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(QGRVNRSLN UHWURJUDG NRODQMLRSDQNUHDWRJUDIL
�(5.3� SDQNUHDV YH VDIUD \ROX KDVWDOÕNODUÕQGD
WDQÕ YH WHGDYL DPDoOÕ VÕN NXOODQÕODQ
\|QWHPOHUGLU� (QGRVNRSLN JLULúLP VÕUDVÕQGD ED]Õ
VRUXQODU RODELOHFH÷L JLEL NROHGRN NDQ�ODV\RQX
YH HQGRVNRSLN VILQNWHURWRPL VÕUDVÕQGD GD GDKD
\�NVHN RUDQODUGD VRUXQODU YH NRPSOLNDV\RQODUOD
NDUúÕODúÕODELOPHNWHGLU� .DUúÕODúÕODQ NRPSOLNDV�
\RQODU FHUUDKL X\JXODPDODUD J|UH GDKD D] ROVD
GD J|]DUGÕ HGLOHPH\HFHN G�]H\GHGLU�

%X oDOÕúPDGD WDQÕ YH WHGDYLGH (5.3
NRPSOLNDV\RQODUÕ GH÷HUOHQGLULOPLúWLU�
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øQ|Q� hQLYHUVLWHVL� 7ÕS )DN�OWHVL�

*DVWURHQWHURORML %LOLP 'DOÕ¶QD P�UDFDDW HGHQ
\D GD NRQV�OWH HGLOHQ YH GDKD VRQUD (5.3
X\JXODQDQ KDVWDODU GH÷HUOHQGLULOGL� %X V�UH
LoHULVLQGH WRSODP ��� ROJX\D (5.3 X\JXODPD
JLULúLPLQGH EXOXQXOGX� 2OJXODUÕPÕ]ÕQ \DúODUÕ ���
�� DUDVÕQGD EXOXQXUNHQ \Dú RUWDODPDVÕ ��±��
RODUDN VDSWDQGÕ� 2OJXODUÕPÕ]ÕQ ���¶� NDGÕQ ���¶L
HUNHNWL� (5.3 JLULúLPOHUL LoLQ )XMLQRQ )' ����
;/�� NRQYDQVL\RQHO YH 2O\PSXV 7-) ��� YLGHR
GXRGHQRVNRSODUÕ NXOODQÕOGÕ� *LULúLP |QFHVLQGH
KDVWDODU KDVWDQH\H \DWÕUÕODUDN ELU J�Q
|QFHVLQGHQ SURIODNWLN DQWLEL\RWLN YH LúOHP
VÕUDVÕQGD SUHPHGLNDV\RQ LoLQ WRSLNDO OLGRFDLQ�
,9 PLGD]RODP LOH EXW\OVFRSRODPLQH X\JXODQGÕ�
7RSODP ��� ROJX\D oR÷X ELU NH] ROPDN �]HUH
��� NH] ����±���� (5.3 X\JXODQGÕ� ���
ROJXQXQ ���¶�QGH HQGRVNRSLN NODVLN
VILQNWHURWRPL� ��� ROJXGD |Q NHVL YH
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$PDo� %X oDOÕúPD HQGRVNRSLN UHWURJUDG NRODQMLRSDQNUHWRJUDIL �(5.3� NRPSOLNDV\RQ�
ODUÕQÕ KDVWDODUGD GH÷HUOHQGLUPHN �]HUH SODQODQGÕ�
0HWRW� (5.3 NRPSOLNDV\RQODUÕQÕ DUDúWÕUPDN LoLQ ��������� WDULKOHUL DUDVÕQGDNL W�P
HQGRVNRSLN LQFHOHPHOHU GH÷HUOHQGLULOGL�
%XOJXODU� 7RSODP ��� KDVWDGD ��� NH] JLULúLP X\JXODQGÕ� JHQHO NRPSOLNDV\RQ RUDQÕ
�� �Q� ��� YH PRUWDOLWH ���� �Q� �� RODUDN EXOXQGX� (Q VÕN NRPSOLNDV\RQ WDQÕVDO (5.3
VRQUDVÕ SDQNUHDWLW YH NRODQMLW �� �Q� ���� HQGRVNRSLN VILQNWHURWRPL VRQUDVÕ NDQDPD
���� �Q� ��� RUDQÕQGD EXOXQGX�
6RQXo� %XOXQDQ NRPSOLNDV\RQ RUDQODUÕQÕQ WHGDYL DPDoOÕ ELOL\HU JLULúLPOHUGH PDNXO RO�
GX÷X V|\OHQHELOLU�

$QDKWDU NHOLPHOHU� (5.3� NRPSOLNDV\RQ� HQGRVNRSL� WHGDYL

(QGRVNRSLF UHWURJUDGH FKRODQJLRSDQFUHDWRJUDSK\ FRPSOLFDWLRQV

 
2EMHFWLYH� 7KH DLP RI WKLV VWXG\ ZDV WR UHYLHZ WKH FRPSOLFDWLRQV RI HQGRVFRSLF
UHWURJUDGH FKRODQJLRSDQFUHDWRJUDSK\ �(5&3� LQ WKH SDWLHQWV�
0HWKRG� 7R HYDOXDWH WKH IUHTXHQF\ RI FRPSOLFDWLRQV DVVRFLDWHG ZLWK GLDJQRVWLF DQG
WKHUDSHXWLF (5&3� DOO HQGRVFRSLF SURFHGXUHV IURP ���� WR ���� ZHUH UHWURVSHFWLYHO\
UHYLHZHG�
5HVXOWV� $ WRWDO RI ��� SURFHGXUHV ZHUH SHUIRUPHG RQ ��� SDWLHQWV� 2YHUDOO FRPSOL�
FDWLRQ ZDV �� �Q� ��� DQG PRUWDOLW\ ZDV ���� �Q� ��� 3DQFUHDWLWLV DQG FKRODQJLWLV
ZHUH WKH PRVW FRPPRQ FRPSOLFDWLRQ DIWHU GLDJQRVWLF (5&3 ZLWK D UDWH RI �� �Q� ���
DQG EOHHGLQJ DIWHU HQGRVFRSLF VSKLQFWHURWRP\ ZLWK D UDWH RI � � �Q� ����
&RQFOXVLRQV� 7KHVH FRPSOLFDWLRQ UDWHV FDQ EH VDLG UHDVRQDEOH IRU ELOLDU\ WKHUDSHXWLF
LQWHUYHQWLRQV�

.H\ ZRUGV� (5&3� FRPSOLFDWLRQV� HQGRVFRSLF� WUHDWPHQW
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VRQUDVÕQGD NODVLN VILQNWHURWRPL X\JXODQGÕ�
7RSODP RODUDN ROJXODUÕPÕ]ÕQ ���¶XQGD �����
HQGRVNRSLN VILQNWHURWRPL X\JXODQPÕú ROGX�
(QGRVNRSLN JLULúLP |QFHVL ELU GDNLND V�UHGH
LQI�]\RQ LOH X\JXODQDQ �o PJ PLGD]RODP LOH ELU
ROJXGD DúÕUÕ DMLWDV\RQ JHOLúPHVL� ELU ROJXGD GD
VROXQXP GHSUHV\RQX JHOLúPHVL QHGHQL\OH LúOHP
HUWHOHQHUHN IOXPD]HQLO X\JXODQGÕ� %X ROJXODU
GDKD VRQUD DOÕQDUDN EDúND VHDQVWD GDKD
GLNNDWOL WLWUHOHUGH PHSHULGLQ LOH VHGDV\RQODUÕ
VD÷ODQGÕ� (QGRVNRSLN JLULúLP VÕUDVÕQGD LNL
ROJXGD HQGRVNRSXQ ODULQNVH GH÷PHVL\OH ROXúDQ
NÕVD V�UHOL GLVSQH YH VL\DQR] QHGHQL\OH
JLULúLPOHU RQ GDNLND HUWHOHQHUHN GDKD GLNNDWOL
HQGRVNRSL X\JXODQGÕ� %LOOURWK ,, RSHUDV\RQX
JHoLUPLú ELU ROJXGD HQGRVNRSLN JLULúLP
VÕUDVÕQGD N|U OXS SHUIRUDV\RQX JHOLúWL� %X
ROJXQXQ SHUIRUDV\RQX JLULúLP VÕUDVÕQGD VNRSL
DOWÕQGD WHVSLW HGLOHUHN DFLO FHUUDKL X\JXODQGÕ
�7DEOR ��� (QGRVNRSLN VILQNWHURWRPL X\JXODPD�
ODUÕ VÕUDVÕQGD RQ ROJXGD NDQDPD J|U�OG�� <HGL
ROJXGD WUDQVI�]\RQ JHUHNOLOL÷L ROPDGÕ� ELU
ROJXGD LVH LNL �QLWH WUDQVI�]\RQ VRQUDVÕQGD
NDQDPDQÕQ NHQGLOL÷LQGHQ GXUGX÷X J|U�OG�� øNL
ROJXGD LVH GDKD |QFH (5.3 \DSÕOPÕú� Q�NV WDú
YH RGGL VWHQR]X QHGHQL\OH WHNUDU VILQNWHURWRPL
JHUHNPLúWL� %X ROJXODUÕQ WDNLSOHULQGH �� VDDW
LoLQGH EHú �QLWH WUDQVI�]\RQD UD÷PHQ
NDQDPDQÕQ V�UPHVL VRQXFXQGD FHUUDKL RODUDN
WHGDYLVLQH NDUDU YHULOGL� &HUUDKL X\JXODQDQ
ROJXODUGDQ ELULVL SRVWRSHUDWLI SDQNUHDV ILVW�O�
YH VHSVLV QHGHQL\OH ND\EHGLOGL� 2OJXODUÕPÕ]ÕQ
RQXQGD (5.3 VRQUDVÕ EHOLUJLQ NRODQMLW DWD÷Õ
J|U�OG�� %X ROJXODUÕPÕ]GDQ �o�QGH �o J�Q�
ELULQGH \HGL J�Q V�UH LOH EHOLUJLQ HQIHNVL\RQ
WDEORVX V�UHUNHQ DQWLEL\RWLN WHGDYLOHUL LOH
G�]HOPHOHUL VD÷ODQGÕ� %LU ROJXGD WDú YH
NRODQMLWH ED÷OÕ VHSVLV WDEORVX (5.3 VRQUDVÕ

G�]HOPH\HUHN GHYDP HWWL� %X ROJXGD
DQWLEL\RWLN WHGDYLVL YH ROXúDQ LQWUDDEGRPLQDO
DSVHQLQ SHUNXWDQ WHGDYLVLQH UD÷PHQ KDVWD RQ
J�Q VRQXQGD ND\EHGLOGL� (5.3 X\JXODQDQ
KDVWDODUGDQ DOWÕVÕQGD NOLQLN YH ODERUDWXYDU
RODUDN SDQNUHDWLW WDEORVX ROXúXUNHQ VDGHFH ELU
ROJXGD úLND\HWOHU �� VDDW V�UG��

7�P ROJXODUGD SDQNUHDWLW WDEORVX NHQGLQL
VÕQÕUOD\DUDN L\LOHúWL YH HN WHGDYL\H JHUHN
NDOPDGÕ� 2OJXODUÕPÕ]GDQ �o�QGH HQGRVNRSLN
VILQNWHURWRPL\H ED÷OÕ UHWURSHULWRQ SHUIRUDV\RQX
ROXúWX� ELU ROJX PHGLNDO WHGDYLGHQ ID\GD
J|U�UNHQ� ELU ROJX PHGLNDO WHGDYL\OH
L\LOHúPH\HUHN FHUUDKL X\JXODQGÕ YH PRUWDOLWH
ROPDGÕ� UHWURSHULWRQ SHUIRUDV\RQX RODQ GL÷HU
ROJXGD NURQLN E|EUHN \HWPH]OL÷L YH VHSVLV
QHGHQL\OH FHUUDKL X\JXODQDPDGÕ�PRUWDOLWH LOH
VRQXoODQGÕ� øNL ROJXGD EDVNHW NXOODQÕPÕ
VÕUDVÕQGD NROHGRNWD WDú LOH EHUDEHU EDVNHW
WDNÕOPDVÕ ROGX EX ROJXODUGDQ ELULVLQGH
HQGRVNRSLN OLWRWULSVL EDúDUÕOÕ ROXUNHQ GL÷HULQGH
EDVNHW LoHULGH EÕUDNÕODUDN �o VHDQV Y�FXW
GÕúÕQGDQ úRN GDOJD OLWRWULSVL �(6:/�
X\JXODQDUDN WDú NÕUÕOGÕ� EDVNHW oÕNDUÕOGÕ �7DEOR
���

7$57,ù0$

&HUUDKL\H J|UH GDKD D] PRUELGLWH YH
PRUWDOLWH\OH VRQXoODQPDVÕQD UD÷PHQ (5.3
VÕUDVÕQGD GD NRPSOLNDV\RQODU RODELOPHNWHGLU�
6HGDV\RQ \D GD HQGRVNRSLN JLULúLPLQ NHQGLVLQH
DLW NDUGL\DN VRUXQODU� DVSLUDV\RQ SQ|PRQLOHUL
ROXúDELOLUNHQ� (5.3 VÕUDVÕQGD HQ oRN NRUNXODQ
NRPSOLNDV\RQODU VILQNWHURWRPL LOH ROXúXU��*HQLú
VHULOHUGH (5.3 YH WHGDYL VÕUDVÕQGD HQ VÕN
J|U�OHQ NRPSOLNDV\RQODU NDQDPD YH

7DEOR �� (5.3 YH JLULúLP VÕUDVÕQGD NDUúÕODúÕODQ HUNHQ G|QHP NRPSOLNDV\RQODU �Q� �����

.RPSOLNDV\RQODU &HUUDKL 0RUWDOLWH

7RSODP +DILI 2UWD $÷ÕU
3DQNUHDWLW �� �� ���� �� � � � �
.RODQMLW �� �� ���� � � � � � �� ����
.DQDPD �� �� ���� � � � � �� ���� � �� ����
5HWURSHULWRQ
SHUIRUDV\RQX

� �� ���� � � � � �� ���� � �� ����

%DVNHW WDNÕOPDVÕ � ������ � � � � �

7DEOR �� (5.3 LúOHPL LoLQ HQGRVNRSL VÕUDVÕQGD NDUúÕODúÕODQ NRPSOLNDV\RQODU �Q� �����

.RPSOLNDV\RQODU &HUUDKL 0RUWDOLWH

0LGD]RODP GX\DUOÕOÕ÷Õ � �� ���� � �
/DULQNV LULWDV\RQX � �� ���� � �
'XGHQXP SHUIRUDV\RQX �LQWUDSHULWRQ� � �� ���� � �� ���� �
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SDQNUHDWLWH ED÷OÕGÕU� (QGRVNRSLN VILQNWHURWR�
PL\H ED÷OÕ NRPSOLNDV\RQODU LVH \DNODúÕN RODUDN
� ��� EX KDVWDODUGD LVH PRUWDOLWH � � RODUDN
ELOGLULOPHNWHGLU����

1LVSHWHQ VÕN ELU NRPSOLNDV\RQ RODQ NDQDPD
oHúLWOL YHULOHUGH � ����� DUDVÕQGD YHULOLUNHQ
PRUWDOLWHVL LVH � ��� NDGDUGÕU���� ���� ROJXOXN
ELU VHULGH NDQDPD VD\ÕVÕ �� �� ����� EXQODUGD
WUDQVI�]\RQ DOWÕ YDND ������ YH FHUUDKL
JHUHNVLQLPL ELU YDND ������ RODUDN YHULOPLúWLU��

.DQDPD VILQNWHURWRPLQLQ KHPHQ VRQUDVÕ
EHOLUJLQ KDOH JHOHELOLUVH GH VDDWOHU KDWWD J�QOHU
VRQUD GD RUWD\D oÕNDELOLU� *LULúLP |QFHVL
NDQDPD YH SÕKWÕODúPD V�UHOHULQH EDNÕOPDVÕ
ID\GDOÕGÕU� $VSLULQ YH 16$, LODoODU WURPERVLW
IRQNVL\RQODUÕQÕ ER]VDODU GD NHVLQ NRQWUHQGLNH
ROGXNODUÕQD GDLU YHUL \RNWXU� 6ILQNWHURWRPL
VÕUDVÕQGD ULVN� NRQWUROV�] YH X]XQ NHVLOHUGHQ
VRQUD DUWPDNWDGÕU� g]HOOLNOH VILQNWHURWRPLQLQ
GDKD VRQUDNL VHDQVODUGD JHQLúOHWLOPHVL� HVNL
VILQNWHURWRPLOL ROJXODU \D GD ILEURWLN SDSLOOHUGH
NDQDPD DoÕVÕQGDQ VRUXQ RODELOPHNWHGLU�
%HOLUJLQ NDQDPD RUWD\D oÕNWÕ÷ÕQGD oR÷X NH]
HQGRVNRSLN J|U�QW� DúÕUÕ NDQDPD\D ED÷OÕ
RODUDN D]DOÕU� (QGRVNRSLN JLULúLP V|] NRQXVX
RODELOLUVH DGUHQDOLQ LOH HQMHNVL\RQ WHGDYLVL \D GD
EDORQ WDPSRQDG X\JXODQDELOLU� $QMLRJUDIL YH
HPEROL]DV\RQ� ELU GL÷HU WHGDYL \|QWHPL
ROPDVÕQD UD÷PHQ SUDWLNWH NXOODQÕPÕ D]GÕU YH
\HWHUOL YHUL \RNWXU� 2SHUDV\RQ� PHGLNDO \D GD
HQGRVNRSLN EDúDUÕVÕ]OÕN ROGX÷XQGD NXOODQÕOÕU�
KDVWD VHoLPL ]RU ROPDVÕQD UD÷PHQ ROJXODU
JHQHO GXUXPODUÕ ER]XOPDGDQ |QFH YHULOPHOLGLU�
6DGHFH VILQNWHULQ V�W�UH HGLOPHVL ELOH NDQDPD
NRQWURO�QGH ROGXNoD L\L VRQXoODUD VDKLSWLU����

(5.3 VRQUDVÕ SDQNUHDWLW ROXúDELOLU YH EX ULVN
VILQNWHURWRPL VRQUDVÕ DUWDU� (5.3 VÕUDVÕQGDNL
NXOODQÕODQ RSDN PDGGH KLGURVWDWLN HWNLOHUL LOH HQ
E�\�N ULVNL ROXúWXUXU� %HOLUJLQ EDNWHUL
NRORQL]DV\RQX \RNWXU� DQFDN D÷ÕU GXUXPODUGD
QR]RNRPLDO DMDQODU WHVSLW HGLOHELOLU� %X
NRPSOLNDV\RQX |QOH\HELOPHN LoLQ L\RQLN
ROPD\DQ L]RNRQWUDVW PDGGHOHU WHUFLK HGLOPHOL�
SDQNUHDV NDQDOÕQÕQ NRDJ�ODV\RQXQGDQ
NDoÕQÕOPDOÕ� ULVNOL GXUXPODUGD SDQNUHDV NDQDOÕQD
VWHQW \HUOHúWLULOPHOLGLU� 3DQNUHDWLW ROXúWX÷XQGD
EX WDEOR JHQHOOLNOH ELUNDo J�Q LoHULVLQGH
NHQGLOL÷LQGHQ L\LOHúLU� &LGGL GXUXPODUGD
SHUIRUDV\RQ� VÕYÕ ELULNLPL \D GD DQDHURE
HQIHNVL\RQODU \|Q�QGHQ DUDúWÕUPDN DPDFÕ\OD
ELOJLVD\DUOÕ WRPRJUDIL oHNLOPHOLGLU������

(5.3 VÕUDVÕQGD |]HOOLNOH %LOOURWK ,, RSHUDV\RQX
JHoLUHQ ROJXODUGD HQGRVNRSLN JLULúLPLQ
NHQGLVLQH ED÷OÕ RODUDN GXRGHQXP SHUIRUDV\RQX
ROXúDELOLU� ,QWUDSHULWRQHDO ROXúDQ EX W�U
SHUIRUDV\RQODU \DQ J|U�úO� HQGRVNRSODUÕQ
NXOODQÕPÕ VÕUDVÕQGD ROXúPDNWDGÕU� 6ILQNWHURWRPL
LOH ROXúDQ UHWURSHULWRQHDO SHUIRUDV\RQODU
JHQHOOLNOH � �¶GHQ GDKD D] RUDQGDGÕU�
6ILQNWHURWRPL VRQUDVÕ ROXúDQ FLGGL D÷UÕODUGD
|]HOOLNOH DPLOD] ID]OD \�NVHN GH÷LO LVH
ú�SKHOHQLOPHOLGLU� %X GXUXPGD HQ L\L WDQÕ
\|QWHPL ELOJLVD\DUOÕ WRPRJUDILGLU� %LOOURWK ,,
JDVWUHNWRPLOHUGH YH SHULDPSXOOHU GLYHUWLN�OHUGH
VILQNWHURWRPL ULVNOL J|]�NVH GH EX GXUXP NHVLQ
RODUDN RUWD\D NRQDPDPÕúWÕU���� 3HUIRUDV\RQ
ROXúDQ KDILI ROJXODUGD QD]RELOL\HU GUHQDM
X\JXODQPDVÕ VDIUDGDQ GROD\Õ ROXúDFDN
UHWURSHULWRQ NRQWDPLQDV\RQ ULVNLQL D]DOWDFDNWÕU�
$\UÕFD JHQHO GXUXPX L\L YH NROHVWDWLN VRUXQODUÕ
o|]�OHQ KDVWDODUGD FHUUUDKL WHGDYL\H JHUHN
NDOPDGDQ PHGLNDO WHGDYL LOH L\LOHúPH
VD÷ODQDELOPHNWHGLU� (5.3 VRQUDVÕQGD |]HOOLNOH
WÕNDOÕ VDIUD \ROX YH HQIHNVL\RQX RODQODUGD FLGGL
NRODQMLW RUWD\D oÕNDELOPHNWHGLU� %X GXUXPODUGD
SURILODNWLN DQWLEL\RWLN X\JXODPDVÕ |QHULOPHN�
WHGLU�

1DGLU ELU NRPSOLNDV\RQ RODUDN� |]HOOLNOH E�\�N
WDúODUGD EDVNHW WDNÕOPDVÕ J|U�OHELOPHNWHGLU� %X
GXUXPGD OLWRWULSVL X\JXODPDODUÕ EDúDUÕVÕ] ROXUVD
FHUUDKL WHGDYL X\JXODQPDNWDGÕU��

(5.3 VRQUDVÕ X]XQ V�UHOL WDNLSOHUGH ED]Õ
NRPSOLNDV\RQODU J|U�OHELOPHNWHGLU� (QGRVNRSLN
VILQNWHURWRPL VRQUDVÕ � ���� RUDQÕQGD FLGGL
ROPD\DQ VILQNWHU VWHQR]X ROXúPDNWDGÕU�
5HN�UUHQ NROHGRN WDúODUÕ -DSRQODUD DLW ELU
oDOÕúPD JUXEXQGD � \ÕO VRQUD � ���� RUDQÕQGD
ELOGLULOPHNWHGLU��

��� ROJXGD FHUUDKL JHUHNVLQLP RODQ G|UW
������ NRPSOLNDV\RQ L]OHQGL� %X ROJXODUGDQ
ELULQGH YH FHUUDKL X\JXODQPD\DQ LNL ROJXGD
PRUWDOLWH J|U�OG� �� ����� &HUUDKL JHUHNVLQLP
RODQ NDQDPDOÕ KDVWDODUÕQ KHU LNLVLQLQ GH HVNL
(5.3 YH VILQNWHURWRPL \DSÕOPÕú KDVWDODU ROPDVÕ
GLNNDW oHNLFL\GL� (QGRVNRSLN JLULúLPLQ NHQGLVLQH
DLW SHULWRQ SHUIRUDV\RQXQXQ %LOOURWK ,,
JDVWUHNWRPLOL KDVWDGD ROPDVÕ D\UÕFD GLNNDW
oHNLFLGLU� %X W�U NRPSOLNDV\RQODUÕQ ROPDVÕ
QHGHQL\OH� EX ROJXODUGD JLULúLPLQ |Q J|U�úO�
HQGRVNRSODUOD \DSÕOPDVÕQÕ |QHUHQOHU GH YDUGÕU�
2OJXODUÕPÕ]GD KHQ�] WDP DQODPÕ\OD X]XQ
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WDNLSOHULQLQ ROPD\ÕúÕ QHGHQL\OH VILQNWHURWRPL
VRQUDVÕ UHVWHQR]ODUÕQ RUDQÕQÕ YHUHELOPHN LoLQ GH
HUNHQGLU� 7�P ROXúDELOHFHN NRPSOLNDV\RQODUÕQ
\DQÕQGD (5.3 KDOHQ G�ú�N PRUELGLWH YH
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