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/0G0L� /Gz�, z2 J2x-Nz,J2L -0GN J2 'K0+0L-zFFN+�
-�� %NF0+N $N2,J2L z2P DB$� B2 2N( z//GJxz+J02
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F*G+J�,xzGN +0/0G0LJxzG Pz+z F0PNG, z-N 2NNPNP�
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-N,N2+z+J02 [z+zyz,N, �>%[]�� #0/0G0LJxzG
Pz+z ,+-*x+*-N, z2P 0/N-z+J02, z-N /-N,N2+NP J2
PN+zJG� #KN F0PNG xz2 yN *,NP z, z Pz+z J2+NL-z�
+J02 /Gz+M0-F M0- w[ z2P v[ +0/0G0L�� z, (NGG
z, M0- +KN -N/-N,N2+z+J02 z2P Fz2zLNFN2+ 0M +0�
/0G0L� J2 z F*G+J�-N,0G*+J02 DB$� ^2 z//GJxz+J02
N�zF/GN� Fz2zLNFN2+ 0M +0/0G0L� J2 z F*G+J�
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K0MN- �pqp� ZLN2K0MN- N+ zG� �pqp� 'JL0+
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FN2,J02zG Fz2JM0GP, �P�\'>� Kz)N yNN2
PN,x-JyNP +0 -N/-N,N2+ +KN +0/0G0L� 0M z2
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�ppv�� ]z,NP 02 zGLNy-zJx +0/0G0L�� +KN�
/-0)JPN z LN2N-zG� GN,, -JLJP M-zFN(0-H +Kz2
F0-N ,/NxJXx +0/0G0LJxzG -N/-N,N2+z+J02,
,*xK z, ,JF/GJxJzG x0F/GN�N,� #KN +0/0G0L�
0M P�\'> xz2 yN -N/-N,N2+NP y� P�PJFN2�
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+J02, J2 z F*G+J�-N/-N,N2+z+J02 Pz+zyz,N�
E0- +KJ, /*-/0,N� (N*,N z +0/0G0LJxzGF0PNG
+Kz+ x02,J,+, 0M +KN M0GG0(J2L x02xN/+*zG
Gz�N-, �>zGGN+ w��w�o
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M*2x+J02zGJ+� J2 z2 0yINx+�-NGz+J02zG
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I� +KN 0/N2 J2+N-J0-, xH

J� x I P0
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"Gf�� � � � �Hg� �"I x

G
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B2 z P�PJFN2,J02zG xNGG*Gz- x0F/GN��
F*G+J/G� x022Nx+NP 0yINx+, xz220+ yN -N/-N�
,N2+NP z, ,J2LGN P�xNGG,o N� L�� z w[ -J2L� z
v[ -J2L �z 77P0*LK2*+11�� 0- J+, ,*-MzxN� z
+0-*,� #KJ, J, PJdN-N2+� N� L�� M-0F +KN ,/z+JzG
F0PNG, /-0)JPNP y� <-zxGN $/z+JzG ��D
�@z�z- N+ zG� w��q�� z2P B$<�p��r� (KJxK
zGG0(� N� L�� MzxN, z2P ,0GJP, (J+K K0GN, z,
yz,Jx NGNFN2+,� ]� *,J2L /z-+J+J02, 0M P�PJ�
FN2,J02zG Fz2JM0GP, z, PJ,x-N+N F0PNG 0M
+0/0G0L�� (N N2,*-N +Kz+ NzxK �P����xNGG J,
NJ+KN- /z-+ 0M +KN x0FF02 y0*2Pz-� xNGG 0M
z /zJ- 0M P�xNGG,� 0- J, /z-+ 0M +KN 0*+N-
y0*2Pz-� 0M +KN xNGG*Gz- x0F/GN��  N N��

xG*PN 77202�Fz2JM0GP11 x02XL*-z+J02, GJHN�
N� L�� #�,Kz/NP x02+zx+, 0M P�xNGG, �?N6 )�
�ppp�� >N,Lz-J �w���� /-0/0,N, z ,0G*+J02
M0- +KN F0PNGGJ2L 0M ,0FN 0M +KN,N ,J2L*Gz-�
J+JN,�

$/z+JzG 0yINx+, J2 z xNGG*Gz- /z-+J+J02� ^, JG�
G*,+-z+NP y� +KN zy0)N x0*2+N-�N�zF/GN,�
xN-+zJ2 ,/z+JzG 0yINx+, +Kz+ 0xx*- J2 /-zx+JxzG
z//GJxz+J02, xz220+ yN F0PNGGNP y� ,J2LGN
P�xNGG,� y*+ F*,+ yN -N/-N,N2+NP z, ,N+, 0M
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x022Nx+NP x0F/02N2+,�

[�D�>z/, z2P \NGG�#*/GN $+-*x+*-N,� \NGG*�
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(n0, e0, f0, s0,+)(n1, e0, f0, s0, -)

(n0,e0,f0,s1, -)

(n0, e1, f0, s0, -)

(n0,e0,f1,s0, -)

α3

α1

α2

Cells

ni – Node

ej – Edge

fk –Face

sl - Solid

Involutions

α0, α1, α2, α3

α0

EJL� tl D-w/K -N/-N,N2+w+J02 0M w2 0-JN2+NP s�D�>w/ D �Y� t�� � � � � tP� (J+K uNGG�+*/GN, w, Pw-+, w2P
tJ +-w2,J+J02,�

,N+ 0M yJINx+J02, tJ� Jf�� � � � � P GJ2HJ2L /zJ-,
0M Pz-+,� +Kz+ z-N J2)0G*+J02,� J� N�� +Kz+ )N-JM�
+KN x02PJ+J02,o

tJ�tJ����f� ���

z2P M0- zGG J� �` J> Jhw` I` P� �w�

tJ tI J, z2 J2)0G*+J02� J� N�� tJ�tI�tJ �tI������
f �� (KJxK JF/GJN, tI�tJ����f tJ�tI����� �v�

#KN D�>z/, z-N NFyNPPNP J2 w[ 0- v[
,/zxN y� z Fz//J2L +Kz+ +0 NzxK Pz-+ z,,0�
xJz+N, z *2J.*N x0FyJ2z+J02 0M z 20PN� z2
NPLN� z MzxN� z2P J2 v[ z ,0GJP�

B2 ]-J,,021, ��ppv� +N-FJ20G0L�� \NGG�
+*/GN $+-*x+*-N, x02,J,+ 0M z ,N+ 0M xNGG�+*/GN,
�20PN� NPLN� MzxN�� ,0GJP_� z++zxKNP +0 +KN
x0--N,/02PJ2L ,/z+JzG 0yINx+,� #KN xNGG�
+*/GN, z-N /zJ-(J,N GJ2HNP y� 77,(J+xKN,11 PN�
X2NP y� +KN N�xKz2LN 0M N�zx+G� 02N x0F�
/02N2+� z2P x0--N,/02PJ2L +0 ?JN2Kz-P+1,
J2)0G*+J02,o

t�o �2� N� M� ,�' �2!� N� M� ,��
t�o �2� N� M� ,�' �2� N!� M� ,��
two �2� N� M� ,�' �2� N� M !� ,��
tvo �2� N� M� ,�' �2� N� M� ,!� �u�

^ P�D�>z/ xz2 yN -N/-N,N2+NP z, z L-z/K
(J+K xNGG�+*/GN, z, 20PN,� z2P NPLN, PNX2NP
y� +KN J2)0G*+J02 0/N-z+J02, �xM� EJL� w��

<-JN2+z+J02�  N -N.*J-N zGG P�Fz2JM0GP, +0
yN 0-JN2+zyGN� z2P +KN x0--N,/02PJ2L D�
>z/, z2P \NGG�#*/GN $+-*x+*-N, +0 yN
0-JN2+NPo +KN ,N+ 0M Pz-+, � xNGG�+*/GN, xz2 yN
PJ)JPNP J2+0 +(0 /z-+, 0M N.*zG ,J�N xz--�J2L
0//0,J+N ,JL2� z2P NzxK tJ +-z2,J+J02 GJ2H, z

/zJ- 0M J+NF, 0M 0//0,J+N ,JL2�  KN-Nz,
?JN2Kz-P+1, PNX2J+J02 /N-FJ+, Pz-+, z+ +KN
y0*2Pz-� 0M z D�>z/� +Kz+ P0 20+ Kz)N z
x0*2+N-/z-+ M0- +KN tP +-z2,J+J02� ,*xK z ,J+*�
z+J02 J, N�xG*PNP J2 0*- F0PNG �'JL0+ �ppw��
#KN D�>z/, KN-N z-N M0-FzGG� x02,JPN-NP
z, *2y0*2PNP� y� J2+-0P*xJ2L z2 0*+,JPN
77*2J)N-,N11 +Kz+ J, 20+ z ,+z2Pz-P xNGG�

=z)JLz+J02 02 D�>z/,� #KN *,N 0M +KN D�
>z/ ,+-*x+*-N M0- +0/0G0LJxzG .*N-JN, z2P
0/N-z+J02,� J, ,*//0-+NP y� FN+K0P, M0- +KN
2z)JLz+J02 02 +KN D�>z/ L-z/K� z2P M0- +KN
-N+-JN)zG 0M ,0GJP,� MzxN,� NPLN, z2P 20PN,�
-N/-N,N2+NP y� )0G*FN xNGG,� ,*-MzxN
/z+xKN,� x*-)N, z2P /0J2+,�

z� ^GG 2z)JLz+J02 02 z D�>z/ -NGJN, 02 +KN
tJ +-z2,J+J02,� J� N�� +KN /z,,zLN M-0F 02N
xNGG�+*/GN +0 J+, 2NJLKy0*- y� +KN N��
xKz2LN 0M 02N xNGG 0M PJFN2,J02 J�

y� ^ ,N.*N2xN 0M xNGG�+*/GN, ,+z-+J2L (J+K
x+�� X2J,KJ2L (J+K x+= z2P GJ2HNP y� tJ
+-z2,J+J02, (J+K )z-�J2L J2PN� J PNX2N,
z /z+K 02 +KN D�>z/ L-z/K� 0- z G00/�
JM J+ J, xG0,NP�

'z+K, z2P G00/, z-N PN+N-FJ2NP y� +KN ,N�
.*N2xN 0M +-z2,J+J02, tJ

f
� � � tJ= 0- ,K0-+N- y�

+KN J2PJxN, J� � � � J=� z2P xz2 yN 20+NP
'z+KJ� � � � J=�x+�� z2P ?00/J� � � � J=�x+���

x� #KN ,*y,N+ 0M zGG xNGG�+*/GN, +Kz+ xz2 yN
-NzxKNP M-0F zLJ)N2 xNGG�+*/GN x+� y� z2�
x0FyJ2z+J02 0M +-z2,J+J02, tJ

f
� � � tJ

Z

J,
xzGGNP z2 0-yJ+ z2P J, 20+NP
<-yJ+J� � � � J=�x+��� #0 z)0JP zFyJL*J+JN,�
,0FN+JFN, +KN PJFN2,J02 0M +KN D�>z/
J, zG,0 20+NPo <-yJ+PJ� � � � J=�x+���

�on 'K0+0L-wFFN+-JN Y EN-2N-H*2P*2L Y DN0J2M0-Fw+J02 s�t��n



EJL� sl \ sY X*GN- 0/N-w+J02l ,/GJ++J2L w ,0GJP , J2+0 ,0GJP, ,� w2P ,� v� +KN J2,N-+J02 0M w tY MwuN
M� w2P +KN J2)N-,N FN-LN 0/N-w+J02� #KN G0uw+J02 0M +KN u02+wu+ vN+(NN2 +KN MwuN M w2P +KN v0*2Pw-�
0M +KN ,0GJP , J, PNMJ2NP v� +KN G00/ u�

\N-+zJ2 0-yJ+, PN,x-JyN G00/, 0M X�NP 0- )z-J�
zyGN GN2L+K� xN-+zJ2 G00/, z-N PNX2NP y� 0-�
yJ+,� y*+ J2 ,0FN xz,N, +KN xNGG�+*/GN, 0M z2
0-yJ+ Fz� 20+ yN z--z2LNP J2 z x02+J2**0,
G00/ �?N6 )� �ppp��

#-z2,M0-Fz+J02, 0M P�D�>z/,� #KN-N z-N
+(0 xGz,,N, 0M 0/N-z+J02,o +KN Z*GN- 0/N-�
z+J02, �>�2+�G� �pqq� +Kz+ /-N,N-)N +KN
0)N-zGG +0/0G0LJxzG /-0/N-+JN, 0M +KN xNGG*Gz-
x0F/GN� PN,x-JyNP y� +KN Z*GN- xKz-zx+N-J,�
+Jx � f 20� 0M 20PN, g 20� 0M NPLN, h 20�
0M MzxN, �g 20� 0M ,0GJP,_� z2P +KN 202�Z*GN-
0/N-z+J02,� #KN yz,Jx +0/0G0LJxzG 0/N-�
z+J02, x02,J,+ J2 +KN PJ)J,J02 0M H�PJFN2�
,J02zG xNGG, �H; �� y� +KN J2,N-+J02 0M Hg��
PJFN2,J02zG y0*2Pz-� xNGG,� +KN P*zG 0/N-�
z+J02, � P*/GJxz+J02 0M H�PJFN2,J02zG xNGG,
�H> P� y� J2,N-+J02 0M Hh��PJFN2,J02zG
x0y0*2Pz-� xNGG,� z2P +KN J2)N-,N FN-LJ2L
�-N,/� x0GGz/,J2L� 0/N-z+J02, y� +KN PNGN+J02
0M z y0*2Pz-� �x0y0*2Pz-�� xNGG �xM� EJL� v�
�#K0F,N23]-N*2JL w��r�� =0+N +Kz+ JM +KN
y0*2Pz-� 0- x0y0*2Pz-� xNGG +0 yN -NF0)NP
J, /z-+ 0M +KN 0*+N- y0*2Pz-� 0M z xNGG*Gz-
x0F/GN�� +KN PNGN+J02 0/N-z+J02 J, 20+ zG�
(z�, zPFJ,,JyGN�
]z,Jx 202�Z*GN- </N-z+J02, GJHN +KN x-N�

z+J02 0- PN,+-*x+J02 0M z2 J,0Gz+NP xNGG 0- 0M
z x022Nx+NP x0F/02N2+� 0- +KN 77,N(J2L11 0M
+(0 KJ+KN-+0 PJ,x022Nx+NP x0F/02N2+, J2+0
02N� z2P +KN J2)N-,N 0/N-z+J02� zdNx+ +KN
0)N-zGG +0/0G0LJxzG /-0/N-+JN, 0M +KN F0PNG�
]0+K +KN Z*GN- z2P 202�Z*GN- 0/N-z+J02,
z-N JF/GNFN2+NP *,J2L -NGz+J02zG Pz+zyz,N
0/N-z+J02, x0F/-J,NP J2 z +-z2,zx+J02� B2
,0FN 0M +KN,N /-0xNP*-N,� /z+K,� G00/, 0-
0-yJ+, z-N *,NP +0 JPN2+JM� z ,N.*N2xN 0M xNGG�
+*/GN, +0 yN */Pz+NP� N� L�� M0- +KN ,/GJ++J2L
0M z ,0GJP y� +KN J2+-0P*x+J02 0M z 2N( MzxN
zG02L z xG0,NP G00/ 02 +KN J2,JPN 0M +KN
y0*2Pz-� 0M +KN ,0GJP �xM� EJL� v��

r Z0F/w-J,02 (J+K <+KN-
#0/0G0LJuwG >0PNG,

<-PN-NP +0/0G0LJxzG F0PNG,� ?JN2Kz-P+
��pp�� x0F/z-N,D�>z/,(J+K PJdN-N2+ 770-�
PN-NP +0/0G0LJxzGF0PNG,11o N� L�� +KN (J2LNP�
NPLN �]z*FLz-+ �prt�� +KN -zPJzG�NPLN
� NJGN- �pqq�� +KN .*zP�NPLN �D*Jyz, 3
$+0GMJ �pqt� z2P +KN xNGG�+*/GN ,+-*x+*-N,�
CN x02xG*PN, +Kz+ 770-PN- F0PNG, z-N yz,NP
02 +KN ,zFN JPNz,� z2P � � � J+ J, /0,,JyGN +0
,K0( +Kz+ +KN,N F0PNG, z-N N.*J)zGN2+ �(J+K
-N,/Nx+ +0 PJFN2,J02 z2P 0-JN2+zyJGJ+��11�
\NGG�+*/GN ,+-*x+*-N, z-N N.*J)zGN2+ +0 D�
>z/, (J+K0*+ y0*2Pz-JN,� C0(N)N-� ,0FN
0M +KN 0+KN- F0PNG, /N-FJ+ 202�Fz2JM0GP
x02XL*-z+J02,� (KJxK F*,+ yN N�/GJxJ+G� N��
xG*PNP�

B$< �p��r z2P D>? v� &*zH 3 PN !-JN,
�w��t� x0F/z-N +KN (J2LNP�NPLN ,+-*x+*-N
+0 +KN B$< �p��r F0PNG �<'Z= DZ<�
$'^#B^? \<=$<%#B"> w��r� z2P x02�
xG*PN +Kz+ 77J+ J, /0,,JyGN +0 G0,,GN,,G� Fz/
+0 +KN B$<�p��r F0PNG z2P yzxH11� y*+ /-0�
/0,N +0 N�+N2P +KN B$<F0PNG +0 -NP*xN x0,+�
^ PN+zJGNP x0F/z-J,02 0M +KN /-0/0,NP

z//-0zxK +0 +KN F0PNGGJ2L 0M +0/0G0L� z2P
+KN B$< �p��r z2P D>? v F0PNG J, yN�02P
+KN ,x0/N 0M +KJ, z-+JxGN� +KN-NM0-N (N 02G�
FzHN ,0FN /-NGJFJ2z-� 0y,N-)z+J02,o #KN
B$< �p��r z2P D>? v F0PNG ,*//0-+
0-JN2+NP w[ z2P v[ +0/0G0LJxzG F0PNG,�
,/NxJM�J2L +0/0G0LJxzG x0F/GN�N, x02,J,+J2L
0M 20PN,� NPLN,� MzxN, z2P +0/0G0LJxzG ,0GJP,
z, /-JFJ+J)N,� z2P +KN x0--N,/02PJ2L PJ�
-Nx+NP /-JFJ+J)N, z, y*JGPJ2L NGNFN2+, M0-
�[� w[� z2P v[ +0/0G0LJxzG x0F/GN�N,� z,
(NGG z, M0- y0*2Pz-JN,� x0y0*2Pz-JN,� z2P
M0- 77+0/0G0LJxzG x0GGNx+J02,11� J� N�� +0/0G0LJ�
xzG x*-)N,� ,*-MzxN,� )0G*FN,� B2 zxx0-Pz2xN
(J+K +KN 0yINx+�0-JN2+NP z//-0zxK� -NGz+J02�

�om\2P-Nw, #K0F,N2 N+ wG�� \ D�>w/ [w,NP #00G



α1

α
3

α0

α2

Key Data

(n0,e2,f2,s0) …(n1, e0, f0, s0)

(n1,e1,f1,s1) …(n0, e0, f0, s0)

(n3,e0,f3,s3) …(n0, e1, f0, s0)

(n4,e4,f0,s4) …(n0, e0, f1, s0)

(n5,e5,f5,s0) …(n0, e0, f0, s1)

Key Data

+

-

sign

-

-

-

sign

EJL� rl \2 0-JN2+NP s�D�>w/ w, w /wJ- 0M -NGw+J02, �u�� � � � � uJ � � � � uP��e� ' �u�� � � � � uJ !� � � � uP��d��

,KJ/, yN+(NN2 +0/0G0LJxzG� LN0FN+-JxzG z2P
0+KN- N2+J+JN, z-N N2x0PNP (J+K +KN +0/0G0LJ�
xzG 0yINx+,� (KN-Nz, +KN D�>z/ z2P +KN
\NGG�#*/GN $+-*x+*-N *,N z ,N/z-z+N ,�,+NF
0M N2+J+JN, z2P �o� -NGz+J02,KJ/,� 2zFNG�
Pz-+,�xNGG�+*/GN, z2P J2)0G*+J02,�,(J+xKN, +0
-N/-N,N2+ +KN +0/0G0LJxzG ,+-*x+*-N� #K*, +KN
J2xJPN2xN� zPIzxN2x� z2P 0-PN- -NGz+J02,KJ/,
J2 B$< �p��r Kz)N +0 yN +-z2,Gz+NP J2+0 ,N+,
0M Pz-+,�xNGG�+*/GN,� J2)0G*+J02 +-z2,J+J02,
z2P 0-yJ+,�

#KN B$< �p��r F0PNG J, GN,, -N,+-Jx+J)N
+Kz2 D�>z/, z2P \NGG�#*/GN $+-*x+*-N,�
z2P J2 x02,N.*N2xN� +KN -z2LN 0M +0/0G0LJxzG
x02XL*-z+J02, +Kz+ xz2 yN -N/-N,N2+NP J, Gz-�
LN-� zPFJ++J2L� N� L�� Pz2LGJ2L NPLN,� J22N-
G00/,� x*-)N, +Kz+ FNN+ +KN J2+N-J0- 0M z MzxN
N+x� (KJxK z-N /-NxG*PNP J2 D�>z/,� <2 +KN
0+KN- Kz2P� +0/0G0LJxzG 0/N-z+J02, 02 +KN
B$< �p��rF0PNG Fz� yN F0-N x0F/GJxz+NP�
z, 2*FN-0*, ,/NxJzG xz,N, Kz)N +0 yN Kz2�
PGNP 0- N�xG*PNP� '-0)JPNP +Kz+ +KN ,+-Jx+ -N�
.*J-NFN2+, 0M +KND�>z/ z-NFN+� (N N�/Nx+
20 M*2PzFN2+zG /-0yGNF, (KN2 +-z2,Gz+J2L
+KN +0/0G0LJxzG /-JFJ+J)N, M-0F D>? v +0
+KN x0--N,/02PJ2L xNGG, J2 +KN D�>z/
F0PNG� z2P 0M +0/0G0LJxzG x0F/GN�N, J2+0
xNGG*Gz- x0F/GN�N, -N/-N,N2+NP y� D�>z/,
z2P )JxN )N-,z�

q <vINu+�-NGw+J02wG Yw+wvw,N
BF/GNFN2+w+J02

BF/GNFN2+z+J02 J2 +-z2,JN2+ ,+0-zLN� #KN J2�
FNF0-��JF/GNFN2+z+J02 0M +KN L-z/K�-N�
/-N,N2+z+J02 0M z P�D�>z/ J, ,+-zJLK+M0-�
(z-P �?N6 )� �ppp�o M0- NzxK Pz-+ 0yINx+� +KN
tI +-z2,J+J02, z-N JF/GNFN2+NP y� Ph� -NM�
N-N2xN, +0 0+KN- Pz-+,� zPPJ+J02zG -NMN-N2xN,
+0 LN0FN+-Jx 0yINx+, z2P +0 +KNFz+Jx /-0/�

N-+JN, -NzGJ,N +KN LN0FN+-Jx -N/-N,N2+z+J02�
z2P z ,N+ 0M VzL, J, *,NP +0 Fz-H Pz-+, +Kz+
Kz)N yNN2 +-z)N-,NP� +KN 2N�+ tJ +-z2,J+J02
+0 +zHN N+x� #KN tI -NMN-N2xN, Fz� yN N�+�
N2PNP J2+0 0yINx+, z, (NGG� (J+K FN+K0P, +0
xKNxH +KN ,�FFN+-� 0M +KN -NMN-N2xN� z2P
M0- /N-FJ++J2L�yz--J2L +KN *,N 0M z LJ)N2
+-z2,J+J02 �E-zPJ2 N+ zG� w��w�� B2 0-PN- +0
,*//0-+ +KN 2z)JLz+J02 02 +KN D�>z/� M0-
NzxK xNGG 0M PJFN2,J02 M-0F � +0 P z -NMN-N2xN
+0 z ,+z-+J2L Pz-+ Fz� ,N-)N z, z2 77N2+-�
/0J2+11 J2+0 z2 0-yJ+ PN,x-JyJ2L +KN +0/0G0LJ�
xzG -NGz+J02,KJ/, (J+KJ2 +KN xNGG z2P 0*+,JPN�

<yINx+�%NGz+J02zG Pz+zyz,N JF/GNFN2+z+J02�
E0- z /N-,J,+N2+ JF/GNFN2+z+J02 yz,NP 02
z2 0yINx+� -NGz+J02zG []>$� +KN xNGG�+*/GN
,+-*x+*-N J, F0-N z//-0/-Jz+N �xM� EJL� u�� B2�
,+NzP 0M -NMN-N2xN, +0 G0xz+J02,� +KN +-z2,J�
+J02, yN+(NN2 xNGG�+*/GN, z-N x02+-0GGNP y�
HN�NP zxxN,, *,J2L 02N 0M +K-NN ,Nz-xK /z+�
+N-2, �xM� EJL� t�� B2 z D�>z/ (J+K0*+
y0*2Pz-�� +KN-N J, zG(z�, N�zx+G� 02N x0-�
-N,/02PJ2L xNGG�+*/GN +0 yN -N+-JN)NP�
CN-N +KN +*/GN �20PN� NPLN� MzxN� xNGG� ,0GJP�

zx+, z, z HN�� (KJxK J, z*LFN2+NP y� +KN
,JL2� JM /0,J+J)N z2P 2NLz+J)N xNGG�+*/GN, z-N
,+0-NP J2 +KN ,zFN +zyGN� E0- N�zF/GN� +KN
M0GG0(J2L $&? .*N-�� M0- +KN xNGG�+*/GN
x+�x�� x�� xw� xv�W� � � �� -N+-JN)N, +KN xNGG�
+*/GN x+!�x�� x�� xw!� xv�gW� � � �� x0--N,�
/02PJ2L +0 x+ y� z2 tw�+-z2,J+J02� J� N�� y�
z2 N�xKz2LN 0M MzxN,o

$Z?Z\#�E%<>xNGG+*/GN, CZ%Z20PN
f x� ^=[ NPLN f x� ^=[ ,0GJP f xv
^=[ ,JL2 8f ^n

",J2L KJN-z-xKJxzG J2PN�J2L 0M +KN xNGG�+*/GN
-NGz+J02� (N N�/Nx+ +KN zxxN,, +JFN M0- z
,J2LGN +-z2,J+J02 +0 L-0( GJHN < �G0L=��

�n� 'K0+0L-wFFN+-JN Y EN-2N-H*2P*2L Y DN0J2M0-Fw+J02 s�t��n



,+z-+J2L xNGG�+*/GN ,Nz-xK /z++N-2 -N+-JN)NP xNGG�+*/GN
x+� cI�x+��

�x�� � � � � xI � � � � � xP � ,JL2� � � �� / (
��� 77x�� � � � � �� � � � � xP �g,JL211
�w� 77x�� � � � � xI � � � � � xP11
�v� 77x�� � � � � xI! � � � � � xP11 & ' �x�� � � � � xI! � � � � � xP �g,JL2� � � ��

EJL� ql $Nw-uK /w++N-2, M0- tI +-w2,J+J02,� #KN ,�Fv0G, 77 11 w2P 77�11 PN20+N 7720+11 w2P 77w2�11�

e1

α1α1

n0

e

f0 f1

α0

α2 α0

e0

α0α0
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EJL� pl Z02+-0GGJ2L +KN 2w)JLw+J02 02 w t�D�>w/ *,J2L 0-vJ+,� G00/, w2P ,(J+uK�,+0/ MGwL, � w� #-w�
)N-,J2L +KN v0*2Pw-� 0M MwuN M v� w2 0-vJ+t��� �� v� $N/w-w+N +-w)N-,wG 0M +KN 0*+N- v0*2Pw-JN, 0M
+KN +(0 /w-+, 0M M� ,+0//J2L w+ 20PN, 2�� 2�� u� �E%\YB= N+ wG� t��t� [� vG0uHJ2L 0- 0/N2J2L tt +-w2,J+J02,
+K-0*LK +KN NPLN N� +KN ,wFN ,+-*u+*-N J, *,NP +0 PN,u-JvN v0+K +KN u0FF02 v0*2Pw-� v� w G00/
77� � � t� t� tt t� t� � � �11 w+ 20PN, 2� w2P 2�� w2P +KN v0*2Pw-JN, 0M +KN +(0 /w-+, M� w2P M� v� +(0 <-vJ+t��� �
G00/,�

(KN-N = J, +KN +0+zG 2*FyN- 0M xNGG�+*/GN,�
",J2L Kz,K J2PN�N,� N)N2 yN++N- yNKz)J0*-
xz2 yN zxKJN)NP� #KJ, zxxN,, FN+K0P� z+ +KN
x0,+ 0M ,0FN 0)N-KNzP� FzHN, +KN +-z2,J+J02
yN+(NN2 xNGG�+*/GN, J2PN/N2PN2+ M-0F z2�
/z-+Jx*Gz- ,+0-zLN 0- 0yINx+ JPN2+JXN- PN+zJG,
z2P +K*, xz2 yN *,NP +-z2,/z-N2+G� y0+K
(J+K /N-,J,+N2+ ,+0-zLN J2 z xGJN2+�,N-)N- x02�
XL*-z+J02� z2P J2 +-z2,JN2+ ,+0-zLN z2P Nz,�
JG� x0/N (J+K */Pz+N 0/N-z+J02,�

<-yJ+, z2P G00/, ),� 0-PN-NP ,*y,N+,� B2 z xNG�
G*Gz- /z-+J+J02 0M z P�PJFN2,J02zG Fz2JM0GP�
,/z+JzG 0yINx+, z-N -N/-N,N2+NP y� x0GGNx+J02,
0M xNGG,� J� N�� ,*y,N+, 0M +KN *2PN-G�J2L ,N+,
0M H�xNGG,� Hf�� � � � � P� #KN-NM0-N� (N xz2 zG�
(z�, PNP*xN x0--N,/02PJ2L .*N-JN, 02 +KN
z,,0xJz+NP xNGG�+*/GN,� B2M0-Fz+J02 02 +KN
x022Nx+J)J+� 0M +KN -N,*G+J2L ,*y,N+, 0M xNGG�
+*/GN,� K0(N)N-� -N.*J-N, FN+K0P, +Kz+ ,�,�
+NFz+JxzGG� N�/G0-N +KN zPIzxN2x� z2P J2xJ�
PN2xN -NGz+J02,KJ/, yN+(NN2 xNGG,� -N/-N,N2+�

NP y� +KN tJ�+-z2,J+J02,� J2 /z-+Jx*Gz- 0-yJ+,
z2P G00/,�
 KN-Nz, +KN JF/GNFN2+z+J02 0M J2)0G*�

+J02, z2P 0-yJ+, J2 +-z2,JN2+ ,+0-zLN J,
,JF/GN� J+ J, F0-N J2+-Jxz+N J2 +KN x02+N�+ 0M
+KN -NGz+J02zG F0PNG� B2 z2 %[]>$� +KN -N�
+-JN)zG 0M ,*y,N+, y� x02PJ+J02, JF/0,NP 02
z++-Jy*+N )zG*N, J, (NGG ,*//0-+NP� z, z-N
yz,Jx ,0-+J2L 0/N-z+J02, 02 -N,*G+J2L ,*y�
,N+,� ",J2L z//-0/-Jz+N J2PN�J2L� zG,0 z
,FzGG X2J+N 2*FyN- 0M GJ2H, yN+(NN2 -NGz�
+J02, y� M0-NJL2 HN�, 0- y� I0J2, /0,N, 20
/z-+Jx*Gz- /-0yGNF� N)N2 JM ,0FN 0)N-KNzP
J, J2)0G)NP� <-yJ+,� /z+K,� z2P G00/,� K0(�
N)N-� Fz� J2)0G)N z2 *2PN+N-FJ2NP z2P /0�
+N2+JzGG� Gz-LN 2*FyN- 0M GJ2H, yN+(NN2 xNGG�
+*/GN,� /0,,JyG� PNX2NP y� z -Nx*-,J)N M0-�
F*Gz� ^G+K0*LK -Nx*-,J02 J, ,*//0-+NP y�
^=$B $&?� J+ J, 20+ �N+ JF/GNFN2+NP J2 zGG
(JPN,/-NzP -NGz+J02zG []>$ �'0,+L-N$&?
�0-L w��s� � 0- J, 20+ JF/GNFN2+NP J2 +KN
,zFN (z��  J+K0*+ $&? -Nx*-,J02� +KN *,N

�n�\2P-Nw, #K0F,N2 N+ wG�� \ D�>w/ [w,NP #00G
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EJL� ol '-0vGNF, N2u0*2+N-NP P*-J2L wLL-NLw+J02� �w� \ MwuN v 0M uGw,, [ J, u0F/GN+NG� ,*--0*2PNP
v� MwuN, wJ 0M w PJMMN-N2+ uGw,, \� �v� $+N/(J,N FN-LJ2L wGG uNGG, 0M uGw,, \ -N,*G+, J2 w v-JPLN
u02MJL*-w+J02 �u� w2P MJ2wGG� J2 w -J2L �P��

0M z /-0L-zFFJ2L Gz2L*zLN J, -N.*J-NP M0-
x0PJ2L +KN G00/ 0- +KN -Nx*-,J)N /-0xNP*-N�
(KJxK J2 +*-2 J,,*N, z2 $&? x0FFz2P M0-
NzxK ,+N/� Z)N2 JM (N -NP*xN +KN 0)N-KNzP
J2x*--NP *,J2L 0/+JFJ,z+J02 FN+K0P, GJHN
/-N/z-NP ,+z+NFN2+,� +KJ, -NFzJ2, z xG*F,�
(z� +0 ,0G)N z ,JF/GN +z,H� B2 0-PN- +0
Kz2PGN +KJ, /-0yGNF� (N X-,+ Kz)N +0 X2P
0*+ (KJxK +0/0G0LJxzG 0/N-z+J02, xz2 yN JF�
/GNFN2+NP *,J2L ,JF/GN �0-PN-NP� ,*y,N+ -N�
+-JN)zG,� z2P M0- (KJxK 0/N-z+J02, /z+K,�
G00/, 0- 0-yJ+, z-N N,,N2+JzG�

?00/, z2P 0-yJ+, z-N zG,0 2NxN,,z-� M0-
+KN JF/GNFN2+z+J02 0M PJ)J,J02 z2P FN-LN
0/N-z+J02, �xM� EJL� s�� B2 0-PN- +0 N2,*-N
+Kz+ +KN -N,*G+ M 0M z FN-LJ2L 0/N-z+J02 02
+(0 P�xNGG, M� z2P M� J, z P�xNGG� (N F*,+ N2�
,*-N +Kz+ +KN y0*2Pz-� Nf M�v M� J, x022Nx+�
NP � 0+KN-(J,N ,J+*z+J02, GJHN �xM� EJL� r x� P�
Fz� 0xx*-� BM N J, ,JF/G� x022Nx+NP� (N Fz�
X-,+ FN-LN J+ J2+0 z ,J2LGN NPLN N!� (KJxK +KN2
J2 +*-2 J, -NF0)NP� #KN J2)N-,N /-0xNP*-N�
2zFNG� +KN PJ)J,J02 0M z P�xNGG� zG,0 J2)0G)N,
+KN *,N 0M z2 0-yJ+�  J+KJ2 z +-z2,zx+J02�
(N /-0xNNP z, M0GG0(,o

�� >z-H +KN +(0 20PN, 2� z2P 2� (KN-N +KN
PJ)JPJ2L NPLN I0J2, +KN y0*2Pz-� 0M x�

w� B2,N-+ +KN PJ)JPJ2L NPLN N J2+0 +KN +zyGN
0M NPLN,�

v� B2,N-+ +(0 2N( MzxN, M� z2P M� J2+0 +KN MzxN
+zyGN�

u� B2,N-+ M0*- xNGG�+*/GN, �2� � N� M��g,��
�2�� N� M��h,�� �2�� N� M��g,�� �2�� N� M��h,��
#KN ,JL2 , yNJ2L xK0,N2 +0 Fz+xK +KN
,JL2, 0M +KN N�J,+J2L xNGG�+*/GN,�

t� "/Pz+N +KN N�J,+J2L xNGG�+*/GN, �2�� N�� M� ,��
�2�� N�� M�g,�� �2�� Nw� M� ,�� �2�� Nv� M�g,�
*,J2L +(0 2N( MzxN JPN2+JXN-,� -N,*G+J2L

J2 �2�� N�� M�� ,�� �2�� N�� M��g,�� �2�� Nw� M�� ,��
�2�� Nv� M��g,��

=0+N +Kz+ M-0F ,+N/ u 02(z-P *2+JG ,+N/ r
yNG0(� +KN F0PNG J, +NF/0-z-JG� J2x02,J,�
+N2+8

s� "/Pz+N zGG -NFzJ2J2L xNGG�+*/GN, 02 +KN
y0*2Pz-� 0M M� ,*xK +Kz+ M J, -N/GzxNP y� M��

r� "/Pz+N zGG -NFzJ2J2L xNGG�+*/GN, 02 +KN
y0*2Pz-� 0M M� ,*xK +Kz+ M J, -N/GzxNP y� M��

$+N/, s� z2P r� -N.*J-N +Kz+ (N PN+N-FJ2N
+KN +(0 ,JPN, 0M +KN M0-FN- y0*2Pz-� 0M MzxN
M yNM0-N +KN� z-N N�/GJxJ+G� Fz-HNP y� M� z2P
M�� #KJ, J, 20+ /0,,JyGN y� z ,*y,N+ .*N-��
y*+ J+ xz2 yN P02N *,J2L +(0 0-yJ+, ,+z-+J2L�
N� L�� z+ xNGG�+*/GN, x+��2�� N� M��g,� z2P
x+��2�� N� M��h,�� JM +KN zG/Kz�+-z2,J+J02, z-N
,+0-NP N�/GJxJ+G�� 0- y� *,J2L +(0 /z+K, ,+z-+�
J2L z+ x+� z2P x+�� z2P ,+0//J2L� z, ,002 z,
x+w�2�� N� M��h,� z2P x+v�2�� N� M��g,� z-N N2�
x0*2+N-NP�
\02,JPN-J2L +KN PJ)J,J02 0M z ,0GJP , y� z

2N(G� J2+-0P*xNP MzxN M J2 z v�D>z/ �xM�
EJL� v�� (N 20+N +Kz+ z xG0,NP G00/ J, -N.*J-NP
+0 PNX2N +KN ,NzF x (KN-N +KN PJ)JPJ2L MzxN
M FNN+, +KN y0*2Pz-� 0M ,� E0- +KN FN-LJ2L
0M +(0 2NJLKy0*-J2L ,0GJP, ,� z2P ,w� (N -N�
.*J-N +KNJ- x0FF02 y0*2Pz-� y +0 yN w�PJ�
FN2,J02zG z2P ,JF/G� x022Nx+NP�
#KN LJ)N2 N�zF/GN, ,K0( +Kz+ ,0FN .*N�

-JN, z2P 0/N-z+J02, -N.*J-N G00/, 0- 0-yJ+,�
#KN-NM0-N (N /-0/0,N +KN M0GG0(J2L w�,+N/
z//-0zxK +0 +KN JF/GNFN2+z+J02 0M +0/0G0�
LJxzG .*N-JN, 02 z %[]>$�yz,NP P�D>z/o
X-,+� -N+-JN)N z2 z//-0/-Jz+N ,*y,N+ 0M +KN
xNGG�+*/GN, y� ,+z2Pz-P %[]>$ FN+K0P,�
z2P ,Nx02P� LN2N-z+N 0-yJ+,� G00/, 0- /z+K,
J2 +-z2,JN2+ FNF0-� (KN2N)N- 2NxN,,z-��

�nt 'K0+0L-wFFN+-JN Y EN-2N-H*2P*2L Y DN0J2M0-Fw+J02 s�t��n
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EJL� nl #0/0G0LJuwG w2P LN0FN+-JuwG uKw2LN, F*,+ ,+w� u02,J,+N2+ P*-J2L LN2N-wGJ,w+J02�

p \LL-NLw+J02 >N+K0P, M0- D�>w/,
w2P ZNGG�#*/GN $+-*u+*-N,

CJN-z-xKJxzG D�>z/,�?N)� ��ppp� /-0/0,N,
+0 *,N KJN-z-xKJxzG ,+-*x+*-N, M0- +KN x02�
,+-*x+J02 0M x0F/GN� LN0G0LJxzG ,*y,*-MzxN
F0PNG,� y0+K J2 )0G*FN z2P J2 y0*2Pz-� -N�
/-N,N2+z+J02� #KN,N KJN-z-xKJxzG D�>z/, z-N
0y+zJ2NP J2 +KN M0GG0(J2L (z�o N ,+z-+ (J+K
z x0z-,N v[ D�>z/� ]� ,*yPJ)JPJ2L J+, v[
xNGG, �,0GJP,�� z ,+-*x+*-N J, 0y+zJ2NP +Kz+
x02,J,+, 0M M-zFN, � +KN x0z-,N xNGG,� z2P X2N-
D�>z/, +Kz+ X+ J2+0 +KN M-zFN,�  KN-Nz,
+KN Pz-+, 0M +KN ,*yPJ)J,J02, /0,,N,, z LN0�
FN+-JxzG -N/-N,N2+z+J02 J2 v[ ,/zxN� +KN
Pz-+, 0M +KN x0z-,N M-zFN D�>z/ Kz)N 20
,N/z-z+N NFyNPPJ2L� B2,+NzP� NFyNPPJ2L y�
PNGNLz+J02 J, *,NPo J+, Pz-+, z-N z,,0xJz+NP
(J+K z ,*y,N+ 0M +KN Pz-+, 0M +KN X2N D�
>z/,� z2P *,N +KN LN0FN+-Jx -N/-N,N2+z+J02
0M +KN ,*yPJ)J,J02 z, NFyNPPJ2L� ^//G�J2L
z ,JFJGz- z//-0zxK +0 +KN w[ MzxN, 0M +KN
x0z-,N F0PNG� z y0*2Pz-� -N/-N,N2+z+J02 0M
+KN x0z-,N F0PNG J, 0y+zJ2NP�  KN-Nz, +KN
x02,+-*x+J02 0M +KN +0/0G0LJxzG KJN-z-xK� y�
,*yPJ)J,J02 /-0xNNP, +0/�P0(2� +KN PNG�
NLz+NP LN0FN+-JxzG -N/-N,N2+z+J02 J,
/-0/zLz+NP y0++0F */�

>*G+J/GN L-0*/J2L� E0- +KN +0/0G0LJxzG
F0PNGGJ2L 0M y*JGPJ2L,� E-zPJ2 N+ zG� �w��w�
*,N F*G+J/GN L-0*/J2L,o M0- NzxK L-0*/J2L 0M
xNGG,� Ph� VzL, z-N z,,0xJz+NP (J+K +KN -N�
MN-N2xN, -N/-N,N2+J2L tJ�+-z2,J+J02,� +Kz+ J2�
PJxz+N (KN+KN- +KN LJ)N2 xNGG y0*2Pz-� Fz�
yN JL20-NP P*-J2L 2z)JLz+J02 02 +KN D�>z/
�xM� EJL� sx�� #KJ, z//-0zxK J, Nx020FJx J2
FNF0-� ,/zxN� z, +KN ,zFN X2N D�>z/�
z*LFN2+NP y� +KN ,/zxN -N.*J-NP M0- +KN zP�
PJ+J02zG VzL,� J, *,NP M0- ,N)N-zG L-0*/J2L,

z+ +KN ,zFN +JFN� z2P KJLKN-�GN)NG D�>z/,
P0 20+ -N.*J-N z ,N/z-z+N -N/-N,N2+z+J02�<2
+KN 0+KN- Kz2P� +KN /0,,JyJGJ+� 0M -NP*xJ2L
/-0xN,,J2L +JFN M0- x0z-,N- z2P KN2xN ,FzGG�
N- -N/-N,N2+z+J02, J, G0,+� =0+N +Kz+ y0+K
FN+K0P, ,*//0-+ G0(N- -N,0G*+J02 F0PNG,
0y+zJ2NP y� zLL-NLz+J02 0M xNGG,� y*+ 20+ y�
,JF/GJXxz+J02 0M y0*2Pz-JN, 0- y� PJ,/GzxN�
FN2+�

\Gz,,JXxz+J02 +zyGN,� B+ J, /0,,JyGN +0 +-z2,�
Gz+N KJN-z-xKJxzG D�>z/, J2+0 \NGG�#*/GN
$+-*x+*-N, y� -N/-N,N2+J2L -NMN-N2xN, *,J2L
M0-NJL2 HN�,� >*G+J/GN L-0*/J2L K0(N)N-� J,
+JLK+G� z,,0xJz+NP (J+K +KN J2�FNF0-� JF�
/GNFN2+z+J02 0M tJ �+-z2,J+J02,� 0-yJ+, z2P
G00/, *,J2L -NMN-N2xN,� #KN N�/GJxJ+ -N/-N�
,N2+z+J02 0M +KN xNGG, (J+KJ2 +KN xNGG�+*/GN,
GNzP, +0 z PJdN-N2+ z//-0zxKo ,+z-+J2L M-0F
z KJLK -N,0G*+J02 F0PNG� ,*xxN,,J)N G0(N-
GN)NG, 0M PN+zJG z-N 0y+zJ2NP y� zLL-NLz+J02
z, M0GG0(,� ^ xGz,,JXxz+J02 0M +KN P�PJFN2�
,J02zG xNGG, z+ KJLK -N,0G*+J02 J, -N/-N,N2+NP
y� z =o��-NGz+J02 +Kz+ +0 NzxK xNGG z z,,0xJ�
z+N, J+, xGz,, ^� B2 z x0/� 0M +KN 0-JLJ2zG
xNGG�+*/GN,� +KN P�xNGG, z-N -N/GzxNP y� +KNJ-
xGz,, JPN2+JXN-,� #KN2 zGG /zJ-, 0M xNGG�+*/GN,
�x�� x�� � � ��^�h�� �x�� x�� � � � �^�g� � +KN
X�NP /0J2+, 0M +KN tP�+-z2,J+J02, � z-N -N�
F0)NP� (KJGN zGG /zJ-, �x�� x�� � � � �^�h��
�x�� x�� � � � �]�g� (J+K ]+^ z-N HN/+�

$N/z-z+N NFyNPPJ2L, z+ PJdN-N2+ GN)NG, 0M PN�
+zJG� BM LN2N-zGJ,z+J02 J, -N,+-Jx+NP +0 zLL-N�
Lz+J02� (N xz2 z//G� NFyNPPJ2L y� PNGNLz�
+J02� -N/-N,N2+J2L NzxK zLL-NLz+NP xNGG y� z
x0GGNx+J02 0M X2N- xNGG,� ^, +KN 2N( \NGG�
#*/GN ,+-*x+*-N x0F/-J,N, z x0/� 0M +KN 0GP
02N� K0(N)N-� J+ J, zG,0 /0,,JyGN +0 x-Nz+N z
PJdN-N2+ LN0FN+-JxzG NFyNPPJ2L� z2P z//G�

�ns\2P-Nw, #K0F,N2 N+ wG�� \ D�>w/ [w,NP #00G



EJL� ml \//GJuw+J02 N�wF/GNl w ,Nu+J02 0M uw� t; 0M w PJLJ+wG Fw/ 02 Gw2P�*,N w+ +K-NN PJMMN-N2+
,uwGN, �v� u0*-+N,� 0M A� C\"=X%#� B@D Cw220)N- "2J)N-,J+���

,JF/GJXxz+J02 z2P PJ,/GzxNFN2+ +0 J+�  KJGN
+KJ, z//-0zxK J, F0-N N�/N2,J)N J2 ,+0-zLN
,/zxN� J+ J, F0-N VN�JyGN +Kz2 +KN /-N)J0*,
02N,� z2P 2z)JLz+J02 02 +KN ,FzGGN- zL�
L-NLz+NP -N/-N,N2+z+J02, Fz� yN x02,JPN-�
zyG� Mz,+N-� CN-N� K0(N)N-� z x02,J,+N2x�
/-0yGNF z-J,N,o JM (N z//G� LN2N-zGJ,z+J02
FN+K0P, ,N/z-z+NG� +0 +KN +0/0G0LJxzGF0PNG
z2P J+, LN0FN+-JxzG NFyNPPJ2L� +KN2 (N
F*,+ +zHN xz-N� +Kz+ +KN -N,*G+J2L LN2N-zGJ,NP
F0PNG, z-N x02,J,+N2+ (J+K NzxK 0+KN- �xM�
EJL� q�� #KJ, xz2 0M x0*-,N yN zxKJN)NP y�
Kz)J2L NJ+KN- LN0FN+-JxzG 0/N-z+J02, x02�
+-0G +KN xKz2LN, J2 +0/0G0L� 0- )JxN )N-,z�
C0(N)N-� +KJ, PN/N2P, 02 +KN /z-+Jx*Gz- z/�
/GJxz+J02�

o \//GJuw+J02, 0M +KN \//-0wuK

#0/0G0L� 0M z F*G+J�-N,0G*+J02 Fz/ 0M Gz2P�
*,N� B2 z2 02L0J2L ,+*P�� +KN FN+K0P, /-N,�
N2+NP KN-N z-N z//GJNP +0F0PNG +KN +0/0G0L�
0M z Gz2P�*,N Fz/ z+ +K-NN PJdN-N2+ ,xzGN,�
2zFNG� �o t������ �o wt������ z2P
�o ���������� #KN Gz2P *,N Fz/, (N-N /-0�
)JPNP y� Az2Cz*2N-+ z2P>02JHz $N,+N-�
B@D� ?NJy2J� "2J)N-,J+� Cz220)N- z, ^-x
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