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$EVWUDFW

7KLV SDSHU SUHVHQWV VHYHUDO DSSOLFDWLRQV RI WKH 3+,�7(& ,, WKDW DUH QRW FRPPRQO\ DVVRFLDWHG

ZLWK DGLDEDWLF FDORULPHWHUV EXW ZKLFK KDYH SURYHG WR EH H[WUHPHO\ YDOXDEOH� 7KHVH LQFOXGH VLPX�

ODWLRQ RI D GHHS RLO ZHOO IRU HQKDQFHG RLO UHFRYHU\� LVRWKHUPDO FDORULPHWU\ RI D VHPLEDWFK UHDFWLRQ�

FDWDO\VW UHVHDUFK XVLQJ IORZ WKURXJK UHDFWRUV �ERWK SOXJ IORZ DQG &675� ZLWK FRQWUROOHG IHHGV RI

KLJK SUHVVXUH OLTXLG DQG JDV�

.H\ZRUGV� DGLDEDWLF FDORULPHWHU� FDORULPHWU\� H[RWKHUPLF� KD]DUGV� SKL�IDFWRU� UHDFWLRQ� UXQ�
DZD\� YHQWV

,QWURGXFWLRQ

&RQYHQWLRQDO DGLDEDWLF FDORULPHWHUV >�� �@ DUH XVHG ILUVW DQG IRUHPRVW WR HYDOXDWH
WKH WHPSHUDWXUH DW ZKLFK D OLTXLG �RU SRZGHU� EHJLQV WR UHDFW DW D µVLJQLILFDQW¶ UDWH
DQG WKH\ WKHQ IROORZ� DGLDEDWLFDOO\� WKH VXEVHTXHQW ULVH LQ SUHVVXUH DQG WHPSHUDWXUH�
7KH µRQVHW¶ RI UHDFWLRQ LV LQGLFDWHG E\ D UDWH RI WHPSHUDWXUH ULVH LQ WKH VDPSOH RI
DURXQG �����& PLQ±� �RU KLJKHU� DQG LI WKLV RFFXUV DW D WHPSHUDWXUH 7R� WKH KHDW UH�
OHDVH 4�-� PD\ EH FDOFXODWHG IURP�
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ZKHUH P LV WKH PDVV� &S WKH VSHFLILF KHDW �VXEVFULSW F LV IRU VDPSOH FRQWDLQHU� V LV IRU
VDPSOH��

7KH DGLDEDWLF WHVW GDWD JHQHUDWHG IURP D WHVW �)LJ� � IRU H[DPSOH� FDQ DOVR EH XVHG
WR HYDOXDWH WKH JOREDO NLQHWLFV IRU WKH UHDFWLRQ >�@ �

$GLDEDWLF FRQGLWLRQV DUH HQVXUHG E\ KROGLQJ WKH VDPSOH DQG LWV HQFORVXUH DW WKH
VDPH WHPSHUDWXUH �)LJ� ��� DV WKH VDPSOH VHOI�KHDWV GXH WR HQHUJ\ UHOHDVH WKH LQVWUX�
PHQW FRQWURO V\VWHP HQVXUHV WKDW WKH VXUURXQGLQJV IROORZ LW SUHFLVHO\� 7KH VSKHULFDO
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WHVW FHOO YROXPH LV QRUPDOO\ DURXQG �� PO DQG LV GHVLJQHG WR WDNH IDLUO\ VXEVWDQWLDO
SUHVVXUHV WKDW PD\ EH JHQHUDWHG GXULQJ DQ H[RWKHUP� 7KH SKL�IDFWRU IRU FRQYHQWLRQDO
FDORULPHWHUV RI WKLV W\SH LV DURXQG ����

,PSRUWDQW LQGXVWULDO DSSOLFDWLRQV RI DGLDEDWLF FDORULPHWHUV UHTXLUH WKDW WKH SKL�
IDFWRU �DOVR FDOOHG WKHUPDO LQHUWLD� EH FORVH WR ��� VR WKDW WKH GDWD UHIOHFWV PRUH
FORVHO\ WKH FKDUDFWHULVWLFV RI LQGXVWULDO V\VWHPV �VXFK DV VWRUDJH WDQNV DQG FKHPLFDO
UHDFWRUV� DQG WKHUHE\ DOORZ UHOLDEOH SUHGLFWLRQV RI SRWHQWLDO WKHUPDO UXQDZD\V� 7KLV
LV GRQH E\ LQFOXVLRQ RI SUHVVXUH FRPSHQVDWLRQ RQ WRS RI WKH DGLDEDWLF FRQGLWLRQV� VHH
)LJ� �� 7KH VDPSOH FHOO �a��� PO LQ YROXPH� RI YHU\ OLJKW ZHLJKW FRQVWUXFWLRQ LV VXU�
URXQGHG E\ WKUHH HOHFWULFDO KHDWHUV �ZKLFK DUH FRQWUROOHG WR JLYH DGLDEDWLF FRQGL�
WLRQV� DQG WKH HQWLUH DVVHPEO\ VLWV ZLWKLQ D SUHVVXUH YHVVHO� $V WKH VDPSOH SUHVVXUH
ULVHV� QLWURJHQ LV DGGHG VR DV WR PDLQWDLQ D UHODWLYHO\ VPDOO GLIIHUHQWLDO DFURVV WKH
ZDOOV RI WKH FHOO� ,Q WKLV ZD\ D ORZ PDVV WHVW FHOO FDQ EH XVHG EXW PD[LPXP SUHVVXUHV
RI ��� EDU RU PRUH FDQ EH DFFRPPRGDWHG� 7\SLFDOO\� Φ�IDFWRUV RI DURXQG ���� WR ���
DUH DFKLHYHG�

)LJ� � 7\SLFDO GDWD IURP DQ DGLDEDWLF FDORULPHWHU

)LJ� � %DVLF IHDWXUHV RI DGLDEDWLF FDORULPHWHU
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7KH ODUJHU �DQG ORZ Φ�IDFWRU� WHVW FHOO GHVLJQ SHUPLWV D ZLGH UDQJH RI LQGXVWULDO
µDFFLGHQWV¶ LQYROYLQJ H[RWKHUPLF UHDFWLRQV WR EH UHDGLO\ VLPXODWHG� 7KH H[SHULPHQWDO
GDWD FDQ EH XVHG GLUHFWO\ IRU GHVLJQ RI VDIHO\ IHDWXUHV VXFK DV UHOLHI YHQWV WR SURWHFW
LQGXVWULDO HTXLSPHQW >�@�

6RPH�VSHFLILF�DVSHFWV�RI�3+,�7(&�,,

7KH 3+,�7(& ,, DGLDEDWLF FDORULPHWU\ LV FRPPRQO\ XVHG LQ WKH PDQQHU GHVFULEHG
DERYH� DV D WRRO IRU WKHUPDO DQDO\VLV RI FKHPLFDOV DQG LQYHVWLJDWLRQ RI UXQDZD\ UHDF�
WLRQV� $ QXPEHU RI FRPPHUFLDO XQLWV KDYH DOVR EHHQ HTXLSSHG ZLWK RWKHU TXLWH XQ�
XVXDO IHDWXUHV DQG WKLV LV PDGH SRVVLEOH E\ WKH IDFW WKDW WKH 3+,�7(& ,, LV D VXE�VHW RI
D PXFK PRUH FRPSUHKHQVLYH V\VWHP WKDW KDV IHDWXUHV VXFK DV�

• ,VRWKHUPDO RSHUDWLRQ RI QRUPDOO\ MDFNHWHG FKHPLFDO UHDFWRUV� ZKHUH WHPSHUD�
WXUH LV FRQWUROOHG E\ KHDW UHPRYDO E\ D FLUFXODWLQJ RLO�

• 3RZHU FRPSHQVDWLRQ DQG KHDW IORZ FDORULPHWU\� LQ VXSSRUW RI D UHDFWLRQ FDOR�
ULPHWHU� DV D VSHFLDO FDVH RI DQ LVRWKHUPDO UHDFWRU >�@�

• &RQWUROOHG GRVLQJ RI OLTXLG� JDV RU VROLG�
• 6LPXOWDQHRXV FRQWURO RI RWKHU SURFHVV YDULDEOHV �SUHVVXUH� S+� HWF��

)URP WKH YHU\ EURDG OLVW RI IHDWXUHV DYDLODEOH� D VSHFLILF LQVWUXPHQW �VXFK DV 3+,�
7(&� LV GHILQHG E\ WKH DSSURSULDWH FRPELQDWLRQ RI WKUHH DVSHFWV�

• 0HFKDQLFDO
7KLV GHWHUPLQHV WKH VSHFLILF VHQVRUV� VL]HV RI YHVVHOV� SUHVVXUH UDWLQJ� HWF�

• (OHFWURQLFV LQWHUIDFH
7KLV LV WKH IDFLOLW\ WKDW DPSOLILHV VHQVRU RXWSXWV� SURYLGHV WKH HOHFWULFDO SRZHU IRU

YDOYHV� KHDWHUV HWF� DQG LV WKH OLQN EHWZHHQ WKH PHFKDQLFDO LWHPV DQG WKH VRIWZDUH�
7KH HOHFWURQLFV UDFN LV SRSXODWHG ZLWK WKH FRUUHFW FRPELQDWLRQ RI µFDUGV¶ IRU D VSH�
FLILF IXQFWLRQ�

)LJ� � /RZ 3+,�IDFWRU DGLDEDWLF FDORULPHWHU �3+,�7(& ,,�
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• 3&�VRIWZDUH

7KH VRIWZDUH LV µWROG¶ZKDW VLJQDOV DUH FRPLQJ WKURXJK ZKLFK SRUWV DQG ZKDW RXW�
SXWV DUH UHTXLUHG IRU FRQWURO� $ YHU\ ZLGH UDQJH RI H[SHULPHQWDO URXWLQHV DUH DYDLO�
DEOH IURP ZKLFK WKRVH DSSURSULDWH WR D SDUWLFXODU µLQVWUXPHQW¶ DUH VHOHFWHG� 7KXV� IRU
WKH 3+,�7(& IRU H[DPSOH� WKH µKHDW�ZDLW�VHDUFK¶ URXWLQH LV VHOHFWHG >�@ DV WKLV LV XVHG
WR ORRN IRU H[RWKHUPV� EXW ZKLFK LV QRW UHOHYDQW IRU QRUPDO FKHPLFDO UHDFWRU FRQWURO�

7KXV WKH 3+,�7(& ,, LV MXVW RQH VSHFLDO FDVH RI LQVWUXPHQWV WKDW FDQ EH SXW WRJHWKHU
E\ DQ DSSURSULDWH FRPELQDWLRQ RI IHDWXUHV�

$V DQ H[DPSOH� FRQVLGHU WKH FRQWURO RI SUHVVXUH LQ D FRQYHQWLRQDO FKHPLFDO UHDF�
WRU DQG LQ WKH 3+,�7(& �ZKHUH SUHVVXUH FRPSHQVDWLRQ LV QHHGHG�� $V VKRZQ LQ
)LJ� �� WKH VDPH FRQWURO ORJLF �DQG LQGHHG PHFKDQLFDO DQG HOHFWURQLF FRPSRQHQWV�
FDQ EH XVHG IRU WKHVH WZR YHU\ GLIIHUHQW DSSOLFDWLRQV�

7KLV GHVLJQ DSSURDFK KDV WKH DGYDQWDJH WKDW WKH 3+,�7(& ,, FDQ EH HDVLO\ H[�
SDQGHG WR LQFOXGH IHDWXUHV WKDW DUH QRW QRUPDOO\ DVVRFLDWHG ZLWK DGLDEDWLF GHYLFHV EXW
ZKLFK FDQ EH H[WUHPHO\ XVHIXO� VHYHUDO H[DPSOHV ZLOO QRZ EH GLVFXVVHG�

/LTXLG�&S�GHWHUPLQDWLRQ

&RQVLGHU D OLTXLG KHDWHG LQ D 3+,�7(& WHVW FHOO �DGLDEDWLFDOO\� E\ WKH DGGLWLRQ RI
4
.
�:� RI HOHFWULFDO SRZHU� 7KH IROORZLQJ UHODWLRQVKLS FDQ EH XVHG WR GHWHUPLQH WKH

OLTXLG VSHFLILF KHDW�
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ZKHUH PV LV WKH OLTXLG PDVV �J�� �G7�GW� WKH UDWH RI WHPSHUDWXUH ULVH �. V±�� GXH WR WKH
LQSXW RI 4

.
DQG �P&S�F WKH WKHUPDO PDVV �LQ - .±�� RI WKH FRQWDLQHU�

,Q RUGHU WR GR WKLV WHVW D VSHFLDOO\ PRGLILHG WHVW FHOO �)LJ� ��� LQFRUSRUDWLQJ DQ LQ�
WHUQDO KHDWHU LV QHHGHG LQ DGGLWLRQ WR D NQRZQ �DQG FRQWUROOHG� VRXUFH RI HOHFWULFDO
KHDW �4

.
�� $Q H[SHULPHQW VLPSO\ UHTXLUHV WKH DSSOLFDWLRQ RI KHDW DQG WKHQ D PHDVXUH�

PHQW RI WKH UHVXOWLQJ UDWH RI WHPSHUDWXUH ULVH� �G7�GW� WR GLUHFWO\ JLYH WKH OLTXLG &S�

)LJ� � 3UHVVXUH FRQWURO FRPSDULVRQ LQ 3+,�7(& ,, FRPSDUHG ZLWK VWLUUHG UHDFWRU
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,VRWKHUPDO�RSHUDWLRQ��ZLWK�FDORULPHWU\�

7KHUH DUH DW OHDVW WZR LPSRUWDQW VLWXDWLRQV ZKHUH LVRWKHUPDO RSHUDWLRQ LQ WKH
3+,�7(& ,, FDQ EH XVHIXO�

• 7R UHSOLFDWH LQ�VLWX� WKH SUHFLVH FRQGLWLRQV SULRU WR DQ �DGLDEDWLF� UXQDZD\ UH�
DFWLRQ�

• 7R REWDLQ LVRWKHUPDO GDWD� DW UHODWLYHO\ H[WUHPH FRQGLWLRQV �KLJK WHPSHUDWXUH
DQG�RU SUHVVXUH�� ZKHUH D FRQYHQWLRQDO EHQFK�VFDOH UHDFWLRQ FDORULPHWU\ PD\ QRW EH
DYDLODEOH RU ZRXOG EH WRR H[SHQVLYH�

7KH 3+,�7(& LV QRW HTXLSSHG ZLWK DQ\ FRROLQJ FDSDELOLW\ DQG WKHUHIRUH WKH
JXDUG KHDWHUV DURXQG WKH WHVW FHOO �ZKLFK QRUPDOO\ µWUDFN¶ WKH VDPSOH WHPSHUDWXUH�
DUH GHOLEHUDWHO\ KHOG DW D ORZHU WHPSHUDWXUH LQ RUGHU WR LQGXFH FRROLQJ E\ KHDW ORVV�
$W WHPSHUDWXUHV FORVH WR DPELHQW� WKLV DUUDQJHPHQW PD\ QHHG WR EH VXSSOHPHQWHG E\
WKH FLUFXODWLRQ RI FROG DLU �RU 1�� WKURXJK WKH YHVVHO�

7KXV� LI D UHDFWLRQ LV WR EH FDUULHG RXW LVRWKHUPDOO\ DW 7U� WKH JXDUG KHDWHUV PLJKW
EH KHOG DW 7J� VRPH �� WR ���& ORZHU� SURYLGHG WKLV GLIIHUHQFH LQ WHPSHUDWXUH LV KHOG
FRQVWDQW� WKH FRROLQJ UDWH ZLOO DOVR EH FRQVWDQW� 7KH WHVW FHOO WR EH XVHG LV DJDLQ ILWWHG
ZLWK DQ LQWHUQDO HOHFWULFDO KHDWHU ZKLFK LV QRZ XVHG WR KROG WKH WHPSHUDWXUH DW 7U E\
FRPSHQVDWLQJ IRU WKH KHDW ORVV IURP WKH WHVW FHOO WR WKH VXUURXQGLQJV� $V FKDQJHV RF�
FXU LQ WKH WHVW FHOO� GXH WR DGGLWLRQ RI FKHPLFDOV DQG�RU H[RWKHUPLF HIIHFWV� WKH SRZHU
WR WKH HOHFWULFDO KHDWHU ZLOO EH DGMXVWHG LQ RUGHU WR PDLQWDLQ 7U� 7KH GRVLQJ IDFLOLWLHV
QHFHVVDU\ IRU VHPL�EDWFK RSHUDWLRQ FDQ DOVR EH DXWRPDWHG �VHH GLVFXVVLRQ RI IORZ
WKURXJK V\VWHPV��

0HDVXUHPHQW RI WKHUPDO FKDQJHV GXULQJ WKH LVRWKHUPDO SHULRG FDQ EH PDGH XVLQJ
WKH SRZHU FRPSHQVDWLRQ WHFKQLTXH� 7KLV VLPSO\ LQYROYHV FRPSDULQJ WKH KHDW DSSOLHG
�E\ WKH LQWHUQDO KHDWHU� GXULQJ WKH FKHPLFDO UHDFWLRQ ZLWK WKH EDVHOLQH SRZHU LQ WKH
DEVHQFH RI UHDFWLRQ �H�J� DW WKH VWDUW RI WKH H[SHULPHQW��

,I WKH LVRWKHUPDO VWHS LV WKH ILUVW SDUW RI D KD]DUG DVVHVVPHQW� LW LV SRVVLEOH DW DQ\
WLPH WR VZLWFK WR DGLDEDWLF FRQGLWLRQV� 7KLV ZLOO UHTXLUH VZLWFKLQJ WKH HOHFWULFDO
SRZHU WR ]HUR DQG FKDQJLQJ WKH FRQWURO RQ WKH JXDUG KHDWHUV VR WKDW WKH\ ZLOO µWUDFN¶

)LJ� � 7HVW FHOO IRU &
S
GHWHUPLQDWLRQ DQG LVRWKHUPDO RSHUDWLRQ
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WKH VDPSOH WHPSHUDWXUH DGLDEDWLFDOO\� 5HFHQW H[DPSOHV RI LVRWKHUPDO SURFHVV LQYHV�
WLJDWLRQ LQFOXGH K\GURJHQDWLRQV� LQYROYLQJ XQLWV GHVLJQHG WR RSHUDWH DW ��� EDU�

7KLV ZRXOG EH UDWKHU OLNH VWDUWLQJ D UHDFWLRQ QRUPDOO\ DQG WKHQ VLPXODWLQJ ORVV RI
FRROLQJ SDUW RI WKH ZD\ LQWR WKH UHDFWLRQ �)LJ� ���

)ORZ�WKURXJK�V\VWHP

$QRWKHU LQWHUHVWLQJ DSSOLFDWLRQ RI WKH 3+,�7(& LV IRU FRQWLQXRXV IORZ �UDWKHU
WKDQ FORVHG� V\VWHPV� 7KHVH XQLWV W\SLFDOO\ FRQVLVW RI �)LJ� ���

• FRQWUROOHG GRVLQJ �JDV DQG�RU OLTXLG�
• SUH�KHWHU
• UHDFWRU

7KH UHDFWRU FRXOG EH D VWLUUHG WDQN �JLYLQJ D &675� RU D SLSH �L�H� D SOXJ IORZ UH�
DFWRU�� 7KH SUH�KHDWHU FDQ EH FRQWUROOHG WR HQVXUH WKH IHHG LV DW D XVHU GHILQHG WHP�
SHUDWXUH RU DOWHUQDWHO\ LW FDQ EH VHW WR IROORZ WKH UHDFWRU WHPSHUDWXUH� 7KH JXDUG
KHDWHUV ZLOO WUDFN WKH VDPSOH WHPSHUDWXUH �KHQFH RSHUDWLQJ DGLDEDWLFDOO\� RU FDQ KROG
WKH VDPSOH DW D XVHU�GHILQHG YDOXH�

&RQVLGHU IRU H[DPSOH D OLTXLG PL[WXUH DW 7I �.� IHG FRQWLQXRXVO\ DW D UDWH P
.
�J V±��

WR D VPDOO VWLUUHG WHVW FHOO FRQWDLQLQJ D VROLG FDWDO\VW� ,I DV D UHVXOW RI UHDFWLRQ WKH OLT�
XLG OHDYHV WKH WHVW FHOO DW 7U� DFKLHYHG XQGHU DGLDEDWLF FRQGLWLRQV� WKHQ WKH UHDFWLRQ
KHDW LV JLYHQ E\ �DVVXPLQJ QR SKDVH FKDQJH��

4
.
U = P

.
&S(7U − 7I)

ZKHUH &S LV WKH PHDQ VSHFLILF KHDW RI WKH OLTXLG� :LWK 7I IL[HG� 7U HIIHFWLYHO\ EHFRPHV
DQ RQ�OLQH PRQLWRU RI UHDFWLYLW\ RU KHDW RXWSXW� $ W\SLFDO WHPSHUDWXUH SURILOH LV
VKRZQ LQ )LJ� �� ,I SURGXFW VDPSOHV DUH DQDO\VHG �H�J� RQ�OLQH JDV FKURPDWRJUDSK�
*&�� WKHQ WKH KHDW RXWSXW FDQ EH FRUUHODWHG ZLWK FRQYHUVLRQ� 7KXV IRU D VWLUUHG UHDF�
WRU� WKHUPDO DG NLQHWLF GDWD FDQ EH HDVLO\ DW D ZLGH UDQJH RI SUHVVXUHV DQG WHPSHUDWXUHV�

)LJ� � 6FKHPDWLF UHSUHVHQWDWLRQ RI LVRWKHUPDO RSHUDWLRQ IROORZHG E\ DGLDEDWLF UXQDZD\
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,I WKH UHDFWRU LV D SOXJ IORZ W\SH WKH WHPSHUDWXUH ZLOO LQFUHDVH JUDGXDOO\ GRZQ WKH
UHDFWRU� 7KHUPDO GDWD LV QRZ PRUH GLIILFXOW WR LQWHUSUHW EHFDXVH WKHUH LV QRZ QR VLQ�
JOH WHPSHUDWXUH IRU WKH UHDFWRU DQG KHQFH QR HDV\ ZD\ WR HQVXUH DGLDEDWLF FRQGLWLRQV�
7KLV LV WKH RQO\ GLIIHUHQFH EHWZHHQ WZR PRGHV RI RSHUDWLRQ ± FKDQJLQJ IURP RQH WR
WKH RWKHU LV YHU\ VLPSOH�

'HHS�VHD�RLO�UHFRYHU\

&RQYHQWLRQDO RLO GULOOLQJ IURP GHHS VHD EHGV W\SLFDOO\ UHVXOWV LQ �� WR ��� UHFRY�
HU\ RI WKH RLO� HYHQ DIWHU HQKDQFHPHQW ZLWK SUHVVXUL]HG OLTXLGV� 7KH UHPDLQLQJ �� WR
��� UHSUHVHQWV DQ HQRUPRXV UHVRXUFH WKDW LV SRWHQWLDOO\ ZDVWHG� 2QH PHWKRG RI UH�
GXFLQJ WKLV ZDVWH GRZQ WR ��� RU OHVV �L� H� RYHU ��� UHFRYHU\� LV E\ SXPSLQJ FRP�

)LJ� � )ORZ WKURXJK �&675� WHVWLQJ LQ 3+,�7(& ,,

)LJ� � 7\SLFDO WHPSHUDWXUH SURILOH WKURXJK &675 V\VWHP
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SUHVVHG DLU LQWR WKH RLO EHG DQG IRUFLQJ WKH RLO RXW� :KHQ WKLV LV GRQH� R[LGDWLRQ UH�
DFWLRQV FDQ RFFXU ZLWKLQ WKH GHHS VHD EHG OHDGLQJ WR WKH UHOHDVH RI KHDW� ,W LV DQWLFL�
SDWHG WKDW WKH DELOLW\ WR JHQHUDWH SUHVVXUHV LQ WKH UHJLRQ RI ��� EDU DQG WHPSHUDWXUHV
LQ H[FHVV RI ����& ZLOO EH QHFHVVDU\ LQ RUGHU WR LQYHVWLJDWH WKH UHDFWLRQ NLQHWLFV LQ
WKH RLO EHGV WRJHWKHU ZLWK D ZLGH UDQJH RI RSHUDWLQJ PRGHV �LVRWKHUPDO� DGLDEDWLF
DQG IORZ WKURXJK��

$ VSHFLDOO\ GHVLJQHG 3+,�7(& ZLWK DQ RSHUDWLQJ SUHVVXUH OLPLW RI ��� EDU DQG
WHPSHUDWXUH RI ����& KDV UHFHQWO\ EHHQ GHYHORSHG DQG LV EHLQJ XVHG IRU HQKDQFHG
RLO UHFRYHU\ UHVHDUFK >�@�

&RQFOXVLRQV

7KH FRQYHQWLRQDO XVH RI DGLDEDWLF FDORULPHWHUV FDQ EH VXEVWDQWLDOO\ H[WHQG E\ WKH
DGGLWLRQ RI DGGLWLRQDO SHULSKHUDO GHYLFHV VXFK DV SXPSV� KHDWHUV� IORZ FRQWUROOHUV
ZKLFK DUH FRXSOHG WR IOH[LEOH FRQWURO VRIWZDUH�

7KH 3+,�7(& ,, DGLDEDWLF FDORULPHWHU LV SURYLQJ YDOXDEOH LQ FDWDO\VW UHVHDUFK�
KLJK SUHVVXUH�WHPSHUDWXUH R[LGDWLRQ DQG K\GURJHQDWLRQ UHDFWLRQV DQG IRU LVRWKHUPDO
H[SHULPHQWDWLRQ�
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