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6\QWKHVLV�RI�,QRUJDQLF�+ROORZ�1DQRVSKHUHV�DQG�WKHLU�
$SSOLFDWLRQ�LQ�'UXJ�'HOLYHU\�

6XGKLQD�*XUDJDLQ��DQG�%LVKQX�3UDVDG�%DVWDNRWL�

�'HSDUWPHQW�RI�&KHPLVWU\��1RUWK�&DUROLQD�$	7�6WDWH�8QLYHUVLW\��1HZ�6FLHQFH�%XLOGLQJ�������(DVW�
0DUNHW�6WUHHW��*UHHQVERUR��1&��������

(PDLO��ESEDVWDNRWL#QFDW�HGX�

$EVWUDFW�

6HYHUDO� DSSURDFKHV� KDYH� EHHQ� PDGH� WR� V\QWKHVL]H� LQRUJDQLF� KROORZ� QDQRVSKHUHV�� $� GXDO�WHPSODWH�
V\VWHP� LV� WKH� PRVW� HIIHFWLYH� PHWKRG�� XVXDOO\� XVLQJ� VXUIDFWDQWV� WR� IRUP� PHVRSRURXV� VKHOOV� DQG� ULJLG�
WHPSODWHV�WR�IRUP�LQWHULRU�KROORZ�VWUXFWXUHV��+RZHYHU��WKH�UHPRYDO�RI�ULJLG�WHPSODWHV�LV�WLPH�FRQVXPLQJ�
DQG� XQHFRQRPLFDO�� 7KH� VHOI�DVVHPEO\� RI� VRIW�WHPSODWHV� LV� PRUH� FRQYHQLHQW� DQG� LV� DEOH� WR� GLUHFWO\�
FRQVWUXFW� KROORZ� PHVRSRURXV� QDQRSDUWLFOHV�� 7KH� VRIW�WHPSODWLQJ� DSSURDFK� HVSHFLDOO\� WKH� PLFHOOHV� RI�
DPSKLSKLOLF�EORFN�FRSRO\PHUV�DUH�YHU\�KHOSIXO�IRU�FUHDWLQJ�KROORZ�LQWHULRUV�DQG�SRURXV�VKHOO��7KH�KROORZ�
YRLG� DQG� WKLFNQHVV� RI� VKHOO� FDQ� EH� HDVLO\� WXQHG� E\� FKDQJLQJ� HLWKHU� PROHFXODU� ZHLJKW� RI� SRO\PHU� RU�
VROXWLRQ� SURSHUWLHV�� 7KLV� UHYLHZ� IRFXVHV� RQ� WKH� V\QWKHVLV� RI� LQRUJDQLF� KROORZ� QDQRVSKHUHV� DQG� WKHLU�
DSSOLFDWLRQ�LQ�GUXJ�GHOLYHU\��7KH�ODUJH�KROORZ�YRLG�VSDFH�ZLWK�WKRURXJK�SRURVLW\�DUH�DOZD\V�EHQHILFLDO�
IRU�GUXJ�ORDGLQJ�DQG�UHOHDVH��

,QWURGXFWLRQ�

7KH� SUHSDUDWLRQ� RI� LQRUJDQLF� KROORZ� QDQRSDUWLFOHV� RI� GHILQHG� VWUXFWXUHV� DQG� FRPSRVLWLRQ� LV� RI�
LPPHQVH� VFLHQWLILF� DQG� WHFKQRORJLFDO� LQWHUHVW��7KHVH�KROORZ�QDQRVWUXFWXUHV�KDYH� IRXQG� WR�KDYH�GLYHUVH�
DQG� IDVFLQDWLQJ� DSSOLFDWLRQV�� VXFK� DV� LQ� FDWDO\VLV�� ELRPHGLFLQH�� DQG� HQHUJ\� VWRUDJH��� 7KH� KROORZ� YRLGV�
SURYLGH�VSDFH�IRU�SD\ORDGV��7KH�LQGXFWLRQ�RI�SRURVLW\�RQ�VKHOO�LV�DQRWKHU�FKDOOHQJH�GXULQJ�V\QWKHVLV��7KH�
WKRURXJK�SRURVLW\�RQ�WKH�VKHOO�KHOSV�WR�VWRUH�GUXJ�PROHFXOHV�DQG�SURPRWH�WKH�UHOHDVH�ZKHQ�QHFHVVDU\��7KH�
LQWHULRU�KROORZ�YRLG�LV�SURWHFWHG�E\�LQHUW�SRURXV�VKHOO��7KH�KROORZ�QDQRVSKHUHV�RI�KLJKO\�ELRFRPSDWLEOH�
FDOFLXP�SKRVSKDWH� �&$3�� DUH�XVHG� WR�GHOLYHU� WKH� DQWLFDQFHU�GUXJ���7KH�S+� VHQVLWLYH� VROXELOLW\�RI�&$3�
PDNHV� WKHP� LQWHOOLJHQW� FDUULHUV� IRU� DQWLFDQFHU� GUXJV��7KH� DFLGLF� S+� RI� FDQFHU� WLVVXH� IRUFH� WKH�&$3� WR�
GLVVROYH�TXLFNHU� WR� UHOHDVH� WKH�GUXJ�PROHFXOHV�� ,Q�DGGLWLRQ�� WKH�SRURXV�VKHOO�FDQ�EH� IXQFWLRQDOL]HG�ZLWK�
VWLPXOL�UHVSRQVLYH�RUJDQLF�PROHFXOHV�WR�FRQWURO�WKH�GUXJ�UHOHDVH�UDWH��7KH�IXQFWLRQDOL]DWLRQ�RI�VLOLFD�VKHOO�
ZLWK� VRPH� VWLPXOL� UHVSRQVLYH� PROHFXOHV�QDQRSDUWLFOHV� PDNH� WKH� QDQRYDOYH� ZKLOH� UHOHDVLQJ� WKH� GUXJ�
PROHFXOHV��� /LX� HW� DO�� FRQMXJDWH� SHSWLGH� OLJDQG� ZLWK� PHVRSRURXV� VLOLFD� WR� WDUJHW� WXPRU� FHOOV� DQG�
DQJLRJHQLF�EORRG�YHVVHOV��

&RUUHVSRQGLQJ�DXWKRU
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6\QWKHVLV�RI�+ROORZ�QDQRSDUWLFOHV�

6HYHUDO� PHWKRGV� VXFK� DV� 2VWZDOG¶V� ULSHQLQJ��� .LUNHQGDO� HIIHFWV��� JDOYDQLF� GLVSODFHPHQW��� VXUIDFH�
SURWHFWHG�HWFKLQJ��DUH�XVHG�WR�V\QWKHVL]H�WKH�KROORZ�DUFKLWHFWXUH��+RZHYHU�� WKLV�UHYLHZ�RQO\�IRFXVHV�RQ�
KDUG�DQG�VRIW�WHPSODWLQJ�PHWKRG�IRU�WKH�V\QWKHVLV�RI�KROORZ�QDQRVWUXFWXUH��

+DUG�7HPSODWH�

6\QWKHVLV�RI�KROORZ�VWUXFWXUHV�E\�WHPSODWLQJ�DJDLQVW�KDUG�SDUWLFOHV�LV�ZLGHO\�XVHG�PHWKRG��,Q�JHQHUDO��
LW�FRPSULVHV�IROORZLQJ�VWHSV�DV�VKRZQ�LQ�)LJXUH�����

��� V\QWKHVLV� RI� KDUG� WHPSODWHV� ���� IXQFWLRQDOL]DWLRQ�PRGLILFDWLRQ� RI� WHPSODWH� VXUIDFH� WR� DFKLHYH�
IDYRUDEOH�VXUIDFH�SURSHUWLHV�����FRDWLQJ�WKH�WHPSODWHV�ZLWK�GHVLJQHG�PDWHULDOV�RU�WKHLU�SUHFXUVRUV�E\�
YDULRXV�DSSURDFKHV��SRVVLEO\�ZLWK�SRVW�WUHDWPHQW�WR�IRUP�FRPSDFW�VKHOOV�DQG�����VHOHFWLYH�UHPRYDO�RI�
WKH�WHPSODWHV�WR�REWDLQ�KROORZ�VWUXFWXUHV��

)LJXUH�����$� ,OOXVWUDWLRQ�RI�D�FRQYHQWLRQDO�KDUG�WHPSODWLQJ�SURFHVV�IRU�KROORZ�VSKHUH�V\QWKHVLV��
5HSULQWHG�ZLWK�SHUPLVVLRQ�IURP�������%�7(0�SLFWXUHV�RI��D��RULJLQDO�36�SDUWLFOHV���E��36�6L2���DQG��F��

KROORZ�VLOLFD�SDUWLFOHV��5HSULQWHG�ZLWK�SHUPLVVLRQ�IURP�������&RS\ULJKW������$PHULFDQ�&KHPLFDO�6RFLHW\�

7KH� FRPPRQO\� XVHG� KDUG� WHPSODWHV� DUH� PRQRGLVSHUVHG� VLOLFD� SDUWLFOHV���� SRO\PHU� ODWH[� FROORLGV���

FDUERQ�QDQRVSKHUHV���� �6L2��
���=Q6����DQG�&D&2��

���DQG�VRPH�PHWDO�QDQRSDUWLFOHV�DUH�DOVR�XVHG�DV�KDUG�
WHPSODWHV��3RO\VW\UHQH�ODWH[�SDUWLFOHV�ZLWK�GLIIHUHQW�VL]HV�DUH�XVHG�IRU�WKH�IDEULFDWLRQ�RI�KROORZ�LQRUJDQLF�
R[LGH�QDQRSDUWLFOHV�ZLWK�FRQWUROOHG�VKHOO�WKLFNQHVV�DQG�FDYLW\�VL]H�E\�WKH�OD\HU�E\�OD\HU�WHFKQLTXHV����7KH�
VHTXHQWLDO�GHSRVLWLRQ�RI�RSSRVLWHO\�FKDUJHG�SRO\PHU�VSHFLHV�RQ�VXEVWUDWHV� IROORZHG�E\�UHPRYDO�RI�FRUH�
JLYHV� ULVH�KROORZ�SRO\PHU�SDUWLFOHV��&DUXVR�DQG�FRZRUNHUV� V\QWKHVL]HG�KROORZ�VLOLFD� VSKHUH�E\�FRDWLQJ�
QHJDWLYHO\� FKDUJHG� VLOLFD� SUHFXUVRUV� DQG� SRVLWLYHO\� FKDUJHG� SRO\GLDOO\OGLPHWK\ODPPRQLXP� FKORULGH�
WKURXJK�VHTXHQWLDO�GHSRVLWLRQ�RI�RSSRVLWHO\�FKDUJHG�VSHFLHV��+ROORZ�VLOLFD�ZDV�REWDLQHG�DIWHU�UHPRYDO�RI�
36�ODWH[�E\�FDOFLQDWLRQ��7KH�KROORZ�VLOLFD�VSKHUHV�UHWDLQHG�WKH�VSKHULFDO�VKDSH�RI�WKH�RULJLQDO�36�SDUWLFOH�
WHPSODWHV�� /L� DQG� FRZRUNHUV� V\QWKHVL]HG� WKH� *D�2�� DQG� *D1� KROORZ� VSKHUHV� E\� XVLQJ� FROORLGDO�
FDUERQDFHRXV�SRO\VDFFKDULGH�PLFURVSKHUHV�DV�WHPSODWHV����7KLV�PHWKRG�LQYROYHV�WKH�LQLWLDO�DEVRUSWLRQ�RI�
PHWDO�LRQV�IURP�VROXWLRQ�LQWR�WKH�IXQFWLRQDO�VXUIDFH�OD\HU�RI�FDUERQDFHRXV�VDFFKDULGH�PLFURVSKHUHV��WKHVH�
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DUH� WKHQ� GHQVLILHG� DQG� FURVV�OLQNHG� LQ� D� VXEVHTXHQW� FDOFLQDWLRQ� DQG�R[LGDWLRQ�SURFHGXUH� WR� IRUP�PHWDO�
R[LGH�KROORZ�VSKHUHV��

7KH�V\QWKHVLV�RI�KROORZ�SDUWLFOHV�YLD�KDUG�WHPSODWHV�LV�UHJDUGHG�DV�D�YHU\�HIIHFWLYH�DQG�PRVW�FRPPRQ�
PHWKRG��+RZHYHU�� KDUG� WHPSODWHV� KDYH� VHYHUDO� LQWULQVLF� GLVDGYDQWDJHV��ZKLFK� LQFOXGH� WKH� FRPSOLFDWHG�
PXOWL�VWHS�SURFHVVHV�� ORZ�SURGXFWLYH�\LHOGV�� ORZ�VWUXFWXUDO�UREXVWQHVV��GLIILFXOWLHV�IRU�HQFDSVXODWLRQ�DQG�
UHOHDVH�RI�JXHVW�VSHFLHV��,Q�WKLV�UHJDUG��WKH�V\QWKHVLV�YLD�VRIW�WHPSODWHV�KDV�EHHQ�GHYHORSHG�DV�DQRWKHU�IDVW�
JURZLQJ� PHWKRG� IRU� WKH� V\QWKHVLV� RI� KROORZ� VWUXFWXUHV�� ZLWK� LWV� RZQ� DGYDQWDJHV� VXFK� DV� VLPSOH�
SURFHGXUHV�� YDULDELOLW\� RI� WKH� WHPSODWH� VRXUFHV�� HQFDSVXODWLRQ� RI� JXHVW� VSHFLHV� GXULQJ� WKH� V\QWKHVLV� RI�
KROORZ�PDWHULDOV��DQG�HDV\�UHPRYDO�RI�WKH�WHPSODWHV�E\�ZDVKLQJ�DW�ORZ�WHPSHUDWXUH��

6RIW�7HPSODWH�

6RIW�WHPSODWHV�W\SLFDOO\�LQFOXGH�VWUXFWXUHV�IRUPHG�E\�ELRPROHFXOHV����/LTXLG�FU\VWDO����JDV�EXEEOHV���

DPSKLSKLOLF�PROHFXOHV�VXFK�DV�VXUIDFWDQWV����DQG�ORQJ�FKDLQ�SRO\PHUV����8QGHU�FHUWDLQ�FRQGLWLRQV�� WKHVH�
PDWHULDOV� VHOI�DVVHPEOH� LQWR� ZHOO�GHILQHG� DJJUHJDWLQJ� HQWLWLHV� ZKLFK� UHVWULFW� DQG� GLUHFW� WKH� JURZWK� RI�
LQRUJDQLF� SUHFXUVRUV�� 3UHFXUVRU� VSHFLHV� UHDFW� LQ� WKH� FRQILQHG� VSDFH� RU� RQ� WKH� RXWHU� VXUIDFH� RI� WKH� VRIW�
DVVHPEOLHV��YLD�D�VRO�JHO�SURFHVV�RU�K\GURWKHUPDO�PHWKRG�WR�IRUP�D�VKHOO���

+ROORZ� QDQRVSKHUHV� RI� FDOFLXP� SKRVSKDWH� KDYH� EHHQ� V\QWKHVL]HG� XVLQJ� FHW\OWULPHWK\ODPPRQLXP�
EURPLGH� �&7$%�� DV� WHPSODWH���� ;X� HW� DO�� KDYH� SUHSDUHG� QRYHO� PXOWLVKHOOHG� &X�2� KROORZ� VSKHUHV� YLD�
&7$%�YHVLFOH� WHPSODWLQJ� URXWH� LQ�DTXHRXV�VROXWLRQ����'HSHQGLQJ�RQ� WKH�FRQFHQWUDWLRQ�RI�&7$%� LQ� WKH�
UDQJH� RI� ���������0�� WKH�&X�2�KROORZ� VSKHUHV� DUH� IRXQG� WR� EH� GRPLQDQWO\� VLQJOH��� GRXEOH��� WULSOH��� RU�
TXDGUXSOH�VKHOOHG�LQ�WKH�SURGXFW���

&RPSDUHG� WR� WKH�RWKHU�VWUDWHJLHV��RQH�RI� WKH�DGYDQWDJHV�RI�XVLQJ� WHPSODWHV�RI�SRO\PHULF�PLFHOOHV� LV�
WKDW� WKH� VL]H� DQG� PRUSKRORJ\� RI� WKH� PLFHOOHV� FDQ� EH� HDVLO\� WXQHG� E\� DGMXVWLQJ� WKH� EORFN� OHQJWK� DQG�
VROXWLRQ�SURSHUWLHV��%DVWDNRWL�HW�DO�� V\QWKHVL]HG�KROORZ�QDQRVSKHUHV�RI�&D&2�� WHPSODWLQJ�RQ� ODERUDWRU\�
V\QWKHVL]HG� WULEORFN� FRSRO\PHU���� 3RO\�VW\UHQH�E�DFU\OLF� DFLG�E�HWK\OHQH� JO\FRO�� �36�E�3$$�E�3(*��
EORFN� FRSRO\PHU� IRUPV� D� VSKHULFDO� PLFHOOHV� ZLWK� 36� FRUH�� 3$$� VKHOO�� DQG� 3(*� FRURQD� LQ� DTXHRXV�
VROXWLRQV������� ,Q� DONDOLQH�PHGLXP��3$$� LV�QHJDWLYHO\� FKDUJHG� DQG� FDQ� LQWHUDFW�ZLWK� SRVLWLYHO\� FKDUJHG�
PHWDO� LRQV�� &DOFLXP� LRQ� VHOHFWLYHO\� LQWHUDFWV� ZLWK� 3$$� VKHOO� DQG� SURYLGHV� VSDFH� IRU� PLQHUDOL]DWLRQ�
UHDFWLRQ� IRU� FDOFLXP� FDUERQDWH� DQG� FDOFLXP� SKRVSKDWH� �)LJXUH� �$��� 7KLV� PHWKRG� FDQ� EH� H[WHQGHG� WR�
VHYHUDO�RWKHU�FRPSRVLWLRQ��7KH�XVH�RI�PLFHOOHV�DV�WHPSODWH�RYHUFRPHV�WKH�SUREOHP�RI�FU\VWDO�RYHUJURZWK��
DOORZLQJ�WKH�IRUPDWLRQ�RI�QDQRPHWHU�VL]HG�KROORZ�VSKHUHV�ZLWK�XQLIRUP�YRLG�VSDFH��$V�WKH�YRLG�VSDFH�LV�
IRUPHG�DIWHU�UHPRYLQJ�36�FRUH��,W�FDQ�EH�WXQHG�E\�FKDQJLQJ�WKH�PROHFXODU�ZHLJKW�RI�36�RU�XVLQJ�VRPH�
VZHOOLQJ�DJHQW��<DPDXFKL�HW�DO��XVHG�D�QHZ�GXDO�VRIW�WHPSODWH�V\VWHP�FRPSULVLQJ�KLJK�PROHFXODU�ZHLJKW�
EORFN� FRSRO\PHU� DQG� WKH� ORZ� PROHFXODU� ZHLJKW� FDWLRQLF� VXUIDFWDQW� FHW\OWULPHWK\ODPPRQLXP� EURPLGH�
�&7$%��WR�V\QWKHVL]H�KROORZ�PHVRSRURXV�VLOLFD�QDQRSDUWLFOHV�ZLWK�D�FHQWHU�YRLG�RI�DURXQG����QP����7KH�
VWDEOH� SRO\PHULF�PLFHOOH� VHUYHV� DV� D� WHPSODWH� WR� IRUP� WKH� KROORZ� LQWHULRU�� ZKLOH� WKH�&7$%� VXUIDFWDQW�
VHUYHV�DV�D�WHPSODWH�WR�IRUP�PHVRSRUHV�LQ�WKH�VKHOOV��)LJXUH��%��7KH�SRVLWLYHO\�FKDUJHG�3�93�LQWHUDFWV�
ZLWK� SRVLWLYHO\� FKDUJHG� &7$�� LRQV� YLD� QHJDWLYHO\� FKDUJHG� K\GURO\]HG� VLOLFD� VSHFLHV�� 7KXV�� GXDO� VRIW�
WHPSODWHV� FOHDUO\� KDYH� GLIIHUHQW� UROHV� IRU� WKH� SUHSDUDWLRQ� RI� WKH� +06� QDQRSDUWLFOHV�� 7KH� VXUIDFH� DUHD�
PHDVXUHPHQW�UHYHDOHG�WKDW�WKH�PHVRSRURXV�VLOLFD�VKRZV�KLJK�VXUIDFH�DUHD�������P�J����FRPSDUH�ZLWK�WKDW�
VLOLFD��������P�J����SUHSDUHG�LQ�WKH�DEVHQFH�RI�ORZ�PROHFXODU�VXUIDFWDQW��7KH�KROORZ�YRLGV�DQG�WKRURXJK�
SRURVLW\�LQ�WKH�VKHOO�DUH�DOZD\V�EHQHILFLDO�LQ�GUXJ�GHOLYHU\�DSSOLFDWLRQ���
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)LJXUH�����$��6FKHPDWLF�IRUPDWLRQ�URXWH�RI�KROORZ�QDQRVSKHUHV�RI�LQRUJDQLF�PDWHULDOV�XVLQJ�SRO\PHULF�
PLFHOOHV���%���D��6(0�DQG��E±G��7(0�LPDJHV�RI�KROORZ�PHVRSRURXV�ELR�JODVV�VSKHUHV���G��(QODUJHG�

LPDJH�RI�WKH�VKHOO�UHJLRQ�VKRZLQJ�YHUWLFDO�PHVRFKDQQHOV��5HSULQWHG�ZLWK�SHUPLVVLRQ�IURP�������

+ROORZ�SDUWLFOHV�DV�GUXJ�FDUULHUV�

7KH�SUHVHQFH�RI�YRLG� VSDFH� LQ� WKH�KROORZ�QDQRSDUWLFOHV� FDQ�EH�XVHG� WR� VWRUH�GLIIHUHQW� FDUJRV��7KH\�
FRXOG� EH� GUXJV�� LPDJLQJ� DJHQWV�� FRQWUDVW� DJHQWV� RU� UHDFWDQWV�� 7KH� KROORZ� SRO\PHU�� VLOLFD�� DQG� VHYHUDO�
PHWDO�R[LGHV�DUH�JRRG�FDQGLGDWHV�IRU�GUXJ�GHOLYHU\�FDUULHUV��&DOFLXP�SKRVSKDWH�LV�KLJKO\�ELRFRPSDWLEOH�
LQRUJDQLF� ELRPDWHULDOV�� 7KH� QDWXUDO� RFFXUUHQFH� RI� FDOFLXP� SKRVSKDWH� LQ� WKH� KXPDQ� ERG\� LV� RQH� RI� WKH�
SULPDU\�DGYDQWDJHV�RYHU�RWKHU�V\QWKHWLF�GUXJ�GHOLYHU\�V\VWHPV��$V�D�SUHOLPLQDU\�H[SHULPHQW�� WKH�VDIHW\�
DQG� WR[LFRORJLFDO� LVVXHV� RI� WKH� V\QWKHVL]HG� KROORZ� FDOFLXP� SKRVSKDWH� QDQRVSKHUHV�ZHUH� H[DPLQHG� E\�
077�DVVD\V�RI�D�EUHDVW�FDQFHURXV�FHOO�OLQH����7KH�UHVXOWV�VKRZQ�LQ�)LJXUH���LQGLFDWH�WKDW�WKH�FHOO�YLDELOLW\�
ZDV� DV� KLJK� DV� WKH� FRQWURO� VDPSOH� �L�H��� FHOOV� QRW� WUHDWHG� ZLWK� QDQRSDUWLFOHV��� HYHQ� ZKHQ� WKH� FDOFLXP�
SKRVSKDWH�FRQFHQWUDWLRQ�ZDV�XS�WR������PJ�P/����GHPRQVWUDWLQJ�DQ�H[FHOOHQW�ELRFRPSDWLELOLW\�LQ�YLWUR��

)LJXUH�����D��6FKHPDWLF�LOOXVWUDWLRQ�RI�KROORZ�FDOFLXP�SKRVSKDWH�QDQRVSKHUHV�IRU�ELRFRPSDWLELOLW\�WHVW��
�E��$�FRQIRFDO�IOXRUHVFHQW�LPDJH�RI�IOXRUHVFHLQ�DGVRUEHG�KROORZ�FDOFLXP�SKRVSKDWH�QDQRSDUWLFOHV�LQ�%7�
���FDQFHU�FHOOV���F��077�DVVD\V�RI�%7����FHOOV�WUHDWHG�ZLWK�KROORZ�FDOFLXP�SKRVSKDWH�QDQRSDUWLFOHV�ZLWK�

GLIIHUHQW�FRQFHQWUDWLRQV��5HSULQWHG�ZLWK�SHUPLVVLRQ������
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+ROORZ�VLOLFD�QDQRSDUWLFOHV��VLQJOH�FRPSRVLWLRQ��RU�\RON�VKHOO�W\SH��GRXEOH�FRPSRVLWLRQ��VHUYH�DV�GUXJ�
GHOLYHU�FDUULHUV�������7KH\�DUH�VXLWDEOH�IRU�ORDGLQJ�DQG�UHOHDVLQJ�VPDOO�GUXJ�PROHFXOHV��VL�51$��HQ]\PHV�
DQG� SURWHLQV�� +ROORZ� PHVRSRURXV� VLOLFD� ZDV� PRGLILHG� ZLWK� SRO\����GLHWK\ODPLQR��HWK\O� PHWKDFU\ODWH���
�3'($(0$�� SRO\PHU�� 7KH� FRQMXJDWLRQ� RI� UHGR[� UHVSRQVLYH� GLVXOSKLGH� ERQG� DQG� OLJKW� FOHDYDEOH� R�
QLUREHQ]\O�HVWHU�PDNHV�WKH�PHVRSRURXV�VLOLFD��D�WULSOH�UHVSRQVLYH�GUXJ�FDUULHU����7KH�PXOWLUHVSRQVLYH�GUXJ�
GHOLYHU\�V\VWHP�FRXOG�KDYH�JUHDWHU�SRWHQWLDO�IRU�FRQWUROOLQJ�GUXJ�GHOLYHU\�LQ�FRPSOLFDWHG�EROG�FLUFXODWLRQ�
DQG�SDWKRORJLFDO�HQYLURQPHQW��+ROORZ�LURQ�R[LGHV�DQG�JROG�QDQRSDUWLFOHV�DUH�XVHG�IRU�GUXJ�GHOLYHU\�DQG�
K\SHUWKHUPLD�FDQFHU�WKHUDS\�����

&RQFOXVLRQ�

7KH� KROORZ� VWUXFWXUH� KDYH� DWWUDFWHG� ZLGH� UHVHDUFK� LQWHUHVW� GXH� WKHLU� IDVFLQDWLQJ� SURSHUWLHV� DQG�
DSSOLFDWLRQ� LQ� ELRPHGLFDO� VFLHQFHV�� 6WRULQJ� D� SD\ORDG� DQG� UHOHDVH� DW� WDUJHWHG� VLWHV�ZLWK�PLQLPXP� VLGH�
HIIHFWV� LV� D� YHU\� GHPDQGLQJ� LQ� WDUJHWHG� GUXJ� GHOLYHU\�� 6RPH� RI� WKH� PDWHULDOV� KDYH� DOUHDG\� VKRZQ�
SURPLVLQJ� UHVXOWV�� +RZHYHU�� SURSHU� IXQFWLRQDOL]DWLRQ� WR�PDNH� WKH� KROORZ� SDUWLFOHV� PRUH� IULHQGO\� ZLWK�
KXPDQ� SK\VLRORJLFDO� HQYLURQPHQW� LV� D� FXUUHQW� FKDOOHQJH�� � 6SHFLDOO\�� LQ� ELRPHGLFDO� DSSOLFDWLRQ�� WKH�
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