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F�0HGLFDO�DQG�3KDUPDFHXWLFDO�8QLYHUVLW\�³9LFWRU�%DEHV´��'HSDUWPHQW�RI�*HQHWLFV����3WD�(IWLPLH�0XUJX��7LPLúRDUD���
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5HFHLYHG�6HSWHPEHU����������

:H�GHVFULEHG�D�VLPSOH�DVVD\��PHWK\ODWLRQ�VSHFLILF�SRO\PHUDVH�FKDLQ�UHDFWLRQ��WR�VLPXOWDQHRXVO\�DQDO\]H�WKH�JHQHWLF�DQG�HSLJHQHWLF�
IDFWRUV�LQYROYHG�LQ�3UDGHU�:LOOL�V\QGURPH��,Q�WKLV�SDSHU��LWV�FRVW�HIIHFWLYHQHVV�WRZDUG�LWV�FRXQWHUSDUW��FRPPRQO\�XVHG�WHFKQLTXH�LQ�
RXU� FRXQWU\� IRU� WKH� SULPDU\� GLDJQRVLV� RI� WKLV� GLVHDVH�� EDVHG� RQ� D�PROHFXODU� F\WRJHQHWLF�PHWKRG�� LV� GHPRQVWUDWHG�� 7KH� GHVFULEHG�
PHWKRG�UHOLHV�RQ�WKH�HSLJHQHWLF�SULQFLSOH�RI�JHQH�H[SUHVVLRQ�FRQWURO�WKURXJK�'1$�PHWK\ODWLRQ��7KH�SULPDU\�LVVXH�LQ�HYDOXDWLQJ�LWV�
FOLQLFDO� XWLOLW\� LV� WKH� FRUUHFW� LQWHUSUHWDWLRQ� RI� WKH� UHVXOWV� DQG� WKH� DZDUHQHVV� RI� WKH� OLPLWDWLRQV� LPSRVHG� E\� SRO\PHUDVH� UHDFWLRQ�
FKHPLVWU\��7KHUHIRUH��ZH�GHVFULEHG�WKH�EDVLF�LVVXHV�RI�WKLV�PHWK\ODWLRQ�PDSSLQJ�WHFKQLTXH�H[SODLQLQJ�DOVR�WKH�QHHG�IRU�DSSURSULDWH�
FKRLFH�RI�UHDFWLYHV�DQG�UHDFWLRQ�FRQGLWLRQV��7KH�DQDO\WLFDO�DQG�FOLQLFDO�YDOLGDWLRQ�RI�WKLV�PHWK\ODWLRQ��VSHFLILF�DPSOLILFDWLRQ�PHWKRG�
RQ�FOLQLFDOO\�VXVSHFWHG�FDVHV�LQ�WKH�5RXPDQLDQ�SRSXODWLRQ�DLPV�WR�VXJJHVW�LWV�LPSOHPHQWDWLRQ�LQ�JHQHWLF�ODERUDWRULHV�DV�ILUVW��SULPDU\�
GLDJQRVLV�DSSURDFK��
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� 7KH�HSLJHQHWLF�SULQFLSOH�XQGHUO\LQJ�PHWK\ODWLRQ�
VSHFLILF� 3&5� �063&5�� PHWKRG� LV� UHIHUUHG� WR� DV�
ELRFKHPLFDO� FRQWURO� RI� JHQH� H[SUHVVLRQ� RU�
WUDQVFULSWLRQDO� VWDWH� WKURXJK� PHWK\O� JURXS� WDJV�
GLVWULEXWLRQ�RQ�'1$�VHTXHQFHV��'1$�PHWK\ODWLRQ�
SDWWHUQV������ '1$� PDUNLQJ� E\� PHWK\O� JURXSV� RU�
'1$� PHWK\ODWLRQ� UHSUHVHQWV� D� YLWDO� ELRFKHPLFDO�
SURFHVV� �'1$� PHWK\OWUDQVIHUDVH� HQ]\PH�
FDWDO\]HG�� WKDW�XQGHUOLHV� WKH�DWWDFKPHQW�RI�PHWK\O�
JURXSV� RQ� '1$� VWUDQGV�� QDPHO\� RQ� LWV� F\WLGLQH�
UHVLGXHV��ZKHUH� WKHLU� S\ULPLGLQH� ULQJV� RI� F\WRVLQH�
�&�� EDVHV� DUH� WUDQVIRUPHG� LQWR� PLQRU� ��PHWK\O�
F\WRVLQH� ��PH&�� EDVHV��� 7KLV� HSLJHQHWLF�
PRGLILFDWLRQ� RI� '1$� SUHVHUYHV� WKH� JHQRW\SH� RU�
�������������������������������������������������

�&RUUHVSRQGLQJ�DXWKRU��QDWDOLDFXFX#JPDLO�FRP�

WKH� QXFOHRWLGH� VHTXHQFH� DQG� GRHV� QRW� LQWURGXFH�
PXWDWLRQV�� EXW� LQVWHDG�� LQGHSHQGHQWO\� RI� '1$�
VHTXHQFH�� LW� HVWDEOLVKHV� D� VSHFLILF� HSLJHQRW\SH��
7KLV� LV� GHILQHG� E\� VSHFLILF� GLVWULEXWLRQ� RI� �PH&�
DQG� &� UHVLGXHV� RQ�'1$� VHTXHQFH�� ZKLFK� HQFRGH�
PROHFXODU� VLJQDOV� LQ� JHQH� UHJXODWRU\� UHJLRQV�
�SURPRWHUV�DQG�H[RQ����IRU�LQVWUXFWLQJ�WKH�JHQH�
WR� IXQFWLRQ� RU� WR� EH� VLOHQFHG����� *HQH�
WUDQVFULSWLRQDO�VWDWH�LV�UHJXODWHG�WKURXJK�DQ�LQYHUVH�
UHODWLRQVKLS� ZLWK� LWV� '1$� PHWK\ODWLRQ� SDWWHUQ��
XQPHWK\ODWHG� IRUP� RI� D� '1$� VHTXHQFH� LQVWUXFWV�
WKH� JHQH� IRU� H[SUHVVLRQ�� WKHUHIRUH� IRU� LWV�
FRQWULEXWLRQ�WR�WKH�FRUUHVSRQGLQJ�SKHQRW\SH��ZKLOH�
LWV� PHWK\ODWHG� IRUP� UHPDLQV� VXSSUHVVHG� DQG� WKH�
ODFN� RI� LWV� FRQWULEXWLRQ� LV� HQFRXQWHUHG��1RUPDOO\��
KHDOWK\� VWDWH� QHHGV� SURSHU� '1$� PHWK\O� WDJV�
�
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GLVWULEXWLRQ�RQ�VSHFLILF�JHQHV�LQ�VSHFLILF�FHOO�W\SHV�
GXULQJ� D� VSHFLILF� GHYHORSPHQWDO� VWDJH� RI� DQ�
RUJDQLVP�� 1XPHURXV� VSRUDGLF� RU� QRQ�IDPLOLDO�
GLVHDVHV� WKDW� DUH� WUDQVPLWWHG� LQ� QRQ�0HQGHOLDQ�
PDQQHU� LQYROYH� DOWHUHG� HSLJHQRW\SHV� DVVRFLDWHG�
ZLWK�JHQH�H[SUHVVLRQ�YDULDWLRQ��VXFK�DV�LPSULQWLQJ�
GLVHDVHV�� FDQFHU�� $O]KHLPHU¶V� GLVHDVH�� PHWDEROLF�
V\QGURPH�������
� 3UDGHU�:LOOL� V\QGURPH� �3:6�� LV� FDXVHG� E\�
GHOHWLRQV�RU�E\�GHIHFWV�LQ�'1$�PDUNLQJ�E\�PHWK\O�
JURXSV� LQ� FHUWDLQ� JHQH� W\SHV�� QDPHG� LPSULQWHG�
JHQHV�� RQ� ��� FKURPRVRPH������ &RQWUDU\� WR� WKH�
PDMRULW\� RI� JHQHV� LQ� RXU� JHQRPH� WKDW� DUH�
ELDOOHOLFDOO\� H[SUHVVHG� IURP� WKHLU� ERWK� SDUHQWDO�
JHQH� FRSLHV� �DOOHOHV��� WKHVH� JHQHV� DUH� H[SUHVVHG�
RQO\�IURP�RQH�SDUHQWDO�FRS\��ZKHUHDV�WKH�RWKHU�RQH�
LV� VLOHQFHG�� 3URSHU� SDUHQW�RI�RULJLQ� PDUNLQJ�
WKURXJK� PHWK\O� JURXSV� RQ� SDUHQWDO� DOOHOHV� LV�
HVVHQWLDO� IRU� WKH� KHDOWK\� VWDWH�� 7KH� FULWLFDO� JHQH�
VHOHFWHG� IRU� 3:6� GLDJQRVLV�� VPDOO� QXFOHDU�
ULERQXFOHRSURWHLQ� 1� �61531��� LV� H[SUHVVHG� RQO\�
IURP� LWV� SDWHUQDO� DOOHOH�� PHDQLQJ� WKDW� LWV�
UHJXODWRU\� UHJLRQ� �SURPRWHU� DQG� H[RQ� ��� LV�
QRUPDOO\� XQPHWK\ODWHG�� ZKLOH� PHWK\ODWLRQ� RI�
PDWHUQDO� DOOHOH� DVVXUHV� LWV� UHSUHVVLRQ�� +RZHYHU�
ERWK�KDYH�WKH�VDPH�'1$�VHTXHQFH������0HWK\ODWLRQ�
PDSSLQJ� RQ� WKH� FULWLFDO� JHQH� 61531� DOOHOHV� PD\�
EH�D�JRRG�ELRPDUNHU�IRU�SULPDU\�3:6�GLDJQRVLV��������
� &\WRJHQHWLF� PHWKRGV� �IOXRUHVFHQFH� LQ� VLWX�
K\EULGL]DWLRQ�� ),6+��� SHUIRUPHG� RQ� LQGLYLGXDO�
FKURPRVRPDO� SUHSDUDWLRQV�� FDQ� GHWHFW� RQO\�
GHOHWLRQDO� FDVHV� �UHSUHVHQWLQJ�� DFFRUGLQJ� WR�
SXEOLVKHG�UHSRUWV��RQO\�FFD�����RI�3:6�FDVHV����������
:H� GHVFULEHG� DQ� DOWHUQDWLYH� PROHFXODU� PHWKRG� DW�
'1$� OHYHO��PHWK\ODWLRQ� VSHFLILF� 3&5� �06�3&5���
ZKLFK� UHOLHV� RQ� HSLJHQHWLF� FRQFHSW� RI� JHQH�
H[SUHVVLRQ�FRQWURO� WKURXJK�'1$�PHWK\ODWLRQ��DQG�
JLYHV� LQIRUPDWLRQ� RQ� ERWK� GHOHWLRQDO� DQG� QRQ�
GHOHWLRQDO�FDVHV�� LQ�DQ�DWWHPSW� WR�H[WHQG� WKH�3:6�
GLDJQRVLV� FRYHUDJH� LQ� 5RPDQLDQ� SRSXODWLRQ� WR�
DOPRVW�����RI�FDVHV��DFFRUGLQJ�WR�UHSRUWV�RQ�RWKHU�
SRSXODWLRQV���� 0DSSLQJ� WKH� '1$� PHWK\O� WDJV� RQ�
SDUHQWDO� 61531� DOOHOHV�� UHSUHVHQWV� D� TXDOLWDWLYH�
PHDVXUH�RI�'1$�PHWK\ODWLRQ��ZKLFK� LV�FRUUHODWHG�

ZLWK�WKH�IXQFWLRQ�RI�HDFK�DOOHOH��7KH�SDWHUQDO�DOOHOH�
DFWLYLW\� RU� FRQWULEXWLRQ� LV� WKHUHIRUH� FHQWUDO� RI� WKH�
063&5�PHWKRG�XVH�LQ�3:6�GLDJQRVLV��������
�� 3&5�DPSOLILFDWLRQ�UHDFWLRQV�XQGHUOLH�QXPHURXV�
WHFKQLTXHV� FXUUHQWO\� XVHG� IRU� '1$� PHWK\ODWLRQ�
PDSSLQJ�� +RZHYHU�� PHWK\ODWLRQ� DQDO\VLV� LV� QRW�
SRVVLEOH� ZLWK� FODVVLFDO�� VWUDLJKWIRUZDUG� 3&5�
UHDFWLRQ�� ,W� VKRXOG� GHWHFW� DQG� DPSOLI\� RQ� '1$�
WHPSODWH�ERWK�JHQHWLF� �'1$�QXFOHRWLGH� VHTXHQFH��
DQG� HSLJHQHWLF� �PHWK\O� WDJV� GLVWULEXWLRQ� RQ� WKH�
VDPH� '1$� VHTXHQFHV� RI� SDUHQWDO� DOOHOHV��
LQIRUPDWLRQ���� +RZHYHU�� �L�� '1$� SRO\PHUDVH� LV�
QRW� DEOH� WR� GLVWLQJXLVK� PHWK\ODWHG� YHUVXV�
XQPHWK\ODWHG�&� UHVLGXHV� LQ� WHPSODWH�'1$��DQG��LL��
'1$� SRO\PHUDVH� LV� DEOH� WR� LQFRUSRUDWH� RQO\�
XQPHWK\ODWHG� &� PRQRQXFOHRWLGHV� GXULQJ� 3&5�
DPSOLILFDWLRQ�� 3URSHU� '1$� WHPSODWH� SURFHVVLQJ�
WKURXJK� VSHFLILF� WUHDWPHQW� ZLWK� VRGLXP� ELVXOILWH�
PD\�HQDEOH�WKH�GLVFULPLQDWLRQ�RI�ERWK�JHQHWLF�DQG�
HSLJHQHWLF� LQIRUPDWLRQ� WKDW� VXEVHTXHQWO\� PD\� EH�
DPSOLILHG�GXULQJ�3&5�UHDFWLRQ����
� 6XFK�PXWDJHQHVLV�EDVHG�'1$�SURFHVVLQJ�IRU�
06�3&5�UHDFWLRQ�ZDV�UHSRUWHG�LQ�HDUO\���V����DQG�
LW� KDV� EHHQ� H[WHQVLYHO\� XVHG� LQ� HSLJHQHWLFV� VLQFH�
ODWH� ��V������� ,W� LV� EDVHG� RQ� GLIIHUHQW� VHQVLWLYLW\� WR�
ELVXOILWH� WUHDWPHQW� RI� PHWK\ODWHG� YHUVXV�
XQPHWK\ODWHG�&�UHVLGXHV�LQ�'1$�VHTXHQFHV��'1$�
LQFXEDWHG� LQ� WKH� SUHVHQFH� RI� ELVXOILWH� DW� DFLG� S+��
ZRXOG� FRQWDLQ� XQPHWK\ODWHG� &� UHVLGXHV�
GHDPLQDWHG� WR� XUDFLO� �8��� ZKLOH� IRU�PHWK\ODWHG� &�
UHVLGXHV�� WKH� UHDFWLRQ� LV� H[WUHPHO\� VORZ� DQG�
FRQYHUVLRQ� SURFHVV� PD\� EH� VWRSSHG� EHIRUH�
WUDQVIRUPDWLRQ�RI�PHWK\ODWHG�&�WR�WK\PLQLGLQH��7��
UHVLGXHV�FDQ�RFFXU��)LJ���$�����7KHUHIRUH��ELVXOILWH�
FRQYHUWV� '1$� WR� D� QHZ� WHPSODWH� IRU� 3&5��
KDYLQJ� QHZ� JHQHWLF� LQIRUPDWLRQ� RU� QXFOHRWLGH�
VHTXHQFH��ZKHUH�8�VWDQGV� IRU� LQLWLDO�XQPHWK\ODWHG�
&S*� VLWH�� ZKLOH� &� VWDQGV� IRU� LQLWLDO� PHWK\ODWHG�
&S*�VLWH�LQ�IRUPHU�'1$�WHPSODWH��

&KRLFH� RI� SURSHU� SULPHU� VHWV� LV� WKH� QH[W�
FULWLFDO�VWHS�RI�DQ\�06�3&5�UHDFWLRQ�DV�WKH\�PXVW�
GLVFULPLQDWH� EHWZHHQ� IRUPHU� PHWK\ODWHG� DQG�
XQPHWK\ODWHG�PROHFXOHV�LQ�ELVXOILWH�WUHDWHG�'1$���
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)LJ�� �� ±� &RUH� SULQFLSOH� RI�063&5�PHWKRG�� $�� &KHPLFDO� UHDFWLRQ� HTXDWLRQ� VKRZLQJ� WKH� WKUHH� VWHSV� RI� F\WRVLQH� GHDPLQDWLRQ� E\�
ELVXOILWH��VXOSKRQDWLRQ��DGGLWLRQ�RI�ELVXOSKDWH�WR�WKH�����GRXEOH�ERQG�RI�F\WRVLQH���K\GURO\WLF�GHDPLQDWLRQ�RI�WKH�UHVXOWLQJ�GHULYDWLYH�
�F\WRVLQH�ELVXOILWH��WR�XUDF\O�ELVXOILWH�GHULYDWLYH�DQG�UHPRYDO�RI�VXOSKRQDWH�JURXS�E\�DONDOL�WUHDWPHQW��WKDW�UHVXOWV�LQ�XUDF\O��%��3ULPHU�
DOLJQPHQW� DW� WKH� SULPHU� ELQGLQJ� VLWHV� RQ� FRQYHUWHG� '1$�� 3ULPHU� VHTXHQFHV� DUH� HVVHQWLDO� IRU� GLIIHUHQWLDO� DOLJQPHQW� DQG� IXUWKHU�
���������������������������������������������������������������������������������������DPSOLILFDWLRQ�UHDFWLRQV��
�

�
)LJ����±�0HWK3ULPH�GLDJUDP�JHQHUDWHG�IRU�&S*�GLQXFOHRWLGH�UHSHDWV�GHQVLW\�YDULDWLRQ�LQ�61531��SURPRWRU�H[RQ���JHQH�UHJLRQ�
FRPSULVLQJ������ES��,W�LV�JURXSHG�LQ�WKUHH�&S*�GLQXFOHRWLGH�ULFK�UHJLRQV�DFFRUGLQJ�WR�WKHLU�GHQVLW\��GDVKHG�PDUNHG�GRPDLQV���LVODQG�
��RI�����ES��LVODQG���RI�����ES�DQG�LVODQG���RI�����ES��0DWHUQDO�3DWHUQDO�DQG�&RPPRQ�SULPHU�VHTXHQFHV�WKDW�ZHUH�FKRVHQ�DFFRUGLQJ�
WR�=HVFKQLJN� HW� DO�� SURWRFRO���ZHUH� YDOLGDWHG� E\� WKH�0HWK� 3ULPH� VRIZDUH� DFFRUGLQJ� WR� WKH� VWDQGDUG�06�3&5� UXOHV�� WZR� SULPHUV��
FRUUHVSRQGLQJ�WR�PDWHUQDO�DQG�SDWHUQDO�DOOHOHV�ZHUH�SURYLGHG�IURP�WKH�KLJKHVW�GHQVLW\�UHJLRQ��ZKLOH�WKH�FRPPRQ�SULPHU��IURP�WKH�
����������������������������������������]HUR�GHQVLW\�UHJLRQ��7KLV�GLDJUDP�ZDV�JHQHUDWHG�E\�WKH�0HWK3ULPH�VRIWZDUH�����

�
=HVFKQLJN� JURXS� VXJJHVWHG� DQ� LQJHQLRXV� UXOH�

IRU�RSWLPDO�GLVFULPLQDWLRQ��EDVHG�RQ�WDUJHWLQJ�WZR�
GLIIHUHQW�VHTXHQFH�UHJLRQV�E\�GLIIHUHQW�SULPHUV���L��
RQH�UHJLRQ��WKDW�LV�PHWK\ODWLRQ�SURQH�LQ�KHDOWK\�RU�
SDWKRORJLFDO� VWDWH�� ZLWK� WZR� SULPHUV� DQG� �LL�� WKH�
RWKHU� UHJLRQ�� WKDW� LV� QHYHU� PHWK\ODWHG� LQ� HLWKHU�
VWDWH�� ZLWK� RQH� SULPHU���� 3UHVHQWO\�� WKHVH� WZR�
VHTXHQFH� UHJLRQV� RQ� WHPSODWH� '1$� PD\� EH�
GLVFULPLQDWHG� E\� WDUJHWLQJ� WKHP� ZLWK� SULPHU�
VHTXHQFHV� WKDW� DUH� UHFRPPHQGHG� E\� WKH� UHFHQWO\�
GHYHORSHG�0HWK3ULPH� VRIWZDUH�� LWV� JROG� VWDQGDUG�
UXOH�LQ�SULPHUV�VHTXHQFH�FKRLFH�LV�UHIHUUHG�WR�&S*�
GLQXFOHRWLGH�GHQVLW\�����

3&5� DPSOLILFDWLRQ� SHU� VH� UHVXOWV� IXUWKHU� LQ�
SURGXFWV� QDPHG� DPSOLFRQV� DQG� WKHLU� HOHFWURSKRUH�
JUDP�LV� LQWHUSUHWHG�EDVHG�RQ�WKH�SUHVHQFH�RU� ODFN�RI�
WKH� DPSOLFRQ� EDQG� FRUUHVSRQGLQJ� WR� WKH� QRUPDO�
FRQWULEXWLRQ� RI� SDWHUQDO�� XQPHWK\ODWHG� DOOHOH� YHUVXV�
PDWHUQDO��QRUPDOO\�PHWK\ODWHG�DOOHOH���������

7KH� UHDVRQ� IRU� ZKLFK� VSHFLDOL]HG� JHQHWLF�
ODERUDWRULHV� KDYH� DYRLGHG� VR� IDU� WKH� 063&5�
DSSURDFK�IRU�PROHFXODU�FRQILUPDWLRQ�RI�3:6�FDVHV�

LQ� 5RXPDQLDQ� SRSXODWLRQ� LV� WKH� ODFN� RI� EDVLF�
HSLJHQHWLF� SULQFLSOHV� NQRZOHGJH� DQG� RI� WKH�
FRPSOH[�FKHPLVWU\�RI�WKH�06�3&5�WHFKQLTXH��7KLV�
SDSHU� DLPV� WR� GHVFULEH� EDVLF� LVVXHV� DQG� FULWLFDO�
VWHSV� RI� WKLV� PROHFXODU� PHWKRG� LQ� RUGHU� WR� XVH� LW�
URXWLQHO\�DV�SULPDU\�3:6�GLDJQRVLV�DVVD\�� ,Q� WKLV�
SDSHU��LWV�FRVW�HIIHFWLYHQHVV�WRZDUG�LWV�FRXQWHUSDUW��
FRPPRQO\� XVHG� WHFKQLTXH� LQ� RXU� FRXQWU\� IRU� WKH�
SULPDU\� GLDJQRVLV� RI� WKLV� GLVHDVH�� EDVHG� RQ� D�
PROHFXODU�F\WRJHQHWLF�PHWKRG��LV�GHPRQVWUDWHG���

5(68/76�

%DVHG� RQ� WKH� RXWOLQHG� DVVD\� SULQFLSOHV�� 06�
3&5� UHDFWLRQV� ZHUH� SHUIRUPHG� DV� LQGLFDWHG� E\�
OLWHUDWXUH���DQG�RXU�RSWLPL]HG�FRQGLWLRQV��06�3&5�
DVVD\� ZDV� XVHG� ILUVW� LQ� DWWHPSWV� WR� DQDO\WLFDOO\�
YDOLGDWH� '1$� PHWK\ODWLRQ� PDSSLQJ� FDSDFLW\� RQ�
DOUHDG\�FRQILUPHG�FOLQLFDOO\�VXVSHFWHG�3:6�FDVHV��
E\� ),6+� PHWKRG�� 6HFRQGO\�� WKH� RSWLPL]HG�
FRQGLWLRQV� ZHUH� XVHG� IRU� FRQILUPDWLRQ� RI� PRUH�



����� &RVPLQ�$UVHQH�HW�DO��

�

FOLQLFDOO\� VXVSHFWHG� FDVHV�� ZKLFK� ZHUH� GRXEOH�
FKHFNHG� E\� ),6+� PHWKRG�� LQ� 5RXPDQLDQ�
SRSXODWLRQ�WKDW�ZHUH�DVVLJQHG�WR�RXU�ODERUDWRU\�E\�
5RXPDQLDQ� 3UDGHU�:LOOL� $VVRFLDWLRQ� DQG� KRVSLWDO�
SDUWQHUV�GXULQJ�WKH�SHULRG�RI������������D�WRWDO�RI��
���FOLQLFDOO\�VXVSHFWHG�FDVHV���$V�FRQWUROV��QRUPDO�
UHODWLYHV�� WKH�SDUHQWV�RI�SUREDQGV��DQG�QRQ�UHODWHG�
LQGLYLGXDOV�ZHUH�FRQVLGHUHG��

:H� GHPRQVWUDWHG� WKDW�06�3&5� SURWRFRO� FDQ� EH�
VHW� LQ� XVHU�GHILQHG� FRQGLWLRQV�� )LUVW� RSWLPL]DWLRQ� LV�
UHIHUUHG�WR�DV�GHVLJQLQJ�RI�SURSHU�SULPHU�VHTXHQFHV��
2XU� VHWWLQJ� GHVLJQHG� WKUHH� SULPHUV� IURP� =HVKQLJN�
SURWRFRO��� WKDW� ZHUH� YHULILHG� E\� WKH� JROG�VWDQGDUG�
SULQFLSOH� XVHG� E\� WKH�0HWK3ULPH� VRIWZDUH� �)LJ�� ����
)XUWKHU� RSWLPL]DWLRQV� UHJDUGHG� DQQHDOLQJ�
WHPSHUDWXUH�� FRQFHQWUDWLRQ�RI�SULPHUV� DQG� WKH�'1$�
7DT� 3RO\PHUDVH� W\SH�� ZKLFK� DUH� HVVHQWLDO� IRU� WKH�
FRQILJXUDWLRQ�RI�3&5�FKHPLVWU\� LQ�RUGHU� WR� DFKLHYH�
DFFXUDF\� DQG� DYRLG� IDOVH� UHVXOWV�� � $OLJQPHQW�
WHPSHUDWXUH�KDV�EHHQ�UDLVHG�WR����&�LQVWHDG�RI����&�
�DV� LQLWLDOO\� VXJJHVWHG� E\� =HVKQLJN� HW� DO��� ����������
DOVR�D�+RW�6WDUW�W\SH�7DT�'1$�3RO\PHUDVH�KDV�EHHQ�
XVHG� LQVWHDG� RI� FRPPRQ� 7DT� SRO\PHUDVH�� DQG� WKH�
SDWHUQDO� SULPHU� FRQFHQWUDWLRQ�ZDV� UDLVHG� IURP� �����
ȝ0���WR������ȝ0��7KHVH�RSWLPL]DWLRQV�DLPHG�WR�DYRLG�
DPSOLILFDWLRQ�RI�PLVPDWFKHG�SDUWLDOO\�FRPSOHPHQWHG�
VHTXHQFHV� DW� ORZ� WHPSHUDWXUH� WKDW� PD\� UHVXOW� LQ�
REWDLQLQJ�XQVSHFLILF�DPSOLFRQV��

7ZR� GLIIHUHQW� DPSOLFRQ� HOHWURSKRUHVLV� SDWWHUQV�
ZHUH� REWDLQHG� IRU� QRUPDO� LQGLYLGXDOV� UHVSHFWLYHO\�

3:6� FDVHV�� REWDLQHG� ZLWK� RSWLPL\HG� DQG�
XQRSWLPL\HG�FRQGLWLRQV��

$V� VKRZQ� LQ� )LJ�� ��� KHDOWK\� LQGLYLGXDOV� ZHUH�
UHSUHVHQWHG� E\� WZR� EDQGV� FRUUHVSRQGLQJ� WR� WZR�
QRUPDO� DOOHOHV� RI� LPSULQWHG� 61531� JHQH�� 7KLV�
QRUPDO�VWDWH�RI�61531�JHQH�LV�GHILQHG�E\�WZR�'1$�
DPSOLFRQV� UHSUHVHQWLQJ� ERWK� SDUHQWDO� DOOHOHV� ZLWK�
WKH� VDPH� '1$� VHTXHQFH� RU� JHQHWLF� LQIRUPDWLRQ��
KRZHYHU� KDYLQJ� GLIIHUHQW� PDVV� DFFRUGLQJ� WR�
GLIIHUHQW� PHWK\ODWLRQ� PDUNV� RU� HSLJHQRW\SHV� RQ�
WKHP�� WKH� KHDYLHU�� ���� ES� EDQG�� FRUUHVSRQGLQJ� WR�
PHWK\ODWHG�61531�PDWHUQDO�DOOHOH� DQG� WKH� VHFRQG��
OLJKWHU�����ES�EDQG��FRUUHVSRQGLQJ�WR�XQPHWK\ODWHG�
SDWHUQDO�DOOHOH�'1$�VHTXHQFH��7KH� OLJKWHU�EDQG� LV�
FULWLFDO� LQ� PHWK\ODWLRQ� DVVD\�� DV� LWV� SUHVHQFH�
LQGLFDWHV� WKH� QRUPDO� VWDWH�� ZKLOH� LWV� ODFN�� WKH�
SDWKRORJLFDO� FRQGLWLRQ� OLQNHG� ZLWK� ODFN� RI� WKH�
IXQFWLRQDO��DFWLYH��XQPHWK\ODWHG�SDWHUQDO�DOOHOH��7KH�
3:6� SDWLHQW�� SUHVHQWHG� RQO\� WKH� ���� ES�
PHWK\ODWHG� '1$� EDQG�� 7KHVH� UHVXOWV� ZHUH�
REWDLQHG�DFFRUGLQJ�WR�OLWHUDWXUH����

7KH� FOLQLFDO� YDOLGLW\� RI� WKH�063&5�DVVD\�ZDV�
VWXGLHG� IXUWKHU� RQ� ��� VDPSOHV� RI� 3:6� FOLQLFDOO\�
VXVSHFWHG� FDVHV�� ILUVW� YDOLGDWLRQ� JURXS� ZDV� ),6+�
SRVLWLYH� ���� GHOHWLRQDO� FDVHV��� WKH� VHFRQG�
YDOLGDWLRQ� JURXS� ZDV� ),6+� QHJDWLYH� ���� FDVHV�
DPRQJ� ZKLFK� �� ZHUH� 063&5� FRQILUPHG� DQG��
���063&5�QRQFRQILUPHG���7KLV� UHVXOWV� VKRZHG�D�
ODUJHU�FRYHUDJH��FFD������IRU�WKH�063&5�DVVD\�DV�
FRPSDUHG�ZLWK�RQO\�FFD�����IRU�WKH�),6+�DVVD\���

���

�
)LJ����±�(OHFWURSKRUHWLF�EDQG�SDWWHUQV�JHQHUDWHG�ZLWK�RSWLPL]HG� �$��DQG�XQRSWLPL]HG� �%��FRQGLWLRQV��$����+�������QRUPDO��
SDUHQWDO��FRQWURO��ZLWK�WZR�EDQGV��QRUPDO�XQPHWK\ODWHG��SDWHUQDO�����ES��DQG�QRUPDO�PHWK\ODWHG���PDWHUQDO����ES��RQHV����3:6�
SRVLWLYH�FDVH��FRPSULVLQJ�RQO\�RQH��PHWK\ODWHG�EDQG������ES��������������QRUPDO��WZR�EDQGV�SDWWHUQ�����SRVLWLYH�3:6�FDVH�ZLWK�RQH�
EDQG�±�����ES��PHWK\ODWHG��� �%������DQG�������3:6�SRVLWLYH�FDVH� WKDW�VKRXOG�KDG�RQH�PHWK\ODWHG�EDQG�VKRZV� IDOVH�QRUPDO�� WZR�
EDQGV� SDWWHUQ� GXH� WR� IDLQW� XQPHWK\ODWHG�EDQGV� DV� XQVSHFLILF� DPSOLFRQV�� ��� ��� QRUPDO�� SDUHQWDO� FRQWURO� ±� WZR� EDQGV�� ��� ���+�����
��������������������������/��0DUNHU�/DGGHU������ES�PDWHUQDO�EDQG��PHWK\ODWHG�������ES�SDWHUQDO�EDQG��XQPHWK\ODWHG��
�
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� 7KH� FRUH� SULQFLSOH� RI� WKH� 3:6� PROHFXODU�
GLDJQRVLV� WKURXJK� '1$� PHWK\ODWLRQ� PDSSLQJ� LV�
WKDW�WKLV�UDUH�GLVHDVH�LV�GXH�WR�GHIHFWV�LQ�LPSULQWLQJ�
SURFHVVHV� RQ� WKH� FULWLFDO� FKURPRVRPDO� UHJLRQ�

��T���T���� ZKLFK� UHVXOWV� LQ� WKH� ODFN� RI� SDWHUQDO�
61531� DOOHOH� FRQWULEXWLRQ�������3:6� LV� D� FRPSOH[�
GLVRUGHU� ZKRVH� GLDJQRVHV� PD\� EH� GLIILFXOW� WR�
HVWDEOLVK� GXH� WR� LWV� YDULDEOH� HWLRORJ\�� GHOHWLRQDO��
QRQGHOHWLRQDO�����PDWHUQDO�GLVRP\��DQG�LPSULQWLQJ�
GHIHFW���DQG�UDUHO\�WUDQVORFDWLRQV�DQG�PRVDLFLVP����



� 3DUHQWDO�DOOHOH�PHWK\ODWLRQ�PDSSLQJ�PHWKRG� �����
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7KH� SULPDU\� LVVXH� LQ� HYDOXDWLRQ� RI� 06�3&5�
FOLQLFDO� DSSOLFDELOLW\� LV� WKH� UHVXOWV� LQWHUSUHWDWLRQ��
7KH�KDOOPDUN�RI�3:6�FRQGLWLRQ�LQ�06�3&5�LV�WKH�
ODFN� RI� XQPHWK\ODWHG� DPSOLFRQ� RI� WKH� SDWHUQDO�
DOOHOH��������7KUHH�VFHQDULRV�PD\�EH�DVVRFLDWHG�ZLWK�
WKLV� SDWWHUQ�� �L�� GHOHWLRQ� RI� WKH� XQPHWK\ODWHG�
SDWHUQDO� 61531� VHTXHQFH�� �LL�� UHSODFHPHQW� RI�
SDWHUQDO� 61531� XQPHWK\ODWHG� � VHTXHQFH� ZLWK�
PDWHUQDO� PHWK\ODWHG� RQH�� �LLL�� SUHVHQFH� RI� WKH�
SDWHUQDO� 61531� VHTXHQFH� ZKLFK� LV� DEQRUPDOO\�
PHWK\ODWHG��$OO� WKHVH�VFHQDULRXV�DUH�FRQILUPHG�E\�
WKH� VLPSOH� DVVD\� RI� 06�3&5�� 063&5� JUHDWHU�
FRYHUDJH� LV� H[SODLQHG� WKXV� E\� LWV� DELOLW\� WR� GHWHFW�
ERWK� JHQHWLF� �GHOHWLRQDO�� FDXVHV� DQG� HSLJHQHWLF�
�QRQGHOHWLRQDO��RQHV��WKXV�FRYHULQJ�DOPRVW�DOO�3:6�
HWLRORJLHV��
� 7KH� FOLQLFDO� FULWHULD� RI� 3:6� GLDJQRVLV�
HVWDEOLVKHG� LQ� ������� DUH� FRQVLGHUHG� SUHVHQWO\�
FRQVHQVXV� FULWHULD� IRU� DOO� PHGLFDO� FHQWHUV�
ZRUOGZLGH��+RZHYHU��WKH\�UHTXLUH�FRQILUPDWLRQ�E\�
PROHFXODU� JHQHWLF� WHVWLQJ�� ZKLFK� ZDV� QRW� ZLGHO\�
DYDLODEOH� ZKHQ� WKH� FULWHULD� ZHUH� GHYHORSHG�� 7KH�
ILUVW� DSSURDFKHG�JHQHWLF� WHVW��EDVHG�RQ� IOXRUHVFHQW�
LQ� VLWX� K\EULGL]DWLRQ� �),6+�� PHWKRG�� WDUJHWV� WKH�
JHQHWLF� IDFWRUV� RQO\�� UHSUHVHQWHG� E\� SDWHUQDO�
FKURPRVRPH� �DOOHOH�� GHOHWLRQ� WKURXJK� VSHFLILF�
IOXRURSKRUHV� FDUU\LQJ� SUREHV� RQ� FULWLFDO��
��� FKURPRVRPH���� ,WV� URXWLQH� XVH� LQ� JHQHWLF�
ODERUDWRULHV� SURYHG� LWV� OLPLWDWLRQ� UHJDUGLQJ� LWV�
LQIRUPDWLYH� SRZHU� WKDW� UHIHUV� RQO\� RQ� GHOHWLRQDO�
3:6� VXEW\SH���� :KHQ� HSLJHQHWLF� IDFWRUV� ZHUH�
UHFRJQL]HG� LQ� WKLV� SDWKRORJ\�� 06�3&5� PHWKRG�
JDLQHG�DWWHQWLRQ�GXH�WR�LWV�SRZHU�WR�GHWHFW�QRW�RQO\�
WKH�LPSULQWLQJ�PHWK\ODWLRQ�GHIHFWV��EXW�EDVHG�RQ�LWV�
UHVXOWV� LQWHUSUHWDWLRQ�� ERWK� PDMRU� 3:6� VXEW\SHV��
GHOHWLRQDO� DQG� QRQGHOHWLRQDO�� ,WV� XVH� PD\� FRYHU�
WKXV� DOPRVW� DOO� 3:6� HWLRORJLHV�� UHSUHVHQWLQJ�
DURXQG�����RI�FDVHV�������
� +RZHYHU��ZLGHO\�XVH�RI�06�3&5� WHFKQLTXH� LQ�
IRUHLJQ� VSHFLDOL]HG� ODERUDWRULHV� VLQFH� LWV� ILUVW�
SXEOLFDWLRQ� LQ� ODWH� ��V���� ��� SURYHG� GLIILFXOWLHV� LQ�
DYRLGLQJ� IDOVH� QHJDWLYH� UHVXOWV� GXH� WR� FRPSOH[�
FKHPLVWU\� RI� LWV� SURFHVVLQJ� VWHSV���� 0RUHRYHU�� LQ�
5RXPDQLDQ� JHQHWLF� ODERUDWRULHV�� HSLJHQHWLF�
VSHFLILF� PHWKRGV� DEOH� WR� PDS� '1$� PHWK\ODWLRQ�
SDWWHUQV�� KDYH� WR� EH� FRUUHFWO\� LQWHUSUHWHG� WKURXJK�
NQRZOHGJH�RI� HSLJHQHWLF� IXQGDPHQWDOV� LQ�RUGHU� WR�
EH� FRUUHODWHG� ZLWK� PROHFXODU� SDWKRORJLFDO�
PHFKDQLVPV�� � ,Q�DQ�DWWHPSW� WR�SHUVXDGH�ODERUDWRU\�
VSHFLDOLVWV� WR� DSSURDFK� 06�3&5� PHWKRG� DV�
DFFXUDWH� URXWLQH�� UDSLG�� IDFLOH� DQG� FRVW�HIIHFWLYH�
DSSURDFK�ZH�GHVFULEHG�WKH�SULQFLSOH�RI�WKLV�PHWKRG�
DQG� WKH� OLPLWLQJ� FRQGLWLRQV� RI� LWV� FKHPLFDO�
UHDFWLRQV� LQ� RUGHU� WR� VXJJHVW� FULWHULD� IRU� FKRRVLQJ�

SURSHU� FRPPHUFLDO� NLWV� DQG� WR� GHVLJQ� RSWLPDO�
UHDFWLRQ� FRQGLWLRQV�� 06�3&5� QHHGV� OHVV� DQG� ORZ��
FRVW�UHDFWLYHV�DQG�LQH[SHQVLYH�HTXLSPHQW�DQG�PD\�
EH�SHUIRUPHG�LQ�DOPRVW���GD\V��ZKLFK�GHPRQVWUDWHV�
LWV�FRVW�HIILFLHQF\�DV�FRPSDUHG�ZLWK�),6+�PHWKRG��
D�WLPH��DQG�HIIRUW�FRQVXPLQJ��UHTXLULQJ�DOPRVW�RQH�
ZHHN��DQG�PRUH�H[SHQVLYH�WHFKQLTXH��
� 063&5� PHWKRG� LV� QRW� OLPLWHG� WR� WKH�
HSLJHQHWLF� IDFWRUV� FDXVLQJ� RQO\� RQH� 3:6�
VXEW\SH� RU� HWLRORJ\�� 3URYLGLQJ� LWV� UHVXOWV� DUH�
FRUUHFWO\� LQWHUSUHWHG� LW� LV� DEOH� WR� FRQFRPLWDQWO\�
LQIRUP� DERXW� DOPRVW� DOO� VXEW\SHV� ZKLFK� LQFOXGH�
ERWK�JHQHWLF�DQG�HSLJHQHWLF�FDXVHV�DQG�WKHUHIRUH��LW�
LV� VXJJHVWHG� LWV� XVH� DV� SULPDU\� GLDJQRVLV� RU�
PROHFXODU� FRQILUPDWLRQ� RI� FOLQLFDOO\� VXVSHFWHG�
FDVHV���� +RZHYHU�� 063&5� UHDFWLRQ� LV� QRW�
LQIRUPDWLYH� RQ� WKH� VSHFLILF� HWLRORJ\� RI� 3:6�
FRQGLWLRQ�� ,QIRUPDWLRQ� DERXW� VXEW\SHV� DUH� RQO\�
UHOHYDQW� IRU� UHFXUUHQFH� ULVN� LQ� SDUHQWV� RI� 3:6�
SDWLHQWV�� HVWLPDWHG� E\� JHQHWLF� FRXQVHORUV� IRU�
FRXSOHV� ZLOOLQJ� WR� FRQFHLYH� DJDLQ�� DV� WKLV� ULVN�
GHSHQG� RQ� WKH� W\SH� RI� HWLRORJ\���� +HQFH�� RQO\�
FRXQVHOLQJ� PD\� LPSRVH� QHZ� HWLRORJLFDO�
LQIRUPDWLRQV� SURYLGHG� E\� DSSURDFKLQJ� VHFRQGDU\�
PHWKRG� �IRU� H[DPSOH�� ),6+��� DIWHU� WKH� SULPDU\�
06�3&5�GLDJQRVLV�KDG�EHHQ�SHUIRUPHG�����

(;3(5,0(17$/�

���SDWLHQWV�ZLWK�FOLQLFDO�VXVSLFLRQ�RI�3:6��DQG�D�FRQWURO�
JURXS� RI� ��� QRUPDO� LQGLYLGXDOV� FRQVLVWLQJ� RI� QRQ�UHODWHG�
LQGLYLGXDOV� DQG�SDUHQWV�RI� WKH�SDWLHQWV��ZHUH� UHFUXLWHG� LQ� WKLV�
VWXG\�DIWHU�REWDLQLQJ�WKHLU�LQIRUPHG�FRQVHQW��LQ�DFFRUGDQFH�WR�
7KH�'HFODUDWLRQ� RI�+HOVLQNL�� 7KLV� SURWRFRO�ZDV� DSSURYHG� E\�
WKH� %LRHWKLFV� &RPPLWWHH� RI� ³9LFWRU� %DEHú´� 8QLYHUVLW\� RI�
0HGLFLQH� DQG� 3KDUPDF\�� 7LPLúRDUD�� ZKHUH� WKH� ),6+�
WHFKQLTXH� ZDV� SHUIRUPHG� DV� GLDJQRVLV� DSSURDFK�� ([WUDFWHG�
'1$� IURP� SHULSKHUDO� EORRG� RI� SDWLHQWV� DQG� WKHLU� QRUPDO�
FRQWUROV�ZHUH�XVHG�IRU�06�3&5�DVVD\V�SHUIRUPDQFH��&OLQLFDO�
GLDJQRVLV�ZDV� EDVHG� RQ� FRQVHQVXV� FOLQLFDO� GLDJQRVWLF� FULWHULD�
IRU�3:6�GHYHORSHG�LQ��������DQG�SURYHQ�WR�EH�DFFXUDWH�ODWHU�
LQ��������� �7KLV�ZDV� DSSOLHG�E\�KRVSLWDOV� FRRUGLQDWHG�E\� WKH�
DERYH�PHQWLRQHG� XQLYHUVLW\� LQ� D� FRPPRQ� UHVHDUFK� SURMHFW��
ZKLFK� KDG� DV� SDUWQHU� WKH� 8QLYHUVLW\� RI� %XFKDUHVW�� ZKHUH�
063&5�WHFKQLTXH�ZDV�SHUIRUPHG��
� '1HDV\�%ORRG�	�7LVVXH�.LW��4LDJHQ��IRU�'1$�H[WUDFWLRQ�
IURP� ZKROH� EORRG� ZDV� XVHG�� $IWHU� 1DQRGURS� TXDQWLILFDWLRQ��
'1$� FRQYHUVLRQ� ZLWK� (SL7HFW� %LVXOILWH� �4LDJHQ�� NLW� ZDV�
SHUIRUPHG�� 3&5� FRQGLWLRQV� XVHG� �&RUEHWW� WKHUPDO� F\FOHU���
SULPDU\� GHQDWXUDWLRQ� ���&���� PLQ�� ��� F\FOHV� SURJUDP��
GHQDWXUDWLRQ� �� ���&���� VHF�� SULPHU� DQQHDOLQJ� �� ���&�����
H[WHQWLRQ� ����&���� VHF�� ILQDO� H[WHQWLRQ� ���&��� PLQ�� 3&5�
UHDFWLRQ�PL[WXUH����PO�������PO�'1$���[��0J&O������P0�3&5�
EXIIHU�� ����P0� RI� HDFK� G173�� ��P0� RI� HDFK�0DWHUQDO� DQG�
&RPPRQ�SULPHU�� DQG������P0�3DWHUQDO� SULPHU� DQG�����8�RI�
3ODWLQXP� 7DT� '1$� 3RO\PHUDVH� �,QYLWURJHQ��� (WKLGLXP�
EURPLGH� PDUNHG� 3&5� UHDFWLRQ� SURGXFWV� �DPSOLFRQV�� ZHUH�
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UHVROYHG� RQ� ������ DJDURVH� JHOV� DQG�89�YLVXDOL]HG�� 6HOHFWHG�
PDWHUQDO�� SDWHUQDO� DQG� UHVSHFWLYHO\�� FRPPRQ� DOOHOH� SULPHU�
VHTXHQFHV� KDYH� WKH� IROORZLQJ� ��¶�� �¶�� VHTXHQFHV��
7$77*&**7$$$7$$*7$&*777*&*&**7&��
*7*$*777**7*7$*$*7**$*7**77*77*�� DQG�
&7&&$$$$&$$$$$$&777$$$$&&&$$$77&&��
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� :H� SURSRVHG�063&5� DV� SDUW� RI� DQ� DOJRULWKP�
IRU� PROHFXODU� FRQILUPDWLRQ� RI� 3:6� FOLQLFDOO\�
VXVSHFWHG� FDVHV�� )LUVW� DSSURDFK� VKRXOG� LPSO\� WKH�
063&5� GLDJQRVLV�� DEOH� WR� FRYHU� DOPRVW� DOO�
HWLRORJLHV��6WDUWLQJ�ZLWK�),6+�PHWKRG��PD\� UHVXOW�
DQ� XQGHUVFRUHG� QXPEHU� RI� UHDO� 3:6� FDVHV� LQ�
5RXPDQLDQ� SRSXODWLRQ�� DV� WKLV� WHFKQLTXH� LV� QRW�
DEOH� WR� FRYHU� QRQGHOHWLRQDO� HWLRORJ\�� 0RUHRYHU��
WKLV� FRQILUPDWLRQ� DSSURDFK� PD\� GHOD\� WKH�
WUHDWPHQW� LQWHUYHQWLRQ� DQG� PHDQWLPH� LQFUHDVH� WKH�
WHVW�SULFH�E\�LPSRVLQJ�WKH�VHFRQG��PHWK\ODWLRQ�WHVW��
+RZHYHU�� ZKHQ� JHQHWLF� FRXQVHOLQJ� IRU� SDUHQWV� LV�
QHHGHG��DV�06�3&5�LV�QRW�DEOH�WR�GLVFULPLQDWH�WKH�
3:6�VXEW\SH��IXUWKHU�),6+�DQDO\VLV�LV�LPSRVHG�IRU�
ULVN�DVVHVVPHQW��
� '1$�PHWK\ODWLRQ�PDSSLQJ� E\�06�3&5� DVVD\�
LV� D� TXDOLWDWLYH� HVWLPDWLRQ� RI� '1$� PHWK\ODWLRQ�
VWDWXV��7KLV�SDSHU�GHVFULEHV�D�PHWK\ODWLRQ�PDSSLQJ�
SURWRFRO� WKDW� PD\� EH� XVHG� IRU� GLDJQRVLV� RI� DQ\�
RWKHU�LPSULQWLQJ�GHIHFW�GLVHDVH�SURYLGLQJ�SDUWLFXODU�
RSWLPL]DWLRQV� DUH� FRQVLGHUHG�� VXFK� DV� SULPHU�
VHTXHQFHV� FKRRVLQJ� FULWHULD�� LQFUHDVHG� DOLJQPHQW�
WHPSHUDWXUH� DQG� XVLQJ� D� +RW� 6WDUW� '1$�
SRO\PHUDVH�W\SH��&RQVLGHULQJ�WKH�VLPSOH�DQG�FRVW�
HIIHFWLYH� H[SHULPHQWDO� PRGHO� �ZKLFK� QHHGV�
LQH[SHQVLYH� WKHUPRF\FOH� DQG� HOHFWURSKRUHVLV� OLQH�
DV� FRPSDUHG� ZLWK� PROHFXODU� PLFURVFRS\�
WHFKQLTXH�� DQG� LWV� DQDO\WLFDO� FKDUDFWHULVWLFV� RI�
UHOLDELOLW\�� SUHFLVLRQ�� UHSURGXFLELOLW\�� DQG�
HVSHFLDOO\� WKH� LQIRUPDWLYH� TXDOLW\� UHJDUGLQJ�
FRYHUDJH� RI� DOPRVW� DOO� 3:6� HWLRORJLHV�� 06�3&5�
WHFKQLTXH� PD\� EH� FRQVLGHUHG� DV� D� EHWWHU� SULPDU\�
GLDJQRVLV�PHWKRG��LQVWHDG�RI�WKH�F\WRJHQHWLF�),6+�
PHWKRG�DQG� WKXV�DV� D�SURSHU� DSSURDFK� IRU� D�PRUH�
DFFXUDWH� HVWLPDWLRQ� RI� 3:6� LQFLGHQFH� LQ� WKH�
5RXPDQLDQ�SRSXODWLRQ���
�

$FNQRZOHGJHPHQWV��&RVPLQ�$UVHQH� 3K'� SURJUDPH�ZRUN�
ZDV� ILQDQFHG� E\� WKH� 1DWLRQDO� 5HVHDUFK� 3URMHFW� HQWLWOHG�
³'RFWRUDO� VWXGLHV� LQ� WKH� GRPDLQ� RI� OLIH� DQG� HDUWK� VFLHQFHV´�
FRILQDQFHG� IURP� WKH� (XURSHDQ� 6RFLDO� )XQG� WKURXJK� WKH�
326'58��������6�������� ����������� DQG� FRRUGLQDWHG� E\�
2�=��7KH�UHVHDUFK�ZRUN�ZDV�DOVR�VXVWDLQHG�IURP�31�,,�SURMHFW�
HQWLWOHG�³&RUUHODWLRQ�RI�FOLQLFDO��JHQHWLF�DQG�HSLJHQHWLF�DVSHFWV�
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