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1HVWH� HVWXGR� LQYHVWLJRX�VH� D� FRPSOH[DomR� GR� tRQ� PHUF~ULR� �,,�� SRU� VXEVWkQFLDV� K~PLFDV
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HP�UHODomR�D�+J�,,��GD�RUGHP�GH���
�
�GLPLQXLQGR��FRQWXGR��HP�FDVRV�GH�SHTXHQDV�UD]}HV�+J�,,��6+

�������PJ�+J�,,��PJ�6+���$�LQIOXrQFLD�GH�GLIHUHQWHV�SDUkPHWURV��UD]mR�GH�+J�,,��6+��S+��WHPSR�GH

FRQWDWR��WHPSR�GH�FRPSOH[DomR��UHOHYDQWHV�QD�FRPSOH[DomR�GH�+J�,,��HP�DPELHQWHV�DTXiWLFRV�IRL

DYDOLDGD��$�ODELOLGDGH�GH�+J�,,��HP�6+�GLVVROYLGD�p�LQIOXHQFLDGD��SULQFLSDOPHQWH��SHOD�UD]mR�GH

PDVVD�+J�,,��6+�H�SHOR�WHPSR�GH�FRPSOH[DomR�GDV�HVSpFLHV�+J�,,��6+�IRUPDGDV��$VVLP��QR�FDVR

GH�EDL[D�FRQFHQWUDomR�GH�+J�,,��HP�UHODomR�j�FRQFHQWUDomR�GH�6+��OHQWRV�SURFHVVRV�GH�WUDQVIRUPDomR

GDV� HVSpFLHV� +J�,,��6+� UHFHQWHPHQWH� IRUPDGDV� GLPLQXHP� D� ODELOLGDGH� FDXVDQGR� UHFXSHUDo}HV

DEDL[R�GD�SRUFHQWDJHP�WRWDO�GH�+J�,,��OLJDGR�j�6+�

7KH� DTXDWLF� KXPLF� VXEVWDQFHV� �+6�� LQYHVWLJDWHG� LQ� WKLV� VWXG\�ZLWK� UHVSHFW� WR� WKHLU� ELQGLQJ

FDSDELOLW\�WRZDUGV�PHUFXU\�,,��ZHUH�LVRODWHG�IURP�WKH�ULYHU�5LR�1HJUR��$PD]RQDV�6WDWH���%UD]LO��E\

PHDQV�RI�WKH�DGVRUEHQW�;$'����/DELOH�LQHUW�IUDFWLRQV�RI�LQRUJDQLF�+J�,,��FRPSOH[HV�IRUPHG�ZLWK

WKHVH�+6�ZHUH�FKDUDFWHUL]HG�XVLQJ�DQ�LRQ�H[FKDQJH�EDWFK�DQG�FROXPQ�WHFKQLTXH��UHVSHFWLYHO\��EDVHG

RQ�&KHOLWH�6��7KLV�FROOHFWRU�H[KLELWV�KLJK�+J�,,��GLVWULEXWLRQ�FRHIILFLHQWV��.G��XS�WR�WKH�RUGHU�RI���
�

GHFUHDVLQJ��KRZHYHU��LQ�WKH�FDVH�RI�VPDOO�+J�,,��+6�UDWLRV��������PJ�+J�,,����PJ�+6����7KH�LQIOXHQFH

RI� GLIIHUHQW� FRPSOH[DWLRQ� SDUDPHWHUV� �UDWLR� RI� +J�,,��+6�� S+�� FRQWDFW� WLPH�� FRPSOH[LQJ� WLPH�

UHOHYDQW�IRU�+J�,,��ELQGLQJ�LQ�DTXDWLF�HQYLURQPHQWV�ZDV�DVVHVVHG��7KH�+J�,,��ODELOLW\�LQ�GLVVROYHG

+6�LV�PDLQO\�LQIOXHQFHG�E\�WKH�PDVV�UDWLR�RI�+J�,,��+6�DQG�WKH�DJHLQJ�RI�+J�,,��+6�VSHFLHV�IRUPHG�

7KLV� LV�SDUWLFXODUO\�REYLRXV�LQ� WKH�FDVH�RI� ORZ�+J�,,�� ORDGLQJ�RI�+6�ZKHUH�VORZ�WUDQVIRUPDWLRQ

SURFHVVHV� RI� IUHVKO\� IRUPHG� +J�,,��+6� VSHFLHV� VLJQLILFDQWO\� GHFUHDVH� WKHLU� ODELOLW\�� OHDGLQJ� WR

LQFRPSOHWH�UHFRYHULHV���������RI�WKH�WRWDO�+J�,,��ERXQG�WR�+6�

.H\ZRUGV��0HUFXU\�,,��VSHFLDWLRQ��LRQ�H[FKDQJH��DTXDWLF�KXPLF�VXEVWDQFHV��5LR�1HJUR

,QWURGXFWLRQ

7KH� 5LR� 1HJUR� LV� RQH� WKH� WZR� VRXUFH� ULYHUV� RI� WKH

$PD]RQDV��,Q�DFFRUGDQFH�ZLWK�GDWD�KLWKHUWR�SXEOLVKHG���WKH

PDLQ�KXPLF�DFLG�IOX[�WR�WKH�$PD]RQ�5LYHU�V\VWHP�UHVXOWV

IURP�WKH�5LR�1HJUR�ZKLFK�FRQWULEXWHV�����WLPHV�WKH�LQSXW

RI� WKH�5LR�6ROLP}HV��7KH�PDMRU�PDVV�RI�RUJDQLF�FDUERQ

GLVVROYHG�LQ�WURSLFDO�DTXDWLF�HQYLURQPHQWV��SDUWLFXODUO\�LQ

GDUN�FRORUHG�ULYHUV��¦5LR�1HJUR§��RI�WKH�$PD]RQ�EDVLQ��LV

FRQFHQWUDWHG� LQ� KXPLF� VXEVWDQFHV� �+6���'XH� WR� D� EURDG

VSHFWUXP�RI�ELQGLQJ�VLWHV��+6�DUH�JHQHUDOO\�DEOH�WR�LQWHUDFW

$UWLFOH

-��%UD]��&KHP��6RF���9RO�����1R����������������� ������� 6RF��%UDV��4XtPLFD

3ULQWHG�LQ�%UD]LO� �����¤������������������



ZLWK�KHDY\�PHWDO�LRQV�LQ�DTXDWLF�V\VWHPV���H�J��LQ�VXUIDFH

ZDWHUV��VHGLPHQWV�DQG�VRLO�OHDNDJH�ZDWHUV��7KHUHIRUH��GHSR�

VLWLRQ��K\GURJHRFKHPLFDO�F\FOHV�DQG�ELRDYDLODELOLW\�RI�HQ�

YLURQPHQWDOO\� SUREOHPDWLF� PHWDOV� OLNH� PHUFXU\�� DUH

VXSSRVHG�WR�EH�VWURQJO\�GHSHQGHQW�RQ�WKH�QDWXUH�DQG�WKH

WKHUPRG\QDPLF�VWDELOLW\�RI�WKHLU�PDFURPROHFXODU�VSHFLHV

IRUPHG�ZLWK� +6��� ,Q� DHURELF� QDWXUDO� ZDWHUV�� +J�,,�� FDQ

FRPSOH[�ZLWK� LQRUJDQLF� OLJDQGV� �H�J��&O���2+���� LQWHUDFW

ZLWK�GLVVROYHG�RUJDQLF�FDUERQ��'2&���RU�DGVRUE�WR�SDUWLFX�

ODWH�PDWWHU��

,Q� WKH� %UD]LOLDQ� $PD]RQ� UHJLRQ� JROGPLQLQJ� KDV� EH�

FRPH�D�PDMRU�DFWLYLW\��XVLQJ�PHUFXU\�IRU�DPDOJDPDWLRQ����

'XULQJ�WKLV�SURFHVV��FRQVLGHUDEOH�DPRXQWV�RI�PHUFXU\�HV�

FDSH�LQWR�WKH�IORZLQJ�ULYHU��7KH�WRWDO�ORVV�RI�+J�KDV�EHHQ

HVWLPDWHG�WR�EH������NJ�+J���NJ�$X��IURP�ZKLFK�����DUH

UHOHDVHG� LQWR�ULYHUV�DQG�����LQWR�WKH�DWPRVSKHUH�����7KH

SROOXWLRQ�RI�WKH�$PD]RQ�5LYHU�DIOXHQWV�E\�PHUFXU\�IURP

JROG�PLQLQJ� LV� DQ� LPSRUWDQW� DVSHFW� WR�EH� FRQVLGHUHG� IRU

HQYLURQPHQWDO�SURWHFWLRQ�PHDVXUHV���7KHUHIRUH�VWXGLHV�RI

PHUFXU\�VSHFLHV� LQ�DTXDWLF�+6��SDUWLFXODUO\�RQ� WKH� ODELO�

LW\�LQHUWQHVV� RI�PHUFXU\�,,�� LQ� KXPLF�ULFK�ZDWHUV�� DUH� RI

LQFUHDVLQJ�LQWHUHVW�

7KH�SUHVHQW�VWXG\�FRQFHQWUDWHV�RQ�LQWHUDFWLRQV�EHWZHHQ

+6��LVRODWHG�E\� WKH�FROOHFWRU�;$'������ IURP�5LR�1HJUR

�51��ZDWHU��DQG�LQRUJDQLF�+J�,,���WKH�SUHGRPLQDQW�VSHFLHV

EHVLGHV�&+��+J
��LQ�QDWXUDO�ZDWHUV����)RU�WKH�GLVFULPLQDWLRQ

EHWZHHQ�ODELOH�DQG�LQHUW�+J�,,��ERXQG�WR�+6�WKH�FKHODWLQJ

LRQ� H[FKDQJHU�&KHOLWH� 6� �6(59$�&RPSDQ\�� FRQWDLQLQJ

LPPRELOL]HG�WKLRSKHQRO�DV�IXQFWLRQDO�JURXSV�ZDV�FKRVHQ���

%RWK�� WKH�GHJUHH�DQG� WKH�NLQHWLFV�RI� VHSDUDWLRQ�ZHUH�DV�

VXPHG�WR�EH�XVHIXO�SDUDPHWHUV�IRU�WKH�RSHUDWLRQDO�FKDUDF�

WHUL]DWLRQ�RI�WKH�ODELOLW\�RI�WUDFHV�RI�+J�,,��ERXQG�WR�+6�51

XQGHU�GHILQHG�FRQGLWLRQV��H�J��S+��+6�FRQFHQWUDWLRQ��UDWLR

RI�+J�,,��+6�51��FRPSOH[LQJ�WLPH���LQ�DQDORJ\�WR�SUHYLRXV

LRQ�H[FKDQJH�VWXGLHV�ZLWK�RWKHU�KHDY\�PHWDO�LRQV������

([SHULPHQWDO

&KHPLFDOV�DQG�UHDJHQWV

$OO� UHDJHQWV� XVHG� ZHUH� RI� KLJK�SXULW\� JUDGH� XQOHVV

RWKHUZLVH�VWDWHG��'LOXWHG�DFLGV�DQG�EDVHV�QHFHVVDU\�IRU�+6

LVRODWLRQ�ZHUH�SUHSDUHG�IURP�����K\GURFKORULF�DFLG��VX�

SUDSXU��0HUFN�$*�� DQG� VRGLXP�K\GUR[LGH�PRQRK\GUDWH

�VXSUDSXU�0HUFN�$*���UHVSHFWLYHO\��HPSOR\LQJ�KLJK�SXULW\

ZDWHU��0LOOL�4�V\VWHP��0LOOLSRUH���7KH�DGVRUEHQW�;$'��

S�D�� �6HUYD�)HLQELRFKHPLFD��UHTXLUHG�IRU� WKH�LVRODWLRQ�RI

DTXDWLF�+6�ZDV�SXULILHG�E\� VXFFHVVLYH� VRDNLQJ�ZLWK����

PRO�/�+&O������PRO�/�1D2+�DQG�PHWKDQRO�S�D������K��HDFK�

SULRU�WR�XVH��7KH�FKHODWLQJ�LRQ�H[FKDQJHU�&KHOLWH�6�XVHG�IRU

WKH� GLVWLQFWLRQ� RI� ODELOH�LQHUW� +J�,,�� VSHFLHV� ZDV� SUH�

FOHDQHG�E\�VXFFHVVLYH�VRDNLQJ�ZLWK����PRO�/�+&O�S�D�

+6�LVRODWLRQ�E\�;$'��

7KH�+6�LQYHVWLJDWHG�LQ�WKLV�VWXG\�ZHUH�LVRODWHG�IURP�WKH

5LR�1HJUR�DW�7DUXPDQ]LQKR��$PD]RQDV�6WDWH��%UD]LO��)RU

WKLV� SXUSRVH�� D�PL[HG�ZDWHU� VDPSOH� ����/�� FRQWLQXRXVO\

FROOHFWHG�ZLWKLQ���K��ZDV�ILOWUDWHG�WKURXJK������PP�FHOOX�

ORVH�EDVHG�PHPEUDQHV�DQG�DFLGLILHG�E\�FRQFHQWUDWHG�+&O

WR�S+������7KHQ��+6�IURP�WKH�DFLGLILHG�VDPSOH�ZHUH�LVRODWHG

RQ� WKH� FROOHFWRU� ;$'� ��� $IWHU� HOXWLRQ� ZLWK� ���� PRO�/

1D2+��WKH�REWDLQHG�+6�FRQFHQWUDWH��FRQWDLQLQJ�����PJ�PO

'2&�HTXLYDOHQW�WR�DERXW���PJ�P/�+6��ZDV�QHXWUDOL]HG�DQG

VWRUHG�LQ�D�UHIULJHUDWRU�DW�r����&�

'HWHUPLQDWLRQ�RI�GLVVROYHG�RUJDQLF�FDUERQ��'2&�

7KH�'2&�LQ�ZDWHU�VDPSOHV�DQG�+6�FRQFHQWUDWHV�ZDV

HYDOXDWHG�E\�LWV�R[LGDWLRQ�WR�FDUERQ�GLR[LGH�VXEVHTXHQWO\

PHDVXUHG�ZLWK�DQ�,5�DQDO\]HU��6KLPDG]X�72&�������

+J�,,��VHOHFWLYH�LRQ�H[FKDQJHUV

7KH� VHSDUDWLRQ�RI� UHDFWLYH�+J�,,�� IUDFWLRQV� IURP�GLV�

VROYHG�+6�ZDV�FDUULHG�RXW�E\�HPSOR\LQJ�WKH�WKLRSKHQRO�

FRQWDLQLQJ�LRQ�H[FKDQJHU�&KHOLWH�6��%RWK��EDWFK�DQG�IORZ

SURFHGXUH�ZHUH�XVHG�IRU�WKLV�SXUSRVH����+J�,,��UHWDLQHG�RQ

&KHOLWH�6�FRXOG�EH�HOXWHG�TXDQWLWDWLYHO\�ZLWK����PRO�/�+&O�

%DWFK�SURFHGXUH

7KH�+6�FRQWDLQLQJ�VDPSOHV�����P/��HDFK��ZHUH�SUH�

WUHDWHG�XS�WR����K�ZLWK�WUDFHV�RI�+J�,,��NHHSLQJ�FRQVWDQW�WKH

FKRVHQ�S+�YDOXH��7KHQ������J�RI�&KHOLWH�6�ZDV�DGGHG�XQGHU

PHFKDQLFDO� VWLUULQJ�� $IWHU� WKH� UHDFWLRQ� WLPH� FKRVHQ�� WKH

FROOHFWRU�ZDV�LVRODWHG�RQ�D�ILOWHU�SDSHU�SUH�FOHDQHG�ZLWK��

PRO�/�+&O��7KHQ�+J�,,��ERXQG�WR�WKH�FROOHFWRU�ZDV�HOXWHG

ZLWK�����P/�RI����PRO�/�+&O�

)ORZ�SURFHGXUH

6PDOO�JODVV�FROXPQV����PP�L�G���ILOOHG�ZLWK�&KHOLWH�6

����������J��ZHUH�LQVHUWHG�LQWR�D�VPDOO�IORZ�V\VWHP�FRQVLVW�

LQJ�RI�D�SHULVWDOWLF�SXPS��*LOVRQ����DQG�D�WKUHH�ZD\�YDOYH

IRU�VDPSOH�LQWURGXFWLRQ��FOHDQHG�ZLWK����PRO�/�+&O�DQG

ZDVKHG�ZLWK�KLJK�SXULW\�ZDWHU��7KH�FRQWDFW�WLPH�EHWZHHQ

WKH�H[FKDQJHU�SKDVH�DQG�WKH�IORZLQJ�VDPSOH�ZDV�FKDQJHG

E\�YDU\LQJ�WKH�IORZ�UDWH�IURP�����WR����P/�PLQ�

�$JHLQJ��SURFHVV

6HYHUDO�+6�VROXWLRQV�����P/��HDFK��ZHUH�VSLNHG�ZLWK

���PJ�RI�+J�,,��DQG�FRQGLWLRQHG�DW�S+�����DQG�����&�LQ�WKH

GDUN�IRU�GLIIHUHQW�SHULRGV�RI�WLPH�������WR�����K���$IWHU�

ZDUGV�� ODELOH�+J�,,�� IUDFWLRQV� RI� WKHVH� VDPSOHV�ZHUH� UH�

PRYHG� DQG� FROOHFWHG� DFFRUGLQJ� WR� WKH� GHVFULEHG� IORZ

SURFHGXUH�

'HWHUPLQDWLRQ�RI�+J�,,�

+J�,,��GHWHUPLQDWLRQV�LQ�VROXWLRQV�ZHUH�FDUULHG�RXW�E\

PHDQV�RI�FRQYHQWLRQDO�FROG�YDSRU�DWRPLF�DEVRUSWLRQ�VSHF�

�� 5RFKD�HW�DO� -��%UD]��&KHP��6RF�



WURPHWU\� �&9$$6��� XVLQJ� WKH� VRGLXP� ERURK\GULWH

PHWKRG���� 0DQXIDFWXUHU� UHFRPPHQGDWLRQV� ZKHUH� WDNHQ

LQWR�DFFRXQW�IRU�WKH�9DULDQ�,QWUDODE�$$������VSHFWURPHWHU

XVHG��7KH�GHWHFWLRQ�OLPLW����V��ZDV�����QJ�P/�+J�,,��DQG

WKH�UHODWLYH�VWDQGDUG�GHYLDWLRQ�������QJ�P/�+J�,,���Q� �����

5HVXOWV�DQG�'LVFXVVLRQV

+6�LQ�WKH�5LR�1HJUR�5LYHU

7KH�DTXDWLF�KXPLF�PDWWHU�WUDQVSRUWHG�LQ�KXJH�DPRXQWV

IURP�WKH�5LR�1HJUR�LQWR�WKH�$PD]RQ�5LYHU�KDV�DOUHDG\�EHHQ

WKH�VXEMHFW�RI�YDULRXV�VWXGLHV���������$FFRUGLQJO\��WKH�5LR

1HJUR�H[KLELWV�'2&�YDOXHV�LQ�WKH�UDQJH�RI�������PJ�/�RI

&�ZKLFK�DUH�PDLQO\�WR�EH�DWWULEXWHG�WR�GLVVROYHG�+6��WKXV

UHSUHVHQWLQJ�D�IOX[�RI�DSSUR[LPDWHO\���������NJ�+6���V�LQ

WKLV�ULYHU���7KH�5LR�1HJUR�+6��¦+6�51§��XVHG�LQ�WKLV�VWXG\

IRU�LQWHUDFWLRQ�H[SHULPHQWV�ZLWK�+J�,,���ZDV�LVRODWHG�IURP

D� PL[HG� ZDWHU� VDPSOH� ���� /�� E\� PHDQV� RI� WKH� ¦VWDQG�

DUGL]HG§�;$'���SURFHGXUH����5HOHYDQW�SDUDPHWHUV�RI�WKLV

ZDWHU�VDPSOH�ZLWK�LWV�+6�51�DUH�VXPPDUL]HG�LQ�7DEOH��

VKRZLQJ�WKDW�DERXW�����RI�WKH�PHDVXUHG�'2&�����PJ�/�

ZDV�FROOHFWHG�E\�WKH�DGVRUEHQW�;$'����DVVXPLQJ�D����

&�FRQWHQW� RI�+6��7KH� FRPSOH[DWLRQ� FDSDFLW\� RI�+6�51

WRZDUGV�&X�,,��LRQV�DV�GHWHUPLQHG�ZLWK�D�&X�,,��VHOHFWLYH

HOHFWURGH� \LHOGHG� WKH� UHODWLYHO\� KLJK� YDOXH� RI� ����PPRO

&X�,,��J�&�

7KH�FRQFHQWUDWLRQV�RI�WUDFH�PHWDOV�ZHUH�FKDUDFWHUL]HG

LQ�WKH�5LR�1HJUR�ZDWHU�DQG�WKH�+6�51�LVRODWHG��7KH\�UDQJH

IURP�WKH�DQDO\WLFDO�GHWHFWLRQ�OLPLWV�>H�J��&G�������P�/�DQG

���P�J���&R��������P�/��DQG�����P�J��&U��������DQG�����P�J��

WR�FRQVLGHUDEOH�FRQWHQWV�DW�WKH�PJ�/�OHYHO�>$O������P�/�DQG

���P�J���)H�������P�/�DQG�����P�J�@��$V�H[SHFWHG��WKH�+6

LVRODWLRQ�IURP�WKH�DFLGLILHG�VDPSOH�VROXWLRQ��S+������FDXVHV

DQ� H[WHQVLYH� UHPRELOL]DWLRQ� RI� WKH� PHWDO� LRQV� QDWXUDOO\

ERXQG�WR�+6��H[FHSW�IRU�D�FRQVLGHUDEOH�IUDFWLRQ�RI�DFLG�LQ�

HUW�$O�DQG�)H�

+J�,,��VHSDUDWLRQ�IURP�+6�ZLWK�&KHOLWH�6��,QIOXHQFH�RI

+J�,,��ORDGLQJ�DQG�S+�YDOXH

7KH�GLVFULPLQDWLRQ�EHWZHHQ�H[FKDQJH�ODELOH�DQG��LQHUW

PHWDO� IUDFWLRQV� LQ�+6�E\� FKHODWH�IRUPLQJ� LRQ�H[FKDQJHU

UHTXLUHV� FROOHFWRUV� RI� KLJK� VHOHFWLYLW\� IRUPLQJ� VWURQJO\

LPPRELOL]HG� PHWDO� FRPSOH[HV������� 8QGHU� WKLV� FRQGLWLRQ

WKH�VHSDUDWLRQ�FDSDELOLW\�RI�WKH�FKRVHQ�FROOHFWRU�&KHOLWH�6

ZHUH� VWXGLHG� LQ� VOLJKWO\� DFLGLF� DQG� QHXWUDO� VROXWLRQV� RI

PHUFXU\�,,��ORDGHG�+6�51��S+���DQG����DQG�FKDUDFWHUL]HG

E\� PHDQV� RI� WKH� +J�,,�� GLVWULEXWLRQ� FRHIILFLHQWV�� .G�

�P/�J���DV�D�IXQFWLRQ�RI�DQ�LQFUHDVLQJ�PHUFXU\�,,��ORDGLQJ

RI�+6�51��PJ�+J�,,��PJ�+6�51��VHH�)LJ������$FFRUGLQJO\�

WKH�+J�,,��GLVWULEXWLRQ�FRHIILFLHQWV�.G�RQ�&KHOLWH�6�H[KLELW

D�VWURQJ�GHSHQGDQFH�RQ�WKH�+J�,,��ORDGLQJ�RI�WKH�VWXGLHG

+6�� ,Q� WKH�FDVH�RI�YHU\� VPDOO�+J�,,�� ORDGLQJV� �������PJ

+J�,,��PJ�+6�51��&KHOLWH�6�PHUHO\�H[KLELWV�.G�YDOXHV�RI

�����P/�J���UHTXLULQJ�D�PXOWLVWDJH�FROXPQ�SURFHGXUH�IRU

TXDQWLWDWLYH�UHPRELOLVDWLRQ�RI�+J�,,��LRQV�IURP�WKHLU�ELQG�

LQJ�VLWHV�LQ�+6�51��,Q�WKH�FDVH�RI�LQFUHDVHG�+J�,,��ORDGLQJV

�!���J�+J�,,��PJ�+6�51��.G�YDOXHV�RI�DERXW���
���P/�J�

DUH�DYDLODEOH�HQDEOLQJ�WKH�VHSDUDWLRQ�RI�ODELOH�+J�,,��HYHQ

E\�PHDQV�RI�D�VLQJOH�VWDJH�EDWFK�SURFHGXUH�

9RO�����1R��������� ,QWHUDFWLRQ�RI�0HUFXU\�,,��ZLWK�+XPLF�6XEVWDQFHV ��

7DEOH����&KDUDFWHUL]DWLRQ�RI�+6�IURP�5LR�1HJUR��+6�51��ZDWHUV�RI�7DUXPDQ]LQKR�FROOHFFWHG�LQ�)HEUXDU\����
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