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7KH�LQIOXHQFH�RI�VWUXFWXUDO�GHIHFWV�RQ�SKDVH�WUDQVIRUPDWLRQ�LQ�)H±$O�YDFDQFLHV�V\VWHP

LV� FRQVLGHUHG�� ,W� KDV� EHHQ� VKRZQ� WKDW�� GXH� WR� H[LVWLQJ� WUHQG� WR� DFFXPXODWLRQ� RI� SRLQW
GHIHFWV�DW� LQFUHDVLQJ�DOXPLQXP�FRQWHQW� LQ�)H±$O� V\VWHP�DOOR\V�� WKH�DSSHDUDQFH�RI�IHUULWH
SUHFLSLWDWHV� LQ�)H�$O� FRPSRXQG�EHFRPHV� WKHUPRG\QDPLFDOO\� IDYRUDEOH� LQ� WKH� WHPSHUDWXUHUHJLRQ�RI�WKH�HTXLOLEULXP�D��)H�$O��SKDVH�H[LVWHQFH�
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7KH� GLVRUGHUHG� FRQGHQVHG� V\VWHPV� DUH
XQGHU�VWHDG\� LQWHUHVW� IRU�UHVHDUFKHUV��VLQFH
LW� LV� SRVVLEOH�� WDNLQJ� WKRVH� DV� H[DPSOHV�� WR
WUDFH� WKH� GLVRUGHULQJ� LQIOXHQFH� RQ� WKH� G\�
QDPLFV� RI� D� V\VWHP� FRQWDLQLQJ� GHIHFWV� DQG
LWV�PDFURVFRSLFDO�SURSHUWLHV�>�@��7KH�LPSRU�
WDQW� UROH� RI� YDFDQFLHV� LQ� VWUXFWXUH� DQG
SKDVH� VWDWH� HYROXWLRQ� LV� HPSKDVL]HG� LQ� QX�
PHURXV� ZRUNV�� 7KLV� FRQFHUQV� HVSHFLDOO\
VRPH� LUUDGLDWHG� PHWDOV� DQG� DOOR\V�� )RU� H[�
DPSOH�� WKH� J�o�D� PDUWHQVLWLF� WUDQVIRUPD�
WLRQV�DUH�FRQVLGHUHG�WR�EH�D�SRVVLEOH�ZD\V�WR
UHOD[DWLRQ� RI� WKH� VWUHVVHV� DULVLQJ� XQGHU� LU�
UDGLDWLRQ� LQ� DXVWHQLWLF� VWDLQOHVV� VWHHOV� >�@�
%HIRUH� >�@� ZH� KDYH� VKRZQ� WKH� FRQVWUXFWLRQ
SRVVLELOLW\�RI�SKDVH�GLDJUDPV�IRU��LURQ�FDUE�
RQ�YDFDQF\���)H±&±Y��DOOR\V�LQ�HODVWLF�VWUHVV
ILHOGV� ZKLFK� SURYLGHV� FRPSDULVRQ� RI� WKH
WUDQVIRUPDWLRQ� VWUHVVHV� ZLWK� SRLQW� GHIHFW
FRQFHQWUDWLRQ�DQG�FDQ�EH�XVHG�WR�H[SODLQ�WKH
VWUXFWXUH� DQG� SKDVH� WUDQVIRUPDWLRQV� LQ� WKH
LQLWLDO�DQG�LUUDGLDWHG�PDWHULDOV��DV�ZHOO�DV�LQ
GHYHORSPHQW�RI�QHZ�IXQFWLRQDO�PDWHULDOV�

7KHUH� LV� D� ORW� RI� IDFWV� RQ� �XQH[SHFWHG�
RFFXUUHQFH�RI��PDVVLYH� IHUULWH��SUHFLSLWDWHV
LQ� WKH� DOOR\V� OD\LQJ� LQVLGH� WKH� J� SKDVH� UH�
JLRQ�RI�WKH�HTXLOLEULXP�SKDVH�GLDJUDP�DV�D
UHVXOW�RI�QHXWURQ�LUUDGLDWLRQ�>�@��GXH�WR�UH�
YHUVH� PDUWHQVLWLF� WUDQVIRUPDWLRQV�� DV� ZHOO
DV� RFFXUUHQFH� RI� PDVVLYH� IHUULWH� EHWZHHQ
YRLGV� LQ� VWURQJO\� VZHOOHG� DXVWHQLWLF� VWHHO
>�@�� HWF��$� VLJQLILFDQW� DWWHQWLRQ� LV� JLYHQ� LQ
WKH�VFLHQWLILF�OLWHUDWXUH�WR�TXDVL�HTXLOLEULXP
FRQGLWLRQV� RI� RUGHUHG�)H±$O� V\VWHP� >�Ü��@�
ZKHUH� HYHQ� WKH� DPRUSKRXV� SKDVH� ZDV� RE�
VHUYHG�QHDU�WR�LQWHUIDFH�RI�WKH�$O±)H�FU\VWDO
OD\HUV�ZKLFK� DUH� FKDUDFWHUL]HG� E\� FRQVLGHU�
DEO\�GLIIHUHQW�ODWWLFH�SDUDPHWHUV�>�@��$W�WKH
VDPH� WLPH�� WKH� UROH� RI�GHIHFW� FRQFHQWUDWLRQ
FKDQJH�DW�YDU\LQJ�FRPSRVLWLRQ�RI�ELQDU\�RU�
GHUHG�)H±$O�DOOR\�LQ�IRUPDWLRQ�RI�VWUXFWXUHV
XQW\SLFDO� RI� LQYHVWLJDWHG� WHPSHUDWXUH�FRQ�
FHQWUDWLRQ�DUHD�RI�WKH�SKDVH�GLDJUDP�RI�KR�
PRJHQHRXV�VROXWLRQV�LV�LQYHVWLJDWHG�LQVXIIL�
FLHQWO\�� ,W� LV� MXVW� WKH� LQWHUQDO� IULFWLRQ� �,)�
>�Ü�@�WKDW�LV�HVSHFLDOO\�VHQVLWLYH�WR�VXFK�GH�
IHFWV�� 7KH� IRUP� RI� WKH� PHFKDQLFDO� UHOD[D�
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WLRQ�VSHFWUXP�LQ�)H±$O�V\VWHP�DOOR\V�LV�VXE�
VWDQWLDOO\�FRQQHFWHG�WR�YDU\LQJ�YDFDQF\�FRQ�
FHQWUDWLRQ�GXH�WR�WKH�ODUJH�GLPHQVLRQDO�GLI�
IHUHQFH� EHWZHHQ� LURQ� DQG� DOXPLQXP�DWRPV�
7KH�UROH�RI�YDFDQFLHV�LV�VR�HVVHQWLDO�WKDW�LQ
>����@�QRW�ELQDU\�)H±$O�V\VWHP��EXW�WHUQDU\
)H±$O�YDFDQF\� RQH� DUH� FRQVLGHUHG�� +RZHYHU�
WKH� VWUXFWXUDO� DVSHFW� RI� WKH� UHOD[DWLRQ� HIIHFWV
LQ�)H±$O�V\VWHP��LQ�SDUWLFXODU�WKDW�RI�VR�FDOOHG
t�UHOD[DWLRQ��UHTXLUHV�D�IXUWKHU�UHVHDUFK�>�Ü�@�
,Q� WKLV� ZRUN�� WKH� VWUXFWXUDO� DQG� GLVVLSDWLYH
SURSHUWLHV�RI�WHUQDU\�)H±$O±Y�V\VWHP�KDYH�EHHQ
VWXGLHG�H[SHULPHQWDOO\�DQG�DQDO\WLFDOO\�EDVLQJ
RQ�WKH�DSSURDFK�RIIHUHG�LQ�>�@��

$V� WKH� VWXG\� REMHFW�� )H������ ÈW�� �� $O
DOOR\� LV� XVHG� �WKH� FDUERQ� FRQWHQW� GLG� QRW
H[FHHG� ������ ÈW�� ���� 7KH� VSHFLPHQV� ZHUH
FXW�RXW�IURP���NJ�YDFXXP�LQGXFWLRQ�PHOWHG
LQJRW� RI� UHILQHG� *322�� LURQ� DQG�$��� DOX�
PLQXP� DQG� KDG� WKH� DYHUDJH� JUDLQ� VL]H� RI
���� PP� DV� GHWHUPLQHG� E\� RSWLFDO� PLFURV�
FRS\�� 7KH� VSHFLPHQV� ZHUH� DQQHDOHG� LQ
HYDFXDWHG� TXDUW]� DPSRXOH� DW� ����� .� IRU
��KRXU�WR�HOLPLQDWH�WKH�VWUHVVHV�EURXJKW�DW
PDQXIDFWXULQJ� RI� VSHFLPHQV�� DQG� WR� REWDLQ
IXUWKHU� WKH� GLVRUGHUHG� VROLG� VROXWLRQ� $O� LQ
D�)H� �EFF��E\�TXHQFKLQJ�LQ�ZDWHU�WR�����.�
6RPH�VSHFLPHQV�ZHUH�FRROHG�LQ�WKH�DPSRXOH
WR� REWDLQ� RUGHUHG�)H�$O� VWDWH�� 7KH� LQWHUQDOIULFWLRQ� DQG� HODVWLF� SURSHUWLHV� PHDVXUH�
PHQWV�ZHUH�FDUULHG�RXW�DW�.KDUNLY�1DWLRQDO
8QLYHUVLW\� �8NUDLQH�� XVLQJ� WKH� WHFKQLTXH
GHVFULEHG� LQ� >�@�� DQG�DW� ,QVWLWXWH� IRU�0HWDO
3K\VLFV� DQG� 1XFOHDU� 3K\VLFV� RI� 6ROLGV�
7HFKQLFDO� 8QLYHUVLW\� RI� %UDXQVFKZHLJ
�,013� 78�%6�� �*HUPDQ\�� >��@� XVLQJ� ODVHU

UHJLVWUDWLRQ�V\VWHP�EDVHG�RQ�D�SRVLWLRQ�VHQ�
VLWLYH� SKRWRGLRGH� DQG� DQ� DQDORJ�WR�GLJLWDO
FRQYHUWHU�� 7KH� PHDVXUHPHQWV� FDUULHG� RXW
XVLQJ�GRXEOH�EODGH�VSHFLPHQV�ZLWK�WKH�ZRUN�
LQJ�SDUW�RI����PP�OHQJWK�DQG�����PP�GLDPH�
WHU� �WZLVWLQJ� DW����+]�IUHTXHQF\��DQG�SODWHV
RI� ��u�u����PP�� LQ� ��Ü��3È�YDFXXP�DW� WKH
EHQGLQJ� YLEUDWLRQ� IUHTXHQF\�RI����Ü����+]�
$V� WKH� ,)� PHDVXUH�� ORJDULWKPLF� GHFUHPHQW
G�ZDV�XVHG��7KH�,)�WHPSHUDWXUH�GHSHQGHQFHV
ZHUH�PHDVXUHG�ZLWKLQ�WKH�UDQJH�IURP�OLTXLG
QLWURJHQ� ERLOLQJ� SRLQW� XS� WR� ���� .�� �KH
WUDQVPLVVLRQ�HOHFWURQ�PLFURVFRS\���(l��ZDV
GRQH�XVLQJ�D�/(2�����GHYLFH� DW� ,013�78�
%6��7KH�LPDJHV�ZHUH�SUHSDUHG�DOVR�LQ�VXSHU�
VWUXFWXUDO� UHIOH[HV� WR� UHYHDO� WKH� PHGLXP�
VL]HG� RUGHUHG� GRPDLQV�� 7KH� VDPSOHV� ZHUH
RULHQWHG� DORQJ� WKH� .HNXFKL� OLQHV�� )RU� DQ
DGGLWLRQDO�GHIHFW�IRUPDWLRQ�LQIOXHQFH�RQ�WKH
HIIHFWV� XQGHU� VWXG\�� WKH� VDPSOHV�ZHUH� VXE�
MHFWHG�WR�J�LUUDGLDWLRQ����&R���

$�VDPSOH�RI�WKH� LQYHVWLJDWHG�DOOR\�)H�$OTXHQFKHG� LQ�ZDWHU� IURP� �����.� VKRZV� WKH
.HNXFKL� OLQHV� SRVLWLRQV� LQ� HOHFWURQ� GLIIUDF�
WLRQ� SDWWHUQV� W\SLFDO� RI� EFF� ODWWLFHV�� L�H��
WKRVH�RI�VXEVWLWXWLRQDO�VROLG�VROXWLRQ�RQ�WKH
EDVLV�RI�D�)H��$IWHU�DQQHDOLQJ�DW�����.��LQ
WKH� ILHOG� RI� WKH� RUGHUHG�D��SKDVH�� RU� DIWHUFRROLQJ�LQ�DLU�IURP������.�LQ�DQ�HYDFXDWHG
TXDUW]� DPSRXOH�� DGGLWLRQDO� OLQHV� RI� VXSHU�
VWUXFWXUH� )H�$O� DSSHDU� DV� LV� LOOXVWUDWHG� LQ)LJ���D� �WKH� KH[DJRQ� W\SLFDO� RI� '2
�� VXSHUVWUXFWXUH� LV� FOHDUO\� VHHQ�� IRUPHG� E\^���`� W\SH� UHIOH[HV� DW� LPDJLQJ� LQ� WKH� >���@
GLUHFWLRQ��� $IWHU� FRROLQJ� LQ� D� TXDUW]� DP�
SRXOH� LQ� DLU�� WKHUH� DUH� DOVR� {�� UHIOH[HV� RI

)LJ�����(OHFWURQ�GLIIUDFWLRQ�SDWWHUQV�RI�D�)H�$O�VDPSOH�FRROHG�LQ�TXDUW]�DPSRXOH�LQ�DLU�IURP������.�>���@� GLUHFWLRQ�� �È�� DQG� YLHZ� RI� RUGHUHG�'���VWUXFWXUH� GRPDLQV� LQ� D� VXSHUVWUXFWXUDO� UHIOH[� ������OLJKW�DUHDV�ZLWK�G�a��Ü���QDQRPHWHUV�ZLWK�VKDUS�HGJHV���E��
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)H$O� VWUXFWXUH� �SRLQWHG�E\� DQ� DUURZ��� VLQFH
WKH�RUGHULQJ�RFFXUV�DFFRUGLQJ�WR�WKH�NQRZQ
VFKHPH�D�)H�o��)H$O�%���o�)H�$O�'�����,PDJLQJ� LQ� WKH� VXSHUVWUXFWXUDO� UHIOH[HV
������ IRU� {�� VWUXFWXUH� �)LJ���D�� SRLQWHG� E\
DQ�DUURZ��DQG�������IRU�'���VWUXFWXUH�KDYHVKRZQ� WKDW� DW� LQWHUPHGLDWH� FRROLQJ
UDWHV�FRROLQJ� LQ� D� TXDUW]� DPSRXOH� LQ� DLU��
ZLWKLQ� UHODWLYHO\� ODUJH� �VRPH� KXQGUHGV
QDQRPHWHUV��GRPDLQV�RI�%��VWUXFWXUH��QDQR�
VFDOH���Ü���QP��)LJ���E��VWUXFWXUH�HTXLD[LDO
GRPDLQV� DUH� IRUPHG�� ZKLFK� FRUUHVSRQG� WR
'����)H�$O��VWUXFWXUH�WKDW�LV�DQ�HTXLOLEULXPRQH�LQ�WKH�SKDVH�GLDJUDP��DV�LW�ZDV�H[SHFWHG�
+RZHYHU��DW�FDUHIXO�UHVHDUFK�RI�WKH�VWUXFWXUH�
XQH[SHFWHGO\�� VWURQJO\� QRQHTXLD[LDO� ������ WR
��������� WR����QP�WKLFN�QHHGOH�OLNH�SDUWLFOHV
RI� D� SKDVH� ZHUH� REVHUYHG� �)LJ����� LQ� YROXPH
IUDFWLRQ�DERXW�����

7KH�DQDO\VLV�RI�WKH�LPSXULW\�GLVWULEXWLRQ
FDUULHG� RXW� XVLQJ� ((/6� WHFKQLTXH� �DQDO\VLV

RI� WKH� HQHUJ\� VSHFWUXP� RI� HOHFWURQV� SDVVHG
WKURXJK�D� IRLO� LQ�/(2�����GHYLFH��� WHVWLILHV
XQHTXLYRFDOO\� WR� WKH� GLVSHUVH� SKDVH� HQULFK�
PHQW� LQ� LURQ� DV� FRPSDUHG� WR� LWV� FRQWHQW� LQ
WKH� DOOR\� �)LJV���D� DQG� �E��� 7KLV� LV� HYL�
GHQFHG� E\� WKH� IDFW� WKDW� WKH� RI� LURQ� VSDWLDO
GLVWULEXWLRQ�SDWWHUQ� �)LJ���E��UHSHDWV� LQ�GH�
WDLOV�WKH�SKDVH�FRQWRXU��)LJ���È��

7KH�GLVSHUVH�SKDVH�HQULFKHG� LQ� LURQ�FRQ�
WDLQHG� ��r�� ÈW��� RI� LURQ�� WKDW� LV�� WKH� DOX�
PLQXP� FRQWHQW� WKHUHLQ� ZDV� KDOYHG� DV� FRP�
SDUHG� WR� WKDW� LQ� WKH� DOOR\�� &RPSDULQJ� WKH
HOHFWURQ� GLIIUDFWLRQ� SDWWHUQV� IURP� WKH� PD�
WUL[� SKDVH� RI� '��� VWUXFWXUH� �)LJ���È��� DQGIURP�WKH�GLVSHUVH�SKDVH��)LJ���E���DGGLWLRQDO
UHIOH[HV�RI�SKDVH�D�)H�ZHUH�UHYHDOHG��ZKLFK
VKRXOG� QRW� EH� SUHVHQW� DIWHU� WKH� RUGHULQJ�
DFFRUGLQJ�WR�WKH�HTXLOLEULXP�SKDVH�GLDJUDP�

6WXG\LQJ� WKH� UHOD[DWLRQ� SURSHUWLHV� RI
DOOR\� )H���� DW���� �$O� LQ� WKH� VWDWHV� ZKHUH
WKH�GLVFXVVHG�FRQVLGHUDEO\�DQLVRWURSLF�SKDVH
ZDV� REVHUYHG�� WKH� SUHVHQFH� RI� VR�FDOOHG
�FDUERQ� YDFDQF\�� ,)� SHDN� ZDV� UHYHDOHG�
ZKLFK�ZDV�UHIHUUHG�WR�DV�WKH�;�5��SHDN�>�Ü
��@��IRU�'���VWUXFWXUHV��LW�ZDV�REVHUYHG�IRUWKH�ILUVW�WLPH�LQ�)H������ÈW���$O�DOOR\�>�@��
)RU� WKH� VDPSOH� FRROHG� LQ� WKH� DPSRXOH�� WKH
t�SHDN�LV�H[SUHVVHG�UDWKHU�ZHOO��)LJ���È���

7KH� t�SHDN� LV� VWDEOH� DW� KHDWLQJ� XS� WR
���Ü����.��WKLV�LV�EHOLHYHG�WR�EH�FRQQHFWHG
ZLWK�WKH�IDFW�WKDW�YDFDQFLHV�PD\�IRUP�FRP�
SOH[HV� ZLWK� FDUERQ� >�����@�� WKH� SUHVHQFH� RI
WKH� OHWWHU� LQ� WKH� VROLG� VROXWLRQ� LV� HYLGHQFHG
E\�WKH�6QRHN�SHDN��&���)LJ���È���$IWHU�KHDWLQJ
XS� WR� ���� .�� DV� LV� VHHQ� LQ� WKH� )LJXUH� �WKH
UHYHUVH� WHPSHUDWXUH� UXQ��� t�SHDN� GLVDSSHDUV
�WKH� �FDUERQ�YDFDQF\�� FRPSOH[HV� DUH� GHFRP�

)LJ�����$�SDLU�RI�H[WHQGHG�SUHFLSLWDWHV�LQ�WKH
'��� RUGHUHG� PDWUL[� RI� LQWHUPHWDOOLF� FRP�
SRXQG�)H�$O��OLJKW�DUHDV��

)LJ�����7KH�OLJKW�ILHOG�LPDJH�RI�LURQ�HQULFKHG�SKDVH��È��DQG�LURQ�GLVWULEXWLRQ�LQ�WKH�VDPH�VLWH�RI�D
)H�$O�LQWHUPHWDOOLF�FRPSRXQG�VDPSOH��E���OLJKW�DUHDV��
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SRVHG��� DQG� &�SHDN� GHFUHDVHV� �FDUERQ� OHDYHV
IURP� VROLG� VROXWLRQ� LQWR� FDUELGHV����

:H� KDYH� FUHDWH� DUWLILFLDOO\� FRQGLWLRQV
ZKHUH� WKH� SRLQW� GHIHFW� IRUPDWLRQ� SURE�
DELOLW\� LQFUHDVHV�� 7R� WKDW� HQG�� WKH� VDPSOHV
ZHUH�JDPPD�LUUDGLDWHG��,Q�)LJ���E��WKH�WHP�
SHUDWXUH�GHSHQGHQFH�RI�LQWHUQDO�IULFWLRQ�IRU
D�VDPSOH�DIWHU�KHDW�WUHDWPHQW� LV�SUHVHQWHG�
1R� �FDUERQ�YDFDQF\�� SHDN� ZDV� REVHUYHG�
+RZHYHU�� LW� DSSHDUV� DIWHU� JDPPD� LUUDGLD�
WLRQ����&R��DW���������*UH\�GRVH��JDPPD�LU�
UDGLDWLRQ� HQHUJ\� DSSUR[LPDWHO\� �����lH9��
7KH�SUHVHQFH�RI�WKLV�SHDN�VSHFLILHV�WKDW�WKH
UDGLDWLRQ� LQIOXHQFH� IDYRUV� WKH� IRUPDWLRQ�RI
SRLQW�GHIHFW�FRPSOH[HV��$IWHU�WKH�ILUVW�KHDW�
LQJ�XS�WR�����.��WKHVH�GHIHFWV�DUH�DQQHDOHG
DQG� DW� UHSHDWHG� KHDWLQJ� �WKH� ORZHU� FXUYH��
WKH�t�SHDN�GHFUHDVHV�VWURQJO\��ZKLOH�FDUERQ
UHPDLQV�LQ�SDUW�LQ�WKH�VROLG�VROXWLRQ��WKH�&
SHDN�LV�UDWKHU�KLJK���

,W� LV� NQRZQ� >����������@�� WKDW� SRLQW� GH�
IHFWV� DQG� FRPSOH[HV� WKHUHRI� SOD\� DQ� HVVHQ�
WLDO�SDUW�LQ�UHOD[DWLRQ�RI�RUGHULQJ�DOOR\V��,Q
SDUWLFXODU��LQ�>��@��WKH�UROH�RI�TXHQFKHG�YD�
FDQFLHV� DQG� WKHLU� FRQFHQWUDWLRQ� GXH� WR� ORZ
IRUPDWLRQ� HQWKDOS\� LQ� FRQFHQWUDWHG� DOOR\V
)H±$O� �IURP����� H9� IRU�)H�����)H$O� XS� WR
����� H9� IRU�)HÜ����$O�� KDV� EHHQ� DQDO\]HG
GXULQJ�VWUXFWXUL]DWLRQ�DQG�IRUPDWLRQ�RI�UH�
OD[DWLRQ�SURSHUWLHV��%DVLQJ�RQ�WKH�HQWKDOS\
GDWD�� WKH� DXWKRUV� KDYH� DVVXPHG� WKDW� YD�
FDQF\�VXSHUVDWXUDWLRQ�DULVHV�DV�LQ�WKH�DOOR\V
DV� D� UHVXOW� RI� TXHQFKLQJ��$FFRUGLQJ� WR� WKH
WKHRU\� >�@�� LQ� WKLV� FDVH�� WKH� EHKDYLRU� RI
SRLQW�GHIHFWV�VKRXOG�FRUUHVSRQG�WR�DFWLRQ�RI
K\GURVWDWLF� FRPSUHVVLQJ� VWUHVVHV�� ,Q� IDFW�
KRZHYHU�� ORZ�IRUPDWLRQ�HQWKDOS\�RI�WKH�YD�
FDQFLHV� PD\� HYLGHQFH� WKH� YDFDQF\� GHILFLW�

7KLV� LV� FRQQHFWHG� ZLWK� WKH� IDFW� WKDW� WKH
�RYHUVL]HG��DOXPLQXP�LQ�WKH�TXHQFKHG�DOOR\
JHQHUDWHV� KLJK� K\GURVWDWLF� WHQVLOH� VWUHVVHV�
8QGHU�KLJK�K\GURVWDWLF�WHQVLOH�VWUHVVHV��YD�
FDQFLHV� FDQ� VXUYLYH� RQO\� ZKHQ� WKH\� PDNH
YROXPHWULF� FRPSOH[HV� DV� PLFURSRUHV�� ([�
SHULPHQWV� RQ� SRVLWURQV� DQQLKLODWLRQ� LQ
TXHQFKHG� )H±$O� DOOR\V� FRQILUP� H[LVWHQFH
VXFK�WULGLPHQVLRQDO�YDFDQF\�FRPSOH[HV�FRQ�
WDLQLQJ� IURP� �� XS� WR� ��� YDFDQFLHV� �H[SHUL�
PHQWDOO\� GHWHUPLQHG� FRQFHQWUDWLRQ� DERXW
��Ü�� WR���Ü�� >��@���6XFK�YDFDQF\�DFFXPXOD�
WLRQV�DV� VXFK�FDQQRW�UHVXOW� LQ�IRUPDWLRQ�RI
PHFKDQLFDO� UHOD[DWLRQ� SHDNV� �LQ� SDUWLFXODU
t�SHDN��� $W� WKH� VDPH� WLPH�� WRJHWKHU� ZLWK
IRUPDWLRQ� RI� YDFDQF\� FRPSOH[HV�� DOO�URXQG
WHQVLOH� VWUHVVHV� JHQHUDWH� VXSHUVDWXUDWLRQ� RI
WKH�DOOR\�ZLWK�LURQ�LQWHUVWLWLDOV�

$V� LV� VHHQ� IURP� WKH� VWUXFWXUDO� UH�
VHDUFKHV��WKH�WHQVLOH�VWUHVV�UHOD[DWLRQ�RI�WKH
TXHQFKHG� )H±$O� DOOR\� GXULQJ� DQQHDOLQJ
VWDUWV� ZLWK� RUGHULQJ� DQG� IRUPDWLRQ� RI� WKH
)H�$O� SKDVH� PLFURGLVSHUVHG� SUHFLSLWDWHV�
7KH� YROXPHWULF� GLVFUHSDQFLHV� EHWZHHQ� WKH
PDWUL[� DQG� WKH� DULVLQJ� QHZ�SKDVH� JHQHUDWH
YDFDQFLHV�ZKLFK�ODFN�LQ�WKH�DOOR\�DQG�ZKLFK
DUH� VSHQW� LQ� $O� PLJUDWLRQ� DQG� WKH� IXUWKHU
RUGHULQJ�� 7KH� VWUHVV� UHOD[DWLRQ� QHDU� WR
)H�$O�SKDVH�SUHFLSLWDWHV�SURPRWHV��GLVSODFH�PHQW���PLJUDWLRQ��RI�LQWHUVWLWLDO�LURQ�DWRPV
LQWR� WKH� LQWHUSKDVH� VSDFH� �VHH� )LJ����� )LJV�
�D�� �E� ��� ,Q� WKH� LURQ�HQULFKHG� DUHDV�� WKH
WHQVLOH�VWUHVVHV�DUH�DFFXPXODWHG��WKDW��DV�LW
LV� HVWDEOLVKHG�� UHVXOWV� HYHQWXDOO\� LQ� SKDVH
WUDQVIRUPDWLRQ� ZLWK� IRUPDWLRQ� H[WHQGHG
SUHFLSLWDWHV� RI� D�IHUULWH�� 7KH� WUDQVIRUPD�
WLRQ� VHHPV� WR� UXQ� DFFRUGLQJ� WR�PDUWHQVLWLF
W\SH� WKDW� IDYRUV� WKH� WHQVLOH� VWUHVV� UHOD[D�

)LJ�����7HPSHUDWXUH�GHSHQGHQFH�RI�DWWHQXDWLRQ�G�IRU��D�)H�$O�VDPSOH�TXHQFKHG�LQ�DPSRXOH��EHQGLQJYLEUDWLRQV��I�a�����+]�RQ�WKH�t�SHDN���È��DQG�DIWHU�TXHQFKLQJ�LQ�RLO�IURP������.��DJHLQJ�DW�����.
IRU� �� K� DQG� JDPPD� LUUDGLDWLRQ� DW� WKH� GRVH� �������� *UH\� �N��� WKH� ERWWRP� FXUYH� FRUUHVSRQGV� WR
UHSHDWHG�KHDWLQJ��WZLVWLQJ��I�a���Ü����+]���E��
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WLRQ�� VLQFH� LQWHUVWLWLDO� LURQ�DWRPV�DUH�VSHQW
WR�WKH�QHZ�SKDVH�IRUPDWLRQ��

7KH�DSSHDUDQFH�RI�t�SHDN�XQGHU�VWURQJO\
QRQHTXLOLEULXP� VWUXFWXUDO� FRQGLWLRQV� FKDU�
DFWHUL]HG� E\� KLJK� PRELOLW\� RI� LURQ� DWRPV
DQG� LURQ� �GLVSODFHPHQW�� LQWR� LQWHUSKDVH
VSDFH��DV�ZHOO�DV�DIWHU�UDGLDWLRQ�VWLPXODWLRQ
VXJJHVWV� WKDW� LURQ� GLIIXVLRQ� XQGHU� DSSOLHG
VWUHVVHV�VKRXOG�EH�FRQVLGHUHG�LQ�PRUH�GHWDLO
DV� DQ� HOHPHQW� RI� WKH� t� SHDN� IRUPDWLRQ
PHFKDQLVP��6XFK�D�SRVVLELOLW\�ZLWK�LQYROYH�
PHQW� RI� YDFDQFLHV� ZDV� FRQVLGHUHG� LQ� VR�
FDOOHG��IRXU�MXPSLQJ��%�'DPVRQ�PHFKDQLVP
>�����@�ZKLFK�FDQ�EH�IXUWKHU�GHYHORSHG�

7KLV�ZRUN�KDV�EHHQ�VXSSRUWHG�LQ�SDUW�E\
*HUPDQ� 6HUYLFH� RI� $FDGHPLF� ([FKDQJHV
'$$'� �*UDQW� �$� ����������� $XWKRUV� DF�
NQRZOHGJH� +�1HXKDXVHU�� ,�*RORYLQ�
+�'LHUNH�� k�6WUDKO� �,01)� 78�%6�� *HU�
PDQ\�� IRU�KHOS� LQ� WKH�ZRUN�GXULQJ� DXWKRUV
WUDLQLQJ� LQ�*HUPDQ\��GLVFXVVLRQ� DQG�XVHIXO
UHPDUNV�RQ�WKH�ZRUN��
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