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,QYHVWLJDWLRQV� RQ� WKH�VWUXFWXUH� WUDQVIRU�
PDWLRQ� SUREOHP� XQGHU� YDFXXP� XOWUDYLROHW
LUUDGLDWLRQ� GHPDQGV� WR� DSSO\� VSHFLILF� WHFK�
QLTXHV�IRU�DQDO\VLV�RI�XOWUDWKLQ�VXUIDFH�OD\�
HUV� FRPPHQVXUDEOH� WR� 989� HIIHFWLYH� SHQH�
WUDWLRQ�GHSWKV��,W�LV�MXVW�WKHVH�OD\HUV�ZKHUH
WKH�FKDQJHV�FDXVHG�E\�LUUDGLDWLRQ�VKRXOG�EH
VHDUFKHG�IRU�ILUVW�RI�DOO��,Q�UHFHQW�\HDUV��WKH
PHWKRGV� RI� JUD]LQJ� ;�UD\� EHDP� DUH� H[WHQ�
VLYHO\� XVHG� >�Ü�@�� ,Q� SDUWLFXODU�� ;�UD\� UH�
IOHFWRPHWU\�PHWKRG�DOORZV�WR�GHILQH�WKH�PX�
WXDO�DUUDQJHPHQW�RI�OD\HUV�RI�GLIIHUHQW�GHQ�
VLWLHV� LQ� PXOWLOD\HU� V\VWHPV� DV� ZHOO� DV� WR
GHWHUPLQH�SUHFLVHO\�WKH�ILOP�V\VWHP�SDUDPH�
WHUV�� QDPHO\�� WKLFNQHVV� DQG�GHQVLW\� >����Ü�@�
7KH�UHIOHFWRPHWU\�UHVXOWV�KDYH�EHHQ�YHULILHG
UHSHDWHGO\� E\� GLUHFW� PHWKRGV� LQ� WKH� WKLFN�

QHVV� UDQJHV�ZKHUH� WKH� GLUHFW�PHWKRGV�ZHUH
DSSOLFDEOH�

,Q�RXU�SUHYLRXV�ZRUNV��ZH�XVHG�WKH�;�UD\
UHIOHFWRPHWU\�WR�VWXG\�QLFNHO��QLRELXP��DQG
WLWDQLXP�VXSHUWKLQ�ILOPV�REWDLQHG�E\�UDGLR�
IUHTXHQF\� �UI�� VSXWWHULQJ� RQ� VLOLFRQ� VXE�
VWUDWHV� >�Ü�@�� 7KH� QLFNHO� ILOPV� ZHUH� VKRZQ
WR� EH� VPRRWK� DQG� FRQWLQXRXV� DOUHDG\� DW
��QP�WKLFNQHVV��ZLWK�GHQVLW\�FORVH�WR��EXON�
QLFNHO� YDOXH�� ZKLOH� QLRELXP� DQG� WLWDQLXP
ILOPV�EHLQJ�FRQVLGHUDEO\�R[LGL]HG��)LOP�HOH�
PHQWDO� DQG� SKDVH� FRPSRVLWLRQ� ZHUH� FRQ�
ILUPHG� E\� LQGHSHQGHQW� PHWKRGV� RI� PDVV�
VSHFWURPHWU\� DQG� JUD]LQJ� EHDP� ;�UD\
DQDO\VLV�>�Ü�@��2XU�H[SHULPHQWDO�WHFKQLTXHV
RI� WDNLQJ� WKH� FXUYHV� RI� ;�UD\� UHIOHFWLYLW\
DQJXODU� GHSHQGHQFHV� DV� ZHOO� DV� FDOFXODWLQJ
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WKH�UHIOHFWLYLW\�E\�)UHVQHO�IRUPXODV�IRU�FRQ�
VHTXHQW� ILWWLQJ� WKH� ILOP� SDUDPHWHUV� KDYH
EHHQ� IRXQG� WR� EH� UDWKHU� VHQVLWLYH�� 6R�� WKH
PLQLPXP� UHYHDOHG� OD\HU� GHQVLW\� YDULDWLRQ
ZDV� U�#�����J�°P�� IRU� D� PHWDO�� DQG� WKH
PLQLPXP�UHYHDOHG�OD\HU�WKLFNQHVV�YDULDWLRQ
GLG�QRW�H[FHHG�����QP�IRU���QP�WKLFN�ILOP�
,Q� WKLV� ZRUN�� ZH� DSSO\� WKH� ;�UD\� UHIOHF�
WRPHWU\� WR� UHYHDO� WKH� VWUXFWXUH� DQG� SKDVH
FKDQJHV� LQ� QDQR�OD\HUV� RI� 1L�6LVXE� V\VWHPGXH�WR�989�LUUDGLDWLRQ�

7KH� HVVHQFH� RI� WKH� WHFKQLTXH� FRQVLVWV� LQ
GHWHUPLQDWLRQ� RI� WKH� UHDO� ILOP� SDUDPHWHUV
E\� LQWHUIHUHQFH� HIIHFWV� RFFXUULQJ� GXH� WR
JUD]LQJ�;�UD\�EHDP�UHIOHFWLRQ��7KH�SUREOHP
FRPSULVHV� WZR� VWDJHV�� 7KH� ILUVW� VWDJH� LQ�
FOXGHV� WKH� SUHFLVLRQ�PHDVXUHPHQW� RI�;�UD\
UHIOHFWLYLW\� DQJXODU� GHSHQGHQFHV� 5�T��� :H
XVHG� WKH� VFKHPH� RI� ;�UD\� UHIOHFWRPHWHU
ZLWK�VLOLFRQ�PRQRFKURPDWRU� LQ� WKH� LQFLGHQW
EHDP�RI�FRSSHU�DQRGH�UDGLDWLRQ�>�@��7KH�H[�
SHULPHQWDO� FXUYHV� 5�T�� ZHUH� WDNHQ� LQ� WKH
DQJOH� UDQJH� T� ���y������� E\� WKH� WHFKQLTXH
GHVFULEHG� LQ�GHWDLOV� LQ� >�Ü�@��$W�WKH�VHFRQG
VWDJH�� WKH� WKHRUHWLFDO�5�T�� FXUYHV� ZHUH� ILW�
WHG� XVLQJ� )UHVQHO� IXQFWLRQV� LQ� WKH� PRGHO
�Q�OD\HU� ILOP�VXEVWUDWH�� ZLWK� OD\HU� WKLFN�
QHVV� DQG� GHQVLW\� DV� ILWWLQJ� SDUDPHWHUV
>�Ü�@�� ,Q� JRLQJ� IURP� WKH� �VLQJOH� ILOP�VXE�
VWUDWH��PRGHO�WR�PRUH�FRPSOH[�FDVHV�RI�WZR�
DQG�WKUHH�OD\HU�ILOP�V\VWHPV��WKH�QXPEHU�RI
5�T�� ILWWLQJ� SDUDPHWHUV� LQFUHDVHV� WKDW
PDNHV�GLIILFXOW�QRW�RQO\�WKH�ILWWLQJ�SURFHVV
EXW� DV� ZHOO� XQHTXLYRFDO� H[SODQDWLRQ� RI� WKH
UHVXOWV�REWDLQHG��7KXV��ZH�IROORZHG�WKH�QH[W
UXOHV�ZKHQ�FKRRVLQJ�WKH�PRGHO�����WKH�PRGHO
VKRXOG�EH�H[WUHPHO\�FORVH�WR�SK\VLFDO�UHDOLW\
�DOO� D� SULRUL� LQIRUPDWLRQ�REWDLQHG�XVLQJ� LQ�
GHSHQGHQW�PHWKRGV�RQ� WKH� VDPSOHV� LV� WDNHQ
LQWR�FRQVLGHUDWLRQ������WKH�PRGHO�LV�WKRXJKW
WR�EH�DQ�DGHTXDWH��LI�LW�GHVFULEHV�WKH�H[SHUL�
PHQWDO� FXUYH� ZLWK� PLQLPXP� QXPEHU� RI
YDULDEOH�ILWWLQJ�SDUDPHWHUV�

,Q� FKRRVLQJ� WKH� REMHFW�� WKH� IROORZLQJ� UH�
TXLUHPHQWV� ZHUH� WDNHQ� LQWR� FRQVLGHUDWLRQ�
��� VWUXFWXUH� DQG� FRPSRVLWLRQ�RI� LQLWLDO� ILOPV
VKRXOG�EH�VWXGLHG�LQ�GHWDLO�����WKH�REMHFWV�DUH
QRW� R[LGL]DEOH� LQ� XVXDO� FRQGLWLRQV�� ��� WKH
ILOPV� KDYH� D� VXSHUVPRRWK� VXUIDFH� �VTXDUH
URRW�PLFUR�URXJKQHVV�V�a���QP���$V�WKH�VDP�
SOHV�� ZH� XVHG� D� VHULHV� RI� QLFNHO� ILOPV� �RE�
WDLQHG� E\� UI�VSXWWHULQJ� RQ� VLOLFRQ� VXEVWUDWHV
LQ�%DOW]HU�V\VWHP���VLPLODU�WR�WKRVH�VWXGLHG�LQ
RXU� SUHYLRXV� ZRUNV� >����@�� RI� ��� QP� �1L����
���QP��1L����� ���QP� �1L����� ����QP� �1L�����
DQG� �� QP� �1L��� WKLFNQHVV�� 7KH� WKLFNQHVV
UDQJH� ZDV� GHILQHG� ERWK� E\� 989� SHQHWUDWLRQ
GHSWK� IRU� FKRVHQ� ZDYHOHQJWK� �a��� QP� >�@��

DQG� E\� RSWLPDO� UHJLVWUDWLRQ� FRQGLWLRQV� IRU
LQWHUIHUHQFH� SDWWHUQV� XVLQJ� ;�UD\� EHDP� RI
O� ������� QP�� $V� WKH� YDFXXP� XOWUDYLROHW
VRXUFHV�� WZR� EDUULHU� ODPSV�ZHUH� XVHG�� DUJRQ
RQH��%$5��O� �����QP���DQG�[HQRQ�RQH��%.6�
O� ����� QP��� 7KH� ODPSV� ZHUH� DWWDFKHG� WR
;�UD\�DSSDUDWXV�FORVH�WR�WKH�VDPSOH�VXUIDFH
WR�PLQLPL]H�UDGLDWLRQ�DEVRUSWLRQ�LQ�DLU�JDS�
'XULQJ� WKH� ZKROH� H[SHULPHQW�� WKH� VDPSOH
ZDV� VWDWLRQDU\� DWWDFKHG� WR� WKH� JRQLRPHWHU
WDEOH�� 7KH� LUUDGLDWLRQ� ZDV� GRQH� DW� URRP
WHPSHUDWXUH�� ([SRVXUH� WLPH� ZDV� ��� PLQ�
7KH�FXUYHV�RI�;�UD\�UHIOHFWLYLW\�DQJXODU�GH�
SHQGHQFH�ZHUH�WDNHQ�LPPHGLDWHO\�EHIRUH�WKH
LUUDGLDWLRQ� DQG� MXVW� DIWHU� H[SRVXUH� IRU� WKH
VDPH�DUHD�RI�WKH�VDPSOH�

)LUVW��ZH� KDYH� LGHQWLILHG� WKH� VDPSOHV� LQ
LQLWLDO� VWDWH�� 7KH� FDOFXODWHG� 5�T�� FXUYH� LQ
WKH��ILOP�VXEVWUDWH��1L�6LVXE�PRGHO�DW�QLFNHOEXON� GHQVLW\� �U1L� ������J�FP��� DQG� LQLWLDO
ILOP� WKLFNQHVV�ZDV� ILWWHG� URXJKO\� WR� GHWHU�
PLQH�PRUH�DFFXUDWHO\�WKH�WKLFNQHVV�DQG�GHQ�
VLW\� RI� WKH� EDVLF� ILOP� VXEVWDQFH�� ,Q� )LJ���D�
WKH� UHVXOW� RI� FDOFXODWHG�WR�H[SHULPHQWDO
FXUYH�ILWWLQJ�IRU�WKH�1L����VDPSOH�LV�VKRZQ�
7KH�PLQLPXP�DQG�PD[LPXP�SRVLWLRQV�FRLQ�
FLGH� ZHOO�� L�H�� WKH� ZKROH� WKLFNQHVV� DQG� WKH
DYHUDJH�ILOP�GHQVLW\�FRUUHVSRQG�WR�WKH�SUH�
VHW� SDUDPHWHUV�� +RZHYHU�� DV� LW� LV� VHHQ� LQ
WKH� H[SHULPHQWDO� FXUYH�� )LJ���D�� WKH� LQWHQ�
VLW\� PLQLPXP� LQ� IURQW� RI� WKH� ILUVW� RUGHU
SHDN�LV�VXEVWDQWLDOO\�GHHSHU�WKDQ�WKDW�LQ�WKH
FDOFXODWHG� FXUYH�� 7KLV� HIIHFW� ZDV� GLVFXVVHG
LQ�GHWDLO�LQ�SUHYLRXV�ZRUNV�>����@�ZKHUH�WKLQ
PHWDO� R[LGH� OD\HU�ZDV� IRXQG� WR� EH�SUHVHQW�
PRUHRYHU��WKLV�OD\HU�ZDV�VKRZQ�WR�H[LVW�MXVW
RQ�WKH�VXUIDFH�RI�PHWDO�ILOP�EXW�QRW�RQ�WKH
VXEVWUDWH�PHWDO�LQWHUIDFH��7KHUHIRUH��IROORZ�
LQJ�WR��SK\VLFDO�FRQVLGHUDWLRQV���ZH�DSSO\�D
PRGHO� RI� WZR�OD\HU� 1LH�1L�6LVXE� ILOP�

)LJ�����&KRRVLQJ�DQ�LQLWLDO�VWDWH�VLPXODWLQJ�PRGHO
IRU�WKH�VDPSOH�1L�����D��XQVDWLVIDFWRU\�ILWWLQJ�LQ
WKH�PRGHO�RI�VLQJOH�OD\HU�ILOP�1L�����QP��6LVXE�E�� D� VDWLVIDFWRU\� ILWWLQJ� LQ� WKH� PRGHO� RI� WZR�
OD\HU�ILOP�1LH�����QP��1L�����QP��6LVXE�
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LQYROYLQJ�DQ�R[LGH�OD\HU�1L2�RI���QP�WKLFN�
QHVV� DQG� WKH� EXON� PDWHULDO� GHQVLW\� �U1LH� �����J�°P��� WKDW� KDV� LPSURYHG� WKH� ILWWLQJ
TXDOLW\��)LJ���E��

7KH� VDPSOHV�1L����1L����1L���� DQG�1L���
LQ� LQLWLDO� VWDWH� ZHUH� IRXQG� WR� EH� ZHOO� GH�
VFULEHG� E\� WKH� VDPH� PRGHO� FKRVHQ�� PRUH�
RYHU�� WKH� R[LGH� OD\HU� WKLFNQHVV� ZDV� DOPRVW
VLPLODU�IRU�DOO�WKH�VDPSOHV��)LJ����DÜG���)RU
WKH� WKLQQHVW� VDPSOH� �1L���� WKH�H[SHULPHQWDO
FXUYH�5�T��FRQWDLQV�RQO\�WZR�RUGHUV�RI�LQWHU�
IHUHQWLDO� PD[LPD�� 7KH� ILOP� ;�UD\� RSWLFDO
WKLFNQHVV�ZDV����r����QP��ZKLOH�WKH�GHQVLW\
PD\�EH�HVWLPDWHG�DV�DQ�DYHUDJH�EHWZHHQ�U1L
DQG� U1LH� EHFDXVH�� GXH� WR� PLFUR�URXJKQHVVHIIHFW��WKH�GLIIHUHQFH�EHWZHHQ�ILWWLQJ�FXUYHV
5�T��IRU�1L�DQG�1L2�LV�ZLWKLQ�HUURU�OLPLWV�DW
VXFK� ILOP�WKLFNQHVV��-XVW� WKH� ILUVW�989� LU�
UDGLDWLRQ� GRVH� DW� ZDYHOHQJWK� O� �����QP
GXULQJ����PLQ�UHVXOWV�LQ�TXDOLWDWLYH�FKDQJH
RI� LQWHUIHUHQFH� SDWWHUQ� IRU� DOO� WKH� VDPSOHV
LQGHSHQGHQWO\�RQ�ILOP�WKLFNQHVV��)LJ���DÜG��
WKHUH�DSSHDUHG�FKDUDFWHULVWLF��EHDWLQJV��RE�
VHUYHG� IRU� QRQH� RI� WKH� VDPSOHV� LQ� LQLWLDO
VWDWH�� 989� LUUDGLDWLRQ� DW� D� ORQJHU� ZDYH�
OHQJWK� �O� ����� QP�� UHVXOWV� LQ� VLPLODU
FKDQJH�RI� LQWHUIHUHQFH� FXUYHV�5�T�� RQO\� IRU
WKH�ILOPV�RI�d���QP�WKLFNQHVV��)LJ�����

8QGHU�LUUDGLDWLRQ�E\�����QP�ZDYHOHQJWK
989� GXULQJ� ��� PLQ�� DOO� WKH� ILOPV� LQGH�
SHQGHQWO\� RQ� WKH� WKLFNQHVV� KDYH� XQGHUJRQH
WKH� VDPH� FKDQJHV� ZKLFK� PDQLIHVWHG� WKHP�
VHOYHV�LQ�WKH�VDPH�LQWHUIHUHQWLDO�HIIHFW��7KH
SHDN� LQWHQVLWLHV� DQG� FRQWUDVW� DV� ZHOO� DV
WKHLU�QXPEHU�GLG�QRW�GHFUHDVH�DIWHU�LUUDGLD�
WLRQ�� ,I� WKH� FKDQJHV� RQ� ILOP� VXUIDFH� ZRXOG
EH�FDXVHG�E\�LQWHUDFWLRQ�RI�QLFNHO�ZLWK�R[\�
JHQ� RU� DGVRUEHQWV�� ZH� VKRXOG� REVHUYH� GH�
FUHDVLQJ� RI� WKH� SHDN� FRQWUDVW� DQG� WKHLU
QXPEHU�GXH�WR�GDPSLQJ�RI�WKH�KLJKHU�LQWHU�
IHUHQFH� RUGHUV�� ILUVW� RI� DOO�� LQ� WKH� WKLQQHVW
ILOPV�� +HQFH�� RQH� VKRXOG� QRW� VSHDN� DERXW
WKH� SURFHVVHV� FRQQHFWHG� ZLWK� R[LGDWLRQ� RU
GHJUDGDWLRQ� RI� QLFNHO� ILOP�� 8VLQJ� LQWHUIHU�
HQFH� SDWWHUQ� FDOFXODWLRQV�� ZH� KDYH� YHULILHG
VHYHUDO�WKH�PRVW�SUREDEOH�VWUXFWXUH�PRGHOV�

$Q�DGVRUEHG� OD\HU�RI�K\GUR[\OV�DSSHDUHG
XQGHU�LUUDGLDWLRQ��7KLV�PRGHO�GRHV�QRW�SUR�
YLGH�D�JRRG�FRLQFLGHQFH�EHWZHHQ�WKH�H[SHUL�
PHQWDO�DQG�FDOFXODWHG�LQWHUIHUHQFH�SDWWHUQV�
LQWURGXFLQJ� WKH� OD\HU�ZLWK�U�a���J�FP�� DQG
WKLFNQHVV��Ü��QP�JLYHV�LQVXIILFLHQW�HIIHFW�

$�OD\HU�RQ�ILOP�VXEVWUDWH�LQWHUIDFH��,QWUR�
GXFLQJ� WKH� LQWHUIDFLDO� OD\HU� EHWZHHQ� WKH
VXEVWUDWH�DQG�WKH�ILOP�DOVR�GRHV�QRW�DOORZ�WR
ILW� WKH� REVHUYHG� HIIHFW�� GXH� WR� VXEVWDQWLDO
UDGLDWLRQ�DEVRUSWLRQ�LQ�QLFNHO�OD\HU��WKH�OHVV
GHQVH� OD\HU� RQ� WKH� VXEVWUDWH� H[HUWV� D� OLWWOH
LQIOXHQFH�RQ�LQWHUIHUHQFH�SDWWHUQ�>����@�

)LJ�����([SHULPHQWDO�;�UD\�UHIOHFWLYLW\�FXUYHV�5�T��DQG�FDOFXODWHG�ILWWLQJ�FXUYHV�ZLWKLQ�WKH�IUDPHZRUN�RI
WKH� WZR�OD\HU� ILOP�VXEVWUDWH� PRGHO� IRU� WKH� VDPSOHV� RI� YDULRXV� WKLFNQHVV� LQ� LQLWLDO� VWDWH�� È��1L��� PRGHO
1L2�����QP��6LVXE��E��1L����PRGHO�1L2���QP��1L������QP��6LVXE��F��1L����PRGHO�1L2�����QP��1L����QP��6LVXE�G��1L����PRGHO�1L2�����QP��1L������QP��6LVXE�
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$�GHQVH�OD\HU�RQ�ILOP�VXUIDFH��7KH�VDWLV�
IDFWRU\�ILWWLQJ�DSSHDUV�WR�EH�SRVVLEOH�IRU�DOO
H[SHULPHQWDO� FXUYHV� 5�T�� LQ� WKH� PRGHO� RI
WKUHH�OD\HU� SODWH�� 7KH� LQLWLDO� WKLFNQHVV� YDO�
XHV�RI�1L�DQG�1L2�OD\HUV�UHPDLQ�XQFKDQJHG�
WKH�WKLUG�OD\HU�RQ�WKH�ILOP�VXUIDFH�LV�RI����
WR� ���� J�FP�� GHQVLW\� DQG� ���� WR� ���� QP
WKLFNQHVV�� 7KH� ILWWLQJ� UDVXOWV� DUH� VKRZQ� LQ
)LJ���� �DÜH���:LWKLQ� WKH� IUDPHZRUN� RI� WKH
ODVW�PRGHO�� ZH� VXFFHHGHG� LQ� ILWWLQJ� WKH� LQ�
WHUIHUHQFH� SDWWHUQV� REWDLQHG� DIWHU� LUUDGLD�
WLRQ�DW�WKH�ORQJHU�ZDYHOHQJWK������QP���7KH
WKLFNQHVV�DQG�GHQVLW\�RI�1L�DQG�1L2� LQ�WKLV
FDVH� ZHUH� XQFKDQJHG� DV� ZHOO�� ZKLOH� WKH
WKLUG� OD\HU� RQ� WKH� ILOP� VXUIDFH� ZDV� DERXW
��QP�WKLFN�DQG�����WR�����J�°P��GHQVH��L�H�
FRQVLGHUDEO\� OHVV� WKDQ� LQ� WKH� SUHYLRXV� FDVH
�)LJ���D��E��

/HW� XV� FRQVLGHU� WKH�SRVVLEOH� FRPSRVLWLRQ
RI� WKH� VXUIDFH� OD\HU� DSSHDUHG� GXH� WR� WKH
989� LUUDGLDWLRQ��$V� QRQH� RI� WKLFNQHVV� DQG
GHQVLW\� FKDQJHV� LQ�1L� DQG�1L2� OD\HUV� ZHUH
REVHUYHG� DIWHU� LUUDGLDWLRQ�� QRU� LQWHUIDFHV
ZHUH�FKDQJHG��VR��WKH�RFFXUULQJ�VRPH�QLFNHO
FRPSRXQG� RQ� WKH� VXUIDFH� LV� XQOLNHO\�� $Q
LQGLUHFW� FRQILUPDWLRQ� RI� WKLV� VWDWHPHQW� LV

WKH�VLPLODU�WKLFNQHVV�RI�WKH�OD\HU�LQ�GLIIHU�
HQW�QLFNHO�ILOPV��0RUHRYHU��LI�WKH�SURFHVVHV
RQ� QLFNHO� ILOP� VXUIDFH� ZRXOG� EH� FDXVHG� E\
LQWHUDFWLRQ� RI� 989�ZLWK� QLFNHO�� ZH� VKRXOG

)LJ����� ([SHULPHQWDO� ;�UD\� UHIOHFWLYLW\
FXUYHV�5�T�� DQG� FDOFXODWHG� ILWWLQJ� FXUYHV� �È�
IRU� WKH� VDPSOH� 1L���� LQ� LQLWLDO� VWDWH�� PRGHO
1L2�����QP��1L�����QP��6LVXE�� �E�� LQ� WKH
IUDPH�RI�WKH�WKUHH�OD\HU�ILOP�VXEVWUDWH�PRGHO
IRU�WKH�VDPSOH�1L����DIWHU����PLQ�989�LUUD�
GLDWLRQ�ZLWK�O� �����QP���=�1L2�1L�6L��=�LV�D
QHZ�VXUIDFH�OD\HU�IRUPHG�GXULQJ�LUUDGLDWLRQ��

)LJ�����([SHULPHQWDO�;�UD\�UHIOHFWLYLW\�FXUYHV�5�T��DQG�FDOFXODWHG�ILWWLQJ�FXUYHV�ZLWKLQ�WKH�IUDPH�
ZRUN� RI� WKH� WKUHH�OD\HU� ILOP�VXEVWUDWH�PRGHO� IRU� WKH� VDPSOHV� RI� YDULRXV� WKLFNQHVV� DIWHU� ���PLQ�989
LUUDGLDWLRQ� DW� O�  ����� QP�� È��1L��� PRGHO� ;����� QP��1L2�����QP��6LVXE�� E�� 1L����� PRGHO� ;�����QP�1L2����� QP���1L�����QP��6LVXE�� F�� 1L���� PRGHO� ;����� QP��1L2��� QP���1L������QP��6LVXE�� G�� 1L���PRGHO� ;����� QP�� 1L2����� QP��� 1L������QP��6LVXE�� Ë�� 1L���� PRGHO� ;����� QP�� 1L2�����QP��
1L������QP��6LVXE���;�LV�D�QHZ�VXUIDFH�OD\HU�IRUPHG�GXULQJ�LUUDGLDWLRQ��
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REVHUYH�WKH�VLPLODU�HIIHFWV�ERWK�RQ�WKLQ�DQG
WKLFN� ILOPV� LQ� WKH� FDVH� RI� WKH� ORQJHU� 989
ZDYHOHQJWK��5HDOO\�� LUUDGLDWLRQ�ZLWK� ORQJHU
ZDYHOHQJWK������QP��UHVXOWHG�LQ�QRWLFHDEOH
HIIHFW�RQO\�LQ�WKH�WKLQQHVW�VDPSOHV��7KH�UH�
VXOWV� REWDLQHG� VKRZ� WKDW� LQ� WKH� FDVH� O� 
���� QP�� WKH� LQWHUDFWLRQ� RI� 989�ZLWK� VLOL�
FRQ�VXEVWUDWH�WRRN�SODFH�LQ�DOO� WKH�VDPSOHV�
ZKLOH� LQ� WKH� FDVH� O� ����� QP�� WKH� 989
EHDP� GLG� QRW� UHDFK� WKH� VXEVWUDWH� LQ� WKH
WKLFNHVW�VDPSOHV�

,W� LV� ZRUWK� WR� EH� QRWHG� WKDW�ZDYHOHQJWK
RI�DUJRQ�ODPS�989�UDGLDWLRQ�FRUUHVSRQGV�WR
QLWURJHQ� DEVRUSWLRQ� MXPS�� L�H�� XQGHU� LUUD�
GLDWLRQ��FRQWDLQHG�LQ�DLU�QLWURJHQ�PROHFXOHV
DEVRUELQJ� WKH� HQHUJ\� PD\� GHFRPSRVH� LQWR
DWRPV� DQG� EHFRPH� DFWLYH� UHDJHQWV�� ;HQRQ
ODPS�ZDYHOHQJWK�FRUUHVSRQGV�WR�R[\JHQ�DE�
VRUSWLRQ�MXPS�� L�H��R[\JHQ�DFWLYLW\� LQFUHDVH
LV� SRVVLEOH� XQGHU� LUUDGLDWLRQ�� 7KXV�� XVLQJ
WKH� FKRVHQ� 989� ZDYHOHQJWKV�� WKH� GLIIHU�
HQFHV� LQ� REVHUYHG� HIIHFWV� VKRXOG� EH� H[�
SHFWHG��,QGHHG��ZH�REWDLQHG�GLIIHUHQW�GHQVL�
WLHV�RI� VXUIDFH� OD\HU� IRUPHG�XQGHU�989� LU�
UDGLDWLRQ� DW� YDULRXV� ZDYHOHQJWKV�� 7KH
UHVXOWV� REWDLQHG� DOORZ� IRU� DQ� DVVXPSWLRQ
DERXW� IRUPDWLRQ� RI� VLOLFRQ�QLWURJHQ� FRP�
SRXQGV��LQ�WKH�FDVH�O� �����QP���DQG�VLOLFRQ�
R[\JHQ� FRPSRXQGV� �LQ� WKH� FDVH� O� �����QP�
RQ�QLFNHO� ILOP� VXUIDFH��7KH� GHQVLW\�U� ����
WR� ���� J�°P�� LV� FORVH� WR� VLOLFRQ� QLWULGH
6L�1��� ZKLOH� U� ����� WR� ���� J�°P�� FRUUH�

VSRQGV�WR�VLOLFRQ�R[LGHV��6L2[���7KH�REWDLQHGHIIHFW� LV� QRQ�WULYLDO� DQG� QHHGV� IXUWKHU
VWXG\LQJ��

7KXV��XVLQJ�;�UD\�UHIOHFWRPHWU\�PHWKRG�
DQ� XOWUD�WKLQ� ��� WR� �� QP�� OD\HU� �RI� ���� WR
����J�°P��GHQVLW\�DW�O� �����QP�DQG�����WR
����J�°P��DW�O� �����QP��KDV�EHHQ�UHYHDOHG
RQ� WKH� VXUIDFH� RI� QLFNHO� ILOPV� DIWHU� VKRUW�
WLPH�989�LUUDGLDWLRQ��7KH�QLFNHO�ILOPV�ZHUH
IRXQG�WR�UHPDLQ�XQFKDQJHG��,W�KDV�EHHQ�DV�
VXPHG�WKDW�WKLV�VXUIDFH� OD\HU� LV�D�UHVXOW�RI
989� LUUDGLDWLRQ� LQWHUDFWLRQ� ZLWK� VLOLFRQ
VXEVWUDWH��VLOLFRQ�QLWULGH�6L�1�� LV�IRUPHG�LQWKH� FDVH� 989� DW� O� ����� QP�� DQG� VLOLFRQ
R[LGH�6L2[�DW�O� �����QP���
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