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�]ZÀ»���-RVHSK�0�9LQHW=��/HSWRVSLURVLV��7URSLFDO�DQG�7UDYHO�$VVRFLDWHG�'LVHDVH����������������������5HEHFD�3ODQN��'HERUDK�'HDQ�2YHUYLHZ�RI�WKH�(SLGHPLRORJ\��0LFURELRORJ\�DQG�3DWKRJHQHVLV�RI�/HSWRVSLUD�633�LQ�+XPDQV��0LFUREHV�DQG�,QIHFWLRQ�����������������������3DXO�1�/HYHWW�/HSWRVSLURVLV��&OLQ�0LFURELRO�5HYLHZ������������������������ 7HUSVWUD�:-��/LJKWKDUH�*6��*�-�6FKRRQH��(/,6$�IRU�'HWHFWLRQ�RI�6SHFLILF�,J0�DQG�,J*�LQ�+XPDQ�/HSWRVSLURVLV��-RXUQDO�RI�*HQHUDO�0LFURELRORJ\�����������������������:RUOG�+HDOWK�2UJDQL]DWLRQ��+XPDQ�/HSWRVSLURVLV��*XLGDQFH�IRU�'LDJQRVLV��6XUYHLODQFH�DQG�&RQWURO�*HQYD�:+2����������0HULHQ�)*�%DUDQWRQ��SHURODW�3��&RPSDULVRQ�RI�3&5�ZLWK�0$7�DQG�&XOWXUH�IRU�'LDJQRVLV�RI�/HSWRVSLURVLV��-RXUQDO�RI�,QIHFWLRXV�'LVHDVH�����������������������9LQHW]�-0�/HSWRVSLURVLV��&XUU�2SLQ�,QIHFW�'LVHDVH����������������������9DQ�&UHHO�5��6SHHOPDQ�3��*UDYHNDPS�&��7HUSHVWUD�:-�/HSWRVSLURVLV�LQ�7UDYHOHUV��&OLQ�,QIHF�'LVH����������������������+DUWVNHHUO�5$��HW�DO��0DQXDO�IRU�'LDJQRVLV�RI�/HSWRVSLURVLV�.,7�%LRPHGLFDO�5HVHDUFK�+LW�%URPHGYFDO�5HVHDUFK��$PVWHUGDP������������'XSRQW�+��'XSRQW�SHUGUL]HUW�'��3HULH�-/��HW�DO��/HSWRVSLURVLV��3URJQRVLV�)DFWRUV�$VVRFLDWHG�ZLWK�0RUWDOLW\��&OLQ�,QIHF�'LVH�������������������

����5\X�(��5DSLG�$JJOXWLQDWLRQ�7HVW�IRU�/HSWRVSLUD�ZLWKRXW�QRQ�6SHFLILF�5HDFWLRQ��%XOO�RI�,QW�(SL]��������������� ������������$GOHU�%��0XUSK\�$0��/RFDPLQL�6$��)DLQ�6��'HWHFWLRQ�RI�6SHFLILF�$QWL�/HSWRVSLUD�,PPXQRJOREXOLQV�0�DQG�*�LQ�+XPDQ�6HUXP�E\�6ROLG�3KDVH�(Q]\P�/LQNHG�,PPXQRVRUEDQW�$VVD\��-RXUDQO�RI�&OLQLFDO�0LFURELRORJ\�����������������������$GOHU�%��)DULQH�6��$QWLERG\�5HVSRQVH�LQ�+XPDQ�/HSWRVSLUR�%��%XFKDUHVW�/HSWRVSLURVLV�DQG�RWKHU�6SLURFKDHWD������������������ 9LWDOH�*��HW�DO��(YDOXDWLRQ�RI�DQ�,J0�(/,6$�7HVW�IRU�'LDJQRVLV�RI�+XPDQ�/HSWRVSLURVLV��1HZ�0LFURELRO�$3�����������������������%DMDQL��HW�DO��(YDOXDWLRQ�RI�IRXU�&RPPHUFLDOO\�$YDLODEOH�5DSLG�7HVWV�IRU�GLDJQRVLV�RI�/HSWRVSLURVLV��-�&OLQ�0LFURELRO��������������������������1DNDULQ��HW�DO��(YDOXDWLRQ�RI�(Q]\P�,PP�XQR�6RUEHQW�$VVD\�DQG�,QGLUHFW�+HPDJJOXWLQDWLRQ�RQ�$VVD\�IRU�'HWHFWLRQ�RI�/HSWRVSLUDO�DQWLERGLHV�E\�8VLQJ�7KUHH�'LIIHUHQW�$QWLJHQHV��-�0HG�$VVRF��7KDL���������������������������������9LMD\DFKDUL�3��6XJXQDQ�$3��6HKJDO�6&��(YDOXDWLRQ�RI�/HSWR�'UL�'RW�DV�D�5DSLG�7HVW�IRU�'LDJQRVLV�RI�/HSWRVSLURVLV��(SLGHPLRO�,QIHFW�����������������������
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(YDOXDWLRQ�RI�7ZR�&RPPHUFLDO�4XDOLWDWLYH�DQG�6HPL�4XDQWLWDWLYH�(/,6$�0HWKRGV�IRU�'LDJQRVLV�RI�$FXWH�+XPDQ�/HSWRVSLURVLV�
+RQDUPDQG�+��3K�'���(VKUDJKL�6��3K�'���.KRUDPL�]DGHK�0�5�3K�'��*KDQDHL�)�0��0�'���+DUHVNHHUO�5��3K�'�$EVWUDFW,QWURGXFWLRQ� /HSWRVSLURVLV�LV�PRVW�ZLGHVSUHDG�=RRQRVLV�LQ�WKH�ZRUOG��HVSHFLDOO\�LQ�7URSLFDO�DQG�WHPSHUDWH�UHJLRQV�ZLWK�PRLVW�FOLPDWH��'LDJQRVLV�RI�/HSWRVSLURVLV�DFFRUGLQJ�WR�FOLQLFDO�V\PSWRPV�LV�GLIILFXOW�DQG�XQFHUWDLQ�GXH�WR�ODFN�RI�VSHFLILF�VLJQ��V���/HSWRVSLUD�LV�D�IDVWLGLRXV�EDFWHULXP��,VRODWLRQ�RI�WKHVH�EDFWHULD�E\�FXOWXUH�LV�GLIILFXOW��WLPH�FRQVXPLQJ�DQG�KHQFH�GRVHV�QRW�FRQWULEXWH�WR�DQ�HDUO\�GLDJQRVLV��6SHFLILF�DQWLERGLHV�DJDLQVW�/HSWRVSLUD�DSSHDU�IURP��WK�GD\�RI�GLVHDVH�RQVHW��7KH�0LFURVFRSLF�$JJOXWLQDWLRQ�7HVW��0$7��LV�PRVW�UHOLDEOH�DVVD\�EXW�JHQHUDOO\�UHTXLUHV�SDLUHG�VHUD�IRU�GHWHFWLRQ�RI�VHURFRQYHUVLRQ�DQG�LV�FRQVLGHUHG�WRR�FRPSOH[�IRU�URXWLQH�XVH�2EMHFWLYH�:H�SHUIRUPHG�WKLV�VWXG\�WR�ILQDO�D�VLPSOH�DQG�UHOLDEOH�PHWKRG�IRU�GLDJQRVLV�RI�DFXWH�KXPDQ�OHSWRVSLURVLV� (/,6$�LV�DQRWKHU�FRPPRQ�PHWKRG�IRU�GLDJQRVLV�RI�/HSWRVSLURVLV��0DWHULDOV�DQG�0HWKRGV� ,Q�VXPPHU�RI�������ZH�H[DPLQHG����VLQJOH�VHUD�RI�SDWLHQWV���ZKR�ZHUH�VXVSHFWHG�RI��/HSWRVSLURVLV�E\�D�FRPPHUFLDO�QRQH�TXDQWLWLHV�DQG�DQ�LQ�KRXVH��VHPL�TXDQWDWLYH�(/,6$�DVVD\V�DQG�FRPSDUHG�WKHLU�UHVXOWV�ZLWK�0$7�5HVXOWV�0HDQ�WLPH�RI�ILUVW�WDNLQJ�EORRG�VDPSOHV�ZHUH������DIWHU�RQVHW�RI�V\PSWRPV��$OO�VSHFLPHQV�ZLWK�WLWHUV������DJDLQVW�D�SDWKRJHQLF�VHURYDU�LQ�0$7�ZHUH�UHJDUGHG���DV�FRQILUPHG�OHSWRVSLURVLV�����IURP�������$OO�VSHFLPHQV�ZKLFK ZHUH�SRVLWLYH�LQ�DQ\�,J0�(/,6$�DVVD\V�ZHUH�FRPSDUHG�ZLWK�WKH�UHVXOWV�RI�0$7��,Q�RXU�VWXG\��VHQVLWLYLW\���VSHFLILW\��SRVLWLYH�DQG�QHJDWLYH��SUHGLFWLYH�YDOXHV�RI�LQ�KRXVH��(/,6$�ZHUH������������������DQG�������FRQVHTXHQWO\��EXW�ZHUH����������������������DQG ����IRU�FRPHULFDO�,J0�(/,6$�DVVD\�FRQVHTXHQWO\��&RQFOXVLRQ� �7KH�UHVXOWV�RI�RXU�VWXG\�VKRZ�WKDW�,J0� (/,6$�DVVD\�LV�D�UHOLDEOH�DQG�VHQVLWLYH�PHWKRG�IRU�GLDJQRVLV�RI�DFXWH�OHSWRVSLURVLV�DQG�DOVR�VKRZ�WKDW�LQ�KRXVH�VHPL�TXDQWDWLYH�,J0�(/,6$�ZDV�PRUH�VSHFLILF�DQG�FRPPHUFLDO�TXDOLWDWLYH�,J0� (/,6$�ZDV�PRUH�VHQVLWLYH��
.H\�ZRUGV� (Q]\PH�± /LQNHG�,PPXQRVRUEHQW�$VVD\��/HSWRVSLURVLV


