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&KHPRVHQVRU\� V\VWHPV� DUH� LQYROYHG� LQ� UHJXODWLRQ� RI� WKH� PRVW� LPSRUWDQW�
EHKDYLRUDO�SDWWHUQV�LQ�ILVK��2OIDFWLRQ�SURYLGHV�ILVK�ZLWK�LQIRUPDWLRQ�DERXW�SUHVHQFH�RI�
SUHGDWRUV�DQG�SDUWQHUV�LQ�WKH�JURXS��DOORZV�ILVK�WR�VHDUFK�IRU�IRRG��KRPH�WHUULWRU\�DQG�
PLJUDWLRQ� URXWHV�� WR� GLVWLQJXLVK� FRQVSHFLILFV� DQG� WKHLU� SRSXODWLRQ�� KLHUDUFKLFDO�
SRVLWLRQ�� VH[� DQG� UHDGLQHVV� RI� VSHFLPHQV� WR� VSDZQ� >�@�� %DVHG� RQ� WDVWH� V\VWHP� ILVK�
HYDOXDWH� WKH� IRRG� RUJDQLVPV� DQG� IHHG� ZLWK� DSSURSULDWH� RQHV� >�@�� 0RVW� RI� WKH�
LQIRUPDWLRQ�DERXW�FKHPRVHQVRU\�V\VWHPV�FRQFHUQV�ILVK�LQKDELWHG�ZDWHU�ERGLHV�RI�WKH�
WHPSHUDWH�]RQH��7URSLFDO�ILVK��HVSHFLDOO\�FRUDO�UHHI�ILVK��DUH�PXFK�OHVV�VWXGLHG�GHVSLWH�
WKH� ULFKQHVV� RI� WKH� LFKWK\RIDXQD� LQ� ORZ� ODWLWXGHV�� 6\VWHPDWLF� VWXGLHV� RI� WKH�
FKHPRVHQVRU\�V\VWHPV�RI�9LHWQDPHVH�ILVK�KDYH�QRW�SUHYLRXVO\�EHHQ�FDUULHG�RXW��7KH�
DLP�RI�WKH�ZRUN�WKDW�KDV�EHHQ�FDUULHG�RXW�LQ�UHFHQW�\HDUV�LQ�WKH�&RDVWDO�EUDQFK�RI�-RLQW�
9LHWQDP�5XVVLD� 7URSLFDO� 6FLHQFH� DQG� 7HFKQRORJ\� 5HVHDUFK� &HQWUH� ZLWKLQ� WKH�
IUDPHZRUN� RI� WKH� SURMHFW� (FRODQ� ���� �� WDVN� �� ZDV� WR� VWXG\� WKH�PRUSKRORJ\� RI� WKH�
ROIDFWRU\�RUJDQ�LQ�ILVK��WKH�PRVW�FRPPRQ�LQ�IUHVKZDWHU�DQG�PDULQH�ZDWHUV�RI�9LHWQDP��
7KH� DLP� RI� WKH�ZRUN� DOVR� LQFOXGHG� WKH� VWXG\� RI� WDVWH� UHFHSWLRQ� DQG� LWV� UROH� LQ� WKH�
UHJXODWLRQ�RI�WURSKLF�UHODWLRQVKLSV�EHWZHHQ�ILVK�DQG�LQYHUWHEUDWHV�RI�FRUDO�UHHIV���
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7KH�VWXG\�RI�WKH�PRUSKRORJ\�RI�WKH�PDLQ�VWUXFWXUHV�RI�WKH�ROIDFWRU\�RUJDQ�ZDV�
DQDO\]HG�LQ�ILVK�FDXJKW�ZLWK�D�QHWWLQJ�JHDU�LQ�WKH�FRUDO�UHHIV�RI�WKH�1KD�7UDQJ�%D\�
�WKH�(DVW�6HD���DIWHUZDUG�IL[HG�LQ�����IRUPDOLQ�DQG�WUDQVIHUUHG�WR�����HWKDQRO��7KH�
H[DPLQDWLRQ� ZDV� FRQGXFWHG� XVLQJ� D� ELQRFXODU� 0%6��� PLFURVFRSH�� $Q� RFXODU�
PLFURPHWHU� ZDV� DSSOLHG� IRU� WKH� PHDVXUHPHQWV�� DQG� /HYHQKXN�0���� %DVH� GLJLWDO�
FDPHUD�ZDV�XVHG�WR�WDNH�SKRWRJUDSKV��

7KH� WDVWH� SHUFHSWLRQ� RI� ILVK� ZDV� VWXGLHG� XVLQJ� D� PHWKRG� EDVHG� RQ� WKH�
EHKDYLRUDO� UHVSRQVH� RI� ILVK� WR� SHOOHWV� PDGH� IURP� DJDU�DJDU� JHO� ����� FRQWDLQLQJ�
FKHPLFDOV� RU� ZDWHU� H[WUDFW� RI� YDULRXV� PDULQH� DQLPDOV� DQG� SODQWV� ����� PJ�PO���
([WUDFWV�DQG�VROXWLRQV�ZHUH�SUHSDUHG�RQ�WKH�EDVLV�RI�VHDZDWHU��7KH�ILVK�ZHUH�SODFHG�
LQ� DTXDULXPV� FRPELQHG� LQWR� D� FORVHG� V\VWHP� ZLWK� ZDWHU� FLUFXODWLRQ� ���� �� ��&��
WKURXJK�D�ELRILOWHU��7KH�FRQVXPSWLRQ�RI�JUDVSHG�SHOOHWV��WKH�WRWDO�QXPEHU�RI�JUDVSV�LQ�
D�WULDO��DQG�WKH�SHOOHW�UHWHQWLRQ�WLPH�LQ�ILVK�PRXWK�ZHUH�UHFRUGHG��
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7KH�ROIDFWRU\�RUJDQ�LQ�$EXGHIGXI�VH[IDVFLDWXV�DQG�$��YDLJLHQVLV��OLNH�LQ�PDQ\�
GDPVHOILVK��3RPDFHQWULGDH���KDV�RQH�QRVWULO��,Q�$��VH[IDVFLDWXV��WKH�QRVWULO�LV�VOLJKWO\�
HORQJDWHG�DQG�VOLJKWO\�ZLGHQHG�LQ�WKH�FDXGDO�SDUW�EXW�LQ�$��YDLJLHQVLV�LQ�ZLGHQHG�LQ�
WKH�URVWUDO�SDUW��7KH�DUURZ�VKDSHG�ROIDFWRU\�URVHWWH�LQ�ERWK�VSHFLHV�LV�ORFDWHG�RQ�WKH�
PHGLDO�VLGH�RI�WKH�ROIDFWRU\�FDYLW\��,Q�ERWK�VSHFLHV��WKH�URVHWWH�LV�RYDO��HORQJDWHG�LQ�
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WKH� URVWURFDXGDO� GLUHFWLRQ�� LW� KDV� D� VLPLODU� QXPEHU� RI� ROIDFWRU\� ODPHOODH��
V\PPHWULFDOO\� DWWDFKHG� WR� WKH� VHSWXP�� UHJXODUO\� LQFUHDVHG� LQ� VL]H� DQG� FKDQJHG� LQ�
VKDSH� WRZDUGV� WKH� FDXGDO� HGJH� RI� WKH� URVHWWH�� 7KH�PD[LPXP� QXPEHU� RI� ROIDFWRU\�
ODPHOODH� LQ� $�� VH[IDVFLDWXV� LV� ��� �LQ� VSHFLPHQV�� �������� FP� ERG\� OHQJWK��� LQ� $��
YDLJLHQVLV�� ��� �LQ� VSHFLPHQV�� ������ FP��� 7KHUH� LV� QR� VHFRQGDU\� IROGLQJ� RQ� WKH�
ODPHOODH�� 7KH� DEVROXWH� GLPHQVLRQV� RI� WKH� ROIDFWRU\� URVHWWH²WKH� OHQJWK� DQG�ZLGWK��
DQG�WKH�OHQJWK�RI�WKH�ROIDFWRU\�ODPHOODH�VOLJKWO\�GLIIHU�LQ�ERWK�VSHFLHV�KDYLQJ�VLPLODU�
ERG\� OHQJWK�� %RWK� VSHFLHV� KDYH� WZR� YHQWLODWLRQ� VDFV�� ZLWK� WKH� ODFULPDO� VDF� PXFK�
ODUJHU�WKDQ�WKH�HWKPRLGDO�RQH��7KH�VLPLODULW\�RI�WKH�JHQHUDO�VWUXFWXUH�RI�WKH�ROIDFWRU\�
RUJDQ� LQ� WKHVH� WZR� FORVHO\� UHODWHG� ILVK� VSHFLHV� FRQILUPV� WKH� H[LVWLQJ� GDWD� RQ� WKH�
VWUXFWXUDO�FRQVHUYDWLVP�RI�WKH�ROIDFWRU\�V\VWHP�LQ�ILVK��)LJ��������>����@��

7KHUH�DUH�DOVR�REYLRXV�GLIIHUHQFHV�LQ�WKH�VWUXFWXUH�RI�WKH�ROIDFWRU\�RUJDQ��,Q�
$��YDLJLHQVLV�� WKH�ROIDFWRU\�URVHWWH�RFFXSLHV�D�VPDOOHU�SDUW�RI�WKH�ROIDFWRU\�FDYLW\��
LQ�$��VH[IDVFLDWXV��WKH�URVHWWH�ILOOV�DOPRVW�WKH�HQWLUH�FDYLW\��7KH�FORVH�DUUDQJHPHQW�
RI�WKH�URVHWWH�LQ�$��VH[IDVFLDWXV�LV�DFKLHYHG�PDLQO\�GXH�WR�LWV�VPDOOHU�VL]H�FRPSDUHG�
WR�$��YDLJLHQVLV��7KLV�LV�W\SLFDO�IRU�ILVK�ZLWK�D�ZHOO�GHYHORSHG�VHQVH�RI�VPHOO�DQG�LV�
FRQVLGHUHG� DQ� DGDSWDWLRQ� WKDW� LQFUHDVHV� WKH� VHQVRU\� FDSDELOLWLHV� RI� WKH� RUJDQ�� 7KH�
SURFHVV�RI�ZDWHU�H[FKDQJH�LQ�WKH�ROIDFWRU\�RUJDQ�LQ�$EXGHIGXI�GLIIHUV�GXH�WR�WKH�UDWLR�
RI�WKH�VL]H�RI�ROIDFWRU\�FDYLW\�DQG�URVHWWH�DQG�GLIIHUHQW�UROH�RI�ROIDFWRU\�ODPHOODH�LQ�
WKLV� SURFHVV�� ,Q� $�� YDLJLHQVLV�� WKH� VKDSH� RI� WKH� ROIDFWRU\� ODPHOODH� LV� H[WUHPHO\�
SHFXOLDU� ZKLFK� QRW� IRXQG� LQ� RWKHU� ILVK�� 7KH� GLVWDO� SDUW� RI� WKH� ODUJHVW� ODPHOODH� LV�
GHVLJQHG� VR� WKDW� XQGHU� WKH� DFWLRQ� RI�ZDWHU� HQWHULQJ� WKH� RUJDQ�� WKH� ODPHOODH�PRYH�
DSDUW�� DQG�ZKHQ�ZDWHU� FRPHV� RXW�� ODPHOODH� IROG� WR� WKH� FHQWHU� RI� WKH� URVHWWH�� 7KLV�
VWUHDPOLQHV�WKH�IORZV�DQG�IDYRUV�ZDWHU�H[FKDQJH�LQ�WKH�ROIDFWRU\�FDYLW\��EXW�UHTXLUHV�
DGGLWLRQDO�VSDFH��,Q�$��VH[IDVFLDWXV��WKH�ROIDFWRU\�IROGV�DUH�IODW��)LJ�����>����@��

)LJ�����7KH�ORFDWLRQ�RI�WKH�ROIDFWRU\�RUJDQ�RQ�WKH�KHDG�RI�ILVK�
$���$EXGHIGXI�VH[IDVFLDWXV��%���7KDODVVRPD�OXQDUH��&���3DUXSHQHXV�LQGLFXV��

'���$QDEDV�WHVWXGLQHXV��DQ�DQG�SQ���DQWHULRU�DQG�SRVWHULRU�QRVWULOV�
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7KH� RSHQLQJV� RI� WKH� YHQWLODWLRQ� VDFV� LQ� WKH� $EXGHIGXI� VSHFLHV� DUH� ORFDWHG�
VLPLODUO\��7KH�ODFULPDO�VDF�LQ�$��YDLJLHQVLV�LV�PXFK�ODUJHU�WKDQ�WKH�HWKPRLGDO�RQH�DQG�
WKH�ROIDFWRU\�FDYLW\��LQ�$��VH[IDVFLDWXV��WKH�ODFULPDO�VDF�LV�VPDOOHU�LQ�YROXPH�DQG�KDYH�
WZR�FRPSDUWPHQWV��,Q�$��YDLJLHQVLV��LQ�FRQWUDVW�WR�$��VH[IDVFLDWXV��WKH�VHSWXP��FHQWUDO�
IROG��KDV� DQ�H[WHQVLRQ� WKDW� UHFHLYHV� WKH�ZDWHU� IORZ�HQWHULQJ� WKH�ROIDFWRU\� RUJDQ�DQG�
GLUHFWV�LW�EHWZHHQ�WKH�ODPHOODH�RI�WKH�URVHWWH�DQG�IXUWKHU�LQWR�WKH�YHQWLODWLRQ�VDFV�>����@��

)LJ�����2OIDFWRU\�URVHWWH��$���$EXGHIGXI�VH[IDVFLDWXV��%��7KDODVVRPD�OXQDUH��
&���$QDEDV�WHVWXGLQHXV

)LJ�����6FKHPH�RI�YHQWLODWLRQ�RI�WKH�ROIDFWRU\�RUJDQ�

D���$EXGHIGXI�VH[IDVFLDWXV��E��$QDEDV�WHVWXGLQHXV��OV�DQG�HV���ODFULPDO�DQG�HWKPRLGDO�
VDFV��Y���YDOYH��RWKHUV���DV�LQ�)LJ����

,Q� WKH�PRRQ�ZUDVVH�7KDODVVRPD� OXQDUH� DQG� WKH� VL[EDU�ZUDVVH�7�� KDUGZLFNH
�/DEULGDH��� WKH� ROIDFWRU\� RUJDQ� KDV� WZR� QRVWULOV�� 7KH� SRVWHULRU� QRVWULO� LV� HTXLSSHG�
ZLWK� D� YDOYH�� 7KH� ROIDFWRU\� URVHWWH� LV� DEVHQW�� EXW� WKHUH� LV� WKH� ROIDFWRU\� GLVF� DQG� D�
YHUWLFDO� PHPEUDQH�� VWUXFWXUHV� SUHYLRXVO\� XQNQRZQ� LQ� ILVK�� 7KH� ROIDFWRU\� GLVN� LV�
ORFDWHG�DW�WKH�ERWWRP�LQ�WKH�URVWUDO�SDUW�RI�WKH�ROIDFWRU\�FDYLW\�DQG�LV�D�FRQJORPHUDWH�
RI�PHUJHG�UXGLPHQWV�RI� WKH�SULPDU\�ROIDFWRU\�ODPHOODH��,Q�7��OXQDUH�� WKH�UXGLPHQWV�
ORRN�OLNH�ORZ�ULGJHV�RQ�WKH�ROIDFWRU\�GLVF�VXUIDFH��LQ�7��KDUGZLFNH��WKH�GLVF�VXUIDFH�LV�
VPRRWK��1HUYH� FRUGV�XQGHU� WKH� UXGLPHQWV� FRQILUP� WKHLU� EHORQJLQJ� WR� WKH�ROIDFWRU\�
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ODPHOODH��7KH�UHGXFWLRQ�PD\�EH�RZLQJ�WR�WKH�IDFW�WKDW�WKH�ROIDFWRU\�FDYLW\�LQ�ZUDVVHV�
LV� VPDOO� DQG� IODWWHQHG�� 7KH� ULGJHV�ODPHOODH� RI� WKH�PRRQ�ZUDVVH� DQG� VL[EDU�ZUDVVH�
GLIIHU�LQ�WKLFNQHVV��%RWK�VSHFLHV�KDYH�RQH�ODUJH�YHQWLODWLRQ�VDF��ODFULPDO��DGMRLQLQJ�
WKH�ROIDFWRU\�FDYLW\� IURP�EHORZ�� LWV�HQWUDQFH�LV� ORFDWHG�DW� WKH�ERWWRP�RI�WKH�FDYLW\�
FDXGDO�WR�WKH�GLVF�>�@��

7KH�QRVWULOV�LQ�ZUDVVHV��7KDODVVRPD��FDQ�FORVH�GXH�WR�WKH�VWLFNLQJ�RI�WKH�WKLQ�
ZDOOV�LQ�WKH�DQWHULRU�QRVWULO�DQG�WKH�ORZHULQJ�RI�WKH�YDOYH�LQ�WKH�SRVWHULRU�QRVWULO��7KH�
FORVLQJ� RI� QRVWULOV� LV� UHODWHG� WR� WKH� ZDWHU� H[FKDQJH� LQ� WKH� ROIDFWRU\� FDYLW\� DQG�
SUHYHQW� WKH� HQWHULQJ� RI� VPDOO� SDUWLFOHV� WR� LW� ZKHQ� ILVK� DUH� EXULHG� LQ� WKH� JURXQG��
9HQWLODWLRQ�RI� WKH�ROIDFWRU\� FDYLW\�RFFXUV�GXH� WR� WKH� UHVSLUDWRU\�PRYHPHQWV�RI� WKH�
ILVK��ZKLFK�LQFUHDVH�WKH�YROXPH�RI�WKH�YHQWLODWLRQ�VDF�GXULQJ�WKH�RSHQLQJ�WKH�PRXWK�
DQG�GHFUHDVH�WKH�YROXPH�ZKHQ�ILVK�FORVH�WKH�PRXWK�>�@��

7KH� ROIDFWRU\� RUJDQ� RI� JRDWILVK� �0XOOLGDH�� KDV� WZR� QRVWULOV�� VHSDUDWHG� IURP�
HDFK� RWKHU� E\� D� JUHDW� GLVWDQFH�� 7KH� DQWHULRU� QRVWULO� LV� VPDOO� LQ� VL]H� DQG� KDV� LQQHU�
GLDPHWHU�LQ�����PP�DQG������PP�LQ�3DUXSHQHXV�LQGLFXV��ERG\�OHQJWK������FP��DQG�
8SHQHXV�WUDJXOD��7/�����FP��UHVSHFWLYHO\��7KH�SRVWHULRU�QRVWULO�KDV�FUHVFHQW�VKDSH��
LWV�VL]H�LV���������WLPHV�WKDW�RI�WKH�DQWHULRU�RQH��DQG�LV�ORFDWHG�GLUHFWO\�LQ�IURQW�RI�WKH�
H\H��2OIDFWRU\�URVHWWH�RI�DUURZ�VKDSHG�W\SH�DQG�FRPSULVH����DQG�������ODPHOODH�LQ�
3��LQGLFXV�DQG�LQ�WZR�VSHFLHV�RI�8URSHQHXV�LQ�ILVK�ZLWK�ERG\�OHQJWK������DQG����FP��
7KH� VHSWXP� LV� ZLGH�� HVSHFLDOO\� LQ� URVWUDO� SDUW�� 7KHUH� LV� QR� VHFRQGDU\� ODPHOODH��
$GGLWLRQDO�QDVDO�VDFV�DUH�DEVHQW��ZKLFK��WRJHWKHU�ZLWK�RWKHU�VWUXFWXUDO�IHDWXUHV�RI�WKH�
ROIDFWRU\� RUJDQ� LQGLFDWHV� WKH� SULQFLSDO� UROH� RI� WKH� FLOLDWHG� HSLWKHOLXP� LQ� WKH�
YHQWLODWLRQ�RI�WKH�ROIDFWRU\�FDYLW\�LQ�WKHVH�ILVK��

7KH� PRUSKRORJ\� RI� WKH� ROIDFWRU\� RUJDQ� LQ� WKH� FOLPELQJ� SHUFK� $QDEDV�
WHVWXGLQHXV��$QDEDQWLGDH��KDV�EHHQ�VWXGLHG�LQ�GHWDLO�IRU�WKH�ILUVW�WLPH��7KH�DQWHULRU�
QRVWULO� LV� D� VKRUW� IRUZDUG�IDFLQJ� WXEH�� 7KH� SRVWHULRU� QRVWULO� LQ� ODUJH� LQGLYLGXDOV��
�7/�!������FP��LV�DOPRVW�FRPSOHWHO\�FORVHG�E\�D�IROG�YDOYH�GLUHFWHG�EDFNZDUG�IURP�
WKH� DQWHULRU� HGJH�RI� WKH� ROIDFWRU\� RSHQLQJ�� WKH�YDOYH� GHYHORSV� DW� D� ILVK�ZLWK� ERG\�
OHQJWK�RI����� FP��7KH�YDOYH�FDQ�SUHYHQW� WKH�GU\LQJ�XS�RI� WKH�ROIDFWRU\�HSLWKHOLXP�
ZKHQ� WKH�FOLPELQJ�SHUFK� HPHUJH� WR� ODQG��EXW� WKH�PDLQ�SXUSRVH�RI�YDOYH� LV� UHODWHG�
ZLWK� WKH� ROIDFWRU\� RUJDQ� YHQWLODWHLRQ�� 7KH� ROIDFWRU\� URVHWWH� RI� D� SDUDOOHO� W\SH� LV�
ORFDWHG�LQ�DQWHULRU�SDUW�RI�WKH�ROIDFWRU\�FDYLW\��WKH�QXPEHU�RI�ODPHOODH�LQ�WKH�URVHWWH�
LQFUHDVHV�ZLWK� WKH� JURZWK� RI� WKH� ILVK�� EXW� GRHV� QRW� H[FHHG� ��� HYHQ� LQ� ILVK� KDYLQJ�
PD[LPDO� VL]H� ���� FP� LQ� ERG\� OHQJWK��� 7KH� ROIDFWRU\� ODPHOODH� LQ� WKH� FHQWHU� RI� WKH�
URVHWWH� DUH� WKH� ELJJHVW�� WKHLU� VL]HV� GHFUHDVH� WRZDUGV� PHGLDO� DQG� ODWHUDO� HGJHV� RI�
URVHWWH��,Q�ILVK�ZLWK�ERG\�OHQJWK�!�����FP��VHFRQGDU\�IROGV�DSSHDU�RQ�WKH�ODWHUDO�VXUIDFH�
RI� WKH� ODPHOODH�� WKH\�DUH� ORFDWHG�DORQJ� WKH�URVWURFDXGDO�D[LV�RI� ODPHOOH��6HFRQGDU\�
IROGLQJ�LQFUHDVHV�WKH�VXUIDFH�RI�WKH�ROIDFWRU\�HSLWKHOLXP�DQG�LQFUHDVHV�WKH�IXQFWLRQDO�
SRWHQWLDO� RI� WKH� ROIDFWRU\� V\VWHP�� 7KHUH� DUH� ODUJH� ODFULPDO� DQG� VPDOO� HWKPRLG�
YHQWLODWLRQ�VDFV��7KHLU�RSHQLQJV�DUH�ORFDWHG�LQ�WKH�FDXGDO�SDUW�RI�WKH�ROIDFWRU\�FDYLW\��
9HQWLODWLRQ�RI�WKH�ROIDFWRU\�FDYLW\�LQ�FOLPELQJ�SHUFK�FDQ�RFFXU�GXULQJ�JLOO�DQG�DLU�
EUHDWKLQJ�UHVSLUDWLRQ��7KH�REWDLQHG�GDWD�DOORZ�XV�WR�FRQVLGHU�WKDW�XVLQJ�ROIDFWLRQ�IRU�
RULHQWDWLRQ�GXULQJ�WKH�WULSV�RQ�ODQG�LV�TXLWH�SRVVLEOH�IRU�FOLPELQJ�SHUFK�>�@��
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,Q�WKH�FRDVWDO�PDULQH�HFRV\VWHPV�RI�9LHWQDP��DQLPDOV�DQG�SODQWV�DUH�ZLGHVSUHDG��
ZKLFK�XVH�WDVWH�GHWHUUHQWV�WR�SURWHFW�WKHPVHOYHV�IURP�ILVK���WKH�VSHFLDO�VXEVWDQFHV�WKDW�
DFFXPXODWH�E\�SRWHQWLDO�SUH\V�DQG�KDYH�D�UHSXOVLYH�WDVWH�IRU�ILVK�>�@��0DQ\�SURSHUWLHV�
RI�VXFK�QDWXUDO�GHWHUUHQWV�UHPDLQ�SRRUO\�VWXGLHG��LQFOXGLQJ�WKHLU�UROH�LQ�WKH�UHJXODWLRQ�
RI� FRPSOH[� WURSKLF� UHODWLRQVKLSV� EHWZHHQ� FRUDO� UHHIV� VSHFLHV�� 7KLV� LQIRUPDWLRQ� LV�
LPSRUWDQW� IRU� WKH� GHYHORSPHQW� RI� SURJUDPV� DQG� DFWLYLWLHV� IRU� WKH� FRQVHUYDWLRQ� DQG�
UHVWRUDWLRQ�RI�WKH�XQLTXH�FRUDO�UHHI�HFRV\VWHPV��ZKLFK�UDSLGO\�GHJUDGLQJ�QRZ��

7R� REWDLQ� QHZ� GDWD� RQ� WDVWH� GHWHUUHQWV�� ZH� FRPSDUHG� WKH� SDODWDELOLW\� RI����������
��� VSHFLHV� RI� FRPDWXOLG� VHD� OLOLHV� �&RPDWXOLGD�� DQG� �� VSHFLHV� RI� WKHLU� V\PELRWLF�
DQLPDOV� IRU� �� ILVK� VSHFLHV�� $�� YDLJLHQVLV�� $�� VH[IDVFLDWXV�� 1HRJO\SKLGRGRQ� PHODV
�3RPDFHQWULGDH��� DQG� &DQWLJDVWHU� YDOHQWLQL� �7HWUDRGRQWLGDH��� $OO� REMHFWV� DUH�
FRPPRQ�LQKDELWDQWV�RI�WKH�FRUDO�UHHIV�RI�9LHWQDP��,W�ZDV�IRXQG�WKDW�VHD�OLOLHV�KDYH�D�
UHSXOVLYH�WDVWH��EXW�WKHLU�WDVWH�DYHUVLYHQHVV�LV�GLIIHUHQW�IRU�GLIIHUHQW�ILVK��,Q�1��PHODV��
H[WUDFWV� RI� DOO� ��� VSHFLHV� RI� VHD� OLOLHV� UHGXFHG� RI� IODYRUHG� SHOOHWV� LQWDNH��ZLWK� WKH�
HIIHFW�RI� OLOLHV�6WHSKDQRPHWUD� LQGLFD��&HQRPHWUD�EHOOD�� DQG�/DPSURPHWUD�SDOPDWD
EHLQJ� WKH� KLJKHVW� �UHGXFHG� SHOOHWV� LQWDNH� E\� ��� �� ��� WLPHV� FRPSDUHG� ZLWK� WKH�
FRQWURO���([WUDFWV�RI�&ODUFNRPDQWKXV�DOWHUQDQV��&RPDVWHU�QRELOLV�DQG�+LPHURPHWUD�
UREXVWLSLQQD�KDG�WKH�ZHDNHVW�HIIHFW����IROG�GHFUHDVH���)RU�$��YDLJLHQVLV��H[WUDFWV�RI�
&HQRPHWUD�EHOOD��!���IROG�GHFUHDVH��DQG�&RPDQWKXV�SDUYLFLUUXV��FRPSOHWH�EORFNLQJ�
RI� FRQVXPSWLRQ�� KDG� WKH� KLJKHVW� QHJDWLYH� HIIHFW�� )RU� $�� VH[IDVFLDWXV�� H[WUDFWV� RI�������
�� VSHFLHV� RI� VHD� OLOLHV� RXW� RI� ��� WHVWHG� ZHUH� WDVWH� DYHUVLYH�� DQG� &RPDQWKXV�
SDUYLFLUUXV�H[WUDFW�UHGXFHG�SHOOHW�FRQVXPSWLRQ�E\�DOPRVW����WLPHV��8QOLNH�VHD�OLOLHV��
DOO� V\PELRQWV�KDG�DQ�DWWUDFWLYH�WDVWH�H[FHSW� IRU� WKH�RSKLXUD�*\PQRORSKXV�REVFXUD��
ZKLFK�KDG�DQ�LQGLIIHUHQW�WDVWH��UHJDUGOHVV�RI�ZKLFK�KRVW�LW�ZDV�FROOHFWHG�IURP�>�@��

7KH� UHVXOWV�RI� WKH� VWXG\� LQGLFDWH� WKDW� WKH� WDVWH�GHWHUUHQWV�RI� VHD� OLOLHV�DUH�QRW�
XQLYHUVDO�DQG�PD\�RQO\�EH�HIIHFWLYH�IRU�FHUWDLQ�ILVK��6\PELRQWV�RI�VHD�OLOLHV�GR�QRW�
SRVVHVV�GHWHUUHQFH�DQG�GR�QRW�SDUWLFLSDWH� LQ� WKH� FKHPLFDO�GHIHQVH�RI� WKHLU�KRVWV�DV�
ZHOO�� 0RUHRYHU�� E\� SUHVHQFH� RI� KLJKO\� SDODWDEOH� V\PELRQWV� SURYRNHV� DWWDFNV� RI�
SUHGDWRUV�DQG�UHGXFHV�WKH�VDIHW\�RI�WKH�KRVWV��+RZHYHU��WKH�FKHPLFDO�GHIHQVH�RI�VHD�
OLOLHV�LV�EHQHILFLDO�IRU�V\PELRQWV�DQG�LQFUHDVHV�WKHLU�VXUYLYDO��7KH�UHVXOWV�DOORZ�XV�WR�
FRQVLGHU�WKH�UHODWLRQVKLS�EHWZHHQ�FULQRLGV�DQG�WKHLU�V\PELRQWV�DV�FRPPHQVDOLVP��

$OWKRXJK�PDQ\�PDULQH�DQLPDOV�DFFXPXODWH�WDVWH�GHWHUUHQWV�RU�XVH�RWKHU�PHDQV�
RI� GHIHQVH�� LW� LV� QRW� FOHDU� KRZ� WKH� DQLPDO
V� FKHPLFDO� GHIHQVH� LV� UHODWHG� WR� WKHLU�
FRORUDWLRQ�� 7KH� VWXG\� WKLV� SUREOHP�� ZH� XVHG� FRZULHV� �� WKH� JDVWURSRG� PROOXVNV�
2YXOLGDH�� LQ�ZKLFK� WKH� FRORUHG�PDQWOH� FRYHUV� WKH� VKHOO��PDVNLQJ� VRPH� VSHFLHV� RI�
PROOXVNV�EXW�PDNLQJ�RWKHUV�EULJKW�DQG�QRWLFHDEOH��7KH�SDODWDELOLW\�RI� WKH�PROOXVNV�
2YXOD� RYXP�� WKH� FRORU� RI� ZKLFK� LV� FRQVLGHUHG� WR� EH� DSRVHPDWLF� �ZDUQLQJ��� DQG�
&DOSXUQXV�YHUUXFRVXV��WKH�FRORU�RI�ZKLFK�FDQQRW�EH�FRQILGHQWO\�DWWULEXWHG�WR�HLWKHU�
DSRVHPDWLF� RU� FU\SWLF��ZHUH� FRPSDUHG��7HVWLQJ� RI� H[WUDFWV� RI�PROOXVNV�� DV�ZHOO� DV�����
�� VSHFLHV� RI� VRIW� FRUDOV� WKDW� PROOXVNV� IHHG� RQ� �6DUFRSK\WRQ�� 6LQXODULD��� ZDV�
SHUIRUPHG� RQ� $�� YDLJLHQVLV� DQG� EDUUDPXQGL� /DWHV� FDOFDULIHU�� ,W� ZDV� IRXQG� WKDW�
H[WUDFWV� RI� WKH� IRRW� DQG� PDQWOH� RI�2�� RYXP� KDYH� D� VWURQJ� UHSXOVLYH� WDVWH�� ZKLFK�
SURYHV�WKH�DSRVHPDWLF�FRORUDWLRQ�RI�WKLV�PROOXVN��2Q�WKH�FRQWUDU\��&��YHUUXFRVXV�KDV�
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DQ�DWWUDFWLYH�WDVWH��ZKLFK�PDNHV�LW�SRVVLEOH�WR�FRQVLGHU�LWV�FRORUDWLRQ�DV�FU\SWLF��6RIW�
FRUDOV�KDYH�D�VWURQJ�GHWHUUHQW�WDVWH�WR�ILVK��6LQFH�ERWK�PROOXVNV�GLIIHU�VKDUSO\�LQ�WKHLU�
WDVWH�SURSHUWLHV�� LW� FDQ�EH�DVVXPHG� WKDW�2��RYXP� DQG�&�� YHUUXFRVXV� WUDQVIRUP�VRIW�
FRUDO� GHWHUUHQWV� VXSSOLHG� ZLWK� IRRG� LQ� GLIIHUHQW� ZD\V�� ,W� FDQQRW� EH� UXOHG� RXW� WKDW�
GHWHUUHQWV�DUH�V\QWKHVL]HG�GH�QRYR�LQ�2��RYXP�>�@��

7KH� WDVWH� SUHIHUHQFHV� RI� EDUUDPXQGL� /�� FDOFDULIHU�� DQ� LPSRUWDQW� REMHFW� RI�
FXOWLYDWLRQ�� KDYH� EHHQ� FODULILHG�� 7KH� SDODWDELOLW\� RI� IUHH� DPLQR� DFLGV� DQG� RWKHU�
VXEVWDQFHV�IRU�EDUUDPXQGL�ZDV�GHWHUPLQHG��DQG�WKH�IHHGLQJ�EHKDYLRU�ZDV�VWXGLHG�LQ�
GHWDLO�>��@��7KH�VWXG\�RI�WKH�WDVWH�SUHIHUHQFHV�RI�ILVK�LV�GLUHFWO\�UHODWHG�WR�WKH�VROXWLRQ�
RI� SUREOHPV� UHODWHG� WR� PRGHUQ� DTXDFXOWXUH�� &XUUHQWO\�� WKH� XVLQJ� RI� ILVKPHDO� DV� D�
VRXUFH�RI�SURWHLQ� IRU� ILVK� IHHG� LV� D�PDMRU� FRQVWUDLQW� WR� WKH�SURJUHVV�RI�DTXDFXOWXUH��
2QH� ZD\� WR� DGGUHVV� WKLV� FKDOOHQJH� LV� WR� ORRN� IRU� QHZ�� OHVV� H[SHQVLYH� DQG� PRUH�
DFFHVVLEOH� VRXUFHV� RI� SURWHLQ�� (FKLQRGHUPV� �VWDUILVK�� VHD� XUFKLQV� DQG� KRORWKXULDQV��
DUH�FRPPRQ�DQG�QXPHURXV�LQ�PDULQH�FRDVWDO�DUHDV��EXW�RQO\�VRPH�RI�WKH�HFKLQRGHUPV�
DUH�XVHG�IRU�IRRG�RU�IRU�RWKHU�SXUSRVHV��:H�KDYH�HYDOXDWHG�WKH�SDODWDELOLW\�RI�VHYHUDO�
HFKLQRGHUP�VSHFLHV� IRU�EDUUDPXQGL�� LQFOXGLQJ� WKH�FURZQ�RI�WKRUQV� VWDU�$FDQWKDVWHU�
SODQFL��ZKRVH�DEXQGDQFH�RXWEUHDNV�OHDG�WR�FDWDVWURSKLF�FRQVHTXHQFHV�IRU�FRUDO�UHHI�
HFRV\VWHPV� >��@�� ,W�ZDV� IRXQG� WKDW�H[WUDFWV���RXW�RI���HFKLQRGHUP�VSHFLHV� �VWDUILVK�
/LQFNLD�ODHYLJDWD��$��SODQFL��&XOFLWD�QRYDHJXLQHDH��)URPLD�PLOOHSRUHOOD��KRORWKXULDQ�
+RORWKXULD�DWUD��ZHUH�IRXQG�WR�FDXVH�D�GUDPDWLF�UHGXFWLRQ�LQ�SHOOHW� LQWDNH��%XW�VHD�
XUFKLQ�'LDGHPD�VHWRVXP�H[WUDFW�KDV�DQ�DWWUDFWLYH�HIIHFW��7KH�UHVXOWV�VKRZ�WKDW�PRVW�
RI�WKH�HFKLQRGHUPV�FDQQRW�EH�UHFRPPHQGHG�IRU�XVH�DV�LQJUHGLHQWV�IRU�IHHGV�LQWHQGHG�
IRU� FXOWLYDWLQJ� EDUUDPXQGL�� $PRQJ� VWDUILVK�� UHSXOVLYH� WDVWH� TXDOLWLHV� DUH� WKH� OHDVW�
SURQRXQFHG�LQ�$��SODQFL�>��@��6LQFH�VRPH�ILVK�DUH�QDWXUDOO\�DEOH�WR�IHHG�RQ�$��SODQFL��
WKH�LQFOXVLRQ�RI�$��SODQFL�SURGXFWV�LQ�WKH�GLHW�RI�VRPH�IDUPHG�ILVK�PD\�EH�IHDVLEOH��
7KH� WKH� VWDUWHG� UHVHDUFK� KDV� FOHDU� SURVSHFWV�� HVSHFLDOO\� FRQVLGHULQJ� WKDW� GXULQJ�
RXWEUHDNV� WKH� $�� SODQFL� ELRPDVV� UHDFKHV� VLJQLILFDQW� YDOXHV�� )RU� H[DPSOH�� DOPRVW�����
���PLOOLRQ�RI�$��SODQFL�ZHUH� FROOHFWHG� IURP� WKH� UHHIV�RI� WKH�5\XN\X� ,VODQGV� �(DVW�
&KLQD�6HD��-DSDQ��IURP�����������DV�SDUW�RI�RQH�RI�WKH�ORFDO�SURJUDPV��

���&21&/86,21�

&KHPRUHFHSWLRQ�SOD\V�DQ�LPSRUWDQW�UROH�LQ�EHKDYLRU�RI�ILVK��.QRZOHGJH�RI�WKH�
PRUSKRORJLFDO�DQG�IXQFWLRQDO�FKDUDFWHULVWLFV�RI�WKH�ROIDFWRU\�DQG�JXVWDWRU\�V\VWHPV�
LV� QHFHVVDU\� WR� XQGHUVWDQG� WKH� PHFKDQLVPV� WKDW� HQVXUH� WKH� H[LVWHQFH� DQG�
UHODWLRQVKLSV� EHWZHHQ� RUJDQLVPV� RI� FRPSOH[� DTXDWLF� FRPPXQLWLHV�� VXFK� DV� FRUDO�
UHHIV��$V�D�UHVXOW�RI�RXU�VWXGLHV��WKH�ILUVW�GDWD�RQ�FKHPRUHFHSWLRQ�RI�9LHWQDPHVH�ILVK�
ZHUH� REWDLQHG��7KH� QHZ� VWUXFWXUHV� SUHYLRXVO\� XQNQRZQ� IRU� WKH�ROIDFWRU\� RUJDQ� RI�
ILVK� ZHUH� GLVFRYHUHG�� 7KH� SURWHFWLYH� DGDSWDWLRQV� RI�PDULQH� DQLPDOV� EDVHG� RQ� WKH�
IXQFWLRQ� RI� FKHPRVHQVRU\� V\VWHPV� LQ� ILVK� ZHUH� HOXFLGDWHG�� 7KH� XQLYHUVDOLW\� DQG�
VSHFLILFLW\�RI�QDWXUDO�WDVWH�GHWHUUHQWV�RI�PDULQH�DQLPDOV�DQG�SODQWV�ZHUH�VLJQLILFDQWO\�
FODULILHG�� )XUWKHU� SURJUHVV� LQ� VWXGLHV� RI� FKHPRUHFHSWLRQ� DQG� FKHPRFRPPXQLFDWLRQ�
LQ� ILVK�RI�9LHWQDP�LFKWK\RIDXQD�ZLOO�PDNH�DOVR�SRVVLEOH� WR�VROYH�FXUUHQW�SUREOHPV�
UHODWHG�WR�DUWLILFDO�IHHGV�XVHG�LQ�ILVK�DTXDFXOWXUH��
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5()(5(1&(6�

�� .DVXP\DQ�$��2���7KH�ROIDFWRU\�V\VWHP�LQ�ILVK��VWUXFWXUH��IXQFWLRQ��DQG�UROH�LQ�
EHKDYLRU��-RXUQDO�RI�,FKWK\RORJ\�����������������������

�� .DVXP\DQ� $��� '¡YLQJ� .�� %��� 7DVWH� SUHIHUHQFHV� LQ� ILVK�� )LVK� DQG� )LVKHULHV��
���������������������

�� 3DVKFKHQNR� 1�� ,��� .DVXP\DQ� $�� 2��� 0RUSKRORJ\� DQG� YHQWLODWLRQ� RI� WKH�
ROIDFWRU\� RUJDQ� LQ� WKH� ,QGR�3DFLILF� VHUJHDQW� $EXGHIGXI� YDLJLHQVLV�
�3RPDFHQWULGDH���-RXUQDO�RI�,FKWK\RORJ\������������������������

�� 3DVKFKHQNR�1��,���2DQK�/��7��.���.DVXP\DQ�$��2���0RUSKRORJ\�DQG�YHQWLODWLRQ�
RI� WKH� ROIDFWRU\� RUJDQ� LQ� VFLVVRUWDLO� VHUJHDQW� $EXGHIGXI� VH[IDVFLDWXV�
�3RPDFHQWULGDH���-RXUQDO�RI�,FKWK\RORJ\������������������������

�� 3DVKFKHQNR� 1�� ,��� .DVXP\DQ� $�� 2��� 2DQK� /�� 7�� .��� $W\SLFDO� VWUXFWXUH� RI�
ROIDFWRU\� RUJDQ� LQ� PRRQ� ZUDVVH� 7KDODVVRPD� OXQDUH� DQG� VL[EDU� ZUDVVH� 7��
KDUGZLFNH��/DEULGDH���-RXUQDO�RI�,FKWK\RORJ\������������������������

�� .DVXP\DQ� $�� 2��� 3DVKFKHQNR� 1�� ,��� 2DQK� /�� 7�� .��� 0RUSKRORJ\� RI� WKH�
ROIDFWRU\� RUJDQ� LQ� WKH� FOLPELQJ� SHUFK� �$QDEDV� WHVWXGLQHXV�� $QDEDQWLGDH��
3HUFLIRUPHV���%LRORJ\�%XOOHWLQ������������������������

�� Ʉɚɫɭɦɹɧ� Ⱥ�� Ɉ��� Ɍɢɧɶɤɨɜɚ� Ɍ�� ȼ�� Ɋɚɫɩɪɨɫɬɪɚɧɟɧɢɟ� ɞɟɬɟɪɪɟɧɬɧɨɫɬɢ� ɤɚɤ�
ɫɩɨɫɨɛɚ� ɯɢɦɢɱɟɫɤɨɣ� ɡɚɳɢɬɵ� ɭ� ɝɢɞɪɨɛɢɨɧɬɨɜ� ɤɨɪɚɥɥɨɜɵɯ� ɪɢɮɨɜ�
ȼɶɟɬɧɚɦɚ��Ⱦɨɤɥɚɞɵ�ɚɤɚɞɟɦɢɢ�ɧɚɭɤ������������������

�� .DVXP\DQ�$���,VDHYD�2���'JHEXDG]H�3���0HKRYD�(���2DQK�/��7��.���%ULWD\HY�
7���&RPDWXOLGV��&ULQRLGHD��&RPDWXOLGD��FKHPLFDOO\�GHIHQG�DJDLQVW�FRUDO� ILVK�
E\� WKHPVHOYHV�� ZLWKRXW� DVVLVWDQFH� IURP� WKHLU� V\PELRQWV�� 6FLHQWLILF� 5HSRUWV��
����������������

�� .DVXP\DQ�$���,VDHYD�2���=YRQDUHYD�6���&RORUDWLRQ�W\SH�RI�WZR�DOOLHG�FRZULHV�
�2YXOLGDH�*DVWURSRGD�� WHVWHG� WKURXJK� SDODWDELOLW\� HYDOXDWLRQ� LQ� IHHGLQJ�
H[SHULPHQWV�ZLWK� ILVK��-RXUQDO�RI�([SHULPHQWDO�0DULQH�%LRORJ\�DQG�(FRORJ\��
�������������������

��� .DVXP\DQ�$��2���,VDHYD�2��0���2DQK�/��7��.���7DVWH�SUHIHUHQFHV�DQG�RURVHQVRU\�
IHHG� WHVWLQJ�EHKDYLRU� LQ� EDUUDPXQGL�/DWHV� FDOFDULIHU� �/DWLGDH��3HUFLIRUPHV���
-06(��������������������

��� .DVXP\DQ�$��2��� ,VDHYD�2��0���2DQK�/��7��.���7DVWH�DWWUDFWLYLW\�RI� WURSLFDO�
HFKLQRGHUPV�IRU�EDUUDPXQGL�/DWHV�FDOFDULIHU��$TXDFXOWXUH���������������������

6800$5<�

7KH�VHQVRU\�V\VWHPV�RI�WURSLFDO�ILVK�UHPDLQ�SRRUO\�VWXGLHG�GHVSLWH�WKH�ULFKQHVV�
DQG� GLYHUVLW\� RI� WKH� WURSLFDO� LFKWK\RIDXQD�� 6WXGLHV� RI� WKH� ROIDFWRU\� DQG� JXVWDWRU\�
V\VWHPV� LQ� ILVKHV�RI�9LHWQDP�KDYH�QRW�EHHQ�SUHYLRXVO\� FDUULHG�RXW��7KH�DUWLFOH� IRU�
WKH�ILUVW� WLPH�SURYLGHV� LQIRUPDWLRQ�DERXW� WKH�PRUSKRORJ\�RI� WKH�ROIDFWRU\�RUJDQ� LQ�
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VHYHUDO� VSHFLHV� RI� IUHVKZDWHU� DQG� PDULQH� ILVK� RI� IDPLOLHV� $QDEDQWLGDH��
3RPDFHQWULGDH�� /DEULGDH�� 0XOOLGDH�� 7KH� PRUSKRORJLFDO� SHFXOLDULWLHV� RI� ROIDFWRU\�
FDYLW\�� ROIDFWRU\� URVHWWH� DQG� ODPHOODH� DQG� YHQWLODWLRQ� ROIDFWRU\� VDFV� DUH� GLVFXVVHG��
6WUXFWXUHV�SUHYLRXVO\�XQNQRZQ�IRU�WKH�ROIDFWRU\�RUJDQ�RI�ILVK�DUH�GHVFULEHG�IRU�WKH�
ILUVW� WLPH�� 7KH� PHFKDQLVPV� RI� YHQWLODWLRQ� RI� WKH� ROIDFWRU\� FDYLW\� DUH� FRQVLGHUHG��
'DWD� RQ� WKH� HIIHFWLYHQHVV� RI� QDWXUDO� WDVWH� GHWHUUHQWV� DQG� WKHLU� VLJQLILFDQFH� LQ�
SURYLGLQJ� FKHPLFDO� SURWHFWLRQ� IRU� PDULQH� DQLPDOV� DQG� SODQWV� DJDLQVW� ILVK� DUH�
SUHVHQWHG�� 7KH� UHODWLRQVKLSV� EHWZHHQ� KRVWV� DQG� V\PELRQWV� LQ� WKH� H[DPSOH� RI�
HFKLQRGHUPV�DQG�RWKHU� LQYHUWHEUDWHV�RI�FRUDO� UHHIV�RI�9LHWQDP�DUH�GLVFXVVHG��+RZ�
WKH� DQLPDO� FKHPLFDO� GHIHQVH� DQG� WKHLU� FRORUDWLRQ� DUH� UHODWHG� LV� DQDO\]HG��'DWD� RQ�
WDVWH�SUHIHUHQFHV�LQ�FXOWLYDWHG�ILVK�DUH�REWDLQHG��

.H\ZRUGV��2OIDFWRU\�RUJDQ��ROIDFWRU\� IROGV�� YHQWLODWLRQ� VDF�� WDVWH�GHWHUUHQWV��
V\PELRQWV��F˯�TXDQ�NKͱX�JLiF��Q͇S�J̭S�NKͱX�JLiF��W~L�WK{QJ�NKt��FK̭W�Fy�Y͓�NKy�FK͓X��
VLQK�Y̵W�F͡QJ�VLQK��

1K̵Q�EjL�QJj\����WKiQJ���QăP������

3K̫Q�EL͏Q�[RQJ�QJj\����WKiQJ����QăP������

+RjQ�WKL͏Q�QJj\����WKiQJ����QăP������

����0RVFRZ�6WDWH�8QLYHUVLW\��0RVFRZ��5XVVLD�
����,QVWLWXWH�RI�(FRORJ\�DQG�(YROXWLRQ�3UREOHPV��5XVVLDQ�$FDGHP\�RI�6FLHQFHV��
0RVFRZ��5XVVLD�
���� 'HSDUWPHQW� RI� :DWHU� %LRUHVRXUFHV� DQG� $TXDFXOWXUH�� .DPFKDWND� 6WDWH�
7HFKQLFDO�8QLYHUVLW\��5XVVLD�
����&RDVWDO�%UDQFK�� -RLQW�9LHWQDP� ��5XVVLD�7URSLFDO�6FLHQFH�DQG�7HFKQRORJ\�
5HVHDUFK�&HQWUH��1KD�7UDQJ��9LHWQDP�

&RQWDFW��.DVXP\DQ�$��2�
/RPRQRVRY�0RVFRZ�6WDWH�8QLYHUVLW\�
8OLWVD�.ROPRJRURYD�����0RVFRZ��5XVVLD��������


