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,QVWLWXWH�RI�0HWDO�3K\VLFV��8UDO�'LYLVLRQ�
5XVVLDQ�$FDGHP\�RI�6FLHQFHV���������(NDWHULQEXUJ��5XVVLD3HWHUVEXUJ�,QVWLWXWH�RI�1XFOHDU�3K\VLFV�
5XVVLDQ�$FDGHP\�RI�6FLHQFHV���������*DWFKLQD��5XVVLD

7KH�ORFDO�DWRPLF�VWUXFWXUH�RI�WKH�)HÜ�����DW���6L�DOOR\�LQ�VDPSOHV�VXEMHFWHG�WR�YDULRXV
WUHDWPHQWV��TXHQFKLQJ��DQQHDOLQJ�LQ�GF�DQG�DF�PDJQHWLF�ILHOGV��KDV�EHHQ�VWXGLHG�E\�;�UD\
GLIIUDFWLRQ� DQG� 0RHVVEDXHU� VSHFWURVFRS\�� ,Q� DOO� WKH� VDPSOHV� �HYHQ� TXHQFKHG� IURP� WKH
GLVRUGHULQJ� WHPSHUDWXUH� RI� ����&��� WKH� VKRUW�UDQJH� RUGHULQJ� RI� WKH�%�� W\SH� �&V&O� VWUXF�
WXUH�� WDNHV� SODFH� DW� WKH� DYHUDJH� FOXVWHU� VL]H� RI� ���Ü���� QP��1R�'2�� RUGHULQJ� KDV� EHHQREVHUYHG��7KH�VXSHUILQH�ILHOG�GLVWULEXWLRQV�FDOFXODWHG�IURP�1*5�VSHFWUD�KDYH�VKRZQ�WKDW
WKH�VDPSOHV�DUH�RUGHUHG�DIWHU�DOO�WKH�WUHDWPHQWV��PRUHRYHU��D�VWUXFWXUH�VHSDUDWLRQ�RYHU�WKH
VKRUW�UDQJH�RUGHULQJ�KDV�EHHQ�REVHUYHG��7KH�VWUXFWXUH�LV�IRUPHG�E\�LURQ�ODWWLFH�ZKHUH�WKH
VKRUW�UDQJH�RUGHULQJ�UHJLRQV�DUH�GLVWULEXWHG�FRQVLVWLQJ�RI�VLQJOH�RU�GRXEOHG�LQ�WKH�����!
GLUHFWLRQ��SDLUHG��EFF�FHOOV�FHQWHUHG�E\�VLOLFRQ�DWRPV��7KH�QXPEHU�RI�6L�DWRPV�LQYROYHG�LQ
WKH�SDLU�IRUPDWLRQ�KDV�EHHQ�HVWLPDWHG�
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$WRPLF� VWUXFWXUH� DQG� SKDVH� FRPSRVLWLRQ
RI�VRIW�IHUURPDJQHWLF�)H±6L�DOOR\V�KDYH�EHHQ
LQYHVWLJDWHG�UHSHDWHGO\�DQG�YHU\�WKRURXJKO\
>�Ü�@�� $W� 6L� FRQWHQW� H[FHHGLQJ� �� �� �DW���
WKH� '2�� W\SH� RUGHULQJ� ZLWK� DQWLSKDVH� GR�PDLQV� ZDV� UHSRUWHG� LQ� WKH� DOOR\V�� 7KH� GR�
PDLQ� VL]H� JURZV� IURP� �Ü�� QP� DW� ���� �
�DW��� 6L� WR� ��� QP� DW� ����� �DW���6L�� $W� �Ü
����6L�� RQO\� VKRUW�UDQJH� RUGHULQJ� ZDV� RE�
VHUYHG�>�@��WKDW�ZDV�GHILQHG�ODWHU�DV�%��RQH
>�@��,Q�WKH�DOOR\�ZLWK������DW���6L��ZH�KDYH
GLVFRYHUHG� IRU� WKH� ILUVW� WLPH� WKH� FR�H[LVW�

HQFH� RI� WZR� SKDVHV�� VPDOO� ORFDOO\� RUGHUHG
FOXVWHUV� RI� WKH� %�� SKDVH� DQG� XS� WR� �� QP
VL]H� GRPDLQV� RI� WKH�'2�� W\SH� RUGHULQJ�� ,Q>����@�� LW� LV� VKRZQ� WKDW� LQ� WKH� )HÜ��Ü����
�DW��� 6L� DOOR\� VLQJOH� FU\VWDOV�� DQ� LQGXFHG
PDJQHWLF�DQLVRWURS\�IRUPHG�XSRQ�DQQHDOLQJ
DQG�FRROLQJ�LQ�GF�ILHOG�LV�DFFRPSDQLHG�E\�D
XQLD[LDO�DQLVRWURS\�RI�%��FOXVWHUV�DORQJ�WKH
PDJQHWLF� DQLVRWURS\� GLUHFWLRQ�� WKH� DYHUDJH
VL]H�RI�FOXVWHUV�UHDFKLQJ�����QP�

7KLV�ZRUN�SUHVHQWV�WKH�LQYHVWLJDWLRQ�UHVXOWV
RI� VLQJOH�FU\VWDOOLQH� VDPSOHV� )HÜ���� �DW��� 6L
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ZLWK�*RVV� RULHQWDWLRQ� �RQO\� RQH� HDV\� GLUHF�
WLRQ� >���@� OLHV� LQ� WKH� VDPSOH� SODQH�� WKH
RWKHU�WZR�DUH�GLUHFWHG�DW�DQ�DQJOH�RI�����WR
WKH� SODQH�� VXEMHFWHG� WR� YDULRXV� WUHDWPHQWV�
'XULQJ� WKRVH� WUHDWPHQWV�� WKH� PDJQHWLF� GR�
PDLQ� VWUXFWXUH� EHKDYHV� LQ� GLIIHUHQW� PDQ�
QHUV�� ,Q� D� GF� ILHOG�� WKH� VDPSOH� LV� DQQHDOHG
VXEVWDQWLDOO\� LQ� WKH� VLQJOH�GRPDLQ� VWDWH�� ,Q
FRQWUDVW��LQ�DQ�DF�����+]��ILHOG��WKH�GRPDLQ
ZDOOV�PRYH�DQG�EHFRPH�IUDJPHQWHG�LI�WKH�DF
ILHOG� LV� DSSOLHG� DORQJ� >���@� GLUHFWLRQ� �IURP
KHUH� RQ�� ORQJLWXGLQDOO\��� DQG� LI� WKH� ILHOG� LV
GLUHFWHG� DFURVV� >���@� �IURP� KHUH� RQ�� WUDQV�
YHUVDOO\��� WKH� GRPDLQ� VWUXFWXUH� EHKDYLRU� LV
PXFK�PRUH�FRPSOH[��0DJQHWLF�SURSHUWLHV�RI
VDPSOHV�DIWHU�YDULRXV�WUHDWPHQWV�DUH�GLIIHU�
HQW� >����@�� 7KLV� ZRUN� LV� D� FRQWLQXDWLRQ� RI
;�UD\� LQYHVWLJDWLRQV� RI� DWRPLF� VWUXFWXUH� RI
VLQJOH�FU\VWDOOLQH�)HÜ�����DW���6L�DOOR\��)RU
DGGLWLRQDO� LQIRUPDWLRQ� RQ� WKH� VKRUW�UDQJH
DWRPLF� RUGHULQJ�� WKH� QXFOHDU� JDPPD�UHVR�
QDQFH��1*5��VSHFWURVFRS\�LV�DSSOLHG�

7KH� ;�UD\� GLIIUDFWLRQ� LV� D� SRZHUIXO
PHWKRG�VHQVLWLYH�WR�WKH�SHFXOLDULWLHV�RI�ERWK
ORQJ�UDQJH�DQG�VKRUW�UDQJH�VWUXFWXUH�RUGHU�
LQJ��:KLOH�ORQJ�UDQJH�RUGHULQJ�PDQLIHVWV�LW�
VHOI� LQ� GLVWLQFW� GLIIUDFWLRQ� SHDNV� RI� D� GLI�
IXVHG�LQWHQVLW\��WKH�FRUUHODWLRQV�LQ�GLVWULEX�
WLRQ� RI� QHLJKERULQJ� DWRPV� E\� W\SH� DQG�RU
WKHLU�GLVSODFHPHQWV�IURP�LGHDO�SRVLWLRQV�LQ�D
GLVWRUWHG� ODWWLFH� UHVXOWV� LQ� FRQVLGHUDEOH� LQ�
WHQVLWLHV� RI� EURDG� GLIIXVLRQ� VFDWWHULQJ
SHDNV��,W�LV�MXVW�WKH�PHDVXULQJ�RI�WKH�ODWWHU
WKDW� SURYLGHV� WKH� H[SHULPHQWDO� GDWD�ZKLFK�
DV� EHLQJ� SURFHVVHG� E\� PRGHUQ� FRPSXWDWLRQ
PHWKRGV��PDNHV� LW� SRVVLEOH� WR� REWDLQ� LQIRU�
PDWLRQ� RQ� VKRUW�UDQJH� RUGHULQJ� LQ� WKH
DWRPLF�DUUDQJHPHQW��

7KH�PHWKRG� RI�1*5� VSHFWURVFRS\� DOORZV
RQH�WR�GHWHUPLQH�SUREDELOLWLHV�RI�ORFDO�FRRU�
GLQDWLRQ�DQG��FRPSDULQJ�WKRVH�ZLWK�WKH�VWD�
WLVWLF� GLVWULEXWLRQ� RI� DWRPV� LQ� DQ� DOOR\�
MXGJH� WKH� FU\VWDOOLQH� VWUXFWXUH� DQG� WKH� RU�
GHULQJ�SURFHVVHV�

7KH� VDPSOHV� ZHUH� FXW� RXW� RI� D� FRDUVH�
JUDLQHG� *RVV� HOHFWURWHFKQLFDO� VWHHO�)HÜ���
�DW���6L�DQG�VKDSHG�DV�WKLQ�VLQJOH�FU\VWDOOLQH
GLVNV��7R�UHILQH�DOO�WKH�VDPSOHV��WKRVH�ZHUH

DQQHDOHG�LQ�YDFXXP�DW�����Ü�����&�IRU��Ü
��K��DIWHU�ZKLFK�WKH�FDUERQ�FRQWHQW�ZDV�QR
PRUH� WKDQ����������PDVV���7KHQ�� WKH� VDP�
SOHV�ZHUH� VXEMHFWHG� WR� GLIIHUHQW� WUHDWPHQWV
LQ� DLU�� TXHQFKLQJ� IURP� ����&� DW� D� UDWH� RI
���� JUDG�V�� ILHOG�DQQHDOLQJ� �)$�� IURP
����&�LQ�D�ORQJLWXGLQDO�GF�ILHOG�RI�����$�P�
DQG�LQ�ORQJLWXGLQDO�DQG�WUDQVYHUVDO�DF�ILHOGV
RI�������$�P��7KH�VDPSOHV�FKDUDFWHUL]DWLRQ
LV�SUHVHQWHG�LQ�7DEOH���

)RU� WKH� ;�UD\� GLIIUDFWLRQ� H[DPLQDWLRQ�
HDFK� VDPSOH� ZDV� JURXQG� GRZQ� WR� ���� PP
DQG�FKHPLFDOO\�HWFKHG�WR�D�WKLFNQHVV�RI���Ü
���PP��ZKLFK� LV� RSWLPXP� IRU�0R�.D� UDGLD�WLRQ�� 7KH� VDPSOHV� ZHUH� H[DPLQHG� DW� URRP
WHPSHUDWXUH� XVLQJ� D� IRXU�FLUFOH� ;�UD\� GLI�
IUDFWRPHWHU� ZLWK� DQ� ;�UD\� WXEH� DQG�PRQR�
FKURPDWRU�� $Q� HQHUJ\�GLVSHUVLRQ� GHWHFWRU
UHJLVWHUHG� LQWHQVLW\� RI� VFDWWHUHG� UDGLDWLRQ�
7R�HOLPLQDWH�FRPSOHWHO\� WKH�FRQWULEXWLRQ�WR
LQWHQVLW\� IURP� WKH� PDLQ� UHIOHFWLRQ� IRUPHG
E\� UDGLDWLRQ� ZLWK�PXOWLSOH� KDUPRQLFV� �O���
O����HWF����WKH�DQRGH�YROWDJH�ZDV�ORZHUHG�WR
��� N9� DW� ZKLFK� WKH� O��� EUHPVVWUDKOXQJ� LV
QRW�H[FLWHG�DW�DOO��:H�XVHG�WKH�WUDQVPLVVLRQ
JHRPHWU\� IRU� WKH� LQFLGHQW� ;�UD\� EHDP� WR
SDVV� WKURXJK� D� WKLQ� VDPSOH�� 7KLV� ZHDNHQV
WKH�LQWHQVLW\�EXW�DOORZV�XV�WR�SHUIRUP�PHDV�
XUHPHQWV� LQ� D� ZLGH� UDQJH� RI� UHFLSURFDO
VSDFH� DQG�� LQ� SDUWLFXODU�� WR� PHDVXUH� DQ\
UHIOHFWLRQV�ZLWK�D�VFDWWHULQJ�YHFWRU�O\LQJ�LQ
WKH�VDPSOH�SODQH��)RU�WKH�VDPH�VDPSOHV��WKH
1*5� VSHFWUD�ZHUH�PHDVXUHG�� ,Q� WKH� FRXUVH
RI� VSHFWUD� FRPSXWDWLRQ�� D�PRGHOOHVV� ILWWLQJ
ZLWK� �Ü�� VH[WHWV� ZLWK� WKH� OLQH� ZLGWK� FORVH
WR�WKH�RQH�LQ�DÜ)H�VSHFWUXP�ZDV�SHUIRUPHG�
6XFK�SURFHGXUH�DOORZHG�XV�WR�JDLQ�FRPSOHWH
VSHFWUD�GHVFULSWLRQ�XQGHU�FRQGLWLRQ�RI�PLQL�
PXP� SRVVLEOH� PHDQ�VTXDUH� GHYLDWLRQ� IURP
WKH�H[SHULPHQW�

)RU�DOO� VDPSOHV��GLIIXVH� VFDWWHULQJ�DORQJ
>���@�ZDV�PHDVXUHG�XSRQ�VFDQQLQJ�RYHU�WKH
VFDWWHULQJ� DQJOH� TÜ�T�� ZKLFK� H[KLELWHG
EURDG� GLIIXVH� PD[LPD� FRUUHVSRQGLQJ� WR
������DQG�������UHIOHFWLRQV�IRUELGGHQ�LQ�WKH
EFF�ODWWLFH��)LJ�����7KHVH�PD[LPD�DUH�IRUELG�
GHQ�LQ�SXUH�LURQ�DQG�DSSHDU�LQ�WKH�SUHVHQFH

7DEOH����6DPSOHV�DQG�WUHDWPHQWV

1R� 6DPSOH +HDW�WUHDWPHQW
7\SH 7HPSHUDWXUH 0DJQHWLF�ILHOG��$�P

� *T TXHQFKLQJ IURP�����&�������V LQWHUQDO��ORFDO
� *GF�O� )$ ����& �����+GF__>���@
� *DF�O )$ ����& �������+DF__>���@
� *DF�W )$ ����& �������+DFA>���@
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RI� VXEVWLWXWLRQ� LPSXULWLHV�� IRU� H[DPSOH�� 6L
DWRPV�LQ�LURQ��7KH�SUHVHQFH�RI�GLIIXVH�PD[�
LPD�LQ�WKH�VLWHV�ZLWK�DQ�RGG�VXP�RI�K��N�� O
LQGLFHV� DQG� WKHLU� DEVHQFH� LQ� WKH� VLWHV� ZLWK
KDOI�LQWHJHU� LQGLFHV� HYLGHQFH� WKH� %�� RUGHU�
LQJ� DQG� DEVHQFH� RI� '2�� RUGHULQJ�� ,W� LV� RILQWHUHVW� WKDW� WKH� REVHUYHG� %�� VXSHUVWUXF�
WXUH� UHIOHFWLRQV� DUH� VKLIWHG� IURP� WKH� LGHDO
SRVLWLRQV� WRZDUGV� VPDOOHU� GLVSHUVLRQ� DQJOHV
>�@��7KLV�IDFW�WHVWLILHV�WR�ORFDO�ODWWLFH�GLVWRU�
WLRQV�DURXQG�6L�DWRPV��)URP�WKH�KDOI�ZLGWK
RI� WKH� GLIIXVH� UHIOHFWLRQV�� ZH� FDQ� HVWLPDWH
WKH� DYHUDJH� VL]H� RI� UHJLRQV� FRQWULEXWLQJ� WR
WKLV�UHIOHFWLRQV�>�@��7KH�UHVXOWV�RI�VXFK�SUR�
FHGXUH� DUH� JLYHQ� LQ� 7DEOH���� $IWHU� TXHQFK�
LQJ� IURP� WKH� GLVRUGHULQJ� WHPSHUDWXUH
�����&�� HVWLPDWHG� LQ� >�@�� WKH� RUGHUHG� UH�
JLRQV��FOXVWHUV��KDYH�WKH�DYHUDJH�VL]H�DORQJ
>���@� RI� DERXW� ���� QP�� IRU� RWKHU� VDPSOHV
WKLV�VL]H�ZDV�VRPHZKDW�ODUJHU�WKDQ�����QP�
7DEOH���� 7KLV� PHDQV� WKDW� WKH� FOXVWHU� LQ�
FOXGHV�RQ�DYHUDJH�WZR�HOHPHQWDU\�FHOOV�ZLWK
RQH� FRPPRQ� IDFH� DQG� RQH� 6L� DWRP� LQ� WKH
FHQWHU�RI�HDFK�FHOO��

)LJ����UHSUHVHQWV�GLVWULEXWLRQV� RI� FRQWUL�
EXWLRQV�WR�WKH�VSHFWUDO�OLQH�LQWHQVLWLHV�IURP
GLIIHUHQW�)H�DWRP�FRRUGLQDWLRQV��GHWHUPLQHG
IURP� WKH�1*5� VSHFWUD� ILWWLQJ� IRU� WKH� VDP�
SOHV� DIWHU� DOO� WKH� DERYH� WUHDWPHQWV�� ,W� LV
VHHQ�WKDW�WUHDWPHQWV�LQIOXHQFH�WKH�GLVWULEX�

WLRQ�W\SH��7KH�OLQHV�ZLWK�WKH�ILHOG�RI�����WR
����N2H�EHORQJ� WR� WKH����� FRQILJXUDWLRQ� ��
)H�DWRPV�DQG���6L�DWRPV�LQ�WKH�ILUVW�FRRUGL�
QDWLRQ�VKHOO��UHVSHFWLYHO\���$FFRUGLQJ�WR�>��@�
DGGLWLRQDO�OLQHV�EHORQJ�WR�DWRPLF�FRQILJXUD�
WLRQV� ZKHUH� 6L� DWRP� LV� DEVHQW� LQ� WKH� �WK
WKURXJK� �WK� VKHOOV� DV� ZHOO�� &RRUGLQDWLRQ
ZLWK�RQH�6L�DWRP�LQ�WKH�ILUVW�VKHOO�LV�GLYLGHG
LQWR� WZR� OLQHV� Ü� ������� DQG� �������� ZKHUH
����� DQG� ����� PHDQ� WKH� RFFXSDQF\� RI� WKH
QHDUHVW��QDPHO\�� ILUVW� DQG� VHFRQG� FRRUGLQD�
WLRQ� VKHOOV� E\� 6L� DWRPV�� 7KLV� FRRUGLQDWLRQ
FRUUHVSRQGV� WR� RQH� 6L� DWRP� LQ� WKH� ILUVW
VSKHUH� DQG� RQH�6L� DWRP� LQ� WKH� ILUVW� DQG� LQ
WKH� VHFRQG� VSKHUHV�� ZLWK� FRUUHVSRQGLQJ
ILHOGV� ���� DQG� ���� N2H�� UHVSHFWLYHO\�� 7KH
DWWHPSW� WR� VXEGLYLGH� WKLV� OLQH� LQWR� LWV� FRQ�
VWLWXHQWV�VLPLODUO\�WR�����FRRUGLQDWLRQ�ZHUH
XQVXFFHVVIXO�� 7KLV� VXJJHVWV� WKDW� WKH� DGGL�
WLRQDO�OLQHV�IRU�WKH�����FRRUGLQDWLRQ�DUH�FRQ�
QHFWHG�ZLWK�WKH�)H�UHJLRQV�RI�D�VL]H�DW�OHDVW
�� WR� �� ODWWLFH� SDUDPHWHUV�� )RU� WKH� VLQJOH�
SKDVH�DOOR\�� WKH�����DQG�����FRQILJXUDWLRQV
PXVW� EH� GHVFULEHG� E\� WKH� VDPH� QXPEHU� RI
OLQHV�� 7KH� GLIIHUHQFH� LQ� GHVFULSWLRQ� SRLQWV
WR�WKH�H[LVWHQFH�RI�GLIIHUHQW�SKDVHV����)URP
WKH� LQWHQVLW\�UDWLR�RI�����DQG����� OLQHV��DV�
VXPLQJ� WKDW� LW� LV� QR� RUGHULQJ� LQ� )H±6L
SKDVH�� WKH�6L� FRQWHQW�ZDV�GHWHUPLQHG� WR�EH

)LJ����� +LVWRJUDPV� RI� FRQWULEXWLRQV� WR� VSHF�
WUDO�LQWHQVLWLHV�IURP�FRQILJXUDWLRQV�ZLWK�GLI�
IHUHQW�K\SHUILQH�ILHOGV�

)LJ�����,QWHQVLW\�SURILOHV�XSRQ�TÜ�T�VFDQQLQJ
RI�GLIIXVH�VFDWWHULQJ��

7DEOH����$YHUDJH�VL]H�RI�%��FOXVWHUV�DORQJ
>���@�GLUHFWLRQ
1R� 6DPSOH 6L]H��QP
� *T ����r����
� *GF�O ����r����
� *DF�O ����r����
� *DF�W ����r����
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DERXW� �� �� �DW���� $W� WKH� VDPH� WLPH� �VHH
7DEOH����� WKH� UDWLRV� RI� OLQH� LQWHQVLWLHV� IRU
�����,���������,���DQG������,���FRQILJXUDWLRQV�ZKHUH�,��LV�WKH�WRWDO�LQWHQVLW\�RI�OLQHV�ZLWK�RXW�6L�DWRPV��,���WKH�VXP�RI�LQWHQVLWLHV�ZLWKRQH�6L� DWRP�� DQG� ,��� WKH� VDPH�ZLWK� WZR�6LDWRPV�LQ�WKH�ILUVW�FRRUGLQDWLRQ�VKHOO�DURXQG
)H��FKDQJH�LQ�WKH�FRXUVH�RI�WUHDWPHQW��7KLV
VHHPV� WR� EH� FRQQHFWHG� ZLWK� FKDQJHV� LQ� WKH
YROXPH� RI� UHJLRQV� GHSOHWHG� RI� 6L�� $Q� LQ�
FUHDVH� RI� WKH� ,���,��� UDWLR� IRU� 6DPSOH� �SRLQWV� WR� LQFUHDVH� LQ� WKH� RFFXSDQF\� RI� ����
W\SH�VLWHV��ZKLFK�PD\�EH� LQWHUSUHWHG�DV�WKH
SUHVHQFH�RI�RUGHULQJ�

$QQHDOLQJ� LQ� ORQJLWXGLQDO� DQG� WUDQVYHU�
VDO� DF� ILHOGV� UHVXOWV� LQ� GLIIHUHQW� YDOXHV� RI
LQWHQVLW\� UDWLRV� �7DEOH����� )RU� ERWK� WKHVH
WUHDWPHQWV�� ,��,��� ,��,��� DQG� ,��,�� UDWLRVDUH� HVVHQWLDOO\� HTXDO� WR� HDFK� RWKHU�� EXW
,���,��� GLIIHUV� QRWLFHDEO\�� ,I� WKH� DQQHDOLQJLV�SHUIRUPHG� LQ�D� ORQJLWXGLQDO�DF� ILHOG�� WKH
SUREDELOLW\�RI�6L�DWRP�DSSHDUDQFH�LQ�WKH�VHF�
RQG�VKHOO� LQ�WKH�SUHVHQFH�RI�RQH�6L�DWRP�LQ
WKH� ILUVW� RQH� LQFUHDVHV� UHPDUNDEO\�� 7KLV� LV
DQ�HYLGHQFH�IRU�WKH�RUGHULQJ�SURFHVV�LQWHQVL�
ILFDWLRQ� DIWHU� WKH� WUHDWPHQW� LQ� ORQJLWXGLQDO
DF� ILHOG� LQ� FRPSDULVRQ� ZLWK� WKDW� LQ� WKH
WUDQVYHUVDO�ILHOG�

,Q� FRRUGLQDWLRQ� ���� ZLWK� FRQILJXUDWLRQ
������ RQH�6L� DWRP� RFFXSLHV� RQH� RI� WKH� FXEH
YHUWLFHV� DURXQG� )H� DWRP�� ,Q� WKLV� FDVH�� WKH
FRQILJXUDWLRQ� ����� PD\� EH� IRUPHG� E\� WKH
VHFRQG�6L� DWRP�ZKLFK� LV� HLWKHU� WKH� QHDUHVW
WR� WKH� ILUVW�6L� DWRP�QHLJKERU� LQ� WKH�����!
GLUHFWLRQ�� RU� 6L� DWRP� LQ� PRVW� SRVVLEOH� GLV�
WDQW�SRVLWLRQ�LQ�WKH�����!�RQH��$V�WKH�ILUVW
VLWXDWLRQ� LV� LPSRVVLEOH� �6L±6L� DWRP� SDLU� LQ
)H±6L�DOOR\V�LV�QHYHU�IRUPHG�E\�WKH�QHDUHVW
QHLJKERUV� LQ� WKH�����!�GLUHFWLRQ��� WKH� VHF�
RQG�VLWXDWLRQ� LV� UHDOL]HG�PRVW� OLNHO\��ZKLFK
PHDQV� WKDW� 6L� DWRPV� DUH� VSDFHG� DW� D� GLV�
WDQFH� RI� WKH� IRXUWK� QHLJKERUV�� ,I� WKH� LQ�
GXFHG� PDJQHWLF� DQLVRWURS\� LV� UHDOO\� FRQ�
QHFWHG�ZLWK�WKH�GLVWULEXWLRQ�DQLVRWURS\�RI�6L
DWRPV� DORQJ� PDLQ� ����!� GLUHFWLRQV�� WKHQ
WKH� FRQILJXUDWLRQ� ����� FDQQRW� FRQWULEXWH� WR
WKH� LQGXFHG�PDJQHWLF�DQLVRWURS\��$V� WR�WKH

VDPSOHV� TXHQFKHG� DQG� GF� ILHOG�DQQHDOHG�
WKRVH� ERWK� DUH� LQ� WKH� ,0$� VWDWH� �LQ� WKH
FRXUVH� RI� TXHQFKLQJ�� WKH� ILHOG�DQQHDOLQJ� LQ
D� ORFDO� ILHOG� LQ� HDFK�PDJQHWLF� GRPDLQ� WRRN
SODFH��� )RU� WKHVH� VDPSOHV�� WKH� ,���,��� UDWLRLV�HVVHQWLDOO\�ORZHU�FRPSDUHG�WR�WKDW�IRU�WKH
DF� ILHOG�DQQHDOHG� VDPSOHV�� $IWHU� WKH� DF
ILHOG�DQQHDOLQJ��WKH�UHODWLYH�QXPEHU�RI�����
FRQILJXUDWLRQV� RI� 6L±6L� DWRPLF� SDLUV� RUL�
HQWHG� LQ� WKH� ����!� GLUHFWLRQ� LQFUHDVHV�
%RWK�WKHVH�FRQILJXUDWLRQV�FDQQRW�WDNH�SDUW�LQ
WKH�PDJQHWLF�DQLVRWURS\�LQGXFLQJ��6R��WKH�RU�
GHULQJ� SURFHVV� LQ� WKH� FRXUVH� RI� WKH� DF� ILHOG�
DQQHDOLQJ�GRHV�QRW�IDYRU�PDJQHWLF�DQLVRWURS\
LQGXFLQJ�

,Q�����FRRUGLQDWLRQV��WZR�6L�DWRPV�LQ�WKH
ILUVW� VKHOO��� 6L±6L� SDLUV� FDQ� EH� RULHQWHG
DORQJ� WKH� FXEH� ULEV� �����!�GLUHFWLRQ��� IDFH
GLDJRQDOV� �����!�� RU� FXEH� GLDJRQDOV
�����!���$FFRUGLQJ�WR�WKH�GLIIUDFWLRQ�GDWD�
WKH� ILUVW� YDULDQW� LV� VWDWLVWLFDOO\�PRVW� SURE�
DEOH�� VLQFH� WKH� H[WHQVLRQ� RI� %�� FOXVWHUV
DORQJ�>���@�GLUHFWLRQ�LV�VRPHZKDW�PRUH�WKDQ
WKH�VXP� OHQJWK�RI� WZR�FHOOV� �WKH� ODWWLFH�SD�
UDPHWHU� LV� ������� QP��� ,Q� WKLV� FDVH�� WKH
QHDUHVW� VXUURXQGLQJ� RI� 6L±6L� SDLU� FRQWDLQV
��� )H� DWRPV�� RQO\� �� RI� WKRVH� KDYLQJ� FRQ�
ILJXUDWLRQ� RI� WKH� ���� QHDUHVW� VXUURXQGLQJ�
ZKLOH�WKH�RWKHU�������7KH�UHODWLYH�LQWHQVLWLHV
PXVW�UHODWH�DV�,��,�� ������,Q�IDFW��IURP�WKH1*5� VSHFWURVFRS\� GDWD�� WKH� UDWLR� ,��,�UDQJLQJ� IURP� ����� WR� ����� LV� REWDLQHG�� 6R�
WKH� UHODWLYH� DPRXQW� RI� 6L� DWRPV� LQ� SDLUV
DORQJ�>���@�LV�RI����WR�������RU�DERXW�KDOI�

7KXV�� WKH� DWRPLF� VWUXFWXUH� RI� WKH� )HÜ
���� �DW���6L� DOOR\� FDQ� EH� UHSUHVHQWHG� DV� D
EFF�ODWWLFH�RI�WKH�)H6L�DOOR\�GHSOHWHG�RI�VLOL�
FRQ��ZKHUH�WKH�%��W\SH�RUGHUHG�FOXVWHUV�DUH
LQFRUSRUDWHG��'HSHQGLQJ�RQ�WKH�VDPSOH�PDJ�
QHWLF� VWDWH� DQG� WUHDWPHQW� URXWLQH�� WKH� IRO�
ORZLQJ� VSHFLILF� IHDWXUHV� FDQ� EH� SLFNHG� RXW�
WKH� VWDWH� ZLWK� WKH� PD[LPXP� PDJQHWLF� DQ�
LVRWURS\� H[WHQW��ZKLFK� LV� IRUPHG�XQGHU� DQ�
QHDOLQJ�LQ�D�GF�PDJQHWLF�ILHOG�DQG�LV�FKDUDF�
WHUL]HG�E\�WKH�PD[LPXP�GHJUHH�RI�VWUXFWXUH
VHSDUDWLRQ�� ILHOG� DQQHDOLQJ� LQ� DQ� DF� PDJ�
QHWLF� ILHOG� UHVXOWV� LQ� DQ� LQFUHDVHG� RUGHULQJ
GHJUHH�ZKLFK�LV�QRW�UHODWHG�WR�WKH�IRUPDWLRQ
RI� PDJQHWLF� DQLVRWURS\� LQGXFHG� XSRQ� ILHOG
DQQHDOLQJ�LQ�WKH�GF�PDJQHWLF�ILHOG��ZLWK�WKH
PD[LPXP� GHJUHH� RI� RUGHULQJ� JDLQHG� XSRQ
ORQJLWXGLQDO�DSSOLFDWLRQ�RI�WKH�DF�ILHOG��WKH
UHODWLYH�FRQWHQW�RI�6L�DWRPV�WKDW�IRUP�SDLUV
RI�GLUHFWLRQDO�%��RUGHULQJ�DORQJ�����!�D[HV
DPRXQWV� ��� WR� ��� ��� ZLWK� WKH� PD[LPXP
IUDFWLRQ�FRUUHVSRQGLQJ�WR�WKH�VDPSOHV�HLWKHU
TXHQFKHG�RU�DQQHDOHG�LQ�WKH�DF�ILHOG�DSSOLHG
DORQJ� WKH� HDV\� D[LV�� DQG� WKH�PLQLPXP� RQH

7DEOH���� ,QWHQVLW\� UDWLR�RI�VXSHUILQH�ILHOGV
DV�FDOFXODWHG�IURP�1*5�VSHFWUD

1R 6DPSOH ,��,��r���
,��,��r���

,���,�� ,��,�
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LQ� VDPSOHV� VXEMHFWHG� WR� ILHOG� DQQHDOLQJ� LQ
WKH�ORQJLWXGLQDO�GF�DQG�WUDQVYHUVH�DF�ILHOGV�

7KH� ZRUN� ZDV� SHUIRUPHG� LQ� WKH� IUDPH�
ZRUN�RI�WKH�5)%5�3URMHFW��*UDQW�1R�������
������� DQG� WKH� LQWHJUDO� SURJUDP�RI� IXQGD�
PHQWDO� VFLHQWLILF� UHVHDUFKHV� RI� 5$6� 6LEH�
ULDQ�%UDQFK�DQG�8UDO�%UDQFK��
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