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'HUL� GHIHNWOHULQLQ� UHNRQVWU�NVL\RQX� LoLQ� ELUoRN� GHUL� IOHEL� JHOLúWLULOPLúWLU�� 'LVWDO� IOHS�QHNUR]X�� |]HOOLNOH� X]XQ� GHUL� IOHSOHUL� NDOGÕUÕOÕUNHQ�� |QHPOL� ELU� SUREOHP�RODUDN� NDUúÕPÕ]D�oÕNPDNWDGÕU�� %X� QHGHQOH�� GLVWDO� IOHS� QHNUR]XQX� |QOHPHN� YH� IOHS� \DúD\DELOLUOL÷LQL�DUWÕUPDN�LoLQ�ELUoRN�GHQH\VHO�YH�NOLQLN�oDOÕúPD�\DSÕOPÕúWÕU��%X�GHQH\VHO�oDOÕúPDGD��DQWL�LQIODPDWXDU�DMDQ�RODQ�HWRIHQDPDWÕQ�GHUL� IOHEL�\DúD\DELOLUOL÷L��]HULQGHNL�HNLVL�DUDúWÕUÕOGÕ��6SUDJXH�'DZOH\� FLQVL� VÕoDQODUGD�� �[��� FP� ER\XWODUÕQGD� SDQQLNXOXV� NDUQR]XV� LoHUHQ�NDXGDO� WDEDQOÕ� UDQGRP� SDWHUQOL� GRUVDO� GHUL� IOHEL� NDOGÕUÕOÕS�� \HULQH� LDGH� HGLOGL�� .RQWURO�JUXEXQD� KHUKDQJL� ELU� IDUPDNRORMLN� DMDQ� YHULOPH]NHQ�� GHQH\� JUXEXQD� SRVWRSHUDWLI�G|QHPGH� \HGL� J�Q� ER\XQFD� HWRIHQDPDW� ��� PJ�NJ�J�Q�� ,0� RODUDN� YHULOGL� <HGLQFL�J�QGH� GHUL� IOHSOHULQLQ� \DúD\DQ� DODQODUÕ� |Oo�OG�� YH� VRQXoODU� ³6WXGHQW¶V� W�WHVW´� LOH�GH÷HUOHQGLULOGL�� <DúD\DELOHQ� IOHS� RUDQODUÕ� HWRIHQDPDW� JUXEXQGD� �� ������ YH� NRQWURO�JUXEXQGD���������RODUDN�EXOXQGX��(WRIHQDPDWÕQ�IOHS�\DúD\DELOLUOL÷LQL��NRQWURO�JUXEXQD�RUDQOD�� LVWDWLVWLNVHO� RODUDN� DQODPOÕ� ELU� úHNLOGH� DUWWÕUGÕ÷Õ� EXOXQGX� �S�������� <HGLQFL�J�QGH� QHNUR]�FDQOÕ� GRNX� KDWWÕQGDQ� EL\RSVL� DOÕQGÕ� YH� KLVWRSDWRORMLN� GH÷HUOHQGLUPH�\DSÕOGÕ��+LVWRSDWRORMLN�GH÷HUOHQGLUPHGH��QHNUR]�FDQOÕ�GRNX�VÕQÕUÕQGD��KHU� LNL�JUXSWD�GD�IOHS� LOH� IOHS�\DWD÷Õ�DUDVÕQGD�GDPDUODQPDGD�DUWÕú�J|U�O�UNHQ��GHQH\�JUXEXQGD�NRQWURO�JUXEXQD�RUDQOD�GDKD�D]�LQIODPDWXDU�K�FUH�LQILOWUDV\RQX�L]OHQGL�$QDKWDU�NHOLPHOHU�(WRIHQDPDW��GHUL�IOHEL��\DúD\DELOLUOLN�
7KH�(IIHFW�2I�(WRSKHQDPDWH�2Q�7KH�6XUYLYDO 2I�5DQGRP�3DWWHUQ�5DW�'RUVDO�6NLQ�)ODS
0DQ\� VNLQ� IODSV�KDYH�EHHQ�GHILQHG� IRU� WKH� UHFRQVWUXFWLRQ�RI�VNLQ�GHIHFWV��'LVWDO� IODS�QHFURVLV� LV� PHW� DV� D� VHULRXV� SUREOHP� HVSHFLDOO\� ZKLOH� HOHYDWLQJ� ORQJ� VNLQ� IODSV�� 6R�PDQ\�H[SHULPHQWDO�DQG�FOLQLFDO�VWXGLHV�KDYH�EHHQ�GRQH�WR�SUHYHQW�GLVWDO�IODS�QHFURVLV�DQG�WR�LPSURYH�WKH�VXUYLYDO�RI�VNLQ�IODSV��,Q�WKLV�H[SHULPHQWDO�VWXG\��WKH�HIIHFW�RI�DQ�DQWL�LQIODPPDWRU\� DJHQW�� QDPHO\� HWRSKHQDPDWH� RQ� VNLQ� IODS� VXUYLYDO� UDWHV� KDV� EHHQ�LQYHVWLJDWHG��,Q�6SUDJXH�'DZOH\�UDWV��FDXGDOO\�EDVHG�UDQGRP�SDWWHUQ�GRUVDO�VNLQ�IODS�LQFOXGLQJ�SDQQLFXOXV�FDUQRVXV��[���FP�LQ�VL]H�ZHUH�HOHYDWHG�DQG��VXWXUHG�EDFN�WR�LWV�RULJLQDO�SODFH��,Q�WKH�FRQWURO�JURXS��QR�SKDUPDFRORJLFDO�DJHQW�ZDV�JLYHQ��DQG�LQ�WKH�H[SHULPHQWDO� JURXS�� HWRSKHQDPDWH� ��� PJ�NJ�GD\� ,0�� ZDV� DGPLQLVWHUHG� IRU� VHYHQ�GD\V�SRVWRSHUDWLYHO\��2Q�WKH�VHYHQWK�GD\��WKH�VXUYLYLQJ�DUHDV�RI�WKH�VNLQ�IODSV�ZHUH�PHDVXUHG�DQG�WKH�UHVXOWV�ZHUH�HYDOXDWHG�E\�6WXGHQWV�W�WHVW��7KH�VXUYLYDO�UDWHV�RI�VNLQ�IODSV� ZHUH� IRXQG� DV��� ���� ��� � LQ� WKH� HWRSKHQDPDWH� DQG��� ������ LQ� WKH� FRQWURO�JURXS�� ,W� ZDV� IRXQG� WKDW� HWRSKHQDPDWH� LQFUHDVHG� WKH� VXUYLYDO� UDWHV� RI� VNLQ� IODSV��VWDWLVWLFDOO\� VLJQLILFDQW�� FRPSDULQJ� WR� WKDW� RI� FRQWURO� JURXS� �S�������� %LRSVLHV� ZHUH�WDNHQ� IURP� WKH� ERUGHU� EHWZHHQ� QHFURWLF� DQG� VXUYLYLQJ� WLVVXH�� DQG� KLVWRSDWKRORJLFDO�HYDOXDWLRQ� ZDV� SHUIRUPHG�� 2Q� WKH� KLVWRSDWKRORJLFDO� HYDOXDWLRQ�� +LVWRSDWKRORJLFDO�HYDOXDWLRQ�VKRZHG�DQ�LQFUHDVH�LQ�YDVFXODULW\�EHQHDWK�IODS�DW�ERUGHU�RG�QHFURWLF�WLVVXH��DQG�D�GHFUHDVH�LQ�LQILOWUDWLRQ�RI�LQIODPPDWRU\�FHOOV��
.H\�ZRUGV� (WRSKHQDPDWH��VNLQ�IODS��VXUYLYDO�
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5HVLP��� .RQWURO�JUXEXQGD�IOHELQ�PDNURVNRSLN�J|U�Q�P��

5HVLP���(WRIHQDPDW�JUXEXQGD�IOHELQ�PDNURVNRSLN�J|U�Q�P��

<DSÕODQ� oDOÕúPDODUOD� JHOLúWLULOHQ� \HQL� IOHS�VHoHQHNOHUL� EHUDEHULQGH� GH÷LúLN� VRUXQODU� GD�JHWLUPHNWHGLU��)OHS�ER\X�X]DGÕNoD��IOHS�\DúD\D�ELOLUOL÷LQGH� GLVWDO� QHNUR]� JLEL� DU]X� HGLOPH\HQ�VRUXQODUOD� NDUúÕODúÕOPDNWDGÕU�� )OHS� \DúD\DELOLU�OL÷LQL�DUWWÕUPDN� LoLQ�JHQHO�\DNODúÕPODU��.DQ�DNÕ�PÕQÕ� DUWWÕUDQ� VHPSDWROLWLN� DMDQ� YH� GLUHNW� YD]R�GLODW|U�NXOODQÕPÕ��DQWLWURPERWLN�YH�DQWLNRDJXODQ�DMDQ�NXOODQÕPÕ��NDQÕQ�UHRORMLN�|]HOOLNOHULQL�GH÷Lú�WLUPH�� LVNHPLN�K�FUHOHUGH�K�FUH�]DUÕ�VWDELOL]DV�\RQXQX�VD÷ODPDN�úHNOLQGH�VD\ÕODELOLU��������������
5DQGRP� SDWHUQOL� GHUL� IOHSOHULQGH� GHUPDO�VXEGHUPDO� GDPDU� SOHNVXVODUÕQÕQ�PLNURVLUN�ODV�\RQX� LOH� IOHS� \DúD\DELOLUOL÷L� DUDVÕQGD� GR÷UX�RUDQWÕ�ROGX÷X�ELOLQPHVLQH�UD÷PHQ��ED]Õ�DUDúWÕU�PDFÕODU�� �[��� FP� ER\XWODUÕQGD� NDOGÕUÕODQ�UDQGRP� SDWHUQOL� GRUVDO� VÕoDQ� IOHSOHULQGH� GLVWDO�NÕVPÕQ� NRPSR]LW� JUHIW� JLEL� \DúDGÕ÷ÕQÕ� VDYXQ�PDNWDGÕU��
&HUUDKL� JLULúLPOHULQ� GRNX� LoLQ� ELU� WUDYPD� YH�LVNHPL� HWNHQL� ROGX÷X� J|]|Q�QH� DOÕQGÕ÷ÕQGD��ROXúDQ� LQIODPDV\RQ� LOH� SURVWDJODQGLQ� YH�WURPERNVDQ�VHQWH]LQGH�DUWÕú�ROPDNWD�YH�EXQXQ�VRQXFX� RODUDN� |GHP�� O|NRVLW� NHPRWDNVLVL� YH�WURPERVLW� DJUHJDV\RQX� PH\GDQD� JHOPHNWHGLU��%|\OHFH� LVNHPLN� IOHSOHULQ� \DúD\DELOLUOL÷LQL�D]DOPDNWD� YH� IOHS� QHNUR]X� JHOLúPHNWHGLU������$QWL�LQIODPDWXDU� DMDQ� RODQ� HWRIHQDPDWÕQ��DUDúLGRQLN� DVLW� PHWDEROL]PDVÕQD� HWNL� HGHUHN��SURVWDJODQGLQ� YH� WURPERNVDQ� VHQWH]LQL� G�]HQ�OHGL÷L� ELOLQPHNWHGLU��� %X� GHQH\VHO� oDOÕúPDGD��HWRIHQDPDWÕQ�UDQGRP�SDWHUQOL�VÕoDQ�GRUVDO�GHUL�IOHEL�\DúD\DELOLUOL÷L��]HULQGHNL�HWNLVL�DUDúWÕUÕOGÕ�
0$7(5<$/�YH�0(727
%X� GHQH\VHO� oDOÕúPDGD� D÷ÕUOÕNODUÕ� �������� J�DUDVÕQGD�GH÷LúHQ����DGHW�6SUDJXH�'DZOH\�FLQVL�VÕoDQODU� NXOODQÕOGÕ�� 'HQH\� KD\YDQODUÕ� UDVWJHOH�VHoLOHUHN�� ��¶HU� VÕoDQ� LoHUHQ� LNL� JUXED� D\UÕOGÕ��7�P� VÕoDQODUÕQ� GRUVDO� GHULVLQGH�� �[��� FP�ER\XWOX NDXGDO� WDEDQOÕ� YH�SDQQLNXOXV�NDUQR]XV�WDEDNDVÕ� LoHUHQ� .KRXUL¶QLQ� PRGLIL\H� HWWL÷L�0F)DUODQH� IOHEL� NDOGÕUÕOGÕ���� 'DKD� VRQUD� \HULQH�LDGH� HGLOGL�� 3RVWRSHUDWLI� \HGL� J�Q� ER\XQFD�NRQWURO�JUXEXQD�KLoELU� LODo� YHULOPH]NHQ��GHQH\�JUXEXQD� ��� PJ�NJ�J�Q� ,0� HWRIHQDPDW�

�5KHXPRQ��� %D\HU�� .|OQ�� $OPDQ\D�� YHULOGL���3RVWRSHUDWLI� \HGLQFL� J�QGH�� E�W�Q� IOHSOHUGH�QHNUR]� DODQODUÕ� PLOLPHWULN� ND÷ÕWOD� |Oo�O�S� ND\�GHGLOGL��5HVLP��� ����

gOo�P� VÕUDVÕQGD�� WDP� NDOÕQOÕNWD� QHNUR]� DODQODUÕ�KHVDED� NDWÕOGÕ�� 1HNURWLN� DODQODUÕQ� VÕQÕUODUÕ� YH�QHNUR]� DGDFÕNODUÕ� GD� QHNURWLN� IOHS� DODQODUÕQD�GDKLO� HGLOGL�� (SLGHUPROL]� DODQODUÕ�� GDKD� VRQ�UDGDQ� HSLWHOL]DV\RQ� LOH� L\LOHúWL÷LQGHQ�� \DúD\DQ�IOHS�DODQÕQD�NDWÕOGÕ��.D\GHGLOHQ� FDQOÕ� IOHS�DODQ�ODUÕ� W�P� IOHS� DODQÕQD� E|O�Q�S�� FDQOÕ� IOHS� DODQ�\�]GHOHUL�EXOXQGX��7DEOR�����
(OGH� HGLOHQ� GH÷HUOHU� ³6WXGHQW¶V� W�WHVW´� LOH�GH÷HUOHQGLULOGL��9H�S��������GH÷HUL� LVWDWLVWLNVHO�DQODPOÕOÕN� VÕQÕUÕ� RODUDN� NDEXO� HGLOGL�� (WRIHQD�PDWÕQ� HWNLVLQL� GDKD� L\L� J|VWHUHELOPHN� LoLQ��SRVWRSHUDWLI� \HGLQFL� J�QGH�� QHNUR]� YH� FDQOÕ�GRNX� KDWWÕQGDQ� EL\RSVL� DOÕQDUDN� KLVWRSDWRORMLN�GH÷HUOHQGLUPH�\DSÕOGÕ�
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7DEOR��� 'HQH\�YH�NRQWURO�JUXSODUÕQGD�FDQOÕ�IOHS�DODQODUÕ��FP���YH�\�]GHOHUL�
'(1(.�12 .21752/ �� (72)(1$0$7 ��� ���� ���� ���� ����� ���� ���� ���� ����� ���� ���� ���� ����� ���� ���� ���� ����� ���� ���� ���� ����� ���� ���� ���� ����� ���� ���� ���� ����� ���� ���� ���� ����� ���� ���� ���� ������ ���� ���� ���� ������ ���� ���� ���� ������ ���� ���� ���� ������ ���� ���� ���� ������ ���� ���� ���� ������ ���� ���� ���� ����257$/$0$ ����� ����� ����� ������<DúD\DQ�DODQ���GH÷HUL����\DúD\DQ�DODQ���IOHELQ�WRSODP�DODQÕ���[�����IRUP�O��LOH�KHVDSODQPÕúWÕU�
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ùHNLO����� .RQWURO�YH�GHQH\�JUXSODUÕQGD�IOHS�\DúD\DQ�Q� Q� Õ� ��

6218d/$5
3RVWRSHUDWLI� \HGLQFL� J�QGH�� NRQWURO� YH� GHQH\�JUXSODUÕQÕQ� HOGH� HGLOHQ� FDQOÕ� IOHS� \�]GHOHUL��VÕUDVÕ� LOH���������YH���������RODUDN�EXOXQGX��ùHNLO� ���� &DQOÕ� IOHS� \�]GHOHULQLQ� DUDVÕQGDNL�IDUN�� HWRIHQDPDW� NXOODQÕPÕQÕQ� NRQWURO� JUXEXQD�J|UH� GHQH\� JUXEXQGD� IOHS� \DúD\DELOLUOL÷LQL�LVWDWLVWLNVHO� RODUDN� DQODPOÕ� ELU� úHNOLGH� DUWWÕUGÕ÷Õ�VDSWDQGÕ��S����������
+LVWRSDWRORMLN� GH÷HUOHQGLUPHGH�� QHNUR]�FDQOÕ�GRNX� VÕQÕUÕQGD�� KHU� LNL� JUXSWD� GD� IOHS� LOH� IOHS�\DWD÷Õ� DUDVÕQGD� GDPDUODQPDGD� DUWÕú� J|U�O�U�NHQ�� GHQH\� JUXEXQGD� NRQWURO� JUXEXQD� RUDQOD�GDKD�D]� LQIODPDWXDU�K�FUH� LQILOWUDV\RQX� L]OHQGL��5HVLP���D�E��

7$57,ù0$
5DQGRP� SDWHUQOL� GHUL� IOHSOHULQLQ� EHVOHQPHVL��|QFH� GHUPDO�VXEGHUPDO� SOHNVXVODUGDQ�� \HQL�GDPDUODU� ROXúWXNWDQ� VRQUD�GD�EX�GDPDUODUGDQ�VD÷ODQPDNWDGÕU��)OHELQ�VD÷NDOÕPÕ��NDQ�DNÕPÕ�YH�RNVLMHQL]DV\RQXQ� \HWHUOL� ROPDVÕQD� ED÷OÕGÕU���%XQD� UD÷PHQ�� IOHELQ� GLVWDO� NÕVPÕQGD� ROXúDQ�QHNUR]XQ� PHNDQL]PDVÕ� WDP� RODUDN� RUWD\D�oÕNDUÕODPDPÕúWÕU��'LVWDO�IOHS�QHNUR]XQX�|QOHPHN�LoLQ�ELUoRN�IDUPDNRORMLN�DMDQ�GHQHQPLúWLU��
+�FUHVHO� DUDúLGRQLN� DVLW� PHWDEROL]PDVÕ��]HULQGH� HWNLOL� RODQ�� DQWL�LQIODPDWXDU� DMDQ��HWRIHQDPDW�� SURVWDJODQGLQ�� WURPERNVDQ� YH�O|NRWULHQ� VHQWH]LQL� D]DOWDUDN�� WURPERVLW� YH�O|NRVLW� IRQNVL\RQODUÕQÕ� EDVNÕOD\DELOPHNWHGLU�� %XHWNLVLQL�� KLGURNVLHLNR]DWHWUDHQRLN� DVLW� �+(7(��VHQWH]LQL� EDVNÕOD\DUDN� J|VWHUPHNWHGLU���� øVNH�PLN� PLNURYDVN�OHU� \DSÕODUGD�� WURPERVLW� DJUH�JDV\RQX�� K�FUHVHO� GHEULV� YH� O|NRVLWOHUH� ED÷OÕ�HPEROL� ROXúPDNWD� YH� LQWHUVWLV\HO� |GHPH� ED÷OÕ�NDSLOOHU�GDUDOPD�RUWD\D�oÕNPDNWDGÕU��EXQD�ED÷OÕ�RODUDN� PLNURVLUN�ODV\RQ� ER]XOPDNWDGÕU�� $QWL�LQIODPDWXDU� DMDQODU� WURPERVLW� IRQNVL\RQXQX� YH�O|NRVLW�J|o�Q��EDVNÕOD\DUDN��PLNURVLUN�ODV\RQX�DUWWÕUDELOPHNWHGLU�
3URVWDJODQGLQ� VHQWH]L� D]DOWÕODUDN�� GDKD� D]�|GHP� ROXúXPX� VD÷ODQPDNWD� YH� K�FUH� ]DUÕQÕQ�VWDELOL]DV\RQX� LOH� HQGRWHO� K�FUH� KDVDUODUÕ�D]DOWÕODELOPHNWHGLU��
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5HVLP��D�E��.RQWURO�YH�HWRIHQDPDW�JUXEXQGDQ�DOÕQDQ�NHVLWOHULQ��IOHS�IOHS�\DWD÷Õ�E|OJHVLQLQ�KLVWRORMLN�LQFHOHQPHVLQGH��HWRIHQDPDW�JUXEXQGD�GDPDUODQPDGD��V��DUWÕú�YH�GDKD�D]�LQIODPDWXDU�K�FUH�LQILOWUDV\RQX��R� L]OHQPHNWHGLU��+�(��[����
%LUoRN�oDOÕúPDGD��QRQVWHURLGDO�DQWL�LQIODPDWXDU�DMDQODUÕQ� VÕNOÕNOD� SURVWDJODQGLQ� YH� WURPERNVDQ�VHQWH]L� �]HULQGHNL� HWNLOHUL� DUDúWÕUÕOPÕúWÕU���������$QFDN� QRQVWHURLGDO� DQWL�LQIODPDWXDU� DMDQODUÕQ��SURVWDJODQGLQ�VHQWH]LQL�EDVNÕODPDVÕQÕQ�\DQÕVÕUD��ED÷ÕPVÕ]� ELU� WDNÕP�PHNDQL]PDODUOD� GD� LVNHPLN�GRNXODUÕQ�\DúD\DELOLUOL÷LQL�DUWWÕUDELOGL÷L�G�ú�Q�O�PHNWHGLU�� (NVWUDYD]H� RODQ� NDQGDNL� WRNVLN� YH�YD]RNRQVWULNW|U� \ÕNÕP� �U�QOHULQH� NDUúÕ� GRNX\X�NRUX\DELOPHNWHGLUOHU�� 3URVWDJODQGLQGHQ� ED÷ÕP�VÕ]� IRQNVL\RQODU� DUDVÕQGD� WRNVLN� RNVLMHQ� UDGL�NDOOHULQLQ� HWNLVL]� KDOH� JHWLULOPHVL�� VLNOLN� Q�NOHR�WLG� VHYL\HOHULQLQ� GH÷LúWLULOPHVL�� SURWHLQ� NLQD]�DNWLYLWHOHULQLQ� GH÷LúWLULOPHVL�� WUDQVPHPEUDQ|]�L\RQ� WUDQVIHULQGH� LQKLELV\RQ�� K�FUH� ]DUÕ� UH�VHSW|UOHULQGH� GH÷LúLNOLN�� O|NRVLW� J|o�QGH� D]DO�PD�YH�OL]R]RPDO�DNWLYLWHQLQ�DUWPDVÕ�VD\ÕODELOLU���
1RQVWHURLGDO� DQWL�LQIODPDWXDU� DMDQODU�� SURVWD�JODQGLQ� VHQWH]LQL� LQKLEH� HGHUNHQ�� K�FUHVHO�SURVWDJODQGLQ�UHVHSW|UOHULQL�DUWWÕUPDNWD��EX�QH�GHQOH� GH� SDUDGRNVLN� HWNL\H� VDKLSWLUOHU�� $QFDN�EX� HWNL� E�W�Q� UHVHSW|UOHU� LoLQ� D\QÕ� GH÷LOGLU��<DSÕODQ� oDOÕúPDODUGD� QRQVWHURLGDO� DQWL�LQIODPDWXDU� DMDQODUÕQ�� VÕoDQ� NDUDFL÷HULQGH�3URVWRJODQGLQ�(� UHVHSW|UOHULQL� DUWWÕUÕUNHQ�� UH�VHSW|U� DILQLWHVLQL� D]DOWWÕ÷Õ� ELOGLULOPLúWLU��� %X�PHNDQL]PD� LOH�� DQWL�LQIODPDWXDU� DMDQ� LVNHPLN�GHUL� IOHELQGH� GRODúÕPGDNL� SURVWDJODQGLQOHUH�NDUúÕ�FHYDEÕ�ROXPOX�\|QGH�HWNLOL\RU�RODELOLU��
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