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3URRI&DS�DV�PRLVWXUH�EDUULHU

0RLVWXUH�IROORZHG�E\�FRUURVLRQ�LV�RQH�RI�WKH�NH\�IDFWRUV

LQIOXHQFLQJ�WKH�UHOLDELOLW\�RI�HOHFWURQLF�HTXLSPHQW��7KLV

DUWLFOH�H[SODLQV�VRPH�RI�WKH�EDVLF�IDFWV�DERXW�KXPLGLW\�

PRLVWXUH�DEVRUSWLRQ�DQG�GLIIXVLRQ�IROORZHG�E\�D�GHVFULSWLRQ

RI�KRZ�3URRI&DS�WHFKQRORJ\�ZLOO�SURWHFW�HTXLSPHQW�LQ

KXPLG�HQYLURQPHQWV�

$UWLFOH�E\�0U��%M|UQHNOHWW��$UH��3K�'��3K\VLFV��DW�(5,&6621��6ZHGHQ����������

,QWURGXFWLRQ

0RGHUQ�HOHFWURQLFV�WHQG�WR�PLJUDWH�LQWR

DSSOLFDWLRQV�ZKLFK�DUH�H[SRVHG�WR�RXW�GRRU

FOLPDWLF�FRQGLWLRQV��$XWRPRWLYH�HOHFWURQLFV�

PDULQH�HOHFWURQLFV��UHPRWH�VHQVRUV��FRQWURO

V\VWHPV��UDGLR�WUDQVPLWWHUV�IRU�FHOOXODU�SKRQH

V\VWHPV��UDGLR�OLQNV�DQG�RWKHU�FRPPXQLFDWLRQV

V\VWHPV�DUH�DOO�H[DPSOHV�RI�HTXLSPHQW�H[SRVHG

WR�KLJK�OHYHOV�RI�KXPLGLW\�

)XUWKHUPRUH��PRGHUQ�HOHFWURQLFV�LV�EDVHG�RQ

FRPSRQHQWV�ZLWK�KLJK�FORFN�UDWHV��ORZ�YROWDJH

OHYHOV��KLJK�LPSHGDQFH�DQG�VHQVLWLYH�UDGLR�

IUHTXHQF\�FLUFXLWV��7KHVH�IDFWRUV�PDNH�WKHP�YHU\

VHQVLWLYH�WR�PRLVWXUH�LQJUHVVLRQ�DQG�DEVRUSWLRQ�

&RVW�HIIHFWLYH�SURWHFWLRQ�DJDLQVW�KLJK�KXPLGLW\

DQG�PRLVWXUH�LQJUHVVLRQ�LV�EDGO\�QHHGHG�DQG

3URRI&DS�WHFKQRORJ\�LV�RQH�SRVVLEOH�VROXWLRQ�WR

WKH�SUREOHP�

+XPLGLW\�LQ�WKH�DWPRVSKHUH

9DSRUL]HG�ZDWHU�LV�D�QDWXUDO�FRQVWLWXHQW�RI�WKH

DWPRVSKHUH��$LU�FDQ�KROG�D�FHUWDLQ�DPRXQW�RI

YDSRUL]HG�ZDWHU�FDOOHG�WKH�VDWXUDWLRQ

FRQFHQWUDWLRQ��$Q\�H[FHVVLYH�YDSRUL]HG�ZDWHU

DERYH�WKH�VDWXUDWLRQ�FRQFHQWUDWLRQ�ZLOO

SUHFLSLWDWH�DV�FRQGHQVHG�ZDWHU��7KH�VDWXUDWLRQ

FRQFHQWUDWLRQ�LV�VWURQJO\�WHPSHUDWXUH�GHSHQGHQW�

VHH�)LJXUH����$W���&�LW�LV������JUDPV�P���DW����&

LW�LV������JUDPV�P��DQG�DW�����&�LW�LV������

JUDPV�P���DOO�YDOXHV�DUH�YDOLG�DW�VHD�OHYHO

DWPRVSKHULF�SUHVVXUH���$�FRPPRQ�PHDVXUH�RI

KXPLGLW\�LV�5+�RU�5HODWLYH�+XPLGLW\��7KLV�LV�WKH

UDWLR�RI�WKH�RI�ZDWHU�YDSRU�FRQFHQWUDWLRQ�WR�WKH

VDWXUDWLRQ�FRQFHQWUDWLRQ��)RU�LQVWDQFH�DW����&�WKH

VDWXUDWLRQ�FRQFHQWUDWLRQ�LV����JUDPV�P��

,I�5+�LV������DQG�WKH�WHPSHUDWXUH�LV����&��WKH

ZDWHU�YDSRU�FRQFHQWUDWLRQ�LV������JUDPV�P��
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7HPSHUDWXUH �&

J�PA�

)LJXUH����7KH�VDWXUDWLRQ�FRQFHQWUDWLRQ�RI�ZDWHU

YDSRU�LQ�DLU�DV�D�IXQFWLRQ�RI�WHPSHUDWXUH��7KH

XQLW�LV�JUDPV�SHU�FXELF�PHWHU�

0RLVWXUH�DEVRUSWLRQ�LQ�PDWHULDOV

0DWHULDOV�XVHG�LQ�PRGHUQ�HOHFWURQLF�FRPSRQHQWV

LQFOXGH�YDULRXV�W\SHV�RI�SODVWLF�PDWHULDOV�ZKLFK

FDQ�DEVRUE�FRQVLGHUDEOH�DPRXQW�RI�PRLVWXUH�

6XFK�PDWHULDOV�DUH�FDOOHG�K\JURVFRSLF��1RQ�

K\JURVFRSLF�PDWHULDOV�PD\�KDYH�K\JURVFRSLF

VXUIDFH�WUHDWPHQWV��7KH�$EVRUSWLRQ�RI�ZDWHU�LQ

K\JURVFRSLF�PDWHULDOV�LV�D�WZR�VWHS�SURFHVV��ILUVW

$GVRUSWLRQ�DQG�WKHQ�'LIIXVLRQ�

$GVRUSWLRQ�LV�WKH�SURFHVV�ZKHUH�IUHH�ZDWHU

PROHFXOHV�LQ�WKH�DLU�DWWDFKHV�WR�WKH�VXUIDFH�RI�D

PDWHULDO��0RVW�PDWHULDOV�DW�WHPSHUDWXUHV�W\SLFDO

IRU�HOHFWURQLF�HTXLSPHQW�ZLOO�KDYH�D�ILOP�RI

ZDWHU�PROHFXOHV�RQ�WKH�VXUIDFH��7KH�WKLFNQHVV�RI

WKH�ILOP�LV�W\SLFDOO\�IURP�D�IHZ�DWRPLF�GLDPHWHUV

XS�WR�D�IHZ�KXQGUHG��7KH�ILOP�LV�LQ

WKHUPRG\QDPLF�HTXLOLEULXP�ZLWK�WKH�KXPLGLW\�LQ

WKH�DLU�DQG�WKH�WKLFNQHVV�LV�PDLQO\�GHSHQGLQJ�RQ

WKH�KXPLGLW\�RI�WKH�DLU��WKH�WHPSHUDWXUH�DQG�WKH

SK\VLFDO�SURSHUWLHV�RI�WKH�VXUIDFH�
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'LIIXVLRQ�LV�WKH�SURFHVV�ZKHUH�ZDWHU�PROHFXOHV

DUH�WUDQVSRUWHG�IURP�WKH�VXUIDFH�WR�WKH�LQWHULRU�RU

EXON�SDUW�RI�WKH�PDWHULDO��7KH�GLIIXVLRQ�SURFHVV�LV

WLPH�DQG�WHPSHUDWXUH�GHSHQGHQW��7KH�W\SLFDO

GLIIXVLRQ�WLPH�IRU�PRLVWXUH�LQ�SODVWLF�PDWHULDOV�RI

W\SLFDO�GLPHQVLRQV�XVHG�LQ�HOHFWURQLF�HTXLSPHQW

LV�IURP�D�IHZ�KRXUV�XS�WR�D�IHZ�GD\V�

7KH�PRLVWXUH�XSWDNH�LQ�SODVWLF�PDWHULDOV�LV

XVXDOO\�LQYHUVHO\�SURSRUWLRQDO�WR�WKH

WHPSHUDWXUH�DW�FRQVWDQW�ZDWHU�YDSRU

FRQFHQWUDWLRQ�

7KLV�HIIHFW�ZLOO�KHOS�UHGXFH�PRLVWXUH�SUREOHPV�

)RU�LQVWDQFH��D�KLJK�UHODWLYH�KXPLGLW\�FUHDWHG�E\

D�WHPSHUDWXUH�GURS�PD\�EH�FRPSHQVDWHG�E\

LQFUHDVHG�DEVRUSWLRQ�LQ�SODVWLF�PDWHULDOV�

)LJXUH����7KH�SULQFLSOH�RI�ZDWHU�DEVRUSWLRQ�LQ

K\JURVFRSLF�PDWHULDOV��)UHH�ZDWHU�PROHFXOHV�LQ

WKH�VXUURXQGLQJ�DLU�LV�DWWUDFWHG�WR�WKH�VXUIDFH�RI

WKH�PDWHULDO��DGVRUSWLRQ��WKXV�IRUPLQJ�D�WKLQ�ILOP

RI�ZDWHU�PROHFXOHV��7KH�ZDWHU�PROHFXOHV�FDQ

WKHQ�GLIIXVH�IURP�WKH�ILOP�LQWR�WKH�EXON�RI�WKH

PDWHULDO�

,W�LV�LQWHUHVWLQJ�WR�FRPSDUH�WKH�DPRXQW�RI

PRLVWXUH�DEVRUEHG�LQ�PDWHULDO�FRPSDUHG�WR�WKH

DPRXQW�RI�PRLVWXUH�LQ�WKH�DLU�IRU�D�W\SLFDO

HQFORVXUH�IRU�HOHFWURQLF�HTXLSPHQW��$�W\SLFDO

3&%�3ULQWHG�&LUFXLW�%RDUG�PD\�KDYH�GLPHQVLRQV

����[�����[�����PP���0RVW�RI�WKH�3&%�FRQVLVWV

RI�)5��HSR[\�PDWHULDO�ZKLFK�DEVRUE

DSSUR[LPDWHO\�������ZDWHU�RU�������PP��OLTXLG

ZDWHU�ZKLFK�LV�������PJ��$�W\SLFDO�HQFORVXUH�IRU

WKLV�3&%�PD\�KDYH�GLPHQVLRQV�����[�����[���

PP�RU�����PP���$W����&�WKH�VDWXUDWLRQ

FRQFHQWUDWLRQ�RI�PRLVWXUH�LQ�DLU�LV����JUDP�P��RU

�����PJ�OLTXLG�ZDWHU�LQ�WKH�HQFORVHG�DLU�

,Q�WKLV�FDVH�LW�LV����WLPHV�DV�PXFK�PRLVWXUH

DEVRUEHG�LQ�WKH�PDWHULDO��3&%�LQ�WKLV�FDVH��DV

LQ�WKH�DLU�ZLWKLQ�WKH�HQFORVXUH��VHH�)LJXUH���
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)UHH DLU $EVRUEHG

0RLVWXUH >PJ@

)LJXUH����7KH�PRLVWXUH�DEVRUEHG�LQ�WKH�HSR[\

FLUFXLW�ERDUG�DQG�WKH�DPRXQW�RI�YDSRUL]HG�ZDWHU

LQ�WKH�IUHH�DLU�LQ�WKH�HQFORVXUH�

7KLV�H[DPSOH�VKRZV�WKDW�LW�LV�YHU\�LPSRUWDQW�WR

FRQVLGHU�WKH�DEVRUSWLRQ�RI�PRLVWXUH�LQ�SODVWLF

PDWHULDOV�ZKHQ�WU\LQJ�WR�XQGHUVWDQG�KRZ�DQ

HOHFWURQLF�HQFORVXUH�EHKDYHV�LQ�KXPLG

HQYLURQPHQW�

:K\�LV�PRLVWXUH�D�SUREOHP�IRU
HOHFWURQLF�HTXLSPHQW"

0RLVWXUH�PD\�KDYH�GLIIHUHQW�HIIHFWV�RQ�HOHFWURQLF

HTXLSPHQW��5HODWLYHO\�ODUJH�DPRXQWV�RI

FRQGHQVHG�ZDWHU�ZLOO�RI�FRXUVH�UHVXOW�LQ

HOHFWULFDO�VKRUW�FLUFXLW�DQG�ODUJH�OHDNDJH�FXUUHQWV�

+RZHYHU�WKH�PRVW�FRPPRQ�KDUPIXO�HIIHFW�RI

PRLVWXUH�LV�FRUURVLRQ��0RLVWXUH�DORQH�LV�QRW�WKH

FDXVH�RI�FRUURVLRQ��,W�LV�XVXDOO\�PRLVWXUH�LQ

FRPELQDWLRQ�ZLWK�LRQLF�FRQWDPLQDWLRQ�RQ�WKH

FLUFXLW�ERDUG�RU�DLU�SROOXWLRQ�ZKLFK�UHVXOW�LQ

HOHFWURFKHPLFDO�FRUURVLRQ�RI�WKH�3&%�DQG�LWV

FRPSRQHQWV�

3URWHFWLRQ�DJDLQVW�PRLVWXUH

7KHUH�DUH�PDQ\�WHFKQLTXHV�IRU�SURWHFWLRQ�RI

HOHFWURQLF�HTXLSPHQW�DJDLQVW�PRLVWXUH��2QO\�D

IHZ�FDQ�EH�PHQWLRQHG�KHUH�

+HUPHWLFDOO\�VHDOHG�HQFORVXUH

7KH�SULQFLSOH�RI�KHUPHWLF�VHDOLQJ�LV�WKDW�WKH

HQWLUH�HQFORVXUH�LV�PDGH�RI�PHWDO�RU�FHUDPLF

PDWHULDO�ZKLFK�ZLOO�QRW�DOORZ�GLIIXVLRQ�RI�ZDWHU

PROHFXOHV�LQWR�WKH�HQFORVXUH��,W�LV�LPSRUWDQW�WKDW

DOO�FRPSRQHQWV�LQVLGH�WKH�HQFORVXUH�LV�DV�GU\�DV

SRVVLEOH�EHIRUH�WKH�HQFORVXUH�LV�VHDOHG�RII�

:DWHU

YDSRU

'LIIXVLRQ�IURP�VXUIDFH

:DWHU

ILOP

3&%
(QFORVXUH
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7KH�VHDOLQJ�SURFHVV�LV�RIWHQ�PDGH�LQ�DQ�LQHUW

DWPRVSKHUH�LQ�RUGHU�WR�NHHS�WKH�LQLWLDO�KXPLGLW\

LQVLGH�WKH�HQFORVXUH�DV�ORZ�DV�SRVVLEOH�

$�PDMRU�ULVN�ZLWK�KHUPHWLF�HQFORVXUH�LV�OHDNDJH

FDXVHG�E\�GHIHFWV�RU�ZHDU�RXW�LQ�PDWHULDOV�RU

VHDOLQJ�SURFHVV��0RLVWXUH�PD\�XQGHU�FHUWDLQ

FLUFXPVWDQFHV�DFFXPXODWH�LQVLGH�WKH�HQFORVXUH

UHVXOWLQJ�LQ�FRQGHQVHG�ZDWHU�DQG�KHDY\

FRUURVLRQ�

/DUJH�HQFORVXUHV�IRU�HOHFWURQLF�HTXLSPHQW�RIWHQ

LQFOXGH�FRQQHFWRUV��GLVSOD\��VZLWFKHV�DQG

EXWWRQV��6XFK�IHDWXUHV�DUH�YHU\�GLIILFXOW�WR�VHDO

KHUPHWLFDOO\��+HUPHWLF�VHDOLQJ�LV�WKHUHIRUH

PRVWO\�XVHG�IRU�VPDOO�HQFORVXUHV�VXFK�DV

SDFNDJHV�IRU�LQWHJUDWHG�FLUFXLWV�DQG�VXE�

DVVHPEOLHV�

%UHDWKLQJ�HQFORVXUH

(OHFWURQLF�HQFORVXUHV�PD\�DOVR�EH�PDGH�IXOO\

EUHDWKLQJ��7KLV�PHDQV�WKDW�D�YHQWLODWLRQ�KROH�RU

PHPEUDQH�SHUPHDEOH�WR�DLU�LV�PDGH�LQ�WKH

HQFORVXUH��$�YHQWLODWLRQ�KROH�VKRXOG�EH�ORFDWHG

LQ�D�SRVLWLRQ�SURWHFWHG�IURP�GLUHFW�UDLQIDOO�RU

VSODVK��$�EUHDWKLQJ�HQFORVXUH�ZLOO�NHHS�LWV

LQWHULRU�DW�WKH�VDPH�KXPLGLW\�DV�WKH�DPELHQW

HQYLURQPHQW��EXW�WKH�HOHFWURQLF�HTXLSPHQW�ZLOO

EH�SURWHFWHG�IURP�OLTXLG�ZDWHU�FDXVHG�E\�UDLQ�

IDOO�RU�DFFXPXODWLRQ�RI�PRLVWXUH��,Q�WKRVH�FDVHV

ZKHUH�WKH�HOHFWURQLF�HTXLSPHQW�KDV�D�VWDEOH

SRZHU�GLVVLSDWLRQ�DQG�WKHUHE\�D�KLJKHU

WHPSHUDWXUH�LQVLGH�WKH�HQFORVXUH�WKDQ�RXWVLGH�

WKHQ�WKH�LQWHUQDO�UHODWLYH�KXPLGLW\�ZLOO�EH

UHGXFHG�FRPSDUHG�WR�WKH�DPELHQW��,Q�VXFK�FDVHV

WKH�EUHDWKLQJ�HQFORVXUH�PD\�EH�SDUWLFXODUO\

DWWUDFWLYH�

)LJXUH����3URRI&DS�DSSOLHG�RQ�(5,&6621

0LFUR�%DVH�VWDWLRQ�ERDUG�

3URRI&DS

3URRI&DS�LV�D�WHFKQRORJ\�EDVHG�RQ�PDWHULDOV

XVHG�IRU�SDFNDJLQJ�RI�OLTXLGV�DQG�DV�VXFK�LW

FRPHV�YHU\�FORVH�WR�D�VHDOHG�KHUPHWLF�HQFORVXUH�

EXW�DW�D�YHU\�ORZ�FRVW�FRPSDUHG�WR�WUDGLWLRQDO

KHUPHWLF�SDFNDJLQJ�

7KH�3URRI&DS�HQFORVXUH�FRQVLVWV�RI�PHWDO�VKHHWV

ZKLFK�DUH�QRQ�SHQHWUDEOH�IRU�PRLVWXUH��7KH

SRO\PHU�ZHOGLQJ�VHDP�ZKLFK�LV�D�YHU\�VPDOO�SDUW

RI�WKH�HQFORVXUH��GR�KRZHYHU�QRW�PHHW�WKH�IXOO

UHTXLUHPHQWV�RI�KHUPHWLF�VHDOLQJ��0RLVWXUH

GLIIXVHV�DQG�SHQHWUDWHV�SRO\PHU�PDWHULDOV��VHH

)LJXUH�����

7KH�WLPH�FRQVWDQW�IRU�GLIIXVLRQ�RI�PRLVWXUH

LQWR�D�W\SLFDO�3URRI&DS�HQFORVXUH�LV�LQ�WKH

RUGHU�RI�\HDUV��3URRI&DS�WKHUHIRUH�FRPHV

FORVH�WR�D�KHUPHWLF�HQFORVXUH�

0RLVWXUH

'U\ FDYLW\ DLU $EVRUEHG

ZDWHU LQ

SODVWLF

)LJXUH����7KH�VHDOLQJ�EHWZHHQ�WKH�WRS�VLGH�DQG

WKH�ERWWRP�VLGH�ODPLQDWH�LV�D�SRLQW�RI�PRLVWXUH

LQJUHVVLRQ�EHFDXVH�ZDWHU�PROHFXOHV�PLJUDWHV�LQ

SRO\PHU�PDWHULDOV

$�W\SLFDO�3URRI&DS�HQFORVXUH�ZLOO�DOVR�KDYH�D

UHODWLYHO\�VPDOO�DLU�YROXPH�DQG�WKHUH�ZLOO�EH�D

FRQVLGHUDEOH�DPRXQW�RI�SODVWLF�PDWHULDOV�VXFK�DV

WKH�LQVLGH�SODVWLF�OD\HU�RI�WKH�3URRI&DS�FRYHU�

FLUFXLW�ERDUG�DQG�SODVWLF�HQFDSVXODWHG

FRPSRQHQWV�LQVLGH�WKH�HQFORVXUH��$V�PHQWLRQHG

DERYH�WKH�PRLVWXUH�DEVRUSWLRQ�RI�SODVWLF

PDWHULDOV�LQFUHDVH�DW�ORZ�WHPSHUDWXUHV�LQ�D

FORVHG�V\VWHP�ZLWK�FRQVWDQW�ZDWHU�YDSRU

FRQFHQWUDWLRQ��7KH�ULVN�IRU�SUHFLSLWDWLRQ�RI

FRQGHQVHG�ZDWHU�LV�WKHUHIRUH�UHGXFHG�LQVLGH�D

3URRI&DS�HQFORVXUH�

,W�LV�SRVVLEOH�WR�VLPXODWH�WKH�PRLVWXUH�GLIIXVLRQ

LQWR�3URRI&DS�EDVHG�RQ�UHVXOWV�IURP�DFFHOHUDWHG

WHVWV�DQG�PRGHOV�IRU�PRLVWXUH�DEVRUSWLRQ�DQG

GLIIXVLRQ�LQ�SODVWLF�PDWHULDOV�
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6RPH�UHVXOWV�DUH�VKRZQ�EHORZ��ILJXUH������7KH

DPELHQW�FOLPDWLF�FRQGLWLRQV�LQ�WKHVH�VLPXODWLRQV

DUH�W\SLFDO�IRU�WKH�0LGGOH�(DVW�UHJLRQ�ZLWK�YHU\

ODUJH�WHPSHUDWXUH�GLIIHUHQFHV�EHWZHHQ�VXPPHU

DQG�ZLQWHU�DQG�FRUUHVSRQGLQJO\�ODUJH�GLIIHUHQFHV

LQ�UHODWLYH�KXPLGLW\��7KLV�SDUWLFXODU�W\SH�RI

FOLPDWH�ZDV�VHOHFWHG�EHFDXVH�LW�LV�GLIILFXOW�WR

SURWHFW�HTXLSPHQW�DJDLQVW�PRLVWXUH�XQGHU�VXFK

FLUFXPVWDQFHV��7KH�UHODWLYHO\�KLJK�OHYHOV�RI

KXPLGLW\�GXULQJ�VXPPHU�WLPH�DQG�ZDUP�GD\V

ZLOO�HDVLO\�FRQGHQVH�DV�OLTXLG�ZDWHU�GXULQJ�FROG

QLJKWV�

7KH�JUDSKV�EHORZ�VKRZ�WKH�KXPLGLW\�LQVLGH�D

W\SLFDO�3URRI&DS�HQFORVXUH�DV�D�IXQFWLRQ�RI�WLPH

DQG�DPELHQW�KXPLGLW\�

7KUHH�LPSRUWDQW�REVHUYDWLRQV�VKRXOG�EH�PDGH

IURP�WKH�VLPXODWLRQ�UHVXOW�

��� 7KH�GLIIXVLRQ�RI�PRLVWXUH�LQWR�WKH�3URRI&DS

HQFORVXUH�KDV�D�WLPH�FRQVWDQW�RI�VHYHUDO

\HDUV�

��� 7KH�3URRI&DS�HQFORVXUH�SURWHFWV�WKH

HOHFWURQLF�IURP�WKH�H[WUHPHO\�KLJK�KXPLGLW\

GXULQJ�ZLQWHU�QLJKWWLPH�

��� $�UHODWLYHO\�PRGHUDWH�RYHU�WHPSHUDWXUH

FDXVHG�E\�KHDW�GLVVLSDWLRQ�LQVLGH�WKH

HQFORVXUH�ZLOO�UHGXFH�WKH�LQWHUQDO�KXPLGLW\�
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)LJXUH����5HODWLYH�KXPLGLW\��5+��LQVLGH�D�W\SLFDO

3URRI&DS�HQFORVXUH��JUHHQ�OLQH��DV�D�IXQFWLRQ�RI

WKH�DPELHQW�KXPLGLW\��UHG�OLQH���7KH�FOLPDWH

UHSUHVHQWHG�E\�WKH�DPELHQW�5+�LQ�WKH�VLPXODWLRQ

LV�UHSUHVHQWDWLYH�IRU�WKH�PLGGOH�HDVW�FRXQWULHV�

7KH�PD[LPXP�5+�RI�������RFFXUV�DW�QLJKW�DQG

WKH�ORZ�5+�RI������GXULQJ�ZDUP�VXPPHU�GD\V�

(/(&75,& 6+,(/',1* $1' 3527(7,21 $*$,167 +80,',7<

3URRI&DS�DV�PRLVWXUH�EDUULHU

3URRI&DS�RIIHUV�D�QHDU�KHUPHWLF�EDUULHU

DJDLQVW�PRLVWXUH�PLJUDWLRQ�EDVHG�RQ�WKH�YHU\

ORZ�FRVW�WHFKQRORJ\�XVHG�IRU�IRRG�DQG

EHYHUDJH�SDFNDJLQJ��FRPSDUH�7HWUD�3DN��

7KH�PRLVWXUH�GLIIXVLRQ�UDWH�LQWR�D�3URRI&DS

HQFORVXUH�LV�VORZ��LQ�WKH�RUGHU�RI�\HDUV�

7KH�VPDOO�DPRXQW�RI�PRLVWXUH�ZKLFK

SHQHWUDWHV�WKH�3URRI&DS�HQFORVXUH��ZLOO�EH

DEVRUEHG�E\�SODVWLF�EDVHG�SDFNDJLQJ

PDWHULDOV�W\SLFDO�IRU�PRGHUQ�HOHFWURQLFV�

Amb RH

Cav RH
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)LJXUH����7KH�VDPH�VLPXODWLRQ�DV�DERYH��EXW�ZLWK

LQWHUQDO�KHDW�GLVVLSDWLRQ�FDXVLQJ�DQ�RYHU

WHPSHUDWXUH�RI����&�GXULQJ�����RI�WKH�WLPH�

5HIHUHQFHV

(5,&6621�UHSRUW�1/�+7�������

'(9(/230(17�2)�6,08/$7,21�02'(/

)25�02,6785(�0,*5$7,21�:,7+

$33/,&$7,21�72�3522)&$3�&$9,7,(6�

3URRI&DS�6LPXODWLRQ�3URJUDP��$��%M|UQHNOHWW�

(ULFVVRQ�&RPSRQHQWV��������UHYLVHG������

%��.��%KDWWDFKDU\\D��:��$��+XIIPDQ��:��(�

-DKVPDQ��%��1DWDUDMDQ��³0RLVWXUH�DEVRUSWLRQ�DQG

PHFKDQLFDO�SHUIRUPDQFH�RI�VXUIDFH�PRXQWDEOH
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