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1. Inleiding

'LHSWHJHJHYHQV ]LMQ RQRQWEHHUOLMN YRRU DGHTXDDW EHOHLG HQ EHKHHU YDQ
GH 1HGHUODQGVH NXVW� 7KDQV ZRUGHQ GH]H JHJHYHQV LQJHZRQQHQ PHW
EHKXOS YDQ �VLQJOH RI PXOWL EHDP� HFKRORRG YDQDI VFKHSHQ� 'LW YHUJW
YHHO SHUVRQHOH HQ ILQDQFLsOH LQVSDQQLQJ� 5LMNVZDWHUVWDDW KHHIW GDDURP
DO JHUXLPH WLMG EHODQJVWHOOLQJ YRRU QLHXZH PHHWPHWKRGHV RP
LQIRUPDWLH RYHU GH OLJJLQJ YDQ GH ]HHERGHP RS HIILFLsQWHUH ZLM]H WH
YHUJDUHQ�

+HW %DWK\PHWU\ $VVHVVPHQW 6\VWHP �%$6� LV ]R
Q PHWKRGH� +HW %$6 LV
HHQ ]RJHQDDPG LQWHJUDDO ZDDUQHPLQJVV\VWHHP� 'LHSWHNDDUWHQ
ZRUGHQ YHUYDDUGLJG RS EDVLV YDQ UDGDUEHHOGHQ RSJHQRPHQ YDQXLW
HHQ VDWHOOLHW �RI HHQ YOLHJWXLJ�� ZLVNXQGLJH PRGHOOHQ HQ HHQ EHSHUNW
DDQWDO HFKRORGLQJHQ�

+HW %$6 OLMNW YRRUDO EUXLNEDDU YRRU PRQLWRULQJVORGLQJHQ �YDNORGLQJHQ
HQ NXVWORGLQJHQ�� 'H]H YHUZDFKWLQJ LV JHEDVHHUG RS HHQ DDQWDO
GHPRQVWUDWLHV GLH LQ GH DIJHORSHQ MDUHQ PHW KHW %$6 ]LMQ YHUULFKW�
2QWZLNNHOLQJ YDQ KHW KXLGLJH %$6 WRW HHQ RSHUDWLRQHHO V\VWHHP
ELQQHQ 5LMNVZDWHUVWDDW �5:6%$6� YHUJW QRJ HHQ IOLQNH LQVSDQQLQJ�
9RRUGDW HHQ GHUJHOLMNH RQWZLNNHOLQJ NDQ ZRUGHQ JHVWDUW GLHQW HU
ELQQHQ 5LMNVZDWHUVWDDW FRQVHQVXV WH EHVWDDQ RYHU GH HLVHQ ZDDUDDQ
5:6%$6 PRHW YROGRHQ� (HQ GHUJHOLMNH FRQVHQVXV NDQ DOOHHQ GDQ
ZRUGHQ EHUHLNW ZDQQHHU DOOH EHWURNNHQHQ RYHU YROGRHQGH LQIRUPDWLH
EHVFKLNNHQ�

'H]H LQIRUPDWLH LV ZHOLVZDDU EHVFKLNEDDU� GRFK YHUVSUHLG RYHU HHQ
JURRW DDQWDO UDSSRUWHQ� ZDDUYDQ HHQ DDQWDO LQ KHW (QJHOV JHVFKUHYHQ
LV� %RYHQGLHQ EHYDWWHQ GH UDSSRUWHQ YHHO GRXEOXUHV� ]RDOV
ELMYRRUEHHOG GH EHVFKULMYLQJ YDQ KHW %$6� +LHUGRRU LV KHW PRHLOLMN HHQ
RPYDWWHQG EHHOG WH YHUNULMJHQ RYHU GH PRJHOLMNKHGHQ HQ EHSHUNLQJHQ
YDQ KHW %$6� 'LW UDSSRUW EHRRJW GDQ RRN RP GH LQIRUPDWLH XLW GH
GLYHUVH UDSSRUWHQ WH EXQGHOHQ� +HW JDDW YRRUDO LQ RS GH WHFKQLVFK�
LQKRXGHOLMNH NDQW YDQ GH ]DDN� (U ZRUGW ZHLQLJ DDQGDFKW EHVWHHG DDQ
NRVWHQ�EDWHQ HQ RUJDQLVDWRULVFKH DVSHFWHQ� +LHUYRRU ZRUGW YHUZH]HQ
QDDU GH GHILQLWLHVWXGLH >-DJHU HQ /DQGD� ����@�

+RRIGVWXN � JHHIW HHQ RYHU]LFKW YDQ GH RQWZLNNHOLQJHQ GLH KHEEHQ
JHOHLG WRW GH KXLGLJH YHUVLH YDQ KHW %$6� 'H]H SRJLQJ WRW
JHVFKLHGVFKULMYLQJ LV QLHW HVVHQWLHHO YRRU EHRRUGHOLQJ YDQ GH
PRJHOLMNKHGHQ HQ EHSHUNLQJHQ YDQ KHW %$6� PDDU WRRQW ZHO DDQ GDW
KHW %$6 KHW SURGXNW YDQ HHQ ODQJORSHQGH RQWZLNNHOLQJ LV�

,Q KRRIGVWXN � ZRUGW VWDS YRRU VWDS GH ZHUNLQJ YDQ KHW %$6
JHVFKHWVW� (U ZRUGW KLHU YULM GLHS LQJHJDDQ RS GH I\VLFD DFKWHU KHW
EHHOGYRUPHQG PHFKDQLVPH HQ GH ZLVNXQGLJH LGHHsQ DFKWHU KHW %$6�
HFKWHU ]RQGHU JHEUXLN WH PDNHQ YDQ IRUPXOHV� ,Q KHW ELM]RQGHU ZRUGW
HHQ DDQWDO WHFKQLVFKH WHUPHQ JHGHILQLHHUG� 2RN GLW KRRIGVWXN LV QLHW
HVVHQWLHHO YRRU EHRRUGHOLQJ YDQ GH PRJHOLMNKHGHQ HQ EHSHUNLQJHQ YDQ
KHW %$6� +HW EHRRJW HFKWHU ZHO ELM WH GUDJHQ DDQ HHQ EHWHU EHJULS
ZDDURP KHW KXLGLJH %$6 EHSDDOGH EHSHUNLQJHQ KHHIW�

+RRIGVWXN � JHHIW HHQ RYHU]LFKW YDQ DOOH GHPRQVWUDWLHV GLH WRW GXVYHU
YRRU 5LMNVZDWHUVWDDW� YRRU GH %HOHLGVFRPPLVVLH 5HPRWH 6HQVLQJ
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�%&56� RI YRRU GH (XURSHVH *HPHHQVFKDS �(*� ]LMQ JHKRXGHQ� 9DQ
LHGHUH GHPRQVWUDWLH ZRUGHQ GH YROJHQGH NHQPHUNHQ JHPHOG�
� QDDP YDQ KHW SURMHFW HQ GH RSGUDFKWJHYHU�V��
� ORFDWLH HQ DDUG YDQ KHW JHELHG ZDDU KHW SURMHFW SODDWV YRQG�
� GH JHYROJGH ZHUNZLM]H�
� GH EHKDDOGH UHVXOWDWHQ� LQ KHW ELM]RQGHU GH QDXZNHXULJKHLG YDQ

GH GLHSWHVFKDWWLQJHQ�
� HYHQWXHOH ELM]RQGHUKHGHQ�
� EHVFKLNEDUH UDSSRUWDJHV�
'H EHODQJULMNVWH NHQPHUNHQ ]LMQ QRJ HHQV VDPHQJHYDW LQ HHQ WDEHO�
+RRIGVWXN � ODDW ]LHQ KRH LQ GH ORRS YDQ GH WLMG GH QDXZNHXULJKHLG
YDQ KHW %$6 YHUEHWHUW HQ KHW WRHSDVVLQJVJHELHG JURWHU ZRUGW�

,Q KRRIGVWXN � ZRUGW HHQ RYHU]LFKW JHJHYHQ YDQ GH KXLGLJH
PRJHOLMNKHGHQ HQ RQPRJHOLMNKHGHQ YDQ KHW %$6� (HQ DDQWDO YDQ GH
WKDQV JHOGHQGH EHSHUNLQJHQ NDQ LQ SULQFLSH ZRUGHQ YHUEHWHUG� (U
ZRUGW GDDURP LQJHJDDQ RS GH UHVXOWDWHQ YDQ DFKWHUJURQGVRQGHU]RHN
GDW LQ (XURSHHV NDGHU ZRUGW XLWJHYRHUG� 7HQVORWWH ZRUGW DDQJHJHYHQ
RS ZHONH SXQWHQ KHW %$6 YHUGHU YHUEHWHUG NDQ ZRUGHQ�

(HQ DDQWDO DINRUWLQJHQ HQ EHJULSSHQ ZRUGHQ VDPHQJHYDW LQ
KRRIGVWXN ��

+RRIGVWXNNHQ � HQ � YRUPHQ KHW PHHVW EHODQJULMNH GHHO YDQ GLW
UDSSRUW� 2S EDVLV YDQ KHW PDWHULDDO LQ KRRIGVWXNNHQ � HQ � ZRUGW
JHFRQFOXGHHUG GDW KHW %$6 TXD QDXZNHXULJKHLG EUXLNEDDU LV YRRU
LQ]HW ELM PRQLWRULQJVORGLQJHQ �YDNORGLQJHQ HQ NXVWORGLQJHQ�� 9RRU
RSHUDWLRQHHO JHEUXLN GLHQW KHW %$6 WH ZRUGHQ XLWJHEUHLG PHW HHQ
WZHH�GLPHQVLRQDDO LQYHUV PRGHO�

$OOH UHVXOWDWHQ LQ GLW UDSSRUW ]LMQ YHUNUHJHQ PHW KHW %$6 GDW HLJHQGRP
LV YDQ KHW :DWHUORRSNXQGLJ /DERUDWRULXP F�T� GH ILUPD $5*266�
:DQQHHU KHW %$6 LQGHUGDDG RSHUDWLRQHHO JHEUXLNW JDDW ZRUGHQ
ELQQHQ 5LMNVZDWHUVWDDW� ]XOOHQ DDQSDVVLQJHQ DDQ GH ZHQVHQ YDQ
5LMNVZDWHUVWDDW QRGLJ ]LMQ� (HQ GHUJHOLMNH YHUVLH KHHW 5:6%$6� (HQ
HHUVWH� SUH�RSHUDWLRQHOH YHUVLH YDQ 5:6%$6 LV WKDQV DDQZH]LJ ELM GH
0HHWNXQGLJH 'LHQVW YRRU WHVWGRHOHLQGHQ� 2YHULJHQV ZRUGW KHW WUDMHFW
RP WH NRPHQ WRW HHQ RSHUDWLRQHHO %$6 RRN DDQJHGXLG DOV 5:6%$6�
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2. Geschiedenis

+HW LV JHUXLPH WLMG EHNHQG GDW RQGHU JXQVWLJH RPVWDQGLJKHGHQ
�PDWLJH ZLQG HQ VWHUNH JHWLMVWURRP� GH WRSRJUDILH YDQ GH ]HHERGHP
]LFKWEDDU LV RS UDGDUEHHOGHQ� 'LW YHUVFKLMQVHO LV LQ ���� RQWGHNW GRRU
*�3� GH /RRU YDQ KHW )\VLVFK HQ (OHNWURQLVFK /DERUDWRULXP 712 �)(/�
712�� 5DGDUEHHOGHQ YDQ GH ]HH LQ GH EXXUW YDQ 0HHWSRVW 1RRUGZLMN
OLHWHQ JROIDFKWLJH VWUXFWXUHQ ]LHQ GLH GRRU 'H /RRU ZHUGHQ
WRHJHVFKUHYHQ DDQ ]DQGJROYHQ�

)LJXXU � WRRQW KHW UDGDUEHHOG XLW ����� RSJHQRPHQ WHQ ZHVWHQ YDQ
+RHN YDQ +ROODQG� 'H ]DQGJROYHQ ]LMQ� ]LM KHW PHW HQLJH PRHLWH�
]LFKWEDDU DOV VPDOOH OLFKWH RI GRQNHUH VWUHSHQ GLH YDQ OLQNVERYHQ QDDU
UHFKWVRQGHU ORSHQ� 7HYHQV ]LMQ VFKHSHQ WH ]LHQ DOV OLFKWH SXQWHQ
ZDDUYDQ VRPPLJHQ PHW HHQ GXLGHOLMN NLHO]RJ� 'H JULOOLJH ZLWWH OLMQHQ
ZRUGHQ YHURRU]DDNW GRRU IURQWHQ YHURRU]DDNW GRRU GH XLWVWURRP YDQ
GH 5LMQ� 'H VWUHSHQ LQ KHW PLGGHQ ZRUGHQ YHURRU]DDNW GRRUGDW GH
UDGDU KLHU UHFKW QDDU EHQHGHQ NLMNW HQ JHHQ GHWDLOV NDQ RQGHUVFKHLGHQ
�KHW]HOIGH YHUVFKLMQVHO WUHHGW RS ELM GH UDGDU LQ KHW YOLHJWXLJ YDQ GH
.XVWZDFKW��

2S ]LFK LV KHW XLWHUVW PHUNZDDUGLJ GDW ERGHPVWUXFWXUHQ ]LFKWEDDU ]LMQ
RS UDGDUEHHOGHQ� %LM GH JDQJEDUH UDGDUJROIOHQJWHV �RQJHYHHU WXVVHQ �
FP HQ �� FP� LV ]HHZDWHU HHQ YULMZHO SHUIHFWH JHOHLGHU� 'H
UDGDUVWUDOLQJ GULQJW QLHW GRRU LQ KHW ]HHZDWHU� PDDU EHHOGW DOOHHQ KHW
RSSHUYODN DI� 0HW �UDGDURJHQ� ]RX ]HHZDWHU HU QHW ]R XLW]LHQ DOV
NZLN� 'H /RRU YHUPRHGGH GDW GH ]DQGJROYHQ KHW VWURPLQJVSDWURRQ
DDQ KHW RSSHUYODN EHwQYORHGHQ� KHWJHHQ YHUDQGHULQJHQ LQ GH UXZKHLG
YDQ KHW ]HHRSSHUYODN YHURRU]DDNW� 'H]H YHUVFKLOOHQ LQ UXZKHLG ]LMQ
]LFKWEDDU RS UDGDUEHHOGHQ DOV YDULDWLHV LQ GH LQWHQVLWHLW YDQ KHW EHHOG�

5RQG ���� HQ ���� ]LMQ HU YRRU GH 1HGHUODQGVH NXVW HHQ DDQWDO
H[SHULPHQWHQ XLWJHYRHUG RP WH RQGHU]RHNHQ LQ KRHYHUUH UDGDUEHHO�
GHQ JHEUXLNW NXQQHQ ZRUGHQ YRRU KHW GHWHFWHUHQ YDQ ROLHYOHNNHQ� 'LW
OHLGGH XLWHLQGHOLMN WRW RSHUDWLRQHHO JHEUXLN YDQ 6LGH /RRNLQJ $LUERUQH
5DGDU �6/$5� YRRU ROLHGHWHFWLH� 7LMGHQV GH]H H[SHULPHQWHQ ZHUG
UHJHOPDWLJ ERGHPWRSRJUDILH ZDDUJHQRPHQ RS UDGDUEHHOGHQ� +HW IHLW
GDW GH SDWURQHQ RS GH]HOIGH SODDWV EOHYHQ JHGXUHQGH HHQ WLMGVSDQQH
YDQ HHQ MDDU RI ODQJHU EHZHHV RQRPVWRWHOLMN GDW LQGHUGDDG
ERGHPVWUXFWXUHQ ]LFKWEDDU ZDUHQ� %RYHQGLHQ EOHHN GDW
ERGHPVWUXFWXUHQ DOOHHQ ]LFKWEDDU ]LMQ ELM YROGRHQGH VWURPLQJ HQ ELM
]ZDNNH WRW PDWLJH ZLQG� HQ GDW KHW FRQWUDVW DIKDQJW YDQ GH
VWURRPULFKWLQJ�

+HW YHUVFKLMQVHO NUHHJ URQG ���� LQWHUQDWLRQDOH DDQGDFKW PHW GH
PLVVLH YDQ GH $PHULNDDQVH 6($6$7� HHQ VDWHOOLHW PHW DDQ ERRUG RQGHU
DQGHUH HHQ ]RJHQDDPGH 6\QWKHWLF $SHUWXUH 5DGDU �6$5�� HHQ W\SH
EHHOGYRUPHQGH UDGDU� 6($6$7 UHJLVWUHHUGH VSHFWDFXODLUH EHHOGHQ YDQ
]DQGEDQNHQ HQ ]DQGJROYHQ LQ KHW .DQDDO HQ YRRU GH $PHULNDDQVH
RRVWNXVW� +HODDV IXQFWLRQHHUGH 6($6$7 VOHFKWV JHGXUHQGH GULH
PDDQGHQ �ER]H WRQJHQ EHZHHUGHQ GDW GH VDWHOOLHW PRHGZLOOLJ ZDV
XLWJHVFKDNHOG GRRU KHW 3HQWDJRQ� RPGDW GH UDGDUEHHOGHQ WH YHHO
OLHWHQ ]LHQ YDQ PLOLWDLUH LQVWDOODWLHV�� 'H 6($6$7 PLVVLH OHLGGH WRW JURWH
DFWLYLWHLW RS H[SHULPHQWHHO HQ WKHRUHWLVFK JHELHG� ,Q ���� NZDPHQ :�
$OSHUV HQ ,� +HQQLQJV PHW GH HHUVWH WKHRUHWLVFKH YHUNODULQJ YRRU KHW
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IHQRPHHQ� +LHULQ ZHUGHQ GH HHUGHUH YHUPRHGHQV YDQ GH /RRU
EHYHVWLJG�

,Q ���� EHJRQ LQ 1HGHUODQG GH SURMHFWJURHS ERGHPWRSRJUDILH KDDU
DFWLYLWHLWHQ� 'H]H JURHS EHVWRQG XLW 5LMNVZDWHUVWDDW �5:6��
:DWHUORRSNXQGLJ /DERUDWRULXP �:/�� )\VLVFK HQ (OHNWURQLVFK
/DERUDWRULXP 712 �)(/�712� HQ KHW 1DWLRQDDO /XFKW�HQ
5XLPWHYDDUWODERUDWRULXP �1/5�� 'LUHFWH DDQOHLGLQJ ZDV GH
YRRUJHQRPHQ ODQFHULQJ YDQ GH HHUVWH (XURSHVH 5HPRWH 6HQVLQJ VDWHO�
OLHW �(56��� GRRU GH (XURSHVH 5XLPWHYDDUWRUJDQLVDWLH (6$� 'H (56��
NDQ JH]LHQ ZRUGHQ DOV GH RSYROJHU YDQ 6($6$7 HQ KHHIW HYHQHHQV
HHQ EHHOGYRUPHQGH UDGDU DDQ ERRUG� 'H (56�� LV LQ ���� PHW VXFFHV
JHODQFHHUG HQ LQ ���� RSJHYROJG GRRU GH (56��� )LQDQFLHHO RQGHU�
VWHXQG GRRU GH %HOHLGVFRPPLVVLH 5HPRWH 6HQVLQJ �%&56� LQ KHW NDGHU
YDQ KHW 1DWLRQDDO 5HPRWH 6HQVLQJ 3URJUDPPD �1563� YHUULFKWH GH
SURMHFWJURHS ERGHPWRSRJUDILH RQGHU]RHN DDQ KHW ZDDUQHPHQ HQ
NDUWHUHQ YDQ GH ]HHERGHP PHW UDGDU� 'LW RQGHU]RHN ZDV LQ HHUVWH
LQVWDQWLH YHUNHQQHQG YDQ DDUG� PHW HHQ JURWH ZHWHQVFKDSSHOLMNH
FRPSRQHQW� +HW OHLGGH WRW PRGHOOHQ YRRU KHW EHHOGYRUPHQG
PHFKDQLVPH GLH PHW VXFFHV GH ZDDUQHPLQJHQ NRQGHQ EHVFKULMYHQ�
'H]H PRGHOOHQ ]LMQ ]RJHQDDPGH YRRUZDDUWVH PRGHOOHQ� 'DW ZLO
]HJJHQ GDW GH]H PRGHOOHQ YDQXLW HHQ GLHSWHNDDUW YRRUVSHOOHQ KRH HHQ
UDGDUEHHOG HUXLW ]DO ]LHQ�

)LJXXU � WRRQW HHQ YROOHGLJ (56 EHHOG YDQ GH 9RRUGHOWD PHW GXLGHOLMNH
VLJQDWXUHQ YDQ JHXOHQ� SODWHQ� ]DQGEDQNHQ HQ ]DQGJROYHQ� (U LV JHHQ
YHUNODULQJ YRRU GH VWUHSHULJH SDWURQHQ LQ 2RVWHUVFKHOGH HQ :HVWHU�
VFKHOGH� 9HUPRHGHOLMN KHEEHQ ]LM WH PDNHQ PHW KHW IHLW GDW GH ZLQG
HUJ ]ZDN ZDV WLMGHQV KHW PDNHQ YDQ GH RSQDPH� )LJXXU � LV HHQ
YHUJURWLQJ YDQ KHW GHHO PLGGHQ ERYHQ LQ )LJXXU �� HQ ODDW GXLGHOLMN GH
VWUXFWXXU YDQ GH ]DQGEDQNHQ HQ ]DQGJROYHQ ]LHQ�

5RQG ���� EHJRQ GH JURHS YDQ *�-� :HQVLQN� WRHQ YHUERQGHQ DDQ
KHW :DWHUORRSNXQGLJ /DERUDWRULXP PDDU VLQGV � RNWREHU ����
]HOIVWDQGLJ RSHUHUHQG DOV $5*266 %�9�� PHW KHW ]RHNHQ QDDU
PHWKRGHV RP GH YRRUZDDUWVH PRGHOOHQ WH LQYHUWHUHQ� WHQHLQGH
GLHSWHNDDUWHQ WH NXQQHQ YHUYDDUGLJHQ XLW UDGDUEHHOGHQ� ,PPHUV� GH
(56�� OHYHUGH JRHGH UDGDUEHHOGHQ YDQ HHQ JURRW JHELHG �RQJHYHHU
��� � ��� NP�� PHW JURWH UHJHOPDDW �RQJHYHHU HHQV SHU WZHH ZHNHQ�
WHJHQ UHODWLHI JHULQJH NRVWHQ �� IO� ������� RI PLQGHU�� 'LW OHLGGH WRW
KHW ]RJHQDDPGH %DWK\PHWU\ $VVHVVPHQW 6\VWHP� DIJHNRUW DOV %$6� $O
VQHO EOHHN GDW GLHSWHVFKDWWLQJ XLW UDGDUEHHOGHQ SDV GDQ QDXZNHXULJH
UHVXOWDWHQ RSOHYHUW ZDQQHHU HHQ EHSHUNW DDQWDO UDDLHQ PHW
HFKRORGLQJHQ ZRUGW PHHJHQRPHQ� =R NDQ KHW %$6 GH SUHFLVLH YDQ
HFKRORGLQJHQ �� �� j �� FP� FRPELQHUHQ PHW KHW RYHU]LFKW YDQ
UDGDUEHHOGHQ ���� � ��� NP���

+HW 5LMNVLQVWLWXXW YRRU .XVW HQ =HH �5,.=� YDQ 5LMNVZDWHUVWDDW WRRQGH
YDQDI KHW EHJLQ JURWH LQWHUHVVH LQ GH]H RQWZLNNHOLQJ� (HQ HHUVWH
YRRU]LFKWLJH WRHSDVVLQJ YRQG SODDWV LQ KHW (XURSHVH SURMHFW
�0DSSLQJ RI VHD ERWWRP WRSRJUDSK\ LQ D PXOWL VHQVRU DSSURDFK��
'DDUQD LV KHW %$6 YRRU 'LUHFWLH 1RRUG 1HGHUODQG �'11� JHGHPRQ�
VWUHHUG DDQ GH 1RRUGNXVW YDQ 7HUVFKHOOLQJ �SURMHFW �(56���1285�
7(&�� HQ LQ GH :DGGHQ]HH �SURMHFWHQ �(56���9$./2'� HQ
�(,%(56��� *HGXUHQGH GH]H SURMHFWHQ LV KHW %$6 VWHHGV YHUGHU
XLWJHEUHLG HQ YHUEHWHUG�
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(LQG ���� YRQG 'LUHFWLH 1RRUG 1HGHUODQG �'11� GH UHVXOWDWHQ
GXVGDQLJ EHODQJZHNNHQG GDW ]LM 5,.= DDQUDDGGH GH RYHULJH
NXVWGLUHFWLHV� HQ PHW QDPH KXQ PHHWGLHQVWHQ� RS GH KRRJWH WH
EUHQJHQ YDQ GH]H RQWZLNNHOLQJ� WHQHLQGH HHQ JH]DPHQOLMN VWDQGSXQW
WH EHSDOHQ� ,QPLGGHOV UDDNWH RRN GH 0HHWNXQGLJH 'LHQVW �0'�
JHwQWHUHVVHHUG LQ KHW %$6� ,Q KHW YRRUMDDU YDQ ���� ZDUHQ DOOH
NXVWPHHWGLHQVWHQ HQ KHW 3HULRGLHN 2YHUOHJ +RRIGHQ 0HHWGLHQVWHQ
�32+0� JHwQIRUPHHUG� 'LW OHLGGH WRW WZHH QLHXZH GHPRQVWUDWLH�
SURMHFWHQ� +HW HHUVWH SURMHFW ZDV �(56���3ODDWJDW�� VDPHQ PHW '11
HQ 'LUHFWLH 1RRUG +ROODQG �'1+�� +HW WZHHGH SURMHFW ZDV �(56�
��6OLMN�JDW�6OLMNJHXO�/RVZDO 1RRUG�� VDPHQ PHW 'LUHFWLH 1RRUG]HH
�'1=�� 'LUHFWLH =XLG +ROODQG �'=+� HQ 'LUHFWLH =HHODQG �'=/�� 'H]H
SURMHFWHQ ]LMQ LQ GH WZHHGH KHOIW YDQ ���� XLWJHYRHUG� 7HYHQV OLHW GH
0' HHQ GHILQLWLHVWXGLH HQ HHQ JOREDDO V\VWHHPRQWZHUS XLWYRHUHQ� ,Q
GH GHILQLWLHVWXGLH ZHUG EHNHNHQ LQ KRHYHUUH KHW %$6 WRHSDVEDDU NDQ
]LMQ ELQQHQ 5LMNVZDWHUVWDDW HQ ZDW GH ILQDQFLsOH HQ SHUVRQHOH JHYROJHQ
YDQ HYHQWXHOH LQYRHULQJ ]RXGHQ ]LMQ� ,Q KHW JOREDDO V\VWHHPRQWZHUS
ZHUG RS KRRIGOLMQHQ YDVWJHOHJG KRH HHQ RSHUDWLRQHHO %$6 HU XLW GLHQW
WH ]LHQ�

,Q ���� ZHUG /RVZDO 1RRUG RS YHU]RHN YDQ '1=� '=+ HQ '=/
RSQLHXZ EHVWXGHHUG LQ KHW SURMHFW �9DOLGDWLH /RVZDO 1RRUG�� 0HGLR
DSULO YHUULFKWWH '1= QLHXZH ORGLQJHQ PHW HHQ UDDLDIVWDQG YDQ �� P�
$5*266 NUHHJ ppQ RS GH WLHQ UDDLHQ DDQJHOHYHUG� GXV UDDLHQ PHW HHQ
RQGHUOLQJH DIVWDQG YDQ ��� P� DOVPHGH HHQ DDQWDO UDGDUEHHOGHQ YDQ
KHW JHELHG HQ HQNHOH K\GUR�PHWHR JHJHYHQV� PHW GH RSGUDFKW KLHU
HHQ GLHSWHNDDUW YDQ WH PDNHQ� 'H RYHULJH UDDLHQ ZHUGHQ DFKWHUJH�
KRXGHQ WRWGDW $5*266 GH GLHSWHNDDUW KDG RSJHOHYHUG� WHQHLQGH GH
QDXZNHXULJKHLG YDQ GH %$6�VFKDWWLQJHQ REMHFWLHI YDVW WH NXQQHQ
VWHOOHQ� +HW %$6 LV HYHQHHQV WRHJHSDVW RS GH *URRWH 3ODDW LQ GH
:DGGHQ]HH� GLW WHQ EHKRHYH YDQ HHQ YHUJHOLMNHQGH VWXGLH GRRU GH
0' QDDU YHUVFKLOOHQGH WHFKQLHNHQ YRRU KHW EHSDOHQ YDQ
KRRJWHOLJJLQJ� 7HYHQV ZHUG HHQ DDQYDQJ JHPDDNW PHW GH ERXZ YDQ
HHQ SUH�RSHUDWLRQHOH YHUVLH YDQ KHW %$6 YRRU 5LMNVZDWHUVWDDW � GH
HHUVWH YHUVLH YDQ 5:6%$6� 'H RSOHYHULQJ ]DO EHJLQ ���� ]LMQ� 'LW
V\VWHHP GLHQW RP WH RQGHU]RHNHQ LQ KRHYHUUH 5:6%$6 GH YHUZDFK�
WLQJHQ NDQ ZDDUPDNHQ�

(LQG ���� YRQG GH HHUVWH RSHUDWLRQHOH WRHSDVVLQJ SODDWV� ,Q RSGUDFKW
YDQ GH PRUIRORJHQ YDQ 5,.= PDDNWH $5*266 HHQ QLHXZH GLHSWHNDDUW
YDQ KHW =HHJDW YDQ $PHODQG RS EDVLV YDQ EHVFKLNEDUH ORGLQJHQ �XLW
����� PDDU RRN XLW GH MDUHQ GDDUYRRU� HQ UDGDUEHHOGHQ XLW ����� 'H
UHVXOWHUHQGH GLHSWHNDDUW ]DO JHEUXLNW ZRUGHQ LQ JROI� HQ
VWURPLQJVPRGHOOHQ YDQ GLW JHELHG� 'H GRRU KHW %$6 JHVFKDWWH GLHSWHV
ZRUGHQ QLHW JHFRQWUROHHUG DDQ GH KDQG YDQ HFKRORGLQJHQ� VLPSHO
RPGDW HU QLHW JHQRHJ HFKRORGLQJHQ ]LMQ�

+HW %$6 LV QLHW DOOHHQ YRRU 5LMNVZDWHUVWDDW JHGHPRQVWUHHUG� PDDU RRN
YRRU GH (XURSHVH 5XLPWHYDDUWRUJDQLVDWLH (6$ �LQ GH 9RRUGHOWD� HQ
YRRU ROLHPDDWVFKDSSLMHQ �YRRU GH NXVW YDQ =HHEUXJJH HQ LQ GH 'XLWVH
:DGGHQ]HH�� 'H GHPRQVWUDWLH YRRU GH NXVW YDQ =HHEUXJJH ]DO RRN LQ
KRRIGVWXN � EHKDQGHOG ZRUGHQ�

*HGXUHQGH DO GLH WLMG LV HU VWHHGV JHZHUNW DDQ YHUEHWHULQJHQ YDQ
FRPSRQHQWHQ YDQ KHW %$6� =DNHQ DOV KHW YRRUZDDUWVH PRGHO�
UXLVRQGHUGUXNNLQJ LQ 6$5 EHHOGHQ HQ KHUNHQQLQJ YDQ QLHW�ERGHP
IHQRPHQHQ ZRUGHQ RQGHU]RFKW LQ GH (XURSHVH SURMHFWHQ �$GYDQFHG
PDSSLQJ RI VHD ERWWRP WRSRJUDSK\ LQ D PXOWL VHQVRU DSSURDFK IRU
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XVH LQ PRUSKRG\QDPLF VWXGLHV� �$06�� HQ �&RDVWDO VHGLPHQW
WUDQVSRUW DVVHVVPHQW ZLWK 6$5� �&�67$5�� 2QGHU]RHN QDDU EHWHUH
LQYHUVLHVFKHPD
V ZRUGW YHUULFKW LQ RSGUDFKW YDQ 5LMNVZDWHUVWDDW
�SURMHFW ��' GDWD DVVLPLODWLH���
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3. Werking

���� $OJHPHHQ

+HW IHLW GDW ERGHPVWUXFWXUHQ ]LFKWEDDU ]LMQ RS UDGDUEHHOGHQ VWHOGH
RQGHU]RHNHUV LQGHUWLMG YRRU HHQ UDDGVHO� ,PPHUV� ]HHZDWHU LV HHQ
YULMZHO SHUIHFWH JHOHLGHU ELM UDGDUIUHTXHQWLHV� ]RGDW GH UDGDUVWUDOLQJ
QLHW LQ KHW ]HHZDWHU GRRUGULQJW PDDU DOOHHQ KHW RSSHUYODN ZDDUQHHPW�
.HQQHOLMN LV HU HHQ LQGLUHFW HIIHFW ZDDUGRRU ERGHPVWUXFWXUHQ YHUDQGH�
ULQJHQ DDQ KHW ]HHRSSHUYODN YHURRU]DNHQ�

8LW H[SHULPHQWHQ EOHHN GDW ERGHPVWUXFWXUHQ QLHW DOWLMG ]LFKWEDDU ]LMQ�
'H VWUXFWXUHQ ]LMQ DOOHHQ ]LFKWEDDU DOV HU YROGRHQGH JHWLMVWURRP VWDDW�
,Q GH SUDNWLMN ZRUGW HHQ PLQLPDOH VWURRPVQHOKHLG YDQ RQJHYHHU ���
P�V DDQJHKRXGHQ� HHQ ZDDUGH GLH YRRU GH 1HGHUODQGVH NXVW
PDNNHOLMN JHKDDOG ZRUGW� ,Q HHQ JHELHG DOV GH :DGGHQ]HH� GDW ELM
LHGHUH F\FOXV YDQ KHW JHWLM YROORRSW HQ ZHHU OHHJ VWURRPW� LV HU YULMZHO
DOWLMG HHQ GHHO ZDDU YROGRHQGH VWURPLQJ VWDDW� %RYHQGLHQ ]LMQ GH
VWUXFWXUHQ DOOHHQ ]LFKWEDDU ELM ]ZDNNH WRW PDWLJH ZLQG� 0HW GH (56��
]LMQ ERGHPVWUXFWXUHQ ]LFKWEDDU ELM HHQ ZLQGVQHOKHLG RQJHYHHU WXVVHQ
� P�V HQ �� P�V �YRRU DQGHUH UDGDUV\VWHPHQ NXQQHQ GH]H JHWDOOHQ
LHWV ZLM]LJHQ�� 7HQVORWWH EOHHN GDW KHW FRQWUDVW RS GH UDGDUEHHOGHQ
DIKDQJW YDQ GH ULFKWLQJ YDQ GH VWURPLQJ�

$OYRUHQV RYHU WH JDDQ WRW GH YHUNODULQJ YDQ KHW IHQRPHHQ� PRHWHQ HU
HHUVW WZHH EHODQJULMNH GLQJHQ JHQRHPG ZRUGHQ� +HW HHUVWH EHWUHIW GH
ZDWHUJROYHQ� .RUWH JROYHQ EOLMYHQ ODDJ HQ UHDJHUHQ VQHO RS
YHUDQGHULQJHQ LQ GH ZLQGVQHOKHLG� /DQJH JROYHQ NXQQHQ YHHO KRJHU
ZRUGHQ� PDDU KHEEHQ YHHO PHHU WLMG QRGLJ RP GLH KRRJWH WH EHUHLNHQ�
+HW EOLMNW GDW RQGHU JHOLMNH ZLQGVQHOKHLG HQ ZLQGULFKWLQJ GH KRRJWH
YDQ ZDWHUJROYHQ PHW HHQ EHSDDOGH JROIOHQJWH VWHHGV KHW]HOIGH LV� 'DW
ZLO ]HJJHQ GDW KHW JROIVSHFWUXP ELM ]HNHUH ZLQGVQHOKHLG HQ
ZLQGULFKWLQJ HHQ ]HNHUH HYHQZLFKWVZDDUGH KHHIW� .RUWH JROYHQ
EHUHLNHQ KHW HYHQZLFKW VQHO� +RH ODQJHU GH JROYHQ� KRH ODQJHU KHW
GXXUW YRRUGDW ]LM LQ HYHQZLFKW NRPHQ� 'LW ZRUGW JHwOOXVWUHHUG GRRU
KHW IHLW GDW H[WUHHP KRJH JROYHQ WLMGHQV VWRUPFRQGLWLHV SDV RSWUHGHQ
DOV GH ZLQG ODQJ JHQRHJ HQ RYHU HHQ JURRW JHELHG DDQKRXGW�

(HQ WZHHGH EHODQJULMN DVSHFW EHWUHIW GH YHUVWURRLLQJ YDQ UDGDUVWUDOLQJ
DDQ KHW ]HHRSSHUYODN� %HHOGYRUPHQGH UDGDUV NLMNHQ DOWLMG VFKXLQ QDDU
RS]LM� :DQQHHU KHW ]HHRSSHUYODN YRONRPHQ JODG LV� ]DO GH
UDGDUVWUDOLQJ YDQ GH UDGDU ZHJNDDWVHQ� (U ZRUGW JHHQ VLJQDDO
WHUXJRQWYDQJHQ� ]RGDW KHW ]HHRSSHUYODN SLN]ZDUW ]DO YHUVFKLMQHQ RS
KHW UDGDUEHHOG� 3DV ZDQQHHU KHW ZDDLW YHUVFKLMQHQ HU JROYHQ RS KHW
ZDWHURSSHUYODN� HQ ZRUGW HU VLJQDDO YDQ GH ]HH WHUXJJHVWURRLG QDDU
GH UDGDU� +HW HHQYRXGLJVWH PRGHO KLHUYRRU LV HHUVWH RUGH %UDJJ YHU�
VWURRLLQJ �]R JHQRHPG QDDU GH RYHUHHQNRPVW PHW YHUVWURRLLQJ YDQ
5|QWJHQVWUDOLQJ DDQ HHQ NULVWDO�� +HW EOLMNW GDW UDGDUVWUDOLQJ YHUVWURRLW
DDQ ZDWHUJROYHQ GLH ]LFK ODQJV GH NLMNULFKWLQJ YDQ GH UDGDU EHZHJHQ
HQ RQJHYHHU GH]HOIGH JROIOHQJWH KHEEHQ DOV GH UDGDUVWUDOLQJ ]HOI� 'LW
]LMQ GH ]RJHQDDPGH %UDJJ JROYHQ� 'H EHHOGYRUPHQGH UDGDUV YDQ (56�
� HQ (56�� KHEEHQ HHQ JROIOHQJWH YDQ ��� FP� 'H ELMEHKRUHQGH %UDJJ
JROYHQ KHEEHQ HHQ JROIOHQJWH YDQ ��� FP� 'LW ]LMQ KHOH NRUWH ZDWHU�
JROYHQ� 'H ZDWHUJROYHQ ZDDU ZH QRUPDDO RS OHWWHQ KHEEHQ HHQ
JROIOHQJWH GLH PLQVWHQV KRQGHUG RI GXL]HQG PDDO ]R JURRW LV� ,Q HHUVWH
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RUGH %UDJJ YHUVWURRLLQJ LV GH KRHYHHOKHLG WHUXJJHVWURRLGH UDGDUVWUD�
OLQJ HYHQUHGLJ PHW GH KRRJWH YDQ GH %UDJJ JROYHQ� (U EHVWDDQ
XLWJHEUHLGHUH PRGHOOHQ YRRU UDGDUYHUVWURRLLQJ ZDDULQ KHW HIIHFW YDQ
ODQJHUH JROYHQ ZRUGW PHHJHQRPHQ� 2RN LQ GH]H PRGHOOHQ ZRUGW KHW
PHHVWH VLJQDDO WHUXJJHVWURRLG GRRU GH %UDJJ JROYHQ HQ KXQ GLUHFWH
EXUHQ� $QGHUV JH]HJG� GH KRHYHHOKHLG WHUXJJHVWURRLGH UDGDUVWUDOLQJ
KDQJW DI YDQ GH UXZKHLG YDQ KHW ]HHRSSHUYODN�

���� 9RRUZDDUWV PRGHO

'H 'XLWVH RQGHU]RHNHUV :� $OSHUV HQ ,� +HQQLQJV NZDPHQ DOV HHUVWH
PHW HHQ PHFKDQLVPH GDW GH ZDDUQHPLQJHQ NRQ EHVFKULMYHQ �$OSHUV
DQG +HQQLQJV� ������ +HW LV HHQ ]RJHQDDPG YRRUZDDUWV PRGHO� GDW
ZLO ]HJJHQ GDW KHW PRGHO XLWJDDQGH YDQ GH GLHSWH HQ HHQ SDDU DQGHUH
JHJHYHQV �VWURRPYHFWRU RS HHQ EHSDDOG SXQW HQ ZLQGYHFWRU�
YRRUVSHOW KRH KHW UDGDUEHHOG HUXLW ]DO ]LHQ� +HW PRGHO YDQ $OSHUV HQ
+HQQLQJV EHVWDDW XLW GULH VWDSSHQ�

��� 'H LQWHUDFWLH WXVVHQ ERGHP HQ JHWLMVWURRP YHURRU]DDNW YDULDWLHV
LQ GH VWURRPVQHOKHLG DDQ KHW RSSHUYODN� 'H]H VWDS ZRUGW EH�
VFKUHYHQ PHW HHQ VWURPLQJVPRGHO�

��� 9DULDWLHV LQ GH VWURRPVQHOKHLG DDQ KHW RSSHUYODN EHwQYORHGHQ
GH JROYHQ� :DDU KHW ZDWHU YHUVQHOW ZRUGHQ GH JROYHQ
�XLWJHUHNW�� ]H ZRUGHQ ODQJHU HQ ODJHU� HQ KHW ]HHRSSHUYODN
]LHW HU PLQGHU UXZ XLW� :DDU KHW ZDWHU YHUWUDDJW ZRUGHQ GH
JROYHQ �VDPHQJHGUXNW�� ]H ZRUGHQ NRUWHU HQ KRJHU� HQ KHW
]HHRSSHUYODN ]LHW HU UXZHU XLW� 'H]H VWDS ZRUGW EHVFKUHYHQ
GRRU HHQ JROIPRGHO�

��� 9HUDQGHULQJHQ LQ GH UXZKHLG YDQ GH ]HH ]LMQ ]LFKWEDDU RS
UDGDUEHHOGHQ DOV YDULDWLHV LQ GH LQWHQVLWHLW� ]RDOV EHVFKUHYHQ
GRRU HHQ UDGDU YHUVWURRLLQJVPRGHO RIZHO UDGDUPRGHO�

)LJXXU � LOOXVWUHHUW KHW EHHOGYRUPHQG PHFKDQLVPH YROJHQV $OSHUV HQ
+HQQLQJV� 'H VWURPLQJ YHUVQHOW �LV �GLYHUJHQW�� ERYHQ GH OLQNHU KHO�
OLQJ� 'H JROYHQ ZRUGHQ ODJHU HQ GH ZDDUJHQRPHQ �UDGDU��LQWHQVLWHLW LV
ODJHU GDQ JHPLGGHOG� 'H VWURPLQJ YHUWUDDJW �LV �FRQYHUJHQW�� ERYHQ
GH UHFKWHU KHOOLQJ� +LHU ]LMQ GH JROYHQ KRJHU� HYHQDOV GH
ZDDUJHQRPHQ LQWHQVLWHLW�

+HW PHFKDQLVPH ZHUNW QLHW DOOHHQ YRRU UDGDU� PDDU RRN YRRU
]LFKWEDDU OLFKW� YHUDQGHULQJHQ LQ GH UXZKHLG YDQ KHW ]HHRSSHUYODN ]LMQ
ELM JXQVWLJH EHOLFKWLQJ RRN PHW KHW EORWH RRJ ]LFKWEDDU DOV OLFKWHUH RI
GRQNHUGHU ZDWHUSDUWLMHQ� 9LVVHUV ZHWHQ DO HHXZHQODQJ GDW GLW NDQ
ZLM]HQ RS ]DQGEDQNHQ� 9DQDI GH GXLQHQ ]LMQ GH EUHNHUEDQNHQ YRRU GH
1HGHUODQGVH NXVW YDDN ]LFKWEDDU DOV VPDOOH EDQGHQ YDQ OLFKWHU RI
GRQNHUGHU ZDWHU� 6WDSSHQ � HQ � ZHUNHQ QLHW DOOHHQ YRRU
ERGHPVWUXFWXUHQ PDDU RRN YRRU DQGHUH IHQRPHQHQ GLH YHUDQGH�
ULQJHQ LQ GH VWURRPVQHOKHLG DDQ KHW RSSHUYODN YHURRU]DNHQ� ]RDOV
VFKHHSVVSRUHQ� LQWHUQH JROYHQ� HWF� 'H GULH FRPSRQHQWHQ ]XOOHQ QX
HON LQ LHWV PHHU GHWDLO ZRUGHQ EHVSURNHQ� 0HW QDPH ]DO DDQJHJHYHQ
ZRUGHQ ZHONH PRGHOOHQ LQ KHW %$6 ]LMQ JHwPSOHPHQWHHUG�

5DGDUPRGHO

+HW %$6 JHEUXLNW HHUVWH RUGH %UDJJ YHUVWURRLLQJ� KHW PHHVW
HHQYRXGLJH UDGDU YHUVWURRLLQJVPRGHO� 'H KRHYHHOKHLG
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WHUXJJHVWURRLGH UDGDUVWUDOLQJ LV HYHQUHGLJ PHW GH ZDDUGH YDQ KHW
JROIULFKWLQJVVSHFWUXP �KRRJWH� YDQ GH %UDJJ JROYHQ� 0HHU
JHFRPSOLFHHUGH PRGHOOHQ ]RXGHQ HYHQHHQV JHEUXLNW NXQQHQ ZRUGHQ�
'H]H JHYHQ HFKWHU JHHQ YHUEHWHUGH EHVFKULMYLQJ WHUZLMO ]H ZHO YHHO
PHHU UHNHQWLMG YUDJHQ� $OV H[WUD LQYRHU KHHIW KHW UDGDUPRGHO GH
NLMNULFKWLQJ HQ GH KRHN YDQ LQYDO QRGLJ� SDUDPHWHUV GLH GH JHRPHWULH
YDQ GH ZDDUQHPLQJ YDVWOHJJHQ�

*ROIPRGHO

+HW JROIPRGHO LQ KHW %$6 YHUVFKLOW DDQ]LHQOLMN YDQ HHQ JROIPRGHO ]RDOV
GDW JHEUXLNW ZRUGW YRRU GH YRRUVSHOOLQJ YDQ VLJQLILFDQWH JROIKRRJWH
HQ GHLQLQJ� +HW %$6 NLMNW LPPHUV DOOHHQ QDDU GH %UDJJ JROYHQ� ]HHU
NRUWH ZDWHUJROYHQ PHW HHQ JROIOHQJWH YDQ ��� FP� 'HUJHOLMNH JROYHQ
UHDJHUHQ VQHO RS YHUDQGHUHQGH FRQGLWLHV� +HW JROIPRGHO LQ KHW %$6 LV
JHEDVHHUG RS GH YHURQGHUVWHOOLQJ GDW GH KRRJWH YDQ GH %UDJJ JROYHQ
GDDURP DOWLMG RS RI GLFKW ELM GH HYHQZLFKWVZDDUGH OLJW� +HW JROIPRGHO
EHUHNHQW GDQ RRN DIZLMNLQJHQ WHQ RS]LFKWH YDQ GH HYHQZLFKWVKRRJWH�

9DULDWLHV LQ GH VWURRPVQHOKHLG ]XOOHQ GH JROYHQ XLW KXQ HYHQZLFKW
KDOHQ� +RH VWHUNHU GH YDULDWLHV LQ VWURRPVQHOKHLG� KRH VWHUNHU KHW
HIIHFW RS GH JROYHQ� 3URFHVVHQ DOV ZLQG� GLVVLSDWLH HQ JROI�JROI
LQWHUDFWLHV ]XOOHQ WUDFKWHQ GH JROYHQ ZHHU WHUXJ WH EUHQJHQ QDDU KXQ
HYHQZLFKW� 'H VQHOKHLG ZDDUPHH GLW JHEHXUW KHHW GH UHOD[DWLHVQHO�
KHLG� 'H UHOD[DWLHVQHOKHLG EHSDDOW GH JURRWWH YDQ GH YDULDWLHV LQ
JROIKRRJWH� HQ LV HHQ YDQ GH EHODQJULMNVWH SDUDPHWHUV LQ KHW %$6� +RH
NOHLQHU GH UHOD[DWLHVQHOKHLG� KRH JURWHU GH DIZLMNLQJ YDQ GH
JROIKRRJWH W�R�Y� KHW HYHQZLFKW� 'H UHOD[DWLHVQHOKHLG QHHPW WRH �GH
JROYHQ NHUHQ VQHOOHU WHUXJ QDDU KXQ HYHQZLFKW� ELM WRHQHPHQGH
ZLQGVQHOKHLG� .RUWH JROYHQ KHEEHQ HHQ JURWHUH UHOD[DWLHVQHOKHLG
�UHDJHUHQ VQHOOHU RS YHUDQGHULQJHQ� DOV ODQJH JROYHQ�

+HW LV YRRUDOVQRJ WH PRHLOLMN RP GH UHOD[DWLHVQHOKHLG WH EHVFKULMYHQ
YDQXLW DI]RQGHUOLMNH IXQGDPHQWHOH SURFHVVHQ DOV ZLQG� GLVVLSDWLH HQ
JROI�JROI LQWHUDFWLHV� 'H UHOD[DWLHVQHOKHLG LV GDQ RRN HHQ VOHFKW
EHNHQGH JURRWKHLG� (U EHVWDDQ SDUDPHWULVHULQJHQ RS EDVLV YDQ
PHWLQJHQ HQ�RI WKHRUHWLVFKH RYHUZHJLQJHQ� PDDU GH]H NXQQHQ
RQGHUOLQJ ZHO HHQ IDFWRU �� RI PHHU YHUVFKLOOHQ� ,Q KHW %$6 ZRUGW GH
UHOD[DWLHVQHOKHLG GDDURP DDQJHSDVW DDQ GH PHWLQJHQ� LQ QDYROJLQJ
YDQ $OSHUV HQ +HQQLQJV� 'H SDUDPHWULVHULQJHQ ZRUGHQ HQNHO JHEUXLNW
YRRU HHQ HHUVWH VFKDWWLQJ YDQ GH UHOD[DWLHVQHOKHLG� +LHUYRRU LV GH
ZLQGVQHOKHLG HQ �ULFKWLQJ QRGLJ� +HW JROIPRGHO LQ KHW %$6 LV GDDURP
HHQ HIIHFWLHI PRGHO�

6WURPLQJVPRGHO

+HW %$6 KHHIW GH VWURPLQJ DDQ KHW ZDWHURSSHUYODN QRGLJ� ,Q SULQFLSH
]RX KLHUYRRU HHQ YROOHGLJ RI TXDVL GULH�GLPHQVLRQDDO VWURPLQJVPRGHO
QRGLJ ]LMQ� (FKWHU� KHW %$6 KHHIW GH VWURRPVQHOKHGHQ QRGLJ RS HHQ
ILMQ URRVWHU� ���� P � ���� P YRRU (56�� EHHOGHQ� +HW LV QLHW GRHQOLMN
RP HHQ YROOHGLJ VWURPLQJVPRGHO WH GUDDLHQ RS ]R
Q ILMQ URRVWHU
YDQZHJH GH UHNHQWLMG� %RYHQGLHQ NLMNW KHW %$6 QDDU YDULDWLHV LQ GH
LQWHQVLWHLW YDQ HHQ UDGDUEHHOG� 'H]H KDQJHQ KRRIG]DNHOLMN DI YDQ GH
YDULDWLHV LQ GH VWURRPVQHOKHLG HQ QLHW ]R]HHU YDQ GH JURRWWH� +HW
VWURPLQJVPRGHO LQ KHW %$6 ZHUNW DOV YROJW�

��� (HQ RSHUDWLRQHHO WZHH�GLPHQVLRQDDO VWURPLQJVPRGHO EHUHNHQW
GH JHPLGGHOGH �RYHU GH YHUWLFDDO� VWURRPVQHOKHLG HQ
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VWURRPULFKWLQJ RS HHQ JURI URRVWHU PHW HHQ URRVWHUJURRWWH YDQ
W\SLVFK HQNHOH KRQGHUGHQ PHWHUV� +LHUYRRU LV KHW WLMGVWLS YDQ
RSQDPH YDQ KHW UDGDUEHHOG LQ GH JHWLMF\FOXV QRGLJ�

��� 0HW EHKXOS YDQ YHUHHQYRXGLJGH PRGHOOHQ ZRUGW GH
JHPLGGHOGH VWURRPVQHOKHLG JHwQWHUSROHHUG QDDU KHW ILMQH
URRVWHU YDQ KHW UDGDUEHHOG�

��� 0HW HHQ ppQ�GLPHQVLRQDDO SURILHOPRGHO ZRUGW WHQVORWWH RS
LHGHU URRVWHUSXQW YDQ KHW UDGDUEHHOG GH VWURRPVQHOKHLG DDQ
KHW RSSHUYODN EHUHNHQG� +HW HIIHFW YDQ GH ZLQG NDQ KLHULQ
PHHJHQRPHQ ZRUGHQ�

'H YHUHHQYRXGLJGH PRGHOOHQ LQ VWDS � ]LMQ WKDQV ppQ�GLPHQVLRQDDO� ]H
EHUHNHQHQ GH GLHSWH�JHPLGGHOGH VWURRPVQHOKHLG ODQJV HHQ OLMQ� 'H]H
EHSHUNLQJ ZRUGW QLHW RSJHOHJG GRRU GH VWURPLQJVPRGHOOHQ� PDDU
GRRU KHW LQYHUVH PRGHO �]LH YROJHQGH SDUDJUDDI�� +HW KXLGLJH %$6
EHYDW WZHH ppQ�GLPHQVLRQDOH PRGHOOHQ� KHW ]DQGJROYHQPRGHO HQ KHW
JHXOHQPRGHO�

,Q KHW ]DQGJROYHQPRGHO YDULHHUW GH VWURRPVQHOKHLG ODQJV GH
VWURRPOLMQHQ �]LH ILJXXU �D�� 'H VWURRPVQHOKHLG GZDUV RS GH
VWURRPOLMQ LV FRQVWDQW� 'H VWURRPVQHOKHLG ZRUGW EHSDDOG DDQ GH KDQG
YDQ PDVVDEHKRXG� 'LW PRGHO LV KHW HHUVW JHEUXLNW ERYHQ ]DQGJROYHQ
LQ GH 1RRUG]HH� HQ GDQNW GDDUDDQ ]LMQ QDDP� +HW PRGHO LV HFKWHU RRN
WRHSDVEDDU ERYHQ DQGHUH ERGHPVWUXFWXUHQ ]RDOV ]DQGSODWHQ�

,Q KHW JHXOHQPRGHO YDULHHUW GH VWURRPVQHOKHLG MXLVW GZDUV RS GH
VWURRPOLMQHQ �]LH ILJXXU �E�� HQ LV GH VWURRPVQHOKHLG ODQJV GH
VWURRPOLMQHQ FRQVWDQW� %RGHQZULMYLQJ LV KLHU GH JURRWKHLG GLH GH
VWURRPVQHOKHLG EHSDDOW� 'LW PRGHO ZRUGW JHEUXLNW YRRU JHXOHQ ]RDOV
GLH LQ GH :DGGHQ]HH YRRUNRPHQ�

+HW YRRUZDDUWVH PRGHO LV VFKHPDWLVFK ZHHUJHJHYHQ LQ ILJXXU �� $OV
WXVVHQSURGXFWHQ OHYHUW KHW GH VWURRPVQHOKHLG DDQ KHW RSSHUYODN HQ
GH KRRJWH YDQ GH %UDJJ JROYHQ�

���� ,QYHUV PRGHO

=RDOV UHHGV HHUGHU RSJHPHUNW� EHUHNHQW KHW YRRUZDDUWVH PRGHO YDQXLW
GH GLHSWH KRH KHW UDGDUEHHOG HUXLW ]DO ]LHQ� 9RRU SUDNWLVFKH
WRHSDVVLQJHQ ZLO PHQ MXLVW KHW RPJHNHHUGH� XLW HHQ UDGDUEHHOG GH
GLHSWH EHSDOHQ� +HW YRRUZDDUWVH PRGHO PRHW GDDURP ZRUGHQ
RPJHNHHUG �JHwQYHUWHHUG� WRW HHQ LQYHUV PRGHO�

'LW LV PDNNHOLMNHU JH]HJG GDQ JHGDDQ RP WZHH UHGHQHQ� ,Q GH HHUVWH
SODDWV LV KHW YRRUZDDUWVH PRGHO QLHW GLUHFW RPNHHUEDDU� +RHZHO KHW
YRRUZDDUWVH PRGHO ]R HHQYRXGLJ PRJHOLMN LV� ]LMQ H[WUD EHQDGHULQJHQ
QRGLJ RP KHW GLUHFW WH LQYHUWHUHQ� 'H]H H[WUD EHQDGHULQJHQ GRHQ GH
ZHUNHOLMNKHLG WH YHHO JHZHOG DDQ� ,Q GH WZHHGH SODDWV EHYDWWHQ UDGDU�
EHHOGHQ DOWLMG UXLV� 'DW LV HHQ JHJHYHQ ZDDU YHUGHU ZHLQLJ DDQ WH GRHQ
YDOW� 0HQ PRHW HU HFKWHU YRRU RSSDVVHQ GDW KHW LQYHUV PRGHO GH UXLV
JDDW LQWHUSUHWHUHQ DOV GLHSWHYDULDWLHV� 5XLVILOWHUV ELHGHQ JHHQ VRHODDV�
RPGDW ]H QLHW DOOHHQ GH UXLV PDDU RRN KHW VLJQDDO EHwQYORHGHQ�
+RRJXLW NDQ GH UXLV ZDW YHUPLQGHUG ZRUGHQ GRRU GH UDGDUEHHOGHQ
RSQLHXZ WH EHUHNHQHQ YDQXLW GH UXZH JHJHYHQV�
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'H]H WZHH SUREOHPHQ ]LMQ RSJHORVW GRRU JHEUXLN WH PDNHQ YDQ
QXPHULHNH LQYHUVLH� 'H]H WHFKQLHN ZRUGW YDDN JHEUXLNW RP
ZLVNXQGLJH PRGHOOHQ WH YHUEHWHUHQ GRRU KHW JHEUXLN YDQ PHWLQJHQ�
HQ KHHW GDQ GDWD DVVLPLODWLH� (HQ DOJHPHQH LQOHLGLQJ ZRUGW JHJHYHQ
GRRU .QDDSHQ >����@�

,Q KHW %$6 ZHUNW GLW DOV YROJW� HU ZRUGW HHQ ]RJHQDDPGH
NRVWHQIXQFWLH RSJHVWHOG� GLH GH RYHUHHQNRPVW WXVVHQ HHQ EHUHNHQG
HQ HHQ JHPHWHQ EHHOG EHVFKULMIW �GH NRVWHQIXQFWLH KHHIW GXV QLHWV PHW
JHOG WH PDNHQ�� 3HU SL[HO �EHHOGHOHPHQW� ZRUGW KHW YHUVFKLO JHQRPHQ
WXVVHQ GH LQWHQVLWHLW LQ KHW EHUHNHQGH UDGDUEHHOG HQ GDW LQ KHW
JHPHWHQ UDGDUEHHOG� 'LW YHUVFKLO ZRUGW JHNZDGUDWHHUG� HQ DOOH
JHNZDGUDWHHUGH YHUVFKLOOHQ RYHU KHW KHOH EHHOG ZRUGHQ RSJHWHOG� +HW
UHVXOWDDW LV GH NRVWHQIXQFWLH� $OV KHW EHUHNHQGH EHHOG SUHFLHV JHOLMN LV
DDQ KHW JHPHWHQ EHHOG� ]DO GH NRVWHQIXQFWLH QXO ]LMQ� $OV HU YHUVFKLOOHQ
]LMQ� ]DO GH NRVWHQIXQFWLH JURWHU GDQ QXO ]LMQ� 'H LQWHQVLWHLW LQ KHW
EHUHNHQGH EHHOG KDQJW DI YDQ GH GLHSWH RS LHGHU SL[HO� YDQ GH
VWURRPVQHOKHLG HQ YDQ GH UHOD[DWLHVQHOKHLG� ]RDOV EHVFKUHYHQ LQ GH
YRULJH SDUDJUDDI� 'LW ]LMQ GXV GH YDULDEHOHQ YDQ GH NRVWHQIXQFWLH�
$IKDQNHOLMN YDQ GH VLWXDWLH NDQ KHW DDQWDO YDULDEHOHQ HQRUP JURRW
ZRUGHQ� +HW LV QX GH NXQVW RP GH]H YDULDEHOHQ� ZDDURQGHU GH
GLHSWHZDDUGHQ� ]RGDQLJ WH NLH]HQ GDW GH NRVWHQIXQFWLH ]R NOHLQ
PRJHOLMN LV� +HW EHUHNHQGH EHHOG OLMNW GDQ ]R JRHG PRJHOLMN RS KHW
JHPHWHQ EHHOG� HQ GH GLHSWH ZDDUELM GDW JHEHXUW LV HHQ PDDW YRRU GH
ZHUNHOLMNH GLHSWH�

:LVNXQGLJ JH]LHQ NRPW KHW SUREOHHP QHHU RS KHW YLQGHQ YDQ KHW
PLQLPXP YDQ HHQ IXQFWLH PHW YHHO YDULDEHOHQ� 0HQ NDQ JHZRRQ DOOH
YDULDEHOHQ ODWHQ YDULsUHQ HQ GLH FRPELQDWLH NLH]HQ GLH GH NOHLQVWH
ZDDUGH YRRU GH NRVWHQIXQFWLH JHHIW� 'H]H PHWKRGH NRVW HFKWHU YHHO
UHNHQWLMG� :DQQHHU GH NRVWHQIXQFWLH �� YDULDEHOHQ KHHIW GLH HON �
ZDDUGHQ DDQQHPHQ� ]LMQ HU ��� �ppQ PLOMDUG� DDQURHSHQ YDQ KHW
YRRUZDDUWVH PRGHO QRGLJ� (Q GLW LV QRJ PDDU HHQ KHHO EHVFKHLGHQ
SUREOHHP� *HOXNNLJ ]LMQ HU VOLPPHUH PDQLHUHQ RQWZLNNHOG RP GLW
SUREOHHP DDQ WH SDNNHQ� +HW %$6 JHEUXLNW GH ]RJHQDDPGH
JUDGLsQWHQ PHWKRGH� 'LW LV HHQ LWHUDWLHYH PDQLHU� 8LWJDDQGH YDQ HHQ
EHJLQVLWXDWLH ZRUGW JHNHNHQ KRH GH NRVWHQIXQFWLH YHUDQGHUW ZDQQHHU
VWHHGV ppQ YDULDEHOH HHQ NOHLQ EHHWMH ZRUGW YHUDQGHUG� 2S EDVLV YDQ
GH]H LQIRUPDWLH ZRUGW GH ]RHNULFKWLQJ EHSDDOG HQ ]RHNW KHW DOJRULWPH
LQ GLH ULFKWLQJ QDDU GH PLQLPDOH ZDDUGH YDQ GH NRVWHQIXQFWLH�
:DQQHHU GH]H JHYRQGHQ LV� ZRUGW RSQLHXZ GH ]RHNULFKWLQJ EHSDDOG
HQ ZRUGW HHQ QLHXZ PLQLPXP JH]RFKW� 'LW SURFHV JDDW GRRU WRWGDW
KHW PLQLPXP EHUHLNW LV� +RH GLFKWHU GH EHJLQVFKDWWLQJ ELM KHW
PLQLPXP ]LW �GXV KRH EHWHU GH HHUVWH VFKDWWLQJ YDQ GH GLHSWHNDDUW��
KRH VQHOOHU KHW DOJRULWPH FRQYHUJHHUW�

'H NRVWHQIXQFWLH ZRUGW RRN JHEUXLNW RP WH YRRUNRPHQ GDW GH UXLV LQ
KHW JHPHWHQ UDGDUEHHOG ZRUGW JHwQWHUSUHWHHUG DOV GLHSWHYDULDWLHV� (U
]LW HHQ WZHHGH WHUP LQ GH NRVWHQIXQFWLH GLH JHOLMN LV DDQ GH VRP YDQ
GH ERGHPKHOOLQJHQ RS LHGHU SXQW� 9RRU HHQ YODNNH ERGHP LV GH]H
WHUP NOHLQ� YRRU HHQ ZLOG YDULsUHQGH ERGHP ZRUGW GH]H JURRW� +HW
EHUHNHQGH UDGDUEHHOG NDQ GXV QRRLW SUHFLHV JHOLMN ]LMQ DDQ KHW
JHPHWHQ UDGDUEHHOG� ,PPHUV� KHW JHPHWHQ UDGDUEHHOG EHYDW UXLV� 2P
GH]H UXLV WH UHSURGXFHUHQ� PRHW GH GLHSWH RRN UXLV EHYDWWHQ� 'H
HHUVWH WHUP YDQ GH NRVWHQIXQFWLH �YHUVFKLO WXVVHQ JHPHWHQ HQ
EHUHNHQG EHHOG� LV ZHOLVZDDU NOHLQ� PDDU GH WZHHGH WHUP �UXLV RS GH
GLHSWHNDDUW� LV JURRW�
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7HQVORWWH ZRUGW GH NRVWHQIXQFWLH JHEUXLNW RP ORGLQJHQ LQ KHW %$6
PHH WH QHPHQ� (HQ GHUGH WHUP LQ GH NRVWHQIXQFWLH EHVFKULMIW KHW
YHUVFKLO WXVVHQ JHPHWHQ GLHSWH HQ EHUHNHQGH GLHSWH� .OHLQH
DIZLMNLQJHQ YDQ GH EHUHNHQGH GLHSWH W�R�Y� GH JHPHWHQ GLHSWH GRHQ
GH NRVWHQIXQFWLH DO VQHO WRHQHPHQ� 0HW DQGHUH ZRRUGHQ� GHUJHOLMNH
HVFDSDGHV ZRUGHQ VWUHQJ EHVWUDIW�

0HW GH]H SURFHGXUH� VFKHPDWLVFK ZHHUJHJHYHQ LQ ILJXXU �� ]RHNW KHW
%$6 HHQ GLHSWH GLH�
��� ]R JRHG PRJHOLMN DDQVOXLW ELM KHW JHPHWHQ UDGDUEHHOG�
��� ]R JODG PRJHOLMN LV� HQ
��� ]R JRHG PRJHOLMN DDQVOXLW ELM GH JHPHWHQ GLHSWHV�
0HUN RS GDW GH]H GULH HLVHQ WHJHQVWULMGLJ NXQQHQ ]LMQ� ]RGDW KHW %$6
PHW HHQ VRRUW FRPSURPLV NRPW� $IKDQNHOLMN YDQ KHW UHODWLHYH JHZLFKW
YDQ GH GULH WHUPHQ LQ GH NRVWHQIXQFWLH ]DO KHW FRPSURPLV NXQQHQ
YHUVFKXLYHQ QDDU HHQ YDQ GH HLVHQ� 'LW JHHIW WHYHQV GH PRJHOLMNKHLG
RP KHW %$6 WH VWXUHQ� ELMYRRUEHHOG QDDU ]R JRHG DOV PRJHOLMNH
RYHUHHQNRPVW PHW KHW JHPHWHQ UDGDUEHHOG ZDQQHHU DOOHHQ
YHURXGHUGH GLHSWHPHWLQJHQ EHVFKLNEDDU ]LMQ�

'H NRVWHQIXQFWLH NDQ RS DOOHUOHL PDQLHUHQ XLWJHEUHLG ZRUGHQ� =R
NXQQHQ HU PHHUGHUH UDGDUEHHOGHQ ZRUGHQ PHHJHQRPHQ� ,HGHU
UDGDUEHHOG NULMJW GDQ ]LMQ HLJHQ WHUP HQ ]LMQ HLJHQ JHZLFKW LQ GH
NRVWHQIXQFWLH� *RHGH EHHOGHQ NXQQHQ ]ZDDUGHU ZHJHQ LQ GH GLHSWH�
VFKDWWLQJ GDQ PLQGHU JRHGH EHHOGHQ GRRU ]H HHQ JURWHU JHZLFKW WH
JHYHQ� 2S GH]HOIGH PDQLHU NXQQHQ QDXZNHXULJH�UHFHQWH HQ PLQGHU
QDXZNHXULJH�RXGH GLHSWHPHWLQJHQ ZRUGHQ PHHJHQRPHQ� 2RN NDQ
ELQQHQ HHQ UDGDUEHHOG RQGHUVFKHLG ZRUGHQ JHPDDNW GRRU KHW
JHZLFKW DIKDQNHOLMN WH PDNHQ YDQ GH SODDWV� 2S GH]H PDQLHU NXQQHQ
VLJQDWXUHQ ZRUGHQ RQGHUGUXNW YDQ IHQRPHQHQ GLH QLHWV PHW GH
ERGHP WH PDNHQ KHEEHQ ]RDOV VFKHSHQ� VFKHHSVVSRUHQ HQ
ROLHYOHNNHQ�
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4. Demonstraties

,Q GLW KRRIGVWXN ZRUGW HHQ RYHU]LFKW JHJHYHQ YDQ DOOH GHPRQVWUDWLHV
GLH PHW KHW %$6 ]LMQ XLWJHYRHUG LQ RSGUDFKW YDQ 5LMNVZDWHUVWDDW�
%RYHQGLHQ ]LMQ SURMHFWHQ RSJHQRPHQ GLH ]LMQ XLWJHYRHUG YRRU DQGHUH
RSGUDFKWJHYHUV� YRRU ]RYHU GH UHVXOWDWHQ GDDUYDQ RSHQEDDU ]LMQ� 9DQ
LHGHU SURMHFW ZRUGW YHUPHOG�

�� 1DDP YDQ KHW SURMHFW HQ GH RSGUDFKWJHYHU�V��
�� /RFDWLH HQ DDUG YDQ KHW JHELHG ZDDU KHW SURMHFW SODDWV YRQG�
�� 'H JHYROJGH ZHUNZLM]H�
�� 'H EHKDDOGH UHVXOWDWHQ� LQ KHW ELM]RQGHU GH QDXZNHXULJKHLG

YDQ GH GLHSWHVFKDWWLQJHQ�
�� (YHQWXHOH ELM]RQGHUKHGHQ�
�� %HVFKLNEDUH UDSSRUWDJHV�

$DQ KHW HLQG YDQ KHW KRRIGVWXN VWDDQ GH EHODQJULMNVWH JHJHYHQV QRJ
HHQV VDPHQJHYDW LQ WDEHO �� 'LW KRRIGVWXN EHJLQW PHW HHQ EHVFKULM�
YLQJ YDQ GH PHWKRGHV GLH JHYROJG ]LMQ RP GH UHVXOWDWHQ YDQ KHW %$6
GH FRQWUROHUHQ� ,Q GLW KRRIGVWXN ]DO GH WHUP GLHSWHNDDUW QLHW DOOHHQ
JHEUXLNW ZRUGHQ YRRU HHQ SDSLHUHQ NDDUW RS $� IRUPDDW� PDDU RRN
YRRU HHQ GLJLWDDO EHVWDQG ZDDUXLW HHQ GHUJHOLMNH NDDUW JHPDDNW NDQ
ZRUGHQ�

���� 9DOLGDWLH YDQ KHW %$6

'H GHPRQVWUDWLHSURMHFWHQ ]LMQ RYHU KHW DOJHPHHQ XLWJHYRHUG LQ
UHODWLHI NOHLQH JHELHGHQ PHW HHQ RSSHUYODNWH LQ GH RUGH YDQ WLHQWDOOHQ
NLORPHWHUV� 9DQ DO GH]H JHELHGHQ ZDUHQ ORGLQJHQ EHVFKLNEDDU� $OV
YXLVWUHJHO LV JHVWHOG GDW GH WLMG WXVVHQ KHW XLWYRHUHQ YDQ GH ORGLQJHQ
HQ GH RSQDPH YDQ KHW UDGDUEHHOG PD[LPDDO ]HV ZHNHQ PDJ
EHGUDJHQ� PHW GLHQ YHUVWDQGH GDW HU LQ GLH SHULRGH JHHQ VWRUP LV

RSJHWUHGHQ� ,Q DOOH GHPRQVWUDWLHV ZDUHQ GH ORGLQJHQ RSJHQRPHQ PHW
HHQ VLQJOH EHDP HFKRORRG� 'H GLHSWHPHWLQJHQ ZDUHQ GXV EHVFKLNEDDU
DOV PLQ RI PHHU SDUDOOHOOH UDDLHQ�

'H PHHVW QDXZNHXULJH GLHSWHNDDUW ZRUGW YHUNUHJHQ GRRU DOOH
ORGLQJHQ WH FRPELQHUHQ PHW KHW UDGDUEHHOG �RI GH UDGDUEHHOGHQ��
0HUN RS GDW GH NDDUW GLH GRRU KHW %$6 ZRUGW JHSURGXFHHUG QLHW
SUHFLHV GH JHPHWHQ GLHSWHV KRHIW WH JHYHQ ODQJV GH ORGLQJVUDDLHQ�
NOHLQH DIZLMNLQJHQ YDQ HQNHOH FHQWLPHWHUV ]LMQ WRHJHVWDDQ� 7XVVHQ GH
UDDLHQ LV JHwQWHUSROHHUG RS EDVLV YDQ GH LQIRUPDWLH LQ KHW UDGDUEHHOG�

2P GH EHVSDULQJ LQ KRHYHHOKHLG HFKRORGLQJHQ WH EHSDOHQ ZRUGW KHW
UDDLHQSDWURRQ VWHHGV YHUGHU XLWJHGXQG� KHW %$6 ZRUGW RSQLHXZ
JHGUDDLG PDDU QX PHW LHGHUH WZHHGH UDDL� LHGHUH GHUGH UDDL� YLHUGH
UDDL� HWF� 'H GLHSWH ODQJV UDDLHQ GLH QLHW ]LMQ PHHJHQRPHQ ZRUGW QX
JHVFKDW RS JURQG YDQ KHW UDGDUEHHOG HQ QDEXULJH UDDLHQ� 'H JHPHWHQ
GLHSWHV NXQQHQ QX JHEUXLNW ZRUGHQ RP GH QDXZNHXULJKHLG YDQ GH
VFKDWWLQJ WH EHSDOHQ�

%RYHQ YODNNH SODWHQ LQ GH :DGGHQ]HH EOHHN GH UDDLDIVWDQG YHUJURRW
WH NXQQHQ ZRUGHQ WRW HQNHOH NLORPHWHUV� GH RPYDQJ YDQ KHW
WHVWJHELHG� 'H GLHSWHV ]LMQ LQ GH]H JHYDOOHQ YHUNUHJHQ GRRU YRRU
LHGHUH UDQG YDQ KHW WHVWJHELHG GH VQLMSXQWHQ PHW GH ORGLQJVUDDLHQ WH
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EHSDOHQ� HQ GH JHPHWHQ GLHSWHV RS GH VQLMSXQWHQ ODQJV UDQG WH
LQWHUSROHUHQ� 2S GH]H PDQLHU OLMNW KHW DOVRI HHQ UHFKWKRHNLJ
UDDLHQSDWURRQ LV JHYDUHQ� 'H GLHSWHV LQ KHW ELQQHQJHELHG ZRUGHQ
YHUYROJHQV EHSDDOG GRRU KHW %$6� $OOH PHWLQJHQ LQ KHW ELQQHQJHELHG
NXQQHQ ZRUGHQ JHEUXLNW RP GH UHVXOWDWHQ YDQ KHW %$6 WH
FRQWUROHUHQ�

'H]H FRQWUROH NDQ RS WZHH PDQLHUHQ� 'H HHUVWH PDQLHU JDDW XLW YDQ
KHW URRVWHU ZDDURS KHW %$6 GH GLHSWHNDDUW OHYHUW� HQ LV VFKHPDWLVFK
ZHHUJHJHYHQ LQ )LJXXU �D� 'H URRVWHUFHOOHQ YDQ GH %$6 GLHSWHNDDUW
]LMQ DDQJHJHYHQ PHW VWLSSHOOLMQHQ� 0HW LHGHUH URRVWHUFHO LV HHQ
GLHSWHZDDUGH YHUERQGHQ� JHV\PEROLVHHUG DOV HHQ SXQW LQ KHW
FHQWUXP� ZHONH UHSUHVHQWDWLHI LV YRRU GH JHKHOH URRVWHUFHO� 'H
ORGLQJHQ ]LMQ DDQJHJHYHQ PHW GH RSHQ FLUNHOV� &RQWUROH YDQ KHW %$6 LV
PRJHOLMN YRRU GLH URRVWHUFHOOHQ ZDDULQ HHQ RI PHHU ORGLQJHQ OLJJHQ�
'H]H URRVWHUFHOOHQ ]LMQ PHW HHQ JHWURNNHQ OLMQ RPUDQG� 0HHVWDO YDOOHQ
PHHUGHUH ORGLQJHQ ELQQHQ HHQ URRVWHUSXQW� HQ ZRUGW KHW JHPLGGHOGH
YDQ GH JHPHWHQ GLHSWHV JHQRPHQ� 'LW ZRUGW YHUJHOHNHQ PHW GH
VFKDWWLQJ YDQ KHW %$6� 'H WZHHGH PDQLHU JDDW XLW YDQ GH LQGLYLGXHOH
ORGLQJHQ �]LH )LJXXU �E�� ,HGHUH ORGLQJ YDOW ELQQHQ KHW URRVWHU ZDDULQ
KHW %$6 GH GLHSWH KHHIW EHUHNHQG� 9LD LQWHUSRODWLH XLW GH RPULQJHQGH
%$6 ZDDUGHQ� DDQJHJHYHQ PHW GH YLHU JHWURNNHQ OLMQHQ� NDQ QX GH
GLHSWH RS LHGHU ZLOOHNHXULJ SXQW ZRUGHQ EHUHNHQG HQ YHUJHOHNHQ PHW
GH HFKRORGLQJ�

,Q GH HHUVWH PDQLHU ZRUGW KHW UHVXOWDDW YDQ KHW %$6 YHUJHOHNHQ PHW
KHW JHPLGGHOGH YDQ HHQ DDQWDO PHWLQJHQ� ,Q KHW SURFHV YDQ PLGGHOLQJ
ZRUGW KHW HIIHFW YDQ GH WRHYDOOLJH IRXW LQ GH JHPHWHQ GLHSWH NOHLQHU�
HU ]LW PLQGHU UXLV RS GH JHPHWHQ ZDDUGHQ� 9HUJHOHNHQ PHW GH WZHHGH
PDQLHU ]DO GH HHUVWH PDQLHU GDDURP YHUVFKLOOHQ WXVVHQ ORGLQJHQ HQ
%$6 VFKDWWLQJ ODWHQ ]LHQ GLH HQNHOH FHQWLPHWHUV NOHLQHU ]LMQ�
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���� =DQGJROYHQ ELM 0HHWSRVW 1RRUGZLMN

3URMHFWQDDP HQ RSGUDFKWJHYHU
+HW ZHUN YRQG SODDWV ELM KHW :/ DOV HLJHQ RQGHU]RHN IODQNHUHQG DDQ
HHQ ((* SURMHFW LQ KHW NDGHU YDQ KHW 0DULQH 6FLHQFH DQG 7HFKQRORJ\
�0$67� SURJUDPPD�

*HELHG
'H HHUVWH WHVW YRQG SODDWV LQ HHQ JHELHG �� NP WHQ QRRUGZHVWHQ YDQ
0HHWSRVW 1RRUGZLMN �031�� 'LW JHELHG ZRUGW YDDN JHEUXLNW YRRU
RQGHU]RHN QDDU GH DIEHHOGLQJ YDQ ERGHPWRSRJUDILH PHW
EHHOGYRUPHQGH UDGDU� 'H ERGHP ZRUGW JHNDUDNWHULVHHUG GRRU
]DQGJROYHQ PHW HHQ RQGHUOLQJH DIVWDQG YDQ RQJHYHHU ��� P HQ HHQ
KRRJWH WXVVHQ � P HQ � P RS HHQ JHPLGGHOGH GLHSWH YDQ �� P� +HW
JHELHG KHHIW HHQ JURRWWH YDQ RQJHYHHU � NP ELM � NP� 9DQ KHW JHELHG
LV HHQ GLHSWHNDDUW EHVFKLNEDDU� RSJHQRPHQ LQ ���� PHW PXOWL�EHDP
HFKRORRG� HQ HHQ JHGHWDLOOHHUG TXDVL GULH�GLPHQVLRQDDO
VWURPLQJVPRGHO�

:HUNZLM]H
,Q ���� ]LMQ UDGDUEHHOGHQ YDQ KHW ]DQGJROYHQJHELHG WHQ QRRUGZHVWHQ
YDQ 031 RSJHQRPHQ PHW HHQ JHYORJHQ V\VWHHP XLW GH 9HUHQLJGH
6WDWHQ� (HQ YDQ GH EHHOGHQ ODDW GH VWHLOH KHOOLQJHQ YDQ GH ]DQGJROYHQ
]LHQ DOV VPDOOH GRQNHUH EDQGHQ� SUHFLHV ]RDOV YHUZDFKW ZHUG RS JURQG
YDQ KHW HHQYRXGLJH PRGHO YDQ $OSHUV HQ +HQQLQJV� 'LW PRGHO
EHVFKUHHI GH ZDDUQHPLQJHQ ]R JRHG� GDW LQYHUVLH YRRU GH KDQG ODJ�
$OV HHUVWH VFKDWWLQJ ZHUG HHQ YODNNH ERGHP RS HHQ GLHSWH YDQ �� P
JHEUXLNW� 9HUGHU ]LMQ HU JHHQ HFKRORGLQJHQ JHEUXLNW� 'H
VWURRPVQHOKHLG LQ KHW JHELHG ZHUG EHUHNHQG PHW EHKXOS YDQ GH
FRQWLQXLWHLWVYHUJHOLMNLQJHQ� DDQJHSDVW DDQ JHPHWHQ VWURRPVQHOKHGHQ
WLMGHQV RSQDPH YDQ KHW UDGDUEHHOG� )LJXXU � WRRQW GH UHVXOWDWHQ� /LQNV
VWDDW GH GLHSWHNDDUW YDQ KHW JHELHG ZHONH LV RSJHQRPHQ PHW PXOWL�
EHDP HFKRVRXQGHU� ,Q KHW PLGGHQ VWDDW KHW UDGDUEHHOG� HQ UHFKWV GH
GLHSWHVFKDWWLQJ YDQ KHW %$6�

1DXZNHXULJKHLG
'H XLW KHW UDGDUEHHOG EHUHNHQGH GLHSWHV ]LMQ YHUJHOHNHQ PHW GH
GLHSWHNDDUW� 'H QDXZNHXULJKHLG EHGURHJ RQJHYHHU �� FP�

%LM]RQGHUKHGHQ
3DV ODWHU ZHUG GXLGHOLMN GDW GH VFKDWWLQJHQ DDQ]LHQOLMN YHUEHWHUHQ
ZDQQHHU HHQ DDQWDO HFKRORGLQJHQ ZRUGW PHHJHQRPHQ�

5DSSRUWDJHV
-� 9RJHO]DQJ� ����� 0DSSLQJ RI VHD ERWWRP WRSRJUDSK\ LQ D PXOWL�

VHQVRU DSSURDFK� ,Q 0DVW GD\V DQG (XURPDU PDUNHW� �� WR ��
0DUFK ����� HGLWHG E\ 0� :H\GHUW DQG &� )UDJDNLV� &RPPLVVLRQ
RI WKH (XURSHDQ &RPPXQLWLHV� ,6%1 �������������� SS� ����
����

-� 9RJHO]DQJ� *�-� :HQVLQN� &�-� &DONRHQ� *�+�)�0� +HVVHOPDQV�
0�:�$� YDQ GHU .RRLM� :� $OSHUV� 5� 5RPHLVHU� 9� :LVPDQQ� .�
%RHKQNH� ,� +HQQLQJV� -�3� 0DWWKHZV� .� /ZL]D� -� %HQQHOO� *�3�
GH /RRU DQG 0� 0HW]QHU� ���� 0DSSLQJ RI VHD ERWWRP
WRSRJUDSK\ LQ D PXOWL VHQVRU DSSURDFK� )LQDO UHSRUW�
5LMNVZDWHUVWDDW� 5LMNVLQVWLWXXW YRRU .XVW HQ =HH�



0HHWVWUDWHJLH �����

5LMNVZDWHUVWDDW HQ KHW EDWK\PHWU\ DVVHVVPHQW V\VWHP ��

���� .XVW ELM =HHEUXJJH

3URMHFWQDDP HQ RSGUDFKWJHYHU
,Q KHW SURMHFW �=((3,3(� ZHUGHQ HHQ DDQWDO SLMSOHLGLQJHQ JHOHJG
WXVVHQ GH 1RRUVH JDVYHOGHQ HQ GH KDYHQ YDQ =HHEUXJJH� *HGXUHQGH
HHQ GHUJHOLMN SURMHFW ]LMQ GLHSWHJHJHYHQV QRGLJ� +HW SURMHFW ZHUG
XLWJHYRHUG GRRU KHW :/ LQ VDPHQZHUNLQJ PHW 2FHRQLFV ,QWHUVLWH %�9�
PHW ILQDQFLsOH RQGHUVWHXQLQJ YDQ GH EHOHLGVFRPPLVVLH UHPRWH VHQVLQJ
�%&56��

*HELHG
+HW JHELHG YDQ LQWHUHVVH PDW �� NP ELM �� NP HQ ODJ WHQ QRRUGHQ YDQ
=HHEUXJJH� 6SHFLDOH DDQGDFKW JLQJ XLW QDDU HHQ VPDOOH VWURRN YDQ ���
P EUHHG ODQJV GH YRRUJHQRPHQ URXWH YDQ GH JDVOHLGLQJ� 'H ERGHP
ZRUGW JHNDUDNWHULVHHUG GRRU ]DQGEDQNHQ HQ ]DQGJROYHQ� 'H GLHSWH
YDULHHUW YDQ � P WRW �� P�

:HUNZLM]H
(HQ UDGDUEHHOG YDQ KHW WHVWJHELHG LV JHFRPELQHHUG PHW RXGH
GLHSWHJHJHYHQV XLW GH DGPLUDOLW\ FKDUWV� 'H DOGXV YHUNUHJHQ HHUVWH
LQGUXN YDQ GH ERGHPOLJJLQJ LV YHHO EHWHU GDQ ZDQQHHU GH]H YHUNUHJHQ
PRHW ZRUGHQ XLW GH DGPLUDOLW\ FKDUWV DOOHHQ� ,Q GH VWURRN YDQ ��� P
EUHHG ODQJV GH URXWH YDQ GH SLMSOHLGLQJ ]LMQ ORGLQJHQ XLWJHYRHUG PHW
HHQ PXOWLEHDP HFKRORRG� 0HW GH]H JHJHYHQV ]LMQ UDDLHQ JHVLPXOHHUG�

1DXZNHXULJKHLG
'H U�P�V� DIZLMNLQJ WXVVHQ GH ORGLQJHQ HQ GH %$6 VFKDWWLQJHQ EHGURHJ
�� FP ELM HHQ UDDLDIVWDQG YDQ ��� P� 'H]H UDDLHQ ]LMQ JHVLPXOHHUG
GRRU DOOHHQ GH EXLWHQVWH PHWLQJHQ YDQ KHW PXOWL�EHDP HFKRORRG WH
JHEUXLNHQ� 'H GLHSWH WXVVHQ GH WZHH UDDLHQ LV RRN EHSDDOG PHW
OLQHDLUH LQWHUSRODWLH� 'H UHVXOWDWHQ KLHUYDQ ]LMQ PLQGHU QDXZNHXULJ GDQ
GLH YDQ KHW %$6�

)LJXXU �� WRRQW GH UHVXOWDWHQ YDQ KHW %$6 �VWUHHSMHVOLMQ� HQ GH HFKROR�
GLQJHQ �JHWURNNHQ OLMQ� ODQJV GH URXWH YDQ GH SLMSOHLGLQJ� +RUL]RQWDDO
VWDDW GH DIVWDQG ODQJV GH SLMSOHLGLQJ WRW KHW JDVYHOG� $OOHHQ LQ KHW
OLQNHUGHHO ]LMQ HQNHOH NOHLQH DIZLMNLQJHQ ]LFKWEDDU�

%LM]RQGHUKHGHQ
0HW �(56���12857(&� LV GLW KHW HQLJH SURMHFW WRW GXVYHU ZDDULQ GH
SUHVWDWLHV YDQ KHW %$6 ]LMQ YHUJHOHNHQ PHW GLH YDQ HHQ LQWHUSRODWLH� (U
LV RRN HHQ VFKDWWLQJ JHPDDNW YDQ GH UHGXFWLH LQ NRVWHQ YRRU GH
GLYHUVH IDVHQ YDQ HHQ K\GURJUDILVFKH RSQDPH WHQ EHKRHYH YDQ GH
RIIVKRUH LQGXVWULH�

5DSSRUWDJHV
*�+�)�0� +HVVHOPDQV� *�-� :HQVLQN� &�-� &DONRHQ�DQG +� 6LGKX� �����

$SSOLFDWLRQ RI (56�� 6$5 GDWD WR VXSSRUW WKH URXWLQJ RI RIIVKRUH
SLSHOLQHV� 5HSRUW %&56������� 1HWKHUODQGV 5HPRWH 6HQVLQJ
%RDUG� 5LMNVZDWHUVWDDW� 6XUYH\ 'HSDUWPHQW� 'HOIW�

*�+�)�0� +HVVHOPDQV� *�-� :HQVLQN� &�-� &DONRHQ�DQG +� 6LGKX� �����
$SSOLFDWLRQ RI (56�� 6$5 GDWD WR VXSSRUW WKH URXWLQJ RI RIIVKRUH
SLSHOLQHV� 5HSRUW + ����� 'HOIW +\GUDXOLFV� 'HOIW�



0HHWVWUDWHJLH �����

5LMNVZDWHUVWDDW HQ KHW EDWK\PHWU\ DVVHVVPHQW V\VWHP ��

���� 1RRUGNXVW YDQ 7HUVFKHOOLQJ

3URMHFWQDDP HQ RSGUDFKWJHYHU
+HW SURMHFW �(56���12857(&� ZHUG XLWJHYRHUG GRRU KHW :/ LQ
RSGUDFKW YDQ '11 PHW VWHXQ YDQ KHW 5,.=� +HW GRHO ZDV QD WH JDDQ
RI GH LQVSDQQLQJ YRRU KHW PRQLWRUHQ YDQ HHQ RQGHUZDWHU VXSSOHWLH
YHUPLQGHUG NRQ ZRUGHQ GRRU JHEUXLN YDQ KHW %$6�

*HELHG
'LW SURMHFW YRQG SODDWV DDQ GH 1RRUGNXVW YDQ 7HUVFKHOOLQJ LQ HHQ
JHELHG YDQ �� NP ELM ��� NP� +LHU LV LQ ���� HHQ H[SHULPHQWHOH
RQGHUZDWHU ]DQGVXSSOHWLH XLWJHYRHUG LQ KHW NDGHU YDQ KHW 0$67
SURMHFW 12857(&� 'H ERGHP ZRUGW JHNHQPHUNW GRRU EUHNHUEDQNHQ
SDUDOOHO DDQ GH NXVWOLMQ LQ GH ]RQH YDQ ��� WRW ��� P XLW GH NXVW�
7XVVHQ ��� P HQ ���� P XLW GH NXVW ]LMQ LQ KHW ZHVWHOLMN GHHO
]DQGJROYHQ GZDUV RS GH NXVWOLMQ DDQZH]LJ� WHUZLMO LQ KHW RRVWHOLMN GHHO
GH ERGHP DOOHHQ HHQ IODXZH KHOOLQJ KHHIW�

:HUNZLM]H
+HW JHELHG LV LQ $SULO ���� JHORRG PHW VLQJOH EHDP HFKRORRG� 'H
UDDLDIVWDQG EHGURHJ ��� P EHKDOYH ERYHQ GH VXSSOHWLH ]HOI� ZDDU GH
UDDLDIVWDQG �� P EHGURHJ� ,Q GH SHULRGH PDDUW�DSULO ]LMQ GULH (56��
EHHOGHQ RSJHQRPHQ� +HW EHHOG YDQ � PDDUW ODDW GH ERGHPVWUXFWXUHQ
KHW GXLGHOLMNVW ]LHQ� (U LV XLWJHJDDQ YDQ GH UDDLHQ PHW ��� P
RQGHUOLQJH DIVWDQG� 9HUYROJHQV ]LMQ UDDLHQ PHW HHQ DIVWDQG YDQ ���
P� ��� P HQ ���� P LQ KHW %$6 LQJHYRHUG�

1DXZNHXULJKHLG
,Q KHW ]DQGJROYHQJHELHG ORRSW GH U�P�V� DIZLMNLQJ WXVVHQ GH %$6
VFKDWWLQJHQ HQ GH PHWLQJHQ YDQ �� FP ELM HHQ UDDLDIVWDQG YDQ ��� P
WRW �� FP ELM HHQ UDDLDIVWDQG YDQ ���� P� /LQHDLUH LQWHUSRODWLH JHHIW
RQJHYHHU HHQ WZHHPDDO ]R JURWH IRXW� ]RGDW KHW %$6 GXLGHOLMN
LQIRUPDWLH XLW KHW UDGDUEHHOG KDDOW� ,Q KHW YODNNH GHHO HQ KHW GHHO PHW
GH EUHNHUEDQNHQ ORRSW GH U�P�V� DIZLMNLQJ YDQ �� FP ELM HHQ
UDDLDIVWDQG YDQ ��� P WRW �� FP ELM HHQ UDDLDIVWDQG YDQ ���� P�
/LQHDLUH LQWHUSRODWLH JHHIW YULMZHO GH]HOIGH QDXZNHXULJKHLG� ]RGDW KHW
%$6 QDXZHOLMNV LQIRUPDWLH XLW KHW UDGDUEHHOG KDDOW� 7RFK ]LMQ GH
EUHNHUEDQNHQ GXLGHOLMN ]LFKWEDDU LQ GH UDGDUEHHOGHQ� 'H RRU]DDN LV GDW
GH VWURRPVQHOKHLG ERYHQ GH EUHNHUEDQNHQ ZRUGW JHGRPLQHHUG GRRU
ERGHPZULMYLQJ� GH VWURRPVQHOKHLG LV KHW JURRWVW WXVVHQ GH
EUHNHUEDQNHQ� 'LW HIIHFW ZDV QRJ QLHW RSJHQRPHQ LQ KHW %$6� (HQ
NOHLQH GLHSH SXW WXVVHQ GH EUHNHUEDQNHQ LV QLHW ]LFKWEDDU RS GH
UDGDUEHHOGHQ�

%LM]RQGHUKHGHQ
0HW =((3,3( LV GLW KHW HQLJH SURMHFW WRW GXVYHU ZDDULQ GH SUHVWDWLHV
YDQ KHW %$6 ]LMQ YHUJHOHNHQ PHW GLH YDQ HHQ LQWHUSRODWLH�

5DSSRUWDJHV
&�-� &DONRHQ� *�-� :HQVLQN� DQG *�+�)�0� +HVVHOPDQV� ����� (56��

6$5 LPDJHU\ WR RSWLPL]H WKH 12857(& VKLSEDVHG EDWK\PHWULF
VXUYH\� IHDVLELOLW\ VWXG\� 5HSRUW + ����� 'HOIW +\GUDXOLFV� 'HOIW�



0HHWVWUDWHJLH �����

5LMNVZDWHUVWDDW HQ KHW EDWK\PHWU\ DVVHVVPHQW V\VWHP ��

���� &HQWUDOH :DGGHQ]HH � �

3URMHFWQDDP HQ RSGUDFKWJHYHU
+HW SURMHFW �(56���9$./2'� LV XLWJHYRHUG GRRU KHW :/ LQ RSGUDFKW
YDQ '11 PHW VWHXQ YDQ 5,.=� +HW SURMHFW ZDV HHQ YHUYROJ RS �(56�
��12857(&� HQ KDG DOV GRHO QD WH JDDQ LQ KRHYHUUH KHW %$6 EHVSD�
ULQJHQ NDQ RSOHYHUHQ ELM YDNORGLQJHQ� ,Q KHW SURMHFW LV YHHO DDQGDFKW
EHVWHHG DDQ YODNNH SODWHQ� 'H]H NXQQHQ LPPHUV DOOHHQ ELM KRRJ ZDWHU
ZRUGHQ JHORRG� HQ GDQ QRJ JHGXUHQGH NRUWH WLMG� =XONH JHELHGHQ
NRVWHQ YHHO LQVSDQQLQJ HQ GLFWHUHQ GH JHKHOH SODQQLQJ�

*HELHG
��� +HQGULN 7MDDUVSODDW
��� *ULHQGHUZDDUG
��� 6FKXLWHJDW�2RVW

'H +HQGULN 7MDDUVSODDW LV HHQ HHQYRXGLJH YODNNH SODDW PHW WZHH NOHLQH
JHXOHQ LQ KHW QRRUGHOLMN GHHO� 'H *ULHQGHUZDDUG LV HHQ FRPSOH[HU
GURRJYDOOHQG JHELHG QDELM KHW HLODQG *ULHQG� WHUZLMO KHW 6FKXLWHJDW�
2RVW JHELHG ZRUGW JHGRPLQHHUG GRRU JHWLMJHXOHQ�

)LJXXU �� WRRQW KHW (56�� UDGDUEHHOG YDQ �� PHL ���� YDQ GH
ZHVWHOLMNH :DGGHQ]HH� 'H GULH WHVWJHELHGHQ DOVPHGH GH FRQWRXUHQ
YDQ 9OLHODQG� 7HUVFKHOOLQJ HQ )ULHVODQG ]LMQ LQJHWHNHQG� 'H KRUL]RQWDOH
HQ YHUWLFDOH VFKDDO LV LQ NP LQ KHW 5LMNVGULHKRHN PHHWQHW �5'0��
)LJXXU �� WRRQW GH EHVFKLNEDUH YDNORGLQJHQ RS GH]HOIGH VFKDDO DOV
)LJXXU ��� /HW RS GH RYHUHHQNRPVW LQ VWUXFWXUHQ WXVVHQ GH EHLGH
ILJXUHQ�

:HUNZLM]H
+HW %$6 LV WRHJHSDVW RS ERYHQJHQRHPGH JHELHGHQ ZDDUYDQ
YDNORGLQJHQ EHVFKLNEDDU ZDUHQ PHW HHQ UDDLDIVWDQG YDQ JHPLGGHOG
��� P� +HW DDQWDO UDDLHQ GDW LQ KHW %$6 ZRUGW JHEUXLNW LV VWHHGV
YHUPLQGHUG� ZDDUELM GH QLHW JHEUXLNWH UDDLHQ GLHQGHQ WHU FRQWUROH YDQ
GH QDXZNHXULJKHLG YDQ KHW %$6� %RYHQ GH +HQGULN 7MDDUVSODDW LV HHQ
UHFKWKRHNLJ UDDLHQSDWURRQ JHVLPXOHHUG PHW HHQ UDDLDIVWDQG YDQ UXLP
� NP�

1DXZNHXULJKHLG
%RYHQ GH +HQGULN 7MDDUVSODDW ZHUGHQ JRHGH UHVXOWDWHQ EHKDDOG� GH
GLHSWH NRQ ZRUGHQ WHUXJJHVFKDW PHW HHQ U�P�V� IRXW YDQ �� FP HQ
HHQ ELDV YDQ � FP ELM HHQ UDDLDIVWDQG YDQ UXLP � NP� 'H PD[LPDOH
IRXW YDQ ��� FP WUDG RS ERYHQ HHQ NOHLQH JHXO�

7RHSDVVLQJ YDQ KHW %$6 ZDV ODVWLJHU ERYHQ GH *ULHQGHUZDDUG� 7LMGHQV
GH RSQDPH YDQ KHW UDGDUEHHOG ODJHQ KLHU HHQ DDQWDO GHOHQ GURRJ� 2S
HHQ UDGDUEHHOG LV KHW ODVWLJ RP HHQ SUHFLH]H VFKHLGLQJ DDQ WH EUHQJHQ
WXVVHQ GURRJJHYDOOHQ HQ QDWWH GHOHQ� 7HYHQV EHYDWWH KHW EHHOG HQNHOH
VWRUHQGH IHQRPHQHQ� YHUPRHGHOLMN QDWXXUOLMNH GULMIODJHQ� 'H GLHSWH LV
WHUXJJHVFKDW YRRU HHQ JHELHG YDQ � NP ELM ��� NP WHQ RRVWHQ YDQ
*ULHQG� 'H U�P�V� DIZLMNLQJ EHGURHJ �� FP�

2IVFKRRQ GH JHXOHQ GXLGHOLMN ]LFKWEDDU ]LMQ RS KHW UDGDUEHHOG� ZDV
DOOHHQ NZDOLWDWLHYH YHUJHOLMNLQJ PHW GH ORGLQJHQ PRJHOLMN� ,PPHUV�
JHXOHQ ]LMQ ]LFKWEDDU RS UDGDUEHHOGHQ GRRU YDULDWLHV LQ VWURRPVQHOKHLG
GZDUV RS GH VWURRPOLMQHQ� HHQ HIIHFW GDW QRJ QLHW LQ KHW %$6 ]DW�



0HHWVWUDWHJLH �����

5LMNVZDWHUVWDDW HQ KHW EDWK\PHWU\ DVVHVVPHQW V\VWHP ��

%LM]RQGHUKHGHQ
8LW GH]H VWXGLH NZDPHQ HHQ JURRW DDQWDO SXQWHQ QDDU YRUHQ ZHONH
YHUEHWHULQJ EHKRHIGHQ�
��� 'H JHEUXLNWH KDQGPDWLJH SRVLWLRQHULQJ YDQ GH UDGDUEHHOGHQ LV

LQHIILFLsQW�
��� ,Q HHQ JHELHG DOV GH :DGGHQ]HH ]LMQ WZHH�GLPHQVLRQDOH

PRGHOOHQ QRGLJ�
��� $QDO\VH RS EDVLV YDQ PHHU GDQ ppQ UDGDUEHHOG LV QRGLJ RP

VWRUHQGH IHQRPHQHQ WH NXQQHQ RQGHUVFKHLGHQ YDQ
ERGHPVLJQDWXUHQ�

5DSSRUWDJHV
&�-� &DONRHQ DQG *�-� :HQVLQN� ����� 8VH RI (56�� 6$5 WR RSWLPL]H

VKLS�EDVHG EDWK\PHWULF VXUYH\V LQ WKH :DGGHQ]HH� 5HSRUW
+����� 'HOIW +\GUDXOLFV� 'HOIW�



0HHWVWUDWHJLH �����

5LMNVZDWHUVWDDW HQ KHW EDWK\PHWU\ DVVHVVPHQW V\VWHP ��

���� &HQWUDOH :DGGHQ]HH � �

3URMHFWQDDP HQ RSGUDFKWJHYHU
+HW SURMHFW �(IILFLHQF\ ,PSURYHPHQW RI %DWK\PHWULF VXUYH\V ZLWK (56�
��� DFURQLHP (,%(56� ZDV HHQ GLUHFW YHUYROJ RS �(56���9$./2'��
+HW SURMHFW ZHUG LQ ���� XLWJHYRHUG GRRU :/ HQ 5:6 PHW ILQDQFLsOH
VWHXQ YDQ GH %HOHLGVFRPPLVVLH 5HPRWH 6HQVLQJ �%&56�� +HW SURMHFW
KDG DOV GRHO�
��� KHW YRRUZDDUWVH PRGHO XLW WH EUHLGHQ QDDU WZHH GLPHQVLHV� HQ
��� KHW %$6 JHVFKLNW WH PDNHQ YRRU DQDO\VHV JHEDVHHUG RS

PHHUGHUH UDGDUEHHOGHQ �PXOWL LPDJH DQDO\VLV��

*HELHG
+HW SURMHFW EHVORHJ GH YROJHQGH GHHOJHELHGHQ�
�� +HQGULN 7MDDUVSODDW �]HOIGH JHELHG DOV LQ �(56���9$./2'��
�� 1RRUG 0HHS

:HUNZLM]H
'H NRVWHQIXQFWLH LV XLWJHEUHLG ]RGDW GH GLHSWHVFKDWWLQJHQ NXQQHQ
ZRUGHQ XLWJHYRHUG RS EDVLV YDQ PHHU GDQ ppQ UDGDUEHHOG� 'H GLHSWH
ERYHQ GH +HQGULN 7MDDUVSODDW LV RSQLHXZ JHVFKDW� PDDU QX RS EDVLV
YDQ YLHU UDGDUEHHOGHQ LQ SODDWV YDQ ppQ ]RDOV LQ �(56���9$./2'��
'H JHZLFKWHQ ]LMQ �RS KHW RRJ� EHSDDOG� 7ZHH UDGDUEHHOGHQ ZDUHQ
YDQ JRHGH NZDOLWHLW HQ NUHJHQ JHZLFKW �� GH WZHH DQGHUH EHHOGHQ
ZDUHQ YDQ UHGHOLMNH NZDOLWHLW ZDUHQ HQ NUHJHQ JHZLFKW ���� (U ]LMQ GXV
HIIHFWLHI GULH EHHOGHQ JHEUXLNW�

+HW YRRUZDDUWVH PRGHO LV XLWJHEUHLG QDDU WZHH GLPHQVLHV� 9RRU ZDW
EHWUHIW KHW UDGDU YHUVWURRLLQJVPRGHO HQ KHW JROIPRGHO ZDV GLW
EHWUHNNHOLMN HHQYRXGLJ� 9RRU ZDW EHWUHIW KHW VWURPLQJVPRGHO ZDV
PHHU LQVSDQQLQJ YHUHLVW� ,PPHUV� KHW VWURRPYHOG PRHW EHUHNHQG
ZRUGHQ RS HHQ ]HHU ILMQ URRVWHU ����� P ELM ���� P�� HQ GH EHUHNHQLQJ
PDJ QLHW WH YHHO WLMG NRVWHQ� +HW PRGHO EOLMNW JRHG LQ VWDDW GH
VLJQDWXUHQ YDQ JHWLMJHXOHQ RS UDGDUEHHOGHQ WH EHVFKULMYHQ� 7LMGHQV KHW
SURMHFW ZHUG GXLGHOLMN GDW KHW LQYHUVH PRGHO QLHW HHQYRXGLJ XLWJHEUHLG
NRQ ZRUGHQ QDDU WZHH GLPHQVLHV� 'DDURP ]LMQ JHHQ JHGHWDLOOHHUGH
GLHSWHNDDUWHQ ERYHQ JHWLMJHXOHQ JHPDDNW� PDDU ]LMQ DOOHHQ JHXOSDUD�
PHWHUV DOV PD[LPDOH GLHSWH� KHOOLQJ YDQ GH JHXOZDQG HQ JHXOEUHHGWH
WHUXJJHVFKDW�

1DXZNHXULJKHLG
'H U�P�V� DIZLMNLQJ WXVVHQ HFKRORGLQJHQ HQ %$6 VFKDWWLQJHQ YRRU GH
GLHSWH ERYHQ GH +HQGULN 7MDDUVSODDW OLHS WHUXJ YDQ �� FP ELM JHEUXLN
YDQ ppQ EHHOG �]LH SDUDJUDDI ���� WRW ���� FP ELM JHEUXLN YDQ HIIHFWLHI
GULH EHHOGHQ� 'H]H YHUEHWHULQJ LQ GH QDXZNHXULJKHLG ZRUGW WRHJH�
VFKUHYHQ DDQ KHW YHUPLQGHUGH HIIHFW YDQ UXLV ELM JHEUXLN YDQ PHHU
EHHOGHQ� )LJXXU �� WRRQW HHQ VFDWWHUSORW YRRU GH +HQGULN 7MDDUVSODDW
PHW YHUWLFDDO GH GLHSWH JHPHWHQ PHW HFKRVRXQGHU HQ KRUL]RQWDDO GH
GLHSWH EHSDDOG PHW KHW %$6�

'H PD[LPDOH JHXOGLHSWH NRQ ZRUGHQ WHUXJJHVFKDW PHW HHQ
QDXZNHXULJKHLG YDQ �� FP� 'H EUHHGWH YDQ GH JHXO NRQ ZRUGHQ
EHSDDOG RS �� P� GH PD[LPDOH KHOOLQJ YDQ GH JHXOZDQG RS ���

%LM]RQGHUKHGHQ
,Q KHW NDGHU YDQ GLW SURMHFW LV RRN JHNHNHQ QDDU GH HLVHQ GLH JHEUXL�
NHUV VWHOOHQ DDQ GLHSWHJHJHYHQV YDQ GH :DGGHQ]HH� 9RRU ]RYHU ]LM



0HHWVWUDWHJLH �����

5LMNVZDWHUVWDDW HQ KHW EDWK\PHWU\ DVVHVVPHQW V\VWHP ��

JHEUXLN PDNHQ YDQ YDNORGLQJHQ� HLVHQ ]LM HHQ YHUWLFDOH
QDXZNHXULJKHLG YDQ �� FP �V\VWHPDWLVFKH SOXV VWRFKDVWLVFKH IRXW� HQ
HHQ KRUL]RQWDOH QDXZNHXULJKHLG YDQ �� P� 0RFKW KHW PRJHOLMN ]LMQ
RP PHW KHW %$6 LHGHU MDDU HHQ NDDUW YDQ GH JHKHOH :DGGHQ]HH WH
PDNHQ� GDQ LV HHQ IRXW YDQ PD[LPDDO �� FP DDQYDDUGEDDU�
,QWHUHVVDQWH JHELHGHQ NXQQHQ GDQ DOVQRJ QDXZNHXULJHU ZRUGHQ
EHPHWHQ�

5DSSRUWDJHV
&�-� &DONRHQ� *�-� :HQVLQN� -� 9RJHO]DQJ� DQG 3�)� +HLQHQ� �����

(,%(56� (IILFLHQF\ ,PSURYHPHQW RI EDWK\PHWULF VXUYH\V ZLWK (56�
�� 5HSRUW %&56������� 1HWKHUODQGV 5HPRWH 6HQVLQJ %RDUG�
5LMNVZDWHUVWDDW� 6XUYH\ 'HSDUWPHQW� 'HOIW�



0HHWVWUDWHJLH �����

5LMNVZDWHUVWDDW HQ KHW EDWK\PHWU\ DVVHVVPHQW V\VWHP ��

���� 3ODDWJDW

3URMHFWQDDP HQ RSGUDFKWJHYHU
+HW SURMHFW �(56���3/$$7*$7� LV LQ ���� XLWJHYRHUG GRRU $5*266
LQ RSGUDFKW YDQ '11 PHW VWHXQ YDQ KHW 5,.= HQ GH 0'� '1+ KDG DOV
ZDDUQHPHU ]LWWLQJ LQ KHW SURMHFWWHDP�

*HELHG
+HW SURMHFW YRQG SODDWV LQ KHW 3ODDWJDW WXVVHQ $PHODQG HQ
6FKLHUPRQQLNRRJ LQ KHW JHELHG DDQJHJHYHQ LQ )LJXXU ��� 'H
KRUL]RQWDOH HE YHUWLFDOH VFKDDO LQ )LJXXU �� LV LQ NP LQ KHW 5'0�
2QGHU LQYORHG YDQ QDWXXUOLMNH PRUIRORJLVFKH SURFHVVHQ YHU]DQGW GH
YDDUJHXO QDDU /RXZHUVRRJ HQ YHUSODDWVW ]LFK QDDU KHW RRVWHQ� 7HJHOLM�
NHUWLMG RQWZLNNHOW ]LFK WHQ ZHVWHQ KLHUYDQ HHQ QLHXZH YDDUJHXO� KHW
:HVWJDW� ,Q KHW PLGGHQ YDQ KHW WHVWJHELHG NRPHQ EHLGH JHXOHQ
VDPHQ� 7HQHLQGH GH YHLOLJKHLG YDQ GH VFKHHSYDDUW QDDU /RXZHUVRRJ
WH JDUDQGHUHQ� ZRUGW GLW JHELHG YLHU PDDO SHU MDDU JHORRG GRRU '11�

+HW GRHO YDQ GLW SURMHFW ZDV QD WH JDDQ LQ KRHYHUUH KHW %$6 JHEUXLNW
NRQ ZRUGHQ RP GH ORGLQJVLQVSDQQLQJ LQ GLW JHELHG WHUXJ WH EUHQJHQ�

:HUNZLM]H
+HW JHELHG LV JHORRG LQ MXOL ���� PHW HHQ UDDLDIVWDQG YDQ ��� P LQ
KHW ]XLGRRVWHOLMN GHHO HQ ��� P LQ GH UHVW YDQ KHW JHELHG� 'RRU VWHHGV
PHHU UDDLHQ ZHJ WH ODWHQ XLW KHW %$6 HQ LQ SODDWV GDDUYDQ WH JHEUXLNHQ
RP GH QDXZNHXULJKHLG WH FRQWUROHUHQ� NRQ GH RSWLPDOH UDDLDIVWDQG
ZRUGHQ DIJHOHLG� 7HQHLQGH YROGRHQGH QDXZNHXULJKHLG WH EHKDOHQ ODJ
KHW LQ GH EHGRHOLQJ HHQ DQDO\VH XLW WH YRHUHQ RS EDVLV YDQ PHHUGHUH
6$5 EHHOGHQ RSJHQRPHQ LQ GH SHULRGH MXOL W�P VHSWHPEHU� +HW )(/�
712 SRVLWLRQHHUGH GH UDGDUEHHOGHQ GRRU GH SURMHFWLH YDQ GH 6$5 RS
GH $DUGH RSQLHXZ WH EHUHNHQHQ XLWJDDQGH YDQ YHUEHWHUGH EDDQJHJH�
YHQV�

1DXZNHXULJKHLG
,Q GH SHULRGH MXOL W�P VHSWHPEHU ���� ]LMQ HU LQ WRWDDO ]HV UDGDU�
EHHOGHQ YDQ KHW JHELHG RSJHQRPHQ� +HW EHHOG YDQ � DXJXVWXV LV LQ
NZDOLWHLW GXVGDQLJ VXSHULHXU DDQ GH DQGHUH EHHOGHQ GDW JHHQ
YHUEHWHULQJ LQ GH GLHSWHVFKDWWLQJ ZRUGW EHUHLNW ZDQQHHU GH DQGHUH
EHHOGHQ ZRUGHQ PHHJHQRPHQ LQ GH DQDO\VH� 'LW EHWHNHQW GDW HHQ
SHULRGH YDQ GULH PDDQGHQ WH NRUW NDQ ]LMQ RP YROGRHQGH UDGDUEHHOGHQ
YDQ JRHGH NZDOLWHLW WH NXQQHQ YHU]DPHOHQ�

,Q KHW FHQWUXP YDQ KHW JHELHG� ZDDU KHW 3ODDWJDW HQ KHW :HVWJDW
VDPHQNRPHQ JHHIW KHW %$6 JURWH DIZLMNLQJHQ WRW � P� 'LW NRPW
GRRUGDW KHW VWURPLQJVSDWURRQ KLHU GXLGHOLMN WZHH�GLPHQVLRQDDO LV�
KHWJHHQ QLHW LQ KHW %$6 LV LQJHERXZG� :DQQHHU GH JHXOVSOLWVLQJ QLHW
ZRUGW PHHJHQRPHQ� LV GH U�P�V� QDXZNHXULJKHLG YDQ GH GLHSWH�
VFKDWWLQJ RQJHYHHU �� FP ELM HHQ UDDLDIVWDQG YDQ ��� P HQ �� FP ELM
HHQ UDDLDIVWDQG YDQ ���� P� 'H V\VWHPDWLVFKH DIZLMNLQJ ZDV KRRJXLW
� FP� .RUWH ]DQGJROYHQ PHW HHQ JROIOHQJWH YDQ �� P ]LMQ QLHW
]LFKWEDDU RS (56 6$5 EHHOGHQ HQ NRPHQ GDDUGRRU QLHW WHUXJ LQ GH
GLHSWHVFKDWWLQJ� 2YHULJHQV SRHWVW RRN &21/2' GHUJHOLMNH ILMQH
VWUXFWXUHQ ZHJ LQ GH LQWHUSRODWLH�

0HUN RS GDW KHW %$6 QX RRN LQ VWDDW LV RP QDXZNHXULJH GLHSWHV WH
VFKDWWHQ ERYHQ UHFKWH JHXOHQ� LQ VLWXDWLHV ZDDULQ GH VWURPLQJ YDULHHUW



0HHWVWUDWHJLH �����

5LMNVZDWHUVWDDW HQ KHW EDWK\PHWU\ DVVHVVPHQW V\VWHP ��

GZDUV RS GH VWURRPOLMQHQ� (HQ MDDU HHUGHU �]LH SDUDJUDDI ���� ZDV GLW
QRJ QLHW PRJHOLMN�

%LM]RQGHUKHGHQ
,Q GLW SURMHFW ]LMQ GH YHUVFKLOOHQ WXVVHQ GH %$6 VFKDWWLQJHQ HQ GH
ORGLQJHQ ELM]RQGHU XLWJHEUHLG EHVWXGHHUG� %HKDOYH VWDWLVWLVFKH NHQWDO�
OHQ DOV ELDV� U�P�V� DIZLMNLQJ� HWF� ]LMQ HU RRN KLVWRJUDPPHQ HQ
YHUVFKLONDDUWHQ JHPDDNW�

2S EDVLV YDQ GLW SURMHFW LV JHFRQFOXGHHUG GDW KHW %$6 VOHFKWV
WRHJHSDVW NDQ ZRUGHQ YRRU ORGLQJHQ PHW HHQ IUHTXHQWLH YDQ KRRJXLW
HHQV SHU MDDU� 'LW JHOGW XLWHUDDUG YRRU KHW KXLGLJH DDQWDO
UDGDUVDWHOOLHWHQ� 'H]H UHVWULFWLH YHUYDOW ZDQQHHU HU PHHU VDWHOOLHWHQ
EHVFKLNEDDU NRPHQ� RI HHQ JHYORJHQ V\VWHHP�

9HUGHUH DQDO\VH YDQ GH VSOLWVLQJ 3ODDWJDW�:HVWJDW PHW YRRUZDDUWVH
PRGHOOHQ LQ GH (* SURMHFWHQ �$06�� HQ &�67$5 WRRQGH DDQ GDW HU
SUREOHPHQ ]LMQ PHW KHW VWURRPYHOG DINRPVWLJ XLW HHQ :$48$
PRGHOEHUHNHQLQJ� =LH RRN SDUDJUDDI ����

5DSSRUWDJHV
&�-� &DONRHQ DQG *�-� :HQVLQN� ����� (56�� 6$5 VXUYH\ 3ODDWJDW�

5HSRUW $���� $5*266� 0DUNQHVVH�



0HHWVWUDWHJLH �����

5LMNVZDWHUVWDDW HQ KHW EDWK\PHWU\ DVVHVVPHQW V\VWHP ��

���� 6OLMNJDW� 6OLMNJHXO HQ /RVZDO 1RRUG

3URMHFWQDDP HQ RSGUDFKWJHYHU
+HW SURMHFW �(56���6/,-.*$7�6/,-.*(8/�/26:$/ 1225'� LV
HYHQHHQV LQ ���� XLWJHYRHUG� QX LQ RSGUDFKW YDQ '=+ �YRRU KHW
6OLMNJDW HQ GH 6OLMNJHXO� HQ '1= �YRRU /RVZDO 1RRUG�� +HW SURMHFWWHDP
ZHUG JHFRPSOHWHHUG GRRU '=/ DOV ZDDUQHPHU� 0' HQ 5,.=� +HW GRHO
YDQ KHW SURMHFW ZDV RP GH PRJHOLMNKHGHQ YDQ KHW %$6 WH GHPRQVWUH�
UHQ YRRU GH]H GLUHFWLHV�

*HELHG
'H GHPRQVWUDWLH LV XLWJHYRHUG LQ WZHH JHELHGHQ� +HW HHUVWH JHELHG LV
GH PRQG YDQ KHW +DULQJYOLHW HQ RPYDW KHW 6OLMNJDW HQ GH 6OLMNJHXO� +HW
6OLMNJDW LV HHQ RQGLHS JHELHG DDQ KHW EHJLQ YDQ KHW +DULQJYOLHW� 'H
GLHSWH YDULHHUW YDQ � WRW �� PHWHU� 'H 6OLMNJHXO LV HHQ JHXO PHW HHQ
EUHHGWH YDQ �� P WRW ��� P HQ HHQ PD[LPDOH GLHSWH YDQ �� P� ,Q KHW
WHVWJHELHG EHYLQGHQ ]LFK WZHH RQGLHSWHV� 'H HHUVWH LV HHQ ]DQGSODDW
WHQ QRRUGHQ YDQ *RHUHH GLH GURRJYDOW ELM ODDJ ZDWHU� GH WZHHGH LV
HHQ ]DQGEDQN WHQ ZHVWHQ YDQ *RHUHH DDQ GH UDQG YDQ KHW WHVWJHELHG�

+HW WZHHGH JHELHG LV /RVZDO 1RRUG� HHQ JHELHG YRRU GH NXVW YDQ =XLG
+ROODQG ZDDU EDJJHUVOLE ZRUGW JHVWRUW� 'LW LV HHQ YODN DIORSHQG
JHELHG� YDQ �� P WRW �� P� PHW ORNDOH KHXYHOV YDQ JHVWRUW PDWHULDDO�
7HQ ]XLGHQ YDQ /RVZDO 1RRUG LV HHQ ]DQGGDP DDQJHOHJG RP WH
YRRUNRPHQ GDW JHVWRUW VOLE WH VQHO WHUXJYORHLW QDDU GH (XUR�0DDVJHXO�

'H WHVWJHELHGHQ HQ GH EHVFKLNEDUH HFKRORGLQJHQ ]LMQ DDQJHJHYHQ LQ
)LJXXU ��� 'H KRUL]RQWDOH HQ YHUWLFDOH VFKDDO LV LQ NP LQ KHW 5'0�

:HUNZLM]H
'H GLHSWHVFKDWWLQJHQ ]LMQ XLWJHYRHUG RS EDVLV YDQ ppQ UDGDUEHHOG GDW
GRRU KHW )(/�712 LV JHSRVLWLRQHHUG� 'H ORGLQJHQ KHEEHQ HHQ
UDDLDIVWDQG YDQ �� P WRW ��� P� 'H ZHUNZLM]H ZDV LGHQWLHN DOV YRRU
KHW SURMHFW �(56���3/$$7*$7� �]LH SDUDJUDDI �����

1DXZNHXULJKHLG
2QGDQNV KHW IHLW GDW 6OLMNJDW� 6OLMNJHXO HQ /RVZDO 1RRUG RQGHUOLQJ
DDQ]LHQOLMNH YHUVFKLOOHQ LQ PRUIRORJLH YHUWRQHQ� ZDV GH
QDXZNHXULJKHLG YDQ GH %$6 GLHSWHVFKDWWLQJHQ LQ GH GULH JHELHGHQ
YULMZHO JHOLMN� RQJHYHHU �� FP ELM HHQ UDDLDIVWDQG YDQ ��� P� �� FP ELM
HHQ UDDLDIVWDQG YDQ ��� P HQ �� FP j �� FP ELM HHQ UDDLDIVWDQG YDQ
���� P� %HKDOYH VWDWLVWLVFKH NHQWDOOHQ ]LMQ RRN KLVWRJUDPPHQ YDQ GH
IRXWHQYHUGHOLQJ HQ YHUVFKLONDDUWHQ JHPDDNW�

'H YHUVFKLONDDUWHQ ODWHQ HHQ DDQWDO JHELHGHQ ]LHQ ZDDURS KHW %$6
JURWHUH IRXWHQ PDDNW� $IZLMNLQJHQ WRW � P RI PHHU NRPHQ YRRU
ERYHQ GH RQGLHSWHV LQ KHW 6OLMNJDW�6OLMNJHXO JHELHG HQ ODQJV GH NXVW
YDQ 9RRUQH� 'LW ZRUGW ZDDUVFKLMQOLMN YHURRU]DDNW GRRU JROIEUHNLQJ
ERYHQ RQGLHSH JHELHGHQ� HHQ HIIHFW GDW QLHW LQ KHW %$6 ZRUGW
PHHJHQRPHQ� ,Q KHW /RVZDO 1RRUG JHELHG WUHGHQ IRXWHQ RS YDQ UXLP
� P ERYHQ EDJJHUVWRUWHQ HQ PHHU GDQ � P ERYHQ GH ]DQGGDP� 'LW
ZRUGW KRRJVWZDDUVFKLMQOLMN YHURRU]DDNW GRRU KHW IHLW GDW KHW
VWURPLQJVSDWURRQ ERYHQ GH]H GHHOJHELHGHQ WZHH�GLPHQVLRQDDO LV� +HW
%$6 YHUZDFKW GDW DOOH VWURPLQJ RYHU HHQ KHXYHOYRUPLJH EDJJHUVWRUW
KHHQ ]DO JDDQ� ,Q ZHUNHOLMNKHLG VWURRPW HHQ GHHO YDQ KHW ZDWHU ODQJV
GH KHXYHO� HQ YDULHHUW GH VWURPLQJ RYHU GH KHXYHO PLQGHU VWHUN GDQ



0HHWVWUDWHJLH �����

5LMNVZDWHUVWDDW HQ KHW EDWK\PHWU\ DVVHVVPHQW V\VWHP ��

KHW %$6 YHUZDFKW� +HW JHYROJ LV GDW KHW %$6 GH KRRJWH YDQ GH KHXYHO
WHQ RS]LFKWH YDQ GH ERGHP RQGHUVFKDW�

,Q KHW /RVZDO 1RRUG JHELHG EHYLQGW ]LFK RRN HHQ ZUDN� =RDOV
YHUZDFKW LV GLW WH NOHLQ RP ]LFKWEDDU WH ]LMQ RS KHW UDGDUEHHOG�

%LM]RQGHUKHGHQ
'H UHVXOWDWHQ LQ KHW 6OLMNJDW�6OLMNJHXO JHELHG WRQHQ DDQ GDW KHW %$6
EHKRRUOLMNH UHVXOWDWHQ OHYHUW WRW YODN RQGHU GH NXVW� 3DV ZDQQHHU GH
GLHSWH PLQGHU GDQ WZHH PHWHU LV NXQQHQ DIZLMNLQJHQ RSWUHGHQ WHQ
JHYROJH YDQ JROIEUHNLQJ�

5DSSRUWDJHV
*�+�)�0� +HVVHOPDQV DQG *�-� :HQVLQN� ����� (56�� 6$5 VXUYH\

6OLMNJDW� 6OLMNJHXO DQG /RVZDO 1RRUG� 5HSRUW $���� $5*266�
0DUNQHVVH�



0HHWVWUDWHJLH �����

5LMNVZDWHUVWDDW HQ KHW EDWK\PHWU\ DVVHVVPHQW V\VWHP ��

���� 9DOLGDWLH /RVZDO 1RRUG

3URMHFWQDDP HQ RSGUDFKWJHYHU
+HW SURMHFW �9$/,'$7,( (56���/26:$/ 1225'� LV LQ ����
XLWJHYRHUG GRRU $5*266 LQ RSGUDFKW YDQ '1=� ,Q KHW SURMHFWWHDP
KDGGHQ YHUGHU ]LWWLQJ '=+� '=/� 0' HQ 5,.=� +HW SURMHFW KDG DOV
GRHO�
� WH RQGHU]RHNHQ RI GH SUHVWDWLHV YDQ KHW %$6 KHW YRRUDIJDDQGH

SURMHFW �(56���6/,-.*$7�6/,-.*(8/�/26:$/ 1225'� �]LH
SDUDJUDDI ���� KHUKDDOEDDU ZDUHQ YRRU HHQ QLHXZH GDWDVHW
��UHSHDWDELOLW\���

� WH RQGHU]RHNHQ LQ KRHYHUUH KHW %$6 NDQ H[WUDSROHUHQ EXLWHQ GH
UDDLHQ�

*HELHG
+HW SURMHFW LV XLWJHYRHUG ERYHQ /RVZDO 1RRUG� 9HUJHOHNHQ PHW
SURMHFW �(56���6/,-.*$7�6/,-.*(8/�/26:$/ 1225'� ZDV KHW
WHVWJHELHG PHW ��� P XLWJHEUHLG LQ QRRUGHOLMNH� ZHVWHOLMNH HQ
]XLGHOLMNH ULFKWLQJ�

:HUNZLM]H
/RVZDO 1RRUG LV LQ GH SHULRGH ����� $SULO ���� GRRU '1= JHORRG PHW
HHQ VLQJOH EHDP HFKRORRG HQ HHQ UDDLDIVWDQG YDQ �� P� $5*266
NUHHJ GH EHVFKLNNLQJ RYHU UDDLHQ RP GH ��� P HQ HHQ DDQWDO (56
UDGDUEHHOGHQ� ZDDUXLW KHW (56�� EHHOG YDQ �� $SULO HQ KHW (56��
EHHOG YDQ �� $SULO JHNR]HQ ]LMQ YRRU YHUGHUH EHZHUNLQJ�

'H EHHOGHQ ]LMQ JHSRVLWLRQHHUG DDQ GH KDQG YDQ KHW EHHOG GDW
JHEUXLNW LV LQ KHW SURMHFW �(56���6/,-.*$7�6/,-.*(8/�/26:$/
1225'�� $OOH EHHOGHQ EHVWULMNHQ KHW]HOIGH JHELHG ]RGDW GH UHODWLHYH
SRVLWLH ]HHU QDXZNHXULJ EHSDDOG NDQ ZRUGHQ GRRU GH EHHOGHQ RYHU
HONDDU WH OHJJHQ� 'H DEVROXWH SRVLWLH YROJW GDQ XLW GH SRVLWLH YDQ KHW
RXGH UDGDUEHHOG�

9DOLGDWLH YRQG SODDWV GRRU '1= HQ GRRU $5*266� 0HUN RS GDW
$5*266 SDV GH EHVFKLNNLQJ NUHHJ RYHU DOOH ORGLQJHQ QDGDW GH %$6
GLHSWHNDDUW ZDV RSJHOHYHUG�

1DXZNHXULJKHLG
,Q KHW SURMHFW �(56���6/,-.*$7�6/,-.*(8/�/26:$/ 1225'� ZHUG
HHQ U�P�V� QDXZNHXULJKHLG EHKDDOG YDQ �� FP ELM HHQ UDDLDIVWDQG YDQ
��� P� ,Q GLW SURMHFW ODJ GH U�P�V� DIZLMNLQJ WXVVHQ �� FP HQ �� FP�
DIKDQNHOLMN YDQ GH PHWKRGH YDQ YDOLGDWLH �]LH SDUDJUDDI ����� 'H]H
YHUEHWHULQJ WHQ RS]LFKWH YDQ KHW HHUGHUH SURMHFW LV KHW JHYROJ YDQ
YHUEHWHULQJHQ LQ KHW %$6 HQ� PRJHOLMN� EHWHUH UDGDUEHHOGHQ�

'H ORGLQJVUDDLHQ YDQ ���� YDOOHQ ELQQHQ HQNHOH PHWHUV RS GLH YDQ
����� /DQJV VRPPLJH UDDLHQ ODWHQ GH HFKRORGLQJHQ XLW ���� HQ ����
V\VWHPDWLVFKH YHUVFKLOOHQ WRW �� FP ]LHQ� 'H RRU]DDN KLHUYDQ LV QLHW
GXLGHOLMN�

2S VRPPLJH VWXNNHQ YHUWRRQW KHW %$6 JURWHUH DIZLMNLQJHQ WHQ
RS]LFKWH YDQ GH ORGLQJHQ� 'LW ]LMQ GH ]DQGGDP LQ KHW ]XLGHQ HQ
EDJJHUVWRUWHQ LQ KHW PLGGHQ YDQ KHW WHVWJHELHG� SUHFLHV GH]HOIGH
JHELHGHQ DOV ZDDU KHW %$6 LQ SURMHFW �(56�
��6/,-.*$7�6/,-.*(8/�/26:$/ 1225'� SUREOHPHQ KDG� =RDOV
UHHGV RSJHPHUNW LQ GH YRULJH SDUDJUDDI LV GLW WH ZLMWHQ DDQ KHW



0HHWVWUDWHJLH �����

5LMNVZDWHUVWDDW HQ KHW EDWK\PHWU\ DVVHVVPHQW V\VWHP ��

RQWEUHNHQ YDQ HHQ WZHH�GLPHQVLRQDDO LQYHUVLHVFKHPD LQ KHW %$6�
9ROJHQV YHUZDFKWLQJ LV KHW ZUDN RRN GH]H NHHU ZHHU QLHW
ZDDUJHQRPHQ RS GH UDGDUEHHOGHQ�

'H H[WUDSRODWLH LQ QRRUGHOLMNH� ZHVWHOLMNH HQ ]XLGHOLMNH ULFKWLQJ LV
VOHFKWV EHSHUNW PRJHOLMN� (QNHOH KRQGHUGHQ PHWHUV EXLWHQ GH UDDLHQ
QHHPW GH IRXW LQ GH GLHSWH VQHO WRH� +HW LV GXV QLHW PRJHOLMN KHW %$6
DI WH UHJHOHQ PHW EHKXOS YDQ ORGLQJHQ RS GH HQH GHHO YDQ HHQ
UDGDUEHHOG HQ YHUYROJHQV GH GLHSWH WH EHSDOHQ RS KHW DQGHUH GHHO�

)LJXXU �� ODDW GH %$6 GLHSWHNDDUW YDQ /RVZDO 1RRUG ]LHQ� 'H
KRUL]RQWDOH HQ YHUWLFDOH VFKDDO LV LQ NP LQ KHW 5'0� 'H FRQWRXUOLMQHQ
YDQ GH GLHSWH ]LMQ LHGHUH PHWHU JHJHYHQ�

%LM]RQGHUKHGHQ
,Q GLW SURMHFW ]LMQ GH VFKDWWLQJ YDQ GH GLHSWH GRRU KHW %$6 HQ GH
YDOLGDWLH YROOHGLJ JHVFKHLGHQ JHZHHVW� GH YROOHGLJH YHU]DPHOLQJ OR�
GLQJVJHJHYHQV LV SDV GRRU '1= YULMJHJHYHQ QDGDW $5*266 GH
GLHSWHNDDUW KDG RSJHOHYHUG�

5DSSRUWDJHV
*�+�)�0� +HVVHOPDQV� ����D� 9DOLGDWLH (56�� /RVZDO 1RRUG� 5DSSRUW

$��� 0DUNQHVVH�

-� /DJkV HQ :�*� %RV� ����� 9DOLGDWLH %$6� 5DSSRUW 1=�������
5LMNVZDWHUVWDDW� 'LUHFWLH 1RRUG]HH� 5LMVZLMN�



0HHWVWUDWHJLH �����

5LMNVZDWHUVWDDW HQ KHW EDWK\PHWU\ DVVHVVPHQW V\VWHP ��

����� =HHJDW YDQ $PHODQG

3URMHFWQDDP HQ RSGUDFKWJHYHU
+HW SURMHFW �=((*$7 9$1 $0(/$1'� LV LQ ���� GRRU $5*266
XLWJHYRHUG LQ RSGUDFKW YDQ 5,.= HQ PHW ILQDQFLsOH VWHXQ YDQ '11 DOV
GHHOSURMHFW ELQQHQ .867����� +HW GRHO ZDV RP HHQ QLHXZH
GLHSWHNDDUW YDQ KHW WHVWJHELHG WH PDNHQ WHQ EHKRHYH YDQ KHW
PRUIRORJLVFK RQGHU]RHN�

*HELHG
+HW JHELHG EHVODDW GH YORHGNRP YDQ KHW =HHJDW YDQ $PHODQG WXVVHQ
KHW YDVWHODQG HQ GH ZDGGHQHLODQGHQ 7HUVFKHOOLQJ HQ $PHODQG� +HW
JHELHG EHVODDW �� NP ELM �� NP� +HW LV HHQ FRPSOH[ JHKHHO YDQ JHXOHQ
HQ SODWHQ�

:HUNZLM]H
(HQ GHHO YDQ GH JHXOHQ HQ GH HEGHOWD LV JHORRG JHGXUHQGH GH ]RPHU
YDQ ����� 7HQ EHKRHYH YDQ GLW SURMHFW KHHIW '11 ORGLQJHQ
XLWJHYRHUG ODQJV HQNHOH DGGLWLRQHOH UDDLHQ� (HQ DQGHU GHHO YDQ GH
JHXOHQ LV JHORRG LQ ����� 'H]H ORGLQJHQ EHVODDQ VOHFKWV HHQ GHHO YDQ
KHW WHVWJHELHG� HQ ]LMQ QLHW JHQRHJ YRRU JHEUXLN ELQQHQ KHW %$6� (HQ
YROOHGLJH GRFK YHURXGHUGH GLHSWHNDDUW YDQ KHW KHOH JHELHG LV JHPDDNW
LQ ���� PHW ORGLQJHQ XLW GDW MDDU HQ PRJHOLMN KHW MDDU GDDUYRRU� $OOHHQ
GH JHwQWHUSROHHUGH GLHSWHV RS HHQ URRVWHU ]LMQ EHVFKLNEDDU�

'H EDVLV YDQ GH HHUVWH VFKDWWLQJ YDQ GH GLHSWH ZRUGW JHYRUPG GRRU
GH GLHSWHNDDUW XLW ���� ZHONH RS HHQ URRVWHU LV JHJHYHQ� :DDU
PRJHOLMN ]LMQ GH]H GLHSWHV YHUYDQJHQ GRRU PHHU UHFHQWH ZDDUGHQ� 'H
ORGLQJHQ XLW ���� ]LMQ PLQGHU EHWURXZEDDU GDQ GLH XLW ���� RPGDW ]H
QLHW PHHU DFWXHHO KRHYHQ WH ]LMQ� 'LW LV YHUGLVFRQWHHUG LQ KHW %$6 GRRU
KHW JHZLFKW YDQ GH ORGLQJHQ XLW ���� LQ GH NRVWHQIXQFWLH HHQ IDFWRU
WLHQ ODJHU WH QHPHQ GDQ GDW YDQ GH ORGLQJHQ XLW ����� 2S GH]HOIGH
PDQLHU LV KHW JHZLFKW YDQ GH ORGLQJHQ XLW ���� HHQ IDFWRU KRQGHUG
NOHLQHU GDQ GDW YDQ GH ORGLQJHQ XLW ����� 2S GH]H ZLM]H KHHIW KHW
%$6 PHHU YULMKHLG RP YDQ JHPHWHQ GLHSWHV DI WH ZLMNHQ QDDUPDWH GH
PHWLQJHQ RXGHU ]LMQ�

1DXZNHXULJKHLG
2PGDW DOOH EHVFKLNEDUH PHWLQJHQ JHEUXLNW ]LMQ YRRU DIUHJHOLQJ YDQ
KHW %$6 NDQ GH QDXZNHXULJKHLG QLHW EHSDDOG ZRUGHQ� 'LW ZDV GDQ
RRN QLHW KHW GRHO YDQ KHW SURMHFW� KHW GRHO ZDV HHQ GLHSWHNDDUW WH
PDNHQ RS JURQG YDQ GH EHVFKLNEDUH JHJHYHQV� 9HUJHOLMNLQJ PHW GH
NDDUW XLW ���� ODDW GXLGHOLMNH YHUVFKLOOHQ ]LHQ LQ GH SRVLWLHV YDQ JHXOHQ
HQ EUHNHUEDQNHQ WHQ QRRUGHQ YDQ 7HUVFKHOOLQJ HQ $PHODQG� 0HUN RS
GDW GH GLHSWH ERYHQ EUHNHUEDQNHQ QX ZHO EHSDDOG NDQ ZRUGHQ� GLW LQ
WHJHQVWHOOLQJ WRW GH VLWXDWLH WLMGHQV XLWYRHULQJ YDQ KHW SURMHFW �(56�
��12857(&� GULH MDDU HHUGHU �]LH SDUDJUDDI �����

%LM]RQGHUKHGHQ
,Q IHLWH LV GLW KHW HHUVWH RSHUDWLRQHOH JHEUXLN YDQ KHW %$6� +HW ZDV
QLHW PRJHOLMN HHQ QLHXZH GLHSWHNDDUW YDQ KHW JHELHG WH PDNHQ RS
EDVLV YDQ ORGLQJHQ DOOHHQ� 'LW OXNWH ZHO GRRU GH EHVFKLNEDUH JHJHYHQV
WH FRPELQHUHQ PHW UDGDUEHHOGHQ�

5DSSRUWDJHV
*�+�)�0� +HVVHOPDQV� ����E� 6$5 VXUYH\ =HHJDW YDQ $PHODQG�

5HSRUW $��� $5*266� 0DUNQHVVH�



0HHWVWUDWHJLH �����

��

��

1DDP SURMHFW -DDU 2SGUDFKW�
JHYHU

*HELHG *HELHGVW\SH 1DXZNHXULJKHLG �U�P�V��

0$67 ���� ((* 0HHWSRVW 1RRUGZLMN =DQGJROYHQ �� FP

=((3,3( ���� %&56 .XVW YRRU =HHEUXJJH =DQGEDQNHQ �� FP ELM UDDLDIVWDQG ��� P

(56���12857(& ���� '11 1RRUGNXVW 7HUVFKHOOLQJ � %UHNHUEDQNHQ
� =DQGJROYHQ

� *HHQ YHUEHWHULQJ W�R�Y� OLQHDLUH LQWHUSRODWLH
� �� FP ELM UDDLDIVWDQG ��� P HQ �� FP ELM
UDDLDIVWDQG ���� P

(56���9$./2' ���� '11 &HQWUDOH :DGGHQ]HH � 3ODWHQ
� *HXOHQ

� �� FP ELM UDDLDIVWDQG YDQ UXLP � NP
� $OOHHQ NZDOLWDWLHYH YHUJHOLMNLQJ

(,%(56 ���� %&56 &HQWUDOH :DGGHQ]HH � 3ODWHQ
� *HXOHQ

� �� FP ELM UDDLDIVWDQG YDQ UXLP � NP �HIIHFWLHI GULH
EHHOGHQ�
� $OOHHQ JHXOSDUDPHWHUV WHUXJJHVFKDW

(56���3/$$7*$7 ���� '11 3ODDWJDW *HXOHQ HQ
3ODWHQ
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5. Mogelijkheden en beperkingen

,Q KHW YRULJH KRRIGVWXN LV HHQ FKURQRORJLVFK RYHU]LFKW JHJHYHQ YDQ
DOOH GHPRQVWUDWLHV PHW KHW %$6 ZDDUYDQ GH UHVXOWDWHQ RSHQEDDU ]LMQ�
,Q GH ORRS YDQ GH WLMG LV KHW %$6 VWHHGV YHUGHU XLWJHEUHLG HQ YHUEHWHUG�
+HW LV GDDURP PRHLOLMN� ]R QLHW RQPRJHOLMN� RP DDQ WH JHYHQ ZDW GH
PD[LPDDO KDDOEDUH SUHVWDWLHV YDQ KHW %$6 ]XOOHQ ]LMQ�

,Q SDUDJUDDI ��� ZRUGW HHQ VFKDWWLQJ JHPDDNW YDQ GH KXLGLJH
PRJHOLMNKHGHQ YDQ KHW %$6� 7HYHQV ZRUGHQ HHQ DDQWDO EHSHUNLQJHQ
RS HHQ ULM JH]HW� ,Q SDUDJUDDI ��� ZRUGHQ HHQ DDQWDO UHVXOWDWHQ XLW
DFKWHUJURQGVRQGHU]RHN JHSUHVHQWHHUG ZHONH YDQ EHODQJ ]LMQ YRRU GH
YHUGHUH RQWZLNNHOLQJ YDQ KHW %$6� +HW EHWUHIW KLHU GH 0$67 SURMHFWHQ
�$06�� HQ &�67$5 GLH PHW VWHXQ YDQ GH (* ZRUGHQ XLWJHYRHUG� ,Q
SDUDJUDDI ��� WHQVORWWH ZRUGHQ HQNHOH DVSHFWHQ JHQRHPG GLH QLHW DDQ
GH RUGH NRPHQ LQ (* SURMHFWHQ�

0HW QDPH RQGHU]RHN RS KHW JHELHG YDQ KHW LQYHUVH PRGHO ZRUGW
EHZXVW EXLWHQ GH 0$67 SURMHFWHQ JHKRXGHQ� ,PPHUV� GLW ZRUGW GRRU
$5*266 EHVFKRXZG DOV VWUDWHJLVFKH NHQQLV� WHUZLMO UHVXOWDWHQ YDQ
0$67 SURMHFWHQ RSHQEDDU ]LMQ�

���� 7RHSDVVLQJ YDQ KHW KXLGLJH %$6

+HW %$6 NDQ GLHSWHNDDUWHQ JHQHUHUHQ PHW HHQ QDXZNHXULJKHLG YDQ
�� FP j �� FP ELM HHQ UDDLDIVWDQG YDQ RQJHYHHU ��� P YRRU JHELHGHQ
PHW HHQ GLHSWH WXVVHQ RQJHYHHU � P HQ �� P� +HW OLMNW GDDURP HHQ
JHVFKLNW LQVWUXPHQW YRRU KHW HIILFLsQW XLWYRHUHQ YDQ PRQLWRULQJVORGLQ�
JHQ LQ KHW NDGHU YDQ GH 0RQLWRULQJ :DWHUVWDDWVNXQGLJH 7RHVWDQG GHV
/DQGV �0:7/� YDNORGLQJHQ HQ NXVWORGLQJHQ��

7HQ DDQ]LHQ YDQ KHW JHEUXLN JHOGHQ WKDQV GH YROJHQGH EHSHUNLQJHQ�

��� 2SHUDWLH YDQ KHW %$6 YHUJW QRJ YHHO KDQGZHUN�

��� $OOHHQ HHQ NHQQHU NDQ RS UDGDUEHHOGHQ VWUXFWXUHQ KHUNHQQHQ
GLH QLHW DDQ GH ERGHP JHUHODWHHUG ]LMQ�

��� 0HW GH KXLGLJH UDGDUVDWHOOLHWHQ �(56�� HQ 5$'$56$7� EHVWDDW
GH PRJHOLMNKHLG GDW LQ HHQ SHULRGH YDQ GULH PDDQGHQ QLHW
YROGRHQGH JHVFKLNWH EHHOGHQ EHVFKLNEDDU NRPHQ� 'DDURP NDQ
KHW %$6 ZRUGHQ WRHJHSDVW ELM ORGLQJHQ GLH QLHW IUHTXHQWHU DOV
HHQV SHU MDDU ZRUGHQ YHUULFKW�

��� +HW LV QLHW PRJHOLMN RP RS UDGDUEHHOGHQ JHwVROHHUGH REMHFWHQ
DOV ZUDNNHQ HQ YHUORUHQ ODGLQJ WH GHWHFWHUHQ ]RODQJ GLH QLHW
JURWHU ]LMQ GDQ GH UHVROXWLH YDQ KHW UDGDUEHHOG� 'LW PDDNW KHW
%$6 YRRUDOVQRJ RQJHVFKLNW YRRU JHEUXLN LQ HHQ JURRW DDQWDO
EHKHHUVORGLQJHQ� ZDDU JRHGH GHWHFWLH YDQ ZUDNNHQ MXLVW HHQ
YDQ GH YHUHLVWHQ LV� 'H UHVROXWLH LV RQJHYHHU �� P YRRU (56��
HQ (56��� PDDU NDQ ILMQHU DOV � P ]LMQ YRRU JHYORJHQ V\VWHPHQ�
9RRU ODQJJHUHNWH VWUXFWXUHQ DOV GH VWHLOH KHOOLQJ YDQ ]DQGJRO�
YHQ JHOGW GDW GH EUHHGWH YDQ GH ]HOIGH RUGH DOV GH UHVROXWLH
PRHW ]LMQ�
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��� +HW KXLGLJH %$6 NDQ DOOHHQ GDQ QDXZNHXULJH GLHSWHVFKDWWLQJHQ
OHYHUHQ DOV GH VWURPLQJ YDULHHUW zI DOOHHQ ODQJV GH VWURRPOLMQ
�]DQGJROYHQPRGHO� zI DOOHHQ GZDUV RS GH VWURRPOLMQ
�JHXOHQPRGHO�� 'H]H EHSHUNLQJ LV QLHW IXQGDPHQWHHO YDQ DDUG
PDDU ZRUGW RSJHOHJG GRRU KHW JHKDQWHHUGH LQYHUVLH�VFKHPD�
,Q �GHHO��JHELHGHQ ZDDU KLHU QLHW DDQ YROGDDQ LV� GXV ZDDU KHW
VWURPLQJVSDWURRQ GXLGHOLMN WZHH�GLPHQVLRQDDO LV� NDQ KHW %$6
QLHW JRHG ZRUGHQ WRHJHSDVW� ,Q ]XONH JHELHGHQ PRHWHQ
ORGLQJHQ GH JHZHQVWH LQIRUPDWLH OHYHUHQ�

���� %HYLQGLQJHQ XLW DFKWHUJURQGVRQGHU]RHN

,Q GH SURMHFWHQ �$GYDQFHG 0DSSLQJ RI 6HD ERWWRP WRSRJUDSK\ LQ $
0XOWL 6HQVRU $SSURDFK IRU 0RUSKRG\QDPLF 6WXGLHV�� DIJHNRUW DOV
�$06��� HQ �&RDVWDO 6HGLPHQW 7UDQVSRUW $VVHVVPHQW ZLWK 6$5��
DIJHNRUW DOV &�67$5� ZRUGHQ HHQ DDQWDO DVSHFWHQ YDQ KHW %$6 QDGHU
EHVWXGHHUG� 'H]H SURMHFWHQ ZRUGHQ ILQDQFLHHO RQGHUVWHXQG GRRU GH
(XURSHVH *HPHHQVFKDS �(*� LQ KHW NDGHU YDQ KHW 0DULQH 6FLHQFH DQG
7HFKQRORJ\ �0$67� SURJUDPPD� 3URMHFW &�67$5 ORRSW QRJ WRW �����
�$06�� LV SHU �� MDQXDUL ���� DIJHURQG >:HQVLQN� ����@�

,Q �$06�� ]LMQ HHQ DDQWDO YRRUZDDUWVH PRGHOOHQ YHUJHOHNHQ YRRU
GH DIEHHOGLQJ YDQ HHQ RQGHUZDWHUULI QDELM KHW 'XLWVH HLODQG
+HOJRODQG� +HW %$6 PRGHO� ZDDULQ GH UHOD[DWLHVQHOKHLG ZRUGW
DDQJHSDVW DDQ GH PHWLQJHQ� JHHIW HHQ PLQVWHQV ]R JRHGH EHVFKULMYLQJ
YDQ GH PHWLQJHQ DOV PHHU XLWJHEUHLGH PRGHOOHQ� 'LW JHHIW YHUWURXZHQ
LQ GH DDQSDN ]RDOV GLH YRRU KHW %$6 JHYROJG LV�

*HHQ YDQ GH PRGHOOHQ EOHHN LQ VWDDW RP GH DIEHHOGLQJ YDQ GH VSOLWVLQJ
3ODDWJDW�:HVWJDW RS HHQ (56�� EHHOG WH YHUNODUHQ� (HQ GHHO YDQ GH
YHUNODULQJ KLHUYRRU LV GDW KHW VWURPLQJVPRGHO LQ KHW %$6 HHQ YHUNHHUG
VWURPLQJVSDWURRQ JHHIW� 'LW LV QLHW WH ZLMWHQ DDQ KHW VWURPLQJVPRGHO
LQ KHW %$6� PDDU DDQ YHUNHHUGH EHJLQZDDUGHQ JHJHYHQ GRRU KHW
:$48$ PRGHO YDQ GH :DGGHQ]HH� 'LW SXQW ]DO YHUGHU RQGHU]RFKW
ZRUGHQ LQ &�67$5�

+HW LV PRJHOLMN RP EHSDDOGH VWRUHQGH IHQRPHQHQ DOV ROLHYOHNNHQ� GULM�
IODJHQ� VFKHSHQ HQ VFKHHSVVSRUHQ DXWRPDWLVFK WH KHUNHQQHQ RS 6$5
EHHOGHQ� 'LW NDQ HHQ EHODQJULMN KXOSPLGGHO YRUPHQ ELM KHW FODVVLILFHUHQ
YDQ IHQRPHQHQ RS UDGDUEHHOGHQ� +HW LV QLHW PRJHOLMN GHUJHOLMNH VWRULQ�
JHQ �ZHJ WH SRHWVHQ�� ]H ODWHQ DOWLMG HHQ �OLWWHNHQ� DFKWHU ZDDUGRRU
WHU SOHNNH JHHQ LQIRUPDWLH RYHU GH GLHSWH PHHU DDQZH]LJ LV�

(HQ YDQ SUREOHPHQ ZDDUPHH KHW %$6 WH NDPSHQ KHHIW LV �VSHFNOH��
UXLV LQ GH 6$5 EHHOGHQ� 'H]H NDQ YHUPLQGHUG ZRUGHQ GRRU GH UXZH
6$5 JHJHYHQV RSQLHXZ WH YHUZHUNHQ� )(/�712 KHHIW HHQ PHWKRGH
JHYRQGHQ RP GH VSHFNOH WHUXJ WH EUHQJHQ WRW ��� YDQ KHW
RRUVSURQNHOLMNH QLYHDX ]RQGHU YHUVOHFKWHULQJ YDQ GH UHVROXWLH� ,Q
�$06�� EOHHN GDW JHEUXLN YDQ HHQ YHUEHWHUG 6$5 EHHOG YDQ KHW
3ODDWJDW OHLGGH WRW HHQ LHWV QDXZNHXULJHU GLHSWHVFKDWWLQJ� GH U�P�V�
DIZLMNLQJ ELM HHQ UDDLDIVWDQG YDQ ��� P YHUEHWHUGH PHW ppQ
FHQWLPHWHU YDQ �� FP QDDU �� FP� (FKWHU� JH]LHQ GH NRUWH WLMG GLH
EHVFKLNEDDU ZDV YRRU GH]H DQDO\VH LV KHW QLHW RQGHQNEDDU GDW YHUGHUH
YHUEHWHULQJ JHKDDOG NDQ ZRUGHQ� 2RN GLW ]DO ELQQHQ &�67$5 QDGHU
RQGHU]RFKW ZRUGHQ�
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���� 0RJHOLMNKHGHQ WRW YHUEHWHULQJ

7ZHH�GLPHQVLRQDOH LQYHUVLH�

(HQ YROOHGLJ WZHH�GLPHQVLRQDOH LQYHUVLH ]RX GH WRHSDVEDDUKHLG YDQ
KHW %$6 ]HHU WHQ JRHGH NRPHQ� +HW LV GDQ PRJHOLMN RP KHW %$6 WRH WH
SDVVHQ LQ DOOH JHELHGHQ GLH YRRU PRQLWRULQJ YDQ EHODQJ ]LMQ� 7HYHQV
PDDNW KHW V\VWHHP JHEUXLN YDQ ppQ VWURPLQJVPRGHO� 7HQVORWWH YHUYDOW
GH QRRG]DDN RP KHW VWURPLQJVPRGHO WH NLH]HQ F�T� KHW %$6 GH]H
NHX]H ]HOI WH ODWHQ PDNHQ�

'H EHODQJULMNVWH RYHUZHJLQJ DFKWHU GH KXLGLJH LQYHUVLH LQ VOHFKWV ppQ
GLPHQVLH LV EHSHUNLQJ YDQ KHW DDQWDO YULMKHLGVJUDGHQ LQ GH NRVWHQIXQF�
WLH� ,Q WZHH GLPHQVLHV LV KHW DDQWDO YULMKHLGVJUDGHQ YHHO JURWHU�
ZDDUGRRU GH EHQRGLJGH UHNHQWLMG H[SORVLHI WRHQHHPW� 'LW LV HFKWHU
HHQ WHFKQLVFK SUREOHHP� 5HFHQWHOLMN LV HHQ HHUVWH YHUNHQQLQJ
JHKRXGHQ QDDU GH PRJHOLMNKHLG YDQ LQYHUVLH LQ WZHH GLPHQVLHV
>&DONRHQ� ����@� 'H FRQFOXVLH LV GDW WZHH�GLPHQVLRQDOH LQYHUVLH
KDDOEDDU OLMNW� +HW RQGHU]RHN LQ GH]H ULFKWLQJ ]DO RQGHU OHLGLQJ YDQ
5,.= ZRUGHQ YRRUWJH]HW�

$QGHUH UDGDUV\VWHPHQ

+HW KXLGLJH %$6 LV JHEDVHHUG RS UDGDUEHHOGHQ YDQ GH (56�� HQ (56��
VDWHOOLHWHQ YDQ GH (6$� 5RQG ���� ]DO GH WDDN YDQ (56�� ZRUGHQ
RYHUJHQRPHQ GRRU (19,6$7� ]RGDW DDQYRHU YDQ UDGDUEHHOGHQ
YRRUORSLJ PLQ RI PHHU JHJDUDQGHHUG LV� +HW YRRUGHHO YDQ
VDWHOOLHWEHHOGHQ LV GDW ]H EHWUHNNHOLMN JRHGNRRS ]LMQ �RQJHYHHU � j � NI
YRRU HHQ EHHOG YDQ ��� NP ELM ��� NP�� +HW QDGHHO LV KHW WRWDDO
RQWEUHNHQ YDQ IOH[LELOLWHLW LQ WLMGVWLS YDQ GH RSQDPH�

$O GH]H VDWHOOLHWHQ PDNHQ UDGDUEHHOGHQ LQ GH ]RJHQDDPGH &�EDQG ELM
HHQ UDGDU JROIOHQJWH YDQ RQJHYHHU � FP� 8LW H[SHULPHQWHQ PHW
JHYORJHQ V\VWHPHQ ELM DQGHUH JROIOHQJWHV LV JHEOHNHQ GDW JHEUXLN YDQ
JURWHUH JROIOHQJWHV �/� RI 3�EDQG� JROIOHQJWH WXVVHQ �� FP HQ ���
FP� HHQ DDQWDO YRRUGHOHQ KHHIW�
� GH VLJQDWXUHQ YDQ ERGHPVWUXFWXUHQ ]LMQ VWHUNHU�
� KHW YRRUZDDUWVH PRGHO JHHIW EHWHUH UHVXOWDWHQ�
� /� HQ 3�EDQG UDGDUEHHOGHQ ]LMQ PLQGHU JHYRHOLJ YRRU VWRUHQGH

IHQRPHQHQ DOV ZLQGYHJHQ HQ QDWXXUOLMNH GULMIODJHQ�

'H HHUVWNRPHQGH WLHQ MDDU PDNHQ DOOH JHSODQGH VDWHOOLHWHQ PHW
EHHOGYRUPHQGH UDGDU JHEUXLN YDQ &�EDQG� 9RRU KHW MDDU ���� ]DO HU
JHHQ /� RI 3�EDQG 6$5 DDQ ERRUG YDQ HHQ VDWHOOLHW ]LMQ� 'H HQLJH
PRJHOLMNKHLG LV JHEUXLN WH PDNHQ YDQ HHQ UDGDUV\VWHHP DDQ ERRUG YDQ
HHQ YOLHJWXLJ� 'LW KHHIW GH YROJHQGH YRRUGHOHQ�

� GH UDGDUJROIOHQJWH LV ]HOI WH NLH]HQ�
� KHW V\VWHHP LV IOH[LEHO LQ]HWEDDU�
� GH UHVROXWLH LV EHWHU GDQ GLH YDQ HHQ VDWHOOLHWV\VWHHP YDQZHJH GH

NOHLQHUH KRRJWH�

+HW JURWH QDGHHO YDQ JHYORJHQ V\VWHPHQ OLJW LQ GH YHHO KRJHUH NRVWHQ�
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6. Afkortingen en begrippen

���� $INRUWLQJHQ

$5*266 $GYLVRU\ DQG 5HVHDUFK *URXS RQ *HR 2EVHUYDWLRQ
6\VWHPV DQG 6HUYLFHV

%$6 %DWK\PHWU\ $VVHVVPHQW 6\VWHP

%&56 %HOHLGVFRPPLVVLH 5HPRWH 6HQVLQJ

'1+ 'LUHFWLH 1RRUG +ROODQG

'11 'LUHFWLH 1RRUG 1HGHUODQG

'1= 'LUHFWLH 1RRUG]HH

'=+ 'LUHFWLH =XLG +ROODQG

'=/ 'LUHFWLH =HHODQG

(* (XURSHVH *HPHHQVFKDS

(56 (XURSHDQ 5HPRWH VHQVLQJ 6DWHOOLWH

(6$ (XURSHDQ 6SDFH $JHQF\

)(/�712 )\VLVFK HQ (OHFWURQLVFK /DERUDWRULXP 712

0$67 0DULQH 6FLHQFH DQG 7HFKQRORJ\

0' 0HHWNXQGLJH 'LHQVW

5,.= 5LMNVLQVWLWXXW YRRU .XVW HQ =HH

5'0 5LMNVGULHKRHN 0HHWQHW

6$5 6\QWKHWLF $SHUWXUH 5DGDU

:/ :DWHUORRSNXQGLJ /DERUDWRULXP
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���� %HJULSSHQ

%HHOGYRUPHQGH UDGDU $SSDUDDW ZDDUPHH IRWR
V JHPDDNW ZRUGHQ
PHW UDGDUVWUDOLQJ L�S�Y� ]LFKWEDDU OLFKW�

%HHOGYRUPHQG PHFKDQLVPH 9HUNODULQJ YRRU KHW IHLW GDW
ERGHPVWUXFWXUHQ ]LFKWEDDU NXQQHQ ]LMQ RS UDGDUEHHOGHQ� +HW
EHHOGYRUPHQG PHFKDQLVPH EHVWDDW XLW GULH VWDSSHQ�

%UDJJ JROYHQ .RUWH ZDWHUJROYHQ ZDDUDDQ GH PHHVWH UDGDUVWUDOLQJ
YHUVWURRLW� %UDJJ JROYHQ KHEEHQ HHQ JROIOHQJWH YDQ GH]HOIGH RUGH YDQ
JURRWWH DOV GLH YDQ GH UDGDUVWUDOLQJ�

%UDJJ YHUVWURRLLQJ 9HUVWURRLLQJVPHFKDQLVPH ZDDULQ DOOH
UDGDUVWUDOLQJ YHUVWURRLW DDQ GH %UDJJ JROYHQ�

*HXOHQ PRGHO 6WURPLQJVPRGHO LQ KHW %$6 ZDDULQ GH VWURRPVQHOKHLG
YDULHHUW GZDUV RS GH VWURRPOLMQHQ�

,QYHUVH PRGHO 2PJHNHHUGH YDQ KHW YRRUZDDUWV PRGHO �]LH DOGDDU��
+HW LQYHUVH PRGHO EHUHNHQW GH GLHSWH XLW HHQ UDGDUEHHOG�

5HOD[DWLHVQHOKHLG 3DUDPHWHU LQ GH JROYHQ�PRGXOH YDQ KHW
YRRUZDDUWV PRGHO �]LH DOGDDU� GLH DDQJHHIW KRH VQHO JROYHQ UHDJHUHQ
RS YHUDQGHULQJHQ LQ GH VWURRPVQHOKHLG�

6\QWKHWLF $SHUWXUH 5DGDU �6$5� 7\SH EHHOGYRUPHQGH UDGDU ZDDUELM
HHQ JURWH DQWHQQH� HQ GXV HHQ JURRW VFKHLGHQG YHUPRJHQ� ZRUGW
JHVLPXOHHUG GRRU GH HLJHQ EHZHJLQJ YDQ KHW SODWIRUP� 2PGDW
KLHUYRRU HHQ UHODWLHI NOHLQH DQWHQQH YROVWDDW� LV GLW W\SH UDGDU SRSXODLU
YRRU JHEUXLN YDQXLW YOLHJWXLJHQ HQ YRRUDO VDWHOOLHWHQ�

9RRUZDDUWV PRGHO 0RGHO YDQ KHW EHHOGYRUPHQG PHFKDQLVPH GDW
JHJHYHQ GH ERGHP� GH JHWLMIDVH HQ GH ZLQG EHVFKULMIW KRH HHQ
UDGDUEHHOG HUXLW ]DO ]LHQ� ,Q KHW %$6 EHVWDDW KHW YRRUZDDUWV PRGHO XLW
GULH PRGXOHV� HHQ VWURPLQJVPRGHO� HHQ JROYHQPRGHO HQ HHQ UDGDU
YHUVWURRLLQJVPRGHO�

=DQGJROYHQ PRGHO 6WURPLQJVPRGHO LQ KHW %$6 ZDDULQ GH
VWURRPVQHOKHLG YDULHHUW ODQJV GH VWURRPOLMQHQ�
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Referenties

&DONRHQ� &�-�� *�-� :HQVLQN� DQG *�+�)�0� +HVVHOPDQV� ����� (56��
6$5 LPDJHU\ WR RSWLPL]H WKH 12857(& VKLSEDVHG EDWK\PHWULF
VXUYH\� IHDVLELOLW\ VWXG\� 5HSRUW + ����� 'HOIW +\GUDXOLFV� 'HOIW�

&DONRHQ� &�-�� DQG *�-� :HQVLQN� ����� 8VH RI (56�� 6$5 WR RSWLPL]H
VKLS�EDVHG EDWK\PHWULF VXUYH\V LQ WKH :DGGHQ]HH� 5HSRUW
+����� 'HOIW +\GUDXOLFV� 'HOIW�

&DONRHQ� &�-�� *�-� :HQVLQN� -� 9RJHO]DQJ� DQG 3�)� +HLQHQ� �����
(,%(56� (IILFLHQF\ ,PSURYHPHQW RI EDWK\PHWULF VXUYH\V ZLWK (56�
�� 5HSRUW %&56������� 1HWKHUODQGV 5HPRWH 6HQVLQJ %RDUG�
5LMNVZDWHUVWDDW� 6XUYH\ 'HSDUWPHQW� 'HOIW�

&DONRHQ� &�-�� DQG *�-� :HQVLQN� ����� (56�� 6$5 VXUYH\ 3ODDWJDW�
5HSRUW $���� $5*266� 0DUNQHVVH�

&DONRHQ� &�-�� ����� ��' GDWD DVVLPLODWLH� 5DSSRUW $��� $5*266�
0DUNQHVVH�

+HVVHOPDQV� *�+�)�0�� *�-� :HQVLQN� &�-� &DONRHQ� DQG +� 6LGKX�
����� $SSOLFDWLRQ RI (56�� 6$5 GDWD WR VXSSRUW WKH URXWLQJ RI
RIIVKRUH SLSHOLQHV� 5HSRUW %&56������� 1HWKHUODQGV 5HPRWH
6HQVLQJ %RDUG� 5LMNVZDWHUVWDDW� 6XUYH\ 'HSDUWPHQW� 'HOIW�

+HVVHOPDQV� *�+�)�0�� *�-� :HQVLQN� &�-� &DONRHQ� DQG +� 6LGKX�
����� $SSOLFDWLRQ RI (56�� 6$5 GDWD WR VXSSRUW WKH URXWLQJ RI
RIIVKRUH SLSHOLQHV� 5HSRUW + ����� 'HOIW +\GUDXOLFV� 'HOIW�

+HVVHOPDQV� *�+�)�0�� DQG *�-� :HQVLQN� ����� (56�� 6$5 VXUYH\
6OLMNJDW� 6OLMNJHXO DQG /RVZDO 1RRUG� 5HSRUW $���� $5*266�
0DUNQHVVH�

+HVVHOPDQV� *�+�)�0�� ����D� 9DOLGDWLH (56�� /RVZDO 1RRUG�
5DSSRUW $��� 0DUNQHVVH�

+HVVHOPDQV� *�+�)�0�� ����E� 6$5 VXUYH\ =HHJDW YDQ $PHODQG�
5HSRUW $��� $5*266� 0DUNQHVVH�

-DJHU� 5� HQ +�&� /DQGD� ���� 'HILQLWLHVWXGLH 5:6%$6�
5LMNVZDWHUVWDDW� 0HHWNXQGLJH 'LHQVW� 'HOIW�

.QDDSHQ� 0�$�)�� ����� 'DWD�DVVLPLODWLH� 2YHU]LFKW YDQ WHFKQLHNHQ HQ
PRJHOLMNKHGHQ� 5DSSRUW 5,.=�������� 5LMNVZDWHUVWDDW�
5LMNVLQVWLWXXW YRRU .XVW HQ =HH� 
V *UDYHQKDJH�
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Bijlage 1. Lijst van figuren
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)LJXXU � 5DGDUEHHOG XLW ���� WHQ ZHVWHQ YDQ +RHN YDQ +ROODQG
ZDDURS YRRU KHW HHUVW ]DQGJROYHQ WH ]LHQ ]LMQ� �0HW GDQN
DDQ *�3� GH /RRU� )(/�712��

)LJXXU � (56�� 6$5 EHHOG YDQ GH 9RRUGHOWD PHW GDDURS GXLGHOLMNH
ERGHPVWUXFWXUHQ� �0HW GDQN DDQ +� *UHLGDQXV� )(/�712��

)LJXXU � 8LWVQHGH YDQ )LJXXU � PHW ]DQGJROYHQ HQ ]DQGEDQNHQ�
�0HW GDQN DDQ +� *UHLGDQXV� )(/�712��

)LJXXU � %HHOGYRUPHQG PHFKDQLVPH YROJHQ $OSHUV HQ +HQQLQJV�

)LJXXU � 6WURRPYHFWRUHQ DDQ KHW RSSHUYODN YROJHQV �D� KHW ]DQG�
JROYHQ PRGHO HQ �E� KHW JHXOHQPRGHO�

)LJXXU � 6FKHPD YDQ KHW YRRUZDDUWV PRGHO�

)LJXXU � 6FKHPD YDQ KHW %$6�

)LJXXU � 9DOLGDWLH YDQ KHW %$6 YDQXLW �D� GH %$6 UHVXOWDWHQ HQ �E�
GH HFKRORGLQJHQ�

)LJXXU � (HUVWH VWDSMHV YDQ KHW %$6� /LQNV GH GLHSWHNDDUW RSJH�
QRPHQ PHW PXOWL�EHDP HFKRVRXQGHU� LQ KHW PLGGHQ KHW
UDGDUEHHOG HQ UHFKWV GH JHVFKDWWH GLHSWH� �0HW GDQN DDQ
*�-� :HQVLQN� $5*266��

)LJXXU �� 'LHSWH JHPHWHQ PHW HFKRORRG �JHWURNNHQ OLMQ� HQ JHVFKDW
PHW KHW %$6 �VWUHHSMHVOLMQ� ODQJV GH URXWH YDQ GH SLMS�
OHLGLQJ� �8LW +HVVHOPDQV HW DO� >����� ����@��

)LJXXU �� (56�� UDGDUEHHOG PHW GH GULH WHVWJHELHGHQ� �8LW &DONRHQ
DQG :HQVLQN >����@��

)LJXXU �� 9DNORGLQJHQ YDQ ����� �8LW &DONRHQ DQG :HQVLQN
>����@��

)LJXXU �� 6FDWWHUSORW YDQ GH HFKRORGLQJHQ HQ GH %$6 VFKDWWLQJHQ
YRRU GH +HQGULN 7MDDUVSODDW� �8LW &DONRHQ HW DO� >����@��

)LJXXU �� 3ODDWJDW WHVWJHELHG� �8LW &DONRHQ DQG :HQVLQN >����@��

)LJXXU �� 6OLMNJDW �PLGGHQ RQGHU�� 6OLMNJHXO �OLQNV RQGHU� HQ /RVZDO
1RRUG �UHFKWV ERYHQ�� 'H EHVFKLNEDUH UDDLHQ PHW
HFKRORGLQJHQ ]LMQ DDQJHJHYHQ� �8LW +HVVHOPDQV DQG :HQ�
VLQN >����@��

)LJXXU �� %$6 GLHSWHNDDUW YDQ /RVZDO 1RRUG� �8LW +HVVHOPDQV
>����D@��


