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$%675$&7�7KH� JHQHUDO� JRDO� RI� WKLV� SDSHU� LV� WR� SUHVHQW� WKH� UHVXOWV� RI� DQ� LQYHVWLJDWLRQ� RI� D� QHZ� HQYLURQPHQWDOO\� IULHQGO\�UHIULJHUDWRU��,Q�WKLV�GHVLJQ�D�SK\VLFDO�DGVRUSWLRQ�DQG�FKHPLFDO�UHDFWLRQV�DUH�XVHG�VLPXOWDQHRXVO\�IRU�D�KHDW�DQG�FROG�JHQHUDWLRQ��$�VRODU�UHIULJHUDWRU�LV�PDGH�RI�D�VRODU�FROOHFWRU��DGVRUEHG�QDWXUDO�JDV�YHVVHO��$1*���DQG�FRPSDFW��SRUWDEOH�UHIULJHUDWLRQ�V\VWHP��ZKLFK�FRQVLVWV�RI�WZR�VPDOO�DGVRUEHUV�ZLWK�KHDW�SLSH�KHDW�UHFRYHU\�V\VWHP��$Q�DFWLYH�FDUERQ�ILEHU�³%XVRILW´� VDWXUDWHG� ZLWK� GLIIHUHQW� VDOWV� �&D&O��� %D&O��� 1L&O�� �� LV� XVHG� DV� D� VRUEHQW� EHG� DQG� DPPRQLD� LV� XVHG� DV� D�ZRUNLQJ�IOXLG��7KH�PDLQ�SDUWLFXODULW\�RI�WKLV�UHIULJHUDWRU�LV�FRQVXPSWLRQ�RI�VRODU�HQHUJ\�ZLWK�PHWKDQH�JDV�EXUQHU�DV�D�EDFN�XS�7KH�V\VWHP�PDQDJHPHQW�FRQVLVWV�RQO\�LQ�DFWXDWLQJ�WKH�VSHFLDO�W\SH�YDOYHV�WR�FKDQJH�WKH�GLUHFWLRQ�RI�WKH�KHDWLQJ�FLUFXLW�DQG ZDWHU�YDOYHV�WR�FKDQJH�WKH�ZDWHU�FRROLQJ�FLUFXLW��7KH� JRDO� RI� WKLV� ZRUN� LV� WKH� H[SHULPHQWDO� GHWHUPLQDWLRQ� RI� WKH� PDLQ� UHIULJHUDWRU� SDUDPHWHUV� XVLQJ� VRODU�JDV� KLJK�WHPSHUDWXUH�VRXUFH�RI�HQHUJ\�DQG�DLU�ZDWHU�DV�D�ORZ�WHPSHUDWXUH�VRXUFH�RI�HQHUJ\�WR�FRRO�DQG�KHDW�DLU��ZDWHU�
.(<�:25'6��VRODU�JDV�UHIULJHUDWRU��DGVRUSWLRQ��FKHPLFDO�UHDFWLRQV��KHDW�UHFRYHU\��KHDW�SLSHV
���,1752'8&7,217KH� FRQFHSW� RI� VRODU�SRZHUHG� UHIULJHUDWLRQ� F\FOHV� LV�NQRZQ� DQG� VHYHUDO� UHIULJHUDWRUV� RSHUDWLQJ� RQ� WKLV�SULQFLSOH� DUH� FRPPHUFLDOO\� DYDLODEOH� >�@�� 7KH�GHPRQVWUDWLRQ� RI� WKH� VRODU� VRUSWLRQ� UHIULJHUDWRU� ZLWK�F\FOH� GD\�QLJKW� WR� SURGXFH� WKH� LFH� XVLQJ� VRODU� HQHUJ\�ZDV� SHUIRUPHG� LQ� >�@�� 6RODU� FRROLQJ� SURFHVVHV� XVLQJ�FKHPLFDO� UHDFWLRQV� IRUWKH� F\FOH� GD\�QLJKW�ZHUH� UHDOL]HG�LQ�>�@��7KH�DXWKRUV�RI�WKH�SDSHU�>�@�XVHG�DPPRQLD�DFWLYH�FDUERQ�LQ�VRODU�UHIULJHUDWRU�WHVWV��7KH�QHZ�K\EULG�V\VWHP�RI�VRODU�SRZHUHG�ZDWHU�KHDWHU�DQG�DGVRUSWLRQ�LFH�PDNHU�ZDV�VKRZQ�LQ�>�@�+RZHYHU�� WKHUH� KDV� EHHQ� D� OLWWOH� UHVHDUFK� LQWR� WKH�LQWHJUDWLRQ� RI� VKRUW� WLPH� F\FOHV� VRUSWLRQ� PDFKLQHV� RI�VRODU� SRZHU� ZLWK� QDWXUDO� JDV� >�@�� RU� VRODU� SRZHU� ZLWK�HOHFWULFDO� LPPHUVLRQ� KHDWHU� DV� D� EDFN� XS� >�@�� 8VH� RI�PHWKDQH�DV�DQ�DOWHUQDWLYH�KHDWLQJ�V\VWHP�ZRXOG�EH�PRUH�HFRQRPLFDO� DQG� DSSOLFDWLRQ� RI� VRODU� SRZHU�VLPXOWDQHRXVO\�ZRXOG� UHGXFH� WKH FRVW� DQG� VL]H� RI� VRODU�FROOHFWRUV�� $FWXDOO\� WZR� GLIIHUHQW� VROLG� VRUSWLRQ�UHIULJHUDWLRQ� F\FOHV� DUH� PRVWO\� XVHG� ± DGVRUSWLRQ� DQG�FKHPLFDO�UHDFWLRQ�>����@�7KH� FRPELQHG� DFWLRQ� RI� SK\VLFDO� DGVRUSWLRQ� DQG�FKHPLFDO� UHDFWLRQV� IRU� WKH� FROG� SURGXFWLRQ� LQ� WKH� VDPH�VSDFH� DQG� DW� WKH� VDPH� WLPH� LV� DWWUDFWLYH� LQLWLDWLYH� WR�HQKDQFH�WKH�&23�RI�D�V\VWHP�>��@�,Q� WKH� SDSHUV� >�����@� WKH� XVH� RI� KHDW� SLSHV� WR� LPSURYH�WKH� SHUIRUPDQFH� RI� FDUERQ�DPPRQLD� DGVRUSWLRQ�UHIULJHUDWRU� ZDV� GLVFXVVHG�� ,W� ZDV� VKRZQ� WKDW� WKH� KHDW�WUDQVIHU� ZLWKLQ� DQ� DFWLYH� FDUERQ� VRUEHQW� EHG� FRXOG� EH�LPSURYHG� GUDPDWLFDOO\� E\� WKH� XVH� RI� ILQQHG� KHDW� SLSH��6RODU�JXLGHG� VRUSWLRQ� F\FOHV� FDQ� EH� DOVR� XVHG� LQ� KHDW±GULYHQ�UHIULJHUDWRUV��RU�KHDW�SXPSV� LQ�ZKLFK�WKH�HQHUJ\�VRXUFH�LV�D�EXUQLQJ�IXHO��RU�ZDVWH�KHDW�>��@��7KH�FRQFHSW�DLP� RI� VXFK� UHVHDUFK� SURJUDP� LV� WR� H[WUDFW� WKH� PRVW�HQWKDOS\� IURP� WKH� ORZ�JUDGH� KHDW� EHIRUH� LW� LV� SXUJHG�

LQWR� WKH� VXUURXQGLQJ�� ,W� LV� HDV\� WR� SHUIRUP�� LI� DQ�DXWRQRPRXV� ORZ� SUHVVXUH� $1*� YHVVHOV� DUH� XVHG�WRJHWKHU�ZLWK�JDV�EXUQHU�>�@�DQG�WKH�HQHUJ\�RI�WKH�ZDVWH�JDV� LV� XVHG� WR� KHDW� WKH� ORZ� WHPSHUDWXUH� VRUEHQW� EHG�$�VRODU�JDV� UHIULJHUDWRU� EDVHG� RQ� D� UHYHUVLEOH� VROLG�VRUSWLRQ�SKHQRPHQD�LV�FRPSHWLWLYH��LI�WKH�SURFHVV�DOORZ�WR�VWRUH�WKH�HQHUJ\�RI�D�KLJK�GHQVLW\��DQG�LI�WKH�KHDWLQJ��RU�FRROLQJ�SRZHU�LV�HQRXJK IRU�FRQVXPHUV�,Q� WKH�SDSHU� >��@�VRPH� WKHRUHWLFDO�UHVHDUFK�LQ�WKLV�ILHOG�ZHUH�SUHVHQWHG��7KH�DSSOLFDWLRQ�RI� WKH� ILUVW�DQG�VHFRQG�ODZ� RI� WKHUPRG\QDPLFV� LQ� HTXLYDOHQW� &DUQRW� F\FOH�FRQFHSW�DSSOLHG�WR�WKHUPR�FKHPLFDO�VROLG�JDV�UHVRUSWLRQ�V\VWHP�ZDV�GLVFXVVHG�LQ�>��@�5HJDUGLQJ� WKH�GHYHORSLQJ�FRXQWULHV� DSSOLFDWLRQ� WKHUH� LV�D� ZHOO�GRFXPHQWHG� QHHG� IRU� IRRG� UHIULJHUDWLRQ�� DLU�FRQGLWLRQLQJ� LQ� DUHDV� WKDW� GR� QRW� KDYH� DFFHVV� WR� JULG�HOHFWULFLW\��6SRLODJH�RI�PDQ\�SURGXFWV��SDUWLFXODUO\�ILVK��FDQ�EH�DV�KLJK�DV�����2XU� LQWHQWLRQ� LV� WR� GHVLJQ� D� UHIULJHUDWRU�ZKLFK� ZRXOG�RSHUDWH� ZLWKRXW� JULG� HOHFWULFLW\�� FRQVXPLQJ� D� FKLS�HQHUJ\� �FRPSDFW� VRODU� HQHUJ\� FRQFHQWUDWRU� DQG�DXWRQRPRXV�� ORZ�SUHVVXUH� DGVRUEHG�QDWXUDO�JDV� VWRUDJH�V\VWHP���WKDW�FDQ�EH�EXLOW�DQG�PDLQWDLQHG�LQ�WKH�FRXQWU\�RI� XVH�� EH� OLJKW� DQG�SRUWDEOH� DQG� WKDW� LV� ORZ�HQRXJK� LQ�FRVW��7KLV�FDQ�EH�DFKLHYHG�LI�ZH�XVH�D�VRODU�HQHUJ\�DV�D�PDLQ� VRXUFH�� D� JDV� IODPH� DV� D� VHFRQG� �DOWHUQDWLYH�� RU�DGGLWLRQDO�� VRXUFH� RI� HQHUJ\� DQG� D� VHW� RI� VRUEHQW� EHGV�ZKLFK� DUH� VZLWFKHG� RQ� DQG� RII� DOWHUQDWLYHO\�� 7KHVH�VRUEHQW� EHGV� DUH� XVHG� DV� VLQJOH� VWRUDJH� V\VWHPV� ZLWK�SK\VLFDO� VRUSWLRQ� �DFWLYH� FDUERQ� ILEHU� ³%XVRILW´���FRPSOH[� FRPSRXQG� VLQJOH� VWDJH� V\VWHPV� ZLWK� SK\VLFDO�VRUSWLRQ� DQG� FKHPLFDO� UHDFWLRQV� �DFWLYH� FDUERQ� ILEHU�³%XVRILW´���&D&O���� RU� D� FRPSOH[�FRPSRXQG� WZR�VWDJH�V\VWHPV��³%XVRILW´���%D&O�DQG�³%XVRILW´���1L&O���ZLWK�WKH� LQWHUQDO�DQG�H[WHUQDO�KHDW�UHFRYHU\��7KH�DSSOLFDWLRQ�RI� D� FRQVWDQW� VRXUFH� RI� HQHUJ\� �a� �N:�� ZLWK� VSHFLDO�YDOYHV� WR� KHDW� DQG� FRRO� WKH� VRUEHQW� EHGV� DOWHUQDWLYHO\�
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LQFUHDVH� D� &235 RI� WKH� V\VWHP�� WR� FRPSDUH� ZLWK� WKH�DSSOLFDWLRQ�RI� SHULRGLFDOO\� VZLWFKHG�RQ�DQG�RII� VRXUFHV�RI�HQHUJ\����7+(�0$,1�'(6,*1�2)�62/,'�62537,21�5()5,*(5$7257ZR�VRUEHQW�EHG�DGVRUSWLRQ�UHIULJHUDWRUV�FDQ�EH�XVHG�DV�D�VLQJOH�VWDJH�V\VWHP��ZKHQ�HDFK�RI�WZR�FDQLVWHUV�LV�VZLWFKHG�RQ�DQG�RII�DOWHUQDWLYHO\��RU�DV�D�WZR�VWDJH�V\VWHP�ZLWK�KHDW�UHFRYHU\�EHWZHHQ�VRUEHQW�EHGV��)LJ�������6RODU�FRQFHQWUDWRU����)LJ����3KRWR�����LV�PDGH�IURP�WKH�DOXPLQXP� SODWH� DV� D� WUD\� �79� SDUDEROLF� DQWHQQD�� ZLWK�GLDPHWHU� ���� P�� WKH� LQQHU� VXUIDFH� LV� FRYHUHG� E\� WKH�PHWDOOLF� SRO\PHU� ILOP� ZLWK� KLJK� GHJUHH� RI� UHIOHFWLRQ������ �PLUURU��� $OXPLQXP� QLWULGH� FRDWLQJ� LQFUHDVH� WKH�DEVRUSWLRQ�FRHIILFLHQW�RI�D�VRODU�UHFHLYHU�XS�WR�����7KLV�V\VWHP� QHHGV� WR� KDYH� D� VRODU� RULHQWHG� PHFKDQLVP� WR�PRYH�VRODU�FRQFHQWUDWRU�6RODU�JDV� UHIULJHUDWRU� KDV� WZR� VRUEHQW� EHG� FDQLVWHUV� �� DQG���� FRQQHFWHG�E\� WKH�KHDW� UHFRYHU\� ORRS�$�� WZR�SKDVH�KHDW�WUDQVIHU� V\VWHP� %� �YDSRU�G\QDPLF� WKHUPRV\SKRQ��� RQH�FRQGHQVHU��� �)LJ����ZLWK� ORZ�WHPSHUDWXUH� WZR�HYDSRUDWRUV������DQG� WZR�FROG�SDQHOV������ �ORRS�KHDW�SLSHV��KHDWHG�E\�WKH� DLU��:KHQ� WKHUH� LV� D� IRUFHG� FRQYHFWLRQ�KHDWLQJ�E\� WKH�DLU� IURP� VXUURXQGLQJ� WZR� ORZ� WHPSHUDWXUH� ILQQHG�HYDSRUDWRUV�FDQ�EH�XVHG�ZLWKRXW�ORRS�KHDW7KH�GHYLFH�%��)LJ�����LV�GHVLJQHG�WR�KHDW�DGVRUEHUV�DQG�LV�PDGH�DV�D�YDSRU�G\QDPLF�WKHUPRV\SKRQ��ZKLFK�KDV�D�VPDOO� ERLOHU� ���� WZR� HORQJDWHG� F\OLQGULFDO� ILQQHG�FRQGHQVHUV� �� LQVLGH� WKH� VRUEHQW� EHG� FDQLVWHUV�� YDSRU�FKDQQHO� ��� DQG� WZR� IOH[LEOH� OLTXLG� SLSHV� ZLWK� VSHFLDO�YDOYHV���DQG���WR�UHJXODWH�WKH�ERLOHUV�ZDWHU�IHHGLQJ�7KH� EDVLF� SDUWLFXODULW\� RI� WKLV� WKHUPRV\SKRQ� %� LV� WKH�SHULRGLFDO�VZLWFK�RQ�DQG�RII��E\�YDOYHV�� WKH�FRQGHQVHUV�ZLWK�FRQVWDQW�UDWH�RI�WKH�ERLOHU�KHDW�ORDG�7KH� ERLOHU� LV� GLVSRVHG� LQ� WKH� IRFXV� RI� D� VRODU�FRQFHQWUDWRU� DQG� VLPXOWDQHRXVO\� LV� KHDWHG� E\� WKH� JDV�IODPH� RI� D JDV� EXUQHU� ���� MRLQW� WR� WKH� DGVRUEHG�QDWXUDO�JDV� YHVVHO� �$1*��� )LJ����� 7KH� H[SHULPHQWDO� GDWD�DFTXLVLWLRQ� V\VWHP� LQFOXGHV� WKH� WHPSHUDWXUH� VHQVRUV��YDSRU�SUHVVXUH�JDXJH�DQG�FRPSXWHU��7KH�JDV�IORZ�UDWH�LV�UHJXODWHG�DV�D�IXQFWLRQ�RI�WKH�YDSRU�WHPSHUDWXUH�7ZR VROLG� VRUEHQW� FDQLVWHUV� �� DQG� �� �)LJ���� DUH� ILOOHG�ZLWK� DQ� DFWLYH� FDUERQ� ILEHU� ³%XVRILW´� ����� RU� DUH� ILOOHG�ZLWK� ³%XVRILW´� VDWXUDWHG� E\� FKHPLFDOV� DQG�ZUDSSHG� RQ�WKH� VXUIDFH� RI� FRQGHQVHUV� ���� EHWZHHQ� ILQV��7KH� OHQJWK�RI�WKH�FDQLVWHU�LV�����P�WKH�RXWHU�GLDPHWHU�RI�WKH�FDQLVWHU�LV� ��� PP�� :KHQ� WKH� FRPSRVLWLRQ� ³%XVRILW´�VDOW� ZDV�XVHG� WKH� IXOO� KHDW� RXWSXW� ZDV� DW� OHDVW� WZR� WLPHV� PRUH��IRU� WKH� ³%XVRILW´�&D&O� FRPELQDWLRQ� D� IXOO� DGVRUSWLRQ�FDSDFLW\�LV�PRUH�WKDQ������NJ�RI�DPPRQLD�IRU���NJ�RI�D�VRUEHQW�EHG���EXW�WKH WLPH�RI�UHDFWLRQV�LV�LQFUHDVHG�IURP����PLQ��XS�WR�������PLQ��7KH�IXOO�DGVRUSWLRQ�FDSDFLW\�RI�DQ� DFWLYH� FDUERQ� ILEHU� ³� %XVRILW´� IRU� GLIIHUHQW� JDVHV� LV�SUHVHQWHG� RQ� 7DEOH� ��� 7KH� LVRWKHUPV� RI� DPPRQLD�DGVRUSWLRQ�GHVRUSWLRQ� RQ� ³%XVRILW´� DQG� ³%XVRILW´���&D�&O� DUH�VKRZQ�RQ�)LJ���± )LJ���7KH� WHPSHUDWXUH� HYROXWLRQ� RI� WKH� VXUIDFH� RI� WKH� ERLOHU�DQG� FDQLVWHU� 1R��� ���� DQG� WKH� FDQLVWHU� 1R��� ���� DUH�VKRZQ� RQ� )LJ���� 7KH� PDLQ� OHYHO� RI� WKH� ERLOHU� VXUIDFH�WHPSHUDWXUH�LV�QHDU������&��ZKLOH� WKH�PDLQ�WHPSHUDWXUH�RI� WKH� FDQLVWHUV� GXULQJ� LWV�PD[LPXP�GHVRUSWLRQ� DIWHU� ��

F\FOHV� RI� WKH� RSHUDWLRQ� LV� ��� �&�� 7KH� WHPSHUDWXUH�GLIIHUHQFH� LV� QHDU� ��� �&�� LW� PHDQV� WKDW� WKH� WKHUPDO�UHVLVWDQFH�EHWZHHQ�WKH�VRXUFH�RI�WKH�HQHUJ\��ERLOHU��DQG�WKH� VLQN� RI� WKH� HQHUJ\� �WKH� VXUIDFH� RI� WKH� FDQLVWHUV�� LV�QHDU�5� �������N�:�7KH�FRROLQJ�SRZHU�RI�WKH�UHIULJHUDWLRQ�PD\�EH�GHILQHG�DV�3� �4H ��W�� ���ZKHUH�³W´�UHSUHVHQWV�WKH�GXUDWLRQ�RI�D�VLQJOH�F\FOH�RI�WKH�FRROLQJ�KHDWLQJ�� 7KH� FRROLQJ� SRZHU� PD\� DOVR� EH�H[SUHVVHG� SHU� PDVV� RI� WKH� DGVRUEHQW�� RU� WKH� DGVRUEHU�7KH�PDVV�RI�WKH�DGVRUEHU�LV�HTXDO�WR�WKH�VXP�RI�PDVVHV�RI� WKH� DGVRUEHQW��PHWDO�ZDOO� RI� FDQLVWHUV� DQG� KHDW� SLSH�KHDW�WUDQVIHU�V\VWHP�4H  �':P/�� &3ZP':��7F ± 7H� ���&235  �4H ���4VH���4DG� ���7KH�WRWDO�KHDW�RI�DGVRUSWLRQ�LV�HTXDO�4DG  �'+DG':PE� ���46H  �P&S�7� ± 7�����PE&3E�7� ± 7����PE:L&S�7� ± 7��� �PE:DY&SE���7��± 7��� ���ZKHUH'+DG ± WKH�KHDW�RI�DGVRUSWLRQ��:L ± DPRXQW�RI�DPPRQLD�YDSRU�SUHVHQW�LQ�WKH�³%XVRILW´�GXULQJ�WKH�LVRVWHULF�SKDVH�RI�KHDWLQJ�:DY ± WKH� DYHUDJH� YDOXH� RI� WKH� DPRXQW� RI� DPPRQLD�YDSRU�LQ�³%XVRILWª�GXULQJ�WKH�DGVRUSWLRQ�SKDVH�06 ± WRWDO�PDVV�RI�VWDLQOHVV�VWHHO�WXEHV�RI�FDQLVWHUV�&SV� ��&SE ± VSHFLILF�KHDW�FDSDFLWLHV�RI�VWDLQOHVV�VWHHO�DQG�³%XVRILW´�7��� 7� ± GHQRWH� WKH� PLQLPXP� DQG� PD[LPXP�WHPSHUDWXUHV�RI�WKH�V\VWHP��ZKLOH�7� ± UHSUHVHQW� WKH� WHPSHUDWXUH� DW� WKH� EHJLQQLQJ� RI� WKH�GHVRUSWLRQ�WLPH�

3KRWR� �� � *HQHUDO� YLHZ� RI� WKH� VRODU� VROLG� VRUSWLRQ�UHIULJHUDWRU

)LJ��� 6RODU� VROLG� VRUSWLRQ� UHIULJHUDWRU� �� KLJK�WHPSHUDWXUH�SDUW
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)LJ�� �� 6RODU� VROLG� VRUSWLRQ� UHIULJHUDWRU�� ORZ�WHPSHUDWXUH��DPPRQLD��SDUW
7DEOH���)XOO�DGVRUSWLRQ�FDSDFLW\�RI�VRUEHQW�EHG)XOO�DGVRUSWLRQ�FDSDFLW\��NJ�NJ�DGVRUEHQW ³%XVRILW´�70
 ³%XVRILW´�70
�&D&O�$FHWRQH ����$PPRQLD ���� ����(WKDQRO ����0HWKDQRO ������� '(6&5,37,21�2)�7+(�5()5,*(5$725�23(5$7,21���6LQJOH�VWDJH�V\VWHP�ZLWK�³%XVRILW´�7KH� UDWH� RI� WKH� DGVRUSWLRQ�GHVRUSWLRQ� RI� DPPRQLD� RQ� WKH�VXUIDFH� RI³%XVRILWª� FDQ� EH� HYDOXDWHG� E\� WKH� LVRWKHUPV�DQDO\VLV�DW�GLIIHUHQW�WHPSHUDWXUHV�RI�WKH�VRUEHQW�EHG��)LJ���,Q�RUGHU�WR�VWXG\�WKH�VRUSWLRQ�FDSDFLW\�RI�WKH DGVRUEHQW�LW�LV�QHFHVVDU\�WR�NQRZ�WKH�TXDQWLW\�RI�JDV�DGVRUEHG�RQ�HDFK�SRLQW�RI�WKH�F\FOH��7KHUH�LV�D�JHQHUDO�QHHG�WR�KDYH�D�JRRG�ILW� RI� H[SHULPHQWDO� LVRWKHUPV� DQG� WHPSHUDWXUH� DQG� WR�H[WUDSRODWH� VRPH� LVRWKHUPV�EHVLGH� WKH�H[SHULPHQWDO� ILHOG��)LJ���� ����)RU�WKH�FDUERQ�ILEHU�³%XVRILW´�WKH�DSSURDFK�RI�'XELQLQ� LV�ZHOO� DGDSWHG� DQG� DOORZV� OLQNLQJ�TXLWH� VLPSO\�WKH� SK\VLFDO� SURSHUWLHV� RI� ³%XVRILW´� WR� WKH� FDSDFLW\� RI�DGVRUSWLRQ�RI�WKH�FDUERQ�ILEHU�7KH� WKHRU\�RI�PLFUR�SRURXV�YROXPH�ILOOLQJ��ZRUNHG�RXW�E\� 'XELQLQ� 0�0��� LV� ZLGHO\� XVHG� IRU� TXDQWLWDWLYH�FKDUDFWHULVWLF� RI� DGVRUSWLYH� SURSHUWLHV� DQG� EDVLF�YDULHWLHV�RI�SRURXV�VWUXFWXUH��7KH�EDVLF�HTXDWLRQ�RI� WKLV�WKHRU\�LV�'XELQLQ�$VWDNKRY¶V�HTXDWLRQ��ZKLFK�GHVFULEHV�WKH� HTXLOLEULXP� JDV� DGVRUEWLRQ� RQ� WKH� DGVRUEHQWV� ZLWK�PLFUR� SRURXV� KRPRJHQHRXV� VWUXFWXUH� WKDW� KDV� WKH�IROORZLQJ�IRUP�H[S �QR R: $D (Q E§ ·§ · ª º �¨ ¸ ¨ ¸« »© ¹ ¬ ¼© ¹ ���
'XELQLQ�5DGXVKNHYLFK¶V� HTXDWLRQ� LV� D� VSHFLDO� FDVH� RI�'XELQLQ�$VWDNKRY¶V�HTXDWLRQ���Q �����H[S OJR V: 3D %7 3Q § ·ª º§ · § · �¨ ¸¨ ¸ ¨ ¸« »¨ ¸© ¹ © ¹¬ ¼© ¹ ���
7KH� HPSLULFDO� FRHIILFLHQW� LQ� WKH� HTXDWLRQ� ���� IRU� WKH�DPPRQLD� DGVRUSWLRQ� $&)� ³%XVRILW� $<70����´� FDVH�DUH�:R �������DQG�<  �����������7KH� DIILQHG� FRHIILFLHQW� E LV� DQ� LQGHSHQGHQW� DUJXPHQW�DQG� LV� GHILQHG� DV� D� UDWLR� RI� WZR� JDV� VXEVWDQFHV�DGVRUSWLYH� SRWHQWLDOV� DW� LQYDULDEOH� DGVRUEHQW� LQ� WKH�HTXDWLRQ� ����� 7KH� DPPRQLD� FDOFXODWHG� DIILQHG�FRHIILFLHQWV� WR� EHQ]HQH� �WKLV� VXEVWDQFH� LV� XVXDOO\� WDNHQ�

DV� D� VWDQGDUG� RQH�� GLIIHU� IURP� HDFK� RWKHU� LQ� GLIIHUHQW�UHIHUHQFHV�� 7KH E DPPRQLD� FRHIILFLHQW� WR� EHQ]HQH� IRU�$&)� OLNH� �%XVRILW��� E%XVRILW  ������ ZDV� REWDLQHG� RQ�WKH�H[SHULPHQWDO�PDWHULDO�$QRWKHU� LPSRUWDQW� VRUEHQW� FKDUDFWHULVWLF� LV� D� SHFXOLDU�SRURXV� VL]H�� ,W� FDQ� EH� GHILQHG� DFFRUGLQJ� WR� WKH� HPSLULF�H[SUHVVLRQ� IRU� VOLW�OLNH� SRURXV� PRGHO�� SURSRVHG� E\�0�0��'XELQLQ�� [ N�(R��ZKHUH� [� � KDOI�ZLGWK� RI� WKH�PLFUR� SRUH��QP�� (R � WKH� FKDUDFWHULVWLF� HQHUJ\� RI� EHQ]HQH�� �����N-�PROH�� N� � FRQVWDQW� RI� SURSRUWLRQDOLW\�� HTXDO� ������ 7KH�SRURXV�SHFXOLDU�VL]H�RI� WKH�$&)�©%XVRILW�$<70�����ª�LV������$��,Q�WKHVH�UHODWLRQVKLSV�D�± VRUSWLRQ�FDSDFLW\� J�J��PPROH�J�� OQ �V3$ 57 3§ · ¨ ¸© ¹ ±FKDUDFWHULVWLF� VRUSWLRQ� HQHUJ\�� N-�PROH�� %� ± VWUXFWXUDO�FRQVWDQW��ZKLFK�FKDUDFWHUL]HV�WKH�VL]H�DQG�GLVWULEXWLRQ�RI�PLFUR�SRUHV��.�� � ?h ± FKDUDFWHULVWLF�HQHUJ\�RI�VWDQGDUG�JDV��XVXDOO\�± EHQ]HQH��N-�PROH��3�± SUHVVXUH��3D��N3D��03D�� L ± WHPSHUDWXUH�� qK�� D�� 5 ± XQLYHUVDO� JDV�FRQVWDQW�� N-��PROH� .�� 9 ± YROXPH�� P��� :R ± PLFUR�SRURXV�YROXPH�OLPLW�FP��J��]�± FRPSUHVVLELOLW\�IDFWRU��E± DIILQHG� FRHIILFLHQW�� Q ± DGVRUSWLYH� VXEVWDQFH� PRODU�YROXPH�FP��PPROH�,W� LV�YHU\�LPSRUWDQW�WR�HVWLPDWH�WKH�&23�RI�WKH�SURFHVV��7KUHH�OHYHOV�RI�WHPSHUDWXUHV� 7HYDS��7DPE��7DG�DQG�WKH�WZR� OHYHOV� RI� SUHVVXUH� 3HYDS�� 3FRQG�� GHILQH� WKH�WKHUPRG\QDPLF�F\FOH7KH�UHIULJHUDWRU�ZRUNV�RQ�D�IRXU�SKDVHV�F\FOH�� ,VRVWHULF�KHDWLQJ�� GHVRUSWLRQ�FRQGHQVDWLRQ�� LVRVWHULF�FRROLQJ�� DGVRUSWLRQ�HYDSRUDWLRQ�&235  �FROG�RXWSXW�KLJK�JUDGH�KHDW�LQSXW7KH�'XELQLQ� UHODWLRQ�JLYHV� WKH� GHQVLW\� RI� WKH� DGVRUEHG�YDSRU��ZLWKU�7�� �UE ± �UE�� U���7KH� VDWXUDWLQJ� YDSRU� SUHVVXUH� LV� REWDLQHG� IURP�&ODSH\URQ�HTXDWLRQ�OQ��3��� �� '+�57���'6�5�IRU�7���7F�DQG�E\�H[WUDSRODWLRQ�RI�WKLV�HTXDWLRQ�IRU�WKH�WHPSHUDWXUH�7�JUHDWHU�WKDQ�7F�7KH�PDLQ� SDUDPHWHUV� RI� WKH� UHIULJHUDWRU� DUH� VKRZQ� LQ� WKH�7DEOH����7KH�WHPSHUDWXUH�RI�WKH�FDUERQ�ILEHU���DQG���LQVLGH�WKH� DGVRUEHU� �� DQG� �� LV� LQFUHDVLQJ� XS� WR� �������� �&� DQG�WKHUH� LV� D� KLJK�SUHVVXUH� DPPRQLD� JHQHUDWLRQ� LQ� SRUHV�� WKH�SURFHVV� EHLQJ� HQGRWKHUPLF�� 7KH� VXSHUKHDWHG� DPPRQLD� LV�HQWHULQJ� WR� WKH� FRQGHQVHU� �� �)LJ���� DQG� LV� FRROLQJ� DQG�FRQGHQVLQJ� RQ� WKH� FROG� VXUIDFH� RI� WKH� ZDWHU� �$�� KHDW�H[FKDQJHU� �)LJ����� 7KH� OLTXLG� DPPRQLD� �%�� HQWHUV� WKH�SRURXV� HYDSRUDWRU� ��� RU� �� DQG� LV� VWRUHG� LQ� WKH� OLTXLG�UHVHUYRLU��GLVSRVHG�LQVLGH�WKH�HYDSRUDWRU��7KH�ILUVW�KDOI�RI�D�F\FOH� LV�RYHU��'XULQJ� WKH�VHFRQG�KDOI�RI�D�F\FOH� WKH�DFWLYH�ZDWHU� FRROLQJ� RI� DGVRUEHU� ��� RU� �� �)LJ����� �ZDWHU� KHDW�H[FKDQJHU� ����� LV� VWDUWLQJ�� WKH� VRUEHQW� EHG� WHPSHUDWXUH� LV�IDOOLQJ� GRZQ� WR� ������ �&� �� DQG� WKH� DPPRQLD� SUHVVXUH� LV�IDOOLQJ�GRZQ�WR�����EDU�RU�OHVV�:KHQ� WKH�SUHVVXUH� LQ� WKH�DGVRUEHU�EHFRPHV� ORZHU� WKDQ�WKH� DPPRQLD� SUHVVXUH� LQ� WKH�HYDSRUDWRU�� WKH�SURFHVV�RI�WKH� OLTXLG� DPPRQLD� HYDSRUDWLRQ� LQVLGH� WKH� SRURXV�VWUXFWXUH� LV� EHJLQQLQJ� ZLWK� LQWHQVH� HYDSRUDWRU� ZDOO�FRROLQJ� GRZQ� WR� ��� �&�7KH� HYDSRUDWRUV� ���� �� �)LJ����DUH� WKHUPDOO\� FRQQHFWHG� ZLWK� WKH� VXUURXQGLQJ� WKURXJK�WKH� ORRS� KHDW� SLSHV� ��� DQG� ���� &RD[LDO� KHDW� SLSH�

mailto:lvasil@ns1.hmti.ac.by
mailto:lvasil@ns1.hmti.ac.by


/�/�9DVLOLHY��OYDVLO#QV��KPWL�DF�E\ ��

FRQGHQVHUV� DUH� GLVSRVHG� RQ� WKH� RXWHU� VXUIDFH� RI� WKH�HYDSRUDWRUV�� 0XOWL�EHQW� KHDW� SLSH� HYDSRUDWLQJ� SDUW� LV�KHDWLQJ� E\� WKH� DLU�� 7KHVH� WZR� KHDW� SLSHV� DUH� XVHG� DV� D�VHFRQG� DPPRQLD� FLUFXLW� �HYDSRUDWRU� ��� ����� :KHQ� WKH�WHPSHUDWXUH� RI� WKH� HYDSRUDWRU� ��� ��� LV� GHFUHDVLQJ� DQG�EHFRPHV� ORZHU� WKDQ� WKH� DLU� WHPSHUDWXUH�� WKH� DPPRQLD�HYDSRUDWLRQ� LQ� WKH� KHDW� SLSH� ���� ��� LV� VWDUWLQJ� ZLWK�IXUWKHU� LWV� FRQGHQVDWLRQ� RQ� WKH� RXWHU� VXUIDFH� RI� WKH�HYDSRUDWRU�������+HDW� WUDQVIHU�EHWZHHQ�WKH�DLU�DQG�FROG�KHDW� SLSH� SDQHOV� LV� UHDOL]HG� E\� WKH� QDWXUDO� FRQYHFWLRQ��WKH� WHPSHUDWXUH� RI� WKH� KHDW� SLSH� EHLQJ� ORZHU� ± ���&�3HULRGLFDO�VZLWFKLQJ�RQ�DQG�RII�WKH�ORRS�KHDW�SLSH�LV�UHDOL]HG� DXWRPDWLFDOO\� IROORZLQJ� WKH�DGVRUSWLRQ�GHVRUSWLRQ� F\FOHV� RI� WKH� VRUEHQW� EHG�� 7KH�WRWDO� UHDFWLRQ� RI� WKH� F\FOH� �)LJ���� LV� DFKLHYHG� LQ� ���PLQXWHV�� 7KH� WHPSHUDWXUH� HYROXWLRQ� RI� WKH� ERLOHU� LV�V\QFKURQL]HG� ZLWK� WKH� WHPSHUDWXUH� HYROXWLRQ� RI�DGVRUEHUV�

)LJ�� ��� � �� WHPSHUDWXUH� HYROXWLRQ� RI� WKH� HYDSRUDWRU�VXUIDFH���� FDQLVWHU�1R���VXUIDFH����� FDQLVWHU�1R���VXUIDFH

)LJ��� $GVRUSWLRQ�GHVRUSWLRQ� LVRWKHUPV� RI� DPPRQLD� RQ� WKH�³%XVRILẂ �7DEOH���6RODU�JDV�UHIULJHUDWRU�PDLQ�SDUDPHWHUV$GVRUEHU�GLPHQVLRQV����/� �����P��'� ������P³%XVRILW´�PDVV�LQ�RQH�DGVRUEHU�� �����NJ$PPRQLD�PDVV�LQ�RQH�DGVRUEHU�� �����NJ:DWHU�PDVV�LQ�RQH�WKHUPRV\SKRQ����������������NJ$PPRQLD�PDVV�LQVLGH�RQH�ORRSKHDW�SLSH����������������������������������������������������NJ7RWDO�PDVV�RI�UHIULJHUDWRU���� ���NJ7HPSHUDWXUH�RI�D�KRW�DGVRUEHU���������������������&&RQGHQVHU�KHDW�UHMHFWLRQ�WHPSHUDWXUH����������&/RRS�KHDW�SLSH�WHPSHUDWXUH���������������������������&)LQQHG�HYDSRUDWRU�WHPSHUDWXUH��ZLWKRXW�ORRS�KHDW�SLSHV������������������� � ����&$GVRUEHU�KHDWLQJ�FDSDFLW\�:�NJ�VRUEHQW����������������������������������������:�NJ

���� 6LQJOH� VWDJH� V\VWHP� �FRPSOH[� FRPSRXQG�³%XVRILW´���&D&O���/HW� XV� FRQVLGHU� WKH� VLQJOH� VWDJH� UHIULJHUDWRU�� LQ� ZKLFK�WKH� FDQLVWHU� LV� ILOOHG� ZLWK� DQ� DFWLYH� FDUERQ ILEHU�³%XVRILW´� �� &D&O��� $PPRQLD� LV� D� ZRUNLQJ� IOXLG�� 7KH�FKHPLFDO� UHDFWLRQ� RI� DPPRQLD� ZLWK� WKH� PDLQ� VRUEHQW�PDWHULDO�&D&O� LV�SHUIRUPHG�DV�&D&O���Q1+� � &D&O� �1+��Q ��Q�'+ ���7KH� FDQLVWHU� GXULQJ� LWV� ILUVW� KDOI� F\FOH� ± FRROLQJ�� LV�FRQQHFWLQJ� WR� D� KHDW� H[FKDQJHU� �FRQGHQVHU� ��HYDSRUDWRU��� 7KH� ZRUNLQJ� IOXLG� DFFXPXODWHG� LQ� WKH�HYDSRUDWRU�VWDUWV�WR�ERLO��DQG�ZH�KDYH�WKH�UHDFWLRQ���/�OLT� o /�JDV� ��'+YDS ! ���7KLV�UHDFWLRQ�LV�HQGRWKHUPLF�ZLWK�FROG�SURGXFWLRQ�LQ�WKH�HYDSRUDWRU�7KH� FDQLVWHU� GXULQJ� LWV� ILUVW� KDOI� F\FOH� LV�RSHUDWLQJ�DV�DEVRUEHU��LQ�ZKLFK�WKH�FKHPLFDO�UHDFWLRQ�RI�WKH�JDVHRXV�DPPRQLD�ZLWK�&D&O� WDNHV�SODFH�Q&D&O� ��Q*�JDV� o &D&O� *Q ��ZLWK�'+�� � ���7KH� FRPSRVLWLRQ� RI� ³%XVRILW´�ZLWK� &D&O�DV� D� FRPSOH[�FRPSRXQG� VRUSWLRQ� PHGLD� LV� YHU\� FRQYHQLHQW� EHFDXVH�³%XVRILW´�KDV�XQLIRUP�VXUIDFH�SRUH�GLVWULEXWLRQ����������QP���VPDOO�QXPEHU�RI�PDFUR�SRUHV������± ����QP���ZLWK�LWV� VSHFLILF� VXUIDFH� ���� ± �� P��J� �� VPDOO� QXPEHU� RI�PHVRSRUHV� ZLWK� ��� P��J� VSHFLILF� VXUIDFH�� WKH� VSHFLILF�YROXPH�RI�PLFUR�SRUHV�LV������FP��J��ZLWK�WRWDO�SDFNLQJ�SRURVLW\������������7KH�FKDQJH�RI�WKH�YROXPH�DQG�PDVV��H[SDQVLRQ� IDFWRU�� IRU� &D&O� PLFURFULVWDOV� GLVSRVHG� RQ�WKH� ³%XVRILW´� VXUIDFH� GXULQJ� DEVRUSWLRQ�UHJHQHUDWLRQ�RFFXUV�LQVLGH�WKH�YROXPH�RI�PDFUR�SRUHV�DQG�PHVRSRUHV�RI� ³%XVRILW´� DQG� GRQ¶W� DIIHFW� WKH� ³%XVRILW´� VWUXFWXUH��7KH�FRXSOHG�DFWLRQ�RI�³%XVRILW´�DQG�&D&O� LQFUHDVH�WKH�WKHUPDO� FRQGXFWLYLW\� RI� D� V\VWHP�� LQFUHDVH� WKH� JDV�SHUPHDELOLW\� LQWR� WKH� LQWHUILEHU� VSDFH�� LQFUHDVH� LWV�VRUSWLRQ�FDSDFLW\�WR�1+� ��PDLQWDLQ�D�KLJK�SRURVLW\�RI�DVRUEHQW� EHG� GXULQJ� WKH� VROLG�JDV� UHDFWLRQ� DQG� ILQDOO\�LQFUHDVH� WKH� SHUIRUPDQFHV� RI� D� VROLG� VRUSWLRQ�UHIULJHUDWRU�2Q� WKH� SKRWR� �)LJ���� WKH� XQLIRUP� GLVSRVLWLRQ� RI� WKH�PLFUR� FU\VWDOV� RQ� WKH� ³%XVRILW´� FDUERQ� ILEHU� VXUIDFH� LV�GHPRQVWUDWHG�� 7KH� H[SHULPHQWDO� LVRWKHUPV� RI� WKH�FRPSOH[�FRPSRXQG�³%XVRILW´� &D&O� DUH�VKRZQ�RQ�)LJ����$� VWURQJ� LQIOXHQFH� RI� &D&O� RQ� WKH� VORSH� RI� WKH�LVRWKHUPV� LV� HYLGHQW�� 7KH� H[SHULPHQWDO� VHW�XS� WR�GHWHUPLQH� ³%XVRILW´� �� DPPRQLD� LVRWKHUPV� ZDV� ILOOHG�ZLWK� ���� J� RI� &D&O� DQG� ���� J� RI� ³%XVRILW´�� 7KH�DPPRQLD� VRUSWLRQ� FDSDFLW\� RI� WKLV� FRPSOH[� FRPSRXQG�DW�WKH�WHPSHUDWXUH�7� ����&�DQG�3� �����N3D�ZDV�������J�J�� WKH� WRWDO� PDVV� RI� WKH� DPPRQLD� ZDV� ������ J��³%XVRILW´�KDG�DPPRQLD�DGVRUSWLRQ�FDSDFLW\����J��&D&O�KDG�DPPRQLD�DGVRUSWLRQ�FDSDFLW\�������J� 6PDOO�SDUW�RI�&D&O� ������J��GLGQ¶W�UHDFW�ZLWK�DPPRQLD�7KH�W\SLFDO�FXUYHV�RI�WKH�WKHUPRG\QDPLF�HTXLOLEULXP�RI�WKH� V\VWHP� 1+� ± &D&O�DUH� SUHVHQWHG� RQ� )LJ���� WKH�LVRWKHUPV�RI�WKH�FKHPLFDO�UHDFWLRQ�RI�&D&O�DQG�1+��DUH�DQDO\]HG� DW� 7�  � ��� �&� DQG� 7�  � ��� �&� ��2Q�)LJ�� �� WKH�LVRWKHUPV�RI� WKH�FRPSOH[�FRPSRXQG�³%XVRILW´���&D&O�DUH�VKRZQ�PXOWLSOLHG�RQ�WKH�PDVV�UDWLR�FRHIILFLHQWV�� F� ������IRU�³%XVRILWª��DQG�F�  ������IRU�&D&O���7KH�VXP�RI� WKHVH� WZR� LVRWKHUPV� IRU� ³%XVRILW´� DQG� &D&O�IRU� WKH�WHPSHUDWXUH�7� �����&�DQG 7� �����&�FDQ�EH�FRQVLGHUHG�DV� DQ� LQWHJUDO� LVRWKHUP�� W\SLFDO� IRU� WKLV FRPSOH[�FRPSRXQG�� 7KHVH� H[SHULPHQWDO� GDWD� WHVWLI\� WKH�LQGHSHQGHQW� DFWLRQ� RI� ³%XVRILW´� DQG� &D&O� GXULQJ� WKH�
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DPPRQLD� VRUSWLRQ�� ZKHQ� D� SK\VLFDO� DGVRUSWLRQ� DQG� D�FKHPLFDO�UHDFWLRQ�ZLWK�DPPRQLD�WDNH�SODFH�$�FDOFXODWLRQ�EDVHG�RQ�D����PLQXWHV�RI�ZRUNLQJ�RI� WKH�VROLG�VRUSWLRQ�UHIULJHUDWRU�OHDGV�WR�D�SRZHU�RI�DERXW�����:�NJ� RI� WKH� UHDFWLYH� PDVV�� 7KH� FRQVLGHUHG� UHDFWLYH�PDVV� LV� WKH� VXP� RI� DOO� WKH� UHDFWDQWV� PDVVHV�� PHWDO�FKORULGH���DPPRQLD���DFWLYH�FDUERQ�ILEHU��1RWH� WKDW� WKH� XWLOL]DWLRQ� RI� KLJK� WKHUPDO� FRQGXFWLYLW\�FDUERQ� ILEHUV� FDQ� OHDG� WR� KLJKHVW� SRZHU�� WKH� XVH� RI�SLWFK�EDVHG� FDUERQ� ILEHUV� ��  � ���� WR� ���� :�P�� .���SHUPLWV�WR�REWDLQ�D�WRWDO�UHDFWLRQ�LQ�OHVV�WKDQ����PLQXWHV�DQG�FDQ�JLYH�PRUH�WKDQ �����:�NJ�RI�WKH�WRWDO�PDVV�RI�UHDFWDQWV��7KLV�FRPELQDWLRQ�³%XVRILW´���&D&O� LQ�RQH�UHDFWRU�ZLWK�WKH� FRQGHQVHU�HYDSRUDWRU� LV� YHU\� XVHIXO� IRU� WKH�GHVLJQLQJ� RI� WKH� SRUWDEOH� DQG� OLJKW� DXWRQRPRXV� FRROHU�IRU� VSDFH� DQG� KD]DUGRXV� FRQGLWLRQV� �D� VHOI�UHJXODWLQJ�FRROLQJ� V\VWHP� WR� UHPRYH� PHWDEROLF� KHDW� IURP� WKH�FRRODQW� ORRS� LQ� D� OLIH� VXSSRUW� V\VWHP� XVHG� LQ� VSDFH�DFWLYLW\��RU�KD]DUGRXV�FRQGLWLRQV��OLNH�ILUH��HW����7KHUH�LV�D� SRVVLELOLW\� WR� SHUIRUP� WKH� WHPSHUDWXUH� DQG� KXPLGLW\�FRQWURO�RI�WKH�VSDFH�VXLW�YHU\�HIILFLHQWO\�

PXOWLSOLHG�E\�����WLPHV

PXOWLSOLHG�E\�������WLPHV)LJ�����3KRWR�³%XVRILW�&D&O� ´��&D&O�´

)LJ��� ([SHULPHQWDO� DQG� FDOFXODWHG� DPPRQLD�LVRWKHUPV� RI� ³%XVRILW�� &D&O�´�� 'DVKHG� OLQHV� ±FDOFXODWHG�GDWD�

)LJ����7KHUPRG\QDPLF�HTXLOLEULXP�RI�D�FRPSRVLWLRQ�1+�± &D&O� >86�SDWHQW�1R���������@�

)LJ���� $GVRUSWLRQ� LVRWKHUPV� RI� ³%XVRILW�� &D&O�´�� �� ���qq&����� ��qq&����� &D&O� 
FF����qq&������ &D&O� 
FF����qq&�������³%XVRILW´
FF�����qq&�������³%XVRILW´
FF�����qq&��

)LJ����&ODSH\URQ�GLDJUDP�IRU�WKH�FRPSOH[�FRPSRXQG�³%XVRILW´���&D&O� DQG�DPPRQLD�LQ�WKH�UHIULJHUDWLRQ�F\FOH7DEOH� ��6RODU�JDV�UHIULJHUDWRU� �VLQJOH� VWDJH�FRPSOH[�FRPSRXQG��PDLQ�SDUDPHWHUV6ROLG�JDV�DGVRUEHU�GLPHQVLRQV����/� �����P��'� �����P³%XVRILW´�PDVV�LQ�RQH�DGVRUEHU������������������NJ&D&O� PDVV�LQ�RQH�DGVRUEHU������������������������NJ$PPRQLD�PDVV�LQ�RQH�DGVRUEHU������������������NJ:DWHU�PDVV�LQ�RQH�WKHUPRV\SKRQ�����������������NJ$PPRQLD�PDVV�LQVLGH�RQH�ORRS�KHDW�SLSH��������������NJ7RWDO�PDVV�RI�UHIULJHUDWRU����������������������������NJ7HPSHUDWXUH�RI�D�KRW�DGVRUEHU���������������������&&RQGHQVHU�KHDW�UHMHFWLRQ�WHPSHUDWXUH����������&/RRS�KHDW�SLSH�WHPSHUDWXUH���������������������������&)LQQHG�HYDSRUDWRU�WHPSHUDWXUH��ZLWKRXWORRS�KHDW�SLSHV��������������������������������������������&+HDWLQJ�FDSDFLW\��:�NJ�DGVRUEHQW�������:�NJ�
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��� 7:2±67$*(� 6<67(0� �&203/(;�&203281'� ³%862),7´�1L&O�� $1'��³%862),7´��%D&O����)RU� WKLV� WZR�VWDJH� V\VWHP� WKHUH� LV� DQ� LQWHUQDO� KHDW� DQG�PDVV�UHFRYHU\�EHWZHHQ�WZR�VRUEHQW�EHG��WZR�FDQLVWHUV���ILOOHG�ZLWK�GLIIHUHQW� W\SHV�RI�D�FRPSOH[�FRPSRXQG��7KH�ILUVW�FDQLVWHU�LV�ILOOHG�ZLWK�³%XVRILW´��%D&O� ��WKH�VHFRQG�FDQLVWHU� LV� ILOOHG� ZLWK� ³%XVRILW´� �� 1L&O��� 7KH�H[SHULPHQWDO�VHW�XS�WR�DQDO\]H�WKH�WZR� VWDJH�V\VWHP�RI�FROG� JHQHUDWLRQ� DV� UHVRUSWLRQ� UHIULJHUDWRU� LV� VKRZQ� RQ�)LJ�� ���7KH� LQWHUQDO� PDVV� DQG� KHDW� UHFRYHU\� LQ� WKH�PXOWLVDOW� UHDFWRU� DQG� WKH� H[WHUQDO� KHDW� UHFRYHU\� E\� WKH�KHDW� SLSH� KHDW� H[FKDQJHU� FDQ� EH� UHDOL]HG� IURP� KLJK�WHPSHUDWXUH� FKHPLFDO� VDOWV� SDLUV� LQ� WKH� UHJHQHUDWLRQ�SKDVH��7KH�&23�RI�VXFK�D�V\VWHP�ZLOO�EH�KLJKHU�WKDQ�IRU�D� VLPSOH� V\VWHP� ZLWKRXW� KHDW� UHFRYHU\�� 'LIIHUHQW�SRVVLELOLWLHV� RI� WKH� IDVW� UHDFWLYH� PDWHULDO� DUH� WR� EH�FRQVLGHUHG� DV� D� VRUEHQW� PHGLD� WRJHWKHU� ZLWK� KHDW� SLSH�KHDW�H[FKDQJHUV�7KH� LQWHUQDO� PDVV DQG� KHDW� UHFRYHU\� LQ� WKH� PXOWL�VDOW�UHDFWRU� DQG� WKH� H[WHUQDO� KHDW� UHFRYHU\�E\� WKH�KHDW�SLSH�KHDW� H[FKDQJHU� FDQ� EH� UHDOL]HG� IURP� KLJK� WHPSHUDWXUH�FKHPLFDO� VDOW� SDLUV� LQ� WKH� UHJHQHUDWLRQ� SKDVH� WR� D� ORZ�WHPSHUDWXUH� SDLUV� LQ� WKH� DEVRUSWLRQ�SKDVH��7KH�&23�RI�VXFK� D� V\VWHP�ZLOO� EH� KLJKHU� WKDQ� IRU� D� VLPSOH� V\VWHP�ZLWKRXW�KHDW�UHFRYHU\�,Q� RXU� H[SHULPHQWV� DQ� DFWLYH� FDUERQ� ILEHU� ³%XVRILW´�ZLWK� KLJK�SHUPHDELOLW\�� SRURVLW\� DQG� FDSLOODU\� SRWHQWLDO�LV�XVHG�DV� D� IDVW� VRUEHQW�EHG�DQG�DV� D�KRVW�PDWHULDO� IRU�GLIIHUHQW� VDOWV�� 7KLV� FDUERQ� ILEHU� LQVXUHV� WKH� XQLIRUP�GLVWULEXWLRQ�RI� WKLQ� ����P�� ILOPV�RI�PLFURFULVWDOV� RQ� WKH�SRURXV�KRVW�PDWHULDO�VXUIDFH�&DUERQ� ILEHU� ³%XVRILW´� DV� D� IDVW� VRUEHQW� PDWHULDO� LV�UHDFWLQJ� ZLWK� DPPRQLD� LQ� WKH� HDUO\� VWDJH� RI�KHDWLQJ�FRROLQJ� WLPH� �XS� WR� � PLQ��� LQFUHDVLQJ� WKH�SUHVVXUH�LQ�WKH�UHDFWRU�WKHQ�VDOWV�EHJLQ�WR�UHDFW�DV�D�YHU\�HIIHFWLYH� VRUEHQW� EHG�� ³%XVRILW´� DV� D� FDSLOODU\�SRURXV�KRVW� PDWHULDO� VWLPXODWH� WKH� VDOW� WKLQ� ILOP� GLVWULEXWLRQ�WKURXJK� WKH�ZKROH� YROXPH� RI� D� VRUEHQW� EHG� GXULQJ� WKH�UHJHQHUDWLRQ� WLPH� �DPPRQLD� FDSLOODU\� FRQGHQVDWLRQ��OLTXLG�PRWLRQ� WKURXJK� WKH� VRUEHQW� EHG�GXH� WR� DFWLRQ�RI�FDSLOODU\�IRUFHV���'XH�WR�LWV�KLJK�SHUPHDELOLW\�WKH�XVH�RI�³%XVRILW´� LV� DOVR� VXLWDEOH� IRU� VRUSWLRQ� F\FOHV� FRXSOHG�ZLWK�IRUFHG�FRQYHFWLRQ�KHDWLQJ�FRROLQJ�,Q� WKH FRQYHQWLRQDO� WKHUPR�FKHPLFDO� F\FOHV� WKH� PDMRU�HQWURS\� SURGXFWLRQ� LQ� UHVRUSWLRQ� V\VWHPV� LV� GXH� WR� WKH�VXSHUKHDWLQJ�RI�YDSRU�GXULQJ�WKH�FROG�SURGXFWLRQ�SKDVH�DQG�GH�VXSHUKHDWLQJ�RI�YDSRU�GXULQJ�UHJHQHUDWLRQ�SKDVH��WKH�PDLQ�SDUW�RI� UHDFWLRQ� LV�XVHG� IRU�SUHVVXUL]DWLRQ�DQG�GH�SUHVVXUL]DWLRQ�RI�UHDFWRUV��,Q�RXU�FDVH�³%XVRILW´�DFWV�DV�D�IDVW�UHDFWLQJ�PDWHULDO��ZKLFK�GHFUHDVHV�WKH�SUHVVXUH�GURS� EHWZHHQ� WKH� FROG� SURGXFWLRQ� DQG� UHJHQHUDWLRQ�SKDVHV� WKHUHE\� LQFUHDVLQJ� WKH� &23� RI� WKH� V\VWHP��'XULQJ� WKH� UHJHQHUDWLQJ� DQG FROG� SURGXFWLRQ� SKDVHV�WKHUH� LV� D� VWURQJ� LQWHUDFWLRQ� EHWZHHQ� ³%XVRILW´� DQG� WKH�VDOWV��WKH�DPPRQLD�PLJUDWLQJ�IURP�³%XVRILW´�WR�VDOWV�DQG�EDFN��7KLV�SKHQRPHQRQ� LV�QRW�\HW� IXOO\�XQGHUVWRRG�DQG�QHHGV�IXUWKHU�LQYHVWLJDWLRQ�6RPH� WHVWV� ZLWK� WZR� VPDOO� UHDFWRUV� FRQILJXUHG� DV�UHVRUSWLRQ� UHIULJHUDWRU� DQG� FURVV� RYHU� YDOYHV� ZHUH�SHUIRUPHG�� XVLQJ� D� VLPSOH� H[SHULPHQWDO� VHW�XS�

�)LJ������ 7KLV� LV� PDGH� XS� RI� WZR� UHDFWRUV� �DFWLYH�FDUERQ� ILEHU�� VDOWV� DQG� DPPRQLD�� ZLWK� DQ�LQWHUFRQQHFWLQJ� YDOYH� EHWZHHQ� WKHP�� 7KH� ORZ�WHPSHUDWXUH� UHDFWRU� 1R��� ZDV� ILOOHG� ZLWK� DFWLYH�FDUERQ�ILEHU�³%862),7´��PDVVH����J��VDWXUDWHG�ZLWK�%D&O���PDVV���J���7KH�KLJK�WHPSHUDWXUH�UHDFWRU�1R���ZDV� ILOOHG� ZLWK� DQG� DFWLYH� FDUERQ� ILEHU� ³%XVRILW´��PDVVH����J��VDWXUDWHG�ZLWK�1L&O� �PDVVH���J��7KH� ORZ� WHPSHUDWXUH� UHDFWRU� 1R��� ZDV� KHDWHG� �FRROHG�ZLWK� D� KHDW� WUDQVIHU� GHYLFH� ± KHDW� SLSH� �SURSDQH� DV�ZRUNLQJ� IOXLG��� 6LPLODUO\� WKH� KLJK� WHPSHUDWXUH� UHDFWRU�1R��� ZDV� KHDWHG� �� FRROHG� ZLWK� KHDW� SLSH� �ZDWHU� DV�ZRUNLQJ�IOXLG��7KH�SUHVVXUH��)LJ�����LQVLGH�WZR�UHDFWRUV�ZDV�PHDVXUHG�DQG� UHFRUGHG� DV� D� IXQFWLRQ� RI� WLPH� GXULQJ� LWV�KHDWLQJ�FRROLQJ�� 7KH� RSWLPDO� PDVV� RI� DPPRQLD� LQVLGH�WKH� V\VWHP� ZDV� ��� J�� LW� PHDQV� WKDW� DW� WKH� URRP�WHPSHUDWXUH� PRVW� RI� WKH� DPPRQLD� PDVV� ZDV�FRQFHQWUDWHG� LQ� WKH� KLJK� WHPSHUDWXUH� UHDFWRU� 1R����VDWXUDWHG� ZLWK� 1L&O��� WKH� HTXLOLEULXP� SUHVVXUH� LQ� WKH�V\VWHP�ZDV�HTXDO�����EDU��$W� WKH� WLPH�LQWHUYDO�'W�  ����PLQ� WKH� KHDW� IORZ� ZDV� VXSSOLHG� WR� WKH� UHDFWRU� 1R���WKURXJK� WKH� ���:� KHDW� SLSH�� 7KHUH� DUH� IRXU� GLIIHUHQW�W\SLFDO�WLPH�LQWHUYDOV�RI�WKH�UHIULJHUDWRUKHDWLQJ���FRROLQJ�7KH� ILUVW� WLPH� LQWHUYDO� ��� ���� PLQ�� LV� UHODWHG� ZLWK� WKH�KLJK�WHPSHUDWXUH��UHDFWRU�1R����VRUEHQW�EHG�KHDWLQJ�DQG�WKH�WHPSHUDWXUH�UDLVH�RI�WKH�KHDW�SLSH�VXUIDFH�7����� ��WKH�WHPSHUDWXUH� RI� WKH� KHDW� SLSH� ILQ� HQG� 7� DQG� WKH�WHPSHUDWXUH� RI� WKH� UHDFWRU� VXUIDFH� 7� �� 7KLV� KHDWLQJ�SHULRG� RI� WLPH� LV� VWLPXODWHG� E\� WKH� KHDW� SLSH� DQG� LV� D�UHDVRQ� RI� WKH� DPPRQLD� GHVRUSWLRQ� IURP� ³%XVRILW´� DQG�DPPRQLD�UHJHQHUDWLRQ�IURP�1L&O��6LPXOWDQHRXVO\� WKHUH� LV� D� WHPSHUDWXUH� ULVH� LQ� WKH� VHFRQG�ORZ�WHPSHUDWXUH�UHDFWRU�1R����³%XVRILW´���%D&O���GXH�WR�WKH� LQWHUQDO� KHDW� DQG�PDVV� UHFRYHU\�� 7KH� WHPSHUDWXUH� RI�WKH� KHDW� SLSH� VXUIDFH� 7������� �� KHDW� SLSH� ILQ� HQG� 7� �DQG�UHDFWRU� 1R��� VXUIDFH� 7� LV� LQFUHDVLQJ� XS� WR� ��� �&� DQG�WKHUH� LV� D� YHU\� LQWHQVH� KHDW� WUDQVIHU� GXULQJ� DPPRQLD�DEVRUSWLRQ�RQ�%D&O� DQG�DGVRUSWLRQ�RQ�³%XVRILW´�VXUIDFH��7KH� KHDW� ORDG� RI� WKH� KHDW� SLSH� LV� ���� :�� WKH� SUHVVXUH�LQVLGH�WKH�UHIULJHUDWRU�LV�LQFUHDVLQJ�XS�WR���EDUV�7KH� WHPSHUDWXUH� HYROXWLRQ� LQVLGH� WKH� ORZ� WHPSHUDWXUH�VRUEHQW� EHG� �UHDFWRU� 1R���� LV� VKRZQ� RQ� )LJ���� �IRU�WKHUPRFRXSOHV� SRVLWLRQHG� RQ� WKH� KHDW� SLSH� VXUIDFH�� WKH�HQG�RI� WKH�KHDW�SLSH�ILQ�DQG�DW� WKH�UHDFWRU�VXUIDFH�� ��±����� 7KH� WHPSHUDWXUH� GURS� LQVLGH� WKLV� VRUEHQW� EHG�ZDV�OHVV� WKDQ� �� �&� GXH� WR� WKH� YHU\� HIILFLHQW� WZR�SKDVH� KHDW�WUDQVIHU� RI� DPPRQLD�� 7KH� WHPSHUDWXUH 7PD[ RI� WKH�VRUEHQW� EHG� LQ� UHDFWRU�1R��� �³%862),7´�1L&O� ��ZDV������ &��7KH�WHPSHUDWXUH�7PD[�RI�WKH�VRUEHQW�EHG�LQ�WKH�UHDFWRU�1R���³%862),7´���%D&O���ZDV����&��$IWHU����PLQXWHV�RI�WKH�UHDFWRU�1R���KHDWLQJ�E\�WKH�KHDW�SLSH�WKH�VRXUFH�RI�KLJK�WHPSHUDWXUH�HQHUJ\�ZDV�VZLWFKHG�RII�DQG�GXULQJ�WKH�VHFRQG�WLPH�LQWHUYDO�'W� ���)LJ�����WKH�SURFHVV�RI� DPPRQLD� UHJHQHUDWLRQ��UHDFWRU�1R����DQG�DEVRUSWLRQ��UHDFWRU� 1R���� ZDV� DFFRPSOLVKHG� LQ� WKH� DGLDEDWLF�FRQGLWLRQV�� $W� WKH� WLPH� LQWHUYDO� 'W�  � ��� PLQ� WKH�WHPSHUDWXUH� RI� WKH� KHDW� SLSH� �UHDFWRU� 1R���� ZDV�PDLQWDLQHG�FRQVWDQW������&�DQG�D�FRROLQJ�ZDWHU��7� ����&��ZDV�VXSSOLHG�WR�WKH�KHDW�H[FKDQJHU�RI�WKH�KHDW�SLSH��UHDFWRU� 1R���� DQG� WKH� VRUEHQW� EHG� WHPSHUDWXUH� ZDV�GHFUHDVHG�GRZQ�WR�����&��
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$W� WKH� EHJLQQLQJ� RI� WKH� WKLUG� SHULRG� RI� WLPH�'W�  � ���PLQ���)LJ�����WKH�ZDWHU�FRROLQJ�ZDV�IXQFWLRQLQJ��7� �����&�� WR� FRRO� WKH� UHDFWRU� 1R��� E\� WKH� KHDW� SLSH� �7KH�WHPSHUDWXUH� RI� WKH� UHDFWRU� 1R��� VXUIDFH� 7� �� WKH�WHPSHUDWXUH� RI� WKH� KHDW� SLSH� VXUIDFH� 7����� DQG� WKH�WHPSHUDWXUH� RI� WKH� KHDW� SLSH� ILQ� 7� ZHUH� TXLFNO\�GHFUHDVHG�GRZQ�WR������&��PLFUR�KHDW�SLSH�SKHQRPHQD�LV� IXQFWLRQLQJ� LQVLGH� WKH� VRUEHQW� EHG��� 6LPXOWDQHRXVO\�WKHUH� ZDV� D� VKDUS� SUHVVXUH� GURS� LQ� WKH� V\VWHP� IURP� ��EDUV� WR� ���� EDU� IROORZHG� ZLWK� WKH� UHJHQHUDWLRQ� RI�DPPRQLD�IURP�WKH�FKHPLFDO�DQG�GHVRUSWLRQ�RI�DPPRQLD�IURP³%XVRILW´�LQ�WKH�UHDFWRU�1R����9HU\�KLJK�WZR�SKDVH�KHDW� WUDQVIHU� LQVLGH� WKH� UHDFWRU� 1R��� �WKH� VDPH� PLFUR�KHDW� SLSH� SKHQRPHQD��ZDV� SHUIRUPHG�ZLWK� D� VPDOO� WKH�WHPSHUDWXUH� GURS� EHWZHHQ� WKH� VRUEHQW� EHG� DQG� ILQQHG�KHDW� SLSH� �� 7������ 7KH� WHPSHUDWXUH� RI� WKH� VRUEHQW� EHG��³%862),7´���%D&O���ZDV�GHFUHDVLQJ��)LJ����� IURP�7� ���� �&�GRZQ� WR�7� ��� �&�GXULQJ���PLQ� DQG� WKHQ�ZDV�FRQVWDQW�GXULQJ���PLQ�WKH�WLPH�SHULRG�'W��  ����PLQ��$W� WKH� WLPH� LQWHUYDO� 'W� � ��� PLQ� WKH� FRROLQJ� ZDWHU�FLUFXODWLRQ�WKURXJK�WKH�KHDW�SLSH�KHDW�H[FKDQJHU��UHDFWRU�1R����ZDV�FXW�DQG�WKH�ZDWHU�VRXUFH�ZDV�VXSSOLHG�WR�WKH�KLJK� WHPSHUDWXUH� KHDW� SLSH� KHDW� H[FKDQJHU� �UHDFWRU�1R�����:LWKLQ���PLQXWHV� WKHUH�ZDV�D�VKDUS� WHPSHUDWXUH�GHFUHDVH� LQVLGH� WKH�VRUEHQW�EHG�IURP�7� ������&�GRZQ�WR� ���� �&� ZLWK� WKH� ZDWHU� YDSRU� JHQHUDWLRQ� �ZLWK� D�WHPSHUDWXUH� GURS� LQVLGH� VRUEHQW� EHG� RI� ��� � &���VXEVHTXHQWO\� WKH� WHPSHUDWXUH� ILHOG� LQ� WKH� VRUEHQW� EHG�UHPDLQHG�QHDUO\�FRQVWDQW�IRU���PLQ��$W� WKH� WLPH� LQWHUYDO�'W�  ����PLQ� WKHUH�ZDV�D�FRQVWDQW�ZDWHU� FLUFXODWLRQ� LQ� WKH� KHDW� SLSH� KHDW� H[FKDQJHU��UHDFWRU�1R���� WHPSHUDWXUH�RI� WKH�VRUEHQW�EHG� LV���� �&��DQG� WKHUH� ZDV� DQ� LQWHQVH� FRROLQJ� RI� WKLV� UHDFWRU�� 7KH�ZDWHU� ZDV� VXSSOLHG� WR� WKH� ORZ� WHPSHUDWXUH� KHDW� SLSH�KHDW� H[FKDQJHU� �UHDFWRU�1R���� WR�KHDW� D� VRUEHQW�EHG�XSWR�WKH�WHPSHUDWXUH�7� �����&��:LWK�WKLV�WKH�ILUVW�F\FOH�RI�WKH�IXQFWLRQDO�H[SHULPHQWDO�VHW�XS�ZDV�FRPSOHWHG��7KH� DOO�QHFHVVDU\� H[SHULPHQWDO� GDWD� DUH� SUHVHQWHG� RQ�7DEOH� ��� 7KH� UHIULJHUDWLRQ� &235 RI� WKH� V\VWHP� GXULQJ�WKH� H[SHULPHQW� ZDV� ������ ZKLOH� WKH� KHDW SXPS� &23+3ZDV� QHDU� ������ 7KH� ZDWHU� KHDW� WUDQVIHU� FLUFXLW� UHDOL]HG�WKH�H[WHUQDO�KHDW�UHFRYHU\�EHWZHHQ�WKH�KLJK�WHPSHUDWXUH�UHDFWRU� 1R��� DQG� ORZ� WHPSHUDWXUH� UHDFWRU� 1R��� ZLWK� D�VPDOO� SXPS� �)LJ������ :DWHU� ZDV� SXPSHG� WKURXJK� WKH�KHDW�H[FKDQJHU�RQ�WKH�KHDW�SLSHV�VXUIDFH�
7DEOH��� 7HPSHUDWXUH� DQG� SUHVVXUH� HYROXWLRQ� LQ� WKH�WZR�VWDJH� VROLG� VRUSWLRQ� UHIULJHUDWRU� �³%XVRILW´� ��%D&O� DQG� ³%XVRILW´� �� 1L&O��� DV� D� IXQFWLRQ� RI� WLPH�GXULQJ�WKH�F\FOH�RI�LWV�KHDWLQJ�FRROLQJ�

$1*�YHVVHOV��)LJ������DSSOLFDWLRQ�DV�D�JDV�ILUHG�VRXUFH�RI� HQHUJ\� IRU� VROLG� VRUSWLRQ� UHIULJHUDWRUV� LV� YHU\�DWWUDFWLYH�� >�@�� $XWRQRPRXV� VRXUFH� RI� HQHUJ\� DV� $1*�YHVVHO�ZLWK�LWV�FRQYHQLHQW�QRQ�F\OLQGULF�VKDSH�LV�XQLTXH�V\VWHP� IRU� D� JDV� ILUHG� VROLG� VRUSWLRQ� PDFKLQHV��HVSHFLDOO\� IRU� YHKLFOHV�� 7KHUH� LV� D� GLUHFW� VLPLODULW\�EHWZHHQ�WKH�$1*�YHVVHO�DQG�VROLG�VRUSWLRQ�DGVRUEHU�RI�VXFK�PDFKLQH��%RWK�QHHG�WR�EH�KHDWHG�GXULQJ�GHVRUSWLRQ�F\FOH� DQG� FRROHG� GXULQJ� DGVRUSWLRQ� F\FOH�� 7KH�GLIIHUHQFH�LV� LQ�WKH�WLPH�RI� WKLV�F\FOH��)RU�$1*�YHVVHOV�WKLV�WLPH�LV�ORQJ��VRPH�KRXUV��DQG�IRU�WKH�VROLG�VRUSWLRQ�PDFKLQHV�WKLV�F\FOH�LV�VKRUW���VRPH�PLQXWHV���7KH�$1*�YHVVHO�GXULQJ�LWV�GLVFKDUJH�FRXOG�EH�FRQVLGHUHG�DV�D�KHDW�VLQN� IRU� WKH� VROLG� VRUSWLRQ�PDFKLQH� �� VRPHWKLQJ� OLNH� LWV�FRQGHQVHU� VXUIDFH�� WR� LQFUHDVH� LWV� &23�� *RRG� WKHUPDO�FRQWDFW� EHWZHHQ� WKH� $1*� YHVVHO� DQG� VROLG� VRUSWLRQ�PDFKLQH� LV� HVVHQWLDO� DQG� FDQ� EH� HQVXUHG� E\� KHDW� SLSH�KHDW�H[FKDQJHUV�

)LJ�����7ZR�VWDJH�VROLG�VRUSWLRQ�H[SHULPHQWDO�VHW�XS

)LJ���� 3UHVVXUH� HYROXWLRQ� LQ� WKH� WZR�VWDJH� VROLG�VRUSWLRQ�UHIULJHUDWRU�GXULQJ�LWV�KHDWLQJ�FRROLQJ�F\FOH

)LJ������7HPSHUDWXUH�ILHOG�HYROXWLRQ�LQVLGH�WZR�VWDJH�UHDFWRUV�GXULQJ�WKH�F\FOH�RI��WKH�KHDWLQJ�FRROLQJ�
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)LJ���������F\OLQGHU��$1*�YHVVHO�IRU�PHWKDQH�VWRUDJH��FURVV�VHFWLRQ����YHVVHO�HQYHORSH����± KHDWLQJ�HOHPHQWV��KHDW�SLSHV��� ��± VRUEHQW�EHG�� �� ± JDV� FKDQQHOV����±PHWDO�ILQV�WR�KHDW�FRRO�D�VRUEHQW�EHG���&21&/86,216$� VRODU� DQG� JDV� VROLG� VRUSWLRQ� UHIULJHUDWRU�ZLWK� ����P�FROOHFWLRQ� VXUIDFH� ZDV� GHVLJQHG� DQG� VWXGLHG�� 7KH� UDWLR�EHWZHHQ� VRODU� HQHUJ\� DQG� JDV� IODPH� HQHUJ\� VXSSO\� LV�DXWRPDWLFDOO\� PDLQWDLQHG� RQ� WKH� WRWDO� OHYHO� RI� �� N:��7KUHH�PRGLILFDWLRQV�RI�VRUEHQW�EHG�LQ�WKH�UHDFWRU�RI�WKH�UHIULJHUDWRU� ZHUH� WHVWHG�� 7KH� ILUVW� PRGLILFDWLRQ� ZDV�PDGH� DV� D� VLQJOH� VWDJH� V\VWHP� ZLWK� SXUH� DGVRUSWLRQ��³%XVRILW´��� 7KH� G\QDPLF� VRUSWLRQ� FDSDFLW\� RI� WKLV�UHIULJHUDWRU� LV������NJ�NJ��7KH�VHFRQG�PRGLILFDWLRQ�ZDV�SHUIRUPHG� DV� D� VLQJOH� VWDJH� V\VWHP� ZLWK� FRPSOH[�FRPSRXQG�VRUEHQW�EHG��³%XVRILW´���&D�&O���WR�FRPELQH�WKH� SK\VLFDO� DGVRUSWLRQ� DQG� FKHPLFDO� UHDFWLRQV� LQ� WKH�VDPH� YROXPH� LQ� WKH� VDPH� WLPH�� 7KH� G\QDPLF� VRUSWLRQ�FDSDFLW\� RI� WKH� VHFRQG� PRGLILFDWLRQ� LV� ���� NJ�NJ�7KH�WKLUG� PRGLILFDWLRQ� ZDV� UHDOL]HG� DV� D� WZR�VWDJH� V\VWHP��©%XVRILW´� ��%D&O� DQG� ³%XVRILW´� ��1L&O��� WR� LQFUHDVH�WKH�&235 GXH�WR�WKH�LQWHUQDO�DQG�H[WHUQDO�KHDW�UHFRYHU\��7KLV� FRROLQJ� V\VWHP� GRQ¶W� QHHG� WR� EH� XVHG� ZLWK� WKH�HYDSRUDWRU�FRQGHQVHU�� GXH� WR� LWV� IXQFWLRQLQJ� LQ�JDVHRXV�SKDVH��ZKLFK�LV�LPSRUWDQW�IRU�WKH�VSDFH�DSSOLFDWLRQV�7KH�ILUVW� SURWRW\SH� RI� WKH� UHIULJHUDWRU� LV� DQ� DGVRUSWLRQ�PDFKLQH�ZLWK�YHU\�VKRUW����PLQ��QRQ�LQWHUPLWWHQW�F\FOHV�WKDW�XVHV�WKH�DFWLYH�FDUERQ�ILEHU���%XVRILW��DV�D�VRUEHQW�EHG�DQG�DPPRQLD�DV�D�ZRUNLQJ�IOXLG��7KH�VHFRQG�RQH�LV�D� FRPSOH[� FRPSRXQG� VRUEHQW� EHG� �³%XVRILW´� ��&D&O���PDFKLQH ZLWK� WKH� WLPH� RI� D� F\FOH� ������PLQ�� 7KH�&235LV� QHDU� ������ 7KH� WKLUG� W\SH� RI� WKH� UHIULJHUDWRU� LV�SHUIRUPHG�DV�D� WZR�VWDJH� V\VWHP�ZLWK�&235 PRUH� WKDQ�������7KHUH�LV�FRQVLGHUDEOH�VFRSH�IRU� WKH�DSSOLFDWLRQ�RI�VXFK� D� K\EULG� JDV�VRODU� VRUSWLRQ� V\VWHPV� ZKHUH�LQWHUPLWWHQW�� RU� ORZ� VRODU� LQVRODWLRQ� FXUUHQWO\� UHVWULFWV�WKHLU�XVH��6XFK�D�ZRUNLQJ�IOXLG�DV�DPPRQLD�DQG�HQHUJ\�VRXUFHV� OLNH� VRODU�JDV� DUH� DWWUDFWLYH� RQ� WKH�HQYLURQPHQWDO� JURXQG�&DOFXODWLRQV� IRU� D� FRPELQHG�UHIULJHUDWLRQ�DQG�SRZHU�JHQHUDWLRQ�V\VWHP�RSHUDWLQJ�RQ�JDV�VRODU� HQHUJ\�ZLWK�KHDW� UHFRYHU\�VKRZV� WKDW�D�&235RI������LV�DFKLHYDEOH�5()(5(1&(6>�@� %�0�� &RKHQ�� '�� .RVDU�� 6RODU� ZDWHU� KHDWLQJ� ZLWK�QDWXUDO� JDV� EDFN�XS�� *DV� 5HVHDUFK� ,QVWLWXWH�� &KLFDJR��,OOLQRLV��86$������>�@� -�-�� *XLOOHPLQRW�� )��0HXQLHU�� %��0LVFKOHU�� (WXGHV� GH�F\FOHV� LQWHUPLWWHQW�D�DGVRUSWLRQ�VROLGH�SRXU�OD�UHIULJHUDWLRQ�VRODLUH��5HY�3K\V�$O�����������������>�@�.��6SHLGHO��+�3��.OHLQHPHLHU��6RODU�FRROLQJ�SURFHVVHV�XVLQJ� FKHPLFDO� UHDFWLRQV�� LQ�� 3URFHHGLQJV� RI� WKH� 6ROLG�
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