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6DPHQYDWWLQJ

+HW GRHO YDQ PLMQ WKHVLV LV RP HHQ XLWJHEUHLGH VWXGLH XLW WH YRHUHQ
QDDU GH 2RUWZRON YDQ KHW ]RQQHVWHOVHO HQ GH YRUPLQJ HQ HYROXWLH YDQ
LQWHUVWHOODLUH NRPHWHQ�

+HW ]RQQHVWHOVHO LV ELM EHQDGHULQJ ���� PLOMDUG MDDU JHOHGHQ JHYRUPG� 2Q�
GDQNV GH YHOH WKHRULsQ GLH GRRU GH MDUHQ KHHQ RQWZLNNHOG ]LMQ EOLMIW KHW RQW�
VWDDQ HQ GH HYROXWLH YDQ KHW ]RQQHVWHOVHO RQGXLGHOLMN �3IDO]QHU HW DO� �����
HQ UHIHUHQWLHV GDDULQ�� (U ]LMQ HFKWHU YHUVFKHLGHQH YRUGHULQJHQ JHPDDNW
LQ RQ]H NHQQLV YDQ KHW ]RQQHVWHOVHO� 'H PHHVW JHDFFHSWHHUGH WKHRULH RYHU
KHW RQWVWDDQ HQ GH YURHJH HYROXWLH EHVFKULMIW KHW LQVWRUWHQ YDQ HHQ GLFKWH
ZRON LQWHUVWHOODLU JDV HQ VWRI RQGHU ]LMQ HLJHQ ]ZDDUWHNUDFKW� +HW EHKRXG
YDQ KRHNPRPHQW LQGXFHHUGH HHQ VQHOOH URWDWLH YDQ GH LQVWRUWHQGH ZRON HQ
SODWWH KHW DI WRW HHQ SURWRSODQHWDLUH VFKLMI� ,Q KHW FHQWUDOH� PHHVW GLFKWH
GHHO YDQ GH VFKLMI ZHUG HHQ VWHU JHYRUPG� RQ]H =RQ� 2S HHQ VRRUWJHOLMNH
PDQLHU YRUPGHQ NORQWHULJH VWUXFWXUHQ LQ GH VFKLMI� 'H]H JURHLGHQ XLWHLQ�
GHOLMN XLW WRW SODQHWHQ� GZHUJSODQHWHQ HQ PDQHQ� +HW UHVWDQW KLHUYDQ OHLG�
GH WRW GH YRUPLQJ YDQ NOHLQH OLFKDPHQ ]RDOV DVWHURwGHQ HQ NRPHWHQ� 'LW LV
KRH GH YLMI YRRUQDDPVWH W\SH REMHFWHQ LQ KHW ]RQQHVWHOVHO ZHUGHQ JHYRUPG�
GH =RQ� SODQHWHQ� GZHUJSODQHWHQ� PDQHQ HQ NOHLQHUH OLFKDPHQ �DVWHURwGHQ
HQ NRPHWHQ�� (HQ VFKHPDWLVFKH ZHHUJDYH YDQ KHW ]RQQHVWHOVHO LV WH ]LHQ LQ
)LJ� 6��

2P KHW RQWVWDDQ HQ GH HYROXWLH YDQ KHW ]RQQHVWHOVHO EHWHU WH EHJULMSHQ
]LMQ G\QDPLVFKH PRGHOOHQ QRGLJ� 0HW QDPH KHW EHVWXGHUHQ YDQ NRPHWHQ
NDQ FUXFLDOH LQIRUPDWLH JHYHQ RYHU GLW SURFHV� ,Q GH EDQHQ YDQ NRPHWHQ
LQ KHW ELQQHQVWH GHHO YDQ GH 2RUWZRON LV GH HYROXWLH YDQ KHW ]RQQHVWHOVHO
YDVWJHOHJG� 0RPHQWHHO EHYLQGHQ NRPHWHQ LQ GH]H UHJLR ]LFK RS ]XONH JUR�
WH DIVWDQGHQ YDQ KHW FHQWUXP YDQ KHW ]RQQHVWHOVHO GDW YHUVWRULQJHQ GRRU
SODQHWHQ YHUZDDUORRVEDDU ]LMQ� =H ORSHQ HHUGHU KHW ULVLFR RP ZHJJHUXNW WH
ZRUGHQ GRRU SDVVHUHQGH VWHUUHQ RI KHW JHWLMGHQYHOG YDQ GH 0HONZHJ ]HOI�
9RRUDO NRPHWHQ LQ GH EXLWHQVWH UHJLR¶V ]LMQ JHYRHOLJ YRRU GH]H H[WHUQH LQ�
YORHGHQ� DO YDQDI GH YURHJH VWDGLD YDQ KHW RQVWDDQ YDQ KHW ]RQQHVWHOVHO
�*DLD &ROODERUDWLRQ HW DO� ����� ������ 'H]H H[WHUQH LQYORHGHQ KHEEHQ GH
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6B;mm` aR, >2i xQMM2bi2Hb2HX J22;2MQK2M p�M a+?r�K# UkyR9VX

�

2RUWZRON GRRU ]LMQ JHVFKLHGHQLV KHHQ JHYRUPG� NRPHWHQ]ZHUPHQ SURGX�
FHUHQG GLH WRW LQ GH SODQHWDLUH UHJLR UHLNWHQ HQ NRPHWHQ ZHJUXNNHQG QDDU
GH LQWHUVWHOODLUH UXLPWH� ZDDU ]H LQWHUVWHOODLUH NRPHWHQ ZHUGHQ�

+HW EHVWXGHUHQ YDQ GH G\QDPLVFKH HYROXWLH YDQ NRPHWHQ NDQ RQV KHO�
SHQ KHW RQWVWDDQ HQ GH HYROXWLH YDQ KHW ]RQQHVWHOVHO EHWHU WH EHJULMSHQ� =R�
ZHO GH JHVFKLHGHQLV YDQ RQWPRHWLQJHQ WXVVHQ KHW ]RQQHVWHOVHO HQ QDEXULJH
VWHUUHQ HQ KHW HIIHFW YDQ GH JHWLMGHQ YDQ GH0HONZHJ ]LMQ EHODQJULMNH RQGHU�
GHOHQ� 'H KXLGLJH YHUGHOLQJ YDQ QDEXULJH VWHUUHQ HQ KHW JDODFWLVFK SRWHQ�
WLDDO ]LMQ UHGHOLMN EHNHQG� 'H *DLD PLVVLH �*DLD &ROODERUDWLRQ HW DO� �����
����� OHYHUGH HHQ PDJQLWXGH�JHOLPLWHHUG YROOHGLJ PRQVWHU RS YDQ QDEXUL�
JH VWHUUHQ� 'H]H VWHUUHQ GRPLQHUHQ GH SODDWVHOLMNH JDODFWLVFKH SRWHQWLDDO
HQ NRPHQ DI HQ WRH GLFKW ELM GH =RQ� 'HUKDOYH NXQQHQ JHJHYHQV YDQ *DLD
GLHQHQ DOV EDVLV YRRU GH EHJLQFRQGLWLHV YDQ JHGHWDLOOHHUGH VLPXODWLHV RS
YHUVFKLOOHQGH PRPHQWHQ LQ GH WLMG� +HW FRPELQHUHQ YDQ DQDO\WLVFKH� RE�
VHUYDWLRQHOH HQ QXPHULHNH WHFKQLHNHQ LV EHODQJULMN RP KHW RQVWDDQ HQ GH
HYROXWLH YDQ KHW ]RQQHVWHOVHO EHWHU WH EHJULMSHQ�

,Q GH]H WKHVLV KHE LN KHW RQWVWDDQ HQ GH HYROXWLH YDQ NRPHWHQ LQ GH
.XLSHUJRUGHO�YHUVWURRLGH VFKLMI HQ GH 2RUWZRON RQGHU]RFKW� UHNHQLQJ KRX�
GHQGPHW YHUVWRULQJHQ ]RDOV YDQ SDVVHUHQGH VWHUUHQ HQ KHW JDODFWLVFK JHWLM�
GHQYHOG� +HW RQWVWDDQ HQ GH HYROXWLH YDQ LQWHUVWHOODLUH NRPHWHQ DOV JHYROJ
YDQGH]H YHUVWRULQJHQ ]LMQ RQGHU]RFKW�'H]H WKHVLV LV YHUGHHOG LQ YLHU KRRIG�
VWXNNHQ� +RRIGVWXN � EHKDQGHOW GH RRUVSURQJ YDQ KHW LQWHUVWHOODLUH REMHFW
,������ 8� ¶2XPXDPXD GRRU VFKDWWLQJHQ JHEDVHHUG RS ZDDUQHPLQJHQ WH
YHUJHOLMNHQ PHW VLPXODWLHV �6HFW� ��� +RRIGVWXN � ULFKW ]LFK RS GH G\QDPL�
VFKH HYROXWLH YDQ GH 2RUWZRON QD LQWHUDFWLH PHW SDVVHUHQGH VWHUUHQ HQ KHW
JDODFWLVFK JHWLMGHQYHOG �6HFW� ��� ,Q +RRIGVWXN � EHVWXGHHU LN KHW RQWVWDDQ
HQ GH HYROXWLH YDQ GH .XLSHUJRUGHO�YHUVWURRLGH VFKLMI HQ GH 2RUWZRON YDQ
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KHW ]RQQHVWHOVHO LQ KHW YURHJH VWDGLXP YDQ KXQ RQWVWDDQ� WRHQ GH =RQ ]LFK
QRJ LQ ]LMQ JHERRUWHFOXVWHU EHYRQG �6HFW� ��� 7HQVORWWH YHUNHQW +RRIGVWXN
� GH YRUPLQJ YDQ LQWHUVWHOODLUH NRPHWHQ YDQ QDEXULJH VWHUUHQ YDQ GH =RQ
�6HFW� ��� +LHURQGHU YDW LN HON KRRIGVWXN HQ GH EHODQJULMNVWH RQGHU]RHNV�
YUDJHQ LQ GH]H WKHVLV VDPHQ�

�� :DW LV KHW HIIHFW YDQ PHHUGHUH VWHOODLUH RQWPRHWLQJHQ HQ KHW
JDODFWLVFK JHWLMGHQYHOG RS NRPHWHQ LQ 2RUWZRON�DFKWLJH VWUXF�
WXUHQ" �+RRIGVWXNNHQ � HQ ���

�� ,V KHW RQWVWDDQ YDQ GH 2RUWZRON YHURRU]DDNW GRRU SODQHHW�
VFKLMI LQWHUDFWLHV HQ VWHOODLUH RQWPRHWLQJHQ LQ KHW YURHJH ]RQ�
QHVWHOVHO" �+RRIGVWXN ���

�� :DDU NRPHQ LQWHUVWHOODLUH NRPHWHQ YDQGDDQ HQ KRH RQVWDDQ
]H" �+RRIGVWXNNHQ � HQ ���

+RRIGVWXN � *HEDVHHUG RS�7KH RULJLQ RI LQWHUVWHOODU DVWHURLGDO REMHFWV
OLNH �,����� 8� ¶2XPXDPXD� 015$6 ���� /���/�� ���� �3RUWHJLHV =ZDUW�
7RUUHV HW� DO�� ������ ,N KHE GH RRUVSURQJ YDQ KHW LQWHUVWHOODLUH REMHFW �,�
¶2XPXDPXD EHVWXGHHUG GRRU VFKDWWLQJHQ JHEDVHHUG RS ZDDUQHPLQJHQ WH
YHUJHOLMNHQ PHW VLPXODWLHV� *HEUXLNPDNHQG YDQ DVWURPHWULVFKH GDWD YDQ
*DLD�7*$6 �*DLD &ROODERUDWLRQ� %URZQ HW DO� ����� KHE LN GH EDDQ YDQ
¶2XPXDPXD HQ DOOH VWHUUHQ ELQQHQ �� SF YDQ GH =RQ JHwQWHJUHHUG� ,N EH�
YRQG GDW RQJHYHHU ��� PLOMRHQ MDDU JHOHGHQ ¶2XPXDPXD GH VWHU +,3 �����
YDQ GLFKWELM SDVVHHUGH� HQ GULH DQGHUH RQWPRHWLQJHQ KDG WLMGHQV KDDU UHLV
QDDU GH =RQ� ,N KHE YHUVFKLOOHQGH VFHQDULR¶V YRRU GH YRUPLQJ YDQ ¶2XPXD�
PXD RQGHU]RFKW HQ JHFRQFOXGHHUG GDW REMHFWHQ ]RDOV ¶2XPXDPXD JHYRUPG
ZRUGHQ LQ GH SXLQVFKLMI DOV HHQ UHVWDQW YDQ KHW VWHU� HQ SODQHHWYRUPLQJV�
SURFHV� HQ YHUYROJHQV ZRUGHQ YULMJHPDDNW YDQ GH VWHU� ,N EHYRQG GDW GH JH�
PLGGHOGH JDODFWLVFKH GLFKWKHLG YDQ LQWHUVWHOODLUH NRPHWHQ LQ GH EXXUW YDQ
GH =RQ∼ 1014 SHU NXELHNH SDUVHF LV� ZDW EHWHNHQW GDW ZH HON MDDU �±�� YDQ
]XONH EH]RHNHUV NXQQHQ YHUZDFKWHQ ELQQHQ � DX YDQ GH =RQ�

+RRIGVWXN � *HEDVHHUG RS� *DODFWLF WLGH DQG ORFDO VWHOODU SHUWXUED�
WLRQV RQ WKH 2RUW FORXG� FUHDWLRQ RI LQWHUVWHOODU FRPHWV� $	$ ���� $����
�7RUUHV HW� DO�� ������ *HEUXLNPDNHQG YDQ GH SRVLWLHV� SDUDOOD[HQ HQ HL�
JHQEHZHJLQJHQ LQ GH *DLD GDWD HQ GDW FRPELQHUHQG PHW UDGLsOH VQHOKHLGV�
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PHWLQJHQ YDQ 5$9(�'5� �.XQGHU HW DO� ������ *$/$+ '5� �%XGHU HW DO�
������ /$0267 '5� �=KDR HW DO� ������ $32*(( '5�� �$EROIDWKL HW DO�
������ HQ ;+,3 �$QGHUVRQ 	 )UDQFLV ������ VWHOGH LN HHQ FDWDORJXV VDPHQ
YDQ GH EXXUVWHUUHQ YDQ GH =RQ� 7RHQ EHUHNHQGH LN GH RQWPRHWLQJHQ GLH GH
=RQ LQ KHW YHUOHGHQ KHHIW JHKDG PHW DQGHUH VWHUUHQ HQ LQ GH WRHNRPVW JDDW
KHEEHQ �7RUUHV HW� DO�� ����� 7RUUHV HW� DO�� ������ ,N YRQG GDW GH VWHU *-���
RYHU ��� PLOMRHQ MDDU GH =RQ JDDW QDGHUHQ WRW RS HHQ DIVWDQG YDQ ����SF
LQ SODDWV YDQ ���SF ]RDOV YRRUVSHOG GRRU HHUGHUH VWXGLHV �H�J�� '\EF]\ĔVNL
	 %HUVNL ����� HQ UHIHUHQWLHV GDDULQ�� 'DDUQD EHVWXGHHUGH LN� JHEUXLNPD�
NHQG YDQ GH]H FDWDORJXV YDQ QDELMH VWHUUHQ� GH G\QDPLVFKH HYROXWLH YDQ
NRPHWHQ LQ GH 2RUWZRON� UHNHQLQJ KRXGHQG PHW KHW JDODFWLVFK JHWLMGHQ�
YHOG HQ KHW FXPXODWLHYH HIIHFW YDQ GLFKWELM SDVVHUHQGH VWHUUHQ� ,N YRQG GDW
NRPHWHQ DDQ GH UDQG YDQ GH2RUWZRON �������������� DX� KHYLJ YHUVWRRUG
ZRUGHQ ZDDUGRRU GH KDOIODQJH DVVHQ YDQ∼���� YDQ GH NRPHWHQ WRHQHPHQ
WRW LQ GH LQWHUVWHOODLUH UHJLR¶V� $DQJH]LHQ NRPHWHQ QRJ VWHHGV JHERQGHQ ]LMQ
DDQ KHW ]RQQHVWHOVHO EHVFKRXZHQ ZH ]H DOV WUDQVLWLRQHOH LQWHUVWHOODLUH NR�
PHWHQ �WUDQVLWLRQDO LQWHUVWHOODU FRPHWV� 7,&V�� 'H HHUVWH 7,& NDQGLGDDW LV
GH NRPHHW &����� 9� �GH OD )XHQWH 0DUFRV 	 GH OD )XHQWH 0DUFRV ������

+RRIGVWXN � *HEDVHHUG RS� '\QDPLFDO HYROXWLRQ RI WKH VRODU V\VWHP
GHEULV GLVN LQ LWV ELUWK FOXVWHU� LQJHGLHQG ELM $	$� DDQEHYROHQ YRRU SXEOL�
FDWLH �7RUUHV HW� DO�� ����E�� :H KHEEHQ KHW RQWVWDDQ HQ GH HYROXWLH YDQ
GH 2RUWZRON YDQ KHW ]RQQHVWHOVHO EHVWXGHHUG LQ GH YURHJH VWDGLD YDQ ]LMQ
YRUPLQJ WRHQ GH =RQ ]LFK QRJ LQ ]LMQ JHERRUWHFOXVWHU EHYRQG� ,N KHE WZHH
PRGHOOHQ YRRU KHW ]RQQHVWHOVHO RSJH]HW� ,Q KHW HHUVWH PRGHO QDPHQ ZH HHQ
FRPSDFWH SXLQVFKLMI DDQ ������ DX�� HQ LQ GH WZHHGH HHQ JURWHUH SXLQVFKLMI
�������� DX�� 9RRU EHLGH PRGHOOHQ KRXGHQ ZH UHNHQLQJ PHW YHUVWRULQ�
JHQ YDQ GH UHX]HQSODQHWHQ HQ YDQ QDELMH VWHUUHQ LQ GH FOXVWHU� ,N EHYRQG
GDW GH PHHVW HIILFLsQWH PDQLHU RP HHQ VFKLMI WH YHUVWRUHQ LV ZDQQHHU GH
KRHN YDQ GH ZLVVHOZHUNLQJ WXVVHQ KHW ]RQQHVWHOVHO HQ GH YHUVWRRUGHU WXV�
VHQ ���� JUDGHQ OLJW� RQDIKDQNHOLMN YDQ GH JURRWWH YDQ GH VFKLMI� 'DDUQDDVW
EHYRQGHQ ZH GDW GH YRUPLQJ YDQ GH 2RUWZRON YHURRU]DDNW ZHUG GRRU QD�
ELMH RQWPRHWLQJHQ PHW DQGHUH VWHUUHQ� GLH GH YHUVWURRLGH VFKLMI� 6HGQD HQ
2RUWZRON�DFKWLJH REMHFWHQ SURGXFHUHQ� WHUZLMO GH UHX]HQSODQHWHQ .XLSHU�
JRUGHOREMHFWHQ PDNHQ� 'DDUQDDVW ZRUGW RQJHYHHU ��� YDQ GH SODQHWHVL�
PDOHQ XLWJHZRUSHQ HQ ZRUGW LQWHUVWHOODLUH NRPHWHQ�
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+RRIGVWXN � *HEDVHHUG RS� '\QDPLFDO HYROXWLRQ RI H[R�2RUW FORXGV
DURXQG WKH 6XQ¶V FORVHVW QHLJKERXUV VWDUV GXH WR ORFDO VWHOODU SHUWXUED�
WLRQV DQG WKH *DODFWLF WLGDO ILHOG� LQJHGLHQG ELM $	$� �7RUUHV HW� DO�� ������
*HEUXLNPDNHQG YDQ GH FDWDORJXV YDQ PHHVW GLFKWELMH VWHUUHQ JHFRQVWUX�
HHUG LQ �7RUUHV HW� DO�� ����� 7RUUHV HW� DO�� ������ HQ YDQ GH PHWKRGHV RQW�
ZLNNHOG LQ �7RUUHV HW� DO�� ����� 7RUUHV HW� DO�� ����E�� EHUHNHQGH LN GHPHHVW
GLFKWELMH RQWPRHWLQJHQ YRRU HON YDQ GH EXXUVWHUUHQ YDQ GH =RQ ELQQHQ �
SF HQ GLH QDXZNHXULJH DVWURPHWULVFKH JHJHYHQV YDQ *DLD '5� KDGGHQ� QD�
PHOLMN YRRU 3UR[LPD &HQWDXUL� GH 6WHU YDQ %DUQDUG� *OLHVH ��� 5RVV ���
HQ 5RVV ���� ,N EHYRQG GDW GH VWHUUHQ LQ GH EXXUW YDQ GH =RQ JHPLGGHOG
URQG GH ����� GLFKWELMH RQWPRHWLQJHQ HUYDUHQ JHGXUHQGH �� PLOMRHQ MDDU�
YRRUQDPHOLMN PHW 0�GZHUJVWHUUHQ� 7RHQ UHNHQGH LN KHW HIIHFW YDQ SDVVH�
UHQGH VWHUUHQ HQ KHW JDODFWLVFK JHWLMGHQYHOG XLW RS GH NRPHWHQ LQ GH H[R�
2RUWZRONHQ URQGGH EXXUVWHUUHQ YDQ GH =RQ�+HWPHHVW YHUVWRRUGH V\VWHHP
JHGXUHQGH HHQ WLMGVLQWHUYDO YDQ �� PLOMRHQ MDDU LV *OLHVH ��� JHYROJG GRRU
5RVV ���� GH 6WHU YDQ %DUQDUG HQ 5RVV ��� HQ XLWHLQGHOLMN 3UR[LPD &HQ�
WDXUL� 9RRU *OLHVH �� LV GH SURGXFWLHVQHOKHLG YDQ WUDQVLWLRQHOH LQWHUVWHO�
ODLUH NRPHWHQ HQ LQWHUVWHOODLUH REMHFWHQ RQJHYHHU ��×108 7,& SHU PLOMRHQ
MDDU HQ ���×1010 ,62 SHU PLOMRHQ MDDU� 'LW LPSOLFHHUW GDW HU HHQ DDQ]LHQOLMN
DDQWDO LQWHUVWHOODLUH NRPHWHQ LQ GH EXXUW YDQ GH =RQ LV� 'HUKDOYH ZRUGHQ
GH =RQ HQ ]LMQ EXUHQ EH]RFKW GRRU LQWHUVWHOODLUH NRPHWHQ GLH YDQ DQGHUH
VWHUUHQ NRPHQ� 2S GH]H PDQLHU LV KHW DDQQHPHOLMN GDW HHQ LQWHUVWHOODLUH
NRPHWHQZRON EHVWDDW�

���






