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(5Ζ&ȇLQ�WHPHO�DPD©ODUóQGDQ�ELUL�GH��©RFXNODUóQ�YH�JHQ©OHULQ�\HU�
DOGóNODUó�DUDġWóUPDODUó�ġHNLOOHQGLUHQ�¸\N¾OHULQ��GHQH\LPOHULQ��HWLN�

PHVHOHOHULQ�YH�GX\DUOóOóNODUóQ�¸áUHQLOPHVL�YH�SD\ODġóOPDVóGóU��
%XUDGD�\HU�DODQ�¸UQHN�GXUXPODU��DUDġWóUPDFóODUóQ�NHQGL�V¸]OHUL\OH�

\DSWóNODUó�NDWNóODUGóU�YH�DPD©ODQDQ�GD�NDUġóODġDELOHFHNOHUL�GDKD�
]RUOX�YH�WDUWóġPDOó�HWLN�NRQXODUGD�EDġND�DUDġWóUPDFóODUD�\DUGóPFó�

ROPDNWóU���HġLWOL�XOXVODUDUDVó�EDáODPODUGDQ�YH�IDUNOó�DUDġWóUPD�
SDUDGLJPDODUóQGDQ�GHUOHQHQ�EX�¸UQHN�GXUXPODU��HWLN�G¾ġ¾QFH\L�

JHOLġWLUPHGH�YH�©RFXNODUOD�\DSóODQ�DUDġWóUPDODUGD�HWLN�X\JXODPDODUó�
L\LOHġWLUPHGH�EDġYXUXODELOHFHN�V¾UH©OHUH�óġóN�WXWPDN�¾]HUH�

NXOODQóOPóġWóU��$UDġWóUPDFóODUGDQ�EHNOHQHQ��EX�¸UQHN�GXUXPODUó��NHQGL�
GHQH\LPOHUL�YH�EDáODPODUó�©HU©HYHVLQGH�GLNNDWH�DOPDODUóGóU��
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���'HQH\LPOHULPL]� ġXQX� J¸VWHUPHNWHGLU�� 2GDN� JUXS� WDUWóġPDODUóQD� J¸UH��
R\ODPD� \¸QWHPL� NXOODQóOGóáóQGD� KDVVDV� NRQXODUGD� GDKD� GHULQOLNOL� YH�
IDUNOóODġDQ�\DQóWODU�DOóQDELOPHNWHGLU��

���.DWóOóPFóODUóQ�J¸U¾ġOHUL�DGLO�EL©LPGH�WHPVLO�HGLOPHNWH��WRSOXOXáXQ�HQ�PDUMLQDO�
\D�GD�J¾©V¾]�NHVLPOHUL�ELOH�J¸U¾ġOHULQL�LIDGH�HGHELOHFHNOHUL�UDKDW�ELU�RUWDP�
EXOPDNWDGóU��.DELQGH�\¸QWHPL�RNXU\D]DUOóáó�JHUHNWLUPH]�

���2\�NXOODQPDVó�ND\JóODUóQó�GLOH�JHWLUHELOHFHNOHUL�J¾YHQOL�ELU�\RO�RODUDN�WRSOXOXN�
WDUDIóQGDQ�EHQLPVHQPLġWLU��

���(EHYH\QOHU��©RFXNODUóQD�WHN�WHN�DQNHW�X\JXODQPDVó�\HULQH�RQODUD�NDELQGH�R\�
NXOODQPD�L]QL�YHUPH\L�WHUFLK�HWPLġOHUGLU��%X�DUDġWóUPDGD�NXOODQóODQ�NDELQGH�
R\� YHUPH� \¸QWHPL� KHQ¾]� WDVDUóP� DġDPDVóQGDGóU� YH� EX� X\JXODPDGDQ�
HOGH� HGLOHQ� JHUL� ELOGLULP� &06ȇQLQ� LOHUGH� \DSDFDáó� DUDġWóUPDODUD� GD� JLUGL�
VDáOD\DFDNWóU��

.DWNóGD�EXOXQDQ��0V�8UYDVKL�:DWWDO��&06��YH�'U�$QJHOD�&KDXGKXUL��6ZDVWL��
6DáOóN�.D\QDNODUó�0HUNH]L���+LQGLVWDQ�

�UQHN�GXUXP�����%LU�HEHYH\QLQ�KD]óU�EXOXQGXáX�RUWDPGD�
HQJHOOL�©RFXNODUOD�J¸U¾ġPH�

$UND�SODQ�EDáODPó�

*HOHQHNVHO� RODUDN� VRV\DO� DUDġWóUPDFóODU� HEHYH\QOHUGHQ� \D� GD� GLáHU�
\HWLġNLQOHUGHQ�HQJHOOL�©RFXNODUóQ�JHU©HN�G¾ġ¾QFHOHULQLQ�DQODġóOPDVóQGD�DUDFóODU�
RODUDN� KDUHNHW� HWPHOHULQL� EHNOHPLġOHUGLU�� (QJHOOHUL� RODQ� ©RFXNODUOD� \DSóODQ�
DUDġWóUPDODUGD� J¸U¾OHQ� EX� W¾U� GóġOD\óFó� \DNODġóPODUóQ� WHPHOLQGH� JHQHOOLNOH�
HQJHOOL�©RFXNODUóQ�J¸U¾ġ�ROXġWXUPD�YH�J¸U¾ġOHULQL�GLOH�JHWLUPH�NDSDVLWHVLQGHQ�
\RNVXQ� ROGXNODUó� YDUVD\óPó� \DWDU�� 6RQ� G¸QHPOHUGH� JLGHUHN� DUWDQ� VD\óGD�
NDWóOóPFó� DUDġWóUPD� HQJHOOL� ©RFXNODUó� NDWPD� YH� VHVOHULQL� GX\XUPD� KDNODUóQó�
J¸]HWPH�EDNóPóQGDQ�ELU�GL]L�\DUDWóFó�\¸QWHPH�EDġYXUPXġWXU��(QJHOOHUL�RODQ�
©RFXNODUOD� \DSóODFDN� J¸U¾ġPHOHU� SODQODQóUNHQ� R� VóUDGD� HEHYH\QOHULQ� RUDGD�
EXOXQXS�EXOXQPD\DFDNODUó�¸QHPOL�ELU�NRQXGXU��.LPL�GXUXPODUGD�HEHYH\QOHU�
NHQGLOHULQLQ� GH� RUDGD� EXOXQPDVó� JHUHNWLáLQL� G¾ġ¾Q¾UOHU�� ©¾QN¾� ©RFXNODUó�
DGóQD� NHQGLOHULQLQ� ELOJL� YHUPHVL� JHUHNWLáL� NDQóVóQGDGóUODU�� %XQXQ� GóġóQGD�
HEHYH\QOHU�D\UóFD�©RFXáXQ�J¸U¾ġOHULQL�PHUDN�HGL\RU��J¾YHQOLN�YH�GHVWHNOH�LOJLOL�
LKWL\D©ODUó�YDUVD�EXQODUó�¸áUHQPHN� LVWL\RU�GD�RODELOLUOHU��'DKDVó��HEHYH\QLQLQ�
RUDGD� EXOXQPDVóQó� ©RFXáXQ� NHQGLVL� GH� LVWL\RU� RODELOLU�� ©¾QN¾� QH� GH� ROVD�
\DNóQó�ELU�\HWLġNLQGLU��NHQGLOHULQL�L\L�ELOPHNWHGLU�YH�JHUHNOL�GHVWHáL�YHUHELOHFHN�
GXUXPGDGóU�� 6RQUD�� DUDġWóUPDFó� GD� J¸U¾ġPH� VóUDVóQGD� HEHYH\QLQ� RUDGD�
EXOXQPDVóQó�LVWH\HELOLU��©¾QN¾�EX�GXUXP�©RFXáD�EHOLUOL�ELU�J¾YHQ�YHUHFHN�\D�GD�
©RFXáXQ�WHUFLK�HWWLáL�LOHWLġLP�\¸QWHPLQLQ�DQODġóOPDVóQD�NDWNóGD�EXOXQDFDNWóU��
%¾W¾Q� EXQODUD� NDUġóQ� JHQH� GH� J¸U¾ġPH� VóUDVóQGD� HEHYH\QLQ� RUDGD�
EXOXQPDVóQó�WHUFLK�HGLS�HWPHGLNOHUL�NRQXVXQGD�HQJHOOHUL�ROPD\DQ�©RFXNODUóQ�
QH�NDGDU�KDNODUó�YDUVD�HQJHOOL�©RFXNODUóQ�GD�D\Qó�KDNODUD�VDKLS�ROPDODUó�JHUHNLU��
(QJHOOL� ©RFXNODUóQ� NHQGL� J¸U¾ġOHULQLQ� HEHYH\QOHULQLQ� J¸U¾ġOHULQGHQ� IDUNOó�
ROPDVó�P¾PN¾QG¾U� YH�EX� J¸U¾ġOHUL� \DQODUóQGD� HEHYH\Q�GHQHWLPL� ROPDGDQ�
DUDġWóUPDFó\OD� ¸]HO� RODUDN� SD\ODġPDN� LVWH\HELOLUOHU�� %X� GXUXP� DUDġWóUPDVó��
.X]H\� ΟUODQGDȇGD� ]LKLQVHO� HQJHOOL� ©RFXNODUD� \¸QHOLN� DLOH� GHVWHN� KL]PHWOHULQL�
LQFHOH\HQ�ELU�©DOóġPDGDQ�KDUHNHWOH�GHUOHQPLġWLU��$UDġWóUPDQóQ�EDġOóFD�KHGHȴ��
©RFXNODUóQ� J¸U¾ġOHULQLQ� EHOLUOHQPHVL� YH� DLOH� GHVWHN� KL]PHWOHULQH� LOLġNLQ�
GHQH\LPOHUL�NRQXVXQGDNL�G¾ġ¾QFHOHULQLQ�¸áUHQLOPHVL\GL�

(WLN�J¸UHY�

$UDġWóUPD�� HYOHUH� \DSóODQ� ¾©� ]L\DUHW� DUDFóOóáó\OD� ]LKLQVHO� HQJHOOL� ©RFXNODUó�
NDSVó\RUGX���RFXNODU�HYOHULQGH�]L\DUHW�HGLOPHGHQ�¸QFH�DUDġWóUPDFó�DUDġWóUPD�
V¾UHFLQL� HEHYH\QOHUOH� J¸U¾ġW¾� YH� RQODUD� ©RFXNODUGDQ� NLPLOHULQLQ� J¸U¾ġPH�
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VóUDVóQGD�NHQGLOHULQLQ�GH�RUDGD�EXOXQPDVóQó� LVWH\HELOHFHáLQL��GLáHUOHULQLQ� LVH�
EXQX�LVWHPH\HELOHFHáLQL�D©óNODGó��$UDġWóUPDFó��HEHYH\QOHUH��EX�NRQXGDNL�WHUFLKLQ�
©RFXNODUD�DLW�ROGXáXQX��DQFDN�VRQUDGDQ�ȴNLUOHULQL�GHáLġWLUHELOHFHNOHULQL�EHOLUWWL��
ΟON� ]L\DUHW� WXUXQGD� DUDġWóUPDFó� ©RFXNODUD� J¸U¾ġPH� VóUDVóQGD� HEHYH\QOHULQLQ�
RUDGD� EXOXQPDVóQó� LVWH\LS� LVWHPHGLNOHULQL� VRUGX�� �RFXNODUGDQ� \DOQó]FD� ELUL�
J¸U¾ġPH\L�EDġND�ELU�NLġL�ROPDGDQ�DUDġWóUPDFó\OD�\DSPDN�LVWHGLáLQL�V¸\OHGL�

$UDġWóUPDFó� ©RFXáXQ�HEHYH\QLQL� ©RFXáXQ�EX� WHUFLKL�NRQXVXQGD�ELOJLOHQGLUGL�
YH� ELU� VRQUDNL� ]L\DUHWWH� ©RFXNOD� \DOQó]� J¸U¾ġ¾OPHVL� NRQXVXQGD� DQODġPD\D�
YDUóOGó��$QFDN�� LNLQFL� ]L\DUHWWH�� HY� VDKLEL� DUDġWóUPDFó\D�KRġ�JHOGLQL]�GHGLNWHQ�
VRQUD� DUDġWóUPDFó� LOH� ©RFXáXQ� \DQóQGD� NDOPD\D� GHYDP� HWWL�� $UDġWóUPDFó�
EXUDGD�ELU� WHUHGG¾W� \DġDGó���RFXNOD� \DOQó]�J¸U¾ġPH�NRQXVXQGD�GDKD�¸QFH�
YDUóODQ�DQODġPD\ó�HEHYH\Q�XQXWPXġ�PX\GX��\RNVD�EXQX�ELOGLáL�K¤OGH�RUDGD�
EXOXQPDN� Pó� LVWL\RUGX"� $UDġWóUPDFó�� JHUHN� ©RFXN� JHUHNVH� DLOH� D©óVóQGDQ�
KHUKDQJL�ELU�VóNóQWó\D�\RO�D©PDGDQ�NRQXQXQ�QDVóO�HOH�DOóQDELOHFHáL�NRQXVXQGD�
NDUDU�YHUPHN�GXUXPXQGD\Gó��$UDġWóUPDFó�D\UóFD�ELU�KXVXVXQ�GDKD�IDUNóQGD\Gó��
%X�HWLN�LNLOHP�NDUġóVóQGDNL�WXWXPX�©RFXáD�D\Qó�]DPDQGD�ELU�PHVDM�GD�LOHWHFHNWL��
DUDġWóUPDFó��©RFXáXQ�J¸U¾ġPH\H�NDWóOóPóQó�HWNLOH\HELOHFHN�J¸U¾ġ�YH�WHUFLKOHULQH�
VD\Jó�GX\XS�EXQODUD�¸QFHOLN�WDQó\RU�PX\GX�\RNVD�EXQODUó�\DSPó\RU�PX\GX"

$UDġWóUPDFó��HEHYH\QLQ�RUDGDNL�YDUOóáóQó�XPXUVDPD\óS��©RFXN�EXQX�ELU�VRUXQ�
RODUDN� GLOH� JHWLUPHGLN©H� J¸U¾ġPH\L� V¾UG¾UHELOLUGL�� %X� \DNODġóP� ]óWODġPD\D�
PH\GDQ�YHUPH\LS�HEHYH\QLQ�NHQGLVLQL�GóġODQPóġ�KLVVHWPHVLQL�̧ QOH\HELOLUGL��1H�
YDU�NL��E¸\OH�\DSóOGóáóQGD�EX�NH]�©RFXáXQ�WHUFLKLQH�¸QFHOLN�WDQóQPDPóġ�RODFDN�
YH�\HWLġNLQ�NLġL�GH�DUDġWóUPD�V¾UHFLQGH�V¸]�VDKLEL�KDOH�JHOHFHáLQGHQ�EXQXQ�
J¸U¾ġPH� VóUDVóQGD� YHULOHQ� \DQóWODU� ¾]HULQGH� HWNLVL� RODELOHFHNWL�� $UDġWóUPDFó�
EXQXQ�\HULQH�HEHYH\QOH�¸]HO�RODUDN�J¸U¾ġHUHN�DUDġWóUPD�V¾UHFLQL�RQD�ELU�NH]�
GDKD�DQODWDELOLU��KHUKDQJL�ELU�ND\JóVó�YDUVD�EXQX�GLOH�JHWLUPHVLQL�¸QHUHELOLUGL��
$QFDN� EX� GXUXPGD� GD� ©RFXN� \HWLġNLQOHULQ� EX� PHVHOH\L� NHQGL� DUDODUóQGD�
J¸U¾ġW¾NOHULQL�� NHQGL� ȴNULQL� DOPDGDQ� ELU� NDUDUD� YDUGóNODUóQó� G¾ġ¾QHELOLUGL��
%DġND� ELU� DOWHUQDWLI� GH�� KHU� LNLVL� GH� RUDGD\NHQ� NRQX\X� ©RFXN� YH� HEHYH\QOH�
J¸U¾ġPHN� RODELOLUGL�� %X� VH©HQHN� GH� ©RFXNWD� NHQGLVLQL� GóġOD\DUDN� HEHYH\QL�
NóUGóNODUó�KLVVLQL�X\DQGóUDELOLU��EX�GD�ȴNULQL�GHáLġWLUPHVLQH�\RO�D©DELOLUGL��*HQH�
GH�DQFDN�EX�\DNODġóP��NRQXQXQ�KHP�©RFXN�KHP�GH�HEHYH\QOH�VD\GDP�EL©LPGH�
HOH�DOóQPDVóQó�VDáOD\DELOHFHNWL��

<DSóODQ�WHUFLKOHU�

$UDġWóUPDFó� EXQODUGDQ� VRQ� VH©HQHáL�� \DQL� KHP� ©RFXN� KHP� GH� HEHYH\QOH�
ELUOLNWH�J¸U¾ġPH\L�WHUFLK�HWWL��%XQX�\DSDUNHQ��PHVHOH\L�GX\DUOó�YH�GHVWHNOH\LFL�
ġHNLOGH� HOH� DOPD\D� E¾\¾N� ©DED� KDUFDGó�� �RFXáXQ� J¸U¾ġOHULQLQ� DUDġWóUPDFó�
D©óVóQGDQ� ELULQFL� ¸QFHOLáL� ROXġWXUGXáXQX� D©óNODPDN� YH� ©RFXáD� YH� HEHYH\QH�
¸QFHNL� ]L\DUHW� VóUDVóQGD� RUWD\D� ©óNDQ� ©RFXáXQ� WHUFLKLQL� KDWóUODWPDN� L\L� ELU�
EDġODPD� QRNWDVó\Gó�� (EHYH\Q� ġXQODUó� V¸\OHGL�� %X� JLEL� LġOHUGH� ©DOóġDQODUóQ�
]L\DUHWOHUL� VóUDVóQGD� RUDGD� KD]óU� EXOXQPD\D� DOóġWóN�� ¸]HOOLNOH� ©RFXáXQ� NLPL�
VRUXODUD�\DQóW�YHUPHVLQLQ�P¾PN¾Q�ROPD\DFDáóQD�LOLġNLQ�ND\JóODU�YDUVD�RUDGD�
KD]óU� EXOXQXS� ©RFXN� DGóQD� EX� W¾U� VRUXODUó� EL]� \DQóWOD\DELOLUL]�� %X� V¸]OHUH�
NDUġó�DUDġWóUPDFó�DUDġWóUPDQóQ�DPDFóQó�ELU�NH]�GDKD�D©óNOD\DUDN�DVóO�©RFXáXQ�
J¸U¾ġOHULQH� LOJL�GX\GXáXQX��GROD\óVó\OD�©RFXN�ED]ó�VRUXODUD�\DQóW�YHUHPH]VH�
\D�GD�YHUPHN�LVWHPH]VH�EXQXQ�ELU�VRUXQ�ROXġWXUPD\DFDáóQó�YXUJXODGó���RFXN�
GD�NHQGL�HEHYH\QLQH�DUDġWóUPDFó�LOH�\DOQó]�NDOóUVD�GDKD�UDKDW�HGHFHáLQL��D\UóFD�
©L]LP�� F¾POH� WDPDPODPD�� ELOJLVD\DU� GHVWHNOL� WHNQLNOHU� YH� LġDUHW� NDUWODUó� JLEL�
©HġLWOL� LOHWLġLP�DUD©ODUóQóQ�]DWHQ�HO�DOWóQGD�ROGXáXQX�V¸\OHGL��%X�J¸U¾ġPHQLQ�
DUGóQGDQ�HEHYH\Q�RGDGDQ�KX]XU�L©LQGH�D\UóOGó��©RFXN�GD�EX�YH�GDKD�VRQUDNL�
]L\DUHWWH�DUDġWóUPDFó�LOH�EDġ�EDġD�J¸U¾ġW¾��

.HQGLQL]H�VRUXODU�G¾ġ¾QFHOHU�

ȏ� (QJHOOL�©RFXNODUOD�HEHYH\QOHU�DUDVóQGDNL�J¾©�GLQDPLNOHUL�DLOHOHULQ�HYOHULQGH�
\DSóODFDN� J¸U¾ġPHOHUGH� GLNNDWH� DOóQPDVó� JHUHNHQ� ¸QHPOL� ELU� KXVXVWXU��
(EHYH\QOHU�HQJHOOL�©RFXNODU�D©óVóQGDQ�¸QHPOL�ELU�GHVWHN�ND\QDáó�RODELOLUOHU�
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YH� DUDġWóUPD� NDSVDPóQGDNL� J¸U¾ġPHOHUH� NDWóOóPODUóQó� NROD\ODġWóUDELOLUOHU��
$QFDN�HEHYH\QOHU�©RFXNODUóQóQ�YHUGLNOHUL�\DQóWODUó�\HQLGHQ�\RUXPOD\DUDN�\D�
GD�G¾]HOWHUHN�WDUWóġPD\D�NHQGL�J¸OJHOHULQL�GH�G¾ġ¾UHELOLUOHU�

ȏ� $UDġWóUPDFóODUóQ� HQJHOOL� ©RFXNODUó� DUDġWóUPD� V¾UHFLQH� NDWPDGD� \DUDWóFó�
\¸QWHPOHUH� EDġYXUPDN� GXUXPXQGDGóUODU� YH� ©RFXNODUóQ� J¸U¾ġOHULQH�
HEHYH\QOHUL�RUDGD�ROVXQ�ROPDVóQ�¸QFHOLN�WDQóQPDOóGóU�

ȏ� �RFXNODUóQ�YH�\HWLġNLQOHULQ�ELUELUOHUL\OH�©DWóġDQ�J¸U¾ġOHUL\OH�NDUġóODġWóNODUóQGD�
DUDġWóUPDFóODUóQ�YHUGLNOHUL�NDUDUODU�HQJHOOL�©RFXNODUD��DUDġWóUPD�V¾UHFLQGHNL�
\HUOHUL�YH�NRQWURO�J¾©OHUL�KDNNóQGD�¸QHPOL�PHVDMODU�YHULU��

ȏ� (QJHOOL�©RFXNODUóQ�DUDġWóUPD\D�QDVóO�NDWóODFDNODUó�NRQXVXQGD�GLOH�JHWLUGLNOHUL�
WHUFLKOHUH�VD\Jó�J¸VWHULOPHOLGLU�

 
ȏ� �RFXNOD�WHN�EDġóQD\NHQ�J¸U¾ġ¾OPHVL�NDUġóVóQGD�©RFXNWDQ�\D�GD�HEHYH\QGHQ�
JHOHQ�WHSNL�NDUġóVóQGD�DUDġWóUPDFó�QH�\DSDELOLUGL"�

ȏ� (EHYH\Q� RUDGD� EXOXQPDNWD� óVUDU� HWVH\GL� DUDġWóUPDFó� QH� \DSDELOLUGL"�
�RFXáXQ� E¸\OH� ROPDVóQóQ� LVWHPHGLáL� ELOLQGLáL� KDOGH� J¸U¾ġPH\L� HEHYH\Q�
KD]óU�EXOXQXUNHQ�V¾UG¾UPHN�X\JXQ�ROXU�PX"�

ȏ� �RFXNODUóQ�J¸U¾ġPH�VóUDVóQGD�HEHYH\QOHULQLQ�GH�RUDGD�ROPDVóQó�LVWHGLNOHUL�
GXUXPODUGD� ©RFXáXQ� J¸U¾ġOHULQH� ¸QFHOLN� WDQóQPDVóQó� VDáODPD� D©óVóQGDQ�
DUDġWóUPDFó�KDQJL�WHNQLNOHUH�EDġYXUDELOLU"

ȏ� �RFXNODUOD� \DQODUóQGD� EDġND� NLPVH� ROPDGDQ� J¸U¾ġ¾OPHVL� DUDġWóUPDFó�
D©óVóQGDQ�QH�JLEL�ULVNOHU�L©HULU"�

5HIHUDQVODU

.HOO\��%���������0HWKRGRORJLFDO�LVVXHV�IRU�TXDOLWDWLYH�UHVHDUFK�LQYROYLQJ�OHDUQLQJ�
GLVDEOHG� FKLOGUHQ�� ΖQWHUQDWLRQDO� -RXUQDO� RI� 6RFLDO� 5HVHDUFK� 0HWKRGRORJ\��
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