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& D�P �EL H� Q��� ÖÑF� FRL� OD�� N�� �W KXD �W �QHÂ Q� WD�QJ �FKR� V�Ñ� SKD ÛW �
W ULH �Q� FX� D� NKR D� K RÑ F� YD� � FR� QJ� QJKH� � KL H� Q� �DÑ L� � ��ÖÑF� �DÛQK�
JLD Û� OD �� PR� W� W URQ J� P �Ö�L � FR�QJ� QJ KH�� O D� P � WKD� � �R �L � FXR �F�
VR� QJ� �% H�Q� FD ÑQK� V�Ñ �FR Û �P D� W �FX� D� FD ÛF� O RDÑL � FD� P� EL H�Q� W URQJ�
FDÛ F� QJD � QK� FR�Q J� QJKL H� S�� FD� P� EL H�Q� �ÛQJ� GXÑ QJ� W URQJ� �Ö� L�
VR� QJ� QK�� PR�W � W KLH� W� EÔ� G D� Q� GXÑ QJ� �D �� YD �� �DQ J� KLH �Q� GL H�Q �
QJD� ��P R�W �QK LHÂ X�KÖ Q���R Û �FR Û�W KH��OD��FD ÛF�FD �P �EL H�Q�JL D�W R� F��
FD� P� ELH� Q� DÛQ K� VD ÛQJ� � FD � P� ELH� Q� NK RD �QJ� FD ÛFK� � FD �P� EL H�Q �
O �Ñ F� YD �� FRQ � TXD�� KR ÂL � FK X�H�Qg � WURQ J� FDÛ F� W KLH� W� EÔ � GL � �R�QJ�
W KR�QJ �PLQ K��FD �P�ELH� Q�O�X�O �ÖÑQJ� �FD �P �EL H� Q�DÛS �VXD� W� �F D� P�
ELH� Q�QKL H�W ��R � g �W URQJ� R� W R� �� FD� P� ELH �Q�E DÛ R� FKDÛ�� �FD �P �EL H�Q�
FK X�H�Q� �R�QJ� �FD �P �EL H�Q �TXD QJ�KR Ñ F�W URQJ� YD �Q�SK R� QJ�YD ��
JLD � ��Q Kg� &RÛ� W KH�� W KD��� UD �QJ �� FD �P � EL H�Q� �R � O �Ö�QJ� FD ÛF � �DÑ L�
O �ÖÑ QJ� YD �W � O�Û � �D�� FRÛ � QK� �QJ� E�ÖÛF� SKDÛW � W ULH� Q� PD ÑQK� PH� � YÖÛ L�
�R� � WLQ � FD ��� FD R�� QKR � � JRÑ Q� YD �� JL DÛ � WK D� QK� QJD ��� FD �QJ � JLD�P � �
7URQJ �NKL ��RÛ ��FD �P �E LH� Q�VL QK�KRÑF�YD �Q�FR�Q�Ö��QK�� QJ�E�ÖÛF�
QJKLH� Q� F�ÛX� NKÖ� L� �D ÂX� � �R� L� KR�L � V�Ñ � � DÂ X� W �� � QJK LH� Q� F� ÛX� �H��
ELH� Q� FD Û F� �Û � W �Ö� QJ� W KD�QK� FD ÛF� VD �Q� SKD �P � �Û QJ� GXÑQJ �� SKXÑF �
YX Ñ� �Ö�L� VR� QJ� � % D�L � YL H�W � QD��� JLÖÛ L� W KLH �X� WR �Q J� TX DÛ W� YHÂ � W �QK �
K�QK� QJKL H�Q� F�Û X�� FD �S� QKD�W � [X � W KH�� SKD ÛW � W ULH �Q� FX �D� FD� P�
ELH� Q�VL QK� KRÑF� WUH� Q�W KH� �JL ÖÛL� FX�QJ� QK�� WDÑ L� 9L H�W � 1DP� �

���P��LH���VL�K�KRÑ�������H�������Y��������G�Ñ��

1 H� X� Q K�� F D� P� EL H�Q� KR ÛD� KRÑF� V��� GXÑ QJ� FDÛ F� YD� W� OLH� X� YD� �
N��� W KXD� W� � R� W K�F K� KÖÑS� QKD � P� SKD ÛW � KL H�Q� FD ÛF� GD ÑQ J� FKD� W�
KRÛ D� K RÑ F�� W K� � FD �P � ELH� Q� VL QK� KR ÑF� V�� � GXÑ QJ� PR� W� KD �� QKL HÂX�
W DÛF� QKD �Q� VLQ K� KRÑ F� QK� � PR� W� �H� X� W R �� QKD �Q� ELH� W� FD ÛF� GDÑQJ�
FK D� W� KR ÛD� KRÑF � YD �� FD� � FD ÛF� GDÑQJ� VLQK� KRÑF� QK�� YL � N KXD� Q� �
YL� UXÛW � � FKXR � L� �' 1 � KD �� NKD ÛQJ� QJX�H �Q� �� N KDÛ QJ� WKH� �� 0R� W�
GDÑ QJ� ��ÖÑ F� FR L� O D� � FD �P � ELH� Q� VL QK� KR ÑF� �ÖQ � JLD �Q� Q KD� W� �D � �

1JKLH�Q�F�ÛX�YD��SKDÛW�WULH�Q�FD�P�ELH�Q�VLQK�KRÑF�WDÑL�9LH�W�1DP��
KLH�Q�WUDÑQJ�YD��WULH�Q�YRÑQJ�

��5�������0���������/�0���(�
���5�05��5��0�����0�/�������0��
5�������0��0�����5����5�

���������������������������������
��PP���

:LWK� WKH� UHFHQW� DGYDQFHV� RI� PLFUR� DQG�
QDQR�WHFKQRORJ���ELRVHQVRU�KDV�LQWHUIHUHG�
�LWK� WKH� QDQRWHFKQRORJ�� DQG� FUHDWHG� D�
QH�� DUHD� FDOOHG� QDQRELRVHQVRU� �KHUH�
�H� FDQ� VHH�ELRVHQVRUV� DW� WKH�QDQR�VFDOH�
GLPHQVLRQV�� 1R�DGD�V�� QDQRELRVHQVLQJ�
SURVSHFWV� KDYH� SHQHWUDWHG� LQ� WKH� ILHOG� RI�
PHGLFDO�� ELRORJLFDO� DQG� HQYLURQPHQWDO�
DSSOLFDWLRQV�� ,Q� WKLV� FRQWH[W�� UHVHDUFK�
DQG� GHYHORSPHQW� RI� ELRVHQVRUV� DQG�
QDQRELRVHQVRUV�LQ�9LHW�1DP�KDV�DFKLHYHG�
HQFRXUDJLQJ� UHVXOWV�� 6RPH� SURPLVLQJ�
UHVHDUFK� WHDPV� KDYH� EHHQ� HVWDEOLVKHG��
1HYHUWKHOHVV�� WUDQVIRUPLQJ� SRWHQWLDOLWLHV�
LQWR�XVHIXO�WHFKQRORJLFDO�SURGXFWV�UHTXLUHV�
WKH�FRQWLQXRXV�HQGHDYRXU� IURP�VFLHQWLVWV�
DQG� WKH� VWURQJ� VXSSRUW� IURP� PDQDJLQJ�
DXWKRULWLHV�� 7KLV� DUWLFOH� SUHVHQWV� DQ�
RYHUYLH�� RQ� FXUUHQW� VLWXDWLRQ� DQG� IXWXUH�
SHUVSHFWLYHV�RI�UHVHDUFK�DQG�GHYHORSPHQW�
RI�ELRVHQVRUV�

.H��R UG�� �ELR� HQ�RU ��QD QR�H FKQROR ���

�OD�� LIL FD�L RQ�QX PEHU����

9ÖÛL�V�Ñ�WLH�Q�ER��JD�Q��D���FX�D�FR�QJ�QJKH��PLFUR���QDQR��FD�P�ELH�Q�VLQK�KRÑF��D��JLDR�WKRD�YÖÛL�FR�QJ�QJKH��
QDQR�YD��WDÑR�UD�PR�W�O�QK�Y�ÑF�PÖÛL�OD��FD�P�ELH�Q�QDQR�VLQK�KRÑF���FD�P�ELH�Q�VLQK�KRÑF�Ö��N�FK�WK�ÖÛF�QDQR���
1JD���QD���FD�P�ELH�Q�QDQR�VLQK�KRÑF��D��WKD�P�QKD�S�YD�R�FDÛF�O�QK�Y�ÑF��ÛQJ�GXÑQJ���WH���VLQK�KRÑF�YD��PR�L�
WU�Ö�QJ��7URQJ�ER�L�FD�QK��RÛ��FDÛF�QJKLH�Q�F�ÛX��FKH��WDÑR�FD�P�ELH�Q�VLQK�KRÑF��D��YD���DQJ���ÖÑF�FDÛF�QKD��
NKRD�KRÑF�WURQJ�Q�ÖÛF�WULH�Q�NKDL�YD��GD�Q�WDÑR�OD�S���ÖÑF�FDÛF�WD�S�WKH��QJKLH�Q�F�ÛX�QKLH�X�WULH�Q�YRÑQJ��7X��
QKLH�Q��YLH�F�ELH�Q�FDÛF�WLH�P�QD�QJ�WUÖ�� WKD�QK�QK��QJ�VD�Q�SKD�P�FR�QJ�QJKH��K��X��FK��R�L�KR�L�V�Ñ�QR�� O�ÑF�
NKR�QJ�QJ��QJ�QJK��FX�D�FDÛF�QKD��NKRD�KRÑF�YD��FD��V�Ñ�KR��WUÖÑ�PDÑQK�PH��FX�D�FÖ�TXDQ�TXD�Q�O�Û��%D�L�YLH�W�
WU�QK�ED���PR�W�FDÛL�QK�Q�WR�QJ�TXDÛW�YH��FD�P�ELH�Q�VLQK�KRÑF��KLH�Q�WUDÑQJ�YD��WULH�Q�YRÑQJ�WURQJ�QJKLH�Q�F�ÛX�
YD��SKDÛW�WULH�Q�O�QK�Y�ÑF�QD���

7��� NKRÑ D��F D� P�EL H�Q ��LQK �KR� F��F R�Q� �Q�KH ��Q DQR�

�K�� �R�� SKD� Q�OR D�L� ���

1�X�H�Q��H���X����1�X�H�Q��D�L���QK���1�X�H�Q��D�Q��QK�����D�Q��DÑL��D�P��
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��ÖÑF�DÛS�GXÑ QJ��RÛ �OD ��YL H�F�W D� Q�GXÑQJ�FD ÛF��R �L�W�ÖÑ QJ�VLQ K�
KRÑ F�� YR� Q�FR Û�FD ÛF �JLDÛF� TXDQ� QKDÑ ��FD �P �KÖQ�FR Q�QJ� Ö�L�
QKLHÂ X� OD ÂQ� � � H�� SKD ÛW � KL H�Q � FD ÛF� �H� X� W R�� QJX�� KD ÑL� QK��
YLH� F� V� �� GXÑQJ� FKL P� KR D�QJ� �H�Q � W URQ J� FD ÛF � KDÂP � OR�� �H� �
SKDÛ W� KL H�Q� FDÛ F� NK �� �R� F� Q K�� FD FERQ� P RQ R[LW �� P HWD Q� �
V��� GXÑ QJ� FD Û� KRÂ L� �H�� SK DÛ W� K LH� Q� R �� QKL H� P� Q�Ö ÛF� � KD �� V���
GXÑQJ� FK RÛ � �H�� � DÛ QK� KÖL � SKDÛ W � KLH� Q� KD� � ODÂQ � WKHR � GD �X�
YH�W �W R �L�SKDÑP �

1 D�P � �� ���� ODÂQ � �D ÂX� W LH� Q� NKD Û L� QLH� P� YHÂ � FD �P � ELH� Q�
VLQK� KR ÑF� KLH� Q� � DÑ L� �D� � �� ÖÑF� KDL� * 6 � /� &� � & ODUN� YD �� & � �
/�RQ V��HÂ �FD �S��H�Q �W URQJ �ED ÛR�FD Û R�YHÂ�FKH� �W DÑ R��L H�Q�F�ÑF�
GX�QJ�HQ]�P �JO XFR ]Ö�R[L GD] D��H���Ô QK�O �ÖÑ QJ�JO XFR]Ö� �
7��� �R Û� W ÖÛL� QD� �� FKX� � �LH� P� FD � P� EL H�Q� VL QK� KR ÑF� �D�� W UÖ��
W KD �QK� PR� W� WURQJ�Q K��QJ� QR �L�GXQJ� QJKLH �Q�F �ÛX� QR� L� ED�W �
W KX� KXÛ W� � �ÖÑF� QKL HÂ X� QKR ÛP� QJKLH �Q� F�Û X� YD �� SKD ÛW � WUL H�Q �
FR� QJ�QJKH��W KXR�F�QKL HÂX�O� QK�Y�ÑF �W KDP�JL D� �' X� ��D��KÖQ�
���QD �P��QK�QJ�WK�Ñ F�V�Ñ �FD �P �EL H� Q�VL QK�KR Ñ F�YD �Q��DQJ �
Ö�� Q K��QJ� E�ÖÛF � �L � EDQ � �D ÂX� QKD �P � W LH� Q� W ÖÛL � �Ö ÛF� P Ö� WUÖ� �
W KD �QK�P R� W�SK�ÖQJ�SKDÛS�SKD �Q�W� FK�PÖÛ L� �W KD ��W KH��P R� W�
SKDÂ Q� KD� � WRD �Q� ER� � FK R� FDÛ F� W KL H�W � EÔ � YD � � SK�ÖQJ � SKD ÛS�
SKD� Q� W�FK � WUX �HÂQ� W KR� QJ� YR �Q� FR Û� JL DÛ� WK D� QK� FDR� � WR �Q�
QKLHÂ X� W KÖ�L � JL DQ�� YD� Q� KD � QK� SK�Û F� W DÑ S� � V�� � GXÑ QJ� QKL HÂX�
GXQJ� PR�L � �K RÛ D� FKD � W� � 9ÖÛ L� V�Ñ �S KDÛ W� W ULH� Q� FX�D � NKRD� KRÑ F�
YD� �FR�QJ�Q JKH��QD QR� �FR�QJ�QJK H��VL QK�KR ÑF �QDQ R� �FR�QJ�
QJKH�� YL� FÖ��L H� Q�W ��g �Y D� �V�Ñ �JL DR� WKR D�QJD��� PR� W� PDÑQK�
PH � � FX �D� FD Û F� QJ D� QK� NKRD� KR ÑF� � YLH� F� QJKLH� Q� F�ÛX� YD ��
SKDÛ W� W ULH� Q� FD ÛF� W KH�� KH� � FD� P� EL H�Q �KR Û D� �� VL QK� QJD ��� P R� W�
W L QK�Y L� YD� �K LH� X�TXD � �KÖQ� �

0R �W � FD ÛFK� FÖ�E D�Q� � FRÛ� W KH� � KLH� X� FD �P� EL H�Q� VLQK� KRÑ F�
KRDÑW �� R� QJ�G�Ñ D�W UH �Q�YLH� F��R��W U� ÑF �WL H� S�KRD �F�J LDÛQ�WLH �S ��
FDÛ F� W�ÖQJ � W DÛF� JL ��D� WKD �QK � SK DÂ Q� VLQK� KR ÑF � �S KDÂ Q� W �� �
GR� ���� ÖÑF�JD �Q�NH�W �WUH � Q�E HÂ�PD �W �FD� P�EL H�Q�YÖÛ L�WDÛF �QKD � Q�
FDÂ Q� SKDÛ W� KL H�Q� �SKDÂQ� W ��� �� FK� �� 7KD �Q K� S KDÂ Q� VLQK� KRÑF�
��ÖÑF�V�� �GXÑQJ �F KX���H� X�OD��HQ] � P� ��' 1� ��5 1 ��NKDÛQJ�
QJX�H�Q���NKDÛQ J�WKH� ��0 R�L �SK DÂ Q�W�� �QKD� Q�EL H�W �V LQK�KRÑF �
NKDÛ F�QK DX�FK� �FKR �SKHÛS�QKD�Q�EL H�W �PR �W �O RDÑL ��R� L�W �ÖÑQJ�
SKD� Q� W �FK� � QH� X� NKR �QJ � SKX�� KÖÑS� YÖÛL � WK D� QK� SKDÂQ� FD� P�
QKD� Q� VLQK� KRÑ F� W K� � NK R� QJ� FRÛ � V�Ñ� W KD�� �R �L� W� Q� KLH �X� Ö��
�DÂ X� UD � F X�D� FD �P � ELH� Q�� & K�QK� Y� � YD ��� � FD� P� EL H�Q� VLQK �
KRÑ F� FRÛ � �R �� FK RÑQ� O RÑ F� UD� W� FD R�� ' �ÑD� YD� R � ED � Q� F KD� W� FX� D�
W KD �QK� SKDÂ Q� QKD �Q� E LH� W� VL QK� KR ÑF � FRÛ � W KH�� SKD � Q� ELH� W�
FDÛ F� O RDÑ L� FD� P� EL H�Q� � �RÛ� OD� � FD �P � EL H�Q � HQ]�P� �H Q]�PH�
VHQVRU� �� FD � P� ELH� Q� � '1 � �' 1� � VHQVRU �� � FD �P� EL H�Q�
PL H�Q� GÔ FK� �LP P XQR VHQVRU� � KD� � FD �P � ELH� Q� DS WD PH �
�D SW DV HQVRU �� � 7�ÖQJ� WDÛF� JL ��D � W KD �QK� SKDÂQ� VLQK � KR ÑF�
YD� � WDÛ F� QKD �Q� FD ÂQ � SKDÛW � KLH �Q� VH� � JD ��� UD � V�Ñ � W KD�� �R� L�
FDÛ F� W � Q� KL H� X� KRD Û� �� VLQK � YD �� ��ÖÑ F� QKD� Q� ELH� W� ED �QJ � FD ÛF�
N��� W KXD� W� NKD Û F� Q KDX� QK� � TX DQJ� KR Ñ F�� �L H�Q� KR ÛD� � NKR� L�
O� ÖÑ QJ�� W�� � WU�Ö �QJ� �� � � D� �� OD� � PR�W � W URQ J� QK�� QJ� �H�X � WR��
TXDQ�WURÑ QJ�D�QK�K�Ö�Q J��H� Q��R ��QKD Ñ��Y D� �W �QK�KLH� X�TX D� �
FX�D� FD �P� EL H� Q�� 0R �L� N�� � W KXD�W � �HÂ X� FRÛ� QK�� QJ� �X� �LH� P�
YD� �QK�ÖÑ F��L H�P�ULH �QJ� �W X���W KXR �F�YD� R�QK��QJ ��LHÂ X�NLH �Q�
FXÑ�W KH��P D��FR Û�W KH��D Û S�GXÑQJ�ULH � QJ�UH ��FD ÛF�N ���W KXD �W �KRD�F �
NH�W �KÖÑ S� FKXÛQJ� O DÑ L� �H� ��HP �O DÑL �KL H�X �TXD �� W R� L� �X� >�� �

1 JX�H� Q� O�Û � �R � �L H�Q� KRÛD � Y D� � QJ X�H �Q� O�Û� TXD QJ� K RÑ F�
O D�� KD L� FD ÛFK� WL H�S � FD �Q� NKDÛ� W KD� QK� FR� QJ� WUR QJ� FKH� � W DÑ R�
FD� P� E LH� Q� VLQ K� KR ÑF� GD� Q� GXÑ QJ�� 6D �Q� SKD� P� TXH� W K���
QKDQK � G�Ñ D� WKHR � QJX�H�Q� O� Û� FK �� W KÔ � PD� X� FR Û � W KH�� TXDQ�
VDÛ W� ��ÖÑF � ED �QJ� P D� W� WK� Ö�QJ� OD �� PR� W� GD ÑQJ� FD �P� EL H�Q�
�ÖQ� JLD�Q� PD� � KLH� X� TXD �� �D� � ��ÖÑF� �Û QJ� GXÑQJ� QK� � VD �Q �
SKD� P� W K�ÖQJ� PDÑ L� � 4XH� W K��� GDÑQJ� NL H�P � WUD � QKDQK �FRÛ �
FD� X�W DÑ R�YD ��FDÛ FK�V�� �GXÑ QJ�UD� W��ÖQ�JL D �Q� �FK� �G�Ö ÛL�GD ÑQJ�
P R�W �uTXH�QK XÛQJv�FRÛ �N�FK �WK�Ö ÛF��[�� FP� �FKR�NH� W�TXD � �
QKDQK � W�� � �� ��� S KXÛW �� F RÛ � WK H�� V�� � GXÑ QJ� �H� � NLH �P � WUD � W DÑ L�
KLH� Q� W U� Ö�QJ �� & DÛF� TXH� W K��� QD ��� �D� � YD �� �DQJ � ��ÖÑ F� FD ÛF�
QKD� � NKR D� KR ÑF � W DÑ L� 9LH �Q� +D�Q � OD� P� .KR D� KR ÑF � YD �� &R �QJ�
QJKH�� 9LH � W� 1DP � YD �� &X ÑF� +RÛD � VLQK� YD �� WD �L� OLH �X� QJKL H�S�
YXÑ� �% R� � &R� QJ� DQ �� Q JKLH� Q� F� Û X� YD� � FKH� � WDÑR� YÖÛ L� QKL HÂX �
FKX�QJ� O RDÑ L� VD� Q� SKD�P � NKD ÛF� QK DX� � � RÛ � OD�� FDÛ F� TXH� W K���
SKDÛ W� KLH� Q�P D� WXÛ ��� �R� F�W R� �W URQ J�YL� NKXD�Q�W XÑ �FDÂ X�YD �Q J�
�6WDSK�ORFRFXV� DXUHXV�� � (�FROL� � 6DOPRQHOOD� � YL� UXÛW �
�R� P� W UD �QJ� W UH�Q � WR �P� �� � YD �� JD ÂQ� �D� �� OD � � TXH� W K��� QK DQK�
XQJ� W K�� J DQ� � 1 JX�H� Q� O�Û� FX�D � TX H� W K��� QKD QK� O D� � G� ÑD �
W UH � Q�N�� �W KXD�W �VD �F �N�Û �PLH� Q�GÔFK��Ô QK�W �Q K�ED �QJ �SK�ÖQ J�
SKDÛ S�GR � QJ�FK D� ��P R�W �FKL HÂX� � �H� �SKDÛW � KLH� Q�V� Ñ�F RÛ �P D�W �
FX�D� NKD ÛQJ� QJX� H�Q� W URQJ � PD �X� ��H� X� W R� � OD Ñ� [D �P� QKD �S�
YD� R�FÖ�W KH��� �W UH � Q�NL W ���Ö ÑF�SKX� �P R�W �O ÖÛS �NKDÛQ J�W KH� ��Ö Q�
GR� QJ�NKDÛQJ �NKDÛQJ�QJ X�H�Q�Ö ��NKR DQJ�JD �Q�N H�W ��7 UR QJ�
TXDÛ �W U�QK� SKD� Q��Û QJ� �PD� X�SKD �Q� W� FK�W KD� P� WKH R� PD �QJ�
YD� �GL �FKX�H� Q�QK Ö��FDÛ F�PD R�GD � Q��JD �S�YD ��SKD �Q��ÛQJ �YÖÛ L�
FDÛ F� NKDÛQJ� W KH�� W UH�Q � O ÖÛ S� PD�QJ � Y D� � WD ÑR� UD � YDÑ FK� P D� X��
6 �Ñ � FRÛ� PD�W � FX� D� YD ÑFK� PD �X� Ö�� � �Ö�QJ� YD ÑFK� WK�� � �W HVW �
O LQ H����NH�W �TXD��FX �D�SKD �Q��Û QJ�JL ��D�NKD ÛQJ�QJ X�H�Q�YÖ ÛL �
SK�ÛF� KÖÑ S� NKD ÛQ J� W KH�� �D �F� KL H�X� JD�Q� KDÑ W� QD QR� YD �QJ �
[D� ��UD���FK R�EL H�W �NH� W�TXD � �G�ÖQJ�W �QK� �QJ�ÖÑ F�OD Ñ L�W URQ J�
W U� Ö� QJ� KÖÑ S� NKR �Q J� FRÛ� YD Ñ FK� P D� X� Ö� � YX�Q J� QD ��� O D�� NH �W �
TXD� � D�P � W� QK�� 0R� W� YD ÑFK� PD�X � OX R�Q� OXR�Q� [XD �W � KL H� Q� W DÑ L�
��Ö�QJ� YD ÑFK� FK�Û QJ� �FR QWUR O� OLQ H�� FKR� E LH� W� SK�Û F� KÖÑS�
NKDÛ QJ� W KH�� �D�F� K LH� X� JD�Q� KDÑW � QD QR� YD� QJ� NKR �QJ� W KD P�
JLD� SKD �Q � �ÛQJ � �GR � NKR�QJ � FRÛ� NK DÛ QJ� QJX� H�Q� � K RD �F�
�D� � SKD �Q� �ÛQJ� �Q K�QJ� YD �Q� FR� Q� G�� NKD ÛQJ� W KH� �� YD �� QK��
YD� �� VH�� NK D� QJ� �ÔQ K� W� QK� [D ÛF� W K�ÑF� F X�D� TX�� W U� QK� SKD � Q�
�ÛQJ� � �X� �L H�P � FX�D � NLW� W K�� � QKDQ K� OD�� WLH �Q� O ÖÑL � YD �� QKD QK�
FKRÛ QJ� � WX�� QKL H� Q�� FK� � PDQ J� W �Q K� �ÔQK� W � QK�� 1 JR D� L� UD ��
GR� �R �� QKD Ñ�� YD� � �R� � �D �F� KL H�X� NKR�QJ� FD R� QH� Q� QKL HÂ X�
W U� Ö� QJ�KÖÑ S�NL W� FKR�NH�W �TXD � �NKR�QJ� FK�QK� [D ÛF� �WK �Ö�QJ�
O D�� G�ÖQJ� W� QK� JLD��

+�QK����PR��WD��PR�W�ER��TXH�WK���QKDQK
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& D�P � ELH� Q� VLQK � KR Ñ F� � LH� Q� KRÛ D� FRÛ � W KH� � P XD� WUH� Q� WKÔ �
W U�Ö� QJ�KL H�Q�QD� �OD� �ER ��WKL H�W �EÔ ��R ��� Ö�QJ�KX�H�W �YÖÛ L�JLDÛ �
W KD�QK� NKR D�QJ� KÖQ� � � W ULH� X� �RÂQ J�ER � � VD �Q� SKD �P�� 7KLH �W �
EÔ� FKR � S KHÛS� �Ô QK� O�ÖÑ QJ� W�Û F� W KÖ� L� KD�P � O �ÖÑ QJ� � �Ö�QJ�
W URQJ� PDÛ X� F X�D� QJ�Ö�L � EH�Q K� W DÑL � ED� W� F�Û � �D� X�� ED � W� F�Û �
W KÖ� L� �L H�P � Q D� R� P D� � NK R� QJ� FDÂ Q� SKD� L� �H� Q� F DÛ F� FÖ � VÖ� � ��
W H� �� 6 D�Q� SKD � P� O D�� P R�W � ER�� W KLH� W � EÔ� � LH� Q� W ��� FRÛ� WKH� � KL H�Q�
W KÔ � NH�W � TXD �� FRÛ� W �Q K� �ÔQK � O�ÖÑ QJ� V�� � GXÑQJ� FD ÛF � �LH� Q� F�ÑF�
GX�QJ�PR�W �O DÂQ� �0R� W�VR� �VD �Q �SKD �P �FD �P �EL H�Q�NKD ÛF�� ÔQK�
O �ÖÑ QJ�FKR O HVWH URO �KD� �D[ LW�XU LF�WURQJ�P DÛX�F X�QJ�E�ÖÛF�
�DÂ X� � �ÖÑF� JLÖ ÛL � W KLH �X� � W X�� QKLH �Q� KLH� X� TXD� � � ÛQJ� GXÑQ J�
YD� Q� FR �Q� QKL HÂX� K DÑ Q� FKH�� � & DÛ F� ER �� W KLH� W� E Ô� QD ��� O D �� VD �Q�
SKD� P� QKD�S� NK D� X� KR D�Q� W RD� Q� YD �� FK�D � VD �Q� [XD� W� ��ÖÑF�
W DÑL �9 LH �W �1 DP �

��KLH��������Y���SK������LH������P��LH���VL�K�KRÑ�

% H� Q� F DÑ QK� FDÛ F� VD� Q� SKD� P� W K�ÖQJ� PDÑ L� �D �� ��ÖÑ F�
VD� Q� [XD �W � KD� QJ� ORD Ñ W� � FDÛ F� QJKL H�Q� F�ÛX� QD�Q J� FDR� KL H�X�
QD� QJ� YD� � PÖ� � UR� QJ� SKDÑP � YL� �Û QJ� GXÑQJ � FX �D� FD� P� EL H�Q�
KRÛ D� �� VLQ K� � D� � YD � � �D QJ� W KX� KXÛW � � �ÖÑF� QKL HÂX� V�Ñ � TXDQ�
W D�P �FX�D�FD ÛF�QKD ��NKRD �KRÑF�YD ��FD ÛF�FR �Q J�W ��SKDÛW �WULH �Q �
FR� QJ�QJKH� ��' �ÖÛ L��D� ��WU� QK�ED ���P R�W �VR��K�ÖÛ QJ�QJKL H� Q�
F�ÛX� QKD �Q� ��ÖÑF� QKL HÂX� V�Ñ� TXDQ � W D�P � W URQJ � FKH� � W DÑ R�
FD� P� EL H�Q�

& DÛF�FD �P �EL H�Q�VLQK�K RÑ F�G�ÑD�W KHR �QJX�H� Q�O�Û �TXD QJ�
KRÑ F� WUH� Q� FÖ � VÖ�� FD � P� EL H�Q� W KH�� UD �Q� YD � � FR� QJ� QJKH� � V ÖÑL �
TXDQJ � W � FK� KÖÑS� V�� � G XÑQJ� KL H�Q� W �ÖÑQ J� Q K�� SKDÛ W� [D Ñ�
KX��QK� TXD QJ�� OD�Q� TXDQ J�� DÛ QK� VD ÛQJ� W�� � QJR DÑL � �� NKD ��
NLH� Q�� E�Û F�[D Ñ� KR ÂQJ �QJRD ÑL�KR D�F� W LD �OD VHU �� H�� SKD ÛW �KL H�Q�
V�Ñ� WKD �� �R� L� NKL � FRÛ� V�Ñ� W �ÖQJ� W D ÛF� JL�� D� SKD ÂQ� W� �� G R� � YD ��
SKDÂ Q� W ��� ��F K� W UH�Q� EHÂ� PD�W � FD �P � E LH� Q�� &D ÛF� FD �P� EL H�Q�
GDÑ QJ� QD��� OD�� FDÛ F� W KLH �W � EÔ � FR Û� ER� � QKD�Q� TXDQ J� �L H�Q� W �� �
FKR� SK HÛS� �R� FD ÛF� W �Q� K LH� X� YÖÛL � �R �� QKDÑ� �F DR � YD �� FR Û� W KH� �
�ÔQK�O �ÖÑQ J�PR �W �FDÛ FK�FK� QK�[DÛ F� �0 R�W �KH��FD �P �ELH �Q�V�� �
GXÑQJ�QK�� QJ�NKDÛ QJ�WKH ��FRÛ �JD� Q�FK��GD �X�KX� � QK�TXDQJ �
�ÛQJ�GXÑ QJ�FR�QJ�QJK H��[HÛ W�QJKL H� P�P LH� Q�GÔF K��D� ���ÖÑF �
SKDÛ W� WUL H�Q � W KD� QK� F DÛ F� ER �� NLW� YÖÛL � TX�� W U� QK� FKXD�Q� KRÛ D�

�D� � ��ÖÑ F� QK LHÂ X� KD�Q J� W KLH� W� EÔ � �� �� VL QK� FXQJ � FD �S� FX�QJ �
W KL H�W � E Ô� � �Û QJ� GXÑQJ� W DÑ L� FDÛ F� SKR �QJ� [HÛW � Q JKLH� P� Ö� � FD ÛF�
EH�QK� YLH� Q� � + DÂ X� KH� W� FD ÛF� FK�� GD� X� V LQK� KRÑF� V ÖÛP � FX� D�
EH�QK� XQJ� W K�� �HÂX� FRÛ� W KH�� [HÛ W� QJKL H�P� ED� QJ� N��� W KXD �W �
QD� ��� WKÖ �L � JL DQ� SKD�Q� W�FK� QK DQK� � �R � � �D�F� KLH �X� F DR� �
�� QJ� GXÑ QJ� KL H�X� �ÛQJ� W UX�HÂ Q� QD �QJ� O �ÖÑ QJ� FR�QJ� K�Ö�QJ�
KX��QK�TXDQ J�)5( 7�G� ÑD�WUH� Q�FD ÛF�FKD� P�O�ÖÑ QJ�W ���KD��
KLH� X��Û QJ�FR�QJ�K�Ö� QJ�SO DV PRQ �EHÂ�P D� W�63 5 �FX� D�FD ÛF�
KDÑ W� Q DQR� ��ÖÑ F� N�� � YRÑQJ� �H P� O DÑL � KLH� X� TXD �� K ÖQ� W URQ J�
N��� WKXD �W � QD� ��� &DÛF� FKD�P� O�ÖÑQJ� W��� �4'V�� OD�� FDÛF� QDQR�
WLQK�WKH�� WUH�Q� FÖ�VÖ�� EDÛQ�GD�Q� ED �W��DÂX� ��ÖÑF�FDÛF� QKD��YD�W�
O�Û� FKXÛ� �Û� WÖÛL� W��� ED� WKD�S� N��� JDÂQ� �D��� EÖ�L� FDÛF� W�QK� FKD�W �
O�ÖÑQJ� W��� �D�F� ELH�W� FX�D� FKXÛQJ�� 9ÖÛ L� W� QK� FKD �W � TXDQ J� O�Û� �
�D� F� EL H�W � O D� � SKDÛ W� K X��QK� TXDQ J� SKXÑ � W KXR �F� Y D� R� N�FK �
W K�ÖÛ F�� FR Û � K LH� X� VXD� W � SK DÛ W� TXD QJ� FD R� Y D� � UD � W� EHÂ Q� QH�Q�
NKDÛ � QKLHÂ X� QJKL H�Q� F�Û X� � D� � V ��� GXÑQ J� 4 ' V� Q K�� OD�� P R� W�
FKD� W� �DÛ QK� GD � X� FKR � FD ÛF� TXDÛ� W U�QK � GR �� W �P� W �ÖQJ� WDÛF�
VLQK� K RÑ F�� 9ÖÛ L� V� Ñ� FK �Û F� QD �QJ� KRÛ D� EHÂ� PD�W � FD ÛF� 4 ' V�
�& G6 ��&G 6H�� �FD Û F�4 'V�QD ���FRÛ�WKH ��SKD� Q�WDÛQ�W R� W�WUR QJ�
Q�ÖÛF�YD � �W�ÖQ J�WK� FK�VL QK�KRÑ F��& DÛF�4 'V� NKL�� RÛ ���ÖÑ F�
JD� Q� YÖÛ L� �' 1 �� NKDÛ QJ� W KH� � KD� � HQ ]�PH� QKÖ� � O LH� Q� NH� W�
FR� QJ�KR ÛD�WUÔ � �. KL �FRÛ �V�Ñ �W �ÖQJ�W DÛF��D �F�KL H� X�FX�D �SKD ÂQ�
W �� � VLQK� K RÑ F� GR�� YÖÛ L� �� FK� VH� � JL� �� FD ÛF� FKD � P� O �ÖÑQJ� W �� �
OD ÑL� WUH� Q� EHÂ� PD� W� �H� �� 7� Q� KLH� X� KX��Q K� T XDQJ� NKL � �R Û� VH� �
��ÖÑF� V��� GXÑQJ � QK�� W� Q� KL H� X� FK� � W KÔ� V�Ñ� FRÛ� PD �W � FX� D�
W DÛF� QKD�Q � � �FK� W URQ J� PD �X� � 0R� W� N�� � W KXD�W � QD �QJ� FD R �
W URQ J� �ÛQJ� GXÑ QJ� 4 ' V� W URQJ� SKD� Q� W� FK� �� VL QK� �R Û� OD��
V�Ñ�WUX�HÂQ�QD�QJ� O�ÖÑQJ�FR�QJ� K�Ö�QJ� )�UVW HU� KD�� WUX�HÂQ�
QD�QJ�O�ÖÑQJ�FR �QJ�K�Ö�QJ�KX��QK� TXDQJ��)5(7��� )5(7�
��ÖÑF� �ÛQJ� GXÑQJ� WURQJ� FDÛF� FD�P� ELH�Q� VLQK� KRÑF� �H�� �R�
NKRD�QJ�FDÛFK�YD��SKDÛW�KLH�Q�FDÛF�W�ÖQJ�WDÛF�SKD�Q�W����%H�Q�
FDÑFK��RÛ��)5(7�FR�Q���ÖÑF�V���GXÑQJ��H���R�NKRD�QJ�FDÛFK�
JL��D�FDÛF�YX�QJ�WURQJ�PR�W�SURWHLQ�YD��GR��RÛ�FRÛ���ÖÑF�FDÛF�
WKR�QJ�WLQ�YHÂ�FD�X�K�QK�FX�D�SURWHLQ�� ��

+ L H�X� �Û QJ� FR�QJ � K�Ö�QJ � EHÂ� P D�W � SODV P RQ� �6 3 5�� OD� �
PR �W �N�� �W KXD�W �NK DÛF�WUR QJ�FD � P�E LH� Q��R �W KHR �QJX�H �Q�O �Û�
TXDQJ �KRÑ F��.K L�WD Â Q�VR� �VRÛQJ�DÛQK�VDÛQJ�WÖÛL�WUX�QJ�YÖÛL�WDÂQ�
VR�� GDR� �R�QJ� ULH�QJ� FX�D� SODVPRQ� WK�� KLH�Q� W�ÖÑQJ� FR�QJ �
K�Ö�QJ�VH��[D���UD�YD��VRÛQJ�SO DVPRQ�FR�QJ�K�Ö�QJ�VH��ODQ �
WUX�HÂQ�WUH�Q�ELH�Q�SKD�Q�FDÛFK�JL ��D��LH�Q�PR �L�YD�� NLP� ORDÑL��
KRD�F� E�ÛF� [D Ñ� UD� NKR�QJ� JLDQ� W�Ñ� GR� 635� OD �� FÖ� VÖ�� FX�D �
QKLHÂX� WKLH�W� EÔ� �R � V�Ñ� KD�S� SKXÑ� FX�D� FDÛF� YD�W� OLH�X� WUH�Q� EHÂ�
PD�W� NLP� ORDÑL� �FKX�� �H�X� OD�� YD�QJ� YD�� EDÑF� GR� KDL� NLP� ORDÑL�
QD��� FRÛ� ��QK� 635� QD�P� WUR QJ� YX�QJ� QK�Q� WKD����� +LH�X�
�ÛQJ� QD��� FX�QJ� OD�� QJX�H�Q� O�Û� FX�D� QKLHÂX� VHQVRU� FK�� WKÔ�
PDÂX� YD�� VHQVRU� GD ÑQJ� YL� O�X� �PLFURIOXLGLF��� 7URQJ� FDÛF�
VHQVRU� QD���� ��QK� N�FK� WK�FK� SODVPRQ� ��ÖÑF� [DÛF� �ÔQK �
ED�QJ� V�Ñ� WKD�� �R�L� F�Ö�QJ� �R�� FX�D� DÛQK� VDÛQJ� SKD�Q� [DÑ� W ���
EHÂ�PD�W�PD�QJ�NLP�ORDÑL�WKHR� JRÛF�FKLH�X�KRD�F�WKHR�E�ÖÛF�
VRÛQJ� DÛQK� VDÛQJ�� .��� WKXD�W� QD��� ��ÖÑF� V��� GXÑQJ� �H�� TXDQ�
VDÛW� V�Ñ� WKD�� �R�L� FX�D� �R�� GD��� PD�QJ� FK�QK� [DÛF� WÖÛL� QDQR �
PHÛW��V�Ñ�WKD�QJ�JLDÛQJ�FX�D�PD�W��R��YD�W�FKD�W�KRD�F�V�Ñ�KD�S�
SKXÑ�FX�D�FDÛF�SKD�Q�W���QK��SURWHLQ���'1g

+�QK����PR��WD��PR�W�ER��WKLH�W�E���R�����QJ�KX�H�W
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/ÖÑL � W KH�� FX�D� Q JX�H�Q� O� Û� TX DQJ� KR ÑF� WURQ J� FKH�� WDÑR�
FD� P�ELH �Q�OD���R��QKDÑ ��FDR �YD� �FR Û�NK D��QD�QJ�QJKL H�Q�F�ÛX�
VD� X� YHÂ � FD ÛF� TXD Û� WU� QK� VL QK� KRÑ F� SKD� Q� W ��� � W K�� QK�ÖÑ F�
�LH� P� FX� D� QRÛ � OD� � JLD Û� W KD �QK� FD R�� YL H�F � FKX�H�Q � �R� L� W � Q�
KLH� X� W ��� T XDQJ � VD QJ� �L H�Q� �H�� K LH� Q� W KÔ� OD�P � W KLH� W� EÔ�
FD� X�W D ÑR�SK �ÛF� WD ÑS �YD �� WLH � X�W R�Q� QKLH ÂX� QD� QJ� O�ÖÑ QJ� KÖQ��
& K� QK� Y�� O H�� �RÛ� � FD �P� ELH� Q� VLQK � KRÑ F� �LH� Q� KRÛD � OD�� P R�W �
K�ÖÛQJ� QJKL H�Q� F �ÛX� � �ÖÑF� FK XÛ� � Û� KÖQ � FD �� � �D �F� E LH� W� Y ÖÛL�
FDÛ F� QKR Û P� SKDÛ W� WULH �Q � FR �QJ� QJKH� � W URQJ � P XÑF� WLH �X� FKH��
W DÑR � ��ÖÑ F� FD ÛF� W KL H�W � EÔ� QKR �� JR ÑQ� WK�Ñ F� KL H�Q� [H ÛW � QJKL H�P �
W DÑL � �L H�P � FKD� P� VRÛF� �32 & ��� &R Û� W KH�� WKD�� � UD �QJ� QH�X �
QK�� V�Ñ � W �ÖQJ� WDÛF� JL ��D � HQ]�PH � YD� � FÖ� FKD�W � OD� � SKD �Q �
�ÛQJ� R[��K RÛ D� �� NK��� � WK� �V �Ñ� OD L �KRÛD � FX�D� FDÛ F� FKXR�L ��ÖQ �
� ' 1� � KRD �F� W �ÖQJ� WD ÛF� NKDÛ QJ� QJX �H�Q� �� NKDÛ QJ� W KH� �
FX�QJ� VH� � J D� �� QK��QJ� W KD� � �R� L� P D� W� �R �� FD ÛF� L RQ � W �F K�
�LH� Q��O D� P�W KD���R �L �WUÖ� �NK DÛ QJ�KD���R ��GD �Q�FX� D�EHÂ �P D�W �
FD� P� E LH� Q� YÖÛL � PR �L� WU�Ö� QJ� �L H�Q� O�� � 1 KÖ�� �R Û �� DÛS� GXÑQJ�
QJX�H�Q� O �Û� �L H�Q� KR ÛD� VH� � QKD � Q� F DÛ F� W � Q� KLH� X� �LH� Q� VLQK �
KRÑ F�OD� �WU�Ñ F�WLH�S �QH�Q�W KL H�W �NH��V H���ÖQ�J LD�Q�KÖ Q�YD� �WK Ö�L�
JLDQ� �DÛ S� �Û QJ� QKDQ K� KÖQ�� 7X�� QKLH� Q� � FD ÛF� W�Q � KL H�X �
�LH� Q� KRÛ D� QD��� O D� � NKDÛ � QKR� � �Y� � WKH� � �R� L� KR �L � FDÛ F� N��� W KXD� W�
ELH� Q�W � QK�QD� QJ�FD R�Q KD� P�NKXH� FK��DÑ L�YD ��FKR ÑQ�ORÑF �W �Q�
KLH� X�Ö� ��D Â X�UD ��& DÛ F�N�� �W KXD �W ��L H� Q�KR ÛD�FRÛ ��R � �QKDÑ� �FD R�
QK�� YRQ �DP SH� VRÛQJ� YXR�Q J�� [XQJ� YL � SKD �Q� � WR�QJ � W UÖ� �
�LH� Q� KR ÛD� � FR�QJ� QJKH�� WUDQVLWÖ� KLH�X� �ÛQJ� WU�Ö�QJ� �)(7��
KD�� V ��� GXÑ QJ� FD ÛF� YD� W� OL H�X� QD QR� QK�� Q DQR � FD FER Q��
QDQR � YD � QJ�� QDQR � R[L W� VD� W� W�� �� YD� W� OL H�X� SR O�P H� GD �Q �
�LH� Q�FK�Û F�QD �Q Jg �OD� �P R� W�WURQ J�Q KLHÂ X�JL D�L �SKDÛS�QKD �P�
NKXH�FK � �DÑL � Y D� � W D� QJ� �R�� R� Q� � ÔQK� FKR� F D� P� EL H�Q� VLQK �
KRÑ F� � LH� Q� KR Û D� � & D ÛF� KD ÑW � QDQ R� FR Û � W KH�� ��ÖÑ F� FR L� QK� �
FKD� W� � DÛ QK� GD�X� �L H�Q � KRÛ D �� GR � FD ÛF� KDÑ W� QD QR � FRÛ� W � QK�
FKD� W� [XÛ F� W D ÛF� � Q H�Q� JL ÖÛL � KD Ñ Q� SK DÛ W� KL H�Q� ��ÖÑ F� PÖ� � UR�QJ �
KÖQ�QKLH ÂX�VR�YÖÛL �WU� Ö� QJ�KÖÑ S�NKR �QJ�FRÛ�YD �W �OLH �X �Q DQR � �
� L HÂX�QD ���OD� �GR�GLH �Q�W�FK�EHÂ�P D� W�UL H�QJ�FX� D�YD �W �O L H�X�UD �W �
OÖ Û Q�FX�Q J�QK��GR �GR � QJ�HO HFWURQ�J L�� D�E HÂ�P D�W �SKD�Q�W ���
VLQK� KR ÑF� YD �� KDW � QDQR � GH�� GD �QJ� KÖQ�

1JX�H�Q� O�Û� NKR�L� O�ÖÑQJ� WUR QJ� FD�P� ELH�Q� V��� GXÑQJ� YL�
FD�Q�WLQK� WKH��W KDÑFK� DQK� FRÛ� �X��LH�P�OD�� �R�� QKDÑ�� FDR�GR �
FRÛ�WKH��[DÛF��ÔQK���ÖÑF�FÖ��SLFRJDP�QKÖ��YD�R�V�Ñ�WKD���R�L�
WDÂQ� VR�� GDR� �R�QJ� NKL� O �ÑF� WDÛF� GXÑQJ� OH�Q� QRÛ�� /LQK� NLH�Q� YL�
FD�Q� WLQK� WKH�� WKDÑFK� DQK� FRÛ� WKH�� [DÛF� �ÔQK� UD�W� FK�QK� [DÛF�
FKLHÂX�GD���FX�D�FDÛF�OÖÛS�EHÂ�PD�W��QRÛ���ÖÑF�V���GXÑQJ�WURQJ�
QJKLH�Q� F�ÛX� FKH�� WDÑR� FD�P� ELH�Q� NK�� YD�� FD�P� ELH�Q� VLQK�
KRÑF���D�F� ELH�W�OD�� FD�P� ELH�Q� QJKLH�Q� F�ÛX� V�Ñ�ODL� KRÛD� �'1�
KD�� W�ÖQJ� WDÛF� NKDÛQJ� QJX�H�Q� �� NKDÛQJ� WKH��� 7DÑL� 7UXQJ�
WD�P� 1JKLH�Q� F�ÛX� YD�� �D�R� WDÑR� W KLH�W� NH�� YL� P DÑFK� 73� +RÂ �
&K�� 0LQK� �,&'5(&��� OLQK� NLH�Q� YL� FD�Q� WLQK� WKH�� WKDÑFK �
DQK� �D�� ��ÖÑF� FKH�� WDÑR� WKD�QK� FR�QJ� YD��E�ÖÛF� �DÂX� �D�� WK�� �
QJKLH�P� FKH�� WDÑR� FD�P� ELH�Q� PLH�Q� GÔFK� [DÛF� �ÔQK� NKDÛQJ �
WKH��NKDÛQJ�YL�NKXD�Q�(��FROL�2�����

7��� FD Û F� FD �P � EL H�Q� �Ö Q� OH �� SKD Û W� W ULH �Q� W KD �QK� G DÑ QJ�
FKXR�L � �D UUD ���� W ��� �R Û� NH� W� KÖÑ S� YÖÛL � FD ÛF� FR �QJ� QJ KH�� YL�
PD ÑFK�YD � �[���O �Û�K� QK�W KD� QK�FD ÛF�FKL S� �&D ÛF�FKL S�QD ���O DÑL �
NH�W � KÖ ÑS� YÖÛL � FR �QJ� QJKH� � YL � O�X � �PLFUR I OXL GL F�� �H �� K�QK �

W KD �QK�KH� �YL�S KD� Q�W � FK�W R �QJ�KÖÑS ��0LFUR �7RW DO��QDO �VLV �
6 �VW HP ���µ7�6 �� KD�� F R� Q� ��ÖÑF �J RÑ L� O D� � /D E�RQ�D �FKL S�
�/ 2& �� SKR � QJ� WK� � QJKLH �P �W UH�Q �FK LS�� � �� �YL � N�F K�W K�ÖÛ F��
FD� P�EL H�Q �V H��SKR ÛQJ �� DÑ L��R ��SK D� Q�JLD�L �NKR �QJ�JL DQ ��H�Q�
P �Û F� �R�� SKD� Q� W ��� � W KÖ�L � JL DQ � O� X� FX�D� FD Û F� FKD �W � SKD�Q�
�ÛQJ� UD �W � QJ D� Q� GR� N� FK� WK� ÖÛF� FD ÛF� NH� QK� G R� QJ� FKD ��� �
NKR� QJ� JL DQ� S KD� Q� �ÛQJ �� NKR �Q J� JLDQ � NKXH� FK�W DÛ Q� ��ÖÑF �
JLD�P �[XR�QJ�W R� L�W KLH� X� �7UH �Q�WK �ÑF�W H�� �YL �O� X�NK R� QJ�FKH��
YD� � �LHÂ X� NKL H�Q� GR �QJ �F KD� W� O R� QJ� W URQJ� P R�W � NKR �QJ� JL DQ �
VLH� X� QKR�� FÖ� � G�ÖÛ L� P LFU RP HW �� W KD �P� FK�� QDQRP HW� Y ÖÛL �
P R�W � WKH� � W� FK� FK�� YD �L� FKXÑF� PLFUR OLW� YD � � W KXÛ F� �D � �� FD ÛF �
SKD� Q�� ÛQJ� [XR�QJ� P LO L� JLD� ��> ���

1 JD�� � QD ��� FDÛ F � QJKLH�Q� F� ÛX� QD�� � SKD Û W� W ULH� Q� WKH R�
KDL� [ X� K�ÖÛQJ � W DÑP � J RÑ L� OD� � uSKDÂ Q� F�ÛQJ v� �KD UGZ DUH�� YD��
uS KDÂ Q� PHÂ Pv� �VR I WZ DUH�� � WUR QJ� �R Û� FKL H�Q � O �ÖÑ F� S KDÛ W�
W UL H�Q�uS KDÂ Q�P HÂP v�W D� S�W UX QJ�FKX� ��H� X�YD�R �TXD Û�W U� QK�F R ��
O D �S��LVRO DW LRQ�� �QKD � Q�EL H�W ��UHFRJQL W LR Q��YD� �NKXH� FK�� DÑ L�
F D� � Y HÂ � �R �� FK RÑ Q� ORÑ F�Y D �� F�Ö�QJ� �R �� FX� D � FDÛF�W � Q� KLH�X� �GR �
F DÛ F � SKD� Q� �ÛQJ � V LQK� KR ÛD � �D �F� W U�QJ� JL� �D � H Q]�P� �� FÖ�
F KD� W� � NKD ÛQJ� QJX � H�Q� �� NKD ÛQJ � W KH� g� JD� �� QH�Q�� � 9D � � V �Ñ�
SKDÛ W� W ULH� Q� uSKDÂ Q� F �ÛQJv� ED R � JRÂ P� YLH�F � W KLH� W� N H� � F DÛ F�Y L�
W KL H�W � EÔ � KLH�X� TX D� � KÖQ� � �R ÂQJ� WKÖ� L� WR �L � �X� K RÛ D� TXDÛ � W U�QK�
F KH�� WD Ñ R� YD�� W�F K� KÖÑS� FDÛF�W KLH� W� EÔ �QD� ��W UH�Q� FDÛF � YD�W �OL H�X�
W �ÖQJ� V LQ K�� 6R QJ� VRQJ� Y ÖÛL � TXD Û� WU� QK� QD � � � OD � � YLH�F � F D� L�
W L H�Q� SK�ÖQ J� SK DÛ S� �RÛ QJ� JR ÛL� �SDF NDJL QJ�� FDÛ F� KH�� QD �� �
F X�QJ� QK�� FDÛ FK� W�ÖQ J�W DÛ F�Y ÖÛL�W KLH�W �EÔ� EH�Q� QJRD� L� �

& D ÛF� WKD � QK� W �ÑX� WUR QJ� O� QK� Y�ÑF� QD QR� VLQ K� KR ÑF� YD ��
FR� QJ�QJKH� �KH� �WKR �Q J�PL FUR �QD QR�FÖ��L H�Q� W�� ��0( 0 6�
1 (06 � �� 0L FUR �1 D QR� ( O HFWUR0 HFKD QLFD O � 6�VW HP ��
�D� � FK�Û QJ� W R�� W UL H�Q� YRÑ QJ� W R� OÖ ÛQ� FX�D� FK XÛQJ� �ÛQJ� GXÑQJ �
W UR QJ� FKH�� W DÑ R � FD �P � ELH� Q� � & R�QJ� QJKH� � 0 (06 �1 ( 06 �
O D�� FR�Q J� QJKH�� W KL H�W � NH�� �� F KH�� W DÑ R� FDÛ F� YL � KH�� W KR �QJ� YÖ ÛL �
N�FK� WK�Ö ÛF� KRDÑW � � R� QJ� QKR� � KÖQ� �P� � 9 D�W � O LH� X� ED ÛQ�
GD� Q� �VL OLF� �� K��X� FÖ� �SRO �PH�� KD�� NLP� O RDÑ L� �YD� QJ� �
EDÑ F�� Q KR� P�� O D�� QK�� QJ� QJX�H �Q� O LH� X� FK� QK� GX� QJ� �H� �
FKH�� W DÑR � FD ÛF� ER� � SKD �Q� 0 (0 6 � Ö�� N� FK� FÖ� � P LFUR P HÛW �
ED� QJ�SK�ÖQ J�SKD ÛS�D�Q� PR �Q �OD] H��O DV HU�DEO DWL RQ ���D�Q �
P R�Q� K RÛ D� K RÑ F� �FK HPLFDO � HWFKL QJ�� KD �� TXD QJ� NKD �F �
�S KRW R OL WK RJU DSK��� �&D ÛF �ER� �SKD �Q���ÖÑ F�FKH� �WDÑR �ED �QJ �

+�QK����PR��K�QK�FKXQJ�FX�D�TXD��WU�QK�WKLH�W�NH��[D���G�ÑQJ��
KH��WKLH�W�E��FD�P�ELH�Q�VLQK�KRÑF�NH�W�K�ÑS�KH���L�O�X
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0( 06 � � �ÖÑF� JD �Q� YD� R� �H� Q� Q R� L� VR L� �H�� TXD Q� V DÛ W� FD ÛF�
FÖ�TXDQ �W URQJ�FÖ�WK H�� �KD ��FD ÛF �ER ��FD� P��ÛQJ���KRÑ F�JL DÛ �
UH �� GX�QJ� P R�W �O DÂ Q� �H�� JL XÛS� FKD�Q� �R DÛQ� EH�QK �FK� QK� [D ÛF�
YD� � W UÔ� E H�QK� KLH� X� TXD�� � � D�F� EL H� W� � KH� � W KR� QJ� uOD E�RQ�D �
FKLSv�JR ÂP �FD ÛF�ER ��SKD �Q �0 ( 06 ��P DÑ QJ�YL �O� X�YÖÛ L�N�FK�
W K�ÖÛ F� W ��� YD� L� PP� �H� Q� FP� � YHÂ� O�Û � W KX�H� W� FRÛ � NKD�� QD� QJ�
W L H�Q�KD � QK�FDÛ F�W K��QJ KLH� P�VLQ K���KR ÛD�W �ÖQJ���ÖQ J�YÖÛL �
FK�ÛF� QD�QJ� FX�D� QKLHÂ X� SKR �QJ� WK� � QJKLH� P� KÖÑ S� OD ÑL�� FRÛ�
FK�ÛF� QD � QJ� WK �ÑF� KL H�Q � PR�W � O RD ÑW � TX� � WU� QK� PR� W� FD Û FK� W�Ñ �
�R� QJ� � WK R� QJ� TXD � FDÛ F� PR� � �XQ � NKD ÛF� QKDX �� O D��� PD �X� �
YD� Q� FKX�H� Q� PD� X� � FKLD� PD �X� � W UR� Q� PD� X�� SKD� Q� W �FK��
W � QK� W R DÛ Q� � KL H�Q� W KÔ� YD� � O �X� WU�� � � H�� W�� QJ� E �ÖÛF� WK D�� WK H��
GDÂ Q�FD Û F�SK� ÖQJ�SK DÛ S�SK D� Q�W �F K�W UX�HÂQ �W KR�QJ�

+LH�Q� QD��� FDÛF� QJKLH�Q� F�ÛX� FR�Q� K�ÖÛQJ� WÖÛL� W�FK� KÖÑS�
FDÛF� FD�P� ELH�Q�� FKLS� YÖÛL� FR�QJ� QJKH�� YLH�Q� WKR�QJ� K�QK�
WKD�QK� PR�W� KH�� WKR �QJ� WKLH�W� EÔ� FD�P� ELH�Q� W�FK� KÖÑS� NKR�QJ�
GD��� �ÛQJ� GXÑQJ� W UR QJ� NL H�P � VRD ÛW � V�ÛF� NKR�H� � DQ � WRD �Q�
W K�Ñ F� SKD� P �� SKD �Q� W �FK� R�� QKL H� P� P R� L� W U�Ö�QJ� QKÖ �� NKD ��
QD� QJ� J LD ÛP� VD Û W� OL H�Q� W XÑF� WKH R� WKÖ �L � JL DQ � W K�ÑF� W DÑ L� QKL HÂX�
�ÔD � �L H�P � FX �QJ � OXÛ F�� 9 L H�F� W KX� W KD� S� G�� � OL H�X � YD� � WUX � HÂQ�
G��� OLH� X� WÖÛ L� P DÛ�� W �QK� �� ,' &�� NK R� QJ� FK� �O D�� FD ÛF� W KLH �W �E Ô�
�DÂ X� FXR� L� NKR � QJ� GD� �� PD�� FR �Q� SKD �L� ��ÖÑ F� W �FK� K ÖÑS� YÖÛ L�
FR� QJ� QJKH�� QKD� Q�GDÑ QJ�W DÂQ� VR �� VRÛQJ� YR�� W X�H�Q� �5 ),' ��
KD�� FD ÛF� FR�QJ� QJKH� � WKX� W KD� S� G��� OL H� X� NK DÛ F� KL H� Q� �D Ñ L�
YD� � KLH� X� TXD �� KÖQ� � 0R �� ER �� FD ÛF� W LH �X� FKXD�Q� W KR �QJ� QKD �W �
W URQJ�QKD�Q�GL H� Q�YD� �TXD �Q�O �Û�FD ÛF �WKL H�W �EÔ �GL��R �Q J�WURQJ�
�RÛ �FRÛ �FD ÛF� FD �P�EL H� Q��D �� ��ÖÑ F�� �D� UD� � �R Û� O D� �JR ÂP� FDÛ F�
W KR �QJ �VR� ��R ��D ÑF� ��Ö Q�YÔ ��R��D ÑF ��[D ÛF��Ô QK�G ���OL H�X ���R ��
FK�QK� [D ÛF� FD ÂQ� WKL H�W � �

0 R�� K�QK � KH� � WK R� QJ� W �F K� KÖÑ S� FD �P � EL H�Q � VL QK� KR ÑF �
YD� � WUX� HÂQ� G�� � O LH� X� NKR�QJ� GD� �� FÖ� ED�Q � JR ÂP� FDÛ F� W KD� QK�
SKDÂ Q� FK�Q K� VDX� � FD ÛF� WK LH� W� EÔ � FD� P� EL H�Q � W � FK� KÖÑS� P R��
�XQ�WUX �HÂ Q�G���O LH� X�NKR� QJ�GD���*60 �* 35 6� �PDÛ� �FKX ��
W DÑL � W UXQJ� W D �P� JL DÛP � VD ÛW � FD �L � � D� W� ,3 � W �QK �� SKDÂ Q� P HÂ P�
W KX� WKD �S� G��� OLH �X� WUH� Q�P DÛ ��FKX� �� 6D X�P R�L �NKR D� QJ�W KÖ�L �
JLD Q� QKD �W � �Ô QK�� SK DÂ Q� PHÂ P� VH�� J�� L� W KR �QJ� W L Q� G��� O L H�X�
�R� F D� P� EL H� Q� YHÂ� WUH� Q� PDÛ �� FKX�� 6HUYHU� T XD� J LDR� WK�Û F�
7&3�, 3� �7UH �Q�P DÛ��F KX��6 HUYHU� ���ÖÑ F�FD �L ��D �W �GÔ FK�YX Ñ�

6 RFNHW �7&3� ,3 �6H UYLFHV �YÖÛL ��Ô D� FK�� ,3 �W�Q K��� ÖÑF�O D�S�
W U�Q K��H ��WKX�W KD� S�YD � �[�� �O �Û�FD ÛF�JRÛL �W KR �QJ�WL Q�W�� �W KL H�W �EÔ �
W UD ÑP �J� �L �YHÂ �> �� ��

�LH�P������������G�Ñ���

1K�� WUH�Q� �D�� QH�X�� YLH�F� NH�W� KÖÑS� QKLHÂX� FR�QJ� QJKH���
OLH�Q�NH�W��D�QJD�QK���D�O�QK�Y�ÑF�OD��PR�W� �R�L�KR�L�WD�W��H�X��H� �
WDÑR� UD� QK��QJ� VD�Q� SKD�P� FD�P� ELH�Q� KRÛD� �� VLQK�� D� QD�QJ��
WLH�Q� �FK�� &D� P� ELH �Q� VLQK � KR ÑF� O D� � FR � QJ� F XÑ� QJKL H�Q� F�ÛX�
YD� �[D ÛF �� Ô QK� FDÛ F� W �ÖQJ� W DÛ F� VL QK� KR ÑF� SKD�Q� W�� � QK �� FDÛF �
W �ÖQJ�WDÛF�SURW HL Q�� �SU RW HLQ� �SKD �Q ��ÛQJ�NKD ÛQJ�QJ X�H�Q�� �
NKDÛ QJ�WKH� � �O DL�JKHÛ S�� ' 1�� '1 �YD� �Q JKLH� Q�F�ÛX�W H��ED �R ��
� R ÂQJ� WKÖ� L� KR� �W UÖÑ�FDÛF �QJKL H�Q�F� ÛX�YH Â�G�ÖÑ F�KRÑF� YD� ��R�F�
FKD� W� W URQJ �YL H� F�W � P� UD �FÖ� FKH �� �K� QK� WK DÛ L� �D �F�W U�QJ�� W R�L �
�X�K RÛ D�FD ÛF�TXD Û�W U�QK��L HÂX�W UÔ� �� D� P�ED �R�V�ÛF�NKR �H�FR�QJ �
�RÂ QJ� � '�ÖÛL� �D��� VH�� WU�QK� ED��� PR�W� VR�� [X� K�ÖÛQJ� QJKLH�Q�
F�ÛX�WLHÂP�QD�QJ��D ��YD���DQJ���ÖÑF� FDÛF�QKRÛP�QJKLH�Q�F�ÛX�
PDÑQK� WUH�Q� WKH�� JLÖÛL� WULH�Q� NKDL�� 7URQJ� �RÛ�� WD�S� WUXQJ� YD�R�
FDÛF� �ÛQJ� GXÑQJ� �� �� VLQK�� NLH�P� VR DÛW� PR�L� WU�Ö�QJ� � DQ� WRD�Q�
YH��VLQK�WK�ÑF�SKD�P��DQ�QLQK��TXR�F�SKR�QJ�

7URQ� � O�QK � ���F � �� �� �L QK� � W� �� FKL H� F� FD �P � EL H�Q� VLQ K�
KRÑ F� �ÖQ � OH �� �DÂX � W LH� Q� �Ô QK� O� ÖÑ QJ� JO XFR]Ö� ��ÖÑ F� JL ÖÛ L�
W KL H�X�QD �P ������ �FD ÛF�KH� �WKR �QJ �F D� P�EL H�Q�W �F K�KÖÑS��D�
NH�QK� K�ÖÛQJ �WÖ ÛL �PL FUR FKL S�YD ��N H�W �KÖÑ S�YÖÛ L� FR� QJ�QJK H��
W UX�HÂ Q� GD �Q� � [��� O�Û � KD� � FR� Q� ��ÖÑ F� JRÑL � OD �� uK H�� W KR�QJ� YL�
SKD� Q� W � FK� �� �� VL QK� K RÑ F� W KR �QJ� PL QK� FKR� FKD �Q� �RDÛ Q�
EH�QKv� �DQ J� W ��Q J� E�Ö ÛF� ��ÖÑF� QJKL H�Q� F�Û X�� &DÛ F� FD �P �
ELH� Q� ��ÖÑ F� W KX� QKR �� FKR� SKHÛ S� FD ��� Y D� R� FÖ� W KH�� Q J�Ö�L �
EH�QK�Q KD� P�WKHR �GR� L�OLH �Q�W XÑF�FDÛ F�FK� �VR ��VL QK�KR Ñ F�FX� D�
QJ�Ö�L� EH� QK�� FDÛ F� JL DÛ � W UÔ� FR Û � WK H�� ��Ö ÑF� �RÑ F� TXD � WK LH� W� EÔ �
GL� �R � QJ� FD ÂP � WD� � YD �� ��ÖÑF� WUX�HÂ Q� GD �Q� G ��� OLH� X� YHÂ � FÖ�
VÖ�� �� W H�� QKD�P � W �P � UD� SKD ÛF� �RÂ � �L HÂ X� W UÔ� WK� FK� KÖÑS� QKD �W �
FKR� QJ�Ö� L� E H�QK� � & DÛ F� QKD � � NKR D� KR ÑF� 7 KXÑ�� �L H�Q� WDÑL �
� DÑL � KR ÑF� .KRD � KR ÑF� WR�QJ � KÖÑS� YD �� � DÑ L� KR ÑF� 8SS VDO D� �D��
QJKLH� Q� F�ÛX� FD �P � ELH� Q� KLH� X� �ÛQJ� W U�Ö�QJ � �R�Q J� FD FER Q�
QDQR� VÖÑL� QDQ R� 6 L�� W UH�Q � QHÂQ � KH� � YL� O�X� �H�� SKD ÛW � KL H�Q�
QK��QJ� WH� � ED �R� XQJ� W K�� �Ö Q� OH �� K LH� Q� GL H�Q� WXD Â Q� KRD� Q�
W URQJ�KX� H�W �W KDQK �QJ�Ö� L�EH�QK��FLUFXO DWL QJ�W XP RU�FHOO�
�� & 7&� �� W ��� �R Û� NKR �Q J� FK�� FKD�Q ��R DÛQ� VÖ Û P��� ÖÑF� EH� QK�
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+�QK����PR��WD��WKLH�W�WKH��FD�F�PR���XQ�FK��F�QD�QJ���
WURQJ�KH��FD�P�ELH�Q��L�O�X
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+�QK����PR��K�QK�KH��FD�P�ELH�Q��R�WDÑL�WK�ÑF���D�NH�W�K�ÑS�
WUX�H�Q�GD�Q�G���OLH�X�NKR�QJ�GD��
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XQJ�W K��PD� �FR�Q �JL XÛS�FKR �FDÛ F�QKD� �N KRD�KR ÑF�KLH� X�VD� X�
VD� F� V �Ñ� GL � FKX �H�Q� FX� D� FD ÛF� W H�� ED �R� DÛ F� W � QK� QD� �� WURQJ�
FÖ� W KH�� � & DÛ F� QKD�� NKRD� K RÑ F� + RD� . ��� WKXR � F� %H �QK� Y LH� Q�
0D VVD FKXVHW WV� �D �� VD Û QJ� FKH�� UD � WK LH� W� EÔ � &7& �L &KL S�
�F LUFXO DW L QJ� WXP RU�F HOO�L&KL S��Q KR� � JRÑ Q� �J LXÛ S� FDÛ F� EDÛ F�
V�� SKD ÛW � KL H�Q� QK DQK� F KRÛ QJ� QK�� QJ� W H�� ED �R� & 7&� �H ��
VÖÛP�FK��D�W UÔ�W U�ÖÛF �NKL�G L�FD �Q�[ D� ��UD� �GR ��RÛ�TXDÛ� WU� QK�
W UÔ �O LH� X�VH� �W KD� QK�FR �Q J�FD R�KÖQ�Q KLHÂ X��&R �Q J�W U�QK�QD� ��
�D� � ��ÖÑ F� �D �QJ� WD �L� W UH �Q� 7DÑS� FK �� 6 FLH QFH�� 0 R� W� FDÛ FK�
QJD� Q�JRÑQ ��K RD ÑW ��R� QJ�FX� D�WKL H�W �EÔ �& 7&� L& KLS�JR ÂP�ED �
E�ÖÛF� � 7URQ J� E�ÖÛF� ��� FDÛ F� KR ÂQ J� FD ÂX� YD� � FD ÛF� WL H�X� FDÂ X�
��ÖÑF� ORÑ F� UD � NK R� L� KX�H� W� W�ÖQ J�� GR � �R Û� FK� � FR�Q � FD ÛF� WH ��
ED� R� XQJ� W K�� Y D� � FD ÛF� EDÑ FK� FD ÂX � WL H� S� W XÑF� � L� T XD� WKL H�W �
EÔ� � 7UR QJ� E�ÖÛ F� �� � FD ÛF� W H�� ED� R� FR�Q� OD ÑL� ��ÖÑF� �D� �� YD �R �
QK��QJ�NH� QK�GD� Q�FRÛ �K�QK�GDÑQJ �SK X��KÖÑS�YD ����ÖÑ F�VD� S�
[H�S� WKD�QK� W�� QJ� KD � QJ�� KD� QJ� QR Ñ � VD X� KD �QJ� NLD� � 7URQJ�
E�ÖÛF� ��� F DÛ F� KDÑW � QD QR� W� �� ��Ö ÑF� FK R� Y D� R� �H�� OLH �Q� NH�W �
YÖÛL�FDÛ F��SU RWHL Q��D �F�EL H�W �WUH �Q�FD ÛF�ED ÑF K�FDÂ X��J LXÛ S�FDÛ F�
EDÑ FK�F DÂ X�QD � ��W LH� S� WXÑ F���Ö ÑF� WD ÛFK �UD �NK R� L� GR�QJ� FKD ��� �
1 K�� YD ��� � FK� � FR� Q� ODÑ L� QK�� QJ� WH �� ED �R� &7&� WURQ J� GR � QJ�
FKD� �� YD� � YLH� F� SKDÛ W� KL H�Q� FKXÛ QJ� WUÖ� � QH�Q� UD �W � G H�� GD �QJ� �
7KHR �FD ÛF� WDÛF� JLD�� �N� ��W KXD�W �QD��� FX�Q J�FR Û� WKH� �V�� �GXÑ QJ�
�H�� SKD� Q� W �FK� GR�Q J� O �X� FKX �H�Q� FX�D� FD Û F� W H�� ED� R � ED�W �
W K�Ö� QJ� FRÛ� PR �L� O LH� Q� KH� � YÖÛL � QK�� QJ� FD �Q� E H�QK� FX Ñ� W KH�� �
FX�QJ� QK�� W �P � KLH �X� O� Û� GR � W DÑL � V DR� NK L� GL � FKX�H� Q� WURQJ�
FÖ�W KH��FRÛ �P R�W �VR��WH� �ED�R �XQJ �W K��O DÑ L�JD� ��GL �FD � Q��WURQJ�
NKL� QK��QJ � W H�� E D� R� XQJ� W K�� NKDÛ F� O DÑL � NKR�QJ� >�� � � 7DÑL �
� DÑL � KR ÑF� 6 WDQ GI R UG�� P R�W � ORD ÑL� PL FUR FKL S� WURQ J� QJK LH� Q�
F�ÛX� W KXR �F� F X�QJ� � D� � ��ÖÑF � EDÛ R� FDÛ R�� 1 J�Ö� L� W D� OD��� FDÛ F�
SURW HL Q�PXÑ F�W LH� X��SURW HL Q�XQJ�W K�����D �OH �Q�PLFUR FKL S�
YD� �WK HR� GR� L� V�Ñ� W�ÖQJ� WD ÛF� JL�� D�WKX R� F�JD �Q� QDQR W DJ� YD� �
SURW HL Q�� .K D�� Q D� QJ� YD �� P�Û F� �R �� JD� Q� NH� W� V H�� FK �� UD � V�Ñ �
KLH� X� TX D� � FX� D� W KXR�F� YÖÛL � W �� QJ� FD �Q � EH� QK� FXÑ� WKH� �� . H�W �
TXD� � VH� � SKD ÛQ� � RDÛQ � ��ÖÑF � QK��Q J� D�QK� K �Ö�QJ� �D� GDÑ QJ�
FX�D�W KXR� F�PD� �NKR �Q J�FD ÂQ��� D�W KXR�F�YD� R�FÖ�W KH��QJ�Ö�L �
EH�QK� � 0LF UR FKL S� � �ÖÑF� FKH�� WD ÑR� E D� QJ� FR �Q J� QJKH� � YL �
FÖ� �LH� Q� W ��� YÖÛ L� �� ���� FD �P� EL H�Q� W UH �Q� PR �W � FP �� � 1 KRÛ P �
QJKLH� Q�F �ÛX�FX�QJ��D QJ�S KDÛ W�WUL H�Q �FKL S�W KD�QK�PR� �K� QK�
�'� YÖÛ L� KÖQ � ������ �� FD� P� EL H� Q� WUH � Q� PR � W� FP �� Q K�� OD��
PR �W � FR�QJ� QJKH�� Q HÂQ� W D�QJ� W URQJ� YL � PD �QJ � FD� P� ELH� Q�
W KH� �KH� �WL H� S�WK HR� �7URQJ�G �Ñ�DÛQ �%, 2 7(; �FX� D�FKD� X���X� �
QJ�Ö�L � WD� W �FK� KÖ ÑS� FD ÛF� FD �P � EL H�Q� �D� QD �QJ� W UH�Q� T XDÂ Q�
DÛ R� �H� � SKD� Q� W� FK� FD ÛF� FKD �W � GÔFK � W �� � FÖ � W KH� � YD � � �� D� UD �
QK��QJ� SKD ÛQ� �R DÛ Q� W R �W � KÖ Q� YHÂ � V� ÛF� NKR�H� FX�D� Q J�Ö�L �
PD �F� � & DÛ F� W K�� � QJKL H�P � �D ÂX � WL H� Q� K�ÖÛ QJ� W ÖÛL � �R � L� W �ÖÑ QJ�
FDÛ F� EH �QK� QKD �Q� EÔ� W LH� X� � �Ö�QJ� YD �� FD ÛF� YD� Q� �R� QJ� YLH� Q�
FDÂ Q�W KHR�G R� L� �H�� �HÂ �UD �F KH�� �R �� FKD� P �VRÛF� SKX� �KÖ ÑS���

7URQJ �W�ÖQJ �ODL��FR �QJ �QJKH��F D� P�EL H� Q�VH��O D�P �WKD ��
�R� L� PR �� K� QK� FKD � P� VRÛF � V�ÛF� N KR� H�� NKL� � RÛ � NH�W � KÖÑ S�
YÖÛL� W� QK� W RDÛ Q�� PR �� SKR � QJ� WLQ � �� VL QK� �� �� �% LRP HGL FDO �
LQ I RUP DWL FV�� �H�� SKD ÛW � W UL H�Q� FD ÛF� OL H�X� W U�QK� �L HÂX� W UÔ� FD Û�
QKD� Q�KRÛD ��S HUV RQD OL]HG�PHGL FL QH� ��1KÖ� �FR Û�FDÛ F�FD �P �
ELH� Q� WKR� QJ� PL QK� � FXQJ� FD �S� G�� � NLH� Q� FK� QK� [D ÛF� YHÂ � FÖ�

W KH� � P R�W � FD ÛFK� W K�Ö�QJ� [X�H� Q�� OL H� Q� W XÑF� VH�� PR� � SKR � QJ�
KRÛ D���ÖÑ F�YD �Q��HÂ ���VL QK�Ö� �FD �S �SKD �Q�W� ��Y D� �W H��ED� R��W� P�
UD � JLD �L� SKD ÛS� �LHÂ X� WUÔ � EH� QK� WR �L� �X� Y ÖÛL� W ��QJ � FD Û� QKD �Q� �
�D� F� EL H�W � OD� � FDÛ F� EH� QK� QK�� XQJ� W K��� WLH �X� ��Ö�QJ� � FD R�
KX�H�W � D ÛS� � FDÛ F� EH�Q K� WL P� PD ÑFKg� & D� P� EL H� Q� FX�QJ� VH ��
O D�P � W KD �� �R � L� TXDQ � QL H�P� Y HÂ� YDL � W UR �� EH�QK � YL H�Q� � � LHÂ X�
W UÔ �QJR DÑ L�W UXÛ ��JL D���QK �YD� �FD ÛF�KRD ÑW ��R �QJ�[ D� �KR�L �WKR � QJ�
W K�Ö� QJ�V H���W �W DÛ FK�EL H� W�KÖQ��1J� Ö�L�W D�FRÛ�W KH� �K� QK�GX QJ�
P R�W � [ D� � KR � L� W�ÖQ J� ODL � � QÖL � FRÛ � F DÛ F� KH� � WKR �QJ � JL DÛ P � VD ÛW �
EH�QK� W UX �HÂQ � Q KLH� P� ��Ö ÑF� �D �W � WDÑL � VD �Q� ED ��� J D� W D� X� YD ��
FDÛ F� QÖL � WD �S� W UXQJ� �R � QJ� QJ�Ö� L� � JL XÛS� NL H�P � VRDÛ W � FDÛ F�
GÔFK� EH� QK� QJX�� KL H�P � D� QK� K�Ö� QJ� �H�Q � FR� QJ� �RÂQJ� �
7DÑ L�FD ÛF�JL D��� QK� �KH ��WKR � QJ�FKD� P�VR Û F�V� ÛF�NKR �H���ÖÑ F�
N�FK� KRDÑ W� FKR� SKHÛS �FD ÛF� ED ÛF� V��FR Û �W KH�� NL H�P � VRDÛW � FDÛ F�
W KR�QJ � VR�� VLQ K� O �Û� �H�� FRÛ � ��ÖÑ F� QK�� QJ� �ÖQ � WKX R� F� SKX� �
KÖÑS� FKR� PR� L� QJ�Ö� L� EH� QK�� & D�P � EL H� Q� DÛ S� V XD� W� P DÛ X�
W KR�QJ � PLQ K� VH� � TXD �Q� O�Û � WK XR� F� FKR� EH� QK� QKD �Q� YÖÛL �
FK�ÛQJ� EH�QK� FDR� K X�H�W � DÛS� � W U� ÑF� WL H�S� J��L � ED ÛR� �R� QJ�
FKR� W UX QJ� W D �P� W KHR� GR�L � NKL� FD �P � EL H�Q� W �FK� KÖÑS� FK�Û F�
QD� QJ�W LP �PD Ñ FK�YD ��GD �X� KLH� X�TXD Q�W URÑ QJ�FK R�W KD� ��NKL �
FRÛ �YD �Q��HÂ ��R�W �QJR �W �[D ���UD ��7 KH�P�Q�� D� �PR� W�KH� �W KR� QJ�
FD� P� ELH� Q� W KR� QJ� P LQ K� W �FK� KÖÑS� YÖÛL � ER�� O �X� W U�� � WKX R� F�
QDQR� FK R� SKHÛS� W�Ñ � �R �QJ� N�FK � KR DÑ W� GD� Q� W KXR�F� Y D� R� FÖ�
W KH� � NKL � [D ��� UD� W� QK� KXR�QJ� QJX� � FD �S � QK�� JLD�L � SK RÛ QJ�
L QVXO LQ �NKL �FRÛ �EL H�Q� �R �QJ� ED� W� W K�Ö�QJ� YHÂ ���Ö� QJ�KX �H�W �
KRD�F �N KL�SKD ÛW �KL H�Q�V�Ñ �PD� W�FD �Q�ED � QJ�KR ÛD�KRÑ F�YD ��N�FK�
KRDÑW � WLH �P�F KR� EH� QK�QK D� Q�O LH ÂX� WKXR� F�SKX �� KÖÑS�

7URQ�� O�QK� ���F� NLH�P� � RDÑ�� PR�L� �U���Q�� �D�� DQ� �RD�Q�
�K��F�SKD�P��FDÛF�VD�Q�SKD�P�ELH�Q��R�L�JHQ��KD��R��QKLH�P�
EÖ�L� FDÛF� KÖÑS� FKD�W� K��X� FÖ� NKRÛ� SKD�Q� KX���� WKXR�F� ED�R �
YH�� WK�ÑF� YD�Wg� OD�� YD�Q� �HÂ� FRÛ� W�QK� WRD �Q� FDÂX�� P R�W� VR�� NLW �
WK��� QKDQK� FK�� WKÔ� PD�X� �D�� ��ÖÑF� SKDÛW� WULH�Q�� WX�� QKLH�Q�
NKR�QJ� �DÑW� ��ÖÑF� �R�� WLQ� FD��� FDÂQ� WKLH�W� WUR QJ� SKD�Q� W�FK� �
&R�QJ� QJKH�� VLQK� KRÑF� SKD�Q� W��� FKR� SKHÛS� WLQK� VDÑFK� FDÛF�
HQ]�P�YD��FDÛF�ORDÑL� NKDÛQJ� QJX�H�Q�WDÛL�WR�� KÖÑS� JLD�P��R�F�
O�ÑF��H��WDÑR�NKDÛQJ�WKH���ÖQ�GR�QJ�FKR�SKHÛS�FKH��WDÑR���ÖÑF�
QK��QJ�FD�P�ELH�Q�VLQK�KRÑF�SKD�Q�W�FK�PR�W�VR��GDÑQJ�FKD�W �
R�� QKLH�P� WUR QJ� PR�L� WU�Ö�QJ� YD�� WK�ÑF� SKD�P�� &DÛF� QKD� �
NKRD� KRÑF� WDÑL� �DÑL� KRÑF� -HUXVDOHP� �D�� SKDÛW� WUL H�Q� FKLS�
VLQK� KRÑF� �'LS� & KLS�� YL� O�X� V��� GXÑQJ� PR�W� ORD ÑL� YL� NKXD�Q�
�D�F� ELH�W� �ORDÑL� YL� NKXD�Q� ELH�Q� �R�L� JHQ� �H�� WDÑR� UD� SKD�Q�
�ÛQJ�VLQK�KRÛD�NKL�WLH�S�[XÛF�YÖÛL�KRÛD�FKD�W��R�F�KDÑL�ED�W�N����
FR���ÔQK�WUH�Q�FD�P�ELH�Q��LH�Q�KR ÛD��7�Q�KLH�X�KRÛD�KRÑF�QD���
��ÖÑF�FKX�H�Q��R�L�WKD�QK�W�Q�KLH�X��LH�Q�QKÖ��FDÛF��LH�Q�F�ÑF� �
7��� YLH�F� SKD�Q� W�FK� �DÂX� UD� FX�D� �LH�Q� F�ÑF�� WKLH�W� EÔ� FRÛ� WKH��
FKD�Q��RDÛQ�FK�QK�[DÛF�WK�ÑF� SKD�P�FRÛ�EÔ� QKLH�P� �R�F�KD��
NKR�QJ�� 7URQJ� NKL � �RÛ�� FDÛF� QKD�� NKRD� KRÑF� 1KD�W� %D�Q� ODÑL �
SKDÛW� WULH�Q� PR�W� FD�P� ELH�Q� FD�X� WUXÛF� QD QR� WUH�Q� �H�� N�QK� �
�H��WKHR�GR�L�V�Ñ�ELH�Q��R�L�FX�D�FKD�W�O�ÖÑQJ� NKR�QJ�NK��G�ÑD �
YD�R� PDÂX�VD�F�KLH�Q� WKÔ� WUH�Q�FD�P�ELH�Q��&DÛF�KÖÑS�FKD�W�FRÛ �
VD�Q�WURQJ� FDÛF�OR ��VLH�X�QKR��WUH�Q�FD�P� ELH�Q� VH�� W�ÖQJ� WDÛF�
YÖÛL� NK�� �R �F� YD�� WKD�� �R�L� PD�X� VD�F� WX��� WKXR�F� YD�R� QRÂQJ�
�R��FDÛF�FKD�W��RÛ��0D�X�VD�F�FX�D�FD�P�ELH�Q���ÖÑF�JKL�QKD�Q�



�������������

QKÖ�� FDPHUD� FRÛ� WUH�Q� FDÛF� �LH�Q� WKRDÑL� �L� �R�QJ� YD�� SKD�Q�
W�FK�ED�QJ�FDÛF��ÛQJ�GXÑQJ�FD�L��D�W�WUH�Q�PDÛ���&D ÛF�ER��FD�P�
ELH�Q� SKD�Q� W�FK� G�� O�ÖÑQJ� WKXR�F� ED�R� YH�� WK�ÑF� YD�W� WUR QJ�
WK�ÑF�SKD�P��Q�ÖÛF�YD���D�W�WKHR�QJX�H�Q�O�Û��ÛF�FKH��HQ]�P�
DFWH�OFKROLQHVWHUDVH�� HQ]�P� W�URVLQDVH� KD�� NKDÛQJ�
WKH���ÖQ�GR�QJ��D�F�KLH�X��DQJ�WURQJ�JLDL��RDÑQ�SKD ÛW�WULH�Q�
�H�� WUÖ�� WKD�QK� PR�W� VD�Q� SKD�P� WK�ÖQJ� PDÑL�� 0R�W� VR�� WK�� �
QJKLH�P� �D�� ��ÖÑF� WLH�Q� KD�QK� YD�� FDÛF� QKD�� NKRD� KRÑF� N���
YRÑQJ� PR �W� ER�� WKLH�W� EÔ� FD ÂP� WD�� FKR � SKHÛS� �R� YD�� OD��� NH�W�
TXD�� QJD�� FRÛ� WKH�� FXQJ� FD�S� �H�Q� QJ�Ö�L�V��� GXÑQJ� YÖÛL� JLDÛ�
WKD�QK�FK��NKRD�QJ��� WULH�X��RÂQJ�9LH�W�1DP��

7URQ�� O�QK� ���F� DQ� QLQK�� TXR�F� SKR�Q��� FD�P� EL H�Q�
VLQK� KRÑF� FKR� SKHÛS� SKDÛW� KLH�Q� FDÛF� FKD�W� PD� WXÛ��� WKXR �F�
QR�� YD�� FDÛF� WDÛF� QKD�Q� JD��� FKLH�Q� WUDQK� VLQK� KRÛD�� 7D ÑL�
7UXQJ� W D� P� 1JK LH� Q� F�Û X� D Q� QL QK� YD � � YX� � NK� � KR �Q� KÖÑS�
3 KD ÛS� �� ��Û F�� � D� � QJKL H�Q� F� ÛX� FR�Q J� FX Ñ� F RÛ � NKD�� QD�Q J�
SKDÛ W� KL H�Q� P X�L � WKX R� F� QR� � 717� YD �� FD ÛF� FKD � W� QR�� NKD ÛF�
YÖÛL �KD �P� O�ÖÑ QJ� UD� W� WK D� S���Ö ÑF� JR ÑL �OD� �PX �L� �LH� Q� W�� ��& DÛF�
FXR� F� W K�� � QJKL H� P� FKR � W KD� �� W KL H�W � EÔ � FD� P� EL H�Q� WUH� Q� FÖ �
VÖ�� FDÛ F� FD �X� WUX ÛF� V LO LF� QDQ R� FRÛ� NK D� � QD �QJ� SKDÛW � KL H�Q�
FKD� W� QR�� 717� YÖ Û L� KD� P� O �ÖÑQJ� FK�D� W ÖÛL � � ��� ���� W� ��
7URQJ � NK L� �R Û� W D ÑL � � D ÑL� KRÑ F� &RQ QHF WL FXW� �0� ��� � PR � W� O ÖÛS�
P D�QJ� QDQ R� FRÛ � WKH� � uQJ��L v� ��ÖÑF� P X�L � ER �F� UD � W ��� FD ÛF �
FKD� W� QR�� WUR QJ� OR �QJ� �D �W � YD �� WKR � QJ� ED ÛR� TXD� SKD �Q� �ÛQJ�
SKDÛ W� TXDQ J� FKR � SKHÛ S� SKD ÛW � KL H�Q� E D� QJ� P D� W� W K�Ö� QJ� �
+RÑF�YLH�Q�.���WKXD�W�0DVVDFKXVHWWV�WK��V���GXÑQJ�N���WKXD�W�
YL� FÖ� �LH�Q� W��� QKD�P� WDÑR� UD� PR�W� WKLH�W� EÔ� FD�P� ELH�Q� WKHR�
QJX�H�Q�O�Û�VD�F�N�Û�NK����NKR�L�SKR��YÖÛL�N�FK�WK�ÖÛF�FK��ED�QJ �
EDR�GLH�P��'�ÑD�WKHR�QJX�H�Q�O�Û�SKD�Q�WDÛFK�FDÛF�KÖÑS�FKD�W�
GH�� ED�� KÖL� FX�D� VD�F� N�Û� NK�� YD�� QJX�H�Q� WD�F� SKD�Q� PD�QK�
LRQ� WURQJ� PDÛ�� NKR�L� NKR��� FDÛF� WDÛF� QKD�Q� �R�F� KDÑL� YD�� WDÛF�
QKD�Q� FKLH�Q� WUDQK� KR ÛD� KRÑF� VH�� ��ÖÑF� [DÛF� �ÔQK� QKÖ�� WK��
YLH�Q�SKR ��FKXD�Q���ÖÑF�FD�L�VD�Q�WURQJ�PD Û���7URQJ�W�ÖQJ �
ODL�� FDÛF� ER�� FD�P� ELH�Q� VLH�X� QKD Ñ�� VH�� ��ÖÑF� �ÔQK� YÔ� W UH�Q�
NKR� QJ� FRÛ � W KH�� u� DÛ QK� KÖL v� ��Ö ÑF� NK �� W KD �L � W ��� FDÛ F� QKD ��
P DÛ�� VD �Q � [ XD� W� KRÛ D� FKD �W � � QK��QJ� W D�X� W KX��� W ULQ K� VDÛ W�
�LH� Q� W�� � F RÛ � NKD� � QD� QJ� OD ÂQ � W KHR � GD� X� YH�W � WH� Q� O�� D� �DÑQ �
�DÑ R� NKL �FKXÛ QJ��D QJ�E D�� WUH � Q�ED ÂX �WUÖ �L ��+ L H�Q� QD�� �0 �� �
O D��Q�ÖÛ F���Û QJ��DÂ X�W KH��JL ÖÛL �WURQ J�YLH �F �SKDÛ W�W ULH �Q�FR�QJ �
QJKH�� YD �� Q K��QJ� SK�ÖQJ� SKD ÛS� PÖÛ L� �H� � JL DÛ P� VD ÛW � W DÑ L�
KLH� Q�W U� Ö� QJ�FRÛ �KL H�X� TXD��

��KLH��������Y���SK������LH������P��LH���VL�K�KRÑ����ÑL�
�LH�����P

7DÑ L�9LH� W�1 DP��QJD ��W�� �QD� P������ �*6 �9 6 �1 JX�H � Q�
9 D �Q� + LH �X� �D �� SKDÛ W� �R �Q J� QJKLH �Q� F�Û X� YHÂ� Q DQR � YD �� �D�� �
��ÖÑF�FRL�OD��GD �X�PR�F�FKR �QJK LH� Q�F�Û X�SK DÛ W�WULH �Q�FR�QJ�
QJKH�� FD R� WDÑL � 9L H�W � 1 DP� � W URQ J� �R Û� O� QK� Y�ÑF� FD �P � EL H�Q�
VLQK� KRÑF� OD�� PR� W� WUR QJ� QK�� QJ� QR � L� GXQJ� QJKL H�Q� F�ÛX�
TXDQ�W URÑ QJ� �* DÂQ��D ��� �& K� QK�SKX���D��SKH� �G X�H�W �GDQK�
P XÑ F� FR�QJ� QJKH� � FD R� YD � � VD� Q� SKD �P� FR� QJ� QJKH� � FD R�
��ÖÑF� � X� WL H�Q� �DÂ X� W �� SKDÛW � WUL H�Q � WKHR � 4 X�H� W� �Ô QK� VR ��
������ ��4 ��77 J� FX�D� 7K X�� W �ÖÛQ J� &K �QK� S KX�� � W URQJ�

�RÛ � FD � P� ELH �Q� YD� � F KLS� VLQ K� KR Ñ F� O D�� PR�W � WURQ J� QK��Q J�
VD� Q�SKD �P�� �ÖÑF�NKX�H � Q�NK� FK�SK DÛ W�WULH �Q� �& D ÛF�K �ÖÛQJ�
QJKLH� Q� F�Û X� �Û QJ� GXÑ QJ� YL � O �X� W URQ J� O RÑ F� W D ÛFK� W H� � ED �R��
NKXH�FK� �D Ñ L� �'1�� W �F K� KÖÑS� YL� O�X � Y ÖÛL� FD� P� EL H�Q � V LQK�
KRÑ F� �L H� Q� KRÛ D� V��� GXÑ QJ� YD �W � OL H�X� QD QR� FKR� FKD� Q� � RD ÛQ�
FD� Q�OD�P�VD� QJ�YD� �OD�P �VD� QJ� �NL H� P�VR DÛ W�P R� L�W U�Ö�Q J�YD � �
DQ�WRD �Q�W K�ÑF�SKD �P ��D Q�QL QK� �TX R� F�S KR� QJ��D� ��� ÖÑF��HÂ�
[XD� W� YD� � QKD �Q� ��ÖÑF� V�Ñ� W D�L � WUÖ Ñ � W KR� QJ� TXD � FD ÛF � FK�ÖQJ�
W U� QK� YD �� �HÂ � W D� L� QJKL H�Q� F�ÛX� � 5R �� UD� QJ� � YL H�F� FKX� � �R �QJ �
QJKLH� Q� F�ÛX� � WLH �S� FD �Q� YD �� W LH� Q� WÖÛ L� JL D� L� P D� � FR� QJ� QJKH��
FX�D� WK H�� JL ÖÛL � �D QJ� UD �W � ��ÖÑ F� TXDQ � WD � P� YD �� NKX�H�Q�
NK�FK� �7D �W �QKLH� Q��FR� QJ�QJKH��FD R�YD� �YD� W�O LH �X�W LH� Q�WLH �Q�
W K�Ö� QJ� FR Û � FKL � SK� � �D ÂX� W�� FDR � QK� QJ� QK�� QJ� JL DÛ� W UÔ�
YD� � W LH� Q� �FK� PD � � QR Û� �HP � O DÑ L� O D� � NKR � QJ� W KH� � W �QK� ��ÖÑ F��
�D� F� ELH� W� W UR QJ� O� QK� Y�Ñ F� �� ��V LQK� KR ÑF �Y D� � DQ� QL QK� TXR�F�
SKR� QJ�

7X� ��LHÂ X�NLH� Q�QJXR ÂQ�O �ÑF�FR �Q�KD ÑQ�FKH �� �PR �W �V R� �NH�W �
TXD� � QJKL H�Q� F�ÛX� � FKH� � W DÑ R� FD� P� ELH� Q� VL QK� KR ÑF� ��ÖÑF�
W K�Ñ F� KL H�Q � W DÑ L� 9LH � Q� � D� R � W DÑ R� TXR �F� W H�� YHÂ� NKR D� KR ÑF� YD� W�
OL H�X� �,7 ,06�� � 3KR �QJ � W K�� QJKL H� P� WURÑ QJ� �L H� P� YHÂ� FR �QJ �
QJKH�� QD QR � �/ 1 7�� YD� � 9L H�Q� .K RD� KR ÑF� YD� W� O LH� X� WKXR� F�
9 LH �Q� +D�Q � O D� P� .KR D� K RÑ F� YD �� & R� QJ� Q JKH�� 9L H�W � 1DP�
�, 0 6�� �D �� F KR� QK ��QJ� NH� W � TXD� � UD� W � �DÛ QJ� NK� FK� OH �� � 7DÑ L�
, 7,06�YD �� /17 ��YÖ ÛL �YL H�F�VÖ ��K� �X�SK R� QJ�VD ÑFK ��K DL��ÖQ�
YÔ� QD� �� FRÛ � W KH� � P DÑ QK� WURQJ� WUL H�Q� NKDL� QJKL H�Q� F�ÛX � FD ÛF�
OL QK� NLH � Q� �L H�Q� W� �� WURQ J� FKH�� WD ÑR� FD� P� EL H�Q� QK�� FD� P�
ELH� Q� QKD Ñ�� L RQ� KL H�X� �Û QJ� W U� Ö�QJ � �,6 )(7 �� � FD �P � EL H�Q�
G�ÑD � W UH �Q� FD �X� WUX Û F� N LP � O RDÑ L� �� R[L W� �� EDÛQ� GD �Q� KLH �X� �ÛQJ�
W U�Ö� QJ� �02 6 )(7�� � FD �P � ELH �Q� KL H�X� � ÛQJ� W U�Ö�QJ � GX�QJ�
R� QJ�FD F�ER Q�Q DQR��& 17 �)( 7��>� ���� �& DÛ F�QJKL H� Q�F�Û X�
FKX���H� X�WD� S�WUXQJ�YD � R�FR� QJ�QJKH� �Y D� �WR�L ��X�TX��W U�Q K�
FKH�� W DÑ R� SKDÂ Q� F�Û QJ�� W ��� � RÛ � QD �QJ� FD R� KLH� X� QD�QJ� FX� D�
FD� P� EL H�Q� �

7DÑ L�9LH �Q�. KR D�KR Ñ F�YD� W�OL H�X� �P R� W�VR� �NH�W �TXD��QR� L�ED�W �
�D� � ��ÖÑF� FR� QJ� ER� � WUH� Q� QKL HÂX� W DÑ S� FK�� NKRD � KR ÑF� W URQJ�
YD� � QJR D�L � Q�ÖÛF� YÖÛ L� FK� � VR�� W U�FK� GD �Q� FD R� � &DÛF� QJKL H�Q�
F�ÛX�WL H�S�FD� Q�[X �W KH��WKH� �JL ÖÛL �YÖÛ L�K�ÖÛ QJ�SKD ÛW �W ULH �Q�FD� P�
ELH� Q�� LH� Q�K RÛ D�W �FK�KÖÑ S�G DÑ QJ�F KXR �L �W UH �Q�FÖ�VÖ��YD �W �OLH �X�
W L H�Q�W LH �Q�QK��S RO �P H�GD� Q��L H�Q�FD �X �WUX Û F�QD QR�N H�W �KÖÑS�
FDÛ F� YD �W � OLH � X� QDQ R� QK�� R �QJ� QDQR � FD FERQ� � JUD SKHQ� �
KDÑ W� QD QR � R[LW � VD �W � W� �� � �D �F� E LH� W� � PR� W� VR� � YD� W� O L H�X� P ÖÛL � �
�D� FK�ÛF � QD�QJ� PD � � QKR ÛP � W L H�Q� SKRQ J� QJK LH� Q� F� Û X� YD � �
SKDÛ W� W ULH� Q� QK� � SR O �GLDP LQRQD SKW KDO HQ� � SRO �MXJO R Q��
JUDSKH Q� W R� QJ� KÖÑS� LQ�VLWX� W DÑ R� UD � V�Ñ � NKD ÛF� EL H�W � OÖ ÛQ� VR�
YÖÛL� F DÛ F� Q KRÛ P� QJKL H� Q� F �ÛX� NKD ÛF� > ��� ��� � 7URQJ� SKDÛ W�
W UL H�Q�SK DÂ Q�F�ÛQ J��FK H��W DÑ R �ER��W KLH� W� EÔ��L H� Q�KR ÛD�FRÛ�NKD��
QD� QJ� W UX� HÂQ� GD � Q� G��� OL H�X� NKR� QJ� GD��� YD �� F KH�� W DÑR� KH��
YL� O �X� � LH� Q� KRÛ D� FX� QJ� E�ÖÛ F� � DÂ X� ��ÖÑF� QKR ÛP � QJKL H�Q�
F�ÛX� SKD ÛW � W ULH �Q� � ;H ÛW � YHÂ� P D� W� �R�L � W �ÖÑ QJ� SKD� Q� W� FK�� FD ÛF�
QJKLH� Q�F� Û X�FX�D�QKRÛP �FX� QJ�WD�S�W UXQJ�YD �R �FD ÛF�Y D� Q��HÂ�
FRÛ �W�Q K�P ÖÛL �Y D� �W� QK�WKÖ �L �V �Ñ� ��R Û�O D� �FD �P �E LH� Q��' 1�[D ÛF �
�ÔQK� YL � UX ÛW � + ,9 � >�� �� � YL� UXÛW � EH�QK � O DR� > ���� � FD� P� EL H�Q �
DSW DPH� [D ÛF� �Ô QK� YL� UX Û W� + 39 � JD� �� XQJ� WK�� FR� �W ��� FXQ J�



�������������

> ��� �� FD � P� EL H�Q� P LF UR� 51 � [D ÛF� �Ô QK� XQJ� W K�� WL HÂQ� O LH �W �
W X�H� Q� >��� � � [ DÛ F� �ÔQK� �R � F� W R�� DIO DW R[LQ � 0 �� WUR QJ� V�� D�
> ��� ��FD �P�EL H�Q�P LH� Q�GÔFK �[ DÛ F��ÔQK�FKR Ñ Q�ORÑF�G��O� ÖÑQ J�
W KXR �F � W U��� FR�� DW UD]L Q� >��� � � FD �P � ELH� Q� HQ ]�P� [D ÛF� �ÔQK �
FKROH VW HURO��JO XFR]Ö � YD� �O DF WR]Ö�>�� � ��� ��� ���� � �

�H��������

7�QK� O LH �Q� QJ D� QK� W URQJ� QJKLH� Q� F�Û X� YD �� NKD � � QD� QJ�
�ÛQJ�GXÑ QJ�FDR �FX� D�FD �P �ELH� Q�VLQ K�K RÑ F�FK��FRÛ�W KH��W K�ÑF �
KLH� Q� ��ÖÑ F� W R�W � NKL � FRÛ � V�Ñ � OLH� Q� NH� W� � W D�S� KÖÑS� FDÛ F� QKD� �
NKRD� KR ÑF� � K ÖÑS� WD Û F� W URQJ� Q �ÖÛF� TXR�F� W H�� VD �X� UR�QJ� �H��
W DÑR � G�ÑQJ� QK�� QJ� WUX Q J� W D�P � QJ KLH� Q� F�ÛX� W LH� Q� W L H�Q� YHÂ �
FD� P� EL H�Q� � 7URQ J� TX DÛ � W U� QK� � RÛ �� YL H�F� O �ÑD� FK RÑ Q� QK��QJ �
FR� QJ��R DÑ Q�FXÑ�W KH���H� �Y��D�WD� Q�G XÑQJ���ÖÑ F�FD ÛF�QJKL H�Q�
F�ÛX��D ��FR Û�W U�ÖÛ F�� D� ���Y�� D �S KX��KÖÑ S�YÖÛL ��LHÂ X�NL H�Q�9LH� W�
1 DP� VH� � UXÛ W� QJD �Q� ��ÖÑ F� TXDÛ� W U�QK� SKD ÛW � W ULH �Q� PR� W� ORD ÑL �
FD� P� ELH� Q� K� �X� � FK�� PDQ J� JL DÛ � W UÔ� FR� QJ� Q JKH�� FDR� FKR�
VD� Q�SK D� P� 9L H�W �

���L����P���

�D�F�WD�F�JLD��[LQ�J��L�O��L�FD�P��Q��D�F�ELH�W�W��L�*6�96�
1JX�H�Q�9D�Q�+LH�X��QJ���L�OXR�Q�GR�L�WKHR��D���R�QJ��LH�Q�
W��QJ�E���F�V�Ñ�SKD�W�WULH�Q�FX�D�QKR�P�FD�P�ELH�Q�VLQK�KRÑF�
WDÑL� 9LH�Q� .KRD� KRÑF� �D�W� OLH�X��FD�P��Q� V�Ñ� KR�� WU�Ñ� NLQK�
SK��FX�D�FD�F��H��WD�L�TX���1�)267(�����������������
�1�9���������������������7���/��

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

���L��LH����K�P�NK��R

[�]�1 JX�H� Q�+ D �L �%�QK ��1J X �H�Q�/H� �+ X�� �1 JX�H �Q �9 D �Q�& KXÛF�YD ��
FR� QJ�V�Ñ �� ��� �����& D �P�EL H�Q�VLQK�KRÑF� �0 R� W�VR ��N H�W�TXD ��QJKL H�Q�F �ÛX �
E�ÖÛF��DÂX�WD ÑL �9L H�Q�.K RD �K RÑ F�YD � W�OL H�X���7DÑS�FK��.KRD�KRÑF��D���R�QJ�
QJKH����������� S�� ��������

[�]�3 DP HO D�1 ��1 JH��& KDG�,� �5 RJHUV��� GDP �7��: RRO OH ���������� �
�� GYD QFHV�L Q� 0L FUR IOXL GLF� 0 D WH UL DO V�� )XQFW LRQV� �,QW HJUDWL RQ��D QG�
�SSO LFD WLRQV �� ��KHPLFDO�5H�LHZV��������� �S���������� ��

[�]� ' HUPRW � ' L DP RQG�� 6K LU OH �� &R �OH �� 6L O YLD � 6FD UPD JQD QL ��
-HU� + D�H V� ������ �� �: LU HOHVV� 6H QVRU� 1 HWZ RUN V� D QG� &KHP R��
%L RVH Q VLQJ�� ��KHPLFDO�5H�LHZV���������� S������ ����

[�]� (P UH� 2] NXPXU� � �MD �� 0� � 6KDK �� -RU GDQ� &� � & LFL OL D QR� �
%HQM DP L Q� / �� (P PL QN�� HW� D O O� ������� � �,Q HUWL DO � )RFX VLQJ� IRU�
7XPRU �� QWL JHQ ��� ' HSHQGH Q W� D QG� ��, QGHSH QGH QW� 6RU WL QJ� RI � 5D UH �
& L UFXOD W LQJ�7XPRU�&H OO V���6FLHQFH�7UDQVODWLRQDO�0HGLFLQH��������� �
S�� ���� ����

[�]� 7U DQ � 4XDQJ� + X��� 1J X�HQ� 7KL � + RQJ � +D QK� � 1 JX�HQ�
7KDQK � 7KX�� � HW� DO O� �������� ��� QRYHO � E LR VHQV RU� ED VHG� RQ� V H UXP�
D QWLE RG�� LPP RELO L] DW LR Q� I RU� UDSLG� GHWH FWLR Q� RI� YL UD O � D QWLJH QV���
7DODQWD�������� �S���� ������

[�]� 1J X� HQ� 7KL � 7KX�� � 3KX RQ J� 'L QK� 7D P�� 0 D L� �QK� 7 XDQ� �
HW� D OO � ������ �� �'HW HFW LRQ� R I� SDW KRJHQLF � P L FURR UJDQL VPV� XV LQJ�
ELRVHQVR U� EDV HG� RQ� P XO WL �ZD OOHG� FDUER Q� QDQRW XEHV� GL VSHUVHG�

LQ�' 1 �� VROX WLRQ�� ��XUUHQW��SSOLHG�3K�VLFV�������� �S�� �������� � �

[�]� 3 KDP � 9D Q � %LQK� � 3KDP� ;X DQ� 7KDQK� 7X QJ�� 'D QJ� 1JRF �
7K X�� ' XRQJ�� HW� DOO� ������ �� �'HW HFW LRQ� RI � ' 1�� RI� JHQHW LFD OO ��
PRGL IL HG� P D L]H� E�� D � VL OL FRQ� QDQRZ LU H� ILHO G� HII HFW � W UDQV LVW RU ���
�G�DQFHV�LQ�1DWXUDO�6FLHQFHV��1DQRVFLHQFH�DQG�1DQRWHFKQRORJ���
������ S�� ������ �

[�]� 1JX� HQ� + DL � %LQK� � 1 JX�HQ� 9D Q� & KXF�� 1J X�H Q� 9D Q� 7X ��
HW� DOO � �� ��� ��� �'HYHOR SPH QW� RI� WK H � OD� HU�E��OD �HU� ELRV HQVRU�
XVLQJ�JUDS K HQH�ILO PV ��D SSOLF DWLRQ�IRU�FKRO HVWHU RO �GHW HUPL QDWL RQ���
�G�DQFHV�LQ�1DWXUDO�6FLHQFHV��1DQRVFLHQFH�DQG�1DQRWHFKQRORJ���
������ S�� ������ �

[�]�1 JX�HQ�+D L �%LQK ��1JX� HQ�9 D Q�& KXF� �1 JX�HQ�9 DQ�7X��HW�
D OO������ �� ��*U D SKHQH�SDW WH UQH G�SRO �D Q LO LQ H�EDVH G�ELRV HQVRU �IRU�
JOXFRV H� GHW HFWL RQ����G�DQFHV�LQ�1DWXUDO�6FLHQFHV��1DQRVFLHQFH�
DQG�1DQRWHFKQRORJ�������� �S�������� �

[��]�1 JX�H Q�/H�+ X���1 JX�HQ�7XDQ �' ]XQJ� �7UDQ�9 LQ K �+ RD QJ� �
' D QJ�7KL �7K X�+X �HQ��7UDQ�' DL�/D P��� ��� ����)X QFW LRQD O L]D WLR Q�RI�
UH GXFH G�JUDSKHQH�R[L GH�E��HO HFWURD FW LYH�SRO �PHU �I RU�ELRV HQV LQJ�
D SSO LF DW LRQV�� � �G�DQFHV� LQ� 1DWXUDO� 6FLHQFHV�� 1DQRVFLHQFH� DQG�
1DQRWHFKQRORJ�������� �S�� ������ �

[1�]� +� 9� � 7U D Q�� % �� 3L UR� � 6�� 5 HLV EHUJ �� /� ' �� 7U D Q�� +�7�� 'XF� �
0� &��3 KDP����������/DE HO� IUHH �D QG�UH DJHQ WO HVV�HOHFWU RF KHPL FD O�
GHWH FWL RQ � RI� PLFUR 5 1�V� XVLQ J� D � FRQG XFWL QJ� SRO�P HU�
QDQRV WUXFWX U HG� E �� FD UERQ � QDQR WXEH V �� �S SOLFD WL RQ� WR� S URVW D WH�
FDQFH U� EL RPD UN HU� P L5 ����� �� %LRVHQVRUV� DQG� %LRHOHFWURQLFV��
������ �S����������

[��]�+ �9 ��7 UDQ� �5���RXJQL D� �6� �5H LVEHUJ� �%� �3L UR��1 ��6 HUUDG ML� �
7�' ��1 JX�HQ ��/� ' ��7U D Q��&� =��'RQJ��0 �& ��3 KDP�� ����������O DEH O�
IUHH � H OHFW URF KHPLFD O� LPPXQ RVHQ VRU� IRU� GLU HFW�� VL JQD O�RQ � D QG�
VHQVLWL YH� SHV WL FLGH � GHW HFWLRQ��� %LRVHQVRUV� DQG� %LRHOHFWURQLFV��
������ �S����� ���

[��]� /DP � 'DL � 7UDQ �� % LQK � +D L� 1 JX�H Q�� 1 JX�HQ� 9DQ� + L HX�� HW �
D OO�� ������ ��(O HFWURFKH PL FDO �GH WHFW LRQ�RI �VK RU W�+ ,9�VHTX HQFHV�RQ�
FKLW RVDQ� )H

�
2

�
� Q DQ RSDUW LFO H� EDV HG� VFUHHQ � SULQWHG� HO HFW URGHV���

0DWHULDOV�6FLHQFH�DQG�(QJLQHHULQJ������������ S�� ��������

[��]�/DP� ' D L� 7UDQ� �' ]XQJ� 7XDQ �1J X�HQ�� %L QK� + D L�1 JX�HQ ��
4 XD Q� 3KXF � ' R �� +X �� / H � 1 JX�HQ� ������� � �' HYHO RSPHQW � R I�
L QW HUGLJ LW DWHG � DUU D �V� F RD WHG� Z LWK �I XQFW LRQD O �SRO�D QL OLQH� 0: & 17�
I RU� HOH FWURF KHP LFD O � ELRGHW HFW LR Q�� �SSO LFDWLRQ � I RU� KXPD Q�
S DSL OOR PD � YLUX V�� �7DODQWD�������� �S�� �������� � �

[��]� %L QK� + D L� 1JX�H Q�� /DP � ' DL � 7UDQ� � 4 XDQ � 3K XF� ' R� � + X��
/ H� 1 JX�H Q�� 1 JR F� + XDQ� 7U D Q�� 3 KXF� ;XDQ� 1JX� HQ� ���� � ���
� /DEHO �IUHH � GHW HFWL RQ� R I� DIOD W R[L Q� 0 �� Z LWK� H OHFWU RFKHPL FD O�
)H

�
2

�
� SRO� DQL OL QH�ED VHG� D SWD VHQVR U��� 0DWHULDOV� 6FLHQFH� DQG�

(QJLQHHULQJ����������� �S���������� ��

[��]� 1J X�HQ� /H� +X �� � 1 JX�HQ� +D L� %LQ K�� 1 JX�HQ� 1 JRF �
7KLQK� � 1J X�HQ� 7XDQ� 'XQJ� � 7UDQ� ' D L� / D P� ���� �� �� �3RU WDEO H�
FKRO HVWHURO� GHW HFWLR Q� ZL WK� SR O�DQL O LQH�FD UERQ� QDQ RW XEH� I LO P�
E DVHG � L QWHU G LJLWD W HG�H OHFWU RG HV����G�DQFHV�LQ�1DWXUDO�6FLHQFHV��
1DQRVFLHQFH�DQG�1DQRWHFKQRORJ�������� �S���� ���� �

[��]� /H� 7URQJ� +X� HQ�� 7UL QK� 1 JR F� 7KDQJ�� 1 JX�HQ � /H� +X� ��
1 JX�HQ � + DL � %LQ K�� 1JX �HQ� 9 D Q� �QK�� 7UD Q� ' DL � /DP � � 1 JX�HQ�
7XDQ�'XQ J����� �����( OHFW URV�QWK HVLV�RI�S RO �D QLO LQ H���P XWLO ZD O OHG�
FDUER Q�Q DQRW XEH�QDQR FRPSRVL WH�ILOP V�L Q�W KH�S UHVHQFH�R I�VR GLX P�
G RGH F�O� VXOID W H� I RU� JO XFRV H� ELRVHQV LQ J��� �G�DQFHV� LQ� 1DWXUDO�
6FLHQFHV��1DQRVFLHQFH�DQG�1DQRWHFKQRORJ�������� �S�� ������ �


