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+ L H�Q�W �ÖÑQ J�FR� QJ�K�Ö� QJ�W URQJ�V �Ñ�N� FK�W K�FK �W D�S�
W KH� �FX�D�NK ���L H�Q �W�� ��FR �QJ�K�Ö�QJ �SODV P D���D� ���ÖÑ F�
[HP� QK �� FRÛ� QJXRÂ Q� JR �F� O D� � V�Ñ � WRÂQ� WD ÑL� FX�D� P R�W � OR DÑL �
FKXD� Q� KDÑ W� JRÑL � OD �� SOD VP RQ� � 1KL HÂX� O RDÑL � TXDÛ � W U� QK�
W �ÖQJ�WDÛF�FX�D �SO DV PRQ��D ����ÖÑF�QJKLH �Q�F� ÛX�W URQ J�
QK��QJ� QD� P� JDÂ Q� �D��� � W �ÖQJ� W DÛ F� FX� D� SODV P RQ� YÖÛL �
H[FLW RQ � >����� � � FX�D� FKD�P � O�ÖÑ QJ� W� �� YÖÛL � SO DVP RQ �
> ���� �� � � KX��QK � TXDQ J� WD �Q J� WU�Ö� QJ� QKÖ� � SO DVPR Q�
> ���� �� � �� � 7X�� QKL H�Q� � FKR � �H�Q� Q D�� O�Û� W KX�H� W� YHÂ �
SOD VP RQ� YD �Q� PD QJ� W � QK� FKD� W� KLH� Q� W �ÖÑ QJ� OX D�Q� �
W K�� D� Q KD� Q� V�Ñ� WRÂQ� W DÑL � FX�D � FD ÛF� W R DÛ Q� W� �� VL QK� YD �� KX� ��
SOD VP RQ� FX�QJ � QK�� ELH �X� W K�Û F� FX� D� + DP LO WRQL DQ �
W �ÖQJ� W DÛ F�JL �� D� SO DVPR Q�YÖÛ L� FD ÛF� FKXD �Q� KD ÑW �NKD Û F�

7URQJ � ED�L � ED ÛR� QD� ��� FKXÛQJ � W R� L� �HÂ� [XD� W � WK LH� W�
OD �S� O�Û � W KX�H�W � O �ÖÑ QJ� W ��� YHÂ� S ODV PRQ� WUH� Q� FÖ� VÖ�� FDÛ F�
QJX�H�Q� O �Û �� �Ô QK� OXD � W� FÖ� ED �Q � Q KD� W� YHÂ � KH�� �L H� Q� W�� �
OL QK� �R �QJ� W URQJ� FKD �W � UD� Q�� QJ RD�L � W KH�� QD �QJ � FX�D�
�LH� Q�W�� �WURQJ�PDÑ QJ�W LQK�W KH� �F R� Q�NH���H� Q�W �ÖQJ�WD Û F�
& RX ORP E� JL� �D� FDÛ F� �LH� Q� W� �� � � H� � � DÑ W� P XÑF� W LH �X� �R Û� �
FKXÛQJ� WR�L �DÛS�G XÑQJ�S K�ÖQJ�SKDÛ S�W� FK�SK D� Q�SKL H�P �
KD� P� >� �� ����

�KLH�P�K��P�VL�K�Y���K��P���HH��������LH������

. KR �QJ � O D�P � PD �W � W �Q K� FKD� W� W R �QJ� TXD ÛW � FX�D � FD ÛF�

3K�ÖQJ�SKDÛS�W�FK�SKD�Q�SKLH�P�KD�P�WURQJ�O�Û�WKX�H�W�
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,Q� WKH� SUHVHQW� �RUN� WKH� TXDQWXP� WKHRU�� RI�
SODVPRQ� �DV� HVWDEOLVKHG� RQ� WKH� EDVLV� RI� WKH�
IXQGDPHQWDO� SULQFLSOHV� RI� TXDQWXP� SK�VLFV�
DSSOLHG� WR� WKH� HOHFWURQ� JDV� LQ� PHWDO� DQG� �LWK�
WKH� XVH� RI� WKH� IXQFWLRQDO� LQWHJUDO� PHWKRG�� %��
PHDQV� RI� WKH� FHOHEUDWHG� +XEEDUG�6WUDWRQRYLFK�
WUDQVIRUPDWLRQ�� IURP� WKH� JHQHUDWLQJ� IXQFWLRQDO�
RI�WKH�HOHFWURQ�JDV�LW�IROOR�V�WKDW�RI�D�VFDODU�ILHOG�
�KRVH� GHVWUXFWLRQ� DQG� FUHDWLRQ� RSHUDWRUV� DUH�
WKRVH� RI� SODVPRQV�� ,Q� WKH�FDVH�RI� WKH� HOHFWURQ�
JDV�LQ�D�KRPRJHQHRXV�XQERXQGHG�PHWDO�DW�]HUR�
DEVROXWH� WHPSHUDWXUH� 7�  � ��� WKH� /DJUDQJLDQ� RI�
WKH�VFDODU�ILHOG�GHVFULELQJ�WKH�SODVPRQ�KDV�WKH�
VDPH�IRUP�DV�WKDW�RI�WKH�UHODWLYLVWLF�.OHLQ�*RUGRQ�
VFDODU� ILHOG�� 7KH� SUHVHQWHG� UHDVRQQLQJV� DQG�
FDOFXODWLRQV� FDQ�EH� H[WHQGHG� WR� VWXG��HOHFWURQ�
JDV�LQ�QDQRVWUXFWXUHV�

.H��R UG�� �DF� LRQ�IX QF�L RQD O� �F ROOH F�L� H��H[FL �D� LRQ�� �
HOHF� URQ� �D�� ��HQHU D�L Q��I XQF � LRQDO ��S OD�P RQ�

�OD�� LIL FD�L RQ�QX PEHU����

1�X�H�Q��D�Q��LH�X���1�X�H�Q����K��D����1�X�H�Q��D�Q���ÑS�

���LH�Q��K���K�Ñ��������LH�����LH�Q����Q����P����&1��LH���1�P�
���K������������������Q����ÑL�K�Ñ�����SK�ÑP�����1��L

7URQJ�ED�L�EDÛR�QD���O�Û�WKX�H�W�O�ÖÑQJ�W���YH��SODVPRQ��D����ÖÑF�[D���G�ÑQJ�WUH�Q�FÖ�VÖ��QK��QJ�QJX�H�Q�O�Û�YD��
�ÔQK�OXD�W�FÖ�ED�Q�FX�D�YD�W�O�Û�KRÑF�O�ÖÑQJ�W�����ÖÑF�DÛS�GXÑQJ�YD�R�WU�Ö�QJ�KÖÑS�NK���LH�Q�W���OLQK�KRDÑW�WURQJ�
NLP�ORDÑL�YD��ED�QJ�SK�ÖQJ�SKDÛS�W�FK�SKD�Q�SKLH�P�KD�P��1KÖ��V���GXÑQJ�ELH�Q��R�L�+XEEDUG�6WUDWRQRYLFK�
QR�L�WLH�QJ��W���SKLH�P�KD�P�VLQK�FX�D�KH��NK���LH�Q�W���VX��UD�SKLH�P�KD�P�VLQK�FX�D�PR�W�WU�Ö�QJ�YR��K�ÖÛQJ�PD��
FDÛF�WRDÛQ�W���KX���KDÑW�YD��VLQK�KDÑW�FX�D�WU�Ö�QJ�QD���FK�QK�OD��WRDÛQ�W���KX���YD��VLQK�SODVPRQ��7URQJ�WU�Ö�QJ�
KÖÑS�NK���LH�Q�W���OLQK�KRDÑW�WURQJ�NLP�ORDÑL��R�QJ�FKD�W�FRÛ�N�FK�WK�ÖÛF�NKR�QJ�JLÖÛL�KDÑQ�YD��Ö��QKLH�W��R��7� ���
/DJUDQJLDQ�FX�D�WU�Ö�QJ�O�ÖÑQJ�W���YR��K�ÖÛQJ�GLH�Q�WD��FDÛF�SODVPRQ�FRÛ�GDÑQJ�JLR�QJ�QK��/DJUDQJLDQ�FX�D�
WU�Ö�QJ�O�ÖÑQJ�W���YR��K�ÖÛQJ�W�ÖQJ��R�L�W�QK�WKR�D�PD�Q�SK�ÖQJ�WU�QK�.OHLQ�*RUGRQ��3K�ÖQJ�SKDÛS�OD�S�
OXD�Q�YD��W�QK�WRDÛQ�FRÛ�WKH����ÖÑF�PÖ��UR�QJ�UD�FKR�FDÛF�KH���LH�Q�W���OLQK�KRDÑW�WURQJ�FDÛF�FD�X�WUXÛF�NLP�ORDÑL�
N�FK�WK�ÖÛF�QDQR�
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O D�S� O XD �Q� W URQJ� E D� L� QD ��� � �H� � FKR� F DÛ F� N�Û� KL H�X� � �ÖÑF� �ÖQ � J LD�Q� W D � K D� �� ER �� TXD � FK� � V R� � VSLQ � WURQJ� KD �P � VRÛQJ� FX� D�

�LH� Q� W ��� YD� � FRL � �L H�Q� W�� � O D�� FD Û F� I HUPL RQ�NK R�Q J� FRÛ� VSLQ �� +D�P � VRÛ QJ� FX� D� �LH �Q� W�� � YD �� �DÑ L� O�Ö ÑQJ� OL H�Q� KÖÑS� YÖÛL � K D� P�

VRÛ QJ� �R Û� ��ÖÑ F� N�Û� KL H�X� � O D� � ( )�ψ �� � YD � � ( )�ψ �� � � & DÛ F� �DÑ L� O �ÖÑQJ � QD � �� SKD� Q� JLDR � KRD Û Q� YÖÛL � QKDX � ��D Ñ L� O �ÖÑQJ� EL H�Q�

W KL H�Q� *UD VVP DQQ �� �� H�� YLH� W �JRÑQ�F DÛ F�FR �QJ� WK� ÛF� �W KD�� FK R�FD �S�W RÑD��R �� NKR �QJ� JLD Q� � �YD ��W KÖ�L �JL DQ�W�W D�V�� �GXÑ QJ�

W RÑD� �R� �NK R� QJ�W KÖ� L� JLD Q� ( ) ( )�� �= =� � �� � � YD �� YLH �W �
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W UR QJ�� RÛ �P �O D� �NKR� L� O�ÖÑ QJ�K LH� X�GXÑ QJ�F X�D ��L H�Q� W� ���W D�GX� QJ�KH ���Ö Q�YÔ�YÖÛ L� � �= =h �� �. �Û �KL H�X� WKH ��QD� QJ�W �ÖQJ�
W DÛF� &RX OR PE� JL ��D�KD L ��L H�Q� W ��� OD�� ( )� −� � � YD �� �D �W �� ��
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7D� W�FD � �FDÛ F�SK�ÖQJ �WU� QK��R �QJ�O� Ñ F�FX�D �KH� ��LH �Q�W ����H ÂX���ÖÑ F�VX��UD �W ���QJX� H�Q�O�Û�W DÛF�GXÑ QJ�F�Ñ F�WUÔ �YÖÛ L�SK LH� P�
KD� P� FR Û� ELH� X� WK�Û F�V DX� �D ���
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W UR QJ� �RÛ
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O D�� SKL H�P � KD� P� W DÛ F� GXÑQJ� FX� D�KH� � FDÛ F� �LH� Q� W�� � NKL� ER �� TXD� W�Ö QJ� WDÛF� & RXO R PE� JL ��D� FD ÛF� �L H�Q� W� �� �7URQJ� SK�Ö QJ�
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W KH� P�K DL��D ÑL �O� ÖÑQJ�EL H� Q�WK LH� Q�*UD VVP DQQ�Q��D � ( )�η �YD� � ( )�η �Y��D�SKD �Q� JLD R�KR DÛ Q�YÖÛ L�QK DX� �Y�� D�S KD� Q�JL DR�

KRDÛQ � Y ÖÛL � ( )�ψ � Y D� � ( )�ψ � � YD �� V�� � GXÑQJ � F R� QJ� FXÑ� W RDÛ Q� KR ÑF� P ÖÛL � OD� � F DÛ F� SKLH �P � KD� P� VL QK� FRÛ� FD ÛF � E LH� X� WK� ÛF� VD X�
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W URQJ� �RÛ

N�Û� KLH� X� SKHÛS� OD� ��W �F K�SKD�Q �SKL H�P� KD� P� � YD� ��D � W
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6 �� � GXÑ QJ� W � FK� SK D� Q� SKL H� P� KD� P� � WD� FRÛ � W KH�� W�Q K� JLDÛ� W UÔ� WUXQJ� E� QK� FX �D� W �FK � FD ÛF� KD �P � VRÛQ J� YD �� KD�P � VR ÛQ J� O LH� Q�
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FX�D�W �F K ( ) ( )� �ψ ψ ���ÖÑ F�W �Q K�W KHR �EL H�X�W K�ÛF�VD X��D ���WUR QJ�WU�Ö �QJ�KÖÑS�ER��TXD�W �ÖQJ�WDÛF�&RX OR PE�JL�� D�FD ÛF�

�LH� Q�W ���
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��ÖÑF�JRÑ L�OD��KD� P�*UHHQ �FX�D�N K��� LH� Q�W ���N KL�E R� �TXD �W �ÖQJ�W DÛF�& R XOR PE �JL ��D�FD Û F��L H�Q�W �� ��� R� L�NKL�FR� Q�

��ÖÑF� JRÑL �O D�� KD� P� * UH HQ�FX �D��L H�Q �W ��� W�Ñ �G R� WURQ J� P DÑ QJ�W L QK�W KH� �
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W UÔ �ULH �QJ��α�
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7��� QJX�H� Q�O �Û� W DÛ F�GX ÑQJ� F� ÑF� W UÔ

� � � � � � � � � � � � �
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7KD� QJ� JLD ÛQJ �FX� D� W U�Ö�QJ� ( )�ϕ � TXD QK� WU�Ö� QJ� F�ÑF� W UÔ � ( )� �ϕ � ��ÖÑ F�G LH� Q��D Ñ W� EÖ�L �K D� P

� � � � �� � � � �
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3 KL H�P �K D� P� WDÛ F�GXÑ QJ� ��ÖÑF� EL H�X� GLH �Q� WKHR � ( )�ζ � QK�� VD X�

� � � � � � � �

3 K�ÖQJ �W U�QK� �R�QJ� O �ÑF� FX�D � WU�Ö� QJ� ( )�ζ � OD�

� � � �� � � �
� � � �

7URQJ �FDÛ F�ED�L �>��� ���� ��FD ÛF �WDÛF�JL D���D ��FK� ÛQJ�P LQK �UD� QJ�WUR QJ�W U�Ö�Q J�KÖÑS�NK ���L H�Q�W �� �OL QK�KR DÑ W�W URQJ�NL P�

O RDÑ L� �R ÂQJ� FKD� W �N� FK�W K�ÖÛF� NKR �QJ� JLÖ ÛL �KDÑQ� WKHR �F D� �ED �FKL HÂX �W� ��S K�ÖQJ�W U�Q K��R �QJ �O� ÑF���� ��VX�� UD� FR� QJ�W K�Û F�

W DÛQ� VD �F� FX�D� WD ÂQ� VR�� ( )�ω � FX� D� SO DVPR Q�YÖ ÛL �YHFWÖ� VRÛ QJ� FRÛ � JLDÛ� WUÔ � ED� QJ�N� Ö� �QKL H�W � �R� � �� = �

� � � � � � � � � � �
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W URQJ� �RÛ

� � �

+ D��� [HP � ( )�σ ω% � � O D� �EL H� Q��R�L � )RX ULHU� FX�D� PR�W � WU�Ö� QJ�Y R� �K� ÖÛQJ
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3 KL H�P�K D� P� WDÛ F�GXÑ QJ� FX�D�W U�Ö� QJ�YR� �K�ÖÛ QJ� ( )�σ � FRÛ� EL H�X� WK� ÛF�

� � �� � � �

GR� �R Û� WU�Ö �QJ� ( )�σ � FRÛ� /DJ UDQJ LDQ� VDX� �D ���

� � �� � �

� �� ��

& DÛF� FR �QJ� W K�ÛF� ����� YD �� ����� KRD�Q � W R D� Q� W �ÖQJ� W �Ñ� QK�� FD ÛF� FR�QJ� W K�ÛF� [D ÛF� �Ô QK� SKLH� P� KD �P� WDÛF� GXÑ QJ� YD� �
/DJUD QJL DQ� FX� D� W U� Ö�QJ� O� ÖÑQJ� W� �� YR� �K� ÖÛQJ� W� ÖQJ�� R� L� W�Q K� .O HL Q��� *RUG RQ�>��� � ����

� H� �P LQ K�K RÑ D�SK�ÖQ J�SK DÛ S�F KXÛQJ�W D��D��[HÛ W�N���W U� Ö�QJ �KÖÑ S��ÖQ�JLD�Q �QKD� W� �N K���L H�Q�W ���WURQJ�NL P�ORD ÑL��RÂ QJ�
FKD� W� N� FK� W K�ÖÛ F� YR� � KD ÑQ� � 3K� ÖQJ� SKD ÛS� W �Q K� WR DÛQ� W U�QK� ED� �� Ö�� W UH �Q � FRÛ � WK H�� DÛS� GXÑ QJ� FK R� FD ÛF� KH �� �L H�Q� W ��� W URQ J�
FDÛ F�FD � X�W UXÛF� NL P� ORD ÑL�N� FK� WK� ÖÛF� QDQ R� �

�H���������

; XD �W � SKDÛW � W ��� E LH� X� W K�ÛF� � D� � EL H�W � FX�D � SK LH� P� K D� P� W DÛF� G XÑQJ� F X�D � NK� � �L H�Q� W �� � OLQ K� KR DÑW � W URQJ � NLP� O R DÑ L� Ö �� QKL H�W �
�R� �7 �� � ED�QJ � SK�ÖQJ� SKD ÛS � W� FK� SKD �Q� SK LH� P� KD�P � FKXÛ QJ� W D� �D �� WKL H�W � OD� S� ��ÖÑF � PR �W � FD ÛFK� FK� QK� [D ÛF � SKLH� P�
KD� P� WDÛF� GXÑQ J�FX� D� PR�W �W U�Ö� QJ�O �ÖÑQJ� W� ��YR� �K�ÖÛ QJ�P D� �FD ÛF �WRD ÛQ� W�� �VL QK�K DÑ W�YD� �KX� ��KDÑW �FX �D�W U�Ö�QJ� QD� ��FK �QK�

O D�� FD ÛF� W RDÛ Q� W ��� VL QK� YD �� KX� �� SO DVP RQ�� 7 URQJ� W U�Ö� QJ� KÖÑS � NK�� �L H� Q� W�� � WURQJ� NL P� OR DÑL � �RÂ QJ� FKD�W � FRÛ� N�FK � W K�ÖÛF�

NKR� QJ� EÔ � JL ÖÛL � KD ÑQ� �D� � W KLH� W� O D�S� F R� QJ� W K�ÛF� WD ÛQ� VD� F� FX� D� W DÂQ� VR � � SO DVP RQ� ( )�ω � YD� � W KX� ��ÖÑ F� FR�QJ� WK�Û F� W D� ELH� W�

W URQJ� O�Û � W KX�H� W� KL H�Q� KD �QK� � 3 K�ÖQJ� SKDÛS� O D� S� OX D�Q� YD �� W�Q K� WRD ÛQ� ��ÖÑ F� �H Â� [XD� W� W URQJ � ED�L � QD� �� F RÛ � W KH� � DÛS� GXÑ QJ�
�H�� QJKL H�Q� F�ÛX� FD ÛF� YD �Q� �HÂ� NKR Û� KÖQ� QKL HÂX� WKH R� KD L� K�ÖÛQ J�VD X� �D� ��

�� 0R� W� O D� �� DÛ S� GXÑQJ� YD �R�W U� Ö� QJ�K ÖÑS� NK�� �L H�Q� W ��� WURQ J� FDÛ F� FD� X�W UXÛF �NL P� ORD ÑL� N�FK�W K�ÖÛF� QD QR�

�� + DL�O D� �� QJ KLH� Q� F�ÛX� W �ÖQJ� W D ÛF� FX� D� SO D VPRQ� YÖÛ L� FD ÛF� FK XD� Q� KD ÑW �N KDÛ F�� W KL H�W � OD�S� UD � FD ÛF� + DPL OW RQ LDQ � W�Ö QJ�
W DÛF� KL H�X� GXÑQJ �PD� �W URQ J�O RDÑ W� ED�L �> ������FD Û F�W DÛ F� JLD�� JL D� �W KLH �W �O D� �F RÛ �P R�W �GDÑQ J��ÖQ� JL D� Q�Q D� R� �RÛ� �� � ��
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>�� �. HO OH�� �� 0����� � ���1DQR�/HWW���� �� � ���
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>�� �)RK D QJ�1�7� �3 DUN� 7�+��1 HXP D QQ�2� �0 LU LQ �1 � �� �1 RUOD QGHU �3�DQG �+ D OD V�1� -��� ��� ���1DQR�/HWW��� ���� ���
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