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FRQQHFWHG�GLUHFWO\�ZLWK�WKH�VWUXFWXUH�HYROXWLRQ�SURFHVVHV�LQ�WKH�UDSLGO\�TXHQFKHG�ULEERQV�
7KLV� HYROXWLRQ� FRQVLVWV� LQ� WKH� VL]H� LQFUHDVLQJ� RI� FU\VWDO�OLNH� LQFOXVLRQV� RI� VLOLFRQ� VROLG
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5HFHQWO\�� WKH� UDSLGO\� TXHQFKHG� ),1(�
0(7� W\SH� DOOR\V� DUH� RI� D� VSHFLDO� LQWHUHVW
NHHSLQJ� LQ� PLQG� WKH� SURVSHFWV� RI� WKHLU� LQ�
GXVWULDO� DSSOLFDWLRQ�� 1DQRFU\VWDOOLQH� VWDWH
LV�IRUPHG�HDVLO\�LQ�WKHVH�DOOR\V�DIWHU�FHUWDLQ
KHDW�WUHDWPHQW��7KLV�SURFHVV�LV�DFFRPSDQLHG
E\�FRUUHVSRQGLQJ�PRGLILFDWLRQ�RI�WKH�LPSRU�
WDQW� VHUYLFH�SURSHUWLHV�� ,Q� >�@��SUHVHQWHG� LV
WKH�ZD\�WR�QDQRFU\VWDOOLQH�VWDWH�E\�FRQWURO�
OHG�DQQHDOLQJ�RI�)H����&X�1E�6L����%��DPRU�SKRXV�DOOR\��7KH�UHSRUW� LV�RI�D�JUHDW� LQWHU�
HVW� EHFDXVH� VXFK� DOOR\V� ZHUH� IRXQG� WR� EH
VLPLODU� LQ� WKH� OHYHO�RI�WKHLU�PDJQHWLF�FKDU�
DFWHULVWLFV� �KLJK�PDJQHWLF� SHUPHDELOLW\� DQG
VDWXUDWLRQ� LQGXFWLRQ�� QHDUO\� ]HUR� PDJQH�
WRVWULFWLRQ� DQG� ORZ� PDJQHWL]DWLRQ� ORVVHV�
WR� WKH� SUHFLVLRQ� FREDOW�EDVHG�PDJQHWLF� DO�
OR\V� �LQ� SDUWLFXODU�� WR� DPRUSKRXV� RQHV��
��Ü����� RI� QDQRFU\VWDOOLQH� D�)H�6L�� SKDVH
LV� IRUPHG� LQ� )H����&X�0H�6L����%�� UDSLGO\

TXHQFKHG� DOOR\V� RI� ),1(0(7� W\SH� �ZKHUH
0H� LV� WUDQVLWLRQ�PHWDO��� 7KHVH� QDQRFU\VWDO�
OLWHV�RI����WR�����QP�VL]H��GHSHQGLQJ�RQ�0H
W\SH�� DUH� HPEHGGHG� LQ� WKH� UHVLGXDO� DPRU�
SKRXV�PDWUL[�>�Ü�@��7KH�QDQRFU\VWDOOL]DWLRQ
RI� VXFK� DOOR\V� RFFXUV� DW� ���Ü����&� ZLWKLQ
WKH� IUDPH�RI� VR�FDOOHG�PDLQ� WUDQVIRUPDWLRQ
>�@�� 1XPHURXV� ZRUNV� GHDO�ZLWK� WKH� VWXGLHV
RI� ),1(0(7� DOOR\V�� 7R� GDWH�� WKH� LQIOXHQFH
RI�0H�W\SH�RQ�WKH�QDQRFU\VWDOOLQH�VWDWH�IRU�
PDWLRQ� SURFHVVHV� KDV� EHHQ� VWXGLHG� TXLWH
FRPSUHKHQVLYHO\� >�@�� 7KH� FRPSRVLWLRQ� DQG
VWUXFWXUH� RI� QDQRFU\VWDOV� >�@� KDYH� EHHQ
VWXGLHG��WRR��7KH�UROH�RI�WKH�UHVLGXDO�DPRU�
SKRXV� SKDVH� LQ� WKH� DWWDLQLQJ� RI� RSWLPXP
VHUYLFH� FKDUDFWHULVWLFV� KDV� EHHQ� H[SODLQHG
>�@�� 7KH� VLOLFRQ� FRQWHQW� LQ� QDQRFU\VWDOOLQH
SKDVH�ZDV�IRXQG�WR�EH�HVVHQWLDOO\�GHSHQGHQW
RQ� WKH� WHPSHUDWXUH�WHPSRUDO� SDUDPHWHUV� RI
KHDW� WUHDWPHQW� DQG� WR� YDU\� ZLWKLQ� �� WR
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��� �� UDQJH� >�@�� 7KH� SUHVHQFH� RI� GRSDQWV
LQIOXHQFHV� VLJQLILFDQWO\� WKH� DWRPLF� VWUXF�
WXUH� DQG� VWUXFWXUH�VHQVLWLYH� FKDUDFWHULVWLFV
RI� WKH� ),1(0(7� DOOR\V� DQG� SDUDPHWHUV� RI
WKHLU�VWDELOLW\�DJDLQVW�H[WHUQDO�DFWLRQV�

+RZHYHU�� VRPH� DVSHFWV� UHPDLQ� VWLOO� IDU
IURP� XQGHUVWDQGLQJ� LQ� VSLWH� RI� WKH� LQWHQVH
LQYHVWLJDWLRQV� RI� WKLV� FODVV� RI�PDWHULDOV�� ,Q
SDUWLFXODU�� RQO\� IUDJPHQWDU\� DQG� HYHQ� LQ�
FRQVLVWHQW� GDWD� RQ� WKHUPRPDJQHWLF� VWXGLHV
RI�)H����&X�0H�6L����%��),1(0(7�DOOR\V�GH�SHQGLQJ� RQ�0H� W\SH� DUH� DYDLODEOH� LQ� OLWHUD�
WXUH� �WKH� PDLQ� DWWHQWLRQ� KDV� EHHQ� SDLG� WR
WKH�DOOR\V�RI�URXWLQH�FRPSRVLWLRQ�ZLWK�F_� 
1E���%HVLGHV��WKH�LQLWLDO�VWDJHV�RI�QDQRFU\V�
WDOOL]DWLRQ� KDYH� EHHQ� VWXGLHG� LQ� GHWDLO� LQ
>�@�� ,W� ZDV� VKRZQ� WKDW� WKH� SUH�FU\VWDO�
OL]DWLRQ�VWUXFWXUH�UHFRQILJXUDWLRQV�LQ�WKH�DO�
OR\V� RFFXU� HYHQ� DW� WKH� DQQHDOLQJ� WHPSHUD�
WXUHV� RI� DERXW�����&��7KLV� LV� FRQILUPHG�E\
WKH� LQFUHDVHG�;�UD\� VPDOO� DQJOH� VFDWWHULQJ�
WKRXJK� WLOO� QRZ�� WKH� QDQRFU\VWDOOL]DWLRQ� LQ
WKRVH�DOOR\V�ZDV�EHOLHYHG� WR�RFFXU�DW� HVVHQ�
WLDOO\�KLJKHU�WHPSHUDWXUHV��

6R��WKH�DLP�RI�WKLV�ZRUN�ZDV�WR�VWXG\�FRP�
SUHKHQVLYHO\� WKH� WKHUPRPDJQHWLF� FKDUDFWH�
ULVWLFV� RI� ),1(0(7� W\SH� )H����&X�0H�6L����%�PHWDO� DOOR\V� FRQWDLQLQJ� GLIIHUHQW� GRSDQWV
�0H��� $� VSHFLDO� DWWHQWLRQ� ZDV� SDLG� WR� WKH
EHKDYLRU�RI�WKHLU�PDJQHWLF�SURSHUWLHV�ZLWKLQ
WKH� WHPSHUDWXUH� UDQJH� ZKHUH�� DFFRUGLQJ� WR
>�@�� FHUWDLQ� VWUXFWXUDO� WUDQVIRUPDWLRQV� DO�
UHDG\�WDNH�SODFH�

7KH���PP�ZLGH�DQG���Ü���PP�WKLFN�ULE�
ERQ�VKDSHG� VDPSOHV� RI� ),1(0(7� W\SH
)H����&X�0H�6L����%�� �0H� �=U�� 1E�� 0R�
PHWDO� DOOR\V� KDYH� EHHQ� SUHSDUHG� E\� VLQJOH�
UROO� TXHQFKLQJ� WHFKQLTXH� XVLQJ� KLJK� SXULW\
�EHWWHU�WKDQ�������LQLWLDO�PDWHULDOV��7KH�UR�
WDWLRQ� VSHHG� RI� WKH� TXHQFKLQJ� GLVN� RI
���� PP� LQ� GLDPHWHU� PDGH� RI� FKURPLF
EURQ]H� ZDV� ���Ü���� PLQÜ��� 7KH� HMHFWLQJ
SUHVVXUH�ZDV�YDULHG�IURP����WR����N3D��$OO
WKH� DV�SUHSDUHG� ULEERQV� ZHUH� DPRUSKRXV
WKDW� KDV� EHHQ� FRQILUPHG� E\� WKH� ;�UD\� GLI�
IUDFWLRQ�� 7KH� FRPSRVLWLRQ� RI� WKH� UDSLGO\
TXHQFKHG�ULEERQV�ZDV�FRQWUROOHG�E\�WKH�;�UD\
IOXRUHVFHQFH� DQDO\VLV�� 7KH� PDJQHWRPHWULF
LQYHVWLJDWLRQV�ZHUH� FDUULHG� RXW� LQ� WKH� WHP�
SHUDWXUH� UDQJH� ���Ü���� .� LQ� WKH� ILHOG� RI
���� N$�P� XQGHU� SXULILHG� DUJRQ� PHGLXP
XVLQJ� )DUDGD\�W\SH�PDJQHWRPHWHU� ZLWK�PL�
FUREDODQFH��7KH�DFFXUDF\�RI�WKH�VXVFHSWLELO�
LW\�PHDVXUHPHQWV�'F�F�ZDV�EHWWHU�WKDQ����
DQG� RI� WKH� WHPSHUDWXUH� RQHV�� '7�d�����.�
7KH�KHDWLQJ�UDWH�ZDV���.�PLQ��7KH�VDPSOHV
IRU� PDJQHWLF� PHDVXUHPHQWV� ZHUH� DERXW
����u�����PP��LQ�VL]H��

)LJ���� SUHVHQWV� WKH� WHPSHUDWXUH� GHSHQG�
HQFHHV�RI�WKH�QRUPDOL]HG�PDJQHWLF�VXVFHSWL�
ELOLW\� F�F���� IRU� WKUHH� UDSLGO\� TXHQFKHG)H����&X�0H�6L����%�� DOOR\V� �0H� �=U�� 1E�
0R��� 7KHVH� GHSHQGHQFHV� ZHUH� REWDLQHG� IRU
WKH� IXOO� KHDWLQJ�FRROLQJ� F\FOH� ZLWKLQ� WKH
UDQJH�RI����Ü����z��7KH�JHQHUDO� FKDUDFWHU
RI�WKHUPRPDJQHWLF�FXUYHV�LV�VHHQ�WR�EH�VLPL�
ODU�IRU�DOO�VWXGLHG�DOOR\V�DQG�SURYHV�WKHP�WR
EH�IHUURPDJQHWLF�DW�PRGHUDWH�WHPSHUDWXUHV�
7KH� PDJQHWL]DWLRQ� RI� WKH� VDPSOHV� UHGXFHV
UDSLGO\� XSRQ� KHDWLQJ� DQG�� VWDUWLQJ� IURP� D
FHUWDLQ� WHPSHUDWXUH�� ZKLFK� LV� WKH� &XULH
SRLQW� RI� WKH� DPRUSKRXV� VWDWH� �7F��� D� ZLGHSDUDPDJQHWLF� UHJLRQ� LV� REVHUYHG� �!���� z��
8SRQ�IXUWKHU�KHDWLQJ��DQ�HVVHQWLDO� LQFUHDVH
RI�PDJQHWL]DWLRQ� LV� REVHUYHG�GXH� WR� IRUPD�
WLRQ� RI� RQO\� RQH� �MXGJLQJ� IURP� WKH� FRROLQJ
EUDQFK� VKDSH� RI� WKH� H[SHULPHQWDO� FXUYHV�
IHUURPDJQHWLF� SKDVH� ZLWK� D� VLJQLILFDQWO\
KLJKHU�&XULH�WHPSHUDWXUH��$FFRUGLQJ�WR�WKH
GDWD�IURP�>����@�DV�ZHOO�DV�WR�WKH�UHVXOWV�RI
RXU� ;�UD\� GLIIUDFWLRQ� H[SHULPHQWV�� WKLV
SKDVH� LV� D� VROLG� VROXWLRQ�RI� VLOLFRQ� LQ�D�)H�
7KH� &XULH� WHPSHUDWXUH� YDOXHV� IRU� WKH� DV�
SUHSDUHG� VDPSOHV� DQG� DIWHU� KHDWLQJ� WR
���� z� KDYH� EHHQ� GHWHUPLQHG� IURP� F���
FXUYHV� XVLQJ� D� URXWLQH� SURFHGXUH� >��@�� 7KH
YDOXHV�REWDLQHG�DUH�SUHVHQWHG�LQ�7DEOH����,Q
WKH�FDVH�RI�0H� �1E��WKRVH�DUH�VHHQ�WR�EH�LQ
D�JRRG�DJUHHPHQW�ZLWK�WKH�GDWD�UHSRUWHG�LQ
>��@�� 7KH� VLOLFRQ� FRQWHQW� LQ� WKH� IRUPHG
QDQRFU\VWDOOLQH� D�)H�6L�� SKDVH� LV� ��Ü�����
DV�LW�IROORZV�IURP�WKH�IRXQG�&XULH�WHPSHUD�
WXUHV�DQG�GDWD�IURP�>��@��7KLV�LV�LQ�D�IDLUO\
JRRG�FRLQFLGHQFH�ZLWK�WKH�GDWD�IURP�>�@�RE�
WDLQHG� XQGHU� VLPLODU� KHDW� WUHDWPHQW� FRQGL�
WLRQV�� 7DEOH��� FRQWDLQV� DOVR� WKH� FU\VWDO�
OL]DWLRQ�RQVHW�WHPSHUDWXUHV�7[� IRU�WKH�VWXG�LHG� DOOR\V�� $V� LV� VHHQ� IURP� 7DEOH���� WKH
SDUDPHWHUV� LQGLFDWHG� H[KLELW� D� GLVWLQFW
WUHQG�WR�UHGXFWLRQ�LQ�WKH�=U�o�1E�o�0R�VH�

)LJ����� 7KHUPRPDJQHWLF� FXUYHV� IRU
)H����&X�0R�6L����%�� DPRUSKRXV� DOOR\V��0H� =U� �VTXDUHV��� 1E� �WULDQJOHV�� DQG�0R� �FLUFOHV�
�VROLG� V\PEROV� FRUUHVSRQG� WR� KHDWLQJ�� RSHQ
V\PEROV��WR�FRROLQJ��

0�%DELFK�HW�DO����0DJQHWLF�SURSHUWLHV�RI�DPRUSKRXV����
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TXHQFH�� L�H�� DW� WKH� UHGXFLQJ� GLIIHUHQFH� EH�
WZHHQ� WKH� QXPEHUV� RI� )H� DQG� 0H� G�HOHF�
WURQV��7KLV�FRXOG�LQGLFDWH�DQ�LPSRUWDQW�UROH
RI� WKH� HOHFWURQ� IDFWRU� LQ�GHILQLQJ� WKH� WKHU�
PDO� VWDELOLW\� SDUDPHWHUV� RI� WKH� VWXGLHG� DO�
OR\V�

7KH� EURDG� SDUDPDJQHWLF� UHJLRQ� PDGH� LW
SRVVLEOH� WR� VWXG\� WKH� WHPSHUDWXUH� GHSHQG�
HQFHV�RI�VSHFLILF�SDUDPDJQHWLF�VXVFHSWLELOLW\
F���� IRU� WKH� VDPSOHV�� )LJ���� SUHVHQWV� WKH
REWDLQHG�F����GHSHQGHQFHV��0DJQHWLF�VXVFHS�
WLELOLW\�IRU�DOO�WKH�VWXGLHG�DOOR\V�GURSV�UDS�
LGO\� ZLWK� WHPSHUDWXUH�� -XGJLQJ� IURP� WKH
H[SHULPHQWDO� GDWD�� WKHVH� GHSHQGHQFHV� LQ
�°���7���7[�WHPSHUDWXUH�UDQJH�FRXOG�EH�ILW�WHG�E\�WKH�HTXDWLRQ�

F� �F���� 1P�
�N�7���T��� ���

+HUH�� F�� LV� D� WHPSHUDWXUH�LQGHSHQGHQWWHUP� LQ� VXVFHSWLELOLW\�� P�� WKH� HIIHFWLYH
SDUDPDJQHWLF�PRPHQW�SHU�DWRP�RI�DOOR\��T�
WKH�SDUDPDJQHWLF�&XULH� WHPSHUDWXUH��N� DQG
1�� WKH� %ROW]PDQQ� FRQVWDQW� DQG� WKH
$YRJDGUR� QXPEHU�� UHVSHFWLYHO\�� 7KH� ILUVW
WHUP�LQ�(T�����LQFOXGHV�SDUDPDJQHWLF�FRQWUL�
EXWLRQ� GXH� WR� FRQGXFWLRQ� HOHFWURQV� DQG� LRQ
FRUH�GLDPDJQHWLVP��7KH�VHFRQG��&XULH�:HLVV
OLNH��WHUP�LQ�(T�����ZKLFK�LV�GXH�WR�PDJQHW�
LVP� RI� WKH� PDJQHWLF� PRPHQWV� ORFDOL]HG� RQ
DWRPV�KDV�EHHQ�IRXQG�WR�EH�GRPLQDQW�IRU�DOO
WKH�VWXGLHG�DOOR\V��7KLV�LV�HYLGHQFHG�DOVR�E\
WKH�FKDUDFWHU�RI�F����FXUYHV�

$W� WKH� VDPH� WLPH�� LW� LV� VHHQ� LQ� )LJ���
WKDW� WKH� FKDUDFWHU� RI� VXVFHSWLELOLW\� YDUL�
DWLRQ� LV� LQ� IDFW� PRUH� FRPSOH[� WKDQ� LQ� WKH
FDVH� RI� DQ� HQVHPEOH� RI� ZHDNO\� LQWHUDFWLQJ
PDJQHWLF� PRPHQWV�� VLQFH� WKH� WHPSHUDWXUH
GHSHQGHQFH�RI�UHFLSURFDO�PDJQHWLF�VXVFHSWL�
ELOLW\� LV� VRPHZKDW� QRQOLQHDU��FÜ����� FXUYHV
FRXOG�EH�ILWWHG�ZHOO�E\�WZR�OLQHV�ZLWK�GLIIHU�
HQW� VORSHV� �VXFK� EHKDYLRU� LV� WKH� PRVW� SUR�
QRXQFHG� LQ� D� FDVH� RI� ULEERQV� FRQWDLQLQJ�=U
DQG�1E��� ,W� VKRXOG� EH� QRWHG� WKDW� WKH� WHP�
SHUDWXUH� FRUUHVSRQGLQJ� WR� WKH� NQHH� LQ� FÜ

�����GHSHQGHQFHV��DOPRVW�FRLQFLGHV�ZLWK�WKH
WHPSHUDWXUH�DW�ZKLFK��DFFRUGLQJ�WR� >�@��WKH
VWUXFWXUDO� UHFRQVUXFWLRQ� SURFHVVHV� VWDUW� LQ
WKH� VWXGLHG� ULEERQV�� 7KHVH� SURFHVVHV� DUH
FKDUDFWHUL]HG� ERWK� E\� D� QRWLFHDEOH� VL]H� LQ�
FUHDVH� RI� FU\VWDO�OLNH�QXFOHL� �XS� WR�����QP�
DQG�LQFUHDVLQJ�YROXPH�IUDFWLRQ�WKHUHRI��

7KH�PDJQHWLF�FKDUDFWHULVWLFV�RI�WKH�VDP�
SOHV� REWDLQHG� IURP� (T����� �ORFDOL]HG� PDJ�
QHWLF�PRPHQW�SHU�)H�DWRP�P)H�DQG�SDUDPDJ�QHWLF� &XULH� WHPSHUDWXUH� T�� DUH� OLVWHG� LQ
7DEOH���� 7KH� P)H� YDOXHV� ZHUH� FDOFXODWHGXVLQJ�WKH�IROORZLQJ�HTXDWLRQ�

P)H� � P
F��e����

ZKHUH� °� ������� LV� WKH� DWRPLF� IUDFWLRQ� RI
LURQ� LQ� WKH� VWXGLHG�DOOR\V�� ,W� LV�NQRZQ�WKDW
IRU� SXUH� LURQ�� WKH� ORFDOL]HG� PDJQHWLF� PR�
PHQW�FDQ�EH�FDOFXODWHG�IURP�WKH�IRUPXOD�

P)H� ��CCCCCCCCC�6�6����� � ���
ZKHUH�6� ����� LV� WKH� VSLQ� RI�)H� DWRP� >��@�
7KH�FDOFXODWHG�YDOXH�RI�P)H� �����P%��(T����LV� HVVHQWLDOO\� ORZHU� DV� FRPSDUHG� WR� WKH� H[�
SHULPHQWDO�GDWD�IRU�WKH�VWXGLHG�DV�SUHSDUHG
DOOR\V� �DQG�DOO� WKH�PRUH�IRU�QDQRFU\VWDOOLQH
VDPSOHV��� 7KLV� SRLQWV� WR� WKH� SUHVHQFH� RI
VWUXFWXUH� LQKRPRJHQHLWLHV� HYHQ� LQ� WKH� LQ�
LWLDO� DPRUSKRXV� PDWHULDO�� 7KHVH� LQKRPR�

)LJ�����7HPSHUDWXUH�GHSHQGHQFHV�RI�SDUDPDJ�
QHWLF� VXVFHSWLELOLW\� IRU� )H����&X�0H�6L����%�DPRUSKRXV�DOOR\V��0H� �=U�����1E����DQG�0R�����

7DEOH���� &XULH� WHPSHUDWXUHV� DQG� FU\VWDO�
OL]DWLRQ� VWDUW� WHPSHUDWXUHV� RI� UDSLGO\
TXHQFKHG�)H����&X�0H�6L����%��ULEERQV
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JHQHLWLHV� �RU� VR�FDOOHG� �TXHQFKHG� FHQWHUV��
DUH� LURQ�HQULFKHG� FOXVWHUV�ZLWK�SDUDOOHO�RUL�
HQWDWLRQ� RI� WKH� DWRPLF� PDJQHWLF� PRPHQWV�
7KH� HVWLPDWHG� VL]H� RI� VXFK� FOXVWHUV� DJUHHV
ZHOO� ZLWK� WKH� UHVXOWV� RI� WKH� ;�UD\� VPDOO
DQJOH�VFDWWHULQJ�>�@�

1XPHURXV�H[SHULPHQWDO�VWXGLHV�RI�DPRU�
SKRXV� PDWHULDOV� �VHH�� IRU� H[DPSOH�� >�����@�
DOORZ� WR� VWDWH� WKDW� WKH� DWRPLF� VWUXFWXUH
FKDUDFWHULVWLFV� RI� WKH� UDSLGO\� TXHQFKHG� DO�
OR\V� DQG�� FRQVHTXHQWO\�� WKH� OHYHO� RI� VWUXF�
WXUH�VHQVLWLYH�SDUDPHWHUV��LQ�SDUWLFXODU��WKH
YDOXHV� RI� PDJQHWLF� PRPHQW�� GHSHQG� HVVHQ�
WLDOO\� ERWK� RQ� TXHQFKLQJ� FRQGLWLRQV� DQG� RQ
WKH� DOOR\� FRPSRVLWLRQ�� ,W� LV� MXVW� WKHVH� FLU�
FXPVWDQFHV� WKDW�� LQ� RXU� RSLQLRQ�� FRXOG� GH�
ILQH�WKH�UHYHDOHG�GHSHQGHQFH�RI�WKH�)H�DWRP
PDJQHWLF�PRPHQW�RQ�WKH�0H�W\SH��,Q�IDFW��LW
LV� ZHOO� NQRZQ� WKDW� WKH� LURQ� SRVVHVVHV� D
QXPEHU� RI� DOORWURSLF� PRGLILFDWLRQV� �D��� J�
DQG�G�)H��ZLWK�GLIIHUHQW�W\SHV�RI�WKH�DWRPLF
QHDUHVW�QHLJKERULQJ��'XULQJ�TXHQFKLQJ��WKH
PHOW� SDVVHV� VWHS� E\� VWHS� WKH� WHPSHUDWXUH
LQWHUYDOV� RI� VWDELOLW\� IRU� WKRVH� PRGLILFD�
WLRQV�� +HQFH�� WKH� ORFDO� DWRPLF� V\PPHWU\
ZLWKLQ�YDULRXV�DUHDV�RI�WKH�ULEERQ�FRXOG�LQ�
KHULW� WKH� FKDUDFWHU� RI� DQ\�)H�PRGLILFDWLRQ�
GHSHQGLQJ� RQ� WKH� DOOR\� FRPSRVLWLRQ� DV�ZHOO
DV� RQ� TXHQFKLQJ� FRQGLWLRQV� �FRROLQJ� UDWH�
WKH� PHOW� RYHUKHDWLQJ� WHPSHUDWXUH�� HWF���
ZKLFK�DUH�VRPHZKDW�GLIIHUHQW�IRU�WKH�DOOR\V
FRQWDLQLQJ�GLIIHUHQW�0H�W\SHV�

$V� LW� ZDV� VWDWHG� DERYH�� FÜ����� GHSHQG�
HQFHV� IRU� WKH� VWXGLHG� DOOR\V� DUH� RI� D� QRQ�
OLQHDU�FKDUDFWHU�DQG�FRXOG�EH�DSSUR[LPDWHG
E\� WZR� VWUDLJKW� OLQHV�ZLWK�GLIIHUHQW� VORSHV�
7KH�NQHH�LQ�FÜ�����FXUYHV�SUHVHQWHG�LQ�)LJ���
LV� REVHUYHG� DW� ���� DQG� ����z�� IRU�0H� �=U
DQG�0H� �0R��UHVSHFWLYHO\��7KH�VWDWHG�SHFX�
OLDULW\�� WR� RXU�PLQG�� LV� GHILQHG� GLUHFWO\� E\
WKH� DWRPLF� VWUXFWXUH� HYROXWLRQ� LQ� WKH� UDS�

LGO\�TXHQFKHG�DOOR\V�� ,W� SURFHHGV� UDWKHU� LQ�
WHQVHO\� LQ� WKLV� WHPSHUDWXUH� UDQJH� DQG� FRQ�
VLVWV� LQ� D� QRWLFHDEOH� LQFUHDVLQJ� RI� WKH
QDQRFU\VWDOOLQH�SKDVH�JUDLQ�VL]H��7KLV�SKDVH
LV�WKH�JUDLQV�RI�D�)H�EDVHG�VROLG�VROXWLRQ�RI
VLOLFRQ� >�@�� 7KHVH� LQFOXVLRQV� DUH� FKDUDF�
WHUL]HG� E\� WKH� SDUDOOHO� RULHQWDWLRQ� RI� VSLQV
IRU� )H� DWRPV�� -XGJLQJ� IURP� WKH� FKDUDFWHU
RI� WKH� FRPSRQHQW� UHGLVWULEXWLRQ� DW
QDQRFU\VWDOOL]DWLRQ�RI�),1(0(7�W\SH�DPRU�
SKRXV� DOOR\V� >��������@�� WKH� UHVLGXDO� DPRU�
SKRXV�PDWUL[� EHFRPHV� HQULFKHG� LQ� QRQPDJ�
QHWLF� FRPSRQHQWV� �0H�� &X�� ZKLFK� DUH� SUH�
GRPLQDQWO\� FRQFHQWUDWHG� DW� WKH
QDQRFU\VWDO�DPRUSKRXV� SKDVH� ERXQGDULHV�
7KLV� UHVXOWV� LQ� DQ� HVVHQWLDO� ZHDNHQLQJ� RI
WKH� H[FKDQJH� LQWHUDFWLRQ�EHWZHHQ�QDQRFU\V�
WDOOLQH�LQFOXVLRQV�DQG�DPRUSKRXV�PDWUL[��$V
D� UHVXOW�� WKH� SDUDPDJQHWLF� &XULH� WHPSHUD�
WXUH�KDV�WR�GHFUHDVH��,W�LV�MXVW�VXFK�D�EHKDY�
LRU�ZH�KDYH�REVHUYHG�LQ�H[SHULPHQW��7KLV�LV
GLVWLQFWO\� GLVSOD\HG� E\� WKH� GDWD� OLVWHG� LQ
7DEOH����7DNLQJ�LQWR�DFFRXQW�WKH�DERYH��WKH
D�)H�6L�� QDQRFU\VWDOV� IRUPHG� DW� LQLWLDO
VWDJHV� RI� WKH� VWUXFWXUDO� HYROXWLRQ� FRXOG� EH
FRQVLGHUHG� DV� VXSHU�SDUDPDJQHWLF� SDUWLFOHV�
7KH�DOOR\V�EHFRPH�IHUURPDJQHWLF�RQO\�DW�HOH�
YDWHG� WHPSHUDWXUHV� �KLJKHU� WKDQ��²��� ZKHQWKH� QDQRFU\VWDOV� UHDFK� VL]HV� H[FHHGLQJ
���QP�>�@�

6R�� WKH� PDJQHWLF� FKDUDFWHULVWLFV� RI� WKH
),1(0(7� W\SH� )H����&X�0H�6L����%�� DOOR\VZHUH�IRXQG�WR�EH�VHQVLWLYH�WR�FKDQJHV�LQ�WKH
DWRPLF� VWUXFWXUH� RI� WKH� ULEERQV� HYHQ�DW� LQ�
LWLDO� VWDJHV� RI� WKH� VWUXFWXUH� HYROXWLRQ� DW
WHPSHUDWXUHV� HVVHQWLDOO\� ORZHU� WKDQ� WKH
FU\VWDOOL]DWLRQ�WHPSHUDWXUH��7KXV��WKH�PDJ�
QLWRPHWULF�PHDVXUHPHQWV�FRXOG�EH�FRQVLGHUHG
DV� DQ� HIIHFWLYH�PHWKRG� WR� FRQWURO� WKH� VWUXF�
WXUDO�VWDWH�RI�WKH�UDSLGO\�TXHQFKHG�ULEERQV��

7R� FRQFOXGH�� WKH� WHPSHUDWXUH� GHSHQG�
HQFHV� RI� PDJQHWLF� VXVFHSWLELOLW\� IRU� WKH

)LJ����� 7HPSHUDWXUH� GHSHQGHQFHV� RI� UHFLSURFDO� PDJQHWLF� VXVFHSWLELOLW\� IRU� )H����&X�0H�6L����%��0H� �=U��D��DQG�1E��E���DPRUSKRXV�DOOR\V�

0�%DELFK�HW�DO����0DJQHWLF�SURSHUWLHV�RI�DPRUSKRXV����

)XQFWLRQDO�PDWHULDOV������������� ���



),1(0(7� W\SH� )H����&X�0H�6L����%�� �0H� 
=U�� 1E�� 0R�� DPRUSKRXV� DOOR\V� KDYH� EHHQ
VWXGLHG�E\�WKH�)DUDGD\�WHFKQLTXH��7KH�&XULH
DQG�FU\VWDOOL]DWLRQ�WHPSHUDWXUHV�VKRZ�D�GLV�
WLQFW�WUHQG�WR�GHFUHDVH�DW�GHFUHDVLQJ�GLIIHU�
HQFH� EHWZHHQ� WKH� QXPEHU� RI� G�HOHFWURQV� LQ
)H� DQG� 0H� DWRPV�� 7KLV� FRXOG� SRLQW� WR� DQ
LPSRUWDQW�UROH�RI� WKH�HOHFWURQ�IDFWRU� LQ�GH�
ILQLQJ�WKH�VWDELOLW\�SDUDPHWHUV�RI�WKH�VWXG�
LHG�DPRUSKRXV�DOOR\V��7KH�YDOXH�RI�ORFDOL]HG
PDJQHWLF�PRPHQW�SHU� LURQ� DWRP�ZDV� IRXQG
WR�EH�HVVHQWLDOO\�KLJKHU�WKDW�FDOFXODWHG�EDV�
LQJ� RQ� WKH� QXPEHU� RI� XQSDLUHG� HOHFWURQV
LQKHUHQW�LQ�SXUH�LURQ��7KLV�FRXOG�EH�DQ�HYL�
GHQFH�WR�WKH�SUHVHQFH�RI�VWUXFWXUDO�LQKRPR�
JHQHLWLHV� �L�H��� FOXVWHUV� RI� IHUURPDJQHWLF
W\SH�� LQ� WKH� DV�SUHSDUHG� DPRUSKRXV� PDWH�
ULDO�� 7KH� QRQOLQHDU� FKDUDFWHU� RI� FÜ����
FXUYHV� LV�GLUHFWO\�FRQGLWLRQHG�E\�WKH�HYROX�
WLRQ� RI� ULEERQ� DWRPLF� VWUXFWXUH� DW� KHDWLQJ�
7KH� UHYHDOHG� HYROXWLRQ� FRQVLVWV� LQ� LQFUHDV�
LQJ�VL]H�RI�WKH�FU\VWDO�OLNH�LQFOXVLRQV�RI�D�)H
EDVHG�VROLG� VROXWLRQ�RI� VLOLFRQ��7KHVH� LQFOX�
VLRQV�FRXOG�EH�FRQVLGHUHG�DV�VXSHU�SDUDPDJ�
QHWLF�SDUWLFOHV�EHFDXVH�WKH�H[FKDQJH�LQWHUDF�
WLRQ� EHWZHHQ� WKHP� LV� HVVHQWLDOO\� ZHDNHQHG
GXH�WR�WKH�HOHPHQW�UHGLVWULEXWLRQ�RFFXUULQJ
DW� QDQRFU\VWDOOL]DWLRQ� RI� WKH� VWXGLHG� DPRU�
SKRXV�DOOR\V�
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