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This paper addresses a numerical investigation of the plane supersonic turbulent

multi-component flow with the perpendicular injection of a hydrogen from the slots

located symmetrically on the lower and the upper walls of a channel. For the mathe-

matical modeling of such flows the full Navier — Stokes equation for multi-component

flow fields were used. On the basis of the ENO-scheme the computational code has

been developed. We study the influence of the Mach number on the length of separa-

tion region and the penetration depth of a hydrogen jet into a supersonic air crossflow.
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= 0,
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U = (ρ, ρu, ρw, Et, ρYk)

T ,

E =
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ρu, ρu2 + p, ρuw, (Et + p) u, ρuYk

)T
,

F =
(

ρw, ρuw, ρw2 + p, (Et + p)w, ρwYk

)T
,

Ev = (0, τxx, τxz, uτxx + uτxz − qx, Jkx)
T ,

Fv = (0, τxz, τzz, wτxz + wτzz − qz, Jkz)
T ;

p =
ρT

γ∞M2
∞

(

N
∑

k=1

Yk

Wk

)

,

N
∑

k=1

Yk = 1;
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2
ρ
(
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k +
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∫
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cpkdT , cpk = Cpk/W.
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n = p0/p∞

�pÒÓÌ0Í�Þ
Í�Ð
ç Ð
Í�Ô�Ï
Ò�ë
ÍÓÌ0Ð
Û0ÒÓÌ0Ñ è
p0

�Eâ.Ï
×åá�Í�Ð
Ñ
Íy×�ÒÓÌ0Ô(Õ0Í
è
p∞

�àâ.Ï
×åá�Í�Ð
Ñ
Íy× Þ
ÛåõÌ0Û0Î&Í
ò6	yÏªÐ
Ñ(ú Ð
Í�Ö�ÒÓÌ0Í�Ð
Î&Í�Ù¢Ï¢â.Ï
ÍÓÌ0Òùì�Õ0Ò�á�Û0×0Ñ
Í�Þ
Ô
Ñ�á�Ñ
Þ�Ï
Ð
Ñ(ìlÑ Ì0Í�Þ�á�Û0Ñ(ÙÚÛåá�ì��
Ñ
Ñ è&Ð�Ïê×0Í�Ô0Ø(Ð
Í�Ö é�Ô�ÏæõÐ
Ñ��
Í��pÕ0Ò�á�Û0×0Ñ
ÍyÒ�Ñ
Ý{Ý{ÍÓÌ0Ô
Ñ
ÑRÉWÐ�Ï�×0Ü�Ø�Û�âWÐ
Û0Öüé�Ô�Ï
Ð
Ñ��
ÍêÙ¢Ï¢â.Ï
ö�Ì0Òùì�Õ0Ò�á�Û0×0Ñ(ìüÐ
Í�Û
Ì0Ô�Ïåú Í�Ð
Ñ(ìãîðï0ï�ñóò
ÔÕ�¡Ö Å ¦�¢ ÆØ×¨Å¼ÙFÅÈÇ¨É�Ú

�Ñ
ÒÓÌ0Í�Ý"ÏêÕ�Ô�Ï
×0Ð
Í�Ð
Ñ
Ö�� ïE�-Ô
ÍÓý Ï
ÍÓÌ0Òùì ë
Ñ
Ò�á�Í�Ð
Ð
Û
è0Þ
Ô
Ñ äÓÌ0Û0ÝãÏ
Þ
Þ
Ô
Û0Î&Ò�Ñ
Ý"Ï��
Ñ(ì�Î&Û0Ð
×0Í�Î(Ì0Ñ
×0Ð
Ü�Ø�Ò�áWÏæõé�Ï
Í�Ý{Ü�Ø�Þ
Ô
Û0Ñ(ÙÚ×0Û�âWÑ(Ì0ÒùìJÐ�ÏoÛ0Ò�Ð
Û0×0ÍÍ������õ Ò·Ø�Í�Ý{ÜnÌ0Ô
ÍÓÌ0ç0Í�é�Û Þ
Û0Ô�ì&âWÎ�ÏoÌ0Û0ë
Ð
Û0ÒÓÌ0Ñ òz
�Þ
Û0Ò�Û0Ë2Þ
ÛåõÒÓÌ0Ô
Û0Í�Ð
Ñ(ì²äÓÌ0Û0Ö²Ò·Ø�Í�Ý{Ü Ë
ÕÚâWÍÓÌ¬Þ
Û0Î�ÏåÙ¢Ï
Ð�Ð�ÏKÞ
Ô
Ñ
Ý{Í�Ô
Í¨Û�âWÐ
Û0Ý{Í�Ô
Ð
Û0é�Û¬Ð
Í�×
ì(ÙÚÎ&Û0é�Û¬Ò�á�Õ�ë�Ïåì è�Î&Û
Ì0ÛåõÔ
ÜÈÖ¬Û0Ë0Û0Ë
þ Ï
ÍÓÌ0Òùì¬Ð�Ï�âW×
Õ�Ý{Í�Ô
Ð
ÜÈÖ Ò�á�Õ�ë�Ï
Ö ò�Û�á�ìKäÓÌ0Û0é�Û¨Ô�Ï
Ò�Ò�Ý"ÏåÌ0Ô
Ñ
×�Ï
ÍÓÌ0ÒùìãÒ�á�ÍÁâ�Õ�ö�þ ÏåìKÙ¢Ï¢â.Ï¢ë�Ï
Ü Û
ý�ÑR°

∂u

∂t
+

∂f(u)

∂x
=

∂u

∂t
+ A

∂u

∂x
= 0 u(x, 0) = u0,

���$�

é âWÍ
A =

∂f(u)

∂u

� Ý"ÏåÌ0Ô
Ñ���Ï
ÝêÎ&Û0Ë0Ñ ò
Ü Ï
ÎlÑ(ÙÚ×0Í�ÒÓÌ0Ð
Û
è&Þ
Ô
Ñ Þ
Û0ÒÓÌ0Ô
Û0Í�Ð
Ñ
Ñ Ò·Ø�Í�Ý{ÜßÞ�Û�â�Õ�Ð
Û0×�ÏyÐ�ÏyÎ�Ïåú âWÛ0Ý Ñ
Ð(Ì0Í�Ô
×�Ïæá�Í�Ý"Ïæá�Û0Ö�â�á�Ñ
Ð
Ü

hÐ�Ï¢ë�Ïæá�ç0Ð
ÜÈÍ â.Ï
Ð
Ð
ÜÈÍ�®êÕ�Ð
Î��
Ñ
Ñ
u(x, tn)

Ù¢Ï
Ý{Í�Ð(ì
ö�Ì0ÒùìRÎ(Õ0Ò�Û0ë
Ð
Ûåõ Þ
Û0ÒÓÌ0Û¢ì
Ð
Ð
ÜÈÝ{Ñ èíÏ Ñ
Ý{Í�Ð
Ð
ÛãÍ�é�Û
Ò�Ô
ÍÁâWÐ
Ñ
Ý{Ñ

v
n
j = ū =

1

h

∫

Ij

u(x, tn)dx
èæé âWÍ

Ij =
[

xj−1/2, xj+1/2

] òæÿ�Û0é â.Ï�Ð�Ï�ÒÓÌ0ÜÈÎ&ÍÈÎ�Ïåú âWÛ0Ö�Þ�Ï
Ô
Ü
Ñ
Ð(Ì0Í�Ô
×�Ïæá�Û0× ×0Û
ÙÚÐ
Ñ
Î�Ï
ÍÓÌ Ù¢Ï¢â.Ï¢ë�Ï�ÛlÔ�Ï
Ò�Þ�Ï¢âWÍ�Þ
Ô
Û0Ñ(ÙÚ×0Ûåá�ç0Ð
Û0é�ÛlÔ�ÏåÙÚÔ
ÜÈ×�Ï�â�á�ì�Ý"Ïæá�Û0é�ÛlÛ
Ì0Ô
ÍÓÙÚÎ�Ï Þ
Û×0Ô
Í�Ý{Í�Ð
Ñ

∆t = (tn+1 − tn)
òsàEÏ
é�Þ
Ûy×0Ô
Í�Ý{Í�Ð
Ñ$âWÛåá�ú Í�Ðl×0ÜÈË0Ñ
Ô�ÏåÌ0ç0ÒùìlÐ�Ï
ÒÓÌ0Ûåá�ç0Î&ÛyÝ"Ïæá�ÜÈÝÈè�ë(Ì0Û0Ë0ÜÔ
ÍÓý�Í�Ð
Ñ(ì è�Þ
Ûåá�Õ�ë
Í�Ð
Ð
ÜÈÍ�â�á�ì�Î�Ïåú âWÜ�ØyâW×
Õ�Ø Ò�Û0Ò�ÍÁâWÐ
Ñ�Ø�ÒÓÌ0ÜÈÎ&Û0×
è�Ð
ÍÈ×
Ù¢Ï
Ñ
Ý{Û�âWÍ�Ö
ÒÓÌ0×0Û0×�Ïæá�Ñ òsáªÌ0Û0Ë0Ü
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Ò�Û0×0Í�Ô(ý�Ñ(Ì0ç�Ò�á�ÍÁâ�Õ�ö�þ�Ñ
Ö2ý Ï
é¨Þ
Û ×0Ô
Í�Ý{Í�Ð
Ñ è~Ð
Í�Û0ËÚØ�Û�âWÑ
Ý{ÛãÒ�Ð
Û0×�Ï¬Ñ
Ý{ÍÓÌ0çãÎ(Õ0Ò�Û0ë
Ð
Ûåõ Þ
Û0ÒÓÌ0Û¢ì
Ð
Ð
ÜÈÍ
®êÕ�Ð
Î��
Ñ
Ñ ò.ÿ�Ï
Î
Ñ
ÝRÛ0Ë0Ô�ÏåÙÚÛ0ÝÈè�Þ
Ô
ÑKÐ�Ï
Ö&âWÍ�Ð
Ð
Ü�Ø

v
0
j = ū0(x)

Ô�Ï
Ò�Ò�Ý"ÏåÌ0Ô
Ñ
×�Ï
Í�Ý"Ïåì�Ù¢Ï¢â.Ï¢ë�Ï Ü Û
ý�Ñ�×Þ
Ûåá�Û0Ò�Í
tn ≤ t < tn+1

â�á�ì
λ > 0

Þ
Ô
Ñ
Ý{ÍÓÌ ×0Ñ&â
∂w

∂t
+ λ

∂w

∂x
= 0, w(x, tn) = R(x; wn

j ),
�±�-�

Ì0Û0é â.Ï
w(x, t) = R(x − λt; w̄n),

w̄n+1

j =
1

h

xj+1/2
∫

xj−1/2

R(x − λt; w̄n)dx,
���s�

é âWÍ
w = R−1

vh

� Ñ
Ð
×�Ï
Ô
Ñ�Ï
Ð(Ì�­{Ñ
Ý"Ï
Ð�Ï(ò
�ªÙÍ���s�$Ò�á�ÍÁâ�Õ0ÍÓÌæè�ë(Ì0Û Ð
Í�Û0ËÚØ�Û�âWÑ
Ý{Û ÙÚÐ�Ï
Ð
Ñ
Íâ®êÕ�Ð
Î��
Ñ
Ñ

R(·; w̄n)
ò�
�Û0é·áWÏ
Ò�Ð
ÛãÝ{ÍÓÌ0Û�â�Õäãaå î �åñÞ
Ô
Ñ
Ý{Í�Ý2Í�Íy×�×0Ñ&âWÍ

R(x; w̄) =
d

dx
Hm(x; W ),

é âWÍ
Hm(x; W )

Í�ÒÓÌ0çuÎ(Õ0Ò�Û0ë
Ð
Ûåõ Þ
Ûåá�Ñ
Ð
Û0Ý{Ñ�Ïæá�ç0Ð�Ïåì¥®êÕ�Ð
Î��
Ñ(ì$ÒÓÌ0Í�Þ
Í�Ð
Ñ
m
É
W (x)

�øÞ
Í�Ô
×0Û0Û0Ë0Ô�ÏåÙÚÐ�Ïåìâ�á�ì¯®êÕ�Ð
Î��
Ñ
Ñ
w(x)

òÿ�Û0é â.Ï����s�~Ù¢Ï
Þ
Ñ(ý�ÍÓÌ0Òùì�Î�Ï
Î

w̄n+1

j =
1

h

xj+1/2
∫

xj−1/2

R (x − λt; w̄) dx =
1

h

(

Hm

(

xj+1/2 − λt; W
)

− Hm

(

xj−1/2 − λt; W
))

.
�±i-�

ôMÎ�Ï¢ë
Í�ÒÓÌ0×0ÍãÞ
Ûåá�Ñ
Ð
Û0Ý"Ï
Hm(x; W )

Þ
Ô
Ñ
Ð
Ñ
Ý"Ï
ÍÓÌ0Òùìæ®yÛ0Ô
Ý�Õ¢áWÏç	êç0ö�Ì0Û0Ð�Ï�Ì0Ô
ÍÓÌ0ç0Í�Ö�ÒÓÌ0Í�Þ
Í�Ð
Ñ èÏæá�é�Û0Ô
Ñ(Ì0Ý2Þ
Û0ÒÓÌ0Ô
Û0Í�Ð
Ñ(ìüÎ&Û
Ì0Û0Ô
Û0é�ÛlÞ
Ô
Ñ
×0ÍÁâWÍ�Ðü×�Ô�Ï
Ë0Û
Ì0Ílî jåñóòÊªÎ&Û0Ð
ë�ÏåÌ0Í�á�ç0Ð
Û0Í$Ô
ÍÓý�Í�Ð
Ñ
Íªâ�á�ì
λ > 0

Ñ
λ < 0

Ù¢Ï
Þ
Ñ(ý�ÍÓÌ0ÒùìK×�×0Ñ&âWÍ

w̄n+1

j = w̄n
j − σ+∆−w̄n

j − σ+∆−

[

1 − σ+

2

(

minmod
(

∆−w̄n
j , ∆+w̄n

j

))

+

+











2 − 3σ+ + (σ+)2

6

(

ṁ
(

∆−∆−w̄n
j ; ∆−∆+w̄n

j

)) Í�Ò�á�Ñ ∣
∣∆−w̄n

j

∣

∣ ≤
∣

∣∆+w̄n
j

∣

∣

(σ+)2 − 1

6

(

ṁ
(

∆−∆+w̄n
j ; ∆+∆+w̄n

j

)) Í�Ò�á�Ñ ∣
∣∆−w̄n

j

∣

∣ >
∣

∣∆+w̄n
j

∣

∣






−

−σ−∆+w̄n
j + σ−∆+

[

1 + σ−

2

(

minmod
(

∆−w̄n
j , ∆+w̄n

j

))

− ��js�

−











(σ−)2 − 1

6

(

ṁ
(

∆−∆−w̄n
j ; ∆−∆+w̄n

j

)) Í�Ò�á�Ñ ∣
∣∆−w̄n

j

∣

∣ ≤
∣

∣∆+w̄n
j

∣

∣

2 + 3σ− + (σ−)2

6

(

ṁ
(

∆−∆+w̄n
j ; ∆+∆+w̄n

j

)) Í�Ò�á�Ñ ∣
∣∆−w̄n

j

∣

∣ >
∣

∣∆+w̄n
j

∣

∣






,

é âWÍ
σ± =

λ±τ

h

è
λ± =

λ ± |λ|
2

è
∆ + wj = wj+1 − wj

è
∆ − wj = wj − wj−1

É

ṁ(a, b) =

{

a,
Í�Ò�á�Ñ |a| ≤ |b| ,

b,
Í�Ò�á�Ñ |a| > |b| ;
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minmod(a, b) =

{

s min (|a| , |b|) ,
Í�Ò�á�Ñ

sgn (a) = sgn (b) = s,
0,

Í�Ò�á�ÑüÑ
Ð�Ï¢ë
Í
.;êÛ0Ò�á�ÍêÛ0ÒÓÕ&þ�Í�ÒÓÌ0×åá�Í�Ð
Ñ(ì�Þ
Í�Ô
Í�Ø�Û�â.Ï�Û
Ì Þ
Í�Ô
Í�Ý{Í�Ð
Ð
Ü�Ø

w̄n
�ßÑ
Ð
×�Ï
Ô
Ñ�Ï
Ð(Ì0Û0×Õ­{Ñ
Ý"Ï
Ð�Ïz�ßÎ Þ
Í�Ô
Í�õÝ{Í�Ð
Ð
ÜÈÝ

vn Ò·Ø�Í�Ý"Ïè��js��Ë
ÕÚâWÍÓÌ Ñ
Ý{ÍÓÌ0çl×0Ñ&â
v

n+1

j = v
n
j − ∆t

h
Â+

j−1/2
∆−f

m
j − ∆t

h
Â−

j+1/2
∆+f

m
j = 0,

��Çs�
é âWÍ

fm
j

�ßÝ{Û�âWÑ�®yÑ��
Ñ
Ô
Û0×�Ï
Ð
Ð
ÜÈÖ¨Þ
Û
Ì0Û0Î¨Ð�Ï�Õ&ÙÓá�Û0×0Ü�ØwÌ0Û0ë
Î�ÏæØ
j
è�Ò�Û0ÒÓÌ0Û¢ì(þ�Ñ
Ö�Ñ(ÙêÑ
Ò·Ø�Û�âWÐ
Û0é�ÛlÎ&Û0Ð�õ×0Í�Î(Ì0Ñ
×0Ð
Û0é�Û ×0Í�Î(Ì0Û0Ô�Ï

f j

ÑwâWÛ0Ë�Ï
×0Û0ë
Ð
Ü�Ø¨ë�á�Í�Ð
Û0×l×0ÜÈÒ�Û0Î&Û0é�ÛlÞ
Û0Ô�ì&âWÎ�Ï Ì0Û0ë
Ð
Û0ÒÓÌ0Ñ è.Ï Ñ
Ý{Í�Ð
Ð
Û�°
f

m
j = f j + Ej + Dj,Þ
Ô
Ñ�äÓÌ0Û0Ý2×0Í�Î(Ì0Û0Ô
Ü

Ej

Ñ
Dj

Û0Þ
Ô
ÍÁâWÍ�á�ì
ö�Ì0Òùì�Ò�á�ÍÁâ�Õ�ö�þ�Ñ
ÝRÛ0Ë0Ô�ÏåÙÚÛ0Ý¼°
Ej = minmod

(

Ēj+1/2, Ēj−1/2

)

,

Dj =

{

ṁ(∆−D̂j−1/2, ∆+D̂j−1/2),
Í�Ò�á�Ñ |∆−vj| ≤ |∆+vj|

ṁ(∆−D̄j+1/2, ∆+D̄j+1/2),
Í�Ò�á�Ñ |∆−vj| > |∆+vj|

â�á�ì
λ > 0,

Dj = −
{

ṁ(∆−D̄j+1/2, ∆+D̄j+1/2),
Í�Ò�á�Ñ |∆−vj| ≤ |∆+vj|

ṁ(∆−D̂j−1/2, ∆+D̂j−1/2),
Í�Ò�á�Ñ |∆−vj| > |∆+vj|

â�á�ì
λ ≤ 0,é âWÍ

Ēj+1/2 = sgn
(

Aj+1/2

)

(

I − τ

h

∣

∣Aj+1/2

∣

∣

)

∆ + f j/2,

D̄j+1/2 = sgn
(

Aj+1/2

)

[

(τ

h

∣

∣Aj+1/2

∣

∣

)2

− I

]

∆ + f j/6,

D̂j+1/2 = sgn(Aj+1/2)

[

2I − 3
τ

h

∣

∣Aj+1/2

∣

∣+
(τ

h

∣

∣Aj+1/2

∣

∣

)2
]

∆ + f j/6,

Â+ + Â− = I
è
A± = RΛ±R−1 = R

(

Λ ± |Λ|
2

)

R−1
É
I
� ÍÁâWÑ
Ð
Ñ
ë
Ð�Ïåì�Ý"ÏåÌ0Ô
Ñ���Ï(è�Ý"ÏåÌ0Ô
Ñ��
Ü

Â±

Ô�Ï
Ò�Ò�Ý"ÏåÌ0Ô
Ñ
×�Ï
ö�Ì0Òùì�Î�Ï
Î
Â± = A±/A

ò
�ªÙ¯��Çs��Ò�á�ÍÁâ�Õ0ÍÓÌæè�ë(Ì0Û¨×0Í�á�Ñ
ë
Ñ
Ð�ÏwÝ{Û�âWÑ�®yÑ��
Ñ
Ô
Û0×�Ï
Ð
Û0é�Û Þ
Û
Ì0Û0Î�Ï

f
m
j

Ò�Û0×0Þ�Ï¢â.Ï
ÍÓÌ¨Ò�×0ÜÈÔ�Ïåú Í�Ð
Ñ�õÍ�ÝpÞ
Û
Ì0Û0Î�Ï(èíÞ
Ûåá�Õ�ë
Í�Ð
Ð
ÜÈÝ ×XÔ�Ï
Ë0Û
Ì0Í�îðïE�æñªÐ�ÏXÛ0Ò�Ð
Û0×0Í�Þ
Û0ÒÓÌ0Ô
Û0Í�Ð
Ñ(ì+Ô
ÍÓý�Í�Ð
Ñ
Ö+×æâWÛåá�çãØ&Ï
Ô�Ï
Î(Ì0Í�õÔ
Ñ
ÒÓÌ0Ñ
ë
Í�Ò�Î
Ñ�ØRÐ�Ï
Þ
Ô�Ï
×åá�Í�Ð
Ñ
Ö ò�éuÐ�Ïæá�Û0é�Ñ
ë
Ð
Û äÓÌ0Û0Ö2Ô�Ï
Ë0Û
Ì0Í Õ�Ô�Ï
×0Ð
Í�Ð
Ñ(ìê��Çs��Ý{Û¢ú Ð
Ûë®yÛ0Ô
Ý"Ïæá�ç0Ð
ÛÔ�Ï
Ò�Ò�Ý"ÏåÌ0Ô
Ñ
×�ÏåÌ0ç�Î�Ï
ÎwÛ�âWÐ
Û0ÒÓÌ0Û0Ô
Û0Ð
Ð
öuö�Ò·Ø�Í�Ý�ÕwÒuÔ�ÏåÙÚÐ
Û0ÒÓÌ¢ì
Ý{Ñ¨Þ
Ô
Û
Ì0Ñ
× Þ
Û
Ì0Û0Î�Ï�Þ
Í�Ô
×0Û0é�Û�Þ
Û0Ô�ì&âWÎ�ÏÏ
Þ
Þ
Ô
Û0Î&Ò�Ñ
Ý"Ï��
Ñ
Ñ â�á�ì�Ò�á�ÍÁâ�Õ�ö�þ�Í�é�Û Õ�Ô�Ï
×0Ð
Í�Ð
Ñ(ìR°
∂v

∂t
+ (Â+ + Â−)

∂f
m

∂x
= 0.

� ïTÓs�
Û�á�ì�Ë0Ûåá�Í�Í"Ì0Û0ë
Ð
Û0é�Û�Õ�ë
ÍÓÌåÏ�Ì0Í�ë
Í�Ð
Ñ(ì�×�Û0ËåáWÏ
ÒÓÌ¢ì�Ø�Ë0Ûåá�ç
ý�Ñ�Øyé�Ô�Ï¢âWÑ
Í�Ð(Ì0Û0×
èæÌæò·Í
òæ×�Þ
Û0é�Ô�Ï
Ð
Ñ
ë
Ð
Û0ÝÒ�á�Û0Í
è�×0Ëåá�Ñ(ÙÚÑXÒÓÌ0Í�Ð
Î
Ñ�Ñ�Ð�ÏüÕ�Ô
Û0×0Ð
Í þ�Í�á�Ñ è�×0×0Û�âWÑ(Ì0Òùì�Ò�éÓÕ&þ�Í�Ð
Ñ
Í¨Ò�ÍÓÌ0Î
Ñ�Ò Þ
Û0Ý{Û
þ�ç0ö Þ
Ô
Û0ÒÓÌ0Ü�ØÞ
Ô
Í�Û0Ë0Ô�ÏåÙÚÛ0×�Ï
Ð
Ñ
Ö�×0Ñ&â.Ï

ξ (x) = K +
1

τ

!�%':'7 [( x

xe
− 1

) :'7
(τK)

]

,

η (z) = H

[

(β + 1) − (β − 1)

(

β + 1

β − 1

)1−
z
a

]/[

(

β + 1

β − 1

)1−
z
a

+ 1

]

,
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K =
1

2τ
ln
[(

1 + (eτ − 1)
xc

L

)/(

1 − (eτ − 1)
xc

L

)]

,é âWÍ
β
è
τ
�OÎ&Û0ä9®´®yÑ��
Ñ
Í�Ð(Ì0ÜßÒ�éÓÕ&þ�Í�Ð
Ñ(ì è

β, τ > 1
É
a
�O×0ÜÈÒ�Û
ÌåÏ�Ô�Ï
Ò�ë
ÍÓÌ0Ð
Û0Ö�Û0ËåáWÏ
ÒÓÌ0Ñã×�Ð
Û0×0Û0ÖÒ�Ñ
ÒÓÌ0Í�Ý{Í$Î&Û0Û0Ô
âWÑ
Ð�ÏåÌ�É

xc

�pÌ0Û0ë
Î�Ï(è�Û
Ì0Ð
Û0Ò�Ñ(Ì0Í�á�ç0Ð
ÛwÎ&Û
Ì0Û0Ô
Û0Ö�Þ
Ô
Û0Ñ(ÙÚ×0Û�âWÑ(Ì0Òùì�Ò�éÓÕ&þ�Í�Ð
Ñ
Í
òÿ�Û0é â.Ï�Ò�Ñ
ÒÓÌ0Í�Ý"Ï�Õ�Ô�Ï
×0Ð
Í�Ð
Ñ
Öì� ïE��×�Î&Û0Û0Ô
âWÑ
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Ẽ = ξxE/J

è
F̃ = ηzF/J

è
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∂(Ẽv2 + Ẽvm)
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Â+ + Â−
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Ẽn+1 = ξx AnŨn+1
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è"é âWÍ
B = ∂F/∂U

�TÝ"ÏåÌ0Ô
Ñ���ÏîÝêÎ&Û0Ë0Ñ ò�;êÛ0Ò�á�ÍäÓÌ0Û0é�Û¨Û0Ð
Ñ�Ù¢Ï
Þ
Ñ
Ò�ÜÈ×�Ï
ö�Ì0Òùì Î�Ï
Î¬Û�âWÐ
Û0ÒÓÌ0Û0Ô
Û0Ð
Ð
Ñ
Í Ò·Ø�Í�Ý{ÜEÒ�Ô�ÏåÙÚÐ
Û0ÒÓÌ¢ì
Ý{Ñ Þ
Ô
Û
Ì0Ñ
× Þ
Û
Ì0Û0Î�Ï Þ
Í�Ô
×0Ûåõé�ÛüÞ
Û0Ô�ì&âWÎ�ÏüÏ
Þ
Þ
Ô
Û0Î&Ò�Ñ
Ý"Ï��
Ñ
ÑXÏ
Ð�Ïæá�Û0é�Ñ
ë
Ð
Ûì��Çs��òZÛ�Ñ�®´®êÕ&ÙÚÑ
Û0Ð
Ð
ÜÈÍwë�á�Í�Ð
ÜàÏ
Þ
Þ
Ô
Û0Î&Ò�Ñ
Ý{Ñ
Ô(Õ�ö�Ì0ÒùìÒ$Ì0Û0ë
Ð
Û0ÒÓÌ0ç0öà×
Ì0Û0Ô
Û0é�Û Þ
Û0Ô�ì&âWÎ�Ï(è Ï Ò�Ý{ÍÓý Ï
Ð
Ð
ÜÈÍ Þ
Ô
Û0Ñ(ÙÚ×0Û�âWÐ
ÜÈÍ¥�VÞ
Ûwì
×0Ð
Û0Ö�Ò·Ø�Í�Ý{Í Ò�Û ×
Ì0Û0Ô
ÜÈÝÞ
Û0Ô�ì&âWÎ&Û0Ý²Ì0Û0ë
Ð
Û0ÒÓÌ0Ñ ò
ï
�¡ð Ç ¨�ñ É ª ×¨Å ª�òañ�ó/¦S¨´¦�¢ Ä
­�Ï
Ò�ë
ÍÓÌªÞ
Ô
Û0Ñ(ÙÚ×0Û�âWÑ�á�Òùì�Ð�ÏÈÔ�ÏåÙÚÐ
Í�Ò�Í�Ð
Ð
Û0Ö�Þ
Û�Þ
Ô
Û0ÒÓÌ0Ô�Ï
Ð
ÒÓÌ0×0Í�Ð
Ð
ÜÈÝ¬Î&Û0Û0Ô
âWÑ
Ð�ÏåÌåÏ
ÝKÒ�ÍÓÌ0Î&Í�Ô�ÏåÙÚÝ{Í�Ô
Û0Ý
201 × 101

ÒwâWÑ�Ï
Þ�ÏåÙÚÛ0Ð
Û0Ý9Þ�Ï
Ô�Ï
Ý{ÍÓÌ0Ô
Û0×
2 ≤ ô ∞ ≤ 6

è
2 ≤ n ≤ 11

ò�­�Ï
Ò�ë
ÍÓÌãÌ0Í�Ý{Þ
Í�Ô�ÏåÌ
Õ�Ô
ÜÞ
Ô
Û0Ñ(ÙÚ×0Û�âWÑ�á�ÒùìüÑ(Ì0Í�Ô�Ï��
Ñ
Û0Ð
Ð
Û Ý{ÍÓÌ0Û�âWÛ0Ý�	êç0ö�Ì0Û0Ð�Ï¥�õ­�Ï�®yÒ�Û0Ð�Ï(ò
Û�á�ìüÞ
Ô
Û0×0Í�Ô
Î
Ñ�Ý{ÍÓÌ0Û�â.Ï ë
Ñ
Ò�á�Í�Ð
Ð
Û Ô�Ï
Ò�Ò�ë
Ñ(Ì0ÜÈ×�Ïæá�Û0Ò�ç Ì0Í�ë
Í�Ð
Ñ
Í ×0Û
Ù�â�Õ�Ø&ÏÏ� ô ∞ = 3.75

è
T∞ =

478
Ü �yÒ Þ
Í�Ô
Þ
Í�Ð&âWÑ
Î(Õ¢á�ì
Ô
Ð
ÜÈÝE×æâ�Õ�×0Û0Ý�ÙÚ×
Õ�Î&Û0×0Û0ÖXÒÓÌ0Ô(Õ�Ño×0Û
Ù�â�Õ�Ø&Ïä� ô 0 = 1

è
n = 10.29

�yë
Í�õÔ
ÍÓÙlþ�Í�á�ç�ý�Ñ
Ô
Ñ
Ð
Û0Ö
0.1

Ò�ÝÈò�	yÏ¨Ô
Ñ
Ò
ò�� Þ
Ô
ÍÁâWÒÓÌåÏ
×åá�Í�Ð
Û�Ô�Ï
Ò�Þ
Ô
ÍÁâWÍ�á�Í�Ð
Ñ
Í�â.Ï
×åá�Í�Ð
Ñ(ìãÐ�Ï¨ÒÓÌ0Í�Ð
Î&Í
ò



²´³�µz¶�· y · y µ´·�¸�¹.º¼»*½�¾�·�¶�¿xÀ1ÁzÂ�¶ m À
·�Ázµ´³ m¼Ã§k�y µ´ÂÅÄ?·´Æ�· y µ´Â l9l9l ���

�L�$�T�Gö-�D�R�G�*÷sø$�'ù6�'ú6�*�s�$��ù3�9ûGú6�*�s�s�a�6���*�E�*�sü��Tý ••• þìÿ ü��*÷$�*øs�$�L�*�s�G�Jú��T�����?ù3�9�s������� ���	��
Düsøs�sû�����
���� þ�����G�TûE�*�E�*�TûE�*�s���´ùsú$�Õ�N�)�"�����$��� þ�� �Gø$�R�s���*�����a�9ü��D� þ�� øs�-ù$øs�-�)�D����� �"!$#��N�)�"�%�

&

'

(
�L�$�T�*)-��+-,.�9ú$�s�s�s��ý & þ ��,.��/E�9ø��0� ' þ ø6�G�*÷sø$�'ù6�'ú6�*�s�$���L�"�*�T���	�.�¥�s�$�'ú3�21��J����� ( þ ���G�"���Gû)�9�
ü3�G��#4 �*�s�Tø6� 4 �s�Õû5�"ù��Gø��"ù3�



�)� k.lGm�l�nSo"p�oGq9rso"t$rsuvk.l*wxl�yzr){�|�r)}Z~Et$r

�L�$�T���$��6��9ûT�$�*�$�7�T�*���´ùsú$�s���8�G�Tø���ûT���	9:,.�G���8�G�´�s�$�'ú3�;1��J���/÷��G�5�Gü-�

ô�Ñ&âWÐ
Û
èæë(Ì0ÛªÔ
ÍÓÙ�Õ¢á�ç¢ÌåÏåÌ0Üêè0Þ
Ûåá�Õ�ë
Í�Ð
Ð
ÜÈÍíÒ~Ñ
Ò�Þ
Ûåá�ç
ÙÚÛ0×�Ï
Ð
Ñ
Í�Ýë������õ Ò·Ø�Í�Ý{Üêèæá�Õ�ë(ý�ÍíÒ�Û0é·áWÏ
ÒÓÕ�ö�Ì0Òùì Òä�Î&Ò�Þ
Í�Ô
Ñ
Ý{Í�Ð(Ì0Û0ÝÈè&Ì0Û0é â.ÏêÎ�Ï
Î$â.Ï
Ð
Ð
ÜÈÍ�Ô�Ï
Ò�ë
ÍÓÌåÏyÒíÑ
Ò�Î(Õ0Ò�ÒÓÌ0×0Í�Ð
Ð
ÜÈÝ�Ò�é·áWÏåú Ñ
×�Ï
Ð
Ñ
Í�Ý Û0ë
Í�Ð
çêÒ�Ñ�á�ç0Ð
ÛÙ¢Ï
Ð
Ñ(ú Í�Ð
Üêò
éuÐ�Ïæá�Ñ(Ù�×åá�Ñ(ì
Ð
Ñ(ìøë
Ñ
Ò�áWÏ2ûüÏæØ&ÏoÞ
Û
Ì0Û0Î�ÏoÔ�Ï
Ò�Ò�Ý{Û
Ì0Ô
Í�Ð�Ð�Ï²Þ
Ô
Ñ
Ý{Í�Ô
Í�Ñ
ÒÓÌ0Í�ë
Í�Ð
Ñ(ìøÙÚ×
Õ�Î&Û0×0Û0ÖÒÓÌ0Ô(Õ�Ñ ×0Û�âWÛ0Ô
Û�â.ÏêÒ�Ð
Í�Ô�Ï
Ò�ë
ÍÓÌ0Ð
Û0ÒÓÌ0ç0ö

n = 4
ë
Í�Ô
ÍÓÙ�þ�Í�á�ç�ý�Ñ
Ô
Ñ
Ð
Û0Ö

h = 0.3
Ò�Ýã×yÞ
Û
Ì0Û0Îl×0Û
Ù�â�Õ�Ø&ÏÒ$Þ�Ï
Ô�Ï
Ý{ÍÓÌ0Ô�Ï
Ý{Ñ ô ∞ = 2 . . . 4

è
Pr = 0.9

è
Re = 104

òZ	yÏ Ô
Ñ
Ò
òv�(è=< Þ
Ô
ÍÁâWÒÓÌåÏ
×åá�Í�Ð
Û¨Ô�Ï
Ò�Þ
Ô
ÍÁâWÍ�á�Í�õÐ
Ñ
Í â.Ï
×åá�Í�Ð
Ñ
Ö¬â�á�ìKâW×
Õ�ØãÙÚÐ�Ï¢ë
Í�Ð
Ñ
Ö�ë
Ñ
Ò�áWÏKûüÏæØ&ÏüÞ
Û
Ì0Û0Î�Ï(ò Ü Ï
ÎãÒ�á�ÍÁâ�Õ0ÍÓÌ¬Ñ(ÙwÔ
Ñ
ÒÓÕ�Ð
Î�Ï(è�Û0Ë
þ ÏåìÎ�Ï
Ô(Ì0Ñ
Ð�Ï ÕÚâ.Ï
Ô
Ð
Ûåõ ×0Ûåá�Ð
Û0×0Û0Ö ÒÓÌ0Ô(Õ�Î(Ì
Õ�Ô
Ü�â�á�ì¨äÓÌ0Ñ�Ø¨ÙÚÐ�Ï¢ë
Í�Ð
Ñ
ÖüÒ·Ø�Û¢ú�Ï(ò�;êÍ�Ô
ÍÁâ�ÒÓÌ0Ô(Õ0Í�Ö�Ð�Ï
Ëåá�ö~â.Ïæõö�Ì0Òùì é�Ûåá�Û0×0Ð
Û0Ö è&Î&Û0Ò�Û0ÖwÑ Ù¢Ï
Ý{ÜÈÎ�Ï
ö�þ�Ñ
Ö Ò�Î�Ï¢ë
Î
Ñ Õ�Þ�á�Û
Ì0Ð
Í�Ð
Ñ(ì è
Î&Û
Ì0Û0Ô
ÜÈÍ
è(Þ
Í�Ô
Í�Ò�Í�Î�Ïåì
Ò�ç ×$Û�âWÐ
Û0ÖÌ0Û0ë
Î&Í
è-Û0Ë0Ô�ÏåÙ�Õ�ö�ÌüÒ�á�Û¢ú Ð(Õ�ö
λ
õ Û0Ë0Ô�ÏåÙÚÐ(Õ�ößÒ�Ñ
ÒÓÌ0Í�Ý�Õ Ò�Î�Ï¢ë
Î&Û0×�Õ�Þ�á�Û
Ì0Ð
Í�Ð
Ñ(ì ò�ô�Ñ&âWÐ
Û
è�ë(Ì0ÛüÒ Õ�×0Í�õá�Ñ
ë
Í�Ð
Ñ
Í�Ý+ë
Ñ
Ò�áWÏ ûüÏæØ&ÏwÞ
Û
Ì0Û0Î�Ï Õ�é�Ûåá¬Ð�Ï
Î�á�Û0Ð�Ï é�Ûåá�Û0×0Ð
Û0é�ÛwÒ�Î�Ï¢ë
Î�ÏwÕ�Þ�á�Û
Ì0Ð
Í�Ð
Ñ(ì¬ÒÓÕ&þ�Í�ÒÓÌ0×0Í�Ð
Ð
ÛÕ�Ý{Í�Ð
ç
ý Ï
ÍÓÌ0Òùì ò�>~Ì0ÛêÛ0Ë3?�ì
Ò�Ð(ì
ÍÓÌ0Òùì�Ì0Í�ÝÈè
ë(Ì0ÛêÒ�Ô
Û0ÒÓÌ0Û0Ý¬ë
Ñ
Ò�áWÏyûüÏæØ&ÏªÞ
Û
Ì0Û0Î�ÏuÞ
Ô
Û0Ñ
Ò·Ø�Û�âWÑ(ÌyÕ0Ò�Î&Û0Ô
Í�õÐ
Ñ
Í Û0Ò�Ð
Û0×0Ð
Û0é�Û Þ
Û
Ì0Û0Î�Ï(è Ò�Û0Û
Ì0×0ÍÓÌ0ÒÓÌ0×0Í�Ð
Ð
Û â�á�ìKÔ�Ï
ÒÓý�Ñ
Ô�ì
ö�þ�Í�Ö
ÒùìãÒÓÌ0Ô(Õ�ÑãÞ
Û¢ì
×åá�ì
ÍÓÌ0ÒùìüâWÛ0Ë�Ï
×0Û0ë�õÐ
Û0ÍlÒ�Û0Þ
Ô
Û
Ì0Ñ
×åá�Í�Ð
Ñ
Í
ò?;êÔ
ÑãäÓÌ0Û0Ý�Ô�ÏåÙÚÝ{Í�Ô
ÜàË0Û0ë
Î
Ñ è-Î&Û
Ì0Û0Ô(Õ�ö Ý{Û¢ú Ð
Û�Ð�Ï
Ëåá�ö~â.ÏåÌ0çüÑ(ÙwÔ
Ñ
Ò
ò��(è=@æèé âWÍ Þ
Ô
ÍÁâWÒÓÌåÏ
×åá�Í�Ð
Û�Ô�Ï
Ò�Þ
Ô
ÍÁâWÍ�á�Í�Ð
Ñ
ÍwÝ{Í�ÒÓÌ0Ð
Û0é�Û�ë
Ñ
Ò�áWÏ�ûüÏæØ&ÏÍ� ô =

√
u2 + w2

/

c
è
c
�OÝ{Í�ÒÓÌ0Ð�ÏåìÒ�Î&Û0Ô
Û0ÒÓÌ0çlÙÚ×
Õ�Î�Ïs��è
Ù¢Ï
Ý{ÍÓÌ0Ð
ÛlÕ�Ý{Í�Ð
ç
ý Ï
ö�Ì0Òùì òô"á�Ñ(ì
Ð
Ñ
Í ë
Ñ
Ò�áWÏoûüÏæØ&Ï�Ð�Ïãâ.Ïæá�ç0Ð
Û0Ë0Û0Ö
Ð
Û0ÒÓÌ0ç�×æâ�Õ�×�Ï
Í�Ý{Û0é�Û²×0Û�âWÛ0Ô
Û�â.Ï�Ý{Û¢ú Ð
Û�Õ�×0Ñ&âWÍÓÌ0çoÑ(ÙÔ�Ï
Ò�Þ
Ô
ÍÁâWÍ�á�Í�Ð
Ñ(ìXÝ"Ï
Ò�Ò�Û0×0Û0ÖãÎ&Û0Ð��
Í�Ð(Ì0Ô�Ï��
Ñ
Ñ�×0Û�âWÛ0Ô
Û�â.ÏÍ� Ô
Ñ
Ò
ò��(è	A$��ò�áêÑ
Ò�á�Í�Ð
Ð
ÜÈÍwä�Î&Ò�Þ
Í�Ô
Ñ
Ý{Í�Ð(Ì0ÜÞ
Û0Î�ÏåÙÚÜÈ×�Ï
ö�Ìæè�ë(Ì0ÛlÞ
Ô
Ñ�ë
Ñ
Ò�á�Í$ûüÏæØ&Ï�Þ
Û
Ì0Û0Î�Ï ô ∞ = 2

á�Ñ
Ð
Ñ(ì�Û�âWÐ
Û0Þ
Ô
Û-�
Í�Ð(Ì0Ð
Û0ÖüÎ&Û0Ð��
Í�Ð(Ì0Ô�Ï��
Ñ
Ñ×0Û�âWÛ0Ô
Û�â.ÏüÝ"Ï
Î&Ò�Ñ
Ý"Ïæá�ç0Ð
Û�Þ
Û�âWÐ(ì�áWÏ
Ò�ç�Ð�Ïü×0ÜÈÒ�Û
Ì
Õoï0ò jüÒ�Ý�Û
Ì�ÒÓÌ0Í�Ð
Î
Ñ�Î�Ï
Ð�ÏæáWÏ(è�×�Ì0Û�×0Ô
Í�Ý�ì�Î�Ï
Îâ�á�ì ô ∞ = 4
Ý"Ï
Î&Ò�Ñ
Ý"Ïæá�ç0Ð�Ïåì�×0ÜÈÒ�Û
ÌåÏ Û�âWÐ
Û0Þ
Ô
Û-�
Í�Ð(Ì0Ð
Û0Ö�Î&Û0Ð��
Í�Ð(Ì0Ô�Ï��
Ñ
ÑK×0Û�âWÛ0Ô
Û�â.ÏlÔ�Ï
Ò�Þ
ÛåáWÏ
é�ÏæõÍÓÌ0Òùì¬Ð�Ïw×0ÜÈÒ�Û
Ì0Í ï0ò ïE�-��Ò�ÝÈòR;êÔ
ÑKäÓÌ0Û0Ý ë
ÍÓÌ0Î&Û¨Ð�Ï
Ëåá�ö~â.Ï
ÍÓÌ0Òùì¬Õ�Ý{Í�Ð
ç
ý�Í�Ð
Ñ
Í�á�Ñ
Ð
Ñ
ÑKÞ
Í�Ô
ÍÓÌ0Í�Î�Ï
Ð
Ñ(ì×0Û�âWÛ0Ô
Û�â.ÏyÞ
Í�Ô
ÍÁâ¨ÒÓÌ0Ô(Õ0Í�Ö ò
ôXÒ�Û0Û
Ì0×0ÍÓÌ0ÒÓÌ0×0Ñ
Ñ Ò�äÓÌ0Ñ
ÝãÕ�×0Í�á�Ñ
ë
Ñ
×�Ï
ÍÓÌ0Òùì Ð
ÍÈÌ0Ûåá�ç0Î&Ûªâ.Ïæá�ç0Ð
Û0Ë0Û0Ö
Ð
Û0ÒÓÌ0ç×æâ�Õ�×�Ï
Í�Ý{Û0ÖüÒÓÌ0Ô(Õ�Ñä� é·á�Õ�Ë0Ñ
Ð�ÏlÞ
Ô
Û0Ð
Ñ
Î
Ð
Û0×0Í�Ð
Ñ(ì�×0Û�âWÛ0Ô
Û�â.ÏlÐ�Ï�Ô
Ñ
Ò
òv�(è	A$��è�Ð
Û Ñ â�á�Ñ
Ð�ÏlÛ
Ì0Ô
ÜÈ×0Ð
Û0ÖÙÚÛ0Ð
ÜMÞ
Í�Ô
ÍÁâ+ÒÓÌ0Ô(Õ0Í�Ö ò�ÿ�Ï
Î è{Ð�Ï Ô
Ñ
Ò
ò��ãÞ
Ô
Ñ
×0ÍÁâWÍ�Ð�Ï Ù¢Ï
×0Ñ
Ò�Ñ
Ý{Û0ÒÓÌ0ç¬â�á�Ñ
Ð
ÜMÛ
Ì0Ô
ÜÈ×0Ð
Û0Ö²ÙÚÛ0Ð
ÜMÞ
Í�õÔ
ÍÁâ¬ÒÓÌ0Ô(Õ0Í�ÖKÛ
Ì ë
Ñ
Ò�áWÏ ûüÏæØ&ÏlÞ
Û
Ì0Û0Î�Ï(òZ�ªÙ$é�Ô�Ï�®yÑ
Î�ÏlÒ�á�ÍÁâ�Õ0ÍÓÌæè.ë(Ì0Û ÒyÕ�×0Í�á�Ñ
ë
Í�Ð
Ñ
Í�Ý ë
Ñ
Ò�áWÏwûüÏæØ&ÏÞ
Û
Ì0Û0Î�Ï$â�á�Ñ
Ð�Ï�Û
Ì0Ô
ÜÈ×0Ð
Û0Ö�ÙÚÛ0Ð
Ü á�Ñ
Ð
Í�Ö
Ð
ÛlÕ�Ý{Í�Ð
ç
ý Ï
ÍÓÌ0Òùì òÊªÞ
Ñ
ÒÚÏ
Ð
Ð�Ïåì�×üÔ�Ï
Ë0Û
Ì0Ílë
Ñ
Ò�á�Í�Ð
Ð�Ïåì�Ý{Û�âWÍ�á�ç�Ð�Ï�Û0Ò�Ð
Û0×0Í
������õ Ò·Ø�Í�Ý{ÜßÞ
Û
ÙÚ×0Ûåá�ì
ÍÓÌ�Ý{Û�âWÍ�á�Ñ
Ô
Ûåõ×�ÏåÌ0ç Ì0Í�ë
Í�Ð
Ñ
Í�Ý{Ð
Û0é�Û0Î&Û0Ý{Þ
Û0Ð
Í�Ð(Ì0Ð
Ü�Øüé�ÏåÙÚÛ0×0Ü�Ø¨Ò�Ý{Í�Ò�Í�Ö�Ñ Õ�ë
Ñ(Ì0ÜÈ×�ÏåÌ0çlÌåÏ
Î
Ñ
Í�Ò�á�Û¢ú Ð
ÜÈÍ�®yÑ(ÙÚÑ
ë
Í�õÒ�Î
Ñ
ÍÈì
×åá�Í�Ð
Ñ(ì è0Î�Ï
Î�×0Û
ÙÚÐ
Ñ
Î
Ð
Û0×0Í�Ð
Ñ
Í�Ò�Î�Ï¢ë
Î&Û0×yÕ�Þ�á�Û
Ì0Ð
Í�Ð
Ñ(ì Ñ�×0Ñ�Ø(Ô
Í�×0Ü�Ø ÙÚÛ0Ð òs�ªÙ�Õ�ë
Í�Ð
Û�×åá�Ñ(ì
Ð
Ñ
Íë
Ñ
Ò�áWÏ�ûüÏæØ&ÏwÞ
Û
Ì0Û0Î�Ï Ð�Ï�â�á�Ñ
Ð(Õ�Û
Ì0Ô
ÜÈ×0Ð
Û0ÖKÙÚÛ0Ð
ÜJÑ�â.Ïæá�ç0Ð
Û0Ë0Û0Ö
Ð
Û0ÒÓÌ0ç ×æâ�Õ�×�Ï
Í�Ý{Û0ÖK×0Û�âWÛ0Ô
Û�âWÐ
Û0ÖÒÓÌ0Ô(Õ�Ñ ò6­�ÏåÙÚÔ�Ï
Ë0Û
ÌåÏ
Ð
Ð�ÏåìlÝ{Û�âWÍ�á�ç�Ý{Û¢ú ÍÓÌyË0ÜíÌ0ç�Ô�Ï
Ò�Þ
Ô
Û0ÒÓÌ0Ô�Ï
Ð
Í�Ð�Ï�Ð�ÏêÞ
Ô
Û0ÒÓÌ0Ô�Ï
Ð
ÒÓÌ0×0Í�Ð
Ð
ÜÈÖ Ò�á�Õ�ë�Ï
ÖÑ�é�Û0Ô
Í�Ð
Ñ
Í�é�ÏåÙÚÛ0×0Û
Ù�â�Õ&ý�Ð
Ü�ØüÒ�Ý{Í�Ò�Í�Ö ò



²´³�µz¶�· y · y µ´·�¸�¹.º¼»*½�¾�·�¶�¿xÀ1ÁzÂ�¶ m À
·�Ázµ´³ m¼Ã§k�y µ´ÂÅÄ?·´Æ�· y µ´Â l9l9l �-�

B�C É ¤§¢ © ñ É ¦ Å¼× ¨´¦/ò ×ED
� �F�2GIH�J%KML�HONQPMRMSUTIVXW;VZY\[]L3J HOL3J L�H_^`Vba`V�cd,J�9�$�7�"ù6��9$�*�TûT�$���*ûE�*øE��,"û�e�ü3�Gû5�	�.�¥÷��G�5�Gü-�z�¼÷��G÷$�*ø$�*��#
���	91�*�Tø�eE��9f�6ûGù�e�û)�G�"�7�	91�$�*ø$��,/üsø�e3�Bú��T�g�G�TûE�*ø$�*�T�$�aû´÷-ú3�G�*�T�s�$�;h�h;+-,"û$��i�jæ�������v�O1
�'���9�s�sü-�
k �-ù$ü3�T�*�T�1�l�*�=,J�-�Z�.m5n	o-��p���)5n3��qsr-�3�§���.m�).�3�.m5n��

� öt�lu;vOwMxtxty{z-VZY3|}w*~%���lV����X�g�����=�����	�;�=�������=�����5������� ���	�\�X�	�����������	�g�X�g�����������������%�����Q�������	�����d�=�X�f���.�$�7h�h
�������8� ���.m�m�r-��� �	����)�)����æ�T�� v��r�¡.��¡Tö-�

� )t�£¢"w%¤$wM¥Mv*�¦xt§f¨QwM¨©¢ªVZY]«Q�¦¨f~%§­¬£Vb®fV:¯°�3±����X�X���²�������=�-�����8���	�g���������	�U���.�´³�����±��µ�¶�X��·¸��������±
�	±��=�����=�����	�°����·����¹�ºh�h �������8� ���.m�m=�$��� �	����)Tö����»r-�� v��m�)�o.��m�)�r-�

� �	�£T½¼MS*J ¾ML�¿EÀ;V ÁlVZY�Â£¿�¼%Ã-Ã�ÄM¾*J�Â{VXÅÆV-�R�G�*�$�*�T���T�¼�$�"�'ú6�'ù��Gû)�9�s�$�S�N�)�"�%�ìûGù�e�û)�a�5�G÷-ú$�sû)�/û�ü-�9�6�Jú
Ç"c?��È/������÷��T�'ú6�'ù��Gû)�9�E�'ú��T�����¯ø6�G�*÷��9ú�� k �*�s�$�"�EÉ��'ú6��92h�h½i ÿ ø��Gü3�T�"���T�E�'�-�s�sü-�-�s�.m�Ê�)-��p��s���tqËr-�
�§���.o�).�3�T�T�T�

� rt�£Ì�KM¾MÍlÂ2ÎUV�ÌÏVZYOÐ²¾MÍ{W;V�Ñ��$�'ú6�*�s���T���$�"�'ú6�'ù��Gû)�9�s�$���E�*�$�*�s��9¥���-�$�R�s�$�"�*üs�$�R�¥ø$�D�9ü 4 �s�s�R�z�6�
�T�*���GûE�;ÒfÓ$#�Ôa�9üs�5�Gøs��,.�Gû)�9�s���	9¯�N�)�"�%�0��÷��T�*�Tø��T�*�s���	9¯�L�*�5�"ù��T�ç�*�$�L�L�*�Tøs�s�s���	9â÷��T�'ú6�'ù��Gû)�9�E�'ú��	#
���	9�ûE�*øE�-�$��91ø$�'ú3�9ü��D� 4 �s�Eh�hºi ÿ ø��Gü3�T�"���$�E�'�-�s�sü-�-�Z�.m�m�o-��qÕr-�.o-�6�§���.oTö.�3�T�.)-�

� ¡t�£Ö0wMv5×*Ø�¨ÚÙ£VZYfÛ½¨f~%ÜMÝf�¦x.×}ÞIVZY\ß;xt§fØ�vÚ«%VZYfà"§QwM¥MvOw5á5wMv5×*§Oâã«%Vb¢ªV�Ó½���b�ä�	���;�Xåª·��X��·l�	��±����$�	���������=���
���	��#��������X�X���=���	��ål����·����¹���D� ����� h�h � ���=�çæd�	�;���� 7·�å��D���.m�Ê5n���� �	���On��T�� v�3ö�)-����)�o�)-�

� n.�£Ö0wMv5×*Ø�¨µÙ£VZY$ß;xt§fØ�vµ«%V%Ó½���b�ä�	���;�XåÆ·��X��·�#��	��±����ª�	���������=���2���	��#��������X�X���=���	��åÚ����·����¹���D� � h�h°� ��� ¯��
� ���½���¹���D� � ���=�Xå������D���.m�Ê5n���� �	���6ö=����� ö-�� v�6ö5n	m.��)�o�m-�

� Êt�£Ö0wMv5×*Ø�¨èÙ£VZYgß;xt§fØ�vè«%VZY"Û½¨f~%ÜMÝf�¦x.×èÞIVZY0à"§QwM¥MvOw5á5wMv5×*§Oâé«%Vb¢ªV¶�3�	�¹�°���������X���£�	�ê�����b�ä�	���;�Xå
·��X��·�#��	��±����`�	���������=���°���������������=�X�Xå����	��#��������X�X���=���	��åê����·����¹���`h�h � �������d�½���Õ�ç¯{�=��·��§�.m�Ê�¡-�ç� �	����ö-�
 v��)=�3n���)5n�n��

� mt�£ë¹Ø�ØE¢ªVb®fVZY\¢-Ýfì�í�Ø3âãz-Vb|îVZY\|]�¦í�í�Ø�v�®fV Ù£VQædï�� ¯°ð � �$# ��� ý��;ñ��	�������=�Eæç·����;���.�=�Mð-�X���������º %�	��ò��=�5�
�ä�	�¶��·�� � ���=�Xå�������!$�çó"�	�ô#õ��·��	���ºæç·����;���.�=�\ð-�X�����������D�Q� � ��ö ���8÷ ���Q�	����� � ��ö"Ê�mt#�Ê�o�o�m-���.m�Ê�m-�

� �.ot�ªø¹¼MùMRM¾²Ð¸VbTIVZYgW-ú*¿�L3û L�üý[îVb^`V´c���e��Tø$�*�s�s�$���E�*�$�*�s�s�î�*�=,.�Gû��?�ç�"�L�"�"��9��$1�� ý´jS��e�ü-���S�.m�Ê�m-�
)�¡�¡��T�

� �T�F�£þ½yM�¦¨fxty\×ÚÿªVb®fVZY�� Ø�í�Ø}«%Vbë`V��´�	����±��=��ål���	��±��X�����	���¶�ä�	�$±��X�����������X�g�����=�����	�°�=�7���	�;�����������X�����"�3�������	���
���.�»h�h � ���=�çæd�	�;�����D�� 7·�å��D���.m�mTö-��� �	�����.o-�T�� v�Z�.o=�=�3�Dö�m-�

� �Döt���$wM¨f~�®fV �`V��´·��X��±3#��	��±����`���	���������X�X���=���	��åî����·����¹���2�ä�	�£��·��{�7�������`�	�����=�����	���:h�h �������s� ���.m�m-�T�
� �	���$ö�m����æ�.o-�� v���.¡-�T���3�.¡-�.Ê-�

� �.)t��
-L�PML�ú�¼ML�H�¼èG£V
�lVZY��I¼MS%Ã$¼M¾MÄMH�¼èG£V�� V Ñ��$�'ú6�*�s���T�1�7�"ù6�'ú$�sø��Gû)�9�s�$�1�*ûE�*øE��,"û�e�ü3�Gû5�	�.�¯�E�*�$�F#
�s�s���z÷��G÷$�*ø$�*�s����� ûGù�e�û5�T���*�Tø�e39�h�h:Ç�øs�sü-úZ�R�L�'���9�s�sü-�
���E�'�-���MÔ¼��,"�sü-�-�Rö�o�o=�$�%p��M��r��fq )-�
�§��)�¡5n���)5nt�$�

� ���	�là"§fØ�¨Qw*ÝfíF×èà;Vbz-VZY$Þ-Ø�vOwM¨èþgVX«%V ð�#
ε

�=��± ÷ ��å3���	��±��ª�����������;�������������������`�¹�3±����½���	�;���=�������	���¹�ä�	�
���d�=#�±��X�¹���������	���=�M�X�	�����������	�l���.�$�-h�h �������8� ���.m�m�Ê-��� �	����)�¡����»Ê-�� v�Z����o-���3���$�Dö-�

�����	��������� &2( �"!$#=&&%�' ��(*)&+�, &.-0/21�123�4	5


