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*UHJRU�0XUL���%UDQNR�ýHUPHOM���-DGUDQ�)DJDQHOL��DQG�-DQH]�+ROF��
�
1DWLRQDO ,QVWLWXWH RI %LRORJ\� 9HþQD SRW ���� ���� /MXEOMDQD� 6ORYHQLD

�
0DULQH %LRORJLFDO 6WDWLRQ� )RUQDþH ��� ���� 3LUDQ� 6ORYHQLD
�
-RåHI 6WHIDQ ,QVWLWXWH� -DPRYD ��� ���� /MXEOMDQD� 6ORYHQLD

5HFHLYHG������������

$EVWUDFW�
$ WKHUPDO R[LGDWLRQ PHWKRG ZDV XVHG WR GHWHUPLQH EODFN FDUERQ �%&� GLVWULEXWLRQ LQ UHFHQW

ODFXVWULQH VHGLPHQWV LQ IRXU UHPRWH DOSLQH ODNHV� L�H� /DNH .ULVNR 6XS�� /DNH /HGYLFD� /DNH

.UQ DQG /DNH 3ODQLQD� LQ VXEDOSLQH /DNH %OHG DQG LQ WKH FRDVWDO PDULQH VHGLPHQW LQ WKH *XOI

RI 7ULHVWH �QRUWKHUQ $GULDWLF�� $GGLWLRQDOO\� WRWDO FDUERQ� RUJDQLF FDUERQ �2&� DQG WRWDO

VXOSKXU ZHUH DOVR DQDO\VHG� 6HGLPHQWDWLRQ UDWHV ZHUH GHWHUPLQHG E\ PHDVXULQJ
���

3E

DFWLYLW\� 7KH ORZHVW %&�2& UDWLRV ZHUH QRWHG LQ UHPRWH PRXQWDLQ ODNHV� UDQJLQJ EHWZHHQ ��

�� DQG GHSHQGLQJ XSRQ SUHFLSLWDWLRQ DPRXQW� ,Q /DNH %OHG� WKH %&�2& UDWLR LQFUHDVHG WR

���� EXW WKH KLJKHVW %&�2& UDWLR ZDV GHWHUPLQHG LQ WKH *XOI RI 7ULHVWH� UHDFKLQJ ���� $

GLIIHUHQFH EHWZHHQ DWPRVSKHULF GHSRVLWLRQ LQSXW RI %& LQWR VHGLPHQWV LQ UHPRWH� FOHDQ DUHDV

DQG VXUIDFH UXQRII DQG ULYHULQH LQSXW RI %& LQ XUEDQLVHG� SROOXWHG DUHDV LV FOHDUO\ VHHQ�

�

,QWURGXFWLRQ�
%ODFN�FDUERQ��%&��LV�RQH�RI�WKH�XELTXLWRXV�PDWHULDOV�FLUFXODWLQJ�DURXQG�WKH�VXUIDFH�

RI�WKH�(DUWK��,W�LV�IRXQG�LQ�WKH�DLU��VRLO��VHGLPHQW��ZDWHU�DQG�LFH��%&�LV�D�UHODWLYHO\�LQHUW�

IRUP�RI�FDUERQ��FRPSULVLQJ�D�UDQJH�RI�PDWHULDOV�IURP�KLJKO\�SRO\DURPDWLF�WR�HOHPHQWDO�

RU� JUDSKLWLF� FDUERQ�� SURGXFHG� E\� WKH� LQFRPSOHWH� FRPEXVWLRQ� RI� IRVVLO� IXHOV� DQG�

ELRPDVV�
�
��%XW�� DV�SRLQWHG�RXW�E\�(��*ROGEHUJ�

�
� WKHUH� LV�QR�XQDPELJXRXV�GHILQLWLRQ�RI�

%&�� +RZHYHU�� D� QHZ� GHILQLWLRQ� RI� %&� ZDV� UHFHQWO\� SURSRVHG� E\� .XKOEXVFK� DQG�

&UXW]HQ�
�
�EDVHG�RQ�WKH�TXDQWLWDWLYH�GHWHUPLQDWLRQ�RI�WKH�PRODU�+�&�UDWLR�LQ�WKH�VDPSOH��

%&�LV�D�FKHPLFDO�DQG�PLFURELDO� LQHUW�VXEVWDQFH�
�
�'XH� WR� LWV� LQHUWQHVV��%&�LQ�VRLOV��

VHGLPHQWV� DQG� LFH� SHUVLVWV� RYHU� ORQJ� SHULRGV� RI� WLPH�
���
� %&� LQ� WKH� DWPRVSKHUH� LV� WKH�

SULQFLSDO� FRPSRQHQW� LQYROYHG� LQ� DEVRUSWLRQ� RI� VRODU� UDGLDWLRQ� DQG�� WKXV� DIIHFWV� WKH�

(DUWK
V�UDGLDWLYH�KHDW�EDODQFH�
�
�,W�DOVR�DFWV�DV�DQ�HIILFLHQW�FORXG�FRQGHQVDWLRQ�QXFOHXV��DV�

DQ� LPSRUWDQW� FDUULHU�SKDVH� RI� SROOXWDQWV� VXFK� DV� SRO\F\FOLF� DURPDWLF� K\GURFDUERQV�

�3$+V��
�
�DQG�DV�D�FDWDO\VW�RI�YDULRXV�UHDFWLRQV�LQ�WKH�DWPRVSKHUH�

�
�

%&�LQ�VHGLPHQWV�FDQ�EH�XVHG�DV�DQ�HQYLURQPHQWDO�LQGLFDWRU��6LQFH�WKH�EHJLQQLQJ�RI�

WKH� LQGXVWULDO� UHYROXWLRQ�� %&� KDV� EHHQ� HPLWWHG� LQWR� WKH� DWPRVSKHUH� LQ� LQFUHDVHG�
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TXDQWLWLHV�
��
�DQG�GLVSHUVHG�RYHU�ZLGH�DUHDV�E\�DLU�FXUUHQWV��)URP�WKH�DWPRVSKHUH��%&�LV�

GHSRVLWHG� E\� ERWK� ZHW� DQG� GU\� GHSRVLWLRQ�� &RQVHTXHQWO\�� WKH� GHSWK� SURILOHV� RI� %&� LQ�

UHFHQW� VHGLPHQWV� FDQ� EH� XVHG� DV� DQ� H[FHOOHQW� WUDFHU� RI� IRVVLO� IXHO� XVDJH� DQG� ZLOGILUH�

HYHQWV� LQ� WKH�SDVW�
��
�:KHQ�GHWHUPLQLQJ�%&�GLVWULEXWLRQ�LQ�VHGLPHQWV�� WKH�WHPSRUDO�DQG�

VSDWLDO�LPSDFW�RI�DQWKURSRJHQLF�DFWLYLWLHV�RQ�WKH�HQYLURQPHQW�FDQ�EH�DOVR�HYDOXDWHG��

9DULRXV�DQDO\WLFDO�WHFKQLTXHV�EDVHG�RQ�WKH�FKHPLFDO�DQG�SK\VLFDO�SURSHUWLHV�RI�%&�

ZHUH� XVHG� LQ� WKH� SDVW� LQ� RUGHU� WR� GHWHUPLQH� %&� LQ� VDPSOHV� RI� GLIIHUHQW� PDWULFHV�
�
�

,QLWLDOO\�� RSWLFDO� LQVWUXPHQWV� ZHUH� XVHG�� 2Q� WKH� EDVLV� RI� WKH� FRORXU� DQG� VKDSH� RI� %&�

SDUWLFOHV�� LW� LV� SRVVLEOH� WR� GLVWLQJXLVK� WKHP� IURP� RWKHU� LQRUJDQLF�PDWHULDO� RU� GHJUDGHG�

SODQW�WLVVXHV�DQG�WR�LGHQWLI\�WKH�VRXUFH�RI�%&��7KHVH�PLFURVFRSLF�WHFKQLTXHV��H�J��/LJKW�

DQG�6FDQQLQJ�(OHFWURQ�0LFURVFRS\��FDQ�EH�XVHG�HLWKHU�TXDOLWDWLYHO\�RU�TXDQWLWDWLYHO\��2Q�

WKH� RWKHU� KDQG�� VRPH� DQDO\WLFDO� WHFKQLTXHV� XVLQJ� VSHFWURVFRS\� ZHUH� DOVR� GHYHORSHG��

5DPDQ�DQG�,QIUDUHG�6SHFWURVFRS\�DQG�
��
&�105�ZHUH�PDLQO\�XVHG�LQ� WKH�ODVW�GHFDGHV��

7KH�PDLQ�GLVDGYDQWDJHV�RI�WKHVH�PHWKRGV�DUH�WKDW�TXDQWLWDWLYH�GHWHUPLQDWLRQ�LV�GLIILFXOW�

DQG� WKDW�VRPH�PHWKRGV�DUH� WLPH�FRQVXPLQJ�� ,Q� UHFHQW�\HDUV�� WKHUPDO� WUHDWPHQW�EHFDPH�

WKH�PRVW�FRPPRQ�PHWKRG�WR�GHWHUPLQH�%&�LQ�VDPSOHV�RI�YDULRXV�PDWULFHV��7KH�PHWKRG�

LV� UHODWLYHO\� IDVW�� TXDQWLWDWLYH� GHWHUPLQDWLRQ� LV� SRVVLEOH� EXW� VWUXFWXUDO� LQIRUPDWLRQ� DQG�

LGHQWLILFDWLRQ� RI� WKH� VRXUFH� RI� %&� DUH� ORVW�� +RZHYHU�� WKHVH� DQDO\WLFDO� PHWKRGV� ZHUH�

GHVLJQHG�DQG�GHYHORSHG�IRU�VSHFLILF�VFLHQWLILF�SXUSRVHV��,QGLYLGXDO�%&�PHWKRGV�UHO\�RQ�

RSHUDWLRQDO�GHILQLWLRQV�RI�%&��DQG�WKXV�LW�LV�FUXFLDO�WR�NQRZ�KRZ�PHDVXUHPHQWV�PDGH�E\�

GLIIHUHQW� WHFKQLTXHV� UHODWH� WR� HDFK� RWKHU�� $W� SUHVHQW�� YHU\� OLWWOH� LV� NQRZQ� DERXW� WKH�

FRPSDUDELOLW\�RI�LQGLYLGXDO�%&�WHFKQLTXHV��DOVR�EHFDXVH�RI�WKH�IDFW�WKDW�D�%&�UHIHUHQFH�

PDWHULDO�LV�QRW�\HW�HVWDEOLVKHG�
��
�

7KH� REMHFWLYH� RI� WKLV� ZRUN� ZDV� WR� GHWHUPLQH� WKH� %&� GLVWULEXWLRQ� LQ� VRPH� DOSLQH�

ODFXVWULQH�DQG�FRDVWDO�PDULQH�VHGLPHQWV�XVLQJ�WKHUPDO�R[LGDWLRQ��9HUWLFDO�SURILOHV�RI�%&�

GDWHG� E\�
���
3E� DQG� GHWHUPLQHG� LQ� UHPRWH� DOSLQH� ODFXVWULQH� VHGLPHQWV�� ZLWK� DOPRVW� QR�

KXPDQ�LQIOXHQFH��ZHUH�FRPSDUHG�WR�WKH�YHUWLFDO�SURILOHV�RI�%&�GHWHUPLQHG�LQ�VXEDOSLQH�

ODFXVWULQH�DQG�FRDVWDO�PDULQH�VHGLPHQWV��ZKHUH�D�VWURQJ�DQWKURSRJHQLF�LPSDFW�LV�SUHVHQW��

,Q� DGGLWLRQ�� WKH� RUJDQLF� FDUERQ� �2&��� WRWDO� FDUERQ� �7&�� DQG� WRWDO� VXOSKXU� �76��

FRQFHQWUDWLRQV�ZHUH�DOVR�PHDVXUHG�LQ�WKH�VHGLPHQW�VDPSOHV�DQG�WKH�%&�2&�UDWLRV�ZHUH�
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FDOFXODWHG��,Q�VHOHFWHG�VDPSOHV��WKH�VKDSH�DQG�VXUIDFH�PRUSKRORJ\�RI�%&�SDUWLFOHV�ZHUH�

DQDO\VHG�XVLQJ�D� VFDQQLQJ�HOHFWURQ�PLFURVFRSH��('6�VSHFWUD�RI�VHOHFWHG�SDUWLFOHV�ZHUH�

DOVR�GHULYHG�WR�REWDLQ�WKH�TXDOLWDWLYH�HOHPHQWDO�FRPSRVLWLRQ�RI�WKH�SDUWLFOHV��

)RU� WKH�VWXG\�DUHD��IRXU�UHPRWH��KLJK�DOWLWXGH�PRXQWDLQ�ODNHV�VLWXDWHG�LQ� WKH�-XOLDQ�

$OSV�ZHUH�VHOHFWHG��L�H��/DNH�.ULVNR�6XS���/DNH�/HGYLFD��/DNH�.UQ�DQG�/DNH�3ODQLQD��$OO�

WKH�ODNHV�DUH�RI�JODFLDO�RULJLQ��7KH\�DUH�VPDOO��VXUIDFH�DUHD�RI�����WR���KD���VKDOORZ������

WR� ���P�� DQG� VXUURXQGHG� E\� VWHHS� VORSHV��7KH�PDLQ�EHGURFN� LV� OLPHVWRQH��7KH� DQQXDO�

SUHFLSLWDWLRQ�UDWH�LV�KLJK��UHDFKLQJ������PP�SHU�\HDU�LQ�WKH�1:�SDUW�RI�WKH�-XOLDQ�$OSV�

DQG�GHFUHDVLQJ�LQ�WKH�6(�GLUHFWLRQ�
��
�7KHUH�DUH�QR�SHUPDQHQW�VXUIDFH�LQIORZV�LQWR�WKHVH�

ODNHV��$OO�RI�WKH�ODNHV�DUH�VLWXDWHG�LQ�WKH�7ULJODY�1DWLRQDO�3DUN��ZKHUH�KXPDQ�LPSDFW�LV�

OLPLWHG� E\� ODZ�� H[FHSW� IRU� /DNH� 3ODQLQD�� ZKHUH� WKHUH� LV� D�PRXQWDLQ� KXW�� VLWXDWHG� MXVW�

DERYH�WKH�ODNH��

,Q�DGGLWLRQ�� WZR�VLWHV� LQ�XUEDQLVHG�DUHDV�ZHUH�DOVR�VHOHFWHG�� L�H��/DNH�%OHG�DQG�WKH�

*XOI� RI� 7ULHVWH� �QRUWKHUQ�$GULDWLF��� /DNH�%OHG� LV� DQ� HXWURSKLF� VXEDOSLQH� ODNH�� DOVR� RI�

JODFLDO�RULJLQ��ZLWK�D�VXUIDFH�DUHD�RI�����NP
�
��D�PD[LPDO�GHSWK�RI����P�DQG�ZLWK�VHYHUDO�

VXUIDFH� LQIORZV�� 'HHSHU� OD\HUV� RI� WKH� ZDWHU� FROXPQ� DUH� DQR[LF� DQG� LQ� WKH� VHGLPHQW�

PHWKDQRJHQHWLF�SURFHVVHV�DUH�SUHVHQW�
��
�,Q�WKH�*XOI�RI�7ULHVWH��WKH�VDPSOLQJ�VWDWLRQ�$$��

LQ�WKH�FHQWUDO�SDUW�RI�WKH�*XOI�ZDV�VHOHFWHG��DW�D�GHSWK�RI����P��7KH�*XOI�RI�7ULHVWH�LV�D�

VKDOORZ� PDULQH� EDVLQ�� ZLWK� VHYHUDO� IUHVKZDWHU� LQIORZV�� 6HGLPHQWDU\� GHWULWDO� PDWHULDO�

RULJLQDWHV�SULPDULO\�IURP�WKH�6RþD�,VRQ]R�ULYHU�ZKLFK�LV�WKH�PDLQ�IUHVKZDWHU�LQIORZ��7KH�

XSSHUPRVW�OD\HU�RI�WKH�VHGLPHQW�LV�ELRWXUEDWHG��

�

([SHULPHQWDO�
�

6DPSOLQJ�

,Q������� VL[�VHGLPHQW�FRUHV�ZHUH�FROOHFWHG�IURP�WKH�DERYH�PHQWLRQHG� ORFDWLRQV� LQ�

6ORYHQLD��$OO�RI�WKH�ODFXVWULQH�VHGLPHQW�FRUHV�ZHUH�WDNHQ�IURP�WKH�GHHSHVW�EDVLQ�RI�HDFK�

ODNH�� $GGLWLRQDOO\�� D� FRUH� IURP� WKH� FRDVWDO� PDULQH� VHGLPHQW� LQ� WKH� *XOI� RI� 7ULHVWH�

�QRUWKHUQ� $GULDWLF�� ZDV� DOVR� WDNHQ� �VDPSOLQJ� VWDWLRQ� $$���� $OO� FRUHV� ZHUH� FROOHFWHG�

XVLQJ�D�JUDYLW\�FRUH� VDPSOHU� ILWWHG�ZLWK�D�SOH[LJODVV� WXEH���FP�LQ�GLDPHWHU�DQG����FP�

ORQJ��7KH�FRUHV�ZHUH�LPPHGLDWHO\�H[WUXGHG�LQ�WKH�ILHOG�DQG�VHFWLRQHG�LQWR�RQH�FP�WKLFN�
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LQWHUYDOV��6XEVDPSOHV�ZHUH�IUHH]H�GULHG��VLHYHG�WKURXJK������P�PHVK��KRPRJHQLVHG�DQG�

VWRUHG�LQ�SRO\HWK\OHQH�YLDOV�XQWLO�DQDO\VLV��

�

%ODFN�FDUERQ�GHWHUPLQDWLRQ�

$OO� VXEVDPSOHV�ZHUH�SUH�WUHDWHG� LQ�RUGHU� WR� UHPRYH� LQRUJDQLF�DQG�RUJDQLF�FDUERQ��

)LUVW�� RUJDQLF� FDUERQ� ZDV� UHPRYHG� E\� WKHUPDO� R[LGDWLRQ� DW� ���� �&� IRU� ��� K� LQ� WKH�

SUHVHQFH�RI�DLU�
��
�6XEVHTXHQWO\��LQRUJDQLF�FDUERQ�ZDV�UHPRYHG�WKURXJK�DQ�DFLGLILFDWLRQ�

SURFHGXUH�XVLQJ���0�+&O� DFLG��&RQVLGHULQJ� WKDW� DOO� WKH� VDPSOLQJ� VLWHV�DUH� VLWXDWHG�RQ�

OLPHVWRQH� EHGURFN�� YLROHQW� HIIHUYHVFHQFH�ZDV� SUHYHQWHG� E\� DGGLQJ� D� VPDOO� TXDQWLW\� RI�

GLVWLOOHG�ZDWHU�EHIRUH�DFLGLILFDWLRQ��7KHQ����0�+&O�DFLG�ZDV�DGGHG�XQWLO�HIIHUYHVFHQFH�

XSRQ� DFLG� DGGLWLRQ� FHDVHG�� LQGLFDWLQJ� FRPSOHWH� UHPRYDO� RI� LQRUJDQLF� FDUERQ�� $IWHU�

VDPSOH� SUH�WUHDWPHQW�� WKH� %&� FRQFHQWUDWLRQ� ZDV� PHDVXUHG� XVLQJ� DQ� HOHPHQWDO� &+16�

DQDO\VHU� �&DUOR� (UED� ,QVW��� ($� ������ DW� D� FRPEXVWLRQ� WHPSHUDWXUH� RI� ����� �&�� 7KH�

SUHFLVLRQ�RI�WKH�PHWKRG��H[SUHVVHG�LQ�WHUPV�RI�WKH�VWDQGDUG�GHYLDWLRQ��UDQJHG�EHWZHHQ���

�����

�

2UJDQLF�FDUERQ��WRWDO�FDUERQ�DQG�WRWDO�VXOSKXU�GHWHUPLQDWLRQ�

:KHQ� GHWHUPLQLQJ� RUJDQLF� FDUERQ� �2&��� VDPSOHV� ZHUH� WUHDWHG� ZLWK� ��0� +&O� LQ�

RUGHU� WR� UHPRYH� LQRUJDQLF� FDUERQ�
��
� 7KH� 2&� FRQWHQW� ZDV� DJDLQ� GHWHUPLQHG� XVLQJ� DQ�

HOHPHQWDO�DQDO\VHU�DW�D�FRPEXVWLRQ�WHPSHUDWXUH�RI�������&��

:KHQ� GHWHUPLQLQJ� WRWDO� FDUERQ� �7&�� DQG� WRWDO� VXOSKXU� �76��� WKH� VDPSOHV� ZHUH�

DQDO\VHG�XVLQJ�DQ�HOHPHQWDO�DQDO\VHU��ZLWKRXW�DQ\�VDPSOH�SUH�WUHDWPHQW��7KH�SUHFLVLRQ�

RI�WKHVH�PHDVXUHPHQWV��H[SUHVVHG�DV�WKH�VWDQGDUG�GHYLDWLRQ��ZDV�������

�

6FDQQLQJ�(OHFWURQ�0LFURVFRS\�DQG�;�UD\�(QHUJ\�'LVSHUVLYH�6SHFWURPHWU\�

$� -(2/� -60� ����� VFDQQLQJ� HOHFWURQ� PLFURVFRSH� �6(0�� ZDV� XVHG� IRU� RYHUDOO�

PLFURVWUXFWXUDO� DQDO\VLV� DQG� H[DPLQDWLRQ� RI� WKH� VXUIDFH� PRUSKRORJ\� RI� VHGLPHQW�

VDPSOHV��3ULRU�WR�6(0�DQDO\VLV��WKH�VDPSOH�ZDV�PRXQWHG�RQ�FDUERQ�FRQGXFWLQJ�WDSH�WR�

SURYLGH� WKH� VDPSOH� ZLWK� HOHFWULFDO� FRQGXFWLYLW\� DQG� D� FKDUJH� HIIHFW�� 7KH� 6(0� ZDV�

HTXLSSHG� ZLWK� D� /,1.� ,6,6� ���� HQHUJ\� GLVSHUVLYH� ;�UD\� �('6�� DQDO\]HU�� 7KH� ('6�
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V\VWHP�DOORZV�QRQ�GHVWUXFWLYH�TXDOLWDWLYH�HOHPHQWDO�DQDO\VLV�RI�YLVXDOO\�VHOHFWHG�DUHDV�RQ�

WKH�VXUIDFH�RI�WKH�VHOHFWHG�SDUWLFOH�LQ�WKH�VHGLPHQW�VDPSOHV��

�

'HWHUPLQDWLRQ�RI�VHGLPHQWDWLRQ�UDWHV�LQ�WKH�VHGLPHQWV�

$OO� VHGLPHQWDWLRQ� UDWHV�ZHUH� GHWHUPLQHG� E\�PHDVXUHPHQW� RI�
���
3E� DFWLYLW\��ZKLFK�

ZDV�GHWHUPLQHG�E\���UD\�VSHFWURPHWU\�XVLQJ�DQ�+3�*H�ZHOO�W\SH�GHWHFWRU�DQG�D�&DQEHUUD�

���PXOWLFKDQQHO�DQDO\VLV�V\VWHP�
��
�

�

�

5HVXOWV�DQG�GLVFXVVLRQ�
�

%ODFN�FDUERQ�SDUWLFOHV�

7KH� VKDSH� DQG� VXUIDFH�PRUSKRORJ\� RI� WKH�%&�SDUWLFOHV�ZHUH� DQDO\VHG�ZLWK�6(0��

)LJV�� �� DQG� �� VKRZ� %&� SDUWLFOHV� IURP� WKH� VHGLPHQW� VDPSOH� IURP� /DNH� %OHG�� 7KH�

VSKHULFDO� %&� SDUWLFOH� VKRZQ� LQ� )LJ�� �� RULJLQDWHV� HLWKHU� IURP� FRDO� RU� RLO� FRPEXVWLRQ��

)XUWKHU�GHFRGLQJ�RI�LWV�RULJLQ�LV�SRVVLEOH�ZKHQ�WKH�('6�VSHFWUXP�RI�WKH�%&�SDUWLFOH�LV�

PHDVXUHG��DV�VKRZQ�LQ�)LJ�����6LQFH� LQ�('6�VSHFWUD�K\GURJHQ�FDQ�QRW�EH�GHWHFWHG�� WKH�

.XKOEXVFK� DQG�&UXW]HQ� GHILQLWLRQ� RI�%&�
�
� LQ� WHUPV� RI� WKH�+�&� UDWLR� FDQ� QRW� EH� XVHG��

,QVWHDG�� WKH�2�&� UDWLR� HPHUJHG� DV� D� VXLWDEOH�RSWLRQ� WR�GHILQH�%&�SDUWLFOHV� LQ� WKH�('6�

VSHFWUD�� :KHQ� WKH� 2�&� UDWLR� RI� D� VHOHFWHG� SDUWLFOH� LV� EHORZ� ����� WKH� SDUWLFOH� FDQ� EH�

FRQVLGHUHG� DV� D� %&� SDUWLFOH�� EXW� LWV� RULJLQ� FDQ� RQO\� EH� SUHGLFWHG� IURP� WKH� HOHPHQW�

FRPSRVLWLRQ�
��
� 7KH�2�&� UDWLR� RI� WKH� SDUWLFOH� LQ� )LJ�� ��� HYDOXDWHG� IURP�)LJ�� ��� LV� ������

+HQFH�� LW�FDQ�EH�FRQVLGHUHG�DV�D�%&�SDUWLFOH��%HFDXVH�RI�WKH�SUHVHQFH�RI�6�LQ�WKH�('6�

VSHFWUXP��WKH�PRVW�SUREDEOH�RULJLQ�RI�WKLV�%&�SDUWLFOH�LV�IURP�FRDO�FRPEXVWLRQ��6L�DQG�

&D�ZHUH�DOVR�GHWHFWHG�LQ�VPDOO�TXDQWLWLHV�VLQFH�VRPH�PLQHUDO�SDUWLFOHV�DUH�DOVR�SUHVHQW�LQ�

WKH�VDPSOH��$�W\SLFDO�%&�SDUWLFOH�RULJLQDWLQJ�IURP�ELRPDVV�EXUQLQJ�LV�SUHVHQWHG�LQ�)LJ��

���7KLV�SDUWLFOH�UHWDLQV�LWV�RULJLQDO�SODQW�VWUXFWXUH�DQG�WKH�OHQJWK�WR�ZLGWK�UDWLR�LV�ODUJHU�

WKDQ����
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�

)LJ������6SKHULFDO�%&�SDUWLFOH�IURP�WKH�VHGLPHQW�RI�/DNH�%OHG�

�

�

�

�

)LJ������%LRPDVV�%&�SDUWLFOH�IURP�WKH�VHGLPHQW�RI�/DNH�%OHG�

�
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)LJ������('6�VSHFWUXP�RI�WKH�VSKHULFDO�%&�SDUWLFOH�SUHVHQWHG�LQ�)LJ����

�

�

%ODFN�FDUERQ�FRQWHQW�LQ�VHGLPHQWV�

%&�FRQWHQWV�LQ�WKH�VWXGLHG�VHGLPHQWV�UDQJHG�IURP���WR����PJ�%&�JGZ��JGZ� �JUDP�

GU\�ZHLJKW�VHGLPHQW���)LJV����DQG�����7KH�KLJKHVW�FRQWHQWV�ZHUH�PHDVXUHG�LQ�WKH�DOSLQH�

ODFXVWULQH�VHGLPHQWV��ZKLOH�LQ�WKH�XUEDQ�VHGLPHQW�RI�/DNH�%OHG�DQG�LQ�WKH�FRDVWDO�PDULQH�

VHGLPHQW� LQ� WKH� *XOI� RI� 7ULHVWH� WKH� %&� FRQWHQWV� ZHUH� PXFK� ORZHU�� 7KH� %&�

FRQFHQWUDWLRQV� LQ� /DNH� %OHG� GLG� QRW� H[FHHG� ���� PJ� %&�JGZ�� ,Q� WKH� FRDVWDO� PDULQH�

VHGLPHQW�� WKH� %&� FRQWHQWV� ZHUH� HYHQ� ORZHU�� UDQJLQJ� IURP� DV� ORZ� DV� ���� WR� ���� PJ�

%&�JGZ�� $� GHFUHDVLQJ� YHUWLFDO� GLVWULEXWLRQ� RI� %&� FRQWHQWV� LQ� WKH� DOSLQH� ODFXVWULQH�

VHGLPHQWV�ZDV�REVHUYHG��ZLWK�WKH�H[FHSWLRQ�RI�/DNH�3ODQLQD�VHGLPHQW��ZKHUH�D�PDUNHG�

SHDN�� GDWHG� WR� DERXW� WKH� \HDU� ������ LV� HYLGHQW� �)LJ�� ����7KLV�SHDN� LV� UHODWHG� WR� D�KXJH�
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IRUHVW�ILUH�LQ�WKH�\HDU������LQ�WKH�YLFLQLW\�RI�WKDW�ODNH��HPLWWLQJ�ODUJH�DPRXQWV�RI�%&�LQ�

WKH�ODNH�FDWFKPHQW�DUHD��

7KH�%&�GLVWULEXWLRQ�LQ�WKH�VHGLPHQWV�RI�/DNH�%OHG�DQG�WKH�*XOI�RI�7ULHVWH�VKRZHG�D�

GLIIHUHQW�� FKDUDFWHULVWLF� YHUWLFDO� SURILOH�� $W� WKH� EHJLQQLQJ� RI� WKH� ��
WK
� FHQWXU\��

FRQFHQWUDWLRQV� EHJDQ� WR� LQFUHDVH�� UHDFKLQJ� PD[LPDO� YDOXHV� LQ� WKH� ����V�� 7KHVH� KLJK�

YDOXHV� FRXOG� EH� H[SODLQHG� E\� LQFUHDVLQJ� LQGXVWULDOLVDWLRQ� DQG� UDSLG� LQFUHDVH� LQ� IXHO�

FRQVXPSWLRQ�� ,Q� WKH� ����V� FRQFHQWUDWLRQV� RI�%&� GHFUHDVHG� UDSLGO\�� SUREDEO\� GXH� WR� D�

VKLIW�IURP�FRDO�DQG�RLO�WR�JDV�HQHUJ\�VRXUFHV��7KH�%&�FRQFHQWUDWLRQV�LQ�WKH�ORZHU�OD\HUV�

RI�WKH�FRDVWDO�PDULQH�VHGLPHQW��DYHUDJLQJ�WR�DERXW�����PJ�%&�JGZ��FRXOG�EH�FRQVLGHUHG�

DV�WKH�SUH�LQGXVWULDO�%&�FRQWHQW�LQ�WKH�VHGLPHQW�RI�WKH�*XOI�RI�7ULHVWH��

�

2UJDQLF�FDUERQ��WRWDO�FDUERQ�DQG�WRWDO�VXOSKXU�FRQWHQWV�LQ�VHGLPHQWV�

7KH� 2&� GLVWULEXWLRQ� LQ� WKH� VHGLPHQWV� �)LJV�� �� DQG� ��� VKRZHG� D� VLPLODU� SDWWHUQ��

$JDLQ�� WKH�KLJKHVW�FRQFHQWUDWLRQV�ZHUH�PHDVXUHG�LQ�WKH�DOSLQH�ODNH�VHGLPHQWV��7KH�2&�

FRQFHQWUDWLRQV�LQ�WKHVH�VHGLPHQWV�UDQJHG�EHWZHHQ����DQG�����PJ�2&�JGZ��7KH�LQIORZ�

RI�RUJDQLF�PDWWHU�IURP�WKH�ODNH�FDWFKPHQW�DUHD�DQG�WKH�DFFXPXODWLRQ�RI�RUJDQLF�PDWWHU�LQ�

WKH�GHHSHVW�SDUW�RI�WKH�ODNH�FRXOG�EH�WKH�VRXUFH�RI�VXFK�KLJK�2&�FRQFHQWUDWLRQV��7KH�2&�

FRQFHQWUDWLRQV�LQ�/DNH�%OHG�ZHUH�ORZHU��UDQJLQJ�IURP����WR����PJ�2&�JGZ��,Q�WKH�*XOI�

RI�7ULHVWH�� WKH�2&�FRQFHQWUDWLRQ�ZDV� HYHQ� ORZHU�� UHDFKLQJ� D�PD[LPDO�YDOXH�RI����PJ�

2&�JGZ��,Q�DOO�VHGLPHQWV��YHUWLFDO�GLVWULEXWLRQV�RI�2&�FRQWHQW�VKRZHG�D�GHFUHDVH��ZKLOH�

D�QHDUO\�H[SRQHQWLDO�GHFUHDVH�RI�2&�FRQWHQW�ZDV�REVHUYHG�LQ�WKH�*XOI�RI�7ULHVWH��

7KH� 7&� GLVWULEXWLRQ� LQ� WKH� VHGLPHQWV� LV� DOVR� VLPLODU� WR� WKDW� RI� 2&�� 7KH� KLJKHVW�

YDOXHV��UHDFKLQJ�����PJ�7&�JGZ��ZHUH�PHDVXUHG�LQ�WKH�DOSLQH�ODNH�VHGLPHQWV��ZKLOH�WKH�

ORZHVW� YDOXHV�� QRW� H[FHHGLQJ� ��� PJ� 7&�JGZ�� ZHUH� DJDLQ� GHWHUPLQHG� LQ� WKH� FRDVWDO�

PDULQH� VHGLPHQW�� ,Q� WKH� ORZHU� OD\HUV� RI� WKH� ODFXVWULQH� VHGLPHQWV�� WKH� 7&� FRQWHQWV�

DSSURDFKHG� ���� PJ� 7&�JGZ�� VKRZLQJ� WKDW� 2&� LV� PDLQO\� GHFRPSRVHG� DQG� RQO\�

FDUERQDWHV�DUH�OHIW��

7KH� 76� GLVWULEXWLRQ� LQ� WKH� VWXGLHG� VHGLPHQWV� LV� VKRZQ� LQ� )LJ�� ��� 7KH� ORZHVW�

FRQFHQWUDWLRQV�� EHORZ� �� PJ� 76�JGZ�� ZHUH� PHDVXUHG� LQ� XQSROOXWHG�� UHPRWH� PRXQWDLQ�

ODNHV��+LJKHU�FRQFHQWUDWLRQV�ZHUH�QRWHG�LQ�SROOXWHG�DQG�DQR[LF�VHGLPHQWV�IURP�/DNH�



$FWD�&KLP��6ORY�������������������

*� 0XUL� %� ýHUPHOM� -� )DJDQHOL� -� +ROF� 'HWHUPLQDWLRQ RI EODFN FDUERQ LQ ODFXVWULQH DQG FRDVWDO «

���

%ODFN FDUERQ LQ PRXQWDLQ ODNHV

����

����

����

����

����

� � � � � �� ��

%& PJ�JGZ

'
D
WH

\
U

/D NH /HGYLFD

/D NH .ULVNR 6X S�

/D NH 3OD Q LQD

/D NH .UQ

� �

2UJDQLF FDUERQ LQ PRXQWDLQ ODNHV

����

����

����

����

����

� �� ��� ��� ���

2& PJ�JGZ

'
D
WH

\
U

/D NH /HGYLFD

/D NH .ULVNR 6X S�

/D NH 3OD Q LQD

/D NH .UQ

�

�
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)LJ������9HUWLFDO�SURILOHV�RI�EODFN�FDUERQ�DQG�RUJDQLF�FDUERQ�LQ�XUEDQ�VLWHV�
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/D NH % OHG
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)LJ������9HUWLFDO�SURILOHV�RI�WRWDO�VXOSKXU�LQ�R[LF�DQG�DQR[LF�VHGLPHQWV�

�

3ODQLQD�DQG�/DNH�%OHG��UHDFKLQJ�DOPRVW���PJ�76�JGZ��7KH�PDLQ�VRXUFH�RI�VXOSKXU�

LQ� WKHVH� ODFXVWULQH� VHGLPHQWV� LV�PRVW�SUREDEO\�DWPRVSKHULF�GHSRVLWLRQ�RI�VXOSKDWH�
��
�$�

GHFUHDVH�RI�76�FRQFHQWUDWLRQV�LQ�WKH�VHGLPHQWV�LV�REVHUYHG��*HQHUDOO\��PRUH�IOXFWXDWLQJ�

SHDNV� LQ� WKH� XSSHU� OD\HUV� RI� WKH� VHGLPHQWV� DUH� QRWHG� DQG� DUH� UHODWHG� WR� YDULDWLRQV� RI�

DWPRVSKHULF�GHSRVLWLRQ�RI�WKH�SROOXWDQWV��EXW�LQ�WKH�ORZHU�VHGLPHQW�OD\HUV��GDWHG�EHIRUH�

������ WKH� FRQFHQWUDWLRQV� GHFUHDVHG� UDSLGO\� LQGLFDWLQJ� ORZHU� SROOXWLRQ� LPSDFW�� 2Q� WKH�

RWKHU� KDQG�� WKH� GLVWULEXWLRQ� RI� 76� LQ� DQR[LF� VHGLPHQWV� LV� GLIIHUHQW� GXH� WR� VXOSKDWH�

UHGXFWLRQ�DQG�S\ULWH�IRUPDWLRQ�UHVXOWLQJ�LQ�D�UDSLG�LQFUHDVH�RI�76�FRQFHQWUDWLRQV�LQ�WKH�

ORZHU�OD\HUV�RI�WKH�VHGLPHQWV��

7KH�SDUDOOHO� GHSWK�GHFUHDVH�RI�%&�DQG�76�FRQFHQWUDWLRQV� LQ� WKH� UHPRWH� ODFXVWULQH�

VHGLPHQW� FRUHV� GRFXPHQWV� WKH� FRPPRQ� VRXUFH� RI� ERWK� SROOXWDQWV�� L�H�� DWPRVSKHULF�

GHSRVLWLRQ��

�

%&�2&�UDWLR�LQ�VHGLPHQWV�

7KH�%&�2&�UDWLR�LV�D�FKDUDFWHULVWLF�SURSHUW\�RI�D�VWXG\�DUHD�DQG�FDQ�EH�UHODWHG�WR�WKH�

UHOHYDQW�SROOXWLRQ�SKHQRPHQD��$OO�%&�2&�UDWLRV�LQ�DOSLQH�ODNHV�ZHUH�EHORZ�������
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)LJ������9HUWLFDO�SURILOHV�RI�%&�2&�UDWLRV�LQ�ODFXVWULQH�
��
�DQG�FRDVWDO�PDULQH�

VHGLPHQWV�

�

+LJKHU� %&�2&� UDWLRV�� H[FHHGLQJ� ����� ZHUH� PHDVXUHG� LQ� /DNH� %OHG� ZKLFK� LV�

VXUURXQGHG� E\� DQ� XUEDQLVHG� DUHD�� 7KH� KLJKHVW� UDWLRV�� UHDFKLQJ� DOPRVW� ����� ZHUH�

HQFRXQWHUHG� LQ� WKH�*XOI�RI�7ULHVWH��)LJ������1HDUO\�FRQVWDQW�YHUWLFDO�SURILOHV�RI�%&�2&�

UDWLRV�ZHUH�IRXQG�LQ�WKH�DOSLQH�ODFXVWULQH�VHGLPHQWV��VKRZLQJ�D�VPDOO�EXW�FRQVWDQW�LQSXW�
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RI�%&��$Q�HYLGHQW�GHFUHDVH�RI�WKH�%&�2&�UDWLRV�LQ�WKH�:���(�GLUHFWLRQ�DFURVV�WKH�DOSLQH�

DUHD� LV� REVHUYHG� GXH� WR� GHFUHDVLQJ� DWPRVSKHULF� GHSRVLWLRQ��$WPRVSKHULF� GHSRVLWLRQ� LV�

WKH�PDLQ� VRXUFH� RI� LQSXW� RI�SROOXWDQWV� LQ� UHPRWH� DOSLQH� DUHDV��7KH�ZHVWHUQ�SDUW� RI� WKH�

-XOLDQ�$OSV�UHFHLYHV�WKH�KLJKHVW�TXDQWLW\�RI�SUHFLSLWDWLRQ��DQG�KHQFH�SROOXWDQWV��ZKLFK�LV�

DOVR�UHIOHFWHG�LQ�D�KLJKHU�%&�LQSXW�DQG�KLJKHU�%&�2&�UDWLRV�LQ�VHGLPHQWV��*RLQJ�IXUWKHU�

WR� WKH�HDVW�� WKH�DQQXDO�SUHFLSLWDWLRQ� UDWH�� WKH�%&� LQSXW�DQG� WKH�%&�2&�UDWLRV�GHFUHDVH��

7KH� UDWKHU� XQLIRUP� YHUWLFDO� VHGLPHQWDU\� SURILOHV� RI� %&�2&� UDWLRV� GHWHFWHG� LQ� DOSLQH�

ODFXVWULQH�VHGLPHQWV�DOVR� LQGLFDWH� WKDW� ORFDO�VRXUFHV�RI�%&�SROOXWLRQ�DUH� OHVV� LPSRUWDQW�

WKDQ�DWPRVSKHULF�GHSRVLWLRQ��

7KH�%&�2&�UDWLRV�LQ�WKH�VHGLPHQWV�RI�/DNH�%OHG�DQG�WKH�*XOI�RI�7ULHVWH�ZHUH�PXFK�

KLJKHU�WKDQ�LQ�UHPRWH�DOSLQH�ODNHV�LQGLFDWLQJ�WKDW�ORFDO�VRXUFHV�RI�SROOXWLRQ��HQWHULQJ�E\�

IUHVK�ZDWHU� LQIORZV�� DUH�PRUH� LPSRUWDQW� WKDQ� DWPRVSKHULF� GHSRVLWLRQ�� 7KH� LQFUHDVH� RI�

%&�2&� UDWLR� VWDUWHG� DW� WKH�HQG�RI���
WK
�&HQWXU\� LQ�SDUDOOHO�ZLWK� LQGXVWULDO�GHYHORSPHQW�

DQG�WKH�LQFUHDVLQJ�XVH�RI�IRVVLO�IXHO��7KH�KLJKHVW�UDWLRV�ZHUH�REVHUYHG�LQ�WKH�\HDUV�DIWHU�

WKH� 6HFRQG� :RUOG� :DU� DQG� WKHQ� GHFUHDVHG� LQ� WKH� ODWH� ����V�� PRVW� SUREDEO\� GXH� WR�

LPSURYHG� DLU� SROOXWLRQ� HPLVVLRQ� FRQWURO�� DFKLHYHG� WKURXJK� LQVWDOODWLRQ� RI� FRQWURO�

GHYLFHV��DQG�D�VKLIW�LQ�IXHO�FRQVXPSWLRQ�IURP�FRDO�DQG�RLO�WR�QDWXUDO�JDV��UHVXOWLQJ�DJDLQ�

LQ� UHGXFHG� HPLVVLRQV
��
�� 6LPLODU� YHUWLFDO� SURILOHV� RI� %&� LQ� UHFHQW� VHGLPHQWV� ZHUH� DOVR�

UHSRUWHG�LQ�RWKHU�ODFXVWULQH�DQG�FRDVWDO�PDULQH�VHGLPHQWV�
�
�

�

�

&RQFOXVLRQV�
�

7KH�FRQFHQWUDWLRQ�RI�%&�KDV�EHHQ�FKDQJLQJ� LQ� WKH� ODVW� WZR�FHQWXULHV�DFFRUGLQJ� WR�

WKH� OHYHO� RI� SROOXWLRQ�� +HQFH�� %&� LQ� VHGLPHQWV� FDQ� EH� XVHG� DV� D� JRRG� HQYLURQPHQWDO�

LQGLFDWRU��8VLQJ�WKH�YHUWLFDO�SURILOH�RI�%&�FRQWHQWV�LQ�UHFHQW�VHGLPHQWV��WKH�WHPSRUDO�DQG�

VSDWLDO� LPSDFW� RI� DQWKURSRJHQLF� DFWLYLWLHV�� H�J�� IRVVLO� IXHO� XVDJH� DQG� IRUHVW� ILUH�

HYHQWV��RQ�WKH�HQYLURQPHQW�LQ�WKH�ODVW�����������\HDUV�FDQ�EH�HYDOXDWHG��

7KH� WKHUPDO� R[LGDWLRQ� PHWKRG� ZDV� XVHG� WR� GHWHUPLQH� %&� FRQWHQWV� LQ� VHOHFWHG�

ODFXVWULQH�DQG�FRDVWDO�PDULQH�VHGLPHQWV�LQ�6ORYHQLD��5HJDUGLQJ�WKH�GDWD��LW�LV�HYLGHQW�WKDW�

KXPDQ� LPSDFW�RQ� UHPRWH�PRXQWDLQ�DUHDV� LV� VOLJKW��7KH�RQO\�H[FHSWLRQ� LV�/DNH�3ODQLQD�
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EHFDXVH� RI� WKH� PRXQWDLQ� KXW� VLWXDWHG� DERYH� WKH� ODNH�� 7KH� KLJKHVW� %&�2&� UDWLR� ZDV�

GHWHUPLQHG� LQ� /DNH� .ULVNR� 6XS�� DQG� WKH� ORZHVW� LQ� /DNH� 3ODQLQD�� 7KH� %&�2&� UDWLRV�

GHFUHDVHG� LQ� WKH�:� �� (� GLUHFWLRQ�� IROORZLQJ� WKH� GHFUHDVH� LQ� SUHFLSLWDWLRQ� LQ� WKH� VDPH�

GLUHFWLRQ�� 7KHUHIRUH�� WKH� PDLQ� VRXUFH� RI� %&� LQ� WKHVH� VHGLPHQWV� LV� DWPRVSKHULF�

GHSRVLWLRQ��EHFDXVH�RWKHU�ORFDO�VRXUFHV�RI�SROOXWLRQ�DUH�DEVHQW��

7KH� VWXG\� VLWHV� LQ� /DNH� %OHG� DQG� LQ� WKH� *XOI� RI� 7ULHVWH� VKRZHG� D� GLIIHUHQW�

GLVWULEXWLRQ�RI�%&��7KH\�DUH�VLWXDWHG�LQ�XUEDQLVHG�DUHD�ZKHUH�D�VWURQJ�KXPDQ�LQIOXHQFH�

LV� SUHVHQW�� 7KH�PDLQ� VRXUFHV� RI� %&� LQ� WKHVH� VHGLPHQWV� DUH� ULYHULQH� LQSXW� DQG� VXUIDFH�

UXQRII�� $� FKDUDFWHULVWLF� YHUWLFDO� GLVWULEXWLRQ� RI� %&�2&� UDWLRV� DSSHDUHG�� UHDFKLQJ�

PD[LPDO� YDOXHV� LQ� WKH� ����V�� ZKHQ� SROOXWLRQ� VHHPHG� WR� EH� WKH� PRVW� LQWHQVLYH�� EXW�

GHFUHDVLQJ� LQ� WKH� ODVW� GHFDGHV� RI� WKH� ��
WK
� &HQWXU\�ZKHQ� HPLVVLRQV� RI� SROOXWDQWV�ZHUH�

HIILFLHQWO\�UHGXFHG��

�

�

5HIHUHQFHV�DQG�1RWHV�
�

�� 7� $� -� .XKOEXVFK� ,Q � 5� $� 0H\HUV �(G��� 7KH (QF\FORSDHGLD RI (QYLURQPHQWDO $QDO\VLV DQG

5HPHGLDWLRQ� -RKQ :LOH\ 	 6RQV� 1HZ <RUN� �����

�� (� '� *ROGEHUJ� %ODFN FDUERQ LQ WKH HQYLURQPHQW� -RKQ :LOH\ 	 6RQV� 1HZ <RUN� �����

�� 7� $� -� .XKOEXVFK DQG 3� -� &UXW]HQ� *ORE� %LRJHRFKHP� &\FOHV ����� �� ��������
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3RY]HWHN��
=D GRORþLWHY NRQFHQWUDFLMH þUQHJD RJOMLND �%&� Y VHGLPHQWLK ãWLULK YLVRNRJRUVNLK MH]HU

�=JRUQMH .ULãNR MH]HUR� -H]HUR Y /HGYLFDK� .UQVNR MH]HUR LQ -H]HUR QD 3ODQLQL SUL MH]HUX�� Y

%OHMVNHP MH]HUX LQ Y REDOQHP VHGLPHQWX Y 7UåDãNHP ]DOLYX VPR XSRUDELOL WHUPLþQR PHWRGR�

9 Y]RUFLK VHGLPHQWD VPR GRORþLOL ãH NRQFHQWUDFLMH WRWDOQHJD LQ RUJDQVNHJD RJOMLND WHU

WRWDOQR åYHSOR� 6WDURVWL VHGLPHQWRY VR ELOH GRORþHQH ] PHUMHQMHP DNWLYQRVWL
���
3E� 1DMQLåMH

YUHGQRVWL UD]PHUMD %&�2& VPR L]PHULOL Y YLVRNRJRUVNLK MH]HULK� 9UHGQRVWL VR QLKDOH PHG ��

��� 5D]PHUMH %&�2& Y %OHMVNHP MH]HUX MH QDUDVOR QD ���� PHGWHP NR MH Y 7UåDãNHP

]DOLYX ]QDãDOR ���� 2SLVDQH YUHGQRVWL QDP SRNDåHMR UD]OLNR PHG QHRQHVQDåHQLP

YLVRNRJRUMHP� NMHU MH JODYQL L]YRU %& Y VHGLPHQWX DWPRVIHUVND GHSR]LFLMD� LQ PHG

RQHVQDåHQLP XUEDQLP RNROMHP� NMHU VWD L]YRU %& Y VHGLPHQWX YQRV ] UHNDPL WHU VSLUDQMH

SRYUãMD�

�


