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,Q� WKH� SUHFHGLQJ� FKDSWHUV� ZH� OLPLWHG� RXU� FRQVLGHUDWLRQ WR� QRQ�UHDFWLQJ�
V\VWHPV��V\VWHPV�ZKRVH�FKHPLFDO�FRPSRVLWLRQ UHPDLQV�XQFKDQJHG�GXULQJ�
D�SURFHVV���

7KLV� ZDV� WKH� FDVH� HYHQ� ZLWK� PL[LQJ SURFHVVHV� GXULQJ� ZKLFK� D�
KRPRJHQHRXV� PL[WXUH LV� IRUPHG� IURP� WZR� RU� PRUH� IOXLGV� ZLWKRXW� WKH�
RFFXUUHQFH�RI�DQ\�FKHPLFDO�UHDFWLRQV��

,Q� WKLV� FKDSWHU�� ZH� VSHFLILFDOO\� GHDO� ZLWK� V\VWHPV� ZKRVH� FKHPLFDO�
FRPSRVLWLRQ� FKDQJHV� GXULQJ� D� SURFHVV�� WKDW� LV�� V\VWHPV� WKDW� LQYROYH
FKHPLFDO�UHDFWLRQV�

:KHQ� GHDOLQJ� ZLWK� QRQ�UHDFWLQJ� V\VWHPV�� ZH� QHHG� WR� FRQVLGHU� RQO\� WKH�
VHQVLEOH� LQWHUQDO� HQHUJ\ �DVVRFLDWHG� ZLWK� WHPSHUDWXUH� DQG� SUHVVXUH�
FKDQJHV��DQG�WKH�ODWHQW�LQWHUQDO�HQHUJ\ �DVVRFLDWHG�ZLWK�SKDVH�FKDQJHV���

:KHQ�GHDOLQJ�ZLWK� UHDFWLQJ� V\VWHPV��KRZHYHU��ZH�DOVR�QHHG� WR� FRQVLGHU�
WKH FKHPLFDO� LQWHUQDO� HQHUJ\�� ZKLFK� LV� WKH� HQHUJ\� DVVRFLDWHG� ZLWK� WKH�
GHVWUXFWLRQ�DQG�IRUPDWLRQ�RI�FKHPLFDO�ERQGV�EHWZHHQ�WKH�DWRPV��
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,Q�WKLV�FKDSWHU�ZH�IRFXV�RQ�D�SDUWLFXODU W\SH�RI�FKHPLFDO�UHDFWLRQ��NQRZQ�
DV�FRPEXVWLRQ��EHFDXVH�RI�LWV�LPSRUWDQFH�LQ�HQJLQHHULQJ��

%XW� WKH� UHDGHU� VKRXOG� NHHS� LQ� PLQG�� KRZHYHU�� WKDW� WKH� SULQFLSOHV
GHYHORSHG�DUH�HTXDOO\�DSSOLFDEOH WR�RWKHU�FKHPLFDO�UHDFWLRQV��

:H�VWDUW�WKLV�FKDSWHU�ZLWK�D�JHQHUDO�GLVFXVVLRQ RI�IXHOV�DQG�FRPEXVWLRQ��

7KHQ�ZH�DSSO\�WKH�PDVV�DQG�HQHUJ\�EDODQFHV WR�UHDFWLQJ�V\VWHPV��

,Q� WKLV� UHJDUG�ZH�GLVFXVV� WKH� DGLDEDWLF� IODPH� WHPSHUDWXUH��ZKLFK� LV� WKH�
KLJKHVW�WHPSHUDWXUH�D�UHDFWLQJ�PL[WXUH�FDQ�DWWDLQ��

)LQDOO\��ZH�H[DPLQH�WKH�VHFRQG�ODZ�DVSHFWV RI�FKHPLFDO�UHDFWLRQV�

�

)8(/6�$1'�&20%867,21
$Q\�PDWHULDO�WKDW�FDQ�EH�EXUQHG WR�UHOHDVH�WKHUPDO�HQHUJ\�LV�FDOOHG�D�IXHO�

0RVW�IDPLOLDU�IXHOV�FRQVLVW�SULPDULO\ RI�K\GURJHQ�DQG�FDUERQ��

7KH\�DUH�FDOOHG�K\GURFDUERQ�IXHOV DQG�DUH�GHQRWHG�E\�WKH�JHQHUDO�IRUPXOD�
& � + � ��

+\GURFDUERQ�IXHOV�H[LVW�LQ�DOO�SKDVHV��VRPH�H[DPSOHV�EHLQJ�FRDO��JDVROLQH��
DQG�QDWXUDO�JDV��

7KH�PDLQ�FRQVWLWXHQW RI�FRDO�LV�FDUERQ��

&RDO�DOVR�FRQWDLQV�YDU\LQJ�DPRXQWV RI�R[\JHQ��K\GURJHQ��QLWURJHQ��VXOIXU��
PRLVWXUH��DQG�DVK��

,W� LV�GLIILFXOW� WR�JLYH DQ�H[DFW�PDVV�DQDO\VLV� IRU�FRDO�VLQFH� LWV�FRPSRVLWLRQ�
YDULHV�FRQVLGHUDEO\�IURP�RQH�JHRJUDSKLFDO�DUHD�WR�WKH�QH[W�DQG�HYHQ�ZLWKLQ�
WKH�VDPH�JHRJUDSKLFDO ORFDWLRQ��
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0RVW� OLTXLG� K\GURFDUERQ IXHOV� DUH� D� PL[WXUH� RI�
QXPHURXV� K\GURFDUERQV� DQG� DUH� REWDLQHG� IURP�
FUXGH�RLO�E\�GLVWLOODWLRQ �VHH�)LJXUH���

7KH� PRVW� YRODWLOH �XQVWDEOH�� K\GURFDUERQV�
YDSRUL]H�ILUVW��IRUPLQJ�ZKDW�ZH�NQRZ�DV�JDVROLQH��

7KH�OHVV�YRODWLOH IXHOV�REWDLQHG�GXULQJ�GLVWLOODWLRQ�
DUH�NHURVHQH��GLHVHO�IXHO��DQG�IXHO�RLO��
7KH�FRPSRVLWLRQ�RI�D�SDUWLFXODU� IXHO�GHSHQGV�RQ WKH�VRXUFH�RI� WKH�FUXGH�RLO DV�
ZHOO�DV�RQ�WKH�UHILQHU\��

$OWKRXJK�OLTXLG�K\GURFDUERQ�IXHOV�DUH�PL[WXUHV�RI�PDQ\ GLIIHUHQW�K\GURFDUERQV��
WKH\�DUH�XVXDOO\�FRQVLGHUHG�WR�EH�D�VLQJOH�K\GURFDUERQ IRU�FRQYHQLHQFH��

)RU� H[DPSOH�� JDVROLQH� LV� WUHDWHG� DV� RFWDQH�� & � + � � �� DQG� WKH� GLHVHO� IXHO� DV�
GRGHFDQH��& � 	 + 	�
 ��$QRWKHU�FRPPRQ�OLTXLG�K\GURFDUERQ�IXHO�LV PHWK\O�DOFRKRO��
&+ � 2+��ZKLFK�LV�DOVR�FDOOHG�PHWKDQRO�DQG�LV�XVHG�LQ�VRPH�JDVROLQH�EOHQGV��




)8(/6�$1'�&20%867,21
7KH� JDVHRXV� K\GURFDUERQ IXHO� QDWXUDO� JDV�� ZKLFK� LV� D�PL[WXUH� RI�PHWKDQH�
DQG� VPDOOHU� DPRXQWV�RI�RWKHU�JDVHV�� LV� RIWHQ� WUHDWHG� DV PHWKDQH��&+ � �� IRU�
VLPSOLFLW\�

1DWXUDO�JDV�LV�SURGXFHG�IURP�JDV�ZHOOV RU�RLO�ZHOOV�ULFK�LQ�QDWXUDO�JDV��

,W� LV� FRPSRVHG� PDLQO\� RI� PHWKDQH�� EXW� LW� DOVR� FRQWDLQV� VPDOO� DPRXQWV� RI�
HWKDQH�� SURSDQH�� K\GURJHQ�� KHOLXP�� FDUERQ� GLR[LGH�� QLWURJHQ�� K\GURJHQ�
VXOIDWH��DQG�ZDWHU�YDSRU��

(WKDQRO LV�REWDLQHG�IURP�FRUQ��JUDLQV��DQG�RUJDQLF�ZDVWH��

0HWKRQDO LV�SURGXFHG�PRVWO\� IURP�QDWXUDO�JDV��EXW� LW� FDQ� DOVR�EH�REWDLQHG�
IURP�FRDO�DQG�ELRPDVV��

%RWK�DOFRKROV�DUH�FRPPRQO\�XVHG�DV�DGGLWLYHV� LQ�R[\JHQDWHG�JDVROLQH�DQG�
UHIRUPXODWHG�IXHOV�WR�UHGXFH�DLU�SROOXWLRQ���
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$�FKHPLFDO�UHDFWLRQ�GXULQJ�ZKLFK�D�IXHO�LV�R[LGL]HG DQG�D�ODUJH�TXDQWLW\�RI�
HQHUJ\�LV�UHOHDVHG�LV�FDOOHG�FRPEXVWLRQ��

7KH� R[LGL]HU� PRVW� RIWHQ XVHG� LQ� FRPEXVWLRQ� SURFHVVHV� LV� DLU�� IRU� REYLRXV�
UHDVRQV²LW�LV�IUHH�DQG�UHDGLO\�DYDLODEOH��

3XUH�R[\JHQ�2 	 LV�XVHG�DV�DQ�R[LGL]HU�RQO\�LQ�VRPH�VSHFLDOL]HG�DSSOLFDWLRQV��
VXFK�DV�FXWWLQJ�DQG�ZHOGLQJ��ZKHUH�DLU�FDQQRW�EH�XVHG��

2Q�D�PROH�RU�D�YROXPH�EDVLV��GU\�DLU� LV�FRPSRVHG�RI �����SHUFHQW�R[\JHQ��
����� SHUFHQW� QLWURJHQ�� ���� SHUFHQW� DUJRQ�� DQG� VPDOO� DPRXQWV� RI� FDUERQ�
GLR[LGH��KHOLXP��QHRQ��DQG�K\GURJHQ��

,Q� WKH� DQDO\VLV� RI� FRPEXVWLRQ� SURFHVVHV�� WKH� DUJRQ LQ� WKH� DLU� LV� WUHDWHG� DV�
QLWURJHQ��DQG�WKH�JDVHV�WKDW�H[LVW�LQ�WUDFH��VPDOO��DPRXQWV�DUH�GLVUHJDUGHG��

�
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7KHQ�GU\�DLU�FDQ�EH�DSSUR[LPDWHG
DV� �� SHUFHQW� R[\JHQ� DQG� ��
SHUFHQW�QLWURJHQ�E\�PROH�QXPEHUV��

7KHUHIRUH�� HDFK� PROH� RI� R[\JHQ
HQWHULQJ� D� FRPEXVWLRQ� FKDPEHU� LV�
DFFRPSDQLHG� E\� ����������  � ����
PRO�RI�QLWURJHQ��VHH�)LJXUH���
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'XULQJ�FRPEXVWLRQ��QLWURJHQ�EHKDYHV�DV�DQ�LQHUW�JDV DQG�GRHV�QRW�UHDFW�ZLWK�
RWKHU�HOHPHQWV��RWKHU�WKDQ�IRUPLQJ D�YHU\�VPDOO�DPRXQW�RI�QLWULF�R[LGHV�

+RZHYHU��HYHQ�WKHQ�WKH�SUHVHQFH�RI�QLWURJHQ�JUHDWO\�DIIHFWV�WKH�RXWFRPH RI�D�
FRPEXVWLRQ�SURFHVV� VLQFH�QLWURJHQ�XVXDOO\� HQWHUV� D�FRPEXVWLRQ� FKDPEHU� LQ�
ODUJH� TXDQWLWLHV� DW� ORZ� WHPSHUDWXUHV� DQG� H[LWV� DW� FRQVLGHUDEO\� KLJKHU�
WHPSHUDWXUHV��DEVRUELQJ�D� ODUJH�SURSRUWLRQ RI� WKH�FKHPLFDO�HQHUJ\� UHOHDVHG�
GXULQJ�FRPEXVWLRQ��

7KURXJKRXW�WKLV�FKDSWHU��QLWURJHQ�LV�DVVXPHG�WR�UHPDLQ�SHUIHFWO\ LQHUW��

.HHS� LQ� PLQG�� KRZHYHU�� WKDW� DW� YHU\� KLJK� WHPSHUDWXUHV�� VXFK� DV� WKRVH�
HQFRXQWHUHG� LQ� LQWHUQDO� FRPEXVWLRQ� HQJLQHV�� D� VPDOO� IUDFWLRQ� RI� QLWURJHQ�
UHDFWV�ZLWK�R[\JHQ��IRUPLQJ�KD]DUGRXV�JDVHV�VXFK�DV�QLWULF�R[LGH��
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$LU� WKDW� HQWHUV�D� FRPEXVWLRQ�FKDPEHU�QRUPDOO\�FRQWDLQV� VRPH�ZDWHU� YDSRU
�RU�PRLVWXUH���ZKLFK�DOVR�GHVHUYHV�FRQVLGHUDWLRQ��

)RU� PRVW� FRPEXVWLRQ� SURFHVVHV�� WKH� PRLVWXUH� LQ� WKH� DLU� DQG� WKH� + 	 2� WKDW�
IRUPV�GXULQJ�FRPEXVWLRQ�FDQ�DOVR�EH�WUHDWHG�DV�DQ�LQHUW�JDV��OLNH�QLWURJHQ��

$W�YHU\�KLJK�WHPSHUDWXUHV��KRZHYHU��VRPH�ZDWHU�YDSRU�GLVVRFLDWHV �VHSDUDWH��
LQWR�+ 	 DQG�2 	 DV�ZHOO�DV�LQWR�+��2��DQG�2+��

:KHQ�WKH�FRPEXVWLRQ�JDVHV�DUH�FRROHG�EHORZ�WKH�GHZ�SRLQW WHPSHUDWXUH�RI�
WKH�ZDWHU�YDSRU��VRPH�PRLVWXUH�FRQGHQVHV��

,W� LV� LPSRUWDQW� WR� EH� DEOH� WR� SUHGLFW� WKH� GHZ�SRLQW WHPSHUDWXUH� VLQFH� WKH�
ZDWHU�GURSOHWV�RIWHQ�FRPELQH�ZLWK�WKH�VXOIXU�GLR[LGH WKDW�PD\�EH�SUHVHQW�LQ�
WKH�FRPEXVWLRQ�JDVHV��IRUPLQJ�VXOIXULF�DFLG��ZKLFK�LV�KLJKO\�FRUURVLYH��
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'XULQJ�D�FRPEXVWLRQ�SURFHVV��WKH�FRPSRQHQWV�WKDW�H[LVW�EHIRUH�WKH�UHDFWLRQ�
DUH� FDOOHG� UHDFWDQWV DQG� WKH� FRPSRQHQWV� WKDW� H[LVW� DIWHU� WKH� UHDFWLRQ� DUH�
FDOOHG�SURGXFWV �VHH�)LJXUH���

&RQVLGHU��IRU�H[DPSOH��WKH�FRPEXVWLRQ�RI���NPRO�RI�FDUERQ�ZLWK���NPRO�RI�
SXUH�R[\JHQ��IRUPLQJ�FDUERQ�GLR[LGH�

+HUH� &� DQG�2 	 DUH� WKH� UHDFWDQWV VLQFH� WKH\� H[LVW� EHIRUH� FRPEXVWLRQ�� DQG�
&2 	 LV�WKH�SURGXFW VLQFH�LW�H[LVWV�DIWHU�FRPEXVWLRQ��

1RWH� WKDW� D� UHDFWDQW� GRHV� QRW� KDYH� WR� UHDFW FKHPLFDOO\� LQ� WKH� FRPEXVWLRQ�
FKDPEHU��

)RU�H[DPSOH��LI�FDUERQ�LV�EXUQHG�ZLWK�DLU�LQVWHDG�RI�SXUH�R[\JHQ��ERWK�VLGHV�
RI�WKH�FRPEXVWLRQ�HTXDWLRQ�ZLOO�LQFOXGH�1 	 ��
7KDW�LV��WKH�1 	 ZLOO�DSSHDU�ERWK DV�D�UHDFWDQW�DQG�DV�D�SURGXFW��

���
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7KDW�LV��WKH�WRWDO�PDVV�RI�HDFK�HOHPHQW�RQ�
WKH� ULJKW�KDQG� VLGH RI� WKH� UHDFWLRQ�
HTXDWLRQ� �WKH� SURGXFWV��PXVW� EH� HTXDO� WR
WKH�WRWDO�PDVV�RI�WKDW�HOHPHQW�RQ�WKH� OHIW�
KDQG�VLGH �WKH� UHDFWDQWV��HYHQ� WKRXJK� WKH�
HOHPHQWV� H[LVW� LQ� GLIIHUHQW FKHPLFDO�
FRPSRXQGV�LQ�WKH�UHDFWDQWV�DQG�SURGXFWV��

$OVR�� WKH� WRWDO� QXPEHU� RI� DWRPV RI� HDFK�
HOHPHQW� LV� FRQVHUYHG GXULQJ� D� FKHPLFDO�
UHDFWLRQ�VLQFH�WKH�WRWDO�QXPEHU�RI�DWRPV�LV�
HTXDO� WR� WKH� WRWDO� PDVV� RI� WKH� HOHPHQW�
GLYLGHG�E\�LWV�DWRPLF�PDVV��

$V� \RX� PD\� UHFDOO� IURP� \RXU� FKHPLVWU\� FRXUVHV�� FKHPLFDO� HTXDWLRQV DUH�
EDODQFHG� RQ� WKH� EDVLV� RI� WKH� FRQVHUYDWLRQ� RI�PDVV� SULQFLSOH �RU� WKH�PDVV�
EDODQFH���ZKLFK�FDQ�EH�VWDWHG�DV�IROORZV��

7KH�WRWDO�PDVV�RI�HDFK�HOHPHQW�LV�FRQVHUYHG�GXULQJ�D�FKHPLFDO�UHDFWLRQ



�

���

)8(/6�$1'�&20%867,21
)RU�H[DPSOH��ERWK�VLGHV�RI�WKLV�(TXDWLRQ�FRQWDLQ����NJ�RI�FDUERQ DQG�
��� NJ� RI� R[\JHQ�� HYHQ� WKRXJK� WKH� FDUERQ� DQG� WKH� R[\JHQ� H[LVW� DV�
HOHPHQWV�LQ�WKH�UHDFWDQWV�DQG�DV�D�FRPSRXQG�LQ�WKH�SURGXFW��

$OVR��WKH�WRWDO�PDVV�RI�UHDFWDQWV�LV�HTXDO�WR�WKH�WRWDO�PDVV�RI�SURGXFWV��
HDFK�EHLQJ����NJ���

+RZHYHU��QRWLFH�WKDW�WKH�WRWDO�PROH�QXPEHU�RI�WKH�UHDFWDQWV����NPRO��LV�
QRW�HTXDO�WR�WKH�WRWDO�PROH�QXPEHU�RI�WKH�SURGXFWV����NPRO���

7KDW�LV��WKH�WRWDO�QXPEHU�RI�PROHV�LV�QRW�FRQVHUYHG GXULQJ�D�FKHPLFDO�
UHDFWLRQ�
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7KH�PDVV�P�RI�D�VXEVWDQFH�LV�UHODWHG�WR�WKH�QXPEHU�RI�PROHV�1�WKURXJK�
WKH�UHODWLRQ�P� 10��ZKHUH�0�LV�WKH�PRODU�PDVV��

7KH�DLU±IXHO�UDWLR�FDQ�DOVR�EH�H[SUHVVHG�RQ�D�PROH�EDVLV DV�WKH�UDWLR�RI�
WKH�PROH�QXPEHUV�RI�DLU�WR�WKH�PROH�QXPEHUV�RI�IXHO��%XW�ZH�ZLOO XVH�
WKH�IRUPHU�GHILQLWLRQ��

7KH�UHFLSURFDO RI�DLU±IXHO�UDWLR�LV�FDOOHG�WKH�IXHO±DLU�UDWLR�

$� IUHTXHQWO\�XVHG�TXDQWLW\� LQ� WKH� DQDO\VLV�RI� FRPEXVWLRQ� SURFHVVHV� WR�
TXDQWLI\�WKH�DPRXQWV�RI�IXHO�DQG�DLU�LV�WKH�DLU±IXHO�UDWLR $)��

,W�LV�XVXDOO\�H[SUHVVHG�RQ�D�PDVV�EDVLV DQG�LV�GHILQHG�DV�WKH�UDWLR�RI�WKH�
PDVV�RI�DLU� WR� WKH�PDVV�RI� IXHO� IRU�D�FRPEXVWLRQ�SURFHVV� �VHH�)LJXUH���
7KDW�LV�
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(;$03/(���±��
%DODQFLQJ�WKH�&RPEXVWLRQ�(TXDWLRQ

� 2QH� NPRO� RI� RFWDQH� �& � + � � �� LV�
EXUQHG� ZLWK� DLU� WKDW� FRQWDLQV� ���
NPRO� RI� 2 	 �� V� VKRZQ�� $VVXPLQJ�
WKH� SURGXFWV� FRQWDLQ� RQO\� &2 	 ��
+ 	 2�� 2 	 �� DQG� 1 	 �� GHWHUPLQH� WKH�
PROH� QXPEHU� RI� HDFK� JDV� LQ� WKH�
SURGXFWV�DQG�WKH�DLU±IXHO�UDWLR�IRU�
WKLV�FRPEXVWLRQ�SURFHVV�

��
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&20%867,21�352&(66(6

&RQYHUVHO\�� WKH� FRPEXVWLRQ�
SURFHVV� LV� LQFRPSOHWH LI� WKH�
FRPEXVWLRQ� SURGXFWV� FRQWDLQ� DQ\�
XQEXUQHG�IXHO�RU�FRPSRQHQWV�VXFK�
DV�&��+ 	 ��&2��RU�2+�

,W�LV�RIWHQ�LQVWUXFWLYH��XVHIXO��WR�VWXG\�WKH�FRPEXVWLRQ�RI�D�IXHO�E\�DVVXPLQJ�
WKDW�WKH�FRPEXVWLRQ�LV�FRPSOHWH��

$�FRPEXVWLRQ�SURFHVV�LV�FRPSOHWH LI�DOO�WKH FDUERQ�LQ�WKH�IXHO�EXUQV�WR�&2 	 ��
DOO�WKH�K\GURJHQ�EXUQV�WR�+ 	 2��DQG�DOO�WKH�VXOIXU��LI�DQ\��EXUQV�WR�62 	 ��

7KDW�LV��DOO�WKH�FRPEXVWLEOH�FRPSRQHQWV�RI�D�IXHO�DUH�EXUQHG�WR�FRPSOHWLRQ�
GXULQJ�D�FRPSOHWH�FRPEXVWLRQ�SURFHVV��VHH�)LJXUH���
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&20%867,21�352&(66(6
,QVXIILFLHQW�R[\JHQ LV�DQ�REYLRXV�UHDVRQ�IRU�LQFRPSOHWH�FRPEXVWLRQ��EXW�LW�LV�
QRW�WKH�RQO\�RQH�

,QFRPSOHWH� FRPEXVWLRQ� RFFXUV� HYHQ� ZKHQ� PRUH� R[\JHQ LV� SUHVHQW� LQ� WKH�
FRPEXVWLRQ�FKDPEHU�WKDQ�LV�QHHGHG�IRU�FRPSOHWH�FRPEXVWLRQ��

7KLV�PD\� EH� DWWULEXWHG� WR� LQVXIILFLHQW�PL[LQJ LQ� WKH� FRPEXVWLRQ� FKDPEHU�
GXULQJ�WKH�OLPLWHG�WLPH WKDW�WKH�IXHO�DQG�WKH�R[\JHQ�DUH�LQ�FRQWDFW��

$QRWKHU� FDXVH� RI� LQFRPSOHWH� FRPEXVWLRQ� LV� GLVVRFLDWLRQ��ZKLFK� EHFRPHV�
LPSRUWDQW�DW�KLJK�WHPSHUDWXUHV�

2[\JHQ�KDV�D�PXFK�JUHDWHU�WHQGHQF\ WR�FRPELQH�ZLWK�K\GURJHQ�WKDQ�LW�GRHV�
ZLWK� FDUERQ�� 7KHUHIRUH�� WKH� K\GURJHQ� LQ� WKH� IXHO� QRUPDOO\� EXUQV� WR�
FRPSOHWLRQ��IRUPLQJ�+ 	 2�

6RPH�RI� WKH� FDUERQ�� KRZHYHU�� HQGV� XS� DV�&2 RU� MXVW� DV� SODLQ�&� SDUWLFOHV
�GLUW��LQ�WKH�SURGXFWV��

���
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7KH�PLQLPXP�DPRXQW�RI�DLU�QHHGHG�IRU�WKH�FRPSOHWH�FRPEXVWLRQ�RI�D�IXHO�
LV�FDOOHG�WKH�VWRLFKLRPHWULF�RU�WKHRUHWLFDO�DLU��
7KH� WKHRUHWLFDO� DLU� LV� DOVR� UHIHUUHG� WR� DV� WKH�FKHPLFDOO\� FRUUHFW� DPRXQW�RI�
DLU��RU�����SHUFHQW�WKHRUHWLFDO�DLU��

7KXV��ZKHQ�D�IXHO�LV�FRPSOHWHO\�EXUQHG�ZLWK�WKHRUHWLFDO�DLU��QR�XQFRPELQHG�
R[\JHQ LV�SUHVHQW�LQ�WKH�SURGXFW�JDVHV��

$� FRPEXVWLRQ� SURFHVV� ZLWK� OHVV� WKDQ� WKH� WKHRUHWLFDO DLU� LV� FOHDU� WR� EH�
LQFRPSOHWH�� 7KH� LGHDO� FRPEXVWLRQ� SURFHVV� GXULQJ� ZKLFK� D� IXHO� LV� EXUQHG�
FRPSOHWHO\�ZLWK� WKHRUHWLFDO� DLU� LV� FDOOHG� WKH� VWRLFKLRPHWULF�RU� WKHRUHWLFDO�
FRPEXVWLRQ RI�WKDW�IXHO��

)RU�H[DPSOH��WKH�WKHRUHWLFDO�FRPEXVWLRQ�RI�PHWKDQH�LV�

1RWLFH WKDW�WKH�SURGXFWV�RI�WKH�WKHRUHWLFDO�FRPEXVWLRQ�FRQWDLQ�QR�XQEXUQHG
PHWKDQH�DQG�QR�&��+���&2��2+��RU�IUHH�2��
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,Q�DFWXDO� FRPEXVWLRQ�SURFHVVHV�� LW� LV� FRPPRQ�SUDFWLFH� WR�XVH�PRUH� DLU WKDQ�
WKH�VWRLFKLRPHWULF�DPRXQW�WR�LQFUHDVH�WKH�FKDQFHV�RI�FRPSOHWH�FRPEXVWLRQ��

7KH�DPRXQW�RI�DLU�LQ�H[FHVV�RI�WKH�VWRLFKLRPHWULF�DPRXQW�LV�FDOOHG�H[FHVV�DLU��
7KH�DPRXQW�RI�H[FHVV�DLU�LV�XVXDOO\�H[SUHVVHG�LQ�WHUPV�RI�WKH�WKHRUHWLFDO�DLU�
DV�SHUFHQW�H[FHVV�DLU RU�SHUFHQW�WKHRUHWLFDO�DLU�

)RU� H[DPSOH�� ��� SHUFHQW H[FHVV� DLU� LV� HTXLYDOHQW� WR� ��� SHUFHQW� WKHRUHWLFDO�
DLU��DQG�����SHUFHQW H[FHVV�DLU�LV�HTXLYDOHQW�WR�����SHUFHQW VWRLFKLRPHWULF�DLU��

2I�FRXUVH��WKH�WKHRUHWLFDO�DLU�FDQ�EH�H[SUHVVHG�DV���SHUFHQW H[FHVV�DLU�RU�����
SHUFHQW�WKHRUHWLFDO�DLU��

$PRXQWV�RI�DLU� OHVV� WKDQ� WKH�VWRLFKLRPHWULF�DPRXQW�DUH�FDOOHG GHILFLHQF\�RI�
DLU DQG�DUH�RIWHQ�H[SUHVVHG�DV�SHUFHQW�GHILFLHQF\�RI�DLU��

)RU�H[DPSOH�����SHUFHQW�WKHRUHWLFDO DLU�LV�HTXLYDOHQW�WR����SHUFHQW�GHILFLHQF\�
RI�DLU��

���
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7KH�DPRXQW�RI�DLU�XVHG�LQ�FRPEXVWLRQ�SURFHVVHV�LV�DOVR�H[SUHVVHG LQ�WHUPV�
RI�WKH�HTXLYDOHQFH�UDWLR��ZKLFK�LV�WKH�UDWLR�RI�WKH�DFWXDO�IXHO±DLU�UDWLR�WR�WKH�
WKHRUHWLFDO�IXHO±DLU�UDWLR�

3UHGLFWLQJ� WKH� FRPSRVLWLRQ� RI� WKH� SURGXFWV LV� UHODWLYHO\� HDV\� ZKHQ� WKH�
FRPEXVWLRQ�SURFHVV�LV�DVVXPHG�WR�EH�FRPSOHWH�DQG�WKH�H[DFW�DPRXQWV�RI�WKH�
IXHO�DQG�DLU�XVHG�DUH�NQRZQ��

$OO�RQH�QHHGV� WR�GR� LQ� WKLV�FDVH� LV� VLPSO\� DSSO\� WKH�PDVV�EDODQFH WR� HDFK�
HOHPHQW� WKDW� DSSHDUV� LQ� WKH� FRPEXVWLRQ� HTXDWLRQ��ZLWKRXW� QHHGLQJ WR� WDNH�
DQ\�PHDVXUHPHQWV��

7KLQJV� DUH� QRW� VR� VLPSOH�� KRZHYHU�� ZKHQ� RQH� LV� GHDOLQJ� ZLWK� DFWXDO�
FRPEXVWLRQ�SURFHVVHV��

� � � � � � � ��� � � � � � �(4  � )$ �� � )$ � � $) $)
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)RU�RQH�WKLQJ��DFWXDO FRPEXVWLRQ�SURFHVVHV�DUH�KDUGO\�HYHU�FRPSOHWH��HYHQ�
LQ�WKH�SUHVHQFH�RI�H[FHVV�DLU��

7KHUHIRUH��LW�LV�LPSRVVLEOH�WR�SUHGLFW WKH�FRPSRVLWLRQ�RI�WKH�SURGXFWV�RQ�WKH�
EDVLV�RI�WKH�PDVV�EDODQFH�DORQH��

7KHQ� WKH� RQO\� DOWHUQDWLYH ZH� KDYH� LV� WR� PHDVXUH WKH� DPRXQW� RI� HDFK�
FRPSRQHQW�LQ�WKH�SURGXFWV�GLUHFWO\��

$�FRPPRQO\�XVHG�GHYLFH�WR�DQDO\]H�WKH�FRPSRVLWLRQ�RI�FRPEXVWLRQ�JDVHV�LV�
WKH�2UVDW�JDV�DQDO\]HU��

,Q�WKLV�GHYLFH��D�VDPSOH RI�WKH�FRPEXVWLRQ�JDVHV�LV�FROOHFWHG DQG�FRROHG�WR�
URRP�WHPSHUDWXUH�DQG�SUHVVXUH��DW�ZKLFK�SRLQW�LWV�YROXPH�LV�PHDVXUHG��

���

(;$03/(���±��
'HZ�3RLQW�7HPSHUDWXUH�RI�&RPEXVWLRQ�3URGXFWV

� (WKDQH� �& 	 + 
 �� LV� EXUQHG� ZLWK�
��� SHUFHQW� H[FHVV� DLU� GXULQJ� D�
FRPEXVWLRQ� SURFHVV�� DV� VKRZQ��
$VVXPLQJ�FRPSOHWH�FRPEXVWLRQ�
DQG�D�WRWDO�SUHVVXUH�RI�����N3D��
GHWHUPLQH��

� �D��WKH�DLU±IXHO�UDWLR�DQG�
� �E�� WKH� GHZ�SRLQW� WHPSHUDWXUH�

RI�WKH�SURGXFWV�
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(;$03/(���±��
'HZ�3RLQW�7HPSHUDWXUH�RI�&RPEXVWLRQ�3URGXFWV

� (WKDQH� �& 	 + 
 �� LV� EXUQHG� ZLWK�
��� SHUFHQW� H[FHVV� DLU� GXULQJ� D�
FRPEXVWLRQ� SURFHVV�� DV� VKRZQ��
$VVXPLQJ�FRPSOHWH�FRPEXVWLRQ�
DQG�D�WRWDO�SUHVVXUH�RI�����N3D��
GHWHUPLQH��

� �D��WKH�DLU±IXHO�UDWLR�DQG�
� �E�� WKH� GHZ�SRLQW� WHPSHUDWXUH�

RI�WKH�SURGXFWV�

���

(;$03/(���±��
&RPEXVWLRQ�RI�D�*DVHRXV�)XHO�ZLWK�0RLVW�$LU

� $� FHUWDLQ� QDWXUDO� JDV� KDV� WKH� IROORZLQJ� YROXPHWULF� DQDO\VLV�� ��� SHUFHQW�
&+ � ����SHUFHQW�+ 	 �����SHUFHQW�1 	 ����SHUFHQW�2 	 �� DQG���SHUFHQW�&2 	 ��7KLV�
JDV� LV� QRZ� EXUQHG� ZLWK� WKH� VWRLFKLRPHWULF� DPRXQW� RI� DLU WKDW� HQWHUV� WKH�
FRPEXVWLRQ�FKDPEHU�DW����&����DWP��DQG����SHUFHQW� UHODWLYH�KXPLGLW\��DV�
VKRZQ�LQ�)LJXUH��$VVXPLQJ�FRPSOHWH�FRPEXVWLRQ�DQG�D�WRWDO�SUHVVXUH�RI���
DWP��GHWHUPLQH�WKH�GHZ�SRLQW�WHPSHUDWXUH�RI�WKH�SURGXFWV�
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(;$03/(���±��
&RPEXVWLRQ�RI�D�*DVHRXV�)XHO�ZLWK�0RLVW�$LU

� GHWHUPLQH�WKH�GHZ�SRLQW�WHPSHUDWXUH�RI�WKH�SURGXFWV�

��


(;$03/(���±��
5HYHUVH�&RPEXVWLRQ�$QDO\VLV

� 2FWDQH� �& � + � � �� LV� EXUQHG� ZLWK�
GU\�DLU��7KH�YROXPHWULF�DQDO\VLV�
RI�WKH�SURGXFWV�RQ�D�GU\�EDVLV�LV�
&2 	 �� ������ SHUFHQW� 2 	 �� �����
SHUFHQW� &2�� ����� SHUFHQW� 1 	 ��
������SHUFHQW�'HWHUPLQH��

� �D��WKH�DLU±IXHO�UDWLR��
� �E��WKH�SHUFHQWDJH�RI�WKHRUHWLFDO�

DLU�XVHG��DQG�
� �F�� WKH� DPRXQW� RI� + 	 2� WKDW�

FRQGHQVHV� DV� WKH� SURGXFWV� DUH�
FRROHG�WR����&�DW�����N3D�
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(;$03/(���±��
5HYHUVH�&RPEXVWLRQ�$QDO\VLV

� 'HWHUPLQH��
� �D��WKH�DLU±IXHO�UDWLR��
� �E��WKH�SHUFHQWDJH�RI�WKHRUHWLFDO�DLU�XVHG��DQG�
� �F�� WKH� DPRXQW�RI�+ 	 2� WKDW� FRQGHQVHV� DV� WKH� SURGXFWV� DUH� FRROHG� WR�

���&�DW�����N3D�

���

(;$03/(���±��
5HYHUVH�&RPEXVWLRQ�$QDO\VLV

� 'HWHUPLQH��
� �D��WKH�DLU±IXHO�UDWLR��
� �E��WKH�SHUFHQWDJH�RI�WKHRUHWLFDO�DLU�XVHG��DQG�
� �F��WKH�DPRXQW�RI�+ 	 2�WKDW�FRQGHQVHV�DV�WKH�SURGXFWV�DUH�FRROHG�WR����&�

DW�����N3D�


