
>B;?@`2bQHmiBQM j. /B`2+iBpBiv K2�bm`2K2Mib Q7 � i`mKT2i

�M/`2� *Q`+m2`� J�``mzQ1- CBi?BM h?BH�F�M2-
�H2t >Q7K�MM1- o�bBH2BQb *?�ixBBQ�MMQm1 � J�Hi2 EQ#2

1 lMBp2`bBiv Q7 JmbB+ �M/ S2`7Q`KBM; �`ib- oB2MM� 1K�BH, &+Q`+m2`�@K�``mzQ- ?Q7K�MM@�H2t- +?�ixBBQ�MMQm'!K/rX�+X�i
2 .2iKQH/ lMBp2`bBiv Q7 JmbB+- :2`K�Mv 1K�BH, &DBi?BMXi?BH�F�M- K�Hi2XFQ#'!?7K@/2iKQH/X/2

AMi`Q/m+iBQM
JmbB+�H BMbi`mK2Mib ?�p2 Q7i2M #22M i?2 7Q+mb Q7 `2b2�`+?
QM K2�bm`2K2Mi �M/ bBKmH�iBQM Q7 i?2 `�/B�iBQM +?�`�+@
i2`BbiB+b Q7 bQmM/ bQm`+2bX 6B`bi BMp2biB;�iBQMb QM /B`2+@
iBpBiv T�ii2`Mb Q7 KmbB+�H BMbi`mK2Mib r2`2 +�``B2/ Qmi
#v CɃ`;2M J2v2` BM i?2 RNdyb (R)X aBM+2 i?2M- MmK2`@
Qmb Qi?2` `2b2�`+?2`b ?�p2 +QM/m+i2/ bim/B2b QM bQmM/
bQm`+2 /B`2+iBpBiv- HBF2 JX SQHHQr 2i �HX (k) �M/ S ivM2M
2i �HX (j)- r?Q K2�bm`2/ i?2 /B`2+iBpBiv Q7 � H�`;2 +QH@
H2+iBQM Q7 Q`+?2bi`�H BMbi`mK2Mib mbBM; kk �M/ jk KB+`Q@
T?QM2b- `2bT2+iBp2Hv- TH�+2/ �`QmM/ i?2 KmbB+B�MX .m2 iQ
i?2 /B{+mHiB2b BM T`QpB/BM; � `2T2�i�#H2 2t+Bi�iBQM- i?2
/B`2+iBpBiv T�ii2`Mb Q7 KmbB+�H BMbi`mK2Mib �`2 Q7i2M Q#@
i�BM2/ mbBM; bT?2`B+�H KB+`QT?QM2 �``�vb i?�i K2�bm`2
bBKmHi�M2QmbHv �i b2p2`�H HQ+�iBQMb �`QmM/ i?2 bQm`+2X
>Qr2p2`- i?Bb `2bmHib BM T�ii2`Mb rBi? HQr bT�iB�H `2bQ@
HmiBQMbX _2T2�i2/@+�Tim`2 K2�bm`2K2Mi bvbi2Kb- QM i?2
Qi?2` ?�M/- /QMǶi ?�p2 bm+? � bi`B+i HBKBi�iBQM QM i?2 bT�@
iB�H `2bQHmiBQM- r?B+? ?�b 7�pQm`2/ i?2B` mb2 7Q` K2�bm`@
BM; ?B;?@`2bQHmiBQM T�ii2`Mb Q7 KmbB+�H BMbi`mK2Mib mb@
BM; �`iB}+B�H 2t+Bi�iBQM (9- 8) Q` KmbB+B�Mb (e)X �Hi?Qm;?
K2�bm`BM; /B`2+iBpBiv T�ii2`Mb rBi? �`iB}+B�H 2t+Bi�iBQM
2Mbm`2b `2T2�i�#BHBiv Q7 i?2 `2bmHib- K2�bm`BM; KmbB+�H
BMbi`mK2Mib rBi? i?Bb K2i?Q/ /Q2b MQi BM+Hm/2 i?2 M�im@
`�H 2t+Bi�iBQM Q7 i?2 bQm`+2 MQ` i?2 �+QmbiB+ BM~m2M+2 Q7
i?2 KmbB+B�Mb- r?Q �`2 BMi`BMbB+ iQ i?2 bQm`+2X PM i?2
Qi?2` ?�M/- r?2M mbBM; `2T2�i2/@+�Tim`2 bvbi2Kb rBi?
KmbB+B�Mb- `2T2�i�#BHBiv Q7 i?2 2t+Bi�iBQM +�MǶi #2 ;m�`@
�Mi22/X

AM i?Bb T�T2`- r2 T`2b2Mi �M �TT`Q�+? iQ i�F2 i?2 �+Qmb@
iB+ b?�/QrBM; Q7 i?2 KmbB+B�M BMiQ �++QmMi- i?2 K2�bm`2@
K2Mi b2imT �M/ i?2 Q#bi�+H2b 7�+2/ /m`BM; i?2 `2+Q`/BM;b
Q7 ?B;?@`2bQHmiBQM /B`2+iBpBiv T�ii2`Mb Q7 � i`mKT2iX J2�@
bm`2K2Mib r2`2 /QM2 BM j. mbBM; �`iB}+B�H 2t+Bi�iBQM- �
im`Mi�#H2 �M/ � K�MM2[mBM �ii�+?2/ iQ i?2 b2imT i?�i
�HHQr2/ iQ Q#i�BM �M �TT`QtBK�iBQM Q7 i?2 �+QmbiB+ 27@
72+i Q7 � KmbB+B�M BM � T2`7Q`K�M+2X h?2 ?B;?@`2bQHmiBQM
/B`2+iBpBiv T�ii2`Mb �`2 �p�BH�#H2 7Q` mb2 BM �+�/2KB+ `2@
b2�`+?RX

J2i?Q/
h?2 K2�bm`2K2Mib r2`2 /QM2 BM i?2 �M2+?QB+ +?�K@
#2` �i i?2 lMBp2`bBiv Q7 �TTHB2/ a+B2M+2b �M/ �`ib
Pbir2bi7�H2M@GBTT2 Uh> PqG- G2K;Q- :2`K�MvVX h?2
K2�bm`2K2Mi +?�K#2` ?�b BMM2` /BK2MbBQMb Q7 9X3y K t
8X3y K t 9Xyy K �M/ � ;`B/ ~QQ` iQ KBMBKBx2 `2~2+iBQMbX

�M �miQK�i2/ im`Mi�#H2 U6Qm`�m/BQ 1G6 hm`Mi�#H2V
rBi? j /2;`22b Q7 7`22/QK r�b mb2/ iQ Q#i�BM j. /B`2+@

R?iiTb,ffrrrX/QBXQ`;fRyX8k3Rfx2MQ/QXe9yR9Rd

6B;m`2 R, a2imT mb2/ 7Q` i?2 K2�bm`2K2Mi Q7 � i`mKT2i
BM j. K2�bm`2K2Mib rBi? � K�MM2[mBM �M/ � im`Mi�#H2X

iBpBiv T�ii2`Mb Q7 � bi�M/�`/ Bb i`mKT2i rBi? MQ p�Hp2b
T`2bb2/X hrQ K2�bm`2K2Mi KB+`QT?QM2b ULhA JkyRyV
r2`2 TH�+2/ �i � /Bbi�M+2 Q7 RX8 �M/ k K2i2`b 7`QK i?2
+2Mi`2 Q7 i?2 b2imTX

h?2 K2�bm`2K2Mib r2`2 T2`7Q`K2/ rBi? �M/ rBi?Qmi
� bi�M/�`/ K�MM2[mBMX PMHv i?2 ?2�/ �M/ iQ`bQ Q7
i?2 K�MM2[mBM r2`2 mb2/ U�TT`QtBK�i2Hv Ny +2MiBK2i`2b
?2B;?i- 8y +2MiBK2i`2b rB/i?V- r?B+? r2`2 +Qp2`2/ rBi?
+HQi?2b iQ bBKmH�i2 `2�HBbiB+ 2z2+ib �M/ �pQB/ bi`QM; `2@
~2+iBQMbX h?2 bT�iB�H `2bQHmiBQM r�b 5◦ BM #Qi? +�b2b-
mbBM; �M 2[m�H@�M;H2 b�KTHBM; bi`�i2;v �HQM; �xBKmi?
�M/ 2H2p�iBQM- `2bmHiBM; BM k8kk mMB[m2 K2�bm`2K2Mi TQ@
bBiBQMbX .m2 iQ i?2 +?�`�+i2`BbiB+b Q7 i?2 K2�bm`BM; bvb@
i2K- i?2 TQH2b Q7 i?2 K2�bm`2K2Mi ;`B/ �`2 HQ+�i2/ BM
7`QMi Q7 �M/ #2?BM/ i?2 BMbi`mK2MiX

h?2 BMbi`mK2Mi r�b 2t+Bi2/ �`iB}+B�HHv mbBM; � ?Q`M
/`Bp2` Uj" Ryyy3RRV �ii�+?2/ iQ i?2 KQmi?TB2+2 +QmTH2/
rBi? � `m##2`X � bBM2 br22T Q7 R b2+QM/ /m`�iBQM r�b
mb2/ �b i?2 BMTmi bB;M�H �M/ i?`22 K2�bm`2K2Mib r2`2
T2`7Q`K2/ �M/ �p2`�;2/ 7Q` 2�+? K2�bm`2K2Mi TQBMiX
h?2 im`Mi�#H2 �M/ i?2 `2+Q`/BM;b r2`2 #Qi? +QMi`QHH2/
#v qBMJ6- �M �+QmbiB+ K2�bm`2K2Mi bQ7ir�`2 ivTB+�HHv
mb2/ 7Q` HQm/bT2�F2` K2�bm`2K2MibX h?2 7`2[m2M+v `2@
bTQMb2b r2`2 Q#i�BM2/ pB� /2+QMpQHmiBQM �M/ ;Bp2M BM
XbTF 7Q`K�iX _2+Q`/BM;b r2`2 /QM2 rBi? � b�KTHBM; 7`2@
[m2M+v Q7 93 F>xX

6Q` i?2 j. K2�bm`2K2Mib rBi?Qmi � K�MM2[mBM- i?2
i`mKT2i +QmH/ #2 KQmMi2/ rBi? Bib #2HH �i i?2 +2M@
i`2 Q7 i?2 im`Mi�#H2Ƕb �tBb Q7 `Qi�iBQMX >Qr2p2`- BM Q`@
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6B;m`2 k, LQ`K�HBb2/ /B`2+iBpBiv #�HHQQM THQib Q7 � i`mKT2i �i k K2i2`b �i jR8 >x- Ryyy >x �M/ kyyy >x i?B`/ Q+i�p2
#�M/b rBi?Qmi UmTT2` `QrV �M/ rBi? UHQr2` `QrV K�MM2[mBMX h`mKT2iǶb #2HH TQBMiBM; iQ i?2 `B;?iX

/2` iQ K2�bm`2 i?2 i`mKT2i rBi? i?2 K�MM2[mBM- i?2
b2imT ?�/ iQ #2 +?�M;2/X h?2 K�MM2[mBM r�b �ii�+?2/
iQ i?2 im`Mi�#H2 mbBM; � T2`7Q`�i2/ TH�i2- r?B+? �HbQ
?2H/ i?2 +H�rb i?�i ;`BTT2/ i?2 BMbi`mK2Mi �M/ HQm/@
bT2�F2`X q?BH2 i?Bb bQHmiBQM �HHQr2/ mb iQ �TT`QtBK�i2
i?2 TH�v2`Ƕb BM~m2M+2 QM i?2 /B`2+iBpBiv T�ii2`Mb- Bi +QM@
bi`�BM2/ mb BM i2`Kb Q7 r?2`2 i?2 BMbi`mK2Mi �M/ HQm/@
bT2�F2` +QmH/ #2 TH�+2/X h?2 }`bi i?Qm;?i r�b iQ TH�+2
i?2 i`mKT2i �i i?2 b�K2 H2p2H �b i?2 K�MM2[mBMǶb KQmi?X
h?Bb- ?Qr2p2`- rQmH/ BKTHv i?�i i?2 HQm/bT2�F2` r�b
KQmMi2/ QM i?2 bB/2 Q7 i?2 ?2�/ �M/ i?�i i?2 BMbi`m@
K2Mi r�b MQi TH�+2/ �HQM; i?2 im`Mi�#H2 t@�tBb Q` v@�tBbX
h?2`27Q`2- i?2 BMbi`mK2Mi �M/ HQm/bT2�F2` r2`2 KQp2/
#2M2�i? i?2 K�MM2[mBMǶb +?BM- bm+? i?�i i?2 #2HH Q7 i?2
i`mKT2i r�b �HB;M2/ rBi? i?2 v@�tBbX �b � +QMb2[m2M+2-
i?2 BMbi`mK2Mi r�b b?B7i2/ 7Q`r�`/- bBM+2 i?2 im`Mi�#H2
�`Kb r2`2 iQQ b?Q`i 7Q` +2Mi`BM; i?2 b2imT �i i?2 i`mK@
T2iǶb #2HH rBi? i?2 K�MM2[mBMX h?2 +2Mi`2 Q7 `Qi�iBQM
r�b- i?2`27Q`2- +HQb2` iQ i?2 KQmi?TB2+2- i?�i Bb- 9y +2M@
iBK2i`2b #2?BM/ i?2 #2HHX � bBKTHB}2/ �TT`Q�+? #�b2/
QM i?2 +QbBM2Ƕb H�r �M/ BMp2`b2 /Bbi�M+2 H�r r�b mb2/
iQ /2i2`KBM2 i?2 Qzb2i /Bbi�M+2 �M/ H2p2H +QKT2Mb�iBQM-
`2bT2+iBp2HvX �+QmbiB+ +2Mi`BM; K2i?Q/b +�M #2 mb2/ iQ
+QKT2Mb�i2 7Q` i?Bb KBb�HB;MK2Mi- ?Qr2p2` i?Bb Bb QmibB/2
i?2 b+QT2 Q7 i?2 �`iB+H2X

_2bmHib
6B;m`2 k b?Qrb i?2 /B`2+iBpBiv Q7 i?2 BMbi`mK2Mi- MQ`@
K�HBb2/ iQ i?2 K�tBKmK `�/B�iBQM p�Hm2- BM i?2 7Q`K Q7
#�HHQQM THQib �i i?`22 /Bz2`2Mi i?B`/ Q+i�p2 7`2[m2M+v
#�M/b, jR8 >x- Ryyy >x �M/ kyyy >xX h?2 +QHQm` �M/
i?2 `�/Bmb Q7 i?2 #�HHQQM THQib �`2 #Qi? b+�H2/ �++Q`/BM;
iQ i?2 p�Hm2 BM/B+�i2/ BM i?2 +QHQm` #�`X

�b b22M BM 6B;m`2 k- i?2 /B`2+iBpBiv T�ii2`Mb �`2 ?B;?Hv
bvKK2i`B+�H rBi? `2bT2+i iQ i?2 BMbi`mK2Mi �tBb- r?B+?
Bb KQ`2 2pB/2Mi r?2M K2�bm`BM; i?2 BMbi`mK2Mi �HQM2X
qBi? Bib Ny +2MiBK2i`2b bBx2- i?2 K�MM2[mBM �H`2�/v +QM@
biBimi2b �M Q#bi�+H2 �i HQr 7`2[m2M+B2b 7`QK �`QmM/ j8y
>x- �M/ �TT2�`b iQ �z2+i i?2 K2�bm`2K2Mib �i HQr 7`2@
[m2M+v #�M/b- �b +�M #2 b22M BM 6B;m`2 k UHQr2` `Qr-
H27iVX "Qi? Q#i�BM2/ T�ii2`Mb- rBi? UHQr2` `QrV �M/ rBi?@
Qmi UmTT2` `QrV i?2 K�MM2[mBM- b?Qr �M QKMB/B`2+iBQM�H
#2?�pBQm` �i HQr 7`2[m2M+B2b �M/ � KQ`2 /B`2+iBp2 T�i@
i2`M iQr�`/b i?2 #2HH �b i?2 7`2[m2M+v BM+`2�b2bX JB//H2
7`2[m2M+B2b- 7`QK Ryyy >x- 2t?B#Bi KBH/ bB/2 HQ#2b i?�i
#2+QK2 M�``Qr2` �M/ BM+`2�b2 BM MmK#2` rBi? 7`2[m2M+vX
qBi? i?2 mb2/ 5◦ `2bQHmiBQM �M/ �p2`�;BM; i?2 T�ii2`Mb
BM 7`2[m2M+v #�M/b- ?Qr2p2`- p2`v M�``Qr HQ#2b �i ?B;?2`
7`2[m2M+B2b +�MǶi #2 +H2�`Hv Q#b2`p2/X

h?2 i`mKT2i b?Qrb � T`QMQmM+2/ /B`2+iBQM�H 2z2+i iQ@
r�`/b i?2 /B`2+iBQM Q7 i?2 #2HH i?�i Bb 2pB/2Mi �b 7`2[m2M+v
BM+`2�b2bX h?Bb +�M #2 b22M `2~2+i2/ BM i?2 H�`;2 7`QMi@
#�+F@`�iBQ U6"_V p�Hm2b �i ?B;? 7`2[m2M+B2b U};m`2 jV-
/2}M2/ �b i?2 `�iBQ BM /" #2ir22M i?2 TQr2` `�/B�i2/ iQ
i?2 7`QMi �M/ i?2 #�+FX h?2 6"_ Bb- M2p2`i?2H2bb- �HKQbi
i?2 b�K2 r?2M i?2 T�ii2`M Bb K2�bm`2/ rBi? � K�MM2[mBM
�b rBi? i?2 BMbi`mK2Mi QM Bib QrMX h?2`27Q`2- 7Q` #`�bb
BMbi`mK2Mib rBi? #2HHb 2KBiiBM; i?2 bQmM/ iQ i?2 QTTQbBi2
bB/2 Q7 i?2 KmbB+B�M- i?Bb K2i`B+ Bb MQi p2`v BM7Q`K�iBp2X
h?mb- Qi?2` K2i`B+b b?QmH/ #2 2tTHQ`2/ iQ ;2i � KQ`2 �+@
+m`�i2 TB+im`2 Q7 i?2 2z2+ib BM/m+2/ #v i?2 T2`7Q`K2`X �
H�`;2 /Bz2`2M+2 BM i?2 6"_ 7Q` i?2 irQ K2�bm`2K2Mib Bb
QMHv Q#b2`p2/ BM i?2 9yyy >x 7`2[m2M+v #�M/- #mi i?Bb
+QmH/ #2 /m2 iQ bQK2 HQm/bT2�F2` H2�F�;2- �ii2Mm�i2/ �i
i?2 `2�` #v i?2 K�MM2[mBMX >Qr2p2`- i?2 2z2+i Q7 i?2
HQm/bT2�F2` QM i?2 T�ii2`Mb `2K�BMb iQ #2 bim/B2/X
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6B;m`2 j, 6`QMi@#�+F@`�iBQ U6"_V p�Hm2b BM /" 7Q` i?2
i`mKT2i rBi? U`2/V �M/ rBi?Qmi U#Hm2V � K�MM2[mBM �i
k K2i2`b BM i?B`/ Q+i�p2 #�M/bX

L2p2`i?2H2bb- Bi +�M #2 Q#b2`p2/ i?�i i?2 K�MM2[mBM BM@
i`Q/m+2b bQK2 bK�HH 2z2+ib i?�i rQmH/ #2 2tT2+i2/ B7 �
KmbB+B�M r�b T`2b2MiX

*QM+HmbBQM
h?Bb T�T2` QmiHBM2b � K2i?Q/ 7Q` Q#i�BMBM; i?2 /B`2+@
iBQM�H +?�`�+i2`BbiB+b Q7 � KmbB+�H BMbi`mK2Mi BM ?B;? `2b@
QHmiBQM mbBM; � `2T2�i2/@+�Tim`2 bvbi2K r?BH2 i�FBM; BMiQ
�++QmMi i?2 �+QmbiB+ b?�/QrBM; Q7 � TH�v2` i?`Qm;? i?2
mb2 Q7 � K�MM2[mBMX �Hi?Qm;? `2T2�i2/ +�Tim`2 bvbi2Kb
�HHQr p2`v ?B;?@`2bQHmiBQM T�ii2`Mb iQ #2 Q#i�BM2/- i?Bb
K2i?Q/ +�M H2�/ iQ BM�++m`�i2 `2bmHib r?2M mb2/ rBi?
`2�H TH�v2`b- �b i?2v TQi2MiB�HHv BMi`Q/m+2 `2T2�i�#BHBiv
2``Q`b BM i?2 `2bmHibX � bQHmiBQM rQmH/ #2 iQ mb2 � K�M@
M2[mBM i?�i bBKmH�i2b i?2 �+QmbiB+ 2z2+i i?�i � KmbB+B�M
rQmH/ +�mb2 BM i?2 T�ii2`MbX
_2bmHib Q7 �M 2tT2`BK2Mi�H b2imT rBi? � i`mKT2i �M/ �
K�MM2[mBM b?Qr i?2 2z2+ib i?�i � TH�v2` ?�b BM i?2 /B@
`2+iBpBiv T�ii2`Mb �H`2�/v �i HQr 7`2[m2M+B2bX h?2 BMbi`m@
K2Mi mM/2` bim/v r�b � ?B;?Hv /B`2+iBQM�H bQm`+2 rBi?
QM2 K�BM HQ#2 TQBMiBM; iQr�`/ i?2 QTTQbBi2 bB/2 Q7 i?2
TH�v2`- bQ i?2 K�MM2[mBM ?�b � `2H�iBp2Hv bK�HH 2z2+i QM
i?2 Q#i�BM2/ T�ii2`MbX >Qr2p2`- 7mim`2 rQ`F b?QmH/ BM@
p2biB;�i2 Qi?2` BMbi`mK2Mib rBi? KQ`2 +QKTH2t /B`2+iBp@
Biv +?�`�+i2`BbiB+b- �b i?2v KB;?i b?Qr bi`QM;2` 2z2+ib Q7
i?2 TH�v2`Ƕb �+QmbiB+ b?�/QrBM; �M/ mM/2`b+Q`2 i?2 BK@
TQ`i�Mi `QH2 i?�i i?2 TH�v2` ?�b r?2M bim/vBM; /B`2+iBp@
Biv T�ii2`MbX JQ`2Qp2`- � bQT?BbiB+�i2/ K�MM2[mBM rBi?
�M BMi2;`�i2/ 2t+Bi�iBQM bvbi2K +QmH/ #2 mb2/ BM 7mim`2
K2�bm`2K2Mib iQ Q#i�BM KQ`2 �++m`�i2 `2bmHibX

�+FMQrH2/;2K2Mib
h?�MFb iQ h> Pbir2bi7�H2M@GBTT2 7Q` i?2 TQbbB#BHBiv
iQ mb2 i?2 �M2+?QB+ +?�K#2`X h?Bb T`QD2+i ?�b `2@
+2Bp2/ 7mM/BM; 7`QK i?2 1m`QT2�M lMBQMǶb >Q`BxQM kyky
`2b2�`+? �M/ BMMQp�iBQM T`Q;`�KK2 mM/2` i?2 J�`B2
aFƈQ/QrbF�@*m`B2 :`�Mi �;`22K2Mi LQX 3RkdRNX

_272`2M+2b
(R) J2v2`- CX UkyyNVX �+QmbiB+b �M/ i?2 T2`7Q`K�M+2 Q7

KmbB+, J�Mm�H 7Q` �+QmbiB+B�Mb- �m/BQ 2M;BM22`b- Km@
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