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7KH�RFFXUUHQFH�RI�WKH�ZRUPOLRQ�VSHFLHV�9HUPLOHR�YHUPLOHR��/LQQDHXV��������LV�FRQILUPHG�IRU�WKH�0HGLWHUUDQHDQ
UHJLRQ�RI�6ORYHQLD�DQG�&URDWLD��,WV�SUHGDWRU\�ODUYDH�ZHUH�IRXQG�LQ�VXEVWUDWHV�FRQVLVWLQJ�RI�ILQH�VDQG�RU�SRZGHU��ZKHUH
WKH\�FRQVWUXFW�SLWIDOO�WUDSV�VLPLODU�WR�WKRVH�RI�DQWOLRQV��:RUPOLRQ�ODUYDH�ZHUH�UHDUHG�LQ�ODERUDWRU\�WR�VWXG\�WKHLU�ELRO�
RJ\�

.H\�ZRUGV��ZRUPOLRQ��9HUPLOHR��'LSWHUD��6ORYHQLD��&URDWLD

9(50,/(21(��9(50,/(2�9(50,/(2��/����',37(5$��9(50,/(21,'$(��
,1�6/29(1,$�(�&52$=,$

6,17(6,

/D�SUHVHQ]D�GHOOD�VSHFLH�FKLDPDWD�YHUPLOHRQH��9HUPLOHR�YHUPLOHR��/LQQDHXV���������o�FRQIHUPDWD�SHU�OD�UHJLRQH
PHGLWHUUDQHD�GL�6ORYHQLD�H�&URD]LD��/H�ODUYH�SUHGDWULFL�GL�WDOH�VSHFLH�VRQR�VWDWH�WURYDWH�LQ�VXEVWUDWL�FRPSRVWL�GD�VDE�
ELD�ILQH�R�SROYHUH��GRYH�HVVH�FRVWUXLVFRQR�WUDSSROH�D�LQEXWR��VLPLOL�D�TXHOOH�GHL�IRUPLFDOHRQH��/H�ODUYH�GL�YHUPLOHRQH
VRQR�VWDWH�DOOHYDWH�LQ�ODERUDWRULR�DO�ILQH�GL�VWXGLDUQH�OD�ELRORJLD�

3DUROH�FKLDYH��YHUPLOHRQH��9HUPLOHR��'LSWHUD��6ORYHQLD��&URD]LD
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:RUPOLRQV� �9HUPLOHRQLGDH�� FRQVWLWXWH� WKH� RQO\
NQRZQ� GLSWHUDQ� IDPLO\�� ZKRVH� ODUYDH� FDSWXUH� SUH\� E\
FRQVWUXFWLQJ�SLWIDOO� WUDSV� LQ� ORRVH�VRLO� �)LJ������VLPLODU� WR
WKRVH� LQ� DQWOLRQV� �1HXURSWHUD��0\UPHOHRQWLGDH�� �:KHH�
OHU�� ������ /XGZLJ� HW� DO��� ������ ������� 7KLV� IHDWXUH� LV
XQLTXH�DPRQJ�'LSWHUD�

$GXOWV� ��ZRUPIOLHV��� DUH� VPDOO� �DERXW� �� PP� ORQJ��
VOHQGHU��QHDUO\�EDUH� IOLHV�ZLWK� VW\ODWH� DQWHQQDH�� VOHQGHU
OHJV�� DQG� ORQJ�� VOHQGHU� DEGRPHQ�� 7KH� ZLQJV� DUH� QDU�
URZHG�DW�WKH�EDVH��ZLWKRXW�DQ�DOXOD�RU�D�GHYHORSHG�DQDO
DQJOH� �7ULSOHKRUQ�	� -RKQVRQ�� ������� $GXOWV� KDYH� D� OLIH
VSDQ� RI� RQO\� WZR� WR� ILYH� GD\V�� DQG� GXULQJ� WKLV� SHULRG
WKH\� IHHG� RQ� QHFWDU� DQG�PDWH�� (JJV� DUH� ODLG� XQGHU� WKH
VXUIDFH�RI�ILQH�JUDLQHG�VDQG�RU�SRZGHU�LQ�ZKLFK�WKH�ODU�
YDH�OLYH�

:RUPOLRQ� ODUYDH� KDYH� EHHQ� GHVFULEHG� E\� :KHHOHU
������� DQG� /XGZLJ� HW� DO�� ������� ������� 7KH\� KDYH� D
VPDOO�� DOPRVW� FRPSOHWHO\� UHWUDFWHG� KHDG� FDSVXOH�� 7KH
ZRUPOLRQ� ODUYDH�DUH�VSHFLDOL]HG� IRU�SUH\�FDSWXUH��HVSH�
FLDOO\� WKHLU� PRXWKSDUWV� DQG� SVHXGRSRGLXP� �/XGZLJ� HW
DO��� ������ ������� 7KH� SVHXGRSRGLXP� LV� SUREDEO\� LQ�
YROYHG� LQ� WKH�PHFKDQLFDO� GHWHFWLRQ� DQG� VHL]XUH� RI� WKH
SUH\��$Q�DEGRPLQDO�FRPE�FRPSRVHG�RI�D�WUDQVYHUVH�URZ
RI�ORQJ�VSLQHV�LV�XVHG�WR�DQFKRU�WKH�SRVWHULRU�SDUW�RI�WKH
ODUYDO�ERG\�LQ�WKH�VDQG��/XGZLJ�HW�DO���������

/DUYDH�FRQVWUXFW�FRQLFDOO\�VKDSHG�SLWIDOO�WUDSV�LQ�ILQH
GU\� VDQGV� DQG� SRZGHUV� DW� WKH� EDVHV� RI� FOLIIV� DQG� RWKHU
ORFDWLRQV��SURWHFWHG�DJDLQVW�UDLQIDOO��:KHQ�GLIIHUHQW�VXE�
VWUDWHV�DUH� DYDLODEOH�� WKH� ODUYDH� SUHIHU� ILQHVW� VDQGV�ZLWK
WKH� VPDOOHVW� VDQG� SDUWLFOH� VL]H� DQG� DYRLG� FRDUVHU� VDQG
�'HYHWDN���������7KH�ODUYDH�EXLOG�SLWV�E\�WKURZLQJ�VDQG
ZLWK�WKHLU�KHDGV��2QFH�WKH�SLW�LV�FRPSOHWH��WKH�ODUYD�SR�
VLWLRQV�LWV�ERG\�DFURVV�WKH�ERWWRP�RI�WKH�SLW��YHQWUDO�VXU�
IDFH�XS��DW�RU� MXVW�EHORZ� WKH� VXUIDFH�ZKHUH� LW�ZDLWV� IRU
SUH\��3HWHUVHQ�	�%DNHU���������:KHQ�DQ�DQW�RU�DQRWKHU
VPDOO� DUWKURSRG� IDOOV� LQWR� WKH� WUDS�� LW� LV� JUDVSHG� E\� WKH
ODUYD��ZKLFK� FRQVXPHV� WKH� SUH\¤V� VRIWHU� SDUWV� DQG� WKHQ
WKURZV�WKH�FDUFDVV�RXW�RI�WKH�SLWIDOO�WUDS��7KH�ODUYDH�SX�
SDWH�DQG�DERXW�D�PRQWK�ODWHU�WKH�DGXOWV�HPHUJH��7HVNH\�
������3HWHUVHQ�	�%DNHU��������

7KH� YHUPLOHRQLGV� ZHUH� RQFH� SODFHG� LQ� WKH� IDPLO\
5KDJLRQLGDH�� EXW� 1DJDWRPL� ������� JDYH� WKHP� IDPLO\
UDQN��9HUPLOHRQLGDH�GLIIHU�IURP�WKH�UKDJLRQLGV�LQ�KDYLQJ
WKH�ZLQJV�PRUH�QDUURZHG�DW�WKH�EDVH�DQG�LQ�KDYLQJ�DSL�
FDO� VSXUV� RQ� WKH� IURQW� WLELDH� �7ULSOHKRUQ� 	� -RKQVRQ�
������� *ULIILWKV� ������� HVWDEOLVKHG� D� QHZ� LQIUDRUGHU�
9HUPLOHRQRPRUSKD��IRU�YHUPLOHRQLGV�DV�QR�FHUWDLQ�UHOD�
WLRQVKLSV� ZLWK� RWKHU� EUDFK\FHUDQ� IDPLOLHV� KDG� EHHQ
SURYHG��VHH�DOVR�6WXFNHQEHUJ���������9HUPLOHRQLGDH�DUH
GLVWULEXWHG� LQ� WKH� 0HGLWHUUDQHDQ� SDUW� RI� (XURSH�� WKH
0LGGOH� (DVW�� $VLD�� 1RUWK� DQG� 6RXWK� $IULFD�� DQG� 1RUWK
DQG� &HQWUDO� $PHULFD� �/XGZLJ� HW� DO��� ������� $ERXW� ��
VSHFLHV�LQ���JHQHUD�DUH�NQRZQ��1DJDWRPL�HW�DO���������

)LJ�����3LWIDOO� WUDSV�RI� ODUYDH�RI� WKH�ZRUPOLRQ�9HUPLOHR
YHUPLOHR� LQ� ORRVH� VRLO� LQ� %DÉND�9RGD� �'DOPDWLD�� &URD�
WLD��
6O�� ��� /LMDNDVWH� SDVWL� OLàLQN� àUYDVWHJD� YRONFD� 9HUPLOHR
YHUPLOHR� Y� UDKOL� SUVWL� Y� %DÉNL� 9RGL� �'DOPDFLMD�
+UYDÉND��

,Q� WKH� PRQRJUDSK� �ËLYDOVWYR� 6ORYHQLMH�� �)DXQD� RI
6ORYHQLD��� 6LYHF� HW� DO�� ������� PHQWLRQ� RFFXUUHQFH� RI� D
ZRUPOLRQ�9HUPLOHR�YHUPLOHR� LQ�6ORYHQLD�ZLWKRXW� FLWLQJ
GHWDLOHG�ORFDWLRQ��7KH�DLP�RI�WKH�VWXG\�LV�WR�SURYLGH�GH�
WDLOHG� LQIRUPDWLRQ�RQ� WKH� VSHFLHV� LQ� WKH�FRXQWU\�DQG� LQ
WKH�QHLJKERXULQJ�UHJLRQV�RI�&URDWLD�

0$7(5,$/�$1'�0(7+2'6

/RZ� DEXQGDQFH� RI� DGXOWV� PDNHV� WKHP� GLIILFXOW� WR
FROOHFW��VR�,�ZDV�IRFXVHG�RQ�WKH�ZRUPOLRQ�ODUYDH��ZKLFK
DUH�HDVLO\�FROOHFWHG�E\�ORRNLQJ�IRU�WKH�SLWV�LQ�ORRVH�VDQGV
DQG�SRZGHUV��/DUYDH�ZHUH�WDNHQ�IURP�WKHLU�SLWV�E\�H[FD�
YDWLQJ� WKH� VDQG� FRQWDLQLQJ� WKH� SLWV� ZLWK� D� VSRRQ�� DQG
WKHQ�E\�VLHYLQJ�WKH�VXEVWUDWH�

6XEVWUDWH�SDUWLFOH�VL]H�DQDO\VLV��0HFKDQLFDO�DQDO\VLV
RI� SDUWLFOH� VL]H� GLVWULEXWLRQ� RI� VXEVWUDWHV� IURP� QDWXUDO
KDELWDWV�ZDV�FRQGXFWHG�XVLQJ�VWDQGDUG�VLHYHV��IRU�GHWDLOV
RI�WKH�PHWKRG�VHH�'HYHWDN��������

5HDULQJ��7KH�ZRUPOLRQ�ODUYDH�ZHUH�NHSW�LQ�WKH�ODER�
UDWRU\�� DW� URRP� WHPSHUDWXUH�� LQ�SODVWLF�FRQWDLQHUV� ����[
���[����FP��ILOOHG�ZLWK�VDQG�IURP�QDWXUDO�KDELWDWV��6XE�
VWUDWH� SDUWLFOH� VL]H� ZDV� ������PP��:RUNHUV� RI� WKH� DQW
VSHFLHV� /DVLXV� HPDUJLQDWXV� �2OLYLHU��ZHUH� XVHG� DV� IRRG
VRXUFH�IRU�WKH�ZRUPOLRQV��)HHGLQJ�WRRN�SODFH�HYHU\�GD\
DQG�RQH�DQW�ZDV�GHOLYHUHG�WR�HDFK�SLW�
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5(68/76

9HUPLOHR�YHUPLOHR��/LQQDHXV�������
0DWHULDO�H[DPLQHG
6ORYHQLD�
2VS������9,����������ODUYDH
3LUDQ������9,,����������ODUYD��9,����������ODUYDH
)LHVD������9����������ODUYDH
&URDWLD�
5RYLQM��$TXDULXP�����9,����������ODUYDH�����9,������

��ODUYDH
3UHPDQWXUD������9,,����������ODUYD
/RÊLQM��6Y��-DNRY��9,����������ODUYDH
3RGDFD��9,,����������ODUYDH
%DÊND�9RGD��9,,,���������� ODUYDH����DGXOWV�HPHUJHG

LQ�WKH�ODERUDWRU\�RQ�����9,������
$OO�LQGLYLGXDOV�ZHUH�FROOHFWHG�E\�WKH�DXWKRU�

)LJ�����'LVWULEXWLRQ�RI�WKH�ZRUPOLRQ�9��YHUPLOHR�LQ�6OR�
YHQLD�
6O�� ��� 5D]ÉLUMHQRVW� àUYDVWHJD� YRONFD� 9�� YHUPLOHR� Y
6ORYHQLML�

7KH�GLVWULEXWLRQ�RI�ZRUPOLRQV�LQ�6ORYHQLD�LV�VKRZQ�LQ
ILJXUH����7KH� ODUYDH�EXLOW� WKHLU�SLWV� LQ�VDQGV�RU�SRZGHUV
LQ� FUHYLFHV� RI� VWRQH� ZDOOV� �3LUDQ�� 2VS�� )LJ�� ���� LQ� ILQH
VXEVWUDWH�DW� WKH�EDVHV�RI�FOLIIV� �%DÊND�9RGD��3RGDFD��6Y�
-DNRY� RQ� WKH� LVODQG� RI� /RÊLQM�� RU� LQ� SODFHV� XQGHU� WUHH
FURZQV�SURWHFWHG�DJDLQVW�UDLQIDOO��)LHVD��5RYLQM���,Q�2VS�
VLHYLQJ� DQDO\VLV� UHYHDOHG� WKH� IROORZLQJ� SDUWLFOH� VL]H
FRPSRVLWLRQ� RI� WKH� VXEVWUDWH� �H[SUHVVHG� LQ� ZHLJKW� ���
������ UHSUHVHQW� IUDFWLRQ� ZLWK� SDUWLFOH� VL]H������� PP�
����IUDFWLRQ�����������PP�������� IUDFWLRQ����������
PP�� ���� IUDFWLRQ� ���������� PP�� WKH� UHVW� IUDFWLRQV
���������PP��VHH�DOVR�'HYHWDN��������

',6&866,21

2FFXUUHQFH�RI�ZRUPOLRQV�LQ�6ORYHQLD�KDV�EHHQ�FRQ�
ILUPHG� IRU� WKH� 6XE�0HGLWHUUDQHDQ� UHJLRQ�� /DUYDH� ZHUH
RIWHQ� IRXQG� LQ� VXEVWUDWHV� LQ� FUHYLFHV� RI� VWRQH� ZDOOV�
UDUHO\� LQ� SODFHV� XQGHU� WUHH� FURZQV�� ,Q� QDWXUDO� KDELWDWV�
WKH� ZRUPOLRQ� ODUYDH� FRQVWUXFW� WKHLU� SLWV� LQ� ILQHU� VXE�
VWUDWHV�WKDQ�DQWOLRQ�(XUROHRQ�QRVWUDV�ODUYDH�

'HYHWDN� ������� WHVWHG� VXEVWUDWH� SDUWLFOH� VL]H�
SUHIHUHQFH�RI�9HUPLHOR�YHUPLOHR�ODUYDH��7KH�SLW�EXLOGLQJ
GHFLVLRQ�RI�WKH�ODUYDH�RI�WKH�ZRUPOLRQV�ZDV�REVHUYHG�LQ
IRXU�VXEVWUDWHV�FRQVLVWLQJ�RI�GLIIHUHQW�VDQG�IUDFWLRQV��SDU�
WLFOH� VL]HV�� ������PP�� ����������PP�� �������PP�� ��
�����PP���:RUPOLRQV�SUHIHUUHG� WKH� ILQHVW� VDQG� IUDFWLRQ
�������PP�� DQG� DYRLGHG� WZR� FRDUVHU� IUDFWLRQV� �������
PP���������PP���'HYHWDN��������

,Q� 3LUDQ�� 5RYLQM� DQG� %DÊND� 9RGD�� FR�H[LVWHQFH� RI
ZRUPOLRQV� DQG� DQWOLRQV� (XUROHRQ� QRVWUDV� ZDV� QRWHG
�'HYHWDN���������,Q�H[SHULPHQWV�ZKHQ�WZR�VSHFLHV�ZHUH
SODFHG� LQ� WKH� VDPH� FRQWDLQHU� ZLWK� WZR� GLIIHUHQW� VXE�
VWUDWHV�� LQWHUVSHFLILF�SUHGDWLRQ�GLG�QRW�RFFXU��EXW�FDQQL�
EDOLVP�LQ�DQWOLRQV�GLG��,Q�QDWXUDO�KDELWDWV��FDQQLEDOLVP�LQ
DQWOLRQV�LV�RIWHQ�UHFRUGHG��'HYHWDN��������DQG�RWKHU�LQ�
VHFWV� DOVR� SUH\� RQ� DQWOLRQV�� :KLOH� ZRUPOLRQ� ODUYDH
UHDGLO\�EXLOG�SLWV�LQ�WKH�ILQHVW�VDQGV��DQWOLRQ�ODUYDH�SUHIHU
FRDUVHU�VDQGV��:RUPOLRQ�SUHIHUHQFH�IRU�WKH�ILQHVW�VDQGV
DQG� SRZGHUV�� DQG� DQWOLRQ� SUHIHUHQFH� IRU� VDQGV� RI� PH�
GLXP�SDUWLFOH� VL]H�ZDV� FRQILUPHG� E\� ILHOG� REVHUYDWLRQV
�'HYHWDN���������,Q�WKH�ILHOG�LW�VHHPV�WKDW�DQWOLRQV�DYRLG
DUHDV� LQKDELWHG� E\� ZRUPOLRQV�� DQG� YLFH� YHUVD�� :RUP�
OLRQV�DQG�DQWOLRQV�PD\�VLPSO\�SUHIHU�GLIIHUHQW�VXEVWUDWHV
LQGHSHQGHQW�RI�WKH�SUHVHQFH�RI�KHWHURVSHFLILFV�

)LJ�����+DELWDW�RI�ZRUPOLRQV� LQ�FUHYLFHV�RI� VWRQH�ZDOOV
LQ�WKH�YLOODJH�RI�2VS��6ORYHQLD��
6O�� ��� +DELWDW� àUYDVWHJD� YRONFD� Y� ÉSUDQMDK� NDPQLWHJD
]LGX�Y�2VSX��6ORYHQLMD��
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$&.12:/('*(0(176

7KH� DXWKRU� WKDQNV� 3URI�� 7RQH� 1RYDN� �8QLYHUVLW\� RI
0DULERU�� IRU� KLV� YDOXDEOH� KHOS� LQ� SUHSDULQJ� WKH� SDSHU�
7KLV� VWXG\�ZDV� VXSSRUWHG� E\� D� UHVHDUFK� JUDQW� IURP� WKH
6ORYHQH�0LQLVWU\�RI�+LJK�(GXFDWLRQ��6FLHQFH�DQG�7HFK�
QRORJ\��*UDQW�1R��3�������%LRGLYHUVLW\��

à59$67,�92/.(&�9(50,/(2�9(50,/(2��/����',37(5$��9(50,/(21,'$(�
9�6/29(1,-,�,1�1$�+59$É.(0

'XÈDQ�'(9(7$.
2GGHOHN�]D�ELRORJLMR��)DNXOWHWD�]D�QDUDYRVORYMH�LQ�PDWHPDWLNR��8QLYHU]D�Y�0DULERUX��6,������0DULERU��.RURÊND������6ORYHQLMD

(�PDLO��GXVDQ�GHYHWDN#JXHVW�DUQHV�VL

329=(7(.
3RWUMHQR�MH�SRMDYOMDQMH�ßUYDVWHJD�YRONFD�9HUPLOHR�YHUPLOHR��/LQQDHXV��������Y�PHGLWHUDQVNHP�REPRßMX�6ORYHQLMH

LQ�+UYDÈNH��3UHGDWRUVNH�OLßLQNH�ÊLYLMR�Y�VXEVWUDWLK�L]�GUREQHJD�SHVND�DOL�SUDÈND��Y�NDWHULK�JUDGLMR�OLMDNDVWH�SDVWL��SR�
GREQR�NRW�YRONFL��$YWRU�MH�JRMLO�OLßLQNH�ßUYDVWHJD�YRONFD��GD�EL�VSUHPOMDO�QMLKRYR�ELRORJLMR�

.OMXÞQH�EHVHGH��áUYDVWL�YRONHF��9HUPLOHR��GYRNULOFL��6ORYHQLMD��+UYDÊND

5()(5(1&(6

'HYHWDN��'����������&RPSHWLWLRQ�LQ�ODUYDH�RI�WZR�(XUR�
SHDQ� DQW�OLRQ� VSHFLHV� �1HXURSWHUD�� 0\UPHOHRQWLGDH��� -�
1HXURSWHURO������������
'HYHWDN��'����������6XEVWUDWH�SDUWLFOH�VL]H�SUHIHUHQFH�RI
ZRUPOLRQ� 9HUPLOHR� YHUPLOHR� �'LSWHUD�� 9HUPLOHRQLGDH�
ODUYDH� DQG� WKHLU� LQWHUDFWLRQ� ZLWK� DQWOLRQV�� (XU�� -�� (QWR�
PRO����������������
*ULIILWKV�� *�� &�� '�� �������� 5HODWLRQVKLSV� DPRQJ� WKH
PDMRU� VXEJURXSV� RI� %UDFK\FHUD� �'LSWHUD��� D� FULWLFDO� UH�
YLHZ��&DQ��(QWRPRO����������������
/XGZLJ�� 3��� 8�� 6PROD� 	� 5�� 5�� 0HO]HU� �������� 'LH
0XQGZHUN]HXJH�GHV�:XUPO{ZHQ�9HUPLOHR�YHUPLOHR�/�
XQG� LKUH� )XQNWLRQ� �'LSWHUD�� 9HUPLOHRQLGDH��� 1DFK�
ULFKWHQEODWW�GHU�ED\HULVFKHQ�(QWRPRORJHQ�����������
/XGZLJ�� 3��� 5�� 5��0HO]HU�	�9�� (KUKDUGW� �������� /DUYDO
PRUSKRORJ\� DQG� FODVVLILFDWLRQ� RI� ZRUPOLRQV� �'LSWHUD�
9HUPLOHRQLGDH���0LWW��'WVFK��*HV��$OOJ��$QJHZ��(QW������
������
1DJDWRPL��$����������&ODVVLILFDWLRQ�RI�ORZHU�%UDFK\FHUD
�'LSWHUD���-��1DW��+LVW���������������

1DJDWRPL��$���&��<DQJ�	�'��<DQJ���������7KH�&KLQHVH
VSHFLHV� DQG� WKH� ZRUOG� JHQHUD� RI� 9HUPLOHRQLGDH� �'LS�
WHUD���7URSLFV�0RQRJU��6HU������������
3HWHUVHQ��:��+��	�&��:��%DNHU� �������� )LUVW� UHFRUG� RI
ZRUPOLRQV� �'LSWHUD�� 9HUPLOHRQLGDH�� LQ� ,GDKR�� -�� ,GDKR
$FDG��6FL��������������
6LYHF��,���%��+RUYDW�	�7��7ULODU���������'YRNULOFL���'LS�
WHUD��9��6NHW��%���0��*RJDOD�	�9��.XÊWRU� �XU����ËLYDOVWYR
6ORYHQLMH� [)DXQD� RI� 6ORYHQLD]�� 7HKQLÊND� ]DORÌED� 6OR�
YHQLMH��/MXEOMDQD����������VWU�
6WXFNHQEHUJ�� %�� 5�� �������� &RQVHUYDWLRQ� RI� WKH� IDPLO\�
JURXS� QDPH� 9HUPLOHRQLGDH� DV� D� QRPHQ� SURWHFWXP
�'LSWHUD��%UDFK\FHUD���7LMGVFKU��(QWRPRO����������������
7HVNH\��+�� -�� �������� ����9HUPLOHRQLGDH�� ,Q��0F$OSLQH�
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