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7KDOOLXP�LV�DPRQJ�WKH�PRVW�ZLGHO\�XVHGDFWLYDWRUV� RI� LRQLF� FU\VWDOV�� 7O DFWLYDWHGFU\VWDOV� DUH� SHUVSHFWLYH�PDWHULDO� IRU� ODVHUVRQ�FRORU�FHQWHUV�>�Ü�@��7KDOOLXP�LV�LQFOXGHGLQ�WKH�IRUP�RI�VXEVWLWXWLQJ�7OF���V���LRQV�LQWKH� ODWWLFH� RI� DONDOL� KDOLGH� FU\VWDOV�� 8QGHULRQL]LQJ� LUUDGLDWLRQ�� WKH� ORFDOL]DWLRQ� RI� WKHFKDUJH�FDUULHUV�RQ�WKDOOLXP�LRQV�DQG�IRUPD�WLRQ�RI�7O� DQG�7O���DFWLYDWLQJ�FRORU�FHQWHUVWDNH� SODFH� >�@�� $W� 7 !����� .�� ZKHQ� DQLRQYDFDQFLHV� EHFRPH� PRELOH�� 7O����� DQG� 7O����FRORU� FHQWHUV� DUH� IRUPHG� DGGLWLRQDOO\� LQUHODWLYHO\� ORZ�FRQFHQWUDWLRQV�>�@��7KH�7O����DQG�7O�����FHQWHUV�LQFOXGH�D�QHXWUDO�7O� DWRP

SHUWXUEHG� E\� ILHOG� RI� RQH� RU� WZR� QHDUHVW�QHLJKERXU�DQLRQ�YDFDQFLHV��UHVSHFWLYHO\�>�@�,Q� 6U&O�±7O� FU\VWDOV� LUUDGLDWHG� ZLWK;�UD\V� DW� ��� .�� WKH� 7OF����� DQG� 7OF�����FRORU� FHQWHUV� DUH� IRUPHG� >�@�� 7KHVH� FHQWHUVKDYH� ORZ� WKHUPDO� VWDELOLW\� DQG� DW� 7 !���� .�� GXH� WR� LRQLF� SURFHVVHV�� DUH� WUDQV�IRUPHG� LQWR� 7OF�� DQG� 7OL����� RQHV�� UHVSHF�WLYHO\�>�@��7KH�LRQLF�WKHUPRVWLPXODWHG�SURF�HVVHV� LQ� 6U&O�±7O� FU\VWDOV� KDYH� QRW� EHHQVWXGLHG� \HW�� DOWKRXJK� WKLV� SUREOHP� LV� RIERWK� VFLHQWLILF� DQG� SUDFWLFDO� LQWHUHVW�� 7KHDYDLODEOH� OLWHUDWXUH� GDWD� RQ� LRQLF� SURFHVVHVLQ�6U&O� FU\VWDOV�ZHUH�REWDLQHG�RQ�WKH�FU\V�
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WDOV� GRSHG� ZLWK� DONDOL� FDWLRQV� RQO\� �1D���.��5E���&V���>�@�7KH� FU\VWDOV� ZHUH� JURZQ� E\� WKH� 6WRFN�EDUJHU� WHFKQLTXH� LQ� TXDUW]� DPSRXOHV�� )RXUJURXSV� RI� FU\VWDOV� ZHUH� REWDLQHG�� QDPHO\��SXUH�� 6U&O� FU\VWDOV�� 6U&O�±7O� FU\VWDOV�����Ü����PRO��RI�7O&O LQ�WKH�PHOW���6U&O�±1D� RQHV� �����Ü���� PRO�� RI� 1D&O LQ� WKHPHOW��� DQG� 6U&O�±1D�±7O� RQHV� �����Ü���� PRO��� RI�1D&O DQG� 7O&O LQ� WKH� PHOW��7KH�VDPSOHV�XVHG�LQ�WKHVH�H[SHULPHQWV�ZHUHVKDSHG�DV���×��×��PP� SODWHV�FOHDYHG�IURPVLQJOH� FU\VWDOV� SHUSHQGLFXODUO\� WR� WKH� FU\V�WDOORJUDSKLF�����!�D[LV�7KH� VWDQGDUG� SURFHGXUH� ZDV� XVHG� WRPHDVXUH� WKH� WKHUPDO� GHSRODUL]DWLRQ�� 7KHVDPSOH� ZDV� SRODUL]HG� WR� VDWXUDWLRQ� LQ� DQ

HOHFWULF�ILHOG�(  ������9�FP�DW�DSSURSULDWHWHPSHUDWXUH�7S VXFK� WKDW� DQ\� GLSROHV� SUH�VHQW� DUH� VXIILFLHQWO\� PRELOH� WR� EHFRPH� RUL�HQWHG�LQ�WKH�ILHOG��7KH�SRODUL]DWLRQ�FHOO�ZDVWKHQ� FRROHG� GRZQ� WR� D� ORZ� WHPSHUDWXUH� DWZKLFK� WKH� PRWLRQ� RI� GLSROHV� LV� IUR]HQ� DQGWKH�HOHFWULF�ILHOG�ZDV�UHPRYHG��2Q�ZDUPLQJXS� DW� D� FRQVWDQW� UDWH� ��� .�PLQ��� WKHWKHUPRVWLPXODWHG� GHSRODUL]DWLRQ� FXUUHQWSXOVHV� ZHUH� UHFRUGHG� LQ� WKH� WHPSHUDWXUHUDQJH�ZKHUH� WKH� IUR]HQ�LQ� SRODUL]DWLRQ� GLV�DSSHDUV�DV�WKH�GLSROHV�UDQGRPL]H��7KH�RSWL�FDO� VSHFWUD� ZHUH� PHDVXUHG� XVLQJ� D� GRXEOHJUDWLQJ�PRQRFKURPDWRU�)LJ���� LOOXVWUDWHV� WKH� WKHUPRVWLPXODWHGGHSRODUL]DWLRQ� �7'�� LQ� 6U&O� FU\VWDOV� SULRUWR� DQG� DIWHU� LUUDGLDWLRQ� �FXUYHV� �� DQG� ��UHVSHFWLYHO\��� ,Q� WKH� WKHUPRJUDP� RI� 7'� RI

)LJ�����7KHUPRVWLPXODWHG�GHSRODUL]DWLRQ� FXUUHQWV� LQ�6U&O�±7O� FU\VWDOV� �(S  ������9�FP���SULRU�WR����DQG�DIWHU�����LUUDGLDWLRQ�
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�SXUH��FU\VWDOV�D�PD[LPXP�DW�����.�LV�RE�VHUYHG��VHH�)LJ���D��FXUYH�����)RU�6U&O�±1D�FU\VWDOV� �VHH�)LJ���E�� FXUYH� ���� WZR�PD[�LPD� DUH� REVHUYHG�� ORZ�WHPSHUDWXUH� RQH� DW7�  �����. �ε�  ������H9��DQG�KLJK�WHPSHUD�WXUH� RQH� DW� 7�  ����� .� �ε�  ������ H9��� ,Q6U&O�±7O� RQHV� �VHH� )LJ���F�� FXUYH� ���� WZRPD[LPD� RI� 7'� FXUUHQWV � D O VR � RFFXU �7�  �����.� �ε�  ������ H9�� DQG�7�  �����.�ε�� ������ H9��� $V� WR 6U&O�±1D�±7O� FU\V�WDOV��WZR�PD[LPD�DW�7  �����.�DQG�7  �����.DUH� REVHUYHG� LQ� WKH� ORZ� WHPSHUDWXUH� UDQJHDV�ZHOO�DV�D�PD[LPXP�DW�����.��VHH�)LJ���G�FXUYH����,W� IROORZV� IURP� WKH� 7'� WKHUPRJUDPVVKRZQ� LQ� )LJV���E�F� �VHH� FXUYHV� ��� WKDW� LQGRSHG� FU\VWDOV�� �7 ������ .�� RQH� 7'� PD[L�PXP� LV� REVHUYHG� LQ� WKH� ORZ� WHPSHUDWXUHUDQJH�� WKH� SHDN� ORFDWLRQ� DQG� DFWLYDWLRQ� HQ�HUJ\�GHSHQGLQJ�RQ�WKH�W\SH�RI�LPSXULW\�LRQ�,Q� WKH� FU\VWDOV� GRSHG� ZLWK� WZR� DFWLYDWRUV�WZR� ORZ�WHPSHUDWXUH� 7'� PD[LPD� DUH� RE�VHUYHG� �VHH� )LJ���G�� FXUYH� ���� %\� DQDORJ\ZLWK� 6U&O�±0H� FU\VWDOV� �0H�  � /L��� 1D��.���5E���>�@��ZH�FRQFOXGH�WKDW�WKH�PD[LPXPDW�����.�LQ�6U&O�±7O� LV�GXH�WR�WKH�UHRULHQ�WDWLRQ� RI�7O�9D� GLSROHV�ZKLOH� DW� ����.�� WRWKHUPDO� GLVVRFLDWLRQ� WKHUHRI�� 7KH� WKHUPDOGLVVRFLDWLRQ� RI� WKH� GLSROHV� �7O�9D� → 7O� 9D��LV� DFFRPSDQLHG� E\� VSDWLDO� PLJUDWLRQ� RIDQLRQ� YDFDQFLHV�� $V� D� UHVXOW�� WKH� LQWHQVLW\RI�WKH�����.�7'�FXUUHQW�SHDN�LV�WZR�RUGHUVKLJKHU� WKDQ� WKDW� RI� WKH� GLSROH� UHOD[DWLRQ�7KH� H[LVWHQFH� RI� WKLV� SHDN� LQ� �SXUH��6U&O�FU\VWDOV��VHH�)LJ���D��LV��FDXVHG�E\�WKH�SUHV�HQFH�RI�QRQ�LQWHQWLRQDO�LPSXULWLHV�RI�PRQR�YDOHQW�PHWDOV�LQ�WKH�FU\VWDO�,Q�6U&O� FU\VWDOV�� WKH�7O�9D��GLSROH� V\P�PHWU\� LV�&�Y�� 7KH� SUHVHQFH� RI� YDFDQFLHV� LVWKH� UHDVRQ� IRU� WKH� ORZHUHG� WKDOOLXP� FHQWHUV\PPHWU\� DQG� WKH� VSOLWWLQJ� RI� LWV� �3� VWDWHLQWR� WZR� VXEOHYHOV��$�GRXEOH� EDQG� �$� ��$��� LVUHVROYHG�LQWR�WZR�VXEEDQGV��VHH�)LJ�����FXUYH����7KH� DEVRUSWLRQ� SHDNV� DUH�� λ$�  �����QP������ H9�� DQG� λ$�  ����� QP� ������ H9�� DW��� .�� 7KH� VSOLWWLQJ� RI� WKH� WZR� DEVRUSWLRQSHDNV�LV������H9��7KH�$� DQG�$� EDQG�KDOI�ZLGWKV� DUH� ����� DQG� ����� H9�� UHVSHFWLYHO\�7KH�DUHD�XQGHU�$� EDQG�LV�ODUJHU�WKDQ�WKDWXQGHU� $� RQH�� 7KH� SKRWROXPLQHVFHQFH� H[�FLWHG� LQ� $�EDQGV� RI� DEVRUSWLRQ� FRQVLVWV� RIRQH� EDQG� ZLWK� D� PD[LPXP� SHDNHG� DW����QP�������H9��DQG�KDOI�ZLGWK������H9�DW���.��)LJ�����FXUYH�����7KLV�HPLVVLRQ�LV�GXHWR�WUDQVLWLRQV�RI�WKH�WKDOOLXP�LRQV�IURP�WKH�3� H[FLWHG� VWDWH� LQWR� WKH� �6� JURXQG� RQH�7KH� SKRWRH[FLWDWLRQ� VSHFWUXP� RI� WKH

����QP�HPLVVLRQ�EDQG�UHSURGXFHV�WKH�VKDSHRI�WKH�DEVRUSWLRQ�$�EDQG�3XUH� 6U&O� FU\VWDOV� DUH� UDGLDWLRQ�UHVLV�WDQW� PDWHULDOV� DQG� DUH� QRW� FRORUHG� XQGHU;�UD\�LUUDGLDWLRQ��7KH�FRORUDWLRQ�LQGXFHG�E\WKH� UDGLDWLRQ� LV� REVHUYHG� LQ� WKH� FU\VWDOVGRSHG�ZLWK�DONDOL�FDWLRQV�>�@�RU�WKDOOLXP�>����@�0RUHRYHU��WKH�FRORUDWLRQ�LQ�6U&O�±0H� FU\V�WDOV�LV�DFFRPSDQLHG�E\�GHFUHDVLQJ�WKH�GLSROHUHOD[DWLRQ�FXUUHQWV��VHH�)LJ���E��FXUYHV����>�@�7KH� VDPH� WDNHV� SODFH� LQ�6U&O�±7O� FU\VWDOV�)LJ�����VHH�FXUYHV����LOOXVWUDWHV�WKH�WKHUPR�JUDPV� RI� WKH� GLSROH� UHOD[DWLRQ� FXUUHQWV� LQFU\VWDOV� LUUDGLDWHG� DW� ORZ� WHPSHUDWXUHV� DWWKH�VWDJH�RI�FU\VWDO�FRORULQJ�VDWXUDWLRQ��$VIROORZV� IURP� WKH�)LJXUH�� WKH� GLSROH� UHOD[D�WLRQ�FXUUHQWV�LQ�FRORUHG�FU\VWDOV�DUH�E\���Ü�����ORZHU�WKDQ�LQ�QRQ�LUUDGLDWHG�RQHV��VHHFXUYHV� ���� 7KLV� PHDQV� WKDW� GLSROHV� DUH� GH�VWUR\HG�LQ�WKH�FRXUVH�RI�WKH�FU\VWDO�LUUDGLD�WLRQ�� 7KH� GLSROH� GHVWUXFWLRQ� HIILFLHQF\� DWORZ�WHPSHUDWXUHV��7 ������.��LV�LQGHSHQGHQWRI� WKH� LPSXULW\� W\SH� LQ�6U&O�±7O�±1D� FU\V�WDOV�DW�WKH�VWDJH�RI�FU\VWDO�FRORULQJ�VDWXUD�WLRQ�� WKH� SDUW� RI� GHVWUR\HG� 7O�9D� DQG1D�9D� GLSROHV�LV�DSSUR[LPDWHO\�WKH�VDPH�WRZLWKLQ�H[SHULPHQWDO�HUURU��7KH�HIILFLHQF\�RIWKH� UDGLDWLRQ� GLSROH� GHVWUXFWLRQ� DW� ORZ� WHP�SHUDWXUHV�LQ�6U&O�±7O� FU\VWDOV�GRHV�QRW�GHSHQGRQ�ZKHWKHU� D� GLSROH� LV� LQ� WKH� �IUR]HQ��VWDWH�7 ������.��RU�D�YDFDQF\�LV�LQ�URWDWLRQDOPRWLRQ� DURXQG� WKH� LPSXULW\� �7 !�����.��7KH� VKDUS� LQFUHDVH� RI� GLSROH� GHVWUXFWLRQHIILFLHQF\�WDNHV�SODFH�DW�7 !�����.�DQG LVDFFRPSDQLHG�E\�WKH�FKDQJH�RI�WKH�FRORU�FHQ�WHU�VWUXFWXUH�,W� IROORZV� IURP� WKH� UHVXOWV� RI� WKH� 7'VWXG\� WKDW� 7O� LRQV�� DV� ZHOO� DV� RI� DONDOLPHWDO� RQHV�� DUH� LQFOXGHG� LQWR� WKH� ODWWLFH�RID� FU\VWDO� DV� LPSXULW\�YDFDQF\� 7O�9D� GL�SROHV��$W�7 ������.��WKH�LPSXULW\�YDFDQF\

)LJ����� $EVRUSWLRQ� VSHFWUD� RI�6U&O�±7O� FU\V�WDOV� LUUDGLDWHG� DW� WHPSHUDWXUHV� �.��� ��� �������� ���� DQG� SKRWROXPLQHVFHQFH� VSHFWUXP� DW���.�����
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GLSROHV�DUH��IUR]HQ��LQ�WKH�ODWWLFH�RI�6U&O�±7O�FU\VWDO��,Q�WKH�WHPSHUDWXUH�UDQJH�RI�����WR���� .�� WKH� DQLRQ� YDFDQF\� PRYHV� URWDWLRQ�DOO\� DURXQG�7O� LRQ�E\� MXPSLQJ�DORQJ�HLJKWHTXLYDOHQW� SRVLWLRQV� �ORFDO� PLJUDWLRQ��� $W7 ���� .�� WKH� WKHUPDO� GLVVRFLDWLRQ� RI� GL�SROHV� LV� REVHUYHG�� �7O�9D� → 7O� ��9D���� WKHVSDWLDO� PLJUDWLRQ� RI� DQLRQ� YDFDQFLHV� DQGIRUPDWLRQ�RI�LVRODWHG�7O� LRQV�WDNH�SODFH��$WWKH�VDPH�WLPH��WKH�GLSROH�UHFRQVWUXFWLRQ�RF�FXUV� DFFRUGLQJ� WR� WKH� IROORZLQJ� VFKHPH�7O� ��9D → 7O� ��9D��� 7KXV�� DW� 7 !�����.�WKDOOLXP�LV�LQ�WKH�ODWWLFH�RI�D�FU\VWDO�ERWK�LQWKH�IRUP�RI�7O�9D��GLSROHV�DQG�LVRODWHG�7O�F�LRQV��,Q� 7O�9D� GLSROHV�� DQ� DQLRQ� YDFDQF\� UH�SODFHV� RQH� RI� WKH� HLJKW� QHDUHVW� QHLJKERXUDQLRQV�RI�WKH�7O���,Q�WKLV�FDVH��WKH�&�9 V\P�PHWU\� RI� WKH� SHUWXUEHG� 7O� FHQWHU� FDQ� H[�SODLQ�WKH�IRUPDWLRQ�RI�WKH�GRXEOH�DEVRUSWLRQEDQG� �$� ��$����7KH�XQSHUWXUEHG�7O� FHQWHUV\PPHWU\� LV�2K�� /HW� XV� DVVXPH�� DV� LW� ZDVREVHUYHG� LQ� WKH� FDVH�RI� WKH�)$ FHQWHU�� WKDWWKH� RVFLOODWRU� VWUHQJWKV� UHODWHG� WR� HDFK� RIWKH�WKUHH�WUDQVLWLRQV�DUH�HTXDO�>�@��7KH�HOHF�WULF� WUDQVLWLRQV� RI� WKH� GLSROHV� UHVSRQVLEOHIRU� WKH�$� DQG�$� EDQGV� DUH� SHUSHQGLFXODUDQG�SDUDOOHO�WR�WKH�D[LV�RI�URWDWLRQ��UHVSHF�WLYHO\�,W�ZDV�REVHUYHG� LQ� WKH� WKHUPDO�GHSRODUL�]DWLRQ� H[SHULPHQW� �VHH� )LJ����� WKDW� DW����.��WKH�7O�9D� GLSROHV�DUH�WKHUPDOO\�XQ�VWDEOH� DQG� UHOHDVH� WKH� DQLRQ� YDFDQF\�� 7KHDQLRQ�YDFDQF\�PRYHV�DZD\�UHVWRULQJ�WKH�2KV\PPHWU\� RI� WKH�7O� LRQV� DQG�� DV� D� UHVXOW�WKH� VSOLWWLQJ� RI� WKH� DEVRUSWLRQ� $�EDQGVKRXOG� GLVDSSHDU�� +RZHYHU�� DV� LV� VHHQ� LQRSWLFDO� DEVRUSWLRQ� VSHFWUD�� VSOLWWLQJ� RI� WKH$�EDQG�VWLOO�H[LVWV�DW�URRP�WHPSHUDWXUH��VHH)LJ�����FXUYH�����7KLV� LQGLFDWHV�WKDW�DW�WKLVWHPSHUDWXUH�� WKH�PDMRULW\� RI� WKDOOLXP� LRQVVWLOO�H[LVW�LQ�WKH�FU\VWDO�ODWWLFH�DV�7O�9D��GL�SROHV�7KH� UDWLR� RI� LQWHQVLWLHV� RI� DEVRUSWLRQVXEEDQGV� DQG� WKHLU� PD[LPXP� SRVLWLRQV� GRQRW� GHSHQG� RQ� WKH� PHDVXUHPHQW� WHPSHUD�WXUH��7KDW�LV�ZK\�ZH�FRQVLGHU�WKDW�WKH�VSOLW�WLQJ� FDQQRW�EH�SUHFRQGLWLRQHG�E\� WKH�-DKQ�7HOOHU�HIIHFW��DV�LW�LV�REVHUYHG�LQ�WKH�FDVH�RI.)±7O� FU\VWDOV� >�@�� $W� ORZ�WHPSHUDWXUH� LU�UDGLDWLRQ� �7 ������.��RI�6U&O�±7O� FU\VWDOV�7O����� DQG� 7O������ FHQWHUV� DUH� EHLQJ� JHQHU�DWHG� >�@� DQG� WKH� FRQFHQWUDWLRQ� RI�7O����� GL�SROHV� GHFUHDVHV� �VHH� )LJ���F�� FXUYH� ���� 7KHUDGLDWLRQ�LQGXFHG� GHVWUXFWLRQ� RI�7O����� FHQ�WHUV� DQG� FRORUDWLRQ� DSSHDUDQFH� DUH� GXH� WRWKH�IROORZLQJ�UHDFWLRQV�>�@�7O+9D+ + H− → 7O�9D+ ≡ 7O�(�)� ���

7O+9D+ + H+ → 7O�+9D+ ≡ 7O�+(�)� ���
,Q� 6U&O�±0H� FU\VWDOV� �0H�  � .��� 1D��5E���&V���� WKH� UDGLDWLRQ�LQGXFHG� GLSROH� GH�VWUXFWLRQ� DW� ORZ� WHPSHUDWXUHV� JRHV� DFFRUG�LQJ�WR�WKH�VFKHPH�>�@�0H+9D+ + H− → 0H+9D� ≡ )$�� ���

0H+9D+ + H+ → 0H+9DHV+ ≡ 9.'�� ���7KH�GLIIHUHQFH�EHWZHHQ�WKH�UHDFWLRQV����Ü����DQG����Ü����FRQVLVWV�LQ�WKH�ORFDOL]DWLRQ�RIFKDUJH� FDUULHUV� RQ� GLSROHV�� +RZHYHU�� WKLVGLIIHUHQFH�GRHV�QRW� LQIOXHQFH� WKH�HIILFLHQF\RI� GLSROH� GHVWUXFWLRQ� �JHQHUDWLRQ� RI� FRORUFHQWHUV��� ZKLFK� LV� SUDFWLFDOO\� WKH� VDPH� IRUERWK�7O�9D DQG�1D�9D� DQG�DPRXQWV� WR���Ü��� ��� $W� WKH� GLSROHV� FRQFHQWUDWLRQ� RI���� FPÜ� RUGHU��DV�LV�LQ�RXU�FDVH��WKLV�SUH�GHWHUPLQHV� WKH� FRQFHQWUDWLRQ� RI� FRORU� FHQ�WHUV�RI����� FPÜ� RUGHU��7KH�WKDOOLXP�FRORUFHQWHUV� IRUPHG� LQ� WKH� FU\VWDOV� XQGHU� ORZWHPSHUDWXUH� LUUDGLDWLRQ�� SRVVHVV� DQ� HIIL�FLHQW� HOHFWULFDO� FKDUJH� ZLWK� UHVSHFW� WR� WKHFU\VWDO� ODWWLFH��DQG�SOD\�WKH�SDUW�RI�WKH�UH�FRPELQDWLRQ�FHQWHUV�>�@�7O�9D+ + H+ → 7O+9D+ + Kν���� ���
7O�+9D+ + H− → 7O+9D+ + Kν���� ���'XH� WR� WKH� UHDFWLRQV� ���Ü���� �JHQHUDWLRQRI� FRORULQJ� FHQWHUV�� DQG� ���Ü���� �EOHDFKLQJDFWLRQ�RI� UDGLDWLRQ��� D�G\QDPLF� HTXLOLEULXPEHWZHHQ� WKDOOLXP� FRORU� FHQWHUV� �7O����� DQG7O������� DQG� 7O�9D� GLSROHV� LV� UHDOL]HG�� $W7 !�����.��ZKHQ��IUHH��DQLRQ�YDFDQFLHV�EH�FRPH� PRELOH� >�@�� WKH� HOHFWULFDOO\� QHXWUDOWKDOOLXP�FRORULQJ�FHQWHUV�DUH�IRUPHG�>����@�WKH� EOHDFKLQJ� DFWLRQ� RI� ;�UD\V� GHFUHDVHV�DQG� WKH� FU\VWDO� FRORUDWLRQ� HIILFLHQF\� LQ�FUHDVHV��7KHVH�SURFHVVHV�DUH�DFFRPSDQLHG�E\WKH� ULVH� RI� WKH� DGGLWLRQDO� SHDNV� RI� LRQLFWKHUPDO�FXUUHQWV�7KXV��WKH�UHOD[DWLRQ�SURFHVVHV�LQ�6U&O�±7O�FU\VWDOV�DUH�RI� LRQLF�QDWXUH��7KRVH�DUH�FRQ�QHFWHG� ZLWK� WKH� FKDQJH� RI� FKDUJH� VWDWH� RIGHIHFW� FRPSOH[HV� XQGHU� ;�LUUDGLDWLRQ� DQGWKHUPDO�LQIOXHQFH�5HIHUHQFHV���&�-�'HOEHFT�� $�.�*RVK�� 3�+�<XVWHU�� 3K\V�5HY����������������������/�)�0ROOHQDXHU�� 1�9LHLUD�� /�6]HWR��2SW��/HWW�������������������6�9�1LVWRU��(�*RRYDHUWV��'�6FKRHPDNHU��3K\V�5HY��%������������������
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