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7KH� GHYHORSPHQW� DQG� LQGXVWULDO� LQWURGXFWLRQ� RI� HIILFLHQW� MRLQLQJ�PHWKRGV� EHWZHHQ� JODVV� DQG�PHWDOV�

ZKLFK�FRPELQH�WKH�LQGLYLGXDO�DGYDQWDJHV�RI�ERWK�PDWHULDO�JURXSV�DUH�RI�JUHDW� WHFKQLFDO�LPSRUWDQFH��2QH�

UHVHDUFK�ILHOG�RI�WKH�LQVWLWXWH�RI�PDWHULDOV�VFLHQFH�LV�WKH�MRLQLQJ�RI�JODVV�ZLWK�PHWDOV�E\�PHDQV�RI�XOWUDVRQLF�

RVFLOODWLRQV�� ,QGXVWULDO� DSSOLFDWLRQV� DUH� IRU� H[DPSOH� WKH� VHDOLQJ� RI� JODVV� YHVVHOV�� IL[WXUHV� LQ� WKH� YDFXXP�

WHFKQLTXH�RU�OHQV�VRFNHWV��)RU�WKLV�UHDVRQ�DQ�LQGXVWULDO�XOWUDVRQLF�WRUVLRQ�ZHOGLQJ�V\VWHP�QRUPDOO\�XVHG�IRU�

PHWDO� ZHOGLQJV� ZDV� PRGLILHG� WR� EH� VXIILFLHQW� IRU� WKH� GHPDQGV� RI� VHQVLWLYH� JODVV�PHWDO�MRLQWV�� 7KH�

GHYHORSHG�ZHOGLQJ�V\VWHP�FDQ�SURGXFH�KHOLXP�WLJKW�MRLQWV�EHWZHHQ�JODVV�DQG�PHWDOV��,Q�FRPSDULVRQ�WR�WKH�
FRQYHQWLRQDO� ZHOGLQJ� WHFKQLTXHV

�
� IRU� JODVV�� XOWUDVRQLF� WRUVLRQ� ZHOGLQJ� LV� FKDUDFWHUL]HG� E\� YHU\� VKRUW�

ZHOGLQJ�WLPHV�����V��DV�ZHOO�DV�UHODWLYHO\�ORZ�ZHOGLQJ�WHPSHUDWXUHV
�
��������&���)XUWKHU�DGYDQWDJHV�RI�WKLV�

MRLQLQJ� WHFKQLTXH� DUH� WKH� KLJK� DXWRPDWLRQ� FDSDELOLW\� DQG� WKH� HQYLURQPHQWDO� VXVWDLQDELOLW\�� 7KH� ZHOGLQJ�

PHWKRG�FDQ�EH�HPSOR\HG�XQGHU�QRUPDO�RU�VSHFLDO�DWPRVSKHULF�FRQGLWLRQV��7KH� IROORZLQJ�SDSHU�GHVFULEHV�
WKH�IXQFWLRQDOLW\�RI�WKH�ZHOGLQJ�V\VWHP��WKH�WHPSHUDWXUH�GLVWULEXWLRQ�GXULQJ�WKH�ZHOGLQJ�SURFHVV�DQG�VWDWLF�

UHVSHFWLYHO\�G\QDPLF�XOWLPDWH�VWUHVV�YDOXHV����

,QWURGXFWLRQ�

7KH�PDLQ�FRPSRQHQWV�RI�WKH�XOWUDVRQLF�WRUVLRQ�ZHOGLQJ�V\VWHP�XVHG�IRU�WKH�H[DPLQHG�
JODVV�PHWDO�MRLQWV�DUH�VKRZQ�LQ�ILJXUH����

)LJ�����3ULQFLSOH�RI�DQ�XOWUDVRQLF�WRUVLRQ�ZHOGLQJ�V\VWHP�

�

�$Q� XOWUDVRQLF� JHQHUDWRU� FRQYHUWV� WKH� ��� +]� DOWHUQDWLQJ� YROWDJH� LQWR� D� KLJK� IUHTXHQF\�
DOWHUQDWLQJ� YROWDJH� RI� ��� N+]�� $� FRQYHUWHU� XVHV� WKH� UHYHUVHG� SLH]RHOHFWULFDO� HIIHFW� WR�
WUDQVIRUP� WKLV� KLJK� IUHTXHQF\� DOWHUQDWLQJ� YROWDJH� LQWR�PHFKDQLFDO� RVFLOODWLRQV� RI� WKH� VDPH�
IUHTXHQF\��7KH� QHFHVVDU\�RVFLOODWLRQ� DPSOLWXGH� RI� ��� WR� ����P�RI� WKH�ZHOGLQJ� WRRO�� FDOOHG�
VRQRWURGH��LV�DFKLHYHG�E\�DQ�DSSURSULDWH�GHVLJQ�RI�WKH�ERRVWHU�DQG�WKH�VRQRWURGH��3ULRU�WR�
ZHOGLQJ� D� VWDWLF� SUHVVXUH� RI� ��� WR� ��� 03D� LV� LPSOHPHQWHG� SQHXPDWLFDOO\� RQ� WKH� MRLQLQJ�
SDUWQHUV�ZKLFK�DUH�SRVLWLRQHG�RQ�DQ�DQYLO��7KH�DFWXDO�ERQGLQJ�RI�WKH�MRLQLQJ�SDUWQHUV�WDNHV�
SODFH�WKURXJK�WKH�LQVHUWLRQ�RI�KLJK�IUHTXHQF\�WRUVLRQDO�VKHDU�RVFLOODWLRQV�YLD�WKH�FRQQHFWLQJ�
VXUIDFH�RI�WKH�VRQRWURGH�LQWR�WKH�PHWDOOLF�MRLQLQJ�SDUWQHU��7KH�VWDWLF�SUHVVXUH�SHUSHQGLFXODU�
WR� WKH� RVFLOODWLRQ� GLUHFWLRQ� LV� VWLOO� EURXJKW� XS� GXULQJ� WKH� MRLQLQJ� SURFHVV�� )URP� KLJK�



LPSRUWDQFH� LV� WKH� DEVROXWHO\� SODQH� SDUDOOHO� DOLJQPHQW� RI� WKH� MRLQLQJ� SDUWQHUV� DQG� WKH�
VRQRWURGH��,I�WKH�VRQRWURGH�LV�WLOWHG�IRU�VRPH�GHJUHHV�LQ�UHODWLRQ�WR�WKH�PHWDO�VKHHW�WKH�VWDWLF�
SUHVVXUH� LV�QRW�EXLOW�XS�XQLIRUPO\��)RU�WKLV�UHDVRQ�D�SQHXPDWLF�DQYLO�ZDV�GHYHORSHG�ZKLFK�
DXWRPDWLFDOO\� DGMXVWV� WKH�SDUDOOHOLVP�EHWZHHQ� WKH� MRLQLQJ� SDUWQHUV� DQG� WKH� VRQRWURGH��7KLV�
DGMXVWPHQW�SURYLGHV�D�XQLIRUP�FLUFXODU�ZHOGLQJ�VHDP���

7HVW�PDWHULDO�DQG�VSHFLPHQ�JHRPHWU\�

)RU� WKH� LQYHVWLJDWLRQV� WKH� EULWWOH� MRLQLQJ� SDUWQHU� ZDV� WKH� ERURVLOFDWH� JODVV�'85$1���
ZKLFK�LV�HVSHFLDOO\�XVHG�LQ�FKHPLFDO�DSSOLFDWLRQV��,W�PDLQO\�FRQVLVWV�RI�6L2��������PD�����DQG�
%�2��������PD������7KH�PHWDO�VKHHW�LV�WKH�LURQ�EDVH�DOOR\�1L&R�����ZKLFK�KDV�D�ORZ�WKHUPDO�
FRHIILFLHQW�RI�H[SDQVLRQ�ZKLFK� LV�RQO\������ �������.���KLJKHU�WKDQ�WKH�RQH�RI�WKH�JODVV��7KLV�
DOOR\�ZDV�FKRVHQ�LQ�FRQVLGHUDWLRQ�RI�ORZ�WKHUPDOO\�LQGXFHG�UHVLGXDO�VWUHVVHV��'XH�WR�WKH�IDFW�
WKDW�GLUHFW�MRLQLQJ�RI�WKLV�PHWDO�VKHHW�WR�JODVV�LV�XS�WR�QRZ�QRW�SRVVLEOH��D�WKLQ�LQWHUOD\HU�RI�
SXUH�DOXPLQLXP�LV�LQVHUWHG�EHWZHHQ�WKH�JODVV�DQG�WKH�VKHHW��7KH�UHODWLYHO\�KLJK�FRHIILFLHQW�RI�
H[SDQVLRQ� RI� WKH� DOXPLQLXP� LQ� UHODWLRQ� WR� WKH� JODVV� �IDFWRU� ���� KLJKHU�� PD\� FRXQWHUDFW�
ERQGLQJ� GXH� WR� WKH� UHVXOWLQJ� WKHUPDO� UHVLGXDO� VWUHVVHV�� ,QYHVWLJDWLRQV� VKRZ� WKDW� WKLV�
GLVDGYDQWDJH� LV�PRUH� WKDQ�FRPSHQVDWHG�E\� WKH�JRRG�IORZ�FKDUDFWHULVWLFV�DQG� WKH� ORZ�\LHOG�
SRLQW�RI� WKH� DOXPLQLXP���7KH�SK\VLFDO� DQG�PHFKDQLFDO�SURSHUWLHV�RI� WKH�XVHG�PDWHULDOV� DUH�
VKRZQ�LQ�7DE�����

7DE�����3URSHUWLHV�RI�WKH�MRLQLQJ�SDUWQHUV�
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$V� DOWHUQDWLYH� PDWHULDOV� IRU� WKH� PHWDO� VKHHW� LW� LV� DOVR� SRVVLEOH� WR� XVH� FRSSHU�� $O0J�� RU�
;�&U1L����� ZLWK� UHGXFHG� DWWDLQDEOH� MRLQW� VWUHQJWK� GXH� WR� UHODWLYHO\� KLJK� FRHIILFLHQWV� RI�
WKHUPDO�H[SDQVLRQ��)RU�WKH�EULWWOH�MRLQLQJ�SDUWQHU�DOVR�JODVV�FHUDPLFV�RU�FRDWHG�JODVVHV�FDQ�EH�
XVHG��2ZQ�LQYHVWLJDWLRQV�KDYH�VKRZQ�WKDW�HVSHFLDOO\�FHUDPLFV�DUH�YHU\�JRRG�MRLQLQJ�SDUWQHUV�
IRU�PHWDOV�DQG�WKH�SURGXFHG�MRLQWV�UHDFK�YHU\�KLJK�VWUHQJWK�YDOXHV��7KH�JHRPHWU\�RI�WKH�XVHG�
VSHFLPHQV�LV�D�VTXDUH�SLHFH�RI�JODVV�ZLWK�DQ�HGJH�OHQJWK�RI����PP�DQG�D�WKLFNQHVV�RI���PP��
7KH�WKLFNQHVV�RI�WKH�PHWDO�VKHHW�ZKLFK�LV� LQ�FRQWDFW�ZLWK�WKH�VRQRWURGH�LV�OLPLWHG�WR�DERXW�
����PP�GXH�WR�WKH�DEVRUSWLRQ�RI�XOWUDVRQLF�HQHUJ\��7KXV�IRU�WKH�PHWDO�VKHHW�D�WKLFNQHVV�RI�
����PP�DQG�D�GLDPHWHU�RI����PP�ZDV�FKRVHQ��,QYHVWLJDWLRQV�ZLWK�TXDGULODWHUDO�PHWDO�VKHHWV�
VKRZ�D�QRQ�XQLIRUP�FRQQHFWLRQ�GXH�WR�XQIDYRXUDEOH�QRUPDO�PRGHV�RI�WKH�VKHHW��%HWZHHQ�
WKH�JODVV�DQG�WKH�LURQ�EDVH�DOOR\�DQ�DOXPLQLXP�IRLO�ZLWK�D�WKLFNQHVV�RI�����PP�LV�LQVHUWHG��

�



5HVXOWV�

7HPSHUDWXUHV�GXULQJ�WKH�MRLQLQJ�SURFHVV�

7KH� XOWUDVRQLF� ZHOGLQJ� SURFHVV� OHDGV� WR� D� WLPH�GHSHQGHQW� ZHOGLQJ� WHPSHUDWXUH�� 7KLV�
HIIHFW� UHVXOWV� IURP� WKH� IULFWLRQ� FRQGLWLRQV� LQ� WKH� LQWHUIDFH� FDXVHG� E\� WKH� VLPXOWDQLRXV�
LQIOXHQFH�RI�VWDWLF�FODPSLQJ�IRUFH�DQG�WKH�RVFLOODWLQJ�VKHDU�IRUFH��7R�GHWHUPLQH�WKH�ZHOGLQJ�
WHPSHUDWXUH� D� VKRUWZDYH� LQIUDUHG� FDPHUD� ZLWK� D� KLJK� ORFDO� UHVROXWLRQ� LV� SRVLWLRQHG�
SHUSHQGLFXODU� XQGHU� WKH� DQYLO�� 7KH� WHPSHUDWXUH� LQIRUPDWLRQ� LV� WUDQVPLWWHG� WR� D� FRPSXWHU�
V\VWHP� IRU� IXUWKHU� SURFHVVLQJ�� 7KH� XVH� RI� DQ� LQIUDUHG�ZDYHOHQJWK� RI� ���� �P� SURYLGHV� WKH�
SRVVLELOLW\� WR� PHDVXUH� WKH� WHPSHUDWXUH� GLUHFWO\� LQ� WKH� ZHOGLQJ� ]RQH� WKURXJK� WKH� JODVV���
-RLQLQJV�ZLWK� GLIIHUHQW� DPRXQWV� RI�ZHOGLQJ� HQHUJ\� DUH� OHDGLQJ� WR� WLPH�WHPSHUDWXUH�FXUYHV�
VKRZQ�LQ�ILJXUH����,Q�WKLV�FDVH�WKH�WZR�RWKHU�LPSRUWDQW�PDFKLQH�VSHFLILF�ZHOGLQJ�SDUDPHWHUV�
ZHOGLQJ�SUHVVXUH�DQG�ZHOGLQJ�DPSOLWXGH�ZHUH�KHOG�FRQVWDQW���

)LJ�����7LPH�WHPSHUDWXUH�FXUYHV�IRU�GLIIHUHQW�DPRXQWV�RI�HQHUJ\�LQSXW�

�

7HPSHUDWXUHV�EHORZ�a����&�FDQ�QRW�EH�PHDVXUHG�H[DFWO\�ZLWK�WKH�XVHG�LQIUDUHG�ILOWHU��,W�FDQ�
EH� VHHQ� WKDW� WKH� PD[LPXP� WHPSHUDWXUH� PHDVXUHG� GLUHFWO\� LQ� WKH� ZHOGLQJ� ]RQH� LV� QHDUO\�
����&� IRU� DQ� HQHUJ\� LQSXW� RI� ���� -�� 7KLV� LV� EHORZ� WKH� PHOWLQJ� WHPSHUDWXUH� RI� WKH� XVHG�
DOXPLQLXP� LQWHUOD\HU� RI� � ����&�� ,W� VKRXOG�EH�PHQWLRQHG� WKDW�ZLWK� DQ� DPRXQW� RI� ���� -� RI�
HQHUJ\�LQSXW�DQG�D�UHVXOWLQJ�WHPSHUDWXUH�RI�DERXW�����&�ERQGLQJ�EHWZHHQ�JODVV�DQG�PHWDO�
DOUHDG\� RFFXUV�� 7HVWV� ZLWK� YHU\� VPDOO� ZHOGLQJ� DUHDV� KDYH� VKRZQ� WKDW� QR� SDUWLFXODU�
WHPSHUDWXUH�LV�QHHGHG�WR�UHDOL]H�ERQGLQJ��7KLV�IDFW�LV�W\SLFDO�IRU�SUHVVXUH�ZHOGLQJV��

-RLQW�VWUHQJWK�XQGHU�TXDVLVWDWLF�ORDGLQJ�FRQGLWLRQV�

'LIIHUHQW� WHVWV� XQGHU� TXDVLVWDWLF� ORDGLQJ� FRQGLWLRQV�ZHUH� SHUIRUPHG� WR� GHWHUPLQH� WKH�
RSWLPDO�ZHOGLQJ�SDUDPHWHUV�DQG�WR�FKDUDFWHUL]H�WKH�MRLQWV��)RU�WKH�WHQVLRQ�ORDGLQJ�WHVW�WZR�
7�SURILOHV�DUH�JOXHG�DW�WKH�WRS�DQG�WKH�ERWWRP�RI�WKH�MRLQW�IRU�WKH�DSSOLFDWLRQ�RI�WKH�IRUFH��
7KH�WHQVLRQ�ORDG�LV�DSSOLHG�SDWK�FRQWUROOHG�ZLWK�D�VSHHG�RI���PP�SHU�PLQXWH�LQ�D�WHQVLRQ�
WHVWLQJ�PDFKLQH��,Q�WKLV�LQYHVWLJDWLRQ�WKH�DYHUDJH�VWUHQJWK�RI�WKH�MRLQWV�ZDV����03D��8QGHU�
WHQVLOH�VKHDU�ORDGLQJ�WKH�MRLQWV�UHDFK�D�WHQVLOH�VKHDU�VWUHQJWK�RI�XS�WR����03D��7KLV�YDOXH�LV�



PXFK�KLJKHU�WKDQ�XQGHU�WHQVLOH�ORDGLQJ�GXH�WR�WKH�H[LVWLQJ�UHVLGXDO�VWUHVV�GLVWULEXWLRQ�LQ�WKH�
JODVV��$QRWKHU�WHVWLQJ�PHWKRG�ZKLFK�LV�IURP�KLJK� LQWHUHVW�HVSHFLDOO\�IRU�DSSOLFDWLRQV�ZKLFK�
QHHGV�D�SHUPDQHQW�VHDO�LV�WKH�KHOLXP�OHDNDJH�PHDVXUHPHQW��7R�WHVW�WKH�MRLQWV�LW�LV�QHFHVVDU\�
WR�EUD]H� D� IODQJH�RQ� WKH�PHWDO� VKHHW�ZKLFK� LV�GULOOHG� WR� IRUP�D� YROXPH�EHWZHHQ� WKH�PHWDO�
VKHHW�DQG�WKH�JODV�VXUURXQGHG�E\�WKH�ZHOGLQJ�VHDP��7KH�OHDNDJH�WHVWV�DUH�GRQH�E\�SODFLQJ�WKH�
MRLQW�LQ�D�KHOLXP�DWPRVSKHUH��HYDFXDWLQJ�WKH�VSHFLPHQ�YROXPH�DQG�FRQQHFWLQJ�WKH�IODQJH�WR�
D�KHOLXP�GHWHFWRU��7KH�XVHG�OHDNDJH�WHVWLQJ�V\VWHP�LV�DEOH�WR�GHWHFW�OHDNDJH�UDWHV�RI�XS�WR��
������PEDU�O�V����7KH�LQYHVWLJDWLRQV�VKRZ�WKDW�HYHU\�MRLQW�FRQVLVWLQJ�RI��1L&R������DOXPLQLXP�
DQG�ERURVLOLFDWH�JODVV�LV�WLJKW�DJDLQVW�KHOLXP�LI�WKH�ZHOGLQJ�VHDP�YLVLEOH�WKURXJK�WKH�JODVV�LV�
VKLQ\�DQG�FLUFXODU�ZLWKRXW�LQWHUUXSWLRQ��7KH�GHWHUPLQHG�OHDNDJH�UDWHV�OLH�LQ�EHWZHHQ���[������
DQG���[�������PEDU�O�V����)XUWKHUPRUH�WKH�MRLQWV�FDQ�UHVLVW�RYHUSUHVVXUH�XS�WR�����EDU��

-RLQW�VWUHQJWK�XQGHU�G\QDPLF�ORDGLQJ�FRQGLWLRQV�

7KH� G\QDPLF� VWUHQJWK� WHVWV� RI� WKH� MRLQWV�ZHUH� FDUULHG� RXW� RQ� D� VHUYRK\GUDXOLF� WHVWLQJ�
PDFKLQH��7KH�FRQGLWLRQV�IRU�WKH�WHVW�XQGHU�F\FOLF�WHQVLOH�VKHDU�VWUHVV�RI�YDU\LQJ�DPSOLWXGHV�
ZHUH�D�IUHTXHQF\�RI����+]��D�FRQVWDQW�PLQLPXP�VWUHVV�RI�����03D�DQG�D�YDU\LQJ�PD[LPXP�
VWUHVV��$V�D� UHVXOW� WKH�PHDQ�VWUHVV�DQG�WKH�VWUHVV�UDWLR�DUH�GLIIHUHQW��'XH�WR�WKH�VWDWLVWLFDOO\�
GLVWULEXWHG�IDLOXUH�RI�WKH�JODVV�PHWDO�MRLQWV�LW�LV�QHFHVVDU\�WR�WHVW����MRLQWV�IRU�HDFK�PD[LPXP�
VWUHVV� DQG� FDOFXODWLQJ� WKH�ZHLEXOO�GLVWULEXWLRQ� RI� WKH� QXPEHU� RI� F\FOHV� WR� IDLOXUH�� )LJXUH� ��
VKRZV�WKH�UHVXOWV�RI�WKH�F\FOLF�WHQVLOH�VKHDU�WHVWV��

)LJ����0D[LPXP�VWUHVV�YHUVXV�QXPEHU�RI�F\FOHV�WR�IDLOXUH�IRU�D�F\FOLF�WHQVLOH�VKHDU�WHVW��

�

,Q� WKLV� ILJXUH� WKH�TXDVL�VWDWLF� WHQVLOH� VKHDU�VWUHQJWK�RI����03D� LV�QRW�VKRZQ��7KH�UHG�VWDUV�
PDUN� WKH� FKDUDFWHULVWLF� YDOXHV� RI� WKH� ZHLEXOO�GLVWULEXWLRQ�� RI� WKH� ORDG� F\FOHV� IRU� HDFK�
PD[LPXP�VWUHVV��7KHVH�YDOXHV�DUH�GHILQHG�DV�WKH�QXPEHU�RI�F\FOHV�ZKHQ��������RI�WKH�MRLQWV�
IDLO�� $V� H[SHFWHG� ZLWK� DQ� LQFUHDVLQJ� PD[LPXP� VWUHVV� WKH� QXPEHU� RI� F\FOHV� WR� IDLOXUH�
GHFUHDVHV��7KLV�PHDQV�WKDW�WKH�MRLQWV�XQGHUOLH�IDWLJXH�SURFHVVHV��'XH�WR�WKH�IDFW�WKDW�DOZD\V�
WKH� JODVV� FUDFNV� GXULQJ� WKHVH� WHVWV� LW� VHHPV� WR� EH� REYLRXV� WKDW� JURZLQJ� PLFURFUDFNV� DUH�
GHFLVLYH�IRU�WKH�IDWLJXH�SURFHVV��)XUWKHUPRUH�WKH�F\FOLF�KDUGHQLQJ�DQG�WKH�KLJKHU�VWUDLQ�UDWH�
RI�WKH�DOXPLQLXP�IRLO�XQGHU�F\FOLF�ORDGLQJ�FDQ�HIIHFW�WKH�IDWLJXH�GDPDJH�RI�WKH�MRLQW��:KLOH�



XQGHU�TXDVLVWDWLF� ORDGLQJ� WKH�GXFWLOH� DOXPLQLXP�IRLO� FDQ� UHOLHYH� WHQVLOH� VWUHVVHV� LQ� WKH� JODVV�
WKLV� LV� UHVWULFWHG� XQGHU� F\FOLF� ORDGLQJ� FRQGLWLRQV��$GGLWLRQDOO\� WKH� IDWLJXH� UHVLVWDQFH� RI� WKH�
MRLQW�LV�LQIOXHQFHG�E\�WKH�H[LVWLQJ�UHVLGXDO�VWUHVV�VWDWH��

6XPPDU\�

7KH�SUHVHQW�SDSHU� LQWURGXFHV� WKH�XOWUDVRQLF� WRUVLRQ�ZHOGLQJ� WHFKQLTXH� IRU�JODVV�PHWDO�
ZHOGLQJV�XQWLO�QRZ�RQO\�XVHG�WR�SURGXFH�KHOLXP�WLJKW�QRQ�IHUURXV�PHWDO� MRLQWV� LQ�GLIIHUHQW�
ILHOGV�RI�LQGXVWU\��,W�FRXOG�EH�VKRZQ�WKDW�LW�LV�SRVVLEOH�WR�MRLQ�JODVV�ZLWK�PHWDO�E\�WKH�XVH�RI�
DQ�DOXPLQLXP�LQWHUOD\HU��7KH�ZHOGLQJ�WLPH�LV�EHORZ���V�IRU�WKH�GLVFXVVHG�MRLQW�FRQVLVWLQJ�RI�D�
����PP�WKLFN�PHWDO�VKHHW��D�����PP�WKLFN�DOXPLQLXP�LQWHUOD\HU�DQG�D�ERURVLOLFDWH�JODVV��7KH�
DFKLHYHG� WHQVLOH� VWUHQJWK� XS� WR� ��� 03D� FRXOG� EH� UHDOL]HG� E\� RSWLPL]LQJ� WKH� ZHOGLQJ�
SDUDPHWHUV�HQHUJ\��VWDWLF�SUHVVXUH�DQG�DPSOLWXGH��7KH�WHQVLOH�VKHDU�VWUHQJWK�UHDFKHV�XS�WR����
03D��)XUWKHU�LQYHVWLJDWLRQV�KDYH�VKRZQ�WKDW�WKH�MRLQWV�DUH�DOVR�WLJKW�DJDLQVW�KHOLXP�DQG�WKH\�
DUH�XVDEOH�LQ�YDFXXP�V\VWHPV��7KH�PD[LPXP�SURFHVV�WHPSHUDWXUH�LQ�WKH�LQYHVWLJDWHG�MRLQWV�
LV�������&�GLUHFWO\� LQ�WKH�ZHOGLQJ�]RQH�DQG�EHORZ����&�DW� WKH�ERWWRP�RI�WKH�JODVV��7KHVH�
LQYHVWLJDWLRQV� VKRZ� WKDW� PHOWLQJ� GXULQJ� WKH� SUHVVXUH� ZHOGLQJ� SURFHVV� FDQ� EH� H[FOXGHG��
3RVVLEOH�DSSOLFDWLRQV�IRU�WKHVH�JODVV�PHWDO�MRLQWV�FRXOG�EH�ZLGHVSUHDG�IURP�WKH�FKHPLFDO�DQG�
SKDUPDFHXWLFDO� LQGXVWU\� WR� WKH� PDQXIDFWXULQJ� RI� VHQVRUV� DQG� WKH� RSWLFDO� LQGXVWU\� DQG�
ZKHUHHYHU�D�GLUHFW�VHDO�EHWZHHQ�EULWWOH�PDWHULDOV�DQG�PHWDOV�LV�QHHGHG��)RUPHU�LQYHVWLJDWLRQV�
KDYH�VKRZQ�WKDW�LW�LV�QRW�RQO\�SRVVLEOH�WR�MRLQ�JODVV�EXW�DOVR�JODVV�FHUDPLF�DQG�FHUDPLF�ZLWK�
PHWDOV��5HVWULFWLRQV�DUH�WR�EH�PDGH�IRU�WKH�PHWDO�VKHHW�ZKLFK�VKRXOG�QRW�EH�WKLFNHU�WKDQ�����
PP�� )XUWKHUPRUH� LW� LV� QHFHVVDU\� WR� VXEVWLWXWH� WKH� DOXPLQLXP� LQWHUOD\HU� LI� WKH� WHFKQLTXH�
VKRXOG�EH�XVHG�IRU�KLJKHU�VHUYLFHV�WHPSHUDWXUHV�RU�LQ�FRUURVLYH�PHGLD��6RPH�ILUVW�UHVXOWV�LQ�
WKLV� GLUHFWLRQ� FRXOG� EH� REWDLQHG� ZLWK� D� WLWDQLXP�LQWHUOD\HU�� 5HJDUGLQJ� WKH� HIILFLHQF\��
DXWRPDWLRQ�� HQYLURQPHQWDO� VXVWDLQDELOLW\� DQG� WKH� DFKLHYDEOH� VWUHQJWKV�� XOWUDVRQLF� WRUVLRQ�
ZHOGLQJ� FRXOG� EH� DQ� LQWHUHVWLQJ� DOWHUQDWLYH� WR� WKH� SRSXODU�PHWKRGV� LQ� WKH� ILHOG� RI� MRLQLQJ�
JODVV��FHUDPLF�RU�JODVV�FHUDPLF�WR�PHWDOV��
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