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

����������	�

������������
���������������
�����
�������������� ���������� �!!��"������#$%�%�"��#�"&#!�#'�'!���(�$%)��!%�

������������

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

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

������������� �	�!�"�#���"��$��

*��������+�����,�����+���������-��,����
���+����
�������
����+�����������.�

*/0��1�
���
�������2������3��*�������/456��7894:��;<=>>:��?����@
A�%4���!B�C��D%��$%E(���!F�#�

AA�%4���!B��#G�()"��(#�=6E(���!F�#�

������������� �
!"���
��������
�
����������� 
"�����#��$"���%&����
$�$���
������$"�

���'� �
����&���
�
������������
��"(�
&�)���
&����������

�$�������� 
"()
������$��%'�� ��*

���
�%'�������
��%'��������+,-,./����0��!
��
�%'�!�
�����1����'��)������&���
�
���� 
"�*

���#��$ 
"�����/�1�
�$"���1���� 
"��� �
$
"0���"(�
��(2���3����������������� 
��
����2���
*

�
��(���� ��"������4�
�
)�1��/�1�
�$"��$��
�
��������
�
�������"�)�1����� �
����&���
�
�*

����������
����
��"(�
&�)���
&�������%��

�$���� 
��
���%���"��� ��$���"��%��
$�"��
!5��*

�����!"2$���&/����0��'�������������
1�
����"�
������$����6�����/� 
"�1���%�� ���
!�*

!
����$��%'/� 
"�1���%'��� �"
�0�
������$���7!��0$������"������ 
���8�
�����)����������
*

�
������
��������
�
����������#����$��%���)�"(��%/� 
�)%�29����
1�
��(�
��������
�
�������*

����)�����
����
�� 
���8�
���&��)�������� 
��
���
&���
�
����

:�"�)� 
�)%���/�1�
��
��)
��"(�%�� �
��������
�
���������
�����2�������%�
�
&��
1�
�*

�(2�+
��
����"(�%�� 
���8�
����;3<=./��
�$"�� 
"�1������$"�09�&���� �����$����6�������
�*

�����
!'
$���
 ��$�"���%&��������
&�������"��#
�"��>�
�
��
1�
��(�
�������
��)
��"(�%'� �
*

����&���
�
���&�������
'����������'
�
8�����
�����������"(�
�)������
�����"�1����� 
���8�
�*

����)����������
�
�����#���>�
���
1�
��(�
������������"(�
&� �
������������
���"����<�3?�=

$0�� �����"��
&�
8�!�����
�
���� 
"�����)�1���"(�
����"�1������� ����
���� 
���8�
�����)��*

��������
�
����������
!�)
�/� ��$"
0���%&����
$�
!�� �1�����'
�
8�2��
1�
��(�
�������
��)
�*

�"(�%'� �
����&���
�
�������������� ��������$"��
������������"(�
&��
���"�29�&�

H
IJ������
���B� ������1������$����6�����/��
)$�8�����
�
��(/�
�����������
�
��������

�� 
"���/� 
��
����� 
���8�
��(��)���������
)$�8�
&���
�
����

��%&��"'�(�)*+,�-�+.�+�,

;� 1���
�J�����HFHF�� K������ 1F/F��9�2������+�0F*F�

9��
�����+� LFH�� @���%�� �� %����� ��
"��
�A

�1�!����$"�����)
���3�	�A�	8��
���
����/�;����

3�������

�� M!%��� NF��O#&%!!�� PFQF� BCDEDFGH� IJIHKL� CMKNHCGCEFHCONA

PQKODJ� FNM� RDFEHCEK�� 3� STB/� UKIHONA� BLKDCEFN

VNIHCHWHK�OG�BKDONFWHCEI�X�BIHDONFWHCEI� +BVBB./������

3�?Y?�Z��[\V�;����;?]?�Y�;���

<� M#&�G��RFSF��T#C!�$�D��UFM��BZZDOFEQKI�GOD�G^C_QH�HKIHI

FCDEDFGH�ZFDFLKHKD�CMKNHCGCEFHCON�]]���HQ�`ON_DKII�OG�HQK

VNHKDNFHCONF^� `OWNEC^� OG� HQK� BKDONFWHCEF^� TECKNEKI

+V`BT./�TH��RKHKDIaWD_/�UWIICF/� �*;��TKZHKLaKD���;?�

RFZKD�����;?*��;��

?� V�"%(�#�D�&�WFN��b^C_QH�cKQCE^K�IJIHKL�CMKNHCGCEFHCONA�B

HCLK*MOLFCN�LKHQOMO^O_J��3�STB/�UKIHONA�BLKDCEFN

VNIHCHWHK�OG�BKDONFWHCEI�X�BIHDONFWHCEI� +BVBB./������

3�?;��Z��[\VA�;����;?]?�Y��Y��

�� H�����XFYF�	��
$%� ������1���
&��$����6��*

������'��1����'��������A�4"����
��
���1�!�
���)*

$�����3�	�A�	d�������-�4��e���/���;;�

�� X�J�������1FY��:>�
$����1������'�����������

�$����6��������
"��
�� 
� 
"���%��$��%���3

	�A�f)$*�
�	:f/���;���3�;Y;���

�� M#&�G��RFSF��T#C!�$�D���UFM��gIHCLFHCON�OG� IJIHKLFHCE

KDDODI�OG�ONaOFDM�LKFIWDKLKNH�OG� FN_^K�OG� FHHFEh�FNM

I^CMCN_� FN_^K� aFIKM� ON� CNHK_DFHCON� OG� MFHF� OG� IFHK^^CHK

NFcC_FHCON� IJIHKL�FNM� CMKNHCGCEFHCON�OG�iCNM� cK^OECHJ

]]� jOWDNF^� OG� `OLZWHKD� FNM� TJIHKLI� TECKNEKI

VNHKDNFHCONF^����;;��kO^������lO�;/�ZZ��;<�*;?<��[\VA

;��;;<?]T;��?�<��;;�;�;��

Y� UG!(�D#$�NFNF��M#&�G��RFSF��MG!� GD)#$�NFZF��Z"G!#$�D��

QFNF�� [��#'%%$� �FZ�� B^_ODCHQLI� OG� CNEDKFICN_� HQK

EF^EW^FHCON�FEEWDFEJ� GOD�FN�FCDEDFGHmI�ODCKNHFHCON�FN_^K

]]� jOWDNF^� OG� EOLZWHKD� FNM� IJIHKLI� IECKNEKI

CNHKDNFHCONF^���;���kO^�� ����lO�;/� ZZ�� ;��*;�;��[\VA

;��;;<?]T;��?�<��;�����<�
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�� M#&�G��RFSF��S�D#!�%$�ZFNF��TG�)D#$�ZF\F�BN�F^_ODCHQL

GOD� KIHCLFHCN_� IJIHKLFHCE�LKFIWDKLKNH� KDDODI� GOD� FCD

cK^OECHJ/� FN_^K� OG� FHHFEh/� FNM� I^CMCN_� FN_^K� CN� G^C_QH

HKIHCN_� ]]� jOWDNF^� OG�`OLZWHKD� FNM�TJIHKLI�TECKNEKI

VNHKDNFHCONF^�� ��;��� kO^�� ���� lO� </� ZZ�� ??�*?���

[\VA;��;;<?]T;��?�<��;��<�;;?

;�� \G��&#$�ZF\F��M#&�G��RFS��B�LKHQOM�OG�MKHKDLCNCN_

HQK� MJNFLCE� KDDOD� OG� OZHCEF^� HDFnKEHODJ�LKFIWDKLKNH

IHFHCONI�]]�oKFIWDKLKNH�PKEQNCpWKI����;;��kO^���?��lO

</�ZZ���Y;*�Y��

;;� Z�)G�""%�QF��P���&��#��\F��W���)!%�QF��Z�)#����(�UF��O#�����)
]F��R&!"�OF��S%G�����VF��Q&�#!^�VF��_#&D%&"�[F�lWLKDCEF^

ICLW^FHCON� OG�LFNKWcKDCN_� FCDEDFGH� aJ� FKDOMJNFLCE/

G^C_QH�LKEQFNCEI�FNM� IHDWEHWDF^�LKEQFNCEI�EOWZ^CN_�]]

jOWDNF^�OG�BCDEDFGH��������kO^��?���lO�;/�ZZ���<*�?��[\VA

;����;?];�<;;Y�

;�� `"��(�R��OF��a���b�""�MF��M�&�C%"����[FZF�gIHCLFHCON

OG� FKDOMJNFLCE� ZFDFLKHKDI� CN� EONMCHCONI� OG

LKFIWDKLKNH�]]� VPo�qKa�OG�`ONGKDKNEKI����;���kO^�

;�/�Z�� ?��[\VA� ;��;��;]CHLEONG]��;�;��;���

;<� ]��(�cF���#�(�VF��b�G�dF��a)��(�b�� VMKNHCGCEFHCON�FNM

IHFNMFDMCrFHCON�OG�LFNKWcKDI� aFIKM�WZON�OZKDFHCONF^

G^C_QH�MFHF�]]�`QCNKIK�jOWDNF^�OG�BKDONFWHCEI����;���kO^�

�Y��lO�;/�ZZ��;<<*;?���[\VA�;��;�;�]n�EnF���;?�;�����

;?� O#G�(�`"��(�R���M��e�a���b�""F�VNG^WKNEK�FNF^JICI�OG

CNZWH� IC_NF^� GODLI� ON� HQK� FEEWDFEJ� OG� FKDOMJNFLCE

ZFDFLKHKD�CMKNHCGCEFHCON�CN�FCDEDFGH�^ON_CHWMCNF^�LOHCON

]]�`^OWM�OG�TECKNEK����;���kO^��?��lO�?/�ZZ���<�*�?��

;�� bG�)"%� G&(��FOF��W#e!%��fFOF��b#)&��OF]F��O�&"��%!!�

bF�� Z"%�(%!� WF_�� SNIHKFMJ� QC_Q*FN_^K*OG*FHHFEh

FKDOMJNFLCE�LOMK^I�OG�F�_KNKDCE�nKH�HDFNIZODH]]�jOWDNF^

OG�BCDEDFGH�� ��;���kO^�� ����lO�� </� ZZ�� Y��*Y����[\VA

;����;?];�`�<����

;�� ]��(�gF��`%�MF_F��g����]FgF��a)��(�[FVF��f)%�(�cFgF�

]G�MFcF�SNIHKFMJ� FKDOMJNFLCEI�LOMK^CN_� GOD� G^C_QH

MJNFLCEI�FZZ^CEFHCON�]]�BEHF�oKEQFNCEF�TCNCEF����;��

kO^�� �Y/�lO��;/�ZZ�� ;?*�<��[\VA� ;��;���]I;�?��*�;�*
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PQK� LKHQOM� IW__KIHKM� CN� HQCI� ZFZKD� ZDOcCMKI

KIHCLFHKI� GOD� HQK� HQDKK�ZDOnKEHCONI�OG�iCNM�cK^OECHJ� CN

KFDHQmI� NODLF^� EOODMCNFHK� IJIHKL� WICN_� IFHK^^CHK

NFcC_FHCON� IJIHKLI� +TlT.� MFHF/� FI�iK^^� FI� ON*aOFDM

aFDOLKHDCE�FCDIZKKM�LKFIWDKLKNHI��PQK�iCNM�IZKKM�FNM

CHI�MCDKEHCON�FDK�FIIWLKM�EONIHFNH�GOD�F�G^C_QH�^K_�OG���*

67879:;<7=>�:?�@A=6�879:BA>C�7D>A</>A:=�<7>E:6
FDA=G�>E7�/AHD;776

IJ4K�LMN�9422� �<OPNQ�E24NQ�:R��

O#��#e�Q$��"�#��m��"�"G"%�-S�"�#��!�W%�%�&�)�n��$%&��"�.�

OQm��3��N#!#D#!���D#%��)#��%��O#��#e��Q456��\ZT4:��;<=>>:��WG����
A�%4���!B�C��D%��$%E(���!F�#�

AA�%4���!B��#G�()"��(#�=6E(���!F�#�

��� I� MWDFHCON�� PQCI� LKFNI/� HQFH� GOD� HQK� _CcKN� HCLK

CNHKDcF^�ZDOnKEHCONI�OG� HQK�iCNM�cK^OECHJ�cF^WKI�ON�HQK

FtCI�OG�HQK�NODLF^�KFDHQ�EOODMCNFHK�IJIHKL�FDK�EONIHFNH�

bWDHQKD/� HQK� OanKEH� FNM� OaIKDcFHCON� LOMK^I� FDK

ZDKIKNHKM/� FI� iK^^� FI� HQK� CMKNHCGCEFHCON� F^_ODCHQL

FEEWDFEJ�EQFDFEHKDCIHCEI/�OaHFCNKM�GDOL�HQK�ICLW^FHCON

MFHF�ZDOEKIICN_��PQK�FCDIZKKM�LKFIWDCN_�KDDOD�KGGKEH�ON
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HQK�iCNM�cK^OECHJ�KIHCLFHCON�CI�F^IO�WNMKD�MCIEWIICON��PQK

DKIW^HI/�IQOiCN_�HQK�FEEWDFEJ�OG�iCNM�cK^OECHJ�KIHCLFHCON

MKZKNMCN_�ON�HQK�EONIHFNH�cK^OECHJ�LKFIWDKLKNH�KDDODI/

FDK�ZDKIKNHKM�

PQK� FNF^JICI� IQOiI� HQFH�QODCrONHF^� ZDOnKEHCONI�OG

iCNM�cK^OECHCKI�FDK�KIHCLFHKM�iCHQ�QC_Q�FEEWDFEJ�+DK^FHCcK

KDDODI�OG�;3<=./�aWH�F�EKDHFCN�HCLK�CNHKDcF^�HO�OaHFCN

HQK�ZDOZKD�MK_DKK�OG� CMKNHCGCFaC^CHJ� CI�NKEKIIFDJ��BGHKD

HQCI/�HQK�FEEWDFEJ�OG�KIHCLFHCN_�HQK�QODCrONHF^�ZDOnKEHCONI

OG�iCNM�cK^OECHCKI� DKLFCNI�FH�F�MKEKNH� ^KcK^/�FNM�MOKI

NOH� MKZKNM� QKFcC^J� ON� HQK� CNEDKFIK� OG� HQK� IZKKM

LKFIWDKLKNH� KDDOD�� PQK� iCNM� cKDHCEF^� ZDOnKEHCON

KIHCLFHCON�QKDKiCHQ�^KFcKI�IOLKHQCN_�HO�aK�MKICDKM��VH

LFhKI� <�3?�=�KcKN� FH� rKDO� G^C_QH� IZKKM� KDDOD/� FNM

CNEDKFIKI� EONICMKDFa^J� iCHQ� FN� CNEDKFIK� OG� IZKKM

LKFIWDCN_� KDDOD�� PQWI/� iK� LFJ� EONE^WMK� HQFH� HQK

IW__KIHKM�LKHQOM� EFN� KNIWDK� HQK� _OOM� FEEWDFEJ� GOD

KIHCLFHCN_� HQK� iCNM� cK^OECHCKI� F^ON_� HQK� QODCrONHF^

EOODMCNFHK�FtKI/�FNM�CH�CI�NOH�FZZ^CEFa^K�GOD�KIHCLFHCN_

HQK�cKDHCEF^�EOLZONKNH�OG�iCNM�cK^OECHJ�

M%�e#&^�B�ZFDFLKHDCE�CMKNHCGCEFHCON/�FCD�IZKKM/�iCNM

IZKKM�KIHCLFHCON� CN� G^C_QH/� EONIHFNH� KDDOD�OG� FCD� IZKKM

LKFIWDCN_�

AN23OSP52MON

VN�G^C_QH�HKIHI�ZDFEHCEK�OG�FKDONFWHCEF^�KN_CNKKDCN_/

FHLOIZQKDCE� ZFDFLKHKDI� FNM� HQK� FCDEDFGH� LOHCON

ZFDFLKHKDI�LONCHODCN_�CI�OG�_DKFH�CLZODHFNEK�u;v��PQK

IJIHKL� CMKNHCGCEFHCON� FZZDOFEQ�LFJ� aK� KLZ^OJKM� HO

KIHCLFHK�HQK�LKFIWDKLKNH�KDDODI�u�3�v��UKEKNH^J/�HQK

ZFDFLKHKD�CMKNHCGCEFHCON�F^_ODCHQLI�QFcK�aKKN�ZDOZOIKM

HO�MKF^�iCHQ�IJIHKLFHCE�LKFIWDKLKNH�KDDODI�OG�FCDEDFGH

FN_^K�OG�FHHFEh�FNM�I^CMK�u�v/�ODCKNHFHCON�FN_^KI�u�v�FNM

FCDIZKKM�uYv��BH�HQK�IFLK�HCLK/�HQK�CIIWKI�OG�MKHKDLCNCN_

HQK�FEHWF^�cF^WKI�OG�iCNM�cK^OECHJ�FDK�ZDOa^KLFHCE�iQC^K

ZKDGODLCN_�G^C_QH�HKIH�LOMKI��qCHQ�IFHK^^CHK�NFcC_FHCON

IJIHKLI�FZZ^CEFHCON� CN� G^C_QH� HKIHI/� HQK�ZOIICaC^CHCKI� GOD

MKcK^OZCN_�LKHQOMI� GOD� HQK�iCNM� cK^OECHJ� KIHCLFHCON

CNEDKFIKM� EONICMKDFa^J/� KIZKECF^^J� CG� EOLZFDKM�iCHQ

EONcKNHCONF^� HKEQNO^O_CKI� OG� OZHCEF^� G^C_QH� ZFHQ

LKFIWDCN_�u�v��PQK�ZDKECIK�KIHCLFHKI�OG�HQK�iCNM�cK^OECHJ

FDK�NKEKIIFDJ�GOD�NWLKDOWI�HFIhI�iQC^K�FCDEDFGH�G^C_QH�HKIHI

u;/� ;�3;?v��oODK�MKHFC^KM� CNGODLFHCON�ON� HQK�iCNM

cK^OECHJ�KIHCLFHCON�ZDOa^KL�EFN�aK�GOWNM�CN�u;�3��v�

PQK� LKHQOM� IW__KIHKM� CN� HQCI� ZFZKD� ZDOcCMKI

KIHCLFHKI� GOD� HQK� HQDKK�ZDOnKEHCONI�OG�iCNM�cK^OECHJ� CN

KFDHQmI� NODLF^� EOODMCNFHK� IJIHKL� WICN_� IFHK^^CHK

NFcC_FHCON� IJIHKLI� +TlT.� MFHF/� FI�iK^^� FI� ON*aOFDM

aFDOLKHDCE� FCDIZKKM� LKFIWDKLKNHI�� bWDHQKD/� HQK

F^_ODCHQL� CI� ZDKIKNHKM/� FI� iK^^� FI� CHI� FEEWDFEJ

EQFDFEHKDCIHCEI/� OaHFCNKM� GDOL� HQK� ICLW^FHCON� MFHF

ZDOEKIICN_��PQK�KGGKEH�OG�FCDIZKKM�LKFIWDKLKNH�KDDOD�ON

HQK�iCNM�cK^OECHJ�KIHCLFHCON�CI�F^IO�MCIEWIIKM�

>TU�V3O0WUR�XO3RPW42MON

PQK� iCNM� IZKKM� FNM� CHI� MCDKEHCON� FDK� FIIWLKM

EONIHFNH�GOD�F�IQODH�G^C_QH�^K_�OG���3���I�MWDFHCON��PQCI

LKFNI/�HQFH�HQK�cF^WKI�OG�HQK�iCNM�cK^OECHJ�ZDOnKEHCONI

ON�HQK�FtCI�OG� HQK�NODLF^�KFDHQ�EOODMCNFHK�IJIHKL�FDK

EONIHFNH�GOD�HQCI�HCLK�CNHKDcF^��PO�MKGCNK�HQK�IKpWKNEK

OG�OZKDFHCONI� HO� _KNKDFHK� KIHCLFHKI�OG� EOLZONKNHI�OG

iCNM�IZKKM/�CH�CI�NKEKIIFDJ�HO�MKcK^OZ�HQK�OanKEH�LOMK^�

PQK�KpWFHCONI�GOD�HQK�FCDEDFGH�FCDIZKKM�ZDOnKEHCON�ON�HQK

NODLF^�KFDHQ�EOODMCNFHK�IJIHKL�FDK�MKGCNKM�FI�GO^^OiIA

w w w

w w w

w w w

+ . + .

+ . + .

+ . + .

o( � � o( ZSZ � o( ]

�( � � �( ZSZ � �( ]

p( � � p( ZSZ � p( ]

N " N " N

N " N " N

N " N " N

= +

= +

= +
� � � � � � � � � �+;.

iQKDK� "��x�;/��/� ���/�S�3�MCIEDKHK�HCLK�LOLKNHI/

w w w+ ./ + ./ + .
o( ZSZ � �( ZSZ � p( ZSZ �

N " N " N " � 3� ZDOnKEHCONI

OG�HQK�FCDEDFGH�KFDHQ�DK^FHKM�cK^OECHJ�ON�HQK�FtKI�OG�HQK

NODLF^�KFDHQ�EOODMCNFHK�IJIHKL/�LKFIWDKM�aJ�IFHK^^CHK

NFcC_FHCON�IJIHKL/

w w w/ /
o( ] �( ] p( ]

N N N �3�ZDOnKEHCONI�OG�iCNM�cK^OECHJ

ON�HQK�FtKI�OG�HQK�KFDHQ�EOODMCNFHK�IJIHKL/�iQCEQ�QFcK

HO�aK�KIHCLFHKM�

VH�CI�FIIWLKM�HQFH�HQKJ�FDK�EONIHFNH�ON�HQK�ZDOEKIIKM

IKEHCON�OG� HQK� G^C_QH��PQK� FCDIZKKM�ZDOnKEHCONI� CN� HQK

FIIOECFHKM� EOODMCNFHK� IJIHKL/� FDK� OaHFCNKM� aJ

LW^HCZ^JCN_� HQK� cF^WKI� OG� FCDIZKKM� +;.� aJ� hNOiN

HDFNICHCON�LFHDCt� GDOL� HQK� NODLF^� KFDHQ� EOODMCNFHK
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VN� KpWFHCON� +�.� HQK�LFHDCt� CNE^WMKI� HQK� FCDEDFGH

ODCKNHFHCON�FN_^KI/�C�K��ZCHEQ�/�DO^^�FNM�JFi��

PQK�FCDEDFGH�FCDIZKKM�cF^WK/�C�K��HQK�IZKKM�DK^FHCcK�HO

HQK�FCD/�CI�MKGCNKM�FI�GO^^OiI
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N " � LFJ� aK� EF^^KM� HQK� FCDIZKKM� cF^WK

ZDKMCEHKM�GDOL�HQK�OanKEH�LOMK^��PQCI�ZDKMCEHKM�cF^WK

MKZKNMI�ON�HQK�cF^WK�OG�iCNM�cK^OECHJ��PQK�OaIKDcFHCON

LOMK^�CN�HQCI�EFIK�CI�IEF^FDA
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PQK�cKEHOD�OG�KIHCLFHKM�ZFDFLKHKDI�CI�ZDKIKNHKM�FI

GO^^OiA
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PQWI/� KIHCLFHCON� OG� HQDKK� EOLZONKNHI� OG� iCNM

cK^OECHJ�CI�DKF^CrKM�FI�F�ZFDFLKHKD�CMKNHCGCEFHCON�ZDOa^KL

u�3�v�

ASUN2MXM542MON�/WQO3M2TR

PQK�ZDOa^KL�OG�iCNM� cK^OECHJ� KIHCLFHCON�LFJ�aK

IO^cKM�aJ� HQK�LFtCLWL� ^ChK^CQOOM�KIHCLFHCON� +oyg.

F^_ODCHQL�u�/�?/��v��VN�HQK�_KNKDF^�cKEHOD�GODL/�HQK�OanKEH

FNM�OaIKDcFHCON�LOMK^I�FDK�ZDKIKNHKM�FI�GO^^OiIA
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% �3�cKEHOD�OG�MCLKNICON�C/�iQCEQ�F^^�K^KLKNHI�FDK

KpWF^� HO�rKDO�KtEKZH� q�K^KLKNH/�FNM� q�K^KLKNH� CI�KpWF^

HO�;/

ε �3�F�ILF^^�NWLaKD/�WIWF^^J�IZKECGCKM�FH�HQK�^KcK^

OG�����;�����;=�GDOL�HQK�NOLCNF^�ZFDFLKHKD�cF^WKI�

gIHCLFHKI� + / ./ ;/
�

p " � � S= � FDK� MKHKDLCNKM� aJ

NWLKDCEF^� IO^WHCON� OG� KpWFHCONI� OG� HQK� OanKEH� FNM

OaIKDcFHCONI� CN� + . ��
�
"η = � VMKNHCGCEFHCON� CI� EOLZ^KHKM

iQKN� HQK� EONMCHCON� ;D D D
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HU1PW21�4NS�733O3�/N4WJ1M1

PO�IHWMJ�HQK�GKFHWDKI�OG�HQK�IW__KIHKM�F^_ODCHQL/�CH

iFI� FZZ^CKM� HO� HQK� ICLW^FHCON� MFHF�� PQK� MKHFC^KM

MKIEDCZHCON�OG�HQK�iCNM�FNM�FCDEDFGH�LOMK^I�CI�_CcKN�CN

uYv��:�HWDN�FH�EONIHFNH�F^HCHWMK�OG������L�iCHQ�HQK�DO^^

FN_^K�OG� <��MK_DKKI�iFI� ICLW^FHKM��PQK�FCDEDFGH� KFDHQ

DK^FHKM� cK^OECHJ� iFI� ;��� L]I/� HQK� iCNM� cK^OECHJ

QODCrONHF^�ZDOnKEHCONI�iKDK���L]I�FNM���L]I/�FNM�HQK

cKDHCEF^� ZDOnKEHCON�iFI� ��L]I�� PQK� FCDEDFGH� FCDIZKKM

EONIHFNH�LKFIWDKLKNH�KDDODI�+`k.�iKDK�ICLW^FHKM�FI����

L]I/���;�L]I/�����L]I/���?�L]I/�����L]I/�FNM�;���L]I�

PQK�KIHCLFHCON�ZDOEKII�iFI�ZKDGODLKM�GOD�KFEQ�OG

FCDIZKKM�LKFIWDKLKNH� cF^WK� EONIHFNH� KDDOD�`k��PQK

^KN_HQ�OG�HQK�ZDOEKIICN_�CNHKDcF^�iFI�F^IO�cFDCFa^K��PQK

IHFDHCN_�ZOCNH�iFI� F^iFJI� FH� rKDO� HCLK/� FNM� HQK� IKH�OG

cF^WKI�GOD�HQK�ZDOEKIICN_�CNHKDcF^�^KN_HQ�iFI�;/��/�</�?/

�/�Y/�;�/�;�/�;�/�;Y/��Y/�<Y/��Y/��Y�I��PQK�KIHCLFHKI�OG

bC_��;��UK^FHCcK�KDDODI�OG�iCNM�cK^OECHCKI� GOD�EONIHFNH�FCDIZKKM�KDDOD�`k�x�����L]I

iCNM� cK^OECHJ� iOW^M� EQFN_K/� FNM� CHI� EQFN_CN_� iFI

KtZDKIIKM�CN�DKIW^HI�FNM�KDDODIm�FNF^JICI�

PO�LONCHOD�HQK�iCNM�cK^OECHJ�KIHCLFHKI�EQFN_KI/�HQK

DK^FHCcK�KIHCLFHCON�KDDODI�iKDK�CNHDOMWEKM��PQK�GO^^OiCN_

KpWFHCON�iFI�WIKM�GOD�EF^EW^FHCONA

z
;��="&G%
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−
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iQKDK

z {
"&G%

� T�&��%"%& %�"���"% � T�&��%"%& "&G% $�!G%= =

PQK�OaHFCNKM� DK^FHCcK� KDDODI� GOD�MCGGKDKNH� FCDIZKKM

LKFIWDKLKNH�EONIHFNH�KDDODI�FDK�IQOiN�CN�GC_WDKI�;3��

\N�HQKIK�_DFZQI/�HQK�FaIECIIF�FtCI�ZDKIKNHI�HQK�^KN_HQ�OG

ZDOEKIICN_�CNHKDcF^�CN�IKEONMI�

\N�HQKIK�_DFZQI/�HQK�NOHCON�qCNMwt�DK^FHKI�HO�HQK

iCNM�cK^OECHJ�OcKD�HQK�t�EOODMCNFHK/�qCNMwr�DK^FHKI�HO

bC_�����UK^FHCcK�KDDODI�OG�iCNM�cK^OECHCKI� GOD�EONIHFNH�FCDIZKKM�KDDOD�`k�x���;�L]I
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bC_��<��UK^FHCcK�KDDODI�OG�iCNM�cK^OECHCKI� GOD�EONIHFNH�FCDIZKKM�KDDOD�`k�x�����L]I

bC_��?��UK^FHCcK�KDDODI�OG�iCNM�cK^OECHCKI� GOD�EONIHFNH�FCDIZKKM�KDDOD�`k�x���?�L]I

bC_�����UK^FHCcK�KDDODI�OG�iCNM�cK^OECHCKI� GOD�EONIHFNH�FCDIZKKM�KDDOD�`k�x�����L]I
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HQK�iCNM�cK^OECHJ�OcKD�r�EOODMCNFHK/�FNM�qCNMwJ�DK^FHKI

HO� HQK�iCNM� cK^OECHJ�OcKD� HQK� J� EOODMCNFHK� +cKDHCEF^./

iQC^K� HQK� NOHFHCON�`k� IHFNMI� GOD� EONIHFNH� KDDODI� OG

FCDIZKKM�FNM�CH�CI�LKFIWDKM�CN�LKHKD�ZKD�IKEONM�

6M15P11MON�4NS�BON5WP1MON

PQK� FNF^JICI� DKcKF^KM� HQFH� HQK� iCNM� cK^OECHCKI

QODCrONHF^�ZDOnKEHCONI�iKDK�KIHCLFHKM�iCHQ�QC_Q�FEEWDFEJ

+DK^FHCcK�KDDODI�OG�;*�=.�ON^J�FGHKD�HQK�ZDOEKIICN_�HCLK

CNHKDcF^�KtKKMI�;��I/�ICNEK�F�EKDHFCN�FLOWNH�OG�JFi�FN_^K

cFDCFHCON� CI� DKpWCDKM� HO� OaHFCN� HQK� ZDOZKD� MK_DKK� OG

CMKNHCGCFaC^CHJ�u�v��BGHKD�HQCI/�HQK�FEEWDFEJ�OG�KIHCLFHCN_

HQK�QODCrONHF^�ZDOnKEHCONI�OG�iCNM�cK^OECHCKI�DKLFCNI�FH

F� MKEKNH� ^KcK^/� FNM� MOKI� NOH� MKZKNM�QKFcC^J� ON� HQK

CNEDKFIK�OG�HQK�IZKKM�LKFIWDKLKNH�KDDOD��BH�HQK�IFLK

HCLK/�HQK�KIHCLFHCON�OG�iCNM�cKDHCEF^�ZDOnKEHCON�CI�ZOOD�

VH� LFhKI� <�*?�=� KcKN� FH� rKDO� FCDIZKKM� KDDOD/� FNM

CNEDKFIKI�MDFIHCEF^^J�WZ�HO�<��=�FH�FCDIZKKM�LKFIWDKLKNH

KDDOD�OG�;�L]I��PQWI/�iK�LFJ�EONE^WMK�HQFH�HQK�ZDOZOIKM

LKHQOM�EFN�KNIWDK�HQK�_OOM�FEEWDFEJ�GOD�KIHCLFHCN_�HQK

iCNM�cK^OECHCKI�F^ON_�HQK�QODCrONHF^�EOODMCNFHK�FtKI�FNM

CI�NOH�FZZ^CEFa^K�HO�HQK�iCNM�cK^OECHJ�cKDHCEF^�EOLZONKNH

KIHCLFHCON�

HUXU3UN5U1

;� kFIC^mEQKNhO� |�|�/� yKONOc� k�B�/� RFIQhOcIhCC� V�o�/

ROZ^FcIhCC�}�|��b%"��%� ��C�"������ ���#!%"#$� +BCDEDFGH

G^C_QH� HKIHI./�oOIEOi/�oFIQCNOIHDOKNCK/�;���/�����Z�

�� |^KCN� k�/�oODK^^C� g�B�� Q�&�&�'"� ���"%�� �^%�"�'���"�#�B

[)%#&����^�T&��"��%��STB/�UKIHON/�BLKDCEFN�VNIHCHWHK

OG�BKDONFWHCEI�X�BIHDONFWHCEI� +BVBB./� ����/� ?Y?� Z�

[\V�;����;?]?�Y�;���

<� |ODIWN�\�l�/�ROZ^FcIhJ�}�|��BZZDOFEQKI�GOD�G^C_QH�HKIHI

FCDEDFGH� ZFDFLKHKD� CMKNHCGCEFHCON��<>")�f#�(&%��� #'� ")%

m�"%&��"�#��!�f#G���!�#'�")%�Q%&#��G"���!�Z��%��%��-mfQZ.�

bC_�����UK^FHCcK�KDDODI�OG�iCNM�cK^OECHCKI� GOD�EONIHFNH�FCDIZKKM�KDDOD�`k�x�;���L]I

Z"F�T%"%&� G&(��WG������ r4;<�Z%C"%� %&�<6;3��RFZKD�lO

��;?*��;��

?� jFHK_FONhFD�U�k��_!�()"� $%)��!%� ���"%�� �^%�"�'���"�#�B�Q

"��%4^#����� �%")#^#!#(�F� STB/� UKIHON/� BLKDCEFN

VNIHCHWHK�OG�BKDONFWHCEI�X�BIHDONFWHCEI� +BVBB./�����/

?;��Z��[\VA�;����;?]?�Y��Y��

�� |ODIWN� \�l�� O%"#^�� C�&��%"&��)%�D#�� �^%�"�'�D�"���

"%D)���)%�D�D)� ���"%�� +oKHQOMI� GOD� HKEQNCEF^� IJIHKLI

ZFDFLKHDCE� CMKNHCGCEFHCON./�oOIEOi/�o~PS� CL��l�g�

}FWLFNF/���;;�

�� \cEQFDKNhO� k�l�� Q%&#^������)%�D�%� D)�&�D"%&��"�D�

�^%�"�'�D�"�������#!%"#$�C#!%"�����^������+BKDOMJNFLCE

EQFDFEHKDCIHCEI�OG�FCDEDFGH� CMKNHCGCEFHCON�aJ� G^C_QH�MFHF./

oOIEOi/�oBV/���;�/�;Y;�Z�
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