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%LQDU\��WHUQDU\��DQG�PXOWL�FRPSRQHQW�DO�
OR\V�UHSUHVHQWLQJ�VROLG�VROXWLRQV�RQ�WKH�EDVLV
RI� WXQJVWHQ� DUH� XVHG� ZLGHO\� HQRXJK� DV� FRQ�
VWUXFWLRQ� PDWHULDOV� LQ� KLJK�WHPSHUDWXUH� GH�
YLFHV�IRU�LQGXVWULDO�DQG�KRXVHKROG�XVH��$�VSH�
FLDO� SODFH� DPRQJ� WKHP� LV� RFFXSLHG� E\� DOOR\V
ZLWK� UKHQLXP� FRQFHQWUDWLRQV� �Ü��� ZW� �
>�Ü�@��+RZHYHU�� LW� LV�UDWKHU�GLIILFXOW� WR�SUR�
GXFH� VXFK�DOOR\V�ZLWK�KRPRJHQHRXV�GLVWULEX�
WLRQ� RI� UKHQLXP� LQ� WXQJVWHQ� XVLQJ� WKH� FH�
UDPLF�PHWDO�PHWKRG��/RZ�RI�GLIIXVLRQ�UDWHV�RI
UKHQLXP� LQ� WXQJVWHQ� ���Ü��� WR� ��Ü���FP�VÜ��
UHVXOW� LQ� ORQJ� WLPH� RI� KRPRJHQHRXV� DOOR\V
IRUPDWLRQ� HYHQ� DW� KLJK� WHPSHUDWXUHV� �DERXW
�����&��DQG�WKH�PLFURQ�VL]HV�RI�SRZGHU�>�@�

7R�PDQXIDFWXUH�ELQDU\�WXQJVWHQ�UKHQLXP
DOOR\V�� D� JDV�SKDVH� PHWKRG� KDV� EHHQ� XVHG�
QDPHO\�� DWRPLF� IRUPDWLRQ� RI� FRQGHQVDWHV
�FKHPLFDO� YDSRU� GHSRVLWLRQ�&9'�� EDVHG� RQ
MRLQW� UHGXFWLRQ� RI� WXQJVWHQ� DQG� UKHQLXP
IOXRULGHV� ZLWK� K\GURJHQ�� 7KH� JDV�IOXRULGH
PDQXIDFWXULQJ� PHWKRG� RI� VXFK� DOOR\V� GH�
SHQGV� RQ� PDQ\� SDUDPHWHUV�� 7KH� H[SUHVV
DQDO\WLFDO� FKHFNLQJ� IRU� PDLQ� HOHPHQWV
�WXQJVWHQ�DQG�UKHQLXP��DQG�IOXRULQH� LPSXUL�
WLHV�LQ�FRQFHQWUDWLRQV�OHVV�WKDQ���Ü��ZW����LV

QHFHVVDU\� LQ� WHFKQRORJ\� GHYHORSPHQW� DQG
WKH� DOOR\� SURGXFWLRQ� DQG� PDQXIDFWXULQJ� RI
SLHFHV�

,W� LV� MXVW� WKH� LRQ� EHDP� DQDO\VLV� �,%$�
PHWKRGV�RI�WKH�HOHPHQWDO�FRPSRVLWLRQ�GHWHU�
PLQDWLRQ�XVLQJ�EHDPV�RI�KHDY\�FKDUJHG�SDU�
WLFOHV� IURP� HOHFWURVWDWLF� DFFHOHUDWRUV� WKDW
VHHP� WR� EH� WKH�PRVW� VXLWDEOH� WR� VROYH� WKDW
SUREOHP�� 7KH� SDUWLFOH�LQGXFHG� ;�UD\� HPLV�
VLRQ� �3,;(��DQG�SDUWLFOH�LQGXFHG�J�HPLVVLRQ
�3,*(��PHWKRGV� DUH� WKH�PRVW� YHUVDWLOH� DQG
VLPSOH�RI�WKRVH�IURP�WKH�VWDQGSRLQW�RI�VDP�
SOH� KDQGOLQJ�� PHDVXUHPHQW� UHDOL]DWLRQ� DQG
SURFHVVLQJ� DQG� LQWHUSUHWDWLRQ� RI� REWDLQHG
DQDO\WLFDO� GDWD�� 7KHVH� DQDO\WLFDO� WHFKQROR�
JLHV� DUH� EDVHG� RQ� UHJLVWUDWLRQ� RI� FKDUDF�
WHULVWLF� ;�UD\� HPLVVLRQ� RI� DWRPV� DQG� WKH
LQVWDQWDQHRXV� J�HPLVVLRQ� RI� WKH� QXFOHL
FDXVHG� E\� LQWHUDFWLRQ� RI� SURWRQV� ZLWK� HQ�
HUJ\�XS� WR� VRPH�0H9�ZLWK�VXEVWDQFH��%RWK
PHWKRGV� XVH� WKH� VDPH� VSHFWURPHWULF� HTXLS�
PHQW� DQG� VLPLODU� WHFKQLTXHV� RI� DQDO\WLFDO
VSHFWUD�SURFHVVLQJ�DQG�GDWD�REWDLQLQJ�RQ�WKH
TXDQWLWDWLYH� FRPSRVLWLRQ� RI� VDPSOHV� EHLQJ
VWXGLHG��7R�VROYH�VRPH�SUREOHPV��LW�LV�SRVVLEOH
WR� RSWLPL]H� WKH� PHDVXUHPHQW� FRQGLWLRQV� LQ
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VXFK� D� PDQQHU� WKDW� ERWK� PHWKRGV� PD\� EH
XVHG� MRLQWO\� DQG� VLPXOWDQHRXVO\�

7KH�SXUSRVH�RI�WKLV�ZRUN�LV�WR�GHYHORS�DQ
DQDO\VLV� PHWKRG� RI� WXQJVWHQ�UKHQLXP� DOOR\V
IRU� WKH� FRQWHQW� RI� PDLQ� FRPSRQHQWV� XVLQJ
FKDUDFWHULVWLF�;�UD\� HPLVVLRQ�RI�.�VHULHV��DQG
DOVR�IOXRULQH�LQ�FRQFHQWUDWLRQ���Ü�Ü��Ü��ZW���
XVLQJ� LQVWDQWDQHRXV� J�UDGLDWLRQ� IURP� SUR�
WRQ�LQGXFHG�QXFOHDU�UHDFWLRQV�

7KH� DYDLODEOH� GDWD� RQ� FURVV�VHFWLRQV� RI
;�UD\� HPLVVLRQ� DQG� J�UD\� HPLVVLRQ� H[FLWD�
WLRQ� SURFHVVHV�� VWRSSLQJ� SRZHUV� RI� VXE�
VWDQFHV�IRU�SURWRQV�DQG�HPLVVLRQ�DEVRUSWLRQ
LQ�VXEVWDQFHV�KDYH�EHHQ�DQDO\]HG�GXULQJ�WKH
SURFHGXUH�GHYHORSPHQW��,W�KDV�EHHQ�UHYHDOHG
WKDW��GHVSLWH�RI�H[WHQVLYH�H[SHULPHQWDO�PD�
WHULDO� >����@�DQG�GHYHORSHG�HQRXJK�WKHRUHWL�
FDO� UHSUHVHQWDWLRQV� >�@�� WKHUH� LV� D� FHUWDLQ
DPELJXLW\�LQ�YDOXHV�RI�.�VKHOO�;�UD\�SURGXF�
WLRQ� FURVV�VHFWLRQV� IRU� HOHPHQWV� ZLWK� =�!���
DQG� SURWRQ� HQHUJLHV� RI� �� 0H9� DQG� KLJKHU�
7KHUHIRUH�� WKH� .�VKHOO� ;�UD\� SURGXFWLRQ
FURVV�VHFWLRQV� DQG� LQWHQVLW\� UDWLRV� IRU� FHU�
WDLQ� OLQHV� LQ� D� VHULHV� IRU� HOHPHQWV� ZLWK
DWRPLF�QXPEHUV� LQ�UDQJH���Ü���DQG�SURWRQ
HQHUJ\��Ü��0H9�KDYH�EHHQ�PHDVXUHG�DW�WKH
ILUVW� VWDJH��7KH�REWDLQHG�H[SHULPHQWDO�GDWD
KDYH� EHHQ� XVHG� WR� GHYHORS� D� GHWHUPLQDWLRQ
SURFHGXUH�RI�HOHPHQWDO�FRQWHQW�RI�WXQJVWHQ�
UKHQLXP�DOOR\V��

7KH�PHDVXUHPHQWV� RI� FURVV�VHFWLRQV�� WKH
SURFHGXUH� GHYHORSPHQW� DQG� WKH� DQDO\VLV� RI
REMHFWV� ZHUH� FDUULHG� RXW� XVLQJ� DQ� �(OHDQ�
XQLW�>�@��7KH�XQLW�LV�VKRZQ�VFKHPDWLFDOO\�LQ
)LJ����� 7KH� PDLQ� XQLW� DVVHPEOLHV� DUH� HOHF�
WURVWDWLF� FKDUJHG� SDUWLFOH� DFFHOHUDWRU�� EHDP
IRUPDWLRQ�V\VWHP��LUUDGLDWLRQ�FKDPEHU�ZLWK
GHYLFHV�IRU�WDUJHW�GLVSODFHPHQWV�DQG�DEVRUS�
WLYH� IRLO� FKDQJHV�� WKH� YDFXXP� V\VWHP�� WKH
GHWHFWLQJ�DQG�VSHFWURPHWULF�HTXLSPHQW�

$Q� (68����� DFFHOHUDWRU� �9DQ� GH� *UDDII�
SURYLGHG� D� SURWRQ� EHDP� ZLWK� HQHUJ\� IURP
����NH9�XS�WR�����0H9�DW�WKH�HQHUJ\�UHVR�
OXWLRQ� RI� ����� ��� 7KH� EHDP� FXUUHQW� RQ� D
WDUJHW�LQ�H[SHULPHQW�ZDV�YDULHG�ZLWKLQ�OLP�
LWV� RI� ���� WR� ����Q$�� DQG� FXUUHQW�GHQVLW\�
DFFRUGLQJO\�� ZLWKLQ� WKH� UDQJH� RI� ������ WR
������Q$�FP���

7KH�EHDP�LQ�WKH�LUUDGLDWLRQ�FKDPEHU�ZDV
VKDSHG�E\�PHDQV�RI�TXDGUXSOH�OHQV�DQG�V\V�
WHP� RI� GLDSKUDJPV�� 7R� LQFUHDVH� WKH� EHDP
KRPRJHQHLW\�� LW�ZDV�GHIRFXVHG�E\� OHQV��DQG
WR� LUUDGLDWH� WKH� WDUJHW�� WKH� EHDP� FHQWUDO
SDUW�ZDV�XVHG�ZKLFK�ZDV� FXW� RXW�E\�PHDQV
RI� WKUHH� GLDSKUDJPV�� WKH� GLVWDQFH� EHWZHHQ
WKH� H[WUHPH� RQHV� EHLQJ� ���� FP�� 7ZR� GLD�
SKUDJPV� QHDUHVW� WR� WKH� DFFHOHUDWRU� ZHUH
VKDSHG� DV� WDQWDOXP� IRLO� GLVNV� ZLWK� �� PP
LQWHULRU� DSHUWXUH� GLDPHWHU�� 2QH� RI� VL[� GLD�

SKUDJPV�PD\�EH�XVHG�DV�WKH�ODVW�RQH��WKUHH
IURP� ZKLFK�PDGH� IURP� FDUERQ�ZLWK� RULILFH
GLDPHWHUV�RI������DQG���PP��DQG�WKUHH��DUH
�FRPELQHG���GRXEOH�OD\HU��FRQVLVWLQJ�RI�WDQ�
WDOXP� DQG� OHDG� GLVNV�� ZLWK� WKH� VDPH� DSHU�
WXUH� GLDPHWHUV� DV� WKH� FDUERQ� RQHV�� 7KHVH
GLDSKUDJPV� DUH� LQWHUFKDQJHDEOH� ZLWKRXW
YDFXXP� GHWHULRUDWLRQ�� 7KH� XVH� RI� GRXEOH�
OD\HU� GLDSKUDJPV� LQVWHDG� RI� FDUERQ� RQHV
SURYLGHV� D� EDFNJURXQG� UHGXFWLRQ� LQ� WKH
;�UD\�FKDQQHO�E\�������$�FRQGXFWLYH�F\OLQ�
GHU� XQGHU� QHJDWLYH� SRWHQWLDO� RI� ���� 9� OR�
FDWHG� GRZQVWUHDP� WKH� ODVW� GLDSKUDJP� DQG
HOHFWULFDOO\� LVRODWHG� WKHUHIURP� ZDV� XVHG� WR
VXSSUHVV� VHFRQGDU\� HOHFWURQV� DULVLQJ� LQ� WKH
EHDP�IRUPDWLRQ�V\VWHP�

7KH� LUUDGLDWLRQ� FKDPEHU� LV� D� F\OLQGHU
IURP� DQWLPDJQHWLF� LURQ� RI� ���� PP� LQ� GL�
DPHWHU� DQG� ���� PP� KHLJKW� ZLWK� FRYHUV� DW
ERWK� EXWWV�� ,Q� WKH� F\OLQGHU� VLGH� VXUIDFH�
WKHUH� DUH� QLSSOHV� IRU� FRQQHFWLRQ� ZLWK� YDF�
XXP� V\VWHP� WKH� FKDPEHU� IL[DWLRQ� RQ� WKH
WDEOH��SUHVVXUH�PHDVXUHPHQW�DV�ZHOO�DV�YDF�
XXP� LQSXWV� IRU� PHFKDQLVPV� RI� WDUJHW� GLV�
SODFHPHQW� DQG� ;�UD\� ILOWHU� FKDQJH�� 7KH
SODQH� RI� F\OLQGHU� EDVH� �WKH� ILUVW� FRYHU�� LV
ORFDWHG� DW� DQJOH� ���� WR� GLUHFWLRQ� RI� SURWRQ
EHDP�� ,W� LV� SURYLGHG� ZLWK� WKUHH� LQSXWV� IRU
FRQQHFWLRQ� RI� WKH� FKDPEHU� WR� LRQ� JXLGH� DW
YDULRXV� RULHQWDWLRQV� LQ� WKH� VSDFH�� WZR�ZLQ�
GRZV�IRU�YLVXDO�FKHFNLQJ�RI� LUUDGLDWLRQ�DQG
FKDQJH� RI� DQDO\]HG� REMHFWV� DQG� DEVRUEHUV�
DQG�D�KROH�IRU�LQVWDOODWLRQ�RI�6L�/L��RU�*H+S
GHWHFWRU�� 2Q� WKH� FRYHU� LQWHULRU� VXUIDFH�
PRXQWHG� DUH� WKH� LQVXODWRU� VHWWLQJ� WKH� GLV�
WDQFH� EHWZHHQ� WKH� WDUJHW� DQG� WKH�6L�/L�� GH�
WHFWRU�� WKH� ;�UD\� FROOLPDWRU�� DQG� WKH� GLVN
ZLWK� ;�UD\� HPLVVLRQ� DEVRUEHUV�� $� VHPLFRQ�
GXFWRU� *H�/L�� J�HPLVVLRQ� GHWHFWRU� LV� SODFHG
RXWVLGH�RI�WKH�FKDPEHU��LPPHGLDWHO\�EHKLQG
WKH�EDFN�FRYHU��

)LJ������(OHDQ��XQLW�����HOHFWURVWDWLF�DFFHOHUD�
WRU�� ��� EHDP� VKDSLQJ� V\VWHP�� ��� LUUDGLDWLRQ
FKDPEHU�� ��� 6L� VXUIDFH� EDUULHU� GHWHFWRU�� ��
6L�/L��� *H+S� GHWHFWRU�� ��� WDUJHW�� ��� *H�/L�
GHWHFWRU�
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,QVLGH� WKH� FKDPEHU�� WKH� WDUJHW� GHYLFH� LV
LQVWDOOHG�� ,W� FRQWDLQV� D� YHUWLFDOO\� PRYDEOH
IUDPH� ZKHUH� WKH� KRUL]RQWDOO\� PRYDEOH� FDU�
WULGJH� IRU� WKH� WDUJHWV� LV� SODFHG� DQG� WZR
GULYH� XQLWV� SURYLGLQJ� KRUL]RQWDO� DQG� YHUWL�
FDO� GLVSODFHPHQW�� ��� WDUJHWV� RI� ��� PP� GL�
DPHWHU� FDQ� EH� IL[HG� LQ� WKH� FDUWULGJH�� 7KH
GULYHV� DOORZ� WR� SODFH� DQ\� RI� WDUJHWV� XQGHU
WKH�EHDP�DQG�WR�VFDQ�WKH�WDUJHW�VXUIDFH�E\
D� EHDP� DW� DQ� KRUL]RQWDO� DFFXUDF\� RI
����� PP� DQG� YHUWLFDO� RI� ���� PP� E\� LQGH�
SHQGHQW� GLVSODFHPHQWV� DORQJ� PXWXDOO\� SHU�
SHQGLFXODU�GLUHFWLRQV�

7KH� LUUDGLDWHG�VXUIDFH�RI�D� WDUJHW�� LQGH�
SHQGHQWO\�RI�LWV�WKLFNQHVV��LV�SODFHG�LQ�LGHQ�
WLFDO�JHRPHWULFDO�FRQGLWLRQV��DW�DQJOH�����WR
ERPEDUGLQJ� EHDP� D[LV� DQG� QRUPDO� WR� WKH
;�UD\� GHWHFWRU� VXUIDFH�� 7KH� WDUJHW� VXUIDFH
LV� ORFDWHG� LQ� SODQH� ZKHUH� WKH� YHUWLFDO� DQG
KRUL]RQWDO� GLVSODFHPHQWV� DUH� UHDOL]HG�� %H�
WZHHQ� 6L�/L�� GHWHFWRU� DQG� WKH� WDUJHW� XQGHU
LUUDGLDWLRQ��RQH�RI�WHQ�DEVRUELQJ�ILOWHUV�FDQ
EH�SODFHG�LI�QHFHVVDU\��7KH�ILOWHUV�FRQVLVWLQJ
RI�IRLOV�ZLWK�NQRZQ�FKHPLFDO�FRPSRXQG�DQG
WKLFNQHVV� DUH� PRXQWHG� RQ� D� URWDWLQJ� GLVN�
7KH�GLVN�URWDWLRQ�PHFKDQLVP�LV�FRQQHFWHG�WR
D� GULYH� ORFDWHG� RQ� ODWHUDO� VXUIDFH� RI� WKH
FKDPEHU�E\�PHDQV�RI�ZRUP�JHDU��%\�FKRRV�
LQJ� DSSURSULDWH� DEVRUEHUV�� LW� LV� SRVVLEOH� WR
RSWLPL]H� WKH� RSHUDWLQJ� FRQGLWLRQV� RI� VSHF�
WURPHWULF� HTXLSPHQW� LQ� WKH� ;�UD\� FKDQQHO�
$�FXUUHQW�LQWHJUDWRU�FRQQHFWHG�LPPHGLDWHO\
WR�WKH�FKDPEHU��WKDW�LV�HOHFWULFDOO\�LQVXODWHG
IURP� GHWHFWLQJ� V\VWHP� DQG� LRQ� JXLGH�� LV
XVHG�WR�PHDVXUH�WKH�FKDUJH�RI�SURWRQV�DFFX�
PXODWHG�RQ�WKH�WDUJHW��7KH�FKDUJH�PHDVXUH�
PHQW�HUURU�PDNHV����� LQ�FXUUHQW�UDQJH�RI
�Ü���� Q$�� 7KH� FKDPEHU� WRJHWKHU� ZLWK� GH�
WHFWLQJ� V\VWHP� LV� ORFDWHG� RQ� D� WRS� SODWH� RI
DGMXVWLQJ� WDEOH�� 7KH� WDEOH� GHVLJQ� DOORZV� WR
GLVSODFH� WKH� SODWH� ZLWK� WKH� GHYLFHV� ORFDWHG
WKHUHRQ�LQ�WKUHH�PXWXDOO\�SHUSHQGLFXODU�GL�
UHFWLRQV�ZLWKLQ� OLPLWV�RI�����PP��7KH�YDF�
XXP� V\VWHP� LV� SURYLGHV� D� YDFXXP� LQ� WKH
FKDPEHU�DQG� LV�RLO�IUHH�� ,W� LQFOXGHV�D� VLOLFD
JHO� SXPS�� WZR� FRDO� RQHV� DQG� PDJQHWR�GLV�
FKDUJHG�125'����� SXPS� DQG� SURYLGHV� WKH
UHVLGXDO� SUHVVXUH� RI� ��Ü�Ü��Ü��3D��7KH�GH�
WHFWLQJ� V\VWHP� LQFOXGHV� WKUHH� GHWHFWLQJ
EORFNV� SURYLGLQJ� UHJLVWUDWLRQ� RI� FKDUDF�
WHULVWLF�;�UD\V��RI�FKDUJHG�SDUWLFOHV�HODVWLF�
VFDWWHUHG� RU� DULVLQJ� LQ� QXFOHDU� UHDFWLRQV�
DQG�JDPPD�TXDQWD��

7KH�6L�/L��;�UD\�GHWHFWRU�LV�ORFDWHG�DW�WKH
DQJOH� ����� WR� WKH� PRYHPHQW� GLUHFWLRQ� RI
LQFLGHQW� SDUWLFOHV� DW� ��� PP� GLVWDQFH� IURP
WKH� WDUJHW� VXUIDFH� WR� DWWHQXDWH� WKH
EUHPVVWUDKOXQJ� EDFNJURXQG�� %HWZHHQ� WKH
GHWHFWRU�DQG�WDUJHW��WKH�;�UD\�HPLVVLRQ�FRO�

OLPDWRU� LV� ORFDWHG�� WKDW� SURYLGHV� WKH� HIIHF�
WLYH�GHWHFWRU�DUHD�UHVWULFWLRQ� WR� WKH�FHQWUDO
SDUW�PDNLQJ������IURP�WKH�ZKROH�VHQVLWLYH
VXUIDFH�RI�WKH�GHWHFWRU�FU\VWDO��WR�HOLPLQDWH
WKH� HGJH� HIIHFWV�� 7KH� ;�UD\� HPLVVLRQ� FROOL�
PDWRU� LQFOXGHV� WZR� JURXSV� RI� GLDSKUDJPV�
(DFK� JURXS� LV� DQ� DVVHPEO\� RI� DOWHUQDWLQJ
WZR� WDQWDOXP� DQG� WZR� OHDG� GLVNV�� 7KH� GLD�
SKUDJP� QHDUHVW� WR� WKH� WDUJHW� LV� WDQWDOXP�
7KH�XVH�RI�VXFK�D�FROOLPDWRU�KDV�DOORZHG�WR
UHGXFH�FRQVLGHUDEO\�WKH�WRWDO�EDFNJURXQG�RI
WKH�;�UD\� FKDQQHO� LQ� FRPSDULVRQ�ZLWK� WKDW
REVHUYHG�ZLWK�XVXDO�FDUERQ�GLDSKUDJPV��1R
0� DQG� /� OLQHV� RI� WDQWDOXP� DQG� OHDG� KDYH
EHHQ�UHYHDOHG�DW�FRQWURO�PHDVXULQJ�RI�;�UD\
HPLVVLRQ� VSHFWUXP�GXULQJ� ����� V� IURP�]LU�
FRQLXP�WDUJHW�DW�SURWRQ�HQHUJ\���0H9�DQG
WKH� EHDP� FXUUHQW� ��� Q$�� 7KH� HODVWLF�VFDW�
WHUHG�FKDUJHG�SDUWLFOHV�DQG�WKRVH�DULVLQJ�LQ
QXFOHDU�UHDFWLRQV�DUH�UHJLVWHUHG�E\�D�6L�VXU�
IDFH�EDUULHU�GHWHFWRU�GLVSRVHG�DW�DQJOH�����
WR�WKH�EHDP�D[LV�����PP�IURP�D�WDUJHW��7KH
J�UDGLDWLRQ� LQ� WKH� TXDQWD� HQHUJ\� UDQJH� RI
����NH9�WR����0H9�LV�UHJLVWHUHG�WKURXJK�WKH
FKDPEHU� EDFN� FRYHU� XVLQJ� D� *H�/L�� GHWHFWRU
SODFHG� RXWVLGH� WKH� FKDPEHU� DW� DQJOH� ���� WR
WKH�EHDP�GLUHFWLRQ�����PP�IURP�WKH�WDUJHW�

7KH� .�VKHOO� ;�UD\� SURGXFWLRQ� FURVV�VHF�
WLRQV�RI�+I��7D��:��5H�DWRPV�ZDV�PHDVXUHG
RQ� WKLFN� WDUJHWV� IROORZLQJ� WUDGLWLRQDO� WHFK�
QRORJ\��7KH�����PP�WKLFN�����PP�GLDPHWHU
GLVNV� RI� VSHFLDO� SXULW\�+I��7D��:��5H� IRLOV
ZHUH� XVHG� DV� WDUJHWV�� 7R� VXSSUHVV� WKH� ORZ�
HQHUJ\� ;�UD\� EDFNJURXQG� DQG� VWURQJ� /�VH�
ULHV� UDGLDWLRQ� RI� WKH� VWXGLHG� HOHPHQWV�� D
���PP� WKLFN� WDQWDOXP� IRLO� DEVRUEHU� ZDV
SODFHG�LQ�IURQW�RI�*H+S�GHWHFWRU�

7KH� DFFHOHUDWRU� ZDV� HQHUJ\� FDOLEUDWHG
XVLQJ� WKH� UHVRQDQFH� DW� SURWRQ� HQHUJ\
������� NH9� IURP� ��$O� �S�J�� ��6L� UHDFWLRQ�
7KH� DEVROXWH� HIILFLHQF\�RI�GHWHFWLQJ� V\VWHP
ZDV� GHWHUPLQHG� XVLQJ� PHDVXUHPHQW� RI
FRXQW� LQWHQVLWLHV� IRU� VWDQGDUG� UDGLRDFWLYH
VRXUFHV�ORFDWHG�LQ�WKH�WDUJHW�SRVLWLRQ�����$P
DQG����(X�VRXUFHV�ZHUH�XVHG�IRU�FDOLEUDWLRQ�
([SHULPHQWDO� HIILFLHQF\� YDOXHV� ZHUH� DS�
SUR[LPDWHG�E\�IXQFWLRQ�RI�WKH�W\SH

H� �D���([E� ���
ZKHUH� H� LV� WKH� GHWHFWLQJ� V\VWHP� HIILFLHQF\�
([�� LV� WKH� TXDQWXP� HQHUJ\��D�� E�� FRQVWDQWVREWDLQHG�E\�ILWWLQJ�RI�WKH�H[SHULPHQWDO�HIIL�
FLHQF\� YDOXHV� XVLQJ� OHDVW� VTXDUH� PHWKRG�
7KH�ILWWLQJ�HUURU�GLG�QRW�H[FHHG�����

7KH� ;�UD\� HPLVVLRQ� VSHFWUD� IRU� DOO� WKH
HOHPHQWV�ZHUH�PHDVXUHG�DW�SURWRQ�HQHUJ\�RI
�� WR� ��0H9� DW� ���� NH9� VWHSV��:KHQ� SURF�
HVVLQJ� WKH� VSHFWUD�� WKH� DUHDV� RI� zD��� zD��
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zE�����zE�� SHDNV�ZHUH� GHWHUPLQHG��7KH� FDO�FXODWHG�SHDN�DUHDV�IRU�FRUUHVSRQGLQJ�HQHUJ\
OLQHV�� WKH� GHWHFWLQJ� V\VWHP� HIILFLHQF\�� DQG
WKH�PHDVXUHG� FKDUJH�RI� WKH�SURWRQV�KLWWLQJ
WKH�WDUJHW�ZHUH�XVHG�WR�GHWHUPLQH�WKH�;�UD\
HPLVVLRQ� \LHOGV� WDNLQJ� LQWR� DFFRXQW� WKH� UD�
GLDWLRQ�DEVRUSWLRQ�LQ�WKH�WDQWDOXP�IRLO��7KH
REWDLQHG�\LHOG�YDOXHV�IRU�HDFK�HOHPHQW�ZHUH
DSSUR[LPDWHG�E\�IXQFWLRQ�RI�WKH�W\SH�

<� �G����(S�I� ���
ZKHUH�<�LV�WKH�\LHOG�RI�.�VHULHV�;�UD\V��(S�WKH� SURWRQ� HQHUJ\�� G� DQG� I�� WKH� FRQVWDQWV
GHWHUPLQHG�IRU�HDFK�HOHPHQW�RYHU�WKH�ZKROH
VHW�RI�H[SHULPHQWDO�SRLQWV��

7KH� IRUPXOD� >�@� ZDV� XVHG� WR� GHWHUPLQH
WKH�;�UD\�HPLVVLRQ�H[FLWDWLRQ�FURVV�VHFWLRQV
XVLQJ�WKH�;�UD\�\LHOGV�IURP�WKLFN�WDUJHWV�
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ZKHUH�V�(S��LV�WKH�.�VKHOO�;�UD\�SURGXFWLRQ
FURVV�VHFWLRQ� IRU� SURWRQV� RI� HQHUJ\� (S�� :�
WKH�GHWHFWRU� VROLG� DQJOH��H�� WKH�;�UD\�HPLV�

VLRQ� UHJLVWUDWLRQ� HIILFLHQF\� RI� WKH� GHWHFWRU�
Q�� WKH�GHQVLW\�RI�DWRPV�LQ�WKH�WDUJHW�PDWH�
ULDO��<��WKH�;�UD\�HPLVVLRQ�\LHOG��TXDQWD�SHU
SDUWLFOH��G<�G(��WKH�GHULYDWLYH�RI�\LHOG�ZLWK
UHVSHFW� WR� HQHUJ\�� GHWHUPLQHG� E\� GLIIHUHQ�
WLDWLRQ� RI� H[SUHVVLRQ� ����� P�� WKH� OLQHDU� DE�
VRUSWLRQ�FRHIILFLHQW�RI�;�UD\�HPLVVLRQ�LQ�WKH
WDUJHW� PDWHULDO� >��@�� 6�(��� VWRSSLQJ� SRZHU
RI�WKH�WDUJHW�VXEVWDQFH�ZLWK�UHVSHFW�WR�SUR�
WRQV� RI� HQHUJ\� (� >��@�� 7KH� .�VKHOO� ;�UD\
SURGXFWLRQ� FURVV�VHFWLRQV� FDOFXODWHG� XVLQJ
WKH�IRUPXOD�����DUH�SUHVHQWHG�LQ�7DEOH�����

7KH� FURVV�VHFWLRQ� GHWHUPLQDWLRQ� HUURU
ZDV� �� WR� ��� ��� GHSHQGLQJ� RQ� WKH� SURWRQ
HQHUJ\�� ,W� ZDV� GHWHUPLQHG� WDNLQJ� LQWR� DF�
FRXQW� WKH� IROORZLQJ� HUURUV�� VWDWLVWLFDO�� ���
WR������FKDUJH�PHDVXUHPHQW�������DEVROXWH
HIILFLHQF\�GHWHUPLQDWLRQ��������WKH�G<�G(
GHWHUPLQDWLRQ��������HUURUV�RI�SURWRQ�VWRS�
SLQJ� SRZHU� WDEOHV�� ������ DQG� ;�UD\� HPLV�
VLRQ�DEVRUSWLRQ�FRHIILFLHQW�������

,Q�)LJ�����GHSHQGHQFH�RI�REWDLQHG�H[SHUL�
PHQWDO� .�VKHOO� ;�UD\� SURGXFWLRQ� FURVV�VHF�
WLRQV�RQ�SURWRQ�HQHUJ\� LV�VKRZQ�IRU�DOO� WKH
HOHPHQWV�� &RPSDULVRQ� RI� WKH� H[SHULPHQWDO

7DEOH����([FLWDWLRQ�FURVV�VHFWLRQV�RI�.�VHULHV�;�UD\V

3URWRQ�HQHUJ\��(¯�0H9�
&URVV�VHFWLRQ�DUHD��EDUQ

+I 7D : 5H
��� ����(Ü� ����(Ü� ����(Ü� ����(Ü�
��� ����(Ü� ����(Ü� ����(Ü� ����(Ü�
��� ����(Ü� ����(Ü� ����(Ü� ����(Ü�
��� ����(Ü� ����(Ü� ����(Ü� ����(Ü�
��� ����(Ü� ����(Ü� ����(Ü� ����(Ü�
��� ����(Ü� ����(Ü� ����(Ü� ����(Ü�
��� ����(Ü� ����(Ü� ����(Ü� ����(Ü�
��� ����(Ü� ����(Ü� ����(Ü� ����(Ü�
��� ����(Ü� ����(Ü� ����(Ü� ����(Ü�
��� ����(Ü� ����(Ü� ����(Ü� ����(Ü�
��� ����(Ü� ����(Ü� ����(Ü� ����(Ü�
��� ����(Ü� ����(Ü� ����(Ü� ����(Ü�
��� ����(Ü� ����(Ü� ����(Ü� ����(Ü�
��� ����(Ü� ����(Ü� ����(Ü� ����(Ü�
��� ����(Ü� ����(Ü� ����(Ü� ����(Ü�
��� ����(Ü� ����(Ü� ����(Ü� ����(Ü�
��� ����(Ü� ����(Ü� ����(Ü� ����(Ü�
��� ����(Ü� ����(Ü� ����(Ü� ����(Ü�
��� ����(Ü� ����(Ü� ����(Ü� ����(Ü�
��� ����(Ü� ����(Ü� ����(Ü� ����(Ü�
��� ����(Ü� ����(Ü� ����(Ü� ����(Ü�
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.�VKHOO�;�UD\�SURGXFWLRQ�FURVV�VHFWLRQV�YDO�
XHV� IURP� WKLV� ZRUN� ZLWK� WKRVH� FDOFXODWHG
IURP�HPSLULFDO�IRUPXOD�SURSRVHG�LQ�>�@�DQG
EHLQJ�XVHG�ZLGHO\�LQ�WKH�DQDO\WLFDO�SUDFWLFH
LV� VKRZQ� LQ� )LJ����� &RPSDULVRQ� RI� WKH� H[�
SHULPHQWDO� .�VKHOO� ;�UD\� SURGXFWLRQ� FURVV�
VHFWLRQ� YDOXHV� IRU� WXQJVWHQ� IURP� WKLV�ZRUN
DQG� UHVXOWV� E\� RWKHU� DXWKRUV� >������@� KDV
VKRZQ�D�JRRG�DJUHHPHQW� LQ� WKH� VWXGLHG�HQ�
HUJ\� UDQJH�� IRU� RWKHU� HOHPHQWV�� H[SHULPHQ�
WDO� GDWD� DUH� DEVHQW�� 7KH� FURVV�VHFWLRQV� FDO�
FXODWHG� XVLQJ� HPSLULFDO� IRUPXOD� IURP� >�@
DUH�DJUHHG�ZLWK�H[SHULPHQWDO�YDOXHV�ZLWKLQ
WKH�H[SHULPHQWDO�HUURU��EXW�DV�LW� LV�REYLRXV
IURP� WKH� FXUYH� UXQ�� DW� SURWRQ� HQHUJLHV� H[�
FHHGLQJ� ���� 0H9�� WKH� YDOXHV� FDOFXODWHG
XVLQJ� WKH� IRUPXOD� IURP� >�@� VKRZ�D�V\VWHP�
DWLF�XQGHUHVWLPDWLRQ�ZLWK�UHVSHFW�WR�H[SHUL�
PHQWDO� RQHV�� 7KLV� WHVWLILHV� WR� QHFHVVLW\� WR
FRQVLGHU�VXFK�FLUFXPVWDQFH�ZKHQ�XVLQJ�WKLV
IRUPXOD� WR� HVWLPDWH� WKH�.�VKHOO�;�UD\� SUR�
GXFWLRQ� FURVV�VHFWLRQV� DW� DWRPLF� QXPEHUV
DERYH����DQG�KLJK�SURWRQ�HQHUJLHV�

,Q� 7DEOH���� WKH� LQWHQVLW\� UDWLRV� RI� OLQHV
IRU�.�VHULHV� REWDLQHG� LQ� WKLV�ZRUN� DQG� FDO�
FXODWHG�WKHRUHWLFDOO\�>��@�DUH�JLYHQ��7KH�LQ�
WHQVLW\� UDWLRV� KDYH� QRW� IRXQG� WR� GLIIHU� HV�
VHQWLDOO\� IRU� YDULRXV� SURWRQ� HQHUJ\� DQG
KDYH� EHHQ� DYHUDJHG�� $V� LW� LV� REYLRXV� IURP
WKH�7DEOH��WKHVH�TXDQWLWLHV�DUH�FORVH�WR�WKHR�
UHWLFDOO\�SUHGLFWHG�RQHV�LQ�PRVW�FDVHV�

7KH� .�VKHOO� ;�UD\� SURGXFWLRQ� FURVV�VHF�
WLRQV� DQG� WKH� LQWHQVLW\� UDWLRV� IRU� ;�UD\
HPLVVLRQ� OLQHV� REWDLQHG� LQ� WKLV� ZRUN� KDYH
EHHQ�XVHG�WR�GHYHORS�D�GHWHUPLQDWLRQ�SURFH�
GXUH�IRU�KHDY\�HOHPHQWV�E\�3,;(�XVLQJ�WKH
.�VHULHV� ;�UD\� HPLVVLRQ�� $V� D� UXOH�� HOH�
PHQWV� ZLWK� DWRPLF� QXPEHUV� DERYH� ��� DUH
GHWHUPLQHG�XVLQJ�WKH�/�VHULHV�UDGLDWLRQ��EH�
FDXVH� WKH� \LHOG� RI� .�VHULHV� ;�UD\� HPLVVLRQ
DW� WKH� VDPH� SURWRQ� HQHUJ\� LV� �Ü�� RUGHUV
ORZHU�� +RZHYHU�� LQ� WKLV� FDVH�� WKH� REMHFW
XQGHU� DQDO\VLV� FRQWDLQV� HOHPHQWV� ZLWK� WKH
FORVH� DWRPLF� QXPEHUV�� DQG� WKHUH� DUH� GLIIL�

)LJ����� .�VHULHV� ;�UD\� H[FLWDWLRQ� FURVV�VHF�
WLRQV�E\�SURWRQV�IRU�+I�����7D�����:�����5H����
�DEVFLVVD�� 3URWRQ� HQHUJ\�� 0H9�� RUGLQDWH�
;�UD\�H[FLWDWLRQ�FURVV�VHFWLRQ��EDUQ��

)LJ�����&RPSDULVRQ�RI�H[SHULPHQWDO�FURVV�VHF�
WLRQV�ZLWK�WKRVH�FDOFXODWHG�XVLQJ�WKH�IRUPXOD
IURP� >�@�� 7D����� 5H���� �DEVFLVVD�� 3URWRQ� HQ�
HUJ\��0H9�� RUGLQDWH��;�UD\� H[FLWDWLRQ� FURVV�
VHFWLRQ��EDUQ��

7DEOH����/LQH�LQWHQVLW\�UDWLRV�LQ�WKH�.�VHULHV�

(OHPHQW .D��.D�
.E����.D� .E��.D� .E�.D .E��.E���

+I �����r����� �����r����� �����r����� �����r����� �����r�����
����� ����� ����� ����� �����

7D �����r����� �����r����� �����r����� �����r����� �����r�����
����� ����� ����� ����� �����

: �����r����� �����r����� �����r����� �����r����� �����r�����
����� ����� ����� ����� �����

5H �����r����� �����r����� �����r����� �����r����� �����r������
����� ����� ����� ���� �����
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FXOWLHV� ZLWK� VHSDUDWLRQ� RI� FORVHO\� ORFDWHG
SHDNV� RI� /�VHULHV� LQ� ;�UD\� VSHFWUXP�� 7KLV
SUREOHP�GRHV�QRW�H[LVW�ZKHQ�WKH�.�VHULHV�LV
XVHG�� %HVLGHV�� HIIHFWLYH� WKLFNQHVV� RI� DQD�
O\]HG� OD\HU� LV� HVVHQWLDOO\� LQFUHDVHG�� VLQFH
WKH�VRIW�/�VHULHV�UDGLDWLRQ� LV�HVVHQWLDOO\�DE�
VRUEHG�LQ�WKH�VDPSOH�YROXPH�

'XULQJ� PHDVXUHPHQW� RI� .�VKHOO� ;�UD\
SURGXFWLRQ� FURVV�VHFWLRQV�� WKH� FRQGLWLRQV
KDYH� EHHQ� RSWLPL]HG� IRU� DQDO\VLV� RI� WXQJ�
VWHQ�DQG�UKHQLXP�DOOR\V�� ,W�KDV�EHHQ� IRXQG
WKDW�LW�LV�UHDVRQDEOH�WR�FDUU\�RXW�WKH�DQDO\�
VLV� DW� WKH� SURWRQ� EHDP� FXUUHQW� RI� ���Ü
���� Q$� DQG� WKH� HQHUJ\� ����0H9�� 7KH� DQD�
O\]HG� OD\HU� GHSWK� DW� WKH� XVHG� JHRPHWULFDO
FRQGLWLRQV� DQG� SDUWLFOH� HQHUJ\� LV� DERXW
���PP�� 7KH� DEVRUELQJ� IRLO� ZHUH� DSSOLHG� WR
VXSSUHVV�WKH�ORZ�HQHUJ\�EDFNJURXQG�DQG�LQ�
WHQVH� /�VHULHV� ;�UD\� HPLVVLRQ� RI� WXQJVWHQ
DQG�UKHQLXP��7KH����DQG����PP�WKLFN� LURQ
IRLOV�� ��� PP� WKLFN� WXQJVWHQ�� ���� DQG
����PP� WKLFN� DOXPLQXP� DQG� ��� PP� WKLFN
WDQWDOXP� RQHV�ZHUH� WULHG� DV� DEVRUEHUV��$F�
FHSWDEOH� OHYHO� RI� FRXQW� UDWH�� VKDSH� RI� VSHF�
WUDO� OLQHV� DQG� VXIILFLHQW� VWDWLVWLFDO� HUURU� DW
WKH� PHDVXUHPHQW� WLPH� RI� ��Ü���PLQXWHV
KDYH� EHHQ� REWDLQHG� ZLWK� WDQWDOXP� IRLO� DV
WKH�DEVRUEHU��7KH�;�UD\�DQG�ORZ�HQHUJ\��XS
WR� ����NH9�� J�UDGLDWLRQ� VSHFWUD� ZHUH� UHJLV�
WHUHG� E\� VHPLFRQGXFWRU� *H+S� GHWHFWRU�� $
W\SLFDO� ;�UD\� VSHFWUXP� LV� VKRZQ� LQ� )LJ����
6LQFH� WKH�zD��OLQH� RI�:� DQG�zD��OLQH� RI�5HLQ� WKH� VSHFWUXP� DUH� VXSHULPSRVHG�� WKH
;�UD\� HPLVVLRQ� .D�� OLQH� ������� NH9�� ZDVXVHG� WR� GHWHUPLQH� WKH� :� FRQFHQWUDWLRQ
ZKLOH� 5H� ZDV� GHWHUPLQHG� XVLQJ� zD��OLQH�������NH9��

,W� LV� SRVVLEOH� WR� GHWHUPLQH� WKH� IOXRULQH
FRQWHQW� VLPXOWDQHRXVO\� ZLWK� WXQJVWHQ� DQG
UKHQLXP� XVLQJ� 3,*(� DW� WKH� SURWRQ� HQHUJ\
�� 0H9�� )RU� WKLV� SXUSRVH�� QXFOHDU� UHDFWLRQ
��)�S�DJ���2� RU� ��)�S�ScJ���)� FDQ� EH� XVHG�
(DFK�UHDFWLRQ�SURYLGHV�VRPH�DGYDQWDJHV�DQG
WKH�XVH�DQ\�RI�WKHP�GHSHQGV�RQ�WKH�UHTXLUH�
PHQWV�WR�WKH�DQDO\VLV�

7KH� UHDFWLRQ� ��)�S�DJ���2� SURFHHGV� ZLWK
IRUPDWLRQ�RI�WKH�LQWHUPHGLDWH�QXFOHXV���1H
ZKLFK� DULVHV� LQ� WKH� H[FLWHG� VWDWH�� $V� D� UH�
VXOW�RI�D�GHFD\�RI�WKH�LQWHUPHGLDWH�QXFOHXV�
D� ��2� QXFOHXV� LQ� WKH� H[FLWHG� VWDWH� LV
IRUPHG�� 7UDQVLWLRQ� RI� WKLV� QXFOHXV� WR� WKH
JURXQG� OHYHO� LV�DFFRPSDQLHG�E\�HPLVVLRQ�RI
J�TXDQWD� ZLWK� HQHUJLHV� ������ ������ DQG
�����0H9��7KH�UHDFWLRQ�FURVV�VHFWLRQ�ZLWKLQ
WKH�SURWRQ�HQHUJ\�UDQJH�RI����� WR�����0H9
KDV� WKUHH� QDUURZ�� LQWHQVH� UHVRQDQFHV� DW
������� ������� DQG� ������ 0H9�� DQG� YDULHV
UDWKHU� VPRRWKO\� DW� SURWRQ� HQHUJLHV� H[FHHG�

LQJ� ����0H9� >��@�� 6XFK� FKDUDFWHU� RI� FURVV�
VHFWLRQ� GHSHQGHQFH� RQ� HQHUJ\� DOORZV� WR
PHDVXUH�� LI� QHFHVVDU\�� WKH� IOXRULQH� FRQFHQ�
WUDWLRQ� SURILOH� RYHU� WKH� VDPSOH� GHSWK�RU� WR
GHWHUPLQH� IOXRULQH� FRQFHQWUDWLRQ� LQ� WKLQ
VXUIDFH�OD\HUV��6R��ZKHQ�XVLQJ�SURWRQV�ZLWK
HQHUJ\� ���� NH9�� ��� �� RI� J�TXDQWD� JHQHU�
DWHG� LQ� ��)�S�DJ���2� UHDFWLRQ� LV� HPLWWHG
IURP������PP� WKLFN� WXQJVWHQ� OD\HU�� %HFDXVH
RI� DEVHQFH� LQWHUIHULQJ� OLQHV� RI� J�UDGLDWLRQ� DW
WKH�XVHG�SURWRQ�HQHUJ\��IOXRULQH�FDQ�EH�GHWHU�
PLQHG� XVLQJ� WKDW� UHDFWLRQ� DW� ORZ� FRQFHQWUD�
WLRQV��XS�WR���Ü��ZW�����DW�D�KLJK�DFFXUDF\�

7KH� J�TXDQWD� ZLWK� ����� ����� DQG
�����NH9� HQHUJ\�DUH�RULJLQDWHG� LQ� UHDFWLRQ
��)�S�� ScJ���)�� 7KH� SUHVHQFH� RI� LQWHQVH� J�UD�
GLDWLRQ� OLQHV� LQ� WKH� HQHUJ\� UDQJH� XS� WR
����NH9�HQDEOHV� WR�UHJLVWHU�DQDO\WLFDO� OLQHV
RI�.�VHULHV�;�UD\�RI�WXQJVWHQ��UKHQLXP�DQG
ORZ�HQHUJ\� J�OLQHV� RI� IOXRULQH� E\�*H+S� GH�
WHFWRU�LQ�WKH�VDPH�VSHFWUXP��7KLV�DOORZV�WR
XVH� RQH� VSHFWURPHWHU� FKDQQHO�� WKXV� VLPSOL�
I\LQJ� WKH� DQDO\WLFDO� GDWD� REWDLQLQJ� SURFH�
GXUH�DQG�HQKDQFLQJ�WKH�IOXRULQH�GHWHUPLQD�
WLRQ�DFFXUDF\�DW�WKH�DQDO\VLV��7KH�ODWWHU�FLU�
FXPVWDQFH� KDV� GHILQHG� WKH� VHOHFWLRQ� RI
J�UDGLDWLRQ� OLQHV�ZLWK� ���� DQG� ����NH9� HQ�
HUJ\� IURP� UHDFWLRQ� ��)�S�� ScJ���)� IRU� GHWHU�
PLQDWLRQ�RI�)��,Q�)LJ�����D�J�UDGLDWLRQ�VSHF�
WUXP� RI� D� W\SLFDO� WXQJVWHQ�UKHQLXP� DOOR\
VDPSOH�LV�VKRZQ��$ORQJ�ZLWK�UDGLDWLRQ�OLQHV
RI�WKH�PDLQ�DOOR\�FRPSRQHQWV��OLQHV�RI�IOXR�
ULQH� J�UDGLDWLRQ� DUH� VHHQ� WKHUHLQ�� 7KH
����NH9� OLQH� KDV� D�KLJKHU� LQWHQVLW\�� EXW� LW
LQWHUIHUHV�ZLWK�WKH�����NH9�OLQH�RI�WXQJVWHQ
IURP�UHDFWLRQ����:�S��ScJ����:��2Q�WKH�FRQ�
WUDU\��WKH�ORZHU�LQWHQVLW\�OLQH�DW�����NH9�LQ
J�UDGLDWLRQ� VSHFWUXP� IURP� WXQJVWHQ�UKH�

)LJ����� .�VHULHV� ;�UD\� VSHFWUXP� IRU� D�:±5H
DOOR\�� �DEVFLVVD�� FKDQQHO� 1R�� RUGLQDWH�� FRXQW
QXPEHU��
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QLXP�PDWUL[� LV� LQ� IDYRUDEOH� FRQGLWLRQV� IRU
GHWHUPLQDWLRQ�EHLQJ� RQ� D� VPRRWK� EDFN�
JURXQG�ZLWKRXW� QHDU� SHDNV�� %RWK� OLQHV� FDQ
EH�XVHG�WR�GHWHUPLQH�DV�ORZ�IOXRULQH�FRQFHQ�
WUDWLRQV�DV���Ü��ZW����

,I� WKH� HOHPHQW� WR� EH� GHWHUPLQHG� LV� GLV�
WULEXWHG� KRPRJHQHRXVO\� LQ� WKH� VDPSOH�� WKH
\LHOG�RI�;��RU�J�TXDQWD�HPLWWHG�IURP�D�WKLFN
WDUJHW� SHU� RQH� LQFLGHQW� SURWRQ�ZLWK� HQHUJ\
(S�LV�GHWHUPLQHG�DV

<�(K�� �&H :�S��³��(S
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ZKHUH�&� LV� WKH� DWRPLF� FRQFHQWUDWLRQ� RI� WKH
HOHPHQW� WR� EH� VRXJKW� LQ� WKH� WDUJHW� VXE�
VWDQFH�� [�(��� WKLFNQHVV� RI� WKH� WDUJHW� OD\HU
ZKHUH�WKH�HOHPHQW�DQDO\WLFDO�HPLVVLRQ�LV�DW�
WHQXDWHG�� V�(��� .�VKHOO� ;�UD\� SURGXFWLRQ
FURVV�VHFWLRQ� RU� FURVV�VHFWLRQ� RI� J�TXDQWD
SURGXFWLRQ�E\�SURWRQV�ZLWK�HQHUJ\�(��2WKHU
V\PEROV�GHVLJQDWH�WKH�VDPH�DV�LQ������'HWHU�
PLQDWLRQ�RI�D�VDPSOH�HOHPHQWDO�FRPSRVLWLRQ
ZLWK�HYDOXDWLRQ�RI� LQWHJUDO� ����DQG�VROXWLRQ
RI� WKH� HTXDWLRQ� IRU� FRQFHQWUDWLRQ� QRZ� LV
XVHG�HYHQ�PRUH�RIWHQ�LQ�WKH�DQDO\WLFDO�SUDF�
WLFH� �WKH� DEVROXWH� PHWKRG��� +RZHYHU�� WKHUH
DUH�D�QXPEHU�RI�WKH�FLUFXPVWDQFHV�DOORZLQJ
WR� VLPSOLI\� FRQVLGHUDEO\� WKH� IRUPXOD� ���� DW
WKH�GHWHUPLQDWLRQ�RI� WXQJVWHQ�DQG�UKHQLXP
LQ�DQ�DOOR\�VDPSOH�XVLQJ�.�VHULHV�;�UD\V��,Q
SDUWLFXODU��WKH�GLVWLQFWLRQV�LQ�DEVRUSWLRQ�FR�
HIILFLHQWV� IRU� .�VHULHV� ;�UD\� HPLVVLRQ� RI
UKHQLXP� DQG� WXQJVWHQ� DQG� VWRSSLQJ� SRZHU
RI� SURWRQV� IRU�PDWULFHV�ZLWK� ERXQGDU\� YDO�
XHV� RI� FRQFHQWUDWLRQV� KDYH� EHHQ� HVWLPDWHG

WR� EH� LQVLJQLILFDQW� ZKHQ� ���� 0H9� SURWRQV
DUH�XVHG��7KH�DFFRXQW� IRU� WKHVH�GLIIHUHQFHV
FRQWULEXWHV� OHVV� WKDQ� ���� �� WR� \LHOGV� RI
;�UD\�HPLVVLRQ�%HFDXVH�WKH�IOXRULQH�J�UDGLD�
WLRQ�LV�KDUGHU�WKDQ�;�UD\�HPLVVLRQ��WKH�GLV�
WLQFWLRQ� LQ� DEVRUSWLRQ� FRHIILFLHQWV� LQ� WKLV
FDVH�LV�XQHVVHQWLDO�DW�DOO��7KXV��DFFRUGLQJ�WR
>��@�� WKH� IRUPXOD� ���� PD\� EH� UHZULWWHQ� LQ
WKLV�FDVH�DV
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ZKHUH�4� LV� WKH� FKDUJH� RI�SURWRQV� VWRUHG� DW
WKH� WDUJHW� LUUDGLDWLRQ�� Q��.� FRQVWDQWV�� VSH�
FLILF� IRU� HDFK� HOHPHQW�� +RZHYHU�� WKHUH� DUH
TXDQWLWLHV� V�(��� 6�(��� H� LQ� WKH� IRUPXOD� ���
IRU� ZKLFK� LW� LV� QHFHVVDU\� WR� XVH� WKH� UHIHU�
HQFH� RU� H[SHULPHQWDO� YDOXHV�� 7KHUHIRUH�� DQ
HUURU� LV�FRQWULEXWHG�WR�WKH�ILQDO�UHVXOW�WKDW
LV�ODUJH�HQRXJK�DQG�FKDUDFWHULVWLF�IRU�WKRVH
TXDQWLWLHV�� )RU� WKH� VDPSOHV� XQGHU� VWXG\�
WKDW�HUURU�ZDV��Ü�����ZKHQ�FRQFHQWUDWLRQV
ZHUH� FDOFXODWHG� XVLQJ� WKH� IRUPXOD� �����:H
KDYH� XVHG� WKH� UHODWLYH� PHWKRG� SURSRVHG� LQ
>��@�WR�LPSURYH�WKH�GHWHUPLQDWLRQ�DFFXUDF\�
7KH�PHWKRG� LV� EDVHG�RQ� WKH� VWDWHPHQW� WKDW
UHTXLUHPHQW� RI� QRUPDOL]DWLRQ� ¦&L

L
� ��� LV

VDWLVILHG� DW� GHWHUPLQDWLRQ� RI� DOO� HOHPHQWV
SUHVHQWHG� LQ� WKH� VDPSOH�� 7KHQ� WKH� IRUPXOD
IRU� HYDOXDWLRQ� RI� FRQFHQWUDWLRQ� ORRNV� OLNH
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ZKHUH�&L�LV�WKH�L�WK�HOHPHQW�FRQFHQWUDWLRQ�LQWKH� REMHFW� EHLQJ� DQDO\]HG�� <L�� <M� \LHOGV� RI
;�UD\� HPLVVLRQ� RU� J�UDGLDWLRQ�� UHVSHFWLYHO\�
IRU� L�WK� DQG� M�WK� HOHPHQWV� IURP� WKH� REMHFW�
VLPLODU�V\PEROV�ZLWK�XSSHU�LQGH[��VW��PHDQ
WKH� FRUUHVSRQGLQJ� TXDQWLWLHV� IRU� WKH� UHIHU�
HQFH� VDPSOH�� ,Q� VXFK� FDOFXODWLRQ�RI� FRQFHQ�
WUDWLRQV��WKH�FKDUJH�4�PHDVXUHPHQW�HUURU�LV
HOLPLQDWHG� DOVR�� VLQFH� WKH� \LHOG� UDWLRV� DUH
XVHG� IRU� FDOFXODWLRQV� WKDW� GHSHQG� RQO\� RQ
VWDWLVWLFDO�DFFXUDF\�RI�WKH�SHDN�FDOFXODWLRQ�
7KH�ILQDO�UHODWLYH�HUURU�RI�FRQFHQWUDWLRQ�FDO�
FXODWLRQV�IRU�GHWHUPLQHG�HOHPHQWV�XVLQJ�WKH
DERYH� UHODWLYH� PHWKRG� DPRXQWHG�� IRU� IOXR�
ULQH�� ��Ü�� �� DW� FRQFHQWUDWLRQV� ������Ü
����� ZW�� ��� IRU� WXQJVWHQ�� ���Ü���� �� DW

)LJ����� J�5DGLDWLRQ� VSHFWUXP� IRU� D� :±5H
DOOR\�� �DEVFLVVD�� FKDQQHO� 1R�� RUGLQDWH�� FRXQW
QXPEHU��
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FRQFHQWUDWLRQV� ��Ü������ ZW�� ��� IRU� UKH�
QLXP�� ��Ü�� �� DW� FRQFHQWUDWLRQV� RI� ���Ü
���ZW����

7KXV��WKH�,%$�PHWKRGV�EDVHG�RQ�XVLQJ�RI
SURWRQ� EHDPV� PD\� EH� XVHG� VXFFHVVIXOO\� WR
GHWHUPLQH� WKH� FRPSRVLWLRQ� RI� WXQJVWHQ�UKH�
QLXP� DOOR\V� RU� UHDO� SLHFHV� PDGH� RI� VLPLODU
VXEVWDQFHV�� 7KH� DQDO\WLFDO� SURFHGXUH� LV
HFRORJLFDOO\� VDIH�DQG�GRHV�QRW�GHPDQG�FRP�
SOH[� VDPSOH� SUHSDUDWLRQ�� 7KH� REWDLQHG
PHWURORJLFDO� SHUIRUPDQFHV� RI� WKH� DQDO\VLV
PHW� WKH� QHFHVVDU\� QRUPDWLYH� UHTXLUHPHQWV�

5HIHUHQFHV
� ���5�,�-DIIHH��'�-�0D\NXWK��5�:�'RXJODVV��5KH�

QLXP�DQG�WKH�5HIUDFWRU\�3ODWLQXP�JURXS�0HW�
DOV�� 3DSHU� SUHVHQWHG� DW� WKH� $LP� 5HIUDFWRU\
0DWHULDOV�6\PSRVLXP��'HWURLW���������

� ���(�0�6DYLWVNL\�� 0�$�7\ONLQD�� .�%�3RYDURYD�
5KHQLXP� $OOR\V�� 1DXND�� 0RVFRZ� ������� >LQ
5XVVLDQ@�

� ���'�$�5RELQV�� -��/HVV�FRPPRQ� 0HWDOV�� ��� ���
�������

� ���(�0�6DYLWVNL\�� .�%�3RYDURYD�� 3�9�0DNDURY�
7XQJVWHQ�0HWDO�6FLHQFH��0HWDOOXUJL\D�0RVFRZ
�������>LQ�5XVVLDQ@�

� ���+�3DXO�� -�0XKU�� 3K\V�� 5HSRUWV�� ����� ��
�������

� ���/�&DPSEHOO�� 7�/�+RSPDQ�� -�$�0D[ZHOO� HW� DO��
1XFO��,QVWU��0HWK�� LQ� 3K\V�5HV��� %����� ���
�������

� ���*�/DSLFNL�� -��3K\V��&KHP��5HI��'DWD�� ���� ���
�������

� ���$�1�'HGLN��2�,�(NKLFKHY��9�9�/HYHQHWV�HW�DO��
9RSU��$WRP��1DXNL� L� 7HFK��6HU�2EVKFK�� L� <DG�
)L]����������������

� ���(�0HU]EDFKHU��+�:�/HZLV��LQ��(QF\FORSHGLD�RI
3K\VLFV�� HG�� E\� 6�)OXJJH�� 6SULQJHU�9HUODJ�
%HUOLQ�*RWWLQJHQ�+HLGHOEHUJ�� ������ Y����
S�����

����%�9�5RERXFK�� $�&LFHUKLD�� &RPLW��1D]��(QHU�
1XFO����������������

����-�)�-DQQL�� $W��'DWD� 1XFO��'DWD� 7DEOHV�� ���
�������

����0�*RJORZVN\��0�-DVNROD��-�6]HU\SR�HW�DO���-�
3K\V���%����������������

����1�9�&DVWUR�)DULD��)�/�)UHLUH��(�&�0RQWHQHJUR
HW�DO���-��3K\V���%�����������������

����-�+�6FRILHOG��$W��'DWD�1XFO��'DWD� 7DEOHV�� ���
�����������

����,�*ROLFKHII�� 0�/RHXLOOHW�� &K�(QJHOPDQQ�� -�
5DG��&KHP������������������

����9�9�/HYHQHWV��$�3�2PHOQ\N��$�2�6KFKXU��9RSU�
$WRP��1DXNL� L�7HFK��6HU�9DNXXP��6YHUFKSURYRG��
&KLVW��0HWDO��������������������

����8665�$XWKRU±V�&HUW��1R����������������

{Ò}º¯Ò°�ÈÓÓ«�äË�º��m��3,;(���3,*(��ã«�º°ã��ÎËÓÓ«�°¹ãÈm�m�ÓÈ�º°Óºm��mºã	Á¯Èä����¯ËÓ�
�º�¯ÒäÈÓÒ²�äË�º�ºä�v9'
{�{���ËmËÓË�	��k�|��u�¯��|����|äËã	ÓÒ}��r�l�bÒ¯º}ºm�
�¯Ë�°�ÈmãËÓº� mÒ}º¯Ò°�ÈÓÓ«� «�Ë¯Óº�Á�ÏÒ�ÓÒ²� äË�º��m� ÓÈ� ¹��}È²� ¹¯º�ºÓ�m� Ï

¯Ë¼°�¯È��¼
� ¯ËÓ��ËÓ�m°	}º�º� mÒ¹¯ºä�Ó
mÈÓÓ«� z�°Ë¯��� �ã«� mÒÏÓÈ�ËÓÓ«� mºã	Á¯Èä�� �È
Á�º¯����¯ËÓ�
���¹º�m�®ÓÒ²�°¹ãÈmÈ²��º�¯ÒäÈÓÒ²�ÏÈ��º¹ºäº�º
��ÈÏºÁÈÏÓº�º�äË�º�������ÈäÈ
mÒ¹¯ºä�Ó
mÈÓÓ«��ã«�mÒÏÓÈ�ËÓÓ«��ºä��º}�Á�º¯��

����

1HZV�RI�7HFKQRORJLHV

)XQFWLRQDO�PDWHULDOV������������� ���


