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���,QWURGXFWLRQ
7KH� LPSODQWDWLRQ� RI� PHWDO� QDQRSDUWLFOHV

LQWR� GLHOHFWULFV� GUDZV� DWWHQWLRQ� LQ� FRQQHF�
WLRQ� ZLWK� GHYHORSPHQW� RI� QDQRVL]H� REMHFW
SK\VLFV�� QRQOLQHDU� RSWLFV�� DQG�RSWRHOHFWURQ�
LFV� >����@�� 7KH� VLOYHU� FKORULGH� ILOPV� FRDWHG
ZLWK�D�WKLQ�LVODQG�VLOYHU�OD\HU��WKH�$J&O±$J
ILOPV�DUH� NQRZQ� WR� VKRZ� D� SKRWRVHQVLWLYLW\
WR�WKH�YLVXDO�VSHFWUDO�UDQJH�UDGLDWLRQ�DQG�WR
SURYLGH� SHULRGLF� VWUXFWXUHV� �36�� FRQVLVWLQJ
RI� VLOYHU� SDUWLFOHV� GXH� WR� ZDYHJXLGH� DQG
QRQOLQHDU� SURSHUWLHV� >�Ü�@�� 7KH� 36� LP�
SODQWHG�ZLWK�OLJKW�LQWR�$J&O�XQGHU�DFWLRQ�RI
RQH� 6�� RU� 3�SRODUL]HG� PRQRFKURPDWLF� EHDP
RQ� DQ�$J&O±$J� ILOP�� 7KH� 36� DUH� NQRZQ� WR
DULVH� DOVR� XQGHU� DFWLRQ� RI� WZR� EHDPV� WKDW
IRUP�D�KRORJUDSKLF�JUDWLQJ��+*��LQ�WKH�ILOP
>�@��,Q�>�@��WKH�6�SRODUL]HG�ODVHU�EHDPV�ZHUH
XVHG� DQG� WKH� 36� GHYHORSPHQW� ZDV� FRQVLG�
HUHG� DV� DQ� DGYHUVH� IDFWRU� UHVXOWLQJ� LQ� UH�
GXFHG�GLIIUDFWLRQ�HIILFLHQF\�RI�WKH�+*��1RWH
WKDW�WKH�QRLVH�36�XQGHU�DFWLRQ�RI�WZR�FURVV�
LQJ� ODVHU� EHDPV� ZHUH� REVHUYHG� WR� DULVH� LQ

SKRWRUHIUDFWLYH� FU\VWDOV�� WRR� >�@�� ,W� LV� WKH
VSDFH� RULHQWDWLRQ� RI� WKH� OLQHDU� SRODUL]DWLRQ
GLUHFWLRQ� (� RI� WKH� DFWLYH� EHDPV� WKDW� LV� RI
LPSRUWDQFH�IRU�WKH�36�GHYHORSPHQW�LQ�$J&O±
$J��,Q�WKLV�ZRUN��WKH�+*�DQG�36�UHFRUGLQJ
DW� WZR� V\PPHWULFDO� EHDPV� ZLWK� (� RULHQWHG
DW� ���� WR� WKH� SODQH� RI� LQFLGHQFH� RQWR� WKH
ILOP�KDV�EHHQ�UHDOL]HG�IRU�WKH�ILUVW�WLPH��,W
KDV� EHHQ� IRXQG� WKDW� WKH� OLQHDU� VHOI�GLIIUDF�
WLRQ� HIIHFW� >����@� DSSHDULQJ� DW� WKH� +*� UH�
FRUGLQJ� LV� RI� D� JUHDW� LPSRUWDQFH� LQ� WKH�36
GHYHORSPHQW�

7R� SUHSDUH� WKH� ILOPV�� YDULRXV� GLHOHFWULF
VXEVWUDWHV� FDQ� EH� XVHG�� IRU� H[DPSOH�� WKH
RSWLFDO�TXDUW]�JODVV��24*���$W�SUHVHQW��VHY�
HUDO�PHWKRGV�DUH�NQRZQ�WR� LPSODQW�WKH�FRO�
ORLGDO�PHWDOOLF�SDUWLFOHV�LQWR�VLOLFDWH�JODVVHV
>����@�� +RZHYHU�� VRPH� RI� WKRVH� DUH� XQVXLW�
DEOH�WR�LPSODQW�WKH�SDUWLFOHV�LQWR�24*��7KH
LRQ�H[FKDQJH�FKHPLFDO�UHDFWLRQV�DUH�LQDSSOL�
FDEOH�DV�WKH�LPSODQWDWLRQ�PHWKRG�GXH�WR�DE�
VHQFH� RI� LPSXULWLHV� LQ� WKH� 24*� WKDW� DUH
XVXDO� LQ� VLOLFDWH� JODVVHV�� 7KH� WKHUPR�
VWLPXODWHG�LPSODQWDWLRQ�LV�DQRWKHU�H[DPSOH�
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7KHUH� DUH� GDWD� RQ� WKH�24*�FRORUDWLRQ�ZLWK
FROORLGDO� FRSSHU�ZKHQ� GXULQJ� WKH� KLJK�WHP�
SHUDWXUH�DQQHDOLQJ�RI�WKH�JODVV�LQ�D�IXUQDFH
LQFOXGLQJ� FRSSHU�FRQWDLQLQJ� SDUWV� >��@�� $W
WKH�VDPH�WLPH��WKHUH�LV�RQO\�VFDUFH�LQIRUPD�
WLRQ�LQ�OLWHUDWXUH�RQ�WKH�SRVVLELOLW\�RI�FROORL�
GDO� VLOYHU� WKHUPRVWLPXODWHG� LPSODQWDWLRQ
LQWR�24*�>�@��5HFHQWO\��WKH�LVRWURSLF�FROORLG
ZDV�LPSODQWHG�LQWR�WKH�QHDU�VXUIDFH�OD\HU�RI
24*� E\� KHDWLQJ� WKH� LVODQG� $J� ILOP� DW� WKH
24*� VXUIDFH� XVLQJ� D� &2�� ODVHU� EHDP� >�����@�� )XUWKHU� VWXGLHV� RI� WKDW� PHWKRG� KDYH
VKRZQ� WKDW� LW� LV� SRVVLEOH� WR� LPSODQW� LQWR
24*� QRW� RQO\� LVRWURSLF� FROORLG� EXW� DOVR� RU�
GHUHG� VWUXFWXUHV� FRQVLVWLQJ� RI� VLOYHU� SDWUL�
FOHV� >��@�� ,Q� WKLV� ZRUN�� WKH� +*� DQG� 36
IRUPHG� DW� WKH� 24*� VXUIDFH� E\� WKHUPR�
VWLPXODWHG� LPSODQWDWLRQ� RI� WKH� +*� DQG� 36
LQWR� WKH�$J&O±$J� ILOP� IROORZHG� E\� LWV� IL[D�
WLRQ� KDYH� EHHQ� LPSODQWHG� LQWR� 24*� XVLQJ
WKH�VDPH�LPSODQWDWLRQ�WHFKQLTXH�

���([SHULPHQWDO
$ERXW� �� PP� WKLFN� SODWHV� RI� 24*� �.8

JUDGH�� DQG� RSWLFDO� JODVV� �.��� JUDGH�� ZHUH
XVHG� LQ� RXU� H[SHULPHQWV�� $Q� $J&O� ILOP� RI
DERXW����QP� WKLFNQHVV�ZDV� WKHUPDOO\� VSXW�
WHUHG�RQWR�WKH�SODWH�LQ�YDFXXP�DQG�WKHQ�DQ
DERXW� ��� QP� WKLFN� LVODQG� $J� ILOP� ZDV� GH�
SRVLWHG� WKHUHRQ�� 7KH� $J&O±$J� ILOP� LV� GL�
UHFWO\� SKRWRVHQVLWLYH� WR� LUUDGLDWLRQ� ZLWKLQ
WKH�ZKROH�YLVLEOH�VSHFWUDO�UDQJH��7KH�VWDQGDUG
GRXEOH�EHDP� LQWHUIHUHQFH� VFKHPH�RI�SRODU�
L]HG�ODVHU�EHDPV��O�� �����QP��3� ����P:�
ZDV�XVHG�WR�UHFRUG�WKH�+*��7KH�LQWHUIHUHQFH
EDQGV� ZHUH� RULHQWHG� SHUSHQGLFXODU� WR� WKH
FRQYHUJHQFH� SODQH� RI� WZR� EHDPV�� %RWK� WKH
OLJKW�EHDPV�ZHUH�RI�WKH�VDPH�LQWHQVLW\�DQG
FRQYHUJHG�LQ�D�KRUL]RQWDO�SODQH�RI�LQFLGHQFH
RQWR�WKH�ILOP��7KH�SRODUL]DWLRQ�GLUHFWLRQV�(

RI� WKH� EHDPV� PDNH� DQJOH� RI� ���� ZLWK� WKH
LQFLGHQFH�SODQH��7KH�OLJKW�LQGXFHG�WUDQVIRU�
PDWLRQV� DW� WKH� +*� UHFRUGLQJ� VKRXOG� RFFXU
LQ�WKH�ILOP�DUHDV�FRUUHVSRQGLQJ�WR�WKH�LQWHU�
IHUHQFH� PD[LPD�� $� VSHFLILF� IHDWXUH� RI� WKH
$J&O±$J� ILOPV� FRQVLVWV� LQ� WKDW� LQ� WKH� KROR�
JUDSKLF� LQWHUIHUHQFH� PD[LPD�� WKH� 36� FRQ�
QHFWHG� ZLWK� WKH� H[FLWDWLRQ� RI� ZDYHJXLGH
PRGHV�DUH�LQGXFHG�DQG�GHYHORSHG��WRR�>�Ü�@�
DQG� WKH�36�JURRYHV�SHQHWUDWH�SDUWLDOO\�DOVR
WKH�DUHD�RI�KRORJUDSKLF�PLQLPD��$V�D�FRQVH�
TXHQFH�� D� FRPELQHG� VWUXFWXUH� FRQVLVWLQJ� RI
+*� DQG� 36� JUDWLQJV� LV� IRUPHG� LQ� WKH� ILOP
GXH�WR�WKH�$J�SKRWRVWLPXODWHG�LPSODQWDWLRQ�

7KH�+*�DQG�36�ZHUH�UHFRUGHG�DW�WKH�H[�
SRVXUH�WLPH�RI����PLQ�WKDW�FRUUHVSRQGV�DS�
SUR[LPDWHO\� WR� WKH� GHYHORSPHQW� RI� WKH
VWUXFWXUHV� WLOO� VDWXUDWLRQ�� 'XH� WR� SKRWRLQ�
GXFHG� LPSODQWDWLRQ��WKH�PRVW�SDUW�RI�VLOYHU
JRHV� IURP� WKH�$J&O±$J� ILOP� VXUIDFH� WR� WKH
ILOP�VXEVWUDWH� LQWHUIDFH�� $IWHU� WKH� LUUDGLD�
WLRQ� ZDV� RYHU�� WKH� $J&O� ILOP� ZDV� UHPRYHG
E\� GLVVROYLQJ� LW� LQ� IL[HU� �DTXHRXV� K\SRVXO�
ILWH� VROXWLRQ�� IROORZHG� E\� WKH� VDPSOH�ZDVK�
LQJ�LQ�ZDWHU��WKH�H[FHVV�ZDWHU�ZDV�UHPRYHG
IURP� WKH� VXUIDFH� E\� DLU� EORZLQJ�� ,Q� WKRVH
FRQGLWLRQV�� WKH� VWUXFWXUH� SDWWHUQ� DQG� GLI�
IUDFWLRQ�SURSHUWLHV�DUH�UHWDLQHG�EXW�WKH�SKR�
WRVHQVLWLYLW\� RI� WKH� VDPSOH� GLVDSSHDUV� >�@�
7R�REVHUYH�WKH�ZKROH�GLIIUDFWLRQ�SDWWHUQ�DW
VPDOO� LQFLGHQFH� DQJOHV�� D� 89� EHDP� IRUP� D
QLWURJHQ� ODVHU� �O� ����� QP�� ZDV� XVHG�� 7R
LPSURYH� WKH� UHIOHFWLRQ� IDFWRU� DQG� WKH� GLI�
IUDFWLRQ� HIILFLHQF\�� WKH� VDPSOH� ZDV� FRDWHG
LQ�YDFXXP�ZLWK�D�WKLQ��DERXW����QP��DOXPL�
QXP�PLUURU��7KH�$O� OD\HU�SURYLGHV�DOVR� WKH
FRQGXFWLYLW\� RI� WKH� VDPSOH� VXUIDFH� DQG
PDNHV� LW� SRVVLEOH� WR� VWXG\� WKH� VWUXFWXUH
XVLQJ� D� 6(0� �-60��������8� ����N9�� VSD�
WLDO�UHVROXWLRQ���QP���7KH�WKHUPRVWLPXODWHG

)LJ�����'LIIUDFWLRQ�SDWWHUQ��D��DQG�PLFURJUDSK��E��RI�VWUXFWXUH�IRUPLQJ�WKH�GLIIUDFWLRQ�SDWWHUQ��D���7KH
VWUXFWXUH��E��VFDOH�LV�GHILQHG�E\�WKH�EURDG�SDUDOOHO�EHQGV�RI�WKH�KRORJUDSKLF�JUDWLQJ�ZLWK�SHULRG���PP�
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LPSODQWDWLRQ� RI� WKH� LQWHUIHUHQFH� VWUXFWXUHV
LQWR�24*�ZDV�FDUULHG�RXW�XVLQJ�D�&2��ODVHUEHDP� �O� ������PP�� 3� ���� :��� WKH� H[SR�
VXUH� WLPH� EHLQJ� DERXW� ��PLQ�� 7KH� UHWDLQHG
SHULRGLFLW\�RI�WKH�LPSODQWHG�VWUXFWXUHV��+*
DQG�36��LV�HYLGHQFHG�E\�UHWDLQHG�GLIIUDFWLRQ
SURSHUWLHV�WKHUHRI�

���5HVXOWV�DQG�GLVFXVVLRQ
)LJ���D� SUHVHQWV� WKH� GLIIUDFWLRQ� SDWWHUQ

IURP� D� IL[HG� DQG� DOXPLQXP�FRDWHG� VDPSOH�
7KH�GLIIUDFWLRQ�IURP�+*�LV�VHHQ�LQ�WKH�OHIW�
KDQG� ILJXUH� SDUW� DV� V\PPWULFDO� OLJKW� VSRWV
ORFDWHG� DORQJ� D� OLQH�� 7KH� EULJKWHVW� VSRW� LV
IRUPHG� E\� WKH� VSHFXODU� EHDP�� ,Q� WKH� ULJKW
SDUW�� WKHUH� DUH� IRXU� GLVFUHWH� DUF�VKDSHG
EDQGV� WKDW� FRUUHVSRQG� WR� GLIIUDFWLRQ� IURP
WKH� 36� IRUPHG� LQ� WKH� ILOP�� 7KH� VDPSOH� LV
SODFHG� RQ� D� KRUL]RQWDO� JRQLRPHWHU�� DQG� LQ
WKH� SRVLWLRQ� VKRZQ� LQ� WKH� SKRWR�� WKH� 36
SHULRGV�G�ZHUH�PHDVXUHG��:KHQ�PHDVXULQJ�
WKH�LQFLGHQFH�DQJOH�M�ZDV� LQFUHDVHG�VR�WKDW
WKH�GLIIUDFWLRQ�EDQG�FRLQFLGHG�ZLWK�WKH�KROH
LQ�WKH�VFUHHQ��WKDW�FRUUHVSRQGV�WR�WKH�DXWR�
FROOLPDWLRQ� FRQGLWLRQ� �WKH� GLIIUDFWLRQ� EHDP
LV�GLUHFWHG�RSSRVLWH�WR�WKH�LQFLGHQW�RQH�DQG
M� �ÜMD�� MD� EHLQJ� WKH� DXWRFROOLPDWLRQ
DQJOH��� $W� M� FORVH� WR� MD�� WKH� �WK� EDQG� EH�FRPHV� YLVLEOH� LQ� WKH� GLIIUDFWLRQ� SDWWHUQ
IURP�36�� )RU� 36�� DOO� WKH� GLIIUDFWLRQ� EDQGV
FRUUHVSRQG� WR� WKH� �Ü��� RUGHU� GLIIUDFWLRQ
DQG� WKH� SHULRGV� DUH� FDOFXODWHG� IURP� WKH
PHDVXUHG�MD�DQJOHV�DV�G� �O��VLQMD�Ü���+RZ�HYHU�� WR�PHDVXUH� WKH�36�SHULRG� DW�KLJK�DF�
FXUDF\�� D� VPDOO� VHFWLRQ� RI� DQ� DUF�VKDSHG
EDQG�ZLWK�PD[LPXP�LQWHQVLW\�LV�WR�EH�XVHG�

'XH�WR�GLIIHUHQFHV�LQ�FXUYDWXUH��VORSHV��DQG
VSDWLDO� SRVLWLRQV� RI� WKH� EDQGV� ZLWK� UHVSHFW
WR� WKH� KRUL]RQWDO� OLQH� RI� DQJOH� PHDVXUH�
PHQW��WKH�PHDVXUHPHQW�HUURUV�IRU�GLIIHUHQW
EDQGV�GLIIHU�FRQVLGHUDEO\��7KH�KLJKHVW�HUURU
LV�IRXQG�IRU�ZHDN�VLGH�EDQGV��7KH�PHDVXUH�
PHQW� UHVXOWV� IRU� WKH� EDQGV� �� WKURXJK� �
�IURP�OHIW�WR�ULJKW��DUH�DV�IROORZV��

G�� �����r���QP���G�� �����r��QP�
G�� �����r��QP���G�� �����r��QP�

G�� �����r���QP�

���

7R� SUHVHQW� WKH� GLIIUDFWLRQ� SDWWHUQ� PRUH
SUHFLVHO\�� )LJ���D� VKRZV� WKH� GLIIUDFWLRQ� RE�
VHUYHG� DIWHU� WKH� VDPSOH� ZDV� URWDWHG� DERXW
WKH� QRUPDO� LQWR� WKH� SRVLWLRQ� SURYLGLQJ� WKH
YHUWLFDO� DUUDQJHPHQW� RI� WKH� GLIIUDFWLRQ
VSRWV� IURP� +*�� :KHQ� FRPSDULQJ� )LJ���D
DQG� )LJ���D�� LW� LV� WR� QRWH� WKDW� LQ� WKH� ILUVW
FDVH�� WKH� LQFLGHQFH� DQJOH� ZDV� DGMXVWHG� E\
URWDWLQJ� WKH� JRQLRPHWHU� FRXQWHUFORFNZLVH
ZKLOH� LQ� WKH� VHFRQG� RQH�� FORFNZLVH�� 7KDW� LV
ZK\� WKH� GLIIUDFWLRQ� EDQGV� IURP� 36� LQ� WKH
SKRWRV�GLYHUJH�RSSRVLWHO\� �GRZQ�DQG�XS��DQG
DUH� LQ�GLIIHUHQW�SRVLWLRQV� �ULJKW�� OHIW���0RUH�
RYHU�� WKH� DQJOH� RI� LQFLGHQFH� LQ� WKH� �QG� FDVH
H[FHHGV� DERXW� WZLFH� WKDW� LQ� WKH��VW� RQH��7KH
LQFUHDVH�RI� WKH� LQFLGHQFH�DQJOH�UHVXOWV� LQ� LQ�
FUHDVHG� FXUYDWXUH� RI� WKH� OLQH� ZKHUH� WKH�+*
GLIIUDFWLRQ� UHIOHFWLRQV� DUH� DUUDQJHG� �URXQG
VSRWV� LQ� WKH� SKRWR�� SRVLWLRQHG� ULJKW��� ,I� WKH
IRUPHU�EDQG�QXPEHULQJ� LV� UHWDLQHG� �EXW�QRZ
IURP� ULJKW� WR� OHIW��� WKH� GLIIUDFWLRQ� EDQG� �
IURP� 36� LV� ZHDN� EXW� WKH� EDQG� �� LV� VHHQ
FOHDUO\�� 0RUHRYHU�� WKH� WDQJHQF\� SRLQW� RI
EULJKW�EDQGV���DQG���LV�VHHQ�ZHOO��7KLV�SRLQW

)LJ����� 7KH� ILJXUH� GLIIHUV� IURP� )LJ���� LQ� WKH� VDPSOH� RULHQWDWLRQ�� 7KH� VWUXFWXUH� PLFURJUDSK� LV
RULHQWHV�VR�WKDW�WKH�VSDWLDO�SRVLWLRQ�RI�WKH�VWUXFWXUH�SHULRGLF�HOHPHQWV�FRUUHVSRQGV�WR�WKH�GLIIUDF�
WLRQ�SDWWHUQ�

.�6�%HORVKHQNR�HW�DO����,PSODQWDWLRQ�RI�D�KRORJUDSKLF����

��� )XQFWLRQDO�PDWHULDOV�������������



LV� SRVLWLRQHG� DW� WKH� KRUL]RQWDO� DQG�PDNHV� LW
SRVVLEOH� WR� PHDVXUH� WKH� DXWRFROOLPDWLRQ
DQJOH� FRUUHVSRQGLRQJ� WKHUHWR�� 7KH� SHULRG� G�GHWHUPLQHG�IURP�WKDW�DQJOH�LV�����QP�

7KH�+*�SHULRG�/�ZDV�PHDVXUHG�� WRR��7R
WKDW�HQG�� WKH� VDPSOH�ZDV�URWDWHG�DERXW�WKH
QRUPDO�WR� LW�VR�WKDW�WKH�OLQH�ZKHUH�WKH�GLI�
IUDFWLRQ� VSRWV� RI� GLIIHUHQW� RUGHUV� DUH� DU�
UDQJHG� LV�KRUL]RQWDO�DQG�SDVVHG� WKH�KROH� LQ
WKH� VFUHHQ��7KH�PHDVXUHPHQWV�SURYLGHG� WKH
YDOXH� /� ��r������PP�� 7KDW� YDOXH� VKRXOG
FRLQFLGH�ZLWK�WKH�FDOFXODWHG�+*�SHULRG�

/� �O��e��VLQ�D�e���� ���
)URP� WKH�PHDVXUHG�/�� WKH� LQFLGHQFH� DQ�

JOHV� M� IRU� ERWK� EHDPV� DUH� GHWHUPLQHG�
M� �D��� ��������

,Q�)LJ���E�DQG��E��WKH�6(0�LPDJHV�RI�WKH
VDPSOH�VWUXFWXUH�DUH�VKRZQ��7KH�LPDJHV�DUH
RULHQWHG�VR�WKDW�WKH�GLIIUDFWLRQ�SDWWHUQV�DUH
LQ� DFFRUGDQFH� ZLWK� WKH� VWUXFWXUHV�� 7KH
EURDG� DOWHUQDWLQJ� GDUN� DQG� EULJKW� EDQGV
SUHVHQW� WKH� +*� JURRYHV� DQG� WKHLU� SHULRG
�/� ���PP��SRLQWV� WKH� LPDJH�VFDOH��$�PXFK
WKLQQHU� VWUXFWXUH� FRUUHVSRQGV� WR� WKH� 36�
7KH� VSDWLDO� VFDWWHU� LQ� WKH� PXWXDO� RULHQWD�
WLRQ�RI�WKH�36�JURRYHV�DV�ZHOO�DV�WKH�VFDWWHU
WKHUHRI� ZLWK� UHVSHFW� WR� WKH� VWULFWO\� IL[HG
GLUHFWLRQ�RI�WKH�+*�JURRYHV��,W� LV�VHHQ�DOVR
WKDW� WKH�36�DUH� FRQFHQWUDWHG�PDLQO\� LQ� WKH
EULJKW�+*�EDQGV�WKDW�FRUUHVSRQG�WR�WKH� LQ�
WHUIHUHQFH� PD[LPD� DW� WKH� +*� UHFRUGLQJ�
+RZHYHU�� LQ� PDQ\� FDVHV�� WKH� 36� JURRYHV
SHQHWUDWH�DOVR�WKH�GDUN�+*�EDQGV��WKH�KROR�
JUDSKLF� LQWHUIHUHQFH� PLQLPD��� 7KRVH� IHD�
WXUHV� HYLGHQFH� D� JUDGXDO� +*� GHWHULRUDWLRQ
GXULQJ� WKH� 36� GHYHORSPHQW�� 7KH� +*� GHWH�
ULRUDWLRQ� VKRXOG� EH� PDLQIHVWHG� PRVW
VWURQJO\� LI� ERWK� +*� DQG� 36� KDYH� VLPLODU
SHULRGV� >�@�� ,Q� WKLV� H[SHULPHQW�� WKH� +*� WR
36� SHULRG� UDWLR� LV� KLJK� �/�G� ����� 7KDW� LV
ZK\�WKH�+*�DUH�QRW�EURNHQ�FRPSOHWHO\��7KH
+*�GLIIUDFWLRQ�HIILFLHQF\�RI�WKH�+*�UHPDLQV
KLJK�DOVR�DW�H[SRVXUHV�FRUUHVSRQGLQJ�WR�WKH
VDWXUDWLRQ�LQ�WKH�+*�GHYHORSPHQW�

,QWHUUHODWLRQ� EHWZHHQ� +*� DQG� 36�� 7KH
H[LVWHQFH� RI� DQ� LQWHUUHODWLRQ� EHWZHHQ� WKH
+*� DQG� 36� LV� WKH� PRVW� LQWHUHVWLQJ� UHVXOW
IURP� WKH� YLHZSRLQW� RI� WKH� VWUXFWXUH� GHYHO�
RSPHQW��7KDW�LQWHUUHODWLRQ�PDNHV�LW�SRVVLEOH
WR� H[SODLQ� ZK\� WKH� 36�ZLWK� GLIIHUHQW� SHUL�
RGV�LQGLFDWHG�LQ�����DULVH��7KH�$J&O±$J�ILOP�LV
D�QRQOLQHDU�PHGLXP�DQG�WKH�+*�DUH�UHFRUGHG
WKHUHLQ� DFFRUGLQJ� WR� WKH� ODZV� RI� QRQOLQHDU
VHOI�GLIIUDFWLRQ�HIIHFW��7KH�FRPSRQHQWV�N[G�RIWKH�ZDYH� YHFWRUV� RI� WKH� GLIIUDFWHG� EHDPV� RQ
WKH�ILOP�SODQH�DUH�UHODWHG�WR�WKH�FRPSRQHQWV
N[�RI�WKH�DFWLQJ�EHDPV�>�@�DV

N[G� ���P�r���N� ���
ZKHUH� P� �r��� r��� ���� DUH� WKH� GLIIUDFWLRQ
RUGHUV��WKH�VLJQV���DQG�Ü�UHIHU�WR�WKH�EHDPV
����DQG������UHVSHFWLYHO\��,W�LV�VHHQ�IURP����
WKDW� DW� GLIIHUHQW� FRPELQDWLRQV� RI� P�� WKH
FRPSRQHQWV�N[G�KDYH�YDOXHV

N[G� SN���S� �r���r���r����� ���
7KH�36�DUH�QXFOHDWHG�GXH�WR�LQWHUIHUHQFH

RI� WKH� LQFLGHQW� EHDP� DQG�ZDYHJXLGH�PRGHV
WKDW�DSSHDU�LQ�WKH�ILOP�GXH�WR�WKH�5D\OHLJK
VFDWWHULQJ� RI� WKH� LQFLGHQW� EHDP��7KH�GHYHO�
RSPHQW� RI�36�RFFXUV� DFFRUGLQJ� WR� WKH�SRVL�
WLYH�IHHGEDFN�PHFKDQLVP��WKH�36�QXFOHDWLRQ
UHVXOWV� LQ� DQ� DPSOLILFDWLRQ� RI� WKH� PRGH�
WKXV� IDYRULQJ� WKH� IXUWKHU�36� JURZWK��$W� D
VPDOO� WKLFNQHVV� RI� WKH� $J&O� ILOP� �DERXW
���QP���RQO\�WKH�7(��W\SH�OLPLWLQJ�PRGH�LVH[FLWHG�WKHUHLQ�ZLWK�WKH�HIIHFWLYH�UHIUDFWLYH
LQGH[�QF� HTXDO� WR� WKDW� RI� WKH� VXEVWUDWH� �DWO�� �����QP��QF� ������IRU�.���DQG�QF� �����IRU� 24*�� >�����@�� 7KH� SUHGRPLQDQW� VFHWWHU�
LQJ�GLUHFWLRQ�RI�WKH�PRGH�LV�WKDW�SHUSHQGLFX�
ODU� WR� WKH�SRODUL]DWLRQ�GLUHFWLRQ�(� RI� WKH� LQ�
GXFLQJ� OLJKW�ZDYH� LQFLGHQW� WKH� ILOP��/HW� WKH
YHFWRU� .� EH� WKDW� RI� 36� �.� ��S�G��� EE�� WKH
ZDYH�YHFWRU�RI� WKH�PRGH� �WKH�PRGH�SURSDJD�
WLRQ�FRQVWDQW�E� ���S�O��QF��DQG�N[��WKH�FRP�SRQHQW�RI�WKH�LQFLGHQW�ZDYH�YHFWRU�DW�WKH�ILOP

)LJ�����3RODU�GLDJUDP�LOOXVWUDWLQJ�WKH�IRUPD�
WLRQ� RI� SHULRGLF� VWUXFWXUHV� XQGHU� DFWLRQ� RI
WZR� LQFLGHQW�EHDPV��2� LV� WKH� LQFLGHQFH�SRLQW
RI�WKH�EHDPV��N[��WKH�SURMHFWLRQV�RI�WKH�LQFL�GHQW�EHDP�ZDYH�YHFWRUV�RQWR� WKH� ILOP�SODQH�
;;��WKH�LQFLGHQFH�SODQH�WUDFH�RQ�WKH�ILOP��(�
WKH�GLUHFWLRQ�RI�WKH�EHDP�OLQHDU�SRODUL]DWLRQ�
EE�� WKH� SUHGRPLQDQW� GLUHFWLRQV� DQG� YDOXHV� RI
WKH�ZDYH� YHFWRUV� RI� WKH� VFDWWHUHG�ZDYHJXLGH
PRGHV��.����Ü�WKH�YHFWRUV�RI�WKH�36�IRUPHG�

.�6�%HORVKHQNR�HW�DO����,PSODQWDWLRQ�RI�D�KRORJUDSKLF����

)XQFWLRQDO�PDWHULDOV������������� ���



VXUIDFH� �N[� ���S�O��VLQM��� 7KH� 36� GHYHORS�PHQW�LV�GHILQHG�E\�WKH�IRUPXOD�>�����@
.� �EE���N[� ���

7KH�VHQVH�RI�FRQGLWLRQ�����LV�GLVFORVHG�E\
WKH� YHFWRU� GLDJUDP� VKRZQ� LQ� )LJ����� 7KH
GLDJUDP� LV� UHIHUUHG� WR� WKH� ILOP� SODQH� DQG
FRQVWUXFWHG� LQ� WKH� RULHQWDWLRQ� DFFRUGLQJ� WR
WKH� ILOP� LUUDGLDWLRQ� FRQGLWLRQV� �WKH� LQFL�
GHQFH� SODQH� LV� KRUL]RQWDO��� 7KH� SRLQW� 2� LV
WKH� LQFLGHQFH� SRLQW� RI� WKH� EHDPV�� 7KH� ;;
OLQH� LV� WKDW�RI� WKH� LQFLGHQFH�SODQH� LQWHUVHF�
WLRQ� ZLWK� WKH� ILOP�� 7KH� GLUHFWLRQ� RI� WKH
EHDP� OLQHDU� SRODUL]DWLRQ� LV� VKRZQ� E\� WKH
OLQH� (�� 7KH� DQJOH� \� ������ 7KH� YHFWRUV� EE
VKRZ�WKH�SUHGRPLQDQW�GLUHFWLRQV�DQG�YDOXHV
RI� WKH�SURSDJDWLRQ�FRQVWDQWV� IRU� WKH�PRGHV
VFDWWHUHG�LQ�RSSRVLWH�GLUHFWLRQV��7KH�FRPSR�
QHQWV�N[�FRUUHVSRQG�WR�WZR�LQFLGHQW�EHDPV�:KHQ� RQO\� RQH� EHDP� LV� DFWLQJ� �H�J��� WKDW
ZLWK� WKH� ULJKW�KDQG� FRPSRQHQW� N[��� WKHPRGXOHV�RI�36�YHFWRUV�DUH�GHWHUPLQHG�IURP
'2%&�DQG�'2'&�

.r�� �E����N[��r��E���N[���FRV\� ���
7KH� HYHQ� 36� DUH� IRUPHG� E\� WKH� VHFRQG

EHDP��N[�WR�WKH�OHIW��'2'$�DQG�'2$%���7KHVLPXOWDQHRXV� DFWLRQ� RI� WZR� V\PPHWULFDO
EHDPV� DPSOLILHV� WKH� 36� GHYHORSPHQW�� VLQFH
WKH� YDOXHV� RI� 36� YHFWRUV� .r� DUH� SDLUZLVHSDUDOOHO�WR�HDFK�RWKHU�

7KH� IRUPXOD� ���� H[SODLQV� WKH� GHYHORS�
PHQW� RI� WZR�36�ZLWK� WKH�YHFWRU�YDOXHV�.r�+RZHYHU��WKH�GLIIUDFWLRQ�SDWWHUQ�VKRZV�WKDW
36�ZLWK�RWKHU� SHULRGV� DUH�GHYHORSHG� LQ� WKH
ILOP��7R� H[SODLQ� WKH� DGGLWLRQDO�36�� LW� LV� WR
WDNH� LQWR� DFFRXQW� WKDW� WKRVH� DUH� GHYHORSHG
GXH� WR� DFWLRQ� QRW� RQO\� RI� WZR� LQFLGHQW
EHDPV� EXW� DOVR� RI� WKH� GLIIUDFWLRQ� EHDPV
DULVLQJ� GXULQJ� WKH� +*� GHYHORSPHQW�� 7KH
GLIIUDFWLRQ� EHDPV� IURP� +*� KDYH� WKH� ZDYH
YHFWRU�FRPSRQHQWV�DW�WKH�ILOP�VXUIDFH�HTXDO
WR� XQHYHQ� N[� YDOXHV� �IRUPXOD� ������ ,Q� VSLWHRI�WKH�IDFW�WKDW�WKRVH�EHDPV�DUH�SURFHHGLQJ
IURP�WKH�ILOP�LWVHOI��WKH�ILHOG�WKHUHRI�VWLPX�
ODWHV� WKH� 36� GHYHORSPHQW� VLPLODU� WR� WKH
ILHOG� RI� WKH� LQFLGHQW� EHDPV��'XH� WR� VXFK� D
UHODWLRQ�EHWZHHQ�WKH�+*�DQG�36��LW�LV�QHFHV�
VDU\� WR�XVH� LQ� WKH� IRUPXODV� ����DQG� ���� WKH
TXDQWLW\�SN[�LQVWHDG�RI�N[��ZLWKRXW�DFFRXQWIRU�WKH�VLJQ��S� �������������7KHQ�ZH�JHW�IURP
����WKH�IRUPXOD�WR�FDOFXODWH�WKH�SHULRGV�RI�DOO
SRVVLEOH�36��
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ZKHUH� L� ���� ��� ��� ��� �� DUH� WKH� QXPEHUV� RI
GLIIUDFWLRQ� EDQGV� IURP� 36� REVHUYHG� LQ� H[�
SHULPHQW��7KH�FDOFXODWLRQV�XVLQJ�����IRU�H[�
SHULPHQWDO� YDOXHV� O�� ����� QP�� QF� �����
�.�����M� �������\� �����KDYH�JLYHQ�WKH�IRO�
ORZLQJ�UHVXOWV��

�G������� ����QP�����G������� ����QP�
���G������� ����QP�����G������� ����QP�

���G������� ����QP�

���

7KH� SHULRGV� FDOFXODWHG� XVLQJ� ���� DJUHH
VDWLVIDFWRULO\� ZLWK� WKRVH�PHDVXUHG� RQHV� LQ�
GLFDWHG� DERYH� ����� 7KXV�� WKH� DVVXPSWLRQ� RI
WKH� LQWHUUHODWLRQ� EHWZHHQ� WKH� VHOI�GLIIUDF�
WLRQRQ�+*�DQG�GHYHORSLQJ�36�LV�YDOLG�

7KH� YDOXH� G�� ����� QP� REWDLQHG� E\PHDVXUHPHQW� RI� WKH� DXWRFROOLPDWLRQ� SRVL�
WLRQ� RI� WKH� LQWHUVHFWLRQ� SRLQW� EHWZHHQ� WKH
EDQGV� �� DQG� �� �)LJ���D�� FRUUHVSRQGV� SUH�
FLVHO\� WR� WKH� SHULRG� RI� D� 36� WKDW� ZRXOG� EH
IRUPHG� DW� WKH� QRUPDO� LQFLGHQFH� RI� WKH� LQ�
GXFLQJ�EHDP�ZLWK�O�� �����QP�DQG�YHUWLFDOOLQHDU� SRODUL]DWLRQ�� $V� LW� IROORZV� IURP� ����
LQ� WKLV� FDVH�� .� �EE� DQG� G�� �O��QF� ����QP�

7KH� VXEVWDQWLDO� GLIIHUHQFH� EHWZHHQ� WKH
GLIIUDFWLRQ�EHDPV�IURP�+*�DQG�IURP�36� LV
ZHOO� VHHQ� LQ� )LJ���D�� �D�� 7KH� +*� EHLQJ� D
SHUIHFW� GLIIUDFWLRQ� JUDWLQJ� JLYHV� WKH� GLI�
IUDFWLRQ� EHDPV� RI� WKH� VDPH� VKDSH� DV� WKH
PHDVXULQJ� ODVHU� EHDP� DQG� IRUPLQJ� URXQG
OLJKW� VSRWV� RQ� WKH� VFUHHQ�� ,Q� FRQWUDVW�� WKH
GLIIUDFWLRQ� IURP� 36� � GRHV� QRW� IRUP� VSRWV�
EXW�DUF�VKDSHG�EDQGV��7KDW�VKDSH�RI�WKH�GLI�
IUDFWLRQ� EHDPV� LQGLFDWHV� WKDW� WKH� 36� DV� D
ZKROH� DUH� LPSHUIHFW� GLIIUDFWLRQ� JUDWLQJV�
7KRVH� FRQVLVW� RI� D� VHW� RI� LQGLYLGXDO� PL�
FURVFDOH� JUDWLQJV� WKDW� DUH� GHYHORSHG� DV� WKH
PRGHV� DUH� VFDWWHUHG�RQ�GLIIHUHQW� VFDWWHULQJ
FHQWHUV�� 7KH� PRGHV� EHLQJ� H[FLWHG� VKRZ� DQ
DQJXODU�VFDWWHU�ZLWK�UHVSHFW�WR�WKH�SUHGRPL�
QDQW� VFDWWHULQJ� GLUHFWLRQ� VKRZQ� LQ� )LJ����
7KLV� UHVXOWV� LQ� D� VFDWWHULQJ� RI� YHFWRUV� UH�
ODWHG�WR�GLIIHUHQW�PLFURJUDWLQJV��WKXV�FDXV�
LQJ� WKH� H[SDQVLRQ� RI� WKH� GLIIUDFWLRQ� EHDP
IURP�36�>�@�

$OO� WKH� DERYH� UHVXOWV� DUH� UHODWHG� WR� WKH
.��� JODVV� VXEVWUDWH�� $V� WR� WKH� 24*� VXE�
VWUDWH�� WKH� VDPH� UHVXOWV� DUH� UHPDLQHG�� H[�
FHSW� IRU� WKH� 36� SHULRGV�� 7KH\� IROORZ� DOVR
WKH�IRUPXOD�����DW�QF� �������$V�DQ�H[DPSOH�WKH� FDOFXODWHG� 36� SHULRGV� FRUUHVSRQGLQJ� WR
WKH� FRHIILFLHQW� S� ��� LQ� ���� DQG� KDYLQJ� WKH
KLJKHVW�GLIIUDFWLRQ�HIILFLHQF\�DUH�DV�IROORZV�

�G������� ����QP����G������� ����QP� ���
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7KH�SHULRGV�PHDVXUHG�IRU�36�RQ�WKH�24*
VXUIDFH� DUH� HVVHQWLDOO\� WKH� VDPH�DV� WKH� FDO�
FXODWHG� RQHV�� 7KH� VXEVHTXHQW� WKHUPR�
VWLPXODWHG� LPSODQWDWLRQ� RI� WKH� VWUXFWXUHV
IRUPHG�E\�VLOYHU�SDUWLFOHV�LQWR�WKH�QHDU�VXU�
IDFH�24*�OD\HU�KDV�EHHQ�FDUULHG�RXW�XVLQJ�D
&2�� ODVHU� EHDP� �VHH� >��@� IRU� GHWDLOV��� 7KDWLV�ZK\�WKH�LPSODQWHG�VWUXFWXUH�FRQWDLQV�QRW
RQO\�WKH�36�ZLWK�SHULRGV�����EXW�DOVR�D�UHJX�
ODU�+*�ZLWK���PP�SHULRG��7KH�FRQVHUYDWLRQ�RI
36�DQG�+*�SHULRGV�DIWHU�WKH�LPSODQWDWLRQ�KDV
EHHQ�FRQILUPHG�E\�GLIIUDFWLRQ�PHDVXUHPHQWV�
7KH� IDFW� RI� LPSODQWDWLRQ� LWVHOI� LV� FRPILUPHG
E\� WKH�VWUXFWXUH� VWDELOLW\�DJDLQVW�PHFKDQLFDO
DQG�FKHPLFDO�DFWLRQV��DV�LQ�>��@�

���&RQFOXVLRQ
,Q� WKLV� ZRUN�� FRQVLGHUHG� KDV� EHHQ� WKH

SKRWRLQGXFHG� LPSODQWDWLRQ� RI� FROORLGDO� VLO�
YHU� QDQRSDUWLFOHV� LQWR� SKRWRVHQVLWLYH�$J&O±
$J� ILOP�RQ�JODVV�VXEVWUDWHV�XQGHU�DFWLRQ�RI
WZR� VW\PPHWULFDO� ODVHU� EHDPV��'XH� WR� QRQ�
OLQHDU� OLJKW� DEVRUSWLRQ� LQ� WKH� ILOP�� WKH�$J
SDUWLFOHV� IRUP�WKH�JURRYHV�RI�D�KRORJUDSKLF
JUDWLQJ��+*��WKDW�LV�GHYHORSHG�XQGHU�PDQL�
IHVWDWLRQ�RI�WKH�VHOI�GLIIUDFWLRQ�HIIHFW��&RQ�
VLGHUHG� LV� WKH� FDVH� ZKHQ� WKH� EHDPV� DFWLQJ
RQ� WKH� ILOP� DUH� OLQHDUO\� SRODUL]HG� DW� WKH
DQJOH�RI����� WR� WKH�SODQH�RI� LQFLGHQFH�RQWK
WKH� ILOP�� 7KH� OLQHDU� SRODUL]DWLRQ� RI� WKH
EHDPV� UHVXOWV� LQ� GHYHORSPHQW�� VLGH�E\�VLGH
+*��RI�SHULRGLFDO�VWUXFWXUHV��36��UHODWHG�WR
H[FLWDWLRQ� RI�7(�� W\SH�ZDYHJXLGH�PRGHV� LQ

WKH�ILOP��7KH�36�KDYH�EHHQ�IRXQG�WR�GHYHORS
QRW�RQO\�GXH�WR�WKH�LQFLGHQW�EHDPV�EXW�DOVR
WR�WKH�GLIIUDFWLRQ�EHDPV�IURP�+*�

5HIHUHQFHV
� ���8�.UHLEHU�� 0�9ROOPHU�� 2SWLFDO� 3URSHUWLHV� RI

0HWDO� &OXVWHUV�� 6SULQJHU�9HUODJ�� %HUOLQ�
+HLGHOEHUJ��������
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� ���/�$�$JHHY��9�.�0LORVODYVN\��+�,�(O�$VKNKDE�
9�%�%ORNKD�� 7XWRULDO� ([SHULPHQWV� DQG� 'HP�
RQVWUDWLRQV�RQ�2SWLFV��7HDFKLQJ�$LG��.KDUNLY
1DW��8QLY���������>LQ�5XVVLDQ@�

� ���9�.�0LORVODYVN\�� 1RQOLQHDU� 2SWLFV�� 7HDFKLQJ
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VN\��2SWLND�L�6SHNWU�������������������

����/�$�$JHHY��9�.�0LORVODYVN\��(�'�0DNRYHWVN\
HW�DO���)XQFWLRQDO�0DWHULDOV����������������
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9�.�0LORVODYVN\�� 2SWLND� L� 6SHNWU��� ����� ���
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