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3RZHU−WLPH FXUYH HTXDWLRQV RI EDFWHULDO JURZWK LQ WKH ORJ SKDVH DUH H[SUHVVHG IRU
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.H\ZRUGV� EDFWHULDO JURZWK� PLFURFDORULPHWU\� SRZHU−WLPH FXUYH HTXDWLRQ� VHOI�IXQFWLRQ UH�
JUHVVLRQ PHWKRG� WKHUPRNLQHWLFV

,QWURGXFWLRQ

,Q WKHUPRNLQHWLFV� WKH DPSOLWXGHV RI WKH FDORULPHWULF VLJQDO DW D JLYHQ WLPH DUH
H[SHFWHG WR EH SURSRUWLRQDO WR WKH KHDW SRZHU JHQHUDWHG LQ EDFWHULDO JURZWK >�@�
6RPH NLQGV RI SRZHU−WLPH FXUYH HTXDWLRQV RI EDFWHULDO JURZWK KDYH EHHQ REWDLQHG
E\ XVLQJ GLIIHUHQW NLQHWLF PRGHOV RI EDFWHULDO JURZWK >�−�@� )RU EDFWHULDO JURZWK LQ
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7KHRU\

3RZHU−WLPH FXUYH HTXDWLRQ RI EDFWHULDO JURZWK

$FFRUGLQJ WR WKH EDVLF WKHRU\ RI WKHUPRNLQHWLFV� ZKHQ EDFWHULD JURZ LQ D FRQGXF�
WLRQ PLFURFDORULPHWHU� WKH KHDW SRZHU RI D QRQ�VWHDG\�VWDWH SURFHVV LV GHVFULEHG E\
WKH 7LDQ HTXDWLRQ >�@�
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8VLQJ /DSODFH WUDQVIRUPDWLRQ DQG DQWL�/DSODFH WUDQVIRUPDWLRQ� IURP (T� ��� ZH
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0DWHULDOV�DQG�H[SHULPHQWDO�PHWKRG

%DFWHULD DQG PHGLXP

7KH EDFWHULD HPSOR\HG ZHUH 9� PHWVFKQLNRYLL DQG 9� EROOLVDH� 7KH SHSWRQH FXOWXUH
PHGLXP FRQWDLQHG � J 1D&O DQG � J SHSWRQH SHU ��� PO �S+ ���−����� ,W ZDV VWHULO�
L]HG LQ KLJK�SUHVVXUH VWHDP DW ���R& IRU �� PLQ�

,QVWUXPHQW

$ W\SH RI KHDW�IORZPLFURFDORULPHWHU� WKH ���� ELRDFWLYLW\ PRQLWRU PDQXIDFWXUHG E\
/.%� %URZZD� 6ZHGHQ� ZDV XVHG WR REWDLQ WKH PHWDEROLF SRZHU−WLPH FXUYHV RI WKH
EDFWHULD� 7KH YROWDJH VLJQDO ZDV UHFRUGHG E\ PHDQV RI DQ /.%����� UHFRUGHU �����P9
UDQJH�� 7KH EDVHOLQH VWDELOLW\ IRU WKH LQVWUXPHQW ZDV ��� µ: SHU �� K�

7KH H[SHULPHQW ZDV SHUIRUPHG LQ D VWRSSHG�IORZ PDQQHU�
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,Q WKH FDORULPHWULF H[SHULPHQW� ILUVW WKH IORZ FHOO ���� PO� ZDV WKRURXJKO\
FOHDQHG DQG VWHULOL]HG� 7KH SURFHGXUH� VWHULOL]HG GLVWLOOHG ZDWHU� ��� PRO O−� +&O�
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��� HWKDQRO VROXWLRQ� DQG VWHULOL]HG GLVWLOOHG ZDWHU ZHUH SXPSHG ZLWK DQ /.%�����
PLFURSHUSH[ SHULVWDOWLF SXPS WKURXJK WKH FHOO� HDFK IRU �� PLQ� DW D IORZ UDWH RI
�� PO K−��

2QFH WKH V\VWHP KDG EHHQ FOHDQHG DQG VWHULOL]HG� DQG WKH EDVHOLQH KDG VWDELOL]HG�
WKH EDFWHULDO VDPSOH LQLWLDOO\ FRQWDLQLQJ ���⋅��� EDFWHULD PO−� ZDV SXPSHG LQWR WKH
IORZ FHOO V\VWHP DQG D SRZHU−WLPH FXUYH RI FRQWLQXRXV EDFWHULDO JURZWK ZDV UH�
FRUGHG� 5H�HVWDEOLVKPHQW RI D VWDEOH EDVHOLQH LQGLFDWHG WKDW WKH SURFHVV RI EDFWHULDO
JURZWK KDG ILQLVKHG� 7KH H[SHULPHQWDO WHPSHUDWXUH ZDV IL[HG DW ��R&�

5HVXOWV�DQG�GLVFXVVLRQ

([SHULPHQWDO UHVXOWV

)URP WKH EDFWHULDO JURZWK SRZHU−WLPH FXUYHV� WKH DPSOLWXGHV RI WKH FDORULPHWULF
VLJQDO Y ZHUH REWDLQHG� $FFRUGLQJ WR (T� ����� WKH OLQHDU HTXDWLRQV IRU 9� PHWVFKQL�

NRYLL DQG 9� EROOLVDH ZHUH REWDLQHG ZLWK WKH GDWD RQ WKH DPSOLWXGHV ν�
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)URP (TV ����� ����� ����� ���� DQG ���� WKH EDFWHULDO JURZWK UDWH FRQVWDQW N�� WKH
WLPH FRQVWDQW RI WKH FDORULPHWHU N� WKH JHQHUDWLRQ WLPH *� DQG WKH SUH�H[SRQHQWLDO
IDFWRU $ FDQ EH FDOFXODWHG� 7KH\ DUH OLVWHG LQ 7DEOH ��

)LJ� � 7KHUPRDQDO\WLFDO FXUYHV RI EDFWHULDO JURZWK DW ��
R
&� D − 9� PHWFKQLNRYLL� E − 9� EROOLVDH
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)URP WKHVH GDWD� EDFWHULDO JURZWK SRZHU−WLPH FXUYH HTXDWLRQV LQ WKH ORJ SKDVH
FDQ EH H[SUHVVHG DV IROORZV�

IRU 9� PHWVFKQLNRYLL� ν = ����(H������W − H−������W) ����

IRU 9� EROOLVDH� ν = ����(H������W − H−������W) ����

'LVFXVVLRQ

,W LV VKRZQ IURP WKH SRZHU−WLPH FXUYH HTXDWLRQV RI EDFWHULDO JURZWK LQ WKH ORJ
SKDVH WKDW WKH DPSOLWXGHV FRQVLVW RI WZR SDUWV� 7KLV LV D UHVXOW RI XVLQJ WKH 7LDQ HTXD�
WLRQ� $FFRUGLQJ WR WKH 7LDQ HTXDWLRQ �(T� ����� WKH KHDW SURGXFWLRQ UDWH 3 LV JHQHUDOO\
QRW SURSRUWLRQDO WR WKH DPSOLWXGH ν� 2QO\ LQ FDVH Gν�GW � 3 LV SURSRUWLRQDO WR ν� ,Q
WKH OLWHUDWXUH� LW LV JHQHUDO IRU DXWKRUV WR XVH 3 SURSRUWLRQDO WR ν� HYHQ ZKHQ Gν�GW LV
VLJQLILFDQWO\ GLIIHUHQW IURP ]HUR >��@� 7KLV DSSHDUV WR EH SDUWLFXODUO\ JHQHUDO LQ UH�
SRUWV RQ OLYLQJ FHOOXODU V\VWHPV�

)RU WKH SRZHU−WLPH FXUYH HTXDWLRQ RI EDFWHULDO JURZWK� LI WKH EDFWHULDO JURZWK
WLPH W LV ORQJ HQRXJK� WKHQ H

N
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W>>H−NW� ,Q WKLV HYHQW� WKH SRZHU−WLPH FXUYH HTXDWLRQ

FDQ EH VLPSOLILHG DV IROORZV�
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3 =
3R

$
ν = ε ����

ZKHUH ε �3��$� LV D FRQVWDQW� 7KHUHIRUH� 3 LV SURSRUWLRQDO WR ν� (TXDWLRQ ��� FDQ EH
VXEVWLWXWHG E\ (T� ����� ,I LW GRHV QRW VDWLVI\ H

N
�
W>>H−NW� WKH SRZHU−WLPH FXUYH HTXD�

WLRQ VKRXOG EH H[SUHVVHG DV (T� ���� DQG WKH KHDW SURGXFWLRQ UDWH RI EDFWHULDO JURZWK
3 LV QRW SURSRUWLRQDO WR WKH DPSOLWXGH ν�

$V VWDWHG DERYH� WKH NLQHWLF HTXDWLRQ LQ WKH ORJ SKDVH RI EDFWHULDO JURZWK� DFFRUG�
LQJ WR WKH UHVXOWV RI WKH 7LDQ HTXDWLRQ DQG WKH VHOI�IXQFWLRQ UHJUHVVLRQ PHWKRG IRU D
FKHPLFDO UHDFWLRQ ZDV XVHG WR REWDLQ WKH SRZHU−WLPH FXUYH HTXDWLRQ� WKH JURZWK UDWH
FRQVWDQW� WKH JHQHUDWLRQ WLPH� WKH WLPH FRQVWDQW RI WKH FDORULPHWHU DQG WKH SUH�H[SR�
QHQWLDO IDFWRU LQ WKLV SDSHU� 7KH SRZHU−WLPH FXUYH HTXDWLRQ FRQVLVWV RI WZR SDUWV�
7KH DPSOLWXGH LV UHODWHG QRW RQO\ WR WKH EDFWHULDO JURZWK UDWH FRQVWDQW DQG WKH FXOWXUH
WLPH� EXW DOVR WR WKH WLPH FRQVWDQW RI WKH FDORULPHWHU� 7KH VFRSH RI DSSOLFDWLRQ RI WKH
SRZHU−WLPH FXUYH HTXDWLRQ REWDLQHG LQ WKLV SDSHU LV ZLGHU WKDQ WKDW LQ WKH OLWHUDWXUH
>�� �@�
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