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$%675$&7$� VROLG� DGVRUSWLRQ� KHDW� SXPS� KDV� EHHQ� EXLOW� XVLQJ� WKH� UHIULJHUDQW� JDV� LWVHOI� DV� D� KHDW� WUDQVIHU� PHGLXP�� $� PRYLQJ�WHPSHUDWXUH� IURQW� RU� 
WKHUPDO� ZDYH
� LV� FUHDWHG� ZLWKLQ� WKH� EHG� RI� JUDQXODU� DFWLYH� FDUERQ� WR� IDFLOLWDWH� D� KLJKO\�UHJHQHUDWLYH�F\FOH��$�QRYHO�DQG�FRPSDFW�JHRPHWU\�KDV�EHHQ�XVHG�WR�VLPSOLI\�PDQXIDFWXUH�DQG�WR�UHGXFH�WKH�YROXPH�RI�WKH�PDFKLQH�.(<:25'6FDUERQ��DPPRQLD��KHDW�SXPS��IRUFHG�FRQYHFWLRQ��UHJHQHUDWLYH�,1752'8&7,21)RU� VLPSOH� VRUSWLRQ� F\FOHV� DQ� HVVHQWLDO� UHTXLUHPHQW� WR�DFKLHYH�KLJK�HIILFLHQF\�LV�WKDW�VRPH�RI�WKH�KHDW�UHMHFWHGE\� WKH� VRUEDQW� GXULQJ� WKH� VRUSWLRQ� SURFHVV� VKRXOG� EH�XVHG�LQ�WKH�GHVRUSWLRQ�SURFHVV��7KLV�LV�NQRZQ�DV�WKHUPDO�UHJHQHUDWLRQ,Q� OLTXLG� VRUSWLRQ� V\VWHPV� WKHUPDO� UHJHQHUDWLRQ� LV�DFKLHYHG� E\� WKH� XVH� RI� FRXQWHUIORZ� KHDW� H[FKDQJHUV��:LWK� VROLG� VRUSWLRQ� V\VWHPV�� WKLV� LV� PRUH� GLIILFXOW� WR�DFKLHYH�� DOWKRXJK� PRYLQJ� EHGV� DUH� SRVVLEOH�� 7KH�WKHUPDO� ZDYH� UHFXSHUDWRU� KRZHYHU� FDQ� EH� VHHQ� DV� DQ�DQDORJXH� RI� WKH� FRXQWHUIORZ� KHDW� H[FKDQJHU� DQG� KDV�SURYLGHG�D�XVHIXO� WHFKQLTXH�IRU� UHJHQHUDWLYH�DGVRUSWLRQ�F\FOHV�>�@�,Q�WKH�FRQYHQWLRQDO�UHFXSHUDWRU��DV�XVHG�LQ�WKH�VWHHO� LQGXVWU\�� KHDW� LV� VWRUHG� LQ� D� VROLG� PDWUL[� WKURXJK�ZKLFK� D� KRW� JDV� LV� SDVVHG�� 7KLV� VHQVLEOH� KHDW� LV� WKHQ�XVHG� WR� KHDW� D� JDV� VWUHDP�� XVXDOO\� LQ� WKH� RSSRVLWH�GLUHFWLRQ�WR�WKH�LQLWLDO�JDV�IORZ��$�KLJK�HIIHFWLYHQHVV�FDQEH� DFKLHYHG� LI� WKH� KHDW� WUDQVIHU� LV� JRRG� DQG� WKH� IORZ�RUGHUO\�HQRXJK��OLWWOH�D[LDO�PL[LQJ��WR�VXVWDLQ�D�WKHUPDO�ZDYH��7\SLFDO�WHPSHUDWXUH�SURILOHV�JHQHUDWHG�GXULQJ�WKH�KHDWLQJ� DQG� FRROLQJ� SKDVHV� LQ� DGVRUEHQW� EHGV� IRU� WKLV�DSSOLFDWLRQ�DUH�VKRZQ�LQ�)LJXUH���7KH� FKDUDFWHULVWLF� ZKLFK� ODUJHO\� GHWHUPLQHV�HIIHFWLYHQHVV� RI� D� UHFXSHUDWRU� LV� WKH� UDWLR� RI� KHDW�H[FKDQJH� FDSDFLW\� WR� KHDW� FDSDFLW\� IORZUDWH� NQRZQ� DV�WKH�1XPEHU�RI�7UDQVIHU�8QLWV��178��

&SP $178 �D 
:KLOVW� D� FRXQWHUIORZ� KHDW� H[FKDQJHU� PD\� EH� DEOH� WR�DFKLHYH�DQ�HIIHFWLYHQHVV�RI�����ZLWK�178�RI���D�VLPLODU�SHUIRUPDQFH�IRU�D� UHFXSHUDWRU� UHTXLUHV�D�178�RI����RU�PRUH�� GHSHQGHQW� RQ� WKH� UDWLR� RI� VROLG� KHDW� FDSDFLW\� WR�WRWDO�JDV�FDSDFLW\�IORZ�>�@,Q�RUGHU�WR�DFKLHYH�WKLV�KLJK�178�YDOXH�RQH�RI�WKH�DUHDV�RI� UHVHDUFK� DW� WKH� 8QLYHUVLW\� RI� :DUZLFN� LV� WKH�FRQYHFWLYH� WKHUPDO� ZDYH� >�����@�� ,Q� WKLV� V\VWHP� WKH�UHIULJHUDQW�JDV�LWVHOI�LV�XVHG�DV�WKH�KHDW�WUDQVIHU�PHGLXP��7KLV� DSSURDFK� H[SORLWV� WKH� KLJK� VXUIDFH� DUHD� RI� WKH�JUDQXODU�VROLG�WR�JHW�JRRG�KHDW�WUDQVIHU��EXW�EULQJV�VRPH�UHVWULFWLRQV�� 6LQFH� WKH� WZR� EHGV� DUH� DW� GLIIHUHQW�SUHVVXUHV�� LW� LV� QR� ORQJHU� SRVVLEOH� WR� WUDQVIHU� KHDW�GLUHFWO\�IURP�WKH�EHG�EHLQJ�FRROHG�WR�WKDW�EHLQJ�KHDWHG��,QVWHDG��LQ�WKLV�V\VWHP�WKH�KHDW�LV�VWRUHG�LQ�D�SDFNHG�EHG�

RI�VRPH�LQHUW�PDWHULDO� VXFK�DV�VWHHO�RU�FHUDPLF�VSKHUHV��7KLV� KHDW� LV� WKHQ� UHFRYHUHG� ZKHQ� WKH� JDV� IORZ� LV�UHYHUVHG��$�GLDJUDP�RI�WKLV�W\SH�RI�PDFKLQH�LV�VKRZQ�LQ�)LJXUH� ��� ,Q� WKLV� GLDJUDP�� WKH� DFWLYH� EHG� RQ� WKH� ULJKW��FDUERQ�EHG���� LV�EHLQJ�FRROHG�DQG� WKH�KHDW� UHMHFWHG� LV�EHLQJ VWRUHG�LQ�LQHUW�EHG����&DUERQ�EHG���LV�EHLQJ�KHDWHG�XVLQJ� JDV� WKDW� KDV� EHHQ� SUH�KHDWHG� E\� SDVVLQJ� WKURXJK�WKH�LQHUW�EHG���EHIRUH�HQWHULQJ�WKH�KHDWHU�
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*DV�IORZ�GLUHFWLRQ

)LJXUH� ��7HPSHUDWXUHV� LQ� WKH�DFWLYH�EHG�GXULQJ� WKH�FROG�EORZ��WRS��DQG�WKH�KRW�EORZ��ERWWRP��
7KH�ILUVW�H[SHULPHQWDO�PDFKLQH,Q�RUGHU�WR�LQYHVWLJDWH�WKH�EHKDYLRXU�RI�VXFK�D�V\VWHP�D�ODERUDWRU\� GHPRQVWUDWLRQ�PDFKLQH� ZDV� FRQVWUXFWHG�� 7R�HFRQRPLVH�DQG�UHWDLQ�IOH[LELOLW\�D�V\VWHP�XVLQJ�RQO\�RQH�DFWLYH� DQG� RQH� LQHUW� EHG�ZDV�PDGH�� 7KH� OD\RXW� RI� WKLV�
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PDFKLQH� LV� VKRZQ� LQ� ILJXUH� ��� 7KH� JDV� ZDV� FLUFXODWHG�WKURXJK�WKH�V\VWHP�E\�D�5RRWV�W\SH�EORZHU�GULYHQ�E\�DQ�LQYHUWHU� FRQWUROOHG�PRWRU��7KH�KHDW�H[FKDQJHUV�ZHUH�RI�SODWH� DQG� VKHOO� GHVLJQ� ZLWK� WKH� DPPRQLD� RQ� WKH� VKHOO�VLGH�� 7KLV� PHWKRG� RI� FRQVWUXFWLRQ� JDYH� JRRG� KHDWWUDQVIHU�� EXW� PRUH� LPSRUWDQWO\� KDG� EHWWHU� UHVLVWDQFH� WR�WKH� SHULRGLFDOO\� FKDQJLQJ� SUHVVXUH� ORDGV��%\SDVV� ORRSV�HQDEOHG� WKH� KHDW� H[FKDQJHUV� WR�EH�SXW�RXW�RI� FLUFXLW��$�EUDQFK� IURP� WKH� PDLQ� ORRS� OHDG� WR� D� ZDWHU�FRROHG�FRQGHQVHU� DQG� WKH� FRQGHQVDWH� ZDV� SLSHG� WR� DQ�HYDSRUDWRU�UHFHLYHU�� 7KLV� UHFHLYHU� ZDV� VXVSHQGHG� E\�VSULQJV��DOORZLQJ�WKH�PDVV�RI�DPPRQLD�FRQGHQVHG�WR�EH�PHDVXUHG� XVLQJ� D� OLQHDU� GLVSODFHPHQW� YDULDEOH�WUDQVIRUPHU� �/'97��� 7KLV� HTXLSPHQW� ZDV� UXQ� IRU� D�UDQJH� RI� FRQGLWLRQV� DQG� RSHUDWLQJ� UHJLPHV�� $� FRROLQJ�&23� RI� ���� ZDV� DFKLHYHG� ZLWK� DQ� HYDSRUDWRU�WHPSHUDWXUH� RI� �� &�� D� FRQGHQVHU� WHPSHUDWXUH� RI� �� &��KHDW�LQSXW�DW���� &�DQG�KHDW�UHMHFWHG�DW��� &��>�@
7KH�SURWRW\SH�DGVRUSWLRQ�PDFKLQH$OWKRXJK� WKH� ODERUDWRU\� GHPRQVWUDWLRQ� PDFKLQH� KDV�EHHQ�UXQ�VXFFHVVIXOO\�LW�KDG�D�QXPEHU�RI�VKRUWFRPLQJV�7KH� PDFKLQH� LV� ODUJH� DQG�� DOWKRXJK� FRPSRVHG� RI�VWDQGDUG�FRPSRQHQWV�LV�FRVWO\�WR�EXLOG�7KHUH� LV� D� ODUJH� GHDG� YROXPH�� 7KLV� KDV� WKH� HIIHFW� RI�UHGXFLQJ� WKH� DPRXQW� RI� FRROLQJ� WKDW� FDQ� EH� SURYLGHG�

VLQFH�WKH�FKDQJH�LQ�WKH�PDVV�RI�JDV�LQ�WKLV�YROXPH�GRHV�QRW�GR�DQ\�XVHIXO�FRROLQJ�7KH�KHDW�H[FKDQJHUV�DUH�FRVWO\�DQG�EXON\�6RPH� FRQGHQVDWLRQ� WRRN� SODFH� LQ� WKH� FRROLQJ� KHDW�H[FKDQJHU�DQG�RWKHU�FROG�SDUWV�RI�WKH�PDFKLQH�,Q�RUGHU�WR�DGGUHVV�WKHVH�SUREOHPV�D�QHZ�GHVLJQ�LV�XQGHU�FRQVWUXFWLRQ�� 7KLV� PDFKLQH� ZLOO� XVH� WZR� SUHVVXUH�YHVVHOV�� HDFK� FRQWDLQLQJ� D� KHDWLQJ� DQG� D� FRROLQJ� KHDW�H[FKDQJHU�� FRQGHQVHU�� FLUFXODWLQJ� IDQ�� DFWLYH� DQG� LQHUW�EHG�� 7KH� KHDW� H[FKDQJHUV� LQ� WKLV�PDFKLQH�ZLOO� EH� D� ILQ�DQG� WXEH� GHVLJQ�� ZKLFK� LV� ZHOO� DEOH� WR� ZLWKVWDQG� WKH�SHULRGLF� SUHVVXUH� ORDGV�� $� VFKHPDWLF� IRU� WKLV�FRQILJXUDWLRQ� LV� VKRZQ� LQ� )LJXUH� ��� ,Q� WKLV� PDFKLQH�FDUHIXO� GHVLJQ� DQG� VL]LQJ� RI� WKH� KHDW� H[FKDQJHUV� LV�H[SHFWHG�WR�NHHS�WKH�SXPSLQJ�SRZHU�GRZQ�WR����:�IRU�D�PDFKLQH�GHVLJQHG�IRU���N:�FRROLQJ�FDSDFLW\�
*HQHUDO�GHVLJQ�FRQVLGHUDWLRQV�6L]LQJ�RI� WKH�EHGV�DQG�KHDW� H[FKDQJHUV� LV� DQ� LPSRUWDQW�SDUW� RI� WKH� GHVLJQ� SURFHVV�� 7KH� EHG� JUDLQ� VL]H�� RYHUDOO�GLDPHWHU� DQG� OHQJWK� PXVW� EH� VHOHFWHG� FDUHIXOO\�� � $�EDODQFH� PXVW� EH� VWUXFN� EHWZHHQ� WKH� UHTXLUHPHQWV� RI�KLJK� UHJHQHUDWRU� HIIHFWLYHQHVV� DQG� ORZ� SUHVVXUH� ORVV��'DWD� IURP� H[SHULPHQWV� SHUIRUPHG� ZLWK� WKH� SURRI� RI�FRQFHSW� ULJ� KDYH� HQDEOHG� WKLV� GHVLJQ� EDODQFH� WR� EH�PDGH��'DWD� IURP� SUHVVXUH� GURS� H[SHULPHQWV� DUH� VKRZQ�LQ�)LJXUH����
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*DV�IORZ�GLUHFWLRQ )LJXUH����D�VLPSOH�DGVRUSWLRQ�KHDW�SXPS�XVLQJ�IRUFHG�FRQYHFWLRQ�

)LJXUH����3URWRW\SH�KHDW�SXPS�VHFWLRQ� YLHZ� DQG� JHQHUDO� YLHZ��SUHVVXUH�YHVVHO�UHPRYHG��
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)LJXUH� ��� 3UHVVXUH� ORVV� WHVW� UHVXOWV� IRU� WKH�FDUERQ�EHG�ZLWK�DPPRQLD�
7KH�SUHVVXUH�ORVV�WKURXJK�D�SDFNHG�EHG�LV�FRQVLGHUHG�WR�EH�GXH�WR�D�FRPELQDWLRQ�RI��YLVFRXV�ORVVHV�UHODWHG�WR�WKH�K\GUDXOLF�GLDPHWHU�RI�WKH�LQWHUVWLWLDO�SDVVDJHV�DQG�LQHUWLD�IRUFHV� FDXVHG� E\� WKH� FKDQJHV� RI� IORZ� GLUHFWLRQ� ZLWKLQ�WKH� EHG�� 7KH� PRVW� FRPPRQO\� XVHG� UHODWLRQVKLS� LV� WKDW�IRUPXODWHG� E\� (UJXQ� >�@� ZKHUH� WKRVH� WZR� FRPSRQHQWV�FRPSRVH�WKH�ULJKW�KDQG�SDUW�RI�WKH�HTXDWLRQ��� � � � GXPG XF/3 �

���
� �� U\\P\\ ��� '

)RU� WKH� FDUERQV� XVHG� LQ� WKH� PDFKLQHV� GHYHORSHG� DW�:DUZLFN� ZLWK� DPPRQLD� WKLV� HTXDWLRQ� UHGXFHV� WR� WKH�IROORZLQJ� UHODWLRQ� ZKHQ� YLVFRVLW\�� YRLG UDWLR� DQG� JUDLQ�GLDPHWHU�DUH�JURXSHG�WRJHWKHU�
��������� XX/3 U�|'

)RU� WKH� UDQJH� RI� JDV� YHORFLWLHV� XQGHU� FRQVLGHUDWLRQ�LQHUWLDO�HIIHFWV�GRPLQDWH�7KH�ODUJH�FKDQJH�LQ�JDV�GHQVLW\�EHWZHHQ�WKH�FRQGHQVLQJ�SUHVVXUH�DQG�HYDSRUDWLQJ�SUHVVXUH�KDV�D�VWURQJ�HIIHFW�RQ�WKH� YROXPH� IORZUDWH� DQG� KHQFH� ZRUN� UHTXLUHG� WR�FLUFXODWH�WKH�JDV��$W�KLJK�SUHVVXUH����EDU��DQG�ORZ�WHPSHUDWXUH����&��WKH�LQWHUVWLWLDO�JDV�YHORFLW\�LQ�WKH�EHG�LV������P�V��$W�WKH�ORZ�SUHVVXUH���EDU��DQG�KLJK�WHPSHUDWXUH�����&��WKLV�ULVHV�WR����� P�V� 7KLV� ODUJH� YHORFLW\� YDULDWLRQ� LV� FDXVHG� E\� WKH�FKDQJH�LQ�GHQVLW\�RI�WKH�JDV�7KH� GHQVLW\� RI� WKH� JDV�� RU� PRUH� VSHFLILFDOO\� WKH� KHDW�FDSDFLW\� SHU� XQLW� YROXPH� LV� DQ� LPSRUWDQW� IDFWRU� WR� EH�FRQVLGHUHG� ZKHQ� DVVHVVLQJ� WKH� VXLWDELOLW\� RI� KHDW�WUDQVIHU� E\� IRUFHG� FRQYHFWLRQ� RI� WKH� UHIULJHUDQW� JDV�WRF\FOHV� XVLQJ� SDUWLFXODU� UHIULJHUDQWV�� 7KLV� WHFKQLTXH� LV�XQVXLWDEOH� IRU� ZDWHU� RU� PHWKDQRO�� 7KH� XVH� RI� KLJK�SUHVVXUH� JDVHV� VXFK� DV� FDUERQ� GLR[LGH� LV� FHUWDLQO\� RI�LQWHUHVW� DOWKRXJK� WKH� FKDQJH� LQ� PDVV� RI� UHIULJHUDQW�ILOOLQJ� WKH� YRLG� YROXPH� EHWZHHQ� WKH� KLJK� DQG� ORZ�SUHVVXUH�SKDVHV�EHFRPHV�ODUJH�
$OPRVW� DOO� FRPSRQHQWV� RI� WKH� QHZ� PDFKLQH� DUH�FRQYHQWLRQDO� H[FHSW� IRU� WKH� DPPRQLD� FLUFXODWLQJ� IDQ��7KLV� XQLW� KDV� EHHQ� WKH� SULQFLSDO� IRFXV� RI� GHYHORSPHQW�

RYHU� WKH� ODVW� \HDU�� 7KH� FRQGLWLRQV� RI� YROXPH� IORZ��GHQVLW\�DQG�SUHVVXUH�GLIIHUHQFH� OHG� WR� WKH� VHOHFWLRQ� LI�D�UDGLDO� IORZ� IDQ� RI� ���PP� GLDPHWHU�� RSHUDWLQJ� DW� D�PD[LPXP�VSHHG�RI��������530��WKH�LPSHOOHU�DQG�VWDWRU�DUH� VKRZQ� LQ� )LJXUHV� �� DQG� ��� 7KH� IDQ� LV� GULYHQ� E\� D�VZLWFKHG� UHOXFWDQFH� PRWRU� WKURXJK� D� VHW� RI� PDJQHWLF�FRXSOLQJV�� 7KH� IORZ� UHYHUVDO� LV� DFKLHYHG� E\� ���F\OLQGULFDO� FRQGXLWV� ZLWK� KHOLFDO� JURRYHV� DUUDQJHG�DURXQG�WKH�SHULPHWHU�RI�WKH�IDQ�
7KH� KHDW� H[FKDQJHUV� ZLWKLQ� WKH� SUHVVXUH� YHVVHO� DUH� RI�WKH� WXEH�ILQ� W\SH�� 7KH� KHDWLQJ� KHDW� H[FKDQJHU� KDV� D�WKHUPRV\SKRQ�ZLWK� FRQGHQVLQJ�ZDWHU� RQ� WKH� WXEH� VLGH��7KLV�JLYHV�D�KLJK�LQWHUQDO�KHDW�WUDQVIHU�FKDUDFWHULVWLF�DQG�DYRLGV�WKH�QHHG�IRU�D�KLJK�WHPSHUDWXUH�IOXLG�SXPS��7KH�KHDW�WUDQVIHU�DUHD�DYDLODEOH�RQ�WKH�JDV�VLGH�LV���P���7KH�FRROLQJ� DQG� FRQGHQVLQJ� KHDW� H[FKDQJHUV� DUH� FRQQHFWHG�E\�D�ZDWHU�ORRS�WR�D�IDQ±FRLO�DVVHPEO\�UHMHFWLQJ�KHDW�WR�DLU��7KH�KHDW�WUDQVIHU�DUHD�DYDLODEOH�RQ�WKH�JDV�VLGH�LV���P��7KH�HYDSRUDWRU�LV�RI�D�SODWH�W\SH��FRROLQJ�D�ZDWHU�JO\FRO�ORRS�� 6ROHQRLG� YDOYHV� ZLOO� EH� XVHG� WR� LVRODWH� WKH�HYDSRUDWRU� IURP� WKH� UHVW� RI� WKH� V\VWHP� GXULQJ� WKH�FRQGHQVLQJ�SKDVH�

)LJXUH����7KH�,PSHOOHU�

)LJXUH����7KH�VWDWRU�ULQJ�
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5()(5(1&(6
>�@� 6KHOWRQ� 6�9�� :HSIHU� :�-�� 0LOHV� '�-� 5DPS� ZDYH�DQDO\VLV� RI� WKH� VROLG�YDSRXU� KHDW� SXPS�� -RXUQDO� 2I�(QHUJ\�5HVHDUFK�7HFKQRORJ\ YRO�������SS�����>�@� +DXVHQ� +�� +HDW� WUDQVIHU� LQ� FRXQWHUIORZ�� SDUDOOHO�IORZ�DQG�FURVVIORZ��0F�*UDZ�±+LOO������>�@�� &ULWRSK� 5�(��� $� IRUFHG� FRQYHFWLRQ� UHJHQHUDWLYH�F\FOH� XVLQJ� WKH� FDUERQ� � DPPRQLD� SDLU�� 3URF�6ROLG�6RUSWLRQ� 5HIULJHUDWLRQ�� 3DULV�� 1RY� ����� SXE�� /LPVL��,6%1��������������>�@� &ULWRSK� 5�(��� )RUFHG� FRQYHFWLRQ� HQKDQFHPHQW� RI�DGVRUSWLRQ� F\FOHV�� +HDW� 5HFRYHU\� 6\VWHPV� DQG�&�+�3��������������SS���������>�@�8�.�SDWHQW������������7KHUPDO�FRPSUHVVLYH�GHYLFH¶�5�(�&ULWRSK��5�7KRUSH��)LOHG�VHSW�����>�@� &ULWRSK� 5�(�� 7KRUSH� 5 ([SHULPHQWDO� UHVXOWV� IURP� D�IRUFHG�FRQYHFWLRQ�DGVRUSWLRQ�KHDW�SXPS��DLU�FRQGLWLRQHU��3URFHHGLQJV� RI� WKH� ,QWHUQDWLRQDO� 6RUSWLRQ� +HDW� 3XPS�&RQIHUHQFH��0XQLFK��0DUFK�������SS�������>�@� (UJXQ� 6� )OXLG� IORZ� WKURXJK� SDFNHG� FROXPQV��&KHPLFDO�(QJLQHHULQJ�3URJUHVV��9RO����SS����������

1RPHQFODWXUH$ +HDW� WUDQVIHU� DUHD� LQ� WKH� EHG� SHU� XQLW� YROXPH��P��P��F (PSLULFDO�FRQVWDQW�XVHG�LQ�WKH�(UJXQ�HTXDWLRQ&S +HDW�FDSDFLW\�RI�WKH�JDV��-�NJ�.�G *UDLQ�GLDPHWHU��P�/ %HG�OHQJWK��P�P (PSLULFDO�FRQVWDQW�XVHG�LQ�WKH�(UJXQ�HTXDWLRQP� 0DVVIORZ�RI�JDV�SHU�XQLW� FURVV�VHFWLRQ�DUHD�RI�WKH�EHG��NJ�P�V�3 3UHVVXUH��3D�X $SSURDFK�YHORFLW\�RI�WKH�JDV��P�V�D +HDW�WUDQVIHU�FRHIILFLHQW��:�P�.�< 5DWLR�RI�YRLG�YROXPH�WR�EXON�YROXPHP 9LVFRVLW\��3D�V�
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