
8OWUD�QDUURZ EDQGZLGWK ��N+] $U) H[FLPHU ODVHU

IRU ����QP OLWKRJUDSK\

7DNDVKL 6DLWR� 7DNDVKL 0DWVXQDJD� .HQ�LFKL 0LWVXKDVKL� .DWVXWRPR 7HUDVKLPD� 7DNHVKL 2KWD� $NLIXPL

7DGD� 7DNDQREX ,VKLKDUD� 0DVD\D <RVKLQR� +LURDNL 7VXVKLPD� 7DWVXR (QDPL� +LWRVKL 7RPDUX� 7DWXVKL
,JDUDVKL�

*LJDSKRWRQ ,QF�

��� <RNRNXUDVKLQGHQ� 2\DPD�VKL� 7RFKLJL ��������� -DSDQ

$%675$&7

:H KDYH GHYHORSHG D ��N+] $U) H[FLPHU ODVHU ZLWK XOWUD�QDUURZ EDQGZLGWK� ZKLFK LV DSSOLFDEOH WR KLJK�1$ VFDQQHUV IRU

VXE������µP PLFUROLWKRJUDSK\� ,Q WKLV SDSHU� ZH GHVFULEH D ��N+] $U) H[FLPHU ODVHU IRU PDVV SURGXFWLRQ� WKH PRGHO *��$�
ZKLFK KDV DQ RXWSXW SRZHU RI �� : DQG HQHUJ\ GRVH VWDELOLW\ RI OHVV WKDQ ����� ����PV ZLQGRZ� DW � N+]� 7KLV GRVH

VWDELOLW\ LV FRPSDUDEOH WR WKH SHUIRUPDQFH RI DQ H[LVWLQJ ��N+] $U) H[FLPHU ODVHU� WKH PRGHO *��$� 7KH QHZ ODVHU DOVR KDV

WKH IROORZLQJ VSHFLILFDWLRQV� D ORQJ SXOVH GXUDWLRQ RI RYHU �� QV� VSHFWUDO EDQGZLGWK RI OHVV WKDQ ���� SP �):+0�� DQG

VSHFWUDO SXULW\ RI OHVV WKDQ ��� SP ������ 7KHVH FKDUDFWHULVWLFV DUH EHWWHU WKDQ WKRVH RI WKH *��$� $ OLIHWLPH WHVW RI RYHU �
ELOOLRQ SXOVHV KDV EHHQ FRQGXFWHG DW ��N+] RSHUDWLRQ� 7KH QHZ ODVHU KDV PDLQWDLQHG DQ HQHUJ\ GRVH VWDELOLW\ RI OHVV WKDQ

����� ����PV ZLQGRZV� DQG GHPRQVWUDWHG SHUIRUPDQFH VXLWDEOH IRU PDVV SURGXFWLRQ HYHQ DIWHU RYHU � ELOOLRQ SXOVHV�

.H\ZRUGV� H[FLPHU ODVHU� $U)� ����QP� PLFUROLWKRJUDSK\� OLQH�QDUURZLQJ� KLJK UHSHWLWLRQ UDWH� ORQJ GXUDWLRQ SXOVH

�� ,1752'8&7,21

.U) H[FLPHU ODVHUV DUH DOUHDG\ ZLGHO\ XVHG DV PDVV�SURGXFWLRQ WRROV IRU OLWKRJUDSK\� 7KHLU SHUIRUPDQFH DQG UHOLDELOLW\ KDYH

LPSURYHG GUDVWLFDOO\� 2Q WKH RWKHU KDQG� UHPDUNDEOH SURJUHVV DOVR KDV EHHQ PDGH LQ GHYHORSLQJ $U) H[FLPHU ODVHUV� ZKLFK

DUH WKH QH[W JHQHUDWLRQ OLJKW VRXUFH IRU VXE������µP PLFUROLWKRJUDSK\� $U) H[FLPHU ODVHUV DUH QRZ FKDQJLQJ WR
PDVV�SURGXFWLRQ WRROV� 6XFK $U) H[FLPHU ODVHUV IRU PDVV SURGXFWLRQ PXVW KDYH WKH IROORZLQJ FKDUDFWHULVWLFV�

��� +LJK UHSHWLWLRQ UDWH DQG KLJK HQHUJ\ VWDELOLW\�

+LJK UHSHWLWLRQ UDWH DQG KLJK HQHUJ\ VWDELOLW\ DUH UHTXLUHG WR DFKLHYH KLJK WKURXJKSXW DQG JRRG &' FRQWURO� $U) H[FLPHU

ODVHUV IRU PDVV SURGXFWLRQ PXVW RSHUDWH DW D KLJK UHSHWLWLRQ UDWH RI � N+]� 7KLV UHSHWLWLRQ UDWH LV � WLPHV ODUJHU WKDQ WKDW RI

.U) H[FLPHU ODVHUV� ZKLFK DUH DOUHDG\ ZLGHO\ XVHG IRU PDVV�SURGXFWLRQ OLQHV�

��� 1DUURZ EDQGZLGWK DQG KLJK ZDYHOHQJWK VWDELOLW\

1DUURZ EDQGZLGWK DQG KLJK ZDYHOHQJWK VWDELOLW\ DUH PRVW LPSRUWDQW IRU KLJK 1$ VFDQQHUV� LQ RUGHU WR DFKLHYH KLJK

UHVROXWLRQ DQG JRRG &' FRQWURO� 7KH UHTXLUHG VSHFWUDO EDQGZLGWK LV OHVV WKDQ ��� SP�

��� /RZ &R2 �FRVW RI RSHUDWLRQ�

/RZ &R2 LV WKH PRVW LPSRUWDQW UHTXLUHPHQW IRU VHPLFRQGXFWRU PDQXIDFWXUHUV� /DVHU RSHUDWLQJ FRVWV GLUHFWO\ DIIHFW WKH FRVW
RI WKHLU SURGXFWV� 7ZR RI WKH PDLQ IDFWRUV GHWHUPLQLQJ &R2 DUH PRGXOH OLIHWLPH DQG UHOLDELOLW\� $ OLIHWLPH RI DW OHDVW �

ELOOLRQ SXOVHV LV UHTXLUHG IRU PDVV SURGXFWLRQ�

:H KDYH DOUHDG\ UHSRUWHG WKH GHYHORSPHQW RI D KLJKO\ GXUDEOH� ��N+] $U) H[FLPHU ODVHU� WKH PRGHO *��$� ZKLFK KDV DQ

RXWSXW SRZHU RI �� :� D VSHFWUDO EDQGZLGWK OHVV WKDQ ��� SP �):+0�� DQG D FKDPEHU OLIHWLPH RI � ELOOLRQ SXOVHV >�@�

0RUHRYHU� ZH KDYH DOUHDG\ SUHVHQWHG LQLWLDO GDWD IRU D ��N+] $U) H[FLPHU ODVHU >�� �@� %DVHG RQ WKHVH UHVXOWV� ZH KDYH
GHYHORSHG D PDVV�SURGXFWLRQ W\SH� ��N+] $U) H[FLPHU ODVHU� WKH PRGHO *��$�

,Q WKLV SDSHU� ZH GHVFULEH WKH SHUIRUPDQFH RI WKLV ODVHU� ZKLFK KDV WKH IROORZLQJ VSHFLILFDWLRQV� D UHSHWLWLRQ UDWH RI � N+]�

RXWSXW SRZHU RI �� :� SXOVH GXUDWLRQ RI �� QV� ):+0 VSHFWUDO EDQGZLGWK EHORZ ���� SP� DQG VSHFWUDO SXULW\ EHORZ ���



SP � :H DOVR GLVFXVV D OLIHWLPH WHVW FRQGXFWHG IRU RYHU � ELOOLRQ SXOVHV�

�� )($785(6 $1' 63(&,),&$7,16

7DEOH � OLVWV WKH PDLQ SHUIRUPDQFH FKDUDFWHULVWLFV RI WKH *��$ DQG *��$� 7KH PDLQ GLIIHUHQFHV EHWZHHQ WKHP DUH VSHFWUDO

EDQGZLGWK DQG RSHUDWLRQDO UHSHWLWLRQ UDWH� :H KDYH DSSOLHG WKH IROORZLQJ WHFKQRORJLHV LQ WKH *��$ WR DFKLHYH WKH QDUURZHU

VSHFWUDO EDQGZLGWK DQG KLJKHU UHSHWLWLRQ UDWH�

��� $ KLJK GLVSHUVLRQ /10 �OLQH�QDUURZLQJ PRGXOH�

7R DFKLHYH D QDUURZHU VSHFWUXP� ZH GHYHORSHG D KLJK�GLVSHUVLRQ /10 � 7KLV PRGXOH FRQVLVWV RI D KLJK±GLVSHUVLRQ�

KLJK�HIILFLHQF\ JUDWLQJ DQG KLJK�WUDQVPLWWDQFH SULVPV� 7KH /10 DOVR XVHV WKH PRVW VXLWDEOH GHVLJQ IRU DQ $U) H[FLPHU ODVHU�

0RUHRYHU� WKH VSHFWUDO SURILOH GHSHQGV RQ WKH ODVHU SXOVH GXUDWLRQ� $ ORQJ SXOVH GXUDWLRQ RI RYHU �� QV SURYLGHV D QDUURZHU

VSHFWUDO EDQGZLGWK DQG JUHDWHU SXULW\�

��� $ ODVHU FKDPEHU ZLWK D IDVW� XQLIRUP JDV IORZ V\VWHP DQG D KLJK�HIILFLHQF\ GLVFKDUJH FLUFXLW�

'XULQJ KLJK�UHSHWLWLRQ RSHUDWLRQ� IOXFWXDWLQJ JDV GHQVLW\ FDXVHV JDV WR DFFXPXODWH LQ WKH GLVFKDUJH DUHD� 7KLV OHDGV WR

XQVWDEOH GLVFKDUJH DQG XQVWDEOH ODVHU SXOVH HQHUJ\� *HQHUDOO\� D ��N+] ODVHU QHHGV WZR WLPHV WKH JDV YHORFLW\ RI D ��N+]

ODVHU� :H DFKLHYH VWDEOH ��N+] RSHUDWLRQ DW RQO\ ��� WLPHV WKH JDV IORZ YHORFLW\ RI WKH *��$ E\ UHGXFLQJ WKH JDV IORZ

IOXFWXDWLRQ� 0RUHRYHU� D QHZO\ GHYHORSHG ODVHU FKDPEHU LQFOXGHV D ORZ IORDWLQJ LQGXFWDQFH GLVFKDUJH FLUFXLW ZLWK D
ORZ�LQSXW KRPRJHQHRXV SUH�LRQL]HU� 7KLV FLUFXLW LPSURYHV WKH ODVHU HIILFLHQF\ DQG UHGXFHV WKH UHTXLUHG LQSXW HQHUJ\�

��� $ KLJK HIILFLHQF\ 330 �SXOVH SRZHU PRGXOH� ZLWK D IDVW YROWDJH ULVH WLPH�

$SSO\LQJ D IDVW�ULVH�WLPH YROWDJH WR WKH HOHFWURGHV LPSURYHV WKH ODVHU SHUIRUPDQFH >�@� 7R DFKLHYH D IDVW YROWDJH ULVH WLPH

ZH LPSURYHG WKH 03& �PDJQHWLF SXOVH FRPSUHVVLRQ� FLUFXLW�:H WKXV LPSURYHG WKH HIILFLHQF\ E\ DGRSWLQJ WKH QHZ FLUFXLW

DQG VHOHFWLQJ D ORZ�ORVV 03& PDWHULDO� $V D UHVXOW� ZH DFKLHYHG D ��� LPSURYHPHQW LQ 330 HIILFLHQF\ FRPSDUHG WR WKH
*��$�

7DEOH � 3HUIRUPDQFH RI $U) H[FLPHU ODVHU

,WHPV *��$ *��$

5HSHWLWLRQ UDWH ���� +] ���� +]

2XWSXW SRZHU �� : �� :

3XOVH HQHUJ\ � P- � P-

(QHUJ\ GRVH VWDELOLW\ �r���� �r����

6SHFWUDO EDQGZLGWK �):+0� ���� SP ����� SP

6SHFWUDO SXULW\ ���� SP ���� SP

:DYHOHQJWK VWDELOLW\ �r���� SP �r���� SP

3XOVH GXUDWLRQ �7LV� �� QV �� QV

�� 3(5)250$1&(

���� 6SHFWUDO FKDUDFWHULVWLFV

7KH VSHFWUDO SURILOH DQG ZDYHOHQJWK VWDELOLW\ DUH WKH PRVW LPSRUWDQW VSHFLILFDWLRQV IRU DFKLHYLQJ WKH KLJKHVW UHVROXWLRQ DQG

ORZHVW &' YDULDWLRQ IRU D KLJK�1$ VFDQQHU� )LJXUH � VKRZV WKH VSHFWUDO EDQGZLGWK DQG (��� IRU WKH *��$� DV PHDVXUHG E\

WKH +(;$ �KRORJUDSKLF DQG HFKHOOH JUDWLQJ H[SDQGHU DUUDQJHPHQW� VSHFWURPHWHU GHYHORSHG E\ *LJDSKRWRQ� 7KH VOLW

IXQFWLRQ ZDV ��� SP� DQG WKLV ZDV PHDVXUHG E\ XVLQJ D ����QP FRKHUHQW OLJKW VRXUFH >�@� 7KLV SURFHVV SURYLGHV D YHU\

SUHFLVH HVWLPDWLRQ RI WKH WUXH ODVHU VSHFWUXP� 7KH VSHFWUDO EDQGZLGWK �):+0� ZDV PHDVXUHG DV ���� SP ZLWK FRQYROXWLRQ

DQG ���� SP ZLWK GHFRQYROXWLRQ� 7KH VSHFWUDO SXULW\ IRU ��� HQHUJ\ ZDV PHDVXUHG DV ���� SP ZLWK FRQYROXWLRQ DQG ����
SP ZLWK GHFRQYROXWLRQ� 7KHVH YDOXHV DUH EHWWHU WKDQ WKRVH RI WKH *��$� 7KH QHZO\ GHYHORSHG KLJK�GLVSHUVLRQ /10 DQG WKH

ORQJ�GXUDWLRQ SXOVH FRQWULEXWH WR WKLV LPSURYHG SHUIRUPDQFH�



)LJXUH � VKRZV PD[LPXP DQG PLQLPXP YDOXHV RI WKH DYHUDJHG ZDYHOHQJWK HUURU ����SXOVH ZLQGRZ� IRU ���� FRQWLQXRXV

EXUVWV� 7KH ODVHU ZDV RSHUDWHG LQ EXUVW PRGH ���� VHF RQ� ��� VHF RII� DW ��N+]� 7KH VWDELOLW\ ZDV OHVV WKDQ �����SP� ZKLFK

LV ORZ HQRXJK IRU DSSOLFDWLRQ WR UHDO H[SRVXUH WRROV

�

)LJ� � 6SHFWUD IRU WKH ZKROH ODVHU EHDPV PHDVXUHG E\ D +(;$ VSHFWURPHWHU

)LJ� � $YHUDJH ZDYHOHQJWK VWDELOLW\ ����SXOVH ZLQGRZ�
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��� (QHUJ\ FKDUDFWHULVWLFV

)LJXUH � VKRZV DYHUDJH SRZHU DQG HQHUJ\ VWDELOLW\ �VLJPD� DV D IXQFWLRQ RI UHSHWLWLRQ UDWH DW FRQVWDQW YROWDJH� 7KH DYHUDJH

SRZHU LQFUHDVHG OLQHDUO\ XS WR � N+]� DQG WKH HQHUJ\ VWDELOLW\ DW � N+] ZDV ���� �VLJPD�� 7KH YDULDWLRQ LQ ODVHU SXOVH

HQHUJ\ ZDV VPDOO IURP � WR � N+]� 7KLV SHUIRUPDQFH LV YHU\ LPSRUWDQW EHFDXVH ��N+] $U) H[FLPHU ODVHUV ZLOO EH XVHG RYHU

D ZLGH UDQJH RI UHSHWLWLRQ UDWHV�

(QHUJ\ GRVH VWDELOLW\ LV DOVR LPSRUWDQW IRU VFDQQLQJ�W\SH H[SRVXUH WRROV� )LJXUH � VKRZV WKH GRVH VWDELOLW\ RYHU D VHULHV RI

����� EXUVWV ����PV ZLQGRZ�� 7KH ODVHU ZDV RSHUDWHG LQ EXUVW PRGH ���� VHF RQ� ��� VHF RII� DW � N+]� 7KH VWDELOLW\ ZDV OHVV

WKDQ r�����

)LJ� � $YHUDJH SRZHU DQG HQHUJ\ VWDELOLW\ �VLJPD� DV D IXQFWLRQ RI UHSHWLWLRQ UDWH

)LJ� � (QHUJ\ GRVH VWDELOLW\ ����PV ZLQGRZ�
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��� 3XOVH GXUDWLRQ

$ ORQJHU SXOVH GXUDWLRQ LV FRQVLGHUHG WR PLQLPL]H ODVHU�LQGXFHG RSWLFV GDPDJH LQ H[SRXUVXUH WRROV� 0RUHRYHU� LW KHOSV

QDUURZ WKH VSHFWUDO SURILOH E\ LQFUHDVLQJ WKH QXPEHU RI URXQG WULSV RI WKH ODVHU FDYLW\� )LJXUH � VKRZV D W\SLFDO WHPSRUDO

ODVHU SXOVH ZDYHIRUP IRU ��N+] RSHUDWLRQ� 7KH WLPH LQWHJUDO�VTXDUHG SXOVH ZLGWK �7LV� ZDV �� QV >�@� 7KLV ORQJ SXOVH FDQ EH

DFKLHYHG E\ XVLQJ WKH SXOVH�VWUHWFKLQJ WHFKQLTXH� ZKLFK LV EDVHG RQ XVLQJ WKH IDVW 330 DQG WKH KLJK�HIILFLHQF\ ODVHU
FKDPEHU�

)LJ� � 7HPSRUDO ODVHU SXOVH ZDYHIRUP

�� /,)(7,0( 7(67 5(68/76

7KH RSHUDWLQJ FRVW RI H[FLPHU ODVHUV LV RI PDMRU FRQFHUQ IRU FKLS PDQXIDFWXUHUV EHFDXVH LW GLUHFWO\ DIIHFWV WKH FRVW RI WKHLU

SURGXFWV� :H DUH LQWHQVLYHO\ ZRUNLQJ WR UHGXFH RSHUDWLQJ FRVWV E\ LPSURYLQJ WKH OLIHWLPHV RI FRUH PRGXOHV VXFK DV WKH ODVHU

FKDPEHU DQG WKH RSWLFV PRGXOHV� :H KDYH DSSOLHG WKH IROORZLQJ WHFKQRORJLHV WR LPSURYH WKH PRGXOH OLIHWLPHV�

��� /DVHU FKDPEHU

2QH RI WKH PDLQ IDFWRUV OLPLWLQJ FKDPEHU OLIHWLPH LV HOHFWURGH DEODWLRQ E\ WKH GLVFKDUJH >�@� (OHFWURGH DEODWLRQ GHJUDGHV
ODVHU SHUIRUPDQFH FKDUDFWHULVWLFV VXFK DV ODVHU HIILFLHQF\ DQG HQHUJ\ VWDELOLW\� &RQVWULFWLRQ GLVFKDUJH GLUHFWO\ DIIHFWV WKH

OLIHWLPH RI HOHFWURGHV� :H DFKLHYHG KRPRJHQHRXV GLVFKDUJH E\ XVLQJ XQLIRUP SUH�LRQL]DWLRQ� 0RUHRYHU� HOHFWURGH DEODWLRQ

GHSHQGV RQ WKH LQSXW HQHUJ\� ,Q WKH *��$� ORZHU LQSXW RSHUDWLRQ LV DFKLHYHG E\ XVLQJ WKH KLJK�HIILFLHQF\ GLVFKDUJH FLUFXLW�

��� 2SWLFV PRGXOH

'DPDJH WR WKH RSWLFV FRDWLQJ DQG PDWHULDO GHWHUPLQHV WKH RSWLFV OLIHWLPH� $OO WKH RSWLFV� LQFOXGLQJ WKH /10 DQG PLUURU�
FRQVLVW RI &D)�� :H VHOHFWHG KLJK�SXULW\ &D)�� DV GHWHUPLQHG E\ XVLQJ IOXRUHVFHQFH VSHFWUXP DQDO\VLV DQG PHDVXULQJ

GHJUDGDWLRQ GXULQJ $U) ODVHU LUUDGLDWLRQ WHVWV� :H DOVR XVHG D FRDWLQJ UHVLVWDQW WR $U) ODVHU OLJKW�

*LJDSKRWRQ LV FXUUHQWO\ FRQGXFWLQJ DQ H[WHQGHG OLIHWLPH WHVW RI WKH *��$ FRUH WHFKQRORJ\ GHVFULEHG DERYH� 7KH WRWDO

RSHUDWLRQ QXPEHU LV RYHU � ELOOLRQ SXOVHV VLQFH WKH WHVW VWDUWHG LQ WKH IDOO RI ����� 7R GDWH� QR VLJQLILFDQW IDLOXUHV KDYH

RFFXUUHG GXULQJ WKLV WHVW�
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:H SUHYLRXVO\ UHSRUWHG WKDW RXU HQHUJ\ FRPSHQVDWLRQ PHWKRG GXULQJ WKH FKDPEHU OLIHWLPH ZDV WR LQFUHDVH WKH JDV SUHVVXUH

>�@� 7KLV LV EHFDXVH WKH ODVHU SXOVH HQHUJ\ LQFUHDVHV ZLWK LQFUHDVLQJ JDV SUHVVXUH� ,Q DGGLWLRQ� WKH JDV�SUHVVXUH RSHUDWLQJ

UDQJH LV ZLGHU WKDQ WKH KLJK�YROWDJH RSHUDWLQJ UDQJH� 7KHUHIRUH� ZH XVHG JDV SUHVVXUH LQFUHDVH DV WKH HQHUJ\ FRPSHQVDWLRQ

PHWKRG IRU WKH *��$ DV ZHOO� 2I FRXUVH� IRU SXOVH�WR�SXOVH HQHUJ\ FRQWURO� KLJK YROWDJH DGMXVWPHQW ZDV XVHG�

)LJXUH � VKRZV WKH RSHUDWLQJ YROWDJH DQG JDV SUHVVXUH GXULQJ WKH OLIHWLPH WHVW� 7KH RSHUDWLQJ FRQGLWLRQV RI WKH WHVW DUH DV
IROORZV�

3XOVH HQHUJ\� � P-

5HSHWLWLRQ UDWH� ���� +]

2SHUDWLRQ PRGH� EXUVW PRGH ������ VHF RQ� ����� VHF RII�

7KH LQLWLDO JDV SUHVVXUH ZDV ���� K3D� DQG WKH JDV SUHVVXUH DIWHU � ELOOLRQ SXOVHV ZDV ���� K3D� $ VLPSOH H[WUDSRODWLRQ RI

WKH GDWD JLYHV D SURMHFWHG FKDPEHU OLIHWLPH RI QHDUO\ �� ELOOLRQ SXOVHV� 7KLV YDOXH LV DOPRVW WKH VDPH DV WKDW IRU D ��N+] .U)
H[FLPHU ODVHU�

)LJXUH � VKRZV WKH WUHQG RI WKH HQHUJ\ GRVH VWDELOLW\ GDWD ����PV ZLQGRZV� GXULQJ WKH OLIHWLPH WHVW� )LJXUH � VKRZV

KLVWRJUDPV RI WKH PLQLPXP DQG PD[LPXP GHYLDWLRQV IURP WKH WDUJHW HQHUJ\ GRVH IRU ������ EXUVWV DIWHU � DQG � ELOOLRQ

SXOVHV� %RWK ILJXUHV VKRZ WKDW WKH GRVH VWDELOLW\ ZDV DOPRVW DOZD\V EHORZ r���� GXULQJ WKH WHVW� (YHQ RYHU � ELOOLRQ

SXOVHV� WKH GRVH VWDELOLW\ PDLQWDLQV WKH r�����OHYHO� DQG WKH FKDQJH LQ GRVH VWDELOLW\ GXULQJ WKH WHVW LV QHJOLJLEOH� 7KHVH

GDWD VKRZ WKDW WKH ODVHU VWDELOLW\ KDV QRW FKDQJHG GXULQJ WKLV WHVW�

)LJXUH � VKRZV WHPSRUDO ODVHU SXOVH ZDYHIRUPV LQLWLDOO\ DQG DIWHU � ELOOLRQ SXOVHV� (YHQ DIWHU � ELOOLRQ SXOVHV WKH ODVHU SXOVH

GXUDWLRQ �7LV� ZDV VWLOO �� QV� 7KLV FKDUDFWHULVWLF LV FRQVLGHUHG WR EH KHOSIXO LQ UHGXFLQJ RSWLFDO GDPDJH�

)LJ� � *DV SUHVVXUH DQG RSHUDWLQJ YROWDJH GXULQJ WKH OLIHWLPH WHVW

����

����

����

����

����

����

� ���� ���� ���� ���� �����

3XOVH QXPEHU �0SXOVHV�

&
K
D
P
E
H
U
S
UH
VV
X
UH
�K
3
D
�

�

��

��

��

��

���

2
S
H
UD
WL
Q
J
Y
R
OW
D
J
H
��

�



)LJ� � 'RVH VWDELOLW\ GXULQJ WKH OLIHWLPH WHVW

)LJ� � +LVWRJUDPV RI WKH PLQLPXP DQG PD[LPXP GHYLDWLRQ IURP WKH WDUJHW GRVH IRU ������ EXUVWV DIWHU � DQG � ELOOLRQ SXOVH�
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3XOVH QXPEHU �0SXOVHV�
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)LJXUH � WKH WHPSRUDO ODVHU SXOVH ZDYHIRUPV DW � DQG � ELOOLRQ SXOVH

�� &267 2) 23(5$7,21

$V QRWHG SUHYLRXVO\� $U) H[FLPHU ODVHUV IRU PDVV SURGXFWLRQ DUH UHTXLUHG WR RSHUDWH XQGHU KLJK±SHUIRUPDQFH FRQGLWLRQV�

VXFK DV KLJK UHSHWLWLRQ UDWH DQG QDUURZ VSHFWUDO EDQGZLGWK� DQG ZLWK UHGXFHG &R2� ,Q .U) H[FLPHU ODVHU WHFKQRORJ\� D ���

UHGXFWLRQ LQ RSHUDWLRQ FRVW KDV EHHQ DFKLHYHG HYHU\ \HDU� 2XU OLIHWLPH WHVW UHVXOWV IRU WKH *��$ FRUH WHFKQRORJ\ VKRZ WKH

SRVVLELOLW\ RI D GUDVWLF UHGXFWLRQ LQ $U) H[FLPHU ODVHU RSHUDWLRQ FRVW� 7DUJHW PDLQWHQDQFH LQWHUYDOV IRU WKH *��$ DUH OLVWHG LQ

7DEOH ��

7DEOH � 7DUJHW PDLQWHQDQFH LQWHUYDOV IRU FRUH PRGXOHV RI WKH $U) ODVHU

7DUJHW PDLQWHQDQFH LQWHUYDO,WHPV

������4 ������4

*DV OLIHWLPH !��� PLOOLRQ !��� PLOOLRQ

/DVHU FKDPEHU PRGXOH !� ELOOLRQ !� ELOOLRQ

/LQH QDUURZLQJ PRGXOH !� ELOOLRQ !� ELOOLRQ

0RQLWRU PRGXOH !� ELOOLRQ !�� ELOOLRQ

)URQW PLUURU !� ELOOLRQ !�� ELOOLRQ
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