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HLWWIdNRVM�YdJRdW�eKVXNRdPQIQUVWXQP�JRd[VWWdY�ML�eKVXNRdZLP�eKVXNRdXLRZQdWNQISK]NdRL��fRVZKdgVM�IVNdZ�RLWUVNL�JV6

RVPdZMOP�JRd[VWWdY�Q�WY]\LMMOP�W�MQIQ�QMNVTRLKhMOP�JdXL\LNVKVi�JVRVPdZL�NdXL�Y�NXLMhC�QIJVZLMWLa�MLJR]gVMQ]�dWNLNdUMdi

JdK]RQ\L[QQa�eKVXNRdVIXdWNQ�Q�ejjVXNQYMdWNQ�JVRVZLUQ�\LR]ZL��fRdYVZVML�JRdYVRXL�IdZVKhMOIQ�eXWJVRQIVMNLIQ�ZK]�JdXRO6

NQi�RL\KQUMOIQ�ILNVRQLKLIQ��HV\SKhNLNO�QWWKVZdYLMQi�IdTSN�kONh�JRQIVMVMO�JRQ�JRdVXNQRdYLMQQ�JVRWJVXNQYMOP�WQWNVI

XLRZQdWNQISK][QQ�
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GZMQI�Q\�RL\YQYLlmQPW]�IVNdZdY�KVUVMQ]�LRQNIQQ�WdXRL6
mVMQi�IQdXLRZL� ]YK]VNW]� QWJdKh\dYLMQV� QIJKLMNQRSVIOP
eKVXNRdXLRZQdWNQISK]NdRdY��n	����	dMWNRSX[Q]�n	��WdYVR6
oVMWNYSlNW]�XLX� Y�JKLMV�RLWoQRVMQ]�jSMX[Qi�ZK]�KVUVMQ]
RL\MOP�jdRI�eNdTd�\LkdKVYLMQ]a�NLX�Q�Y�MLJRLYKVMQQ�JdYOoV6
MQ]�MLZVgMdWNQa�XLUVWNYL�Q�WRdXL�WKSgkO�ZLMMdTd�SWNRdiWNYL�
HL\YQNQV�XdMWNRSX[Qi�n	�a�RVLKQ\SlmQP�RVgQI�SJRLYKVMQ]
W�LYNd\LPYLNdI�RQNIL��/&�"?�$�&���a�NRVkSVN�JRQIVMVMQ]�Md6
YOP�eMZdXLRZQLKhMOP�eKVXNRdZdY��n	n��W�YOWdXdi�ejjVXNQY6
MdWNhl�JVRVZLUQ� eKVXNRQUVWXdTd� \LR]ZL� Y� NXLMh�Q�MQ\XQIQ
\MLUVMQ]IQ�dWNLNdUMdi�JdK]RQ\L[QQ��fRd[VWWLIa�dJRVZVK]l6
mQI�eNQ�JdXL\LNVKQa�L�NLXgV�RL\YQNQl�IVNdZQXQ�QP�RLWUVNdYa
JdWY]mVML�ZLMML]�RLkdNL�
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�dZVKh�JRdNVXLMQ]�NdXL�IVgZS�eKVXNRdZLIQ�n	��JdZRdk6
Md�dJQWLML�Y�p�q���IJSKhW�eKVXNRQUVWXdTd�NdXL�dN�n	��JRdNV6

XLVN�UVRV\C� L�� LXNQYMOV�WdJRdNQYKVMQ]�YMSNRQ�eNdTd�SWNRdi6
WNYL�Q�JRdYdZL�eMZdXLRZQLKhMdTd�eKVXNRdZL� �n	n�r�k��ZYdi6
MOV� eKVXNRQUVWXQV� WKdQ� ��n���S�LMdZL�Q�XLNdZL�Q�ZLKVV�`� Y
eKVXNRdJRdYdZMOi�eKVXNRdKQN�XRdYQ�Q�NXLMQ�WVRZ[L��s� WgL6
NdI�YQZV�NLXL]�WPVIL�JdXL\LML�ML�23<��U��sWV�LXNQYMOV�WdJRd6
NQYKVMQ]�[VJQ�n	��dktVZQMVMO�Y�WdJRdNQYKVMQV����u�Σ��a�L
�n��ML�LMdZV�Q�XLNdZV�dJQWOYLlNW]� WSIILRMOI�XdIJKVXW6
MOI�QIJVZLMWdI�V�n��u�V

L
�n��v�V

X
�n���FVMVRLNdR�QIJSKhWdY

NdXL�n	��JRQ�RLkdNV� MLTRSgVM�ML� XdIJKVXWMSl�MLTRS\XSa
QIVlmSl�QIJVZLMW�V�u����v�V�n���nKVXNRQUVWXL]� eXYQYL6
KVMNML]�WPVIL�eNdi�XdIJKVXWMdi�MLTRS\XQ�JRVZWNLYKVML�JLRLK6
KVKhMOIQ�WdJRdNQYKVMQVI�wLRLZV]�`��w�Q� VIXdWNhl�FVKhI6
TdKh[L�`�$Fa�dJRVZVK]lmQIQ�QIJVZLMW�V�n�a�Q�JdWKVZdYLNVKh6
MOI�LXNQYMOI�WdJRdNQYKVMQVI�[VJQ�����	dIJKVXWMOi�QIJV6
ZLMW� NLXdi� WPVIO� JRQ� JdZLUV� MLJR]gVMQ]� W� ULWNdNdi� ω
dJRVZVK]VNW]�YORLgVMQVI�V�u����v��w�-�p��v���ω�w$F�qa
��u��`���-���fRQIVMVMQV�eNdi�IdZVKQ�X�LMLKQ\S�JRd[VWWdY�Y�p�qa
p�q�JdXL\OYLVNa�UNd�dML�NdKhXd�XLUVWNYVMMd�dJQWOYLVN�JRd[VWW�
fRQ�YOWdXQP�ULWNdNLP�jL\dYOi�STdK�QIJVZLMWL�V�n��ZdKgVM
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WNRVIQNhW]� X� 3�x��GZMLXd�RVLKhMd� eNdN� STdK�RLYVM� 1�y9�x�

LXdV�JdYVZVMQV�QIJVZLMWL�NdXdYdTd�JVRVPdZL�W�eKVXNRdZL�Y
NXLMh�UVRV\�eKVXNRdKQN�XRdYQ�IdgVN�kONh�dkt]WMVMd�ML�dWMd6
YLMQQ�IdZVKVi��n��sLRkSRTL�Q�FVRQoVRL�p1q6p5qa�L�QIVMMd�ZQj6
jS\QdMMOIQ�JRd[VWWLIQ�Y��n��JRQ�JVRVMdWV�Q�MLXdJKVMQQ
\LR]gVMMOP�ULWNQ[��fd�IdZVKQ�p�q�JVRVMdW�\LR]ZL�YMSNRQ��n�
IdZVKQRSVNW]� RLWJRVZVKVMMOIQ��F$� WPVILIQa� TZV� VIXdWNh
FVKhITdKh[L�Q�WdJRdNQYKVMQV�wLRLZV]�Y��n��\LYQW]N�dN�ULW6
NdNO�Q�JRQ�YOWdXQP�ULWNdNLP�jL\dYOi�STdK�QIJVZLMWL��n�
WNRVIQNW]�X�19x���L�MQ\XQP�ULWNdNLP�\L�WUVN�ZQjjS\QQ�jdRIQ6
RSVNW]��n��kdKhodi�NdKmQMO�W�kdKhoQI�eKVXNRQUVWXQI�\L6
R]ZdI��fd�IVRV�SYVKQUVMQ]�ULWNdNO�NdKmQML��n��Q�XdKQUV6
WNYd�MLXLJKQYLVIdTd�Y�MVI�\LR]ZL�SIVMhoLlNW]�

s�RLkdNLP� p�qa� p�qa� p7q6p��q�JdXL\LMda�UNd�\LYQWQIdWNh�QIJV6
ZLMWL�NdXdYdTd�JVRVPdZL�WSmVWNYVMMd�\LYQWQN�dN�RdZL�NdMXd6
JKVMdUMdTd�ILNVRQLKLC�VTd�WdWNLYLa�NdKmQMOa�WNRSXNSRO�Q�LR6
PQNVXNSRO�JdXRONQ]��fdXRONQ]�W�YOWdXdRL\YQNdi�JdYVRPMd6
WNhl�ML�dWMdYV�WNdKkULNOPa�QTdKhULNOP�Q�jRLXNLKhMOP�WNRSX6
NSR�WSmVWNYVMMd�SYVKQUQYLlN�SZVKhMSl�VIXdWNh�JdYVRPMdWNQ�
s�JRVZJdKdgVMQQa�UNd�YWV�JRd[VWWO�KQMViMO�Q�eKVXNRdPQIQ6
UVWXQ�dkRLNQIOa�NdX�dN�n	��Y�NXLMh�IdgMd�PLRLXNVRQ\dYLNh
XdIJKVXWMOI�QIJVZLMWdI�V�QKQ�LZIQNNLMWdI�W�u���-�V�
fRVZYLRQNVKhMd�Q\IVR]VNW]�LIJKQNSZMd6jL\dYL]�ULWNdNML]

PLRLXNVRQWNQXL� �
wz���LZIQNNLMWL�Y�jdRIV�IdZSK]� {W�X�{� Q
jL\O�ϕ�X���
LX�XLX�QIJSKhWO�MLJR]gVMQ]�JdYNdR]lNW]�W�ULW6
NdNdi�WdXRLmVMQ]�WVRZ[L�X6a�QP�IdgMd�JRVZWNLYQNh�Y�YQZV�WS6
JVRJd\Q[QQ�wSRhV6TLRIdMQXa�XRLNMOP� X6C
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fdWNd]MML]� WdWNLYK]lmL]�MLJR]gVMQ]����dNRQ[LNVKhMLa
NLX�XLX�QIJSKhWO�WNQISK][QQ�QIVlN�dNRQ[LNVKhMSl�JdK]R6
MdWNh��
IJKQNSZO����Q�jL\O�TLRIdMQX�ψ��dJRVZVK]lN�jdRIS
QIJSKhWL�MLJR]gVMQ]��fRQ�JdZLUV� eNdTd�QIJSKhWL�MLJR]gV6
MQ]�Yd\MQXLVN�NdXdYOi�WQTMLK� ����a� TLRIdMQXQ�XdNdRdTd�dJV6
RVgLlN�WddNYVNWNYSlmQV�TLRIdMQXQ�MLJR]gVMQ]�ML�jL\dYOi
STdK�φ�C
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TZV�W�� dJRVZVK]VN�JRdYdZQIdWNh�[VJQ�ML�JdWNd]MMdI� NdXV�
fLZVMQV�MLJR]gVMQ]�ML��n��dJRVZVK]VN� VTd�JdK]RQ\L[Ql�Q
RLYMd��||����u������`���������fRQ�JdIdmQ�WddNMdoVMQi�����Q����
JdKSULVI�MLJR]gVMQV�JdK]RQ\L[QQ�ML��6i�TLRIdMQXV
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}WRVZMQI�YORLgVMQV�����Q�JdZVKQI�ML�LIJKQNSZS�Yd\kSg6
ZLlmVi�TLRIdMQXQ�∆��C
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�ddNMdoVMQV� �1�� ]YK]VNW]�IVRdi�JdK]RQ\L[QQ��n����\
jQ\QUVWXQP� WddkRLgVMQi� {W�{���≤� ���s�JRVZVKhMOP� WKSUL]Pa
XdTZL�JdK]RQ\L[Q]��n��dNWSNWNYSVNa�YW�{���u��a�φ��u�����LKQ6
UQV�Y�[VJQ�RVLXNQYMOP�JRd[VWWdY�Y��n��JRQYdZQN�X�Jd]YKV6
MQl�JdK]RQ\L[QQ��fRQ�eNdI�WMQgLVNW]� WSIILRML]�JRdYdZQ6
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IdWNh�[VJQ�Q�SIVMhoLVNW]�dNZLUL�eMVRTQQ�QIJSKhWL�Y�NXLMh�
nKVXNRQUVWXL]�eMVRTQ]a�MLXLJKQYLVIL]�Y��n�a�MV�SULWNYSVN�Y
Yd\kSgZVMQQ�MVRYMOP�XKVNdX�NXLMQr�NdKhXd�eMVRTQ]a�dNZLYLV6
IL]�Y� LXNQYMSl�MLTRS\XSa� YO\OYLVN� NLXdV�Yd\kSgZVMQV��nj6
jVXNQYMdWNh�JVRVZLUQ�eMVRTQQ�Y�LXNQYMSl�MLTRS\XS�[VJQ�Idg6
Md�dJRVZVKQNh�Q\�WddNMdoVMQi�����Q�����XLX
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�L�YOWdXQP�TLRIdMQXLPa� S�XdNdROP�VIXdWNMdV� WdJRdNQY6
KVMQV��n��IMdTd�IVMhoV��ja� ejjVXNQYMdWNh�JVRVZLUQ�eMVR6
TQQ�ILXWQILKhML��nKVXNRQUVWXL]�VIXdWNh��n��ML��6i�TLRId6
MQXV�MLJR]gVMQ]�RLYML�JVRVMdWQIdIS�TLRIdMQXdi�\LR]ZSa�Wd6
\ZLYLVIdIS�RVLXNQYMOI�NdXdIa�dNMVWVMMdIS�X�JLZVMQl�MLJR]6
gVMQ]�ML��n�C
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�LIL]�YOWdXL]� VIXdWNh�Q� WLIOi�MQ\XQi�LZIQNNLMW��n�
dNIVUVMO�ML��6i�TLRIdMQXV��fd�IVRV�RdWNL�ULWNdNO�JdWKVZMQi
WNRVIQNW]�X�ILXWQILKhMdIS�\MLUVMQla�NLX�UNd���-�����v��jd��≤
≤ {W�{�≤���-������SIIQRdYLMQV�VIXdWNVi�Q�MLJR]gVMQi�JdK]RQ6
\L[QQ��n��TLRIdMQXLIQ� WJVXNRL�QIJSKhWL�Jd\YdK]VN�JdKS6
UQNh�RV\SKhNQRSlmQV�dNXKQXQ��n��ML�eNd�Yd\ZViWNYQV�
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�K]�JRdYVRXQ�NdUMdWNQ�RLWUVNMOP�WddNMdoVMQi�eXWJVRQ6
IVMNLKhMd�Q\IVRVMO�LIJKQNSZMd6ULWNdNML]� �
z���Q�jL\dYd6
ULWNdNML]� �wz���PLRLXNVRQWNQXQ�dkRL\[dY�JdXRONQi�NdMXd6
JKVMdUMOP�ILNVRQLKdYa�MLMVWVMMOP�ML�ZQWXQ�Q\�NQNLML�Q�MV6
RgLYVlmVi�WNLKQ�Jd�IVNdZQXVa�dJQWLMMdi�Y� p�q��fdZLYLKQWh
JR]IdSTdKhMOV�QIJSKhWO�MLJR]gVMQ]�LIJKQNSZdi�∆��u�9�sa
ZKQNVKhMdWNhl� τ�u�9���IXW� W�ULWNdNdi���F[a� WXYLgMdWNh�QI6
JSKhWdY�	�u�������
IJKQNSZL�Q�jL\L� TLRIdMQX�QIJSKhWL�ML6
JR]gVMQ]a�JRQY]\LMMdTd�X�MSKl�YRVIVMMdi�oXLKOa�RLYMO�p��q
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TZV���`�MdIVR�TRSJJO�WJVXNRL�TLRIdMQXa�YMSNRQ�XdNdRdi�jL\L
IVM]VNW]�dN���Zd�π��nXWJVRQIVMNLKhMOV�WddNMdoVMQ]�
z��LJ6
JRdXWQIQRdYLKQWh�WNVJVMMOIQ�jSMX[Q]IQ�dN�ULWNdNC
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~MLUVMQ]�ULWNdNO�WRV\L� XWR�Q�JdXL\LNVKh�WNVJVMQ���JdZkQ6
RLKQWh�NLXQI�dkRL\dIa�UNdkO�dNXKdMVMQ]�LJJRdXWQIQRSlmVi
jSMX[QQ�Q�eXWJVRQIVMNLKhMOP�ZLMMOP�dNKQULKQWh�MV�kdKVV�UVI
ML������Y�ZQLJL\dMV�ULWNdN�dN���Zd���9�F[��
MLKdTQUMOI�dkRL6
\dI�JdZkQRLKQWh�LJJRdXWQIL[QQ�ZK]�wz����L�23<��Z�JdXL\L6
MO�RV\SKhNLNO�RLWUVNdY�dWMdYMOP�JLRLIVNRdY�QIJSKhWdY�WNQ6
ISK][QQ�LIJKQNSZdi�9�sa�ZKQNVKhMdWNhl�τ�u�9���IXWa�WKVZSl6
mQP�W�ULWNdNdi�Xd�u���F[a�ZK]�XLRZQdeKVXNRdZL�_A����9�XdI6
JLMQQ� �0��� ^&#��>�#�� ?"�$���fRQ� SUVNV� kdKhoV� UVI� ��	
TLRIdMQX�dNKQUQV�RLWUVNMOP�Q�Q\IVRVMMOP�jSMX[Qi������Q�����
IVMhoV��������IXdWNh��n��Q�JdK]RQ\L[Q]�RLWNSN�Yd�YRVI]
QIJSKhWLa�L�NdX�SkOYLVN��nNd�JdXL\OYLVNa�UNd�jdRIQRdYLMQV
�n��JRdQWPdZQN�Yd�YRVI]�QIJSKhWL��fRdQ\YdZQNVKQ�n	��JRQ
d[VMXV�eKVXNRdZdY�dkOUMd�Q\IVR]lN�QP�WNL[QdMLRMSl�VIXdWNh
ML�dJRVZVKVMMdi�ULWNdNV���WKQ�ZK]�dkOUMOP�XdMZVMWLNdRdY
NLXQV�Q\IVRVMQ]�ZdWNLNdUMOa�Nda�XLX�JdXL\LMd�YOoVa�VIXdWNh
�n��XLRZQdeKVXNRdZL� \LYQWQN�dN�ULWNdNO��HV\SKhNQRSlmL]
VIXdWNh��n��VWNh�WSIIL�VIXdWNVi�RL\KQUMOP�TLRIdMQX�
�ddNMdoVMQ]� ���6�7�� Jd\YdK]N� d[VMQNh�JVRWJVXNQYMdWNh

NdMXdJKVMdUMdTd�ILNVRQLKL�ZK]�JdXRONQ]�JdKlWMOP�MLXdMVU6
MQXdY� eKVXNRdZdY�n	��
IJKQNSZO�JdK]RQ\L[QQ� TLRIdMQX
JdXL\LMO�ML�23<��[��GJRVZVK]KLWh�LIJKQNSZL�JdK]RQ\L[QQ�ML
TLRIdMQXLP�Zd������F[�ZK]�5�NdMXdJKVMdUMOP�JdXRONQia�Jd6
KSULVIOP�42D6IVNdZLIQ��fdXRONQ]�QRQZQ]�MLMdWQKQWh�ILT6
MVNRdMMOI�IVNdZdI�Q�dNKQULKQWh�NdKmQMdi��GkRL\[O�=��D��Q
=��?)��QIVKQ�NdKmQMS�≈���Q�≈��a9�IXI�WddNYVNWNYVMMd��fdXRO6
NQ]�JKLNQMdi�Wd\ZLYLKQWh�dW[QKKQRSlmVi�QIJSKhWMdi�ZSTdi
Q�QIVKQ�NdKmQMS�≈� �y�a9�IXI��fdXRONQ]�MQNRQZdI�NQNLML
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RdYLMQV�JdXRONQ]�.!B�kKLTdRdZMOIQ�IVNLKKLIQ�JRdQ\YdZQ6
KdWh�QIJSKhWMOI�JSUXdI�QdMdY�W�eMVRTQVi���y5��Xes�dN�QW6
NdUMQXL�QdMdY�NQJL�>�22/� p�qa� p��q���d\L�dkKSUVMQ]�dkRL\6
[dY�QdMMOI�JSUXdI�YLRhQRdYLKLWh�dN�����y���������QdM-WI��

fdXRONQ]�JKLNQMdQZLIQ�QIVlN� WLIOV�MQ\XQV� \MLUVMQ]
JdK]RQ\L[QQa�L�JdXRONQ]�MQNRQZdI�NQNLML�`�MLQkdKVV�YOWd6
XQV� \MLUVMQ]���VTQRdYLMQV�MQNRQZL�NQNLML�YOWdXdeMVRTVNQ6
UVWXQIQ�QdMLIQ�kKLTdRdZMOP�IVNLKKdY�SKSUoQKd�JdXL\LNVKQ
Q�JRQkKQ\QKd�MQNRQZ�NQNLML�X�JdXRONQ]I�kKLTdRdZMOIQ�IV6
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NLKKLIQ���\IVRVMQ]�VIXdWNQ�ML�TLRIdMQXLP�ZK]�eNQP�ILNVRQ6
LKdY�MV�XdRRVKQRSlN�W�Q\IVRVMQ]IQ�dWNLNdUMdi�JdK]RQ\L[QQ�
s�0/:@��U�JRQYVZVMO�RV\SKhNLNO�Q\IVRVMQi�ZK]�NRVP�TLRIdMQX
JVRYdi�TRSJJOa�VIXdWNQ��n��SXL\LMO�Y�IQXRdjLRLZLP�
�L�JRQIVRV�MQNRQZL�NQNLML�YQZMda�UNd�MV�YWVTZL�PdRdoQV

JdXL\LNVKQ�Jd� VIXdWNQ�JRQYdZ]N�X�MQ\Xdi�JdK]RQ\L[QQ� �WI�
23<��[��
s�0/:@��Z�JRQYVZVMO�\MLUVMQ]�ejjVXNQYMdWNQ�dNZLUQ�eMVR6

TQQ�QIJSKhWL�Y�LXNQYMSl�MLTRS\XS�ZK]�QWJONLMMOP�ILNVRQL6
KdY�ML�R]ZV�TLRIdMQX���SUoQV�RV\SKhNLNO�ZLlN�NLXgV�JdXRO6
NQ]�IVNLKKLIQ�JKLNQMdYdi�TRSJJO�
s�0/:@�� [� JRQYVZVMO�RV\SKhNLNO� eXWJVRQIVMNLKhMOP� Q

RLWUVNMOP�\MLUVMQi�JdNVM[QLKL�Y�XdM[V�QIJSKhWL�WNQISK][QQ
ML�eKVXNRdZV�_A����9�

fRdYVZVMMOi�RLWUVN�dNMdWQNW]�MVJdWRVZWNYVMMd�X�JdNVM6
[QLKS�JdYVRPMdWNQa�XdMNLXNQRSlmVi�W��n���s�RVLKhMOP�SW6
KdYQ]P�eNL�PLRLXNVRQWNQXL�dJRVZVK]VNW]�ML�XKVIILP�XdMMVX6
NdRL� XLRZQdeKVXNRdZLa� JRQ� eNdI� Q\IVR]VIdV� MLJR]gVMQV
SIVMhoLVNW]� Y� WddNYVNWNYQQ� W� YMSNRVMMQI� WdJRdNQYKVMQVI
TVMVRLNdRL�Y��sM�-����RL\a�UNd�WdWNLYK]VN������Z���nNd�dkt]W6
M]VN�dNKQUQV�RLWUVNMOP�Q�Q\IVRVMMOP� \MLUVMQi�dWNLNdUMdi
JdK]RQ\L[QQ���d� NVMZVM[QQ�Q\IVMVMQi�ZLMMdTd�JdXL\LNVK]
PdRdod�WdTKLWSlNW]�
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LXdV�Jd6
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����L�YPdZ�MLkKlZLNVK]�JdZLVNW]�d[VMXL�YPdZMdTd�Yd\ZVi6
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���s�RdKQ�MLkKlZLVIdi�YVKQUQMO�YOWNSJLVN�XdWYVMML]�d[VM6

XL�NVXSmVTd�SRdYM]�LXNQYL[QQ�IOo[Oa�JdKSUVMML]�ML�dWMdYV
IVNdZdY�d[VMdX�QMNVTRLKhMOP�PLRLXNVRQWNQX�n�F6WQTMLKL�
�LJR]gVMQV�WQTMLKL�n�Fa�Q\IVR]VIdTd�dN�IOo[O�[VKQ6
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