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&RORU�FHQWHUV�IRUPDWLRQ�DQG�UDGLDWLRQ�UH�
VLVWDQFH�RI�GRSHG�DQG�XQGRSHG�&V,�VFLQWLOOD�
WRUV�GHSHQGV�WR�D�JUHDW�H[WHQW�RQ�WKH�PDWH�
ULDO� SXULW\� DQG� SHUIHFWLRQ� >����@�� 7KH� SUHV�
HQFH�RI�R[\JHQ�FRQWDLQLQJ�LPSXULWLHV�DIIHFWV
VLJQLILFDQWO\�WKH�PDLQ�FKDUDFWHULVWLFV�RI�WKH
VFLQWLOODWRUV�� VWRUDJH� FRDWLQJV� LQ� PHPRU\
GHYLFHV�� HWF�� >����@�� 7KH� PHWKRG� RI� FHVLXP
LRGLGH� VLQJOH� FU\VWDO� JURZWK� ZLWK� ORZ� FRQ�
WHQW� RI� R[\JHQ�FRQWDLQLQJ� LPSXULWLHV� KDV
EHHQ� SURSRVHG� E\� XV� LQ� >�@�� 7KH� HIIHFW� RI
UDZ� PDWHULDO� SXULILFDWLRQ� XVLQJ� GLIIHUHQW
SUHSDUDWLRQ�PHWKRGV�KDV�EHHQ�VWXGLHG�LQ�>�@�
7KH� FRQGXFWLYLW\�� LRQLF� WKHUPRFXUUHQW� DQG
,5�VSHFWUD� VWXG\� DOORZHG� WR� FRQFOXGH� WKDW
WKH� PRVW� HIIHFWLYH� SXULILFDWLRQ� LV� DFKLHYHG
IRU� WKH� FHVLXP� LRGLGH� FU\VWDO� JURZQ� E\� WKH
6WRFNEDUJHU�PHWKRG�ZKHQ� WKH�PHOW� LV� SURF�
HVVHG�XQGHU�YDFXXP�LQ�WKH�SUHVHQFH�RI�FDUE�
RQ�VRUEHQW�
7KH�UDGLDWLRQ�UHVLVWDQFH�RI�&V,� LV�NQRZQ

WR�EH�UDWKHU�KLJK�>�Ü����@�� ,W� LV�FODLPHG�>�@
WKDW� &V,� FU\VWDOV� XQGHUJR� LUUDGLDWLRQ� ZLWK
GRVHV� XS� WR� ���� *\�ZLWKRXW� DQ\� QRWLFHDEOH

GDPDJH��+HQFH��LW�LV�GHVLUDEOH�WR�LQYHVWLJDWH
WKH� J�UD\� GDPDJH� LQ� WKH� SXULILHG�&V,� FU\V�
WDOV� XQGHU� KLJKHU� LUUDGLDWLRQ� GRVHV�� 7KLV
ZRUN�LV�DLPHG�DW�WKH�VWXG\�RI�GHIHFW�IRUPD�
WLRQ�DQG�HYROXWLRQ� LQ�WKH�SXULILHG�&V,�FU\V�
WDOV�� 7KH� HOHFWULF� FRQGXFWLYLW\� DQG� WKHUPR�
VWLPXODWHG� GHSRODUL]DWLRQ� FXUUHQWV� �76'&�
LQ�J�LUUDGLDWHG��XS�WR�GRVHV�������*\��FHVLXP
LRGLGH�FU\VWDOV�ZLWK�ORZHUHG�R[\JHQ�FRQWDLQ�
LQJ�LPSXULW\�FRQWHQW�DUH�FRQVLGHUHG�
7KH� &V,� VLQJOH� FU\VWDOV� ZHUH� JURZQ� E\

WKH� 6WRFNEDUJHU�PHWKRG� IURP� UDZ�PDWHULDO
SXULILHG� E\� PHOW� KROGLQJ� XQGHU� YDFXXP� LQ
WKH�SUHVHQFH�RI�FDUERQ�VRUEHQW�>�@��7KH�VDP�
SOHV� ZHUH� J�LUUDGLDWHG� DW� URRP� WHPSHUDWXUH
XVLQJ� D� ��&R� VRXUFH� DW� WKH� GRVH� UDWH
����� 5�V�� 7KH� DSSOLHG� GRVHV� ZHUH� ���� WR
������ *\�� 7HPSHUDWXUH� GHSHQGHQFH� RI� FRQ�
GXFWLYLW\� �V�� ZDV� PHDVXUHG� LQ� WKH� UDQJH
���Ü����.��,Q�WKH�FU\VWDOV��76'&�DQG�HOHF�
WULFDO� FRQGXFWLYLW\�PHDVXUHPHQWV�ZHUH� SHU�
IRUPHG� LQ� WKH� VDPH� ZD\� DV� GHVFULEHG� HOVH�
ZKHUH�>����@��)RU�HOHFWULF�FRQGXFWLYLW\�PHDV�
XUHPHQWV�� WKH� VDPSOHV� RI� �u�u��PP�� VL]H

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

)XQFWLRQDO�PDWHULDOV������������� ���



ZHUH� XVHG�� )RU� 76'&� LQYHVWLJDWLRQ�� WKH
VDPSOHV� ZHUH� VKDSHG� DV� SODWHV� RI
��u��u��PP��VL]H��3RODUL]DWLRQ�ZDV�GRQH�DW
7SRO� ����� .� DQG� ���� .�� SRODUL]DWLRQYROWDJH� �(SRO� ����� 9�� ZDV� DSSOLHG� IRUWSRO�  � ��� PLQ�� 7KH� VDPSOHV� ZHUH� KHDWHGIURP� ���� WR� ���� .� DW� D� UDWH� RI� �� .�PLQ�
$OO� PHDVXUHPHQWV� ZHUH� FDUULHG� RXW� LQ� YDF�
XXP�DERXW���Ü��3D�
)UHH� FXUUHQW� FDUULHUV� LQ� LUUDGLDWHG� FU\V�

WDOV�PD\� LQFOXGH� ERWK� LRQLF� GHIHFWV� �YDFDQ�
FLHV�� LQWHUVWLWLDO� LRQV�� DQG� HOHFWURQ�KROH
SDLUV� EHLQJ� DFFXPXODWHG� GXULQJ� WKH� H[FLWD�
WLRQ�LQ�WUDSV�RI�YDULRXV�RULJLQV��,Q�WKH�ILUVW
FDVH�� WKH� SRVW�LUUDGLDWLRQ� YDULDWLRQ� RI� FRQ�
GXFWLYLW\� FDQ� SURYLGH� LQIRUPDWLRQ� FRQFHUQ�
LQJ�WKH�IRUPDWLRQ�DQG�DFFXPXODWLRQ�PHFKD�
QLVPV�RI�GHIHFWV�LQ�WKH�FU\VWDO�LRQLF�PDWUL[�
,Q� WKH� VHFRQG� FDVH�� ZH� REWDLQ� LQIRUPDWLRQ
RQ� WKH� SURFHVV� RI� HOHFWURQ� H[FKDQJH� �LQ
WHUPV�RI�WKH�EDQG�PRGHO�RI�WKH�FU\VWDO��EH�
WZHHQ� WKH�EDQGV�DQG� WKH� ORFDO� OHYHOV� LQ� WKH
UDQJH� RI� IRUELGGHQ� VWDWHV�� 6WXG\LQJ� WKH
EDVLF� UHJXODULWLHV� RI� HOHFWURQ� WUDQVSRUW� DO�
ORZV� WR� UHYHDO� WKHLU� FRQQHFWLRQ� ZLWK� WKH
SURFHVVHV� RI� UDGLDWLRQ�LQGXFHG� GHIHFW� VWDEL�
OL]DWLRQ��)LJ����H[KLELWV�WKH�UHVXOWV�RI�WKHU�
PDOO\� VWLPXODWHG� �76�� HOHFWULF� FRQGXFWLYLW\
YDULDWLRQV� LQ� &V,� J�LUUDGLDWHG� WR� YDULRXV
GRVHV��)URP�WKLV�)LJXUH��LW� LV�VHHQ�WKDW�WKH
FRQGXFWLYLW\� RI� J�LUUDGLDWHG� FU\VWDOV� DW
����.�GRHV�QRW�FKDQJH�ZLWK�UHVSHFW�WR�WKDW
RI�XQLUUDGLDWHG� FU\VWDO��+RZHYHU�� WKH�KHDW�
LQJ� RI� WKH� LUUDGLDWHG� VDPSOHV� VWLPXODWHV
LRQ�YDFDQF\� DQG� HOHFWURQ�KROH� SURFHVVHV
ZKLFK�GHILQH� WKH� FRQGXFWLYLW\��7KH�76�FRQ�
GXFWLYLW\�LQFUHDVH�RI�J�LUUDGLDWHG�FU\VWDOV�LV
REVHUYHG� LQ� WKH� WHPSHUDWXUH� UDQJH� ���Ü
���� .�� EXW� WKH� UHODWLYH� YDOXH� RI� WKLV� LQ�
FUHDVH�LV�QRW�SURSRUWLRQDO�WR�GRVH�YDOXH��7KH
H[WHQW�RI�WKH�UDQJH�ZKHUH�WKH�76�FRQGXFWLY�
LW\� LQFUHDVH� RI� LUUDGLDWHG� FU\VWDOV� WDNHV
SODFH� LV� GLIIHUHQW�� ���Ü���� .� IRU� FXUYH� �
�����*\��� ���Ü����.� IRU� FXUYH��� �����*\��
���Ü����.�IRU�FXUYH��������*\���7KH�HIIHFW
RI� UDGLDWLRQ�LQGXFHG� FRQGXFWLYLW\� LQFUHDVH
UHPDLQV� LQ� WKH� DERYH� PHQWLRQHG� WHPSHUD�
WXUH� UDQJHV�� EHLQJ� GHILQHG� LQ� HDFK� SDUWLFX�
ODU�FDVH�E\�GRVH�YDOXH�
$W� ����.�� WKH� FRQGXFWLYLW\� RI� D� VDPSOH

J�LUUDGLDWHG� ZLWK� D� GRVH� ���� *\� �)LJ����
FXUYH����LV�RQH�RUGHU�KLJKHU�DV�FRPSDUHG�WR
WKH�XQLUUDGLDWHG�DQG�UHPDLQV�XQFKDQJHG�XS
WR� ���� .�� $ERYH� WKLV� WHPSHUDWXUH�� WKH
FXUYHV� OQV� �����7�� .Ü��� IRU� WKH� LUUDGLDWHG
DQG� XQLUUDGLDWHG� FU\VWDOV� SUDFWLFDOO\� FRLQ�
FLGH��HYLGHQFLQJ�WKH�DQQHDOLQJ�RI�UDGLDWLRQ�
LQGXFHG�GHIHFWV��&RQVLGHULQJ�WKH�FXUYHV�����

LQ�)LJ�����ZH�FDQ�FRQFOXGH�WKDW�IRU�VDPSOHV
LUUDGLDWHG�WR�GRVHV����������*\��WKLV�SURFHVV
�DQQHDOLQJ�� LV� ILQLVKHG� DW� ���� DQG� ���� .�
UHVSHFWLYHO\�� ,W� LV� WR� QRWH� WKH� SODWHDXV
ZLWKLQ� WHPSHUDWXUH� LQWHUYDOV�RI����Ü����.
�FXUYH� ���� ���Ü���� .� �FXUYH� ���� DQG� ���Ü
����.� �FXUYH���� LQ� WKH� FRQGXFWLYLW\� FXUYHV
RI� LUUDGLDWHG� FU\VWDOV�� :LWKLQ� WKHVH� WHP�
SHUDWXUH� LQWHUYDOV�� WKH� YDOXH� RI� FRQGXFWLY�
LW\�DQG��KHQFH��WKH�QXPEHU�RI�PDMRULW\�FXU�
UHQW�FDUULHUV�UHPDLQV�FRQVWDQW�
7KH� WKHUPRVWLPXODWHG� YDULDWLRQ� RI� FRQ�

GXFWLYLW\� LQ� J�LUUDGLDWHG�FU\VWDOV�FDQ�EH�H[�
SODLQHG�DV�IROORZV��7KH�KHDWLQJ�RI�LUUDGLDWHG
VSHFLPHQV� VWLPXODWHV� WKH� PLJUDWLRQ� RI� UD�
GLDWLRQ�LQGXFHG�GHIHFWV�DQG�UHVXOWV� LQ� WKHLU
DQQHDOLQJ� DFFRPSDQLHG� E\� UHFRPELQDWLRQ
SURFHVVHV��0RUHRYHU�� WKH� WKHUPDOO\� LQGXFHG
GHFD\� RI� YDULRXV� W\SH� FRORU� FHQWHUV� DQG
WKHLU�DQQHDOLQJ�LV�DFFRPSDQLHG�E\�D�YDULHW\
RI� HOHFWURQ�KROH�� H[FLWRQLF�� DQG� LRQLF� SURF�
HVVHV�� 7KXV�� WKH� FKDUDFWHU� RI� WKH� WHPSHUD�
WXUH� GHSHQGHQFH� RI� FRQGXFWLYLW\� LV� GHILQHG
E\�UHOHDVLQJ�RI�YDFDQFLHV�ZKHQ�HOHFWURQ�DQG
KROH� FHQWHUV� EHFRPH� WKHUPDOO\�GHFD\HG�� L�H�
E\�WKH�LQWHQVLW\�RI�UHFRPELQDWLRQ�SURFHVVHV�
7KH� FRORU� FHQWHU� IRUPDWLRQ� LV� HYLGHQFHG

E\� WKH� RSWLFDO� DEVRUSWLRQ� VSHFWUD� RI� WKH� LU�
UDGLDWHG� FU\VWDOV�� 7KH� W\SLFDO� EDQGV� DUH
IRXQG� WR� DSSHDU� LQ� RQO\� DW� D� GRVH� RI
������*\� �)LJ����� FXUYH����� 7KLV� LV�� LQ� SDU�
WLFXODU��D�EDQG�LQ�WKH�UDQJH�RI����Ü����QP�
ZKLFK� FRUUHVSRQGV� WR� WKH� RSWLFDO� WUDQVLWLRQ
RI�,���FHQWHUV��7KH�ODWWHU�DUH�XQVWDEOH�>�@��DUH
H[FLWHG� XQGHU� LUUDGLDWLRQ� DQG� PD\� GLVVRFL�
DWH� LQWHQVLYHO\� LQWR�+���9N���9)�FHQWHUV��$VWKH�LUUDGLDWLRQ�GRVH�LQFUHDVHV�WR�����*\�DQG
DERYH��WKH�RSWLFDO�VSHFWURVFRS\�GDWD��)LJ����

)LJ����� &RQGXFWLYLW\� RI� J�LUUDGLDWHG� FHVLXP� LR�
GLGH�YV�UHFLSURFDO�DEVROXWH�WHPSHUDWXUH��,QLWLDO
�����������*\������������*\������������*\�����
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FXUYHV������� VKRZ�WKDW�)�FHQWHUV��a����QP�
DQG� WKHLU� DJJUHJDWHV� �a����� QP�� DUH
IRUPHG��WKXV�UHVXOWLQJ�LQ�D�UHGXFHG�FRQFHQ�
WUDWLRQ� RI� IUHH� DQLRQ� YDFDQFLHV� DQG�� FRUUH�
VSRQGLQJO\��LQ�D�GHFUHDVHG�UDGLDWLRQ�LQGXFHG
V�LQ�WKH�UDQJH����Ü����.��)LJ�����FXUYH����
$W�D�GRVH�RI�������*\��WKH�HIILFLHQF\�RI�GH�
IHFW�IRUPDWLRQ�LQFUHDVHV��ZKLFK�LV�HYLGHQFHG
E\� DQ� LQFUHDVHG� LQWHQVLW\� RI� WKH� DEVRUSWLRQ
EDQGV� �)LJ����� FXUYH� ���� $� VLJQLILFDQW� IRU�
PDWLRQ� RI� ERWK� KROH� ,���FHQWHUV� DQG� HOHFWURQ
)�FHQWHUV� KDV� EHHQ� GHWHFWHG�� 7KH� DJJUHJD�
WLRQ� RI� WKH� ODWWHU� FDXVHV� WKH� DSSHDUDQFH� RI
DQ� LQWHQVH� EDQG� LQ� ,5� VSHFWUDO� UHJLRQ
�)LJ�����FXUYH����
7KH� GHIHFW� VWUXFWXUH� UH�EXLOGLQJ� LQ� &V,

FU\VWDOV� H[SRVHG� WR� YDULRXV� GRVHV� RI� J�LUUD�
GLDWRQ� ZDV� DOVR� VWXGLHG� E\� 76'&� PHWKRG�
7KLV�PHWKRG�PDNHV� LW�SRVVLEOH� WR� VWXG\� WKH
GHIHFWV�FDXVLQJ�FKDQJHV� LQ�WKH�FRQGXFWLYLW\
RI� FU\VWDOV� XQGHU� LQYHVWLJDWLRQ�� 7KH� 76'&
VSHFWUD� RI� UDGLDWLRQ�H[SRVHG� &V,� �)LJ����
FXUYH� �E�� UHYHDOHG� D� EURDG� PD[LPXP� DW
����.��7KH� LQWHQVLW\�RI�76'&�PD[LPXP�RI
WKH� VDPSOH� J�LUUDGLDWHG� DW� D� GRVH� RI
������*\�LV�UDLVHG�E\�PRUH�WKDQ�WZR�RUGHUV
ZLWK� UHVSHFW� WR� WKH� VLPLODU� PD[LPXP� IRU
WKH� XQLUUDGLDWHG� FU\VWDO� �)LJ����� FXUYH� �D�
DQG�LQGLFDWHV�D�VKDUS�LQFUHDVH�RI�GHIHFW�FRQ�
FHQWUDWLRQ�� 7KH� LQWHQVLW\� RI� DERYH�PHQ�
WLRQHG�PD[LPXP�GHFUHDVHV�WZLFH�IRU�����*\
GRVH��6LQFH� WKLV�PD[LPXP� LV� FDXVHG�E\�PL�
JUDWLRQ� SURFHVVHV� RI� IUHH� YDFDQFLHV� LQ� &V,
>��@�� WKLV� IDFW� WHVWLILHV� IRU� UH�EXLOGLQJ� RI
WKH� GHIHFW� VWUXFWXUH� XQGHU� LUUDGLDWLRQ�� 7KH
DQDO\VLV� RI� 76'&� VSHFWUD� DQG� WKH� GDWD� RE�
WDLQHG� DW� YDU\LQJ� SRODUL]DWLRQ� FRQGLWLRQV
�(SRO��WSRO��7SRO��DOORZHG�WR�FRQFOXGH�WKDW�WKH

UHYHDOHG�UHOD[DWLRQ�SURFHVVHV�LQ�J�LUUDGLDWHG
&V,� FU\VWDOV� DUH� FDXVHG� E\� PLJUDWLRQ� DQG
UHGLVWULEXWLRQ� RI� YROXPH� FKDUJH��7KH� VKDSH
RI� FXUYHV� DQG� FDOFXODWHG� DFWLYDWLRQ� HQHUJ\
YDOXHV� HYLGHQFH� WKH� FRQWULEXWLRQ� IURP� ERWK
FDWLRQLF� DQG� DQLRQLF� YDFDQFLHV� LQWR� WKHVH
SURFHVVHV�� 7KH� DFWLYDWLRQ� HQHUJ\� YDOXH
�(D�  � ����� H9�� IRU� &V,� LUUDGLDWHG� E\
������*\��)LJ�����FXUYH��E�� LV�VXIILFLHQW�IRU
PLJUDWLRQ� RI� ERWK� DQLRQLF� ������ H9��� DQG
FDWLRQLF� ������ H9�� YDFDQFLHV�� 3HUKDSV� WKH
VKDUS� LQFUHDVH� RI� FDWLRQLF� YDFDQF\� FRQFHQ�
WUDWLRQ�LV�FDXVHG�E\�WKHUPDO�GHFD\�RI�,���FHQ�
WHUV�ZKLFK�LV�DFFRPSDQLHG�E\�UHOHDVH�RI�YF��
EHFDXVH� ,���FHQWHUV� DUH� XQVWDEOH� LQ� WKH� WHP�
SHUDWXUH� UDQJH� ���Ü����.� >�@�� 7KH� LQWHQVH
,7&�PD[LPD�EHFRPH�DSSDUHQW�H[DFWO\�DW�WKLV
WHPSHUDWXUH�
7KH� VKDUS� LQWHQVLW\� GHFUHDVH� RI� 76'&

PD[LPD�LV�REVHUYHG�IRU�FHVLXP�LRGLGH�J�LUUD�
GLDWHG�DW�D�GRVH�RI�����*\��)LJ�����FXUYH��E�
DQG�FDQ�EH�H[SODLQHG�ERWK�E\�UHFRPELQDWLRQ
SURFHVVHV�DQG�DJJUHJDWLRQ�RI�)�FHQWHUV��7KH
FDOFXODWHG� DFWLYDWLRQ� HQHUJ\� RI� FRUUHVSRQG�
LQJ� UHOD[DWLRQ� SURFHVVHV� LV� ����� H9��$V� WKH
GHWHULRUDWLRQ� RI� UDGLDWLRQ� UHVLVWDQFH� LV� GH�

)LJ����� 2SWLFDO� DEVRUSWLRQ� VSHFWUD� RI� FHVLXP
LRGLGH� J�LUUDGLDWHG� ZLWK� GRVHV�� ������*\� ����
������*\������������*\�����

)LJ�����76'&�VSHFWUD�RI�&V,��XQLUUDGLDWHG��D��
7SRO� ����� .� ����� 7SRO� ����� .� ����� J�LUUDGL�
DWHG� WR� YDULRXV� GRVHV� �E�� Ü������ *\� ����
������*\������7SRO� �����.�
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ILQHG�E\�WKH�IRUPDWLRQ�RI�FRORU�FHQWHUV�DQG
WKHLU� DJJUHJDWHV�� ZH� EHOLHYH� WKDW� J�LUUDGLD�
WLRQ�DIIHFWV�DSSUHFLDEO\�WKH�GHIHFW�VWUXFWXUH
RI�WKH�SXULILHG�FHVLXP�LRGLGH�FU\VWDOV�VWDUW�
LQJ�IURP�D�GRVH�RI�����*\�

$FNQRZOHGJHPHQWV�� 7KLV� UHVHDUFK� ZDV
VXSSRUWHG� E\�0LQLVWU\� RI� 6FLHQFH� DQG�(GX�
FDWLRQ�RI�8NUDLQH������8��������

5HIHUHQFHV
� ���,�*DUDS\Q��,�+XG��%�3DYO\N��8NU��)L]��=K������

�����������
� ���0�1LNO��3K\V��6WDW��6RO��D�������������������

� ���0�*OREXV��%�*ULQ\RY�� ,QRUJDQLF�6FLQWLOODWRUV�
$FWD��.KDUNRY��������>LQ�5XVVLDQ@�

� ���/�1�7UHILORYD�� $�0�.XGLQ�� /�9�.RYDOHYD� HW
DO���5DGLDW��0HDV������������������

� ���,�3�$QWRQLY�� ,�9�*DUDS\Q�� 5�,�'LG\N�� 5DG�
(II��DQG�'HI��LQ�6RO������Ü���������������

� ���,�*DUDS\Q�� ,�+XG�� %�3DYO\N�� 5DGLDW��0HDV��
���������������

� ���3�$YDNLDQ��$�6PDNXOD��3K\V��5HY������������
�������

� ���<D�6WUXN��)L]LFK��(OHNWURQ�����������������
� ���9�.RORWLOLQ�� 9�6KWDQ�NR�� )L]��7YHUG��7HOD�� ���

�����������
����,�+XG�� %�3DYO\N�� <D�6WUXN��8NU��)L]��=K��� ���

�����������

cÈ�LÈ�L®Óº�LÓ��}ºmÈÓL�¹¯º�Ë°Ò�È��ËÁË}�Ò�m�º�Ò�ËÓÒ²�}¯Ò°�ÈãÈ²�&V,
,�{��È¯È¹ÒÓ��r�{��ÈmãÒ}��r�~�¡Ò�ã«}

iº°ãL�ÎËÓº�¹¯º�Ë°Ò��ËÁË}�º��mº¯ËÓÓ«�¹L��m¹ãÒmºä�J�º¹¯ºäLÓËÓÓ«���ºÏÈäÒ����Ü�������¯�
m�º�Ò�ËÓÒ²�}¯Ò°�ÈãÈ²�&V,� Ï�mÒ}º¯Ò°�ÈÓÓ«ä�mÒäL¯
mÈÓ	� ËãË}�¯º¹¯ºmL�Óº°�L�� º¹�Ò�Óº�
°¹Ë}�¯º°}º¹L�� �È�°�¯�äLm� �Ë¯äº°�Òä�ã	ºmÈÓº���Ë¹ºã«¯ÒÏÈ�L���{°�ÈÓºmãËÓº���º�¹¯º�Ë°Ò
ÓÈ}º¹Ò�ËÓÓ«��È�¯ºÏ¹È����ËÁË}�Lm�¹¯º�L}È
�	�¹º�¯LÏÓºä���ÏÈãËÎÓº�mL���ºÏÒ�º¹¯ºäLÓËÓ�
Ó«��J�|¹¯ºäLÓËÓÓ«�¹ºäL�Óº�m¹ãÒmÈ¼�ÓÈ��ËÁË}�Ó��°�¯�}��¯��º�Ò�ËÓÒ²�}¯Ò°�ÈãLm�®º�Ò°��
º�º��ËÏL
��¹º�ÒÓÈ
�Ò�Ï��ºÏÒ������¯�

,�*DUDS\Q�HW�DO����5DGLDWLRQ�LQGXFHG�SURFHVVHV���

��� )XQFWLRQDO�PDWHULDOV�������������


