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LMNOPQRNSTUVWMVOSTNVSXNPPNYXZ[P\STN]QONPV2^Q_`QPabcVN`TONPaX\S[MNSXUNSQUM[]][dUMZOSQeYPNXYVfNU]NSXT2

f`a_[SSTNfOV[USQfXVMZN]T]_[WQPN`[SVN]��PafNU]NSX[gVVMNSXUNSQUM[]]TVf^QP\_ZbX[S[PV_O`Z]NMSQUQf^NYXM[hZM\N

`fYQP\_acN]QYSN�	^NYXMfYQP\_acNUQQYS[QWM[W[XT`[NXfa^QfPNOQ`[XNP\SQfX\biVP\XMQ`2^QfXMQNSSTdS[QfSQ`NM[_PVj1

STd^[M[OVU]QWM[WQXYVV_QWM[RNSVe�LMV`NONST[PUQMVX]S[fXMQeYViVP\XMQ` UVWMVOSTd]QONPNe2 [ X[YRNMN_ZP\X[XT

fNU]NSX[gVVMNSXUNSQUM[]]WQP\STd^SN`]QSVNe�

k[_`VXVN fQ`MN]NSSTd fMNOfX` QWM[WQXYV]NOVgVSfYVd
V_QWM[RNSVeQWZfPQ`PNSQ`Q_MQflV]VXMNWQ`[SVa]VYY[jN1
fX`ZVS[ONRSQfXVM[_M[W[XT`[N]TdOV[USQfXVjNfYVdfVfXN]�
mfQWTeVSXNMNf^MNOfX[`PabX]NXQOTOV[USQfXVYV2^Q_`QPa1
bcVNQXSQfVXNP\SQOQfXZ^ST]VfMNOfX`[]VQWNf^NjVX\^MV1
N]PN]QNY[jNfX`QfYMVSVSUQ`QeOV[USQfXVYVfQgV[P\SQ1_S[1
jV]Td_[WQPN`[SVe2`j[fXSQfXVOViiNMNSgV[P\SZbOV[USQf1
XVYZPNUQjSTd_[WQPN`[SVe^QQOSQe^MQNYgVVMNSXUNSQUM[]1
]T UMZOSQe YPNXYV n�o2 n�o� p qXQ] fPZj[N MNj\ VONX Q
SNYQMMNYXSQ^QfX[`PNSSQe _[O[jN2 ^QqXQ]ZOPa NN MNlNSVa
gNPNfQQWM[_SQ^MV`PNj\]NXQOTYP[ffViVY[gVVV_QWM[RNSVe2
QfSQ`[SSTNS[M[_PVjSTd^[M[OVU][d2X�N�Vf^QP\_Q`[X\UVW1
MVOSTN]QONPV^MVSaXVaMNlNSVen�o�

rVWMVOS[aVSXNPPNYXZ[P\S[a]QONP\OV[USQfXVYVPNUQj1
STd _[WQPN`[SVeMN[PV_ZNXgNPNS[^M[`PNSSQN`TONPNSVNS[
MNSXUNSQUM[]]NUMZOSQeYPNXYV^VYfNPQ`fNU]NSXQ`2fQQX`NX1
fX`ZbcVdVfYQ]Q]Z _[WQPN`[SVb�mXSNfNSVN^VYfNP[Y fNU1
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]NSXZQfZcNfX`PaNXfaS[ QfSQ`N YP[ffViVY[gVViM[U]NSX[
MNSXUNSQUM[]]T2^Q^[`lNUQ`QYSQ�
P[ffViVY[XQM^QfXMQNS
S[VONNpVQPT1�RQSf[fVf^QP\_Q`[SVN]O`Z]NMSQUQOVfYMNX1
SQUQ^MNQWM[_Q`[SVahZM\N ���Lh�QXfjNXQ` qXQUQ QYS[�
	QUP[fSQ]NXQOVYNpVQPT1�RQSf[2Y[ROTefNU]NSX2fQQX`NX1
fX`ZbcVeVfYQ]Q]Z_[WQPN`[SVb2iQM]VMZNXfa^ZXN]fY[SV1
MQ`[SVaVfdQOSQUQV_QWM[RNSVaQYSQ]Q^MNONPNSSQUQM[_]N1
M[��×��n�o�

�Pa[`XQ][XVjNfYQeQWM[WQXYViM[U]NSX[V_QWM[RNSVa2
^Q^[`lNUQ`QYSQ2^MNOPQRNSQVf^QP\_Q`[X\]SQUQqX[^SZb
[O[^XV`SZbiVP\XM[gVb`j[fXQXSQeQWP[fXV�sX[^TQWM[1
WQXYViM[U]NSXQ`V_QWM[RNSVeMNSXUNSQUM[]]2^Q^[`lVd`
QYSQ2^MNOfX[`PNSTS[*.+
�R�

LQPZXQSQ`QNV_QWM[RNSVNMNSXUNSQUM[]]TUMZOSQeYPNX1
YVfY[SVMZNXfaQYSQ]M[_]NMQ]��×����MYQfXV^VYfNPQ``
QYSN^MNOfX[`PNSTgNPQjVfPNSST]VQXfjNX[]VS�T�2T��2 _S[1
jNSVaYQXQMTdV_]NSabXfa`OV[^[_QSN�t���`Y[OMNM[_]N1
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MQ]��×��2YQXQMTe^QfXZ^[NXS[WPQY��Lh2`TjVfPab1
cVeQXfjNXT��Lh2fQUP[fSQiQM]ZPN
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UONS�T�2T��uaMYQfX\^VYfNP[fYQQMOVS[X[]V�T�2T��QXSQfV1
XNP\SQQYS[��×��2U���2���uf^NYXM[P\STeYQqiiVgVNSXf
YQQMOVS[X[]V���2���QXSQfVXNP\SQQYS[��×���

LQfPNQ^MNONPNSVa��Lh][ffV`QXfjNXQ``QYSN^QO`NM1
U[NXfaQWM[WQXYN^QfMNOfX`Q]][fQjSTdQ^NM[XQMQ`�sXV][f1
YV2`_[`VfV]QfXVQXYQSYMNXSQe_[O[jV2`T^QPSabX^Ql[UQ1
`ZbXM[SfiQM][gVbQYQSSQUQ��Lh�

�S[PV_��Lh1V_QWM[RNSVeMNSXUNSQUM[]]UMZOSQeYPNX1
YV̂ QY[_[P2jXQSǸ fNj[fXQXTa`PabXfaVSiQM][XV`ST]V�LMV
qXQ]SNVSiQM][XV`STNj[fXQXTQXfNY[bXfaf^Q]Qc\b][f1
YV�2YQXQM[a`T^QPSaNXQ^NM[gVbf`NMXYV`j[fXQXSQeQWP[1
fXVf][fYVMZbcNeO`Z]NMSQe][fYQe2Q^MNONPaN]Qe^QfMNO1
fX`Q]fX[XVfXVjNfYQUQ[S[PV_[V_QWM[RNSVeMNSXUNSQUM[]]�

�Pà TONPNSVaSN^QfMNOfX`NSSQf^NYXM[̂ MQfXM[SfX`NSSTd
j[fXQX2Q^MNONPaN]Td`TWM[SST]_[WQPN`[SVN]2fPZRVX][f1
Y[��pQWcN]fPZj[N]QUZXVf^QP\_Q`[X\fa$][fQY2Y[RO[a
V_YQXQMTd`T^QPSaNX f`Qbf^NgViVjNfYZb_[O[jZ^QQWM[1
WQXYN f^NYXM[ QYS[�
[Y f[]Q��Lh2 X[Y V][fYVMZbcVN
^QfPNOQ`[XNP\SQfXVMN[PV_ZbXfaSNeMQSSQefNX\b2^QfXMQNS1
SQe^Q^MVSgV^ZQOSQfPQeSQUQVPV]SQUQfPQeSQUQ^NMfN^X1
MQS[2 QWZj[N]Qe^Q [PUQMVX]ZQWM[XSQUQM[f^MQfXM[SNSVa
QlVWYVn�o�

LMQgNOZM[QWM[WQXYV2S[^MV]NMOPa^aXVfPQeSQeSNeMQS1
SQefNXV2MN[PV_ZbcNefdN]ZQWM[WQXYV2^MNOfX[`PNSSZbS[
*.+
� R2 _[YPbj[NXfa` fPNOZbcN]��[`dQOTSNeMQSSQe fNXV
^QO[bXfaQXfjNXTiM[U]NSX[MNSXUNSQUM[]]TS�2t2ST�vT�2
S��w�� f ^Q]Nd[]V�pQ `XQMQ] fPQN QfZcNfX`PaNXfa��Lh
`dQOSQUQ fVUS[P[2 ` MN_ZP\X[XN YQXQMQUQY[ROQ]ZSNeMQSZ
`XQMQUQfPQafQQX`NXfX`ZNXPVSVaj[fXQXSQUQf^NYXM[�pXMN1
X\N] fPQN QfZcNfX`PaNXfaiVP\XM[gVa fVUS[P[ ` j[fXQXSQe
QWP[fXVfgNP\bQXfXMQeYVQX^Q]Nd��[`TdQONfPQaiQM]V1
MZNXfaQXYPVYWN_^Q]Nd�

�[fPNOZbcN]fPQNfNXV̂ MQVfdQOVXSN^QfMNOfX`NSSQiVP\X1
M[gVa2S[^M[`PNSS[aS[`TONPNSVNXNdj[fXQXSTdYQ]^QSNSX2
YQXQMTN S[VPZjlV]QWM[_Q] YQMMNPVMZbX f VffPNOZN]T]
_[WQPN`[SVN]�pTWQMfVS[^XVjNfYVd`NfQ`QWNf^NjV`[NX^Q1
fXZ^PNSVNS[fPNOZbcVefPQefVUS[PQ`XQP\YQXNdSNeMQSQ`2
YQXQMTǸ dQOaX̀ ̂ QPQfẐ MQ^ZfY[SVaM[ff][XMV`[N]QUQiVP\X1
M[�LZXN]S[fXMQeYVjNX`NMXQUQfPQa]QRSQUVWYQ]NSaX\^[1
M[]NXMTiVP\XM[2 jXQ^Q_`QPaNXQfZcNfX`PaX\iVP\XM[gVb
f^NYXM[P\STdYQqiiVgVNSXQ`^Q_[WQPN`[SVa]�

p̂ aXQ]fPQNSNeMQSSQefNXVQ^MNONPaNXfâ MVS[OPNRSQfX\
^VYfNP[fYQQMOVS[X[]V �2VYfNU]NSXZ2QXSQfacN]ZfaYOV[U1
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SQfXVMZN]Q]Z _[WQPN`[SVb�pTdQOSNeMQS[^aXQUQ fPQaa`1
PaNXfaWVS[MST]�


[ROTefPQeSNeMQSSQefNXVS[fXM[V`[NXfa[`XQSQ]SQV
]QRNXWTX\MN[PV_Q`[S``VONY[YQOSQfPQeSQe2X[YV]SQUQ1
fPQeSQeSNeMQSSQefNXV�

LMVSgV^S[fXMQeYV][fQY`fdN]NQWM[WQXYVV_QWM[RNSVa
MNSXUNSQUM[]]T �*.+
�R�VPPbfXMVMZNX*.+
�W��[YY[Y][fYV
]QUZXS[fXM[V`[X\fa[`XQSQ]SQ2XQ^QP[U[N]2jXQ`fXMZYXZMN
�*.+
� R�V]NNXfa XQP\YQQOS[][fY[2^MNOfX[`PNSS[a fQQX`NX1
fX`ZbcV]fPQN]��[*.+
�W^QY[_[S[fdN][fVSXN_[qXQe][f1
YV�

LMNOfX[`PNSS[a fdN][a`PaNXfaZSV`NMf[P\SQeVSN _[`V1
fVXQXiZSYgVQS[P\SQUQS[_S[jNSVa][fYV�LQfPNiVP\XM[1
gVVO`Z]NMSQUQf^NYXM[V_QWM[RNSVa][fYQe��*.+
�W�QfZcN1
fX`PaNXfà V_Z[PV_[gVaVfYQ]QUQfNU]NSX[̂ QfMNOfX`Q]QWM[X1
SQUQ OVfYMNXSQUQ O`Z]NMSQUQ ^MNQWM[_Q`[SVa hZM\N
�m��Lh��

kQP\SNeMQSSQefNXVQ^MNONPaNXfa fMNOQeVSXNM[YXV`SQe
fNU]NSX[gVVV][fYQegNPV�pfMNONVSXNM[YXV`SQefNU]NSX[1
gVV`TWVM[NXfaSNQWdQOV]TeiM[U]NSXMNSXUNSQUM[]]T2[`
][fYNgNPVfVSXN_VMZbXgNPN`QNV_QWM[RNSVN2YQXQMQNSNQW1
dQOV]Q̂ QPZjVX\S[̀ TdQONWPQY[m��Lĥ MV_[O[SSQ]iM[U1
]NSXNS[`dQON�mWTjSQqXQWVS[MSQNV_QWM[RNSVN2fQQX`NX1
fX`ZbcNNgNPV fNU]NSX[gVV n?o��[^MV]NM2 NfPVSNQWdQOV]Q
`TONPVX\PNUQjSQN^QPNS[MNSXUNSQ`fYQ]fSV]YN2^MNOfX[`1
PNSSQ]S[*.+
�X02XQS[`TdQONfMNOTVSXNM[YXV`SQefNU]NS1
X[gVVWZOZX^MVfZXfX`Q`[X\QYQSSTNiM[U]NSXT2fQQX`NXfX`Z1
bcVN][flX[WZQYS[2[][fY[gNPVWZONX^MQ^ZfY[X\iM[U]NS1
XT2fQQX`NXfX`ZbcVNUM[SVg[]PNUQjSQUQ^QPa�*.+
�XC��LMV
qXQ]gNPN`TNV_QWM[RNSVaWZOZXV]NX\`VO2^MNOfX[`PNSSTe
S[*.+
�X,2.�

hM[U]NSX `dQOSQUQV_QWM[RNSVa XM[SfiQM]VMZNXfa^Q1
fMNOfX`Q] WPQY[ O`Z]NMSQUQ OVfYMNXSQUQ ^MNQWM[_Q`[SVa
hZM\N�WPQY��Lh�2*.+
�W���fPVQYQSSQNV_QWM[RNSVǸ YPb1
j[NX`fNWaUM[SVgZPNUQjSQUQ^QPa2XQfQQX`NXfX`ZbcVeO`Z1
]NMSTef^NYXMV]NNXfXMZYXZMZ2V_QWM[RNSSZbS[*.+
�Y0��[1
YQeRNiM[U]NSXgNPN`QUQV_QWM[RNSVaV]NNX f^NYXM2^MNO1
fX[`PNSSTeS[*.+
�YC�

mXfjNXT^MNQWM[_Q`[SVahZM\N^QO[bXfaS[SNeMQSSZb
fNX\2^QfPNjNUQQ^MNONPabXm��LhQXQXfjNXQ``TdQOSQUQ
fPQaSNeMQSSQefNXV�mXfjNXTgNPN`QUQV_QWM[RNSVaVQXfjN1
XTm��LhfM[`SV`[bXfa`WPQYNYQMMNYgVV`NfQ`2YQXQMTe
^QOfXM[V`[NX `Nf[ SNeMQSSQe fNXV X[YV] QWM[_Q]2 jXQWT
V_QWM[RNSVNS[`TdQONWPQY[m��LhWTPQWPV_YQYgNPN`Q1
]Z2^QfYQP\YZS[`TdQONWPQY[m��Lh�*.+
�W�V_QWM[RNSVN
a`PaNXfa^QPZXQSQ`T]2[gNPN`QNV_QWM[RNSVN]QRNXWTX\Y[Y
WVS[MST]2X[YV^QPZXQSQ`T]�

�fPVSNeMQSS[afNX\S[fXMQNS[S[`TONPNSVN^[XQPQUVjNf1
YVdQWM[_Q`[SVeS[MNSXUNSQUM[]]N2S[^MV]NM`T_`[SSTd_[1
WQPN`[SVN]^SN`]QSVNe2XQQS[M[WQX[NXY[YiVP\XM2YQXQMTe
^MQ^ZfY[NX _[O[SSTNiM[U]NSXTV_QWM[RNSVaV WPQYVMZNX
^MQdQRONSVNiM[U]NSXQ`OMZUQUQYP[ff[��[fY[�S[fXM[V`[1
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NXfaX[YV]QWM[_Q]2jXQWT^MQ^ZfY[X\iM[U]NSXTV_QWM[RN1
SVa2^MNOfX[`PNSSTNS[ *.+
� X5�xPQYYQMMNYgVV fM[`SV`[NX
V_QWM[RNSVNS[`dQO[dV`_[`VfV]QfXVQXMN_ZP\X[XQ`qXQUQ
fM[`SNSVaYQMMNYXVMZNX`Nf[SNeMQSSQefNXV��[*.+
�X;^QY[1
_[STf^NYXMTiM[U]NSXQ`WN_^[XQPQUVV2[S[*.+
�X.V_QWM[1
RNSTf^NYXMTiM[U]NSXQ`f^SN`]QSVNe�xPQYYQMMNYgVV`N1
fQ`]QOViVgVMZNX SNeMQSSZb fNX\ X[YV] QWM[_Q]2 jXQWT
V_QWM[RNSVNS[`TdQONm��LhfQQX`NXfX`Q`[PQV_QWM[RN1
SVbS[`dQON^MVZfPQ`VV2jXQqXQV_QWM[RNSVN^[XQPQUVjNf1
YQUQiM[U]NSX[�

�PUQMVX]S[fXMQeYVSNeMQSSQefNXVQfSQ`[SS[^M[`VPN
pVOMQZ1�Qii[n�o��fPV%PVSNeSTdSNeMQSQ``TdQOSQUQfPQa
UNSNMVMZbX`TdQOSTNfVUS[PTfQUP[fSQ`TM[RNSVb
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UON%ujVfPQ^VYfNPQ``VfdQOSQ]V_QWM[RNSVV2^Q^[`lVd`
QYSQ��×��yZT����u`Nf[SNeMQSSQefNXVS[�<]l[UNVXNM[1
gVQSSQUQ^MQgNff[QWZjNSVa2XQZXQjSNSVa`NfQ`^MQV_`QOaX1
fafQUP[fSQ`TM[RNSVb

{ }( 1) ( ) [ ( )] ( ) ,kl l k kw h y h F d h z h∆ + = η −  ���

UONZT�u^MVM[cNSVN`NfQ`S[XNYZcNeVXNM[gVVyηuYQqiiV1
gVNSXQWZjNSVa2 _S[jNSVaYQXQMQUQ`TWVM[bXfa`VSXNM`[PN
n�2�oy�n�T���ouT1eQXSQfVXNP\SQ][fYV��×��^VYfNP��Lh
gNPN`QUQV_QWM[RNSVa2S[`TONPNSVNYQXQMQUQS[fXM[V`[NXfa
SNeMQSS[afNX\�

xPQYYQMMNYgVV̀ NfQ`̀ T^QPSaNXQ^NM[gVb̂ QiQM]ZPN����
�[NUQ`dQOT^QfXZ^[bXO`[V_QWM[RNSVa@S[^NM`Te`dQOu
gNPN`QNV_QWM[RNSVNf`TdQO[][fYVgNPVM[_]NMQ]��×��2
^QPZjNSSQN`MN_ZP\X[XNQWM[WQXYV][fYQegNPViM[U]NSX[

V_QWM[RNSVa2fiQM]VMQ`[SSQUQ`VSXNM[YXV`SQ]MNRV]NVPV
^QfXZ^V`lNUQV_W[_TO[SSTdyS[`XQMQe`dQOuQWM[XSQNO`Z1
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