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GLUHFWO\�SURSRUWLRQDO�WR�WKH�FRQGXFWLYLW\�RI�WKH�OLTXLG�� 

&RQGXFWLYLW\�7KHRU\ 

&RQGXFWDQFH� �*�� LV� GHILQHG� DV� WKH� UHFLSURFDO� RI� WKH�

HOHFWULFDO� UHVLVWDQFH� �5�� RI� D� VROXWLRQ�� EHWZHHQ� WZR�

HOHFWURGHV� 

 

*� ���5 

2IWHQ� LW� LV� QHFHVVDU\� WR� UHODWH� WKH� FRQGXFWDQFH� WR� D�

VSHFLILF� OHQJWK� RI� PDWHULDO�� DV� ZHOO� DV� D� FRQVWDQW� FURVV�

VHFWLRQDO� DUHD�� 7KLV� LV� WKH� UDWLR� RI� WKH� GLVWDQFH�

µO¶� �EHWZHHQ� WKH� HOHFWURGHV��� WR� WKH� DUHD� µ$¶� RI� WKH�

HOHFWURGHV�� 7KH� UDWLR� RI� µO¶� DQG� µ$¶� LV� FDOOHG� WKH� FHOO�

FRQVWDQW��.�� 

 

.� �O�$ 

 

.� �FHOO�FRQVWDQW��FP-�� 

$� �HIIHFWLYH�DUHD�RI�WKH�HOHFWURGHV��FP�� 

O� �GLVWDQFH�EHWZHHQ�WKH�HOHFWURGHV��FP� 

&RQGXFWDQFH�DQG�WKH�FHOO�FRQVWDQW�DUH�UHODWHG� LQ� WKH�HTXDWLRQ�

EHORZ��DQG�WKLV�LV�FDOOHG�FRQGXFWLYLW\��ı���(OHFWULFDO�FRQGXFWLYLW\�

LV�WKH�PHDVXUH�RI�D�PDWHULDO�WR�DFFRPPRGDWH�WKH�WUDQVSRUW�RI�

HOHFWULF� FKDUJH�� 7KH� KLJKHU� WKH� YDOXH� RI� WKH� FRQGXFWLYLW\�� WKH�

ORZHU�WKH�UHVLVWDQFH�LW�SURYLGHV�WR�WKH�IORZ�RI�HOHFWULF�FXUUHQW� 

 

ı� �*�[�. 

 

ı� �FRQGXFWLYLW\��6�FP� 

*� �FRQGXFWDQFH��6���ZKHUH�*� ���5 

.� �FHOO�FRQVWDQW��FP� 

7R�REWDLQ�D�FRQGXFWLYLW\�YDOXH�ZLWK�WKH�JUHDWHVW�DFFXUDF\��LW� LV�

LPSHUDWLYH� WKDW� WKH� FRUUHFW� FHOO� FRQVWDQW� LV� VHOHFWHG� IRU� WKH�

UHVSHFWLYH�FRQGXFWLYLW\�VROXWLRQV�� 
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0HDVXUHPHQW 

&RQGXFWLYLW\� PHDVXUHPHQWV� DUH� XVHG� URXWLQHO\� LQ� PDQ\�

LQGXVWULDO� DQG� HQYLURQPHQWDO� DSSOLFDWLRQV� DV� D� IDVW��

LQH[SHQVLYH� DQG� UHOLDEOH� ZD\� RI� PHDVXULQJ� WKH� LRQLF�

FRQWHQW�LQ�D�VROXWLRQ��7KH�PHDVXUHPHQW�RI�FRQGXFWLYLW\�LV�

D� W\SLFDO� ZD\� WR� PRQLWRU� WKH� SURSHUWLHV� RI� WKH� ZDWHU�

V\VWHPV�VXFK�DV��VHDZDWHU��ULYHU�ZDWHU��ERLOHU�ZDWHU�DQG�

LQ�WKH�SXULILFDWLRQ�RI�GULQNLQJ�ZDWHU� 

7KH� HOHFWULFDO� FRQGXFWLYLW\� RI� D� ZDWHU� VROXWLRQ� FDQ� EH�

PHDVXUHG� E\� GHWHUPLQLQJ� WKH� UHVLVWDQFH� RI� WKH� VROXWLRQ�

EHWZHHQ� WZR� IODW� RU� F\OLQGULFDO� HOHFWURGHV� �LQQHU� DQG�

RXWHU���7KHVH�HOHFWURGHV�DUH�VHSDUDWHG�E\�D�IL[HG�GLVWDQFH�

E\�PRXOGLQJ�WKHP�RQWR�SODWHV�ZLWKLQ�D�JUDSKLWH�SUREH�DQG�

E\� GRLQJ� WKLV�� DQ� DFFXUDWH� FHOO� FRQVWDQW� YDOXH� FDQ� EH�

REWDLQHG�� 7R� DYRLG� SRODULVDWLRQ� RI� WKH� HOHFWURGHV�� DQ�

DOWHUQDWLQJ� YROWDJH� LV� XVHG�� 7KLV� VWRSV� DQ\� QRQ-

VSRQWDQHRXV� UHDFWLRQV� RFFXUULQJ� RQ� WKH� VXUIDFH� RI� WKH�

HOHFWURGH��UHVXOWLQJ�LQ�LQDFFXUDWH�UHDGLQJV�EHLQJ�UHFRUGHG�� 

&RQGXFWLYLW\� PHDVXUHPHQWV� DUH� VWURQJO\�

DIIHFWHG�E\�WKH�WHPSHUDWXUH�RI�WKH�VDPSOH��)RU�

H[DPSOH�� WKH� FRQGXFWLYLW\� UHDGLQJ� RI� D� VDOW�

VROXWLRQ� RI� VRGLXP� FKORULGH� W\SLFDOO\� LQFUHDVHV�

E\� ��� IRU� HYHU\� GHJUHH� &HOVLXV� WHPSHUDWXUH�

FKDQJH�� DQG� WKXV� WKH� FRQGXFWLYLW\� YDOXH� RI� D�

VDOW� VROXWLRQ� DW� ���&� FDQ� EH� H[SHFWHG� WR� EH�

DERXW� ���� ORZHU� WKDQ� WKH� YDOXH� DW� ���&��

'HSHQGLQJ� RQ� WKH� ODE¶V� VWDQGDUG� RSHUDWLQJ�

SURFHGXUH�� FRQGXFWLYLW\� UHDGLQJV� PD\� EH�

WHPSHUDWXUH-FRPSHQVDWHG� RU� QRW�� ,W� LV�

LPSRUWDQW� WR� QRWH� WKH� WHPSHUDWXUH� UHDGLQJ� RU�

WKH� UHIHUHQFH� WHPSHUDWXUH� ZLWK� HYHU\� FRQGXFWLYLW\� UHDGLQJ�

UHFRUGHG� 

)RU� ORZ� FRQGXFWLYLW\� ZDWHU� VROXWLRQV�� WKH� HOHFWURGHV� FDQ� EH�

SODFHG� FORVHU� WRJHWKHU� �UHGXFLQJ� µO¶�� WR� JLYH� FHOO� FRQVWDQWV� RI�

���FP-��� 7KLV� UDLVHV� WKH� FRQGXFWDQFH�EHWZHHQ� WKH�SODWHV��DQG�

PDNHV�LW�HDVLHU�IRU�WKH�HOHFWURQLF�FLUFXLWU\�WR�REWDLQ�D�UHVXOW��$V�

FDQ�EH�VHHQ� IURP� WKH�JUDSK�EHORZ�� WKH�JUDSKLWH�SUREH�ZLWK�D�

. �����EOXH�OLQH���KDV�D�VWURQJ�UHVSRQVH�ZKHQ�WKH�FRQGXFWLYLW\�

LV�EHORZ�����6�FP��7KH�SUREH�ZLOO��WKHUHIRUH��KDYH�D�ORZ�VLJQDO�

WR�QRLVH�UDWLR��DQG�WKH�UHVXOWV�LW�REWDLQV�IURP�WKH�VDPSOH�ZLOO�EH�

YHU\� DFFXUDWH� ZLWKLQ� WKLV� UHJLRQ�� :KHQ� WKH� FRQGXFWLYLW\�

LQFUHDVHV��WKH�SUREH¶V�UHVSRQVH�SHU��6�FP�ZLOO�UHGXFH��7KLV�ZLOO�

FDXVH� WKH� VLJQDO� WR� QRLVH� UDWLR� WR� LQFUHDVH�� UHVXOWLQJ� LQ� D�

UHGXFWLRQ�LQ�WKH�DFFXUDF\�RI�WKH�SUREH¶V�PHDVXUHPHQWV� 

· $� SUREH� ZLWK� D� FHOO� FRQVWDQW� RI� ����� LV� LGHDO� WR�
REWDLQ�DQ�DFFXUDWH�UHVXOW�ZKHQ�WKH�FRQGXFWLYLW\�LV�

EHWZHHQ���WR�����6�FP� 

([DPSOHV�RI�FRQGXFWLYLW\�WHVWLQJ��ERLOHU�ZDWHU��DERYH��DQG�
ZDVWH�ZDWHU��EHORZ� 

$Q�LOOXVWUDWLRQ�RI�WKH�WZR�HOHFWURGHV�ZLWKLQ�D�JUDSKLWH�
SUREH 

([DPSOH�RI�D�JUDSKLWH�SUREH�ZLWK�.�IDFWRU� �� 
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,I�WKH�ZDWHU�KDV�D�PRGHUDWH�FRQGXFWLYLW\��LW�LV�EHVW�WR�XVH�

D� SUREH� ZLWK� D� .� YDOXH� RI� �� �UHG� OLQH� RQ� WKH� JUDSK���

$OWKRXJK� LW� GRHVQ¶W� KDYH�KLJK� UHVSRQVH� WKH�. ����SUREH�

KDV�LQ�ORZ�FRQGXFWLYLW\�VROXWLRQV��LW�LQVWHDG�KDV�D�FRQVWDQW�

UHVSRQVH�IURP�ORZ�WR�PRGHUDWH�OHYHOV�RI�FRQGXFWLYLW\�DQG�

WKH� SUREH� LV� DEOH� WR� JLYH� DQ� DFFXUDWH� UHDGLQJ� DFURVV� D�

ZLGH� UDQJH� RI� FRQGXFWLYLW\� YDOXHV�� ZKLFK� FDQ� EH�

LQGLVSHQVDEOH� LI� WKH� FRQGXFWLYLW\� RI� D� ZDWHU� VROXWLRQ� LV�

XQNQRZQ� 

· $�JUDSKLWH�SUREH�ZLWK�D�FHOO�FRQVWDQW�RI��� LV�
LGHDO�WR�REWDLQ�UHVXOWV�ZKHQ�WKH�FRQGXFWLYLW\�

UDQJHV�EHWZHHQ���DQG�������6�FP� 

)RU� KLJK� FRQGXFWLYLW\� VROXWLRQV�� WKH� HOHFWURGHV� FDQ� EH�

PRYHG�IXUWKHU�DSDUW��LQFUHDVLQJ�µO¶��WR�JLYH�D�FHOO�FRQVWDQW�

RI� ����� RU� PRUH�� 0RUH� RIWHQ�� D� SODVWLF� WRURLGDO� SUREH� LV�

XVHG�WR�GHWHUPLQH�WKH�FRQGXFWLYLW\�RI�WKHVH�VROXWLRQV�� 

$�ODERUDWRU\�VWXG\�ZDV�XQGHUWDNHQ�E\�3L�WR�VKRZ�WKH�DFFXUDF\�

DQG�UDQJH�RI�WKH�WRURLGDO�SUREH�XVLQJ�YDULRXV�FRQFHQWUDWLRQV�RI�

VRGLXP� FKORULGH�� (DFK� VRGLXP� FKORULGH� FRQFHQWUDWLRQ� ZDV� D�

NQRZQ� YDOXH� RI� FRQGXFWLYLW\�� WKHVH� YDOXHV�ZHUH� FRPSDUHG� WR�

WKH� YDOXHV� WKH� WRURLGDO� SUREH� UHFRUGHG�� DQG� WKH� GDWD� ZDV�

SORWWHG�LQ�WKH�JUDSK�EHORZ� 

7KH� PD[LPXP� FRQGXFWLYLW\� YDOXH� D� VRGLXP� FKORULGH� VROXWLRQ�

FDQ� SURGXFH� LV� ��������6�FP�� RU� ���P6�FP�� EHIRUH� LW�

EHFRPHV� VDWXUDWHG� VROXWLRQ�� L�H�� QR�PRUH� VRGLXP�FKORULGH�ZLOO�

GLVVROYH� QR�PDWWHU� KRZ�PXFK� LV� DGGHG�� $V� FDQ� EH� VHHQ� IURP�

WKH� JUDSK� DERYH�� WKH� WRURLGDO� SUREH� DFFXUDWHO\� PHDVXUHG� WR�

WKLV� OLPLW�� DQG� LV� FDSDEOH� RI� DFFXUDWHO\� PHDVXULQJ� FRQGXFWLYH�

VROXWLRQV�XS�WR������P6�FP��ZKLFK�LV�IDU�EH\RQG�WKH�UDQJH�WKH�

JUDSKLWH�SUREHV�DUH�FDSDEOH�RI�PHDVXULQJ� 

7RURLGDO�YV�*UDSKLWH�&RQWDFW�3UREH 

· $�WRURLGDO�SUREH�WDNHV�XS�IDU�JUHDWHU�VSDFH�WKDQ�

D�JUDSKLWH�SUREH��DV� LW�QHHGV��FP�RI�FRQGXFWLYH�

OLTXLG� VXUURXQGLQJ� WKH� SUREH� WR�HQVXUH� WKDW� WKH�

FXUUHQW� WKH� UHFHLYHU� FRLO� PHDVXUHV� LVQ¶W�

FRPSURPLVHG�� L�H�� WR� NHHS� WKH� DFFXUDF\� DV� KLJK�

DV�SRVVLEOH� 

· *UDSKLWH�SUREHV�FDQ�EH�FDOLEUDWHG�LQ�SODFH�RU�LQ�D�

VHSDUDWH� FRQWDLQHU�� ZKHUHDV� D� WRURLGDO� SUREH�

PXVW� EH� FDOLEUDWHG� LQ� SODFH� WR� REWDLQ� RSWLPXP�

UHVXOWV� 

· 7KH� W\SLFDO� DFFXUDF\� RI� D� WRURLGDO� SUREH� LV�

����6�FP��ZKLFK� LV� D� FRQVLGHUDEO\� ODUJHU� HUURU�

WKDQ�WKDW�IRU�WKH�JUDSKLWH�SUREH��ZKLFK�LV����6�

FP� 

· $� WRURLGDO� SUREH� FDQ� EH� XVHG� LQ� IRXOLQJ� DQG�

FRDWLQJ� HQYLURQPHQWV�� DV� ZHOO� DV� EHLQJ� DEOH� WR�

PHDVXUH� GLUW\�� FRUURVLYH� VDPSOHV�� $� WRURLGDO�

SUREH� LV�� WKHUHIRUH�� LGHDO� WR� PHDVXUH� WKH�

FRQGXFWLYLW\�RI�VDPSOHV�VXFK�DV�ZDVWH�ZDWHU�DQG�

ZDWHU� XVHG� LQ� LQGXVWULDO� SURFHVVHV�� 7KLV� LV� LQ�

FRQWUDVW�WR�JUDSKLWH�SUREHV��ZKLFK�PXVW�EH�XVHG�

LQ� FOHDQ�� QRQ-FRUURVLYH� VDPSOHV�� �VXFK� DV�

GULQNLQJ�ZDWHU��LQ�RUGHU�WR�JLYH�DFFXUDWH�UHVXOWV��

$� WDEOH� WR�ZKLFK�SUREH� LV�VXLWDEOH� IRU� D� VSHFLILF�

HQYLURQPHQW�LV�JLYHQ�RQ�WKH�IROORZLQJ�SDJH� 

$�GLDJUDP�RI�WKH�WZR�FXUUHQWV�FUHDWHG�E\�WKH�SUREH�
�DERYH��DQG�D�SLFWXUH�RI�D�WRURLGDO�SUREH��EHORZ� 
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7RWDO�'LVVROYHG�6ROLGV 

7RWDO� GLVVROYHG� VROLGV� �RIWHQ� DEEUHYLDWHG� WR� 7'6�� LV� D�

PHDVXUH� RI� WKH� FRPELQHG� FRQWHQW� RI� DOO� LQRUJDQLF�

VXEVWDQFHV� GLVVROYHG� LQ� D� OLTXLG�� 7KH� 7'6� DQG� WKH�

HOHFWULFDO�FRQGXFWLYLW\�DUH�FORVHO\�UHODWHG�LQ�WKDW��WKH�PRUH�

VDOWV� DUH�GLVVROYHG� LQ� WKH�ZDWHU�� WKH� KLJKHU� WKH� YDOXH� RI�

WKH�HOHFWULF�FRQGXFWLYLW\� 

7R� FRQYHUW� WKH� HOHFWULF� FRQGXFWLYLW\� RI� D� ZDWHU� VDPSOH�

��6�FP�� LQWR� WKH� DSSUR[LPDWH� FRQFHQWUDWLRQ� RI� WRWDO�

GLVVROYHG� VROLGV� �SSP��� WKH� �6�FP� LV� PXOWLSOLHG� E\� D�

FRQYHUVLRQ� IDFWRU�� 7KH� FRQYHUVLRQ� IDFWRU� GHSHQGV�RQ� WKH�

FKHPLFDO� FRPSRVLWLRQ� RI� WKH� 7'6� DQG� FDQ� YDU\� EHWZHHQ�

����� -� ������ $� YDOXH� RI� ����� LV� FRPPRQO\� XVHG� DV� DQ�

DSSUR[LPDWLRQ�LI�WKH�DFWXDO�IDFWRU�LV�QRW�NQRZQ� 

>�7'6�SSP� �&RQGXFWLYLW\��6�FP�[�����@ 

6LQFH�FRQGXFWLYLW\�YDULHV�ZLWK�WHPSHUDWXUH��LW�LV�QHFHVVDU\�

WR�FRUUHFW�WKH�UHDGLQJV�IRU�FKDQJHV� LQ�WHPSHUDWXUH��0RVW�

LQVWUXPHQWV� FRQWDLQ� FLUFXLWV� WKDW� DXWRPDWLFDOO\�

FRPSHQVDWH�IRU�WHPSHUDWXUH�DQG�FRUUHFW�WKH�UHDGLQJV�WR�D�

VWDQGDUG����&� 
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