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$NDGHPLN�=ΩULIΩ�ΨOL\HYD�DGÕQD0LOOL�2IWDOPRORJL\D�0ΩUNΩ]L��%DNÕ�ú���$]ΩUED\FDQ

$oDU�V|]OԥU��SUROLIHUDWLY�GLDEHWLN�UHWLQRSDWL\D�����JDXJH�YLWUHNWRPL\D��ú�úΩYDUL�FLVPΩ�TDQVÕ]PD��WRUOX�TLúDQÕQ�
WUDNVLRQ�TRSPDVÕ

'LDEHWLN�UHWLQRSDWL\D�LQNLúDI�HWPLú�|ONԥOԥUGԥ�ԥPԥN�TDELOL\\ԥWOL�ԥKDOL�DUDVÕQGD�NRUOX÷XQ�DSDUÕFÕ�VԥEԥELGLU�>�@��
$SDUÕODQ�HSLGHPLRORML�WԥGTLTDWODU�úԥNԥUOL�GLDEHW�GLDTQR]X�TR\XOGXTGDQ����LO�VRQUD�,�WLS�úԥNԥUOL�GLDEHW�[ԥVWԥOԥULQLQ�
����� ,,� WLS� úԥNԥUOL� GLDEHW� [ԥVWԥOԥULQLQ� LVԥ� ����Gԥ� SUROLIHUDWLY� GLDEHWLN� UHWLQRSDWL\D� ԥODPԥWOԥULQLQ� P�úDKLGԥ�
HGLOGL\LQL�J|VWԥULU�>�@�

³ùԥNԥUOL�GLDEHW�[ԥVWԥOL\LQԥ�WXWXOPXú�úԥ[VOԥUԥ�G|YOԥW�TD\÷ÕVÕ�KDTTÕQGD´�$]ԥUED\FDQ�5HVSXEOLNDVÕ�4DQXQXQXQ�
WԥWELT� HGLOPԥVL� EDUԥGԥ´�$]ԥUED\FDQ� 5HVSXEOLNDVÕ� 3UH]LGHQWLQLQ� �����F�� LO� ��� IHYUDO� WDUL[OL� )ԥUPDQÕQD� X\÷XQ�
RODUDT�$]ԥUED\FDQ�5HVSXEOLNDVÕQÕQ�1D]LUOԥU�.DELQHWLQLQ����QR\DEU������FX�LO�WDUL[Gԥ�DOGÕ÷Õ�TԥUDUGD�úԥNԥUOL�GLDEHW�
[ԥVWԥOԥULQLQ�Kԥ\DW�NH\¿\\ԥWLQLQ�\D[úÕODúGÕUÕOPDVÕ�Yԥ�EX�[ԥVWԥOLNGԥQ�ԥOLOOLN�KDOODUÕQÕQ�D]DOGÕOPDVÕ�SULRULWHW�Yԥ]LIԥOԥU�
NLPL�TDUúÕ\D�TR\XOPXúGXU��$SDUÕODQ�PDDULÀԥQGLUPԥ�Vԥ\OԥULQԥ�ED[PD\DUDT��GLDEHWLN�UHWLQRSDWL\DVÕ�RODQ�úԥ[VOԥULQ�
E|\�N�ELU�TLVPL�[ԥVWԥOL\LQ�JHF�PԥUKԥOԥOԥULQGԥ�RIWDOPRORTD�P�UDFLԥW�HWPԥNGԥGLU��'LDEHWLN�YLWUHNWRPL\D�]DPDQÕ�
DOÕQDQ�QԥWLFԥOԥU�[ԥVWԥOԥULQ�LONLQ�RIWDOPRORML�VWDWXVX��ԥPԥOL\\DWD�J|VWԥULú�Yԥ�V��DVÕOÕ�RODUDT�Gԥ\LúPԥNGԥGLU�

3UROLIHUDWLY� GLDEHWLN� UHWLQRSDWL\D� ]DPDQÕ� DSDUÕODQ� YLWUHNWRPL\D� LOԥ� ED÷OÕ� ԥGԥEL\\DW� PԥOXPDWODUÕQÕQ� ԥNVԥUL\\ԥWL�
ԥQԥQԥYL����JDXJH�YLWUHNWRPL\D��VXOODUÕQÕQ�QԥWLFԥOԥULQԥ�DLGGLU��<DOQÕ]�)XMLL�Yԥ�KԥPP�ԥOOLÀԥUL�WԥUԥ¿QGԥQ������FL�LOGԥ����
JDXJH�YLWUHNWRPL\D�>�@��GDKD�VRQUD�LVԥ�(FNDUGW��������WԥUԥ¿QGԥQ����JDXJH�YLWUHNWRPL\D�>�@�NOLQLNL�SUDNWLND\D�WԥWELT�
ROXQDQGDQ�VRQUD�NLoLN�NԥVLNOL�YLWUHNWRPL\D�GLDEHWLN�UHWLQRSDWL\DQÕQ�IԥVDGODUÕ�]DPDQÕ�LVWLIDGԥ�HGLOPԥ\ԥ�EDúODPÕúGÕU��
7LNLúVL]� NLoLN� NԥVLNOL� YLWUHNWRPL\DQÕQ� �VW�QO�NOԥUL� NLPL� ԥPԥOL\\DW�P�GGԥWLQLQ� TÕVDOPDVÕ� Yԥ� ԥPԥOL\\DWGDQ� VRQUDNÕ�
LOWLKDEÕQ�D]DOPDVÕ�TH\G�ROXQPXúGXU�>�@��(\QL�]DPDQGD�SUROLIHUDWLY�GLDEHWLN�UHWLQRSDWL\DQÕQ�IԥVDGODUÕ�]DPDQÕ����Yԥ����
JDXJH�FԥUUDKL\\ԥQLQ�X]XQP�GGԥWOL�QԥWLFԥOԥULQLQ����JDXJH�FԥUUDKL\\ԥ�QԥWLFԥOԥULQԥ�X\÷XQ�ROGX÷X�TH\G�HGLOPLúGLU�>���@�

øúLQ�PԥTVԥGL�SUROLIHUDWLY�GLDEHWLN�UHWLQRSDWL\D�]DPDQÕ�YLWUHNWRPL\D�ԥPԥOL\\DWÕ�DSDUÕOPDVÕQD�J|VWԥULúOԥULQ�WԥKOLOL�
Yԥ�DSDUÕODQ����JDXJH�SDUV�SODQD�YLWUHNWRPL\D�ԥPԥOL\\DWODUÕQÕQ�DQDWRPLN�Yԥ�IXQNVLRQDO�QԥWLFԥOԥULQLQ�|\UԥQLOPԥVLGLU�
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ùԥNLO�����;ԥVWԥOԥULQ�\DúD�J|Uԥ�\D\ÕOPDVÕ� ùԥNLO�����&ԥUUDKL�ԥPԥOL\\DWODUÕQ�VD\ÕQÕQ�LOOԥU��]Uԥ�
SD\ODQPDVÕ

0DWHULDO�Yԥ�PHWRGODU��+D]ÕUNÕ�LúGԥ�����������FL�LOOԥUGԥ�$NDG��=�ԤOL\HYD�DG��$]ԥUED\FDQ�0LOOL�2IWDOPRORJL\D�
0ԥUNԥ]LQLQ�ùԥNԥUOL�GLDEHWLQ�J|]�IԥVDGODUÕ�ú|EԥVLQGԥ�SUROLIHUDWLY�GLDEHWLN�UHWLQRSDWL\DQÕQ�P�[WԥOLI�IԥVDGODUÕQD�J|Uԥ�
����J|]Gԥ������[ԥVWԥ��DSDUÕOPÕú�SDUV�SODQD�YLWUHNWRPL\D�ԥPԥOL\\DWÕQÕQ�QԥWLFԥOԥUL�WԥKOLO�HGLOPLúGLU��;ԥVWԥOԥULQ�����
VÕ�TDGÕQ�������������Õ�NLúL���������ROPXúGXU�����[ԥVWԥGԥ�ԥPԥOL\\DW�KԥU�LNL�J|]Gԥ�DSDUÕOPÕúGÕU��%XQGDQ�EDúTD���
[ԥVWԥGԥ�GLJԥU�J|]Gԥ�GDKD�ԥYYԥO�EDúTD�NOLQLNDODUGD�YLWUHNWRPL\D�ԥPԥOL\\DWÕ�DSDUÕOPÕúGÕU�
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&ԥUUDKL�ԥPԥOL\\DWODU�$FFXUXV�FԥUUDKL�VLVWHPL��$OFRQ��$%ù��YDVLWԥVL�LOԥ����JDXJH�YLWUHNWRPL\D�PHWRGX�LOԥ�Kԥ\DWD�
NHoLULOPLúGLU��%ԥ]L�J|]OԥUGԥ�FԥUUDKL�ԥPԥOL\\DWGDQ�ԥYYԥO�LQWUDYLWUHDO�EHYDVL]XPDE��$YDVWLQ��*HQHQWHFK��$%ù�������
PT�LQ\HNVL\DVÕ�Kԥ\DWD�NHoLULOPLúGLU��;ԥVWԥOԥULQ�P�úDKLGԥ�G|YU����D\GDQ�����LOԥ�TԥGԥU�WԥúNLO�HWPLúGLU��*|UPԥ�LWLOL\L�
RQOXT�VLVWHPOԥ�\R[ODQÕOGÕTGDQ�VRQUD�DOÕQDQ�QԥWLFԥOԥU�VWDWLVWLN�KHVDEODPDODU��o�Q�/RJ0$5�VLVWHPLQԥ�oHYULOPLúGLU�

$OÕQDQ�QԥWLFԥOԥU�,%0�6366�6WDWLVWLFV��9HUVLRQ�������,%0�&RUS���$%ù��SURTUDPÕQGD�PԥOXPDW�ED]DVÕQD�GD[LO�
HGLOPLú�Yԥ�DQDOL]�HGLOPLúGLU��7ԥVYLUL�VWDWLVWLNDGD�RUWD�J|VWԥULFL�Yԥ�VWDQGDUW�NԥQDUDoÕ[PD��0�6'��TH\G�ROXQPXúGXU��

1ԥWLFԥOԥU��;ԥVWԥOԥULQ�RUWD�\DúÕ��ԥPԥOL\\DW�DSDUÕODQ�]DPDQ������������WԥúNLO�HWPLú��\DúD�J|Uԥ�\D\ÕOPD�QRUPDO�
\D\ÕOPD�WLSLQGԥ�ROPXúGXU��úԥNLO������ԤPԥOL\\DWODUÕQ�LOOԥU��]Uԥ�SD\ODQPDVÕ�úԥNLO����GԥNL�NLPL�ROPXúGXU�

&ԥGYԥO���
&ԥUUDKL�ԥPԥOL\\DWÕQ�DSDUÕOPDVÕQD�J|VWԥULúOԥU

'LDTQR] *|]OԥULQ�VD\Õ 1LVEL�J|VWԥULFL����
ù�úԥYDUL�FLVPԥ�TDQVÕ]PD��9+� �� ����
ù�úԥYDUL�FLVPԥ�TDQVÕ]PD��WRUOX�TLúDGD�WUDNVL\D�LOԥ�ELUOLNGԥ��9+�75'� �� ����
7RUOX�TLúDQÕQ�WUDNVLRQ�TRSPDVÕ��75'� �� ����
7RUOX�TLúDQÕQ�WUDNVLRQ�UHTPDWRJHQ�TRSPDVÕ��755'� � ���
$÷ÕU�¿EURYDVNXO\DU�SUROLIHUDVL\D��6)93� �� ���
9LWUHRPDNXO\DU�WUDNVL\D��907� �� 4,1
3UHPDNXO\DU�TDQVÕ]PD��30+� � ���
$VWHURLG�KLDOR]��$67� � ���
&ԥPL� ��� �����

ԤPԥOL\\DWD�RODQ�J|VWԥULúOԥU�DúD÷ÕGDNÕ�NLPL�E|O�QP�úG�U��&ԥGYԥO����
��� ù�úԥYDUL�FLVPԥ�TDQVÕ]PD��9+��±����J|]����������úԥNLO������%X�NDWHTRUL\D\D�WRUOX�TLúDGD�WUDNVL\D�ROPD\DQ�

Yԥ�\D�PLQLPDO�HNVWUDPDNXO\DU�WUDNVL\D�RODQ�J|]OԥU�GD[LO�HGLOPLúGLU�
��� ù�úԥYDUL� FLVPԥ� TDQVÕ]PD�� WRUOX� TLúDGD� WUDNVL\D� LOԥ� ELUOLNGԥ� �9+�75'�� ±� ��� J|]� �������� �úԥNLO� �����

%XUDGD� KԥP� WRUOX� TLúDQÕQ� WUDNVLRQ� TRSPDVÕ�� KԥP� Gԥ� ú�úԥYDUL� FLVPԥ� TDQVÕ]PD� HIIHNWLY� SDQUHWLQDO�
OD]HUNRDTXO\DVL\DQÕQ�DSDUÕOPDVÕQD�PDQH�ROGX÷X��o�Q�ԥPԥOL\\DWD�J|VWԥULú�ROPXúGXU��

��� 7RUOX�TLúDQÕQ�WUDNVLRQ�TRSPDVÕ��75'��±����J|]����������úԥNLO����
��� 7RUOX�TLúDQÕQ�WUDNVLRQ�UHTPDWRJHQ�TRSPDVÕ��755'��±���������
��� $÷ÕU� ¿EURYDVNXO\DU� SUROLIHUDVL\D� �6)93�� ±� ��� �������� %X� TUXSD� WRUOX� TLúDGD� HNVWHQVLY�� LUL� GDPDUOÕ�

QHRYDVNXO\DUL]DVL\D��LúHPLN�WRUOX�TLúD��oR[�]DPDQ�|Q�VHTPHQW�QHRYDVNXO\DUL]DVL\DVÕ�LOԥ�P�úD\LԥW�ROXQDQ�
DúD÷Õ� IXQNVLRQDO� J|VWԥULFLOԥUL� RODQ� J|]OԥU� DLG� HGLOPLúGLU�� %HOԥ� J|]OԥUGԥ� FԥUUDKL� ԥPԥOL\\DW� oR[� ]DPDQ�
\HJDQԥ�IXQNVLRQDO�J|]Gԥ�TDOÕT�J|UPԥQL�TRUXPDT��o�Q�FԥKG�NLPL�Kԥ\DWD�NHoLULOPLúGLU�

��� 9LWUHRPDNXO\DU�WUDNVL\D��907��±������������2&7�P�D\LQԥVL�QԥWLFԥOԥULQԥ�ԥVDVԥQ�Wԥ\LQ�HGLOPLúGLU��EXUD�
KԥP�IRNDO�YLWUHRIRYHDO�WUDNVL\D��KԥP�Gԥ�HSLUHWLQDO�PHPEUDQODUD�ED÷OÕ�GLIIX]�WUDNVLRQDO�PDNXOD�|GHPL�DLG�
HGLOPLúGLU�

��� $VWHURLG�KLDOR]��$67��±���������
��� 3UHPDNXO\DU�TDQVÕ]PD��30+��±�����������ùԥNLO����

ùԥNLO�����;ԥVWԥ�+�$������\���FԥUU��ԥPԥO��ԥYYԥO�J|UPԥ���J|]�
|Q�QGԥ�EDUPDT�V���SSY�HQGROD]HU�TD]��6)���LQ\HNVL\DVÕ��

FԥUU�ԥPԥO��VRQUD�J|UPԥ������

ùԥNLO�����;ԥVWԥ�7�;������\���WRUOX�TLúDQÕQ�WUDNVLRQ�
TRSPDVÕ��ú�úԥYDUL�FLVPԥ�TDQVÕ]PD�LOԥ���J|UPԥ���������
IDNR�ø2/�SSY�HQGROD]HU�VLOLNRQ��GDKD�VRQUD�VLOLNRQ�

\D÷ÕQÕQ�[DULF�HGLOPԥVL�±�J|UPԥ����
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ùԥNLO���� ;ԥVWԥ�;�)������\���WRUOX�TLúDQÕQ�WUDNVLRQ�TRSPDVÕ��
PDNXOD�QDKL\ԥVLQԥ�NHoPLú��J|UPԥ���J|]�|Q�QGԥ�ԥO�KԥUԥNԥWL��
FԥUU��ԥPԥOL\\DW���SSY�HQGROD]HU�VLOLNRQ�LQ\HNVL\DVÕ��GDKD�

VRQUD�±�IDNR�ø2/�VLOLNRQXQ�[DULF�HGLOPԥVL�±�VRQ�J|UPԥ������

ùԥNLO�����;ԥVWԥ�%�1������\���TDWÕ�SUHPDNXO\DU�TDQVÕ]PD\D�
J|Uԥ�SSY�HQGROD]HUNRDTXO\DVL\D��GDKD�VRQUD�

IDNRHPXOVL¿NDVL\D�,2/�LPSODQWDVL\DVÕ�ԥPԥOL\\DWÕ�
DSDUÕOPÕú��J|UPԥ�J|]�|Q�QGԥ�ԥO�KԥUԥNԥWLQGԥQ������ԥ�
\�NVԥOPLúGLU��GLDEHWLN�PDNXORSDWL\D�LOԥ�ED÷OÕ��

0�úDKLGԥ�DOWÕQGD�RODQ�J|]OԥUGԥQ�������������ԥPԥOL\\DWGDQ�ԥYYԥO�NDWDUDNWD\D�J|Uԥ�FԥUUDKL�ԥPԥOL\\DW�NHoLUPLúGLU��
%X� J|]OԥUGԥQ� ��Gԥ� ,2/�XQ� GHVHQWUDVL\DVL\DVÕQD� J|Uԥ� FԥUUDKL� ԥPOL\\DW� ]DPDQÕ� ,2/�XQ� Gԥ\LúGLULOPԥVL� �VNOHUDO�
¿NVDVL\D� LOԥ�� Kԥ\DWD� NHoLULOPLúGLU�� �� J|]Gԥ� ������� SODQOÕ� RODUDT� LNL�PԥUKԥOԥOL� �ԥYYԥO� IDNRHPXOVL¿NDVL\D�,2/��
VRQUD�YLWUHNWRPL\D��ԥPԥOL\\DW�DSDUÕOPÕú��J|]OԥULQ�\DUÕGDQ�oR[XQGD�±�����J|]Gԥ���������NRPELQDVL\D�ROXQPXú�
ԥPԥOL\\DW��IDNRHPOVL¿NDVL\D�,2/�YLWUHNWRPL\D��ԥPԥOL\\DWÕ�DSDUÕOPÕúGÕU�

ԤPԥOL\\DWÕQ� QԥWLFԥOԥUL�� hPXPL\\ԥWOԥ�� FԥUUDKL� ԥPԥOL\\DW� DSDUÕODQ� ���� J|]GԥQ� ����Gԥ� �������� J|UPԥQLQ�
\D[úÕODúPDVÕ� TH\Gԥ� DOÕQPÕúGÕU��ԤPԥOL\\DWGDQ� ԥYYԥO� ����������RODQ�J|UPԥ� LWLOL\LQLQ�RUWD� J|VWԥULFLVL� �/RJ0$5�
YDKLGOԥUL� LOԥ�� ԥPԥOL\\DWGDQ� VRQUD� ���������� ROPXúGXU� �/RJ0$5� YDKLGOԥULQGԥ� DúD÷Õ� J|VWԥULFLOԥU� GDKD� \�NVԥN�
J|UPԥ�LWLOL\LQԥ�X\÷XQGXU���0�[WԥOLI�TUXSODUGD�J|UPԥ�LWLOL\LQLQ�ԥPԥOL\\DWGDQ�VRQUDNÕ�J|VWԥULFLOԥUL�GLDTUDPPD���Gԥ�
J|VWԥULOPLúGLU��

'LDTUDPGDQ�J|U�QG�\��NLPL��ԥQ�\�NVԥN�QԥWLFԥOԥU�DVWHURLG�KLDOR]D�J|Uԥ�DSDUÕOPÕú�J|]OԥUGԥ�TH\Gԥ�DOÕQPÕúGÕU�
�������������9LWUHRPDNXO\DU� WUDNVL\D�Yԥ�ú�úԥYDUL�FLVPԥ�TDQVÕ]PD�LOԥ�ԥPԥOL\\DW�ROXQDQ�J|]OԥUGԥ�Gԥ�J|VWԥULFLOԥU�
\�NVԥN� ROPXúGXU� ����������� Yԥ� ����������� P�YD¿T� RODUDT��� 0DUDTOÕ� QԥWLFԥ� WUDNVLRQ�UHTPDWRJHQ� TRSPD� LOԥ�
ԥPԥOL\\DW� ROXQDQ�J|]OԥUGԥ� VRQ�J|UPԥ� LWLOL\LQLQ� ������������ WUDNVLRQ�TRSPD�RODQ�J|]OԥUԥ� ������������ QLVEԥWԥQ�
GDKD�\�NVԥN�ROPDVÕGÕU��ԤQ�DúD÷Õ�QԥWLFԥOԥU�D÷ÕU�GԥUԥFԥOL�¿EURYDVNXO\DU�SUROLIHUDVL\D�RODQ�J|]OԥUGԥ�TH\Gԥ�DOÕQPÕúGÕU�
������������

0,00

SFVP

TRD

PMH

TRRDDx

VH TRD

VH

VMT

AST

0,50 1,00
Postop LogMAR (orta göst.)

1,50 2,00 2,50

2.21

1.37

1.13

1.00

0.90

0.81

0.77

0.63

'LDTUDPPD�����&ԥUUDKL�ԥPԥOL\\DWGDQ�VRQUD�
P�[WԥOLI�TUXSODUGD�J|UPԥ�LWLOL\LQLQ�J|VWԥULFLVL�

%�OOXUXQ�VWDWXVX��4H\G�HGLOGL\L�NLPL��YLWUHNWRPL\D�ԥPԥOL\\DWÕ�]DPDQÕ�\DOQÕ]�����J|]GԥQ����Gԥ���������E�OOXU�
VD[ODQPÕúGÕU��%X�J|]OԥUGԥQ����Gԥ��������ԥPԥOL\\DWGDQ�VRQUDNÕ�P�úDKLGԥ�G|YU�QGԥ�NDWDUDNWDQÕQ�LQNLúDI�HWPԥVL�LOԥ�
ED÷OÕ�IDNRHPXOVL¿NDVL\D�Yԥ�,2/�LPSODQWDVL\DVÕ�ԥPԥOL\\DWÕ�DSDUÕOPÕúGÕU�����J|]Gԥ��������VLOLNRQXQ�[DULF�HGLOPԥVL�
]DPDQÕ� IDNRHPXOVL¿NDVL\D�,2/�� �� J|]Gԥ� ������� UHRSHUDVL\D� ]DPDQÕ� IDNRHPXOVL¿NDVL\D� Yԥ� ,2/� LPSODQWDVL\D�
ԥPԥOL\\DWÕ�DSDUÕOPÕúGÕU�
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ԤPԥOL\\DWGDQ� VRQUDNÕ� IԥVDGODU� �FԥGYԥO� ����� &ԥUUDKL� ԥPԥOL\\DWGDQ� VRQUD� ԥQ� oR[� UDVW� JԥOԥQ� IԥVDGODUGDQ� ELUL�
ú�úԥYDUL�FLVLP�ERúOX÷XQD�WԥNUDU�TDQVÕ]PDODU�ROPXúGXU��%X�IԥVDG�����J|]GԥQ����Gԥ��������TH\Gԥ�DOÕQPÕúGÕU��ԤJԥU�
TDQVÕ]PD�\�QJ�O�GԥUԥFԥGԥGLUVԥ��P�úDKLGԥ��GDKD�FLGGL�TDQVÕ]PDODUGD�LQWUDYLWUHDO�EHYDVL]XPDE��$YDVWLQ��LQ\HNVL\DVÕ�
DSDUÕOPÕúGÕU����J|]Gԥ�ú�úԥYDUL�FLVPLQ�ERúOX÷X�\X\XOPXú��RQODUGDQ���J|]Gԥ� LVԥ�ԥPԥOL\\DW�]DPDQÕ�VNOHURWRPL\D�
QDKL\ԥVLQGԥ�QHRYDVNXO\DU�PHPEUDQ�DúNDU�HGLOGL\LQGԥQ�VLOLNRQ�\D÷ÕQÕQ�LQ\HNVL\DVÕ�ԥPԥOL\\DWÕ�DSDUÕOPÕúGÕU�

&ԥGYԥO���
9LWUHNWRPL\D�ԥPԥOL\\DWÕQGDQ�VRQUDNÕ�D÷ÕUODúPDODU

$÷ÕUODúPD *|]OԥULQ�VD\Õ �
ù�úԥYDUL�FLVPԥ�WԥNUDU�TDQVÕ]PD �� 9,1
7RUOX�TLúDQÕQ�UHTPDWRJHQ�TRSPDVÕ �� ���
øNLQFLOL�TODXNRPD �� ����
(SLUHWLQDO�PHPEUDQ � ���
(QGRIWDOPLW� 1 ���

ԤPԥOL\\DWGDQ�VRQUD�VRQUD�P�úDKLGԥ�HGLOԥQ�GLJԥU�IԥVDG�WRUOX�TLúDGD�\DWURJHQ�Yԥ�\D�ԥPԥOL\\DWGDQ�VRQUD�WUDNVLRQ�
\ÕUWÕTODU�QԥWLFԥVLQGԥ�UHTPDWRJHQ�TRSPD�ROPXúGXU�����J|]������������J|]GԥQ����Gԥ�EX�IԥVDGD�J|Uԥ�WԥNUDU�FԥUUDKL�
ԥPԥOL\\DW�±�UHODNVDVL\D�HGLFL�UHWLQRWRPL\D�Yԥ�TD]�VLOLNRQ�\D÷Õ�LQ\HNVL\DVÕ�LOԥ�DSDUÕOPÕúGÕU�

%XQGDQ�EDúTD��ԥPԥOL\\DWGDQ�VRQUDNÕ�G|YUGԥ����J|]Gԥ�J|]GD[LOL�Wԥ]\LTLQ�\�NVԥOPԥVL�TH\Gԥ�DOÕQPÕúGÕU��%XQODUGDQ�
���J|]Gԥ��������|Q�VHTPHQWGԥ�QHRYDVNXO\DUL]DVL\D��GLJԥU����J|]Gԥ��������LVԥ�VLOLNRQ�WDPSRQDGDVÕ�Yԥ�\D�VWHURLG�
P�DOLFԥVL�J|]GD[LOL�Wԥ]\LTLQ�TDO[PDVÕQÕQ�ԥVDV�VԥEԥEL�ROPXúGXU��4H\UL�IXQNVLRQDO���J|]Gԥ��������WUDQVVNOHUDO�GLRG�
WVLNOROD]HUNRDTXO\DVL\D����J|]Gԥ�WUDEHNXOHNWRPL\D����J|]Gԥ�$KPHG�NODSDQÕ�LPSODQWDVL\DVÕ�ԥPԥOL\\DWÕ�DSDUÕOPÕúGÕU��
4DODQ�KDOODUGD�J|]GD[LOL�Wԥ]\LTLQ�NRPSHQVDVL\DVÕ�KLSRWHQ]LY�GDPFÕODU�YDVLWԥVL�LOԥ�Kԥ\DWD�NHoLULOPLúGLU�

ԤPԥOL\\DWGDQ� VRQUD� GLJԥU� D]� P�úDKLGԥ� HGLOԥQ� IԥVDGODUD� �� KDOGD� VLPSWRPDWLN� HSLUHWLQDO� PHPEUDQ� �WԥNUDU�
ԥPԥOL\\DW�DSDUÕOPÕúGÕU�����KDOGD�HQGRIWDOPLW��LQWUDYLWUHDO�DQWLELRWLN�LQ\HNVL\DVÕ�Yԥ�VLOLNRQ�WDPSRQDGDVÕQGDQ�VRQUD�
\D[úÕODúPD�TH\G�ROXQPXúGXU��DLGGLU��

0�]DNLUԥ��øON�SDUV�SODQD�YLWUHNWRPL\D�ԥPԥOL\\DWÕ������FL�LOGԥ�0DFKHPHU�WԥUԥ¿QGԥQ���LO�ԥU]LQGԥ�VRUXOPD\DQ�
ú�úԥYDUL� FLVPLQ� TDQVÕ]PDVÕQD� J|Uԥ� X÷XUOD� DSDUÕOPÕúGÕU� >�@�� '596� �'LDEHWLF� 5HWLQRSDWK\� 9LWUHFWRP\� 6WXG\��
WԥGTLTDWÕ� GD� LON� Q|YEԥGԥ� ú�úԥYDUL� FLVPԥ� TDQVÕ]PDODU� ]DPDQÕ� DSDUÕODQ� YLWUHNWRPL\DQÕQ� QԥWLFԥOԥULQL� |\UԥQPLúGLU�
>��@��/DNLQ�VRQ�LOOԥUGԥ�NLoLN�NԥVLNOL�YLWUHNWRPL\D�WH[QRORJL\DODUÕQÕQ�LQNLúDI�HWPԥVL��H\QL�]DPDQGD�ú�úԥYDUL�FLVPLQ�
TDQVÕ]PDODUÕQD� TDUúÕ� DQWL�9(*)� YDVLWԥOԥULQLQ� JHQLú� LVLWIDGԥ� HGLOPԥVL� ú�úԥYDUL� FLVPLQ� TDQVÕ]PDODUÕQÕQ� GLDEHWLN�
YLWUHNWRPL\DGD� ԥVDV� J|VWԥULú� NLPL� \HULQL� GLJԥU� SDWRORJL\DODUD�� LON� Q|YEԥGԥ� WRUOX� TLúDQÕQ� WUDNVLRQ� TRSPDVÕQD�
YHUPԥVLQԥ�VԥEԥE�ROPXúGXU��ԤQ�VRQ�HOPL�DUDúGÕUPDODUGDQ�'5,9(�8.�WԥGTLTDWÕQGD�>��@�GLDEHWLN�YLWUHNWRPL\D\D�
J|VWԥULúOԥU���TUXSD��WUDNVLRQ�TRSPD��ú�úԥYDUL�FLVLPGԥ�VRUXOPD\DQ�TDQVÕ]PD�Yԥ�GLJԥU��\ԥQL�HSLUHWLQDO�PHPEUDQ��
WUDNVLRQ�PDNXOD�|GHPL�Yԥ�V���D\UÕOPÕúGÕU��%XUDGD�P�úDKLGԥ�DOWÕQGD�RODQ�����J|]GԥQ�������WRUOX�TLúDQÕQ�WUDNVLRQ�
TRSPDVÕ��������ú�úԥYDUL�FLVPԥ�TDQVÕ]PD�Yԥ�\DOQÕ]������GLJԥU�J|VWԥULúOԥU�ROPXúGXU��%L]LP�P�úDKLGԥPL]Gԥ�Gԥ�
ú�úԥYDUL�FLVPԥ�TDQVÕ]PDODUÕQ�GLDEHWLN�UHWLQRSDWL\D\D�J|VWԥULúOԥULQ�\DOQÕ]�������WԥúNLO�HWGL\L�J|U�Q�U��EXQGDQ�EDúTD�
ELU�oR[�KDOODUGD�ú�úԥYDUL�FLVPԥ�TDQVÕ]PD�WRUOX�TLúDGD�P�[WԥOLI�WUDNVLRQ�Gԥ\LúLNOLNOԥUOԥ�P�úD\LԥW�ROXQXU�Yԥ�ԥNVLQԥ�
�úԥNLO����GԥQ�J|U�QG�\��NLPL���*|VWԥULúOԥULQ�ELU�oR[XQGD���������KԥP�WUDNVL\D��KԥP�Gԥ�TDQVÕ]PD�HOHPHQWOԥULQLQ�
ROGX÷X� DúNDU� HGLOLU�� 7RUOX� TLúDQÕQ� WUDNVLRQ� TRSPDVÕ� KDOODUÕ� GDKD� oR[� ROPXúGXU� ��������� %XQGDQ� EDúTD�� VRQ�
G|YUOԥUGԥ�2&7�P�D\LQԥVLQLQ�J�QGԥOLN�RIWDOPRORML�SUDNWLND\D�GD[LO�ROPDVÕ��GLDEHWLN�YLWUHRPDNXO\DU�WUDNVL\DQÕQ�
D\UÕ� ELU� J|VWԥULú� NLPL� YLWUHNWRPL\D� FԥUUDKL\\ԥVLQԥ� GD[LO� ROPDVÕQD� VԥEԥE� ROPXúGXU��%L]LP�P�úDKLGԥPL]Gԥ� EHOԥ�
KDOODU��PXPL�J|VWԥULúOԥULQ������LQL�WԥúNLO�HWVԥ�Gԥ��JԥOԥFԥNGԥ�RQXQ�WH]OL\LQLQ�GDKD�GD�DUWDFD÷ÕQÕ�J�PDQ�HWPԥN�RODU�

3UROLIHUDWLY�GLDEHWLN�UHWLQRSDWL\D�]DPDQÕ�DSDUÕOPÕú�YLWUHNWRPL\DQÕQ�QԥWLFԥOԥULQԥ�JԥOGLNGԥ��J�PDQ�HGLOGL\L�NLPL��
ú�úԥYDUL�FLVPԥ�TDQVÕ]PD��DVWHURLG�KLDOR]�Yԥ�YLWUHRPDNXO\DU�WUDNVL\DODU�]DPDQÕ�ԥQ�\�NVԥN�QԥWLFԥOԥU�ԥOGԥ�HGLOPLúGLU��
0DUDTOÕ� IDNW� WUDNVLRQ�UHTPDWRJHQ� TRSPDODU� ]DPDQÕ� WUDNVLRQ� TRSPDODUD� QLVEԥWԥQ� GDKD� \�NVԥN� QԥWLFԥOԥULQ�
DOÕQPDVÕGÕU��%XQX�WUDNVLRQ�UHTPDWRJHQ�TRSPDODUÕQ�GDKD�V�UԥWOԥ�LQNLúDI�HWGL\L��o�Q�[URQLNL�LúHPL\DQÕQ�WRUOX�TLúD�
VWUXNWXUODUÕQD�GDKD�D]�]ԥGԥOԥ\LFL�WԥVLUL�LOԥ�L]DK�HWPԥN�P�PN�QG�U��/DNLQ��PXPL�ԥPԥOL\\DW�VD\ÕQÕQ�D]�ROPDVÕQÕ�
Qԥ]ԥUԥ�DODUDT��EX�P|Y]X\D�GDKD�oR[�NOLQLNL�PDWHULDO�ԥOGԥ�HWGLNGԥQ�VRQUD�TD\ÕWPDT�GDKD�PԥTVԥGԥX\÷XQGXU�

(\QL� ]DPDQGD� D÷ÕU� ¿EURYDVNXO\DU� SUROLIHUDVL\DODUÕQ� GD� QԥWLFԥOԥULQLQ� TԥQDԥWEԥ[ú� ROPDGÕ÷ÕQÕ� TH\G� HWPԥN�
OD]ÕPGÕU��'LDEHWLN�YLWUHNWRPL\DQÕQ�GDKD�HUNԥQ�DSDUÕOPDVÕ�EHOԥ�KDOODUÕQ�D]DOPDVÕQGD�ID\GDOÕ�ROD�ELOԥU�

+ԥP�|Q�VHTPHQW��KԥP�DU[D�VHTPHQW�FԥUUDKL\\ԥVLQGԥ�PLQLPDO�LQYD]LY�WH[QRORJL\DODUÕQ�LQNLúDIÕ�ELU�oR[�KDOODUGD�
IDNRHPXOVL¿NDVL\D�Yԥ�YLWUHNWRPL\D�FԥUUDKL\\ԥVLQL�H\QL�]DPDQGD�DSDUPD÷D�LPNDQ�YHUPLúGLU��ԤPԥOL\\DW�ROXQDQ�
IDNLN�J|]OԥULQ������J|]��ԥNVԥUL\\ԥWLQGԥ������J|]���������ELUPRPHQWOL�IDNRHPXOVL¿NDVL\D��,2/�LPSODQWDVL\DVÕ�Yԥ�
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���JDXJH�YLWUHNWRPL\D�ԥPԥOL\\DWÕ�DSDUÕOPÕú�Yԥ�ԥPԥOL\\DWGDQ�VRQUDNÕ�G|YUGԥ�EXQXQOD�ED÷OÕ�FLGGL�IԥVDGODUOD�UDVW�
JԥOLQPԥPLúGLU��$OÕQDQ�QԥWLFԥOԥU�NRPELQԥ�ROXQPXú�FԥUUDKL\\ԥQLQ�HIIHNWLY�Yԥ�WԥKO�NÕVL]�ROPDVÕ�KDTTÕQGD�ԥGԥEL\\DW�
PԥXPDWODUÕQÕ�ELU�GDKD�WԥVGLT�HWPLúGLU�>����@�

ԤGԥEL\\DWGD� ú�úԥYDUL� FLVPԥ� WԥNUDU� TDQVÕ]PD� GLDEHWLN� YLWUHNWRPL\DGDQ� VRQUD� ԥQ� oR[� UDVW� JԥOԥQ� IԥVDG� NLPL�
TH\G�HGLOPLú��WH]OL\L��������DUDVÕQGD�ROPXúGXU�>������@��%X�IԥVDGÕQ�GDKD�oR[�ԥPԥOL\\DWGDQ�VRQUD���FL�Yԥ���F��
D\�DUDVÕQGD�P�úDKLGԥ�HGLOGL\L�TH\G�HGLOPLúGLU�>��@��4DQVÕ]PD�VԥEԥEOԥUL�NLPL�ԥQ�oR[�VNOHURWRPL\D�QDKL\ԥVLQGԥ�
QHRYDVNXO\DUL]DVL\D�� PHPEUDQODUÕQ� UHSUROLIHUDVL\DVÕ� J|VWԥULOPLúGLU� >���� ��@�� %L]LP� P�úDKLGԥOԥULPL]Gԥ� Gԥ�
ú�úԥYDUL�FLVPԥ�JHFLNPLú��!ԥPԥOL\\DWGDQ���D\�VRQUD��TDQVÕ]PD�WH]OL\L������ROPXú��ELU�oR[�KDOODUGD�LQWUDYLWUHDO�
EHYDVL]XPDE� LQ\HNVL\DVÕ�TDQVÕ]PDODUÕQ�GD\DQPDVÕQGD�HIIHNWOL�ROPXúGXU��<DOQÕ]���J|]Gԥ��������ú�úԥYDUL�FLVLP�
ERúOX÷X�\X\XOPXú��RQODUGDQ���J|]Gԥ�LVԥ�WԥNUDU�VLOLNRQ�\D÷Õ�LQ\HNVL\DVÕ�Kԥ\DWD�NHoLULOPLúGLU��

'LDEHWLN� YLWUHNWRPL\DGDQ� VRQUD� P�úDKLGԥ� HGLOԥQ� UHTPDWRJHQ� WRUOX� TLúD� TRSPDODUÕ� ԥPԥOL\\DWÕQ� FLGGL�
D÷ÕUODúPDODUÕQGDQGÕU�Yԥ� WH]OL\L� WԥTULEԥQ����WԥúNLO�HGLU� >�����@��/DNLQ�TH\G�HWPԥN� OD]ÕPGÕU�NL��EX�D÷ÕUODúPDQÕQ�
WH]OL\L�ԥPԥOL\\DWD�RODQ�J|VWԥULúOԥUOԥ�ELUEDúD�ED÷OÕGÕU��6FKUH\�Yԥ�KԥPP�ԥOOLÀԥULQLQ�P�úDKLGԥ�HWGL\L�QԥWLFԥ��������
ԥPԥOL\\DWODUÕQ�ԥNVԥUL\\ԥWLQLQ� ��������ú�úԥYDUL�FLVPԥ�TDQVÕ]PD\D�J|Uԥ�DSDUÕOPDVÕ� LOԥ�ԥODTԥGDU�ROD�ELOԥU��%L]LP�
DOGÕ÷ÕPÕ]�QԥWLFԥOԥU��������ԥPԥOL\\DWODUGD�GDKD�D÷ÕU�J|]OԥULQ��WUDNVLRQ�TRSPD�Yԥ�V���[�VXVL�oԥNLVLQLQ�GDKD�\�NVԥN�
ROPDVÕQÕ�Qԥ]ԥUԥ�DODUDT�PԥTEXO�VD\ÕOD�ELOԥU�

'LDEHWLN� YLWUHNWRPL\DGDQ� VRQUD�P�úDKLGԥ� HGLOԥQ� GLJԥU� ELU� IԥVDG� J|]GD[LOL� Wԥ]\LTLQ� \�NVԥOPԥVLGLU�� '5,9(�
8.� WԥGTLTDWÕQGD� >��@� TODXNRPD� WH]OL\L� ����� ROPXúGXU�� %L]LP� P�úDKLGԥOԥUGԥ� LNLQFLOL� TODXNRPDQÕQ� WH]OL\L�
EXQGDQ�ELU�TԥGԥU�\�NVԥNGLU����������%X�QԥWLFԥQL�ԥPԥOL\\DWODUÕQ�GDKD�D÷ÕU�J|]OԥUGԥ��ELU�oR[�KDOODUGD�VLOLNRQ�\D÷Õ�
WDPSRQDGDVÕQÕQ�N|Pԥ\L�LOԥ�DSDUÕOPDVÕ�LOԥ�L]DK�HWPԥN�RODU�

1ԥWLFԥ��3UROLIHUDWLY�GLDEHWLN�UHWLQRSDWL\DQÕQ�IԥVDGODUÕ�]DPDQÕ����JDXJH�YLWUHNWRPL\DGDQ�VRQUD�P�úDKLGԥ�HGLOԥQ�
IXQNVLRQDO� QԥWLFԥOԥU� Yԥ� ԥVDV� D÷ÕUODúPDODU� �WԥNUDU� TDQVÕ]PDODU�� TODXNRPD�� WRUOX� TLúDQÕQ� UHTPDWRJHQ� TRSPDVÕ��
ԥGԥEL\\DWGD����JDXJH�YLWUHNWRPL\D�]DPDQÕ�TH\G�HGLOԥQ�QԥWLFԥOԥUԥ�X\÷XQGXU�Yԥ�FԥUUDKL�ԥPԥOL\\DWÕQ�DSDUÕOPDVÕQD�
LONLQ� J|VWԥULúOԥ� GDKD� oR[� ED÷OÕGÕU��hPXPL\\ԥWOԥ�� VRQ� LOOԥUGԥ� \HQL� YLWUHNWRPL\D� WH[QRORJL\DODUÕQÕQ� Yԥ� \DUGÕPoÕ�
YDVLWԥOԥULQ�WԥWELTL�SUROLIHUDWLY�GLDEHWLN�UHWLQRSDWL\D�]DPDQÕ�SDUV�SODQD�YLWUHNWRPL\D�ԥPԥOL\\DWÕQÕQ�GDKD�HIIHNWLY�Yԥ�
WԥKO�NԥVL]�ROPDVÕQD�LPNDQ�YHUPLúGLU��

Ԥ'Ԥ%ø<<$7

��� 0RVV�6�(���.OHLQ�%�(��7KH����\HDU�LQFLGHQFH�RI�YLVXDO�ORVV�LQ�GLDEHWLF�SRSXODWLRQ��2SKWKDOPRORJ\�������
�����S�����������

��� .OHLQ�5���.OHLQ�%�(���0RVV�6�(��HW�DO��7KH�:('56�,,��3UHYDOHQFH�DQG�ULVN�RI�'5�ZKHQ�DJH�DW�GLDJQRVLV�
LV�OHVV�WKDQ����\HDUV����$UFK��2SKWKDOPRO���������Y������S����������

��� )XMLL�*�<���'H�-XDQ�(���-U���+XPD\XQ�0�6���HW�DO��$�QHZ����JDXJH�LQVWUXPHQW�V\VWHP�IRU�WUDQVFRQMXQFWLYDO�
VXWXUHOHVV�YLWUHFWRP\�VXUJHU\����2SKWKDOPRORJ\��������Y������S������������

��� (FNDUGW�&��7UDQVFRQMXQFWLYDO�VXWXUHOHVV����JDXJH�YLWUHFWRP\����5HWLQD��������Y�����S����±�����
��� /DNKDQSDO�5�5���+XPD\XQ�0�6���GH�-XDQ�(��-U��HW�DO��2XWFRPHV�RI�����FRQVHFXWLYH�FDVHV�RI����JDXJH�

WUDQVFRQMXQFWLYDO�VXUJHU\�IRU�SRVWHULRU�VHJPHQW�GLVHDVH����2SKWKDOPRORJ\��������Y������S���������
��� 3DUN�'�+���6KLQ�-�3��.LP��6L�<��&RPSDULVRQ�RI�&OLQLFDO�2XWFRPHV�%HWZHHQ����*DXJH�DQG����*DXJH�

9LWUHFWRP\�LQ�3DWLHQWV�:LWK�3UROLIHUDWLYH�'LDEHWLF�5HWLQRSDWK\����5HWLQD��������Y�����Y������������
��� /HH�'�<��� -HRQJ�+�6��6RKQ�+�-��HW��DO�9LWUHFWRP\�$QG�&OHDU�&RUQHDO�3KDFRHPXOVL¿FDWLRQ� ,Q�3DWLHQWV�

:LWK�3UROLIHUDWLYH�'LDEHWLF�5HWLQRSDWK\����5HWLQD��������Y�����S�����±�����
��� )DURXN� 0��� 1DLWR� 7��� 6D\HG� .�� HW� DO�� 2XWFRPHV� RI� ���JDXJH� YLWUHFWRP\� IRU� SUROLIHUDWLYH� GLDEHWLF�

UHWLQRSDWK\����*UDHIHV�$UFK��&OLQ��([S��2SKWKDOPRO���������Y������S���������
��� 0DFKHPHU�5��$�QHZ�FRQFHSW�IRU�YLWUHRXV�VXUJHU\�����,QGLFDWLRQV�DQG�UHVXOWV����$P��-��2SKWKDOPRO���������

Y�����S�����������
���� 'LDEHWLF�5HWLQRSDWK\�9LWUHFWRP\�6WXG\�5HVHDUFK�*URXS��(DUO\�YLWUHFWRP\�IRU�VHYHUH�YLWUHRXV�KHPRUUKDJH�

LQ�GLDEHWLF�UHWLQRSDWK\��)RXU�\HDU�UHVXOWV�RI�D�UDQGRPL]HG�WULDO��'LDEHWLF�5HWLQRSDWK\�9LWUHFWRP\�6WXG\�
5HSRUW������$UFK��2SKWKDOPRO���������Y������S����±�����

���� *XSWD� %��� 6LYDSUDVDG� 6���:RQJ� 5�� HW� DO�� 9LVXDO� DQG� DQDWRPLFDO� RXWFRPHV� IROORZLQJ� YLWUHFWRP\� IRU�
FRPSOLFDWLRQV� RI� GLDEHWLF� UHWLQRSDWK\�� 7KH� '5,9(� 8.� 6WXG\� ��� (\H�� ������ ���� �DGYDQFHG� RQOLQH�
SXEOLFDWLRQ��
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���� 'LRODLXWL�6���6HQQ�3���6FKPLG�0�.��HW�DO��&RPELQHG�3DUV�3ODQD�9LWUHFWRP\�DQG�SKDFRHPXOVL¿FDWLRQ�ZLWK�
LQWUDRFXODU� OHQV� LPSODQWDWLRQ� LQ� VHYHUH� SUROLIHUDWLYH� GLDEHWLF� UHWLQRSDWK\� ���2SKWKDOPLF�� 6XUJ��/DVHUV�
,PDJLQJ��������Y�����S�����������

���� (OLRWW�'���/HH�0�6���$EUDPV�*�:��3UROLIHUDWLYH�GLDEHWLF�UHWLQRSDWK\��SULQFLSOHV�DQG�WHFKQLTXHV�RI�VXUJLFDO�
WUHDWPHQW��,Q��5\DQ�6-��+LQWRQ�'5��6FKDFKDW�$3��:LONLQVRQ�&3��HGV�����5HWLQD���WK�HG��(OVHYLHU�0RVE\��
3KLODSGHOSKLD��������S�����±������

���� 6RWR�3HGUH�(���+HUQDH]�2UWHJD�0&���9D]TXH]� -�$��5LVN� )DFWRUV� IRU� 3RVWRSHUDWLYH�+HPRUUKDJH� DIWHU�
9LWUHFWRP\�IRU�'LDEHWLF�5HWLQRSDWK\����2SKWKDOPLF�(SLGHPLRORJ\��������Y�����S����±����

���� 1HZPDQ�'�.��6XUJLFDO�PDQDJHPHQW�RI� WKH� ODWH�FRPSOLFDWLRQV�RI�SUROLIHUDWLYH�GLDEHWLF� UHWLQRSDWK\� ���
(\H��������Y�����S����±���

���� <HK� 3�7��� <DQJ� &�0��� <DQJ� &�+� HW� DO�� &U\RWKHUDS\� RI� WKH� DQWHULRU� UHWLQD� DQG� VFOHURWRP\� VLWHV� LQ�
GLDEHWLF� YLWUHFWRP\� WR� SUHYHQW� UHFXUUHQW� YLWUHRXV� KHPRUUKDJH�� DQ� XOWUDVRXQG� ELRPLFURVFRS\� VWXG\� ���
2SKWKDOPRORJ\��������Y������S�����±������

���� 6FKUH\�6���.UHSOHU�.���:HGULFK�$��,QFLGHQFH�RI�UKHJPDWRJHQRXV�UHWLQDO�GHWDFKPHQW�DIWHU�YLWUHFWRP\�LQ�
H\HV�RI�GLDEHWLF�SDWLHQWV����5HWLQD��������Y�����S����±�����

���� <RUVWRQ�'���:LFNKDP�/���%HQVRQ�6��HW�DO��3UHGLFWLYH�FOLQLFDO�IHDWXUHV�DQG�RXWFRPHV�RI�YLWUHFWRP\�IRU�
SUROLIHUDWLYH�GLDEHWLF�UHWLQRSDWK\����%U��-��2SKWKDOPRO���������Y�����S����±����

Ɇ��Ʉɟɪɢɦɨɜ

ɊȿɁɍɅɖɌȺɌɕ����*$8*(�3$56�3/$1$�ȼɂɌɊȿɄɌɈɆɂɂ�ɉɊɂ�
ɈɋɅɈɀɇȿɇɂəɏ�ɉɊɈɅɂɎȿɊȺɌɂȼɇɈɃ�ȾɂȺȻȿɌɂɑȿɋɄɈɃ�
ɊȿɌɂɇɈɉȺɌɂɂ

ɇɚɰɢɨɧɚɥɶɧɵɣ�ɐɟɧɬɪ�Ɉɮɬɚɥɶɦɨɥɨɝɢɢ�ɢɦ��Ⱥɤɚɞ��Ɂ�Ⱥɥɢɟɜɨɣ��Ȼɚɤɭ��Ⱥɡɟɪɛɚɣɞɠɚɧ

Ʉɥɸɱɟɜɵɟ�ɫɥɨɜɚ�����JDXJH�SDUV�SODQD�ɜɢɬɪɟɤɬɨɦɢɹ��ɩɪɨɥɢɮɟɪɚɬɢɜɧɚɹ�ɞɢɚɛɟɬɢɱɟɫɤɚɹ�ɪɟɬɢɧɨɩɚɬɢɹ��
ɤɪɨɜɨɢɡɥɢɹɧɢɟ�ɜ�ɫɬɟɤɥɨɜɢɞɧɨɟ�ɬɟɥɨ��ɬɪɚɤɰɢɨɧɧɚɹ�ɨɬɫɥɨɣɤɚ�ɫɟɬɱɚɬɤɢ

ɊȿɁɘɆȿ

ɐɟɥɶɸ�ɪɚɛɨɬɵ�ɹɜɥɹɥɢɫɶ�ɚɧɚɥɢɡ�ɩɨɤɚɡɚɧɢɣ�ɤ�ɩɪɨɜɟɞɟɧɢɸ�ɜɢɬɪɟɤɬɨɦɢɢ�ɩɪɢ�ɩɪɨɥɢɮɟɪɚɬɢɜɧɨɣ�ɞɢɚɛɟɬɢ�
ɱɟɫɤɨɣ�ɪɟɬɢɧɨɩɚɬɢɢ�ɢ�ɢɡɭɱɟɧɢɟ�ɚɧɚɬɨɦɢɱɟɫɤɢɯ�ɢ�ɮɭɧɤɰɢɨɧɚɥɶɧɵɯ�ɪɟɡɭɥɶɬɚɬɨɜ�ɩɪɨɜɟɞɟɧɧɨɣ����JDXJH�SDUV�
SODQD�ɜɢɬɪɟɤɬɨɦɢɢ�

Ɇɚɬɟɪɢɚɥ�ɢ�ɦɟɬɨɞɵ��ɂɡɭɱɟɧɵ�ɪɟɡɭɥɶɬɚɬɵ�ɜɢɬɪɟɤɬɨɦɢɢ�ɧɚ�����ɝɥɚɡɭ������ɛ�ɯ���ɩɪɨɜɟɞɟɧɧɨɣ�ɩɨ�ɩɨɜɨɞɭ�
ɨɫɥɨɠɧɟɧɢɣ�ɩɪɨɥɢɮɟɪɚɬɢɜɧɨɣ� ɞɢɚɛɟɬɢɱɟɫɤɨɣ� ɪɟɬɢɧɨɩɚɬɢɢ� ɜ� ɨɬɞɟɥɟɧɢɢ� ɝɥɚɡɧɵɯ� ɨɫɥɨɠɧɟɧɢɣ� ɫɚɯɚɪɧɨɝɨ�
ɞɢɚɛɟɬɚ�Ⱥɡɟɪɛɚɣɞɠɚɧɫɤɨɝɨ�ɇɚɰɢɨɧɚɥɶɧɨɝɨ�ɐɟɧɬɪɚ�Ɉɮɬɚɥɶɦɨɥɨɝɢɢ�ɢɦ��Ⱥɤɚɞ��Ɂ�Ⱥɥɢɟɜɨɣ�ɜ�����������ɝɨ�
ɞɚɯ��ɀɟɧɳɢɧ�ɛɵɥɨ��������������ɦɭɠɱɢɧ���������������ɍ����ɛɨɥɶɧɵɯ�ɨɩɟɪɚɰɢɹ�ɩɪɨɜɟɞɟɧɚ�ɧɚ�ɨɛɨɢɯ�ɝɥɚɡɚɯ�

Ɋɟɡɭɥɶɬɚɬɵ��ɋɪɟɞɧɢɣ�ɜɨɡɪɚɫɬ�ɛɨɥɶɧɵɯ�ɫɨɫɬɚɜɥɹɥ�����������ɥɟɬ��ɉɨɤɚɡɚɧɢɹɦɢ�ɤ�ɩɪɨɜɟɞɟɧɢɸ�ɜɢɬɪɟɤ�
ɬɨɦɢɢ�ɛɵɥɢ��ɤɪɨɜɨɢɡɥɢɹɧɢɟ�ɜ�ɫɬɟɤɥɨɜɢɞɧɨɟ�ɬɟɥɨ�±����ɝɥɚɡɚ����������ɤɪɨɜɨɢɡɥɢɹɧɢɟ�ɜ�ɫɬɟɤɥɨɜɢɞɧɨɟ�ɬɟɥɨ�
ɜ�ɤɨɦɛɢɧɚɰɢɢ�ɫ�ɬɪɚɤɰɢɨɧɧɨɣ�ɨɬɫɥɨɣɤɨɣ�ɫɟɬɱɚɬɤɢ�±����ɝɥɚɡɚ����������ɬɪɚɤɰɢɨɧɧɚɹ�ɨɬɫɥɨɣɤɚ�ɫɟɬɱɚɬɤɢ�±����
ɝɥɚɡ����������ɬɪɚɤɰɢɨɧɧɨ�ɪɟɝɦɚɬɨɝɟɧɧɚɹ�ɨɬɫɥɨɣɤɚ�ɫɟɬɱɚɬɤɢ±���ɝɥɚɡ���������ɬɹɠɟɥɚɹ�ɮɢɛɪɨɜɚɫɤɭɥɹɪɧɚɹ�ɩɪɨ�
ɥɢɮɟɪɚɰɢɹ�±����ɝɥɚɡ���������ɜɢɬɪɟɨɦɚɤɭɥɹɪɧɚɹ�ɬɪɚɤɰɢɹ������ɝɥɚɡ���������ɚɫɬɟɪɨɢɞɧɵɣ�ɝɢɚɥɨɡ�±���ɝɥɚɡ���������
ɩɪɟɦɚɤɭɥɹɪɧɨɟ�ɤɪɨɜɨɢɡɥɢɹɧɢɟ±���ɝɥɚɡ� �����������ɝɥɚɡ�ɛɵɥɢ�ɚɪɬɢɮɚɤɢɱɧɵɦɢ�ɞɨ�ɨɩɟɪɚɰɢɢ��ɧɚ�����ɝɥɚɡɚɯ�
ɩɪɨɢɡɜɟɞɟɧɚ�ɤɨɦɛɢɧɢɪɨɜɚɧɧɚɹ�ɨɩɟɪɚɰɢɹ�±�ɮɚɤɨɷɦɭɥɶɫɢɮɢɤɚɰɢɹ�ɫ�ɢɦɩɥɚɧɬɚɰɢɟɣ�ɂɈɅ�ɢ�ɜɢɬɪɟɤɬɨɦɢɟɣ�

ɇɚ�����ɝɥɚɡɚɯ���������ɢɡ�����ɨɬɦɟɱɟɧɨ�ɭɥɭɱɲɟɧɢɟ�ɡɪɟɧɢɹ�ɩɨɫɥɟ�ɨɩɟɪɚɰɢɢ��ɋɪɟɞɧɢɣ�ɩɨɤɚɡɚɬɟɥɶ�ɨɫɬɪɨɬɵ�
ɡɪɟɧɢɹ�ɩɨ�/RJ0$5�ɫɧɢɡɢɥɫɹ�ɫ�����������ɞɨ�����������ɩɨɫɥɟ�ɨɩɟɪɚɰɢɢ��ɇɚɢɛɨɥɟɟ�ɱɚɫɬɨ�ɧɚɛɥɸɞɚɸɳɢɟɫɹ�
ɨɫɥɨɠɧɟɧɢɹ�ɩɨɫɥɟ�ɨɩɟɪɚɰɢɢ�ɛɵɥɢ��ɩɨɜɬɨɪɧɨɟ�ɤɪɨɜɨɢɡɥɢɹɧɢɟ�ɜ�ɩɨɥɨɫɬɶ�ɫɬɟɤɥɨɜɢɞɧɨɝɨ�ɬɟɥɚ�ɧɚ����ɝɥɚɡɚɯ�
��������ɪɟɝɦɚɬɨɝɟɧɧɚɹ�ɨɬɫɥɨɣɤɚ�ɫɟɬɱɚɬɤɢ�����ɝɥɚɡ���������ɜɬɨɪɢɱɧɚɹ�ɝɥɚɭɤɨɦɚ�����ɝɥɚɡ���������

Ɂɚɤɥɸɱɟɧɢɟ��Ɏɭɧɤɰɢɨɧɚɥɶɧɵɟ�ɪɟɡɭɥɶɬɚɬɵ�ɢ�ɱɚɫɬɨɬɚ�ɨɫɧɨɜɧɵɯ�ɨɫɥɨɠɧɟɧɢɣ����JDXJH�SDUV�SODQD�ɜɢɬɪɟ�
ɤɬɨɦɢɢ�ɩɪɢ�ɩɪɨɥɢɮɟɪɚɬɢɜɧɨɣ�ɞɢɚɛɟɬɢɱɟɫɤɨɣ�ɪɟɬɢɧɨɩɚɬɢɢ�ɫɨɩɨɫɬɚɜɢɦɵ�ɫ�ɥɢɬɟɪɚɬɭɪɧɵɦɢ�ɞɚɧɧɵɦɢ�ɬɪɚ�
ɞɢɰɢɨɧɧɨɣ���� JDXJH� ɜɢɬɪɟɤɬɨɦɢɢ�ɢ� ɫɜɢɞɟɬɟɥɶɫɬɜɭɸɬ�ɨɛ� ɷɮɮɟɤɬɢɜɧɨɫɬɢ�ɢ� ɨɬɧɨɫɢɬɟɥɶɧɨɣ�ɛɟɡɨɩɚɫɧɨɫɬɢ�
ɭɤɚɡɚɧɧɨɣ�ɬɟɯɧɢɤɢ�ɩɪɢ�ɞɚɧɧɨɣ�ɩɚɬɨɥɨɝɢɢ�
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5(68/76�2)����*$8*(�3$56�3/$1$�9,75(&720<�)25�
&203/,&$7,216�2)�352/,)(5$7,9(�',$%(7,&�5(7,123$7+<

1DWLRQDO�2SKWKDOPRORJ\�&HQWUH�QDPHG�DIWHU�=DULID�$OL\HYD��%DNX��$]HUEDLMDQ

.H\�ZRUGV�����JDXJH�SDUV�SODQD�YLWUHFWRP\��SUROLIHUDWLYH�GLDEHWLF�UHWLQRSDWK\��YLWUHRXV�KHPRUUKDJH��WUDFWLRQDO�
UHWLQDO�GHWDFKPHQW��

6800$5<

$LP��7R�DQDO\VH�LQGLFDWLRQV�WR�YLWUHFWRP\�LQ�SUROLIHUDWLYH�GLDEHWLF�UHWLQRSDWK\�DV�ZHOO�DQDWRPLFDO�DQG�IXQFWLRQDO�
UHVXOWV�RI�SHUIRUPHG����JDXJH�SDUV�SODQD�YLWUHFWRP\��

0DWHULDO� DQG� PHWKRGV�� 5HVXOWV� RI� YLWUHFWRP\� LQ� ���� H\HV� RI� ���� SDWLHQWV�� ZKR� XQGHUZHQW� VXUJHU\� IRU�
FRPSOLFDWLRQV�RI�SUROLIHUDWLYH�GLDEHWLF�UHWLQRSDWK\�LQ�GHSDUWPHQW�RI�GLDEHWLF�H\H�GLVHDVHV�LQ�1DWLRQDO�2SKWKDOPRORJ\�
&HQWUH� QDPHG� DIWHU�=DULID�$OL\HYD� LQ� �����������ZHUH� DQDO\VHG��$PRQJ�SDWLHQWV�� IHPDOHV�ZHUH� ���� ���������
PDOHV������������������SDWLHQWV�KDG�ELODWHUDO�VXUJHU\�

5HVXOWV��0HDQ�DJH�RI�SDWLHQWV�DW�WKH�WLPH�RI�VXUJHU\�ZDV�����������\HDUV��,QGLFDWLRQV�IRU�YLWUHFWRP\�LQFOXGHG��
YLWUHRXV�KHPRUUKDJH�±����H\HV����������YLWUHRXV�KHPRUUKDJH�LQ�FRPELQDWLRQ�ZLWK�WUDFWLRQDO�UHWLQDO�GHWDFKPHQW�±�
���H\HV����������WUDFWLRQDO�UHWLQDO�GHWDFKPHQW�±����H\H����������WUDFWLRQDO�UKHJPDWRJHQRXV�UHWLQDO�GHWDFKPHQW�±���
H\HV���������VHYHUH�¿EURYDVFXODU�SUROLIHUDWLRQ�±����H\HV���������YLWUHRPDFXODU�WUDFWLRQ������H\HV���������DVWHURLG�
K\DORVLV�±���H\HV���������SUHPDFXODU�KHPRUUKDJH�±���H\HV������������H\HV�ZHUH�SVHXGRSKDNLF�SUHRSHUDWLYHO\��DQG�
LQ�����H\HV�FRPELQHG�SKDFR��,2/�LPSODQWDWLRQ�DQG�YLWUHFWRP\�VXUJHU\�ZDV�SHUIRUPHG�

9LVXDO�DFXLW\�LPSURYHG�LQ�����H\HV���������RXW�RI������0HDQ�/RJ0$5�DFXLW\�KDV�FKDQJHG�IURP�����������WR�
����������DIWHU�VXUJHU\��0RVW�FRPPRQ�FRPSOLFDWLRQV�SRVWRSHUDWLYHO\�ZHUH��UHFXUUHQW�YLWUHRXV�KHPRUUKDJH�LQ����
H\HV���������UKHJPDWRJHQRXV�UHWLQDO�GHWDFKPHQW�����H\HV���������VHFRQGDU\�JODXFRPD�����H\HV���������

&RQFOXVLRQ�� )XQFWLRQDO� UHVXOWV� DQG� IUHTXHQF\�RI�PDLQ� FRPSOLFDWLRQV� DIWHU� ���JDXJH�SDUV� SODQD�YLWUHFWRP\�
IRU�SUROLIHUDWLYH�GLDEHWLF� UHWLQRSDWK\�DUH�FRPSDUDEOH�ZLWK� WKRVH�RI�FRQYHQWLRQDO����JDXJH�YLWUHFWRP\�GDWD�DQG�
FRQ¿UPV�HI¿FDF\�DQG�VDIHW\�RI����JDXJH�YLWUHFWRP\�IRU�PHQWLRQHG�GLVHDVH�

.RUUHVSRQGHQVL\D��o�Q�

.ԥULPRY� 0�ú¿T� øVUD¿O� R÷OX�� WLEE� HOPOԥUL� QDPL]ԥGL�� DNDGHPLN� =ԥULIԥ� ԤOL\HYD� DGÕQD� 0LOOL� 2IWDOPRORJL\D�
0ԥUNԥ]LQLQ�úԥNԥUOL�GLDEHWLQ�J|]�IԥVDGODUÕ�Yԥ�YLWUHRUHWLQDO�FԥUUDKL\\ԥ�ú|EԥVLQLQ�UԥKEԥUL

hQYDQ��$=������%DNÕ�ú���&DYDG[DQ�N�o��������
7HO���������������������������������
(�PDL��DGPLQLVWUDWRU#H\H�D]��KWWS��»»ZZZ�H\H�D]���PXVK¿NN#PDLO�UX
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