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:DQJ < - :HL' +DQ ' HW DO 'RHY VWUXFWXUH GHWHUPLQH SURSHUW\ L«
*OURNALAOFA4HEORETICALAANDAIPPLIEDA-ECHANICS

$ULNRJOX $ $ QHZ IUDFWLRQDO GHULYDWLYH PRGHO IRU OLQHDUO\ YL
LGHQWLILFDWLRQ YLD JHQHWLF DOJRULWKPV 2HEOLOGICAAICTA

%ODLU * : 6 9HLQRJORX % & $ VWXG\ RI WKH ILUPQHVYV RI VRIW PDWHULTL
*OURNALAOFA3CIENTIFICA)NSTRUMENTS

%UXQV 0 +DVVDQL 0 9DUQLN ) HW DO '"HFHOHUDWHG DJLQJ LQ PHWDO
WKHUPDO F\FOLQJ OHYSICALA2EVIEWA2ESEARCH

&DR / / :DQJ < - "\QDPLFV+HQWURS\ UHODWLRQVKLS LQ PHWDOOLF JODVV
,ETTERS

&DR 3 6KRUW 0 3 <LS 6 8QGHUVWDQGLQJ WKH PHFKDQLVPV RI DPRUSKF
VLPXODWLRQ OROCEEDINGSAOFATHEA.ATIONALAICADEMYAOFA3CIENCES
&DSXWR 0 ODLQDUGL ) $ QHZ GLVVLSDWLRQ PRGHO EDVHG RQ PHPRU\ F

'"EOPHYSICS
&DUSLQWHUL $ 0DLQDUGL ) )UDFWDOV DQG IUDFWLRQDO FDOFXOXV LQ FRQWL

&DYDLOOH - < 3HUH] - -RKDUL * 3 OROHFXODU WKHRU\ IRU WKH UKHR
OHYSICALA2EVIEWA™"

&KDQJ & =KDQJ + 3 =KDR 5 HW DO /ILTXLG OLNH DWRPV LQ GHQVH S
-ATERIALS

'"HEHQHGHWWL 3 * 6WLOOLQJHU ) + 6XSHUFRROHG OLTXLGY DQG WKH JOD
'"HPHWULRX 0 ' +DUPRQ - 6 7DR 0 HW DO &RRSHUDWLYH VKHDU PRGHO
IRUPLQJ PHWDOOLF OLTXLGV OHYSICALA2EVIEWA ETTERS

'LQJ * -LDQJ ) 6RQJ; HW DO 8QUDYHOLQJ WKH WKUHVKROG VWUHVV RI \
JODVVHV YLD WKHUPR PHFKDQLFDO FUHHS 3CAENGREAMBGIMYAAOHYSICS A-ECHAN
'XDQ < - 1DEDKDW 0 7RQJ < HW DO &RQQHFWLRQ EHWZHHQ PHFKDQLFD(
NLQHWLFV LQ D KLJK HQWURS\ PHWDOOLF JODVV OHYSICALA2EVIEWA ,ETTERS
'XDQ < - =KDQJ / 7 4LDR - & HW DO ,QWULQVLF FRUUHODWLRQ EHWZHHC
DQG WKH UHOD[DWLRQ LQ KLJK HQWURS\ PHWDOOLF JODVVHV OHYSICALA2E\
(GLJHU 0 6SDWLDOO\ KHWHURJHQHRXV G\QDPLFV LQ VXSHUFRROHG OL
#HEMISTRY

YXMLWD 7 *XDQ 3 ) 6KHQJ +: HW DO &RXSOLQJ EHWZHHQ FKHPLFDO DQG
PXOWLFRPSRQHQW EXON PHWDOOLF JODVV OHYSICALA2EVIEWA"

*DR / <X + % 6FKUjGHU 7 % HW DO 8QLILHG SHUFRODWLRQ VFHQDULR IR
JODVV IRUPHUV .ATUREAOHYSICS

*DR < <DQJ & 'LQJ * HW DO BWUXFWXUDO UHMXYHQDWLRQ RI D ZHOO C
2ESEARCH

*DXWKLHU & 'DYLG / /DGRXFH / HW DO 1RQOLQHDU PHFKDQLFDO UHVSRQ
DQG WKURXJK JODVV WUDQVLWLRQ WHPSHUDWXUH *OURNALAOFAI!PPLIEDAOOL
*DXWKLHU & 3HOOHWLHU - 0 'DYLG / HW DO 5SHOD[DWLRQ RI QRQ FU\V

VWUHVV *OURNALAOFA.ON #RYSTALLINEA3OLIDS
*XLVHOLQ % 6FDOOLHW & %HUWKLHU / OLFURVFRSLF RULJLQ RI H[FH\
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VXSHUFRROHG OLTXLGV .ATUREAOHYSICS

+DR 4 /\X * - 3LQHGD ( HW DO $ KLHUDUFKLFDOO\ FRUUHODWHG IORZ C
8QLYHUVDO XQGHUVWDQGLQJ RI VWUHVYV UHOD[DWLRQ DQG FUHHS )NTERNATI
+DR 4 3LQHGD ( :DQJ < - HW DO 5SHYHUVLEOH DQHODVWLF GHIRUPDWLR
UHVXOWLQJ WZR VWHS GHIRUPDWLRQ LQ D /D 1L $O0 PHWDOOLF JODVV OHYS]|
+DR 4 ;LQJ * 3LQHGD ( HW DO '"HFLSKHULQJ WKH . UHOD[DWLRQ DQG WK
LQ WKH GHHS JODVV\ VWDWH 3CIENGEASAHRONOMYSICS A-ECHANICSA

+DUPRQ - 6 'HPHWULRX 0 ' -RKQVRQ :/ HW DO $QHODVWLF WR SODVWL
IRUPLQJ OLTXLGV OHYSICALA2EVIEWA ETTERS

+H\PDQV 1 +LHUDUFKLFDO PRGHOV IRU YLVFRHODVWLFLW\ '\QDPLF E|
2HEOLOGICAAICTA

+X < *XDQ 3 /L 0O HW DO 8QYHLOLQJ DWRPLF VFDOH IHDWXUHV RI LQKt
JODVV E\ PROHFXODU G\QDPLFV VLPXODWLRQV OHYSICALA2EVIEWA"

+X < & /L < : <DQJ < HW DO &RQILIXUDWLRQ FRUUHODWLRQ JRYHUQV
PHWDOOLF OLTXLGY OROCEEDINGSAOFATHEA. ATIONALAICADEMYAOFA3CIENCE
,FKLWVXER 7 ODWVXEDUD ( <DPDPRWR 7 HW DO OLFURVWUXFWXUH RI

IURP XOWUDVRXQG DFFHOHUDWHG FU\VWDOOL]DWLRQ LQ 3G EDVHG PHWDOC

.H + % =HQJ - ) /LX & 7 HW DO 6WUXFWXUH KHWHURJHQHLW\ LQ PH
H[SHULPHQW *OURNALAOFA-ATERIALSA3CIENCEAANDA4ECHNOLOGY

.HWRY 6 9 6XQ < + 1DFKXP 6 HW DO 5SHMXYHQDWLRQ RI PHWDOOLF JODV'
.ATURE

/L ; :HL ' =KDQJ - < HW DO 8OWUDVRQLF SODVWLFLW\ RI PHWDOOLF JOD)
-ATERIALSA40DAY

/ILDQJ 6 < =KX ) :DQJ < - HW DO 2Q WKH NLQHWLFV Rl VWUXFWXUDO }
IJNTERNATIONALA*OURNALAOFA%NGINEERINGA3CIENCE

/LX < + :DQJ ' 1DNDMLPD . HW DO &KDUDFWHUL]DWLRQ RI QDQRVFDOH |
PHWDOOLF JODVV E\ G\QDPLF IRUFH PLFURVFRS\ OHYSICALA2EVIEWA ETTERS
/IRX]IJXLQH /X]JLQ ' 9 =DGRUR]KQ\\ 0 < .HWRY 6 9 HW DO ,QIOXHQFH R

VWUXFWXUH DQG GRXEOH VWDJH VWUXFWXUH UHOD[DWLRQ EHKDYLRU RI D =U
ANDA%BNGINEERING Al

/X = 6KDQJ % 6 6XQ <7 HW DO 5HYHDOLQJ UHOD[DWLRQ PHFKDQLVP EI
IORZ XQLWV LQ PHWDOOLF JODVV *OURNALAOFA#HEMICALAOHYSICS
IXEFKHQNR 9 :RO\QHV 3 * 7KHRU\ Rl VWUXFWXUDO JODVVHV DQG VXSHUF
OHYSICALA#HEMISTRY

IXFNDEDXHU 0 +D\DVKL 7 .DWR + HW DO '"HFUHDVLQJ DFWLYDWLRQ HQHU
D PHWDOOLF JODVV GXULQJ DJLQJ OHYSICALA2EVIEWA"

IXQNHQKHLPHU 3 :HKQ 5 6FKQHLGHU 8 HW DO *ODVV\ DJLQJ G\QDPLFV
/IXR 3 :HQ 3 %DL + < HW DO 5HOD[DWLRQ GHFRXSOLQJ LQ PHWDOOLF
OHYSICALA2EVIEWA ETTERS

0D < <H -+ 3HQJ * - HW DO /IRDGLQJ UDWH HIIHFW RQ WKH FUHHS EHKDY

LWV FRUUHODWLRQ ZLWK WKH VKHDU WUDQVIRUPDWLRQ ]JRQH -ATERIALSA3CI]
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ODJDJQRVF ' - . XPDU * 6FKURHUV - HW DO (I'THFW Rl LRQ LUUDGLDWLRC
DQG ILFWLYH WHPSHUDWXUH LQ PHWDOOLF JODVV QDQRZLUHV ICTAA-ATERIAL
OHQDUG . 3 0OHQDUG 1 ‘\QDPLF PHFKDQLFDO DQDO\VLV %RFD 5DWRQ 7D\C
1DEDKDW 0 $PLQL 1 3LQHGD ( HW DO '"HOD\HG HODVWLFLW\ RI PHWDC
WHPSHUDWXUH GHSHQGHQFHV RI WKH DQHODVWLF UHOD[DWLRQ OHYSICALA2E
1JpbL ./ 8QLYHUVDO SURSHUWLHV RI UHOD[DWLRQ DQG GLIIXVLRQ LQ FR
IXQGDPHQWDO SK\VLFV ZLWK ULFK DSSOLFDWLRQV OROGRESSAINA-ATERIALSA
1JDbL ./ :DQJ/ 0 <X + % 5HODWLQJ XOWUDVWDEOH JODVV IRUPDWLRQ WR
WKH -RKDULi*ROGVWHLQ EHWD UHOD[DWLRQ LQ PROHFXODU JODVVHV *OURN

IXWWLQJ 3 * $ QHZ JHQHUDO ODZ Rl GHIRUPDWLRQ *OURNALAOFATHEA&R,
3DODGH /, 9HUQH\ 9 $WWDQp 3 $ PRGLILHG IUDFWLRQDO PRGHO WR G
EHKDYLRU RI SRO\EXWDGLHQHV IURP IORZ WR JODVV\ UHJLPH 2HEOLOGICAA!IC
3DOPHU 5 * 6WHLQ '/ $EUDKDPV ( HW DO ORGHOV RI KLHUDUFKLFDOO\ F
UHOD[DWLRQ OHYSICALA2EVIEWA ETTERS

BHUH] - +RPRIJHQHRXV IORZ DQG DQHODVWLF SODVWLF GHIRUPDWLRQ RI

3HUH] - '"HIHFW GLIIXVLRQ PRGHO IRU YROXPH DQG HQWKDOS\ UHFRYHU\
B3HUH] - 4XDVL SXQFWXDO GHIHFWYV LQ YLWUHRXV VROLGY DQG OLTXLG JO

3HUH] - 3K\WLFV DQG PHFKDQLFV RI DPRUSKRXV SRO\PHUV 5RXWOHGJIH
3HUH] - &DYDLOOH - < (WLHQQH 6 HW DO 3K\WLFDO LQWHUSUHWDWLI
DPRUSKRXV SRO\PHUV WKURXJK WKH JODVV WUDQVLWLRQ 2EVUEASEAOHYSIQ!L
4LDR - 3HOOHWLHU -0 '"\QDPLF PHFKDQLFDO UHOD[DWLRQ LQ EXON PHWI
-ATERIALSA3CIENCEA4ECHNOLOGY

4LDR - & &RQJ - :DQJ 4 HW DO (IITHFWV Rl LURQ DGGLWLRQ RQ WKH G\Q
=U &X 1L $0 EXON PHWDOOLF JODVVHV *OURNALAOFA!ILLOYSAANDA#OMPOUNL
4LDR - & 3HOOHWLHU - 0 OHFKDQLFDO UHOD[DWLRQ LQ D =U EDVHG EXON
SK\WVLFDO PRGHOV *OURNALAOFAI!PPLIEDAOHYSICS

4LDR - & 3HOOHWLHU - 0 (VQRXI & HW DO ,PSDFW Rl WKH VWUXFWXUDO
LQ D =U+&R+$0 EXON PHWDOOLF JODVV *OURNALAOFAILLOYSAANDA#OMPOUND
4LDR - & :DQJ 4 3HOOHWLHU - 0 HW DO 6WUXFWXUDO KHWHURJHQHLV
DPRUSKRXV DOOR\V OROGRESSAINA-ATERIALSA3CIENCE

5LFKHUW 5 +HWHURJHQHRXYV G\QDPLFV LQ OLTXLGV )OXFWXDWLRQV LQ
#ONDENSEDA-ATTER 5

5LQDOGL 5 *DHUWQHU 5 &KD]JHDX / HW DO ORGHOOLQJ Rl WKH PHFKDQLF
SRO\PHU EDVHG RQ WKH TXDVL SRLQW GHIHFW WKHRU\23DUW , 8QLD[LD
JNTERNATIONALA*OURNALAOFA.ON ,INEARA-ECHANICS

6FKLHVVHO + OHW]OHU 5 %OXPHQ $ HW DO *HQHUDOL]HG YLVFRHODVWL
ZLWK VROXWLRQV *OURNALAOFAOHYSICSA! A-ATHEMATICALAANDA'ENERAL
6KDR / ;XH / 4LDR - HW DO *DPPD UHOD[DWLRQ LQ '\ EDVHG PHWDOOLF J
SODVWLFLW\ 3CRIPTAA-ATERIALIA
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6KDUPD 5 &KHUD\LO % - 3RO\PHU PHOW G\QDPLFV OLFURVFRSLF URRW
OHYSICALA2EVIEWA%

6RQJ - =KX : :HL ; &RUUHODWLRQV EHWZHHQ WKH KLHUDUFKLFDO V¢
PHFKDQLFDO SURSHUWLHY RI PHWDOOLF JODVVHV )NTERNATIONALA*OURNALA
6RQJ / *DR < =RX 3 HW DO "HWHFWLQJ WKH H[SRQHQWLDO UHOD[DWLF
SUHFLVLRQ QDQRFDORULPHWU\ OROCEEDINGSAOFATHEA.ATIONALAICADEMYAO
BRQJ 6 =KX ) &KHQ O 8QLYHUVDO VFDOLQJ ODZ RI JODVV UKHRORJ\ .ATU!
6SLHFNHUPDQQ ) UORSX ' B6RSUXQ\XN 9 HW DO BWUXFWXUHIG\QDPLFV U
GHIRUPHG EXON PHWDOOLF JODVV .ATUREA#OMMUNICATIONS

6URORYLW] ' ODHGD . 9LWHN 9 HW DO BWUXFWXUDO GHIHFWV LQ DPRUS
FRPSXWHU PRGHO OHILOSOPHICALA-AGAZINEA!

6XQ <7 =KDR 5 'LQJ': HW DO 'LVWLQFW UHOD[DWLRQ PHFKDQLVP DW L
JODVV .ATUREA#OMMUNICATIONS

6XQ < &RQFXVWHOO $ *UHHU $ / 7KHUPRPHFKDQLFDO SURFHVVLQJ RI P
UDQJH RI WKH JODVV\ VWDWH .ATUREA2EVIEWSA-ATERIALS

7DR . .KRQLN 9 $ 4LDR - & ,QGHQWDWLRQ FUHHS G\QDPLFV LQ PHWNDC
VWUXFWXUDO VWDWHYV )NTERNATIONALA*OURNALAOFA-ECHANICALA3CIENCES
7RQJ < 'PRZVNL : %HL + HW DO OHFKDQLFDO UHMXYHQDWLRQ LQ EXON Pt
PHFKDQLFDO FUHHS ICTAA-ATERIALIA

:DJQHU + %HGRUI ' .+FKHPDQQ 6 HW DO /IRFDO HODVWLF SURSHUWLH
-ATERIALS

'DQJ & + +X < - 4LDR - & HW DO OHFKDQLFDO UHOD[DWLRQ EHKDYLRU R
PHWDOOLF JODVV -XTARRNSILSEBRINKGAEA

:DQJ ) /L - 0 +XDQJ 3 HW DO 1DQRVFDOH FUHHS GHIRUPDWLRQ LQ
JNTERMETALLICS

:DQJ + &KDQJ & 7 &XL =' HW DO &UHHS UHFRYHU\ Rl VWUHVV DQQHDC
,QYHVWLJIJDWLRQ EDVHG RQ WKH G\QDPLF YLVFRHODVWLF PRGHO -ATERIALSA/
:DQJ 4 /LX - - <H < ) HW DO 8QLYHUVDO VHFRQGDU\ UHOD[DWLRQ DQ
WUDQVLWLRQ LQ PHWDOOLF JODVVHV -ATERIALSA40DAY

:DQJ : + '\QDPLF UHOD[DWLRQV DQG UHOD[DWLRQ SURSHUW\ UHODWLRQV
INA-ATERIALSA3CIENCE

:DQJ ; < ;X : 6 =KDQJ + HW DO 8QLYHUVDO QDWXUH RI G\QDPLF KHWH!
OLTXLGV $ FRPSDUDWLYH VWXG\ RI PHWDOOLF DQG SRO\PHULF JODVV IRUPLC

'DQJ = 6XQ % $ %DL + < HW DO (YROXWLRQ Rl KLGGHQ ORFDOL]HG IORZ
LQ PHWDOOLF JODVV .ATUREA#OMMUNICATIONS
‘HL < %RZHU $ ) *DR + $QDO\WLFDO PRGHO DQG PROHFXODU G\QDPLF

GHSHQGHQFH RI IORZ VWUHVY LQ DPRUSKRXV LQWHUPHWDOOLF QDQRZLUHYV D
OHYSICALA2EVIEWA™"

:X 13 URSX ' <XDQ ; HW DO $WRPLVWLF XQGHUVWDQGLQJ RI FUHHS DQ
&X =U PHWDOOLF JODVV DW GLIITHUHQW WHPSHUDWXUHY DQG VWUHVY OHYH

;LQJ * +DR 4 =KX ) HW DO &RUUHODWLQJ G\QDPLF UHOD[DWLRQ DQG YL
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A
3CIENCEA#HINAAOHY RI&'SS AROWHDANY C S A
:LQJ * + +DR 4 /\X * - HW DO ,QWHJUDWLQJ G\QDPLF UHOD[DWLRQ ZLYV
PHWDOOLF JODVVHV 7KHRUHWLFDO LQVLJKWVYV DQG H[SHULPHQWDO YDOLG
4ECHNOLOGY

<DQJ & 'XDQ - 'LQJ * HW DO D 6SOLWWLQJ RI IDVW UHOD[DWLRQ LQ D
OHYSICALA2EVIEWA™"

<DQJ ; 0 <DQJ 4 =KDQJ 7 HW DO E 3URELQJ VORZ JODVV G\QDPLFV GRZQ
2EVIEWS

<DQJ < *HQJ - &DR < HW DO 5SHMXYHQDWLRQ RI /D EDVHG PHWDOOLF JOD
RI UHOD[DWLRQ 3CRIPTAA-ATERIALIA

<H - & /X - /LX & 7 HW DO $WRPLVWLF IUHH YROXPH JRQHV DQG LQHO!
JODVVHV .ATUREA-ATERIALS

<X + % 5LFKHUW 5 6DPZHU . 6WUXFWXUDO UHDUUDQJHPHQWY JRYHUQLQ.
PHWDOOLF JODVVHV 3CIENCEAIDVANCES H

<X + % <DQJ 0+ 6XQ < HW DO YXQGDPHQWDO OLQN EHWZHHQ UHOD[DV
EUHDNLQJ LQ PHWDOOLF JODVVHV *OURNALAOFAOHYSICALA#HEMISTRYA ETTEI
<X + % 6DPZHU . :X < HW DO &RUUHODWLRQ EHWZHHQ UHOD[DWLRQ DC
FRQVWLWXWLQJ DWRPV LQ PHWDOOLF JODVVHV OHYSICALA2EVIEWA ETTERS
<X + % :DQJ 4 /LTXLG OLNH FOXVWHUV LQ JODVV\ VROLGYV DV D XQLTXH
QRQ GLIIXVLYH .EXTA-ATERIALS

<X + % :DQJ : + %DL + < HW DO 7KH UHOD[DWLRQ LQ PHWDOOLF JODVV|
<X + % :DQJ : + %DL + < HW DO 5HODWLQJ DFWLYDWLRQ RI VKHDU W
UHOD[DWLRQV LQ PHWDOOLF JODVVHYV OHYSICALA2EVIEWA"

=KDQJ / 'XDQ < &UHVSR ' HW DO '\QDPLF PHFKDQLFDO UHOD[DWLRQ C

HQWURS\ /D &H 1L $0 &R EXON PHWDOOLF JODVV 3CA4ENSERGNONMAYAOHYSIC

=KDQJ / 'XDQ < 3LQHGD ( HW DO D (IIHFW RI SK\VLFDO DJLQJ DQG F\FOLF
KLJK HQWURS\ PHWDOOLF JODVV *QUARESHAORODGYERIALSA3CIENCEA

=KDQJ / 'XDQ < :DQJ < HW DO 7DLORULQJ WKH PHFKDQLFDO SURSHUWL
FRROLQJ IURP WKH VXSHUFRROHG OLTXLG UHJLRQ 3CIENCEA#HINAA4ECHNOLC
=KDQJ / :DQJ < 3LQHGD ( HW DO E $FKLHYLQJ VWUXFWXUDO UHMXYH
PRGXODWLQJ UHOD[DWLRQ LQWHQVLW\ YLD HDV\ WR RSHUDWH PHFKDQLF
OLASTICITY

=KDQJ / 7 :DQJ < - 1DEDKDW 0 HW DO D &UHHS GHIRUPDWLRQ LQ PHWDOC
ZLWK VWUDLQ DV DQ LQGLFDWRU ZLWKLQ WUDQVLWLRQ VWDWH WKHRU\ )NTE!
=KDQJ / 7 :DQJ < - <DQJ < HW DO E OHFKDQLFDO PHPRU\ DQG UHOD[DWL
JODVVHV LQ KRPRJHQRXV IORZ )NTERNATIONALA*OURNALAOFA-ECHANICALA3C
=KRX = < <DQJ 4 <X + % 7RZDUG DWRPLF VFDOH XQGHUVWDQGLQJ RI VW
UHODWLRQV IRU PHWDOOLF JODVVHV OROGRESSAINA-ATERIALSA3CIENCE
=KRX = < &KHQ 4 6XQ < HW DO 8QYHLOLQJ FRUUHODWLRQ EHWZHHQ . UH
PHWDOOLF JODVVHV OHYSICALA2EVIEWA"

=KX ) 6RQJ 6 ; 5HGG\ . 0 HW DO 6SDWLDO KHWHURJHQHLW\ DV W



V10 ,9Cy P#3$OFOYELG w 2$ 0 DM%#!aEO * % 6&E5]L§*6A& O3RMZ | 8H Ty i W>| j55

VWUXFWXUHISURSHUW\ UHODWLRQVKLS RI PHWDOOLF JODVVHV .ATUREA#OMM
=KX ) ;LQJ * + /\X * - HW DO 3K\WLFV PRWLYDWHG IUDFWLRQDO YLVFRF
UHOD[DWLRQ LQ DPRUSKRXV VROLGV )NTERNATIONALA*OURNALAOFAQOLASTICIT
=KX ) ;LQJ * + :DQJ < - HW DO D 4XDQWLI\LQJ FRQWULEXWLRQ RI KLHU
PLFURGRPDLQV XQGHUO\LQJ FUHHS LQ PHWDOOLF JODVV )NTERNATIONALA*OL
=KX : 'HQJ < /LX - HW DO E 6WUDLQ GHSHQGHQW WUDQVLWLRQ RI WKH
JODVVHV -ODELLINGAANDA3SIMULATIONAINA-ATERIALSA3CIENCEAANDA%NGINEE

(CS+5F : d ¢)
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9LVFRHODVWLF EHKDYLRUV RI DPRUSKRXV DOOR\
RI WKH TXDVL SRLQW GHIHFW WKHRU\

+yVISF${YsBY~™ <VWpSNst $t ! eyWpSpZst YZ$? <VIS+$9 NyVWpS7YZk
]=ySF$t ABY *=VWSOs Zst

‘s7{YBBjSBPS ,{Yst${RSstlSq,stR}B, s $BtSet $t,,,$t SWB, Yb,R ,,tS_
=t$%,,R$ k Se$TstSed((+1 S]Y$ts
'S7{YBBjSBPS7{$,t{, S]Yst 1stS=t$%,,R$ k Se$TstS«d((E; S]Y$t:

$EVWUDFW V8B,}YBZRSsjjBkRS,-Y$A$ S{B8}j,-S%S$R{B,jsR ${SA,Ys%$B,RSI
Z,, S{Ys,s{ ,.$9,ISAkSIkts8%{S,,js-s $BtSstISR s ${SYkR ,,,R$RSP,s Z,,R S«
.t .kS}B$t SPB,S$tTI,} YSZtl,,R sti$t SBPSPZtIs8,t sjS}YkR${sjSSRRZ,RSRZ
I,PB,8s $BtS8,{Yst$R8R SstISIkts8${SY, ,,B ,t,$ k SAZ SsjRBS},B%$I,RS, kS
1,%,jB}8,t SstlS,t $t,,,$t Ss}}j${s $BtSBP SY$ YT},,PB,8st{,Ss8B,}YBZR Ssjj
{BtR ,Z{ SsS Y,B,, ${sjSP,s8,bB,,SP,B8S Y,S8%${,BR{B}${S8,{YSt$R8S Ys S
1. 18{ S Y,$,S{B8}j,-S%$R{B,jsR ${SA,Ys%$B,RS,,85$tRSsS{B,,S{Ysjj,.t ,S$t
BtS Y,S{B,,S,Bj,SstlSjs ,R S},B ,,RRSBPS Y,SJZsR$T}B$t SI,P,{ Sw+_*DS Y,
Y,S%$R{B,jsR ${SA,Ys%$B,R Sy SI,,}jkS,-}jB,,RS Y,Ss}}i${s $BtSBPS Y,S+_
,.ijs-s $BtSstlS,,%,sjRS Y,S$t ,$tR${S{BtR$R ,t{k SA, b,,tS Y$SRS Y ,B,kSstl:
AsR$R S$ S,,%$,bRS Y,S$t ,$tR${S{Btt,{ $BtSA, b,, tSIkts8${S,,js-s $BtSstlS
{B,jsR ${SI,PB,8s $Bt SstlS,-}js$tRS Y,S}YKkR${sjS8,{YSt$R8RSA,Y$tIS}Y, tB
js-s $BtSstlIS{,,,} SbY${YSs,,SIB8%ts ,ISAkSI,P,{ S8B%,8,t RSs SI$PP,,,t SR
Ys%$B, S$ S}s, ${Zjs,jkSI$R{ZRR,RS Y,SZtl,,R stI$t SBPSI,P,{ S,%BjZ $BtS
8,{YStSR8R SVII$ $Btsjjk S Y$SRS}s},,SRkR ,8s ${sjjkS,-}BZtIRS Y,S8,{Yst$R
Rs ,SBPSs8B,}YBZRSsjjBkRS Y,BZ YS%$R{B,jsR ${SI,PB,8s $BtSstISYBbS
ts8%{S,,js-s $BtSBPS Y,S8s ,,$sjSAkS$tPjZ,t{$t S Y,S{Bt{,t ,s $Bt SI$R ,$AZ
8,t SBPSJZsR$T}BS$t SI,P,{ R SqQY$RS}s},,Ss$8RS BSI,8BtR ,s ,SYBbS BS,R
Y,S8%${,BR ,2{ Z,,SY, ,,B ,t,$ k SI,P,{ SIkts8%{R SstIS%$R{B,jsR ${S,,R}BtR,
BtS Y,S+_*S Y,B,k S},B%$I$t SsS Y,B,, ${sjS},,R},{ $%,SPB,SZtl,,R stI$t S
}i,-S8,{Yst${sjSA,Ys»%$B,R

_H\ZRUGV s8B,}YBZR SsjjBKkR S %$R{B,jsR ${SA,Ys%$B, SIJZsR$T}BS$t SI,P,{
R ,,RRS,,js-s $Bt S,, Z%,ts $Bt

i,{,$%,1USn(SFZt,S1(1x Ss{{,} ,IUSLES!{ BA,,S1(1x SBtj$t,USIMS!{ BA,,S1(1x
-1SeT8s$jUSI {9koth}Z ,1Z {t
EI1(1ES &8#0%'5S+0S '%*#0+%5
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