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� (PSD��6ZLVV )HGHUDO�/DERUDWRULHV�IRU�0DWHULDOV�6FLHQFH�DQG�7HFKQRORJ\��&+�������'�EHQGRUI��6ZLW]HUODQG� �

5LJD 7HFKQLFDO�8QLYHUVLW\��,QVWLWXWH�RI�0DWHULDOV�DQG 6WUXFWXUHV��5LJD��/DWYLD��

��6FKRRO�RI 3K\VLFV�DQG�$VWURQRP\� 7KH�8QLYHUVLW\�RI�(GLQEXUJK��(+���</��(GLQEXUJK��8.�

�(7+�=XULFK��6ZLVV�)HGHUDO�,QVWLWXWH�RI 7HFKQRORJ\�=XULFK��=XULFK��6ZLW]HUODQG

7R�ZKRP�FRUUHVSRQGHQFH�VKRXOG�EH�DGGUHVVHG�SLHWUR�OXUD#HPSD�FK

$EVWUDFW�

,Q� KLJK�SHUIRUPDQFH� FRQFUHWH� �+3&�� VXEMHFWHG� WR� KLJK� WHPSHUDWXUH� GXULQJ� WXQQHO� ILUHV��

WKH� EXLOG�XS�RI�YDSRU�SUHVVXUH�GXH� WR�GHK\GUDWLRQ�RI� WKH� FHPHQW�K\GUDWLRQ�SURGXFWV� FDQQRW�

EH� UH�OLHYHG� GXH� WR� WKH� YHU\� ORZ� SRURVLW\� DQG� SHUPHDELOLW\� RI� WKLV� W\SH� RI� FRQFUHWH�� RIWHQ�

UHVXOWLQJ� LQ� H[SORVLYH� VSDOOLQJ�� ([SORVLYH� VSDOOLQJ� PD\� FDXVH� GHYDVWDWLQJ� GDPDJH� RI� WKH�

WXQQHO�VWUXFWXUH��ZKLFK�WKUHDWHQV�ERWK��FLYLOLDQV�DQG�HPHUJHQF\�UHVSRQVH�XQLWV��

7KLV�ZRUN VXJJHVWV�D�SRWHQWLDO�DSSOLFDWLRQ�RI�VLOLFD�DHURJHO�LQ WKH�SURWHFWLRQ�RI�FRQFUHWH�OLQLQJV��

��
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ZKLFK�FRQVLVWV� LQ�GHFRUDWLQJ�WKH�VXUIDFH�RI�+3&�VWUXFWXUHV�ZLWK�D�KLJKO\�LQVXODWLQJ�DHURJHO�

FHPHQW�PRUWDU�OD\HU��ZLWK�WKH�DLP�RI�GHOD\LQJ�WKH�KHDWLQJ�RI�WKH�+3&�DQG�H[WHQGLQJ�WKH�SHUIRU�

PDQFH�RI�WKH�PDLQ�FRQFUHWH�VWUXFWXUH�RI�WKH�WXQQHO�XQGHU�ILUH��7KH�PDLQ�DLP�RI�WKLV�VWXG\�LV�

LQYHVWLJDWLQJ�WKH�LPSDFW�RI�WKH�PLFURVWUXFWXUH��ZLWK�VSHFLDO�IRFXV�RQ�WKH�SRUH�VWUXFWXUH��RQ�WKH�

WKHUPDO�FRQGXFWLYLW\�DQG�WKH�PHFKDQLFDO�SURSHUWLHV�RI� WKH�DHURJHO�PRUWDUV�� ,Q�SDUWLFXODU�� WKH�

LQWHJULW\�RI�WKH�DHURJHOV�LQ�WKH�PRUWDUV��ERWK�LQ�WKH�PL[LQJ�SURFHVV�DQG�WKH�SRVVLEOH�ORQJ�WHUP�

FKHPLFDO� GHJUDGDWLRQ�� ZDV� D� PDLQ� FRQFHUQ�� )LQDOO\�� D� SUHOLPLQDU\� WHVW� RI� WKH� SHUIRUPDQFH�

DJDLQVW�ILUH�VSDOOLQJ�ZDV�SHUIRUPHG��:KLOH�DHURJHO�FRQWDLQLQJ�PRUWDUV�ZHUH�DEOH�WR�SURWHFW�+3&�

FXEHV�IURP�ILUH�VSDOOLQJ�XQGHU�D�VSHFLILF�WKHUPDO�ORDGLQJ�SURWRFRO��WKH�WKHUPDO�FRQGXFWLYLW\�DQG�

WKH�PHFKDQLFDO�SURSHUWLHV�REWDLQHG�ZHUH�VLPLODU�WR�WKRVH�RI�FHOOXODU�FRQFUHWH�LQ�WKH�VDPH�UDQJH�

RI�WRWDO�SRURVLW\��$�SRVVLEOH�H[SODQDWLRQ�RI�WKH�ORZHU�WKDQ�H[SHFWHG�LQVXODWLRQ�SHUIRUPDQFH�LV�

WKH�SDUWLDO�GHJUDGDWLRQ�RI�WKH�DHURJHO�ILOOHU�E\�UHDFWLRQ�ZLWK�WKH�DONDOLQH�SRUH�VROXWLRQ�RI�WKH�

PRUWDUV��,PSOLFDWLRQV�RI�WKHVH�QHZ�ILQGLQJV�RQ�DHURJHO�FHPHQW�PL[WXUHV�DUH�DOVR�GLVFXVVHG���

.H\ZRUGV��WXQQHO��ILUH�VSDOOLQJ��DHURJHO�FHPHQW�PRUWDU��KLJK�SHUIRUPDQFH�FRQFUHWH��

���,QWURGXFWLRQ�

7KH�QXPHURXV�FDWDVWURSKLF�WXQQHO�ILUH�HYHQWV�WKDW�KDYH�RFFXUUHG�GXULQJ�WKH�SDVW�GHFDGHV��H�J��

WKH�6W��*RWWKDUG�ILUH��������LQ�6ZLW]HUODQG�DQG�WKH�0RQW�%ODQF�7XQQHO�ILUH��������LQ�)UDQFH�

,WDO\�>����@��KDYH�LQFUHDVHG�WKH�LQWHUHVW�LQ�VWUXFWXUDO�ILUH�VDIHW\�RI�ODUJH�XQGHUJURXQG�IDFLOLWLHV�

DQG�KDYH�KLJKOLJKWHG�WKH�LPSRUWDQFH�RI�LQFUHDVLQJ�WKH�ILUH�UHVLVWDQFH�LQ�PDWHULDOV�DQG�VWUXFWXUDO�

GHVLJQ�RI�WXQQHOV��7XQQHO�ILUHV�DUH�FKDUDFWHUL]HG�E\�KLJK�SHDN�WHPSHUDWXUHV��UDSLG�KHDWLQJ�UDWHV��

ORQJ�GXUDWLRQV�DQG�QRQ�XQLIRUP�WHPSHUDWXUH�GLVWULEXWLRQV�ZLWKLQ�WKH�WXQQHO��7KH�WHPSHUDWXUH�

JUDGLHQW�RYHU�WKH�FURVV�VHFWLRQ�RI�WKH�WXQQHO�OLQLQJV�LQGXFHV�ODUJH�VWUHVVHV�GXH�WR�GLIIHUHQWLDO�

WKHUPDO�H[SDQVLRQ�>����@��$W�WKH�VDPH�WLPH��KHDWLQJ�RI�WKH�FRQFUHWH�FDXVHV�HYDSRUDWLRQ�RI�FDSLO�

ODU\�DQG�JHO�ZDWHU�DQG��LQ�SDUWLFXODU�VWDUWLQJ�DW�DERXW����������&��GHK\GUDWLRQ�RI�WKH�FHPHQW�

SDVWH��ZKLFK�OHDGV�WR�VKULQNDJH�DQG�SURJUHVVLYH�GHJUDGDWLRQ�RI�WKH�PDWUL[�>����@��7KH�SUHVVXUH�
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RI�WKH�ZDWHU�YDSRU�FRQILQHG�LQ�WKH�SRUHV�RI�WKH�FHPHQW�SDVWH�LQFUHDVHV�ZLWK�WKH�WHPSHUDWXUH��

:KLOH�LQ�FRQYHQWLRQDO�FRQFUHWH�WKH�UHODWLYHO\�KLJK�SRURVLW\�RI�WKH�PDWUL[�DOORZV�WKLV�SRUH�SUHV�

VXUH�WR�GLVVLSDWH��WKLV�LV�QRW�WKH�FDVH�IRU�KLJK�SHUIRUPDQFH�FRQFUHWH��+3&��ZLWK�ORZ�ZDWHU�WR�

FHPHQW�UDWLR��Z�F��DQG�YHU\�ORZ�SRURVLW\�DQG�SHUPHDELOLW\�>����@��$V�D�FRQVHTXHQFH��+3&�KDV�

EHHQ�VKRZQ�WR�EH�SURQH�WR�H[SORVLYH�VSDOOLQJ�ZKHQ�FRPELQDWLRQV�RI�WKHUPDO�VWUHVVHV��SRUH�SUHV�

VXUH�DQG�H[WHUQDO�ORDGV�ORFDOO\�H[FHHG�WKH�WHQVLOH�VWUHQJWK�RI�WKH�FRQFUHWH�>�@��

,Q�UHFHQW�\HDUV��LQWHQVLYH�UHVHDUFK�KDV�EHHQ�GHGLFDWHG�WR�GHYHORS�HIIHFWLYH�PHWKRGV�WR�OLPLW�

RU�HYHQ�SUHYHQW�FRQFUHWH�WKHUPDO�VSDOOLQJ�E\�PDWHULDO�GHVLJQ��6WHHO�ILEHU�UHLQIRUFHG�FRQFUHWH�>�@�

KDV�EHHQ�UHSRUWHG�WR�KDYH�JRRG�UHVLVWDQFH�WR�KLJK�WHPSHUDWXUHV��SRVVLEO\�E\�OLPLWLQJ�WKH�SURS�

DJDWLRQ�RI�PDFURVFRSLF�FUDFNV��7KH�PRVW�VXFFHVVIXO�VWUDWHJ\�LV�EDVHG�RQ�WKH�DGGLWLRQ�RI�V\Q�

WKHWLF��PRVWO\�SRO\SURS\OHQH��33��ILEHUV��DORQH�RU�LQ�FRPELQDWLRQ�ZLWK�RWKHU�DGPL[WXUHV�VXFK�

DV�DLU�HQWUDLQLQJ�DJHQWV�RU�VXSHUDEVRUEHQW�SRO\PHUV�>����@��7KLV�DSSURDFK�LV�EDVHG�RQ�WKH�IDFW�

WKDW��XSRQ�PHOWLQJ�RI�WKH�33�ILEHUV��HPSW\�FKDQQHOV�DUH�FUHDWHG�WKURXJK�ZKLFK�WKH�ZDWHU�YDSRU�

HVFDSHV�EHIRUH�KLJK�SUHVVXUHV�FDQ�EXLOG�XS��7KH�FRPELQDWLRQ�RI�ILEHUV�RI�GLIIHUHQW�QDWXUH��H�J���

VWHHO�DQG�33�ILEHUV�>��@��ZDV�DOVR�HIIHFWLYH��

+RZHYHU��ZKLOH�VXFK�VWUDWHJLHV�PD\�GHOD\�RU�DYRLG�ILUH�VSDOOLQJ�DQG�LPSURYH�WKH�VWUXFWXUDO�

EHKDYLRU�GXULQJ�ILUH��WKH\�OHDG�WR�VHULRXV�GHJUDGDWLRQ�RI�WKH�PDLQ�VWUXFWXUH�RI�WKH�WXQQHO��ZKLFK�

QHHGV�RIWHQ�WR�EH�UHEXLOW�HYHQ�LI�WKH�ILUH�KDV�EHHQ�EURXJKW�XQGHU�FRQWURO�DIWHU�D�VKRUW�SHULRG��

2Q�WKH�RWKHU�KDQG��D�SURWHFWLYH�OD\HU�WKDW�FDQ�HIILFLHQWO\�LQVXODWH�WKH�VWUXFWXUDO�FRQFUHWH�DQG�

GHOD\�WKH�WHPSHUDWXUH�LQFUHDVH�GXULQJ�ILUH�PD\�FRQVWLWXWH�D�YDOLG�DOWHUQDWLYH�WR�SUHYHQW�H[SORVLYH�

VSDOOLQJ��7KLV�DSSURDFK�ZRXOG�DOVR�DOORZ�WR�PDLQWDLQ�WKH�VWUXFWXUDO�SHUIRUPDQFH�RI�WKH�PDLQ�

FRQFUHWH�VKLHOG�VWUXFWXUH�DQG�WR�DYRLG�RU�UHGXFH�FRVWO\�UHSDLU��HVSHFLDOO\�LQ�WKH�FDVH�ZKHQ�WKH�

WXQQHO�ILUH�FDQ�EH�UDSLGO\�EURXJKW�XQGHU�FRQWURO��2EYLRXVO\��WKH�PDWHULDO�IRU�WKH�LQVXODWLRQ�OD\HU�

QHHGV�WR�SRVVHVV�KLJK�WKHUPDO�UHVLVWDQFH�DQG�VWDELOLW\�DW�KLJK�WHPSHUDWXUHV��VLQFH�LQ�PDQ\�DS�

SOLFDWLRQV�LW�ZLOO�QHHG�WR�EH�DSSOLHG�RQO\�LQ�UHODWLYHO\�WKLQ�OD\HUV��W\SLFDOO\��D�FRXSOH�RI�FP�DW�

PRVW���6RPH�VWXGLHV�GHVFULEH�WKH�XVH�RI�WKHUPDO�EDUULHUV�WR�SURWHFW�WKH�FRQFUHWH��+RZHYHU��ZLWK�
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WKH�OLPLWHG�WKLFNQHVV��������PP��WKDW�LV�FRPSDWLEOH�ZLWK�FOHDUDQFHV�LQ�D�WXQQHO��WKH�LQVXODWLQJ�

SHUIRUPDQFH�RI�VRPH�FRPPHUFLDO�SURGXFWV�ZDV�IRXQG�WR�EH�LQVXIILFLHQW�DQG�WKH�XQGHUO\LQJ�FRQ�

FUHWH�LV�SURWHFWHG�RQO\�IRU�DERXW��������PLQV�XQGHU�ILUH�FRQGLWLRQV�>��@�2Q�WKH�RWKHU�KDQG��LQ�

7HUUDVL�HW�DO��>��@�D����PP�WKLFN�PLQHUDO�ILUH�SURWHFWLRQ�FRDWLQJ��D�FRPPHUFLDO�VSUD\�FRDWHG�

FHPHQW�ERQGHG�JOLPPHU�PRUWDU��DSSOLHG�RQWR�WKH�ZKROH�ILUH�H[SRVHG�FRQFUHWH�VXUIDFH�ZDV�HI�

IHFWLYH�LQ�LQFUHDVLQJ�WKH�ILUH�UHVLVWDQFH�RI�D����PP�WKLFN�+3&�VODE�SUHVWUHVVHG�ZLWK�WHQGRQV�

PDGH�RI�FDUERQ�ILEHU�UHLQIRUFHG�SRO\PHU��.OLQJVFK�HW�DO��>��@�DSSOLHG�GLIIHUHQW�WKLFNQHVVHV�����

WR����PP��RI�WZR�GLIIHUHQW�FRPPHUFLDO�OLJKWZHLJKW�SURWHFWLYH�PRUWDUV�WR�+3&�VODEV��%RWK�SUR�

WHFWLYH�PRUWDUV�ZHUH�HIIHFWLYH�LQ�DYRLGLQJ�ILUH�VSDOOLQJ�IRU�����PLQXWHV�RI�H[SRVXUH�WR�DQ�,62�

ILUH�>��@��H[FHSW�IRU�RQH�FDVH�ZLWK�WKH�PLQLPXP�WKLFNQHVV�RI�WKH�PRUWDU�OD\HU��6LPLODU�UHVXOWV�

ZHUH�REWDLQHG�ODWHU�DOVR�E\�/X�>��@��LQ�ZKRVH�H[SHULPHQWV�ZLWK�D�PRUWDU�OD\HU�RI����PP�WKLFN�

QHVV��VSDOOLQJ�ZDV�RQO\�GHOD\HG�DQG�LW�ZDV�PRUH�YLROHQW�DQG�GHHSHU�UHDFKLQJ�WKDQ�IRU�WKH�XQ�

SURWHFWHG�FRQFUHWH��)URP�WKHVH�UHVXOWV��LW�LV�FOHDU�WKDW�WKHUH�LV�VFRSH�IRU�LPSURYLQJ�WKH�SURSHUWLHV�

RI�LQVXODWLQJ�PRUWDUV�XVHG�IRU�ILUH�SURWHFWLRQ��

$HURJHOV�DUH�D�FODVV�RI�PDWHULDOV�ZLWK�LGHDO�WKHUPDO�LQVXODWLRQ�SURSHUWLHV��'XH�WR�WKHLU�PHV�

RSRURXV�QHWZRUN�VWUXFWXUH��WKH�JDV�FRQGXFWLYLW\�LV�VWURQJO\�VXSSUHVVHG�E\�WKH�.QXGVHQ�HIIHFW��

OHDGLQJ�WR�UHFRUG�ORZ�WRWDO�WKHUPDO�FRQGXFWLYLW\�YDOXHV��W\SLFDOO\�LQ�WKH�UDQJH�RI���������������

: P�� .���DW����&�DQG�DWPRVSKHULF�SUHVVXUH�>��@��$HURJHOV�FDQ�EH�PDGH�IURP�VLOLFD�>�����@��

FDUERQ�>�����@��GLIIHUHQW�RUJDQLF�PDWHULDOV�>�����@�RU�RUJDQLF�LQRUJDQLF�FRPSRVLWHV��>������@�

$PRQJ�WKHP��VLOLFD�EDVHG�DHURJHOV�DUH�FKDUDFWHUL]HG�ERWK�E\�JRRG�WHPSHUDWXUH�UHVLVWDQFH�>���

��@�DQG�D�VWUDLJKWIRUZDUG�IDEULFDWLRQ�SURFHVV�>�����@��

$HURJHO�EDVHG�FHPHQWLWLRXV�FRPSRVLWHV�KDYH�EHHQ�WKH�REMHFW�RI�JURZLQJ�LQWHUHVW�LQ�WKH�ODVW�

IHZ�\HDUV��5DWNH�>��@�ZDV�WKH�ILUVW�WR�UHSRUW�D�FRQFUHWH�FRPSRVLWH�ORDGHG�ZLWK����YRO����VLOLFD�

DHURJHO�JUDQXOHV�WKDW�VKRZHG�H[FHOOHQW�ILUH�UHVLVWDQFH��,Q�SDUWLFXODU��DQ�DHURJHO�FRQFUHWH�SODWH�

ZLWK����PP�WKLFNQHVV�ZDV�DEOH�WR�PDLQWDLQ�D�WHPSHUDWXUH�EHORZ�����&�RQ�WKH�FROG�VLGH�XSRQ�

H[SRVXUH�RI�WKH�RSSRVLWH�VLGH�WR�D�ILUH�DW�������&�IRU��K�>��@��*DR�HW�DO��>��@�GHVFULEHG�DQ�DHURJHO�
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FRQFUHWH�ZLWK����YRO����DHURJHO�JUDQXODWH�ORDGLQJ��GLVSOD\LQJ�DQ�DYHUDJH�FRPSUHVVLYH�VWUHQJWK�

RI�����03D�DQG�WKHUPDO�FRQGXFWLYLW\�RI������:�P��.����,Q�WKH�VDPH�VWXG\��WKH�DXWKRUV�IXUWKHU�

REVHUYHG�WKDW�WKH�DLU�YRLG�FRQWHQW�ZDV�FORVH�WR�]HUR�LQ�WKHVH�DHURJHO�FRQWDLQLQJ�PRUWDUV��

2QH�PDLQ�FRQFHUQ�ZKHQ�LQFRUSRUDWLQJ�VLOLFD�EDVHG�DHURJHOV�LQWR�D�3RUWODQG�FHPHQW�PRUWDU�

LV�WKH�SRVVLEOH�FKHPLFDO�GLVVROXWLRQ�RI�WKH�VLOLFD�DHURJHOV�E\�WKH�SRUH�VROXWLRQ��7KH�SRUH�VROXWLRQ�

KDV�D�S+�!����DQG�LV�ZHOO�NQRZQ�WR�GLVVROYH�DOO�W\SHV�RI�VLOLFD��IRU�H[DPSOH�LQ�WKH�DONDOL�VLOLFD�

UHDFWLRQ�WKDW�FDXVHV�H[SDQVLRQ�RI�DJJUHJDWHV�DQG�FUDFNLQJ�RI�FRQFUHWH�>�����@�RU�LQ�WKH�SR]�

]RODQLF�UHDFWLRQ�RI�VLOLFD�IXPH�>������@��,Q�SULQFLSOH��VLOLFD�DHURJHOV��GXH�WR�WKHLU�YHU\�KLJK�VXU�

IDFH�DUHD��DUH�H[SHFWHG�WR�EH�SDUWLFXODUO\�UHDFWLYH�DQG�PD\�EH�SDUWLDOO\�RU�WRWDOO\�GLVVROYHG�XSRQ�

FRQWDFW�ZLWK�WKH�SRUH�VROXWLRQ��+RZHYHU��DFFRUGLQJ�WR�*DR�HW�DO��>��@��DHURJHOV�ZHUH�IRXQG�WR�

EH�VWDEOH�LQ�3RUWODQG�FHPHQW�FRPSRVLWHV�ZKHQ�VLOLFD�IXPH�ZDV�DGGHG�WR�WKH�PL[WXUH��SUHVXPDEO\�

EHFDXVH�WKH�VLOLFD�IXPH�ZDV�DFWLQJ�DV�D�VDFULILFLDO�ILOOHU�DQG�ZDV�UHDFWLQJ�EHIRUH�WKH�K\GURSKRELF�

DQG�WKXV�VRPHZKDW�EHWWHU�SURWHFWHG�DHURJHO�SKDVH��+RZHYHU��LI�WKH�LQWHUQDO�VWUXFWXUH�RI�WKH�DHU�

RJHOV�LV�GHJUDGHG�RU�SDUWLDOO\�GLVVROYHG�E\�UHDFWLRQ�ZLWK�WKH�SRUH�VROXWLRQ��DHURJHO�SDUWLFOHV�PD\�

SDUWLDOO\� FROODSVH�� ORVH� VRPH�RI� WKHLU� LQVXODWLQJ�SURSHUWLHV� DQG�DOORZ� IXUWKHU�JDV� FRQGXFWLRQ�

ORVVHV� WKURXJK� WKH� UHVXOWLQJ�JDS�EHWZHHQ� WKH�FHPHQW�PDWUL[�ZDOO�DQG� WKH�SDUWLDOO\�FROODSVHG�

DHURJHO�SDUWLFOH��)URP�WKH�OLWHUDWXUH��GLIIHUHQW�VWUDWHJLHV�DUH�NQRZQ�WR�UHGXFH�WKH�S+�YDOXH�RI�

WKH�SRUH�VROXWLRQ�� IRU�H[DPSOH�DGGLWLRQ�RI�VLOLFD� IXPH�>��@�RU�XWLOL]DWLRQ�RI� OHVV�DONDOLQH�FH�

PHQWLWLRXV�ELQGHU�V\VWHPV��IRU�H[DPSOH�FDOFLXP�VXOIRDOXPLQDWH�ELQGHUV�>������@��+RZHYHU��LW�

UHPDLQV�VWLOO�XQFOHDU�ZKDW�OHYHO�RI�DONDOLQLW\�LV�WROHUDWHG��ERWK��VKRUW�DQG�ORQJ�WHUP��E\�WKH�DHU�

RJHO�ILOOHUV�XQGHU�UHDO�DSSOLFDWLRQ�FRQGLWLRQV��$HURJHOV�FRPSRVLWHV�ZLWK�ZHDNO\�DONDOLQH�ELQGHUV�

VXFK�DV�J\SVXP�PRUWDUV�KDYH�DOVR�EHHQ�UHSRUWHG�>��@��KRZHYHU�WKRVH�DUH�QRW�VXLWDEOH�IRU�GLUHFW�

FRQWDFW�ZLWK�+3&�LQ�WKH�SUHVHQWO\�HQYLVDJHG�DSSOLFDWLRQ��VHH��H�J���>��@����

,Q�WKLV�ZRUN��ZH�VXJJHVW�D�VLPSOH�DSSURDFK�WR�DYRLG�RU�OLPLW�H[SORVLYH�VSDOOLQJ�RI�VKLHOG�

FRQFUHWH�LQ�D�WXQQHO�E\�GHFRUDWLQJ�WKH�VXUIDFH�RI�+3&�VWUXFWXUDO�HOHPHQWV�ZLWK�DHURJHO�FHPHQW�
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PRUWDUV��$HURJHO�PRUWDUV�DUH�D�FRPSDUDWLYHO\�QHZ�FODVV�RI�PDWHULDOV��IRU�ZKLFK�OLPLWHG�FKDUDF�

WHUL]DWLRQ� LV�DYDLODEOH� LQ� WKH� OLWHUDWXUH�DQG�PDQ\�RSHQ�TXHVWLRQV�UHPDLQ��H�J��DERXW� WKH�VKRUW�

WHUP��GXULQJ�PL[LQJ��DQG�ORQJ�WHUP��GXH�WR�FKHPLFDO�VWDELOLW\�LQ�WKH�SRUH�VROXWLRQ��LQWHJULW\�RI�

WKH�DHURJHOV��7R�DOORZ�D�V\VWHPDWLF�GHVLJQ�RI�WKHVH�PRUWDUV�IRU�WKH�LQWHQGHG�DSSOLFDWLRQV��WKH�

PLFURVWUXFWXUH��WKH�SRUH�VWUXFWXUH��WKH�WKHUPDO�FRQGXFWLYLW\�DQG�PHFKDQLFDO�SURSHUWLHV�RI�WKH�

PRUWDUV�ZHUH�VWXGLHG�LQ�GHSWK��,Q�DGGLWLRQ��D�SUHOLPLQDU\�DVVHVVPHQW�DERXW�WKH�SHUIRUPDQFH�RI�

WKH�DHURJHO�PRUWDUV�DJDLQVW�ILUH�VSDOOLQJ�RI�+3&�KDV�EHHQ�SHUIRUPHG��FRYHULQJ�RQO\�D�OLPLWHG�

QXPEHU�RI�VDPSOHV�ZLWK�RQH�W\SH�RI�DHURJHO�PRUWDU��7KH�DHURJHO�PRUWDUV�VWXGLHG�LQ�WKLV�SDSHU�

DUH�GLIIHUHQW�IURP�FRPPHUFLDOO\�DYDLODEOH�OLPH�EDVHG�UHQGHUV�>��@�ZKLFK�KDYH�KLJKHU�DHURJHO�

FRQWHQW�DQG�DUH�FKDUDFWHUL]HG�E\�UHGXFHG�DONDOLQLW\�DQG�H[WHQVLYH�FDUERQDWLRQ��

���0DWHULDOV�

�����0DWHULDOV�DQG�DHURJHO�FHPHQW�PRUWDU�SUHSDUDWLRQ�

0RUWDUV�ZHUH�SUHSDUHG�E\�D�WZR�VWHS�PL[LQJ��)LUVW��GU\�FHPHQW��VDQG��VLOLFD�IXPH�DQG�DHURJHO�

SDUWLFOHV�ZHUH�PL[HG�LQ�D������O�EDUUHO��7KHQ��D�VROXWLRQ�RI�ZDWHU�DQG�VXSHUSODVWLFL]HU�ZDV�DGGHG�

DQG�WKH�PL[WXUH�ZDV�IXUWKHU�VWLUUHG�XQWLO�LW�EHFDPH�KRPRJHQRXV��7KH�FHPHQW�XVHG�LQ�WKLV�VWXG\�

ZDV�D�&(0�,������5�RUGLQDU\�3RUWODQG�FHPHQW��SDUWLFOH�GHQVLW\�������NJ�P���%ODLQH�ILQHQHVV���

6LOLFD�IXPH��SDUWLFOH�GHQVLW\�������NJ�P���ZDV�DGGHG�WR�LQFUHDVH�WKH�VWUHQJWK�RI�WKH�PDWUL[��$�

VXSHUSODVWLFL]HU��SRO\FDUER[\ODWH�HWKHU��3&(��LQ�OLTXLG�IRUP�ZDV�HPSOR\HG��$Q�DOOXYLDO�VDQG�

�SDUWLFOH�GHQVLW\��a������NJ�P���ZDV�VLHYHG�WR�SDUWLFOH�VL]HV����±��PP��+\GURSKRELF�DHURJHO�

JUDQXOHV��3�����SDUWLFOH�VL]H�������PP��SDUWLFOH�GHQVLW\������NJ�P���ZHUH�UHFHLYHG�IURP�&DERW��

*HUPDQ\��'H�LRQL]HG�ZDWHU�ZDV�XVHG��

7KH�ZDWHU±ELQGHU�UDWLR��Z�E��ZDV�VHW�WR�������ZKHUH�WKH�ELQGHU�LV�WKH�VXP�RI�FHPHQW�DQG�VLOLFD�

IXPH��ZKRVH�FRQWHQW�ZDV����ZW����RI�WKH�ELQGHU��7KH�VXSHUSODVWLFL]HU�FRQWHQW�ZDV�����RI�WKH�

ELQGHU�SKDVH��:KLOH�WKH�YROXPH�RI�DJJUHJDWHV��VDQG���DHURJHO��ZDV����YRO����IRU�DOO�PRUWDUV��

WKH�UHODWLYH�YROXPH�RI�VDQG�DQG�DHURJHO�ZDV�YDULHG�V\VWHPDWLFDOO\�EHWZHHQ�WKH�PL[WXUHV��,Q�WKH�



��

FDOFXODWLRQ�RI�WKH�PL[�SURSRUWLRQV��WKH�DLU�FRQWHQW�ZDV�DVVXPHG�WR�EH���YRO����LQ�WKH�UHIHUHQFH�

PRUWDU�ZLWKRXW�DHURJHOV��)RU�WKH�DHURJHO�PRUWDUV��IROORZLQJ�WKH�REVHUYDWLRQ�LQ�>��@��VHH�LQWUR�

GXFWLRQ���WKH�DLU�FRQWHQW�ZDV�DVVXPHG�WR�EH�]HUR��7KH�FRPSRVLWLRQ�RI�WKH�PRUWDUV��EDVHG�RQ�WKH�

GHQVLW\�RI�WKH�FRQVWLWXHQWV�DQG�RQ�WKH�DVVXPHG�DLU�FRQWHQW��LV�UHSRUWHG�LQ�7DEOH����

7DEOH����0L[�SURSRUWLRQV�RI�WKH�PRUWDUV��J���

6DPSOH�

FRGH�

:DWHU�� &HPHQW�� 6LOLFD�

IXPH�

VXSHUSODVWL�

FL]HU�

6DQG� $HURJHO�

JUDQXOH�

$HURJHO�

IUDFWLRQ�

�YRO�����

5HI&� ������ ������� ������ ����� ������� �� ����

$HUR&��� ������ ������� ������ ����� ������� ������ ���

$HUR&��� ������ ������� ������ ����� ������� ������ ���

$HUR&��� ������ ������� ������ ����� ������� ������ ���

$HUR&��� ������ ������� ������ ����� ������ ������ ���

$HUR&��� ������ ������� ������ ����� �� ������ ���

:HOO�PL[HG�VOXUULHV�ZHUH�SRXUHG�LQWR�VWDLQOHVV�VWHHO�SULVPDWLF�PROGV�����î����î�����PP���WR�

SURGXFH�VSHFLPHQV�IRU�PHFKDQLFDO�WHVWLQJ��EHQGLQJ�VWUHQJWK�DQG�FRPSUHVVLYH�VWUHQJWK��DQG�D�

F\OLQGULFDO�SODVWLF�PROG������PP�î����PP��IRU�DPELHQW�WKHUPDO�FRQGXFWLYLW\�PHDVXUHPHQWV��

$V�SUHSDUHG�VDPSOHV�ZHUH�NHSW�VHDOHG�LQ�WKHLU�VWHHO�PROGV�LQ�D�FRQWUROOHG�DWPRVSKHUH�DW������

�����&�DQG�5+�!����EHIRUH�GHPROGLQJ��6XEVHTXHQWO\�� WKH�VDPSOHV�ZHUH�FXUHG� LQ� WKH�VDPH�

DWPRVSKHUH�IRU�HLWKHU���GD\V�RU����GD\V��)RU�HDFK�FRPSRVLWLRQ��WKUHH�LGHQWLFDO�VDPSOHV�ZHUH�

SUHSDUHG�DQG�FKDUDFWHUL]HG��

����3UHSDUDWLRQ�RI�KLJK�SHUIRUPDQFH�FRQFUHWH�FXEHV�FRDWHG�ZLWK�DHURJHO�PRUWDUV�

7R�DOORZ�D�SUHOLPLQDU\�HYDOXDWLRQ�RI� WKH�HIIHFW�RI�DHURJHO�PRUWDUV�RQ� WKH�H[SORVLYH� WKHUPDO�



��

VSDOOLQJ�RI�+3&��ILYH�����î�����î�����PP��FXEHV�ZHUH�SUHSDUHG�IRU�RQH�VLGH�WKHUPDO�ORDGLQJ��

$IWHU�FDVWLQJ��WKH�+3&�VDPSOHV��VHH�7DEOH���IRU�WKH�PL[�FRPSRVLWLRQ��ZHUH�NHSW�DW�!����5+�

DQG���������&��7KLV�+3&�FRPSRVLWLRQ�ZDV�FKRVHQ�EHFDXVH�LW�V\VWHPDWLFDOO\�VSDOOHG�LQ�SUHYLRXV�

VWXGLHV�ZLWK� WKH� VDPH�KHDWLQJ� UHJLPH��$W� WKH�DJH�RI���GD\�� WKH� VDPSOHV�ZHUH�GHPROGHG�DQG�

VWRUHG�LQ�D�!����5+�DQG���������&�FOLPDWLF�URRP��$W�WKH�DJH�RI�����GD\V��IRXU�+3&�FXEHV�

ZHUH�FRDWHG�ZLWK�WKH�$HUR&���PRUWDU��VHH�7DEOH���IRU�WKH�PL[�ODEHOV���0RUWDU�OD\HUV�RI���������

���DQG����PP�WKLFNQHVV�ZHUH�DSSOLHG�RQWR�RQH�IDFH�RI�WKH�FRQFUHWH�FXEHV��WKHVH�OD\HUV�FRUUH�

VSRQG�WR�D�OD\HU�RI�PLQLPXP�WKLFNQHVV��ZKLFK�UHVXOWHG�RQ�DYHUDJH����RU����PP�RQ�WZR�GLVWLQFW�

FXEHV��DQG�D� OD\HU�RI�DERXW� WZLFH� WKH�PLQLPXP�WKLFNQHVV�����RU����PP�RQ�DYHUDJH�RQ� WZR�

FXEHV���%HIRUH�SHUIRUPLQJ�WKH�WKHUPDO�VSDOOLQJ�WHVWV��WKH�VDPSOHV�ZHUH�FXUHG�LQ�D�!����5+�DQG�

����������&�FOLPDWLF�URRP�IRU���GD\V�� WKHQ� WKH\�ZHUH�PRYHG�WR�D�����5+�DQG�����������&�

FOLPDWLF�URRP�IRU���GD\V���

7DEOH����0L[�FRPSRVLWLRQ�RI�+3&�>NJ�P�@�

&HPHQW�&(0�,������5�� ����
6LOLFD�IXPH� ����
$JJUHJDWH�����PP� �����
6XSHUSODVWLFL]HU� �����
:DWHU� ������
Z�E� �����

%HIRUH�WKH�RQH�VLGH�WKHUPDO�ORDGLQJ��WKH�VDPSOHV�ZHUH�LQVXODWHG�ZLWK�KLJK�WHPSHUDWXUH�UHVLVWDQW�

DOXPLQXP�WDSH���0�+LJK�7HPSHUDWXUH�$OXPLQXP�)RLO�7DSH������IURP�IRXU�VLGHV�DQG�WKH�WRS�

VXUIDFH�WR�SUHYHQW�YDSRU�ORVV�DQG�IDFLOLWDWH�H[SORVLYH�VSDOOLQJ��'XH�WR�WKH�PRLVWXUH�VHDOLQJ�RI�

WKH�ODWHUDO�VXUIDFHV�ZLWK�KLJK�WHPSHUDWXUH�UHVLVWDQW�DOXPLQXP�WDSH��WKH�FXEHV�EHKDYH�VLPLODUO\�

WR�VDPSOHV�ZLWK�ODUJHU�GLPHQVLRQV�LQ�WKH�GLUHFWLRQ�SHUSHQGLFXODU�WR�WKH�KHDWLQJ�GLUHFWLRQ��7KH�

VDPH�+3&�PL[�GHVLJQ�DQG�YDSRU�LQVXODWLRQ�ZHUH�XVHG�LQ�D�QXPEHU�RI�VWXGLHV�RQ�PRLVWXUH�PRYH�

PHQW�LQ�FRQFUHWH�GXH�WR�RQH�VLGH�WKHUPDO�ORDGLQJ�>�����@��7KH�VLGHV�RI�WKH�FXEHV�ZHUH�LQ�DGGL�

WLRQ�WKHUPDOO\�LQVXODWHG�ZLWK����PP�WKLFN�OD\HUV�RI�IRDPHG�JODVV��
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���0HWKRGV�

����0HDVXUHPHQWV�RI�GHQVLW\�

7KH�VROLG�VNHOHWRQ�GHQVLW\�ZDV�REWDLQHG�IURP�WKH�VNHOHWRQ�YROXPH��GHWHUPLQHG�E\�KHOLXP�S\F�

QRPHWU\��$FFX3\F�,,�������0LFURPHULWLFV��86���7KH�EXON�GHQVLWLHV�ZHUH�GHWHUPLQHG�IURP�WKH�

PDVV�DQG�YROXPH�PHDVXUHG�E\�SRZGHU�S\FQRPHWU\��0LFURPHULWLFV��*HR3\F�������ZLWK�D�ORZ�

FRQILQLQJ�IRUFH�RI���1��FRUUHVSRQGLQJ�WR�a���N3D��WR�UHGXFH�H[FHVVLYH�FRPSUHVVLRQ�RI�WKH��ZHDN��

DHURJHOV�GXULQJ�WKH�PHDVXUHPHQW��

,Q�DGGLWLRQ��D�VHFRQG��LQGHSHQGHQW�HVWLPDWLRQ�RI�WKH�EXON�GHQVLW\�ZDV�REWDLQHG�E\�PHDVXULQJ�

WKH� PDVV� RI� WKH� SULVPDWLF� VSHFLPHQV� ����î����î�����PP��� LPPHGLDWHO\� EHIRUH� WKH� VWUHQJWK�

PHDVXUHPHQWV��VHH�VHFWLRQ�������

����;�UD\�PLFUR�WRPRJUDSK\�

;�UD\�PLFUR�WRPRJUDSK\�ZDV�SHUIRUPHG�DW�WKH�&HQWHU�IRU�;�UD\�$QDO\WLFV�DW�(PSD�ZLWK�D�FXV�

WRP�GHYHORSHG�LQVWUXPHQW�FRQVLVWLQJ�RI�D�3HUNLQ�(OPHU�;5'������&1��(6��IODW�SDQHO�;�UD\�

GHWHFWRU��3HUNLQ�(OPHU���ZLWK������î������SL[HOV�RI�SK\VLFDO�VL]H�S� ����� P�DQG�D�9,6&20�

;7�����7;'�;�UD\�VRXUFH��9LVFRP�$*���EDVHG�XSRQ�D��� P�WKLFN�WXQJVWHQ�WDUJHW�DQG�D�PLQ�

LPXP�IRFDO�VSRW�VL]H�RI�D�IHZ� P�IRU�WKH�HOHFWURQ�EHDP��

7KH�;�UD\�VRXUFH�YROWDJH�DQG�FXUUHQW�ZHUH����N9�DQG����� $��UHVSHFWLYHO\��7KH�WRPRJUDSKLF�

PHDVXUHPHQW�FRQVLVWHG� LQ�DFTXLULQJ������ UDGLRJUDSKV�DW�GLIIHUHQW� VDPSOH�RULHQWDWLRQ�DQJOHV�

EHWZHHQ����DQG�������7KH�JHRPHWULFDO�PDJQLILFDWLRQ�IDFWRU�� ��RI�WKH�PLFUR�WRPRJUDSK\�PHDV�

XUHPHQW�GHSHQGV�XSRQ� WKH�VRXUFH�WR�GHWHFWRU�GLVWDQFH�� �� DQG� WKH�VRXUFH�WR�VSHFLPHQ�GLV�

WDQFH�� �� DFFRUGLQJ� WR� WKH�HTXDWLRQ� �� ,Q�RXU� FDVH�� � ������PP��  ������PP��

WKXV� �������OHDGLQJ�WR�DQ�HIIHFWLYH�SL[HO�VL]H�IRU�WKH�UDGLRJUDSKV�DQG�HIIHFWLYH�YR[HO�VL]H�IRU�

WKH�WRPRJUDP� ���� P��WKLV�YDOXH�YDULHG�VOLJKWO\�DPRQJ�WKH�GLIIHUHQW�VDPSOHV���



���

$Q\�NLQG�RI�WRPRJUDSKLF�LPDJLQJ�PHWKRG�SURGXFHV��'�LPDJHV��XVXDOO\�FDOOHG�WRPRJUDPV��'H�

SHQGLQJ�RQ�WKH�W\SH�RI�SK\VLFDO�UDGLDWLRQ�XVHG�IRU�SHUIRUPLQJ�WRPRJUDSK\��WKH�WRPRJUDP�LV�D�

�'�VSDWLDO�GLVWULEXWLRQ�RI�D�SK\VLFDO�YDULDEOH��LQ�VKRUW��D�VFDODU�ILHOG���,Q�WKH�FDVH�RI�VWDQGDUG�;�

UD\�WRPRJUDSK\��DOVR�FDOOHG�;�UD\�DWWHQXDWLRQ�FRQWUDVW�WRPRJUDSK\��XVHG�LQ�WKLV�ZRUN���WKH�VFD�

ODU�ILHOG�LV�WKH�;�UD\�DWWHQXDWLRQ�FRHIILFLHQW� �RI�WKH�VSHFLPHQ��ZKLFK�LV�GLUHFWO\�SURSRUWLRQDO�WR�

WKH�YROXPHWULF�PDVV�GHQVLW\�� ��DQG�WR�D�SRZHU�RI�WKH�HIIHFWLYH�DWRPLF�QXPEHU��=HIIQ��ZLWK�Q�EHLQJ�

W\SLFDOO\�D�QXPEHU�EHWZHHQ���DQG���>��@��

$Q\�NLQG�RI� WRPRJUDP�LV�QRW�D�GLUHFW� LPDJH��PHDQLQJ�WKH�GLUHFW�RXWSXW�RI� WKH�PHDVXUHPHQW�

SURFHVV�LWVHOI��,W�LV�UDWKHU�WKH�UHVXOWV�RI�D�PDWKHPDWLFDO�UHFRQVWUXFWLRQ��REWDLQHG�ZLWK�D�WRPR�

JUDSKLF�UHFRQVWUXFWLRQ�DOJRULWKP��VWDUWLQJ�IURP�D�VHW�RI�UDZ��GLUHFW�LPDJHV��6XFK�LPDJHV�DUH��'��

SURMHFWLRQ�LPDJHV��XVXDOO\�FDOOHG�UDGLRJUDSKV�DQG�DFTXLUHG�DW�GLVWLQFW�DQJOHV��ZLWKLQ�������RI�

RULHQWDWLRQ�RI�WKH�VSHFLPHQ�DURXQG�LWV�YHUWLFDO�D[LV��)URP�VXFK�VHW�RI�SURMHFWLRQ�DW�GLVWLQFW�DQ�

JOHV��)RXULHU�WUDQVIRUP�RI�WKH�VFDODU�ILHOG�FDQ�EH�HVWLPDWHG��WKXV�WKH�DFWXDO�VFDODU�ILHOG�FDQ�EH�

ILQDOO\�VDPSOHG��RU�³UHFRQVWUXFWHG´��>��@��

,Q�RXU�VSHFLILF�FDVH��WKH�WRPRJUDSKLF�UHFRQVWUXFWLRQ�IURP�WKH�VHW�RI������UDGLRJUDSKV�ZDV�SHU�

IRUPHG�ZLWK� WKH� LPSOHPHQWDWLRQ�RI� VWDWH�RI�WKH�DUW� FRQH�EHDP�ILOWHUHG�EDFN�SURMHFWLRQ�DOJR�

ULWKP�>��@�LQ�WKH�2FWRSXV�5HFRQVWUXFWLRQ�VRIWZDUH�E\�;5(��KWWSV���[UH�EH���6XFK�DOJRULWKP�ZDV�

UXQ�ZLWK�VWDQGDUG�VHWWLQJV��ZLWKRXW�VSHFLDO�SUH�SURFHVVLQJ�RI�WKH�UDGLRJUDSKV��H�J���ZLWKRXW�QHHG�

RI�FRUUHFWLRQ�IRU�EHDP�KDUGHQLQJ�LQGXFHG�DUWLIDFWV��

����6FDQQLQJ�(OHFWURQ�0LFURVFRS\�

$�VDPSOH�RI�DHURJHO�PRUWDU�$HUR&���ZDV�GULHG�LQ�DQ�RYHQ�IRU���GD\V�DW�����&��$IWHUZDUGV��LW�

ZDV�LPSUHJQDWHG�ZLWK�HSR[\�UHVLQ�LQ�YDFXXP��ZLWKRXW�DSSO\LQJ�H[WHUQDO�SUHVVXUH��WR�SUHVHUYH�

WKH�VWUXFWXUH�RI�WKH�DHURJHOV���FXW��SROLVKHG�DQG�FDUERQ�FRDWHG��$�7KHUPR)LVKHU�6FLHQWLILF�)(,�

1RYD�1DQR6(0�����LQ�KLJK�YDFXXP�PRGH�ZDV�XVHG�IRU�LPDJLQJ����������î������7RUU��ZLWK�DQ�

DFFHOHUDWLRQ�YROWDJH�RI����N9��D�VSRW�VL]H�RI�����DQG�D�EHDP�FXUUHQW�RI����������$��$�4[IRUG�
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66'�GHWHFWRU�����PP���DQG�,1&$�(QHUJ\�VRIWZDUH�ZLWK�=$)�FRUUHFWLRQ�ZHUH�XVHG�IRU�HQHUJ\�

GLVSHUVLYH�;�UD\�VSHFWURVFRS\��('6��DQDO\VLV��

����%UXQDXHU�(PPHWW�7HOOHU��%(7��VSHFLILF�VXUIDFH�DUHD���

1��VRUSWLRQ�%(7�DQDO\VLV�LV�FRPPRQO\�XVHG�WR�HVWLPDWH�WKH�VXUIDFH�DUHD�DQG�WR�FKDUDFWHUL]H�WKH�

SRUH� VWUXFWXUH�RI�SRURXV�PDWHULDOV�� ,W� SUREHV� WKH� LQWHUDFWLRQ�EHWZHHQ�D�JDV�� H�J���1��� DQG�DQ�

DGVRUEHQW�DQG�LW�FDQ�PHDVXUH�VSHFLILF�VXUIDFH�DUHDV�GRZQ�WR������P��J���DQG�SRUH�GLDPHWHUV�LQ�

WKH�UDQJH�RI�����WR�����QP�>��@��:KHQ�DSSOLHG�WR�PRUWDUV�ZLWK�YDU\LQJ�DHURJHO�FRQWHQWV�EXW�

FRQVWDQW�FHPHQW�SDVWH�YROXPH��WKH�%(7�VXUIDFH�DUHD�LV�H[SHFWHG�WR�FRUUHODWH�ZLWK�WKH�DPRXQW�

RI�DHURJHOV�LQ�WKH�PRUWDUV��,Q�DGGLWLRQ��WKH�%(7�VXUIDFH�DUHD�PHDVXUHPHQWV�DUH�DOVR�HPSOR\HG�

KHUH�WR�YHULI\�ZKHWKHU�WKH�SRUH�VWUXFWXUH�RI�WKH�DHURJHOV�LQ�WKH�PRUWDUV�LV�LQWDFW��1LWURJHQ�DG�

VRUSWLRQ�DQG�GHVRUSWLRQ�LVRWKHUPV�DW�±�����&�ZHUH�PHDVXUHG�RQ�DQ�$6$3�����F�LQVWUXPHQW�

�0LFURPHULWLFV��86$��ZLWK����V�HTXLOLEUDWLRQ�WLPH��7KH�VSHFLILF�VXUIDFH�DUHD�RI�WKH�VDPSOHV�ZDV�

GHWHUPLQHG�E\�XVLQJ�WKH�%UXQDXHU±(PPHWW±7HOOHU��%(7��WKHRU\�HPSOR\LQJ�WKH�UDQJH�EHWZHHQ�

����DQG�����UHODWLYH�HTXLOLEULXP�SUHVVXUH�S�S���S�EHLQJ�WKH�DSSOLHG�SUHVVXUH�DQG�S��WKH�1��FRQ�

GHQVDWLRQ�SUHVVXUH�DW�WKH�PHDVXUHPHQW¶V�WHPSHUDWXUH��

����%HQGLQJ�DQG�FRPSUHVVLYH�VWUHQJWK�

%HQGLQJ�VWUHQJWK�DQG�FRPSUHVVLYH�VWUHQJWK�RI�WKH�DHURJHO�PRUWDUV�ZHUH�GHWHUPLQHG�IRU����DQG�

���GD\�DJHG�VSHFLPHQV��H[FHSW�IRU�$HUR&���DQG�$HUR&����ZKHUH��GXH�WR�ORJLVWLFV��WKH�ILUVW�PHDV�

XUHPHQW�DJH�ZDV�PRYHG�XS�LQ�WKH�VFKHGXOH�WR����DQG���GD\V��UHVSHFWLYHO\���

:KLOH�WKH�EHQGLQJ�VWUHQJWK�ZDV�PHDVXUHG�RQ�WKUHH�SULVPDWLF�VDPSOHV�����î����î�����PP���DW�

HDFK�DJH��WKH�FRPSUHVVLYH�VWUHQJWK�ZDV�PHDVXUHG�RQ�WKH�VL[�KDOI�SULVPV�WKDW�UHVXOWHG�IURP�WKH�

EHQGLQJ�WHVWV��7KH�SURFHGXUH�IRU�VWUHQJWK�PHDVXUHPHQWV�ZDV�EDVHG�RQ�WKH�(XURSHDQ�VWDQGDUG�

(1��������
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����7KHUPDO�FRQGXFWLYLW\�

7KH�WKHUPDO�FRQGXFWLYLW\�ZDV�PHDVXUHG�RQ���GLIIHUHQW�GHYLFHV��WKH�VPDOOHU�F\OLQGULFDO�DHURJHO�

FHPHQW�PRUWDU�VDPSOHV������PP�î����PP��ZHUH�PHDVXUHG�RQ�D�FXVWRP�EXLOW�JXDUGHG�KRW�SODWH�

GHYLFH��JXDUGHG�]RQH�����î����PP���PHDVXULQJ�]RQH�����î���PP���ZLWK�D�����&�WHPSHUDWXUH�

GLIIHUHQFH��ZKLFK�ZDV�RULJLQDOO\�GHVLJQHG�IRU�VPDOO�VDPSOHV�RI�ORZ�WKHUPDO�FRQGXFWLYLW\�PDWH�

ULDOV�>��@��,Q�RUGHU�WR�EH�FRQVLVWHQW�ZLWK�PHDVXUHPHQWV�DFFRUGLQJ�WR�WKH�(XURSHDQ�6WDQGDUGV�(1�

�������FDOLEUDWLRQ�PHDVXUHPHQWV�ZHUH�FDUULHG�RXW�XVLQJ�FRQYHQWLRQDO�H[SDQGHG�SRO\VW\UHQH�

VDPSOHV�PHDVXUHG�RQFH�LQ�D�����î�����PP��FDOLEUDWHG�DQG�YDOLGDWHG�WHVWLQJ�HTXLSPHQW��7KH�

VPDOO�JXDUGHG�KRW�SODWH�PHDVXUHPHQW�GDWD�ZDV�WKHQ�FDOLEUDWHG�XVLQJ�WKHVH�NQRZQ�VWDQGDUGV��

1RWH� WKDW� D�KLJK�PHDVXUHPHQW�XQFHUWDLQW\� ������ LV� H[SHFWHG� IRU� WKH�DHURJHO�FHPHQW�PRUWDU�

VDPSOHV�ZLWK�UHODWLYHO\�KLJK�WKHUPDO�FRQGXFWLYLW\�LQ�WKH�UDQJH�RI���������:��P�.���

7KH�SODLQ�FRQFUHWH�VDPSOH������î�����î����PP���ZDV�UHFRUGHG�RQ�D�KHDW�IORZ�PHWHU��+)0��

DFFRUGLQJ�WR�,62�������������ZLWK����XQFHUWDLQW\��,Q�WKLV�FDVH��WKH�VPDOO�XQFHUWDLQW\�LV�GXH�WR�

WKH�SUHFLVH�VXUIDFH�WHPSHUDWXUH�PHDVXUHPHQW�RI�WKH�DWWDFKHG�WKHUPRFRXSOHV�RQ�WKH�VXUIDFH�RI�

WKH�VDPSOH��

����(YDOXDWLRQ�RI�H[SORVLYH�VSDOOLQJ�

7KHUPDO� ORDGLQJ�ZDV�SHUIRUPHG� IURP�RQH� VLGH�RI� WKH� VSHFLPHQV� �FRUUHVSRQGLQJ� WR� WKH� VLGH�

FRDWHG�ZLWK�DHURJHO�PRUWDU��H[FHSW�IRU�WKH�FDVH�RI�WKH�UHIHUHQFH��XQFRDWHG�+3&��XVLQJ�D�KHDWLQJ�

SODWH�>��@��7KH�KHDWLQJ�SURFHVV�VWDUWHG�IURP�URRP�WHPSHUDWXUH�DQG�WKH�WHPSHUDWXUH�RI�WKH�SODWH�

ZDV�LQFUHDVHG�XQLIRUPO\�XS�WR�D�PD[LPXP�WHPSHUDWXUH�RI������&�ZLWKLQ�DERXW����PLQXWHV��7KH�

PD[LPXP�WHPSHUDWXUH�ZDV�NHSW�IRU���KRXUV��IROORZHG�E\�IUHH�FRROLQJ�GRZQ�RQ�WKH�KHDWLQJ�SODWH�

LQ�DPELHQW�DLU��7KH�RXWFRPH�RI�WKLV�WHVW�ZDV�HYDOXDWHG�RQO\�TXDOLWDWLYHO\��DV�HLWKHU�³VSDOOLQJ´�RU�

³QR�VSDOOLQJ´��

7KH� DLP�RI� WKH�KLJK�WHPSHUDWXUH� VSDOOLQJ� WHVWV�ZDV� WR�JLYH� D�SUHOLPLQDU\� DVVHVVPHQW�RI� WKH�

SRWHQWLDO�RI� WKHVH�DHURJHO�PRUWDUV� WR�SURWHFW�FRQFUHWH� IURP�VSDOOLQJ�GXULQJ�KLJK� WHPSHUDWXUH�



���

H[SRVXUH��:KLOH�ERWK�WKH�PD[LPXP�WHPSHUDWXUH�UHDFKHG�DQG�WKH�KHDWLQJ�UDWH�DUH�ORZHU�WKDQ�

PLJKW�EH�HQFRXQWHUHG�DW� WKH�VXUIDFH�RI�FRQFUHWH�GLUHFWO\�H[SRVHG�WR�WXQQHO�ILUHV��DW�D�FHUWDLQ�

GLVWDQFH�IURP�WKH�ILUH�WKHUH�ZLOO�EH�ORFDWLRQV�ZKHUH�WKH�VXUIDFH�ZLOO�KHDW�XS�DW�VORZHU�UDWH�DQG�

UHDFK�ORZHU�ILQDO�WHPSHUDWXUHV��

���5HVXOWV�DQG�GLVFXVVLRQ�

�����'LVWULEXWLRQ�RI�DHURJHO�JUDQXOHV�DQG�PDFURSRURVLW\�RI�PRUWDUV�

7KH�DHURJHO�JUDQXOHV�FRXOG�EH�HDVLO\�PL[HG�ZLWK�FHPHQW�EHIRUH�DQG�DIWHU�DGGLQJ�ZDWHU��ZKLFK�

LV�FRQVLVWHQW�ZLWK�UHSRUWV�LQ�WKH�OLWHUDWXUH��H�J���>��@���7R�DVVHVV�ZKHWKHU�WKH�DHURJHO�SDUWLFOHV�

UHPDLQHG�LQWDFW�GXULQJ�PRUWDU�PL[LQJ�DQG�ZKHWKHU�WKH\�ZHUH�KRPRJHQRXVO\�GLVWULEXWHG�LQ�WKH�

KDUGHQHG�PRUWDUV��;�UD\�PLFUR�WRPRJUDSK\�ZDV�HPSOR\HG��UHVXOWV�VKRZQ�LQ�)LJV����DQG�����



���

)LJXUH�����'�GLJLWDO�FURVV�VHFWLRQV��RUWKR�VOLFHV��IURP�WKH�;�UD\�WRPRJUDP���'�LPDJH��RI�HDFK�

DHURJHO�PRUWDU�VSHFLPHQ��D��UHIHUHQFH�PRUWDU��ZLWKRXW�DHURJHO�JUDQXOHV��E��$HUR&����F��$HUR&�

���G��$HUR&����H��$HUR&����9R[HO�VL]H� ����� P������ P������ P������ P�DQG����� P�IRU�WKH�

UHVSHFWLYH�VSHFLPHQV��



���

)LJXUH����0XWXDOO\�RUWKRJRQDO��'�GLJLWDO�FURVV�VHFWLRQV��VOLFHV��RI�WKH�;�UD\�WRPRJUDP�RI�WKH�

$HUR&��VSHFLPHQ�

)LJXUH����SDUWV�D�WR�H��VKRZV��'�GLJLWDO�FURVV�VHFWLRQV��VOLFHV��RI�WKH�;�UD\�WRPRJUDPV�RI�DHURJHO�

PRUWDU�VSHFLPHQV�ZLWK�GLIIHUHQW�DPRXQWV�RI�DHURJHOV��VHH�7DEOH���IRU�WKH�PL[WXUH�FRPSRVLWLRQV���

7KH�YR[HO�YDOXH�LQ�VXFK�WRPRJUDPV���'�LPDJHV��LV�SRVLWLYHO\�FRUUHODWHG�ZLWK�WKH�;�UD\�OLQHDU�

DWWHQXDWLRQ�FRHIILFLHQW��ZKLFK�LWVHOI�LV�GLUHFWO\�SURSRUWLRQDO�WR�WKH�HOHFWURQ�GHQVLW\� �DQG�WR�D�

SRZHU�RI�WKH�DWRPLF�QXPEHU� ��%ULJKWHU�YR[HO�YDOXHV�LQ�WKH�LPDJHV�LQ�)LJ����PHDQ�KLJKHU�;�

UD\�DWWHQXDWLRQ�GXH�HLWKHU�WR�KLJKHU�ORFDO�GHQVLW\�RU�WR�WKH�SUHVHQFH�RI�KLJKHU� �HOHPHQWV�RU�WR�

D�FRPELQDWLRQ�RI�WKH�WZR��

7KH�LQFUHDVLQJ�YROXPH�RI�DHURJHOV�LQFRUSRUDWHG�LQWR�WKH�PRUWDUV�LV�FOHDUO\�YLVLEOH�DOUHDG\�LQ�WKH�

WRPRJUDSKLF�VOLFHV��)LJXUH���VKRZV�WKUHH�PXWXDOO\�RUWKRJRQDO�VOLFHV�RI�WKH�;�UD\�WRPRJUDP�RI�

DQ�$HUR&��VSHFLPHQ��WKH�VDPH�IURP�ZKLFK�WKH�VOLFH�LQ�)LJ���'�ZDV�REWDLQHG��,Q�WKLV��'�YLHZ��

WKH�VSDWLDO�GLVWULEXWLRQ�RI�SRUHV��ODUJH�DQG�VPDOO��LV�HYHQ�PRUH�HYLGHQW��SRLQWLQJ�WR�D�FHOOXODU�

�IRDP�OLNH�VWUXFWXUH�RI�WKH�VSHFLPHQ�DW�WKDW�SDUWLFXODU�DHURJHO�ORDGLQJ��:KLOH�WKH�SRURVLW\�YDULHG�

FRQVLGHUDEO\�RYHU�WKH�GLIIHUHQW�UHJLRQV�ZLWKLQ�WKH�H[DPLQHG�VDPSOHV��WKH�JOREDO�PDFURSRURVLW\�



���

�FRPSULVLQJ�DHURJHO�SDUWLFOHV�DQG�DLU�YRLGV���DV�HVWLPDWHG�IURP�WKH��'�LPDJH�DQDO\VLV�RI�WKH�;�

UD\�WRPRJUDPV��ZDV�IRXQG�WR�EH�LQ�PRVW�FDVHV�LQ�JRRG�DJUHHPHQW�ZLWK�WKH�WKHRUHWLFDO�YDOXHV�

FDOFXODWHG�RQ�WKH�EDVLV�RI�WKH�PL[WXUH�FRPSRVLWLRQV�RI�WKH�PRUWDUV��VHH�7DEOH�����7KH�GLIIHUHQFHV��

QHYHU�ODUJHU�WKDQ����DEVROXWH�SRURVLW\��PD\�EH�GXH�WR�WKH�REVHUYHG�LQKRPRJHQRXV�GLVWULEXWLRQ�

RI�WKH�DHURJHO�SDUWLFOHV�ZLWKLQ�WKH�VPDOO�PRUWDU�YROXPHV�WKDW�ZHUH�PHDVXUHG�E\�;�UD\�PLFUR�

WRPRJUDSK\��$�EHWWHU�DJUHHPHQW��DOEHLW�DW�WKH�FRVW�RI�VSDWLDO�UHVROXWLRQ��PD\�KDYH�EHHQ�REWDLQHG�

E\�LPDJLQJ�ODUJHU�PRUWDU�VDPSOHV��

:KLOH�WKH�JRRG�DJUHHPHQW�EHWZHHQ�WKH�SRURVLW\�RI�WKH�PRUWDUV�PHDVXUHG�E\�;�UD\�PLFUR�WR�

PRJUDSK\�DQG�WKH�FDOFXODWHG�YDOXHV�VKRZQ�LQ�7DEOH���LQGLFDWHV�WKDW�QR�PDMRU�FUXVKLQJ�RI�WKH�

DHURJHOV�GXULQJ�PL[LQJ�WRRN�SODFH��VRPH�GHJUHH�RI�IUDJPHQWDWLRQ�RI�WKH�RULJLQDO�DHURJHO�JUDQ�

XOHV�FDQQRW�EH�H[FOXGHG�EDVHG�RQ�YROXPHWULF�FRQVLGHUDWLRQV�DORQH��

7DEOH����&DOFXODWHG�DQG�PHDVXUHG�PDFURSRURVLWLHV��LQFOXGLQJ�DHURJHO�SDUWLFOHV��RI�WKH�DHURJHO�

PRUWDUV�LQ���E\�YROXPH�RI�WKH�ZKROH�PRUWDU��

6DPSOH� &DOFXODWHG�� 7RPRJUDSK\�

5HI&� ����� ����

$HUR&��� ����� �����

$HUR&��� ����� �����

$HUR&��� ����� �����

$HUR&��� ����� �����

$HUR&��� ����� 1�$��

����YRO����RI�DLU�YRLGV�ZDV�DVVXPHG�RQO\�IRU�5HI&�

�����'HQVLW\�RI�WKH�DHURJHO�PRUWDUV�

7KH�GHQVLW\�RI�WKH�PRUWDUV��PHDVXUHG�ERWK�E\�S\FQRPHWU\�DQG�E\�PDVV�DQG�YROXPH�PHDVXUH�

PHQWV�RQ�PDFURVFRSLF�VDPSOHV��VHH�6HFWLRQ�������LV�VKRZQ�WRJHWKHU�ZLWK�FDOFXODWLRQV�EDVHG�RQ�



���

WKH�PL[WXUH�FRPSRVLWLRQV�RI�WKH�PRUWDUV��7KH�GHQVLW\�YDOXHV�REWDLQHG�IURP�WKH�EXON�VDPSOHV�

DUH�ZLWKLQ������RI�WKH�GHQVLWLHV�FDOFXODWHG�EDVHG�RQ�WKH�PL[WXUH�FRPSRVLWLRQV��H[FHSW�IRU�$HUR&�

��ZKHUH�WKH�FDOFXODWHG�GHQVLW\�LV�DERXW����ORZHU��7KH�FDOFXODWLRQV�DVVXPH�WKDW�WKH�PRUWDUV�ZLWK�

DHURJHOV�FRQWDLQHG�QR�ODUJH�DLU�YRLGV��VHH�>��@��DQG�WKH\�GR�QRW�WDNH�LQWR�DFFRXQW�WKDW�WKH�PRUWDUV�

ZHUH�FXUHG�LQ�D�URRP�DW�KLJK�5+�DQG�PD\�KDYH�H[SHULHQFHG�OLPLWHG�PDVV��L�H��PRLVWXUH��XSWDNH�

GXULQJ�FXULQJ��7KH�UHVXOWV�IURP�S\FQRPHWU\�ZHUH�DOPRVW�DOZD\V�KLJKHU�DQG�JHQHUDOO\�VXIIHUHG�

IURP�KLJKHU�VFDWWHU��SRVVLEO\�GXH�WR�WKH�VPDOO�VDPSOH�VL]HV�WKDW�ZHUH�H[DPLQHG�

7DEOH����&DOFXODWHG� �EDVHG�RQ�PL[�FRPSRVLWLRQ��VHH�7DEOH����DQG�PHDVXUHG�GHQVLWLHV�RI� WKH�

DHURJHO�PRUWDUV�LQ�NJ�P���7KH�YDOXHV�EHWZHHQ�EUDFNHWV�DUH�WKH�VWDQGDUG�GHYLDWLRQV��ZKHQ�DS�

SOLFDEOH���

6DPSOH� &DOFXODWHG�� %XON�VDPSOHV� 3\FQRPHWU\�

5HI&� ������ �������� ���������

$HUR&��� ����� ��������� ���������

$HUR&��� ����� ��������� ���������

$HUR&��� ����� ��������� ��������

$HUR&��� ������ ���������� ����������

$HUR&��� ������ ���������� ����������

�����RI�DLU�ZDV�DVVXPHG�RQO\�IRU�5HI&�

�����6(0�LQYHVWLJDWLRQ�

7KH�PLFURVWUXFWXUH�RI�WKH�DHURJHO�PRUWDU�ZDV�LQYHVWLJDWHG�E\�6(0�DQDO\VLV��$�W\SLFDO�VDPSOH�

�$HUR&����FOHDUO\�VKRZV�DHURJHO�SDUWLFOHV�HPEHGGHG�LQ�WKH�FHPHQW�SDVWH�PDWUL[��)LJ������7KH�

LQGLYLGXDO�DHURJHO�SDUWLFOHV�DUH�FOHDUO\�GLVWLQJXLVKDEOH�IURP�ERWK��WKH�FHPHQW�SDVWH�DQG�WKH�FDY�

LWLHV��ILOOHG�ZLWK�HSR[\�DIWHU�LPSUHJQDWLRQ���ZKLFK�DSSHDU�EHWZHHQ�WKH�DHURJHO�SDUWLFOHV�DQG�WKH�

FHPHQWLWLRXV�SDVWH��$ORQJ�WKH�ZDOOV�RI�WKH�YRLGV��VLQJOH�RU�PXOWLSOH�OD\HUV�RI�UHDFWLRQ�SURGXFW�



���

PDWHULDO�DUH�UHFRJQL]DEOH��7\SLFDOO\��GLIIHUHQW�OD\HUV�DW�WKH�LQWHUIDFH�EHWZHHQ�DHURJHO�SDUWLFOH�

DQG�FHPHQW�PDWUL[�DUH�FOHDUO\�LGHQWLILHG�DQG�VKRZ�VRPH�YDULDWLRQ�LQ�WKH�EDFNVFDWWHU�LQWHQVLW\�LQ�

6(0��ZKLFK�LV�UHODWHG�WR�DWRPLF�QXPEHU�DQG�GHQVLW\���7KH�EDFNVFDWWHU�LQWHQVLW\�LV�KLJKHU�LQ�

GLUHFW�FRQWDFW�WR�WKH�FHPHQW�SDVWH�DQG�RQ�WKH�LQQHU�VLGH�RI�WKH�ZDOO��VXJJHVWLQJ�DW�OHDVW�D�SDUWLDO�

GLVVROXWLRQ�RI�WKH�RULJLQDO�VLOLFD�DHURJHO��)LJ������7KLV�LV�IXUWKHU�VXSSRUWHG�E\�WKH�SUHVHQFH�RI�

GDUN�YRLGV��ILOOHG�ZLWK�HSR[\���ZKHUH�SUHVXPDEO\�WKH�VLOLFD�DHURJHO�KDV�EHHQ�FRPSOHWHO\�GLV�

VROYHG��(';�DQDO\VLV�SHUIRUPHG�RQ�WKH�LQWHUIDFLDO�UHJLRQ�LQGHHG�VKRZV�WKDW�WKH�VLOLFD�RI�WKH�

DHURJHO�SDUWLFOH�UHDFWHG�ZLWK�WKH�SRUH�VROXWLRQ�RI�WKH�PRUWDU��IRUPLQJ�D�ORZ�&D�6L�UDWLR�FDOFLXP�

VLOLFDWH�K\GUDWH��&�6�+��LQWHUIDFLDO�OD\HU��ZLWK�DOXPLQXP�DQG�DONDOLV�DV�PLQRU�FRQVWLWXHQWV��7KH�

LQFUHDVHG�EDFNVFDWWHULQJ�LQWHQVLW\�LV�WKH�UHVXOW�RI�DQ�LQFUHDVHG�DWRPLF�&D�6L�UDWLR��)LJ������

)LJ����VKRZV�D�]RRP�RQ�D�GLIIHUHQW�UHDFWLYH�LQWHUIDFH�ZKHUH�WZR�GLVWLQFW�PRUSKRORJLHV�DUH�YLV�

LEOH��LQ�SDUWLFXODU�D�GHQVH�&�6�+�JHO�OD\HU�DQG�D�UDWKHU�SRURXV�VWUXFWXUH��7KLV�ODWWHU�VWUXFWXUH�

PD\�VWHP�IURP�D�SDUWLDOO\�FROODSVHG�DHURJHO�OD\HU��ZKLFK�PD\�KDYH�GHODPLQDWHG�IURP�LWV�SDUHQW�

SDUWLFOH�RU�WKH�UHVW�RI�WKH�SDUHQW�SDUWLFOH�PD\�KDYH�EHHQ�ORVW�GXULQJ�6(0�VDPSOH�SUHSDUDWLRQ��

%\�H[DPLQLQJ�WKH�SUHVHUYHG�VWUXFWXUH�RI�WKLV�SRURXV�UHDFWLRQ�SURGXFW�OD\HU��WKH�XELTXLWRXV�SUHV�

HQFH�RI�FDOFLXP�FRQILUPV�WKH�UHDFWLRQ�EHWZHHQ�WKH�RULJLQDO�VLOLFD�DHURJHO�DQG�WKH�PRUWDU
V�SRUH�

VROXWLRQ��)LJ������+RZHYHU��WKH�H[WHQW�RI�WKH�UHDFWLRQ�YDULHV�IURP�SDUWLFOH�WR�SDUWLFOH�DQG�DOVR�

ORFDOO\�DQG�KHQFH�FDQQRW�EH�TXDQWLILHG�LQ�WKLV�ZRUN��



���

)LJXUH����0LFURVWUXFWXUH�RI� WKH�$HUR&���VDPSOH� LPDJHG�E\�%6(�6(0�� LQ�ZKLFK� WKH�DHURJHO�

SDUWLFOHV�DUH� UHFRJQL]DEOH�DV�GDUNHU�JUD\� LQFOXVLRQV� HPEHGGHG� LQ� WKH� FHPHQW�SDVWH� �OLJKWHU�

VKDGH�RI�JUD\��ZLWK�XQK\GUDWHG�FHPHQW�LQ�ZKLWH���

)LJXUH����,QWHUIDFH�EHWZHHQ�DHURJHO�SDUWLFOH�DQG�FHPHQW�SDVWH�REVHUYHG�LQ�WKH�$HUR&���VDPSOH��

7KH�PDUNHG�(';� OLQH� VFDQ�PDUNV� WKH� WKLFNQHVV�RI� WKH� UHDFWHG�SURGXFW�SKDVH��7KH�GDWD�DUH�

SUHVHQWHG�LQ�)LJXUH���



���

)LJXUH����&D�6L�UDWLR�DFURVV�D�UHDFWHG�SURGXFW�SKDVH�LQ�WKH�$HUR&���VDPSOH�UHSUHVHQWLQJ�WKH�

LQWHUIDFH�EHWZHHQ�WKH�DHURJHO�SDUWLFOH�DQG�WKH�FHPHQW�SDVWH��DV�LQGLFDWHG�LQ�)LJXUH����&RQWDFW�

WR�WKH�FHPHQW�SDVWH�LV�DW�D�GLVWDQFH�RI�]HUR��

)LJXUH����6(0�LPDJH�LQ�WKH�$HUR&���VDPSOH�VKRZLQJ�D�PXOWLOD\HU�&�6�+�UHDFWLRQ�SURGXFW�SKDVH�

VWHPPLQJ�IURP�WKH�SDUWLDO�GLVVROXWLRQ�RI�DQ�DHURJHO�SDUWLFOH�ZLWK�GHQVH�DQG�SRURXV�OD\HUV��7KH�

PDUNHG�(';�OLQH�VFDQ�LV�SUHVHQWHG�LQ�)LJXUH���
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)LJXUH����&D�6L�UDWLR�IURP�WKH�FHPHQW�SDVWH��OHIW�XS�WR�D�GLVWDQFH�RI����P��DFURVV�WKH�PXOWLOD\HU�

UHDFWLRQ�SURGXFW�SKDVH�LQ�WKH�$HUR&���VDPSOH��7KH�ORFDWLRQ�RI�WKH�VFDQ�LV�LQGLFDWHG�LQ�)LJXUH�

���

7KH�UHVXOWV�SUHVHQWHG�LQ�)LJXUHV�����VXJJHVW�WKDW�WKH�VLOLFD�DHURJHO�SDUWLFOHV�DUH�SDUWLDOO\�GLV�

VROYLQJ�LQ�WKH�DONDOLQH�HQYLURQPHQW�SURYLGHG�E\�WKH�K\GUDWLRQ�RI�WKH�FHPHQW�FOLQNHU�LQ�WKH�PRU�

WDU��7KH�UHDFWLRQ�EHWZHHQ�WKH�SRUH�VROXWLRQ�DQG�WKH�DHURJHO�SDUWLFOHV�OHDGV�WR�WKH�IRUPDWLRQ�RI�

&�6�+�ZLWK�D�JHQHUDOO\� ORZ�&D�6L�UDWLR�� UDQJLQJ� IURP����� WR������+LJKHU�&D�6L�UDWLRV� LQ� WKH�

UHDFWLRQ�SURGXFW�OD\HU��)LJXUH����ZHUH�REVHUYHG�LQ�GLUHFW�FRQWDFW�ZLWK�WKH�FHPHQW�SDVWH��+RZ�

HYHU��FDOFLXP�ZDV�DOVR�SUHVHQW�LQ�WKH�SRURXV�UHDFWLRQ�SURGXFW�OD\HU�IXUWKHU�DZD\�IURP�WKH�LQWHU�

IDFH��$V�D�UHVXOW�RI�WKH�FKHPLFDO�UHDFWLRQ�EHWZHHQ�VLOLFD�DQG�SRUH�VROXWLRQ��SDUW�RI�WKH�PHVRSR�

URXV�VLOLFD�DHURJHO�SKDVH�VHHPV�WR�FRQYHUW�WR�&D�6L�JHO��

����%(7�VSHFLILF�VXUIDFH�DUHD�

7KH�VSHFLILF�VXUIDFH�DUHD�REWDLQHG�IURP�%(7�LV�GLVSOD\HG�LQ�)LJXUH���� LQ�ZKLFK�WKH�DYHUDJH�

YDOXHV�DQG� WKH� VWDQGDUG�GHYLDWLRQ�RI� WZR�PHDVXUHPHQWV�DUH� VKRZQ��:KLOH� WKH� VFDWWHU�RI� WKH�

PHDVXUHPHQWV�LV�KLJK��LW�LV�UHPDUNHG�WKDW�WKH�KLJKHVW�YDOXHV�IRU�ERWK�YROXPH�DQG�VXUIDFH�DUHD�

ZHUH�IRXQG�LQ�WKH�PRUWDUV�ZLWK�WKH�KLJKHVW�DPRXQWV�RI�DHURJHO��,I�RQH�VXSSRVHV�WKDW�WKH�DHURJHO�
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SKDVH�DQG�ZLWK�LW�WKH�VXUIDFH�DUHD�RI�WKH�DHURJHOV��PHDVXUHG�VHSDUDWHO\�DV�����P��J��ZHUH�WR�

UHPDLQ�FRPSOHWHO\�LQWDFW�LQ�WKH�PRUWDU�VDPSOHV��QHJOHFWLQJ�WKH�UHDFWLRQ�ZLWK�WKH�SRUH�VROXWLRQ�

WKDW�ZDV�GLVFXVVHG�DERYH��DQG�WKDW�WKH�VDQG�KDV�QHJOLJLEOH�FRQWULEXWLRQ�WR�WKH�%(7�VXUIDFH��RQH�

FDQ�HVWLPDWH�WKH�%(7�VXUIDFH�DUHD�RI�WKH�PRUWDUV�DV�D�ZHLJKWHG�DYHUDJH�RI�WKH�VXUIDFH�DUHD�RI�

WKH�DHURJHO�DQG�WKH�FHPHQW�SDVWH��UHVSHFWLYHO\��VHH�GDVKHG�OLQH�LQ�)LJXUH�����)RU�WKLV�FDOFXODWLRQ��

WKH�FRQWULEXWLRQ�RI�WKH�FHPHQW�SDVWH�ZDV�REWDLQHG�EDVHG�RQ�WKH�H[SHULPHQWDO�UHVXOWV�RI�WKH�UHI�

HUHQFH�PRUWDU�ZLWKRXW�DHURJHOV�DV����P��J��ZKLFK� LV�ZLWKLQ� WKH�UDQJH�RI�YDOXHV�UHSRUWHG�IRU�

3RUWODQG�FHPHQW�SDVWHV�>������@��$OEHLW�WKH�%(7�VXUIDFH�DUHD�KDV�EHHQ�VKRZQ�WR�YDU\�ZLGHO\�

GHSHQGLQJ�RQ�WKH�SRURVLW\�RI�FHPHQW�SDVWHV�>��@��WKH�GU\LQJ�FRQGLWLRQV�DQG�WKH�PHDVXUHPHQW�

SURWRFRO�>������@��LQ�WKLV�FDVH�WKH�DHURJHO�SKDVH�LV�WKH�PDLQ�FRQWULEXWRU�WR�WKH�PHDVXUHG�VXUIDFH�

DUHD��FRPSDUH�WKH�EOXH�DQG�WKH�UHG�OLQH�LQ�)LJXUH�����GHVSLWH�WKH�UHODWLYHO\�VPDOO�PDVV�ORDGLQJV��

$V�HYLGHQW�IURP�)LJXUH����WKH�FDOFXODWHG�%(7�VXUIDFH��GDVKHG�UHG�OLQH��PDWFKHV�WKH�PHDVXUHG�

RQHV�ZLWKLQ�WKH�H[SHULPHQWDO�HUURU��$OWKRXJK�WKH�IRUPDWLRQ�RI�D�&D�6L�JHO�RI�KLJK�VXUIDFH�DUHD�

>��@�DORQJ� WKH�DHURJHO�FHPHQW�SDVWH� LQWHUIDFH�FRXOG�DIIHFW� WKH� UHVXOWV�� LWV�FRQWULEXWLRQ� WR� WKH�

VXUIDFH�DUHD�LV�H[SHFWHG�WR�EH�PLQRU��,QGHHG��WKH�%(7�UHVXOWV�FRQILUP�WKDW�WKH�PDMRULW\�RI�WKH�

DHURJHO�SKDVH�UHPDLQV�LQWDFW�ZLWKLQ�WKH�DHURJHO�PRUWDUV�H[DPLQHG�LQ�WKLV�VWXG\���



���

)LJXUH����%(7�VSHFLILF�VXUIDFH�DUHD�RI�DHURJHO�PRUWDUV�ZLWK�GLIIHUHQW�DPRXQWV�RI�VLOLFD�DHURJHOV��

SORWWHG�DJDLQVW�WKHLU�FDOFXODWHG�SRURVLW\��VHH�7DEOH�����7KH�GDWD�SRLQWV�VKRZ�H[SHULPHQWV�ZLWK�

VWDQGDUG�GHYLDWLRQ�IURP�WZR�UHSHWLWLRQV��ZKLOH�WKH�GDVKHG�UHG�OLQH�VKRZV�FDOFXODWLRQV�DFFRUGLQJ�

WR�D�PL[WXUH�UXOH��VHH�WH[W�IRU�GHWDLOV���7KH�ORZHU�EOXH�OLQH�VKRZV�WKH�FRQWULEXWLRQ�RI�WKH�FHPHQW�

SDVWH�RQO\��

�����0HFKDQLFDO�SURSHUWLHV�RI�WKH�DHURJHO�PRUWDUV�

$OO�WKH�IOH[XUDO�DQG�FRPSUHVVLYH�VWUHQJWK�UHVXOWV��LQFOXGLQJ�WKH�UHVSHFWLYH�GLIIHUHQW�FXULQJ�DJHV��

DUH�UHSRUWHG�LQ�7DEOH����:KLOH�VRPH�VWUHQJWK�LQFUHDVH�EHWZHHQ����DQG����GD\V�ZDV�PHDVXUHG�LQ�

WKH�UHIHUHQFH�PRUWDU��WKH�HIIHFW�RI�FXULQJ�DJH�EHFRPHV�ORZHU�DV�WKH�VWUHQJWK�GHFOLQHV�DQG�WKH�

VFDWWHU�LQFUHDVHV�ZLWK�DHURJHO�DPRXQW��

)LJXUH���VKRZV�SORWV�RI�WKH�EHQGLQJ�DQG�FRPSUHVVLYH�VWUHQJWK�DIWHU����GD\V�FXULQJ�DV�IXQFWLRQV�

RI�WKH�SRURVLW\��L�H���WKH�VXP�RI�WKH�DLU�YRLGV�DQG�WKH�DHURJHO�YROXPH�FDOFXODWHG�IURP�WKH�PL[WXUH�

FRPSRVLWLRQ��VHH�ILUVW�FROXPQ�LQ�7DEOH�����$�JRRG�ILW�RI�ERWK�WKH�IOH[XUDO�DQG�WKH�FRPSUHVVLYH�
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VWUHQJWK��5��RI�������DQG��������UHVSHFWLYHO\��FDQ�EH�REWDLQHG�ZLWK�WKH�IROORZLQJ�VLPSOH�UHOD�

WLRQVKLS��RULJLQDOO\�E\�%DOVKLQ�>��@���RIWHQ�DSSOLHG�IRU�FHPHQWLWLRXV�PDWHULDOV�DQG�LQ�SDUWLFXODU�

IRU�FHOOXODU�FRQFUHWH��VHH�H�J���>�����@���

ͳ ��������������������������������������������

ZKHUH�I�>03D@�LV�WKH�VWUHQJWK��I��>03D@�LV�WKH�VWUHQJWK�DW�]HUR�SRURVLW\��XVXDOO\�HVWLPDWHG�E\�

UHJUHVVLRQ���S�>�@�LV�WKH�SRURVLW\�DQG�Q�>�@�LV�DQ�H[SRQHQW�WKDW�LV�XVXDOO\�EHWZHHQ���DQG���IRU�

FHPHQWLWLRXV�PDWHULDOV��,Q�WKLV�VSHFLILF�FDVH��WKH�EHVW�ILW�ZDV�IRXQG�ZLWK�QE� �����IRU�WKH�IOH[XUDO�

VWUHQJWK�DQG�QF� �����IRU�WKH�FRPSUHVVLYH�VWUHQJWK��

,W�LV�QRWHG�WKDW�WKH�FRPSUHVVLYH�VWUHQJWK�RI�WKH�DHURJHO�PRUWDUV�DSSHDUV�WR�EH�ORZHU�WKDQ�WKDW�RI�

FHOOXODU�FRQFUHWHV�RI�FRPSDUDEOH�GHQVLW\��)RU�H[DPSOH��IRU�D�GU\�GHQVLW\�RI�DERXW�����NJ�P���

FRPSDUDEOH�WR�WKDW�RI�$HUR&����FRPSUHVVLYH�VWUHQJWKV�RI���������03D�DUH�UHSRUWHG�LQ�>��@��$W�

WKH�RWKHU�HQG��IRU�D�GHQVLW\�RI�DERXW������NJ�P���FRPSDUDEOH�WR�WKDW�RI�$HUR&����FRPSUHVVLYH�

VWUHQJWKV� DURXQG�������03D�ZHUH�PHDVXUHG� LQ� >��@��%LQJ� HW� DO�� >��@� DFKLHYHG� FRPSUHVVLYH�

VWUHQJWKV�RI����03D�DQG�KLJKHU�ZLWK�IRDP�YROXPHV�RI�DW�OHDVW�����DQG�GHQVLWLHV�EHWZHHQ������

DQG������NJ�P���ZKLFK�FRUUHVSRQGV�WR�WKH�GHQVLW\�UDQJH�FRYHULQJ�$HUR&���DQG�$HUR&���LQ�WKH�

SUHVHQW�VWXG\���

'HVSLWH�WKHLU�YHU\�ORZ�VWUHQJWK�FRPSDUHG�WR�WKH�UHIHUHQFH�FRQFUHWH��DQG�DOVR�ORZHU�VWUHQJWK�WKDQ�

FHOOXODU�FRQFUHWH�RI�VLPLODU�GHQVLW\��WKH�DHURJHO�PRUWDUV�VKRZ�PXFK�EHWWHU�PHFKDQLFDO�SURSHUWLHV�

FRPSDUHG�ZLWK�WKH�H[WUHPHO\�EULWWOH�SXUH�VLOLFD�DHURJHO�>��@��,Q�WKH�DSSOLFDWLRQ�WDUJHWHG�LQ�WKLV�

VWXG\��WKH�PHFKDQLFDO�SURSHUWLHV�RI�WKHVH�PRUWDUV�DUH�FRQVLGHUHG�WR�EH�VXIILFLHQW�IRU�EUXVKLQJ�RU�

VSUD\LQJ�DSSOLFDWLRQV�RI�WKHUPDO�LQVXODWLRQ�OD\HUV��ZKLOH�WKH�VWLIIQHVV�DQG�WKH�VWUHQJWK�RI�WKH�

VKLHOG�WXQQHO�VWUXFWXUH�LV�VWLOO�JXDUDQWHHG�E\�WKH�XQGHUO\LQJ�+3&�HOHPHQWV��



���

7DEOH����0HFKDQLFDO�SURSHUWLHV�RI�WKH�DHURJHO�PRUWDUV�WHVWHG�DW�GLIIHUHQW�FXULQJ�DJHV��7KH�YDOXHV�

EHWZHHQ�EUDFNHWV�DUH�WKH�VWDQGDUG�GHYLDWLRQV��

6DPSOH� $JH��G��� %HQGLQJ� VWUHQJWK�

�03D��

&RPSUHVVLYH�

VWUHQJWK��03D��

5HI&� ��� ���������� ����������

� ��� ���������� ����������

$HUR&��� ��� ����������� ����������

� ��� ����������� ����������

$HUR&��� ��� ����������� �����������

� ��� ����������� �����������

$HUR&��� ��� ����������� �����������

� ��� ����������� �����������

$HUR&��� ��� ����������� �����������

� ��� ����������� �����������

$HUR&��� ���� ����������� �����������

� ��� ����������� �����������
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)LJXUH����)OH[XUDO�VWUHQJWK�DQG�FRPSUHVVLYH�VWUHQJWK�RI�WKH�DHURJHO�PRUWDUV�DIWHU����GD\V�FXU�

LQJ��SORWWHG�DJDLQVW�SRURVLW\��$YHUDJH�YDOXHV�DQG�VWDQGDUG�GHYLDWLRQV�DUH�VKRZQ��

�����7KHUPDO�SURSHUWLHV�RI�WKH�DHURJHO�PRUWDUV�

&RQVLGHULQJ�WKH�VXJJHVWHG�DSSOLFDWLRQ�IRU�WKH�GHYHORSHG�PRUWDUV��QDPHO\�DYRLGLQJ�RU�GHOD\LQJ�

VSDOOLQJ�RI�+3&�WXQQHO�OLQLQJV�E\�GHOD\LQJ�WKH�WHPSHUDWXUH�LQFUHDVH�GXULQJ�H[SRVXUH�WR�ILUH��WKH�

WKHUPDO�FRQGXFWLYLW\�RI�WKH�DHURJHO�PRUWDUV�LV�WKH�HVVHQWLDO�SDUDPHWHU�WR�FRQWURO��5HI&��ZLWKRXW�

DHURJHOV��KDG�D�WKHUPDO�FRQGXFWLYLW\�RI�����:��P�.���PHDVXUHG�ZLWK�D�KHDW�IORZ�PHWHU��:LWK�

WKH�DGGLWLRQ�RI����YRO����VLOLFD�DHURJHOV��$HUR�&����WKH�WKHUPDO�FRQGXFWLYLW\�VKRZV�D�UHPDUNDEOH�

GHFUHDVH�WR�����:��P�.���VHH�)LJXUH������ZKLFK�ZDV�VHSDUDWHO\�PHDVXUHG�ZLWK�VPDOOHU�VSHFL�

PHQV�RQ�D�FXVWRP�EXLOW�JXDUGHG�KRW�SODWH�GHYLFH��:LWK�LQFUHDVLQJ�DPRXQWV�RI�DHURJHOV�LQ�WKH�

PRUWDU��D�IXUWKHU��SURSRUWLRQDOO\�VPDOOHU�GHFUHDVH�RI�WKHUPDO�FRQGXFWLYLW\�LV�REVHUYHG��7KH�DHU�

RJHO�PRUWDU�ZLWK������YRO����DHURJHO�GLVSOD\V�D�WKHUPDO�FRQGXFWLYLW\�RI������:��P�.���7KH�

WKHUPDO�FRQGXFWLYLW\�RI� WKH�PRUWDUV�ZDV�VXEVWDQWLDOO\� UHGXFHG�ZLWK� LQFUHDVLQJ�VLOLFD�DHURJHO�

YROXPH�IUDFWLRQV�LQ�WKH�PL[WXUH��EXW�WKH�YDOXH�REWDLQHG�DW�WKH�KLJKHVW�YROXPH�IUDFWLRQ�RI�DHURJHO�

LV�VWLOO�YHU\�PXFK�KLJKHU�WKDQ�WKH�WKHUPDO�FRQGXFWLYLW\�RI�WKH�DHURJHO��a�������:��P�.��>��@��

7KLV�LV�FOHDUO\�XQGHUVWDQGDEOH�FRQVLGHULQJ�WKDW��HVSHFLDOO\�DW�KLJK�DHURJHO�ORDGLQJ��KHDW�FRQGXF�

WLRQ�ZLOO�EH�GRPLQDWHG�E\�WKH�PRVW�FRQGXFWLQJ�SKDVH�±�WKH�FHPHQW�SDVWH�>��@��2QH�FRQYHQLHQW�
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DSSURDFK�WR�FDOFXODWH�WKH�WKHUPDO�FRQGXFWLYLW\�RI�FHPHQWLWLRXV�PDWHULDOV�EDVHG�RQ�WKHLU�FRPSR�

VLWLRQ�LV�E\�DSSO\LQJ�D�0RUL�7DQDND�VFKHPH�>��@��ZKLFK�KRPRJHQL]HV�WKH�WKHUPDO�FRQGXFWLYL�

WLHV�RI�WKH�FRPSRQHQWV��FHPHQW�SDVWH�DQG�DJJUHJDWHV���

HII SDVWH�
�IDJJ SDVWH� DJJ� SDVWH�

� SDVWH�ISDVWH� DJJ� SDVWH�
�������������������������������������������

ZKHUH� HII�LV�WKH�WKHUPDO�FRQGXFWLYLW\�RI�WKH�FHPHQWLWLRXV�PDWHULDO�� SDVWH�DQG� DJJ�DUH�WKH�WKHUPDO�

FRQGXFWLYLW\�RI�WKH�FHPHQW�SDVWH�DQG�RI�WKH�DJJUHJDWHV��UHVSHFWLYHO\�DQG�ISDVWH�DQG�IDJJ�DUH�WKHLU�

YROXPH�IUDFWLRQV��7KH�0RUL�7DQDND�VFKHPH�LQ�WKLV�IRUP�FRQVLGHUV�WKH�PRUWDU�DV�D�PDFUR�LVR�

WURSLF�FRPSRVLWH�ZLWK�D�FRQWLQXRXV�PDWUL[��FHPHQW�SDVWH��WKDW�HPEHGV�LVRWURSLF�VSKHULFDO�LQ�

FOXVLRQV�GLVWULEXWHG�KRPRJHQHRXVO\�LQ�WKH�PDWUL[��

6LQFH�(T����FDQ�EH�DSSOLHG�GLUHFWO\�RQO\�WR�FDVHV�ZKHUH�WKH�PRUWDUV�FRQWDLQ�RQH�W\SH�RI�LQFOX�

VLRQV��LW�LV�XVHG�KHUH�IRU�5()��FRQWDLQLQJ�RQO\�VDQG�DV�LQFOXVLRQ��DQG�$HUR&����FRQWDLQLQJ�RQO\�

DHURJHO�DV�LQFOXVLRQ���%\�DVVXPLQJ� SDVWH� �����±�����:��P�.���IROORZLQJ�>��@��ZKHUH�LW�LV�VKRZQ�

WKDW�WKHUH�LV�RQO\�D�OLPLWHG�GHSHQGHQFH�RQ�WKH�Z�F�DQG�WKH�PRLVWXUH�FRQWHQW��� DJJ�VDQG� �����:��P�

.���YDOXH�IRU�TXDUW]�DJJUHJDWHV�LQ�>��@��DQG� DJJ�DHURJHO� �������:��P�.���RQH�REWDLQV� HII� ������

�������:��P�.��IRU�5()�DQG� HII� �������������:��P�.��IRU�$HUR&����&RQVLGHULQJ�WKH�XQFHUWDLQ�

WLHV�LQ�WKH�H[SHULPHQWDOO\�GHWHUPLQHG�WKHUPDO�FRQGXFWLYLW\�RI�WKH�FRPSRQHQWV��WKHVH�FDOFXODWHG�

YDOXHV�DUH�UDWKHU�FORVH�WR�WKH�PHDVXUHG�RQHV�IRU�WKH�WZR�PRUWDUV��,Q�SDUWLFXODU��WKH�FDOFXODWHG�

YDOXH�IRU�$HUR&���LV�LQ�IDFW�RYHUHVWLPDWLQJ�WKH�H[SHULPHQWDOO\�PHDVXUHG�RQH�RI������:��P�.��

E\���������



���

D� �

E� �

)LJXUH����7KHUPDO�FRQGXFWLYLW\�RI� WKH�DHURJHO�PRUWDUV�ZLWK�YDULRXV�FRQFHQWUDWLRQV�RI� VLOLFD�

DHURJHOV��ERWK�DV�IXQFWLRQ�RI�WRWDO�SRURVLW\��D��DQG�RI�GHQVLW\��E���

����+LJK�WHPSHUDWXUH�VSDOOLQJ�WHVWV�

7KLV�SUHOLPLQDU\�VHULHV�RI�H[SHULPHQWV�ZDV�FDUULHG�RXW�RQ�ILYH�VDPSOHV��HDFK�FRQVLVWLQJ�RI�D�

+3&�FXEH�ZLWK�GLIIHUHQW�WKLFNQHVVHV�RI�WKH�VDPH�$HUR&���DHURJHO�PRUWDU�DSSOLHG�WR�WKH�KHDWHG�
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VLGH� �LQFOXGLQJ� RQH� FXEH� ZLWKRXW� PRUWDU� OLQLQJ��� 7KH� +3&� FXEH� ZLWKRXW� PRUWDU� SURWHFWLRQ�

VSDOOHG�DIWHU����PLQXWHV�RI�WKHUPDO�ORDGLQJ��FRQILUPLQJ�WKH�VXVFHSWLELOLW\�RI�WKLV�SDUWLFXODU�+3&�

WR�H[SORVLYH�VSDOOLQJ�ZKHQ�H[SRVHG�WR�KLJK�WHPSHUDWXUHV�>������@�,Q�WKH�FDVH�RI�WKH�+3&�VDP�

SOHV�SURWHFWHG�E\�D�PRUWDU�OD\HU��H[SORVLYH�VSDOOLQJ�RFFXUUHG�ODWHU�RQ�VDPSOHV�ZLWK����DQG����

PP�WKLFN�OD\HUV��WKLQQHU�PRUWDU�OD\HU���DW����DQG�����PLQXWHV�DIWHU�WKH�VWDUW�RI�ORDGLQJ��UHVSHF�

WLYHO\��2Q�VDPSOHV�ZLWK�WKLFNHU�OD\HUV��QDPHO\����DQG����PP��VSDOOLQJ�GLG�QRW�RFFXU�GXULQJ�WKH�

WHVWLQJ�SHULRG��VHH�)LJXUH������,W�PXVW�EH�UHPDUNHG�KHUH�WKDW�WKHVH�UHVXOWV�DUH�RQO\�SUHOLPLQDU\��

VLQFH�WKH\�DUH�EDVHG�RQ�RQO\�D�OLPLWHG�QXPEHU�RI�H[SHULPHQWV��WZR�UHSHWLWLRQV�RI�WKH�WKLQQHU�

OD\HU�DQG�WZR�UHSHWLWLRQV�RI�WKH�WKLFNHU�OD\HU��ZLWK�RQH�W\SH�RI�DHURJHO�PRUWDU���

)LJXUH�����9LHZ�RI�WKH�KHDWHG�VXUIDFH�RI�FRQFUHWH�FXEHV�DIWHU�WKH�KLJK�WHPSHUDWXUH�VSDOOLQJ�WHVW��

/HIW��VDPSOH�ZLWKRXW�DHURJHO�PRUWDU��VKRZLQJ�GHHS�VSDOOLQJ��5LJKW��VDPSOH�ZLWK����PP�WKLFN�

DHURJHO�PRUWDU�OD\HU��ZLWKRXW�VSDOOLQJ��

7KHUPDO�LQVXODWLRQ�RI�FRQVWUXFWLRQV�DJDLQVW�ILUH�LV�FRPPRQ�SUDFWLFH�EXW��LQ�WKH�FDVH�RI�H[LVWLQJ�

WXQQHOV�DQG�RWKHU�VWUXFWXUHV�ZKHUH�WKH�VSDFH�IRU�WKHUPDO�LQVXODWLRQ�LV�OLPLWHG�DQG�HIIHFWLYH�WKHU�

PDO�LQVXODWLRQ�LV�UHTXLUHG��FRDWLQJ�ZLWK�DQ�DHURJHO�PRUWDU�PD\�EH�DEOH�WR�GHOD\�KHDWLQJ�RI�WKH�



���

+3&�DQG�UHWDUG�RU�DYRLG�VSDOOLQJ��2Q�WKH�RWKHU�KDQG��LW�KDV�WR�EH�WDNHQ�LQWR�DFFRXQW�WKDW�IRU�

+3&�VDPSOHV�ZLWK�WKLQQHU�PRUWDU�FRDWLQJ��RQ�DYHUDJH�HLWKHU����RU����PP���VSDOOLQJ�ZDV�GHOD\HG�

EXW�RFFXUUHG�GHHSHU�LQ�WKH�VDPSOHV��ZLWK�D�FRUUHVSRQGLQJO\�ODUJHU�YROXPH�RI�VSDOOHG�PDWHULDO��

6LPLODU� UHVXOWV� ZHUH� UHSRUWHG� ZLWK� KLJK� WHPSHUDWXUH� FRDWLQJV� �QRW� FRQWDLQLQJ� DHURJHOV�� E\�

.OLQJVFK�HW�DO��>��@�DQG�E\�/X�>��@��

:KLOH�WKLV�SUHOLPLQDU\�VSDOOLQJ�WHVW�VKRZHG�WKDW�FRDWLQJ�RI�+3&�ZLWK�DQ�LQVXODWLQJ�PRUWDU�PD\�

EH�D�SURPLVLQJ�URXWH�IRU�GHOD\LQJ�DYRLGLQJ�VSDOOLQJ�LQ�+3&�VXEMHFWHG�WR�ILUH��WKHVH�UHVXOWV�QHHG�

WR�EH�YHULILHG�E\�VWXG\LQJ�D�EURDGHU�UDQJH�RI�DHURJHO�PRUWDUV�DQG�WKLFNQHVVHV�RI�WKH�FRDWLQJ�

OD\HUV��)XUWKHUPRUH��LQYHVWLJDWLRQV�DUH�QHHGHG�WR�DVVHVV�WKH�LQIOXHQFH�RI�GLIIHUHQW�KHDWLQJ�UDWHV�

RQ�WKH�VSDOOLQJ�EHKDYLRU��LQ�SDUWLFXODU�RI�KLJKHU�KHDWLQJ�UDWHV�DQG�KLJKHU�PD[LPXP�WHPSHUDWXUHV�

WKDW�DUH�W\SLFDO�IRU�FKDUDFWHULVWLF�RI�VXUIDFHV�GLUHFWO\�H[SRVHG�WR�ILUH��,Q�DGGLWLRQ��WKH�LVVXH�RI�

WKH�LQWHJULW\�RI�WKH�DHURJHOV�LQ�WKH�PRUWDUV�VKRXOG�EH�ILUVW�VROYHG��WR�REWDLQ�PRUWDUV�ZLWK�ORZHU�

WKHUPDO�FRQGXFWLYLW\�WKDW�FDQ�EH�DSSOLHG�LQ�FRQYHQLHQWO\�WKLQ�OD\HUV��

���&RQFOXVLRQV�
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