Re(/1)=(—a2+,B—1)/2, FFLLoRe(A)/0B=1/2%0., #(b)

WAL, 28 ERTIR, B, NARG(10)K Hopf 0% ri, HE1T ¢ <0 RGN TG ARE, Friltc <0224k
F 7 =0 RGHE Hopf 73 7 miALAFRIREEVE[14].

4. BYECIE

ERX T, WANGH 7 — 2Bl B+, DU S AR A8 F AN (R A0 46 25 A N S 201 Bk o A 45

o

B 1 % & LLUF A Brusselator 8 [3]:
ou

5:Au]u—(ﬂ+l)u+u2v+a,(x,t)EQX[O,T]

ov )

— =Au,v+ fu—uv,(x,t) e Qx|0,T
* 0.1 .
Oou Ov

= a:O,(x,t) € 0Qx[0,T]

u(x,O) =y, (x),v(x,O) =y, (x),x eQ)

EHRa,f>0, u,u, N, teR ANIER, xyeRRLEMAER, uv@thxylm. Hp
u, =0.0025,u, =0.0032,a0 =2, =1,v=ones(N) , [EE—MWIEFKM, 2 u BRI 4R ILE 1~10,
BARWIG 56 WAL 1

B 2: FJELLUN AN Brusselator H4Y[3]:

Z—L;:A(u”u+u]2v)—(ﬂ+l)u +u2v+a,(x,t) EQX[O,T]

0

6—:: A(uyu +uyv)+ pu—uv,(x,1) € Qx[0,T] 13
Z—Z:%zO,(x,t)e@Qx[O,T]

Lt(x,O):l,//1 (x),v(x,0)=l//2(x),er

KB a, >0, uy,uy,uy,uy NEEL teR ANEALRE, x,yeRZFHER, wyvidt5xy K
. Hdu, =04,u, =22.2665,u, =0.02,u,, =2,a=6,f=1; KXHFEEEMEELERILE 1122, A
PREIWIH A L 2.
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Figure 1. Shows the numerical solution with the initial condition of u = sin(lOOOOOO((x ~1/3)" = (y-1/2) )) of example 1
11 ¥18aFHR u = sin(loooooo((x ~1/3)" = (v - 1/2)2)) HE(E R

t=0 t=0.1 =0

=0.2 t=0.2

Figure 2. Shows the pattern with the initial condition of u = sin(lOOOOOO((x -1/ 3)2 -(y-v 2)2 )) example 1
2. 60 1 MR E S u = sin(loooooo((x —1/3) —(y- 1/2)2)) HIBEE

t=0 t=0.1 t=0 t=0.1

Figure 3. Shows the numerical solution with the initial condition of u = sin(lOOO((x ~1/3) = (y-1/2)’ )) of example 1

3. B0 1 AT HER u =sin(1000((x~1/3)" ~ (v~ 1/2)' ) BOHL1EAR
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Figure 4. Shows the pattern with the initial condition of u = sin(lOOO((x -1/ 3)2 -(y-v 2)2 )) example 1
4. 61 AR = sin(looo((x—l/3)2 ~(y —1/2)2)) HIBEE]
=0 t=0.1 =0 t=0.1
2 K
".
- w s 1 bz
0
200
100 00 0 0 0 !
00 i
Y X Y x
t=0.2 t=0.3
2 2 .
o1 K/
0 X
200
100 ! 00 0 0 !
00 P
Y X Y x

Figure 5. Shows the numerical solution with the initial condition of u =sech (100((x -1/ 3)2 - ( y-1/ 2)2 )) of example 1
5. ) 1 IR u—sech 100((x - 1/3)’ - (v -1/2)" ) HOBRfEAR

=0
0.2

t t=0.1 =0 t=0.1

Nt
h

t=0.3

t=

Figure 6. Shows the pattern with the initial condition of u = sech(lOO(( x-1/ 3)2 -(y-v 2)2 )) example 1

6. 1 1 DR u = sech (100((x—1/3)" - (v~ 1/2)' ) B0 BEEE
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t=0 t=0.1 =0 t=0.1
1 2
505 51
0 0
200 s 20 200
100 100 100 100
00 oo
¥ X ¥ X
t=0.2 t=0.3
2 2 X
o1 - 51 >
0 0
200 200 2% 200
100 100 100 100
() o0
¥ X ¥ X

Figure 7. Shows the numerical solution with the initial condition of u = sech(x2 / 0.02-2my" / 0.0l) of example 1
7. 5 1 FIARAER u =sech(x*/0.02-2my* /0.01) KB {EHR

t=0 t=0.1

Figure 8. Shows the pattern with the initial condition of u = sech(xz/ 0.02 - 2wy’ / 0.01) example 1
8. il 1 FIIAFRAER u = sech(x*/0.02 - 2my* /0.01) HYBEE]

t=0 t=0.1 =0 t=0.1
5 5 2 15
5 5 0 05 ' ’
200 20 20 w0 ;o ;
100 100 100 100 0 0 0 0
oo 00 404 a4
¥ X ¥ X ¥ X ¥ X
t=0.2 t=0.3 t=0.2 t=0.3

5 5 15
o -—%’ " t T
5 5 05
200 200 20 wo |
100 100 100 100
00 00
¥ X ¥ X

Figure 9. Shows the numerical solution with the initial condition of u =12/25+ sin(7tx2 - 510) + cos(ny - 220) of example 1

9. Bl 1 MIAFHERu=12/25+ sin(rr.)c2 —510)+c0s(ny—220) BB ERE
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Y, TR

t=0.1

t=0.3

-
) |

Figure 10. Shows the pattern with the initial condition of u =12/25+ sin(1vc2 - 510) + cos(ny - 220) example 1
10. ) 1 AR u=12/25+sin(mx’ - 510) + cos(my — 220) KIBEE

Table 1. The different initial conditions corresponding to the numerical solution and pattern in
example 1 are shown in Figures 1-10

= 1. 601 PRUERRFNBEE P N B EIRI RN R HER 1~10

& u(x,,0)
&l 1 I 2 u=sin(1000000((x~1/3)’ = (y=1/2)’))
3 I 4 u=sin(1000((x=1/3) ~(v=1/2)’))
s FIE 6 u=sech(100((x=1/3) = (y-1/2)))
&l 7 A 8 u =sech(x*/0.02-2m" /0.01)
Bl 9 FIpE 10 u=12/25 +sin (mx* —510) + cos (my —220)
=0 t=0.1 =0 =0.1
50 2
’ > 0 =1
-50 0 .
200 200 100 200 8 0 5
100 0 o
00 5 5
¥ X ¥ X X
. t=0.3 t=0.2 t=0.3
50 20 1 0.5
s 0 s 0 > 05 u > w
-50 -20 0 0
200 200 5 5
100 w0 100 00 0 0 0 ’ 0 0 °
00 00 5 5 5 5
¥ X ¥ X ¥ X ¥ X

Figure 11. Shows the numerical solution with the initial condition of

u= cos(—n((x ~04) +(y+0.4) )) + e’sm((“""‘)z*(y")")z) of example 2

11. A2 EEGRu= cos(—n((x —0.4)" +(y+0.4) )) + o (07 +-0ay) B BERR
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Figure 12. Shows the pattern with the initial condition of u = cos(—n((x - 0.4)2 +(y+ 0.4)2 )) + efsi“((”o"‘) +0-047) example 2

12. 5 2 AR MR u = cos(—n((x —0.4) +(y+ o.4)2)) o OO0 e

t=0 t=0.1 =0 =0.1
2 2 2
> 1
0
200 5
100 0 0
00 5 5
Y X Y X
t=0.2 t=0.3 t=0.2
4
s 2 >
0
200 200
100 100
0 0 00 5
¥ X ¥ X ¥ X

Figure 13. Shows the numerical solution with the initial condition of u = sin(n((x - 0.4)2 +(y+ 0.4)2)) - sin(e(”o"‘)z*(y ’0‘4)2)

of example 2

13 2 IR R u = sin(n((x— 0.4) + (y+04)")|=sin( 04 ) o AR

=0 t=0.1 =0 t=0.1

t=0.2 t=0.2 t=0.3

Figure 14. Shows the pattern with the initial condition of u = sin(n((x - 0.4)z +(y+ 0.4)2 )) - sin(e(“o“‘)z*(y 04y ) example 2

14, B 2 MR HER u = sin(m((x - 0.4) + v+ 0.4) )| -sin(e<x+°-4>2+<yf°-4f) HOBEE
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=0 t=0.1 t=0 t=0.1
2 1.05
=1 > 1 4
v
0 0.95
200 ° 5 5
100 0 0 0
00 5 5 5 5
X ¥ X ¥
t=0.3 t=0.2 t=0.3

100 a

Figure 15. Shows the numerical solution with the initial condition of u = sech(rc(—x2 + yz)) of example 2

15. 51 2 AR u = sech(n( -+ + 7)) HOEERE

Figure 16. Shows the pattern with the initial condition of u = sech(rr(—x2 +y? )) example 2

16. BB 2 MEEH2u= sech(rc(—x2 + yz)) RIBEE

t=0 t=0.1 t=0 t=0.1
1 1 2 1.02
-1 | 0 0 0.98
200 o 200 200 5 . 5 .
100 100 100 100 0 0
00 00 5 5 5 5
Y X ¥ X ¥ ¥
t=0.2 t=0.3 t=0.2 t=0.3
12 2 1.03 1
5 515 > 1.02 '. > 098
08 1 1.01 0.96
200 200 200 200 5 s 5 s
100 100 100 100 0 o 0
00 00 5 5 5 5
Y X Y X Y X y

Figure 17. Shows the numerical solution with the initial condition of u = sin(Tc(—x2 - yz)) of example 2

17. 52 MG EHER u= sin(rt(—x2 —yz)) RIEERR
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t=0.1

i t=0.3

Figure 18. Shows the pattern with the initial condition of u = sin(ﬂ:(—x2 - yz)) example 2

18. BRI 2 MEEHRu= sin(1t(—x2 —yz)) BIBEE
=0.1 =01

5
=0
5
200 ~ 200
1 100
a0
y

t=0.2 t=0.3 t=0.2

50
s 0
RN
100 200
100
0 o0
Y X

Figure 19. Shows the numerical solution with the initial condition of u =12/25—sin ( 10x* -5 10) +sin (ny - 220) of example 2
19. B 2 FHEFHR u =12/25-sin(10x* = 510) +sin (ny - 220) AEERR

00
¥ X

TP T -—t-_gl—-
(i & AR e
R FLL L.
IR e F e L.
(TR A s

Figure 20. Shows the pattern with the initial condition of u =12/25- sin(le2 -5 10) +sin(my —220) example 2
20. B 2 FIHAREER u =12/25—sin(10x —510) + sin(my — 220) KIBEE
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t=0 t=0.1 t=0 t=0.1
10
5 5 >
0
200 200
Ry 100
00
¥ X
t=0.3
50 50
> 0 > 0
50 50
200 sp 200 200
100 100 100 100
0 0 )
¥ X ¥ X

Figure 21. Shows the numerical solution with the initial condition of u =12/25- sin(rrx2 - 510) + sin(cos(x2 +y - 22))

of example 2

21 5 2 FIBAR AR 1 =12/25—sin(me’ - 510) +sin(cos(x* + »* - 22)) HOMESR

t=0.1 t=0 t=0.1
-
-
..
' ®y
2.
-
-
t=0.3 t=0.2 t=0.3

Figure 22. Shows the pattern with the initial condition of u =12/25—sin(mx” - 510) + sin(cos()c2 +y - 22)) example 2
22. EIHf) 2 FIBASAER u =12/25 - sin(mx’ —510) +sin cos(x” + - 22)) HOBEE

Table 2. The different initial conditions corresponding to the numerical solution and pattern in
example 2 are shown in Figures 11-22

= 2. 15 2 PRUEMFAREE P N ARG R ER 11-22

& u(x,,0)
1A 12 u=cos(~((x-04) +(y+04)))se 10
13 FIE 14 u=sin(w((x=0.4) +(y+04)'))=sin e+ )
15 F1E 16 u =sech(n(-x" + "))

17 FIE 18 u=sin(n(-x" - "))
19 A5 20 u=12/25—sin(10x* = 510) +sin (my —220)
21 FIIE 22 u=12/25-sin (mx’ —510) +sin cos(x* + y* - 22))
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