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h?Bb T�T2` /2�Hb rBi? i?2 }M/BM;b Q7 >QbTBi�H oB2DQ bBi2 Q7 GQ;`QƢQ UG�
_BQD�- aT�BMV- r?B+? vB2H/2/ i?2 H�`;2bi 2pB/2M+2 Q7 HQ+�H TQii2`v T`Q/m+iBQM-
+QKT`BbBM; i?`22 FBHMb �M/ � TQii2`bǶ /mKT URjth@R8th+2Mim`B2bVX h?2 bim/v
Q7 TQii2`v T`Q/m+iBQM BM BMH�M/ A#2`B� T`QpB/2b p�Hm�#H2 BM7Q`K�iBQM QM i?2
K�i2`B�H +QM/BiBQMb BM r?B+? i?2 A#2`B�M K2/B2p�H �M/ TQbi@K2/B2p�H bQ+B2iv
Q++m``2/X u2i- i?2 i2``BiQ`v Q7 G� _BQD� ?�b #22M H�`;2Hv 2+HBTb2/ #v bim/B2b �i
+Q�bi�H �M/ bQmi?2`M �`2�b Q7 A#2`B�- /m2 iQ i?2B` `QH2 BM K�`BiBK2 2t+?�M;2X
qBi? i?2 �BK Q7 mM/2`bi�M/BM; i?2 bT2+B}+ BM+B/2M+2 �M/ 2pQHmiBQM Q7 K2/B2p�H
TQii2`v �i `2;BQM�H b+�H2- dd b?2`/b UJLA ejdV BM+Hm/BM; ;H�x2/ �M/ mM;H�x2/
r�`2 �M/ FBHM mi2MbBHb r2`2 �`+?�2QK2i`B+�HHv 2t�KBM2/ #v +QK#BMBM; i?2 mb2
Q7 A*S@Ja- s_. �M/ a1J@1.aX GBF2rBb2- L�� r�b �TTHB2/ 7Q` T`Qp2M�M+2
�M�HvbBb- BM+Hm/BM; i?2 +QHH�iBQM rBi? � H�`;2 K�DQHB+� L�� /�i�#�b2X h?2
`2bmHib T`QpB/2/ i?2 }`bi +?2KB+�H }M;2`T`BMi Q7 i?2 T`Q/m+iBQM 7`QK GQ;`QƢQ
+QMbBbiBM; QM i?`22 +QKTQbBiBQM�H ;`QmTb rBi?BM i?2 b�K2 rQ`Fb?QT UGP:@

h?Bb Tm#HB+�iBQM ?�b #22M +�``B2/ Qmi BM i?2 7`�K2rQ`F Q7 i?2 QM;QBM; TQbi@/Q+iQ`�H
+QMi`�+i .PE"1__A .P*_1*RNfjN UlMBp2`bBiv Q7 i?2 "�b[m2 *QmMi`v lSof1>lV
�M/ i?2 `2b2�`+? T`QD2+i *1_�LP_@k U>�_kyRd@39kRN@SV 7`QK i?2 aT�MBb? JBMBbi`v Q7
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�- GP:@" �M/ GP:@*VX JQ`2Qp2`- TQii2`v i`�/BM; 7`QK h2`m2H �M/ o�H2M+B�
r�b /2i2+i2/- bmbi�BMBM; i?2 ?BbiQ`B+�H `2+Q`/b Q7 i?2b2 i`�/2@M2irQ`FbX h?2
BKTQ`ib b?Qr2/ iBM H2�/ ;H�x2b Q#i�BM2/ #v FMQrM `2+BT2b- +QMi`�biBM; rBi?
bBKTH2` K�Mm7�+im`2b UKQbiHv mM;H�x2/ Q` QMHv H2�/ ;H�x2/V Q7 +QMi2KTQ`�`v
GQ;`QƢQX
E2vrQ`/b TQii2`v · A*S@Ja · s_. · +QKTQbBiBQM�H ;`QmTb · GQ;`QƢQ ·
K�DQHB+�

R AMi`Q/m+iBQM

GQ;`QƢQ Bb i?2 +m``2Mi +�TBi�H +Biv Q7 G� _BQD� �M/ Bb HQ+�i2/ BM i?2 KB//H2
1#`Q p�HH2v BM i?2 MQ`i?2`M A#2`B�M S2MBMbmH� Ub22 6B;m`2 RVX h?2 _BQD�M
i2``BiQ`v r2Mi 7`QK #2BM; � T2`BT?2`�H �`2� Q7 �H@�M/�Hmb U+�X 3th +2Mim`vV
iQ i?2 M2`p2 +2Mi2` Q7 HB72 BM i?2 EBM;/QK Q7 S�KTHQM� U+�X Nth @ Ry th

+2Mim`B2bVX GQ;`QƢQ 7mM+iBQM2/ �b � bi`QM; +QKKmMB+�iBQM MQ/2- #2+QKBM;
QM2 Q7 i?2 KQbi BKTQ`i�Mi m`#�M b2iiH2K2Mib Q7 K2/B2p�H L�p�``2 �M/
*�biBH2- #Qi? +mHim`�HHv �M/ 2+QMQKB+�HHv UJQv�- RNN9VX h?2 bim/v Q7 TQii2`v
T`Q/m+iBQM BM BMH�M/ A#2`B� T`QpB/2b p�Hm�#H2 BM7Q`K�iBQM QM i?2 +QKTH2tBiv
Q7 BMi2`@+mHim`�H +QMi�+ib �i � HQ+�H b+�H2 �M/ BM ;2M2`�H- i?2 HB72 +QM/BiBQMb BM
r?B+? i?2 A#2`B�M K2/B2p�H �M/ TQbi@K2/B2p�H bQ+B2iv 2tBbi2/X h?2
`2�+iBp�iBQM Q7 HQM;@/Bbi�M+2 `Qmi2b bm+? �b i?2 q�v Q7 a�BMi C�K2b Bb i?2
`2bmHi Q7 i?2 BMi2`+QMM2+iBQM Q7 i?Qb2 HQ+�H b+2M�`BQb �b r2HH �b i?2
/2p2HQTK2Mi Q7 �M BMi2`M�H `2;BQM�H +QKK2`+B�H M2irQ`F- rBi? `�KB}+�iBQMb
BM Qi?2` �`2�b Q7 i?2 T2MBMbmH� �M/ i?2 +QMiBM2MiX u2i- i?Bb i2``BiQ`v ?�b #22M
7`2[m2MiHv 2+HBTb2/ #v bim/B2b �i +Q�bi�H �M/ bQmi?2`M �`2�b Q7 A#2`B�- /m2 iQ
i?2B` `QH2 BM K�`BiBK2 2t+?�M;2X

h?2 T`2b2Mi bim/v /2�Hb rBi? TQii2`v T`Q/m+iBQM 7`QK i?2 H�i2 K2/B2p�H
rQ`Fb?QTb Q7 GQ;`QƢQ �b r2HH �b Bib i`�/BM; M2irQ`FbX GBF2rBb2- i?2
/B�+?`QMB+ 2pQHmiBQM 7`QK i?2 K2/B2p�H iQ i?2 TQbi@K2/B2p�H TQii2`v
rQ`Fb?QTb Bb `2pBbBi2/ #�b2/ QM i?2 `2bmHib Q7 i?2 H�i2bi �`+?�2QHQ;B+�H
BMi2`p2MiBQMb U:BH �M/ Gm2x�b- kyR3VX

RXR >BbiQ`B+�H "�+F;`QmM/

h?2 K2/B2p�H +BivǶb BKTQ`i�M+2 ?�b Bib T`2+2/2Mib /m`BM; i?2 RRth +2Mim`v-
r?2M i?2 FBM; a�M+?Q :�`+ûb AAA Q7 S�KTHQM� BM+Q`TQ`�i2/ i?2 +Biv BM i?2
q�v Q7 a�BMi C�K2bX GQ;`QƢQǶb BM+HmbBQM BMiQ i?2 KQbi BKTQ`i�Mi K2/B2p�H
`Qmi2 Q7 1m`QT2 H2/ Bi iQ ~Qm`Bb? 2+QMQKB+�HHvX G�i2`- i?2 T`QKBM2M+2 Q7 i?2
+Biv r�b BM+`2�b2/ r?2M �H7QMbQ oA /2+`22/ i?�i QMHv irQ #`B/;2b +QmH/ +`Qbb
i?2 1#`Q `Bp2` BM i?�i `2;BQM- QM2 �i GQ;`QƢQ �M/ i?2 Qi?2` �i JB`�M/� /2
1#`Q- i?mb- `2@2M7Q`+BM; i?2 +BivǶb `2H2p�M+2 �b T�`i Q7 i?2 +QKTmHbQ`v
i`�/BM; `Qmi2bX h?2b2 2p2Mib- �HQM; rBi? i?2 i`�Mb72` Q7 i?2 7`QMiB2` rBi?
AbH�KB+ i2``BiQ`v iQ i?2 T2MBMbmH�` BMi2`BQ`- �HHQr2/ GQ;`QƢQ iQ ;�BM bi�imb
�M/ iQ ;`�/m�HHv /BbTH�+2 L�D2`� �M/ oB;m2`� Ui?2 QMHv +BiB2b Q7 i?2 i2``BiQ`v
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6B;X R, �#Qp2, J�BM K�DQHB+� T`Q/m+iBQM +2Mi2`b Q7 A#2`B�M S2MBMbmH� /m`BM;
R9th@R3th +2Mim`B2b UAƢ�Ƣ2x 2i �HX- kyy3VX *2Mi2`, GQ+�iBQM Q7 GQ;`QƢQ �M/ Bib
M2B;?#Q`BM; +BiB2bX "2HQr, >BbiQ`B+�H K�T Q7 GQ;`QƢQ b?QrBM; i?2 HQ+�iBQM Q7
TQii2`v rQ`Fb?QTb �M/ /Bz2`2Mi T?�b2b Q7 r�HHbX

/Q+mK2Mi2/ BM i?2 Ryth +2Mim`vV 7`QK i?2 ;2QTQHBiB+�H Q`/2` UJ�`iőM2x-
kyRjVX "v i?2 Rkth +2Mim`v- i?2 i2``BiQ`v Q7 G� _BQD� #2+�K2 � ~m+im�iBM;
7`QMiB2` #2ir22M *�biBHB�Mb- L�p�``2 �M/ �`�;QM2b2X h?2 �`2� T`QbT2`2/ �M/
r�b 2M`B+?2/ #v i?2 BMi2`+?�M;2 Q7 T2QTH2 �M/ K2`+?�M/Bb2 rBi? �
?2i2`Q;2M2Qmb TQTmH�iBQM r?2`2 7Q`K2` M2B;?#Q`b Q7 GQ;`QƢQ- i?Qb2 7`QK
M2�`#v pBHH�;2b- �b r2HH �b 6`�MFb- C2rb �M/ Jm/2D�`b BM � KBMQ` 2ti2Mi-
+Q2tBbi2/X

>Qr2p2`- b2p2`�H 2p2Mib- BM+Hm/BM; i?2 KQ/B}+�iBQM Q7 i?2 a�BMi C�K2b
q�v �i i?2 2M/ Q7 i?2 Rjth +2Mim`v BKT�+i2/ M2;�iBp2Hv QM Bib 2+QMQKvX AM
�//BiBQM- i?2 +Biv 2tT2`B2M+2/ � b2p2`2 2+QMQKB+ /2+HBM2 i`�p2`b2/ #v 2TBbQ/2b
Q7 i?2 TH�;m2 i?�i bi`m+F i?2 +Biv /m`BM; i?2 R9th +2Mim`vX AM +QMi`�bi- /m2
iQ Bib bi`�i2;B+ HQ+�iBQM �b � KBHBi�`v TH�x�- GQ;`QƢQ Q#i�BM2/ b2p2`�H #2M2}ib
�M/ Bi r�b ;`�Mi2/ rBi? irQ �MMm�H 7�B`b #v �H7QMbQ sA URjR9VX GBF2rBb2- Bi
Q#i�BM2/ i?2 iBiH2b Q7 ǳ+BivǴ UR9jRV �M/ Q7 ǳp2`v MQ#H2 �M/ p2`v HQv�HǴ UR999VX
G�i2` QM- i?2 +Biv r�b ;`�Mi2/ rBi? i?2 `B;?i iQ pQi2 BM i?2 *Qm`ib UR9N9V- �b
r2HH �b iQ ?�p2 � 7`22 K�`F2i UJ�`iőM2x- kyRjVX

�i i?2 #2;BMMBM; Q7 i?2 Reth +2Mim`v- i?2 `2+QM};m`�iBQM Q7 i?2 +Biv #`Qm;?i
iQ �M 2M/ i?2 7mM+iBQMBM; Q7 i?2 K2/B2p�H TQii2`v FBHMb- r?Qb2 �+iBpBiv r�b
bi`QM;Hv BM~m2M+2/ #v i?2 bQ+BQ@TQHBiB+�H +B`+mKbi�M+2b /2b+`B#2/ �#Qp2X h?2
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TQbi@K2/B2p�H TQii2`v rQ`Fb?QTb rQmH/ #2 TH�+2/ BM � /Bz2`2Mi HQ+�iBQM- �M/
rQmH/ K�`F i?2 #2;BMMBM; Q7 � M2r T2`BQ/ +?�`�+i2`Bx2/ #v M2r 7Q`Kb Q7
+2`�KB+ T`Q/m+iBQMX AM �//BiBQM- K2`+?�Mi +QKT�MB2b r2`2 +`2�i2/ BM Q`/2`
iQ 7mH}HH i?2 `2[mB`2K2Mib Q7 KQ`2 �K#BiBQmb +QKK2`+B�H �+iBpBiB2bX h?mb- i?2
i`�/2 UK�BMHv `2H�i2/ iQ rQQHV �M/ i?2B` `Qmi2b 2ti2M/2/ iQ i?2 MQ`i? Q7 1m`QT2
U:QB+QH2�- kyydVX

*QM+2`MBM; i?2 +2`�KB+ T`Q/m+iBQM Q7 GQ;`QƢQ- irQ bi`22ib �`2 /Q+mK2Mi2/
�b #2BM; /2/B+�i2/ iQ TQii2`v �+iBpBiv /m`BM; i?2 Reth +2Mim`v- M�K2Hv- PHH2`ő�b
�Hi�b �M/ PHH2`ő�b "�D�b U:H2`�- RNN9VX h?2b2 +Q``2bTQM/ iQ +m``2Mi a�M Cm�M
�M/ PHH2`ő�b bi`22ib- `2bT2+iBp2Hv- �M/ �`2 HQ+�i2/ 2ti`�Km`Qb Ub22 6B;m`2 RVX
h?2 iQTQMvKv Q7 PHH2`ő�b ěK2�MBM; i?2 TH�+2 Q7 i?2 TQii2`v rQ`Fb?QTbě
�H`2�/v BKTHB2/ i?2 T`2b2M+2 Q7 � +2`�KB+ rQ`Fb?QT- r?B+? r�b +QM}`K2/ #v
i?2 mM2�`i?BM; Q7 � +2`�KB+ FBHM BM kyR3 U:BH �M/ Gm2x�b- kyR3VX h?2 FBHM-
�b+`B#2/ iQ i?2 Reth +2Mim`v- +QMbiBimi2 i?2 }`bi 2p2` K�i2`B�H 2pB/2M+2 Q7 i?2
HQ+�H TQii2`v T`Q/m+iBQM Q7 TQbi@K2/B2p�H +?`QMQHQ;v BM GQ;`QƢQX

RXk h?2 �`+?�2QHQ;B+�H +QMi2ti Q7 >QbTBi�H oB2DQ bBi2

AM i?2 T`2b2Mi rQ`F- i?2 K�i2`B�Hb mM2�`i?2/ BM >QbTBi�H oB2DQ ai`22i Q7
GQ;`QƢQ �`2 �//`2bb2/ Ub22 6B;m`2 RV- i?�i Bb- i?2 }`bi _BQD�M �`+?�2QHQ;B+�H
bBi2 BM r?B+? /B`2+i 2pB/2M+2 Q7 H�i2@K2/B2p�H TQii2`v T`Q/m+iBQM ?�b #22M
/Q+mK2Mi2/X h?2 �`+?�2QHQ;B+�H }M/BM;b- r?B+? +QKT`Bb2 i?`22 +2`�KB+ FBHMb
�M/ � TQii2`Ƕb /mKT- �`2 i?2 KQbi 2ti2MbBp2 HQ+�H +2`�KB+ +QHH2+iBQM
mM2�`i?2/ mMiBH MQr UJ�`iőM2x- kyRjc �M;mHQ �M/ SQ``2b- kyR8VX h?2 H�`;2
+2`�KB+ �bb2K#H�;2 Ui?Qmb�M/b Q7 b?2`/bV BM+Hm/2b FBHM mi2MbBHb- +2`�KB+
r�bi2`b- T�Mi`v TQii2`v- +QQFr�`2 �M/ i�#H2r�`2- rBi? ;H�x2/ �M/ mM;H�x2/
+Q�iBM;b- �b r2HH �b }`2/ +H�v2v T�bi2b Ub22 a2+iBQM kXRVX

lT iQ i?`22 bmT2`BKTQb2/ rQ`FTH�+2b r2`2 B/2MiB}2/- BM QT2`�iBQM /m`BM;
i?2 Rjth- R9th �M/ R8th +2Mim`B2bX h?2 TQii2`v FBHMb r2`2 #mBHi rBi? i?2 Tm`TQb2
Q7 b2`pBM; 7`QK irQ iQ i?`22 ;2M2`�iBQMb �M/ ?�/ � HB72@+v+H2 Q7 +�X 8y v2�`b 2�+?
UJ�`iőM2x- kyRjVX JQ`2Qp2`- i?2 bim/v Q7 i?2 bi`�iB;`�T?B+ b2[m2M+2 Ub22 6B;m`2
kV �HHQr2/ 7Q` i?2 B/2MiB}+�iBQM Q7 irQ /Bz2`2Mi Q++mT�iBQM T?�b2b U� �M/ "V BM
2�+? Q7 i?2 i?`22 rQ`Fb?QTbX h?2b2 /Bz2`2/ BM i?2 ivT2 �M/ pQHmK2 Q7 K�i2`B�Hb-
�b r2HH �b i?2 bi`m+im`2b �bbQ+B�i2/ rBi? i?2 rQ`Fb?QTbX h?2 BMbi�HH�iBQM Q7 i?2
}`bi rQ`Fb?QT r�b 2tT�M/2/ QM #v i?2 b2+QM/ bi`m+im`2 BM i?2 b2+QM/- r?B+?
rQmH/ ?�p2 7mM+iBQM2/ KQ`2 T`Q/m+iBp2Hv- #mi �i bQK2 TQBMi- K�v ?�p2 #22M
�#`mTiHv /Bb`mTi2/ #v i?2 BM~m2M+2 Q7 i?2 TH�;m2 U`2TQ`iBM; i?2 mb2 Q7 i?2
FBHM 7Q` +�H+BM�iBQM Q7 i?2 ?Qmb2?QH/bVX 6BM�HHv- T`Q/m+iBQM `�i2 Q7 i?2 i?B`/
rQ`Fb?QT rQmH/ ?�p2 /BKBMBb?2/ #Qi? BM pQHmK2 �M/ [m�HBiv- #2BM; }M�HHv
�#�M/QM2/X �++Q`/BM; iQ i?2 2ti2MbBp2 �`+?�2QHQ;B+�H BMp2biB;�iBQM +�``B2/ Qmi
BM i?Bb bBi2- i?2 rQ`Fb?QTb rQmH/ ?�p2 #22M `mM #v AbH�KB+ TQii2`b- #2BM;
�#�M/QM2/ �7i2` i?2 S`�;K�iB+R �;�BMbi i?2 Jm/2D�` +QKKmMBiv Q7 R8ykX

R S`�;K�iB+b Q7 7Q`+2/ +QMp2`bBQM Bb � i2`K i?�i +QmH/ #2 �TTHB2/ iQ b2p2`�H /2+`22b
Q` Qi?2` H2;�H i2tib Bbbm2/ �i i?2 #2;BMMBM; Q7 i?2 Reth +2Mim`v /m`BM; i?2 `2B;M Q7 i?2
*�i?QHB+ JQM�`+?b �M/ *?�`H2b oX Ai Bb i?2 M�K2 i?�i ?BbiQ`BQ;`�T?v ;Bp2b 2bT2+B�HHv iQ i?2



hBiH2 amTT`2bb2/ .m2 iQ 1t+2bbBp2 G2M;i? 8

h?2 HQ+�iBQM Q7 i?2b2 rQ`Fb?QTb r�b 2ti`�Km`Qbk rBi? `2;�`/ iQ i?2 }`bi
r�HH Q7 i?Bb +Biv- BM i?2 �`2� +�HH2/ ǴoBHH�Mm2p�Ǵ UBX2X M2r pBHH�;2VX h?2B`
QT2`�iBQM�H T2`BQ/ H�bi2/ mMiBH i?2 R8th+2Mim`v- r?2M 62`/BM�M/ AA Q7 �`�;ƦM
Uh?2 *�i?QHB+V Q`/2`2/ i?2 2`2+iBQM Q7 i?2 b2+QM/ 7Q`iB}+�iBQM- BM+Hm/BM; i?2
q�HH Q7 _2p2HHőM- T�`i Q7 r?B+? /2HBKBib i?2 TQii2`v rQ`Fb?QTb mM/2` i?Bb
bim/v Ua22 6B;m`2 RVX

6B;X k, ai`�iB;`�T?B+ +mi Q7 i?2 2t+�p�iBQM T2`7Q`K2/ BM >QbTBi�H oB2DQ ai`22i
Q7 GQ;`QƢQX aQm`+2, JQ/B}2/ 7`QK �`[m2Q_BQD�

S`�;K�iB+b Q7 62#`m�`v R9- R8yk �TT�`2MiHv i?2 bm#D2+i JmbHBKb UJm/2D�`bV r2`2 ;Bp2M i?2
+?QB+2 #2ir22M 2tBH2 Q` +QMp2`bBQM iQ *?`BbiB�MBiv U�`iQH� �M/ G2/2bK�- RNNRVX

k AM i?2 T�bi- TQii2`v T`Q/m+iBQM r�b `2;�`/2/ �b � MmBb�M+2 �+iBpBivX h?2`27Q`2- Bi r�b
mbm�HHv +�``B2/ Qmi BM i?2 QmibFB`ib Q7 i?2 m`#�M Mm+H2B U2X; BM _QK�M iBK2b G2t l`bQM2MbBb-
JQMi2HmTQ- a2pBHH2- 2i+VX h?Bb bBim�iBQM +?�M;2b Qp2` iBK2X q?2`2�b BM i?2 `QK�M iBK2b Bi
r�b +�``B2/ Qmi BM i?2 QmibFB`ib Q7 i?2 +Biv �++Q`/BM; iQ i?2 G2t l`bQM2MbBb- BM i?2 K2/B2p�H
�;2b Bi r�b pB2r2/ /Bz2`2MiHvX h?2`2 �`2 K�Mv 2t�KTH2b Q7 �ii2biBM; i?2 KQ/B}+�iBQM Q7
i?2 rQ`Fb?QT HQ+�HBx�iBQMb 7`QK BMi`�Km`Qb iQ 2ti`�Km`Qb- r?B+? bi`QM;Hv /2T2M/ QM i?2
`2;BQMb �M/ �`2 T`QpB/2/ BM i?2 H�i2@K2/B2p�H T2`BQ/ �M/ bT2+B�HHv /m`BM; i?2 KQ/2`M T2`BQ/X



e 1X*�HT�`bQ`Q- CX:X AƢ�Ƣ2x- :X �`�M� �M/ JX.X :H�b+Q+F

RXj *2`�KQHQ;B+ _2b2�`+? "�+F;`QmM/

_2;�`/BM; T`2pBQmb +2`�KQHQ;B+ `2;BQM�H bim/B2b- ?BbiQ`B+�H /Q+mK2Mi�iBQM
2pB/2M+2/ TQii2`v `2H�i2/ �+iBpBiv BM i?2 _BQD�M i2``BiQ`B2b /m`BM; _QK�Mj

iBK2b UGm2x�b- kyR9V- J2/B2p�H �;2b USû`2x- RN38c J�`iőM2x- kyRjV �M/ i?2
TQbi@J2/B2p�H T2`BQ/- r?2`2 �H`2�/v /Bz2`2MiB�i2/ TQii2`v Mm+H2B rQmH/ ?�p2
2tBbi2/ U:H2`�- RNN9c *2MB+2`Qb >2``2`Qb- kyy9- kyRkVX L2p2`i?2H2bb- MQM2 Q7
i?Qb2 rQ`Fb /2�Hb rBi? K�i2`B�H 2pB/2M+2b Q7 TQii2`v T`Q/m+iBQM bm+? �b
FBHMb- �M/ 2p2M H2bb 7`QK i?2 �`+?�2QK2i`B+ T2`bT2+iBp2X

AM �//BiBQM- i?�MFb iQ i?2 *�/�bi`2 Q7 1Mb2M�/� Bi Bb TQbbB#H2 iQ ;`�bT �M
B/2� Q7 i?2 TQii2`v �+iBpBiv �M/ +`�7ibK2M KQ#BHBiv /m`BM; i?2 TQbi@K2/B2p�H
iBK2bX 6Q` i?2 bT2+B}+ +�b2 Q7 GQ;`QƢQ- i?2 `2+2TiBQM Q7 TQii2`b 7`QK w�KQ`�
BM i?2 Reth +2Mim`v Bb /Q+mK2Mi2/- r?2`2 i?2 Q`B;BM Q7 i?2 TQii2`b 2ti2M/b iQ
+BiB2b Q` pBHH�;2b bm+? �b "m`;Qb- oB;m2`�- Jm2H �M/ w�`�;Qx�- �M/ `2;BQMb
bm+? �b L�p�``2 �M/ �H�p� /m`BM; i?2 Rdth +2Mim`vX JQ`2Qp2`- �++Q`/BM; iQ
i?2 `2;Bbi2`2/ M2rb- i?2`2 r2`2 7�KBHB�` `2H�iBQMb?BTb i?�i +QMM2+i2/ GQ;`QƢQ
rBi? Jm2H- � HBMF i?�i +QMbB/2`�#Hv BM+`2�b2/ /m`BM; i?2 R3th +2Mim`vX
_2;�`/BM; i?2 `�r K�i2`B�Hb- i?2 rQ`F Q7 :H2`� K2MiBQMb i?�i CQb2
"2`M�`/BMQ /2H "mbiQ U#Q`M BM Rd9kV r�b i?2 b2+`2i�`v Q7 i?2 >QHv
AM[mBbBiBQM BM GQ;`QƢQ- �b r2HH �b i?2 �/KBMBbi`�iQ` Q7 i?2 b�H2 Q7 H2�/ �M/
ǴH2�/ �H+Q?QHǴ �M/ BM RdNk ?2 ;`�Mi2/ iQ J�Mm2H "H�xQ Q7 �`M2/Q i?2
�/KBMBbi`�iBQM �M/ b�H2 Q7 #Qi? bm#bi�M+2b9X Ai +�M #2 b�B/ i?�i BM
+QKT�`BbQM rBi? Qi?2` b2+iQ`b- TQii2`v@`2H�i2/ �+iBpBiv BM i?2 _BQD�M
i2``BiQ`v Bb biBHH b+�`+2Hv 2tTHQ`2/ 7Q` H�i2 K2/B2p�H �M/ TQbi@K2/B2p�H
T2`BQ/bX >Qr2p2`- i?2 }M/BM; Q7 i?2 rQ`Fb?QTb Q7 >QbTBi�H oB2DQ ai`22i ?�b
+QMi`B#mi2/ bB;MB}+�MiHv iQ +?�M;BM; i?Bb bBim�iBQM- bBM+2 Bi +QMbiBimi2b i?2
}`bi mM2�`i?2/ bi`m+im`2 �bbQ+B�i2/ rBi? i?Bb ivT2 Q7 2+QMQKB+ �+iBpBiv
/m`BM; H�i2 K2/B2p�H T2`BQ/ UJ�`iőM2x- kyRjVX h?mb- Bib bim/v TH�vb � F2v
`QH2 7Q` i?2 mM/2`bi�M/BM; Q7 K2/B2p�H �M/ TQbi@K2/B2p�H TQii2`v T`Q/m+iBQM
BM i?2 MQ`i?2`M A#2`B�M S2MBMbmH�- �b r2HH �b ?Qr i?2 TQii2`v �+iBpBiv 2pQHp2/
7`QK i?2 T`Q/m+iBQM Q7 >QbTBi�H oB2DQ ai`22iǶb rQ`Fb?QTb iQ i?2 PHH2`ő�b
bi`22iX h?�i Bb iQ b�v- 7`QK i?2 rQ`Fb?QTb HQ+�i2/ BM i?2 T2`BT?2`�H �`2�b Q7
i?2 +Biv �M/ `mM #v i?2 Jm/2D�` TQii2`b- iQ i?2 rQ`Fb?QTb Q`;�MBx2/ BM
;mBH/b �b +�M #2 BM72``2/ 7`QK i?2 iQTQMvKvX

j 1t+�p�iBQMb T2`7Q`K2/ BM kyRN �M/ kyky �`2 biBHH 2pB/2M+BM; i?2 _QK�M TQii2`v
T`Q/m+iBQM �+iBpBiv M2�`#v GQ;`QƢQX

9 ǴG2�/ �H+Q?QHǴ Bb � 7Q`K BM r?B+? ;�H2M� Q` H2�/ bmH}/2 US#aV r�b `272``2/X �HbQ FMQrM
2Hb2r?2`2 �b H2�7 �H+Q?QH- #2+�mb2 Q7 i?2 H�KBM�` 7Q`K BM r?B+? i?2 ;�H2M� Q++m`b U:H2`�-
RNN9VX h?2b2 bm#bi�M+2b r2`2 M2+2bb�`v iQ Q#i�BM H2�/@;H�x2b mb2/ 7Q` i?2 +2`�KB+ +Q�iBM;bX



hBiH2 amTT`2bb2/ .m2 iQ 1t+2bbBp2 G2M;i? d

k J�i2`B�Hb �M/ J2i?Q/b

kXR *2`�KB+ b�KTH2

h?2 +2`�KB+ �bb2K#H�;2 r�b mM2�`i?2/ 7`QK i?2 i?Q`Qm;?Hv /Q+mK2Mi2/
�`+?�2QHQ;B+�H bBi2 Q7 i?2 >QbTBi�H oB2DQ ai`22i 7`QK GQ;`QƢQ UJ�`iőM2x-
kyRjVX h?2 b�KTHBM; bi`�i2;v 7Q+mb2/ QM TQii2`v T`Q/m+iBQM@`2H�i2/
K�i2`B�Hb- bm+? �b FBHM@mi2MbBHb- iQ 2Mbm`2 i?2 ?B;?2bi T`Q#�#BHBiv QM
K�i+?BM; i?2B` T`Qp2M�M+2 rBi? i?2 HQ+�H K�Mm7�+im`2X JQ`2Qp2`- i?2 KQbi
`2T`2b2Mi�iBp2 7Q`Kb �M/ bivH2b r2`2 b2H2+i2/ BM Q`/2` iQ T`QpB/2 �
ivTQHQ;B+�H +?�`�+i2`Bx�iBQM Q7 i?2 TQii2`v 7`QK i?2 K2/B2p�H rQ`Fb?QTb Q7
>QbTBi�H oB2DQ ai`22i Ub22 h�#H2 RVX

6Q`K �M/ aivH2 L JLA 6Q`K �M/ aivH2 L JLA
"QrH Rj k9 JQ`i�` k k
G2�/ ;H�x2/ UG:V k e G2�/ ;H�x2/ R R
G:@>QM2v Y q?Bi2 "Hm2 R R G: Y ai�KT2/ Ǵ~2m`@/2@HBbǴ R R
hBM H2�/ ;H�x2/ UhG:V R R S�BMi`v SQii2`v R 8R
hG: Y q?Bi2 "H�+F :`22M k 9 lM;H�x2/ R 8R
hG: Y q?Bi2 "Hm2 k k S�bi2 9 9N
hG: Y q?Bi2 :`22M j 9 lM;H�x2/ 9 9N
hG: Y q?Bi2 Gmbi2` R k SBi+?2` Rj kej
G: Y JQH/ .2+Q`�iBQM R 9 G2�/ ;H�x2/ j Rj
*QQFBM; SQi 9 ey G: Y AM+BbBQM R R
lM;H�x2/ 9 ey lM;H�x2/ N k9N
*mT R R SH�i2 j 9
G2�/ ;H�x2/ R R G2�/ ;H�x2/ R R
C�` 8 89 hG: Y q?Bi2 Gmbi2` R R
G2�/ ;H�x2/ R j >QM2v Y hG: q?Bi2 "H�+F R k
G: Y :`QQp2/ R 8 SQ``BM;2` R 9
G: Y ai�KT2/ R R G2�/ ;H�x2/ R 9
lM;H�x2/ R d _QQ7 hBH2 N 93
G: Y JQH/ .2+Q`�iBQM R j3 AM+BbBQM R k
Cm; k 9 G2�/ ;H�x2/ j d
lM;H�x2/ R j lM;H�x2/ 8 jN
lM;H�x2/ Y "H�+F R R lM/2}M2/ N 9N
EBHM li2MbBH d 3 G2�/ ;H�x2/ R y
lM;H�x2/ d 3 G: Y :`QQp2/ R R
GB/ j Re G: Y _2HB2p2 R R
AM+BbBQM k R8 G: Y _2HB2p2 Y Ǵ~2m`@/2@HBbǴ R R
hBM H2�/ ;H�x2/ R R lM;H�x2/ 8 9e

hQi�H dd ejd

h�#H2 R, Zm�MiB}+�iBQM Q7 �M�Hvx2/ +2`�KB+ b�KTH2 ULV rBi? `2bT2+i iQ i?2
r?QH2 �bb2K#H�;2 UJLAV `2;�`/BM; +2`�KB+ 7Q`Kb UBM #QH/V �M/ bivH2bX

h?2 [m�MiB}+�iBQM Q7 b?2`/b r�b #�b2/ QM i?2 KBMBKmK MmK#2` Q7
BM/BpB/m�Hb Ua?2MM�M- kyR9VX h?2 b2i Q7 +2`�KB+b bm#D2+i2/ iQ �M�HvbBb Bb �
b�KTH2 UM 4 ddV Q7 i?2 r?QH2 �bb2K#H�;2 UJLA 4 ejdV �M/ +QMbBbib
T`BM+BT�HHv Q7 FBHM mi2MbBHb- +2`�KB+ r�bi2b- i�#H2r�`2- +QQFr�`2 �M/ T�Mi`v
TQii2`v Ub22 h�#H2 RVX h?2b2 BM+Hm/2 mM;H�x2/- H2�/ ;H�x2/ �M/ iBM H2�/ ;H�x2/
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+Q�iBM;b- bQK2 Q7 r?B+? b?Qr #Hm2- ;`22M- #H�+F- Hmbi2` Q` � +QK#BM�iBQM Q7
i?2b2 +QHQ`bX _2;�`/BM; i?2 /2+Q`�iBp2 i2+?MB[m2b- �KQM; i?2 H2�/ ;H�x2/ �M/
mM;H�x2/ TB2+2b `B##2/ Q` bi�KT2/ T�ii2`Mb +�M #2 7QmM/- �b r2HH �b BM+BbBQMb
Q` `2HB27bX hrQ Q7 i?2 �M�Hvx2/ +2`�KB+b UGP:yjd �M/ GP:y89V b?Qr2/ �
~2m`@/2@HBb i?�i r�b 2Bi?2` bi�KT2/ Q` �b `2HB27 Ub22 6B;m`2 jVX

�++Q`/BM; iQ i?2 �`+?�2QHQ;B+�HHv +?�`�+i2`Bx2/ bi`�i� Ub22 6B;m`2 kV-
+?`QMQHQ;B+�HHv i?2 b2H2+i2/ +2`�KB+b /�i2/ 7`QK i?2 Rjth iQ i?2 R8th
+2Mim`B2bX AM �//BiBQM- +2`�KB+b +Q``2bTQM/BM; iQ H�i2` +?`QMQHQ;B2b
UReth@R3th +2Mim`B2bV r2`2 �HbQ b2H2+i2/ BM Q`/2` iQ 2t�KBM2 i?2B`
+QKT�iB#BHBiv rBi? T`2pBQmbHv T`Q/m+2/ +2`�KB+ T�bi2b �M/ �b+`B#2 i?2K-
r?2`2 �TT`QT`B�i2- iQ 2tQ;2MQmb T`Qp2M�M+2bX JQbi Q7 i?2 �M�Hvx2/ +2`�KB+b
+Q``2bTQM/ iQ i?2 KQbi �+iBp2 T2`BQ/b Q7 i?2 mM2�`i?2/ FBHMb- i?�i Bb- /m`BM;
RkNy@Rj8y �M/ R9yy@R8yy Ub22 h�#H2 kVX

�M �`+?�2QHQ;B+�H 2t�KBM�iBQM �M/ /Q+mK2Mi�iBQM Q7 � bm#@b�KTH2 Q7 i?2
K�i2`B�Hb r�b T`2pBQmbHv +�``B2/ Qmi U�M;mHQ �M/ SQ``2b- kyR8VX JQ`2Qp2`- �
.Q+iQ`�H h?2bBb r�b +QM/m+i2/ 7`QK �M �`+?�2QHQ;B+�H T2`bT2+iBp2 #�b2/ QM
i?2 K�i2`B�Hb 7`QK i?2 }`bi Q7 i?2 irQ BMi2`p2MiBQMb UJ�`iőM2x- kyRjV �M/ �
bmKK�`v 7Q+mb2/ QM i?2 K�BM ivTQHQ;B2b �M/ BM+Hm/BM; i?2 KQbi `2T`2b2Mi�iBp2
QM2b UM 4 j8V- r�b bm#b2[m2MiHv Tm#HBb?2/ UJ�`iőM2x :QMx�H2x- kyR8VX .2bTBi2
i?2`2 ?�pBM; #22M � H�`;2 �`+?�2QHQ;B+�H rQ`F /Q+mK2MiBM; i?Bb bBi2 �M/ Bib
K�i2`B�Hb- mMiBH MQr MQM2 Q7 i?2 rQ`Fb ?�p2 +QMbB/2`2/ i?2B` �`+?�2QK2i`B+
2t�KBM�iBQMX
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LOG075

LOG072

LOG074

L
LOG059

LOG056

LOG061

LOG060

LOG028

LOG073

LOG037

LOG054

LOG038
LOG-E UNGROUPED

LOG-B LOG-C

6B;X j, _2T`2b2Mi�iBp2 T`Q}H2b Q7 i?2 +2`�KB+ �bb2K#H�;2 7`QK >QbTBi�H oB2DQ
bBi2 BM GQ;`QƢQ



Ry 1X*�HT�`bQ`Q- CX:X AƢ�Ƣ2x- :X �`�M� �M/ JX.X :H�b+Q+F

*?`QMQHQ;v L JLA
Rkyy@R9yy R R
Rkyy@R8yy R d
RkNy@Rj8y ke 9ky
Rj8y@R9yy j j
Rj8y@R98y R R
R9yy@R9jj RR jy
R9jj@R9ee Rd eN
R9ee@R8yy RR NN
R8yy@R8jj R R
Reyy@R3yy 8 e
hQi�H dd ejd

h�#H2 k, �TT`QtBK�i2 +?`QMQHQ;B+�H 7`�K2b Q7 i?2 +2`�KB+ b�KTH2 ULV rBi?
`2bT2+i iQ i?2 r?QH2 �bb2K#H�;2 UJLAVX



hBiH2 amTT`2bb2/ .m2 iQ 1t+2bbBp2 G2M;i? RR

kXk 1tT2`BK2Mi�H

AM Q`/2` iQ +�``v Qmi T`Qp2M�M+2 �M�HvbBb- i?2 +?�`�+i2`Bx�iBQM Q7 i?2 T�bi2
+QKTQbBiBQMb �M/ KBM2`�HQ;B+�H T?�b2b r�b +�``B2/ QmiX h?mb- i?2 +2`�KB+
b?2`/b r2`2 bm#D2+i2/ iQ BM/m+iBp2Hv +QmTH2/ TH�bK� K�bb bT2+i`QK2i`v UA*S@
JaV �M/ s@`�v /Bz`�+iBQM Us_.V #�b2/ �M�HvbBbX 6m`i?2`KQ`2- � b2H2+iBQM Q7
k8 b?2`/b r�b �M�Hvx2/ rBi? L�� �M/ i?2 /�i� +QKT�`2/ iQ � /�i�#�b2 Q7
K�DQHB+� +2`�KB+ T`Q/m+iBQMb UAƢ�Ƣ2x- kyy8c AƢ�Ƣ2x 2i �HX- kyy3VX AM �//BiBQM-
� b2H2+iBQM 7`QK i?2b2 b?2`/b UM 4 ReV r�b �M�Hvx2/ #v K2�Mb Q7 b+�MMBM;
2H2+i`QM KB+`Qb+QTv@2M2`;v /BbT2`bBp2 bT2+i`QK2i`v Ua1J@1.aV BM Q`/2` iQ
b?2/ HB;?i QM i?2 mM/2`bi�M/BM; Q7 i?2 ;H�xBM; i2+?MQHQ;v mb2/ #v i?2 TQii2`bX

kXkXR S`Qp2M�M+2 �M�HvbBb �M/ 6�#`B+ h2+?MQHQ;v

6Q` i?2 T`Qp2M�M+2 �M�HvbBb �M/ 7�#`B+ i2+?MQHQ;v +?�`�+i2`Bx�iBQM A*S@Ja-
L�� �M/ s_. r2`2 mb2/- mM/2` i?2 7QHHQrBM; +QM/BiBQMb,

AM/m+iBp2Hv *QmTH2/ SH�bK� J�bb aT2+i`QK2i`v UA*S@JaV, 1�+? b?2`/ r�b
TQr/2`2/ U+�X R8 ;V mbBM; rQH7`�K +�`#B/2 +2HHb 7Q` k@9 KBM �i jyy `TKX
S`2pBQmbHv- bm`7�+2b r2`2 K2+?�MB+�HHv `2KQp2/ BM Q`/2` iQ KBMBKBx2
+QMi�KBM�iBQM 7`QK ;H�x2 �M/ bQBHX h?2 TQr/2`2/ b�KTH2b r2`2 +�H+BM2/ U�i
Ryyy ◦*V- �M/ �HQM; rBi? i?2 *2`iB}2/ _272`2M+2 J�i2`B�Hb UC"@j- C�@k-
C:@R�- C:@kV- r2`2 7mb2/ Uk8y ;V BM Si@�m +`m+B#H2b- KBtBM; Bi rBi? 8yy K;
Q7 � ~mt (LiBO2) �i KQ`2 i?�M RRyy◦* UJ�/BM�#2BiB� 2i �HX- kyy3VX �7i2`
/BHmiBQM rBi? MBi`B+ �+B/ i?2 bQHmiBQMb r2`2 �M�Hvx2/ #v K2�Mb Q7 � L2tBQM
jyy A*S@Ja US2`FBM 1HK2`VX h?2 BMi2`M�H bi�M/�`/ bQHmiBQMb Ua+- u- AM- "2-
"BV r2`2 T`2T�`2/ 7`QK Ryyy µg/mL biQ+F bQHmiBQMb Q7 �H7� �2b�` BMbB/2 �
+H�bb Ryy +H2�M `QQK rBi? �M �M�HviB+�H #�H�M+2 rBi? �M mM+2`i�BMiv Q7 ±
yXyyyR ;X h?2 �++m`�+v �M/ `2T`Q/m+B#BHBiv Q7 i?2 K2i?Q/ r�b +?2+F2/ #v
`2T2iBiBp2 �M�HvbBb UM 4 jV Q7 i?2 +2`iB}2/ `272`2M+2 K�i2`B�HbX 6Q` KQ`2
/2i�BHb b22 i?2 T`Q+2/m`2 7QHHQr2/ 2Hb2r?2`2 U*�HT�`bQ`Q- kyRNc *�HT�`bQ`Q
2i �HX- kyRN�-#-+VX

L2mi`QM �+iBp�iBQM �M�HvbBb, L�� r�b +QM/m+i2/ BM i?2 �`+?�2QK2i`v
G�#Q`�iQ`v Q7 i?2 lMBp2`bBiv Q7 JBbbQm`B _2b2�`+? _2�+iQ` UJl__VX 6Q`
KQ`2 /2i�BHb b22 U:H�b+Q+F- RNNkVX h?2 TQr/2`2/ b�KTH2b r2`2 /`B2/ �i Ryy
◦* 7Q` k9 ?X �TT`QtBK�i2Hv R8y K; �M/ kyy K; Q7 b�KTH2 r2`2 mb2/ 7Q`
b?Q`i �M/ HQM; B``�/B�iBQMb- `2bT2+iBp2HvX 6Q` b?Q`i B``�/B�iBQMb � i?2`K�H ~mt
Q7 3·1013n/cm−2s−1 r�b �TTHB2/ �M/ γ `�vb r2`2 +QmMi2/ �7i2` 8 b2+QM/ Q7
2tTQbm`2 �M/ k8 KBMmi2b Q7 /2+�v- vB2H/BM; /�i� 7Q`, �H- "�- *�- .v- E- JM-
L�- hB �M/ oX 6Q` i?2 HQM; B``�/B�iBQM Uk9 ?V � ~mt Q7 8 t 1013n/cm−2s−1

r�b mb2/X �7i2` b2p2M /�vb Q7 /2+�v i?2 +QmMiBM; rBi? � ?B;?@`2bQHmiBQM
;2`K�MBmK /2i2+iQ` vB2H/2/ /�i� 7Q` �b- G�- Gm- L/- aK- l �M/ u#X �7i2`
�//BiBQM�H irQ@r22F /2+�v- � b2+QM/ +QmMi r�b +�``B2/ �HHQrBM;
[m�MiB}+�iBQM Q7 Rd HQM;@HB72 2H2K2Mib, *2- *Q- *`- *b- 1m- 62- >7- LB- _#-
a#- a+- a`- h�- h#- h?- wM �M/ w`X qBi? i?2 b�KTH2b #�i+?- a_J@Rejj� U+Q�H
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~vV r�b T`2T�`2/ �b bi�M/�`/- �b r2HH �b [m�HBiv +QMi`QH b�KTH2b Q7 a_J@kd3
UQ#bB/B�M `Q+FV �M/ P?BQ _2/ *H�v U7Q` �M�HviB+�H +QM/BiBQMb- b22 U:H�b+Q+F
JB+?�2H . �M/ L2z- kyydVX

ai�iBbiB+�H i`2�iK2Mi, h?2 bi�iBbiB+�H �M�HvbBb �TTHB2/ BM i?2 +m``2Mi rQ`F Bb
#�b2/ QM �Bi+?BbQMǶb �TT`Q�+? �M/ "mt2/�Ƕb Q#b2`p�iBQMb QM +QKTQbBiBQM�H
/�i� U�Bi+?BbQM 2i �HX- kyyyc "mt2/� B :�``B;Ʀb �M/ EBHBFQ;HQm- kyyjc "mt2/�
B :�``B;Ʀb- kyy3VX h?mb- bBKBH�`Biv Q7 b?2`/b �M/ bm#b2[m2MiHv i?2B`
?vTQi?2iB+�H T`Qp2M�M+2 �++Q`/BM; iQ i?2 T`Qp2M�M+2 TQbimH�i2 Uq2B;�M/
2i �HX- RNddV r�b i2bi2/ �TTHvBM; �H;Q`Bi?Kb 7Q` +QKTQbBiBQM�H /�i� r`Bii2M
QM _ b+`BTibX AM Q`/2` iQ +QKT2Mb�i2 7Q` i?2 /Bz2`2M+2b BM �#bQHmi2
K�;MBim/2 #2ir22M K�DQ` UWV �M/ KBMQ` �M/ i`�+2 2H2K2Mib UTTKV- HQ;@`�iBQ
i`�Mb7Q`K�iBQMb r2`2 2KTHQv2/ /BpB/BM; �HH +?2KB+�H +QKTQM2Mib #v i?2
2H2K2Mi i?�i BMi`Q/m+2b i?2 HQr2bi p�`B�#BHBiv iQ i?2 2MiB`2 /�i� b2i U�H`V
U�Bi+?BbQM- RN3eVX h?Bb i`�Mb7Q`K�iBQM r�b mb2/ 7Q` i?2 T`BM+BT�H +QKTQM2Mi
�M�HvbBb US*�VX AM +QMi`�bi- 7Q` i?2 ?B2`�`+?B+�H +Hmbi2` �M�HvbBb U>*�V
+2Mi2`2/ HQ;@`�iBQb U+H`V r2`2 T`272``2/ BM Q`/2` iQ B/2MiB7v #2ii2` i?2 +Hmbi2`b
r?2M THQiiBM; QM � /2M/`Q;`�K i?2 b[m�`2/ 1m+HB/2�M /Bbi�M+2 mbBM; i?2
+2Mi`QB/ �H;Q`Bi?K US�rHQrbFv@:H�?M �M/ 1;Qx+m2- kyRRVX h?2b2
i`�Mb7Q`K�iBQMb r2`2 +?Qb2M U�H` �M/ +H`V BM Q`/2` iQ #2 +Q?2`2Mi rBi? Qi?2`
rQ`Fb BM i?2 b�K2 `2b2�`+? HBM2 QM TQii2`v 7`QK i?2 A#2`B�M S2MBMbmH� U.2
J�`+Qb :�`+ő� 2i �HX- kyRdVX

s@_�v .Bz`�+iBQM Us_.V, s_. +QK#BM2/ rBi? a1J r�b mb2/ iQ
+?�`�+i2`Bx2 i?2 7�#`B+b �M/ /2i2`KBM2 i?2 1biBK�i2/ 6B`BM; h2KT2`�im`2b
U16hVX h?2 16h- r?B+? /2T2M/b QM b2p2`�H 7�+iQ`b U`2/Qt- ?2�iBM; `�i2-
K�tBKmK i2KT2`�im`2- bQ�FBM; iBK2b- 2i+XV- +�M #2 HBMF2/ iQ i?2 KBM2`�H
T?�b2b Q++m``BM; BM i?2 7�#`B+b UhBi2- RNN8V �M/ i?2 KB+`Qbi`m+im`2 bBMi2`BM;
H2p2H UJ�MB�iBb �M/ hBi2- RN3R�VXs@`�v /Bz`�+iBQM �M�Hvb2b r2`2 T2`7Q`K2/
QM i?2 TQr/2`2/ 7�#`B+ b�KTH2b rBi? � S�L�HviB+�H sǶT2`i S_P TQr/2`
/Bz`�+iQK2i2` 2[mBTT2/ rBi? � +QTT2` im#2 UλCuKαmean 4 RX89R3 ³- λCuK1α

4 RX8-9yey ³- λCuK2α 4 RX899jN ³V- p2`iB+�H ;QMBQK2i2` U"`�;;@"`2Mi�MQ
;2QK2i`vV- T`Q;`�KK�#H2 /Bp2`;2M+2 �T2`im`2- �miQK�iB+ b�KTH2 +?�M;2`-
b2+QM/�`v ;`�T?Bi2 KQMQ+?`QK�iQ`- �M/ SBt*2H /2i2+iQ`X h?2 QT2`�iBM;
+QM/BiBQMb 7Q` i?2 *m im#2 r2`2 9y Fo �M/ 9y K�- �M/ i?2 �M;mH�` `�M;2
(2θ) r�b b+�MM2/ #2ir22M 8◦�M/ dy◦X h?2 i`2�iK2Mi Q7 i?2 /Bz`�+iQ;`�K
/�i� �M/ i?2 B/2MiB}+�iBQM Q7 i?2 KBM2`�H T?�b2b T`2b2Mi r�b +�``B2/ Qmi
rBi? i?2 sǶT2`i >B;?a+Q`2 US�L�HviB+�HV bQ7ir�`2 T�+F�;2 BM +QK#BM�iBQM
rBi? i?2 SQr/2` .Bz`�+iBQM 6BH2 US.6@kV /�i�#�b2 UAMi2`M�iBQM�H *2Mi2` 7Q`
.Bz`�+iBQM .�i� UA*..V- S2MMbvHp�MB�- la�VX

6Q` i?2 KB+`Q@bi`m+im`�H +?�`�+i2`Bx�iBQM Q7 i?2 T�bi2b mbBM; a1J Ui?2
/2i�BHb �`2 2tTH�BM2/ BM i?2 M2ti b2+iBQMV- 7`2b? 7`�+im`2b r2`2 +mi
T2`T2M/B+mH�`Hv iQ w �tBb Q7 2�+? TB2+2 BM Q`/2` iQ #2ii2` �bb2bb i?2 +H�v2v
BMM2` bi`m+im`2- 7QHHQrBM; i?2 K2i?Q/QHQ;v mb2/ 2Hb2r?2`2 UJ�MB�iBb �M/
hBi2- RN3R#VX 6Q` � #2ii2` +QKT�`BbQM Q7 i?2 KB+`Qbi`m+im`2- a1J BK�;2b
b?QrBM; /Bz2`2Mi pBi`B}+�iBQM H2p2Hb r2`2 �+[mB`2/ �i � tkyyy K�;MB}+�iBQMX



hBiH2 amTT`2bb2/ .m2 iQ 1t+2bbBp2 G2M;i? Rj

kXkXk :H�xBM; h2+?MQHQ;v

hQ 2p�Hm�i2 i?2 ;H�xBM; i2+?MQHQ;v- a1J@1.a r�b mb2/ BM +QK#BM�iBQM rBi?
s_. �b /2b+`B#2/ #27Q`2X

a+�MMBM; 1H2+i`QM JB+`Qb+QTv@1M2`;v .BbT2`bBp2 aT2+i`Qb+QTv Ua1J@1.aV,
h?2 ;H�x2 +?�`�+i2`Bx�iBQM r�b T2`7Q`K2/ #v 1.a Zm�Mi� kyy 7`QK 62B
2MpB`QMK2Mi�H b+�MMBM; 2H2+i`QM KB+`Qb+QTv U1a1JV BM +QK#BM�iBQM rBi?
i?2 BMi2;`�i2/ 2M2`;v /BbT2`bBp2 s6H�b? 9yRy s@`�v �M�Hvx2` 7`QK "`mF2`X
*`Qbb b2+iBQMb Q7 i?2 b�KTH2b r2`2 T`2pBQmbHv T`2T�`2/ BM 2TQtv KQH/b �M/
TQHBb?2/ /QrM iQ #2HQr R µK ;`�BM bBx2X h?2 2H2K2Mi�H +QKTQbBiBQMb Q7
;H�x2b r2`2 /2i2`KBM2/ #v 1.a QM �`2�b Q7 8y µm2 +Q``2bTQM/BM; iQ 2�+?
+QHQ`X .�i� r2`2 +QHH2+i2/ �i pQHi�;2 Q7 R8@ky Eo �M/ � +m``2Mi Q7 8y µ� 7Q`
i?2 �+[mBbBiBQM Q7 BK�;2b- �M/ Ryy µ� 7Q` i?2 �M�Hvb2b- �i RRX8 KK rQ`FBM;
/Bbi�M+2 Uq.V �M/ HQr@p�+mmKX h?2 /2i2+iQ` r�b brBi+?2/ iQ b2+QM/�`v
2H2+i`QMb Ua1V 7Q` BK�;2 �+[mBbBiBQM �M/ #�+F b+�ii2`2/ 2H2+i`QMb U"a1V 7Q`
�M�Hvb2bX

j _2bmHib �M/ .Bb+mbbBQM

jXR 1p�Hm�iBQM #v L�� �M/ B/2MiB}+�iBQM �M/ T`Qp2M�M+2 B/2MiB}+�iBQM

� }`bi �TT`Q�+? #�b2/ QM L�� r�b T2`7Q`K2/ QM � bm#@b�KTH2 Q7 k8
BM/BpB/m�HbX 6Q` T`Qp2M�M+2 �M�HvbBb- � +QHH�iBQM rBi? +QKT�`�#H2 L�� /�i�
Q7 Qi?2` K�DQHB+� rQ`Fb?QTb r�b +�``B2/ Qmi UAƢ�Ƣ2x- kyy8c *�HT�`bQ`Q-
kyRNVX h?2 2MiB`2 �``�v Q7 T`Q/m+iBQM +2Mi2`b i2bi2/ r�b #�b2/ QM i?2
+QMi2KTQ`�M2Biv �M/ r�b i?2 7QHHQrBM;, "�`+2HQM�- GH2B/�- J�MBb2b- Jm2H-
S�i2`M�- a2pBHH�- h�H�p2`�- h2`m2H- oBHH�7`�M+� /2 S2M2/2b- oBHH�72HB+?2 �M/
L�D2`�X �b � `2bmHi- i?2 bBim�iBQM Q7 i?2 +2`�KB+b 7`QK GQ;`QƢQ r�b /BbTH�v2/
rBi?BM � #`Q�/2` T2`bT2+iBp2 Ub22 6B;m`2 9VX q?2`2�b BM �HH +�b2b i?2 K�i+?2b
r2`2 M2;�iBp2 U2t+2Ti 7Q` h2`m2H �M/ o�H2M+B� �b /Bb+mbb2/ #2HQrV- 7Q` i?2
b�F2 Q7 +H�`Biv QMHv i?2 KQbi bB;MB}+�Mi bm#@b�KTH2 r�b BM+Hm/2/ BM i?2
6B;m`2 9 U7Q` KQ`2 /2i�BHb b22 i?2 amTTH2K2Mi�`v J�i2`B�HVX

AMi2`2biBM;Hv- irQ +QKTQbBiBQM�H ;`QmTb r2`2 /Bb+`BKBM�i2/ #�b2/ QM i?2
b�KTHBM; Q7 r�bi2`b �M/ mM}MBb?2/ r�`2b Q7 T`2bmK�#Hv HQ+�H Q`B;BM, GP:@"
�M/ GP:@*X h?2b2 ;`QmTb K�i+? i?2 +H�bbB}+�iBQM Q#i�BM2/ #v A*S@Ja �M/
�`2 �//`2bb2/ BM a2+iBQMb jXkXk �M/ jXkXj- `2bT2+iBp2HvX PM i?2 Qi?2` ?�M/-
7Qm` b?2`/b r2`2 +H2�`Hv +QKT�iB#H2 rBi? i?2 T`Qp2M�M+2 Q7 h2`m2H U7m`i?2`
/Bb+mbb2/ BM a2+iBQM jXkXeVX AM �//BiBQM- GP:yjd �M/ GP:yj3 b?Qr2/
/Bz2`2MiB�i2/ +QKTQbBiBQM rBi?BM i?2 /�i�b2iX h?2 7Q`K2` UGP:yjdV r�b
MQi2/ 7Q` Bib ?B;? "� +QM+2Mi`�iBQM- �b r2HH �b KBMQ` �M/ i`�+2 2H2K2MibX
h?Bb b?2`/ r�b /2+Q`�i2/ rBi? � ~2m`@/2@HBb Ub22 6B;m`2 jV- r?B+? Bb Q7i2M
�bbQ+B�i2/ rBi? � 6`2M+? Q`B;BM Ub22 7m`i?2` /Bb+mbbBQM BM a2+iBQM jXkXdVX

h?2 H�ii2` UGP:yj3V- r�b HBMF2/ iQ � o�H2M+B�M Q`B;BM- #�b2/ QM i?2
+?2KB+�H +QKT�iB#BHBiv Q#b2`p2/ #v L��X h?Bb ?vTQi?2bBb Bb bmTTQ`i2/ #v Bib
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o�H2M+B�M +?�`�+i2`BbiB+ /2+Q`�iBQM Q7 #Hm2 bi`QF2b QM � iBM H2�/ ;H�x2 Ub22
a2+iBQM jXkX8VX �Hi?Qm;? BM i?2 6B;m`2 9- i?Bb BM/BpB/m�H Bb +Hmbi2`2/ rBi?
a2pBHH2- T`2pBQmb bim/B2b /2KQMbi`�i2/ i?�i i?2 +?2KB+�H /Bb+`BKBM�iBQM Q7
J�MBb2b 7`QK a2pBHH2 Bb ?B;?Hv b2MbBiBp2 iQ L� �M/ E UAƢ�Ƣ2x 2i �HX- kyy3VX
h?2b2 2H2K2Mib r2`2 MQi BM+Hm/2/ BM i?2 K�BM bi�iBbiB+�H i`2�iK2Mi 7Q` i?2
TQi2MiB�H �Hi2`�iBQMb 2tTH�BM2/ BM a2+iBQM jXkVX AM +QMi`�bi- BM+Hm/BM; i?2b2
2H2K2Mib Ub22 6B;m`2 9 Q7 amTTH2K2Mi�`v K�i2`B�HV �HHQr2/ +QM}`KBM; i?�i
GP:yj3 Bb bi`QM;Hv +QKT�iB#H2 rBi? i?2 o�H2M+B�M T`Q/m+iBQM +2Mi2` Q7
J�MBb2bX JQ`2Qp2`- iQ 2t+Hm/2 i?2 TQbbB#BHBiv Q7 � a2pBHHB�M Q`B;BM- Bi r�b
+QMi`�bi2/ rBi? i?2 /�i� 7`QK i?2 2ti2MbBp2 +QHH2+iBQM Q7 a2pBHHB�M +2`�KB+b
`2+2MiHv Tm#HBb?2/ U62`M�M/2x /2 J�`+Qb- kyR3V �M/ MQ T�`�HH2H r�b 7QmM/X

6BM�HHv- Bi b?QmH/ #2 MQi2/ i?�i MQM2 Q7 i?2 +2`�KB+b 7`QK GQ;`QƢQ
K�i+?2/ i?2 L�C@� +QKTQbBiBQM�H ;`QmT 7`QK L�D2`� +?�`�+i2`Bx2/
2Hb2r?2`2 U*�HT�`bQ`Q 2i �HX- kyRN+VX h?2`27Q`2- 7`QK i?2 T`2b2Mi L��
2p�Hm�iBQM Bi +�M #2 �bbmK2/ i?�i Bi Bb TQbbB#H2 iQ /Bb+`BKBM�i2 #2ir22M i?2
TQii2`v T`Q/m+iBQMb 7`QK i?2b2 irQ M2B;?#Q`BM; +BiB2b Ub2T�`�i2/ #v k3 FKV-
bBM+2 i?2 +QKTQbBiBQM�H ;`QmTb 7`QK i?Qb2 T`Q/m+iBQM@+2Mi2`b `2p2�H2/ �
bm{+B2Mi H2p2H Q7 `2bQHmiBQMX
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;`QmTb 7`QK K�BM A#2`B�M K�DQHB+� T`Q/m+iBQM +2Mi2`b UAƢ�Ƣ2x- kyy8VX GP:@"
�M/ GP:@* +QMbiBimi2 BbQH�i2/ ;`QmTb- 7Qm` b?2`/b �`2 +QKT�iB#H2 rBi? h2`m2H
�M/ GP:yjd �M/ GP:yj3 `2K�BM mM;`QmT2/X h?Bb bm#@+QKTQbBiBQM Q#i�BM2/
#v L�� Bb mb2/, G�- Gm- L/- aK- l- u#- *2- *`- *b- 1m- 62- >7- a+- h#- h?-
w`- �H- "�- .v- JM- hB �M/ oX



Re 1X*�HT�`bQ`Q- CX:X AƢ�Ƣ2x- :X �`�M� �M/ JX.X :H�b+Q+F

jXk AMi2;`�i2/ /Bb+mbbBQM Q7 i?2 *QKTQbBiBQM�H :`QmTb U*:V

6Q` i?2 /Bb+`BKBM�iBQM Q7 i?2 +QKTQbBiBQM�H ;`QmTb U*:V- i?2 A*S@Ja /�i�
Q7 i?2 de b?2`/b r2`2 mb2/ Ub22 amTTH2K2Mi�`v J�i2`B�HVX 6m`i?2`KQ`2- L��
Q#b2`p�iBQMb U�//`2bb2/ BM i?2 a2+iBQM jXRV r2`2 2KTHQv2/ iQ 2M/Q`b2 i?2
`2bmHib- �b r2HH �b 7Q` i?2 T`Qp2M�M+2 B/2MiB}+�iBQMX

A/2�HHv- iQ Q#i�BM i?2 *:b i?2 +QKTQbBiBQM�H p�`B�M+2 b?QmH/ #2 `2bi`B+i2/
iQ M�im`�H bQm`+2b- 2t+Hm/BM; 2tT2`BK2Mi�H 2``Q`b �M/fQ` �Hi2`�iBQMb �`BbBM;
7`QK TQbi@/2TQbBiBQM�H T`Q+2bb2bX �++Q`/BM;Hv- +2`i�BM 2H2K2Mib r2`2 MQi
`2;�`/2/ 7Q` i?2 bi�iBbiB+�H �M�HvbBb, S# �M/ aM /m2 iQ i?2 ;H�x2@BM~m2M+2
UJQH2`� 2i �HX- kyyRV- S �M/ *m /m2 iQ TQbi@/2TQbBiBQMb U6`22biQM2- RN39V- *Q
�M/ h� /m2 iQ b�KTH2@T`2T�`�iBQM T`Q+2bb rBi? rQH7`�K +�`#B/2 +2HH
U"QmH�M;2` 2i �HX- kyRjV- �M/ L�- E �M/ _# /m2 iQ �Hi2`�iBQM #v �M�H+BK2
Ua+?r2/i 2i �HX- kyyeVX JQ`2Qp2`- wM r�b MQi mb2/ #2+�mb2 bQK2 Q7 i?2 p�Hm2b
r2`2 p2`v +HQb2 iQ i?2 HBKBi Q7 [m�MiB}+�iBQM UGPZVX 6BM�HHv- BM
�`+?�2QHQ;B+�H +2`�KB+b- i?2 BM~m2M+2 Q7 i?2 i2+?MQHQ;B+�H +?QB+2b QM i?2
+QM+2Mi`�iBQMb Q7 *�P �M/ a` r2`2 i�F2M BMiQ �++QmMiX h?2b2 +�M p�`v 7Q` �
p�`B2iv Q7 `2�bQMb U2X;X +�`#QM�i2 ivT2bV U"mt2/� B :�``B;Ʀb- RNNNc a+?r2/i
2i �HX- kyyec 6�##`B 2i �HX- kyR9VX

h?2 +QKTQbBiBQM�H ?2i2`Q;2M2Biv r�b �bb2bb2/ #v +�H+mH�iBM; i?2
+QKTQbBiBQM�H p�`B�iBQM K�i`Bt U*oJV- r?B+? T`QpB/2b BM7Q`K�iBQM �#Qmi
i?2 p�`B�#BHBiv BMi`Q/m+2/ #v 2�+? 2H2K2Mi BMiQ i?2 /�i�b2i Ub22 6B;m`2 R Q7
amTTH2K2Mi�`v J�i2`B�HVX � ?B;? p�Hm2 Q7 i?2 iQi�H p�`B�iBQM UpiV- �b BM i?Bb
+�b2 Upi 4 yXN8V- /2TB+ib � TQHv;2MB+ /�i�b2i U"mt2/� B :�``B;Ʀb �M/
EBHBFQ;HQm- kyyjVX h?mb- b2p2`�H +QKTQbBiBQM�H ;`QmTb r2`2 2tT2+i2/ rBi?BM
i?Bb +2`�KB+ �bb2K#H�;2X

�Hi2`M�iBp2Hv- i?2 i2`M�`v /B�;`�K T`QpB/2b �M Qp2`pB2r Q7 i?2
KBM2`�HQ;B+�H +QKTQbBiBQM Ub22 6B;m`2 8V- r?B+? Bb BM72``2/ 7`QK i?2 +?2KB+�H
+QKTQbBiBQM U>2BMK�MM- RN3NVX 1t+2Ti 7Q` irQ BM/BpB/m�Hb- � ?B;?
KBM2`�HQ;B+�H 2p2MM2bb r�b Q#b2`p2/- bBM+2 �HH b?2`/b �TT2�`2/ rBi?BM i?2
rQHH�biQMBi2@[m�`ix@�MQ`i?Bi2 i`B�M;H2X 6m`i?2`KQ`2- irQ i`2M/b BM *�P
+QMi2Mi r2`2 B/2MiB}2/- /2T2M/BM; QM i?2 }M�H }MBb?, HQr2` +�H+�`2Qmb 7Q`
H2�/ ;H�x2/ �M/ ?B;?2` +�H+�`2Qmb 7Q` iBM H2�/ ;H�x2/ TQii2`vX >BbiQ`B+�HHv-
+�H+�`2Qmb T�bi2b ?�p2 #22M T`272``2/ 7Q` iBM H2�/ ;H�x2/ TQii2`v- bBM+2 i?2v
T`QpB/2 +H2�`2` T�bi2b- �M/ i?2`27Q`2- i?2v `2[mB`2 H2bb QT�+B}2`- i?mb-
`2/m+BM; i?2 T`Q/m+iBQM +Qbib UAƢ�Ƣ2x 2i �HX- kyy3VX

�7i2` i?2 bi�iBbiB+�H �M�HvbBb Ub22 6B;m`2 eV- bBt +QKTQbBiBQM�H ;`QmTb r2`2
B/2MiB}2/ U/2i�BHb Q7 2�+? b�KTH2 �`2 BM+Hm/2/ BM amTTH2K2Mi�`v K�i2`B�HVX
h?2 K2�M p�Hm2b rBi? i?2 bi�M/�`/ /2pB�iBQMb Q7 2�+? +QKTQbBiBQM�H ;`QmT
�`2 bmKK�`Bx2/ BM i?2 h�#H2 jX h?2 /Bb+mbbBQM Q7 2�+? +QKTQbBiBQM�H ;`QmT
+QK#BMBM; i?2 `2bmHib vB2H/2/ #v A*S@Ja- L��- s_. �M/ a1J@1.a Bb
�//`2bb2/ BM i?2 7QHHQrBM; HBM2bX



hBiH2 amTT`2bb2/ .m2 iQ 1t+2bbBp2 G2M;i? Rd
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R3 1X*�HT�`bQ`Q- CX:X AƢ�Ƣ2x- :X �`�M� �M/ JX.X :H�b+Q+F
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6B;X e, .2M/`Q;`�K Q7 1m+HB/2�M b[m�`2/ /Bbi�M+2b mbBM; +2Mi`QB/ �H;Q`Bi?K
�M/ S*� Q7 de BM/BpB/m�Hb 7`QK GQ;`QƢQ QM i?2 bm#@+QKTQbBiBQM Q7 �HkPj- w`-
L#- *b- "�- G�- *2- S`- L/- aK- 1m- :/- h#- .v- >Q- 1`- hK- u#- Gm- >7- l-
J;P- aBPk- hBPk- o- *`- 62kPjX 6Q` i?2 S*� S` r�b mb2/ �b � /BpBbQ` BM i?2
�H` i`�Mb7Q`K�iBQMX



hBiH2 amTT`2bb2/ .m2 iQ 1t+2bbBp2 G2M;i? RN

1H2K2Mi GP:@� a. GP:@" a. GP:@* a. GP:@. a. GP:@1 a. h1_ a.
L Q7 AM/BpB/m�Hb UM 4 eV UM 4 kdV UM 4 k8V UM 4 kV UM 4 jV UM 4 8V

�HkPj R9Xy yX3 ReXN RXd kRXe RX8 RkXd yXR R9XR RX8 RdX3 yX3
*�P jXd RXR RkXN 9X8 NXj RXR jyX3 yXd RNX3 9Xy 3X8 yXd
62kPj 8XR yXd 8X3 yXd dXd yX9 jX9 yXR 9XN yX8 eXy RXk
EkP kXj yXk jXR yX9 jX8 yXk kXR yXR kXR yX8 jXd yXj
J;P yXN yXRN RXNk yXkk kXR3 yXR8 kX8N yXy8 kX3k yXkd RXeR yXy3
JMP yXyk8 yXyRN yXy98 yXyRk yXyjN yXyy9 yXyR yXyyR yXy8e yXyyj yXyjk yXyy3
L�kP yXd8 yXR yX3 yXR9 yXdk yXyd yXeR yXk yXdk yX8e yXkN yXy9
SkP8 yXR3 yXyd yXk8 yXyd yXj8 yXRN yXRN yXyR yX9d yXR3 yXk9 yXye
aBPk 88X8 9XN 9jXN 9XR 9jXR kXd jjXR RXj 9RXe jXk 93Xj RXe
hBPk yXd8 yXy8 yXeN yXy3 yX3k yXyj yX9e yXyR yXdk yXR yXdR yXyk
"� 9d9 8j 8jd dR 8dk 99 jkk j3 8ek Rjk 8ee k8
*2 Nk e N8 Rk RRN 8 8j R 33 N 3N j
*Q Re k ky d k9 d N R R3 R kk 8
*` eN R8 3k Ry Ryk Re eN k ed d de k8
*b kd 8 kR 9 kk j RR k N j kN j
*m ej Ryd jy Rd k8 k8 kj Re Rye ee RR3 33
.v 8Xd yXj 8Xk yXe 8X3 yXk kX3 yXR 8X8 yXj 8Xj yXj
1` jXR yXk kXd yXj jXy yXR RX8 yXR kXN yXR kXd yXR
1m RX8 yXR RX8 yXk RX3 yXR yXd yXR RX9 yXk RX9 yXR
:/ 3Xj yXj dXe yXN NXR yX9 jX3 yXR dXe yX9 dXj yXj
>7 8XR yXe jXj yXe kXN yX9 kXy yXR 9Xy yXj jX9 yXk
>Q RXR yXyd yXNj yXR RXy8 yXy8 yX8 yXyR RXy8 yXy8 yXN9 yXy9
G� 98 j 9e e 83 j kd R 99 9 9j R
Gm yX9d yXyk yX9R yXye yX99 yXyk yXkk yXyk yX99 yXy9 yX9k yXyk
L# Rd R R3 k ky R Rj y Rd R RN R
L/ j3 R jN 8 93 k kR R jd k jd k
S# 93 Rd U3R@9yyRV @ Uk9@RkyddV @ Ry8k 3de j8j9 3Nj Nj9 9e9
S` Ry y Ry R Rk y e y N R N y
_# Rky RR R9j R9 R8e Ry Ry9 R9 3N N R3e Ry
aK 3Xy yXj dX3 RXy NXe yX9 9Xy yXR dX8 yX8 dX8 yX9
aM 8 y U9@9NV @ 8 R 8 R kj k 9j 9y
a` RkN 38 ekk k8e 9NN e8 RNjy Rd8 8kd Rkj kj8 88
h� RXR yXR RXR yXR RXk yXR yXN yXR RXy yXR RXj yXR
h# yXNN yXy8 yXNy yXRR RXyj yXy9 yX93 yXRy yXNy yXy9 yX33 yXyj
h? N R N R RR R e R N R N R
hK yX89 yXy9 yX93 yXye yX8k yXyk yXk9 yXRy yX8k yXyj yX9d yXyk
l kX9 yXk kXN yXk jXR yXk kXy yXR kX8 yXR kX9 yXR
o de 8 RyR R8 RjN N dj Ry d3 3 38 k
u# jXk yXk kXd yXj jXy yXk RX8 yXR jXy yXk kX3 yXR
wM 3e e RyR jy RyR R9 Nk R9 NR d R8N Rey
w` jej 93 kRd 9R R3N kR Rk8 N ked kk kjy N

h�#H2 j, J2�M +QM+2Mi`�iBQMb �M/ bi�M/�`/ /2pB�iBQM p�Hm2b Ua.V Q7 2�+?
+QKTQbBiBQM�H ;`QmT 7`QK i?2 >QbTBi�H oB2DQ �`+?�2QHQ;B+�H bBi2X h1_, h2`m2HX
*QM+2Mi`�iBQMb Q#i�BM2/ #v A*S@JaX PtB/2b �`2 2tT`2bb2/ BM K�bb W �M/ i?2
`2bi BM µ;f;X  S# �M/ aM `�M;2b �`2 ;Bp2M #2+�mb2 i?2v +QMi�BM a. p�Hm2b
?B;?2` i?�M K2�M p�Hm2b /m2 iQ i?2B` ?2i2`Q;2M2Qmb /Bbi`B#miBQMX



ky 1X*�HT�`bQ`Q- CX:X AƢ�Ƣ2x- :X �`�M� �M/ JX.X :H�b+Q+F

jXkXR GP:@� *QKTQbBiBQM�H :`QmT

h?2 HQr2bi +QM+2Mi`�iBQMb Q7 *�P �M/ J;P UjXd ± R �M/ yXN ± yXRN K�bb W
`2bT2+iBp2HvV +?�`�+i2`Bx2 i?Bb ;`QmT 7Q`K2/ #v bBt BM/BpB/m�Hb U`2T`2b2MiBM;
d8 JLAVX AM +QMi`�bi- Bi b?Qrb i?2 ?B;?2bi +QM+2Mi`�iBQM Q7 w` �M/ >7- rBi?
p�Hm2b Q7 jej ± 93 µ;f; �M/ 8 ± R µ;f;- `2bT2+iBp2HvX �++Q`/BM; iQ i?2 s_.
�M�HvbBb- �HH Q7 i?2 b?2`/b ?�p2 i?2 b�K2 7�#`B+ ivT2- 6@ A Ub22 h�#H2 9VX h?2
T`2b2M+2 Q7 BHHBi2@Kmb+QpBi2 T?�b2b �HQM; rBi? i?2 E@72H/bT�`b UKB+`Q+HBM2V �M/
TH�;BQ+H�b2b U�H#Bi2V- �HHQr2/ 2biBK�iBM; Bib 16h �i 38y@Nyy◦* Ub22 6B;m`2 RjVX
h?2 �#mM/�Mi [m�`ix Q#b2`p2/ 7Q` i?Bb 7�#`B+ Bb BM �++Q`/�M+2 rBi? i?2 ?B;?
+QM+2Mi`�iBQMb Q7 w` �M/ >7- r?B+? �`2 �bbQ+B�i2/ iQ i?2 b�M/v T?�b2b BM i?2
+2`�KB+ #Q/vX �b � `2bmHi Q7 �HH i?2b2 7�+iQ`b- /�`F@`2//Bb? T�bi2b r2`2 Q#i�BM2/
Ub22 6B;m`2 dVX

h?2 7Q`Kb BM+Hm/2 mM;H�x2/ TQib �M/ HB/b mb2/ 7Q` +QQFr�`2 �M/ T�Mi`vX
J�Mv Q7 i?2K r2`2 KQbi T`Q#�#Hv r�bi2`b- bBM+2 KmHiBTH2 +QQFBM; TQib /B/
MQi b?Qr }`BM; i`�+2b 7`QK i?2B` mb2 Ui?2v +QmH/ ?�p2 2tTHQ/2/ /m`BM; i?2B`
QrM }`BM;VX *?`QMQHQ;B+�HHv- i?2 +2`�KB+b Q7 i?Bb ;`QmT +Q``2bTQM/ iQ irQ
T2`BQ/b- RkNy@Rj8y �M/ i?2 }`bi i?B`/ Q7 i?2 R8th +2Mim`v- i?2 7Q`K2` #2BM;
�HH i?2 +QQFr�`2 TB2+2b �M/ i?2 biQ`�;2 7`QK i?2 H�ii2`X h?2`27Q`2- Bi +�M #2
bm;;2bi2/ i?�i GP:@� mM/2`b+Q`2b � HQ+�H +QQFr�`2 T`Q/m+iBQM- r?B+? rQmH/
?�p2 +QKT2i2/ rBi? w�KQ`�M BKTQ`ibX h?2 w�KQ`�M r�`2 r�b +?�`�+i2`Bx2/
#v Bib `27`�+iQ`v T`QT2`iB2b UrBi? p2`v KB+�+2Qmb T�bi2bV �M/ Bib i`�/2 ?�b
#22M /Q+mK2Mi2/ bBM+2 i?2 R9th +2Mim`v BM i?2 MQ`i? Q7 i?2 T2MBMbmH� UaQH�mM-
kyy8VX

6B;X d, � `2T`2b2Mi�iBp2 +2`�KB+ 7`QK i?2 ;`QmT GP:@�X

jXkXk GP:@" *QKTQbBiBQM�H :`QmT

h?Bb ;`QmT Bb +?�`�+i2`Bx2/ #v i?2 ?B;?2bi �HkPj +QM+2Mi`�iBQM Q7 i?2 r?QH2
/�i�b2i UkR ± R K�bb WVX Ai b?Qrb +�H+�`2Qmb T�bi2b U*�P Rj ± 8 K�bb WVX
h?2 kd BM/BpB/m�Hb i?�i 7Q`K Bi BM+Hm/2 � rB/2 `�M;2 Q7 7Q`Kb- r?B+?



hBiH2 amTT`2bb2/ .m2 iQ 1t+2bbBp2 G2M;i? kR

T`2bmK�#Hv rQmH/ ?�p2 #22M T`Q/m+2/ Qp2` i?2 r?QH2 HB72@+v+H2 Q7 i?2 i?`22
TQii2`v rQ`Fb?QTb URjth@R8th +2Mim`B2bVX h?2b2 �`2 D�`b- TQ``BM;2`b- bK�HH
Dm;b �M/ +mTb KQbiHv mM;H�x2/ #mi �HbQ +Q�i2/ #v i`�MbHm+2Mi ;`22MBb?@?QM2v
;H�x2b- �b r2HH �b TH2Miv Q7 FBHM mi2MbBHb bm+? �b i`Bp2ib Q` `QQ7 iBH2bX

JQ`2Qp2`- bQK2 Q7 i?2 b?2`/b B/2MiB}2/ BM i?Bb ;`QmT +Q``2bTQM/ iQ bi`�i�
Q7 Rdth@R3th +2Mim`B2b Ub22 6B;m`2 kVX h?2B` +QKTQbBiBQM�H +QKT�iB#BHBiv r�b
i�F2M �b � #�bBb iQ BM+Hm/2 i?2K BM i?2 +QKTQbBiBQM�H ;`QmTX h?2`27Q`2- bBM+2
i?2B` +?`QMQHQ;B2b ;Q #2vQM/ i?2 7mM+iBQMBM; iBK2 Q7 i?2 mM2�`i?2/ FBHMb- Bi
+�M #2 bm;;2bi2/ i?�i i?2v r2`2 KQbi T`Q#�#Hv K�Mm7�+im`2/ BM i?2 TQbi@
K2/B2p�H +2`�KB+ rQ`Fb?QTb Q7 i?2 PHH2`B�b ai`22ib BMi`Q/m+2/ BM a2+iBQM RXj
Ub22 6B;m`2 RVX

�7i2` i?2 KBM2`�HQ;B+�H 2p�Hm�iBQM Ub22 h�#H2 9V- irQ 7�#`B+ ivT2b U6@A
�M/ 6@AAV r2`2 B/2MiB}2/ BM GP:@" +QKTQbBiBQM�H ;`QmTX "Qi? b?Qr2/ i?2
2tBbi2M+2 Q7 [m�`ix �HQM; rBi? }`BM; T?�b2b bm+? �b TH�;BQ+H�b2b U�H#Bi2V �M/
Tv`Qt2M2b U/BQTbB/2VX h?2B` +Q2tBbi2M+2 rBi? i?2 H�+F Q7 BHHBi2@Kmb+QpBi2
T?�b2b �M/ KmHHBi2- �M/ i?2 T`2b2M+2 Q7 E@72H/bT�`b UKB+`Q+HBM2V- BM i?2 +�b2
Q7 6@A- T2`KBib 2biBK�iBM; i?2 16h �i +�X Nyy◦*X E@72H/bT�`b bi�`i
/2+QKTQbBM; �i 38y@Nyy◦* �TT`QtBK�i2HvX h?2`27Q`2- i?2B` �#b2M+2 BM i?2
6@AA �++QKT�MB2/ #v �M 2M`B+?K2Mi Q7 TH�;BQ+H�b2b �M/ ;2?H2MBi2 U�
bm#@T`Q/m+i Q7 +�H+Bi2V bm;;2bi2/ � ?B;?2` 16h i?�M 6@A- i?mb- +�X N8y◦*X
JQ`2Qp2`- i?2 /2i2+iBQM Q7 ?2K�iBi2 BM 6@A �M/ +�H+Bi2 BM 6@AA �`2 +QMM2+i2/
rBi? i?2 `2bT2+iBp2Hv ?B;?2` 62kPj �M/ HQr2` *�P +QMi2Mi Q7 #Qi? 7�#`B+bX

JQbi Q7 i?2 TB2+2b 7`QK i?Bb ;`QmT �`2 mM;H�x2/ FBHM mi2MbBHbX _2;�`/BM;
i?2 72r TB2+2b i?�i �`2 +Q�i2/- i?2v #2�` � H2�/ ;H�x2 Q7 p�`vBM; S#P
+QM+2Mi`�iBQMb- �b �b+2`i�BM2/ #v a1J@1.a Ub22 h�#H2 8V- r?2`2�b i?2 QMHv
iBM H2�/ ;H�x2/ b?2`/ UGP:yekV +Q``2bTQM/b iQ i?2 TQbi@K2/B2p�H
+?`QMQHQ;B2bX

_2;�`/BM; GP:yyN- i?Bb TB2+2 b?Qrb K�M;�M2b2 #2�`BM; /2+Q`�iBQMb �M/
/�i2b iQ RkNy@Rj8yX GBi2`�im`2 �ii2bib iQ i?2 mb2 Q7 K�M;�M2b2 #�b2/
/2+Q`�iBQM bBM+2 i?2 KB/@7Qm`i22Mi? +2Mim`v- }`bi BM Dm;b Q7 +QKKQM
i�#H2r�`2 �M/- H�i2`- 7`QK i?2 #2;BMMBM; Q7 i?2 R8th QM TBi+?2`b �M/ bK�HH
Dm;b UJ�`iőM2x- kyRjVX AM/22/- bBKBH�` 7Q`Kb ?�p2 #22M /Q+mK2Mi2/ BM Qi?2`
}M/BM;b Q7 i?2 +Biv UaQH�mM- kyy8- TX kjjVX JQ`2Qp2`- T�`�HH2H +2`�KB+b 7`QK
M2�`#v HQ+�iBQMb- +�M #2 7QmM/ BM i?2 K2/B2p�H TQii2`v rQ`Fb?QT /Bb+Qp2`2/
BM *�H�?Q``� UGm2x�b- kyR9V- r?2`2�b K�M;�M2b2 /2+Q`�iBQMb r2`2 m#B[mBiQmb
�7i2` i?2 R9th +2Mim`vX

AM bQK2 Q7 i?2 b?2`/b i?2 BM~m2M+2 Q7 i?2 +�H+�`2Qmb T�bi2b +QmH/ #2
Q#b2`p2/ `2;�`/BM; i?2 +H�v@#Q/v �M/ ;H�x2 BMi2`�+iBQMX .m`BM; i?2 }`BM;-
i?2 KQHi2M ;H�bb `2�+ib rBi? i?2 #Q/v �M/ /BzmbBQM Q7 i?2 2H2K2Mib 7`QK i?2
T�bi2 BMiQ i?2 ;H�x2 �M/ pB+2 p2`b� Q++m`b UJQH2`� 2i �HX- kyyRVX AM i?Bb +�b2-
i?2 7Q`K�iBQM Q7 *�@`B+? Tv`Qt2M2b 2M?�M+2/ #v i?2 ?B;? +QM+2Mi`�iBQM Q7
*�P r�b B/2MiB}2/X h?2b2 �`2 BM+Q`TQ`�i2/ iQ i?2 ;H�x2- #mi i?2v /Q MQi
+QMi`B#mi2 iQ i?2 BMi2`7�+2 7Q`K�iBQM #2+�mb2 i?2v �TT2�` ~Q�iBM; QM i?2
;H�x2 Ub22 6B;m`2 3VX GBF2rBb2- E �M/ �H `B+? +`vbi�HHBi2b ;`QrBM; 7`QK i?2
+H�v@#Q/v iQ i?2 ;H�x2 +QmH/ #2 Q#b2`p2/- 2bT2+B�HHv BM b?2`/b `B+? BM
E@72H/bT�`b Ub22 6B;m`2 3VX h?2b2 BMi2`7�+2 +`vbi�HHBi2 7Q`K�iBQMb TH�v � `QH2



kk 1X*�HT�`bQ`Q- CX:X AƢ�Ƣ2x- :X �`�M� �M/ JX.X :H�b+Q+F

:_PlS 6�#X 16h U◦*V Zx AHi@Jb JmH �7b *�H >2K :? SH St
GP:@� 6@A 38y@Nyy tttt tt t t
GP:@" 6@A Nyy tttt t t tt t

6@AA N8y tt t tt tt t
GP:@* 6@A 38y@N8y tt t t t t tt
GP:@. 6@A Ryyy@Ry8y t t ttt ttt t
GP:@1 6@A Nyy@Ryyy ttt t t tt t t
h1_ 6@A Nyy@Ryyy tttt t t tt t

h�#H2 9, 6�#`B+b B/2MiB}2/ BM 2�+? +QKTQbBiBQM�H ;`QmT �M/ i?2B` K�BM
KBM2`�HQ;B+�H T?�b2b �M/ 16hbX Zx, Zm�`ixc AHi@Jb, AHHBi2@Jmb+QpBi2c *�H,
*�H+Bi2c :?, :2?H2MBi2c >2K, >2K�iBi2c SH, TH�;BQ+H�b2bc St, Sv`Qt2M2bc JmH,
JmHHBi2c aTH, bTBM2HbX �##`2pB�iBQMb �7i2` Uq?BiM2v �M/ 1p�Mb- kyRyVX

BM i?2 }M�H bi�#BHBiv Q7 i?2 +2`�KB+ +Q�iBM; UJQH2`� 2i �HX- kyyRVX h?2 M�im`2
Q7 i?2 BMi2`7�+2 Bb mbm�HHv i�F2M �b BM/B+�iBp2 Q7 bBM;H2 Q` /Qm#H2 }`BM;X
�++Q`/BM; iQ i?Bb BM/B+�iQ`- KQbi Q7 i?2 +2`�KB+b bm#D2+i2/ iQ �M�HvbBb-
2tT2`B2M+2/ � bBM;H2 }`BM; 7Q` i?2 H2�/ ;H�x2/ TQii2`v- r?BH2 i?2 iBM H2�/
;H�x2- rQmH/ ?�p2 #22M �TTHB2/ QM #Bb[m2 +2`�KB+bX



hBiH2 amTT`2bb2/ .m2 iQ 1t+2bbBp2 G2M;i? kj

6B;X 3, � `2T`2b2Mi�iBp2 +2`�KB+ UGP:y8NV 7`QK i?2 ;`QmT GP:@" UaQm`+2,
�`[m2Q_BQD�V �M/ a1J@1.a BK�;2b �M/ *�- �H �M/ E 2H2K2Mi�H K�Tb
b?QrBM; i?2 ;`Qri? Q7 +`vbi�HHBi2b BM +2`�KB+ #Q/v �M/ /BzmbBM; BMiQ i?2 ;H�x2X



k9 1X*�HT�`bQ`Q- CX:X AƢ�Ƣ2x- :X �`�M� �M/ JX.X :H�b+Q+F

jXkXj GP:@* *QKTQbBiBQM�H :`QmT

"�b2/ QM Bib bBx2 UM4 k8V- GP:@* Bb i?2 KQbi +?2KB+�HHv +QKT�+i ;`QmT Q7
i?2 �bb2K#H�;2 Ub22 6B;m`2 eVX q?BH2 Bi Bb +QKTQbBiBQM�HHv p2`v bBKBH�` iQ
GP:@" U+�H+�`2Qmb �M/ B`QM@`B+?V- i?Bb *: Bb 72�im`2/ #v � ?B;?
+QM+2Mi`�iBQM Q7 �HkPj UkRXe ± yX8 K�bb WV- T`Q#�#Hv HBMF2/ iQ i?2 T`2b2M+2
Q7 KB+�X h?2 T�bi2b �`2 }M2Hv /2+�Mi2/ �M/ Q`�M;2@`2//Bb? Ub22 6B;m`2 NVX
�7i2` s_. �M�HvbBb- QM2 7�#`B+ ivT2 U6@AV r�b B/2MiB}2/ 7Q` i?Bb *:-
+?�`�+i2`Bx2/ #v i?2 T`2b2M+2 Q7 [m�`ix- rBi? TH�;BQ+H�b2b �M/ E@72H/bT�`b-
iQ;2i?2` rBi? ?2K�iBi2 �M/ ;2?H2MBi2 Ub22 6B;m`2 RjVX h?2 +Q2tBbi2M+2 Q7
i?2b2 T?�b2b �M/ i?2 r2�F T2�F Q7 BHHBi2@Kmb+QpBi2 BM/B+�i2/ � HQr }`BM;
i2KT2`�im`2 U38y@N8y◦*VX *QMb2[m2MiHv- i?2 KB+`Qbi`m+im`2 Q7 i?2 +H�v@#Q/v
`2�+?2/ � HQr bBMi2`BM; H2p2H Ub22 6B;m`2 NVX

h?2 7Q`Kb BM+Hm/2 KQbiHv mM;H�x2/ TBi+?2`b UJLA kejV �M/ T�Mi`v
TQii2`v UJLA 8RV- Ub22 6B;m`2 jVX JQ`2Qp2`- MmK2`Qmb FBHM mi2MbBHb �M/
r�bi2`b +QMbiBimi2 i?Bb ;`QmT- BM+Hm/BM; K�Mv TQi2MiB�HHv /Bb+�`/2/ TB2+2b
K�`F2/ #v }`BM;@#m`MbX PM i?�i #�bBb- i?Bb *: +QmH/ #2 HBMF2/ iQ � HQ+�H
T`Q/m+iBQM- T`QpB/BM; � +H2�` +?2KB+�H }M;2`T`BMiX h?2 b+�`+2 H2�/ ;H�x2b
T`2b2Mi- r2`2 Q#i�BM2/ #v S#P@`B+? `2+BT2b Ub22 h�#H2 8VX

>�H7 Q7 i?2 +2`�KB+b 7`QK i?Bb ;`QmT r2`2 K�Mm7�+im`2/ BM i?2 T2`BQ/ Q7
RkNy@Rj8y �M/ i?2 Qi?2` ?�H7 +Q``2bTQM/ iQ H�i2` +?`QMQHQ;B2b UH�i2 R9th �M/
i?2 R8th +2Mim`B2bVX _2T`2b2Mi�iBp2 7Q`Kb Q7 i?Bb ;`QmT bm+? �b i?2 TBi+?2`
U2X;X GP:yykV }M/ T�`�HH2Hb rBi? KB+�+2Qmb ;`QQp2/ +2`�KB+b Q7 :`QmTb Ao
�M/ o /Q+mK2Mi2/ BM M2�`#v rQ`Fb?QTb UaQH�mM- kyy8- TX ReRV �M/ USû`2x-
RN38- TX 3VX a22KBM;Hv- i?2b2 T�Mi`v r�`2 7Q`Kb r2`2 �#mM/�Mi �HH Qp2` i?2
MQ`i?2`M A#2`B�M T2MBMbmH�- `2TQ`iBM; bT2+B}+�HHv � +2`i�BM +mHim`�H
?QKQ;2MBx�iBQM �i `2;BQM�H H2p2H �KQM; i?2 rQ`Fb?QTb Q7 GQ;`QƢQ- :�bi2Bx
�M/ o�H/2;Qpő� UaQH�mM- kyy8- TX jdRVX

h?2 /B�+?`QMB+ 2pQHmiBQM Q7 +2`�KB+b 7`QK GP:@* `2p2�Hb � +QMiBMmBiv Q7
�M BKTQ`i�Mi HQ+�H T�Mi`v �M/ i�#H2r�`2 +2`�KB+ T`Q/m+iBQMX Aib +?2KB+�H
�M/ KBM2`�HQ;B+�H ?QKQ;2M2Biv `2p2�Hb � K�Mm7�+im`2 #v bBKBH�` +H�vb �M/fQ`
mbBM; i?2 b�K2 `2+BT2b /m`BM; i?2 2MiB`2 QT2`�iBQM�H T2`BQ/ Q7 i?2 rQ`Fb?QTb
7`QK >QbTBi�H oB2DQ ai`22iX h?Bb 2p2MM2bb +QBM+B/2b rBi? i?2 bT2+B�HBx�iBQM Q7
i?2 +`�7i r?B+? `2TH�+2/ � /QK2biB+ �M/ BiBM2`�Mi T`Q/m+iBQM i?�i iQQF TH�+2
/m`BM; +�X Rkth +2Mim`v UaQH�mM- kyy8- TX j3jV



hBiH2 amTT`2bb2/ .m2 iQ 1t+2bbBp2 G2M;i? k8

6B;X N, � `2T`2b2Mi�iBp2 +2`�KB+ UGP:yy9V 7`QK i?2 ;`QmT GP:@* �M/ a1J
BK�;2 b?QrBM; i?2 HQr bBMi2`BM; H2p2H Q7 i?2 T�bi2X

jXkX9 GP:@. *QKTQbBiBQM�H :`QmT

GP:@. Bb i?2 bK�HH2bi ;`QmT Q7 i?2 �bb2K#H�;2- +QKT`BbBM; QMHv irQ `QQ7
iBH2b UJLA jNVX �++Q`/BM; iQ i?2 bi�iBbiB+�H �M�HvbBb Ub22 6B;m`2 eV- i?2 +H2�`
/Bz2`2MiB�iBQM Q7 i?Bb *: `2HB2b QM Bib bi`BFBM;Hv ?B;? *�P +QMi2Mi UjR ± R
K�bb WVX .2bTBi2 i?2 QKBbbBQM Q7 *�P �M/ a`- r?B+? +�MMQi #2 2t+HmbBp2Hv
`2;�`/2/ �b T`Qp2M�M+2 K�`F2`b Ub22 b2+iBQM jXkV- i?2 `2bmHib biBHH T2`KBii2/
i?2 +H2�` /Bb+`BKBM�iBQM Q7 i?Bb ;`QmTX h?2 p2`v /Bz2`2Mi +QKTQbBiBQM +QmH/
�HbQ #2 Q#b2`p2/ BM i?2 i2`M�`v /B�;`�K Ub22 6B;m`2 8VX �++Q`/BM; iQ i?2 s_.
�M�Hvb2b- #Qi? b?2`/b b?Qr2/ 6@A 7�#`B+ ivT2- i?�i r2`2 +?�`�+i2`Bx2/ #v p2`v
T`QKBM2Mi T2�Fb Q7 +�H+Bi2 �M/ ;2?H2MBi2X JQ`2Qp2`- i?2 +Q2tBbi2M+2 Q7 KmHHBi2
�M/ i?2 b2+QM/�`v T?�b2b- bm+? �b ;2?H2MBi2- bm;;2bib �M 16h #2ir22M Ryyy@
Ry8y◦*X _QQ7 iBH2b r2`2 2ti2MbBp2Hv mb2/ �b FBHM iQQHb- 7Q` b2T�`�iBM; i?2 TB2+2b
/m`BM; i?2 }`BM;bX h?2`27Q`2- i?Bb ?B;? 16h Ui?2 ?B;?2bi Q7 i?2 �bb2K#H�;2V-
+QmH/ #2 HBMF2/ iQ � `2+m``2Mi }`BM;- +QM}`KBM; i?2B` mb2 �b FBHM mi2MbBHbX
LQM2i?2H2bb- mMHBF2 i`Bp2ib i?�i �`2 K�Mm7�+im`2/ bT2+B}+�HHv �b TQii2`bǶ iQQHb-
i?2 TQbbB#BHBiv i?�i i?2 `QQ7 iBH2b r2`2 `2+v+H2/ 7`QK bQK2r?2`2 2Hb2- b?QmH/
#2 +QMbB/2`2/X *QMb2[m2MiHv- BM i?2 �#b2M+2 Q7 Qi?2` r�bi2`b �M/fQ` +Hm2b-
i?Bb ;`QmT +QmH/ MQi mM2[mBpQ+�HHv #2 HBMF2/ iQ � HQ+�H T`Q/m+iBQM- `2�bQM 7Q`
r?B+? Bib T`Qp2M�M+2 r�b +QMbB/2`2/ mM/2i2`KBM2/X



ke 1X*�HT�`bQ`Q- CX:X AƢ�Ƣ2x- :X �`�M� �M/ JX.X :H�b+Q+F

6B;X Ry, _QQ7 iBH2 7`QK GP:@.- b?QrBM; /`QTb Q7 ;H�x2 UGP:y3RVX

jXkX8 GP:@1 *QKTQbBiBQM�H :`QmT

h?Bb ;`QmT BM+Hm/2b i?`22 BM/BpB/m�Hb i?�i �`2 +?�`�+i2`Bx2/ #v #B+?`QK2 iBM
H2�/ ;H�x2b �M/ #mz2` +QHQ`2/ +H�v@#Q/B2b Ub22 6B;m`2 RRVX Ai Bb +�H+�`2Qmb URe ±
k K�bb WV �M/ +QmH/ #2 /Bb+`BKBM�i2/ T`BK�`BHv /m2 iQ ?B;?2` +QM+2Mi`�iBQMb
Q7 J;P- >7 �M/ w`X h?2 +?2KB+�H /Bz2`2M+2b K�i+?2/ i?Qb2 Q#b2`p2/ #v L��
7Q` GP:yj3X JQ`2Qp2`- i?Bb BM/BpB/m�H r�b �b+`B#2/ iQ J�MBb2b �b b22M #v
L�� +QHH�iBQM Ub22 a2+iBQM jXRVX

h?2 s_. �M�HvbBb TQBMi2/ Qmi QM2 7�#`B+ ivT2 Ub22 h�#H2 9VX h?2 7�#`B+
U6@AV b?Qr2/ BMi2Mb2 T2�Fb Q7 +�H+Bi2 Ub22 6B;m`2 RjV- BM �//BiBQM iQ i?2 H�+F
Q7 BHHBi2 �M/ T`2b2M+2 Q7 ;2?H2MBi2 U� /2+QKTQbBiBQM T`Q/m+i Q7 +�H+Bi2VX h?mb-
Bib 16h r�b 2biBK�i2/ #2ir22M Nyy@Ryyy◦*X h?Bb 16h Bb bHB;?iHv ?B;?2` i?�M
i?Qb2 Q#b2`p2/ 7Q` i?2 HQ+�H ;`QmTb 7`QK GQ;`QƢQ- r?B+? +�M #2 HBMF2/ iQ Bib
2tQ;2MQmb T`Qp2M�M+2X

hrQ Q7 i?2 BM/BpB/m�Hb +Q``2bTQM/ iQ Re@R3th +2Mim`B2b UGP:yj3 �M/
GP:yjNV- r?BH2 GP:y9d /�i2b iQ � T`2pBQmb +?`QMQHQ;v UR8th +2Mim`vVX h?2
b?2`/ �b+`B#2/ iQ J�MBb2b UGP:yj3V- b?Qrb ;2QK2i`B+ bi`QF2b T�BMi2/ rBi?
+Q#�Hi #Hm2 QM r?Bi2 Q#i�BM2/ #v iBM QT�+B}2` �b �b+2`i�BM2/ #v a1J@1.a
Ub22 h�#H2 8VX h?Bb ivT2 Q7 /2+Q`�iBQM Ub22 6B;m`2 RRV Bb +QMbB/2`2/ �b
+?�`�+i2`BbiB+ 7`QK +2`i�BM o�H2M+B�M rQ`Fb?QTbX a22 7Q` BMbi�M+2 i?2 T�`�HH2H
+2`�KB+b 7`QK i?2 HQ+�H /mKT Q7 JQHő HQ+�i2/ BM S�i2`M� Uo�H2M+B�V 7`QK i?2
R9th +2Mim`v UJ2b[mB/� :�`+ő�- kyykV Q` i?2 }M/BM;b Q7 "�``B /ǶP#`�/Q`b BM
J�MBb2b U*QM2b� *QHH 2i �HX- kyRjVX �Hi2`M�iBp2Hv- � T�`�HH2H TB2+2 �b+`B#2/ iQ
o�H2M+B� UBMp2MiQ`v MmK#2` LX99R- aXG>oXyyjX89V r�b /Q+mK2Mi2/ �i i?2
>QbTBi�H oB2DQ bBi2 BM T`2pBQmb bim/B2b UJ�`iőM2x- kyRjVX AM �//BiBQM- i?2
Hmbi2` /2+Q`�iBQM b?QrM #v GP:yjN Bb mbm�HHv �bbQ+B�i2/ rBi? i?2 o�H2M+B�M
�`2� USû`2x@�`�Mi2;mB 2i �HX- kyyRc *QM2b� *QHH- kyy3VX h?2 +HQb2M2bb #2ir22M
J�MBb2b �M/ S�i2`M� rQ`Fb?QTb BMpQHp2b � FMQrM �`+?2QK2i`B+ T`Q#H2K
r?B+? ?BM/2`b i?2 T`QT2` +?2KB+�H /Bz2`2MiB�iBQM #2ir22M i?2 irQ o�H2M+B�M
T`Qp2M�M+2b UAƢ�Ƣ2x 2i �HX- kyy3VX



hBiH2 amTT`2bb2/ .m2 iQ 1t+2bbBp2 G2M;i? kd

6B;X RR, _2T`2b2Mi�iBp2 +2`�KB+b 7`QK GP:@1 ;`QmT UGP:yj3 �M/ GP:yjNVX

jXkXe h1_ *QKTQbBiBQM�H :`QmT

h?2 h1_ ;`QmT Bb 7Q`K2/ #v iBM H2�/ ;H�x2/ TQii2`v b?QrBM; +?�`�+i2`BbiB+
;`22M@#H�+F /2+Q`�iBQMb 7`QK h2`m2HX �++Q`/BM; iQ i?2 �M�HvbBb T2`7Q`K2/ #v
L��- i?2 Q`B;BM Q7 GP:y9k- GP:y9j- GP:y99 �M/ GP:y93 Bb +H2�`Hv
�bbQ+B�i2/ iQ h2`m2H Ub22 a2+iBQM jXRVX h?2 bi�iBbiB+�H �M�HvbBb #�b2/ QM
A*S@Ja K�i+?2b i?Qb2 `2bmHib ;`QmTBM; i?2b2 BM/BpB/m�Hb iQ;2i?2`- �M/
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r2`2 B/2MiB}2/X h?2 }`bi- � HQr +�H+�`2Qmb QM2- 2KTHQv2/ 7Q` +QQFr�`2 URkNy@
Rj8yV �M/ �7i2` � b?Q`i BMi2``mTiBQM- 7Q` biQ`�;2 Tm`TQb2b- �i i?2 #2;BMMBM;
Q7 i?2 R8th+2Mim`v UGP:@�VX h?2 +?�`�+i2`Bx�iBQM Q7 i?Bb ;`QmT T2`KBib i?2
/2i2`KBM�iBQM Q7 � HQ+�H T`Q/m+iBQM Q7 +QQFBM; TQib /m`BM; i?2 BMBiB�H bi�;2b Q7

LOCAL 
PRODUCTION

EXOGENOUS
PRODUCTION

End of 
Workshops

H. Viejo

LOG-A
LOG-B
LOG-C
LOG-D*

LOG-E (Valencia)
TER (Teruel)

1400 1600 1800

CHRONOLOGY

6B;X R9, 1pQHmiBQM Q7 HQ+�H �M/ 2tQ;2MQmb T`Q/m+iBQM B/2MiB}2/ BM i?2 bBi2
Q7 >QbTBi�H oB2DQ 7`QK GQ;`QƢQX  h?2 T`Qp2M�M+2 Q7 GP:@.- +QmH/ MQi #2
/2i2`KBM2/ �Hi?Qm;? Bb TQi2MiB�HHv HQ+�HX



jk 1X*�HT�`bQ`Q- CX:X AƢ�Ƣ2x- :X �`�M� �M/ JX.X :H�b+Q+F

i?2 rQ`Fb?QTX h?Bb T`Q/m+iBQM pQHmK2 K�v ?�p2 /2+HBM2/ #v i?2 R9th +2Mim`v
/m2 iQ i?2 BM~m2M+2 Q7 BKTQ`ib Q7 i?2 T`2biB;BQmb w�KQ`�M TQib /m`BM; i?�i
+2Mim`v �b T`2pBQmbHv /Q+mK2Mi2/ UaQH�mM- kyy8- TX j33VX LQM2i?2H2bb- i?2 mb2
Q7 i?2 b�K2 T�bi2 Bb Q#b2`p2/ H�i2` 7Q` i?2 T`Q/m+iBQM Q7 T�Mi`v r�`2 bm+?
�b HB/bX � iQi�H �#b2M+2 Q7 K�i2`B�H 7`QK i?Bb ;`QmT Bb Q#b2`p2/ BM i?2 H�bi
bi�;2b Q7 i?2 rQ`Fb?QT- +QBM+B/BM; rBi? i?2 +QMbi`m+iBQM Q7 i?2 _2p2HHőM q�HH
U/B`2+iHv HBMF2/ rBi? i?2 �#�M/QMK2Mi Q7 i?2 qQ`Fb?QTb Q7 >QbTBi�H oB2DQVX

AM �//BiBQM- irQ +�H+�`2Qmb ;`QmTb r2`2 /Bb+`BKBM�i2/, GP:@" �M/
GP:@*X *QMbB/2`BM; i?2 /B�+?`QMB+ 2pQHmiBQM Q7 GP:@"- i?2 mb2 Q7 bBKBH�`
`2+BT2b �M/fQ` 2ti`�+iBQM bBi2b +QmH/ #2 BM72``2/- T`Q/m+BM; +2`�KB+b 7`QK
i?2 Rjth@R8th+2Mim`B2b- #mi �HbQ 7`QK i?2 Rdth@R3th+2Mim`B2bX JQ`2Qp2`-
`2;�`/BM; i?2 ?BbiQ`B+�H +QMi2ti Ui?2 `2HQ+�iBQM Q7 i?2 rQ`Fb?QTb �7i2` R8th
+2Mim`vV- Bi +�M #2 bm;;2bi2/ i?�i i?2 H�ii2` +2`�KB+b 7`QK i?Bb ;`QmTb r2`2
KQbi T`Q#�#Hv K�Mm7�+im`2/ BM i?2 TQbi@K2/B2p�H +2`�KB+ rQ`Fb?QTb Q7 QM2
Q7 i?2 PHH2`B�b bi`22ib Ur?B+? Bb +m``2MiHv mM/2` �`+?�2QHQ;B+�H BMp2biB;�iBQMVX
q?BH2 KQbi Q7 i?2 +2`�KB+b r2`2 mM;H�x2/ Q` H2�/ ;H�x2/- i?2 BMi`Q/m+iBQM Q7
TQQ`Hv �TTHB2/ iBM H2�/ ;H�x2 +QmH/ #2 Q#b2`p2/ QMHv QM i?2 TQbi@K2/B2p�H
T2`BQ/ 7Q` i?Bb ;`QmTX AM +QMi`�bi- i?2 GP:@* ;`QmT b?Qr2/ i?2 mb2 Q7 �
T�bi2 r?B+? b22Kb iQ ?�p2 #22M T`2b2Mi QMHv /m`BM; i?2 QT2`�iBQM�H T2`BQ/ Q7
i?2 mM2�`i?2/ FBHMb URjth@R8th+2Mim`B2bVX h?Bb ;`QmT r�b i?2 KQbi 2ti2MbBp2
�M/ +QKTQbBiBQM�HHv +QKT�+i ;`QmTX h?mb- i?2 Bi +�M #2 +QMbB/2`2/ i?2
;`QmT i?�i #2bi +?�`�+i2`Bx2b i?2 T`Q/m+iBQM Q7 i?2 rQ`Fb?QTb 7`QK i?2
>QbTBi�H oB2DQ bBi2X �HH Q7 i?2 HQ+�H ;`QmTb b?Qr2/ T�bi2b i?�i r2`2 }`2/
#2ir22M 38y ◦* �M/ N8y ◦* �b i?2 /2i2`KBM2/ #v s_.X h?2b2 }`BM;
i2KT2`�im`2b +QMi`�bi2/ rBi? i?Qb2 7`QK i?2 K�DQHB+� TQii2`v BKTQ`ib
B/2MiB}2/ BM i?Bb bim/v- r?B+? r2`2 ?B;?2`X

AM ;2M2`�H i2`Kb- Bi +�M #2 bm;;2bi2/ i?�i i?2 H�i2 K2/B2p�H rQ`Fb?QTb Q7
GQ;`QƢQ K�Mm7�+im`2/ K�BMHv mM;H�x2/ Q` H2�/ ;H�x2/ TQii2`v /m`BM;
Rjth@R8th+2Mim`B2bX h?Qb2 H2�/ ;H�x2/ TB2+2b UrBi? ?B;? S# +QM+2Mi`�iBQMbV
+QMi�BM2/ � i`�MbHm+2Mi ;H�x2 r?B+?- ;�p2 i?2K � }M�H ?QM2v@+QHQ`2/
�TT2�`�M+2X AM +QMi`�bi- KQbi Q7 i?2 iBM H2�/ ;H�x2/ TQii2`v b?QrBM;
#B+?`QK2 Q` TQHv+?`QK2 /2+Q`�iBQMb r�b i`�/2/ 7`QK Qi?2` T`Q/m+iBQM
+2Mi2`b- bm+? �b o�H2M+B� Q` h2`m2H �b /2i2`KBM2/ #v i?2 T`2b2Mi bim/vX

h?2 +?`QK�iB+ /2+Q`�iBQMb BM+Hm/2 #Hm2- #H�+F �M/ ;`22M +QHQ`bX �HH i?2
QT�[m2 ;H�x2b r2`2 Q#i�BM2/ i?`Qm;? aMPk 7`QK +QM+2Mi`�iBQMb `�M;BM; jXke
iQ dX9R K�bb W aMPkX hQ Q#i�BM i?2 }M�H +QHQ`b- i`�/BiBQM�H `2+BT2b #�b2/ QM
/Bz2`2Mi K2i�HHB+ QtB/2b r2`2 mb2/, i?2 #Hm2 r�b �+[mB`2/ #v *QP- r?BH2 *mP
r�b mb2/ iQ Q#i�BM i?2 ;`22M +QHQ` �M/ JMP 7Q` i?2 #H�+FX

h?2 +QKTH2tBiv Q7 _BQD�M +2`�KB+ T`Q/m+iBQM BM T`2@BM/mbi`B�H 2`�b r�b
?B;?HB;?i2/ BM i2`Kb Q7 �`+?�2QK2i`B+ +?�`�+i2`Bx�iBQM- b?QrBM; /Bz2`2Mi
+?2KB+�H `272`2M+2 ;`QmTb /B�+?`QMB+�HHv rBi?BM i?2 b�K2 T`Q/m+iBQM +2Mi2`
UGP:@�- GP:@" �M/ GP:@*VX h?2 mM/2`@`2T`2b2Mi�iBQM Q7 i?2 HQ+�HHv
T`Q/m+2/ iBM H2�/ ;H�x2/ +2`�KB+b- +QBM+B/2b rBi? i?2 bHQr �/QTiBQM Q7 iBM
H2�/ ;H�xBM; i2+?MQHQ;v r?B+?- r�b KQ`2 rB/2Hv 2ti2M/2/ BM Qi?2` T�`ib Q7
i?2 A#2`B�M S2MBMbmH�- bm+? �b i?2 o�H2M+B�M �`2�X



hBiH2 amTT`2bb2/ .m2 iQ 1t+2bbBp2 G2M;i? jj

�+FMQrH2/;2K2Mib h?2 �mi?Q`b r�Mi iQ i?�MF �`[m2Q_BQD� 7Q` i?2B` bmTTQ`i T`QpB/BM;
i?2 K�i2`B�Hb �M/ �`+?�2QHQ;B+�H /�i�X h?2 �mi?Q`b rQmH/ HBF2 iQ i?�MF �HbQ i?2 :2M2`�H
sɣ`�v a2`pB+2 �M/ :2Q+?`QMQHQ;v �M/ AbQiQT2 :2Q+?2KBbi`v 6�+BHBiv 7`QK a:AE1_ Q7 i?2
lMBp2`bBiv Q7 i?2 "�b[m2 *QmMi`v lSof1>l 7Q` i?2B` i2+?MB+�H �M/ ?mK�M bmTTQ`iX h?�MFb
iQ _�i?;2M 6Q`b+?mM;bH�#Q` U"2`HBM- :2`K�MvV 7Q` ;BpBM; mb i?2 QTTQ`imMBiv iQ mb2 i?2
a1JĜ1.aX

.2+H�`�iBQMb

�p�BH�#BHBiv Q7 .�i�

h?2 /�i� mb2/ 7Q` i?Bb rQ`F Bb BM+Hm/2/ BM i?2 amTTH2K2Mi�`v J�i2`B�HX

*Q/2 �p�BH�#BHBiv

h?2 KQ/2H �M/ rQ`F ~Qr #�b2/ QM _ mb2/ 7Q` i?2 bi�iBbiB+�H i`2�iK2Mi Bb
�p�BH�#H2 �M/ `2T`Q/m+B#H2 BM i?2 7QHHQrBM; `2TQbBiQ`v,?iiTb,ff;Bi?m#X+QKf
2bi27mHf�`+?n7HQr

*QM~B+i Q7 BMi2`2bi

h?2 �mi?Q`b /2+H�`2 i?�i i?2v ?�p2 MQ +QM~B+i Q7 BMi2`2biX

�mi?Q`Ƕb *QMi`B#miBQM

1X *�HT�`bQ`Q �M/ CX:X AƢ�Ƣ2x /2bB;M2/ i?2 T`QD2+i- +�``B2/ Qmi i?2 �M�Hvb2b
�M/ r`Qi2 i?2 K�Mmb+`BTiX :X �`�M� +�``B2/ Qmi i?2 A*S@Ja �M�Hvb2b �M/
JX.X :H�b+Q+F +QMi`B#mi2/ rBi? L�� �M�Hvb2bX �HH �mi?Q`b `2pB2r2/ i?2
K�Mmb+`BTi #27Q`2 bm#KBbbBQMX

_272`2M+2b

�Bi+?BbQM C URN3eV h?2 ai�iBbiB+�H �M�HvbBb Q7 *QKTQbBiBQM�H .�i�X JQMQ;`�T?b QM ai�iBbiB+b �M/
�TTHB2/ S`Q#�#BHBiv

�Bi+?BbQM C- "�`+2HƦ@oB/�H *- J�`iőM@62`M�M/2x C�- S�rHQrbFv@:H�?M o UkyyyV GQ;`�iBQ
�M�HvbBb �M/ +QKTQbBiBQM�H /Bbi�M+2X J�i?2K�iB+�H :2QHQ;v jkUjV,kdRĜkd8- .PA RyXRykjf�,
Ryyd8kNdkejyk

�M;mHQ h- SQ``2b 6 UkyR8V �+QM/B+BQM�KB2MiQ /2H bQH�` KmMB+BT�H /2 H� *f >QbTBi�H oB2DQ- MǞ RR-
/2 GQ;`QƢQ UG� _BQD�VX h2+?X `2TX- �`[m2Q_BQD�- GQ;`QƢQ

�`iQH� J- G2/2bK� JS URNNRV 1M+B+HQT2/B� /2 ?BbiQ`B� /2 1bT�Ƣ�X �HB�Mx� 2/BiQ`B�H
"QmH�M;2` Jh- 62?`2M#�+? aa- :H�b+Q+F J. UkyRjV 1tT2`BK2Mi�H 2p�Hm�iBQM Q7 b�KTH2@2ti`�+iBQM

K2i?Q/b �M/ i?2 TQi2MiB�H 7Q` +QMi�KBM�iBQM BM +2`�KB+ bT2+BK2MbX �`+?�2QK2i`v 88U8V,33yĜ
3Nk- .PA RyXRRRRfDXR9d8@9d89XkyRkXyydyeXt

"mt2/� B :�``B;Ʀb C URNNNV �Hi2`�iBQM �M/ *QMi�KBM�iBQM Q7 �`+?�2QHQ;B+�H *2`�KB+b, h?2
S2`im`#�iBQM S`Q#H2KX CQm`M�H Q7 �`+?�2QHQ;B+�H a+B2M+2 keUjV,kN8ĜjRj
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"mt2/� B :�``B;Ʀb C Ukyy3V _2pBbBiBM; i?2 +QKTQbBiBQM�H /�i�X aQK2 7mM/�K2Mi�H [m2biBQMb �M/
M2r T`QbT2+ib BM �`+?�2QK2i`v �M/ �`+?�2QHQ;vX S`Q+22/BM;b Q7 *P.�qP_Ey3 h?2 j`/
*QKTQbBiBQM�H .�i� �M�HvbBb qQ`Fb?QT J�v kdjy lMBp2`bBiv Q7 :B`QM� :B`QM� aT�BM TT RĜR3

"mt2/� B :�``B;Ʀb C- EBHBFQ;HQm o UkyyjV hQi�H o�`B�iBQM �b � J2�bm`2 Q7 o�`B�#BHBiv BM *?2KB+�H
.�i� a2ibX AM, p�M w2Hbi G U2/V S�ii2`Mb �M/ S`Q+2bbX � 62bi+?`B7i BM ?QMQ` iQ .`X 1/r�`/ a�v`2-
aKBi?bQMB�M *2Mi2` 7Q`J�i2`B�Hb _2b2�`+? �M/ 1/m+�iBQM- amBiH�M/- J�`vH�M/- TT R38ĜRN3

*�HT�`bQ`Q 1 UkyRNV h`�Mb/Bb+BTHBM�` K2i?Q/QHQ;B2b QM K2/B2p�H �M/ TQbi@K2/B2p�H TQii2`v
�M�HvbBb, �M �`+?�2QK2i`B+ �TT`Q�+? iQ #�b[m2 �M/ `BQD�M T`Q/m+iBQMb l_G ?iiT,ff?/HX?�M/H2X
M2ifRy3Ryf9k8Ne

*�HT�`bQ`Q 1- �`�M� :- AƢ�Ƣ2x C UkyRN�V SQii2`v 7`QK P`/mƢ� oBHH�;2 BM i?2 Rdi?ĜRNi? +2Mim`B2b,
�M �`+?�2QK2i`B+�H �TT`Q�+?X CQm`M�H Q7 �`+?�2QHQ;B+�H a+B2M+2, _2TQ`ib kjUCmHvV,jy9Ĝjkj-
.PA RyXRyRefDXD�b`2TXkyR3XRyXyRN

*�HT�`bQ`Q 1- J�;m`2;mB J- JQ`BHH�b >- �`�M� :- AƢ�Ƣ2x C: UkyRN#V LQM@/2bi`m+iBp2
b+`22MBM; K2i?Q/QHQ;v #�b2/ QM 1.@s_6 7Q` i?2 +H�bbB}+�iBQM Q7 K2/B2p�H �M/ TQbi@K2/B2p�H
�`+?�2QHQ;B+�H +2`�KB+bX *2`�KB+b AMi2`M�iBQM�H 98U3V,RyedkĜRye3j- .PA RyXRyRefDX+2`�KBMiX
kyRNXykXRj3

*�HT�`bQ`Q 1- a�M+?2x@:�`K2M/B� l- �`�M� :- J�;m`2;mB J- AƢ�Ƣ2x C: UkyRN+V �M �`+?�2QK2i`B+
�TT`Q�+? iQ i?2 K�DQHB+� TQii2`v 7`QK �H+�x�` Q7 L�D2`� �`+?�2QHQ;B+�H bBi2X >2`Bi�;2 a+B2M+2
dURV,RĜR3- .PA RyXRR3efb9y9N9@yRN@ykd8@N

*2MB+2`Qb >2``2`Qb C Ukyy9V �H+�x�` /2 L�D2`�, T`BK2`�b BMp2biB;�+BQM2b �`[m2QHƦ;B+�bX *QM~B+iQb
bQ+B�H2b- TQHőiB+Qb 2 BMi2H2+im�H2b 2M H� 1bT�Ƣ� /2 HQb bB;HQb sAo v so , sAo a2K�M� /2 1bim/BQb
J2/B2p�H2b- L�D2`�- /2H 9 �H 3 /2 �;QbiQ /2 kyyj TT 8RNĜ8jy

*2MB+2`Qb >2``2`Qb C UkyRkV *2`�KB+� +QM pB/`B�/Q 2bi�MMő72`Q /2H �H+�x�` /2 L�D2`� UG� _BQD�VX
AM, so +QM;`2bQ �Mm�H /2 H� �bQ+B�+BƦM /2 +2`�KQHQ;ő�X G� +2`�KB+� 2M 2H KmM/Q /2H pBMQ v /2H
�+2Bi2- L�p�``2i2- TT Re3ĜR3j

*QM2b� *QHH C Ukyy3V G� HQx� /2+Q`�/� 2M 1bT�Ƣ� URdV,R8RĜRe3
*QM2b� *QHH C- *�`Qb+BQ J- Sû`2x *�KTb C UkyRjV 1t+�p�+BQM2b 2M 2H #�``B /ǶQ#`�/Q`b /2 K�MBb2bX

`2bmHi�/Qb /2 H� +�KT�Ƣ� kyRRX P`B;2M v 2pQHm+BƦM /2 H� �H7�`2`ő� /2 �;Qbi v +QK�`+�b HBKői`Q72b-
Re *QM;`2bQ /2 H� �bQ+B�+BƦM /2 *2`�KQHQ;ő� d,RkjĜR9j

.2 J�`+Qb :�`+ő� *6- :�``B;Ʀb C"A- �KQ`2b 6 UkyRdV L2r /�i� QM +QQFBM; r�`2 �M/ ;H�x2/
+Q�`b2 TQii2`v T`Q/m+iBQM BM b2pBHH2 /m`BM; i?2 R8i? �M/ Rei? +2Mim`B2b % Lm2pQb /�iQb bQ#`2
H� T`Q/m++BƦM /2 +2`�KB+� /2 +Q+BM� v /2 HQx� #�bi� /2 b2pBHH� 2M HQb bB;HQb so@soAX aT�H
keUkeV,k8NĜk3y- .PA RyXRkdN8fbT�HXkyRdBkeXRR

6�##`B "- :m�HiB2`B a- a?Qp�H a UkyR9V h?2 T`2b2M+2 Q7 +�H+Bi2 BM �`+?2QHQ;B+�H +2`�KB+bX
CQm`M�H Q7 i?2 1m`QT2�M *2`�KB+ aQ+B2iv j9UdV,R3NNĜRNRR- l_G ?iiT,ff/tX/QBXQ`;fRyXRyRef
DXD2m`+2`�KbQ+XkyR9XyRXyyd

62`M�M/2x /2 J�`+Qb * UkyR3V a2pBHH� B HǶ2tT�MbBƦ �iH¨MiB+� 2M 2Hb bX soA B soAAX lM 2bim/B
�`[m2QKĕi`B+ B �`[m2QHǁ;B+ /2H T`BM+BT�H +2Mi`2 T`Q/m+iQ` +2`¨KB+ /Ƕ1m`QT�X S?. i?2bBb-
lMBp2`bBi�i /2 "�`+2HQM�

6`22biQM2 A URN39V _2i2MiBQM Q7 S?QbT?�i2 BM "m`B2/ *2`�KB+b, �M 2H2+i`QM KB+`Q#2�K �TT`Q�+?X
�`+?�2QKi2`v kdUkV

:BH G- Gm2x�b _� UkyR3V 1H `2bm`;B` /2 H�b pB2D�b PHH2`B�b, 1t+�p�+BƦM /2 mM >Q`MQ 2M G� *�HH2
PHH2`B�b .2 GQ;`QƢQX "2H2xQb, _2pBbi� /2 +mHim`� TQTmH�` v i`�/B+BQM2b /2 G� _BQD�- j3,e9ĜdR

:H�b+Q+F J. URNNkV *?�`�+i2`Bx�iBQM Q7 �`+?�2QHQ;B+�H +2`�KB+b �i Jl__ #v M2mi`QM �+iBp�iBQM
�M�HvbBb �M/ KmHiBp�`B�i2 bi�iBbiB+bX *?2KB+�H +?�`�+i2`Bx�iBQM Q7 +2`�KB+ T�bi2b BM �`+?�2QHQ;v
d,RR2ke

:H�b+Q+F JB+?�2H . a_C- L2z > UkyydV �`+?�2QK2i`v �i i?2 lMBp2`bBiv Q7 JBbbQm`B _2b2�`+?
_2�+iQ` �M/ i?2 T`Qp2M�M+2 Q7 Q#bB/B�M �`i27�+ib BM LQ`i? �K2`B+�X �`+?�2QK2i`v 9NUkV,j9jĜ
j8d

:H2`� 1 URNN9V G� �H7�`2`ő� 2M G� _BQD�, aB;HQb soA@ss- +QMb2D2`ő� 2/MX *QMb2D2`ő� /2 *mHim`�-
.2TQ`i2b v Cmp2Mim/- GQ;`QƢQ- GQ;`QƢQ

:QB+QH2� 6C UkyydV J2`+�/2`2b v ?QK#`2b /2 M2;Q+BQ, 2H TQ/2` /2H /BM2`Q 2M 2H KmM/Q m`#�MQ
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