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WUDWLRQ� ZDYHV� LQ� WKH� DOOR\� ZLWK� RUGHULQJ� YHFWRUV� NV� �t������ DQG� NV� ���������� 7KH� LQLWLDORUGHULQJ�NLQHWLFV�VWDJHV�DUH�DFFRPSDQLHG�E\�D�FRQVLGHUDEOH�LQFUHDVLQJ�RI�WKH�VKRUW�UDQJH�RUGHU
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/���W\SH�ZHDNO\�RUGHUHG��1L�$O��RQHV�

lË�º�ºä��ÒÁÁ�ÏÓº�º�¯È°°Ë«ÓÒ«�¯ËÓ��ËÓºm°}Ò²�ã��Ë®�Ò°°ãË�ºmÈÓº�°�¯ºËÓÒË�ãÒÎÓË�
�º�È�ºäÓº�º�¹º¯«�}È�äºÓº}¯Ò°�ÈããÒ�Ë°}º�º�°¹ãÈmÈ��mË¯�º�º�¯È°�mº¯È�ÏÈäË�ËÓÒ«��¡zÜ
1LÜ��È����$O��ÏÈ}ÈãËÓÓº�º�º�������z��È��È}ÎË�ÓÈ�Èã	Ó©Ë�°�È�ÒÒ�¹¯Ëm¯È�ËÓÒ®�ãÒÎÓË�
�º�¹º¯«�}È�m�¹¯º�Ë°°Ë�ÒÏº�Ë¯äÒ�Ë°}º�º�º�ÎÒ�È�°¹ãÈmÈ�¹¯Ò��Ëä¹Ë¯È��¯Ë�����z���¯ºÈÓÈ�
ãÒÏÒ¯ºmÈÓ©� º°ºËÓÓº°�Ò� �m�²ÁºÓºÓÓº�º� �Ë¹ãºmº�º� �ÒÁÁ�ÏÓº�º� ¯È°°Ë«ÓÒ«�� �º}ÈÏÈÓº�
��º� m� ÏÈ}ÈãËÓÓºä� °º°�º«ÓÒÒ� °�¯ºËÓÒË� ãÒÎÓË�º� ¹º¯«�}È� °ºº�mË�°�m�Ë�� ¹¯Ò°��°�mÒ
� m
°¹ãÈmË� }ºÓ�ËÓ�¯È�ÒºÓÓ©²� mºãÓ� °� mË}�º¯ÈäÒ��¹º¯«�º�ËÓÒ«�NV� �t������ Ò�NV� ����������¯Ò� ª�ºä� ÓÈ�Èã	Ó©Ë� °�È�ÒÒ� }ÒÓË�Ò}Ò� �¹º¯«�º�ËÓÒ«� °º¹¯ºmºÎ�È
�°«� ÏÓÈ�Ò�Ëã	Ó©ä
¯º°�ºä��ÒÁÁ�ÏÓº®�ÒÓ�ËÓ°ÒmÓº°�Ò�ãÒÎÓË�º�¹º¯«�}È��ã«�mË}�º¯ºm��ãÒÏ}Ò²�}�°�¯�}��¯�
Óºä���{¯ËäËÓÓÈ«� ÏÈmÒ°Òäº°�	� ¹È¯ÈäË�¯ºm� ãÒÎÓË�º� ¹º¯«�}È��º¯¯ËÓÈ�zÈ�ãÒ�� È� �È}ÎË
¯ËÏ�ã	�È�©�¯È°�Ë�È�ãº}Èã	Ó©²�È�ºäÓ©²�}ºÓÁÒ��¯È�Ò®�¹º�äË�º���lºÓ�Ë�zÈ¯ãº�¹º}ÈÏÈ�
ãÒ�� ��º� �È}ÒË� ¹¯Ëm¯È�ËÓÒ«� °ºº�mË�°�m�
�� ÏÈ¯ºÎ�ËÓÒ
� Ò� ¯º°��� �m�²� ãÒÎÓË�¹º¯«�º�
�ËÓÓ©²�ºãÈ°�Ë®��¯È°¹È�È
�Ë®°«�Ò�°ãÈº��¹º¯«�º�ËÓÓº®�¹º�/����Ò¹���1L�$O��

7KH� KLJK�WHPSHUDWXUH� VWDELOLW\� RI� SK\VL�
FDO� DQG� PHFKDQLFDO� SURSHUWLHV� RI� 1L±$O� DO�
OR\V�KDV�SURYLGHG�D�PDMRU�SURVSHFW�RI�WKHLU
XVH�LQ�HQJLQHHULQJ�DV�PXOWL�IXQFWLRQDO�PDWH�
ULDOV�� $� VSHFLILF� IHDWXUH� RI� WKLV� V\VWHP� LV
WKDW� LW� FRQVHUYHV� D� KLJK� GHJUHH� RI� DWRPLF
RUGHULQJ�XS�WR�WKH�PHOWLQJ�SRLQW��&HUWDLQO\�
WKLV�SKHQRPHQRQ�LV�FRQGLWLRQHG�E\�WKH�FRQ�
VLGHUDEOH�SDLU�LQWHUDFWLRQ�HQHUJLHV�RI�1L�DQG
$O� DWRPV� DQG�� DV� D� FRQVHTXHQFH�� D� VSHFLILF
VSDWLDO�GLVWULEXWLRQ�RI�DOOR\�FRPSRQHQWV��VX�

SHUVWUXFWXUH�IRUPDWLRQ���6R��IRU�H[DPSOH��LQ
WKH� UHJLRQ� HQULFKHG� LQ� 1L�� DW� $O� FRQWHQWV
°$O�|����DW���WKH�/���W\SH�RUGHUHG�FXELF�VX�SHUVWUXFWXUH� �1L�$O�� LV� IRUPHG� RQ� WKH� EDVLVRI�GLVRUGHUHG�I�F�F��VROLG�VROXWLRQ�>�Ü��@��$W
$O� FRQWHQWV� F$O�|���� DW���� WKH�/���W\SH� VX�SHUVWUXFWXUH��1L$O��LV�IRUPHG�>�@��6HFRQG��LQ
VSLWH� RI� WKH� VWURQJO\� SURQRXQFHG� DWRPLF
RUGHU��1L±$O� V\VWHP� LQ� WKH�$O� FRQFHQWUDWLRQ
UHJLRQ� RI� ��d�°$O�d���� DW���� WKH� PDJQHWLF

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV

�� )XQFWLRQDO�PDWHULDOV�������������



RUGHU�LV�IRUPHG�GXH�WR�QRQ�]HUR�VSLQV�RI�1L
DWRPV� ZLWK� WHPSHUDWXUH�GHSHQGHQW� YDOXHV
>��@�� 7KLUG�� EHFDXVH� RI� D� FRQVLGHUDEOH� VL]H
GLIIHUHQFH�RI�1L�DQG�$O�DWRPV�DQG��DV�D�FRQ�
VHTXHQFH�� ODUJH� GHIRUPDWLRQV� ��VWUDLQ�LQ�
GXFHG���HIIHFWV��1L±$O�DOOR\V�DUH�NQRZQ�WR�EH
LQFOLQHG� WR� LVRVWUXFWXUDO� GHFRPSRVLWLRQ� �DW
$O�FRQWHQWV�°$O�!���Ü���DW����>�Ü�@��7KXV��D
GHWDLOHG� VWXG\LQJ� RI� WKH� RUGHULQJ� SURFHVV
DQG� LWV� WLPH� HYROXWLRQ� LQ� WKLV� V\VWHP� ZLOO
DOORZ�WR�HVWDEOLVK�D�FRUUHODWLRQ�EHWZHHQ�PL�
FURVFRSLF� DQG� PDFURVFRSLF� SK\VLFDO� FKDUDF�
WHULVWLFV�RI�WKH�DOOR\�

7KH� TXDOLWDWLYHO\� WKHUPRG\QDPLFDOO\
HTXLOLEULXP�VSDWLDO�GLVWULEXWLRQ�RI�WKH�FRP�
SRQHQWV�DV�ZHOO�DV�WKH�RUGHULQJ�NLQHWLFV�FDQ
EH� LQYHVWLJDWHG� XVLQJ� HOHFWURQ� PLFURVFRS\
DQG� HOHFWURQ� GLIIUDFWLRQ� WHFKQLTXHV��$W� WKH
VDPH�WLPH��WKH�RQO\�TXDQWLWDWLYH�PHWKRG�WR
VWXG\�DWRPLF�FRUUHODWLRQ�HIIHFWV�LQ�DOOR\V�LV
WKH� GLIIXVH� ;�UD\� �RU� WKHUPDO� QHXWURQV�
VFDWWHULQJ��7KDW�PHWKRG�ZDV�XVHG�EHIRUH�WR
LQYHVWLJDWH� WKH� VKRUW�UDQJH� RUGHU� HTXLOLE�
ULXP�VWDWHV�IRU�1L±$O�VROLG�VROXWLRQV�RI�VHY�
HUDO� FRPSRVLWLRQV� TXHQFKHG� IURP� YDULRXV
WHPSHUDWXUHV� 7T�� 1LÜ���� DQG� ����� DW��� $O
�7T� ������ ����.�� >�@��1LÜ���� DW���$O�7T� ���� .�� >�@�� 1LÜ���� DQG� ���� DW��� $O� �7T� ���� .�� >�@��1LÜ����� DW���$O� �7T� ������.�>�@�DQG�DOOR\V�1LÜ������������������DW���$O
�7T� ������.�� >�@��%DVLQJ�RQ� WKRVH� VWXGLHV�WKH� :DUUHQ�&RZOH\� VKRUW�UDQJH� RUGHU� SD�
UDPHWHUV�� )RXULHU� FRPSRQHQWV� �DQG� RULJL�
QDOV�� IRU� VWDWLF� DQG� G\QDPLF� ORFDO� ODWWLFH
GLVWRUWLRQV� >��@� DQG� WKH� WRWDO� �PL[LQJ�� HQ�
HUJLHV�ZHUH�GHWHUPLQHG��%DVLQJ�RQ�REWDLQHG
UHVXOWV�� ZDV� HVWDEOLVKHG� WKDW� VKRUW�UDQJH
DWRPLF�RUGHU�LQ�1L±$O�VROLG�VROXWLRQV�EHORQJV
WR�/���W\SH� �1L�$O���$W� WKH� VDPH�WLPH��HOHF�WURQ�PLFURVFRSLF� VWXGLHV� RI� RWKHU� DXWKRUV
>�@�DQG� >����@� WHVWLI\� WR� WKH�SUHVHQFH�RI�GH�
FRPSRVLWLRQ� SURFHVVHV� LQ� DOOR\V� ZLWK� WKH
VSHFLILHG�$O�FRQWHQWV��$�PRUH�UHOLDEOH�HVWDE�
OLVKLQJ� RI� RUGHULQJ� DQG�RU� FOXVWHULQJ� SURF�
HVVHV� LQ� 1L±$O� V\VWHP� LV� SRVVLEOH� RQO\� E\
VWXG\LQJ� WKH� WLPH� GHSHQGHQFHV� RI� LQWHUD�
WRPLF� FRUUHODWLRQ� SDUDPHWHUV� DW� HDUO\� UH�
OD[DWLRQ� VWDJHV�� DV� LW� LV�PDGH� LQ� WKLV�ZRUN
XVLQJ�WKH�GLIIXVH�;�UD\�VFDWWHULQJ�NLQHWLFV�

7R� UHVHDUFK� WKH� LQWHUDWRPLF� FRUUHODWLRQV
LQ�1L±$O�DOOR\V��WKH�1LÜ��DW���$O�VROLG�VROX�
WLRQ� VLQJOH� FU\VWDO� ZDV� FKRVHQ�� 7KH� VLQJOH
FU\VWDO�RI��u�u���PP��VL]H�ZDV�JURZQ�LQ�DQ
DOXQGXP� FUXFLEOH�ZLWK� D� FRQLF� VHHG� SDUW� LQ
DUJRQ� DWPRVSKHUH�� $Q� RXWHU� IDFHW� RI� WKH
VDPSOH�ZDV� FXW� SDUDOOHO� WR� WKH� ������ SODQH�
7KH� LQLWLDO� VWDWH� KDV� EHHQ� REWDLQHG� E\
TXHQFKLQJ� IURP� 7T� ������ .� RI� D� VDPSOHSUHYLRXVO\� DQQHDOHG� GXULQJ� �� KRXUV�� 7KH

TXHQFKLQJ�ZDV�FDUULHG�RXW�LQ����ZW���DTXH�
RXV�1D2+� �DW� URRP� WHPSHUDWXUH�� LQ� D� VSH�
FLDO� GHYLFH�� 7KHQ� WKH� VDPSOH� ZDV� DQQHDOHG
LVRWKHUPDOO\� DW�7D� �����.��7KH�;�UD\�GLI�IXVH� VFDWWHULQJ� ZDV� PHDVXUHG� XVLQJ� 0R.DUDGLDWLRQ� �XVLQJ� D� '521��� XQLW� DW� 8� 
��� N9� DQG� ,� ���� P$��� 6XFK� UHJLPH� SUR�
YLGHG�VHSDUDWLRQ�RI�KDUG�UDGLDWLRQ�KLJK�KDU�
PRQLFV�O����O���� HWF��� DQG� WKH� IOXRUHVFHQFH
FRPSRQHQW� IURP� WKH� VSHFWUXP� RI� EHDP
PRQRFKURPDWHG� SUHYLRXVO\� E\� D� /L)� FU\VWDO
PRQRFKURPDWRU� >��@�� 7R� WUDQVIRUP� WKH� GLI�
IXVH� LQWHQVLW\� LQWR� DEVROXWH� HOHFWURQ� XQLWV�
WKH� VFDWWHULQJ� LQWHQVLW\� IURP� ORZ�DEVRUELQJ
IXVHG� TXDUW]� >��@� ZDV� XVHG� DV� D� UHIHUHQFH�
7KH� FRUUHFWLRQ� IRU� DEVRUSWLRQ� ZDV� WDNHQ
LQWR� DFFRXQW�� WRR�� LQ� FDVH� RI� LQFOLQHG� GLI�
IUDFWLRQ� JHRPHWU\� RI� WKH� VDPSOH� H[DPLQD�
WLRQ�>��@�

7KH�FRPSRQHQWV�FDXVHG�E\�WKH�/DXH�EDFN�
JURXQG� PRGXODWLRQ� �VKRUW�UDQJH� RUGHU�
VWDWLF�DQG�G\QDPLF� ORFDO� ODWWLFH�GLVWRUWLRQV�
HWF��� ZHUH� VHSDUDWHG� XVLQJ� WKH� &RKHQ�*HRU�
JRSRXORV�VHSDUDWLRQ�WHFKQLTXHV�>��Ü��@��7KH
VHSDUDWLRQ�LV�EDVHG�RQ�WKH�V\PPHWU\�GLIIHU�
HQFHV�RI�WKH�GLIIXVH�EDFNJURXQG�PRGXODWLRQ
IXQFWLRQV� E\� VFDWWHULQJ� FRPSRQHQWV� LQ� WKH
UHFLSURFDO�VSDFH��6R��LQ�JHQHUDO��WKH�GLIIXVH
VFDWWHULQJ� LQWHQVLW\�� DFFRUGLQJ� WR� >��@�� FDQ
EH�SUHVHQWHG�DV��
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ZKHUH� WHUP�1F$F%�I$�Ü�I%��� GHILQHV� WKH� VR�
FDOOHG�/DXH�PXOWLSOLHU� �1� LV� WKH� QXPEHU� RI
DWRPV�LQ�WKH�XQLW�FHOO��°k��°{��I$��I%��DWRPLFFRQFHQWUDWLRQV� RI� WKH� DOOR\� FRPSRQHQWV� DQG
WKHLU� VFDWWHULQJ� IDFWRUV�� UHVSHFWLYHO\��� WKDW
WHUP� GHILQHV� WKH� GLIIXVH� EDFNJURXQG� LQWHQ�
VLW\� IRU� WKH� DOOR\� DW� ��.�� DW� DEVHQFH� RI� LQ�
WHUDWRPLF� FRUUHODWLRQV� DQG� ]HUR� VWDWLF� DQG
G\QDPLF� GLVWRUWLRQV� RI� ILUVW� DQG�KLJKHU� RU�
GHUV�� � ,652�N��� ,7'6��N��� ,7'6��������N�� DUH
WKH� LQWHQVLWLHV� FDXVHG� E\� WKH� LQWHUDWRPLF
FRUUHODWLRQV��WKHUPDO�WZR�SKRQRQ�DQG�PXOWL�
SKRQRQ� GLIIXVH� VFDWWHULQJ�� UHVSHFWLYHO\�
,&RPS�N�� LV� WKH�&RPSWRQ�VFDWWHULQJ� LQWHQVLW\�
,67�'�N���,'<1�'�N��LV�WKH�)RXULHU�FRPSRQHQWV
RI�WKH�VWDWLF�DQG�G\QDPLF�FU\VWDO�ODWWLFH�ORFDO
GLVWRUWLRQV�GHILQHG�E\�UHODWLRQV�>��@���
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+HUH��4L$$�%%��N���5L$$�$%��%%��N���
6LM$$�$%��%%��N��DUH�SURMHFWLRQV�RI�WKH�)RXULHU
FRPSRQHQWV� RQWR� WKH� UHFLSURFDO� ODWWLFH� D[HV
�L� �[�\�]�� RI� OLQHDU� VWDWLF�� TXDGUDWLF� VWDWLF
DQG� G\QDPLF� DWRPLF� GLVSODFHPHQWV�� LQFOXG�
LQJ� WKH� ;XDQJ� VFDWWHULQJ� DQG� WKH� VLQJOH�
SKRQRQ�GLIIXVH� RQH��7KH� DOO� SUHVHQWHG� FRP�
SRQHQWV� DUH� UHODWHG� WR� WKHLU� )RXULHU� RULJL�
QDOV�LQ�WKH�GLUHFW�VSDFH�E\�WKH�UHODWLRQVKLSV�
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,Q� WKLV� FDVH�� WKH� 4[PP�K[�K\�K]�� �

4\PP�K\�K]�K[�� �4]PP�K]�K[�K\�� DUH� YDOLG�� 6XFK
W\SH� V\PPHWU\� LQ� WKH� UHFLSURFDO� VSDFH� LV
LQKHUHQW� LQ� 5LPQ� �N�� DQG� 6LMPQ�N�� VFDWWHULQJ
FRPSRQHQWV��P��Q� �$��%���8VLQJ�WKH�UHYHUVH
)RXULHU� WUDQVIRUPDWLRQ� RI� WKH� VSHFLILHG
)RXULHU� FRPSRQHQWV�� WKHLU� YDOXHV� LQ� GLUHFW
VSDFH�FDQ�EH�GHWHUPLQHG��6R��IRU�H[DPSOH��WKH
TXDQWLW\�DOPQ�PHDQV�GHYLDWLRQ�RI�WKH�WZR�SDU�WLFXODU�SUREDELOLW\��ILQGLQJ�RI�%�k��W\SH�DWRP
RQ� WKH� GLVWDQFH� U�OPQ�� WR� $�{��W\SH� DWRP�

UDWLR�WR�WKH�DYHUDJH�DWRPLF�FRQFHQWUDWLRQ�RI
WKH� VDPH� %�k��W\SH� DWRPV� LQ� WKH� FU\VWDO
IURP� ��� ,Q� JHQHUDO� FDVH�� WKH� QXPEHU� RI� DOO
VFDWWHULQJ�FRPSRQHQWV�PRGXODWLQJ�WKH�/DXH
EDFNJURXQG� LV�����)RU� WKHLU� FRUUHFW�VHSDUD�
WLRQ�� LW� LV�QHFHVVDU\�WR�PHDVXUH� WKH�GLIIXVH
VFDWWHULQJ� LQWHQVLWLHV� LQ� ��� HTXLYDOHQW� YRO�
XPHV�RI�WKH�UHFLSURFDO�VSDFH�

7DNLQJ� LQWR� DFFRXQW� WKH� WUDQVIRUPDWLRQ
IHDWXUHV� LQ�1L±$O� DOOR\V�� RXU�PHDVXUHPHQWV
ZHUH� FDUULHG� RXW� LQ� WKH� VXSHUVWUXFWXUDO
SRLQWV� N� �;>�S�D�����@�� :>�S�D�������@�
�VKRUW�UDQJH� RUGHULQJ� UHJLRQV�� DQG� FORVH� WR
WKH� VWUXFWXUDO� �IXQGDPHQWDO�� RQHV
N�o�*>�S�D�����@� �FOXVWHULQJ� UHJLRQV�
SRLQWV��DQG�LQ�GLUHFWLRQV�VXFK�DV�����!�DQG
����!� SHUWLQHQW� RI� WKH� ZDYH� YHFWRUV� UH�
JLRQV� RI� ILUVW� LUUHGXFLEOH� I�F�F��ODWWLFH� %ULO�
ORXLQ�]RQH��)LJ�����

,W� LV� NQRZQ� WKDW�� ZKHQ� VWXG\LQJ� WKH� GLI�
IXVH� EDFNJURXQG� LQ� DOOR\V� FDXVHG� E\� WKH� LQ�
WHUDWRPLF� FRUUHODWLRQ� HIIHFWV�� LW� LV� QHFHVVDU\
WR� WDNH� LQWR� DFFRXQW� FRUUHFWO\� WKH� SDUDVLWLF
FRPSRQHQWV� FDXVHG� E\� VFDWWHULQJ� RQ� WKH� ODW�
WLFH� WKHUPDO� YLEUDWLRQV�WZR�SKRQRQ� ,7'6� �N�
DQG� PXOWL�SKRQRQ� VFDWWHULQJ� ,7'6��������N��
7KHVH�VFDWWHULQJ�FRPSRQHQWV�KDYH�EHHQ�FDO�
FXODWHG� WKHRUHWLFDOO\��$FFRUGLQJ� WR� WKH� WKH�
RU\� SUHVHQWHG� LQ� >�����@�� WKH� WZR�SKRQRQ
DQG�PXOWL�SKRQRQ�VFDWWHULQJ�LQWHQVLW\�LV�GH�
ILQHG�DV�

)LJ����� +LJK� V\PPHWU\� SRLQWV� �x�� DQG� ILUVW
LUUHGXFLEOH�I�F�F��ODWWLFH�%ULOORXLQ�]RQH��������
ZKHUH� GLIIXVH� VFDWWHULQJ� LQWHQVLWLHV� ,652�N�IURP�1LÜ��DW���$O� VROLG� VROXWLRQ�ZHUH�PHDV�
XUHG��7KH�������SODQH�LV�VKRZQ�
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ZKHUH�0� LV� WKH� 'HE\H�:DOOHU� IDFWRU�� 8TL�8TcM��SRODUL]DWLRQ�YHFWRUV�RI�WKH�WKHUPDO�YL�
EUDWLRQ� PRGHV�� (TO�� (TcO�� QTL�� QTcM� HQHUJLHVDQG�IUHTXHQFLHV�IRU�LQWHUDFWLQJ�SKRQRQV���

,Q� )LJ����� WKH� FDOFXODWHG� YDOXHV� RI� WKH
WKHUPDO� WZR�SKRQRQ� GLIIXVH� VFDWWHULQJ� LQ�
WHQVLWLHV� ,7'6� �N�� IRU�1LÜ��DW���$O� DOOR\� �DW
7� �����.��DUH�VKRZQ�

7KH� WZR�SKRQRQ� VFDWWHULQJ� LQWHQVLW\� LV
VHHQ� WR� LQFUHDVH� FRQVLGHUDEO\� QHDU� WR� WKH
IXQGDPHQWDO� %UDJJ� UHIOH[HV� �N�o�*�����
WKRXJK�LW�FDQQRW�EH�QHJOHFWHG�LQ�VXSHUVWUXF�
WXUDO�SRVLWLRQV��WRR�

8VLQJ� WKH� DERYH� WKHRU\�� WKH� ;�UD\� GLI�
IXVH� VFDWWHULQJ� LQWHQVLW\� FRPSRQHQWV� KDYH
EHHQ�VHSDUDWHG�IRU�D�VLQJOH�FU\VWDO�VDPSOH�RI
1LÜ�� DW���$O� VROLG� VROXWLRQ� TXHQFKHG� IURP
����� .� DQG� LVRWKHUPDOO\� DQQHDOHG� DW� WHP�
SHUDWXUH� ���� .�� ,Q� )LJ����� VKRZQ� DUH� WKH
LVRGLIIXVH� VFDWWHULQJ� LQWHQVLW\� GLVWULEXWLRQ
DQG� NLQHWLF� GHSHQGHQFHV� RI� WKH� LQWHQVLW\
FDXVHG�E\�LQWHUDWRPLF�FRUUHODWLRQV��,652�N��DQG� DOVR� :DUUHQ�&RZOH\� VKRUW�UDQJH� RUGHU
SDUDPHWHUV�D�UQ�� �UQ� LV� UDGLXV�YHFWRU� IRU�Q�WK� FR�RUGLQDWLRQ� VKHOO�� IRU� WKH� VDPSOH
TXHQFKHG�DQG�DQQHDOHG�GXULQJ����PLQ�

,W� LV� VHHQ� IURP� )LJ���È� WKDW� WKH� GLIIXVH
LQWHQVLW\� ,652�N�� LV� FRQFHQWUDWHG�PDLQO\� LQ

KLJK� V\PPHWU\� VXSHUVWUXFWXUDO� SRLQWV
;������RI�WKH�%ULOORXLQ�]RQH�DV�ZHOO�DV�QHDU
WR� WKH� VWUXFWXUDO� UHIOH[HV� *������� ,W� LV� WR
QRWH�WKDW� LQ�TXHQFKHG�VWDWH��WKH�GLIIXVH�LQ�
WHQVLW\� LQ�;�SRLQWV� LV� ����/DXH�XQLWV�ZKLOH
LQ� WKH� �������� �N�o�*�� SRVLWLRQV�� WKLV� YDOXH
LV� ��� /DXH� XQLWV�� 7KXV�� WKH� VKRUW�UDQJH
DWRPLF� RUGHU� LQ� 1LÜ�� DW���$O� DOOR\� FDQ� EH
UHODWHG�SUHIHUHQWLDOO\� WR� WKDW� FRUUHVSRQGLQJ
WR�WKH�VKRUW�UDQJH�FOXVWHULQJ��RU�GHFRPSRVL�
WLRQ�� LQ� D�ZHDNO\� RUGHUHG�/��� W\SH�PDWUL[�6XFK�FRQFOXVLRQ�FDQ�EH�GUDZQ�DOVR�IURP�WKH
NLQHWLF� GHSHQGHQFHV� RI� :DUUHQ�&RZOH\
VKRUW�UDQJH� RUGHU� SDUDPHWHUV� D�UQ�W�� �)LJ��E��ZKLFK�DUH�SRVLWLYH�XS�WR�WKH�WKLUG�FR�RU�
GLQDWLRQ� VKHOO� DQG� LQFUHDVHV� ZLWK� WKH� DQ�
QHDOLQJ� GXUDWLRQ��$OVR�� LW� LV� VHHQ� IURP� WKH
GLIIXVH�LQWHQVLW\�WLPH�SURILOHV��)LJ���°��WKDW
DW�LQLWLDO�,652�N� �;��UHOD[DWLRQ�VWDJHV��WKHLQWHQVLW\� UHPDLQV� HVVHQWLDOO\� FRQVWDQW�� LQ
FRQWUDVW�WR�,652�N�o�*�LQFUHDVLQJ�QRWLFHDEO\LQ�WLPH��,W�LV�WR�SD\�DWWHQWLRQ�WR�WKH�ODWWLFH
SDUDPHWHU�GHSHQGHQFH�RQ� WKH�DQQHDOLQJ�GX�
UDWLRQ�D�W�� �)LJ���G��ZKLFK�GHFUHDVHV�GXULQJ
WKH�DQQHDOLQJ��WKXV�FRQILUPLQJ�WKH�GHYHORS�
PHQW�RI�WKH�VKRUW�UDQJH�FOXVWHULQJ��$OO�SUH�
VHQWV� NLQHWLF� GHSHQGHQFHV� VSHFLI\� WKDW� WKH
VKRUW�UDQJH�FOXVWHULQJ�SURFHVV�LQ�1LÜ��DW��
$O�DOOR\�FDQ�EH�UHODWHG�WR�VSLQRGDO�GHFRPSR�
VLWLRQ��IRUPDWLRQ�RI�WKH�WZR�VKRUW�UDQJH�RU�
GHUHG� UHJLRQV� ZLWK� GLIIHUHQW� FRPSRVLWLRQV
DIWHU�TXHQFKLQJ��

7DNLQJ� LQWR� DFFRXQW� WKH� FRPSOH[LW\� RI
WKH� VKRUW�UDQJH� RUGHU� WUDQVIRUPDWLRQV� LQ
1L±$O� DOOR\V�� WKH� VLPXODWLRQ� RI� ORFDO� DWRPLF
FRQILJXUDWLRQV� PXVW� EH� RI� LQWHUHVW�� ,Q� RXU
FDVH�� FRPSXWHU� VLPXODWLRQV� RI� WKH� VKRUW�
UDQJH� RUGHU� LQ�1LÜ��DW���$O� VROLG� VROXWLRQ

)LJ�����7ZR�SKRQRQ�GLIIXVH�VFDWWHULQJ�LQWHQVLWLHV�GLVWULEXWLRQV�� ^�,7'6� �N���QHDU�WKH�VWUXFWXUDO��IXQ�
GDPHQWDO��UHIOH[��������È��DQG�LWV�GLVSHUVLRQ�GHSHQGHQFH�DORQJ�WKH�����!�GLUHFWLRQ��E���,QWHQVLWLHV
DUH�SUHVHQWHG�LQ�HOHFWURQ�XQLWV�SHU�DWRP�
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KDV�EHHQ�FDUULHG�RXW�E\�0RQWH�&DUOR�PHWKRG
GHYHORSHG� LQ� >��Ü��@��XVLQJ� WKH�H[SHULPHQ�
WDOO\� REWDLQHG� :DUUHQ�&RZOH\� VKRUW�UDQJH
RUGHU�SDUDPHWHUV�D�UOPQ���7KH�F\FOLF�ERXQG�DU\�FRQGLWLRQV�ZHUH�DSSOLHG�WR�WKH�PRGHOLQJ
FU\VWDOOLWH��7KH�VLPXODWLRQV�ZDV�FDUULHG�RXW
IRU� D� WKUHH�GLPHQVLRQDO� I�F�F��ODWWLFH� DUUD\
ZLWK� �������� DWRPLF� SRVLWLRQV�� )RU� WKH� DOOR\
ZLWK� �� DW��� $O�� WKLV� DUUD\� FRQWDLQHG� ������
DWRPLF�SRVLWLRQV�IRU�DOOR\LQJ�$O�DWRPV��,QLWLDOO\�
WKH� UDQGRP� DWRPLF� GLVWULEXWLRQ� �)LJ���D�� ZDV
JHQHUDWHG��,W�LV�VHHQ�WKDW�IRU�VXFK�GLVWULEX�
WLRQ�� WKHUH� DUH�QR� VSHFLILF� IHDWXUHV� LQ� ORFDO
DWRPLF�VSDWLDO�FRUUHODWLRQV��7KHQ��1L�DQG�$O
DWRPV� �UDQGRPO\� VHOHFWHG�� H[FKDQJHG� WKHLU
SRVLWLRQV��DQG�WKHQ�WKH�IROORZLQJ�SDUDPHWHU
ZDV�FDOFXODWHG�

5� �
¦�
OPQ

�DOPQFDOF���DOPQH[S��¦�
OPQ

�DOPQH[S�� �

ZKHUH�DOPQH[S��DOPQFDOF� DUH� H[SHULPHQWDO� DQG� FDO�
FXODWHG� :DUUHQ�&RZOH\� VKRUW�UDQJH� RUGHU
SDUDPHWHUV� �DIWHU� HDFK� RI� WKH� DWRPLF� H[�
FKDQJH��� UHVSHFWLYHO\�� ,I� WKH� 5� YDOXH� GH�
FUHDVHG�� ERWK� NLQGV� RI� DWRPV� UHPDLQHG� LQ
WKHLU� QHZ� SRVLWLRQV�� 2WKHUZLVH�� WKH\� ZHUH
UHWXUQHG� WR� WKH� LQLWLDO� SRVLWLRQV�� ,Q� WKH
VLPXODWLRQV��ZH�ZHUH�OLPLWHG�5�WR�WKH�YDOXH
a��Ü���)LJ���E�VKRZV�WKH�DWRPLF�GLVWULEXWLRQ
IRU� WKH� VKRUW�UDQJH� RUGHUHG� VWDWH� RI� 1LÜ

)LJ�����6KRUW�UDQJH�RUGHU�GLIIXVH� LQWHQVLW\�GLVWULEXWLRQ��,652�K[K\K]��� IRU� WKH�TXHQFKHG�VDPSOH� �È�
DQG�:DUUHQ�&RZOH\�SDUDPHWHUV�D�UQ��IRU�WZR�VWDWHV��TXHQFKHG�DQG�DQQHDOHG�GXULQJ����PLQ�DW�����.
�E��� .LQHWLF� LQWHQVLW\� GHSHQGHQFHV� ,652�N�W�� IRU� ZDYH� YHFWRUV� N� �;��S�D>���@�� Û� �� � DQG
N�o�*��S��D>���@��Û�x��°���DQG�WKH�ODWWLFH�SDUDPHWHU�WLPH�GHSHQGHQFH�D�W���G��
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��DW���$O� DOOR\�TXHQFKHG�IURP������.�DQG
WKHQ�DQQHDOHG�DW�����.�GXULQJ����PLQ�

,W�LV�VHHQ�IURP�)LJ���E�WKDW�LQ�DOOR\�DIWHU
LVRWKHUPDO� DQQHDOLQJ� GXULQJ� ��� PLQ�� WKHUH
LV� D� VOLJKW�QXPEHU� RI� WKH� RUGHUHG�/��� W\SHFOXVWHUV� �1L�$O��� DQG� DOVR� WKH� VKRUW�UDQJHFOXVWHULQJ� UHJLRQV�� 7KH� VLPXODWLRQ� RI� WKH
VKRUW�UDQJH� RUGHU� LQ�1LÜ��DW���$O� VROLG� VR�
OXWLRQ�FRQILUPV�WKH�SUHVHQFH�RI�VHYHUDO�FRQ�
FHQWUDWLRQ� ZDYHV� ZLWK� YDULRXV� ZDYH� RUGHU�
LQJ�YHFWRUV�NV�LQ�WKH�DOOR\�7R� FRQFOXGH�� XVLQJ� WKH�PHDVXUHPHQWV� RI
;�UD\� GLIIXVH� VFDWWHULQJ� LQWHQVLW\� NLQHWLFV�
WKH� LQLWLDO� VWDJHV� RI� VKRUW�UDQJH� FOXVWHULQJ
�GHFRPSRVLWLRQ��DQG�VKRUW�UDQJH�RUGHULQJ�LQ
WKH� VLQJOH� FU\VWDO� I�F�F�Ü1LÜ��ÈW���$O� VROLG
VROXWLRQ� KDV� EHHQ� VWXGLHG�� ,W� LV� VKRZQ� WKDW
GLIIXVH� VFDWWHULQJ� LQWHQVLW\� LV� FRQFHQWUDWHG
PDLQO\�DURXQG�WZR�RUGHULQJ�ZDYH�YHFWRUV�NV �;��S�D>���@�� DQG� NV�o�*��S�D>���@��� FRU�UHVSRQGLQJ� WR� WKH�WZR�FRQFHQWUDWLRQ�ZDYHV�
7KH� UHOD[DWLRQ� SURFHVV� NLQHWLFV� GXULQJ� LVR�
WKHUPDO�DQQHDOLQJ�LV�FKDUDFWHUL]HG�E\�DQ�LQ�
VLJQLILFDQW� LQFUHDVH� RI� GLIIXVH� LQWHQVLW\
,652�N�W��LQ�VXSHUVWUXFWXUDO�SRLQWV�;�DQG�E\D� VKDUS� LQFUHDVH� LQ�SRVLWLRQV�FORVH� WR� WKH�*
SRLQWV��7KH�WLPH�GHSHQGHQFH�RI�WKH�:DUUHQ�
&RZOH\� VKRUW�UDQJH� RUGHU� SDUDPHWHUV
D�UQ�W���DV�ZHOO�DV�WKH�ORFDO�RUGHU�FRQILJXUD�WLRQV� VLPXODWLRQV� �E\� WKH� 0RQWH� &DUOR
PHWKRG�� KDYH� VKRZQ� WKDW� WKH� VSDWLDO� UHGLV�
WULEXWLRQ� RI� DOOR\� FRPSRQHQWV� FRUUHVSRQGV
WR�QXFOHDWLRQ� DQG�JURZWK�RI� WKH� WZR� VKRUW�
UDQJH� RUGHUHG� UHJLRQV�� FOXVWHUHG� DQG� /��W\SH�ZHDNO\�RUGHUHG��1L�$O��
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)LJ����� 7KH� VKRUW�UDQJH� RUGHU� FRPSXWHU� VLPXODWLRQV� LQ� 1LÜ�� DW���$O� DOOR\� E\� WKH� 0RQWH� &DUOR
PHWKRG��UDQGRP�DWRPLF�GLVWULEXWLRQ��È���DIWHU�TXHQFKLQJ�IURP������.�DQG�WKH�VXEVHTXHQW�DQQHDOLQJ
DW�����.�GXULQJ����PLQ��E��
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����.�2VDND�� 7�7DNDPD�� $FWD� 0DWHU���0HWDOO���
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����6�+DWD�� 7�0LWDWH�� 1�.XZDQR� HW� DO��� 0DWHU�
6FL��(QJ���$�������������������
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