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a
b�c-Y/deZ df^�cTdecTgCd=hidfcHjIk�b
]�X�a
YlW-b�Y�m;^�c-Y/Z deZ [iZ
X�\T^�cHX,^�_`Z
WHX2gCb�decTa X�Y/X�b�a)m)W<Z WHX�g<X�Y7decGZ [Ha
nH[HkfX�c'm;X�^�o�X�a
Z
WHX:k�b�Y/ZpZ
WHdfa/Z�]@]�X�b�a)Y�q!V7WHd�Y�r'^�stZ�]Eu3X�YpdfY�_�^�[Hc-\vdecvgDb�c"]FY d=Z
[-b�Z
de^�c-Y�dfcvc-b�Z [Ha
Xwkfdex�Xwdecyb�Z gC^"Y/uHW-X�a
dfm�r-^�s�Y�z3o�^�k�m�b�cHd�m
X�a [-uiZ df^�c-Y�z�Y�Z
X�kfkfb�a7{�X;Z
Y:b�c-\Adfc|dec-\H[-Y�Z
a d�b�k%b�uHuHkfd�m�b�Z
de^�c-Y�Y [-m)W|b�Y2j�b�Y�Z [Ha
nHdfcHXGm�^�g:n-[-Y�Z
^�a)Y�z�b�dfa/_�^�dek}s7b�x�X�Y�b�c'\ya
^im)x�X�Z
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X�hiW-b�[-Y/Z
Y�q�� \iX;Z)b�dfkeX�\v[Hc-\HX�a)Y�Z)b�c-\idfcHjT^�_.Z
WHXIu-W"]iY dfm�Yp^�_._�a
X�XIY WHX�b�a�kfb
]�X�a)Y�d�Y,X�Y Y X�c"Z
dfb�k6_�^�apZ
WHX<\HX�o�X�ke^�uHgCX�c"Z,^�_lcHX�s
Z
[Ha
nH[HkfX�c-m�XIb�c'\TgCdehidecHjGg<^i\iX�kfY�q���gCuHa
^�o�X�\TgC^i\iX�k�Y�^�_�gCdehidecHjGdecF_�a
X�X:Y WHX�b�a�k�b
]�X�a
Y7s!dfkek�keX�b�\@Z
^GbDn3X;Z/Z
X�a�m�b�u'b�nHdfkedeZ�]
^�_�u-a X�\idfm;Z dfcHj m)WHX�gCd�m�b�k}a X�b�m8Z
de^�c-Y�b�c'\ym�^�c"Z a
^�kfkedfcHj@u'^�kekf[iZ)b�c"ZwX�gCd�Y Y de^�c-Y�z _�^�a�X�hib�gCuHkeXC_�a
^�g ^�dfk.b�c-\Aj�b�Y�nH[Ha
cHX�a)Y2dec
u3^�s�X�apj�X�cHX�a
b�Z df^�cFuHk�b�c"Z
Y�q��pkfY ^(uHa
^�j�a X�Y Y7dfc�Y u-b�m�Xwa X�Y/X�b�a)m)WTd�Y�\iX�u3X�c-\HX�c"Z,^�cv\iX�o�X�kf^�uHdfcHj(gC^�a
XwX��Dm�deX�c"ZpuHa
^�uH[Hk�Y de^�c
Y ]iY�Z
X�gDY�z-b�c-\To�X�WHd�m;kfX�Y!m�b�u-b�n-keX�^�_}m�b�a a
]EdecHjCb<WHdfj�WHX�a!u-b
]Eke^"b�\Ddfc"Z ^D^�a
nHdeZ�q

� g<dehidec-j kfb
]�X�a(\iX�o�X�ke^�u-YDb�Z(Z
WHXvdfc"Z X�a _#b�m�X ^�_2Z�s�^���Y�Z
a X�b�g ^�_w\id
	 X�a
X�c"ZTY u'X�X�\HY�q V7W-Xvo�X�ke^im;deZ�] u-a ^��-keXF_�^�a gCX�\
u3^�Y
Y X�Y
Y/X�Y:b�c decir'X�m8Z
de^�c u3^�dfc�Z<Z W'b�ZId�YI[Hc-Y/Z
b�n-keXGZ ^�dfc
�-c-d=Z
X�Y degDb�k!\id�Y/Z [Ha
n-b�c'm;X�Y�q�V7WHd�YIuHWHX�c-^�gCX�cH^�c m�b�kekfX�\��2X�kfo"dfc
�
�pX�kfgCWH^�keZ��,dec-Y/Z
b�nHdfkedeZ�]Id�Y.dfcEoEdfY
m;d�\Db�c-\Cd�Y.a
X�Y u3^�c-Y den-keX7_�^�a.Z W-X!_�^�a
gDb�Z df^�cD^�_ o�^�a Z d�m;deZ�]IY/Z a
[-m;Z [Ha
X�Y.b�kedfj�c-X�\<dec(Z WHX�k�b�Z
X�a)b�k
\Hdea
X�m;Z df^�c`q�V7WHd�Y}n'X�W-b
oEde^�a�s�b�Y�^�n-Y X�a
o�X�\:kfb�n'^�a
b�Z ^�a ]2X;hiu3X�a
degCX�c�Z)Y}m�b�a a
deX�\:^�[iZ}nE]���dea)m)W<b�c-\��.j�j�X�a)Y�z ~������ b�c'\���a
^�s!c
b�c-\��!^�Y WHx�^'z ~����! q"�!m�m;^�a)\idfcHjTZ ^$#`X�Y dfX�[Ha�z ~��%��� \H[HX<Z ^TZ WHXCo�^�a/Z
dfm�d=Z�] m�^�c-m�X�c"Z a)b�Z
de^�c`z3Z WHXCa
X�m;^�j�cHd&��b�nHkfXw_�^�a
gFz`b�c-\
Z
WHXC[HcHuHa
X�\Hdfm;Z
b�n-dekfd=Z�] dfc�a
X�k�b�Z
de^�c Z ^TZ W-X<kf^im�b�Z df^�cvdfcvZ
WHX<Z dfg<XDb�c-\vY u-b�m�X�z Z W-X�Y XIo�^�a Z d�m�b�k+Y�Z
a ['m8Z [-a X�Y,X�hiWHden-d=Z�b�kfk+Z WHX
m)W'b�a)b�m8Z
X�a
dfY/Z d�m�Y�^�_+m;^�WHX�a
X�c"Z�Y/Z a
[-m8Z
[Ha X�Y�q

��cwb�\H\ideZ df^�c2Z
^'�2X�kfoEdec(�)�pX�kfg<W-^�keZ��}dfc-Y�Z)b�nHdfkfd=Z�]�o�^�a/Z
X;h z�X�hiu'X�a dfgCX�c"Z
b�k�s%^�a xiY u-a X�Y/X�c�Z
X�\2nE]'��X�a c-b�k�b�c-\��!^�Y WHx�^-z ~���*%+
b�c-\Ic"[-g<X�a d�m�b�kEs%^�a xiY+uH[HnHkfd�Y/WHX�\:nE]�,vX;Z
m�b�ke_�X"-/.10!2
3fz ~���*4� uH[HZ.dec<X�oEd�\iX�c-m�X�Z WHX7X;hid�Y�Z
X�c-m�X7^�_'^�cHX7Y/X�m;^�c'\Hb�a
]2dec-Y/Z
b�nHdfkedeZ�]
Z
W-b�Z7m�b�[-Y/X�Y�z�decCZ
WHX,Y/Z
b�j�c-b�Z df^�cCb�a
X�b�n'X�Z�s%X�X�cCZ
WHX��2X�kfoEdec(�)�pX�kfg<W-^�keZ���o�^�a Z d�m;X�Y�z�dfc"Z X�c'Y/X�kf^�c-j�deZ [-\idfc-b�k-m;^�[Hc"Z X�a�� a ^�Z
b�Z
deo�X
o�^�a Z d�m;X�Y�qAV7WHX�Y XTkf^�c-j�deZ [-\idfc-b�k%o�^�a Z d�m;X�Y�z}\iX�c-^�gCdec'b�Z X�\|W-b�dea
uHdfc-YIb�a XGX�b�Y dfke] d�\iX�c"Z d
�'b�nHkeXTdec b Z
a
b�c-Y/o�X�a)Y/X(m�[iZCdec Z WHX
_�^�a g ^�_pbvg:['Y/WHa
^E^�g b�c-\|a
X�Y u3^�c-Y den-keXD_�^�a:Z
WHXGk�b�a
j�X�Y�ZIu'^�a/Z
de^�c|^�_!Z W-X(Z a)b�c'Y�_�X�a:^�_�gDb�Y Y�z}gC^�gCX�c"Z [-g b�c-\ X�c-X�a
j�]
m�^�c-Y X�a
o�b�Z
de^�cGdfcTZ
a
b�c-Y d=Z
de^�c-b�k`b�c-\(Z
[Ha
nH[HkfX�c"Z!r-^�s�Y�q

5 Z [-\idfX�Y�^�_+Z WHX�kfdec-X�b�a�Y/Z
b�nHdfkedeZ�](^�_�m;^�g<u-a X�Y Y den-keX2gCd=hidfcHjCkfb
]�X�a)Y�uHa X�Y/X�c"Z X�\TnE]6#`X�Y Y X�c7-�.80�2
3fz ~���+�+ z
�%kf[HgCX�c9-�.:0�2
3fz
~�����; Y/WH^�s bvY/Z a
^�c-jva X�\i[-m;Z df^�c|dfc|Z WHX@b�gCuHkfd<�3m�b�Z
de^�c|a
b�Z X(^�_7Z�s%^�� \idfgCX�c-Y df^�c-b�kl\id�Y�Z
[Ha n'b�c-m�X�Ywdfc|Z
WHX(r-^�s b�Y�,vb�m)W
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_�^�a!m;^�cEo�X�m8Z
deo�X�,vb�m)WGcE[Hg:n3X�a7b�n3^�o�XpZ ^

0.6
z�Z WHX2^�n-kedJ>"[HXps7b
o�X�Ylb�a
X,\H^�gCdec'b�c"Z�dfc(Z
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� ^�a)\iX�a'�'cHd=Z
X/��\id
	3X�a X�c-m;X
Y
m)WHX�g<X�Y�z-dec"Z a
^i\i[-m�decHjDbCgCX;Z
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cHdfcHjDX�>"[-b�Z df^�c-Y
b�\i^�uHZ X�\Fdfc Z
WHXIm�[Ha a
X�c"Z�s�^�a
x q8_,X;Z)b�dfkfYp^�_�Z W-X:cE[HgCX�a
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WHXFZ dfgCX�z
ui

b�a
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=
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^ degCuHkfX�gCX�c�Z:b@dfcHdeZ d�b�k.o�X�kf^Em�d=Z�]�uHa ^��-kfX�qI��cAZ WHX
o�X�kf^im;deZ�]:uHa
^��-kfX�b�\H^�uiZ
X�\CdfcCZ WHd�Y.s�^�a
x z�Z WHXp[HuHu3X�alu'b�a Z.^�_ Z WHX,Y�Z
a X�b�g Z
a
b
o�X�k�Y+_#b�Y/Z X�a}Z W-b�cCZ WHXpke^�s�X�a}u-b�a/Z�q+V7W-Xpm)WH^�d�m;X
^�_6Z
a
b�c-Y/deZ df^�cGn'X�Z�s%X�X�cTZ WHX�Y/X,Z�s%^C\id
	3X�a X�c"Z7Y u'X�X�\HY�d�Y!m;a
[-m;d�b�k3dfcT^�a
\iX�a%c-^�Z�Z ^<j�X�c-X�a)b�Z X�s7b
o�X�YldecTZ W-X��-a)Y/Z%Z
degCX�Y�Z
X�u-Y�z
s!W-dfm)WCm;^�[Hkf\:Z W-X�c<n'X7a
X;r-X�m8Z X�\w^�cIX�\ij�X�Y�q ��c:Z
WHdfY�s�^�a
x z�Z WHX�Z�s�^���\idegCX�c-Y/df^�c'b�k"uHa ^�nHkfX�g s7b�Y�m;^�c-Y/d�\iX�a X�\�n'X�m�b�[-Y/X7deZ}W-b�Y
n3X�X�cTY WH^�s!cDZ
W-b�Z�_�^�a%ke^�s ,vb�m)W(cE[Hg:n3X�a)YGA�Z�]EuHd�m�b�kfkf]<[-c-\iX�a S q  �F z�Z
WHX2\i^�gCdfc-b�c"Z%dfc-Y/Z
b�nHdekfdeZ�]Dg<^i\iXp_�^�a%Z WHX2Y WHX�b�alk�b
]�X�a
d�Y7Z�s�^���\idfg<X�c-Y de^�c-b�k b�c'\(Z
W-b�Z!Z
WHa X�X/��\idfg<X�c-Y de^�c-b�k dfc-Y�Z)b�nHdfkfd=Z
deX�Y!^�cHkf](n3X�m�^�gCX2degCu3^�a Z
b�c"Z!_�^�a!WHdej�W ,�b�m)W@c"[-g:n3X�a)Y�q

,�b�cE](\id
	3X�a X�c�Z!o�X�kf^Em�d=Z�]Du-a ^��-keX�Y�W-b
o�X�n'X�X�c@uHa
^�u3^�Y X�\(dfcTZ WHX2kfd=Z
X�a)b�Z [-a X,_�^�a!gC^i\iX�kfd&��dfcHj<bCY WHX�b�a7kfb
]�X�a�q ��b
]EkfX�dfj�W`z
~�*�*%S W-b�YI\iX�gC^�c'Y�Z
a
b�Z X�\yZ
W-b�ZIZ WHXTuHa ^��-kfXDW-b�YwZ ^�W'b
o�X(b�c|dfcir-X�hide^�c|u'^�dec"ZwZ
^�n3XG[Hc-Y/Z
b�nHkfX�qvV7WHd�YwgCX�b�c-Y�Z
W-b�ZC\id�Y[�
Z
[Ha
n-b�c-m�X�Y�s!dfkek}n3X(b�gCuHkfd<�'X�\�b�c-\ykeX�b�\ Z
^@Z WHX<_�^�a
gDb�Z
de^�c�^�_�o�^�a/Z
dfm�XIY/Z a
[-m8Z
[Ha X�Y�z s!W-dfm)WAs!dekfk.b�k�Y ^Tn3XCdec b�cy[Hc-Y/Z
b�n-keX
X�>"[HdekfdfnHa df[Hg b�c-\FZ
WHX�a
X;_�^�a X<s!dekfk}m;a
X�b�Z XIY ^�gCXIu-b�dfa dfcHj@[Hc"Z dfk+Z WHX<X�cHX�a j�]FW-b�Y2\id�Y/u3X�a)Y X�\ Z
WHa
^�[Hj�WvoEdfY
m;^�[-Y,\HdfY
Y/dfu-b�Z df^�c`q
V7W-X�u-a ^��-keX�[-Y X�\IdecIZ W-dfY�cE[HgCX�a
d�m�b�kEs�^�a
x�m;^�a
a
X�Y u'^�c-\HY�decCb�cIW"]Eu3X�a
n'^�ked�mlZ
b�c-j�X�c"Z+_�[Hc-m;Z df^�cIZ W-b�Z�['Y/X�Y}bpo�X�kf^Em�d=Z�]�gCX�b�c-Y
b�Z�[HuHu3X�apb�c-\Tke^�s�X�a7^�_�Z WHX2_�a
X�XwY/Z a
X�b�g r-^�s Z
^(m�b�kfm�[Hkfb�Z X�Z W-X�o�X�kf^im;deZ�]Ddec m�^"^�a
\Hdec-b�Z X

y
q

�pke^�cHj@s!d=Z
W�Z
WHXCo�X�kf^im;deZ�] uHa
^��-kfX:Z
WHXD\id�Y�Z
[Ha n'b�c-m�X:r-^�s W-b�Y,Z ^Fn3XD\iX/�-c-X�\ q ��[HgCX�a
d�m�b�k}X�a a
^�a)Y�X�cHj�X�c-\iX�a�u3X�a Z [-aH�
n'b�Z df^�c'Y�z}s!WHd�m)W b�a XGY [
�(m;dfX�c"ZIZ ^yY [-Y
m;deZ
b�Z XTY [-m)W dfc-Y/Z
b�nHdekfdeZ dfX�YIdec|Z
WHXFY/WHX�b�awk�b
]�X�awr-^�s nH[HZ<^�cHke]|b�_�Z X�a<bvo�X�a
]ykf^�cHj
Z
degCX�q�V7W-X!_�^�a
gDb�Z df^�cC^�_3o�^�a Z d�m;X�Y/Z a
[-m8Z
[Ha X�Y.m�b�cCn'X�k�b�a
j�X�ke]Ib�m�m�X�kfX�a)b�Z
X�\In"]I[-Y decHjIY/^�g<X�\HdfY/Z [Ha
n-b�c-m;X7_�[Hc'm8Z df^�c'Y�z�s!WHdfm)W
m�^�a
a X�Y/u3^�c'\DZ ^IZ W-X�X�dej�X�ci_�[-c-m8Z
de^�c-Y7^�_�Y�Z
a X�b�gFq}V7WHdfY�d�\iX�b<^�_�X;hHm�d=Z
decHjCbCY�Z
a X�b�g b�\H\idfcHj:Z
^<Z WHX2gCX�b�c(r-^�s b:kfd=Z Z kfXw\id�Y[�
Z
[Ha
n-b�c-m�XpZ
^Ib�m�m;X�keX�a
b�Z X�\<Z WHX�uHa
^Em�X�Y
Y.d�Y�s!df\iX�ke]DY uHa
X�b�\(decGZ WHX2Y m�deX�c"Z d
�'mpm�^�gCg:[Hc-d=Z�]�q�V7W-dfYlZ X�m)WHcHdJ>�[-X,s7b�Y%^�_�Z
X�c([-Y X�\
nE]7K%^�kf^�cHdf[-Y?-�.G0!2&3fz ~����4� _�^�awY/u-b�Z d�b�k.\iX�o�X�ke^�uHgCX�c"Z�z=, dfm)W'b�kfx�X�z ~���+� _�^�a2Z X�g<u3^�a)b�k.\HX�o�X�ke^�uHgCX�c"Z�dec dfc-m;^�gCuHa X�Y Y dfnHkeX
r'^�s�Y!b�c-\ 5 b�c'\iW-b�g b�c-\ �!X�]"c-^�k�\HY�z ~����-~ _�^�a�m;^�gCuHa
X�Y
Y denHkfX2m�b�Y X�q

V7WE[-Y�Z WHX(o�b�a d�b�nHkfX�Y2s�X�a
X(\iX�m;^�gCu3^�Y X�\Adfc�Z
^FZ�s%^ u'b�a Z
Y���Z WHX(Z X�gCu3^�a)b�a
]vgCX�b�c b�c-\|b Y gCb�kek%\idfY/Z [-a n-b�c-m;X�qTV7WHd�Y
s7b
]DZ
WHX�uHa
degCdeZ dfo�X2o�b�a
dfb�nHkeX�Y7m�b�c@n3X�a X�s!a deZ/Z
X�c@dec@Z W-X2_�^�kfke^�s!dfcHjCs�b
]

u(x, y, z, t) = u0(y) +u′,

v(x, y, z, t) = v′,

ρ(x, y, z, t) = 1

T (x, y, z, t) = T0(y)

p(x, y, z, t) = 1
γM2 .

A ~�~�F

s!W-X�a
XwZ W-XIY [Hn-Y
m;a
deuiZ�A
0
F a
X;_�X�a)Y7Z
^TbCZ
X�gCu'^�a
b�a ]@gCX�b�cFr-^�s b�c-\9A

′
F a X�_�X�a)Y!Z
^GbGY gDb�kfk�\id�Y�Z
[Ha
n-b�c-m�X�qpV7W-XwgCX�b�cvr-^�s

d�Y�decEo�b�a
d�b�c"Z%dfc(Z
WHX�Y/Z a
X�b�g:s!d�Y/X�\idfa X�m8Z df^�cTb�c-\(Z WHX2m;^�g<u3^�c-X�c"Z
(v)

^�_`Z
WHX�g<X�b�cTo�X�kf^im;deZ�]CdfY%cE[Hkek q ��cG^�Z WHX�a%s�^�a)\HY�z�Z
WHX
gCX�b�c@r-^�s d�Y7kf^Em�b�kfke]Gu-b�a)b�kfkeX�k0q

��c@Z
WHdfY�s%^�a xCZ
WHX�o�X�ke^im;deZ�]DuHa
^��-kfX2dfYp\iX/�-c-X�\Fb�Y

ū0(y) =
U1 + U2

2
+
U1 − U2

2
tanh(

2y

δω0

).
A ~�N�F

V7W-X(o�^�a/Z
dfm�d=Z�] Z
WHd�m)x"c-X�Y
Y�dfY:j�dfo�X�cAnE]AX�>"[-b�Z df^�c � qFV7WHd�Y�uHa
^��-kfXDW-b�Y:^�_�Z
X�c|n3X�X�c|['Y/X�\ n'X�m�b�['Y/XDdeZ:W-b�Y2Z WHXTj�a
X�b�Z
b�\io�b�c"Z
b�j�X�Y ^�_in'X�dec-jpb�c-b�ke]"Z
dfm�b�k q=K%^�c-Y X�>"[HX�c"Z kf]�z
Y/u3X�X�\�m�b�c�n3Xlm�b�k�m;[Hk�b�Z
X�\�X;hHb�m;Z kf]p_�^�a`X�b�m)W2o
b�ke[-X.^�_

y
q6V7WHXl\HX�a
deo�b�Z
deo�X�Y

^�_%Z
WHd�Y�_�[Hc-m8Z
de^�c|b�a
XIxEcH^�s!cAb�Y2s�X�kfk0qCV7WHXCZ
b�cHj�X�c"Z�uHa
^��'keXCs7b�Y�[-Y X�\yn"] , dfm)W'b�kfx�X�z ~���+� b�c-\�nE]EX-^�a Z [Hc P�z N�S�S�S dec
Z
WHX�dfawu-b�u'X�a
Y�b�n'^�[iZ:Y WHX�b�a�k�b
]�X�aw\iX�o�X�kf^�uHdfcHj@decAZ
degCX(b�c'\ynE]�K%^�ke^�cHdf[-Y?-/.�0!2&3fz ~������ _�^�awY WHX�b�a�k�b
]�X�a)Y�\iX�o�X�kf^�uHdfcHjFdec
Y u-b�m;X�qO� \idfY
b�\Ho
b�c"Z
b�j�X�^�_l['Y/dfcHj(Z
WHXwZ)b�cHj�X�c"Z,u-a ^��-keXIdfYpZ W'b�Z2d=Z�cHX�deZ WHX�a�Y b�Z d�Y[�-X�Y!Z
WHXIgC^�g<X�c"Z [Hg X�>�['b�Z df^�c c-^�a,Z WHX
X�cHX�a
j�]�X�>"[-b�Z
de^�cyb�c-\ z`Z
WHX�a
X;_�^�a X�z d=Z:m�b�c m�b�[-Y/XDb�cydfgCu-b�m;Z2dfc��-a)Y�Z2Z dfgCX(Y�Z
X�u-Y2dfcAZ WHXCcE[HgCX�a
d�m�b�k}dfc"Z X�j�a)b�Z df^�cy^�_%Z WHX
Z
X�gCu3^�a)b�k uHa
degCdeZ dfo�X�Y7o
b�a d�b�n-keX�Y7^�_ �,b
oEdeX�aH� 5 Z ^�x�X�YlX�>�['b�Z df^�c6q

V7W-Xvdec-d=Z
dfb�kpgCX�b�c Z X�gCu3X�a)b�Z
[Ha X u-a ^��-keXym�b�c n3XyY u'X�m;d
�-X�\ b�Y(b Y ^�kf[iZ df^�c Z
^|Z WHXym;^�gCuHa
X�Y
Y denHkfX n3^�[Hc-\-b�a
] k�b
]�X�a
X�cHX�a
j�]FX�>�['b�Z df^�c ADZ WHdeZ X�z ~����! �F z3b�Y Y [HgCdec-jG[HcHdeZ�] C.a)b�c-\iZ k+c"[-g:n3X�a�qOX-^�a,Z WHXCb�c"Z
dfY ]Eg<gCX�Z a
dfm:g<X�b�cvo�X�kf^im;deZ�]@u-a ^��-keX
m�^�c-Y d�\iX�a
X�\TWHX�a
X�zHb�c-\Ts!d=Z
W@X�>"[-b�k _�a
X�X�Y/Z a
X�b�g Z X�gCu3X�a)b�Z
[Ha X�Y�Z WHX2j�X�cHX�a
b�k a X�kfb�Z df^�cG^�_ K%a
^im�m;^��)��[-Y X�gDb�cHcGd�Y7j�dfo�X�cTnE]

T̄0(y) = 1 +M2
c

γ − 1

2
(1 − ū2

0(y)),
A ~��%F

V7W-dfYla X�kfb�Z df^�c(b�Y
Y [HgCX�Y}u-b�a
b�kekfX�k-r-^�s�q=� Z%d�Y.cH^�Z X�\DZ W-b�Z._�^�a�b�kfk'Y degI[Hkfb�Z df^�c-YlWHX�a
X!Z
WHX,m�^�cEo�X�m8Z dfo�XQ,�b�m)WDcE[Hg:n3X�a
Mcd�Y%X�>"[-b�k-Z ^:Z WHXp_�a X�XpY�Z
a X�b�g\,vb�m)WDcE[HgIn'X�a

M
q
	�c-d=_�^�a g uHa
X�Y
Y/[Ha
X�d�Ylb�Y Y [HgCX�\<_�^�a.Z W-XpdfcHd=Z
dfb�k'gCX�b�cDr-^�s

(p0 = 1
γM2 )

z
Y ^<Z WHX�gCX�b�c \iX�c'Y/deZ�](uHa
^��-kfX2dfY!m�b�k�m;[Hk�b�Z
X�\Ts!d=Z
WFX�>"[-b�Z
de^�c * q

V7W-Xw\idfY/Z [-a n-b�c-m;X�Y7m�b�c@n3X�j�X�c-X�a)b�kfd
��X�\Tn"]

u′(x, y, t) = φ1(y)e
i(αx−ωt) + φ2(y)e

i 1
2
(αx−ωt) A ~� �F

 



s!W-X�a
X
α

a X�_�X�a)YwZ
^vZ
WHX@Y u-b�Z d�b�kls7b
o�X�cE[Hg:n3X�a<b�c-\
ω

Z
^vZ
WHXG_�a
X�>"[HX�c-m;] ^�_!Z WHXF\id�Y�Z
[Ha n'b�c-m�X(r-^�s�q V7WHXGo�b�a d�b�nHkfX
φ1m�^�a
a X�Y/u3^�c'\:Z
^:b�cDX�dej�X�ci_�[-c-m8Z
de^�cD^�_ Z WHX,Y�Z
a X�b�g b�c-\

φ2
a
X;_�X�a
Y}Z ^�Z
WHX��-a)Y�Z�Y/[Hn-W-b�a
gC^�cHd�m7gC^E\HX�q}V7WHX�X�dej�X�ci_�[Hc'm8Z df^�c

u′d�Y�b:_�[Hc-m;Z df^�cF^�_�Z WHX�]���m;^E^�a)\idfc-b�Z
Xp^�c-ke]�qRXH^�a�Z
WHX2Z dfgCX/��\iX�o�X�kf^�uHdfcHjCY/WHX�b�a7k�b
]�X�a7uHa
^�n-keX�g@zi\id�Y/Z [Ha
n-b�c'm;X�Y7j�a ^�s dfc@Z dfgCX�q
V7WE[-Y�z"Z WHX,s�b
o�X�cE[HgIn'X�a

α
dfY%a X�b�k q+V7W-X,Y/Z a
X�b�gIs!dfY X�s7b
o�X�keX�cHj�Z
W<^�_6b:\id�Y/Z [Ha
n-b�c'm;Xpd�Y%j�dfo�X�cDnE]

Lx = 2π/α
z�Z
WHX�uHW-b�Y X

Y u3X�X�\@nE]
cr = ωr/α

b�c'\(Z
WHXwb�gCuHkfd<�3m�b�Z
de^�cTa)b�Z
X2n"]
ωi

q
��c@Z
WHdfY�s%^�a xCZ
WHX�X�dfj�X�ci_�[Hc-m;Z df^�c-Y7s�X�a
X�b�uHuHa
^
hidegDb�Z X�\GnE](X;hiu3^�cHX�c�Z
dfb�k _�[Hc-m;Z df^�c-Y"AU, d�m)W-b�kfx�X�z ~���+� �F q �}hiu3^�cHX�c"Z d�b�k

_�[-c-m8Z
de^�c-Y,b�a XIm;^�cEo�X�cHdfX�c"Z�n3X�m�b�[-Y X�Z WHX�]@\HX�m;a
X�b�Y/X�a
X�b�kekf]$>�[-dfm)xFb�c-\Fa
X�Y u3X�m8ZpZ WHXIn'^�[Hc-\Hb�a ]@m;^�c'\id=Z
de^�c-Y
u′(−+∞) = 0

q
X-[Ha Z WHX�a gC^�a
X�z�Z WH^"Y/X�_�[Hc-m8Z
de^�c-YFm�b�c X�b�Y/dfke] n3XAb�c-b�kf]"Z d�m�b�kfkf] \id
	 X�a
X�c"Z d�b�Z
X�\ q XH^�a6�'c-\ Z W-XA\id�Y/Z [Ha
n-b�c'm;Xvr'^�s Y/^�g<X
b�Y Y [HgCuiZ
de^�c-Yps�X�a
X:gDb�\iX�q�X+dea)Y/ZpZ W-X:r-^�s d�Y2m;^�c-Y/d�\iX�a X�\FdecEoEdfY
m;d�\ n3X�m�b�[-Y XIgCX�m)W-b�cHd�Y g ^�_.dec'Y�Z)b�nHdfkedeZ�] d�YpdfcEo"d�Y
m;d�\vb�c-\
Z
WHX:^�cHkf]GX/	 X�m;Zp^�_}oEd�Y m�^�Y d=Z�](d�Y!Z
^G\Hb�g<uFZ
WHXwj�a ^�s!dfcHjC\idfY/Z [-a n-b�c-m;X�Y�q 5 X�m;^�c'\@Z WHX�r'^�std�Ypm�^�c-Y df\HX�a
X�\Tdec-m�^�gCuHa
X�Y
Y/dfnHkfX�z
s!W-dfm)WDd�Y.^�cHke]:Z a
[HX!_�^�a.o�X�a ]<Y/gDb�kfk ,�b�m)WCcE[Hg:n3X�a)Y�q1�7b�Y X�\<^�c<Z
WHX�Y X�WE]Eu'^�Z WHX�Y/X�Y}Z W-Xp\id�Y�Z
[Ha n'b�c-m�X7r-^�s m�b�cDn3Xp\iX��-cHX�\
b�Y

u′ =
2σy

(α1α2)
[A1 sin(α1x)α2 +A2 sin(α2x)α1] exp(−σy2),

A ~�;�F

v′ = [A1 sin(α1x) +A2 sin(α2x)] exp(−σy2),
A ~�+%F

s!W-X�a
X
A

dfY7Z
WHX:b�g<u-kedeZ [-\HX�z
α

d�Y7Z
WHXws7b
o�X�cE[HgIn'X�a!b�c-\
σ

dfY7Z
WHX:Y uHa
X�b�\T^�_+Z W-Xw\idfY/Z [-a n-b�c-m;X�dfc@Z WHX:]%��\idfa X�m8Z
de^�c`q.V7WHX
Y [Hn-Y
m;a
dfuiZ ~ a X�_�X�a)YlZ
^CZ WHXw\H^�gCdec'b�c"Z!g<^i\iX2_�[-c-\Hb�gCX�c�Z)b�k`b�c-\FY/[Hn'Y m�a dfuiZ N a X�_�X�a)Y�Z ^<Z WHXwY [HnHW'b�a
g<^�cHd�mpgC^i\iX�q

� ¸ � ¸��I¶3U4¾/µ4³p´���¹1¶)¾/µ4¯ Ü ¯í¶)¾/¿

��cIZ W-X�Y X7Y dfg:[Hk�b�Z
de^�c-Y�s%X7b�a
X7m;^�c'Y/d�\iX�a
dfcHjpZ
WHX!uHa
^�nHkfX�g ^�_3b�cI[HcEn3^�[Hc'\iX�\<m;^�g<u-a X�Y Y den-keX�gCd=hidfcHj2kfb
]�X�a�q6V7WHX!dfc
�-cHdeZ X
X�hEZ X�c"Zwm;^�[Hk�\vn3X<^�niZ
b�dec-X�\vnE]v['Y/dfcHjFbGgDb�u-uHdec-jG_�[Hc'm8Z df^�c6z`nH[iZ2Z W-dfY2s�^�[Hk�\vkfX�b�\ Z
^Tu3^E^�a2a X�Y/^�ke[HZ df^�c�^�_.Z W-XIr'^�s _#b�a
b
s7b
]y_�a ^�g Z
WHX@g<dehidec-j�k�b
]�X�a�qE��c1u-b�a Z d�m;[-kfb�a�z}Y ^�[Hc-\ s�b
o�X�Yws�^�[-kf\|u-a ^�u-b�j"b�Z XGdec"Z ^ya X�j�df^�c-Y:^�_!Z
WHX@m�^�gCuH[iZ)b�Z
de^�c-b�k
\H^�gDb�dfcys!W-X�a
XIZ
WHX�Y XDs7b
o�X�Y,s�^�[Hk�\An'XCu3^"^�a kf]va
X�Y ^�kfo�X�\ z`b�c-\AgCdfj�W"Z�n'XDa
X;r-X�m8Z
X�\yn-b�m)x�b�c-\Am;^�c"Z)b�gCdec'b�Z XIZ W-XDgCb�dec
r'^�s�q�V7WE[-Y�zis�X,a
X�>"[Hdfa X�n3^�[Hc-\-b�a
](m;^�c'\id=Z
de^�c-Y�s!WHd�m)WTY degI[Hkfb�Z X2b�c@dec(�-cHdeZ X�\i^�gDb�dec`ziX�o�X�c(Z W-^�[Hj�W(Z W-X2m�^�gCuH[iZ)b�Z
de^�c-b�k
\H^�gDb�dfcyd�YG�-cHdeZ X�q���c ^�a
\iX�apZ
^Fa X�uHa ^i\i['m;XIZ WHd�Y2gCX�m)W-b�cHdfY gFz Z W-XCb�uHuHa
^�uHa
d�b�Z X<Y/u3X�m�d<�3m�b�Z
de^�cy^�_%n3^�[Hc'\Hb�a
]vm;^�c-\ideZ df^�c-Y
a
X�u-a X�Y/X�c�Z)Ypb�c degCu3^�a Z
b�c"Z�Z)b�Y xG_�^�apZ
WHXI\HX�o�X�ke^�uHgCX�c"Zp^�_}m�^�gCuH[iZ)b�Z
de^�c-b�k+Y/dfg:[Hk�b�Z
de^�c-Y�q���ZpZ
WHXw_�a
X�X:Y/Z a
X�b�g n3^�[-c-\Hb�a
]
Z
WHX�r-^�s s7b�Y7b�Y
Y [HgCX�\DZ
^In3X2dea
a
^�Z
b�Z df^�c-b�k0q+V7WHd�Y!b�Y
Y/[HgCuiZ
de^�cGd�Y�[-Y/['b�kfke](Y
b�Z
dfYH�-X�\(Z ^CgDb�m)WHdfcHX�uHa
X�m;d�Y de^�c(dec@cE[HgCX�a
dfm�b�k
m�b�k�m;[Hk�b�Z
de^�c-Y�q%V7WE[-Y�zHZ W-XwcH^�a
gDb�k`m�^�gCu'^�cHX�c"Zp^�_+o�X�kf^im;deZ�]GdfcFZ WHX�_�a
X�XwY/Z a
X�b�g d�Y�Y X;Z�Z
^B��X�a
^-q�V7WHd�Ypm;^�c-\ideZ df^�c Y
b�Z d�YH�-X�Y
Z
WHXwdfgCu'X�a gCX�b�nHdfkedeZ�]Tm�^�c-\ideZ df^�c'Y�qRX-^�a�^�Z WHX�a!uHa dfgCd=Z
deo�X�o�b�a
dfb�nHkeX�Y�Z WHXO�'a
Y/Zp\iX�a
dfo
b�Z dfo�X�Y!b�a
X2Y X;Z!Z
^B��X�a ^<Z ^(Y
b�Z
dfYH�-X�Y�Z WHX
m�^�c-\Hd=Z
de^�c@^�_6_�a
X�X�� Y kedfu`q}V7WHX�Y/XwY
m)WHX�gCX�Y!m�b�c@n3XwY/X�X�c@n'X�ke^�s

v = 0,
∂
∂y (u,w, ρ, p) = 0.

A ~ ��F

��\HX�b�kfkf]�z ^�c-XIs�^�[Hk�\vkfdfx�X<X�ci_�^�a
m�decHj@bGo�b�cHdfY WHdfcHj@u'X�a/Z
[Ha n'b�Z df^�c�o�X�kf^im;deZ�]vb�Z�bGo�X�a
]Fkfb�a j�XI\id�Y�Z)b�c-m�X:_�a
^�g Z
WHXCY/WHX�b�a
k�b
]�X�a�z n-[iZ�Z WHX�Y/XCa
X�>"[Hdfa X�Y,b@o�X�a
] kfb�a j�XIm;^�gCuH[iZ
b�Z df^�c-b�k}\i^�gDb�dfc`qIXH^�awbTY [
�(m;dfX�c"Z�kfb�a j�X<\HdfY/Z
b�c-m;XI_�^�a
g Y WHX�b�a�k�b
]�X�a�z
Z
WHd�Y!n'^�[Hc-\Hb�a ]Tm;^�c'\id=Z
de^�c@Y WH^�[Hkf\@uHa
^i\i[-m�X2b�m�m�[Ha
b�Z X�a X�Y/[-k=Z)Y�q

�pcH^�Z
WHX�a�b�Y Y [HgCuiZ df^�cy[-Y X�\vdfcyZ WHd�Y2s%^�a x@d�Y�Z ^Fm;^�c'Y/d�\iX�a
X�\�bGn3^�[Hc'\Hb�a
]vm;^�c-\ideZ df^�c�^�_Y�!^�[HnHdfc�Z
W-b�Z�Y/u3X�m�d<�'X�\�Z WHX
\HdfY/Z [Ha
n-b�c-m;X2o�X�ke^im�d=Z�]D_�^�a!cH^�a
gDb�k`m�^�gCu'^�cHX�c"Z�b�Y

∂v

∂y
= −αv

A ~�*%F

V7W-dfY7m;^�c-\ideZ df^�c(dfgCu'^"Y/X�Y�X;hiu'^�cHX�c"Z
dfb�k3\iX�m�b
]C^�_6\HdfY/Z [Ha
n-b�c-m;X�Y%b�Z%Z
WHXp_�a
X�X�� Y/Z a
X�b�gFq ��cGZ WHX2m�b�Y/X,^�_�Y WHX�b�a%k�b
]�X�a�z�Z WHd�Y
X�hiu'^�cHX�c"Z d�b�k.\HX�m�b
]F_�^�kekf^�s�Y�_�a
^�g kfdecHX�b�awY/Z
b�nHdekfdeZ�] Z WHX�^�a
]�qIXH^�awY/[
�(m�deX�c�Z
ke]�kfb�a j�X<\id�Y/Z
b�c'm;X<_�a ^�g Z WHX(Y WHX�b�aO��^�cHX<Z WHX
Y ^�kf[iZ
de^�cTd�YQ>"[HdeZ X�dfc-Y/X�c-Y d=Z
deo�X,Z
^<Z WHX�o�b�kf[HX�^�_

α
q

X+dfc-b�kfkf]�zHdfcGh4��\idfa X�m8Z df^�cFb<u'X�a df^i\id�m2n'^�[Hc-\Hb�a ](m�^�c-\ideZ df^�c'Y7s�b�Y7[-Y/X�\Tb�Y7uHa
^Em�X�X�\Gn3X�kf^�s�q

f(0) = f(L),

∂ηf(0)

∂xηi
=

∂ηf(L)

∂xηi
.

A ~��%F

V7W-dfY�gCX;Z
WH^i\(s7b�Y.o�X�a
d<�'X�\CZ
WHa ^�[Hj�WGkedfcHX�b�a�b�m;^�[-Y�Z
dfm�s�b
o�X�Y.u-a ^�nHkeX�gDY�q1_pX�Z
b�dek�Y7b�n3^�[iZ�Z WHX�Y/XpZ X�Y�Z)Y�m�b�c(n3X,_�^�[Hc-\Gdec
Z
WHX2Z X�m)WHcHd�m�b�k`a X�u'^�a/Z7nE] ^�X�a gDb�c-^�Y7b�c-\ , X�\iX�dfa ^"Y�z N�S�S� q

� ¸ � ¸�� U/½�¼�´�¯²±X³pñ»ô�¼ Ü�� ¶Vµ/¿

V7W-dfY,Y/X�m8Z df^�cFuHa
X�Y X�c"Z)Y7Z WHX:c"[-g<X�a d�m�b�k gCX;Z W-^E\�b�\i^�uiZ X�\G_�^�apb<Z dfgCX/��\iX�o�X�kf^�uHdfcHjC_�a
X�XwY WHX�b�a�k�b
]�X�a!u-a ^�nHkeX�gFq�V7WHX�Y/X
Z�]Eu3X�Y7^�_`r-^�s�Y%u'^"Y Y X�Y
Y�s!df\iX�a)b�cHj�Xp^�_+Y/u-b�m;X2b�c-\(Z dfgCX2Y
m�b�keX�Y%b�c-\DZ
WHX�a
X;_�^�a X,a X�>"[Hdea
X�WHdej�WTb�m�m;[-a
b�m;]Cb�Z7Z WHX�cE[HgCX�a
dfm�b�k

;



Y ^�kf[iZ
de^�c`qGV7WHd�Y�a
X�>"[Hdfa X�g<X�c"Z�^�_7b�m�m;[-a
b�m;]vm�b�c n'X(b�m)WHdeX�o�XCnE] Z W-X([-Y X<^�_7Y u3X�m8Z
a
b�k.gCX;Z
WH^i\HY?ALK�b�cE[iZ ^9-�.G0!2&3fz ~���*4��F q
V7W-X�[-Y X�^�_�Z
WHd�YTY
m)WHX�gCXvd�YTa X�Y�Z
a d�m8Z
X�\ Z ^ r-^�s�Y(dfc Y degCuHkfXy\i^�gDb�dfc-Y(b�c'\ s!d=Z
W Y degCuHkfX�n3^�[Hc'\Hb�a
] m�^�c-\Hd=Z
de^�c-Y�q ��c
^�a
\HX�a}Z
^w^�o�X�a
m�^�gCX�Z WHX�Y/Xp\Hd<�(m;[-k=Z
deX�Ylb�c(b�k=Z
X�a
c-b�Z
deo�X!cE[HgCX�a
dfm�b�kHa
X�uHa
X�Y X�c"Z)b�Z df^�c'Y}m�b�cCn3Xp[-Y X�\Db�Y�Z W-XQ�-cHdeZ X�� \Hd<	 X�a
X�c-m�X�Y
Y
m)WHX�g<X�Y:b�c-\ Z W-X?�-cHdeZ XTo�^�ke[HgCXGY
m)WHX�g<X�Y�qvV7W-XTb�\Ho
b�c"Z
b�j�XD^�_8�-cHdeZ X@o�^�ke[-g<X(Y
m)WHX�g<X�YwW-b�Y:b�\io�b�c"Z
b�j�X�Ywdec s�^�a
xEdec-j
s!deZ W m�^�gCuHkfX;h \i^�gDb�dfc-Ywb�c-\ b�k�Y/^Fs!deZ W m�^�gCuHkfX;h�n3^�[Hc'\Hb�a
]ym�^�c-\ideZ df^�c'Y�q��,cAZ
WHX(^�Z
WHX�a:W-b�c-\yZ
WHXB�-cHdeZ X�� \Hd<	 X�a
X�c-m�X�Y
Y
m)WHX�g<X�Y�dfY {�[-Y�Z
d<�'X�\<nE]�Z WHX!u3^�Y
Y denHdfkfd=Z�]w^�_'Z
WHX![-Y X7^�_ g<^�a X�j�X�cHX�a)b�kEn3^�[Hc'\Hb�a
]:m;^�c-\ideZ df^�c-Y�z�b�k=Z
WH^�[Hj�W:Z
WHX�Y
m)WHX�gCX�Y�s!deZ W
W-dej�W
� ^�a
\HX�a!^�_.b�m�m;[-a
b�m;](d�Ypb�kfY ^Ca X�Y�Z
a d�m8Z
X�\TZ ^DZ
WHXwuHa
^�n-keX�g s!deZ WvY degCuHkfX:\i^�gDb�dfc-Y�q7V7WHXwb�\io�b�c"Z
b�j�X�^�_+Z W-X�Y X:Y m)W-X�gCX�Y
dfc a
X�k�b�Z df^�cTZ ^?�-cHdeZ X�o�^�ke[-g<XwY
m)WHX�g<X�Y!d�Y7Z W-b�Z�WHdfj�W
� ^�a)\iX�a�b�uHuHa
^
hidegDb�Z
de^�c-Y7m�b�c@n3Xw^�niZ
b�decHX�\ qlV7WHX�Y/XwY
m)WHX�g<X�Y�m�b�cFn'X
m�kfb�Y Y d
�-X�\Db�Y}X;hiuHkfdfm�d=Z%^�aldfgCuHkfdfm�d=Z�q1�pk=Z
WH^�[-j�WCZ W-X,m;^"Y�Z.^�_ decEo�X�a/Z
dec-jwb�n-b�c'\iX�\CgDb�Z
a deh:Z
^w^�nHZ
b�dfcCZ W-XpcH^i\Hb�k-\iX�a
dfo
b�Z dfo�X�Y�z
Z
WHXDdfg<u-ked�m;deZ:Y m)W-X�gCX�Y�b�a XCY/dfj�c-d<�'m�b�c"Z kf]vgC^�a
XCb�m�m�[Ha)b�Z XI_�^�a2Z
WHX(Y gCb�kek.Y
m�b�keX�Y,Z W-b�cAX�hiuHked�m;deZ:Y
m)WHX�gCX�Y�s!deZ WAZ W-X(Y b�g<X
Y/Z X�c-m;dfk�s!df\EZ
W ALK%^�kek�b�Z ��z ~��%+�+ b�c-\ �p^�u-b�k z ~���+-~�F q 5 dfc-m�XvZ a
d�\idfb�j�^�c-b�k!gDb�Z
a d�m;X�Y(m�b�c n'XydecEo�X�a Z X�\V>"[HdeZ XvX��(m;dfX�c"Z kf]
A 5 Z a)b�c-j-z ~���*%*%F z�Z WHX!dfgCuHked�m;deZ�Y
m)WHX�g<X�Y}b�a
X!X;hEZ a
X�gCX�ke]:b�Z/Z
a
b�m8Z dfo�X!s!W-X�cCX;hiuHkfdfm�d=ZlZ dfg<X,b�\io�b�c'm;X�gCX�c�Z.Y
m)WHX�gCX�Y.b�a
X7[-Y/X�\ q
V7W-X(gC^�Y/Zwu'^�uH[Hk�b�aw^�_�Z
WHXDdfg<u-ked�m;deZ<Y
m)WHX�gCX�Y�b�k�Y/^vm�b�kfkeX�\Am�^�gCu-b�m8Z:Y
m)WHX�gCX�YwdfY2Z
WHXGY ]Eg<gCX�Z a
dfmDY d=hEZ
W|^�a)\iX�a�o�X�a)Y/df^�c`q
V7W-X�Y XwY m)WHX�gCX�Y�dfY�cH^�c
��\id�Y Y dfu-b�Z
deo�X�\i[-X2Z ^<Z WHXwY ]EgCg<X�Z a
]�q

�pX�a
X�Z WHX8�-c-d=Z
X/��\id<	 X�a
X�c'm;X�b�u-uHa ^
hidfgDb�Z df^�cwZ ^2Z W-X�\iX�a
deo�b�Z dfo�X�^�_3Z WHX7_�[Hc'm8Z df^�cCd�Y�X;hiuHa
X�Y
Y/X�\:b�Y}b,kfdfcHX�b�a.m;^�gInHdfc-b�Z
de^�c
^�_�Z WHXIj�dfo�X�c@_�[Hc'm8Z df^�c o�b�ke[HX�Y�^�cvbDY/X�Zp^�_}cH^i\iX�Y�q�X+dea)Y/Z,bD[HcHde_�^�a
gCke]@Y/u'b�m;X�\FgCX�Y W s�b�Y�m;^�c-Y/d�\iX�a X�\Ts!W-X�a
X2Z WHXIcH^i\iX�Y
b�a X�dfc-\iX�hiX�\ nE]

i
q!V7WHXwdfc-\iX�u'X�c-\iX�c�Z�o�b�a
dfb�nHkeXwb�Z�Z W-XwcH^i\iX�YpdfY

xi = ih
_�^�a

0 ≤ i ≤ N
q8��cFZ WHX�Y/X:Y
m)WHX�g<X�Y7Z W-Xwo�b�kf[HX

^�_
f ′

i

u'^"Y Y X�Y
Ypb(\HX�u3X�c-\iX�c-m;X<s!deZ Wyb�kek6Z WHX<cH^i\Hb�k�o�b�kf[HX�Y�q'��cvj�X�cHX�a)b�k�degCuHkfdfm�d=Z2^�a�m;^�g<u'b�m8Z2Y m)W-X�gCX�Y,b�a
X:Y/dfj�c-d<�'m�b�c"Z kf]
gC^�a X<b�m�m�[Ha)b�Z X:_�^�a2Y/W-^�a Z,kfX�cHj�Z W�Y
m�b�keX�Y�Z
W-b�cyX;hiuHkfdfm�d=Z�Y m)W-X�gCX�Y�ALK%^�kfk�b�Z���z ~��%+�+ b�c'\E�,^�u-b�k0z ~��%+H~�F q,V7WHd�Y�dec'm;a
X�b�Y Xw^�_
b�m�m�[Ha
b�m;]<m�b�cDn3Xpa
X�b�m)WHX�\<s!deZ WDZ
WHXpdfcEo�X�a
Y de^�cC^�_6b2Z
a d�\id�b�j�^�c-b�kigDb�Z a
d=h<Z ^I^�niZ)b�dfcCZ WHX�\iX�a
deo�b�Z dfo�X!o�b�kf[HX�Y�q 5 Z a)b�c-j-z ~���*%*
u-a X�Y/X�c�Z)Y�>"[Hd=Z
X�X/�(m;dfX�c"Z!gCX;Z
WH^i\HY7Z ^(Y ^�kfo�X�kfdecHX�b�a�Y ]iY�Z
X�g kfdex�X�Z WHd�Y�qR#6X�kfX�z ~�����N X�gCuHW'b�Y d
��X�Y�Z W-X�degCu3^�a Z
b�c'm;X2^�_�[-Y decHj
gCX�Z WH^i\HY!^�_+W-dej�W
� ^�a
\HX�a7b�c-\@uHa
^�u3^�Y X�Y7Y
m)WHX�gCX�Y7s!deZ W

6th
^�a)\iX�a!b�u-uHa ^
hidfgDb�Z df^�cTdecTZ W-X�dec"Z X�a df^�a!^�_6Z
WHX�gCX�Y W@s!W-X�a
X�b�Y

b�Z!Z WHX�n3^�[-c-\Hb�a
dfX�Y7b�c-\@cHX�b�a7Z
WHX2n'^�[Hc-\Hb�a dfX�Y�Z
WHX
3rd

b�c'\
4th

^�a)\iX�a!b�u-uHa ^
hidfgDb�Z df^�cTs�b�Y7[-Y X�\ zia
X�Y u'X�m8Z
deo�X�kf]�q
��X�ke^�s�z�Z W-X�\id�Y m�a X�Z d&��b�Z
de^�c [-Y/X�\ dec Z
WHXyY/Z a
X�b�g:s!d�Y/X b�c'\ Z
WHX�c-^�a
gCb�k�\idfa X�m8Z df^�c b�a X u-a X�Y/X�c�Z�qtV7WHX�keX�Z/Z X�a
Y

i, ja
X�u-a X�Y/X�c�ZCZ
WHX j�a
df\1u3^�Y d=Z
de^�c dfc Z WHX
x

b�c-\
y

\idfa X�m8Z
de^�c-Y�z�s!WHd�m)W o
b�a dfX�YI_�a
^�g
0

Z
^
M,N

a
X�Y u'X�m8Z dfo�X�ke]�qV��c1Z
WHX h4�
\Hdea
X�m;Z df^�c`ziZ
WHX

6th
^�a
\HX�a7degCuHkfd�m;deZ�A#m;^�gCu-b�m;Z F \iX�a dfo�b�Z dfo�X�Y%_�^�a

0 < i < M
b�Y�_�^�kfke^�s�Y




3 1 1
1 3 1q q q q q q q q q

1 3 1q q q q q q q q q

1 3 1
1 1 3







f ′

0

f ′

1qqq

f ′

iqqq

f ′

M−1

f ′

M




=




1
12dx (fM−1 + 28fM − 28f1 − f2)

1
12dx(fM + 28f0 − 28f2 − f3)qqq

1
12dx (fi+2 + 28fi+1 − 28fi−1 − fi−2)qqq

1
12dx(fM−3 + 28fM−2 − 28fM − f0)

1
12dx(fM−2 + 28fM−1 − 28f0 − f1)




,
A N�S%F

V7W-XloEdfY
m;^�[-Y Z
X�a
gDY`dfc�Z WHX%j�^�o�X�a
cHdec-j!X�>"[-b�Z
de^�c-Y`a
X�>"[Hdfa
X}X�o�b�kf[-b�Z
de^�c�^�_-Y [-m�m�X�Y
Y/dfo�X%\iX�a
deo�b�Z dfo�X�Y�z�_�^�a6dfc-Y/Z
b�c-m;X ∂
∂y (

∂u
∂y )

q
Z W-X�cCb,Y u'X�m8Z
a
b�k"gCX�Z WH^i\IdfY+[-Y X�\wZ WHX�a X�dfY+cH^�kf^�Y
Y�^�_'b�m�m;[Ha)b�m�]2d=_HZ
WHX�Y X!\iX�a
dfo
b�Z dfo�X�Y�b�a X�m;^�gCuH[HZ X�\InE]2Z�s%^�b�uHu-ked�m�b�Z df^�c-Y
^�_�b��-a)Y/Z!\HX�a
deo�b�Z
deo�X�Y�q=�p^�s%X�o�X�a�zEs!deZ W@�-cHdeZ X/��\id
	3X�a X�c-m;X�gCX�Z WH^i\HY7s�XG�-c-\TZ W-b�Z7Z�s%^Db�u-uHked�m�b�Z df^�c-Y�^�_+b��-a)Y�Z�\iX�a dfo�b�Z dfo�X
j�deo�X�Y%bwY/dfj�c-d<�'m�b�c"Z kf]:s�^�a)Y X!a X�uHa X�Y/X�c"Z
b�Z
de^�cI^�_ Z WHX,WHdfj�WDs7b
o�X�cE[HgIn'X�a
Y+Z
W-b�c(bIY/dfcHj�keX�Y X�m�^�c-\D\iX�a dfo�b�Z
deo�Xpm;^�g<u-[iZ
b�Z df^�c`q
V7W-dfY%dfYln'X�m�b�[-Y/X�Z WHX,g<^i\id
�-X�\Cs�b
o�X�cE[Hg:n3X�aQAU#`X�keX�z ~�����N�F j�^EX�Y.Z ^"��X�a
^2_�^�alZ WHX��-a
Y/Z%\iX�a dfo�b�Z
deo�X�b�ZlWHdfj�WGs�b
o�X�cE[Hg:n3X�a)Y�q
V7W-XwY/^�ke[iZ
de^�c(_�^�a7Z WHd�Y7uHa
^�nHkfX�g d�Y%Z ^CX;hiu-b�c-\@b�kfk Z X�a
gDY7decTZ W-X�]T\idea
X�m;Z df^�cFb�c-\@m�b�kfm�[Hk�b�Z X,Z W-X�uHa dfgCd=Z
deo�X�Y�o�b�a
dfb�nHkfX�Y�dec
Z
WHX�cH^�c
� m�^�c-Y X�a
o�b�Z
deo�Xp_�^�a gI[Hkfb�Z df^�c`q�V7WHX�a X�_�^�a
X,Z
WHXwY
m)WHX�gCX�Y�^�_�Y X�m�^�c-\@\iX�a
dfo
b�Z dfo�X�Y�b�\i^�uHZ X�\TdfcTZ
WHd�Y!s%^�a x(b�a X




2 11 2
2 11 2q q q q q q q q q

2 11 2q q q q q q q q q

2 11 2
2 2 11







f ′′

0

f ′′

1qqq

f ′′

iqqq

f ′′

N−1

f ′′

N




=




1
4h2 (3fN−1 + 48fN − 102f0 + 48f1 + 3f2)

1
4h2 (3fN + 48f0 − 102f1 + 48f2 + 3f3)qqq

1
4h2 (3fi−2 + 48fi−1 − 102fi + 48fi+1 + 3fi+2)qqq
1

12h (3fN−3 + 48fN−2 − 102fN−1 + 48fN + 3f0)
1

12h (3fN−2 + 48fN−1 − 102fN + 48f0 + 3f1)




.
A NH~�F

��cIZ W-X!cH^�a
gDb�ki\idfa X�m8Z df^�c6z�b,c-^�c
� u'X�a df^i\id�m%Y
m)WHX�gCX7s7b�Y�Y�Z
[-\idfX�\ q�V7WHd�Y}Y m)W-X�gCX%s7b�Y+[-Y X�\InE] 5 ^�[(��bI-/. 0!2&3fz N�S%S%N m�qM��Z
Z
WHXwn3^�[Hc'\Hb�a
deX�Y!b

5th
^�a
\iX�a!b�Y ]"gCgCX;Z
a d�m2b�uHu-a ^
hidfgCb�Z df^�cTs�b�Y7uHa ^�u'^"Y/X�\ zis!WHdfkfY/Z!_�^�a!u3^�dfc"Z
Y!c-X�b�a7Z
WHX�n3^�[Hc-\-b�a
deX�Y�Z WHX

6th
^�a)\iX�a!b�Y/]EgCgCX;Z a
d�m�b�uHuHa
^
hidegDb�Z
de^�c(s7b�Y�[-Y X�\ qRX-^�a�Z WHX�dfc"Z X�a df^�a7u3^�dfc�Z)Y�zEZ
WHX

6th
^�a
\HX�a7Y/]EgCgCX;Z a
d�m�b�uHuHa
^
hidegDb�Z
de^�c

s7b�Y:b�\i^�uiZ X�\ys!W-X�a
X�b�Y�Z WHd�Y:Y
m)WHX�gCX(Y
b�Z
dfYH�-X�Y�_�a
X�X�� Y kfdeu|m;^�c-\ideZ df^�c-Y�q ��c Z WHd�Yws�^�a
x�b�c|b�k=Z
X�a
c-b�Z
deo�X(Y m)WHX�gCXDs�b�Y2[-Y/X�\ q
V7W-dfY.b�k=Z
X�a
c-b�Z
deo�X%Y
m)WHX�gCX!m;^�c-Y dfY/Z}dec<[-Y decHj�b

2nd
^�a)\iX�a}b�u-uHa ^
hidfgDb�Z df^�cIb�Z�Z WHX!n3^�[-c-\Hb�a
dfX�Y�b�c-\:_�^�a�Z
WHX!u3^�dfc�Z)Y�cHX�b�a+Z WHX

n3^�[-c-\Hb�a
dfX�Y�q+V�X�Y/Z
Y}s�X�a
X7u'X�a/_�^�a gCX�\Is!deZ WDn3^�Z
W(Y m)W-X�gCX�Y.b�c-\IZ WHXpa X�Y/[HkeZ
Y}m�^�c
�'a g Z W-b�Z.Z WHXpc"[-g<X�a d�m�b�kHY m)W-X�gCX!dfY.g<^�a X

+



Y/Z
b�nHkfXD^�o�X�a,Z dfgCX�q6_,X;Z)b�dfkfY�b�n'^�[iZ�Z W-X�Y XIZ
X�Y/Z
Ywm�b�cAn'XC_�^�[Hc-\AdfcyZ
WHXCZ X�m)WHcHd�m�b�k}a X�u'^�a/Z�nE] ^�X�a
gDb�cH^"Y2b�c-\�, X�\HX�dfa ^"Y�z
N�S�S%+ qO�.gCuHW-b�Y/d&��X�YpZ
W-b�Z�Z W-X�Y X<Y
m)WHX�gCX�Y,s!dfkfk+n3X<[-Y/X�\v^�cHke]vb�Z,Z
WHX<_�a X�X/��Y�Z
a X�b�g _�^�a�bGY [
�(m;dfX�c"Z
ke]v\id�Y/Z
b�c'm;XI_�a ^�g Z WHX
Y WHX�b�a���^�cHX�q}V7WHd�Y�m�^�gCu-b�m;Z�Y m)WHX�gCX,_�^�a8�-a)Y�Z�b�c'\@Y X�m�^�c-\T\iX�a
dfo
b�Z dfo�X�Y!m�b�c@n3XwY/X�X�c@n'X�ke^�s




1
1q q q q q q q q q

1 3 1q q q q q q q q q

1
1







f ′

0

f ′

1qqq

f ′

jqqq

f ′

N−1

f ′

N




=




1
2dy (−3f0 + 4f1 − f2)

1
2dy (−f0 + f2)qqq

1
12dy (fj+2 + 28fj+1 − 28fj−1 − fj−2)qqq

1
2dy (−fN−2 + fN )

1
2dy (fN−2 − 4fN−1 + 3fN)




,
A N�N�F




1
1q q q q q q q q q

2 11 2q q q q q q q q q

1
1







f ′′

0

f ′′

1qqq

f ′′

iqqq

f ′′

N−1

f ′′

N




=




1
h2 (f0 − 2f1 + f2)
1
h2 (f0 − 2f1 + f2)qqq

1
4h2 (3fi−2 + 48fi−1 − 102fi + 48fi+1 + 3fi+2)qqq

1
h2 (fN−2 − 2fN−1 + fN )
1
h2 (fN−2 − 2fN−1 + fN )




.
A N���F

V7W-XwY m)WHX�gCX�Y7b�n3^�o�X2s�X�a
X,gC^i\id
�-X�\TZ ^Ds�^�a
xDs!deZ W@_�a X�X/��Y/kfdfu@m�^�c-\ideZ df^�cFb�Y7u-a ^im;X�X�\HY�n3X�kf^�s




1
1q q q q q q q q q

1 3 1q q q q q q q q q

1
1







f ′

0

f ′

1qqq

f ′

jqqq

f ′

N−1

f ′

N




=




0.0
1

2dy (−f0 + f2)qqq
1

12dy (fj+2 + 28fj+1 − 28fj−1 − fj−2)qqq
1

2dy (−fN−2 + fN )

0.0




,
A N! �F




1
1q q q q q q q q q

1 3 1q q q q q q q q q

1
1







f ′

0

f ′

1qqq

f ′

jqqq

f ′

N−1

f ′

N




=




1
2dy2 (−7f0 + 8f1 − f2)

1
2dy2 (f0 − 2f1 + f2)qqq

1
4dy2 (3fj−2 + 48fj−1 − 102fj + 48fj+1 + 3fj+2)qqq

1
2dy2 (fN−2 − 2fN−1 + fN)
1

2dy2 (−7fN−2 + 8fN−1 − fN)




.
A N�;�F

V+b�n-keX ~ Y/WH^�s�Y!Z WHXIa ^�[Hc-\4� ^�	AX�a
a ^�a7_�^�a�Z
WHX"�'a
Y/Z,\iX�a dfo�b�Z dfo�X�Y�Y
m)WHX�gCX�Y,b�c-\@Z
WHXIY/Z X�c-m;dfk�Y/d&��Xw^�_
2nd

^�a)\iX�apX;hiuHkfdfm�d=Z
b�c-\

6th
^�a
\iX�a!m;^�gCu-b�m8Z!gCX;Z
WH^i\HY �

Û ± � ¼L½�¼L¿ ,vb�h@#.q �wq 5 q ,vb�h ��q �:q 5 q V�a [-c-m�b�Z df^�c �.a a
^�a
5 Z X�c'm;dfk 5 d&��X 5 Z
X�c-m�dek 5 d
��X

2nd
^�a)\iX�aY� ~ Y�Zp\HX�a
deo�b�Z
deo�X�Y ~ �

− 1
6h

2f4

2nd
^�a
\iX�a:� N c-\@\iX�a dfo�b�Z dfo�X�Y ~ �

− 1
12h

2f4

6th
^�a)\iX�a!m;^�gCu-b�m;Z:� ~ Y/Z!\HX�a
deo�b�Z
deo�X�Y � ; 1

28h
6f7

6th
^�a)\iX�a�m�^�gCu-b�m8Z8� N c-\@\iX�a dfo�b�Z dfo�X�Y � ;

− 1
2414h

6f8

V+b�n-keX ~ � 5 Z X�c'm;dfk6Y/d&��X�b�c-\Ga
^�[-c-\4� ^�	vX�a
a
^�a�q

V7W-X<c-^�c
� kedfcHX�b�a�Z X�a gDY2dfc �,b
o"dfX�a�� 5 Z ^�x�X�Y,X�>"[-b�Z df^�c m�b�c�uHa
^i\i[-m;XDb�cycE[HgCX�a
d�m�b�k�dfc-Y/Z
b�n-dekfd=Z�]yb�\H\idfcHj \id�Y�Z
[Ha
n-b�c-m�X�Y
c-^�cFuHWE]iY/d�m�b�k ^�_�WHdej�W@_�a X�>�[-X�c-m�]GdfcTZ
WHX�o�b�a
dfb�nHkfX�Y!\i[Ha
dfcHjCZ WHXwY dfg:[Hk�b�Z
de^�c`q ��c ^�a)\iX�a�Z
^Da X�g<^�o�X�bDY WH^�a/Z!kfX�cHj�Z W Y m�b�kfX�Y

�



b<WHdfj�W(� ^�a
\iX�a%m�^�gCu-b�m;ZY�'k=Z
X�a!s7b�Y%degCuHkfX�gCX�c"Z
X�\TdecFb�j�a X�X�gCX�c"Z%s!deZ W$#`X�keX�z ~��%�%N q+V7WHX2cE[HgCX�a
dfm�b�k �-keZ X�a7s7b�Y7b�u-uHkedfX�\Gdec
Z
WHX�k�b�Y/Z7Y/Z X�uT^�_=�![Hc-j�X/� �2[iZ Z
b<Y m)WHX�gCX�q}V7WHd�Y:�-k=Z
X�a�m�^�c-Y dfY/Z7decTZ ^Ca
X�m�b�kfm�[Hk�b�Z XpZ WHX�\id�Y/Z a
denH[HZ df^�c@^�_�u-a dfgCd=Z
deo�X�o�b�a d�b�nHkfX�Y
Z
WHa
^�[Hj�WA^�cHX

4th
m;^�g<u'b�m8Z:Y
m)WHX�g<X�qTV7WHX�Y/X(Y
m)WHX�g<X�Ywm�b�c n'XGY ^�kfo�X�\yZ WHa
^�[Hj�W ^�cHXDu3X�c"Z
b�\id�b�j�^�c-b�k.Y ]iY�Z
X�g b�Y2_�^�kekf^�s

n3X�kf^�s




1 α β α β
β 1 α β α
α β 1 α βq q q q q q q q q q q q q q q

α β 1 α βq q q q q q q q q q q q q q q

α β 1 β α
α α β 1 β
β α α β 1







f̂0
f̂1
f̂2qqq

f̂iqqq

f̂N−2

f̂N−1

f̂N




=
A N�+%F




d
2fN−3 + c

2fN−2 + b
2fN−1 + af0 + b

2f1 + c
2f2 + d

2f3
d
2fN−2 + c

2fN−1 + b
2f0 + af1 + b

2f2 + c
2f3 + d

2f4
d
2fN−1 + c

2f0 + b
2f1 + af2 + b

2f3 + c
2f4 + d

2f5qqq
d
2fi−3 + c

2fi−2 + b
2fi−1 + afi +

b
2fi+1 + c

2fi+2 + d
2fi+3qqq

d
2fN−5 + c

2fN−4 + b
2fN−3 + afN−2 + b

2fN−1 + c
2f0 + d

2f1
d
2fN−4 + c

2fN−3 + b
2fN−2 + afN−1 + b

2f0 + c
2f1 + d

2f2
d
2fN−3 + c

2fN−2 + b
2fN−1 + af0 + b

2f1 + c
2f2 + d

2f3




,
A N%��F

s!W-X�a
X,Z
WHXwm;^EX��Dm�deX�c"Z
Y7^�_+Z W-XwY/]iY/Z X�g b�a
X�j�deo�X�c@nE]

α = 0.6522474, β = 0.1702929, a = 0.9891856, b = 1.3211800, c = 0.3333548, d = 0.001359850.

��gCuHkfX�gCX�c�Z)b�Z
de^�cw^�_HZ
WHXY�-k=Z
X�a
dec-j,Y
m)WHX�gCX�Y6^�c<\i^�gDb�dfc-Y6s!d=Z
W:cH^�c
� u3X�a
df^E\Hdfmln'^�[Hc-\Hb�a dfX�Y�a X�>"[Hdea
X�Y`Z WHX�cHX�b�a6n3^�[-c-\Hb�a
]
c-^E\HX�Y7Z
^<n3X2Z a
X�b�Z X�\TY X�u-b�a
b�Z X�ke]�q�V7W-X�a
X;_�^�a
X�X;hiuHkfdfm�d=Z�cHX�b�a7n3^�[Hc-\-b�a
]D_�^�a
g:[Hk�b�Y7b�a X

f̂1 =
15

16
f1 +

1

16
(4f2 − 6f3 + 4f4 − f5)

A N�*%F

f̂2 =
3

4
f2 +

1

16
(f1 + 6f3 − 4f4 + f5)

A N��%F

f̂3 =
5

8
f3 +

1

16
(−f1 + 4f2 + 4f4 − f5)

A ��S%F

V7W-X2Z a
[Hc-m�b�Z df^�c@X�a
a ^�al_�^�a7Z WHX�Y/X�gCX�Z WH^i\HY!d�Y!Y WH^�s!cTdfc@Z
b�nHkeX2n3X�kf^�s

Û ± � ¼L½�¼L¿ ,�b�h@#lq �:q 5 q ,vb�h@��q �wq 5 q V�a
[Hc-m�b�Z df^�c �.a
a ^�a
5 Z X�c-m;dfk 5 d&��X 5 Z
X�c-m�dek 5 d
��X

N%� ; �
− 1

228h
4f4

N�* ~ ; 3
48h

4f4

N�� ~ ; 11
192h

4f4

��S ~ ;
− 3

48h
4f4

V�b�nHkfX N � 5 Z X�c-m;dfk6Y d
��Xwb�c-\Ta ^�[Hc-\4� ^�	vX�a a
^�a%_�^�a!cE[HgCX�a d�m�b�k �-k=Z
X�a�q

V7dfgCX/��b�\io�b�c-m;X2^�_�Z WHXwm�^�gCuH[iZ)b�Z
de^�c-b�k o�b�a
d�b�nHkfX�YOA
ρ
z
ρui

z
Et
F d�Y7^�niZ)b�dfcHX�\TnE](Z W-X

4th
^�a)\iX�a8��[HcHj�X��)�2[HZ/Z
b<gCX;Z
WH^i\ q

V7W-X�\id�Y m�a X�Z d&��X�\ Z
a
b�c-Y u'^�a/ZDX�>"[-b�Z df^�c-YGb�a
X [-Y/X�\ Z ^ \HX;Z X�a gCdfcHXFZ W-X�o�b�kf[HX�Y(^�_2Z WHX�o
b�a d�b�n-keX�YDb�ZGX�b�m)W u'^�dec"ZG^�_2Z WHX
m�^�gCuH[iZ)b�Z
de^�c-b�k3\i^�gDb�dfc(b�ZlZ dfg<X

tn+1 = tn+dt
q}V7WHXpY
m)WHX�gCX�Y.WHX�a Xp\HX�Y
m;a
den3X�\Cs�^�a
xiY�dec  Y�Z
X�u-Y'A XHX�a���dej�X�alb�c-\BC�X�a
d�m�z

~����4��F q+V7WHX��-a)Y/Z.Z�s%^wY/Z X�u-Y.['Y/Xpb�_�^�a gI[Hk�b�Z df^�cC^�_ �l[HkeX�a��;uHa X�\id�m8Z ^�a��%X�hEu-ked�m;deZ%b�c'\<b�_�^�a
g:[Hk�b�Z
de^�c<^�_ �.[HkfX�a���m;^�a a
X�m;Z ^�a��
dfgCuHkfdfm�d=Z�_�^�a!Z W-XwY b�g<X�Z
degCX

t+ dt/2
q.V7WHX2_�^�kfke^�s!dfcHjDY/Z X�uFd�Y�b��8uHa
X�\Hdfm;Z ^�a��pn-b�Y X�\@^�cTZ W-Xwa [-keX2^�_+Z W-XwgCX�\idf[Hg u3^�dfc"Z

_�^�a�Z WHX2s!WH^�keX2Y�Z
X�u
(t+ dt)

b�c-\DZ
WHX2kfb�Y�Z�z���m;^�a a
X�m;Z ^�a���d�Y%n'b�Y X�\(^�c 5 dfgCu-Y/^�c�� Y%a
[HkfX�q}V7WHX�m;^�g:nHdfc-b�Z df^�c(^�_`Z WHX�Y/X2Y/Z X�u'Y
a
X�Y [HkeZ
Y7dfc b

4th
^�a)\iX�a7b�m�m�[Ha
b�m;](b�kej�^�a
d=Z
WHgFq

*
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V7W-X2m�kfb�Y Y d�m�b�k j�^�o�X�a
cHdfcHjwX�>�['b�Z df^�c'Y%^�_6r-[-df\F\i]Ec-b�g<d�m�Y7W'b
o�Xpn3X�X�cFuHa X�Y/X�c"Z X�\Gdec Y X�m;Z df^�c � q.V7WHX�Y X�X�>"[-b�Z
de^�c-Y�W-b
o�X
n3X�X�c s!a
d=Z Z X�c dec X�deZ WHX�a:o�X�m8Z
^�a:^�awZ
X�c-Y ^�a:_�^�a
g@qyV7WHX�Y X(X�>"[-b�Z df^�c-YIm�b�c n'XTX;hiuHa
X�Y
Y/X�\Adec Z X�a
gDYw^�_pb�cE]yj�X�cHX�a
b�ked&��X�\
^�a/Z
WH^�j�^�c-b�k.m;^E^�a)\idfc-b�Z
XDY/]iY/Z X�gFq XH^�a:gCb�cE]yb�u-uHked�m�b�Z df^�c-Y�z�bF^�a/Z
WH^�j�^�c-b�k}m;^E^�a)\idfc-b�Z
X(Y/]iY/Z X�g dfY:\iX�Y dea)b�n-keX(Y [-m)W|b�Ywb
Y WHX�b�a<kfb
]�X�a:u-a ^�nHkeX�gFq7��c Z W-dfYCY X�m8Z
de^�c`z.s�XGs!dfkek!Y WH^�s WH^�s Z
WHX@j�^�o�X�a c-decHj�X�>"[-b�Z
de^�c-Y<m�b�c n'XTZ a)b�c-Y/_�^�a
gCX�\ _�a
^�g b
K�b�a/Z
X�Y dfb�cGm;^E^�a
\idfc-b�Z X,Y ]iY�Z
X�g Z ^Cb�cE]Cj�X�cHX�a)b�k'^�a Z WH^�j�^�c-b�k3m;^E^�a)\idfc-b�Z
XpY/]iY/Z X�g@q1��cGZ WHd�Y7uHa
^Em�X�Y
Y�z"s�Xps!dfkek \iX�g<^�c-Y/Z a)b�Z X
W-^�s Y degCuHkfX7Z a)b�c'Y�_�^�a gDb�Z
de^�c-Y�m�b�cIn3X�[-Y X�\IZ ^�m�ke[-Y/Z X�a.j�a
d�\:u3^�dfc"Z
Y}dfcCa X�j�df^�c-Y�^�_3k�b�a
j�X�j�a)b�\idfX�c"Z)Y}b�c-\IWH^�s1Z ^2Z a)b�c'Y�_�^�a g
b@cH^�c
� a X�m8Z
b�cHj�[-kfb�a�m�^�gCuH[iZ)b�Z df^�c'b�k�a X�j�df^�cydecyZ WHXDu-W"]iY dfm�b�k�uHk�b�cHXCdfc"Z ^ bGa
X�m;Z
b�cHj�[Hk�b�a�[HcHde_�^�a
gCke]���Y/u'b�m;X�\vj�a d�\�dfcyZ WHX
m�^�gCuH[iZ)b�Z
de^�c-b�k uHk�b�c-X�q

X+kf^�s8�U�'X�k�\vW-b�Y�Z
^@u-a X�m;d�Y/X�ke]Fj�a
d�\H\iX�\�n'X�m�b�[-Y/X<dfg<u3^�a Z
b�c"Z�o�b�a
d�b�Z df^�c'Yp^�_lo�X�ke^im;deZ�] b�c-\�Z X�gCu'X�a
b�Z [Ha
X<b�a XI^�n-Y X�a
o�X�\
dfcFZ W-dfY8�'X�k�\ qlV7WHX�a X�_�^�a
X�s�X2s%^�[Hk�\Tkfdfx�X�Z ^(Y degI[Hk�b�Z XwY ^�gCXG�-X�kf\HY�s!d=Z
WFb�hiX�Y

y
n3X;Z�s�X�X�c

−Ly/2.0
b�c'\

Ly/2.0
q1��c@Z WHX

u3^�dfc"Z
Y7cHX�b�a�_�a
X�X2Y�Z
a X�b�g Z W-X'�'X�k�\Ga
X�>"[Hdfa X�Y%b<a
X�Y ^�kf[iZ df^�cGs!d=Z
WTkfX�Y
Y7b�m�m�[Ha)b�m;]�zEs!WHdekfX�decTZ WHX2dfc"Z X�a
df^�a7^�_`Z
WHX�\i^�gDb�dec@s%X
c-X�X�\@j�a X�b�Z X�a7a X�Y/^�ke[iZ
de^�c`q1� Z!dfY!u3^�Y
Y denHkfX�Z ^Da
X�b�ked&��X2bCY�Z
a X�Z
m)WHdfcHjC^�_�Z WHX�j�a d�\(Z
^(\iX�m�a X�b�Y X,cE[HgIn'X�a!^�_�u'^�dec"Z)Y7a X�>�[-dea
X�\ q

��cCZ
WHd�Yls�^�a
x:s�X�[-Y Xpb2_�^�a gI[Hkfb�m�^�gCdfcHj�_�a
^�g\��c-\iX�a
Y ^�c -�. 0!2
3fz ~���*� j�deoEdfcHj:bwm�^�c-Y/Z
b�c�ZlY/Z a
X;Z)m)WHdfcHj-z�s!d=Z
W
β
z"s!WHdfm)W

d�Y�bCY/Z a
X;Z
m)W-decHjCu-b�a
b�gCX;Z X�a!b�c-\
yc

zEZ WHX�kf^im�b�Z df^�c-Y�zis!WHX�a
X�Z WHd�Y�Y/Z a
X;Z)m)WHdec-j<d�Y!m;X�c"Z X�a
X�\`q

y = D

{
1 +

sinh[β(η −A)]

sinh(βA)

} A �H~�F

s!W-X�a
X

A =
1

2β
ln

[
1 + (eβ − 1)(yc/H)

1 + (e−β − 1)(yc/H)

] A �%N�F

��c<^�a)\iX�a6Z
^�b�uHuHkf]2Z WHd�Y+Z a)b�c-Y/_�^�a
gDb�Z
de^�c�Z ^,Z WHX7j�^�o�X�a
cHdfcHj�X�>�['b�Z df^�c'Y�z
Z
WHX�_�^�kfke^�s!dfcHjpu'b�a Z d�b�ki\iX�a
dfo
b�Z dfo�X�Y�b�a X%_�^�a
gCX�\ q
X-^�a7Z
WHXO�-a)Y�Zp\iX�a dfo�b�Z
deo�X�Y�s%X2W-b
o�X�Z WHX2_�^�kekf^�s!dec-j<Y degCuHkfX�a
X�k�b�Z df^�c

∂f

∂y
=
∂f

∂η

∂η

∂y

A ���%F

s!W-X�a
X

∂η

∂y
=

sinh(βA)

βD
√

1 + [(y/D) − 1]2 sinh(βA)2
A �� �F

V7W-dfY<a
X�k�b�Z df^�c Y WH^�[Hkf\ n'X@[-Y X�\|s!deZ W1WHdfj�W
� ^�a)\iX�a<m;^�g<u'b�m8ZCY m)W-X�gCX�Y�q��puHuHkf]EdecHjyZ W-XTa
X�k�b�Z
de^�c ��� _�^�a<\HX�a
deo�b�Z
deo�X�Y
b�uHuHa
^
hidegDb�Z
de^�c-Y�z"s�X�b�a
X2^�niZ)b�dfcHX�\GZ WHX2_�^�kekf^�s!dfcHj:Z
a d�\id�b�j�^�c-b�k m�^�gCu-b�m8Z�Y m)W-X�gCX�Y�_�^�a8�-a
Y/Z�\iX�a
dfo
b�Z dfo�X�Y

αψ′

j−1

∂f

∂y

∣∣∣∣
j−1

+ ψ′

j

∂f

∂y

∣∣∣∣
j

+ αψ′

j+1

∂f

∂y

∣∣∣∣
j+1

= a
fi+1 − fi−1

δη
+ b

fi+2 − fi−2

δη

A �%;�F

s!W-X�a
X
ψ′

j = 1
∂η/∂y

q
V7W-XwY b�g<X2uHa
^im;X�\i[Ha
X2m�b�c@n'Xwb�uHuHkfdeX�\(_�^�a7Z WHXwY X�m�^�c-\@\iX�a dfo�b�Z dfo�X�Y

∂2f

∂y2
=
∂2η

∂y2

∂f

∂η
+

(
∂η

∂y

)2
∂2f

∂η2

A ��+%F

s!W-X�a
X

∂2η

∂y2
= −

sinh(βA)3(y/D − 1)

[βD2
√

1 + [(y/D) − 1]2 sinh(βA)2]
3

2

A ����F

�Y>�['b�Z df^�c �%+ m�b�c@n'X�a
X�s!a
deZ/Z X�c@b�Y

∂2f

∂η2
=

1

ψ′2

∂2f

∂y2
−

[
ψ′′

ψ′2

∂f

∂η

] A ��*%F

	,Y/dfcHjTZ WHX<a
X�k�b�Z df^�c ψ′′

ψ′2

∂f
∂η = ψ′′

ψ′3

∂f
∂y

b�c-\va X�uHkfb�m;dfcHj(Z
WHXIZ X�a
g dfcyY >�['b�a
XwnHa)b�m)x�X�Z
Ypn'X�Z�s%X�X�c�W-^"^�xFdecyX�>"[-b�Z
de^�c ��* s%X
W'b
o�X

∂2f

∂η2
=

1

ψ′2

∂2f

∂y2
−
ψ′′

ψ′3

∂f

∂y

A ���%F

�



V7W-X�a
X;_�^�a
X�z b�uHuHkf]"dfcHjGZ WHX<a X�kfb�Z df^�c �%� Z ^TZ W-X<Y X�m�^�c-\v\HX�a
deo�b�Z
deo�X:b�u-uHa ^
hidfgDb�Z df^�c s�X:W'b
o�XwZ
WHXIZ a
df\id�b�j�^�c-b�k�Y ]iY�Z
X�g b�Y
_�^�kekf^�s n3X�kf^�s

α
1

ψ′2
j−1

∂2f

∂y2

∣∣∣∣∣
j−1

+
1

ψ′2
j

∂2f

∂y2

∣∣∣∣∣
j

+ α
1

ψ′2
j+1

∂2f

∂y2

∣∣∣∣∣
j+1

= a
fi+1 − fi−1

δη
+ b

fi+2 − fi−2

δη
+
ψ′′

ψ′3

∂f

∂y

A  %S%F

��^�j�X�]7-�.�0!2
3fz N�S�S�S a X�m;^�gCgCX�c'\FZ W-b�ZpZ
WHXIj�a d�\vY/Z a
X;Z)m)WHdec-jGY/W-^�[Hk�\ cH^�Z�X�him�X�X�\
1.8%

decy^�a)\iX�apZ ^Tb
o�^�d�\FuHa
^�nHkfX�gDY
s!deZ WyY/u-b�m;X:\HX�a
deo�b�Z
deo�X�Y�q���cH^�Z WHX�a,b�Y
Y [HgCuiZ df^�c ^�_+Z
WHX�Y X:gCX�Z WH^i\HYpdfYpZ W-b�Z�Z W-X:gCX�Y W g:[-Y/Z,n3XIY [
�(m;dfX�c"Z
ke]FY/gC^E^�Z
WvY/^
Z
W-b�Z

∂y/∂η
b�c'\

∂2y/∂η2 m�b�c|n3X@\HX/�-cHX�\ z.b�c'\ z}dec uHa
b�m8Z
dfm�X�z}m�b�kfm�[Hkfb�Z X�\|s!d=Z
WH^�[HZ<b�u-uHa X�m;d�b�nHkfX(kf^�Y
Ywdfc|Z W-XG^�o�X�a
b�kek
b�m�m�[Ha
b�m;]�q�XH^�a�Z WHd�YwY degI[Hkfb�Z df^�c

β = 12
s�b�Y2b�Y
Y/[HgCX�\ q �pZ
WHX�a�Z
X�Y/Z
Y2s7b�Y�u'X�a/_�^�a gCX�\�s!deZ WyZ WHd�Y�u-b�a
b�gCX;Z X�a�b�c-\�Z WHd�Y

o�b�ke[HXIY/WH^�s�X�\GZ W-X�n'X�Y�Zpa
X�Y [HkeZ
Y�qRZ deZ W
β = 15

Z W-X:m;^i\iX�uHa
X�Y X�c"Z)Y!bCc"[-g<X�a d�m�b�k dec'Y�Z)b�nHdfkedeZ dfX�Ypdec@Z
WHX�Z dfgCXwdfc�Z
X�j�a
b�Z df^�c`q
V7W-X�Y X�a X�Y/[HkeZ
Y7s!dfkfk n'Xw\id�Y
m;[-Y
Y/X�\Gdfc@Z WHX�c-X;hEZpY/X�m8Z
de^�c-Y�q

�4¸�� U/½�¼�´�¯²±X³pñ»®`¼�¿�U/ñ Ü ¿

��c Z
WHd�Y:Y X�m8Z
de^�c`z+a X�Y/[HkeZ
Y�_�a ^�g \idfa
X�m8ZIc"[-g<X�a d�m�b�k.Y/dfg:[-kfb�Z df^�c-Y�^�_7Z WHXGm�^�gCuHa
X�Y
Y/dfnHkfX �pb
oEdfX�a�� 5 Z
^�x�X�Y�X�>"[-b�Z df^�c-Ywb�a X
['Y/X�\ Z
^|Y/WH^�s Z WHX uHWE]iY dfm�YC^�_pZ
WHX o�^�a/Z
dfm�d=Z�] Z
a
b�c-Y u'^�a/ZCuHWHX�cH^�gCX�c-^�c dec Z W-X@kfdfcHX�b�a(b�c-\1cH^�c(� kfdec-X�b�aCa
X�j�degCXF^�_,Z WHX
Z
degCX�� \iX�o�X�ke^�uHdec-j@gCdehidecHj k�b
]�X�a�uHa
^�nHkfX�gFq6X+dfa
Y/Z kf]�z+b�c|b�c-b�ke]iY dfY2^�_%Z
WHXGb�g<u-ked
�'m�b�Z df^�cAa
b�Z XDdfcAZ WHX(kfdfcHX�b�a�a X�j�dfg<XCs7b�Y
u3X�a _�^�a
gCX�\vZ ^Tm�^�gCu-b�a X�\FZ WHX<j�a
^�s7Z W a)b�Z
X:^�niZ
b�decHX�\ cE[HgCX�a
dfm�b�kfke]Fs!deZ Wy^�Z W-X�a,Z WHX�^�a
X;Z d�m�b�k�a
X�Y [HkeZ
Y�q�V7W-X�Y XIo�b�kfd�\Hb�Z
de^�c
Z
X�Y/Z
Y%s%X�a X!X�hEZ X�c'\iX�\<Z
^:b�a
X�j�dfgCX!j�^�o�X�a
cHX�\InE]:cH^�c
� kfdfcHX�b�a�q1X+dea)Y�Z�z�deZ%s7b�Y.Y dfg:[Hk�b�Z
X�\Db�r-^�s [-Y dec-j:b�Y/gDb�kek3\idfY/Z [-a n-b�c-m;X
^�_'b�Y/Z dfuH[Hk�b�Z
X�\wgC^i\iX�qM��cwZ
WHd�Y�m�b�Y X�z
d=Z�s7b�Y`u3^�Y
Y denHkfX.Z
^pa
X�uHa
^i\i[-m�X}Z WHX�o�^�a/Z
dfm�d=Z�]�uHWHX�cH^�gCX�cH^�c�dfcIY/Z a
X�b�g:s!d�Y/Xl\Hdea
X�m;Z df^�c`q
��_�Z X�a�zib�Y [HnHW-b�a gC^�c-dfm7gC^i\iXps7b�Y.dec"Z a
^i\i[-m�X�\<dec(Z WHXp\HdfY/Z [Ha
n-b�c-m;X!r'^�s Z
^:\iX�o�X�kf^�u<Z W-Xpu-b�dea
dec-j2Z W-b�Z%m;^�a a
X�Y u'^�c-\idfcHj�Z ^
Z
WHX2Y/X�m;^�c'\Hb�a
]:dfc-Y/Z
b�n-dekfd=Z�]�q �!m�m;^�a
\HdecHj2Z
^wZ
WHX�Y X,Y/Z [-\HdeX�Yls7b�Y}u3^�Y
Y denHkfX�Z
^Im�^�c
�-a
g Z WHX�Y�Z
a ^�cHjwa
X�\i[-m;Z df^�cDdfcGY WHX�b�alk�b
]�X�a
j�a ^�s7Z
WDa
b�Z X�b�Y ,�b�m)W(cE[HgIn'X�a%d�Yldfc-m�a X�b�Y X�\ q=��cGb�kfk Y/dfg:[Hk�b�Z
de^�c-Y%WHX�a
Xpbwc-^�c
� [HcHde_�^�a
g j�a
df\Cs7b�Yl[-Y/X�\DZ
^:a
X�uHa
^i\i[-m;X�Z WHX
u-WHX�cH^�gCX�cH^�c`z-b�c'\Tm�^�c-Y X�>"[HX�c�Z
ke]�zHb�cFb�c-b�ke]iY dfY�^�_�Z
WHX�X/�(m�b�m;](^�_�j�a d�\TY/Z a
X;Z)m)WHdfcHjCs�b�Y%u3X�a _�^�a
gCX�\Tdec@Z
WHX�Y XwY�Z
[-\idfX�Y�q

��cvZ WHX�Y/XIc"[-g<X�a d�m�b�k`dfc"o�X�Y/Z dfj�b�Z df^�c-Y�bGa X�kfb�Z dfo�X�ke]TWHdej�WE�!X�]"c-^�k�\HY�cE[HgIn'X�aps7b�Ypm)W-^�Y X�cFZ ^GX�c-Y [Ha
X�Z W-b�ZpZ
WHX:oEd�Y m�^�[-Y
X�	3X�m8Z)Yps�X�a
X�Y/gDb�kfk q7V7W-XwWHdfj�W ,vb�m)W@cE[HgIn'X�aps7b�Y!Y X�kfX�m;Z�Z ^Gb�c-b�kf]4��X2Z
WHXwX/	 X�m;Z
Yp^�_.m;^�g<u-a X�Y Y den-dekfd=Z�]TdecFZ
WHXwX�o�^�kf[iZ
de^�c
^�_�Z�s�^���\idegCX�c-Y/df^�c'b�kl\id�Y/Z [Ha
n-b�c'm;X�Y�q ,v^�a
X�^�o�X�a�z�bvW-dej�W
� ^�a
\HX�a:m�^�gCu-b�m;Z��-c-d=Z
X/��\id<	 X�a
X�c'm;XTY
m)WHX�g<XTs�b�Yw[-Y X�\|Z ^ Y/^�keo�X
Y u-b�Z d�b�k�\iX�a
dfo
b�Z dfo�X�Y�q V7dfgCX/��b�\io�b�c'm;XA^�_wZ
WHX|m;^�gCuH[HZ
b�Z
de^�c-b�k�uHa
degCdeZ dfo�X�YTo�b�a d�b�nHkfX�YTs�X�a
Xy^�niZ
b�decHX�\ nE] b

4th
^�a)\iX�a

X�hiuHked�m;deZQ�![HcHj�X/� �2[iZ/Z)bIY
m)WHX�g<X�q1��c(h4� \Hdea
X�m;Z df^�c`zEu3X�a
de^i\id�mpn3^�[-c-\Hb�a
](m;^�c-\ideZ df^�c-Y�s�X�a
X,[HZ dfked&��X�\ zis!WHdfkeX�dec@]�� \Hdea
X�m;Z df^�cTb
_�a
X�X�� Y kfdeuAm;^�c'\id=Z
de^�cvs7b�Y,[-Y/X�\ q���c�^�a
\HX�a,Z ^Ga
X�gC^�o�XIY WH^�a Z,kfX�cHj�Z WAY m�b�kfX�Y�z3b

4th
^�a)\iX�a,m;^�gCu-b�m;Z,cE[HgCX�a
dfm�b�k �-keZ X�a2s7b�Y

b�uHuHkfdeX�\vdfcvh4�!b�c-\ ]���\idfa X�m8Z df^�c'Y�q2V7WHXIb�c-b�kf]iY/d�Y�^�_.Z W-X��-keZ X�a,dfgCuHkfX�gCX�c"Z
b�Z df^�cydfY�Y/W-^�s dec Z
WHXIZ X�m)W-cHdfm�b�k+a X�u'^�a/Z�j�dfo�X�c
nE]$^�X�a
gCb�cH^�Y7b�c-\@,vX�\iX�dea
^�Y�z N�S%S%; q
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V7W-dfY!Y X�m;Z df^�cGu-a X�Y/X�c�Z)Y%Z WHX�X�o�^�kf[iZ
de^�cG^�_�Z�s%^�� \HdegCX�c'Y/df^�c-b�k3Y dfc"['Y/^�df\Hb�k3\HdfY/Z [Ha
n-b�c-m;X�Y%dfc bw_�a
X�X�Y WHX�b�a7kfb
]�X�a�uHa ^�nHkfX�g
_�^�a�Z WHX�Z
b�cHj�X�c"Z�WE]Eu'X�a n3^�kfd�mpuHa
^��'keX,decTZ WHX2a
X�j�degCXpj�^�o�X�a cHX�\CnE]DkedfcHX�b�a�Z WHX�^�a
]�q}V7WHX�^�ni{�X�m8Z dfo�X�^�_6Z WHd�Y!Y/dfg:[-kfb�Z df^�c(s7b�Y
Z
^Gm;^�gCu-b�a
X2Z WHX:j�a
^�s7Z W@a
b�Z Xw^�_�Z
WHXwZ�s�^���\idfg<X�c-Y de^�c-b�k`\id�Y/Z [Ha
n-b�c'm;X�Y�s!d=Z
W ^�Z W-X�a�s�^�a
xiY�q�V7WHX�^�a X�Z d�m�b�k6a X�Y/[HkeZ
Y�[-Y/X�\Fdec
Z
WHd�Y!u-b�u3X�a7s�X�a
X,^�niZ
b�dec-X�\GZ WHa
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WHX2Z X�g<u3^�a)b�k kfdec-X�b�a!Y/Z
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a dfX�\D^�[iZ!nE] 5 b�c'\iW-b�g b�c-\ �!X�]EcH^�kf\-Y�z
~����-~ qB��X�a X�z�Y degI[Hkfb�Z df^�c-Y2s�X�a
XCu'X�a/_�^�a gCX�\vZ
^@o�X�a
d=_�]vZ WHX(X�	3X�m8Zw^�_8,vb�m)WycE[HgIn'X�a�decAZ
WHX(X�o�^�kf[iZ df^�cy^�_7dec'Y�Z)b�nHdfkedeZ dfX�Y�q
V7W-X�Y XIa
X�Y [HkeZ
Y�m;^�c(�-a g Z
WHXIu-a X�\idfm;Z df^�cv^�_lkfdecHX�b�a2Y�Z)b�nHdfkfd=Z�]@Z W-X�^�a
]@Z W-b�Z2b�Z,kf^�s ,vb�m)W�c"[-g:n3X�a)Y�Z
WHX:Z�s�^���\idfgCX�c-Y de^�c-b�k
dfc-Y/Z
b�nHdekfdeZ�]Gs7b
o�X�Y�b�a
X�Z WHX�gC^"Y�Z![Hc-Y/Z
b�nHkfX�q

�pcydfgCu'^�a/Z)b�c"Z�b�Y u'X�m8Z�Z ^@n'XCm;^�c-Y/d�\iX�a X�\vdfcvZ W-X�Y X<Y degI[Hk�b�Z df^�c'Y,d�Y,Z WHXIZ a
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dfm�b�k�\id<	 [-Y de^�c`q:V7WHd�Y
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WHXps!d�\EZ
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]�X�a.\H[Ha dfcHj�Z
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r'^�s ^�o�X�awZ dfg<X�q|V7W"['Y�z�Z
WHX�a
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dfb�Z df^�c|^�_!Z
WHXFb�gCuHkfd<�'m�b�Z
de^�c a
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X+dfa
Y/Z�Z WHX<uHa
^�nHkfX�g s7b�Y�Y/dfg:[Hk�b�Z
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X
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Y,dec
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b�c-\
dymax = 1.67
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0.4
b�Y�bI_�[Hc'm8Z df^�c@^�_

c-^�c
��\idfg<X�c-Y de^�c-b�k'Z dfgCX�q ��c(Z
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q.V7WHX�j�a
^�s7Z W@a
b�Z X
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a
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X�Y X�c"Z)Y:Z
WHX b�gCuHkfd<�3m�b�Z
de^�c a)b�Z
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0.14
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de^�c`q��7b�Y X�\v^�cvZ
WHX�Y X<a X�Y/[HkeZ
Y�s�X<m�b�cy^�n-Y X�a
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Z
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X�Y [Hk=Z)Ypm�^�c
�-a
g
Z
WHX@a X�\i[-m8Z
de^�c dfc Z
WHX@b�gCuHked
�'m�b�Z df^�c a
b�Z X(_�^�aIW-dej�W�,vb�m)W c"[-g:n3X�a)Y�q|V7WHX�a X�_�^�a
XDZ WHXFb�j�a X�X�gCX�c"Z:^�_�Z W-X�Y XGa
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X+dfj�[Ha
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^�g decEoEdfY
m;d�\Tr-^�s b�Z
,�b�m)W<c"[-g:n3X�a�X�>"[-b�kfY�Z ^

0.4
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X�dfj�[-a X N �Y�pg<u-kedeZ [-\HX:X�o�^�kf[iZ df^�c@_�a
^�g decEoEd�Y m�df\Tr-^�s b�Z
m;^�cEo�X�m8Z
deo�X ,vb�m)W:cE[Hg:n3X�a+X�>"[-b�kfY6Z ^

0.8
b�c-\�s7b
o�X�cE[Hg��

n'X�apb�uHu-a ^
hidfgCb�Z X�ke]CZ
^
0.75

q

��c Z WHXy_�^�kfke^�s!dfcHj'z�Y/dfg:[Hk�b�Z
de^�c-YD_�^�aGZ
WHX m;^�gCuHa
X�Y
Y denHkfX �,b
o"dfX�a�� 5 Z ^�x�X�YCX�>"[-b�Z
de^�c-YGs�X�a
Xvu3X�a _�^�a
gCX�\ q V7WHX�dfcHdeZ d�b�k
b�gCuHkedeZ ['\iX2^�_`Z
WHX�\HdfY/Z [Ha
n-b�c-m;X�^�_`Z
WHX2\i^�gCdfc-b�c"Z7g<^i\iX�s7b�YlZ WHX�Y
b�gCX,b�Y%dfcGu-a X�o"df^�['Y%Y degI[Hk�b�Z df^�c'Y�q�V7WHX�s�b
o�X�cE[Hg:n3X�a
^�_�Z W-X@\id�Y/Z [Ha
n-b�c'm;XTY X�kfX�m;Z X�\ _�^�aIZ WHXFY degI[Hkfb�Z df^�c-YIs7b�Y

α = 0.82
qyV7W-dfYIj�a
^�s7Z W a)b�Z
X(s7b�Y<m)WH^�Y X�c Z
^Am�^�gCu-b�a
XDZ
WHX

a
X�Y [HkeZ
Yps!d=Z
WvZ W-X�^�a
X;Z
dfm�b�k`a
X�Y [HkeZ
Y�qQ��c$�-j�[Ha X � Z WHX<\Hb�Y WHX�\4� \H^�Z/Z
X�\Fkfdec-XIY WH^�s Z WHX:Z dfg<XIX�o�^�kf[iZ df^�c ^�_+Z�s�^���\idfgCX�c-Y de^�c-b�k
\HdfY/Z [Ha
n-b�c-m;X@b�ZIm�^�cEo�X�m8Z dfo�X?,�b�m)W cE[HgIn'X�a:X�>"[-b�kfY

0.4
_�^�a<bvj�a
d�\ s!d=Z
W m;^�c-Y�Z)b�c"ZIY u-b�m�dec-j-q�V7WHX@b�gCuHkfd<�3m�b�Z
de^�c|a
b�Z X

^�niZ
b�dec-X�\@decFZ
WHX�Y X�a
X�Y [Hk=Z)Y7dfYpb�n3^�[iZ
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q.V7WHd�Y!dfYpbC[Hc-\iX�a X�Y�Z
degDb�Z
X2a
b�Z Xwm;^�gCu-b�a
X�\GZ ^CZ
WHX�^�a X�Z d�m�b�k a
X�Y [HkeZ
Y�Z
W-b�Zpj�deo�X�Y
bTb�gCuHkfd<�3m�b�Z
de^�cva)b�Z X<b�n3^�[iZ

0.28
q,V7WHX<Y ^�kfd�\ kedfcHX<Y/WH^�s bGj�a
^�s7Z W a)b�Z X<b�uHu-a ^
hidfgCb�Z X�ke]T^�_
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s!deZ W�Z WHX<[-Y X:^�_.j�a d�\

Y/Z a
X;Z)m)WHdfcHj-q��pk=Z
WH^�[-j�W Z
WHX�Y X:a
X�Y [HkeZ
Y�n3X:^�o�X�a
X�Y/Z dfgDb�Z X�dfcva
X�k�b�Z
de^�cFZ ^DZ
WHXwZ
WHX�^�a ]�z'deZ,d�Y,m�ke^"Y/X�\@Z ^DZ
WHX<kedfcHX�b�a,b�c-b�kf]iY/d�Y�q
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W|j�a
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X;Z
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b�Z XD^�nHZ
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q,V7WHXIY
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X�Y [HkeZ
Ypb�a X�m�ke^"Y/X2Z
^DZ WHXIb�c-b�ke]"Z d�m�b�k`a
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dfc Z W-X(b�c-b�ke]iY dfY2^�_7b�g<u-ked
�'m�b�Z df^�cAa
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dfcHj<Z WHX�u3^�dfc"Z
Y7dfcTZ
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X�Y
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�
Y d�\iX�a
X�\GZ ^Db�c'b�kf]���XpZ
WHX2uHa
^�nHkfX�g dfc@Z WHX2cH^�c
� kfdfcHX�b�a�a
X�j�degCX�q+V7WHX2X�o�^�kf[iZ
de^�cT^�_�bCY/gDb�kfk Z�s�^���\idegCX�c-Y/df^�c'b�k \idfY/Z [-a n-b�c-m;X
dfc|Y/W-X�b�a�k�b
]�X�a2s�b�Y2u'X�a/_�^�a gCX�\ydfc b@cH^�c
� [HcHde_�^�a
g j�a
df\`qCV7W-dfY�j�a d�\Ab�kfke^�s�Y,_�a
^@j�a X�b�Z
X�a2a X�Y/^�ke[HZ df^�cAdecAZ W-XDdec"Z X�a df^�a2^�_
Z
WHXwm;^�gCuH[iZ
b�Z df^�c-b�k \i^�gDb�dfcGs!W-X�a
XpZ
WHX�dec'Y�Z)b�nHdfkedeZ�]DuHWHX�cH^�gCX�cH^�c@^im�m;[-a
Y�q K%^�c-Y X�>"[HX�c�Z
ke]�z"Z WHX2cE[HgCX�a
dfm�b�k X�a
a
^�a�decTZ WHd�Y
��^�cHX:dfY!a
X�\H[-m;X�\ \i[HX�Z
^CZ WHXwa
X/�'cHX�gCX�c"Zp^�_�Z WHXwj�a d�\ q:��cH^�Z WHX�a,b�Y u3X�m8Zpm�^�c-Y d�\iX�a
X�\@WHX�a X�d�Y!Z
W-b�Z�Z
WHXwj�a d�\@dfY,Y�Z
a X�Z
m)WHX�\
dfc ��^�cHX�Y�m;kf^�Y X2Z ^DZ
WHXwn3^�[Hc'\Hb�a
deX�Y!s!WHX�a X2Z
WHX:dfc-Y/Z
b�n-dekfd=Z
deX�Y�s7b
o�X�Y%W'b
o�Xw\iX�m�b
]�X�\ q:��c ^�a)\iX�a7Z
^(o�X�a de_�](Z
WHXIm�^E\HX�z'Y dfg:[
�
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X+dfj�[Ha
X � �Y��gCuHkfdeZ [-\iXIX�o�^�kf[iZ df^�c@_�a
^�g decEoEdfY
m;d�\Tr-^�s b�Z
m�^�cEo�X�m8Z
deo�XY,vb�m)WwcE[Hg:n3X�a+X�>"[-b�kfY6Z ^

0.4
b�c'\�s�b
o�X�cE[Hg��

n3X�a,b�uHuHa
^
hidegDb�Z X�kf]CZ ^
0.75

q
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X�dfj�[-a X  �Y�pg<u-kedeZ [-\HX:X�o�^�kf[iZ df^�c@_�a
^�g decEoEd�Y m�df\Tr-^�s b�Z
m;^�cEo�X�m8Z
deo�X ,vb�m)W:cE[Hg:n3X�a+X�>"[-b�kfY6Z ^

0.8
b�c-\�s7b
o�X�cE[Hg��

n'X�apb�uHu-a ^
hidfgCb�Z X�ke]CZ
^
0.75

q

k�b�Z
de^�c-Y,s%X�a X:m�b�a
a dfX�\F^�[iZpZ
^Ga
X�uHa
^i\i[-m�X�Z WHXCY X�m;^�c-\Hb�a ]Tdec-Y/Z
b�nHdfkedeZ�]Fg<X�m)W-b�c-dfY gFq'�!m�m�^�a)\idfcHjDZ ^GZ WHX:Z WHX�^�a
] bDu-b�dfa
decHj
u-WHX�cH^�gCX�cH^�cAu-a ^i\i[-m�X�Y2s7b
o�X�YpZ
W-b�ZIuHa ^�u-b�j"b�Z
X:Z
^�s�b�a
\HY,Z
WHXDn'^�[Hc-\Hb�a dfX�Y�qGV7WHX�Y/XCs7b
o�X�Y�m�b�c n3X(a X�r-X�m;Z X�\v_�a
^�g Z WHX
n3^�[-c-\Hb�a
dfX�Y�a X�Y/[-k=Z
decHj<dfcTbIcH^�c
� uHWE]iY/d�m�b�k3\HdfY/Z ^�a/Z
de^�cG^�_6Z WHX2cE[HgCX�a
dfm�b�k3a X�Y/[-k=Z)Y�q}V7WHX�j�a
df\TY�Z
a X�Z
m)WHdfcHjCm�b�cGuHa
X�o�X�c"ZlZ
W-b�Z
Z
WHX�Y X�s7b
o�X�Y�a
X�b�m)WHX�Y%Z W-X�n3^�[-c-\Hb�a
dfX�Y�zia X�c-\iX�a
dfcHj<Z WHX�m;^i\iX�gC^�a X�Y/Z
b�n-keX2dfcTZ
degCX�� b�\io�b�c-m�X�gCX�c"Z�q

�,Y.bG�-a)Y�ZlY/Z X�u`z�Z
WHXpY degI[Hk�b�Z df^�c<^�_3Z W-Xpm;^�g<u-a X�Y Y den-keX8�.[HkfX�alX�>"[-b�Z
de^�c-Y+_�^�a%b�Z�s%^�� \idfgCX�c-Y df^�c-b�k�r'^�s1s7b�Y�u3X�a _�^�a
gCX�\ q
V7W-Xp^�nH{�X�m8Z
deo�X�WHX�a X�d�Y}Z
^I\iX�Z X�a gCdfcHX!Z W-XpgDb�hidfg:[Hg b�kfkf^�s�b�nHkeX7j�a d�\DY�Z
a X�Z
m)WHdfcHj�_�^�als!WHd�m)WDZ
WHXpm;^�gCuH[iZ
b�Z df^�c-b�k-a
X�gDb�dfc-Y
Y/Z
b�nHkfX�q XH^�a}Z WHd�Y%uHa ^�nHkfX�g bwg<X�Y/WDs!deZ W(b:\idegCX�c-Y/df^�cD^�_

40×80
z�cE[HgIn'X�al^�_ u3^�dfc"Z
YldecDh4��b�c-\C]�� \Hdea
X�m;Z df^�cCs�b�Y.m)WH^"Y/X�c`q

V7W-X<j�a d�\AY/u-b�m;dfcHj@[-Y/X�\vdfcAZ WHd�Y�Y/dfg:[-kfb�Z df^�cv_�^�awbG[-cHd=_�^�a g g<X�Y/WAs7b�Y
dx = 0.50

b�c-\
dy = 0.30

z a
X�Y u'X�m8Z
deo�X�kf]�z j�a
d�\
Y u-b�m;dfcHj�dfc kf^�cHj�d=Z
[-\idfc-b�k7b�c-\ cH^�a
gDb�k%\Hdea
X�m;Z df^�c`q�XH^�aIcH^�c(� [Hc-d=_�^�a g j�a
df\|Z WHXTg<dfcHdfg:[Hg b�c-\|gDb�hidfg:[Hg Y u-b�m�dec-jvdec
]���\idfa X�m8Z df^�c s7b�Y

dymin = 0.0089
b�c-\

dymax = 1.67
q , X�Y/W Y u-b�m;dfcHj dfYIm;^�c-Y�Z)b�c"Zwdfc|Z WHX(h���\idfa X�m8Z
de^�c`q@V7W-X(dec-d=Z
dfb�k

b�gCuHkedeZ ['\iX:^�_+Z
WHX:\id�Y/Z [Ha
n-b�c'm;X�s7b�Y�b�uHuHa
^
hEdfgDb�Z
X�kf]
10−6 q!V7WHd�Y�o�b�kf[HX:Y
b�Z
dfYH�-X�Y7Z WHXBK:X1# m;^�c-\ideZ df^�c`q7V7WHXws7b
o�X�c"[-g��

n3X�aI^�_7Z W-XG\id�Y�Z
[Ha n'b�c-m�X(Y/X�keX�m8Z X�\y_�^�a�Z
WHXGY degI[Hkfb�Z df^�c s7b�Y
α1 = 0.75

_�^�a:\i^�g<dfc-b�c�ZwgC^i\iXGb�c-\
α2 = α1/2

_�^�a�Z
WHX
Y [HnHW'b�a
g<^�cHd�m2g<^i\iX�q�V7W-dfYpdfY�m�ke^"Y/X2Z
^DZ W-Xws�b
o�X�cE[HgIn'X�a�^�_}gCb�hidegI[Hg b�g<u-ked
�'m�b�Z df^�c`q8X+dej�[Ha
X ; Y/WH^�stZ W-XwcH^�c(� kfdec-X�b�a
X�o�^�ke[iZ
de^�cT^�_`Z W-Xw\idfY/Z [-a n-b�c-m;X�Y�decTZ dfgCX2_�^�a!b<[HcHde_�^�a
g g<X�Y/W6q ��cGZ
WHdfY��-j�[Ha
X�z"Z
WHX�m;^E^�a)\idfc-b�Z
X

z
uHa
X�Y X�c"Z
Y%Z
WHX�o�^�a/Z
dfm�d=Z�]

m�^�gCu3^�cHX�c�Z7dfcGZ
WHX�h���\idfa X�m8Z
de^�c`q � Z�m�b�cGn3X2^�n-Y X�a
o�X�\<Z W-b�Z7Z WHX�Y WHX�b�a%a
X�j�de^�c(uHa
^E\H[-m;X�Y%s7b
o�X�Y}Z
W-b�Z!uHa
^�u-b�j�b�Z X!Z
^�s�b�a
\HY
Z
WHX2_�a
X�XwY/Z a
X�b�g n3^�[-c-\Hb�a
dfX�Y�q�V7W-dfY!u-a ^i\i[-m;Z df^�c@^�_}Y/^�[Hc-\Ts�b
o�X�Y%dfY�[Hc-\iX�Y/dfa
b�nHkfX2b�c-\TW-b�Y�Z
^Dn'X2gCdec-degCd&��X�\`q

X+dfj�[Ha
X ; �"�pgCuHkedeZ ['\iX(X�o�^�kf[iZ df^�c�_�a ^�g dfcEo"d�Y
m;d�\vr-^�s b�Z:m�^�cEo�X�m8Z dfo�XI,vb�m)WycE[HgIn'X�awX�>"[-b�kfY�Z
^
0.4

b�c-\�s7b
o�X�cE[Hg:n3X�a
b�uHuHa
^
hidegDb�Z
X�kf]�Z
^

0.89
q|V7WHXFY/[Hn-W-b�a
gC^�cHd�m(gC^i\iXGs7b�YIdfc�Z
a ^i\i['m;X�\ WHX�a
X(Z
^ya
X�u-a ^i\i[-m�X(Z
WHX@Y X�m�^�c-\-b�a
]ydfc-Y/Z
b�n-dekfd=Z�]�q

� [HcHde_�^�a
g j�a d�\ dfc Z WHXy]%��\idfa X�m8Z
de^�c s7b�YG[-Y X�\ dfc Z WHX�Y/XAY/dfg:[Hk�b�Z
de^�c-Y�q V7W-X _�a
b�gCX�Y(u-a X�Y/X�c�Z
X�\ m;^�a a
X�Y u3^�c-\1Z ^ Z WHX
c-^�c
��\idfg<X�c-Y de^�c-b�k Z
degCX�Y +�S z +%* b�c-\ �!* q
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X+dfj�[Ha
X + Y WH^�s�Y�Z
WHXTX�o�^�ke[iZ
de^�c ^�_pZ WHXFY b�gCXGuHa
^�nHkfX�g ^�c bvc-^�c
� [HcHde_�^�a
g j�a
df\`q�_,d<	 X�a
X�c"ZC_�a
^�g Z WHXFY/Z a
X;Z
m)W-decHj
u'b�a)b�gCX;Z
X�a2[-Y X�\y_�^�a�Z W-XDkedfcHX�b�a�a X�j�dfgCX�z Z W-X(Y�Z
a X�Z
m)WHdfcHjFu-b�a)b�gCX�Z X�a2m)WH^"Y/X�c�_�^�a2Z WHXCcH^�c
� kfdfcHX�b�a�a
X�j�degCXCs7b�Y

β = 10
q

,�b�cE],o�b�ke[HX�Y _�^�a`Z WHd�Y`u-b�a
b�gCX;Z X�a`W-b
o�X+n3X�X�c2Z X�Y�Z
X�\�b�c'\�Z WHd�Y`o�b�kf[HX.u-a X�Y/X�c�Z)Y Z W-X.n'X�Y�Z�a X�Y/[HkeZ
Y`dec�a
X�k�b�Z
de^�c2m�^�gCuH[iZ)b�Z
de^�c-b�k
X��(m;dfX�c-m�]�z"s!d=Z
WH^�[iZ�m�b�['Y/dfcHj2cE[HgCX�a
dfm�b�kHuHa
^�n-keX�gCY.s!d=Z
WCZ WHXpY u-b�Z d�b�k-\iX�a dfo�b�Z
deo�X�Y�qM� Z%m�b�cCn'X,Y/X�X�cDdfcIZ
WHd�Y �-j�[Ha X7Z
W-b�ZlZ WHX
_�^�a gDb�Z df^�cG^�_�Y ^�[Hc-\Gs�b
o�X�Y%decGZ WHX�Y WHX�b�aY��^�cHX�s7b�Y�Y�Z
a ^�cHj�kf]Ca X�\i[-m;X�\(s!deZ WTZ WHX�b�uHuHkfdfm�b�Z df^�cT^�_�Y/Z a
X;Z)m)WHdfcHj-q1��c?�'j�[Ha
X �
s�X:m�b�c Y/X�X�c bDY degI[Hkfb�Z df^�cFs!deZ WFZ W-X:b�uHu-ked�m�b�Z df^�c@^�_

β = 15
qY��c@Z WHd�Ypm�b�Y X�ziZ
WHXwcE[HgCX�a
dfm�b�k`Y
m)WHX�gCX�n3X�m�^�gCX�Y![-c-Y�Z)b�nHkfX

dfc@Z dfgCX�qlV7WHX�Y/X2a
X�Y [HkeZ
Y!m;^�c
�-a
g Z W'b�Z!Z W-X�j�a
df\TY�Z
a X�Z
m)WHdfcHjDm�b�cHcH^�Z!X�him�X�X�\
1.8%

^�_+Z WHX�gDb�hidfg:[Hg j�a
df\TkeX�cHj�Z
W-Y�q

X+dfj�[Ha
X + �"�pgCuHkedeZ ['\iX(X�o�^�kf[iZ df^�c�_�a ^�g dfcEo"d�Y
m;d�\vr-^�s b�Z:m�^�cEo�X�m8Z dfo�XI,vb�m)WycE[HgIn'X�awX�>"[-b�kfY�Z
^
0.4

b�c-\�s7b
o�X�cE[Hg:n3X�a
b�uHuHa
^
hidegDb�Z
X�kf]DZ ^

0.89
_�^�apb(cH^�c
� [HcHde_�^�a
g j�a d�\ q7V7WHX:\id�Y/Z [Ha
n-b�c'm;X�WHX�a Xws7b�Y!m�^�gCu3^�Y X�\F^�_}bC_�[Hc'\Hb�gCX�c"Z)b�k�b�c-\ Y [Hn
�

W'b�a
g<^�cHd�mpgC^i\iX�qR� c-^�c
� [HcHde_�^�a
g j�a
df\GdecF]���\idea
X�m;Z df^�cTs�b�Y%['Y/X�\GdfcGZ
WHX�Y X�Y/dfg:[-kfb�Z df^�c-Y7b�c'\(Z
WHXwY�Z
a X�Z
m)WHdfcHj<u-b�a)b�gCX�Z X�a
s7b�Y!Y X�kfX�m;Z X�\GnE]

β = 12
q}V7WHX�_�a)b�gCX�Y7u-a X�Y/X�c�Z
X�\@m;^�a a
X�Y u'^�c-\DZ
^<Z WHX�cH^�c
��\idegCX�c-Y/df^�c'b�k Z dfgCX�Y +%S z +�* b�c-\ �%+ q

X+dfj�[Ha
X � �"�pgCuHkedeZ ['\iX(X�o�^�kf[iZ df^�c�_�a ^�g dfcEo"d�Y
m;d�\vr-^�s b�Z:m�^�cEo�X�m8Z dfo�XI,vb�m)WycE[HgIn'X�awX�>"[-b�kfY�Z
^
0.4

b�c-\�s7b
o�X�cE[Hg:n3X�a
b�uHuHa
^
hidegDb�Z
X�kf] Z
^

0.89
_�^�aTb|cH^�c
� [HcHde_�^�a
g j�a d�\ q V7WHXA\idfY/Z [-a n-b�c-m;X�WHX�a
Xvs7b�Y(m�^�gCu'^"Y/X�\ ^�_:b _�[-c-\Hb�gCX�c�Z)b�k�b�c-\

Y [HnHW'b�a
g<^�cHd�mlgC^i\iX�q1� cH^�c(� [Hc-d=_�^�a g j�a d�\wdfc<]%��\idfa X�m8Z
de^�c:s7b�Y+[-Y X�\IdecIZ WHd�Y}Y degI[Hkfb�Z df^�c-Y�b�c-\wZ
WHX!Y�Z
a X�Z
m)WHdfcHj�u-b�a)b�gCX�Z X�a
s7b�Y!Y X�kfX�m;Z X�\Tb�Y

β = 15
q�V7W-X2_�a
b�g<X2uHa
X�Y X�c"Z
X�\@m;^�a
a
X�Y u'^�c-\HY%Z ^<Z W-X�cH^�c
��\idfgCX�c-Y de^�c-b�k3Z
degCX�^�_ ��+ q

,v^�a
X%Z
X�Y/Z
Y}s�X�a
X7u'X�a/_�^�a gCX�\w_�^�a}Z WHX!X�o�^�ke[iZ
de^�cI^�_3c-^�c
� kedfcHX�b�a}dfc-Y�Z)b�nHdfkfd=Z
deX�Y�q1��X�a X7Z
WHX!cH^�c(� kfdec-X�b�a�Z
X�Y/Z
Y}s�X�a
X!m�b�a a
deX�\
^�[iZ7Z ^<o�X�a de_�]CZ WHX�m�^E\HX�s!W-X�c(Z
WHX�\id�Y�Z
[Ha n'b�c-m�X�Y�W-b
o�X,a X�b�m)WHX�\(k�b�a
j�X�b�gCuHkfd=Z
[-\iX�Y�q1��cGZ
WHd�Y!m�b�Y X�z"Z
WHX2cH^�c
� kfdecHX�b�a�X/	 X�m;Z
Y

~��



c-X�X�\IZ
^�n3X!m;^�c-Y/d�\iX�a X�\ q�V7WHX�Z
WHX�^�a ]wb�Y Y ^im;d�b�Z X�\ws!deZ W<Z W-X�Y X�X�	3X�m8Z)Y�dfY�gC^�a
X7m;^�gCuHkfX;h:Z W-b�c:_�^�a�Y gDb�kfk<��b�gCuHkfdeZ [-\iX�z�kfdecHX�b�a
\HdfY/Z [Ha
n-b�c-m;X�Ylb�c'\Cs!dekfk'c-^�Z%n3Xpu-a X�Y/X�c�Z.W-X�a
X�q1C.a
X�oEdeX�s�Y.^�_3Z
WHX,Y [Hni{�X�m8Z7m�b�cDn3X�_�^�[Hc-\Ddfc?��X�a n3X�a Z�z ~��%*�* b�c-\B, X�\HX�dfa ^"Y�z
N�S�S%S q�V7W-X7Y [HgCgDb�a
]w^�_'Z WHX!gDb�decCa
X�Y [Hk=Z)Y�z�j�dfo�X�cIn'X�ke^�s�z�dfY}X�cH^�[-j�WI_�^�a}m�b�a a
]EdecHj�^�[HZ+Z
WHX7Z X�Y�Z)Y}uHa
^�u3^�Y X�\ q=��^�Z WIZ W-X�^�a
]
b�c-\ X�hEu3X�a
dfg<X�c"Z,Y/W-^�stZ
W-b�Z�decyb(Y/W-X�b�apkfb
]�X�a!Z
WHXI\id�Y/Z [Ha
n-b�c'm;X:\i^EX�Y�cH^�Z,j�a
^�stZ ^(dfc
�-cHdeZ�]�q'��c-Y/Z X�b�\@Z WHd�Y�\idfY/Z [-a n-b�c-m;X
Y
b�Z
[Ha
X�YDdfc b|kfdegCdeZTm;]im�keXvu'b�Z/Z
X�a
c ^�_wm;^�� a
^�Z)b�Z
decHj o�^�a Z d�m;X�Y�q ��c Z [Ha
c`z7Z
WHXvo�^�a/Z
dfm�X�Y(b�a XFZ
WHX�gDY X�kfo�X�Y([Hc-Y/Z
b�nHkfX Z ^ b
Y [HnHW'b�a
g<^�cHd�m!\idfY/Z [-a n-b�c-m;X�q � Z�gCX�b�c'Y�Z W-b�Z%de_`bwY/[-nHW-b�a
gC^�cHd�m7^�Y
m;dfkfkfb�Z df^�cCX;hid�Y�Z)Y}dec(Z WHX!r'^�s1Z
WHd�Y.^�Y
m;dfkfkfb�Z df^�cCs!dekfk-j�a ^�s�q
V7W-X�a X�Y/[-k=Z}d�Y.b2u-b�dfa
decHj2^�_3o�^�a Z d�m;X�Y�qM� Z.d�Y}dfgCu'^�a/Z)b�c"Z}Z ^�X�g<u-W-b�Y d
��X�Z W-b�Zldec<Z
WHX�Y/]iY/Z X�g Z W-X�a
X!dfY}c-^�g<X�m)W-b�c-dfY g _�^�a.Z WHX
u-a ^i\i[-m;Z df^�c@^�_�Y/[Hn-W-b�a
gC^�cHd�m,\HdfY/Z [Ha
n-b�c-m;X�Y�zEnH[iZ!^�cHke](_�^�a!b�gCuHkfd<�3m�b�Z
de^�c`q1��cGZ
WHX�cE[HgCX�a
dfm�b�k Y ^�kf[iZ df^�cT^�_6Z
WHX2X�>"[-b�Z df^�c-Y
^�_,gC^�Z
de^�c`z.Z
WHd�YDY/X�X�\idfcHjA^�_,Y [HnHW-b�a gC^�cHdfmTs7b
o�X�YIgDb
] m;^�g<XT_�a
^�g a
^�[Hc-\
� ^�	 X�a a
^�a�q V7WHX@j�a
^�s7Z W1^�_,Y [HnHW-b�a gC^�cHdfm
u-a ^�oEd�\iX�Y!b<j�^E^i\Tdec-\Hdfm�b�Z df^�c@^�_�Z WHX�cE[HgCX�a d�m�b�k X�a
a ^�a�^�_ K:X1_ m�^E\HX�Y�q

V7W-X�Y degI[Hk�b�Z df^�c'Y.u3X�a _�^�a
g<X�\C_�^�a%Z W-dfY7b�c'b�kf]EY d�Y.X�gCuHkf^�]<Z WHX,_�[Hkfk m;^�gCuHa
X�Y
Y denHkfX �,b
o"dfX�a�� 5 Z ^�x�X�Y.X�>"[-b�Z
de^�c-Y�z�dfc-m;kf[-\idfcHj
Z
WHXGoEd�Y m�^�[-Y�Z X�a
gDY�qFV7WHX(dfcHdeZ d�b�k�\idfY/Z [-a n-b�c-m;XTb�gCuHkfd=Z
[-\iX(^�_�Z
WHXG\i^�gCdec-b�c"ZIb�c-\|Y [HnHW'b�a
g<^�cHd�mCg<^i\iXGs�b�Y2Z WHXTY b�g<X
Z
W-b�Z7dfcDZ WHX,uHa
X�oEde^�[-YlY/Z ['\ideX�Y�q X+dfa
Y/Z�z�Z WHX�\id�Y�Z
[Ha n'b�c-m�Xps7b�Ylm�^�gCu3^�Y X�\C^�_`^�cHkf]I^�cHXpgC^i\iXps!deZ WGs�b
o�X�cE[Hg:n3X�a

α = π/4
q

X+dfj�[Ha
X * Y/W-^�s�Y�bFY X�>"[HX�c-m;XC^�_�Z W-XDX�o�^�ke[HZ df^�cA^�_lZ�s�^���\idfgCX�c-Y de^�c-b�k}\id�Y/Z [Ha
n-b�c'm;X�Y2^�o�X�a�Z dfgCX�qB��cHdeZ d�b�kfkf]�dfcyZ
WHXDkfdecHX�b�a
a
X�j�degCX�zHZ W-XI\id�Y�Z
[Ha
n-b�c-m�Xwd�Y�o�X�a ]@Y/gDb�kek+b�c-\ \id�Y uHkfb
]Fb(Y decE[-Y ^�d�\Hb�k`u-b�Z Z X�a c`q�V7W-X�_�[Hc-\Hb�gCX�c"Z
b�k6gC^i\iX:j�a ^�s�Y!b�c-\@Z�s%^
Y
b�Z
[Ha
X�YCo�^�a/Z
dfm�X�YCb�a
X@_�^�a
gCX�\ z%s!WHdfm)W m�^�a
a X�Y/u3^�c-\-Y:Z
^AZ WHX kfdegCdeZGm;]im;kfX ^�Y
m;dfkfkfb�Z df^�c`q V7WHXFo�^�a/Z
dfm�X�YC\id�Y Y dfu-b�Z
Xv\i[HX@Z ^
oEd�Y m�^�[-YwX/	 X�m8Z)Y�q 	�c'\iX�a�Z
WHX�Y XGm�dea)m;[HgDY/Z
b�c-m;X�Y�Z WHX(c-^�c
� kedfcHX�b�a2Z W-X�^�a
]�u-a X�\idfm;Z
Y�c-^vu-b�dfa
decHj'q6��keZ W-^�[Hj�W Z WHX�a X(b�a XDcH^
Z
X�c-\HX�c-m�]v^�_lu'b�dfa dfcHj-z nH[HZ�b�Z�o�X�a
]Fkfb�Z XIZ dfg<X�Y2bGu-b�dea
dfcHjG^im�m�[Ha)Y�q�X+dej�[Ha
X � Y/W-^�s�Y�z'Z W-b�Z�dec-\HX�X�\`z Z WHXCo�^�a/Z
dfm�X�Y�Z
b�x�X<b
a)b�Z
WHX�apke^�cHjCZ dfgCX�Z ^(u'b�dfa�qY� Z,^im�m�[Ha a
X�\T^�c-ke]Ts!WHX�cFZ
WHXwo�^�a/Z
dfm�X�Y!s�X�a
X�b�kfgC^�Y/Z�X�c"Z dfa X�ke]F\id�Y Y dfu-b�Z
X�\@nE]GoEdfY
m;^�[-Y!X�	3X�m8Z
Y�q
5 dec-m�XCZ WHX(Y [HnHW'b�a
g<^�cHd�mIX�hHm;deZ
b�Z
de^�cys7b�Y2c-^�ZwX;hHm�d=Z
X�\ z6Z WHXDX�hEu-kfb�c-b�Z
de^�c�_�^�a2Z WHd�Y�n3X�W-b
oEdf^�a�d�Y�Z W-b�Z�Z WHX(Y [HnHW-b�a gC^�cHdfm
Y X�X�\T_�^�a7Z W-X�u-b�dfa dfcHj<g:[-Y/Z�W-b
o�X�b�a d�Y/X�cG_�a
^�g c"[-g<X�a d�m�b�k X�a
a ^�a�q

X+dfj�[Ha
X * �wV7WHXCkfdec-X�b�awb�c-\ycH^�cHkfdfcHX�b�a2Z�s%^�� \idfgCX�c-Y df^�c-b�k+X�o�^�ke[iZ
de^�c�^�_7\id�Y/Z [Ha
n-b�c'm;XDm;^�g<u3^�Y X�\�^�_!bF\i^�gCdfc-b�c"Z�gC^E\HX�q
� cH^�c(� [Hc-d=_�^�a g j�a
df\ dfc ]%��\idfa X�m8Z
de^�c s7b�Y([-Y/X�\ dec Z
WHX�Y X�Y degI[Hk�b�Z df^�c'Y�q V7WHX _�a)b�gCX�Y(uHa X�Y/X�c"Z X�\ m�^�a
a X�Y/u3^�c-\ Z ^ Z WHX
c-^�c
��\idfg<X�c-Y de^�c-b�k Z
degCX�Y ~�S z ;%; z +�S z +%; z ��; b�c-\ ~�S%S

V7W-Xp_�^�kekf^�s!dec-jIY degI[Hkfb�Z df^�c-Y�s�X�a
Xpu3X�a _�^�a
gCX�\(s!deZ WGZ WHX�\iX�kedfn3X�a)b�Z X�dfc�Z
a ^i\i['m8Z df^�cT^�_�b<Y [HnHW-b�a gC^�c-dfmpu'X�a/Z
[Ha n'b�Z df^�c'Y�q
V7W-X s�b
o�X�cE[Hg:n3X�aC^�_pZ W-Xv\idfY/Z [-a n-b�c-m;X Y X�kfX�m;Z X�\ _�^�aCZ
WHXvY degI[Hkfb�Z df^�c s�b�Y

α1 = 0.82
_�^�aC_�[Hc-\Hb�gCX�c"Z
b�k!g<^i\iX�z�b�c-\

α2 = α1/2
_�^�aCZ W-XvY/[Hn-W-b�a
gC^�cHd�m@g<^i\iX�q V7WHX m)W-b�a
b�m8Z X�a d�Y/Z d�m�Y<^�_,Z WHX r'^�s dfc �'a
Y/Z(Y�Z)b�j�X�YCs%X�a XFd�\iX�c"Z
dfm�b�k7Z ^ Z
WHX

u-a X�o"df^�['YlZ
X�Y/Z�q1��cTZ WHd�Y7m�b�Y X,Z WHX2Y b�gCX,n3X�W-b
oEdf^�a7m�b�cGn3X�Y X�X�cGdfc6�-j�[Ha
X ~�S q1��c(Z W-X�dfcHdeZ d�b�kfke](Y/Z
b�j�X2bIY dfc"['Y/^�df\Hb�k'j�a ^�s7Z
W
s7b�Yp\idfY uHk�b
]�X�\ q �!_�Z
X�a!Z
WHX�_�[Hc'\Hb�gCX�c"Z)b�k`gC^i\iX:b�a d�Y/X�Y7b�c-\FY
b�Z [-a
b�Z X�Y�ziZ
WHXwY/[-nHW-b�a
gC^�cHd�m�gC^E\HXwj�a
^�s�Y7b�c-\TZ�s�^D^�_+Z WHX
u-a dfgDb�a
]CY/Z a
[-m;Z [Ha
X�Y%n'X�j�dfc(Z
^Ia
^�Z)b�Z X�b�a
^�[Hc'\CX�b�m)WG^�Z W-X�a�q1��_�Z X�a�zEZ
WHX,u'b�dfa dfcHj:^im�m;[Ha)Yln3X;Z�s�X�X�cDZ W-X�Y XpZ�s�^:o�^�a Z d�m;X�Y%b�c-\
^�cHXDk�b�a
j�XCo�^�a/Z
X;hva
X�Y [Hk=Z)Y�q6��cyZ
WHd�Y:m�b�Y/X�z Z W-X(u-b�dfa
decHjF^im�m�[Ha)Y�\i[HX(bFX;hHm�d=Z
X�\ Y/[-nHW-b�a
gC^�cHd�mC\id�Y�Z
[Ha n'b�c-m�X<a)b�Z
WHX�a2Z
W-b�c
cE[HgCX�a d�m�b�k3X�a a
^�a�q �,Y7a X�Y/[-k=Z�Z W-b�Z%Z
WHX2u-b�dfa
decHjI^im�m;[-a
Y%dec@X�b�a kfdfX�a�cH^�c
��\idfgCX�c-Y de^�c-b�k'Z dfgCX2^�_�b�uHuHa
^
hEdfgDb�Z
X�kf]
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q=��cGZ
WHX

u-a X�o"df^�['Y,Y degI[Hk�b�Z df^�c�Z WHXCY
b�gCX:uHW-X�cH^�g<X�cH^�cy^im�m;[-a
Yp_�^�a�cH^�c(� \idfgCX�c-Y df^�c-b�k6Z
degCXDb�uHu-a ^
hidfgCb�Z X�ke]
200

q�V7W-X�Y XIa
X�Y [HkeZ
Y
dfc-\id�m�b�Z XGZ W-b�ZIZ
WHXTY X�m�^�c-\Hb�a ]ydec'Y�Z)b�nHdfkedeZ�] s�b�Y�Z
a dfj�j�X�\ nE]yj�a ^�s!dfcHj ^�_!Z WHXTc"[-g<X�a d�m�b�klX�a a
^�a�z�s!W-dfm)W s7b�Y:o�X�a ] Y/gDb�kek
m�^�gCu-b�a X�\(Z
^IZ
WHXwb�gCuHkfdeZ [-\iX�^�_�Z
WHX�u3X�a Z [Ha
n-b�Z
de^�c-Y�dec"Z
a ^i\i[-m�X�\ q

~� 



X+dfj�[Ha
X � �wV7WHXCkfdec-X�b�awb�c-\ycH^�cHkfdfcHX�b�a2Z�s%^�� \idfgCX�c-Y df^�c-b�k+X�o�^�ke[iZ
de^�c�^�_7\id�Y/Z [Ha
n-b�c'm;XDm;^�g<u3^�Y X�\�^�_!bF\i^�gCdfc-b�c"Z�gC^E\HX�q
� cH^�c(� [Hc-d=_�^�a g j�a
df\ dfc ]%��\idfa X�m8Z
de^�c s7b�Y([-Y/X�\ dec Z
WHX�Y X�Y degI[Hk�b�Z df^�c'Y�q V7WHX _�a)b�gCX�Y(uHa X�Y/X�c"Z X�\ m�^�a
a X�Y/u3^�c-\ Z ^ Z WHX
c-^�c
��\idfg<X�c-Y de^�c-b�k Z
degCX�Y ~� %S z ~�;�S b�c'\ N�S�S

��X�Y [Hk=Z)Y�_�^�a7m;^�c"o�X�m;Z dfo�X',�b�m)WGcE[HgIn'X�a7X�>"[-b�k�Y%Z ^
0.6

b�a X2Y/W-^�s!c(decFY X�>"[HX�c'm;X ~�~ q}V7WHX'�-a)Y�Z7_�a)b�gCX2Y/WH^�s�YlZ W-X,r'^�s
b�Z%cH^�c
��\idegCX�c-Y/df^�c'b�kiZ
degCXpX�>"[-b�k�Y}Z
^
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q1��X�a XpZ WHX�Z�s%^�� \idfgCX�c-Y df^�c-b�k-\id�Y�Z
[Ha n'b�c-m�X�Y.X�hHm;deZ X�\CnE]<Z W-X�_�[Hc-\-b�gCX�c"Z
b�k-gC^i\iX

d�YIcH^�ZCX�oEd�\iX�c"Z�q���Z:Z
WHX@Y
b�gCXDZ
degCX�z.d=ZCm�b�c n'X@^�n'Y/X�a o�X�\Adec Z WHX@Y/X�>"[HX�c-m�XG^�_
Mc = 0.4

Z W-b�ZIZ
WHX(r-^�s u-a X�Y/X�c�Z)Y:b
Y dfc"['Y/^�df\Hb�k'u'b�Z/Z
X�a
c`q1��cT^�a
\HX�a�s%^�a
\HY�zEb�Z�Z WHd�Y7Y�Z)b�j�XpZ WHX�\id�Y/Z [Ha
n-b�c'm;X,b�Z

Mc = 0.4
j�a
^�s�Y}_#b�Y�Z
X�a%Z W-b�c(Z W-X2\HdfY/Z [Ha
n-b�c-m;X

b�Z
Mc = 0.6

q7Cla ^im;X�X�\idfcHjAs!d=Z
W Z
WHdfYDb�c-b�kf]iY/d�Y:b�Z
Mc = 0.6

z.d=ZDm�b�c n3XF^�n-Y X�a
o�X�\ dec1Z WHXFY X�m;^�c-\|_�a)b�gCXGZ W-b�Z<Z
WHX
_�[-c-\Hb�gCX�c�Z)b�k gC^i\iX2j�a
^�s�Y.n3X�m�^�gCdec-j<gC^�a X�m;kfX�b�a�_�^�a�c-^�c
��\idfg<X�c-Y de^�c-b�k'Z dfgCX�X�>"[-b�k�YlZ ^
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q}V7WHX�cHX�h"Z7_�a)b�gCX�uHa X�Y/X�c"Z
Y

Z
WHXwY/Z a
[-m8Z
[Ha X�Y�^�_+m�^�� a ^�Z
b�Z dfcHj:o�^�a Z d�m;X�Y%n3X;_�^�a
X�b:gCX�a j�X�a!b�Z7Z dfgCX�b�n3^�[iZ
85

q�V7W-X�u-a X�o"df^�['Y%a
X�Y [HkeZ
Y7b�Z
Mc = 0.4

Y/W-^�s
Z
WHX�Y b�gCX,uHW-X�cH^�g<X�cH^�cTb�Z�b�c(X�b�a
kedfX�a%Z dfgCX2^�_
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q #6b�Z
X�a%Z WHX2\id�Y�Z
[Ha
n-b�c-m�X,X�hHm;deZ X�\GnE]CZ WHX�Y [HnHW-b�a gC^�c-dfmpu'X�a/Z
[Ha n'b�Z df^�c

n3X�m�^�gCX!X�oEd�\iX�c"Z.kfX�b�\idec-j2Z ^2Z W-X!u-b�dfa dfcHj2s!WHd�m)WC^Em�m;[Ha)Y}b�Z}Z
degCX�^�_
117

q=��Z
Mc = 0.4

Z WHX�Y
b�gCX!uHW-X�cH^�g<X�cH^�c<^im�m�[Ha a
X�\
b�ZCb�Z dfgCXF^�_,b�n'^�[iZ
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q7�!m�m;^�a)\idfcHjvZ
^�Z
WHX�Y XFY�Z
[-\idfX�Y<s%XFm�b�c1m�^�c-m�ke[-\HXGZ
W-b�Z<Z WHX b�g<u-ked
�'m�b�Z df^�c a)b�Z
XTd�YCY�Z
a ^�cHj�kf]

a
X�\H[-m;X�\@b�Y�Z WHX�m�^�cEo�X�m8Z dfo�XO,vb�m)WTcE[HgIn'X�a�dfY7dfc-m�a X�b�Y X�\ q

V7W-dfYIb�c-b�ke]iY dfY�s7b�YwX;hEZ X�c-\iX�\AZ
^ Z W-XTm�b�Y/XD^�_�bvm;^�c"o�X�m;Z dfo�X?,vb�m)WAcE[HgIn'X�a:^�_
0.8

s!W-X�a
X(m;^�gCuHa
X�Y
Y denHdfkfd=Z�]yX/	 X�m8Z)Y
n3X�m�^�gCX:dfgCu'^�a/Z)b�c"Z�z b�Y,Y WH^�s!c dfc �-j�[-a X ~�N qG��cvdfc"Z X�a X�Y�Z
decHjTn'X�W-b
oEde^�a,m�b�c n3XI^�n-Y/X�a o�X�\@dfcvZ W-dfY�Y/X�>"[HX�c-m�X�qOX+dea)Y�Z�s%X
m�b�c(Y X�X�cCZ W-b�Z.Z WHXpj�a
^�s7Z WCa
b�Z X!^�_3Z�s�^���\idfgCX�c-Y de^�c-b�kis7b
o�X�Y�dfY%Y�Z
a ^�cHj�kf]wa
X�\i['m;X�\Cs!deZ WCZ
WHXpm�^�cEo�X�m8Z dfo�X�,vb�m)WDcE[Hg:n3X�a.d�Y
dfc-m�a X�b�Y X�\ qR�!m�m;^�a)\idfcHj<Z ^CZ
WHdfYpY/X�>�[-X�c-m�X�s�Xwm�b�cFa X�b�kfd
��X,Z
W-b�Z!Z
WHX2_�[Hc-\-b�gCX�c"Z
b�k`gC^i\iX�j�a
^�s�Y7b�c-\Fb�a
X�\id�Y/uHk�b
]�X�\Gs!deZ W
gC^�a X�m;kfX�b�a�b�Z�cH^�c
��\idfgCX�c-Y de^�c-b�k'Z dfgCXp^�_

115
q�V7WHd�Y7\iX�k�b
]Cm;^�a
a
X�Y u'^�c-\Db

52%
^�_`Z dfgCX�Z
W-b�Z7^im�m;[-a
Y.Z WHX2Y b�gCXpn3X�W-b
oEdf^�a

b�Z<m�^�cEo�X�m8Z dfo�X?,�b�m)W|cE[Hg:n3X�a<^�_
0.4

q �,c-m;XGb�j�b�dec Z
WHXTb�g<u-ked
�'m�b�Z df^�c|a)b�Z
X(s�b�Ywa
X�\i['m;X�\ b�Z:WHdfj�W1m;^�cEo�X�m8Z
deo�X?,vb�m)W
cE[HgIn'X�a
Y7dfc b�m�m;^�a)\Hb�c-m;X,s!d=Z
WTZ
WHX�^�a ]�q ��cH^�Z WHX�a�b�Y u'X�m8Z�m�b�cTn3X�b�c-b�ke]4��X�\(_�^�a�Z WHd�Y�Y degI[Hkfb�Z df^�c`q}V7WHX2uHkf^�Z)Y7^�_�o�^�a/Z
dfm�d=Z�]
Y WH^�s bCm�keX�b�a7m)W-b�cHj�X,dfcFY�Z
a [-m;Z [Ha
X2b�Y%Z WHX�m�^�cEo�X�m8Z dfo�XG,vb�m)WTcE[Hg:n3X�a7d�Y7a
b�dfY X�\ q�V7WHX2o�^�a/Z
dfm�X�Y%n'X�m;^�g<X2o�X�a
]<X�ke^�cHj�b�Z X�\
dfc Z
WHXFY�Z
a X�b�g:s!d�Y XG\idfa X�m8Z df^�c1b�Z<m�^�cEo�X�m8Z
deo�X6,vb�m)W c"[-g:n3X�a<^�_

0.8
q � u-W"]iY dfm�b�k�X;hiuHk�b�c-b�Z df^�c|^�_!Z WHXFY/W'b�u3XTm)W-b�cHj�X

s!dfkfk`cH^�s n3X�Y/[Hj�j�X�Y�Z
X�\ q �tr-[Hd�\GX�keX�gCX�c"Zpb�uHu-a ^"b�m)WHdfcHj�Z
WHX�Y�Z
a [-m;Z [Ha
X�_�a ^�g Z WHX�[-uHu'X�a!keX�_�ZH� W-b�c'\4� Y d�\iX,X�hiu'X�a dfX�c-m�X�Y!b�c
X�hiu-b�c-\HdecHj(r-^�s�z3b�c-\ bDa
X�\i['m8Z df^�c dfcvo�^�a Z d�m;deZ�]�zH[Hc"Z
dek+d=Z�dfY,b�kf^�cHj"Y/d�\iX�Z
WHXwo�^�a Z X;h q!V7WHX�c Z WHXIX�kfX�gCX�c"Zpd�Y�Y/[HnH{�X�m8ZpZ ^Tb
m�^�gCuHa
X�Y
Y/df^�c6z's!deZ WAb�cyb�Y Y ^im;d�b�Z
X�\Fdfc-m;a
X�b�Y/XIdecyo�^�a Z d�m;deZ�]Fb�Y,d=Z�b�uHu-a ^"b�m)WHX�Y7Z WHXIZ a)b�dfkfdecHjTX�\ij�XI^�_}Z WHX<o�^�a/Z
X;h z b�c-\vZ WHX
Y/Z
b�j�c-b�Z df^�cFa
X�j�df^�cFn3X�WHdfc-\ qQ� Y/dfgCdek�b�a,uHa ^im�X�Y
Y!b!	 X�m8Z)Y!r-[-df\ X�keX�gCX�c"Z
Y,b�uHuHa
^�b�m)WHdfcHj:_�a
^�g Z W-X:kf^�s%X�a!a dfj�W"ZH� W-b�c-\4��Y/d�\iX�q
V7W-X�^�o�X�a)b�kfk-X�	3X�m8Z7dfY%Z W'b�Z!o�^�a/Z
dfm�d=Z�]Db�n3^�o�X�b�c-\Gn'X�ke^�s Z
WHX2o�^�a/Z
X;hDdfY�a
X�\i['m;X�\`zEb�c-\(o�^�a Z d�m;deZ�]CdecG_�a ^�c�Z!b�c'\(n3X�WHdfc-\GZ WHX
o�^�a Z X�h<d�Yldfc-m�a X�b�Y X�\ z�keX�b�\idfcHj�Z
^IbwY/Z a
[-m8Z
[Ha
X�X�kf^�cHj"b�Z
X�\CdfcDZ WHX�Y�Z
a X�b�gIs!dfY X�\idfa X�m8Z df^�c6q�V7W-XpX�kf^�c-j�b�Z
X�\<o�^�a/Z
X;hD\i^EX�YlcH^�Z
s!a)b�u b�c"]TcHX�str-[Hd�\ b�a
^�[-c-\TZ WHX:Y/Z a
[-m;Z [Ha
X�z-b�c-\@d=Z�m�b�c-cH^�Z!Z
WHX�c n3XwX�c-j�[Hke_�X�\Fb�c'\Fg<dehiX�\ z3b�c-\TZ
WHX�a
X�dfYp^�cHkf]Gj�a ^�s7Z
W
nE](oEd�Y m�^�[-Y�\id
	3['Y/df^�c`q.V7W-X2m�dea)m;[-kfb�a%o�^�a Z X;hDs!a)b�u-Y%r-[-df\G_�a ^�g Z WHX�_�a
X�X�Y/Z a
X�b�gDY�b�a
^�[Hc'\(deZ
Y X�ke_�zHb�c-\Tj�a
^�s�Y%Y/Z a
^�c-j�kf]�q=� _
s�X:b�Y Y [HgCXwbCgC^�cH^�Z ^�c-dfm�Z
a X�c-\@s%XwY X�X�Z
W-b�Z!Z
WHXwX�	3X�m8Z,^�_�b�cFX�kf^�cHj"b�Z X�\@o�^�a Z X�hGd�Y!Z ^Da
X�\H[-m;X2Z
WHXwj�a
^�s7Z W@a)b�Z X�^�_�Z WHX
Y WHX�b�a!k�b
]�X�a�q

� ¸�¹1¶6¾4±Xñ#U/¿
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��c1Z W-dfYCs�^�a
x Z WHXFcE[HgCX�a
d�m�b�k�Y dfg:[Hk�b�Z
de^�c ^�_2bym�^�gCuHa
X�Y
Y/dfnHkfXG_�a
X�X Y WHX�b�aCkfb
]�X�a<s�b�YIu3X�a _�^�a
gCX�\ q V7WHXFj�^�o�X�a
cHdfcHj
X�>"[-b�Z
de^�c-Y<s%X�a XGZ WHXFm;^�g<u-a X�Y Y den-keX �pb
oEdeX�aH� 5 Z
^�x�X�YwX�>�['b�Z df^�c'Y�q9�

6th
^�a)\iX�a<m�^�gCu-b�m;Z��'cHd=Z
X/��\id
	3X�a X�c-m;XFY m)W-X�gCXGs7b�Y

['Y/X�\ _�^�aC\HdfY
m;a
X;Z
d
��decHj�Z WHX Y u-b�Z
dfb�k!\iX�a
deo�b�Z dfo�X�Y�q7��c ^�a
\HX�aIZ ^ a X�gC^�o�XGbAY/W-^�a Z<kfX�cHj�Z W Y m�b�kfX�Y�zlb
4th

^�a
\HX�aCm;^�gCu-b�m8Z
�'k=Z
X�a:s7b�YwdegCuHkfX�gCX�c"Z
X�\ qFV7WHX(gCX;Z
WH^i\|b�\i^�uiZ X�\As�b�Y2Z dfgCXGb�m�m;[Ha)b�Z
X�z6['Y/dfcHjvb

4th
^�a)\iX�a���[HcHj�X��)�2[HZ/Z
bFY
m)WHX�gCX�q �

_�a
X�X�� Y kfdeuyn'^�[Hc-\Hb�a ] m;^�c-\ideZ df^�cys�b�Yp[-Y X�\�decy]�� \idfa
X�m8Z
de^�c`q��pY�s�X�kfk�b�Y,bTX;hiu3^�cHX�c"Z d�b�k�\iX�m�b
]Fm�^�c-\Hd=Z
de^�c�dfc�]�� \Hdea
X�m;Z df^�c`q
C�X�a df^i\idfm<n3^�[Hc'\Hb�a
] m;^�c'\id=Z
de^�cys7b�Y,dfg<u-keX�g<X�c"Z X�\ydfc�h4��\idea
X�m;Z df^�c`q�#6b�Y/Z kf]�z Z
WHX�Y XCY/dfg:[Hk�b�Z
de^�c-Y�s%X�a XCm�b�a a
dfX�\ ^�[iZ�^�cAb

~�;



X+dfj�[Ha
X ~�S �,V7WHXCkedfcHX�b�a�b�c-\vc-^�cHkfdec-X�b�a�Z�s�^���\idfg<X�c-Y de^�c-b�k�X�o�^�ke[HZ df^�c�^�_%\id�Y�Z
[Ha
n-b�c-m�X<m�^�gCu3^�Y X�\ ^�_%bT\H^�gCdec'b�c"Z�gC^i\iX
b�c-\(bwY [HnHW'b�a
g<^�cHd�m!gC^E\HX,b�Z7m;^�c"o�X�m;Z dfo�XQ,vb�m)WDc"[-g:n3X�a�X�>"[-b�k�Y}Z
^

0.4
q1� cH^�c
� [HcHde_�^�a
g j�a d�\Cdfc(]�� \idfa
X�m8Z
de^�cDs�b�Y}[-Y X�\

dfcFZ W-X�Y XwY/dfg:[Hk�b�Z
de^�c-Y�qlV7WHX2_�a)b�gCX�Y!u-a X�Y/X�c�Z
X�\@m;^�a a
X�Y u'^�c-\GZ ^CZ W-X�cH^�c
��\idfgCX�c-Y de^�c-b�k`Z dfg<X�Y ��S z ;�; z +�S z +%; z �!S z *�S z �%S z
~�S�S z ~�S%; z ~�~�S b�c'\ ~�+%; q

c-^�c
� [HcHde_�^�a
g j�a
d�\ q}V7WHdfY�Z
X�m)WHc-d&>"[HX2s7b�Y�[iZ dfkfd
��X�\TZ ^Ca
X�gC^�o�X�Y/^�[Hc-\Ts�b
o�X�Y%uHa ^i\i['m;X�\TnE]DZ W-X�u'b�dfa dfcHjIZ W-b�Z�^Em�m;[Ha)Y7\i[HX
bFY X�m�^�c-\Hb�a ] dfc-Y/Z
b�nHdekfdeZ�]�qDV7WHX�Y XCs�b
o�X�Y2m�b�cyu-a ^�u-b�j"b�Z XIdec cH^�a gDb�k�\Hdea
X�m;Z df^�cy_�^�a
s�b�a
\HYp_�a
X�XDY�Z
a X�b�g n3^�[-c-\Hb�a
dfX�Y2b�c-\
gCdfj�W"Z�n3X�a X�r-X�m;Z X�\Tn-b�m)xGm;^�c�Z)b�gCdfc-b�Z
decHjIZ W-X�c"[-g<X�a d�m�b�k`Y/^�ke[HZ df^�c`q

V7W-XCm�^�gCuHa
X�Y
Y/dfnHkfXIY WHX�b�a2kfb
]�X�a,r-^�s s7b�Y2Y/dfg:[-kfb�Z X�\�j�dfoEdecHjFY ^�gCXIdfc"Z X�a X�Y�Z
decHj@a
X�Y [Hk=Z)Y�q���c�Z
WHXCkedfcHX�b�a2a X�j�dfgCXIs7b�Y
u3^�Y
Y denHkfXwZ
^T^�niZ
b�decvb�cvj�^E^i\vb�g<u-ked
�'m�b�Z df^�cva)b�Z
Xws!deZ WvZ
WHX<[-Y/XI^�_lY/Z a
X;Z)m)WHdec-jGdfcv]�� \idfa
X�m8Z
de^�c`q,V7W-dfY,cH^�c(� [Hc-d=_�^�a g j�a
d�\
b�kekf^�s�Y7_�^�a,bDWHdfj�W�a X�Y/^�ke[iZ
de^�cFdec Z
WHXwdfc"Z X�a
df^�ap^�_�Z WHX<\i^�gDb�dfc`q�V7WHX:j�a
^�s7Z WFa
b�Z X�_�^�ap[Hc-d=_�^�a g b�c-\vcH^�c
� [HcHde_�^�a
g j�a d�\HY
s7b�Y�b�c'b�kf]���X�\Db�c-\CZ W-X,m�b�Y/X�Y.s!deZ W@b�j�a
df\GY�Z
a X�Z
m)WHdfcHj:Y WH^�s Z WHX�n3X�Y/Z%a
X�Y [Hk=Z)Y�q �pkfY ^-z�Z WHX,X/	 X�m;Z�^�_ Z WHX2m;^�c"o�X�m;Z dfo�XQ,vb�m)W
cE[HgIn'X�a�^�c�Z WHXCj�a
^�s7Z Wya
b�Z X<^�_.Z�s�^���\idfgCX�c-Y de^�c-b�k�\id�Y�Z
[Ha
n-b�c-m�X�Y�s7b�Y2b�c-b�ke]iY dfY�q:V7WHX<a
X�Y [Hk=Z)Y2m;^�c(�-a g b@a
X�\i['m8Z df^�cydec
Z
WHX�j�a
^�s7Z W@a)b�Z X,_�^�a!W-dej�WFm�^�cEo�X�m8Z
deo�XG,vb�m)WTcE[HgIn'X�a
Y!b�Y!b�k�Y/^<uHa
X�\id�m8Z
X�\@kfdecHX�b�a�Z W-X�^�a
]GY/Z
b�nHdekfdeZ�]�q

X-^�alY dfg:[Hk�b�Z
de^�c-Y�decCZ
WHX�cH^�c
� kedfcHX�b�a}a X�j�dfgCX7Z WHX!a
X�Y [HkeZ
Y}s�X�a
X!o�X�a ]wdfc"Z X�a X�Y�Z
decHjwb�c-\<d=Z%s�b�Y�u'^"Y Y den-keX!a
X�uHa
^i\i[-m�X�Y/^�g<X

~�+



X+dfj�[Ha
X ~�~ ��V7WHX<kfdecHX�b�a2b�c-\vcH^�cHkfdfcHX�b�apZ�s�^���\idfg<X�c-Y de^�c-b�k�X�o�^�ke[HZ df^�cv^�_l\idfY/Z [-a n-b�c-m;X<m;^�g<u3^�Y X�\v^�_%bT\i^�gCdfc-b�c"Z�b�c-\�b
Y [HnHW'b�a
g<^�cHd�mIgC^i\iXDb�Z:m�^�cEo�X�m8Z
deo�X�,vb�m)W�cE[HgIn'X�awX�>"[-b�kfY,Z ^

0.6
q�� cH^�c
� [HcHde_�^�a
g j�a
df\ydfcA]���\idfa X�m8Z df^�cys�b�Y2[-Y X�\ydec

Z
WHX�Y X�Y/dfg:[-kfb�Z df^�c-Y�q+V7W-X,_�a)b�gCX�YluHa
X�Y X�c"Z
X�\Gm�^�a
a X�Y/u3^�c'\<Z ^IZ WHX2cH^�c
� \HdegCX�c'Y/df^�c-b�k-Z
degCX�Y ;%; z �!� z *%; z ~�~�S z ~�~!� b�c-\ ~ N�* q

X+dfj�[Ha
X ~�N �G#`dfcHX�b�a�b�c-\ycH^�c-kedfcHX�b�apZ�s�^���\idfgCX�c-Y de^�c-b�k+X�o�^�kf[iZ df^�cy^�_%\HdfY/Z [Ha
n-b�c-m;X�Y�m�^�gCu3^�Y X�\v^�_%bT_�[Hc-\Hb�gCX�c"Z
b�k+gC^i\iX
b�c-\@b<Y [HnHW'b�a
g<^�cHd�mpgC^i\iX�b�Z�m;^�cEo�X�m;Z dfo�XO,vb�m)WTcE[Hg:n3X�a!X�>�['b�k

0.8
q � cH^�c(� [Hc-d=_�^�a g j�a d�\(dfcF]%��\idfa X�m8Z
de^�cGs7b�Y�[-Y X�\Tdec

Z
WHX�Y XDY/dfg:[-kfb�Z df^�c-Y�q:V7WHX<_�a)b�gCX�Y�uHa
X�Y X�c"Z X�\�m�^�a
a X�Y/u3^�c-\ Z ^TZ WHXCcH^�c
� \HdegCX�c'Y/df^�c-b�k+Z dfg<X�Y ��S z ~�~�; z ~�N�; z ~���� z ~�+�S b�c-\
~!�!S q

dfgCu'^�a/Z)b�c"Z2uHWE]EY d�m�b�k�uHW-X�cH^�g<X�c-bHq"X+dfa
Y/Z�z Z
WHXCX/	 X�m;Z
Y2^�_lZ WHXCj�a
d�\vY�Z
a X�Z
m)WHdfcHj@s�b�Y,b�c-b�kf]4��X�\ qwV6X�Y�Z2s7b�Y�u'X�a/_�^�a gCX�\FZ ^
o�X�a
d=_�]@Z
WHX:X��Dm�deX�c-m;]F^�_�j�a d�\vY/Z a
X;Z)m)WHdec-j(decy\Hb�gCuHdfcHjGb�Z,[Hc-\HX�Y dea)b�nHkfX:Y ^�[Hc'\ s�b
o�X�Y!u-a ^i\i[-m�X�\FnE]@Z WHX<Y/W-X�b�a'��^�cHX�qQ��c
Z
WHd�Y:b�c'b�kf]EY d�Y2s%XD^�n-Y/X�a o�X�\�Z W-b�ZwZ W-X�Y XDs�b
o�X�Y2s�X�a
XCY/Z a
^�c-j�kf]va X�\i[-m�X�\Adec Z
WHXG\idfa
X�m8Z
de^�c�Z
^�s�b�a
\-Y�Z WHX(n3^�[-c-\Hb�a
dfX�Y�z6de_
j�a d�\@Y�Z
a X�Z
m)WHdfcHjCs�b�Y!b�uHu-kedfX�\ q

X-^�kfke^�s!dfcHj:Z WHX�X�o�^�kf[iZ df^�cT^�_�\id�Y/Z [Ha
n-b�c'm;X�Y�m;^�gCu'^"Y/X�\D^�_�b<\i^�g<dfc-b�c�Z7gC^i\iX,s�X�a
Xpu-a X�Y/X�c�Z
X�\ q1��cGZ WHX�Y/X2Y/dfg:[-kfb�Z df^�c-Y

~ �



Z
WHX(Z�s�^���\idfgCX�c-Y de^�c-b�k.\HdfY/Z [Ha
n-b�c-m;X�Y:Y WH^�s b�Y/dfcE[-Y/^�df\-b�k.u-b�Z/Z
X�a
c b�c-\|Y/Z a
[-m8Z
[Ha
X(^�_!o�^�a/Z
dfm�X�Y2_�^�a gCdfcHj [Hc"Z dfk%Z WHXTkedfgCd=Z
m�]im;kfXD^�Y
m;dfkek�b�Z
de^�c`q?#6b�Y�Z
ke]yd=Zws7b�Y2dfc"Z a
^E\H[-m;X�\Ab Y [HnHW'b�a
g<^�cHd�mIgC^i\iX�z�b�c'\�Z
WHd�Yws7b
]�z`deZ:s7b�Y2u3^�Y
Y/dfnHkfXIZ
^ a X�uHa
^E\H[-m;X�\
Z
WHXIY X�m�^�c-\-b�a
](dec'Y�Z)b�nHdfkedeZ�]�q:��cFZ W-dfY,m�b�Y X�z3bCu-b�dfa
decHjD^im�m;[Ha)Y!n3X;Z�s�X�X�c@Z
WHXwZ�s�^Do�^�a/Z
dfm�X�Y!b�c'\T^�cHXwk�b�a
j�X2o�^�a/Z
dfm�X�a X�Y/[-k=Z)Y�q
X-a ^�g Z
WHX�Y X!a X�Y/[-k=Z)Y�d=Zls7b�Y�u3^�Y
Y denHkfX7Z ^2o�X�a
d=_�]:Z WHX!X�	3X�m8Zl^�_'Z
WHX�m;^�c"o�X�m;Z dfo�X8,vb�m)WCcE[Hg:n3X�a}^�c<Z WHXpb�gCuHked
�'m�b�Z df^�c<a)b�Z X7^�_
Z�s�^���\idfgCX�c-Y de^�c-b�k3s7b
o�X�Y�q�V7WHX�Y X2a X�Y/[HkeZ
Y7m�^�c
�-a
g Z W'b�Z7Z WHX�j�a ^�s7Z
W(a)b�Z X�s�X�a
X�Y/Z a
^�cHj�ke]Ca
X�\i['m;X�\@b�Y%Z
WHX�,vb�m)W@cE[Hg:n3X�a
s7b�Y2dfc-m�a X�b�Y X�\ q(V7WHd�Y�n3X�W-b
oEdf^�a�d�Y2dec b�j�a
X�X�g<X�c"Z�s!deZ W|^�Z WHX�awY�Z
[-\idfX�Y�^�_�WE]i\ia
^E\H]"c'b�gCdfm<dfc-Y/Z
b�n-dekfd=Z�]�dec m�^�gCuHa
X�Y
Y/dfnHkfX
Y WHX�b�a!k�b
]�X�a)Y�b�c-\TZ W-Xwb�[iZ
WH^�a)Y�^�_+Z WHd�Y!s�^�a
x(m;^�c'm;kf[-\iX�\GZ W'b�Z!Z W-X�a X�Y/[HkeZ
Y�_�^�a�b�kfk`m�b�Y/X�Y7s%X�a X�o�X�a ](j�^E^E\`q

� ¸`·�±��V¾/¶���ñí¼Lµ �6½�¼L¾ Ü ¿

V7W-XI�-c-b�c'm;d�b�k.Y [HuHu3^�a Z�_�a
^�g X
�QCR� 5 C A 5 Z)b�Z
XD^�_ 5�� ^$C}b�[Hkf^ �!X�Y X�b�a
m)W 5 [HuHu3^�a Z�XH^�[Hc-\Hb�Z df^�c F�� ^�a)b�c"Z�cE[Hg:n3X�a
S�N
	�S��%N%;�+ � � d�Y!j�a
X�b�Z kf](b�m)xEcH^�s!kfX�\ij�X�\ q
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�pc-\iX�a
Y ^�c`zQ_IqY�:qez�V+b�c-cHX�WHdfkfk0z��'q8K,qfz�b�c-\ C.kfX;Z)m)WHX�a�zQ��q:�wqfz ~��%*� z�
 K%^�gCuH[iZ
b�Z df^�c-b�k�X+ke[-df\HY , X�m)W-b�cHd�m�YGb�c-\V��X�b�Z
V�a
b�ci_�X�a���z
��X�g<d�Y uHWHX�a
XOC.[HnHkfd�Y/WHdfcHj@K%^�a u3^�a)b�Z
de^�c`q

��X�a c-b�k0z #.q3b�c-\$�!^"Y/WHx�^-z �:qez ~��%*�+ z 5 Z a
X�b�g:s!d�Y/X2o�^�a Z X;hFY�Z
a ['m8Z [-a X�dfc uHk�b�cHXwgCdehidecHj'z�
��-q X+ke[Hd�\ , X�m)W`q ��z��}^�k q ~!�!S z-uHu`q
 4N����(;�N%; q

��dfa
m)W6z 5 qMX�q6b�c-\E�lj�j�X�a
Y�z��'q ,|qfz ~��4�!� z � m;a
d=Z
dfm�b�k}a
X�oEdeX�s ^�_lZ W-XDX;hiu'X�a dfgCX�c"Z
b�k.\Hb�Z)bT_�^�aw\iX�o�X�kf^�u3X�\�_�a
X�X<Z [Ha
nH[HkfX�c"Z
Y WHX�b�a7kfb
]�X�a)Y�qfz�
 �'� 5 � 5 C���z��}^�k q �%NH~ ziuHu`q ~�~��4 %S q

��kf[HgCX�c`z Z qez _,a
b���dfc`z(C�q ^<qfz'b�c-\ ��dekfkedfcHj"Y�z _Iq X�qfz ~�����; z 5 WHX�b�a�#�b
]�X�a7dfc-Y/Z
b�n-dekfd=Z�]@^�_}b�cFdfcEo"d�Y
m;d�\@m�^�gCuHa
X�Y
Y/dfnHkfX2r-[Hd�\ q
C}b�a Z N z�
��-q(X+kf[Hd�\ ,vX�m)W`q ��z��}^�k q �E~ ziuHu`q �%S%;��
�H~�+ q

��^�j�X�]�z1K,qfz=�7b�dekfke]�z K,qfz�b�c-\���[Ho�X�z _Iqez N�S%S�S z ��[-g<X�a d�m�b�k 5 dfg:[Hk�b�Z
de^�c ^�_ 5 ^�[-c-\7^�X�cHX�a
b�Z X�\AnE]��}^�a/Z
X;h�C�b�dea
dfcHj dec b
, dehidec-jI#�b
]�X�a�qfz�
H���[������^�[Ha
c-b�k���z��}^�k q ��* ziuHu`q N%Ni~�S �
N%Ni~�* q

��a
^�s!c`z=^<q=#.q+b�c-\ �!^"Y/WHx�^-z=�wqfz ~����! z �,c|\iX�c-Y/deZ�]�� 	3X�m8Z)Y:b�c'\�#�b�a
j�X 5 Z
a [-m;Z [Ha
X(dfc V6[-a nH[-keX�c�Z�,vd=hidfcHjE#6b
]�X�a�z�
��-q
X+kf[Hdf\$, X�m)W`q ��z��}^�k q +� ziu-u`q ����;��
*H~�+ q

K�b�cE[iZ ^'z K,qez �p[-Y
Y b�decHd z(,|q�!<qez#",[-b�a Z X�a ^�cHd0z
�:qez-b�c-\%$ b�cHj'zHV2q �wqfz ~���*�� z�
 5 u3X�m;Z a)b�k , X�Z WH^i\HY!dfc X+ke[Hd�\$_p]Ec-b�gCdfm�Y&��q
K%^�kek�b�Z ��z(#lqez ~���+%+ z�
/V7W-X�cE[HgCX�a d�m�b�k Z a
X�b�Z
gCX�c"Z!^�_}\id<	 X�a
X�c"Z
dfb�k X�>"[-b�Z
de^�c-Y'��z 5 uHa dfcHj�X�a��(�}X�a k�b�j'z �pX�s)!.^�a
x3q
K%^�ke^�cHdf[-Y�zHV2qfz #6X�kfX�z 5 q �CqezHb�c-\ C+qfz ,|qfz ~������ z 5 ^�[Hc'\Tj�X�cHX�a
b�Z df^�cTdec bCgCd=hidfcHjCkfb
]�X�a�z�
��'q(X+ke[Hd�\ , X�m)W`q ��z��}^�k0q ����S zEuHu`q

�4��;��4 %S%� q
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