
�

�

�

�

�

�

�

¢·¹Ð¾·
�¼ÄÅ²½Î¿ÀÃÄÎ��̄ ÇÓÎÐÔÒá�ÏÂ�ÕÓÑÇ×Ê�ÓÐÄÒÇÎÇÏÏÐË�ÓÔÐÎÂÔÐÍÐÅÊÊ��ÒÂÓÑÒÐÓÔÒÂÏÇÏÏÐÓÔÞ�ÌÂÒÊÇÓÂ�ÑÐ�ÑÒÇÈÏÇÎÕ�

ÐÓÔÂÇÔÓá�ÏÂ�ÄÝÓÐÌÐÎ�ÕÒÐÄÏÇ��³ÄÐÇÄÒÇÎÇÏÏÂá�ÆÊÂÅÏÐÓÔÊÌÂ��ÑÒÐÖÊÍÂÌÔÊÌÂ�Ê�ÍÇÙÇÏÊÇ�ÏÂÙÂÍÞÏÐË�ÓÔÂÆÊÊ�ÆÇÎÊ�
ÏÇÒÂÍÊÉÂØÊÊ�ßÎÂÍÊ�ÑÐÉÄÐÍáÇÔ�ÑÒÇÆÕÑÒÇÆÊÔÞ�ÑÐáÄÍÇÏÊÇ�ÆÇÖÇÌÔÐÄ�ÔÄÇÒÆÝ×�ÔÌÂÏÇË�Ê�ÐÓÍÐÈÏÇÏÊË�ÌÂÒÊÇÓÂ�

¨·½Î��ªÉÕÙÇÏÊÇ�ÌÍÊÏÊÙÇÓÌÐË�ßÖÖÇÌÔÊÄÏÐÓÔÊ�ÑÒÊÎÇÏÇÏÊá�ÓÐÄÒÇÎÇÏÏÝ×�ÏÇÊÏÄÂÉÊÄÏÝ×�ÎÇÔÐÆÐÄ�ÍÇÙÇÏÊá�
ÌÂÒÊÇÓÂ�ßÎÂÍÊ�Ä�ÓÔÂÆÊÊ��ÃÇÍÐÅÐ�ÑáÔÏÂ���

�²Ä·Âº²½Í�º�¾·ÄÀ¶Í��µ����ÑÂØÊÇÏÔÐÄ�Ä�ÄÐÉÒÂÓÔÇ�������ÍÇÔ�Ó�ÒÂÉÍÊÙÏÝÎ�ÕÒÐÄÏÇÎ�ÅÊÅÊÇÏÝ�ÑÐÍÐÓÔÊ�ÒÔÂ�
ÑÒÐÄÇÆÇÏÐ�ÊÉÕÙÇÏÊÇ�ÌÍÊÏÊÙÇÓÌÐË�ßÖÖÇÌÔÊÄÏÐÓÔÊ�ÍÇÙÇÏÊá�ÌÂÒÊÇÓÂ�ßÎÂÍÊ�Ä�ÓÔÂÆÊÊ��ÃÇÍÐÅÐ�ÑáÔÏÂ��Ó�ÑÐÎÐÛÞà�
ÎÇÔÐÆÐÄ��ÍÂÉÇÒÏÐ�ÖÍÕÐÒÇÓØÇÏÔÏÐÅÐ�ÂÑÑÂÒÂÔÐÎ�'LDJQR'HQW�3HQ��.D9R��Ê�ÄÊÔÂÍÞÏÐÅÐ�ÐÌÒÂÚÊÄÂÏÊá����ÄÐÆÏÝÎ�
ÒÂÓÔÄÐÒÐÎ�ÎÇÔÊÍÇÏÐÄÐÅÐ�ÓÊÏÇÅÐ��³ÔÂÔÊÓÔÊÙÇÓÌÊË�ÂÏÂÍÊÉ�ÑÒÐÄÇÆÇÏ�Ó�ÊÓÑÐÍÞÉÐÄÂÏÊÇÎ�ÑÒÐÅÒÂÎÎ�([FHO�Y������
6WDWLVWLFD�Y�������ÑÒÊÎÇÏÇÏ�ÎÇÔÐÆ�$129$�x�ÐÆÏÐÎÇÒÏÝË��ÎÏÐÅÐÖÂÌÔÐÒÏÝË��ÆÊÓÑÇÒÓÊÐÏÏÝË�ÂÏÂÍÊÉ��

¢·¹Å½ÎÄ²ÄÍ��ªÉÕÙÇÏÂ�ßÖÖÇÌÔÊÄÏÐÓÔÞ�ÏÇÊÏÄÂÉÊÄÏÝ×�ÎÇÔÐÆÐÄ�ÍÇÙÇÏÊá�ÌÂÒÊÇÓÂ�ßÎÂÍÊ�Ä�ÓÔÂÆÊÊ��ÃÇÍÐÅÐ�ÑáÔ�
ÏÂ���¹ÇÒÇÉ����ÎÇÓáØÇÄ�ÐÔ�ÏÂÙÂÍÂ�ÊÓÓÍÇÆÐÄÂÏÊá�ÒÇÉÕÍÞÔÂÔÝ�ÄÊÔÂÍÞÏÐÅÐ�ÐÌÒÂÚÊÄÂÏÊá�Ê�ÍÂÉÇÒÏÐ�ÖÍÕÐÒÇÓØÇÏÔ�
ÏÐÅÐ�ÎÇÔÐÆÐÄ�ÄÐ�ÄÓÇ×� ÅÒÕÑÑÂ×�ÆÐÓÔÐÄÇÒÏÐ�ÐÔÍÊÙÂÍÊÓÞ�ÐÔ�ÊÓ×ÐÆÏÝ×�ÆÂÏÏÝ×��²ÇÉÕÍÞÔÂÔÝ�ÎÇÔÐÆÐÄ� ÅÍÕÃÐÌÐÅÐ�
ÖÔÐÒÊÒÐÄÂÏÊá�Ê�ÒÇÎÊÏÇÒÂÍÊÉÂØÊÊ�ÅÇÍÇÎ�ÏÂ�ÐÓÏÐÄÇ�ÏÂÏÐÅÊÆÒÐÌÓÊÂÑÂÔÊÔÂ�ÓÔÂÔÊÓÔÊÙÇÓÌÊ�ÉÏÂÙÊÎÐ�ÐÔÍÊÙÂàÔÓá�
ÐÔ�ÑÐÌÂÉÂÔÇÍÇË�ÎÇÔÐÆÊÌÊ�ÃÊÐÎÊÏÇÒÂÍÊÉÂØÊÊ� �S����������±ÒÊÎÇÏÇÏÊÇ�ÑÒÇÑÂÒÂÔÂ�ÏÂ�ÐÓÏÐÄÇ�ÂÎÇÍÐÅÇÏÊÏÂ�ÏÇ�
ÑÒÊÄÐÆÊÔ�Ì�ÕÓÔÒÂÏÇÏÊà�ÑÒÐØÇÓÓÐÄ�ÆÇÎÊÏÇÒÂÍÊÉÂØÊÊ�ßÎÂÍÊ��

�Í´À¶Í�� ¤ÝÒÂÈÇÏÏÝÎ�ÒÇÎÊÏÇÒÂÍÊÉÕàÛÊÎ�ÑÐÔÇÏØÊÂÍÐÎ� ÐÃÍÂÆÂÇÔ�ÎÇÔÐÆÊÌÂ� ÅÍÕÃÐÌÐÅÐ�ÖÔÐÒÊÒÐÄÂÏÊá� Ê�
ÒÇÎÊÏÇÒÂÍÊÉÕàÛÂá�ÔÇÒÂÑÊá� ÅÇÍÇÎ�ÏÂ�ÐÓÏÐÄÇ�ÏÂÏÐÅÊÆÒÐÌÓÊÂÑÂÔÊÔÂ��®ÇÔÐÆÊÌÂ�ÃÊÐÎÊÏÇÒÂÍÊÉÂØÊÊ�ÐÃÍÂÆÂÇÔ�
ÏÊÉÌÐË�ÌÍÊÏÊÙÇÓÌÐË�ßÖÖÇÌÔÊÄÏÐÓÔÞà��¤ÂÈÏÇËÚÇË�ÎÇÒÐË�ÑÒÇÆÕÑÒÇÈÆÇÏÊá�ÑÒÐÅÒÇÓÓÊÒÐÄÂÏÊá�ÌÂÒÊÇÓÂ�áÄÍá�
ÇÔÓá�ÑÒÐÄÇÆÇÏÊÇ�ÏÇÊÏÄÂÉÊÄÏÝ×�ÎÇÔÐÆÐÄ�ÍÇÙÇÏÊá�ÏÂ�ÒÂÏÏÊ×�ÓÔÂÆÊá×�ÑÐÒÂÈÇÏÊá��

�½ÐÉ·´Í·�Ã½À´²��ÍÇÙÇÏÊÇ��ÌÂÒÊÇÓ�ßÎÂÍÊ��ÓÔÂÆÊá��ÃÇÍÐÅÐ�ÑáÔÏÂ���ÅÍÕÃÐÌÐÇ�ÖÔÐÒÊÒÐÄÂÏÊÇ��ÏÂÏÐÅÊÆÒÐÌÓÊÂ�
ÑÂÔÊÔ��ÃÊÐÎÊÏÇÒÂÍÊÉÂØÊá�ßÎÂÍÊ��ÍÂÉÇÒÏÂá�ÖÍÕÐÒÇÓØÇÏØÊá��ÄÊÔÂÍÞÏÐÇ�ÐÌÒÂÚÊÄÂÏÊÇ�

�½Ñ�ÈºÄºÂÀ´²¿ºÑ��³ÐÍÐÄÞÇÄÂ�¨��¤���¢ÆÂÎÙÊÌ�¢��¢���£ÂËÅÕÍÂÌÐÄ�¢��´��¯ÇÊÏÄÂÉÊÄÏÝÇ�ÎÇÔÐÆÝ�ÍÇÙÇÏÊá�ÌÂÒÊ�
ÇÓÂ�ßÎÂÍÊ�Ä�ÓÔÂÆÊÊ��ÃÇÍÐÅÐ�ÑáÔÏÂ���³ÔÐÎÂÔÐÍÐÅÊá�ÆÇÔÓÌÐÅÐ�ÄÐÉÒÂÓÔÂ�Ê�ÑÒÐÖÊÍÂÌÔÊÌÂ�������������������'2,��
�����������������������������������
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$EVWUDFW
5HOHYDQFH��'HVSLWH�WKH�SURJUHVV�LQ�WKH�PRGHUQ�GHQWLVWU\��WKH�SUHYDOHQFH�RI�FDULHV�UHPDLQV�DW�D�KLJK�OHYHO��7KH�RS�

SRUWXQH�GLDJQRVWLFV��SUHYHQWLRQ�WKH�HQDPHO�GHPLQHUDOL]DWLRQ�DW�WKH�LQLWLDO�VWDJH�FDQ�SUHYHQW�WKH�DSSHDUDQFH�RI�KDUG�
WLVVXH�GHIHFWV�DQG�FDULHV�FRPSOLFDWLRQV�

3XUSRVH��7R�UHVHDUFK�WKH�FOLQLFDO�HIILFDF\�RI�PRGHUQ�QRQ�LQYDVLYH�PHWKRGV�RI�WUHDWPHQW�IRU�HQDPHO�FDULHV�DW�WKH�
uZKLWH�VSRWv�VWDJH�

0DWHULDOV�DQG�PHWKRGV��7KH�VWXG\�ZDV�SHUIRUPHG�RQ����SDWLHQWV�DJHG�������\HDUV�ZLWK�YDULRXV�OHYHOV�RI�RUDO�
K\JLHQH�DQG�ZDV�DLPHG�DW�HYDOXDWLRQ�RI�FOLQLFDO�HIILFDF\�RI�WUHDWLQJ�HQDPHO�LQ�WKH�uZKLWH�VSRWv�VWDJH�XVLQJ�WKH�PHWK�
RGV�RI�WKH�'LDJQR'HQW�3HQ��.D9R��ODVHU�IOXRUHVFHQW�DQG�YLWDO�VWDLQLQJ�ZLWK�D����DTXHRXV�VROXWLRQ�RI�PHWK\OHQH�EOXH��
6WDWLVWLFDO�DQDO\VLV�ZDV�SHUIRUPHG�E\�PHDQV�RI�([FHO�Y������6WDWLVWLFD�Y�������WKH�$129$�PHWKRG�ZDV�DOVR�DV�WKH�
RQH�GLPHQVLRQDO��PXOWLYDULDWH��DQDO\VLV�RI�YDULDQFH�



5HVXOWV��7KH�HIIHFWLYHQHVV�RI�QRQ�LQYDVLYH�PHWKRGV�RI�WUHDWLQJ�HQDPHO�FDULHV�DW�WKH�uZKLWH�VSRWv�VWDJH�ZDV�VWXGLHG��
$IWHU����PRQWKV�RI�WKH�VWXG\��WKH�UHVXOWV�RI�YLWDO�VWDLQLQJ�DQG�ODVHU�IOXRUHVFHQW�PHWKRGV�LQ�DOO�JURXSV�ZHUH�VLJQLILFDQWO\�
GLIIHUHQW�IURP�WKH�RULJLQDO�GDWD��7KH�UHVXOWV�RI�GHHS�IOXRULGDWLRQ�DQG�UHPLQHUDOL]DWLRQ�RI�WKH�JHO�EDVHG�RQ�QDQRK\�
GUR[\DSDWLWH�ZHUH�VLJQLILFDQWO\�GLIIHUHQW�IURP�WKRVH�RI�WKH�ELR�PLQHUDOL]DWLRQ�WHFKQLTXH��S�������LQ�DFFRUGDQFH�ZLWK�
WKH�SUHVHQWHG�VWDWLVWLFDO�GDWD��7KH�XVH�RI�WKH�PHGLFLQH�RI�WKH�DPHORJHQLQ�GLG�QRW�OHDG�WR�WKH�HOLPLQDWLRQ�RI�HQDPHO�
GHPLQHUDOL]DWLRQ�SURFHVVHV�

&RQFOXVLRQV��7KH�GHHS�IOXRULGDWLRQ�WHHKQLTXH�SRVVHVVHV�WKH�HYLGHQW�UHPLQHUDOL]LQJ�SRWHQWLDO��VR�GRHV�WKH�UHPLQ�
HUDOL]LQJ�WKHUDS\�ZLWK�QDQRK\GUR[\DSDWLWH�JHO��7KH�WHFKQLTXH�RI�ELRPLQHUDOL]DWLRQ�UHYHDOV�ORZ�FOLQLFDO�HIILFDF\��7KH�
PRVW�LPSRUWDQW�PHDVXUH�RI�SUHYHQWLRQ�GHYHORSPHQW�IRU�FDULHV�DUH�WKH�QRQ�LQYDVLYH�WUHDWPHQW�PHWKRGV�DW�WKH�HDUO\�
VWDJHV�RI�OHVLRQV�

.H\�ZRUGV��WUHDWPHQW��HQDPHO�FDULHV���ZKLWH�VSRW��VWDJH��GHHS�IOXRULGDWLRQ��QDQRK\GUR[\DSDWLWH��HQDPHO�ELRPLQ�
HUDOL]DWLRQ��ODVHU�IOXRUHVFHQFH��YLWDO�VWDLQLQJ�

)RU�FLWDWLRQ��=K��9��6RORY\HYD��$��$��$GDPFKLN��$��7��%DLJXODNRY��1RQ�LQYDVLYH�WUHDWPHQW�RI�HQDPHO�FDULHV�DW�
WKH�VWDJH�RI��ZKLWH�VSRW��OHVLRQV��3HGLDWULF�GHQWLVWU\�DQG�GHQWDO�SURSK\OD[LV�������������������'2,����������������
���������������������
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