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3LQ�QKLH�Q�OLH�X�PD�QJ�WUDR��R�L�SURWRQ�OD��PR�W�QJXRÂQ�
QD�QJ�O�ÖÑQJ�WDÛL�WDÑR�WLHÂP�QD�QJ�WURQJ�W�ÖQJ�ODL�GR�FRÛ�
QKLHÂX��X��LH�P�QK���NKÖ�L��R�QJ�QKDQK��PD�W��R��FR�QJ�
VXD�W�FDR��WKD�Q�WKLH�Q�YÖÛL�PR�L�WU�Ö�QJ����&DÛF�KDÑW�NLP�
ORDÑL�3W�SKD�Q�WDÛQ�WUH�Q�YD�W�OLH�X�QHÂQ�FDF�ERQ�OD��YD�W�OLH�X�
[XÛF�WDÛF�O�Û�W�Ö�QJ�FKR�FDÛF�SKD�Q��ÛQJ��LH�Q�KRÛD�WURQJ�
3(0)&�EDR�JRÂP�SKD�Q��ÛQJ�R�[��KRÛD�K��UR���+25��
WDÑL� DQR�W� YD�� SKD�Q� �ÛQJ� NK��� R�[�� WDÑL� FDWR�W� >������7X��
QKLH�Q��3W� OD��PR�W�NLP� ORDÑL�TX���UD�W��D�W� WLHÂQ�YD���RÛ� OD��
PR�W�UD�R�FD�Q�OD�P�KDÑQ�FKH��NKD��QD�QJ��ÛQJ�GXÑQJ�UR�QJ�
UD�L�FX�D�FDÛF�3(0)&��0D�W�NKDÛF��NKL�V���GXÑQJ�YD�W�OLH�X�
[XÛF�WDÛF�3W�OD�P�FDWR�W��WR�F��R��SKD�Q��ÛQJ�255�[D���UD�
WUH�Q�3W� UD�W�FKD�P�YD��TXDÛ� WKH��FX�D�255�EÔ�FDR�KÖQ�
����P9�QH�Q�OD�P�JLD�P�KLH�X�VXD�W�FKX�H�Q�KRÛD�QD�QJ�
O�ÖÑQJ�FX�D�3(0)&�>�����

9��YD����QJKLH�Q�F�ÛX�YHÂ�KH��YD�W�OLH�X�[XÛF�WDÛF�PÖÛL�FRÛ�
�R��EHÂQ�FDR�YD��KD�P�O�ÖÑQJ�3W�WKD�S��D����ÖÑF�TXDQ�WD�P�
QKLHÂX� WUH�Q� WKH��JLÖÛL��6���GXÑQJ�FDÛF�[XÛF� WDÛF�KÖÑS�NLP�
WUH�Q�FÖ�VÖ��3W�OD��PR�W�SK�ÖQJ�SKDÛS�KLH�X�TXD���H��JLD�P�
TXDÛ� WKH��FX�D�255�YD��KD�P�O�ÖÑQJ�3W��7URQJ�FDÛF�KH��
[XÛF�WDÛF�KÖÑS�NLP��KÖÑS�NLP�QKÔ�QJX�H�Q�3W�0�YÖÛL�0�OD��
NLP�ORDÑL�FKX�H�Q�WLH�S��1L��&R��&Ug��FRÛ�KRDÑW�W�QK�FDR�
�R�L�YÖÛL�SKD�Q��ÛQJ�255�FX�D��LH�Q�F�ÑF�FDWR�W�>������

7URQJ�FDÛF�YD�W�OLH�X�[XÛF�WDÛF�KÖÑS�NLP�3W�0��FDÛF�KDÑW�
[XÛF� WDÛF� KÖÑS� NLP� N�FK� WK�ÖÛF� QDQR�� 3W1L�&� FRÛ� WLHÂP�
QD�QJ� OÖÛQ� QKD�W� FKR� PXÑF� WLH�X� JLD�P� KD�P� O�ÖÑQJ� 3W�
WURQJ�3(0)&��&DÛF�[XÛF�WDÛF�QD���FRÛ�KRDÑW�W�QK�FDR��R�L�
YÖÛL�255�YD��FRÛ�NKD��QD�QJ�QJD�Q�QJ��D�KLH�Q�W�ÖÑQJ�QJR��
�R�F�[XÛF�WDÛF�GR�&2��7KH�P�Q��D��PR�W�YD�L�QJKLH�Q�F�ÛX�
�D��FK��UD�UD�QJ��TXDÛ�WKH��FX�D�255�WUH�Q�[XÛF�WDÛF�3W1L�&�
OD�� WKD�S�KÖQ����P9�QH�Q�KRDÑW� W�QK�FX�D�[XÛF�WDÛF�FDR�
KÖQ�����ODÂQ�VR�YÖÛL�NLP�ORDÑL�3W�WLQK�NKLH�W��7URQJ�WR�QJ�
KÖÑS�[XÛF� WDÛF�KÖÑS�NLP��W�QK�FKD�W�FX�D�[XÛF�WDÛF�EÔ�D�QK�
K�Ö�QJ�QKLHÂX�EÖ�L�TXDÛ�WU�QK�[���O�Û�QKLH�W�>�������

7URQJ�QJKLH�Q�F�ÛX�QD����FDÛF�KDÑW�[XÛF�WDÛF�KÖÑS�NLP�
3W1L�SKD�Q�WDÛQ�WUH�Q�YD�W�OLH�X�QHÂQ�FDF�ERQ�9XOFDQ�;&�
����D����ÖÑF�WR�QJ�KÖÑS�ED�QJ�SK�ÖQJ�SKDÛS�NH�W�WX�D�KRÛD�
KRÑF��7�QK�FKD�W�FX�D�YD�W�OLH�X�[XÛF�WDÛF�3W1L�&��D����ÖÑF�
QJKLH�Q�F�ÛX�YD���DÛQK�JLDÛ����QK�K�Ö�QJ�FX�D�KD�P�O�ÖÑQJ�
1L� WURQJ�KÖÑS�NLP�YD��TXDÛ� WU�QK�[��� O�Û� QKLH�W� OH�Q� W�QK�
FKD�W�FX�D�[XÛF�WDÛF�KÖÑS�NLP�FX�QJ�VH����ÖÑF�WKD�R�OXD�Q�

�K�Ñ����KLH�P

7R�Q��K��S��D���OLH�X�[XÑF��DÑF�3�����D��3�1L��

9D�W� OLH�X� QHÂQ� FDF� ERQ� 9XOFDQ� ;&���� V��� GXÑQJ�
WURQJ� TX�� WU�QK� WR�QJ� KÖÑS� [XÛF� WDÛF� ��ÖÑF� PXD� FX�D�
KD�QJ�)XHOFHOOHDUWK� �86����7U�ÖÛF�NKL�V��� GXÑQJ��YD�W�

1JKLH � Q�F�ÛX� WR� QJ�K ÖÑ S� YD�� �D ÛQK� JL DÛ �W �Q K�F KD �W �Y D �W �O LH� X�
[ XÛF� WD ÛF � KÖÑS� NLP� F RÛ �N � FK� W K�ÖÛF �QD QR�� 3W1L� �� FK R� SKD �Q� �ÛQ J�
N K�� �R� [� �WU RQJ�SL Q� QKL H� Q�O LH � X�PD �Q J�W UD R� �R�L �SU RWRQ

�����K���LQK��3KDÑP��K���DQ��

1�X�H�Q�1��Ñ��3K�Q���3KDÑP����Q���DÑQK����D�Q��LH���4XD�Q��

�LH�Q��K���K�Ñ��������LH�����LH�Q����Q����P����&1��LH���1�P

7UR QJ� QJ KLH�Q � F�Û X� Q D� �� � FDÛ F� K DÑ W� [X ÛF� W DÛ F� K ÖÑ S� NLP � N� FK � WK�Ö Û F� QD QR�� 3W1L � W UH �Q� YD �W � O LH �X� QH�Q� FD F� ERQ�
9XOF DQ � ; ���� � � D� � � �Ö Ñ F� W R�QJ� KÖÑ S� ED� QJ� SK�Ö QJ� SKD ÛS� N H�W � WX �D� KRÛD� KRÑF� V�� � GXÑQJ� F KD �W � NK� � � 1 D%+
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W � QK� FKD� W� FX� D� YD �W � OL H�X � [ XÛF � WD ÛF� KÖÑ S�NL P� � D� � ��Ö ÑF� QJKL H� Q�F �ÛX � Y D� � �D ÛQK� JLD Û� � �DÛF � NH� W� TX D�� K LH�Q� YL � �LH � Q�W� � �
W U X�H �Q�TXD�� 7(0� ��D��F K� �UD�UD� QJ� �FD ÛF�KDÑW �[X ÛF�WD ÛF�3W 1L �YÖ Û L�N� FK�W K�ÖÛF �� �� �QP �SKD� Q�ER� ��H� X�WUH �Q�Y D�W �OL H�X �
QH� Q�FD F�ERQ� ��DÛ F�NH� W �TXD ��SKD�Q�W �F K�QKL H� X �[ DÑ�WL D�;�� ;5�� ��D� �[ DÛF�QK D� Q�P DÑ QJ�WL QK�WKH� �FX �D�FD ÛF�KDÑ W �NLP �
O RD ÑL � WL QK�NK LH�W � 3W� YD �� KÖÑS �N L P� 3W1 L� O D� � OD�S� SK �Ö QJ �W D�P� PD � W� � .KL� FRÛ� PD� W� N LP �O R DÑL �1 L� � PD ÑQJ�W LQK �W KH�� FX�D �
KÖÑS�N LP � 3W 1 L� EÔ� F R� O DÑ L � YD�� D� QK�K� Ö �Q J�OH� Q�W �FK� F KD� W � FX � D� YD�W � O LH�X � [X ÛF� WD ÛF�� + RD Ñ W� W � QK�[ X ÛF� WD Û F� ��ÖÑ F� �DÛ QK�
JLD Û�ED �QJ �FD ÛF �SK�Ö QJ�SKD ÛS��LH� Q�KRÛD��TXH ÛW �WKH� �Y R�QJ �� �9�� �F�F OL F�YR OW DPPHWU� ��Y D� �TXHÛ W�W KH ��WX �H �Q�W �QK�
� /69� �� OL QH DU� V�HH S�Y ROW D PPH WU ��� � � DÛ F� NH�W � TXD �� WK X� ��Ö ÑF� FK� � U D� UD�Q J�� KRDÑ W� W� QK� [X Û F� WDÛF� FX �D� K ÖÑ S�N L P�
3W1 L � ��FKR�SKD�Q �� Û QJ�NK� ��R�[ ��W DÑL ��LH �Q �F �ÑF �FDW R �W �FX� D�SL Q�QKLH� Q�O LH �X�PD �QJ �WU DR ��R� L�SU R WR Q�3(0 )��FDR �
KÖQ�VR �YÖ ÛL �[X ÛF� WD ÛF� 3W� ����

7���NKRÑD��FKD���[XÑF��DÑF��K��S�NLP��255��3(�)����H��ED�R�QKLH�Q�OLH�X�
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OLH�X�QHÂQ���ÖÑF�[���O�Û�QKLH�W� WDÑL�����&�WURQJ���K��6DX�
NKL��H��QJXR�L�WURQJ�NKR�QJ�NK���YD�W�OLH�X�FDF�ERQ���ÖÑF�
U��D�VDÑFK�ED�QJ�PR�W� O�ÖÑQJ�OÖÛQ�Q�ÖÛF�NK��� LRQ��',��YD��
VDX��RÛ���ÖÑF�VD���WDÑL�����&�WURQJ���K��4X��WU�QK�WR�QJ�
KÖÑS�[XÛF�WDÛF�3W�&�YD��3W1L�&���ÖÑF�WK�ÑF�KLH�Q�QK��VDX��
YD�W�OLH�X�FDF�ERQ���ÖÑF�SKD�Q�WDÛQ�YD�R�WURQJ�KR�Q�KÖÑS�
GXQJ�PR�L�HWK�OHQH�JO�FRO�YD��Q�ÖÛF�',��&DÛF�WLHÂQ�FKD�W�
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WKH�P�YD�R�WKHR�W�QK�WRDÛQ��H��WKX���ÖÑF�KD�P�O�ÖÑQJ�NLP�
ORDÑL�NKRD�QJ�����WURÑQJ�O�ÖÑQJ�YD�W�OLH�X�[XÛF�WDÛF��7RD�Q�
ER��KR�Q�KÖÑS���ÖÑF�VLH�X�D�P�WURQJ���K�YD��VDX��RÛ�PR�W�
O�ÖÑQJ�G��FKD�W�NK���1D%+
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KÖÑS�URÂL��XQ�WDÑL�QKLH�W��R����R&�WURQJ���K��&XR�L�FX�QJ�
YD�W�OLH�X�[XÛF�WDÛF�WKX���ÖÑF�VH����ÖÑF�ORÑF�U��D�QKLHÂX�ODÂQ�
ED�QJ�Q�ÖÛF�',�YD��QXQJ�WDÑL���R&�WURQJ����K��&DÛF�PD�X�
[XÛF�WDÛF�KÖÑS�NLP���ÖÑF�WR�QJ�KÖÑS�YÖÛL�FDÛF�W���OH��QJX�H�Q�
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��0R�W�PD�X�[XÛF�WDÛF�3W�&�FX�QJ�

��ÖÑF�WR�QJ�KÖÑS�WDÑL�FX�QJ��LHÂX�NLH�Q�YÖÛL�PXÑF���FK��R�L�
FK�ÛQJ���H��QJKLH�Q�F�ÛX�D�QK�K�Ö�QJ�FX�D�TXDÛ�WU�QK�[���
O�Û�QKLH�W��FDÛF�[XÛF�WDÛF�KÖÑS�NLP���ÖÑF�QXQJ�WURQJ�OR��R�QJ�
WURQJ�PR�L�WU�Ö�QJ�NK��NK��������U������+
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3K��Q��SKDÑS�Q�KLH�Q�F�ÑX

1KLH�X�[DÑ�WLD�;�

3K�ÖQJ�SKDÛS� QKLH�X� [DÑ� WLD�;� ��ÖÑF� V��� GXÑQJ� �H��
QJKLH�Q�F�ÛX�FD�X�WUXÛF�FX�D�YD�W�OLH�X�[XÛF�WDÛF��&DÛF�PD�X�
��ÖÑF� FKXD�Q� EÔ� G�ÖÛL� GDÑQJ� ER�W� YD�� ��ÖÑF� SKD�Q� W�FK�
ED�QJ�PDÛ��6,(0(1�'�����YÖÛL�WLD�&X.�α�FRÛ�QJXRÂQ�
FR�QJ�VXD�W����N:�WDÑL�9LH�Q�.KRD�KRÑF�YD�W�OLH�X��%�ÖÛF�
VRÛQJ�FX�D�WLD�;�OD��������QP�� WR�F��R��TXHÛW�JRÛF��θ� OD��
������V�

3K��QJ�SKD�S�KLH�Q��L��LH�Q�W���WUX�H�Q�TXD��7(0��

.�FK� WK�ÖÛF�YD�� V�Ñ� SKD�Q�ER�� FX�D� FDÛF�KDÑW� [XÛF� WDÛF�
WUH�Q�YD�W�OLH�X�QHÂQ���ÖÑF�TXDQ�VDÛW�ED�QJ�KLH�Q�YL��LH�Q�W���
WUX�HÂQ�TXD��&DÛF�PD�X���ÖÑF�FKXÑS�ED�QJ�WKLH�W�EÔ�-(0�
������-(2/�-DSDQ��YÖÛL�FDÛF��R��SKRÛQJ��DÑL�NKDÛF�QKDX�
WDÑL�9LH�Q�9H��VLQK�GÔFK�WH��7UXQJ��ÖQJ�

3K��QJ�SKD�S��LH�Q�KR�D�

3K�ÖQJ�SKDÛS��LH�Q�KRÛD�OD��SK�ÖQJ�SKDÛS�SKR��ELH�Q�
QKD�W���ÖÑF�GX�QJ�WURQJ��DÛQK�JLDÛ�KRDÑW�W�QK�YD���R��EHÂQ�
FX�D�FDÛF�YD�W�OLH�X�[XÛF�WDÛF�V���GXÑQJ�WURQJ�3(0)&��9ÖÛL�
FDÛF�SKHÛS��R��LH�Q�KRÛD��YD�W�OLH�X�[XÛF�WDÛF���ÖÑF�FKXD�Q�
EÔ�G�ÖÛL�GDÑQJ�P�ÑF�FRÛ�WKD�QK�SKDÂQ����PJ�ER�W�[XÛF�WDÛF��
����PO�Q�ÖÛF�',����PO�LVRSURS�O�DOFRKRO�������µO�GXQJ�
GÔFK�1DILRQ������0�ÑF�[XÛF�WDÛF���ÖÑF�VLH�X�D�P�WURQJ�
���SKXÛW�WU�ÖÛF�NKL�V���GXÑQJ��/ÖÛS�[XÛF�WDÛF���ÖÑF�FKH��WDÑR�
ED�QJ�FDÛFK�QKR��JLRÑW�WUH�Q�PD�X�FDF�ERQ�PD�W��R��FDR��
6DX�PR�L�ODÂQ�QKR���PD�X���ÖÑF�VD���NKR��WURQJ��LHÂX�NLH�Q�
SKR�QJ��4XDÛ� WU�QK� QD��� ��ÖÑF� OD�S� ODÑL� FKR� WÖÛL� NKL� �DÑW�
��ÖÑF�PD�W��R��[XÛF�WDÛF�NLP�ORDÑL�NKRD�QJ�����PJ�FP��

&DÛF�SKHÛS��R��LH�Q�KRÛD���ÖÑF�WK�ÑF�KLH�Q� WURQJ�KH��
�LH�Q�KRÛD����LH�Q�F�ÑF�YÖÛL�3W�OD���LH�Q�F�ÑF��R�L�YD��FDORPHO�
ED�R�KR�D�OD���LH�Q�F�ÑF�VR�VDÛQK��'LH�Q�W�FK�PD�X��R�OD����
FP��YD��GXQJ�GÔFK��R�OD��+
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�H���DÛQK�JLDÛ�KRDÑW�W�QK�[XÛF�WDÛF��FDÛF�PD�X���ÖÑF��R�
&9�WURQJ�NKRD�QJ�WKH��������9��1+(��YÖÛL�WR�F��R��TXHÛW�
OD�����P9�V��7U�ÖÛF�NKL�WK�ÑF�KLH�Q�SKHÛS��R��FDÛF�PD�X�
��ÖÑF�SKD�Q�F�ÑF� WDÑL� JLDÛ� WUÔ��LH�Q� WKH���DÂX� WURQJ����V��
7�����Ö�QJ�FRQJ�&9�FRÛ�WKH��GH��GD�QJ�W�QK���ÖÑF�JLDÛ�WUÔ�
EHÂ�PD�W��LH�Q�KRÛD��(6����D�F�WU�QJ�FKR�KRDÑW�W�QK�FX�D�
YD�W�OLH�X�[XÛF�WDÛF���H���DÛQK�JLDÛ��R��EHÂQ��FDÛF�PD�X���ÖÑF�
�R�&9�WURQJ�NKRD�QJ��LH�Q�WKH����������9��1+(��WURQJ�
�����FKX�N���YÖÛL�WR�F��R��TXHÛW�����P9�V��6�Ñ�WKD���R�L�
�R��EHÂQ�FX�D�[XÛF�WDÛF���ÖÑF��DÛQK�JLDÛ�TXD�V�Ñ�VX��JLD�P�
JLDÛ�WUÔ�(6��VDX�WK���QJKLH�P��R��EHÂQ�

5�0���5�5��0�����������0��(��U0����
0�0��5�����������������5��(����:�)�0�

��������0��������0��0������0�
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, Q� W KLV� U HVH DUF K�� 9X O F DQ� ;�� ��� F DUERQ�
VX SSRU WHG� 3W1L� D O OR �� F DW DO�V W� QDQ RS DUWL FOH V�
KDYH � EH HQ� V� QW KHV L ]H G� E�� W KH� GHSR VLW L RQ �
PHW KRG� X VLQJ� 1D %+
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� DV � D� U HGXF W LRQ� D JHQ W� �

7KH� SURSH UWL HV� R I� W KH� V� QW KHVL ]HG� 3 W1L�� �
FD WD O �VW �KDY H�EH HQ�UH VHD UF KHG�DQ G�HY DO XDW H G��
7UDQV PL VVLR Q� HO H FW URQ� PL FUR VFR SH� �7 (0� �
U HVX O W V� KDYH � VKR �Q� W KD W� 3W 1L� DO O R�� FD WDO �VW �
SDUWL F OHV � D UH� GLV SHUV HG� HYH QO� � R Q� WKH� FD UERQ�
VX EW UDW H� �L WK� WKH � VL ]H � LQ� WKH� UD QJH� R I � ���� Q P��
;�U D��GLII UDF W LRQ�� ;5�� �DQDO �VL V�K DV�FR QIL UP HG�
W KDW� W KH� FU �VW DO � ODW WL FH� RI � 3 W� DQG� 3W1 L� DOO R �� L V�
I DFH � FHQW HUH G� FX ELF �� , Q� SUHV HQF H� R I� 1L � DW R P� �
;5��KDV �V KR �Q�WKDW �W KH�VW U XFW X UH�RI �3W 1L �DOO R� �
FU �VW DO �KDV�EHHQ�FRQ WUDFW HG� ��KLFK�DII HFW V�W KH�
FD WD O �VW � SUR SHUW LHV �� 7KH� F DW DO�V W� DFW LY LW �� KD V�
EHHQ� H YDO X DW HG� E� � HOHF WU RFK HPL FDO � PHW KRGV�
L QF OXGL QJ� F�F OL F� Y ROW DP PH WU �� � �9�� DQG� O LQ HDU�
V�H H S�YR O WD PP HW U��� /69���7KH�HO H FW URF KHPLFD O �
U HVX O W V� KD YH� LQGL FDW HG� W KD W� W KH � DF WL YL W �� R I�
3W1L � ��DOO R�� FDWDO �V W �WR �DU G�R [�JH Q�U HGX FW L RQ �
U HDFW LR Q� R Q� FDW KRGH � RI � SU RWR Q� H[F KD QJH�
PHP EUD QH� IX HO� F HO O � � 3(0)� �� LV� KLJKHU � LQ�
FR PSDU LVR Q��LW K� WKD W �RI �3W � ��FD WD O�V W�

.H��RUG��� � DOOR��� FD�DO����� IXHO� FHOO�� 255��
3(�)���

�OD��LILFD�LRQ�QXPEHU����
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6�Ñ�FD�L�WKLH�Q�KRDÑW�W�QK�[XÛF�WDÛF�KÖÑS�NLP�FKR�255�
��ÖÑF��DÛQK�JLDÛ�ED�QJ�SKHÛS��R�/69��.KRD�QJ�WKH��TXHÛW�
OD��������9�YÖÛL�WR�F��R��TXHÛW���P9�V�

�H���T����Y����K��R������

�DÑQK��LDÑ���QK�FKD���FX�D��D���OLH�X�[XÑF��DÑF�K��S�NLP�
3�1L��

+�QK���ELH�X�GLH�Q���Ö�QJ�FRQJ�&9�FX�D�FDÛF�PD�X�
[XÛF� WDÛF�3W�&� WK�ÖQJ�PDÑL� �IXHOFHOOHDUWK���3W�&� WR�QJ�
KÖÑS�YD��3W

�
1L

�
�&�WURQJ�GXQJ�GÔFK�+
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FKXQJ��FD��ED���Ö�QJ�FRQJ�&9��HÂX�FRÛ�K�QK�GDÑQJ�JDÂQ�
W�ÖQJ� W�Ñ� QKDX��7UH�Q�FDÛF���Ö�QJ�&9�[XD�W�KLH�Q�FDÛF�
SLF��LH�Q�KRÛD�W�ÖQJ��ÛQJ�YÖÛL�FDÛF�SKD�Q��ÛQJ��LH�Q�KRÛD�
NKDÛF�QKDX�[D���UD�WUH�Q�EHÂ�PD�W�YD�W�OLH�X�[XÛF�WDÛF��7URQJ�
NKRD�QJ��LH�Q�WKH��������9��FDÛF�SLF��LH�Q�KRÛD��ÛQJ�YÖÛL�
TXDÛ�WU�QK�KD�S�SKXÑ�QKD��KD�S�SKXÑ�FX�D�+

�
�WUH�Q�EHÂ�PD�W�

NLP�ORDÑL�3W��7URQJ�TXDÛ�WU�QK�TXHÛW�WKH��WKXD�Q��NKRD�QJ�
�LH�Q�WKH��W��������H�Q�����9�[D���UD�TXDÛ�WU�QK�QDÑS��LH�Q�
W�FK�FX�D� OÖÛS��LH�Q�W�FK�NHÛS�EÖ�L�V�Ñ�KD�S�SKXÑ�FX�D�FDÛF�
QKRÛP�FK�ÛF�EÔ�R�[��KRÛD��7DÑL�JLDÛ�WUÔ��LH�Q�WKH�������9��
TXDÛ� WU�QK� R�[�� KRÛD� NLP� ORDÑL� 3W� ED�W� �DÂX� [D��� UD� WDÑR�
WKD�QK�FDÛF�R�[LW�FX�D�3W��7�ÖQJ��ÛQJ��R�L�YÖÛL�TXDÛ�WU�QK�
QD����[XD�W�KLH�Q�PR�W�SLF�FX�D�TXDÛ�WU�QK�NK���FX�D�3W�2�
WURQJ�TXDÛ�WU�QK�TXHÛW�WKH��QJKÔFK��7URQJ�����Ö�QJ�FRQJ�
&9��GLH�Q�W�FK�FDÛF�SLF�FX�D�3W�&�WR�QJ�KÖÑS�OD��OÖÛQ�QKD�W��
0D�X�[XÛF�WDÛF�KÖÑS�NLP�3W

�
1L

�
�&�FRÛ�GLH�Q�W�FK�FDÛF�SLF�

�LH�Q�KRÛD�QKR��KÖQ�VR�YÖÛL�FD��KDL�ORDÑL�[XÛF�WDÛF�NLP�ORDÑL�
WLQK�NKLH�W�3W�&���LHÂX�QD���FRÛ� WKH�� OLH�Q�TXDQ�WÖÛL�KD�P�
O�ÖÑQJ�3W�YD��N�FK�WK�ÖÛF�FDÛF�KDÑW�FX�D�[XÛF�WDÛF�KÖÑS�NLP��
��Ö�QJ�FRQJ�&9�FX�D�[XÛF�WDÛF�KÖÑS�NLP�FRÛ�PR�W�V�Ñ�WKD��
�R�L�QKR��FX�D�FDÛF�SLF���LH�Q�KRÛD�YD��Y��YD���FDÛF�TXDÛ�WU�QK�
�LH�Q�KRÛD�[D���UD�WUH�Q�EHÂ�PD�W�[XÛF�WDÛF�KÖÑS�NLP�FRÛ�WKH��
EÔ�D�QK�K�Ö�QJ�EÖ�L�V�Ñ�FRÛ�PD�W�FX�D�NLP�ORDÑL�1L�

+D�P� O�ÖÑQJ� FX�D�1L� FX�QJ� D�QK� K�Ö�QJ� QKLHÂX� �H�Q�
KRDÑW�W�QK�FX�D�FDÛF�[XÛF�WDÛF�KÖÑS�NLP�3W1L�&��+�QK���OD��
FDÛF���Ö�QJ�FRQJ�&9�FX�D�FDÛF�[XÛF�WDÛF�KÖÑS�NLP�WUH�Q�
YD�W� OLH�X� QHÂQ� FDF� ERQ��3W

�
1L

�
��3W

�
1L

�
��3W

�
1L

�
��3W

�
1L

�
�

YD��3W
�
1L

�
��.KL�KD�P�O�ÖÑQJ�1L�NLP�ORDÑL�WD�QJ��GLH�Q�W�FK�

FX�D�FDÛF�SLF��LH�Q�KRÛD�WUH�Q���Ö�QJ�FRQJ�&9�JLD�P��GD�Q�
�H�Q�JLDÛ�WUÔ�(6��FX�D�FDÛF�[XÛF�WDÛF�KÖÑS�NLP�FX�QJ�JLD�P�
W�ÖQJ��ÛQJ��%D�QJ���WKH��KLH�Q�FDÛF�JLDÛ�WUÔ�(6��FX�D�FDÛF�
PD�X�[XÛF�WDÛF�KÖÑS�NLP���ÖÑF�W�QK�WRDÛQ�W���FDÛF���Ö�QJ�
FRQJ�&9�WURQJ�GXQJ�GÔFK�+
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����0�

0D�W�NKDÛF��KD�P�O�ÖÑQJ�1L�FX�QJ�D�QK�K�Ö�QJ��H�Q��R��
EHÂQ�FX�D� FDÛF�[XÛF� WDÛF�KÖÑS�NLP�3W1L�&��+�QK���ELH�X�
GLH�Q�V�Ñ�WKD���R�L�FDÛF�JLDÛ�WUÔ�(6��FX�D�FDÛF�PD�X�[XÛF�
WDÛF�KÖÑS�NLP�VDX�WK���QJKLH�P��R��EHÂQ������FKX�N����&RÛ�
WKH��GH��GD�QJ�QKD�Q�WKD���UD�QJ�FDÛF�PD�X�[XÛF�WDÛF��HÂX�
VX��JLD�P�JLDÛ�WUÔ�(6��VDX�WK���QJKLH�P��R��EHÂQ��7UH�Q�
�RÂ�WKÔ�PD�X�[XÛF�WDÛF�3W

�
1L

�
�&�FRÛ��R��EHÂQ�W�ÖQJ��R�L�FDR�

FKR�3(0)&��

��QK�K���Q��FX�D�[��� O�Ñ�QKLH��� �H�Q� ��QK�FKD���FX�D�
FDÑF�[XÑF��DÑF�K��S�NLP

.KL� WR�QJ� KÖÑS� [XÛF� WDÛF� KÖÑS� NLP�� TXDÛ� WU�QK� [��� O�Û�
QKLH�W��RÛQJ�PR�W�YDL�WUR��TXDQ�WURÑQJ�WURQJ�YLH�F�QD�QJ�

+�QK����FD�F�����QJ��9�FX�D�FD�F�PD�X�[X�F�WD�F��3W���WK��QJ�PDÑL�
�IXHOFHOOHDUWK���3W���WR�QJ�K�ÑS��D��3W

�
1L

�
���WURQJ�GXQJ�G�FK�+

�
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�
�

���0��WR�F��R��TXH�W�WKH�����P9�V

+�QK����FD�F�����QJ�FRQJ��9�FX�D�FD�F�PD�X�[X�F�WD�F�K�ÑS�NLP�
FR��KD�P�O��ÑQJ�1L�NKD�F�QKDX�WURQJ�GXQJ�G�FK�+

�
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����0��

WR�F��R��TXH�W�WKH�����P9�V

%D�QJ����FD�F�JLD��WU��(6��FX�D�FD�F�PD�X�[X�F�WD�F�K�ÑS�NLP�
���L�KD�P�O��ÑQJ�1L�NKD�F�QKDX
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0D�X 3W
�

1L
�

�� 3W
�

1L
�

� � 3W
�

1L
�

� � 3W
�

1L
�

�� 3W
�

1L
�

� � 3W� �
3W��� �

W K �ÖQ J�PDÑL

(6���
�P��J�3W��

����� ����� ����� ���� ����� ����� �����

Pt3Ni1/C Pt2Ni1/C Pt1Ni1/C

��������������

Pt1Ni2/C Pt1Ni3/C

+�QK����V�Ñ�WKD���R�L�JLD��WU��(6��FX�D�FD�F�PD�X�[X�F�WD�F�K�ÑS�NLP�
VDX�WK���QJKLH�P��R��EH�Q������FKX�N��



��� ��� ���� �� �

FDR�W�QK�FKD�W�FX�D�YD�W�OLH�X�[XÛF�WDÛF��7URQJ�TXDÛ� WU�QK�
[���O�Û�QKLH�W��FDÛF�WDÑS�FKD�W�NKR�QJ�PXR�Q�VH��EÔ�ORDÑL�ER��
YD��TXDÛ�WU�QK�KÖÑS�NLP�KRÛD�FX�QJ�VH��[D���UD��GD�Q��H�Q�
OD�P�WD�QJ�V�Ñ�SKD�Q�ER��FX�D�FDÛF�KDÑW�[XÛF� WDÛF� WUH�Q�YD�W�
OLH�X�QHÂQ���H��QJKLH�Q�F�ÛX�D�QK�K�Ö�QJ�FX�D�TXDÛ� WU�QK�
[���O�Û�QKLH�W�OH�Q� W�QK�FKD�W�FX�D�[XÛF�WDÛF�KÖÑS�NLP��PD�X�
3W

�
1L

�
�&���ÖÑF�WLH�Q�KD�QK�QXQJ�WDÑL�FDÛF�QKLH�W��R��NKDÛF�

QKDX����������������YD������&�WURQJ�PR�L�WU�Ö�QJ�NK��
KR�Q�KÖÑS������U�YD�����+

�
��6�Ñ�WKD���R�L�FD�X�WUXÛF�FX�D�

FDÛF�[XÛF�WDÛF�KÖÑS�NLP���ÖÑF��DÛQK�JLDÛ�ED�QJ�SKD�Q�W�FK�
;5'�YD����ÖÑF�WU�QK�ED���WUH�Q�K�QK�����R�L�YÖÛL�[XÛF�WDÛF�
3W�&��NH�W�TXD��;5'�WKH��KLH�Q�FDÛF�SLF�QKLH�X�[DÑ�UR�QJ��
NKR�QJ�UR��QHÛW�YD��FD�X�WUXÛF�PDÑQJ�WLQK�WKH��FX�D�3W���ÖÑF�
[DÛF�QKD�Q� OD�� OD�S�SK�ÖQJ�WD�P�PD�W���LHÂX�QD���FRÛ� WKH��
JLD�L� WK�FK� UD�QJ� N�FK� WK�ÖÛF� FX�D� FDÛF� KDÑW� [XÛF� WDÛF� 3W�
WR�QJ�KÖÑS���ÖÑF� OD��UD�W�QKR��YD��FRÛ�WKH��Ö��FD��GDÑQJ�FD�X�
WUXÛF�YR���ÔQK�K�QK��.KL�FRÛ�PD�W�QJX�H�Q�W���1L��FDÛF�NH�W�
TXD�� JLD�Q� �RÂ� ;5'�FRÛ� V�Ñ� WKD�� �R�L� QKR���&DÛF� JLDÛ� WUÔ�
JRÛF��θ�W�ÖQJ��ÛQJ�YÖÛL�FDÛF�PD�W�������YD��������EÔ�GÔFK�
FKX�H�Q�YHÂ�K�ÖÛQJ�FRÛ�JLDÛ�WUÔ�OÖÛQ�KÖQ�VR�YÖÛL�SKR��FKXD�Q�
FX�D�3W�NLP�ORDÑL��.KR�QJ�TXDQ�VDÛW�WKD���SLF�ULH�QJ�FX�D�
1L�YD��FDÛF�R�[LW� FX�D�1L� WUH�Q�NH�W�TXD��;5'��1K��YD����
FD�X�WUXÛF�PDÑQJ�WLQK�WKH��FX�D�[XÛF�WDÛF�KÖÑS�NLP�FX�QJ�OD��
OD�S�SK�ÖQJ�WD�P�PD�W��&DÛF�[XÛF�WDÛF�KÖÑS�NLP�FRÛ�WKH���D��
WDÑR�WKD�QK�PR�W�GXQJ�GÔFK�UD�Q�YD��PDÑQJ�WLQK�WKH��FX�D�
FKXÛQJ�EÔ�FR� ODÑL��7URQJ�TXDÛ� WU�QK��RÂQJ�NH�W� WX�D�� FDÛF�
QJX�H�Q� W���1L� WKD�� WKH�� QJD�X� QKLH�Q� YD�R� WURQJ�YÔ� WU��
FX�D�QJX�H�Q�W���3W�WURQJ�PDÑQJ�WLQK�WKH���'R�N�FK�WK�ÖÛF�
FX�D�QJX�H�Q�W���1L�QKR��KÖQ�QKLHÂX�VR�YÖÛL�QJX�H�Q�W���
3W�QH�Q�FDÛF� WKR�QJ�VR��PDÑQJ�FX�D�YD�W�OLH�X�KÖÑS�NLP�EÔ�
QKR���L��9ÖÛL�[���O�Û�QKLH�W��FDÛF�SLF�QKLH�X�[DÑ�FX�D�YD�W�OLH�X�
KÖÑS�NLP�WUÖ��QH�Q�UR��QHÛW�KÖQ�YD���R��UR�QJ�FX�D�SLF�FX�QJ�
WKX�KHÑS�ODÑL�UD�W�QKLHÂX���LHÂX�QD���FRÛ�WKH��GR�V�Ñ�FKX�H�Q�
WUDÑQJ�WKDÛL�FX�D�FDÛF�KDÑW�NLP�ORDÑL�W���YR���ÔQK�K�QK�VDQJ�
WLQK�WKH��YD��N�FK�WK�ÖÛF�FX�D�FDÛF�KDÑW�WUÖ��QH�Q�WR�KÖQ�GR�
TXDÛ�WU�QK�KÖÑS�NLP�KRÛD�

6�Ñ�WKD���R�L�N�FK�WK�ÖÛF�KDÑW�FX�D�[XÛF�WDÛF�FX�QJ���ÖÑF�
TXDQ� VDÛW� WUH�Q� FDÛF�D�QK�7(0��+�QK��� JLÖÛL� WKLH�X�FDÛF�
D�QK�7(0�FX�D�FDF�ERQ�9XOFDQ��FDÛF�[XÛF�WDÛF�3W�&�YD��
KÖÑS�NLP�3W

�
1L

�
�&��7UH�Q�D�QK�7(0��YD�W�OLH�X�FDF�ERQ�FRÛ�

PDÂX�[DÛP�YD��Ö��GDÑQJ�K�QK�FDÂX�YÖÛL�N�FK�WK�ÖÛF�NKRD�QJ�
������QP��&DÛF��LH�P�PD�X��HQ�SKD�Q�ER��WUH�Q�YD�W�OLH�X�
QHÂQ�FDF�ERQ�OD��FDÛF�KDÑW�[XÛF�WDÛF�NLP�ORDÑL���R�L�YÖÛL�[XÛF�
WDÛF�3W�&��N�FK�WK�ÖÛF�FDÛF�KDÑW�NKRD�QJ�����QP��WURQJ�
NKL�FDÛF�KDÑW�[XÛF�WDÛF�KÖÑS�NLP�FRÛ�N�FK�WK�ÖÛF�QD�P�WURQJ�
NKRD�QJ�����QP��6DX�NKL�[���O�Û�QKLH�W�WDÑL�����YD������&��
N�FK� WK�ÖÛF� KDÑW� [XÛF� WDÛF� KÖÑS� NLP� WD�QJ� OH�Q� YD�� QD�P�
WURQJ�NKRD�QJ������QP��6�Ñ� WKD���R�L�N�FK� WK�ÖÛF�KDÑW�
VDX�[���O�Û�QKLH�W�FRÛ�WKH��OD��GR�TXDÛ�WU�QK�KÖÑS�NLP�KRÛD��
7X��QKLH�Q���R��SKD�Q�ER��FX�D�FDÛF�KDÑW�[XÛF�WDÛF�WUH�Q�YD�W�
OLH�X�QHÂQ���ÖÑF�FD�L�WKLH�Q�UR��UH�W�

+�QK����JLD�Q��R��;5��FX�D�FD�F�PD�X�3W����3W
�
1L

�
���NKL�NKR�QJ�FR��

�D��FR��[���O���QKLH�W�WDÑL�FD�F�QKLH�W��R��NKD�F�QKDX

+�QK����FD�F�D�QK�7(0�FX�D�FDF�ERQ�9XOFDQ��D��FD�F�[X�F�WD�F�3W����D��
3W

�
1L

�
�NKL�NKR�QJ�FR���D��FR��[���O���QKLH�W�WDÑL�FD�F�QKLH�W��R��NKD�F�QKDX
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(Carbon Vulcan -72; x 80000)  

�

( Pt/C; x 80000)  

�

(Pt1Ni1/C; x 80000)  
�
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+�QK����FD�F�����QJ�FRQJ�/69�WURQJ�GXQJ�G�FK�+
�
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�
����0�FX�D�

FD�F�PD�X�[X�F�WD�F��3W����3W
�
1L

�
����D��3W

�
1L

�
���FR��[���O���QKLH�W�

WDÑL��������WR�F��R��TXH�W�WKH����P9�V
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�H��KLH�X�UR��KÖQ�YDL�WUR��FX�D�NLP�ORDÑL�1L�WURQJ�TXDÛ�
WU�QK�[XÛF�WDÛF��R�L�YÖÛL�SKD�Q��ÛQJ�255��FDÛF�PD�X�[XÛF�
WDÛF���ÖÑF��R�/69�WURQJ�GXQJ�GÔFK�+
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��
���0��+�QK�

��OD��FDÛF���Ö�QJ�FRQJ�SKD�Q�F�ÑF�/69�FX�D�FDÛF�[XÛF�WDÛF�
3W�&�YD��3W

�
1L

�
�&�NKL�NKR�QJ�FRÛ�YD��FRÛ�[���O�Û�QKLH�W�WDÑL�

����&��.KL�FRÛ�PD�W�NLP�ORDÑL�1L��SKD�Q��ÛQJ�NK���R�[��[D���
UD�WDÑL��LH�Q�WKH��G�ÖQJ�KÖQ�VR�YÖÛL�[XÛF�WDÛF�3W�&��7KH�P�
Q��D��PD�W��R��GR�QJ��LH�Q�SKD�Q�F�ÑF�FX�D�PD�X�[XÛF�WDÛF�
KÖÑS�NLP�FX�QJ�WD�QJ�OH�Q��7DÑL�FX�QJ�JLDÛ�WUÔ��LH�Q�WKH�������
�1+(��� JLDÛ� WUÔ�PD�W� �R�� GR�QJ� �LH�Q� FX�D� [XÛF� WDÛF� KÖÑS�
NLP�FDR�KÖQ�QKLHÂX�VR�YÖÛL�[XÛF�WDÛF�3W�&���LHÂX�QD���FRÛ�
WKH����ÖÑF�JLD�L�WK�FK�GR�V�Ñ�FRÛ�PD�W�FX�D�NLP�ORDÑL�1L�OD�P�
JLD�P�TXDÛ� WU�QK�KD�S�SKXÑ� FX�D�FDÛF�QKRÛP�FK�ÛF�FK�ÛD�
R�[��WUH�Q�EHÂ�PD�W�NLP�ORDÑL��0D�W�NKDÛF��WURQJ�PR�L�WU�Ö�QJ�
D[�W�PDÑQK�FÖ�FKH��FX�D�SKD�Q��ÛQJ�NK���R�[��WK�Ö�QJ�[D���
UD� WDÑL�FDÛF�JLDÛ� WUÔ��LH�Q� WKH�� NKDÛF�QKDX�YÖÛL�FDÛF�SKD�Q�
�ÛQJ�QK��VDX�
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����+�����H�→��+
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2��(
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2
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����+�����H�→�+
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�
��(

�
� �������9�

2
�
���+����H�→�+2

�
��(

�
� ��������9�

9��YD����YLH�F�JLD�P�KD�S�SKXÑ�FDÛF�QKRÛP�FK�ÛF�WUXQJ�
JLDQ�OD�P�FKR�SKD�Q��ÛQJ�NK���R�[��WUÖ��QH�Q�GH��[D���UD�
KÖQ�YÖÛL�FÖ�FKH��WUDR��R�L�WU�ÑF�WLH�S����LH�Q�W���WDÑL�JLDÛ�WUÔ�
�LH�Q�WKH��WLH�X�FKXD�Q�������9��QJK�D�OD��KLH�X�VXD�W�FX�D�
3(0)&��DÑW� ��ÖÑF� JLDÛ� WUÔ� FDR��6DX� NKL� [��� O�Û� QKLH�W��
KRDÑW� W�QK�FX�D�[XÛF�WDÛF�KÖÑS�NLP�YD�Q�FDR�KÖQ�VR�YÖÛL�
[XÛF�WDÛF�3W�&��7DÑL�FDÛF�JLDÛ�WUÔ�PD�W��R��GR�QJ�SKD�Q�F�ÑF�
QKR���KRDÑW�W�QK�[XÛF�WDÛF�KÖÑS�NLP�JLD�P�QK�QJ�V�Ñ�WKD��
�R�L�QD���OD��NKR�QJ��DÛQJ�NH��VR�YÖÛL�PD�X�NKR�QJ�FRÛ�[���
O�Û�QKLH�W���LHÂX�QD���FRÛ�WKH��OLH�Q�TXDQ��H�Q�V�Ñ�WKD���R�L�
N�FK�WK�ÖÛF�KDÑW�GR�V�Ñ�[���O�Û�QKLH�W�KÖÑS�NLP��7X��QKLH�Q��
Ö��PD�W��R��GR�QJ��LH�Q�FDR��KRDÑW�W�QK�FX�D�[XÛF�WDÛF�KÖÑS�
NLP�FRÛ�[���O�Û�QKLH�W�FDR�KÖQ�VR�YÖÛL�PD�X�NKR�QJ�FRÛ�[���
O�Û�QKLH�W��&DÛF�NH�W�TXD��QD���FK��UD�UD�QJ�YÖÛL�[���O�Û�QKLH�W�
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