
�

�����±���� ������ �

� �� ��
�������� �� �������(�PDLO��DOHNVDQGU�]\NRY#LQER[�UX�

� �� ��
�������� �� ������(�PDLO� Q�LYDQRYD#XWPQ�UX�

O O

3

K
3 '

O
' O

' O O
' O O O

' O

3 ' [



O
O



K

3 Z

G G7
K

3 Z

Z


'
3

O

'



' O
O

O

O

' O

'
O

' O O

O 3
'

'



O ' 3

' O
' 3 O

O
Z Z

'
O 3

3 3 3 ' 3 3

3 O
3 O

' 3 O

O

'

3

3

3



3 O
'

'
[ O

' [ '
'

O 3
3

3

O O
3

'

3

3

O



O
3

O

K�±�
N
O�
'
3
Z
Z

[

'

'





��7\XPHQ�,QGXVWULDO�8QLYHUVLW\��5XVVLD��
��������7\XPHQ��9RORGDUVNRJR�VW�������(�PDLO��DOHNVDQGU�]\NRY#LQER[�UX�

��7\XPHQ�6WDWH�8QLYHUVLW\��5XVVLD���
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,Q� WKLV� SDSHU� SKRWRWKHUPRFDSLOODU\� �37&�� HIIHFW� KDV� EHHQ� XVHG� IRU� WKH� GLDJQRVWLFV� RI� WKH�
GLPHQVLRQV�RI� WKH� IRUHLJQ� VXEVXUIDFH�KLJK�FRQGXFWLYH� LQFOXVLRQV� LQ�D� ORZ�FRQGXFWLYH� VXEVWUDWH��$�
PRGHOLQJ�V\VWHP�ZDV�DQ�HERQLWH�GLVF�ZLWK�EXLOW�LQ�IOXVK�YHUWLFDO�DQG�KRUL]RQWDO�FRSSHU�SOXJV�ZLWK�
GLDPHWHU�����PP��0D[LPXP�OHQJWK�RI�WKH�YHUWLFDO�SOXJ�LV�OSO� ����PP�DQG�KRUL]RQWDO�±�OSO� ����PP��
7KH� ZRUNLQJ� VXUIDFH� RI� WKH� VXEVWUDWH� ZDV� FRYHUHG� ZLWK� D� ILOP� RI� WKH� GULHG� EODFN� ]DSRQ� ODFTXHU�
DEVRUELQJ�WKH�UDGLDWLRQ�RI�WKH�SXPS�ODVHU�EHDP��PD[LPXP�3H� ������P:���$�WKLQ�OD\HU�RI�VLOLFRQH�
RLO�306����K� ����� P��ZDV�GHSRVLWHG�RQ�WKH�ZRUNLQJ�VXUIDFH�RI�WKH�HERQLWH�GLVF�WR�JHQHUDWH�RI�WKH�
37&�HIIHFW��8VLQJ�D�ORZ�SRZHU�SURELQJ�XQIRFXVHG�ODVHU�EHDP�ZH�PHDVXUHG�WKH�GLDPHWHU�'VW�RI�WKH�
VWDWLRQDU\�37&�VLJQDO�LQ�GHSHQGHQFH�RQ�OSO��,W�ZDV�IRXQG�WKDW�IRU�WKH�YHUWLFDO�SOXJV�WKH�PHWKRG�KDV�D�
KLJK�VHQVLWLYLW\� 'VW� OSO� �±�����IRU�OSO �����PP��DQG�IRU�KRUL]RQWDO���PD[LPXP�VHQVLWLYLW\� 'VW� OSO
 �±����LV�DFKLHYHG�IRU�OSO ���PP��)XUWKHU�LQFUHDVH�LQ�OSO�GRHV�QRW�OHDG�WR�D�QRWLFHDEOH�FKDQJH�LQ�'VW

WKDW�LV�REYLRXVO\�DVVRFLDWHG�ZLWK�UHDFKLQJ�D�PD[LPXP�RI�OSO�WKDW�FRUUHVSRQGV�WR�D�WKHUPDOO\�VHPL�
LQILQLWH�SOXJ��)RU�FDVH�RI�WKH�KRUL]RQWDO�SOXJV�DQ�LQFUHDVH�LQ�3H�IURP�����WR������P:�LQFUHDVHV�WKH�
VORSH� 'VW� [�DW�WKH�ERXQGDU\�LQ�EHWZHHQ�HERQLWH�DQG�SOXJV�IRU���WLPHV��


