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SCIENTIFIC AND TECHNICAL

3DWRQ %�(�� %XODWVHY $�5�� *DYULVK 6�6��
=DJUHEHOQ\ $�$�� 3DYORYD 6�9� DQG 6KXO\P 9�)� :HOGLQJ
WHFKQRORJLHV XQGHU H[WUHPH FRQGLWLRQV� 3DUW �� $QDO\VLV RI
PXOWLIDFWRUWLDO SRWHQWLDO ULVN ������������������������������������������������������������ �

5RPDQ 9�9� ,PSURYHPHQW RI HIILFLHQF\ RI ODVHU WUHDWPHQW
XVLQJ RII�D[LV EHDPV IRFXVHG E\ PLUURU V\VWHPV ���������������������������� �

=DGHU\ %�$�� .RWHQNR 6�6�� 0DULQFKHQNR $�(��
3ROLVKFKXN (�3� DQG <XVKFKHQNR .�$� )RUPDWLRQ RI

FU\VWDOORJUDSKLF WH[WXUH LQ WKH PHWDO RI ZHOGHG MRLQWV RQ

PRO\EGHQXP DOOR\V ���������������������������������������������������������������������� ��

%HO\ $�,�� =KXGUD $�3� DQG ']\NRYLFK 9�,� (IIHFW RI
DOOR\LQJ HOHPHQWV RQ VWUXFWXUH RI FRPSRVLWH DOOR\ EDVHG

RQ WXQJVWHQ FDUELGHV ������������������������������������������������������������������� ��

0DUNDVKRYD /�,�� $UVHQ\XN 9�9�� 3HWXVKNRY 9�*� DQG
*ULJRUHQNR *�0� 3HFXOLDULWLHV RI PLFURVWUXFWXUH RI

H[SORVLRQ ZHOGHG MRLQWV LQ QLFNHO ��������������������������������������������������� ��

INDUSTRIAL

6KDEO\ 2�0�� 3XOND &K�9� DQG 3LVPHQQ\ $�6�
2SWLPLVDWLRQ RI LQGXFWRU SDUDPHWHUV IRU XQLIRUP KHDWLQJ RI
GLVFV DFURVV WKH ZLGWK RI WKH KDUGIDFLQJ ]RQH� DOORZLQJ IRU
VFUHHQLQJ ������������������������������������������������������������������������������������ ��

,JQDWFKHQNR 3�9� 6WDWH RI WKH DUW LQ SURGXFWLRQ RI
ZHOGLQJ FRQVXPDEOHV DQG WKHLU TXDOLW\ ������������������������������������������ ��

0DUFKHQNR $�(� ,PSURYHPHQW RI TXDOLW\ RI ZHOGLQJ
HOHFWURGHV RQ WKH EDVLV RI VWDQGDUGV ,62 RI VHULHV
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BRIEF INFORMATION

.X]PHQNR 2�*� DQG 5\DEWVHY ,�$� 3URSHUWLHV RI WKH
PHWDO GHSRVLWHG E\ HOHFWURVODJ SURFHVV XVLQJ FKLSV RI WRRO

VWHHO �.K10 DV ILOOHU PDWHULDO ������������������������������������������������������� ��

&KHUQ\DN <D�3�� %XUVN\ *�9� DQG .DOHQVN\ 9�.�
5HVLVWDQFH RI WKH +$= PHWDO RI VWHH/ 0�� WR FROG

FUDFNLQJ DIWHU VXUIDFLQJ XVLQJ IHUULWLF JUDGH ZLUHV ������������������������� ��

5'.���� UHVRQDQFH ZHOGLQJ SRZHU VRXUFH ZLWK D
FRPELQHG H[WHUQDO FKDUDFWHULVWLF �������������������������������������������������� ��

NEWS

,QWHUQDWLRQDO &RQIHUHQFH �0DWKHPDWLFDO 0RGHOOLQJ DQG
,QIRUPDWLRQ 7HFKQRORJLHV LQ :HOGLQJ DQG 5HODWHG
3URFHVVHV� ���������������������������������������������������������������������������������� ��

9LVLW WR WKH (�2� 3DWRQ (OHFWULF :HOGLQJ ,QVWLWXWH E\
'U� :D\QH 7KRPDV� WKH ODXUHDWH RI WKH (YJHQ\ 3DWRQ 3UL]H
RI WKH ,QWHUQDWLRQDO ,QVWLWXWH RI :HOGLQJ ����������������������������������������� ��
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)RXQGHUV� 7KH 1DWLRQDO $FDGHP\ RI 6FLHQFHV RI 8NUDLQH� 7KH (�2� 3DWRQ (OHFWULF :HOGLQJ ,QVWLWXWH

RI WKH 1$6 RI 8NUDLQH� ,QWHUQDWLRQDO $VVRFLDWLRQ �:HOGLQJ�

3XEOLVKHU� ,QWHUQDWLRQDO $VVRFLDWLRQ �:HOGLQJ�

(GLWRU�LQ�&KLHI %�(� 3DWRQ

(GLWRULDO ERDUG�

<X�6�%RULVRY 9�)�*UDELQ

<X�<D�*UHWVNLL $�<D�,VKFKHQNR

9�)�.KRUXQRY

6�,�.XFKXN�<DWVHQNR

<X�1�/DQNLQ 9�.�/HEHGHY

9�1�/LSRGDHY /�0�/REDQRY

9�,�0DNKQHQNR $�$�0D]XU

/�3�0RMVRY 9�)�0RVKNLQ

2�.�1D]DUHQNR 9�9�3HVKNRY

,�.�3RNKRGQ\D ,�$�5\DEWVHY

9�.�6KHOHJ <X�$�6WHUHQERJHQ

1�0�9RURSDL .�$�<XVKFKHQNR

9�1�=DPNRY $�7�=HOQLFKHQNR

3URPRWLRQ JURXS�
9�1�/LSRGDHY� 9�,�/RNWHYD

$�7�=HOQLFKHQNR �H[HF� GLUHFWRU�
7UDQVODWRUV�

6�$�)RPLQD� ,�1�.XWLDQRYD�
7�.�9DVLOHQNR

(GLWRU
1�$�'PLWULHYD
(OHFWURQ JDOOH\�

,�9�3HWXVKNRY� 7�<X�6QHJLUHYD

(GLWRULDO DQG DGYHUWLVLQJ RIILFHV�
(�2� 3DWRQ (OHFWULF :HOGLQJ ,QVWLWXWH�
,QWHUQDWLRQDO $VVRFLDWLRQ �:HOGLQJ��

��� %R]KHQNR VWU�� ������ .\LY� 8NUDLQH
7HO�� ������� ��� �� ��
)D[� ������� ��� �� ��

(�PDLO� MRXUQDO#SDWRQ�NLHY�XD
KWWS���ZZZ�QDV�JRY�XD�SZM

6WDWH 5HJLVWUDWLRQ &HUWLILFDWH
.9 ���� RI ����������

6XEVFULSWLRQV�

����� �� LVVXHV SHU \HDU�

SRVWDJH DQG SDFNDJLQJ LQFOXGHG�

%DFN LVVXHV DYDLODEOH

$OO ULJKWV UHVHUYHG�

7KLV SXEOLFDWLRQ DQG HDFK RI WKH DUWLFOHV

FRQWDLQHG KHUHLQ DUH SURWHFWHG E\ FRS\ULJKW�

3HUPLVVLRQ WR UHSURGXFH PDWHULDO FRQWDLQHG LQ

WKLV MRXUQDO PXVW EH REWDLQHG LQ ZULWLQJ IURP

WKH 3XEOLVKHU�

&RSLHV RI LQGLYLGXDO DUWLFOHV PD\ EH REWDLQHG

IURP WKH 3XEOLVKHU�
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7KH (�2� 3DWRQ (OHFWULF :HOGLQJ ,QVWLWXWH� 1$68� .\LY� 8NUDLQH

)DFWRUV DUH DQDO\VHG� ZKLFK FUHDWH D KD]DUG GXULQJ SHUIRUPDQFH RI WHFKQRORJLFDO ZRUN� XVLQJ DQ HOHFWURQ EHDP WRRO LQ

VSDFH�

.H\ ZRU G V � PDQXDO HOHFWURQ EHDP WRRO� VSDFHVXLW� UDGLR�

DFWLYH DQG OLJKW UDGLDWLRQ� KLJK YROWDJH� FRURQD GLVFKDUJH� PRO�

WHQ PHWDO� HOHFWURPDJQHWLF QRLVH� VSDFH REMHFW

7KLV ZRUN FRQVLVWV RI WZR SDUWV� 7KH ILUVW SDUW GHDOV

ZLWK WKH SUREOHPV� UHODWHG WR WKH ULVN LQ SHUIRUPDQFH

RI PDQXDO WHFKQRORJLFDO SURFHVVHV� WKH VHFRQG SDUW LV

GHYRWHG WR DQDO\VLV RI WKH SRVVLELOLWLHV IRU ORZHULQJ
WKH GHJUHH RI WKH ULVN�

6SDFH H[SORUDWLRQ DQG SUDFWLFDO LPSOHPHQWDWLRQ

RI PDQ\ SURMHFWV LQ WKH ILHOG RI FRVPRQDXWLFV ZLOO

KDUGO\ EH SRVVLEOH ZLWKRXW D EURDG DSSOLFDWLRQ RI
ZHOGLQJ GLUHFWO\ LQ VSDFH� &RQVWUXFWLRQ RI ORQJ�WHUP

RUELWDO VWDWLRQV LV UHODWHG WR WKHLU UHSDLU DQG UHVWRUD�

WLRQ LQ IOLJKW� 7KH LQFUHDVH RI VWUXFWXUH ZHLJKW DQG

RYHUDOO GLPHQVLRQV PDNHV LW QHFHVVDU\ WR GHSOR\� DV�

VHPEOH DQG PRXQW WKHP LQ RSHQ VSDFH� ,Q WKLV FRQ�

QHFWLRQ VROYLQJ WKH SUREOHP RI SHUPDQHQW MRLQLQJ DQG

FXWWLQJ RI PHWDOV� DV ZHOO DV DSSOLFDWLRQ RI WKLQ�ILOP

FRDWLQJV EHFRPHV SDUWLFXODUO\ LPSRUWDQW >�@�

(OHFWURQ EHDP ZHOGLQJ �(%:� ZDV VHOHFWHG DV

WKH PRVW SURPLVLQJ SURFHVV IURP FXUUHQWO\ DYDLODEOH

RQHV� EDVHG RQ WKH PDLQ FULWHULD RI HYDOXDWLRQ RI ERWK

WKH ZHOGLQJ SURFHVV SURSHU �YHUVDWLOLW\� DGDSWDELOLW\

WR IDEULFDWLRQ DQG VLPSOLFLW\�� DQG UHTXLUHPHQWV WR

VSDFH HTXLSPHQW �KLJK UHOLDELOLW\� VDIHW\� PLQLPDO

ZHLJKW DQG YROXPH� VPDOO SRZHU FRQVXPSWLRQ�� 5H�

VXOWV RI QXPHURXV H[SHULPHQWV� FRQGXFWHG LQ JURXQG�

EDVHG VSDFH VLPXODWLRQ WHVW FKDPEHUV� IO\LQJ ODERUD�
WRULHV DQG GLUHFWO\ LQ VSDFH� FRQILUPHG WKH FRUUHFWQHVV

RI VHOHFWLRQ RI WKH HOHFWURQ EHDP DV WKH KHDW VRXUFH�

WKLV� SUREDEO\� QRW H[FOXGLQJ WKH DSSOLFDWLRQ DOVR RI

RWKHU WUDGLWLRQDO ZHOGLQJ WHFKQRORJLHV >�w�@�

7KH ILUVW (%: XQLW ZDV PDGH LQ WKH (�2� 3DWRQ

(OHFWULF :HOGLQJ ,QVWLWXWH LQ ���� DV SDUW RI �9XO�

NDQ� KDUGZDUH >�@� 7R HQVXUH D KLJKHU VDIHW\ DQG
TXDOLW\ RI WKH ZHOG� WKH ZRUN LQ LW ZDV SHUIRUPHG LQ

WKH DXWRPDWLF PRGH� ZKLFK LV QRW DOZD\V UDWLRQDO� IRU

LQVWDQFH� IRU UHSDLU�UHVWRUDWLRQ ZRUN� )XUWKHU LP�

SURYHPHQW DQG LQFUHDVLQJ WKH IOH[LELOLW\ RI WKH ZHOG�

LQJ HTXLSPHQW� DLPHG DW RYHUFRPLQJ QRW RQO\ WHFKQL�

FDO� EXW DOVR SV\FKRORJLFDO GLIILFXOWLHV� UHODWHG WR

ZRUNLQJ ZLWK PROWHQ PHWDO� OHG WR FUHDWLRQ RI DQ

HOHFWURQ EHDP KDQG WRRO �(%+7� IRU WKH FRVPRQDXW�

DOORZLQJ YDULRXV SURFHVVLQJ RSHUDWLRQV WR EH SHU�

IRUPHG�

(OHFWURQ EHDP WHFKQRORJ\ LV D FRPSDUDWLYHO\ QHZ

SURFHVV� DSSOLHG ERWK LQ JURXQG�EDVHG ZHOGLQJ IDEUL�

FDWLRQ DQG LQ H[WUHPH� LQ SDUWLFXODU� VSDFH FRQGLWLRQV�

,W LV FKDUDFWHULVHG E\ WKH IROORZLQJ PDLQ DGYDQWDJHV�

• KLJK HIILFLHQF\ RI FRQYHUVLRQ RI WKH HOHFWULF HQ�

HUJ\ LQWR WKHUPDO HQHUJ\�

• FRQVLGHUDEOH FRQFHQWUDWLRQ RI HQHUJ\ LQ WKH FURVV�

VHFWLRQ RI WKH HOHFWURQ EHDP�

• DEVHQFH RI UHDFWLYH IRUFHV LQ RSHUDWLRQ ZLWK WKH

HOHFWURQ EHDP�

• VPDOO YROXPH RI WKHPROWHQPHWDO SRRO DQG� WKHUH�

IRUH� ORZ VHQVLWLYLW\ WR ]HUR JUDYLW\�
• DELOLW\ WR XVH YDULRXV SURFHVVLQJ RSHUDWLRQV

�ZHOGLQJ� EUD]LQJ� FXWWLQJ� FRDWLQJ DSSOLFDWLRQ� HWF���
+RZHYHU� WKH IHDWXUHV RI VSDFH �YDFXXP� ]HUR

JUDYLW\� KLJK JUDGLHQWV RI DPELHQW WHPSHUDWXUHV DQG

OLJKW SDWWHUQ� HWF��� DV DQ HQYLURQPHQW IRU SHUIRUP�

DQFH RI SURFHVVLQJ RSHUDWLRQV ZLWK KHDWHG DQG PROWHQ

PHWDO KDYH DQ LQIOXHQFH RQ WKH SURFHVVHV� SURFHHGLQJ

LQ ZHOGLQJ >�@� SK\VLFR�FKHPLFDO SURSHUWLHV RI VWUXF�

WXUDO PDWHULDOV� WKLV OHDGLQJ WR D FKDQJH RI WKHLU RS�

HUDWLQJ FKDUDFWHULVWLFV >��@� DV ZHOO DV RQ WKH KXPDQ

RSHUDWRU GXULQJ ZRUN SHUIRUPDQFH�

(YHQ RQ WKH JURXQG �KRW� PDQXDO RU PHFKDQLVHG

ZHOGLQJ LV D SURIHVVLRQDOO\ ULVN\ WHFKQRORJLFDO SUR�

FHVV� DQG LQ RSHUDWLRQ LQ WKH H[WUHPH FRQGLWLRQV� LQ

SDUWLFXODU� LQ RSHQ VSDFH� WKH WUDGLWLRQDO ULVN IDFWRUV

DUH IXUWKHU DJJUDYDWHG E\ WKH VSHFLILF RQHV�

• QR VXSSRUW IRU WKH RSHUDWRU�

• ORZ DPELHQW SUHVVXUH�
• OLJKW DQG WKHUPDO UDGLDWLRQ�

• OLPLWHG PRELOLW\ RI WKH RSHUDWRU LQ WKH SURWHFWLYH
VSDFH JHDU�

/DFN RI VXSSRUW PDNHV WKH DFWLRQV PRUH GLIILFXOW

DQG GLVWXUEV WKH FRRUGLQDWLRQ RI WKH RSHUDWRU PRWLRQV�

ZKLFK PD\ OHDG WR XQDFFHSWDEOH TXDOLW\ RI ZRUN SHU�

IRUPDQFH� DFFLGHQWDO VZLWFKLQJ RQ RI WKH ZRUN WRRO�
LWV SRLQWLQJ GLUHFWO\ DW WKH RSHUDWRU� VSDFH REMHFW� DV

ZHOO DV RSHUDWRU FRQWDFW ZLWK WKH KHDWHG ]RQHV RI WKH

WRRO RU LWHP EHLQJ SURFHVVHG�
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/RZ DPELHQW SUHVVXUH LV GDQJHURXV IRU WKH RSHUD�
WRU LQ FDVH RI PHFKDQLFDO GDPDJH RI KLV JHDU DQG SRV�

VLEOH GHSUHVVXULVLQJ RI WKH VSDFHVXLW�

/LJKW UDGLDWLRQ RI WKH 6XQ LPSDLUV WKH FRQGLWLRQV
RI REVHUYDWLRQ RI WKH SURJUHVV RI WKH WHFKQRORJLFDO

SURFHVV� LQIOXHQFHV WKH FKDQJH RI WHPSHUDWXUH RI WKH

ZRUNLQJ WRRO DQG WKH LWHP EHLQJ SURFHVVHG� WDNLQJ LW

WR D OHYHO� KD]DUGRXV IRU WKH JHDU DW DFFLGHQWDO FRQWDFW�

/LPLWHG PRELOLW\ RI WKH RSHUDWRU� EHFDXVH RI WKH

ULJLGLW\ RI VSHFLDO JHDU� OHDGV WR IDVW IDWLJXH� PDUNHGO\

UHGXFHV WKH ZRUNLQJ DQG VHUYLFLQJ ]RQHV� VSHHG DQG

FR�RUGLQDWLRQ RI PRWLRQV� ZKLFK PD\ FDXVH HPHUJHQF\

VLWXDWLRQV�

&RQGXFWLQJ (%: LQ RSHQ VSDFH� XVLQJ (%+7�

UHTXLUHV GHWDLOHG UHWURILWWLQJ RI WKH WHFKQRORJLHV� DV

ZHOO DV GHVLJQLQJ WKH SURFHVVLQJ KDUGZDUH� 3DUWLFX�

ODUO\ LPSRUWDQW LV SURYLVLRQ RI PD[LPDO VDIHW\ RI ZHOG�

LQJ RSHUDWRU DQG KDUGZDUH RSHUDWLRQ GXULQJ SHUIRUP�

DQFH RI ZHOGLQJ RSHUDWLRQV LQ VSDFH >��� ��@�

'HVSLWH WKH IDFW WKDW VDIHW\ ZDV JLYHQ VSHFLDO DW�

WHQWLRQ LQ GHYHORSPHQW RI VSDFH ZHOGLQJ WHFKQRORJLHV�

GHVLJQLQJ VSHFLDO KDUGZDUH DQG FRQGXFWLQJ H[SHUL�

PHQWDO ZRUN� WKHVH SUREOHPV ZHUH MXVW PHQWLRQHG LQ

SDVVLQJ LQ HDUOLHU VFLHQWLILF SXEOLFDWLRQV� 7KLV ZRUN LV

DQ DWWHPSW WR DQDO\VH WKH DYDLODEOH NQRZOHGJH� FRQ�

GXFW V\VWHPLF JHQHUDOLVDWLRQ RI WKH JDLQHG H[SHULHQFH

DQG VXJJHVW PHWKRGV RI ULVN PLWLJDWLRQ �HOLPLQDWLRQ�

LQ SHUIRUPDQFH RI VXFK ZHOGLQJ RSHUDWLRQV� ,W VKRXOG

EH SDUWLFXODUO\ HPSKDVLVHG WKDW WKH DXWKRUV RI WKLV

SDSHU GXULQJ LWV SUHSDUDWLRQ� EHQHILWHG IURP WKH H[�

SHULHQFH� NQRZOHGJH DQG SURIHVVLRQDOLVP RI WKHLU FRO�

OHDJXHV x VSHFLDOLVWV RI VXFK RUJDQLVDWLRQV DV

6�3� .RURO\RY 5RFNHW 6SDFH &RUSRUDWLRQ �(QHU�

JL\D�� &RPSDQ\ �=YH]GD�� <X�$� *DJDULQ &RVPR�

QDXWV 7UDLQLQJ &HQWUH� )OLJKW &RQWURO &HQWUH �5XV�

VLD�� *� 0DUVKDOO 6SDFH )OLJKW &HQWHU �86$�� ZKLFK

WRJHWKHU ZLWK WKH 3:, SHUIRUPHG D WUHPHQGRXV VFRSH

RI WKHRUHWLFDO VWXGLHV� H[SHULPHQWDO ZRUN DQG XQLTXH

WHVWLQJ XQGHU WKH DFWXDO VSDFH DQG VLPXODWHG FRQGL�

WLRQV� DQG DUH H[SUHVVLQJ WKHLU JUDWLWXGH WR WKHP�

5LVN IDFWRUV� :RUNLQJ ZLWK (%+7 PD\ LQYROYH

IDFWRUV� ZKLFK FUHDWH D SRWHQWLDO KD]DUG IRU WKH RS�

HUDWRU DQG WKH VSDFH IDFLOLW\�

• WKHUPDO LPSDFW RI WKH HOHFWURQ EHDP�
• ;�UD\ DQG OLJKW UDGLDWLRQ� FRQFXUUHQW ZLWK WKH

HOHFWURQ EHDP SURFHVVHV�

• KLJK YROWDJH RI HOHFWULF FLUFXLWV�
• SUHVHQFH RI PROWHQ PHWDO RQ WKH SURFHVVHG LWHPV

DQG LQ WKH FUXFLEOH�

• SUHVHQFH RI KRW ]RQHV RQ WKH ZRUNLQJ WRRO DQG

WKH LWHPV EHLQJ SURFHVVHG�

• VSDWWHU DQG FRQWDPLQDWLRQ RI WKH VSDFHVXLW VXU�

IDFH DQG VSDFH YHKLFOH HOHPHQWV ZLWK SURGXFWV� LQHYL�

WDEOH LQ ZHOGLQJ WHFKQRORJLHV�

• HOHFWURPDJQHWLF LQWHUIHUHQFH� LQIOXHQFLQJ WKH

VHUYLFH V\VWHPV RI WKH VSDFH REMHFW�

• WR[LFLW\ RI WKH PDWHULDOV RI SURFHVVLQJ HTXLSPHQW
SDUWV�

7KHUPDO LPSDFW RI WKH HOHFWURQ EHDP� (%: SUR�

FHVV LV EDVHG RQ WKH XVH RI KHDW� HYROYHG LQ EUDNLQJ

RI D IRFXVHG IORZ RI HOHFWURQV� DFFHOHUDWHG XS WR KLJK

HQHUJLHV >��@� 7KH ZHOGLQJ JXQ FDWKRGH HPLWV D EHDP

RI HOHFWURQV� ZKLFK LV DFFHOHUDWHG GXH WR WKH GLIIHUHQFH

RI SRWHQWLDOV EHWZHHQ WKH FDWKRGH DQG WKH DQRGH� (OHF�

WURQV� FROOLGLQJ ZLWK WKH LWHP� DUH VORZHG GRZQ� WKHLU

NLQHWLF HQHUJ\ LV WUDQVIHUUHG WR WKH DWRPV RI VXEVWDQFH�

DQG PDWHULDO KHDWLQJ DQG PHOWLQJ WDNHV SODFH� 6XFK

DQ LPSDFW RI WKH HOHFWURQ EHDPV RQ WKH VXEVWDQFH

SURPRWHV WKHLU EURDG DQG PXOWL�SXUSRVH XVH IRU KHDW

WUHDWPHQW �ZHOGLQJ� FXWWLQJ� EUD]LQJ� HWF�� RI YDULRXV

PDWHULDOV�

7KHUPDO LPSDFW RI WKH HOHFWURQ EHDP GHSHQGV RQ

HQHUJ\ GHQVLW\� FRQWUROOHG E\ WKH IRFXVLQJ V\VWHP� LQ

WKH ZHOGLQJ ]RQH� DQG� WKHUHIRUH� LV GHWHUPLQHG E\

IRFXVLQJ DQG SRZHU RI WKH EHDP�

7KHUPDO RSHUDWLRQV ZLWK (%+7 LQ VSDFH PD\ EH

WKH FDXVH IRU YDULRXV HPHUJHQFLHV� 6R� LQ FDVH RI WKH

WHFKQRORJLFDO SURFHVV EHFRPLQJ XQFRQWUROOHG� EHFDXVH

RI PDOIXQFWLRQV RI WKH KDUGZDUH RU WKH ZRUNLQJ WRRO�

SK\VLFDO IDWLJXH RI WKH RSHUDWRU DQG YDULRXV H[WHUQDO

LPSDFWV RQ KLP� LW LV TXLWH SRVVLEOH IRU (%+7 EHDP

WR KLW WKH SDUWV RI WKH VSDFH YHKLFOH RU RSHUDWRU JHDU�

%HDP KLWWLQJ WKH VRIW SDUWV RI WKH VSDFHVXLW OHDGV WR

LWV GH�SUHVVXULVLQJ� DQG LWV KLWWLQJ WKH SDUWV RI WKH

YHKLFOH OHDGV WR WKHLU SDUWLDO RU HYHQ FRPSHWH XQILW�

QHVV�

5LJLGLW\ RI WKH VSDFHVXLW� KDYLQJ H[FHVV SUHVVXUH�

LPSDLUV WKH PRELOLW\� XQLIRUPLW\ RI PRWLRQ RI WKH RS�

HUDWRU� DQG LQFUHDVHV WKH IDWLJXH RI KLV KDQG� $OO WKLV

PD\ OHDG WR GLVWXUEDQFH RI WKH ZHOGLQJ SURFHVV DQG

XQDFFHSWDEOH TXDOLW\ RI WKH ZRUN�

;�UD\ DQG OLJKW UDGLDWLRQ� $W FROOLVLRQ RI WKH HOHF�
WURQ IORZZLWK DQ REVWDFOH �PDWHULDO� SDUW RI LWV HQHUJ\

LV FRQYHUWHG LQWR ;�UD\ UDGLDWLRQ� 7KHUHIRUH� HDFK

HOHFWURQ EHDP XQLW DFWXDOO\ LV DQ ;�UD\ WXEH�

;�UD\ UDGLDWLRQ FRQVLVWV RI WKH FKDUDFWHULVWLF DQG

EUDNLQJ VSHFWUD ZLWK D FRQVLGHUDEOH TXDQWLWDWLYH

SUHYDOHQFH RI WKH ODWWHU� %UDNLQJ UDGLDWLRQ LV FKDUDF�

WHULVHG E\ D PLQLPDO ZDYH OHQJWK λPLQ >��@�

λPLQ = ����

8
�QP�� ���

ZKHUH 8 LV WKH DFFHOHUDWLQJ YROWDJH� N9�

$V IROORZV IURP IRUPXOD ���� ZLWK WKH LQFUHDVH RI

DFFHOHUDWLQJ YROWDJH WKH UDGLDWLRQ ZDYH OHQJWK GH�

FUHDVHV �UDGLDWLRQ EHFRPHV PRUH ULJLG�� DQG LWV LQWHQ�

VLW\ L JURZV LQ SURSRUWLRQ WR WKH VTXDUH RI DFFHOHUDWLQJ
YROWDJH� L�H�

L  N8
��

ZKHUH N LV WKH FRHIILFLHQW RI SURSRUWLRQDOLW\�
'HSHQGHQFH RI UDGLDWLRQ LQWHQVLW\ RQ DWRPLF QXP�

EHU = RI WKH PDWHULDO RI WKH LWHP �DQRGH� LV FORVH WR

WKH TXDGUDWLF GHSHQGHQFH IRU VPDOO YDOXHV RI DFFHOHU�

DWLQJ YROWDJH� DQG IRU KLJK�HQHUJ\ HOHFWURQ EHDPV WKH

UDGLDWLRQ LQWHQVLW\ LV SURSRUWLRQDO WR =�
;�UD\ UDGLDWLRQ ZLWK XS WR �� N9 HQHUJ\ YDOXHV

SURSDJDWHV IURP WKH ZHOG SRRO WRZDUGV WKH HOHFWURQ

EHDP DOPRVW XQLIRUPO\� ZLWKLQ WKH VSDWLDO FRQH ZLWK

DERXW ���� DQJOH DW WKH DSH[ �)LJXUH ��� 5DGLDWLRQ
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LQWHQVLW\ GURSV LQ SURSRUWLRQ WR WKH VTXDUH RI WKH

GLVWDQFH IURP WKH UDGLDWLRQ VRXUFH WR WKH LUUDGLDWHG

REMHFW�

7KH JLYHQ GLDJUDP RI LQWHQVLW\ GLVWULEXWLRQ LV

FKDUDFWHULVWLF IRU D SRLQW VRXUFH RI UDGLDWLRQ DQG IODW

VXUIDFHV� ,Q WKH FDVH RI SHUIRUPDQFH RI ZRUN ZLWK

(%+7 WKLV GLDJUDP ZLOO KDYH D QDUURZHU DQG PRUH

HORQJDWHG VKDSH�

3HQHWUDELOLW\ RI ;�UD\ UDGLDWLRQ GHSHQGV RQ LWV

ZDYH OHQJWK λ DQG SURWHFWLYH OD\HU PDWHULDO� &RHIIL�

FLHQW RI UDGLDWLRQ DWWHQXDWLRQ LV DV IROORZV�

µ  Nλ�=�� ���

ZKHUH = LV WKH DWRPLF QXPEHU RI WKH VKLHOG PDWHULDO�

$IWHU SDVVLQJ D OD\HU RI VXEVWDQFH RI WKLFNQHVV [�
WKH LQWHQVLW\ RI ;�UD\ EHDP L[ RI LQLWLDO LQWHQVLW\ L�
LV HTXDO WR

L
[
 L�H

wµ[�

7KH 7DEOH JLYHV WKH GDWD RQ DWWHQXDWLRQ RI VRIW

;�UD\ UDGLDWLRQ ZLWK ZDYH OHQJWK λ  ����� QP� ZKHQ
XVLQJ DQ DOXPLQLXP VKLHOG DW WKH DFFHOHUDWLQJ YROWDJH

RI ���� N9�

(YDOXDWLRQ RI WKH UHTXLUHG WKLFNQHVV [ RI VWHHO DQG
OHDG VKLHOGV PD\ EH PDGH� XVLQJ WKH GDWD RI )LJXUH �

>��@�

$V UHJDUGV OLJKW UDGLDWLRQ DV RQH RI WKH SK\VLFDO

SKHQRPHQD� DFFRPSDQ\LQJ (%:� LWV XQGHUVWDQGLQJ

LV RQH RI WKH PDMRU WDVNV LQ YLVXDO FRQWURO RI WKH

ZHOGLQJ SURFHVV� SHUIRUPHG E\ (%+7� 5DGLDWLRQ RI

WKH OLJKW UDQJH LV WKH WKHUPDO UDGLDWLRQ IURP WKH PRO�

WHQ SRRO VXUIDFH ZLWK WKH SRZHU GHQVLW\ σ
WK
7
FU

� �σWK LV

6WHIDQw%ROW]PDQQ FRQVWDQW� 7FU LV WKH WHPSHUDWXUH RI

WKH ZHOG SRRO FUDWHU� >��@�

'LPHQVLRQV RI WKH ZHOGLQJ ]RQH LQ (%: DUH VPDOO�

EXW LWV EULJKWQHVV� SDUWLFXODUO\ LQ ZHOGLQJ UHIUDFWRU\

PDWHULDOV� IRU LQVWDQFH� WLWDQLXP ZLWK WKH PHOWLQJ

SRLQW DERYH ���� �& UHDFKHV WKH SDLQ OLPLW RI VLJKW�

'HHSHU ORFDWLRQ RI WKH OLJKW VRXUFH �FUDWHU� LQFUHDVHV

WKH FRQWUDVW RI WKH LPDJH RI ZHOGLQJ ]RQH DQG DGMDFHQW

VHFWLRQV� WKLV FDXVLQJ WKH VHQVDWLRQ RI SDLQ DQG UDSLG

GHWHULRUDWLRQ RI VLJKW� ,Q WKLV FDVH WKH DELOLW\ WR GLV�

WLQJXLVK WKH GHJUHH RI EULJKWQHVV LV ORZHUHG� DQG LQ�

IRUPDWLRQ LV ORVW� ZKLFK LV UHTXLUHG E\ WKH ZHOGLQJ

RSHUDWRU DW GLUHFW YLVXDO FRQWURO RI WKH SURFHVV�

+LJK YROWDJH� (%: KDUGZDUH� XVHG LQ VSDFH�

VKRXOG EH DV VDIH DV SRVVLEOH IRU WKH ZHOGLQJ RSHUDWRU�

DQG VKRXOG EH FKDUDFWHULVHG E\ PLQLPDO ZHLJKW� YRO�

XPH DQG SRZHU FRQVXPSWLRQ� 7KH WRWDOLW\ RI HOHFWULF

GHYLFHV� HQVXULQJ WKH (%: SURFHVV� FDQ EH GLYLGHG

LQWR VXFK JURXSV�

• FLUFXLWV RI KLJK�YROWDJH SRZHU VRXUFH RI WKH JXQ�
• ILODPHQW FLUFXLWV RI HOHFWURQ JXQ�
• FLUFXLWV RI HOHFWURQ EHDP FRQWURO�

6RPH RI WKHVH FLUFXLWV DUH OLYH ZLWK KLJK YROWDJH�

HTXDO RU FORVH WR DFFHOHUDWLQJ YROWDJH >��@�

7RRO DFWXDWRU LQ (%: LV DQ HOHFWURQ EHDP JXQ

ZLWK D KLJK DFFHOHUDWLQJ HOHFWULF SRWHQWLDO RI FDWKRGH

FLUFXLWV ��w�� N9 LQ WKH PDQXDO YDULDQW� UHODWLYH WR

WKH DQRGH� ZKLFK SUHVHQWV D SRWHQWLDO KD]DUG RI RS�

HUDWRU HOHFWURFXWLQJ�

$ TXLWH LPSRUWDQW SUREOHP RI RSHUDWLRQDO VDIHW\

RI ERWK WKH RSHUDWRU DQG WKH SURFHVVLQJ HTXLSPHQW LV

SUHYHQWLRQ RI WKH DSSHDUDQFH RI D EUHDNLQJ RU GDP�

DJLQJ FRURQD GLVFKDUJH LQ DQ\ HQYLURQPHQW RI WKH

VSDFH YHKLFOH� DV ZHOO DV HOHFWURVWDWLF FKDUJH RQ WKH

HOHPHQWV RI WKH KDUGZDUH VWUXFWXUH�

0ROWHQ PHWDO� (%: SURFHVV LV DFFRPSDQLHG E\ D

VHW RI FRPSOH[ WKHUPDO DQG G\QDPLF SKHQRPHQD� SUR�

FHHGLQJ LQ ZHOGLQJ DQG VROLGLILFDWLRQ RI D VXEVWDQFH

LQ WKH ORFDO ]RQH� KHDWHG E\ WKH HOHFWURQ EHDP ZLWK

D KLJK HQHUJ\ GHQVLW\� ,Q WKLV FDVH WKH VXEVWDQFH

UHDFKHV WKH PHOWLQJ WHPSHUDWXUH DQG SDUW RI LW JRHV

IURP WKH VROLG LQWR WKH OLTXLG VWDWH� )XUWKHU KHDWLQJ

)LJXUH �� 6SDWLDO GLVWULEXWLRQ RI WKH LQWHQVLW\ RI EUDNLQJ UDGLDWLRQ
L
[
�L� DW GLIIHUHQW YROWDJHV� �x ��� �� �x �� N9 ZLWK DQG ZLWKRXW

DQ DOXPLQLXP ILOWHU �� PP WKLFN� UHVSHFWLYHO\

&RHIILFLHQW RI DWWHQXDWLRQ L
[
�L� RI ;�UD\ UDGLDWLRQ E\ DQ DOXPLQLXP VKLHOG� GHSHQGLQJ RQ LWV WKLFNQHVV

5DGLDWLRQ SDUDPHWHUV

7KLFNQHVV RI DOXPLQLXP VKLHOG� PP

��� ��� ��� ��� ��� ���

λ  ����� QP >��@

8  ���� N9

���� ��� ���� ���� ����� �����

λ  ����� QP

8  � N9

��⋅��w� ���⋅��w� ��⋅��w� �����⋅��w� ���⋅��w� ���⋅��w�



5HFDOFXODWHG IRU � N9 YROWDJH E\ IRUPXODV ��� DQG ����

)LJXUH �� 0LQLPDO UHTXLUHG WKLFNQHVV RI VWHHO ��� DQG OHDG ���
VKLHOGV� GHSHQGLQJ RQ DFFHOHUDWLQJ YROWDJH OHYHO
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LQFUHDVHV WKH VXEVWDQFH WHPSHUDWXUH XS WR WKH ERLOLQJ

SRLQW� DW ZKLFK LWV SDUWLDO WUDQVLWLRQ IURP WKH OLTXLG

WR WKH YDSRURXV VWDWH RFFXUV >��@�

$W PLFURJUDYLW\ WKH EHKDYLRXU RI D OLTXLG VXE�

VWDQFH RI WKH ZHOG SRRO LV GHWHUPLQHG E\ LQWHUPROHFX�

ODU LQWHUDFWLRQ RI WKH VXUIDFH WHQVLRQ IRUFHV� ,W VKRXOG

EH QRWHG WKDW WKH EHDPSURFHVVHV DUH TXLHW� 7KHPROWHQ

PHWDO RI WKH ZHOG SRRO� LQ YLHZ RI D VPDOO YROXPH RI

WKH PHOW �XS WR ��� PP��� FKDUDFWHULVWLF IRU (%: RI

WKLQ PHWDO� DQG UDSLG VROLGLILFDWLRQ ��w� V� GRHV QRW

SUHVHQW DQ\ UHDO KD]DUG IRU WKH RSHUDWRU�

7R SUHYHQW SHQHWUDWLRQ RI WKH PROWHQ VXEVWDQFH

YDSRXUV LQWR WKH FDWKRGH DVVHPEO\ ]RQH DW FRDWLQJ

DSSOLFDWLRQ E\ WKHPHWKRG RI HYDSRUDWLRQ� WKH FUXFLEOH

ERWWRP LV KHDWHG E\ D GHIRFXVHG HOHFWURQ EHDP WR

DYRLG D EXUQ�WKURXJK� WKLV DOORZLQJ D PRUH XQLIRUP

KHDWLQJ WR EH SURYLGHG DQG WKH DPRXQW RI PROWHQ

PHWDO LQ WKH FUXFLEOH WR EH VLJQLILFDQWO\ LQFUHDVHG �XS

WR ���� PP��� ,Q WKLV FDVH� LW LV QHFHVVDU\ WR WDNH LQWR

DFFRXQW WKH LPSDFW RI LQHUWLD IRUFHV RQ WKH PHOW DW

RSHUDWRU PDQLSXODWLRQV ZLWK WKH WRRO� DV WKH SRVVLEL�

OLW\ RI PROWHQ PHWDO �IORDWLQJ RXW� RI WKH SRRO LV QRW

H[FOXGHG�

+RW SDUWV� 7KHUPDO SURFHVVHV LQ ZHOGLQJ DUH XQ�

GHUVWRRG WR EH YDULDWLRQ RI WKH WHPSHUDWXUH RI WKH

SDUWV EHLQJ ZHOGHG GXH WR KHDW� VXSSOLHG IURP WKH

KHDW VRXUFH� KHDW SURSDJDWLRQ WKURXJK WKH LWHP DQG

LWV UHPRYDO LQWR WKH DPELHQW DWPRVSKHUH >��@�

+RW ]RQHV �DERYH ��� �&� RQ WKH SDUWV DUH IRUPHG

DURXQG WKH ZHOG� 7KHLU WHPSHUDWXUH LV JUDGXDOO\ ORZ�

HUHG GXH WR UDGLDWLRQ DQG KHDW FRQGXFWLYLW\ RI WKH

LWHP PDWHULDOV DQG WKHLU IDVWHQHU HOHPHQWV�

&HUWDLQ WHPSHUDWXUH OLPLWDWLRQV DUH LPSRVHG WR

SURYLGH WKH VDIHW\ RI WKH RSHUDWRU� ZRUNLQJ LQ D VSDFH�

VXLW� 6R� DFFRUGLQJ WR WKH UHTXLUHPHQWV RI WKH $PHUL�

FDQ VWDQGDUG 1$6$�67' ����9RO� ��UHY�� GXULQJ

RSHUDWRU H[WUD�YHKLFXODU DFWLYLW\ WKH WHPSHUDWXUH RI

WKH VXUIDFH� ZKLFK WKH VSDFHVXLW JORYH PD\ WRXFK� LV

OLPLWHG E\ WKH UDQJH RI WHPSHUDWXUH YDOXHV RI ���w

��� �& DQG FRQWDFW WLPH RI ��� PLQ�

+RW WRRO� :KHQ YDULRXV WHFKQRORJLFDO SURFHVVHV

DUH SHUIRUPHG (%+7 EHFRPHV KHDWHG DV D UHVXOW RI

UDGLDWLRQ IURP WKH FDWKRGH DVVHPEO\ DQG ZHOG SRRO�

DV ZHOO DV �VHWWOLQJ� RI SHULSKHUDO HOHFWURQV RQ WKH

JXQ DQRGH RU DV D UHVXOW RI KHDW UHPRYDO IURP WKH

FUXFLEOH ZLWK WKH PROWHQ PHWDO LQ FRDWLQJ GHSRVLWLRQ�

)RU LQVWDQFH� ZKHQ LQYHVWLJDWLRQV ZHUH SHUIRUPHG

RQ ERDUG WKH �6DO\XW��� VSDFH VWDWLRQ� QR VSHFLDO

PHDVXUHV ZHUH WDNHQ WR SUHYHQW KHDWLQJ RI WKH ZRUNLQJ

WRRO RI �,VSDULWHO�0� HOHFWURQ EHDP XQLW� WKHUHIRUH

WKH WHPSHUDWXUH RI WKH RXWHU SDUWV RI WKH HYDSRUDWRU

EORFN UHDFKHG ���w��� �&� DQG WKH WHPSHUDWXUH RI WKH

RWKHU SDUWV GLG QRW H[FHHG �� �& >��@�

6SDWWHU DQG FRQWDPLQDWLRQ RI WKH RSHUDWRU VSDFH�
VXLW VXUIDFH� :HOGLQJ RSHUDWLRQV DQG SDUWLFXODUO\ WKH

SURFHVV RI FRDWLQJ GHSRVLWLRQ E\ HOHFWURQ EHDP HYDSR�

UDWLRQ DUH FKDUDFWHULVHG E\ FRQVLGHUDEOH YDSRULVDWLRQ

RI WKH PROWHQ VXEVWDQFHV LQ WKH ZRUNLQJ ]RQH� WKLV

OHDGLQJ WR FRQWDPLQDWLRQ RI WKH RSHUDWRU JHDU� ZRUN�

LQJ WRRO DQG VSDFH YHKLFOH HOHPHQWV� DQG EHLQJ RQH RI

WKH SRWHQWLDO KD]DUGV IRU WKH RSHUDWRU� ,Q DGGLWLRQ� LW

VKRXOG EH DOVR QRWHG WKDW PROWHQ PHWDO GURSV PD\ KLW

WKH JHDU� WRROV RU HOHPHQWV RI WKH VSDFH YHKLFOH LQWHULRU

LQ FDVH RI YLRODWLRQ RI WKH WHFKQRORJLFDO SURFHVV�

(OHFWURPDJQHWLF QRLVH� +LJK GHJUHH RI FRPSOH[LW\
RI WHFKQRORJLFDO H[SHULPHQWV� FRQGXFWHG LQ H[WUHPH

FRQGLWLRQV RI VSDFH� DQG WKH PRGHUQ OHYHO RI GHYHORS�

PHQW RI HOHFWURQLF FRPSRQHQWV IRU WKH VSDFH KDUGZDUH

PDNH VWULQJHQW UHTXLUHPHQWV WR HOHFWURPDJQHWLF FRP�

SDWLELOLW\ RI WKH SURFHVVLQJ DQG RQERDUG KDUGZDUH�

WKLV LPSO\LQJ FRPSOHWH HOLPLQDWLRQ RI WKH LQIOXHQFH

RI RQH NLQG RI WHFKQLFDO PHDQV RQ WKH RWKHU� 4XDOLW\

SDUDPHWHUV RI HOHFWURPDJQHWLF HQHUJ\ DUH DIIHFWHG E\

DQ\ GHYLDWLRQV RI WKH SDUDPHWHUV RI YROWDJH� FXUUHQW

RU IUHTXHQF\ IURP WKH QRPLQDO YDOXHV� WKLV OHDGLQJ WR

GLVWXUEDQFH RI HTXLSPHQW IXQFWLRQLQJ�

(OHFWURPDJQHWLF LQFRPSDWLELOLW\ RI WHFKQLFDO PHDQV

PD\ LQIOXHQFH WKHLU RSHUDWLQJ VDIHW\� ,W PD\ OHDG WR

IDLOXUH RI WKH V\VWHPV� HQVXULQJ WKH VDIHW\ RI RSHUDWLRQV

�VHUYRPHFKDQLVPV RI WKH VWDWLRQ� VHOI�VWDUW RI HQJLQHV�

VSRQWDQHRXV ILULQJ RI S\URWHFKQLFDO PHDQV� DQWHQQD

SRLQWLQJ� HWF�� RU PDOIXQFWLRQV RI VFLHQWLILF DQG VXSSRUW

KDUGZDUHEHFDXVHRI LQVXIILFLHQWQRLVH�LPPXQLW\� RUGDWD

ORVV LQ FRPPXQLFDWLRQV V\VWHPV� HWF�

7R[LFLW\ DQG LQIODPPDELOLW\ RI PDWHULDOV RI SUR�
FHVVLQJ HTXLSPHQW� :KHQ WR[LFLW\ IDFWRU LV FRQVLG�

HUHG� VSHFLDO DWWHQWLRQ VKRXOG EH JLYHQ WR VHOHFWLRQ RI

WKH PDWHULDO RI SURFHVVLQJ HTXLSPHQW FRPSRQHQWV�

SDUWLFXODUO\� IRU WKDW SDUW� ZKLFK LV SODFHG LQ WKH VSDFH

YHKLFOH FRPSDUWPHQWV �FDEOH OLQHV� WHVW V\VWHPV� HWF���

DV RWKHUZLVH WKHLU LJQLWLRQ RU SHQHWUDWLRQ RI WR[LF

VXEVWDQFHV LQWR WKH HQYLURQPHQW PD\ RFFXU GXULQJ

WKH RSHUDWRU DFWLYLW\�

$OO WKH FRQVLGHUHG ULVN IDFWRUV SHUWDLQ VROHO\ WR D

VSHFLILF� L�H� PDQXDO HOHFWURQ EHDP WHFKQRORJ\� 7KHLU

QHJDWLYH LQIOXHQFH� DV ZHOO DV WKH SUREOHP RI UHGXFLQJ

WKH DGYHUVH FRQVHTXHQFHV IRU WKH RSHUDWRU DFWLYLW\ DQG

WHFKQRORJLFDO SURFHVVHV ZDV FRPSUHKHQVLYHO\ VWXGLHG

XQGHU YDULRXV SXUSRVH�RULHQWHG SURJUDPV DQG WHVWLQJ�

XVLQJ VSHFLDO LQWHJUDWHG IDFLOLWLHV E\ WKH VFLHQWLVWV DQG

VSHFLDOLVWV RI 8NUDLQH� 5XVVLD DQG WKH 86$ LQ SUHSD�

UDWLRQ IRU SHUIRUPDQFH RI VSDFH SURMHFWVx 9+7 �YHU�

VDWLOH KDQG WRRO� LWV ILUVW PRGLILFDWLRQ EHLQJ (%+7��

,6:( �,QWHUQDWLRQDO 6SDFH :HOGLQJ ([SHULPHQW�

DQG �)ODJPDQ� �QHZ PRGLILFDWLRQ RI (%+7� �8QL�

YHUVDO� KDUGZDUH�� 5HVXOWV RI WKHVH LQYHVWLJDWLRQV DUH

SUHVHQWHG LQ WKH VHFRQG SDUW RI WKLV ZRUN�

�� 3DWRQ� %�(� ������ :HOGLQJ LQ VSDFH� ,Q� 6SDFH� WHFKQROR�
JLHV� PDWHULDOV� VWUXFWXUHV� (G� E\ %�(� 3DWRQ� .\LY� 3:,�

�� 3DWRQ� %�(�� 'XGNR� '�$�� %HUQDGVN\� 9�1� HW DO� ������
$SSOLFDWLRQ RI ZHOGLQJ LQ UHSDLU RI VSDFH REMHFWV� ,Q� 6SDFH
UHVHDUFK LQ 8NUDLQH� ,VVXH ��

�� 3DWRQ� %�(�� 'XGNR� '�$�� /DSFKLQVN\� 9�)� HW DO� ������
:HOGLQJ SURFHVVHV LQ VSDFH� ,Q� :HOGLQJ DQG VSHFLDO HOHF�
WURPHWDOOXUJ\� .\LY� 1DXNRYD 'XPND�

�� 5DVVHO� &�&�� $QGHUVRQ� 5�*� ������ 7HFKQRORJLFDO WHVWV RI
WRROV IRU WUHDWPHQW RI PDWHULDOV LQ VSDFH� $YWRPDWLFK�
6YDUND� ��� ��w���

�� 1RJL� .�� $RNL� <D�� )XMLL� +� ������ 3HFXOLDULWLHV RI HOHF�
WURQ�EHDP DQG DUF ZHOGLQJ ZLWK QRQ�FRQVXPDEOH HOHFWURGH
LQ PLFURJUDYLW\ FRQGLWLRQV� ,ELG�� ��� ��w���

�� 6KXO\P� 9�)�� 6RURNLQ� ,�9� ������ 6SDFH WHFKQRORJ\ LQ -D�
SDQ� ,ELG�� ��� ���w����

�� )XMLL� +�� $RNL� <D�� 1RJL� .� ������ (OHFWURQ�EHDP DQG
JDV WXQJVWHQ DUF ZHOGLQJ XQGHU PLFURJUDYLW\� 7UDQVDFW� RI
-:5,� �� ���w����
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�� 3DWRQ� %�(�� .XEDVRY� 9�1� ������ ([SHULHQFH RQ ZHOGLQJ
RI PHWDOV LQ VSDFH� $YWRPDWLFK� 6YDUND� �� �w���

�� 3DWVNHYLFK� ,�5�� 5\DERY� 9�5�� 'HHY� *�)� ������ 6XUIDFH
SKHQRPHQD GXULQJ ZHOGLQJ RI PHWDOV� .\LY� 1DXNRYD
'XPND�

��� %DNXVKLQ� 6�9�� 'HPLGRY� '�/�� 0RUR]RY� <X�'� HW DO�
������ 3UHGLFWLRQ RI VWUXFWXUDO PDWHULDOV SHUIRUPDQFH DW
ORQJ�WHUP VHUYLFH LQ VSDFH FRQGLWLRQV� ,Q� 3URF� RI &RQI� RQ
:HOGLQJ LQ 6SDFH DQG WKH &RQVWUXFWLRQ RI 6SDFH 9HKLFOHV
E\ :HOGLQJ� 0LDPL� 6HSW� ��w��� ����� 0LDPL�

��� 'XGNR� '�$�� =DJUHEHOQ\� $�$�� 3DWRQ� %�(� HW DO� ������
3HFXOLDULWLHV RI HTXLSPHQW GHVLJQHG IRU WHFKQRORJLFDO RSHUD�
WLRQV LQ VSDFH� ,Q� 6SDFH� WHFKQRORJLHV� PDWHULDOV� VWUXF�
WXUHV� (G� E\ %�(� 3DWRQ� .\LY� 3:,�

��� 3DWRQ� %�(�� 6WHVLQ� 9�9�� =DJUHEHOQ\� $�$� ������ ([SHUL�
HQFH RI GHVLJQ RI WHFKQRORJLFDO HTXLSPHQW IRU RSHUDWLRQV RQ
VSDFH REMHFWV� $YWRPDWLFK� 6YDUND� ��� ��w���

��� 1D]DUHQNR� 2�.�� .DMGDORY� $�$�� .RYEDVHQNR� 6�1� ������
(OHFWURQ EHDP ZHOGLQJ� (G� E\ %�(� 3DWRQ� .\LY� 1DXNRYD
'XPND�

��� .KDURG]KD� )�1� ������ *HQHUDO FRXUVH RI ;�UD\ V\VWHPV�
0RVFRZ�/HQLQJUDG� *RVHQHUJRL]GDW�

��� 263������ ������ 0DLQ VDQLWDU\ UXOHV RI RSHUDWLRQV ZLWK
UDGLRDFWLYH VXEVWDQFHV DQG RWKHU VRXUFHV RI LRQLVLQJ UDGLD�
WLRQ� 0RVFRZ� (QHUJRDWRPL]GDW�

��� .RYDO� $�%�� 2ERORQVN\� $�3�� 6DODQ� 9�,� ������ $XWRPD�
WLF FRQWURO RI HOHFWURQ EHDP ZHOGLQJ� .\LY� 7HNKQLND�

��� ������ :HOGLQJ LQ WKH 8665� 9RO� �� 7KHRUHWLFDO IXQGD�
PHQWDOV RI ZHOGLQJ� VWUHQJWK DQG GHVLJQ� :HOGLQJ SURGXF�
WLRQ� 0RVFRZ� 1DXND�

��� =DJUHEHOQ\� $�$�� /XNDVK� (�6�� 1LNLWVN\� 9�3� HW DO�
������ 'HYHORSPHQW RI PHWKRGV RI WKLQ�ILOP FRDWLQJV GHSR�
VLWLRQ LQ UHDO FRQGLWLRQV� ,Q� 3URF� RI ��QG 7VLRONRYVN\
5HDGLQJV� .DOXJD� ����� 0RVFRZ� ,0(7 $1 6665�
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9�9� 520$1

1DWLRQDO 7HFKQLFDO 8QLYHUVLW\ RI 8NUDLQH �.3,�� .\LY� 8NUDLQH

0HWKRG RI IRUPLQJ VSDFH FKDUDFWHULVWLFV RI D ODVHU EHDP� EDVHG RQ D PDWKHPDWLFDO PRGHO RI WKH SURFHVV RI UDGLDWLRQ

IRFXVLQJ XVLQJ D VSKHULFDO PLUURU DQG PHWKRG RI HYDOXDWLRQ RI HIIHFW RI VSDFH FKDUDFWHULVWLFV RI WKH ODVHU EHDP RQ WKHUPDO

VWDWH RI WKH ERG\ EHLQJ UDGLDWHG� LV VXJJHVWHG� :LWK LWV XVH WKH RSWLPXP VSDFH GLVWULEXWLRQ RI KHDW VRXUFH RQ WKH PDWHULDO

VXUIDFH LV UHDFKHG� UHVXOWLQJ LQ WKH LPSURYHPHQW RI WKH HIILFLHQF\ RI WKH ODVHU WUHDWPHQW DQG ZLGHQLQJ RI LWV WHFKQRORJLFDO

FDSDELOLWLHV�

.H\ ZRU G V � ODVHU WUHDWPHQW� PLUURU V\VWHPV� RII�D[LV
EHDPV� EHDP SRZHU� HIILFLHQF\

,W LV NQRZQ WKDW DW HDFK NLQG RI WKH ODVHU WUHDWPHQW

WKH EHDP KDV LWV RSWLPXP VL]HV� VHFWLRQ VKDSH DQG

GLVWULEXWLRQ RI UDGLDWLQJ SRZHU >�w�@� 7DNLQJ LQWR
DFFRXQW WKDW WKH H[LVWLQJ WHQGHQF\ RI XVH RI WKH ODVHU

FHQWHUV ZKLFK FDQ IXOILOO DOO WKH RSHUDWLRQV RI WKH ODVHU

WUHDWPHQW RQ WKH EDVH RI RQH UDGLDWRU >�@� WKHUH DS�

SHDUV D GHPDQG IRU XVH RI D XQLYHUVDO V\VWHP IRU FRQWURO

RI WKH EHDP VSDFH FKDUDFWHULVWLFV� +HUH� V\VWHPV ZLWK

PLQLPXP DPRXQW RI RSWLFDO HOHPHQWV DUH SUHIHUDEOH

>�@� +RZHYHU� DW SUHVHQW WKHUH DUH QR LQH[SHQVLYH DQG
FRQYHQLHQW GHYLFHV LQ VHUYLFH ZKLFK FRXOG EH FDSDEOH

WR FRQWURO LQ WKH ZLGH UDQJH WKH VHFWLRQ VKDSH RI WKH

EHDP DQG GLVWULEXWLRQ RI LWV UDGLDWLQJ SRZHU >�@�
7R IRFXV SRZHUIXO ODVHU EHDPV WKH VSKHULFDO PLU�

URUV DUH ZLGHO\ XVHG� )LJXUH � VKRZV D IRFXVLQJ RI WKH

ODVHU EHDP � RI GLDPHWHU '� SRZHU: DQG GLYHUJHQFH

4� WR D VSKHULFDO PLUURU � ZLWK D UDGLXV RI FXUYDWXUH

5 XQGHU DQJOH α� ,Q IRFXVLQJ RI DQ RII�D[LV ODVHU EHDP

E\ D VSKHULFDO PLUURU WZR IRFXVHV DUH DSSHDUHG�

PHULGLRQDO )� DQG VDJLWWDO )� LQ ZKLFK WKH UDGLDWLRQ

LV IRUPHG LQ OLQHV 01 DQG 1* �)LJXUHV � DQG ���
ORFDWLQJ LQ WZR PXWXDOO\ SHUSHQGLFXODU SODQHV� VDJLW�
WDO )�(* DQG PHULGLRQDO )�$%� UHVSHFWLYHO\� 7KLV

OHDGV WR WKH GLVWRUWLRQV RI WKH EHDP VHFWLRQ VKDSH DQG
GLVWULEXWLRQ RI LQWHQVLW\ LQ LW� 7KHUH LV D WHQGHQF\ WR
GHFUHDVH WKHVH GLVWRUWLRQV LQ ODVHU WUHDWPHQW� $W WKH

SUHVHQW ZRUN� YLFH YHUVD� WKH DWWHPSWV ZHUH PDGH WR

LQFUHDVH WKHP IRU IRUPLQJ WKH VSDFH FKDUDFWHULVWLFV RI

WKH ODVHU EHDP WR LPSURYH LWV HIILFLHQF\ DQG WR ZLGHQ

WHFKQRORJLFDO FDSDELOLWLHV RI WKH WUHDWPHQW�

'HWHUPLQDWLRQ RI VSDFH FKDUDFWHULVWLFV RI WKH OD�

VHU UDGLDWLRQ� IRFXVHG E\ D VSKHULFDO PLUURU� DQG

HYDOXDWLRQ RI WKHLU HIIHFW RQ WKHUPDO VWDWH RI WKH

PDWHULDO EHLQJ UDGLDWHG� 7R FUHDWH D PDWKHPDWLFDO

PRGHO RI WKH SURFHVV RI IRFXVLQJ ODVHU UDGLDWLRQ E\ D

VSKHULFDO PLUURU� WKH IDFWRUV FKDUDFWHUL]LQJ WKH VSDFH

VWUXFWXUH� KDYH EHHQ GHILQHG �)LJXUH ��� 0RUHRYHU�

WKRVH IDFWRUV ZHUH VHOHFWHG ZKLFK VKRXOG EH WDNHQ

LQWR FRQVLGHUDWLRQ LQ WKH FUHDWLRQ RI D PDWKHPDWLFDO

PRGHO� 7KH\ LQFOXGH VSDFH FKDUDFWHULVWLFV RI LQLWLDO

� 9�9� 520$1� ����

)LJXUH �� 6FKHPH RI EHDP IRFXVLQJ E\ D VSKHULFDO PLUURU� D x JHQHUDO YLHZ� E x SRVLWLRQ RI PHULGLRQDO DQG VDJLWWDO IRFXVHV� � x
LQLWLDO EHDP� � x VSKHULFDO PLUURU� � x VHFWLRQ VKDSH RI IRFXVHG EHDP �IRU WKH UHVW GHVLJQDWLRQV VHH WKH WH[W�
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EHDP �θ� '� :�� FXUYDWXUH UDGLXV 5 RI PLUURU� DQJOH
RI LQFLGHQFH α RI UDGLDWLQJ EHDP RQ LW DQG GLVWDQFH
/ IURP WKH VSKHULFDO PLUURU WR ZRUNSLHFH�

%DVHG RQ SULQFLSOHV RI JHRPHWULF RSWLFV DQG VFKHPH
RI �EHDP SDFNHW�� D SURFHGXUH ZDV GHYHORSHG >�@ IRU
GHWHUPLQDWLRQ RI GLVWRUWLRQV RI VHFWLRQ VKDSH DQG GLV�
WULEXWLRQ RI IRFXVHG EHDPSRZHU� 8VLQJ WKLV SURFHGXUH
WKH FDOFXODWLRQ RI VSDFH VWUXFWXUH LV SHUIRUPHG LQ WKH
IROORZLQJ VHTXHQFH�

7KH LQLWLDO ODVHU EHDP LV SUHVHQWHG LQ WKH IRUP RI
D SDFNHW RI EHDPV� GLUHFWLRQ RI VSUHDGLQJ RI HDFK EHDP
SDFNHW LV GHWHUPLQHG DIWHU WKHLU UHIOHFWLRQ IURP WKH
VSKHULFDO PLUURU� DUHD RI IRFXVLQJ LV SUHVHW� WKH SRLQWV
RI EHDPV LQWHUVHFWLRQ ZLWK D SODQH RI IRFXVLQJ DUH
IRXQG �WKHLU VHW GHILQHV WKH IRFXVHG EHDP VHFWLRQ
VKDSH�� SRZHU� FRQFHQWUDWHG LQ HDFK SDFNHW HOHPHQW�
LV FDOFXODWHG� LW LV GHILQHG WR ZKLFK HOHPHQWV RI IR�
FXVLQJ SODQH HDFK RI SDFNHW EHDPV LV HQWHUHG� DQG
SRZHU LQ DQ\ LWV SRLQW LV FDOFXODWHG�

5HVXOWV RI H[SHULPHQWV� FDUULHG RXW ZLWK D *DXVVLDQ
EHDP DW :  � :� θ  ���� PUDG� α  ��� �)LJXUHV �
DQG ��� FRUUHVSRQG WR D FDOFXODWHG PRGHO ZLWK DFFX�
UDF\ RI ��w�� �� $V LV VHHQ IURP )LJXUHV � DQG �� WKH
VL]HV RI EHDP VHFWLRQ� REWDLQHG XVLQJ D PDWKHPDWLFDO
PRGHO� DUH VRPHZKDW ORZHU WKDQ H[SHULPHQWDO VL]HV�
7KLV FDQ EH H[SODLQHG E\ WKH IDFW WKDW WKH ODVHU UD�
GLDWLRQ GXULQJ FDOFXODWLRQV ZDV WDNHQ OLPLWHG E\ DQ
HIIHFWLYH GLDPHWHU RI WKH *DXVVLDQ EHDP�

8VLQJ WKH PRGHO WKH SURFHVV RI ODVHU UDGLDWLRQ IR�
FXVLQJ E\ D VSKHULFDO PLUURU ZDV LQYHVWLJDWHG� 7KLV
DOORZHG WKH UHJXODULWLHV RI GLVWRUWLRQ RI WKH VSDFH
VWUXFWXUH RI UDGLDWLRQ WR EH GHILQHG DQG VKRZHG WKH
IHDVLELOLW\ RI WKHLU FKDQJH ZLWKLQ WKH ZLGH UDQJH �VHH
)LJXUHV � DQG ���

7R KDYH DQ RSWLPXP XVH RI WKH ODVHU EHDP ZLWK
GLIIHUHQW VSDFH VWUXFWXUHV LW LV UDWLRQDO WR GHWHUPLQH
WKHLU HIIHFW RQ WKH WKHUPDO VWDWH RI WKH PDWHULDO UDGL�
DWHG� )RU WKLV SXUSRVH� D SURFHGXUH ZDV GHYHORSHG RQ
WKH EDVLV RI D PHWKRG RI ILQLWH GLIIHUHQFHV >�@� 7KLV
SURFHGXUH ZDV XVHG IRU WKH ERG\ ZKRVH VKDSH FDQ EH

GHVFULEHG PDWKHPDWLFDOO\� ,W ZDV SRVVLEOH WR FDOFXODWH
WKH WHPSHUDWXUH ILHOGV RFFXUULQJ GXH WR WKH HIIHFW RI
D EHDP ZLWK DQ\ VSDFH�WLPH FKDUDFWHULVWLFV DW WKH FRQ�
GLWLRQ RI WHPSHUDWXUH UHODWLRQVKLS EHWZHHQ WKH SUR�
SHUWLHV RI PDWHULDO EHLQJ UDGLDWHG DQG UDGLDWLRQ SHQH�
WUDWLRQ LQWR LWV GHSWK�

7KH DERYH�GHVFULEHG SURFHGXUHV SURYHG WKH IHDVL�
ELOLW\ WR FRQWURO WKH WKHUPDO VWDWH RI WKH ZRUNSLHFH
ZLWKLQ WKH ZLGH UDQJH GXH WR XVH RI DEHUUDWLRQV RI WKH
VSKHULFDO PLUURUV DQG VKRZHG WKDW FKDQJH LQ GLUHFWLRQ
RI EHDPPRYHPHQW DORQJ WKH ZRUNSLHFH VXUIDFH DOORZV
VPRRWK FKDQJH LQ UDWH RI FRROLQJ WKH ERG\ DW LWV VXUIDFH
IURP ��� WR �⋅��� .�V�

)RFXVLQJ V\VWHP IRU IRUPLQJ VSDFH FKDUDF�
WHULVWLFV RI UDGLDWLRQ� 7R UHDOL]H WKH DERYH UHFRP�
PHQGDWLRQV D IRFXVLQJ V\VWHPRQ WKH EDVH RI D VSKHULFDO
PLUURU >�@� DQG DOVR SURFHGXUH RI VHOHFWLRQ RI LWV RS�
WLFDO SDUDPHWHUV DQG VL]HV RI LQLWLDO EHDP GHSHQGLQJ
RQ WKH UDGLDWLRQ FKDUDFWHULVWLFV� ZKLFK VKRXOG EH RE�
WDLQHG DW WKH ZRUNSLHFH VXUIDFH� ZHUH GHYHORSHG� ,Q
WKLV V\VWHP WKH VSKHULFDO PLUURU IXOILOOV WZR IXQFWLRQV�
WUDGLWLRQDO x LW IRFXVHV UDGLDWLRQ WR D VSRW DW D SUHVHW
SRZHU GHQVLW\� QRQ�WUDGLWLRQDO x LW IRUPV WKH VSDFH
VWUXFWXUH RI WKH EHDP �)LJXUH ��� 7KH V\VWHP RSHUDWHV
DV IROORZV� $ ODVHU EHDP �� SDVVLQJ WKURXJK D GHYLFH
IRU FKDQJLQJ VL]HV RI LWV VHFWLRQ � �IRU H[DPSOH� WHOH�
VFRSLF V\VWHP� GLDSKUDJP�� HQWHUV D SODQH PLUURU �
ZKLFK FDQ URWDWH DURXQG LWV D[LV� SDUDOOHO WR D[LV �;
DQG PRYH DORQJ WKH GLUHFWLRQ RI D[LV �=� %HLQJ UH�
IOHFWHG IURP WKH SODQH PLUURU� WKH EHDP HQWHUV D
VSKHULFDO PLUURU � ZKLFK URWDWHV DURXQG WDQJHQW WR D
FHQWHU RI WKH UHIOHFWLQJ VXUIDFH RI D[LV SDUDOOHO WR �;�
'LVSODFHPHQW RI PLUURUV JLYHV DQ RSSRUWXQLW\ WR
FKDQJH WKH DQJOH RI LQFLGHQFH α RQ VSKHULFDO PLUURU�
0LUURU � GLUHFWV WKH ODVHU EHDP WR WKH VXUIDFH � EHLQJ
WUHDWHG� 7KH GHYLFH LV DUUDQJHG RQ D PRELOH SODWIRUP
ZKLFK FDQ PRYH DORQJ WKH D[LV �=� WKDW JLYHV DQ RS�
SRUWXQLW\ WR FKDQJH WKH GLVWDQFH / IURP WKH VSKHULFDO
PLUURU WR WKH IRFXVLQJ SODQH �� 7KH FKDQJH LQ FXUYDWXUH
UDGLXV 5 RI PLUURU � ZDV DWWDLQHG E\ LWV UHSODFHPHQW�

)LJXUH �� 6SDFH VWUXFWXUHV RI ODVHU UDGLDWLRQ IRFXVHG E\ D VSKHULFDO PLUURU LQ PHULGLRQDO �D� DQG VDJLWWDO �E� IRFXVHV DW '  �� PP�
5  ���� PP� :  ���� :� α  ���� θ  � PUDG DW /  ����� �D� DQG ��� �E� PP� � x EHDP VHFWLRQ LQ IRFXVHV� �� � x GLVWULEXWLRQ
RI SRZHU DORQJ D[HV < DQG ;� UHVSHFWLYHO\
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)LJXUH �� 6SDFH VWUXFWXUHV RI ODVHU UDGLDWLRQ� IRFXVLQJ E\ VSKHULFDO PLUURU� ZLWK D *DXVVLDQ GLVWULEXWLRQ RI SRZHU RI H[SHULPHQW �,�
DQG FDOFXODWLRQV �,,� DW '  �� PP� 5  ���� PP� :  ���� :� α  ���� θ  ���� PUDG DW /  ��� �D�� ��� �E�� ��� �F� DQG ���
�G� PP� � x EHDP VHFWLRQ DW WKH VXUIDFH RI WUHDWPHQW� �� � x GLVWULEXWLRQ RI SRZHU DORQJ D[HV < DQG ;� UHVSHFWLYHO\

)LJXUH �� 'HSHQGHQFH RI VL]HV RI EHDP VHFWLRQ /;� /< �D� DQG DUHD 6 �E� RQ GLVWDQFH / EHWZHHQ VSKHULFDO PLUURU DQG IRFXVLQJ SODQH
REWDLQHG ZLWK WKH KHOS RI FDOFXODWLRQV ��� DQG H[SHULPHQW ��� DW '  �� PP� 5  ��� PP� :  � :� α  ���� θ  ���� PUDG� O�
P x VL]HV RI EHDP DORQJ WKH D[LV < DQG ;� UHVSHFWLYHO\� 4 x EHDP VHFWLRQ DUHD
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7KH HIILFLHQF\ RI WKH GHYHORSHG RSWLFDO V\VWHP ZDV
WHVWHG DW D ODVHU VWUHQJWKHQLQJ� DOOR\LQJ DQG FODGGLQJ�
+HUH� WKH EHDPV ZLWK XQLIRUP GLVWULEXWLRQ RI SRZHU
DFURVV WKH VHFWLRQ DQG ZLWK D VKLIWHG SRVLWLRQ RI LWV
PD[LPXP UHODWLYH WR D FHQWHU �ZRUNSLHFH ZDV DU�
UDQJHG QHDU D PHULGLRQDO IRFXV RI WKH VSKHULFDO PLUURU
�VHH )LJXUH �� E� ZHUH XVHG IRU FRPSDULVRQ��

7KH XVH RI WKH EHDPZLWK DPD[LPXP DW WKH OHDGLQJ
IURQW DQG VWHHS WUDLOLQJ IURQW �DW GHQVLW\ RI UDGLDWLRQ
SRZHU:U  ���⋅��� :�FP�� UDWH RI EHDP PRYHPHQW
Y  �� PP�V� α  ���� 5  ���� PP� '  �� PP�
/  ��� PP� θ  � PUDG� DIWHU WUHDWPHQW PDGH LW
SRVVLEOH WR REWDLQ PRUH KRPRJHQHRXV OD\HU DQG WR
DYRLG WKH IRUPDWLRQ RI FUDFNV LQ LW DW VWUHQJWKHQLQJ
RI PDWULFHV DQG SXQFKHV RI GLHV� PDGH IURP VWHHO 8��
�ZW��� ���&� XS WR ����&U� ����0Q� �)LJXUH �� D� E�
DQG DOVR LQ FDVH RI DOOR\LQJ EODGHV RI JDV WXUELQHV
�IURP VWHHO =K6�.� ZW��� ����&R� ���0R� ���:�
���7L� ���$O� 1L x EDVH� ZLWK SRZGHU .K71
���.K��1��7 �ZW��� XS WR ����&� ����w����&U� ���w

����1L�� 7L%� &U%�� SDUDPHWHUV RI EHDP ZHUH� :S  
 ���⋅��� :�FP�� Y  �� PP�V� α  ���� 5  
 ���� PP� '  �� PP� /  ��� PP� θ  � PUDG�

,Q FDVH RI VXUIDFH VWUHQJWKHQLQJ RI JHDU ZKHHOV RI
DQ RLO SXPS PDGH IURP FDVW LURQ �DW :S  
 �⋅��� :�FP�� Y  ��� PP�V� α  ���� 5  
 ���� PP� '  �� PP� /  ��� PP� θ  � PUDG��
WKH XVH RI VLPLODU VFKHPH RI WUHDWPHQW SURGXFHG D
KRPRJHQHRXV VWUHQJWKHQHG OD\HU DW D ODUJH GHSWK �)L�
JXUH �� F� G�� ,Q WKH WUDQVLWLRQ ]RQH WKH FKDQJH LQ
KDUGQHVV ZDV QRW VR DEUXSW DV FRPSDUHG ZLWK WUHDW�
PHQW XVLQJ D EHDP ZLWK D XQLIRUP SRZHU GLVWULEXWLRQ�

7KH XVH RI EHDP ZLWK D QRQ�XQLIRUP SRZHU GLVWUL�
EXWLRQ �DW α  ���� 5  ���� PP� '  �� PP� /  
 ��� PP� θ  � PUDG� FRXOG DOVR SUHYHQW WKH FUDFN
IRUPDWLRQ� ��� WLPHV GHFUHDVH WKH FRPSUHVVLYH VWUHVVHV
DQG ��� WLPHV GHFUHDVH WKH WHQVLOH VWUHVVHV LQ GHSRVLWHG
EHDGV RI VHOI�IOX[LQJ DOOR\V �.K71 DQG 3*�65�
�ZW��� ���w���&� ����w����&U� 1L x EDODQFH�� RQ
VWHHO EDVH �VWHHO �� ����� ZW�� &� )H x EDODQFH��
�)LJXUHV �� H� I� DQG ��� 6WUHVVHV ZHUH PHDVXUHG LQ
��×��� PP VDPSOHV XVLQJ D PHWKRG RI OD\HU�E\�OD\HU
HWFKLQJ >�@�

&RPLQJ IURP WKH DERYH�PHQWLRQHG WKH IROORZLQJ
FRQFOXVLRQV FDQ EH PDGH� 2SWLPXP VSDFH FKDUDF�
WHULVWLFV RI EHDP IRU ODVHU VWUHQJWKHQLQJ FDQ EH RE�
WDLQHG DW D ODUJH DQJOH RI UDGLDWLRQ LQFLGHQFH RQ VSKHUL�
FDO PLUURU �α ! ���� DQG DUUDQJHPHQW RI ZRUNSLHFH
VXUIDFH QHDU WKH PHULGLRQDO IRFXV �VHH )LJXUH �� E��
7KLV JLYHV DQ RSSRUWXQLW\ WR SHUIRUP WUHDWPHQW RI D
ZLGH EDQG DQG WR REWDLQ D XQLIRUP VWUHQJWKHQHG OD\HU�
7KH GLUHFWLRQ RI EHDP PRYHPHQW VKRXOG EH VHOHFWHG
VR WKDW� DW ILUVW� LWV SDUW� KDYLQJ D PLQLPXP LQWHQVLW\�
ZDV DFWLQJ DQG WKHQ D SDUW RI PD[LPXP LQWHQVLW\ ZDV
XVHG WR LQFUHDVH WKH DEVRUSWLYLW\ RI VXUIDFH GXH WR
KHDWLQJ DQG R[LGL]LQJ� DQG� FRQVHTXHQWO\� WR XVH PRUH
HIIHFWLYHO\ WKH UDGLDWLRQ HQHUJ\�

)LJXUH �� 6FKHPH RI GHYLFH IRU ODVHU EHDP IRFXVLQJ LQWR D VSRW ZLWK
SUHVHW FKDUDFWHULVWLFV �VHH GHVLJQDWLRQV LQ WKH WH[W�

)LJXUH �� 0LFURVWUXFWXUH RI VWUHQJWKHQHG OD\HUV LQ VWHHO 8�� �D� E� �×����� FDVW LURQ �F� G� �×���� DQG PDFURVWUXFWXUH RI GHSRVLWHG
EHDGV RQ 6W� �� �H� I� �×���� D� F� H x EHDP ZLWK XQLIRUP SRZHU GLVWULEXWLRQ� E� G� I x SURILOHG EHDP
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,Q WUHDWPHQW RI PDWHULDOV� ZKRVH SULPDU\ VWUXFWXUH
FRQWDLQV FDUERQ LQ D FRPSDFW IRUP �IRU H[DPSOH� LQ
WKH IRUP RI D VSKHURLGDO JUDSKLWH�� WKH XVH RI VLPLODU
GLVWULEXWLRQ RI SRZHU LV UDWLRQDO� +RZHYHU� DW DQ RS�
SRVLWH VFKHPH RI WUHDWPHQW LW LV QHFHVVDU\� WR XVH�
ILUVWO\� D SDUW RI EHDP VHFWLRQ ZLWK D PD[LPXP SRZHU
DQG� WKHQ� ZLWK PLQLPXP SRZHU� 'XH WR WKLV� WKH UDWH
RI WKH ZRUNSLHFH FRROLQJ LV GHFUHDVHG DQG WKH WLPH RI
PDWHULDO KROGLQJ DW D IL[HG WHPSHUDWXUH LV LQFUHDVHG
WKDW OHDGV WR D PRUH FRPSOHWH SURFHHGLQJ RI GLIIXVLRQ
SURFHVV �PRUH FRPSOHWH GLVWULEXWLRQ RI FDUERQ� DQG�
DV FRQVHTXHQFH� SURPRWHV WKH IRUPDWLRQ RI D KRPRJH�
QHRXV VWUHQJWKHQHG OD\HU DW D ODUJH GHSWK DQG PRUH
DEUXSW FKDQJH LQ KDUGQHVV LQ WKH WUDQVLWLRQ ]RQH�

,Q FODGGLQJ� WKH H[LVWLQJ RI D KLJK JUDGLHQW WHP�
SHUDWXUH LQ GHSWK RI ]RQH RI WKHUPDO DFWLRQ RI EHDP
FDQ FDXVH WKH FUDFN IRUPDWLRQ LQ GHSRVLWHG EHDGV DQG
PDWHULDO RI WKH EDVH� 7R GHFUHDVH WKH SUREDELOLW\ RI
WKHLU DSSHDUDQFH LW LV UDWLRQDO WR XVH WKH VFKHPH RI
WUHDWPHQW DQG VSDFH FKDUDFWHULVWLFV RI WKH EHDP VLPLODU
WR WKH DERYH�PHQWLRQHG FDVH� EXW DW D KLJK SRZHU
GHQVLW\� 'XH WR GHFUHDVH LQ FRROLQJ UDWH WKH FU\VWDO�
OL]DWLRQ RI XSSHU ]RQHV RFFXUV ZKHQ WKH ORZHU OD\HUV
DUH VWLOO LQ D SODVWLF VWDWH� 2ZLQJ WR WKLV WKH IHDVLELOLW\
RI SURFHHGLQJ RI UHOD[DWLRQ SURFHVV LV DSSHDUHG�

7KH VHSDUDWLRQ RI EULWWOH PDWHULDOV E\ D PHWKRG RI
ODVHU WKHUPDO VSOLWWLQJ LV UDWLRQDO ZKHQ WKH ZRUNSLHFH
LV ORFDWHG LQ D VDJLWWDO IRFXV �DW α  ����5  ���� PP�
'  �� PP� /  ��� PP� θ  � PUDG�� ZKHUH WKH
UDGLDWLRQ VHFWLRQ KDV DQ HORQJDWHG VKDSH ZLWK D SRZHU
PD[LPXP LQ WKH FHQWHU� ,Q WKLV FDVH GXULQJ WKH EHDP
PRYHPHQW DORQJ WKH D[LV �< D FRQVWLWXHQW QRUPDO WR
WKH GLUHFWLRQ RI VSOLWWLQJ LV GRPLQDWHG LQ WKH FRQILJX�
UDWLRQ RI WKHUPDO VWUHVVHV�

7R KDYH D PD[LPXP RI WHPSHUDWXUHV LQ WKH ]RQH
RI ERGLHV FRQWDFW LQ EXWW ZHOGLQJ RI SODWHV IURP GLV�
VLPLODU PHWDOV LW LV QHFHVVDU\ WR VKLIW WKH PD[LPXP
RI ODVHU EHDP SRZHU WR WKH PRUH KHDW�FRQGXFWLYH PD�
WHULDO >�@� L�H� WR XVH D EHDP ZKLFK LV IRUPHG E\ D
VSKHULFDO PLUURU QHDU WKH PHULGLRQDO �VHH )LJXUH �� D�
RU VDJLWWDO �VHH )LJXUH �� G� IRFXVHV �DW α  ���� 5  

 ���� PP� '  �� PP� /  ��� RU ��� PP� θ  
 � PUDG�� 7KH GLUHFWLRQ RI EHDP PRYHPHQW VKRXOG
EH SDUDOOHO WR D[LV �;�

6LPLODU VSDFH FKDUDFWHULVWLFV RI UDGLDWLRQ DW WKH
PDWHULDO VXUIDFH DUH UDWLRQDO WR XVH LQ VWUHQJWKHQLQJ
RI ZRUNSLHFHV ZLWK OLPLWHG FRQGLWLRQV RI KHDW GLVVL�
SDWLRQ �ZHGJH�� WKDW DOORZV FUHDWLRQ RI DOPRVW XQL�
IRUP GLVWULEXWLRQ RI WHPSHUDWXUH LQ WKH ZRUNSLHFH�

�� &KDFKLQ� 9�1�� .DUGRSRORYD� 0�$�� 6SLULGRQRY� 1�9� HW DO�
������ 5HGXFWLRQ RI FUDFNLQJ LQ VXUIDFH PHOWLQJ RI FRDWLQJV
IURP VHOI�IOX[LQJ DOOR\V E\ ODVHU EHDP� )L]LND L .KLPL\D

2EUDE� 0DWHULDORY� �� ���w����
�� =YHOPR� 2� ������ 3ULQFLSOHV RI ODVHUV� 0RVFRZ� 0LU�
�� 5\NDOLQ� 1�1�� 8JORY� $�$� ������ 7HPSHUDWXUH ILHOG RI

GLVVLPLODU PDWHULDOV LQ EXWW ZHOGLQJ ZLWK VXUIDFH VRXUFH�
)L]LND L .KLPL\D 2EUDE� 0DWHULDORY� �� ��w���

�� *ULJRULDQWV� $�*�� 6KLJDQRY� ,�1� ������ /DVHU WHFKQLTXH

DQG WHFKQRORJ\� 9RO� �� /DVHU ZHOGLQJ RI PHWDOV� 0RVFRZ�
9\VVKD\D 6KNROD�

�� +XRQNHU� 0�� :DLEHO� *�� *LHVHQ� $� HW DO� ������ )DVW DQG
FRPSDFW DGDSWLYH PLUURU� ,Q� 3URF� RI 63,( RQ /DVHUV LQ

0DWHULDO 3URFHVVLQJ� 9RO� �����
�� .RYDOHQNR� 9�6�� *RORYNR� /�)�� &KHUQHQNR� 9�6� ������

6WUHQJWKHQLQJ DQG DOOR\LQJ RI PDFKLQHU\ SDUWV E\ ODVHU

EHDP� .\LY� 7HNKQLND�
�� *RORYNR� /�)�� 5RPDQ� 9�9�� .DQVR =L\DG ������ 1RQ�WUD�

GLWLRQDO XVH RI VSKHULFDO PLUURUV LQ ODVHU WUHDWPHQW� 1DXNRYL
9LVWL 1778 �.3,�� �� ��w���

�� *RORYNR� /�)�� 5RPDQ� 9�9�� 'XYH\NR ']KDYDG ������ ,Q�
IOXHQFH RI VSDFH�WLPH GLVWULEXWLRQ RI ODVHU EHDP RQ WKHUPDO
VWDWH RI ERG\ EHLQJ UDGLDWHG� ,ELG�� �� ��w���

�� *RORYNR� /�)�� 5RPDQ� 9�9� 'HYLFH IRU ODVHU EHDP IRFXV�

LQJ LQ VSRW ZLWK SUHVHW FKDUDFWHULVWLFV� 3DW� �����$
8NUDLQH� ,QW� &O� % �� . ������ 3XEO� ���������

)LJXUH �� 5HVLGXDO VWUHVVHV LQ EHDGV SURGXFHG LQ FODGGLQJ ZLWK
SRZGHUV 3*�65� ��� �� DQG .K71 ��� ��� �� � x QRQ�SURILOHG
EHDPV� �� � x SURILOHG EHDPV
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7KH (�2� 3DWRQ (OHFWULF :HOGLQJ ,QVWLWXWH� 1$68� .\LY� 8NUDLQH

,QIOXHQFH KDV EHHQ VWXGLHG RI KLJK�WHPSHUDWXUH DQQHDOLQJ DQG KHDWLQJ E\ WKH ZHOGLQJ DUF RQ WKH SURFHVVHV RI IRUPDWLRQ

RI FU\VWDOORJUDSKLF WH[WXUH LQ WKH +$= RI VKHHW PRO\EGHQXP DOOR\V 7V0���� 7V0��� DQG 0,��� ,W LV VKRZQ WKDW LQ D

ORZ�DOOR\HG PRO\EGHQXP DOOR\ 7V0��� WKH LQLWLDO GHIRUPDWLRQ WH[WXUH RI ����� >�
__
��@� ����� >���@ DQG ����� >��

__
�@

W\SH LV SUDFWLFDOO\ SUHVHUYHG LQ WKH +$= DQG ZHOG PHWDO� ,Q DOOR\HG PRO\EGHQXP DOOR\V 7V0��� DQG 0,�� WKH LQLWLDO

GHIRUPDWLRQ WH[WXUH RI ����� >���@� ����� >���@ DQG ����� >���@ W\SH LQ WKH +$= LV JUDGXDOO\ WUDQVIRUPHG LQWR FU\V�

WDOORJUDSKLF WH[WXUH RI ����� >���@ DQG >���@ W\SH� DQG WKLV WH[WXUH W\SH LV SUHVHUYHG LQ WKH ZHOG PHWDO�

.H\ ZRU G V � FU\VWDOORJUDSKLF WH[WXUH� SROH ILJXUHV� ZHOGHG

MRLQWV� PRO\EGHQXP DOOR\V� WHPSHUDWXUH� DQQHDOLQJ

&ROG EULWWOHQHVV WHPSHUDWXUH RI ZHOGHG MRLQWV LQ PR�
O\EGHQXP DOOR\V PD\ YDU\ LQ UDWKHU EURDG UDQJHV�
QDPHO\ IURP ��� �IRU PRO\EGHQXP DOOR\ 7V0��� XS

WR PRUH WKDQ ��� . �IRU DOOR\ 760���� 6LQFH VKHHWV

RI PRO\EGHQXP DOOR\V ZLWK D VWULFWO\ VSHFLILHG FRQWHQW

RI DOOR\LQJ HOHPHQWV DQG LQWHUVWLWLDO LPSXULWLHV ZHUH

VHOHFWHG WR SURGXFH WKH ZHOGHG MRLQWV� DQG ZHOGLQJ

SURSHU ZDV FRQGXFWHG XQGHU FRQGLWLRQV� ZKLFK HOLPL�

QDWHG WKH SRVVLELOLW\ RI ZHOG PHWDO VDWXUDWLRQ ZLWK

LPSXULWLHV IURP WKH JDV DWPRVSKHUH� WKH H[LVWHQFH RI

D UDQJH RI FROG EULWWOHQHVV WHPSHUDWXUHV IRU PDWHULDO

RI WKH VDPH FRPSRVLWLRQ EHFRPHV LPSRVVLEOH WR XQ�

GHUVWDQG�

,Q WKLV FRQQHFWLRQ LW LV QDWXUDO WR DVVXPH WKDW

ORZ�WHPSHUDWXUH GXFWLOLW\ RI ZHOGHG MRLQWV� PDGH RQ
VKHHW PRO\EGHQXP DOOR\V ZLWKRXW XVLQJ D ILOOHU� LV WR

D FHUWDLQ H[WHQW GHWHUPLQHG E\ WKH VWUXFWXUDO VWDWH RI

WKH LQLWLDO PDWHULDO� 7KH VWUXFWXUDO VWDWH ZLOO EH DV�

VXPHG WR PHDQ QRW RQO\ WKH SXUHO\ VWUXFWXUDO IDFWRUV

�VL]H RI JUDLQ RU FHOO�� EXW DOVR WKH FU\VWDOORJUDSKLF
DQG PHFKDQLFDO WH[WXUHV� IRUPHG LQ WKH VKHHW GXULQJ

LWV PDQXIDFWXUH� DV ZHOO DV ZKHQ PDNLQJ WKH ZHOGHG

MRLQW�

,Q SRO\FU\VWDOOLQH PDWHULDOV ZLWK UDQGRPO\ RUL�
HQWHG FU\VWDOOLWHV WKH HORQJDWLRQ LV ORZHU� DQG WKH

\LHOG VWUHQJWK LV KLJKHU WKDQ WKH DYHUDJH \LHOG VWUHQJWK

RI LQGLYLGXDOO\ FRQVLGHUHG FU\VWDOOLWHV >�@� 7KH FDXVH

IRU WKDW LV WKH DFWLRQ RI GLIIHUHQW VOLS V\VWHPV LQ LQ�

GLYLGXDO FU\VWDOOLWHV RI GLIIHUHQW RULHQWDWLRQ� $W GH�
IRUPDWLRQ ZLWKRXW IUDFWXUH� QRW DOZD\V WKH PRVW ID�
YRXUDEOH VOLS V\VWHPV PD\ EH DFWLQJ RQ JUDLQ ERXQGD�

ULHV� $V D UHVXOW� KLJKHU VWUHVVHV DUH UHTXLUHG WR LQLWLDWH

WKH VOLSSLQJ SURFHVV� 2Q WKH RWKHU KDQG� DW WKH VDPH

RU FORVH RULHQWDWLRQ RI DGMDFHQW FU\VWDOOLWHV LQ UHODWLRQ

WR WKH GLUHFWLRQ RI IRUFH DFWLRQ� WKH\ GHYHORS HTXLYD�

OHQW VWUHVVHV� 7KHUHIRUH� SRO\FU\VWDOOLQH PDWHULDOV
ZLWK D IDYRXUDEOH FU\VWDOORJUDSKLF RULHQWDWLRQ ZLOO�

DV D UXOH� KDYH D KLJKHU GXFWLOLW\ WKDQ PDWHULDOV ZLWK

WKH VWDWLF GLVWULEXWLRQ RI JUDLQ RULHQWDWLRQV�

,Q ZHOGLQJ RI VKHHW PRO\EGHQXP DOOR\V RU VXUIDF�
LQJ ZLWK GHSRVLWLRQ RI VPDOO YROXPHV RI PROWHQ PD�

WHULDO RQ D QDUURZ VXUIDFH� D WZR�GLPHQVLRQDO VFKH�

PDWLF RI ZHOG SRRO VROLGLILFDWLRQ VKRXOG EH LPSOH�

PHQWHG� ,Q WKLV FDVH� VROLGLILFDWLRQ QXFOHL DUH SDUWLDOO\

PHOWHG JUDLQV RI WKH LQLWLDO PDWHULDO� 7KH FU\VWDOOLWHV

RI ZHOG PHWDO PD\� WR D FHUWDLQ H[WHQW� LQKHULW WKH

FU\VWDOORJUDSKLF RULHQWDWLRQ RI WKRVH FU\VWDOV� IURP

WKH VXUIDFH RI ZKLFK WKHLU JURZWK VWDUWHG� 7KDW LV ZK\

WKH SUHVHQFH RI GLIIHUHQW RULHQWDWLRQV RI WKH LQLWLDO

PDWHULDO JUDLQV ZLOO SURPRWH IRUPDWLRQ RI GLIIHUHQW

W\SHV RI FU\VWDOORJUDSKLF WH[WXUHV LQ WKH ZHOG PHWDO

DQG� DV D UHVXOW� ZLOO EH DFFRPSDQLHG E\ D FKDQJH RI

WKH OHYHO RI SK\VLFR�PHFKDQLFDO FKDUDFWHULVWLFV�

&U\VWDOORJUDSKLF WH[WXUH RI ZHOGHG MRLQWV RI ORZ�

DOOR\HG PRO\EGHQXP DOOR\V 0/7� 7V0��� 0&K93

ZDV FRQVLGHUHG LQ >�@� ,W LV HVWDEOLVKHG WKDW IRU WKH

ILUVW WZR DOOR\V WKH PDLQ FRPSRQHQW RI WH[WXUH RI WKH
LQLWLDO ZURXJKW PDWHULDO LV ����� >���@� DQG IRU DOOR\

0&K93 x ^���` ����! ����!� $W WUDQVLWLRQ IURP

WKH EDVH PHWDO WR WKDW RI WKH +$=� D WH[WXUH RI

����� >���@ W\SH LV WUDQVIRUPHG LQWR WKH RQH FORVH WR
����� >���@� 7KH ZHOG UHWDLQV WKH WH[WXUH RI SDUWLDOO\
PHOWHG JUDLQV� IURP ZKLFK ZHOG PHWDO VROLGLILFDWLRQ

EHJLQV� ,Q0&K93 DOOR\ WKHPDLQ FRPSRQHQWV RI ^���`
����! ����! WH[WXUH DUH SUHVHUYHG LQ WUDQVLWLRQ IURP

WKH EDVH PHWDO WR ZHOG PHWDO WKURXJK WKDW RI WKH

+$=�

7KLV ZRUN GHDOV ZLWK WKH FRQGLWLRQV RI IRUPDWLRQ

RI WKH FU\VWDOORJUDSKLF WH[WXUH LQ DOOR\HGPRO\EGHQXP

DOOR\V 7V0��� DQG 0,�� DQG WKH PRVW SXUH PRO\EGH�

QXP DOOR\ 7V0���� &RPSRVLWLRQ RI WKH DOOR\V LV JLYHQ

LQ 7DEOH ��

,PPHGLDWHO\ EHIRUH ZHOGLQJ WKH VDPSOHV RI PR�
O\EGHQXP DOOR\V ZHUH SUHKHDWHG E\ WKH DUF XS WR WKH
WHPSHUDWXUH DERYH WKH UHFU\VWDOOLVDWLRQ WHPSHUDWXUH�

5DGLRJUDSKLF WH[WXUH DQDO\VLV ZDV FRQGXFWHG IRU
WKRVH SODQHV RI WKH ZHOGHG MRLQW� ZKHUH WKH JUDLQ VL]H

FRUUHVSRQGHG WR WKH VL]H RI JUDLQV� SURGXFHG LQ WKH

VWXGLHG DOOR\V DIWHU WKHLU DQQHDOLQJ DW WHPSHUDWXUH

IURP ���� WR ���� . �)LJXUH ��� 7KH +$= PHWDO LQ
� %�$� =$'(5<� 6�6� .27(1.2� $�(� 0$5,1&+(1.2� (�3� 32/,6+&+8. DQG .�$� <86+&+(1.2� ����
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ZHOGLQJ RI D SUH�DQQHDOHG� GHIRUPHG E\ UROOLQJ PR�
O\EGHQXP DOOR\ 7V0��� RU SUHKHDWHG VKHHWV RI DOOR\V
0,�� DQG 7V0��� UHYHDOHG D JUDGXDO FKDQJH RI WKH
VWUXFWXUDO HOHPHQW VL]H IURP �w� µP LQ WKH LQLWLDO
PDWHULDO WR ���w���� µP DW WKH IXVLRQ OLQH�

3ROH ILJXUHV RI SODQHV ^���` RI GLIIHUHQW VHFWLRQV
RI D ZHOGHG MRLQW LQ DOOR\ 0,�� DUH VKRZQ LQ )LJXUH ��
7DEOH � JLYHV WKH PDLQ FRPSRQHQWV RI WH[WXUHV IRU
DOOR\V� DQQHDOHG DW GLIIHUHQW WHPSHUDWXUHV� DQG IRU
PHWDO RI ZHOGHG MRLQW +$= LQ WKH VHFWLRQV ZLWK DQ
DSSURSULDWH JUDLQ VL]H�

$V IROORZV IURP WKH SUHVHQWHG GDWD� WKH PDLQ FRP�
SRQHQW RI WKH WH[WXUHV RI PRO\EGHQXP� DOOR\HG ZLWK
UKHQLXP �0,���� GRHV QRW XQGHUJR DQ\ VLJQLILFDQW
FKDQJHV HLWKHU GXULQJ KRXU DQQHDOLQJ LQ WKH WHPSHUD�
WXUH LQWHUYDO RI ����w���� .� RU LQ GLIIHUHQW VHFWLRQV
RI WKH +$=�

)LJXUH � VKRZV WKH SROH ILJXUHV RI SODQHV ^���` RI
GLIIHUHQW VHFWLRQV RI D ZHOGHG MRLQW RI DOOR\ 7V0����

3ROH ILJXUHV RI PRO\EGHQXP DOOR\ 7V0��� DIWHU
DQQHDOLQJ DW GLIIHUHQW WHPSHUDWXUHV DUH VKRZQ LQ )L�
JXUH �� $V IROORZV IURP WKH ILJXUH� WKH WH[WXUH RI WKH
FRQVLGHUHG DOOR\ LQ WKH LQLWLDO FRQGLWLRQ LV W\SLFDO IRU
PRVW RI WKH DOOR\V ZLWK EFF ODWWLFH DQG LV LQ JRRG
DJUHHPHQW ZLWK WKH GDWD RI >�� �@� ,QGHHG� WKH LQLWLDO
FRQGLWLRQ WH[WXUH LV FKDUDFWHULVHG E\ WKH IROORZLQJ
FRPSRQHQWV �)LJXUH �� D�� D YHU\ VWURQJ FRPSRQHQW
����� >���@ DQG OHVV VWURQJ FRPSRQHQWV ����� >�

__
��@

DQG ����� >XYZ@� $IWHU DQQHDOLQJ DW WKH WHPSHUDWXUH
RI FRPSOHWH UHFU\VWDOOLVDWLRQ� ZKLFK OHDGV WR D UHSODFH�
PHQW RI D FHOOXODU VWUXFWXUH E\ D JUDQXODU RQH ZLWK
WKH JUDLQ VL]H RI ��w��� µP� WKH VKDSH RI SROH ILJXUHV
LV PDLQO\ XQFKDQJHG� MXVW D FRQVLGHUDEOH ORZHULQJ RI
WKH PD[LPXPV RI SROH GHQVLW\ RFFXUV� DQG WKH VFDW�
WHULQJ LV HQKDQFHG� L�H� WKH WH[WXUH RI D VKHHW� DQQHDOHG
DW WKH WHPSHUDWXUH RI ���� .� LV FKDUDFWHULVHG E\ D
VHW RI WKH IROORZLQJ FRPSRQHQWV� ����� >���@ � �����
>�

__
��@ � ����� >XZY@�
)XUWKHU LQFUHDVH RI DQQHDOLQJ WHPSHUDWXUH LV DF�

FRPSDQLHG E\ WKH FKDQJH RI WKH VKDSH RI SROH ILJXUHV�
QDPHO\ VSOLWWLQJ RI WKH PD[LPXPV� DQG WKH UDWLR RI
RULHQWDWLRQV LV FKDQJHG� 7KH ILQDO WH[WXUH LV FKDUDF�
WHULVHG E\ YHU\ VWURQJ FRPSRQHQWV� ����� >���@�
����� >�

__
��@� ����� >�

__
��@� ����� >��

__
�@ DQG

����� >��

__
�@� $Q LQFUHDVH RI WKH LQWHQVLW\ RI WH[WXUH

H[WUHPXPV ZDV IRXQG LQ WKLV FDVH� WKLV EHLQJ GXH�
PRVW SUREDEO\� WR ORZHULQJ RI WKH QXPEHU RI LPSHU�
IHFWLRQV RI WKH FU\VWDOORJUDSKLF ODWWLFH� ,W VKRXOG DOVR
EH QRWHG WKDW DW KLJK�WHPSHUDWXUH DQQHDOLQJ
����� >�

__
��@ RULHQWDWLRQ LV PXFK PRUH GHYHORSHG WKDQ

����� >��

__
�@�

)URP WKH GDWD JLYHQ LQ )LJXUHV �� � DQG LQ 7DEOH �
LW IROORZV WKDW ERWK DQQHDOLQJ DW GLIIHUHQW WHPSHUD�
WXUHV DQG WKH FRUUHVSRQGLQJ WR WKHVH WHPSHUDWXUHV
JUDLQ VL]HV RI WKH SODQH LQ WKH +$= LQ ZHOGLQJ RI D
PRO\EGHQXP DOOR\ DUH DFFRPSDQLHG E\ D VLPLODU QD�
WXUH RI FKDQJH RI WKH FU\VWDOORJUDSKLF VWUXFWXUH�

,I LQ WKH LQLWLDO FRQGLWLRQ WKH PDLQ FRPSRQHQWV RI
WKH WH[WXUH DUH ����� >���@ DQG ����� >���@� DIWHU
DQQHDOLQJ DW ���� .� OHDGLQJ WR FRPSOHWH UHFU\VWDOOL�
VDWLRQ� WKLV WH[WXUH WXUQV LQWR D WH[WXUH RI ����� >���@
W\SH� $W IXUWKHU LQFUHDVH RI DQQHDOLQJ WHPSHUDWXUH RU
WUDQVLWLRQ WR +$= ZLWK D KLJKHU KHDWLQJ WHPSHUDWXUH�
WKLV W\SH RI FU\VWDOORJUDSKLF WH[WXUH LV SUHVHUYHG�

,QYHVWLJDWLRQ RI WKH WH[WXUH RI FROXPQDU FU\VWDO�
OLWHV LQ WKH FDVW ZHOG PHWDO� FRQGXFWHG IRU GLIIHUHQW
PDWHULDOV >�� �@� VKRZHG WKDW WKH FROXPQDU FU\VWDOOLWHV
IRUP QRUPDO WR WKH IURQW RI WKH LVRWKHUPV RI FRROLQJ
RI WKH ZHOG SRRO PROWHQ PHWDO� DQG WKHLU JURZWK FR�
LQFLGHV SUHGRPLQDQWO\ ZLWK >���@ GLUHFWLRQ� ,Q PR�
O\EGHQXP WKH VXUIDFH HQHUJ\ RI SODQH ����� LV PLQLPDO
DQG WKLV� LQ SDUWLFXODU� OHDGV WR EULWWOH FOHDYDJH RI WKH
FU\VWDOV SURFHHGLQJ DORQJ SODQHV ������ 7KHUHIRUH� LQ
FDVH RI ZHOG SRRO VROLGLILFDWLRQ XQGHU WKH FRQGLWLRQV
RI D OLPLWHG YROXPH RI WKHPROWHQPHWDO DQG UHDOLVDWLRQ
RI D WZR�GLPHQVLRQDO VROLGLILFDWLRQ IURQW� RQ D VXE�
VWUDWH RI SDUWLDOO\ PHOWHG JUDLQV RI WKH LQLWLDO PRO\E�
GHQXP DOOR\� D SUHGRPLQDQW JURZWK RI FROXPQDU FU\V�
WDOOLWHV LQ GLUHFWLRQ >���@ LV DQWLFLSDWHG� 7KLV ZDV
H[DFWO\ ZKDW ZDV IRXQG IRU D UHODWLYHO\ SXUH LQ WHUPV
RI LQWHUVWLWLDO LPSXULWLHV DQG ORZ�DOOR\HGPRO\EGHQXP
DOOR\ �7V0�����

+RZHYHU� LQ PRO\EGHQXP DOOR\V� DOOR\HGZLWK UKH�
QLXP �0,��� RU ]LUFRQLXP DQG KDIQLXP �7V0�����
ZKHUH WKH +$= PHWDO IRUPV D VWUXFWXUH ZLWK SODQH
������ WKLV WH[WXUH LV SUHVHUYHG LQ WKH ZHOG PHWDO GXH
WR VROLGLILFDWLRQ RQ D VXEVWUDWH RI SDUWLDOO\ PHOWHG
JUDLQV DORQJ WKH IXVLRQ OLQH� 'LUHFWLRQ RI IRUPDWLRQ
RI ZHOG PHWDO FU\VWDOOLWHV� LQ NHHSLQJ ZLWK WKH VKDSH
RI FRROLQJ LVRWKHUPV LV WXUQHG E\ ��w��� IURP WKH

7DEOH �� &RPSRVLWLRQ RI PRO\EGHQXP DOOR\V

$OOR\
:HLJKW IUDFWLRQ RI HOHPHQWV� �

5H =U +I $O % 2� 1� & +�

7V0��� w ���� ���� w ����� ����� ������ ����� ������

0,�� ��� w w w ����� ����� ������ ����� ������

7V0��� w w w ����� ����� ����� ������ ����� ������

)LJXUH �� &KDQJH RI JUDLQ VL]H U RI PRO\EGHQXP DOOR\V LQ WKH +$=
PHWDO LQ ZHOGLQJ� � x 0,��� � x 7V0���� � x 7V0���
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QRUPDO WR WKH ZHOG D[LV� 1RUPDO WR LVRWKHUP IURQW LV
GLUHFWLRQ >�

__
��@ RU >���@� DQG WKH FORVHVW GLUHFWLRQ

����! PDNHV D FRPSDUDWLYHO\ KLJK DQJOH ��� RU ����
UHVSHFWLYHO\� ZLWK WKH GLUHFWLRQ RI JURZWK RI WKH FU\V�
WDOOLWHV DQG GRHV QRW EHORQJ WR WKH VKHHW SODQH� 8QGHU
WKHVH FRQGLWLRQV� WKH FROXPQDU FU\VWDOOLWHV RI ZHOG
PHWDO LQKHULW WKH FU\VWDOORJUDSKLF WH[WXUH RI SDUWLDOO\
PHOWHG JUDLQV RI WKH IXVLRQ OLQH� L�H� JURZ DORQJ GL�
UHFWLRQ >���@ RU >���@�

7KXV� DQQHDOLQJ RI PRO\EGHQXP VKHHWV� GHIRUPHG
E\ UROOLQJ� RU WKHLU SUH�KHDWLQJ SULRU WR ZHOGLQJ� SUR�
PRWH IRUPDWLRQ RI D FU\VWDOORJUDSKLF WH[WXUH ZLWK WKH
PDLQ FRPSRQHQW RI ����� >���@ DQG >���@ LQ WKH +$=
PHWDO GXULQJ ZHOGLQJ� ZKLFK LV SUHVHUYHG LQ WKH ZHOG
PHWDO� 2EWDLQHG H[SHULPHQWDO GDWD UHYHDOV WKH LQIOX�
HQFH RI SUHOLPLQDU\ KHDW WUHDWPHQW DQG SUHKHDWLQJ RQ
WKH PHFKDQLFDO FKDUDFWHULVWLFV RI ZHOGHG MRLQWV RQ PR�
O\EGHQXP DOOR\V�

)LJXUH �� 3ROH ILJXUHV RI SODQHV ^���` RI GLIIHUHQW VHFWLRQV RI WKH +$= RI ZHOGHG MRLQW LQ DOOR\ 0,�� ZLWK WKH IROORZLQJ PD[LPDO
WHPSHUDWXUH� D x ����� E x ����� F x ����� G x ����� H x ����� I x ���� . �KHUH DQG IXUWKHU RQ WKH QXPEHUV JLYH WKH LQWHQVLW\
RI SROH GHQVLW\�

7DEOH �� 0DLQ FRPSRQHQWV RI WH[WXUHV RI DOOR\V 0,�� DQG 7V0���

°
DQ
� ¨ %DVH PHWDO &RUUHVSRQGLQJ SODQH RI WKH +$=

$OOR\ 0,��

���� ����� >���@� ����� >���
w
@� ����� >���@ ����� >���

w
@� ����� >���@

���� ����� >���@� ����� >���@� ����� >���@ ����� >���@� ����� >���@

���� ����� >���@� ����� >���@� ����� >���
w
@ ����� >���

w
@

���� ����� >���
w
@� ����� >���

w
@ ����� >���@� ����� >���

w
@

���� ����� >���@� ����� >���@� ����� >���
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)LJXUH �� 3ROH ILJXUHV RI SODQHV ^���` RI GLIIHUHQW VHFWLRQV RI WKH +$= RI ZHOGHG MRLQW LQ DOOR\ 7V0��� ZLWK WKH IROORZLQJ PD[LPDO
WHPSHUDWXUH� D x ����� E x ����� F x ����� G x ����� H x ����� I x ���� .

)LJXUH �� 3ROH ILJXUHV RI SODQHV ^���` RI PRO\EGHQXP DOOR\ 7V0��� DIWHU GLIIHUHQW DQQHDOLQJ WHPSHUDWXUHV� D x ����� E x ����� F x
����� G x ����� H x ����� I x ���� .
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$W KLJK�WHPSHUDWXUH DQQHDOLQJ WKH EDVH PHWDO
IRUPV D WH[WXUH RI ^���` ����! DQG ����! W\SH�
ZKLFK LV IXOO\ LQKHULWHG E\ WKH ZHOG PHWDO� 3UHKHDWLQJ
DQG KHDW LPSDFW RI WKH DUF RQ WKH +$= GXULQJ ZHOGLQJ
DOVR OHDG WR IRUPDWLRQ LQ LW RI FU\VWDOORJUDSKLF WH[WXUH
^���` ����! DQG ����! QHDU WKH IXVLRQ OLQH� DQG� DV
D UHVXOW� WH[WXUHV RI WKH VDPH W\SH LQ WKH ZHOG PHWDO�
,Q RWKHU ZRUGV� LUUHVSHFWLYH RI WKH LQLWLDO FU\VWDO�
ORJUDSKLF WH[WXUH ������ >���@ DQG ����� >���@ x
DOOR\ 7V0���� RU ����� >���@� ����� >���@ DQG
����� >���@ x DOOR\ 0,��� GXULQJ DQQHDOLQJ DW WHP�
SHUDWXUHV DERYH ���� . DQG GXULQJ ZHOGLQJ ZLWK SUH�
KHDWLQJ� RQH W\SH RI FU\VWDOORJUDSKLF WH[WXUH IRUPV�
QDPHO\ ^���` ����! DQG ����!�

,QKHULWLQJ WKH FU\VWDOORJUDSKLF WH[WXUH RI WKH EDVH
PHWDO E\ WKDW RI WKH ZHOGHG MRLQW GXULQJ ZHOGLQJ LQ
WKH FDVH� ZKHQ QR QRWLFHDEOH FKDQJH RI WKH DOOR\ FRP�
SRVLWLRQ RFFXUV� LV DFFRPSDQLHG E\ DQ LQWHU�UHODWLRQ
RI WKH SK\VLFR�PHFKDQLFDO FKDUDFWHULVWLFV RI WKH LQLWLDO
PDWHULDO DQG WKH ZHOGHG MRLQW� )LJXUH �� D VKRZV WKH
GHSHQGHQFH RI FROG EULWWOHQHVV WHPSHUDWXUH RI WKH EDVH
PDWHULDO� GHWHUPLQHG RQ VDPSOHV� FXW RXW DW GLIIHUHQW
DQJOHV WR WKH GLUHFWLRQ RI UROOLQJ RI PRO\EGHQXP DOOR\
VKHHWV� DQG )LJXUH �� E VKRZV WKH VDPH GHSHQGHQFLHV
IRU ZHOGHG MRLQWV�

6LQFH EDVH PHWDO VDPSOHV DQG VDPSOHV IRU ZHOGLQJ
ZHUH FXW RXW RI WKH VDPH VKHHW� LW PD\ EH DVVXPHG
WKDW WKHLU FRPSRVLWLRQ� FRQWHQW RI LQWHUVWLWLDO LPSX�
ULWLHV DQG VWUXFWXUDO VWDWH UHPDLQHG WKH VDPH� DQG MXVW
WKH FU\VWDOORJUDSKLF RULHQWDWLRQ DW H[WHUQDO SUHVVXUH
DSSOLFDWLRQ FKDQJHG LQ EHQG WHVWLQJ WR GHWHUPLQH WKH
FROG EULWWOHQHVV WHPSHUDWXUH�

,Q WKH FDVH� ZKHQ ORZ�WHPSHUDWXUH GXFWLOLW\ �RI
LQLWLDO EDVH PHWDO� RI WH[WXUHG PRO\EGHQXP DOOR\V LV
GHWHUPLQHG E\ WKH W\SH RI WKH FU\VWDOORJUDSKLF VWUXF�
WXUH� DQG WKH ZHOGHG MRLQW PHWDO LQKHULWV WKH FU\VWDO�
ORJUDSKLF RULHQWDWLRQ RI SDUWLDOO\ PHOWHG JUDLQV LQ WKH
IXVLRQ ]RQH� LW VKRXOG EH DVVXPHG WKDW WKH PLQLPDO
FROG EULWWOHQHVV WHPSHUDWXUH RI WKH ZHOGHG MRLQW ZLOO
FRUUHVSRQG WR WKDW RI WKH EDVH PHWDO� +RZHYHU� DV
VKRZQ E\ FRPSDUDWLYH DQDO\VLV RI WKH REWDLQHG UHVXOWV
�)LJXUH ��� PLQLPDO FROG EULWWOHQHVV WHPSHUDWXUH RI
WKH EDVH PHWDO FRUUHVSRQGV WR ORQJLWXGLQDO VDPSOHV�
DQG PLQLPDO FROG EULWWOHQHVV WHPSHUDWXUH RI ZHOGHG
MRLQWV ZDV GHULYHG RQ VDPSOHV� ZHOGHG DW DQ DQJOH RI
��� WR WKH GLUHFWLRQ RI UROOLQJ� 7KLV GLVFUHSDQF\ LV GXH
WR WKH IDFW WKDW LQ ZHOGLQJ RI WUDQVYHUVH VDPSOHV FU\V�
WDOORJUDSKLF RULHQWDWLRQV RI ORQJLWXGLQDO VDPSOHV IRUP
LQ WKH VROLGLI\LQJ PHWDO RI WKH ZHOG SRRO�

&21&/86,216

�� ,W LV IRXQG WKDW DW KLJK�WHPSHUDWXUH WUHDWPHQW DQG
IXVLRQ ZHOGLQJ RI ORZ�DOOR\HG PRO\EGHQXP DOOR\
7V0��� WKH +$= PHWDO IRUPV D VWURQJ FU\VWDO�
ORJUDSKLF ����� >���@ DQG ZHDNHU ����� >��

__
�@ DQG

����� >��

__
�@ WH[WXUHV DW WKH IXVLRQ OLQH� ZKLFK DUH

LQKHULWHG E\ WKH ZHOG PHWDO FU\VWDOV�
�� ,W LV HVWDEOLVKHG WKDW LQ DOOR\HG PRO\EGHQXP

DOOR\V 7V0��� DQG 0,�� WKH LQLWLDO ����� >���@ DQG
����� >���@ WH[WXUH RI WKH ZURXJKW VKHHW LV WUDQV�
IRUPHG GXULQJ KLJK�WHPSHUDWXUH WUHDWPHQW RU ZHOGLQJ
LQWR D WH[WXUH RI WKH W\SH RI ^���` ����! DQG ����!�
ZKLFK LV IXOO\ LQKHULWHG E\ WKH ZHOG PHWDO�

�� 3DOPH� 5� ������ ,QIOXHQFH RI GHIRUPDWLRQ WH[WXUHV RQ
SURSHUWLHV RI UHIUDFWRU\ PHWDOV� ,Q� 1HZ UHIUDFWRU\ PHWDOOLF

PDWHULDOV� 0RVFRZ� 0LU�
�� 1HURGHQNR� 0�0�� 3ROLVKFKXN� (�3�� 0LOPDQ� <X�9� HW DO�

������ %RQG RI FU\VWDOORJUDSKLF WH[WXUHV RI EDVH PHWDO DQG
ZHOG PHWDO RQ ORZ�DOOR\HG PRO\EGHQXP DOOR\V� $YWRPDWLFK�
6YDUND� ��� ��w���

�� %U\XNKDQRY� $�$� ������ *HQHUDO ODZV RI DQLVRWURS\ RI FX�
ELF FU\VWDOV DQG WH[WXUH RI FXELF V\VWHP PHWDOV� �� 7H[WXUH
RI UROOLQJ� ,]Y� 9X]RY 6665� )L]LND� �� ���w����

�� %UDXQ� +�� 6HPFKLVKHQ� 0�� %DUU� 5� ������ 5HFHQW
DFKLHYHPHQWV LQ WHFKQRORJ\ RI FDVW PRO\EGHQXP WUHDWPHQW�
,Q� 5HIUDFWRU\ PHWDOOLF PDWHULDOV IRU VSDFH HQJLQHHULQJ�
0RVFRZ� 0LU�

�� 6DYDJ� :�)�� /XQGLQ� '�'�� $URQVRQ� $�1� ������ :HOG
PHWDO VROLGLILFDWLRQ� :HOGLQJ -�� �� ���w����

�� 5RWWHU� -� ������ 6WUXFWXUDO LPSHUIHFWLRQV DULVLQJ GXULQJ

VROLGLILFDWLRQ� 0RVFRZ� 0HWDOOXUJL]GDW�

)LJXUH �� 'HSHQGHQFH RI FROG EULWWOHQHVV WHPSHUDWXUH 7F�E RI PR�
O\EGHQXP DOOR\V RQ WKH DQJOH RI FXWWLQJ RXW WKH VDPSOHV LQ WKH
GLUHFWLRQ RI ZHOGLQJ� D x EDVH PHWDO� E x ZHOGHG MRLQW� � x
0,��� �x 7V0���� �x 7V0��� �5' x UROOLQJ GLUHFWLRQ� 7'x
WUDQVYHUVH GLUHFWLRQ�
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$�,� %(/<� $�3� =+8'5$ DQG 9�,� '=<.29,&+

7KH (�2� 3DWRQ (OHFWULF :HOGLQJ ,QVWLWXWH� 1$68� .\LY� 8NUDLQH

'DWD RQ WKH HIIHFW RI DOOR\LQJ HOHPHQWV �QLRELXP� YDQDGLXP� WLWDQLXP� RQ WKH SURSRUWLRQ RI SKDVHV ZKLFK IRUP WKH

FRPSRVLWH DOOR\ PDWUL[ GXULQJ SODVPD VXUIDFLQJ DUH JLYHQ�

.H\ ZRU G V � SODVPD VXUIDFLQJ� ILOOHU PDWHULDO� FRPSRVLWH

DOOR\ PDWUL[� UHLQIRUFLQJ SDUWLFOHV

,Q SODVPD VXUIDFLQJ ZLWK D FRPSRVLWH DOOR\ EDVHG RQ
IXVHG WXQJVWHQ FDUELGHV� XVLQJ WKH HOHFWULFDOO\ QHXWUDO
ILOOHU PDWHULDO LQ WKH IRUP RI D WXQJVWHQ FDUELGH VWULS�
WKH PDLQ VWUXFWXUDO FRPSRQHQWV RI WKH PDWUL[ DUH VROLG

VROXWLRQ RI WXQJVWHQ LQ LURQ� HXWHFWLF DQG FRPSOH[

LURQ�WXQJVWHQ FDUELGHV >�@� 7KHVH SKDVHV DUH IRUPHG

DV D UHVXOW RI GLVVROXWLRQ RI UHLQIRUFLQJ JUDLQV� 7KH

ODWWHU DUH WKH HXWHFWLF DOOR\ RI WXQJVWHQ PRQR� DQG
VHPL�FDUELGHV :&w:�&� 7KH DERYH GLVVROXWLRQ OHDGV

WR VDWXUDWLRQ RI WKH PDWUL[ PHOW ZLWK FDUERQ DQG WXQJ�

VWHQ >�@�

$V HVWDEOLVKHG LQ WKH SUHYLRXV VWXGLHV GHGLFDWHG

WR GHR[LGDWLRQ RI PHWDO RI WKH PROWHQ SRRO LQ SODVPD

VXUIDFLQJ ZLWK FRPSRVLWH DOOR\V� WKH GHJUHH RI GLVVR�

OXWLRQ RI WKH UHLQIRUFLQJ SDUWLFOHV GHFUHDVHV ZLWK VLOL�
FRQ� PDQJDQHVH DQG DOXPLQLXP DGGHG WR WKH ILOOHU

PDWHULDO >�� �@� +RZHYHU� PHWDOORJUDSKLF H[DPLQD�

WLRQV RI WKH GHR[LGLVHG DQG QRQ�GHR[LGLVHG PDWULFHV

UHYHDO D VXEVWDQWLDO DPRXQW RI VHFRQGDU\ LURQ�WXQJ�

VWHQ FDUELGHV ��w�� µP LQ VL]H DQG FRDUVH HXWHFWLF WKH

SUHVHQFH RI ZKLFK OHDGV WR HPEULWWOHPHQW RI WKH PD�

WUL[� 7KLV LV LQGLFDWLYH WKDW GHR[LGDWLRQ DORQH LV QRW

HQRXJK IRU GHSRVLWLRQ RI WKH FRPSRVLWH DOOR\ KDYLQJ

WKH UHTXLUHG SHUIRUPDQFH�

4XDQWLWDWLYH HYDOXDWLRQ RI VWUXFWXUDO FRPSRQHQWV

ZDV FRQGXFWHG XVLQJ DQDO\VHU (3,48$17 WR ILQG D

PRUH DFFXUDWH FKDUDFWHULVWLF RI PDWUL[ DQG SUHGLFW

ZHDU UHVLVWDQFH RI WKH FRPSRVLWLRQ DV D ZKROH� 7KH

WXQJVWHQ FRQWHQW RI SKDVHV ZDV GHWHUPLQHG E\ ;�UD\

PLFURDQDO\VLV� 5HVXOWV RI HYDOXDWLRQ RI WKH TXDQWLWD�

WLYH DPRXQW RI SKDVHV LQ WKH PDWUL[ DUH JLYHQ LQ 7D�

EOH ��

7KH PDLQ VRXUFH RI IRUPDWLRQ RI XQIDYRXUDEOH

SKDVHV LQ WKH IRUP RI LURQ�WXQJVWHQ FDUELGHV )H�:�&�

)H�:�& DQG )H�:�&� DV ZHOO DV FRDUVH HXWHFWLF� LV

FDUERQ� L�H� WKH SURGXFW RI GLVVROXWLRQ RI WKH UHLQIRUF�

LQJ JUDLQV� 7KHUHIRUH� RQH RI WKH SURPLVLQJ ZD\V RI

IRUPLQJ WKH UHTXLUHG VWUXFWXUDO DUUDQJHPHQW RI WKH
PDWUL[ LV WR DOOR\ WKH PHOW ZLWK HOHPHQWV KDYLQJ D

KLJKHU DIILQLW\ IRU FDUERQ� FRPSDUHG ZLWK LURQ DQG
WXQJVWHQ� WR WDNH FDUERQ IURP WKH IRUPHG VHFRQGDU\

LURQ�WXQJVWHQ FDUELGHV DQG IRUP WKHLU RZQ FDUELGH

ZLWK D VPDOOHU VSHFLILF YROXPH� 7KLV SULQFLSOH LV

ZLGHO\ XVHG WR LPSURYH PHFKDQLFDO SURSHUWLHV RI WRRO

VWHHOV FRQWDLQLQJ �w� � FKURPLXP� LQ DGGLWLRQ WR

WXQJVWHQ >�� �@�

&RQVLGHULQJ D QXPEHU RI HOHPHQWV LQ D GHFUHDVLQJ

RUGHU RI WKHLU DIILQLW\ IRU FDUERQ �WLWDQLXP� QLRELXP�

YDQDGLXP� WXQJVWHQ� PRO\EGHQXP� FKURPLXP� LURQ�

>�@ VKRZV WKDW WKH PRVW DFWLYH RI WKHP DUH YDQDGLXP�

QLRELXP DQG WLWDQLXP� 7KHVH HOHPHQWV ZHUH DGGHG WR

WKH FKDUJH RI D ILOOHU PDWHULDO LQ WKH IRUP RI IHU�

URYDQDGLXP� IHUURQLRELXP DQG IHUURWLWDQLXP� $W�

WHPSWV WR XVH RWKHU FRPSRQHQWV FKDUDFWHULVHG E\ D

KLJKHU FRQWHQW RI WKH UHTXLUHG HOHPHQWV� VFDUFLW\ DQG
LQFUHDVHG FRVW IDLOHG WR JLYH SRVLWLYH UHVXOWV�

7KH FRQWHQW RI IHUURDOOR\V ZDV VHOHFWHG VR WKDW WKH
PDVV IUDFWLRQ RI YDQDGLXP� QLRELXP DQG WLWDQLXP LQ

WKH FRPSRVLWH PDWHULDO PDWUL[ LV ��� WR ��� �� 7KH

XSSHU OLPLW RI DOOR\LQJ LV DWWULEXWDEOH WR LQFUHDVH LQ

YROXPH RI WKH PDWUL[ LQ WKH WRWDO YROXPH RI WKH FRP�

SRVLWLRQ FDXVHG E\ D KLJK LURQ FRQWHQW RI IHUURDOOR\V�

7KH VDPSOHV GHSRVLWHGZHUH H[DPLQHG E\ WKH DERYH
SURFHGXUH DQG XVLQJ WKH -(2/ VFDQQLQJ HOHFWURQ PL�

FURVFRSH -60�7���� ,W ZDV IRXQG WKDW WKH DERYH DO�

OR\LQJ HOHPHQWV KDG D SRVLWLYH HIIHFW RQ IRUPDWLRQ RI
PDWUL[ DQG LWV VWUXFWXUDO FRPSRQHQWV�

,QFUHDVH WR � � LQ WKH QLRELXP FRQWHQW RI FRPSR�

QHQWV XVHG WR IRUP WKH PDWUL[ OHDGV WR LQFUHDVH LQ WKH

HIIHFW RI QLRELXP RQ VWUXFWXUDO FRPSRQHQWV� DQG DW D

FRQWHQW RI QLRELXP HTXDO WR �w� � LW KDV WKH KLJKHVW

HIIHFW ZKLFK VKRZV XS LQ GHFUHDVH LQ WKH FRQWHQW RI

� $�,� %(/<� $�3� =+8'5$ DQG 9�,� '=<.29,&+� ����

7DEOH �� (IIHFW RI GHR[LGLVLQJ HOHPHQWV RQ WKH FRQWHQW RI SKDVHV
ZKLFK IRUP WKH FRPSRVLWH OD\HU PDWUL[

6WUXFWXUDO

FRPSRQHQW

6\VWHP

LQYHVWLJDWHG

$PRXQW

RI SKDVHV

LQ PDWUL[�

YRO��

7XQJVWHQ

FRQWHQW

RI SKDVHV�

ZW��

6ROLG VROXWLRQ

RI WXQJVWHQ LQ

LURQ

)Hw:w& ��w�� ��w��

)Hw:w&w$Ow6Lw0Q ��w�� �w��

(XWHFWLF )Hw:w& ��w�� ��w��

)Hw:w&w$Ow6Lw0Q ��w�� ��w��

6HFRQGDU\

FDUELGHV

)Hw:w&

)Hw:w& ��w�� ��w��

)Hw:w&w$Ow6Lw0Q ��w�� ��w��
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VHFRQGDU\ LURQ�WXQJVWHQ FDUELGHV ��w�� µP LQ VL]H�

FRPSDUHG ZLWK D QRQ�GHR[LGLVHG PDWUL[� DV ZHOO DV LQ

LQFUHDVH LQ WKH VKDUH RI VROLG VROXWLRQ RI WXQJVWHQ LQ

LURQ �7DEOH ��� 6WUXFWXUH RI WKH FRPSRVLWH DOOR\ LQ

EDFN�VFDWWHUHG HOHFWURQV DQG GLVWULEXWLRQ RI WXQJVWHQ

LQ PDWUL[ DOOR\HG ZLWK QLRELXP LQ WKH FKDUDFWHULVWLFV

UDGLDWLRQ RI 1.α DUH VKRZQ LQ )LJXUH �� $�� %��

7KH SUHVHQFH RI ���w��� � YDQDGLXP LQ WKH PD�

WUL[�IRUPLQJ FRPSRQHQWV IDYRXUV IRUPDWLRQ RI WKH DO�

OR\ PDWUL[ ZLWK D PRUH ILQHO\ GLVSHUVHG VWUXFWXUH� $W

���w��� � YDQDGLXP LWV HIIHFW VKRZV XS LQ UHGXFWLRQ

RI VL]HV RI VHFRQGDU\ LURQ�WXQJVWHQ FDUELGHV WR ��w

�� µP� WKH PDMRULW\ RI ZKLFK DUH IRUPHG QHDU WKH

UHLQIRUFLQJ JUDLQV� L�H� LQ WKH ]RQHV ZKLFK DUH PRVW

VDWXUDWHG ZLWK WKHLU GLVVROXWLRQ SURGXFWV� 'HFUHDVH

LQ WKH FRQWHQW RI WKH VDLG FDUELGHV DQG LQFUHDVH LQ WKH

VKDUH RI VROLG VROXWLRQ RI WXQJVWHQ LQ LURQ WR ��w�� �

�7DEOH �� )LJXUH �� $�� %�� ZHUH DOVR UHYHDOHG� ,W

VKRXOG EH QRWHG WKDW WKH DPRXQW RI WXQJVWHQ LQ DOO

WKH FRPSRQHQWV KDUGO\ FKDQJHV LQ DOOR\LQJ ZLWK HLWKHU

QLRELXP RU YDQDGLXP� ,Q WKH FDVH RI LQFUHDVH LQ WKH

YDQDGLXP FRQWHQW WR PRUH WKDQ ��� �� QR PDUNHG

HIIHFW RI WKLV HOHPHQW ZDV HVWDEOLVKHG� H[FHSW IRU LQ�

FUHDVH LQ WKH YROXPH RI WKH PDWUL[ PHOW�

$GGLWLRQ RI ���w��� � WLWDQLXP WR WKH ILOOHU PD�

WHULDO FRPSRQHQWV IDYRXUV IRUPDWLRQ RI VWUXFWXUDO

FRPSRQHQWV� OLNH QLRELXP DQG YDQDGLXP GR� L�H� WKH

GHJUHH RI GLVSHUVLRQ RI WKHPDWUL[ LV LQFUHDVHG� )XUWKHU

LQFUHDVH LQ WKH WLWDQLXP FRQWHQW WR ���w��� � OHDGV

WR D GUDPDWLF LPSURYHPHQW LQ WKH PDWUL[ TXDOLW\� 6L]H

DQG TXDQWLW\ RI VHFRQGDU\ LURQ�WXQJVWHQ FDUELGHV LQ

WKH PDWUL[ DUH GHFUHDVHG� 7KHLU LQVLJQLILFDQW DPRXQW

�OHVV WKDQ �� µP LQ VL]H� ZDV GHWHFWHG LQ FORVH YLFLQLW\

WR WKH ERXQGDU\ RI WKH UHLQIRUFLQJ JUDLQV�

,Q DGGLWLRQ� DV SURYHG E\ ;�UD\ PLFURDQDO\VLV�

LQFUHDVH LQ WKH WLWDQLXP FRQWHQW RI WKH VWUXFWXUH FKD�

UDFWHULVHG E\ D VPDOO YROXPH DQG FRPSRVLWLRQ FORVH

WR WLWDQLXP FDUELGH WDNHV SODFH LQ WKH DERYH ]RQH�

7KLV FRQILUPV SUHGLFWLRQ RI FRPELQLQJ FDUERQ� L�H� WKH

SURGXFW RI GLVVROXWLRQ RI WKH UHLQIRUFLQJ SDUWLFOHV�

$GGLWLRQ RI ���w��� � WLWDQLXP WR WKH ILOOHU PDWHULDO

KDV D SRVLWLYH HIIHFW DOVR RQ RWKHU VWUXFWXUDO FRPSR�

QHQWV� (XWHFWLF EHFRPHV PRUH ILQHO\ GLVSHUVHG DQG LV

GLVWULEXWHG RYHU WKH HQWLUH YROXPH RI WKH PDWUL[ �)L�

JXUH �� $�� %��� $OVR D PRUH VXEVWDQWLDO GHFUHDVH LQ

LWV FRQWHQW RI WKH PDWUL[ ZDV QRWHG� FRPSDUHG ZLWK

WKH PDWUL[ DOOR\HG ZLWK QLRELXP DQG YDQDGLXP� $W

WKH VDPH WLPH� QR GHFUHDVH LQ WKH WXQJVWHQ FRQWHQW RI

HXWHFWLF ZDV GHWHFWHG� $V WR WKH VROLG VROXWLRQ RI WXQJ�

VWHQ LQ LURQ� D VXEVWDQWLDO LQFUHDVH LQ LWV DPRXQW LQ

WKH WRWDO PDWUL[ YROXPH ZDV IL[HG� L�H� WR ��w�� �

�7DEOH ���

,W VKRXOG EH QRWHG WKDW DQ DYHUDJH WXQJVWHQ FRQ�

WHQW RI WKH GHR[LGLVHG PDWUL[ LV ��w�� �� :LWK DG�

GLWLRQ RI XS WR ��� � RI WKH VDLG HOHPHQWV WR WKH ILOOHU

PDWHULDO� WKH PRVW IDYRXUDEOH HIIHFW RQ GHFUHDVH LQ

WKH WXQJVWHQ FRQWHQW LV H[HUWHG E\ YDQDGLXP� WKHQ JR

QLRELXP DQG WLWDQLXP� :LWK IXUWKHU LQFUHDVH LQ WKH

)LJXUH ��0LFURVWUXFWXUH RI FRPSRVLWH DOOR\ LQ EDFN�VFDWWHUHG HOHFWURQV �$�w$�� DQG GLVWULEXWLRQ RI WXQJVWHQ LQ PDWUL[ LQ FKDUDFWHULVWLF
UDGLDWLRQ �%�w%�� DW GLIIHUHQW DOOR\LQJ V\VWHPV� � x QLRELXP� � x YDQDGLXP� � x WLWDQLXP

7DEOH �� (IIHFW RI DOOR\LQJ HOHPHQWV RQ WKH WXQJVWHQ FRQWHQW RI
VWUXFWXUDO FRPSRQHQWV RI WKH FRPSRVLWH DOOR\ PDWUL[

6WUXFWXUDO

FRPSRQHQW

$OOR\LQJ

HOHPHQW

&RQWHQW� YRO�� 7XQJVWHQ

FRQWHQW RI

SKDVHV�

ZW��

5HLQIRUFLQJ

SDUWLFOHV

LQ DOOR\

&RPSRQHQWV

LQ PDWUL[

6ROLG VROX�

WLRQ RI

WXQJVWHQ

LQ LURQ

1E �� ��w�� ��w��

9 �� ��w�� ��w��

7L �� ��w�� �w��

(XWHFWLF 1E �� ��w�� ��w��

9 �� ��w�� ��w��

7L �� ��w�� ��w��

6HFRQGDU\

FDUELGHV

)Hw:w&

1E �� �w�� ��w��

9 �� �w� ��w��

7L �� �w� ��w��
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GHJUHH RI DOOR\LQJ WKH HIIHFW RI WLWDQLXP LV KLJKHU�

DQG DIWHU LWV FRQWHQW RI WKH ILOOHU PDWHULDO EHFRPHV

PRUH WKDQ � � LW SOD\V D GRPLQDQW UROH LQ IRUPDWLRQ

RI PDWUL[ RI WKH FRPSRVLWH DOOR\ ZLWK WKH EHVW SHU�

IRUPDQFH �)LJXUH ���

$EUDVLYH ZHDU WHVWV RI FRPSRVLWH DOOR\V GHSRVLWHG

E\ XVLQJ D 7L�FRQWDLQLQJ ILOOHU PDWHULDO VKRZHG LQ�

FUHDVH RI ���w��� WLPHV LQ ZHDU UHVLVWDQFH RI WKH FRP�

SRVLWLRQ� FRPSDUHG ZLWK DOOR\V SURGXFHG E\ UHLQIRUF�

LQJ WKH PROWHQ SRRO ZLWK WXQJVWHQ FDUELGH JUDLQV�

6XUIDFLQJ RI WKH H[SHULPHQWDO EDWFK RI WRRO MRLQWV

RI GULOO SLSHV =6K����$ XVLQJ D 7L�FRQWDLQLQJ WXQJVWHQ

FDUELGH VWULS SURYLGHG DQ LQFUHDVH RI ���w��� WLPHV LQ

WKHLU OLIH� FRPSDUHG ZLWK WKH OLIH RI XQWUHDWHG UHIHU�

HQFH PDVV�SURGXFHG WRRO MRLQWV� 7KH QHZ PDWHULDO IRU

SODVPD VXUIDFLQJ RI FRPSRVLWH DOOR\V KDV EHHQ DSSOLHG

DW WKH 'URJRE\FK GULOO ELW IDFWRU\� 8NUDLQH� ZKLFK

LQFRUSRUDWHV D ZRUNVKRS IRU FRPPHUFLDO PDQXIDFWXUH

RI WRRO MRLQWV ZLWK UHLQIRUFHG H[WHUQDO VXUIDFHV�

&21&/86,216

�� (IILFLHQF\ RI DGGLWLRQ RI QLRELXP� YDQDGLXP DQG

WLWDQLXP WR WKH ILOOHU PDWHULDO� DV ZHOO DV WKHLU HIIHFW

RQ FRQGLWLRQV RI IRUPDWLRQ RI VWUXFWXUDO FRPSRQHQWV

DQG WKHLU SURSRUWLRQ LQ WKH FRPSRVLWH DOOR\ PDWUL[

ZHUH HVWDEOLVKHG�

�� 7KH RSWLPDO DPRXQW RI WLWDQLXP� L�H� ���w��� ��

WR EH DGGHG WR WKH ILOOHU PDWHULDO� UHODWLYH WR FRPSR�

QHQWV ZKLFK IRUP WKH FRPSRVLWH DOOR\ PDWUL[ DIWHU

PHOWLQJ DQG VROLGLILFDWLRQ� ZDV GHWHUPLQHG�

�� 2YFKLQQLNRYD� 7�6� � ����� 6WXG\ RI VWUXFWXUH RI WKH UHLQ�
IRUFHG OD\HU RI GULOOLQJ ELW UROOLQJ FXWWHUV DQG LWV LQIOXHQFH
RQ ZHDU UHVLVWDQFH� 6\Q� RI 7KHVLV IRU &DQG� RI 7HFKQ� 6FL�
'HJUHH� 0RVFRZ�

�� =KXGUD� $�3� ������ 5HVHDUFK DQG GHYHORSPHQW RI PDWHUL�
DOV IRU VXUIDFLQJ RI FRPSRVLWH DOOR\V UHVLVWDQW WR LQWHQVLYH
DEUDVLYH ZHDU FRQGLWLRQV� 6\Q� RI 7KHVLV IRU &DQG� RI
7HFKQ� 6FL� 'HJUHH� .\LY�

�� %HO\� $�,�� ']\NRYLFK� 9�,� ������ 'HR[LGDWLRQ RI PHWDO
GXULQJ SODVPD VXUIDFLQJ RI FRPSRVLWH DOOR\V� ,Q� $EVWU� RI
SDS� RI $OO�8QLRQ 6HPLQDU RQ 7KHRUHWLFDO DQG 7HFKQRORJL�
FDO 3ULQFLSOHV RI 6XUIDFLQJ LQ 0HWDOOXUJLFDO DQG 0LQLQJ
,QGXVWU\� .\LY� 3:,�

�� *HOOHU� <X�$� ������ 7RRO VWHHOV� 0RVFRZ� 0HWDOOXUJL\D�
�� *XGUHPRQW� (� ������ 6SHFLDO VWHHOV� 0RVFRZ� 0HWDOOXUJL\D�

)LJXUH �� (IIHFW RI DOOR\LQJ FRPSRQHQWV RQ WKH FRQWHQW RI WXQJVWHQ
LQ WKH FRPSRVLWH DOOR\ PDWUL[

�����
��
�
������
������������

���������
������������
����
���
����
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7KH (�2� 3DWRQ (OHFWULF :HOGLQJ ,QVWLWXWH� 1$68� .\LY� 8NUDLQH

6WXGLHV DOORZLQJ WKH UHODWLRQVKLS EHWZHHQ FROOLVLRQ SDUDPHWHUV DQG TXDOLW\ RI H[SORVLRQ ZHOGHG MRLQWV ZHUH FDUULHG RXW�

)RUPDWLRQ RI WKH ILQDO VWUXFWXUH RI WKH FRQWDFW ]RQH LQ WKH MRLQWV� GHWHUPLQLQJ WKHLU VWUHQJWK DQG GXFWLOLW\� ZDV IRXQG

WR GHSHQG PRVWO\ XSRQ WKH PXWXDO HIIHFW RI WZR FRPSHWLQJ PHFKDQLVPV� L�H� GHIRUPDWLRQ VWUHQJWKHQLQJ DQG UHOD[DWLRQ

�UHFRYHU\�� 5HFRPPHQGDWLRQV RQ VHOHFWLRQ RI ZHOGLQJ SDUDPHWHUV WR HQVXUH WKH RSWLPDO HQHUJ\ EDODQFH GXULQJ WKH

VWUHQJWKHQLQJ DQG VWUXFWXUH UHOD[DWLRQ SURFHVVHV DUH JLYHQ�

.H\ ZRU G V � H[SORVLRQ ZHOGLQJ� QLFNHO� SODVWLF GHIRUPD�
WLRQ� ILQH VWUXFWXUH� PHFKDQLFDO SURSHUWLHV� FRQWDFW ]RQH� WHP�
SHUDWXUH FRQGLWLRQV� RSWLPLVDWLRQ

6HUYLFH FKDUDFWHULVWLFV RI WKH H[SORVLRQ ZHOGHG MRLQWV

DUH GHWHUPLQHG LQ PDQ\ UHVSHFWV E\ D VWUXFWXUDO VWDWH

RI PHWDO IRUPHG RQ WKH VXUIDFH RI WKH MRLQWV� ,Q WXUQ�

WKLV VWDWH GHSHQGV XSRQ WKH FROOLVLRQ SDUDPHWHUV�

7KHUH DUH VHYHUDO FULWHULD RQ WKH EDVLV RI ZKLFK LW LV

SRVVLEOH WR DVVLJQ D SULRUL WKH RSWLPDO FROOLVLRQ SD�

UDPHWHUV >�w�@� 2QH RI WKHP LV WKH HQHUJ\ FULWHULRQ�

,W LV UHGXFHG WR DQDO\VLV RI EDODQFH RI WKH NLQHWLF

HQHUJ\ RI WKH IO\HU SODWH� $Q HVWDEOLVKHG SUHPLVH IRU

WKLV LV WKDW WKH IXOO�VWUHQJWK MRLQW FDQ EH IRUPHG LQ

WKH FDVH ZKHUH IRU HDFK RI WKH PHWDOV MRLQHG WKH SODVWLF

GHIRUPDWLRQ HQHUJ\:� FRQVXPHG IRU ZHOGLQJ SURSHU

LV QRW ORZHU WKDQ WKH FULWLFDO RQH >�@� FKDUDFWHULVWLF

RI HDFK VSHFLILF FRPELQDWLRQ RI PHWDOV� 7KLV DSSURDFK

PDNHV LW SRVVLEOH WR HVWLPDWH WKH HIIHFW RI WKLFNQHVV

RI WKH SODWHV ZHOGHG RQ WKH :� YDOXH DQG VWUXFWXUDO

VWDWH RI WKH MRLQLQJ ]RQH PHWDO� $ GUDZEDFN RI WKLV

PHWKRG LV WKDW LW DOORZV GHWHUPLQDWLRQ RI RQO\ WKH

LQWHJUDO HQHUJ\ FKDUDFWHULVWLFV RI WKH SURFHVV� 7KHUH�

IRUH� LW LV RIWHQ LPSRVVLEOH WR UHOLDEO\ HVWLPDWH WKH

EDODQFH RI WKH HQHUJ\ H[SHQGLWXUHV LQ H[SORVLRQ ZHOG�

LQJ DQG� KHQFH� SUHGLFW WKH VWUXFWXUDO VWDWH RI PHWDO

ZLWKRXW DQ DGGLWLRQDO H[SHULPHQWDO FRUUHFWLRQ� $O�

� /�,� 0$5.$6+29$� 9�9� $56(1<8.� 9�*� 3(786+.29 DQG *�0� *5,*25(1.2� ����
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ORZLQJ IRU VXFK SDUDPHWHUV DV KLJK SUHVVXUH� WHPSHUD�
WXUH DQG GHIRUPDWLRQ UDWH� LW LV YHU\ GLIILFXOW WR GH�

WHUPLQH G\QDPLF VWUHQJWK RI D PDWHULDO� LWV PHOWLQJ

WHPSHUDWXUH DQG RWKHU SK\VLFDO�PHFKDQLFDO FKDUDF�

WHULVWLFV >�� �@�

7KH SXUSRVH RI WKLV VWXG\ LV WR ZLGHQ WKH H[LVWLQJ

FRQFHSWV RI WKH SRVVLEOH ZD\V RI RSWLPLVDWLRQ RI H[�

SORVLRQ ZHOGLQJ SDUDPHWHUV WKURXJK LQYHVWLJDWLRQ RI

WKH HIIHFW RQ WKH G\QDPLFV RI VWUXFWXUH RI WKH FRQWDFW

]RQH E\ WKH FROOLVLRQ SDUDPHWHUV� &RPPHUFLDOO\ SXUH

QLFNHO RI WKH 13�� JUDGH ZDV VHOHFWHG DV D PRGHO

PDWHULDO� 2ZLQJ WR LWV IFF ODWWLFH� LW XQGHUJRHV SODVWLF

GHIRUPDWLRQ GLUHFWO\ RYHU D ZLGH UDQJH RI WKH FU\V�
WDOORJUDSKLF VOLGLQJ V\VWHPV� 7KLV DOORZV WKH H[SHUL�

PHQWDO PDWHULDO WR EH SURGXFHG LQ ZHOGLQJ ZLWKLQ D

ZLGH UDQJH RI FROOLVLRQ SDUDPHWHUV E\ DYRLGLQJ GHIHFWV

RI D GHIRUPDWLRQ RULJLQ �FUDFNV� GHODPLQDWLRQV� HWF���

)RXU VHULHV RI H[SHULPHQWV XQGHU GLIIHUHQW FROOLVLRQ

FRQGLWLRQV �7DEOH� ZHUH FRQGXFWHG�:HOGLQJ ZDV SHU�

IRUPHG E\ WKH DQJXODU PHWKRG� 7R DYRLG WKH HIIHFW RI
DQ DYHUDJHG XQLW PDVV RQ WKH UHJXODULW\ RI IRUPDWLRQ

RI MRLQWV EHWZHHQ WKH IO\HU DQG WDUJHW SODWHV� LQ DOO

WKH H[SHULPHQWV WKHLU WKLFNQHVV �� DQG � PP� UHVSHF�

WLYHO\� ZDV NHSW FRQVWDQW� $FFRUGLQJ WR WKH GDWD RI

>�@� WKH PLQLPXP SHUPLVVLEOH YDOXH RI:� LQ WKLV FDVH

LV DSSUR[LPDWHO\ ��� 0-�P�
� 7KH DFFHOHUDWLRQ YHORF�

LW\ EHLQJ NHSW FRQVWDQW �Y� ≅ ��� P�V�� YDOXHV RI WKH

FRQWDFW SRLQW YHORFLW\ YF�S DQG :� ZHUH YDULHG E\

YDU\LQJ WKH YDOXH RI LQLWLDO �VHWWLQJ� DQJOH α �7DEOH��

7KH 5'; PDWHULDO FKDUDFWHULVHG E\ VWDEOH DQG UHSUR�
GXFLEOH GHWRQDWLRQ SDUDPHWHUV ZDV XVHG DV WKH H[SOR�
VLYH� +HLJKW RI WKH H[SORVLYH FKDUJH ZDV NHSW FRQ�

VWDQW� 9DOXHV RI :�� GHSHQGLQJ XSRQ WKH NLQHPDWLF

FROOLVLRQ SDUDPHWHUV� ZHUH IRXQG IURP WKH IROORZLQJ

H[SUHVVLRQ >�@�
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ZKHUH P
DY

LV WKH DYHUDJHG XQLW PDVV RI WKH SODWHV

ZHOGHG DQG F� LV WKH YHORFLW\ RI VRXQG LQ PHWDO�

4XDOLW\ RI WKH UHVXOWLQJ MRLQWV ZDV GHWHUPLQHG E\
WKH GHJUHH RI KRPRJHQHLW\ RI PHWDO LPPHGLDWHO\ DW
WKH FRQWDFW ERXQGDU\� 6WUXFWXUDO SHFXOLDULWLHV RI PH�

WDO LQ WKLV UHJLRQ ZHUH LQYHVWLJDWHG E\ WKH PHWKRGV

RI RSWLFDO� WUDQVPLVVLRQ DQG PLFURGLIIUDFWLRQ HOHFWURQ

PLFURVFRS\� 7KLQ IRLOV ZHUH H[DPLQHG XVLQJ WKH HOHF�

WURQ PLFURVFRSH -(0����&; DW DQ DFFHOHUDWLQJ YROW�

DJH RI ��� N9�

0LFURVWUXFWXUHV RI WKH MRLQWV SURGXFHG XQGHU FRQ�

GLWLRQV , DQG ,, �VHH WKH 7DEOH� ZHUH IRXQG WR EH

DOPRVW LGHQWLFDO DQG FKDUDFWHULVHG E\ DQ LQFUHDVHG

TXDQWLW\ RI WKH ODFN RI SHQHWUDWLRQ UHJLRQV �)LJXUH ���

7KH SUHVHQFH RI VXFK UHJLRQV OHDGV XVXDOO\ WR GHFUHDVH
LQ HOHFWURFKHPLFDO KRPRJHQHLW\� ZKLFK LQ WXUQ FDXVHV

GHFUHDVH LQ FRUURVLRQ UHVLVWDQFH RI WKH FRQWDFW ERXQG�

DU\� 6XE�VWUXFWXUH RI WKHVH MRLQWV LV QRQ�XQLIRUP LQ

VL]H DQG RULHQWDWLRQ RI JUDLQV� ,W LV FKDUDFWHULVHG E\

D YHU\ KLJK GHQVLW\ �≈ �⋅���� FPw�� RI GLVORFDWLRQV

SUHVHQW LQVLGH WKH FHOOV DQG LQ WKH UHJLRQ RI WKH VXE�

JUDLQ ERXQGDULHV �)LJXUH �� D�� 7KH FOHDUO\ GHILQHG
ERXQGDULHV RI WKH �NQLIH� W\SH ZLWK KLJK GLVRULHQWD�
WLRQ DQJOHV HTXDO WR DERXW ��w��� DUH DOVR VHHQ �)L�

JXUH �� F��

$ORQJ ZLWK WKH HTXLD[LDO FHOOV� LQGLYLGXDO VXE�
VWUXFWXUDO HOHPHQWV RI DQ HORQJDWHG VKDSH DUH DOVR

IRUPHG� 7KHVH HOHPHQWV DUH WKH GHIRUPDWLRQ EDQGV

LQWHUSUHWHG DV WKH HOHFWURQ PLFURVFRS\ HTXLYDOHQW RI

WKH RSWLFDOO\ REVHUYHG VKHDU EDQGV >�@� $FFRUGLQJ WR

>�@� GLIIHUHQFH LQ VDIHW\ IDFWRUV IRU GXFWLOLW\ RI WKH
DGMRLQLQJ PHWDO PLFURYROXPHV �ZLWK SHUIHFW HTXLD[LDO

DQG EDQG VWUXFWXUHV�� DV ZHOO DV UHOD[DWLRQ RI WKH

FRQVLGHUDEOH DPRXQW RI WKH HODVWLF HQHUJ\ DFFXPXODWHG

DW WKH VXE�ERXQGDULHV RI WKH EDQG VWUXFWXUHV PD\ OHDG

WR IUDFWXUH RI D MRLQW XQGHU ORDGLQJ� )RU WKHVH UHDVRQV

FRQGLWLRQV , DQG ,, FDQQRW EH UHFRPPHQGHG IRU SUDF�

WLFDO DSSOLFDWLRQ� ,QFUHDVH LQ WKH SODVWLF GHIRUPDWLRQ

HQHUJ\ XQGHU FRQGLWLRQV ,,, FDXVHG GHFUHDVH RI DS�

([SORVLRQ ZHOGLQJ SURFHVV SDUDPHWHUV

:HOGLQJ

FRQGLWLRQV
α� GHJ γ� GHJ YF�S� P�V :�� 0-�P

�

, � �� ���� ���

,, � �� ���� ���

,,, �� �� ���� ���

,9 �� �� ���� ���

γ LV WKH G\QDPLF FROOLVLRQ DQJOH�

)LJXUH �� 6WUXFWXUH RI WKH 1Lw1L MRLQW PDGH E\ H[SORVLRQ ZHOGLQJ DW α  ��� Dx ILQH VWUXFWXUH RI WKH ZHOGLQJ ]RQH ZLWK WKH GLIIUDFWLRQ
SDWWHUQ RI UHIOH[HV LQ UDGLDO GLUHFWLRQ �×�������� E x JHQHUDO YLHZ RI WKH ZHOGLQJ ]RQH �×����� F x H[DPSOH RI WKH IRUPHG IUDJPHQWV
ZLWK VWUDLJKW�OLQHG �NQLIH�VKDSHG� ERXQGDULHV �×�������
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SUR[LPDWHO\ DQ RUGHU RI PDJQLWXGH LQ WKH YROXPH GHQ�
VLW\ RI GLVORFDWLRQV �)LJXUH ��� ,Q WKLV FDVH� OLNH LQ
ZHOGLQJ XQGHU FRQGLWLRQV , DQG ,,� WKH RULHQWHG EDQG
VWUXFWXUHV DUH IRUPHG LQ WKH ZHOGLQJ ]RQH� +RZHYHU�
UHGLVWULEXWLRQ RI WKH FU\VWDOOLQH ODWWLFH GHIHFWV OHDGV
WR IRUPDWLRQ RI PRUH HTXLD[LDO FHOOV� 'LVRULHQWDWLRQV
RI WKH FHOOV LQVLGH WKH EDQGV DQG RI DGMRLQLQJ EDQG
VSHFLHV EHWZHHQ HDFK RWKHU DUH QRW KLJK� L�H� ZLWKLQ
WKH ORZ�DQJOH GLVRULHQWDWLRQ UDQJHV �DSSUR[LPDWHO\
XS WR ����

7KHUHIRUH� LQFUHDVH LQ WKH:� YDOXHV �VRIWHQV� WKH
FRQWDFW ]RQH VWUXFWXUH EHFDXVH RI GLVDSSHDUDQFH RI WKH
FOHDUO\ GHILQHG RULHQWDWLRQ RI WKH ERXQGDULHV UHODWLYH
WR D GHIRUPDWLRQ VWUHVV� 7KLV VKRZV XS DV WKH
�VPHDUHG� EDQG VWUXFWXUHV� IUDJPHQWDWLRQ RI WKH LQ�
WHUQDO YROXPHV RI WKH EDQGV DQG GHFUHDVH LQ WKH YROXPH
DQG QHDU�ERXQGDU\ GHQVLW\ RI GLVORFDWLRQV� $V D UHVXOW�
VWUXFWXUDO VWDWH RI WKH ZHOGLQJ ]RQH KDUGO\ GLIIHUV
IURP WKDW RI WKH EDVH PHWDO� 7KH MRLQWV SURGXFHG XQGHU
FRQGLWLRQV ,9 DUH FKDUDFWHULVHG� RQ WKH RQH KDQG� E\
WKH SUHVHQFH RI HTXLD[LDO UHFU\VWDOOLVDWLRQ FHQWUHV DQG�
RQ WKH RWKHU KDQG� E\ D VXEVWDQWLDO FKDQJH LQ D ILQH
VWUXFWXUH RI WKH ZHOGLQJ ]RQH WRZDUG LQFUHDVH LQ WKH
YROXPH IUDFWLRQ RI WKH GHIRUPDWLRQ EDQGV� L�H� WKH
FHOOXODU QRQ�HTXLD[LDO VWUXFWXUH GRPLQDQW XQGHU FRQ�
GLWLRQV ,,, LV GHJHQHUDWHG ZLWK LQFUHDVH LQ :� LQWR
WKLQ HORQJDWHG SDFNV RI WKH EDQG VSHFLHV ZLWK D GUDVWLF
GHFUHDVH LQ WKH GLVORFDWLRQ GHQVLW\ LQVLGH WKH EDQGV�
7KHUHIRUH� VWUXFWXUH RI PHWDO RI WKH ZHOGLQJ ]RQH LV
VXEVWDQWLDOO\ GLIIHUHQW IURP WKDW RI WKH EDVH PHWDO LQ
WKH GLVORFDWLRQ GHQVLW\� VKDSH RI VWUXFWXUDO HOHPHQWV
DQG WKHLU GLVRULHQWDWLRQ DQJOH �)LJXUH ���

7KH UHYHDOHG HOHPHQWV RI D VXE�VWUXFWXUH RI WKH
FRQWDFW ERXQGDU\ RI WKH MRLQWV SURGXFHG XQGHU GLIIHU�
HQW ZHOGLQJ FRQGLWLRQV PDGH LW SRVVLEOH WR LGHQWLI\
WKH FKDUDFWHU RI WKH GHIRUPDWLRQ SURFHVVHV RFFXUULQJ
LQ WKLV ]RQH� 7KH KLJK GLVORFDWLRQ GHQVLW\� LUUHJXODULW\
RI VWUXFWXUDO ERXQGDULHV� WKHLU VPHDUHG RULHQWDWLRQ
DQG IUDJPHQWDWLRQ RI WKH VXE�VWUXFWXUH ZLWK WKH GLV�
SHUVHG DQG HORQJDWHG FHOOV IRUPHG LQ WKH FDVH RI XVLQJ
FRQGLWLRQV , DQG ,, DUH LQGLFDWLYH RI DQ LQVLJQLILFDQW
HIIHFW RI WKHUPDO DFWLYDWLRQ RQ PRYHPHQW RI GLVORFD�
WLRQV�

)UDJPHQWDWLRQ RI VWUXFWXUH DFFRPSDQLHG E\ IRU�
PDWLRQ RI VXEVWDQWLDOO\ GLVRULHQWHG ERXQGDULHV LV
FDXVHG PRVWO\ E\ WKH GRPLQDQFH RI WKH GHIRUPDWLRQ
SURFHVVHV LQ WKH GHIRUPDWLRQwUHOD[DWLRQ VHULHV� ,Q DG�
GLWLRQ� WKH FKDUDFWHU RI VWUXFWXUH RI WKH ZHOGLQJ ]RQH
PHWDO LV LQGLFDWLYH RI H[KDXVWLRQ RI WKH SRVVLELOLWLHV
RI WKH UHOD[DWLRQ SURFHVVHV DV D UHVXOW RI PRYHPHQW

RI LQGLYLGXDO GLVORFDWLRQV �WUDQVODWLRQDO IRUPV RI SODV�
WLF GHIRUPDWLRQ�� 7KHUHIRUH� D QRQ�XQLIRUP VWUHVVHG
VWDWH ZKLFK FDXVHV UHOD[DWLRQ RI LQWHUQDO VWUHVVHV
WKURXJK WXUQ RI WKH DGMRLQLQJ YROXPHV LV IRUPHG LQ D
PDWHULDO� 6WUXFWXUDO PDQLIHVWDWLRQ RI VXFK D PHFKD�
QLVP RI UHOD[DWLRQ LV WKH DFWLYH IUDJPHQWDWLRQ WR IRUP
WKH FOHDUO\ GHILQHG RULHQWHG KLJK�DQJOH �NQLIH�
VKDSHG� ERXQGDULHV�

)RUPDWLRQ RI WKH REVHUYHG EDQG VWUXFWXUHV FDQ
SUREDEO\ EH UHODWHG WR WKH HIIHFW RI ORVV LQ PHFKDQLFDO
VWDELOLW\ DQG FROOHFWLYH IRUPV RI PRYHPHQW RI WKH FU\V�
WDOOLQH ODWWLFH GHIHFWV� 7KH HTXLD[LDO VKDSH RI VXE�
JUDLQV ZLWK D VPDOO GLVRULHQWDWLRQ DQJOH DQG WKH
VPHDUHG FKDUDFWHU RI WKH EDQG VWUXFWXUHV LQ WKH FDVH
RI ZHOGLQJ XQGHU FRQGLWLRQV ,,, �VHH )LJXUH �� E� DUH
LQGLFDWLYH RI DQ LQFUHDVHG HIIHFW RI WKH WKHUPDOO\ DF�
WLYDWHG IRUPV RI UHGLVWULEXWLRQ RI WKH FU\VWDOOLQH ODW�
WLFH GHIHFWV� RFFXUULQJ PRVWO\ E\ WKH SRO\JRQLVDWLRQ
PHFKDQLVP� )RUPDWLRQ RI VWUXFWXUH ZLWK D GUDVWLF GH�
FUHDVH LQ WKH GLVORFDWLRQ GHQVLW\ LQVLGH WKH EDQGV LQ
WKH FDVH RI ZHOGLQJ XQGHU FRQGLWLRQV ,9 FDQ EH H[�
SODLQHG E\ D VXEVWDQWLDO GRPLQDQFH RI WKH WKHUPDO
UHOD[DWLRQ SURFHVVHV RYHU WKH SURFHVVHV RI GHIRUPDWLRQ
�VWUHQJWKHQLQJ� RI PHWDO LQ WKH ZHOGLQJ ]RQH�

7KHUHIRUH� SHFXOLDULWLHV RI SODVWLF IORZ RI PHWDO LQ
WKH FRQWDFW ]RQH� UHYHDOHG DV D UHVXOW RI WKH FRQGXFWHG
DQDO\VLV� DUH LQGLFDWLYH RI RFFXUUHQFH RI WZR FRPSHWL�
WLYH SURFHVVHV� L�H� GHIRUPDWLRQ VWUHQJWKHQLQJ DQG ORVV
LQ VWUHQJWK� 6WUHQJWKHQLQJ FDXVHG E\ D KLJK OHYHO RI
SODVWLF GHIRUPDWLRQ LV FKDUDFWHULVHG E\ DFFXPXODWLRQ

)LJXUH �� )LQH VWUXFWXUH RI WKH QLFNHO ZHOGLQJ ]RQH �D� �×�������
DQG LWV LQGLYLGXDO UHJLRQV �E� �×������� UHVXOWLQJ IURP H[SORVLRQ
ZHOGLQJ DW α  ��� �WKH UHJLRQ WKH PLFURGLIIUDFWLRQ SDWWHUQ RI
UHIOH[HV RI ZKLFK ZDV WDNHQ LV VKRZQ E\ WKH DUURZ�

)LJXUH �� )LQH VWUXFWXUH RI WKH QLFNHO ZHOGLQJ ]RQH �D� UHVXOWLQJ
IURP H[SORVLRQ ZHOGLQJ DW α  ��� DQG WKH FRUUHVSRQGLQJ PLFURGLI�
IUDFWLRQ SDWWHUQ RI UHIOH[HV �E� �×�������

)LJXUH �� (IIHFW RI WKH SODVWLF GHIRUPDWLRQ HQHUJ\ :� RQ WKH ILQH
VWUXFWXUH RI QLFNHO DW WKH FRQWDFW ERXQGDU\� �x GLVORFDWLRQ GHQVLW\
ρ� � x IRUP IDFWRU χ �VXE�JUDLQ OHQJWK WR ZLGWK UDWLR�� � x
VXE�VWUXFWXUDO ERXQGDU\ GLVRULHQWDWLRQ DQJOH ω �,w,9 x ZHOGLQJ
FRQGLWLRQV� VHH WKH 7DEOH�
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RI WKH FU\VWDOOLQH ODWWLFH GHIHFWV� VWUXFWXUH IUDJPHQ�
WDWLRQ� HWF�

7KH GHJUHH DQG PHFKDQLVPV RI ORVV LQ VWUHQJWK DUH
GHWHUPLQHG SULPDULO\ E\ WKH IROORZLQJ OHYHOV RI WHP�
SHUDWXUHV LQ WKH FRQWDFW ]RQH� FRPSDUDWLYHO\ ORZ
OHYHO� REYLRXVO\ LQVXIILFLHQW IRU DQ\ VXEVWDQWLDO WKHU�
PDO ZHDNHQLQJ �FRQGLWLRQV , DQG ,,�� OHYHO VXIILFLHQW
IRU GHYHORSPHQW RI UHOD[DWLRQ E\ WKH SRO\JRQLVDWLRQ
PHFKDQLVP DQG HQVXULQJ WKH HTXLOLEULXP VWDWH RI
VWUXFWXUH RI WKH FRQWDFW ]RQH �FRQGLWLRQV ,,,�� DQG D
YHU\ KLJK OHYHO� SURPRWLQJ GHYHORSPHQW RI VXFK WKHU�
PDOO\ DFWLYDWHG SURFHVVHV DV UHFU\VWDOOLVDWLRQ �FRQGL�
WLRQV ,9�� 7R RSWLPLVH FROOLVLRQ SDUDPHWHUV� IRU H[�
DPSOH� IRU SUHGLFWLRQ RI IDWLJXH VWUHQJWK� LW LV QHFHV�
VDU\ WR DOORZ IRU WKH VWUHQJWKHQLQJ DQG ZHDNHQLQJ
SURFHVVHV� ,W LV PRVW OLNHO\ WKDW WKH RSWLPDO FRQGLWLRQV
DUH WKRVH ZKLFK SURYLGH WKH HQHUJ\ EDODQFH EHWZHHQ
WKH VWUHQJWKHQLQJ SURFHVVHV DQG UHOD[DWLRQ RI LQWHUQDO
VWUHVVHV�

&21&/86,216

�� 7KH PHWKRGV IRU SURSRUWLRQLQJ RI WKH HQHUJ\ VSHQW
IRU SODVWLF GHIRUPDWLRQ DQG OLPLWDWLRQ RI WKH ZHOGLQJ
WHPSHUDWXUH FRQGLWLRQV ZHUH GHYHORSHG�

�� 7KH H[SORVLRQ ZHOGLQJ WLPH PHDVXUHG LQ PLFUR�
VHFRQGV ZDV IRXQG WR EH HQRXJK IRU RFFXUUHQFH RI WKH
WKHUPDOO\ DFWLYDWHG SURFHVVHV RI UHOD[DWLRQ RI VWUHVVHV
LQ WKH FRQWDFW ]RQH� OHDGLQJ WR DYRLGDQFH RI EDQG

VWUXFWXUHV DQG WR LPSURYHPHQW RI GXFWLOH SURSHUWLHV
RI ZHOGHG MRLQWV�

�� 7KH RSWLPDO UDQJH RI WHPSHUDWXUH ZHOGLQJ FRQ�
GLWLRQV FDQ EH HVWDEOLVKHG E\ SURSRUWLRQLQJ WKH SODVWLF
GHIRUPDWLRQ HQHUJ\ WKURXJK YDU\LQJ WKH G\QDPLF FRO�
OLVLRQ DQJOH GXULQJ ZHOGLQJ DW D IL[HG FROOLVLRQ YHOR�
FLW\� 7KH ODWWHU SURYLGHV WKH RSWLPDO UHODWLRQVKLS RI
WKH UDWHV RI WKH VWUHQJWKHQLQJ DQG VWUXFWXUH UHOD[DWLRQ
SURFHVVHV�

�� 'HULEDV� $�$�� =DNKDUHQNR� 1�'� ������ $ERXW VXUIDFH HI�
IHFWV LQ REOLTXH FROOLVLRQ RI PHWDO SODWHV� )L]LND *RUHQL\D L

9]U\YD� �� ���w����
�� %XVDODHY� 1�'�� *OD]NRY� 0�,�� /R]RYVND\D� 9�5� HW DO�

������ 6WXG\ RI WKH ZDYH IRUPDWLRQ SURFHVV GXULQJ H[SOR�
VLRQ ZHOGLQJ� ,Q� 7UDQVDFW� RQ 7HFKQRORJ\ RI :HOGHG )DE�

ULFDWLRQ� .XME\VKHY�
�� 6HG\NK� 9�6�� 6RQQRY� $�,� ������ &DOFXODWLRQ RI GLVVLPLODU

PHWDOV H[SORVLRQ ZHOGLQJ FRQGLWLRQV� ,Q� 7UDQVDFW� RI 9RO�
JRJUDG 3RO\WHFKQ� ,QVW� RQ ([SORVLRQ :HOGLQJ DQG 3URSHU�
WLHV RI :HOGHG -RLQWV�

�� <DGHYLFK� $�,� ������ 5HVHDUFK DQG GHYHORSPHQW RI ODPL�
QDU FRPSRVLWHV RQ WKH EDVH RI WRRO VWHHOV SURGXFHG E\ KLJK�
UDWH GHIRUPDWLRQ PHWKRG� 6\Q� RI 7KHVLV IRU &DQG� RI
7HFKQ� 6FL� 'HJUHH� 0LQVN�

�� 3HWXVKNRY� 9�*�� 6LPRQRY� 9�$�� 6HG\NK� 9�6� HW DO�
������ ([SORVLRQ ZHOGLQJ FULWHULD� ,Q� :HOGLQJ DQG 6XUIDF�
LQJ 5HY� 9RO� �� 3DUW �� +DUZRRG $�3�

�� 6WHSDQRY� *�9� ������ (ODVWLF�SODVWLF GHIRUPDWLRQ RI PDWH�

ULDOV XQGHU SXOVH ORDGLQJV� .\LY� 1DXNRYD 'XPND�
�� 3HWXVKNRY� 9�*�� )DGHHQNR� <X�,� ������ :HOGLQJ VWUHVV

UHOLHI E\ H[SORVLRQ WUHDWPHQW� 1HZ�<RUN� %DFNERQH�
�� .ODVVHQ�1HNO\XGRYD� 0�9� ������ 0HFKDQLFDO WZLQQLQJ RI

FU\VWDOV� 0RVFRZ� $1 6665�
�� 5\ELQ� 9�9� ������ 3K\VLFDO PRGHO RI ORVV LQ PHFKDQLFDO

VWDELOLW\ DQG QHFNLQJ� )L]LND 0HWDOORY L 0HWDOORYHGHQLH� ��
���w����
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2�0� 6+$%/<
�
� &K�9� 38/.$

�
DQG $�6� 3,60(11<

�

�
,YDQ 3XO\XM 7HUQRSLO 6WDWH 7HFKQLFDO 8QLYHUVLW\� 7HUQRSLO� 8NUDLQH
�
7KH (�2� 3DWRQ (OHFWULF :HOGLQJ ,QVWLWXWH� 1$68� .\LY� 8NUDLQH

0HWKRG RI FDOFXODWLRQ DQG RSWLPL]LQJ ÌI SDUDPHWHUV RI LQGXFWRU IRU KDUGIDFLQJ HGJHV RI GLVFV RI DQ DUELWUDU\ GLDPHWHU

DQG ZLGWK RI WKH KDUGIDFLQJ ]RQH ZLWK DOORZDQFH IRU WKH HIIHFW RI HOHFWURPDJQHWLF DQG KHDW VFUHHQLQJ RQ WKH GLVWULEXWLRQ

RI HOHFWURPDJQHWLF ILHOG SRZHU LQ WKH KDUGIDFLQJ ]RQH ZLGWK LV SUHVHQWHG�

.H\ ZRU G V � LQGXFWLRQ KDUGIDFLQJ� VWHHO GLVFV� RSWLPL]D�
WLRQ RI SDUDPHWHUV� WZR�WXUQ ULQJ�W\SH LQGXFWRUV� SURWHFWLYH
VKLHOGV� LQYHVWLJDWLRQV� FDOFXODWLRQ

7KLQ VWHHO GLVFV RI GLIIHUHQW WKLFNQHVV ZLWK WKH HGJH

RI DQ HYHQ RU WRRWKHG VKDSH DUH XVHG LQ GLIIHUHQW

VHFWRUV RI WKH QDWLRQDO HFRQRP\� LQFOXGLQJ DJULFXO�

WXUDO PDFKLQHU\� 7R SURYLGH VHOI�VKDUSHQLQJ RI WKH

HGJHV GXULQJ WKH GLVF RSHUDWLRQ� WKHLU ZRUNLQJ VXUIDFH

LV KDUGIDFHG ZLWK HURVLRQ�UHVLVWDQW SRZGHU�OLNH KDUG

DOOR\V 3*�6�� 3*�6�� RU RI RWKHU W\SH DW KHDWLQJ E\

+) FXUUHQWV >�@� ,Q WKLV FDVH WKH VL]H DQG VKDSH RI

WKH LQGXFWRU DUH WR EH GHWHUPLQHG IRU WKH UHVSHFWLYH

GLDPHWHUV RI WKH GLVFV DQG GLIIHUHQW ZLGWK RI WKH KDUG�

IDFLQJ ]RQH� WKLV WDNLQJ WLPH DQG FRVW�

6WXG\ >�@ GHVFULEHV D SURFHGXUH DQG JLYHV WKH UH�

VXOWV RI WKHRUHWLFDO DQG H[SHULPHQWDO LQYHVWLJDWLRQV

RQ RSWLPL]DWLRQ RI WKH VWUXFWXUDO GLPHQVLRQV RI WZR�

WXUQ ULQJ�W\SH LQGXFWRUV� XVHG IRU VLPXOWDQHRXV KDUG�

IDFLQJ RI WKLQ VWHHO WRRWKHG GLVFV RYHU WKH HQWLUH ZRUN�

LQJ VXUIDFH� 7KH UHTXLUHG ZLGWK RI WKH KDUGIDFLQJ ]RQH

LV SURYLGHG� ZKLFK LV JUHDWHU WKDQ WKH WRRWK KHLJKW

�)LJXUH ��� 'HYHORSHG DOJRULWKP DOORZV GHWHUPLQD�
WLRQ RI RSWLPDO SDUDPHWHUV RI WKH LQGXFWRU GHVLJQ IRU

DUELWUDU\ GLDPHWHU RI WKH GLVF DQGZLGWK RI WKH GHSRVLW�

SURFHHGLQJ IURP WHFKQRORJ\ UHTXLUHPHQWV� :RUN >�@

SUHVHQWV WKH FDOFXODWHG JHRPHWULFDO SDUDPHWHUV RI WKH

LQGXFWRU� GHSHQGLQJ RQ WKH ZLGWK RI WKH KDUGIDFHG

]RQH DQG GLVF UDGLXV� ,W LV IRXQG WKDW LQ D QXPEHU RI

FDVHV ZLWK VXFK DQ DUUDQJHPHQW RI WKH SDUW UHODWLYH

WR WKH LQGXFWRU �VHH )LJXUH ��� WKH SRZHU RI WKH HOHF�

WURPDJQHWLF ILHOG LV QRQ�XQLIRUPO\ GLVWULEXWHG DFURVV

WKH ZLGWK RI WKH KDUGIDFHG ]RQH� WKH KLJKHVW SRZHU

LV FRQFHQWUDWHG DW WKH GLVF IDFH� 7KLV OHDGV WR QRQ�

XQLIRUP PHOWLQJ RI WKH KDUG DOOR\ RQ WKH ZRUNLQJ

HGJH RI WKH GLVF WR EH KDUGIDFHG� DQG WR RYHUKHDWLQJ

RI WKH EDVH DQG GHSRVLWHG OD\HU RI WKH PHWDO RQ LWV

IDFH�

$OO WKHVH SURFHVVHV FDQ EH H[SODLQHG DV IROORZV�

6SHFLILF SRZHU RI WKH HOHFWURPDJQHWLF ILHOG RI KHDW

VRXUFHV LQ WKH DEVHQFH RI WKH VKLHOG LV GHWHUPLQHG IURP

WKH IRUPXOD >�@�
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ZKHUH σ� ω� µ� DUH WKH HOHFWULF FRQGXFWLYLW\� FLUFXODU

IUHTXHQF\ RI FXUUHQW DQG PDJQHWLF SHUPHDELOLW\ RI
YDFXXP� UHVSHFWLYHO\� ∆ = √��(σωµ�) LV WKH GHSWK RI

FXUUHQW SHQHWUDWLRQ LQWR WKH GLVF PHWDO� ,
X
� ,

O
LV WKH

FXUUHQW LQ WKH XSSHU DQG ORZHU EUDQFK RI WKH LQGXFWRU�

UHVSHFWLYHO\� $
�
� %

�
� &

�
DUH WKH FRHIILFLHQWV �LQWHJUDOV

RI HOOLSWLFDO W\SH�� GHSHQGHQW RQ WKH LQGXFWLRQ V\VWHP

GLPHQVLRQV� WKH IRUPXODV IRU WKHLU FDOFXODWLRQ EHLQJ
JLYHQ LQ >�@� WKH RWKHU JHRPHWULFDO GLPHQVLRQV DUH

VKRZQ LQ )LJXUH ��

7KLV IRUPXOD ZDV XVHG WR SHUIRUP FDOFXODWLRQV�

LOOXVWUDWLQJ WKH GLVWULEXWLRQ RI VSHFLILF SRZHU RI WKH

HOHFWURPDJQHWLF ILHOG LQ WKH ]RQH RI GLVF KDUGIDFLQJ�

GHSHQGLQJ RQ LWV JHRPHWULFDO GLPHQVLRQV� )LJXUH �
�FXUYHV �� VKRZV FDOFXODWLRQ UHVXOWV IRU WZR FDVHV RI

KDUGIDFLQJ ZLWK ]RQH ZLGWK RI �� DQG �� PP� UHVSHF�
WLYHO\� DW GLVF UDGLXV U�  ��� PP� $FFRUGLQJ WR WKH

� 2�0� 6+$%/<� &K�9� 38/.$ DQG $�6� 3,60(11<� ����

)LJXUH �� )UDJPHQW RI WKH VWXGLHG V\VWHP �IRU GHVLJQDWLRQV VHH WKH
WH[W�
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SUHVHQWHG JUDSKV� LQ WKH GLVF IDFH WKH YDOXHV RI VSHFLILF

SRZHU RI WKH HOHFWURPDJQHWLF ILHOG DUH � WLPHV JUHDWHU

WKDQ LQ WKH PDLQ SDUW RI WKH KDUGIDFLQJ ]RQH� ,Q SUDF�

WLFH WKLV RIWHQ OHDGV WR VXUIDFH PHOWLQJ RI WKH GLVF

IDFH�

,W LV NQRZQ WKDW VKLHOGV RI HOHFWURPDJQHWLF DQG

WKHUPDO ILHOGV DUH XVHG IRU UHGLVWULEXWLRQ DQG FRQFHQ�

WUDWLRQ RI WKH SRZHU RI HOHFWURPDJQHWLF ILHOG RI KHDW

VRXUFHV LQ WKH ZRUNLQJ UHJLRQ RI LQGXFWLRQ KHDWLQJ RI

WKH SDUWV >�@� 7KH VDPH WHFKQLTXH ZDV XVHG LQ WKLV

ZRUN WR SURYLGH WKH UHTXLUHG SRZHU GLVWULEXWLRQ RI

WKH HOHFWURPDJQHWLF ILHOG RI KHDW VRXUFHV DFURVV WKH

KDUGIDFHG ]RQH ZLGWK� ,Q WKLV FDVH LW ZDV QHFHVVDU\

WR RSWLPL]H WKH GLPHQVLRQV RI WZR�WXUQ ULQJ�W\SH LQ�

GXFWRU� DOORZLQJ IRU WKH SUHVHQFH RI VXFK VKLHOGV� 7KLV

LV SUHFLVHO\ WKH VXEMHFW RI WKLV VWXG\�

)LJXUH � JLYHV WKH VFKHPDWLF RI D SDUW DUUDQJHPHQW

LQ WKH LQGXFWRU ZLWK D VKLHOG DQG ZLWKRXW LW� ,Q WKH

FDVH VWXGLHG E\ XV WKH VKLHOG HQFORVHG WKH GLVF EHLQJ

KHDWHG IURP WKH VLGH RI RXWHU SHULPHWHU DORQJ LWV VLGH

�HQG� VXUIDFH� 6XFK D IDFH VKLHOG GULYHV D YDULDEOH

PDJQHWLF ILHOG� JHQHUDWHG E\ WKH LQGXFWRU� RXW RI WKH

]RQH RI VLGH VXUIDFH RI WKH GLVF� 7KH LQWHQVLW\ RI HOHF�

WURPDJQHWLF ILHOG RI WKH KHDW VRXUFH GHFUHDVHV QHDU

WKH GLVF IDFH� DQG WKH VXUIDFH WR EH KDUGIDFHG LV H[�

SRVHG WR D PRUH LQWHQVLYH LPSDFW RI WKH HOHFWURPDJ�

QHWLF ILHOG� $QRWKHU SXUSRVH RI WKH VKLHOG LV WKHUPDO

LQVXODWLRQ RI WKH GLVF IDFH IURP WKH HQYLURQPHQW DQG

WKXV UHGXFWLRQ RI KHDW ORVVHV LQ WKH KDUGIDFLQJ ]RQH�

/HW XV WDNH WKH GHJUHH RI VFUHHQLQJ LQWR DFFRXQW�

XVLQJ VFUHHQLQJ FRHIILFLHQW .� ZKLFK ZH ZLOO LQFRU�

SRUDWH LQWR IRUPXOD ��� LQ GHWHUPLQDWLRQ RI VSHFLILF

SRZHU RI HOHFWURPDJQHWLF ILHOG RI KHDW VRXUFHV LQ WKH

GLVF� ,Q WKLV FDVH� WKH IRUPXOD EHFRPHV
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,Q IRUPXOD ��� VFUHHQLQJ FRHIILFLHQW . YDULHV LQ

WKH UDQJH RI >�� �@� $W .  � IRUPXOD ��� GHVFULEHV

DQ LGHDO FDVH RI FRPSOHWH VFUHHQLQJ RI WKH IDFH� DQG

DW .  � WKH VFUHHQLQJ HIIHFW LV DEVHQW� DQG IRUPXOD

��� ZLOO IXOO\ FRUUHVSRQG WR IRUPXOD ��� IURP >�@�

1RZ LQ UHDOLW\ . ≠ �� DQG FDOFXODWLRQ RI WKLV TXDQWLW\
LQYROYHV FHUWDLQ GLIILFXOWLHV RI FRPSXWDWLRQDO QDWXUH�

DV LQ WKLV FDVH LW FRPELQHV WKH HOHFWURPDJQHWLF DQG

WKHUPDO HIIHFWV� 0HWKRG RI FDOFXODWLRQ RI WKH VFUHHQ�

LQJ HIIHFW ZLOO EH WKH VXEMHFW RI D VHSDUDWH SXEOLFDWLRQ�

,Q WKLV SDSHU LW LV DVVXPHG WR EH HTXDO WR �� ���� DQG

��

'HWHUPLQDWLRQ RI LQGXFWRU SDUDPHWHUV PD\ EH SHU�

IRUPHG ZLWK WKH UHTXLUHG DFFXUDF\ DW WKH DVVLJQHG

VFUHHQLQJ FRHIILFLHQW� XVLQJ D SURFHGXUH� GHVFULEHG LQ

>�@� 7KH GHSHQGHQFH IURP >�@

:VHW =
7VHWFDγP
VK(DPτ) H

DPW

���

ZDV XVHG LQ FDOFXODWLRQV DV WKH DVVLJQHG PRGH RI VXS�

SO\LQJ WKH VSHFLILF SRZHU :VHW WR D SDUW� RSWLPDO IRU

LQGXFWLRQ KDUGIDFLQJ� +HUH� 7VHW LV WKH VHW WHPSHUDWXUH

RI KHDWLQJ RI WKH KDUGIDFLQJ ]RQH� DW ZKLFK VRXQG

KDUGIDFLQJ LV HQVXUHG GXULQJ WLPH τ� F� D� γ DUH WKH
VSHFLILF KHDW FDSDFLW\� WHPSHUDWXUH FRQGXFWLYLW\ DQG

GHQVLW\ RI GLVF PDWHULDO� UHVSHFWLYHO\� P  %L��K
�
�

%L  �Kα�λ� �K LV WKH GLVF WKLFNQHVV� α LV WKH KHDW

UHPRYDO FRHIILFLHQW� λ LV KHDW FRQGXFWLYLW\ RI GLVF

PDWHULDO� W LV WKH FXUUHQW YDOXH RI SURFHVV WLPH�

2SWLPLVDWLRQ RI GLPHQVLRQV DQG GHWHUPLQDWLRQ RI

LQGXFWRU FXUUHQW ZHUH SHUIRUPHG E\ PLQLPL]LQJ WKH

IROORZLQJ IXQFWLRQDO >�@�

) = ∫
�

τ

∫
U
�

U
�

(: w :VHW)
�
UGUGW� ���

ZKHUH U LV WKH FXUUHQW YDOXH RI WKH UDGLDO FR�RUGLQDWH�

&DOFXODWLRQV GHPRQVWUDWHG WKDW WKH KLJKHVW XQL�

IRUPLW\ RI GLVWULEXWLRQ RI HOHFWURPDJQHWLF ILHOG SRZHU

DFURVV WKH ZLGWK RI WKH KDUGIDFLQJ ]RQH LV DFKLHYHG

LQ WKH LGHDO FDVH DW FRPSOHWH VFUHHQLQJ RI WKH GLVF

IDFH� 'HYLDWLRQ IURP WKH VSHFLILHG SRZHU RI WKH HOHF�

)LJXUH ��'LVWULEXWLRQ RI SRZHU: RI HOHFWURPDJQHWLF ILHOG RI KHDW
VRXUFHV DFURVV WKH ZLGWK RI WKH KDUGIDFLQJ ]RQH 6� Dx 6  �� PP�
E x 6  �� PP DW GLIIHUHQW VFUHHQLQJ RI GLVF IDFH� � x .  �
�ZLWKRXW VFUHHQLQJ�� � x .  ����� � x .  � �IXOO VFUHHQLQJ��
� x DVVLJQHG GLVWULEXWLRQ RI HOHFWURPDJQHWLF ILHOG SRZHU

)LJXUH ��'LVF ZLWK LQGXFWRU ZLWKRXW D VKLHOG �D� DQG ZLWK D VKLHOG
�E�� � x SDUW� � x FKDUJH� � x ULQJ�W\SH LQGXFWRU ZLWK WZR
WXUQV� � x VKLHOG
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WURPDJQHWLF ILHOG LV HTXDO WR �w� �� GHSHQGLQJ RQ WKH

ZLGWK RI WKH KDUGIDFLQJ ]RQH DQG GLVF UDGLXV �VHH

)LJXUH �� FXUYHV �� ��� 7KLV SURFHGXUH ZDV WKH EDVLV

WR GHULYH FDOFXODWHG GHSHQGHQFLHV RI JHRPHWULFDO SD�

UDPHWHUV D
X
� D

O
� K

X
� K

O
�VHH )LJXUH �� DQG LQGXFWRU

FXUUHQW ,� GHSHQGLQJ RQ VFUHHQLQJ FRHIILFLHQW . DQG

GLVF UDGLXV U
�
� 6LPLODU WR )LJXUH �� WKH ZLGWK RI KDUG�

IDFLQJ ]RQH 6 ZDV WDNHQ WR EH �� DQG �� PP �7DEOH��

$QDO\VLV RI FRPSXWDWLRQ UHVXOWV� JLYHQ LQ WKH 7D�

EOH� VKRZV WKDW LQWURGXFWLRQ RI D VKLHOG LQWR WKH WHFK�

QRORJLFDO VHTXHQFH RI LQGXFWLRQ KDUGIDFLQJ RQO\

VOLJKWO\ LQIOXHQFHV GLPHQVLRQV D
X
� D

O
� K

O
DQG LQWHJUDO

HQHUJ\ SDUDPHWHUV RI WKH LQGXFWLRQ V\VWHP �ZKLFK

LQIOXHQFHV WKH YDOXHV RI LQGXFWRU FXUUHQW ,�� +RZHYHU�

SUHVHQFH RI D VKLHOGZLWK D FHUWDLQ VFUHHQLQJ FRHIILFLHQW

OHDGV WR D PDUNHG FKDQJH RI DLU JDS K
X
EHWZHHQ WKH

LQGXFWRU XSSHU EUDQFK DQG GLVF VXUIDFH� 7KLV LV DW�

WULEXWDEOH WR VWURQJ HOHFWURPDJQHWLF FRXSOLQJ RI WKH

VKLHOG DQG WKH LQGXFWRU XSSHU EUDQFK GXH WR WKHLU

FORVH ORFDWLRQ �)LJXUH ��� 2EVHUYHG QDUURZLQJ RI JDS

K
X
DW GHFUHDVH RI VFUHHQLQJ FRHIILFLHQW . LV QHFHVVDU\

WR HQVXUH WKH UHTXLUHG SRZHU LQ WKH GLVF EHLQJ KDUG�

IDFHG�

7KXV� XVH RI HOHFWURPDJQHWLF DQG WKHUPDO VKLHOGV

DOORZV FRQWUROOLQJ SRZHU GLVWULEXWLRQ RI WKH HOHFWUR�

PDJQHWLF ILHOG RI KHDW VRXUFHV DFURVV WKH KDUGIDFLQJ

]RQH ZLGWK� 7KH UHTXLUHG ODZ RI GLVWULEXWLRQ RI HOHF�

WURPDJQHWLF ILHOG SRZHU PD\ EH GHULYHG IRU DUELWUDU\

GLPHQVLRQV RI WKH GLVFV DQG ZLGWK RI KDUGIDFLQJ ]RQH�

,WV PRVW XQLIRUP GLVWULEXWLRQ DFURVV WKH KDUGIDFLQJ

]RQH ZLGWK LV DFKLHYHG LQ WKH LGHDO FDVH DW FRPSOHWH

VFUHHQLQJ RI WKH GLVF IDFH� 'HVFULEHG FDOFXODWLRQ SUR�

FHGXUH HQDEOHV GHWHUPLQDWLRQ ZLWK WKH DVVLJQHG DFFX�

UDF\ RI WKH GHVLJQ SDUDPHWHUV RI WKH LQGXFWRU IRU DU�

ELWUDU\ GLDPHWHUV RI GLVFV DQG ZLGWK RI KDUGIDFLQJ

]RQH� DOORZLQJ IRU VFUHHQLQJ HIIHFW�

�� 7NDFKHY� 9�1� ������ :HDU DQG LQFUHDVH RI VHUYLFH OLIH RI
DJULFXOWXUDO PDFKLQHU\� 0RVFRZ� 0DVKLQRVWURHQLH�

�� 6KDEO\� 2�0�� 3XOND� &K�9�� 3LVPHQQ\� $�6� ������ 2SWL�
PLVDWLRQ RI GHVLJQ SDUDPHWHUV RI LQGXFWRU IRU LQGXFWLRQ KDU�
GIDFLQJ RI WKLQ VWHHO GLVFV� $YWRPDWLFK� 6YDUND� �� ��w���

�� /R]LQVN\� 0�*� ������ ,QGXVWULDO DSSOLFDWLRQ RI LQGXFWLRQ
KHDWLQJ� 0RVFRZ� $1 6665�

�� 6KDEO\� 2�0�� 3XOND� &K�9�� %XG]DQ� %�3� ������ 2SWLPL�
VDWLRQ RI SRZHU LQSXWV GXULQJ LQGXFWLRQ KDUGIDFLQJ RI WKLQ�
ZDOOHG VKDSHG GLVFV� $YWRPDWLFK� 6YDUND� �� ��w���

'HSHQGHQFH RI JHRPHWULFDO GLPHQVLRQV RI LQGXFWLRQ V\VWHP RQ VFUHHQLQJ FRHIILFLHQW . DQG GLVF UDGLXV U�

¨ U�� PP

6� PP

�� ��

DX� PP DO� PP KX� PP KO� PP ,� � DX� PP DO� PP KX� PP KO� PP ,� �

� ��� ��� �� � ���� ����� ��� ��� � ���� �����

� ��� ��� ��� � ���� ����� ��� ��� � ���� �����

� ��� ��� ��� � ���� ����� ��� ��� � ���� �����

� ��� ��� ��� � ���� ����� ��� ��� � ���� �����

� ��� ��� ��� � ���� ����� ��� ��� � ���� �����

� ��� ��� ��� � ���� ����� ��� ��� � ���� �����

� ��� ��� ��� � ���� ����� ��� ��� � ���� �����

���� ��� ��� �� � ���� ����� ��� ��� �� ���� �����

���� ��� ��� ��� �� ���� ����� ��� ��� �� ���� �����

���� ��� ��� ��� � ���� ����� ��� ��� �� ���� �����

���� ��� ��� ��� �� ���� ����� ��� ��� �� ���� �����

���� ��� ��� ��� �� ���� ����� ��� ��� �� ���� �����

���� ��� ��� ��� �� ���� ����� ��� ��� �� ���� �����

���� ��� ��� ��� �� ���� ����� ��� ��� �� ���� �����

1R W H � F
X
 � PP� F

O
 � PP�
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$VVRFLDWLRQ �(OHFWURGH� JLYHV D SHUPDQHQW DWWHQWLRQ WR WKH SUREOHPV DVVR�
FLDWHG ZLWK GHYHORSPHQW RI SURGXFWLRQ RI ZHOGLQJ HOHFWURGHV LQ WKH &,6

FRXQWULHV� WKH IRFXV EHLQJ RQ LPSURYHPHQW RI H[LVWLQJ DQG PDNLQJ RI QHZ

VDPSOHV RI SURFHVV HTXLSPHQW DQG KLJK�HIILFLHQF\ HOHFWURGHV� DSSOLFDWLRQ

RI QHZ SURFHVVHV IRU WKHLU PDQXIDFWXUH� FHUWLILFDWLRQ RI HOHFWURGHV DQG

LQWURGXFWLRQ RI WKH V\VWHP WR FRQWURO TXDOLW\ RI WKHLU SURGXFWLRQ�
7KLV LV IDYRXUHG E\ D UHJXODU FRQVLGHUDWLRQ RI WRSLFDO SUREOHPV UHODWLQJ WR
SURGXFWLRQ RI FRPSHWLWLYH ZHOGLQJ HOHFWURGHV DW PHHWLQJV RI WKH %RDUG RI

'LUHFWRUV DQG WKH $VVRFLDWLRQ DVVHPEOLHV� ZKLFK� LQ WXUQ� LV GHWHUPLQHG LQ

PDQ\ UHVSHFWV E\ WKH OHYHO RI SURFHVV HTXLSPHQW� WHFKQRORJLFDO SURFHVVHV

DQG TXDOLW\ RI UDZ PDWHULDOV� )RU H[DPSOH� DQ HQODUJHG PHHWLQJ RQ UDZ

PDWHULDOV WRRN SODFH LQ ���� XQGHU WKH DXVSLFHV RI WKH $VVRFLDWLRQ %RDUG

RI 'LUHFWRUV� 7KH DFWLYH SDUW LQ WKDW PHHWLQJ ZDV WDNHQ E\ PDMRU PDQX�

IDFWXUHUV RI ZHOGLQJ HOHFWURGHV DQG VXSSOLHUV RI UDZ PDWHULDOV DQG ZHOGLQJ
ZLUH� 7KH SDUWLFLSDQWV GLVFXVVHG LVVXHV UHODWLQJ WR VXSSO\ RI TXDOLW\ UDZ

PDWHULDOV WR HOHFWURGH PDQXIDFWXUHUV�

$ VLPLODU HYHQW GHGLFDWHG WR SURFHVV HTXLSPHQW ZDV KHOG LQ ����� ,W FRQ�

VLGHUHG WKH SURJUHVV LQ PDNLQJ D QHZ JHQHUDWLRQ RI WKH HTXLSPHQW DQG LWV

FRUUHVSRQGHQFH WR WKH OHYHO SURYLGHG E\ OHDGLQJ IRUHLJQ FRPSDQLHV�

7KH ODVW HQODUJHG PHHWLQJ RI WKH $VVRFLDWLRQ LQFOXGHG SDSHUV DQG SUHVHQ�

WDWLRQV� ZKHUH DJDLQ WKH IRFXV ZDV RQ WKH TXDOLW\ SUREOHPV� 6R� WKH (GLWRULDO

%RDUG GHFLGHG WR DFTXDLQW WKH UHDGHUV RI RXU -RXUQDO ZLWK VRPH RI WKHP�

(GLWRULDO QRWH

��������������	��
���	����
��

������
���������������������
	�����
��

3�9� ,*1$7&+(1.2

$VVRFLDWLRQ �(OHFWURGH�

9ROXPHV RI SURGXFWLRQ RI ZHOGLQJ FRQVXPDEOHV LQ VRPH RI WKH &,6 FRXQWULHV LQ WKH ODVW \HDUV DUH JLYHQ� ,VVXHV DVVRFLDWHG

ZLWK LPSURYHPHQW RI WKH TXDOLW\ RI GHYHORSPHQW� PDQXIDFWXUH DQG VXSSO\ RI FRYHUHG HOHFWURGHV DUH FRQVLGHUHG�

.H\ ZRU G V � ZHOGLQJ FRQVXPDEOHV� FRYHUHG HOHFWURGHV� RXW�

SXW� TXDOLW\� FRPSHWLWLYHQHVV

7KH GHPDQG IRU ZHOGLQJ FRQVXPDEOHV DQG YROXPHV RI

WKHLU SURGXFWLRQ LQ WKH &,6 FRXQWULHV GHSHQG LQ IXOO

XSRQ WKH VWDWH RI WKH DUW LQ SURGXFWLRQ RI VWHHO DQG

UROOHG SURGXFWV LQ 5XVVLD� 8NUDLQH DQG WKH 5HSXEOLF

RI %HODUXV �7DEOH ���

,Q ����� FRPSDUHG ZLWK ����� WKH WRWDO RXWSXW RI

DOOR\HG ZLUH LQ WKH &,6 FRXQWULHV GHFUHDVHG E\ � ��

ZKLOH LQ 5XVVLD LW GHFUHDVHG E\ � DQG LQ 8NUDLQH x

E\ � � �7DEOH ��� ZKLFK ZDV FDXVHG E\ D UHGXFWLRQ
LQ H[SRUW RI ZLUH WR WKH &,6 FRXQWULHV� 2XW RI WKLV

DPRXQW� WKH RXWSXW RI FRSSHU�SODWHG ZLUH ZDV ���� W�

&RPSDUHG ZLWK ����� WKH YROXPH RI LWV SURGXFWLRQ

LQFUHDVHG E\ �� �� $QRWKHU SRVLWLYH LQGLFDWRU LV WKDW

DW WKH UHTXHVW RI FXVWRPHUV WKLV ZLUH LV VXSSOLHG SDFNHG

LQ VSRROV DQG UHHOV ZLWK LQ�OLQH ZLQGLQJ� 7KH YROXPH

RI SURGXFWLRQ RI ZHOGLQJ IOX[ LQ WKH 5XVVLDQ )HGHUD�

WLRQ LQFUHDVHG E\ �� �� ZKHUHDV LQ 8NUDLQH LW GH�

FUHDVHG E\ �� �� &RPSDUHG ZLWK ����� LQ ���� WKH

&,6 FRXQWULHV DOVR FKDQJHG WKHLU YROXPHV RI SURGXF�

WLRQ RI ZHOGLQJ HOHFWURGHV ZLWK WKH IROORZLQJ W\SHV

RI FRYHULQJV� UXWLOH�LOPHQLWH x ������ W �GHFUHDVH RI

�� ��� FDOFLXP IOXRULGH x ����� W �GHFUHDVH RI � ��

DQG VSHFLDO x ����� W �LQFUHDVH RI � ��� 7KHUH ZDV

VRPH LPSURYHPHQW RI WKH VLWXDWLRQ ZLWK SURGXFWLRQ

RI HOHFWURGHV RI FHUWDLQ GLDPHWHUV� HVSHFLDOO\ RI GL�

DPHWHUV RI �� ���� DQG � PP� 7KH WRWDO RXWSXW RI

HOHFWURGHV ZDV ������ W� WKDW RI � PP LQ GLDPHWHU

ZDV ����� W DQG � PP LQ GLDPHWHU ZDV ��� W�� 3�9� ,*1$7&+(1.2� ����
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4XDOLW\ LV VWLOO WKH KRWWHVW SUREOHP RI FXUUHQW SUR�
GXFWLRQ RI HOHFWURGHV� 7ZR LQWHUQDWLRQDO FRQIHUHQFHV
RQ SURGXFWLRQ RI ZHOGLQJ FRQVXPDEOHV LQ WKH &,6
FRXQWULHV� DUUDQJHG E\ WKH $VVRFLDWLRQ� ZHUH GHGL�
FDWHG WR WKLV SUREOHP� 3DUWLFLSDWLQJ LQ WKHVH FRQIHU�
HQFHV ZHUH UHSUHVHQWDWLYHV RI HQWHUSULVHV� RUJDQLVD�
WLRQV� MRLQW�VWRFN FRPSDQLHV� PDQXIDFWXUHUV RI ZHOG�
LQJ FRQVXPDEOHV� FXVWRPHUV DQG VXSSOLHUV RI UDZ PD�
WHULDOV� 7R VROYH WKH TXDOLW\ SUREOHP� LW ZRXOG EH
DSSURSULDWH WKDW WKH $VVRFLDWLRQ PDQXIDFWXUHUV RI
ZHOGLQJ HOHFWURGHV JHW WRJHWKHU ZLWK FXVWRPHUV� ,Q
WKLV FDVH WKH ODWWHU FRXOG RSSRUWXQHO\ DGGUHVV WKHLU
FRPSODLQWV IRU TXDOLW\ WRPDQXIDFWXUHUV� DQG VXSSOLHUV
RI UDZ PDWHULDOV FRXOG KDYH SHUPDQHQW FOLHQWV� 7KLV
XQLRQ ZRXOG HQDEOH VROXWLRQ RI WKH SUREOHP RI TXDOLW\
DQG FRPSHWLWLYHQHVV RI ZHOGLQJ HOHFWURGHV� DV ZHOO DV
SURWHFWLRQ RI WKH &,6 PDUNHW IURP IRUHLJQ FRPSDQLHV�
)RU WKLV� WKH $VVRFLDWLRQ KDV WR HVWDEOLVK EXVLQHVV
FRQWDFWV ZLWK ZHOGLQJ VRFLHWLHV RI WKH &,6 FRXQWULHV
DQG FKLHI ZHOGHUV RI OHDGLQJ HQWHUSULVHV IRU D FRQVLG�
HUDWH H[DPLQDWLRQ RI WKH H[LVWLQJ OHYHO RI TXDOLW\ RI
ZHOGLQJ HOHFWURGHV LQ WKH &,6 FRXQWULHV DQG WKHLU FRU�
UHVSRQGHQFH WR IRUHLJQ DQDORJXHV� 7KH $VVRFLDWLRQ'L�
UHFWRUV DSSURDFKHG PRUH WKDQ ��� HQWHUSULVHV LQ GLI�
IHUHQW LQGXVWULHV ZLWK D UHTXHVW WR GR WKH IROORZLQJ�

• DVVHVV TXDOLW\ RI WKH FHUWLILHG HOHFWURGHV EHLQJ
VXSSOLHG DQG WKHLU FRUUHVSRQGHQFH WR IRUHLJQ DQD�
ORJXHV�

• VD\ LQ ZKLFK ZHOGLQJ�WHFKQRORJLFDO SURSHUWLHV
WKH GRPHVWLF HOHFWURGHV DUH LQIHULRU WR WKH IRUHLJQ
RQHV�

• HVWLPDWH WR ZKDW H[WHQW WKH H[LVWLQJ UDQJHV DQG
JUDGHV PHHW WKH FXUUHQW QHHGV DQG ZKDW SURSHUWLHV
WKH ZHOGLQJ HOHFWURGHV PXVW KDYH�

• LQGLFDWH WKHPDLQ VXSSOLHUV RI ZHOGLQJ HOHFWURGHV�
$QVZHUV ZHUH UHFHLYHG IURP �� HQWHUSULVHV� DQG

WKH\ DUH VWLOO DUULYLQJ�
7KH IROORZLQJ FRPSODLQWV ZHUH H[SUHVVHG RQ WKH

EDVLV RI UHVXOWV RI D ORQJ�WLPH H[SHULHQFH RI DSSOLFDWLRQ
RI ERWK GRPHVWLF DQG IRUHLJQ HOHFWURGHV�

• LJQLWLRQ� HVSHFLDOO\ WKH UHSHDWHG RQH� DQG VWDEOH
EXUQLQJ RI WKH DUF DUH GLIILFXOW�

• LQFUHDVHG VSDWWHULQJ RI HOHFWURGH PHWDO �LW
DPRXQWV WR �� �� ZKLOH WKDW RI WKH IRUHLJQ HOHFWURGHV
LV QR PRUH WKDQ � ���

• GHWDFKDELOLW\ RI WKH VODJ FUXVW LQ JURRYH LV GLI�
ILFXOW�

• KLJK PHOWLQJ SRLQW RI HOHFWURGH FRYHULQJV DQG
VXVFHSWLELOLW\ WR IRUPDWLRQ RI FROODUV�

• KLJK YDULDELOLW\ RI FKHPLFDO FRPSRVLWLRQ DQG PH�
FKDQLFDO SURSHUWLHV� WKH ODWWHU EHLQJ HVSHFLDOO\ SUR�
QRXQFHG LQ WHVWV DW w�� �&�

• HOHFWURGHV 821,������ SURYLGH WKH UHTXLUHG LP�
SDFW WRXJKQHVV RQO\ DW D WHPSHUDWXUH RI GRZQ WR w�� �&
�RQ VSHFLPHQV ZLWK D URXQG QRWFK�� ZKHUHDV LW VKRXOG
EH SURYLGHG DW WHPSHUDWXUH RI GRZQ WR w��w�� �& RQ
VSHFLPHQV ZLWK D VKDUS QRWFK�

• FRQVXPSWLRQ RI HOHFWURGHV SHU NLOR RI GHSRVLWHG
PHWDO LV XS WR ��� NJ ���� NJ ZLWK VRPH EDWFKHV��
ZKHUHDV WKDW RI LPSRUWHG HOHFWURGHV LV QRW LQ H[FHVV
RI ��� NJ�

*HQHUDOLVDWLRQ DQG DQDO\VLV RI FRPSODLQWV VXJJHVW
WKDW WKH IROORZLQJ SURFHVVHV DUH LJQRUHG LQ PDNLQJ
IRUPXODWLRQV RI HOHFWURGH FRYHULQJV�

• LQWHUDFWLRQ RI LQGLYLGXDO FRPSRQHQWV RI FRYHU�

LQJV EHWZHHQ HDFK RWKHU DQG LQ WKH V\VWHP DV D ZKROH�

• HIIHFW RQ VWUXFWXUDO WUDQVIRUPDWLRQV LQ GHSRVLWHG
PHWDO E\ FRPSRQHQWV�

• SURFHVVHV RFFXUULQJ LQ WKH DUF ]RQH�

7KH TXDOLW\ RI FRYHULQJV LV DOVR DIIHFWHG E\ WKH

IROORZLQJ IDFWRUV�

• DEVHQFH RI VWDQGDUGV IRU ZHOGLQJ�WHFKQRORJLFDO

SURSHUWLHV RI HOHFWURGHV DQG D XQLILHG PHWKRG IRU WKHLU

HYDOXDWLRQ�

• DEVHQFH RI QHZ WHFKQRORJLHV DQG PDQXDOV IRU

SURGXFWLRQ RI HOHFWURGHV�

• QHJOLJHQFH RI LURQ SRZGHU DV D ILOOHU� UDWKHU WKDQ
DQ HYHQ FRPSRQHQW RI HOHFWURGH FRYHULQJ�

• LQVXIILFLHQW DFFHSWDQFH DQG FRPPHUFLDO DSSOLFD�
WLRQ RI FHOOXORVH HOHFWURGHV RI WKH (�� DQG (�� W\SHV�
LQVWHDG RI UXWLOH HOHFWURGHV�

,Q DGGLWLRQ� QRWKLQJ LV GRQH WR XSJUDGH FKDPEHUV
RI HOHFWURGH�FRYHULQJ SUHVVHV� 'RPHVWLF HOHFWURGHV DUH
LQIHULRU WR IRUHLJQ DQDORJXHV LQ ZHOGLQJ�WHFKQRORJLFDO
SURSHUWLHV �HFFHQWULFLW\� IRUPDWLRQ RI FROODUV� VSDOOLQJ
RI FRYHULQJV GXULQJ ZHOGLQJ�� ,W ZDV UHTXHVWHG WKDW
WKH GRPHVWLF HOHFWURGHV SURYLGH D �VRIW� EXUQLQJ RI

7DEOH �� 2XWSXW RI ZHOGLQJ FRQVXPDEOHV �W� LQ ����

&RXQWU\
:HOGLQJ

HOHFWURGHV

$OOR\HG ZHOGLQJ ZLUH IRU

PHFKDQLVHG JDV�VKLHOGHG ZHOGLQJ )OX[�FRUHG ZLUH�

WRWDO

,QFOXGLQJ :HOGLQJ

IOX[

G � ��� PP G  ���w��� PP ZHOGLQJ ZLUH VXUIDFLQJ ZLUH

5XVVLD ������ ����� ���� ���� ���� ��� ����

8NUDLQH ����� ���� ���� ��� ��� ��� �����

7RWDO IRU &,6 ������ ����� ���� ���� ���� ���� �����



,QFOXGLQJ ZLUH RI D PHWDOOXUJLFDO DSSOLFDWLRQ IRU GHR[LGDWLRQ RI VWHHO x ���� W�

7DEOH �� 3URGXFWLRQ RI VWHHO DQG UROOHG SURGXFWV �POQ W� LQ ����

&RXQWU\ 6WHHO
5ROOHG

SURGXFWV

*URZWK FRPSDUHG ZLWK �����

�

6WHHO
5ROOHG

SURGXFWV

5XVVLD ���� ���� ��� �

8NUDLQH ���� ���� � ��

%HODUXV ��� ��� w�� �
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WKH ZHOGLQJ DUF� JRRG IRUPDWLRQ RI WKH ILQH�VFDOH ZHOGV�
JRRG GHWDFKDELOLW\ RI WKH VODJ FUXVW DQG ORZ PHWDO VSDW�
WHULQJ� ,W LV QHFHVVDU\ WR GHPDQG WKDW PDQXIDFWXUHUV
DUUDQJH VHSDUDWH SURGXFWLRQ RI KLJK�TXDOLW\ HOHFWURGHV
ZLWK EDVLF FRYHULQJV IRU ZHOGLQJ LQ DOO VSDWLDO SRVLWLRQV�
IRU URRW ZHOGLQJ x ZLWK D GLDPHWHU RI ���w� PP� IRU
PDNLQJ ILOOLQJ ZHOGV ZLWK KLJK PHFKDQLFDO SURSHUWLHV
RI GHSRVLWHG PHWDO �821,������ ZLOO VXLW KHUH�� DQG
IRU PDNLQJ ILQDO ZHOGV WR SURYLGH ORZ VSDWWHULQJ DQG
JRRG GHFRUDWLYH DSSHDUDQFH RI WKH ZHOGV�

'HOLYHULHV RI GRPHVWLF HOHFWURGHV KDYH WKH IROORZ�
LQJ GUDZEDFNV�

• DEVHQFH RI VHDOHG SDFNLQJ �SRO\HWK\OHQH�� DE�
VHQFH RI LGHQWLILFDWLRQ PDUNLQJ RQ HOHFWURGHV�

• QRQ�DGKHUHQFH WR UHTXLUHPHQWV IRU OLPLWDWLRQ RI
YDULDWLRQV LQ WKLFNQHVV RI DQ HOHFWURGH FRYHULQJ�

• LQFRQVLVWHQW TXDOLW\ RI HOHFWURGHV RI WKH VDPH
JUDGH DQG IURP WKH VDPHPDQXIDFWXUHU �EDWFK WR EDWFK
YDULDWLRQV LQ ZHOGLQJ�WHFKQRORJLFDO SURSHUWLHV��

,Q SXUVXLW RI SURILW� PDQ\ HOHFWURGH PDQXIDFWXUHUV
XVH ORZHU�TXDOLW\ FRPSRQHQWV LQVWHDG RI WKH KLJK�
TXDOLW\ RQHV �H�J� WKH\ VXEVWLWXWH LOPHQLWH IRU UXWLOH�
HWF��� 7KLV PDNHV LW LPSRVVLEOH WR DFKLHYH WKH UHTXLUHG
ZHOGLQJ�WHFKQRORJLFDO SURSHUWLHV RI HOHFWURGHV �VWDEOH
DUF EXUQLQJ� ORZ VSDWWHULQJ� VDWLVIDFWRU\ ZHOG EHDG
IRUPDWLRQ�� ,Q D QXPEHU RI FDVHV WKH ZHOGV KDYH XQ�
VDWLVIDFWRU\ PHFKDQLFDO SURSHUWLHV DQG D KLJK FRQWHQW
RI VODJ LQFOXVLRQV �HVSHFLDOO\ LQ PDNLQJ WKH URRW ZHOGV
RQ SLSHOLQHV DQG PHWDO VWUXFWXUHV��

2XW�RI�GDWH UHTXLUHPHQWV RI VWDQGDUGV �*267�
IRU HOHFWURGHV� ORZ OHYHO RI GHYHORSPHQW RI VSHFLILFD�
WLRQV �78�� VXEVWLWXWLRQ RI ORZHU�TXDOLW\ FRPSRQHQWV
IRU WKH KLJK�TXDOLW\ RQHV OHDG WR WKH IDFW WKDW FHUWL�
ILFDWLRQ RI HOHFWURGHV KDUGO\ PDNHV DQ\WKLQJ WR LP�

SURYH WKH TXDOLW\� DV WKH WKLUG �LQGHSHQGHQW� HQWLW\
SDUWLFLSDWLQJ LQ FHUWLILFDWLRQ XVHV UHTXLUHPHQWV RI WKH
VDPH VSHFLILFDWLRQV DQG VWDQGDUGV� $V D UHVXOW� HOHF�
WURGHV ZKLFK GR QRW PHHW LQWHUQDWLRQDO UHTXLUHPHQWV
UHFHLYH ILWQHVV FHUWLILFDWHV DV SURGXFWV RI D JRRG TXD�
OLW\� 7KHUHIRUH� FHUWLILFDWLRQ RI HOHFWURGHV LQ D QXPEHU
RI FDVHV LV D VFUHHQ IRU HLWKHU D ORZ TXDOLW\ RU DQ
DSSDUHQW UHMHFW�

$Q\ HQWHUSULVH PDQXIDFWXULQJ HOHFWURGHV� ILQLVKHG
FKDUJH� FRPSRQHQWV� ZLUH IRU PDNLQJ URGV� HWF� VKRXOG
EH TXDOLILHG DQG KDYH D FHUWLILFDWH IRU WKH TXDOLW\
V\VWHP DFFRUGLQJ WR ,62����� WR SURYLGH WKH FRQVLV�
WHQW TXDOLW\ RI LWV SURGXFWV� $V SURYHG E\ H[SHULHQFH
RI RSHUDWLRQ DQG LQWURGXFWLRQ RI WKLV V\VWHP� H�J� DW
&ORVH -RLQW�6WRFN &RPSDQ\ �(/=� �6W��3HWHUVEXUJ�
5XVVLD�� WKLV ZD\� DOWKRXJK LW LV GLIILFXOW� VKRXOG EH
SDVVHG E\ HYHU\ PDQXIDFWXUHU WR SURGXFH FRPSHWLWLYH
KLJK�TXDOLW\ HOHFWURGHV�

$V D UXOH� IRUHLJQ HOHFWURGHV SURGXFHG E\ FRPSD�
QLHV IURP LQGXVWULDOLVHG FRXQWULHV �*HUPDQ\� 6ZHGHQ�
86$� -DSDQ� HWF�� DUH EHWWHU LQ TXDOLW\� DQG PDLQO\
LQ ZHOGLQJ�WHFKQRORJLFDO SURSHUWLHV� WKDQ HOHFWURGHV
SURGXFHG LQ WKH &,6 FRXQWULHV� &RPSDULVRQ RI VRPH
ZHOGLQJ�WHFKQRORJLFDO SURSHUWLHV RI HOHFWURGHV SUR�
GXFHG LQ WKH &,6 DQG LQGXVWULDOLVHG FRXQWULHV LV JLYHQ
LQ 7DEOH ��

&RPSODLQWV PDGH E\ PDQXIDFWXUHUV DQG FXVWRPHUV
RI ZHOGLQJ HOHFWURGHV VKRXOG EH WUHDWHG LQ D FULWLFDO�
FRQVLGHUDWH DQG VHULRXVZD\� 7KH\ H[SUHVVHG WKHLU FRQ�
FHUQ DERXW WKH TXDOLW\ RI HOHFWURGHV� $QG LW LV RXU
WDVN WR SURYLGH FXVWRPHUV ZLWK FRPSHWLWLYH SURGXFWV�

3URSRVDOV RQ LPSURYHPHQW RI WKH VLWXDWLRQ ZLOO EH
JHQHUDOLVHG DQG DQDO\VHG DIWHU ZH DFFXPXODWH WKH VXI�
ILFLHQW DPRXQW RI GDWD�

7DEOH �� &RPSDULVRQ RI ZHOGLQJ�WHFKQRORJLFDO SURSHUWLHV RI HOHFWURGHV SURGXFHG LQ &,6 DQG LQGXVWULDOLVHG FRXQWULHV

1R� 3URSHUWLHV RI ZHOGLQJ HOHFWURGHV &,6 FRXQWULHV ,QGXVWULDOLVHG FRXQWULHV

� $UF EXUQLQJ VWDELOLW\ 6DWLVIDFWRU\ *RRG

� +DUG DUF EXUQLQJ $UF EXUQLQJ LV KDUG� ORZ VWDELOLW\ RI

WKH DUF SUHYHQWV ZHOGLQJ LQ GLIILFXOW

VSDWLDO SRVLWLRQV DQG FRQGLWLRQV

$UF EXUQLQJ LV VRIW� HODVWLF� HDV\ WR

PDLQWDLQ DQG FRQWURO LQ ZHOGLQJ LQ DQ\

VSDWLDO SRVLWLRQV

� 6SDWWHULQJ LQ ZHOGLQJ 6XIILFLHQWO\ KLJK /RZ

� 1RLVH SURGXFHG E\ WKH DUF LQ EXUQLQJ +LJK /RZ

� 6SUHDGLQJ RI VODJ DQG ZHOG IRUPDWLRQ 2IWHQ XQVDWLVIDFWRU\ $OZD\V JRRG

� 0HOWLQJ RI HOHFWURGH FRYHULQJ 6DWLVIDFWRU\ *RRG

� 6ODJ FUXVW GHWDFKDELOLW\ 1RW DOZD\V VDWLVIDFWRU\ 2QO\ JRRG

� 'HSRVLWLRQ HIILFLHQF\ ,W FDQ EH PDLQWDLQHG GHSHQGLQJ XSRQ

WKH HOHFWURGH JUDGH

,W FDQ EH PDLQWDLQHG� GHSHQGLQJ XSRQ

WKH HOHFWURGH JUDGH DQG DSSOLFDWLRQ

� $SSHDUDQFH DQG PDUNLQJ 6DWLVIDFWRU\� QRW DOO PDQXIDFWXUHUV

PDNH PDUNLQJ

*RRG� PDUNLQJ LV VXIILFLHQWO\ GHWDLOHG

RQ DOO HOHFWURGHV

�� (OHFWURGH SDFNLQJ 1RW DOZD\V VDWLVIDFWRU\ 2QO\ JRRG
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7KH (�2� 3DWRQ (OHFWULF :HOGLQJ ,QVWLWXWH� 1$68� .\LY� 8NUDLQH

3XUSRVH� UHDVRQV IRU GHYHORSPHQW DQG VSHFLILFV RI VWUXFWXUH RI WKH QHZ HGLWLRQ RI LQWHUQDWLRQDO DQG QDWLRQDO VWDQGDUGV

,62 RI VHULHV ����� DQG DOVR WKH NH\ SULQFLSOHV RI SUHVHQW PDQDJHPHQW RI TXDOLW\ UHJXODWHG E\ WKHP� DWWUDFWLQJ WKH

LQWHUHVW RI PDQXIDFWXUHUV RI ZHOGLQJ HOHFWURGHV� DUH SUHVHQWHG� &KDUDFWHULVWLFV RI TXDOLW\ RI HOHFWURGHV DQG WKHLU PDQX�

IDFWXUH DV DQ REMHFW RI TXDOLW\ PDQDJHPHQW DFFRUGLQJ WR VWDQGDUGV ,62 RI VHULHV ��������� DUH DQDO\]HG� 3URJUDP RI

DFWLRQV ZDV RIIHUHG� ZKRVH IXOILOOPHQW ZLOO FRQWULEXWH WR WKH VWDELOL]DWLRQ DQG LPSURYHPHQW RI HFRQRPLFDO VLWXDWLRQ RI

QDWLRQDO HQWHUSULVHV�HOHFWURGH PDQXIDFWXUHUV�

4XDOLW\ RI ZHOGLQJ HOHFWURGHV PHDQV XVXDOO\ D WHFK�

QLFDO�HFRQRPLFDO OHYHO RI WKHLU GHYHORSPHQW� WHFKQR�

ORJLFDO� DQG DOVR PDWHULDO�WHFKQLFDO DQG RUJDQL]D�
WLRQDO�PHWKRGRORJLFDO FDSDELOLWLHV RI LWV DVVXUDQFH DW

LQGXVWULDO SURGXFWLRQ RI WKLV NLQG RI SURGXFW�

,W LV WKHVH ,QWHUQDWLRQDO 6WDQGDUGV ,62 RI VHULHV

��������� WKDW DUH WKH HIIHFWLYH RUJDQL]DWLRQDO�PHWKR�

GRORJLFDO WRRO ZKLFK� LQ RXU RSLQLRQ� DOORZV WKH KLJK�
VNLOOHG SUHVHQW PDQDJHUV WR REWDLQ WKH JRRG UHVXOWV

LQ DFKLHYHPHQW RI WKH TXDOLW\ SURGXFWLRQ� SURYLGLQJ

WKDW RWKHU DERYH�PHQWLRQHG UHVRXUFHV RI WKH TXDOLW\

DVVXUDQFH DUH DYDLODEOH DQG XVHG WR D IXOO H[WHQW�

0RUHRYHU� WKH HIIHFWLYHQHVV DQG UHVXOWDWLYHQHVV RI XVH

RI WKH PHQWLRQHG UHVRXUFHV FDQ EH VLJQLILFDQWO\ LQ�

FUHDVHG E\ SXWWLQJ LQWR DFWLRQ RI PRWLYH�ODZIXO DQG

RUJDQL]DWLRQDO�WHFKQLFDO NH\ IDFWRUV RI TXDOLW\ PDQ�

DJHPHQW HQYLVDJHG E\ WKH PHWKRGRORJ\ RI VWDQGDUGV

,62 RI VHULHV �����

1HZ YHUVLRQV RI LQWHUQDWLRQDO VWDQGDUGV DQG QD�

WLRQDO VWDQGDUGV� DGRSWHG RQ WKHLU EDVLV� RI WKH PHQ�

WLRQHG VHULHV >�w�@ DUH LQWHQGHG� OLNH WKHLU WZR SUH�

YLRXV HGLWLRQV� IRU WKHLU XVH LQ SURGXFWLRQ RI DQ\ W\SHV

RI SURGXFWV DQG E\ HQWHUSULVHV RI DOO SRVVLEOH VFDOHV

DQG IRUP RI SURSHUW\�

6WDQGDUG ,62 ��������� GHVFULEHV SULQFLSOHV RQ

ZKLFK WKLV LGHRORJ\ LV EDVHG� DQG LQFOXGHV WKH YRFDEX�

ODU\ RI WKH TXDOLW\ PDQDJHPHQW WHUPV� XVHG E\ WKH
QHZ YHUVLRQ RI VWDQGDUGV� 6WDQGDUG ,62 ���������

UHJXODWHV WKH UHTXLUHPHQWV IRU V\VWHPV RI TXDOLW\ PDQ�

DJHPHQW �640�� WKH\ DUH RULHQWHG WR WKH VDWLVI\LQJ

LQWHUHVWV RI FRQVXPHUV DQG XVHG LQ FHUWLILFDWLRQ� 6WDQ�

GDUG ,62 ��������� LV WKH PDQXDO RQ TXDOLW\ LPSURYH�
PHQW� ,W LV RULHQWHG WR D FRQWLQXRXV LPSURYHPHQW RI

SURGXFWLRQ DQG 640 �ILQDO DLP x -DSDQHVH PRGHO

740� DQG FRQWULEXWHV WR WKH DFKLHYHPHQW RI XSGDWLQJ

HQWHUSULVH LQ WKH VSKHUH RI TXDOLW\�

8QGRXEWHGO\� DW WKH WHUULWRU\ RI HDFK VRYHUHLJQ
VWDWH RQO\ QDWLRQDO VWDQGDUGV� LQFOXGLQJ WKRVH UHIHU�
ULQJ WR WKH VSKHUH RI WKH TXDOLW\ PDQDJHPHQW� FDQ EH

XVHG� 7KH IRUP RI XVH RI WKH VWDQGDUGV FDQ EH GLUHFW

RU LQWHUPHGLDU\� L�H� WKURXJK LQWHUPHGLDWH VWDQGDUGV�

DFFRXQWLQJ IRU VSHFLILFV RI GHILQLWH W\SHV RI SURGXF�

WLRQ� 7KXV� IRU H[DPSOH� ZHOGLQJ PDQXIDFWXULQJ FRQ�

VLVWV PDLQO\ RI VSHFLDO SURFHVVHV �WHUP ZKLFK LV XVHG

LQ VWDQGDUGV ,62 RI VHULHV ������ 'XULQJ WKHLU UHDOL�

]DWLRQ WKHUH LV QR WHFKQLFDO IHDVLELOLW\ WR HYDOXDWH GL�

UHFWO\ WKH UHDO TXDOLW\ RI SURGXFWV� 7KLV LV SURYLGHG

E\ WUDLQHG KLJK�VNLOOHG DQG H[SHULHQFHG SHUVRQQHO�
XVH RI SHUIHFW DQG ZHOO�VHW HTXLSPHQW� FDUHIXO SHU�

IRUPDQFH RI PDQXIDFWXUH DQG RUJDQL]DWLRQDO�WHFKQLFDO
SURFHGXUHV JLYHQ LQ LQVWUXFWLRQV� DQG DOVR E\ FDUHIXO

LQVSHFWLRQ RI WKHLU UHDOL]DWLRQ�

,Q 8NUDLQH WKH UROH RI 6WDWH 6WDQGDUG� ZLWK WKH

KHOS RI ZKLFK WKH LQWHUQDO �VSHFLDO� UHTXLUHPHQWV ZLOO
EH UHODWHG WR WKH TXDOLW\ PDQDJHPHQW E\ 6WDWH 6WDQG�

DUG RI 8NUDLQH �KHUHLQDIWHU '678� ,62 ���� �LQ�

FOXGLQJ VHOI�GHFODUDWLRQ DQG FHUWLILFDWLRQ�� ZLOO EH

SOD\HG E\ '678 ,62 ����� LQ (XURSH x E\ (1 ����

DW WKH LQWHUQDWLRQDO OHYHO x E\ VWDQGDUGV ,62 ����

>�w�@�

,Q WKRVH FDVHV ZKHQ WKH UHTXLUHPHQWV IRU TXDOLW\
PDQDJHPHQW DQG V\VWHPV RI TXDOLW\ KDYH D GHWHUPL�

QLVWLF QDWXUH H[FOXVLYHO\� WKH UHTXLUHPHQWV RI VWDQG�

DUGV ,62 RI VHULHV ���� DUH WDNHQ DV PLQLPXP QHFHV�

VDU\ DQG VXSSOHPHQWHG REOLJDWRU\ ZLWK UHTXLUHPHQWV

RI VWDQGDUGV RU VWDQGDUGL]HG GRFXPHQWV� HTXDO WR WKHP

E\ VWDWXV� DFFRXQWLQJ FRPSOHWHO\ IRU VSHFLILFV RI GHIL�
QLWH NLQGV RI SURGXFWV DQG WKHLU SURGXFWLRQ� 7KXV� LQ

DXWRPRWLYH LQGXVWU\ RI IRUHLJQ FRXQWLHV VWDQGDUGV 46

RI VHULHV ���� DUH IXQFWLRQLQJ WRJHWKHU ZLWK VWDQGDUGV

,62 RI VHULHV ����� 7KHVH VWDQGDUGV ZHUH DGRSWHG E\
WKH SURSRVDO RI ILYH NQRZQ DXWRPRWLYH FRPSDQLHV �,Q�

WHUQDWLRQDO GRFXPHQW ,62�76 ����� LV EHLQJ SUH�

SDUHG WR UHSODFH WKHP�� $W WKH PDUNHW RI PHGLFDO

HQJLQHHULQJ WKH VWDQGDUG ,62 ����� LV YDOLG� DW WKH

RLO�JDV HTXLSPHQW PDUNHW x VWDQGDUGV $3,� ZKLOH LQ

WKH VSKHUH RI HTXLSPHQW IRU QXFOHDU SRZHU HQJLQHHU�

LQJ x WKH QRUPV RI ,QWHUQDWLRQDO $WRPLF (QHUJ\ $V�

VRFLDWLRQ� 7KHUH DUH LQWHUQDWLRQDO VWDQGDUGV RQ TXDOLW\

V\VWHPV LQ DHURVSDFH� WHOHFRPPXQLFDWLRQ VSKHUH� IRRG

LQGXVWU\ DQG RWKHUV� /RQJ DJR EHIRUH WKH DSSHDUDQFH

RI VWDQGDUGV ,62 RI VHULHV ���� WKH V\VWHP RI TXDOLW\�

GHYHORSHG LQ LWV LQWHUEUDQFK VWDQGDUGV� ZDV IXQFWLRQ�

� $�(� 0$5&+(1.2� ����

11/2002 29



LQJ DW WKH HQWHUSULVHV RI 6�3� .RURO\RY 5RFNHW 6SDFH
&RUSRUDWLRQ �(QHUJL\D��

,Q HOHFWURGH PDQXIDFWXUH WKH QXPEHU RI VSHFLDO
SURFHVVHV LV YHU\ OLPLWHG� DQG UHTXLUHPHQWV IRU WKH
TXDOLW\ V\VWHPV DUH QRW VR GHWHUPLQLVWLF� H[FHSW VRPH
UDUH FDVHV� 7KHUHIRUH� WKH TXDOLW\ PDQDJHPHQW FDQ EH
UHDOL]HG E\ D GLUHFW XVH RI VWDQGDUGV ,62 ���������
ZLWK D VSHFLI\LQJ RI GHILQLWH SURFHGXUHV� ZKLFK DUH
IXOILOOHG XQGHU VSHFLDO FRQGLWLRQV� 7KLV LV DQ LPSRUWDQW
PRPHQW IURP WKH SRLQW RI YLHZ RI PDNLQJ FUHDWLRQ
DQG DVVXUDQFH RI IXQFWLRQLQJ RI TXDOLW\ V\VWHP QRW VR
H[SHQVLYH�

7KHUH DUH DW OHDVW WKUHH UHDVRQV IRU DFKLHYLQJ ID�
YRXUDEOH HFRQRPLFDO UHVXOWV �SUDJPDWLF� HFRQRPLFDO�
WHFKQLFDO�� ZKLFK FDXVHG WKH WUDQVLWLRQ WR WKH QHZ
YHUVLRQV RI VWDQGDUGV ,62 RI VHULHV ���� >��@�

$W SUHVHQW WKH IRUPHU HGLWLRQV RI WKH PHQWLRQHG
VWDQGDUGV DUH UHFRJQL]HG DQG ZLGHO\ XVHG LQ PDQ\
FRXQWULHV RI WKH ZRUOG� 0RUH WKDQ ������� 640�
FRUUHVSRQGLQJ WR WKH VWDWHPHQWV RI SUHYLRXV HGLWLRQV
RI VWDQGDUGV� DUH FHUWLILHG >��w��@� %XW� LI LQ WKH ����V
WKH FHUWLILFDWLRQ SURYLGHG HQWHUSULVHV WKH FHUWDLQ FRP�
SHWLWLYH DGYDQWDJHV� WKHQ E\ WKH HQG RI WKH ����V
WKHVH DGYDQWDJHV DQG LQYHVWPHQWV LQWR WKH VSKHUH RI
DFWLYLW\ FRQVLGHUHG EHFDPH PXFK OHVV HIIHFWLYH�
1DPHO\� IURP WKH SUDJPDWLF SRVLWLRQV WKH VWDQGDUGV
,62 RI VHULHV ���� VWRSSHG WR VDWLVI\ WKH XVHUV DV WKH\
GLG QRW UHIOHFW WKH PRGHUQ WHQGHQFLHV RI WKH PDQDJH�
PHQW SURJUHVV� , EHOLHYH� WKDW WKH VWDQGDUGV LQ D QHZ
YHUVLRQ ZLOO EHFRPH DJDLQ D FDWDO\VW RI WKLV DFWLYLW\�
LQFOXGLQJ WKH HOHFWURGH PDQXIDFWXULQJ�

6WUXFWXUH RI WKH IRUPHU VWDQGDUGV ZDV EDVHG RQ DQ
HOHPHQW�EDVHG DSSURDFK DQG LQFOXGHG �� REOLJDWRU\
NLQGV RI DFWLYLW\ LQ WKH VSKHUH RI TXDOLW\� HDFK RI WKHP
ZDV FRQVLGHUHG VR LPSRUWDQW DV WKH RWKHUV� ,W UHTXLUHG
RIILFLDOO\ WKH GLVWULEXWLRQ RI UHVRXUFHV� LQFOXGLQJ IL�
QDQFLDO RQHV� ZKLFK DV D UXOH� DUH DOZD\V LQVXIILFLHQW�
VLPXOWDQHRXVO\ LQ DOO WKH �� HOHPHQWV RI 640� WKDW
GHFUHDVHG WKH UHVXOWDWLYHQHVV DQG HIILFLHQF\ RI WKH
TXDOLW\ PDQDJHPHQW LQ SUDFWLFH� 7KH QHZ HGLWLRQ RI
VWDQGDUGV JLYHV DQ RSSRUWXQLW\ WR FRQFHQWUDWH UH�
VRXUFHV� ZKHQ QHFHVVDU\� RQ NH\ SURFHVVHV ZKLFK DUH
PRVW LPSRUWDQW LQ D JLYHQ PRPHQW IURP WKH HFRQRPL�
FDO DVSHFW� 7KLV VWDWHPHQW LV YHU\ LPSRUWDQW IRU WKH
HOHFWURGH PDQXIDFWXULQJ� ZKLFK FRQWDLQV PDQ\ WHFK�
QRORJLFDO RSHUDWLRQV RI GLIIHUHQW EUDQFK RULHQWDWLRQ�
VXFK DV PHWDOZDUH�PHWDOOXUJLFDO� FKHPLFDO�WHFKQR�
ORJLFDO� PLQLQJ� HWF� 7HFKQLFDO DQG RUJDQL]DWLRQDO LP�
SURYHPHQW RI WKHVH QXPHURXV RSHUDWLRQV VKRXOG DOVR
EH FRQGXFWHG E\ WKH SULQFLSOH RI SULRULWLHV GLVWLQJXLVK�

7KHRUHWLFDO UHDVRQV FRQFHUQ RXU PDQXIDFWXUHU WR
D VPDOOHU H[WHQW� WKDQ WKH DERYH�PHQWLRQHG� EXW LQ
IXWXUH WKH\ ZLOO EHFRPH� XQGRXEWHGO\� LPSRUWDQW IRU
WKHP DV WKH\ SOD\ D VLJQLILFDQW UROH LQ LPSURYHPHQW
RI WKH RUJDQL]DWLRQDO VWUXFWXUH RI WKH HQWHUSULVH� (YR�
OXWLRQ RI WKH RUJDQL]LQJ VWUXFWXUHV LQ WKH TXDOLW\ PDQ�
DJHPHQW LV SUHVHQWHG XVXDOO\ DV D UHVXOW RI D FRQVWDQW
VHDUFK IRU RSWLPXP FRPELQDWLRQV RI KLHUDUFKLF �V\V�
WHP�GLIIHUHQWLDO RU OLQHDU� DQG PDWUL[ �V\VWHP�LQWH�
JUDWHG RU PXOWLIXQFWLRQDO� VWUXFWXUHV RI PDQDJHPHQW�

,Q WKH ILUVW YDULDQW WKH SULQFLSOH RI KLHUDUFK\ LWVHOI
UHTXLUHV YHUWLFDO PDQDJHPHQW OLQNV WR EH PXFK
VWURQJHU WKDQ WKH KRUL]RQWDO LQWHUIXQFWLRQDO LQWHUDF�
WLRQV� 7KLV LV D WUDGLWLRQDO VFKHPH IRU XV� ,Q WKH VHFRQG�
XSGDWHG YDULDQW� WKH YHUWLFDO OLQNV DUH YHU\ VLPSOLILHG�
WKRXJK WKH\ DUH SUHVHUYHG WR VRPH H[WHQW� EXW WKH
PDQDJHPHQW LV SHUIRUPHG PDLQO\ E\ FURVV�IXQFWLRQDO
KRUL]RQWDOV� DQG WKLV SURYLGHV PDQHXYHUDELOLW\ DQG
G\QDPLVP WR RUJDQL]LQJ� ,QVWHDG RI PDQDJHPHQW VW\OH
E\ WKH SULQFLSOH � KRZ WR GR�� WKH QHZ VW\OH LV FRPLQJ�
DFWLRQ IRU UHVXOW ��ZKDW VKRXOG EH REWDLQHG DV D UH�
VXOW��� 'XULQJ UHFHQWO\ WKH\ GR WKHLU EHVW WR VHOHFW
RSWLPXP FRPELQDWLRQ RI WKHVH NLQGV RI RUJDQL]DWLRQ
IRU HDFK GHILQLWH PDQXIDFWXULQJ DQG GHILQLWH SURGXFW
DQG� WKXV� WR SURYLGH D UHDVRQDEOH FRQVHUYDWLVP DQG
QHFHVVDU\ IOH[LELOLW\ RI 640 DW PLQLPXP H[SHQVHV
IRU UHVWUXFWXUL]DWLRQ� UHTXLUHG IRU D FRQVWDQW DGDSW�
DELOLW\ WR UDSLG FKDQJHV LQ HQYLURQPHQW� $W ODUJH SUR�
GXFWLRQV WKLV LV UHDFKHG E\ LQFOXVLRQ RI PDQDJHPHQW
HOHPHQWV LQWR FRQWLQXRXVO\ IXQFWLRQLQJ VFKHPH E\
FRQFUHWH RUGHUV� 7KLV VR�FDOOHG SURMHFW VW\OH RI PDQ�
DJHPHQW LV GHVFULEHG FRPSUHKHQVLYHO\ LQ >��@�

$UFKLWHFWXUH RI VWDQGDUGV ,62 RI VHULHV ����������
WKH VDPH DV 640 FRQILJXUDWLRQ� UHJXODWHG E\ WKHP�
LV PXOWLOD\HU DQG LQFOXGHV DW OHDVW WKUHH PDLQ VWUXF�
WXUHV >��@�

,Q WKH VWUXFWXUH RI H[WHUQDO DQG LQWHUQDO UHODWLRQV
DUH DFWLQJ� FRQVXPHUV RI SURGXFWV� SHUVRQQHO RI HQ�
WHUSULVH� LWV VXSSOLHUV DQG SDUWQHUV� RZQHUV� FUHGLWRUV�
UHJLRQDO DXWKRULW\� VWDWH DQG VRFLHW\ DV D ZKROH� (DFK
RI OLVWHG VLGHV� VKRXOG� LQ SULQFLSOH� EH LQWHUHVWHG LQ
WHFKQLFDOO\ VXFFHVVIXO DQG HFRQRPLFDOO\ HIIHFWLYH LQ�
GXVWULDO DFWLYLW\ RI WKH HQWHUSULVH� DV LW LV DVVRFLDWHG
ZLWK D FRQWLQXRXV HPSOR\PHQW RI ZRUNHUV� VRFLDO ZHO�
IDUH RI WKH SHUVRQQHO� WD[ UHYHQXH� GLYLGHQGV RI VWRFN�
KROGHUV DQG FUHGLWRUV� HFRORJLFDO VDIHW\ RI SURGXFWV
DQG SURGXFWLRQ IRU HQYLURQPHQW� ,Q PRGHO RI 640
JLYHQ LQ )LJXUH �� H[WHUQDO PXWXDO UHODWLRQV DUH VKRZQ
RQ WKH OHIW DQG RQ WKH ULJKW IURP D FRQILJXUDWLRQ
FLUFOH�

3URGXFWV RI HOHFWURGH HQWHUSULVHV FRQVLVW FRP�
SOHWHO\ RI D SXUFKDVHG UDZ DQG RWKHU PDWHULDOV� 4XD�
OLW\� WLPHOLQHVV DQG UHJXODULW\ RI GHOLYHULHV LQIOXHQFH
JUHDWO\ WKH HIILFLHQF\ RI SURGXFWLRQ� FKDUDFWHULVWLF DQG
GHJUHH RI FRPSHWLWLYHQHVV RI HOHFWURGHV�

(OHFWURGHV� XVHG LQ PDQXIDFWXUH RI SURGXFWV DQG
FULWLFDO REMHFWV LQIOXHQFH� XQGRXEWHGO\� WKHLU UHOLDEL�
OLW\ DQG VHUYLFHDELOLW\� 5HJXODU FRQTXHVW RI WHQGHUV
IRU GHOLYHULHV DQG FRQVWDQW UHPDLQLQJ DPRQJ WKH SHU�
IRUPHUV RI RUGHUV RI LPSRUWDQW FRQVXPHUV LV D YHU\
FKDOOHQJLQJ SURVSHFW IRU DQ\ HQWHUSULVH�

$QG� ILQDOO\� ERWK HOHFWURGHV DQG WKHLU PDQXIDF�
WXUH UHIHU WR WKH REMHFWV RI D KLJK ULVN� 7KH FRQVWDQW
GHPRQVWUDWLRQ RI HOHFWURGHV WR WKH FXVWRPHUV� UHJLRQDO
HFRORJLFDO VHUYLFHV DQG KHDOWK ERGLHV RI LQWHQWLRQV DQG
DFWLRQV� KDYLQJ DQ DLP WR UHGXFH WKH PHQWLRQHG ULVN�
VKRXOG EHFRPH LPSRUWDQW HOHPHQWV RI DFWLYLW\ RI WKH
HOHFWURGH HQWHUSULVHV�

$OO WKH H[DPSOHV VKRZ WKH LPSRUWDQFH DQG QHFHV�
VLW\ WR HVWDEOLVK UHODWLRQV RI HOHFWURGH HQWHUSULVHV ZLWK
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H[WHUQDO FXVWRPHUV DQG VXSSOLHUV RQ SDUWQHUVKLS EDVHV�
7KLV UHDOL]DWLRQ FDQ GHILQH JUHDWO\ WKH RZQ HFRQRPLFDO
VWDELOLW\� FRPSHWLWLYHQHVV RI SURGXFWV DQG PDQXIDF�
WXULQJ� 7KHVH DUH VWDQGDUGV ,62 RI VHULHV ���������
WKDW DVVLJQ VXFK UHODWLRQV� GHYHORSHG GXULQJ PDQ\
\HDUV E\ WKH LQWHUQDWLRQDO WKHRU\ DQG SUDFWLFH RI PDQ�
DJHPHQW RI TXDOLW\ RI SURGXFWV DQG VHUYLFHV� 7KH GH�
WDLOHG GHVFULSWLRQ DQG DQDO\VLV RI H[SHULHQFH� ZKRVH
UHVXOWV ZLOO EH� XQGRXEWHGO\� XVHIXO IRU PDQDJHUV RI
HOHFWURGH HQWHUSULVHV� DUH JLYHQ LQ >��@�

$W WKH VDPH WLPH� WKH UHODWLRQV RI GLYLVLRQV DQG
VHUYLFHV RI HOHFWURGH HQWHUSULVHV� RUJDQL]HG LQ LQWHUQDO
SURGXFWLRQ DQG IXQFWLRQDO SURFHVVHV �LQ )LJXUH � WKH\
DUH DUUDQJHG ZLWKLQ WKH OLPLWV RI D FRQILJXUDWLRQ FLU�
FOH�� LQ DFFRUGDQFH ZLWK WKLV DSSURDFK FDQ DOVR EH
FRQVLGHUHG DV UHODWLRQV RI VXSSOLHUV DQG FRQVXPHUV�
7KLV VXERUGLQDWLRQ ZLWKRXW LQWHUIHUHQFH RI WKH WRS
ERGLHV VKRXOG LQFUHDVH WKH PXWXDO UHVSRQVLELOLW\ RI
PDQDJHUV DQG SHUIRUPHUV RI FURVV�IXQFWLRQDO GLYL�
VLRQV� DQG DOVR WKH HIILFLHQF\ DQG UHVXOW RI WKHLU DF�
WLYLW\ LQ WKH VSKHUH RI TXDOLW\�

7KH WHFKQRORJLFDO VWUXFWXUH RI TXDOLW\ PDQDJH�
PHQW UHSUHVHQWV XVXDOO\ D PDQDJLQJ F\FOH RI (� 'HP�
LQJ� L�H� 3'&$ �DEEUHYLDWLRQ RI ZRUGV� 3ODQ� 'R�
&KHFN DQG $FW�� 7KH )LJXUH � FDQ FRQYLQFH WKDW LQ
DFFRUGDQFH ZLWK WKLV F\FOH �OHW EH QRW LQ D VR FOHDU
IRUP DV ZDV HQYLVDJHG E\ WKH GHYHORSHUV RI WKH VWDQG�
DUG� EXW E\ UHDOL]LQJ RI VHTXHQFH RI FRQWLQXRXVO\ DO�
WHUQDWLQJ F\FOHV RI LPSURYHPHQW� IRXU PDLQ FKDSWHUV
DUH GUDZQ XS RI HDFK RI VWDQGDUGV ,62 RI VHULHV �����
LQFOXGHG LQWR D V\VWHP SDLU� QDPHO\ UHVSRQVLELOLW\ RI
DXWKRULW\� PDQDJHPHQW RI UHVRXUFHV� RXWSXW RI SUR�
GXFWV� PHDVXUHPHQW� DQDO\VLV DQG LPSURYHPHQW� $OO
WKH NLQGV RI DFWLYLW\ UHJXODWHG E\ HDFK RI WKH DERYH�
PHQWLRQHG FKDSWHUV RI WKH VWDQGDUGV LQFOXGLQJ WKH
DERYH FURVV�IXQFWLRQDO UHODWLRQV RI GLYLVLRQV� DUH UH�
DOL]HG LQ DFFRUGDQFH ZLWK F\FOH 3'&$�

$W VXFK DSSURDFK HDFK FRQVWLWXHQW RI WKH F\FOH
DORQJ D KLHUDUFKLF YHUWLFDO� IURP JOREDO �VWUDWHJLF� DW
WKH XSSHU WR GHWDLOHG DW OLQHDU KRUL]RQ RI PDQDJHPHQW�
LV QRW GRXEOHG LQ DQ\ ZD\� EXW PRVW OLNHO\ VWUXFWXUHG�
7KXV� DLP RI WKH VWUDWHJLF SODQQLQJ� UHDOL]HG E\ WKH
WRS DXWKRULW\ RI WKH HQWHUSULVH LV WR GHYHORS DQG EULQJ
WR WKH SHUVRQQHO WKH PLVVLRQ� YLVLRQ� DLPV� SROLF\ DQG

EDVLF YDOXHV RI HQWHUSULVH LQ WKH ILHOG RI TXDOLW\� $W
D PHDQ �WDFWLF� OHYHO WKH UHVRXUFHV� ORJLVWLFV RI GHOLY�
HULHV� EHQFKPDUNLQJ� YROXPHV DQG WHUPV RI ZRUNV RQ
GHILQLWH W\SHV RI SURGXFWV� RUGHUV� FRQWUDFWV DUH
SODQQHG� 2SHUDWLRQDO SODQQLQJ �E\ PRQWKV� GHFDGHV�
VKLIW� HWF�� DUH UHDOL]HG IRU GHILQLWH SURGXFWLRQ VHF�
WLRQV�

6WUXFWXUH RI OLIH F\FOH RI SURGXFWV �/&3�� L�H� LWV
SURGXFWLRQ SURSHU� LV UHJXODWHG E\ NH\ FKDSWHU RI WKH
VWDQGDUG �2XWSXW RI SURGXFWV�� ,W LQFOXGHV PDUNHW�
LQJ� GHYHORSPHQW� SXUFKDVHV� PDQXIDFWXUH� WUDQVSRUW�
LQJ DQG RWKHUV� XS WR XWLOL]DWLRQ RI UHPQDQWV DIWHU WKH
XVH RI SURGXFWV� )RUPDW RI SUHYLRXV YHUVLRQV RI VWDQG�
DUGV ,62 RI VHULHV ���� ZDV UHSUHVHQWHG LQ WKH IRUP
RI /&3 ��� HOHPHQWV RI 640�� WKHUHIRUH� LW LV ZHOO�
NQRZQ WR WKH PDQXIDFWXUHUV RI HOHFWURGHV� (OHFWURGH
PDQXIDFWXULQJ HQWHUSULVHV KDG DQ RSSRUWXQLW\ WR EH
FRQYLQFHG LQ XVHIXOQHVV DQG HIILFLHQF\ RI WKLV V\VWHP�
IRUPLQJ VWUXFWXUH RI 640� LQ ZKLFK 640� FUHDWHG
DFFRUGLQJ WR SUHYLRXV VWDQGDUGV� DUH VWLOO IXQFWLRQLQJ�
,Q LQWHUDFWLRQ ZLWK WKH UHVW PHQWLRQHG V\VWHP�IRUPLQJ
VWUXFWXUHV LW DFTXLUHV D G\QDPLVP� L�H� IURP D SODQH�
FRQWLQXRXVO\ UHSURGXFLEOH ULQJ RI HOHPHQWV LW LV WUDQV�
IRUPHG LQWR ULVLQJ VSLUDO RI LPSURYHPHQW FRQVLVWLQJ
RI WKHP� HDFK QHZ WXUQ LV UHDOL]HG DW WKH KLJKHU OHYHO�

,W VKRXOG EH UHPHPEHUHG WKDW HDFK VWDJH RI /&3
LV DOVR IXOILOOHG E\ 3'&$ F\FOH�

$OO WKH V\VWHP�IRUPLQJ VWUXFWXUHV RI TXDOLW\ PDQ�
DJHPHQW KDYH D FRPPRQ LQIRUPDWLRQ PHGLXP� WKH\
DV LI LPPHUVHG LQWR WKH V\VWHP RI LQIRUPDWLRQ DVVXU�
DQFH RI FRUUHVSRQGLQJ SURFHVVHV >��@� +HUH� ZH PHDQ
WHFKQLFDO GRFXPHQWDWLRQ IRU 640� UHVRXUFHV� SUR�
GXFWV� SURFHVVHV DV ZHOO DV IRU SURFHGXUHV RI PHDVXUH�
PHQW� DQDO\VLV DQG LPSURYHPHQW�

5HTXLUHPHQWV WR GRFXPHQWDWLRQ LQ QHZ VWDQGDUGV

DUH VLPSOLILHG WR OLPLWV� 2EOLJDWRU\ GRFXPHQWDWLRQ LV

UHTXLUHG RQO\ IRU WKRVH SURFHGXUHV ZKLFK DUH VXEMHFWHG

WR HYDOXDWLRQ GXULQJ FHUWLILFDWLRQ RI 640� 7KLV LV

PDQDJHPHQW RI GRFXPHQWDWLRQ DQG UHSRUWV� LQWHUQDO

DXGLW� SURGXFWV PDQDJHPHQW� QRW FRUUHVSRQGLQJ WR

UHTXLUHPHQWV� FRUUHFWLRQ DQG SUHYHQWLRQ RI GHIHFWV�

3ROLF\ DQG DLPV LQ WKH VSKHUH RI TXDOLW\ DQG UHFRP�

PHQGDWLRQV RQ TXDOLW\ �GHVFULSWLRQ RI 640� DUH DOVR

SUHSDUHG LQ GRFXPHQWV� 6XFK SURFHGXUH LV FRQVLGHUHG

)LJXUH �� 0RGHO RI TXDOLW\ PDQDJHPHQW V\VWHP� PDGH RQ SURFHVV�EDVHG DSSURDFK
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WR EH GRFXPHQWHG ZKLFK LV ZRUNHG RXW� SUHSDUHG LQ

GRFXPHQWV� LPSOHPHQWHG DQG NHSW LQ D ZRUNLQJ �DF�

WXDO� FRQGLWLRQ� ,QFOXVLRQ RI RWKHU GRFXPHQWV LV XQGHU

WKH FRQVLGHUDWLRQ RI WRS PDQDJHPHQW DQG DLPHG DW

NHHSLQJ LQIRUPDWLRQ SRWHQWLDO RI HQWHUSULVH DW D UH�

TXLUHG OHYHO� +HUH� LW VKRXOG EH WDNHQ LQWR DFFRXQW

WKDW GXULQJ FHUWLILFDWLRQ RI HYHU\WKLQJ GHVFULEHG LQ

>��@ LV VXEMHFWHG WR DXGLW�

,Q WKH QHZ YHUVLRQ RI VWDQGDUGV WKH 640 GRFX�

PHQWV DUH V\VWHPDWL]HG PRUH VWULFWO\ DQG ORJLF �)L�

JXUH ��� 'RFXPHQWV RI H[WHUQDO �REOLJDWRU\ IRU IXO�

ILOOPHQW LQ DQ\ FDVH� DQG LQWHUQDO RULJLQ �IXOILOOHG

DQG FRQVLGHUHG LQ FHUWLILFDWLRQ LI WKH\ DUH LQFOXGHG

DGGLWLRQDOO\ WR WKH REOLJDWRU\ GRFXPHQWV� DUH GLVWLQ�

JXLVKHG LQ LW� 1RPHQFODWXUH RI SXUSRVHIXO GRFXPHQWV

LV ZLGHQHG� 3URFHGXUDO GRFXPHQWV� LQFOXGLQJ WKRVH

FRQFHUQLQJ VWDWLVWLF UHJXODWLRQ RI SURFHVVHV DUH

JURXSHG E\ FKDSWHUV RI VWDQGDUGV DQG DLPHG DW UHDO�

L]LQJ WKHLU PDMRU SULQFLSOHV�

&DXVHV RI DSSHDUDQFH DQG HVVHQFH RI WKHVH SULQFL�

SOHV ZKLFK VKRXOG EH PDVWHUHG E\ SHUVRQQHO RI HOHF�

WURGH HQWHUSULVHV DQG DOVR UHTXLUHPHQWV ZKLFK VKRXOG

EH IROORZHG DUH GHVFULEHG LQ >��w��@�

,Q DFFRUGDQFH ZLWK D SULQFLSOH RI RULHQWDWLRQ IRU
WKH FRQVXPHU� WKH FXVWRPHU EHFRPHV D PDMRU SHUVRQ
LQ EXVLQHVV� 7KH HQWHUSULVHV RI PDUNHW RULHQWDWLRQ
VKRXOG NQRZ� KDYH WR SUHGLFW DQG WR IXOILO LQ WKH EHVW
ZD\ LWV UHTXLUHPHQWV� 7KHUHIRUH� WKH FRXQW RQ FRQ�
GXFWDQFH DQG UHVXOWV RI PDUNHWLQJ H[DPLQDWLRQV LV
PDGH GXULQJ WKH ZKROH /&3�

$FFRUGLQJ WR WKH SULQFLSOH �OHDGHUVKLS RU OHDGLQJ
UROH RI PDQDJHPHQW�� WKH PDQDJHU�DGPLQLVWUDWRU
VKRXOG EHFRPH D OHDGHU LQ WKH WUXH VHQVH RI WKH ZRUG�
7KLV LV RQH RI SUHPLVHV RI VXFFHVV RI WKH HQWHUSULVH LQ
EXVLQHVV� :LWKRXW PDQDJHU�OHDGHU LW LV LPSRVVLEOH WR
FUHDWH D IOH[LEOH DQG G\QDPLF RUJDQL]DWLRQDO VWUXFWXUH
RI WKH HQWHUSULVH� WR GUDZ XS SXUSRVHIXO GRFXPHQWV�
WR PRELOL]H DQG WR JHW SHUVRQQHO LQWHUHVWHG LQ WKH
DFKLHYHPHQW RI VXFFHVV� WKH PRUH EHQHILW LV PDGH E\
SHUVRQQHO� WKH SURVSHFWV DUH PRUH ZLGHQHG EHIRUH LW�

)URP LWV VLGH WKH WRS PDQDJHPHQW FRQVLGHUV SHU�
VRQQHO DV WKH PRVW LPSRUWDQW LWV FDSLWDO� PRWLYDWHV
LWV DFWLYLW\ DQG FUHDWLYH ODERXU LQ PRUDO DQG PDWHULDO
DVSHFWV� DQG GRHV QRW WU\ WR JHW LWV EOLQG REHGLHQFH
DQG SHUIRUPDQFH� )RU WKLV SXUSRVH WKH PDQDJHPHQW
WUDLQV� LPSURYHV TXDOLILFDWLRQ RI WKH SHUVRQQHO� LQYLWHV
LW WR SDUWLFLSDWLRQ LQ PDQDJHPHQW �SDUWLFLSDWRU\ VW\OH

)LJXUH �� 6WUXFWXUH RI GRFXPHQWDWLRQ RI TXDOLW\ PDQDJHPHQW V\VWHP >��@
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RI PDQDJHPHQW�� ZLWK HQWLUH HQWUXVWLQJ WKH DXWKRULW\
GHOHJDWHV VRPH RI LWV REOLJDWLRQV WR ORZHU VWDJHV RI PDQ�
DJHPHQW� SUHVHUYLQJ LWV UHVSRQVLELOLW\ IRU WKH UHVXOW� 7KLV
LV DQ HVVHQFH RI SULQFLSOH RI LQYROYLQJ SHRSOH�

7KH SULQFLSOH RI D SURFHVV�EDVHG DSSURDFK LV XVHG
IRU D ORQJ DJR LQ HOHFWURGH PDQXIDFWXULQJ LQ WKH IRUP
RI LQWHUUHODWHG WHFKQRORJLFDO RSHUDWLRQV� HDFK RI WKHP
KDV DQ LQSXW DQG RXWSXW >��@� 1HZ VWDQGDUGV ZLOO QRW
FKDQJH WKLV VLWXDWLRQ� LI D IRUPDOLVWLF DSSURDFK LV QRW
SUHYDLOHG RYHU D FRPPRQ VHQVH� 3URFHVV IRU QRUPDO
IXQFWLRQLQJ VKRXOG KDYH D FRPSOHWH RUJDQL]DWLRQDO
DQG HFRQRPLF DXWRQRP\� ,W PHDQV WKDW LQ SDUDOOHO
ZLWK D IHDVLELOLW\ RI FRQWURO RI LQSXW DQG RXWSXW RI
RSHUDWLRQV� DQG DOVR WKHLU FRPSOHWH LQIRUPDWLRQ DV�
VXUDQFH WKH PDQDJHU VKRXOG KDYH DYDLODEOH DOO WKH
QHFHVVDU\ VXSSRUW PHDQV �PDWHULDO�WHFKQLFDO� SRZHU
UHVRXUFHV� UHSDLU DQG RWKHUV�� RWKHUZLVH LWV OHDGLQJ
UROH ZLOO EH UHGXFHG WR WKH SXUHO\ DGPLQLVWUDWLYH ZRUN
>��@� 7R UHDFK VXFK GHJUHH RI DXWRQRP\ D UDGLFDO
UHVWUXFWXULQJ LV UHTXLUHG� WR ZKLFK WKH HQWHUSULVHV DUH
QRW UHDG\� LQ SDUWLFXODU WKH ODUJH HQWHUSULVHV�

3ULQFLSOH RI D V\VWHP�EDVHG DSSURDFKZDV ILUVW XVHG
LQ ,QWHJUDO 6\VWHPV RI 4XDOLW\ 0DQDJHPHQW RI (Q�
WHUSULVHV �,6 40(� >��@� DQG WKHQ LW ZDV GHYHORSHG
LQ SUHYLRXV VWDQGDUGV ,62 RI VHULHV ����� ,W XQLWHV DOO
WKH SURFHVVHV LQWR D FRPPRQ V\VWHP� WKH VFRSH RI
ZKLFK LQFOXGHV SODQQLQJ� IXOILOOPHQW RI WKH ZRUN RQ
TXDOLW\� HYDOXDWLRQ RI UHVXOWV� FRRUGLQDWLRQ RI DFWLYLW\
RI VXEGLYLVLRQV DLPHG DW WKH HQYLVDJHG UHVXOW� 7KLV
SULQFLSOH LV ZHOO�NQRZQ WR WKH HOHFWURGH PDQXIDFWXU�
HUV ZKLFK KDG DYDLODEOH 640 RI SUHYLRXV JHQHUDWLRQV�

7KH SULQFLSOH RI FRQWLQXRXV LPSURYHPHQW VKRXOG
EH XVHG UHODWLYH WR WKH RUJDQL]DWLRQDO VWUXFWXUH RI
HQWHUSULVH� SURGXFWLRQ� SURGXFWV� SHUVRQQHO DQG 640
LWVHOI� 7KHQ� WKH LQTXLULHV DQG H[SHFWDWLRQV RI WKH
FXVWRPHUV DQG RWKHU LQWHUHVWHG VLGHV ZLOO EH UHDOO\
FRQWLQXRXVO\ VDWLVILHG� DQG WKH HQWHUSULVH ZLOO DFTXLUH
IOH[LELOLW\� DQG VR WKH YLWDOLW\� XQGHU WKH FRQGLWLRQV
RI TXLFNO\ FKDQJLQJ DQG IDU IURP FRPIRUWDEOH PDUNHW
HQYLURQPHQW DV UHJDUGV WR LW�

0DNLQJ GHFLVLRQV RQ WKH EDVLV RI IDFWV LV RQH PRUH
SULQFLSOH RI VWDQGDUGV RI ,62� ,W FRPSOHWHO\ DYRLGV
WKH IHDVLELOLW\ RI XVH RI YROXQWDU\ SURFHGXUHV RI PDQ�
DJHPHQW LQ WKH VSKHUH RI TXDOLW\� )DFWV� QHFHVVDU\ IRU
JURXQGLQJ DQG PDNLQJ GHFLVLRQV DUH� DV D UXOH� UHVXOWV
RI VWDWLVWLF SURFHVVLQJ DQG HYDOXDWLRQ RI GDWD DFFXPX�
ODWHG LQ WKH FRDUVH RI V\VWHPDWLF REVHUYDWLRQV� SURFH�
GXUHV RI FRQWURO DQG WHVWV PDGH RQ DOO WKH SUHYLRXV
VWDJHV RI LQGXVWULDO DQG PDQDJHPHQW DFWLYLW\� ,Q WKHVH
GHFLVLRQV WDNHQ E\ ZHOO�SUHSDUHG DQG LQWHOOHFWXDO
PDQDJHUV� WKH FKDQFHV WR PDNH HUURUV DUH� XQGRXE�
WHGO\� PXFK OLWWOH >��w��@� 5HQDLVVDQFH RI VWDWLVWLF
PHWKRGV LQ WKH QHZ YHUVLRQ RI VWDQGDUGV ,62 RI VHULHV
���� LV PRUH HYLGHQW� EHFDXVH WKH\ LQ FRPELQDWLRQ
ZLWK WKH SULQFLSOH FRQVLGHUHG EHFRPH VLPXOWDQHRXVO\
D NH\ WRRO RI D FRQWLQXRXV LPSURYHPHQW RI DERYH�
VSHDNLQJ SURGXFWV DQG SURFHVVHV�

$QG ILQDOO\� DFFRUGLQJ WR WKH QHZ VWDQGDUG WKH
UHODWLRQV ZLWK VXSSOLHUV DUH RULHQWHG WR DQ REOLJDWRU\
PXWXDO SURILW� 7KLV JLYHV D IXOO IUHHGRP WR WKH FXV�

WRPHU LQ VHOHFWLRQ RI WKH VXSSOLHUV� 7KLV SULQFLSOH ZDV
VWXGLHG RQ WKH H[DPSOH RI HOHFWURGHV VXSSO\ LQ >��@�
XQIRUWXQDWHO\� ZLWKRXW FRUUHFWLRQV IRU VSHFLILFV RI
ZHOGLQJ PDQXIDFWXULQJ� 6XSSOLHUV RI ZHOGLQJ FRQVX�
PDEOHV IRU FULWLFDO REMHFWV DUH VHOHFWHG HYHQ DW WKH
VWDJH RI WKHLU GHVLJQLQJ� :HOGLQJ WHFKQRORJ\ LV WHVWHG
XVLQJ WKH VHOHFWHG ZHOGLQJ FRQVXPDEOHV E\ D VSHFLDO
SURJUDP DQG LQ FDVH RI SRVLWLYH UHVXOWV WKH\ DUH FHU�
WLILHG DQG LQFOXGHG LQWR D VWDQGDUGL]HG GRFXPHQW� 7KH
GHVLJQHU LWVHOI LV OLPLWHG LQ WKH IUHHGRP RI VHOHFWLRQ
RI VXSSOLHUV DQG FRPPXQLFDWHV RQO\ ZLWK WKRVH ZKLFK
DUH VSHFLILHG LQ VSHFLILFDWLRQV �VHH� IRU H[DPSOH >��@��
7KH VLPLODU VLWXDWLRQ LQ FDVH RI GHWHUPLQLVWLF WHFK�
QRORJLHV� HYHQ WKRVH ZKLFK GR QRW XVH ZHOGLQJ� ,I WKH
HOHFWURGH HQWHUSULVH KDV LQWHQWLRQ WR VXSSO\ SURGXFWV
WR VLPLODU FXVWRPHUV� WKHQ LW FDQ FRPELQH WKH FHUWLIL�
FDWLRQ RI 640E\ ,62 RI VHULHV ����ZLWK FHUWLILFDWLRQ
RI SURGXFWV E\ VSHFLDO UHTXLUHPHQWV� WKXV VDYLQJ WKH
IXQGV� 7KH ODWWHU UHTXLUHPHQW FDQ EH LQFOXGHG LQWR
GRFXPHQWDWLRQ RI 640 E\ FRRUGLQDWLRQ ZLWK LQVSHF�
WLRQ ERG\� IRU H[DPSOH� LQ WKH IRUP RI DQ DGGLWLRQDO
VHOI�FRQWDLQHG FKDSWHU�

7KH PDQXIDFWXUHUV RI HOHFWURGHV DUH DOVR OLPLWHG
LQ WKH VHOHFWLRQ RI VXSSOLHUV RI UDZ PDWHULDOV E\ LQ�
VWUXFWLRQV RI D VWDQGDUGL]HG GRFXPHQWDWLRQ� 6RPH�
WLPHV� HYHQ GHSRVLWV RI UDZ PDWHULDOV DUH VSHFLILHG LQ
LW� DQG WKHVH UHTXLUHPHQWV VKRXOG EH WDNHQ LQWR DF�
FRXQW LQ WKHLU SXUFKDVH�

&KDUDFWHULVWLFV RI TXDOLW\ RI HOHFWURGHV QHHG GLV�
FXVVLRQV GXH WR QHZ VWDQGDUGV� /HW XV FRQVLGHU QRZ
RQO\ WHFKQLFDO GLVFXVVLRQV ZKLFK FDQ EH GLYLGHG LQWR
WKUHH FDWHJRULHV >��@�

6SHFLILHG UDWHV FKDUDFWHUL]H WKH PRVW LPSRUWDQW

FRQVXPLQJ SURSHUWLHV ZKLFK GHILQH WKH VXLWDELOLW\ RI

XVH RI HOHFWURGHV LQ HLWKHU VSKHUH RI PDQXIDFWXUH�

7KHVH UDWHV DUH UHJXODWHG E\ VWDWH VWDQGDUGV DQG DOVR

VWDQGDUGL]HG GRFXPHQWV HTXDO E\ VWDWXV� 7KLV FDWHJRU\

LQFOXGHV FKDUDFWHULVWLFV RI GHVLJQDWLRQ �LQFOXGLQJ W\SH

RI HOHFWURGHV� SURSHUWLHV DQG FRPSRVLWLRQ RI ZHOGV

DQG GHSRVLWHG PHWDO�� DQG DOVR WKH HIILFLHQF\ RI DS�

SOLFDWLRQ �SURGXFWLYLW\� VDQLWDU\�K\JLHQLF FKDUDF�

WHULVWLFV� VDIHW\ DQG RWKHUV��

7KH REMHFW FKDUDFWHULVWLFV PDNH LW SRVVLEOH WR DW�

WDLQ WKH VSHFLILHG FKDUDFWHULVWLFV DQG WR SURYLGH PDQX�

IDFWXUH RI HOHFWURGHV ZLWK UHTXLUHG LQGLFHV �VL]HV�

FKHPLFDO FRPSRVLWLRQ� SK\VLFDO�FKHPLFDO FKDUDF�

WHULVWLFV RI W\SH RI FRDWLQJ VWUHQJWK� WROHUDQFHV IRU

GHYLDWLRQV LQ VL]HV� HWF��� 7KH REMHFW FKDUDFWHULVWLFV

DUH VSHFLILHG LQ GRFXPHQWV RI WKH GHVLJQHU DQG WHFK�

QRORJLFDO GRFXPHQWV�ZKLFK DUHPDGH E\PDQXIDFWXUHU

RQ LWV EDVLV� 7KH\ PD\ LQFOXGH WKH FKDUDFWHULVWLFV RI

LQLWLDO PDWHULDOV� VHPL�SURGXFWV DQG LQWHUPHGLDWH

W\SHV RI SURGXFWV�
,QGLFHV RI GHIHFWQHVV FKDUDFWHUL]H WKH W\SHV DQG

DPRXQW RI GHIHFWV �QDPHO\ GHYLDWLRQV IURP SUHVHW RE�
MHFW FKDUDFWHULVWLFV�� DOORZDEOH RU QRQ�DOORZDEOH IRU
FRUUHFWLRQ� 7KH\ DUH VSHFLILHG LQ WKH GHVLJQHUsV GRFX�
PHQWV� 'HYLDWLRQV DW WKH OHYHO RI QRQ�FRQIRUPLWLHV FDQ
EH VSHFLILHG LQ WKH PDQXIDFWXUHUsV GRFXPHQWV� 'LIIHU�

11/2002 33



HQFH EHWZHHQ WHUPV LV LQWHUSUHWHG LQ VWDQGDUG ,62 RI
VHULHV ����������

2EMHFW DQG GHIHFW FKDUDFWHULVWLFV DUH WKH GLUHFW
REMHFWV RI PDQDJHPHQW DQG VXEMHFWHG RI FRQWURO LQ
PDQXIDFWXUH RI HOHFWURGHV� 0DQDJHPHQW WDVN LV WKH
VHOHFWLRQ RI QRPHQFODWXUH RI FKDUDFWHULVWLFV IRU PDQ�
DJHPHQW �VXSSRUW RI D UHTXLUHG OHYHO RI TXDOLW\� WKH
FUHDWLRQ RI D QHZ REMHFW RI TXDOLW\� TXDOLW\ DVVXUDQFH
IRU VDWLVI\LQJ GHPDQGV RI FRQVXPHUV DW D UHDVRQDEOH
SULFH� DQG UHDFKLQJ WKHVH DLPV HDFK WLPH DW D QHZ
VSLUDO RI D FRQWLQXRXV LPSURYHPHQW�

6SHFLILFV RI HOHFWURGHV DV SURGXFWV� ZKRVH TXDOLW\
VKRXOG EH FRQWUROOHG LQ PDQXIDFWXUH� FRQVLVWV LQ WKH
IDFW WKDW WKHPDMRULW\ RI FKDUDFWHULVWLFV RI WKHLU TXDOLW\
�LQFOXGLQJ WKH GHIHFWQHVV OHYHO� DUH VSHFLILHG E\ D
VWDQGDUGL]HG GRFXPHQWDWLRQ RI WKH JRYHUQPHQWDO
OHYHO DQG GHVLJQHU� ,Q 8NUDLQH WKH\ DUH LQFOXGHG LQWR
WKH OLVW RI W\SHV RI SURGXFWV VXEMHFWHG WR WKH REOLJDWRU\
FHUWLILFDWLRQ E\ D WKLUG �LQGHSHQGHQW� VLGH� 7KH TXDO�
LW\ LQGH[ GHILQHG E\ WKH FRQVXPHU LQ FRQWUDFW VLWX�
DWLRQV FDQQRW EH ZRUVH WKDQ WKDW LQ WKH VWDQGDUGL]HG
GRFXPHQWV�

8NUDLQH� WKH VDPH DV 5XVVLD� LV VLJQLILFDQWO\ EH�
KLQG FRXQWULHV ZLWK D PDUNHW HFRQRP\ LQ WKH GHYH�
ORSPHQW DQG DSSOLFDWLRQ RI PHWKRGV RI TXDOLW\ PDQ�
DJHPHQW E\ VWDQGDUGV ,62 RI VHULHV ����� 1XPEHU RI
GHYHORSHG DQG FHUWLILHG 640E\ VHYHUDO RUGHUV VPDOOHU
WKDQ LQ FRXQWULHV RI (XURSH� LQ -DSDQ DQG WKH 86$�
2QH RI WKH UHDVRQV FRQVLVWV LQ WKH IDFW WKDW HFRQRPLFDO
SURILWV RI PRGHUQ PHWKRGV RI TXDOLW\ PDQDJHPHQW DQG
WKHLU JUHDW LPSRUWDQFH LQ SURYLGLQJ VXUYLYDO� VWDELOLW\
RI SRVLWLRQ DQG DFKLHYHPHQW RI D VXIILFLHQW GHJUHH RI
FRPSHWLWLYHQHVV RI SURGXFWV DQG HQWHUSULVHV LQ FULVLV
VLWXDWLRQV� ZKLFK ZHUH GHPRQVWUDWHG E\ -DSDQ HDUOLHU
WKDW RWKHUV DQG DOVR E\ FRXQWULHV RI $VLD ��$VLDQ
WLJHUV�� DQG /DWLQ $PHULFD QRW DJR� KDYH QRW EHHQ
\HW UHDOL]HG� 3UREOHPV ZKLFK DUH IDFHG E\ HQWKXVLDVWV
GHFLGLQJ WR IROORZ WKLV SDWK DUH DQDO\]HG LQ >��@ RQ
WKH H[DPSOH RI WKH 5XVVLDQ HQWHUSULVHV� +HUH� WKH
SURJUDP RI UHYLYDO LV DOVR RIIHUHG ZKLFK� XQGRXEWHGO\�
PD\ DOVR DWWUDFW LQWHUHVW RI HOHFWURGH PDQXIDFWXUHUV�
,W FDQ EH VWDUWHG DIWHU SXWWLQJ WKH SURGXFWLRQ LQ SURSHU
RUGHU� ,W FDQ EH UHDOL]HG E\ WKH IROORZLQJ ZD\V�

• FRQGXFWDQFH RI PHDVXUHPHQWV DQG DQDO\VLV RI WKH
OHYHO RI QRQ�FRQIRUPLWLHV LQ RZQ SURGXFWLRQ�

• FRQGXFWDQFH RI DQDO\VLV DQG FODVVLILFDWLRQ RI UH�
YHDOHG QRQ�FRQIRUPLWLHV E\ FDXVHV� LPSRUWDQFH� SODFH
RI RULJLQ DQG W\SH �WHFKQLFDO� SHUIRUPDQFH DQG RUJD�
QL]DWLRQDO��

• PRWLYDWLRQ RI UHGXFLQJ WKH OHYHO RI QRQ�FRQIRUP�
LWLHV�

• FRRUGLQDWLRQ RI SURGXFWLRQ FDSDELOLWLHV ZLWK UH�
TXLUHPHQWV RI WHFKQLFDO DQG WHFKQRORJLFDO GRFXPHQ�
WDWLRQ IRU SURGXFWV�

• GHYHORSPHQW RI SURJUDP RI UHGXFLQJ WKH QXPEHU
RI QRQ�FRQIRUPLWLHV DW SODQW �VKRS� OHYHO� LPSOHPHQ�
WDWLRQ RI D VWDWLVWLF UHJXODWLRQ RI SURFHVVHV �RSHUD�
WLRQV� XVLQJ FRQWURO FKDUWV�

• HVWDEOLVKPHQW RI SURGXFWLRQ UHODWLRQV XVLQJ VXS�
SOLHUwFRQVXPHU VFKHPH DQG DFFHSWDQFH RI GHFODUDWLRQ
RI ULJKWV RI LQWHUQDO FRQVXPHU�

• FUHDWLRQ RI GRFXPHQWHG 640 FRUUHVSRQGLQJ WR
VWDWHPHQWV RI VWDQGDUGV ,62 RI VHULHV ��������� DQG
DLPHG DW D FRQWLQXRXV LPSURYHPHQW�

• VHWWLQJ RI H[LVWLQJ V\VWHP RI PXWXDO UHODWLRQV
ZLWK H[WHUQDO VXSSOLHU�

%HIRUH SXWWLQJ WKLV SURJUDP LQWR IRUFH� WKH PDQ�
DJHU RI WKH HQWHUSULVH VKRXOG EHFRPH D UHDO OHDGHU RI
WKH SODQQHG WUDQVIRUPDWLRQV� WR EH WUDLQHG DQG WR
WUDLQ SHUVRQQHO RQ WKH EDVHV RI WKH TXDOLW\ PDQDJH�
PHQW� 3RVVLELOLWLHV DW WKH SUHVHQW WLPH DUH XQOLPLWHG�

7KH ,QWHULQGXVWU\ 7UDLQLQJ�&HUWLILFDWLRQ &HQWHU
�,7&&� RI WKH (�2� 3DWRQ (OHFWULF :HOGLQJ ,QVWLWXWH
KHOG WKH ILUVW VHPLQDU RI PDQDJHUV RI HOHFWURGH HQWHU�
SULVHV RQ 640 LQ 0D\� ����� 7KH WH[WV RI OHFWXUHV
DUH SXEOLVKHG E\ D VHSDUDWH &ROOHFWLRQ >��@� ,Q IXWXUH
VXFK VHPLQDUV ZLOO EH SODQQHG UHJXODUO\�

,Q -XQH� ����� ,7&& LQ FROODERUDWLRQ ZLWK 7UDLQ�
LQJ�5HVHDUFK ,QVWLWXWH RI :HOGLQJ LQ 0HNOHQEXUJ�
)HOSRPPHUQH �*HUPDQ\� WUDLQHG LQ .\LY WKH ILUVW
JURXS RI LQWHUQDO DXGLWRUV RI 640 XVLQJ WKH ����KRXU
SURJUDP� 7UDLQHHV ZHUH DZDUGHG FHUWLILFDWHV �0DQ�
DJHU RI 4XDOLW\� RI (XURSHDQ VWDQGDUG� 7KH ,7&&
DXWKRULW\ KDV LQWHQWLRQ WR WUDLQ WKH JURXSV E\ WKLV
SURJUDP LQ IXWXUH�

2YHU PRUH WKDQ �� \HDUV WKH WHFKQRORJLVWV RI HOHF�
WURGH PDQXIDFWXULQJ DUH WUDLQHG DQG LPSURYHG WKHLU
TXDOLILFDWLRQ LQ ,7&&� ,Q ����KRXU SURJUDP �� � RI
WLPH LV XVHG IRU PRGHUQ TXDOLW\ PDQDJHPHQW LQ HOHF�
WURGH SURGXFWLRQ� %\ WKH GHVLUH WKLV QXPEHU RI KRXUV
FDQ EH LQFUHDVHG�

0HPEHUV RI ,QWHUQDWLRQDO $VVRFLDWLRQ �(OHFWURGH�

RI &,6 DQDO\]H UHJXODUO\ WKH SUREOHPV LQ WKH VSKHUH

RI TXDOLW\ RI HOHFWURGH PDQXIDFWXUH DW WKHLU PHHWLQJV�

VFLHQWLILF�WHFKQLFDO VHPLQDUV DQG FRQIHUHQFHV� +HUH�

DOO DVSHFWV DUH VWXGLHG� PDWHULDO�WHFKQLFDO DVVXUDQFH�

VWDWXV RI GHVLJQV RI WHFKQRORJLFDO HTXLSPHQW� SUHSD�

UDWLRQ RI SHUVRQQHO� FHUWLILFDWLRQ RI SURGXFWV DQG SUR�

GXFWLRQ� HWF� ,Q RWKHU ZRUGV� WKH $VVRFLDWLRQ UHDOL]HV

WKH LQWHJUDWLRQ DSSURDFKHV WR WKH TXDOLW\ PDQDJHPHQW

RI SURGXFWV� ZKLFK ZHUH RIIHUHG E\ 6WDWH 6WDQGDUG

2UJDQL]DWLRQ RI WKH IRUPHU 8665 �*RVVWDQGDUW� DV

IDU EDFN DV WKH ����V IRU RYHUFRPLQJ EDUULHUV RFFXUUHG

GXH WR GLVLQWHJUDWLRQ RI D VLQJOH HFRQRPLF PHFKDQLVP�

7KH H[SHULHQFH RI HQWHUSULVHV�PHPEHUV RI $VVRFLD�

WLRQ� EHLQJ OHDGHUV LQ WKH GHYHORSPHQW DQG DSSOLFDWLRQ

RI 640� LV VWXGLHG DQG DQDO\]HG� 7KRXJK LW GRHV QRW

FRUUHVSRQG FRPSOHWHO\ WR WKH DERYH�GHVFULEHG SUR�

JUDP� KRZHYHU� WKHLU UHVXOWV DUH VXFFHVVIXO� 6RPH RI

WKH PHQWLRQHG HQWHUSULVHV DUH ZRUNLQJ E\ WKH RUGHUV

RI WKH PDMRU FRQVXPHUV >��� ��@� $QG WKLV LQGXFHV

RSWLPLVP LQ HYDOXDWLRQ RI SURVSHFWV RI PDVWHULQJ SUR�

FHGXUHV RI TXDOLW\ PDQDJHPHQW E\ VWDQGDUGV ,62 RI

VHULHV ���� DOVR E\ RWKHU HQWHUSULVHV LQFOXGHG LQWR WKH

PHPEHUVKLS RI WKH $VVRFLDWLRQ �(OHFWURGH�� 1DWX�

UDOO\� FDSDFLW\� RUJDQL]DWLRQDO FDSDELOLWLHV� ILQDQFLQJ�

WHFKQLFDO SRVVLELOLWLHV DQG FXUUHQW FRQGLWLRQ RI SUR�

GXFWLRQ DW WKHVH HQWHUSULVHV ZLOO EH UHIOHFWHG LQ VHSD�

UDWH SDUWV RI WKH SURJUDP DQG WKH GXUDWLRQ RI LWV IXO�

ILOOPHQW� %XW WKH SRVLWLYH UHVXOW ZLOO EH� XQGRXEWHGO\�

DFKLHYHG�
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'XULQJ WKH SURJUDP UHDOL]DWLRQ� WKH TXHVWLRQ LV
DULVHQ REOLJDWRU\ DERXW WKH UROH RI FRQVXOWDQWV LQ WKH
ZRUNLQJ RXW RI 640 GRFXPHQWDWLRQ� ZKLFK DUH LQ�
YLWHG IURP RWKHU RUJDQL]DWLRQV� ([SHULHQFH RI RWKHU
SURGXFWLRQV VKRZHG WKDW ZLWKRXW WKHLU SDUWLFLSDWLRQ
LW ZRXOG EH GLIILFXOW WR FUHDWH HIIHFWLYH 640 LQ UH�
TXLUHG WHUPV� 3URIHVVLRQDO SDUWLFLSDWLRQ RI WKH H[WHU�
QDO OHDGHU LV QHFHVVDU\ DQG LPSRUWDQW IRU D VNLOOHG
GLDJQRVWLFV RI SURGXFWLRQ� SURSHU VHOHFWLRQ� SODQQLQJ
DQG IXUWKHU UHDOL]DWLRQ RI DFWLRQV E\ VWDJHV� LQFOXGLQJ
DOVR E\ D �SUHFLVH VHWWLQJ� RI UHTXLUHPHQWV RI VWDQG�
DUGV ,62 RI VHULHV ���� IRU WKH FRQGLWLRQV RI ZRUN RI
D GHILQLWH HQWHUSULVH �XS WR GHILQLWH ZRUNLQJ SODFHV��
)RU WKLV� H[SHUW VKRXOG KDYH D SHUIHFW NQRZOHGJH LQ
WKH PHWKRGRORJ\ RI WKH PHQWLRQHG VWDQGDUGV DQG
NQRZ FRPSUHKHQVLYHO\ WKH VSHFLILFV RI SURGXFWLRQ RI
WKLV HQWHUSULVH� +H ZLOO EH LQGLVSHQVDEOH LQ WUDLQLQJ
RI SHUVRQQHO LQ FRPPRQ �UXOHV RI JDPH�� FRRUGLQDWLRQ
DQG DSSURYDO RI UHVXOWV RI DFWLRQV RI LQGXVWULDO SHU�
IRUPHUV� ZKR DUH ZRUNLQJ RXW GRFXPHQWDWLRQ RI 640
DQG KH ZLOO EH QHFHVVDU\ IRU D FRQVWDQW HQVXUDQFH IURP
D ]HUR WHFKQLFDO UHVXOW DW WKH ILQDO VWDJH RI WKH GHYH�
ORSPHQW� %\ VHOHFWLQJ FRQVXOWDQWV �WKH\ KDYH D KR�
QRUDEOH QDPH DEURDG x DGYLVHUV�� WKH FXVWRPHU PD\
H[SHFW DPLQLPXP ULVN RI QRW SDVVLQJ D SUHFHUWLILFDWLRQ
DXGLW� KLJK SULFH RI VHUYLFH DQG DFFHSWDEOH WHUP� 7KH
ODWWHU VKRXOG DPRXQW WR ���w� \HDUV� RWKHUZLVH WKH
GHYHORSPHQW ZLOO EHFRPH ROG DQG QRW SURILWDEOH�

$W SUHVHQW LQ 8NUDLQH DQG 5XVVLD RQO\ WKH IRUPDO

SDUW RI WKH FHUWLILFDWLRQ RQ WKH GHYHORSHG GRFXPHQ�

WDWLRQ RI 640 KDV EHHQ PDVWHUHG� +HUH� WKH GHVLUH

DSSHDUV WR LQYLWH WKRVH IRU FRQVXOWDWLRQV ZKR NQRZ

WKH UHTXLUHPHQWV IRU GRFXPHQWDWLRQ RI 640 LQ IRUPDO

ZD\� EXW SHUIHFWO\� L�H� DXGLWRUV RI ERGLHV RI FHUWLIL�

FDWLRQ RU IRUHLJQ FHUWLI\LQJ RUJDQL]DWLRQV� 7KHVH H[�

DPSOHV H[LVW ERWK LQ &,6 DQG FRXQWULHV ZLWK D PDUNHW

HFRQRP\� LQFOXGLQJ HQWHUSULVHV PDQXIDFWXULQJ ZHOG�

LQJ FRQVXPDEOHV�

$W WKH SUHVHQW PRPHQW WKHUH DUH QR MXULGLFDO OLPL�

WDWLRQV IRU WKH GHYHORSPHQW DQG FHUWLILFDWLRQ RI 640

E\ WKH VDPH RUJDQL]DWLRQ �LI HYHQ WKHVH DFWLRQV RQ LWV

EHKDOI DUH SHUIRUPHG E\ GLIIHUHQW SHUVRQV EHLQJ LWV VWDII

PHPEHUV� RU WKH RQH DQG WKH VDPH SHUVRQ EHLQJ LQ VHUYLFH

DW LWV GLIIHUHQW VXEGLYLVLRQV�� +RZHYHU� WKHVH DFWLRQV

DUH EODPHG E\ SURIHVVLRQDOVwV\VWHPL]HUVwGHVLJQHUV E\

VRPH UHDVRQV >��w��@ LQGLFDWHG EHORZ�

5XOHV RI FHUWLILFDWLRQ E\ WKH WKLUG �LQGHSHQGHQW�

VLGH GR QRW DGPLW� LQ SULQFLSOH� VXFK FRPELQDWLRQ� DV

LW LV LPSRVVLEOH WR FDOO WKH VLGH LQGHSHQGHQW LI LW FRQ�

VXOWV WKH GHYHORSPHQW ZKLFK ZLOO EH VXEMHFWHG WR IXU�

WKHU FHUWLILFDWLRQ�

7KHUH LV D KLJK SUREDELOLW\ WKDW DV D UHVXOW RI WKHVH

DFWLRQV WKH HQWHUSULVH ZLOO REWDLQ WKH �IRUPDO� LQIRU�

PDWLRQ LQ WKH IRUP RI FHUWLILFDWH RI FRQIRUPLW\ WKDW

LW LV DOUHDG\ �RsNH\� LQVWHDG RI D �UHDO DVVLVWDQFH RQ

LPSURYHPHQW RI KHDOWK� EHLQJ YHU\ LPSRUWDQW IRU

RYHUFRPLQJ FULVLV DQG DFTXLULQJ D VWDEOH SRVLWLRQ DW

WKH PDUNHW >��@�
,W VKRXOG QRW EH H[SHFWHG WKDW GHYHORSHG DQG WKXV

FHUWLILHG 640 ZLOO EHFRPH UHDOO\ HIIHFWLYH DQG UHVXO�

WDWLYH� EHFDXVH� DV WKH H[SHULHQFH VKRZHG� WKH QXPEHU
RI DGYDQWDJHV ZKLFK HQWHUSULVH LV H[SHFWLQJ WR REWDLQ
DUH SURSRUWLRQDO WR HIIRUWV PDGH E\ SHUVRQQHO IRU LWV
GHYHORSPHQW� 'RFXPHQWDWLRQ RI 640 VKRXOG EH FUH�
DWHG LQ WKH RUJDQL]DWLRQ DQG E\ WKRVH SHRSOH ZKR ZLOO
XVH LW� 'XULQJ WKH SURFHVV RI GRFXPHQWDWLRQ GHYHORS�
PHQW WKH\ DQDO\]H WKH VWDWH� VHDUFK DQG HOLPLQDWH QRQ�
FRQIRUPLWLHV� LPSURYH WKH PDQDJHPHQW VWUXFWXUH DQG
WHFKQRORJ\ RI SURGXFWLRQ� WDNLQJ LQWR DFFRXQW KHUH
WKH PHULWV RI WKHLU HQWHUSULVH DQG VR RQ� ,W LV YHU\ ZHOO
LI WKH DGYLVHU FRXOG KDYH GLDORJ ZLWK WKHP LQ DQ XQ�
GHUVWDQGLQJ SURIHVVLRQDO ODQJXDJH�

7KH RFFXUUHQFH RI �UDFLQJ WR FHUWLILFDWLRQ� LV KD�
]DUGRXV� 1RW WDNLQJ LQWR FRQVLGHUDWLRQ RWKHU UHDVRQV
RI WKLV SKHQRPHQD� GLVFXVVHG LQ >��@� ZH VKDOO SD\
DWWHQWLRQ WR WKH IDFW WKDW SHUVRQV GHDOLQJ VLPXOWDQH�
RXVO\ ZLWK WKH GHYHORSPHQW DQG FHUWLILFDWLRQ RI 640
DUH PRVWO\ LQWHUHVWHG LQ D SRVLWLYH DQG IDVW FRPSOHWLRQ
RI ZRUN� 7KH\ ZLOO WU\ WR SDVV DKHDG HDFK RWKHU LQ
PDNLQJ FHUWLILFDWLRQ HYHQ ZLWKRXW DFFRXQWLQJ IRU WKH
UHDGLQHVV RI SHUVRQQHO WR DFFHSW 640� 7KH H[FHVV RI
FHUWLILFDWHV LV QRW VR KD]DUGRXV �ZH DUH IDU IURP LW�
DV WKH DSSHDUDQFH RI IDFHOHVV� VOLJKW 640� FUHDWHG E\
SDWWHUQ DQG UHVHPEOLQJ HDFK RWKHU OLNH WZLQV� 7KHUH
LV D KD]DUG WKDW WKH\ FDQ RYHUWRRN WKH IRUWXQH RI ,6
40( FUHDWHG E\ FRPPRQ UHFLSHV IURP RQH HYHQ D
KLJKO\�TXDOLILHG FHQWHU� 8VLQJ DSSURDFKHV EDVHG RQ
SOXUDOLVP LW LV GLIILFXOW WR IXOILO WKHPDMRU UHTXLUHPHQW�
WKRVH ZKR DUH GHDOLQJ ZLWK TXDOLW\ VKRXOG GHPRQ�
VWUDWH WKH H[DPSOHV RI HWKLFV LQ DOO WKHLU DFWLRQV�

0DQDJHPHQW RI TXDOLW\ LQ HOHFWURGH PDQXIDFWXUH
KDV SDVVHG D ORQJ ZD\ RI GHYHORSPHQW >��@� $VVRFLD�
WLRQ �(OHFWURGH� KDV D VXIILFLHQW DXWKRULW\� RUJDQL]D�
WLRQDO HIIRUWV DQG LV FDSDEOH WR XVH D PRPHQW RI WUDQ�
VLWLRQ WR WKH QHZ YHUVLRQV RI VWDQGDUGV ,62 RI VHULHV
���� DV D VWLPXOXV IRU EHJLQQLQJ RI ZRUNV RQ TXDOLW\
DW WKH QHZ VWDJH RI RYHUFRPLQJ WKH HFRQRPLF GLIIL�
FXOWLHV DQG DFWXDO LPSURYHPHQW RI D SRWHQWLDO RI FRP�
SHWLWLYHQHVV DW WKH PDUNHW RI ZHOGLQJ FRQVXPDEOHV�

�� '678 ,62 ���������� 4XDOLW\ PDQDJHPHQW V\VWHPV� 0DLQ
SURYLVLRQV DQG WHUPLQRORJ\ �,62 ���������� ,'7�� )LOHG RQ
���������

�� '678 ,62 ���������� 4XDOLW\ PDQDJHPHQW V\VWHPV� 6SHFL�
ILFDWLRQV �,62 ���������� ,'7�� )LOHG RQ ���������

�� '678 ,62 ���������� 4XDOLW\ PDQDJHPHQW V\VWHPV� 5HVR�
OXWLRQV RQ LPSURYHPHQW RI DFWLYLW\ �,62 ���������� ,'7��
)LOHG RQ ���������

�� *267 5 ,62 ���������� 4XDOLW\ PDQDJHPHQW V\VWHPV�
0DLQ SURYLVLRQV DQG WHUPLQRORJ\� )LOHG RQ ���������

�� *267 5 ,62 ���������� 4XDOLW\ PDQDJHPHQW V\VWHPV�
6SHFLILFDWLRQV� )LOHG RQ ���������

�� *267 5 ���������� 4XDOLW\ PDQDJHPHQW V\VWHPV� 5HFRP�
PHQGDWLRQV RQ LPSURYHPHQW RI DFWLYLW\� )LOHG RQ ���������

�� 3URMHFW '678 ,62 ���� �� 6SHFLILFDWLRQV IRU ZHOGLQJ TXDO�
LW\� )XVLRQ ZHOGLQJ RI PHWDOOLF PDWHULDOV� 3DUW �� 'HWDLOHG
UHTXLUHPHQWV WR TXDOLW\ �)LQDO HGLWLRQ��

�� YRQ +RIH� '� ������ 4XDOLW\ DVVXUDQFH LQ SURGXFWLRQ RI
ZHOGHG LWHPV� ,Q� 3URF� RI ,QW� &RQI� RQ :HOGLQJ DQG 5H�
ODWHG 7HFKQRORJLHV WR ��VW &HQWXU\� 1RY� ����� .\LY� 3:,�

�� 5R]KNRY� $�,�� =R]HQRN� 9�3�� .XGLQRYD� 9�3� HW DO� ������
3URFHGXUHV RI ZHOGLQJ TXDOLW\ DVVXUDQFH LQ TXDOLW\ V\VWHP
DFFRUGLQJ WR ,62 ����� ,Q� :HOGLQJ DQG UHODWHG WHFKQROR�
JLHV� ,VVXH �� 0LQVN� 1,.7, 6L=3�

��� 5DNKOLQ� .�0� ������ ,6 ,62 ��������� VHULHV� 3ULQFLSOH
DQG FRQWHQW RI SURFHGXUH DSSURDFK� 6WDQGDUW\ L .DFKHVWYR�
�� ��w���

��� *XPHQNRY� 9�<X� ������ 6WDQGDUG ,62 ��������� x VWHS
DKHDG RU DVLGH� ,ELG�� ���� ��w���
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��� $GDVKNLQD� 1�2� ������ $ERXW VWDQGDUGV ,62 ���� IURP UH�
OLDEOH VRXUFH x FRPLQJ IURP ,62� ,ELG�� ��w���

��� $GOHU� <X�3�� $URQRY� ,�=�� 6KSHU� 9�/� ������ :KDW GRHV
WKH FRPLQJ FHQWXU\ KDYH LQ VWRUH IRU XV" 0DQDJHPHQW RI WKH
��VW FHQWXU\ x VKRUW UHYLHZ RI PDLQ WHQGHQFLHV� ,ELG�� ��
��w���

��� 6KYHWV� 9�(� ������ 0DLQ WUHQGV RI LPSURYHPHQW DQG VWUXF�
WXUH RI TXDOLW\ PDQDJHPHQW V\VWHPV RQ EDVH RI QHZ YHUVLRQV
RI ,62 ��������� VHULHV� ,Q� 'RF� RI ,QW� 3URMHFW RQ &RQ�
VWHOODWLRQ RI 4XDOLW\ ����� .\LY�

��� $GOHU� <X�3� ������ /RYH \RXU VXSSOLHUV� ,Q� 6XSSOLHU DQG
FRQVXPHU� 6HULHV 5,$ 4XDOLW\ +RXVH� ,VVXH ��

��� $OSHULQ� /� ������ 2SHQ WKH QHZ ZRUOG RI TXDOLW\� 6WDQ�
GDUW\ L .DFKHVWYR� ��� ��w���

��� 6YLWNLQ� 0�=� ������ 6WDQGDUGV ,62 RI VHULHV ���� RI YHU�
VLRQ ���� \HDU� QHZ VWHSV LQ SUDFWLFH RI TXDOLW\ PDQDJH�
PHQW� ,ELG�� ��� ��w���

��� &KDMND� ,�,�� 7VLPEDOLVW� *�0� ������ 1HZ YHUVLRQ RI ,62
���� VWDQGDUGV� 0RVFRZ� 6WDQGDUW�

��� :HVW� '�� &KLQIUDQL� $�� 7VLNDOV� '� ������ 3ULQFLSOHV RI
TXDOLW\ PDQDJHPHQW x EDVH RI IDPLO\ RI VWDQGDUGV ,62
���������� 6WDQGDUW\ L .DFKHVWYR� �� ��w���

��� $GOHU� <X�3� ������ (LJKW SULQFLSOHV WKDW FKDQJH WKH ZRUOG�
,ELG�� �� ��w���

��� *DUQLN� ,�,� ������ 3RVW�RSHUDWLRQDO FRQWURO RI WHFKQRORJLFDO
SURFHVV RI ZHOGLQJ HOHFWURGHV SURGXFWLRQ� $YWRPDWLFK�
6YDUND� �� ��w���

��� /DSLGXV� 9�$� ������ 7RWDO TXDOLW\ �740� LQ 5XVVLDQ FRP�
SDQLHV� ,Q� 6WDWH 0DQDJHPHQW 8QLYHUVLW\� 1DWLRQDO )XQG
RI SHUVRQQHO WUDLQLQJ� 0RVFRZ�

��� ������ 4XDOLW\ PDQDJHPHQW RI SURGXFWV� 5HIHU� %RRN� (G�
E\ 9�9� %RMWVRY� $�9� *OLFKHY� 0RVFRZ� 6WDQGDUW�

��� +LPPHOEODX� '� ������ $QDO\VLV RI SURFHVVHV E\ VWDWLVWLFDO
PHWKRGV� 0RVFRZ� 0LU�

��� ������ 6HYHQ WRROV RI TXDOLW\� 6HULHV 4XDOLW\� HFRQRPLFV�
VRFLHW\� XS�WR�GDWH SUREOHPV� 0RVFRZ� 6WDQGDUW�

��� 0DUFKHQNR� $�(�� .RWHOFKXN� $�6�� 7DUDERUNLQ� /�$�
������ 6HYHQ -DSDQHVH VWDWLVWLFDO WRROV RI TXDOLW\ LQ ZHOGLQJ
HOHFWURGHV SURGXFWLRQ� ,Q� 3URF� RI �QG ,QW� &RQI� RI :HOG�
LQJ &RQVXPDEOHV RI &,6 RQ $UF :HOGLQJ� 0DWHULDOV DQG

4XDOLW\ DW WKH 7KUHVKROG RI ��VW &HQWXU\�2U\RO� -XQH �w��
�����

��� 3URWVHQNR� 1�$� ������ 6HOHFWLRQ DQG HYDOXDWLRQ RI VXSSOL�
HUV RI ZHOGLQJ FRQVXPDEOHV� ,Q� $EVWU� RI 6FL��7HFK� 6HPL�
QDU RQ ,QFUHDVH RI 6HUYLFH 5HOLDELOLW\ RI /LQHDU 3DUW RI
*DV�0DLQ 3LSHOLQH� .\LY� 0DUFK ��� �����

��� 63 ������w��� 5HJXODWLRQ FRGH RQ FRQGXFWLQJ RI ZHOGLQJ
RSHUDWLRQV DQG TXDOLW\ FRQWURO RI ZHOGHG MRLQWV RI
�*D]SURP� &RPSDQ\�

��� 7DYHU� (�,� ������ 0DQDJHPHQW REMHFW LQ TXDOLW\ PDQDJH�
PHQW� 6WDQGDUW\ L .DFKHVWYR� �� ��w���

��� ������ 4XDOLW\ PDQDJHPHQW V\VWHP LQWHQGHG IRU PDQDJHUV�
,Q� 3URF� RI 3UDFW� 6HPLQDU RI 0DQDJHUV RI :HOGLQJ &RQ�
VXPDEOHV (QWHUSULVHV�3URGXFHUV� .\LY� $SULO ��w��� �����

��� 6HPHQG\DHY� %�9� ������ ,PSOHPHQWDWLRQ RI TXDOLW\ V\VWHP
DW �(OHNWURGQ\ =DYRG� &RPSDQ\ DV D QHZ VWDJH RI GHYHORS�
PHQW RI HQWHUSULVH� 6YDUVKFKLN� �� ���

��� .XVNRY� <X�9�� 0LNKHHYD� (�1� ������ 6FKHGXOLQJ VWUDWHJ\
RI HOHFWURGH HQWHUSULVH� (OHFWURGH SURGXFWLRQ DW WKH WKUHV�
KROG RI QHZ PLOOHQLXP� ,Q� 3URF� RI 6FL��7HFK� 6HPLQDU�
&KHUHSRYHW]� 0D\ ��w��� �����

��� /DSLGXV� 9�$� ������ 3URIHVVLRQ LV D TXDOLW\ FRQVXOWLQJ� ([�
SHULHQFH RI ZRUN ZLWK LQGXVWU\� 6WDQGDUW\ L .DFKHVWYR� ��
��w���

��� 3RGROVN\� 0�6� ������ &RQVXOWDQWV EHQHILW WR WKH FXVWRPHU�
,ELG�� �� ��w���

��� 'LWRU� $�8� ������ :KR LV ZKR LQ WKH PDUNHW RI FHUWLILFD�
WLRQ DQG FRQVXOWLQJ VHUYLFHV LQ WKH ILHOG RI TXDOLW\� ,ELG�� ��
��w���

��� 3OHWQHYD� 1�3� ������ 7HQ VWHSV RQ WKH ZD\ WR VXFFHVVIXO
FHUWLILFDWLRQ RI TXDOLW\ V\VWHP DFFRUGLQJ WR ,62 ����� ,ELG��
�� ��w���

��� &RQWL� 7� ������ (YROXWLRQ RI LQWHUQDWLRQDO VWDQGDUGV RQ
TXDOLW\ DQG 740 HYROXWLRQ� ,ELG�� �� ��w���

��� 0DUFKHQNR� $�(� ������ ([SHULHQFH RI GHYHORSPHQW DQG DS�
SOLFDWLRQ RI TXDOLW\ V\VWHPV LQ QDWLRQDO DQG IRUHLJQ HOHFWURGH
SURGXFWLRQ� ,Q� 3URF� RI 3UDFW� 6HPLQDU RI (QWHUSULVHV�3URGX�
FHUV RI :HOGLQJ &RQVXPDEOHV RQ 4XDOLW\ 0DQDJHPHQW 6\V�
WHP ,QWHQGHG WR 0DQDJHUV� .\LY� $SULO ��w��� �����
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2�*� .8=0(1.2 DQG ,�$� 5<$%76(9

7KH (�2� 3DWRQ (OHFWULF :HOGLQJ ,QVWLWXWH� 1$68� .\LY� 8NUDLQH

7HFKQRORJ\ DQG SURSHUWLHV RI WKH PHWDO� GHSRVLWHG E\ HOHFWURVODJ SURFHVV ZLWK D ILOOHU RI FKLSV RI WRRO VWHHO �.K10� DUH

GHVFULEHG� ,W LV HVWDEOLVKHG WKDW LQ HOHFWURVODJH KDUGIDFLQJ �(6+� WKH FRQWHQW RI LPSXULWLHV LQ WKH GHSRVLWHG PHWDO LV

PDUNHGO\ UHGXFHG� 3URGXFWLRQ WULDOV VKRZHG WKDW WKH OLIH RI GLHV� UHVWRUHG E\ (6+� XVLQJ FKLSV RI WRRO VWHHOV� LV ���w�

WLPHV KLJKHU WKDQ WKDW RI IRUJHG GLHV� +LJK DQG VWDEOH SHUIRUPDQFH RI (6+ GLHV FRQILUPV WKH UDWLRQDOLW\ RI WKHLU

DSSOLFDWLRQ LQVWHDG RI WKH IRUJHG RQHV�

.H\ ZRU G V � HOHFWURVODJ KDUGIDFLQJ� GLHV� PHFKDQLFDO

SURSHUWLHV� OLIH� WRRO VWHHOV

,Q UHVWRUDWLRQ RI ZRUQ GLHV E\ KDUGIDFLQJ WKH HIIL�
FLHQF\ DQG FRVW�HIIHFWLYHQHVV RI WKH SURFHVV KDYH DQ

LPSRUWDQW UROH� 9DULRXV DUF KDUGIDFLQJ SURFHVVHV�

ZLGHO\ XVHG IRU WKLV SXUSRVH� GR QRW DOZD\V PHHW WKHVH

UHTXLUHPHQWV� SDUWLFXODUO\ ZLWK ODUJH YROXPHV RI WKH

GHSRVLWHG PHWDO� IRU LQVWDQFH� DW UHVWRUDWLRQ RI ODUJH�
VL]HG KDPPHU GLHV >�@�

3URFHVV RI (6+� XVLQJ WRRO VWHHO FKLSV DV ILOOHU�

ZKLFK ZDV GHYHORSHG DW WKH (�2� 3DWRQ (OHFWULF

:HOGLQJ ,QVWLWXWH� DOORZV D FRQVLGHUDEOH LPSURYH�

PHQW RI KDUGIDFLQJ HIILFLHQF\ DQG TXDOLW\ RI GHSRVLWHG

PHWDO >�@� 7KH HVVHQFH RI WKH SURFHVV LV DV IROORZV�

)RU KDUGIDFLQJ WKH GLH ZLWK WKH JUDYXUH IDFLQJ XS�

ZDUGV LV SODFHG LQWR D PRXOG RI WKH GLPHQVLRQV FRU�

UHVSRQGLQJ WR WKRVH RI WKH GLH� )OX[ $1����0 �ZW���

��6L2�� ��&D2� ��&D)�� ��$O�2�� LV XVHG IRU KDUG�

IDFLQJ WKH GLHV� ZKLFK LV ILUVW PHOWHG LQ D VODJ�PHOWLQJ
IXUQDFH LQ WKH DPRXQW� UHTXLUHG IRU LQGXFLQJ D VODJ
SRRO �� WR �� PP GHHS� 6ODJ LV SRXUHG LQWR WKH PRXOG�

QRQ�FRQVXPDEOH ZDWHU�FRROHG HOHFWURGHV DUH ORZHUHG

LQWR WKH VODJ SRRO DQG HOHFWURVODJ SURFHVV LV VWDUWHG�

3RUWLRQ IHHG RI WRRO VWHHO FKLSV DW WKH VSHHG RI

�w� NJ�PLQ LV VWDUWHG RQO\ DIWHU SDUWLDO PHOWLQJ RI
WKH HQWLUH VXUIDFH RI WKH GLH JUDYXUH� :KHQ FKLSV

IHHGLQJ LV RYHU� VSHFLILF SRZHU RI WKH SURFHVV LV UHGXFHG
WR D FHUWDLQ YDOXH� WKLV DOORZLQJ SHUIRUPDQFH RI D

FRQWUROOHG VROLGLILFDWLRQ RI WKH GHSRVLWHG PHWDO�

6XFK D WHFKQRORJ\ HQDEOHV SURGXFLQJ D KLJK�TXDO�
LW\ GHSRVLWHG OD\HU RI VHYHUDO PLOOLPHWHU WKLFNQHVV�

GHQVH RYHU WKH HQWLUH FURVV�VHFWLRQ� ZLWKRXW GHIHFWV

RI VKULQNDJH W\SH� VODJ LQFOXVLRQV� ODFNV RI IXVLRQ� HWF�

,QYHVWLJDWLRQ RI WKH GHSRVLWHG PHWDO FRPSRVLWLRQ

VKRZHG WKDW VXOSKXU FRQWHQW ZDV UHGXFHG IURP �����

LQ WKH FKLS PHWDO WR ����� � LQ WKH PHWDO RI WKH

GHSRVLWHG OD\HU� $PRXQW RI R[\JHQ DQG QLWURJHQ ZDV
UHGXFHG IURP ������ DQG ������ LQ WKH FKLS PHWDO WR

������ DQG ������ � LQ WKH GHSRVLWHG OD\HU� UHVSHF�

WLYHO\� ,Q DGGLWLRQ� WKH TXDQWLW\ RI QRQ�PHWDOOLF LQ�

FOXVLRQV LQ WKH GHSRVLWHG PHWDO ZDV DOVR GHFUHDVHG�

6R� YROXPH IUDFWLRQ RI R[LGHV DQG VXOSKLGHV LQ WKH

GHSRVLWHG PHWDO LV ����� DQG ����� DQG LQ WKH IRUJHG
PHWDO ����� DQG ����� �� UHVSHFWLYHO\� ,Q WKH GHSRV�

LWHG PHWDO QRQ�PHWDOOLF LQFOXVLRQV DUH DUUDQJHG XQL�

IRUPO\� DQG LQ WKH IRUJHG RQH PRVWO\ LQ JURXSV� $W
FKLS PHOWLQJ LQ WKH VODJ SRRO WKH UHGXFHG UHDFWLRQ

VXUIDFH LV PXFK ODUJHU WKDQ ZKHQ XVLQJ RWKHU W\SHV

RI ILOOHU RU HOHFWURGH PHWDOV �ZLUH� VWULS� OLTXLG PHWDO�

HWF��� WKLV SURPRWLQJ EHWWHU UHILQHPHQW RI WKH GHSRV�

LWHG PHWDO�

0HWDOORJUDSKLF LQYHVWLJDWLRQV VKRZHG WKDW PLFUR�

VWUXFWXUH RI WKH GHSRVLWHG OD\HU� ZKHQ XVLQJ �.K10

�ZW��� ���&� ���&U� ���1L� ���0R� VWHHO DV ILOOHU�

� 2�*� .8=0(1.2 DQG ,�$� 5<$%76(9� ����

)LJXUH �� 0LFURVWUXFWXUH RI �.K10 VWHHO� D x GHSRVLWHG OD\HU�
E x IRUJHG PHWDO RI WKH EDVH OD\HU �×����
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FRQVLVWV RI WURRVWLWH� SHDUOLWH DQG VPDOO UHJLRQV RI
PDUWHQVLWH�DXVWHQLWH VWUXFWXUH �)LJXUH �� D�� 0LFUR�
KDUGQHVV RI UHJLRQV ZLWK WURRVWLWH�SHDUOLWH VWUXFWXUH
LV HTXDO WR +9 �w�����w����� 03D� DQG WKDW RI VHF�
WLRQV ZLWK D PDUWHQVLWH�DXVWHQLWH VWUXFWXUH LV +9 �w
�����w����� 03D� %DVH PHWDO RI WKH GLH� FRPSDUHG
WR GHSRVLWHG PHWDO� KDV D FRDUVHU WURRVWLWH�SHDUOLWH
VWUXFWXUH �)LJXUH �� E��

5HVXOWV RI PHFKDQLFDO WHVWLQJ �7DEOH� RI VDPSOHV
RI RSHQ�PHOWHG IRUJHG PHWDO DQG PHWDO� GHSRVLWHG E\
(6+ SURFHVV ZLWK D ILOOHU RI FKLSV RI �.K10 VWHHO
VKRZ WKDW WKH VWUHQJWK SURSHUWLHV RI WKH ODWWHU DUH RQ
WKH OHYHO RI WKRVH RI IRUJHG PHWDO DW DOO WKH WHVW WHP�
SHUDWXUHV ���� ��� DQG ��� �&��

6WXG\LQJ WKH VDPSOHV RI GHSRVLWHG PHWDO DIWHU LP�
SDFW WRXJKQHVV WHVWLQJ GHPRQVWUDWHG WKDW WKHLU IUDF�
WXUH LV ILEURXV� ZLWK VPDOO UHJLRQV RI FU\VWDOOLQH VWUXF�
WXUH� GHQVH� DQG RI PDW FRORXU ZLWKRXW IODNHV� SRUHV
RU GHODPLQDWLRQV� ,QYHVWLJDWLRQV RI FURVV�VHFWLRQDO PL�
FURVWUXFWXUH RI WKH GLH �)LJXUH �� FRQILUPHG WKH KLJK
TXDOLW\ RI WKH GHSRVLWHG OD\HU� 7KH ODWWHU KDV GLIIHUHQW
KHLJKW GXH WR GLIIHUHQW GHSWK RI WKH GLH JUDYXUH�

&RPSDUDWLYH WHVWLQJ RI IRUJHG GLHV DQG WKRVH UH�
VWRUHG E\ (6+� XVLQJ WRRO VWHHO FKLSV� ZDV FRQGXFWHG
LQ FRPSDQLHV �7RNPDN )RUJLQJ�6WDPSLQJ :RUNV�
DQG �3RVWVHOPDVK� RQ KDPPHUV ZLWK WKH IDOOLQJ SDUW
ZHLJKW RI � DQG � W DQG SUHVVHV RI ��� 01 IRUFH�

7HVWLQJ LQ KDPPHUV ZLWK IDOOLQJ SDUW ZHLJKW RI
� W VKRZHG WKDW WKH DYHUDJH OLIH RI WKH GLHV DIWHU (6+
ZLWK QRQ�FRPSDFW PDWHULDOV �1&0� LV ����� IRUJLQJV
WLOO WKH ILUVW UHSDLU� 7KH FDXVH IRU GLH IDLOXUH LV JUDYXUH
ZHDU� 7KHQ WKH GLHV ZHUH UHSDLUHG ZLWK ORZHULQJ RI
WKH GLH KHLJKW� 7KHLU OLIH ZDV SUDFWLFDOO\ QRW GH�
FUHDVHG� EHLQJ ����� IRUJLQJV� :HDU UHVLVWDQFH RI
VLPLODU� EXW IRUJHG GLHV ZDV ���� RQ DYHUDJH DW WKH
VSHFLILHG YDOXH RI ���� IRUJLQJV�

)RUJHG DQG KDUGIDFHG GLHV RI ���×���×��� PP
VL]H ZHUH WHVWHG LQ KDPPHUV ZLWK IDOOLQJ SDUW ZHLJKW
RI � W� 7HVWLQJ VKRZHG WKDW WKH DYHUDJH OLIH RI GLHV
DIWHU (6+ 1&0 LV ���� IRUJLQJV� 7KH FDXVH RI WKH
GLHV IDLOLQJ LV JUDYXUH ZHDU� 7KHQ WKH GLHV ZHUH WZR
WLPHV VXEMHFWHG WR UHSDLU ZLWK ORZHULQJ RI JUDYXUH
KHLJKW� DQG WKHLU OLIH LQ WKLV FDVH ZDV QRW GHFUHDVHG
����� DQG ���� IRUJLQJV� UHVSHFWLYHO\�� /LIH RI VLPLODU
IRUJHG GLHV ZDV ���� IRUJLQJV RQ DYHUDJH� DQG ����
DIWHU UHSDLU DW WKH VSHFLILHG YDOXH RI ����� )RUJHG GLH
IDLOXUH LV FDXVHG E\ YDULRXV GHIHFWV RI PHWDOOXUJLFDO
QDWXUH� DQG WKDW RI KDUGIDFHG RQHV DUH ILUH FUDFNV�

'LHV RI �.K10 VWHHO RI ���×���×��� PP VL]H�
UHVWRUHG E\ (6+ 1&0 SURFHVV� DQG VLPLODU IRUJHG
RQHV ZHUH WHVWHG LQ SUHVVHV RI ��� 01 IRUFH� /LIH RI
KDUGIDFHG GLHV ZDV ���� IRUJLQJV� WKDW RI IRUJHG RQHV
ZDV ���� IRUJLQJV� 7KH PDLQ FDXVH IRU WKHLU IDLOXUH
ZHUH ILUH FUDFNV�

7KH DERYH GDWD LQGLFDWH WKDW WKH OLIH RI GLHV� KDUG�
IDFHG E\ (6+ SURFHVV �EHIRUH UHSDLU E\ PDFKLQLQJ��
LV ���w� WLPHV ORQJHU WKDQ WKDW RI IRUJHG GLHV� /RZ�
HULQJ RI LPSXULW\ FRQWHQW LQ WKH GHSRVLWHG PHWDO� DE�
VHQFH RI GHIHFWV RI VKULQNDJH DQG OLTXDWLRQ QDWXUH�
KLJK PHFKDQLFDO SURSHUWLHV RI WKH PHWDO RI WKH GHSRV�
LWHG OD\HU SURYLGH JRRG SHUIRUPDQFH RI WKH GLHV� KDUG�
IDFHG� XVLQJ FKLSV RI WRRO VWHHO �.K10 DV ILOOHU� +LJK
DQG VWDEOH OLIH FKDUDFWHULVWLFV RI WKH KDUGIDFHG GLHV
FRQILUP WKH UDWLRQDOLW\ RI XVLQJ WKHP LQVWHDG RI WKH
IRUJHG RQHV�

)LJXUH �� &URVV�VHFWLRQDO PDFURVWUXFWXUH RI WKH GLH� KDUGIDFHG E\
(6+ SURFHVV ZLWK FKLSV RI WRRO VWHHO �.K10� �x GHSRVLWHG PHWDO�
� x GLH

0HFKDQLFDO SURSHUWLHV RI IRUJHG DQG GHSRVLWHG VWHHO �.K10

7HVW

WHPSHUD�

WXUH�
Ì
¯

0HWDO W\SH
σ\�

ª3¾

σ
W�

ª3¾
δ� � ψ� � ¾Q�

-�FP
�

�� )RUJHG ���� ���� ���� ���� ����

(6+ ���� ���� ���� ���� ����

��� )RUJHG ��� ��� ���� ���� ����

(6+ ��� ��� ���� ���� ����

��� )RUJHG ��� ��� ���� ���� ����

(6+ ��� ��� ���� ���� ����

�� 5\DEWVHY� ,�$�� .RQGUDWLHY� ,�$� ������ 0HFKDQL]HG HOHF�

WULF DUF VXUIDFLQJ RI PHWDOOXUJLFDO HTXLSPHQW� .\LY� (NR�
WHNKQRORJL\D�

�� 1RVDWRY� 9�$�� *ODGN\� 3�9�� .X]PHQNR� 2�*� HW DO� 3URF�
HVV RI VXUIDFLQJ RI GLHV� 3DW� �� 8NUDLQH� ,QW� &O� % �� '
������ 3XEO� ���������
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<D�3� &+(51<$.� *�9� %856.< DQG 9�.� .$/(16.<

7KH (�2� 3DWRQ (OHFWULF :HOGLQJ ,QVWLWXWH� 1$68� .\LY� 8NUDLQH

7KH SRVVLELOLW\ RI VXUIDFLQJ WUDP UDLOV XVLQJ IHUULWLF ZLUHV RI WKH 7*0 DQG *60) W\SHV ZLWKRXW SUHKHDWLQJ ZDV VWXGLHG�

6XUIDFLQJ XQGHU RSWLPDO FRQGLWLRQV ZDV IRXQG WR FDXVH QR FROG FUDFNLQJ RI WKH +$= RI UDLOV DQG GHSRVLWHG PHWDO� 7KH

UHVXOWV REWDLQHG ZHUH SURYHG E\ WHVWLQJ VSHFLPHQV XVLQJ WKH LPSURYHG LPSODQW PHWKRG�

.H\ ZRU G V � UDLO VWHHO� VXUIDFLQJ� KHDW�DIIHFWHG ]RQH� KHDW

LQSXW� FROG FUDFNV

6XUIDFLQJ XVLQJ DXVWHQLWLF JUDGH ZLUHV ZDV HPSOR\HG
WR UHSDLU ZRUQ RXW LQVLGH ODWHUDO VXUIDFHV RI WUDP IODQJH
UDLOV LQ WKH FXUYLOLQHDU UHJLRQV RI WKH WUDFN >�@� &ROG

FUDFNV RI WKH FOHDYDJH W\SH ZHUH GHWHFWHG LQ WKH +$=

RI UDLO VWHHO 0�� �ZW��� XS WR ����&� XS WR ����&U�

����0Q� XQGHU WKH ILUVW GHSRVLWHG EHDG� ,W ZDV HVWDE�

OLVKHG WKDW FOHDYDJH ZDV FDXVHG SULPDULO\ E\ PDUWHQ�

VLWLF WUDQVIRUPDWLRQ RI DXVWHQLWH LQ WKH +$= RI WKH

EDVH PHWDO� 7KH XQIDYRXUDEOH HIIHFW ZDV H[HUWHG DOVR

E\ VXUIDFLQJ VWUHVVHV� ZKLFK DJJUDYDWHG EHFDXVH RI D
ODUJH GLIIHUHQFH EHWZHHQ WKH OLQHDU H[SDQVLRQ FRHIIL�
FLHQWV �/(&� RI WKH DXVWHQLWLF GHSRVLWHG PHWDO DQG

KLJK�FDUERQ SHDUOLWLF VWHHO 0��� )RUPDWLRQ RI FOHDY�
DJHV ZDV HOLPLQDWHG E\ GHSRVLWLQJ WKH ILUVW EHDG DW

DQ LQFUHDVHG KHDW LQSXW�

6XUIDFLQJ XVLQJ WKH IHUULWLF JUDGH ZLUHV� ZKLFK

SURYLGH WKH GHSRVLWHG PHWDO ZLWK /(& FORVH WR WKDW

RI WKH EDVH PHWDO� LV WKH PHWKRG ZKLFK LV PRUH QDWXUDO

DQG FRVW HIIHFWLYH IRU HOLPLQDWLRQ RI FOHDYDJHV� ,Q WKLV

FRQQHFWLRQ� WKH DXWKRUV GHYHORSHG DQG DSSOLHG IOX[�

FRUHG ZLUH RI WKH 33�1S�*60) �ZW��� ���&� ���0Q�

XS WR ���0R� XS WR ���9� W\SH IRU VXUIDFLQJ E\ WKH

VXEPHUJHG�DUF PHWKRG� DV ZHOO DV VHOI�VKLHOGLQJ ZLUH

RI WKH 33�1S�7*0 �ZW��� ���&� ���7L� XS WR ���0Q�

XS WR ���0R� W\SH� 6XUIDFLQJ RI VDPSOHV RI ZRUQ RXW

UDLOV ZDV SHUIRUPHG ZLWKRXW SUHKHDWLQJ� )RU WKLV �

KRUL]RQWDO EHDGV ZHUH GHSRVLWHG LQ WXUQ RQH RQ WKH
RWKHU ZLWK �� PLQ LQWHUYDOV� WKXV VLPXODWLQJ WKH SURF�

HVV RI VXUIDFLQJ RI DQ DFWXDO UDLO�

:LUH VXUIDFLQJ SDUDPHWHUV�
RSHQ�DUF PHWKRG XVLQJ WKH 7*0 ZLUH� ,  ��� $�

8  �� 9� Y
V
 ���� P�K�

VXEPHUJHG�DUF PHWKRG XVLQJ WKH *60) ZLUH DQG

WKH $1���3 IOX[� ,  ��� $�8  �� 9� Y
V
 ���� P�K�

7KH YDOXHV RI /(& �α⋅��w�� RI VWHHO 0�� DQG GH�

SRVLWHG PHWDO RI ERWK W\SHV� PHDVXUHG LQ KHDWLQJ IURP

�� WR ��� �&� ZHUH DV IROORZV�

0�� x ����� 7*0 x ���� DQG *60) x �����

� <D�3� &+(51<$.� *�9� %856.< DQG 9�.� .$/(16.<� ����

)LJXUH �� &UDFN�IUHH ORQJLWXGLQDO PDFURVHFWLRQ RI WKH UDLO IODQJH
GHSRVLWHG ZLWK HLJKW EHDGV XVLQJ DQ H[SHULPHQWDO IOX[�FRUHG ZLUH
RI WKH *60) W\SH

)LJXUH �� 5HVLVWDQFH RI WKH +$= PHWDO RI VWHHO 0�� WR IRUPDWLRQ
RI FOHDYDJHV DIWHU VXUIDFLQJ XVLQJ ZLUHV RI WKH *60) �D� DQG 7*0
�E� W\SHV DW WKH IROORZLQJ KHDW LQSXWV� � x ����� � x ����� � x
����� � x ���� N-�FP
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([DPLQDWLRQ RI PHWDOORJUDSKLF VHFWLRQV VKRZHG
QR FOHDYDJH RI WKH +$= RI WKH EDVH PHWDO RU DQ\ RWKHU
FUDFNV LQ WKH GHSRVLWHG PHWDO LQ ERWK FDVHV �)LJXUH ���

6WXGLHV RI GHOD\HG IUDFWXUH RI WKH WUHDWHG VDPSOHV
ZHUH FRQGXFWHG IRU TXDQWLWDWLYH HVWLPDWLRQ RI UHVLV�
WDQFH RI WKH +$= RI VWHHO 0�� WR FROG FUDFNLQJ DIWHU
VXUIDFLQJ XVLQJ WKH DERYH IHUULWLF ZLUHV�

0HWKRG DQG HTXLSPHQW XVHG WR FRQGXFW WKH VWXGLHV
DUH GHVFULEHG LQ >�� �@� $FFRUGLQJ WR WKH PHWKRG GH�
VFULEHG� LW ZDV QHFHVVDU\ WR HVWLPDWH VSHFLILF HQHUJ\
RI PLFURFUDFN LQLWLDWLRQ $L LQ WKH +$= RI VSHFLPHQV
PDGH IURP VWHHO 0�� DQG� LQ WKH FDVH RI IUDFWXUH RI
WKH VSHFLPHQV� VSHFLILF HQHUJ\ $VS UHTXLUHG IRU IRUPD�
WLRQ RI WKH FHQWUH RI IUDFWXUH� 7KH PHWKRG XVHG WR
PDNH WKH VSHFLPHQV DQG H[SHULPHQWDO SURFHGXUH DUH
GHVFULEHG LQ >�@� 3DUDPHWHUV DQG UHVXOWV RI WKH WHVWV
DUH VXPPDULVHG LQ WKH 7DEOH� 7ZR EHDGV ZHUH GHSRV�
LWHG RQ HDFK VSHFLPHQ� ILUVW WKH ORZHU EHDG DQG WKHQ�
DIWHU �� PLQ� WKH XSSHU EHDG� 2Q VSHFLPHQV 1R�� DQG
� WKH ORZHU EHDGV ZHUH GHSRVLWHG DW D ORZ VSHHG�
ZKLFK SURYLGHG WKH FRUUHVSRQGLQJ LQFUHDVH LQ KHDW
LQSXW�

7KH OHYHO RI WKH ORDG DSSOLHG ZDV VHOHFWHG RQ D
FRQGLWLRQ RI 3VS ≈ σ\ �σ\  ��� 03D LV WKH \LHOG SRLQW

RI VWHHO 0���� 7KH H[SHULPHQWV VKRZHG WKDW DOO WKH
VSHFLPHQV VXEMHFWHG WR WKLV ORDG IRU �� K GLG QRW
IUDFWXUH�

,W IROORZV IURP )LJXUH � WKDW UHOD[DWLRQ RI VWUHVVHV
LQ WKH+$= RI VWHHO0�� RFFXUV EHFDXVH RIPLFURSODVWLF
VWUDLQV� ,Q VSHFLPHQV 1R�� DQG �� ZKHUH WKH ORZHU
EHDG ZDV GHSRVLWHG DW D ORZ VSHHG� UHOD[DWLRQ WDNHV
SODFH XQGHU PRUH IDYRXUDEOH FRQGLWLRQV� 5HOD[DWLRQ
RI VWUHVVHV LQ WKH +$= RI VSHFLPHQV 1R�� DQG � WUHDWHG
DW D GHFUHDVHG KHDW LQSXW RFFXUV XQGHU OHVV IDYRXUDEOH
EXW DFFHSWDEOH FRQGLWLRQV� +HUH WKH GLVSODFHPHQWV XQ�
GHU GHIRUPDWLRQ DUH KLJKHU� DQG WKH\ DUH DFFRPSDQLHG
E\ LQLWLDWLRQ RI PLFURFUDFNV� +RZHYHU� WKLV GRHV QRW
OHDG WR WKHLU JURZWK DQG IRUPDWLRQ RI PDFURGHIHFWV�
,QLWLDWLRQ RI PLFURFUDFNV ZDV GHWHFWHG E\ D SLH�
]RWUDQVGXFHU� ,W LV PDUNHG RQ FXUYHV � DQG � E\ WKH
DFRXVWLF HPLVVLRQ VLJQDOV RI D GLIIHULQJ DPSOLWXGH�

7KH IDFW WKDW DOO WKH VSHFLPHQV GHSRVLWHG XVLQJ
IHUULWLF ZLUHV GLG QRW IUDFWXUH DQG ZLWKVWRRG WKH WHVWV
LV LQGLFDWLYH RI D KLJK UHVLVWDQFH RI WKH +$= RI VWHHO
0�� WR GHOD\HG IUDFWXUH�

+LJK UHVLVWDQFH WR GHOD\HG IUDFWXUH DQG DEVHQFH
RI FROG FUDFNV LQ PXOWL�OD\HU VXUIDFLQJ RI VDPSOHV RI
ZRUQ RXW WUDP UDLOV XVLQJ IHUULWLF ZLUHV RI WKH *60)
DQG 7*0 W\SHV VKRZ WKDW FROG FUDFNV RI WKH W\SH RI
FOHDYDJH ZKLFK FDXVH IUDFWXUH RI WKH GHSRVLWHG MRLQW
GR QRW SUHVHQW D SUREOHP� 7KHUHIRUH� WKH UDLOV FDQ EH
VXUIDFHG XVLQJ WKH DERYH ZLUHV XQGHU RSWLPDO FRQGL�
WLRQV� ZKLFK DOORZV DQ LQFUHDVHG KHDW LQSXW WR EH
DYRLGHG LQ GHSRVLWLRQ RI WKH ILUVW EHDG� LQ FRQWUDVW WR
ZKDW LV UHFRPPHQGHG LQ >�� �@�

(IIHFW RI KHDW LQSXW DQG WKHUPDO F\FOHV RQ UHVLVWDQFH RI VSHFL�
PHQV RI VWHHO 0�� WR FROG FUDFNLQJ

6SHFL�

PHQ

1R�

:LUH %HDG
Y
V
�

P�K

4�

N-�FP

ω
���
�

Ì

¯�V

$
L
�

-�P
�

$(

VLJQDOV

� 7*0 /RZHU ���� ���� ��� w 1R

8SSHU ���� ���� ���

� 6DPH /RZHU ���� ���� ��� ���� <HV

8SSHU ���� ���� ���

� *60) /RZHU ���� ���� ��� w 1R

8SSHU ���� ���� ���

� 6DPH /RZHU ���� ���� ��� ����� <HV

8SSHU ���� ���� ���

1R W H � 7KH UHVW RI WKH VXUIDFLQJ FRQGLWLRQV IRU 7*0 DUH DV

IROORZV� ,  ���w��� $� 8  �� 9� RSHQ DUF� DQG WKRVH IRU *60)

DUH DV IROORZV� ,  ���w��� $� 8  �� 9� IOX[ $1���3�

�� .DOHQVN\� 9�.�� &KHUQ\DN� <D�3�� 9DVLOLHY� 9�*� HW DO�
������ +HDW LQSXW LQIOXHQFH RQ IRUPDWLRQ RI WHDUV LQ KLJK�
FDUERQ VWHHO EXLOGLQJ�XS ZLWK DXVWHQLWLF ZLUHV� 7KH 3DWRQ

:HOGLQJ -�� ��� �w���
�� %XUVN\� *�9�� 6DYLWVN\� 0�0�� 2OHMQLN� 2�,� ������ ,P�

SURYHG PHWKRG IRU HYDOXDWLRQ RI +$= PHWDO UHVLVWDQFH WR
GHOD\HG IUDFWXUH� $YWRPDWLFK� 6YDUND� �� ��w����

�� %XUVN\� *�9�� 6WHUHQERJHQ� <X�$� ������ (YDOXDWLRQ RI UH�
VLVWDQFH RI +$= PHWDO RI PHGLXP�DOOR\ KLJK�VWUHQJWK VWHHOV
WR GHOD\HG IUDFWXUH� ,ELG�� �� ��w���

�� &KHUQ\DN� <D�3�� %XUVN\� *�9�� .DOHQVN\� 9�.� ������
6RPH SHFXOLDULWLHV RI GHOD\HG IUDFWXUH RI +$= PHWDO LQ VWHHO
0�� DIWHU FODGGLQJ XVLQJ DXVWHQLWLF ZLUH� 7KH 3DWRQ :HOG�

LQJ -�� �� ��w���
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'HYLFH 5'.���� UHSUHVHQWV D ZHOGLQJ XQLW GHVLJQHG

IRU 00$ ZHOGLQJ LQ WKH UDQJH RI FXUUHQWV ��w��� $�
$V WR WKH GHVLJQ LW LV WZR�PRGXOHG� &RPELQDWLRQ RI

WZR PRGXOHV SURYLGHV D FRPELQHG H[WHUQDO FKDUDF�

WHULVWLF ZLWK ZLGH UDQJHV RI ZHOGLQJ FXUUHQW DGMXVW�

PHQW� $SSURDFK� EDVHG RQ PXOWLFKDQQHO WUDQVIRUPD�

WLRQ RI SRZHU IORZ� PDNHV LW SRVVLEOH WR LPSURYH VLJ�

QLILFDQWO\ WKH HIILFLHQF\ RI WKH ZHOGLQJ HTXLSPHQW�

7KH XVH RI WKH SULQFLSOH RI UHVHUYLQJ D FDSDFLWDQFH

UHDFWRU LQFUHDVHV JUHDWO\ WKH UHOLDELOLW\ RI WKH GHYLFH

DQG FDQ SURYLGH WKH GXW\ F\FOH ≥ �� ��

7KH DSSOLFDWLRQ RI WKH UHVRQDQFH SULQFLSOH RI WUDQV�

IRUPDWLRQ RI SRZHU IORZ �UHVRQDQFH RI YROWDJHV LQ WKH
VHFRQGDU\ FLUFXLW� SURYLGHV KLJK ZHOGLQJ�WHFKQRORJL�

FDO SURSHUWLHV RI WKLV FODVV RI HTXLSPHQW DW D VXIIL�

FLHQWO\ ORZ RSHQ�FLUFXLW YROWDJH ���w�� 9�� WKDW JXDU�

DQWHHV WKH KLJKHVW HOHFWULFDO VDIHW\ DQG DOORZV WKLV

HTXLSPHQW WR EH UHFRPPHQGHG IRU XVH LQ WKH ILHOG

FRQGLWLRQV�

7KH XVH RI WKH UHVRQDQW FLUFXLW LQ WKH VHFRQGDU\
FLUFXLW ZLWK KLJK VHOHFWLYH SURSHUWLHV OHDGV WR WKH IDFW

WKDW WKH OHYHO RI HOHFWURPDJQHWLF QRLVHV JHQHUDWHG LQWR

WKH PDLQV DQG VXUURXQGLQJ PHGLXP LV ORZHU E\ RUGHU

DV FRPSDUHG ZLWK RWKHU W\SHV RI ZHOGLQJ PDFKLQHV�

,Q SULQFLSOH� WKH FDSDFLWDQFH UHDFWRUV� RQ ZKLFK WKH

ZHOGLQJ PDFKLQHV DUH EDVHG� DUH WKH ORQJLWXGLQDO FRP�

SHQVDWRUV RI D UHDFWLYH SRZHU� WKHUHIRUH� WKH SRZHU

IDFWRU FRV ϕ LV ����w�����

7KH XQLW LV PDQXIDFWXUHG LQ WKUHH PRGLILFDWLRQV�

• IRU ZHOGLQJ DW DOWHUQDWLQJ FXUUHQW �PRGHO 0���
• DW GLUHFW FXUUHQW �0���

• YDULDQW RI D XQLYHUVDO PRGLILFDWLRQ IRU '& DQG

$& ZHOGLQJ �0���

0DLQ SDUDPHWHUV RI WKH XQLW FRUUHVSRQGLQJ WR

PRGHO 0� DUH JLYHQ EHORZ�

0DLQV YROWDJH� 9 ��������������������������������� ���w���
0DLQV IUHTXHQF\� +] ���������������������������� ��

0D[LPXP SULPDU\ FXUUHQW� $ ���������������� ��

0D[LPXP VHFRQGDU\ FXUUHQW� $ �������������� ���

5DWHG VHFRQGDU\ FXUUHQW� $ �������������������� ���

3ULPDU\ FXUUHQW LQ VKRUW�FLUFXLW
FRQGLWLRQ� $ ���������������������������������������� ��

0HWKRG RI ZHOGLQJ FXUUHQW FRQWURO ��������� PDQXDO

��� VWHSV�

2SHQ�FLUFXLW YROWDJH� 9 ������������������������� ��

5DQJHV RI ZHOGLQJ FXUUHQW FKDQJH� $ ������ ��w���

'XW\ F\FOH� �� DW ��� $ ������������������������ ���

DW ��� $ ��

DW ��� $ ��

DW ��� $ ��

0D[LPXP PDVV RI GHYLFH� NJ ����������������� ��

7KH GHYLFH 5'.���� FDQ EH XVHG IRU ZHOGLQJ ZLWK

UXWLOH�FRDWHG URG HOHFWURGHV RI GLDPHWHU �� ���� �� ��

� DQG � PP� 0RGHOV 0� DQG 0� FDQ UHDOL]H ZHOGLQJ

XVLQJ DOPRVW DOO W\SHV RI HOHFWURGHV� EHFDXVH E\ WKH

PHQWLRQHG PRGLILFDWLRQV KDYH WKH XQLWV RI �KRW� VWDUW�

:KHQ WKH RVFLOODWRU LV XVHG WKH GHYLFH 5'.���� FDQ

EH XVHG IRU 7,* ZHOGLQJ�
$V WR WKH SDUDPHWHUV RI HOHFWURPDJQHWLF FRPSDWL�

ELOLW\ WKH GHYHORSHG GHYLFH FRUUHVSRQGV FRPSOHWHO\ WR
DOO WKH UHTXLUHPHQWV RI WKH (XURSHDQ VWDQGDUGV�

)RU DGGLWLRQDO LQIRUPDWLRQ� SOHDVH� FRQWDFW�
'U� .RURW\QVN\ $�(�

7HO�� ���� ��� ��� �� ��
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7KH ,QWHUQDWLRQDO &RQIHUHQFH �0DWKHPDWLFDO 0RGHO�

OLQJ DQG ,QIRUPDWLRQ 7HFKQRORJLHV LQ :HOGLQJ DQG
5HODWHG 3URFHVVHV� ZDV KRVWHG E\ WKH +RXVH RI 6FL�
HQWLVWV RI WKH 1DWLRQDO $FDGHP\ RI 6FLHQFHV RI8NUDLQH

LQ .DWVLYHOL� &ULPHD� IURP �� WR �� 6HSWHPEHU� �����

7KH &RQIHUHQFH ZDV RUJDQLVHG E\ WKH 1DWLRQDO $FDG�

HP\ RI 6FLHQFHV RI 8NUDLQH� 0LQLVWU\ RI (GXFDWLRQ

DQG 6FLHQFH RI 8NUDLQH� (�2� 3DWRQ (OHFWULF :HOGLQJ

,QVWLWXWH RI WKH 1$6 RI 8NUDLQH� ,QWHU�6WDWH 6FLHQWLILF

&RXQFLO RQ :HOGLQJ DQG 5HODWHG 7HFKQRORJLHV� ,Q�

WHUQDWLRQDO $VVRFLDWLRQ �:HOGLQJ� DQG -RXUQDO

�$YWRPDWLFKHVND\D 6YDUND� �$XWRPDWLF :HOGLQJ��

&R�FKDLUPHQ RI WKH &RQIHUHQFH 2UJDQLVLQJ &RPPLW�
WHH ZHUH 3URI� ,�.� 3RNKRGQ\D� 3URI� 9�,�
0DNKQHQNR DQG 3URI� /�0� /REDQRY�

7KH &RQIHUHQFH ZDV DWWHQGHG E\ PRUH WKDQ ��
VFLHQWLVWV DQG HQJLQHHUV IURP � FRXQWULHV� LQFOXGLQJ

IDPRXV H[SHUWV IURP WKH ZRUOG�OHDGLQJ FHQWUHV RQ
PDWKHPDWLFDO PRGHOOLQJ RI SKHQRPHQD RFFXUULQJ LQ
ZHOGLQJ DQG UHODWHG SURFHVVHV� VXFK DV

9�,� 0DNKQHQNR� 9�)� 'HPFKHQNR� ,�9� .ULYWVXQ

�WKH 3:,� 8NUDLQH�� 3� 6H\IIDUWK �6/9 5RVWRN� *HU�
PDQ\�� 9� 3DYO\N �:HOGLQJ ,QVWLWXWH� $DFKHQ 8QL�

YHUVLW\� *HUPDQ\� DQG :� =KDQJ �7KH 3HQQV\OYDQLD

6WDWH 8QLYHUVLW\� 86$��
7KH &RQIHUHQFH UHYLYHG D WUDGLWLRQ RI KROGLQJ FRQ�

IHUHQFHV RQ PDWKHPDWLFDO PRGHOOLQJ ZKLFK KDG EHHQ
RUJDQLVHG E\ WKH 'HSDUWPHQW RI 0DWKHPDWLFDO 0HWK�

RGV IRU ,QYHVWLJDWLRQ RI 3K\VLFDO�&KHPLFDO 3URFHVVHV

LQ :HOGLQJ DQG 6SHFLDO (OHFWURPHWDOOXUJ\ RI WKH
3:,� DV ZHOO DV FRQIHUHQFHV RQ ZHOGLQJ DUUDQJHG E\
WKH ,QWHUQDWLRQDO $VVRFLDWLRQ �:HOGLQJ� LQ WKH ODVW
\HDUV�

3DSHUV GHGLFDWHG WR WKH IROORZLQJ DUHDV RI UHVHDUFK
ZHUH SUHVHQWHG DW WKH &RQIHUHQFH�

PDWKHPDWLFDO PRGHOOLQJ� SK\VLFDO SKHQRPHQD GH�

WHUPLQLQJ HIILFLHQF\ DQG GLVWULEXWLRQ RI KHDW LQSXW
GXULQJ ZHOGLQJ KHDWLQJ� SURFHVV RI PHWDO WUDQVIHU LQ
ZHOGLQJ� IRUPDWLRQ DQG K\GURG\QDPLFV RI WKH ZHOG

SRRO LQ IXVLRQ ZHOGLQJ RI VROLG DQG SRURXV PDWHULDOV�

VROLGLILFDWLRQ RI WKH ZHOG SRRO� FKHPLFDO FRPSRVLWLRQ

RI WKH SHQHWUDWLRQ ]RQH DQG IRUPDWLRQ RI FKHPLFDO

KHWHURJHQHLW\� NLQHWLFV RI PLFURVWUXFWXUDO WUDQVIRUPD�
WLRQV LQ VLQJOH� DQG PXOWL�SDVV ZHOGLQJ� FKHPLFDO FRP�
SRVLWLRQwPLFURVWUXFWXUHwPHFKDQLFDO SURSHUWLHV UHOD�

WLRQVKLSV� NLQHWLFV RI GHIRUPDWLRQ SURFHVVHV LQ WHP�

SHUDWXUH UDQJHV RI KRW FUDFNLQJ DQG FRQGLWLRQV IRU LWV

HOLPLQDWLRQ� WKHUPDO�GHIRUPDWLRQ SURFHVVHV LQ SUHV�

VXUH MRLQLQJ DOORZLQJ IRU KLJK GLVWRUWLRQV� WUDQVSRUW

RI K\GURJHQ LQ ZHOGHG MRLQWV� HVWLPDWLRQ RI ULVN RI

FROG �K\GURJHQ� FUDFNLQJ� UHVLGXDO VWUHVVHV DQG VWUDLQV

LQ PXOLW�SDVV ZHOGLQJ DOORZLQJ IRU PLFURVWUXFWXUDO

WUDQVIRUPDWLRQV RFFXUULQJ LQ PHWDO� GHJUDGDWLRQ RI
SURSHUWLHV RI WKHZHOGHG MRLQWPDWHULDO XQGHU WKH HIIHFW

RI KLJK WHPSHUDWXUHV� UHDFWLYH HQYLURQPHQWV DQG QX�

FOHDU UDGLDWLRQ� SURFHVV RI LGHQWLILFDWLRQ RI GHIHFWV RI

ZHOGHG MRLQWV E\ QRQ�GHVWUXFWLYH WHVWLQJ�

LQIRUPDWLRQ WHFKQRORJLHV LQ ZHOGLQJ� VXUIDFLQJ
DQG FRDWLQJ� JHQHUDWLRQ RI GDWDEDVHV RQ FKDUDF�

WHULVWLFV RI VWUXFWXUDO PDWHULDOV DQG ZHOGLQJ FRQVX�

PDEOHV IRU PDWKHPDWLFDO PRGHOOLQJ RI SK\VLFDO SURF�

HVVHV LQ ZHOGLQJ DQG UHODWHG WHFKQRORJLHV� FRPSXWD�

WLRQ�LQIRUPDWLRQ V\VWHPV IRU GHULYLQJ UDWLRQDO WHFK�
QRORJLFDO VROXWLRQV FRQFHUQLQJ VSHFLILF SUREOHPV RI

ZHOGLQJ DQG UHODWHG SURFHVVHV� DV ZHOO DV ,QWHUQHW DQG

LQIRUPDWLRQ VHUYLFHV LQ WKH ILHOG RIZHOGLQJ DQG UHODWHG

WHFKQRORJLHV�
$ GLVWLQFWLYH IHDWXUH RI VXEMHFWV FRYHUHG E\ WKH

&RQIHUHQFH LV SUHYDOHQFH RI PDWHULDOV VFLHQFH LVVXHV
DVVRFLDWHG ZLWK ZHOGLQJ KHDWLQJ� 7KLV LQFOXGHV PHOW�

LQJ DQG VROLGLILFDWLRQ� FKHPLFDO FRPSRVLWLRQ DQG

FKHPLFDO KHWHURJHQHLW\� PLFURVWUXFWXUDO WUDQVIRUPD�

WLRQV� EHKDYLRXU RI JDVHV �HVSHFLDOO\ K\GURJHQ� LQ D
ZHOGHG MRLQW� PHFKDQLFDO VWUHVVHV DQG ORFDO VWUDLQV�

ULVN RI IRUPDWLRQ RI FROG DQG KRW FUDFNV� DQG PHFKDQL�

FDO SURSHUWLHV LQ GLIIHUHQW ]RQHV RI D ZHOGHG MRLQW�

0XFK FRQVLGHUDWLRQ ZDV JLYHQ WR GHYHORSPHQW RI FRP�

SXWDWLRQ V\VWHPV WR VROYH W\SLFDO WHFKQRORJ\ SUREOHPV

RQ WKH EDVLV RI PDWKHPDWLFDO PRGHOOLQJ RI WKH HQWLUH

SDFNDJH RI FKDUDFWHULVWLF SKHQRPHQD WDNLQJ SODFH LQ

ZHOGLQJ DQG UHODWHG WHFKQRORJLHV� WKXV IRUPLQJ D WRRO

IRU ILQGLQJ HQJLQHHULQJ VROXWLRQV�
&RPSXWHU GHPRQVWUDWLRQV RI GLIIHUHQW W\SHV RI

VRIWZDUH IRU PRGHOOLQJ ZHOGLQJ DQG UHODWHG SURFHVVHV

ZHUH FDUULHG RXW GXULQJ WKH &RQIHUHQFH� 3DUWLFLSDQWV

RI WKH &RQIHUHQFH DQG SRWHQWLDO FXVWRPHUV H[SUHVVHG

JUHDW LQWHUHVW LQ WKHVH GHPRQVWUDWLRQV�

2UJDQLVHUV RI WKH&RQIHUHQFH DUH SODQQLQJ WR SXEOLVK
WKH ERRN RI SURFHHGLQJV E\ WKH HQG RI ����� 7KH ERRN
ZLOO EH DYDLODEOH DW WKH OLEUDU\ RI WKH 3:, RU DW WKH

HGLWRULDO RIILFH RI WKH �$YWRPDWLFKHVND\D 6YDUND� -RXU�

QDO DQG 7KH 3DWRQ:HOGLQJ -RXUQDO� $OVR� WKH ERRN FDQ

EH RUGHUHG IURP WKH ,QWHUQDWLRQDO $VVRFLDWLRQ �:HOG�

LQJ� YLD H�PDLO� MRXUQDO#SDWRP�NLHY�XD�

'U� $�7� =HOQLFKHQNR
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2Q WKH ��
VW

w��
UG

RI 2FWREHU WKH (�2� 3DWRQ (OHFWULF

:HOGLQJ ,QVWLWXWH ZDV YLVLWHG E\ 'U� :D\QH

0� 7KRPDV� WKH ODXUHDWH RI WKH (YJHQ\ 3DWRQ 3UL]H�

ZKR ZDV DZDUGHG WKLV 3UL]H DW WKH ��
WK $VVHPEO\ RI

WKH ,QWHUQDWLRQDO ,QVWLWXWH RI :HOGLQJ LQ &RSHQKDJHQ

LQ -XQH �����

'U� 7KRPDV LV D PHPEHU RI WKH *RYHUQLQJ %RDUG

DW 7:,� KH KDV PDQ\ %ULWLVK DQG LQWHUQDWLRQDO DZDUGV

IRU KLV JUHDW FRQWULEXWLRQ WR IXQGDPHQWDO DQG DSSOLHG
UHVHDUFK LQ WKH ILHOG RI ZHOGLQJ�

'XULQJ KLV YLVLW WR WKH ,QVWLWXWH� 'U� 7KRPDV ZDV

LQWURGXFHG WR WKH VWXGLHV SHUIRUPHG DW GLIIHUHQW ODER�

UDWRULHV DQG GHSDUWPHQWV� +H YLVLWHG WKH 3LORW 3ODQW

IRU 1HZ 7HFKQRORJLHV DQG HQJLQHHULQJ FHQWUHV�

2Q WKH ��
QG

RI 2FWREHU 'U� 7KRPDV GHOLYHUHG OHF�

WXUH �)ULFWLRQ :HOGLQJ DQG $OOLHG 3URFHVVHV� D )HD�

VLELOLW\ 6WXG\�� 7KH OHFWXUH DWWUDFWHG D ELJ DXGLHQFH�

LQFOXGLQJ 'LUHFWRU RI WKH ,QVWLWXWH 3URI� %�(� 3DWRQ�

'HSXW\ 'LUHFWRUV 3URI� /�0� /REDQRY DQG 3URI� .�$�

<XVKFKHQNR� OHDGLQJ VFLHQWLVWV DQG VSHFLDOLVWV RI WKH

,QVWLWXWH� DV ZHOO DV UHSUHVHQWDWLYHV RI WKH DLUFUDIW

HQJLQHHULQJ SODQWV RI .\LY� .KDUNLY DQG =DSRUL]K\D�

,Q KLV ZHOFRPH DGGUHVV WR WKH ZLQQHU RI WKH (YJHQ\
3DWRQ 3UL]H� 3URI� %RULV (� 3DWRQ DFTXDLQWHG WKH DW�

WHQGHHV ZLWK ELRJUDSK\ RI WKH 'U� 7KRPDV DQG KLV

EDVLF VFLHQWLILF GHYHORSPHQWV� 7KH PRVW VLJQLILFDQW
DFKLHYHPHQW RI 'U� 7KRPDV LV KLV LQYHQWLRQ RI IULFWLRQ

VWLU ZHOGLQJ LQ ����� ,W WRRN WKLV PHWKRG QR PRUH

WKDQ � \HDUV WR SDVV WKH ZD\ IURP LQLWLDO H[SHULPHQWV

WR FRPPHUFLDO DSSOLFDWLRQ� DQG WKLV LV D PDMRU DFKLHYH�

PHQW RI 'U� 7KRPDV� %\ WKLV \HDU PRUH WKDQ �� HQ�

WHUSULVHV DQG FRPSDQLHV DOO RYHU WKH ZRUOG KDYH

ERXJKW OLFHQVHV IRU WKLV PHWKRG DQG DUH XVLQJ LW WR
DGYDQWDJH�

$IWHU WKH ZHOFRPH DGGUHVV WKH IORRU ZDV JLYHQ WR

'U� 7KRPDV� 7KH VSHDNHU SUHVHQWHG KLVWRULFDO IDFWV

FRQFHUQLQJ LQYHQWLRQ RI IULFWLRQ ZHOGLQJ DQG� LQ SDU�

WLFXODU� HPSKDVLVHG WKH UROH RI WKH IRUPHU 6RYLHW 8Q�

LRQ VFLHQWLVWV LQ LWV HPHUJHQFH DQG GHYHORSPHQW RI

WHFKQRORJLHV IRU IULFWLRQ ZHOGLQJ RI GLIIHUHQW SDUWV LQ

WKH ����w����V� +H H[DPLQHG VRPH RI WKH SRWHQWLDO
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DSSOLFDWLRQV RI WKLV SURFHVV� 'U� 7KRPDV GZHOW LQ GH�

WDLO RQ WKH URWDU\ )6: SURFHVV GHYHORSHG E\ 7:,�

7KH PRVW HODERUDWHG LQ WKH DUHD LV WKH WHFKQRORJ\

IRU )6: RI DOXPLQLXP DOOR\V� 1RZ WKLV PHWKRG FDQ

EH HPSOR\HG IRU RQH�VLGHG MRLQLQJ RI DOXPLQLXP DOOR\

SODWHV ZLWK WKLFNQHVV IURP � WR �� PP DQG GRXEOH�

VLGHG MRLQLQJ RI SODWHV XS WR �� PP WKLFN� )6: RI

DOXPLQLXP DOOR\V KDV ZLGH FRPPHUFLDO DSSOLFDWLRQ� LW

LV DSSOLHG LQ DHURVSDFH HQJLQHHULQJ WR ZHOG IXHO WDQN

FDVLQJV� LQ VKLS EXLOGLQJ x WR ZHOG DOXPLQLXP SDQHOV

RI OLJKW ERDWV� DQG LQ WKH IDEULFDWLRQ RI KLJK�VSHHG

UDLOZD\ WUDLQ ZDJRQV x WR ZHOG DOXPLQLXP VNLQ DQG

FDVLQJ HOHPHQWV IURP H[WUXGHG SURILOHV�

7KH ZRUN RQ )6: LQFOXGHV DOVR RWKHU QRQ�IHUURXV

PHWDOV� VXFK DV OHDG DQG ]LQF� 7KH UHFRUG KLJK VSHHGV

KDYH EHHQ DFKLHYHG LQ ZHOGLQJ WKHVH PHWDOV�

7:, LV LQYROYHG LQ IULFWLRQ ZHOGLQJ RI IHUURXV

PHWDOV� 7KH HIIRUWV PDGH LQ WKLV ILHOG SURYH WKH IHD�

VLELOLW\ RI DFKLHYLQJ D VDWLVIDFWRU\PHFKDQLFDO VWUHQJWK

ZLWK WKLV FODVV RI WKH PDWHULDOV DV ZHOO� 7HFKQLFDOO\�

WKLV PHWKRG VKRZV SURPLVH IRU ZHOGLQJ UHODWLYHO\ WKLQ

VWHHO VKHHWV� LQFOXGLQJ ZLWK ]LQF FRDWLQJV�

$Q LPSRUWDQW HOHPHQW RI WKH )6: HTXLSPHQW LV

WKH WRRO WKH GHVLJQ RI ZKLFK LV D UHVXOW RI ORQJ HIIRUWV

RI VFLHQWLVWV DQG HQJLQHHUV� 7KH WRRO DYDLODEOH QRZ

IRU ZHOGLQJ DOXPLQLXP DOOR\V LV FKDUDFWHULVHG E\ D

FRPSOH[ VKDSH DQG YHU\ KLJK ZHDU UHVLVWDQFH� DOORZ�

LQJ XS WR VHYHUDO NLORPHWUHV RI WKH ZHOG WR EH PDGH

ZLWKRXW WRRO FKDQJH�

$V WR WKH WRRO IRU ZHOGLQJ VWHHOV� KHUH WKH VLWXDWLRQ

LV ZRUVH x WKH WRRO OLIH LV HQRXJK WR ZHOG QR PRUH

WKDQ D IHZ PHWUHV RI WKH ZHOG� )XUWKHU ZRUN LV QHHGHG

WR VROYH WKLV SUREOHP�

7KHQ 'U� 7KRPDV DQVZHUHG QXPHURXV TXHVWLRQV

RI WKH DWWHQGHHV�

3URI� 3DWRQ WKDQNHG 'U� 7KRPDV IRU WKH LQWHUHVW�

LQJ DQG LQIRUPDWLYH OHFWXUH DQG H[SUHVVHG WKH KRSH

WKDW WKH FORVH FROODERUDWLRQ EHWZHHQ WKH 3:, DQG

7:, ZRXOG KHOS WR SURPRWH WKH )6: SURFHVV WR WKH

8NUDLQLDQ PDUNHW� $V D VRXYHQLU RI WKH YLVLW WR WKH

3:,� 3URI� %RULV (� 3DWRQ SUHVHQWHG 'U� :� 7KRPDV

ZLWK DQ HQJUDYLQJ E\ DUWLVW 6� %HO\DHY� VKRZLQJ WKH

DOO�ZHOGHG (YJHQ\ 3DWRQ EULGJH LQ .\LY� 7KH EULGJH

ZLOO EH �� \HDUV ROG LQ ����� DQG LW LV VWLOO RQH RI WKH

ZRUOG�ODUJHVW DOO�ZHOGHG EULGJHV�

7KH DWWHQGHHV ZHUH GHPRQVWUDWHG WKH YLGHR VKRZ�

LQJ WKH FHUHPRQ\ RI DZDUGLQJ WKH (YJHQ\ 3DWRQ 3UL]H

WR 'U� 7KRPDV DW WKH ��WK $VVHPEO\ RI WKH ,,: LQ

&RSHQKDJHQ� ZKHUH WKH 0HGDO DQG 'LSORPD ZHUH

JLYHQ WR 'U� 7KRPDV E\ 3URI� .� <XVKFKHQNR� 'HSXW\

'LUHFWRU RI WKH 3:,�

,Q FRQFOXVLRQ� 'U� :� 7KRPDV H[SUHVVHG KLV GHHS

DSSUHFLDWLRQ WR 3URI� %RULV (� 3DWRQ DQG WKRVH SUHVHQW

DW WKH OHFWXUH IRU WKH ZDUP UHFHSWLRQ DQG WKH RSSRU�

WXQLW\ JLYHQ WR KLP WR YLVLW WKH ,QVWLWXWH� LWV ODERUD�

WRULHV DQG HQJLQHHULQJ FHQWUHV� DQG JHW DFTXDLQWHG

ZLWK WKH ODWHVW DFKLHYHPHQWV RI WKH ,QVWLWXWH VFLHQWLVWV�

,�$� 5\DEWVHY

3:, 3UHVV 5HOHDVH
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