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]S, Ssj

IUDJPHQWDWLRQ RI PHWDO
%HLMLQJ &KLQD $FDGHP\

(I'THFW RI ORDGLQJ KLVWRU\ RQ VWUHVYV VWUDLQ

5HVHDUFK RQ H[SDQVLRQ GHIRUPDWLRQ LQVWDELOLW\ DQG IUDFWXUH
>3K' 7TKHVLV@ &KLQD $FDGHP\ RI (QJLQ
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< ; HW DO &RQVWDQW VWUDLQ UDWH ORDGLQJ RI OLTXLG GULYLQJ HJ
7AVES

~Yod 300 $6)BPLUNY>0(©+.D0! >... A6 - @ +#W- /L 70 5HVHDUFK RQ G\QDP
WHQVLOH IUDJPHQWDWLRQ FKDUDFWHULVWLFV RI 300$ ULQJ >0DVWHU 7KHVL)
~Yd PE£ é5 ®ly 300 $7063)R @ 10h¥%>01P¥%.DOl E--0 /L 7 0

=KDQJ - )DQJ - 6 HW DO (ISHULPHQWDO VWXG\ RI WKH KLJK YHORFLW\
300%$ ULQJV #HINESEA*OURNALAOFA4HEORETICALAANDAIPPLIEDA-ECHANICS

"M PE£ )»*ly Ha»TOEOR B LUh¥>0,  9LEsQ *fE--0 /X 6 )

=KDQJ - :DQJ = HW DO Y(0O VLPXODWLRQ RI G\QDPLF IUDJPHQWDWLRQ |
ULQJ #HINESEA*OURNALAOFA3OLIDA-ECHANICS

"E£p Ai G -E™ly 76 W7@63)R @ 1 U h.%>0 1PY..D0!  (6&& >4+ 7DQJ -1 ;X %
=KHQJ < ; HW DO ([SHULPHQWDO VWXG\ IRU G\QDPLF IUDJPHQWDWLR(
%XPLOSIONAANDA3HOCKA7AVES

"JAJO ~T Lx"h#Ely D (68&7D68)R05$AEWE, 6 A>SADAE (6&& >4+ 7DQJ 7

* JL 4 = &KHQ < 7 HW DO D 'LVFXVVLRQ DERXW RQH GLPHQVLRQDO V\
H[SDQGLQJ ULQJ WHVW %XPLOSIONAANDA3HOCKA7AVES

"JAJO ~T H *6ly E (6&7D6B)R,” ZM' j(x A (6&e >4+ 7DQJ 7 * /L 4 =

/ILX & | HW DO E 6L]JH HIIHFWV RI H[SDQGLQJ ULQJ E\ H[SORVLYH ORDGL
"IRJO  H *6 D 0/y a»(6&e7063)R 1PYs>852 TPWE — 7DQJ 7 * /LX & [/ D

$ QRYHO H[SHULPHQWDO VHWXS IRU H[SORVLYHO\ ORDGHG H[SDQGLQJ ULQJ W

Y H>#E  "™JIAJO1ly +e.A DE- ; K)R, 7068 Y>0 Q ?Ece .DO! (6&& >4+

<DQJ & /LX 0 7 7DQJ 7 * HW DO ([SDQVLRQ IUDFWXUH PRGH RI D
HOHFWURPDJQHWLF ORDGLQJ %XPLOSIONAANDA3HOCKA7AVES

- @10hDE- ; $ O)B,”Y>0 Q?Ece )aB'.DO! >... Aé - @ ]- 0;(™*6.DOIL’ <DQJ &

5HVHDUFK RQ WKH IUDFWXUH PRGH WUDQVLWLRQ SKHQRPHQRQ RI $

ORDGLQJ >0DVWHU 7KHVLV@ &KLQD $FDGHP\ Rl (QJLQHHULQJ 3K\VLFV

»& A® :auE Q DE-)-H Z+e.i7T@68)R 1P¥44*6 6 A +W 0;,-0 <X ; 1/ )X

< 4 'RQJ ; / 'DWD SURFHVVLQJ DQDO\VLV RI KLJK VWUDLQ UDWH PHWDO
HOHFWURPDJQHWLF PHWKRG *OURNALAOFAOLASTICITYA%NGINEERING

PE G -E™ "Np-~ 00 ?#a »7@68)R TPY4° DOl +# W—— O *6 (x =KDQJ -

=KHQJ < ; =KRX ) + ([SHULPHQWDO WHFKQLTXH IRU IUDJPHQWDWLRQ RI
*OURNALAOFA.INGBOASNIVERSITY AL ATURALA3SCIENCEAANDA%NGINEERINGA%DI
G -E™ NWEE, @1%>06O©W.D0 >SS A6 - @ ]-0-°_W- =KHQJ < ; 5HVHDUFK RQ
G\QDPLF IUDJPHQWDWLRQ RI GXFWLOH PHWDOV >3K' 7KHVLV@ 8QLYHUVLW\ R
G -E™ "Np~ 7 &7 Oly* % 6+3 %, A+7063)R1PY4°_ (6&e >4+ =KHQJ < ;

=KRX ) + +X 6 6 $Q 6+3% EDVHG H[SHULPHQWDO WHFKQLTXH IRU G\Q
H[SDQGLQJ ULQJV %XPLOSIONAANDA3HOCKA7AVES

$OW\QRYD 0 +X ; 'DHKQ * 6 ,QFUHDVHG GXFWLOLW\ LQ KLJK YHORFLW\ H
-ETALLURGICALAANDA-ATERIALSA4RANSACTIONS

$VD\ - 5 7KH XVH Rl VKRFN VWUXFWXUH PHWKRGV IRU HYDOXDWLQJ KL.
JNTERNATIONALA*OURNALAOFA)MPACTA%NGINEERING
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&KDOOLWD $ +DQOLQ * $ 6WUHQJWK Rl DOXPLQXP XQGHU SXOVHG KHDWI
ONA-AGNETICS

&KHQ < *XR + 6XQ 0 4 HW DO 7HQVLOH PHFKDQLFDO SURSHUWLHY DQG
SRO\XUHD HODVWRPHU XQGHU GLIIHUHQW VWUDLQ UDWHV OOLYMERS

&KHQ / <XH & - =KRX <. HW DO ([SHULPHQWDO DQG PHVRVFRSLF VWXG\
RI FRQFUHWH XVLQJ GLUHFW WHQVLRQ WHFKQLTXH )NTERNATIONALA*OURNAL
&ODUN ' 6 :RRG ' 6 7KH WHQVLOH LPSDFW SURSHUWLHY RI VRPH PHWDO\
IMERICANA3SOCIETYAFORA-ETALS

'DQ - . *XR =/ &KHQ < HW DO SUHOLPLQDU\ LQYHVWLIJDWLRQV RQ G\QDI
E\ XVLQJ HOHFWURPDJQHWLFDOO\ GULYHQ H[SDQGLQJ ULQJ !)OAIDVANCES
'XIIH\ 7 $ .DUSS 55 :DUQHV 5 + HW DO "\QDPLF PDWHULDO SURSHUW\

LPSURYHPHQW RI WKH IUHHO\ H[SDQGLQJ ULQJ WHFKQLTXH 3OCIETYAFORA
'HDUERUQ 0, 86%

)DQQ\ * *DEULHO 6 3DWULFH / HW DO 30DWH LPSDFW GULYHQ ULQJ H[SD
IUDJPHQWDWLRQ )N AOROCEEDINGSAOFATHEA THA)NTERNATIONALA#ONFERE]
-ATERIALSAUNDERASYNAMICA,OADINGA $9-14 AINA-ADRID

)DQQ\ * *DEULHO 6 3DWULFH / HW DO +LJK VWUDLQ UDWH UHVSRQVHYV |
SODWH LPSDFW GULYHQ ULQJ H[SDQVLRQ WHVW 3,'5(7 )NTERNATIONAL A*C

JRUUHVWDO 0 - :DOOLQJ + & $[LV\PPHWULF SODVWLF UHVSRQVH RI UL
SXOVHV IMERICANA)NSTITUTEAOFAIERONAUTICSAANDAISTRONAUTICS
*RXUGLQ : + D 9,6$5 DQDO\WLV LQ WKH SUHVHQFH RI ODUJH LQWHQVLW
H[SDQGLQJ ULQJ 2EVIEWAOFA3CIENTIFICA)NSTRUMENTS

*RXUGLQ : + :HLQODQG 6 / %ROLQJ 5 0 E 'HYHORSPHQW RI WKH HOHF)\
H[SDQGLQJ ULQJ DV D KLJK VWUDLQ UDWH WHVW WHFKQLTXH 2EVIEWAOFA3CI
*RXUGLQ : + F $QDO\VLY DQG DVVHVVPHQW RI HOHFWURPDJQHWLF ULQJ HJ
*OURNALAOFAIPPLIEDAOHYSICS

*RXUGLQ : + /DVVLOD ' + YJORZ VWUHVV RI 2)( FRSSHU DW VWUDLQ UDWH\
HITHFWV DQG FRPSDULVRQ WR WKH PHFKDQLFDO WKUHVKROG VWUHVV PRGHC

*UDG\ ' ( %HQVRQ ' $ YJUDJPHQWDWLRQ RI PHWDO ULQJV E\ HOHFWURPD
-ECHANICS

*UDG\ ' ( 20VHQ 0 / $ VWDWLVWLFV DQG HQHUJ\ EDVHG WKHRU\ Rl G\QDPL
*OURNALAOFA)MPACTA%NGINEERING

+DQ = % 4X : - =KX 3 7HQVLOH EHKDYLRU RI *)53 EDU DW TXDVL VWDV
#ONSTRUCTIONAANDA"UILDINGA-ATERIALS

+RJIDWW & 5 5HFKW 5 ) 6WUHVV VWUDLQ GDWD REWDLQHG DW KLJK |
%XPERIMENTALA-ECHANICS

+XDQJ / 7 +DQ ; 7 &KHQ 4 HW DO (I !THFW Rl HOHFWURPDJQHWLF ULQJ H
SURSHUW\ RI $ DOXPLQXP DOOR\ )%%%A4RANSACTIONSAONAIPPLIEDA3UPER
,YDQRY $ * ([SORVLYH GHIRUPDWLRQ DQG GHVWUXFWLRQ RI WXEHV 3TREN
,YDQRY $ * .OHVKFKHYQLNRY 2 $ 7V\SNLQ 9, HW DO ([SHULPHQWDO VWX
RI WKLQ ULQJV RI DQQHDOHG DOXPLQXP DOOR\ #OMBUSTION A%XPLOSIONAAN
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-LD 6 * 7DQ 4 + <H - < HW DO ([SHULPHQWYVY RQ G\QDPLF PHFKDQLFDQC
VWDLQOHVV VWHHO 6 DQG 6 *OURNALAOFA#ONSTRUCTIONALA3TEELA2E
-DQLV]HZVNL - D OHDVXUHPHQW SURFHGXUH RI ULQJ PRWLRQ ZLWK WKH
HOHFWURPDJQHWLF H[SDQVLRQ -ETROLOGYAANDA-EASUREMENTA3YSTEMS
-DQLV]HZVNL - E 'XFWLOLW\ RI VHOHFWHG PHWDOV XQGHU HOHFWURPDJ
JNTERNATIONALA*OURNALAOFA3OLIDSAANDA3TRUCTURES
-DQLV]JHZVNL - 3DQRZLF] 5 '"HYHORSPHQW DQG YDOLGDWLRQ RI QXPF
HOHFWURPDJQHWLF H[SDQVLRQ RI FRPSRVLWH ULQJV 3OLIDASTATEAOHENOME
-DQLV]HZVNL - 3LFKROD : '"HYHORSPHQW RI HOHFWURPDJQHWLF ULQJ H[S
UDWH WHVW 3O0OLIDA3STATEAOHENOMENA
-LDQJ ) 6XQ 4 4 /DL =3 HW DO (OHFWURPDJQHWLFDOO\ GULYHQ H[SDQ!
VWXG\ RI WKH =\ORQ HSR[\ FRPSRVLWH )%%%A4RANSACTIONSAONAIPPLIEDA3U
-RKQVRQ - 5 7DEHU * 9LYHN $ HW DO &RXSOLQJ H[SHULPHQW DQG VL
IRUPLQJ XVLQJ SKRWRQ 'RSSOHU YHORFLPHWU\ 3TEELA2ESEARCHA)NTERNATI
-RKQVRQ - 5 7DEHU * $ 'DHKQ * 6 &RQVWLWXWLYH UHODWLRQ GHYHORSES
OROCEEDINGSAOFA THA)NTERNATIONALA#ONFERENCEAONA(IGHA3SPEEDA&ORMIN
-RKQVRQ 3 & 6WHLQ % $ 'DYLV 5 6 OHDVXUHPHQW RI G\QDPLF SODVWLF |
VWUHVV 6\PSRVLXP RQ WKH G\QDPLF EHKDYLRU RI PDWHULDOV !34-A3PECIAL
.DKDQD ( %HQ $UW]J\' $ 6DGRW 2 HW DO OLFURVWUXFWXUDO HYROXWLRC
KLJK VWUDLQ UDWH H[SDQGLQJ ULQJV WHVWV -ATERIALSA3CIENCEAANDA%NG
/IDQGHQ ' 6DWDSDWK\ 6 6XULV ' HW DO (OHFWURPDJQHWLFDOO\ GULYH(
VWUHQJIJWK VWXGLHV A)%%%A0OULSEDAOOWERA#ONFERENCE
/IDQGHQ ' 6DWDSDWK\ 6 6XUOV ' OHDVXUHPHQW RI KLJK VWUDLQ UDWH D
Y% %%A4RANSACTIONSAONA-AGNETICS
/IDQGHQ ' :HW] ' 6DWDSDWK\ 6 HW DO (OHFWURPDJQHWLFDOO\ GULYHQ F
THA3YMPOSIUMAONA%LECTROMAGNETICA,AUNCHA4ECHNOLOGY
/L 0 <X + =KDQJ - = HW DO '"\QDPLF WHQVLOH PHFKDQLFDO SURSHU\
VDQGVWRQH XQGHU LPSDFW ORDGV DQG WKH LQIOXHQFH PHFKDQLVP RI |
-ECHANICS

/L : &KHQ + 7HQVLOH SHUIRUPDQFH RI QRUPDO DQG KLJK VWUHQJWK V!
UDWHV 4HIN 7ALLEDA3TRUCTURES

/LDQJ 0 = /L ; < 4LQ - * HW DO ,PSURYHG H[SDQGLQJ ULQJ WHFKQLTXH
PDWHULDO SURSHUWLHV 2EVIEWAOFAS3CIENTIFICA)NSTRUMENTS

/ILSNLQ - 6ZHDUHQJHQ - & .DUQHV & + OHFKDQLFDO SURSHUWLHV RI
UDSLG KHDWLQJ *OURNALAOFATHEA-ECHANICSAANDAOHYSICSAOFA3OLIDS

0D + - ODR : - 6X + [/ HW DO 5DWH UHODWHG VWXG\ RQ PHFKDQLFDO

FKDUDFWHULVWLFV LQ DOXPLQLXP DOOR\ YLD HOHFWURPDJQHWLF ULQJ HJ
-ECHANICALA3CIENCES

ORFNR : %URGHFNL $ .UXV]IND / OHFKDQLFDO UHVSRQVH RI GXDO SKD\
G\QDPLF WHQVLOH ORDGLQJV DIWHU LQLWLDO IDWLJXH ORDGLQJ -ECHANICSA
ORWW 1 ) JUDJPHQWDWLRQ Rl VKHOO FDVHV OROCEEDINGS AOF ATHE A:

-ATHEMATICALAANDAOHYSICALA3CIENCES
1JX\HQ . &KHRO . + +\XQKR 6 HW DO 1XPHULFDO LQYHVWLJDWLRQ LQWI
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FKDUDFWHULVWLFV RI WKUHDGV LQ WKH VSOLW +RSNLQVRQ WHQVLOH ED
%WNGINEERING

1LFRODV & .ULVKQDVZDP\ 5 & "\QDPLF VWUDLQ ORFDOL]DWLRQ LQ PDJQH\
OFA-ATERIALS

1LRUGVRQ ) , $ XQLW IRU WHVWLQJ PDWHULDOV DW KLJK VWUDLQ UDWHYV
SHUURQH 1 2Q D VLPSOLILHG PHWKRG IRU VROYLQJ LPSXOVLYHO\ ORD
PDWHULDOV *OURNALAOFA!IPPLIEDA-ECHANICS

SHUURQH 1 ,PSXOVLYHO\ ORDGHG VWUDLQ KDUGHQHG UDWH VHQVLWLYH 1
30LIDSAANDA3TRUCTURES

3HWHU - - /OR\G 3 % 'ZLJKW / HW DO OHDVXUHPHQW RI KLJK VWUDLQ UI

FRPSRVLWH FRQGXFWRU $YNAMICA"EHAVIORAOFA-ATERIALS A6OLUMEA A#0O1}
%XPERIMENTALA-ECHANICSA3ERIES

3KDP 7 1 &KRL + 6 .LP - % $ QXPHULFDO LQYHVWLJDWLRQ LQWR WKH WH
EDUV WHVW IRU VKHHW PHWDOV THA)NTERNATIONAL A#ONFERENCE AON A)N
3YSTEMS ,706

5DKPDW 0 '\QDPLF PHFKDQLFDO FKDUDFWHUL]DWLRQ RI DOXPLQXP $QD
EHKDYLRU -ECHANICSAOFA4IME $EPENDENTA-ATERIALS

6DWDSDWK\ 6 /DQGHQ ' ([SDQGLQJ ULQJ H[SHULPHQWY WR PHDVXUH
SURSHUWLHY )NTERNATIONALA*OURNALAOFA)MPACTA%NGINEERING

6HULNRY 6 9 6WDELOLW\ RI WKH IORZ Rl PHWDOOLF ULQJV XQGHU WKH
%XPLOSIONAANDA3BHOCKA7AVES

6WUDQG 2 7 *RRVPDQ '5 ODUWLQH] & HW DO &RPSDFW V\VWHP IRU KL
KHWHURG\QH WHFKQLTXHV 2EVIEWAOFA3CIENTIFICA)NSTRUMENTS

7DPKDQH $ $ $OW\QRYD 0 0 'DHKQ * 6 (I !lHFW Rl VDPSOH VL]H RQ GXFWLO
H[SDQVLRQ 3CRIPTAA-ATERIALIA

7DQJ 7 * 5HQ * : *XR =/ HW DO E $Q LPSURYHG WHFKQLTXH RI H[SDQGLQ
XQGHU KLJK H[SORVLYH ORDGLQJ 2EVIEWAOFA3CIENTIFICA)NSTRUMENTS
7KRPDV ' $Q HODVWLF YLVFRSODVWLF VROXWLRQ IRU LPSXOVLYHO\ ORDG!
ANDA3TRUCTURES

YRQ .DUPDQ 7 'XZH] 3 7KH SURSDJDWLRQ Rl SODVWLF GHIRUPDWLRQ |
OHYSICS

:DOOLQJ + & )RUUHVWDO 0 - (ODVWLF SODVWLF H[SDQVLRQ RI 7 DOXF
OFATERONAUTICSAANDAISTRONAUTICS

:DUQHV 5 + 'XIIH\ 7 $ .DUSS 5 5 HW DO $Q LPSURYHG WHFKQLTXH IR

PDWHULDO SURSHUWLHV XVLQJ WKH H[SDQGLQJ ULQJ 3HOCKA7AVESAANDA(IC

:DUQHV 5 + 'XIIH\ 7 $ .DUSS 55 HW DO '"HYHORSPHQW RI WKH IUHHO\
PHDVXULQJ G\QDPLF PDWHULDO SURSHUWLHVY %XPERIMENTALAMECHANICS
:HJJHO 5 - 5DWND - 2 6SLHJHOEHUJ : ' HW DO BWUHQJWK RI +\FRQ +37°
DOOR\V IURP WR Y% %% A4RANSACTIONSAONA-AGNETICS

:HVHQEHUJ '/ 6DJDUW] 0 - "\QDPLF IUDFWXUH RI DOXPLQXP F\OLQC
-ECHANICS

‘HW] * /DQGHQ ' 6DWDSDWK\ 6 HW DO ,QGXFWLYH KHDWLQJ RI PDWH
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WHPSHUDWXUH PHFKDQLFDO SURSHUWLHY )%%%A4RANSACTIONSAONASIELECT

‘RRG : : ([SHULPHQWDO PHFKDQLFV DW YHORFLW\ H[WUHPHV YHU\ KLJK
WHQVLOH DQG FRPSUHVVLRQ VSHFLPHQV VSKHULFDO EXOJLQJ DQG F\OLQC
PDWHULDOV %XPERIMENTALA-ECHANICS
<DQJ . 7DEHU * 6DSDQDWKDQ 7 HW DO 6XLWDELOLW\ RI WKH HOHFWUF
FKDUDFWHUL]H PDWHULDOV XQGHU KLJK VWUDLQ UDWH GHIRUPDWLRQ -14%#A
<X - & B6RQJ % ;LD ' % HW DO "\QDPLF WHQVLOH SURSHUWLHY DQG P
H[WUXGHG (: PDJQHVLXP DOOR\ DW KLJK VWUDLQ UDWHV *OURNALAOFA-AGN
=KDQJ + 5DYL &KDQGDU . 2Q WKH G\QDPLFV Rl QHFNLQJ DQG IUDJPHQWI
PRUWHP REVHUYDWLRQV LQ $0O 2 JNTERNATIONALA*OURNALAOFA&RACTURE
=KDQJ + 5DYL &KDQGDU . 2Q WKH G\QDPLFV RI QHFNLQJ DQG IUDJPHQW
SURSHUWLHV JHRPHWULFDO FRQVWUDLQWY DQG DEVROXWH VL]H )NTERNATIC
=KDQJ + 5DYL &KDQGDU . 2Q WKH G\QDPLFV Rl QHFNLQJ DQG IUDJPHQW
ZLWK D SRO\PHU )NTERNATIONALA*OURNALAOFA&RACTURE
=KDQJ + 5DYL &KDQGDU . 2Q WKH G\QDPLFV RI ORFDOL]DWLRQ DQG IUDJI
2 WXEHV )NTERNATIONALA*OURNALAOFA&RACTURE
=KDQJ - =KHQJ < ; =KRX ) + HW DO ([SHULPHQWDO WHFKQLTXH IRU G\QD
GULYLQJ H[SDQGLQJ ULQJ %0*A7EBAOFA#ONFERENCES

(CS+5F : d ¢)
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'HYHORSPHQW DQG DSSOLFDWLRQ RI HOHFWURF
H[SDQVLRQ ULQJ WHVW WHFKQRORJ\

Ny=S Bt -$t 91" <vWpS]YZtkst 41" ]JvIS $sB9 1" ]J<ewS3,$k$t d1n
Ny=SFztd1n~ NysozjBtin:"

‘S7{YBBjSBPSV,,BtsZ ${R SWB, Yb,R ,,tS_Bjk ,{Yt${sjS=t$%,,R$ k S+$
'SWs $BtsjS€,kSNsAB,s B,kSBPS7 ,,t YSstlS7 ,Z{ Z,sjSyt, ,$ k S«$7s
"SFB$t Syt ,,ts $BtsjSi,R,s,{YSNsAB,s B,kSBPSy8}s{ S*kts8${RSstlSet $t
«$fstSed((+1 S]Y$ts
'S7{YBBjSBPS]$%$jSV%$s $Bt SWB, Yb,R ,,tS_Bjk ,{Yt${sjS=t$%,,R$ k

$EVWUDFW ej,{ ,B8s t, ${SjBsI$t S,-}stR$BtS,$t S ,R S ,{YtBjB kS$RSstS$8
Y$ YSR ,s$tS,s ,S ,tR$j,SjBsI$t S{s}sAj,SBPSs{Y$, %%t SR ,s$tS,s ,RSBtS Y
R$BtsjS ,tR$j,SjBsI$t Sej,{ ,B8s t, ${SNB,,t 9SPB,{,RSs,,SZt$PB,8jkSs}}|$,|
{$8,tRSSRSsSABIkSPB,{, SstlIS Y,Slkts8%${SjBsI$t S},B{,RRSIB,RStB S$t%Bj
P{R SB,B%,, S Y,S{Ys,s{ ,.$R ${SR ,Z{ Z,,SBPS Y,S,$t SR},{$8,tRSs%BS$I
,sl$ $BtsjSIB TABt,TRYs},ISR},{$8,tR SqY,,,PB,, S,j.{ .B8s t, ${SjBsI$t S,-}
iB kS$RSb$I,jkSZR,1S$tS Y, SR ZIkSBPS Y,S ,tR$j,S8,{Yst${sjSA,Ys%$B,SB
gY$RS}s},,SP$,R S$t ,BIZ{,RS Y,SAsR${S},$t{$}],RSBPSIkts8${SjBslI$t S,-}si
I$R{ZRR,RS Y,SI$Rsl%st s ,RSBPS,-}]BR$BtTI,$%,tS,-}stR$BtS,$t S ,R S ,{°
j.{ .B8s t, ${T1,$%,tS,-}stR$BtS,$t S ,R S ,{YtBjB k SstlS,,%%$,bRS Y,SI|,%,|B
8s t, ${SjBslI$t S,-}stR$BtS,$t S ,R S ,{YtBjB k Sy S Y, tSRZ88s,%39,RS VY, S{
.,,RRSBPS,j,{ .B8s t, ${SjBsI$t S,-}stR$BtS,$t S ,R S ,{YtBjB kS$tS Y,Slkts
BP S8s ,,$sjR SIkts8%{SP,s{ Z,,SA,Ys%$B, SIkts8${S1Z{ $j,SA,Ys%$B, Sstl
}.B},, $,R S3%$tsjjk S$ SISR{ZRR,RS Y,SI|,%,jB}8,t S},BR},{ RSstISI1$,,{ $BtR
,-}stR$BtS,$t S ,R S ,{YtBjB kS$tS Y,SP$,jISBPSRBj$I1S8,{Yst${R SqY$RS},B
.. t{,SPB,S,,R,s,{Y,,RS,t s ,IS$tS Y¥,S,-},,$8,t sjS ,{YtBjB kSP$,jISBPSIkts8%$
8s ,,$sjRSstISBPP,,RSsS{B8},,Y,tR$%,SstISRkR ,8s ${S,tBbj,| ,SBPS Y,SP$,]
,R ,1S$tS,j,{ ,B8s t, ${SjBsI$%t S,-}stR$BtS,$t S ,R S ,{YtBjB k

_H\ZRUGV ,j,{ ,B8s t, ${SjBslI$t S,-}stR$BtS,$t SY$ YSR ,s$tS,s , S ,tR$j,S¢
ts8${SP,s{ Z,,.SA,Ys%$B, SIkts8${SIZ{ $j$ kKSA,Ys%$B, SY$ YS ,8},,s Z,,SS$tF

i,{,$%,IUS1ES s,{YS1(1; Ss{{,} IUSJESFZjkS1(1; SBtj$t,USInSFZjkS1(1;
-1SeT8s$jUS|$Z ZtB B}oth}Z ,1Z {t
LISeT8s$jUS|$kZjBt oth}Z ,1Z {t
EI1(1;S &8#0%'5S+0S "% *#0+%5
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