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Abstract

Impact craters provide valuable insights into the formation and geological evolution of planetary bodies. How-
ever, the origin of the impactor often remains uncertain. Typically, two different origins are considered: a plan-
etocentric origin, where impactors orbited a parent-planet, or a heliocentric origin, where impactors orbited the
Sun. This distinction is crucial, because the velocity is different for planetocentric and heliocentric impactors,
and using one model or the other can lead to significantly different outcomes. To address this issue, further
research into this topic is required.

To help determine the origin of impactors, this report explores potential methods to distinguish heliocentric
and planetocentric impactors based on crater characteristics on icy moons, using hydrocode impact simula-
tions. While previous studies have examined cratering in ice, they primarily focused on crater diameter and
depth. Here, additional characteristics are explored, including damage, temperature, and ice phases, to identify
correlations between these crater properties, impact velocity, and impactor size. From these correlations, the
probability that a crater was formed by a heliocentric or planetocentric impactor can be inferred.

This report focuses on impact simulations targeting a Ganymede-like surface, with velocities of 5 km/s and
15 km/s representing planetocentric and heliocentric impactors, respectively. Simulation results reveal distinct
differences in crater morphology for the depth-to-diameter (d/D) ratio between 5 km/s and 15 km/s. Thus, an
impact velocity can be inferred for a given crater diameter and depth by determining its position relative to these
d/D curves. Fracturing was observed to be significantly more extensive in the 15 km/s simulations, although
observations of actual craters often show limited fracturing due to freezing, post-impact relaxation, and tectonic
movements. However, in larger craters, extensive fracturing can allow drainage of impact melt, forming central
pits — a feature that could act as an indicator of high-velocity impacts, since fracturing is mostly prominent
for the 15 km/s simulations. Temperature results show high-temperature crystalline ice forming on the crater
floor and walls, with a surrounding layer of warm material, both more prominent in the 15 km/s simulations.
Comparisons with observational data reveal that a 1000 m, 15 km/s simulation aligns well with craters showing
low amorphous ice mass fractions and large ice grain sizes near the crater, suggesting that such craters could
similarly result from high-velocity impactors.

Overall, the combined findings provide a good preliminary indication of the impactor origin based on observ-
able crater properties. Nonetheless, uncertainties remain and adjustments and improvements could be made
to attain a more concrete result. Future research should expand simulations to other icy moons to compare the
response of differing environments, incorporate alternative viscosity models such as the PEIERLS model, and
explore a wider range of impactor sizes and velocities thus increasing the number of simulations. Finally, intro-
ducing 3D simulations could provide new perspectives regarding oblique impacts, ejecta patterns, and central
peaks.
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WKH P GLDPHWHU LPS
WKH P GLDPHWHU LPS
WKH PGLDPHWHU LP
WKH PGLDPHWHU LP



1RPHQFODWXUH

ILVW RI $SEEUHYLDWLRQV

$/( $UELWUDU\ /DJUDQJH (XOHULDQ

(26 (TXDWLRQ RI VWDWH

+'$ +LJK '"HQVLW\ $PRUSKRXV

I'$ /IRZ '"HQVLW\ $PRUSKRXYV

1$6$ 1IDWLRQDO $HURQDXWLFV DQG 6SDFH $GPLQLVWUDWLRQ
2$7 2QH DW D WLPH

63+ 6PRRWK 3DUWLFOH +\GURG\QDPLF

6, BHQVLWLYLW\LQGH]

673 6RXWK 3RODU 7HUUDLQ

9+'$ 9HU\ +LJK '"HQVLW\ $PRUSKRXV

ILVW RI 6\PEROYV
IDWLQ V\PEROV

F 3UH H[SRQHQWLDO IDFWRU >i@
RURQVWDQW LQ 7LOORWVRQ HRV >i@
ROHDVXUH RIDV\PPHWU\ >i@
&RQVWDQW LQ 6LPRQ DSSUR[LPDWLRQ >i@
RURQVWDQW LQ 7LOORWVRQ HRV >i@
RBORSHRIOLQHDU HTXDWLRQ >i@

G 3RVLWLYH FRQVWDQW LQ GDPDJH PRGHO HTXDWLRQ >i@
RURQVWDQW LQ 7LOORWVRQ HRV >i@

a &RQVWDQW LQ 7LOORWVRQ HRYV >i@
RWLDV RI OLQHDU HTXDWLRQ >i@

b 6SHHG RI VRXQG SP V@
RYU[SRQHQW LQ 6LPRQ DSSUR[LPDWLRQ >i@

b 6SHHG RI VRXQG LQ L6S$/( ' SP V@

| 'LDPHWHU >P@

I 'LDPHWHU RI FHQWUDO SHDN >P@

I 'LDPHWHU RI FUDWHU IORRU >P@

c &UDWHU GHSWK >P@
RYUPSDFWRU GLDPHWHU >P@
RGL]H >P@

J (QHUJ\ >
RBSHFLILF HQHUJ\ >- NJ@
RYUQHUJ\ GHQVLW\ >- R@

J; $FWLYDWLRQ HQHUJ\ >.@

J (QHUJ\RI FROG SDUW LQ +HOPKROW] IUHH HQHUJ\ HTXDW:R® V

Jo (QHUJ\RI FRPSOHWH YDSRUL]DWLRQ >-@

Jn (QHUJ\RI HOHFWURQLF SDUW LQ +HOPKROW] IUHH HQHU J% H&@ XDWL

[LL



/ILVW RI )LIXUHYV [LLL

Tzxz°

X B T

X N
XN

Yay

(QHUJ\RILQFLSLHQW YDSRUL]DWLRQ >-@
LQHWLF HQHUJ\ >.@
(QHUJ\RI WKHUPDO SDUW LQ +HOPKROW] IUHH HQHUJ\ HTXD@VLRQ\
(QHUJ\ FORVH WR YDSRUL]DWLRQ HQHUJ\ >-@
+HOPKROW] IUHH HQHUJ\ >.@
+HOPKROW] IUHH HQHUJ\ FROG SDUW >-@
+HOPKROW] IUHH HQHUJ\ HOHFWURQLF SDUW >.@
+HOPKROW] IUHH HQHUJ\ WKHUPDO SDUW >.@
6XUIDFH JUDYLW\ >SP @
&UDWHU GHSWK >P@
&UDWHU ULP KHLJKW >P@
+HLJKW RI FHQWUDO SHDN >P@
2UELW LQFOLQDWLRQ >UDG @
6FDOLQJ FRHIILFLHQW >i@
,PSDFWRU GLDPHWHU >P@
0DVV >NJ@
1XPEHU RIGHQVLW\ QRGHYV >i@
1XPEHU RIWHPSHUDWXUH QRGHYV >i@
3UHVVXUH >1 R@
RBUREDELOLW\RIFRPHW SDVVDJH >i@

(FOLSWLF FRPHW LPSDFW SUREDELOLW\UHODWLYH WR -%X8@WHU

SUHVVXUH XVHG LQ 7TLOORWVRQ HRVIRU WKH FRPSUHVVIHBAVWDW F
BUHVVXUH XVHG LQ 7LOORWVRQ HRVIRU WKH H[SDQGH®S1VR®&D WH

SUHVVXUH XVHG LQ 7LOORWVRQ HRV GXULQJWKHWUDQVIR&LRQ Et
BUHVVXUH DW ZKLFK IDLOXUH LV DOZD\VDVVXPHG FRPSURYVLRQD
RBUHVVXUH RI FROG SDUWLQ +HOPKROW]IUHH HQHUJHTPEDWLRQ
BUHVVXUH RIHOHFWURQLF SDUWLQ +HOPKROW]IUHH HQH&J\ HT X|
BUHVVXUH RI WKHUPDO SDUW LQ +HOPKROW] IUHH HQHYU\R®@TXDWL

3HULKHOLRQ GLVWDQFH >P@
5DGLXV >P@
5DGLXV RI LPSDFWRU >P@
5DGLXV RI SURMHFWLOH >P@
'LVWDQFH >P@
RBDGLXV >P@
5RFKH OLPLW >P@
'LVWDQFH ZKHUH FRQWLQXRXV UHJLPH VWDUWYV >P@
(QWURS\ > . @
RUDUJHW UDGLXV >P@
RBHQVLWLYLW\ >i@
BHQVLWLYLW\LQGH] >i@
1RUPDOLJHG VHQVLWLYLW\LQGH] >i@
7HPSHUDWXUH >. @
'"HFD\ WLPH >V @

OHOWLQJWHPSHUDWXUH >. @



/ILVW RI )LIXUHYV [LY

—

tp
tept
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>

OHOWLQJWHPSHUDWXUHDW JHUR SUHVVXUH >. @
7LPH >V @
RULPHIRULFHWR FU\VWDOOL]H >V @
6SHFLILFLQWHUQDO HQHUJ\ >- NJ@
6KRFNZDYH YHORFLW\ >P V@
RBGHODWLYH YHORFLW\ >P V@
5DGLDO SRUWLRQ RIUHODWLYH YHORFLW\ >P V@
9HORFLW\ >P V@
9HORFLW\ >P V@
RUHQVLW\VFDOLQJ FRHIILFLHQW >i@
,PSDFW YHORFLW\ >P V@
.LQHPDWLF YLVFRVLW\RIWKHIOXLGL]HG UHJLRQ >P V@
':LGWK RIWHUUDFHG ZDOO ]RQH >P@
&RQVWDQW XVHG LQ NLQHWLF HQHUJ\WR FUDWHU GLDPHW®&®U UHO
RUWDULDEOH LQ OLQHDU HTXDWLRQ >i@
RUHVWHG VHQVLWLYLW\DQDO\VLY SDUDPHWHU >i@
<LHOG VWUHQJWK >1 R@
&ROG\LHOG VWUHQJWK >1 R@
<LHOG VWUHQIJWK RIGDPDJHG PDWHULDO >1 R@
<LHOG VWUHQJWK RI GDPDJHG PDWHULDO DW ]JHUR SUHKMVPAGUH
<LHOG VWUHQIJWK RILQWDFW PDWHULDO >1 R@
<LHOG VWUHQJIJWK RILQWDFW PDWHULDO DW JHUR SUH¥V)>R@H
'"HILQHV OLQHDU HTXDWLRQ >i@

RBGHSUHVHQWDWLRQ RI VHQVLWLYLW\ SDUDPHWHU UHV Xo\@

*UHHN 6\PEROV

> o P O O

Po

Ya

&RQVWDQW XVHG LQ 7LOORWVRQ HRV WR FRQWURO UDWHR®FRQY
&RQVWDQW XVHG LQ 7LOORWVRQ HRV WR FRQWURO UDWHR®FRQY
'LPHQVLRQOHVV SDUDPHWHU IRUGXUDWLRQ RI YLEUDW LR @V
'LPHQVLRQOHVV SDUDPHWHU IRUVWUHQJWK RI YLEUDW LR @V

'LIIHUHQFH LQ GLVWDQFH >P@
30DVWLF VWUDLQ DW IDLOXUH >i@
OLQLPXP IDLOXUH VWUDLQ IRUORZ SUHVVXUHYV >i@
$FFXPXODWHG SODVWLF VWUDLQ >i@
9LVFRVLW\ >1V B
RBDWLR EHWZHHQ GHQVLW\DQG UHIHUHQFH GHQVLW\ >i@
9HORFLW\ VFDOLQJ FRHIILFLHQW >i@
RURUPDOL]HG SODQHWDU\ PDVV >i@
&RHIILFLHQW RIIULFWLRQ IRU GDPDJHG PDWHULDO >i@
ROHDQ PROHFXODU ZHLJKW >NJ NPRO @
&RHIILFLHQW RIITULFWLRQ IRULQWDFW PDWHULDO >i@
7KHUPDO VRIWHQLQJ FRQVWDQW >i@

3L JURXS VFDOLQJ GLPHQVLRQOHVV PHDVXUHRIFUDWHM @LDPH\
3L JURXS VFDOLQJ GLPHQVLRQOHVV PHDVXUH RIJUDYLWIi@& FDOH



/ILVW RI )LIXUHYV [y

Y2

Ya

3L JURXS VFDOLQJ LQIOXHQFH RIWDUJHW VWUHQJWK >i@
3L JURXS VFDOLQJ UDWLRRIWDUJHW DQG SURMHFWLOH-G® QVLW
"HQV LW\ >NJ @
'HQVLW\RI SURMHEWLOH >NJ @
'"HQVLW\ RI WDUJHW >NJ @



LOQWURGXFWLRQ

2QHRIWKHPRVW SURIRXQG VFLHQWLILFTXHVWLRQV FRQFHUQV WKH SRVVLE
WR H[LVW WKH SUHVHQFH RI ZDWHU LV FRQVLGHUHG HVVHQWLDO PDNLQJ W
GDWHVIRUREVHUYDWLRQDQGH[SORUDWLRQ 7KHG6DWXUQLDQPRRQ (QFHOI
DQG (XURSD DUHSDUWLFXODUO\DWWUDFWLYHLQWKDW UHJDUG GXH WR K\
LO\RI ZDWHU 7KLV PDNHV JDWKHULQJ GHWDLOHG LQIRUPDWLRQ RQ WKHVH
DQDO\VLV RIITHUV KHUH D XVHIXO LQSXW LQWR WKH JHRORJLFDO KLVWRU\ R
RI WKH VXUIDFH DJH DQG LQVLJKWY LQWR WKH LQWHUQDO FRPSRVLWLRQ J
ERG\ &UDWHUV IRUP IURP H{IWHUQDO REMHFWV RU LPSDFWRUV WUDYHOL«
LPSDFWRUV LV RILPSRUWDQFH DV LWFDQ VLJQLILFDQWO\LQIOXHQFH WKHL
SOR\HG IRUWKHVH RULJLQV WKH KHOLRFHQWULF PRGHO ZKLFK DVVXPHV L
DYHU\KLJK YHORFLW\ DQG WKH SODQHWRFHQWULF PRGHO ZKLFK DVVXPHYV
RUD SDUHQW ERG\ DQG VWULNH DW ORZHU YHORFLWLHYV

,QUHDO VFHQDULRY ERWKPRGHOVDUHYHU\OLNHO\LQYROYHG LQ WKH FL
GXFHV XQFHUWDLQWLHV ZKLFK DUH KL & OhHOW HHE WQ RBIW H B WDRK B \RQHW IOH> 6
XVLQJ WKHVH WZR PRGHOV $SSO\LQJ WKH KHOLRFHQWULF PRGHO VKRZHG \
IRUPRRQV IXUWKHU DZD\ IURP 6DWXUQ VXJJHVWLQJ WKDW 7LWDQ VKRXOG
WKH REVHUYDWLRQV RI \RXWKIXO FKDUDFWHULVWLFV &RQYHUVHO\ WKH S¢
DJHIRUWKH 6DWXUQLDQ PRRQV EXW FRXOG QRW UXOH RXW WKH VDWXUDW
VXIILELHQWO\ H[SODLQV WKH GDWD 7KHUHIRUH WR LPSURYH WKH DFEFXUD
KHOLRFHQWULF DQG SODQHWRFHQWULF FUDWHUV LV H[SORUHG LQ WKLV Ul
LPSDFWYV

7KLV UHSRUW LV VWUXFW X U&ICDISQOWHRIW UR B X KIDB WIHHW FLHQWLILF EDFNJL
LQIRUPDWLRQ RQ VHYHUDO WKHRULHV RQ SODQHWDU\IRUPDWLRQ FUDWHU
DQG K\GURFRGH VLPXODWLRQV DORQJ ZLWK D VXPPDU\ RI SUHYLRXV ZRUN
WLRQV DQG REKMNFWHRFKXYHY RQ WKH HTXDWLRQ RI VWDWH 7KH HTXDWLRQ
VLPXODWLRQRILPSDFWV DVLWJRYHUQV PDWHULDO EHKDYLRULQLPSDFW \
WKH GLITHUHQW HTXDWLRQV RI VWDWH DYDLODEOH L Q&K WSHWR WHIHMDVL Y
RYHUYLHZ Rl WKH PRVW UHOHYDQW LQSXW DQG RXWSXW SDUDPHWHUV ,Q |
SURFHVVLQJ LY GHVFULEHG 7KH YHULILEFDWLRQ DQG RKDISGHIK BRXIHKW K R
H[DPSOH SUREOHPV DQG FRPSDUDWLYH VWXGLHV VLPXODWLRQV DUH UHFU
PHWKRGV XVHG $ VHQVLWLYLW)\ RRDOWHYI OXBSEWIRUPRG YAQVLWLYH SDUD
ILHG E\YDU\LQJWKHP RQH DW D WLPH DQG FRP SD UL Q& K\DSHVEHM X B QW \Z MVK K
*DQ\PHGH VLPXODWLRQ UHVXOWV IRFXVLQJRQ FUDWHU PRUSKRORJ\ GDPD
GLIIHUHQW LPSDFWRU VL]HV RRDS\RISOW WUSHIHREY. W IKHW H UHVXOWYV FRPSDL
ZRUN DQG GLVFXVVHV OLRKWYOWHERQNOXYGAD QWK DQVZHUV WR WKH VXE T.
UHVHDUFK TXHVWLRQ $GGLWLRQDOO\ UHFRPPHQGDWLRQV DUHJLYHQ IRU



6FLHQWLILF %DFNJURXQG

,Q WKLV FKDSWHU UHOHYDQW EDFNJURXQGLQIRUPDWLRQRQLPSDFW FUDW
XQGHUVWDQGLQJRIWKH UHVHDUFK S I6H FRULPRED LI &\KE& M WAHBLREEWHW SR B X @/D U
WKHIRUPDWLRQ RI SODQHWY PRRQVDQGVPDOO ERGLHVLQ WKHVRODU V\V!
LPSDFW SURFHVV D UGHH V8IORAMAHGLIRIR FOXGHY LQIRUPDWLRQ RQ WKH GLIIHU
IRXQG RQ WKH LF\ PRRQV RI -%S FWH BERJQ G BEDWXSI@DLQV KRZ WR GHWHUPLQH
EDVHG RQ WKH FUDWH B RW LLRER WKKWVDW¥FKH SKDVH GLDJUDP RI ZDWHU DQG W
RILFH 7&HFWLR®HVFULEHVY KRZ LPSDFWV DUH VLPXO BWRWLDRZRU K \VEKRWR
KDV SUHYLRXVO\EHHQ GRQH E\ RWKHU UHVHBRFWKHRGMNWHKWP AIKHLYIOR Z)XLID®
IROORZHG E\ WKH UHVHDUFK TXHVWLRQ DQG REMHFWLYHV ZKLFK DUH GHUL

JRUPDWLRQ RI % RGLHV LQ WKH 6RODU 6\V

*HQHUDOO\ WKH IRUPDWLRQ RI FHOHVWLDO

ERGLHVY LQ DQ\ JLYHQ SODQHWDU\ V\V

WHP LV D FRQVHTXHQFH RI WKH IRU

PDWLRQ RI DIMWDH SUR

YLGHVY DEULHI YLVXDOL]DWLRQ RI WKLV IRU

PDWLRQ SURFH$VY SHVFULEHG

E\ /LVVDXHU DQG &H DPOMEHU >

DV VKRZQLOURUHD WKH SUR

FHVV VWDUWYVY ZLWK D ODUJH FORXG RI LQ

WHUVWHOODU JDV DQG GXVW $W VRPH

SRLQW ZKHQ GHQVH SDUWV LQ WKH FORXG

UHDFKDFULWLFDOGHQVLW\ LWVWDUWV WRFRO

ODSVH IRUPLQJD SURWRVWDU VKRZQ E\

JLIXUHE DQ)& JXUHF 'XH

WR WKH FHQWULIXJDO IRUFHVY PDWHULDO

WKDW KDV D KLIJK VSHFLILF DQJXODU PR

PHQWXP FDQQRW UHDFK WKH SURWRVWDU

DQG LQVWHDG RUELWYV LW WKHUHE\ IRUP

LQJD GLVN DV MKRUGCE\

KHQ VWHOODU ZLQGY DQG UDGLDWLRQ

HYHQWXDOO\KDYHEORZQ DZD\ WKH VXU

URXQGLQJ VKHOO RI JDV DQG GXVW WKH

VWDU JRHVY LQWR WKH VR FDOOHG 7 7DXUL

SKDVH VKREZIXUGH >@ $I

WHU WKLV SKDVH WKH MWDUHEHFRKPMHRUPDWLRQ RIDVWDUDQG D SODQHWDU\V
SUH PDLQ VHTXHQFH VWBDIUHDQELHYMHDQQHYVY ,PDJHV D DQG E PDLQO\YLVXDOL]}
WXDOO\D PDLQ VHTXHQ(FHQ\)‘/\NIEBUW\KHQ/WKH PROHFXODU FORXG IROORZHG E\ W|
VWDUV ZLOO VWLOO KDSH! WRAVPYRWHERJYHTXHQWOLN LPDJH F DQG G VKRZ
UHPQDQW GLVN DQG |U§QLI:>‘?\V/\/,|R[WQ§JLQ/Q\|G[}WVGLVN ZKHUHDV LPDJH H DQG | VK
SODQHWDU\V\VWHPFDQ%%%VBDWIQIEEdWDU DQGILQDOO@ SODQHWDU\ VA\VWHP

E\)LIXUH 6XFK D VIVWHP FRXOG FRQWDLQ SODQHWYVY PRRQV DQG RWKHU V
FRPHWY >

SODQHW )RUPDWLRQ 7TKHRULHYV

7TKHUHDUHWZRPDLQWKHRULHVRQ WKHIRUPDWLRQRISODQHWY FRUHDFF
DFFUHWLRQ PRGHO SODQHWHVLPDOV DFFUHWH WR SURGXFH D KHDY\ HOHF
PDVV LWV LQFUHDVLQJJUDYLW\DOORZV LW WRDWWUDFW JDV IURP WKH VX
DQLVP FDQDOVR EH XVHG WR H[SODLQ WKHIRUPDWLRQ RI WHUUHVWULDO S(



JRUPDWLRQ RI %9 RGLHV LQ WKHG6RODU 6\VWHP

WR DFFUHWH LQVWHDG RIJDV +RZHYHU D FRQVWUDLQW WKDW UHPDLQV I
7KH FRUH DQG WKH JDV DFFUHWLRQ SKDVHV PXVW EH FRPSOHWHG EHIRUH W
WLPHVFDOH IRU FRUH DQG JDV DFFUHWLRQ SKDVHYV KDYH EHHQ HVWLPDWH
GHSOHW@RQ >

7TKH DOWHUQDWLYH WKHRU\ JUDYLWDWLRQDO LQVWDELOLW\ VWDWHV W
GXHWR LWV RZQJUDYLW\DQG IUDJPHQW LQWR GHQVH FOXPSV 7KHVH FOXP
JDVILDQWY ZKLFKZRXOGRFFXULQDUHODWLYHO\VKRUW WLPH SHULRG R
KDV ZLWK WKH wLP@®VFHFRAH¥HU WKHUH DUH DOVR LVVXHV ZLWK WKH JUDYL
HIDPSOH WKH GLVNV PXVWEHFRRODQG GHQVH 7KLV FDQ EH GHULYHG IURI
4 (VVHQWMDOOVHOI JUDYLW\RI WKH GLVN EHFRPHV PRUH LPSRUWDQW ZKLI
I UDJPHQWDWLRQ RI WKH @L \2WKHWR VF8XR8EWDYH UHODWHG WR REVHUYDWLRC
DKHDY\HOHPHQW LQWHULRU ZKLFK FDQ EH UHFUHDWHG ZLWK WKH FRUH D
LQVWDELOLW\PRGHO EHFDXVHJDV LV SULPDULO\DFFUHWHG UHVX®WLQJL
ORUHRYHU JUDYLWDWLRQDO LQVWDELOLW\LVY H[SHFWHG WR RFFXU DW OD
WKHIDFW WKDW QHZO\IRUPHG FOXPSV PLJUDWH LQZDUGYV WRR TXLFNO\DQC
JUDYLWDWLRQDO LQVWDELOLW\LV DOPRVW@aQHYHU REVHUYHG DW VXFK GLV

&XUUHQWO\ WKH FRUHDFFUHWLRQ PRGHO LV RIWHQ FRQVLGHUHG WKH PR
WKHUH DUH WRR PDQ\LVVXHYVY OLPLWDWLRQV DQG FRQGLWLRQV UHYROYLQ

JRUPDWLRQ RIORRQV LQ WKH -RYLDQDQG 6DWXU

%HVLGHV SODQHWV DQG JDV JLDQWYV WKHUH DUHDOVR QXPHURXV PRRQV O
PRRQV LQ WKH -RYLDQ DQG 6DWXUQLDQ VIVWHPVY DUH LQWHUHVWLQJ EHFD.
WLFV WR RQH DQRWKHU ZKHUHDV WKH 6DWXUQLDQ PRRQV KDYH OLWWOH L¢
VA\VWHPV KDYH EHHQ FUHDWHG RYHU WLPH

JRU WKH -RYLDQ VIVWHP D SURPLVLQJ WKHRU\ ZDV @H Y, WORSDHI\G HEX SIKQX\S
RUVDWHOOLWHY RULJLQDWHG IURP WKH PDWHULDO IRXQG LQ WKH FLUFXPS
DFFXPXODWHV VXI@LRIRH@W. GBIWEQJ WKH IDFWV WKDW WKH PRRQV LQ WKH -RY
RUELW LQ SURJUDGH DQG FLUFXODU RUELWY DQG DUH DSSUR[LPDWHO\ FRS
VKDUHG FLUFXPSODQHWDU\ GLVN 7KHLU IRUPDWLRQ FRXOG KDYH FRPH IUR
ZRXOG DFFXPXODWH PRUH PDWHULDO IURP WKH GLVN LQ RUGHU WR JURZ 2
FLUFXODUDQG FRSODQDU GXHWRWKHJUDYLWDWLRQDO LQWHUDFWLRQV EF
WKH -RYLDQ PRRQV >

2Q WKH RWKHU KDQG WKHPRRQVLQ WKHB6DWXUQLDQ V\VW H RaGDK\I$ R YWLKW H (
HVL]JHG WKDW 6DWXUQ XVHG WR KDYH *DOLOHDQ OLNH PRRQV EXW GXH WR |
HYHQWXDOO\IRUPLQJ 7LWDQ 7KH UHPQDQWV RI WKLV FROOLVLRQ ZRXOG W
PLG VL]JHG PRRQV (QFHODGXV OLPDV 7HWK\V 'LRQH DQG 5KHD $QRWKHU
GDWD $QGHUVRIBEDVBOG WKHLU K\SRWKHVLV RQ WKH EXLOGLQJEORFNV RI 7
FXPSODQHWDU\GLVN DQGLQYHVWLIJDWHG WKHLFHOLQHV RIVHYHUDO PDW
PXVW KDYH EHHQ IRUPHG EHWZHHQ FHUWDLQ ORZHU DQG XSSHU OLPLW LFH
WR PDWFK +RZHYHU WKH VLPXODWLRQV ZHUH UHODWLYHO\VLPSOH DQG ¢
FRXOGGLIIHUZLWK GLIITHUHQW LQLWLDO WHPSHUDWXUHV RIWKH FLUFXPSOI



,PSDFW &UDWHU ORUSKRORJ\DQG 3URFHVYV

JRU WKH VPDOOHU PRRQV RI 6DWXUQ RQH
Rl WKH PRVW SURPLVLQJ DQG ZLGHO\ DFFHSWHG
WKHRULHV SURSRVHG E\ &DQXS DQG :DUG
> @ VXJIHVWV WKDW WKHVH PRRQV IRUPHG
IURP 6DWXUQTV ULQJV 7KH ULQJV DUH OR
FDWHG ZLWKLQ WKH 5RFKH OLPLW RU YHU\ FORVH
WR LW 7KH 5RFKH OLPLW LV WKH PD[LPXP
UDGLXV LQ ZKLFK WKH WLGDO IRUFHV DUH ODUJHU
WKDQ WKH VHOI JUDYLW\ RI DQ\ ERG\ WKXV
FDXVLQJ LW WR EUHDN DSDUW LI LW OLHV ZLWKLQ
WKLV OLPLW 6R LI PDWHULDO ZHUH ORFDWHG
RXWVLGH WKH 5RFKH OLPLW LW FRXOG JURZ LQ
VL]H E\ DFFXPXODWLQJ PDWHULDO GLUHFWO\ IURP
WKH ULQJ DQG E\ GRLQJ VR SRWHQWLDOO\ IRUP
D VDWHOOLWH &DQX® FP®ONUG >
WKLV ILUVW VWDJH Rl VDWHOOLWH IRUPDWLRQ WKH
"FRQWLQXRXV UHJLPH" DM YLVXDOL]HG LQ
XUH D :KLOH WKH VDWHOOLWH LV FRQWLQX
RXVO\ JURZLQJ E\ DFFUHWLQJ PDWHULDO IURP
WKH ULQJ LW UHPDLQV MXVW RXWVLGH WKH 5RFKH
OLPLW DQG KDV OHVV DQJXODU YHORFLW\ WKDQ WKH
ULQJV 7KLV PHDQV WKDW yWiKith tU L QI ¥H MKW W4 VDWHOOLWH IRUPDWLRQ UHJI
D SRVLWLYH WRUTXH RQ WKIHMPWHOOLWHHWHYKMOAWHDQG KR S\UDPLGDO UH
LQJ LQ DQ RXWZDUGV PLJU DWHSRIG \RH QWK W K 1D BRH® H SOUHPY. MQDMMVGWK H G LV W D Q FH
OLWH WKH FRQWLQXRXV UHJLPH@WDNHV SODFH >

:KHQ WKHILUVW VDWHOOLWH LY WRRIDUDZD\WRDWWUDFW PDWHULDO 11U
VWDUW RI WKH VHFRQG VWDJH /LNH WKH RULJLQDO VDWHOOLWH WKH VHFF
DQG :DU®>DOO WKLY WKH "GLVFUHWH UHJXBHE DWRHQWXDWOKREZIQHLYHFRQC
ZLOO FDWFK XS WR WKH ILUVW VDWHOOLWH $W WKLV SRLQW WKH\ZLOO PH
WKLUG VDWHOOLWH IRUPV DW WKHHGJH RI WKH S5SRFKHOLPLW 7KH SURFHVYV
WR RFFXU QXPHURXV RI WLPHV ZLWK PXOWLSOH VPDOOHUDQG ODUJHU VDW
WKLUG VWDJH FDOOHG WKH "S\UDPLGEDRWHIIIZRHYV DQREFIHWVKRRVZRSEA ZKHQ W K|
EHWZHHQ WKH VDWHOOLWHY EHFRPH WRR ODUJH VR WKDW WKH\FDQQRW DI

JRUPDWLRQ RI6PDOO %RGLHV

7TKHIRUPDWLRQ RI VPDOO ERGLHY VXFK DV DVWHURLGY LQ WKH 6RODU 6\V\
WKHRULHV 7KH ILUVW WKHRU\ VWDWHV WKDW DW WKH EHJLQQLQJ RI WKH"
WKH SURWRSODQHWDU\GLVN WKURXJKJUDYLW\DQG SHEEOHDFFUHWLRQ |
VRODU VA\VWHP WKH VXUYLYLQJ SODQHWVLPDOV EHFDPH SULPRUGLDO DVW
DVWHURLGY DV WKH\DUHDEXQGDQW LQ &8D@ERQ & RUGLOLFRQ 6 >
7KHVHFRQG WKHRU\GHVFULEHV D SURFHVVLQ ZKLFKVPDOOERGLHV DUHF
ZKLFK FDQ EH SODQHWHVLPDOV RUHYHQ SURWRSODQHWY 7KH UHVXOWLQ,
0 WA\SHDVWHURLGY 9 W\SHDVWHURLGV DUHULFKLQEDVDOW DQG K\SRWKI
FDOOHG 9HVWD 0 W\SHDVWHURLGY FRQWDLQ PH@WDOV VXFKDV LURQDQG Q

,PSDFW &UDWHU ORUSKRORJ\DQG 3URFH"

7KH DIRUHPHQWLRQHG WKHRULHYV RI SODQHW DQG PRRQ IRUPDWLRQ GHVFL
SURWRSODQHWDU\ DQG FLUFXPSODQHWDU\ GLYVNV 7KH VPDOO ERGLHV WK
FUXFLDO UROH LQ VKDSLQJ WKH VXUIDFHVY RI WKHVH VROLG ERGLHV WKURX.
SDFWRUVDUHUHIOHFWHG E\WKHREVHUYHG FUDWHU PRUSKRORJLHV DQG G
RQZKHWKHU LPSDFWV ZHUH SULPDULO\ KHOLRFHQWULF RUSODQHWRFHQW L
LPSRUWDQW EHFDXVH LW SODFHV OLPLWV RQ ZKHQ DQG KRZ PRRQV DUH IR
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HIDPSOH 7KXV DQDO\][LQJ FUDWHU PRUSKRORJLHY SURYLGHYVY D OLQN EHW.
UHFRUGY SUHVHUYHG RQ VXUIDFHV ,Q WKLV VHFWLRQ WKH PHFKDQLFV RI
PRUSKRORJLHV DUH H[DPLQHG LQ GHWDLO ZLWK SDUWLFXODU IRFXV RQ WKI
FDVH

,PSDFWFUDWHUV RQ SODQHWVDQG PRRQVDUHIRUPHG ZKHQDQ REMHFW
DWDUJHW VXUIDFH 8SRQ FRQWDFW WKHNLQHWLF HQHUJ\RI WKHLPSDFWR
LQDVSHFWDFXODU H[SORVLRQ WKDW IOLQJY PDWHULDO LQ DOO GLUHFWLR
GLITHUHQW W\SHV RI FUDWHBXEVIHFAVGR QEXCBMEY HRDWLRQPKH LPSDFW SURFHYV
H[SODLQHG VWHS E\ WXHS HAWIDRQm) LIPGRUWDQW LPSDFW FUDWHU VFDOLQJ (

&UDWHU ORUSKRORJ\DQG 'LITHUHQW 7\SHV RI &U

$ FUDWHU FDQ JHQHUDOO\EH LGHQWLILHG E\LWV ODUJH ERZO OLNHRU FLU
DQG PRRQVLQ WKHVRODU V\VWHP 'HSHQGLQJRQ WKHLQLWLDO FRQGLWLRC
DQG LPSDFW DQJOH GLIIHUHQW W\SHV RI FUDWHUV FDQ EH FUHDWHG 9DU\
VHEWLRQ

6LPSOH &UDWHUYV
7TKHPRVWEDVLFFUDWHU VKDSHLVY FDOOHG WKH VLPSOH FUDWHU ,Q WKH FD
FDOO\IRUPHG E\LPSDFWRUV ZLWK D ORZLPSDFW YHORFLW\ PDVV RU ERWK
IDOOLQJ EDFN RQ WKH VXUIDFH ZKLFK LV RIWHQ FUHDWHG DV D UHVXOW RI
VLPSOH FUDWHUV RQ *DQ\PHGH JHQHU B ONOR RO VKR X HRKAVWOKDLLYJ Bl O WRK®HS H Q G
FKDUDFWHWVWLFV >

6LPSOH FUDWHUV DUH ERZO VKDSHG KDYH VPRRWK ZDOOV DQG KDYH D VI
UDJJHG 'HSHQGLQJRQ WKHLPSDFWFRQGLWLRQV PROWHQ LPSDFRAVRU PDW
JRRG H[DPSOHRID VLPSOH FUDWHIU eBVKREQHYPDOOHU VLPSOH FUDWHUV F
VXUURXQGLQJWKHPDLQ FUDWHU ZKLFK ZHUH OLNHO\IRUPHG E\HMHFWD $
LQLIJXUH WHR SURYLGH D FURVV VHFWLRQ YLHZ DV ZHOO DV WR VKRZ VRPH
GLDPHWH®HSWIRQG FUDWHU MP KHLIJKW

D 7KHOROWNH FUDWHU ORFDWHG RQ WKH ORRRVLNIOIHRREKHPDWLF RI D VLPSOH FUDWHU DGNM
H[DPSOH RID VLPSOWFUDWHU > OHORYV Ka>

JLIXUH 7KHILIXUHRQ WKHOHIW VKRZV DQ H[DPSOHRID VLPSOH FUDWHU FDOOHG
1XPHURXV VPDOOHU VLPSOH FUDWHUV FDQ EH REVHUYHG VXUURXQGLQJ WKH FUDWH
VFKHPDWLF RIDVLPSOH FUDWHU GLVSOD\LQJ LP §RWUMSIUMHW QW DAPKIHVEILLDP H WHIQ G H
FUDWHU ULP KHLJKW UHVSHFWLYHO\ 7KH GDVKHG OLQHV RQ WKHVLGH RI WKH FUDW
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&RPSOH[ &UDWHUYV

,QFUHDVLQJ WKH LPSDFWRUTV NLQHWLFHQHUJ\FDQ GUDVWLFDOO\FKDQJH
KDV IDUPRUH NLQHWLF HQHUJ\ WKDQ UHTXLUHG WR FUHDWH D VLPSOH FUD
FDQ EH VHHQXUH GLVSOD\LQJ WKH PRVW LPSRUWDQW FRPSOH[ FUDWHU SD!|
KHLJKW ULP WR ULP GLDPHWHU DQG WKHGHSWK FRPSOH[FUDWHUVY KDYH I
GLDPHWHDQG KHB KM WKH FHQWUDO HOHYDWLRQ 2WKHU NH\ SDUDPHWHU
I DQG WKH ZLGWK RI WKH WHWBU®FHG ZDOO JRQH

J)LIXUH 6FKHPDWLF RIDFRPSOH[FUDWHU 9LVLEOHLVY WKH FKDUDFWHULVWLF FH
ZLWKFS '"LVWKHULP WR ULP GLDPHMMHKIHRG MDKPHH RUDUAR WV i - \F WKW HKB LORW R IKW KH U
ZLWKUHVSHFW WR WKH SUH LPSDFW VXUIDFHgst VWWKKIHKE H SKRWK RIT WVKH FRIQWBIDOKS H D
UHVSHFW WR WKH RYIDMWMHKHGRRBHWHU RI WKH FHIOMNWKH S HDMWKDRIGWVHUUDBEHG ZD OO ]

I1RWDEOHIHDWXUHV RIWKHW\SLFDO FRPSOH[FUDWHU VKDSH DUH WKH IO
FDQDOVREHVHHHIDRG DIRRGH[DPSOHRIDFRPSOH[FUDWHUYLMWKH (ROHU
7TKHVHIHDWXUHYV FDQ IRUP GXULQJ WKH ODWHU VWDJHV RIFUDWHU IRUPDWL
VXIILFLHQWOVN\ODUJH ,Q HVVHQFH WKH PDWHULDO IDOOV EDFNLQWR WKH F
FHQWUDO SHDN &RQVHTXHQWO\ FRPSOH[FUDWHUY WA\SLFDOO\KDYHD ORZ]
FUDWHUV DV WKHLU GHSWKV DUH VKDOORZHU >

TUDQVLWLRQ &UDWHUYV

%HVLGHY VLPSOH DQG FRPSOH[ FUDWHUY WKHUH DUH DOVR WUDQVLWLRQ
IRUP XQGHU VSHFLILF FRQGLWLRQV ZKHUH WKH WUDQVLWLRQ EHWZHHQ VI
LV WKH %HVVHO FUPWKUHVISEZDPDDEH VHHQ LW GRHV QRW TXLWH UHVHPEO
LW FDQQRW EH FODVVLILHG DV D VLPSOH FUDWHU HLWKHU $ WUDQVLWLRQ
FUDWHU DQG FRPSOH[ FUDWHU FKDUDFWHULVWLFV ZKLFKDUHUHODWLYHO
FRPSOHWHO\FRYHUHG E\ GHEULVY WKDW V@XPSHG IURP WKH FUDWHU ZDOOV

D 7KH (XOHU FRPSOH[ FUDWH@RQ WKHORR®HVVHO WUDQVLWLRQ FGWDWHU RQ WKH ORR

J)LIXUH 6KRZQ RQ WKH OHIW LV WKH (XOHU FUDWHU ZKLFKLVDJRRG UHSUHVHQW
I1RWLFHDEOH LV WKH FKDUDFWHULVWLF FHQWUDO SHDN LQ WKHFHQWHU 7KH %HVVFE
H[FHOOHQW H[DPSOHRID WUDQVLWLRQ FUDWHU ,W VKRZV WKHUHODWLYHO\VPRRW
ZHOO DV D SDUWLDOO\ILOOHG FUDWHU IORRU WKDW FDQ RIWHQ EH VHHQ IRU FRPSOF}



,PSDFW &UDWHU ORUSKRORJ\DQG 3URFHVYV

'RPH &UDWHUYV

,Q DGGLWLRQ WR W\SLFDO FRPSOH[ FUDWHUV WKHUH LV DQRWKHU UDUH W
RI'FRPSOH[ FUDWHU FDOOHG D GRPH FUDWHU RU VLPSOH GRPH ,QVWHDG
RI' D FHQWUDO SHDN GRPH FUDWHUY KDYH D GRPH OLNH VKDSH LQ WKH
FHOWHURIWKHFUDWHU 7KH\DUHIRUPHGDVDUHVXOWRILF\PDWHULDO WK
ZDV SXVKHG XS GXULQJ WKH PRGLILFDWLRQ VWDJH DQG FDQ EH IRXQG

RQ *DQ\PHGH DQG & ODKNWRJH RIWHQ VXUURXQGHG E\ D

WURXJK ZKLFK LV VXUURXQGHG E\D ULQJ OLNH VWUXFWXUH $Q H[DPSOH
RIVXFKDFUDWHU LY WKHOHONDUW FUDWHU ORFDWHG RQ *DQ\PHGH ZKLFK
FDQEH VHHODXUWH ZBOHUH D GRPH OLNHVKDSHLQ WKHFHQWHU
LVFOHDUO\NYLVLEOH

SHQHSDOLPSVHWV DQG 3DOLPSVHWYV

D 7TKHOHONDUW GRPH FUDWH@RQ *DQ\PH
SHQHSDOLPSVHWVY DQG SDOLPSVHWYV DUH FLUFXODU KLJK DOEHGR ITHDW XU
IRXQG RQ *DQ\PHGH 7KH GLIIHUHQFH EHWZHHQ WKHVH WZR LV SUL
PDULO\UHODWHG WR WKHLU DJH EHFDXVH SDOLPSVHWY RFFXU RQO\RQ WK
GDUN WHUUDLQ DQG SHQHSDOLPSVHWYVY RFFXU RQDOO WHUUDLQ W\SHV 6LC
WKH GDUN WHUUDLQ LV NQRZQ WR SUHGDWH WKH EULJKW WHUUDLQ LWLV
WR VHSDUDWH WKH WZR W\SHV $ NH\ FKDUDFWHULVWLF RI WKHVH IHDWXUF
LVUHODWHG WR YLVFRXV UHOD[DWLRQ &UDWHU ULPV DUH RIWHQ QRW YLV
IRUSDOLPSVHVWY DQG RQO\VXEWOH FRQFHQWULF OLQHDWLRQV DQG VPRF
FHQwWUDO DUHDVY FDQ VRPHWLPHV EH VHHQ IRURQO\ ODUJHU SDOLPSVHWYV
BHQHSDOLPSVHVWY RQ WKH RWKHU KDQG KDYH PRUH H[SUHVVHG FRQ
FHQWULF IHDWXUHYVY DQG REVHUYDEOH @MHFWD RUVHFRQGDU\ FUDWHUYV >

OXOWL ULQJHG %DVLQV
)LQDOO\ FUDWHUV UHVXOWLQJ IURP H{WUHPHO\ ODUJH LPSDFWV FDQ IRUF
PXOWL ULQJHG EDVLQV 7KHVH FUDWHUV DUH YHU\ UDUH DQG WKH $VJDUG
FUDWHU ORFDWHG RQ &DOOLVWR LV DQ H[D PS4 R DOXP K DO VWA H G B D\G- § B
EHVHHQIRUH )ERFLIXUH WEKHFHQWHU RERKH ¥ DWHU

VWDQGV RXW DV LW LV OLJKWHU LQ FRORULBXWHJRX QG P YIHVKRH [F B R RHHAL R WV
FUDWHUV QXPHURXVFRQFHQWULF ULQJV PHRSE PQGHRXP W U vQAER MPRVH @ L FIRE

WKDW WKHVH ULQJV IRUPHG EHFDXVH WK H W K RQ4XH Wi WHRIRAHHWH QUHPRAR X
HDVLO\ XSRQ L@ SDFW > WKHPLGGOH RIWKHFUDWHU DQG P X

FRQFHQWULF ULQJV FDQ EH VHHQ UH:

6XPPDU\ &UDWHU ORUSKRORJ\

7R VXPPDUL]H WKH GLITHUHQW PRUSKRORJLFDO YDULDQWV RI FUDWHUYVY DQ
EOH SURYLGHV DQ RYHUYLHZ RI WKH JHQHUDO FUDWHU GLDPHWHU DQG GH
WKH UDQJH RI LPSDFW YHORFLW\DQG LPSDFWRU VL]HDUH SURYLGHG DV ZH
GHSHQGHQW RQ WKH LPSDFW YHORFLW\ DQG WKHUHIRUH FRQVHUYDWLYH R

7TDEOH 7\SLFDO FUDWHU GLDPHWHUV DQG FUDWHU GHSWKV DUHJLYHQ IRU GLIIHU
$GGLWLRQDOO\ DJHQHUDO YHORFLW\DQG LPSDFWRU VLIHUDQJH WKDW FRXOG UHV
FUDWHU PRUSKRORJ\ LVJLYHQ

ORUSKRORJ\ &UDWHU GFHNVHU GHSWEW YHOPBIDFWRU VL]H
WHU>NP@ >NP@ >NP V@ >NP@

6LPSOH FUDWH@ >

7UDQVLWLRQ FUD&HE > é

&RPSOH[ FUDWH @> Vv

'RPH FUDWH @> v

3HQH SDOLPS\@HW > é Y Vv

OXOWL ULQJHG EDVLQ > \Y, \Y
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&UDWHU )RUPDWLRQ 3URFHVYV

7KH FUDWHU IRUPDWLRQ SURFHVV FRQVLVWV RI WKUHH
VWDJHV WKH FRQWDFW DQG FRPSUHVVLRQ VWDJH
WKH H[FDYDWLRQ VWDJH DQG WKH PRGLILFDWLRQ
VWDJIK®> 7KLV HQWLUH SURFHVV LV YLVXDOL]HG E\
YLIXUH

7KH IRUPDWLRQ RI D FUDWHU EHJLQV ZLWK
WKH FRQWDFW DQG FRPSUHVVLRQ VWDJH DQG
W\SLFDOO\ ODVWV QR ORQJHU WKDQ D IHZ VHF
RQGV GHSHQGLQJ RQ WKH VL]H RI WKH LP
SDFW 8SRQ FRQWDFW FRPSUHVVLRQ RI PD
WHULDO LQLWLDWHY DQG D VWURQJ SUHVVXUH ZDYH
LV VHQW WKURXJK WKH WDUJHW ZKLFK FDQ EH
VHHQ WQ@XUHD 6LPXOWDQHRXVO\ D
VKRFN ZDYH WUDYHOV WKURXJK WKH LPSDFWRU DQG
ZKHQ LW UHDFKHV LWV HQG LW LV UHIOHFWHG EDFN
DV D UHOHDVH ZDYH ZK)MEX LV VKRZQ
XUHEDORQJVLGH WKHH[SDQGLQJVKRFN ZDYH
ORVW RI WKH LPSDFWRU LV WKHQ UHOLHYHG RI WKH
KLJK SUHVVXUH DQG WKLV JHQHUDOO\ PDUNV WKH
HQG Rl WKH FRQWDFW DQG FRPSUHVVLRQ VWDJH
> @

7KH QH[W VWDJH LV WKH H[FDYDWLRQ VWDJH

ZKLFK KDV D GXUDWLRQ LQ WKH UDQJH RI PLQ

XWHV  7KHUH DUH WZR PDLQ SURFHVVHV LQ

WKLV VWDJH WKH H[SDQVLRQ RI WKH VKRFN

ZDYH WKURXJK WKH WDUJHW DQG WKH H[FDYD

WLRQ IORZ 2YHU WLPH WKH VKRFN ZDYH

H[SDQGV DQG SURSDJDWHV RXWZDUG WKURXJK

WKH WDUJHW DQG ZHDNHQV LQ VWUHQJWK DV LW
HQJXOIV PRUH PDWHULDO OHDQZKLOH WDU

JHW PDWHULDO LV VHW LQ PRWLRQ 7KLV FUH

DWHV D zZD\ IRU WKH H[FDYDWLRQ IORZ ZKLFK

DFWXDOO\ RSHQV WKH FYDWHU VKRZQ LQ

XUH F >@ 7KH VKRFN ZDYH GHWHU

PLQHV PDLQO\ WKH PDVVHVY DQG WHPSHUDWXUHV

RI PHOWHG DQG YDSRULVHG PDWHULDO 7KH HJ
FDYDWLRQ IORZ RQ WKH RWKHU KDQG LV UHVSRQ

VLEOH IRU WKH VL]H RI WKH ILQDO FUDWHU DQG

LWV VKDSH ,Q WKH PHDQWLPH WKH HMHFWD

ULVHV DERYH WKH VXUIDPHJDV GHSLFWHG LQ

XUH F DQBLIXUHG W ZLOO FRQ

WLQXH WR IROORZ D EDOOLVWLF WUDMHFWRU\ XQWLO LW
HLWKHU IDOOV EDFN RQWR WKH VXUIDFH RU IOLHV

LOQWR VSDFH LI LWV YHORFLWVFIAWR x 11 7KHHERWHY HQW g WDJHV LQ WKH FUDWHU
'"HSHQGLQJ RQ WKH NLQHWLPYHJKDBA? 'RRRAWKRS WR ERWWRP 7KH FRQWDFW D

HMHEFWD WKH\ FDQ VRPHWLPVAQA(PF %Hﬁ;fg{%@%e 'éW7FKDHY'C\[NF\DUYHDSV\L’JLHRVQH\(/D‘
DEOH VPDOOHU FUDWHUV DUFEL?}?W HGB @@S'MRQ VWDJH DQG EHIRUH

> @ PRGLILFDWLRQ ,Q H DQG | WKHPRGLILFDWLRQ V

EUHFFLD FDQ EH VHHQ O\LQJ RQ WKH FUDWHU IORR|

)LQDOO\ WKH ODVW VWDJHWY WKHORB®L|RFPRIARIPQ DQG V@RFNHG PDWHUL
VWDJH ZKLFK FDQ ODVW LQ WKH RUGHU RI KRXUV $I
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WHU WKH PDWHULDO KDV GHIRUPHG DQG HMHFWD KDV EHHQ H[SHOOHG IURP
WR D VKRUW KDOW ZKHUHDIWHU LW VWDUWYVY WR IDOO EDFN WRXOUHY WKH F
DQXLJXUH *UDYLW\ALV DPDMRUFRPSRQHQW FDXVLQJ WKLV PRWLRQ WKRXJ
SUHVVHG PDWHULDO DOVR SOD\VD UROH 7KHVHFROODSVHHYHQWY FDQ UD
LOWR WKH FUDWHU WR ZKROH FUDWHU VKDSH DOWHUDWLRQV VXFK DV WK
SHDNV DQG WKH VLQ®LGIWHUWKHFROODSVH RID FUDWHU LWLV SRVVLEO
XSOLIW RUUHERXQG RI PDWHULDO LV VWLOO KDSSHQLQJ 7KRXJK WKLV LV
RIPDWHULDO KDV ODUJHO\ FRPH WR D VWDQGVWLOO WKH PRGLILFDWLRQ V
FUDWHU KDV IRUPHG >

3L *URXS 6FDOLQJ/DZ

$ ORW RI UHVHDUFK KDV EHHQ GRQH LQ LPSDFW FUDWHULQJ ,Q RUGHU WR V
DFUDWHU VFDOLQJODZV KDYHEHHQ GHYHORSHG $ XVHIXO PHWKRG LV WK
,W XVHV GLPHQVLRQDO DQDO\VLV LQ ZKLFK UHOHYDQW LPSDFW FUDWHU SD
(TXDWLRQ @

fQ N m

% Y
t;)/zt 2 itl/A 4

c © v oy oy Y,

'KHUK LV WKH GLPHQVLRQOHVV PHDVXUH RI,W¥B@E,DWH & GR B W MRHUO DD\
UDPHWHEUV WKH JUDYLW\ VFDOHG VL]H HTXDO WR WKH UDWLR R LW DKIHWD W
VXUIDFH JODWWWH GLDPHWHU Rl WMKHVLWSBAWERDFRQRHDREUWY WKH LQIOXHC
WDUJHW VW UHQMWKK BRHWHIHW PDWH Y LD QVKW (St QMK WILEOW IGHH QDWW R R1 WE
DQG SURMHFWLOH GHQYW WH W @KIHV\HR | WKH WDUJHW

7R REWDLQ WKH FRPSOWWBWRWPLRIFOXGLQJ WKH WHUPV IRU ERWK WKH V
(TXDWLRRDQ EH XV @G >

1

Vi Ty
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"KHUP, UHSUHVHQWYV WKH VFPIOL W K A RFHHIOLRFALLHA\W F D Ot LLQ/J WA i $1RGHHIDWL WD Y G D
H[SRQHQ@YTXDWLRRDQ WKHQ EH SORWWHG DQG DQIKDRSHHKRINYAKYEHV IF
PDWHULDO O DQGPDWHULDOJILYHQZRE WKH ),POLWKBIQ®[LV
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JLIXUH 7TKHJUDYLW\DQG VWUHQJIJWK UHJLPH LQ WKH SL JURXS VFDOLQJPHWKRG
YHORFLW\ DQG SDUDPHWHU '"DQG PRQ WKH\ D[LVUHSUHVHQW WKHWUDQVLHQW FUI
UHVSHFWLYHO\ 0 LVWKHFXUYH XVHGIRUJUDQXODU WDUJHW PDWHULDOV DQGO L
EHVHHQ WKDW WKH VWUHQJWK WR JUDYLW\WUDQVLWLRQ RFFXUV EHIRUH WKH VLP S

WKHVWUHQJIJWK UHJLPH LV PDLQO\GRPLQDQW LQ VPDOOHU FUDWHUV ZKHUHDV WKH
FUDWH® >

+HUH 0 VKRZV WKH W\SLFDO EHKDYLRU RI JUDQXODU PDWHULDOV 6LQI
VWUHQJWK WKLV DOIGGMWR 7KLV VLPSTOXDMWHERQRT XDWLRQVVHQWLDOO\ LW
OLQHDU I X QF WHKIRRKFFID Q E H) V H¥DHE Q@

"
e, T

. EaTE
C F)»Y1/43/42 P

v Yi'lYe, g%
7 AT

,4
¢ Pcruy Pce Py 4

$VIRUO DURFN\PDWHULDO LW KDV D ILQLWWH&W UHRRWY XD QLE MHKHUGI Rt
YDOXHY RJZLOO GRPLQDWH LQ HVVHQFH WKLV LV WKH VWUHQJWK UHJLPH
WKH FUDWHU PRUH WKDQ JUDYLW\ 6R THRIMQLHRED QJE IE O H Z WIDATHWIERM @
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(VVHQWLDOO\ WKLV HTXDWLRQLV D VWUDLJKW KRULJRQWDO OLQH GXHV
VHHQLOXUH ZKHUH WKH FXUYHIRUO LV SUDFWLFDOOWWKRREZHRGWDW KR UWDRID
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