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$W� WHPSHUDWXUHV� EHORZ� WKH� FULWLFDO� WHPSHUDWXUH�� WKH� JDV� SKDVH� RI� D�
VXEVWDQFH�LV�IUHTXHQWO\�UHIHUUHG�WR�DV�D YDSRU��

7KH� WHUP�YDSRU� LPSOLHV� D� JDVHRXV� VWDWH� WKDW� LV� FORVH� WR� WKH� VDWXUDWLRQ
UHJLRQ�RI�WKH�VXEVWDQFH��UDLVLQJ�WKH SRVVLELOLW\�RI�FRQGHQVDWLRQ GXULQJ�D�
SURFHVV��

,Q�WKH�SUHYLRXV�FKDSWHU��ZH�GLVFXVVHG�PL[WXUHV�RI�JDVHV WKDW�DUH�XVXDOO\�
DERYH�WKHLU�FULWLFDO�WHPSHUDWXUHV��

7KHUHIRUH��ZH�ZHUH�QRW� FRQFHUQHG DERXW�DQ\�RI� WKH�JDVHV� FRQGHQVLQJ
GXULQJ�D�SURFHVV��

1RW�KDYLQJ�WR�GHDO�ZLWK�WZR�SKDVHV�JUHDWO\�VLPSOLILHG WKH�DQDO\VLV��



�

�

:KHQ� ZH� DUH� GHDOLQJ� ZLWK� D� JDV±YDSRU� PL[WXUH�� KRZHYHU�� WKH� YDSRU�
PD\�FRQGHQVH�RXW�RI�WKH�PL[WXUH�GXULQJ�D�SURFHVV��IRUPLQJ�D�WZR�SKDVH
PL[WXUH��

7KLV�PD\�FRPSOLFDWH WKH�DQDO\VLV�FRQVLGHUDEO\��

7KHUHIRUH��D�JDV±YDSRU�PL[WXUH�QHHGV�WR�EH�WUHDWHG�GLIIHUHQWO\ IURP�DQ�
RUGLQDU\�JDV�PL[WXUH��

6HYHUDO�JDV±YDSRU�PL[WXUHV�DUH�HQFRXQWHUHG�LQ�HQJLQHHULQJ��

,Q�WKLV�FKDSWHU��ZH�FRQVLGHU�WKH�DLU±ZDWHU�YDSRU�PL[WXUH� ZKLFK�LV�WKH�
PRVW�FRPPRQO\ HQFRXQWHUHG�JDV±YDSRU�PL[WXUH�LQ�SUDFWLFH��

:H�DOVR�GLVFXVV�DLU�FRQGLWLRQLQJ��ZKLFK�LV�WKH�SULPDU\�DSSOLFDWLRQ DUHD�
RI�DLU±ZDWHU�YDSRU�PL[WXUHV�
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$LU�LV�D�PL[WXUH�RI�QLWURJHQ��R[\JHQ��DQG�VPDOO�DPRXQWV�RI�VRPH�RWKHU�JDVHV��

$LU�LQ�WKH�DWPRVSKHUH�QRUPDOO\�FRQWDLQV�VRPH�ZDWHU�YDSRU��RU�PRLVWXUH��DQG�
LV�UHIHUUHG�WR�DV�DWPRVSKHULF�DLU��

%\�FRQWUDVW��DLU�WKDW�FRQWDLQV�QR�ZDWHU�YDSRU LV�FDOOHG�GU\�DLU��

,W�LV�RIWHQ�FRQYHQLHQW�WR�WUHDW�DLU�DV�D�PL[WXUH RI�ZDWHU�YDSRU�DQG�GU\�DLU�VLQFH�
WKH� FRPSRVLWLRQ� RI� GU\� DLU� UHPDLQV� UHODWLYHO\� FRQVWDQW�� EXW� WKH� DPRXQW� RI�
ZDWHU� YDSRU� FKDQJHV DV� D� UHVXOW� RI� FRQGHQVDWLRQ� DQG� HYDSRUDWLRQ IURP�
RFHDQV��ODNHV��ULYHUV��VKRZHUV��DQG�HYHQ�WKH�KXPDQ�ERG\��

$OWKRXJK�WKH�DPRXQW�RI�ZDWHU�YDSRU�LQ�WKH�DLU�LV�VPDOO��LW�SOD\V�D�PDMRU�UROH�
LQ�KXPDQ�FRPIRUW��

7KHUHIRUH��LW�LV�DQ�LPSRUWDQW�FRQVLGHUDWLRQ�LQ�DLU�FRQGLWLRQLQJ�DSSOLFDWLRQV��
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7KH�WHPSHUDWXUH�RI�DLU�LQ�DLU�FRQGLWLRQLQJ�DSSOLFDWLRQV�UDQJHV IURP�DERXW�����
WR�DERXW���r&��

,Q�WKLV�UDQJH��GU\�DLU�FDQ�EH�WUHDWHG�DV�DQ�LGHDO�JDV ZLWK�FRQVWDQW�&� YDOXH�RI�
������N-�NJ�Â . >������%WX�OEP Â 5@�ZLWK�QHJOLJLEOH�HUURU��XQGHU�����SHUFHQW���

7KH�HQWKDOS\�DQG�HQWKDOS\�FKDQJH�RI�GU\�DLU FDQ�EH�GHWHUPLQHG�IURP�

127,&(� 7�LQ� � &
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'5<�$1'�$70263+(5,&�$,5
,W�FHUWDLQO\�ZRXOG�EH�YHU\�FRQYHQLHQW WR�DOVR�WUHDW�WKH�ZDWHU�YDSRU�LQ�WKH�DLU�
DV�DQ�LGHDO�JDV�DQG�\RX�ZRXOG�SUREDEO\�EH�ZLOOLQJ�WR�VDFULILFH�VRPH�DFFXUDF\�
IRU�VXFK�FRQYHQLHQFH��

$W���r&��WKH�VDWXUDWLRQ�SUHVVXUH RI�ZDWHU�LV������N3D��

$W�SUHVVXUHV�EHORZ�WKLV�YDOXH��ZDWHU�YDSRU�FDQ�EH�WUHDWHG�DV�DQ�LGHDO�JDV ZLWK�
QHJOLJLEOH�HUURU��XQGHU�����SHUFHQW���HYHQ�ZKHQ�LW�LV�D�VDWXUDWHG�YDSRU��
6LQFH� ZDWHU� YDSRU� LV� DQ� LGHDO� JDV�� WKH�
HQWKDOS\� RI�ZDWHU� YDSRU� LV� D� IXQFWLRQ RI�
WHPSHUDWXUH�RQO\��WKDW�LV��K� K�7����

7KLV� FDQ� DOVR� EH� REVHUYHG� IURP� WKH 7�V�
GLDJUDP� RI� ZDWHU� JLYHQ� LQ� )LJ�� $±��
ZKHUH� WKH� FRQVWDQW� HQWKDOS\� OLQHV
FRLQFLGH� ZLWK� FRQVWDQW�WHPSHUDWXUH� OLQHV�
DW�WHPSHUDWXUHV�EHORZ���r&��
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7KH�HQWKDOS\�RI�ZDWHU�YDSRU�DW��r&�LV�
������� N-�NJ�� 7KH� DYHUDJH�&� YDOXH�
RI� ZDWHU� YDSRU� LQ� WKH� WHPSHUDWXUH�
UDQJH�����WR���r&�FDQ�EH�WDNHQ�WR�EH�
�����N-�NJ�Â r&��7KHQ�WKH�HQWKDOS\�RI�
ZDWHU� YDSRU� FDQ� EH� GHWHUPLQHG�
DSSUR[LPDWHO\�IURP�

7KHUHIRUH��WKH�HQWKDOS\�RI�ZDWHU�YDSRU�LQ�DLU�FDQ�EH�WDNHQ�WR�EH�HTXDO�WR�WKH�
HQWKDOS\�RI�VDWXUDWHG�YDSRU DW�WKH�VDPH�WHPSHUDWXUH��

7KDW�LV�
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6LQFH�ZDWHU�YDSRU�FDQ�EH�WUHDWHG DV�DQ�LGHDO�JDV��WKHUHIRUH��ZDWHU�YDSRU�LQ�DLU�
EHKDYHV�DV�LI�LW�H[LVWHG�DORQH DQG�REH\V�WKH�LGHDO�JDV�UHODWLRQ�3Y� 57��

7KHQ� WKH� DWPRVSKHULF� DLU� FDQ� EH� WUHDWHG� DV� DQ� LGHDO�JDV� PL[WXUH ZKRVH�
SUHVVXUH� LV� WKH� VXP�RI� WKH� SDUWLDO� SUHVVXUH� RI� GU\� DLU�3 	 DQG� WKDW� RI�ZDWHU�
YDSRU�3 
 �

7KURXJKRXW�WKLV�FKDSWHU��WKH�VXEVFULSW�D�GHQRWHV�GU\�DLU DQG�WKH�VXEVFULSW�Y�
GHQRWHV�ZDWHU�YDSRU�

� �3 3 3 �

7KH� SDUWLDO� SUHVVXUH� RI�ZDWHU� YDSRU�3 
 LV� XVXDOO\�
UHIHUUHG�WR�DV�WKH�YDSRU�SUHVVXUH�

,W� LV� WKH� SUHVVXUH� ZDWHU� YDSRU� ZRXOG� H[HUW� LI� LW�
H[LVWHG� DORQH DW� WKH� WHPSHUDWXUH� DQG� YROXPH� RI�
DWPRVSKHULF�DLU�

'DOWRQ¶V�ODZ
�� ����� ��������� �������� �!���"#��� $#!�%  '&'���(� )*��� �
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7KH�DPRXQW�RI�ZDWHU�YDSRU�LQ�WKH�DLU�FDQ�EH�VSHFLILHG�LQ�YDULRXV ZD\V��

3UREDEO\�WKH�PRVW�ORJLFDO ZD\�LV�WR�VSHFLI\�GLUHFWO\�WKH�PDVV�RI�ZDWHU�
YDSRU�SUHVHQW�LQ�D�XQLW�PDVV�RI�GU\�DLU��

7KLV� LV� FDOOHG� DEVROXWH RU� VSHFLILF� KXPLGLW\ �DOVR� FDOOHG� KXPLGLW\�
UDWLR��DQG�LV�GHQRWHG�E\�Z� ,

-
P0DVV RI ZDWHU YDSRU LQ DLU

0DVV RI GU\ DLU PZ   
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7KH� VSHFLILF� KXPLGLW\� FDQ� DOVR�
EH�H[SUHVVHG�DV�
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ZKHUH�3�LV�WKH�WRWDO�SUHVVXUH�
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&RQVLGHU���NJ�RI�GU\�DLU��

%\� GHILQLWLRQ�� GU\� DLU� FRQWDLQV� QR ZDWHU� YDSRU�� DQG� WKXV� LWV� VSHFLILF�
KXPLGLW\�LV�]HUR��

1RZ�OHW�XV�DGG�VRPH�ZDWHU�YDSRU WR�WKLV�GU\�DLU��

7KH�VSHFLILF�KXPLGLW\�ZLOO�LQFUHDVH��

$V�PRUH� YDSRU� RU�PRLVWXUH� LV� DGGHG�� WKH� VSHFLILF� KXPLGLW\�ZLOO� NHHS�
LQFUHDVLQJ�XQWLO�WKH�DLU�FDQ�KROG�QR�PRUH�PRLVWXUH�

$W� WKLV� SRLQW�� WKH� DLU� LV� VDLG� WR� EH� VDWXUDWHG� ZLWK� PRLVWXUH�� DQG� LW� LV�
FDOOHG�VDWXUDWHG�DLU��

$Q\�PRLVWXUH�LQWURGXFHG�LQWR�VDWXUDWHG�DLU�ZLOO�FRQGHQVH��
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7KH� DPRXQW� RI� ZDWHU� YDSRU� LQ� VDWXUDWHG� DLU DW� D� VSHFLILHG� WHPSHUDWXUH� DQG�
SUHVVXUH� FDQ� EH� GHWHUPLQHG� IURP� Z E\� UHSODFLQJ 3 
 E\� 3A �� WKH� VDWXUDWLRQ�
SUHVVXUH�RI�ZDWHU�DW�WKDW�WHPSHUDWXUH�
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63(&,),&�$1'�5(/$7,9(�+80,',7<�2)�$,5
7KH�DPRXQW�RI�PRLVWXUH� LQ� WKH�DLU�
KDV� D� GHILQLWH� HIIHFW RQ� KRZ�
FRPIRUWDEOH ZH� IHHO� LQ� DQ�
HQYLURQPHQW��

+RZHYHU�� WKH� FRPIRUW� OHYHO�
GHSHQGV� PRUH RQ� WKH� DPRXQW� RI�
PRLVWXUH�WKH�DLU�KROGV��P 
 ��UHODWLYH�
WR� WKH� PD[LPXP� DPRXQW RI�
PRLVWXUH� WKH� DLU� FDQ� KROG� DW� WKH�
VDPH�WHPSHUDWXUH��PA ���

7KH�UDWLR�RI�WKHVH�WZR�TXDQWLWLHV�LV�
FDOOHG�WKH�UHODWLYH�KXPLGLW\ I
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P0DVV RI YDSRU LQ DLU
0DVV RI VDWXUDWHG DLU PI   
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63(&,),&�$1'�5(/$7,9(�+80,',7<�2)�$,5
&RPELQLQJ�Z DQG�I��ZH�FDQ�DOVR�H[SUHVV�WKH�UHODWLYH�KXPLGLW\�DV�

7KH�UHODWLYH�KXPLGLW\�UDQJHV�IURP���IRU�GU\�DLU�WR���IRU�VDWXUDWHG�DLU��

1RWH� WKDW� WKH� DPRXQW� RI� PRLVWXUH� WKDW� DLU� FDQ� KROG� GHSHQGV� RQ� LWV�
WHPSHUDWXUH��

7KHUHIRUH��WKH�UHODWLYH�KXPLGLW\�RI�DLU�I FKDQJHV�ZLWK�WHPSHUDWXUH HYHQ�
ZKHQ�LWV�VSHFLILF�KXPLGLW\�UHPDLQV�FRQVWDQW��
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63(&,),&�$1'�5(/$7,9(�+80,',7<�2)�$,5
$WPRVSKHULF� DLU� LV� D� PL[WXUH� RI� GU\� DLU� DQG� ZDWHU� YDSRU�� DQG� WKXV� WKH�
HQWKDOS\�RI�DLU�LV�H[SUHVVHG LQ�WHUPV�RI�WKH�HQWKDOSLHV�RI�WKH�GU\�DLU�DQG�WKH�
ZDWHU�YDSRU��

7KH�WRWDO�HQWKDOS\ �DQ�H[WHQVLYH�SURSHUW\��RI�DWPRVSKHULF�DLU�LV�WKH�VXP�RI�
WKH�HQWKDOSLHV�RI�GU\�DLU�DQG�WKH�ZDWHU�YDSRU��

,Q�PRVW�SUDFWLFDO�DSSOLFDWLRQV��WKH�DPRXQW�RI�GU\�DLU �P ^ ��LQ�WKH�DLU±ZDWHU�
YDSRU�PL[WXUH�UHPDLQV�FRQVWDQW��EXW�WKH�DPRXQW�RI�ZDWHU�YDSRU�FKDQJHV�

7KHUHIRUH�� WKH� HQWKDOS\� RI� DWPRVSKHULF� DLU� LV� H[SUHVVHG�SHU� XQLW�PDVV� RI�
GU\�DLU LQVWHDG�RI�SHU�XQLW�PDVV�RI�WKH�DLU±ZDWHU�YDSRU�PL[WXUH��

'LYLGLQJ�E\�P ^ JLYHV�
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VLQFH�K `  Ka �VHH�WKLV�)LJXUH��

$OVR� QRWH� WKDW� WKH� RUGLQDU\� WHPSHUDWXUH
RI� DWPRVSKHULF� DLU� LV� IUHTXHQWO\� UHIHUUHG�
WR� DV� WKH� GU\�EXOE� WHPSHUDWXUH WR�
GLIIHUHQWLDWH� LW� IURP� RWKHU� IRUPV� RI�
WHPSHUDWXUHV�WKDW�VKDOO�EH�GLVFXVVHG�

O�b

$���P�; ��P�; ��P�URRP�VKRZQ�FRQWDLQV�DLU�DW���r&�DQG�����N3D�DW�D�
UHODWLYH�KXPLGLW\�RI����SHUFHQW��'HWHUPLQH��

�D��WKH�SDUWLDO�SUHVVXUH�RI�GU\�DLU��
�E��WKH�VSHFLILF�KXPLGLW\��
�F��WKH�HQWKDOS\�SHU�XQLW�PDVV�RI�WKH�GU\�DLU��DQG�
�G��WKH�PDVVHV�RI�WKH�GU\�DLU�DQG�ZDWHU�YDSRU�LQ�WKH�URRP�

([DPSOH�����
7KH�$PRXQW�RI�:DWHU�9DSRU�LQ�5RRP�$LU
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'(:�32,17�7(03(5$785(
7KH�GHZ�SRLQW�WHPSHUDWXUH 7 d e LV�GHILQHG�DV� WKH� WHPSHUDWXUH�DW�ZKLFK�
FRQGHQVDWLRQ�EHJLQV�ZKHQ�WKH�DLU�LV�FRROHG�DW�FRQVWDQW�SUHVVXUH��

,Q�RWKHU�ZRUGV��7 d e LV� WKH� VDWXUDWLRQ� WHPSHUDWXUH RI�ZDWHU�FRUUHVSRQGLQJ�
WR�WKH�YDSRU�SUHVVXUH� f

gh i j�kmlon7 7 
,I� WKH� WHPSHUDWXUH� GURSV� DQ\� IXUWKHU�
IURP������VRPH�YDSRU�FRQGHQVHV�RXW��
$V�D�UHVXOW�� WKH�DPRXQW�RI�YDSRU� LQ� WKH�
DLU� GHFUHDVHV�� ZKLFK� UHVXOWV� LQ� D�
GHFUHDVH�LQ�3 ` ��

7KH� DLU� UHPDLQV� VDWXUDWHG� GXULQJ� WKH�
FRQGHQVDWLRQ�SURFHVV�DQG�WKXV�IROORZV�D�
SDWK� RI� ���� SHUFHQW� UHODWLYH� KXPLGLW\
�WKH�VDWXUDWHG�YDSRU�OLQH���
7KH� RUGLQDU\� WHPSHUDWXUH� DQG� WKH� GHZ�SRLQW� WHPSHUDWXUH� RI� VDWXUDWHG�
DLU�DUH�LGHQWLFDO��

O�p

$',$%$7,&�6$785$7,21�$1'�
:(7�%8/%�7(03(5$785(6

5HODWLYH�KXPLGLW\�DQG�VSHFLILF�KXPLGLW\�DUH�
IUHTXHQWO\� XVHG� LQ� HQJLQHHULQJ� DQG�
DWPRVSKHULF�VFLHQFHV��DQG� LW� LV�GHVLUDEOH� WR�
UHODWH� WKHP� WR� HDVLO\�PHDVXUDEOH TXDQWLWLHV
VXFK�DV�WHPSHUDWXUH�DQG�SUHVVXUH��

2QH� ZD\� RI� GHWHUPLQLQJ� WKH� UHODWLYH�
KXPLGLW\� LV� WR� GHWHUPLQH� WKH� GHZ�SRLQW
WHPSHUDWXUH�RI�DLU��

7KLV� DSSURDFK� LV� VLPSOH�� EXW� QRW TXLWH�
SUDFWLFDO��

$QRWKHU�ZD\�RI�GHWHUPLQLQJ�WKH�DEVROXWH�RU�
UHODWLYH�KXPLGLW\� LV� UHODWHG� WR�DQ�DGLDEDWLF�
VDWXUDWLRQ� SURFHVV�� VKRZQ� VFKHPDWLFDOO\�
DQG�RQ�D�7�V�GLDJUDP�
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$',$%$7,&�6$785$7,21�$1'�
:(7�%8/%�7(03(5$785(6

7KH� V\VWHP� FRQVLVWV� RI� D� ORQJ� LQVXODWHG�
FKDQQHO WKDW�FRQWDLQV�D�SRRO�RI�ZDWHU��

$�VWHDG\�VWUHDP�RI�XQVDWXUDWHG�DLU� WKDW�KDV�
D�VSHFLILF�KXPLGLW\�RI�Z r �XQNQRZQ� DQG�D�
WHPSHUDWXUH� RI� 7 r LV� SDVVHG� WKURXJK� WKLV�
FKDQQHO��

$V�WKH�DLU�IORZV�RYHU�WKH�ZDWHU��VRPH�ZDWHU�
HYDSRUDWHV� DQG� PL[HV� ZLWK� WKH� DLUVWUHDP��
7KH� PRLVWXUH� FRQWHQW� RI� DLU� LQFUHDVHV
GXULQJ� WKLV� SURFHVV�� DQG� LWV� WHPSHUDWXUH�
GHFUHDVHV��

,I�WKH�FKDQQHO�LV�ORQJ�HQRXJK��WKH�DLUVWUHDP�
H[LWV� DV� VDWXUDWHG� DLU� �I  � ���� SHUFHQW�� DW�
WHPSHUDWXUH� 7 s �� ZKLFK� LV� FDOOHG� WKH�
DGLDEDWLF�VDWXUDWLRQ�WHPSHUDWXUH�

t�u

$',$%$7,&�6$785$7,21�$1'�
:(7�%8/%�7(03(5$785(6
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$',$%$7,&�6$785$7,21�$1'�
:(7�%8/%�7(03(5$785(6

$SSO\LQJ� WKH� FRQVHUYDWLRQ RI� PDVV� DQG�
FRQVHUYDWLRQ� RI� HQHUJ\� SULQFLSDO� IRU� WKLV�
DGLDEDWLF�VDWXUDWRU�UHGXFHV�WR�WKH�IROORZLQJ�

ZKHUH VLQFH�I s  ������

7KXV� ZH� FRQFOXGH� WKDW� WKH� VSHFLILF�
KXPLGLW\� �DQG� UHODWLYH� KXPLGLW\�� RI� DLU�
FDQ� EH� GHWHUPLQHG� E\� PHDVXULQJ� WKH�
SUHVVXUH�DQG�WHPSHUDWXUH RI�DLU�DW�WKH�LQOHW�
DQG�WKH�H[LW�RI�DQ�DGLDEDWLF�VDWXUDWRU��

t't

$',$%$7,&�6$785$7,21�$1'�
:(7�%8/%�7(03(5$785(6

7KH�DGLDEDWLF�VDWXUDWLRQ�SURFHVV�UHTXLUHV�D�ORQJ�FKDQQHO�RU�D�VSUD\�PHFKDQLVP
WR�DFKLHYH�VDWXUDWLRQ�FRQGLWLRQV�DW�WKH�H[LW��

$�PRUH�SUDFWLFDO�DSSURDFK�LV�WR�XVH�D�WKHUPRPHWHU�ZKRVH�EXOE�LV�FRYHUHG�ZLWK�
D�FRWWRQ�ZLFN�VDWXUDWHG�ZLWK�ZDWHU DQG�WR�EORZ�DLU�RYHU�WKH�ZLFN��DV�VKRZQ�

7KH�WHPSHUDWXUH�PHDVXUHG�LQ�WKLV�PDQQHU�LV�FDOOHG�WKH�ZHW�EXOE�WHPSHUDWXUH
7 w�x ��DQG�LW�LV�FRPPRQO\�XVHG�LQ�DLU�FRQGLWLRQLQJ�DSSOLFDWLRQV�
7KH�EDVLF�SULQFLSOH LQYROYHG� LV� VLPLODU WR� WKDW� LQ�
DGLDEDWLF�VDWXUDWLRQ�SURFHVV��

7KHUHIRUH�� WKH� ZHW�EXOE� WHPSHUDWXUH� 7 w�x FDQ� EH�
XVHG� LQ� SODFH� RI� 7 s WR� GHWHUPLQH� WKH� VSHFLILF�
KXPLGLW\�RI�DLU�
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$',$%$7,&�6$785$7,21�$1'�
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7KH�ZHW�EXOE� WHPSHUDWXUH� FDQ� DOVR� EH�PHDVXUHG� E\� SODFLQJ� WKH� ZHW�ZLFNHG�
WKHUPRPHWHU�LQ�D�KROGHU�DWWDFKHG�WR�D�KDQGOH DQG�URWDWLQJ�WKH�KROGHU�UDSLGO\��
WKDW�LV��E\�PRYLQJ�WKH�WKHUPRPHWHU�LQVWHDG�RI�WKH�DLU��

$� GHYLFH� WKDW� ZRUNV� RQ� WKLV� SULQFLSOH� LV� FDOOHG� D� VOLQJ� SV\FKURPHWHU DQG� LV�
VKRZQ��
8VXDOO\�D�GU\�EXOE�WKHUPRPHWHU�LV�DOVR�PRXQWHG RQ�
WKH� IUDPH� RI� WKLV� GHYLFH� VR� WKDW� ERWK WKH�ZHW� DQG�
GU\�EXOE�WHPSHUDWXUHV�FDQ�EH�UHDG�VLPXOWDQHRXVO\��

$GYDQFHV�LQ�HOHFWURQLFV PDGH�LW�SRVVLEOH�WR�PHDVXUH�
KXPLGLW\�GLUHFWO\�LQ�D�IDVW�DQG�UHOLDEOH�ZD\��

,W�DSSHDUV�WKDW�VOLQJ�SV\FKURPHWHUV�DQG�ZHW�ZLFNHG�
WKHUPRPHWHUV� DUH� DERXW� WR� EHFRPH� WKLQJV� RI� WKH�
SDVW��

t�]

7KH� GU\� DQG� WKH� ZHW�EXOE� WHPSHUDWXUHV� RI� DWPRVSKHULF� DLU� DW� �� DWP�
���������N3D��SUHVVXUH� DUH�PHDVXUHG�ZLWK� D� VOLQJ� SV\FKURPHWHU� DQG�
GHWHUPLQHG�WR�EH����DQG���r&��UHVSHFWLYHO\��'HWHUPLQH��

�D��WKH�VSHFLILF�KXPLGLW\��
�E��WKH�UHODWLYH�KXPLGLW\��DQG�
�F��WKH�HQWKDOS\�RI�WKH�DLU�

([DPSOH�����
7KH�6SHFLILF�DQG�5HODWLYH�+XPLGLW\�RI�$LU



��

t�_

7+(�36<&+520(75,&�&+$57
7KH� VWDWH� RI� WKH� DWPRVSKHULF� DLU DW� D� VSHFLILHG� SUHVVXUH� LV� FRPSOHWHO\�
VSHFLILHG�E\�WZR�LQGHSHQGHQW LQWHQVLYH�SURSHUWLHV��

7KH� UHVW RI� WKH� SURSHUWLHV� FDQ� EH� FDOFXODWHG� HDVLO\� IURP� WKH� SUHYLRXV�
UHODWLRQV��

7KH�VL]LQJ�RI�D�W\SLFDO�DLU�FRQGLWLRQLQJ V\VWHP�LQYROYHV�QXPHURXV�VXFK�
FDOFXODWLRQV��ZKLFK�PD\�HYHQWXDOO\�JHW�RQ�WKH�QHUYHV�RI�HYHQ�WKH PRVW�
SDWLHQW�HQJLQHHUV��

7KHUHIRUH��WKHUH�LV�FOHDU�PRWLYDWLRQ WR�FRPSXWHUL]H�FDOFXODWLRQV�RU�WR�GR�
WKHVH� FDOFXODWLRQV� RQFH� DQG� WR� SUHVHQW� WKH� GDWD� LQ� WKH� IRUP� RI� HDVLO\�
UHDGDEOH�FKDUWV��

6XFK� FKDUWV� DUH� FDOOHG� SV\FKURPHWULF� FKDUWV�� DQG� WKH\� DUH� XVHG�
H[WHQVLYHO\�LQ�DLU�FRQGLWLRQLQJ�DSSOLFDWLRQV��

t'b

7+(�36<&+520(75,&�&+$57



��

t'c

7+(�36<&+520(75,&�&+$57

t�p

7+(�36<&+520(75,&�&+$57
$�SV\FKURPHWULF� FKDUW� IRU� D� SUHVVXUH� RI� �� DWP ��������� N3D� RU� �������
SVLD��LV�JLYHQ�LQ�)LJ��$±���LQ�6,�XQLWV�DQG�LQ�)LJ��$±��(�LQ�(QJOLVK�XQLWV��

3V\FKURPHWULF� FKDUWV� DW� RWKHU� SUHVVXUHV �IRU� XVH� DW� FRQVLGHUDEO\� KLJKHU�
HOHYDWLRQV�WKDQ�VHD�OHYHO��DUH�DOVR�DYDLODEOH��

7KH�EDVLF�IHDWXUHV RI�WKH�SV\FKURPHWULF�
FKDUW�DUH�LOOXVWUDWHG�LQ�WKLV�)LJXUH��

7KH� GU\�EXOE� WHPSHUDWXUHV� DUH� VKRZQ�
RQ� WKH�KRUL]RQWDO� D[LV�� DQG� WKH� VSHFLILF�
KXPLGLW\ LV�VKRZQ�RQ�WKH�YHUWLFDO�D[LV��

2Q� WKH� OHIW HQG� RI� WKH� FKDUW�� WKHUH� LV� D�
FXUYH� �FDOOHG� WKH� VDWXUDWLRQ� OLQH��
LQVWHDG�RI�D�VWUDLJKW�OLQH��



��

t�q

7+(�36<&+520(75,&�&+$57
$OO�WKH�VDWXUDWHG��DLU�VWDWHV�DUH�ORFDWHG RQ�WKLV�FXUYH��7KHUHIRUH��LW�LV�DOVR�WKH�
FXUYH�RI�����SHUFHQW�UHODWLYH�KXPLGLW\��
2WKHU�FRQVWDQW�UHODWLYH�KXPLGLW\ FXUYHV�KDYH�WKH�VDPH�JHQHUDO�VKDSH��

/LQHV�RI�FRQVWDQW�ZHW�EXOE WHPSHUDWXUH�KDYH�D�GRZQKLOO�DSSHDUDQFH� WR� WKH�
ULJKW��
/LQHV�RI�FRQVWDQW�VSHFLILF�YROXPH �LQ�P y �NJ�
GU\� DLU�� ORRN� VLPLODU�� H[FHSW� WKH\� DUH�
VWHHSHU��

/LQHV�RI�FRQVWDQW�HQWKDOS\ �LQ�N-�NJ�GU\�DLU��
OLH� YHU\� QHDUO\� SDUDOOHO� WR� WKH� OLQHV� RI�
FRQVWDQW�ZHW�EXOE�WHPSHUDWXUH��

7KHUHIRUH�� WKH� FRQVWDQW� ZHW� EXOE�
WHPSHUDWXUH� OLQHV� DUH� XVHG� DV� FRQVWDQW�
HQWKDOS\ OLQHV�LQ�VRPH�FKDUWV��

P'u

7+(�36<&+520(75,&�&+$57
7KH�GHZ�SRLQW WHPSHUDWXUH�RI�DWPRVSKHULF�DLU�DW�DQ\�SRLQW�RQ�WKH�FKDUW�FDQ�EH
GHWHUPLQHG� E\� GUDZLQJ� D� KRUL]RQWDO� OLQH �D� OLQH� RI� Z  � FRQVWDQW� RU� 3 `  �
FRQVWDQW��IURP�WKH�SRLQW�WR�WKH�VDWXUDWHG�FXUYH��
7KH�WHPSHUDWXUH�YDOXH�DW�WKH�LQWHUVHFWLRQ�SRLQW�LV�WKH�GHZ�SRLQW�WHPSHUDWXUH��

)RU� VDWXUDWHG� DLU�� WKH� GU\�EXOE�� ZHW�EXOE�� DQG� GHZ�SRLQW� WHPSHUDWXUHV� DUH�
LGHQWLFDO��
7KH� SV\FKURPHWULF� FKDUW� DOVR� VHUYHV� DV� D�
YDOXDEOH� DLG� LQ� YLVXDOL]LQJ WKH� DLU�
FRQGLWLRQLQJ�SURFHVVHV��

$Q� RUGLQDU\� KHDWLQJ� RU� FRROLQJ� SURFHVV�� IRU�
H[DPSOH��DSSHDUV� DV� D�KRUL]RQWDO� OLQH�RQ� WKLV�
FKDUW�LI�QR�KXPLGLILFDWLRQ�RU�GHKXPLGLILFDWLRQ
LV�LQYROYHG��WKDW�LV��Z  �FRQVWDQW���

$Q\�GHYLDWLRQ IURP�D�KRUL]RQWDO�OLQH�LQGLFDWHV�
WKDW� PRLVWXUH� LV� DGGHG� RU� UHPRYHG IURP� WKH�
DLU�GXULQJ�WKH�SURFHVV�



��

P6O

&RQVLGHU�D�URRP�WKDW�FRQWDLQV�DLU�DW���DWP����r&��DQG����SHUFHQW UHODWLYH�
KXPLGLW\��8VLQJ�WKH�SV\FKURPHWULF�FKDUW��GHWHUPLQH��

�D��WKH�VSHFLILF�KXPLGLW\�
�E��WKH�HQWKDOS\��
�F��WKH�ZHW�EXOE�WHPSHUDWXUH��
�G���WKH�GHZ�SRLQW�WHPSHUDWXUH��DQG�
�H��WKH�VSHFLILF�YROXPH�RI�WKH�DLU�

([DPSOH�����
7KH�8VH�RI�WKH�3V\FKURPHWULF�&KDUW


