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$EVWUDFW

6HFRQGDU\� HOHFWURQ� UI�GHWHFWRU� LV� WKH� RQO\� EHDP
GLDJQRVWLF� LQVWUXPHQW� DW� SUHVHQW� IRU� ORQJLWXGLQDO� SURILOH
PHDVXUHPHQW� RI� VKRUW� LRQ� EXQFKHV�� 7KH� GHWHFWRU� ZLWK
ORQJLWXGLQDO� UI�PRGXODWLRQ� RI� VHFRQGDU\� HOHFWURQV� LQ� FDSDFLW\
JDS� RI� TXDUWHU�ZDYH� FRD[LDO� UHVRQDWRU� ZLWK� D� KHOLFDO� LQQHU
FRQGXFWRU� LV� FRQVLGHUHG� IRU� WKH� PHDVXUHPHQW� �ZLWK� SKDVH
UHVROXWLRQ�RI� DERXW� RQH�GHJUHH�RI� ������0+]��RI� WKH� ,675$
LRQ�OLQDF�EHDP�ZLWK�SXOVHG�FXUUHQW�XS�WR�����P$�DW�LRQ�HQHUJ\
RI� ������� 0H9�� 7KH� GHWHFWRU� GHVFULSWLRQ� DQG� EHQFK� WHVWLQJ
UHVXOWV�RI�LWV�PDLQ�XQLWV�ZLOO�EH�SUHVHQWHG�

,QWURGXFWLRQ

7KH�SURWRQ�OLQDF�,675$����>�@�FUHDWLQJ�DW�,7(3�IRU�WKH
ILUVW� PRGHO� RI� UDGZDVWH� WUDQVPXWDWLRQ� SODQW� UHTXLUHV
DSSURSULDWH� EHDP� GLDJQRVWLF� SURYLVLRQ� WR� XQGHUVWDQG� DQG
PLQLPL]H�EHDP�ORVV��'HWHFWRU�IRU�LRQ�EXQFK�SKDVH�GLVWULEXWLRQ
PHDVXUHPHQWV�ZLWK�UHVROXWLRQ�RI�DERXW����IRU�WKH�SRZHU�EHDP
RI� WKH� ,675$� OLQDF� LV� GLVFXVVHG� LQ� WKLV� SDSHU�� 7KLV� EHDP
GLDJQRVWLF�LQVWUXPHQW�LV�UHTXLUHG��ILUVW�RI�DOO��IRU�SUHFLVH�EHDP
PDWFKLQJ� DQG� VHWWLQJ� XS� UI�SDUDPHWHUV� RI� WKH� DFFHOHUDWRU
FDYLWLHV��7KH�GHWHFWRU� LV� WKH�NH\�WRRO� LQ�WKH� ORQJLWXGLQDO�EHDP
HPLWWDQFH�PHDVXUHPHQW�V\VWHP�WKDW�ZLOO�EH�DOVR�DFFRPSOLVKHG
XVLQJ� WKH� H[LVWLQJ� EHQGLQJ� PDJQHWV� LQ� WKH� OLQDF� FKDQQHO�
&KRVHQ� PHWKRG� RI� WKH� HPLWWDQFH� PHDVXUHPHQW� ZLOO� DOORZ� WR
UHVHDUFK� WKH� EHDP� GLVWULEXWLRQ� LQ� ORQJLWXGLQDO� SKDVH� VSDFH
ZLWKRXW� DQ\� PRGHO� DVVXPSWLRQ� RI� LW�� )LUVW� WKH� PHWKRG� ZDV
SURSRVHG�DQG�VXFFHVVIXOO\�UHDOLVHG�DW�WKH�,�����OLQDF���,+(3��
LQ� ����� >�@�� )LJXUH� �� PDNHV� FOHDU� LW�� 7KH� GHWHFWRU� ���� ZDV
VSDFHG�DIWHU�VSHFWURPHWHU�����DQG�DW�WKH����P�GLVWDQFH�IURP�WKH
,�����OLQDF�

�

)LJ����(PLWWDQFH�PHDVXUHPHQW�V\VWHP

1DUURZ�PRPHQWXP�ZLGWK�RI�WKH�FROOLPDWRU�����RI������
DQG� VPDOO� EHDP�GLYHUJHQFH� �����PUDG�� DIWHU� FROOLPDWRUV� �����
DOORZHG�� LQ� IDFW�� WR� UHVHUYH� WKH� EXQFK� SKDVH� GLVWULEXWLRQ� IRU
VHSDUDWHG� SDUW� RI� WKH� EHDP� DQG�� FDUU\LQJ� RXW� WKH� VDPH
PHDVXUHPHQWV� DW� GLIIHUHQW� SDUWLFOH� PRPHQWXP�� WR� GHWHUPLQH
WKH�GLVWULEXWLRQ�LQ�WKH�ORQJLWXGLQDO�SKDVH�VSDFH�VKRZQ�LQ�)LJ��
ZKHUH� LVROLQHV� RI� WKH� EHDP� GLVWULEXWLRQ� LQ� WKH� ORQJLWXGLQDO

SKDVH�VSDFH�DW�GLIIHUHQW�GHQVLW\�OHYHOV��SRLQWHG�LQ� OHIW�FROXPQ
RI� WKH� WDEOH�� DQG� FRUUHVSRQGLQJ� EHDP� SHU� FHQWV� � DQG� EHDP
ORQJLWXGLQDO� HPLWWDQFH� PHDVXUHG� DUH� SUHVHQWHG� WRR�� 0RUH� LQ
GHWDLOHG�RI�LW�RQH�FDQ�ILQG�LQ�>���@�

�����������������������

)LJ����(PLWWDQFH�RI�WKH�,�����OLQDF�EHDP�

7KH� SULQFLSOH� RI� RSHUDWLRQ� RI� WKH� EXQFK� SKDVH
GLVWULEXWLRQ� �%3'�� GHWHFWRU� ���� �)LJ����� KDV� EHHQ� UHSRUWHG
HOVHZKHUH� >���@�� %ULHIO\�� LQ� WKH� GHYLFH� WKH� %3'� RI� D� KLJK
HQHUJ\� LRQ� EHDP� LV� LVRKURQRXVO\� WUDQVIHUUHG� LQWR� WKH� VDPH
GLVWULEXWLRQ�RI�WKH�ORZ�HQHUJ\�VHFRQGDU\�HOHFWURQV�ZKLFK��WKHQ�
LV� FRKHUHQWO\� WUDQVIRUPHG� LQWR� WUDQVYHUVH� RQH� WKURXJK� UI�
PRGXODWLRQ� LQ� WKH� UHVRQDWRU� JDS� ����� DQG� VSHFWURPHWHU� ����
DOORZLQJ�GLUHFW�SUHVHQWDWLRQ�LW�RQ�D�ORZ�IUHTXHQF\�GLVSOD\������

7DNLQJ� LQWR� DFFRXQW� WKH� EHDP� VSDFH� FKDUJH� HIIHFW� WKH
GHWHFWRU� UHDOL]LQJ� WKH� VDPH� SULQFLSOH� RI� RSHUDWLRQ� KDV� EHHQ
FKRVHQ�IRU�WKH�,675$�EHDP�

%3'�GHWHFWRU

7KH�GHWHFWRU�IRU�WKH�,675$�OLQDF�EHDP�SURSRVHG�LQ�>�@
LV�VFKHPDWLFDOO\�VKRZQ�LQ�)LJ���

)LJ����/D\RXW�RI�%3'�GHWHFWRU�

7KHUH� DUH� VRPH� GLVWLQFWLRQV� EHWZHHQ� WKH� QHZ� GHWHFWRU
DQG� WKH�PHQWLRQHG� DERYH��7DNLQJ� LQWR� DFFRXQW� WKDW� WKH� ORZHU
SURWRQ� HQHUJ\� WKH� KLJKHU� LWV� HQHUJ\� ORVV� LQ� WKH� WDUJHW�� ZLWKLQ
FRQVLGHUHG�EHDP�HQHUJ\� UDQJH�� WKH� WKLQ�FDUERQ�ILEUH�RI���PP
GLDPHWHU� ZDV� FKRVHQ� WR� GHFUHDVH� WKH� ILEUH� KHDWLQJ� XQGHU� WKH
EHDP��0RUHRYHU�� IRU� WKDW� GLDPHWHU� DQG� KLJK� QHJDWLYH� YROWDJH
�RI�DERXW���N9��DSSOLHG� WR� WKH� WDUJHW� ���� WKH�SKDVH�GLOXWLRQ�RI
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WKH� VHFRQGDULHV� RQ� WKH� GLVWDQFH� ����PP�� XQWLO� WKH� FROOLPDWRU
�����FDXVHG�E\�WKHLU�LQLWLDO�HQHUJ\�VSUHDG��ZLOO�EH�OHVV�WKDQ�����
GHJ��RI�������0+]��VHH�)LJ���LQ�>�@��

7R� GHFUHDVH� WKH� GHWHFWRU� VL]HV� D� RSHQ� TXDUWHU�ZDYH
FRD[LDO�UHVRQDWRU�ZLWK�D�KHOLFDO�LQQHU�FRQGXFWRU�ZDV�FKRVHQ�WKH
SKRWR�RI�ZKLFK���EHIRUH�EUD]LQJ���LV�VKRZQ�LQ�)LJ���

)LJ����3KRWR�RI�WKH�RSHQ�TXDUWHU�ZDYH�FRD[LDO�UHVRQDWRU�RI�WKH

GHWHFWRU���RQ�������0+]���

$W� SXOVHG� UI�SRZHU� FRQVXPSWLRQ� RI� DERXW� ��� :� WKH
PRGXODWLQJ�JDS�YROWDJH�UHDFKHV�GHPDQGHG�YDOXH�RI���N9��7R
VXSSUHVV� PXOWLSDFWRULQJ� WKH� LQGXFWDQFH� SDUW� RI� WKH� UHVRQDWRU
FRQWDLQV� DQ� DWPRVSKHULF� DLU�� 5HVRQDWRU� IHHGWKURXJKV� DUH� QRW
YDFXXP���WLJKW�

0XOWLFKDQQHO� FROOHFWRU� ���� RI� WKH� VHFRQGDU\� HOHFWURQV
LQVWDOOHG� DW� WKH� H[LW� RI� WKH�PDJQHW� VSHFWURPHWHU� ���� DOORZV� WR
UHFRUG�D�EXQFK�SKDVH�GLVWULEXWLRQ�IRU�D�WLPH�OHVV�WKDQ�WKH�EHDP
SXOVH�GXUDWLRQ��L�H��LW�ZLOO�DOORZ�XV�WR�LQYHVWLJDWH�FKDQJHV�RI�WKH
SKDVH� GLVWULEXWLRQ� DORQJ� WKH� EHDP� SXOVH�� (VWLPDWLRQV� RI
VHSDUDWHG�SXOVHG�FKDUJHV�RI� WKH�VHFRQGDULHV�DW� WKH�HQWUDQFH�RI
WKH� FROOHFWRU� VKRZ� WKDW� PDJQLILFDWLRQ� RI� DERXW� ���� UHDFKHG
ZLWK� LQVWDOODWLRQ� RI� PLFURFKDQQHO� SODWHV� ZLOO� EH� HQRXJK� WR
UHFRUG�WKH�SKDVH�GLVWULEXWLRQ�RI�WKH�,675$�EHDP�LQ�����SRLQWV
RI� LWV� SXOVH��%HORZ�� HYHU\ZKHUH�� UHVXOWV� RI� FRQVLGHUDWLRQ�ZLOO
EH� SUHVHQWHG� IRU� WKH� IROORZLQJ� LRQ� EHDP� SDUDPHWHUV�� SURWRQ
HQHUJ\� �� ��0H9�� SXOVHG� EHDP� FXUUHQW� �� ����P$�� UPV� EHDP
UDGLXV�������PP��EHDP�SXOVH�GXUDWLRQ�������PV��SXOVH�IUHTXHQF\
�����+]�

,W� VKRXOG�EH�QRWHG� WKDW� WKH� GHWHFWRU� FDQ�EH� LQVWDOOHG� VR
WKDW�WKH�LRQ�EHDP�D[LV�ZLOO�EH�SHUSHQGLFXODU�WR�WKH�SODQH�)LJ���
WKHQ�WKH�PRQLWRU�VL]H�DORQJ�WKH�LRQ�EHDP�ZLOO�EH����PP�>�@�

'HWHFWRU�UHVROXWLRQ

7KH�GHWHFWRU�SKDVH�UHVROXWLRQ��'M��LV�PDLQO\�GHILQHG�E\
WKH�SKDVH�GLOXWLRQ��'M���RI�WKH�VHFRQGDULHV�RQ�WKH�GLVWDQFH�K� 
���PP�� WKH� VKXWWHU� SKDVH� UHVROXWLRQ� �'M��� DQG� WKH� DGGLWLRQDO
SKDVH� GLOXWLRQ� �'MT�� FDXVHG� E\� WKH� LRQ� EHDP� VSDFH� FKDUJH
HIIHFW�� $V� LW� ZDV� PHQWLRQHG� DERYH�'M�� �����q�� ,Q� )LJ��� WKH
SKDVH�GLOXWLRQ�'MT� LV�SORWWHG�DV�D� IXQFWLRQ�RI� WKH� WDUJHW�SODFH

UHODWLYHO\� WR� EHDP� D[LV�� 'LVWDQFH� EHWZHHQ� WKH� EHDP� D[LV� DQG
WKH�FROOLPDWRU�RI����PP�LV�IL[HG�

-6 -4 -2 0 2 4 6
0,0

0,1

0,2

0,3

)LJ����(OHFWURQ�GLOXWLRQ�'MT� LQ�GHJ��RI�������0+]�FDXVHG�E\

WKH�EHDP�VSDFH�FKDUJH�HIIHFW�

7KHQ��FRQVLGHULQJ�WKH�DERYH�PHQWLRQHG�TXDQWLWLHV�DV�WKH
LQGHSHQGHQFHV�RQH�FDQ�GHILQH�'M�XVLQJ�NQRZQ�DOJRULWKP�IURP
>�@�� )LJXUH� �� VKRZV� WKH� GHSHQGHQFH� RI� 'M� YV�� WKH� HOHFWURQ
LQSXW�SKDVH�IRU�WKH�VOLW�ZLGWK�RI���PP�RI�WKH�FROOLPDWRU�����DQG
WKH� PDLQ� UDGLXV� RI� HOHFWURQ� WUDMHFWRULHV� LQ� WKH� PDJQHW
VSHFWURPHWHU�RI����PP�
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)LJ����'HWHFWRU�UHVROXWLRQ�'M�YV��M��LQ�GHJ��RI�������0+]�DW�8

 � �� N9� DQG� IRU� GLIIHUHQW� HOHFWURQ� HQHUJLHV� DW� WKH� JDS

HQWUDQFH��������NH9����������NH9����������NH9�

2QH�RI�WKH�DGYDQWDJHV�RI�WKLV�WHFKQLTXH�LV�SRVVLELOLW\�WR
FDOLEUDWH� WKH� GHWHFWRU� XVLQJ� WKHUPRHOHFWURQV� IURP� WKH� WDUJHW
KHDWHG�E\�D�FXUUHQW��7KH�'M��UHVROXWLRQ�LV�GHWHUPLQHG�E\�UDWLR
RI�WKH�UHODWLYH�LQLWLDO�PRPHQWXP�VSUHDG�RI�WKH�HOHFWURQV�DW�WKH
JDS� HQWUDQFH� WR� WKH�PD[LPXP� LQFUHPHQW� RI� LW� GXH� WR� WKH� JDS
DFWLRQ�ZKLFK� DUH�PHDVXUHG�E\� WKH�PDJQHW� VSHFWURPHWHU�ZKHQ
WKH�JDS�LV�IHG�DQG�QRW��5HODWLRQVKLS�8�DQG�WKH�HOHFWURQ�HQHUJ\
DW� WKH� JDS� HQWUDQFH� LV� FKHFNHG� RQ� WKH� FXUYH� RI� WKH
WKHUPRHOHFWURQ�GLVWULEXWLRQ�LQ�SKDVH�

7DUJHW�KHDWLQJ

7KHUH� LV� LPSRUWDQW� HIIHFW� ZKLFK� OLPLWV� WKH� GHWHFWRU
RSHUDWLRQ�� :KHQ� WKH� WHPSHUDWXUH� LV� EH\RQG� ����� .� WKH
WKHUPRFXUUHQW� GHQVLW\� FDQ� H[FHVV� WKH� PDJQLWXGHV� FRPSDUHG
ZLWK� WKH� VHFRQGDU\�HOHFWURQ�RQH�� ,W� RXJKW� WR� QRWH� WRR� WKDW� IRU
WKH� WHQVLRQ� RI� WKH� ZLUH� LW� LV� QHFHVVDU\� WR� NQRZ� D� SRVVLEOH
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KLJKHVW� ZLUH� �� WDUJHW� WHPSHUDWXUH� EHFDXVH� WKH� OLPLW� RI� D
HODVWLFLW\�VWURQJO\�GHSHQGV�RQ�WKH�WDUJHW�WHPSHUDWXUH�

7DNLQJ�LQWR�DFFRXQW� WKDW�ZLWK�GHFUHDVLQJ�SURWRQ�HQHUJ\
LWV�HQHUJ\�ORVV�SHU�XQLW�OHQJWK�LQFUHDVHV�UDSLGO\�DQG�YHORFLW\�RI
WKH� KHDW� WUDQVSRUW� LQ� WKH� WDUJHW� LV� QHJOLJLEOH� VPDOO� LQ
FRPSDULVRQ�ZLWK�D�VSHHG�RI�KHDWLQJ�XQGHU�WKH�EHDP�WKH�FDUERQ
ILEUH� RI� �� PP� GLDPHWHU� ZDV� FKRVHQ�� )RU� WKLV� WDUJHW� DQG� WKH
DERYH�PHQWLRQHG�EHDP�SDUDPHWHUV� ���0H9��EXW� IRU� WKH�SXOVH
GXUDWLRQ�RI����PV� WKH�PD[LPXP�WHPSHUDWXUH�GHSHQGHQFH�RQ�D
WLPH�LV�SORWWHG�LQ�)LJ���
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)LJ����&DUERQ� ILEUH� WHPSHUDWXUH� YV�� WKH� WLPH� IRU� SXOVHG�EHDP

FXUUHQW�RI�����P$�DW���0H9�SURWRQ�HQHUJ\�

:LWK� LQFUHDVLQJ� WKH� SXOVH� GXUDWLRQ� WLOO� ���� PV� WKH
LQFUHPHQW�RI�WKH�PD[LPXP�WHPSHUDWXUH�IRU�WKH�SXOVH�FDQ�UHDFK
����� .� DOUHDG\�� +HQFH�� WKH� PDLQ� SUREOHP� FRQVLVWV� LQ� WKH
KHDWLQJ�IRU�D�SXOVH��DQG�WKH�NQRZQ�IO\LQJ�ZLUH�WHFKQLTXH�>�@�LV
QRW�VROXWLRQ�IRU�LW�

7KHUH� DUH� VHYHUDO� ZD\V�� SURSRVHG� LQ� >�@�� WR� VROYH� WKLV
SUREOHP�� 6KRUWO\�� WKHVH� SURSRVDOV�� VKRZQ� VFKHPDWLFDOO\� LQ
)LJ���� FRQVLVW� LQ� WKH� IROORZLQJ�� )LUVW�� WR� DYRLG� LQFUHDVLQJ� WKH
ZLUH� KHDWLQJ� IURP� SXOVH� WR� SXOVH� WKH� ZLUH� LV� UHSODFHG� RQ� D
OHQJWK� HTXDOHG� WR� D� EHDP� GLDPHWHU� IRU� D� WLPH� EHWZHHQ� WZR
EHDP�SXOVHV� E\�PHDQV�RI�ZLQGLQJ�XS� WKH�ZLUH� �)LJ���D�� IURP
EREELQ�����RQ�����WKURXJK�WKH�DUHD�RFFXSLHG�E\�WKH�EHDP�����

�����

� � � �

�

�

�

�

�

� �
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)LJ����7DUJHWV�ZLWK��UXQQLQJ��DQG��ERLOLQJ��ZLUHV�

7R� GHFUHDVH� WKH� ZLUH� KHDWLQJ�� DW� ILUVW�� WKH� VSHHG� RI
�UXQQLQJ��ZLUH�LV�EURXJKW�XS�WR�GHPDQGHG�RQH�DQG�DIWHU�WKDW�LW
LV�PRYHG� LQ� WKH� EHDP��)LJ���E� H[SODLQV� WKH� VDPH�SULQFLSOH� RI
RSHUDWLRQ�IRU�D�ZLUH�FORVHG�RQ� LWVHOI�ZKHQ� WKH�ZLUH�VSHHG�FDQ
EH� YHU\� KLJK�� /DVWO\�� )LJ���F� PDNHV� FOHDU� WKH� SURSRVDO� RI
�ERLOLQJ��ZLUH��$�ERLOLQJ�KHDW�IRU�DQ\�PDWHULDO�LV�NQRZQ�WR�EH
WKH�PRVW�PDJQLWXGH�DW� D�KHDWLQJ�SURFHVV��7KHQ�� DSSO\LQJ� WKLQ
FRDWLQJ�RI�FRSSHU�����RQ�D�WXQJVWHQ�FRUH�RI�D�ZLUH�RQH�FDQ�NHHS
WKH� FRUH� DW� WKH� WHPSHUDWXUH� EHLQJ� QRW�PRUH� WKDQ� WKH� ERLOLQJ�

SRLQW� IRU�D�FRSSHU�HTXDOHG� WR������&�� ,I�ZH� WDNH� WKLV� W\SH�RI
WKH�ZLUH� IRU� WKH�5)4�� OLQDF�EHDP�DW�&(51� >�@� �ZLWK� SURWRQ
HQHUJ\�����NH9�� WKH�FRSSHU� OD\HU�RI���PP�ZLOO�EH�HQRXJK� WR
UHVHUYH�WKH�WXQJVWHQ�FRUH�RI�����PP�GLDPHWHU�EHFDXVH�D�SURWRQ
UDQJH�IRU�D�FRSSHU�LV�QRW�PRUH�LW�

%HVLGHV�WKH�PHQWLRQHG��WR�H[WHQG�WKH�WHPSHUDWXUH�UDQJH
ZH� FRXOG� XVH� WKH� GHOWD� �� HOHFWURQV� >��@�� ,Q� WKH� FDVH� LW� LV� QRW
QHFHVVDU\�WR�DSSO\�YROWDJH�WR�WKH�WDUJHW�

&RQFOXVLRQV

2QH�FDQ�FRQFOXGH� WKDW� WKHUH� LV�QR� OLPLW�RI�SULQFLSOH� IRU
XVLQJ� WKH� VHFRQGDU\� HOHFWURQ� GHWHFWRU� IRU� EXQFK� SKDVH
GLVWULEXWLRQ�PHDVXUHPHQWV�RI�D�LRQ�SXOVHG�EHDP�ZLWK��DYHUDJH
EHDP�FXUUHQW�XS�WR����P$�QRZ��3URSRVHG�QHZ�WDUJHW�WHFKQLTXH
QHHGV�LWV�H[SHULPHQWDO�UHVHDUFKHV�XQGHU�LQWHQVH�LRQ�EHDP�

$FNQRZOHGJPHQWV

$XWKRUV�WKDQN�$�0�.R]RGDHY�IRU�VXSSRUW�LQ�SDUW�RI�WKLV
ZRUN�

5HIHUHQFHV

>�@� $�0�.R]RGDHY�� ,�9�&KXYLOR�� $�$�.RORPLHWV� HW�� DO��� ¦3URWRQ� ��

0H9������P$�/LQDF�,675$����DV�D�'ULYHQ�0XOWLSXUSRVH�,UUDGLDWLRQ

7HVW�)DFLOLW\���$EVWUDFWV�RI�(3$&�����%DUFHORQD��S�����������

>�@� $�0�7URQ�� 9�1�*OXVKHQNR�� 9�$�.RQRY� HW�DO��� ¦/RQJLWXGLQDO

(PLWWDQFH�0HDVXUHPHQW� RI�3URWRQ� /LQDF�%HDP���$EVWUDFWV� RI� &RQI�

RQ�/LQDFV��.KDUNRY��S����������

>�@�$�0�7URQ�� ¦6HFRQGDU\�(OHFWURQ�0HWKRGV� IRU� ,RQ� 3KDVH�0RWLRQ

5HVHDUFK§��3URF�������,QW��/LQDF�&RQI���$OEXTXHUTXH��S�����������

>�@�$�0�7URQ�� ¦6HFRQGDU\� (OHFWURQ�0RQLWRUV� LQ� /LQDFV� IRU� ,QWHQVH

1HXWURQ� 6RXUFHV��� 3URF�� ����� ,QW�� /LQDF� &RQI��� 7VXNXED�� S����

������

>�@� $�0�7URQ�� ¦6HFRQGDU\� (OHFWURQ�0RQLWRUV� IRU� ,RQ� %XQFK� 3KDVH

'LVWULEXWLRQ�0HDVXUHPHQWV��� 3URF�� RI� WKH� �QG� (XURSHDQ�:RUNVKRS

RQ�%HDP�'LDJQRVWLFV��7UXYHPXQGH��S����������

>�@� $�0�7URQ�� ,�*�0HULQRY�� ¦6HFRQGDU\� (OHFWURQ� 0RQLWRU� IRU

(OHFWURQ� %XQFK� 3KDVH� 'LVWULEXWLRQ� 0HDVXUHPHQW� ZLWK

6XESLFRVHFRQG�5HVROXWLRQ���3URF��RI�WKLV�&RQI�
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