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5HFHLYHG�0DUFK���������
6FLQWLOODWLRQ� FU\VWDOV� =Q6H�;��� ZKHUH� ;� LV� HWKHU�26H� RU� 7H6H� �LVRYDOHQW� DWRPV� LQ� WKHVXEODWWLFH�RI�VHOHQLXP��DUH�XVHG�LQ�UDGLDWLRQ�GHWHFWRUV��5HVXOWV�DUH�SUHVHQWHG�RI�LQYHVWLJD�

WLRQV�RI�SK\VLFDO�FKHPLFDO�DQG�VSHFWURPHWULF�FKDUDFWHULVWLFV�RI�=Q6H�;��FU\VWDOV�VXEMHFWHG
WR� KHDW� WUHDWPHQW� LQ� K\GURJHQ� DW� WHPSHUDWXUHV� RI� ����y�����.�DQG������y������.��7KH
PHFKDQLVP�RI�K\GURJHQ�LQWHUDFWLRQ�ZLWK�FU\VWDOV�KDV�EHHQ�GLVFXVVHG���
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���,QWURGXFWLRQ
2QH�RI� WKH�PRVW�SURPLVLQJ�PDWHULDOV�IRU

GHWHFWRUV�RI�SRZHUIXO� IOX[HV�RI� LRQL]LQJ�UD�
GLDWLRQ�DUH�VFLQWLOODWLRQ�FU\VWDOV�RI�=Q6H�;��
ZKHUH� ;� LV� DQ� LVRYDOHQW� DWRP� RI� HLWKHU� 7H
�7H6H��RU�R[\JHQ��26H���HVSHFLDOO\�ZKHQ�WKH\DUH� XVHG� LQ� GHWHFWRUV� VXFK� DV� �VFLQWLOODWRU�
VLOLFRQ� SKRWRGLRGH��� ,Q� WKDW� FDVH�� =Q6H�;�
FU\VWDOV� KDYH�PDQ\� DGYDQWDJHV� LQ� FRPSDUL�
VRQ�ZLWK�RWKHU�VFLQWLOODWRUV��KLJK�FRHIILFLHQW
RI� VSHFWUDO� PDWFKLQJ� ZLWK� D� VLOLFRQ� SKRWR�
GLRGH� �XS� WR� ������� KLJK� OLJKW� RXWSXW� ,UHVS�XS� WR� ������ LQ� FRPSDULVRQ�ZLWK�&V,�7H���
WKH�PLQLPXP�DIWHUJORZ��WHQ�WLPHV�OHVV�WKDQ
IRU�&V,�7H���� KLJK� UDGLDWLRQ� DQG� KHDW� UHVLV�
WDQFH�HWF�

,W�ZDV�SUHYLRXVO\�HVWDEOLVKHG�>�@�WKDW�WKH
EDVLF�RSWLFDO�DQG�OXPLQHVFHQW�FKDUDFWHULVWLFV
RI�=Q6H�;��FU\VWDOV�LQ�WKH�RUDQJH�UHG��ZRUN�
LQJ�� UHJLRQ� ����Ü���� QP�� DW� WHPSHUDWXUHV
QHDU�����.�DUH�GHWHUPLQHG�E\� WKH�SUHVHQFH
RI� FRPSOH[HV� RI� LWV� RZQ� SRLQW� GHIHFWV� VXFK
DV�9=Q=Q,26H�DQG�=Q,9=Q7H6H��ZKLFK�DUH�SUH�

VHQW� LQ� FU\VWDOV� DIWHU� JURZWK�� +HUH� 9=Q� LV]LQF� YDFDQF\�� =Q,� Û� LQWHUVWLWLDO� ]LQF�� 26HDQG� 7H6H� Û� R[\JHQ� RU� WHOOXULXP� DWRP� DW
WKH�DQLRQ�VXEODWWLFH�VLWH�RI�VHOHQLXP��,W�ZDV
DOVR�VWDWHG�WKDW�GXULQJ�KHDW�WUHDWPHQW��+7�
RI�FU\VWDO�LQ�=Q�YDSRU��WKH�QXPEHU�RI�WKHVH
FRPSOH[HV�LQFUHDVHV�E\�D�GR]HQ�WLPHV��6LPL�
ODUO\�WKHUH�LV�WKH�VDPH�LQFUHDVH�RI�VFLQWLOOD�
WLRQ� HIILFLHQF\� RI� WKH� FU\VWDO�� ,W� ZDV� DOVR
IRXQG� WKDW� WKH� VWDELOLW\� RI� WKHVH� FRPSOH[HV
DQG�� FRQVHTXHQWO\�� WKHLU� FRQFHQWUDWLRQ� DOVR
GHSHQG�RQ�RWKHU�IDFWRUV��RQH�RI�VXFK�IDFWRUV
LV� +7� LQ� K\GURJHQ�� ,W� KDV� EHHQ� NQRZQ� >�@
WKDW� D� GLIIHUHQW� WHPSHUDWXUH� RI� +7� LQ� K\�
GURJHQ� OHDGV� WR� D� IXQGDPHQWDOO\� GLIIHUHQW
HIIHFW�RQ� WKH�VFLQWLOODWLRQ�FKDUDFWHULVWLFV�RI
FU\VWDOV�� DW� KLJK� +7� WHPSHUDWXUHV�Û� QHDU
�����.�Û�WKHUH�DUH�LUUHYHUVLEOH�FKDQJHV�RI
VSHFWUDO� DQG� NLQHWLF� FKDUDFWHULVWLFV� DQG� WKH
VFLQWLOODWLRQ�HIILFLHQF\��7KH�FKDQJHV�DUH�VLJ�
QLILFDQW�LQ�=Q6H�26H��FU\VWDOV�DQG�LQVLJQLIL�FDQW� LQ� =Q6H�7H6H�� FU\VWDOV�� :H� KDYH� SUR�
SRVHG�D�PHFKDQLVP�KRZ�+7�LQ�K\GURJHQ�DI�
IHFWV� SDUDPHWHUV� RI� =Q6H�;�� FU\VWDOV�
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$FFRUGLQJ� WR� RXU� WKHRU\��K\GURJHQ�DFWLYHO\
LQWHUDFWV� ZLWK� 9=Q=Q,26H� FRPSOH[HV�� ZKLFKOHDGV�WR�WKH�GHVWUXFWLRQ�RI�WKHVH�FRPSOH[HV�
,Q� WKH� FDVH� RI� =Q,9=Q7H6H� FRPSOH[HV� WKLVLQWHUDFWLRQ� LV� PXFK� ZHDNHU� DQG�� FRQVH�
TXHQWO\�� FKDQJHV� LQ� FKDUDFWHULVWLFV� RI
=Q6H�7H6H��FU\VWDOV�DUH�QHJOLJLEOH�:H�KDYH�VXJJHVWHG�D�K\SRWKHWLFDO�VFKHPH
RI� WKH� LQWHUDFWLRQ� RI� K\GURJHQ� ZLWK� VXFK
FRPSOH[HV� DQG� � WKHUPRG\QDPLFV� RI� WKLV� LQ�
WHUDFWLRQ��ZKLFK�DUH�FRQVLVWHQW�ZLWK�H[SHUL�
PHQWDO� GDWD�� ,Q� JHQHUDO�� WKH� VFKHPH� LV� DV
IROORZV��

=Q,9=Q7H6H���+��o�+�7H���96H���=Q,9=Q� ���
RU

=Q,9=Q7H6H���+��o�+�7H���96H���=Q=Q� ���

9=Q=Q,26H���+��o�+�2���96H���=Q,9=Q� ���
RU

9=Q=Q,26H���+��o�+�2���96H���=Q=Q� ���
)RU�WKHVH�UHDFWLRQV�ZH�FDOFXODWHG�WKH�GLI�

IHUHQFHV� RI� *LEEV� SRWHQWLDOV�� DQG� ZH� KDYH
VKRZQ�WKDW�WKH�*LEEV�SRWHQWLDO�IRU�WKH�UHDF�
WLRQV� RI� K\GURJHQ� LQWHUDFWLRQ� ZLWK
=Q,9=Q7H6H�FRPSOH[HV�LV�VLJQLILFDQWO\�KLJKHUWKDQ�WKH�*LEEV�SRWHQWLDO�IRU�WKH�UHDFWLRQ�RI
K\GURJHQ� LQWHUDFWLRQ� ZLWK� 9=Q=Q,26H� FRP�SOH[HV�� L�H�� FKHPLFDO� UHVLVWDQFH� RI
=Q6H�7H6H�� FU\VWDOV� LV� VLJQLILFDQWO\� KLJKHUWKDQ�RI�WKH�=Q6H�26H��FU\VWDOV��7KH�SXUSRVHRI� WKLV� ZRUN� SDSHU� LV� D� GHWDLOHG� DVFHUWDLQ�
PHQW� KRZ� WKH� LQWHUDFWLRQ� EHWZHHQ� +�� DQG=Q6H�;�� FU\VWDOV� DW� WHPSHUDWXUHV� QHDU
�����.�DIIHFWV�WKH�VWUXFWXUH�RI�FU\VWDOV��,Q
DGGLWLRQ�� LW�ZDV�RI� LQWHUHVW�IRU�XV�WR�GHWHU�
PLQH� IHDWXUHV� RI� LQWHUDFWLRQ� RI� +�� ZLWK=Q6H�2�7H��FU\VWDOV�DW�PXFK�ORZHU�WHPSHUD�
WXUHV�� LQ� SDUWLFXODU�� LQ� WKH� UDQJH� QHDU
����.��

���([SHULPHQWDO��
:H� KDYH� JURZQ� =Q6H�;�� FU\VWDOV� XVLQJ

WKH�%ULGJPDQ�6WRFNEDUJHU�PHWKRG��,Q�EULHI�
ZH� XVHG� YHUWLFDO� FRPSUHVVLRQ� IXUQDFHV� DQG
DUJRQ� DWPRVSKHUH� DW� SUHVVXUH� XS� WR
������ 3D�� $� GHWDLOHG� GHVFULSWLRQ� RI� WKH
PHWKRG� LV� JLYHQ� LQ� >�@��+7� RI� FU\VWDOV�ZDV
FDUULHG�RXW�LQ�D�VSHFLDO�TXDUW]�UHDFWRU�LQ�DQ
DWPRVSKHUH� RI� ]LQF� DW� WHPSHUDWXUH� QHDU
�����.�IRU����KV��6RPH�VDPSOHV�ZHUH�XQGHU
+7� LQ� DQ� DWPRVSKHUH� RI� IORZLQJ� K\GURJHQ
DW�WHPSHUDWXUH�RI������.�DV�ZHOO�DV�DW�WHP�
SHUDWXUHV� RI� ���� .� DQG� ����.�� &RROLQJ� RI
WKH� FU\VWDOV� DIWHU� JURZWK� DQG� DIWHU� +7� WR

WHPSHUDWXUH�RI�����.�ZDV�FDUULHG�RXW�XQGHU
FRQGLWLRQV�RI�VORZ�FRROLQJ�RI�WKH�IXUQDFH�RU
WKH� UHDFWRU� WR� URRP� WHPSHUDWXUH� ZLWK� D
FRROLQJ�UDWH�QHDU��Ü��GHJ�PLQ�

7R� VWXG\� WKH� HIIHFWV� RI�+7� LQ� K\GURJHQ
RQ� WKH� PHFKDQLFDO� SURSHUWLHV� RI� =Q6H�;�
FU\VWDOV� DW� 7�a������ .�� ZH� KDYH� PHDVXUHG
WKH� PLFURKDUGQHVV�+P�� 7KHVH� PHDVXUHPHQWRI� +P� ZHUH� SHUIRUPHG� XVLQJ� WKH� 9LFNHUVPHWKRG� DW� WHPSHUDWXUH� RI� ���� .� ZLWK� WKH
KHOS�RI�D��307����GHYLFH�

7KH� VXUIDFH� FRPSRVLWLRQ� RI� WKH� VDPSOHV
ZDV� VWXGLHG� E\� ;�UD\� SKRWRHOHFWURQ� VSHF�
WURVFRS\� �;36�� RQ� D� VSHFWURPHWHU�;36����
.UDWRV�XVLQJ�0J.D�Û�UDGLDWLRQ��KJ� ��������H9��7KH� LQVWUXPHQW� UHVROXWLRQ� ZDV� �� H9�� DFFX�
UDF\� RI� ELQGLQJ� HQHUJ\� GHWHUPLQDWLRQ� ZDV
���� H9�� %LQGLQJ� HQHUJ\� FDOLEUDWLRQ� DQG� DF�
FRXQW� IRU� FKDUJLQJ� SRWHQWLDO� ZHUH� PDGH
XVLQJ�&�V��(E� �����H9��OLQH�DV�D�UHIHUHQFH�7KH� VDPSOH� VXUIDFH� FRPSRVLWLRQ� ZDV� GHWHU�
PLQHG�XVLQJ�UDWLR�RI�DUHDV�RI�SKRWRHOHFWURQ
OLQHV� LQ� VSHFWUD� RI� &�V�� 2�V�� =Q�S�� 6H�G�
WDNLQJ� LQWR� DFFRXQW� WKHLU� VHQVLWLYLW\� IDF�
WRUV�� $� OD\HU� RI� DSSUR[LPDWHO\� �� QP� LQ
WKLFNQHVV�ZDV�DQDO\]HG��/D\HU�E\�OD\HU�HWFK�
LQJ�RI�WKH�VDPSOH�VXUIDFHV�KDV�EHHQ�GRQH�E\
LRQ� JXQ�� $U��� (� ��� NH9�� HWFKLQJ� UDWH
�� QP�PLQ�� 7KH� WRWDO� GHSWK� RI� WKH� HWFKHG
OD\HUV�ZDV�XS�WR����QP�

,Q� RUGHU� WR� VWXG\� WKH� LQWHUDFWLRQ� RI� K\�
GURJHQ�ZLWK�ODWWLFH�GHIHFWV�LQ�=Q6H�;��FU\V�
WDOV�� ZH� PHDVXUHG� VFLQWLOODWLRQ� UHVSRQVH
�,UHVS�� RI� =Q6H�;�� FU\VWDOV�� DV� ZHOO� DV� WKHHQHUJ\�UHVROXWLRQ�5�����DW�YDULRXV�HQHUJLHV
RI�WKH�H[FLWLQJ�JDPPD�UDGLDWLRQ�RQ�WKH�VSH�
FLDO� VSHFWURPHWULF� VWDQG�� 7KH� VWDQG� FRQ�
VLVWHG�RI�VHYHUDO�VRXUFHV�RI�JDPPD�UDGLDWLRQ
���)H�� (�� ����� NH9�� ���$P�� (

BB
�� ������NH9DQG� (�� ������� NH9��� WKH� FDPHUD� ZLWK� WKHFU\VWDO�� D� SKRWRGHWHFWRU� �SKRWRPXOWLSOLHU

+DPDPDWVX�5� ������ DQG� WKH� VSHFWURPHWULF
XQLW�� ZKLFK� LQFOXGHV� D� 3&� IRU� SURFHVVLQJ
DQG�SORWWLQJ�RI�HQHUJ\�GHSHQGHQFH�,UHVS�

���5HVXOWV�DQG�GLVFXVVLRQ
� 7R� GHWHUPLQH� WKH� QDWXUH� RI� WKH� HIIHFWV

RI� +7� LQ� K\GURJHQ� DW� ����� .� RQ� SK\VLFDO
DQG� PHFKDQLFDO� SURSHUWLHV� RI� =Q6H�26H�7H6H�� FU\VWDOV� ZH� PHDVXUHG� WKH� PLFURKDUG�QHVV� LQ�D�ZLGH�UDQJH�RI�ORDGV��)LJ���D��E��F
VKRZV� WKH� GHSHQGHQFH� RI�+P� RQ� WKH� ORDGV�$V�VHHQ�IURP�)LJ���D��GHSHQGHQFHV�RI�+P�RQ3�IRU�=Q6H�26H��DQG�=Q6H�7H6H��FU\VWDOV�DUHYLUWXDOO\�LGHQWLFDO��DQG�QRW�RQO\�IRU�VDPSOHV
ZLWKRXW�+7��EXW�IRU�VDPSOHV�ZLWK�+7�LQ�=Q
DV�ZHOO�� ,Q� DGGLWLRQ�� WKH� VDPH� UHVXOWV�ZHUH
IRXQG�IRU�VDPSOHV�DIWHU�WKH�VHTXHQFH�RI�+7V
LQ�=Q��WKHQ�+��DQG�ILQDOO\�LQ�=Q�

/�3�*DO�FKLQHWVNLL�HW�DO����,QWHUDFWLRQ�RI�K\GURJHQ����
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7KH� FXUYHV� RI�=Q6H�7H6H�� DQG�=Q6H�26H�DIWHU� +7� LQ� +�� �)LJ���E�� DUH� VXEVWDQWLDOO\GLIIHUHQW�� WKH� GHSHQGHQFH� RI� +P� RQ� 3� IRU=Q6H�7H6H��JRHV�RQ�WKH�KRUL]RQWDO� OLQH�DW�3a���� *�� KRZHYHU� IRU� =Q6H�26H�� ZH� VHH� WKHVDPH� HIIHFW� RQO\� ZKHQ� 3�!����� *�� 2Q� WKH
KRUL]RQWDO�VHFWLRQ�WKHLU�YDOXHV�DUH�YLUWXDOO\
LGHQWLFDO�� 7KH� VDPH� GLIIHUHQFH� RI� WKH� GH�
SHQGHQFH� QDWXUH� RI�+P� RQ�3� FXUYHV� LV� DOVRIRU�=Q6H�7H6H��DQG�=Q6H�26H��FU\VWDOV��WKDWZHUH�VXEMHFWHG�WR�+7�LQ�=Q�YDSRU��DQG�WKHQ
VXEMHFWHG�WR�+7�LQ�K\GURJHQ��VHH�)LJ���F��

)LJ���D�� E�� F� DERYH� WKH� KRUL]RQWDO� D[LV
VKRZV� WKH� GHSWK� RI� PLFURKDUGQHVV� LQGHQWD�
WLRQ� E�� GHULYHG� IURP� WKH�JHRPHWULF�GHSHQG�
HQFH� RI� E� RQ� WKH� GLVWDQFH� G� EHWZHHQ� WKH
RSSRVLWH� FRUQHUV� RI� DQ� LQGHQWDWLRQ� E� �G���
7KLV� GHSHQGHQFH� LV� MXVW� DQ� HVWLPDWH� VLQFH
WKH� PHFKDQLVP� RI� SODVWLF� GHIRUPDWLRQ� GXU�
LQJ� PLFURLQGHQWDWLRQ� LV� UHDOO\� FRPSOLFDWHG�
(YHQ�LQ�>�@�LW�ZDV�QRWHG�WKDW�WKH�PHFKDQLVP
RI�LQGHQWDWLRQ�IRUPDWLRQ�GXULQJ�LQMHFWLRQ�RI
DQ�LQGHQWHU�LV�QRW�IXOO\�GHWHUPLQHG��,Q�WKLV
PHFKDQLVP��DORQJ�ZLWK�WKH�SURFHVVHV�RI�GLV�
ORFDWLRQ�PRWLRQ� DQG� WKHLU�PXOWLSOLFDWLRQ�E\
GRXEOH� FURVV� VOLS�� WKH� LPSRUWDQW� UROH� LV
SOD\HG� E\� WKH� IRUPDWLRQ� RI� LQWHUVWLWLDO
DWRPV�DQG�RWKHU�GHIHFWV�RI�YDU\LQJ�GHJUHHV
RI�FRPSOH[LW\��IRUPDWLRQ�RI�FUDFNV��HWF�

0RVW� SUREDEO\� LW� LV� SUHFLVHO\� WKH� IDFW
WKDW� WKH� LQFUHDVHG� FRQWHQW� RI� YDULRXV� GH�
IHFWV��ZKLFK�DSSHDU�DV�D�UHVXOW�RI�D�FROODSVH
RI�WKH�9=Q=Q,26H�FRPSOH[HV�GXULQJ�WKHLU�LQ�WHUDFWLRQ� ZLWK� K\GURJHQ� DQG� ZKHQ� WKH\
HPHUJH� IURP� WKH� EXON� FU\VWDO� RQ� WKH� VXU�
IDFH�� H[SODLQV� WKH�PHQWLRQHG� GLIIHUHQFHV� RI
WKH� YDOXHV� RI� +P� RI� =Q6H�7H6H�� DQG
=Q6H�26H�� FU\VWDOV� LQ� WKH� LQLWLDO� ORDGLQJSRUWLRQ��$V� FDQ� EH� VHHQ� IURP�)LJ���D�� E�� F�
WKH�GHSWK�RI�WKH�FRUUHVSRQGLQJ�GHIHFW�OD\HU
KDV� D� YDOXH� RI� QR�PRUH� WKDQ� �Ü�� PP�� 7KH
UHVXOWV� REWDLQHG� E\� PHDVXULQJ� WKH� GHSHQG�
HQFHV� RI� +P� RQ� 3� FRQILUP� WKH� PRGHO� RIJUHDWHU� WKHUPRG\QDPLF� VWDELOLW\� RI� =Q,9=Q�7H6H�FRPSOH[HV�DV�FRPSDUHG�ZLWK�9=Q=Q,26HFRPSOH[HV�GXULQJ�WKHLU�LQWHUDFWLRQ�ZLWK�K\�
GURJHQ�

$V�PHQWLRQHG� DERYH�� ZH� KDYH� FDOFXODWHG
GLIIHUHQFHV� RI� WKH� *LEEV� SRWHQWLDOV� '*� IRU
DOO� UHDFWLRQV� ���Ü���� DQG� VKRZQ� WKDW� WKH
YDOXH� RI� G�'*��� ZKLFK�� IRU� H[DPSOH�� HTXDOV
WR� '*���Ü'*����� GHWHUPLQHV� WKH� GHJUHH� RIWKHUPRG\QDPLF�VWDELOLW\�RI�=Q,9=Q7H6H�FRP�SOH[HV� DV� FRPSDUHG� ZLWK� 9=Q=Q,26H� FRP�SOH[HV� GXULQJ� WKH� LQWHUDFWLRQ� RI� WKH� FRP�
SOH[HV�ZLWK�K\GURJHQ��

8VLQJ� WKH� H[SUHVVLRQ� IRU� G�'*��7�� IURP
>�@��ZH�FDQ�SORW�WKH�GHSHQGHQFH�G�'*��RQ�WKH

WHPSHUDWXUH�� 7KH� FRUUHVSRQGLQJ� FXUYHV� DUH
VKRZQ� LQ� )LJ����� )URP� )LJ���� ZH� PD\� FRQ�
FOXGH� WKDW� DW� WHPSHUDWXUHV� IURP� ���� .� WR
�����.��=Q,9=Q7H6H�FRPSOH[HV�VKRZ�VLJQLIL�FDQWO\�JUHDWHU�VWDELOLW\�WKDQ�9=Q=Q,26H�FRP�SOH[HV�� 7KLV� DJUHHV� ZLWK� WKH� UHVXOWV� RI
VWXG\LQJ� WKH� HIIHFWV� RI�+7� LQ� K\GURJHQ� RQ
=Q6H�;��FU\VWDOV��ZKLFK�ZH�KDYH�REWDLQHG�LQ
>�@��DW�7�a������.�

)LJ����� D�� +P� RI� =Q6H�7H6H�� DQG� =Q6H�26H�VDPSOHV�ZLWKRXW�+7��DV�ZHOO�DV�VDPSOHV�DIWHU
+7� LQ�=Q� YDSRU��$OVR� LW� LV� D� YDOXH� RI�+P� RIVDPSOHV�� ZKLFK� ZHUH� VXEMHFWHG� WR� WKH� VH�
TXHQFH�RI�+7��ILUVWO\�LQ�=Q�YDSRU��WKHQ�LQ�+�DW�7�a������.��DQG�ILQDOO\�DJDLQ� LQ�=Q����Û
=Q6H�7H6H��� �� Û� =Q6H�26H��� E� Û� GHSWK� RI
LQGHQWDWLRQ�
E��+P� RI� =Q6H�7H6H�� DQG� =Q6H�26H�� VDPSOHVDIWHU� +7� LQ� K\GURJHQ� DW� 7�a������.�� �� Û
=Q6H�7H6H��� �� Û� =Q6H�26H��� E� Û� GHSWK� RI
LQGHQWDWLRQ�
F��+P� RI�=Q6H�7H6H�� DQG�=Q6H�26H�� DIWHU� LQ�LWLDO�+7�LQ�=Q�YDSRU�DQG�ILQDO�+7��LQ�K\GUR�
JHQ� DW� 7�a������ .�� �� Û� =Q6H�7H6H��� ��Û=Q6H�26H���E�Û�GHSWK�RI�LQGHQWDWLRQ��
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'HSHQGHQFHV� VKRZQ� LQ� )LJ���� VKRXOG
RFFXU� HYHQ� DW� WHPSHUDWXUHV� QHDU� ���� .�
7KHUHIRUH��LW�ZDV�RI�LQWHUHVW�IRU�XV�WR�H[DP�
LQH�WKH�DYDLODELOLW\�RI�WKH�UHDFWLRQV�RI�LQWHU�
DFWLRQ�RI�=Q6H�;��FU\VWDOV�ZLWK�WKH�DPELHQW
DWPRVSKHUH��+\GURJHQ�PD\�EH�D�SURGXFW�RI
VXFK� UHDFWLRQV�� :H� DQDO\]HG� D� QXPEHU� RI
GLIIHUHQW�UHDFWLRQV�DQG�SORWWHG�WKH�WHPSHUD�
WXUH� GHSHQGHQFHV� RI� WKH� HTXLOLEULXP� FRQ�
VWDQW� ORJDULWKP� OJ.�� �XVLQJ�8OLFK� DSSUR[L�
PDWLRQ���+HQVH�� ZH� GHWHUPLQHG� FRUUHVSRQG�
LQJ� UHDFWLRQV� JLYHQ� LQ� 7DEOH���� WKH
RFFXUUHQFH� SUREDELOLW\� RI� ZKLFK� DW
7�t����� .� LV� TXLWH� KLJK�� $QDO\VLV� RI� WKHVH
UHDFWLRQV� VKRZV� WKDW� RQH� RI� WKHP�� LQ� SDU�
WLFXODU�� UHDFWLRQ� QXPEHU� ��� FDQ� EH� HDVLO\
GHWHFWHG� H[SHULPHQWDOO\� XVLQJ� WKH� ;36
PHWKRG�� $IWHUZDUGV�� ZH� PDGH� DQ� H[SHUL�
PHQW�XVLQJ�+7�RI�=Q6H��26H��7H6H��FU\VWDOVLQ� WKH� YDSRU� RI� ERLOLQJ� ZDWHU�� $IWHU� WKH
VDPSOHV�ZHUH�NHSW�XQGHU�WKHVH�FRQGLWLRQV�DW
D�WHPSHUDWXUH�QHDU�����.�GXULQJ�����K��ZH
DQDO\]HG�WKH�FRPSRVLWLRQ�RI�WKH�VXUIDFH�DQG
VXEVXUIDFH� OD\HUV� RI� WKH� FU\VWDOV� E\�PHDQV
RI�;36� GXULQJ� JUDGXDO� OD\HU�E\�OD\HU� HWFK�
LQJ� XS� WR� WKH� GHSWK� RI� ��� QP�� 7KHUH� ZHUH
VHYHUDO� HOHPHQWV� RQ� WKH� VXUIDFH�� )LUVW�� D
VPDOO� DPRXQW� RI� R[\JHQ� �DERXW� �� DW����

ZKLFK� WKHQ� GHFUHDVHG� WR� �� DW��� DIWHU� LRQ
HWFKLQJ�� 6HFRQG�� VHOHQLXP� LQ� WKH� VWDWHV� RI
=Q6H��(E��G� ������H9��DQG�6H���(E��G� ������H9��$QG� WKH� WKLUG� GHWHFWHG� HOHPHQW� ZDV� ]LQF�
.//�$XJHU� VSHFWUXP� RI� ]LQF� KDG� D� W\SLFDO
IRUP�IRU�=Q6H�ZLWK�D�VPDOO�DPRXQW�RI�=Q2�

7KH� UHVXOWV� SUHVHQWHG� LQ� 7DEOH��� ZLWK� D
KLJK�GHJUHH�RI�SUREDELOLW\� LQGLFDWH�WKDW�WKH
UHDFWLRQ�VKRZQ�EHORZ�UHDOO\�WDNHV�SODFH�

=Q6H���+�2�J��o�=Q2���+����6H�V��
7KHUHIRUH�� WKLV� UHDFWLRQ� LV� RQH� RI� WKH

PDLQ� VRXUFHV� RI� K\GURJHQ�� ZKLFK�� DV� ZH
WKLQN��SDUWO\�GLIIXVHV� LQWR�WKH�GHSWK�RI�WKH
FU\VWDO��

7KH� DVVXPSWLRQ� DERXW� WKH� GLIIXVLRQ� RI
K\GURJHQ� LQWR� WKH� GHSWK� RI� WKH� FU\VWDO�
ZKLFK� LV� UHOHDVHG� RQ� WKH� FU\VWDO� VXUIDFH�� LV
FRQVLVWHQW�ZLWK�WKH�UHVXOWV�RI�LQYHVWLJDWLRQV
RI� FRUURVLRQ� RQ� PHWDO� VXUIDFHV� DW� ���� .
GXULQJ�D�FRQWDFW�ZLWK�DWPRVSKHULF�PRLVWXUH�
$FFRUGLQJ� WR� WKH� UHVXOWV� >����@� K\GURJHQ�
ZKLFK� LV� D� SURGXFW� RI� FRUURVLRQ� SURFHVVHV�
GLIIXVHV� LQWR� WKH� PHWDO� ERWK� DV� DQ� DWRPLF
DQG�D�PROHFXODU�IRUPV�

$W� ILUVW� VLJKW�� WKH� LQWHUDFWLRQ� RI� K\GUR�
JHQ�ZLWK� WKH� FU\VWDO�� DFFRUGLQJ� WR� WKH�)LJ�
���DW�D�WHPSHUDWXUH�QHDU�����.�LQ�SULQFLSOH
VKRXOG�EH� WKH�VDPH�DV�DW������.�� ,�H��VXFK
DQ� LQWHUDFWLRQ� VKRXOG� OHDG� WR� LUUHYHUVLEOH
FKDQJHV� LQ� WKH� UDGLROXPLQHVFHQFH� VSHFWUD
�5/�� DW� WKH� WHPSHUDWXUHV� QHDU� ���� .� DV
ZHOO�� +RZHYHU�� PHDVXUHPHQWV� RI� 5/� FRQ�
GXFWHG�LQ�>�@�VXJJHVW�D�UHYHUVLEOH�QDWXUH�RI
WKHVH� FXUYHV� DW�+7� WHPSHUDWXUHV� LQ� K\GUR�
JHQ�QHDU����Ü����.��$IWHU�D�YHU\�ORQJ�WLPH
VLQFH� WKH� +7� LV� RYHU� �QHDUO\� ���� GD\V� IRU
=Q6H�26H��FU\VWDOV�DQG�PRUH�WKDQ���\HDU�IRU=Q6H�7H6H�� FU\VWDOV��� DOO� RSWLFDO� DQG� OXPL�QHVFHQFH�FKDUDFWHULVWLFV�RI�WKH�FU\VWDOV�KDYH
EHHQ� FRPSOHWHO\� UHVWRUHG�� 7KLV� PHDQV� WKDW
WKH� QDWXUH� RI� WKH� LQWHUDFWLRQ� RI� K\GURJHQ
ZLWK� WKH� FU\VWDOV� DW� ����� .� DQG� ���� .� LV
VLJQLILFDQWO\�GLIIHUHQW�

)LJ�����7HPSHUDWXUH�GHSHQGHQFHV�G�'*�7����Û=Q,9=Q7H6H�� �� Û� 9=Q=Q,66H�� �� Û� 9=Q=Q,26H
�LQ�WKLV�FDVH�G�'*�7� �����

7DEOH����7KH�UHDFWLRQV�EHWZHHQ�WKH�VXUIDFH�RI�=Q6H�DQG�DLU
1R� 5HDFWLRQV 7HPSHUDWXUH

GHSHQGHQFH�RI�OJN�
9DOXH�RI�OJN�

����. ����. ����. ����. ����. �����.
� +�2�J����=Q�V�mo�

=Q2�V����+�
�����7Ü����� ����� Û Û Û ��� Û

� +�2�O����=Q�V�mo=Q2�V����+� �����7������ ����� ����� Û Û Û Û
� =Q6H���+�2�J�mo�

=Q2���+����6H�V�
�����7Ü����� ���� ����� Û Û

� &2���+�2�O�mo&2����+� �����7Ü����� ��� Ü����
� &2���+�2�O�mo&2��+� Ü����7������ ���� ���� Û Û Û
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7KH�UHYHUVLEOH�QDWXUH�RI�WKH�5/�VSHFWUD�
ZKLFK� LV� REVHUYHG� GXULQJ� +7� LQ� ZDWHU
YDSRU��LV�DVVRFLDWHG�ZLWK�K\GURJHQ��ZKLFK�LV
UHOHDVHG��LQ�SDUWLFXODU��LQ�WKH�UHDFWLRQ�QXP�
EHU���� ,W� LV�SURYHG�E\�RXU�SUHOLPLQDU\�GDWD
WKDW� +7� GLUHFWO\� LQ� K\GURJHQ� DW� WKH� VDPH
WHPSHUDWXUH�PRGHV� OHDGV� WR� VLPLODU�UHVXOWV�
2QH� FDQ�PDNH� D� QDWXUDO� FRQFOXVLRQ� WKDW� DW
WHPSHUDWXUHV�RI����Ü����.�WKH�PDLQ�UROH�LV
SOD\HG� QRW� E\� WKH� UHDFWLRQV� ���Ü����� ZKLFK
OHDG� WR� LUUHYHUVLEOH� GHVWUXFWLRQ� RI� WHUQDU\
FRPSOH[HV� DQG� WKH�GHJUDGDWLRQ�RI� WKH� FU\V�
WDOV��EXW�WKH�UHDFWLRQ�RI�PXFK�ZHDNHU�LQWHU�
DFWLRQ� RI� K\GURJHQ� ZLWK� WKH� VDPH� FRP�
SOH[HV��7KHVH�UHDFWLRQV�OHDG�WR�IRUPDWLRQ�RI
PRUH�FRPSOLFDWHG�FRPSOH[��SRVVLEO\�TXDGUX�
SOH�� XQVWDEOH� K\GURJHQ� FRPSOH[HV�ZLWK� WHU�
QDU\�FRPSOH[HV��:KHQ�WKH�+7�LV�RYHU��L�H��
ZKHQ�WKH�IORZ�RI�K\GURJHQ�IURP�WKH�RXWVLGH
LV� VWRSSHG�� WKHVH� PRUH� FRPSOLFDWHG� FRP�
SOH[HV� KDYH� WR� GHFD\� LQWR� VWDEOH� WHUQDU\
FRPSOH[HV� DQG� K\GURJHQ�� 7KHUHIRUH�� WKH
VWUXFWXUH�LPSHUIHFWLRQ�LQFUHDVHV��DQG�ZH�RE�
VHUYH�D�WHPSRUDO�LQVWDELOLW\�RI�WKH�ODWWLFH�RI
WKH�FU\VWDO�PDWUL[���

8VHIXO� DGGLWLRQDO� LQIRUPDWLRQ� DERXW� WKH
SURFHVVHV� RI� FKDQJH� RI� D� FU\VWDO� GHIHFW
VWUXFWXUH�GXULQJ�LWV�LQWHUDFWLRQ�ZLWK�K\GUR�
JHQ� DW� ���Ü���� .� FDQ� EH� SURYLGHG� E\� D
VWXG\�RI�VSHFWUDO�FKDUDFWHULVWLFV�RI�WKH�FU\V�
WDO��VLQFH�LW��LV�YHU\�VHQVLWLYH�WR�FKDQJHV�LQ
WKH� GHIHFW� VWUXFWXUH�� )LJ���D� DQG� �E� VKRZV
WKH� VSHFWURPHWULF� FXUYHV� IRU� VDPSOHV� FXW
RXW�IURP�D�VLQJOH�=Q6H�26H��7H6H��FU\VWDO���2QH�RI�WKH�VDPSOHV�Û�WKH�VDPSOH�1R����D
PLOLPHWHU� WKLFN� Û� ZDV� VXEMHFWHG� WR� SULRU
+7�LQ�]LQF�YDSRU�DW������.�IRU����K��$IWHU
WKDW� RQH� VLGH� ZDV� PHGLXP� JULQGHG� IRU
����PP�

7KH�VHFRQG�VDPSOH�Û�WKH�VDPSOH�QXPEHU
��� D� PLOLPHWHU� WKLFN� Û� DIWHU� SULRU� +7� LQ
]LQF�DW�WKH�VDPH�FRQGLWLRQV�ZDV�VXEMHFWHG�WR
+7� LQ� K\GURJHQ� DW� ���� .� IRU� �� K�� 7KHQ�
DIWHU�D�VORZ�FRROLQJ�����K��WR�URRP�WHPSHUD�
WXUH� LW� ZDV� UHPRYHG� IURP� D� UHDFWRU�� $IWHU
WKDW� RQH� RI� LWV� VLGHV� ZDV� DOVR� PHGLXP
JULQGHG�IRU�����PP�

7R�HQVXUH�FRUUHFW�PHDVXUHPHQWV�RI�VSHF�
WUDO�FXUYHV�DW�WKH�VDPH�FRQGLWLRQV��ZH�PDGH
D� FDOLEUDWLRQ� RI� WKH� PHDVXULQJ� VWDQG� DQG
XVHG� =Q6H�26H�� 7H6H�� FDOLEUDWLRQ� VDPSOH�

)LJ�����6SHFWURPHWULF�FXUYHV�IRU�VDPSOHV�QXPEHU���DQG�QXPEHU���RI�=Q6H�26H��7H6H��FU\VWDO��DV�ZHOO�DVIRU� WKH� FDOLEUDWLRQ� VDPSOH�� D�Û�QR�PHGLXP�JULQGHG� VLGH�� E�Û�PHGLXP�JULQGHG� VLGH��(���(���(��ÛHQHUJ\�RI�JDPPD�UD\�VRXUFHV�

7DEOH����&RPSRVLWLRQ�RI�VXUIDFH�OD\HUV�RI�=Q6H�26H��FU\VWDOV�EHIRUH�DQG�DIWHU�+7�LQ�+�2�YDSRU
=Q6H�26H�VDPSOH

'HSWK�RI�OD\HU�
HWFKLQJ��QP

(OHPHQWV�FRQFHQWUDWLRQ�FDW��DW����
VXP�RI�FDW� ������

3KDVH�UHODWLRQVKLS
EHWZHHQ�=Q6H�DQG�6H���

& 2 =Q 6H 6H�=Q
%HIRUH�+7 ���SROLVKHG�VLGH ���� ��� ���� ���� ���� =Q6H��������6H�������

� ��� ��� ���� ���� ���� =Q6H��������6H������
�� ��� � ���� ���� ���� =Q6H���������

$IWHU�+7 ���SROLVKHG�VLGH ���� ��� ��� ���� ��� =Q6H��������6H�������
� ���� ��� ���� ���� ��� =Q6H��������6H�������
�� ���� ��� ���� ���� ���� =Q6H��������6H�������
�� ���� ��� ���� ���� ���� =Q6H��������6H������
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7KLV�VDPSOH�ZDV�����PP�LQ�WKLFNQHVV�DQG�LW
KDG� EHHQ� VSHFLDOO\� VHOHFWHG� VR� DV� WR� HQVXUH
WKH�PD[LPXP�GHJUHH�RI�OLQHDULW\�RI�HQHUJLHV
�,UHVS���LH�D�XQLIRUPLW\�RI�VWUXFWXUH�DORQJ�DOOWKH�GHSWK�

)LJ���D� VKRZV� WKH� VSHFWURPHWULF� FXUYHV
IRU� VDPSOHV�QXPEHU���DQG�QXPEHU���DW�WKH
HQHUJLHV� RI� WKH� H[FLWLQJ� JDPPD�UD\� �����
������ ������ NH9�� 1RW� JULQGHG� VLGHV� RI� WKH
VDPSOHV� � ZHUH� RULHQWHG� WRZDUGV� JDPPD
VRXUFHV��

)LJ���E�SUHVHQWV�WKH�VSHFWURPHWULF�FXUYHV
RI� WKH� VDPH� VDPSOHV�� 7KH\� ZHUH� GLUHFWHG
WRZDUGV� WKH� VRXUFHV� E\� WKHLU� PHGLXP
JULQGHG�VLGH��:H�ZRXOG�OLNH�WR�QRWH�WKDW�WKH
�QRW� JULQGHG�� DQG� �PHGLXP� JULQGHG�� VLGH
DUH� MXVW� D� FRQYHQWLRQDO�QRWDWLRQ�RI� WZR�RS�
SRVLWH�VLGHV��VLQFH�WKH�VXUIDFHV�RI�ERWK�VLGHV
ZHUH�VXEMHFWHG�WR�VWDQGDUG�RSWLFDO�SROLVKLQJ
EHIRUH�WKH�PHDVXUHPHQWV����

$QDO\VLV� RI� WKH� FXUYHV� VKRZQ� LQ� )LJ���D
VKRZV� WKDW� ERWK� VDPSOHV� �QXPEHU� �� DQG
QXPEHU����KDYH�VLJQLILFDQW�KHWHURJHQHLW\�RI
WKH� VFLQWLOODWLRQ� FKDUDFWHULVWLFV� RI� WKH� VXU�
IDFH� OD\HUV� RI� WKH� FU\VWDO�� EHFDXVH� DW� ORZ
HQHUJLHV� ������ DQG� ����� NH9�� WKHLU� ,UHVS�ZKLFK� LV� SURSRUWLRQDO� WR� WKH� FKDQQHO� QXP�
EHU��LV�OHVV�WKDQ�,UHVS�RI�WKH�FDOLEUDWLRQ�VDP�SOH�� DQG� DW� ������ NH9� HQHUJ\� LW� VXEVWDQ�
WLDOO\�H[FHHGV�,UHVS�RI�FDOLEUDWLRQ�VDPSOH��$WWKH� VDPH� WLPH��,UHVS� RI� VDPSOH�QXPEHU��� LVODUJHU�WKDQ�,UHVS�RI�VDPSOH�QXPEHU����+RZHYHU�� ZKHQ� WKH� VDPSOHV�� GHHSHVW
DUHDV���PHGLXP�JULQGHG��VLGH��DUH�RULHQWHG�WR�
ZDUGV� WKH� JDPPD�UD\� VRXUFH� �VHH� )LJ���E��Û
WKH� QDWXUH� RI� WKH� PXWXDO� DUUDQJHPHQW� RI
FXUYHV�FKDQJHV�VXEVWDQWLDOO\��,UHVS�RI�VDPSOHQXPEHU���LQFUHDVHV�DQG�H[FHHGV�,UHVS�RI�FDOL�EUDWLRQ� VDPSOH� IRU� HQHUJLHV� ����� DQG

������NH9��:LWK�UHJDUG�WR�,UHVS� LQ�WKH�FDVHRI� PHGLXP� JULQGHG� VLGH� RI� VDPSOH� QXPEHU
���LW�VLJQLILFDQWO\�H[FHHGV�,UHVS�ERWK�VDPSOHQXPEHU���DQG�WKH�FDOLEUDWLRQ�VDPSOH�IRU�DOO
WKUHH�HQHUJLHV�

(YHQ�PRUH� XVHIXO� LV� DQDO\VLV� RI� WKH�YDO�
XHV� RI� WKH� HQHUJ\� UHVROXWLRQ� � 5� FDOFXODWHG
XVLQJ�WKH�SHDNV�RI�VSHFWUDO�FXUYHV�VKRZQ�LQ
)LJ���D�DQG��E��EHFDXVH�HVSHFLDOO\�WKH�YDOXH
5�� DV� FRPSDUHG� ZLWK� ,UHVS�� GHSHQGV� PRUHVLJQLILFDQWO\�RQ�WKH�RSWLFDO�OXPLQHVFHQFH�SD�
UDPHWHUV�DQG�WKH�KRPRJHQHLW\�RI�WKH�FU\VWDO
PDWUL[��7KH�GDWD� RQ�5� IRU� DOO� WKH�SHDNV� RI
VSHFWUDO� FXUYHV� DUH� SUHVHQWHG� LQ� 7DEOH���
8VLQJ�7DEOH���RQH�FDQ�FRQFOXGH�WKDW�IRU�QRW
JULQGHG� VLGH�� L�H��� IRU� VXUIDFH� DUHDV�� IRU
ERWK� VDPSOH� QXPEHU� �� DQG� QXPEHU� �� WKH
YDOXH� RI�5� LV� ZRUVH� WKDQ�5� RI� WKH� FDOLEUD�
WLRQ�VDPSOH�

1RQHWKHOHVV��IRU�PHGLXP�JULQGHG�VLGH��LH
IRU�GHHS�FU\VWDO�OD\HUV��5�RI�VDPSOH�QXPEHU
�� LV�VLJQLILFDQWO\�EHWWHU�WKDQ�ERWK�5�RI�WKH
VDPSOH�QXPEHU��� DQG� FDOLEUDWLRQ� VDPSOH� DW
ORZ� HQHUJLHV�� 'DWD� RI� )LJ���D� DQG� �E� DQG
7DEOH���VWURQJO\�SRVLW�WKDW�GXULQJ�WKH�+7�LQ
K\GURJHQ� DW� 7� ����� .� �VDPSOH� QXPEHU� ��
LQ� WKH� GHHS� UHJLRQ� RI� WKH� FU\VWDO� VWUXFWXUH
RI� WKH� FU\VWDO� EHFRPHV� XQVWDEOH�� ,W� IDFLOL�
WDWHV� WKH� SURFHVV� RI� KRPRJHQL]DWLRQ� RI� WKH
PDWUL[�RI�D�UHDO�=Q6H�26H��7H6H��FU\VWDO��WKHLQLWLDO� VWDWH� RI� ZKLFK� LV� FKDUDFWHUL]HG� E\� D
QRQXQLIRUP� GLVWULEXWLRQ� RI� YDULRXV� GHIHFWV
�FOXVWHUV� RI� GHIHFWV�� SRUHV�� DQG� YDULRXV
PLFUR�� DQG� PDFURLQFOXVLRQV� ORFDOL]HG� ERWK
LQVLGH�DQG�DW�JUDLQ�ERXQGDULHV���

$V� IRU�GHWHULRUDWLRQ�RI�5� RQ� WKH� VXUIDFH
UHJLRQV�� ZH� FDQ� VD\� WKDW� WKH� FDXVH� RI� WKLV
IHDWXUH�PD\�EH�LQFUHDVHG�UHVLGXDO�VWUXFWXUH
LPSHUIHFWQHVV� RI� WKHVH� DUHDV� UHODWHG� WR� WKH

7DEOH����(QHUJ\�UHVROXWLRQ�5�����IRU�=Q6H�26H��7H6H��FU\VWDO�DIWHU�+7�LQ�=Q�YDSRU�DW�7� ������.�VDPSOH� QXPEHU� ��� DQG� =Q6H�26H�� 7H6H�� FU\VWDO� DIWHU� +7� LQ� =Q� YDSRU� DW� 7� ������.� DQG� LQK\GURJHQ�DW�����.��VDPSOH�QXPEHU���
1RW�JULQGHG�VLGH

(QHUJ\�RI�JDPPD�VRXUFH��NH9 ���� ���� �����
'HSWK�RI������DEVRUSWLRQ��QP a�� a�� a����

5�����FDOLEUDWLRQ�VDPSOH a�� ���� ����
5�����VDPSOH�1R�� 1R�UHVROXWLRQ ���� ����
5�����VDPSOH�1R�� a��� ���� ����

0HGLXP�JULQGHG�VLGH
(QHUJ\�RI�JDPPD�VRXUFH��NH9 ���� ���� �����
'HSWK�RI������DEVRUSWLRQ��QP �� �� ����

5�����FDOLEUDWLRQ�VDPSOH �� ���� ����
5�����VDPSOH�1R�� 1R�UHVROXWLRQ ���� ����
5�����VDPSOH�1R�� ���� ���� ����
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�ORRVHQLQJ�� RI� WKH� ODWWLFH�� :H� WKLQN� WKDW
WKLV�LV�GXH�WR�WKH�GLIIXVLRQ�H[LW�RI�WKH�UHDF�
WLRQ�SURGXFWV�WR�WKH�VXUIDFH��ZKLFK�DUH�FUH�
DWHG� GXULQJ� WKH� FROODSVH� RI� FRPSRXQG� FRP�
SOH[HV��DV�ZHOO�DV�DQ�H[FHVV�RI�KLJKO\�PRELOH
LQWHUVWLWLDO�]LQF��ZKHQ�WKH�+7�LV�RYHU���

$FFRUGLQJ� WR� WKH�PHDVXUHG�GDWD�RI� VSHF�
WUDO� FXUYHV�� DOWKRXJK� WKH� +7� RI� =Q6H�26H�7H6H�� FU\VWDOV� LQ� K\GURJHQ� DW� 7�a����Ü����.�GRHV�QRW�OHDG�WR�LUUHYHUVLEOH�FKDQJHV
LQ� WKH� VFLQWLOODWLRQ� FKDUDFWHULVWLFV� RI� FU\V�
WDOV��EXW�LW�FRQWULEXWHV�WR�WKH�UHVWUXFWXULQJ
RI� WKH� PDWUL[�� UHVXOWLQJ� LQ� VLJQLILFDQW
FKDQJHV�LQ�WKHVH�FKDUDFWHULVWLFV�

���&RQFOXVLRQ
$W�KLJK�WHPSHUDWXUHV������Ü�����.��WKH
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