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�JUDSKLWH���VLQJOH� FU\VWDOOLQH� VLOLFRQ�� WDUJHW� KDV� EHHQ� VWXGLHG� DV� D� IXQFWLRQ� RI� VLOLFRQ
FRQWHQW� LQ�ILOPV��7KH�ILOP�UHVLVWLYLW\�SDUDOOHO�DQG�SHUSHQGLFXODU�WR�VXEVWUDWH�VXUIDFH�ZDV
PHDVXUHG��7KH�ILOP�VWUXFWXUH�ZDV�VWXGLHG�E\�HOHFWURQ�GLIIUDFWLRQ�DQG�5DPDQ�VSHFWURVFRS\�
'RSLQJ�ZLWK� VLOLFRQ� GLG� QRW� LQIOXHQFH� WKH� UHVLVWLYLW\� UA� RYHU� WKH�ZKROH� UDQJH� RI� VLOLFRQFRQFHQWUDWLRQV�VWXGLHG��EXW�UHVXOWHG�LQ�PDUNHG�LQFUHDVH�LQ�UHVLVWLYLW\�U__��,QFRUSRUDWLRQ�RIVLOLFRQ� DWRPV� LQWR� JUDSKLWH�OLNH� FOXVWHU� VWUXFWXUH� RI� FDUERQ� ILOPV� UHVXOWV� LQ� GLVWRUWLRQ� DQG
GLVRUGHULQJ�WKHUHRI�LQ�SODQHV�SDUDOOHO�WR�WKH�VXEVWUDWH�VXUIDFH��WKXV�SURPRWLQJ�DQ�LQFUHDVH�LQ�U__�

j°°ãË�ºmÈÓ©�ªãË}�¯º°º¹¯º�ÒmãËÓÒË�Ò�äÒ}¯º°�¯�}��¯È�ãË�Ò¯ºmÈÓÓ©²�}¯ËäÓÒËä��º���
�º����È�����6L��Èäº¯ÁÓ©²���ãË¯º�Ó©²��È�&��¹ãËÓº}��º°ÈÎ�ËÓÓ©²�äË�º�ºä�äÈ�ÓË�¯ºÓÓº�
�º� ¯È°¹©ãËÓÒ«�ÓÈ� ¹º°�º«ÓÓºä� �º}Ë�� m� ÏÈmÒ°Òäº°�Ò� º��}ºÓ�ËÓ�¯È�ÒÒ�}¯ËäÓÒ«�m� ¹ãËÓ�
}È²�� �ãËÓ}Ò� ¹ºã��ÈãÒ� ¯È°¹©ãËÓÒËä� °º°�ÈmÓº®� ��¯ÈÁÒ����äºÓº}¯Ò°�ÈããÒ�Ë°}Ò®� }¯Ëä�
ÓÒ®�� äÒ�ËÓÒ� m� È¯�ºÓºmº®� ¹ãÈÏäË�� vº¹¯º�ÒmãËÓÒË� ¹ãËÓº}� ÒÏäË¯«ãº°	� ¹È¯ÈããËã	Óº� Ò
¹Ë¯¹ËÓ�Ò}�ã«¯Óº� ¹ºmË¯²Óº°�Ò� ¹º�ãºÎ}Ò�� v�¯�}��¯�� ¹ãËÓº}� ÒÏ��ÈãÒ� äË�º�ÈäÒ� ªãË}�
�¯ºÓº�¯ÈÁÒÒ�Ò�}ºä­ÒÓÈ�ÒºÓÓº�º�¯È°°Ë«ÓÒ«�°mË�È���Ë�Ò¯ºmÈÓÒË�}¯ËäÓÒËä�ÓË�¹ºmãÒ«ãº
ÓÈ���Ëã	ÓºË�°º¹¯º�ÒmãËÓÒË�UA�mº�m°Ëä�ÒÓ�Ë¯mÈãË�}ºÓ�ËÓ�¯È�Ò®�}¯ËäÓÒ«��Óº�¹¯ÒmËãº�}¯ËÏ}ºä���mËãÒ�ËÓÒ
�U__��{ÓË�¯ËÓÒË�È�ºäºm�}¯ËäÓÒ«�m�°�¯�}��¯���¯ÈÁÒ�º¹º�º­Ó©²�}ãÈ°��Ë¯ºm���ãË¯º�Ó©²�¹ãËÓº}��¹¯Òmº�Ò��}�ËË�Ò°}ÈÎËÓÒ
�Ò�¯ÈÏ�¹º¯«�º�ËÓÒ
�m�¹ãº°}º°�«²�
¹È¯ÈããËã	Ó©²�¹ºmË¯²Óº°�Ò�¹º�ãºÎ}Ò��Ò��}È}�°ãË�°�mÒË��°¹º°º­°�m�Ë���mËãÒ�ËÓÒ
�U__��

$PRUSKRXV� FDUERQ� �D�&�� ILOPV� KDYH� D
JUHDW� DSSOLFDWLRQ� SRWHQWLDO� GXH� WR� FRPELQD�
WLRQ� RI� VSHFLILF� SURSHUWLHV�� QDPHO\�� KLJK
KDUGQHVV��FKHPLFDO�LQHUWQHVV��KLJK�HOHFWULFDO
UHVLVWDQFH�� DQG� ZLGH� PRELOLW\� JDS�� $PRQJ
WKHVH��WKH�HOHFWULFDO�SURSHUWLHV�DUH�RI�LPSRU�
WDQFH�LQ�YLHZ�RI�SRVVLEOH�DSSOLFDWLRQ�RI�D�&
ILOPV� LQ� PLFURHOHFWURQLFV�� 7R� XVH� WKH� D�&
ILOPV�LQ�SUDFWLFH��LW�LV�QHFHVVDU\�WR�NQRZ�RQ
WKH� GHSHQGHQFH� RI� VSHFLILF� SURSHUW\� RQ� WKH
GHSRVLWLRQ� FRQGLWLRQV�� VWUXFWXUH� IRUPDWLRQ
DQG� HYROXWLRQ� PHFKDQLVPV� LQ� FRPSDULVRQ

ZLWK� RWKHU� ILOP� SURSHUWLHV�� 'RSLQJ� RI� D�&
ILOPV� ZLWK� YDULRXV� HOHPHQWV� �ERWK� PHWDOV
DQG�QRQ�PHWDOV��LV�RQH�RI�WKH�ZD\V�WR�DIIHFW
WKH� VWUXFWXUH� DQG� WKXV� WKH� SURSHUWLHV� RI
WKRVH� ILOPV�� 9DULRXV� WHFKQLTXHV� KDYH� EHHQ
XVHG�LQ�GRSLQJ�RI�D�&�ILOPV��VXFK�DV�FKHPL�
FDO�YDSRU�GHSRVLWLRQ��ZKHQ�WKH�JDV�WKDW�FRQ�
WDLQV�GRSLQJ�HOHPHQW� LV� LQWURGXFHG�LQWR�JDV
PL[WXUH�� >�Ü�@�� LRQ� LPSODQWDWLRQ� RI� GHSRV�
LWHG� ILOPV� >����@�� PDVV�VHSDUDWHG� LRQ�EHDP
GHSRVLWLRQ� �ZKHUH� WKH� GRSLQJ� LV� SHUIRUPHG
E\� DOWHUQDWLQJ� GLUHFW� GHSRVLWLRQ� RI� ORZ�HQ�
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HUJ\���&��LRQV�DQG�GRSLQJ�HOHPHQW�LRQV��>�@�
'RSHG�D�&�ILOPV�KDYH�EHHQ�SURGXFHG�DOVR�E\
PDJQHWURQ� VSXWWHULQJ� RI� FRPSRVLWH� WDUJHW
>����@�� DQG� E\� ILOWHUHG� FDWKRGLF� YDFXXP�DUF
SURFHVV�>�����@�

7KH�GHSRVLWLRQ�RI�6L�GRSHG�D�&�DQG�D�&�+
ILOPV� LV� RI� LPSRUWDQFH� IURP� ERWK� VFLHQWLILF
DQG�SUDFWLFDO�YLHZSRLQWV�VLQFH�WKH�PDWHULDOV
LQ� WKH� FDUERQ�VLOLFRQ� V\VWHP� DUH� RI� JRRG
SURPLVH� IRU� XVH�� H�J��� DV� PHFKDQLFDO� FRDW�
LQJV� GXH� WR� WKHLU� KLJK� KDUGQHVV� DQG� ORZ
IULFWLRQ� FRHIILFLHQW� >�Ü��@�� ,W� KDV� EHHQ
VKRZQ� WKDW� GRSLQJ� RI� FDUERQ� ILOPV� ZLWK�6L
UHVXOWV� LQ� GHFUHDVH� LQ� UHVLGXDO� FRPSUHVVLYH
VWUHVVHV�>�����@��DQG�LPSURYHG�<RXQJ�PRGX�
OXV� >��@�� ,QFRUSRUDWLRQ� RI� 6L� LQ� D�&� ILOP
UHGXFHV� DOVR� WKH� RSWLFDO� EDQG� JDS� >�@� DQG
FKDQJHV� ILOP� KDUGQHVV� >������@�� +RZHYHU�
WKH�HOHFWULFDO�SURSHUWLHV�RI�D�&�6L�ILOPV�KDYH
QRW�EHHQ�V\VWHPDWLFDOO\�VWXGLHG��0HDQZKLOH�
DV� ZDV� GHPRQVWUDWHG� HDUOLHU�� WKH� D�&� ILOPV
UHYHDO� SURQRXQFHG� DQLVRWURS\� RI� HOHFWULFDO
UHVLVWDQFH� GHSHQGLQJ� HVVHQWLDOO\� RQ� WKH
GHSRVLWLRQ� FRQGLWLRQV� >������@� DQG� GRSLQJ
ZLWK�HOHFWULFDOO\�DFWLYH�ERURQ�DGGLWLYH�>��@��

,Q� WKLV� ZRUN�� ZH� KDYH� XVHG� PDJQHWURQ
VSXWWHULQJ� RI� FRPSRVHG� WDUJHW� WR� SUHSDUH
VLOLFRQ�GRSHG� FDUERQ� ILOPV�� 7KH� HIIHFW� RI
VLOLFRQ�FRQFHQWUDWLRQ�RQ�WKH�ILOP�UHVLVWLYLW\
LV� VWXGLHG��6WUXFWXUDO� DVSHFWV� RI� WKLV� HIIHFW
DUH�GLVFXVVHG��WRR��

7KH�FDUERQ� ILOPV�ZHUH�GHSRVLWHG�XVLQJ�D
SODQDU� GF� PDJQHWURQ� XQLW� ZLWK� D� ZDWHU�
FRROHG� WDUJHW� FRPSRVHG� IURP� JUDSKLWH� DQG
FKLSV� RI� VLQJOH� FU\VWDO� 6L�� 7KH� VLOLFRQ
DPRXQW�LQ�WKH�FRPSRVHG�WDUJHW�ZDV�DGMXVWHG
VR� WKDW� WKH� VLOLFRQ� FRQFHQWUDWLRQ� LQ� GHSRV�
LWHG�ILOPV�YDULHG�LQ�ZLGH�UDQJH��LQ�RXU�FDVH�
IURP� �� WR� ��� DW����� DV� GHWHUPLQHG� E\� WKH
HOHFWURQ�SUREH� PLFURDQDO\VLV� �(30$�
PHWKRG� ZLWK� &DPHED[� 6;���� LQVWUXPHQW�
7KH� WDUJHW�WR�VXEVWUDWH� GLVWDQFH� ZDV
��� PP�� 7KH� VSXWWHULQJ� JDV� ZDV� ������ �
SXUH� DUJRQ� DW� �� 3D� FRQVWDQW� SUHVVXUH�� $V
VXEVWUDWHV�� SROLVKHG� SODWHOHWV� RI� 6L±7L±$O±2
FHUDPLF� �IRU� UHVLVWDQFH� PHDVXUHPHQWV�� DQG
6L� ������ VLQJOH� FU\VWDO� SODWHV� �IRU� VWUXFWXUH
VWXG\��ZHUH�XVHG��

7KH� ILOPV� ZHUH� GHSRVLWHG� RQ� VXEVWUDWHV
PRXQWHG� RQ� VXEVWUDWH� KROGHU� WKDW� DOORZHG
SUH�VSXWWHULQJ�RI�WKH�WDUJHW�RQWR�D�VKLHOG�LQ
RUGHU�WR�UHPRYH�DQ\�FRQWDPLQDWLRQ�IURP�WKH
WDUJHW� VXUIDFH� DQG� VWDELOL]H� WKH� PDJQHWURQ
GLVFKDUJH� SDUDPHWHUV�� 7KH� PDJQHWURQ� XQLW
ZDV� RSHUDWHG� LQ� RSWLPXP� UHJLPH� DW� DERXW
���� :�� DQG� VXEVWUDWHV� ZHUH� DW� D� IORDWLQJ
SRWHQWLDO� RI� DSSUR[LPDWHO\� Ü��� 9� GXULQJ
ILOP�GHSRVLWLRQ��7KLV�SURYLGHG�PLQLPL]DWLRQ
RI�QRQ�FRQWUROODEOH�KHDWLQJ�RI�JURZLQJ�ILOPV

E\�SODVPD�UDGLDWLRQ�DQG�ERPEDUGPHQW�ZLWK
SRVLWLYH�LRQV��7KH�ILOP�UHVLVWDQFH�ZDV�PHDV�
XUHG�LQ�WZR�GLUHFWLRQV��SDUDOOHO��5__��DQG�SHU�SHQGLFXODU� �5A�� WR� WKH� VXEVWUDWH� VXUIDFH�)RU� WKLV� SXUSRVH�� WKH� VSHFLDOO\� FRQILJXUHG
���� QP� WKLFN� QLFNHO� ILOP� FRQWDFWV� ZHUH
PDJQHWURQ�VSXWWHUHG�RQWR�VXEVWUDWHV�EHIRUH
FDUERQ�ILOP�GHSRVLWLRQ��DQG�RQWR�WKH�VXUIDFH
RI� DV�GHSRVLWHG� FDUERQ� ILOPV� >������@�� 6XFK
FRQILJXUDWLRQ� RI� QLFNHO� HOHFWURGHV� PDGH� LW
SRVVLEOH�WR�PHDVXUH�WKH�UHVLVWDQFH�5A�DQG�5__RI� FDUERQ� ILOPV�� &DUERQ� ILOPV� UHVLVWLYLWLHV
UA� DQG� U__� ZHUH� FDOFXODWHG� LQ� :�FP� YDOXHV
IURP�PHDVXUHG�5A�DQG�5__�YDOXHV�WDNLQJ�LQWRDFFRXQW�WKH�JHRPHWU\�DQG�WKLFNQHVV�RI�FDUE�
RQ� ILOP� EHWZHHQ� PHWDO� FRQWDFWV�� 7KH� ILOP
WKLFNQHVV� DV� PHDVXUHG� XVLQJ� DQ� RSWLFDO� LQ�
WHUIHURPHWHU� ZDV� ���� WR� ���� QP�� 7KH� ILOP
VWUXFWXUH�ZDV�H[DPLQHG�E\�KLJK�HQHUJ\�HOHF�
WURQ�GLIIUDFWLRQ�LQ�UHIOHFWLRQ�PRGH��5+(('�
DQG�5DPDQ�VSHFWURVFRS\��,Q�WKLV�VWXG\��WKH
5DPDQ� VFDWWHULQJ� ZDV� LQGXFHG� E\� WKH� O� 
���� QP� OLQH� RI� DQ� DUJRQ� ODVHU�� 6SHFWUDO
PHDVXUHPHQWV�ZHUH�WDNHQ�DW�URRP�WHPSHUD�
WXUH�LQ�WKH��EDFN�VFDWWHULQJ��FRQILJXUDWLRQ�
7KH� VFDWWHULQJ� VLJQDO�ZDV� UHFRUGHG� XVLQJ� D
FRROHG�SKRWRPXOWLSOLHU�WXEH�RSHUDWLQJ�LQ�WKH
SKRWRQ� FRXQWLQJ� UHJLPH�� 7KH� VSHFWUD� ZHUH
ILWWHG� ZLWK� WZR� *DXVVLDQ� VKDSH� OLQHV� �*�
EDQG� FHQWHUHG� DURXQG� ����� FPÜ�� DQG� '�
EDQG� FHQWHUHG� DURXQG� ����� � FPÜ���� WDNLQJ
LQWR�DFFRXQW�OLQHDU�EDFNJURXQG�WHUP��

)LJXUH���VKRZV�WKH�GHSHQGHQFHV�RI�OJ�UADQG� OJ� U__� RQ� FRQFHQWUDWLRQ� RI� 6L� LQ� D�&ILOPV��$V�VHHQ��UA� LV�DOPRVW� LQGHSHQGHQW�RI6L� FRQWHQW� RYHU� WKH�ZKROH� UDQJH� RI� FRQFHQ�
WUDWLRQV�VWXGLHG�ZKHUHDV�U__�LQFUHDVHV�GUDVWL�FDOO\��6WUXFWXUDO�VWXG\�RI�6L�GRSHG�D�&�ILOPV
E\�5+(('�KDYH�VKRZQ�WKDW�WKHVH�DUH�DPRU�
SKRXV�ZLWKLQ�WKH�HQWLUH�UDQJH�RI�6L�FRQFHQ�
WUDWLRQV� H[DPLQHG�� DQG� WKH� UHVSHFWLYH� HOHF�
WURQ� GLIIUDFWLRQ� SDWWHUQV� ORRN� DV� VHYHUDO
KDORV� W\SLFDO� RI� DPRUSKRXV� VWUXFWXUH�� $W
WKH� VDPH� WLPH�� 5DPDQ� VSHFWURVFRS\� KDV
VKRZQ�WKDW�LQFRUSRUDWLRQ�RI�6L�DWRPV�UHVXOWV
LQ� VWUXFWXUDO� FKDQJHV� RI�D�&� ILOPV�� ,Q� )LJ�
���WKH�W\SLFDO�5DPDQ�VSHFWUD�DUH�VKRZQ�IRU
ORZ�GRSHG� ��� DW�� �� 6L�� DQG� KLJK�GRSHG
����DW����6L��D�&�ILOPV��7KH�UHVSHFWLYH�VSHF�
WUDO� SDUDPHWHUV� DUH� OLVWHG� LQ� 7DEOH�� 7KH
EURDG� EDQGV� LQ� WKH� ����Ü����� FPÜ�� UDQJH
ZHUH�ILWWHG�ZLWK�WZR�*DXVVLDQ�SHDNV�NQRZQ
DV� WKH�JUDSKLWH� �*�� DQG�GLVRUGHU� �'��SHDNV�
UHVSHFWLYHO\��%RWK�VSHFWUD�H[KLELWH�WZR�SHDN
VWUXFWXUH�� DQG� WKH� *� SHDN� SRVLWLRQ� VKLIWV
WRZDUGV�ORZHU�IUHTXHQFLHV�DV�VLOLFRQ�FRQFHQ�
WUDWLRQ�LQ�ILOP�LQFUHDVHV��ZKHUHDV�WKH�LQWHQ�
VLW\� UDWLR� RI� '� DQG� *� SHDNV�� ,'�,*�� GH�
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FUHDVHV�� DQG� WKH� *� SHDN� KDOI�ZLGWK� LQ�
FUHDVHV�

7KH� DERYH� REVHUYDWLRQV� FDQ�EH�H[SODLQHG
ZLWKLQ�WKH�IUDPH�RI�WKH�VWUXFWXUDO�PRGHO�IRU
GLVRUGHUHG�DQG�DPRUSKRXV�FDUERQ�>��@��,W�KDV
EHHQ�VKRZQ�E\�PDQ\�VWXGLHV�>����������@�WKDW
WKH�VSXWWHU�GHSRVLWHG�D�&�ILOPV�KDYH�FOXVWHU
VWUXFWXUH�ZLWK�SUHGRPLQDQWO\�VS��ERQGV�EH�
WZHHQ� FDUERQ� DWRPV��7KH� IDFW� WKDW�5+(('
SDWWHUQV� LQ� RXU� VWXG\� GLG� QRW� FKDQJH� ZLWK
LQFUHDVLQJ� 6L� FRQFHQWUDWLRQ� PHDQV� WKDW
VKRUW�UDQJH� DWRPLF� RUGHU� LQ� ILOPV� UHPDLQV
XQFKDQJHG� DQG� WKH� FOXVWHU� VL]H� LV� VR� VPDOO
WKDW� VWUXFWXUDO� FKDQJHV�ZLWKLQ� WKH� FOXVWHUV
DUH� EHORZ� WKH�PHWKRG� VHQVLWLYLW\� OLPLW�� 6R�
ZH�IROORZHG�WKH�VWUXFWXUDO�FKDQJHV�LQ�ILOPV
XVLQJ�5DPDQ�VSHFWURVFRS\��

$FFRUGLQJ� WR� PRGHUQ� FRQFHSWV�� WKH
5DPDQ�VSHFWUXP�LV�FRQVLGHUHG�WR�GHSHQG�RQ
FOXVWHULQJ�H[WHQW�RI�WKH�VS��SKDVH��ERQG�GLV�
RUGHULQJ�� SUHVHQFH� RI� VS�� ULQJV� RU� FKDLQV�
DQG�WKH�VS��VS��UDWLR��,Q�WKH�WUDQVIRUPDWLRQ
RI� FDUERQ� VWUXFWXUH� IURP� QDQRFU\VWDOOLQH
JUDSKLWH� WR� DPRUSKRXV� FDUERQ�� WKH� PDLQ
IHDWXUHV� LQ� WKH� 5DPDQ� VSHFWUXP� HYROXWLRQ
DUH�WKH�IROORZLQJ��L��WKH�*�SHDN�PRYHV�IURP
a�����FPÜ��WR�a�����FPÜ���DQG�LL��WKH�LQWH�
JUDO�LQWHQVLW\�UDWLR�,'�,*�GHFUHDVHV�>��@��$VLV� VHHQ� IURP� RXU� UHVXOWV� �)LJ����� 7DEOH����
WKH�VSHFWUXP�ZLWK�WKH�ORZHVW�VWXGLHG�VLOLFRQ
FRQWHQW� LV� SURQRXQFHGO\� WZR�SHDN� RQH�� 7KH
IUHTXHQF\� SRVLWLRQ� RI�*�SHDN� DW������ FPÜ�
DQG� LQWHJUDO� LQWHQVLW\� UDWLR� ,'�,*� YDOXH� RI����� LQGLFDWH� WKDW�� DFFRUGLQJ� WR� WKH� PRGHO
>��@�� WKH�FDUERQ� ILOP�VWUXFWXUH�FRUUHVSRQGV
WR�WKH��QDQRFU\VWDOOLQH�JUDSKLWH�DPRUSKRXV
JUDSKLWH�� UHJLRQ�� 7KH� 5DPDQ� VSHFWUXP
VKDSH� IRU� WKH� ILOP� ZLWK� ��� DW�� �� 6L� HYL�
GHQFHV� SUHVHQFH� RI� VWURQJO\� GLVRUGHUHG� VS�
FOXVWHUV� RU� WKHLU� IUDJPHQWV� ZLWKLQ� WKH� ILOP

VWUXFWXUH��7KH�SRVLWLRQ�RI�*�SHDN�������FPÜ��
DQG� LQWHJUDO� LQWHQVLW\� UDWLR� ,'�,*� YDOXH������� LQGLFDWH� WKDW� WKH� ILOP� VWUXFWXUH� LV
DOPRVW�HQWLUHO\�DPRUSKRXV��7KLV�HYLGHQFH�LV
DOVR� FRQILUPHG� E\� 5+(('� UHVXOWV�� WKH� UH�
VSHFWLYH� ('� SDWWHUQV� ORRN� DV� VHYHUDO� KDORV�
7KH� VWUXFWXUDO� LQIRUPDWLRQ� REWDLQHG� IURP
5DPDQ�VSHFWUD�FDQ�H[SODLQ�WKH�REVHUYDWLRQV
LQ� )LJ����� $V� ZDV� VKRZQ� LQ� >�����@�� VLOLFRQ
DWRPV� LQFRUSRUDWHG� LQ� WKH� FDUERQ� ILOP� VXE�
VWLWXWH� FDUERQ� DWRPV� LQ� DURPDWLF� ULQJV�
6LQFH� WKH� VLOLFRQ� DWRPLF� UDGLXV� LV� ODUJHU
WKDQ� WKDW� RI� FDUERQ� ������� QP� DQG
������QP��UHVSHFWLYHO\��DQG�WKH�VWUHQJWK�RI
6L±&� ERQGV� ������ H9�� LV� ORZHU� WKDQ� WKDW� RI
HYHQ� VS�� &±&� ERQGV� ������ H9�� >��@�� WKXV�
WKH� LQFRUSRUDWLRQ� RI� VLOLFRQ� DWRPV� FDXVHV� D
VWUXFWXUH� GLVWRUWLRQ� RI� VS�� ERQGHG� FDUERQ
FOXVWHU�� )RU� WKH� VDPH� UHDVRQ�� WKH� 5DPDQ
IUHTXHQF\� VKLIWV� GRZQ�ZLWK� LQFUHDVLQJ� FRQ�
FHQWUDWLRQ� RI� 6L� LQ� WKH� ILOP�� :KHQ� WKH� 6L
FRQFHQWUDWLRQ� LQ� WKH� ILOP� LV� ORZ�� 6L� DWRPV
FDQ� EH� H[SHFWHG� WR� EH� GLVWULEXWHG� RYHU� WKH
ILOP� YROXPH� KRPRJHQHRXVO\� DQG� LVRODWHG
IURP� HDFK� RWKHU�� $FFRUGLQJO\�� WKH� ILOP
VWUXFWXUH� GLVWRUWLRQ� GXH� WR� SUHVHQFH� RI� 6L
DWRPV� ZLOO� UHOD[� HDVLO\�� DQG� VWUXFWXUDO
FKDQJHV�ZLOO�EH�VPDOO��$V�WKH�VLOLFRQ�FRQFHQ�
WUDWLRQ�LQFUHDVHV��PRUH�FDUERQ�DWRPV�DUH�VXE�

)LJ����� 7\SLFDO�5DPDQ� VSHFWUD� IRU� ORZ�GRSHG
DQG� KLJK�GRSHG� D�&� ILOPV�� 6L� FRQFHQWUDWLRQ
DW������Ü������Ü������Ü����
7DEOH�� 5DPDQ� VSHFWUD� SDUDPHWHUV� IRU� VLOL�
FRQ�GRSHG�D�&�ILOPV
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VWLWXWHG� E\� VLOLFRQ� RQHV� ZLWKLQ� VS��ERQGHG
FDUERQ� FOXVWHUV�� DQG� D� VWURQJHU� GLVWRUWLRQ� LV
SURGXFHG�LQ�WKH�ILOP�VWUXFWXUH��$V�D�UHVXOW��WKH
VWUHWFKLQJ�PRGH� YLEUDWLRQ� HQHUJ\� RI� WKH� ULQJ
EHFRPHV�UHGXFHG��7KLV�UHVXOWV�LQ�GHFUHDVHG�LQ�
WHQVLW\� RI�'� SHDN� �L�� H��� GHFUHDVH� LQ� ,'�,*��VKLIW� RI�*� SHDN� WRZDUGV� ORZHU� IUHTXHQFLHV�
DQG� LQFUHDVHG� ZLGWK� RI� WKDW� SHDN� �7DEOH��
$Q� LQFUHDVH� LQ�*� SHDN�ZLGWK� LQGLFDWHV� DOVR
LQFUHDVH� LQ� ERQG� DQJOH� DQG� ERQG� VWUHQJWK
GLVRUGHU�DW�KLJKHU�VLOLFRQ�FRQWHQW�

7KH�DERYH�PHQWLRQHG�HYROXWLRQ�RI�FDUERQ
ILOP�VWUXFWXUH�XQGHU�LQWURGXFWLRQ�RI�VLOLFRQ
DWRPV�LV�FRQVLVWHQW�ZLWK�REVHUYHG�UHVLVWDQFH
FKDQJHV�RI�WKRVH�ILOPV��$Q�LQFUHDVLQJ�VWUXF�
WXUH� GLVRUGHU� LQ� WKH�D�&� ILOP�ZLWK� LQFUHDV�
LQJ�VLOLFRQ�FRQFHQWUDWLRQ�UHVXOWV�LQ�LQFUHDVH
LQ� HOHFWULFDO� UHVLVWDQFH� RI� WKRVH� ILOPV�� $V
FDQ�EH�VXJJHVWHG�IURP�)LJ�����WKH�VWUXFWXUDO
FKDQJHV� RFFXU� PDLQO\� LQ� WKH� JUDSKLWH�OLNH
SODQHV�ZLWKLQ�VS��ERQGHG�FOXVWHUV��ZKLFK�DUH
DUUDQJHG� SDUDOOHO� WR� WKH� VXEVWUDWH� VXUIDFH
>��@�� 7KHUH� DUH� YLUWXDOO\� QR� VWUXFWXUDO
FKDQJHV� LQ� WKH� GLUHFWLRQ� SHUSHQGLFXODU� WR
JUDSKLWH�OLNH� SODQHV�� 7KH� DERYH� FKDQJHV� LQ
D�&� ILOP� UHVLVWDQFH� DUH� LQ� DJUHHPHQW� ZLWK
VWUXFWXUDO�FKDQJHV�LQ�WKRVH�ILOPV��

7KXV��WKH�HIIHFW�RI�GRSLQJ�ZLWK�VLOLFRQ���
WR����DW����6L��RQ�WKH�HOHFWULFDO�UHVLVWDQFH�DQG
PLFURVWUXFWXUH� RI� DPRUSKRXV� FDUERQ� �D�&�
ILOPV�GHSRVLWHG�E\�GF�PDJQHWURQ�VSXWWHULQJ
KDV�EHHQ�VWXGLHG��,QFRUSRUDWLRQ�RI�6L�DWRPV
UHVXOWV� LQ� LQFUHDVLQJ� GLVWRUWLRQ� RI� VS��
ERQGHG�FOXVWHUV�ZLWKLQ�WKH�D�&� ILOPV� LQ�WKH
SODQH�SDUDOOHO�WR�WKH�VXEVWUDWH�VXUIDFH��7KLV�
LQ� WXUQ�� FDXVHV� LQFUHDVHG� ILOP�UHVLVWDQFH� LQ
WKDW�GLUHFWLRQ��$W�ORZ�6L�FRQFHQWUDWLRQ��VLOL�
FRQ� DWRPV� LQFRUSRUDWHG� LQ� ILOP� DUH� IDLUO\
LVRODWHG� IURP� HDFK� RWKHU�� DQG� WKH� ILOP
VWUXFWXUH�GLVWRUWLRQ� LV�ZHDN��$V� WKH�VLOLFRQ
FRQFHQWUDWLRQ� LQFUHDVHV�� D� VWURQJHU� GLVWRU�
WLRQ�LV�SURGXFHG�LQ�WKH�ILOP�VWUXFWXUH��$V�D
UHVXOW�� WKH� 5__� UHVLVWDQFH� RI� D�&� ILOP
LQFUHDVHV��
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