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ÑÊÂÀ

ªÀSßÊÈÍ� SÊÀÄÈÉ� SÊÀÄÜÅÂÈ×��Ä�S�ÕÈÌ��ÍÀÓÊ��ÏSÎÔ���ÇÀÂ��ËÀ�
ÁÎSÀÒÎSÈÅÉ� �¡ÈÎÑÅÍÑÎSÛ�� µÈÌÈ×ÅÑÊÎÃÎ� Ô�ÒÀ� ¬£³� ÈÌ�
¬� ¢��«ÎÌÎÍÎÑÎÂÀ��Ã��¬ÎÑÊÂÀ

ªËÈÌÎÂ�¤ÌÈÒSÈÉ�¬ÈÕÀÉËÎÂÈ×��ÀÊÀÄ��3 ��Ä�S�ÒÅÕÍ��ÍÀÓÊ��ÏSÎÔ��
ÄÈSÅÊÒÎS�¨ÍÑÒÈÒÓÒÀ�ÏSÎÁËÅÌ�ÌÅÕÀÍÈÊÈ�3 ��Ã��¬ÎÑÊÂÀ

ªÓÇÈÍ� ËÅÊÑÀÍÄS�¾SÜÅÂÈ×��Ä�S�ÒÅÕÍ��ÍÀÓÊ��Ñ��Í��Ñ���ÍÀ×ÀËÜÍÈÊ
ÖÅÍÒÐÀ����£¨¨¨�¬®�3´��Ã��¬ÛÒÈÙÈ

«ÈÔØÈÖ� ¢ÈÊÒÎS� £ÅÎSÃÈÅÂÈ×�� ×Ë��ÊÎSS�� 3 �� Ä�S� ÔÈÇ��ÌÀÒ�
ÍÀÓÊ��ÏSÎÔ���ÄÈSÅÊÒÎS�ÀÓ×ÍÎ�ÒÅÕÍÎËÎÃÈ×ÅÑÊÎÃÎ�ÖÅÍÒSÀ�ÏÎ�

ËÓÏSÎÂÎÄÍÈÊÎÂÎÉ�ÌÈÊSÎÝËÅÊÒSÎÍÈÊÈ�¨ÍÑÒÈÒÓÒÀ�ÀÂÒÎÌÀÒÈ�
ÊÈ�È�ÏSÎÖÅÑÑÎÂ�ÓÏSÀÂËÅÍÈß�¤¢®�3 ��ÇÀÂ��ÊÀÔ���´ÈÇÈÊÀ
È ÒÅÕÍÎËÎÃÈß�ÌÀÒÅSÈÀËÎÂ�ÄËß�ÏÎËÓÏSÎÂÎÄÍÈÊÎÂÎÉ�ÝËÅÊÒSÎ�
ÍÈÊÈ��¤£³��Ã��¢ËÀÄÈÂÎÑÒÎÊ

¬ÎÊÅSÎÂ�¢ËÀÄÈÌÈS� £SÈÃÎSÜÅÂÈ×�� ×Ë��ÊÎSS�� 3 �� Ä�S�ÔÈÇ��
ÌÀÒ��ÍÀÓÊ��ÏSÎÔ���ÄÈÐÅÊÒÎÐ�¨ÍÑÒÈÒÓÒÀ�ÑÂÅÐÕÂÛÑÎÊÎ×ÀÑÒÎÒ�
ÍÎÉ�ÏÎËÓÏÐÎÂÎÄÍÈÊÎÂÎÉ�ÝËÅÊÒÐÎÍÈÊÈ�3 ��ÇÀÂ��ÊÀÔ���¯ÎËÓ�
ÏSÎÂÎÄÍÈÊÎÂÛÅ�ÏSÈÁÎSÛ��¬¨3½ ��Ã��¬ÎÑÊÂÀ

¬ÎÊSÎÂ�¥ÂÃÅÍÈÉ� ËÅÊÑÅÅÂÈ×��Ä�Ð�ÒÅÕÍ��ÍÀÓÊ��ÃÅÍÅSÀËÜÍÛÉ�ÄÈ�
SÅÊÒÎS�x�ÃËÀÂÍÛÉ�ÊÎÍÑÒSÓÊÒÎS�¨¨�ÔÈÇÈ×ÅÑÊÈÕ�ÈÇÌÅSÅ�
ÍÈÉ��Ã��¯ÅÍÇÀ

ÈÊÈÒÎÂ�±ÅSÃÅÉ� ÏÎËËÎÍÎÂÈ×��×Ë��ÊÎSS��3 ��Ä�S�ÔÈÇ��ÌÀÒ�
ÍÀÓÊ�� ÏSÎÔ��� ÇÀÌ�� ÄÈSÅÊÒÎSÀ�¨ÍÑÒÈÒÓÒÀ� SÀÄÈÎÒÅÕÍÈÊÈ�È
ÝËÅÊÒSÎÍÈÊÈ�3 ��Ã��¬ÎÑÊÂÀ

ÎSÅÍÊÎÂ�¨ÃÎSÜ�¯ÅÒSÎÂÈ×��Ä�S� ÒÅÕÍ��ÍÀÓÊ��ÏSÎÔ��� ÇÀÂ�� ÊÀÔ�
�± ¯3��¬£²³�ÈÌ��� ½��¡ÀÓÌÀÍÀ��Ã��¬ÎÑÊÂÀ

¯ÀÍÈ×� ÍÀÒÎËÈÉ�¥ÂÃÅÍÜÅÂÈ×��Ä�S�ÒÅÕÍ��ÍÀÓÊ��ÏSÎÔ���ÄÈSÅÊÒÎS�x
ÃËÀÂÍÛÉ� ÊÎÍÑÒSÓÊÒÎS� ÀÓ×ÍÎÃÎ� ÊÎÍÑÒSÓÊÒÎSÑÊÎÃÎ� ÁÞSÎ
�¯ÜÅÇÎÏSÈÁÎS���Ã��3ÎÑÒÎÂ�ÍÀ�¤ÎÍÓ

¯ÀÍÔÈËÎÂ�¾SÈÉ�¢ÀÑÈËÜÅÂÈ×��Ä�S�ÒÅÕÍ��ÍÀÓÊ��ÏSÎÔ��¬£²³�ÈÌ�
� ½��¡ÀÓÌÀÍÀ��Ã��¬ÎÑÊÂÀ

¯ÅÒSÎÑßÍÖ�ªÎÍÑÒÀÍÒÈÍ�®SÅÑÒÎÂÈ×��Ä�S�ÒÅÕÍ��ÍÀÓÊ��ÏSÎÔ���ÇÀÂ�
ÊÀÔ�� �½ËÅÊÒSÎÍÈÊÀ� È� ÝËÅÊÒSÎÒÅÕÍÈÊÀ��¬ÎÑÊÎÂÑÊÎÃÎ� ÃÎÑÓ�
ÄÀÐÑÒÂÅÍÍÎÃÎ�ÈÍÑÒÈÒÓÒÀ�ÝËÅÊÒÐÎÍÈÊÈ�È�ÌÀÒÅÌÀÒÈÊÈ��ÒÅÕÍÈ�
×ÅÑÊÎÃÎ�ÓÍÈÂÅSÑÈÒÅÒÀ�

¯ÅÒÐÓÍÈÍ� ¢ÀÄÈÌ� ´ÅÄÎÐÎÂÈ×�� Ä�Ð� ÔÈÇ��ÌÀÒ�� ÍÀÓÊ�� ÏÐÎÔ�
¬ÎÑÊÎÂÑÊÎÃÎ�ÃÎÑÓÄÀÐÑÒÂÅÍÍÎÃÎ�ÈÍÆÅÍÅÐÍÎ�ÔÈÇÈ×ÅÑÊÎÃÎ�ÈÍ�
ÑÒÈÒÓÒÀ��ÇÀÂ��ÎÒÐÀÑËÅÂÎÉ�ËÀÁÎÐÀÒÎÐÈÅÉ�¬ÈÍÀÒÎÌÀ�°ÎÑÑÈÈ

¯ÓÒÈËÎÂ�  ËÅÊÑÀÍÄÐ� ¢ÀËÅÍÒÈÍÎÂÈ×�� Ä�S� ÒÅÕÍ�� ÍÀÓÊ�� ÏSÎÔ��
¬ÈÍÏÐÎÌÍÀÓÊÈ�°ÎÑÑÈÈ��Ã��¬ÎÑÊÂÀ

¯ßÒÛØÅÂ�¥ÂÃÅÍÈÉ�ÈËÎÂÈ×��ÊÀÍÄ��ÔÈÇ��ÌÀÒ��ÍÀÓÊ��±ÀÍÊÒ�¯ÅÒÅS�
ÁÓSÃÑÊÈÉ�ÃÎÑ��ÒÅÕÍ��ÓÍ�Ò��ÇÀÂ��«ÀÁÎÐÀÒÎÐÈÈ�ÌÈÊÐÎÒÅÕÍÎËÎÃÈÈ�È
ÌÈÊÐÎÝËÅÊÒÐÎÌÅÕÀÍÈ×ÅÑÊÈÕ�ÑÈÑÒÅÌ��Ã��±ÀÍÊÒ�¯ÅÒÅÐÁÓÐÃ

±ÀÓSÎÂ� ËÅÊÑÀÍÄS�ÈÊÎËÀÅÂÈ×��Ä�S�ÒÅÕÍ��ÍÀÓÊ��ÏSÎÔ���ÄÈSÅÊ�
ÒÎS� ¯ª� �²ÅÕÍÎËÎÃÈ×ÅÑÊÈÉ� ÖÅÍÒS�� ¬¨½²� �ÒÅÕÍÈ×ÅÑÊÎÃÎ
ÓÍÈÂÅSÑÈÒÅÒÀ���Ã��§ÅËÅÍÎÃSÀÄ

±ÈÃÎÂ� ËÅÊÑÀÍÄS�±ÅSÃÅÅÂÈ×��Ä�S�ÔÈÇ��ÌÀÒ�ÍÀÓÊ��ÏSÎÔ���SÅÊ�
ÒÎS�¬ÎÑÊÎÂÑÊÎÃÎ�ÃÎÑÓÄÀÐÑÒÂÅÍÍÎÃÎ�ÈÍÑÒÈÒÓÒÀ�ÐÀÄÈÎÒÅÕÍÈ�
ÊÈ��ÝËÅÊÒÐÎÍÈÊÈ�È�ÀÂÒÎÌÀÒÈÊÈ��ÒÅÕÍÈ×ÅÑÊÎÃÎ�ÓÍÈÂÅSÑÈÒÅ�
ÒÀ���ÇÀÂ��ÊÀÔ���½ËÅÊÒSÎÍÈÊÀ�ÊÎÍÄÅÍÑÈSÎÂÀÍÍÛÕ�ÑSÅÄ�

±ÒÀÍÊÅÂÈ×�¢ËÀÄÈÌÈS�£ÅÎSÃÈÅÂÈ×��Ä�S�ÔÈÇ��ÌÀÒ��ÍÀÓÊ��ÏSÎÔ��
ÄÈSÅÊÒÎS�ÎÒÄÅËÅÍÈß��ªÓS×ÀÒÎÂÑÊÎÃÎ�ÈÑÒÎ×ÍÈÊÀ�ÑÈÍÕSÎÍÍÎÃÎ
ÈÇËÓ×ÅÍÈß��¨®¿´�3¶��ªÓS×ÀÒÎÂÑÊÈÉ�ÈÍÑÒÈÒÓÒ���Ã��¬ÎÑÊÂÀ

±ÒÀSÎÑÒÈÍ� ÍÀÒÎËÈÉ�ªÎÍÑÒÀÍÒÈÍÎÂÈ×��Ä�S�ÒÅÕÍ��ÍÀÓÊ��ÏSÎÔ��
ÄÈSÅÊÒÎS� ´£³¯� �ÀÓ×ÍÎ�ÈÑÑËÅÄÎÂÀÒÅËÜÑÊÈÉ� È� ÝÊÑÏÅSÈ�
ÌÅÍÒÀËÜÍÛÉ�ÈÍÑÒÈÒÓÒ�ÀÂÒÎÌÎÁÈËÜÍÎÉ�ÝËÅÊÒSÎÍÈÊÈ�È�ÝËÅÊ�
ÒSÎÎÁÎSÓÄÎÂÀÍÈß���Ã��¬ÎÑÊÂÀ

±ÒÅÏÀÍÎÂ� ¾SÈÉ� ¨ÂÀÍÎÂÈ×�� ÊÀÍÄ�� ÒÅÕÍ�� ÍÀÓÊ�� ÍÀ×ÀËÜÍÈÊ
�� ¶¨¨¨�¬®�3´��Ã��¬ÛÒÈÙÈ��ÇÀÂ��ÊÀÔ���¬ÀÒÅSÈÀËÛ�È�ÈÇ�
ÄÅËÈß�SÀÄÈÎÝËÅÊÒSÎÍÈÊÈ��¬¨3½ 

±ÓÕÎÏÀSÎÂ�  ÍÀÒÎËÈÉ� ¨ÂÀÍÎÂÈ×�� ÊÀÍÄ�� ÒÅÕÍ�� ÍÀÓÊ�� ÄÎÖÅÍÒ�
¯SÅÄÑÅÄÀÒÅËÜ� ´ÅÄÅSÀËÜÍÎÃÎ� ÔÎÍÄÀ� SÀÇÂÈÒÈß� ÝËÅÊÒSÎÍ�
ÍÎÉ�ÒÅÕÍÈÊÈ��Ã��¬ÎÑÊÂÀ

²ÅËÅÖ�¢ÈÒÀËÈÉ� SÑÅÍÜÅÂÈ×��Ä�S�ÒÅÕÍ��ÍÀÓÊ��Ñ��Í��Ñ���ÍÀ×ÀËÜÍÈÊ
ÖÅÍÒÐÀ����¶¨¨¨�¬®�3´��Ã��¬ÛÒÈÙÈ

·ÀÏËÛÃÈÍ�¾SÈÉ� ËÅÊÑÀÍÄSÎÂÈ×��×Ë��ÊÎÐÐ��° ��Ä�S�ÒÅÕÍ��ÍÀÓÊ�
ÏSÎÔ��� SÅÊÒÎS� ¬ÎÑÊÎÂÑÊÎÃÎ� ÃÎÑÓÄÀÐÑÒÂÅÍÍÎÃÎ� ÈÍÑÒÈÒÓÒÀ
ÝËÅÊÒÐÎÍÍÎÉ�ÒÅÕÍÈÊÈ��ÒÅÕÍÈ×ÅÑÊÎÃÎ�ÓÍÈÂÅSÑÈÒÅÒÀ���ÇÀÂ��ÊÀÔ�
�¬ÈÊSÎÝËÅÊÒSÎÍÈÊÀ�È�ÌÈÊSÎÑÈÑÒÅÌÍÀß�ÒÅÕÍÈÊÀ��� Ã��§ÅËÅ�
ÍÎÃSÀÄ

}° ²ª¨¥�±¢¥¤¥¨¿�®�°¥¤ ª¶¨®®©�ª®««¥£¨¨�¦³° « 
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6RXNKRYHHY�6� 3��)LEHU�%DVHG�0(06�DQG�1(06 ������������������������

6RPH�SRVVLEOH�DSSOLFDWLRQV�RI�WKH�ILEHU�WHFKQRORJ\�LQ�WKH�DUHD�RI
WKH� PLFUR�� DQG� QDQRHOHFWURPHFKDQLFDO� V\VWHPV� �0(06� DQG
1(06���PLFUR�URERWLF�DQG�VHOI�SRZHUHG�PLFUR�DHULDO�YHKLFOHV�ZLWK
VL]H�DERXW��Û��FP�DUH�GLVFXVVHG�

6KDOREDHY�(��9���0RQDKRY�<��6��7KH�5HYLHZ�RI�'HYHORSPHQW
0LFURDFWXDWRUV�RQ�D�%DVLV�/DVHU�7HFKQRORJLHU�DQG�2IIHU
RQ�WR�3URVSHFWV�RI�7KHLU�'HYHORSPHQW ����������������������������������������� ��

,Q�ZRUN�WKH�RSSRUWXQLW\�RI�UHFHSWLRQ�RI�VPDOO�DQG�PLFURDQJXODU
PRYLQJV�ZLWK�WKH�KHOS�WKHUPRVWUDLQ��FRQWUROOHG�E\�ODVHU�UDGLDWLRQ�LV
VKRZQ��7KH�QHZ�FLUFXLWV�RI�PLFURGULYHV�RQ�D�EDVLV�WKHUPRPHFKDQLFDO
RI�SULQFLSOHV�RI�GHIRUPDWLRQ�RI�D�PDWHULDO�DUH�RIIHUHG�

6OHVDUHY�<X� 1��6LJQDO�'HJUDGDWLRQ�DW�7HUPRPDJQHWLF
,QIRUPDWLRQ�5HFRUGLQJ ������������������������������������������������������������� ��

7KH�DQDO\VLV�RI�VLJQDO�GHJUDGDWLRQV�LV�DGGXFHG�DW�WKHUPRPDJQHWLF
UHFRUG�RI�WKH�LQIRUPDWLRQ�DW�WKH�GHVWDELOL]LQJ�IDFWRUV��7KH�EDVLF�UHD�
VRQV�RI�EUHDNLQJ�WLPH�DQG�VSDFH�UHODWLRQV�EHWZHHQ�JLYHQ�DQG�UHFRUG
VLJQDO�DUH�GLVFRYHUHG�

'UDJXQRY�9� 3��,QIOXHQFH�RI�WKH�)RUP�RI�DQ�(ODVWLF�(OHPHQW�
RQ�WWKH�&KDUDFWHULVWLFV�RI�0LFURHOHFWURPHFKDQLFDO�6\VWHPV������������� ��

OQ�WKLV�SDSHU��D�JHQHUDOL]HG�PRGHO�IRU�WKH�SXOO�LQ�SKHQRPHQRQ�LQ
PLFURHOHFWURPHFKDQLFDO�V\VWHPV��0(06��LV�SUHVHQWHG��7KH�SXOO�LQ
SKHQRPHQRQ�IRU�0(06�LV�UHSUHVHQWHG�E\�DOJHEUDLF�HTXDWLRQV��7KH
DQDO\WLFDO�HTXDWLRQV��ZKLFK�DOORZHG�WR�HVWLPDWH�D�SXOO�LQ�YROWDJH�DQG
WKH�SXOO�LQ�GLVSODFHPHQW�IRU�HODVWLF�HOHPHQWV�RI�WKH�FLUFXODU��VTXDUH�
WULDQJXODU�DQG�KH[DJRQDO�IRUPV�DUH�REWDLQHG�

7VDUMRYD�6� <X��,QIOXHQFH�RI�&DWDO\VW�1DWXUH�DQG�3DUDPHWHUV
RI�&DWDO\WLF�3\URO\VLV�RI�+\GURFDUERQV�3URFHVV�RQ�
&DUERQ�0XOWL�:DOO�1DQRWXEHV�0RUSKRORJ\��������������������������������� ��

&XUUHQW�ZRUN�LV�GHYRWHG�WR�VWXG\LQJ�RI�WKH�LQIOXHQFH�RI�FDWDO\VW
QDWXUH�DQG�VRPH�WHFKQRORJLFDO�SDUDPHWHUV�RQ�PRUSKRORJ\�RI�FDUERQ
PXOWL�ZDOO�QDQRWXEHV��0:17��IDEULFDWHG�E\�FDWDO\WLF�S\URO\VLV�RI

K\GURFDUERQV��$�QXPEHU�RI�H[SHULPHQWV�ZLWK�GLIIHUHQW�FRPSRXQGV�RI
,URQ�DQG�1LFNHO�DV�VRXUFH�RI�PHWDOOLF�QDQRVL]HG�FDWDO\VW�SDUWWLFOHV�DQG
EHQ]HQH�DQG�WROXHQH�DV�VRXUFH�RI�FDUERQ�ZHUH�FDUULHG�RXW��7KH�FDUERQ
SURGXFWV�DUH�VWXGLHG�E\�VFDQQLQJ�HOHFWURQ�PLFURVFRS\��WUDQVPLVVLRQ
HOHFWURQLF�PLFURVFRS\�DQG�5DPDQ�VSHFWURVFRS\��7KH�DQDO\VLV�VKRZ
WKDW�WKH�0:17�ZLWK�FRD[LDO�FRQLFDO�VWUXFWXUH�PDLQO\�ZHUH�IDEULFDWHG
RYHU�)H�FDWDO\VW��0:17�ZLWK�FRD[LDO�F\OLQGULFDO�VWUXFWXUH�ZHUH�RE�
WDLQHG�RYHU�1L�FDWDO\VW��,QVHUWLRQ�RI�6�FRQWDLQLQJ�FRPSRXQGV�LQWR�WKH
SURFHVV�UHVXOWV�LQ�LQFUHDVH�RI�WKH�0:17�V�LQWHUQDO�FDYLW\��LQ�VRPH
FDVHV�Û�WR�ILOOLQJ�WKLV�FDYLW\�E\�WKH�FDWDO\VW�PDWHULDO��$GGLWLRQ�RI�+�
UHVXOWHG�LQ�\LHOG�LQFUHDVH�RI�0:17�

6HURY�,� 1���/XN\DQRY�*� 1���0DUJROLQ�9� ,���3RWVDU�1� $���
6ROWRYVND\D�,� $���)DQWLNRY�9� 6���7XSLN�9� $��'HSRVLWLRQ�
DQG�,QYHVWLJDWLRQ�LQWR�1DQR�6L]HG�&RSSHU�)LOPV�ZLWK�)UDFWDO�
6WUXFWXUH����������������������������������������������������������������������������������

7KH�DXWKRUV�VWXGLHG�WKH�SRVVLELOLW\�RI�LQIOXHQFLQJ�WKH�VWUXFWXUH�RI
WKLQ� ILOPV�� REWDLQHG� E\� WKH� PDJQHWURQ� LRQ� GHSRVLWLRQ� WHFKQLTXH�
WKURXJK�XVLQJ�WKH�IUDFWDO�PDWUL[�VWUXFWXUL]HUV�DQG�ZLWK�WKH�DLP�RW�WULJ�
JHULQJ�VHOI�RUJDQL]DWLRQ�SURFHVVHV�DQG�FUHDWLQJ�ORFDO�DUHDV�RI�ZHOO�GH�
ILQHG�IUDFWDO�VWUXFWXUH�LQ�ILOPV�

7RGXD�3� $���%\NRY�9� $���9RON�&K��3���*RUQHY�(� 6���
=KHONREDHY�=K��HWF��6FLHQWLILF�DQG�7HFKQRORJLFDO�EDVHV�
RI�0HWURORJLFDO�6HFXULW\�RI�/HQJWK�'LPHQVLRQ�LQ�0LFURPHWHU�
DQG�1DQRPHWHU�5DQJHV�DQG�WKHLU�,QWUXVLRQ�LQ�0LFURHOHFWURQLFV�
DQG�1DQRWHFK�QRORJLFDOV ������������������������������������������������������������

7KH�EDVHV�RI�PHWURORJLFDO�VHFXULW\�RI�WKH�GLPHQVLRQV�EDVHG�RQ�WKH
PHWKRGV�RI� VFDQQHU�SUREH�PLFURVFRS\�DQG� ODVHU� LQWHUIHURPHWHU�Û
SKDVHPHWHU�DUH�UHSUHVHQWHG��7KH�PHWKRGV�DQG�PHDQV�RI�UHSURGXFWLRQ
DQG�WUDQVPLVVLRQ�RI� WKH�XQLW�RI� OHQJWK�GLPHQVLRQ� LQ� WKH� LQGLFDWHG
UDQJH�ZLWK�DEVROXWH�ELQGLQJ�WR�WKH�VWDWH�SULPDU\�VWDQGDUG�RI�WKH�XQLW
RI�OHQJWK�Û�WKH�PHWHU�DUH�RIIHUHG��WKH�WHFKQRORJ\�LV�GHYHORSHG�DQG
WUHH�GLPHQVLRQDO�PLFUR�QDQRUHOLHI�RI�VXUIDFH�DUH�FUHDWHG�DQG�DOVR�WKH
DOJRULWKPV�DQG�WKH�SDFNDJH�RI�SURJUDPV�SHUPLWWLQJ�WR�UHDOL]H�WKH�DX�
WRPDWL]HG� WUHH�GLPHQVLRQDO� GLPHQVLRQ� RI� WKH� FRQGHQVHG� HQYLURX�
PHQWV�DUH�FUHDWHG�

qÒÉÓÍÕ±¾�ÌÆ�Ô¾ÇÊËÒÐ�ÓÔÍÑÍÐÆáÖ�

)RU�IRUHLJQ�VXEVFULEHUV�

ibp�nlãqÊÔÍÒÉÍ±Æ��(ãPDLO��LQIR#SHULRGLFDOV�UX�

(GLWRUåLQå&KLHI�3K��'��3HWU�3��0DOWVHY

,QGH[�������

$GGUHVV�LV�����6WURP\QVN\�/DQH��0RVFRZ����������5XVVLD��7HO��)D[�������������ã�����


