Equation de Convection-Diffusion 1D

Dr. Laid MESSAOUDI
Département de Mécanique

Université de Batna

Master : Energétique

Matiere : Méthodes Numériques Appliquées II

2010/2011

EXEMPLE 1

Détermination de la distribution de x6(x) transportée par convection-diffusion a travers un domaine
1D dont les extrémités sont soumises aux (C.L.):
Schéma centré pour le terme convectif.

d d d -
g(p-u-mm)-g(r-d—x (x))—o

Conditions aux limites (C.L):

0(0) =0,=1,
(L) =0, =0,

Y u=0.1 m/s, 6x=0.2:

;> Restart : Digits == 4 :
>u:=0.1;L:=1.0;p = 1.0; Gam := 0.1; S := 1.0; ndx := 5;

u:=0.1
L=10
p=1.0
Gam =0.1
S:=1.0
B ndx =5 (1.1)




F:=pu-S;
J = Gam-S;
&
F
Pe := —;
e 7’
& :=0.2000
F:=0.100
d :=0.5000
L Pe :=0.2000 1.2)
> 0. = ndx;
I b =9 (1.3)
Nombre d'équations:
> Ne = Lax
L Ne =5 (1.4)
Abscisses des noeuds:
> x[0]:=0;
for i from 1 to [ax do
x[i] == Zx +(i—1)-0x;
end do;
x[imax + 1] = L;
Xy =
x, :=0.1000
x, :=0.3000
x5 :=0.5000
x, :=0.7000
Xg = 0.9000
x:= 1.0 (1.5)
Conditions aux Limites:
> 0[0] :== 1.0;
q)[imaX + 1] = 0;
OLL] = Oy + 1;
0,:=1.0
0=
_ ¢y 0:=0 1.6)
Noeuds internes:
> for i from 2 to imax—l do
Spli] = 0;
Suli] == 0;
aylil==d+ g;
. F
aE[l] = d- ?;
ap[i] = aw[i] + aE[l] _Sp[l],
end do;
Sp, =0




Su2 =0

Ay, = 0.5500
ag, = 0.4500
ap, = 1.000
Spy; =0
Suy =
yy, = 0.5500
ag, = 0.4500
ap, 1= 1.000
Spy, =0
Su, =
ay, = 0.5500
g, = 0.4500
ap, = 1.000
Noeud gauche:
>Sp[l]:=- (2-d+F);
Su[l] = (2-d +F)-¢[0];
ay[1]:=0;
al1] = d- 2
apl1] = ap[1]+ ag[1]—=Sp[l];
Sp, = -1.100
Su, :=1.100
aW1 =0
ag = 0.4500
apl :=1.550
Noeud droit:
> Sp[imax] =~ (2-d-F);
Su[imax] = (2-d-F) O fpax T 1];
F

aW[imax] =d+ ?;
] =%
aP[lmax] : aW[ lmax] + aE[lrnaX] o Sp[lmax];

Sps = -0.900
Su5 =0.

Y Equations:

1.7)

(1.8)

(1.9)



>ki=1

L k=1 (1.1.1)
Résolution pour les noeuds internes:
> for i from 1 to Ne do

EqlK] = apl i]-0[i1=ay[ i-0[i — 11+ ag[ i1-0[i + 1]+ Su[ i

k=k+1;
end do;
Eq, :=1.550 q)l =1.100 4 0.4500 ¢2

k=2

Eq, :=1.000 q>2 =0.5500 ¢1 4+ 0.4500 ¢3
k=3

Eq,:=1.000 (1)3 =0.5500 ¢2 4+ 0.4500 q>4
k=4

Eq, :=1.000 q>4 =0.5500 ¢3 4+ 0.4500 ¢5
k=5

Eqs:=1.450 (1)5 =0.5500 ¢4

k=6 (1.1.2)

[ Ecriture du systeme d'équations:
> for k from 1 to Ne do Eg[k ] end do;

1.550 ¢, = 1.100 + 0.4500 0,
1.000 ¢, =0.5500 ¢, + 0.4500 0,
1.000 ¢, =0.5500 6, + 0.4500 0,
1.000 ¢, =0.5500 ¢, + 0.4500 ¢,
1450 ¢, =0.5500 0, (1.1.3)

=> Eqs == {seq(Eq[k], k=1.Ne)},
Egqs = {1.550 ¢, =1.100 +0.4500 ¢,, 1.000 ¢, =0.5500 ¢, +0.4500 O 1.000 0, (1.1.4)

=0.5500 ¢, + 0.4500 ¢, 1.000 ¢, =0.5500 ¢, + 0.4500 ¢, 1.450 ¢, =0.5500 (1)4}

> Tmps = [seq(¢[i], i=1 ..Ne) ];
| Tmps = [0}, 0, 03, 0, 0] (1.1.5)
> SolT := solve(Egs, Tmps);
SolT := [ [q)l =0.9421, (1)2 =0.8006, (1)3 =0.6276, ¢4 =0.4163, ¢5 = 0.1579]] (1.1.6)
;> with(LinearAlgebra) :

Forme matricielle:
> A, b := GenerateMatrix(Eqs, Tmps)

1.550 -0.4500 0 0 o |[1.100]
0 0 0  -0.5500 1.450 0
A b:=| -05500 1.000 -0.4500 0 o | o (1.1.7)
0  -0.5500 1.000 -0.4500 O 0
0 0  -0.5500 1.000 -0.4500 0

Solution exacte:




> F(x) = ¢[0]+ ($[L] — ¢[0]) e( i)
e Gam ) 1
(o )
(¢L_¢0) eGam -1
F = x—>¢0 + pul (1.1.8)
i Gam 1
| > with(plots) :
> plot(F(x),x=0.L);
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[ > for i from 1 to Ne do
0[] = rhs(SolT, ;)
end do;
¢1 =0.9421
(1)2 =0.8006
¢3 =0.6276
¢4 =0.4163
(1)5 =0.1579 (1.1.9)

=> IpN = [ seq( [x[i], ¢[i]], i=0.i . + 1)]
(11 1M



IpN =110, 1.0], [0.1000, 0.9421], [0.3000, 0.8006], [0.5000, 0.6276], [0.7000,  (1.1.10)
0.41631], [0.9000, 0.15791], [1.0, 0]]

Courbe Numérique:
> listplot(IpN, color = blue, gridlines = true)

1

S
0,6 | \
N

0,4 \
0,2 \

0 . . . . .
0 0,2 0,4 0,6 0,8 1
> IpT = [seq( [x[i], F(x[1])],i=0.i , + 1) ]
IpT:=1[[0,1.0], [0.1000, 0.9389], [0.3000, 0.7963 ], [0.5000, 0.6222], [0.7000,  (1.1.11)
0.40981, [0.9000, 0.15021], [1.0, 0.]]
Courbe Théorique avec une liste de points:
> listplot(IpT, color = green, gridlines = true)




0.8 \

0.6 \

0.4 \

0,2

0 . . . . .
0 0,2 0,4 0,6 0,8

;Tracé des deux courbes ensembles:
> multiple(listplot, [IpN, color = blue, style = point, symbol = circle), [IpT, color
= green, style = line), color = black, gridlines = true)




1

0,8 \

0.6 \\

0.4 \
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=Erreur relative:
> for i from 1 to Ne do

x[i];

oLil;

F(x[i]);

O[i] — F(x[i])
-100
F(x[i])

end do
0.1000
0.9421
0.9389
0.3408
0.3000
0.8006
0.7963
0.5400
0.5000
0.6276
0.6222
0.8679
0.7000
0.4163
0.4098

1.586




Y u=25m/s, 6x=0.2:
;> Restart : Digits = 4 :

L
> = —
a ndx ’
F:=p-u-s;
J = Gam-S;
o
F
Pe := —;
e g
[ > i = ndx;

max

Nombre d'équations:
> Ne =i

_Abscisses des noeuds:
> x[0] :=0;
for i from 1 to [oax do

x[i] = (Zx +(i—1)0x;
end do;

x[i +1]::L;

max

_Conditions aux Limites:
> 0[0] == 1.0;

0.9000

0.1579

0.1502
5.126

>u:=25L:=1.0;p:= 1.0; Gam := 0.1; § := 1.0; ndx := 5;

u:=25
L=1.0
p:=1.0
Gam =0.1
S==1.0
ndx =5
& :=0.2000
F:=2.500
d :=0.5000
Pe :=5.000
lmax = 5
Ne =5
X, :=0
x, :=0.1000
Xy = 0.3000
x5 :=0.5000
x, :=0.7000
X5 = 0.9000
Xg = 1.0

(1.1.12)

@2.1)

2.2)

2.3)

2.4)

2.5)



¢[imax + 1] = 0;
QL] = O iy + 1

¢0 =1.0
0, =0
L 04=0
Noeuds internes:
> for i from 2 to Lax ™ 1 do
Spli] = 0;
Suli] := 0;
) F
agli] ==d+ bR
) F
agli] == d- ER
apli] == aylil+ agli]l —Spli];
end do
Sp, =0
Su, =
aW2 =1.750
a, = -0.7500
aP2 =1.000
Sp; =0
Suy =
aW3 =1.750
aE3 = -0.7500
aP3 =1.000
Sp, =0
Su, =
aW4 =1.750
aE4 =-0.7500
ap4 =1.000
Noeud gauche
> Sp[l]=-(2-d+F);
Su[l]:= (2-d+F)-¢[0];
ay[1]=0;
F
aE[ ] d- ?
ap[1] = ap[1]+ ag[1]—=Sp[l]
Sp, = -3.500
Su, :=3.500
an =
.= -0.7500

(2.6)

Q2.7

2.8)



ap =2.750
| 1
Noeud droit:
> Sp[imax] =- (2-d-F);
Su[imax] = (2-d-F) -q)[imax + 1];
F

aW[imax] =d+ ?;
aE[l:max] = O; . . .
aP[lmax] = aW[ lmax] + aE[lmaX] o Sp[lmax];

Sp5 =1.500

Su5 = -0.
aW5 =1.750

aE5 =0
ap = 0.250

\ 4 Equations:
> k=1
k=1

[ Résolution pour les noeuds internes:
> for i from 1 to Ne do

Eqlk] = ap[ i]-¢[i]=ay[ i]-0[i — 1]+ ag[ i]-¢[i + 1]+ Sul i];

k==k+1,
end do;

Eq, :=2.750 ¢, =3.500 —0.7500 ¢,

k=2

Eg, :=1.000 ¢, = 1.750 ¢, — 0.7500 ¢,

k=3

Eq;:=1.000 ¢,=1.750 ¢, —0.7500 ¢,

k=4

Eg, :=1.000 9, = 1.750 ¢, — 0.7500 0,

k=5

Eqs:=0.250 9, =1.750 9,

L k=6
Ecriture du systéme d'équations:
> for k from 1 to Ne do Eg[k ] end do;

2.750 ¢, =3.500 — 0.7500 ¢,
1.000 ¢, = 1.750 ¢, — 0.7500 0,
1.000 ¢, =1.750 ¢, — 0.7500 ¢,
1.000 ¢, = 1.750 ¢, — 0.7500 o,
0.250 9, =1.750 0,

(> Egs = {seq(Eq[k], k=1..Ne)}:

Eqs = {2.750 ¢, =3.500 —0.7500 ¢,,, 1.000 ¢, = 1.750 ¢, — 0.7500 ¢, 1.000 ¢

2.8)

2.9)

(2.1.1)

2.1.2)

2.1.3)

(2.1.4)



=1.750 9, —0.7500 6,, 1.000 ¢, = 1.750 ¢, — 0.7500 ¢, 0.250 05 =1.750 ¢}

_> Tmps = [seq(¢[i],i=1..Ne) |;

| Tmps = [q)la ¢27 ¢37 ¢4) ¢5] (2'1'5)
> SolT := solve(Egs, Tmps);

SolT := [ [(l)1 =1.036, 0, = 0.8694, (1)3 =1.257, o, =0.3521, q>5 =2.464” (2.1.6)

;> with(LinearAlgebra) :
Forme matricielle:
> A, b := GenerateMatrix(Eqs, Tmps)

2750 0.7500 0 0 0 | 3.500]
0 0 0 -1.750 0.250 0
A b= -1750 1.000 0.7500 0 o | o 2.1.7)
0 -1.750 1.000 0.7500 0 0
i 0 0 -1.750 1.000 0.7500 0
_Solution exacte:
(p-wxj
e Gam 1
> F(x) = ¢[0]+ ($[L] = 9[0]) == ;
( Gam ] -1
pux
(q)L_q)O) (eGam _1)
F=x—¢,+ i (2.1.8)
Gam _,

:> with(plots) :
> plot(F(x),x=0..L),
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_> for ; from 1 to Ne do
o[i] == rhs(SolTLl.)
end do;
(1)1 =1.036
¢2 =0.8694
¢3 =1.257
¢4 =0.3521
q>5 =2.464

> [pN = [ seq( [x[il, 0[i1], i=0.i , + 1) ]

IpN =[[0,1.0], [0.1000, 1.036], [0.3000, 0.8694 ], [0.5000, 1.257], [0.7000,

0.3521], [0.9000, 2.464 ], [ 1.0, 0]]

[ Courbe Numérique:
> listplot(IpN, color = blue, gridlines = true)

(2.1.9)

(2.1.10)
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B IpT = [seq( [x[i], F(x[i]) ], i=0.i, +1)]

IpT:=1[[0,1.0], [0.1000, 1.0], [0.3000, 1.0], [0.5000, 1.0], [0.7000, 0.9994 ],
| [0.9000,0.91791, [1.0,0.1]

Courbe Théorique avec une liste de points:

> listplot(IpT, color = green, gridlines = true)

(2.1.11)
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;Tracé des deux courbes ensembles:
> multiple(listplot, [IpN, color = blue, style = point, symbol = circle), [IpT, color
= green, style = line), color = black, gridlines = true)




0,8

0,6

0,4

0,2

0
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1,5

0,5
0

x[i];

> for i from 1 to Ne do

Erreur relative:

o

olil;

F(x

i]);

—_

F(x[i])

end do
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0.9000

2.464
0.9179
168.4 (2.1.12)
[>
VY u=2.5m/s, 6x=0.05:
;> Restart : Digits := 4 :
>u:=25;L:=1.0;p:=1.0; Gam := 0.1; S := 1.0; ndx := 20;
u=25
L:=1.0
p=1.0
Gam =0.1
S:=1.0
| ndx :=20 @3.1)
L
> = ——
ndx ’
F == p.u.S;
J = Gam-S;
o
F
Pe := —;
e 7
& :=0.05000
F:=2.500
d =2.000
L Pe:=1.250 3.2)
> Q. = ndx;
_ Iy = 20 (3.3)
Nombre d'équations:
> Ne =i
L Ne =20 (34)
Abscisses des noeuds:
> x[0] == 0;
forifrom1toi  do
ox
x[i] == B +(i—1)-0x;
end do;
x[imalx + 1] = L;
Xy =0
x, :=0.02500
x, :=0.07500
x5 :=0.1250
x,:=0.1750
x5 :=0.2250
X :=0.2750
x;:=0.3250




Conditions aux Limites:
> 0[0] :== 1.0;
q)[i + 1] = 0;

max

OLL] = Ofipgy + 1]:

_Noeuds internes:
> forifrom2toi __-1do

max

Spli] = 0;
Suli] == 0;
aylil=d+ g;
. F
aE[l] = d_?;

ap[i] = aw[i] + ClE[l] _Sp[l],
end do;

(3.5)

(3.6)






=0.750
aE11 7

aP11 =4.000
Spy, =0
Su, =0
anz =3.250
aE12 =0.750
aPlz =4.000
Spy; =0
Su13 =0
aW13 =3.250
aE13 =0.750
ap13 =4.000
Sp14 =0
Su14 =0
aW14 =3.250
aE14 =0.750
aP14 =4.000
Spis =0
Su15 =0
ans =3.250
aEls =0.750
aP15 =4.000
Spie =0
Su16 =0
ané =3.250
aE16 =0.750
aP16 =4.000
Spy7:=0
Su17 =0
aW17 =3.250
aE17 =0.750
aP17 =4.000
Spig =0
Su18 =0
ans =3.250
aE18 =0.750

ap :=4.000



Spig =0

Su)g:=0
Ay o= 3.250
g, :=0.750
ap , = 4.000
[ Noeud gauche:
>Sp[l]:=- (2-d+F);
Su[l] = (2-d +F)-¢[0];
ay[1]:=0;
F
ag[l]:=d- EX
apll] = ap[l]+ ag[1]—=Sp[1];
Sp, = -6.500
Su, = 6.500
ay, =
aEl :=0.750
ap, :=7.250
[ Noeud droit:
> 85p[iax| = (2- d-F);
Su[ipy] = (2 d-F) Ofipax T 1];
aW[imaX] =d+ ?;

aE[imax] = 0;
aP[imax] = aW[ imax] + aE[imax] _Sp[imax];

Résolution pour les noeuds internes:
> for ifrom 1 to Ne do

k=k+1;
end do;

k=2

k=3

Spyo = -1.500
Sty = 0.
Ay = 3.250
Uy~
ap, = 4.750
\ 4 Equations:
> k=1 -

Eqlk] = ap[ i]-0[i]=ay [ i]-0[i — 1] +ag[ i]-0[i + 1]+ Sul i];

Eq,:=7.250 ¢, =6.500 +0.750 ¢,

Eq, = 4.000 9, =3.250 ¢, +0.750 ¢,

3.7

(3.8)

(3.9)

@3.1.1)



Eqy :=4.000 0, =3.250 ¢, +0.750 0,

Eq, ==4.000 ¢4i:3=.2450 0, +0.750 ¢,
Eqs = 4.000 0, 532.2550 0, +0.750 0,
Eq, = 4.000 ¢6i:3=.2650 05 +0.750 ¢,
Eg;:=4.000 ¢, i§2750 0, +0.750 0,
Eqy = 4.000 0, i:3=.2850 0, +0.750 9,
Egy:=4.000 9, =k 3:.:220 0 +0.750 ¢,
Eq, =4.000 ¢1Ok=:=3.12(;o 0, +0.750 0, ,
Eq,, = 4.000 q>nk=:§.;0 0,y +0.750 ¢,
Eq,, = 4.000 q)lzk::;.;?o 0,, +0.750 ¢,
Eq,5 = 4.000 q>13k=:§.£0 0,, +0.750 ¢,
Eqy, == 4.000 0, 4k=:§.;510 0,5, +0.750 0,
Eqy5 = 4.000 ¢, 5/:;0 0, +0.750 ¢,
Eqys = 4.000 0, 6k=:§.;§0 0,5 +0.750 ¢,
Eq,, = 4.000 q>17k=:§.¥0 0, +0.750 0,
Eq,q =4.000 q)lgk::;.;io 0,, +0.750 ¢,
Eqyq = 4.000 q>19k=:§.£0 0, +0.750 6,
Eqy, = 4.7§6=¢j(? =3.2500,,
k=21 (3.1.2)

[ Ecriture du systéme d'équations:
> for k from 1 to Ne do Eg[k ] end do;

7.250 9, =6.500 + 0.750 ¢,
4.000 ¢, =3.250 ¢, + 0.750 0,
4.000 6, =3.250 ¢, +0.750 9,
4.000 9, =3.250 0, + 0.750 0,
4.000 o, =3.250 9, + 0.750 o,




4.000 9, =3.250 ¢ + 0.750 ¢,
4.000 9, =3.250 ¢, + 0.750 ¢,
4.000 ¢, =3.250 ¢, +0.750 ¢,
4.000 ¢, =3.250 o, +0.750 ¢,

4.000 9, =3.250 ¢, +0.750 ¢,

4.000 ¢, =3.250 ¢, , +0.750 ¢,

4.000 ¢, =3.250 ¢, +0.750 ¢,

4.000 0, =3.250 ¢, +0.750 ¢,

4.000 ¢,, =3.250 ¢, +0.750 ¢

4.000 ¢, =3.250 ¢, +0.750 ¢,

4.000 ¢, =3.250 ¢, +0.750 ¢,

4.000 ¢,,=3.250 ¢, +0.750 ¢,

4.000 ¢, =3.250 ¢, +0.750 ¢,

4.000 0, =3.250 ¢, +0.750 ¢,

4.750 0,, =3.250 ¢, (3.1.3)
[ > Egs = {seq(Eq[k],k=1..Ne)};
Egs = {7.250 6, =6.500 +0.750 ¢,, 4.000 ¢, =3.250 ¢, +0.750 o, 4.000 ¢, (3.1.4)

=3.250 , +0.750 ¢, 4.000 ¢, =3.250 ¢, +0.750 ¢, 4.000 6 =3.250 0,

+0.750 ¢, 4.000 0, =3.250 ¢, +0.750 9., 4.000 . =3.250 ¢, + 0.750 o,
4.000 0, =3.250 ¢ + 0.750 &, 4.000 &, =3.250 0, + 0.750 0,,, 4.000 0,

=3.250 ¢, +0.750 9, , 4.000 ¢, =3.250 ¢, +0.750 ¢, 4.000 ¢, =3.250 ¢, ,

+0.750 ¢, 4.000 ¢, =3.250 ¢, +0.750 0, , 4.000 6, =3.250 ¢,

+0.750 9, 4.000 ¢, . =3.250 0, , +0.750 ¢, ., 4.000 6, =3.250 ¢,

+0.750 ¢, 4.000 9, =3.250 0, +0.750 ,, 4.000 o, =3.250 ¢,
| 40750 0,5, 4.000 0,4 =3.250 0, +0.750 ¢, 4750 ¢, =3.250 ¢, }
_> Tmps = [seq(®[i],i=1.Ne) |;
Tmps := [q)l’ 0y 03 B Os B 05 By D By Dy 05 By, By By D, 07 By, 0y, (3:1.5)

i q)20]
> SolT = solve(Eqs, Tmps);

SolT = [[ 9, = 1.000, ¢, =1.000, ¢, =1.000, 6, = 1000, o= 1.000, ¢, =1.000, ¢, (3.1.6)
= 1.000, ¢, = 1.000, ¢, =1.000, ¢, =1.000, ¢, =1.000, ¢, =1.000, ¢, , =1.000,
0,,=0.9999, 0, =0.9998, ¢, =0.9989, ¢, =0.9954, ¢, =0.9800, 0,

=0.9135, ¢, =0.6250|]

;> with(LinearAlgebra) :
Forme matricielle:
> A, b := GenerateMatrix(Eqs, Tmps)




20 x 20 Matrix

n Data Type: anything
T Storage: rectangular

1.. 20 Vector

column
Data Type: anything

Storage: rectangular

Order: Fortran_order

Solution exacte:

Order: Fortran_order

B for i from 1 to Ne do
o[i] == rhs(SolTl’ l.)
end do;

> F(x) = ¢[0] + (9[L] — 9[0]) e( )
e Gam -1
[ )
q) _q) eGam -1
F:=x—>(|)0+ ( L Op)uL
i Gam 1
| > with(plots) :
> plot(F(x),x=0.L);
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> [pN = [seq( [x[il, 0[i1],i=0.i , + 1)]
IpN:=[[0, 1.0], [0.02500, 1.000], [0.07500, 1.000], [0.1250, 1.000], [0.1750, (3.1.10)
1.0001], [0.2250, 1.0001], [0.2750, 1.0007, [0.3250, 1.000], [0.3750, 1.000],
[0.4250, 1.0007, [0.4750, 1.0001], [0.5250, 1.0001], [0.5750, 1.0001], [0.6250,
1.0007], [0.6750, 0.99991, [0.7250, 0.9998], [0.7750, 0.99891, [0.8250,
0.99547, [0.8750, 0.98007, [0.9250, 0.91357], [0.9750, 0.62501, [1.0, 0]]

Courbe Numérique:
> listplot(IpN, color = blue, gridlines = true)
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> [pT == [seq( [x[i], F(x[1])],i=0.i , + 1) ]

IpT:=[[0,1.0], [0.02500, 1.0], [0.07500, 1.0], [0.1250, 1.0], [0.1750, 1.01],
[0.2250, 1.0, [0.2750, 1.0], [0.3250, 1.0], [0.3750, 1.0, [0.4250, 1.0],
[0.4750,1.07, [0.5250, 1.07, [0.5750, 1.000], [0.6250, 0.99991], [0.6750,
0.99971, [0.7250, 0.99901, [0.7750, 0.9964 ], [ 0.8250, 0.98751, [0.8750,
0.955817, [0.9250, 0.84741, [0.9750, 0.46211, [ 1.0, 0.]]

[ Courbe Théorique avec une liste de points:
> listplot(IpT, color = green, gridlines = true)

(3.1.11)
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;Tracé des deux courbes ensembles:
> multiple(listplot, [IpN, color = blue, style = point, symbol = circle), [IpT, color
= green, style = line), color = black, gridlines = true)
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=Erreur relative:
> for i from 1 to Ne do
x[i];
oLil;
F(x[i]);
O[i] — F(x[i])
-100
F(x[i])
end do
0.02500
1.000
1.0
0.
0.07500
1.000
1.0
0.
0.1250
1.000
1.0
0.
0.1750
1.000
1.0




0.2250
1.000
1.0
0.
0.2750
1.000
1.0
0.
0.3250
1.000
1.0
0.
0.3750
1.000
1.0
0.
0.4250
1.000
1.0
0.
0.4750
1.000
1.0
0.
0.5250
1.000
1.0
0.
0.5750
1.000
1.000
0.
0.6250
1.000
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0.9250
0.9135
0.8474
7.800
0.9750
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0.4621
35.25

(3.1.12)



