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-t i~f .. A (Ê5t X1.1Xf! _,. ill XuXt.t- +i111tJ. Xt!K?Jt) _8ft. v4} 
Ra 135 135 ~g, 3ft- TiO 

_J,$Au 1JP ; 

- ~~· = p(X1tY31 + X31Y11.+ l.XttY.t.t + Xu'#-t) +.t S'((X1iYH + X1.1.Y.u)• 

AuLt + At3~(XuYJ1+ X3tYtt)+tAutt(X1tY1.t+XttYu))+ -.tG~~~~ l 
i~6 x~1 X'ti + 1.4:f.t XuX.e.t + lgo Xtt X3t)- ~tf.Q. Y4ol_ j ~AtliGtY-to · 
1.()5 1~ 45 3fr J dt' ' 



Y= 1/Rlc. ; 

A= 1/rr'- • 

Du1 = l.tf\19 j 

l>t.ti:. V.l 111) ; 

Ditt. :.1o1Aiu.s j 

1)~.3'~: i1iCA/ü1SJ 

D1a1. = 19J\} 1 '5 ; 

, 
Dlu.-:. -91~J.tiS ; 

Dtt~: 1~ A/Lt~ ; 

D3U.= -35tA/~~1..; 

1.45--

D31.~ -:.11A 1-121 S :.. D331 ; 

02.1-t. = D t. t.. '1. .; 

A'1~:. -4~~A/H'5 i 

A~t~ :. - 3~~ A/.21'5 ; 

A9t~ = -~2oA/115 ; 

A1tt-:.11.,A/l.15 ~· 

A~t1t= 1-4oA/1tS ; 

A313 = -i4olt /441. ; 
AJ.t.t= 13i!l/f.t5 i 

A~t ~ -11iA/~15 ; 

A3'i. = -1411A/Itt;t; 
A(-tt = 66tJII/.tJ 5 i 

D~~~1 = D~n .. = -4~tA/~1ois ; 
D"'t = -gstA /!.oiS ; 
At1't:: A58ogA/AU5 ; 



~ !. 

Cri. = i- lt (bAu) , 

cr~= i- H~Auf- 4(fAt-t..)-t- • 



program lorz3 

c--~~~~~~~~~~~~~~~=-~~~~~~~~~-------------
* INTEGRATION NUMERIQUE DU ~DELE DE LORENZ POUR LA 
* CONVECTION PROFONDE DE RAYLEIGH-BENARD PAR LA METODE DE 
* RUNGE KUTTA D'ORDRE 4. 

c--------------~~~~~-----------------------------------------parameter(nd=16000) 
dimension x11(nd),y11(~d),y20(nd) 
dimension fx11(4),fyl1(4),fy20(4) 
dimension ull(nd),vll(~d),v20(nd) 
dimension fu11(4),fvll€4),fv20(4) 
b=8 ./3 
Rac=657.5 
r=l./Rac 

c-=~===-==~~~~~~~~==~==~=-~~~~--------------------* ENTREE DES CONDITIONS PHYS:QUES DU PROBLEME: 
* Pr=LE NOMBRES DE PRANDT:. ; 
* ~)=Ra/Rac-1 
* al=LE PARAMETRE DE PROPONDEUR DE LA COUCHE DE FLUIDE. 
* ET LES DES FICHIERS DE SOR:IE: 
* -ke=evolution temporel:e de la composante Xll, 
* -kp=projection d'une p~rtion de trajectoire sur le plan 
* (Xll,Yll) de l'espace des phases. 

c--------~~~~------------------------------------------------read(l,*)Pr 
read(l,*)E 
read(l,*)al 
read(l,*)ke 
read(1,*)kp 
t=7. 
npas=100 
w=t/npas 
eo=2./(2+al) 
e1=al*eo 
Ra=Rac*eo*(l+E) 

c----~--~~~~~~~~~~-----------------------------------* INITIALISATION DU PROBLEME 

c--------~~~-------------------------------------------------xll(1)=1. 
yll (1) =0. 
y20(1)=0. 
v20(1)=0. 
do 1 i=1,nd-1 
do 2 k=1,4 
if(k.eq.l)then 
dxll=xll (i) 
dyll=yll (i) 
dy20=y20(i) 
end if 
if(k.eq.2)then 
p=2. 
el se 
if(k.eq.3)then 
p=2. 
el se 
p=l. 
end if 
endif 
if(k.ge.2)then 
dxll=x11(i)+w*fxll(k-l)/p 
dy11=y11(i)+w*fy11(k-l)/p 
dy20=y20(i)+w*fy20(k-l)/p 
endif 
fx11(k)=-(dxll+Ra*dyll/Pr) 
fyll(k)=-(r*dxll+dxll~y20+eo*dyll/Pr) 
fy20(k)=-(-dxll*dyll+bleo*dy20/Pr) 

2 continue 



x11(i+1)=x11(i)+w*(fx1:(1)+2*(fx11(2)+fx11(3))+fx11(4))/6 
y11(i+1)=y11(i)+w*(fy1:(1)+2*(fy11(2)+fy11(3))+fy11(4))/6 
y20(i+1)=y20(i)+w*(fy2J(1)+2*(fy20(2)+fy20(3))+fy20(4))/6 

1 continue 

c-=~==-~~~~~~~~~~~~~-----------------------------* CALCUL DES EXPONENT$DE LYAPOUNOV 

; INITIALISATIONS DU SYSTEME D'EQJtiONS TANGENT 

c------~~~~~~~-----------------------------------------ull (1)=xll (6000) 
vll (1)=y11 (6000) 
v20(1)=y20(6000) 
do 3 it=1,2000 
do 4 kt-=1, 4 
if(kt.eq.1)then 
du11=ull (it) 
dvll=vll (it) 
dv20=v20(it) 
endif 
if(kt.eq.2)then 
p=2. 
el se 
if(kt.eq.3)then 
p=2. 
el se 
p=l. 
endif 
endif 
if (kt .ge .. 2) then 
du11=u11(it)+w1*fu11(k~-1)/p 

dv1l=vll (it) +wl*fvll (k~-1) /p 
dv20=v20(it)+w1*fv20(k:-1)/p 
endif 

,full(kt)=-(du11+Ra*dvl:/Pr) 
fvll(kt)=-(r*du1l+(dul:*y20(it+nc)+dv20*x1l(it+nc))+eo*dv11/Pr) 
fv20(kt)=du11*yll(it+r.=l+xl1(it+nc)*dvll-b*eo*dv20/Pr 

4 continue 
u11(it+1)=ull(it)+wl*(:u11(1)+2*(fu11(2)+ful1(3))+fu11(4))/6 
vll~it+l)=v11(it)+wl*(!vll(l)+2*(fv11(2)+fv11(3))+fvl1(4))/6 
v20(it+l)=v20(it)+wl*(:v20(1)+2*(fv20(2)+fv20(3))+fv20(4))/6 

3 continue 
do 5 if=1, 10000 
write(kp,89)y11(6000+i:),x11(6000+if) 

5 continue 
do 6 ix=1,10000 

6 write(ke,89)w*(6000+ix),x11(6000+ix) 
89 format(lx,2(1x,F16.7)) 

stop 
end 



,~·' 

program lorz6 

c~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~------
* INTEGRATION NUMERIQUE D'UNE PROJECTION DANS UN ESPACE A 6 
* DIMENSIONS DU PROBLEME DE LA CONVECTION PROFONDE DE 
* RAYLEIGH BENARD PAR LA METHODE DE RUNGE KUTTA. 

c--------------~----~~~----------------------------------------pararneter (max=16001) 
dimension x11(max),x2l(max),y11(max),y21(max) 
dimension y20(max) 1yl0(max),fx11(4),fx21(4),fy11(4) 1fy21(4) 
dimension fy10(4),fy20(4) 
pi=3 .1415927 
q=657.5 

c.~~~~~~~~~~~~~~~~~~~~~~~--------------------* ENTREE DES CONDITIONS PHYSIQUES DU PROBLEME: 
* Pr=LE NOMBRE DE PRANDTL; 
* ::)=Ra/Rac-1; 
* al=parametre de profondeur, 
* ET LES NOMS DES FICHIERS DE SORTIE: 
* ke1=evolution de la composante Xll 1 
* -kp1=projection d'une portion de trajectoire sur le plan (X111Y11) 
* de l'espace des phases. 

c--------~----------------------------------------------------------read(11 *)Pr 
read ( 1 1 *) E 
re ad (1 1 *) al 
read (11 *) ke1 
read(1 1 *)kp1 
Rac=657.5 
t=7. 
npas=100 
w=t/npas 

c~~~77~~~~~~~~~~-----------------------------------* INITIALISATIONS DU PROBL~~: 
* LES CONDITIONS INITILES APPARTIENNENT AU SOUS ESPACE DES 
* FONCTIONS AVEC (p+q) pair . 

c------~~~~-------------------------------------------------x11(1)=1. 
x21(1)=0. 
y20(1)=0. 
y10(1)=0. 
y21 (1)=0. 
y41(1)=0. c ____ ___ 

* LES CONSTÂNTES D'INTEGRATION~l 
* LE NOMBRE D'ONDE EGAL A ~ f \{f;• 
c------~~~~~--~--~---------------------------------------a4=16./(225*(pi**2)) 

a2=8./(9*(pi**2)) 
eo=2./(2+al) 
e1=2*al*eo 
p=1.-((e1*a2)**2) 
c2=416./(225*(pi**2)) 
c1=16./(225*(pi**2)) 
c3=448./(225*(pi**2)) 
b20=8./3 
b10=2. /3 
d11=704./(135*(pi**2)) 
d12=40./(27*(pi**2)) 
d13=2464./(135*(pi**2J) 
pc=1. /p 
Ra=Rac*eo* (1+E) 
do 1 i=l, 16000 
do 2 k=l 1 4 
if (k.ge.2)then 
if(k.eq.2)then 
p2=2. 
el se 



-1.50-

if(k.eq.3)then 
p2=2. 
el se 
p2=1. 
endif 
endif 
dxll=xll{i)+w*fxll(k-l)/p2 
dx21=x21(i)+w*fx21(k-l)/p2 
dyll=yll(i)+w*fyll(k-l)/p2 
dy21=y21{i)+w*fy21(k-l)/p2 
dy20=y20{i)+w*fy20(k-l)/p2 
dylO=ylO{i)+w*fylO(k-ll/p2 
endif 
if(k.eq.l)then 
dxll=xll (i) 
dx21 =x21 ( i) 
dyll=yll (i) 
dy21=y21{i) 
dy20-y20{i) 
dylO=ylO(i) 
endif 
fxll(k)=-dxll-Ra*dyll/Pr 
fx21(k)=-3*dx21-Ra*dy21/(3*Pr) 
R=Pr*(dxll*dy20-dx2l*dyl0/2-el*(dxll*(dyl0*a2/2)+a4*dx21*dy20)) 

&+eo*dyll 
S=Pr*(-dxll*dy10/2-el*(cl*dxll*dy20+dx21*dy10*c2/2))+3*dy21*eo 
fyll(k)=-{(dxll/q)+{R/{Pr*p))-el*a2*S/(Pr*p)) 
fy21(k)=-((dx21/q)+(S/(p*Pr))-el*a2*R/(Pr*p)) 
vll=dxll *dyll 
v21=dxll *dy21 
v13=dx21*dyll 
v14=dxll*dx21 
v15=dx21*dy21 
T2=Pr*(-vll-el*c3*((v21+vl3)/2))-el*(Pr**2)*dll*vl4/(2*Ra) 
T=T2+b20*eo*dy20 
z12=dxll *dy21 
z2l=dx2l*dyll 
zll=dxll*dxll 
z22=dx21*dx21 
Pl=Pr*((z12+z21)/2-el*(a2*vl1+2*a4*vl5))+bl0*eo*dyl0-((el*(Pr**2)* 

&(dl2*zll+d13*z22))/(2*Ra)) 
fy20(k)=-((T/(Pr*p))-el*a2*Pl/(Pr*p)) 
fy10(k)=-{(Pl/(p*Pr))-el*a2*T/(Pr*p)) 

2 continue 
xll(i+l)-xll(i)+w*(fx!l(l)+2*(fx11(2)+fxll{3))+fxll(4))/6 
x21(i+l)=x21(i)+w*(fx21(1)+2*(fx21(2)+fx21(3))+fx21(4))/6 
yll(i+l)=yll(i)+w*(fy:l(l)+2*(fyl1(2)+fy11(3))+fyl1(4))/6 
y21(i+1)=y21(i)+w*(fy21(1)+2*(fy21(2)+fy21(3))+fy21(4))/6 
y20(i+1)=y20(i)+w*(fy20(1)+2*(fy20(2)+fy20(3))+fy20(4))/6 
y10(i+1)=y10(i)+w*{fy:0(1)+2*(fy10(2)+fyl0(3))+fyl0(4))/6 

1 continue 
do 3 il=1,10000 
write(kp1,100)y11(600:+il),x11(6000+il) 

3 continue 
do 5 ix=l,10000 

5 write(kel,100)w*(6000-ix),xll(6000+ix) 
100 format(1x,2(F20.10)) 

stop 
end 
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program lorz8 
c ______________________________________________________________ ___ 

* INTEGRATION NUMERIQUE D'UN MODELE DYNAMIQUE RESULTANT 
* D'UNE PROJECTION DANS UN ESPACE A 8 DIMENSIONS 
* DU PROBLEME DE LA CONVECTION "PROFONDE" DE 
* RAYLEIGH-BENARD PAR LA METHODE DE RUNGE-KUTTA D'ORDRE 4 . 

c----------~--~~~~~------------------------------------------parameter (m=16001) 
external sqrt 
dimension x11(m),x21(m),x12(m),y11(m),y12(m),y21(m),y10(m),y20(rn) 

& , fxll ( 4) , fx12 ( 4) , fx21 ( 4) , fyll ( 4) , fy21 ( 4) , fy12 ( 4) , fy1 0 ( 4) , fy2 0 ( 4) 
pi=3.14159 
q=657.5 

c----~~~--~~~~~~~--~~~~~----------------------------* ENTREE. DES PARAMETRES PHYSIQUES: 

* 
* 
* 

_pr=le nombre de Prandtl; 
_er=ra/rac-1 
_alp=parametre de profondeur de la couche de fluide . 

c--------~~~------------------------------------------------------read(1,*)pr 
read(1,*)er 
read(1,*)alp 
read(l, *)kp1 
re ad ( 1, *) kp2 
n=100 
t=7. 
rac=657.5 

c--~~~~~~~~~~~~~--~------------------------------------* ENTREE DES CONDITIONS INITIALES : 
* -LES CONDITIONS INITIALES APPARTIENNENT AU SOUS ESPACE DES 
* FONCTIONS AVEC (p+q) PAIR POUR QUE LORSQUE LE PARAMETRE DE 
* PROFONDEUR EST NUL SEUL LES MODES DU MEME SOUS ESPACE BIFURQUENT. 

c---------------------------------------------------------------------xll(1)=1. 
x21(1)=0. 
x12(1)=0. 
y11(1)=0. 
y21(1)=0. 
y12(1)-0. 
y10(1)=0. 
y20(1)=0. 
w=t/n 

c-===~~~~~~~~~~~==~~~~~----------------------* ENTREE{-- DES CONSTANTES D'INTEGRATIONS: 
* LE NOMBRE D'ONDES CONS!DERE. EST EGAL A ~ 
c------~~~------------------------------------------------c=B./3 

a=sqrt(2.)/4 
d111-4./(9*(pi**2)) 
d221=8./(225*(pi**2)) 
d122=208./(225*(pi**2)) 
b=60*sqrt(2.)/(225*(pi**2)) 
d212=d221 
eo=2./(2+alp) 
e1=alp*eo 
d=448./(225*(pi**2)) 
ra=rac*eo*(1+er) 
d0=8./(9*(pi**2)) 
r=1. /rac 
e=2./3 
cr=l.-4*((el*d0)**2) 
crc=l./cr 
do 1 i=1,16000 
do 2 k=l,4 
if(k.eq.l)then 
dxll=xll (i) 



dx12=x12(i) 
dx21=x21(i) 
dyll=y11 (i) 
dy12=y12(i) 
dy21=y21(i) 
dy20=y20(i) 
dy10=y10(i) 
endif 
if(k.ge.2)then 
if(k.eq.2)then 
pp=2. 
el se 
if(k.eq.3)then 
pp=2. 
el se 
pp=1. 
endif 
endif 
dx11=x11(i)+w*fx11(k-1)/pp 
dx21•x21(i)+w*fx21(k-1)/pp 
dx12=x12(i)+w*fx12(k-1)/pp 
dy11=y11(i)+w*fyll(k-l)/pp 
dy2l=y21(i)+w*fy2l(k-l)/pp 
dy12=yl2(i)+w*fy12(k-1)/pp 
dyl0=yl0(i)+w*fy10(k-1)/pp 
dy20=y20(i)+w*fy20(k-1)/pp 
endif 
v11=-3*a*pr*dxl2*dx2l+ra*dyl1+pr*dxl1 
fx11 (k) =-vll /pr 
v21=-a*pr*dx1l*dxl2+ra*dy21/3+3*pr*dx21 
fx21(k)=-v21/pr 
v12=3*a*pr*dx11*dx21+ra*dy12+2*pr*dx12 
fxl2(k)=-v12/pr 
q11=-(3*a*(dx21*dy12+dx12*dy21)+dy20*dx11-dy10*dx2l/2) 
qdl=(3*a*dl11*(dx12*dy11+dxll*dyl2)+dy20*dx21*d221+dyl0*dxll*dlll 

&/2) 
q21=3*a*(dx12*dy11+dy12*dx11)+dy10*dx11/2 
qd2=b*(dx2l*dyl2+dxl2*dy2l)+d212*dy20*dxll+dy10*dx2l*d122/2 
qf1=64*a*dxl1*dxl2/(9*(pi**2)) 
qf2=-64*sqrt(2.)*dxl2*dx21/(45*(pi**2)) 
qsl=pr*q11+4*pr*el*qdl-eo*dy1l+e1*(pr**2)*qf1/ra 
qs2=pr*q21+4*pr*el*qd2-3*eo*dy2l+el*(pr**2)*qf2/ra 
qr1=qs1-2*el*d0*qs2 
qr2=qs2-2*e1*d0*qsl 
fy11(k)=-(r*dx11-qr1/(cr*pr)) 
fy2l(k)=-(r*dx21-qr2/(cr*pr)) 
q12=3*a*(dy11*dx21-dy21*dx11)-2*dy20*dx12 
qd12=dy10*dx12*dl11 
qf3=16*a*((dx11/(3*pi))**2)-448*a*((dx21/pi)**2)/45 
qs3=pr*q12-2*eo*dy12+4*e1*qd12*pr+e1*(pr**2)*qf3/ra 
fy12(k)=-(2*r*dxl2-qs3/pr) 
q20=dx1l*dy11+2*dy12*dxl2 
qd0=(dx21*dyll+dxll*dy2l)*d 
qf0=704*dx11*dx21/(135*(pi**2)) 
q10=-(dyll*dx21+dx11*dy21)/2 
qd10•4*(dxl1*dyl1*d111+2*dx2l*dy21*d221+2*dx12*dyl2*d111) 
qf10=40*((dx11/pi)**2)/27+2464*((dx21/pi)**2)/135+l6~((dx12/pi) 

&**2)/27 
qslO=qlO*pr+e1*qd10*pr-e*eo*dylO+e1*(pr**2)*qf10/ra 
qs0=pr*q20+pr*e1*qd0-c*eo*dy20+e1*qf0*(pr**2)/ra 
qtl=qs0-2*el*d0*qsl0 
qt2=qs10-2*el*dO*qs0 
fy20(k)=qtl/(pr*cr) 
fy10(k)=qt2/(pr*cr) 

2 continue 
xll(i+l)=xll(i)+w*(fxll(l)+2*(fxll(2)+fxll(3))+fxl:(4))/6 
x21 (i+l) =x21 (i) +w* (fx21. (1) +2* (fx21 (2) +fx21 (3)) +fx2: (4)) /6 



r, 

r ., 

x12(i+1)=x12(i)+w*(fxl2(1)+2*(fx12(2)+fx12(3))+fx12(4))/6 
yll(i+1)=yl1(i)+w*(fyll(1)+2*(fyll(2)+fyll(3))+fyll(4))/6 
y21(i+1)=y21(i)+w*(fy21(1)+2*(fy21(2)+fy21(3))+fy21(4))/6 
y12(i+1)=y12(i)+w*(fy12(1)+2*(fy12(2)+fy12(3))+fy12(4))/6 
y10(i+1)=y10(i)+w*(fyl0(1)+2*(fy10(2)+fy10(3))+fy10(4))/6 
y20(i+1)=y20(i)+w*(fy20(1)+2*(fy20(2)+fy20(3))+fy20(4))/6 

1 continue 
do 5 ih=1,6000 

5 write(kp2,100)w*(10000+ih),x11(10000+ih) 
do 3 il=1, 6000 
write(kp1,100)y11(10000+il),x11(10000+il) 

3 continue 
100 format(1x,2(lx,F20.10)) 

stop 
end 



r 
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program rk4 

c-=~~~~~~==~~~~~~~~~~~~~~~~~~~~~-----* INTEGRATION NUMERIQu~ D'~~ PROJECTION DANS UN ESPACE A 15 
* DIMENSIONS DE LA COt-t"VECTION BIDIMENSIONNELLE "PROFONDE" PAR 
* LA METHODE DE RUNGE KUTTA. 

c--------------~--~~~----------------------------------------parameter(naz=10001) 
dimension X11(naz),X22(naz),X12(naz),X21(naz),X31(naz) 

&,X13(naz),Y11(naz),Y12(naz),Y21(naz),Y22(naz),Y31(naz) 
&,Y13(naz),Y20(naz),Y1J(naz),Y40(naz) 
dimension FX11(4),FX12(4),FX21(4),FX22(4) 

&,FX13(4),FX31(4),FL11{4),FL21(4),FL12(4) 
&,FL22(4),FL13(4),FL31i4),FL20(4),FL10(4) 
&,FL40(4) 

PI=3 .115927 
Q=657.5 

c __ =-~-=--~--~~~~~--~~~~~----~~--------------------* ENTREE DES CONDITIONS PHYSIQUES OU. PROBLEME 
* 
* 
* 
* 
* 
* 
* 

Pr=LE NOMBRE DE PRANDTL; 
E=Ra/Rac-l,Rac est le nombre de Rayleigh pour 

la convection "peu profonde"; 
Alp=le parametre de p=ofondeur, 

ET LES NOMS DES FICHIERS DE SORTIE: 
ke=evolution temporel:e du coefficient Xl1, 
kp=projection sur le plan (X11,Y11). 

c--------~~---------------------------------------------------read(1,*)Pr 
read (1, *) E 
read(1,*)Alp 
read(1,*)ke 
re ad ( 1, *) kp 
t=7. 
n1=100 
Rac=657.5 
N2==10000 
W=t/n1 
C=S./3 

c-=~~--~~--~~~~~~~-----------------------------------* INITIALISATIONS DU PROBLEME: 
* LES CONDITIONS INITIALES APPARTIENNENT AU SOUS ESPACE DES 
* FONCTIONS AVEC (p+q) PA:R. 

c----~--~~~-------------------------------------------------X11(1)=1. 
Yl1(1)=0. 
Y20(1)=0. 
X21(1)=0. 
X12(1)=0. 
X22(1)=0. 
Xl3 (1) aO. 
X31(1)=0. 
Y12 (1) =0. 
Y21(1)=0. 
Y22(1)=0. 
Y13 (1) =0. 
Y31 (1)=0. 
Y10(1)=0. 
Y40(1)=0. 

c ______________________________________________________________ _ 

*ENTREE DES CONSTANTES D'ISTEGRATIONS 
* LE NOMBRE D'ONDE EST E:;AL A '\1;(2. 
c----~~~~~~-----------------------------------------------A=l. / (PI**2) 

D111=4. *A/9. 
D221=8*A/225 
D122=208.*A/225. 
D133=1188.*A/1225. 
D113=12.*A/25. 



0131=0113 
0311=-92. *A/225. 
0223=24.*A/49. 
0322=-352.*A/441. 
0313=12.*A/1225. 
0212=0221 
A613=-444.*A/225 
0331•0313 
A313=-384.*A/225. 
A913•-720.*A/225. 
A122=216.*A/225. 
A422=240.*A/225 
A323=-240. *A/441 
A322=232.*A/225 
A222=-192.*A/225 
A332=-1488.*A/441 
A611=660. *A/225 
0421=-4792.*A/11025. 
0412=0421 
0432==-936*A/2025 
A214=15808.*A/1225 
0423=0432 
A234=4919*A/2025. 
A224=15808*A/1225 
A631=1248.*A/1225. 
A221=224*A/225. 
A333=-168.*A/225. 
A622=256.*A/225. 
A311=-624.*A/441. 
E0=2./(2.+Alp) 
E1=EO*Alp 
OO=S*A/9 
01=24*A/25 
04=16*A/225 
CR3=1-((2*E1*00)**2)-((2*E1*04)**2) 
CR1=1-((2*E1*00)**2)-((2*E1*01)**2) 
CR0=1-((2*E1*00)**2) 
O=sqrt (2.) 
X=1. /Pr 
S=1. /135. 
Ra=Rac* ( l+E) *EO 
do 1 I=1,N2 
do 2 k=1,4 
if(k.ge.2)then 
if(k.eq.2)then 
P=2. 
el se 
if(k.eq.3)then 
P=2. 
el se 
P=l. 
endif 
endif 
OX11=X11(I)+W*FX11(k-1)/P 
OX12=X12(I)+W*FX12(k-1l/P 
OX21=X21(I)+W*FX21(k-1l/P 
OX22=X22(I)+W*FX22(k-1l/P 
OX13=X13(I)+W*FX13(k-ll/P 
OX31=X31(I)+W*FX31(k-ll/P 
OY11=Y11(I)+W*FL11(k-ll/P 
OY12=Y12(I)+W*FL12(k-ll/P 
OY21=Y21(I)+W*FL21(k-1)/P 
DY22=Y22(I)+W*FL22(k-1)/P 
DY13=Y13(I)+W*FL13(k-1)/P 
DY31=Y31(I)+W*FL31(k-ll/P 
DY20=Y20(I)+W*FL20(k-ll/P 
DY10=Y10(I)+W*FL10(k-ll/P 
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DY40=Y40(I)+W*FL40(k-ll/P 
endif 
if(k.eq.l)then 
DXll=Xll(I) 
DX12=Xl2(I) 
DX2l=X2l(I) 
DX22=X22(I) 
DX13=X13(I) 
DX31-X31(I) 
DYll=Yll(I) 
DY12=Y12(I) 
DY2l=Y21(I) 
DY31=Y31(I) 
DY13=Yl3(I) 
DY22=Y22(I) 
DY20=Y20(I) 
DYlO=YlO(I) 
DY40=Y40(I) 
endif 
FW11=-D*(9*DX12*DX21+28*DX22*DX31+4*DX22*DX13)/12 
PWll=Ra*X*DYll+DXll 
FW12=D*(9*DX2l*DX11+5*JX2l*DX13+25*DX2l*DX31)/12 
PW12=Ra*X*DY12+2*DX12 
FW21=-D*(9*0Xll*DX12+25*DX12*DX13+65*DX12*DX31)/36 
PW2l=Ra*X*DY21/3+3*DX2l 
FW22=-2*D*(DXll*DX13-2*0Xll*DX31+2*DX3l*DX13)/3 
PW22=Ra*X*DY22/2+4*DX22 
FW13=0*(36*DXll*DX22+15*DX12*DX21+56*DX22*DX31)/44 
PW13=9*X*Ra*DY13/ll+(::•DX13/3) 
FW31=-D*(36*DXll*DX22-:S*DX12*DX21-8*DX13*DX22)/76 
PW31=3*Ra*X*DY31/19+19*DX31/3 
FVll=DX31*DY20-DXll*DY20-3*D*(DX12*DY21+DX21*DY12 

&)/4-D*(DX22*DY13+DX13*JY22)-D*(DX31*DY22+DX22 
&*DY31)+(DX2l*DY10/2) 

FA11•2*DXll*DY10*0111+3*D*Dlll*(DXll*DY12+DX12*DY11) 
&+5*D*Dlll*(DX12*DY13+rX13*DY12)+6*D*D221*(DX21*DY2 
&2+DX22*DY2l)+D*A613*(:X31*DY12+DX12*DY31)+2*DX3 
&l*DY10*0131+4*D221*DX2l*DY20 

FDY11=4*D*A*DXll*DX12/9+76*D*A*DX12*DX13/27-76*D*A*DX12 
&*DX31/135+224*D*A*DX21*DX22/45 

FV2l=DX1l*DY10/2+5*D*{JX12*DY13+DX13*DY12)/4+3*D* 
&(DXll*DY12+DX12*DY11)/4-5*0*(DX12*DY31+DX31*DY12 
&)/4+DX31*DY10/2 

FA21=2*D*Al22*(DXll*DY22+DX22*DYll)+D*A422*(DX12*DY21 
&+DX21*DY12)+2*D*A323*(:X22*DY31+DX3l*DY22)+2*D*A322 
&*(DX22*DY13+DX13*DY22)-4*D223*DX31*DY20+2*D122*DX21 
&*DY10+4*D221*0Xll*DY2C 

FDY21=32*D*A*DX11*DX22t45-16*D*A*DX12*DX21/45-32*S*D*A* 
&DX22*DX13+1120*D*A*DX22*DX31/189 

FV3l=D*(DXll*DY22+DX22•DY11)+5*D*(DX21*DY12+DX12 
&*DY21)/4+2*D*(DX22*DY:3+DX13*DY22)+DX2l*DY10/2 
&+DXll*DY20 

FA31=3*D*Dl13*(0Xll*DY:2+DX12*DY11)+5*D*D113*(DX13 
&*DY12+DX12*DY13)+6*D*:223*(DX22*DY21+DX21*DY22) 
&+D*A63l*(DX12*DY31+DX;:•oy12)+2*D133*DX3l*DY10+2 
&*Dll3*DXll*DY10+4*DX2:•JY20*0223 

FDY31=116*D*A*DX11*DX:2/135-52*D*A*DX12*DX31/35+160*D 
&*A*DX21*DX22/189 

FS11=2*(-DX31*DY40+4*E:*DX21*DY40*D421) 
FS21=2*(-DX21*DY40+4*E:*(D412*DXll*DY40 

&+DX31*DY40*0432)) 
FS31=2*(-DX11*DY40+4*I:*DX2l*DY40*D423) 
FV12=3*D*(DX2l*DY11-DX:l*DY21)/4•2*DX12*DY20 

&+DX22*DY10+5*D*(DX31*:!21-DX2l*DY31)/4-5*D* 
&(DX13*DY21+DX2l*DY13) ~ 

FA12=4*D*Dlll*(DXll*D::3+DX13*DYll)+D*A313*(0Xll*DY31 
&-DX3l*DYll)+D*A913*(DX:3*DY3l+DX3l*DY13)+4*Dlll* 



&DX12*DY10+8*D221*DX22*DY20 
FDY12=D*A*DXll*DXll/9+:0*D*A*DXll*DX13/27-106*D*A*DX11 

&*DX31/135+22*D*A*DX13*DX31/135-28*D*A*DX2l*DX21/45 
FV22=D*(DX1l*DY13+DX13*DY11)-2*D*(DX13*DY31+DX31 

&*DY13)+D*(DX31*DY11-DXll*DY3l)+DX12*DY10 
FA22=D*A222*(DXll*DY21-DX2l*DYll)+D*A332*(DX2l*DY31 

&-DX3l*DY2l)+D*A622*(DX13*DY2l+DX2l*DY13)+8*D212*DX1 
&2*DY20+4*Dl22*DX22*DY1J 

FDY22=-8*D*A*DXll*DX12/45-296*A*D*DX2l*DX13/135-664*D*A* 
&DX2l*DX31/189 

FS12=16*El*DX22*DY40*D421 
FS22=4*(-DX22*DY40+4*El*D412*DX12*DY40) 
FV13=D*(S*(DX2l*DY12-DX12*DY21)/4)+2*D*(DX3l*DY22 

&-DX22*DY3l)+D*(DX22*DYll-DXll*DY22)-3*DX13*DY20 
FA13=D*Dlll*(DYll*DX12-DXll*DY12)+D*A611*(DX12*DY31 

&-DX3l*DY12)-2*D*D221*(-DX22*DY21+DX21*DY22) 
&+6*Dlll*DX13*DY10 

FDY13=20*D*A*DXll*DX12/27-212*D*A*DX12*DX31/135+224* 
&D*A*DX2l*DX22/135 

FV20•DXll*DYll-DXll*DY31+2*DX12*DY12+3*DX13 
&*DY13-DX31*DY11 

FV10=(-DXll*DY21-2*DX12*DY22-DX2l*DYll-2*DX22 
&*DY12-DX2l*DY31-DX3l*DY21)/2 

FA20=2*(A221*(DXll*DY2:+DX2l*DY11)+2*A22l*(DX12 
&*DY22+DX22*DY12)+A3ll*~DX2l*DY3l+DX3l*DY21)) 
FA10=2*(2*Dlll*DXll*DY:l+4*Dlll*DX12*DY12+4*D22l*DX21 
&*DY21+8*DX22*DY22*D221~6*Dlll*DX13*DY13+6*D331 

&*DX3l*DY3l+A333*(DXll*JY3l+DX3l*DYll)) 
FDY20=352*A*DXll*DX21;:35+128*DX12*DX22*A/135+4960*A* 

&DX2l*DX31/189 
FDY10=20*A*DXll*DX11/27-424*A*DXll*DX31/135+80*A*DX12* 

&DX12/27+1232*A*DX2l*DX21/135+2048*A*DX22*DX22/135 
&+1428*A*DX3l*DX31/35+340*A*DX13*DX13/27 

FV40=2*(DXll*DY3l+DX31•DY11+2*DX22*DY22+DX2l*DY21) 
FA40=2*El*((DX2l*DYll+JXll*DY21)*A214+(DX2l*DY3l+DX31 

&*DY2l)*A234+2*(DX22*DY:2+DX12*DY22)*A214) 
ZXC=l6*A/9 
FDY40=El*ZXC*(296*DXll*DX21/105+1472*DX12*DX22/105+280*DX2 

&l*DX31/45) 
FFll=FVll+FSll+El*FA11+4*El*Pr*FDYll/Ra-EO*X*DYll 
FF2l=FV21+FS21+El*FA21~4*El*Pr*FDY21/Ra-EO*X*3*DY21 

FF3l=FV3l+FS3l+El*FA31~4*El*Pr*FDY31/Ra-EO*X*l9*DY31/3 

FF12=FV12+FS12+El*FA12+4*El*Pr*FDY12/Ra-2*EO*DY12*X 
FF22=FV22+FS22+El*FA22~4*El*Pr*FDY22/Ra-4*EO*DY22*X 
FF13=FV13+El*FA13+4*El*Pr*FDY13/Ra-ll*EO*X*DY13/3 
FF20=FV20+El*FA20+2*Pr•El*FDY20/Ra-C*EO*X*DY20 
FF10=FV10+El*FA10+2*Pr•El*FDY10/Ra-2*EO*X*DY10/3 
FF40=FV40+FA40+FDY40*P=/Ra-32*EO*X*DY40/3 
FXll(k)=-(FWll+PWll) 
FX2l(k)=-(FW2l+PW21) 
FX12(k)=-(FW12+PW12) 
FX22(k)=-(FW22+PW22) 
FX13(k)=-(FW13+PW13) 
FX31(k)=-(FW3l+PW31) 
TC20=FF20 
TClO=FFlO 
TC40=FF40 
FL21(k)=FF21/CRl-DX21/Q-2*El*(FFll*DO+Dl*FF31)/CRl 
FLll(k)=FFll-2*El*DO*(FL2l(k)+DX21/Q)-DXll/Q 
FL3l(k)=FF31-2*El*Dl*(FL2l(k)+DX21/Q)-DX31/Q 
FL22(k)-FF22/CR0-2*El*JO*FF12/CR0-2*DX22/Q 
FL12(k}=FF12/CR0-2*El*JO*FF22/CR0-2*DX12/Q 
FL13(k}=FF13-3*DX13/Q 
FL10(k}=TC10/CR3-2*El*(DO*TC20+D4*TC40)/CR3 
FL20(k)=TC20-2*El*DO*F~lO(k) 

FL40(k}=TC40-2*El*D4*F:lO(k) 
2 continue 



Xll(I+l)=Xll(I)+W*(FX11(1)+2*(FX11(2)+FX11(3))+FX11(4))/6 
X12(I+l)=Xl2(I)+W*(FX12(1)+2*(FX12(2)+FX12(3))+FX12(4))/6 
X21(I+l)=X21(I)+W*(FX21(1)+2*(FX21(2)+FX21(3))+FX21(4))/6 
X22(I+l)=X22(I)+W*(FX22(1)+2*(FX22(2)+FX22(3))+FX22(4))/6 
X13(I+l)=X13(I)+W*(FX13(1)+2*(FX13(2)+FX13(3))+FX13(4))/6 
X31(I+l)=X3l(I)+W*(FX31(1)+2*(FX31(2)+FX31(3))+FX31(4))/6 
Yll(I+l)=Yll(I)+W*(FL11(1)+2*(FL11(2)+FL11(3))+FL11(4))/6 
Y12(I+1)=Y12(I)+W*(FL12(1)+2*(FL12(2)+FL12(3))+FL12(4))/6 
Y21(I+1)=Y2l(I)+W*(FL21(1)+2*(FL21(2)+FL21(3))+FL21(4))/6 
Y22(I+1)=Y22(I)+W*(FL22(1)+2*(FL22(2)+FL22(3))+FL22(4))/6 
Y13(I+l)=Y13(I)+W*(FL13(1)+2*(FL13(2)+FL13(3))+FL13(4))/6 
Y31(I+1)=Y31(I)+W*(FL31(1)+2*(FL31(2)+FL31(3))+FL31(4))/6 
Y20(I+1)=Y20(I)+W*(FL20(1)+2*(FL20(2)+FL20(3))+FL20(4))/6 
Yl0(I+l)=Y10(I)+W*(FL10(1)+2*(FL10(2)+FL10(3))+FL10(4))/6 
Y40(I+l)=Y40(I)+W*(FL40(1)+2*(FL40(2)+FL40(3))+FL40(4))/6 

1 continue 
do 40 ns=l,lOOOO 

40 write(ke,77)w*ns,Xll(ns) 
77 format(lx,Fl9.11,lx,Fl9.11) 

do 41 nc=1,10000 
41 write(kp,78)Xl1(nc),Yll(nc) 

78 format(lx,1x,F16.10,lx,Fl9.11) 
stop 
end 
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