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ÏÐÅÐ�ÐÃÎÇÏÂ�Ä�ÑÐÍÐÓÔÊ�ÒÔÂ�Ä�ÆÇÔÓÌÐÎ�ÄÐÉÒÂÓÔÇ��Ä�ÑÇÒÊÐÆ�ÖÐÒÎÊÒÐÄÂÏÊá�ßÎÂÍÊ�ÉÕÃÂ�Ó�ØÇÍÞà�ÑÒÐÖÊÍÂÌÔÊÌÊ�
ÌÂÒÊÇÓÂ�ÉÕÃÐÄ�ÏÂ�ÆÐÌÍÊÏÊÙÇÓÌÐÎ�ßÔÂÑÇ�ÇÅÐ�ÒÂÉÄÊÔÊá�
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$EVWUDFW
5HOHYDQFH�� 7KH� VWDWH�RI� WKH�RUJDQV�RI� WKH�RUDO� FDYLW\� WR� D� JUHDW� H[WHQW�GHSHQGV�RQ� WKH� FKDUDFWHULVWLFV�RI� WKH�

FRPSRVLWLRQ�DQG�SURSHUWLHV�RI�WKH�VXUURXQGLQJ�RUDO�IOXLG��ZKLFK�WDNHV�DQ�DFWLYH�SDUW�LQ�PDLQWDLQLQJ�WKH�PHWDEROLF�
SURFHVVHV�LQ�WKH�RUDO�FDYLW\��DQG��DERYH�DOO��WKH�PLQHUDO�PHWDEROLVP��,W�LV�HVSHFLDOO\�LPSRUWDQW�WR�NQRZ�WKH�OHYHO�RI�
PLQHUDO�PHWDEROLVP�LQ�WKH�RUDO�FDYLW\�GXULQJ�FKLOGKRRG��GXULQJ�WKH�IRUPDWLRQ�RI�WRRWK�HQDPHO�LQ�RUGHU�WR�SUHYHQW�
GHQWDO�FDULHV�DW�WKH�SUHFOLQLFDO�VWDJH�RI�LWV�GHYHORSPHQW�

3XUSRVH��'HWHUPLQH�WKH�PLQHUDOL]LQJ�SRWHQWLDO�RI�RUDO�IOXLG�LQ�FKLOGUHQ�LQ�YDULRXV�DJH�JURXSV�



0DWHULDOV�DQG�PHWKRGV�������FDULHV�UHVLVWDQW�SHUVRQV�RI�SUH�VFKRRO�DQG�VFKRRO�DJH�ZHUH�H[DPLQHG�IRU�WKH�VWXG\�
RI�GHQWDO�VWDWXV��7KH�ODERUDWRU\�LQYHVWLJDWHG�WKH�SK\VLFRFKHPLFDO�SDUDPHWHUV�RI�WKH�RUDO�IOXLG�XVLQJ�NQRZQ�PHWKRGV��
6WDWLVWLFDO�SURFHVVLQJ�RI�UHVHDUFK�PDWHULDOV�ZDV�FDUULHG�RXW�XVLQJ�PRGHUQ�VWDWLVWLFDO�SURJUDPV�6366�6WDWLVWLFV��������
6366�6WDWLVWLFV������

5HVXOWV��7KH�KLJKHVW�DFWLYH�FRQFHQWUDWLRQ�RI�FDOFLXP�LRQV�ZDV�QRWHG�E\�XV�DW�WKH�DJH�RI�����������������PRO���O���
GXULQJ�WKH�SHULRG�RI�DFWLYH�FKDQJH�RI�ELWH�DQG�ULSHQLQJ�RI�HQDPHO��7KH�PLQLPXP�DFWLYH�FRQFHQWUDWLRQ�RI�FDOFLXP�
LRQV�LV�REVHUYHG�DW�WKH�DJH�RI�����\HDUV�ROG��������������PRO���O���EHIRUH�FKDQJLQJ�WKH�ELWH��ZKHQ�PHWDEROLF�SURFHVVHV�
LQ�KDUG�WLVVXHV�RI�WHPSRUDU\�WHHWK�VORZ�GRZQ��,W�LV�HVWDEOLVKHG�WKDW�WKH�VROXELOLW\�SURGXFW��35��DW����\HDUV�RI�DJH�LV�
VWDWLVWLFDOO\�VLJQLILFDQWO\�ORZHU�FRPSDUHG�ZLWK�RWKHU�DJH�JURXSV�x�������������35�×�������7KLV�SDUDPHWHU�DFTXLUHV�
WKH�KLJKHVW�YDOXH�DW�WKH�DJH�RI�����\HDUV�ROG��������������35�×��������GXULQJ�WKH�DFWLYH�ELWH�FKDQJH��PDLQO\�GXH�WR�DQ�
LQFUHDVH�LQ�WKH�DFWLYH�FRQFHQWUDWLRQ�RI�SKRVSKRUXV�LRQV��:KHQ�VWXG\LQJ�WKH�W\SH�RI�PLFURFU\VWDOOL]DWLRQ�RI�WKH�RUDO�
IOXLG��ZH�IRXQG�DQ�XQHTXLYRFDO�SUHGRPLQDQFH�LQ�DOO�DJH�JURXSV�RI�FDULHV�UHVLVWDQW�FKLOGUHQ�RI�WKH��QG�W\SH�RI�WKH�,66��
DV�WKH�FKLOG�JURZV�XS��WKH�SHUFHQWDJH�RI�SHUVRQV�ZLWK�W\SH���RI�WKH�,66�GHFUHDVHV��7KH�SHUFHQWDJH�RI�W\SH���RI�WKH�,66�
LQFUHDVHV�ZLWK�WKH�IRUPDWLRQ�RI�WKH�ELWH��ERWK�WHPSRUDU\�DQG�SHUPDQHQW�

&RQFOXVLRQV��,W�LV�HVWDEOLVKHG�WKDW�WKH�OHYHO�RI�PLQHUDOL]LQJ�SRWHQWLDO�RI�WKH�RUDO�IOXLG�LV�LQGLYLGXDO�DQG�GHSHQGV�
RQ� WKH�DJH�RI� WKH�FKLOG�DQG� WKH� LRQLF�FRPSRVLWLRQ�RI� WKH�RUDO� IOXLG��7KH� OHYHO�RI�PLQHUDO�PHWDEROLVP� LQ� WKH�RUDO�
FDYLW\�UHDFKHV�LWV�PD[LPXP�GXULQJ�WKH�SHULRG�RI�UHSODFHDEOH�ELWH��WKXV�FUHDWLQJ�RSWLPDO�FRQGLWLRQV�IRU�WKH�ULSHQLQJ�
RI�WRRWK�HQDPHO�LQ�FKLOGUHQ��$V�WKH�GHQWLWLRQ�GHYHORSV��WKH�OHYHO�RI�VDOLYDU\�SRWHQWLDO�RI�WKH�VDOLYD�GHFUHDVHV��ZKLFK�
LQGLFDWHV�WKH�IHDVLELOLW\�RI�UHPLQHUDOL]DWLRQ�WKHUDS\�DW�WKH�VWDJH�RI�SHUPDQHQW�RFFOXVLRQ�ZLWK�WKH�DLP�RI�SUHYHQWLQJ�
WKH�GHYHORSPHQW�RI�D�FDULRXV�SURFHVV�

.H\�ZRUGV��FKLOGUHQ��RUDO�IOXLG��PLQHUDOL]LQJ�SRWHQWLDO��SUHYHQWLRQ��FDULHV�
)RU� FLWDWLRQ��*�� ,�� 6NULSNLQD��(��9��(NLPRY��7��6��0LW\DHYD��0LQHUDOL]LQJ�SRWHQWLDO�RI�RUDO� IOXLG� LQ�FKLOGKRRG��

3HGLDWULF�GHQWLVWU\�DQG�GHQWDO�SURSK\OD[LV�������������������'2,�������������������������������������
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