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GH�GDWXP�HQ�HYHQWXHHO�KHW�SXQW�YDQ�YHUJDGHULQJ��1RWLWLHV� HQ�EULHYHQ�ZRUGHQ�
PHW�GDWXP�HQ�RI�NHQPHUN�HQ� ]R�QRGLJ� WLWHO� DDQJHJHYHQ� �HHQ�HQNHO� VWXN�KHHIW�
HHQ�':.�NHQPHUN����
'DDUQDDVW�LV�JHEUXLN�JHPDDNW�YDQ�GDW�GHHO�YDQ�KHW�DUFKLHI�YDQ�5RE�%RHULQJD�GDW�
RS�GH�:DJHQLQJHQ�8QLYHUVLWHLW�HQ�5HVHDUFKFHQWUXP��LQ�KHW�EHVWXXUVJHERXZ��LV�
RQGHUJHEUDFKW�� 'H� V\VWHPDWLHN� LV� JHOLMN� �2$/ 2YHUOHJRUJDDQ� $OWHUQDWLHYH�
/DQGERXZ���7RW� VORW� KHHIW�5RE�%RHULQJD� GH� DXWHXUV� LQ]LFKW� JHJHYHQ� LQ� HQLJH�
GHOHQ�YDQ�]LMQ�SHUVRRQOLMN�DUFKLHI��+HW�EHWUHIW�KLHU�PHW�QDPH�ZHUNUDSSRUWHQ���
%HLGH�DUFKLHYHQ�]LMQ�QLHW�JHwQYHQWDULVHHUG�HQ�GHHOV�RQJHRUGHQG���
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)RWRYHUDQWZRRUGLQJ�
'H�LOOXVWUDWLHV�]LMQ�DINRPVWLJ�XLW�UDSSRUWHQ��SXEOLFDWLHV�HQ�MDDUYHUVODJHQ�YDQ�GH�
15/2��XLW�KHW�15/2�DUFKLHI�HQ�XLW�GH�FROOHFWLH�YDQ�KHW�,QQRYDWLH1HWZHUN�WH�
8WUHFKW��
)RWRJUDIHQ�HQ�DQGHUH�UHFKWKHEEHQGHQ�GLH�PHQHQ�DDQ�GH]H�XLWJDYH�DDQVSUDNHQ�WH�
NXQQHQ�RQWOHQHQ��ZRUGHQ�YHU]RFKW�RP�FRQWDFW�RS�WH�QHPHQ�PHW�GH�XLWJHYHU��
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5��%RHULQJD�� �� IHEUXDUL� ������ 6WDIPHGHZHUNHU�15/2�YRRU� DOWHUQDWLHYH� ODQG�
ERXZ�������������

&��.DOGHQ�����PHL�������%HWURNNHQ�ELM�WUDQVLWLH�PLQLVWHULH�YDQ�ODQGERXZ��ODWHU�
GLUHFWHXU�JHQHUDDO���

5��5DEELQJH����MXQL�������+RRJOHUDDU�/+��/LG�YDQ�GH�15/2������������GDDU�
YRRU�LQ�:55���

5��6FKLOSHURRUW����MXQL�������+RRJOHUDDU�8QLYHUVLWHLW�/HLGHQ���
+��6SLHUW]�����PHL�������+RRJOHUDDU�/+��GLUHFWHXU�&$%2��9RRUEHUHLGLQJ�DIGH�
OLQJ���15/2��

$�3��9HUNDLN�� �� IHEUXDUL� ������6HFUHWDULV�15/2������������GDDUYRRU� VWDIPH�
GHZHUNHU��

*��:DQVLQN�����GHFHPEHU�������6HFUHWDULV�15/2������������
'��GH�=HHXZ�����MXQL�������'LUHFWHXU�'/2��ODWHU�YRRU]LWWHU�FROOHJH�YDQ�EHVWXXU�
/+��/LG�15/2��

)��=XLGHPD�����IHEUXDUL�������6HFUHWDULV�DIGHOLQJ�ODQGLQULFKWLQJ������������
�
'DDUQDDVW� ]LMQ� HU� LQIRUPHOH�JHVSUHNNHQ�JHYRHUG�PHW�1��'LMNYHOG�6WRO� �VWDIPH�
GHZHUNHU�15/2�HQ�,QQRYDWLHQHWZHUN���$��5LS��KRRJOHUDDU�8QLYHUVLWHLW�7ZHQ�
WH��HQ�+��%RGHZHV��VWXGHQW�87����
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/LWHUDWXXUOLMVW�
�
�
�
�
%��� *��� ¶/DQGERXZNXQGLJ� RQGHU]RHN� JHEXQGHOG� LQ� PHHUMDUHQYLVLH·��:DJHQLQJV�

+RJHVFKRROEODG����PHL����������
%DO�� 5��� :�� %LMNHU� HQ� 5�� +HQGULNV�� 3DUDGR[� YDQ� ZHWHQVFKDSSHOLMN� JH]DJ�� RYHU�

PDDWVFKDSSHOLMNH�LQYORHG�YDQ�DGYLH]HQ�YDQ�GH�*H]RQGKHLGVUDDG��'HQ�+DDJ��������
%DONW��+�+��WHU��¶2QGHU�DQGHUH�KHW�SODWWHODQG·��7LUDGH���������������������
%HNNH�� +��� -�� GH� 9ULHV� HQ� *�� 1HHOHQ��'H� VDOWR� PRUWDOH� YDQ� KHW� 0LQLVWHULH� YDQ�

/DQGERXZ�� 1DWXXUEHKHHU� HQ� 9LVVHULM�� EHOHLG�� RUJDQLVDWLH� HQ� PDQDJHPHQW� RS� HHQ�
EUHXNYODN��$OSKHQ�DDQ�GH�5LMQ���������

%HUJ�� 5�-�0�� WHQ�� HW� DO�� �UHG����0HW� UDDG� HQ� GDDG�� YLVLHV� RS� GH� WRHNRPVW� YDQ� GH�
RYHUOHJHFRQRPLH�RS�QDWLRQDDO�HQ�VHFWRUDDO�QLYHDX��'HQ�+DDJ��������

%LHOHPDQ�� -��� ¶'H�1HGHUODQGVH� ODQGERXZ� LQ� GH� WZLQWLJVWH� HHXZ·�� LQ� 3�� .RRLM�
�UHG��� 'H� DFWXDOLWHLW� YDQ� GH� DJUDULVFKH� JHVFKLHGHQLV�� +LVWRULD� $JULFXOWXUDH� ���
�*URQLQJHQ��������

%LHOHPDQ��-���'H�JHVFKLHGHQLV�YDQ�GH�ODQGERXZ�LQ�1HGHUODQG������������$PVWHUGDP�
�������

%LRORJLVFKH�ODQGERXZ��1RWLWLH��7ZHHGH�.DPHU��YHUJDGHUMDDU�������������������QU��
����

%LRWHFKQRORJLH� LQ�KHW� ODQGERXZNXQGLJ�RQGHU]RHN��15/2�6WXGLHUDSSRUW��� �'HQ�+DDJ�
��������

%OXPH��6�6���7KH�GHYHORSPHQW�RI�'XWFK�VFLHQFH�SROLF\�LQ�LQWHUQDWLRQDO�SHUVSHFWLYH�������
������ D� UHSRUW� WR� WKH� 5DDG� YDQ� $GYLHV� YRRU� KHW� :HWHQVFKDSVEHOHLG�� 5DDG� YDQ�
$GYLHV�YRRU�KHW�:HWHQVFKDSVEHOHLG�$FKWHUJURQGVWXGLH�����'HQ�+DDJ��������

%RHULQJD��5���¶'H�JDQJEDUH�HQ�GH�DOWHUQDWLHYH�ODQGERXZ�RQGHUOLQJ�YHUJHOHNHQ·��
(FRQRPLVFK�6WDWLVWLVFKH�%HULFKWHQ�����������������

%RZNHU�� *�� HQ� 6XVDQ� /HLJK� 6WDU�� 6RUWLQJ� 7KLQJV� 2XW�� &ODVVLILFDWLRQ� DQG� LVW�
&RQVHTXHQFHV��&DPEULGJH��������

%ULFNPDQ�� 5�� HQ� $�� 5LS�� ¶6FLHQFH� 3ROLF\� $GYLVRU\� &RXQFLOV� LQ� )UDQFH�� 7KH�
1HWKHUODQGV� DQG� WKH� 8QLWHG� 6WDWHV�� �������·�� 6RFLDO� 6WXGLHV� RI� 6FLHQFH� ����
�����������������

&RPPLVVLH�2QGHU]RHN�%LRORJLVFKH�/DQGERXZPHWKRGHQ��$OWHUQDWLHYH� ODQGERXZ���
LQYHQWDULVDWLH�� HYDOXDWLH� HQ� DDQEHYHOLQJHQ� YRRU� RQGHU]RHN�� 'HHO� ��� ,QWHULPUDSSRUW��
QRYHPEHU�������:DJHQLQJHQ��������

&RPPLVVLH� 2QGHU]RHN� %LRORJLVFKH� /DQGERXZPHWKRGHQ�� $OWHUQDWLHYH�
ODQGERXZPHWKRGHQ�� LQYHQWDULVDWLH�� HYDOXDWLH� HQ� DDQEHYHOLQJHQ� YRRU� RQGHU]RHN��
(LQGUDSSRUW���RNWREHU�������:DJHQLQJHQ��������

'DOOLQJD��*���HW�DO��9L�V�]LH�U��RS�VFKHUS���HYDOXDWLH�YDQ�KHW�SURFHV�WHU�YHUNU JLQJ�YDQ�GH�
PHHUMDUHQYLVLH� ���������� YDQ� GH� 1DWLRQDOH� 5DDG� YRRU� /DQGERXZNXQGLJ�
2QGHU]RHN��1/52���'HQ�+DDJ��������

'LMNVWUD�� *�6�$�� HW� DO��� 3URGXNWVFKDSSHQ� HQ� %HGULMIVVFKDSSHQ� 2QGHU]RFKW�� KHW�
IXQFWLRQHUHQ�YDQ�EHGULMIVOLFKDPHQ�DOV�LQWHUPHGLDLU�EHVWXXU��$OSKHQ�D�G�5LMQ��������
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'XXU]DDP� VDPHQJDDQ� YDQ� ODQGERXZ�� QDWXXU� HQ� PLOLHX�� 0DQLIHVW� HQ� UDSSRUW� YDQ� GH�
JHOLMNQDPLJH� ZHUNJURHS� R�O�Y�� GU�LU�� '�� GH� =HHXZ� HQ� PU�� :�*�� $OEUHFKW�
�$PVWHUGDP��QRYHPEHU��������

15/2�� (FRQRPLVFKH� HYDOXDWLH� YDQ� KHW� ODQGERXZNXQGLJ� RQGHU]RHN�� UDSSRUW� YDQ� GH�
VWXGLHFRPPLVVLH� HFRQRPLVFKH� HYDOXDWLH� YDQ� KHW� ODQGERXZNXQGLJ� RQGHU]RHN� 712�
�'HQ�+DDJ��������

(GHO�� %��� *HwQWHJUHHUGH� /DQGERXZ�� QDDU� HHQ� ODQGERXZ� GLH� SDVW� E � KHGHQGDDJVH�
GRHOVWHOOLQJHQ� YDQ� PDDWVFKDSS � HQ� PLOLHX�� 'LVNXVVLHQRWD� YDQ� GH� 9HUHQLJLQJ�
0LOLHXGHIHQVLH� LQ� KHW� NDGHU� YDQ� KHW� SURMHNW� ´0LOLHX� HQ� ZHUNJHOHJHQKHLGµ�
�$PVWHUGDP��������

)RQN��*��HQ�$��+DPVWUD��%HOHLGVRQWZLNNHOLQJ� URQG�QLHXZH�ELRWHFKQRORJLH��1HGHUODQG�
�����������/HLGHQ��������

¶*HKHOH� ODQGERXZNXQGLJ� RQGHU]RHN� LQ� HHQ� RYHUOHJRUJDDQ·�� 712�QLHXZV� ���
�����������������

*UDQVFK��)���¶7ULS�HQ�]LMQ�QRWD·��/	2����������
*UDQVFK��)���¶+HW�XQLHNH�YDQ�KHW�ODQGERXZNXQGLJ�RQGHU]RHN·��&KHPLVFK�:HHN�

EODG�����PDDUW���������������
¶+HUVWUXFWXUHULQJ�15/2·��/	2��������
+XWWHU��:��HW�DO���UHG����2S�ZHJ�QDDU� FULWHULD�YRRU�RQGHU]RHNVEHOHLG��272�FDKLHUV���

�8WUHFKW���������
,QQRYDWLHJHULFKWH� RQGHU]RHNSURJUDPPD·V�� ,QQRYDWLHQRWD�� $FKWHUJURQGGRFXPHQW� ,� �'HQ�

+DDJ���������
,QQRYDWLHQRWD��'HQ�+DDJ���������
,QQRYDWLHSURJUDPPD�%LRWHFKQRORJLH��6FKHWV�YDQ�HHQ�LQQRYDWLHJHULFKW�RQGHU]RHNVSURJUDPPD�

RS�KHW�JHELHG�YDQ�GH�ELRWHFKQRORJLH��'HQ�+DDJ��������
.DVWHHO��7K�-�� YDQ�� ¶2QWVWDDQ� HQ�*URHL� YDQ�712·�� LQ�7K�-�� YDQ�.DVWHHO� HW�DO���

(HQ�.ZDUWHHXZ�712�������������*HGHQNERHN�ELM�GH�YROWRRLLQJ�YDQ�GH�HHUVWH����
MDDU�ZHUN]DDPKHLG�YDQ�GH�RUJDQLVDWLH�712�RS���PHL�������'HQ�+DDJ��������

.RJDQ��0���HQ�0��+HQNHO��*RYHUQPHQW�DQG�5HVHDUFK��7KH�5RWKVFKLOG�([SHULPHQW�LQ�
D�*RYHUQPHQW�'HSDUWPHQW��/RQGHQ��������

.UDMHQEULQN��(�-���+HW�/DQGERXZVFKDS��¶]HOIJHGUDJHQ�YHUDQWZRRUGHOLMNKHLG·�LQ�GH�ODQG��
HQ�WXLQERXZ�������������*URQLQJHQ��������

.XHQHQ��'�-���¶%LRORJLVFKH�SUREOHPHQ�YDQ�RQV�PLOLHX·��/DQGERXZNXQGLJ�7LMGVFKULIW�
�����������������������

/$.$�� ,7$/� :DJHQLQJHQ�� DWRRPHQHUJLH� LQ� GH� ODQGERXZ� ������
KWWS���ZZZ�ODND�RUJ�WHNVWHQ�LWDO�LQJDQJ�LWDO�KWPO����MDQXDUL���������

/DQGERXZ� ]RQGHU� VSXLW"� *HwQWHJUHHUGH� EHVWULMGLQJ� YDQ� LQVHNWHQSODJHQ� LQ� GH� ODQGERXZ�
�:DJHQLQJHQ��������

/DQGERXZJHULFKWH�'HHOSURJUDPPD�%LRWHFKQRORJLH��'HQ�+DDJ��������
/DQGERXZNXQGLJ� RQGHU]RHN�RS�ZHJ�QDDU�GH���H�HHXZ��0HHUMDUHQYLVLH� ODQGERXZNXQGLJ�

RQGHU]RHN������������'HQ�+DDJ���������
/HQQHS��0�%�� YDQ�� ¶'H� JHVFKLHGHQLV� YDQ� KHW� /DQGERXZNXQGLJ�2QGHU]RHN� LQ�

1HGHUODQG·��712�QLHXZV��������������������
/LEEHQJD��.�5���*HOXNNLJ�]LM��GLH�QX�EHJLQQHQ��/HLGHQ��������
/RJHPDQQ�� '��� .QHOSXQWHQ� LQ� KHW� RQGHU]RHN� QDDU� HQ� GH� SUDNWLMN�LQWURGXFWLH� YDQ�

JHwQWHJUHHUGH�ODQGERXZ��8WUHFKW���������



�
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0DDW�� +��� ¶+HW� ,QQRYDWLHV\VWHHP� YRRU� GH� 1HGHUODQGVH� /DQGERXZ·�� 1(+$�
MDDUERHN��������������������

0DOWKD�� '�-���+RQGHUG� -DDU� /DQGERXZNXQGLJ� 2QGHU]RHN� LQ� 1HGHUODQG� ����������
�:DJHQLQJHQ��������

0DQVKROW�� 6�/��� ¶'H� /DQGERXZ� RYHU� 712·�� LQ� 7K�-�� YDQ� .DVWHHO� HW�DO��� (HQ�
.ZDUWHHXZ�712�������������*HGHQNERHN�ELM�GH�YROWRRLLQJ�YDQ�GH�HHUVWH����MDDU�
ZHUN]DDPKHLG�YDQ�GH�RUJDQLVDWLH�712�RS���PHL�������'HQ�+DDJ���������

0HHU��5�5�� YDQ� GHU� �UHG����%LRWHFKQRORJLH� HQ� ,QQRYDWLH�� $GYLHV� XLWJHEUDFKW� DDQ� GH�
PLQLVWHU� YRRU� :HWHQVFKDSVEHOHLG� GRRU� KHW� &HQWUDDO� ,QVWLWXXW� YRRU�
,QGXVWULHRQWZLNNHOLQJ��'HQ�+DDJ���������

0HHU�� &�/�-��� HW� DO��� 7HFKQRORJLH� LQ� GH� /DQGERXZ�� (IIHFWHQ� LQ� KHW� YHUOHGHQ� HQ�
EHOHLGVRYHUZHJLQJHQ�YRRU�GH�WRHNRPVW��'HQ�+DDJ���������

0HON��)���¶0RRLH�SODQQHQ��SULRULWHLWHQ��YRRUZDDUGHQ�HQ�NQHOSXQWHQ·��:DJHQLQJV�
+RJHVFKRROEODG�����RNWREHU�������������

0HXOHQ�� %�-�5�� YDQ� GHU�� ¶6FLHQFH� 3ROLFLHV� DV� SULQFLSDO�DJHQW� JDPHV��
,QVWLWXWLRQDOL]DWLRQ� DQG� SDWK� GHSHQGHQF\� LQ� WKH� UHODWLRQ� EHWZHHQ�
JRYHUQPHQW�DQG�VFLHQFH·��5HVHDUFK�3ROLF\��������������������

0ROHQ��+��YDQ�GHU��¶2YHU�GH�NZDOLWHLW�YDQ�SURGXNWHQ�YDQ�GH�JDQJEDUH�HQ�YDQ�GH�
DOWHUQDWLHYH�ODQGERXZ·��(FRQRPLVFK�6WDWLVWLVFKH�%HULFKWHQ����������������

0ROHQ��+��YDQ�GHU��UHG����2PVWUHGHQ�ODQGERXZ��8WUHFKW���������
1RRUW�� :�-�� YDQ�� HQ� &�-�� /DPPHUV�� 'H� WXVVHQRUJDQLVDWLH�� YHUNHQQLQJHQ� LQ� KHW�

PDDWVFKDSSHOLMN�PLGGHQYHOG�GHU�LQWHURUJDQLVDWLRQHOH�EHWUHNNLQJHQ��/HLGHQ��������
¶15/2�RYHU�QRWD�7ULS��ZDDUGHULQJ�HQ�NULWLHN·��/	2�������
2RVWHQ��+��HQ�+��5XWWHQ��,QQRYHUHQ�PHW�DPELWLH��'HQ�+DDJ��������
3ODWIRUP�%LRORJLVFKH�/DQGERXZ��%LRORJLVFKH� ODQGERXZ�YHU�YRRUXLW��RS�ZHJ�QDDU�HHQ�

GXXU]DPH�ODQGERXZ����������
3RHO�� -�0�*�� YDQ� GHU�� ¶9LMI� MDDU�� �·Q�2QZHWHQVFKDSSHOLMN� KLVWRULVFK� RYHU]LFKW�
��

/DQGERXZNXQGLJ�7LMGVFKULIW�������������������
3URMHFWEHVFKULMYLQJ�HQ�SURMHFWEHKHHU�LQ�KHW�ODQGERXZNXQGLJ�RQGHU]RHN��'HQ�+DDJ��������
5DSSRUW�YDQ�GH�6WXXUJURHS�$OWHUQDWLHYH�/DQGERXZ��'HQ�+DDJ��������
5DSSRUW�=HOIHYDOXDWLH�1DWLRQDOH�5DDG�YRRU�/DQGERXZNXQGLJ�2QGHU]RHN����������
5LS�� $�� HQ� $�-�� 1HGHUKRI�� ¶%HWZHHQ� GLULJLVP� DQG� ODLVVH]�IDLUH�� (IIHFWV� RI�

LPSOHPHQWLQJ� WKH� VFLHQFH� SROLF\� SULRULW\� IRU� ELRWHFKQRORJ\� LQ� WKH�
1HWKHUODQGV·��5HVHDUFK�3ROLF\�����������������������

5LS��$��HQ�:��YDQ�GHU�(V��¶%LRWHFKQRORJLH��RQWZLNNHOLQJ�HQ�VWXUHQGH�LPSXOVHQ·��
LQ�$��5LS�HQ�3��*URHQHZHJHQ� �UHG����0DFKW� RYHU�.HQQLV� �$OSKHQ�D�G�5LMQ��
����������������

5LS��$��HQ�$�-��1HGHUKRI��'H�VWLPXOHULQJ�YDQ�ELRWHFKQRORJLH�LQ�1HGHUODQG��(IIHFWHQ�RS�
KHW�ZHWHQVFKDSSHOLMNH�YHOG��/HLGHQ���������

5|UVFK�� $��� ¶)HHVWHOLMNH� WRHVSUDDN� WRW� ,U�� *�� :DQVLQN·�� LQ� /DQGERXZNXQGLJ�
RQGHU]RHN�� JURHQ� IURQW� RI� RSHQ� V\VWHHP"�5HVHDUFK�0DQDJHPHQW� 6WXGLHV� ��� �'HQ�
+DDJ���������

5RVVXP��:�� YDQ�� 6WXULQJ� YDQ�:HWHQVFKDS�� GH� URO� YDQ� RQGHU]RHNVRUJDQLVDWLHV� �'HQ�
+DDJ��������

6DORPRQ�� -�-��� ¶'H�2QWZLNNHOLQJ�YDQ�KHW�:HWHQVFKDSVEHOHLG·�� LQ�$��5LS�HQ�3��
*URHQHZHJHQ��0DFKW�RYHU�NHQQLV��0RJHOLMNKHGHQ�YDQ�ZHWHQVFKDSVEHOHLG��$OSKHQ�
DDQ�GHQ�5LMQ���������
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6FKLOSHURRUW��5�$��� HW� DO��� ,QQRYDWLHSURJUDPPD� ELRWHFKQRORJLH�� NDGHU�� KRRIGOLMQHQ� HQ�
RSHUDWLRQHHO�SODQ��'HQ�+DDJ��������

6FKLOSHURRUW�� 5�$�� �UHG���� &RPPHUFLsOH� RQWZLNNHOLQJHQ� RS� KHW� JHELHG� YDQ� GH�
SODQWHQELRWHFKQRORJLH��15/2�6WXGLHUDSSRUW���E��'HQ�+DDJ���������

6FKLOSHURRUW�� 5�$��� HQ� 0HHU�� 5�5�� YDQ� GHU�� ,QQRYDWLHSURJUDPPD� %LRWHFKQRORJLH��
3URJUDPPDFRPPLVVLH�%LRWHFKQRORJLH��,QWHULPUDSSRUW�PHL������W�P�PHL�������'HQ�
+DDJ��������

6FKRW��-���HW�DO���UHG����7HFKQLHN�LQ�1HGHUODQG�LQ�GH�7ZLQWLJVWH�(HXZ��=XWSKHQ������
�������

6WUXFWXXUQRWD�/DQGERXZ��%HOHLGVYRRUQHPHQV��'HQ�+DDJ����������
7LPPHUKXLV�� 9�&�0���5XLPWH� YRRU� YHUQLHXZLQJ�� HUYDULQJHQ� ELQQHQ� GH� WHFKQLVFKH� HQ�

QDWXXUZHWHQVFKDSSHQ�� $GYLHVUDDG� YRRU� KHW� :HWHQVFKDSV�� HQ� 7HFKQRORJLHEHOHLG��
$FKWHUJURQGVWXGLH�����'HQ�+DDJ��������

9HOWNDPS�� (�� HW� DO��� 3ODQWHELRWHFKQRORJLH� LQ� 1HGHUODQG�� ,QGXVWULsOH� WRHSDVVLQJ� YDQ�
SODQWHFHOOHQ��YRRUZDDUGHQ�HQ�PRJHOLMNKHGHQ��15/2�6WXGLHUDSSRUW���J��'HQ�+DDJ�
�������

9HUNDLN�� $�3��� :DDUKHHQ� PHW� GH� 6WUXFWXXU� YDQ� KHW� /DQGERXZNXQGLJ� 2QGHU]RHN"�
5HVHDUFK�0DQDJHPHQW�6WXGLHV����'HQ�+DDJ���������

9HUNDLN�� $�3���2UJDQLVDWLHVWUXFWXXU� ODQGERXZNXQGLJ� RQGHU]RHN� HQ� DFKWHUJURQGHQ� YDQ�
KDDU�WRWVWDQGNRPLQJ��5HVHDUFK�0DQDJHPHQW�6WXGLHV����'HQ�+DDJ���������

9HUNDLN��$�3���9HUNHQQLQJHQ�RPWUHQW�GH�GRHOVWHOOLQJVSUREOHPDWLHN�LQ�DUEHLGVRUJDQLVDWLHV��
5HVHDUFK�0DQDJHPHQWVWXGLHV�����'HQ�+DDJ��������

9HUNDLN�� $�3���2QWZLNNHOLQJHQ� LQ� KHW� ODQGERXZNXQGLJ� RQGHU]RHNEHOHLG� �'HQ�+DDJ�
�������

9HUNDLN�� $�3���5RO� VHFWRUUDGHQ� PHW� EHWUHNNLQJ� WRW� VWUDWHJLVFKH� RQGHU]RHNSURJUDPPD·V�
�'HQ�+DDJ���������

9LVVHU��-��HQ�$��+HPHULMFN��(HQ�1HGHUODQGV�0LUDNHO��EHOHLGVOHUHQ�LQ�GH�YHU]RUJLQJVVWDDW�
�$PVWHUGDP��������

9R�WH��$�'���¶/DQGERXZHFRORJLH·��/DQGERXZNXQGLJ�WLMGVFKULIW���������������������
:DO��+�� YDQ� GHU�� HQ�+�-�� GH�*UDDI��1�$�� YDQ�%UXVVHO��:�-�� YDQ� GHU�:HLMGHQ��

:�-�� WHU� .HXUV� �PHW� WHFKQLVFKH� PHGHZHUNLQJ� YDQ� 7K�� %DNNHU�� /(,���
6SHHOUXLPWH� YRRU� HHQ� JHwQWHJUHHUGH� ODQGERXZ��:55�ZHUNGRFXPHQW� �� �'HQ�+DDJ�
�������

:DQVLQN��*���HW�DO���%HVFKRXZLQJHQ�RYHU�GH�RUJDQLVDWLH�YDQ�KHW�RQGHU]RHN�LQ�1HGHUODQG��
5HVHDUFK�0DQDJHPHQW�6WXGLHV����'HQ�+DDJ���������

:DQVLQN�� *��� ¶2QGHU]RHNV\VWHPHQ� HQ� KXQ� UHODWLH� PHW� GH� RPJHYLQJ·� LQ�
/DQGERXZNXQGLJ� RQGHU]RHN�� JURHQ� IURQW� RI� RSHQ� V\VWHHP"�5HVHDUFK� 0DQDJHPHQW�
6WXGLHV�����'HQ�+DDJ���������

:HLMGHQ��:�-��YDQ�GHU��HW�DO���%RXZVWHQHQ�YRRU� HHQ�JHwQWHJUHHUGH� ODQGERXZ��:55�
YRRUVWXGLH�����'HQ�+DDJ����������

:HLQEHUJ��$���
&ULWHULD�RI�6FLHQWLILF�&KRLFH
��0LQHUYD���������������������
:HUNJURHS� 'H� =HHXZ�� 1DDU� HHQ� $DUWVH� ODQGERXZ�� 3ODWWHODQGVRQWZLNNHOLQJ� HQ�

GXXU]DPH�ODQGERXZ�LQ�HHQ�W G�YDQ�JOREDOLVHULQJ��'HQ�+DDJ���������
:LW��%��GH��¶,QWHUPHGLDLU�LQ�HHQ�YHUDQGHUHQGH�RPJHYLQJ��(HQ�EHVFKRXZLQJ�RYHU�

KHW� IXQFWLRQHUHQ� HQ� GH� WDDNRSYDWWLQJ� YDQ� GH� 5DDG� YRRU� KHW� 5XLPWHOLMN��
0LOLHX��HQ�1DWXXURQGHU]RHN�LQ�YHUOHGHQ��KHGHQ�HQ�WRHNRPVW·��2QJHSXEOL�
FHHUGH�QRWLWLH���������
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:RXGH�� 5�(��� ¶+HW� ERHUHQEROZHUN·�� LQ� 3�� .RRLM� �UHG���� 'H� DFWXDOLWHLW� YDQ� GH�
DJUDULVFKH�JHVFKLHGHQLV��+LVWRULDH�$JULFXOWXUDH�����*URQLQJHQ��������

:RXWHUV��3���7KH�&LWDWLRQ�&XOWXUH��$PVWHUGDP��������



�

���� �

�

/LMVW�YDQ�DINRUWLQJHQ�
�
$&%� $GYLHVFRPPLVVLH�%LRWHFKQRORJLH�
%'�EG� %LRORJLVFK�G\QDPLVFK�
&$%2� &HQWUXP�YRRU�$JURELRORJLVFK�2QGHU]RHN�
&%7%� &KULVWHOLMNH�%RHUHQ��HQ�7XLQGHUVERQG�
&,9,� &HQWUDDO�,QVWLWXXW�YRRU�,QGXVWULHRQWZLNNHOLQJ�
&/0� &HQWUXP�YRRU�/DQGERXZ�HQ�0LOLHX�
&2$/� &R|UGLQDWLH�2QGHU]RHN�$DQJHSDVWH�/DQGERXZ�
&2%/� &RPPLVVLH�2QGHU]RHN�%LRORJLVFKH�/DQGERXZ�
&22&� &R|UGLQDWLHFRPPLVVLH�
&26� &RPPLVVLH�2YHUOHJ�6HFWRUUDGHQ�
&50� &XOWXXU��5HFUHDWLH�HQ�0DDWVFKDSSHOLMN�:HUN�
'%/� 'LUHFWLH�%HKHHU�/DQGERXZJURQGHQ�
'&2� 'LUHFWLH�&R|UGLQDWLH�2QGHU]RHN�
'/2� 'LHQVW�'LUHFWLH�/DQGERXZNXQGLJ�2QGHU]RHN�
':.� 'LUHFWLH�:HWHQVFKDS�HQ�.HQQLVRYHUGUDFKW�
':7� 'LUHFWLH�:HWHQVFKDS�HQ�7HFKQRORJLH�
((*� (XURSHVH�(FRQRPLVFKH�*HPHHQVFKDS�
(*� (XURSHVH�*HPHHQVFKDS�
(85$720� (XURSHVH�$WRRPJHPHHQVFKDS�
*(10$/� &R|UGLQDWLHFRPPLVVLH�*HQHWLVFKH�0DQLSXODWLH�
*(10$3� &RQWDFWFRPPLVVLH�*HQHWLVFKH�0DQLSXODWLH��
*82� *HVSUHNVJURHS�8QLYHUVLWDLU�2QGHU]RHN�
,23� ,QQRYDWLHJHULFKWH�2QGHU]RHNVSURJUDPPD·V�
,7$/� ,QVWLWXXW�YRRU�7RHSDVVLQJ�YDQ�$WRRPHQHUJLH�LQ�GH�/DQG�

ERXZ�
.1$:� .RQLQNOLMNH�1HGHUODQGVH�$NDGHPLH�YDQ�:HWHQVFKDSSHQ�
/(,� /DQGERXZ�(FRQRPLVFK�,QVWLWXXW�
/+�/8� /DQGERXZKRJHVFKRRO�XQLYHUVLWHLW�:DJHQLQJHQ�
/99�/	9�/19� 0LQLVWHULH�YDQ�/DQGERXZ�
0H*L6WD� &R|UGLQDWLHFRPPLVVLH�2QGHU]RHN�0HVW��*LHU�HQ�6WDQN�9HH�

KRXGHULMEHGULMYHQ�
02/%$6� 0ROHFXODLUH�%DVLV�YDQ�'LIIHUHQWLDWLH�ELM�3ODQWHQ�
15/2� 1DWLRQDOH�5DDG�YRRU�/DQGERXZNXQGLJ�2QGHU]RHN�
1:2� 2UJDQLVDWLH�WHU�EHYRUGHULQJ�YDQ�KHW�1HGHUODQGVH�:HWHQ�

VFKDSSHOLMN�2QGHU]RHN�
2$/� 2YHUOHJRUJDDQ�$OWHUQDWLHYH�/DQGERXZ�
2%6� 2QWZLNNHOLQJ�%HGULMIVV\VWHPHQ��LQ�1DJHOH��
2'32� 2QWZLNNHOLQJ�'LHUOLMNH�3URGXNWLH�2QGHU]RHN�
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2(62� 2UJDQLVDWLH�YRRU�(FRQRPLVFKH�6DPHQZHUNLQJ�HQ�2QWZLNNH�
OLQJ�

292� 2QGHU]RHN��9RRUOLFKWLQJ�HQ�2QGHUZLMV�
3$&� 3URJUDPPD�DGYLHVFRPPLVVLH�
3$*9� 3URHIVWDWLRQ�YRRU�$NNHUERXZ�HQ�*URHQWHWHHOW�LQ�GH�9ROOH�

JURQG�
3&%� 3URJUDPPD&RPPLVVLH�%LRWHFKQRORJLH�
3F/%� 3URJUDPPDFRPPLVVLH�/DQGERXZELRWHFKQRORJLH�
35� 3URHIVWDWLRQ�YRRU�GH�5XQGYHHKRXGHULM�
352� 3URJUDPPDUDDG�5XLPWHOLMNH�2QWZLNNHOLQJ�
5$:%� 5DDG�YDQ�$GYLHV�YRRU�:HWHQVFKDSVEHOHLG�
5$:22� 5DDG�YRRU�KHW�:HWHQVFKDSSHOLMN�2QGHU]RHN�LQ�KHW�NDGHU�YDQ�

2QWZLNNHOLQJVVDPHQZHUNLQJ�
5*2� 5DDG�YRRU�*H]RQGKHLGVRQGHU]RHN�
5,-3� 5LMNVGLHQVW�YRRU�GH�,-VVHOPHHUSROGHUV�
5012� 5DDG�YRRU�5XLPWHOLMN��0LOLHX��HQ�1DWXXURQGHU]RHN�
67:� 6WLFKWLQJ�7HFKQLVFKH�:HWHQVFKDSSHQ�1:2�
712� 1HGHUODQGVH�RUJDQLVDWLH�YRRU�7RHJHSDVW�1DWXXUZHWHQVFKDS�

SHOLMN�2QGHU]RHN�
72%� 7HFKQLVFK�2QGHU]RHN�LQ�%HGULMIVYHUEDQG�
9)2� 9RRUZDDUGHOLMNH�)LQDQFLHULQJ�2QGHU]RHN�
9520� 9RONVKXLVYHVWLQJ��5XLPWHOLMNH�2UGHQLQJ�HQ�0LOLHX�
98� 9ULMH�8QLYHUVLWHLW��$PVWHUGDP��
:55� :HWHQVFKDSSHOLMNH�5DDG�YRRU�KHW�5HJHULQJVEHOHLG�
:85� :DJHQLQJHQ�8QLYHUVLWHLW�HQ�5HVHDUFKFHQWUXP�
=:2� 2UJDQLVDWLH�WHU�EHYRUGHULQJ�YDQ�KHW�=XLYHU�:HWHQVFKDSSHOLMN�

2QGHU]RHN�
�
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2YHU�GH�DXWHXUV�
�
�
�
�
�
)RNNR� -DQ�'LMNVWHUKXLV� LV� DOV�ZHWHQVFKDSVKLVWRULFXV� YHUERQGHQ� DDQ� GH�8QLYHUVLWHLW�
7ZHQWH���
�
%DUHQG�YDQ�GHU�0HXOHQ�LV�ZHWHQVFKDSVRQGHU]RHNHU�DDQ�GH�8QLYHUVLWHLW�7ZHQWH��+LM�
SXEOLFHHUGH� HHUGHU� RYHU� GH� HYDOXDWLH� YDQ�ZHWHQVFKDSSHOLMN� RQGHU]RHN�� (XURSHDQL�
VHULQJ�YDQ�KHW�ZHWHQVFKDSVV\VWHHP�HQ�GH�UHODWLH�WXVVHQ�RYHUKHLG�HQ�ZHWHQVFKDS��
�
�
�
6WLFKWLQJ�+LVWRULH�GHU�7HFKQLHN�
'H�6WLFKWLQJ�+LVWRULH�GHU�7HFKQLHN� �6+7�� VSDQW�]LFK� VLQGV������ LQ�RP�GH�ZLVVHO�
ZHUNLQJ�WXVVHQ�WHFKQLVFKH�HQ�PDDWVFKDSSHOLMNH�RQWZLNNHOLQJHQ�]LFKWEDDU�WH�PDNHQ��
'DDUWRH�ZRUGW�HHQ�EUHHG�VFDOD�DDQ�DFWLYLWHLWHQ�RQWSORRLG��+HW�JDDW�GDDUELM�RQGHU�DQ�
GHUH�RP�KHW�PRJHOLMN�PDNHQ�HQ�XLWYRHUHQ�YDQ�JURWH�QDWLRQDOH�HQ�LQWHUQDWLRQDOH�KLV�
WRULVFKH�RQGHU]RHNVSURJUDPPD·V�HQ�LQGLYLGXHOH�RQGHU]RHNVSURMHFWHQ��KHW�SXEOLFHUHQ�
YDQ�ERHNHQ�HQ�DUWLNHOHQ�HQ�KHW�YHU]DPHOHQ�YDQ�EHHOGPDWHULDDO��'H�6+7�KHHIW�EDDQ�
EUHNHQG�ZHUN�YHUULFKW�RS�KHW�WHUUHLQ�YDQ�WHFKQLHNJHVFKLHGHQLV��'H�LQ������DIJHURQ�
GH� ]HVGHOLJH� VHULH�*HVFKLHGHQLV�YDQ�GH�WHFKQLHN� LQ�1HGHUODQG�LQ�GH�QHJHQWLHQGH�HHXZ��'H�
ZRUGLQJ�YDQ�HHQ�PRGHUQH�VDPHQOHYLQJ�����������HQ�GH� LQ������YROWRRLGH�]HYHQGHOLJH�
VHULH�7HFKQLHN� LQ�1HGHUODQG� LQ� GH� WZLQWLJVWH� HHXZ� ]LMQ� GDDUYDQ� EHODQJULMNH� UHVXOWDWHQ��
0HHU�LQIRUPDWLH�RS�ZZZ�KLVWHFK�QO��
�
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+LVWRULD�$JULFXOWXUDH�
�
�
�
�
��� 'H� ODQGERXZ�HQTXrWH� YDQ� ������ 'HHO� ,�� 1RRUG�� HQ� =XLG�+ROODQG��

9UDJHQOLMVW�DOV�ELMODJH��������
��� 'H� ODQGERXZ�HQTXrWH� YDQ� ������ 'HHO� ,,�� =HHODQG�� 1RRUG�%UDEDQW��

8WUHFKW�� *HOGHUODQG� HQ� 2YHULMVVHO�� ,QWHUQDWLRQDOH� ODQGERXZKLVWRULVFKH�
ELEOLRJUDILH�RYHU�������������

��� 'H� ODQGERXZ�HQTXrWH� YDQ� ������ 'HHO� ,,,�� 'UHQWKH�� )ULHVODQG� HQ� *UR�
QLQJHQ��������

��� %HVFKULMYLQJ� GHU� ERHUGHULMHQ� RS� GH� NOHLODQGHQ� LQ� )ULHVODQG� GRRU� '�� )RQWHLQ� WH�
6DOYHUW�������������������

��� 'H� ODQGERXZNXQGLJH� JHJHYHQV� XLW� KHW� -RXUQDDO� GHU� UHL]H� YDQ� GHQ� $JHQW� YDQ�
1DWLRQDOH�(FRQRPLH�GHU�%DWDDIVFKH�5HSXEOLHN��-��*ROGEHUJ��������

��� %RXZVWRIIHQ�ELEOLRJUDILH�1HGHUODQGVH�ODQGDUEHLGHU�LQ�GH���H�HHXZ��,��������
��� %RXZVWRIIHQ� ELEOLRJUDILH� YDQ� GH� 1HGHUODQGVH� ODQGDUEHLGHU� LQ� GH� ��H� HHXZ�� ,,��

������
��� %HVFKUHHYH�6WDDW�YDQ�GH�0HLMHULMH��������GRRU�0U��&��YDQ�%UHXJHO��������
��� %HVFKULMYHQGH� OLMVW� YDQ� ODQGERXZKLVWRULVFK� EHODQJULMNH�NDDUWHQ�XLW�KHW� DUFKLHI� GHU�

*HQLH�LQ�KHW�$OJHPHHQ�5LMNVDUFKLHI�WH�
V�*UDYHQKDJH�GRRU�7�:��%LH]H���������
���� (HQ� ODQGERXZZHUNWXLJNXQGH�GLFWDDW� YDQ� GH� /DQGKXLVKRXGNXQGLJH� 6FKRRO� WH�

*URQLQJHQ��������
���� :��7LMPV��3ULM]HQ�YDQ�JUDQHQ�HQ�SHXOYUXFKWHQ�WH�$UQKHP��%UHGD��'HYHQWHU��
V�

+HUWRJHQVERVFK�HQ�.DPSHQ��������
���� +�� YDQ� =RQ��%LEOLRJUDILH� YDQ� RS� 1HGHUODQG� EHWUHNNLQJ� KHEEHQGH� ODQGERXZ�

KLVWRULVFKH�OLWHUDWXXU�YHUVFKHQHQ�LQ�GH�MDUHQ������WRW�HQ�PHW�������������
���� :�-�� )RUPVPD�� %HNOHPUHFKW� HQ� ODQGERXZ�� +�� YDQ� =RQ�� %LEOLRJUDILH� RYHU�

EHNOHPUHFKW��������
���� -��GH�%UXLMQ��3ODNNDWHQ�YDQ�6WDG�HQ�/DQGH«������������������
���� +��YDQ�=RQ��%LEOLRJUDILH�YDQ�OLWHUDWXXU�RYHU�1HGHUODQGVH�DJUDULVFKH�JHVFKLHGHQLV��

YHUVFKHQHQ� LQ� GH� MDUHQ������ WRW� HQ�PHW� ������PHW� DDQYXOOLQJ� XLW� YRRUJDDQGH�
MDUHQ��������

���� +�0�)��.ULSV�YDQ�GHU�/DDQ��3UDNWLMN�DOV�DQWZRRUG��6�/��/RXZHV�HQ�KHW�ODQG�
ERXZFULVLVEHOHLG��������

���� ,-��%RWNH��+HW�¶6FKULMI�ERHN·�YDQ�0DUWHQ�$HGVJHV��������������������
���� 1RRUGHUOLFKW��%HULFKWHQ�XLW�KHW�YHUOHGHQ�YDQ�1RRUG�1HGHUODQG��������
���� '��3LODW��'XWFK�DJULFXOWXUDO�H[SRUW�SHUIRUPDQFH��������������������
���� :�+�� 9HUPHXOHQ�� (XURSHHV� ODQGERXZEHOHLG� LQ� GH� PDDN�� 0DQVKROWV� HHUVWH�

SODQQHQ�������������������
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���� -�/�� 9DQ� =DQGHQ�� ¶'HQ� ]HGHOLMNHQ� HQ� PDWHULsOHQ� WRHVWDQG� GHU� DUEHLGHQGH�
EHYRONLQJ�WHQ�SODWWHQ�ODQGH·��������

���� +HW�2OGDPEW�GHHO�,,��1LHXZH�YLVLHV�RS�JHVFKLHGHQLV�HQ�DFWXHOH�SUREOHPHQ��2QGHU�
UHGDFWLH�YDQ�-�1�+��(OHULH�HQ�3�&�0��+RSSHQEURXZHUV��������

���� (HQ�ORRSEDDQ�LQ�GH�ODQGERXZ��7ZDDOI�SRUWUHWWHQ�YDQ�PDUNDQWH�ILJXUHQ�LQ�DJUD�
ULVFK�1HGHUODQG��2QGHU�UHGDFWLH�YDQ�3�&�0��+RSSHQEURXZHUV��������

���� 3HWHU� 5�� 3ULHVWHU��'H� HFRQRPLVFKH� RQWZLNNHOLQJ� YDQ� GH� ODQGERXZ� LQ� *UR�
QLQJHQ�������������(HQ�NZDOLWDWLHYH�HQ�NZDQWLWDWLHYH�DQDO\VH��������

���� 3�&�0�� +RSSHQEURXZHUV�� (HQ� PLGGHOHHXZVH� VDPHQOHYLQJ�� +HW� /DQG� YDQ�
+HXVGHQ����������������������

���� +�0�&��*RRUHQ� HQ� /�-�%��+HJHU��3HU� PXG� RI� ELM� GH� ZHHN� JHZRQQHQ��'H�
RQWZLNNHOLQJ� YDQ� EHORQLQJVV\VWHPHQ� LQ� GH� *URQLQJVH� ODQGERXZ�� �����������
������

���� 5�)�-��3DSLQJ���9RRU�HHQ�KDQGYRO�VWXLYHUV���:HUNHQ��YHUGLHQHQ�HQ�EHVWHGHQ��GH�
OHYHQVVWDQGDDUG� YDQ� ERHUHQ�� DUEHLGHUV� HQ�PLGGHQVWDQGHUV� RS� GH�*URQLQJHU� NOHL��
�����������������

���� 3��.RRLM�H�D���:KHUH�WKH�WZDLQ�PHHW��'XWFK�DQG�5XVVLDQ�UHJLRQDO�GHYHORSPHQW�
LQ�D�FRPSDUDWLYH�SHUVSHFWLYH������������������

���� -��.RN�H�D���/HYHQVORRS�HQ�OHYHQVORW��$UEHLGVVWUDWHJLHsQ�YDQ�JH]LQQHQ�LQ�GH���GH�
HQ���H�HHXZ��������

���� 3��.RRLM�H�D���'H�DFWXDOLWHLW�YDQ�GH�DJUDULVFKH�JHVFKLHGHQLV��������
���� :��7LMPV��*URQLQJHU�JUDDQSULM]HQ��'H�SULM]HQ�YDQ�DJUDULVFKH�SURGXFWHQ�WXVVHQ�

�����HQ�������������
����+�0�/�� *HXUWV�� +HUPDQ� 'HUN� /RXZHV� ������������ %XUJHPHHVWHU� YDQ� GH�

1HGHUODQGVH�ODQGERXZ��������
���� 0�$�:�� *HUGLQJ� �UHG���� %HOYHGHUH� HQ� GH� JHVFKLHGHQLV� YDQ� GH� JURHQH� UXLPWH��

������
���� 3��.RRLM�H�D���:KHUH� WKH� WZDLQ�PHHW� DJDLQ��1HZ� UHVXOWV� RI� WKH�'XWFK�5XVVLDQ�

SURMHFW�RQ�UHJLRQDO�GHYHORSPHQW������������������
���� 6�0��YDQ�GHQ�%HUJK��9HUGHHOG� ODQG��'H�JHVFKLHGHQLV�YDQ�GH� UXLOYHUNDYHOLQJ� LQ�

1HGHUODQG�YDQXLW�HHQ�ORNDDO�SHUVSHFWLHI�������������������
���� -�(�� YDQ�.DPS��'LHQ�+RHWLQN�� ¶%LM� EHQDGHULQJ·��%LRJUDILH� YDQ� HHQ� ODQGERXZ�

MXULVWH�LQ�FULVLV��HQ�RRUORJVWLMG��������
���� (�+�� .DUHO�� 'H� PDDNEDUH� ERHU�� 6WUHHNYHUEHWHULQJ� DOV� LQVWUXPHQW� YDQ� KHW�

1HGHUODQGVH�ODQGERXZEHOHLG������������������
���� 0��.QLEEH��/RNNLFK�)U\VOkQ��/DQGSDFKW��DUEHLGVORRQ�HQ�ODQGERXZSURGXFWLYLWHLW�LQ�

KHW�)ULHVH�NOHLJHEHLG������������������
�




