
��� %XOO� .RUHDQ &KHP� 6RF� ����� 9RO� ��� 1R� � 6XQJ\XO /HH

1RQ�/RUHQW]LDQ�5HVRQDQFH�'XH�WR�WKH�'HWXQLQJ�LQ�2QH�&RORU�

7ZR�3KRWRQ�3KRWRGLVVRFLDWLRQ

6XQJ\XO /HH

'HSDUWPHQW RI &KHPLVWU\� .\XQJKHH 8QLYHUVLW\� .\XQJNL�GR �������� .RUHD

5HFHLYHG 0D\ ��� ����

1RQ�/RUHQW]LDQ UHVRQDQFH LV SUHGLFWHG WR RFFXU LQ WZR�SKRWRQ SKRWRDEVRUSWLRQ SURFHVVHV GXH WR WKH GHWXQLQJ

RII WKH LQWHUPHGLDWH OHYHOV� 7KLV W\SH RI QRQ�/RUHQW]LDQ UHVRQDQFH LV GLVWLQFW IURP WKH DV\PPHWULF UHVRQDQFH

UHVXOWLQJ IURP WKH HIIHFWV RI TXDQWXP LQWHUIHUHQFH EHWZHHQ FRPSHWLQJ LQGLVWLQJXLVKDEOH G\QDPLF SDWKZD\V�

7KH SURGXFW GLVWULEXWLRQV DUH VKRZQ WR EH FRQVWDQW QHDU WKLV W\SH RI UHVRQDQFH�

,QWURGXFWLRQ

5HVRQDQFH� LV WKH FRQFHSW EULGJLQJ WKH PROHFXODU VSHF�

WURVFRS\ DQG WKH UHDFWLRQ G\QDPLFV� VLQFH LW FDQ EH GHVFULEHG

DV GLVFUHWH VWDWH LPEHGGHG LQ FRQWLQXXP� 7KH FKDUDFWHULVWLFV

RI WKH UHVRQDQFH� VXFK DV WKH SRVLWLRQ DQG ZLGWK� FDQ SURYLGH

D ZHDOWK RI LQYDOXDEOH LQIRUPDWLRQ RQ WKH PROHFXOH� 7KH

/RUHQW]LDQ UHVRQDQFHV�� IRU ZKLFK WKHVH WZR ODWWHU SDUDPH�

WHUV DUH RI SULPDU\ LPSRUWDQFH� KDYH EHHQ VWXGLHG LQWHQ�

VLYHO\� ,Q FRQWUDVW� VWXGLHV RQ QRQ�/RUHQW]LDQ UHVRQDQFHV

ZHUH UHODWLYHO\ UDUH� EHFDXVH WKHLU LPSRUWDQFH ZDV QRW DSSUH�

FLDWHG YHU\ PXFK� )RU WKH QRQ�/RUHQW]LDQ UHVRQDQFHV� OLQH

VKDSH LV DQRWKHU LPSRUWDQW FKDUDFWHULVWLFV� LQ DGGLWLRQ WR

SRVLWLRQ DQG ZLGWK�

2QH W\SH RI QRQ�/RUHQW]LDQ UHVRQDQFHV LV WKH VR�FDOOHG

)DQR SURILOH�� ZKLFK KDV EHHQ D IRFXV RI PDQ\ H[SHULPHQWDO

DQG WKHRUHWLFDO VWXGLHV� $OWKRXJK REVHUYDWLRQV RI WKLV LQWHU�

HVWLQJ IHDWXUH LQ WKH SKRWRGLVVRFLDWLRQ SURFHVVHV KDYH EHHQ

UDWKHU LQIUHTXHQW FRPSDUHG ZLWK WKRVH IRU DXWRLRQL]DWLRQ��

TXLWH QXPHURXV UHSRUWV ZHUH UHFHQWO\ PDGH RQ WKH DV\PPH�

WULF UHVRQDQFHV LQ SKRWRGLVVRFLDWLRQ VSHFWUD RI WKH PROHFXOHV

VXFK DV +� >5HI� �@� 12 >5HI� �@� )12 >5HI� �@� &V� >5HI� �@�

DQG 2� >�@� 7KH RULJLQ RI WKH DV\PPHWULF UHVRQDQFH LV ZHOO

NQRZQ WR EH WKH TXDQWXP LQWHUIHUHQFH EHWZHHQ PXOWLSOH G\�

QDPLF SDWKZD\V� $OWKRXJK PRVW DV\PPHWULF UHVRQDQFHV ZHUH

H[SHULPHQWDOO\ REVHUYHG RU SUHGLFWHG IRU )HVKEDFK W\SH UHVR�

QDQFHV� VKDSH UHVRQDQFHV�� ZHUH DOVR NQRZQ WR \LHOG WKHP�

2YHUODSSLQJ UHVRQDQFH�� LV DQRWKHU W\SH RI QRQ�/RUHQW]LDQ

UHVRQDQFHV WKDW EHJLQV WR DWWUDFW D ORW RI DWWHQWLRQ UHFHQWO\�

:KLOH PRVW RI WKHVH QRQ�/RUHQW]LDQ UHVRQDQFHV ZHUH VWXG�

LHG LQ RQH�SKRWRQ SURFHVVHV� LQYHVWLJDWLRQ RQ WKHP LQ PXO�

WLSKRWRQ SURFHVVHV ZHUH YHU\ UDUH WR RXU EHVW NQRZOHGJH�

2QH PD\ LQWXLWLYHO\ DVVXPH WKDW WKH DV\PPHWULF UHVRQDQFHV

LQ PXOWLSKRWRQ SURFHVVHV EH GXH WR WKH HIIHFWV RI TXDQWXP

LQWHUIHUHQFH DV LQ RQH�SKRWRQ SURFHVVHV� EXW WKLV VXSSRVLWLRQ

PD\ QRW EH WUXH� ,QGHHG� ZH VKRZ LQ WKH SUHVHQW ZRUN WKDW

WKHUH PD\ EH DQRWKHU RULJLQ RI QRQ�/RUHQW]LDQ UHVRQDQFHV LQ

WZR�SKRWRQ SURFHVVHV� )XUWKHU GLVFXVVLRQV RQ WKLV W\SH RI

UHVRQDQFH LQ FRQQHFWLRQ WR SURGXFW FRQWURO ZLOO EH JLYHQ LQ

VXEVHTXHQW SXEOLFDWLRQV�

,Q WKLV ZRUN� ZH GHVFULEH QRQ�/RUHQW]LDQ UHVRQDQFHV WKDW

FDQ EH REVHUYHG LQ RQH�FRORU WZR�SKRWRQ����� SKRWRGLVVRFLD�

WLRQ SURFHVVHV� :H VKRZ WKDW WKLV W\SH RI QRQ�/RUHQW]LDQ

UHVRQDQFHV LV QRW GXH WR WKH HIIHFWV RI WKH TXDQWXP LQWHUIHU�

HQFH� EXW WKDW WKH\ UHVXOW IURP GHWXQLQJ LQ WKH PXOWLSKRWRQ

SKRWRDEVRUSWLRQ SURFHVVHV� :H ILUVW HPSOR\ D VLPSOH SKHQR�

PHQRORJLFDO DUJXPHQW WR LQWURGXFH WKLV W\SH RI DV\PPHWULF

UHVRQDQFHV� DQG WKHQ SURFHHG WR GHWDLOHG FRPSXWDWLRQ RQ

UHDOLVWLF PRGHO V\VWHPV� :H GLVFXVV WKH VLJQLILFDQFH RI WKH

SUHVHQW VWXG\ LQ FRQQHFWLRQ ZLWK WKH FRQWURO RI SKRWRGLVVRFL�

DWLRQ SURFHVVHV�

:H FRPSXWH WKH VHFRQG RUGHU WUDQVLWLRQ DPSOLWXGHV RI WKH

WZR�SKRWRQ SKRWRGLVVRFLDWLRQ SURFHVVHV���

� ���

ZKHUH LV WKH HLJHQVWDWH RI WKH LQWHUPHGLDWH VWDWH +DPLO�

WRQLDQ� (L LV WKH HQHUJ\ RI WKH LQLWLDO VWDWH � ν� LV WKH SKR�

WRQ IUHTXHQF\� DQG LV WKH ILQDO �VFDWWHULQJ� VWDWH� +HUH LW

LV DVVXPHG WKDW WKH WUDQVLWLRQ GLSROH PRPHQWV DUH LQFRUSR�

UDWHG LQ DQG � 7KH HQHUJ\ HLJHQVWDWH UHSUHVHQWDWLRQ

RI WKH *UHHQ©V RSHUDWRU *����

� ���

LV HPSOR\HG WR FRPSXWH WKH WUDQVLWLRQ DPSOLWXGHV LQ (T� ����

7KH *UHHQ©V RSHUDWRU *��� LV FDOFXODWHG E\ HPSOR\LQJ DQ HIIL�

FLHQW QXPHULFDO PHWKRG WKDW ZDV GHVFULEHG LQ 5HI� >��@� ,W

VKRXOG EH SRLQWHG RXW WKDW� DOWKRXJK PRGHO SRWHQWLDOV �H[SR�

QHQWLDO DQG KDUPRQLF RVFLOODWRU SRWHQWLDOV� DUH HPSOR\HG LQ

WKLV ZRUN IRU VLPSOLFLW\� WKH QXPHULFDO PHWKRG FDQ WUHDW DUEL�

WUDU\ SRWHQWLDOV IRU UHDO PROHFXOHV�

:KHQ WKH HQHUJ\ RI WKH SKRWRQ LV VXFK WKDW RQO\ RQH LQWHU�

PHGLDWH UHVRQDQFH VLJQLILFDQWO\ FRQWULEXWHV� WKH WUDQVLWLRQ

DPSOLWXGH LQ (T� ��� FDQ EH VLPSOLILHG WR

���

7KH WUDQVLWLRQ SUREDELOLW\ FDQ EH H[SUHVVHG DV

���

7KH RQH�SKRWRQ WUDQVLWLRQ SUREDELOLW\ IRU WKH

WUDQVLWLRQ IURP WKH LQWHUPHGLDWH VWDWH WR WKH ILQDO VWDWH

FDQ EH GHVFULEHG� LQ WKH DEVHQFH RI WKH HIIHFWV RI TXDQ�
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1RQ�/RUHQW]LDQ 5HVRQDQFH %XOO� .RUHDQ &KHP� 6RF� ����� 9RO� ��� 1R� � ���

WXP LQWHUIHUHQFH� E\ WKH /RUHQW]LDQ IXQFWLRQ�

���

ZKHUH ν� DQG ν� DUH WKH IUHTXHQFLHV RI WKH WZR SKRWRQV� Γ LV

WKH ZLGWK RI WKH /RUHQW]LDQ IXQFWLRQ� (I LV WKH HQHUJ\ RI WKH

ILQDO VWDWH� DQG $ LV WKH SURSRUWLRQDOLW\ IDFWRU� 'HILQLQJ WKH

WZR GHWXQLQJV DV

��D�

DQG

��E�

�ν� ν� LQ RQH�FRORU WZR�SKRWRQ SURFHVVHV� WKH WUDQVLWLRQ

SUREDELOLW\ LV REWDLQHG DV

���

ZKHUH )LM LV WKH )UDQFN�&RQGRQ IDFWRU RI WKH WUDQVLWLRQ IURP

WR �

:H EHJLQ ZLWK D SKHQRPHQRORJLFDO GHVFULSWLRQ RI WKH UHVR�

QDQFH LQ (T� ���� 2I WKH IRXU SDUDPHWHUV� DQG � DQG

Γ� RQO\ WKH GHWXQLQJV DQG DUH IXQFWLRQV RI WKH IUH�

TXHQF\ RI WKH SKRWRQ� 'HSHQGLQJ RQ WKH GHWXQLQJV DQG

� WKH WUDQVLWLRQ SUREDELOLW\ PD\ H[KLELW D YDULHW\ RI QRQ�

/RUHQW]LDQ VKDSHV� )LJXUH � GHSLFWV VHYHUDO DEVRUSWLRQ VSHF�

WUD� EDVHG RQ (T� ���� IRU GLIIHUHQW VHW RI WKH SDUDPHWHUV

DQG � DQG Γ� ,W FDQ EH VHHQ WKDW WKH UHVXOWLQJ UHVRQDQFH
LV /RUHQW]LDQ RQO\ ZKHQ WKH ]HUR RI WKH WZR GHWXQLQJV

DQG FRLQFLGH DW RQH IUHTXHQF\� ,Q RWKHU FDVHV� WKH UHVR�

QDQFHV DUH DOO QRQ�/RUHQW]LDQ� ,W VKRXOG EH QRWHG WKDW RQH RI

WKHVH UHVRQDQFHV HYHQ H[KLELWV WZR SHDNV�

,Q PRUH JHQHUDO VLWXDWLRQV ZKHUH WKHUH LV PRUH WKDQ RQH

GLVVRFLDWLRQ SURGXFWV FRUUHODWHG ZLWK WKH ILQDO GLVVRFLDWLYH

VWDWHV� PRUH FRPSOLFDWHG PRGHO LV UHTXLUHG WR GHVFULEH WKH

G\QDPLFV� DQG WKH WUDQVLWLRQ DPSOLWXGHV DV GHVFULEHG LQ (T�

��� PXVW EH HYDOXDWHG� 7KXV ZH DGRSW D UHDOLVWLF PRGHO V\V�

WHP WKDW FRQVLVWV RI WZR LQWHUDFWLQJ �RQH LV ERXQG� WKH RWKHU

LV UHSXOVLYH� LQWHUPHGLDWH VWDWHV� DQG WKUHH LQWHUDFWLQJ �WZR

RI WKHP DUH UHSXOVLYH DQG WKH RWKHU LV ERXQG� ILQDO VWDWHV�

7KLV PRGHO V\VWHP LV GHSLFWHG LQ )LJXUH �� 7KH JURXQG VWDWH

LV D KDUPRQLF RVFLOODWRU VWDWH ZLWK YLEUDWLRQDO TXDQWXP RI

��� FP−�� 7KH UHGXFHG PDVV RI WKH V\VWHP LV �� DPX� 7KH

ILQDO ERXQG VWDWH LV D GLVSODFHG �E\ ��� ERKU� KDUPRQLF RVFLO�

ODWRU VWDWH ZLWK WKH VDPH YLEUDWLRQDO TXDQWXP� (DFK RI WKH

WZR ILQDO GLVVRFLDWLYH VWDWHV LQWHUDFWV ZLWK WKH ILQDO KDUPRQLF

RVFLOODWRU VWDWH E\ ��� FP−� × H[S ���5������ 7KH UDGLDWLYH

GHFD\ ZLGWK RI WKH LQWHUPHGLDWH UHVRQDQFH PD\ EH WUHDWHG

VLPSO\ E\ HPSOR\LQJ SURSHU YDOXH IRU � 7KH SDUDPHWHUV

IRU WKHVH WZR ILQDO GLVVRFLDWLYH VWDWHV �9  − H[S ��)�5�D��

DUH )  ��� ERKU−�� D  ��� ERKU �SURGXFW FKDQQHO ,�� DQG )  

��� ERKU−�� D  ��� ERKU �SURGXFW FKDQQHO ,,�� ,W LV DVVXPHG LQ

WKLV PRGHO WKDW WKHVH WZR ILQDO GLVVRFLDWLYH VWDWHV DUH QRW

FRXSOHG� 7KH LQWHUPHGLDWH VWDWHV FRQVLVW RI D KDUPRQLF RVFLO�

ODWRU VWDWH �LGHQWLFDO WR WKH JURXQG VWDWH� EXW GLVSODFHG E\ ���

ERKU�� DQG D UHSXOVLYH VWDWH �9  − H[S ��)�5�D��� 7KH LQWHU�

PHGLDWH ERXQG VWDWH LV DOORZHG WR SUHGLVVRFLDWH E\ FRXSOLQJ

ZLWK WKH LQWHUPHGLDWH UHSXOVLYH VWDWH E\ WKH LQWHUDFWLRQV RI

��� FP−� × H[S ���5������ 7KH YHUWLFDO GLVSODFHPHQWV RI WKH

LQWHUPHGLDWH DQG ILQDO VWDWH KDUPRQLF RVFLOODWRU SRWHQWLDOV

DUH VXFK WKDW WKH HQHUJ\ IURP WKH ERWWRP RI WKH ZHOOV DUH ��

FP−�DQG �� FP−�� UHVSHFWLYHO\� ZKHQ WKH V\VWHP LV H[FLWHG WR

WKH ERWWRP RI WKH ILQDO KDUPRQLF RVFLOODWRU SRWHQWLDO�

7UDQVLWLRQ PRPHQW IURP WKH JURXQG VWDWH WR WKH ERXQG

LQWHUPHGLDWH VWDWH� DQG WKDW IURP WKH ERXQG LQWHUPHGLDWH

VWDWH WR WKH ILQDO ERXQG VWDWH DUH WDNHQ WR EH QRQ]HUR �ZH VHW

WKHP WR XQLW\ IRU FRQYHQLHQFH�� 2WKHU WUDQVLWLRQV DUH DVVXP�

HG WR YDQLVK� 7KLV FKRLFH VWULFWO\ HOLPLQDWHV WKH HIIHFWV RI WKH

TXDQWXP LQWHUIHUHQFH �IRU H[DPSOH� DOORZLQJ RSWLFDO WUDQVL�

WLRQ IURP WKH LQLWLDO VWDWH WR WKH LQWHUPHGLDWH RU ILQDO FRQWL�

QXXP VWDWH �VHH )LJXUH ��� FRXSOHG ZLWK WKH ERXQG VWDWHV�

PD\ JLYH ULVH WR TXDQWXP LQWHUIHUHQFH� VHH 5HI� ���� &RQVH�

TXHQWO\� WKH RQH�SKRWRQ VSHFWUD IRU WUDQVLWLRQ IURP WKH

JURXQG VWDWH WR WKH LQWHUPHGLDWH PDQLIROG� DQG WKDW IURP WKH
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��� %XOO� .RUHDQ &KHP� 6RF� ����� 9RO� ��� 1R� � 6XQJ\XO /HH

ERXQG LQWHUPHGLDWH VWDWH WR ILQDO VWDWHV DUH /RUHQW]LDQ� 7KH

UHVXOWLQJ WZR�SKRWRQ VSHFWUXP IRU WUDQVLWLRQ IURP WKH

JURXQG VWDWH WR WKH ILQDO VWDWHV LV QRW V\PPHWULF �WKDW LV� QRQ�

/RUHQW]LDQ�� KRZHYHU� GXH WR WKH HIIHFWV RI WKH WZR GHWXQLQJV

DQG �

)LJXUH � FOHDUO\ VKRZV WKDW WKH RQH�FRORU WZR�SKRWRQ

VSHFWUD FDQ EH QRQ�/RUHQW]LDQ� 7KH SDUWLDO FURVV VHFWLRQV IRU

WKH SURGXFW FKDQQHOV , DQG ,, H[KLELW VSOLWWLQJV GXH WR WKH

HIIHFW RI WKH GHWXQLQJV� ,W PXVW EH QRWHG WKDW WKH SUHVHQW W\SH

RI QRQ�/RUHQW]LDQ UHVRQDQFHV DUH QRW WKH UHVXOWV RI WKH

HIIHFWV RI TXDQWXP LQWHUIHUHQFH� DQG FRQVHTXHQWO\� WKH\ DUH

GLIIHUHQW IURP WKH )DQR SURILOHV� ,W LV YHU\ QRWHZRUWK\ WKDW

WKH OLQH VKDSHV RI WKH WZR SDUWLDO FURVV VHFWLRQV GHSLFWHG LQ

)LJXUH � DUH YHU\ VLPLODU WR HDFK RWKHU� 7KH LPSRUWDQW FRQVH�

TXHQFH RI WKLV REVHUYDWLRQ LV WKDW WKH EUDQFKLQJ UDWLRV �WKH

UDWLR RI WKH GLVVRFLDWLRQ FURVV VHFWLRQV WR SURGXFW , DQG ,, WR

WRWDO FURVV VHFWLRQV� GR QRW FKDQJH QHDU WKH UHVRQDQFH� DV

DOVR VKRZQ LQ )LJXUH �� ,Q WKDW VHQVH� WKH G\QDPLFV QHDU WKLV

W\SH RI QRQ�/RUHQW]LDQ UHVRQDQFHV LV YHU\ PXFK OLNH WKDW RI

LVRODWHG /RUHQW]LDQ UHVRQDQFHV� 7KLV LV LQ UDGLFDO FRQWUDVW WR

WKH G\QDPLFV LQ WKH YLFLQLW\ RI WKH )DQR SURILOHV� ZKHUH DOO

WKH SURSHUWLHV RI WKH SKRWRIUDJPHQWV H[KLELW UDSLG FKDQJHV������

2Q WKH RWKHU KDQG� LQ WKH DEVHQFH RI WKLV EXLOW�LQ TXDQWXP

LQWHUIHUHQFH� WKH HIIHFWV RI WKH GHWXQLQJ LQ WKH LQWHUPHGLDWH

H[FLWDWLRQ VWHS LQ WKH ILUVW H[DPSOH ZLOO QRW EULQJ GLIIHUHQFH

EHWZHHQ WKH SDUWLDO FURVV VHFWLRQV WR WKH SURGXFW� VLQFH WKH

GHSHQGHQFH RI WKH GHWXQLQJV RQ WKH HQHUJ\ LQ WKH GHQRPLQD�

WRU RI (T� ��� ZLOO GLVWRUW WKH SDUWLDO FURVV VHFWLRQV IURP WKH

/RUHQW]LDQ OLQH VKDSHV LQ DQ LGHQWLFDO IDVKLRQ� \LHOGLQJ LGHQ�

WLFDO OLQH VKDSHV DQG FRQVWDQW EUDQFKLQJ UDWLRV DFURVV WKH UHVR�

QDQFH� 7KXV� LQ DFWXDO WZR�SKRWRQ H[SHULPHQWV� WKH PHD�

VXUHPHQWV RI WKH SURGXFW EUDQFKLQJ UDWLRV FRXOG FRQYH�

QLHQWO\ GLVWLQJXLVK EHWZHHQ WKH HIIHFWV RI WKH EXLOW�LQ TXDQ�

WXP LQWHUIHUHQFH DQG WKH HIIHFWV RI WKH GHWXQLQJV�

$FNQRZOHGJPHQW� 7KLV ZRUN ZDV VXSSRUWHG E\ WKH .RUHD

5HVHDUFK )RXQGDWLRQ �'LVWLQJXLVKHG 6FKRODUV 3URJUDP�

'�������

5HIHUHQFHV

�� 5HVRQDQFH LQ (OHFWURQ�0ROHFXOH 6FDWWHULQJ� YDQ GHU :DDOV

&RPSOH[HV� DQG 5HDFWLYH &KHPLFDO '\QDPLFV� 7UXKODU� '�
*�� (G�� $PHULFDQ &KHPLFDO 6RFLHW\� :DVKLQJWRQ� '� &��

�����

�� 6FKLQNH� 5� 3KRWRGLVVRFLDLWRQ '\QDPLFV� &DPEULGJH 8QL�
YHUVLW\� &DPEULGJH� �����

�� )DQR� 8� 3K\V� 5HY� ����� ���� �����

�� /HIHEYUH�%ULRQ� +�� )LHOG� 5� :� 3HUWXUEDWLRQV LQ WKH 6SHF�
WUD RI 'LDWRPLF 0ROHFXOHV� $FDGHPLF 3UHVV� 1HZ <RUN�

�����

�� *ODVV�0DXMHDQ� 0�� %UHWRQ� -�� *X\RQ� 3� 0� &KHP� 3K\V�
/HWW� ����� ��� ����

�� $VKIROG� 0� 1� 5�� 'L[RQ� 5� 1�� 3ULQFH� -� '�� 7XWFKHU� %��

:HVWHUQ� &� 0� -� &KHP� 6RF� )DUDGD\ 7UDQV� ,, ����� ���
�����

�� %UDQGRQ� -� 7�� 5HLG� 6� $�� 5RELH� '� &�� 5HLVOHU� +� -�

&KHP� 3K\V� ����� ��� �����
�� .LP� %�� <RVKLKDUD� .�� /HH� 6� 3K\V� 5HY� /HWW� ����� ���

����

�� /HZLV� %� 5�� %DQHUMHH� 6� 6�� *LEVRQ� 6� 7� -� &KHP� 3K\V�
����� ���� �����

��� 2NXQLVKL� 0�� <DPDQRXFKL� .�� 2QGD� .�� 7VXFKL\D� 6� -�

&KHP� 3K\V� ����� ��� �����
��� 0LHV� )� 3K\V� 5HY� ����� ���� ����

��� %UD\� %� *�� +RFKVWUDVVHU� 5� 0� 0RO� 3K\V� ����� ���

�����
��� &KHQ� =�� 6KDSLUR� 0�� %UXPHU� 3� -� &KHP� 3K\V� �����

��� �����

��� 0H\HU� +� -� &KHP� 3K\V� ����� ���� �����
��� ,Q VRPH OLWHUDWXUH� WKH SDUDPHWHU ε LV FRQVLGHUHG WR KDYH

ILQLWH YDOXH� +RZHYHU� WKH IRUPDO GHILQLWLRQ RI WKH *UHHQ©V

RSHUDWRU LQYROYHV YDQLVKLQJ ε� DQG WKH ILQLWH ZLGWK RI WKH
UHVRQDQFH DULVHV IURP WKH FRXSOLQJ EHWZHHQ WKH GLVFUHWH

DQG FRQWLQXXP VWDWHV�

��� /HH� 6�� 3DUN� &� 5�� .LP� +� /�� 3DUN� 6� &� &KHP� 3K\V�
/HWW� ����� ���� ����

��� /HH� 6� &KHP� 3K\V� /HWW� ����� ���� ���� -� &KHP� 3K\V�

����� ���� ����� &KHP� 3K\V� /HWW� ����� ���� ���� -�
&KHP� 3K\V� ����� ���� ����� -� &KHP� 3K\V� ����� ����

������ -� &KHP� 3K\V� ����� ���� ����� -� &KHP� 3K\V�

����� ���� �����
��� /HH� 6� 3K\V� 5HY� $ ����� ��� 5����� 3K\V� 5HY� $ �����

��� �����

��� /HH� 6� %XOO� .RUHDQ &KHP� 6RF� ����� ��� ����

∆M ∆I

)LJXUH �� &URVV 6HFWLRQV �VROLG OLQHV� DQG EUDQFKLQJ UDWLRV �GDVKHV�
LQ RQH�FRORU WZR�SKRWRQ SURFHVV REWDLQHG LQ WKH DEVHQFH RI WKH
EXLOW�LQ TXDQWXP LQWHUIHUHQFH� 7KH EUDQFKLQJ UDWLRV GR QRW FKDQJH
LQ WKH YLFLQLW\ RI WKH QRQ�/RUHQW]LDQ UHVRQDQFHV� 7KH RULJLQ RI
HQHUJ\ LV WDNHQ WR EH WKH ERWWRP RI WKH JURXQG VWDWH SRWHQWLDO�


