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���,QWURGXFWLRQ
7KH�JUHDW�SURJUHVV�LQ�GHYHORSLQJ�DQG�RE�

WDLQLQJ� RI� VRIW� PDJQHWLF� DPRUSKRXV�
QDQRFU\VWDOOLQH� DOOR\V� ZLWK� KLJK� PDJQHWLF
FKDUDFWHULVWLFV�ZDV� DFKLHYHG� UHFHQWO\� >�Ü�@�
$W�WKH�SUHVHQW�WLPH�DQ�DFWLYH�VHDUFK�LV�FDU�
ULHG�IRU�QDQRFU\VWDOOLQH�VRIW�PDJQHWLF�DOOR\V
ZLWK�RSWLPDO�PDJQHWLF�SURSHUWLHV��RSHUDWLQJ
DW�HOHYDWHG�WHPSHUDWXUHV��,Q�VRPH�RI�VWXGLHV
IRU�LPSURYHPHQW�RI�WKHUPDO�VWDELOLW\�RI�WKH
PDJQHWLF� PDWHULDO� FKDUDFWHULVWLFV� WKH� IRO�
ORZLQJ� PHDVXUHV� DUH� SURSRVHG�� ��� DOOR\LQJ
ZLWK� UHIUDFWRU\� PHWDOV�� ��� LQFUHDVLQJ� WKH
WHPSHUDWXUH� RI� QDQRFU\VWDOOL]DWLRQ� DQQHDO�
LQJ� RI� PRGLILHG� DOOR\V� >����@�� $W� WKH� VDPH
WLPH� LW� LV�H[SUHVVHG�WKH�VLJQLILFDQW� LQWHUHVW
WR�LQYHVWLJDWLRQ�RI�FRUUHODWLRQ�EHWZHHQ�WKHU�
PDO� VWDELOLW\� RI� WKH� QDQRFU\VWDOOLQH� VWUXF�
WXUH� RI� PDJQHWLF� DOOR\V� EDVHG� RQ� )H� DQG
WHPSHUDWXUH�VWDELOLW\�RI�PDJQHWLF�SURSHUWLHV
>����@��*URXS�RI�DXWKRUV�KDV�EHHQ�GHYHORSHG
�)H���&R������+I�%�&X�� QDQRFU\VWDOOLQH� DOOR\ZKLFK� KDG� KLJK� WKHUPDO� VWDELOLW\� RI� PDJ�

QHWLF�SURSHUWLHV��7KH�RSHUDWLRQ�WHPSHUDWXUH
RI� WKH� DOOR\� ZDV� ����&��d�7�d�����&�� +RZ�
HYHU�� WKH� FRHUFLYH� IRUFH� +F� RI
�)H���&R������+I�%�&X�� QDQRFU\VWDOOLQH� DOOR\LV� KLJK� DQG� HTXDOV� WR� ��� $�P� >�Ü��@�� 7KH
KLJK�DQG�GLIIHUHQWLDWH�UHTXLUHPHQWV�GHSHQG�
LQJ� RQ� WKH� RSHUDWLRQ� FRQGLWLRQV� DQG� WDVNV
DUH� LPSRVHG� WR� HTXLSPHQW� LQWHQGHG� IRU� RS�
HUDWLRQ�DW�HOHYDWHG�WHPSHUDWXUHV��8QGHU�FHU�
WDLQ� RSHUDWLQJ� FRQGLWLRQV� LW� LV� GHPDQGHG� D
KLJKHU�WKHUPDO�VWDELOLW\�RI�PDJQHWLF�SURSHU�
WLHV�DQG�ORZ�FRHUFLYH�IRUFH��IRU�H[DPSOH��WKH
PDJQHWRPHWHUV� IRU� XOWUD�GHHS� ZHOOV�� 7KH
DLP� RI� WKLV� ZRUN� ZDV� LPSURYLQJ� WKH� PDJ�
QHWLF� SDUDPHWHUV� RI� VRIW� PDJQHWLF� DPRU�
SKRXV� DQG� QDQRFU\VWDOOLQH� DOOR\V� EDVHG� RQ
)H� DQG�&R�ZKLOH� NHHSLQJ�KLJK� WKHUPDO� VWD�
ELOLW\� SURSHUWLHV�� )RU� WKLV� SXUSRVH� WKH� HI�
IHFWV� RI� FRQGLWLRQ� RI� WKHUPDO� DQG� WKHU�
PRPDJQHWLF� WUHDWPHQWV� �707��� VXFK� DV�
WHPSHUDWXUH� DQG� DQQHDOLQJ� WLPH�� FRROLQJ
UDWH� DIWHU� DQQHDOLQJ�� PDJQHWLF� ILHOG
VWUHQJWK� DW� 707�� RQ� WKH� PDJQHWLF� SURSHU�
WLHV�DQG�WKHUPDO�VWDELOLW\�ZHUH�LQYHVWLJDWHG�
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���([SHULPHQWDO
$PRUSKRXV�DOOR\�ULEERQV�

)H�&R��6L��%����&R����0R���=U���)H����&X�1E�6L����%��)H����&X�1E���0R���6L����%�)H��&X�1E���0R���6L����%�&R������)H���&R������+I�%�&X����)H���&R������+I�0R�=U�%�&X�� ZHUH� REWDLQHGE\�WKH�PHOW�TXHQFKLQJ�RQ�D�URWDWLQJ�GLVN�LQ
DQ� DUJRQ� DWPRVSKHUH�� 7KH� ULEERQV� KDG
WKLFNQHVV� RI� ��Ü��� PP� DQG� ZLGWK� RI� �Ü
���PP��7KH�VDPSOHV�KDG�WKH�IRUP�RI�VWULSV
DQG� WRURLGV� ZLWK� DQ� RXWHU� GLDPHWHU� RI
���PP�DQG�DQ�LQQHU�GLDPHWHU�RI����PP��7R
UHPRYH� TXHQFKLQJ� VWUHVVHV� VDPSOHV� ZHUH
VXEMHFWHG�WR�SUH�DQQHDOLQJ�LQ�YDFXXP�LQ�WKH
WHPSHUDWXUH� UDQJH� RI� ���Ü����&� IRU
���PLQ��DQG�WKHQ�WKH�VDPSOHV�ZHUH�FRROHG�WR
URRP� WHPSHUDWXUH� DW� ����&�K��7KH� VDPSOHV
ZHUH� DQQHDOHG� LQ� YDFXXP� LQ� WKH� WHPSHUD�
WXUH� UDQJH� RI� ���Ü����&� WR� REWDLQ� WKH
QDQRFU\VWDOOLQH� VWUXFWXUH� GHSHQGLQJ� RQ� WKH
FKHPLFDO� FRPSRVLWLRQ� RI� WKH� DOOR\�� $QQHDO�
LQJ� WLPH� ZDV� YDULHG� IURP� ��� PLQ� WR� �� K�
7KH�FRROLQJ�UDWH�DIWHU�DQQHDOLQJ�ZDV�GLIIHU�
HQW������&�K�������&�K�������&�PLQ��6RPH
VDPSOHV�ZHUH�QDQRFU\VWDOOL]HG� LQ�'&�RU�$&
�I� ����+]�� I� ���� N+]�� PDJQHWLF� ILHOGV� RI
YDULRXV� LQWHQVLW\� ��Ü������ $�P��� ,QLWLDO
SHUPHDELOLW\�P��� VWDWLF�DQG�G\QDPLF�K\VWHU�HVLV� ORRSV� ZHUH� PHDVXUHG� RQ� WKH� WRURLGDO
VDPSOHV��7KH�LQLWLDO�SHUPHDELOLW\�ZDV�GHWHU�
PLQHG�DW����+]�LQ�D�ILHOG�RI������$�P��7KH
VWDWLF�K\VWHUHVLV�ORRSV�YDOXHV�ZHUH�PHDVXUHG
XVLQJ� PLFURIOX[PHWHU� )������ 7KH� G\QDPLF
K\VWHUHVLV� ORRSV� ZHUH� GHILQHG� E\� WKH� DXWR�
PDWLF� PDJQHWRPHWULF� LQVWDOODWLRQ� GHYHORSHG
LQ�WKH�,QVWLWXWH�RI�0HWDO�3K\VLFV��8'�5$6�
7KH� YDOXHV� RI� &XULH� WHPSHUDWXUH� 7F� DQGFU\VWDOOL]DWLRQ� WHPSHUDWXUH� 7[� ZHUH� GHWHU�PLQHG� E\� VWDQGDUG� PHWKRGV��7F� ZDV� GHWHU�PLQHG� IURP� WKH� WHPSHUDWXUH� GHSHQGHQFH� RI
WKH� VDWXUDWLRQ� PDJQHWL]DWLRQ�� 7[� ZDV� RE�WDLQHG� IURP� WKH� WHPSHUDWXUH� GHSHQGHQFH� RI

WKH� HOHFWULFDO� UHVLVWLYLW\�� KHDWLQJ� UDWH� RI
VDPSOHV�ZDV���&�PLQ�

���5HVXOWV�DQG�GLVFXVVLRQ
7KH� YDOXHV� RI� &XULH� WHPSHUDWXUH� DQG

FU\VWDOOL]DWLRQ� WHPSHUDWXUH� IRU� DPRUSKRXV
DQG� QDQRFU\VWDOOLQH� DOOR\V� DUH� VKRZQ� LQ
7DEOH���

7KH� PDJQHWLF� SURSHUWLHV� RI� DPRUSKRXV
)H�&R��6L��%���� &R����0R���=U�� DOOR\V� ZLWKGLIIHUHQW� &XULH� WHPSHUDWXUHV� DQG� FU\VWDO�
OL]DWLRQ�WHPSHUDWXUHV��DIWHU�DQQHDOLQJ�ZLWK�
RXW�ILHOG��707�LQ�$&�ILHOG��I� ����N+]��DQG
TXHQFKLQJ�LQ�ZDWHU�IURP�7F�DUH�SUHVHQWHG�LQWKH� 7DEOH���� 7KH� FRROLQJ� UDWH� DIWHU� WKH
WUHDWPHQWV�LQGLFDWHG�LQ�WKH�7DEOH�WRR��

7KH� 7DEOH��� VKRZV� WKDW� IRU� DPRUSKRXV
DOOR\V�ZLWK�OV�a���DV�WKH�707�LQ�D�KLJK�IUH�TXHQF\�ILHOG�DV�TXHQFKLQJ�LQ�ZDWHU��OHDGLQJ
WR� GHVWDELOL]DWLRQ� RI� WKH� GRPDLQ� VWUXFWXUH�
VLJQLILFDQWO\� UHGXFH� PDJQHWLF� ORVVHV�� FRHU�
FLYH� IRUFH� DQG� LQFUHDVH� SHUPHDELOLW\�� +RZ�
HYHU��DIWHU�WKH�TXHQFKLQJ�RI�)H�&R��6L��%��DPRUSKRXV� DOOR\� WKH� WHPSHUDWXUH�WLPH� LQ�
VWDELOLW\�RI�WKH�PDJQHWLF�SURSHUWLHV�ZDV�RE�
VHUYHG�� 7KH� UHODWLYH� FKDQJH� RI� WKH� LQLWLDO
SHUPHDELOLW\�RI�WKH�VSHFLPHQV�DIWHU�TXHQFK�
LQJ� DQG� VXEVHTXHQW� LVRWKHUPDO� DJLQJ� DW
����&�IRU����K�LV�'P��P��a������7KH�PHWDO�
ORLG� IUHH� &R����0R���=U�� DOOR\� KDV� D� KLJKHUWHPSHUDWXUH�WLPH� VWDELOLW\� RI� PDJQHWLF
SURSHUWLHV�� )RU� WKLV� DOOR\� WKH� UHODWLYH
FKDQJH� RI� WKH� LQLWLDO� SHUPHDELOLW\� DIWHU

7DEOH���� 9DOXHV� 7F� DQG�7[� RI� VRPH� DPRU�SKRXV�DQG�QDQRFU\VWDOOLQH�DOOR\V�
$OOR\ 7F���& 7[���&
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4XHQFKLQJ�LQ�ZDWHU ����� ��� �
707��+a�����N+]� ����� ��� �
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DJLQJ�DW�����&�IRU����K�DIWHU�TXHQFKLQJ� LV
DERXW������7KLV�LV�SUREDEO\�GXH�WR�WKH�KLJK
YDOXHV�RI�7F�DQG�7[�RI�WKLV�DOOR\�,W�VKRXOG�EH�QRWHG�WKDW�WKH�707�LQ�KLJK
IUHTXHQF\� PDJQHWLF� ILHOG� UHGXFHV� WKH� WKHU�
PDO� K\VWHUHVLV� RI� WKH� LQLWLDO� PDJQHWLF� SHU�
PHDELOLW\�RI�WKHVH�DOOR\V��7KLV�HIIHFW�FDQ�EH
H[SODLQHG� E\� IROORZV�� $IWHU� KHDW� WUHDWPHQW
LQ� KLJK� IUHTXHQF\� PDJQHWLF� ILHOG� WKH� ORFDO
PDJQHWLF� DQLVRWURS\� RI� WKH� VDPSOH� LV� FORVH
WR� ]HUR�� 7KH� LQLWLDO� PDJQHWLF� SHUPHDELOLW\
KDV� D� PD[LPXP� YDOXH�� 'XULQJ� WKHUPDO� F\�
FOLQJ� IURP� URRP� WHPSHUDWXUH� WR� ����&� WKH
FKDQJH� RI� � WKH� LQLWLDO� SHUPHDELOLW\� LV�PLQL�
PDO�� VLQFH� LQ� WKLV� WHPSHUDWXUH� UDQJH� WKH
IRUPDWLRQ� RI� ORFDO� PDJQHWLF� DQLVRWURS\� LV
GLIILFXOW� EHFDXVH� RI� WKH� ORZ�DFWLYLW\� RI�GLI�
IXVLRQ� SURFHVVHV� DW� WKHVH� WHPSHUDWXUHV� DQG
WKH� SLQQLQJ� RI� WKH� GRPDLQ� ZDOOV� LV� MXVW
VWDUWHG��'P��P��d������

7KH� PDJQHWLF� SURSHUWLHV� RI� QDQRFU\V�
WDOOLQH� DOOR\V� DIWHU� DQQHDOLQJ�� WKH� 702� LQ
WKH�KLJK�IUHTXHQF\�PDJQHWLF�ILHOG�DQG�ZDWHU
TXHQFKLQJ� IURP� 7F� DUH� FRPSDUHG� LQ� WKH7DEOH���� 7KH� 7DEOH� VKRZV� WKDW� WKH� VDPSOHV
DIWHU�TXHQFKLQJ�KDYH�KLJKHU�YDOXHV�RI�FRHU�
FLYLW\� DQG� ORZHU� SHUPHDELOLW\�� ,W� VKRXOG� EH
QRWHG� D� VXEVWDQWLDO� GLIIHUHQFH� LQ� WKH� HIIHFW
RI�ZDWHU�TXHQFKLQJ�RQ�WKH�PDJQHWLF�SURSHU�
WLHV� RI� DPRUSKRXV� DQG� QDQRFU\VWDOOLQH� DO�
OR\V��$SSDUHQWO\�WKLV�LV�GXH�WR�WKH�IDFW�WKDW
DV� D� UHVXOW� RI� TXHQFKLQJ� IURP� &XULH� SRLQW
WKH� LQWHUQDO� VWUHVVHV� DULVH� LQ� WKH� LQYHVWL�
JDWHG�QDQRFU\VWDOOLQH�VDPSOHV��,W�RFFXUV�GXH
WR�WKH�SUHVHQFH�LQ�WKH�VWUXFWXUH�RI�DOOR\V�RI
QDQRVFDOH�SUHFLSLWDWHV�RI�WKH�SKDVH�DÜ)H±6L
ZLWK�PDJQHWRVWULFWLRQ� OV�a�Ü����Ü��� 7KH� UH�DOL]HG�VWUXFWXUDO�VWXGLHV�>��@�VKRZHG�WKDW�LQ
WKH� SLFWXUH� RI� PLFURGLIIUDFWLRQ� ILQH� UHIOHF�
WLRQV� IURP� QDQRSKDVHV� DÜ)H±6L� DQG� )H�6LZHUH�UHYHDOHG�

8QGHU� WKHUPRPDJQHWLF� WUHDWPHQW� RI� WKH
VDPSOHV� LQ� WKH� ILHOG� ZLWK� D� IUHTXHQF\� RI
��� N+]� WKH� GHVWDELOL]DWLRQ� RI� WKH� GRPDLQ
VWUXFWXUH� RI� QDQRFU\VWDOOLQH� DOOR\V� OHDGV� WR
D�URXQG�K\VWHUHVLV�ORRSV�ZLWK�ORZ�FRHUFLYLW\
DQG�ORZ�PDJQHWLF�ORVVHV�DQG�KLJK�SHUPHDELO�
LW\�YDOXHV��,Q�WKLV�FDVH�WKH�PLFURGLIIUDFWLRQ
SLFWXUH� LV� FKDUDFWHUL]HG� E\� DQ� DEVHQFH� RI
LQWHUQDO�VWUHVVHV�LQ�WKH�DOOR\�>��@�

,QYHVWLJDWLRQ�RI� WHPSHUDWXUH�WLPH� VWDELO�
LW\� RI� PDJQHWLF� SURSHUWLHV� RI� QDQRFU\V�
WDOOLQH� DOOR\V� DIWHU� 707� LQ� WKH� KLJK�IUH�
TXHQF\�PDJQHWLF� ILHOG�� VXFK� DV� P�� DQG�+F�VKRZHG� WKDW� WKH� PDJQHWLF� SURSHUWLHV� DIWHU
WKH�KROGLQJ�DW�����&�IRU����K�GR�QRW�FKDQJH
SUDFWLFDOO\�

7KH� SKDVH� FRPSRVLWLRQ� RI� WKH� LQYHVWL�
JDWHG� QDQRFU\VWDOOLQH� DOOR\V� LQIOXHQFHV� QRW
RQO\� RQ� WKHLU�PDJQHWLF� SURSHUWLHV�� EXW� DOVR
RQ� WKHLU� WKHUPDO� VWDELOLW\�� 1DQRFU\VWDOOLQH
)H����&X�1E���0R���6L����%��DOOR\�KDV�XQLTXHPDJQHWLF�SURSHUWLHV��+F�d�����$�P��DQG�WKHLQFUHDVHG� WLPH�WHPSHUDWXUH� VWDELOLW\�� 7KH
WHPSHUDWXUH� LQWHUYDO� RI� VWDELOLW\� RI� WKH
PDJQHWLF�FKDUDFWHULVWLFV�RI�WKLV�DOOR\�LV���Ü
����&��0DJQHWLF�SURSHUWLHV��VXFK�DV�� LQLWLDO
SHUPHDELOLW\� DQG� FRHUFLYLW\� GR� QRW� FKDQJH
VLJQLILFDQWO\� IRU� WKH� QDQRFU\VWDOOLQH
)H����&X�1E���0R���6L����%�� DOOR\� DIWHU� WKHLVRWKHUPDO�KROGLQJ�DW�����&�IRU����K�LQ�GLI�
IHUHQW� DWPRVSKHUH� �ERWK� LQ� YDFXXP� DQG� LQ
DLU��� 'P��P��d������ '+F�+F�d��� ��� ,W� ZDV
IRXQG� WKDW� WKH� LQFUHDVHG� WHPSHUDWXUH�WLPH
VWDELOLW\� RI� PDJQHWLF� SURSHUWLHV� LV� FRQGL�
WLRQHG�E\�WKH�SUHFLSLWDWHV�RQ�ERUGHUV�RI�WKH
QDQRSKDVH� DÜ)H±6L� ZLWK� QDQRSKDVH
)H�1E�0R�%�� ZKLFK� KDV� WKH� KLJK� WKHUPDO
VWDELOLW\� DQG� KDPSHUV� IXUWKHU� JURZWK� RI
QDQRSKDVHV�DÜ)H±6L��)LJ�����>��@�

1DQRFU\VWDOOLQH� �)H���&R������+I�%�&X�DOOR\� �DQQHDOLQJ� DW� ����&� IRU� �� K�� KDV� WKH
KLJKHVW� WHPSHUDWXUH�WLPH� VWDELOLW\� RI� PDJ�

7DEOH����7KH�PDJQHWLF�SURSHUWLHV�RI�WKH�QDQRFU\VWDOOLQH�DOOR\V�DIWHU�YDULRXV�WUHDWPHQWV
$OOR\ 7UHDWPHQW P� +F��$�P 3����������:�NJ
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707��+a�����N+]� ����� ���� ���
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QHWLF�SURSHUWLHV��GXH�WR�WKH�SUHFLSLWDWLRQ�RI
)H�%�� &R�%� QDQRSKDVHV�� ZKLFK� DUH� WKHU�PDOO\� VWDEOH�� DQG� WKH�SUHVHQFH� RI�+I� LQ� WKH
SKDVH� �)H�&R�%� �)LJ����� >��@�� 7KH� VWDELOLW\
WHPSHUDWXUH� LQWHUYDO� RI� WKH�PDJQHWLF� FKDU�
DFWHULVWLFV�RI�WKLV�DOOR\�LV���Ü����&��&KDQJH
RI� FRHUFLYH� IRUFH� +F� GLG� QRW� H[FHHG� �� �DIWHU�DQQHDOLQJ�DW�����&�IRU����K��+RZHYHU�
WKH� FRHUFLYH� IRUFH� YDOXH� RI
�)H���&R������+I�%�&X�� QDQRFU\VWDOOLQH� DOOR\LV� ��� $�P�� WKDW� LV� KLJKHU� WKHQ� +F� RI)H����&X�1E���0R���6L����%�� QDQRFU\VWDOOLQHDOOR\�

7KH�HIIHFW�RI�WKHUPRPDJQHWLF�WUHDWPHQWV
LQ�DOWHUQDWLQJ�DQG�GLUHFW�ILHOGV�RQ�WKH�VWDWLF
FRHUFLYH� IRUFH� RI� WKH� QDQRFU\VWDOOLQH
�)H���&R������+I�%�&X�� DOOR\� DUH� VWXGLHG
�7DEOH�����7KH�GDWD� VKRZ� WKDW�ZLWK� LQFUHDV�
LQJ� PDJQHWLF� ILHOG� VWUHQJWK� WKH� HIIHFW� RI
WKHUPRPDJQHWLF�WUHDWPHQW�LQFUHDVHV�

1DQRFU\VWDOOL]DWLRQ� LQ� DQ� DOWHUQDWLQJ
PDJQHWLF� ILHOG� �+707� �������$�P��RI� WKHDPRUSKRXV� �)H���&R������+I�%�&X�� DOOR\� DO�ORZV� VLJQLILFDQWO\� LPSURYH� LWV� PDJQHWLF
SURSHUWLHV��ZKLOH�PDLQWDLQLQJ�KLJK�WHPSHUD�
WXUH� VWDELOLW\� SURSHUWLHV� �7DEOH����� +F� GH�FUHDVHV�LQ�����WLPHV�DQG�WKH�PDJQHWLF�ORVVHV
3��������LQ���WLPHV��E\�UHDVRQ�RI�WKH�FKDQJHRI� EHKDYLRU� RI� WKH� GRPDLQ� VWUXFWXUH� DQG
JUHDWHU� FRPSOHWHQHVV� RI� UHOD[DWLRQ� SURF�
HVVHV��VHHPLQJO\�

,W�ZDV�VKRZQ�WKDW�DQ�LQFUHDVH�LQ�WKH�UDWH
RI� FRROLQJ� DIWHU� DQQHDOLQJ� ZKLFK� OHDGV� WR
QDQRFU\VWDOOL]DWLRQ��UHVXOWHG�LQ�ORZHULQJ�WKH
WHPSHUDWXUH� VWDELOLW\� RI� PDJQHWLF� FKDUDF�
WHULVWLFV� RI� WKH� DOOR\V�� )RU� WKH� QDQRFU\V�
WDOOLQH� �)H���&R������+I�%�&X�� DOOR\� WKH� LQ�FUHDVLQJ� RI� FRROLQJ� UDWH� LQ� �� WLPHV
������&�K�� FKDQJHV� WKH� LQLWLDO� SHUPHDELOLW\
'P��P�� ������DQG�WKH�FRHUFLYH�IRUFH�YDOXH
'+F�+F� ���� �� DW� LVRWKHUPDO� KROGLQJ

)LJ����� (OHFWURQ� PLFURJUDSK� RI� VWUXFWXUH� �D�� DQG� HOHFWURQ� GLIIUDFWLRQ� SDWWHUQ� �E�� RI
)H����&X�1E���0R���6L����%�� QDQRFU\VWDOOLQH� DOOR\� DIWHU� DQQHDOLQJ� DW�7� �����&�Û����PLQ�DQG� VXE�
VHTXHQW�DQQHDOLQJ�DW�7� �����&�Û����PLQ�� ,Q�WKH�PLFURJUDSK�RI� WKH� VWUXFWXUH� LW�FDQ�EH�VHHQ�WKH
HOHFWURQLF�FRQWUDVW�LQ�WKH�IRUP�RI�ULQJV�DQG�RQ�GLIIUDFWLRQ�SDWWHUQ�Û�UHIOH[HV�ZLWKLQ�WKH�SRVLWLRQ
RI�WKH�ILUVW�GLIIXVH�KDOR�EHORQJLQJ�WR�SKDVH�)H�1E�0R�%�>��@�

)LJ�����(OHFWURQ�PLFURVFRSLF�LPDJH�RI�VWUXFWXUH��D��DQG�VHOHFWHG�DUHD�HOHFWURQ�GLIIUDFWLRQ�SDWWHUQ��E�
RI� �)H���&R������&X�+I�%�� QDQRFU\VWDOOLQH� DOOR\� DIWHU� DQQHDOLQJ� DW� ����&� IRU� �� K� LQ� DQ� DOWHUQDWLYHPDJQHWLF�ILHOG�>��@�
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����&� IRU� ��� K��:KHQ� WKH� FRROLQJ� UDWH� RI
WKH� QDQRFU\VWDOOLQH� DOOR\� LV� ����&�K� WKH
YDOXH� RI�'P��P�� QRW� H[FHHG� ����� WKH�YDOXH
RI�'+F�+F�GRHV�QRW�H[FHHG�����DW� LVRWKHU�
PDO�KROGLQJ�����&�IRU����K��$SSDUHQWO\��DV
D�UHVXOW�RI�WKH�UDSLG�FRROLQJ� LQ�WKH�LQYHVWL�
JDWHG� QDQRFU\VWDOOLQH� VDPSOHV� WKH� LQWHUQDO
VWUHVVHV� DSSHDU� GXH� WR� WKH� SUHVHQFH� LQ� WKH
DOOR\� VWUXFWXUH� RI� QDQRVFDOH� SUHFLSLWDWHV� RI
WKH� SKDVH� DÜ)H�� 6LPLODU� UHVXOWV� ZHUH� RE�
WDLQHG� IRU� WKH� QDQRFU\VWDOOLQH
�)H���&R������+I�0R�=U�%�&X��DOOR\�

���&RQFOXVLRQ
,W�ZDV�VKRZQ�WKDW�)H����&X�1E���0R���6L����%�QDQRFU\VWDOOLQH� DOOR\� FDQ� EH� FKDUDFWHUL]HG

E\� XQLTXH� PDJQHWLF� SURSHUWLHV
�+F�d�����$�P��DQG�LQFUHDVHG�WLPH�WHPSHUD�WXUH� VWDELOLW\�� 7KH� WHPSHUDWXUH� LQWHUYDO� RI
WKH� VWDELOLW\� RI� PDJQHWLF� FKDUDFWHULVWLFV� RI
WKH�DOOR\�LV���Ü����&�

,W�ZDV�IRXQG�WKDW�WKH�QDQRFU\VWDOOL]DWLRQ
LQ� D� PDJQHWLF� ILHOG� RI� DPRUSKRXV
�)H���&R������+I�%�&X���)H���&R������+I�0R�=U�%�&X�� DOOR\V� VLJQLIL�FDQWO\� LPSURYHV� WKH� VWDWLF� DQG� G\QDPLF
PDJQHWLF� SURSHUWLHV�� 7KH� HIIHFW� RI� WKHU�
PRPDJQHWLF�WUHDWPHQW�RI�QDQRFU\VWDOOLQH�DO�
OR\V�GHSHQGV�RQ�WKH�PDJQHWLF�ILHOG�LQWHQVLW\
DW� WKH�707��ZLWK� LQFUHDVLQJ�PDJQHWLF�ILHOG
LQWHQVLW\� WKH� HIIHFW� RI� WKHUPRPDJQHWLF
WUHDWPHQW�LQFUHDVHV��7KH�WHPSHUDWXUH�UDQJH
RI� WKH� VWDELOLW\� RI� WKH� PDJQHWLF� FKDUDF�
WHULVWLFV�RI�DOOR\V�LV���Ü����&�

,W� ZDV� DOVR� UHYHDOHG� WKDW� DQ� LQFUHDVH� LQ
WKH� UDWH� RI� FRROLQJ� DIWHU� DQQHDOLQJ�� ZKLFK
OHDGV�WR�QDQRFU\VWDOOL]DWLRQ��UHVXOWHG�LQ�ORZ�

LQJ� WKH� WHPSHUDWXUH� VWDELOLW\� RI� PDJQHWLF
FKDUDFWHULVWLFV�RI�WKH�DOOR\V�

$OOR\V� ZLWK� KLJK� PDJQHWLF� VRIWQHVV� DQG
LPSURYHG� WHPSHUDWXUH�WLPH� VWDELOLW\�� PD\
EH�SURPLVLQJ�LQ�GHYLFHV�RSHUDWLQJ�XQGHU�H[�
WUHPH� FRQGLWLRQV�� VXFK� DV� DW� KLJK� WHPSHUD�
WXUHV� �PDJQHWRPHWHUV� IRU� XOWUD�GHHS� ZHOOV
DQG� IRU� WKH� LQQHU� JHQHUDWRUV� RI� WKH� 0RUH
HOHFWULFDO�DLUFUDIW��

7KLV� UHVHDUFK� ZDV� VXSSRUWHG� E\� 2)1� RI
5$6��3URMHFW�1R�����7��������

5HIHUHQFHV
� ���<�<RVKL]DZD�� 6�2JXPD��.�<DPDXFKL��-��$SSO�

3K\V�������������������
� ���*�+HU]HU�� -��0DJQ��0DJQ��0DWHU��� ��������

�����������
� ���9�,�3XGRY�� 1�'UDJRVKDQVNLL�� %�1�)LOLSSRY� HW

DO���3DWHQW����������5XVVLD��
� ���+�2NXPXUD�� '�(�/DXJKOLQ�� 0�(�0F+HQU\�� -�

0DJQ��0DJQ��0DWHU�������������������
� ���&�)�&RQGH��$�&RQGH��5HY��$GY��0DWHU��6FL������

�����������
� ���=V�*HUFVL��)�0D]DOH\UDW��/�.�9DUJD��-��0DJQ�

0DJQ��0DWHU�������������������
� ���/�+�.RQJ�� <�/�*DR�� 7�7�6RQJ�� 4�-�=KDL�� -�

0DJQ��0DJQ��0DWHU��������������������
� ���0�$�:LOODUG�� '�(�/DXJKLQ�� 0�(�0F+HQU\� HW

DO���-��$SSO��3K\V�������������������
� ���+�,ZDQDEH��%�/X��0�(�0F+HQU\��'�(�/DXJKLQ�

-��$SSO��3K\V�������������������
����7�.XOLN�� $�:OD]ORZVND�� -�)HUHQF�� -�/DWXFK�

,(((�7UDQV��0DJQ�������������������
����0�.RZDOF]\N�� -�)HUHQF�� 7�.XOLN�� -��(OHFWU�

(QJLQ�����������������
����1�,�1RVNRYD�� 9�9�6KXOLND�� $�3�3RWDSRY�� )L]�

0HWDO��0HWDOORYHG�������������������
����1�,�1RVNRYD�� 9�9�6KXOLND�� $�3�3RWDSRY�

)XQFWLRQDO�0DWHULDOV�����������������
����1�,�1RVNRYD��9�9�6KXOLND��$�3�3RWDSRY��6ROLG

6WDWH�3KHQRP������Ü����������������

7DEOH���� 7KH� HIIHFW� RI�PDJQHWLF� ILHOG� LQWHQVLW\� RQ� FRHUFLYH� IRUFH� RI� �)H���&R������+I�%�&X�� DOOR\XQGHU�QDQRFU\VWDOOL]DWLRQ
+707��$�P +F��$�P�707��I� ��� '+F�+F��� +F��$�P�707��I� ����+]� '+F�+F����
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