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7KH�WHPSHUDWXUH�GHSHQGHQFHV�RI� LQWHUQDO�IULFWLRQ� LQ�3=7�FHUDPLFV�KDYH�EHHQ�REWDLQHG
XVLQJ� D�5$.��� DXWRPDWLF� IUHTXHQF\� VSHFWURPHWHU� LQ� D�ZLGH� WHPSHUDWXUH� UDQJH� IURP� WKH
URRP� WHPSHUDWXUH� WR� WKDW� H[FHHGLQJ� WKH� SKDVH� WUDQVLWLRQ� SRLQW� IURP� IHUURHOHFWULF� WR
SDUDHOHFWULF�SKDVH��7KH�DLP�RI�WKH�VWXG\�ZDV�WR�GHVFULEH�WKH�LQIOXHQFH�RI�GRPDLQ�VWUXFWXUH
RQ�UHOD[DWLRQ�SKHQRPHQD�LQ�VDPSOHV�RI�XQGRSHG�3=7�FHUDPLFV�DQG�PXOWLFRPSRQHQW�FHUDP�
LFV�GRSHG�ZLWK�&G�DQG�:±3E�:�&G�2�±3E=U2�±3E7L2���SUHSDUHG�E\�WKH�VRO�JHO�PHWKRG�DQGE\�VROLG�VWDWH�UHDFWLRQ��UHVSHFWLYHO\��IROORZHG�E\�VLQWHULQJ��%DVLQJ�RQ�WKH�LQWHUQDO�IULFWLRQ
PHDVXUHPHQWV�� WKH� UHOD[DWLRQ� SKHQRPHQD� REVHUYHG� LQ� H[DPLQHG� FHUDPLFV� KDYH� EHHQ� GH�
VFULEHG�� 7KH� UHOD[DWLRQ� SHDNV� FRQQHFWHG�ZLWK� LQWHUDFWLRQ�SRLQW�GHIHFWV� DQG�GRPDLQ�ZDOOV
DQG� YLVFRHODVWLF�PRWLRQ� RI� GRPDLQ�ZDOOV� KDYH� EHHQ� REVHUYHG� LQ� WKH� WHPSHUDWXUH� GHSHQG�
HQFHV�RI�LQWHUQDO�IULFWLRQ��)RU�DOO�UHOD[DWLRQ�SHDNV��WKH�YDOXHV�RI�DFWLYDWLRQ�HQHUJ\�+�DQG
SUH�H[SRQHQWLDO�IDFWRU�W��KDYH�EHHQ�FDOFXODWHG�
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7KH� 3=7� FHUDPLFV� �3E7L2�±3E=U2��� LVXVHG�IRU�HOHFWURPHFKDQLFDO�WUDQVGXFHUV��VHQ�
VRUV� �YLEUDWLRQ�� SUHVVXUH��� DFWXDWRUV�� SLH]R�
HOHFWULF� WUDQVIRUPHUV�� XOWUDVRXQG� JHQHU�
DWRUV��ILOWHUV��HWF��3URSHUWLHV�RI�XQGRSHG�FH�
UDPLFV� DUH� QRW� DGHTXDWH� IRU� PDQ\
DSSOLFDWLRQV�� WKHUHIRUH�� DGPL[WXUHV
�GRSDQWV��DUH�DGGHG�WR�REWDLQ�PDWHULDOV�ZLWK
SUHVHW� SDUDPHWHUV�� 7KH� GRSDQWV� FDXVH� IRU�
PDWLRQ�RI�GHIHFWV�LQ�WKH�FHUDPLFV�VWUXFWXUH�
ZKLFK�LQIOXHQFH�VLJQLILFDQWO\�WKH�HOHFWURPH�
FKDQLFDO�FRXSOLQJ�FRHIILFLHQW��GLHOHFWULF�ORVV�
FRHUFLYH�IRUFH�ILHOG��PHFKDQLFDO�TXDOLW\��DQG
LQWHUQDO�IULFWLRQ��7KH�SURSHUWLHV�RI�WKH�3=7
FHUDPLF� FDQ� EH� DOVR� LQIOXHQFHG� E\� YDU\LQJ
WKH� FRQFHQWUDWLRQV� RI� PDLQ� FRPSRQHQWV� LQ

WKH� VROLG� VROXWLRQ� UHVXOWLQJ� LQ� FKDQJHV� RI
WKH� FHUDPLFV� VWUXFWXUH� >�Ü�@�� 7KH� DLP� RI
WKLV�ZRUN�ZDV�WR�GHWHUPLQH�WKH�LQIOXHQFH�RI
WKH�GRPDLQ�VWUXFWXUH�FKDQJHV�RQ�WKH�UHOD[D�
WLRQ�SKHQRPHQD�WDNLQJ�SODFH�LQ�WKH�XQGRSHG
DQG�GRSHG�3=7�FHUDPLFV�

6DPSOHV� RI� XQGRSHG� 3E=U2�±3E7L2��3=7������ �WHWUDJRQDO� VWUXFWXUH��� 3=7� �����
�PRUSKRWURSLF�DUHD���3=7��������UKRPERKH�
GUDO� VWUXFWXUH��� DQG� WKRVH� RI
3E�:���&G����2�±3E=U2�±3E7L2�� PXOWLFRP�
SRQHQW� FHUDPLFV� 3=7� GRSHG� ZLWK� :� DQG
&G�3=7����������WHWUDJRQDO�VWUXFWXUH���3=7
�������� �PRUSKRWURSLF� DUHD��� 3=7� �������
�UKRPERKHGUDO�VWUXFWXUH���ZHUH�VWXGLHG��7KH
VDPSOHV�ZHUH�REWDLQHG�E\�WKH�VRO�JHO�V\QWKH�
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VLV� �XQGRSHG� 3=7�� DQG� E\� WKH� VROLG� SKDVH
V\QWKHVLV� �GRSHG� 3=7��� 7KHQ� WKH� PDWHULDOV
ZHUH� VLQWHUHG� E\� D� FODVVLFDO� PHWKRG�� 7KH
LQWHUQDO� IULFWLRQ� �,)��ZDV�PHDVXUHG�XVLQJ�D
5$.���UDGLR�IUHTXHQF\�UHOD[DWRU�FRQWUROOHG
E\�D�FRPSXWHU�

7KH� LQWHUQDO� IULFWLRQ� PHDVXUHPHQWV� FDU�
ULHG� RXW� DW� �� .�PLQ� KHDWLQJ� UDWH� RQ� WKH
XQGRSHG�3=7� FHUDPLFV� �)LJ����� SUHVHQW� WZR
,)� SHDNV� IRU� 3=7� ������ DQG� 3=7� �����
FHUDPLFV� DQG� WKUHH� SHDNV� IRU� 3=7� �����
FHUDPLFV� LQ� WKH� � �4Ü�� �I�7�� UHODWLRQVKLSV�
%DVLQJ� RQ� PHDVXUHG� WHPSHUDWXUH� GHSHQG�
HQFH�RI�HOHFWULF�SHUPLWWLYLW\�DQG�GHWHUPLQHG
&XULH� WHPSHUDWXUHV� �7DEOH���� IRU� WKH� WHVWHG
VDPSOHV�� LW�FDQ�EH�VWDWHG�WKDW�LW� LV�MXVW�WKH
SKDVH� WUDQVLWLRQ� IURP� WKH� IHUURHOHFWULF
SKDVH�WR�WKH�SDUDHOHFULF�RQH�DW�7&�|�7)� �7)EHLQJ�WKH�PD[LPXP�WHPSHUDWXUH�IRU�WKH�3)SHDN�� WKDW� LV� UHVSRQVLEOH� IRU� WKH� 3)� SHDNIRUPDWLRQ� IRU� DOO� WHVWHG� VDPSOHV�� 7KH� IDFW
WKDW�WKH�3)�SHDN�LV�GXH�WR�WKH�SKDVH�WUDQVL�WLRQ� LV� FRQILUPHG� DOVR� E\� WKH�4Ü��7��PHDV�
XUHPHQWV� FDUULHG� RXW� DW� GLIIHUHQW�PHDVXUH�
PHQW� IUHTXHQFLHV� �7DEOH����� 7KH� XQFKDQJHG
WHPSHUDWXUH�SRVLWLRQ�RI�WKH�3)�SHDN�DQG�LWVORZHULQJ�KHLJKW�ZLWK�WKH�IUHTXHQF\�GHFUHDVH
SURYHV� WKH� RULJLQDWLRQ� PHFKDQLVP� RI� WKLV
SHDN� >�Ü�@��&RQVLGHUDWLRQ�RI� WKH�SKDVH�GLD�
JUDP� IRU� WKH� 3=7� FHUDPLF� DOORZHG� WR� DV�
VXPH� WKDW� WKH� SKDVH� WUDQVLWLRQ� IURP� WKH
UKRPERKHGUDO� SKDVH� ,� WR� UKRPERKHGUDO
SKDVH�,,� LV�DOVR�UHVSRQVLEOH�IRU�WKH�3)�SHDNIRUPDWLRQ�IRU�3=7�������>��@�

$� VKLIW� RI� WKH� 35�� SHDN� PD[LPXP� WR�ZDUGV� KLJKHU� WHPSHUDWXUHV� ZLWK� LQFUHDVLQJ
PHDVXUHPHQW� IUHTXHQF\� �7DEOH���� HYLGHQFHV
WKH�UHOD[DWLRQ�FKDUDFWHU�RI�WKLV�SHDN�>����@�
,Q� UHOD[DWLRQ� SURFHVVHV�� WKH� DFWLYDWLRQ� HQ�
HUJ\�+� DQG� WKH� UHOD[DWLRQ� WLPH� W� DUH� GH�

VFULEHG� E\� WKH� $UUKHQLXV� ODZ� W� 
W�H[S�+�N7��� ZKHUH� W�� LV� D� SUH�H[SRQHQWLDOIDFWRU�� 7�� WHPSHUDWXUH� LQ� .�� DQG� N�� WKH
%ROW]PDQQ� FRQVWDQW�� 8VLQJ� WKH� $UUKHQLXV
ODZ�DQG�D�FRQGLWLRQ�RI�WKH�LQWHUQDO�IULFWLRQ
SHDN�PD[LPXP�ZW� ���� LW� LV� SRVVLEOH� WR�GH�
ILQH� WKH�PHFKDQLVP� UHVSRQVLEOH� IRU� LWV� IRU�
PDWLRQ�E\�GHWHUPLQLQJ�WKH�W��DQG�+�YDOXHVFKDUDFWHUL]LQJ� KHLJKW� RI� SRWHQWLDO� EDUULHUV�
ZKLFK� DWRPV� RYHUFRPH� ZKLOH� PLJUDWLQJ� LQ

)LJ����� 7HPSHUDWXUH� GHSHQGHQFHV� RI� LQWHUQDO
IULFWLRQ�IRU�WKH�XQGRSHG�FHUDPLFV�3=7�������
3=7� ������� 3=7� ������ �D�� DQG� GRSHG� RQHV
3=7����������3=7����������3=7����������E��

7DEOH����&XULH�WHPSHUDWXUHV�7F��WHPSHUDWXUHV�RI�WKH�3)�SHDN�PD[LPXP�DW�GLIIHUHQW�PHDVXUHPHQWIUHTXHQFLHV��I����I����DQG�WHPSHUDWXUHV�RI�UHOD[DWLRQ�SHDNV�75���75�
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WKH�FRXUVH�RI�UHOD[DWLRQ�>��@��7KH�DFWLYDWLRQ
HQHUJ\�YDOXH�ZDV�GHWHUPLQHG�EDVLQJ�RQ� WKH
4Ü��7��FXUYH�KDOI�ZLGWK��7KH�FDOFXODWHG�YDO�
XHV� RI� WKH� DFWLYDWLRQ� HQHUJ\� DQG� SUH�H[SR�
QHQWLDO� IDFWRU� �7DEOH���� VKRZ�WKDW�SRLQW�GH�
IHFWV� DUH� UHVSRQVLEOH� IRU� WKH� IRUPDWLRQ� RI
WKH� SHDN� LQ� TXHVWLRQ�� 7KH� SRLQW� GHIHFWV� LQ�
WURGXFHG�GXULQJ�D�WHFKQRORJLFDO�SURFHVV�DQ�
FKRU� WKH� GRPDLQ� ZDOOV�� 7KHUHIRUH�� WKH� 35�SHDN� SUHFHGLQJ� WKH� SKDVH� WUDQVLWLRQ� LV� FRQ�
QHFWHG� ZLWK� HQHUJ\� GLVVLSDWLRQ� RI�PHFKDQL�
FDO� YLEUDWLRQV� GXH� WR� WKH� SUHVHQFH� RI� WKH
SRLQW� GHIHFWV� DQG� WKH� GRPDLQ� VWUXFWXUH� LQ
WKH� IHUURHOHFWULF� PDWHULDO�� ,Q� WKH� 3=7� FH�
UDPLFV��R[\JHQ�YDFDQFLHV�DUH�SUHGRPLQDWLQJ
SRLQW� GHIHFWV�� WKHUHIRUH�� WKH� LQWHUDFWLRQ� RI
R[\JHQ� YDFDQFLHV� ZLWK� WKH� GRPDLQ� ZDOOV� LV
UHVSRQVLEOH� IRU� WKH� 35�� SHDN� IRUPDWLRQ�7KLV� IDFW� LV� SURYHG� E\� DQDO\VLV� RI� WKH� RE�
WDLQHG� DFWLYDWLRQ� HQHUJ\� DQG� SUH�H[SRQHQ�
WLDO� IDFWRU� YDOXHV� IRU� WKH� XQGRSHG� 3=7� FH�
UDPLFV�� 7KH� REWDLQHG� YDOXHV� �7DEOH���� DUH
W\SLFDO� RI� D� UHOD[DWLRQ� SURFHVV��QDPHO\�� LQ�
WHUDFWLRQ� RI� R[\JHQ� YDFDQFLHV� ZLWK� GRPDLQ
ZDOOV�>�����@�

7KUHH� LQWHUQDO� IULFWLRQ�PD[LPD� �)LJ���E�
ZDV� REVHUYHG� IRU� WKH� WHVWHG� PXOWL�FRPSR�
QHQW� 3=7� W\SH� FHUDPLFV� GRSHG� ZLWK� FDG�
PLXP� DQG� WXQJVWHQ�� /LNH� WR� WKH� XQGRSHG
FHUDPLFV�� D� IHUURHOHFWULF�SDUDHOHFWULF� SKDVH
WUDQVLWLRQ� LV� UHVSRQVLEOH� IRU� WKH� 3)� SHDN�7DEOH�����7KH�UHOD[DWLRQ�SURFHVV�DQG�WKH�LQ�
WHUDFWLRQ�RI�SRLQW�GHIHFWV��R[\JHQ�YDFDQFLHV�
ZLWK� GRPDLQ� ZDOOV� DUH� UHVSRQVLEOH� IRU� WKH
35�� SHDN� IRUPDWLRQ�� ZKDW� LV� FRQILUPHG� E\WKH�GHWHUPLQHG�YDOXHV�RI�+�DQG�W���7DEOH����:LWK� LQFUHDVLQJ�3E7L2�� FRQFHQWUDWLRQ� LQWKH� 3=7� FHUDPLF� UHVXOWLQJ� LQ� WKH� FHUDPLFV
VWUXFWXUH� FKDQJH� IURP� WKH� UKRPERKHGUDO
SKDVH�WHWUDJRQDO�RQH�YLD�D�SKDVH�FRH[LVWHQFH
DUHD��UKRPERKHGUDO�DQG�WHWUDJRQDO���WKH�GR�
PDLQ� VWUXFWXUH� DOVR� XQGHUJRHV� D� FKDQJH
>��Ü��@��,W�FDQ�EH�VWDWHG�WKDW�WKH�FKDQJH�LQ
WKH� 3E7L2�� FRQFHQWUDWLRQ� FDXVLQJ� D� FKDQJHLQ� WKH� GRPDLQ� VWUXFWXUH� GRHV� QRW� KDYH� DQ
LQIOXHQFH�RQ�WKH�KHLJKW�DQG�WHPSHUDWXUH�SR�
VLWLRQ� RI� WKH� SHDN� RULJLQDWLQJ� IURP� WKH� LQ�

WHUDFWLRQ� RI� SRLQW� GHIHFWV� ZLWK� WKH� GRPDLQ
ZDOOV��7KH�35��KHLJKW�LV�������WR�������IRUWKH� XQGRSHG� FHUDPLFV� DQG� ������ WR� �����
IRU�GRSHG�RQH�DQG�LW�GHSHQGV�RQ�WKH�FRQFHQ�
WUDWLRQ�RI�GHIHFWV�LQWURGXFHG�WR�WKH�PDWHULDO
GXULQJ�D�WHFKQRORJLFDO�SURFHVV��LQVLJQLILFDQW
GLIIHUHQFHV�LQ�WKH�DFWLYDWLRQ�HQHUJ\�YDOXH�RI
WKLV�SURFHVV��

&RQVLGHUDWLRQ� RI� WKH�4Ü�� �I�7�� UHODWLRQ�
VKLSV�IRU�WKH�FHUDPLFV�LQ�TXHVWLRQ�HYLGHQFHV
D�YLVLEOH�GLIIHUHQFH�EHWZHHQ�WKH�GHSHQGHQFHV
REWDLQHG� IRU� GRSHG� DQG� XQGRSHG� PDWHULDOV�
$Q� DGGLWLRQDO� LQWHUQDO� IULFWLRQ� SHDN� 35�SUHFHGLQJ� WKH�SKDVH�FKDQJH� LV�REVHUYHG��$V
WKH� PHDVXUHPHQW� IUHTXHQF\� LQFUHDVHV�� LWV
WHPSHUDWXUH� SRVLWLRQ� LV� VKLIWHG� WRZDUG
KLJKHU� WHPSHUDWXUHV�� WKLV� LQGLFDWHV� LWV� UH�
OD[DWLRQ� FKDUDFWHU� >����@�� 7KH� FDOFXODWHG�+
DQG�W��YDOXHV�VKRZ�WKDW�WKH�UHOD[DWLRQ�SURF�HVV� GHVFULEHG� E\� D� VLQJOH� UHOD[DWLRQ� WLPH
�7DEOH���� FDQQRW� EH� UHVSRQVLEOH� IRU� WKH�35�IRUPDWLRQ��7KH� WHPSHUDWXUH�SRVLWLRQ�RI� WKH
35�� SHDN� DQG� LWV� GLVWDQFH� IURP� WKH� SKDVHFKDQJH�SHDN� LQIOXHQFHV� WKH�FKDUDFWHU�RI� LQ�
WHUDFWLRQV�UHVSRQVLEOH�IRU�WKH�35��PD[LPXPIRUPDWLRQ�� )RU� WKH� UKRPERKHGUDO� �������
3=7�FHUDPLFV��WKH�LQWHUDFWLRQ�RI�WKH�GRPDLQ
ZDOOV�LV�PDLQO\�UHVSRQVLEOH�IRU�WKH�35��SHDNIRUPDWLRQ��7DEOH�����+RZHYHU��MXGJLQJ�IURP
D� VKRUW� WHPSHUDWXUH� GLVWDQFH� EHWZHHQ� 35�DQG�35���SRLQW�GHIHFWV�PD\�DOVR�VKDUH�LQ�LWVIRUPDWLRQ�� 2Q� WKH� RWKHU� KDQG�� WKH� FDOFX�
ODWHG�+� DQG� W�� YDOXHV� IRU� WKH�35�� SHDN� LQWKH�3=7���������DQG�3=7���������FHUDPLFV
�7DEOH���� LQGLFDWH� FRPSOH[� UHOD[DWLRQ� SURF�
HVVHV��ZKLFK�FDQQRW�EH�GHVFULEHG�E\�D�VLQJOH
UHOD[DWLRQ� WLPH�� )RU� WKDW� UHDVRQ�� DQ� H[SOD�
QDWLRQ� RI� PHFKDQLVPV� UHVSRQVLEOH� IRU� WKHLU
IRUPDWLRQ� VKRXOG� EH� VRXJKW� LQ� WKH� FRPSOH[
UHOD[DWLRQ�SURFHVVHV�

6LQFH�WKH�35��SHDN�LV�LQ�WKH�WHPSHUDWXUHUDQJH�SUHFHGLQJ�WKH�SKDVH�FKDQJH��WKH�SURF�
HVVHV� UHVSRQVLEOH� IRU� LWV� IRUPDWLRQ� FDQ� EH
FRQVLGHUHG�EDVLQJ�RQ�WKH�:DQJ�PRGHO��FKDU�
DFWHUL]LQJ� WKH� ,)� LQ� WKH� DUHD� SUHFHGLQJ� WKH
IHUURHOHFWULF�SDUDHOHFWULF� SKDVH� FKDQJH�� $
ORW� RI� PHFKDQLVPV� DUH� UHVSRQVLEOH� IRU� WKH

7DEOH����$FWLYDWLRQ�HQHUJ\�YDOXHV�+�DQG�SUH�H[SRQHQWLDO�IDFWRUV�W��IRU�WKH�,)�UHOD[DWLRQ�SHDNV�
6DPSOH +�>H9@�IRU�35� W��>V@�IRU�35� +�>H9@�IRU�35� W��>V@�IRU�35�

3=7������ ����r���� �����r��������Ü�� Ü Ü
3=7������ ����r���� �����r��������Ü�� Ü Ü
3=7������ ����r���� �����r��������Ü�� Ü Ü
3=7�������� ����r���� �����r��������Ü�� �����r���� �����r��������Ü��
3=7�������� ����r���� �����r��������Ü�� �����r���� �����r��������Ü��
3=7�������� ����r���� �����r��������Ü�� �����r���� �����r��������Ü��
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LQWHUQDO� IULFWLRQ� LQ� WKLV� DUHD�� )LUVW�� LQ� WKH
WHPSHUDWXUH� UDQJH� SUHFHGLQJ� WKH� SKDVH
FKDQJH��WKH�GRPDLQ�ZDOO�GHQVLW\�1�LQFUHDVHV
ZLWK�WHPSHUDWXUH�DQG�LW�LV�DSSUR[LPDWHO\�SUR�
SRUWLRQDO�WR����7F�Ü�7���ZKHUH�7�LV�D�WHPSHUD�WXUH� QHDU� WKH� &XULH� WHPSHUDWXUH� 7F��� ZKDWFDXVHV� DQ� LQFUHDVH� LQ� WKH�4Ü�� YDOXH�� +RZ�
HYHU��RQ� WKH�RWKHU�KDQG��DQ� LQFUHDVH� LQ�GR�
PDLQ�ZDOO� GHQVLW\� UHVXOWV� LQ� VKRUWHQHG� GLV�
WDQFH�EHWZHHQ�WKHP��WKXV��D�GHFUHDVH�LQ�PR�
ELOLW\�RI�WKH�GRPDLQ�ZDOOV�LV�FDXVHG�E\�WKHLU
PXWXDO� LQWHUDFWLRQ�� 7KLV� UHVXOWV� LQ� D� GH�
FUHDVH� RI�4Ü�� YDOXH��ZKHQ� WKH� GRPDLQ�ZDOO
GHQVLW\� LV� WRR� KLJK�� )RU� WKDW� UHDVRQ�� WKH
LQWHUQDO�IULFWLRQ�YDOXH�LQ�WKH�DUHD�SUHFHGLQJ
D�IHUURHOHFWULF�SDUDHOHFWULF�SKDVH�GHSHQGV�RQ
D� FRPSURPLVH� EHWZHHQ� WKRVH� IDFWRUV� >�@�
7KXV�� D� YLVFRHODVWLF� PRYHPHQW� RI� WKH� GR�
PDLQ� ZDOOV� LV� UHVSRQVLEOH� IRU� WKH�35�� SHDNIRUPDWLRQ�

7KH�DEVHQFH�RI�WKLV�PD[LPXP�LQ�WKH�4Ü�� 
I�7�� UHODWLRQVKLSV� IRU� WKH� XQGRSHG� 3=7� FH�
UDPLF�VKRXOG�EH�H[SODLQHG�E\�GLIIHUHQFHV�LQ
WKH� FHUDPLFV� PLFURVWUXFWXUH�� 7KH� GRPDLQ
VL]H� LQ� WKH� IHUURHOHFWULF� FHUDPLFV� LV� FRQ�
QHFWHG� ZLWK� WKH� JUDLQ� VL]H�� +HLJKW� RI� WKH
LQWHUQDO� IULFWLRQ� SHDN� LV� GLUHFWO\� SURSRU�
WLRQDO�WR�WKH�VTXDUH�RI�WKH�GRPDLQ�ZLGWK��,I
WKH� JUDLQ� VL]H� GHFUHDVHV�� WKH� GRPDLQ� VL]H
GHFUHDVHV� PRUH� VKDUSO\�� 7KHUHIRUH�� WKH� GR�
PDLQ� LQIOXHQFHV� VLJQLILFDQWO\� WKH� FRXUVH� RI
WKH� ,)� WHPSHUDWXUH� GHSHQGHQFH�� 7KH� JUDLQ
VL]H� GHFUHDVH� UHVXOWV� LQ� D� GHFUHDVHG� KHLJKW
RI� WKH� SHDN� RULJLQDWLQJ� IURP� WKH� PXWXDO
LQWHUDFWLRQ�RI�WKH�GRPDLQ�ZDOOV��ZKHUHDV�DW
D�JUDLQ�VL]H�EHLQJ�D�IHZ�PP��WKLV�UHOD[DWLRQ
SHDN� LV� QRW� REVHUYHG�� EHFDXVH� WKH� LQWHUQDO
IULFWLRQ� YDOXH� FRQQHFWHG� ZLWK� WKLV� SURFHVV
FRUUHVSRQGV�WR�D�VL]H�RI�WKH�LQWHUQDO�IULFWLRQ
EDFNJURXQG�>��Ü��@��7KH�GRPDLQ�VWUXFWXUH�
LWV� W\SH� DQG� PRELOLW\� RI� WKH� GRPDLQ� ZDOOV
LQIOXHQFHV� VLJQLILFDQWO\� QRW� RQO\� WKH� SUHV�
HQFH� RU� DEVHQFH� RI� WKH� 35�� SHDN�� EXW� LWVWHPSHUDWXUH�SRVLWLRQ�DV�ZHOO�

,Q� WKH� UDQJH� RI� WKH� 3=7� FRPSRVLWLRQ
IURP� WKH� GXDO� SKDVH� �5���7�� PRUSKRWURSLF
VWUXFWXUH�� D� JUHDW� QXPEHU� RI� GRPDLQ�ZDOOV
�)LJ�����ZLWK� JUHDW�PRELOLW\� LV� REVHUYHG�� DV
ZHOO�DV�D�JUHDW�QXPEHU�RI�SKDVH�ERXQGDULHV
�5�7��>��@��7KH�JUHDW�QXPEHU�RI�WKH�GRPDLQ
ZDOOV� LV� D� FDXVH� RI� DQ� LQFUHDVH� LQ� SRVVLEOH
GRPDLQ� UHRULHQWDWLRQV� WDNLQJ� SODFH� XQGHU
H[WHUQDO�DFWLRQV��$�JUHDW�QXPEHU�RI�GRPDLQ
ZDOOV� ZLWK� VXIILFLHQWO\� KLJK� PRELOLW\� DQG
SKDVH� ERXQGDULHV� FDXVH� WKDW� WKH� VSHFLPHQV
3=7� ������ DQG� 3=7� �������� VKRZ� WKH� LQ�
WHUQDO� IULFWLRQ� PD[LPXP� YDOXHV� DV� SLH]R�
PRGXOHV�� ,Q� WKH� UKRPERKHGUDO� SKDVH� �3=7
������� 3=7� ���������� LW� LV� MXVW� WKH� ����

GRPDLQ� VWUXFWXUH� WKDW� SUHYDLOV� �)LJ������ UH�
VXOWLQJ� LQ� D� YLVLEOH� UHGXFHG� QXPEHU� RI� WKH
GRPDLQ� ZDOOV�� 7KLV� W\SH� RI� WKH� GRPDLQ
VWUXFWXUH� FDXVHV� D� GHFUHDVHG� LQWHUQDO� IULF�
WLRQ� YDOXH� DQG� SLH]RHOHFWULF� SDUDPHWHUV
>��@��,Q�WKH�3E7L2��FRQFHQWUDWLRQ�UDQJH�FRU�UHVSRQGLQJ� WR� WKH� WHWUDJRQDO� SKDVH� �3=7
������� 3=7� ���������� WKHUH� LV� D� FRPSOH[
���� GRPDLQ� VWUXFWXUH� ZLWK� D� JUHDW� QXPEHU
RI� ���� GRPDLQ� VWUXFWXUHV� FKDUDFWHUL]HG� E\
ORZ� PRELOLW\�� 6XFK� D� VWDELOL]HG� GRPDLQ

)LJ����� 'RPDLQ� VWUXFWXUH� RI� FHUDPLFV� ZLWK
UKRPERKHGUDO� VWUXFWXUH� �D��� WHWUDJRQDO� �E��
UKRPERKHUGDO� DQG� WHWUDJRQDO� FRH[LVWHQW
SKDVHV��F��
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VWUXFWXUH� FDXVHV� D� GHFUHDVHG� ,)� YDOXH� �DV
WKH� WLWDQLXP� DQG� OHDG� FRQFHQWUDWLRQV� LQ�
FUHDVH� DQG� PRYH� DZD\� IURP� WKH� PRUSKRW�
URSLF�DUHD����

7R� FRQFOXGH�� D� FKDQJH� LQ� WKH� GRPDLQ
VWUXFWXUH� RI� WKH� 3=7� FHUDPLFV� �FDXVHG� E\
LQFUHDVLQJ� 3E7L2�� FRQFHQWUDWLRQ�� GRHV� QRWUHVXOW�LQ�FKDQJHV�RI�KHLJKW�DQG�WKH�WHPSHUD�
WXUH�SRVLWLRQ�RI�WKH�LQWHUQDO�IULFWLRQ�UHOD[D�
WLRQ� PD[LPXP� FRQQHFWHG� ZLWK� WKH� LQWHUDF�
WLRQ�RI�R[\JHQ�YDFDQFLHV�ZLWK�GRPDLQ�ZDOOV�
,WV� KHLJKW� GHSHQGV� RQ� WKH� FRQFHQWUDWLRQ� RI
GHIHFWV�LQWURGXFHG�LQ�WKH�WHFKQRORJLFDO�SURF�
HVV�RI�WKH�FHUDPLF�PDWHULDO�SUHSDUDWLRQ��7KH
GRPDLQ� VWUXFWXUH� W\SH� LQIOXHQFHV� WKH� WHP�
SHUDWXUH� SRVLWLRQ� RI� WKH� SHDN� FRQQHFWHG
ZLWK� WKH�PXWXDO� LQWHUDFWLRQ� RI� WKH� GRPDLQ
ZDOOV� RU� YLVFR�HODVWLF� PRYHPHQW� RI� GRPDLQ
ZDOOV�� DQG� WKH� LQWHUQDO� IULFWLRQ� YDOXH�� 7KH
KLJKHVW�,)�YDOXH� LV�REVHUYHG� IRU�WKH�FHUDP�
LFV�IURP�WKH�PRUSKRWURSLF�DUHD��:KHQ�PRY�
LQJ�DZD\� IURP�WKLV� DUHD� WRZDUG�ERWK� ORZHU
DQG� KLJKHU� 3E7L2�� FRQFHQWUDWLRQV�� D� GH�FUHDVH� RI� WKH� LQWHUQDO� IULFWLRQ� YDOXH� LV� RE�
VHUYHG�� 7KH� GRPDLQ� VWUXFWXUH� W\SH� �GRPDLQ
ZLGWK��GHILQHV�DOVR�WKH�SUHVHQFH�RI�WKH�SHDN
RULJLQDWLQJ� IURP� WKH�PXWXDO� LQWHUDFWLRQ� RI
WKH�GRPDLQ�ZDOOV�

$FNQRZOHGJHPHQWV�� 7KLV� ZRUN� ZDV� VXS�
SRUWHG�E\�WKH�6WDWH�&RPPLWWHH�IRU�6FLHQWLILF
5HVHDUFK��*UDQW�1R��7��'�������

5HIHUHQFHV
� ���(�0�%RXULP��+�,GULVVL��%�/�&KDQJ�HW�DO���-��GH

3K\V��,9����������������
� ���%�%UXV��0�&]HUZLHF��5�=DFKDULDV]�HW�DO���-��GH

3K\V��,9������������������

� ���)�3�6XQ��=�&KDQGKU\��&�/LDQJ��&�$�5RJHUV��-�
,QWHOO��0DW��6\VW���6WUXFWXUHV����������������

� ���<�;X�� )HUURHOHFWULF�0DWHULDOV� DQG� 7KHLU� $S�
SOLFDWLRQV��1RUWK�+ROODQG��1HZ�<RUN��������

� ���=�6XURZLDN�� 0�)�.XSU\DQRY�� '�&]HNDM�� -�
(XU��&HUDP��6RF�������������������

� ���%�%UXV�� 5�=DFKDULDV]�� -�,OF]XN�� $�=DU\FND�
$UFKLYH�RI�$FRXVWLFV����������������

� ���-�)�'HORUPH�� 3�)�*RELQ�� 0HWDX[�� &RUU��,QG��
�����������������

� ���&�:DQJ�� 4�)�)DQJ�� =�*�=KX�� -��3K\V��'�$SSO�
3K\V�������������������

� ���&�:DQJ�� 4�)�)DQJ�� <�6KL�� =�*�=KX�� 0DWHU�
5HV��%XOO�������������������

����7�<DPDPRWR�� -DS��-��$SSO��3K\V��� ���� ����
�������

����$�3XVNDU�� ,QWHUQDO� )ULFWLRQ� RI� 0DWHULDOV�
&DPEULGJH� ,QWHUQ��6FL��3XEO��� &DPEULGJH
�������

����=�<�:DQJ�� 7�*�&KHQ�� 3K\V��6WDW��6RO���D��
�����5���������

����)�+XLTLQJ�� -�:DQJL�� /�=�7LDQ�� .�+\RXQ�(H�
)HUURHOHFWULFV�����������������

����:�/�=KRQJ�� <�*�:DQJ�� 6�%�<XH�� 3�/�=KDQJ�
6RO��6WDW��&RPP������������������

����-�7�5HV]DW��$�(�*OD]RXQRY��0�-�+RIIPDQQ��-�
(XU��&HUDP��6RF�������������������

����9�6�3RVWQLNRY�� 9�6�3DYORY�� 6�.�7XUNRY�� -�
3K\V��&KHP��6ROLGV������������������

����%�%UXV�� 0�&]HUZLHF�� -�,OF]XN� HW� DO��� -��GH
3K\V��,9������������������

����$�%RX]LG�� 0�*DEED\�� *�)DQWR]]L��0DWHU��6FL�
(QJ��$�����������������������

����/�&KHQJ�� 0�*DEED\�� *�)DQWR]]L�� -��0DWHU�
6FL��������������������������

����(�*�)HVHQNR�� $�<D�'DQFLQJHU�� 2�1�5D]X�
PRYVND\D�� 1RYHO� 3LH]R�FHUDPLF� 0DWHULDOV�
5*8� 3XEO��� 5RVWRY�QD�'RQX� ������� >LQ� 5XV�
VLDQ@�

{¹ãÒm��ºäËÓÓº��°�¯�}��¯Ò�ÓÈ�¯ËãÈ}°È�L®ÓL�«mÒ�È��}Ë¯ÈäL�L�¡�v
r�r¯�°	��q�,ã	��}��k�~È¯Ò�	}È��l� Ë¯mË�	

~È� �º¹ºäº�º
� Èm�ºäÈ�Ò�Óº�º� °¹Ë}�¯ºäË�¯È� �Ò¹�� ckz��� �º°ãL�ÎËÓº� �Ëä¹Ë¯È��¯ÓL
ÏÈãËÎÓº°�L� mÓ��¯L�Ó	º�º� �Ë¯�«� �{��� �ã«� }Ë¯ÈäL}Ò� �Ò¹�� ¡�v� ���Ò¯º}ºä�� �LÈ¹ÈÏºÓL
�Ëä¹Ë¯È��¯� Û� mL�� }LäÓÈ�Óº�� �º� �Ëä¹Ë¯È��¯Ò�� �º� ¹Ë¯ËmÒ��¼� �Ëä¹Ë¯È��¯�� ÁÈÏºmº�º
¹Ë¯Ë²º���mL��ÁË¯ºËãË}�¯Ò�Óº��ÁÈÏÒ��º�¹È¯ÈËãË}�¯Ò�Óº���lË�º
��º°ãL�ÎËÓÓ«��ãº�mÒÏ�
ÓÈ�ËÓÓ«� m¹ãÒLm�� �ºäËÓÓº�� °�¯�}��¯Ò� ÓÈ� ¯ËãÈ}°È�L®ÓL� «mÒ�È� �� Ï¯ÈÏ}È²� ÓËãË�ºmÈÓº�
}Ë¯ÈäL}Ò� �È� }Ë¯ÈäL}Ò� Ï� �ºäL�}ÈäÒ�&G� �È�:±3E�:�&G�2�±3E=U2�±3E7L2��� � º�Ë¯ÎÈÓÒ²mL�¹ºmL�Óº�äË�º�ºä�Ïºã	��Ëã	� °ÒÓ�ËÏ���È��mË¯�ºÁÈÏºmºº�º�°ÒÓ�ËÏ��Ï�ÓÈ°��¹ÓÒä�°¹L}ÈÓ�
Ó«ä�� sÈ� º°ÓºmL� mÒäL¯
mÈÓ	� mÓ��¯L�Ó	º�º� �Ë¯�«� º¹Ò°ÈÓº� ¯ËãÈ}°È�L®ÓL� «mÒ�È� �� �º�
°ãL�ÎËÓL®�}Ë¯ÈäL�L��sÈ��Ëä¹Ë¯È��¯ÓÒ²�ÏÈãËÎÓº°�«²�mÓ��¯L�Ó	º�º��Ë¯�«�°¹º°�Ë¯L�ÈãÒ°«
¯ËãÈ}°È�L®ÓL�¹L}Ò��¹ºm�«ÏÈÓL�ÏL�mÏÈ¼äº�L¼
��º�}ºmÒ²��ËÁË}�Lm�Ï��ºäËÓÓÒäÒ�äËÎÈäÒ��È
Ï�m�«Ï}º�¹¯�ÎÓÒä�¯�²ºä��ºäËÓÓÒ²�äËÎ��iã«�m°L²�¯ËãÈ}°È�L®ÓÒ²�¹L}Lm�mÒÏÓÈ�ËÓº�ÏÓÈ�
�ËÓÓ«�ËÓË¯�Ò��È}�ÒmÈ�L��s��È�¹Ë¯Ë�Ë}°¹ºÓËÓ�L®Óº�º�äÓºÎÓÒ}È�W��

%�%UXV�HW�DO����,QIOXHQFH�RI�GRPDLQ�VWUXFWXUH�RQ����

)XQFWLRQDO�PDWHULDOV������������� �


