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%X� oDOÕúPDGD� DUúLY� ILOPOHULQH� \|QHOLN� ID]� NRUHODV\RQ� WHPHOOL�ELU� DQL� VDKQH� GH÷LúLPL� DOJÕODPD� \|QWHPL� |QHULOPHNWHGLU��<|QWHPGH� |]J�Q� RODUDN� oHUoHYHOHULQ� DOW�|UQHNOHPH� YH�KLVWRJUDP� X\GXUPDVÕ� VRQUDVÕQGD� ID]� NRUHODV\RQ� \�]H\LQLQ�WHSH� QRNWDODUÕ� WDNLS� HGLOHUHN� DQL� VDKQH� GH÷LúLPOHUL�DOJÕODQPDNWDGÕU�� $\UÕFD� J|U�QW�� GL]LQLQLQ� oHUoHYH� GH÷LúLQWLVL�WDNLS� HGLOHUHN�G�]� WRQGDNL� ILOP� VDKQHOHUL� HVQDVÕQGD�PH\GDQD�JHOHQ�J�U�OW��YH�J|UVHO�ER]XNOXN�HWNLOHULQLQ�KDWDOÕ�WHVSLWH�\RO�DoPDVÕ� |QOHQPHNWHGLU�� 'HQH\VHO� VRQXoODU� |QHULOHQ� \|QWHPLQ�GL÷HU� \|QWHPOHUH� RUDQOD� oRN� L\L� ELU� SHUIRUPDQV� VHUJLOHGL÷LQL�J|VWHUPHNWH� ROXS�� |QHULOHQ� \|QWHP� GHQH\OHUGH� NXOODQÕODQ�YLGHRGDNL� W�P� DQL� VDKQH� GH÷LúLPOHULQL� GR÷UX� RODUDN� WHVSLW�HWPHNWHGLU���
$EVWUDFW�

$ VFHQH� FXW� GHWHFWLRQ� WHFKQLTXH� EDVHG� RQ� SKDVH� FRUUHODWLRQ��ZLWK� DSSOLFDWLRQ� WR� DUFKLYH� ILOP�PDWHULDO�� LV�SURSRVHG� LQ� WKLV�SDSHU�� ,Q� WKH� SURSRVHG� PHWKRG�� WKH� SHDNV� LQ� WKH� SKDVH�FRUUHODWLRQ� VXUIDFH� RI� VXE�VDPSOHG� DQG� KLVWRJUDP� PDWFKHG�LPDJH�IUDPHV�DUH�WUDFNHG�WR�GHWHFW�VFHQH�FXWV��)XUWKHUPRUH�LW�LV SURSRVHG� WR� WUDFN� IUDPH� YDULDQFHV� WR� DYRLG� LQFRUUHFW�GHWHFWLRQ�GXH�WR�QRLVH�DQG�YLVXDO�GHJUDGDWLRQ�LQ�SODLQ�OHYHOHG�LPDJH� IUDPHV�� ([SHULPHQWDO� UHVXOWV� VKRZ� WKDW� WKH� SURSRVHG�VFHQH�FXW�GHWHFWLRQ�WHFKQLTXH�RXWSHUIRUPV�SUHYLRXV�PHWKRGV��DQG�GHWHFWV�DOO�VFHQH�FXWV�LQ�WKH�WHVW�YLGHR�FRUUHFWO\��
��� *LULú�

6RQ�\ÕOODUGD� WÕSWDQ�� VD\ÕVDO� WHOHYL]\RQ�\D\ÕQFÕOÕ÷ÕQD�NDGDU�ELU�oRN� DODQGD� NXOODQÕODQ� VD\ÕVDO� J|U�QW�OHULQ�PLNWDUÕQGDNL� KÕ]OÕ�DUWÕú� LOH� oRNOX� RUWDP� YHULVLQLQ� LQGLVOHQPHVL� YH� \HQLGHQ� HOGH�HGLOPHVL� �UHWULHYDO� GDKD� GD� |QHP� ND]DQPÕúWÕU�� 9LGHR�LQGLVOHPHQLQ� HQ� WHPHO� SDUoDVÕ� LVH� YLGHRQXQ� VDKQHOHUH�D\UÕOPDVÕGÕU� >�@�� %X� LQGLVOHPH� LúOHPLQLQ� HOOH� \DSÕOPDVÕ� HQ�GR÷UX� VRQXFX� YHUPHVLQH� UD÷PHQ� ID]OD� PLNWDUGD� ]DPDQ�ND\EÕQD� QHGHQ� ROPDNWDGÕU�� %X� QHGHQOH� YLGHRQXQ� RWRPDWLN�RODUDN�VDKQHOHUH�D\UÕOPDVÕ�|QHPOL�KDOH�JHOPHNWHGLU���9LGHR� VDKQHOHUL� DUDVÕQGDNL� JHoLúOHU� DQL� �VFHQH� FXW� \D� GD�GHUHFHOL� �JUDGXDO� FKDQJH� ROPDNWDGÕU��$QL� YH�GHUHFHOL� VDKQH�GH÷LúLPOHULQLQ�DOJÕODQPDVÕ�LoLQ�GH÷LúLN�\|QWHPOHU�|QHULOPLúWLU�>���@�� $QL� VDKQH� GH÷LúLPLQLQ� DOJÕODQPDVÕ� LoLQ� |QHULOHQ�\|QWHPOHU� JHQHO� RODUDN� KDUHNHW� WHPHOOL� \|QWHPOHU�� KLVWRJUDP�WHPHOOL� \|QWHPOHU� YH� oHYULW� WHPHOOL� \|QWHPOHU� RODUDN�VÕQÕIODQDELOLU�� +DUHNHW� ELOJLVLQL� NXOODQDQ� ELU� \|QWHP� >�@¶GH�|QHULOPLúWLU�� %X� \|QWHPGH� RSWLN� DNÕú� YH� KDUHNHW� WDKPLQL�

NXOODQÕOÕS�� RODELOLUOLN� �OLNHOLKRRG�� WHVWL� LOH� DQL� VDKQH�GH÷LúLPOHULQLQ�DOJÕODQPDVÕQD�oDOÕúÕOPÕúWÕU��<|QWHP�oHUoHYH�LoL�QHVQH� KDUHNHWLQL� YH� NDPHUD� KDUHNHWOHULQL� EDVWÕUPDNWD� DQFDN�EXQXQOD� ELUOLNWH� E�\�N� ELU� LúOHP� \�N�� JHWLUPHNWHGLU�� 6DKQH�GH÷LúLPLQLQ� DOJÕODQPDVÕ� LoLQ� |QHULOHQ� \|QWHPOHULQ� oR÷XQGD�KLVWRJUDP� ELOJLVLQGHQ� ID\GDODQÕOPDNWDGÕU� >�@>�@�� %X� ELOJL\L�
NXOODQDQ� \|QWHPOHUGH�� |UQH÷LQ� F� YH� KLVWRJUDP� IDUNÕ� JLEL�oHúLWOL� PHWULNOHU� NXOODQÕODUDN�� DUGÕúÕO� LNL� oHUoHYHQLQ�KLVWRJUDPODUÕ� DUDVÕQGDNL� GH÷LúLPLQ� EXOXQPDVÕ\OD� DQL� VDKQH�JHoLúOHUL� DOJÕODQPD\D� oDOÕúÕOÕU�� *HQHO� RODUDN� UHQNOL�KLVWRJUDPODU��]HULQGH�L\L�VRQXo�YHUHQ�\|QWHPOHU��VL\DK�EH\D]��J|U�QW�OHU� LoLQ� DQL� ÕúÕNOÕOÕN� GH÷LúLPOHULQGHQ� HWNLOHQPHNWHGLU�>�@�� (VNL� ILOPOHULQLQ� oR÷XQXQ� VL\DK�EH\D]� ROGX÷X� YH� EX�ILOPOHUGH� DQL� ÕúÕNOÕOÕN� GH÷LúLPOHUL� ROGX÷XQGDQ� KLVWRJUDP�WHPHOOL� \|QWHPOHULQ� DUúLY� ILOPOHULQH� X\JXODQPDVÕQGDQ� L\L�VRQXo�DOÕQDPDPDNWDGÕU���$QL� VDKQH� JHoLúOHULQL� DOJÕODPDN� LoLQ� ID]� NRUHODV\RQX�NXOODQÕOPDVÕ�|QHULOPLúWLU� >�@��%X�\|QWHPGH�DUND�DUND\D�JHOHQ�oHUoHYHOHU�DUDVÕQGDNL�EHQ]HUOLN�PHWUL÷L�RODUDN�ID]�NRUHODV\RQX�NXOODQÕOPDNWDGÕU�� %X� VD\HGH� JHQHO� ÕúÕNOÕOÕN� GH÷LúLPOHULQH� YH�J�U�OW�\H� NDUúÕ� GD\DQÕNOÕ� DQL� VDKQH� GH÷LúLPL� DOJÕODPD�\|QWHPLQLQ� JHOLúWLULOPHVLQH� oDOÕúÕOPÕúWÕU�� >�@¶GH� |QHULOHQ�\|QWHP� KLVWRJUDP� ELOJLVLQL� NXOODQDQ� \|QWHPOHUH� J|UH� DQL�ÕúÕNOÕOÕN� GH÷LúLPL� GXUXPXQGD� GDKD� L\L� VRQXo� YHUPHVLQH�UD÷PHQ�� NDPHUD� KDUHNHWOHULQGHQ� DúÕUÕ� GHUHFHGH� HWNLOHQPHNWH�YH� |]HOOLNOH� \DNÕQODúWÕUPD�X]DNODúWÕUPD� �]RRP�� HWNLOHULQLQ�J|U�OG�÷�� GXUXPODU� LOH� ILOP� oHUoHYHOHULQGH� ROXúDQ�ER]XNOXNODUOD� NDUúÕODúÕOGÕ÷ÕQGD� GR÷UX� DOJÕODPD� SHUIRUPDQVÕ�G�úPHNWHGLU��%X�ELOGLULGH�ID]�NRUHODV\RQX�\|QWHPLQH�JHWLULOHQ�HNOHPHOHU�VD\HVLQGH�DOJÕODPD�SHUIRUPDQVÕ�ROGXNoD�\�NVHN�ELU�DQL�VDKQH�GH÷LúLPL�DOJÕODPD�\|QWHPL�|QHULOPHNWHGLU���

��� gQHULOHQ�<|QWHP�
%X� oDOÕúPDGD� YLGHR� VDKQHOHUL� DUDVÕQGDNL� DQL� JHoLúOHULQ�EXOXQPDVÕQD�RODQDN�VD÷OD\DQ�ID]�NRUHODV\RQX�WHPHOOL�\HQL�ELU�\|QWHP� |QHULOPLúWLU�� gQHULOHQ� \|QWHPGH� |QFHOLNOH� LPJHOHULQ�DOW�|UQHNOHQPHVL� LOH� \DNÕQODúWÕUPD�X]DNODúWÕUPD� HWNLOHUL� LOH�ILOP oHUoHYHOHULQGH� ROXúDQ� ER]XNOXNODUÕQ� ID]� NRUHODV\RQXQD�HWNLVLQLQ� D]DOWÕOPDVÕ� VD÷ODQPÕúWÕU�� 'DKD� VRQUD� EX� DOW�|UQHNOHQPLú� J|U�QW�� GL]LQLQGHNL� DUND� DUND\D� JHOHQ�oHUoHYHOHUH� ID]� NRUHODV\RQX� X\JXODQDUDN� NRUHODV\RQ�\�]H\LQLQ�HQ�E�\�N�GH÷HUL� LQFHOHQPLú�YH�EX�GH÷HU�DQL�VDKQH�GH÷LúLPLQH� NDUDU� YHULOPHVLQGH� NXOODQÕOPÕúWÕU�� .DUúÕODúÕODQ�VRUXQODUGDQ�ELULVL��ILOP�LoHULVLQGHNL�G�]�EH\D]�YH\D�G�]�VL\DK�oHUoHYHOHUGH� PH\GDQD� JHOHQ� J�U�OW�� YH\D� ER]XNOXNODUÕQ� ID]�NRUHODV\RQ�\|QWHPL� LOH� VDKQH�GH÷LúLPL�RODUDN�DOJÕODQPDVÕGÕU��%X�W�U�KDWDOÕ�DOJÕODPDODUÕQ�|Q�QH�JHoPHN�LoLQ�ID]�NRUHODV\RQ�
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|Oo�W�QH� HN� RODUDN� LPJH� GH÷LúLQWLVL� WDNLS� HGLOPHNWH�� LPJH�GH÷LúLQWLVLQLQ� oRN� G�ú�N�ROGX÷X�GXUXPODUGD� ID]�NRUHODV\RQX�oÕNWÕODUÕ� J|]� DUGÕ� HGLOHUHN� VDKQH� GH÷LúLPL� NDUDUÕ�YHULOPHPHNWHGLU����)D]�NRUHODV\RQX�LNL�D\UÕN�LúDUHW�DUDVÕQGDNL�EHQ]HUOL÷L�EXOPDN�LoLQ� D\UÕN� )RXULHU� G|Q�ú�P�Q�Q� WHPHO� |]HOOLNOHULQL� NXOODQDQ�ELU�LúDUHW�NRUHODV\RQ�\|QWHPLGLU��)D]�NRUHODV\RQXQXQ�J�U�OW��D]DOWPD� YH� YLGHR� VÕNÕúWÕUPD� JLEL� GH÷LúLN� X\JXODPD� DODQODUÕ�PHYFXWWXU� >�@�� $UND� DUND\D� JHOHQ� ,W YH� ,W��� LPJHOHUL� LoLQ�NRUHODV\RQ�\�]H\L�6W�W���DúD÷ÕGDNL�JLEL�WDQÕPODQPÕúWÕU���
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�%XUDGD�)� )RXULHU�G|Q�ú�P�Q���)���WHUV�)RXULHU�G|Q�ú�P�Q���

 LVH�NDUPDúÕN�HúOHQL÷L�J|VWHUPHNWHGLU����ùHNLO��¶GH� D\QÕ� YH� IDUNOÕ� VDKQHOHUH� DLW� NRUHODV\RQ� \�]H\OHUL�J|VWHULOPHNWHGLU��'R÷DO�RODUDN�D\QÕ�VDKQH\H�DLW�LNL�oHUoHYHQLQ�NRUHODV\RQ� \�]H\LQLQ� WHSH� QRNWDVÕ�� IDUNOÕ� VDKQHOHUH� DLW� LNL�oHUoHYHQLQ� NRUHODV\RQ� \�]H\LQLQ� WHSH� QRNWDVÕQD� RUDQOD� GDKD�\�NVHN� VHYL\HGHGLU�� %X� |]HOOLNWHQ� \DUDUODQÕODUDN� VDKQH�GH÷LúLPLQLQ� DOJÕODQPDVÕ� DUND� DUND\D� JHOHQ� oHUoHYHOHULQ�

NRUHODV\RQ� \�]H\OHULQLQ� HQ� E�\�N� GH÷HUL� GLNNDWH� DOÕQDUDN�JHUoHNOHúWLULOPHNWHGLU����)D] NRUHODV\RQXQXQ�� JHQHO� ÕúÕNOÕOÕN� GH÷LúLPLQH� NDUúÕ�KLVWRJUDP� NDUúÕODúWÕUPD� YH� RODELOLUOLN� RUDQÕ� úHPDVÕQD��OLNHOLKRRG� UDWLR� VFKHPH�� J|UH� GDKD� GD\DQÕNOÕ� ROGX÷X� >�@¶GH�|QH� V�U�OPHNWHGLU�� (VNL� DUúLY� ILOPOHULQGH� JHQHO� RODUDN�NÕUSÕúPD��IOLFNHU��RUWDN�ELU�VRUXQ�ROGX÷XQGDQ��VDKQH�GH÷LúLPL�DOJÕODQÕUNHQ� EX� HWNL� J|]� DUGÕ� HGLOHPH]�� %X� QHGHQOH� DUúLY�ILOPOHULQGH� DQL� VDKQH� GH÷LúLPL� DOJÕODPDVÕQGD� KLVWRJUDP�WHPHOOL�ELU�\|QWHP�\HULQH�ID]�NRUHODV\RQX�NXOODQDQ�ELU�\|QWHP�WHUFLK�HGLOPHNWHGLU��%X�oDOÕúPDGD��DUúLY�ILOPOHUL�LoLQ�NÕUSÕúPD�VRUXQODUÕQD�NDUúÕ� ID]�NRUHODV\RQXQXQ�GD\DQÕNOÕOÕ÷ÕQÕ�DUWÕUPDN�DPDFÕ\OD� DUND� DUND\D� JHOHQ� oHUoHYHOHULQ� KLVWRJUDPODUÕ�ELUELULQH� X\GXUXOPDVÕ� YH� ID]� NRUHODV\RQXQXQ� EX� X\GXUPD�VRQUDVÕQGD�X\JXODQPDVÕ�|QHULOPHNWHGLU��%X�VD\HGH�DQL�VDKQH�GH÷LúLPL� DOJÕODPD� LúOHPLQH� NÕUSÕúPD\D� NDUúÕ� GD\DQÕNOÕOÕN�ND]DQGÕUÕOPDNWDGÕU����)D] NRUHODV\RQX� JHQHO� ÕúÕNOÕOÕN� GH÷LúLPOHULQH� NDUúÕ� GL÷HU�\|QWHPOHUGHQ� GDKD� L\L� VRQXo� YHUPHVLQH� UD÷PHQ� NDPHUD�KDUHNHWOHULQH� NDUúÕ� ROGXNoD� GX\DUOÕGÕU�� .DPHUDQÕQ�\DNÕQODúWÕUPD�X]DNODúWÕUPD� YH� \HU� GH÷LúLPL� KDUHNHWOHUL� ID]�NRUHODV\RQXQXQ�EDúDUÕPÕQÕ�|QHPOL�|Oo�GH�G�ú�UPHNWHGLU��%X�oDOÕúPDGD� NDPHUD� KDUHNHWL� HWNLVLQLQ� D]DOWÕOPDVÕ� LoLQ� ID]�NRUHODV\RQX�LúOHPLQGHQ�|QFH�LPJHOHU�DOW�|UQHNOHQPHNWHGLU���

�D�� � � � ���E�� � �������������������������������������F��

�G�� � � � � � ������H���ùHNLO���� �D���������E����������F��������³$OO�$PHULFD´�J|U�QW��GL]LQLQGHQ�DUND�DUND\D�JHOHQ�oHUoHYHOHU���G����D��YH��E��LoLQ�NRUHODV\RQ�\�]H\L���H����E��YH��F��LoLQ�NRUHODV\RQ�\�]H\L��
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ùHNLO��¶GH� EX� HWNLOHULQ� ELU� DUDGD� J|U�OG�÷��� KLVWRJUDPODUÕ�X\GXUXOPXú� YH� KLoELU� VDKQH� GH÷LúLPL� J|VWHUPH\HQ� ���oHUoHYHOLN��J|U�QW���GL]LQL��LoLQ��GR÷UXGDQ�ID]�NRUHODV\RQX��YH�

�DOW�|UQHNOHQPH� VRQUDVÕQGD� JHUoHNOHúWLULOHQ� ID]� NRUHODV\RQX�LoLQ�WHSH�GH÷HUOHUL�J|VWHULOPHNWHGLU��%X�úHNLOGH�J|U�OG�÷��JLEL�VDGHFH� ID]� NRUHODV\RQX� NXOODQÕOGÕ÷Õ� ]DPDQ� NRUHODV\RQ�

ùHNLO�����2SWLN�ND\GÕUPD��]RRP��YH�JH]GLUPHQLQ��SDQ��ID]�NRUHODV\RQX�YH�DOW�|UQHNOHPLú�LPJHOHUH�X\JXODQDQ�ID]�NRUHODV\RQXQD�HWNLVL���

�D�� � � �������������E�� � � � �����F��

�G��ùHNLO�����D���������E���������F��������$OO�$PHULFD�J|U�QW��GL]LQL�oHUoHYHOHUL���
�G��+LVWRJUDP�)DUNÕ��F��WHVWL��)D]�.RUHODV\RQX�YH�$OW�gUQHNOHQPLú�øPJHOHULQ�)D]�.RUHODV\RQX��<|QWHPOHULQLQ��$gø).��)L]LNVHO�%R]XNODU�.DUúÕVÕQGDNL�'D\DQÕNOÕOÕ÷Õ��
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\�]H\LQLQ� GH÷HUL� ���� VHYL\HOHULQGH\NHQ�� DOW� |UQHNOHQPLú�LPJHOHU� �]HULQGHQ� \DSÕODQ� ID]� NRUHODV\RQXQGD� EX� GH÷HU� ����VHYL\HOHULQGHGLU�� %X� úHNLOGHQ� DQODúÕODELOHFH÷L� �]HUH� DOW�|UQHNOHPH� VD\HVLQGH� \DNÕQODúWÕUPD�X]DNODúWÕUPD� YH� \HU�GH÷LúLPL� KDUHNHWOHULQH� UD÷PHQ� oHUoHYHOHU� DUDVÕ� EHQ]HUOLNOHU�GDKD�EDúDUÕOÕ�ELoLPGH�DOJÕODQDELOPHNWHGLU���$UúLY� ILOPOHULQGHNL� ELU� GL÷HU� VRUXQ� LVH� ILOP� PDO]HPHVLQGHNL�IL]LNVHO� ER]XNOXNODU� QHGHQL� LOH� ROXúDQ� J|UVHO� ER]XNOXNODUÕQ�VDKQH�GH÷LúLPLQLQ�GR÷UX�DOJÕODQPDVÕQÕ�]RUODúWÕUPDVÕGÕU��$UúLY�ILOPOHULQGH� DQL� VDKQH� GH÷LúLPLQL� DOJÕODPD� LoLQ� NXOODQÕODFDN�\|QWHPLQ� EX� ER]XFX� HWNLOHUH� NDUúÕ� GD\DQÕNOÕ� ROPDVÕ�JHUHNPHNWHGLU��ùHNLO��¶GH�DUND�DUND\D�JHOHQ�oHUoHYHOHU�YH�EX�oHUoHYHOHUGHQ� ELULQGHNL� IL]LNVHO� ER]XNOX÷XQ� DQL� VDKQH�GH÷LúLPL�DOJÕODPD�\|QWHPOHULQH�HWNLVL�J|VWHULOPHNWHGLU���ùHNLO� ��G�¶GH� oHúLWOL� \|QWHPOHULQ� IL]LNVHO� ER]XNOXNODUGDQ�ND\QDNODQDQ� J|UVHO� HWNLOHUH� GD\DQÕNOÕOÕN� VRQXoODUÕ�J|VWHULOPHNWHGLU�� gUQHN� ³$OO� $PHULFD´� J|U�QW�� GL]LQLQLQ�������oHUoHYHVLQGH�DQL�ELU�VDKQH�GH÷LúLPL�PH\GDQD�JHOPHNWH�������� oHUoHYHGH� LVH� ùHNLO� ��E�¶GH� J|U�OHQ� ER]XNOX÷D�
UDVWODQPDNWDGÕU���+LVWRJUDP�IDUNÕ��F��WHVWL��ID]�NRUHODV\RQX�YH�DOW� |UQHNOHQPLú� LPJHOHULQ� ID]� NRUHODV\RQX� �$g,).��\|QWHPOHULQLQ� WDPDPÕ� DQL� VDKQH� GH÷LúLPLQL� \DNDODPDNWDGÕU��
������oHUoHYHGHNL�ER]XNOXNWDQ�HQ�ID]OD��F��WHVWL��EX�oDOÕúPDGD�|QHULOHQ� DOW� |UQHNOHQPLú� LPJHOHULQ� ID]� NRUHODV\RQX� \|QWHPL�LVH� HQ� D]� HWNLOHQPHNWHGLU�� 'R÷UXGDQ� X\JXODQDQ� ID]�NRUHODV\RQX� LVH� \�NVHN� RUDQOÕ� NDPHUD� KDUHNHWLQGHQ� GROD\Õ�������oHUoHYHGHQ�LWLEDUHQ�\�NVHN�WHSNL�YHUPHNWH�YH�GR÷UX�ELU�VDKQH� GH÷LúLPL� DOJÕODPDVÕ� LoLQ� L\L� ELU� HúLN� GH÷HULQLQ�EHOLUOHQPHVLQL� LPNDQVÕ]� NÕOPDNWDGÕU�� 1RW�� .DUúÕODúWÕUPD� LoLQ�ID]�NRUHODV\RQ�VRQXoODUÕ�WHUV�oHYULOPLú��\�NVHN�GH÷HUOHU�G�ú�N�EHQ]HUOL÷L�� G�ú�N� GH÷HUOHU� LVH� \�NVHN� EHQ]HUOL÷L�J|VWHUPHNWHGLU��
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