
BF/GJuJ+ $Kw/N >0PNG,� $NGM�YJwL20,J,� w2P >0PNG $NGNu+J02
M0- sY EwuwPN B2+N-/-N+w+J02

$X%DXA %X�=B@ 3 CX?>"# >\�X%� =N*vJvN-L

@N�(0-P,o EzxzPN B2+N-/-N+z+J02� BF/GJxJ+ $Kz/N >0PNG,� $NGM�PJzL20,J,� >0PNG $NGNx+J02�
'Gz2N $(NN/J2L� >z-H0) \KzJ2 >02+N \z-G0

$*FFz-�o#KJ, /z/N- zPP-N,,N, +KN z*+0Fz+Jx v[
J2+N-/-N+z+J02 0M MzxzPN, M-0F +N--N,+-JzG JFzLN
,N.*N2xN, FzHJ2L +K-NN 20)NG x02+-Jy*+J02,o
EJ-,+� (N NF/G0� BF/GJxJ+ $Kz/N >0PNG, �?NJyN
3 $xKJNGN w��u� x0KN-N2+G� M0- +KN PN+Nx+J02 z,
(NGG z, M0- +KN PNGJ2Nz+J02 0M (J2P0(,� GNz-2J2L
+KN z//Nz-z2xN 0M (J2P0(, z2P +KNJ- 0*+GJ2N M-0F
+-zJ2J2L Pz+z� $Nx02P� (J2P0( K�/0+KN,N, z-N
)zGJPz+NP y� FNz2, 0M ,NGM�PJzL20,J, yz,NP 02 +KN
z,,*F/+J02 0M z /0,,JyG� ,+-02L ,JFJGz-J+� 0M J2�
PJ)JP*zG (J2P0(,� #KJ-P� (N *,N F0PNG ,NGNx+J02
+0 xK00,N +KNF0,+ z//-0/-Jz+NF0PNG M0- +KN x02�
XL*-z+J02 0M (J2P0(, J2 +N-F, 0M -0(, 0- x0G�
*F2,� #KN,N x02+-Jy*+J02, z-N x0F/GNFN2+NP y�
/Gz2N ,(NN/J2L M0- +KN v[ PN+N-FJ2z+J02 0M +KN
(J2P0(, 0- +KN -0(, � x0G*F2, FzPN */ M-0F
+KNF� %N,*G+, ,K0( +KN /0+N2+JzG 0M +KN z//-0zxK�

�*,zFFN2Mz,,*2Lo BF/GJxJ+ $Kz/N>0PNG,� $NGy,+�
PJzL20,N *2P >0PNGGz*,(zKG M�- PJN v[ B2+N-/-N�
+z+J02 )02 Ez,,zPN2� [JN,N- ^-+JHNG �JNG+ FJ+ P-NJ
2N*N2 ]NJ+-�LN2 z*M PJN z*+0Fz+J,xKN B2+N-/-N+z�
+J02 )02 Ez,,zPN2 z*, +N--N,+-J,xKN2 ]JGP,N.*N2�
�N2o Z-,+N2, (N-PN2 BF/GJxJ+ $Kz/N>0PNG, �?NJyN
3 $xKJNGN w��u� H0K�-N2+ ,0(0KG M�- PJN [N+NH�
+J02 zG, z*xK M�- PJN ]N,+JFF*2L PN-"F-J,,N )02
EN2,+N-2 )N-(N2PN+� [z, ^*,,NKN2 PN- EN2,+N-
*2P JK-N "F-J,,N (N-PN2 z*, #-zJ2J2L,Pz+N2 LN�
GN-2+� �(NJ+N2, (N-PN2 EN2,+N-K�/0+KN,N2FJ++NG,
$NGy,+�[JzL20,N z*M D-*2PGzLN PN- ^22zKFN
NJ2N- ��#� ,+z-HN2 �K2GJxKHNJ+ J2PJ)JP*NGGN- EN2,�
+N- )zGJPJN-+� [-J++N2, (J-P >0PNGGz*,(zKG LN�
2*+�+� *F Pz, zF yN,+N2 LNNJL2N+N >0PNGG M�- PJN
@02XL*-z+J02 PN- EN2,+N- J2 E0-F )02 �NJGN2
0PN- $/zG+N2 z*,�*(�KGN2�[JN,N ]NJ+-�LN (N-PN2
P*-xK'Gz2N $(NN/J2L M�- PJN v[]N,+JFF*2L PN-
EN2,+N- 0PN- PN- z*, JK2N2 LNyJGPN+N2 �NJGN2 0PN-
$/zG+N2 N-L�2�+� [JN Z-LNy2J,,N �NJLN2 Pz, '0+N2�
+JzG PN, ^2,z+�N,�

� B2+-0P*u+J02

#KN J2xG*,J02 0M ,+-*x+*-NP MzxzPN, N�+N2P,
+KN F0PNGGJ2L 0M y*JGPJ2L, +0(z-P, KJLKG�
PN+zJGNP )J,*zGJ�z+J02, ,*J+zyGN M0- z//GJxz�
+J02, -z2LJ2L M-0F z-xKJ+Nx+*-zG /Gz22J2L +0
+KN /-0P*x+J02 0M F0)JN,� ]� J2+N-/-N+J2L
+KN /z-+, x02,+J+*+J2L MzxzPN, J2 +N-F, 0M
+KNJ- ,NFz2+Jx, J+ yNx0FN, /0,,JyGN +0 J2+N-�
zx+ (J+K +KNF� N� L�� FzHJ2L J+ MNz,JyGN +0
0/N2 (J2P0(, 0- P00-,�
#KN J2+N-/-N+z+J02 0M MzxzPN, M-0F +N--N,�

+-JzG JFzLN, z2P (JPN�yz,NGJ2N JFzLN ,N�
.*N2xN, Kz, yNN2 z M0x*, 0M -N,Nz-xK ,J2xN
+KN ,NFJ2zG (0-H 0M[JxH N+ zG� �w��u�� #KN�

J2+N-/-N+ y*JGPJ2L, J2 GJ2N (J+K +KN +-N2P J2
x0F/*+N- )J,J02 +0(z-P, ,+z+J,+JxzG LN2N-z�
+J)N F0PNG,� 'z-+Jx*Gz-G�� +KN� NF/G0� %N�
)N-,JyGN A*F/ >z-H0) \KzJ2 >02+N \z-G0
� %A>\>\ �D-NN2 �ppt� zGG0(J2L M0- +KN
zPPJ+J02 z2P PNGN+J02 0M 2N( /z-zFN+N-,
z2P +KN-NM0-N zG,0 0yINx+,� #KN -N,*G+, z-N
x02)J2xJ2L +K0*LK -N,+-Jx+NP +0 z GJFJ+NP
2*FyN- 0M 0yINx+, z, +KNF0PNG, z-N x0F/GN�
z2P LN2N-z+NP Fz2*zGG�� ^ F0-N LN0FN+-Jx
z//-0zxK J, +zHN2 y�  N-2N- 3 �J,,N-Fz2
�w��w�� #KN� FzHN *,N 0M +KN -NL*Gz- ,+-*x�
+*-N 0M y*JGPJ2L,� N,/NxJzGG� +KN N�J,+N2xN 0M
0-+K0L02zG )z2J,KJ2L /0J2+,� DN0FN+-Jx
-NL*Gz-J+JN, ,*xK z, ,�FFN+-JN, 0M P0-FN-
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(J2P0(, z-N *,NP +0 0y+zJ2 z KJLK�.*zGJ+�
+N�+*-NP F0PNG� ]NxHN- 3 CzzGz �w��r�
,K0( +Kz+ y� x0FyJ2J2L Gz,N- z2P JFzLN
Pz+z (J+K -Nx+z2L*Gz- xNGG PNx0F/0,J+J02�
-NzGJ,+Jx v[ J2+N-/-N+z+J02, 0M MzxzPN, xz2
yN LN2N-z+NP�>�GGN- N+ zG� �w��r� z2P !z2
D00G N+ zG� �w��r� /-N,N2+ JF/-N,,J)N -N,*G+,
M0- MzxzPN J2+N-/-N+z+J02 M-0F ,J2LGN JFzLN,
N�/G0J+J2L x0FF02 -N/N+J+J02, 0M (J2P0(,
z2P yzGx02JN, y� FNz2, 0M z-xKJ+Nx+*-zG
,Kz/N L-zFFz-,� #KN� /z-+Jx*Gz-G� ,K0(
K0( PN/+K Gz�N-J2L xz2 yN /N-M0-FNP z*+0�
Fz+JxzGG� JM ,*y,+z2+JzG /N-,/Nx+J)N NdNx+,
N�J,+ J2 z2 JFzLN�

<*- X-,+ x02+-Jy*+J02 0M +KJ, /z/N- GJN,
J2 NF/G0�J2L BF/GJxJ+ $Kz/N >0PNG, � B$>
�?NJyN 3 $xKJNGN w��u� x0KN-N2+G� M0- +KN
z//Nz-z2xN yz,NP PN+Nx+J02 z, (NGG z, M0-
+KN PNGJ2Nz+J02 0M (J2P0(,�  KJGN (N *,NP
J2M0-Fz+J020M x0-2N-, +0 PNGJ2Nz+N (J2P0(,
02G� 02 Pz-H MzxzPN, z2P NF/G0�NP yGzxH
-Nx+z2LGN, M0- y-JLK+ MzxzPN, J2 �>z�N- 3
%N�2JH w��s�� (N 20( PNGJ2Nz+N +KN 0*+GJ2N
0M (K0GN (J2P0(, 02 z2� HJ2P 0M MzxzPN )Jz
B$>�

<*- ,Nx02P x02+-Jy*+J02 Kz, yNN2 J2�
,/J-NP y� �CJ2� 3  JNPNFz22 w��u�� #KN
yz,Jx JPNz J, +0 )zGJPz+N (NzH K�/0+KN,N,
yz,NP 02 ,NGM�PJzL20,J, 0M +KN LN2N-z+NP K��
/0+KN,N, FzHJ2L *,N 0M +KN Mzx+ +Kz+ (J2�
P0(, 02 z MzxzPN G00H 0M+N2 )N-� ,JFJGz-�

#KN +KJ-P x02+-Jy*+J02 xz2 yN ,NN2 z, z2
J2)N-,J02 z2P z+ +KN ,zFN +JFN N�+N2,J02 0M
�^GNL-N 3 [zGGzN-+ w��u� ]-N22N- 3
%J//N-Pz w��s� z2P %J//N-Pz 3 ]-N22N-
w��r��  N J2)N-+� z, (N P0 20+ ,/GJ+ +KN Mz�
xzPN� y*+ -z+KN- PN+Nx+ z2P PNGJ2Nz+N 0yINx+,
z2P L-0*/ +KN x02,+J+*N2+, J2+0 -0(, z2P
x0G*F2,�  N N�+N2P +KN zy0)N (0-H z, (N
NF/G0� F0PNG ,NGNx+J02 yz,NP 02 ^HzJHN1,
B2M0-Fz+J02 \-J+N-J02 �^B\� +0 x0F/z-N
PJdN-N2+ L-0*/J2L,� ]z,JxzGG�� J2PJ)JP*zG
(J2P0(, zG(z�, GNzP +0 +KN yN,+ GJHNGJK00P
z, +KN� xz2 zPz/+ +0 +KN J2PJ)JP*zG ,Kz/N,
0M (J2P0(,�<2G� y� +zHJ2L J2+0 zxx0*2+ +KN
G0(N- 2*FyN- 0M /z-zFN+N-, M0- -0(,� x0G�
*F2,� N+x�� +KN� (JGG /-N)zJG� ^ /z-+Jx*Gz-
x02+-Jy*+J02 J, +0 ,K0( K0( +KN GJHNGJK00P
+N-F Kz, +0 yN J2+N-/-N+NP J2 +N-F, 0M +KN
�FJ2JF*F� ,J�N +0 yN ,zF/GNP +0 0y+zJ2
FNz2J2LM*G -N,*G+,� �[JxH N+ zG� w��u� Kz)N

zG,0 *,NP F0PNG ,NGNx+J02� y*+ +0 ,(J+xK yN�
+(NN2 PJdN-N2+ J2+N-/-N+z+J02, M0- (J2P0(,�
2zFNG� (J+K z2P (J+K0*+ z-x� N+x� B2 +KJ,
/z/N- zG,0 X-,+ -N,*G+, M0- MzxzPN, (J+K PJM�
MN-N2+ PJ,+z2xN, yN+(NN2 (J2P0(, M0- PJdN-�
N2+ /z-+, 0M +KN MzxzPN z-N /-N,N2+NP�
 N z,,*FN� +Kz+ z(JPN�yz,NGJ2N JFzLN ,N�

.*N2xN J, LJ)N2� z2P NF/G0� LJ)N2 �z//-0�J�
Fz+N� xzGJy-z+J02 J2M0-Fz+J02 )Jz +KN X)N�
/0J2+ zGL0-J+KF �=J,+N6 - w��u�� (KJxKFzHN,
+KN -Nx02,+-*x+J02 F*xK F0-N ,+zyGN� v[
%Nx02,+-*x+J02 GNzP, +0 xzFN-z /z-zFN+N-,
z2P v[ /0J2+,� E-0F +KN Gz++N- (N x0F/*+N
+KN MzxzPN /Gz2N, )Jz %z2P0F $zF/GN \02�
,N2,*, � %^=$^\ �EJ,xKGN- 3 ]0GGN,
�pq��� N 0-JN2+ +KN /Gz2N, *,J2L +KN )N-+JxzG
)z2J,KJ2L /0J2+, J2 +KN JFzLN,� zLzJ2 NF�
/G0�J2L %^=$^\� ^GG JFzLN, G00HJ2L z+ z
/z-+Jx*Gz- MzxzPN z-N /-0INx+NP 02 J+, /Gz2N
z2P x0FyJ2NP *,J2L z x02,N2,*,�yz,NP z/�
/-0zxK �>z�N- w��r� LN++J2L -JP 0M /z-+JzG
0xxG*,J02,�  N *,N z Fz2*zGG� PNX2NP
,zF/GJ2L PJ,+z2xN 0M � xF +0 20-FzGJ�N +KN
M*-+KN- /-0xN,,J2L� #K*,� M0- +KN -NFzJ2PN-
0M +KN z-+JxGN zGG MzxzPN /Gz2N JFzLN, z-N z,�
,*FNP +0 yN )N-+JxzGG� 0-JN2+NP z2P 20-�
FzGJ�NP +0 z -N,0G*+J02 0M � xF�
 N X-,+ PN,x-JyN +KN z//Nz-z2xN yz,NP PN�

+Nx+J02 z2P PNGJ2Nz+J02 0M (J2P0(, 02 +KN
MzxzPN /Gz2N JFzLN, yz,NP 02 B$> J2 $Nx�
+J02 w� $Nx+J02 v J, PN)0+NP +0 ,NGM�PJzL20,J,
M0- +KN )zGJPz+J02 0M (J2P0( K�/0+KN,N,�
(KJGN $Nx+J02 u PNzG, (J+K F0PNG ,NGNx+J02
M0- +KN PNxJ,J02 yN+(NN2 -N/-N,N2+z+J02,
yz,NP 02 J2PJ)JP*zG 0- -0(, 0- x0G*F2, 0M
(J2P0(,� 'Gz2N ,(NN/J2L GNzPJ2L +0 +KN PN�
+N-FJ2z+J02 0M +KN PN/+K� J� N�� +KN v[ ,Kz/N
0M (J2P0(,� J, PN,x-JyNP J2 $Nx+J02 t� #KN
/z/N- N2P, (J+K x02xG*,J02,�

t YN+Nu+J02 w2P YNGJ2Nw+J02 0M
�J2P0(, [w,NP 02 BF/GJuJ+ $Kw/N
>0PNG,

 N NF/G0� BF/GJxJ+ $Kz/N >0PNG, � B$>
�?NJyN 3 $xKJNGN w��u� M0- +KN PN+Nx+J02 0M
(J2P0(, z2P M0- +KN PNGJ2Nz+J02 0M +KNJ-
0*+GJ2N� E0- +-zJ2J2L (N x*+ 0*+ JFzLN
/z+xKN, x02+zJ2J2L(J2P0(,� J2 0*- xz,N �w�
(J2P0(, 0M F0PN-2 +�/N� N 20+N +Kz+ 202N
0M +KN (J2P0(, ,K0(2 J2 0*- -N,*G+, J, /z-+

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



a c d

EJL� �l #-wJ2J2L � w � BFwLN /w+uK (J+K Fw2*wGG� LJ)N2 0*+GJ2N 0M (J2P0( �-NP -Nu+w2LGN�� E�-,+2N-
/0J2+, w+ u0-2N-, 0M (J2P0( 0*+GJ2N �-NP u-0,,N,� w, (NGG w, +KNJ- )Nu+0-, +0 +KN uN2+N- 0M +KN
(J2P0( ��NGG0( GJ2N,� w2P +0 +KNJ- u0--N,/02PJ2L u0-2N- 0M +KN 0*+GJ2N �vG*N ,K0-+ GJ2N,�k v � BFwLN
/w+uKN, w-0*2P E�-,+2N- /0J2+,k u � YN+wJG 0M w� M0u*,J2L 02 +KN -NGw+J02 0M E�-,+2N- /0J2+, +0 +KN
u0-2N- 0M +KN (J2P0(k P � XGGJ/+JuwG w-Nw, w-0*2P (J2P0( u0-2N-, �(KJ+N� (KN-N E�-,+2N- /0J2+,
w-N N�+-wu+NP�

a c d

EJL� tl %N+-JN)wG � w � E�-,+2N- /0J2+,k v � #-wJ2J2L /w+uKN, (J+K +KN /w+uK I*,+ GNM+ wv0)N +KN 77v11
vNJ2L Fw+uKNP +0 +KN -NP u-0,, w+ +KN *//N- GNM+ u0-2N- 0M +KN (J2P0( /w2N J2 wk u � %NGw+J02 0M
+KN uN2+N- 0M +KN /w+uK �-NP u-0,,� +0 +KN (J2P0( 0*+GJ2N J2 +KN +-wJ2J2L Pw+w �GNM+ u-0,, M0- /0,J+J02
� GN2L+K, 0M ,JPN, M-0F +-wJ2J2L Pw+w�k P � C�/0+KN,J, M0- /w-+, 0M +KN (J2P0( 0*+GJ2N�

0M +KN +-zJ2J2L ,N+ z2P +Kz+ (N *,N +KN
/z+xKN, z, (NGG z, +KNJ- K0-J�02+zGG� FJ-�
-0-NP )N-,J02,� FzHJ2L +KN zGL0-J+KF F0-N
J2)z-Jz2+ +0 +KN )JN(J2L PJ-Nx+J02� #KN -Nx�
+z2L*Gz- 0*+GJ2N, 0M +KN (J2P0(, z-N Fz2�
*zGG� PNGJ2Nz+NP �xM� -NP -Nx+z2LGN J2 EJL� �z��
<2G� J2 NGGJ/+JxzG z-Nz, z-0*2P +KN x0-2N-,
0M +KN 0*+GJ2N (J+K -zPJJ w� z2P �� /J�NG, �
xF M0- +KN FzI0- z2P +KN FJ20- z�J, �xM�
EJL� �P� E�-,+2N- /0J2+, �E�-,+2N- 3
D�GxK �pqr� z-N N�+-zx+NP� #KN JFzLN
/z+xKN, z-0*2P +KN E�-,+2N- /0J2+, ,K0(2

J2 EJL� �y z-N +KN yz,J, M0- +KN z//Nz-z2xN
yz,NP PN+Nx+J02 0M (J2P0(, +0LN+KN- (J+K
+KNJ- z--z2LNFN2+ -NGz+J)N +0 +KN xN2+N- 0M
+KN (J2P0( x0F/*+NP M-0F +KN Fz2*zGG�
PNGJ2Nz+NP 0*+GJ2N Fz-HNP z, �NGG0( GJ2N, J2
EJL� �z�
E0- +KN -N+-JN)zG� J� N�� M0- (J2P0( PN+Nx�

+J02� E�-,+2N- /0J2+, z-N N�+-zx+NP (J+K +KN
,zFN /z-zFN+N-, z, M0- +-zJ2J2L� y*+ J2 +KN
(K0GN JFzLN �xM� EJL� wz�� 'z+xKN, z-0*2P
+KN /0J2+, (J+K z ,J�N 0M vt /J�NG, z-N Fz+xK�
NP )Jz x-0,, x0--NGz+J02 0M +KN JFzLN, +-z2,�

�nm$� %N�2JH 3 C�>w�N-� BF/GJuJ+ $Kw/N >0PNG,



EJL� sl YJ,+-Jv*+J02 M0- (J2P0( 0*+GJ2N � wM+N- wu�
u*F*Gw+J02 �GNM+� w2P wM+N- ,F00+KJ2L �-JLK+��

a b c

EJL� rl w � EwuwPNk v � YN+N-FJ2w+J02 0M +KN GJHNGJK00P J2 +KN PJ,+-Jv*+J02 M0- +KN (J2P0( 0*+GJ2N,
�-NP�k u � >J2JFwG ,J�N M0- F0PNG ,NGNu+J02 wuu0-PJ2L +0 ,wF/GJ2L +KN0-NF �uM� $Nu+J02 r��

M0-FNP +0 L-z�,xzGN +0 zGG /z+xKN, J2 +KN +-zJ�
2J2L Pz+z� BM +KN x-0,, x0--NGz+J02 x0NdJxJN2+
J, zy0)N z2 NF/J-JxzGG� M0*2P +K-N,K0GP 0M
��rt� +KN Fz+xK J, zxxN/+NP z2P +KN )Nx+0-
-NGz+J2L +KN +-zJ2J2L /z+xK +0 J+, xN2+N- J,
*,NP +0 LN2N-z+N z K�/0+KN,J, M0- +KN xN2+N-
0M +KN (J2P0( J2 z2 J2J+JzGG� NF/+� zxx*F*�
Gz+J02 JFzLN� #KN K�/0+KN,N, z-N J2+NL-z+NP
)Jz zDz*,,Jz2 0M +KN z)N-zLN ,J�N 0M +KN (J2�
P0(, *,NP M0- +-zJ2J2L z2P G0xzG Fz�JFz 0M
+KN -N,*G+J2L M*2x+J02 z-N K�/0+KN,N, M0-
(J2P0(,�#KN /z+xKN,(KJxK GNP +0 +KNFz�J�
Fz z-N NF/G0�NP +0 PNGJ2Nz+N +KN x0-2N-, 0M
+KN (J2P0( 0*+GJ2N,�

#0 /-NxJ,NG� PNGJ2Nz+N +KN (J2P0(,� (N
NF/G0� +KN -NGz+J02 yN+(NN2 +KN xN2+N-, 0M
+KN +-zJ2J2L /z+xKN, z2P +KN LJ)N2 0*+GJ2N
0M +KN (J2P0(, Fz-HNP z, yG*N GJ2N, J2
EJL� �z z2P x� Z�L�� +KN /0J2+ Fz-HNP J2 -NP
J2 +KN *//N- GNM+ x0-2N- 0M +KN Pz-H (J2P0(
/z2N J2 EJL� wz Kz, yNN2 Fz+xKNP y� x-0,,
x0--NGz+J02 +0 +KN +-zJ2J2L /z+xK Fz-HNP J2
-NP I*,+ GNM+ zy0)N +KN 77y11 0M EJL� wy� EJL� wx
,K0(, K0( +KN xN2+N- 0M +KN /z+xK Fz-HNP
y� z +KJxH -NP x-0,, J, -NGz+NP +0 +KN x0-2N-
0M +KN 0*+GJ2N 0M +KN (J2P0( Fz-HNP y� z
,FzGG �NGG0( x-0,,� E-0F +KN x0-2N- 0M +KN
0*+GJ2N +KN +(0 2NJLKy0-J2L ,JPN, 0M +KN -Nx�

+z2LGN M-0F +KN +-zJ2J2L Pz+z z-N P-z(2 �xM�
EJL� wx z2P P�� #KN -N,*G+ J, z K�/0+KN,J, M0-
/z-+, 0M +KN (J2P0( 0*+GJ2N�
#KN K�/0+KN,N, M0- (J2P0( 0*+GJ2N,� z,�

N� L�� EJL� wP� z-N zxx*F*Gz+NP0)N- zGG /0J2+,
z2P zGG +-zJ2J2L /z+xKN, +Kz+ GNP +0 +KN Fz�J�
F*F M0- +KN (J2P0(� #KN -N,*G+ J, z PJ,�
+-Jy*+J02 M0- +KN (J2P0( 0*+GJ2N z, J2 EJL� v
GNM+ (KJxK J, X2zGG� ,F00+KNP �xM� EJL� v
-JLK+� z2P 20-FzGJ�NP y� ,N++J2L +KN Gz-LN,+
)zG*N J2 +KN (J2P0( +0 ��
#KN /z-zFN+N-, 0M +KN -Nx+z2LGN, -N/-N�

,N2+J2L +KN (J2P0(, z-N N,+JFz+NP M-0F +KN
PJ,+-Jy*+J02, M0- +KN (J2P0( 0*+GJ2N, J2+N-�
/-N+NP z, GJHNGJK00P z2P /-J0-, M0- +KN (J2�
P0( ,Kz/N, y� >z-H0) \KzJ2 >02+N \z-G0
� >\>\ �=NzG �ppv� >z�JF*F ^ '0,+�
N-J0-J �>^'� N,+JFz+J02� #KN NF/G0�NP
/-J0-, /*2J,K +00 ,FzGG z2P +00 (JPN 0- +00
KJLK (J2P0(,� #KN GJHNGJK00P J, +KN ,*F
0)N- +KN PJ,+-Jy*+J02 zG02L +KN (J2P0( 0*+�
GJ2N �xM� -NP GJ2N, J2 EJL� uy��

s $NGM�YJwL20,J, M0- +KN !wGJPw+J02
0M �J2P0( C�/0+KN,N,

#KN /-0/0,NP zGL0-J+KF(0-H, 02G� (NGG M0-
KJLK .*zGJ+� JFzLN, z2P ,JF/GN MzxzPN,� BM
+KJ, J, 20+ +KN xz,N� J+ FJLK+ PN+Nx+ z2P PN�
GJ2Nz+N MzG,N K�/0+KN,N,� N� L�� P00-, 0- 0+KN-
-Nx+z2L*Gz- 0yINx+,� #KN zGL0-J+KF zG,0 P0N,
20+ PNzG (NGG (J+K /z-+JzGG� 0xxG*PNP (J2�
P0(,�
#KN ,0G*+J02 (N Kz)N PN)J,NP +0 x0/N (J+K

+KN zy0)N ,K0-+x0FJ2L, J, +0 *,N L00P K��
/0+KN,N, J2 0-PN- +0 )zGJPz+N (NzHN- K��
/0+KN,N,� #KN yz,Jx z,,*F/+J02 J, +Kz+ z+
GNz,+ ,0FN (J2P0(, 02 z MzxzPN z-N 0M +KN

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



EJL� ol!wGJPw+J020M K�/0+KN,N,� GNM+l [NM0-N )N-JMJuw+J02k -JLK+l \M+N- )N-JMJuw+J02 �M0- u0G0-, uM� EJL� p��

EJL� pl !wGJPw+J02 0M K�/0+KN,N, � GNM+l [NM0-N )N-JMJuw+J02� C�/0+KN,N, (J+K L-wPN q w, L-NN2� (J+K
L-wPN r w, �NGG0(� (J+K L-wPN s w, u�w2� w2P(J+K L-wPN t w, vG*N -Nu+w2LGN,k -JLK+l \M+N- )N-JMJuw+J02l
L-NN2 � wuuN/+NP� -NP � -NINu+NP K�/0+KN,N,�

1 corner:

2 corners:

3 corners:

4 corners:

EJL� ql #KN L-wPN ,�,+NF M0- K�/0+KN,N, � KJLK�
N- L-wPN FNw2, vN++N- N)wG*w+J02� 'GNw,N 20+N
+Kw+ M0- ,�FFN+-Ju u02MJL*-w+J02, 02G� 02N J2�
,+w2uN J, LJ)N2�

,zFN +�/N� #KN )zGJPz+J02 0M K�/0+KN,N,
(0-H, z, M0GG0(,o BFzLN /z+xKN, x02+zJ2J2L
L00P K�/0+KN,N, M0- (J2P0(, z-N x-0,,�x0-�
-NGz+NP (J+K +KN JFzLN M*2x+J02 z-0*2P
(NzH K�/0+KN,N,� PN+N-FJ2J2L +KN 0/+JFzG
G0xz+J02 z, +KN Fz�JF*F� E0- PN,x-JyJ2L
+KN .*zGJ+� 0M +KN K�/0+KN,N, (N *,N z L-zPN

,�,+NF NF/J-JxzGG� N)zG*z+J2L zGG xz,N, (J+K
�� w� v� z2P u -Nx0L2J�NP x0-2N-, �xM� EJL� t�
yz,NP 02 +KN 2*FyN- 0M x0-2N-, z, (NGG z,
+KNJ- -NGz+J02 +0 +KN 0*+GJ2N� #KN KJLKN- +KN
L-zPN 0M z K�/0+KN,J,� +KN yN++N- J+ J, N)zG*�
z+NP� ]z,NP 02 +KN L-zPN ,�,+NF (N z2zG��N
z2P )zGJPz+N zGG K�/0+KN,N,� %N,*G+, z-N
LJ)N2 J2 EJL,� s z2P r�

r >0PNG $NGNu+J02l B2PJ)JP*wG
�J2P0(,� %0(,� w2P Z0G*F2,

B2 +KN /-NxNPJ2L ,Nx+J02, (N Kz)N PN,x-JyNP
K0( +0 PN+Nx+� PNGJ2Nz+N� z2P )zGJPz+N J2PJ�
)JP*zG (J2P0(, ,*xK z, J2 EJL� qz� �N+� (J2�
P0(, z-N *,*zGG� 20+ z--z2LNP -z2P0FG��
y*+ J2 -0(,� x0G*F2,� 0- L-JP,� %0(, z2P
x0G*F2,� J2 +KJ, /z/N- PNX2NP +0 Kz)N +KN
,zFN K0-J�02+zG 0- )N-+JxzG PJ,+z2xN yN+(NN2
(J2P0(, 0M +KN ,zFN ,J�N� xz2 yN y*JG+ y�
z2zG��J2L +KN K0-J�02+zG 0- )N-+JxzG z--z2LN�
FN2+� �N+� J+ J, 0M+N2 20+ xGNz- JM 02N ,K0*GP

�m�$� %N�2JH 3 C�>w�N-� BF/GJuJ+ $Kw/N >0PNG,



a b c

EJL� nl>0PNG $NGNu+J02 � %N/-N,N2+w+J02 0M MwuwPN v� w � J2PJ)JP*wG (J2P0(,k v � -0(,k u � u0G*F2,
0M (J2P0(,� +KN Gw++N- +(0 u02,J,+J2L 0M (J2P0(, (J+K +KN ,wFN ,J�N w2P w u02,+w2+ K0-J�02+wG 0-
)N-+JuwG ,/wuJ2L�

-N/-N,N2+ z MzxzPN y� FNz2, 0M J2PJ)JP*zG
(J2P0(, 0- y� -0(, 0- x0G*F2, 0M (J2P0(,�
Z� L�� EJL� q ,K0(, z x02XL*-z+J02(KJxK xz2
yN -N/-N,N2+NP zPN.*z+NG� y� FNz2, 0M x0G�
*F2,� y*+ 20+ -0(,� ]z,JxzGG�� J2 +N-F, 0M
z2 0/+JF*F X+ PN,x-JyNP J2 +KN M0-F 0M +KN
GJHNGJK00P zG(z�, J2PJ)JP*zG (J2P0(, (JGG
yN /-NMN--NP z, +KN� xz2 0/+JFzGG� zPz/+ +0
+KN Pz+z� #K*,� 02N 2NNP, z (z� +0 -N(z-P
-NL*Gz- z--z2LNFN2+, 0M 0yINx+, z2P 02N
(z� +0 P0 +KJ, J, +0 +zHN J2+0 zxx0*2+ +Kz+
+KN� xz2 yN PN,x-JyNP y� ,FzGGN- 2*FyN-,
0M /z-zFN+N-,�

#KN zy0)N /-0yGNF J, +K*, -NLz-PNP z, z
/-0yGNF 0M F0PNG ,NGNx+J02� =*FN-0*,
FNz2, Kz)N yNN2 PN)J,NP +0 yzGz2xN +KN
x0F/GN�J+� 0M z F0PNG� N� L�� PN,x-JyNP y�
+KN 2*FyN- 0M /z-zFN+N-, 0- +KNJ- zxx*-zx��
02 02N Kz2P z2P +KN X+ +0 +KN Pz+z� J� N��
+KN GJHNGJK00P� 02 +KN 0+KN- Kz2P� #(0 (NGG
H20(2 z-N >J2JF*F [N,x-J/+J02 ?N2L+K �
>[? �%J,,z2N2 �prq� z2P ^B\ � ^HzJHN1,
J2M0-Fz+J02 x-J+N-J02 �^HzJHN �prv�� ^ )N-�
L00P z2zG�,J, 0M +KN -NGz+J02, 0M +KN,N +(0
FNz2, z, (NGG z, +KNJ- xKz-zx+N-J,+Jx,� +KNJ-
,+-N2L+K,� z2P (NzH2N,,N, xz2 yN M0*2P J2
�$xKJ2PGN- 3 $*+N- w��s�� E0- J+, ,JF/GJx�
J+� z2P z, (N M0*2P J+ +0 (0-H (NGG M0- 0*-
z//GJxz+J02� (N NF/G0� ^B\� +K0*LK -NxN2+
(0-H 02 x0F/0,J+J02 ,*xK z, �DNFz2 N+ zG�
w��w� /-NMN-, >[?� 'z-+Jx*Gz-G�� (N *,N

^B\fHgw2 G2�?� ���

(J+K H +KN 2*FyN- 0M +KN /z-zFN+N-, 0M +KN
F0PNG� 2 +KN 2*FyN- 0M 0y,N-)z+J02,� z2P
? +KN GJHNGJK00P 0M +KN 0*+GJ2N� #KN 2*FyN-

0M /z-zFN+N-, J, M0*- �(JP+K� KNJLK+ z2P xN2�
+N- x00-PJ2z+N,� M0- N)N-� J2PJ)JP*zG(J2P0(
z2P ,J� M0- z -0( 0- x0G*F2 �M0*- /z-�
zFN+N-, M0- (J2P0( ,Kz/N /G*, � K0-J�02+zG
0- )N-+JxzG � ,/zxJ2L z2P 2*FyN- 0M NG�
NFN2+,�� #KN yz,Jx JPNz J, +0 PN+N-FJ2N +KN
/0,+N-J0- yz,NP 02 +KN 20-FzGJ�NP PJ,+-Jy*�
+J02 JFzLN y�FNz2, 0M>\>\z, PN,x-JyNP
J2 $Nx+J02 w zy0)N� EJL� uy ,K0(, K0( +KN
PJ,+-Jy*+J02 J, ,zF/GNP z+ 02N /0,J+J02 (J+K
+KN 0*+GJ2N LJ)N2 J2 -NP� Z)N-� y0*2Pz-�
/0J2+ LJ)N, 02N 0y,N-)z+J02 0M +KN GJHNGJK00P
(KJxK J, F*G+J/GJNP GNzPJ2L +0 +KN F*G+J/GJ�
xz+J02 Mzx+0- M0- +KN G0L�GJHNGJK00P�
�N+� z x0*/GN 0M N�/N-JFN2+, FzPN xGNz-

+Kz+ 02N xz220+ I*,+ ,zF/GN +KN LJ)N2 PJ,�
+-Jy*+J02 M0- (J2P0(,�  N M0*2P +Kz+ 02N
Kz, +0 -NP*xN +KN PN+N-FJ2z+J02 0M +KN GJHN�
GJK00P +0 z FJ2JFzG ,N+*/� E-0F +KN ,zF/�
GJ2L +KN0-NF (N PN-J)NP +Kz+ M0- z (J2P0(
x02,J,+J2L 0M /z-zGGNG GJ2N, +KN FJ2JF*F ,J�N
J, z GN2L+K 0M I*,+ zy0)N +K-NN /J�NG,�  N zx�
x0-PJ2LG� -N,zF/GN +KN PJ,+-Jy*+J02 JFzLN +0
+KJ, FJ2JF*F ,J�N �xM� EJL� ux� M0- +KN x0F�
/*+z+J02 0M +KN GJHNGJK00P M0- ^B\� �=0+No
E0- +KN PNGJ2Nz+J02 +KN 0-JLJ2zG -N,0G*+J02
J, *,NP +0 0y+zJ2 z KJLKN- zxx*-zx���
%N,*G+, M0- +KJ, /-0xNP*-N z-N LJ)N2 J2

EJL� p� E0- zGG +K-NN MzxzPN, x02,J,+J2L 0M
(J2P0(, (J+K +KN ,zFN ,J�N z2P z x02,+z2+
K0-J�02+zG 0- )N-+JxzG ,/zxJ2L z, (NGG z,
Fz2� 0+KN- MzxzPN, (N +N,+NP 0*- /-0xNP*-N
02 (N ,NGNx+NP +KN x0--Nx+ F0PNG� BM +KN-N J,
z2 0y)J0*, ,+-*x+*-N 02 +KN MzxzPN� J+ J, -N�
VNx+NP J2 ,JL2JXxz2+G� PJdN-N2+ ^B\ )zG*N,
z, ,K0(2 J2 EJL� p�

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



a – C: 265, R: 404, W: 359 b – C: 115, R: 65, W: 94 c – C: 76, R: 83, W: 87

EJL� ml %N,*G+, M0- F0PNG ,NGNu+J02 *,J2L \BZ )wG*N, � Zl Z0G*F2,� %l %0(,� �l B2PJ)JP*wG �J2P0(,�
$NGNu+NP F0PNG J2 v0GP�

EJL� ��l %N,*G+, M0- F0PNG ,NGNu+J02 N�+N2PJ2L -w2P0FG� uK0,N2 2NJLKv0-NP /wJ-, 0M (J2P0(,�

"/ +0 +KJ, /0J2+ (N Kz)N -N,+-Jx+NP 0*-�
,NG)N, +0 x0F/GN+NG� N)N2G� ,/zxNP -0(, 0-
x0G*F2, 0M (J2P0(,� #0 PNzG (J+K x02XL*-�
z+J02, ,*xK z, J2 EJL� ��� (KN-N +KN K0-J�02�
+zG PJ,+z2xN, yN+(NN2 +KN (J2P0(, /z-+G�
)z-�� (N ,zF/GN +KN -0(, 0- x0G*F2, y� N��
+N2PJ2L -z2P0FG� xK0,N2 2NJLKy0-NP /zJ-,
y� 0+KN- 2NJLKy0-J2L (J2P0(, )Jz >\>\
*2+JG 20 M*-+KN- (J2P0( J, M0*2P z2�F0-N
(KJxK xz2 yN GJ2HNP� #KN2 +KN 2N�+ /zJ- J,
,NGNx+NP� N+x� $N)N-zG ,+z-+ x02XL*-z+J02, z-N
xK0,N2 zLzJ2 -z2P0FG� z2P X2zGG� +KN x02�
XL*-z+J02 �JNGPJ2L +KN ,FzGGN,+ ^B\ )zG*N
J, ,NGNx+NP� E0- EJL� �� J+ x02,J,+, 0M tu J2�
,+NzP 0M ��q /z-zFN+N-,�

q sY %Nu02,+-*u+J02 )Jw 'Gw2N
$(NN/J2L w2P %N,*G+,

#KN -N,*G+, M-0F +KN zy0)N /-0xNP*-N z-N
+KN 0*+GJ2N, 0M (J2P0(, 02 +KN MzxzPN JF�
zLN, /0,,JyG� -N,+-Jx+NP +0 M0-F K0-J�02+zG
-0(, 0- )N-+JxzG x0G*F2,� ^, (N *,N JFzLN
,N.*N2xN, z, yz,J,� (N xz2 PN+N-FJ2N +KN v[
N�+N2+ 0M +KN (J2P0(,� #0 P0 ,0� (N M0GG0(
�]zJGGz-P 3 �J,,N-Fz2 �ppp z2P  N-2N-
3 �J,,N-Fz2 w��w� z2P NF/G0� /Gz2N
,(NN/J2L� J2 +KJ, xz,N M0- /Gz2N, /z-zGGNG +0
+KNJ- MzxzPN /Gz2N J2 +KN PJ-Nx+J02 0M +KN Gz+�
+N-1, 20-FzG� #KN PN+N-FJ2z+J020M +KN PN/+K
M0- J2PJ)JP*zG (J2P0(, J, yz,NP 02 +KN ,*F
0M +KN GNz,+�,.*z-N, PJdN-N2xN, yN+(NN2 +KN
/-0INx+J02,0M +KN J2PJ)JP*zG JFzLN, 02+0 +KN

�ms$� %N�2JH 3 C�>w�N-� BF/GJuJ+ $Kw/N >0PNG,



EJL� ��l BFwLN, 02N� +K-NN� MJ)N� w2P ,N)N2 0M ,N.*N2uN <,+vwK2K0M���

EJL� �tl GNM+l %N,*G+ M0- ,N.*N2uN <,+vwK2K0M�� �JFwLN, uM� EJL� ��� � �J2P0( 0*+GJ2N, M0- +K-NN
MwuwPN, (J+K -0(, 0M (J2P0(, w, -NP -Nu+w2LGN,� sY (J2P0( /0,J+J02, w, L-NN2 -Nu+w2LGN,� w2P
uwFN-w /0,J+J02, w, L-NN2 /�-wFJP,k -JLK+l YN+wJGl /w-+ 0M +(0 (wGG,�

EJL� �sl %N,*G+ M0- ,N.*N2uN [0-PNw*� $.*w-N
(J+K J2PJ)JP*wG (J2P0(, u02,+-*u+NP M-0F NGN�
)N2 JFwLN, � N�/Gw2w+J02 uM� EJL� �t�

EJL �rl %N,*G+ M0- ,N.*N2uN <,+vwK2K0M�t (J+K
u0G*F2, 0M (J2P0(, u02,+-*u+NP M-0F +N2 JFw�
LN, � N�/Gw2w+J02 uM� EJL*-N �t�

/Gz2N +0 +KNJ- z)N-zLN JFzLN� #KJ, J, x0F�
/*+NP M0- z FNz2J2LM*G -z2LN 0M PN/+K
)zG*N, M0- (J2P0(, z2P +KN -N,*G+ J, +KN
PN/+K )zG*N M0- +KN FJ2JF*F 0M +KN ,*F�
E0- -0(, 0- x0G*F2, (N ,*F */ +KN x02�
+-Jy*+J02, 0M zGG JFzLN, 0M z -0( 0- x0G*F2
z+ z /z-+Jx*Gz- PN/+K�

EJL� �� ,K0(, M0*- JFzLN, 0M z ,N.*N2xN
(J+K ,N)N2 JFzLN, z2P EJL� �w +KN -N,*G+ M0-
+K-NN Fz2*zGG� x0z-,NG� Fz-HNP MzxzPN,�
'GNz,N 20+N +Kz+ +KN -0(, z2P x0G*F2, /-N,�
N2+NP J2 +KJ, ,Nx+J02 x02,J,+ 0M (J2P0(, (J+K
+KN ,zFN ,Kz/N z2P z x02,+z2+ PJ,+z2xN J2

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



NJ+KN- K0-J�02+zG 0- )N-+JxzG PJ-Nx+J02 z2P
(N P0 +KN ,NGNx+J02 M0- +KN (K0GN MzxzPN�
#KN v[ -Nx02,+-*x+J02 (z, P02N F0,+G� -N�
GJzyG� z2P zxx*-z+NG� z2P GNP +0 +KN (J2P0(,
yNKJ2P +KN MzxzPN Fz-HNP y� L-NN2 -Nx�
+z2LGN, (KJxK xz2 yN ,NN2 J2 EJL� �w� -JLK+�
E*-+KN- -N,*G+, z-N LJ)N2 J2 EJL� �v z2P �u�

p Z02uG*,J02,

 NKz)N /-N,N2+NP +K-NN 20)NG x02+-Jy*+J02,
M0- +KN J2+N-/-N+z+J02 0M MzxzPN, x02,J,+J2L
0M J2PJ)JP*zG(J2P0(,� J� N�� 20 LGz,, MzxzPN,�
M-0F +N--N,+-JzG JFzLN ,N.*N2xN,� 2zFNG� +KN
x0KN-N2+ *,N 0M BF/GJxJ+ $Kz/N >0PNG, M0-
+KN PNGJ2Nz+J02 0M (J2P0(,� ,NGM�PJzL20,J, +0
)zGJPz+N K�/0+KN,N, M0- (J2P0(,� z2PF0PNG
,NGNx+J02 yz,NP 02 ^HzJHN1, J2M0-Fz+J02 x-J�
+N-J02 �^B\� M0- ,NGNx+J2L yN+(NN2 J2PJ)JP�
*zG (J2P0(, z2P -0(, z2P x0G*F2, x02�
,+-*x+NP M-0F +KNF� \0FyJ2NP (J+K /Gz2N
,(NN/J2L(N0y+zJ2 v[ J2+N-/-N+z+J02, 0M Mz�
xzPN /Gz2N, J2xG*PJ2L +KN (J2P0(,�
\02xN-2J2L M*+*-N (0-H(N +KJ2H J2+0 PJM�

MN-N2+ PJ-Nx+J02,� EJ-,+� (N 2NNP +0 P0 F0PNG
,NGNx+J02 M0- J2PJ)JP*zG -0(, z2P x0G*F2,
J2 z F0-N VN�JyGN (z� y� *,J2L %A>\>\
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