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ABSTRACT
'DPDJH�WR�WKH�WHHWK�DIWHU�WUDXPD�LQ�WKH�PD[LOORIDFLDO�UH-
JLRQ� LV� D� FRPPRQ�SUREOHP�� ,Q� WUDXPDV�RFFXUULQJ� LQ� WKH�
SHUPDQHQW� GHQWLWLRQ�� ODWHUDO� OX[DWLRQ�� VXEOX[DWLRQ� DQG�
FRQFXVVLRQ�FDQ�EH�HQFRXQWHUHG�LQ�WKH�LQFLVRUV�RI�WKH�XSSHU�
DQG�ORZHU�MDZ��,Q�WKH�WUHDWPHQW�RI�VXFK�WUDXPDV��VSOLQWLQJ�
LV�ZLGHO\�SUHIHUUHG� WR�NHHS�WKH� WHHWK� LQ� WKH�FRUUHFW�SRVL-
WLRQ��6SOLQWLQJ� VWDELOL]HV� WKH� WRRWK� LQ�SODFH�DQG� VXSSRUWV�
WKH� KHDOLQJ� SURFHVV�� +RZHYHU�� LQ� FDVHV� ZLWK� FURZGLQJ��
WKHUH�PD\� EH� GLI¿FXOWLHV� LQ� VSOLQWLQJ� DIWHU� WUDXPD�� VXFK�
DV� FURZGLQJ�PDNLQJ� LW� GLI¿FXOW� WR�SODFH� WKH� VSOLQW��&DUH�
VKRXOG�EH� WDNHQ� WR�PRQLWRU� WKH�YLWDOLW\�RI� WKH� WHHWK�DIWHU�
WUDXPD�DQG�QRW�WR�RYHUORRN�SRVVLEOH�VLJQV�RI�QHFURVLV��EH-
FDXVH�SXOS�QHFURVLV�WKDW�LV�QRW�GHWHFWHG�LQ�WKH�HDUO\�SHULRG�
PD\�OHDG�WR�PRUH�VHULRXV�SHULRGRQWDO�FRPSOLFDWLRQV�LQ�WKH�
IXWXUH��7KH�DLP�RI�WKLV�FDVH�UHSRUW�LV�WR�SUHVHQW�WKH�WUHDW-
PHQW��IROORZ�XS�UDGLRJUDSKV�DQG�SKRWRJUDSKV�RI�WKH�SRVW-
WUDXPDWLF�SHUPDQHQW�XSSHU�LQFLVRUV�RI�D����\HDU�ROG�PDOH�
SDWLHQW��7KH�SDWLHQW�KDG�ODWHUDO� OX[DWLRQ�RI�WRRWK�QXPEHU�
����VXEOX[DWLRQ�RI�WRRWK�QXPEHU����DQG�FRQFXVLRQ�LQMXULHV�
RI�WHHWK�QXPEHU�����������DQG�����3DQRUDPLF�UDGLRJUDSKV�
DQG�FRQH�EHDP�FRPSXWHG�WRPRJUDSK\�UHYHDOHG�QR�DOYHR-
ODU�IUDFWXUH��$IWHU����PRQWKV�RI�IROORZ�XS��QR�FOLQLFDO�RU�
UDGLRJUDSKLF�FRPSOLFDWLRQV�ZHUH�REVHUYHG�
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dHQH� \�]� E|OJHVL� \DUDODQPDODUÕQGD� GLúOHU� YH� oHYUH� \X-
PXúDN�GRNXODU�VÕNOÕNOD�LON�HWNLOHQHQ�DQDWRPLN�\DSÕODUGÕU��
'HQWRDOYHRODU� E|OJH\L� HWNLOH\HQ� WUDYPDODU�� VÕNoD�
NDUúÕODúÕODQ�\DUDODQPDODUGÕU������%X�WDU]�WUDYPDODU�GLúOHU�
GH�NÕUÕN�YH�\HU�GH÷LúLNOL÷LQH��NHPL÷LQ�H]LOPHVLQH�YH�YH\D�
NÕUÕOPDVÕQD�QHGHQ�ROXUNHQ�EHUHOHU��VÕ\UÕNODU�YH�\ÕUWÕOPDODU�
GDKLO�\XPXúDN�GRNXGD�GD�ED]Õ�KDVDUODUD�QHGHQ�RODELOLU������

5DG\RJUD¿N�GH÷HUOHQGLUPH�LoLQ�SHULDSLNDO�UDG\RJUD¿�LON�
WHUFLKWLU�DQFDN��NRQLN�LúÕQOÕ�ELOJLVD\DUOÕ�WRPRJUD¿��.,%7��
DOYHRODU�NHPLNWH�YH�oHQHGH�NÕUÕN�WHVSLW�HWPHN��GLúOHULQ�\HU�
GH÷LúLNOL÷LQL�YH�RUDQÕQÕ�WHVSLW�HWPHN�LoLQ�NXOODQÕODELOLU������
.,%7��WUDYPD�E|OJHVLQLQ��PDNVLOOHU�VLQ�V��QD]RSDODWLQ�VLQLU�
YE��JLEL�oHYUH�GRNXODUÕQ�KDVDUÕ\OD�ELUOLNWH�ROXS�ROPDGÕ÷ÕQÕ�
GH÷HUOHQGLUPHN�LoLQ�GH�X\JXQ�ELU�J|U�QW�OHPH�\|QWHPLGLU�
�����.,%7�ELU�NÕUÕ÷ÕQ�\HULQL��JHQLúOL÷LQL�YH�\|Q�Q��EHOLUOH-
PH\H�\DUGÕPFÕ�ROXU��$\UÕFD�WUDYPDWLN�GLú�\DUDODQPDODUÕQÕQ�
|]HOOLNOH�N|N�YH�NURQ�N|N�NÕUÕNODUÕQÕQ�� ODWHUDO� O�NVDV\RQ-
ODUÕQ�D\UÕQWÕOÕ�RODUDN�J|U�QW�OHQPHVLQL�VD÷ODU��5DG\RJUD¿N�
RODUDN�WUDYPDQÕQ�EHOJHOHQPHVL�\DQÕQGD�WUDYPD�E|OJHVLQLQ�
IRWR÷UDÀDUÕQÕQ�DOÕQPDVÕ�GD�|QHPOLGLU��<XPXúDN�GRNX�L\L��
OHúPHVLQLQ�L]OHQPHVLQH��GLúOHUGHNL�UHQN�GH÷LúLNOL÷LQLQ�YH�
RNO�]\RQXQ�WDNLELQH�YH�GH÷HUOHQGLULOPHVLQH�RODQDN�VD÷ODU�
dRFXNOXN�YH\D�HUJHQOLN�G|QHPLQGH�WUDYPDGDQ�HQ�oRN�HW-
NLOHQHQ�E|OJH�PDNVLOODGÕU�����YH�\�]�WUDYPDODUÕQÕQ����
L�
EX� G|QHPGH�PH\GDQD� JHOLU� ����� (Q� oRN� HWNLOHQHQ� GLúOHU�
PDNVLOOHU� VDQWUDO� NHVLFL� GLúOHUGLU�� DUGÕQGDQ� PDNVLOOHU� OD��
WHUDO�NHVLFL�YH�PDQGLEXODU�NHVLFL�GLúOHU�JHOLU������'R÷DO�GLú�
\DSÕVÕQÕ�NRUX\DUDN�EX�KDVWDODUGD�HVWHWLN�J|U�Q�P�Q�KÕ]OÕ�

ELU� úHNLOGH� JHUL� ND]DQÕOPDVÕ� YH� UDKDWVÕ]OÕ÷ÕQ� JLGHULOPHVL��
KDVWDGD�ROXPOX�ELU�GX\JXVDO�YH� VRV\DO�G|Q�ú� VD÷OD\DELOLU�
�����

6XEO�NVDV\RQ��GLúLQ�\HU�GH÷LúWLUPHGHQ�JHYúHPHVL�RODUDN�
WDQÕPODQÕU������6XEO�NVDV\RQOX�GLúOHULQ�LQWUDRUDO�PXD\HQH-
VL��SHUN�V\RQD�NDUúÕ�DUWDQ�KDUHNHWOLOL÷L�YH�KDVVDVL\HWL�RUWD-
\D�oÕNDUDELOLU��%X�NOLQLN�GXUXPD�GLúHWL�VXONXVXQGD�NDQD-
PD�HúOLN�HGHELOLU��5DG\RJUD¿N�PXD\HQH��GLúLQ�\XYDVÕQGD�
YH�QRUPDO�SR]LV\RQXQGD�ROGX÷XQX�J|VWHULU������6XEO�NVH�
GLúOHUGH�SHULRGRQWDO�OLJDPHQW�WDPDPHQ�NRSPDPÕúWÕU��DQ-
FDN�SXOSDQÕQ�Q|URYDVN�OHU�GHVWH÷L�KDVDU�J|UP�úW�U��(OHN-
WULNVHO�SXOSD�WHVWL��SXOSD\D�NDQ�GRODúÕPÕ�VD÷ODQDQD�NDGDU�
QHJDWLI� VRQXoODU� YHUHELOLU��$QFDN�� VXEO�NVDV\RQ�\DUDODQ-
PDVÕ� VRQUDVÕ� GLúOHU� ELUNDo� KDIWD� LOH� ELUNDo� D\� DUDVÕQGD�
FDQOÕOÕNODUÕQÕ� JHUL� ND]DQDELOLU� ����� %X� QHGHQOH� SURJQR]�
DoÕVÕQGDQ� GLúWH� UHQN� GH÷LúLPL� YH� SHULDSLNDO� UDG\ROXVHQW�
OH]\RQODUÕQ� RUWD\D� oÕNPDVÕ� � QHNUR]� ú�SKHVLQGH� GDKD� ND-
EXO� HGLOHELOLU� WDQÕ� NULWHUOHULGLU� ����� øOHUOH\HQ� ]DPDQODUGD�
RUWD\D�oÕNPDVÕ�LOH�RODVÕ�NRPSOLNDV\RQ�RODQ�\�]H\�UH]RUS-
VL\RQX�EXOJXODUÕ��UDG\RORJUD¿N�RODUDN�HQ�HUNHQ����KDIWDGD�
J|]OHPOHQHELOLU� ������ +DVWD� NRQIRUX� LoLQ� VXEO�NVDV\RQD�
X÷UD\DQ�GLúOHU���KDIWD\D�NDGDU�VSOLQWOHQHELOLU�����

.RQN�]\RQ� PH\GDQD� JHOGL÷LQGH�� GLú� SDOSDV\RQ� YH�YH\D�
SHUN�V\RQGD�KDVVDVWÕU��GLúWH�\HU�GH÷LúLNOL÷L�YH�PRELOLWH�\RN-
WXU��'X\DUOÕOÕN�WHVWOHULQLQ�SR]LWLI�VRQXo�YHUPHVL�PXKWHPHO��
GLU��UDG\RJUD¿N�DQRUPDOOLN�\RNWXU�YH�WHGDYL�JHUHNPHPHNWH-
GLU��3XOSD�VD÷OÕ÷Õ�HQ�D]���\ÕO�ER\XQFD�L]OHQPHOLGLU�����

/DWHUDO� O�NVDV\RQXQ� WDQÕPÕ�8OXVODUDUDVÕ�'HQWDO�7UDYPD-
WRORML� 'HUQH÷L� UHKEHULQH� ����� J|UH�� GLúLQ� KHUKDQJL� ELU�
\|QH�� JHQHOOLNOH� DOYHROHU� VRNHW� GXYDUÕ�� IDVL\DO� NRUWLNDO�
NHPLN� NÕUÕ÷Õ� YH\D� H]LOPHVL\OH� ELUOLNWH� ODWHUDO� RODUDN� \HU�
GH÷LúWLUPHVLGLU�� øOJLOL� GLú�� G|UW� KDIWD� ER\XQFD� SDVLI� YH�
HVQHN� ELU� VSOLQWOH� VWDELOL]H� HGLOPHOLGLU�� 0DUMLQDO� NHPLN�
ND\EÕ�YH\D�NÕUÕ÷Õ�PHYFXWVD�GDKD�X]XQ�V�UH�VSOLQWOHPH�JH-
UHNHELOLU��7DNLS�UDQGHYXODUÕQGD�SXOSD�GX\DUOÕOÕN�WHVWOHUL�LOH�
SXOSDQÕQ�VD÷OÕ÷Õ�L]OHQPHOLGLU��.|N�JHOLúLPLQL�WDPDPOD\DQ�
GLúWH�SXOSD�E�\�N�ELU�RODVÕOÕNOD�QHNURWLN�KDOH�JHOHFHNWLU��
<DUDODQPDGDQ�\DNODúÕN�LNL�KDIWD�VRQUD�HQGRGRQWLN�GH÷HU-
OHQGLUPHVL�\DSÕOPDOÕGÕU�

*HoLFL� GX\DUOÕOÕN� ND\EÕ�� WUDYPD� VRQUDVÕ� SXOSD� L\LOHúPHVL�
VÕUDVÕQGD��|]HOOLNOH�O�NVDV\RQ�\DUDODQPDODUÕQGDQ�VRQUD�VÕN�
J|U�OHQ�ELU�EXOJXGXU�������%X�QHGHQOH�WUDYPD\D�X÷UD\DQ�
GLúOHUGH� SXOSD� GX\DUOÕOÕN� WHVWLQH� ELU� \DQÕWÕQ� ROPDPDVÕ��
SXOSD�QHNUR]X� LoLQ�NHVLQ� WDQÕ�NULWHUL�GH÷LOGLU� ������7DNLS�
|QHPOLGLU�� /�NVDV\RQ� \DUDODQPDODUÕQÕQ� DFLO� WHGDYLVLQGH�
VLVWHPLN�DQWLEL\RWLN�NXOODQÕPÕ�LoLQ�VÕQÕUOÕ�NDQÕW�EXOXQPDN-
WD� ROXS� DQWLEL\RWLNOHULQ� N|N� NÕUÕNODUÕQGD� VRQXoODUÕ� L\LOHú��
WLUGL÷LQH� GDLU� ELU� NDQÕW� \RNWXU� ������ 6SOLQWOHPH�� \HQLGHQ�
NRQXPODQGÕUÕODQ�GLúL�GR÷UX�SR]LV\RQGD�WXWPDQÕQ�\DQÕ�VÕUD��
NRQIRU�YH�NRQWUROO��LúOHY�VD÷ODUNHQ�LON�L\LOHúPH\L�GHVWHNOH-
PHN�LoLQ�HQ�L\L�X\JXODPD�RODUDN�NDEXO�HGLOLU�������$QFDN��
RUWRGRQWLN�oDSUDúÕNOÕ÷Õ�EXOXQDQ�ELUH\OHUGH�WUDYPD�VRQUDVÕ�
VSOLQW�X\JXODPDVÕQGD�|QHPOL�]RUOXNODU�\DúDQDELOPHNWHGLU��
dDSUDúÕNOÕN�� GLúOHULQ� QRUPDO� KL]DODQPDVÕQÕ� HQJHOOHGL÷L�
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LoLQ�� VSOLQWLQ� GR÷UX� úHNLOGH� \HUOHúWLULOPHVL� J�oOHúHELO-
LU�� %X� GXUXP�� WHGDYL� V�UHFLQL� NDUPDúÕNODúWÕUÕU� YH� WHGDYL�
EDúDUÕVÕQÕ� ROXPVX]� \|QGH� HWNLOH\HELOLU� ������ 8OXVODUDUDVÕ�
'HQWDO�7UDYPDWRORML�'HUQH÷L�UHKEHULQH������J|UH�SODN�UHWDQ-
VL\RQX�YH�VHNRQGHU�HQIHNVL\RQX�|QOHPHN�LoLQ�NRPSR]LW�YH�
ED÷OD\ÕFÕ�DMDQODUÕ�GLúHWL�YH�SURNVLPDO�DODQODUGDQ�X]DN�WXW-
PDN�NULWLN�|QHP�WDúÕU��%|\OHFH�PDUMLQDO�GLúHWL�LOH�NHPL÷LQ�
GDKD�L\L�L\LOHúPHVLQL�VD÷ODU��7UDYPD�VRQUDVÕ�WDP�NDSVDPOÕ�
ELU�PXD\HQH�GR÷UX�WHúKLVL�YH�EHUDEHULQGH�EDúDUÕOÕ�ELU� WH-
GDYL\L�JHWLUPHNWHGLU��7UDYPD\D�X÷UD\DQ�E|OJHGHNL�GLúOH�
ULQ� KHU� ELULQLQ� D\UÕ� D\UÕ� WHúKLV� YH� WHGDYLVL� V�UHFLQ� GR÷UX�
\|QHWLOPHVL�DGÕQD�|]HQ�JHUHNWLUPHNWHGLU��%X�V�UHoWH�EHOOL�
DUDOÕNODUOD� \DSÕODQ� PXD\HQHOHUGH� FDQOÕOÕ÷ÕQGDQ� ú�SKHOH-
QLOHQ�GLúOHU�LoLQ�SXOSDQÕQ�SURJQR]X�GH÷HUOHQGLULOLUNHQ�GH-
WD\OÕ� WDNLELQ� |QHPL�YXUJXODQPDOÕGÕU��%X�YDND� UDSRUXQXQ�
DPDoODUÕQGDQ� ELUL� VXEO�NVDV\RQ� VRQUDVÕQGD� SXOSDQÕQ�
FDQOÕOÕ÷ÕQGDQ� ú�SKH� HGLOHQ� GXUXPODUGD� WDNLELQ� |QHPLQL�
YXUJXODPDNWÕU��'L÷HU� DPDFÕ� LVH� WUDYPD� VRQUDVÕQGD� VSOLQW�
DúDPDVÕQGD�GLúOHULQ�GHQWDO�DUNWD�X\JXQ�SR]LV\RQXQXQ�EH-
OLUOHQPHVL�YH�RQD�J|UH�NRQXPODQGÕUÕODUDN�LOHUOH\HQ�V�UHoWH�
HVWHWLN�VRQXoODU�HOGH�HGLOPHVLGLU�
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2Q�DOWÕ�\DúÕQGD�ELU�HUNHN�KDVWD�JHoLUGL÷L�ELVLNOHW�ND]DVÕQ-
GDQ���J�Q�VRQUD���VW�NHVHU�GLúOHULQGH�PRELOLWH�úLNk\HWL\OH�
øQ|Q�� hQLYHUVLWHVL� 'Lú� +HNLPOL÷L� )DN�OWHVL� (QGRGRQWL�
$QDELOLP�'DOÕ�NOLQL÷LQH�EDúYXUGX��+DVWDQÕQ�SDQRUDPLN�YH�
.,%7�UDG\RJUD¿N�J|U�QW�OHUL�DOÕQGÕ��5HVLP��D��E���

Resim 1. (a)�7HúKLV�DPDoOÕ�DOÕQDQ�SDQRUDPLN�UDG\RJUD¿�J|U�QW�V���(b) 
����QXPDUDOÕ�GLúLQ�EXNNR�SDODWLQDO�\HU�GH÷LúLNOL÷LQLQ�.,%7�J|U�QW�V���

+DVWD�YH�HEHYH\QOHULQGHQ�LúOHP�|QFHVL�LP]DOÕ�ELOJLOHQGLU-
LOPLú�RQDP�DOÕQGÕ��$OÕQDQ�DQDPQH]GH�KHUKDQJL�ELU�VLVWHPLN�
KDVWDOÕ÷Õ�ROPDGÕ÷Õ�|÷UHQLOGL��+DVWD�WUDYPD�VRQUDVÕ�ELUNDo�
GDNLND� LoLQGH� GXUDQ� JLQJLYDO� NDQDPD� \DúDGÕ÷ÕQÕ� EHOLUWWL��
$÷Õ]�LoL�PXD\HQHGH�����QXPDUDOÕ�GLúWH�0LOOHU�,,,�YH�����
QXPDUDOÕ�GLúWH�0LOOHU�,,�PRELOLWH�ROGX÷X�J|U�OG�������QX-
PDUDOÕ�GLúWH�SDODWLQDO�O�NVDV\RQ�WHVSLW�HGLOGL������QXPDUDOÕ�
GLú�HOHNWULNOL�SXOSD�WHVWL�YH�VR÷XN�WHVWLQH�FHYDS�YHUPH]NHQ�
����QXPDUDOÕ�GLú�JHo�FHYDS�YHUPLú�ROXS�����QXPDUDOÕ�GLúLQ�
WDNLELQH�NDUDU�YHULOGL���������������������QXPDUDOÕ�GLúOHUGH�
LVH� NRQN�]\RQ� \DUDODQPDVÕ� WHVSLW� HGLOGL��$OÕQDQ�.,%7
GH�

���� QXPDUDOÕ� GLúWH� EXNNR�SDODWLQDO� \HU� GH÷LúLNOL÷L� WHVSLW�
HGLOGL��5HVLP��E���

+DVWDQÕQ�SDQRUDPLN��SHULDSLNDO�YH�.,%7�J|U�QW�OHUL� LQ-
FHOHQGL÷LQGH� DOYHROHU� NÕUÕ÷D� UDVWODQPDGÕ�� øOJLOL� GLúOHULQ�
N|N� JHOLúLPLQL� WDPDPODGÕ÷Õ� UDG\RJUD¿N� RODUDN� GR÷UX-
ODQGÕ��$UGÕQGDQ�D\QÕ�VHDQV�����QXPDUDOÕ�GLú�ORNDO�DQHVWH]L�
����������� /LGRNDLQ�� DOWÕQGD� SDUPDN� EDVÕQFÕ\OD� X\JXQ�
SR]LV\RQD�JHWLULOGL��7UDYPD�E|OJHVL�IRWR÷UDÀDUÕ�DOÕQGÕNWDQ�
VRQUD�������������������������QXPDUDOÕ�GLúOHU�NRPSR]LW�
UH]LQ�YH�|QFHGHQ�X\XPODQDQ�RUWRGRQWLN� WHO� LOH�VSOLQWOHQ-
GL��5HVLP��E�������QXPDUDOÕ�GLú��SURWU�]H�ROPDVÕ�QHGHQL�
LOH� GLúOHULQ� QRUPDO� KL]DODQPDVÕQÕ� HQJHOOHGL÷LQGHQ� VSOLQW�
X\JXODPDVÕQGDQ�KDULo�WXWXOGX�

+DVWD�YH�HEHYH\QOHULQH�WLWL]�ELU�D÷Õ]�KLM\HQL�X\JXODQPDVÕ�
NRQXVXQGD�|QHULOHUGH�EXOXQXOGX�YH�\XPXúDN�GL\HW�WDYVL\H�
HGLOGL��8OXVODUDUDVÕ�'HQWDO�7UDYPDWRORML�'HUQH÷L� UHKEHU-
LQH������J|UH�LOJLOL�GLúOHU���KDIWD�VSOLQWOH�WDNLS�HGLOGL��+DV-
WD�VSOLQW�oÕNDUÕOPDGDQ�GRNX]�J�Q�|QFHVLQGH�����QXPDUDOÕ�
GLúWH�DNXW�D÷UÕ�úLNk\HWL�LOH�NOLQL÷LPL]H�JHOGL��.OLQLN�GH÷HU-
OHQGLUPHGH�HOHNWULNOL�SXOSD�WHVWL�YH�VR÷XN�WHVWLQH�QHJDWLI�
\DQÕW� YHUHQ� ���� QXPDUDOÕ� GLúLQ� QHNURWLN� ROGX÷XQD� NDUDU�
YHULOLS�N|N�NDQDO�WHGDYLVL�WHN�VHDQVWD�WDPDPODQGÕ��5HVLP�
�D��E���

Resim 2. (a)�(NVWUDRUDO�\XPXúDN�GRNX�KDVDUÕ��(b)�6SOLQW�VRQUDVÕ�
LQWUDRUDO�J|U�QW��
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Resim 3. (a)�����QXPDUDOÕ�GLúLQ�JXWWD�SHUND�SURYD�UDG\RJUD¿VL��(b)�����
QXPDUDOÕ�GLúLQ����KDIWD�WDNLS�UDG\RJUD¿VL��(c)�����QXPDUDOÕ�GLúLQ�����D\�
WDNLS�UDG\RJUD¿VL�

'|UG�QF�� KDIWDQÕQ� VRQXQGD� VXEO�NVDV\RQ� \DUDODQPDVÕ�
RODQ�����QXPDUDOÕ�GLú�HOHNWULNOL�SXOSD�WHVWL�YH�VR÷XN�WHVWL��
QH�\LQH�JHo�FHYDS�YHULUNHQ�SHUN�V\RQ�YH�SDOSDV\RQ�WHVWOH��
ULQH� QHJDWLI� FHYDS� YHUGL��'L÷HU�PDNVLOOHU� |Q� GLúOHULQ� GH�
DVHPSWRPDWLN�ROGX÷X�J|]OHQGL� YH� VSOLQW� oÕNDUÕOGÕ��+DVWD�
�oHU�D\OÕN�NRQWUROOHUOH�WDNLS�HGLOGL��ho�QF��D\GD�GLúOHUGH-
NL�PRELOLWHQLQ�QRUPDO� VÕQÕUODUGD�ROGX÷X�J|U�OG���2Q�DOWÕ�
D\� VRQUDVÕQGD� DOÕQDQ� UDG\RJUD¿N� J|U�QW�OHUGH� YH� D÷Õ]�
LoL� PXD\HQHVLQGH� KHUKDQJL� ELU� SDWRORMLN� ROJX\D� UDVWODQ-
PDGÕ��<DSÕODQ�D÷Õ]� LoL�PXD\HQHVLQGH�PDNVLOOHU�|Q�GLúOHU�
SHUN�V\RQ�YH�SDOSDV\RQD�QRUPDO� VÕQÕUODUGD�\DQÕW�YHUPLú�
ROXS� SHULRGRQWDO� RODUDN� KHUKDQJL� ELU� SDWRORML� YH� ¿VW�O�
WHVSLW�HGLOPHGL��5HVLP��D��E���

Resim 4. (a)�����D\�WDNLS�LQWUDRUDO�J|U�QW���(b) ����D\�VRQXQGD�����QX-
PDUDOÕ�GLúLQ�GHQWDO�DUNWDNL�SR]LV\RQX��(c) 5DG\RJUD¿N�RODUDN�SHULDSLNDO�
OH]\RQ�J|]OHPOHQPHGL�

7$57,ù0$
7UDYPD�JHoLUPLú�ELU�GLúL�\HQLGHQ�NRQXPODQGÕUPDN��|QFH�
RQD�GR÷UX�SR]LV\RQX�YHUPH\L�YH�LNLQFL�RODUDN�VDELWOHPH\L�
LoHULU�� 8OXVODUDUDVÕ� 'HQWDO� 7UDYPDWRORMLVL� 'HUQH÷L� SUR-
WRNROOHUL��GLú�WUDYPDVÕQÕQ�WDQÕ�YH�WHGDYLVLQLQ�L\L�ELU�úHNLOGH�
EHOLUOHQPHVLQL�YH�EX�GR÷UXOWXGD�NOLQLV\HQLQ�WUDYPD�WHGD-
YLVL�\DSDUNHQ�GR÷UX�NDUDUODU�DOPDVÕQÕ�VD÷ODU�������'HQWDO�
\DUDODQPDODUÕQ� VRQUDVÕQGD� WUDYPDWLN� \DUDODQPDOÕ� GLúOHU�
LoLQ� NÕVD� WDNLS� DUDOÕNODUÕ�� WUDYPD� VRQUDVÕ� NRPSOLNDV\RQ-
ODUÕQ�GDKD�L\L�NRQWURO�DOWÕQD�DOÕQPDVÕQÕ�VD÷OD\DELOLU��GLúOHU-
LQ� FDQOÕOÕ÷ÕQÕQ� WDNLEL� EX� V�UHoWH� |QHPOLGLU�� /LWHUDW�UGH��
VXEO�NVDV\RQ� VRQUDVÕ� SXOSDGD� JHoLFL� GX\DUOÕOÕN� ND\EÕ�
VÕN� J|]OHPOHQPHNWHGLU� YH� EX� GXUXPXQ�� WUDYPD\D� ED÷OÕ�
JHoLFL� Q|URYDVN�OHU� GLVIRQNVL\RQ� ND\QDNOÕ� ROGX÷X� ELOGL-
ULOPHNWHGLU� ������%X� QHGHQOH�� SXOSD\D� DLW� WHVWOHUH� DOÕQDQ�
QHJDWLI�\DQÕWODUÕQ�WHN�EDúÕQD�QHNUR]�J|VWHUJHVL�RODUDN�ND-
EXO�HGLOPHPHVL�JHUHNWL÷L�YH�G�]HQOL�NOLQLN�YH�UDG\RORMLN�
WDNLELQ�|QHPL�YXUJXODQPDNWDGÕU�������3XOSD�WHVWLQH�ELUNDo�
D\� \DQOÕú� QHJDWLI� FHYDS� DOÕQPD� ú�SKHVL� ROGX÷XQGDQ�� EX�
YDNDGD�VXEO�NVDV\RQ�\DUDODQPDVÕ�RODQ�����QXPDUDOÕ�GLúLQ�
WDNLELQH�NDUDU�YHULOGL��'|UG�QF��KDIWDQÕQ�VRQXQGD�VSOLQW�
oÕNDUÕOÕUNHQ�\LQH� FDQOÕOÕN� WHVWOHULQH� JHo� FHYDS� DOÕQGÕ��2Q�
LNLQFL� KDIWDGD� \DSÕODQ� NRQWUROGH� LVH� ���� QXPDUDOÕ� GLú��
VR÷XN�WHVWL�YH�HOHNWULNOL�SXOSD�WHVWLQH�FHYDS�YHUGL�YH�FDQOÕ�
ROGX÷X�WHVSLW�HGLOGL�

/DWHUDO�O�NVDV\RQ�\DUDODQPDODUÕ��GLú�WUDYPDVÕQGD�HQ�FLG-
GL�SHULRGRQWDO�\DUDODQPDODUGDQ�ELULGLU��'R÷UX�WDQÕ�YH�DU-
GÕQGDQ� GLúLQ� GR÷UX� SR]LV\RQGD� \HQLGHQ� NRQXPODQGÕUÕO-
PDVÕ��SHULRGRQWDO� OLJDPHQWLQ� L\LOHúPHVL� LoLQ�HVDVWÕU��.DQ�
DNÕúÕQÕQ� NRSPDVÕ� YH\D� ER]XOPDVÕ� QHGHQL\OH�� ODWHUDO� O�N-
VDV\RQ�\DUDODQPDVÕQGD�DSHNVL�NDSDOÕ�RODQ�GDLPv�GLúOHUGH�
SXOSD�QHNUR]X�\D\JÕQ�J|U�OHQ�ELU�GXUXPGXU��7HGDYL�\DSÕO-
PD]VD�� HQÀDPDWXYDU� UH]RUSVL\RQ� YH� NURQLN� DSLNDO� SHUL-
RGRQWLWLV�JLEL�GL÷HU�NRPSOLNDV\RQODU�RUWD\D�oÕNDELOLU�������
.RPSOLNDV\RQODU� GLú� WUDYPDVÕQGDQ� KDIWDODU�� D\ODU�� KDWWD�
\ÕOODU�VRQUD�RUWD\D�oÕNDELOLU��%X�QHGHQOH�EX�\DUDODQPDODUÕQ�
X]XQ�YDGHOL�WDNLSOHUL�JHUHNLU�������

<D\ÕQODQDQ� ELU� ODWHUDO� O�NVDV\RQ� ROJX� VXQXPXQGD� ������
RNO�]DO� G�]OHP� WHGDYLVLQGH� H÷LN�G�]OHP�NRPSR]LW� UHoLQH�
NXOODQÕODUDN��RNO�]DO�P�GDKDOH\H�VDKLS� ODWHUDO� O�NVDV\RQD�
X÷UD\DQ�PDNVLOODU�VD÷�VDQWUDO�NHVLFL�GLúLQ�X\JXQ�SR]LV\RQX�
VD÷ODQPÕúWÕU�� %DúND� ELU� oDOÕúPDGD� �����.,%7� YHULOHUL� DN-
WDUÕODUDN� ODWHUDO� O�NVDV\RQ� VRQUDVÕ� VWDELOL]DV\RQ� YH� UH-
SR]LV\RQ�LoLQ�X\JXQ�RNO�]DO�G�]HQOHPH�VD÷ODPDVÕ�DPDFÕ\OD�
�o�ER\XWOX�KD]ÕUODQDQ�PRGHO�NXOODQÕOPÕúWÕU��+Õ]OD�JHOLúHQ�YH�
EDúDUÕOÕ�VRQXoODU�YHUHQ�GLMLWDO�GLú�KHNLPOL÷L�DNÕúÕ�EX�QRNWDGD�
XPXW�YDDW�HWPHNWHGLU��'LMLWDO�GLú�KHNLPOL÷L�WHNQRORMLOHULQLQ�
NXOODQÕPÕ��WUDYPDWLN�GLú�\DUDODQPDODUÕQÕQ�WHGDYLVLQGH�\HQL�
ELU� ER\XW� ND]DQGÕUPDNWDGÕU�� g]HOOLNOH� �o� ER\XWOX� PRGHO-
OHPH�YH�GLMLWDO� SODQODPD�� WHGDYL� V�UHFLQLQ�GDKD�KDVVDV�YH�
HWNLOL� ELU� úHNLOGH� \|QHWLOPHVLQH� RODQDN� WDQÕPDNWDGÕU� ������
7UDYPD� VRQUDVÕ� IDUNOÕ� \DNODúÕPODU� DOWHUQDWLI� WHGDYLOHU� DQ-
ODPÕQGD� D\GÕQODWÕFÕ� ROXS� WUDYPDWLN� GLú� \DUDODQPDODUÕQÕQ�
WHGDYLVL�LoLQ�8OXVODUDUDVÕ�'HQWDO�7UDYPDWRORML�'HUQH÷L�UHK-
EHUOHUL�VDGHFH�VDELW�VSOLQWOHU�LOH�LOJLOL�ELOJL�YHUGL÷L�LoLQ�\HQL�
\DNODúÕPODU�NRQXVXQGD�\HWHUVL]GLU�
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SONUÇ
2Q�DOWÕ�D\ÕQ�VRQXQGD�NOLQLN�YH�UDG\RJUD¿�LQFHOHPHOHUL�VR-
QXFXQGD��VW�|Q��������������������������YH�����QXPDUDOÕ�
GLúOHUGH� D÷UÕ�� PRELOLWH�� N|N� UH]RUSVL\RQX� YH\D� DQNLOR]�
ROPDGÕ÷Õ� WHVSLW� HGLOGL�� 6XEO�NVDV\RQ� \DUDODQPDODUÕQGD�
SXOSD�GX\DUOÕOÕN� WHVWOHULQH� WUDYPD�VRQUDVÕ� LON�PXD\HQHGH�
FHYDS� DOÕQPDPDVÕ� SXOSDQÕQ� QHNUR]� ROGX÷XQD� NDUDU� YHU-
PHGH� WHN� EDúÕQD� \HWHUOL� GH÷LOGLU�� 7UDYPDQÕQ� HWNLVLQGHQ�
ND\QDNOÕ� ROGX÷X� G�ú�Q�O�S� WDNLS� HGLOPHVL� |QHPOLGLU��
6XQXODQ�YDNDGD�VXEO�NVDV\RQ�J|U�OHQ�����QXPDUDOÕ�GLúLQ�
WDNLEL� VRQXFXQGD� FDQOÕ� RODUDN� D÷Õ]� LoLQGH� IRQNVL\RQGD�
ROGX÷X�WHVSLW�HGLOGL��'R÷UX�WHúKLVLQ�DUGÕQGDQ�GLúLQ�RULMLQDO�
DQDWRPLN�SR]LV\RQXQD�KHPHQ�\HQLGHQ�NRQXPODQGÕUÕOPDVÕ�
YH�VSOLQWOHQPHVL��SHULRGRQWDO�OLJDPHQW�L\LOHúPHVL�YH�GLúLQ�
\HULQGH�NDOPDVÕ�LOH�VRQXoODQPDNWDGÕU��

<D]DU�.DWNÕODUÕ
2OJXQXQ�WHúKLV��WHGDYL�YH�WDNLS�DúDPDODUÕQGD��&�d���1�ù���
2OJX� UDSRUXQXQ� \D]ÕOPDVÕ� YH� G�]HQOHQPHVLQGH�� &�d���
1�ù����6RQ�NRQWUROOHU��&�d���1�ù��WDUDIÕQGDQ�\DSÕOPÕúWÕU�

+DVWD�2QDPÕ
+DVWDQÕQ� LP]DODPÕú� ROGX÷X� D\GÕQODWÕOPÕú� RQDP� IRUPX�
PHYFXWWXU�

dÕNDU�dDWÕúPDVÕ
+HUKDQJL�ELU�oÕNDU�oDWÕúPDVÕ�\RNWXU�

Finansal Destek
)LQDQVDO�GHVWHN�ELOGLUPHPHNWHGLU�
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)ORUHV�07��$QGHUVVRQ�/��$QGUHDVHQ�-2��%DNODQG�
/.��0DOPJUHQ�%��%DUQHWW�)� et al. *XLGHOLQHV�IRU�
WKH� PDQDJHPHQW� RI� WUDXPDWLF� GHQWDO� LQMXULHV�� ,��
)UDFWXUHV�DQG�OX[DWLRQV�RI�SHUPDQHQW�WHHWK��'HQW�
7UDXPDWRO�������������������

&RKHQFD�1��6LOEHUPDQ�$��&RQWHPSRUDU\�LPDJLQJ�
IRU�WKH�GLDJQRVLV�DQG�WUHDWPHQW�RI�WUDXPDWLF�GHQ-
WDO� LQMXULHV��D�UHYLHZ��'HQW�7UDXPDWRO������������
�������

.�KQLVFK�-��$QWWRQHQ�9��'XJJDO�06��6S\ULGRQRV�
0/��5DMDVHNKDUDQ�6��6REF]DN�0� et al.�%HVW�FOLQ-
LFDO� SUDFWLFH� JXLGDQFH� IRU� SUHVFULELQJ� GHQWDO� UD-
GLRJUDSKV�LQ�FKLOGUHQ�DQG�DGROHVFHQWV��DQ�($3'�
SROLF\�GRFXPHQW��(XU�$UFK�3DHGLDWU�'HQW��������
�����������

3HWHUVVRQ�((��$QGHUVVRQ�/��6|UHQVHQ�6��7UDXPDW-
LF�RUDO�YV�QRQ�RUDO� LQMXULHV��6ZHG�'HQW� -�� ������
�����������

%DVWRQH�(%��)UHHU�7-��0F1DPDUD� -5��(SLGHPL-
RORJ\�RI�GHQWDO�WUDXPD��D�UHYLHZ�RI�WKH�OLWHUDWXUH��
$XVW�'HQW�-�����������������

0DGHU�&��5HVWRUDWLRQ�RI�D�IUDFWXUHG�DQWHULRU�WRRWK��
-�$P�'HQW�$VVRF�������������������

)ULHG�,��(ULFNVRQ�3��6FKZDUW]�6��.HHQDQ�.��6XE-
OX[DWLRQ� LQMXULHV� RI� PD[LOODU\� SULPDU\� DQWHULRU�
WHHWK��HSLGHPLRORJ\�DQG�SURJQRVLV�RI�����WUDXPD-
WL]HG�WHHWK��3HGLDWU�'HQW��������������������

3XJOLHVL�'0&��&XQKD�5)��'HOEHP�$&%��6XQGH-
IHOG�0/00��,QÀXHQFH�RI�WKH�W\SH�RI�GHQWDO�WUDX-
PD�RQ�WKH�SXOS�YLWDOLW\�DQG�WKH�WLPH�HODSVHG�XQWLO�
WUHDWPHQW��D�VWXG\�LQ�SDWLHQWV�DJHG�����\HDUV��'HQW�
7UDXPDWRO��������������������

+RODQ� *�� /RQJ�WHUP� HIIHFW� RI� GLIIHUHQW� WUHDWPHQW�
PRGDOLWLHV�IRU�WUDXPDWL]HG�SULPDU\�LQFLVRUV�SUHVHQW-
LQJ�GDUN�FRURQDO�GLVFRORUDWLRQ�ZLWK�QR�RWKHU�VLJQV�RI�
LQMXU\��'HQW�7UDXPDWRO������������������

$QGUHDVHQ�)0��3HGHUVHQ�%�9��3URJQRVLV�RI�OX[DW-
HG�SHUPDQHQW�WHHWK��WKH�GHYHORSPHQW�RI�SXOS�QH-
FURVLV��(QGRG�'HQW�7UDXPDWRO��������������±����

/HYLQ�/��'D\�3)��+LFNV�/��2¶&RQQHOO�$��)RXDG�
$)��%RXUJXLJQRQ�&�� et al.� ,QWHUQDWLRQDO�$VVRFL-
DWLRQ�RI�'HQWDO�7UDXPDWRORJ\�JXLGHOLQHV� IRU� WKH�
PDQDJHPHQW�RI�WUDXPDWLF�GHQWDO�LQMXULHV��*HQHUDO�
LQWURGXFWLRQ��'HQW�7UDXPDWRO��������������������

%DVWRV� -9�� *RXODUW� (0$�� GH� 6RX]D� &{UWHV�0,��
3XOSDO�UHVSRQVH�WR�VHQVLELOLW\�WHVWV�DIWHU�WUDXPDWLF�
GHQWDO�LQMXULHV�LQ�SHUPDQHQW�WHHWK��'HQW�7UDXPD-
WRO�������������������

=DGLN�'��&KRVDFN�$��(LGHOPDQ�(��7KH�SURJQRVLV�
RI�WUDXPDWL]HG�SHUPDQHQW�DQWHULRU�WHHWK�ZLWK�IUDF-
WXUH�RI�WKH�HQDPHO�DQG�GHQWLQ��2UDO�6XUJ�2UDO�0HG�
2UDO�3DWKRO�������������������

$QGUHDVHQ�-2��6WRUJnUG�-HQVHQ�6��6DH�/LP�9��7KH�
UROH�RI� DQWLELRWLFV� LQ�SUHYHQWLQJ�KHDOLQJ�FRPSOL-
FDWLRQV�DIWHU�WUDXPDWLF�GHQWDO�LQMXULHV��D�OLWHUDWXUH�
UHYLHZ��(QGRG�7RSLFV����������������������

.DKOHU�%��+HLWKHUVD\�*6��$Q�HYLGHQFH�EDVHG�DS-
SUDLVDO�RI�VSOLQWLQJ�OX[DWHG��DYXOVHG�DQG�URRW�IUDF-
WXUHG�WHHWK��'HQW�7UDXPDWRO������������������

*RVZDPL�0��(UDQKLNNDO�$��0DQDJHPHQW�RI�7UDX-
PDWLF� 'HQWDO� ,QMXULHV� 8VLQJ� 'LIIHUHQW� 7\SHV� RI�
6SOLQWV��$� &DVH� 6HULHV�� ,QW� -� &OLQ� 3HGLDWU� 'HQW��
�������������������

/DJR�/��GD�6LOYD�/��)HUQDQGH]�)RUPRVR�1��5LOR�
%�� ([WUXVLYH� OX[DWLRQ�� 7KHUDSHXWLF� SURFHGXUH��
&OLQ�&DVH�5HS������������(������

&YHN�0��3URJQRVLV�RI�OX[DWHG�QRQ�YLWDO�PD[LOODU\�
LQFLVRUV�WUHDWHG�ZLWK�FDOFLXP�K\GUR[LGH�DQG�¿OOHG�
ZLWK�JXWWD�SHUFKD��$�UHWURVSHFWLYH�FOLQLFDO�VWXG\��
(QGRG�'HQW�7UDXPDWRO������������������

%DVWRV� -9�� *RXODUW� (0$�� GH� 6RX]D� &{UWHV�0,��
3XOSDO�UHVSRQVH�WR�VHQVLELOLW\�WHVWV�DIWHU�WUDXPDWLF�
GHQWDO�LQMXULHV�LQ�SHUPDQHQW�WHHWK��'HQW�7UDXPD-
WRO�������������������

+HUPDQQ�19��/DXULGVHQ�(��$KUHQVEXUJ�66��*HUGV�
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