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'HSDUWPHQW RI 0HFKDQLFDO (QJLQHHULQJ� )DU (DVW &ROOHJH� 7DLQDQ� 7DLZDQ� 5�2�&�

:HQ�)XQJ 3DQ‡

'HSDUWPHQW RI (QJLQHHULQJ 6FLHQFH� 1DWLRQDO &KHQJ .XQJ 8QLYHUVLW\� 7DLQDQ� 7DLZDQ� 5�2�&�

�5HFHLYHG 6HSWHPEHU ��� ����� $FFHSWHG 1RYHPEHU �� �����

$EVWUDFW� 7KLV SDSHU SUHVHQWV WKH H[SHULPHQWDO DQG WKHRUHWLFDO UHVXOWV RI 686 ��� VWDLQOHVV WXEHV ZLWK
GLIIHUHQW GLDPHWHU�WR�WKLFNQHVV UDWLR �'�W UDWLR� VXEMHFWHG WR SXUH EHQGLQJ FUHHS� 3XUH EHQGLQJ FUHHS RFFXUV
ZKHQ D FLUFXODU WXEH LV EHQW WR D GHVLUHG PRPHQW DQG KHOG DW WKDW PRPHQW IRU D SHULRG RI WLPH� ,W ZDV IRXQG
WKDW WKH PDJQLWXGHV RI WKH FUHHS FXUYDWXUH DQG RYDOL]DWLRQ RI WXEH FURVV�VHFWLRQ LQFUHDVH IDVWHU ZLWK D KLJKHU
KROG PRPHQW WKDQ WKDW ZLWK D ORZHU RQH� 'XH WR FRQWLQXRXVO\ LQFUHDVLQJ FXUYDWXUH� WKH FLUFXODU WXEHV
HYHQWXDOO\ EXFNOH� )LQDOO\� D WKHRUHWLFDO IRUP ZDV SURSRVHG LQ WKLV VWXG\ VR WKDW LW FDQ EH XVHG WR GHVFULEH WKH
UHODWLRQVKLS EHWZHHQ WKH FUHHS FXUYDWXUH DQG WLPH� 7KHRUHWLFDO VLPXODWLRQV DUH FRPSDUHG ZLWK WKH
H[SHULPHQWDO WHVW GDWD� VKRZLQJ WKDW JRRG DJUHHPHQW EHWZHHQ WKH H[SHULPHQWDO DQG WKHRUHWLFDO UHVXOWV KDV
EHHQ DFKLHYHG�

.H\ZRUGV� SXUH EHQGLQJ FUHHS� 686 ��� VWDLQOHVV VWHHO WXEH� GLDPHWHU�WR�WKLFNQHVV UDWLR� FUHHS
FXUYDWXUH� RYDOL]DWLRQ�

�� ,QWURGXFWLRQ

8QGHUVWDQGLQJ RI WKH UHVSRQVH DQG VWDELOLW\ RI ORQJ FLUFXODU WXEHV VXEMHFWHG WR EHQGLQJ LV RI

LPSRUWDQFH LQ PDQ\ LQGXVWULDO DSSOLFDWLRQV� VXFK DV VWUXFWXUHV LQ HDUWKTXDNH�SURQH DUHD� RIIVKRUH

SLSHOLQHV DQG SODWIRUPV LQ H[WUHPH ZHDWKHU FRQGLWLRQV� WUDQVSRUWLQJ WXEHV RI KHDW H[FKDQJHUV IRU

QXFOHDU UHDFWRUV RU SRZHU SODQW� HWF� ,W KDV EHHQ GHPRQVWUDWHG WKDW EHQGLQJ RI FLUFXODU WXEHV FDQ OHDG

WR WKH RYDOL]DWLRQ RI WXEH FURVV VHFWLRQ� DQG WKLV JURZWK RI RYDOL]DWLRQ FDXVHV D SURJUHVVLYH UHGXFWLRQ

LQ WXEH EHQGLQJ ULJLGLW\� (YHQWXDOO\� ZKHQ D FULWLFDO YDOXH RI WKH RYDOL]DWLRQ LV UHDFKHG� WKH WXEH

EXFNOHV�

,Q UHFHQW \HDUV� VWXGLHV KDYH EHHQ PDGH RQ FLUFXODU WXEHV VXEMHFWHG WR PRQRWRQLF RU F\FOLF SXUH

EHQGLQJ ZLWK RU ZLWKRXW H[WHUQDO SUHVVXUH� 6KDZ DQG .\ULDNLGHV ������ LQYHVWLJDWHG WKH LQHODVWLF

EHKDYLRU RI WKLQ�ZDOOHG WXEHV VXEMHFWHG WR F\FOLF EHQGLQJ� .\ULDNLGHV DQG 6KDZ ������ H[WHQGHG WKH

DQDO\VLV WR WKH VWDELOLW\ FRQGLWLRQ XQGHU F\FOLF EHQGLQJ� &RURQD DQG .\ULDNLGHV ������ LQYHVWLJDWHG WKH

FROODSVH RI LQHODVWLF WXEHV VXEMHFWHG WR FRPELQHG EHQGLQJ DQG H[WHUQDO SUHVVXUH� &RURQD DQG .\ULDNLGHV
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������ GLVFXVVHG WKH GHJUDGDWLRQ DQG EXFNOLQJ RI FLUFXODU WXEHV XQGHU F\FOLF EHQGLQJ DQG H[WHUQDO

SUHVVXUH� .\ULDNLGHV DQG -X �����D� ����E� H[SHULPHQWDOO\ DQG WKHRUHWLFDOO\ VWXGLHG WKH ELIXUFDWLRQ

DQG ORFDOL]DWLRQ LQVWDELOLWLHV RI FLUFXODU WXEHV XQGHU SXUH EHQGLQJ�

6XEVHTXHQWO\� 3DQ HW DO� H[SHULPHQWDOO\ DQG WKHRUHWLFDOO\ LQYHVWLJDWHG WKH UHVSRQVH DQG VWDELOLW\ RI

FLUFXODU WXEHV VXEMHFWHG WR PRQRWRQLF RU F\FOLF EHQGLQJ� 3DQ DQG /HX ������ XVHG HQGRFKURQLF WKHRU\

WR LQYHVWLJDWH WKH FROODSVH RI WKLQ�ZDOOHG WXEHV VXEMHFWHG WR EHQGLQJ� 7KH H[SHULPHQWDO GDWD RI �����7�

DOXPLQXP DQG ���� VWHHO WXEHV XQGHU F\FOLF EHQGLQJ WHVWHG E\ .\ULDNLGHV DQG 6KDZ ������ ZHUH

FRPSDUHG ZLWK WKH WKHRUHWLFDO VLPXODWLRQ� 3DQ HW DO� ������ GHVLJQHG D QHZ PHDVXUHPHQW DSSDUDWXV�

ZKLFK FDQ EH SODFHG DW WKH PLG�VSDQ RI WKH FLUFXODU WXEH VSHFLPHQ DQG LV VXLWDEOH IRU VLPXOWDQHRXV

H[SHULPHQWDO GHWHUPLQDWLRQV RI WKH WXEH FXUYDWXUH DQG RYDOL]DWLRQ RI WKH WXEH FURVV�VHFWLRQ� 3DQ DQG

)DQ ������ LQYHVWLJDWHG WKH HIIHFW RI SULRU FXUYDWXUH�UDWH LQ WKH SUHORDGLQJ VWDJH RQ WKH VXEVHTXHQW

FUHHS RU UHOD[DWLRQ EHKDYLRU� ,W KDV EHHQ IRXQG WKDW WKH FXUYDWXUH�UDWH DW WKH SUHORDGLQJ VWDJH KDV D

VWURQJ LQIOXHQFH RQ WKH VXEVHTXHQW FUHHS RU UHOD[DWLRQ GHIRUPDWLRQ XQGHU SXUH EHQGLQJ� 3DQ DQG +HU

������ LQYHVWLJDWHG WKH UHVSRQVH DQG VWDELOLW\ RI ��� VWDLQOHVV VWHHO WXEHV VXEMHFWHG WR F\FOLF EHQGLQJ

ZLWK GLIIHUHQW FXUYDWXUH�UDWHV� 7KH\ GLVFRYHUHG WKDW KLJKHU DSSOLHG FXUYDWXUH�UDWHV LQGLFDWH JUHDWHU

KDUGHQLQJ RI WXEHV� +RZHYHU� WKH RYDOL]DWLRQ RI WXEH FURVV�VHFWLRQ LQFUHDVHV ZKHQ WKH DSSOLHG

FXUYDWXUH�UDWH LQFUHDVHV� 3DQ DQG +VX ������ H[SHULPHQWDOO\ DQG WKHRUHWLFDOO\ VWXGLHG WKH YLVFRSODVWLF

EHKDYLRU RI ��� VWDLQOHVV VWHHO WXEHV VXEMHFWHG F\FOLF EHQGLQJ� 7KH HQGRFKURQLF YLVFRSODVWLF WKHRU\�

ZKLFK ZDV SURSRVHG E\ 3DQ DQG &KHUQ ������� ZDV XVHG WR LQYHVWLJDWH WKH YLVFRSODVWLF EHKDYLRU RI WKH

WXEHV XQGHU F\FOLF EHQGLQJ� /HH DQG 3DQ ������ H[SHULPHQWDOO\ DQG WKHRUHWLFDOO\ LQYHVWLJDWHG WKH

YLVFRSODVWLF UHVSRQVH DQG VWDELOLW\ RI WLWDQLXP DOOR\ WXEHV VXEMHFWHG F\FOLF EHQGLQJ� 7KH WKHRUHWLFDO

IRUPXODWLRQ� SURSRVHG E\ 3DQ DQG +HU ������� ZDV PRGLILHG VR WKDW LW FRXOG EH XVHG WR VLPXODWH WKH

UHODWLRQVKLS EHWZHHQ WKH FRQWUROOHG FXUYDWXUH DQG WKH QXPEHU RI F\FOHV WR SURGXFH EXFNOLQJ IRU

WLWDQLXP DOOR\ WXEHV XQGHU F\FOLF EHQGLQJ ZLWK GLIIHUHQW FXUYDWXUH�UDWHV� /HH HW DO� ������ GLVFXVVHG WKH

LQIOXHQFH RI WKH GLDPHWHU�WR�WKLFNQHVV UDWLR WR WKH UHVSRQVH DQG VWDELOLW\ RI FLUFXODU WXEHV VXEMHFWHG WR

V\PPHWULFDO F\FOLF EHQGLQJ� 7KH HPSLULFDO UHODWLRQVKLS� SURSRVHG E\ .\ULDNLGHV DQG 6KDZ ������� ZDV

PRGLILHG VR WKDW LW FDQ EH XVHG IRU VLPXODWLQJ WKH UHODWLRQVKLS EHWZHHQ WKH FRQWUROOHG FXUYDWXUH DQG WKH

QXPEHU RI F\FOHV WR SURGXFH EXFNOLQJ IRU FLUFXODU WXEHV ZLWK GLIIHUHQW '�W UDWLR�

,Q WKLV SDSHU� WKH UHVSRQVH RI 686 ��� VWDLQOHVV VWHHO WXEHV ZLWK GLIIHUHQW GLDPHWHU�WR�WKLFNQHVV UDWLR

�'�W UDWLR� XQGHU SXUH EHQGLQJ FUHHS LV VWXGLHG� ,Q VXFK D WHVW WKH WXEH LV EHQW WR D FHUWDLQ DPRXQW RI

PRPHQW DQG KHOG IRU D SHULRG RI WLPH� $ IRXU�SRLQW EHQGLQJ PDFKLQH �3DQ HW DO� ����� 3DQ DQG +HU

����� 3DQ DQG )DQ ����� 3DQ DQG +VX ����� /HH HW DO� ����� ZDV XVHG WR FRQGXFWLQJ WKH WHVWV� 7KH

FXUYDWXUH�RYDOL]DWLRQ PHDVXUHPHQW DSSDUDWXV� GHVLJQHG E\ 3DQ HW DO� ������� ZDV XVHG WR PHDVXUH WKH

PDJQLWXGHV RI WKH WXEH FXUYDWXUH DQG WKH RYDOL]DWLRQ RI WKH WXEH FURVV�VHFWLRQ� 7KH FUHHS SURFHVV ZDV

FRQWUROOHG E\ ORDG FHOOV� PRXQWHG LQ WKH EHQGLQJ PDFKLQH� 6LQFH WKH SKHQRPHQRQ RI SXUH EHQGLQJ FUHHS

LV YHU\ VLPLODU WR WKH SKHQRPHQRQ RI XQLD[LDO FUHHS� D WKHRUHWLFDO IRUP� ZKLFK LV VLPLODU WR WKH

IRUPXODWLRQ RI WKH XQLD[LDO FUHHS� ZDV SURSRVHG VR WKDW LW FRXOG EH XVHG WR VLPXODWH WKH UHODWLRQVKLS

EHWZHHQ WKH FUHHS FXUYDWXUH DQG WLPH�

�� %HQGLQJ WHVW IDFLOLWLHV

,Q WKLV VWXG\� D EHQGLQJ WHVW IDFLOLW\� FRQVLVWLQJ RI D SXUH EHQGLQJ GHYLFH DQG D FXUYDWXUH�RYDOL]DWLRQ

PHDVXUHPHQW DSSDUDWXV� ZDV XVHG IRU D QXPEHU RI H[SHULPHQWV RQ FLUFXODU WXEHV XQGHU SXUH EHQGLQJ

FUHHS� 7KH WHVW IDFLOLW\ LV IXUWKHU GHVFULEHG EHORZ�



3XUH EHQGLQJ FUHHS RI 686 ��� VWDLQOHVV VWHHO WXEHV ���

���� 3XUH EHQGLQJ GHYLFH

)LJ� � VKRZV D VFKHPDWLF GUDZLQJ RI WKH EHQGLQJ GHYLFH� ZKLFK ZDV GHVLJQHG DV D IRXU�SRLQW EHQGLQJ

PDFKLQH� 7KH GHYLFH FRQVLVWV RI WZR URWDWLQJ VSURFNHWV� DERXW �� FP LQ GLDPHWHU� V\PPHWULFDOO\ UHVWLQJ

RQ WZR VXSSRUW EHDPV RI ���� P DSDUW� 7KH PD[LPXP OHQJWK RI WKH WHVW VSHFLPHQ ZDV � P� 7KH WZR

VSURFNHWV VXSSRUW WZR UROOHUV ZKLFK DSSO\ SRLQW ORDGV DV D FRXSOH DW HDFK HQG RI WKH WHVW VSHFLPHQ�

+HDY\ FKDLQV UXQ DURXQG WKHVH VSURFNHWV DQG DUH FRQQHFWHG WR WZR K\GUDXOLF F\OLQGHUV DQG ORDG FHOOV

IRUPLQJ D FORVHG ORRS� 2QFH HLWKHU WKH WRS RU ERWWRP F\OLQGHU FRQWUDFWV� WKH VSURFNHWV URWDWH� DQG SXUH

EHQGLQJ RI WKH WHVW VSHFLPHQ LV DFKLHYHG� 7KH FRQWDFW EHWZHHQ WKH WXEH DQG WKH UROOHUV LV IUHH WR PRYH

DORQJ D[LDO GLUHFWLRQ GXULQJ EHQGLQJ� 7KH ORDG WUDQVIHU WR WKH WHVW VSHFLPHQ LV LQ WKH IRUP RI D FRXSOH

IRUPHG E\ FRQFHQWUDWHG ORDGV IURP WKH WZR UROOHUV� $ VHUYR�K\GUDXOLF� IHHGEDFN FRQWURO V\VWHP ZDV

GHYHORSHG WR SUHVFULEH F\FOLF ORDGLQJ KLVWRULHV� 7KH RXWSXW IURP HLWKHU WKH FXUYDWXUH�RYDOL]DWLRQ

PHDVXUHPHQW DSSDUDWXV RU IURP WKH ORDG�FHOO FDQ EH VHOHFWHG DV IHHGEDFN IRU FXUYDWXUH RU PRPHQW

FRQWURO� UHVSHFWLYHO\� $ GHWDLOHG GHVFULSWLRQ RI VXFK D EHQGLQJ GHYLFH FDQ EH IRXQG LQ OLWHUDWXUH

�.\ULDNLGHV DQG 6KDZ ����� &RURQD DQG .\ULDNLGHV ����� 3DQ HW DO� ����� 3DQ DQG +VX ������

���� &XUYDWXUH�2YDOL]DWLRQ 0HDVXUHPHQW $SSDUDWXV �&20$�

)LJ� � VKRZV D VFKHPDWLF GUDZLQJ RI WKH &20$� ,W LV D OLJKWZHLJKW LQVWUXPHQW ZKLFK FDQ EH PRXQWHG

FORVH WR WKH WXEH
V PLG�VSDQ �3DQ HW DO� ������ ,W FDQ EH XVHG WR PRQLWRU WKH FKDQJHV LQ WKH PDMRU DQG

PLQRU GLDPHWHUV RI WKH WXEH FURVV�VHFWLRQ� XVLQJ D PDJQHWLF GHWHFWRU �PLGGOH SDUW RI WKH &20$��

6LPXOWDQHRXVO\� LW FDQ EH XVHG WR PHDVXUH YDULDWLRQV LQ WKH WXEH FXUYDWXUH FORVH WR WKH PLG�VSDQ IURP

WKH VLJQDOV RI LQFOLQRPHWHUV� 7KHUH DUH WKUHH LQFOLQRPHWHUV LQ WKH &20$� 7ZR RI WKHP DUH IL[HG RQ WZR

KROGHUV� �VHH )LJ� ��� 7KH KROGHUV DUH IL[HG RQ WKH FLUFXODU WXEH EHIRUH WKH WHVW EHJLQV� DQG WKH DQJOHV RI

URWDWLRQ GHWHFWHG E\ WKHVH WZR VLGH�LQFOLQRPHWHUV DUH LQ WKH SODQH ZKLFK LV WKH GLUHFWLRQ RI WKH EHQGLQJ

PRPHQW� 2QFH WKH WZR KROGHUV DUH SODFHG DQG IL[HG RQ WKH FLUFXODU WXEH� WKH GLVWDQFH EHWZHHQ WKH WZR

VLGH�LQFOLQRPHWHUV LV IL[HG� DQG GHQRWHG DV /
R
� &RQVLGHU WKDW WKH FLUFXODU WXEH LV VXEMHFWHG WR SXUH

EHQGLQJ� WKH DQJOH FKDQJHV GHWHFWHG E\ WKH WZR VLGH�LQFOLQRPHWHUV DUH GHQRWHG DV θ� DQG θ� �VHH )LJ� ���

'XH WR WKH XQLIRUP EHQGLQJ LQ DOO VHFWLRQV� WKH FLUFXODU WXEH� ZKLFK ZDV RULJLQDOO\ VWUDLJKW� LV GHIRUPHG

LQWR D FLUFXODU DUF� 7KH GLVWDQFH EHWZHHQ WKH FHQWHU RI WKLV DUF DQG WKH QHXWUDO VXUIDFH LV GHQRWHG DV ρ
�VKRZQ LQ )LJ� ��� )URP )LJ� �� WKH YDOXH RI /R LV GHWHUPLQHG DV

/R  ρ �θ� � θ�� ���

)LJ� � $ VFKHPDWLF GUDZLQJ RI WKH EHQGLQJ GHYLFH
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7KH FXUYDWXUH RI WKH WXEH κ LV

���

2QFH WKH GLVWDQFH EHWZHHQ WKH WZR VLGH�LQFOLQRPHWHUV �/R� LV IL[HG DQG WKH DQJOH FKDQJHV �θ� DQG θ��

RI WKH WZR VLGH�LQFOLQRPHWHUV DUH GHWHFWHG� WKH FXUYDWXUH RI WKH WXEH FDQ EH GHWHUPLQHG IURP (T� ����

7KXV� WKH &20$ FDQ SURYLGH D GLUHFW PHDVXUHPHQW RI WKH WXEH FXUYDWXUH�
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)LJ� � $ VFKHPDWLF GUDZLQJ RI WKH &20$

)LJ� � 7XEH GHIRUPDWLRQ EHWZHHQ WZR VLGH�LQFOLQRPHWHUV XQGHU SXUH EHQGLQJ



3XUH EHQGLQJ FUHHS RI 686 ��� VWDLQOHVV VWHHO WXEHV ���

�� 0DWHULDO DQG H[SHULPHQWDO SURFHGXUHV

,Q WKLV VHFWLRQ� ZH GLVFXVV WKH VSHFLPHQV DQG WKH WHVW SURFHGXUHV RI FLUFXODU WXEHV VXEMHFWHG WR SXUH

EHQGLQJ FUHHS� 6SHFLPHQV DQG WKH WHVW SURFHGXUHV DUH JLYHQ EHORZ�

���� 0DWHULDO DQG VSHFLPHQV

7KH PDWHULDO XVHG LQ WKLV VWXG\ ZDV KRW�UROOHG 686 ��� VWDLQOHVV VWHHO FLUFXODU WXEHV ZLWK WKH FKHPLFDO

FRPSRVLWLRQ RI &U ������ 1L ����� 0Q ����� 6L ����� & ����� 3 ����� 6 ����� DQG WKH UHPDLQGHU )H� 7KH

\LHOG VWUHVV LV ��� 03D� WKH WHQVLOH XOWLPDWH VWUHVV LV ��� 03D DQG WKH SHUFHQW HORQJDWLRQ LV ���� 7KH

WHVW VSHFLPHQV RULJLQDOO\ KDG D QRPLQDO RXWVLGH GLDPHWHU ' RI ���� PP DQG D ZDOO WKLFNQHVV W RI ���

PP �'�W  ������ 7R REWDLQ WKH GHVLUHG '�W UDWLR� WKH DV�UHFHLYHG WXEHV ZHUH VOLJKWO\ PDFKLQHG RQ WKH

RXWVLGH VXUIDFH� 7KH PDJQLWXGHV RI WKH '�W UDWLR ZHUH VHOHFWHG WR EH ��� ��� �� DQG �� LQ WKLV VWXG\� )LJ�

� VKRZV WKH GLPHQVLRQV RI IRXU GLIIHUHQW '�W UDWLRV RI WHVWHG WXEHV�

���� 3XUH EHQGLQJ FUHHS SURFHGXUHV

7KH SXUH EHQGLQJ FUHHS WHVW ZDV FRQGXFWHG E\ XVLQJ WKH EHQGLQJ GHYLFH GHVFULEHG LQ WKH SUHYLRXV

VHFWLRQ� 7KH PDJQLWXGH RI WKH FXUYDWXUH ZDV FRQWUROOHG DQG PHDVXUHG E\ WKH &20$� ZKLFK DOVR

PHDVXUHG WKH RYDOL]DWLRQ RI WXEH FURVV�VHFWLRQ� 7KH EHQGLQJ PRPHQW FDQ EH FDOFXODWHG IURP WKH VLJQDOV

GHWHFWHG E\ WKH WZR ORDG FHOOV� PRXQWHG RQ WKH EHQGLQJ GHYLFH� )RU SXUH EHQGLQJ FUHHS WHVW� WKH

)LJ� � 'LPHQVLRQV RI IRXU GLIIHUHQW '�W UDWLRV RI 686 ��� VWDLQOHVV VWHHO WXEHV
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VSHFLPHQ ZDV EHQW LQ D FXUYDWXUH�FRQWUROOHG PRGH �FRQWUROOHG E\ WKH &20$� DW WKH SUHORDGLQJ VWDJH

ZKLOH WKH FRPSXWHU PRQLWRUHG WKH PDJQLWXGH RI WKH PRPHQW� $V VRRQ DV WKH PRPHQW PDJQLWXGH

UHDFKHG WKH SUHVHW FUHHS KROG PRPHQW� WKH ORDGLQJ SURFHVV ZDV VWRSSHG� 7KH WHVW V\VWHP ZDV

SURJUDPPHG WR VZLWFK WR WKH PRPHQW�FRQWUROOHG PRGH �FRQWUROOHG E\ WKH ORDG FHOOV� DQG WKH PRPHQW

ZDV NHSW DW WKLV FRQVWDQW PDJQLWXGH� ZKLOH WKH WXEH FXUYDWXUH DQG RYDOL]DWLRQ RI WXEH FURVV�VHFWLRQ ZHUH

EHLQJ UHFRUGHG�

�� ([SHULPHQWDO UHVXOW

���� 3UH�FUHHS VWDJH

)LJ� � SUHVHQWV WKH PRPHQW �0� � FXUYDWXUH �κ� UHVSRQVHV IRU 686 ��� VWDLQOHVV VWHHO WXEHV ZLWK '�W  

��� ��� �� DQG �� VXEMHFWHG WR SXUH EHQGLQJ DW SUH�FUHHS VWDJH� )RU HDFK '�W UDWLR� D OLQHDU PRPHQW�

FXUYDWXUH FXUYH LV REVHUYHG ZKHQ WKH EHQGLQJ PRPHQW LV LQ WKH HODVWLF UDQJH� 2QFH WKH GHIRUPDWLRQ LV

LQ WKH SODVWLF UDQJH� WKH PRPHQW�FXUYDWXUH FXUYH EHFRPHV QRQOLQHDU� )LJ� � VKRZV WKH FRUUHVSRQGLQJ

UHVXOWV IRU RYDOL]DWLRQ RI WXEH FURVV�VHFWLRQ DV D IXQFWLRQ RI WKH DSSOLHG FXUYDWXUH� 7KH RYDOL]DWLRQ RI

WXEH FURVV�VHFWLRQ LV GHILQHG E\ ∆'�'� ZKHUH ' LV WKH RXWVLGH GLDPHWHU DQG ∆' LV WKH FKDQJH LQ WKH

RXWVLGH GLDPHWHU� ,W FDQ EH QRWHG WKDW WKH RYDOL]DWLRQ RI WXEH FURVV�VHFWLRQ LQFUHDVHV ZKHQ WKH DSSOLHG

FXUYDWXUH LQFUHDVHV�

���� &UHHS VWDJH

)LJ� � GHSLFWV D W\SLFDO GUDZLQJ RI WKH FXUYDWXUH �κ� � WLPH �W� SURILOHV RI WKH RYHUDOO EHQGLQJ SURFHVV
�WKH SUH�FUHHS DQG WKH FUHHS VWDJHV� IRU FLUFXODU WXEHV ZLWK '�W  ��� )RXU GLIIHUHQW PDJQLWXGHV RI WKH

KROG PRPHQW� L�H�� ���� ���� ��� DQG ��� 1�P� ZHUH FRQWUROOHG IRU FLUFXODU WXEHV VXEMHFWHG WR SXUH

)LJ� � ([SHULPHQWDO PRPHQW �0� FXUYDWXUH �κ� FXUYHV XQGHU SXUH EHQGLQJ IRU YDULRXV '�W UDWLRV
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EHQGLQJ FUHHS� 7KH VWDUWLQJ DQG EXFNOLQJ SRLQWV RI WKH FUHHS UHVSRQVH DUH PDUNHG E\ ³•´ DQG ³×´�
UHVSHFWLYHO\� 'XH WR WKH PXFK ORQJHU WLPH DW EXFNOLQJ ���� VHFRQGV� XQGHU KROG PRPHQW RI ��� 1�P�

WKH EXFNOLQJ SRLQW DW WKH FXUYDWXUH�WLPH FXUYH LV QRW LQGLFDWHG LQ )LJ� �� ,W FDQ DOVR EH VHHQ IURP )LJ� �

WKDW WKH PDJQLWXGHV RI WKH FUHHS FXUYDWXUH DW EXFNOLQJ IRU WKHVH IRXU KROG PRPHQWV DUH GLIIHUHQW� 7KH

FXUYDWXUH DW EXFNOLQJ ZLWK D KLJKHU KROG PRPHQW LV ODUJHU WKDQ WKDW ZLWK D VPDOOHU KROG PRPHQW�

)LJ� � ([SHULPHQWDO RYDOL]DWLRQ �∆'�'� FXUYDWXUH �κ� FXUYHV XQGHU SXUH EHQGLQJ IRU YDULRXV '�W UDWLRV

)LJ� � ([SHULPHQWDO FXUYDWXUH �κ� WLPH �W� FXUYHV XQGHU SXUH EHQGLQJ FUHHS IRU IRXU GLIIHUHQW KROG PRPHQWV
ZLWK '�W  �� �³•´ DQG ³î´ GHQRWH WKH VWDUWLQJ DQG EXFNOLQJ SRLQWV RI WKH FUHHS VWDJH� UHVSHFWLYHO\�
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:H FRQVLGHU WKH FUHHS VWDJH RI )LJ� � IURP WKH VWDUWLQJ SRLQW ³•´ WR EXFNOLQJ SRLQW ³×´� $ W\SLFDO

UHVXOW RI WKH FUHHS FXUYDWXUH �κ
F
� � WLPH �W� FXUYH IRU WXEH ZLWK '�W  �� DQG WKH KROG PRPHQW  ���

1�P XQGHU SXUH EHQGLQJ FUHHS LV VKRZQ LQ )LJ� �� ,W FDQ EH REVHUYHG WKDW WKH FUHHS SURFHVV KDV

WKUHH VWDJHV� LQLWLDO� VHFRQGDU\ DQG WHUWLDU\ FUHHS VWDJHV� ,W FDQ DOVR EH VHHQ WKDW RQFH SXUH EHQGLQJ

FUHHS VWDUWV� WKH PDJQLWXGH RI WKH FXUYDWXUH LQFUHDVHV �WKH LQLWLDO FUHHS VWDJH�� +RZHYHU� WKH UDWH RI

FUHHS JUDGXDOO\ GHFUHDVHV� 7KHUHDIWHU� WKH SXUH EHQGLQJ FUHHS HQWHUV WKH VHFRQGDU\ FUHHS VWDJH� ,Q

WKLV VWDJH� WKH FUHHS FXUYDWXUH LQFUHDVHV VWHDGLO\ ZLWK WLPH DQG WKH FUHHS FXUYDWXUH�UDWH LV

DSSUR[LPDWHO\ FRQVWDQW� 7KH ILQDO SRUWLRQ RI WKH SXUH EHQGLQJ FUHHS LV FDOOHG WKH WHUWLDU\ FUHHS

VWDJH� ,Q WKLV VWDJH� WKH FUHHS FXUYDWXUH�UDWH LQFUHDVHV GUDVWLFDOO\ DQG EXFNOLQJ RI WKH WXEH RFFXUV�

,W ZDV DOVR IRXQG WKDW WKH ODUJHU PDJQLWXGH RI WKH PRPHQW� WKH IDVWHU WKH FUHHS FXUYDWXUH LQFUHDVHV�

'XH WR WKH FRQWLQXRXVO\ LQFUHDVLQJ FXUYDWXUH GXULQJ WKH SXUH EHQGLQJ FUHHS� WKH FLUFXODU WXEHV

HYHQWXDOO\ EXFNOH�

)LJ� � GHPRQVWUDWHV WKH FRUUHVSRQGLQJ RYDOL]DWLRQ �∆'�'� � WLPH �W� FXUYHV RI WKH ZKROH ORDGLQJ

SURFHVV XQGHU IRXU GLIIHUHQW PDJQLWXGHV RI KROG PRPHQW �WKH SUH�FUHHS VWDJH DQG WKH FUHHS VWDJH��

7KH VWDUWLQJ DQG EXFNOLQJ SRLQWV RI WKH SXUH EHQGLQJ FUHHS DUH DOVR PDUNHG E\ ³•´ DQG ³×´�
UHVSHFWLYHO\� ,W FDQ EH REVHUYHG WKDW WKH LQLWLDO RYDOL]DWLRQ�UDWH RI WKH SXUH EHQGLQJ FUHHS ZLWK D

KLJKHU KROG PRPHQW LV ODUJHU WKDQ WKDW RI WKH SXUH EHQGLQJ FUHHS ZLWK D VPDOOHU KROG PRPHQW�

+RZHYHU� WKH RYDOL]DWLRQV DW EXFNOLQJ IRU WKHVH IRXU PDJQLWXGHV RI KROG PRPHQW DUH DOPRVW WKH

VDPH� ,W DOVR FDQ EH QRWHG WKDW GXH WR WKH PXFK ORQJHU WLPH DW EXFNOLQJ IRU KROG PRPHQW RI ��� 1�

P� WKH EXFNOLQJ SRLQW DW WKH RYDOL]DWLRQ�WLPH FXUYH LV QRW LQGLFDWHG LQ )LJ� �� 7R KLJKOLJKW WKH

LQIOXHQFH RI WKH '�W UDWLR WR WKH UHVSRQVH DQG VWDELOLW\ XQGHU SXUH EHQGLQJ FUHHS� FLUFXODU WXEHV

ZLWK '�W  ��� �� DQG �� ZHUH DOVR WHVWHG� 7KH SKHQRPHQRQ RI WKH FXUYDWXUH �κ� � WLPH �W� FXUYHV
DQG RYDOL]DWLRQ �∆'�'� � WLPH �W� FXUYHV ZDV IRXQG WR EH YHU\ VLPLODU WR WKH SKHQRPHQRQ RI D

FLUFXODU WXEH ZLWK '�W  ���

)LJ� � ([SHULPHQWDO FUHHS FXUYDWXUH �κF� WLPH �W� FXUYH XQGHU SXUH EHQGLQJ FUHHS IRU KROG PRPHQW RI ��� 1�
P DQG '�W  �� � ³î´ GHQRWH WKH EXFNOLQJ SRLQW RI WKH FUHHS VWDJH�
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�� 'LVFXVVLRQ

,Q WKLV VWXG\� D WKHRUHWLFDO IRUP LV SURSRVHG IRU VLPXODWLQJ WKH UHODWLRQVKLS EHWZHHQ WKH FUHHS

FXUYDWXUH DQG WLPH IRU FLUFXODU WXEHV ZLWK GLIIHUHQW '�W UDWLRV VXEMHFWHG WR SXUH EHQGLQJ FUHHS� %HFDXVH

PRVW RI WKH WLPH IRU WKH SXUH EHQGLQJ FUHHS LV VSHQW LQ WKH LQLWLDO DQG VHFRQGDU\ FUHHS VWDJHV� WKH

SURSRVHG IRUP LV RQO\ DSSOLFDEOH LQ WKHVH WZR VWDJHV� )LJ� �� VKRZV WKH FUHHS FXUYDWXUH �κF� � WLPH �W�

FXUYH IRU 686 ��� VWDLQOHVV VWHHO FLUFXODU WXEH ZLWK'�W  �� LQ WKH LQLWLDO DQG VHFRQGDU\ FUHHS VWDJHV� ,Q

DGGLWLRQ� WKH FUHHS FXUYDWXUH �κF� � WLPH �W� FXUYHV IRU '�W  ��� �� DQG �� LQ WKH LQLWLDO DQG VHFRQGDU\

)LJ� � ([SHULPHQWDO RYDOL]DWLRQ �∆'�'� WLPH�W� FXUYHV XQGHU SXUH EHQGLQJ FUHHS IRU IRXU GLIIHUHQW KROG PRPHQWV
ZLWK '�W  �� �³•´ DQG ³î´ GHQRWH WKH VWDUWLQJ DQG EXFNOLQJ SRLQWV RI WKH FUHHS VWDJH� UHVSHFWLYHO\�

)LJ� �� ([SHULPHQWDO UHVXOW RI FUHHS FXUYDWXUH�κ
F
� YV� WLPH�W� FXUYHV DW LQLWLDO DQG VHFRQGDU\ VWDJHV IRU '�W  ��
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FUHHS VWDJHV KDYH VLPLODU WUHQG DV WKH WXEHV ZLWK '�W  ��� 7KH H[SHULPHQWDO UHVXOWV DUH VKRZQ LQ )LJV�

������ 6LQFH WKH WUHQG RI WKH FUHHS FXUYDWXUH�WLPH FXUYH IRU SXUH EHQGLQJ FUHHS LV YHU\ VLPLODU WR WKH

WUHQG RI FUHHS VWUDLQ�WLPH FXUYH IRU XQLD[LDO FUHHS� WKH IRUPXODWLRQ IRU FUHHS VWUDLQ�WLPH FXUYH XQGHU

XQLD[LDO FUHHS FDQ EH PRGLILHG VR WKDW WKH IRUPXODWLRQ FDQ EH XVHG WR VLPXODWH WKH FUHHS FXUYDWXUH�WLPH

FXUYH XQGHU SXUH EHQGLQJ FUHHS� ,Q WKLV VWXG\� WKH %DLOH\�1RUWRQ ODZ XVHG IRU WKH XQLD[LDO FUHHS LV

FRQVLGHUHG� IRUPXODWHG DV

εF  & σ P

W
Q ���

ZKHUH ε
F
LV WKH FUHHS VWUDLQ� σ LV WKH KROG VWUHVV IRU XQLD[LDO FUHHS� DQG &� P DQG Q DUH PDWHULDO

SDUDPHWHUV� )RU SXUH EHQGLQJ FUHHS� D VLPLODU IRUP LV SURSRVHG DV

κ
F
 & 0

P

W
Q ���

ZKHUH κ
F
LV WKH FUHHS FXUYDWXUH� 0 LV WKH KROG PRPHQW IRU SXUH EHQGLQJ FUHHS� DQG &� P DQG Q DUH

PDWHULDO SDUDPHWHUV� ZKLFK DUH UHODWHG WR WKH PDWHULDO SURSHUWLHV DQG WKH '�W UDWLR�

%\ FXUYH ILWWLQJ ZLWK WKH H[SHULPHQWDO GDWD RI 686��� VWDLQOHVV VWHHO WXEHV ZLWK '�W  ��� ��� �� DQG

��� WKH PDJQLWXGHV RI P DQG Q IRU WKHVH IRXU '�W UDWLRV DUH DSSUR[LPDWHO\ ��� DQG ����� UHVSHFWLYHO\�

+RZHYHU� WKH PDWHULDO SDUDPHWHUV & IRU '�W  ��� ��� �� DQG �� DUH ���� î ��−��� ���� î ��−��� ���� î �����

DQG ���� î ������ UHVSHFWLYHO\� ,I ZH FRQVLGHU WKH UHODWLRQVKLS EHWZHHQ ORJ & DQG �'�W��� D VWUDLJKW OLQH

FDQ EH XVHG WR GHVFULEHG WKH UHODWLRQVKLS �VHH )LJ� ���� 7KHUHIRUH� SDUDPHWHU &� ZKLFK LV UHODWHG WR WKH

PDWHULDO SURSHUWLHV DQG WKH '�W UDWLR� LV SURSRVHG WR EH

ORJ &  D � E ���

ZKHUH D DQG E DUH PDWHULDO SDUDPHWHUV ZKLFK FDQ EH GHWHUPLQHG IURP )LJ� ��� %\ XVLQJ WKH OHDVW

VTXDUH PHWKRG� WKH SDUDPHWHUV D DQG E DUH GHWHUPLQHG IURP )LJ� �� WR EH ���� î ���� DQG E  −������

'

W
����

�

)LJ� �� 7KH UHODWLRQVKLS EHWZHHQ ORJ & DQG �'�W��
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UHVSHFWLYHO\� 7KH H[SHULPHQWDO GDWD DQG VLPXODWHG UHVXOWV IRU ��� VWDLQOHVV VWHHO FLUFXODU WXEHV ZLWK

'�W  ��� ��� �� DQG �� DUH GHPRQVWUDWHG LQ )LJV� ����� E\ WKH VROLG DQG GDVKHG OLQHV� UHVSHFWLYHO\�

*RRG DJUHHPHQW EHWZHHQ WKH H[SHULPHQWDO DQG WKHRUHWLFDO UHVXOWV KDV EHHQ DFKLHYHG�

)LJ� �� ([SHULPHQWDO DQG WKHRUHWLFDO UHVXOWV RI FUHHS FXUYDWXUH�κ
F
� YV� WLPH�W� FXUYHV DW LQLWLDO DQG VHFRQGDU\

VWDJHV IRU '�W  ��

)LJ� �� ([SHULPHQWDO DQG WKHRUHWLFDO UHVXOWV RI FUHHS FXUYDWXUH�κF� YV� WLPH�W� FXUYHV DW LQLWLDO DQG VHFRQGDU\
VWDJHV IRU '�W  ��
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�� &RQFOXVLRQV

7KH FDVH RI FLUFXODU WXEHV XQGHU SXUH EHQGLQJ FUHHS ZDV LQYHVWLJDWHG LQ WKLV VWXG\� $ SXUH EHQGLQJ

GHYLFH DQG WKH &20$ ZHUH XVHG WR WHVW WKH FLUFXODU WXEXODU VSHFLPHQV IRU ��� VWDLQOHVV VWHHO ZLWK

)LJ� �� ([SHULPHQWDO DQG WKHRUHWLFDO UHVXOWV RI FUHHS FXUYDWXUH�κ
F
� YV� WLPH�W� FXUYHV DW LQLWLDO DQG VHFRQGDU\

VWDJHV IRU '�W  ��

)LJ� �� ([SHULPHQWDO DQG WKHRUHWLFDO UHVXOWV RI FUHHS FXUYDWXUH�κF� YV� WLPH�W� FXUYHV DW LQLWLDO DQG VHFRQGDU\
VWDJHV IRU '�W  ��
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GLIIHUHQW '�W UDWLR XQGHU SXUH EHQGLQJ FUHHS� 7KH IROORZLQJ FRQFOXVLRQV FDQ EH GUDZQ IURP WKLV

LQYHVWLJDWLRQ�

��� ,W FDQ EH REVHUYHG IURP WKH FUHHS FXUYDWXUH YV� WLPH FXUYHV WKDW WKH ORDGLQJ SURFHVV FDQ EH GLYLGHG

LQWR WKUHH VWDJHV� WKH LQLWLDO� VHFRQGDU\ DQG WHUWLDU\ FUHHS VWDJHV� 2QFH FUHHS VWDUWV� WKH PDJQLWXGH

RI WKH WXEH FXUYDWXUH LQFUHDVHV GXULQJ WKH LQLWLDO FUHHS VWDJH� %XW WKHUHDIWHU� WKH WXEH HQWHUV D

VHFRQGDU\ FUHHS VWDJH� ZKHQ WKH FXUYDWXUH LQFUHDVHV VWHDGLO\ ZLWK WLPH� ,Q WKH WHUWLDU\ FUHHS VWDJH�

WKH LQFUHDVH LQ FUHHS FXUYDWXUH�UDWH LV ODUJH� DQG WKH WXEH EXFNOHV HYHQWXDOO\�

��� 7KH FUHHS FXUYDWXUH�UDWH LV ODUJHU ZLWK D KLJKHU KROG PRPHQW WKDQ WKDW IRU D ORZHU RQH� ,Q

DGGLWLRQ� WKH PDJQLWXGHV RI FUHHS FXUYDWXUH DW EXFNOLQJ IRU WKHVH IRXU KROGLQJ PRPHQWV DUH

GLIIHUHQW� 7KH FXUYDWXUH DW EXFNOLQJ ZLWK D KLJKHU KROG PRPHQW LV ODUJHU WKDQ WKDW ZLWK D VPDOOHU

KROG PRPHQW�

��� )URP WKH RYDOL]DWLRQ YV� WLPH FXUYHV IRU FLUFXODU WXEHV VXEMHFWHG WR SXUH EHQGLQJ FUHHS� LW ZDV

IRXQG WKDW WKH RYDOL]DWLRQ RI WXEH FURVV�VHFWLRQ LQFUHDVHV VWHDGLO\ DW WKH LQLWLDO DQG VHFRQGDU\

VWDJHV� +RZHYHU� WKH RYDOL]DWLRQ RI WXEH FURVV�VHFWLRQ LQFUHDVHV TXLFNO\ ZLWK WLPH DW WKH WHUWLDU\

FUHHS VWDJH� )XUWKHUPRUH� WKH FUHHS RYDOL]DWLRQ�UDWH RI WXEH FURVV�VHFWLRQ LV ODUJHU ZLWK D KLJKHU

KROG PRPHQW WKDQ WKDW ZLWK D ORZHU RQH�

��� $ IRUP RI WKH FUHHS FXUYDWXUH DQG WLPH IRU FLUFXODU WXEHV ZLWK GLIIHUHQW '�W UDWLR VXEMHFWHG WR SXUH

EHQGLQJ FUHHS ZDV SURSRVHG DV (T� ���� ,W LV QRWHG WKDW WKH IRUP LV DSSOLFDEOH RQO\ DW WKH LQLWLDO

DQG VHFRQGDU\ FUHHS VWDJHV� ,W LV VKRZQ WKDW WKHRU\ FDQ DGHTXDWHO\ VLPXODWH WKH H[SHULPHQWDO

UHVXOWV �VHH )LJV� �������

$FNQRZOHGJHPHQWV

7KH ZRUN SUHVHQWHG ZDV FDUULHG RXW ZLWK WKH VXSSRUW RI 1DWLRQDO 6FLHQFH &RXQFLO XQGHU JUDQW 16&

��������(��������� ,WV VXSSRUW LV JUDWHIXOO\ DFNQRZOHGJHG

5HIHUHQFHV

&RURQD� (�� .\ULDNLGHV� 6� ������� ³2Q WKH FROODSVH RI LQHODVWLF WXEHV XQGHU FRPELQHG EHQGLQJ DQG SUHVVXUH´� ,QW�
-� 6ROLGV 6WUXFW�� ������ ��������

&RURQD� (�� .\ULDNLGHV� 6� ������� ³$Q H[SHULPHQWDO LQYHVWLJDWLRQ RI WKH GHJUDGDWLRQ DQG EXFNOLQJ RI FLUFXODU
WXEHV XQGHU F\FOLF EHQGLQJ DQG H[WHUQDO SUHVVXUH´� 7KLQ�:DOOHG 6WUXFW�� ��� ��������

.\ULDNLGHV� 6�� -X� *�7� �����D�� ³%LIXUFDWLRQ DQG ORFDOL]DWLRQ LQVWDELOLWLHV LQ F\OLQGULFDO VKHOOV XQGHU EHQGLQJ´�
� ,� ([SHULPHQWV� ,QW� -� 6ROLGV 6WUXFW�� ������ ����������

.\ULDNLGHV� 6�� -X� *�7� �����E�� ³%LIXUFDWLRQ DQG ORFDOL]DWLRQ LQVWDELOLWLHV LQ F\OLQGULFDO VKHOOV XQGHU EHQGLQJ´�
� ,,� 3UHGLFWLRQV� ,QW� -� 6ROLGV 6WUXFW�� ������ ����������

.\ULDNLGHV� 6�� 6KDZ� 3�.� ������� ³,QHODVWLF EXFNOLQJ RI WXEHV XQGHU F\FOLF ORDGV´� -� 3UHVV� 9HVVHO 7HFKQRO��
$60(� ���� ��������

/HH� .�/�� 3DQ� :�)� ������� ³9LVFRSODVWLF FROODSVH RI WLWDQLXP DOOR\ WXEHV XQGHU F\FOLF EHQGLQJ´� ,QW� -� 6WUXFW�
(QJQJ� 0HFK�� ������ ��������

/HH� .�/�� 3DQ� :�)�� .XR� -�1� ������� ³7KH LQIOXHQFH RI WKH GLDPHWHU�WR�WKLFNQHVV UDWLR RQ WKH VWDELOLW\ RI
FLUFXODU WXEHV XQGHU F\FOLF EHQGLQJ´� ,QW� -� 6ROLGV 6WUXFW�� ��� ����������

3DQ� :�)�� &KHUQ� &�+� ������� ³(QGRFKURQLF GHVFULSWLRQ IRU YLVFRSODVWLF EHKDYLRU RI PDWHULDOV XQGHU PXOWLD[LDO
ORDGLQJ´� ,QW� -� 6ROLGV 6WUXFW�� ������� ����������

3DQ� :�)�� )DQ� &�+� ������� ³$Q H[SHULPHQWDO VWXG\ RQ WKH HIIHFW RI FXUYDWXUH�UDWH DW SUHORDGLQJ VWDJH RQ
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VXEVHTXHQW FUHHS RU UHOD[DWLRQ RI WKLQ�ZDOOHG WXEHV XQGHU SXUH EHQGLQJ´� ,QWHUQDWLRQDO -RXUQDO� 6HULHV $��
-60(� ������ ��������

3DQ� :�)�� +HU� <�6� ������� ³9LVFRSODVWLF FROODSVH RI WKLQ�ZDOOHG WXEHV XQGHU F\FOLF EHQGLQJ´� -� (QJQJ� 0DW�
7HFK�� $60(� ���� ��������

3DQ� :�)�� +VX� &�0� ������� ³9LVFRSODVWLF DQDO\VLV RI WKLQ�ZDOOHG WXEHV XQGHU F\FOLF EHQGLQJ´� ,QW� -� 6WUXFW�
(QJQJ� 0HFK�� ����� ��������

3DQ� :�)�� /HX� .�7� ������� ³(QGRFKURQLF DQDO\VLV IRU YLVFRSODVWLF FROODSVH RI WKLQ�ZDOOHG WXEH XQGHU FRPELQHG
EHQGLQJ DQG H[WHUQDO SUHVVXUH´� ,QWHUQDWLRQDO -RXUQDO� 6HULHV $�� -60(� ������ ��������

3DQ� :�)�� :DQJ� 7�5�� +VX� &�0� ������� ³$ FXUYDWXUH�RYDOL]DWLRQ PHDVXUHPHQW DSSDUDWXV IRU FLUFXODU WXEHV
XQGHU F\FOLF EHQGLQJ´� ([SHULPHQWDO 0HFKDQLFV�DQ ,QWHUQDWLRQDO -RXUQDO� ������ �������

6KDZ� 3�.�� .\ULDNLGHV� 6� ������� ³,QHODVWLF DQDO\VLV RI WKLQ�ZDOOHG WXEHV XQGHU F\FOLF EHQGLQJ´� ,QW� -� 6ROLGV
6WUXFW�� ������� ����������
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