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(LJKW\ SDWLHQWV�ZLWK�VXSUDYHQWULFXODU�WDFK\FDUGLDV�ZHUH�HQUROOHG�WR�WKH�VWXG\�DQG�ZHUH�GLYLGHG�LQWR�WZR�JURXSV��7KHUH�ZHUH����IHPDOH DQG����PDOHSDWLHQWV�LQ�HDFK�JURXS�7KH�PHDQ�DJHV��ZHUH���r��� \HDUV�LQ�YHUDSDPLO�JURXS�DQG���r����\HDUV�LQ�GLJLWDOLV�JURXS� $W�WKH�EHJLQLQJ��WKH�PHDQV�RI�KHDUW UDWHV�ZHUH �����r����ESP�LQ�ILUVW�JURXS�DQG �����r��� ESP�LQ�VHFRQG�JURXS��7KHUH�ZDV�QR VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WKH�WZR�JURXSV�LQ�WHUPV�RI�DJH��VH[� KHDUW�UDWHV��S!�����'LJLWDOLV�����PJ�DQG�YHUDSDPLO���PJ�ZHUH�DSSOLHG�WR�WKH�SDWLHQWV�IRU�ILYH�PLQXWHV�LQWUDYHQRXVO\���$W WKH�HQG�RI�RQH�KRXU��VDPH�GRVDJHV�RI�WKHVH�GUXJV�ZHUH�JLYHQ WR�WKH�SDWLHQWV�ZKRVH�UK\WKP�GLG�QRW�FRQYHUW�WR�VLQXV�UK\WKP�
$IWHU����PLQXWHV��WKH�KHDUW�UDWHV�RI�WKH�SDWLHQWV�RI�WZR�JURXSV�VWDUWHG�WR�GHFUHDVH�VLJQLILFDQWO\ �S����������$IWHU�RQH�KRXU��WKH�PHDQV�RI�KHDUW�UDWHV�ZHUH������r���ESP�LQ�ILUVW�JURXS�DQG������r���ESP�LQ�VHFRQG�JURXS��7KHVH�UHVXOWV�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW�GLIIHUHQW�WKDQ�KHDUW�UDWHV�DW�WKH�EHJLQLQJ��S���������7KHUH�ZDV�QR�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�WZR�JURXSV��S!�������&RQYHUVLRQ�WR�VLQXV�UK\WKP�RFFXUUHG LQ����SDWLHQWV����������WUHDWHG�ZLWK�YHUDSDPLO��DQG����SDWLHQWV�ZLWK�GLJLWDOLV���������&RQYHUVLRQ�UDWH�WR VLQXV�UK\WKP�ZDV�QRW�VWDWLVWLFDOO\�GLIIHUHQW�EHWZHHQ�WZR�JURXSV� �S!��������9HUDSDPLO�DFKLHYHG�WR�FRQYHUVLRQ�WR�VLQXV�UK\WKP�LQ��������RI� WKH�SDWLHQWV�ZLWK�DWULDO�ILEULOODWLRQ������RI� WKHVH�ZLWK�DWULDO�IOXWWHU��������RI�WKHVH��ZLWK�SDUR[\VPDO�DWULDO�WDFK\FDUGLD���,Q�WKH�SDWLHQWV�WUHDWHG�ZLWK�GLJLWDOLV���WKHVH�UDWHV�ZHUH�LQ�WXUQ�������������DQG���������7KHVH�UDWHV�ZHUH�QRW�GLIIHUHQW�EHWZHHQ�WZR�JURXSV��S!�������6L[�SDWLHQWV���������WUHDWHG�ZLWK�YHUDSDPLO�ZLWK�SDUR[\VPDO�DWULDO�WDFK\FDUGLD�ZKRVH�YHQWULFXODU�UDWHV�KDG�QRW��EHHQ�FRQWUROOHG�DQG�KHPRG\QDPLF�VWDWXV�KDG�EHHQ�GHWHULRUDWHG��YHQWULFXODU�UDWH�DERYH�����ESP��V\VWROLF�WHQVLRQ�EHORZ����PP+J��VFKRFN��ZHUH�FRQYHUWHG�WR�VLQXV�UK\WKP�DIWHU�HOHFWULFDO�FDUGLRYHUVLRQ��9HQWULFXODU�UDWHV�ZHUH�UHGXFHG�ZLWK�DPLRGDURQH�LQ�IRXU�SDWLHQWV��DQG�ZLWK�YHUDSDPLO�LQ�WKUHH�SDWLHQWV�ZKR�KDG�QRW�UHVSRQVHG�WR�GLJLWDOLV�LQ�WRWDO���SDWLHQWV�������ZLWK�SDUR[\VPDO�DWULDO�WDFK\FDUGLD�
9HUDSDPLO� DQG� GLJLWDOLV� ZHUH� PRGHUDWHO\ HIIHFWLYH� IRU� FRQYHUVLRQ� WR� VLQXV� UK\WKP� DQG� YHU\� HIIHFWLYH� DQWLDUUK\WKPLF� GUXJV� IRU� UHGXFWLRQ� RI�YHQWULFXODU� UDWH� LQ� VXSUDYHQWULFXODU� WDFK\FDUGLDV�� � (OHFWULFDO� FDUGLRYHUVLRQ� LV� WKH�PRVW� HIIHFWLYH�PHWKRG� LQ�SDWLHQWV�ZLWK� K\SRWHQVLRQ DQG�KLJK�YHQWULFXODU�UDWHV�
.H\�ZRUGV� 6XSUDYHQWULFXODU�WDFK\FDUGLDV��'LJLWDOLV��9HUDSDPLO
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6XSUDYHQWULN�OHU� WDûLNDUGLOHU� �697��� +LV� GHPHWL�ELIXUNDV\RQX� �VW�QGHQ� ND\QDNODQDQ� VÖN� J|U�OHQ�DULWPLOHUGLU�� %XQODU� DWULDO� ILEULODV\RQ�� DWULDO� IOXWWHU��DWULRYHQWULN�OHU�� VLQ�VDO�� DWULDO� YH� SUH �HNVLWDV\RQGD�ROXûDQ� WDûLNDUGLOHUGLU�� ����¶OHUH�NDGDU�SDFH� RWRPDWL]�PDVÖQÖQ�DUWÖûÖ�LOH�ROXûWXøX�G�û�Q�OHQ�697¶LQ�VRQUDODUÖ�UHHQWUDQW�� UHVLSURNDO�YH\D�FLUFXV�PRYHQWXP� WDûLNDUGL�VLQH�EDøOÖ�ROGXøX�HOHNWURIL]\RORMLVWOHU��WDUDIÖQGDQ�VDS�WDQPÖûWÖU����� (Q�VÖN�J|U�OHQ�697���$9�QRGDO�UHHQWU\·H�EDøOÖ� RODUDN� RUWD\D� oÖNPDNWDGÖU�� *HQHOOLNOH� EHQLJQ�VH\UHWPHNOH�ELUOLNWH��YHQWULN�O�\DQÖWÖQÖQ�DUWÖûÖ�LOH�JHUHN�KHPRGLQDPLøL�ER]DUDN�JHUHNVH�WURPER �HPEROLN�ROD\�ODUD� \RO� DoDUDN� NDUGLDN� SUREOHPOHUH� QHGHQ� ROXUODU����%X� DPDoOD� DULWPLOHULQ� VRQODQG ÖUÖOPDVÖ� YH\D� YHQWULN�O�\DQÖWÖQÖQ� D]DOWÖOPDVÖ� JHUHNOLGLU�� 697¶ LQ� WHGDYLVLQGH��QHGHQH�\|QHOLN�WHGDYL��VHGDWLIOHU��YDJR WRQLN�PDQHYUD�ODU�� DGHQR]LQ�� LEXWLOLG�� EHWD�EORNHUOHU�� SDUDVHPSDWLNR�PLPHWLNOHU� �HGURIRQ�\XP�� QHRVWLJPLQ�� �GLJLWDO�� NDOVL�\XP�NDQDO�EORNHUOHUL� �YHUDSDPLO��GLOWL D]HP���,�$�YH�&�JUXEX�DQWLDULWPLNOHU�JLEL� LODoODU�NXOO DQÖOPDNWDGÖU��úRN��PL\RNDUG�LQIDUNW�V��YH�LODo�WHGDYLV LQH�\DQÖWVÖ]�GXUXP�ODUGD� HOHNWULNL� NDUGLRYHUVL\RQ� YH� KÖ ]OÖ� DWULDO� SDFH�X\JXODQPDN�WDGÖU�������� %X� oDOÖûPDGD�� YHQWULN�O� \DQÖWÖ�����GN¶QÖQ� �]HULQGHNL� LNL� KDIWDGDQ� NÖVD� V�UH� LoLQGH�EDûODPÖû�RODQ��697¶OL�����KDVWDGD�YH UDSDPLO�YH�GLJLWD�OLQ�YHQWULN�O�\D�QÖWÖQD�HWNLVL�YH� DULWPLOHULQ�VLQ�V� ULWPL�QH�G|Q�û�RUDQÖ�DUDûWÖU ÖOGÖ�
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dDOÖûPD\D� YHQWULN�O� KÖ]Ö� ����GN¶QÖQ� �]HULQGHNL� LNL�KDIWDGDQ� |QFH� EDûODPÖû� RODQ� ��¶� �� NDGÖQ� WRSODP� ���VXSUDYHQWULN�OHU�WDûLNDUGLOL�KDVWD�DOÖQGÖ��+HUELU�JUX SWD���¶ûHU�NDGÖQ�YH���¶HU�HUNHN�YDUGÖ��9HUDSDPLO�LOH�WHGDYL�HGLOHQ� ELULQFL� JUXSWDNL� KDVWDODUÖQ� \Dû� RUWDODPDODUÖ���r���� LNHQ�� GLJLWDO� YHULHQ� LNLQFL� JUXSWDNL� KDVWDODUÖQ�

��r���� LGL��+HU� LNL�JUXSWD�GD�\Dû�YH�FLQV�EDNÖPÖQGDQ�IDUN� \RNWX� �S!������� 7DEOR� �·GH� HSLGHPL\RORMLN�|]HOOLNOHU�J|VWHULOPLûWLU��+DVWDODUÖQ�PXD\HQHVL�NDEXOGH�YH� ELULQFL VDDW� VRQXQGD� WHNUDU� \DSÖOGÖ� YH� HOHNWURNDU�GLRJUDILVL��EDûODQJÖoWD�YH�ELU�VDDW�VRQUD�WH NUDU�oHNLOGL��%LULQFL� JUXED� LQWUDYHQ|]� RODUDN� �� GDNLNDGD� �� PJ�9HUDSDPLO��ù6237ù1�.QROO��YH�LNLQFL�JUXED�LVH�\LQH�LQWUDYHQ|]� � �� GDNLNDGD� ���� PJ� 'LJLWDO� �'ù*2;ù1�1RYDUWLV�� X\JXODQGÖ�� +DVWDODU� PRQLWRUL �]H� HGLOHUHN�NDQ� EDVÖQFÖ� |Oo�P�� YH� NDOS� DWÖP� KÖ]Ö� � DOÖ QGÖ� YH� EHû�GDNLND� DUD� LOH� ND\ÖW� DOÖQGÖ�� ���� ��� YH� ���� GDN LND� NDOS�DWÖP�KÖ]ÖQGDNL GHøLûLNOLNOHU�YH�VLQ�V�ULWPLQH� G|Q�û�P�OHUL� WDNLE� HGLOGL�� %LULQFL� JUXEWDNL� KD VWDODUÖQ� EDûODQJÖo�GDNLNDGD�NDOS�DWÖP�KÖ]�RUWDODPDODUÖ���� r����YH� LNLQFL�JUXSWDNLOHULQ� LVH� ���r���� LGL�� +HU� LNL� JUXS� DUDVÖQGD�IDUN� \RNWX� �S!������� 7DEOR� �·GH� KDVWDO DUÖQ� NDOS� DWÖP�KÖ]�RUWDODPDODUÖ�YHULOGL�����FL�GDNLNDGD�YHQWULN�O�\DQÖWÖ�����GN� ·QÖQ� DOWÖQD� LQPH\HQ� K DVWDODUD� KHU� LNL� JUXED�X\JXODQDQ�D\QÖ�GR]ODU� WHNUDU�HGLOGL��%LU� VDDW� VRQXQGD�VLQ�V� ULWPLQH� G|Q�û� YH� QDEÖ]� GHøLûLNOL NOHUL� GHøHU�OHQGLULGL�� +HPRGLQDPLN� GXUXPX� ER]XODQ� �ûRNWDNL��NDOS� DWÖP� KÖ]Ö� ����GN� ·QÖQ� �]HULQGH� RODQ� YH� VLVWROLN�NDQ�EDVÖQFÖ����PP+J¶QÖQ�DOWÖQGDNL�����KDVWDQÖQ��¶VÖQD�������MRXOH�DUDVÖQGD�HOHNWULNL�NDUGLRYHUVLRQ�X\JXODQGÖ���� KDVWD\D� LVH� PHGLNDO� WHGDYL� X\JXODQGÖ�� +DVWD� NDEX�O�QGH� VLVWROLN� NDQ� EDVÖQFÖ� ��� PP+J¶ÖQ� DOWÖQGDNL��YHQWULN�O�\DQÖWÖ�����GN¶QÖQ��]HULQGHNL��ûR NWDNL�YH�DNXW�PL\RNDUG� LQIDUNW�VO�� KDVWDODU� oDOÖûPD\D� DOÖQPDGÖ��<LQH� :ROI�3DUNLQVRQ�:KLWH� �:3:�� 6HQGURPXQD�EDøOÖ� RODUDN� JHOLûHQ� 3$7·� OL� KDVWDODUD� GLJLWDO� WHGDYLVL�X\JXODQPDGÖ��(OGH� HGLOHQ� VRQXoODU�� LNL� |UQHN� JUXEXQ�RUWDODPDODUÖQÖQ� YH� HOGH� HGLOHQ� \�]GHO HULQ� NÖ\DVODQGÖøÖ��.L�NDUH� �ROJX� VD\ÖVÖ� ��·XQ� �]HULQGH�� YH� .HQGDOO¶ÖQ�WDXE�E��ROJX�VD\ÖVÖ���·XQ�DOWÖQGD��WHVWOHUL�LOH NDUûÖODûWÖ�UÖOGÖ�� S� GHøHULQLQ� ����·GHQ� N�o�N� ROPDVÖ� LVW DWLVWLNVHO�RODUDN�DQODPOÖ�NDEXO�HGLOGL��
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<HQL� EDûOD\DQ� VXSUDYHQWULN�OHU� WDûLNDUGL OHUGH� VLQ�VULWPLQH� G|Q�û�P� oRøXQOXNOD PHGLNDO� YH� HOHNWULNL�NDUGLRYHUVL\RQ� LOH�P�PN�Q�ROPDNWDGÖU��7�P 697¶LQ�\DNODûÖN� ���¶Q�Q� PHGLNDO� NDUGLRYHUVL\RQ� LOH� VLQ�V�ULWPLQH� G|QG�ø�� VDSWDQPÖûWÖU� � 6LQ�V� ULWPLQH� G|Q��û�P� SURSDIHQRQ� LOH� �� ����������� SURNDLQDPLG� LOH� ���������������IOHFDLQLG�LOH������������DPLRGDURQ�LOH��������������� DGHQR]LQ� LOH� �� ������������ LEXWLOLG� LOH� �� ���������� YH� GLOWLD]HP� LOH� GH� �� ��¶GLU� ���� 'LJLWDO�JOLNR]LGOHUL� 1D�.�$73�D]� HQ]LPLQL� EORNH� HGHUHN�WUDQVPHPEUDQHO� DNVL\RQ� SRWDQVL\HOLQL� HWNLOHU�� $9�G�ø�P�Q� UHIUDNWHU� SHULRGXQX� YH� LOHWL VLQL� X]DWÖU�����'LJLWDOLQ� 697·GH� �|]HOOLNOH� DWULDO� ILEULODV\RQ� YH�IOXWWHUGH�� YHQWULN�OHU� \DQÖWÖ� D]DOWDUDN� ER] XODQ�KHPRGLQDPLN�GXUXPX�G�]HOWPHNWHGLU��'LJLWDOLQ�GLUHN�ELU� DQWLILEULOODW|U� HWNLQOLøL� EXOXQPDVD� GD� YDJDO� YH�DQWLDGUHQHUMLN� HWNL� VRQXFXQGD� LQGLUHN� \RO� LOH� oHûLWOL�DUDûWÖUPDODUGD�697·LQ�������¶LQGH� VLQ�V� ULWPLQH� G|�Q�û�P� VDøODGÖøÖ� VDSWDQPÖûWÖU������ %XQXQ� \DQÖQGD�\DQÖWVÖ] ROJXODUGD� HOHNWULNL�NDUGLRYHUVL\RQ�ûDQVÖQÖ� GD�RUWDGDQ�NDOGÖUPDVÖ� LVH�GLJLWDOLQ�ELU�GH] DYDQWDMÖGÖU��%X�oDOÖûPDGD� GLJLWDOLQ� DWULD O� ILEULODV\RQOX� KDVWDODUÖQ� ������¶�QGH��DWULDO� IOXWWHUOLOHULQ�����¶LQGH�VLQ�V�ULWPLQH�G|Q�û�P� VDøODPDVÖ� EHNOHQHQ� VRQXo� LNHQ� 3$7 ¶OL�KDVWDODUÖQ� �� ����¶LQGH� VLQ�V� UH VWRUDV\RQX� VDøODPDVÖ�GDKD�|QFHNL�oDOÖûPDODUGDQ�\�NVHN�EXOXQPXûWXU������
)HQLODONLODPLQ W�UHYL RODQ�ELU� NDOVL\XP�NDQDO� EORNHUL�
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RODQ� YHUDSDPLO� 697·OHUGH� |]HOOLNOH� 3$7�� :3:�VHQGURPXQD� EDøOÖ� JHOLûHQ� DULWPLOHUGH� HWNLOGLU� � $9�QRGXQ� UHIUDNWHUOLøLQL� YH� LOHWL\L�$+�EDQGÖQÖ� GDKD� oRN�HWNLOH\HUHN� X]DWÖU�� $WULDO�� YHQWULN�OHU� YH� SXUNLQMH�OLIOHULPGHNL�DNVL\RQ�SRWDQVL\HOOHULQLQ�UHSRODUL]DV\RQX �QD� YH� GHSRODUL]DV\RQXQD� HWNLVL� \RNWXU�� 9HUDSDPLOLQ�HWNLQOLøL�VLQRDWULDO�YH�$9�QRGDO�GRNXODUGDNL�NDOVL\XP�NDQDOODUÖQÖ� EORNDMÖQD� EDøOÖGÖU� ������ 9HUDSDPLOLQ� GLUHN�RODUDN�DQWLILEULOODW|U�HWNLQOLøL�ROXS�W�P�697¶QLQ����� ���¶�Q�� VLQ�V� ULWPL� G|QG�UG�ø�� oHûLWOL� oDOÖûPDODUGD�VDSWDQPÖûWÖU������������ $WLDO� ILEULODV\RQ� YH� IOXWWHUGH�VLQ�V� ULWPLQH� G|Q�ûW�UPHGH� YHUDSDPLOLQ� HWNLQOLøL� �������� RUDQÖQGD� LNHQ� 3$7·OÖ� YH� :3:� VHQGURPXQD�EDøOÖ� 697·GH� EX� RUDQODU� �� ��·OHUH� XODûPDNWDGÖU��$QFDN� KLSRWDQVL\RQ�� $%� EORN� YH� P\RNDUG� NRQWUDN�VL\RQXQXQ� GHSUHV\RQX� YHUDSDPLOLQ� GH]DYDQWDMODUÖ�GÖU�������������
dDOÖûPDPÖ]GD� 3$7¶OÖ� KDVWDODUÖQ��� ����¶L �� DWULDO� ILEUL�ODV\RQOX� KDVWDODUÖQ� �� �����¶L� YH� DWULDO� IOX WWHUOL�KDVWDODUÖQ� GD� ���¶L� VLQ�V� ULWPLQH� G|QP�ûW�U�� %X�RUDQODU� \DSÖODQ� GLøHU� oDOÖûPDODUOD� GD� \DNODûÖN� RODUDN�X\XPOXGXU��7HGDYL�HWNLQOLøL�EDNÖPÖQGDQ�YHUDSDPLO�YH�GLJLWDOLQ� ELUELUOHULQH� �VW�QO�NOHUL� EXOXQPDPÖûWÖU��S!�������9HQWULN�O�\DQÖWÖQÖ�D]DOWPDGD�KHU�LNL�LODFÖQ�GD�EHOLUJLQ� GHUHFHGH� HWNLOL� ROGXøX� J|U�OPHNWHGLU ��$QFDN�3$7·OÖ� ��� KDVWDQÖQ� �·� VÖQGD� ��� ������ KHPRGLQDPLN�GXUXPXQ� N|W�OHûPHVL� VRQUDVÖQGD� HOHNWULNL� NDUGLRYHU�VLRQ�LOH�VLQ�V�ULWPLQH�G|Q�û�P�Q�VDøODQPÖ ûWÖU��+HU�LNL�JUXSWD� GD� KLSRWDQVL\RQ�� EXODQWÖ� YH� NXVPD� HQ� oRN�J|U�OHQ� \DQ� HWNLOHU� ROXS� $9� EORN� YH� DNXW� NDOS\HWHUVL]OLøL� EXOJXODUÖ� RUWD\D� oÖNPDGÖ�� *�Q�P�]GH�DGHQR]LQ��LEXWLOLG�JLEL�\HQL�DQWLDULWPLN�LODoODU�697¶QLQ�VLQ�V� ULWPLQH� G|QG�U�OPHVLQGH� LON� VHoHQHN� KDOLQH�JHOVH�GH YHUDSDPLO�� GLJLWDO� JLEL� LODoODU� JHUHN� YHQWULN�O�\DQÖWÖQÖ�D]DOWPDGD�JHUHNVH�VLQ�V�ULWPLQH�G| Q�û� VDøOD�PDGD�KDOD�HWNLOL�YH�J�YHQOL�RODUDN�NXOODQÖODELOLU��$QFDN�KHPRGLQDPLN� GXUXPX� ER]XODQ�� PHGLNDO� WHGDYL\H�\DQÖWVÖ]� 697¶QLQ� WHGDYLVLQGH� HOHNWULNL� NDUGL RYHUVLRQKHU�]DPDQ�\HULQL�NRUXPDNWDGÖU�
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