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$EVWUDFW
5HOHYDQFH��7KH PDLQ FDXVHV RI GHQWDO FDULHV DQG SHULRGRQWDO GLVHDVH LQ DGROHVFHQWV DUH DQ LPEDODQFH

RI QXWULWLRQ ZLWK D SUHGRPLQDQFH RI FDUERK\GUDWHV DQG LQVXIILFLHQW RUDO K\JLHQH��'HILFLHQF\ RI HVVHQWLDO
FRPSRQHQWV RI QXWULWLRQ VXSSUHVVHV WKH LPPXQH UHVSRQVH RI WKH ERG\��LQFUHDVHV WKH SDWKRJHQLFLW\ RI PL�
FURRUJDQLVPV��UHGXFLQJ WKH UHVLVWDQFH RI KDUG WLVVXHV RI WHHWK��

$LP� ,W LV WR VWXG\ QXWULWLRQ DV D ULVN IDFWRU IRU GHQWDO FDULHV LQ DGROHVFHQWV��
0DWHULDOV DQG PHWKRGV� $ FOLQLFDO H[DPLQDWLRQ RI�����VFKRROFKLOGUHQ RI����DQG����\HDUV ROG LQ WKH

.KDEDURYVN 7HUULWRU\ ZDV FRQGXFWHG��7KH LQGH[HV RI WKH GHFD\HG��ILOOHG DQG H[WUDFWHG WHHWK��')(���RI K\�
JLHQH E\ *UHHQ�9HUPLOOLRQ��30$������SUHVHQFH RI GHQWRDOYHRODUCV DEQRUPDOLWLHV ZHUH GHWHUPLQHG��6RFLR�
ORJLFDO VXUYH\ RI VFKRROFKLOGUHQ ZDV FDUULHG RXW DFFRUGLQJ WR D VSHFLDOO\ GHVLJQHG TXHVWLRQQDLUH ZLWK WKH
GHILQLWLRQ RI DQ LQWHJUDWHG LQGLFDWRU RI VDQLWDU\ DQG K\JLHQLF NQRZOHGJH LQ SRLQWV IURP���WR����

5HVXOWV��7KH SUHYDOHQFH RI GHQWDO FDULHV LV HTXDO DPRQJ DGROHVFHQWV RI WKH .KDEDURYVN 7HUULWRU\ LQ����
\HDUV x��������������LQ����\HDUV x���������������WKH LQWHQVLW\ RI WKH OHVLRQ LV�����������DQG������������
UHVSHFWLYHO\��2UDO K\JLHQH LV VDWLVIDFWRU\��WKHUH LV PLOG FDWDUUKDO JLQJLYLWLV ZLWK D KLJK SUHYDOHQFH RI GHQWDO
DQRPDOLHV���� x������7KH GDWD RI WKH VRFLRORJLFDO VXUYH\ UHYHDOHG WKH DYHUDJH OHYHO RI NQRZOHGJH RI DGR�
OHVFHQWV LQ PDWWHUV RI LQGLYLGXDO RUDO K\JLHQH��LQ����\HDUV x�����������DQG����������LQ����\HDUV��DQG D ORZ
OHYHO RI NQRZOHGJH LQ PDWWHUV RI SURSHU QXWULWLRQ�����������IRU DGROHVFHQWV����\HDUV DQG�����������IRU
DGROHVFHQWV����\HDUV��$ GLUHFW VWURQJ FRUUHODWLRQ��U� �������S�������EHWZHHQ WKH DPRXQW RI HDVLO\ GLJHVWLEOH
FDUERK\GUDWHV��VXJDU��DQG WKH DFWLYLW\ RI FDULHV LQ DGROHVFHQWV ZDV HVWDEOLVKHG��

&RQFOXVLRQV�
���7KH SUHYDOHQFH DQG LQWHQVLW\ RI GHQWDO FDULHV DPRQJ DGROHVFHQWV RI WKH .KDEDURYVN WHUULWRU\ LV KLJK��

D GHFUHDVH LQ WKHVH LQGLFDWRUV ZLWK DQ LQFUHDVH LQ WKH FRQFHQWUDWLRQ RI IOXRULGH LQ ZDWHU WR�����PJ�O��
���7KH OHYHO RI RUDO K\JLHQH LQ DGROHVFHQWV RI ERWK DJH JURXSV LV VDWLVIDFWRU\��WKH SUHYDOHQFH RI GHQWDO

DQRPDOLHV LV KLJK WR������
���$Q DJJUDYDWLQJ IDFWRU LQ WKH GHYHORSPHQW RI GHQWDO GLVHDVHV LV WKH SUHVHQFH RI VRPDWLF SDWKRORJ\�
.H\ ZRUGV��DGROHVFHQWV��FDULHV��SURSHU QXWULWLRQ��TXHVWLRQLQJ��RUDO K\JLHQH�
)RU FLWDWLRQ�� 9�,�� *HUPDVK�� $�$�� $QWRQRYD�� 0�,�� (OLVWUDWRYD�� 7KH UHODWLRQVKLS RI QXWULWLRQDO IDF�

WRUV DQG GHQWDO VWDWXV RI DGROHVFHQWV RI WKH .KDEDURYVN WHUULWRU\��3DHGLDWULF 'HQWLVWU\ DQG 3URSK\OD[LV��
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