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G\QDPLFV RI WKH EHDP� 7KH WUDQVYHUVH GHIOHFWLRQ LV QRUPDOO\ JUHDWHU WKDQ WKH ORQJLWXGLQDO
GLVSODFHPHQW� 0RUHRYHU� WKH LQHUWLD RI WUDQVYHUVH PRWLRQ LV PRUH GRPLQDQW RQ WKH WUDQVYHUVH
YLEUDWLRQ RI EHDP WKDQ WKH ORQJLWXGLQDO LQHUWLD LV� 7KHUHIRUH� WKH HIIHFW RI ORQJLWXGLQDO LQHUWLD RI
EHDP LV QHJOHFWHG LQ PRVW FDVH VWXGLHV RI QRQOLQHDU YLEUDWLRQ RI EHDP �g]ND\D HW DO� ������
1HJOHFWLQJ WKH ORQJLWXGLQDO LQHUWLD RI EHDP� :DQJ DQG &KRX ������ KDYH SXW WKH ZHLJKW HIIHFW RI
WKH EHDP LQWR WKH VWXG\ RI QRQOLQHDU YLEUDWLRQ RI WKH 7LPRVKHQNR EHDP GXH WR D VHW RI WZR PRYLQJ
IRUFHV� 7KHLU UHVXOWV LQGLFDWHG ��� D IRUFH ZLWK D ODUJH PDJQLWXGH WUDYHUVLQJ RQ WKH EHDP DW D KLJK
YHORFLW\ ZLOO FDXVH WKH 7LPRVKHQNR EHDP WR H[KLELW D VPDOO IXQGDPHQWDO SHULRG DQG ��� WKH HIIHFWV
RI ZHLJKW RQ WKH G\QDPLF UHVSRQVHV RI WKH EHDP LV QRW LPSRUWDQW IRU D VKRUW DQG WKLFN EHDP�
1HJOHFWLQJ WKH ORQJLWXGLQDO LQHUWLD DGGV D FRQVWUDLQHG FRQGLWLRQ RQ WKH YLEUDWLRQ RI EHDP�

7KHUHIRUH� WKH HIIHFW RI QHJOHFWLQJ WKH ORQJLWXGLQDO LQHUWLD VWLIIHQV WKH EHDP� ,Q VXFK D VLWXDWLRQ� WKH
UHVSRQVHV RI WKH EHDP ZLOO� KRZHYHU� EH XQGHUHVWLPDWHG� 7KH ODUJH GHIOHFWLRQ WKHRU\ DQG WKH HIIHFWV
RI ZHLJKW DQG D[LDO LQHUWLD RI WKH EHDP VKRXOG EH� WKHUHIRUH� WDNHQ LQWR DFFRXQW VLPXOWDQHRXVO\ LQ
RUGHU WR REWDLQ DFFXUDWH UHVXOWV�
7KH ODUJH GHIOHFWLRQ WKHRU\ ZLOO EH DGRSWHG WR GHULYH WKH HTXDWLRQV RI PRWLRQ RI WKH 7LPRVKHQNR

EHDP FDXVHG E\ H[WHUQDO ORDGV� 7KH VWDWLF UHVSRQVHV RI WKH EHDP GXH WR LWV RZQ ZHLJKW DUH
REWDLQHG� 'XH WR WKH FRXSOLQJ HIIHFW RI ORQJLWXGLQDO IRUFH ZLWK WKH WUDQVYHUVH GHIOHFWLRQ� WKH
HTXDWLRQV RI PRWLRQ RI WKH EHDP FDQQRW EH VROYHG DQDO\WLFDOO\� 7KHUHIRUH� D VHW RI PRGH VKDSH
IXQFWLRQV REWDLQHG IURP WKH VPDOO GHIOHFWLRQ WKHRU\ IRU WKH EHDP LV LQFRUSRUDWHG LQ WKH *DOHUNLQV
PHWKRG WR VROYH WKH QRQOLQHDU SUREOHPV� $ FRQFHQWUDWHG IRUFH DQG D WZR�D[OH YHKLFOH WUDYHUVLQJ RQ
WKH EHDP DUH WDNHQ DV WZR H[DPSOHV� 7KH G\QDPLF UHVSRQVHV RI D EHDP REWDLQHG YLD WKH ODUJH
GHIOHFWLRQ WKHRU\� LQFOXGLQJ WKH HIIHFWV RI ZHLJKW DQG D[LDO LQHUWLD RI WKH EHDP� DUH GLVFXVVHG�
)XUWKHU� WKH G\QDPLF UHVSRQVHV RI WKH YHKLFOH DUH DOVR LQYHVWLJDWHG�

�� *RYHUQLQJ HTXDWLRQV RI EHDP

$Q H[WHUQDO IRUFH DFWV RQ D VLPSO\ VXSSRUWHG 7LPRVKHQNR EHDP LV GHSLFWHG LQ )LJ� ��
%RWK HQGV RI WKH EHDP DUH LPPRYDEOH� 7KH EHDP LV FRQVLGHUHG WR EH KRPRJHQHRXV DQG LVRWURSLF
ZLWK <RXQJ©V PRGXOXV (� 3RLVVRQV UDWLR Y� VKHDU PRGXOXV *� PDVV GHQVLW\ ρ� OHQJWK /� WKLFNQHVV K
DQG ZLGWK E� 7KH FR�RUGLQDWH RI WKH QHXWUDO D[LDO RI WKH EHDP LV GHQRWHG DV [� 7KH VWDWLF
GHIRUPDWLRQV RI ORQJLWXGLQDO GLVSODFHPHQW� WUDQVYHUVH GHIOHFWLRQ DQG EHQGLQJ VORSH RI WKH EHDP
FDXVHG E\ LWV RZQ ZHLJKW DUH GHQRWHG DV � DQG � UHVSHFWLYHO\� )XUWKHU� WKH
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LQ ZKLFK LV WKH MWK PRGH VKDSH IXQFWLRQ RI WKH ORQJLWXGLQDO GLVSODFHPHQW� DQG DQG
DUH WKH LWK PRGH VKDSH IXQFWLRQV RI WUDQVYHUVH GHIOHFWLRQ� EHQGLQJ VORSH� VKHDU IRUFH DQG

EHQGLQJ PRPHQW RI WKH EHDP� UHVSHFWLYHO\� 7KHUHIRUH� WKH G\QDPLF UHVSRQVHV RI WUDQVYHUVH
GHIOHFWLRQ� EHQGLQJ VORSH� VKHDU IRUFH DQG EHQGLQJ PRPHQW RI WKH EHDP FDQ EH H[SUHVVHG LQ WKH
IROORZLQJ IRUP IRU *DOHUNLQ©V PHWKRG
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���F� G�

7KH VHW RI QRQOLQHDU GLIIHUHQWLDO (TV� ���� DQG ���� FDQ EH VROYHG E\ WKH 5XQJH�.XWWD PHWKRG�

�� 0RYLQJ ORDGV

,Q WKLV VHFWLRQ� WZR W\SHV RI PRYLQJ ORDGV DUH FRQVLGHUHG� FRQFHQWUDWHG ORDG DQG WZR�D[OH YHKLFOH�

���� &RQFHQWUDWHG )RUFH

$ FRQFHQWUDWHG IRUFH WUDYHUVLQJ DW D FRQVWDQW YHORFLW\ Y RQ WKH EHDP LV GHSLFWHG LQ )LJ� �� 7KH
IRUP RI WKH IRUFH LV

����

ZKHUH 7 LV WKH GXUDWLRQ RI WKH IRUFH WUDYHUVLQJ RQ WKH EHDP DQG LV WKH LPSXOVH IXQFWLRQ� 7KH
HTXDWLRQV RI PRWLRQ RI WKH EHDP DUH
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)LJ� � $ FRQFHQWUDWHG IRUFH WUDYHUVLQJ RQ WKH 7LPRVKHQNR EHDP DW D FRQVWDQW YHORFLW\ Y

)LJ� � $ WZR�D[OH YHKLFOH WUDYHUVLQJ RQ WKH 7LPRVKHQNR EHDP DW D FRQVWDQW YHORFLW\ Y
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7KH LQLWLDO FRQGLWLRQV RI WKH EHDP DUH VHW DW ]HURV�

���� 7ZR�D[OH YHKLFOH

$ WZR�D[OH YHKLFOH WUDYHOOLQJ RQ WKH 7LPRVKHQNR EHDP DW D FRQVWDQW YHORFLW\ Y LV GHSLFWHG LQ )LJ�
�� 7KH YHKLFOH KDV WKH PDVV 0 DQG WKH SRODU PRPHQW RI LQHUWLD -� (DFK D[OH KDV D VXVSHQVLRQ ZLWK
WKH VSULQJ FRQVWDQW . DQG WKH GDPSHU FRHIILFLHQW '� 7KH GLVWDQFH IURP WKH PDVV FHQWHU WR ERWK D[OHV
LV H� 7KH YHUWLFDO GLVSODFHPHQW DQG WKH SLWFK DQJOH DERXW WKH PDVV FHQWHU RI WKH YHKLFOH DUH�
UHVSHFWLYHO\� GHQRWHG DV + DQG θ� 7KH WUDQVYHUVH GLVSODFHPHQW DW WKH FRQWDFW SRLQW EHWZHHQ WKH IURQW
�RU UHDU� ZKHHO DQG WKH EHDP LV GHQRWHG DV �RU �� 7KH IULFWLRQDO IRUFHV EHWZHHQ WKH YHKLFOH
DQG WKH EHDP DUH QHJOHFWHG LQ WKH IROORZLQJ DQDO\VLV� 7KH FRQWDFW IRUFH DFWLQJ RQ WKH EHDP GXH WR
WKH YHKLFOH©V PRYHPHQW LV
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)LJ� � &RPSDULVRQ RI WZR GHIOHFWLRQ WKHRULHV RQ WKH KLVWRU\ RI GHIOHFWLRQ DW WKH PLG�SRLQW RI WKH 7LPRVKHQNR
EHDP �/ �� P� E ��� P� K ���� P� GXH WR D PRYLQJ FRQFHQWUDWHG IRUFH �3R ���� NJ� Y �� NP�KU�



1RQOLQHDU YLEUDWLRQ RI 7LPRVKHQNR EHDP GXH WR PRYLQJ ORDGV ���

�� ([DPSOHV DQG GLVFXVVLRQ

7KH PDWHULDO SURSHUWLHV Y ���� ( �� *SD� ρ ���� NJ�P� DQG κ ���� �'\P DQG 6KDPHV ����� RI
WKH EHDP DUH FRQVLGHUHG LQ WKH QXPHULFDO FRPSXWDWLRQ� %DVHG RQ WKH VPDOO GHIOHFWLRQ WKHRU\� WKH
G\QDPLF UHVSRQVHV RI EHDP REWDLQHG E\ WKH PHWKRG RI PRGDO DQDO\VLV FRQYHUJH UDSLGO\� 7KHUHIRUH�
LW LV VXIILFLHQW WR HPSOR\ WKH QXPEHU 1 �� LQ WKH QXPHULFDO FRPSXWDWLRQ� 7KH YHORFLW\ UDQJH
FRQVLGHUHG KHUH LV IURP � WR ��� NP�KU� 7KH IROORZLQJ QRPHQFODWXUH DQG SDUDPHWHUV DUH GHILQHG WR
LOOXVWUDWH WKH QXPHULFDO UHVXOWV� ODUJH GHIOHFWLRQ WKHRU\ H[FOXGLQJ ERWK HIIHFWV RI ZHLJKW DQG D[LDO
LQHUWLD RI WKH EHDP� /'71 �:DQJ DQG &KRX ������ ODUJH GHIOHFWLRQ WKHRU\ LQFOXGLQJ RQO\ WKH HIIHFW
RI ZHLJKW RI WKH EHDP� /:$1� ODUJH GHIOHFWLRQ WKHRU\ LQFOXGLQJ WKH HIIHFWV RI ZHLJKW DQG D[LDO
LQHUWLD RI WKH EHDP� /:$,� PD[LPXP G\QDPLF GHIOHFWLRQ RI WKH EHDP GXULQJ PRWLRQ RI WKH IRUFH RU
YHKLFOH� � PD[LPXP G\QDPLF PRPHQW RI WKH EHDP GXULQJ PRWLRQ RI WKH IRUFH RU YHKLFOH�

� YHUWLFDO DFFHOHUDWLRQ RI WKH YHKLFOH� � PD[LPXP RI WKH DEVROXWH YDOXH RI YHUWLFDO
DFFHOHUDWLRQ RI YHKLFOH� � DQJXODU DFFHOHUDWLRQ RI WKH YHKLFOH� � PD[LPXP RI WKH DEVROXWH
YDOXH RI DQJXODU DFFHOHUDWLRQ RI YHKLFOH� �

���� &RQFHQWUDWHG IRUFH

$ FRPSDULVRQ RI WKH UHVXOWV REWDLQHG E\ WZR WKHRULHV RI GHIOHFWLRQ IRU WKH KLVWRU\ RI Z DW WKH
PLG�VSDQ RI WKH 7LPRVKHQNR EHDP �/ �� P� E ��� P� K ���� P� GXH WR D PRYLQJ FRQFHQWUDWHG
IRUFH �Y �� NP�KU�  ���� NJ� LV SUHVHQWHG LQ )LJ� �� 7KH FRXSOLQJ HIIHFW RI ZLWK DQG WKDW
RI ZLWK VWLIIHQ WKH EHDP� +RZHYHU� WKH HIIHFW RI D[LDO LQHUWLD VRIWHQV WKH EHDP� 'XH WR WKLV
UHDVRQ� DW WKH PLG�VSDQ RI WKH 7LPRVKHQNR EHDP SUHGLFDWHG E\ /:$, LV DOZD\V JUHDWHU WKDQ
WKDW E\ /:$1 DV LQGLFDWHG LQ WKH ILJXUH� 7KH SHULRG RI RI WKH EHDP GXULQJ IUHH YLEUDWLRQ DIWHU
WKH IRUFH KDV OHIW WKH EHDP LV FDOOHG WKH IXQGDPHQWDO SHULRG RI WKH EHDP� ,Q 7DEOH � LW LV LQGLFDWHG
WKDW D WKLFN EHDP �/ �� P� E ��� P� KDV D VPDOO YDOXH RI WKH IXQGDPHQWDO SHULRG GXH WR WKH
PRYLQJ IRUFH �Y �� NP�KU�  ���� NJ�� 7KH HIIHFWV RI WZR GLIIHUHQW YHORFLWLHV RI WKH PRYLQJ
IRUFH FRQFHQWUDWHG IRUFH �  ���� NJ� DQG WKUHH WKHRULHV RI GHIOHFWLRQ IRU WKH EHDP RQ WKH
IXQGDPHQWDO SHULRG RI WKH EHDP �/ �� P� E ��� P� K ���� P� DUH OLVWHG LQ 7DEOH �� $ UDSLGO\

:PD[

PPD[ +
±±

+
±±

PD[ θ±±

θ±± PD[

3R QR Z

ZR Q
Z

Z

3R

3R

7DEOH � %RWK HIIHFWV RI WKH YDOXH RI K DQG WKH GHIOHFWLRQ WKHRU\ RQ WKH IXQGDPHQWDO SHULRG RI WKH 7LPRVKHQNR
EHDP �/ �� P� E ��� P� GXH WR D PRYLQJ FRQFHQWUDWHG IRUFH �3R ���� NJ� Y �� NP�KU�

7KHRULHV K ���� P K ��� P

/'71 ����� VHF� ����� VHF�
/:$1 ����� VHF� ����� VHF�

/:$, ����� VHF� ����� VHF�

7DEOH � %RWK HIIHFWV RI WKH YHORFLW\ RI WKH PRYLQJ FRQFHQWUDWHG IRUFH �3R ���� NJ� DQG WKH GHIOHFWLRQ WKHRU\
RQ WKH IXQGDPHQWDO SHULRG RI WKH 7LPRVKHQNR EHDP �/ �� P� E ��� P� K ���� P�

7KHRULHV Y �� NP�KU Y ��� NP�KU

/'71 ����� VHF� ����� VHF�
/:$1 ����� VHF� ����� VHF�
/:$, ����� VHF� ����� VHF�
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PRYLQJ IRUFH H[FLWHV D ODUJHU QXPEHU RI PRGHV RI WKH EHDP WKDQ D VORZO\ PRYLQJ IRUFH GRHV� 7KH
FRXSOLQJ EHWZHHQ KLJK IUHTXHQF\ PRGHV DQG ORZ IUHTXHQF\ PRGHV FDXVHV WKH PDJQLWXGH RI WKH
IXQGDPHQWDO SHULRG RI WKH EHDP WR EH VPDOO IRU D UDSLGO\ PRYLQJ IRUFH� $ PRYLQJ IRUFH ZLWK D
ODUJHU PDJQLWXGH ZLOO FDXVH D VWURQJ FRXSOLQJ RI ORZ IUHTXHQF\ PRGHV ZLWK KLJK IUHTXHQF\ PRGHV
RI WKH EHDP� &RQVHTXHQWO\� DV FDQ EH VHHQ IURP 7DEOH �� WKH EHDP �/ �� P� E ��� P� K ���� P�
H[KLELWV D VPDOOHU YDOXH RI WKH IXQGDPHQWDO SHULRG GXH WR D ODUJHU PRYLQJ IRUFH �Y �� NP�KU��
,Q WKH 7DEOHV �a� LW LV VKRZQ WKDW /'71 OHDGV WR WKH ODUJHVW YDOXH RI WKH IXQGDPHQWDO SHULRG RI

WKH EHDP� KRZHYHU� /:$1 OHDGV WR WKH VPDOOHVW YDOXH RI WKH IXQGDPHQWDO SHULRG RI WKH EHDP�
7KHVH UHVXOWV LQGLFDWH WKDW WKH HIIHFW RI WKH ZHLJKW RI WKH EHDP VWLIIHQV WKH EHDP� KRZHYHU� WKH
HIIHFW RI WKH D[LDO LQHUWLD RI WKH EHDP VRIWHQV WKH EHDP�
7KH HIIHFWV RI WZR GLIIHUHQW PDJQLWXGHV RI WKLFNQHVV DQG WZR GLIIHUHQW GHIOHFWLRQ WKHRULHV �/:$,�

/:$1� RQ −Y DQG −Y GLVWULEXWLRQV RI WKH 7LPRVKHQNR EHDP GXH WR D PRYLQJZPD[ PPD[

)LJ� � &RPSDULVRQV RI WZR K YDOXHV RQ �D� ZPD[−Y GLVWULEXWLRQ DQG �E� PPD[−Y GLVWULEXWLRQ RI WKH EHDP
�/ �� P� E ��� P� GXH WR D PRYLQJ FRQFHQWUDWHG IRUFH �3R ���� NJ�

7DEOH � %RWK HIIHFWV RI WKH PDJQLWXGH RI WKH PRYLQJ FRQFHQWUDWHG IRUFH �Y �� NP�KU� DQG WKH GHIOHFWLRQ
WKHRU\ RQ WKH IXQGDPHQWDO SHULRG RI WKH 7LPRVKHQNR EHDP �/ �� P� E ��� P� K ���� P�

7KHRULHV 3R ���� NJ 3R ���� NJ

/'71 ����� VHF� ����� VHF�

/:$1 ����� VHF� ����� VHF�
/:$, ����� VHF� ����� VHF�

)LJ� � &RPSDULVRQV RI WZR / YDOXHV RQ �D� ZPD[−Y GLVWULEXWLRQ DQG �E� PPD[−Y GLVWULEXWLRQ RI WKH EHDP
�E ��� P� K ���� P� GXH WR D PRYLQJ FRQFHQWUDWHG IRUFH �3R ���� NJ�
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FRQFHQWUDWHG IRUFH �  ���� NJ� DUH GLVSOD\HG LQ )LJV� ��D� DQG ��E�� UHVSHFWLYHO\� $ WKLFNHU EHDP
H[KLELWV D ODUJHU EHQGLQJ ULJLGLW\� 7KHUHIRUH� D WKLFNHU EHDP OHDGV WR D VPDOOHU � KRZHYHU� D
ODUJHU � 7KH HIIHFW RI D[LDO LQHUWLD FDXVHV WKH EHDP WR KDYH ODUJH WUDQVYHUVH GHIOHFWLRQ DQG
EHQGLQJ VORSH� &RQVHTXHQWO\� LQ )LJV� ��D� DQG ��E� LW LV VKRZQ WKDW ERWK DQG RI WKH
EHDP EDVHG RQ /:$, DUH JUHDWHU WKDQ WKRVH EDVHG RQ /:$1� ,Q )LJ� ��D� LW LV DOVR VKRZQ WKDW WKH
GLIIHUHQFH EHWZHHQ WKH PDJQLWXGH RI DV REWDLQHG E\ /:$, DQG /:$1 GHFUHDVHV DV WKH
WKLFNQHVV LQFUHDVHV� +RZHYHU� WKH GLIIHUHQFH EHWZHHQ WKH PDJQLWXGH RI DV REWDLQHG E\ /:$,
DQG /:$1 LQFUHDVHV DV WKH WKLFNQHVV GHFUHDVHV DV GLVSOD\HG LQ )LJ� ��E�� 7KHVH UHVXOWV LQGLFDWH WKDW
/:$1 FDQ EH DGRSWHG WR DSSUR[LPDWHO\ REWDLQ RI D WKLFN EHDP� KRZHYHU� RI D WKLQ
EHDP GXH WR D PRYLQJ FRQFHQWUDWHG IRUFH�
7KH HIIHFWV RI WZR GLIIHUHQW PDJQLWXGHV RI OHQJWK DQG WZR GLIIHUHQW GHIOHFWLRQ WKHRULHV �/:$,�

/:$1� RQ −Y DQG −Y GLVWULEXWLRQV RI WKH 7LPRVKHQNR EHDP GXH WR D PRYLQJ
FRQFHQWUDWHG IRUFH �3

R
 ����NJ� DUH GLVSOD\HG LQ )LJV� ��D� DQG ��E�� UHVSHFWLYHO\� $ ORQJHU EHDP

OHDGV WR ERWK ODUJHU DQG � ,Q )LJV� ��D� DQG ��E� LW LV VKRZQ WKDW ERWK DQG
RI WKH EHDP EDVHG RQ /:$, DUH JUHDWHU WKDQ WKRVH EDVHG RQ /:$1� ,Q )LJ� ��D� LW LV DOVR VKRZQ
WKDW WKH GLIIHUHQFH EHWZHHQ WKH PDJQLWXGH RI DV REWDLQHG E\ /:$, DQG /:$1 GHFUHDVHV DV
WKH OHQJWK GHFUHDVHV� 0RUHRYHU� WKH GLIIHUHQFH EHWZHHQ WKH PDJQLWXGH RI DV REWDLQHG E\ /:$, DQG
/:$1 GHFUHDVHV DV WKH OHQJWK GHFUHDVHV DV GLVSOD\HG LQ )LJ� ��E�� 7KHVH UHVXOWV LQGLFDWH WKDW
/:$1 FDQ EH DGRSWHG WR DSSUR[LPDWHO\ REWDLQ ERWK DQG RI D VKRUW EHDP GXH WR D
PRYLQJ FRQFHQWUDWHG IRUFH�

���� 7ZR�D[OH YHKLFOH

7KH GDWD / �� P� E ��� P DQG K ���� P� DQG /:$, RI WKH EHDP DUH FRQVLGHUHG LQ WKH IROORZLQJ
GLVFXVVLRQV� 7KH YHKLFOH KDV WKH PDVV 0 ���� NJ DQG WKH PRPHQW RI LQHUWLD - ����� NJ�P��
7KH HIIHFWV RI WZR GLIIHUHQW YHORFLWLHV RI WKH PRYLQJ WZR�D[OH YHKLFOH RQ WKH KLVWRULHV RI YHUWLFDO

DFFHOHUDWLRQ DQG DQJXODU DFFHOHUDWLRQ RI WKH YHKLFOH �. �� N1�P� ' ��� 1�V�P� H � P� GXULQJ WKH
PRWLRQ RI WKH YHKLFOH DUH GLVSOD\HG LQ )LJV� ��D� DQG ��E�� UHVSHFWLYHO\� %RWK ILJXUHV VKRZ WKDW WKH
YHKLFOH JHWV ODUJH YHUWLFDO DFFHOHUDWLRQ DQG DQJXODU DFFHOHUDWLRQ ZKLOH WKH YHKLFOH LV WUDYHUVLQJ RQ
WKH EHDP� 0RUHRYHU� WKH ODUJHU YHORFLW\ LV� WKH ODUJHU PD[LPXP YHUWLFDO DFFHOHUDWLRQV DQG WKH
DQJXODU DFFHOHUDWLRQ DUH� 7KH DQJXODU DFFHOHUDWLRQ RI WKH YHKLFOH FKDQJHV DEUXSWO\ ZKHQ WKH IURQW

3R

ZPD[

PPD[

ZPD[ PPD[

ZPD[

PPD[

ZPD[ PPD[

ZPD[ PPD[

ZPD[ PPD[ ZPD[ PPD[

PPD[

ZPD[ PPD[

)LJ� � &RPSDULVRQV RI WZR YDOXHV RQ WKH KLVWRULHV RI �D� DQG �E� RI D WZR�D[OH YHKLFOH �0 ����NJ�
- ����� NJ�P�� . �� N1�P� ' ��� 1�V�P� H � P� WUDYHUVLQJ RQ WKH EHDP �/ �� P� E ��� P� K ���� P�

+
±± θ±±



��� 5RQJ�7\DL :DQJ

ZKHHO RI WKH YHKLFOH LV OHDYLQJ WKH EHDP�
7KH HIIHFWV RI WZR GLIIHUHQW PDJQLWXGHV RI VSULQJ FRQVWDQWV RI VXVSHQVLRQ �' ��� 1�V�P� H � P�

RQ DQG GLVWULEXWLRQV RI WKH YHKLFOH DUH GLVSOD\HG LQ )LJV� ��D� DQG ��E��
UHVSHFWLYHO\� $ VWLIIHU VXVSHQVLRQ OHDGV WR ERWK ODUJHU DQG � 7ZR GLIIHUHQW
PDJQLWXGHV RI FULWLFDO YHORFLWLHV RI WKH YHKLFOH H[LVW DW ZKLFK DQG EHFRPH DE�
VROXWH PD[LPXP� UHVSHFWLYHO\� 0RUHRYHU� D VWLIIHU VXVSHQVLRQ OHDGV WR PRUH REYLRXV FULWLFDO
YHORFLWLHV RI WKH YHKLFOH�
7KH FRPSDULVRQV RI D FRQFHQWUDWHG PRYLQJ IRUFH �  ���� NJ� DQG D PRYLQJ WZR�D[OH YHKLFOH

�. �� N1� ' ��� 1�V�P� H � P� RQ DQG GLVWULEXWLRQV RI WKH 7LPRVKHQNR
EHDP DUH GLVSOD\HG LQ )LJV� ��D� DQG ��E�� UHVSHFWLYHO\� 8VXDOO\� WKH LQWHUDFWLRQ EHWZHHQ WKH PRYLQJ
YHKLFOH DQG WKH EHDP FDXVHV ERWK DQG RI WKH EHDP WR EH OHVV WKDQ WKRVH E\ D
PRYLQJ FRQFHQWUDWHG IRUFH� +RZHYHU� WKH UHVRQDQFH RI YHKLFOH DQG EHDP DW D VSHFLILF YHORFLW\ ZLOO
FDXVH DQG RI WKH EHDP WR EH JUHDWHU WKDQ WKRVH E\ D PRYLQJ FRQFHQWUDWHG IRUFH� %RWK
ILJXUHV VKRZ WKDW WKH V\VWHP RI EHDP DQG WZR�D[OH YHKLFOH LV LQ WKH VWDWH RI UHVRQDQFH DW WKH
YHORFLW\ DSSUR[LPDWHV �� NP�KU�

+
±±

PD[ Y– θ±± PD[ Y–
+
±±

PD[ Y– θ±± PD[ Y–
+
±±

PD[ θ±± PD[

3R

ZPD[ Y– PPD[ Y–

ZPD[ Y– PPD[ Y–

ZPD[ PPD[

)LJ� � &RPSDULVRQV RI WZR . YDOXHV RQ �D� −Y GLVWULEXWLRQ DQG �E� −Y GLVWULEXWLRQ RI D WZR�
D[OH YHKLFOH �0 ���� NJ� - ����� NJ�P�� ' ��� 1V�P� H � P� WUDYHUVLQJ RQ WKH EHDP �/ �� P�
E ��� P � K ���� P�

+
±±

PD[ θ±± PD[

)LJ� � &RPSDULVRQV RI WZR ORDG W\SHV RQ �D� GLVWULEXWLRQ DQG �E� GLVWULEXWLRQ RI WKH EHDP
�/ �� P� E ��� P� K ���� P� GXH WR D FRQFHQWUDWHG IRUFH DQG D WZR�D[OH YHKLFOH �0 ���� NJ�
- ����� NJ�P�� ' ���1�V�P� H � P�

ZPD[ PPD[
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�� &RQFOXVLRQV

%DVHG RQ WKH SUHVHQW DQDO\VLV IRU WKH QRQOLQHDU YLEUDWLRQ RI WKH 7LPRVKHQNR EHDP GXH WR PRYLQJ
ORDGV� WKH IROORZLQJ FRQFOXVLRQV FDQ EH PDGH� ��� WKH HIIHFW RI ZHLJKW VWLIIHQV WKH EHDP� ��� WKH
HIIHFW RI D[LDO LQHUWLD VRIWHQV WKH EHDP� ��� D UDSLGO\ PRYLQJ IRUFH RI ODUJH PDJQLWXGH LQGXFHV D
VPDOO YDOXH RI IXQGDPHQWDO SHULRG RI WKH EHDP� ��� WKH HIIHFW RI D[LDO LQHUWLD RQ WKH GHIOHFWLRQ LV
VOLJKW IRU D WKLFN DQG VKRUW EHDP� ��� WKH HIIHFW RI D[LDO LQHUWLD RQ WKH PRPHQW FDQQRW EH QHJOHFWHG
IRU D ORQJ DQG WKLQ EHDP� ��� D FULWLFDO YHORFLW\ H[LVWV DW ZKLFK WKH YHUWLFDO DFFHOHUDWLRQ RI YHKLFOH
EHFRPHV DEVROXWHO\ ODUJH DQG� ��� DQRWKHU FULWLFDO YHORFLW\ H[LVWV DW ZKLFK WKH DQJXODU DFFHOHUDWLRQ
RI YHKLFOH EHFRPHV DEVROXWHO\ ODUJH�

$FNQRZOHGJPHQWV

7KLV ZRUN ZDV VSRQVRUHG E\ WKH 1DWLRQDO 6FLHQFH &RXQFLO� 5HSXEOLF RI &KLQD� XQGHU &RQWUDFW
1R� ��������(��������� 7KH ILQDQFLDO VXSSRUW LV JUHDWO\ DFNQRZOHGJHG�

5HIHUHQFHV

%KDVK\DP� *�5� DQG 3UDWKDS� *� ������� ¦*DOHUNLQ ILQLWH HOHPHQW PHWKRG IRU QRQ�OLQHDU EHDP YLEUWDLRQV§�
-RXUQDO RI 6RXQG DQG 9LEUDWLRQ� ��� ��������

'\P� &�/� DQG 6KDPHV� ,�+� ������� 6ROLG 0HFKDQLFV� $ YDULDWLRQDO DSSURDFK� 0F*UDZ�+LOO � 1� <�
+LQR� -�� <RVKLPXUD� 7� DQG $QDQWKDQDUD\DQD� 1� ������� ¦9LEUDWLRQ DQDO\VLV RI QRQOLQHDU EHDPV VXEMHFWHG WR D
PRYLQJ ORDG E\ XVLQJ WKH *DOHUNLQ PHWKRG§� -RXUQDO RI 6RXQG DQG 9LEUDWLRQ� ���� ��������

,,DQNR� 6� ������� ¦7KH YLEUDWLRQ EHKDYLRU RI LQLWLDOO\ LPSHUIHFW VLPSO\ VXSSRUWHG EHDPV VXEMHFWHG WR D[LDO
ORDGLQJ§� -RXUQDO RI 6RXQG DQG 9LEUDWLRQ� ���� ��������

.LP� &�6� DQG 'LFNLQVRQ� 6�0� ������� ¦7KH IOH[XUDO YLEUDWLRQ RI VOLJKWO\ FXUYHG EHDPV VXEMHFWHG WR D[LDO HQG
GLVSODFHPHQW§� -RXUQDO RI 6RXQG DQG 9LEUDWLRQ� ���� ��������

0HL� &� ������� ¦)LQLWH HOHPHQW GLVSODFHPHQW PHWKRG IRU ODUJH DPSOLWXGH IUHH IOH[XUDO YLEUDWLRQV RI EHDP DQG
SODWHV§� &RPSXWHUV DQG 6WUXFWXUHV �� ��������

g]ND\D� (�� 3DNGHPLUOL� 0� DQG g]� +�5� ������� ¦1RQ�OLQHDU YLEUDWLRQV RI D EHDP�PDVV V\VWHP XQGHU GLIIHUHQW
ERXQGDU\ FRQGLWLRQV§� -RXUQDO RI 6RXQG DQG 9LEUDWLRQ� ������� ��������

3ODXW� 5�+� DQG -RKQVRQ� (�5� ������� ¦7KH HIIHFW RI LQLWLDO WKUXVW DQG HODVWLF IRXQGDWLRQ RQ YLEUDWLRQ IUHTXHQFLHV
RI D VKDOORZ DUFK§� -RXUQDO RI 6RXQG DQG 9LEUDWLRQ� ��� ��������

5HGG\� -�1� DQG 6LQJK� ,�5� ������� ¦/DUJH GHIOHFWLRQV DQG ODUJH�DPSOLWXGH IUHH YLEUDWLRQV RI VWUDLJKW DQG FXUHG
EHDPV§� ,QWHUQDWLRQDO -RXUQDO IRU 1XPHULFDO 0HWKRGV LQ (QJLQHHULQJ ��� ��������

:DQJ� 5�7� ������� ¦9LEUDWLRQ RI PXOWL�VSDQ 7LPRVKHQNR EHDPV WR D PRYLQJ IRUFH§� -RXUQDO RI 6RXQG DQG
9LEUDWLRQ� ������� ��������

:DQJ� 5�7� DQG &KRX� 7�6� ������� ¦1RQ�OLQHDU YLEUDWLRQ RI 7LPRVKHQNR EHDP GXH WR D PRYLQJ IRUFH DQG WKH
ZHLJKW RI EHDP§� -RXUQDO RI 6RXQG DQG 9LEUDWLRQ� ������� ��������

;X� ;�� ;X� :� DQG *HQLQ� -� ������� ¦$ QRQ�OLQHDU PRYLQJ PDVV SUREOHP§� -RXUQDO RI 6RXQG DQG 9LEUDWLRQ�
������� ��������




