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$EVWUDFW
7KH�ILVK�SLWXLWDU\�LV�DQ�HQGRFULQH�JODQG�RI�GXDO�RULJLQ�IRXQG�RQ�WKH�YHQWUDO�VLGH�RI�PLG�EUDLQ�DWWDFKHG�WR�LW�
E\�PHDQV�RI�VWDON��7KH�SLWXLWDU\�JODQG�SURGXFHV�DQG�VWRUHV�JRQDGRWURSLQ�KRUPRQHV��*W+���ZKLFK�SOD\�D�
GHFLVLYH�UROH�LQ�RYXODWLRQ�DQG�VSHUPLDWLRQ��+\SRSK\VDWLRQ LV�D�WHFKQLTXH�ZKHUHE\�ULSH�ILVK�EURRGHUV�DUH�
VWLPXODWHG� E\� SLWXLWDU\� KRUPRQH� LQWURGXFWLRQ� WR VSDZQ LQ� FDSWLYH� FRQGLWLRQ�� ,QMHFWHG� SLWXLWDU\� JODQG�
H[WUDFW�E\SDVVHV�WKH�EUDLQ�SLWXLWDU\�OLQN��DFWLQJ�GLUHFWO\�RQ�WKH�RYDULHV�DQG�WHVWHV��SURYLGLQJ�WKH�VXUJH�LQ�
EORRG�*W+�OHYHOV�WKDW�QRUPDOO\�SUHFHGH�VSDZQLQJ��7KLV�WHFKQLTXH�KDV�EHHQ�GHYHORSHG�IRU�WKH�SURGXFWLRQ�
RI�JRRG�TXDOLW\�VSDZQ�RI�FHUWDLQ�ILVK�VSHFLHV�LQ�FDSWLYLW\�E\�PDQLSXODWLQJ�LWV�UHSURGXFWLRQ�ZLWK�FRQWURO�
WLPLQJ� DQG� V\QFKURQ\�RI� HJJ�SURGXFWLRQ��ZKLOH�QDWXUDO� VSDZQ�FROOHFWLRQ�\LHOGV� VRPH�XQGHVLUDEOH�ZLOG�
VSHFLHV� DQG� LV� QRW� SURILWDEOH� IRU� FXOWXUH�� 7KLV� SDSHU� H[SODLQV� JHQHUDO� RUJDQLVDWLRQ� DQG�PRUSKRORJ\� RI�
SLWXLWDU\�JODQG�DQG�LW¶V�WKH�UROH�LQ�LQGXFH�EUHHGLQJ�RI�ILVKHV�

.H\ZRUGV� 3LWXLWDU\�JODQG��JRQDGRWURSLQ��EUHHGLQJ��VSDZQLQJ��WHOHRVW

,QWURGXFWLRQ
)LVK�SLWXLWDU\�
7KH� JHQHUDO� RUJDQL]DWLRQ� DQG� PRUSKRORJ\� RI� WKH� SLWXLWDU\� JODQG� KDV� EHHQ� GHVFULEHG� LQ� D�
QXPEHU�RI�WHOHRVW�ILVKHV��7KH�SLWXLWDU\�LV�D�PDMRU�HQGRFULQH�JODQG��D�SHD�VL]HG�ERG\�DWWDFKHG�WR�
WKH�EDVH�RI�WKH�EUDLQ�WKDW�LV�LPSRUWDQW�LQ�FRQWUROOLQJ�JURZWK��GHYHORSPHQW�DQG�WKH�IXQFWLRQLQJ�
RI�WKH�RWKHU�HQGRFULQH�JODQGV��,W�LV�VLWXDWHG�RQ�WKH�YHQWUDO�VLGH�RI�WKH�EUDLQ� ,W LV�D�VPDOO��VRIW��
ZKLWLVK�ERG\�ZKRVH�VL]H�DQG�VKDSH�YDU\�ZLWK�VSHFLHV��,W�LV�PRUH�RU�OHVV�URXQG�LQ�FDUSV��RYDO�LQ�
FDWOD�DQG�URKX�DQG�SHDU�VKDSHG�LQ�PULJDO��,W�LV�ORFDWHG�LQ�D�FRQFDYH�FDYLW\�FDOOHG�VHOOD�WXUFLFD�
DQG� HQFORVHG� E\� D� PHPEUDQH� FDOOHG� GXUDPHWHU� ZKLFK� LV� DWWDFKHG� WR� WKH� EUDLQ� E\� DQ�
LQIXQGLEXODU�VWDON��)LJ����� >�@��,W�SURGXFHV�JRQDGRWURSLF�KRUPRQHV��*W+��WKDW�DUH�HVVHQWLDO�IRU�
WKH� PDWXUDWLRQ� DQG� VSDZQLQJ� RI� ILVK�� 7KHVH� JRQDGRWURSLQV� LQFOXGH� )ROOLFOH� 6WLPXODWLQJ�
+RUPRQH� �)6+�� DQG�/XWHLQL]LQJ�+RUPRQH� �/+��ZKLFK� DUH� VHFUHWHG� DQG� FRUUHODWHG�ZLWK� WKH�
F\FOHV�RI�JRQDGDO�PDWXULW\��
$V� LQ�KLJKHU�YHUWHEUDWHV� WKH�SLWXLWDU\�RU�K\SRSK\VLV�RI� ILVKHV�FRQVLVWV�RI� WZR�GLVWLQFW� WLVVXHV�
FDSDEOH� RI� SURGXFLQJ� KRUPRQHV�DGHQRK\SRSK\VLV� �DQWHULRU� SLWXLWDU\�� ZKLFK� LV� GHULYHG� IURP�
WKH�HPEU\RQLF�SRXFK��5DWKNH
V�SRXFK�DULVLQJ�IURP�WKH�URRI�RI�WKH�EXFFDO�FDYLW\�DV�DQ�RXWZDUG�
HYDJLQDWLRQ�DQG�WKH�QHXURK\SRSK\VLV��SRVWHULRU�SLWXLWDU\��ZKLFK�RULJLQDWHV�IURP�WKH�GRZQZDUG�
HYDJLQDWLRQ�IURP�IORRU�WR�WKLUG�YHQWULFOH�>�@��7KH�DGHQRK\SRSK\VLV�UHJXODWHV�JRQDGDO�IXQFWLRQV�
LQ�ILVKHV�DQG�LV�WKH�VLWH�RI�V\QWKHVLV��VWRUDJH�DQG�UHOHDVH�LQWR�FLUFXODWLRQ�RI�VHYHUDO�SHSWLGH�DQG�
KRUPRQHV�� 7KH� DGHQRK\SRSK\VLV� LV� GLYLGHG� LQWR� WKH� URVWUDO� �SUR�DGHQRK\SRSK\VLV�� DQG� WKH�
SUR[LPDO� �PHVR�DGHQRK\SRSK\VLV�� SDUV� GLVWDOLV�� DQG� WKH� SDUV� LQWHUPHGLD� �PHWD�
DGHQRK\SRSK\VLV��>�� �@��
7KH� QHXURVHFUHWRU\� QXFOHL� RI� WKH� K\SRWKDODPXV� SURGXFH� QHXURKRUPRQHV� FRQWURO� SLWXLWDU\�
KRUPRQH�VHFUHWLRQ��WKXV�FRQVWLWXWLQJ�WKH�K\SRWKDODPR�K\SRSK\VLDO�D[LV��7KH�QHXURK\SRSK\VLDO�
KRUPRQHV� DUH� VWUXFWXUDOO\� DQG� IXQFWLRQDOO\� UHODWHG� SHSWLGH� KRUPRQH�� 7KHLU� PDLQ�
UHSUHVHQWDWLYHV�DUH�R[\WRFLQ�DQG�YDVRSUHVVLQ��7KH�QHXURK\SRSK\VLV�LQWHUGLJLWDWHV�LQWR�DOO�DUHDV�
RI� DGHQRK\SRSK\VLV� EXW� PDMRU� LQWHUGLJLWDWLRQV� DUH� IRXQG� LQ� SDUV� LQWHUPHGLD�� 7KH�
QHXURVHFUHWRU\� PDWHULDOV� IURP� WKH� QHXURQV� RI� SUHRSWLF� QXFOHXV� DUH� WUDQVSRUWHG� WKURXJK� WKH�
D[RQV�DQG�VWRUHG�LQ�WKH�D[RQDO�WHUPLQDOV�HQGLQJ�DW�WKH�MXQFWLRQ�EHWZHHQ�QHXURK\SRSK\VLV�DQG�
DGHQRK\SRSK\VLV�ZKLFK�LV�FDOOHG�DV�QHXURDGHQR�LQWHUIDFH��7KLV�LQWHUIDFH�LV�KLJKO\�YDVFXODU�DQG�
LW�LV�WKH�FHQWUH�IRU�VWRUDJH�DQG�UHOHDVH�RI�KRUPRQHV�
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*RQDGRWURSLQV
7KH�JRQDGRWURSLQV�DUH� WKH�VHFUHWLQJ�FHOOV�DQG�DUH�PRVW�RIWHQ�
ORFDWHG� LQ� WKH�SUR[LPDO�SDUV�GLVWDOLV��7KHVH�DUH� LGHQWLILHG�RQ�
WKH�EDVLV�RI�WLQFWRULDO�UHDFWLRQV�ZLWK�WKH�SHULRGLF�DFLG��6FKLII�
UHDJHQW� DQG� +HUODQW
D� WHWUDFKURPH� VWDLQ�� ORFDWLRQ�� +RZHYHU��
WKHLU�QXPEHUV��JUDQXODWLRQ�RI�WKH�JRQDGRWURSKV�DQG�UROH�LQ�WKH�
UHSURGXFWLYH� F\FOH� LV� UHVHDUFKHG� LQ� D� IHZ� FXOWXUHG� VSHFLHV�
VXFK� YL]��� &\SULQXV FDUSLR� �/HUD\� ������ %ODQF�/LYQL� DQG�
$EUDKDP� ������� &LUUKLQXV PULJDOD� �0RLWUD� DQG� 6DUNDU��
������� &ODULDV EDWUDFKXV� �/HKUL� ������ �������
+HWHURSQHXVWHV IRVVLOLV� �6XQGDUDUDM� ����� 	� ������� DQG
0XJLO FHSKDOXV��%ODQF�/LYQL�DQG�$EUDKDP��������*HQHUDOO\��
WKHVH� DUH� KLJK� LQ� QXPEHUV� DQG� JUDQXODWHG� GXULQJ� DFWLYH�
EUHHGLQJ� VHDVRQV� FRPSDUHG� WR� RWKHU� QRQ�EUHHGLQJ� VHDVRQV��
7KH� ILVK� SLWXLWDU\� JODQG� SURGXFHV� DQG� VHFUHWHV� WZR�
JRQDGRWURSLQV�����)ROOLFOH�6WLPXODWLQJ�+RUPRQH��)6+��DQG����
/XWHLQL]LQJ� +RUPRQH� �/+��%RWK� )6+� DQG� /+� DFW� RQ� WZR�
GLIIHUHQW�FHOOV�ZKLFK� LQ� WXUQ�KHOS� LQ� V\QWKHVLVLQJ�HVWURJHQ�DV�
H[SODLQHG�EHORZ��)LJ�����
,Q� YHUWHEUDWHV�� UHSURGXFWLRQ� LV� FRQWUROOHG� E\� WZR� PDVWHU�
JRQDGRWURSKLF� KRUPRQHV� IURP� WKH� SLWXLWDU\� JODQG�� )6+� DQG�
/+��%RWK�JRQDGRWURSLQV�EHORQJ� WR� WKH�JO\FRSURWHLQ�KRUPRQH�
IDPLO\�� FRQVLVWLQJ� RI� RQH� FRPPRQ� Į�VXEXQLW� DQG� RQH�
KRUPRQH�VSHFLILF�ȕ�VXEXQLW� >��@��1XPHURXV� VWXGLHV�KDYH�EHHQ�

UHSRUWHG�LQ�D�YDULHW\�RI�ILVK�VSHFLHV�RQ�WKH�SK\VLRORJLFDO�UROHV�
RI� )6+� DQG� /+� >��@ DQG� WKHLU� UHJXODWLRQ� >��@� KRZHYHU�� RXU�
NQRZOHGJH� RI� )6+� DQG� /+� IXQFWLRQV� VWLOO� UHPDLQV�
IUDJPHQWDU\��,W�LV�QRZ�JHQHUDOO\�EHOLHYHG�WKDW�VLPLODU�WR�WKHLU�
PDPPDOLDQ� FRXQWHUSDUWV�� ILVK� )6+� LV� PRVWO\� LQYROYHG� LQ�
SURPRWLQJ� HDUO\� JRQDGDO� GHYHORSPHQW� DQG� JURZWK�� ZKHUHDV�
/+� SOD\V� DQ� LPSRUWDQW� UROH� LQ� UHJXODWLQJ� WKH� ODWH� VWDJH� RI�
JDPHWRJHQHVLV�� LQFOXGLQJ� WKH� ILQDO� JDPHWH� PDWXUDWLRQ� DQG�
UHOHDVH��RYXODWLRQ�DQG�VSHUPLDWLRQ��>��� ��@�
6RPH� VWXGLHV� LQGLFDWH� WKDW� LQ� WHOHRVW�� MXVW� OLNH� WKH� FDVH� LQ�
PDPPDOLDQ� VSHFLHV�� WKH� IXQFWLRQDO� FKDQJHV� RI� WKH� SLWXLWDU\�
DQG�WKH�RYDU\�DUH�GLUHFWO\�DQG�LQGLUHFWO\�XQGHU�WKH�FRQWURO�RI�
WKH�K\SRWKDODPLF�UHOHDVLQJ�KRUPRQH��7KH�PHGLXP�OREH�RI�WKH�
JUDVV�FDUS
V�SLWXLWDU\�KDV�RQO\�RQH�W\SH�RI�JRQDGRWURSK�ZKLFK�
FRQWDLQV� WZR�NLQGV�RI�JUDQXOHV�GLIIHULQJ� LQ� VL]H� DQG� VWDLQLQJ�
UHDFWLRQ�� 7KH� JRQDGRWURSKV� VKRZ� H[WHQVLYH� DFWLYLW\� RI�
KRUPRQH� V\QWKHVLV� DQG� UHOHDVH� IROORZLQJ� WKH� /+�5+�
WUHDWPHQW�� 7KLV� LV� HYLGHQFHG� E\� WKH� SURJUHVVLQJ� GHFUHDVH� LQ�
QXPEHU�RI�WKH�VPDOO�JUDQXOHV��LQFUHDVH�LQ�QXPEHU�DQG�VL]H�RI�
WKH� KXJH� KHWHURJHQHRXV� JUDQXOHV� DQG� WKH� DSSHDUDQFH� RI�
F\WRSODVPLF�YDFXRODWLRQ��7KH� VPDOO�JUDQXOHV�DUH� OLNHO\� WR�EH�
WKH� /+� VHFUHWLQJ� JUDQXOHV� DQG� WKH� KXJH� JUDQXOHV�� WKH� )6+�
VHFUHWLQJ�JUDQXOHV��2ZLQJ� WR� WKH� UDSLG� HOHYDWLRQ� RI� SLWXLWDU\�
/+��WKH�RYDU\�LV�DFWLYDWHG�

)LJ����)LVK�SLWXLWDU\�JODQG�DQG�JRQDGRWURSLQV�SURGXFWLRQ��1RWH��*Q5+�*RQDGRWURSLQ�5HOHDVLQJ�+RUPRQH��*W+�*RQDGRWURSLQV��%ORRG�HQWHUV�
IURP�WKH�K\SRSK\VHDO�DUWHU\�DQG�H[LWV�WR�WKURXJK�WKH�K\SRSK\VHDO�YHLQ��*RQDGRWURSLQV�SURGXFHG�E\�JRQDGRWURSLF�FHOOV�VWLPXODWHG�E\�*Q5+�

IURP�WKH�K\SRWKDODPLF�QHUYH�FHOOV��LV�FROOHFWHG�DORQJ�WKH�ZD\�)LJXUH�DGDSWHG�IURP�%ULDQ�+DUYH\�DQG�&DUROVIHOG��DQG�PRGLILHG��

%LRV\QWKHVLV�RI�HVWURJHQ
,Q� WKH� HVWURJHQ� ELRV\QWKHVLV� SDWKZD\�� D� VHULHV� RI� DQGURJHQV�
�VWHURLGV��DUH�IRUPHG�LQ�WKHFD�DQG�OH\GLJ�FHOOV�RI�IHPDOHV�DQG�
PDOHV� UHVSHFWLYHO\� ZLWK� WKH� KHOS� RI� D� QXPEHU� RI� HQ]\PHV�
XQGHU� WKH� VWLPXODWLRQ� RI� /+�� 7KH� DQGURJHQV� LQFOXGH�
WHVWRVWHURQH�DQG�DQGURVWHQHGLRQH�IRUPHG�DUH�WKHQ�JHW�GLIIXVHG�
LQWR� WKH�JUDQXORVD�FHOOV� LQ�IHPDOHV�DQG�VHUWROL�FHOOV� LQ�PDOHV��
DIWHU� ZKLFK� WKH� JUDQXORVD�VHUWROL� FHOOV� FRQYHUW� WKH� ILQDO�
VWHURLGV�RI�WKH�DQGURJHQV��DQGURVWHQHGLRQH�RU�WHVWRVWHURQH��WR�
HVWURJHQV� E\� DQ� HQ]\PH� FDOOHG� 3���� DURPDWDVH� �3����
F\WRFKURPH� &\S��D��� XQGHU� WKH� LQIOXHQFH� RI� )6+� �)LJ�� ����

7KH� HQWLUH� SURFHVV� WDNHV� SODFH� LQ� WZR� GLIIHUHQW� FHOOV� KHQFH�
UHIHUUHG� DV� WZR� FHOO� K\SRWKHVLV�� 7KH� SURWHLQ� &\S��D�� LV� WKH�
RQO\�HQ]\PH�ZKLFK�SOD\V�D�NH\�UROH�LQ�WKH�VH[�GLIIHUHQWLDWLRQ�
>��� ��@��,Q�DGGLWLRQ��)6+�LV�DQ�LPSRUWDQW�JRQDGRWURSLQ��VLQFH�LW�
VWLPXODWHV� WKH� RYDULDQ� GHYHORSPHQW� DQG� WHVWLFXODU�
VSHUPDWRJHQHVLV� GXULQJ� JDPHWRJHQHVLV�� DQG� /+� LV� PDLQO\�
FRQVWLWXWHV� IRU� ILQDO� JDPHWH� PDWXUDWLRQ� �RYXODWLRQ� RU�
VSHUPLDWLRQ��� ,Q� VSLWH� RI� PDQ\� VWXGLHV� RQ� )6+� DQG� /+� LQ�
WHOHRVWV�� WKHLU� IXQFWLRQV� LQ� UHSURGXFWLRQ� VWLOO� UHPDLQ� SRRUO\�
GHILQHG��7KLV�FRXOG�EH�EHFDXVH�RI� ODFN�RI� VWXGLHV�RQ�JHQHWLF�
DSSURDFKHV�LQ�DGXOW�WHOHRVWV�>��@�
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)LJ����6FKHPDWLF�GLDJUDP�VKRZLQJ�WZR�FHOO�K\SRWKHVLV��1RWH��6W$5�6WHURLG�$FXWH�5HJXODWRU\�3URWHLQ��3���VFF�FKROHVWHURO�VLGH�FKDLQ�FOHDYDJH��
/+�/XWHLQL]LQJ�+RUPRQH��/+5�/XWHLQL]LQJ�+RUPRQH�5HFHSWRU��)6+�)ROOLFOH�6WLPXODWLQJ�+RUPRQH��)6+5�)ROOLFOH�6WLPXODWLQJ�+RUPRQH�

5HFHSWRU��$GDSWHG�IURP��/XE]HQV�HW�DO�������>��@��6FKXO]�HW�DO�������>��@ �DQG�PRGLILHG��

7KH�/+�SURGXFHG�E\�WKH�SLWXLWDU\�JODQG�ELQGV�ZLWK�WKH�/+5�
�/+� UHFHSWRUV�� RQ� WKHFD� DQG� OH\GLJ� FHOOV� DQG� VWLPXODWH�
DQGURJHQ�V\QWKHVLV�E\�WKH�FKROHVWHURO�ZKLFK�KDV�HQWHUHG�ZLWK�
WKH� KHOS� RI� 6WDU SURWHLQ� DQG� LQ� WXUQ� FDXVH� OXWHLQLVDWLRQ� LQ�
IHPDOHV�DQG�SURPRWHV�WKH�SURGXFWLRQ�RI�WHVWRVWHURQH�LQ�PDOHV��
:KHUHDV�� )6+� VWLPXODWHV� JUDQXORVD� DQG� VHUWROL� FHOOV� IRU�
HVWURJHQ� V\QWKHVLV� E\� ELQGLQJ� WR� )6+5� �)6+� UHFHSWRUV��
FDXVLQJ�JURZWK�DQG�PDWXUDWLRQ�RI�RYDULDQ�IROOLFOHV�LQ�IHPDOHV�
DQG� VSHUPDWRJHQHVLV� LQ� WKH� WHVWHV� RI� PDOHV�� +RZHYHU�� WKH�
SURFHVV�LV�QRW�VSHFLHV�VSHFLILF��EXW��WKHUH�LV�D�JUHDW�YDULDELOLW\�
LQ�LWV�HIIHFWLYHQHVV�LQ�GLIIHUHQW�VSHFLHV��

+LVWRU\�RI�LQGXFH�EUHHGLQJ�LQ�ILVKHV
7KH� ILUVW� DWWHPSW� RI� LQGXFHG� EUHHGLQJ� E\� XVLQJ� SLWXLWDU\�
H[WUDFW�ZDV�GRQH�E\�%�$� +RXVVD\�������� LQ�$UJHQWLQD�RQ�D�
YLYLSDURXV�ILVK�>��@� +H�ZDV�VXFFHVVIXO�LQ�REWDLQLQJ�SUHPDWXUH�
ELUWK� RI� \RXQJ� ILVK�� 6XEVHTXHQWO\�� EDVHG� RQ� WKH� OLQHV� RI�
+RXVVD\�� 9RQ� ,KHULQJ� DQG� KLV� WHDP� RI� %UD]LO�� LQ� ������
VXFFHVVIXOO\� LQGXFHG� EUHG� D� FDWILVK� ZLWK� SLWXLWDU\� KRUPRQHV�
DQG� KHQFH� FUHGLW� IRU� WKH� SUHVHQW� GD\� FRQFHSW� RI� LQGXFHG�
EUHHGLQJ� RI� ILVK� JRHV� WR� %UD]LOLDQV� >��@�� ,Q� ,QGLD�� WKH� ILUVW�
DWWHPSW�RQ�LQGXFHG�EUHHGLQJ�ZDV�FRQGXFWHG�E\�+DPHHG�.KDQ�
LQ� ����� RQ� PULJDO�� &LUUKLQXV� PULJDOD� E\� DGPLQLVWUDWLRQ� RI�
PDPPDOLDQ� SLWXLWDU\� JODQG� EXW� HJJV� ZHUH� QRW� IHUWLOL]HG >��@�
/DWHU� LQ� ������ +�/�� &KDXGKDUL� VXFFHHGHG� LQ� LQGXFHG�
VSDZQLQJ� RQ� VPDOO� FDUS� VSHFLHV�� (VRPXV� GDQULFXV E\�
DGPLQLVWHULQJ� WKH� LQWUD�SHULWRQHDO� LQMHFWLRQ� RI� FDWOD� SLWXLWDU\�
JODQG��7KH�ILUVW�VXFFHVV�LQ� LQGXFHG�EUHHGLQJ�RI�,QGLDQ�0DMRU�
&DUSV��/��URKLWD DQG�&��PULJDOD��ZDV�LQ�WKH�\HDU������E\�+�/�
&KDXGKDUL� DQG� .�� +�� $OLNXQKL� DW� &HQWUDO� ,QODQG� )LVKHULHV�
5HVHDUFK� ,QVWLWXWH� VXEVWDWLRQ�� &XWWDFN� �2ULVVD� >��� ��@�� 6LQFH�
WKHQ��WKH�WHFKQLTXH�KDV�EHHQ�VWDQGDUGL]HG�DQG�UHILQHG�IRU�WKH�
ODUJH�VFDOH�SURGXFWLRQ�RI�ILVK�VHHG�

+\SRSK\VDWLRQ�LQ�ILVKHV
,Q� RUGHU� IRU� WKH� SLWXLWDU\� H[WUDFW� WR� EH� HIIHFWLYH�� GRQRU� ILVK�
VKRXOG�EH�VH[XDOO\�PDWXUH�ZKHWKHU�PDOH�RU�IHPDOH��$OVR��WKH�
H[WUDFWLRQ� RI� SLWXLWDU\� JODQG� LV� SUHIHUUHG� WR� EH� FORVH� WR� RU�
ZLWKLQ� WKH� VSDZQLQJ� VHDVRQ�� 'XULQJ� EUHHGLQJ� VHDVRQ� �-XQH�
$XJXVW�� PDWXUH� EURRGHUV� DUH� VHOHFWHG� IURP� WKH� EURRG� VWRFN�
SRQG� DQG� LQMHFWHG� ZLWK� KRUPRQH� LQMHFWLRQ� IRU LQGXFHG�
EUHHGLQJ�K\SRSK\VDWLRQ�� 7KH� IROORZLQJ� SURFHVV� FRQVLVWV� RI�
FROOHFWLRQ� DQG� LGHQWLILFDWLRQ� RI� EURRGHUV�� FROOHFWLRQ� DQG�

SUHVHUYDWLRQ� RI� SLWXLWDU\� JODQGV�� SUHSDUDWLRQ� RI� SLWXLWDU\�
H[WUDFW�DQG�VLWH��GRVH��PHWKRG�DQG�WLPH�RI�LQMHFWLRQ�>��@�

,GHQWLILFDWLRQ�RI�EURRGHUV�IRU�EUHHGLQJ�SXUSRVH
�� )HPDOH� EURRGHU� FKDUDFWHUV�� %XOJLQJ� EHOO\�� VZROOHQ� SLQN�

YHQW�DQG�HJJV�RR]HV�RXW�RQ�SUHVVLQJ�WKH�EHOO\
�� 0DOH� EURRGHU� FKDUDFWHUV�� :KLWH� FRORXUHG� OLTXLG� �0LOW��

RR]HV� RXW� ZKHQ� EHOO\� SUHVVHG�� 3HFWRUDO� ILQV� URXJK� WR�
WRXFK

%URRGHUV�UDWLR
)RU�HYHU\�RQH�IHPDOH�WZR�PDOHV��ZHLJKW�RI�IHPDOH ZHLJKW�RI�
PDOHV��DUH�SUHIHUUHG�IRU�D�VXFFHVVIXO��7KH�����UDWLR�LV�IROORZHG�
VLQFH�PDOHV� LQ� FDUSV� DUH�JHQHUDOO\� VPDOOHU� WR� IHPDOHV� DQG� WR�
HQVXUH�FRPSOHWH�IHUWLOL]DWLRQ�RI�HJJV�SURGXFHG�E\�WKH�IHPDOH�
LW� LV� UHFRPPHQGHG� WR� XVH� WZR� PDOHV� SHU� IHPDOH� DQG� DW� WKH�
LGHDO�WHPSHUDWXUH�EHWZHHQ�������R&�IRU�EUHHGLQJ�

,QGXFHG�EUHHGLQJ�XVLQJ�SLWXLWDU\�JODQGV
3LWXLWDU\� *ODQG� ([WUDFW� �3*(�� RI� VDPH� RU� FORVHO\� UHODWHG�
VSHFLHV� DUH� QRUPDOO\� LQMHFWHG�� +RZHYHU�� FRPPHUFLDOO\�
DYDLODEOH� V\QWKHWLF� KRUPRQHV� H�J�� 2YDSULP� DQG� 2YDWLGH� DUH�
DOVR�XVHG� IRU�EUHHGLQJ�SXUSRVHV�� EXW�PDQ\�RI� WKH� IDUPHUV� LQ�
3XQMDE�LPSRUW�WKH�JODQGV�IURP�:HVW�%HQJDO�DQG�WKH�H[WUDFW�LV�
EHLQJ�LQMHFWHG�GXULQJ�EUHHGLQJ�DQG�IDUPHUV�DUH�JDLQLQJ�EHWWHU�
UHVXOWV�

6HOHFWLRQ�RI�ILVK�IRU�SLWXLWDU\�JODQG
)RU� WKH� SXUSRVH� RI� LQGXFHG� EUHHGLQJ� XVLQJ� SLWXLWDU\� JODQG��
PDWXUH�ILVK��IUHVKO\�NLOOHG�RU� LFH�SUHVHUYHG��RI�HLWKHU�VH[�DUH�
VHOHFWHG� RI� WKH� VDPH� VSHFLHV� �KRPRSODVWLF�� DQG� RU� FORVHO\�
UHODWHG�EXW�GLIIHUHQW�VSHFLHV��KHWHURSODVWLF���7KH�ILVK�ZKLFK�LV�
XVHG� IRU� FROOHFWLRQ� RI� SLWXLWDU\� JODQG� LV� UHIHUUHG� DV� µGRQRU�
ILVK¶�� $PRQJ� WKH� FDUSV� LQ� ,QGLD�� FRPPRQ� FDUS� LV� WKH� PRVW�
FRPPRQO\� SUHIHUUHG� GRQRU� ILVK� GXH� WR� LWV� DYDLODELOLW\� RI�
PDWXUH�ILVK�URXQG�WKH�\HDU�

3LWXLWDU\�JODQGV�FROOHFWLRQ
)LVK�SLWXLWDU\�JODQG�ZDV�FROOHFWHG�E\�GLVVHFWLQJ�DQG�UHPRYLQJ�
D� SRUWLRQ� RI� WKH� VFDOS� DV� VKRZQ� �)LJ�� ��� DQG� WKH� IROORZLQJ�
VWHSV�ZHUH�IROORZHG�>��@��
x 7KH�EUDLQ�FDVH��FUDQLXP��ZDV�UHPRYHG�REOLTXHO\�XVLQJ�D�

EXWFKHU¶V�NQLIH�DQG�WKH�VNXOO�ZDV�UHPRYHG��
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x 7KH�EUDLQ�ZDV� H[SRVHG�E\� UHPRYLQJ�EORRG�� JUH\�PDWWHU�
DQG�IDWW\�VXEVWDQFH�ZLWK�IRUHFHSV�DQG�FRWWRQ��

x 7KH� DQWHULRU� HQG� ZDV� WKHQ� GHWDFKHG�� L�H�� RSWLF�
DQG ROIDFWRU\� QHUYHV� RI� WKH� EUDLQ� XVLQJ� IRUHFHSV� DQG�
FDUHIXOO\�OLIWHG�WKH�HQWLUH�EUDLQ�XS�ZLWKRXW�GLVWXUELQJ�WKH�
SLWXLWDU\� JODQG� DQG� ODLG� LW� EDFN� WR� H[SRVH� WKH� SLWXLWDU\�
XQGHU�WKH�PHPEUDQH��

x %\�WDNLQJ�FDUH��WKH�PHPEUDQH�ZDV�UHPRYHG�ZKLFK�FRYHUV�
WKH� JODQG� DQG� WKH� IOXLG� XVLQJ� FRWWRQ� DQG� WKHQ� SLWXLWDU\�
JODQG�ZDV�FRPSOHWHO\�H[SRVHG��

x 7KHQ� FDUHIXOO\� FROOHFWHG� WKH�SLWXLWDU\�JODQG�E\� LQVHUWLQJ�
WKH� EOXQW� HQG� RI� WKH� IRUFHSV� DQG� WUDQVIHUUHG� WR� D� YLDO�
FRQWDLQLQJ� SUHVHUYDWLYH�� L�H�� HLWKHU� DEVROXWH� DOFRKRO� RU�
DFHWRQH�

�$��&XW�QHDU�SHOYLF�ILQ �%�&XW�QHDU�SHOYLF�ILQ

�&��0DNH�LQFLVLRQV EHKLQG�WKH�VNXOO �'��5HPRYH�JLOOV�IRU FRQYHQLHQFH

�(��6HOOD�WXUFLFD �)��)LVK�EUDLQ

�*��/RFDWLRQ�RI�3LWXLWDU\�JODQG �+��3LWXLWDU\�JODQGV�LQ�SUHVHUYDWLYHV

)LJ �� 6WHSV�VKRZLQJ�FROOHFWLRQ�DQG�SUHVHUYDWLRQ�RI�SLWXLWDU\�JODQG�LQ�ILVK

3UHVHUYDWLRQ�RI�SLWXLWDU\�JODQGV
7KHUH� DUH� WKUHH� PHWKRGV� IRU� SUHVHUYDWLRQ� RI ILVK� SLWXLWDU\�
JODQGV� DFFRUGLQJ� WKH� IDFLOLWLHV� DYDLODEOH� ZLWK� WKH� IDUPHUV��
ZKLFK�DUH�DV�GHVFULEHG�EHORZ�

$��3UHVHUYDWLRQ�LQ�DEVROXWH�DOFRKRO
,PPHGLDWHO\� DIWHU� FROOHFWLRQ�� WKH� JODQGV� DUH� ZDVKHG� DQG�
WUDQVIHUUHG WR IUHVK� DEVROXWH� DOFRKRO� LQ� DPEHU� FRORXUHG� JODVV�
YLDOV� (YHU\� DIWHU� ��� KUV�� SLWXLWDU\� JODQGV� DUH� ZDVKHG� ZLWK�
DEVROXWH� DOFRKRO DQG� VWRUHG� DW� URRP� WHPSHUDWXUH� LQ� D� GDUN�

SODFH� WR� DYRLG� WKH� VXQOLJKW��7R� LQFUHDVH� WKH� VKHOI� OLIH� RI� WKH�
JODQGV� LW� LV� DGYLVHG� WR� UHIULJHUDWH�� 'XULQJ� ZDVKLQJ� DQG�
VWRUDJH��DEVROXWH�DOFRKRO�GHK\GUDWHV�WKH�JODQGV� GLVVROYHV�IDWV�
DQG� SUHVHUYHV� LW� IRU� D� ORQJHU� WLPH� �XS� WR� �� \HDUV���9LDOV� DUH�
ODEHOOHG�IRU�LQIRUPDWLRQ�LQFOXGHV�GDWH�RI�FROOHFWLRQ��ILVK�QDPH��
PDWXULW\�VWDJH�DQG�RWKHU�GHWDLOV�LI�DQ\�

%��3UHVHUYDWLRQ�LQ�DFHWRQH
8SRQ�FROOHFWLRQ��JODQGV�DUH�WUDQVIHUUHG�WR�LFH�FKLOOHG�DFHWRQH�
DQG�VWRUHG�LQ�D�UHIULJHUDWRU�IRU�����GD\V��'XULQJ�UHIULJHUDWLRQ��
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DFHWRQH�LV�FKDQJHG�����WLPHV�DQG�VWRUHG�LQ�D�UHIULJHUDWRU��/LNH�
DEVROXWH�DOFRKRO��DFHWRQH�DOVR�KDV�GHK\GUDWLQJ�DQG�GHIDWWHQLQJ�
HIIHFW�DQG�YLDOV�DUH�ODEHOOHG�DV�H[SODLQHG�DERYH�

&��,PPHGLDWH�IUHH]LQJ
,PPHGLDWHO\�XSRQ�FROOHFWLRQ�WKH�JODQGV�DUH�NHSW�LQ�IUHH]HU�

3UHSDUDWLRQ�RI�SLWXLWDU\�JODQG�H[WUDFW
0RVW� RIWHQ�� SLWXLWDU\� JODQG� H[WUDFW� �3*(�� LV� SUHSDUHG� MXVW�
EHIRUH�WKH�LQMHFWLRQ��%DVHG�RQ�WKH�ZHLJKW�RI�WKH�EURRGHUV�WR�EH�
LQMHFWHG�� WRWDO� TXDQWLW\� RI JODQGV� UHTXLUHG� DUH� FDOFXODWHG� DQG�
XVHG� IRU� H[WUDFW� SUHSDUDWLRQ�� $ERXW� ���� H[WUD� JODQGV�
DUH WDNHQ� WR� FRPSHQVDWH� WKH� ZDVWDJH� GXULQJ� WKH� H[WUDFWLRQ�
SURFHGXUH��7KH�SUHVHUYHG�JODQGV�DUH�WDNHQ�RXW�DQG�GULHG�XVLQJ�

EORWWLQJ� SDSHU�� ,I� DFHWRQH�GULHG� JODQGV� DUH� XVHG�� WKH\� FDQ�
GLUHFWO\�EH�WDNHQ�IRU�PDFHUDWLRQ��8VH�RQH�WKLUG�RI�WKH�PHGLXP�
IRU�KRPRJHQL]DWLRQ� DQG� WKH� UHPDLQLQJ� WZR�WKLUGV� IRU� ULQVLQJ�
WKH� KRPRJHQL]HU� DQG� WKH� JODVV� URG� ,Q� RUGHU� WR� SUHSDUH� WKH�
H[WUDFW�� LQLWLDOO\� JODQGV� DUH� ZHLJKHG� DQG� KRPRJHQL]HG� LQ�
GLVWLOOHG� ZDWHU� RU� ����� SK\VLRORJLFDO� VDOLQH� DQG� WKHQ� WKH�
VXVSHQVLRQ� LV� FHQWULIXJHG� DW� ����USP� IRU� ����� PLQXWHV��
0DLQWDLQ�D�GLOXWLRQ�UDWH�RI�������PJ�RI�SLWXLWDU\�LQ�����P/�RI�
WKH� PHGLXP�� $IWHU� WUDQVIHUULQJ� WKH� FRQWHQWV� IURP� WKH� WLVVXH�
KRPRJHQL]HU� WR� FHQWULIXJH� WXEHV�� FHQWULIXJH� WKH� H[WUDFW� DW�
����� USP� IRU������PLQXWHV� �DW� WKH� IDUP�VLWH�KDQG�FHQWULIXJH�
FRXOG� EH� XVHG� �)LJ�� �'��� )ROORZLQJ� ZKLFK�� VXSHUQDWDQW� LV�
FROOHFWHG�XVLQJ�V\ULQJHV�IRU�LQGXFH�EUHHGLQJ�

)LJ����6FKHPDWLF�GLDJUDP�VKRZLQJ�SUHSDUDWLRQ�RI�SLWXLWDU\�JODQG�H[WUDFW�

6LWH�RI�LQMHFWLRQ
3LWXLWDU\� JODQG� H[WUDFW� LQMHFWLRQ� LV� SHUIRUPHG� HLWKHU�
LQWUDPXVFXODUO\�RU�LQWUDSHULWRQLDOO\��,QWUDPXVFXODU�LQMHFWLRQ�LV�
SHUIRUPHG�DW�GLIIHUHQW�ORFDWLRQV�RI�WKH�ILVK�LQFOXGH��L��QHDU�WKH�

YHQWUDO�ILQ�EDVH���LL��%HORZ�WKH�GRUVDO�ILQ�EDVH�DQG�DERYH�WKH�
ODWHUDO�OLQH���LLL��2Q�WKH�FDXGDO�SHGXQFOH�MXVW�DERYH�WKH�ODWHUDO�
OLQH�DQG��LY��%HORZ�WKH�SHFWRUDO�ILQ��:KLOH�LQMHFWLQJ�FDUH�PXVW�
EH�WDNHQ QRW�WR�SULFN�WKURXJK�WKH�VFDOH��)LJ�����

�$��1HDU�WKH�YHQWUDO�ILQ�EDVH �%��%HORZ�WKH�GRUVDO�ILQ�EDVH�DQG�DERYH�WKH�ODWHUDO�OLQH

�&��2Q�WKH�FDXGDO�SHGXQFOH�DQG�DERYH�WKH�ODWHUDO�OLQH �'��%HORZ�WKH�SHFWRUDO�ILQ

)LJ �� 6LWHV�RI�LQMHFWLRQ�RQ�EURRGHU�ILVK�IRU�HIILFLHQW�EUHHGLQJ
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%UHHGLQJ�KDSD
$� SDLU� RI� EURRGHUV LV� UHOHDVHG� LQWR� WKH� EUHHGLQJ� KDSD� IRU�
VSDZQLQJ� DIWHU� LQMHFWLRQ� RI� SLWXLWDU\� H[WUDFW�� 7KH� EUHHGLQJ�
KDSD�LV�D�UHFWDQJXODU�FDVH�RI�ILQH�QHWWLQJ��)RU�ODUJHU�ILVKHV�LWV�
VL]H�LV��ƍ�[��ƍ�[��ƍ��EXW�IRU�WKH�VPDOOHU�ILVKHV�LW�LV��¶[��¶[��ƍ��,W�
LV� KHOG� RQ� IRXU� EDPERR� SROHV�� RQH� DW� HDFK� FRUQHU� RI� WKH�
UHFWDQJXODU�FDVH��7KH�URRI�RI�WKH�KDSD�PD\�EH�RSHQ�RU�FORVHG�
7KH� KDSD� LV�PDGH� RI�PRVTXLWR� QHW� FORWK� WKURXJK�ZKLFK� ODLG�
HJJV�DQG�PLOW�FDQQRW�HVFDSH�RXW��7KUHH�IRXUWK�SDUW�RI�KDSD�LV�
VXPPDUL]HG� LQ�ZDWHU�ZKHUHDV�XSSHU�RQH�IRXUWK�SDUW� UHPDLQV�
LQ� DLU�� $IWHU� �� WR� �� KRXUV� RI� LQMHFWLRQ� RI� SLWXLWDU\� H[WUDFW�
VSDZQLQJ� WDNHV� SODFH� 7KH� IHUWLOL]HG� HJJV� DUH� ZKLWH� DQG�
RSDTXH� ZKHUHDV� XQIHUWLOL]HG� HJJV� DUH� WUDQVSDUHQW� DQG� EHDG�
OLNH��$�KDWFKLQJ�KDSD�LV�DOVR�UHFWDQJXODU�DQG�PDGH�RI�PXVOLQ�
FORWK� DQG� LV� RSHQ� IURP� DERYH�� 7KH� PRVTXLWR� QHW� KDSD� LV�
SUHVHQW�LQVLGH�WKH�KDWFKLQJ�KDSD�

'RVH�RI�SLWXLWDU\�JODQG�H[WUDFW
)HPDOH�ILVKHV�DUH�JLYHQ�WZR�LQMHFWLRQV�ZLWK�D�GLIIHUHQFH�RI���
��KUV��WKH�ILUVW�GRVH�JLYHQ�LV�FDOOHG�LQLWLDO�GRVH�RU�SUHSDUDWRU\�
GRVH�RU� SULPLQJ�GRVH� DQG� WKH� ODWHU� GRVH� LV� FDOOHG� DV� ILQDO� RU�
GHFLVLYH� RU� UHVROYLQJ� GRVH�� ZKHUHDV� PDOH� LV� JLYHQ� D� VLQJOH�
GRVH� DW� WKH� WLPH�ZKHQ� IHPDOH� LV�JLYHQ� WKH� VHFRQG�GRVH��1RW�
VXUSULVLQJO\��WKH�GRVDJH�YDULHV�ZLWKLQ�DQG�EHWZHHQ�WKH�VSHFLHV�
DQG� DOVR� GHSHQGV� RQ WKH� VL]H� RI� WKH� ILVK�� 7KH� GRVDJH� DOVR�
GHSHQGV� RQ� WKH� UHDGLQHVV� DQG� VHQVLWLYLW\� RI� WKH� ILVK� ZKLFK�
UHIOHFWV�WKH�KHDOWK�VWDWXV��,Q�DGGLWLRQ��WKH�LQWHUYDO�EHWZHHQ�WKH�
ILUVW� DQG� VHFRQG� GRVH� YDULHV� IURP� VSHFLHV� WR� VSHFLHV� DQG� RU�
IURP� SODFH� WR� SODFH� GHSHQGLQJ� WKH� DJURFOLPDWLF� FRQGLWLRQV�
UHJLRQ�

0HWKRG�RI�LQMHFWLRQ
2QH�PLOOLOLWUH� YROXPH�GLVSRVDEOH� V\ULQJH� VKRXOG� EH� XVHG� IRU�
LQMHFWLQJ� 3*� KRUPRQH� WR� WKH� UHFLSLHQW� ILVK�� 7KH� DSSURSULDWH�
DPRXQW�RI�GLOXWHG�KRUPRQH�VWRFN�VROXWLRQ�LV�WR�EH�WDNHQ�LQ�WKH�
V\ULQJH��7KHQ�WKH�ILVKHV�DUH�FDXJKW�IURP�WKH�VSDZQLQJ�WDQN�E\�
QHW��$�SLHFH�RI�FOHDQ��VRIW�DQG�ZHW�FORWK�ZDV�XVHG�WR�ZUDS�XS�
WKH� ILVK� DQG� NHSW� O\LQJ� RQ� D� WDEOH�� )ROORZLQJ� ZKLFK�� WKH�
DFFXUDWH� GRVH�RI� 3*� H[WUDFW� LV� DGPLQLVWHUHG� �)LJ�� ���� )RU� DQ�
HIILFLHQW�GLVFKDUJH�RI�WKH�3*�H[WUDFW��WKH�QHHGOH�LV�LQVHUWHG�DW�
DQ�DQJOH�RI�����ZLWK�WKH�ERG\�>��@�

7LPH�RI�LQMHFWLRQ
0RVW� FRPPRQO\� LQMHFWLRQV� DUH� JLYHQ� LQ� WKH� HYHQLQJ� KRXUV�
FRQVLGHULQJ� WKH� ZDWHU� WHPSHUDWXUH� LV� LGHDO� GXULQJ� WKH� QLJKW�
KRXUV�DQG�H[SHFWHG�VXFFHVVIXO�EUHHGLQJ�

&RQFOXVLRQ
4XDOLW\�VHHG�LV�WKH�SULPH�UHTXLUHPHQW�IRU�WKH�ILVK�EUHHGLQJ�RI�
DQ\� VSHFLHV�� $� IHZ� \HDUV� EDFN�� WKH� RQO\� VRXUFH� IRU�
SURFXUHPHQW� RI� ILVK� VHHG� ZDV� IURP� LWV� QDWXUDO� VSDZQLQJ�
JURXQG��%\�WKLV�PHWKRG�SXUH�VWRFN�RI�VHHG�RI�VHOHFWHG�VSHFLHV�
LQ�DGHTXDWH�TXDQWLW\�FRXOG�QRW�EH�PDGH�DYDLODEOH�IRU�IDUPLQJ��
/DVW� WKUHH� GHFDGHV� KDYH� ZLWQHVVHG� D� SKHQRPHQDO� JURZWK� LQ�
WKH� WHFKQRORJ\� RI� VHHG� SURGXFWLRQ� RI� GLIIHUHQW� VSHFLHV� RI�
ILVKHV�DV�D�UHVXOW�RI�ZKLFK��DW�SUHVHQW��VHHG�RI�PDQ\�VSHFLHV�RI�
FXOWXUDO� YDOXH� DUH� DYDLODEOH� RQ� D� FRPPHUFLDO� VFDOH�� 0RUH�
HPSKDVLV� VKRXOG� EH� JLYHQ� WR� UHILQH� WKLV� WHFKQLTXH� VSHFLHV�
VSHFLILFDOO\�WR�EUHHG�LQGLJHQRXV�VSHFLHV�RI�PDUNHW�LPSRUWDQFH�
DQG�WR�SUHVHUYH�WKH�ELRGLYHUVLW\��

5HIHUHQFHV
�� 6FKUHLEPDQ� 03�� /HDWKHUODQG� -)�� 0F.HRZQ� %$��

)XQFWLRQDO� PRUSKRORJ\� RI� WKH WHOHRVW� SLWXLWDU\� JODQG��

$PHULFDQ�=RRORJLVW�������������������
�� <DGDY� 0�� )LVK� (QGRFULQRORJ\�� 'LVFRYHU\� 3XEOLVKLQJ�

+RXVH������������
�� %DOO� -1�� %DNHU� %,�� 7KH� SLWXLWDU\� JODQG�� DQDWRP\� DQG�

KLVWRSK\VLRORJ\�� ,Q� )LVK� 3K\VLRORJ\�� YRO�� LL� �HG�� :�� 6��
+RDU�	�'��-��5DQGDOO���1HZ�<RUN�DQG�/RQGRQ��$FDGHPLF�
3UHVV������� ��������

�� (NLFL� $�� 7LPXU� 0�� $Q� DQDWRPLFDO� DQG� KLVWRFKHPLFDO�
H[DPLQDWLRQ� RI� WKH� SLWXLWDU\� JODQG� RI� FDUS� �&\SULQXV�
FDUSLR��� 7XUNLVK� -RXUQDO� RI� 9HWHULQDU\� DQG� $QLPDO�
6FLHQFHV������������������

�� /HUD\� &�� 6XU� OD� FDUDFWpULVDWLRQ� KLVWRFKLPLTXH� G
XQ� W\SH�
FHOOXODLUH� ULFK�HQ� DFLGHVVLDOLTXHV�GDQV� OD�SDUV� GLVWDOLV�GH�
O
K\SRSK\VH�GH�OD�FDUSH��&\SULQXV�FDUSLR� /����&�5��+HEG��
6pDQFHV�$FDG��6FL��3DULV����������������������

�� %ODQF�/LYLQL� 1�� $EUDKDP� 0�� (YROXWLRQ� GX� SRXYRLU�
JRQDGRWURSHGDQVO� 
K\SRSK\VH� GH� &\SULQXV� FDUSLR� HW�
0XJLO� FHSKDOXV�� &�5�� +HEG�� 6pDQFHV� $FDG�� 6FL�� 3DULV��
�'���������������������

�� 0RLWUD� 6.�� 6DUNDU� 6.�� 7KH� PRUSKRKLVWRORJ\� RI� WKH�
SLWXLWDU\� JODQGV� LQ� WZR� IUHVKZDWHU�PDMRU� FDUSV� RI� ,QGLD��
/DEHR� URKLWD �+DP��� DQG� &LUUKLQXV� PULJDOD� �+DP����
$QDWRPLVFKHU�$Q]HLJHU�������������������

�� /HKUL�*.��6WXGLHV�RQ�WKH�SLWXLWDU\�JODQG�LQ�UHODWLRQ�WR�WKH�
JRQDGDO� F\FOH� LQ� &ODULDV� EDWUDFKXV �/LQQ����
1DWXUZLVVHQVFKDIWHQ��������������

�� +DUYH\�%��&DUROVIHOG�-��)LVK�UHSURGXFWLYH�HQGRFULQRORJ\��
,QGXFHG�EUHHGLQJ�RI�WURSLFDO�ILVKHV� �������������

��� /HKUL� *.�� &RUUHODWLYH� F\FOLFDO� FKDQJHV� LQ� WKH� SLWXLWDU\�
JODQG�DQG�WKH�WHVWLV�RI�FDWILVK��&ODULDV�EDWUDFKXV �/LQQ����
0LNURVNRSLH�����������������

��� 6XQGDUDUDM� %,�� $� VWXG\� RQ� WKH� FRUUHODWLRQ� EHWZHHQ� WKH�
VWUXFWXUH� RI� WKH� SLWXLWDU\� JODQG� RI� WKH� ,QGLDQ� FDWILVK��
+HWHURSQHXVWHV IRVVLOLV DQG� WKH� VHDVRQDO� FKDQJHV� LQ� WKH�
RYDU\��$FWD�$QDWRPLFD�����������������

��� 6XQGDUDUDM� %,�� &RUUHODWLRQ� EHWZHHQ� WKH� VWUXFWXUH� RI� WKH�
SLWXLWDU\� DQG� WKH� FKDQJHV� LQ� WKH� WHVWHV� RI� WKH� ,QGLDQ�
FDWILVK� +HWHURSQHXVWHV� IRVVLOLV�� $FWD� $QDWRPLFD�� ������
�����������

��� *KDULE� 6'�� :LHUPDQ� 0(�� 6KXSQLN� 0$�� &KLQ� ::��
0ROHFXODU� ELRORJ\� RI� WKH� SLWXLWDU\� JRQDGRWURSLQV��
(QGRFULQRORJ\�5HYLHZV�������������������

��� 6ZDQVRQ� 3�� 'LFNH\� -7�� &DPSEHOO� %�� %LRFKHPLVWU\� DQG�
SK\VLRORJ\� RI� ILVK� JRQDGRWURSLQV�� )LVK� 3K\VLRORJ\� DQG�
%LRFKHPLVWU\�����������������

��� <DURQ� =�� *XU� *�� 0HODPHG� 3�� 5RVHQIHOG� +�� (OL]XU� $��
/HYDYL�6LYDQ� %�� 5HJXODWLRQ� RI� ILVK� JRQDGRWURSLQV��
,QWHUQDWLRQDO�5HYLHZ�RI &\WRORJ\��������������������

��� &KDXYLJQH�)��=DSDWHU &��*DVRO� -0��&HUGD� -��*HUP�OLQH�
DFWLYDWLRQ� RI� WKH� OXWHLQL]LQJ� KRUPRQH� UHFHSWRU� GLUHFWO\�
GULYHV� VSHUPLRJHQHVLV� LQ� D� QRQPDPPDOLDQ� YHUWHEUDWH��
3URFHHGLQJV� RI� 1DWLRQDO� $FDGHP\� RI� 6FLHQFHV�� 86$��
��������������±������>30&�IUHH�DUWLFOH@�>3XE0HG@

��� 2JLZDUD� .�� )XMLPRUL� &�� 5DMDSDNVH� 6�� 7DNDKDVKL� 7��
&KDUDFWHUL]DWLRQ� RI� OXWHLQL]LQJ� KRUPRQH� DQG� OXWHLQL]LQJ�
KRUPRQH� UHFHSWRU� DQG� WKHLU� LQGLVSHQVDEOH� UROH� LQ� WKH�
RYXODWRU\� SURFHVV� RI� WKH� PHGDND�� 3/R6� 2QH�� ������
��H������

��� 3DWLO�-*��*XQDVHNHUD�50��7LVVXH�DQG�VH[XDOO\�GLPRUSKLF�
H[SUHVVLRQ�RI�RYDULDQ�DQG�EUDLQ�DURPDWDVH�P51$�LQ�WKH�
-DSDQHVH�PHGDND��2U\]LDV�ODWLSHV���LPSOLFDWLRQV�IRU�WKHLU�
SUHIHUHQWLDO�UROHV�LQ�RYDULDQ�DQG�QHXUDO�GLIIHUHQWLDWLRQ�DQG�
GHYHORSPHQW�� *HQHUDO� DQG� &RPSDUDWLYH� (QGRFULQRORJ\��
�������������������



Ε�ϰϳϴ Ε

,QWHUQDWLRQDO�-RXUQDO�RI�)LVKHULHV�DQG�$TXDWLF�6WXGLHV

��� 6KDQWKDQDJRXGD�$+�� 3DWLO� -*��1XJHJRGD�'��2QWRJHQLF�
DQG�VH[XDOO\�GLPRUSKLF�H[SUHVVLRQ�RI�F\S��� LVRIRUPV� LQ�
WKH� UDLQERZILVK�� 0HODQRWDHQLD� IOXYLDWLOLV �&DVWHOQDX�
������� &RPS�� %LRFKHP�� 3K\VLRO�� $��0ROHFXODU� ,QWHJUDO�
3K\VLRORJ\��������������������

��� =KDQJ� =�� =KX�%� *H�:��*HQHWLF�$QDO\VLV� RI� =HEUDILVK�
*RQDGRWURSLQ� �)6+� DQG� /+�� )XQFWLRQV� E\� 7$/(1�
0HGLDWHG� *HQH� 'LVUXSWLRQ�� 0ROHFXODU� (QGRFULQRORJ\��
������������������

��� /XE]HQV� (�� <RXQJ� *�� %REH� -� &HUGD� -�� 2RJHQHVLV� LQ�
WHOHRVWV�� +RZ� ILVK� HJJV� DUH� IRUPHG�� *HQHUDO� DQG�
&RPSDUDWLYH�(QGRFULQRORJ\��������������������

��� 6FKXO]� 5:�� GH� )UDQoD� /5�� /DUH\UH� --�� /H*DF� )��
&KLDULQL�*DUFLD�+��1REUHJD�5+�HW�DO��6SHUPDWRJHQHVLV�LQ�
ILVK�� *HQHUDO� DQG� &RPSDUDWLYH� (QGRFULQRORJ\�� ������
��������

��� +RXVVD\� %$�� $FWLRQ� VH[XHOOH� GH� SK\SRSK\VH� VXU� OHV�
SRLVRQV� HW� OHV� UHSWLOHV�� &�5�� 6RF�� %LRO��� 3DULV� ������
������������

��� 9RQ� ,KHUULQJ� 5�� $� PHWKRG� IRU� LQGXFLQJ� ILVK� WR� VSDZQ��
3URJUHVVLYH�)LVK�&XOWXULVW������������������

��� .KDQ� +�� 2YXODWLRQ� LQ� ILVK� �(IIHFW� RI� DGPLQLVWUDWLRQ� RI�
DQWHULRU� OREH� RI� SLWXLWDU\�JODQG���&XUUHQW�6FLHQFH�� ������
�����������

��� $OLNXQKL�.+��&KDXGKXUL�+��3UHOLPLQDU\�REVHUYDWLRQV�RQ�
K\EULGL]DWLRQ�RI�WKH�FRPPRQ�FDUS��&\SULQXV�FDUSLR��ZLWK�
,QGLDQ� FDUSV�� 3URFHHGLQJV� RI� ��WK� ,QGLDQ� 6FLHQFH�
&RQJUHVV��'HOKL� �����

��� $OLNXQKL� .+�� 9LMD\DODNVKPDQDP� 0$�� ,EUDKLP� .+��
3UHOLPLQDU\� REVHUYDWLRQV� RQ� WKH� VSDZQLQJ� RI� ,QGLDQ�
FDUSV�� LQGXFHG�E\� LQMHFWLRQ�RI�SLWXLWDU\�KRUPRQH�� ,QGLDQ�
-RXUQDO�RI�)LVKHULHV����������������

��� .KDLUQDU� 62�� 3UDFWLFDO� PDQXDO� RQ� ILQILVK� KDWFKHU\�
PDQDJHPHQW�� *XUX� $QJDG� 'HY� 9HWHULQDU\� DQG� $QLPDO�
6FLHQFHV�8QLYHUVLW\������� ������

��� 2NHUH�(��(URQGX�(O� =DEEH\�1��(YDOXDWLQJ� WKH�(IILFDF\�
RI� 3LWXLWDU\� *ODQG� ([WUDFWV� DQG� 2YDSULP� LQ� ,QGXFHG�
%UHHGLQJ�DQG�)U\�4XDOLW\�RI�&ODULDV�JDULHSLQXV��%XUFKHOO�
�3LVFHV�� &ODULGDH�� $JULFXOWXUH�� )RUHVWU\� DQG� )LVKHULHV��
�����������������

��� 6XUQDU� 65�� .DPEOH� $'��:DOVH� 16�� 6KDUPD� 23�� 6DLQL�
93�� +RUPRQH� DGPLQLVWUDWLRQ� ZLWK� LQGXFHG� VSDZQLQJ� RI�
,QGLDQ�PDMRU�FDUS��,QWHUQDWLRQDO�-RXUQDO�RI�)LVKHULHV�DQG�
$TXDWLF�6WXGLHV� �����������������


