
9RO� �� 1R� � -XQH ���� SS� ����� ��

12�5HGXFWLRQ�DQG�2[LGDWLRQ�RYHU�3$1�EDVHG�$&)

-H�<RXQJ�.LP��-RQJ�*\X�/HH�DQG�,NS\R�+RQJ

(QYLURQPHQWDO 	 (QHUJ\ 5HVHDUFK &HQWHU� 5HVHDUFK ,QVWLWXWH RI ,QGXVWULDO 6FLHQFH 	 7HFKQRORJ\�

3�2� %R[ ��� 3RKDQJ �������� .RUHD

H�PDLO� M\NLP#ULVW�UH�NU�

�5HFHLYHG �� -DQXDU\ ����� DFFHSWHG �� 0D\ �����

$EVWUDFW

&DWDO\WLF UHGXFWLRQ DQG R[LGDWLRQ RI 12 RYHU SRO\DFU\ORQLWULOH EDVHG DFWLYDWHG FDUERQ ILEHUV �3$1�$&)� XQGHU YDULRXV

FRQGLWLRQV ZHUH FDUULHG RXW WR GHYHORS UHPRYDO SURFHVV RI 12 IURP WKH IOXH JDV� 7KH HIIHFW RI WHPSHUDWXUH� R[\JHQ FRQFHQWUD�

WLRQ DQG WKH PRLVWXUH FRQWHQW IRU WKH UHGXFWLRQ RI 12 ZLWK DPPRQLD DV D UHGXFLQJ DJHQW ZDV LQYHVWLJDWHG� 7KH UHGXFWLRQ RI

12 LQFUHDVHG ZLWK WKH R[\JHQ FRQFHQWUDWLRQ� EXW GHFUHDVHG ZLWK WKH LQFUHDVHG WHPSHUDWXUH� 7KH PRLVWXUH FRQWHQW LQ WKH IOXH

JDV DIIHFWV WKH UHGXFWLRQ RI 12 DV WKH LQKLELWLRQ RI WKH DGVRUSWLRQ RI WKH RWKHU FRPSRQHQWV DQG WKH UHDFWLRQ RQ WKH VXUIDFH RI

$&)� )RU WKH R[LGDWLRQ RI 12 WR 12� RYHU 3$1�$&) ZLWKRXW XVLQJ D UHGXFLQJ JDV� LW VKRZHG WKH WHPSHUDWXUH DQG WKH R[\JHQ

FRQFHQWUDWLRQ RI WKH IOXH JDV DUH WKH LPSRUWDQW IDFWRUV IRU WKH 12 FRQYHUVLRQ LQ ZKLFK WKH FRQYHUVLRQ LQFUHDVHG ZLWK R[\JHQ

FRQFHQWUDWLRQ DQG GHFUHDVHG ZLWK WKH WHPSHUDWXUH LQFUHDVH DQG PLJKW EH WKH DOWHUQDWLYH RSWLRQ IRU WKH VHOHFWLYH FDWDO\WLF UHGXF�

WLRQ SURFHVV�

.H\ZRUGV � $FWLYDWHG FDUERQ ILEHU� 3$1� 12[� 5HGXFWLRQ� 2[LGDWLRQ

�� ,QWURGXFWLRQ

7KH VHOHFWLYH FDWDO\WLF UHGXFWLRQ �6&5� SURFHVV LV ZLGHO\

XVHG IRU WKH IOXH JDV GH�12[ WUHDWPHQW WHFKQRORJ\� 7KH W\SL�

FDO FDWDO\VWV XVHG LQ WKLV SURFHVV DUH PHWDO R[LGH DQG ]HROLWH�

$PRQJ WKH PDQ\ NLQGV RI FDWDO\VWV� WKH FDWDO\VWV FRQWDLQLQJ

9�2� VXSSRUWHG RQ 7L2� RU $O�2� DUH WKRXJKW WR EH WKH VXLW�

DEOH FDWDO\VWV IRU UHPRYDO RI 12[ >�� �@�

+RZHYHU� WR REWDLQ KLJK UHPRYDO HIILFLHQF\ RI 12[� WKH

PHWDO R[LGH FDWDO\VWV DQG ]HROLWH FDWDO\VWV VKRXOG EH XVHG DW

DERXW ���R& �WR DYRLG WKH R[LGDWLRQ RI 1+�� DQG DERYH

DERXW ���R& �WR REWDLQ JRRG FDWDO\WLF DFWLYLW\� >�@� 6XFK D

6&5 SURFHVV VKRZV WKH GLVDGYDQWDJH ZKLFK VRPHWLPHV

UHTXLUHV UHKHDWLQJ RI WKH IOXH JDV�

$FWLYDWHG FDUERQV DQG FRNHV KDYH EHHQ UHFRJQL]HG DV

H[FHOOHQW DGVRUEHQWV IRU 62� DQG FDWDO\VWV IRU UHGXFWLRQ RI

12[ ZLWK 1+� >�@� DQG DQ LQGXVWULDO DSSOLFDWLRQ KDV EHHQ

VXFFHVVIXO XVLQJ DFWLYH FRNH ZLWK KLJK PHFKDQLFDO VWUHQJWK

DQG PRGHUDWH DGVRUSWLRQ DELOLW\ LQ WKH PRYLQJ EHG >�� �@�

+RZHYHU� DFWLYDWHG FDUERQ SURFHVV IRU VLPXOWDQHRXV UHPRYDO

RI 62� DQG 12[ UHTXLUHG ODUJHU IDFLOLW\ WKDQ RWKHU 6&5 SUR�

FHVVHV�

%HVLGHV� LQ 6&5 SURFHVV� DPPRQLD FDQQRW EH IXOO\ UHDFWHG�

DQG WKHQ WKH UHVLGXDO DPPRQLD EHFRPHV DQRWKHU SROOXWDQW� ,I

12 LQ R[LGDWLYH DWPRVSKHUH FDQ EH FRQYHUWHG LQWR 12� E\

FDWDO\VW� WKHQ +12� FDQ EH UHFRYHUHG E\ ZDVKLQJ WKH RII JDV

DQG WKHUH LV QR DGGLWLRQDO SROOXWDQW DV DPPRQLD XVHG DV D

UHGXFLQJ DJHQW LQ 6&5 SURFHVV� ,W LV NQRZQ WKDW 12� LV QRW

UHOHDVHG DW KLJK WHPSHUDWXUH� HYHQ WKRXJK 12� LV IRUPHG RQ

WKH VXUIDFH RI FDWDO\VW LQ 6&5 SURFHVV�

.RQJ DQG &KD >�@ UHSRUWHG WKDW 12 ZLWK PRUH WKDQ �� 2�

ZDV FRQYHUWHG LQWR 12� E\ FKDU DW ��R&� 0RFKLGD >�@

UHSRUWHG SLWFK EDVHG DFWLYDWHG FDUERQ ILEHUV KDG KLJK DFWLYLW\

IRU WKH FRQYHUVLRQ RI 12 WR 12� DW URRP WHPSHUDWXUH� 7KHVH

FRQGLWLRQV DUH SDUWLFXODUO\ VXLWDEOH IRU WKH SURFHVV RI VLPXO�

WDQHRXV UHPRYDO RI 62� DQG 12[ LQ WKH IOXH JDV E\ DFWLYDWHG

FDUERQ�

,W LV ZHOO NQRZQ WKDW WKH SRUH VWUXFWXUHV �SRUH YROXPH� VXU�

IDFH DUHD DQG SRUH VL]H GLVWULEXWLRQ� SOD\ LPSRUWDQW UROHV LQ

WKH JDV DGVRUSWLRQ RQ WKH DFWLYDWHG FDUERQ�

*HQHUDOO\� DFWLYDWHG FDUERQ ILEHUV KDYH EHWWHU SRUH VWUXF�

WXUHV WKDQ DFWLYDWHG FDUERQ IRU DGVRUSWLRQ DQG GHVRUSWLRQ�

+RZHYHU� WKHUH LV IHZ LQGXVWULDO DSSOLFDWLRQ RI DFWLYDWHG FDU�

ERQ ILEHUV IRU 12[ UHPRYDO VR IDU H[FHSW VRPH UHVHDUFK

SDSHUV >�� �@�

0RFKLGD HW DO� VKRZHG WKDW 3$1�$&)V KDYH KLJK DFWLYLW\

IRU WKH 12 UHGXFWLRQ LQ WKH WHPSHUDWXUH UDQJH EHWZHHQ

���R& DQG ���R& >�@ DQG 12 R[LGDWLRQ DW URRP WHPSHUDWXUH

>�@� $ VXSHU DFWLYDWHG FDUERQ DFWLYDWHG ZLWK .2+ KDV EHHQ

UHSRUWHG DV KDYLQJ D KLJK VXUIDFH DUHD DQG ODUJH PLFURSRUH

YROXPH >�@� .LP DQG +RQJ KDYH UHSRUWHG 3$1�$&)V DFWL�

YDWHG ZLWK .2+ VKRZHG KLJK HIILFLHQF\ IRU 62[ UHPRYDO

>�@�

,Q SUHVHQW ZRUN� ZH VWXGLHG WKH SDUDPHWHUV IRU WKH 12[

UHPRYDO SURFHVV E\ XVLQJ 3$1�$&) DFWLYDWHG ZLWK .2+ DV

FDWDO\VW� 7KH LQYHVWLJDWLRQ LQFOXGHG ��� 6&5 RI 12[ IURP

PL[WXUH JDV LQ SUHVHQFH RI R[\JHQ ���� YRO� DQG PRLVWXUH

FRQWHQW RI ���� YRO� ZLWK DPPRQLD DV D UHGXFLQJ DJHQW RYHU

3$1�$&) FDWDO\VW DW WHPSHUDWXUH UDQJLQJ EHWZHHQ ��R& DQG

���R&� ��� FDWDO\WLF R[LGDWLRQ RI 12 WR 12� RYHU 3$1�$&)

&DUERQ

6FLHQFH
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DW URRP WHPSHUDWXUH�

�� ([SHULPHQWDO

7KH H[SHULPHQWDO DSSDUDWXV FRQVLVWV RI D IL[HG EHG LQWHJUDO

UHDFWRU� GHYLFHV IRU WKH SUHSDUDWLRQ RI WKH JDV PL[WXUHV� WHP�

SHUDWXUH FRQWUROOHU DQG DQDO\]HU IRU 12� 12�� 12[�

7KH H[SHULPHQWDO DSSDUDWXV LV VKRZQ LQ )LJ� ��

7KH LQQHU GLDPHWHU RI TXDUW] UHDFWRU ZDV � PP DQG ���

JUDP RI 3$1�$&)V ZHUH FKDUJHG LQ HYHU\ UXQ H[SHULPHQW�

7KH OHQJWK RI WKH 3$1�$&)V EHG ZDV DERXW �� PP� 7KH

WHPSHUDWXUH RI WKH UHDFWRU ZDV PHDVXUHG E\ WKHUPRFRXSOHV�

%HIRUH VWDUWLQJ DQ H[SHULPHQW� WKH UHDFWRU ZDV E\�SDVVHG WR

PHDVXUH WKH JDV FRPSRVLWLRQ� 7KH JDV WXEH FRQVLVWV RI VWDLQ�

OHVV VWHHO WXEH IRU WKH SUH�KHDWLQJ ]RQH DQG 7HIORQ WXEH

H[FHSW WKH KHDWLQJ ]RQH�

12� 12� DQG 12[ ZHUH FRQWLQXRXVO\ PHDVXUHG E\

&KHPLOXPLQHVFHQFH 12�12��12[ DQDO\]HU�

7KH 1�� 2�� 12� +H DQG ZDWHU YDSRU ZHUH GRVHG DV PRGHO

IOXH JDV DQG 1+� ZDV XVHG DV WKH UHGXFLQJ DJHQW� 7KH WRWDO

JDV IORZ UDWH ZDV ��� PO�PLQ �673�� L�H�� WKH VSDFH YHORFLW\

ZDV DURXQG ������K� 7KH IORZ UDWH RI 12� 1�� 2� DQG 1+�

ZHUH FRQWUROOHG E\ 0.' PDVV�IORZ FRQWUROOHU� 7KH ZDWHU

YDSRU ZDV FRQWUROOHG E\ WKH WHPSHUDWXUH RI LVRWKHUPDO ZDWHU

EDWK DQG WKH IORZ UDWH RI 1�� %HIRUH WKH PL[WXUH RI JDVHV

UHDFKHG WR WKH UHDFWRU� LW ZDV SUH�KHDWHG XS WR WKH UHDFWRU

WHPSHUDWXUH E\ EDQG KHDWHU�

3$1 ILEHUV ZLWK WKH FRPSRVLWLRQ RI FDUERQ ���� PHWK\�

ODFU\ODWH �� DQG LWDFRQLF DFLG �� ZHUH XVHG DV WKH UDZ

PDWHULDO IRU WKH 3$1�$&)�

7KH UHFHLYHG 3$1 ILEHUV ZHUH LPPHUVHG LQ �0 .2+

VROXWLRQ IRU �� KRXUV DQG GULHG� WKHQ KHDW WUHDWHG DW ���R&

IRU �� PLQ XQGHU LQHUW DWPRVSKHUH� 7KH FRPSRVLWLRQ RI

3$1�$&)V ZHUH 1� ������ &� ������� +� ������ 2�

������� %(7 VXUIDFH DUHD ZDV ���� P��J DQG 7�SORW

PLFURSRUH YROXPH ZDV ������

7KH H[SHULPHQWV LQFOXGH ��� 12[ UHGXFWLRQ ZLWKRXW 1+��

��� 12[ UHGXFWLRQ ZLWK 1+�� ��� 12 R[LGDWLRQ WR 12�� 7KH

H[SHULPHQWDO SDUDPHWHUV DUH OLVWHG LQ 7DEOH ��

7KH 12[ FRQWHQW ZDV PHDVXUHG EHIRUH WKH PL[WXUH RI

JDVHV HQWHUHG WKH UHDFWRU� 12 ZDV GHWHFWHG WR EH SDUWLDOO\

R[LGL]HG LQWR 12� EHIRUH LW HQWHUHG UHDFWRU� DQG LWV R[LGDWLRQ

DPRXQW GHSHQGHG RQ R[\JHQ FRQFHQWUDWLRQ� %XW DW KLJK WHP�

SHUDWXUH RU LQ WKH SUHVHQFH RI 1+� IHZ SSP RI 12� ZDV

GHWHFWHG DW RXWOHW RI WKH UHDFWRU�

7KH \LHOG RI 12 FRQYHUVLRQ ZDV FDOFXODWHG IURP WKH LQOHW

FRQFHQWUDWLRQ &R ��� SSP DQG RXWOHW FRQFHQWUDWLRQ & DW

VWHDG\�VWDWH� 12 FRQYHUVLRQ UDWLR ��&�&R

�� 5HVXOWV DQG 'LVFXVVLRQ

���� %UHDNWKURXJK FXUYHV RI 12[� 12 DQG 12� XQGHU YDU�

LRXV FRQGLWLRQV

7KH W\SLFDO EUHDNWKURXJK FXUYHV RI 12[ DGVRUSWLRQ�

UHGXFWLRQ DQG R[LGDWLRQ RQ WKH 3$1�$&) XQGHU YDULRXV FRQ�

GLWLRQV DUH VKRZQ LQ )LJ� �� ,Q )LJ� � D� LW VKRZV WKDW 12[

ZDV GHWHFWHG DV 12 LQ D IHZ PLQXWHV DIWHU LW SDVVHG WR WKH

UHDFWRU ZLWKRXW R[\JHQ DW ��R&� 7KH GHFUHDVH RI 12 FRQFHQ�

WUDWLRQ RI LQLWLDO UHDFWLRQ ZDV GXH WR WKH DGVRUSWLRQ RI 12 RQ

WKH $&)� +RZHYHU� VPDOO DPRXQW RI 12 ZDV FRQYHUWHG WR

12� LQ )LJ� � E� LI R[\JHQ H[LVWV DW ���
R&� ,Q WKH SUHVHQFH RI

1+��1+��12 �� DW ���
R& DV VKRZQ LQ )LJ� � F�� 12� ZDV

QRW GHWHFWHG DW WKH RXWOHW RI WKH UHDFWRU GXULQJ UHDFWLRQ WLPH

DQG 12 ZDV UHGXFHG WR 1� DQG WKH UHGXFWLRQ UDWLR ZHUH

LQFUHDVHG ZLWK WKH R[\JHQ FRQFHQWUDWLRQ�

7KLV VKRZV WKH DPPRQLD LV WKH NH\ FRPSRQHQW IRU WKH

UHGXFWLRQ RI 12 DQG R[\JHQ FRQFHQWUDWLRQ DOVR DIIHFWV WKH

UHGXFWLRQ RI 12�

,Q )LJ� � E�� LW VKRZV WKDW IHZ RI 12 ZDV R[LGL]HG WR 12�

LQ WKH SUHVHQFH RI 2� DW ���
R&� +RZHYHU� DW ORZ WHPSHUDWXUH

LQ WKH SUHVHQFH RI R[\JHQ DQG ORQJ UHDFWLRQ WLPH� VRPH

DPRXQW RI 12 ZDV FRQYHUWHG WR 12� DV VKRZQ LQ )LJ� � G��

12� ZDV QRW GHWHFWHG GXULQJ WKH LQLWLDO �� KUV� ,W LQGLFDWHV

WKDW WKH VXUIDFH UHDFWLRQ WDNH SODFH EHWZHHQ VSHFLHV ZKLFK

)LJ� �� ([SHULPHQWDO DSSDUDWXV�

7DEOH �� ([SHULPHQWDO 3DUDPHWHUV

&DWDO\VW� 3$1�$&) DFWLYDWHG ZLWK .2+
&DWDO\VW� %(7 VXUIDFH DUHD ���� P��J
&DWDO\VW� 7�SORW PLFURSRUH YROXPH �����
&DWDO\VW EHG FROXPQ� 'LDPHWHU � PP� +HLJKW �� PP
&DWDO\VW ZHLJKW� ��� J
7HPSHUDWXUH� ������R& IRU 6&5
7HPSHUDWXUH� ��R& IRU FDWDO\WLF R[LGDWLRQ
*DV IORZ UDWH� ��� PO�PLQ� 673
6SDFH YHORFLW\� �����K
,QOHW FRQFHQWUDWLRQ RI PRGHO IOXH JDV�

2[\JHQ� ���� YRO�
:DWHU YDSRU� ���� YRO�
12� ��� SSP
1+�� ��� SSP
+H� ���� YRO�
1�� EDODQFH



12 5HGXFWLRQ DQG 2[LGDWLRQ RYHU 3$1 EDVHG�$&) ��

KDYH EHHQ DGVRUEHG LQ ODUJH DPRXQW� +RZHYHU� LW LV QRW FODU�

LILHG WKH GLIIHUHQFH RI WKH EUHDNWKURXJK WLPH RI 12 DQG 12�

RQ WKH 3$1�$&) LQ WKLV SDSHU�

���� (IIHFW RI 7HPSHUDWXUH RQ 12 UHGXFWLRQ

$W WKH WHPSHUDWXUH UDQJH EHWZHHQ ��R& DQG ���R&� WKH

UHODWLRQVKLS RI WKH VWHDG\�VWDWH 12 FRQYHUVLRQ DQG WHPSHUD�

WXUH LQ WKH SUHVHQFH RI 1+� LV VKRZQ LQ )LJ� �� ,Q WKH SUHV�

HQFH RI KLJK FRQFHQWUDWLRQ RI R[\JHQ ����� ���� ��� E\

YROXPH�� 12 FRQYHUVLRQ GHFUHDVHV ZLWK WKH LQFUHDVHG WHP�

SHUDWXUH� ,W FDQ EH H[SODLQHG DV IDYRUHG DGVRUSWLRQ RI UHDF�

WDQWV LQ WKH PLFURSRUHV RI WKH 3$1�$&)� HQKDQFLQJ WKH

UHDFWLRQ UDWH E\ LQFUHDVHG ORFDO FRQFHQWUDWLRQ 12� 1+� DQG

2� DW ORZ WHPSHUDWXUH�

+RZHYHU� LQ WKH SUHVHQFH RI ORZ FRQFHQWUDWLRQ RI R[\JHQ

��� DQG �� E\ YROXPH�� 12 FRQYHUVLRQ GRHV QRW GHFUHDVH

ZLWK WKH LQFUHDVHG WHPSHUDWXUH� EXW QHDUO\ LQGHSHQGHQW RI

WHPSHUDWXUH� 7KH UHDVRQ LV QRW FOHDU VWLOO� %XW LW PD\ EH

UHODWHG ZLWK WKH IRUPDWLRQ RI 12 GLPPHU RQ WKH VXUIDFH RI

3$1�$&) DV UHSRUWHG E\ .RQJ DQG &KD >�@ WKDW 12 GLPPHU

�RU 12�� KDYH JUHDW HIIHFWV RQ 6&5�

7KH IRUPDWLRQ RI 12� LV PDUNHGO\ LQIOXHQFHG E\ WKH R[\�

JHQ FRQFHQWUDWLRQ DQG WHPSHUDWXUH� ZKLFK ZLOO EH GLVFXVVHG

ODWHU�

���� 7KH (IIHFW RI 2[\JHQ RQ 12 5HGXFWLRQ

*HQHUDOO\� 12 FRQYHUVLRQ LQFUHDVHG ZLWK WKH FRQFHQWUD�

WLRQV RI R[\JHQ� 12 DQG 1+��

7KH VLPSOH IRUP RI UHDFWLRQ UDWH RI 6&5 IRU 12[ IURP

)LJ� �� %UHDNWKURXJK FXUYHV RI 12 FRQYHUVLRQ E\ 3$1�$&) XQGHU YDULRXV FRQGLWLRQV� �D� 1��12 DW ��R&� �E� 1��2� ��� YRO���12
DW ���R&� �F� 1��2��12�1+� ���� SSP� 12�1+� � DW ���

R&� �G� 1��2� ��� YRO���12 DW ��R&

)LJ� �� (IIHFW RI WHPSHUDWXUH DQG 2� FRQFHQWUDWLRQ RQ 12 FRQ�
YHUVLRQ E\ 1+� RYHU 3$1�$&) >1��2��12 ���� SSP��1+�

���� SSP�@�
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GU\ IOXH JDV LV H[SUHVVHG DV WKH IROORZLQJ SRZHU UDWH ODZ

>��@�

7KH YDOXH RI WKH DSSDUHQW UHDFWLRQ RUGHUV α LV DERXW ���

>��@� DQG γ LV LQ WKH UDQJH RI ���� WR ��� >�� ��� ��@� 7KH

RUGHU γ UHODWHV WR WKH NLQG RI FDWDO\VW� %XW LW ZDV UHSRUWHG WKDW
WKH YDOXH RI γ ZDV REWDLQHG LQ ORZ FRQFHQWUDWLRQ RI R[\JHQ�

,Q KLJK FRQFHQWUDWLRQ RI R[\JHQ LQ WKH SUHVHQW ZRUN VKRZQ

LQ )LJ� �� 12 FRQYHUVLRQ OLQHDUO\ LQFUHDVHV ZLWK WKH R[\JHQ

FRQFHQWUDWLRQ EHWZHHQ �� DQG ���� $OVR LW ZDV IRXQG WKDW

QR 12 FRQYHUVLRQ WR 1� ZDV WDNHQ SODFH LQ WKH DEVHQFH RI

R[\JHQ XQGHU WKH FRQGLWLRQ RI 1+� SUHVHQFH�

7KHUHIRUH� WKH SUHVHQFH RI R[\JHQ LV QHFHVVDU\ IRU 6&5 RI

12 E\ 1+� RYHU 3$1�$&)� LQ DJUHHPHQW ZLWK 5LFKWHU HW DO�

>�@�

$ PXFK KLJKHU 12 FRQYHUVLRQ LV DFKLHYHG LQ WKH SUHVHQFH

RI KLJKHU R[\JHQ FRQFHQWUDWLRQ�

���� 7KH (IIHFW RI 0RLVWXUH RQ 12 UHGXFWLRQ

7KH HIIHFW RI PRLVWXUH RQ 12 UHGXFWLRQ LV NQRZQ DV FRP�

SOH[� 6RPH UHVHDUFKHUV UHSRUWHG LW KDV QR REYLRXV HIIHFW RU

HYHQ SRVLWLYH HIIHFW RQ 12 UHGXFWLRQ XQGHU VRPH FRQGLWLRQV

>�� �� ��@� 7KH\ FRQVLGHUV WKH PRLVWXUH PD\ DEVRUE VRPH

12� RQ WKH VXUIDFH RI FDUERQ� +RZHYHU� WKH DGVRUSWLRQ RI

PRLVWXUH LV WDNHQ SODFH IDVWHU WKDQ RWKHU VSHFLHV� WKHQ LQKLELW

WKH DGVRUSWLRQ RI RWKHU FRPSRQHQW DQG UHDFWLRQ >��� ��@�

7KH SUHVHQW ZRUN DOVR VKRZHG WKDW PRLVWXUH LQKLELWHG WKH

DFWLYLW\ RI 3$1�$&) IRU 6&5 RI 12 DV VKRZQ LQ )LJ� ��

*HQHUDOO\� WKHUH H[LVWV DERXW ����� RI PRLVWXUH LQ WKH IOXH

JDV� 7KH PRLVWXUH H[LVWV DV WKH YDSRU VWDWH DW ���R& DQG FRQ�

GHQVHG LQ WKH PLFURSRUH DIWHU DGVRUSWLRQ�

7KHUHIRUH� LW LV QHFHVVDU\ WR UHPRYH PRLVWXUH IURP WKH IOXH

JDV EHIRUH WKH RSHUDWLRQ RI 6&5 RI 12 E\ DPPRQLD LQ XVLQJ

3$1�$&) DV FDWDO\VW�

���� 7KH &DWDO\WLF 2[LGDWLRQ RI 12 WR 12�

$V VKRZQ LQ )LJ� � G�� DERXW ��� RI 12 ZDV R[LGL]HG WR

12� FDWDO\WLFDOO\ DW VWHDG\ VWDWH DQG �� RI 12 ZDV UHGXFHG

WR 1� RYHU WKH 3$1�$&) LQ WKH SUHVHQFH ��� RI 2� DQG LQ

DEVHQFH RI DPPRQLD DW WHPSHUDWXUH ��R&� 7KH GHSHQGHQFH

RI 12 R[LGDWLRQ WR 12� RQ R[\JHQ FRQFHQWUDWLRQ LV VKRZQ

LQ )LJ� �� 7KH FRQYHUVLRQ RI 12 WR 12� LQFUHDVHG ZLWK WKH

R[\JHQ FRQFHQWUDWLRQ�

$QRWKHU GRPLQDQW IDFWRU IRU WKH FRQYHUVLRQ RI 12 WR 12�

LV WKH UHDFWLRQ WHPSHUDWXUH DV VKRZQ LQ )LJ� �� 7KH FRQYHU�

VLRQ RI 12 WR 12� PDUNHGO\ GHFUHDVHG ZLWK WKH LQFUHDVHG

UHDFWLRQ WHPSHUDWXUH� %XW WKH FRQYHUVLRQ WHPSHUDWXUH RI 12

WR 12� LQFUHDVHG ZLWK WKH R[\JHQ FRQFHQWUDWLRQ� 7KH FRQ�

YHUVLRQ RI 12 WR 12� DW WKH FRQGLWLRQV RI �� R[\JHQ FHDVHG

DW ��R&� %XW DW WKH KLJKHU FRQFHQWUDWLRQ RI R[\JHQ ������

WKH FRQYHUVLRQ FHDVHG DW ���R&� $W WKH UHDFWLRQ WHPSHUDWXUH

RI ��R& ZLWK ��� RI R[\JHQ� WKH 12 ZDV FRQYHUWHG WR 12�

DERXW ���� 7KLV UHVXOW VKRZV ORZ WHPSHUDWXUH DQG KLJK FRQ�
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)LJ� �� (IIHFW RQ 2� FRQFHQWUDWLRQ DQG WHPSHUDWXUH RQ 12 FRQ�
YHUVLRQ E\ 1+� RYHU 3$1�$&) >1��2��12 ���� SSP��1+�

���� SSP�@�

)LJ� �� (IIHFW RI PRLVWXUH RQ 12 FRQYHUVLRQ E\ 1+� RYHU
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