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)RU� WKH� FRQWLQXRXV� GU\LQJ�� FRROLQJ�� URDVWLQJ� DQGKHDW�WUHDWPHQW�RI�SDUWLFXODWH�VROLGV��6LPRQ�5RWDU\'U\HUV� SURYLGH� WKH� VLPSOH� VROXWLRQ�� &DSDEOH� RIKDQGOLQJ� ODUJH� WRQQDJH� WKURXJKSXWV� DQG� EXLOW� WRZLWKVWDQG� WKH� ULJRXUV� RI� ��� KRXUV� SHU� GD\� ���GD\V�SHU� \HDU� RSHUDWLRQ�ZLWK�PLQLPXP�GRZQWLPHWKH� 6LPRQ� 5RWDU\� 'U\HU� PHHWV� DOO� WKHUHTXLUHPHQWV� RI� WKH� ZRUOG
V� PDMRU� PDWHULDOSURFHVVRUV�'U\LQJ��URDVWLQJ�RU�KHDW�WUHDWPHQW� LV�DFKLHYHG�E\SDVVLQJ� WKH� PDWHULDO� EHLQJ� SURFHVVHG� WKURXJK� DURWDWLQJ� F\OLQGHU� WKURXJK� ZKLFK� DOVR� SDVVHV� DFXUUHQW� RI� KRW� DLU�� /LIWHUV� RU� IOLJKWV� ILWWHG� WR� WKHLQWHUQDO� VXUIDFH� RI� WKH� F\OLQGHU� OLIW� DQG� FDVFDGHWKH�PDWHULDO�WKURXJK�WKH�KRW�DLU�VWUHDP�7KH� DLU� VWUHDP� FDQ� EH� GLUHFWHG� WKURXJK� WKHF\OLQGHU� HLWKHU� LQ� WKH� VDPH� GLUHFWLRQ� DV� WKHPDWHULDO� �FR�FXUUHQW�� RU� LQ� WKH� RSSRVLWH� GLUHFWLRQ�FRXQWHU�FXUUHQW���&R�FXUUHQW�V\VWHPV�DUH�XVHG�LQPRVW�JHQHUDO�GU\LQJ�DSSOLFDWLRQV��&RXQWHU�FXUUHQWV\VWHPV� DUH� PRUH� HIILFLHQW� LQ� WHUPV� RI� HQHUJ\LQSXW� EXW� JLYH� ULVH� WR� KLJK� SURGXFW� WHPSHUDWXUHV�ZLWK�WKH�DVVRFLDWHG�KDQGOLQJ�SUREOHPV�6LPLODUO\��FRROLQJ�PD\�EH�HIIHFWHG�E\�SDVVLQJ�WKHPDWHULDO� WR� EH� FRROHG� WKURXJK� D� URWDWLQJ� F\OLQGHUWKURXJK�ZKLFK�IORZV�D�FXUUHQW�RI�FROG�DLU�RU�ZKLFKLV�H[WHUQDOO\�FRROHG�E\�PHDQV�RI�D�ZDWHU� EDWK�RUVSUD\�QR]]OHV�7KH� GU\LQJ� DLU� PD\� EH� KHDWHG� HLWKHU� GLUHFWO\� E\PHDQV�RI�RLO��JDV�RU�VROLG�IXHO�EXUQHUV�RU�LQGLUHFWO\E\� PHDQV� RI� VXLWDEOH� KHDW� H[FKDQJHUV� XVLQJVWHDP� RU� RWKHU� KHDWLQJ� PHGLD�� 'U\LQJWHPSHUDWXUHV� UDQJH� IURP� EHORZ� ����&� XS� WR����&�
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)RU�KLJK�WHPSHUDWXUH�SURFHVVHV� LW� LV�QHFHVVDU\WR� XVH� HLWKHU� GLUHFW� ILUHG� UHIUDFWRU\� OLQHG� GUXPVRU�VSHFLDO�KLJK�DOOR\�VWHHO�GUXPV� URWDWLQJ�ZLWKLQD�UHIUDFWRU\�OLQHG�FRPEXVWLRQ�FKDEHU��6XFK�XQLWVRSHUDWH� DW� WHPSHUDWXUHV� UDQJLQJ� IURP� DURXQG�����&�WR�LQ�H[FHVV�RI������&7KH� H[KDXVW� JDV� VWUHDP� IURP� DQ\� GU\LQJRSHUDWLRQ� LQHYLWDEO\� LQFOXGHV� D� VLJQLILFDQWDPRXQW� RI� ILQH� SDUWLFOHV�� 7KLV� ILQH� SDUWLFOHFDUU\RYHU� PD\� EH� FROOHFWHG� E\� SDVVLQJ� WKHJDVHV� WKURXJK� KLJK� HIILFLHQF\� F\FORQHV�� RU� EDJILOWHU�RU�ZHW�VFUXEEHU�RU�D�FRPELQDWLRQ�RI�DQ\�RUDOO� RI� WKHVH�� GHSHQGLQJ� XSRQ� WKH� QDWXUH� DQGTXDQWLW\�RI�GXVW�LQYROYHG�7KH� H[KDXVW� JDV� VWUHDP� IURP� DQ\� GU\LQJSURFHVV�PD\�DOVR�FRQWDLQ�D�VXEVWDQWLDO�TXDQWLW\RI�ZDVWH�KHDW�HQHUJ\��6RPH�RI�WKLV�HQHUJ\�PD\EH� UHFRYHUHG� E\� SDVVLQJ� WKH� H[KDXVW� JDVVWUHDP�� DIWHU� VXLWDEOH� FOHDQLQJ�� WR� D� KHDWUHFRYHU\�XQLW��6XFK�XQLWV�DUH�GHVLJQHG�QRW�RQO\WR�UHPRYH�KHDW�GLUHFWO\� IURP�WKH�H[KDXVW�JDVHVEXW� PD\� DOVR� EH� GHVLJQHG� WR� FRQGHQVH� RXWZDWHU�YDSRXU�RU�RWKHU�YRODWLOHV� WR�UHFRYHU� ODWHQWKHDW��&OHDQ�ZDUP�DLU�IURP�WKH�KHDW�UHFRYHU\�XQLWFDQ� WKHQ�EH�GXFWHG� WR� WKH�GU\HU� LQOHW�DLU�KHDWHUWKXV� UHGXFLQJ� WKH� RYHUDOO� HQHUJ\� LQSXW� RI� WKHGU\LQJ�SURFHVV�,Q� DGGLWLRQ� WR� 5RWDU\� 'U\HUV� DQG� &RROHUV�� RIERWK� FDVFDGH� DQG� ORXYUH� W\SH� FRQVWUXFWLRQ�5�6LPRQ� �'U\HUV�� /WG�� GHVLJQ� DQG�PDQXIDFWXUH5RWDU\�*UDQXODWRUV��&RDWLQJ�'UXPV�DQG�5RWDU\5HDFWRUV��LQ�D�VWDQGDUG�UDQJH�RI�GLDPHWHUV�IURP�� 0HWUH� WR� ���� 0HWUHV� DQG� ODUJHU� DV� UHTXLUHG�ZLWK�DQFLOODU\�HTXLSPHQW�WR�VXLW�LQGLYLGXDO�FOLHQW
VVSHFLILFDWLRQV�
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)RU� WKH� FRQWLQXRXV� GU\LQJ� RI� SDUWLFXODWH� VROLGV�HVSHFLDOO\� ZKHUH� YHU\� ORZ� SURGXFW� PRLVWXUHV� DUHUHTXLUHG�ZLWKRXW�KLJK�DLU�RU�SURGXFW�WHPSHUDWXUHV�6LPRQ� 5RWDU\� /RXYUH� 'U\HUV� DUH� RIWHQ� DQHFRQRPLF� DOWHUQDWLYH� WR� WKH� FRQYHQWLRQDO� URWDU\GU\HU��)XUWKHUPRUH��EHFDXVH�RI� WKH�ZD\� LQ�ZKLFKWKH� PDWHULDO� LV� PRYHG� ZLWKLQ� WKH� GU\HU� GUXPVLJQLILFDQWO\� OHVV� SURGXFW� EUHDNGRZQ� RFFXUV�� $OOXQLWV� DUH� GHVLJQHG� DQG� EXLOW� WR� WKH� VDPH� KLJKVWDQGDUGV� DV� WKH� EDVLF� 6LPRQ� 5RWDU\� 'U\HU� WRZLWKVWDQG� WKH� ULJRXUV� RI� ��� KRXUV� SHU� GD\� ���GD\V�SHU�\HDU�RSHUDWLRQ�ZLWK�PLQLPXP�GRZQWLPH�'U\LQJ�LV�DFKLHYHG�E\�SDVVLQJ�WKH�PDWHULDO�EHLQJSURFHVVHG� WKURXJK� D� KRUL]RQWDO� URWDWLQJ� F\OLQGHU�ILWWHG� LQWHUQDOO\� ZLWK� D� VHULHV� RI� ORXYUHV� VRDUUDQJHG� WKDW� WKH� GU\LQJ� DLU� SDVVHV� WKURXJK� DPRYLQJ� EHG� RI� WKH� PDWHULDO� WR� EH� GULHG�� 7KHURWDWLRQ�RI�WKH�GUXP�LPSDUWV�D�UROOLQJ�DFWLRQ�WR�WKHEHG� RI� PDWHULDO� VR� WKDW� LQWLPDWH� PL[LQJ� DQGFRQWDFW� ZLWK� WKH� GU\LQJ� DLU� LV� DFKLHYHG� ZLWKRXWOLIWLQJ� DQG� GURSSLQJ� WKH� PDWHULDO� WKURXJK� WKHGU\LQJ�DLU�VWUHDP�%HFDXVH�RI�WKLV�LQWLPDWH�FRQWDFW�EHWZHHQ�PDWHULDODQG� DLU� WKH� GU\LQJ� HIILFLHQF\� RI� WKH� URWDU\� ORXYUHGU\HU� LV� VLJQLILFDQWO\� JUHDWHU� WKDQ� WKDW� QRUPDOO\DFKLHYHG� ZLWK� D� FRQYHQWLRQDO� URWDU\� FDVFDGHGU\HU�7KH� GU\HU� GUXP� LV� JHQHUDOO\� GHVLJQHG� DQGPDQXIDFWXUHG� WR� WKH� VDPH� PHFKDQLFDOVSHFLILFDWLRQ� DV� WKH� 6LPRQ� 5RWDU\� 'U\HU�� H[FHSWWKDW� WKH� LQWHUQDO� IOLJKWV� DUH� UHSODFHG�ZLWK� LQWHUQDOORXYUHV�� 7KHVH� ORXYUHV� FDQ� EH DUUDQJHG� WR� JLYHPXOWLVWDJH�GU\LQJ�RU�GU\LQJ�DQG�FRROLQJ�ZLWKLQ� WKHVDPH�GU\HU�GUXP�
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7KH� GU\LQJ� DLU� PD\� EH� KHDWHG� GLUHFWO\� E\PHDQV� RI� DQ� RLO� RU� JDV� EXUQHU� ILULQJ� LQWR� DUHIUDFWRU\� OLQHG� FRPEXVWLRQ� FKDPEHU� DQGDQQXOXV� EHWZHHQ� WKH� FRPEXVWLRQ� FKDPEHUDQG�RXWHU�FDVLQJ��$OWHUQDWLYHO\��WKH�DLU�PD\�EHKHDWHG� LQGLUHFWO\� E\� PHDQV� RI� DQ� DLU� WR� DLU�VWHDP� WR� DLU�� WKHUPDO� RLO� RU� HOHFWULFLW\� KHDWHGKHDW� H[FKDQJHU�� 7\SLFDO� GU\LQJ� DLUWHPSHUDWXUHV�UDQJH�IURP�����&�WR�����&�%HFDXVH� WKH� GU\LQJ� DLU� VWUHDP� LV� GLUHFWHGWKURXJK�D�EHG�RI�PDWHULDO� LW� LV�EORZQ�E\�D� IDQLQWR� WKH� GU\HU� WKURXJK� D� IL[HG� KHDG�SODWHZKLFK�� DV� WKH� DLU� LV� DW� D� SRVLWLYH� SUHVVXUH�� LVILWWHG� ZLWK� VSULQJ� ORDGHG� IULFWLRQ� VHDOV� WRSUHYHQW� GU\LQJ� DLU� ORVVHV�� ([KDXVW� JDVHV� DUHGUDZQ� IURP� WKH� GU\HU� E\� WKH� H[KDXVW� DLU� IDQZLWK�GXFWLQJ�WR�WKH�JDV�FOHDQLQJ�HTXLSPHQW�0DWHULDO�IORZ�WKURXJK�WKH�GU\HU�LV�FRQWUROOHG�E\WKH�YDU\LQJ�WKH�GHSWK�RI�WKH�EHG�RI�PDWHULDO�LQWKH�GU\HU��7KLV� LV� DFKLHYHG�E\�PHDQV�RI� EROW�RQ� GLVFKDUJH� ULQJV� RU�� ZKHUH� ODUJH� YDULDWLRQVLQ� WKURXJKSXW� RU� FRPSOHWH� HPSW\LQJ� RI� WKHGU\HU� GUXP� DUH� UHTXLUHG�� D� PXOWLYDQH� W\SHGLVFKDUJHU�PD\�EH�ILWWHG�516#4;�.1784'�%11.'45&RROLQJ�LV�HIIHFWHG�E\�SDVVLQJ�WKH�PDWHULDO� WREH� FRROHG� WKURXJK� D� KRUL]RQWDO� URWDWLQJF\OLQGHU�� ZLWK� LQWHUQDO� ORXYUHV� WR� WKH� VDPHEDVLF� GHVLJQ� DV� WKH� 5RWDU\� /RXYUH� 'U\HU�� LQZKLFK�D�FXUUHQW�RI�FROG�DLU� LV�GLUHFWHG� WKURXJKWKH�PRYLQJ�EHG�RI�PDWHULDO�5�6LPRQ 5RWDU\� /RXYUH� 'U\HUV� DQG� &RROHUVDUH�DYDLODEOH�LQ�D�UDQJH�RI�VL]HV�IURP����PPGLD��E\����0�WR����0�GLDPHWHU�E\�����0�
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'5<(5�'5807KH� GU\HU� GUXP� PD\� EH� IDEULFDWHG� LQ� FDUERQ�VWDLQOHVV� RU� RWKHU� DOOR\� VWHHO� SODWH� ZLWK� H[WHUQDOUHLQIRUFLQJ� EDQGV� IRU� ILWWLQJ� RI� W\UHV� DQG� GULYHULQJV�� )OLJKWV� DQG� OLIWHUV�� RU� ORXYUHV� LQ� 5RWDU\/RXYUH�'U\HUV�� DUH�ZHOGHG� RU� EROWHG� LQWHUQDOO\� WRSURYLGH� WKH� UHTXLUHG� GHJUHH� RI� FRQWDFW� EHWZHHQWKH� PDWHULDO� DQG� WKH� GU\LQJ� DLU�� � 'HVLJQ� RI� WKHGU\HU� GUXP� LQWHUQDOV� LV� RIWHQ� FULWLFDO� DQG� WKHQXPEHU�� VL]H� DQG� VKDSH� RI� WKH� OLIWHUV� RU� ORXYUHVZLOO�YDU\�LQ�OLQH�ZLWK�DQ\�YDULDWLRQV�RI�WKH�SK\VLFDOSURSHUWLHV�RI�WKH�PDWHULDO�EHLQJ�SURFHVVHG�
7KH�GUXP�LV�ILWWHG�ZLWK�FDVW�LURQ�RU�VWHHO�W\UHV��WKHTXDQWLW\� DQG� GLPHQVLRQV� EHLQJ� GHSHQGDQW� XSRQWKH�WRWDO�ORDG��(DFK�W\UH�UXQV�RQ�D�SDLU�RI�VXSSRUWUROOHU� DVVHPEOLHV� FRPSULVLQJ� IRUJHG�RU� FDVW� VWHHOVXSSRUW�UROOHUV�ZLWK�VKDIW�PRXQWHG�VSKHULFDO�UROOHUEHDULQJ� SOXPPHU� EORFNV�� (DFK� DVVHPEO\� LVVXSSRUWHG� RQ� IDEULFDWHG� FDUERQ� VWHHO� UROOHUVXSSRUW� IUDPHV�� RQH�RI�ZKLFK� FDUULHV� KRUL]RQWDOO\PRXQWHG� ORFDWLQJ� UROOHUV� WR� OLPLW� DQ\� ODWHUDOPRYHPHQW�RI�WKH�GU\HU�GUXP��$OO�UROOHU�DVVHPEOLHVDUH�ILWWHG�ZLWK�VDIHW\�JXDUGV�DQG�OXEULFDWRUV�ZKHUHDSSURSULDWH�
7KH� GU\HU� GUXP� LV� URWDWHG� E\� DQ� HOHFWULF� PRWRUWKURXJK�9�EHOWV��JHDUER[��SLQLRQ�DQG�HLWKHU�KHDY\GXW\�FKDLQ�WR�D�FKDLQZKHHO�RU�VSXU�JHDU�GULYH�ULQJEROWHG� DURXQG� WKH� GU\HU� GUXP�� )RU� KLJKWHPSHUDWXUH�RSHUDWLRQ�WKH�GULYH�ULQJ�LV�VHFXUHG�WRWKH� GU\HU� GUXP� E\� WDQJHQW� SODWHV� WR� DOORZ� IRUGLIIHUHQWLDO�H[SDQVLRQ�
$OO�GULYH�FRPSRQHQWV�DUH�PRXQWHG�RQ�D�FRPPRQEDVHSODWH� ZLWK� JXDUGV� DV� UHTXLUHG�� ,QWHJUDO� ORZVSHHG� DX[LOLDU\� GULYHV� FDQ� EH VXSSOLHG� IRUHPHUJHQF\�RU�PDLQWHQDQFH�SXUSRVHV�
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(1'�(1&/2685(6�$1'�6($/6�%RWK� HQGV� RI� WKH� GUXP� PD\� EH� HQFORVHG� E\FDUERQ�RU�DOOR\�VWHHO�IDEULFDWHG�KRRGV�ZLWK�DLULQOHW�RXWOHW�FKXWHV�DQG�VXLWDEOH�VHDOV�EHWZHHQWKH�KRRG�DQG�WKH�GU\HU�GUXP�
:KHUH� VOLJKW� LQJUHVV� RI� DLU� LV� DFFHSWDEOHVLPSOH� ODE\ULQWK� W\SH� VHDOV� DUH� XVHG�� 7KHVHFRPSULVH�RI�D�IOH[LEOH�IDEULF�HOHPHQW��EROWHG�WRD�VWDWLRQDU\�HQGSODWH�DQG�SRVLWLRQHG�EHWZHHQWZR�VWHHO�ULQJV�ZHOGHG�WR�WKH�GU\HU�GUXP�
:KHUH� OHDNDJH�RI�DLU� LV�XQDFFHSWDEOH�� IULFWLRQVHDOV� DUH� SURYLGHG�� FRPSULVLQJ� D� VWDWLRQDU\ULQJ�RU�ULQJV�RI�VHPL�ULJLG�FRPSUHVVHG�ILEUH�RUQRQ�IHUURXV� PHWDO� ORDGHG� RQWR� WKH� PDFKLQHGVXUIDFH� RI� WKH� URWDWLQJ� HOHPHQW� E\� VSULQJV�SQHXPDWLF� RU� K\GUDXOLF� F\OLQGHUV�� )RUSURFHVVHV� LQYROYLQJ� KD]DUGRXV� PDWHULDOVPXOWLSOH� VHDOV� DUH� XVHG� ZLWK� LQHUW� JDV� RUYDFXXP�SXUJLQJ�RI�WKH�VHDO�DVVHPEO\�
$,5�+($7(5,Q�GLUHFW�ILUHG�V\VWHPV��WKH�GU\LQJ�DLU�LV�KHDWHGE\�DQ�RLO�RU�JDV�EXUQHU� ILULQJ� LQWR�D� UHIUDFWRU\OLQHG� FRPEXVWLRQ� FKDPEHU� ZLWK� GLOXWLRQ� DLUEHLQJ�LQWURGXFHG�WKURXJK�DQ�DQQXOXV�EHWZHHQWKH�FRPEXVWLRQ�FKDPEHU�DQG�DLU�KHDWHU�RXWHUFDVLQJ�� %XUQHU� V\VWHPV� IRU� D� UDQJH� RI� IXHOVFDQ� EH� SURYLGHG�� $OO� JDV� DQG� RLO� EXUQHUV� DUHVXSSOLHG� ZLWK� FRPSOHWH� YDOYH� WUDLQV�� VSDUNLJQLWLRQ�� PRGXODWLQJ� FRQWURO� DQG� IODPH� IDLOXUHFRQWURO�SDQHO�
,Q�LQGLUHFW�V\VWHPV��KHDW�PD\�EH�WUDQVIHUUHG�WRWKH�GU\LQJ�DLU�E\�PHDQV�RI�DLU� WR�DLU��VWHDP�WRDLU� RU� WKHUPDO� RLO� WR� DLU� KHDW� H[FKDQJHUV� RUILQQHG�WXEH�HOHFWULF�KHDWLQJ�HOHPHQWV�
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)RU� VRPH� DSSOLFDWLRQV�� SDUWLFXODUO\� ZKHUH� WKHGLUHFWLRQ� RI� PDWHULDO� DQG� DLU� IORZ� DUH� FRXQWHU�FXUUHQW��WKH�EXUQHU�PD\�EH�PRXQWHG�RQWR�WKH�LQOHWHQG�KRRG RU�HQGSODWH�WR�ILUH�GLUHFWO\�LQWR�WKH�GU\HUGUXP�$,5�+$1'/,1*�6<67(0�,Q�5RWDU\�&DVFDGH�GU\HUV� WKH� IORZ�RI� DLU� WKURXJKWKH�GU\HU�LV�LQGXFHG�E\�D�FHQWULIXJDO�IDQ�ORFDWHG�DWWKH� DLU� RXWOHW� HQG� RI� WKH� GU\HU�� ,Q� 5RWDU\� /RXYUHGU\HUV� WKH� GU\LQJ� DLU� LV� SURYLGHG� E\� D� FHQWULIXJDOIDQ�ORFDWHG�XS�VWUHDP�RI�WKH�DLU�KHDWHU�ZLWK�ILOWHUVDW� WKH� IDQ� LQOHW�� DV� UHTXLUHG�� 7KH� H[KDXVW� DLU� LVUHPRYHG� E\� D� VHFRQG� FHQWULIXJDO� IDQ� ORFDWHG� DWWKH�RXWOHW� HQG� RI� WKH� GU\HU�� $OO� IDQV� DUH� VXSSOLHGFRPSOHWH� ZLWK� HOHFWULF� PRWRU�� 9�EHOW� GULYH� DQGGULYH�JXDUG��DOO�PRXQWHG�RQ�D�FRPPRQ�EDVHIUDPHIRU�HDVH�RI�LQVWDOODWLRQ�7KH� H[KDXVW� DLU� IURP� WKH� GU\HU� LV� GXFWHG� YLDFDUERQ�RU�DOOR\�VWHHO�GXFWLQJ�IURP�WKH�GU\HU�WR�WKHF\FORQH��IDQ��GXVW�FROOHFWRU�RU�IXPH�VFUXEEHU�DQG�ZKHUH� UHTXLUHG�� H[KDXVW� VWDFN�� %XWWHUIO\� W\SHGDPSHUV�PDW� EH� ILWWHG� LQ� WKH� H[KDXVW� DLU� GXFW� WRSURYLGH� IRU� FRQWURO� RI� WKH� DLU� IORZ� WKURXJK� WKHV\VWHP�DQG�WHVW�VDPSOLQJ�SRLQWV�DUH�DOVR�SURYLGHGIRU� SUHVVXUH�� WHPSHUDWXUH� DQG� HPLVVLRQPHDVXUHPHQW�3DUWLFOHV�HQWUDLQHG�LQ�WKH�H[KDXVW�JDV�VWUHDP�PD\EH�UHPRYHG�E\�SDVVDJH�RI�WKH�JDVHV�WKURXJK�KLJKHIILFLHQF\�F\FORQHV��EDJ�ILOWHU�RU�ZHW�VFUXEEHU�RU�DFRPELQDWLRQ�RI�VDPH��GHSHQGLQJ�XSRQ�WKH�QDWXUHDQG�TXDQWLW\�RI�GXVW� LQYROYHG��$OO�GXVW�RXWOHWV�DUHILWWHG� ZLWK� HLWKHU� URWDU\� VHDOV� RU� GRXEOH� IODSGLVFKDUJH� YDOYHV� WR�SUHYHQW� H[FHVVLYH� LQJUHVV� RIDLU��0DWHULDOV�RI�FRQVWUXFWLRQ�IRU�WKH�GXVW�FROOHFWLRQHTXLSPHQW� DUH� LQ� OLQH� ZLWK� RYHUDOO� SODQWUHTXLUHPHQWV�
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352&(66�&21752/)RU� DQ\� V\VWHP� WKHUH� LV� D� UHODWLRQVKLS� EHWZHHQWKH� SURGXFW� PRLVWXUH� FRQWHQW� DQG� H[KDXVW� DLUWHPSHUDWXUH�� 7KHUHIRUH� SURGXFW� PRLVWXUH� FDQ� EHFRQWUROOHG� WKURXJK� FRQWURO� RI� H[KDXVW� DLUWHPSHUDWXUH�� 7KLV� FRQWURO� LV� DFKLHYHG� E\UHJXODWLQJ�WKH�IORZ�RI�IXHO�WR�WKH�EXUQHU�E\�PHDQVRI� D� WHPSHUDWXUH� FRQWUROOHU� ZLWK� D� WKHUPRFRXSOHORFDWHG�LQ�WKH�H[KDXVW�DLU�GXFW�$OVR�� WR� DFKLHYH� RSWLPXP� SHUIRUPDQFH� WKH� GU\HUPXVW� RSHUDWH� DV� FORVH� DV� SRVVLEOH� WR� GHVLJQFRQGLWLRQV� DQG� ZLWK� FRQVWDQW� HYDSRUDWLYH� ORDG�$Q\�YDULDWLRQ�LQ�HYDSRUDWLYH�ORDG�GXH�WR�YDULDWLRQVLQ� IHHG� UDWH� RU� PRLVWXUH� FRQWHQW� UHVXOWV� LQ� DFRUUHVSRQGLQJ� YDULDWLRQ� LQ� H[KDXVW� DLUWHPSHUDWXUH�ZKLFK�LQ�WXUQ�LQFUHDVHV�RU�GHFUHDVHVEXUQHU� RXWSXW�� 7KLV� UDLVHV� RU� ORZHUV� WKH� LQOHW� DLUWHPSHUDWXUH�� 7KXV� WKH� HYDSRUDWLYH� ORDG� PD\� EHFRQWUROOHG� E\� PHDVXUHPHQW� RI� LQOHW� DLUWHPSHUDWXUH� XVLQJ� D� VHFRQG� FRQWUROOHU� ZLWKWHPSHUDWXUH�SUREH�ORFDWHG�LQ�WKH�LQOHW�DLU�GXFW�DQGRXWSXW�VLJQDO�WR�D�YDULDEOH�UDWH�IHHGHU�7KLV� WZR� VWHS� DSSURDFK� JHQHUDOO\� SURYLGHV� IRUDGHTXDWH� FRQWURO� RI� WKH� GU\LQJ� SURFHVV��:KHQ� DPRUH�VRSKLVWLFDWHG�FRQWURO�V\VWHP�LV�UHTXLUHG�LW�LVVRPHWLPHV�SRVVLEOH� WR�FRQWURO�GU\HU� SHUIRUPDQFHIURP�GLUHFW�PHDVXUHPHQW�RI�HLWKHU�SURGXFW�RU�IHHGPRLVWXUH�FRQWHQW��RU�ERWK�,Q� DGGLWLRQ�� KLJK� DQG� ORZ� WHPSHUDWXUH� VDIHW\LQWHUORFNV�� ZLWK� RU� ZLWKRXW� DODUPV�� PD\� EHSURYLGHG�DQG�RXWSXW�VLJQDOV� IURP�FRQWUROOHUV�PD\EH� IHG� WR� FRQWLQXRXV� FKDUW� UHFRUGHUV�� $OO� FRQWUROLQVWUXPHQWV� WRJHWKHU� ZLWK� WKH� QHFHVVDU\� PRWRUFRQWURO�JHDU��UHOD\V��RYHUORDGV�HWF��DUH�KRXVHG� LQD� FRQWURO� FDELQHW�� SUHZLUHG� IRU� WKH� FRUUHFWVHTXHQWLDO� VWDUW�XS� DQG� VDIH� RSHUDWLRQ� RI� WKHSODQW�
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'5<(5�'(6,*17KH�VL]H�RI�DQ\�URWDU\�GU\HU�LV�GHWHUPLQHG�E\�ILUVWFDOFXODWLQJ�WKH�DPRXQW�RI�KHDW�UHTXLUHG�WR�DFKLHYHWKH� GHVLUHG� UHGXFWLRQ� RI� PRLVWXUH� DW� WKH� GHVLJQWKURXJKSXW�� 7KLV� TXDQWLW\� RI� KHDW� PXVW� EHWUDQVIHUUHG� IURP� WKH� GU\LQJ� DLU� VWUHDP� WR� WKHPDWHULDO�EHLQJ�SURFHVVHG�DW�D�UDWH�GHSHQGDQW�RQ�DPRQJVW�RWKHU�SDUDPHWHUV��WKH�DLU�LQOHW�DQG�RXWOHWWHPSHUDWXUHV� DQG� WKH� YHORFLW\� WKURXJK� WKH� GU\HUGUXP��7KH�GLDPHWHU�RI�WKH�GU\HU�GUXP�LV�WKHUHIRUHUHODWHG�WR�WKH�TXDQWLW\�RI�DLU�UHTXLUHG�IRU�GU\LQJ�
7KH�OHQJWK�RI�WKH�GU\HU�GUXP�LV�UHODWHG�WR�WKH�WLPHUHTXLUHG� WR� HIIHFW� WKH� WUDQVIHU� RI� KHDW� IURP� WKHGU\LQJ�DLU�VWUHDP�WR�WKH�PDWHULDO�EHLQJ�SURFHVVHGDQG�WKH�WLPH�UHTXLUHG�WR�HIIHFW� WKH�WUDQVIHU�RI� WKHPDVV�RI�ZDWHU�HYDSRUDWHG�IURP�WKH�PDWHULDO�WR�WKHGU\LQJ�DLU�VWUHDP��7KH�UDWH�RI�KHDW�WUDQVIHU�LV�DOVRDIIHFWHG� E\� ERWK� WKH� GU\LQJ� DLU� DQG�PDWHULDO� LQOHWDQG�RXWOHW�WHPSHUDWXUHV�
6XFK� FDOFXODWLRQV� DUH� FDUULHG� RXW� E\� FRPSXWHU�XVLQJ�SURJUDPPHV�GHYHORSHG�IURP�GDWD�DYDLODEOHWKURXJK� RXU� ORQJ� H[SHULHQFH� LQ� KDQGOLQJ� D� ZLGHYDULHW\� RI� GLIIHUHQW� PDWHULDOV�� 'DWD� PD\� DOVR� EHSURYLGHG� IURP� WHVW� ZRUN� XWLOLVLQJ� RXU� SLORW� SODQWGU\HUV�HLWKHU�DW�RXU�ZRUNV�LQ�1RWWLQJKDP�RU�DW�WKHFOLHQW
V�RZQ�SURGXFWLRQ�IDFLOLWLHV�
+DYLQJ� GHWHUPLQHG� WKH� EDVLF� GLPHQVLRQV� RI� WKHGU\HU�DQG� WKH�GHVLJQ�FDSDFLWLHV�RU� UDWLQJV� IRU� WKHEXUQHU��H[KDXVW�DLU�IDQ��GXVW�FROOHFWLRQ�HTXLSPHQWHWF��LQ�WKLV�ZD\��IXUWKHU�FRPSXWHU�SURJUDPPHV�DUHHPSOR\HG� WR� SURGXFH� PHFKDQLFDO� VSHFLILFDWLRQVIRU� WKH� HTXLSPHQW�� LQFOXGLQJ� GU\HU� GUXP� SODWHWKLFNQHVVHV�� W\UH� GLPHQVLRQV�� VXSSRUW� UROOHUORDGLQJV�� VKDIW� DQG� EHDULQJ� FDSDFLWLHV� DQG� GULYHSRZHU�UHTXLUHPHQWV�
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416#4;�%11.'45
)RU� WKH� FRQWLQXRXV� FRROLQJ� RI� SDUWLFXODWH� VROLGV6LPRQ� 5RWDU\� &RROHUV� DUH� GHVLJQHG� DQGPDQXIDFWXUHG� WR� WKH� VDPH� KLJK� VWDQGDUGV� DQGJHQHUDO� PHFKDQLFDO� VSHFLILFDWLRQ� DV� WKH� 6LPRQ5RWDU\�'U\HU�&RROLQJ�LV�DFKLHYHG�E\�SDVVLQJ�WKH�PDWHULDO�WR�EHFRROHG� WKURXJK� D� URWDWLQJ� F\OLQGHU� WKURXJK� ZKLFKDOVR�SDVVHV�D�FXUUHQW�RI�FROG�DLU��/LIWHUV�RU� IOLJKWVILWWHG�WR�WKH�LQWHUQDO�VXUIDFH�RI�WKH�F\OLQGHU�OLIW�DQGFDVFDGH� WKH� PDWHULDO� WKURXJK� WKH� FRROLQJ� DLUVWUHDP�7KH� FRROLQJ� DLU� VWUHDP� FDQ� EH� GLUHFWHG� WKURXJKWKH� F\OLQGHU� HLWKHU� LQ� WKH� VDPH� GLUHFWLRQ� DV� WKHPDWHULDO� �FR�FXUUHQW�� RU� LQ� WKH� RSSRVLWH� GLUHFWLRQ�FRXQWHU�FXUUHQW���,Q�PDQ\�LQVWDQFHV�LW� LV�SRVVLEOHIRU� WKH� FRROHU� WR� EH� DQ� LQWHJUDO� SDUW� RI� WKH� GU\HUGUXP�,Q� DGGLWLRQ�� FRROLQJ� PD\� DOVR� EH� HIIHFWHG� E\SDVVLQJ� WKH� PDWHULDO� WR� EH� FRROHG� WKURXJK� DURWDWLQJ� F\OLQGHU� ZKLFK� LV� H[WHUQDOO\� FRROHG� E\� DZDWHU�EDWK�RU�ZDWHU�VSUD\�V\VWHP�16*'4�416#4;�'37+2/'06
+DYLQJ� WKH� FDSDELOLW\� WR� GHVLJQ� DQG�PDQXIDFWXUHURWDU\� GU\HUV� DQG� FRROHUV� OHDGV� WR� WKH� FDSDELOLW\IRU� GHVLJQ� DQG�PDQXIDFWXUH� RI� D� ZKROH� UDQJH� RIURWDU\� HTXLSPHQW�� 7\SLFDO� H[DPSOHV� ZRXOG� EHJUDQXODWLQJ� GUXPV� IRU� WKH� IHUWLOL]HU� LQGXVWU\�FRDWLQJ� GUXPV� IRU� WKH� FKHPLFDO� DQG� DJULFXOWXUDOLQGXVWULHV� DQG� PL[HU�UHDFWRUV� IRU� EXON� SLJPHQWPDQXIDFWXUH�� LQ�D� UDQJH�RI�GLDPHWHUV� IURP�EHORZ�� 0HWUH� WR� ���� 0HWUHV� DQG� DERYH�� ZLWK� DQFLOODU\HTXLSPHQW�WR�VXLW�LQGLYLGXDO�FOLHQW
V�VSHFLILFDWLRQV�
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$FWLYDWHG�&DUERQ )HUWLOLVHUV 4XDUW]�6DQG$PPRQLXP�&KORULGH )ODNHG�0DL]H 5LFH$PPRQLXP�1LWUDWH )ORXU 5XEEHU�3HOOHWV$PPRQLXP�3KRVSKDWH )RXQGU\�6DQG 5XVNV$SSOH�3RPDFH )XOOHUV�(DUWK 6DJR�)ORXU$VEHVWRV *UDLQ 6DOW$VSLULQ *UDYHO 6DOWSHWUH%DOO�&OD\ *URXQG�0LFD 6DZGXVW%DUN +HUULQJ�0HDO 6DZPLOO�5HIXVH%LFDUERQDWH�RI�6RGD ,OPHQLWH�2UH 6HDZHHG%RQH�&KDU ,URQ�2UH 6HHG�&RUQ%RQH�0HDO ,URQ�2[LGH 6LOLFD�6DQG%RULF�$FLG .DROLQ 6OXGJH%UDQ .HUQHOV 6RDS�)ODNHV%UD]LO�1XWV /DFWRVH 6RGD�&U\VWDOV%UHDGFUXPEV /LJQLWH 6RGLXP�$FHWDWH%UHZHUV�*UDLQV /LPH�6OXGJH 6RGLXP�$OJLQDWH&DOFLXP�$OJLQDWH /LPHVWRQH 6RGLXP�'LFKURPDWH&DOFLXP�&LWUDWH 0DJQHVLWH 6RGLXP�)HUUR�F\DQLGH&DOFLXP�)OXRULGH 0DL]H��FRRNHG�JULWV� 6RGLXP�1LWUDWH&DUERQ�%ODFN 0HODPLQH�&U\VWDOV 6RGLXP�6XOSKDWH&DWWOH�)RRG��YDULRXV� 0XVWDUG�6HHG 6R\D�%HDQ�0HDO&HOOXORVH�$FHWDWH 1DSKWKDOHQH 6WDUFK&HOOXORVH�&KLSV 1LFNHO�6XOSKLGH 6XJDU��%HHW�&HPHQW�&OLQNHU 1�3�.� 6XJDU��&DQH�&HUHDOV 1XWV 6XJDU��&RQIHFWLRQHUV�&KDUFRDO 2FKUH 6XOSKDWH�RI�$PPRQLD&KLQD�&OD\ 2UH�&RQFHQWUDWHV 6XOSKRQLWH�3UHVV�&DNH&KRFRODWH�3RZGHU 2[DOLF�$FLG 6XSHUSKRVSKDWH&LWUXV�:DVWH 3HDQXW�.HUQHOV 7HU\OHQH&RDO 3HDW 7LQ�2UH&RNH��0HWDOOXUJLFDO� 3HQLFLOOLQ�5HVLGXH 7REDFFR&RNH��3HWUROHXP� 3KRVSKDWH�5RFN 8UHD�)RUPDGHK\GH&RSSHU�6XOSKDWH 3RO\PHU�&KLSV 9HJHWDEOH�5HIXVH&RSSHU�2UHV 3RO\YLQ\O�%HDGV 9HUPLFXOLWH&RUN 3RWDVK�&U\VWDOV :KHDW��&RRNHG�&U\ROLWH 3RWDVVLXP�'LFKURPDWH :RRG�&KLSV'H[WURVH 3RWDVVLXP�3HUFKORUDWH =HROLWH�&U\VWDOV'LDPRQG�&RQFHQWUDWHV 3RWDVVLXP�3HUPDQJDQDWH =LQF�&DUERQDWH'LFDOFLXP�3KRVSKDWH 3RWDWR�6QDFN�3URGXFWV =LQF�2UH�&RQFHQWUDWH'LDWRPDFHRXV�(DUWK 3\ULWHV =LQF�2[LGH
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