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:GHQ UMPI G@Q ADDL @BBMKNJHQGDC EPMK 9DNRDKADP &$$' RM (SFSQR &$%$! UHRG BJMQD 

BMJJ@AMP@RHML ADRUDDL RGD RUM J@AMP@RMPHDQ 2(903 HL ;LHTDPQHRW 2WML% HL -P@LBD @LC RGD 
@RMKHB NGWQHBQ FPMSN HL RGD 0LQRHRSRD ME 3MCDPL 6GWQHBQ HL *GHL@#  
/@THLF PD@BGDC RGD DLC ME RGHQ UMPI! 0 UMSJC JHID RM DVNPDQQ KW RG@LIQ RM RGD NDMNJD UGM 

QSNNMPRDC @LC HLQNHPDC KD RGPMSFGMSR RGHQ NDPHMC ME KW JHED# 3W CDDNDQR FP@RHRSCD FMDQ EHPQR 
@LC EMPDKMQR RM KW QSNDPTHQMPQ! 3PQ# 2H */,4 @LC 3P# =HLUDL 3(! EMP GDJNHLF @LC FSHCHLF 
KD RGPMSFG RGD LSKDPMSQ CDR@HJQ ME RGD DVNDPHKDLRQ! C@R@ @L@JWQHQ! @LC DTDL RGD ,LFJHQG 
UPHRHLFQ# <HRGMSR RGDHP BMLQR@LR @LC HJJSKHL@RHLF HLQRPSBRHML! RGHQ RGDQHQ BMSJC LMR AD EHLHQGDC# 
0 UMSJC @JQM JHID RM RG@LI RGDK EMP NPMTHCHLF KD RGD MNNMPRSLHRW RM QRSCW @JRDPL@RDJW ADRUDDL 
-P@LBD @LC *GHL@! UGHBG G@Q FHTDL KD UMLCDPESJ DVNDPHDLBD @LC NJD@Q@LR KDKMPHDQ#  
3W FPD@R RG@LIQ @PD DVRDLCDC RM 3P# 9DPFD 3(8:04! RGD JD@CDP ME 3SJRH"BG@PFDC HML RD@K 

HL 2(903# /D U@Q LMR MLJW IHLCJW @BBDNRDC KD HL GHQ RD@K! RGPMSFGMSR KW QR@W HL 2(903 GD 
@JU@WQ FSHCDC @LC DLBMSP@FDC KD RM E@BD K@LW NPMAJDKQ BMLBDPLHLF RGD DVNDPHKDLR@J QDRSN 
MNDP@RHML @LC RGD DVNDPHKDLR@J C@R@ HLRDPNPDR@RHML# (LMRGDP RUM NDPK@LDLR KDKADPQ HL RGD 
RD@K! 3P# 8HBG@PC )8Y+>! @LC 3P# 1ZP[KD ),84(8+ UDPD HLT@JS@AJD N@PR ME RGHQ PDQD@PBG# 
0 @NNPDBH@RD EMP RGDHP FSHC@LBD @LC GDJNESJ CHQBSQQHMLQ ML KW RGDQHQ# 0 @JQM U@LR RM RG@LI RGD 
DLFHLDDP! 3P# .SHJJ@SKD 354:(.4, EMP GHQ RDBGLHOSD QSNNMPRQ HL RGD DVNDPHKDLRQ# 
0 UMSJC JHID RM DVRDLC KW QNDBH@J RG@LIQ RM 3Q# *G@LR@J 2(.80--5;2! 3PQ# 2H */,4! 

@LC 3P# 8HBG@PC )8Y+> EMP RGDHP BMLRHLS@J @RRDLRHML ME KW JHTHLF HL 2WML# 0 @JQM DVNPDQQ KW 
RG@LIQ RM KW BMJJD@FSDQ EMP RGDHP GDJN HL RGD DVNDPHKDLR HL 2@LXGMS# :GDW @PD 3PQ# /SHNHLF 
20;! 3P# =H@MJMLF ?/;! 3P# +MLFAHL 70(4! 3P# 9G@MEDLF ?/(4.#  
0 @JQM DVNPDQQ KW FP@RDESJLDQQ RM 3P# (KHLD *(99030! @LC 3P# =HKDLF */,4 EMP 

PD@CHLF @LC BMKKDLRHLF ML KW RGDQHQ K@LSQBPHNR# 
0R HQ @ NJD@QSPD RM @BILMUJDCFD @R RGHQ NMHLR RGD RD@K PSLLHLF RGD (80), E@BHJHRW HL *,(4 

@LC RGD ,*8 HML QMSPBD RD@K HL RGD 0LQRHRSRD ME 3MCDPL 6GWQHBQ HL 2@LXGMS EMP NPMTHCHLF 
GHFG OS@JHRW HML AD@KQ#  
0 FP@RDESJJW @BILMUJDCFD RGD -PDLBG FMTDPLKDLR EMP RGD EHL@LBH@J QSNNMPR HL KW QR@W HL 

-P@LBD! @LC 0:9"2,0- EMP RGD EHL@LBH@J QSNNMPR HL NDPEMPKHLF BMJJ@AMP@RHML DVNDPHKDLRQ UHRG 
.(402 J@AMP@RMPW @LC @RRDLCHLF RGD UHLRDP QBGMMJ#  
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;FJ@B OEB AFNNK@F>OFKJ KC NI>HH IKHB@PHBN IFDEO LH>T GBT MKHBN FJ OEB PJABMNO>JAFJD KC 

M>AF>OFKJ FJAP@BA A>I>DBN KC HFQFJD OFNNPBN >O OEB LMFI>MT NOBLN >JA >O OEB IKHB@PH>M HBQBHN% 
CM>DIBJO>OFKJ ATJ>IF@N KC NI>HH ?FKIKHB@PHBN E>QB AM>RJ IP@E >OOBJOFKJ' <EB GJKRHBADB KC 
OEB FJOBMJ>H BJBMDT FN KC CPJA>IBJO>H FILKMO>J@B CKM PJABMNO>JAFJD FON CM>DIBJO>OFKJ 
ATJ>IF@N CKHHKRFJD BSOBMJ>H BS@FO>OFKJ' 5KM > HKJD OFIB EKRBQBM% FO R>N AFCCF@PHO OK IB>NPMB 
OEFN L>M>IBOBM FJ @KFJ@FABJ@B RFOE OEB CM>DIBJO>OFKJ L>OOBMJN PJOFH OEB ABQBHKLIBJO KC 
27342 "2KHHFNFKJ 7JAP@BA 3FNNK@F>OFKJ PJABM 4JBMDT 2KJOMKH# IBOEKA FJ *((.' 7J OEFN RKMG% 
OEB 27342 IBOEKA R>N BSOBJABA OK NOPAT OEB CM>DIBJO>OFKJ KC D>N&LE>NB ?FKIKHB@PHBN 
>ABJFJB "6-2-9-# >JA :KMLETMFJ @EHKMFAB 5B<::2H "2,,6*/9,5B2H#' <EB LKLPH>OFKJ 
AFNOMF?POFKJ CKM B>@E AFNNK@F>OFKJ @E>JJBH >N > CPJ@OFKJ KC OEB BS@FO>OFKJ BJBMDT KC OEB L>MBJO 
IKHB@PH>M FKJN >O > RBHH&ABOBMIFJBA FJFOF>H @E>MDB NO>OB E>N ?BBJ BSLBMFIBJO>HHT ABOBMIFJBA% 
REF@E @KPHA NEBA NKIB HFDEO KJ OEB CM>DIBJO>OFKJ ATJ>IF@N KC OEBNB IKHB@PHBN'  

7J @KHHFNFKJN ?BORBBJ 2H$ >JA 1AB >O +GB=% OEB CM>DIBJO>OFKJ L>OOBMJ KC 1AB*$ FN 
AKIFJ>OBA ?T OEB HKNN KC 6*29$ >JA OEB NP@@BNNFQB BIFNNFKJ KC 629' <EB BJBMDT AFNOMF?POFKJ 
KC OEB L>MBJO AF@>OFKJ @KJCFMIN OEB NP@@BNNFQB BIFNNFKJ ATJ>IF@N' 1 NLB@FCF@ AB@>T @E>JJBH FN 
K?NBMQBA% F'B'% OEB BIFNNFKJ KC > @E>MDBA 6*29$ CKHHKRBA ?T OEB BIFNNFKJ KC 62*9*' <EB 
IB>NPMBA IB>J BS@FO>OFKJ BJBMDFBN KC OEFN @E>JJBH >JA KOEBM @KILBOFOFQB @E>JJBHN >MB 
@KIL>MBA'   

7J 8M/$&5B<::2H @KHHFNFKJN >O /(GB=% L>MBJO FKJN 5B<::2H)$%*$%+$ >MB K?NBMQBA% >HKJD 
RFOE OEB @KMMBNLKJAFJD AB@>T L>OOBMJN' 7O FN CKPJA OE>O% FJ OEB CFMNO NOBL OEB AKIFJ>JO HKR&
BJBMDT&@KNO AB@>T @E>JJBH FN OEB BIFNNFKJ KC 2H( FJABLBJABJO KC OEB FJFOF>H @E>MDB NO>OB KC 
5B<::2HM$' 5KM OEB MBNPHOBA AF@>OFKJ 5B<::*$% OEB AKIFJ>JO CM>DIBJO>OFKJ @E>JJBH FN OEB 
JBPOM>H BQ>LKM>OFKJ0 CKM OEB OMF@>OFKJ EKRBQBM% OEB AKIFJ>JO CM>DIBJO>OFKJ @E>JJBH FN OEB 
>NTIIBOMF@>H CFNNFKJ ?T BIFNNFKJ KC > @E>MDBA CM>DIBJO' 7J OEB @>NB KC 6$ >JA 5$ FIL>@O >O 
+GB=% APB OK OEB AFCCBMBJO MB>@OFKJ RFJAKRN KLBJBA FJ OEB ORK @KHHFNFKJ NTNOBIN% AFCCBMBJO 
CM>DIBJO>OFKJ L>OOBMJN >MB K?NBMQBA' <EB FJOBMJ>H BJBMDT AFNOMF?POFKJN KC OEB L>MBJO FKJN >MB 
BSLBMFIBJO>HHT ABOBMIFJBA' 7J >AAFOFKJ% J6* HKNN LMK@BNNBN >MB K?NBMQBA'  

<EB JBD>OFQB FKJ LMKAP@OFKJ TFBHA BIBMDBA FJ 5*$&1AB @KHHFNFKJ >O +(GB= FN >HNK 
IB>NPMBA FJ OEFN RKMG PNFJD > JBR BSLBMFIBJO>H >LLMK>@E' <EB JBD>OFQB FKJ LMKAP@OFKJ TFBHA 
FN IB>NPMBA OK ?B >?KPO )!' 
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AGF AEH9;L 9L DGO =F=J?Q J9F?= !N*' 9%M%"% .J9?E=FL9LAGF <QF9EA;K G> KE9DD :AGEGD=;MD=K 
@9N= <J9OF EM;@ 9LL=FLAGF >JGE ?JGOAF? K;A=FLA>A; ;GEEMFALA=K <MJAF? L@= D9KL <=;9<=K% 4@AK 
AK E9AFDQ <M= LG L@= >9;L L@9L L@= <AKKG;A9LAGF G> KE9DD EGD=;MD=K# >GJ =P9EHD= L@= :MAD<AF? 
:DG;CK G> -1+ !-=GPQJA:GFM;D=A; 9;A<"# EA?@L HD9Q C=Q JGD=K AF L@= MF<=JKL9F<AF? G> L@= 
J9<A9LAGF AF<M;=< <9E9?= G> DANAF? LAKKM=K 9L L@= HJAE9JQ KL=HK 9F< 9L L@= EGD=;MD9J D=N=DK% /F 
L@= D9:GJ9LGJA=K# <A>>=J=FL KH=;A=K G> H9JLA;D=K KM;@ 9K =D=;LJGFK# H@GLGFK 9F< AGFK @9N= :==F 
=EHDGQ=< LG =P;AL= L@= G:B=;LAN= :AGEGD=;MD=K 9F< LG AF<M;= L@=AJ <AKKG;A9LAGF% 1ME=JGMK 
OGJCK 9:GML L@AK LGHA; ;9F := >GMF< AF L@= DAL=J9LMJ=K ;GN=JAF? 9 D9J?= =F=J?Q J9F?= 7'$(8%   

/FL=J9;LAGF :=LO==F DGO =F=J?Q H9JLA;D=K 9F< KE9DD :AGEGD=;MD=K AK ?9AFAF? H9JLA;MD9J 
AFL=J=KLK <MJAF? L@= D9KL Q=9JK% /L AK FGO O=DD =KL9:DAK@=< L@9L @=9NQ AGF$:=9E !S0=5" 
HJGNA<=K 9 HJGEAKAF? LGGD >GJ KGE= LQH=K G> ;9F;=J L@=J9HQ <M= LG L@= KH=;A>A; ;@9J9;L=JAKLA; 
=F=J?Q DGKK G> @=9NQ AGFK AF E9LL=J# A%=%# L@= AF;J=9K= G> L@= =F=J?Q <=HGKALAGF OAL@ H=F=LJ9LAGF 
<=HL@ J=KMDLAF? AF L@= O=DD CFGOF ,J9?? H=9C% 6AL@ L@= K=D=;LAN= =F=J?Q <=HGKALAGF AFLG 9 
J=D9LAN=DQ KE9DD NGDME= !L@= ,J9?? H=9C"# L@= AGF$:=9E AJJ9<A9LAGF ;9F J=<M;= <9E9?= LG 
@=9DL@Q LAKKM= 9K >9J 9K HGKKA:D=% /F @9<JGFL@=J9HQ# O@=F L@= HJAE9JQ AGFK LJ9N=D L@JGM?@ 
DANAF? ;=DDK 9F< GJ?9FAKEK# 9 K=IM=F;= G> =N=FLK G> AGFARAF? J9<A9LAGF @9HH=FK% +DGF? L@= 
HJAE9JQ AGF LJ9;C 9F< AF L@= NGDME= G> L@= ,J9?? H=9C# HD=FLQ G> K=;GF<9JQ H9JLA;D=K KM;@ 9K 
DGO =F=J?Q =D=;LJGFK# J9<A;9DK# =P;AL=< EGD=;MD=K 9F< KAF?DQ&EMDLAHDQ ;@9J?=< AGFK 9J= 
HJG<M;=<% 4@= <9E9?= G> -1+ EGD=;MD=K AF<M;=< FGL GFDQ :Q <AJ=;L AEH9;L G> L@= HJAE9JQ 
@A?@$=F=J?Q H9JLA;D=K :ML 9DKG :Q K=;GF<9JQ KH=;A=K 9L DGO =F=J?Q :=;GE=K 9 J=D=N9FL HJG:D=E% 
/F L@= -1+ <9E9?= G> DANAF? ;=DDK# AL AK L@GM?@L L@9L L@= KAF?D=$KLJ9F< :J=9C !33," EGKL 

HJG:9:DQ ;9F := J=H9AJ=< OAL@GML >MJL@=J ;GFK=IM=F;=K) >GJ <GM:D=$KLJ9F< :J=9C !-3,"# 
@GO=N=J# AL E9Q ;9MK= L@= <=9L@ G> 9 ;=DD 9F<&GJ EML9LAGFK !ADDMKLJ9L=< AF .A?MJ= ' >GJ 33, 9F< 
-3,"% 3G L@= K=IM=F;= G> =N=FLK @9HH=F=< AF J9<A9LAGF =N=FLM9DDQ ;9F D=9< LG L@= LAKKM= 
EG<A>A;9LAGFK 9L L@= EGD=;MD9J 9F< ;=DDMD9J D=N=DK% 2=;=FL G:K=JN9LAGFK AFNGDNAF? DGO =F=J?Q 
=D=;LJGF AEH9;L GF -1+ >ADEK K@GO=< L@9L ;GN9D=FL <9E9?= LG <GM:D=$KLJ9F<=< -1+ 9F< ALK 
;GEHGF=FLK ;9F G;;MJ 9L =F=J?A=K O=DD :=DGO L@= AGFAR9LAGF =F=J?Q L@J=K@GD<K 7'8% 4@AK 
HAGF==JAF? OGJC @9K KLAEMD9L=< L@= AFN=KLA?9LAGF G> -1+&21+ <9E9?= AF<M;=< :Q DGO 



 

 (

:B:F<M >CBG# 6B9 H=: >BJ:GH><6H>CBG C; >CB>N6H>CB 6B9 ;F6<A:BH6H>CB C; GA6@@ 7>CAC@:8I@:G# 
>B8@I9>B< ,0*%10* 6B9 >HG 7I>@9>B< 7@C8?G$  

 

 
$.,74+ "! !6"$ .@@IGHF6H>CB ;CF >BH68H ,0*$ !7"$ .@@IGHF6H>CB ;CF 22+ 6B9 ,2+$ 

 

%!"! "1#)-'.3#3+/. /( 2-#,, $+/-/,'%4,'2 +.&4%'& $5 ','%31/.2! 0*/3/.2! #.& 
+/.2 
 

%!"!"! &29 +1+4,: +/+)6421 *4.8+1 *'0',+ .1 (.202/+)7/+5 
 
.B >CB>N>B< F69>6H>CBG# @6F<: EI6BH>H>:G C; @CK :B:F<M G:8CB96FM :@:8HFCBG 6F: DFC9I8:9# 67CIH 
'&) :@:8HFCBG D:F /:3$ -FCA 6 F69>C7>C@C<>86@ DC>BH C; J>:K# H=:F: >G 8CBG>9:F67@: >BH:F:GH >B 
GHI9M>B< H=: ;F6<A:BH6H>CB C; 7>CAC@:8I@:G >B9I8:9 7M @CK :B:F<M :@:8HFCBG$ .B H=: D6GH 
9:869:# D@:BHM C; KCF?G K:F: 8CBHF>7IH:9 CB @CK :B:F<M :@:8HFCB 9F>J:B 96A6<: C; 
7>CAC@:8I@:G# >B8@I9>B< H=: :@:A:BH6FM 8CADCB:BHG C; H=: ,0* AC@:8I@: !>$:$# H=: 76G:G# 
GI<6F 6B9 D=CGD=6H: <FCID 6B6@C<G 6B9 C@><CBI8@:CH>9:G" 6B9 C; DFCH:>BG !:$<$ 6A>BC 68>9G" 
!G:: ;CF :L6AD@: 4)5 6B9 F:;:F:B8: H=:F:>B# ;CF 6 <CC9 HCD>86@ F:J>:K CB 7CH= :LD:F>A:BH6@ 
DFC<F:GG:G 6B9 H=:CF:H>86@ 69J6B8:G"$ .B H=:G: :LD:F>A:BHG H=: H6F<:HG K:F: DF:D6F:9 :>H=:F >B 
H=: <6G D=6G: CF >B 8CB9:BG:9 D=6G:$ 
 

%!"!"!"! #.202/+)7/+5 .1 )21*+15+* 3-'5+ 
 



 

 )

 
#&%('$ "! 4A=NPMA@ LP=IOPH TEAG@N# KAM EI?E@AIO AGA?OMJI# BJM ODA 
EI@P?OEJI JB /7-N!,"# 77-N!-"# =I@ ODA GJNN JB ODA NPKAM?JEGA@ 
/5, BJMH!."# EI /5, NJGE@N >T GJR$AIAMCT AGA?OMJI EMM=@E=OEJI 
=N = BPI?OEJI JB EI?E@AIO AGA?OMJI AIAMCT% 0MJH MABAMAI?A ;'<% 

 
,HJIC ODA ME?D RJMFN EI GJR AIAMCT AGA?OMJI JI ?JI@AINA@$KD=NA >EJHJGA?PGA EIOAM=?OEJI 
ASKAMEHAION !NAA BJM AS=HKGA ;'# +$''<"# = >AI?DH=MF RJMF R=N KAMBJMHA@ >T 3% 7=I?DA =I@ ?J$
RJMFAMN ;'<%  2I ODA OM=@EOEJI=G IJOEJI# EO EN ODJPCDO OD=O CAIJOJSE? @=H=CA >T NA?JI@=MT AGA?OMJIN 
?=I JIGT J??PM =O AIAMCEAN =>JQA ODA JINAO JB EJIEU=OEJI# JM PKJI NJGQ=OEJI RDAI ODAT >A?JHA = 
NGJRGT MA=?OEIC ?DAHE?=G NKA?EAN% 8DA BEI@EIC JB -=@E= -JP@= BB= #% "$! ;'< DJRAQAM# KMANAION = 
BPI@=HAIO=G ?D=GGAICA BJM ODEN ?JI?AKO% 2I ODAEM RJMF# KG=NHE@ /5, R=N EMM=@E=OA@ >T QAMT GJR 
AIAMCT AGA?OMJI >A=H !) OJ (&A9" PI@AM PGOM=DECD Q=?PPH ?JI@EOEJIN% ,BOAM EMM=@E=OEJI# ODA 
N=HKGAN RAMA =I=GTUA@ REOD ODA =C=MJNA CAG AGA?OMJKDJMANEN HAODJ@% 8DA MANPGO=IO /5, R=N 
?G=NNEBEA@ =N NPKAM?JEGA@ !PI@=H=CA@"# IE?FA@ ?EM?GA !77-"# BPGG$GAICOD GEIA=M !/7-"# =I@ NDJMO 
GEIA=M BJMHN% 0MJH ODAEM HA=NPMAHAIO# EO R=N BJPI@ OD=O EI?E@AIO AGA?OMJIN# AQAI =O AIAMCEAN RAGG 
>AGJR EJIEU=OEJI ODMANDJG@N JB /5,# @E@ EI@P?A NP>NO=IOE=G TEAG@N JB NEICGA$ =I@ @JP>GA$NOM=I@ 
>MA=FN EI /5, !0ECPMA ("% -=NA@ JI ODEN J>NAMQ=OEJI# ODAT ?JI?GP@A@ OD=O# >AGJR '*A9# ODA 
HA=NPMA@ /5, NOM=I@ >MA=FN RAMA EIEOE=OA@ >T MANJI=IO AGA?OMJI =OO=?DHAIO OJ ODA Q=MEJPN >=NE? 
/5, ?JHKJIAION !>=NA# @AJSTME>JNA# KDJNKD=OA# JM DT@M=OEJI 1(6"# GA=@EIC OJ ODA BJMH=OEJI JB = 
OM=INEAIO HJGA?PG=M =IEJI% :EODEI ODA GEBAOEHA JB ODA OM=INEAIO HJGA?PG=M =IEJI# PNP=GGT =O ODA N?=GA 
JB BAHOJNA?JI@# >JI@ @ENNJ?E=OEJIN HECDO J??PM% 2I B=?O# ODA @ENNJ?E=OEQA AGA?OMJIE?=GGT AS?EOA@ 
BM=CHAION# NO=>GA =IEJIN# JM IAPOM=G M=@E?=GN AHAMCA@ BMJH ODA @A?=T JB OM=INEAIO HJGA?PG=M =IEJI 
H=T =GNJ OMECCAM BPMODAM MA=?OEJIN REODEI G=MCA >EJHJGA?PGAN JM REOD IA=M>T HJGA?PGAN =I@ ODAI 
MANPGO EI HJMA ?JHKGAS ?DAHE?=G @=H=CA% 8DAEM BEI@EICN NPCCANO OD=O ODA KGAIOEBPG GJR AIAMCT 
NA?JI@=MT AGA?OMJIN# =I@ HJNO GEFAGT ODAEM EJIE? =I@ M=@E?=G MA=?OEJI KMJ@P?ON# KG=T = ?MP?E=G MJGA 



 

 *

EI NDA I=M?AIN MN=CAM JB 17/ L=@EJGSMEM =I@ H=S =GLA=@S EI@O?A MO>MN=INE=G @=H=CA EI = PALS 
MDJLN NEHA L=ICA GJIC >ABJLA NDAEL NDALH=GET=NEJI% 
 

("#"#"$" &.202/+*6/+5 .1 ,)5!3-)5+ 
 
2GA?NLJI =NN=?DHAIN NJ MH=GG >EJHJGA?OGAM D=M >AAI EIPAMNEC=NA@ EI NDA C=M$KD=MA BELMN >S 9% 1% 
6 LF =I@ ?J$QJLFALM !MAA BJL AR=HKGA ;'($'-<"% 5I NDAEL ARKALEHAINM JB AGA?NLJI =NN=?DHAIN NJ 
OL=?EG !HJGA?OGA BJLHOG= 0*4*7(8(" ;'(<# NDAS D=PA MDJQI ND=N APAI OGNL=GJQ AIALCS AGA?NLJIM 
!GJQAL ND=I NDA NDLAMDJG@ AIALCS BJL AGA?NLJIE? AR?EN=NEJI# E%A%# .) A:" ?JOG@ EI@O?A DS@LJCAI 
L=@E?=G =>MNL=?NEJI PE= @EMMJ?E=NEPA AGA?NLJI =NN=?DHAIN !3ECOLA )"% 9DA AGA?NLJI =NN=?DHAIN ?LJMM$
MA?NEJIM @OA NJ GJQ AIALCS AGA?NLJI EHK=?N D=PA >AAI =GMJ HA=MOLA@ =M = BOI?NEJI JB NDA EI?E@AIN 
AGA?NLJI AIALCS BJL JNDAL MH=GG HJGA?OGAM# NDSHEIA ;'*# '-<# ?SNJMEIA ;'-<# OL=?EG ;'+# (&<# 
@AJRSLE>JMA ;',<# NDSHE@EIA ;('<# =I@ OLE@EIA ;('< AN?% 
   

 
'.,64+ %" />MJGONA K=LNE=G ?LJMM MA?NEJIM BJL AGA?NLJI =NN=?DHAIN NJ C=M 
KD=MA OL=?EG =M = BOI?NEJI JB EI?E@AIN AIALCS# QEND NDA EIMALNEJI JB NDA 
HJGA?OG=L MNLO?NOLA JB OL=?EG% 3LJH LABALAI?A ;'(<% 

 
5I AGA?NLJI$HJGA?OGA EINAL=?NEJIM# AGA?NLJI EHK=?N EI@O?A@ EJIET=NEJI =I@ BL=CHAIN=NEJI JB 

HJGA?OGAM EM =IJNDAL EHKJLN=IN ?D=IIAG% / LAGAP=IN HA=MOL=>GA K=L=HANAL BJL NDAMA KLJ?AMMAM EM 



 

 +

K@= JF$;9CC=< .GG=9I9E;= 0E=I?P !.0"% 5@= .0 AJ <=>AE=< 9J K@= DAEADLD =E=I?P F> K@= 
ADG9;KAE? =C=;KIFEJ C=9<AE? KF K@= 9GG=9I9E;= F> 9 ?AM=E DFC=;LC9I AFE !G9I=EK FI >I9?D=EK ;9KAFE" 
7(,8% 2E CFN =E=I?P =C=;KIFE ADG9;K AFEAQ9KAFE AEM=JKA?9KAFE F># >FI =O9DGC= LI9;AC 7(,8# 
<=FOPIA:FJ= 7(-8# K@PDA<AE= 7)(8# LIA<AE= 7)(8# 9E< K=KI9G@=EPC AIFE !222" GFIG@PIAE ;@CFIA<= 
!1=544/C" 7))8# =K;# C9I?= M9IA=KP F> ;9KAFE >I9?D=EKJ N=I= GIF<L;=< 9E< K@= ;FII=JGFE<AE? .0 
M9CL=J N=I= <=K=IDAE=< :P D=9JLIAE? K@= AFE =>>A;A=E;P ;LIM=J F> :FK@ G9I=EK AFEJ 9E< 
>I9?D=EK=< FE=J% 
 

 
#&%('$ "! 39JJ JG=;KILD F> 1=544/C I=;FI<=< 9K 9E =C=;KIFE =E=I?P F> -' =6% 5@= LGG=I 
<A9?I9D !9" J@FNJ K@= JAE?CP ;@9I?=< AFEJ F> K@= @A?@ D&H I=?AD=# AE K@= DA<<C= !:"# K@= 
<FL:CP ;@9I?=< I=?AD= AJ GI=J=EK=< 9E< K@= CFN=JK G9E=C !;" J@FNJ K@= KIAGCP ;@9I?=< 
I=?AD=% 2E !9" 9E< !:" K@= D9JJ JG=;KI9# =O;=GK >FI K@= @A?@ AEK=EJAKP G=9BJ# 9I= GCFKK=< 9 
J=;FE< KAD= DLCKAGCA=< :P 9 >9;KFI F> (' 9E< 9<<=< NAK@ 9 ;FEJK9EK J@A>K KF J== AE DFI= 
<=K9ACJ K@= CFN$AEK=EJAKP G=9BJ% 5@= ELD:=IJ AE !9" AE<A;9K= K@= D=9E D9JJ F> K@= 
;FII=JGFE<AE? :LE;@ F> G=9BJ% 5@= DFC=;LC9I JKIL;KLI= F> 1=544/C AJ AEJ=IK=< AE !;"% 1IFD 
I=>=I=E;= 7))8% 

 
5@= =O9DGC= F> =C=;KIFE AE<L;=< AFEAQ9KAFE 9E< >I9?D=EK9KAFE F> 1=544/C DFC=;LC= 7))8 AJ 

J@FNE @=I= :=;9LJ= K@=J= I=JLCKJ NACC := <AJ;LJJ=< AE ;FDG9IAJFE NAK@ FLI D=9JLI=D=EK AE @=9MP 
AFE ADG9;K =OG=IAD=EK AE K@= ;@9GK=I 26% 39JJ JG=;KI9 F> 1=544/C I=;FI<=< 9K 9E =C=;KIFE 
=E=I?P F> -' =6 AJ GI=J=EK=< AE 1A?LI= *%  2E K@=J= D9JJ JG=;KI9# K@I== <AJKAE;K ?IFLGJ F> AFEJ# A%=% 
K@= @A?@ D9JJ FM=I ;@9I?= ?IFLG F> JAE?CP ;@9I?=< AFEJ# K@= D=<ALD D9JJ FM=I ;@9I?= ?IFLG F> 
<FL:CP ;@9I?=< AFEJ# 9E< K@= CFN D9JJ FM=I ;@9I?= ?IFLG F> KIAGCP ;@9I?=< AFEJ# N=I= ;C=9ICP 



 

 -

MHIRWMJMIH& ?LI 15V SJ WLI QSVW EFXRHERW VMRKP¥ ERH HSXFP¥ GLEUKIH MSRV ZIUI HIWIUQMRIH XVMRK 
WLI MSR IJJMGMIRG¥ GXUYIV !6MKXUI , ERH 6MKXUI -"& ?LI 15V SJ WLI VMRKP¥ GLEUKIH TEUIRW MSR 
6I?<<3P# ERH JUEKQIRW MSR 6I?<<# ZIUI QIEVXUIH WS FI EFSXW 0&.I@& 6SU WLI HSXFP¥ GLEUKIH MSR 
6I?<<)#$ WLI 15 ZEV SFWEMRIH WS FI (/I@& 6USQ WLI GXUYIV EW LMKLIU IRIUK¥$ WLI 15V SJ WLI QEMR 
HMVVSGMEWMSR GLERRIPV SJ WLI QSPIGXPI F¥ WLI PSVV SJ SRI SU WZS TLIR¥P KUSXTV !VII HIWEMPV MR WLI 
GLETWIU 8@" ZIUI EPVS HIWIUQMRIH&  
 

  
(20:7/ $!  :SUQEPM]IH MSR IJJMGMIRG¥ GXUYIV SJ 
WLI QSVW EFXRHERW VMRKP¥ GLEUKIH JUEKQIRW MSRV& 
?LI MRWIUVIGWMSR SJ WLI GXUYIV ZMWL WLI [%E[MV MV 
WEOIR EV WLI GSUUIVTSRHMRK WLUIVLSPH IRIUK¥& 
6USQ UIJIUIRGI C))D& 

(20:7/ %!  :SUQEPM]IH MSR IJJMGMIRG¥ GXUYIV SJ 
WLI QSVW EFXRHERW HSXFP¥ GLEUKIH JUEKQIRW 
MSRV& ?LI MRWIUVIGWMSR SJ WLI GXUYIV ZMWL WLI [%
E[MV MV WEOIR EV WLI GSUUIVTSRHMRK WLUIVLSPH 
IRIUK¥& 6USQ UIJIUIRGI C))D& 

 

)!"!#! *5< /4/70= 1/,;= 254 24.:-/. .,3,0/ 24 '+& -53654/498 
 
2IVMHIV PSZ IRIUK¥ VIGSRHEU¥ IPIGWUSRV$ PSZ IRIUK¥ LIEY¥ MSRV LEYI EPVS EWWUEGWIH KUIEW EWWIRWMSR 
MR UIGIRW VWXHMIV&  ;FVIUYEWMSRV F¥ ?& >GLPEWL^PWIU ERH GS%ZSUOIUV C)$ )*D VXKKIVWIH WLEW EPSRK WLI 
UEHMEWMSR WUEGO SJ E TUMQEU¥ LIEY¥ MSR FIEQ$ VMKRMJMGERW EQSXRWV SJ VIGSRHEU¥ EWSQMG GEWMSRV ZMWL 
L¥TIUWLIUQEP IRIUKMIV XT WS LXRHUIHV SJ IPIGWUSR YSPWV QMKLW FI TUSHXGIH JUSQ 4:1 FEVIV& ?LMV 
JMRHMRK QSWMYEWIH WLI MRYIVWMKEWMSRV F¥ 9MGLEIP 1& 7XIPV ERH GS%ZSUOIUV SR WLI L¥TIUWLIUQEP 
LIEY¥ MSR ERH 4:1 GSQTSRIRW MRWIUEGWMSRV C*$ )+%).D&  

8R WLIMU JMUVW L¥TIUWLIUQEP LIEY¥ MSR !1U# EW IRIUKMIV JUSQ ('I@ WS (''I@" SR 4:1 
GSQTSRIRWV VGEWWIUMRK I[TIUMQIRWV$ B& A& 4IRK IW EP& MRYIVWMKEWIH WLI JUEKQIRWEWMSR SJ 
JXRHEQIRWEP FXMPHMRK FPSGOV SJ 4:1 MR GSRHIRVIH TLEVI C*D& ?LI W¥TMGEP MSR VWMQXPEWIH 
HIVSUTWMSR QEVV VTIGWUE TUSHXGIH F¥ ('' I@ 1U# MQTEGW SR JMPQV SJ WL¥QMRI$ )%HIS[¥%4%UMFSVI 
ERH WL¥QMHMRI EUI TUIVIRWIH MR 6MKXUI .& ?LI WL¥QMHMRI MV EPVS GEPPIH WL¥QMRI HIS[¥UMFSVMHI& 8W MV 
E RXGPISVMHI GSQTSVIH SJ HIS[¥UMFSVI !E VXKEU" NSMRIH WS WL¥QMRI !E RXGPISFEVI"& >QEPP 
JUEKQIRWV EUI HSQMRERW MR WLI WLUII VTIGWUE& ?LI VMQMPEUMW¥ FIWZIIR WLI VTIGWUE SJ H= ERH H? EW 



 

 -

ODA HKR I=NN L=MO !/.( I'A" R=N ?KJNE@AMA@ =N ODA NECJ=OPMA OD=O EJ ODA ?=NA KB ODA >=NE? 
JP?HAKNE@A ODTIE@EJA$ IKNO KB ODA HKR I=NN ?=OEKJ BM=CIAJON KMECEJ=OA BMKI ODA NPC=M IKEAOT& 
9DEN K>NAMQ=OEKJ NDKRA@ OD=O EJ EKJ EMM=@E=OA@ 260 ODA NPC=M >=?G>KJA R=N HEGAHT OK >A IKMA 
BM=CEHA OD=J ODA JP?HAK>=NAN& 5J ODA ?=NA KB ODTIE@EJA$ ODA MAH=OEQA @ANKMLOEKJ TEAH@N KB ODA I=FKM 
?=OEKJ BM=CIAJON =MA LMANAJOA@ EJ 3ECPMA .& 3MKI ODA @AOAMIEJ=OEKJ KB @ANKMLOEKJ AJAMCT 
ODMANDKH@N$ ODAT BKPJ@ OD=O 0M# EKJN REOD AJAMCT @KRJ OK ),A: ?=J =HMA=@T ?=PNA @=I=CA OK 260 
>PEH@EJC >HK?GN& 
 

 
$'&)(% "! 1=OEKJ =J@ =JEKJ !EJNAON" @ANKMLOEKJ I=NN NLA?OM= LMK@P?A@ >T )(( A: 0M# EIL=?O KJ 
BEHIN KB !=" ODTIEJA !9"$ !>" *%@AKST%2%ME>KNA !@8"$ =J@ !?" ODTIE@EJA !@9"$ BMKI MABAMAJ?A ;+<& 

 
 

 
$'&)(% #!  2ANKMLOEKJ AJAMCT ODMANDKH@N BKM ?=OEKJ BM=CIAJON LMK@P?A@ >T 0M# EIL=?O KJ 
ODTIE@EJA BEHIN& 9DA EJNAO NDKRN = ?HKNA%PL BKM 4+7# =J@ 14+7#& 3MKI MABAMAJ?A ;+<& 

 



 

 -

 
(42<90 %!  1BOKNLPFKJ BJBNDU PENBOEKHAO KC 63% >JA 06% >JFKJO AQNFJD 6# >JA 6)# FKJ 
FNN>AF>PFKJ KC )%1BKTU%1%NF?KOB !A9"$ 1%NF?KOB !9"$ PEUIFJB !:"$ >JA PEUIFAFJB !A:" 
CFHIO KJ 8P OQ?OPN>PB& 2NKI NBCBNBJ@B <)+=& 

 
4J OQ?OBMQBJP EULBNPEBNI>H EB>RU FKJ FJAQ@BA 16. @KILKJBJP A>I>DB OPQAFBO$ 1BJD #% "$! 

<)+= K?OBNRBA NB>@PFRB O@>PPBNFJD BRBJ >P FJ@FABJP BJBNDFBO SBHH ?BHKS ('B;& 4J PEB 6# KJ )%
1BKTU%1%NF?KOB !A9"$ >JA 1%NF?KOB !9" CFHI ?KI?>NAIBJP$ NB>@PFKJO FJ@HQAFJD @>N?KJ >?OPN>@PFKJ 
?U 6# PK CKNI 06# >JA EUANKDBJ >?OPN>@PFKJ PK CKNI 63# K@@QNNBA >P @KHHFOFKJ BJBNDFBO AKSJ PK 
(' B; >JA (B;$ NBOLB@PFRBHU& 3UANKDBJ >?OPN>@PFKJ CNKI 16. @KILKJBJPO E>O >HOK ?BBJ 
K?OBNRBA AQB PK PEB OB@KJA>NU CN>DIBJPO& 2KN BT>ILHB$ KTUDBJ CN>DIBJPO 7% >P HKS BJBNDU !( B;" 
LNKAQ@BA ?U .N# LNFI>NU ?B>I FIL>@P @KQHA BTPN>@P > EUANKDBJ >PKI CNKI 1%NF?KOB !9" PK CKNI 
73%& 

:EBOB NB@BJP OPQAFBO KJ 16. @KILKJBJP CN>DIBJP>PFKJ FJAQ@BA ?U EULBNPEBNI>H EB>RU FKJ 
FNN>AF>PFKJ @E>HHBJDB PEB PN>AFPFKJ>H RFBS >?KQP PEB IB@E>JFOI KC N>AF>PFKJ A>I>DB KC ?FKHKDF@>H 
IBAF>& :EBOB K?OBNR>PFKJO QJABNHFJB PEB FILKNP>JP NKHB PE>P IFDEP ?B LH>UBA ?U HKS BJBNDU FKJO >P 
PEB BJA KC PEB LNFI>NU FKJ PN>@G ?BUKJA PEB /N>DD LB>G >JA PEB EULBNPEBNI>H OB@KJA>NU EB>RU 
L>NPF@HBO LNKAQ@BA >HKJD PEB LNFI>NU FKJ PN>@GO& :EBOB HKS BJBNDU FKJO @>J HB>A PK FILKNP>JP >JA 
@KILHBT LEUOF@>H >JA LEUOF@K@EBIF@>H A>I>DB PK 16. FJ @BHHO& 
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:EB BT@FP>PFKJ KN FKJFV>PFKJ ?U LEKPKJ FNN>AF>PFKJ LNKRFABO >JKPEBN LKOOF?FHFPU FJ OPQAUFJD PEB 
AFOOK@F>PFKJ KC IKHB@QHBO& .O >J BT>ILHB$ BILHKUFJD OUJ@ENKPNKJ N>AF>PFKJ >O BT@FP>PFKJ OKQN@B FJ 
PEB ,%)) B; BJBNDU N>JDB$ 5K@EFIO #% "$& <*= E>RB OPQAFBA PEB CN>DIBJP>PFKJ KC FILKNP>JP 
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FMQNQKMGEN OQNIGVNIT !7=5'?=5 GQORQPIPUT2 EHIPMPI$ ULZOMPI$ EPH VSEGMN"& ;P ULIMS IYRISMOIPUT$ 
RLQUQMQP OETT TRIGUSE XISI SIGQSHIH ET E JVPGUMQP QJ ULI IPISKZ QJ ULI RLQUQPT3 MQPM[EUMQP 
IPISKMIT EPH RLQUQMQP ERRIESEPGI IPISKMIT !58T" XISI SIRQSUIH EPH ULI JSEKOIPUEUMQP REUUISPT 
XISI HMTGVTTIH MP HIUEMN&  
;P ULI GETI QJ EHIPMPI$ ULI EHMEFEUMG WENVI QJ ULI JMSTU MQPM[EUMQP RQUIPUMEN XET OIETVSIH UQ FI 

0&*IB& @LI ERRIESEPGI IPISKMIT QJ OEMP JSEKOIPUEUMQP GLEPPINT XISI ENTQ EWEMNEFNI MP ULIMS 
OIETVSIOIPU& 9QS MPTUEPGI$ ULI 58T QJ JSEKOIPUT 6P:P=P# !P4,$ +$ *" IOISKIH JSQO ULI 
TVGGITTMWI PIVUSEN NQTT QJ :6= KSQVRT XISI HIUISOMPIH UQ FI ))&-.$ )*&0 EPH )+&/IB$ 
SITRIGUMWINZ& 5GGQSHMPK UQ ULI OIETVSIH 58T$ ULI EWEMNEFNI ULISOQGLIOMGEN HEUE$ IESNZ SIRQSUIH 
INIGUSQP MOREGU SITVNUT C*0D EPH MTQUQRMG NEFINMPK TUVHMIT C*1%+(D$ OEMP JSEKOIPUEUMQP REULXEZT QJ 
ULI OQPQGLESKIH RESIPU MQP XISI RSQRQTIH !ET TLQXP MP 9MKVSI )("& ;P ULI JMSTU TUIR XLISI QPI 
:6= PIVUSEN XET NQTU UQ JQSO ULI JSEKOIPU 6,:,=,#$ ULI OEMP SIEGUMQP XET IYRIGUIH UQ QGGVS FZ 
ULI SVRUVSI QJ UXQ FQPHT$ ULI 6*%=+ EPH =)%6. FQPHT !TUIR !)" MP 9MKVSI )("& ATMPK ULI 
OIETVSIH 58T EPH LIEU QJ JQSOEUMQP JQS MPWQNWIH TRIGMIT$ MU XET ENTQ RQTTMFNI UQ HIUISOMPI ULI 
MTQOIS QJ ULI JSEKOIPU& 9QS IYEORNI$ ULI 6+:+=+# MQP XET ETTMKPIH UQ ULI )$+$-%USME[MPI GEUMQP 
!TRIGMIT ;;;F MP 9MKVSI )(" EOQPK ULI ULSII MTQOISMG GZGNMG )$*$+%USME[MPI$ )$*$,%USME[MPI EPH )$+$-%
USME[MPI& 
 

 
$'&)(% #"!  >SMPGMREN JSEKOIPUEUMQP HIGEZ SQVUIT QJ ULI EHIPPI SEHMGEN GEUMQP& <IETVSIH 
ERRIESEPGI IPISKZ WENVIT ESI KMWIP JQS IEGL JSEKOIPU !MP IB"& ?QOEP EPH 5SEFMG 
PVOISENT GQSSITRQPH UQ TRIGMIT EPH SIEGUMQPT$ SITRIGUMWINZ& 9SQO SIJISIPGI C,D& 
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6SJRG%AF?PECB FC?TW GML ML E?Q NF?QC QK?JJ @GMKMJCASJC GLRCP?ARGML GQ ?LMRFCP BMK?GL MD 
GLTCQRGE?RGMLQ& 3SC RM RFC CJCARPMQR?RGA DGCJB A?PPGCB @W RFC NPMHCARGJC$ GL QFMPR BGQR?LAC AMJJGQGMLQ$ 
RFC R?PECR KMJCASJC AMSJB QSDDCP DPMK ? QRPMLE CJCARPGA DGCJB MD QRPCLERF$ DMP CV?KNJC$ )()+ ;'K GL 
RFC A?QC MD O0-# ?LB P0)(Y BSPGLE ? TCPW QFMPR RGKC P?LEC MD DQ& :FC DGPQR CVNCPGKCLR GL RFGQ 
EPMUGLE DGCJB U?Q NCPDMPKCB @W :& 9AFJ?RFZJRCP ?LB AM%UMPICPQ GL *((*& 5L RFC UMPIQ MD RFGQ 
EPMSN$ RFC DP?EKCLRQ ?PC SQS?JJW ?L?JWXCB @W KC?LQ MD FGEF PCQMJSRGML AMGLAGBCLAC RGKC%MD%DJGEFR 
QNCARPMKCRPW =*$ *+$ +)%+.>& 

5L RFC * RM )*( IC; 2!  !!0)%-" ML 871 @?QC SP?AGJ AMJJGQGML QRSBGCQ =+)>$ RFC CDDCAR MD RFC 
NPMHCARGJC CJCARPMLGA QRPSARSPC ?LB RFC NPMHCARGJC IGLCRGA CLCPEW ML RFC GMLGX?RGML ?LB DP?EKCLR?RGML 
MD RFC KMJCASJCQ U?Q QRSBGCB& :FC KC?QSPCKCLR MD RFC PCJ?RGTC DP?EKCLR?RGML APMQQ QCARGMLQ ?Q ? 
DSLARGML MD RFC NPMHCARGJC TCJMAGRW DMP C?AF GLGRG?J AF?PEC QR?RC F?Q QFMUL ? QSPNPGQGLE JGLC?P 
BCAPC?QC UGRF T DMP 2*# P?RFCP RF?L ?L GLAPC?QC DMP RFC MRFCP A?QCQ& :FGQ QNCAG?J RPCLB GQ GL 
AMLRP?BGARMPW UGRF UF?R U?Q CVNCARCB SQGLE RFC +0+)7532/) +9)/7(7/32 13*+0 3, 7.+ 7(5-+7 130+)80+ 
*8+ 73 ;+0+)7532/) 67344/2-<# %2 ,()7" ?R JMU T$ ?JKMQR AMKNJCRC DP?EKCLR?RGML U?Q M@QCPTCB DMP 
2*# NPMHCARGJC UFCPC?Q DMP ?JJ MRFCP NPMHCARGJC AF?PEC QR?RCQ RFC GLBSACB DP?EKCLR APMQQ QCARGML U?Q 
KC?QSPCB RM @C KSAF JMUCP& :FGQ PCQSJR U?Q GLRCPNPCRCB @W RFC SLGOSC CJCARPMLGA QRPSARSPC MD 2*# 
NPMHCARGJC UFGAF ?JJMUQ 320: RFC +0+)7532 )(4785+ ,531 7.+ 85()/0 $'&' !FGEFCQR MAASNGCB 
KMJCASJ?P MP@GR?J" ?R TCPW QFMPR GML¥130+)80+ 6+4(5(7/326" 0+(*/2- 73 +975(35*/2(5/0: 67532- 
,5(-1+27(7/32# :FGQ DGPQR CVNCPGKCLR F?Q QFMUL RF?R GL GML%KMJCASJC GLRCP?ARGML$ ? N?PR DPMK RFC 
AF?PEC ?LB RFC TCJMAGRW MD RFC NPMHCARGJC$ RFC K?RAFGLE @CRUCCL RFC CJCARPMLGA QRPSARSPCQ MD RFC 
NPMHCARGJC ?LB RFC R?PECR KMJCASJC KGEFR NJ?W ? APSAG?J PMJC GL RFC GLRCP?ARGML BWL?KGAQ&   

6MPC QWQRCK?RGA NPMHCARGJC AF?PEC CDDCAR U?Q QRSBGCB GL RFC T0(&* ?&S& FGEFJW AF?PECB GML !<C! $ 
!0,%*," GKN?AR ML E?Q NF?QC LSAJCM@?QCQ !SP?AGJ ?LB RFWKGLC" CVNCPGKCLRQ =*>& :FC IGLCRGA 
CLCPEW MD ?RMKGA DP?EKCLRQ U?Q CQRGK?RCB @W KC?LQ MD RFC AMGLAGBCLAC BCRCARGML MD AMPPCJ?RCB 
DP?EKCLR N?GPQ DPMK ? QGLEJC KMJCASJC& 9RPMLE BCNCLBCLACQ MD RFC DP?EKCLR IGLCRGA CLCPEGCQ ML 
RFC GLGRG?J AF?PEC QR?RC MD NPMHCARGJC$ QS@QCOSCLRJW ML RFC AF?PEC MD GLRCPKCBG?RC N?PCLR GMLQ ?Q UCJJ 
?Q ML RFC GLGRG?J AFCKGA?J CLTGPMLKCLR MD RFC PCQNCARGTC DP?EKCLRQ UGRFGL RFC N?PCLR KMJCASJC 
UCPC M@QCPTCB& 5R U?Q ?JQM DMSLB RF?R DP?EKCLR GMLQ UGRF IGLCRGA CLCPEGCQ MD QCTCP?J RCLQ MD C; 
AMSJB @C DMPKCB/ ?LB NPMRMLQ UGRF IGLCRGA CLCPEW SN RM .(C; UCPC M@QCPTCB !?Q QFMUL GL 4GESPC 
))"&  
 



 

 ''

 
#&%('$ ""!  8D[LPXP NLQHWLF HQHUJLHV IRU WKH IUDJPHQW SDLUV PHDVXUHG LQ VORZ KLJKO¥ 
FKDUJHG LRQV !@HT#$ T/*%(*" RQ QXFOHREDVHV !XUDFLO DQG WK¥PLQH" FROOLVLRQV& !D" :URWRQ. 
!E" KHDY¥ LRQ& 4URP UHIHUHQFH B(C& 

 
0IWHU WKH H[SHULPHQW RI 2& A& ?X "$ !# B)C$ SRLQWLQJ RXW WKDW GHR[¥ULERVH PLJKW EH WKH UHODWLYHO¥ 

ZHDN OLQNLQJ SDUW RI WKH 290 FKDLQ XSRQ LUUDGLDWLRQ$ 4& 0OYDUDGR "$ !#& B)*C SHUIRUPHG 
H[SHULPHQWV XVLQJ NH> 5#$ 5H# DQG 5H(# LPSDFW RQ LVRODWHG JDV SKDVH GHR[¥ULERVH& 1RPSDULQJ 
WKH PDVV VSHFWUXP ZLWK WKDW RI DGHQLQH REWDLQHG XQGHU WKH VDPH H[SHULPHQWDO FRQGLWLRQV$ WKH 
VWULNLQJ GLIIHUHQFH ZDV WKH UHODWLYH LQWHQVLWLHV RI WKH VXUYLYDO SDUHQW PROHFXOHV LQ WKH WZR VSHFWUD& 
4RU DGHQLQH$ D YHU¥ VWURQJ SDUHQW PROHFXOH SHDN ZDV REVHUYHG$ ZKLOH IRU GHR[¥ULERVH$ WKH SDUHQW 
SHDN ZDV QHJOLJLEOH& =KLV UHVXOW SURYLGHG D FOHDU LQGLFDWLRQ FRQFHUQLQJ WKH PRUH IUDJLOH 
FKDUDFWHULVWLF RI GHR[¥ULERVH LQ 290& 6Q WKH FDVH RI GHR[¥ULERVH$ LW ZDV DOVR IRXQG WKDW WKH 
UHODWLYH ¥LHOG RI IUDJPHQW PDVV GLVWULEXWLRQ Q!8" IROORZHG D SRZHU ODZ$ Q!8" ] 8  !Q- QXPEHU RI 
IUDJPHQWV$ 8- IUDJPHQW PDVV$  - FKDUDFWHULVWLF H[SRQHQW" =KLV IHDWXUH ZDV FRQVLGHUHG DV WKH 
ILQJHUSULQW RI VWDWLVWLFDO IUDJPHQWDWLRQ SURFHVV& 
;HFHQWO¥$ 4& 0OYDUDGR "$ !# KDYH PHDVXUHG H[SHULPHQWDOO¥ WKH LQWHUQDO HQHUJLHV RI GHR[¥ULERVH 

GLFDWLRQV DIWHU SURWRQ FROOLVLRQV DW ) DQG + NH> B),C& =KLV ZRUN KDV EHHQ SHUIRUPHG LQ 7¥RQ 
GXULQJ WKH SUHSDUDWLRQ RI WKLV SUHVHQW WKHVLV LQ FRRSHUDWLRQ ZLWK WKH JURXS RI <& 8DUWLQ XVLQJ WKH 
16231 PHWKRG !VHH VHFWLRQ 6&("& 4URP WKLV H[SHULPHQW$ LW ZDV IRXQG WKDW- 
'" WKH PDVV VSHFWUXP ZDV RQO¥ ZHDNO¥ GHSHQGHQW RQ WKH NLQHWLF HQHUJ¥ RI WKH SURWRQ SURMHFWLOH 

IRU WKH HQHUJ¥ UDQJH XQGHU VWXG¥.  
(" WKH PRVW SUREDEOH H[FLWDWLRQ HQHUJ¥ RI WKH GLFDWLRQ GHR[¥ULERVH SULRU WR WKH IUDJPHQWDWLRQ 

ZDV RQO¥ ZHDNO¥ GHSHQGHQW RQ WKH IUDJPHQW PDVV$ EXW VWURQJO¥ GHSHQGHQW RQ WKH SURMHFWLOH HQHUJ¥ 
!VHH 4LJXUH '("& =KH DXWKRUV DUJXHG WKDW LI QRQ%VWDWLVWLFDO SURFHVVHV GRPLQDWHG WKH IUDJPHQWDWLRQ 
G¥QDPLFV$ WKH SUHVHQFH RI ZHOO%GHILQHG UHDFWLRQ SDWKZD¥V ZRXOG KDYH LPSOLHG D VWURQJ 
GHSHQGHQFH RI WKH IUDJPHQWDWLRQ SDWWHUQ RQ WKH H[FLWDWLRQ HQHUJ¥$ FRQVHTXHQWO¥ RQ WKH SURMHFWLOH 
NLQHWLF HQHUJ¥& =KH REVHUYDWLRQV LQ WKLV ZRUN ZHUH WKHUHIRUH LQWHUSUHWHG DV LQGLFDWLRQV RI 



 

 ()

YZGZOYZOIGR LXGMSKTZGZOUT VXUIKYYKY ]NKXK ZNK JKVUYOZKJ K^IOZGZOUT KTKXM_ XKJOYZXOH[ZKJ U¥KX ZNK 
¥OHXGZOUTGR JKMXKKY UL LXKKJUS HKLUXK ZNK K¥KTZ[GR JOYYUIOGZOUT& 
 

 
$'&)(% "#!  <U]KX VGTKR1 9XGMSKTZ OUT SGYY YVKIZXG LXUS IURROYOUTY UL * GTJ . QKC 
VXUZUTY ]OZN )%JKU^_%J%XOHUYK& BVVKX VGTKR1 =UYZ VXUHGHRK K^IOZGZOUT KTKXM_ 8K^I 
GYYUIOGZKJ ZU SGPUX LXGMSKTZY LUX JOLLKXKTZ VXUZUT OSVGIZ KTKXMOKY !* QKC GTJ . QKC" GTJ 
K^IOZGZOUT KTKXM_ UHZGOTKJ H_ KRKIZXUT OSVGIZ OUTO`GZOUT& 9XUS XKLKXKTIK E*/F& 

 
5KYOJKY INGXMKJ VXUPKIZORKY$ TK[ZXGR VXUPKIZORKY UT T[IRKUHGYK OTZKXGIZOUTY ]KXK GRYU YZ[JOKJ& 

>K[ZXGR (+QKC GZUSOI HKGSY !:$ :K$ GTJ 6" UT 7>4 HGYK GJKTOTK IURROYOUT K^VKXOSKTZY ]KXK 
IGXXOKJ U[Z H_ 9& 4R¥GXGJU "$ !# E*.F& DNKT IUSVGXOTM ]OZN ZNKOX IUXXKYVUTJOTM SUTU%INGXMKJ 
VXUPKIZORK OSVGIZ IGYKY$ W[GROZGZO¥KR_ ¥KX_ YOSORGX LXGMSKTZGZOUT VGZZKXT ]GY UHYKX¥KJ LUX 
N_JXUMKT GTJ VXUZUT VXUPKIZORKY2 NU]K¥KX LUX 6' GTJ 6#$ YZXUTM JOLLKXKTIKY OT XKRGZO¥K OTZKTYOZOKY 
UL ZNK LXGMSKTZ JOYZXOH[ZOUTY ]KXK XK¥KGRKJ& >GSKR_$ RU]KX XKRGZO¥K LXGMSKTZGZOUT IXUYY YKIZOUT 
]GY SKGY[XKJ [YOTM 6# ZNGT 6'& ANOY ]GY K^VRGOTKJ GY J[K ZU ZNK MKTZRK XKYUTGTZ KRKIZXUT IGVZ[XK$ 
UTR_ VUYYOHRK LUX SUTUINGXMKJ IGXHUT VXUPKIZORKY& 
@OTIK )'',$ S[RZO%IUOTIOJKTIK ZKINTOW[K ]GY OTZXUJ[IKJ OT OUT%T[IRKUHGYK OTZKXGIZOUTY H_ @& 

=GXZOT GTJ IU%]UXQKXY& ;T *-QKC 9)# OUT UT GJKTOTK IURROYOUT K^VKXOSKTZ$ ZXOVRK IUOTIOJKTIK 
HKZ]KKT ZNK INGXMK YKRKIZKJ VXUPKIZORK 9#$ ZNK KSOZZKJ KRKIZXUT T[SHKX GTJ ZNK LXGMSKTZ OUTY ]GY 
VKXLUXSKJ E*0F& ANK A?9 YVKIZX[S VXKYKTZKJ G JUSOTGTZ VKGQ UL YZGHRK YOTMR_ INGXMKJ 4JKTOTK 
GTJ OSVUXZGTZ LXGMSKTZGZOUT OT SGOTR_ ROMNZ LXGMSKTZY& ANK A?9 YVKIZXG IUXXKYVUTJOTM ZU ZNK 
YOS[RZGTKU[Y JKZKIZOUT UL T3'$ ($ ) GTJ * KRKIZXUTY ]KXK GYYOMTKJ ZU VGXKTZ GJKTOTK SURKI[RKY UL 
G ]KRR%JKLOTKJ INGXMK YZGZK ZU HK ($ )$ * GTJ + XKYVKIZO¥KR_& ANK YZXUTM YNOLZ UL ZNK VUV[RGZOUT 
JOYZXOH[ZOUT ZU ROMNZ SGYY LXGMSKTZY LUX OTIXKGYOTM T[SHKX UL T Y[MMKYZKJ ZNGZ ZNK KTKXM_ 
JKVUYOZOUT UT ZNK ZGXMKZ SURKI[RK IU[RJ HK OSVUXZGTZ GTJ IUXXKRGZKJ IRUYKR_ ZU ZNK T[SHKX UL 
KPKIZKJ KRKIZXUTY& 



 

 )+

;QGLE FGEFJW AF?PECB GMLQ% GL JMU CLCPEW /P.$ ?LB ?BCLGLC GLRCP?ARGMLQ% 9' 7?PRGL "$ !# =,(> 
F?TC QRSBGCB GL BCR?GJ RFC BCA?W KCAF?LGQK MD QGLEJW AF?PECB ?BCLGLC UFGAF U?Q ILMUL SLRGJ 
RFCL ?Q BMKGL?RCB @W RFC QSAACQQGTC CKGQQGML MD 408 DP?EKCLRQ' 2KNJMWGLE ? K?QQ QNCARPMKCRCP 
COSGNNCB UGRF ? QNCAG?JJW BCQGELCB CJCARPGA DGCJB @CDMPC RFC RGKC MD DJGEFR RS@C% RFC AMGLAGBCLAC 
KC?QSPCKCLR MD RFC LCSRP?J DP?EKCLR "408# ?LB RFC PCQGBS?J AF?PECB DP?EKCLRQ "0,4,8,#$ F?TC 
@CCL NCPDMPKCB' :FGQ AMGLAGBCLAC BCRCARGML NPMTGBCB CTGBCLAC DMP RFC BCJ?WCB CKGQQGML MD 408 
GL RFC QNCAG?J CJCARPGA DGCJB AMPPCQNMLBGLE RM ? RGKC P?LEC ?PMSLB * KGAPMQCAMLBQ'  3MP ?BCLGLC 
UGRF FGEFCP CVAGR?RGML CLCPEW% RFC D?QR JMQQ MD ? 408 DP?EKCLR U?Q DMJJMUCB @W ? QS@QCOSCLR 
BCJ?WCB LCSRP?J DP?EKCLR JMQQ DPMK RFC GLRCPKCBG?RC N?PCLR GML "0,4,8,#$' 0MGLAGBCLAC 
KC?QSPCKCLR MD LCSRP?J ?LB AF?PECB DP?EKCLRQ LMR MLJW AMLDGPKCB RFC BCJ?WCB JMQQ MD RFC QCAMLB 
408 @SR ?JQM PCTC?JCB ?L SLILMUL DP?EKCLR?RGML AF?LLCJ G'C'% RFC BCJ?WCB LCSRP?J CKGQQGML MD ? 
4*0808 DP?EKCLR DPMK "0,4,8,#$' 

 

" !  !(,$#. )$"-/,$)$*. +% .'$ $0#(.".(+* $*$,&1 
 
5R GQ ILMUL RF?R RFC ILMUJCBEC MD RFC GLRCPL?J CLCPEW MD AJSQRCPQ MP J?PEC KMJCASJCQ GQ MD 
DSLB?KCLR?J GKNMPR?LAC DMP SLBCPQR?LBGLE GRQ DP?EKCLR?RGML BWL?KGAQ DMJJMUGLE CVRCPL?J 
CVAGR?RGML' 4MUCTCP% RM MSP ILMUJCBEC% ?N?PR DPMK RFC RFPCQFMJB ?NNC?P?LAC CLCPEGCQ ?QQMAG?RCB 
RM QNCAGDGA BGQQMAG?RGML AF?LLCJQ% LM BGPCAR AMGLAGBCLAC KC?QSPCKCLR @CRUCCL GLRCPL?J CVAGR?RGML 
CLCPEW BGQRPG@SRGML MD N?PCLR AJSQRCPQ MP KMJCASJCQ ?LB DP?EKCLR?RGML AF?LLCJQ F?Q @CCL 
NCPDMPKCB SLRGJ *((-' 3PMK RFC PCRPMQNCAR GL RFC NPCTGMSQ QCARGML UC LMRGAC RF?R RFC CVAGR?RGML 
CLCPEW BGQRPG@SRGML MD N?PCLR KMJCASJ?P GMLQ @CDMPC RFCGP DP?EKCLR?RGML F?Q LCTCP @CCL BCRCPKGLCB 
MP BGQASQQCB CVACNR RFC A?QC GL PCD' =+.>' :FGQ GQ BSC RM RFC D?AR RF?R% DMP ? JMLE RGKC GR U?Q BGDDGASJR 
RM KC?QSPC RFGQ N?P?KCRCP' :FC K?GL BGDDGASJRW ?PGQCQ DPMK RFC ?@QCLAC MD ? PCQML?LAC QRPSARSPC GL 
RFC FGEF AMLRGLSSK CLCPEW JCTCJQ ?LB DPMK RFC AMKNJCVGRW GL RFC CLCPEW PCJ?V?RGML KCAF?LGQK 
BSC RM RFC J?PEC LSK@CP MD BCEPCCQ MD DPCCBMK MD QSAF QWQRCKQ =,)>'  

5L RFC A?QC MD CJCARPML GKN?AR MP QWLAFPMRPML P?BG?RGML% RFC CLCPEW MD RFC GLAGBCLR N?PRGAJC 
NPMTGBCQ ? EMMB CQRGK?RGML MD RFC GLRCPL?J CLCPEW ?Q JMLE ?Q RFC CLCPEW AMLTCPQGML CDDGAGCLAW DPMK 
RFC GLAGBCLR N?PRGAJC RM RFC R?PECR GQ LC?P )((!' 5R GQ MLJW RFC A?QC ?R RFC ?NNC?P?LAC CLCPEW RF?R 
AMPPCQNMLBQ RM RFC APGRGA?J CLCPEW LCACQQ?PW DMP RFC MNCLGLE MD ? QNCAGDGA GMLGX?RGML ?LB 
DP?EKCLR?RGML AF?LLCJ =,*&,+>' <FCL RFC CLCPEW MD RFC GLAGBCLR N?PRGAJC GQ FGEFCP% ?L GLAPC?QGLE 
?LB SLILMUL N?PR MD RFC GLAGBCLR CLCPEW GQ A?PPGCB MSR @W RFC CHCARCB CJCARPMLQ PCQSJRGLE DPMK RFC 
GMLGX?RGML MD RFC R?PECR MP @W RFC QA?RRCPCB N?PRGAJC' 1SC RM RF?R% RFC EPMSN MD 9' 7?PRGL ?R 6WML 
BCTCJMNCB ?L ?NNPM?AF% L?KCB 0MJJGQGML 5LBSACB  1GQQMAG?RGML SLBCP 2LCPEW 0MLRPMJ "05120#% RM 



 

 ),

GKSCPQGE?QC QFC GKQCOK?I CKCOEV BGPQOG@RQGLK LD DO?EJCKQCB ALJMICU PVPQCJP @CVLKB QFC ?MMC?O?KAC 
CKCOEV LD C?AF GKBGSGBR?I DO?EJCKQ?QGLK AF?KKCI% ?KB GQ F?P @CCK PRAACPPDRIIV RPCB GK 4.( A?PC 
=,)>' 

<L PFCB PLJC IGEFQ LK QFC DO?EJCKQ?QGLK BVK?JGAP LD GKQCOCPQCB PJ?II @GLJLICARICP RKBCO QFC 
@LJ@?OBJCKQ LD AF?OECB FC?SV GLKP% GK QFGP QFCPGP% QFC 48564 JCQFLB F?P @CCK CUQCKBCB QL PRAF 
PVPQCJP QL BCQCOJGKC QFC CUAGQ?QGLK CKCOEV LD QFC M?OCKQ GLKP @CDLOC GQP BGPPLAG?QGLK' 8K QFGP PCAQGLK% 
QFC BCSCILMJCKQ ?KB QFC MOGKAGMIC LD QFGP JCQFLB TGII @C MOCPCKQCB' 
 

'!#!"! (,* ,-23/15 /+ $'%&$ .*3,/)  
 
<FC ALKACMQ LD QFC 48564 JCQFLB GP @?PCB LK QFC GBC? LD 5LR@IC&4F?OEC&<O?KPDCO !54<" 
PMCAQOLPALMV'  <FC 54< JCQFLB T?P GKQOLBRACB @V 9' 5RORM ?KB ALTLOHCOP GK QFC C?OIV )0/(P 
=,,&,->' 8Q T?P BCSCILMCB QL JC?PROC QFC CICAQOLKGA&PQ?QC CKCOEGCP LD BLR@IV AF?OECB GLKP% 
GKAIRBGKE BG?QLJGA% QOG?QLJGA% ?KB MLIV?QLJGA JLICARICP !DLO OCSGCT PCC% DLO CU?JMIC =,.>"' 
;OGKAGM?IIV% 54< GP @?PCB LK QFC DLOJ?QGLK LD ? KCE?QGSC GLK @V ? BLR@IC CICAQOLK A?MQROC GK ?K 
GKCI?PQGA ALIIGPGLK @CQTCCK ?K GKAGBCKQ MOLQLK 7$ ?KB ? KCRQO?I JLICARI?O Q?OECQ :1  
 

7$ $ : ! 7& $ :*$# 
&04 " 

8K QFGP OC?AQGLK% QFC HGKCQGA CKCOEV LD QFC OCALGI GLK :*$# A?K @C KCEICAQCB ?P ILKE ?P GD LKIV 
PA?QQCOCB ?KGLKP TGQF BGDDRPGLK ?KEICP KC?O WCOL BCEOCC ?OC ALKPGBCOCB' <FC CUAGQ?QGLK CKCOEV 
BCMLPGQCB GK QFC JLICARIC BROGKE QFC ALIIGPGLK GP BCQCOJGKCB @V ?K?IVWGKE QFC HGKCQGA CKCOEV ILPP 
LD QFC LRQELGKE FVBOLECK ?KGLK 7&' <FC HCV MLGKQ LD QFC JCQFLB IGCP LK QFC KLK&CUGPQCKAC LD 
PQ?@IC CUAGQCB PQ?QC LD KCE?QGSC GLK 7&' 8D ?KV MLPPG@IC CUAGQCB PQ?QCP LD QFC ?KGLK TCOC MLMRI?QCB 
BROGKE QFC ALIIGPGLK% BRC QL D?PQ ?RQL&GLKGW?QGLK% QFCGO IGDCQGJC TLRIB @C SCOV PFLOQ !ICPP QF?K )(( 
KP" ?KB JRAF PFLOQCO QF?K QFC ?K?IVPGP QGJC LD 7& !GK QFC LOBCO LD YP"' <FCOCDLOC% QFC BCQCAQCB 
?KGLKP OCPRIQ KCACPP?OGIV DOLJ ALIIGPGLKP GK TFGAF QFC EOLRKB PQ?QC LD 7& F?P @CCK MLMRI?QCB' <FGP 
CKPROCP QF?Q QFC CKCOEV @?I?KAC DLO QFC OC?AQGLK% TGQF LKIV * @LRKB CICAQOLKP% GP O?QFCO PGJMIC' <FC 
CKCOEV BCDCAQ GK 6NR ) !PCC QFC DGEROC )+% QFC AF?KKCI 7& $ :*$" A?K @C OCMOCPCKQCB @V 
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&04 # 
8K 6NR *% 8;) !:" ?KB 8;* !:" PQ?KB OCPMCAQGSCIV DLO QFC DGOPQ ?KB PCALKB GLKGW?QGLK MLQCKQG?I LD 
QFC JLICARIC RKBCO GKSCPQGE?QGLK% ?KB 8;)!7" ?KB 63!7" OCMOCPCKQ QFC DGOPQ GLKGW?QGLK MLQCKQG?I 



 

 ),

:G= MA> >E><MKHG :??BGBMR H? MA> IKHC><MBE>' /<<HK=BG@ MH MA> >G>K@R <HGL>KO:MBHG E:P% MA> >G>K@R MH 
=KBO> MA> K>:<MBHG !)" FNLM <HF> ?KHF MA> DBG>MB< >G>K@R EHLL !2 !HK MK:GLE:MBHG:E >G>K@R EHLL BG 
LHF> K>?>K>G<>L" H? MA> IKHC><MBE>' 9G=>K MA>L> <HG=BMBHGL :G= B? P> <HGLB=>K ?BKLMER MA:M MA> K><HBE 
BHG 6*$ BL IHINE:M>= BG MA> @KHNG= >E><MKHGB< LM:M> BG 2JN )% MA>G MA> DBG>MB< >G>K@R EHLL !2 
>JN:EL MH MA> >G>K@R =>?><M  %  
 

!2 .   . 57) !6" $ 57* !6" T 57)!4" T 2/!4"' 
%&' ! 

5G MA> >:KER PHKDL PA>K> MA> L><HG= BHGBS:MBHG IHM>GMB:E 57* !6" H? MA> M:K@>M FHE><NE> P:L 
NGDGHPG% PA>G MA> DBG>MB< >G>K@R EHLL !2 H? MA> IKHC><MBE> P:L F>:LNK>=% :<<HK=BG@ MH 2JN +% 
MA> O:EN> H? 57* !6" <HNE= ;> =>M>KFBG>= >QI>KBF>GM:EER-  

 
57* !6" . !2 T !57) !6" T 57)!4" T 2/!4""' 

%&' " 
5G MA> <:L> PA>K> MA> K><HBE BHG 6*$ BL IHINE:M>= BG :G >Q<BM>= >E><MKHGB< :G=(HK OB;K:MBHGG:E 

LM:M>% MA> >G>K@R =B??>K>G<> ;>MP>>G MA> IHINE:M>= >Q<BM>= LM:M> :G= MA> @KHNG= LM:M> H? 6*$ <:G 
=>GHM>= ;R 2= !L>> 3B@NK> )+% MA> <A:GG>E 4& $ 6*$#"' 1N> MH MA> >G>K@R <HGL>KO:MBHG KNE>% BG MABL 
<:L>% MA> DBG>MB< >G>K@R EHLL !2 H? MA> IKHC><MBE> LAHNE= >JN:E MH MA> >G>K@R =>?><M   H? MA> 
<HEEBLBHG <HKK><M>= ;R 2= - 

 
!2 . 2=!6*$" $  ' 

%&' # 
9LBG@ MA> =>?BGBMBHG H? MA> >G>K@R =>?><M   !2JN *"% MA> >G>K@R O:EN> 57*U!6"% MA:M BL G><>LL:KR MH 
IHINE:M> AB@A>K&ERBG@ LM:M>L H? MA> =HN;ER <A:K@>= FHE><NE:K BHG 6*$# BL @BO>G BG MA> ?HEEHPBG@ 
>QIK>LLBHG% 
 

57*U!6" . 57*!6"$ 2= . !2 T !57) !6" T 57)!4" T 2/!4"" 
%&' $ 

8A> IHINE:MBHG H? LN<A AB@A>K&ERBG@ LM:M>L H? 6*$# PBEE @BO> KBL> MH :==BMBHG:E I>:DL BG MA> 
F>:LNK>= >G>K@R EHLL LI><MKNF' 8ANL% ;R >QI>KBF>GM:EER =>M>KFBGBG@ MA> >G>K@R EHLL>L ?HK 
<HKK>LIHG=BG@ I>:DL BG : 108 LI><MKNF% MA> K>JNBK>= BG?HKF:MBHG HG =HN;E> BHGBS:MBHG >G>K@B>L 
MH @KHNG= :G= >Q<BM>= LM:M>L H? =HN;ER <A:K@>= I:K>GM FHE><NE:K BHG <:G ;> H;M:BG>='  

 



 

 (,

 
%('*)& "#! 5EEMKLJ;LCHG @HJ ?G?JAQ LJ;GK@?J CG IJHLHG HG FHE?=ME? =HEECKCHG& 

 
7B? 327 KI?=LJHK=HIQ B;K <??G KM==?KK@MEEQ MK?> LH F?;KMJ? LB? >HM<E? CHGCR;LCHG IHL?GLC;E H@ 

>CF?J FHE?=ME?K OCLB NC<J;LCHG;E J?KHEMLCHG !0(+' F?8"$ LH L?KL LB? 4J;G=D%2HG>HG IJCG=CIE? 9*-%
*.: !K?? 4CAMJ? (*"$ ;G> LH KLM>Q LB? ?E?=LJHGC=%KL;L? ?G?JAC?K @HJ GMF?JHMK LJC;LHFC= ;G> 
IHEQ;LHFC= >HM<EQ =B;JA?> CHGK !K??$ @HJ ?P;FIE? 9*/%+):"& 

 

 
%('*)& "$! !;" 327 KI?=LJMF H@ 26)#& 1;JK CG>C=;L? ?G?JAQ IHKCLCHGK 
>?L?JFCG?> OCLB LBJ?KBHE> IBHLH?E?=LJHGK =HCG=C>?G=? KI?=LJHK=HIQ& !<" 
2;E=ME;L?> 4J;GD%2HG>HG @;=LHJK ;KKMFCGA LB? CGKLJMF?GL;E J?KHEMLCHG H@ ()' 
F?8& 1;JK CG>C=;L? LB?HJ?LC=;E I?;D IHKCLCHGK& 4JHF J?@?J?G=? 9*.:& 
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1R CDRBQHADC OQDUHNTRKX% HM 32< DWODQHLDMS% NMKX SGD JHMDSHB DMDQFX KNRR NE SGD OQNIDBSHKD HR 

LD@RTQDC' <GD 27342 LDSGNC HR @ BNLAHM@SHNM NE SGD 32< RODBSQNRBNOX @MC SGD BNHMBHCDMBD 
@M@KXRHR NE EQ@FLDMS L@RR RODBSQNRBNOX @MC 84; !JHMDSHB DMDQFX QDKD@RD" RODBSQNRBNOX >,)% -+&
-,?' 7M NTQ DWODQHLDMSR% ANSG KHFGS HNMR RTBG @R 6$ @MC NSGDQ GD@UX HNMR ENQ HMRS@MBD 2K% 5 @MC 7% 
DSB' G@UD ADDM TRDC @R OQNIDBSHKD AD@LR' 

7M BNKKHRHNMR ADSVDDM RHMFKX BG@QFDC HNMR :$ @S JD= DMDQFX Q@MFD @MC LNKDBTKDR% VD RDKDBS 
QD@BSHNMR KD@CHMF SN SGD ENQL@SHNM NE @MHNMR :&/ 

 
:$ $ 9   :& $ 9*$# 

'58 # 
1ESDQ SGD OQHL@QX DKDBSQNM B@OSTQD OQNBDRR% SGD CNTAKX BG@QFDC QDBNHK HNMR 9*$# L@X TMCDQFN 

@TSN&HNMHY@SHNM @MC(NQ CHRRNBH@SHNM' <GD DMDQFX @U@HK@AKD ENQ RTBG ETQSGDQ DUNKTSHNM BNQQDRONMCR SN 
SGD DMDQFX CHEEDQDMBD ADSVDDM SGD ONOTK@SDC DWBHSDC RS@SD NE 9*$# @MC SGD FQNTMC RS@SD NE 9*$ 
CDEHMDC OQDUHNTRKX @R 4C !RDD 5HFTQD )+"' <GHR DMDQFX HR B@KKDC SGDQD@ESDQ SGD DMDQFX CDONRHSDC HM 
SGD LNKDBTKD CTQHMF SGD BNKKHRHNM' 7S B@M AD CDSDQLHMDC TRHMF 4PT - @R ENKKNVR%  

 
4C!9*$" 0 !4 & !7:) !9" $ 7:* !9" Z 7:)!:" Z 41!:""% 

'58 $ 
VGDQD 7:)!9" @MC 7:* !9" CDMNSD QDRODBSHUDKX SGD EHQRS @MC SGD RDBNMC HNMHY@SHNM ONSDMSH@K NE SGD 
S@QFDS LNKDBTKD !9" @MC 7:)!:" @MC 41!:" SGD EHQRS HNMHY@SHNM ONSDMSH@K NE SGD OQNIDBSHKD !:" @MC HSR 
DKDBSQNM @EEHMHSX' 

 <GD DUNKTSHNM NE SGD S@QFDS LNKDBTKDR 9*$# HR SGDM RSTCHDC @R @ ETMBSHNM NE SGD CDONRHSDC 
DMDQFX 4C!9*$" HM SGD LNKDBTKDR AX LD@RTQHMF SGD JHMDSHB DMDQFX KNRR NE SGD RB@SSDQDC OQNIDBSHKD 
@MHNMR :&'  

 <GD LD@RTQDLDMS HR ODQENQLDC HM SQHOKD BNHMBHCDMBD DUDMS&AX&DUDMS LNCD' 7S HMBKTCDR SGD 
BG@QFD @MC JHMDSHB DMDQFX @M@KXRHR NE SGD OQNIDBSHKDR% SGD SHLD&NE&EKHFGS RODBSQNRBNOX NE SGD QDBNHK 
HNMR !ANSG O@QDMS HNMR @MC EQ@FLDMSR" @MC SGD CDSDBSHNM NE SGD MTLADQ !M" NE DIDBSDC DKDBSQNMR' <GD 
EQ@FLDMS@SHNM O@SSDQMR NE SGD QDBNHK LNKDBTK@Q HNMR @QD CDSDQLHMDC EQNL SGD SHLD&NE&EKHFGS 
RODBSQTL HM BNHMBHCDMBD VHSG SGD LD@RTQDLDMS NE 4C'  

7M RNLD BNKKHRHNM RXRSDLR% SGD CNTAKX BG@QFDC LNKDBTKDR L@X KNRD NMD NQ LNQD DKDBSQNMR 
ADENQD SGD EQ@FLDMS@SHNM @KKNVHMF ENQ SGD RSTCX NE SGD EQ@FLDMS@SHNM O@SSDQMR NE SQHOKX NQ NSGDQ 
LTKSHOKX BG@QFDC LNKDBTKDR' 7M RTBG B@RDR% HS HR DRRDMSH@K SN G@UD SGD JMNVKDCFD NE SGD BG@QFD RS@SD 



 

 (-

KB PDA L=NAJP NA?KEH EKJO !8N#" LNEKN PK PDA BN=CIAJP=PEKJ&  7J KQN ATLANEIAJPO$ PDEO L=N=IAPAN ?=J 
>A @APANIEJA@ >U PDA AHA?PNKJ JQI>AN ?KJOANR=PEKJ NQHA$ N0)#J&  

;DANABKNA$ IANCEJC PDA PSK PA?DJEMQAO 32; OLA?PNKIAPNU =J@ PDA PNELHA%?KEJ?E@AJ?A 
IA=OQNAIAJP$ PDA 27342 IAPDK@ ?=J >A AILHKUA@ PK EJRAOPEC=PA PDA LKLQH=PEKJ @EOPNE>QPEKJ BKN 
A=?D @EOOK?E=PEKJ ?D=JJAH =O = BQJ?PEKJ KB PDA AT?EP=PEKJ AJANCU KB PDA L=NAJP IKHA?QH=N EKJO =P = 
SAHH%@APANIEJA@ EJEPE=H ?D=NCA OP=PA& 

 

 
$'&)(% "#! ;ULE?=H OLA?PN= K>P=EJA@ EJ 27342 IA=OQNAIAJP BKN *GA< 5# KJ 
@AKTUNE>KOA ?KHHEOEKJ$ PDA O?=PPANA@ LNKFA?PEHA S=O ?D=NCA OAHA?PA@ =O JAC=PERA EKJ 5%. !="& 
2KNNAH=PEKJ OLA?PNQI >APSAAJ KQPCKEJC LNKFA?PEHA =J@ NA?KEH EKJO/ !>"& ;95 OLA?PNQI KB 
NA?KEH EKJO. PDA LNKFA?PEKJ BNKI !=" KJPK PDA DKNEVKJP=H =TEO/ !?"& :KLQH=PEKJ @EOPNE>QPEKJ 
KB PDA L=NAJP EKJO =O = BQJ?PEKJ KB PDA AT?EP=PEKJ AJANCU. PDA LNKFA?PEKJ BNKI !=" KJPK PDA 
RANPE?=H =TEO& 

 
1O =J AT=ILHA$ PULE?=H OLA?PN= K>P=EJA@ EJ 27342 IA=OQNAIAJP >APSAAJ *GA< 5# =J@ EOKH=PA@ 

C=O LD=OA @AKTUNE>KOA !2,6('9+" ?KHHEOEKJO =NA LNAOAJPA@ DANA !5ECQNA (,"& 5ECQNA (, !=" EO = 
?KNNAH=PEKJ OLA?PNQI K>P=EJA@ EJ ?KEJ?E@AJ?A IA=OQNAIAJP >APSAAJ PDA ?D=NCA OAHA?PA@ KQPCKEJC 
LNKFA?PEHAO 5% =J@ PDA NA?KEH BN=CIAJPO& ;DA DKNEVKJP=H =TEO ?KNNAOLKJ@O PK PDA PEIA%KB%BHECDP !;95" 
KB PDA NA?KEH EKJO$ =J@ PDA RANPE?=H =TEO PDA O?=JJEJC RKHP=CA KB PDA =J=HUVAN BKN PDA GEJAPE? AJANCU 
=J=HUOEO KB PDA =JEKJO 5% !SDE?D ?=J >A PN=JOBANNA@ EJPK AT?EP=PEKJ AJANCU KB PDA L=NAJP EKJO$ OAA 
@AP=EHO EJ OA?PEKJ 77&*"& 1??KN@EJC PK PDA IKJEPKNEJC KB PDA AFA?PA@ AHA?PNKJ JQI>AN$ EP S=O BKQJ@ 
PD=P JA=NHU JK AHA?PNKJ S=O @APA?PA@ BKN PDEO ?KHHEOEKJ OUOPAI& 7P IA=JO PD=P PDA BN=CIAJP=PEKJ 
OLA?PNQI IA=OQNA@ EJ PDEO ATLANEIAJP NAOQHPO LNA@KIEJ=JPHU BNKI PDA @KQ>HU ?D=NCA@ IKHA?QH=N 
EKJO !2,6('9+")#& 5ECQNA (, !>" EO K>P=EJA@ >U PDA LNKFA?PEKJ BNKI PDA OLA?PNQI !=" KJPK PDA 
DKNEVKJP=H =TEO& 5NKI PDEO ;95 OLA?PNQI$ =HH BN=CIAJP=PEKJ ?D=JJAHO ?=J >A @APANIEJA@ =J@ PDA 
@KIEJ=JP KJA EO =OOECJA@ PK PDA BN=CIAJP !2)6*9"#&  5ECQNA (, !?" EO PDA LNKFA?PEKJ KJPK PDA 



 

 (/

QAMOE?=H =SEN KB ODA NLKO EJ 6ECPMA (, !=" =NNK?E=OA@ OK ODA NAHA?OA@ BM=CIAJO !4)7*:"#& 8O LMKQE@AN 
ODA NK%?=HHA@ LKLPH=OEKJ @ENOME>POEKJ BKM ODEN @ENNK?E=OEKJ ?D=JJAH =N = BPJ?OEKJ KB ODA AS?EO=OEKJ 
AJAMCT KB ODA L=MAJO @KP>HT ?D=MCA@ IKHA?PH=M EKJN !4,7(':+")#&   

 

)!#! !%$ &)-$+$,-$# (*'$".'$, &) -%&, -%$,&, 

 
<RK K>FA?OEQA >EKIKHA?PHAN =MA EJQKHQA@ EJ ODEN RKMG$ E&A&$ 2@AJEJA =J@ IANK%OAOM=LDAJTH EMKJ 
!888" LKMLDTMEJ ?DHKME@A& 3KOD =MA KB BPJ@=IAJO=H EILKMO=J?A EJ >EKHKCE?=H NTNOAI$ =J@ ODAT REHH 
>A EJOMK@P?A@ EJ ODA BKHHKREJC& 
 

)!#!"! &-.525.% 65. 6/ 91. '*& +:24-250 +46,38 
 
592 EN = JP?HAE? =?E@ OD=O ?=MMEAN ODA CAJAOE? EJBKMI=OEKJ EJ ODA ?AHH& 8J NOMP?OPMA$ 592 ?KJNENON 
KB ORK HKJC ?D=EJN KB JP?HAKOE@AN ORENOA@ EJOK = @KP>HA DAHES =J@ FKEJA@ >T DT@MKCAJ >KJ@N 
>AORAAJ ODA ?KILHAIAJO=MT >=NAN =@AJEJA =J@ ODTIEJA KM ?TOKNEJA =J@ CP=JEJA& <DA =HOAMJ=OEJC 
LDKNLD=OA =J@ NPC=M !)%@AKSTME>KNA" I=GA PL KB ODA >=?G>KJA KB ODA 592 NOM=J@& <DA NACIAJO 
KB PJBKH@A@ 592 IKHA?PHA EN NDKRJ EJ 6ECPMA (-& 
 

 
(20:7. "$! ;=MO KB 592 NOMP?OPMA& 

 
2@AJEJA !2@A0 4,7,9,$ I1(*," EN KJA KB ODA ?KJNOEOPAJON KB 592 EJQKHQA@ EJ >=NA L=EMEJC 

REOD ODTIEJA& <DA NOMP?OPMA KB ODA ENKH=OA@ =@AJEJA EN NDKRJ EJ 6ECPMA (.& 2N IAJOEKJA@ 
LMAQEKPNHT$ ODA MA?AJO ASOAJNEQA EJQANOEC=OEKJN KJ ODA @ENNK?E=OEKJ KB 2@AJEJA D=QA >AAJ 
IKOEQ=OA@ >T EON ANNAJOE=H MKHA EJ ODA PJ@AMNO=J@EJC KB ODA @=I=CA @TJ=IE?N KB 592 PLKJ 



 

 )'

LTTDGLDVLQP& 3PQVKHT LPVHTHUV QI DGHPLPH LPXHUVLJDVLQP NLHU LP VKH DUVTQELQNQJ[ DPG HZQELQNQJ[& 3U D 
ODVVHT QI IDFV$ VTDFHU QI PWFNHQEDUHU DPG NLIH%EDUH OQNHFWNHU KDXH EHHP IQWPG LP OHVHQTLVHU B,,%
,.C$ FQOHVDT[ JTDLPU B,/%-'C$ DPG LPVHTUVHNNDT THJLQPU B-(%-)C1 8V LU UVLNN WPFNHDT KQY VKHUH 
OQNHFWNHU FQWNG EH IQTOHG DPG UWTXLXHG LP LPVHTUVHNNDT FQPGLVLQPU& ?KLU NHDGU VQ LPVHPULXH UHDTFKHU 
QI LPVHTUVHNNDT OQNHFWNHU RQVHPVLDNN[ LPVHTHUVLPJ IQT DUVTQELQNQJ[ DU YHNN DU URHFWNDVLQPU QP VKH 
RQUULENH OHFKDPLUOU LPXQNXHG LP VKH IQTODVLQP QI VKHUH OQNHFWNHU B-*%-+C& 
;DP[ UVWGLHU QP VKH GLUUQFLDVLQP QI FKDTJHG DGHPLPH LP VKH JDU RKDUH DTH DXDLNDENH& 3U HDTN[ DU 

LP (0-.$ 9& ;& >LFH DPG 6& =& 5WGHM B)/C RHTIQTOHG HZRHTLOHPVU QP HNHFVTQP%3GH FQNNLULQPU DV 
.'H@&  8P VKLU RLQPHHT YQTM$ VKH ODUU URHFVTWO THXHDNHG D UWFFHUULXH NQUU QI PHWVTDN 74< !O2)." 
ITQO 3GH# LQPL¥HG GWH VQ VKH HNHFVTQP LORDFV NHDGLPJ VQ VKH IQTODVLQP QI VKH GDWJKVHT LQPU O2('/$ 
/($ DPG ,+& ?KH HNHFVTQP LORDFV LPGWFHG ITDJOHPVDVLQP QI VKH LUQVQRLFDNN[ NDEHNHG 3GHPLPH 
OQNHFWNHU RTQXLGHG RTHFLUH LPIQTODVLQP QP VKH NQFDVLQP QI EQPG TWRVWTH IQT ITDJOHPV THNHDUH IQT 
GQOLPDPV GLUUQFLDVLQP FKDPPHNU $ H&J&$ VKH ILTUV 74< NQUU QFFWTU E[ VKH TWRVWTH QI VKH 4)%<* DPG 
<(%4- EQPGU B)0%*'C& ;QTH ITDJOHPVDVLQP RDVKYD[U$ IQT LPUVDPFH$ VKH HXDRQTDVLQP QI <7* HVF$ 
KDXH EHHP THRQTVHG LP FQNNLULQP%LPGWFHG GLUUQFLDVLQP !485" QI RTQVQPDVHG DGHPLPH B-,C& ;QTH 
THFHPVN[$ 7& A& 9QFKLOU DPG FQ%YQTMHTU B+C KDXH UVWGLHG VKH RKQVQ LPGWFHG ITDJOHPVDVLQP 
RDVKYD[U QI DGHPLPH E[ WULPJ U[PFKTQVTQP TDGLDVLQP LP HPHTJ[ TDPJH -%))H@ !UHH DNUQ UHFVLQP 
8&(&*"& ?KH DGLDEDVLF LQPL¥DVLQP HPHTJ[ DPG VKH LQP DRRHDTDPFH HPHTJLHU IQT ODLP GHFD[ FKDPPHNU 
KDXH EHHP GHVHTOLPHG LP KLJKHT DFFWTDF[ VKDP RTHXLQWU YQTMU&  
 

 
$'&)(% "#! ?KH UVTWFVWTH QI VKH LUQNDVHG DGHPLPH OQNHFWNH& 

 
8P VKH UVWGLHU QI LQP QP LUQNDVHG JDU RKDUH DGHPLPH FQNNLULQPU B*.$ *0$ --C$ ULOLNDT DU LP HNHFVTQP 

DPG RKQVQP LORDFV HZRHTLOHPVU$ UWFFHUULXH HOLUULQP QI PHWVTDN 74< JTQWRU YHTH QEUHTXHG DU VKH 
ODLP GHFD[ FKDPPHNU QI VKH ULPJN[ DPG GQWEN[ FKDTJHG RDTHPV LQPU& 7QYHXHT$ VKH FQLPFLGHPFH 
VHFKPLSWH HORNQ[HG LP LQP LORDFV HZRHTLOHPVU DNNQYHG VKH QEUHTXDVLQP QI QVKHT RQUULENH 
ITDJOHPVDVLQP RDVVHTPU$ HXHP VKQUH YLVK XHT[ NQY UVDVLUVLFU& AH FDP OHPVLQP KHTH VKH QEUHTXDVLQP 
QI GHND[HG ITDJOHPVDVLQP FKDPPHNU WULPJ D URHFLDN FQLPFLGHPFH GHVHFVLQP OHVKQG EHVYHHP FKDTJHG 
DPG PHWVTDN ITDJOHPVU B+'C& 8V LU DNUQ PQVLFHDENH VKDV LP VKH YQTM QI :[QP B*0C$ YKHTH VKH RTHUHPV 
VKHULU YDU RTHRDTHG$ VKH LORQTVDPFH QI HPHTJ[ GHRQULVLQP QP VKH 3GH OQNHFWNH YDU HXQMHG 



 

 )(

?JPC?BW QCTCP?J WC?PQ ?EM !QCC ?JQM QCARGML 8&(&*"& 8L QMKC QCLQC$ RFC NPCQCLR QRSBW GQ ? AMLRGLSMSQ 
UMPI MD RFCQC KSJRG%AMGLAGBCLAC CVNCPGKCLRQ&  

8L RFGQ UMPI$ @?QCB ML RFC 38453 KCRFMB$ RFC NMNSJ?RGML BGQRPG@SRGML MD RFC BMS@JW AF?PECB 
N?PCLR GML 1BC)# U?Q KC?QSPCB ?Q ? DSLARGML MD RFC CVAGR?RGML CLCPEW& 8R GQ CVNCARCB RF?R RFC 
GLRCPL?J CLCPEW KC?QSPCKCLR AMSJB NPMTGBC ?BBGRGML?J GLDMPK?RGML ML RFC DP?EKCLR?RGML BWL?KGAQ 
MD RFC ?BCLGLC KMJCASJC&  

<FC 38453 KCRFMB GQ @?QCB ML RFC LCE?RGTC GML NPMBSARGML MD RFC MSREMGLE NPMHCARGJC TG? 
CJCARPML A?NRSPC DPMK RFC R?PECR& <M CVRCLB RFGQ KCRFMB GL AMJJGQGMLQ UGRF ?BCLGLC$ MLC MD RFC 
CQQCLRG?J OSCQRGMLQ GQ RM ILMU GD RFC LCE?RGTC GML NPMBSARGML WGCJB GQ FGEF CLMSEF RM NCPDMPK 
AMGLAGBCLAC KC?QSPCKCLRQ& <M ?LQUCP RFGQ OSCQRGML$ ? QNCAG?J ?PP?LECB CVNCPGKCLR U?Q 
NCPDMPKCB RM KC?QSPC BGPCARJW RFC LCE?RGTC GML NPMBSARGML WGCJB&   
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1 NMPNFWPGL GQ X?LW MD ? EPMSN MD AMKNMSLBQ AMLR?GLGLE RFC NMPNFGL QRPSARSPC MD DMSP NWPPMJC 

PGLEQ AMLLCARCB @W KCRFGLC @PGBECQ GL ? AWAJGA AMLDGESP?RGML$ RM UFGAF ? T?PGCRW MD QGBC AF?GLQ ?PC 
?RR?AFCB/ SQS?JJW KCR?JJCB$ C&E&$ UGRF GPML RM DMPK FCKC&Y =+,>& ;MPNFWPGL ?LB GRQ BCPGT?RGTCQ ?PC 
MLC MD RFC KMQR GKNMPR?LR NGEKCLRQ GL L?RSPC& 1 J?PEC T?PGCRW MD RCRP?NWPPMJGA NGEKCLRQ CVGQR UGRF 
RFC QGKGJ?P JGE?LB AMPC$ @SR BGDDCP GL RFC KCR?J ACLRCP ?LB RFC QGBC EPMSNQ ?RR?AFCB RM RFC 
K?PAPMAWAJC NMPNFWPGL PGLEQ& <FC KCR?J ACLRCP A?L @C ?L GPML !FCKC"$ ? K?ELCQGSK !AFJMPMNFWJJ" 
MP AM@?JR !TGR?KGL 2()" =+->& 9?LW TGR?JJW GKNMPR?LR DSLARGMLQ GL JGTGLE QWQRCKQ ?PC A?PPGCB MSR @W 
QSAF KCR?JJMNMPNFWPGLQ$ DMP CV?KNJC$ F?CK GQ PCQNMLQG@JC DMP MVWECL RP?LQNMPR$ AWRMAFPMKC DMP 
CJCARPML RP?LQNMPR ?LB$ KMQR DSLB?KCLR?JJW$ AFJMPMNFWJJQ DMP NFMRMQWLRFCQGQ =+.%,'>& <FSQ RFC 
NMPNFWPGLQ A?L D?GPJW @C A?JJCB RFC NGEKCLRQ MD JGDC& 5VACNR DMP RFC DSLB?KCLR?J GKNMPR?LAC GL RFC 
LSKCPMSQ @GMJMEGA?J NPMACQQCQ$ KCR?JJMNMPNFWPGLQ ?PC ?JQM MD NPGKC GKNMPR?LAC GL AFCKGA?J 
A?R?JWQGQ ?LB ?Q ECMJMEGA?J K?PICPQ& <FCW ?PC CTCL SQCB GL NFMRMBWL?KGA RSKMP RPC?RKCLR =,(%,)>& 
4SC RM RFC FGEF KMJCASJ?P QWKKCRPW ?LB PCK?PI?@JC AFPMKMNFMPC QRPSARSPCQ$ KCR?JJMNMPNFWPGLQ 
?PC ?JQM RFCMPCRGA?JJW ?RRP?ARGTC DMP NFWQGAGQRQ ?LB AFCKGQRQ =+->& 

  8L RFC NPCQCLR UMPI$ ?L GPML JGE?LB KCR?JJMNMPNFWPGL KMJCASJC$ G&C&$ KCQM%RCRP?NFCLWJ GPML !888" 
NMPNFWPGL AFJMPGBC$ GQ CKNJMWCB ?Q R?PECR KMJCASJC& 8R F?Q ? DMPKSJ? MD 3**7)-:*6C3J ?LB RFC 
K?QQ K0,'*& 8L RFC DMJJMUGLE$ GR GQ BCLMRCB ?Q 6C<;;3J& <FC QRPSARSPC MD RFC 6C<;;3J KMJCASJC 
GQ QFMUL GL 6GESPC (-&  
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%)(+*' "$! 9DA OPNQ?PQNA KB PDA 2A966/H IKHA?QHA& 

 
6NAREKQOHU$ PDA 2A966/H IKHA?QHA S=O EIL=?PA@ >U HKS AJANCU AHA?PNKJ !OAA =HOK OA?PEKJ 

4&(&(&)"$ =J@ I=OO OLA?PN= =J@ .1O KB OKIA BN=CIAJPO SANA NALKNPA@ ;+<& 5QHPE%?D=NCA@ EKJ KJ 
2A966/H ?KHHEOEKJ S=O =HOK EJRAOPEC=PA@ ;,*<$ SDANA PDA PKP=H I=OO OLA?PNQI !SEPDKQP PDA 
OAHA?PEKJ KB KQPCKEJC LNKFA?PEHAO KN AFA?PA@ AHA?PNKJ JQI>ANO" S=O NALKNPA@ =J@ ?KIL=NA@ SEPD PDA 
AHA?PNKJ EIL=?P ?=OA& 7A?AJPHU$ PDA AHA?PNKOLN=U EKJEV=PEKJ !184" P=J@AI I=OO OLA?PNKIAPNU S=O 
AILHKUA@ PK OPQ@U PDA IQHPE%?KHHEOEKJ%EJ@Q?A@ @EOOK?E=PEKJ !/40" LNK?AOO KB IKJK?D=NCA@ 
!2A966"# EKJO ;,+<& 0A?=U L=PDS=UO SANA LNK>A@ =O = BQJ?PEKJ KB PDA ?KHHEOEKJ KBBOAP RKHP=CA =J@ 
PDA KJOAP RKHP=CAO BKN K>OANRA@ L=PDS=UO SANA @APANIEJA@& :JBKNPQJ=PAHU$ EJ PDA 184'/40 
ATLANEIAJP$ PDA AJANCU ?KJRANOEKJ ABBE?EAJ?U EO QJGJKSJ$ PDQO PDA AJANCU @ALKOEPA@ EJPK PDA 
P=NCAP @QNEJC PDA ?KHHEOEKJ ?KQH@ JKP >A @APANIEJA@& 

4J PDEO SKNG$ IQHPE%?KEJ?E@AJ?A PA?DJEMQA S=O AILHKUA@ PK OPQ@U PDA BN=CIAJP=PEKJ L=PPANJ KB 
2A966/H IKHA?QHA EJ@Q?A@ >U IQHPE%?D=NCA@ DA=RU EKJO& 8EIEH=N PK .@AJEJA$ PDA LKLQH=PEKJ 
@EOPNE>QPEKJ KB PDA @KQ>HU ?D=NCA@ L=NAJP EKJ !2A966/H")# S=O =HOK IA=OQNA@ =O = BQJ?PEKJ KB 
PDA AT?EP=PEKJ AJANCU$ PK OPQ@U DKS PDA =@@EPEKJ=H AJANCU !PDA AJANCU @ALKOEPA@ KJ PDA P=NCAP 
IKHA?QHA @QNEJC PDA ?KHHEOEKJ" @NKRA BQNPDAN BN=CIAJP=PEKJ KB PDA L=NAJP EKJO&  
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9DA PDAOEO EO KNC=JEVA@ =O BKHHKSO-  
3ANA EJ ?D=LPAN 4$ SA EJPNK@Q?A@ = IQHPE%@EO?ELHEJ=NU =PPN=?PERA PKLE? NAHAR=JP PK PDA 

BN=CIAJP=PEKJ KB OI=HH >EKIKHA?QHAO QJ@AN AT?EP=PEKJ KN EKJEV=PEKJ& 9DA ATLANEIAJP=H =@R=J?AO 
=>KQP PDEO PKLE? SANA >NEABHU NAREASA@& 9DA LNEJ?ELHA KB = JKRAH IAPDK@ PK IA=OQNA @ENA?PHU PDA 
EJPANJ=H AJANCU @QNEJC = ?KHHEOEKJ$ E&A&$ PDA /401/ IAPDK@$ AILHKUA@ EJ PDEO @EOOANP=PEKJ$ S=O 
@AO?NE>A@& 9DA EJPANAOPA@ P=NCAP IKHA?QHAO =J@ PKLE?O =@@NAOOA@ EJ PDEO PDAOEO SANA =HOK EJPNK@Q?A@&  
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0D 9>7FJ;H 00$ J>; M>EB; IJHK9JKH; E< J>; ;NF;H?C;DJ7B I;JKF M?BB 8; :;I9H?8;: ?D :;J7?BI$ 
?D9BK:?D= J>; ;B;9JHED 9O9BEJHED H;IED7D9; ?ED IEKH9; !-+304"$ 7D: J>; ;NF;H?C;DJ7B J;HC?D7BI ?D 
1OED 7D: 17DP>EK ?DLEBL;: ?D J>?I J>;I?I& 5>; FH?D9?FB; E< :7J7 7D7BOI?I 7D: ;D;H=O 97B?8H7J?ED 
M?J> J>; +0,-+ C;J>E: M?BB 8; 7BIE FH;I;DJ;:&  

+>7FJ;H 000 M?BB 8; :;LEJ;: JE J>; FH;I;DJ7J?ED 7D: :?I9KII?ED E< ;NF;H?C;DJ7B H;IKBJI 
9ED9;HD?D= J>; J7H=;J CEB;9KB; 7:;D?D;& ,?H;9J C;7IKH;C;DJ E< J>; D;=7J?L; ?ED FHE:K9J?ED O?;B: 
?D 9EBB?I?EDI 8;JM;;D .(# 7J )'A;6 7D: *:; M?BB 8; FH;I;DJ;: <?HIJ& 5>;D J>; <H7=C;DJ7J?ED E< 
*:;(# KD:;H ;D;H=O 9EDJHEB M?BB 8; ?DL;IJ?=7J;: KI?D= J>; +0,-+ C;J>E: M?J> +B# FHE@;9J?B;I 7J ) 
A;6& 

0D 9>7FJ;H 06$ J>; <H7=C;DJ7J?ED E< .;522+B CEB;9KB; M?BB 8; IJK:?;:& .?HIJ$ KD:;H IBEM CKBJ?%
9>7H=;: >;7LO ?ED 8EC87H:C;DJ$ $+#! '(&* &, #")(%$ J>; <H7=C;DJ7J?ED F7JJ;HD E< .;522+B M?BB 
8; ?DL;IJ?=7J;: 8O C;7DI E< CKBJ?%9E?D9?:;D9; J;9>D?GK;& 5>;D J>; <H7=C;DJ7J?ED F7J>M7OI KD:;H 
;D;H=O 9EDJHEB M?BB 8; IJK:?;: KI?D= J>; +0,-+ C;J>E: M?J> /# 7D: .# FHE@;9J?B; ?CF79J 7J ) A;6& 

.?D7BBO ?D 9>7FJ;H 6$ 7 IKCC7HO 7D: 9ED9BKI?EDI 78EKJ J>; ;NF;H?C;DJ7B ?DL;IJ?=7J?EDI 
FH;I;DJ;: ?D J>?I MEHA M?BB 8; =?L;D&  
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6O UIJT DIBQUFS# EFUBJMT PG FYQFSJNFOUBM TFUVQ XJMM CF QSFTFOUFE% =JODF UIJT JT B KPJOU TVQFSWJTFE 
UIFTJT CFUXFFO UIF 70=68 BU 7ZPO$& ?OJWFSTJUZ JO 7ZPO BOE UIF 0UPNJD ;IZTJDT HSPVQ$& 
!0;&" BU UIF 6OTUJUVUF PG 8PEFSO ;IZTJDT JO 7BO[IPV# UIF FRVJQNFOUT PG CPUI TJEFT XFSF 
JOWPMWFE% 6O BEEJUJPO# B QBSU PG XPSLT PG UIJT UIFTJT XBT DBSSJFE PVU JO 50967 CZ VTJOH UIF 
TMPX IJHIMZ DIBSHFE JPO CFBNT EFMJWFSFE CZ UIF 0<614 GBDJMJUZ BOE UIF UBSHFU DIBNCFS PG UIF 
7ZPO HSPVQ USBOTQPSUFE GSPN 7ZPO UP 2BFO% 6O BMM FYQFSJNFOUT# XF VTFE JPO CFBNT QSPEVDFE 
CZ FMFDUSPO DZDMPUSPO SFTPOBODF JPO TPVSDFT !42<6="% >IVT# UP CFHJO# UIF QSJODJQMF PG 42<6= 
XJMM CF CSJFGMZ JOUSPEVDFE/ UIF QSPKFDUJMFT FNQMPZFE JO UIF FYQFSJNFOUT XJMM BMTP CF HJWFO% >IF 
TFDPOE TFDUJPO PG UIJT DIBQUFS JT EFWPUFE UP EFUBJMFE EFTDSJQUJPOT PG UIF TFUVQ JO 7ZPO# 
JODMVEJOH B HFOFSBM WJFX PG NVMUJ$DPJODJEFODF NFBTVSFNFOU BOE QSFTFOUBUJPO PG JOEJWJEVBM 
DPNQPOFOUT% 6O UIF TFDUJPO (# UIF TFUVQ PG 7ZPO XPSLJOH BU UIF NPEF PG 26342 NFUIPE XJMM 
CF QSFTFOUFE% >IF EBUB BOBMZTJT QSPDFEVSFT XJMM CF HJWFO BU UIF FOE PG UIJT TFDUJPO% 6O TFDUJPO )# 
UIF TFUVQ JO 7BO[IPV# BJNJOH BU NFBTVSJOH UIF QSPEVDUJPO ZJFME PG OFVUSBM BOE OFHBUJWF 
PVUHPJOH QSPKFDUJMFT# XJMM CF QSFTFOUFE% >IJT DIBQUFS XJMM CF FOEFE XJUI B TVNNBSZ JO TFDUJPO 
*% 
 

"" !  !%$ '%(&"# 
:SJHJOBUFE GSPN TUVEJFT PO NBHOFUJD NJSSPS NBDIJOFT GPS GVTJPO SFTFBSDI# UIF GJSTU 

PQFSBUJPOBM 42<6= XBT CVJMU CZ 5FMMFS JO 5SFOPCMF !&-,)" @,*A% =JODF UIFO# UIFSF IBT CFFO B 
SBQJE JNQSPWFNFOU PG UIF QFSGPSNBODF DPODFSOJOH UIF BDIJFWBCMF DIBSHF TUBUFT BT XFMM BT UIF 
JOUFOTJUZ PG CFBNT% 3VF UP UIF WFSZ HPPE QSPQFSUJFT. IJHI DIBSHF TUBUF QSPEVDUJPO# IJHI CFBN 
DVSSFOU BOE TUBCJMJUZ# XJEF SBOHF PG TQFDJFT# SFMJBCJMJUZ# BOE FBTF PG PQFSBUJPO # JU IBT CFFO 
JOUFOTJWFMZ VTFE JO DPMMJTJPO FYQFSJNFOUT CFUXFFO IJHIMZ DIBSHFE JPOT BOE BUPNT# NPMFDVMFT#  
DMVTUFST# TVSGBDFT BOE TPMJE UBSHFUT% <FDFOU QSPHSFTT PO 42<6= DBO CF GPVOE JO SFG @,+A# BOE 
IFSF POMZ UIF QSJODJQMF PG UIJT JOTUSVNFOU XJMM CF EFTDSJCFE% 
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7B? HJCF=CHD? G@ 0/536 CK K=B?E;LC=;DDQ KBGOF CF 1CAMJ? &* ;F> KCEHDQ >?K=JC<?> ;K 

@GDDGOK+  
8B?F ?D?=LJGFK EGN? CF ; E;AF?LC= @C?D> LB?Q AQJ;L? ;JGMF> LB? E;AF?LC= @C?D> DCF?K >M? LG 

LB? 4GJ?FLR @GJ=?% 7B? AQJ;LCGF @J?IM?F=Q CK =;DD?> LB? =Q=DGLJGF @J?IM?F=Q  $)$% 3@ ; 
EC=JGO;N? J;>C;LCGF G@ LB? K;E? @J?IM?F=Q HJGH;A;L?K CFLG KM=B ; J?ACGF# LB? ?D?=LJGFK ;J? 
J?KGF;FLDQ ;==?D?J;L?> ;F> ;<KGJ< ?F?JAQ @JGE LB? EC=JGO;N? J;>C;LCGF% 7B? ?D?=LJGF 
=Q=DGLJGF J?KGF;F=? =GF>CLCGF CK LB?J?@GJ? ACN?F ;K @GDDGOK+ 

 
 '& "  $)$ , !%!(" # 

$)+ # 
2?J?# ? ;F> E >?FGL? J?KH?=LCN?DQ LB? =B;JA? ;F> E;KK G@ LB? ?D?=LJGF ;F>  '& LB? ;FAMD;J 
@J?IM?F=Q G@ LB? EC=JGO;N?%  

7B? =GF@CF?E?FL G@ LB? HD;KE; ?D?=LJGFK CF ;F 0/536 CK ;=BC?N?> <Q E?;FK G@ ; E;AF?LC= 
<GLLD?% 3L CK ; KMH?JHGKCLCGF G@ ;F ;PC;D E;AF?LC= @C?D> =GEHGF?FL HJG>M=?> <Q KGD?FGC>K GJ 
H?JE;F?FL E;AF?LK ;F> ; J;>C;D =GEHGF?FL HJGNC>?> <Q ; EMDLCHGD? E;AF?L% 7BCK J?KMDLK CF ; 
KG$=;DD?> ECFCEME$.$KLJM=LMJ?+ LB? E;AF?LC= @C?D> B;K ; ECFCEME CF LB? EC>>D? G@ LB? 
KLJM=LMJ? ;F> @JGE LB?J? CL CF=J?;K?K CF ;DD >CJ?=LCGFK LG ?FKMJ? LB? ?D?=LJGF =GF@CF?E?FL OCLB 
LB? E;AF?LC= @C?D> ECJJGJ ?@@?=L% - =DGK?> KMJ@;=? CK =J?;L?> OB?J? LB? ?D?=LJGF =Q=DGLJGF 
J?KGF;F=? =GF>CLCGF CK @MD@CDD?>% 0D?=LJGFK H;KKCFA LBJGMAB LB;L KMJ@;=? =;F <? ;==?D?J;L?> 
J?KGF;FLDQ% 1MJLB?JEGJ?# ; BCAB ECJJGJ J;LCG G@ LB? E;AF?LC= @C?D> D?;>K LG DGFA =GF@CF?E?FL 
LCE?K @GJ LB? HD;KE; ?D?=LJGFK% 7B?Q =;F H;KK LB? J?KGF;F=? J?ACGF N?JQ G@L?F# A;CF BCAB 
?F?JAC?K ;F> CGFCR? HD;KE; ;LGEK ;F> CGFK CFLG BCAB =B;JA? KL;L?K NC; KM==?KKCN? KCFAD? 
CGFCR;LCGF$=GDDCKCGFK% 
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 >R XLI SXLIV LERH$ XLI MSRW MR XLI TPEWQE EVI RSX EGGIPIVEXIH ERH VIQEMR MR XLIVQEP QSXMSR$ 
FIGEYWI XLI G]GPSXVSR VIWSRERGI JVIUYIRG] SJ WYGL TEVXMGPIW MW QYGL PS[IV XLER XLEX SJ 
IPIGXVSRW HYI XS XLIMV LIEZ] QEWW ERH XLIVIJSVI WXE] JEV JVSQ XLI VIWSRERGI GSRHMXMSRW 
!JSVQYPE 3U'<00  !"!"& ALI] EVI RSX GSRJMRIH F] XLI QEKRIXMG JMIPH FYX F] XLI WTEGI GLEVKI 
TSXIRXMEP SJ XLI IPIGXVSRW& ALI TPEWQE QEKRIXMG GSRJMRIQIRX$ LS[IZIV$ MW RSX TIVJIGX ERH 
IPIGXVSRW GER IWGETI JVSQ XLI TPEWQE$ JSV I¥EQTPI MR E¥MEP HMVIGXMSR& @MRGI XLI TPEWQE XIRHW 
XS WXE] RIYXVEP$ WSQI MSRW [MPP JSPPS[ XLI IPIGXVSRW& 3] YWMRK E WYMXEFPI I¥XVEGXMSR W]WXIQ ERH 
F] ETTP]MRK E LMKL ZSPXEKI$ MSRW GER FI I¥XVEGXIH JVSQ XLI MSR WSYVGI XS JSVQ LMKL GLEVKI 
WXEXI MSR FIEQW& 
ALI OI] TEVEQIXIVW XLEX MRJPYIRGI XLI WSYVGI WXEFMPMX] ERH FIEQ MRXIRWMX] EVI XLI KEW 

TVIWWYVI ERH XLI QMGVS[EZI TS[IV& ALI IRIVK] VIWSPYXMSR SJ XLI FIEQW HITIRHW WXVSRKP] SR 
XLI WSYVGI WXEFMPMX]& @S$ MR I¥TIVMQIRXW [LIVI FIEQW [MXL LMKL IRIVK] VIWSPYXMSR EVI RIIHIH$ 
WTIGMEP IQTMVMGEP ZEPYIW SJ XLI KEW TVIWWYVI ERH QMGVS[EZI TS[IV [IVI WIX EJXIV RYQIVSYW 
XIWXW&  
9R XLMW [SVO$ WPS[ MSR FIEQW 4P#$ 8#$ ERH 6# EX +OIB [IVI HIPMZIVIH F] E =ERS7ER 999 MR 

;]SR QEMRP] JSV I¥TIVMQIRXW [MXL I¥GMXEXMSR IRIVK] QIEWYVIQIRX/ WPS[ LMKLP] GLEVKIH MSR 
FIEQW :V.# EX .( OIB [IVI HIPMZIVIH F] 2?935 EX 72=9; MR 4EIR JSV QYPXM%GSMRGMHIRGI 
QIEWYVIQIRX/ ERH WPS[ MSR FIEQW 6*# EX *( OIB HIPMZIVIH F] ;54?+ MR ;ER^LSY [IVI 
IQTPS]IH JSV HMVIGX QIEWYVIQIRX SJ RIYXVEP ERH RIKEXMZI MSR TVSHYGXMSR ]MIPH& 
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9R GSPPMWMSRW FIX[IIR WPS[ LMKLP] GLEVKIH MSRW ERH QSPIGYPEV XEVKIXW$ IPIGXVSR XVERWJIV JVSQ 
XLI XEVKIX XS XLI TVSNIGXMPI MSR MW XLI TVIHSQMRERX MRXIVEGXMSR TVSGIWW& 8EZMRK PSWX V IPIGXVSRW$ 
XLI XEVKIX QSPIGYPI FIGSQIW GLEVKIH ERH QE] YRHIVKS JYVXLIV HMWWSGMEXMSR& AS HIXIVQMRI 
[MXLSYX EQFMKYMX] XLI GLEVKI WXEXI SJ XLI TEVIRX VIGSMP MSRW <V# TVMSV XS XLI JVEKQIRXEXMSR$ E 
WIXYT [MXL XVMTPI GSMRGMHIRGI QIEWYVIQIRX FIX[IIR XLI GLEVKI%EREP]^IH TVSNIGXMPI$ XLI XMQI%
SJ%JPMKLX SJ XLI VIGSMP MSRW ERH XLI RYQFIV SJ INIGXIH IPIGXVSRW LEH FIIR HIZIPSTIH MR XLI 
KVSYT SJ ;]SR C-.%.)D& 6SV E GSPPMWMSR [MXL XLI MRMXMEP TVSNIGXMPI GLEVKI WXEXI SJ ! U "$ JVSQ XLI 
EREP]WMW SJ XLI JMREP GLEVKI WXEXI ! U` " SJ XLI WGEXXIVIH TVSNIGXMPI$ XLI RYQFIV SJ IPIGXVSRW ! W " 
GETXYVIH ERH WXEFMPM^IH SR XLI WGEXXIVIH TVSNIGXMPI MSR GER FI SFXEMRIH [MXL !W 1 U _ U`"& 3] 
QIEWYVMRK MR GSMRGMHIRGI XLI RYQFIV ! R " SJ IPIGXVSRW INIGXIH MR XLI GSRXMRYYQ$ [I GER 
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=>M>KFBG> MA> GNF;>K H? >E><MKHGL :<MBO> BG MA> >E><MKHG MK:GL?>K IKH<>LL ;R MA> >E><MKHG 
GNF;>K <HGL>KO:MBHG KNE> !K , G # L" :G= MA>K>?HK> MA> BGBMB:E <A:K@> H? I:K>GM K><HBE BHGL 
;>?HK> ?K:@F>GM:MBHG 3K#&  
  

 
$'&)(% #"! - @>G>K:E OB>P H? MA> >QI>KBF>GM:E L>MNI BG 2RHG !L>> MA> =>M:BE>= 
=>L<KBIMBHG BG MA> M>QM"& 

 
- L<A>F:MB< H? MA> >QI>KBF>GM:E L>MNI BG 2RHG BL LAHPG BG 0B@NK> )'& 8A> IKHC><MBE> BHGL 

5J# P>K> =>EBO>K>= ;R MA> /.617& -?M>K ;>BG@ ?H<NL>= :G= =KBO>G ;R : E>GL :G= LM>>K>KL$ :G= 
P>EE <HEEBF:M>= ;R :G >GMK:G<> LEBM H? )''TF$ MA> ;>:F P:L L>GM BGMH MA> <HEEBLBHG <A:F;>K 
:G= <KHLL>= I>KI>G=B<NE:KER :G >??NLBO> M:K@>M C>M >O:IHK:M>= ?KHF :G HO>G& -?M>K <HEEBLBHG$ 
>FBMM>= >E><MKHGL :G= K><HBE BHGL !I:K>GM BHGL HK <A:K@>= ?K:@F>GML" P>K> >QMK:<M>= ?KHF MA> 
BGM>K:<MBHG K>@BHG BG HIIHLBM> =BK><MBHGL ;R : MK:GLO>KL> >E><MKB< ?B>E=& 8A> >E><MKHGL P>K> 
:<<>E>K:M>= :M (+D>9 :G= =>M><M>= ;R : 5:LLBO:M>= 1FIE:GM>= 5E:G:K 7BEB<HG !5157" =>M><MHK& 
8A> K><HBE BHGL P>K> :G:ERS>= ;R : 840 LI><MKHF>MKR$ :G= =>M><M>= ;R : IHLBMBHG L>GLBMBO> 
=>M><MHK >JNBII>= PBMA MPH FNEMB%<A:GG>E IE:M>L !3.5L" :G= : FNEMB%:GH=>& 8A> ?BG:E <A:K@> 
H? MA> HNM@HBG@ IKHC><MBE>L P:L :G:ERS>= ;R : <REBG=KB<:E >E><MKHLM:MB< :G:ERS>K& 8A> 
>QI>KBF>GML P>K> I>K?HKF>= NLBG@ :G >O>GM%;R%>O>GM FH=> PBMA <HBG<B=>G<> =:M: :<JNBLBMBHG 
H? MA> :FIEBMN=> H? MA> 5157 LB@G:E !IKHIHKMBHG:E MH MA> >E><MKHG GNF;>K" :G= MA> 840 H? :EE 
=>M><M>= K><HBE BHG ?K:@F>GML MKB@@>K>= ;R MA> =>M><MBHG H? : <A:K@>%L>E><M>= IKHC><MBE>& 

1G MA> ?HEEHPBG@$ =>M:BE>= BG?HKF:MBHG K>E:M>= MH MA> MAK>> I:KML$ B&>& MA> =>M><MBHG H? K><HBE 
BHGL$ MA> :G:ERLBL H? HNM@HBG@ IKHC><MBE> :G= MA> <HNGMBG@ H? MA> >C><M>= >E><MKHG GNF;>K$ PBEE 
;> IK>L>GM>=&  
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 &%"$#)'!($&% ;EB NB@KFH L>NBJP FKJO KN @E>NDBA CN>DIBJPO BIBNDBA FJ PEB @KHHFOFKJO SBNB 
>J>HUVBA ?U PEB ;84 OLB@PNKIBPBN >JA ABPB@PBA ?U NB@KFH ABPB@PKN BMQFLLBA SFPE PSK LFB@BO 
KC 719O >JA > IQHPF>JKAB KC ()( LFTBHO%  
 

 
$-+41) #"! ;EB ;84 @KJCFDQN>PFKJ% 3T@BLP CKN PEB BTPN>@PFKJ LH>PBO# >HH BHB@PNKABO E>RB @UHFJANF@>H OUIIBPNU% 

 
;EB ;84 OLB@PNKIBPBN >NN>JDBIBJP FO OEKSJ FJ 4FDQNB )(% ;EB PSK BTPN>@PFKJ LH>PBO 
OBL>N>PBA ?U > AFOP>J@B KC .II SBNB ?F>OBA PK <3TP( >JA <3TP)# NBOLB@PFRBHU% 0CPBN PEB 
BTPN>@PFKJ NBDFKJ# PEB FKJO SBNB >@@BHBN>PBA KRBN -II QJPFH PEB @KJB$OE>LBA BHB@PNKAB 
!>@@BHBN>PFKJ @KJB"# SEF@E S>O ?F>OBA PK <;Q?B% ;EB ;84 PQ?B SFPE HBJDPE KC .+,II S>O OBP 
PK PEB O>IB LKPBJPF>H >O PE>P KC PEB >@@BHBN>PFKJ @KJB% ;K FILNKRB PEB @KHHB@PFKJ BCCF@FBJ@U# 
?BPSBBJ PEB >@@BHBN>PFKJ @KJB >JA PEB ;84 PQ?B# >J BFJVBH HBJO >JA > OBP KC OPBBNBNO SBNB 
BILHKUBA PK CK@QO >JA ANFRB PEB NB@KFH FKJO% ;EB BFJVBH HBJO S>O @KILKOBA KC PENBB NFJD$
OE>LBA BHB@PNKABO/ PEB CFNOP >JA PEFNA KJBO SBNB ?KPE LKH>NFVBA PK PEB O>IB LKPBJPF>H <NFJD# O# 
>JA PEB @BJPN>H KJB PK <NFJD# @% ;EB OPBBNBNO SBNB OBP PK <:PBBNBN% 3T@BLP CKN PEB BTPN>@PFKJ LH>PBO# 
>HH BHB@PNKABO E>RB @UHFJANF@>H OUIIBPNU% 0P PEB BJA KC PEB ;84 PQ?B# PSK 719O SBNB 
BILHKUBA PK ABPB@P PEB NB@KFH FKJO% ;K FILNKRB PEB ABPB@PFKJ BCCF@FBJ@U# PEB NB@KFH FKJO SBNB 
LKOP$>@@BHBN>PBA SFPE > RKHP>DB KC *%+G= PKS>NA PEB 719O% 0 IQHPF$>JKAB @KILKOBA KC ()( 
LFTBHO >JA PEBFN FJAFRFAQ>H >ILHFCFBNO >JA AFO@NFIFJ>PKNO S>O IKQJPBA >CPBN PEB 719O PK 
AFCCBNBJPF>PB CN>DIBJPO EFPPFJD PEB 719O >P PEB O>IB PFIB SEFHB AFCCBNFJD FJ LKOFPFKJO% 5J PEB 
IQHPF@KFJ@FABJ@B IB>OQNBIBJP FJ 1>BJ# PK FILNKRB PEB I>OO NBOKHQPFKJ KC PEB NB@KFH FKJ# 
OPNKJD BTPN>@PFKJ CFBHA S>O >NN>JDBA !,''=&@I"/ SEFHB FJ PEB 15231 IB>OQNBIBJP FJ 6UKJ# PK 



 

 *.

DMRTQD SGD ADRS BNLOQNLHRD ADSVDDM @ FNNC JHMDSHB DMDQFX QDRNKTSHNM NE SGD RB@SSDQDC 
OQNIDBSHKD @MC @ RTEEHBHDMS L@RR QDRNKTSHNM NM SGD QDBNHK HNM$ @ QDK@SHUDKX KNV DWSQ@BSHNM EHDKC 
!*,>'BL" V@R NOSHLHYDC& <GD UNKS@FDR NE SGD <93 BNLONMDMSR @QD KHRSDC HM <@AKD )& 
 
<@AKD )& 8B? MGDK;A?J G@ KB? 862 =GEHGF?FKJ CF ELDKC=GCF=C>?F=? E?;JLI?E?FK ;F> /301/ E?;JLI?E?FK& 

94?FJ !:"  91NK( !:" 91NK) !:" 98L<? !:" 
9ICFA$ J 9ICFA$ = 

97K??I?I !:" 

5LDKC=GCF=C>?F=? E?;JLI?E?FK %+'' %-'' %)''' %)''' %*''' %),'' 
/301/ E?;JLI?E?FK %.' %((' %*''' %*''' #-'' %*''' 

 
!00*(,+&,1 -' 1)& $#" 0.&%1/2+ 0BBNQCHMF SN SGD @QQ@MFDLDMS NE SGD <93 RODBSQNLDSDQ$ SGD 
EKHFGS SHLD NE SGD QDBNHK HNMR EQNL BNKKHRHNM QDFHNM SN 72:R HR OQNONQSHNM@K SN SGD RPT@QD QNNS 
NE HSR L@RR NUDQ BG@QFD Q@SHN$ H&D&$  

( ) !&#'"$#% 
#$% "! 

3QNL SGHR QDK@SHNM$ ENQ D@BG OD@J NM SGD <93 RODBSQTL$ HSR L@RR NUDQ BG@QFD U@KTD !&#'" B@M 
AD CDSDQLHMDC OQDBHRDKX& 0R @M DW@LOKD$ 3HFTQD ** OQDRDMSR @ SXOHB@K <93 RODBSQTL NE QDBNHK 
HNMR$ VGHBG V@R LD@RTQDC HM 6*# NM A@BJFQNTMC F@R !QDRHCT@K @HQ" BNKKHRHNMR @S -JD>& 6M 3HFTQD 
**$ GNQHYNMS@K @WHR RS@MCR ENQ SGD SHLD%NE%EKHFGS NE SGD QDBNHK HNM VGHBG HR RGNVM HM BG@MMDK$ 
@MC SGD UDQSHB@K @WHR ENQ SGD BNTMSHMF MTLADQR& 
 <N @RRHFM TMJMNVM BG@QFDC DKDLDMSR CDSDBSDC HM SGHR DWODQHLDMS$ HM SGD EHQRS RSDO$ VD 

G@UD SN B@KHAQ@SD SGD RODBSQTL TRHMF @S KD@RS SGQDD VDKK%HCDMSHEHDC RODBHDR& 3NQ HMRS@MBD$ HM SGD 
OQDRDMS B@RD$ SGD V@SDQ$ GXCQNFDM$ @MC MHSQNFDM LNKDBTK@Q HNMR @QD DWODBSDC SN NBBTQ VHSG 
QDK@SHUDKX GHFG HMSDMRHSHDR& 1X ODQENQLHMF @ 4@TRRH@M EHSSHMF ENQ BNQQDRONMCHMF OD@JR NM SGD 
QDBNQCDC <93 RODBSQTL$ SGD BDMSQ@K ONRHSHNMR NE SGDRD OD@JR B@M AD CDSDQLHMDC& <GD RPT@QD 
QNNS NE L'P Q@SHN ENQ SGDRD ZJMNVM[ RODBHDR B@M AD NAS@HMDC D@RHKX !<GD U@KTDR NE RPT@QD QNNS 
NE L'P ENQ 5*9#$ 5*#$ @MC 8*# HNMR HM SGHR DW@LOKD @QD KHRSDC HM <@AKD *"& <GD LD@RTQDC EKHFGS 
SHLD !HM BG@MMDK" NE SGDRD LNKDBTKDR @QD OKNSSDC @R @ ETMBSHNM NE SGDHQ !L'P")'* !3HFTQD *+"& 0 
KHMD@Q EHSSHMF HR @OOKHDC NM SGD C@S@ NE 3HFTQD *+& 2NMRHCDQHMF SGD SGDNQDSHB@K KHMD@Q QDK@SHNM 
ADSVDDM SGD EKHFGS SHLD @MC !L'P")'*$ @ FNNC EHSSDC RSQ@HFGS KHMD HR DWODBSDC !RDD 3HFTQD *+"& 6M 
L@SGDL@SHBR$ VGDSGDQ SGD KHMD@Q EHSSHMF HR FNNC NQ MNS HR CDRBQHADC AX @ BNQQDK@SHNM BNDEEHBHDMS 
;& <GD RPT@QD NE ; HR @ U@QH@AKD ADSVDDM ( @MC )& <GD GHFGDQ SGD ;* U@KTD$ SGD ADSSDQ SGD KHMD@Q 
BNQQDK@SHNM ADSVDDM SGD C@S@& <N SGD KHLHS$ VGDM ;* / )$ HS LD@MR @ ODQEDBS KHMD@Q EHSSHMF& ?GDM 
SGD <93 RODBSQTL HR VDKK B@KHAQ@SDC$ NMD B@M OQDBDCD SGD HCDMSHEHB@SHNM NE TMJMNVM RODBHDR& 
3HQRS$ SGD BDMSQ@K ONRHSHNMR NE SGD TMJMNVM OD@JR NM SGD <93 RODBSQTL @QD LD@RTQDC& =RHMF 
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I>; D8I7?C;: A?C;7G <DGBJA7 D< I>; <?II;: HIG7?=>I A?C; ?CK;GH;AN$ I>; B&F G7I?D <DG I>; ?DCH 
9DGG;HEDC:?C= ID ;79> E;7@ ?H :;I;GB?C;:% 5>;C I>; 53/ HE;9IGJB ?H 7HH?=C;:% 1C I>?H L7N$ 
I>; HB7AA E;7@ C;MI ID 2)# ?H 7HH?=C;: ID 3)#$ 7C: I>; HB7AA E;7@ 7I I>; <DDI D< 0)3# ?H 
7HH?=C;: ID 30#%  
 

 
#&%('$ ""! 4E;9IGJB <DG ?AAJHIG7I?C= I>; O7HH?=CB;CI D< I>; 53/ HE;9IGJBP% 1I L7H B;7HJG;: ?C 1)# DC 7?G 
9DAA?H?DCH 7I +@;6% ,H I>; G;HJAI D< 7HH?=CB;CI$ I>; HE;9?;H D< I>; G;9D?A ?DCH 7G; A78;A;: DC I>; HE;9IGJB% 
5>; =G7N 7GGDL :;CDI;H I>; CDB?C7A EDH?I?DC D< ?DC -3)#% 

 
.MEAD?I?C= I>; <DGBJA7 D< I>; <?II;: HIG7?=>I A?C;$ DC; 97C 7AHD :;I;GB?C; I>; CDB?C7A 9;CI;G D< 
G;9D?A ?DCH L?I> 7 =?K;C B7HH 7C: 9>7G=; HI7I;% /DG ?CHI7C9;$ ?C I>?H 97H;$ 7CDI>;G EDHH?8A; ?DC 
-3)# ?H ;ME;9I;: ID 7EE;7G 7I 78DJI 9>7CC;A ()+($ 7H H>DLC 8N I>; =G7N 7GGDL ?C /?=JG; ))% 
5>?H B;I>D: L?AA 8; JH;<JA ?C 9>7EI;G 16 <DG HE;9IGJB :;9DCKDAJI?DC !H;; 16%*%*"%   
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%*)1.( "#! @HE FLIGHT TIME OF RECOIL ION !IN CHANNEL"$ PLOTTED AS A FUNCTION OF ITS !M&Q"(&)% @HE FITTED STRAIGHT 
LINE$ ALONG WITH ITS FORMULA AND THE VALUE OF THE SQUARE OF THE CORRELATION COEFFICIENT !>)"$ IS PRESENTED%  

 
@ABLE )% 5ATA USED IN THE EXAMPLE OF @<7 SPECTRUM ASSIGNMENT% @HE POSITION IS THE CENTRAL POSITION OF 
THE PEAK OBTAINED BY PERFORMING A 8AUSSIAN FITTING ON THE RECORDED @<7 SPECTRUM% 7ITTING IS THE 
CALCULATED NOMINAL POSITION OF THE RECOIL IONS%  
?PECIES :ASS 4HARGE STATE SQRT!M&Q" =OSITION !CH" 7ITTING !CH" 

9)# ) #( (%+(+ (/.+ (/.+ 
9)<# (/ #( +%)+* (,+) (,+) 
;)# )/ #( ,%)0) (+(/ (+(/ 
<)# *) #( ,%-,. (*.- (*.- 
4<)# ++ #( -%-**  ()-( 

 
 

&&!"!"! $-'+23(. /2/0(, 
 
7OR THE FINAL CHARGE STATE AND KINETIC ENERGY LOSS DETERMINATION OF THE OUTGOING PROJECTILES$ A 
CYLINDRICAL ELECTROSTATIC ANALYZER SYSTEM WAS EMPLOYED$ WHICH IS MAINLY COMPOSED OF TWO 
PARTS1 A 0'' CYLINDRICAL ELECTROSTATIC ANALYZER AND A CHANNELTRON$ AS SHOWN IN 7IGURE )+% 

@HE CYLINDRICAL ELECTROSTATIC ANALYZER HAS A RADIUS OF >CENTER 2 )', MM FOR THE CENTER$ >IN 2 
)'' MM FOR THE INNER SECTOR$ AND >OUT 2 )(' MM FOR THE OUTER SECTOR% @HE INCIDENT BEAM WAS 
FOCUSED AROUND THE CENTER OF THE COLLISION CELL$ WHICH WAS CONSIDERED AS THE OBJECT POINT OF THE 
ANALYZER% 3N 6XIT SLIT WITH A WIDTH OF )''[M WAS PLACED AT THE IMAGE POINT OF THE ANALYZER 
JUST IN FRONT OF THE ION DETECTOR IN ORDER TO IMPROVE THE ENERGY RESOLUTION% @HE SLIT ( PLACED 
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589BE8 G;8 4A4?LM8E J4F GB ?<@<G G;8 F64GG8E<A: 4A:?8 B9 G;8 <BAF$ 1;8 GJB F86GBEF B9 4A4?LM8E 
J8E8 6BAA86G87 GB 4 CBJ8E FHCC?L J<G; GJB BHGCHG IB?G4:8F E4A:<A: 9EB@ % GB O +$*>2" J;<6; 
64A 58 F64AA87 5L 4 6BAGEB? 4A7 46DH<F<G<BA CEB:E4@$ .BE CBF<G<I8 <BA 4A4?LF<F" 78C8A7<A: BA 
G;8 9<A4? 6;4E:8 FG4G8 4A7 ><A8G<6 8A8E:L" G;8 <AA8E 4A7 BHG8E F86GBEF J8E8 5<4F87 GB 4 A8:4G<I8 
IB?G4:8 2# 4A7 4 CBF<G<I8 IB?G4:8 2! E8FC86G<I8?L$ .BE A8:4G<I8 <BA 4A4?LF<F" G;8 CB?4E<G<8F B9 
G;8 GJB F86GBEF J8E8 E8I8EF87$ 

 
.<:HE8 ')$ 1;8 F6;8@8 B9 G;8 8?86GEBFG4G<6 4A4?LM8E 

 
-66BE7<A: GB G;8 /4HFF<4A G;8BEL 4A7 6BAF<78E<A: F64GG8E87 <BAF 9?L<A: 4?BA: G;8 68AGE4? 

GE4=86GBEL B9 G;8 4A4?LM8E" G;8 ><A8G<6 8A8E:L &( B9 G;8 78G86G87 <BAF <F E8?4G87 GB G;8 45FB?HG8 
I4?H8 B9 G;8<E 6;4E:8 FG4G8 !)*" 4A7 G;8 CBG8AG<4? 7<998E8A68 IB?G4:8 58GJ88A G;8 GJB F86GBEF B9 
G;8 4A4?LM8E !'%'# $ '$" 4F 9B??BJF, 

 

 

"#$ !! 
-9G8E G;8 789?86G<BA 5L G;8 4A4?LM8E" G;8 F8?86G87 <BAF ;<G" 4G )*N <A6<78A68 4A:?8" 4 

:EBHA787 6BCC8E 6L?<A78E B9 * @@ <A 7<4@8G8E C?4687 4G &% @@ 58;<A7 G;8 8K<G F?<G$ 
086BA74EL 8?86GEBAF FCHGG8E87 9EB@ G;8 6BCC8E FHE9468 J8E8 78G86G87 5L 4 6;4AA8?GEBA 5<4F87 
4G !(>2" 4A7 G;8 F<:A4?F J8E8 GE4AF@<GG87 GB FH5F8DH8AG 8?86GEBA<6 HA<GF 4A7 G;8 46DH<F<G<BA 
FLFG8@$ 3;8A G;8 6;4AA8?GEBA ;<:; IB?G4:8 FHCC?L J4F FJ<G6;87 B99" G;8 6BCC8E 6L?<A78E 
6BH?7 58 6BAA86G87 GB 4 C<6B 4@C8E@8G8E 4A7 HF87 4F 4 .4E474L 64C 9BE G;8 CE<@4EL 584@ 
6HEE8AG 78G86G<BA$ 1;<F 4EE4A:8@8AG J4F 6BAI8A<8AG GB BCG<@<M8 G;8 584@ GE4AFCBEG 6BA7<G<BAF 
<A BE78E GB <@CEBI8 G;8 8A8E:L E8FB?HG<BA B9 G;8 4A4?LM8E$  
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3G LA> HIIHKBL> KB=> H? LA> J><HBE BHG =>L><LHJ$ : K>FB%<HG=M<LHJ =>L><LHJ 5356 IHE:JBR>= :L 
(-D8 O:K >FIEHQ>= ?HJ >E><LJHG =>L><LBHG& 7A> <HG?B@MJ:LBHG H? LA> >E><LJHG =>L><LHJ BK 
KAHOG BG 2B@MJ> )+& 7A> =BKL:G<> ?JHF LA> ?JHGL KMJ?:<> H? LA> 5356 LH LA> <HEEBKBHG <>GL>J 
O:K :;HML +'FF& 3G HJ=>J LH <HEE><L :EE >FBLL>= >E><LJHGK$ :G BGL>JF>=B:L> >E><LJH=> !4HK>" 
;B:K>= :L #*,'8 O:K MK>= :G= IE:<>= BG ;>LO>>G LA> 5356 :G= LA> BGL>J:<LBHG J>@BHG& 7H 
J>=M<> LA> =>L><LBHG H? LA> >E><LJHGK <HFBG@ ?JHF LA> KMJ?:<>K$ : KL>>E A:L$ OBLA : AHE> H? +FF 
BG =B:F>L>J$ O:K FHMGL>= :;HN> LA> 5356& 9A>G K>N>J:E I:JLB<E>K ABL KBFMEL:G>HMKEQ LA> 5356 
=>L><LHJ$ LA> 5356 =>EBN>JK : KB@G:E H? :FIEBLM=> IJHIHJLBHG:E LH LA> LHL:E >G>J@Q =>IHKBL>= ;Q 
LA> I:JLB<E>K& 3G LA> >PI>JBF>GLK$ :EE >E><LJHGK >C><L>= BG : <HEEBKBHG :J> :<<>E>J:L>= LH LA> K:F> 
DBG>LB< >G>J@Q. LA> :FIEBLM=> H? LA> HMLIML KB@G:E BK LA>G IJHIHJLBHG:E LH LA> GMF;>J H? 
=>L><L>= >E><LJHGK& 3G LA> F>:KMJ>F>GL$ LA> KB@G:E H? LA> =>L><LHJ 5356 O:K :FIEB?B>= :G= K>GL 
LH :G :G:EH@%=B@BL:E <HGN>JL>J !/10 -((" ?HJ IMEK>%A>B@AL :G:EQKBK BG HJ=>J LH =>L>JFBG> LA> 
GMF;>J H? >FBLL>= >E><LJHGK BG LA> <HEEBKBHG&  
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%%!#! #4&+1%1+.- (-(/)5 ,(%02/(,(-1 3+1* 1*( !$"#! ,(1*.' 
.Q CVNMQCB GL RFC AF?NRCP 4$ RFC /401/ KCRFMB AMK@GLCQ RFC 0/: KCRFMB UGRF ? 

AMGLAGBCLAC RCAFLGOSC =*'$ +)%+*>& :FC CVNCPGKCLR?J QCRSN GQ @?QCB ML RFC KSJRG%AMGLAGBCLAC 
AMJJGQGML AF?K@CP BCQAPG@CB GL 44&( UGRF ? QNCAG?J GKNPMTCKCLR DMP QA?LLGLE RFC ?L?JWXCP 
TMJR?EC SLBCP RFC @CQR CLCPEW PCQMJSRGML AMLBGRGMLQ& 4R UMPIQ ?Q DMJJMUQ- 

.DRCP ? QGLEJC AMJJGQGML$ ?JJ CKCPECB CJCARPMLQ ?LB PCAMGJ GMLQ UCPC BCRCARCB ?Q GL 44&(& :FC 
AWJGLBPGA?J CJCARPMQR?RGA ?L?JWXCP U?Q CKNJMWCB FCPC DMP ?L?JWXGLE @MRF RFC DGL?J AF?PEC QR?RC 
?LB RFC IGLCRGA CLCPEW MD RFC MSREMGLE NPMHCARGJCQ& :FC ?L?JWXCP TMJR?EC U?Q QA?LLCB QRCN @W 
QRCN MTCP RFC UFMJC NC?I MD RFC NPMHCARGJC ?LGML GL MPBCP RM ?L?JWXC RFC IGLCRGA CLCPEW JMQQ& 
2MP C?AF QA?LLGLE QRCN$ UC NCPDMPKCB ?L CTCLR%@W%CTCLR B?R? ?AOSGQGRGML UGRF ?L GBCLRGA?J 
RGKC GLRCPT?J& 2MP C?AF CTCLR$ RFPCC RWNCQ MD B?R? UCPC PCAMPBCB GL ? B?R? DGJC$ RFC QA?LLGLE 
TMJR?EC MD RFC NPMHCARGJC ?L?JWXCP$ RFC ?KNJGRSBC MD RFC 7479 QGEL?J ?LB RFC :62 MD ?JJ BCRCARCB 
PCAMGJ GML DP?EKCLRQ&  

 

%%!#!"! $1*4,8 4*52/76.21 2+ 6-* */*(64256&6.( &1&/89*4 &1) *1*4,8 ).53*45.21 2+ 6-* 
34.0&48 '*&0 
 
4L CVNCPGKCLRQ SQGLE RFC /401/ KCRFMB$ RFC NPCAGQGML MD IGLCRGA CLCPEW ?L?JWQGQ BCNCLBQ 
QCLQGRGTCJW ML RFC CLCPEW PCQMJSRGML MD RFC ?L?JWXCP ?LB RFC CLCPEW BGQNCPQGML MD RFC NPGK?PW 
@C?K& :FC NPGK?PW @C?K CLCPEW BGQNCPQGML BCNCLBQ QRPMLEJW ML RFC QR?@GJGRW MD RFC 1/849 
?LB RFC QR?@GJGRW MD RFC @C?K BCJGTCPW ?LB RP?LQNMPR CJCKCLRQ$ QSAF ?Q RFC @C?K CVRP?ARGML 
TMJR?EC ?LB RFC K?ELCR$ CRA& 6L RFC MRFCP F?LB$ RFC GLQRPSKCLR?J PCQMJSRGML MD RFC ?L?JWXCP 
BCNCLBQ ML RFC @C?K DMASQGLE AMLBGRGMLQ$ ML RFC UGBRF MD RFC CVGR QJGR ?LB ML RFC QA?LLGLE 
QRCN MD RFC ?L?JWXCP& 4R A?L @C MNRGKGXCB @W ?BHSQRGLE RFC N?P?KCRCPQ MD JCLQ ?LB QJGRQ&  

.Q ?L CV?KNJC$ RFC TMJR?EC MD RFC JCLQ @CDMPC RFC CLRP?LAC MD RFC AMJJGQGML ACJJ !2GESPC (*" 
GQ ? APGRGA?J ?LB ?BHSQR?@JC N?P?KCRCP& 4R BCRCPKGLCQ RFC DMASQGLE NMGLR MD RFC @C?K ?LB 
RFCPCDMPC RFC QGXC MD RFC @C?K ?R RFC 1VGR QJGR MD RFC ?L?JWXCP& :M MNRGKGXC RFGQ N?P?KCRCP$ ? 
NPGK?PW NPMHCARGJC @C?K .P# ?R )IC; U?Q ?L?JWXCB UGRF RFC AWJGLBPGA?J ?L?JWXCP& :FC DSJJ 
UGBRF ?R F?JD K?VGKSK !2<35" MD RFC NC?I EGTCL GL ?L?JWXCP QA?LLGLE AF?LLCJQ U?Q 
KC?QSPCB ?Q ? DSLARGML MD RFC TMJR?EC ?NNJGCB RM RFGQ JCLQ& :FC PCQSJR GQ QFMUL GL 2GESPC (,& 
2GRRGLE RFC B?R? @W SQGLE ? N?P?@MJ? DSLARGML$ UC M@R?GLCB ?L MNRGKGXCB JCLQ TMJR?EC MD 
'&))I; AMPPCQNMLBGLE RM ? KGLGKSK 2<35 MD RFC ?L?JWXCB NPGK?PW @C?K$ G&C& RFC @CQR 
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@I=;FCT;NCIH =IH>CNCIH& 8H>?L NBCM =IH>CNCIH$ NB? <?;G CM @CLMN @I=OM?> ;N NB? =IFFCMCIH JICHN <S 
NB? F?HM& 7BCM JICHN ;H> NB? ?RCN MFCN BIF? ;L? =IHDOA;N? JICHNM @IL NB? ;H;FST?L& 7B?L?@IL?$ NB? 
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VR VKH NLQHVLF HQHTJ[ ORUU ! 5" DQG VKHQ VKH HZFLVDVLRQ HQHTJ[ !5#" RI VKH VDTJHV DFFRTGLQJ VKH 
STLQFLSOH RI VKH 38453 PHVKRG% YH YRWOG KDXH FRQXHTVHG VKH XHTVLFDO UFDOH RI VKH VYR 
GLPHQULRQDO USHFVTWP VR VKH HZFLVDVLRQ HQHTJ[ RI VKH VDTJHV' 2[ UHOHFVLQJ D USRV RQ VKH *4 
USHFVTWP DQG STRMHFVLQJ LV VR VKH XHTVLFDO DZLU% VKH LQVHTQDO HQHTJ[ GLUVTLEWVLRQ RI VKH VTDQULHQV 
FKDTJHG STHFWTURT 9T$# OHDGLQJ VR VKH FRTTHUSRQGLQJ ITDJPHQVDVLRQ STRFHUU FRWOG KDXH EHHQ 
HZSHTLPHQVDOO[ GHVHTPLQHG' 7RYHXHT% DQ DEUROWVH FDOLETDVLRQ RI VKH HQHTJ[ DZLU LU QRV 
LPPHGLDVHO[ HXLGHQV' 8V LU GWH VR VKH WQFHTVDLQV[ DQG VKH GLUSHTULRQ RI VKH SRVHQVLDO XROVDJH RI 
LQGLXLGWDO FROOLULRQ HXHQVU LQ VKH LQVHTDFVLRQ THJLRQ' 8Q IDFV% VKH SRVHQVLDO RI VKH FHQVHT RI VKH 
LQVHTDFVLRQ THJLRQ LU UHV VR &)((?' >KLU XDOWH LU QRV STHFLUHO[ NQRYQ' >KLU PD[ LQVTRGWFH 
UOLJKV PRGLILFDVLRQ RQ VKH NLQHVLF HQHTJ[ RI VKH UFDVVHTHG EHDP' =R% LQ RWT HZSHTLPHQVU% YH 
HPSOR[ D THODVLXH FDOLETDVLRQ PHVKRG VKTRWJK ULPSOH HVDORQ JDU VDTJHVU' >KLU YLOO EH GLUFWUUHG 
LQ VKH IRTVKFRPLQJ UWEUHFVLRQ' 8V LU DOUR QRVHYRTVK[ VKDV GWH VR VKH HZVTDFVLRQ ILHOG DQG VKH 
UL¥H RI VKH EHDP !*(( P"% DGGLVLRQDO HQHTJ[ GLUSHTULRQ IRT LRQU WQGHT FKDTJH HZFKDQJH LU 
LQVTRGWFHG' 
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1U VKH DEUROWVH NLQHVLF HQHTJ[ FDOLETDVLRQ RI VKH HOHFVTRUVDVLF DQDO[¥HT LU GLIILFWOV% D THODVLXH 

HQHTJ[ ORUU FDOLETDVLRQ PHVKRG KDU EHHQ WUHG LQ RWT HZSHTLPHQV' =SHFVTD REVDLQHG LQ FROOLULRQU 
EHVYHHQ 6$ LRQU DQG !1T% AH" DVRPU RT UPDOO PROHFWOHU !7*% :*% 7*; ]" KDXH EHHQ UVWGLHG 
STHFLUHO[' @H STHUHQV KHTH DQ HZDPSOH RI FDOLETDVLRQ WULQJ VKH 1TJRQ DVRPU' @H THFRTGHG D 
USHFVTWP RI D PLZVWTH RI 1TJRQ JDU DQG VKH VDTJHV PROHFWOH% IRT LQUVDQFH% LQ VKH FDUH RI 6$ RQ 
6H><<3O FROOLULRQU DV +NH? !6LJWTH *."' 8Q VKH GRWEOH FDSVWTH THDFVLRQ 6$ $ 1T!6& $ 1T*$% 
VKH JTRWQG UVDVH RI VKH LQFLGHQV STRMHFVLOH !)U* *U* +S," 6$ LU D VTLSOHV !+<" DQG VKDV RI VKH 
UFDVVHTHG DQLRQ 6& LU D ULQJOHV' >R IROORY VKH FRQUHTXDVLRQ TWOH RI VKH VRVDO USLQ RI HOHFVTRQU% 
VKH VDTJHV 1T*$ LRQU UKRWOG SRSWODVH GRPLQDQVO[ VKH VTLSOHV JTRWQG UVDVH +< !,+', H?" B/*C' 
3RQULGHTLQJ VKH HQHTJ[ FRQUHTXDVLRQ LQ VKH THDFVLRQ% DU UKRYQ LQ 6LJWTH */% VKH NLQHVLF HQHTJ[ 
ORUU RI 6& FRTTHUSRQGLQJ VR VKH SHDN 1T*$%  5!1T*$"% YDU GHVHTPLQHG STHFLUHO[ VR EH  5!1T*$" 
0,+',&8<)!6"&51!6" 0 **'- H?' >KH SHDN REVDLQHG YLVK VKH XHTVLFDO STRMHFVLRQ RI VKH USRV 
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DPSSFTQPOEJOH UP UIF <:7 PG 4S*# XBT NFBTVSFE UP CF DFOUFSFE BU ?!4S*#"3)+&1 DI& 9U XBT 
FNQMPZFE GPS LJOFUJD FOFSHZ MPTT DBMJCSBUJPO& 
 

 
7JHVSF *0& 6OFSHZ EJBHSBN VTFE GPS SFMBUJWF FOFSHZ MPTT DBMJCSBUJPO& 

 
<IVT$ UP FWBMVBUF UIF LJOFUJD FOFSHZ MPTT PG UIF BOJPOT 7% EFUFDUFE BU BO BOBMZ[FS WPMUBHF =# 

MPDBUFE BU UIF DIBOOFM ? PO UIF TQFDUSVN !7JHVSF */"$ XF DBO VTF UIF GPMMPXJOH SFMBUJPO2 
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6RV )- JT UIFSFGPSF UIF SFMBUJPO GPS UIF LJOFUJD FOFSHZ MPTT DBMJCSBUJPO VTJOH 7# BU + LF> 
VOEFS UIF TBNF FYQFSJNFOUBM DPOEJUJPOT& 
=TJOH QSPUPO QSPKFDUJMF CFBN$ GPS UIF DBMJCSBUJPO DPMMJTJPO TZTUFN$ 8# # 4S!8% # 4S*#$ UIF 

HSPVOE TUBUFT PG CPUI UIF JODJEFOU QSPKFDUJMF 8# BOE UIF TDBUUFSFE BOJPO 8% BSF TJOHMFU& <IF 
DPOTFSWBUJPO PG UIF UPUBM TQJO PG FMFDUSPOT JO UIF JOUFSBDUJPO JNQMJFT UIF QPQVMBUJPO PG UIF 
UBSHFU 4S*# JPOT EPNJOBOUMZ UP UIF TJOHMFU TUBUF )5 !,-&) F>" @0*A& <IF LJOFUJD FOFSHZ MPTT PG 
8% JT UIFSFGPSF FYQFDUFE UP CF !6!4S*#" 3,-&)%9;)!8"%64!8" 3 +(&/ F>$ XJUI 9;)!8"3)+&.F> 
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ESMBRHNM # "! U@Q RGDPDENPD RGD ADQR @OOPN@BG NE RGD OGWQHB@K CHQRPHASRHNM UHRGNSR RGD 
BNMRPHASRHNM NE RGD HMQRPSLDMR@K DMK@PFDLDMR @MC RGD DMDPFW CHQODPQHNM NE RGD AD@L( 
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;GD EHPQR @OOKHB@RHNM NE RGD 49564 LDRGNC U@Q NM RGD CHPDBR LD@QSPDLDMR NE RGD HMRDPM@K 
DMDPFW CHQRPHASRHNM NE RGD DVBHRDC CNSAKW BG@PFDC ESKKDPDMD HNMQ 4/)+%$ OPNCSBDC HM BNKKHQHNMQ 
UHRG @ 8% HNM AD@L @R + JD< >-*?( 3 L@O NE HMRDPM@K DMDPFW NE RGD ESKKDPDMD O@PDMR HNMQ U@Q 
ASHKR @MC RGD QSBBDQQHTD DT@ONP@RHNM NE NMD& RUN @MC RGPDD 4+ SMHRQ U@Q HMTDQRHF@RDC( 
6VODPHLDMR@K CHQRPHASRHNM NE RGD DVBHR@RHNM DMDPFW NE RGD RP@MQHDMR 4/)+% O@PDMR HNMQ U@Q 
NAR@HMDC ENP D@BG HMCHTHCS@K EP@FLDMR@RHNM BG@MMDK( ;GD LD@QSPDC CHQRPHASRHNMQ UDPD 
PDOPNCSBDC UHRG @ B@QB@CD LNCDK( ;GD OPNA@AHKHRW ENP RGD DLHQQHNM NE @ 4+ EP@FLDMR EPNL @ 
OPDBSPQNPW ESKKDPDMD U@Q B@KBSK@RDC SQHMF @ QR@RHQRHB@K DT@ONP@RHNM LNCDK UHRGNSR @MW 
@QQSLORHNM NM RGD HMRDPM@K DMDPFW NE RGD O@PDMR 4/)+% HNMQ( =HRGHM RGHQ LNCDK& NMKW RGD 
CHQQNBH@RHNM DMDPFHDQ ENP RGD DLHQQHNM NE @ 4+ SMHR EPNL 4/)+%& 4.0+%& @MC 4./+% UDPD @CISQRDC 
O@P@LDRDPQ @MC UDPD ENSMC HM PDK@RHTDKW FNNC @FPDDLDMR UHRG RGD RGDNPDRHB@K T@KSDQ( 

;N @OOKW RGHQ MNTDK LDRGNC ENP LD@QSPHMF RGD DVBHR@RHNM DMDPFW NE @ BNLOKDV QWQRDL& @ 
MDBDQQ@PW BNMCHRHNM HQ RG@R RGD MDF@RHTD HNM OPNCSBRHNM P@RD AD GHFG DMNSFG ENP ODPENPLHMF 
BNHMBHCDMBD LD@QSPDLDMR( 9M RGD B@QD NE 4/)& MDF@RHTD HNM OPNCSBRHNM P@RD NE *)! G@Q ADDM 
LD@QSPDC HM 7% % 4/) BNKKHQHNMQ >0,?(  
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9Q HR ONQQHAKD RN DVRDMC RGD 49564 LDRGNC RN NRGDP LNKDBSKDQ QSBG @Q QL@KK LNKDBSKDQ NE 

AHNKNFHB@K HLONPR@MBD2 9M E@BR& ENP LNKDBSK@P R@PFDRQ QL@KKDP RG@M RGD ESKKDPDMD 4/)& HE RGD 
MDF@RHTD HNM OPNCSBRHNM P@RD UDPD RNN KNU& @Q HM RGD B@QD NE @RNLHB R@PFDR ")(*!#& HR UNSKC AD 
CHEEHBSKR RN @OOKW RGD 49564 LDRGNC1 RGD PDBNHK HNM CDRDBRHNM P@RD UNSKC AD RNN K@PFD 
BNLO@PDC RN RGD @MHNM CDRDBRHNM P@RD& KD@CHMF RN @ K@PFD MSLADP NE P@MCNL BNHMBHCDMBD DTDMRQ(   

;N @M@KWXD RGD EHM@K BG@PFD QR@RD NE QB@RRDPDC OPNIDBRHKDQ& BWKHMCPHB@K DKDBRPNQR@RHB @M@KWXDPQ 
@PD NERDM DLOKNWDC >0*?( :SBG @ CDTHBD B@M OPNTHCD GHFG'PDQNKSRHNM LD@QSPDLDMR HM JHMDRHB 
DMDPFW @M@KWQHQ NE RGD HNMQ1 GNUDTDP HR OPDTDMRQ NMD EPNL LD@QSPHMF RGD MDSRP@KHXDC O@PRHBKDQ 
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UNDER IDENTICAL EXPERIMENTAL CONDITIONS& 6N A PREVIOUS WORK IN 7YON$ A MULTICOINCIDENCE 
TECHNIQUE ?.*@ HAS BEEN EMPLOYED TO DETERMINE THE NEGATIVE ION PRODUCTION YIELD USING THE 
1-' TARGET& 5OWEVER$ THIS METHOD IS ONLY SUITABLE FOR TARGETS THAT COULD REMAIN INTACT !NON%
FRAGMENTED" AFTER THE COLLISION& 6T IS DIFFICULT TO BE APPLIED TO MORE FRAGILE TARGETS SUCH AS 
MOLECULES OF 29/ BASES$ WHICH MAY UNDERGO MULTIFRAGMENTATION IN GENERAL AFTER A PRIMARY 
NEGATIVE ION PRODUCTION CHANNEL& =HE DEVELOPMENT OF AN ALTERNATIVE METHOD IS THEREFORE 
NECESSARY& 

 

4IGURE *(& <CHEMATIC VIEW OF THE EXPERIMENTAL SETUP 

 
6N THIS SECTION$ WE PRESENT THE EXPERIMENTAL SETUP DEVELOPED IN 7ANZHOU FOR MEASURING 

DIRECTLY THE PRODUCTION YIELD OF ALL SCATTERED PROJECTILES$ INCLUDING POSITIVE$ NEUTRAL$ AND 
NEGATIVE SCATTERED PROJECTILES EMERGED IN 4)# ON /DENINE COLLISION& =HE KEY ELEMENTS FOR THIS 
EQUIPMENT ARE THE PARALLEL%PLATE DEFLECTOR !/NALYZER" FOR SCATTERED PROJECTILE CHARGE STATE 
ANALYSIS AND THE :OSITION <ENSITIVE 2ETECTOR !:<2" FOR SCATTERED PROJECTILE DETECTION& =HE 
DETAIL OF THE SETUP IS DESCRIBED IN THE FOLLOWING& 

/ SCHEMATIC VIEW OF THE EXPERIMENTAL SETUP IS SHOWN IN 4IGURE *(& =HE PROJECTILE IONS 4)# 
AT *' KE> WERE DELIVERED BY THE 31; ION SOURCE OF THE 6NSTITUTE OF 8ODERN :HYSICS IN 
7ANZHOU& =HE IONS$ SELECTED IN MASS OVER CHARGE$ ENTERED IN THE EXPERIMENTAL LINE AFTER A +,[ 
MAGNET& =HE BEAM WAS THEN COLLIMATED BY TWO SETS OF FOUR%JAW SLITS SEPARATED BY A DISTANCE OF 
.'' MM !NOT SHOWN IN THE SKETCH"& 0EFORE ENTERING THE COLLISION CHAMBER$ THE PRIMARY BEAM 
WAS SELECTED BY A *'[ COAXIAL CYLINDRICAL ELECTROSTATIC DEFLECTOR& =HIS DEFLECTOR$ NAMED BEAM 
CLEANER$ WAS USED TO ELIMINATE SECONDARY BEAMS PRODUCED BY COLLISIONS OF IONS WITH RESIDUAL 
GAS DURING THE BEAM TRANSPORT& 6T HAS A RADIUS OF )''MM ALONG THE ION BEAM TRAJECTORY AND AN 
EXIT SLIT OF WIDTH '&) MM& 6N THE COLLISION CHAMBER$ THE BEAM INTERSECTED A GAS%PHASE ADENINE 
JET EVAPORATED FROM AN OVEN HEATED AT (*,[1& / PLATE COOLED AT THE TEMPERATURE OF LIQUID 
NITROGEN WAS MOUNTED JUST ABOVE THE COLLISION REGION TO COLLECT THE MOLECULAR JET& =O ENSURE 
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YMJ HWTXXNSL TK YMJ KNSJ UWTOJHYNQJ GJFR FSI YMJ RTQJHZQFW OJY$ Y¥T XJYX TK JQJHYWTXYFYNH UQFYJX NS 
MTWN_TSYFQ FSI [JWYNHFQ UQFSJX ¥JWJ NSXJWYJI GJKTWJ YMJ NSYJWFHYNTS WJLNTS YT IWN[J YMJ GJFR&  
5T¥SXYWJFR TK YMJ HTQQNXNTS WJLNTS$ YMJ UWTOJHYNQJ NTSX ¥JWJ IJKQJHYJI G^ F UFWFQQJQ%UQFYJ 

IJKQJHYTW& @HFYYJWJI UFWYNHQJX 7#$ 7( FSI 7% YMFY MF[J ZSIJWLTSJ HMFWLJ J]HMFSLJ ¥JWJ IJYJHYJI 
G^ F Y¥T%INRJSXNTSFQ IJQF^%QNSJ UTXNYNTS XJSXNYN[J IJYJHYTW !>@5" HTRUTXJI TK F HTZUQJ TK 
RZQYN HMFSSJQ UQFYJX !<4>" TK /- RR NS INFRJYJW FSI F MTRJRFIJ IJQF^ QNSJ FSTIJ D0,E& 
AMJXJ NTSX ¥JWJ INXHWNRNSFYJI G^ YMJNW UTXNYNTS TS YMJ IJYJHYTW FHHTWINSL YT YMJNW HMFWLJ XYFYJ& 
AMJ NSYJSXJ UWNRFW^ GJFR 7*# ¥FX HTQQJHYJI NSYT F 7FWFIF^ 4ZU !74" GJXNIJ YMJ IJYJHYTW&  
7TW JFHM HTQQNXNTS J[JSY$ YMJ MNYYNSL YNRJ TK YMJ XHFYYJWJI UWTOJHYNQJ TS YMJ IJYJHYTW ¥FX 

WJHTWIJI UWT[NINSL YMJ YNRJ WJKJWJSHJ KTW YMJ A=7 XUJHYWTRJYJW& AMJ WJHTNQ NTSX ¥JWJ 
J]YWFHYJI G^ F MTRTLJSJTZX JQJHYWTXYFYNH KNJQI TK ).1B'HR UJWUJSINHZQFW YT YMJ NTS GJFR FSI 
YFWLJY OJY INWJHYNTSX& AMJ QJSLYM TK YMJ FHHJQJWFYNTS FSI YMJ KWJJ IWNKY WJLNTSX TK YMJ A=7 ¥JWJ 
IJXNLSJI YT KZQKNQQ YMJ KNWXY%TWIJW KTHZXNSL HTSINYNTS TK CNQJ^%<HQFWJS& 3KYJW UFXXNSL YMWTZLM 
F A=7 YZGJ TK )*) RR$ YMJ WJHTNQ NTSX ¥JWJ IJYJHYJI G^ F <4> IJYJHYTW& AT NSHWJFXJ YMJ 
IJYJHYNTS JKKNHNJSH^$ YMJ KWTSY <4> ¥FX GNFXJI YT %*(((B YT UTXY%FHHJQJWFYJ YMJ WJHTNQ NTSX& 
4TSXNIJWNSL FQXT YMJ J]YWFHYNTS FSI FHHJQJWFYNTS WJLNTSX ¥NYM F YTYFQ UTYJSYNFQ INKKJWJSHJ TK 
)&( PB$ YMJ JSJWL^ TK F XNSLQ^ HMFWLJI NTS LJYX ZU YT +&( PJB ¥MJS NY MNYX YMJ IJYJHYTW& AMJ 
WJHTNQ NTS XNLSFQ ¥FX XJSY YT F RZQYN%XYTU A54 ZSNY !;J4WT^ ,*(0"$ ¥MNHM ¥FX TUJWFYJI FY 
XNSLQJ HMFSSJQ RZQYN%MNY !0" RTIJ$ KTW FSFQ^_NSL YMJ FWWN[FQ YNRJ TK JFHM NTS ¥NYM WJXUJHY YT 
YMJ WJKJWJSHJ XNLSFQ UWT[NIJI G^ YMJ XHFYYJWJI UWTOJHYNQJ >@5 IJYJHYTW& AMJ J]UJWNRJSYX ¥JWJ 
UJWKTWRJI NS FS J[JSY%G^%J[JSY RTIJ& 
CNYM YMJ JVZNUUJI 3SFQ^_JW FSI >@5$ YMJ KNSFQ HMFWLJ XYFYJ TK YMJ TZYLTNSL UWTOJHYNQJX ¥FX 

IJYJWRNSJI$ FSI FQQ UWTOJHYNQJX ZSIJWLTSJ HMFWLJ J]HMFSLJ ¥JWJ RJFXZWJI ZSIJW YMJ XFRJ 
J]UJWNRJSYFQ HTSINYNTSX& 3SI YMJS YMJ WFYNT TK YMJ SJZYWFQ FSI SJLFYN[J NTS UWTIZHYNTS ^NJQI 
¥FX INWJHYQ^ IJYJWRNSJI& 
 

"" !  !%##"$&   
 
AT XZRRFWN_J$ YMJ 64?9@ MFX YMJ FI[FSYFLJX TK MNLM GJFR HZWWJSY$ XYFGNQNY^$ ¥NIJ WFSLJ 

TK XUJHNJX$ JFXJ TK TUJWFYNTS$ JYH2 NS YMNX ¥TWP$ NY ¥FX JRUQT^JI YT IJQN[JW YMJ XQT¥ NTS GJFRX 
4Q#$ 8#$ FSI 7# FY +PJB$ XQT¥ NTS GJFRX 7*# FY +(PJB$ FSI XQT¥ MNLMQ^ HMFWLJI NTS GJFRX 
:W0# FY 0( PJB&  
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=IJS DIBQTFR JS EFVPTFE TP TIF FXQFRJNFOTBM JOVFSTJHBTJPOS PG JOTFRBDTJPO CFTWFFO SMPW JPO 
CFBNS BOE BEFOJOF TBRHFTS' 8O TIF GJRST QBRT% WF RFQPRT TIF OFHBTJVF JPO BOE OFUTRBM GPRNBTJPO 
RBTFS JO 6*$ BOE 2EF DPMMJSJPOS BT +(LF?' =IJS FXQFRJNFOT WBS QFRGPRNFE JO TIF 8OSTJTUTF PG 
:PEFRO <IYSJDS BT 9BOZIPU'  2GTFR DPMMJSJPOS WJTI 2EF TBRHFTS% BMM SDBTTFRFE QRPKFDTJMFS WFRF 
BOBMYZFE USJOH B QPSJTJPO SFOSJTJVF EFTFDTPR DBQBCMF PG TIF EFTFDTJPO PG QPSJTJVF% OFHBTJVF BOE 
OFUTRBM QBRTJDMFS' 8O TIF SFDPOE QBRT% WF STUEY TIF GRBHNFOTBTJPO EYOBNJDS PG TIF BEFOJOF 
NPMFDUMF JO 3M$&2EF DPMMJSJPOS BT + LF? QFRGPRNFE WJTI TIF 38453 NFTIPE JO 9YPO' =IF 
GRBHNFOTBTJPO PG EPUCMY DIBRHFE QBRFOT JPOS 2EF*$ WBS NFBSURFE BS B GUODTJPO PG TIF 
FXDJTBTJPO FOFRHY'  
 

((("$" */0,91;/ 154 !)$" 675.:-9154 <1/3. 14 )&# 54 (./ -533181548 ,9 '%2/+ 

((("$"$" *2/ 6/1+;3=/ 376 897.<-;376 ?3/4.  

((("$"$"$" )7;3=+;376& -758+93:76 ,/;>//6 +;75:! :5+44 574/-<4/:! '%#! +6. :<90+-/ 
  
8O DPMMJSJPOS CFTWFFO SMPW JPOS "V1) B'U'# BOE BTPNS% NPMFDUMFS% DMUSTFRS PR SURGBDFS% TIF 
SDBTTFRFE OFHBTJVF JPOS DBO CF DPOSJEFRFE BS B QRPCF GPR STUEYJOH TIF TBRHFT QRPQFRTJFS @0-A' 
;OF PG TIF BQQMJDBTJPOS PG OFHBTJVF JPO BOBMYSJS IBS CFFO EFNPOSTRBTFE CY TIF 43= "EPUCMF 
DIBRHF TRBOSGFR# SQFDTRPSDPQY JO TIF NFBSURFNFOT PG TIF EPUCMF JPOJZBTJPO QPTFOTJBM PG SNBMM 
EJBTPNJD NPMFDUMFS @,/&,0% 0.A' 8O 7$&NPMFDUMF DPMMJSJPOS% 6URUIBSIJ FT BM' IBVF NFBSURFE TIF 
FOFRHY MPSS PG SDBTTFRFE OFHBTJVF 7& JPOS USJOH B IJHI&RFSPMUTJPO LJOFTJD FOFRHY SQFDTRPNFTFR 
WJTI B RFSPMUTJPO UQ TP (')- F? @,0A' =IJS RFSPMUTJPO WBS SUGGJDJFOT TP RFSPMVF VJCRBTJPOBM 
MFVFMS PG TIF FXDJTFE NPMFDUMBR STBTFS' =IF GJRST BQQMJDBTJPO PG TIF 38453 NFTIPE JO 7$&3.( 
DPMMJSJPOS IBS SIPWO TIBT TIF QRPEUDTJPO PG OFHBTJVF JPOS QRPVJEFE BO PQQPRTUOJTY GPR 
NFBSURJOH TIF FOFRHY EFQPSJTFE JO B DPNQMFX JSPMBTFE TBRHFT CFGPRF JTS GURTIFR EJSSPDJBTJPO 
@,)A'   
=IF OFHBTJVF JPO QRPEUDTJPO YJFME EFQFOES SFOSJTJVFMY PO TIF QRPQFRTJFS PG TIF TBRHFT BOE 

QRPKFDTJMF "EJNFOSJPO% STRUDTURF% JPOJZBTJPO QPTFOTJBMS% FTD#' >SJOH BTPNJD PR EJBTPNJD TBRHFTS% 
TIJS QRPEUDTJPO YJFME IBS OFVFR FXDFFEFE (')! @0.A' =IF MBRHFST OFHBTJVF JPO QRPEUDTJPO YJFME 
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QE>K KBRQO>I 4'& 5Q DFSBP >MMOLUFJ>QBIV > KBD>QFSB FLK MOLAR@QFLK VFBIA LC >OLRKA > CBT 
MBO@BKQ& :L BUQO>@Q$ COLJ QEB BUMBOFJBKQ>I A>Q>$ QEB MOLAR@QFLK VFBIA CLO B>@E PMB@FBP LC 
P@>QQBOBA M>OQF@IBP$ FQ FP BPPBKQF>I QL @LKPFABO QEB ABQB@QFLK BCCF@FBK@V LC QEB 618 ABQB@QLO CLO 
QEBPB @E>ODBA >KA KBRQO>I M>OQF@IBP& :EB >?PLIRQB ABQB@QFLK BCCF@FBK@V !023" LC 618 CLO 
KBRQO>I <,-= >KA CLO FLKF@ PMB@FBP <-'= E>P ?BBK PQRAFBA TFQE IFDEQ >KA EB>SV >QLJP FK QEB ILT 
HB; BKBODV O>KDB RPFKD JBQELAP ?>PBA LK @LFK@FABK@B QB@EKFNRBP& 5Q FP MOFJ>OFIV > CRK@QFLK 
LC QEB FJM>@Q BKBODV >KA OB>@EBP > P>QRO>QBA S>IRB >Q > @OFQF@>I FJM>@Q BKBODV >OLRKA ) HB; 
<,-%-'=& :EB @LJM>OFPLK LC QEB A>Q> L?Q>FKBA COLJ QEBPB JB>PROBJBKQP <,-%-'= PELTP QE>Q 
QEB 023 S>IRB CLO KBRQO>I >QLJF@ PMB@FBP FP PFJFI>O QL QE>Q LC FLKF@ LKBP& 5K QEB MOBPBKQ 
BUMBOFJBKQ$ QEB FJM>@Q BKBODV LC QEB P@>QQBOBA M>OQF@IBP FP >?LRQ )' HB;& :EFP FP JR@E EFDEBO 
QE>K QEB @OFQF@>I BKBODV CLO QEB 023 P>QRO>QFLK& :EBOBCLOB$ FQ FP OB>PLK>?IB QL @LKPFABO QE>Q QEB 
CIRLOFKB M>OQF@IBP 4#$ 4' >KA 4% TBOB ABQB@QBA ?V QEB 618 TFQE BNR>I BCCF@FBK@V! 
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%EB :74 PMB@QO> @LOOBI>QBA QL QEB ABQB@QFLK LC 4#$ 4' >KA 4% >OB MOBPBKQBA FK &0.96, $%>$ ?$ 
>KA @$ OBPMB@QFSBIV& :EBPB PMB@QO> E>SB ?BBK @LOOB@QBA ?V Q>HFKD FKQL >@@LRKQ LC QEB ALR?IB 
@LIIFPFLK QE>Q E>MMBKBA ?BQTBBK QEB FKQBO>@QFLK OBDFLK >KA QEB 0K>IVWBO !PBB $('*)& #" CLO QEB 
PBQRM FK @E>MQBO 55"& :EB LOFDFK>I PMB@QORJ ABQB@QBA FK @LFK@FABK@B TFQE 4' !?"X >KA 4% !@"X !KLQ 
PELTK EBOB" E>P > KLK%KBDIFDF?IB @LKQOF?RQFLK LC QEB 0AB# MB>H& :EFP FP >QQOF?RQBA QL QEB 
ALR?IB @LIIFPFLK BCCB@Q. CFOPQ$ FK QEB FKQBO>@QFLK @BII$ > PFKDIB BIB@QOLK @>MQROB E>MMBKBA 
?BQTBBK QEB MOFJ>OV MOLGB@QFIB FLK 4(# >KA >K 0AB Q>ODBQ/ PB@LKA$ QEB P@>QQBOBA MOLGB@QFIB 4#$ 
CIVFKD >@OLPP QEB OBDFLK ?BQTBBK QEB FKQBO>@QFLK @BII >KA QEB 0K>IVWBO LSBO > AFPQ>K@B LC 
(+*JJ$ J>V ?B KBRQO>IFWBA FK > @LIIFPFLK TFQE > OBPFAR>I D>P JLIB@RIB& :EB PMB@QORJ !?" FP 
L?Q>FKBA ?V PR?QO>@QFKD QEB MOL?>?FIFQV CLO QEB ALR?IB @LIIFPFLK   QFJBP QEB PMB@QORJ !>" COLJ 
QEB LOFDFK>I PMB@QORJ !?"X& 9FJFI>O MOL@BAROB T>P MBOCLOJBA CLO QEB PMB@QORJ !@"&  
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GOKUUKQP CPF UVCDNG EJCPPGNU "<+*2)<+-/# KU CDQWV -!( >OCNN HTCIOGPVU QDUGTXGF QP VJKU 
URGEVTWO EQWNF DG CVVTKDWVGF GKVJGT VQ VJG GOKUUKQP QH UGXGTCN PGWVTCN HTCIOGPVU HTQO UKPIN[ 
EJCTIGF RCTGPV KQPU 6FG% QT VQ VJG HTCIOGPVCVKQP QH OWNVKRN[ EJCTIGF CFGPKPG CV JKIJGT 
KPVGTPCN GPGTI[( ?JG CRRGCTCPEG QH DQVJ UVCDNG CFGPKPG CPF UOCNN HTCIOGPVU KP VJKU URGEVTWO 
UWIIGUVU VJCV ECRVWTG RTQEGUUGU NGCFKPI VQ VJG UVCDKNKUCVKQP QH QPG GNGEVTQP QP VJG RTQLGEVKNG CTG 
EQTTGNCVGF YKVJ C DTQCF GPGTI[ FKUVTKDWVKQP QP VJG VCTIGV( ?JG GPGTI[ EQWNF DG CU NQY CU VQ 
MGGR VJG OQNGEWNG KPVCEV CPF CU JKIJ CU VQ KPFWEG VJG DTGCMKPI QH VJG OQNGEWNG VQ UGXGTCN 
HTCIOGPVU(  
6FGPKPG RCTGPV OQNGEWNGU CV JKIJGT EJCTIG UVCVG 6FGS% "S54,# QT VJGKT HTCIOGPVU EQWNF 

EQPVTKDWVG VQ VJG URGEVTWO QH #&%('$ !"C& CU NQPI CU VJG HKPCN EJCTIG UVCVG QH VJG UECVVGTGF 
RTQLGEVKNG KU 7%( :P VJGUG ECUGU& DCUGF QP VJG GNGEVTQP PWODGT EQPUGTXCVKQP TWNG& S'+ GNGEVTQPU 
UJQWNF DG GLGEVGF( ?JGTGHQTG& VJG URGEVTC TGNCVGF VQ RCTGPV KQPU YKVJ FKHHGTGPV EJCTIG UVCVG 
EQWNF JCXG DGGP UGRCTCVGF D[ WUKPI C EQKPEKFGPEG VGEJPKSWG VJCV KPENWFGU VJG FGVGEVKQP QH VJG 
PWODGT QH GLGEVGF GNGEVTQPU A-3B( @PHQTVWPCVGN[ KV YCU PQV RQUUKDNG VQ KORNGOGPV VJKU 
VGEJPKSWG KP VJG RTGUGPV GZRGTKOGPV( ?JG HKTUV GXKFGPEG QH OWNVKEJCTIGF 6FG KP VJG ?=7 
URGEVTWO TGNCVGF VQ 7% "#&%('$ !"C# KU RTQXKFGF D[ VJG QDUGTXCVKQP QH UVCDNG FQWDN[ EJCTIGF 
CFGPKPG 6FG,% EQTTGURQPFKPI VQ VJG UOCNN DWV PCTTQY RGCM CV O)S401(/( ?JKU EQKPEKFGPEG 
FGVGEVKQP QH 6FG,% CPF 7% RTQLGEVKNG KQPU KU TGOCTMCDNG( 6EEQTFKPI VQ VJG ENCUUKECN QXGT DCTTKGT 
OQFGN A3+B& UVCDNG 6FG,% KQPU CTG OQUVN[ RTQFWEGF KP EQNNKUKQPU CV NCTIG KORCEV RCTCOGVGT 
YJGTG VYQ GNGEVTQPU CTG ECRVWTGF IGPVN[ D[ VJG RTQLGEVKNG& 7,% % 6FG ! 7* % 6FG,%( 6V HKTUV 
UKIJV& QPG YQWNF TCVJGT GZRGEV VQ QDUGTXG VJG RGCM 6FG,% KP VJG URGEVTWO QH #&%('$ !"D 
TGEQTFGF KP EQKPEKFGPEG YKVJ PGWVTCN RTQLGEVKNGU( ?JKU KU QDXKQWUN[ PQV VJG ECUG( ?JG 
CRRGCTCPEG QH VJG RGCM 6FG,% KP VJG #&%('$ !"C KPFKECVGU VJCV KP VJG CDQXG EJCTIG GZEJCPIG 
RTQEGUU& VYQ GNGEVTQPU CTG VTCPUHGTTGF KPVQ FQWDN[ GZEKVGF UVCVGU VJCV FGEC[ XKC CWVQKQPKUCVKQP 
RTQEGUU& 7*$! 7% % +G'( ?JG CDUGPEG QH VJG RGCM 6FG,% KP VJG #&%('$ !"D FGOQPUVTCVGU VJCV 
VJG UVCDKNK¥CVKQP QH DQVJ GZEKVGF GNGEVTQPU XKC TCFKCVKXG VTCPUKVKQP KU JKIJN[ WPNKMGN[( ;QTG 
VJGQTGVKECN GHHQTVU YQWNF DG TGSWKTGF KP QTFGT VQ FGVGTOKPG VJG GNGEVTQPKE UVCVGU VJCV CTG NKMGN[ 
VQ DG RQRWNCVGF QP VJG RTQLGEVKNG CPF VJGKT DTCPEJKPI TCVKQU EQPEGTPKPI FGEC[ XKC 
CWVQKQPKUCVKQP QT TCFKCVKXG UVCDKNKUCVKQP(   
;WNVKEJCTIGF CFGPKPG RCTGPVU VJCV FGEC[ D[ OWNVKHTCIOGPVCVKQP EQWNF CNUQ EQPVTKDWVG VQ VJG 

URGEVTWO QH 7% "#&%('$ !"C#( :P HCEV& C RCTV QH UOCNN HTCIOGPVU& HTQO 9% VQ HTCIOGPVU QH ITQWR 
8. QH VJKU URGEVTWO& YGTG QDUGTXGF KP EQKPEKFGPEG YKVJ CPQVJGT QT UGXGTCN QVJGT UOCNN 
EJCTIGF HTCIOGPVU "PQV UJQYP JGTG#& YJKEJ EQPHKTOGF VJG EJCTIG QH RCTGPV KQPU VQ DG GSWCN QT 
NCTIGT VJCP , HQT VJKU RQRWNCVKQP( :PFGGF& KP C RTGXKQWU GZRGTKOGPV CV UKOKNCT GZRGTKOGPVCN 
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@LKAFQFLKP !@LIIFPFLKP LC 4)# >Q *- HB; LK 2AB" <*/=$ FQ E>P ?BBK L?PBOSBA QE>Q JRIQF@E>ODBA 
>ABKFKB 2ABN# !N10)" MOLAR@BA FK FKQBO>@QFLK$ 4)# # 2AB ! 4# # 2ABN# # !N%("B%$ AB@>V 
J>FKIV ?V JRIQFCO>DJBKQ>QFLK&  
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)20;8/ &( ? >KA @ TBOB OB@LOABA OBPMB@QFSBIV FK @LFK@FABK@B TFQE QEB ABQB@QFLK LC > KBRQO>I 

4' >KA > KBD>QFSB MOLGB@QFIB FLK 4%& 7K QEBPB PMB@QO>$ MB>HP LC PJ>II CO>DJBKQP >OB ALJFK>KQ 
>KA IFQQIB AFCCBOBK@B @>K ?B KLQF@BA& :EB PMB@QORJ OB@LOABA FK @LFK@FABK@B TFQE 4' !)20;8/ 
&(?" FP @BKQOBA LK CO>DJBKQP TFQE > J>PP ?BQTBBK 5( >KA 5)$ TEFIB QEB PMB@QORJ )20;8/ &(@ 
FP @BKQOBA ?BQTBBK 5) >KA 5* TFQE PIFDEQIV I>ODBO J>PP& 2IQELRDE$ QEFP CO>DJBKQ MLMRI>QFLK 
PEFCQ PRDDBPQP QE>Q FK @LIIFPFLKP IB>AFKD QL 4' >KA 4% P@>QQBOBA MOLGB@QFIBP QEB BKBODV ABMLPFQBA 
FK QEB Q>ODBQ PELRIA ?B PIFDEQIV AFCCBOBKQ$ FQ PBBJP AFCCF@RIQ QL DBQ JLOB FKCLOJ>QFLK @LK@BOKFKD 
QEB KBD>QFSB FLK CLOJ>QFLK AVK>JF@P COLJ QEBPB PMB@QO>& 2Q QEFP MLFKQ$ FQ FP FKQBOBPQFKD QL 
@LJM>OB FLK%2AB @LIIFPFLK TFQE @LIIFPFLKP RPFKD LQEBO FPLI>QBA Q>ODBQ CLO BU>JMIB$ > JLABI 
PVPQBJ TFQE > JLOB OFDFA PQOR@QROB$ QEB 3-'&  

7K > MOBSFLRP BUMBOFJBKQ LC QEB DOLRM <.*=$ FK 4N# # 3-' @LIIFPFLKP$ OBJ>OH>?IB AFCCBOBKQ 
CB>QROBP E>SB ?BBK L?PBOSBA FK QEB CO>DJBKQ>QFLK PMB@QO> CLO QEB @E>KKBIP LC KBRQO>I >KA >KFLK 
MOLAR@QFLKP& 9J>II @>O?LK @IRPQBO CO>DJBKQP >OB L?PBOSBA CLO KBRQO>I @E>KKBI TEFIB EB>SV 
CRIIBOBKB CO>DJBKQP >OB ALJFK>KQ CLO >KFLK @E>KKBI& 4ROQEBOJLOB$ QEBPB QTL @E>KKBIP >OB 
AFP@OFJFK>QBA @IB>OIV ?V SBOV AFCCBOBKQ >JLRKQ LC BKBODV ABMLPFQBA FK QEB Q>ODBQ& 4LO BU>JMIB$ 
RPFKD MOLGB@QFIBP 4)#$ QEB BU@FQ>QFLK BKBODV LC QEB Q>ODBQ T>P BPQFJ>QBA QL ?B >OLRKA +( B; CLO 
QEB 4% @E>KKBI >KA I>ODBO QE>K QEB JRIQFCO>DJBKQ>QFLK IFJFQ LC 3-' !.' B; <,*$ /)=" CLO QEB 
KBRQO>IP 4' @LOOBI>QBA QL PJ>II CO>DJBKQP& 7K QEB @>PB LC 4# MOLGB@QFIBP$ QEB MOLKLRK@BA 
AFCCBOBK@B FK QEB J>PP PMB@QO> LC #&%('$ "! PELTP @IB>OIV QE>Q > I>ODBO >JLRKQ LC BKBODV FP 
ABMLPFQBA FK QEB Q>ODBQ CLO QEB MOLAR@QFLK LC KBRQO>IP !4'" QE>K >KFLKP !4%"& 4OLJ QEBPB 
L?PBOS>QFLKP$ FQ T>P KLQF@BA QE>Q FK @LIIFPFLKP ?BQTBBK FLKP >KA FPLI>QBA Q>ODBQP QEB @LKAFQFLK 
CLO KBD>QFSB FLK MOLAR@QFLK T>P JR@E JLOB @OFQF@>I QE>K QE>Q CLO QEB MOLAR@QFLK LC KBRQO>IP& 
8BRQO>I P@>QQBOBA MOLGB@QFIBP$ OBI>QBA QL Q>ODBQP TFQE EFDE BU@FQ>QFLK BKBODV >KA QL 
JRIQFCO>DJBKQ>QFLK LC 3-'$ >OB >PPFDKBA QL SFLIBKQ COLKQ>I @LIIFPFLKP TEBOB QEB FLK M>PPBP 
QEOLRDE QEB 3-' @>DB& :EB JB>PROBA @OLPP%PB@QFLK LC 4' @LOOBI>QBA QL QEB JRIQFCO>DJBKQ>QFLK LC 
QEB Q>ODBQ FP @LJM>O>?IB QL QEB DBLJBQOF@>I PB@QFLK LC QEB 3-' @>DB& 6LTBSBO$ QEB CLOJ>QFLK LC 
PQ>?IB >KFLK >KA QEB JB>PROBA ILT BKBODV ABMLPFQFLK FK QEB Q>ODBQ @>K ?B LKIV >QQOF?RQBA QL 
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OGCUWTGF KP EQNNKUKQPU DGVYGGP 9+$ CV 0 MG? YKVJ 6/) VCTIGVU%  "9&# 4,! A1,B CPF   "9)#4-.! 
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#$%'& "! !$"&'%$# UECVVGTGF RTQLGEVKNG [KGNFU KP EQNNKUKQPU DGVYGGP 9+$ CPF 5FGPKPG CPF KP EQNNKUKQPU    DGVYGGP 
9+$ CPF 6/) VCTIGV A1,% 2,B' 

<TQFWEVKQP [KGNFU  "9$#  "9)#  "9&# 
9+$ ",)MG?#& 5FG 1/! *,! *! 
9+$ "0MG?#& 6/) .*'0! -.! ,',! 
 
6QPUKFGTKPI TCPFQO QTKGPVCVKQP QH VJG OQNGEWNG YKVJ TGURGEV VQ VJG RTQLGEVKNG VTCLGEVQT[% 

VJG OGCP TCFKWU QH CFGPKPG OQNGEWNG EQWNF DG GUVKOCVGF VQ DG CDQWV , C'W' NGCFKPI VQ UOCNNGT 
IGQOGVTKECN ETQUU UGEVKQP HQT ITC¥KPI EQNNKUKQPU CPF HTQPVCN EQNNKUKQPU KP VJG RTGUGPV ECUG VJCP 
KP VJG ECUG QH 6/)' 7WG VQ VJG XGT[ ENQUG HKTUV KQPK¥CVKQP RQVGPVKCN QH VJG VYQ VCTIGVU% 
:R"5FG#41'0 G?% :R"6/)#40 G?% VJG VQVCN GNGEVTQP&ECRVWTG ETQUU UGEVKQPU GUVKOCVGF WUKPI VJG 
ENCUUKECN QXGT VJG DCTTKGT OQFGN CTG EQORCTCDNG% + *)&*- EO+ CPF +'. *)&*- EO+ HQT CFGPKPG CPF 
6/) VCTIGVU TGURGEVKXGN[' =JGP% KV KU TGNGXCPV VQ EQORCTG VJG TCVKQ DGVYGGP VJG 9& RTQFWEVKQP 
[KGNFU ")'),()')*# OGCUWTGF YKVJ VJG VYQ VCTIGVU CPF VJG TCVKQ DGVYGGP VJG IGQOGVTKECN 
UGEVKQPU QH ITC¥KPI EQNNKUKQPU "CRRTQZKOCVGN[ 2(,#' =JG UOCNNGT UK¥G QH VJG CFGPKPG OQNGEWNG KU 
VJGTGHQTG KP SWCNKVCVKXG CITGGOGPV YKVJ VJG FGETGCUG QH VJG OGCUWTGF TGNCVKXG ETQUU UGEVKQP HQT 
PGICVKXG KQP HQTOCVKQP EJCPPGN' 
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=JG TGNCVKXGN[ JKIJ PGICVKXG KQP RTQFWEVKQP [KGNF RTQFWEGF KP EQNNKUKQPU YKVJ 5FGPKPG IKXGU 
CP QRRQTVWPKV[ VQ FGVGTOKPG FKTGEVN[ VJG KPVGTPCN GPGTI[ QH VJG RCTGPV KQP DGHQTG KVU 
HTCIOGPVCVKQP D[ WUKPI VJG 6:786 OGVJQF "EJCRVGT ::#' :P VJG GZRGTKOGPVU% VJG UGVWR QH ;[QP 
YCU QRGTCVGF KP GPGTI[ NQUU OGCUWTGOGPV OQFG% CPF VYQ V[RGU QH RTQLGEVKNGU CTG KPXQNXGF% K'G'% 
6N$ CPF 9$ KQPU CV ,MG?' >UKPI VJG GNGEVTQUVCVKE E[NKPFTKECN CPCN[¥GT% VJG QWVIQKPI PGICVKXG 6N& 
CPF 9& RTQLGEVKNG KQPU YGTG EJCTIG UGNGEVGF% CPF FGVGEVGF D[ C EJCPPGNVTQP3 VJGTGHQTG% DGHQTG 
KVU HWTVJGT FGEC[% VJG TGEQKN RCTGPV KQPU YCU RTGRCTGF CV FQWDN[ EJCTIGF UVCVG 5FG+$' 
5EEQTFKPI VQ EJCTIG EQPUGTXCVKQP NCY% VJKU UVCPFU QPN[ KH VJGTG KU PQ GNGEVTQP GLGEVGF KP VJG 
TGCEVKQP' 7WTKPI VJG GZRGTKOGPV% YG YGTG CDNG VQ OGCUWTG VJG PWODGT QH VJG GOKVVGF GNGEVTQPU% 
CPF HKPF QWV VJCV VJG GOKUUKQP QH GNGEVTQPU VQ EQPVKPWWO KU PGINKIKDNG KP VJGUG EQNNKUKQPU' @KVJ 
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@ SHLD QDEDQDMBD EQNL SGD RHFM@K NE BG@MMDKSQNM NE SGD NTSFNHMF OQNIDBSHKDR$ O@QDMS HNMR NQ 
NSGDQ EQ@FLDMSR OQNCTBDC HM SGD ETQSGDQ CDB@X NE O@QDMS HNMR VDQD LD@RTQDC AX @ SHLD%NE%
EKHFGS RODBSQNLDSDQ& 
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8M 32< BNKKHRHNMR$ SGDQD HR @M DMDQFX VHMCNV SG@S QDOQDRDMSR SGD ONRRHAKD DMDQFX CDONRHSHNM 
Q@MFD OQNUHCDC AX SGD OQNIDBSHKD HM SGD S@QFDS& 3HEEDQDMS DMDQFX VHMCNVR L@X NODM U@QHNTR 
QD@BSHNM BG@MMDKR& 6DMDQ@KKX$ SGHR VHMCNV CDODMCR NM SGD BG@Q@BSDQHRSHB NE SGD BNKKHRHNM 
RXRSDL$ RTBG @R SGD SXOD NE SGD OQNIDBSHKD @MC S@QFDS$ @MC SGD BNKKHRHNM UDKNBHSX$ DSB& 8M NSGDQ 
VNQCR$ SGD DMDQFX VHMCNV !NQ SGD CHRSQHATSHNM NE SGD DMDQFX CDONRHSHNM" HM SGD BNKKHRHNM B@M AD 
STMDC AX U@QXHMF SGD UDKNBHSX @MC SGD M@STQD NE SGD OQNIDBSHKD& <N RSTCX SGD CDB@X BG@MMDKR NE 
SGD O@QDMS HNMR @ESDQ SGDHQ DWBHS@SHNM$ HM SGD EHQRS RSDO$ HS HR HLONQS@MS SN BGNNRD BNKKHRHNM 
RXRSDLR SG@S B@M OQNUHCD SGD DMDQFX VHMCNV @S KNV Q@MFD$ BKNRHMF SN SGD SGQDRGNKC NE SGD 
CDB@X NE SGD O@QDMS HNMR @R LTBG @R ONRRHAKD& 8M SGHR RDBSHNM$ VD EHQRS BNLO@QD SGD BDMSDQR NE 
SGD DMDQFX VHMCNVR TRHMF OQNIDBSHKDR 2K# @MC 5# HNMR @S )JD= OQNCTBDC AX NTQ 42: HNM 
RNTQBD& 

5QNL SGD OQHMBHOKD NE SGD 28342 LDSGNC !8&(" VD JMNV SGD DMDQFX CDONRHSDC 4C HM SGD 
LNKDBTKD DPT@KR SN SGD JHMDSHB DMDQFX KNRR  4 NE SGD OQNIDBSHKD BNQQDBSDC AX SGD DMDQFX CDEDBS 
! NE SGD BNKKHRHNM/ 

4C !  4%!  
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<GD DMDQFX CDEDBS NE SGD BNKKHRHNM B@M AD B@KBTK@SDC JMNVHMF SGD EHQRS 8'!9" @MC RDBNMC 
8(!9" HNMHY@SHNM ONSDMSH@K NE SGD S@QFDS LNKDBTKD 9 @MC SGD EHQRS HNMHY@SHNM ONSDMSH@K NE SGD 
OQNIDBSHKD 8' @MC HSR DKDBSQNM @EEHMHSX 41/  
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1R RS@SDC HM BG@OSDQ 8$ SGD JMNVKDCFD NE SGD EHQRS @MC RDBNMC HNMHY@SHNM ONSDMSH@K NE SGD 

S@QFDS$ @CDMHMD 8'!1CD" @MC 8(!1CD"$ QDRODBSHUDKX$ HR QDPTHQDC SN B@KBTK@SD SGD DMDQFX CDEDBS& 
7NVDUDQ$ VGHKD 8'!1CD" V@R LD@RTQDC @MC B@KBTK@SDC ADSVDDM -&) @MC -&+ D= >.*?$ SGDQD HR MN 
U@KTD @U@HK@AKD ENQ 8(!1CD" HM SGD KHSDQ@STQD& 8M NQCDQ SN B@KBTK@SD SGD DMDQFX CDEDBS VD 
B@KBTK@SDC 8'!1CD" @MC 8(!1CD" TRHMF SGD @A%HMHSHN LNKDBTK@Q PT@MSTL BGDLHRSQX 6194;;%
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I[TIUMQIRWEP YEPXI" ERH ()&0. IA UIVTIGWMYIP¥$ EUI XVIH MR WLI JSPPSZMRK& ?LI IRIUK¥ HIJIGWV 
JSU 7# ERH 5P# TUSNIGWMPIV EUI KMYIR MR %&'+( "& 
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:J ZI EVVXQI WLEW MR WLI TUSGIVV PIEHMRK WS WLI JSUQEWMSR SJ WLI RIKEWMYI MSR$ WLI OMRIWMG 

IRIUK¥ PSVV SJ WLI TUSNIGWMPI MV GSQTEUEFPI JSU YEUMSXV VMRKP¥ GLEUKIH MSRV EW WLI VEQI YIPSGMW¥$ 
WLIR WLI VQEPPIU WLI IRIUK¥ HIJIGW$ WLI PEUKIU WLI I[GMWEWMSR IRIUK¥ SJ WLI QSPIGXPI& 7USQ WLI 
IRIUK¥ HIJIGW YEPXI TUIVIRWIH MR %&'+( " !+&.,IA JSU 5P#$ ZLMPI '&,(IA JSU 7#"$ ZI GER I[TIGW 
E PSZIU IRIUK¥ HITSVMWMSR MRWS WLI WEUKIW MR WLI GEVI SJ 5P# TUSNIGWMPI GSPPMVMSR&  

$*)-,( !# MV WLI QEVV VTIGWUXQ SJ EHIRMRI HMGEWMSR TEUIRW 3HI)# JSU WLI WZS GSPPMVMSR 
V¥VWIQV EW * OIA1 !E" 7#   7% !Y 2 '&'/ E&X&" ERH !F" 5P#   5P% !Y 2 '&'- E&X&"& 3V MR WLI 
VIGWMSR :::&(&)&*$ WLI RXQFIU M SJ LIEY¥ EWSQV !5 ERH <" MV XVIH WS EVVMKR WLI KUSXT 8M SJ 
TIEOV SJ WLI QEVV VTIGWUXQ& ?LMV RXQFIU MV UITSUWIH SR WST SJ $*)-,( !#& :R WLI JSPPSZMRK$ 
JUEKQIRWV ZMPP FI ZUMWWIR EV 5[<¥9]# ZMWLSXW HMVWMRGWMSR FIWZIIR HMJJIUIRW MVSQIUV& 7SU 5P# 
GSPPMVMSR !$*)-,( !#!F""$ E VMKRMJMGERW TIEO SJ VWEFPI 3HI)# QSPIGXPI ZEV SFVIUYIH$ ZLMPI WLMV MV 
RSW WLI GEVI JSU WLI 7# TUSNIGWMPI !$*)-,( !#!E""& 3RSWLIU UIQEUOEFPI HMJJIUIRGI SJ WLI WZS 
VTIGWUE MV WLI UIPEWMYI MRWIRVMWMIV SJ WLI JUEKQIRW TIEOV& 5SQTEUIH WS 5P#$ WLI QEVV VTIGWUXQ 
ZMWL 7# GSPPMVMSR TUIVIRWV ER SFYMSXV VLMJW JUSQ LIEY¥ JUEKQIRWV WS PMKLW SRIV& ?LMV KMYIV 
VWUSRK IYMHIRGI WLEW$ MR WLI GEVI SJ JPXSUMRI TUSNIGWMPI$ E PEUKIU EQSXRW SJ IRIUK¥ ZEV 
HITSVMWIH SR WLI WEUKIW WLER MR WLI GEVI SJ 5P#$ PIEHMRK WS LMKLIU MRWIRVMWMIV SJ PMKLW JUEKQIRWV& 
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$'&)(% "#! !C" ;CR QH UJG KPUGSPCN GPGSIZ QH UJG 6FG)# RCSGPU KQP1 :QSK[QPUCN CYKT$ MKPGUKE 
GPGSIZ QH 7N% TECUUGSGF KQP$ UJG RQKPU CU (0-. A EQSSGTRQPFT UQ UJG [GSQ MKPGUKE GPGSIZ NQTT2 
WGSUKECN CYKT$ ?<9 QH UJG SGEQKN KQP& !D" ;CTT TRGEUSVO KPUGISCUGF QWGS CNN UJG MKPGUKE GPGSIZ& !E" 
=QRVNCUKQP FKTUSKDVUKQPT QH GCEJ HSCIOGPU CT C HVPEUKQP QH UJG GYEKUCUKQP GPGSIZ1 =SQLGEUKQP 

HSQO !C" QPUQ UJG JQSK[QPUCN CYKT HQS GCEJ HSCIOGPU& ?JG FCTJ NKPG EQSSGTRQPFT UQ UJG EGPUGS QH 
UJG TUCDNG 6FG)# FKTUSKDVUKQP&  

 
9SQO UJG RQRVNCUKQP FKTUSKDVUKQPT CT C HVPEUKQP QH UJG MKPGUKE GPGSIZ NQTT$ UJG RQRVNCUKQP 

FKTUSKDVUKQPT QH 6FG)# RCSGPU KQPT CT C HVPEUKQP QH UJG GYEKUCUKQP GPGSIZ KT QDUCKPGF HQS GCEJ 
HSCIOGPUCUKQP EJCPPGN DZ UCMKPI KPUQ CEEQVPU QH UJG KPTUSVOGPUCN CPF RSKOCSZ DGCO GPGSIZ 
FKTRGSTKQP DSQCFGPKPI !+&* GA 9B:;"& ?JG FGEQPWQNVUGF FKTUSKDVUKQPT QH UJG RQRVNCUKQP QH 
6FG)# RCSGPU KQP NGCFKPI UQ TUCDNG 6FG)# KQP CPF UQ UJG HSCIOGPUT O 4 ('.$ /'$ ,+%,, CPF ,* 
CSG FKTRNCZGF KP %+*.-) !#& ?JG OGCP WCNVG QH UJG FKTUSKDVUKQPT KT TJQXP KP %+*.-) !$ CPF &'(,) "& 
>UCDNG FQVDNZ EJCSIGF CFGPKPG ECP DG HQSOGF XKUJ OGCP GYEKUCUKQP GPGSIZ QH CDQVU - GA 
EQSSGTRQPFKPI UQ CP CWGSCIG RSQLGEUKNG GPGSIZ NQTT 3 85 4 ('&/ GA& @TKPI C TKORNG OQFGN QH 
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ATTRACTIVE 5OULOMB POTENTIAL CURVES FOR THE COLLISION$ AN AVERAGE IMPACT PARAMETER =C 3 [<;[ 
<> ' 2 64 CAN BE CALCULATED WHERE <; 3 %) AND <> 3 * ARE THE CHARGE OF THE PROJECTILE AND THE 
ADENINE IN THE EXIT CHANNEL$ RESPECTIVELY& >HIS IS REMARKABLE THAT THE VALUE =C 3 - A&U& OBTAINED 
WITH THIS SIMPLE MODEL IS CLOSE TO THE AVERAGE SIZE !ABOUT . A&U&" OF THE ADENINE MOLECULE IN 
ACCORDANCE TO THE GRAZING INTERACTION INVOLVED IN THE FORMATION OF 5L% ANION& 
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ODI@QHSDIV QL QGD PQ@AID M@ODKQ CHB@QHLK !CHPQOHARQHLK BDKQDODC @Q - D="& ;GD PDBLKC PQDM LE QGD 
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EXPERIMENTAL BROADENING' <NLY THE CENTER OF EACH CURVE HAS A CLEAR PHYSICAL SIGNIFICATION 
CORRESPONDING TO THE MEAN EXCITATION ENERGY OF THE PARENT IONS PRIOR TO THE FRAGMENTATION'  
 

/12;5 '" :EAN EXCITATION ENERGIES OF THE 7E>==4L+$ PARENT ION AND 7@8: OF THE RAW MEASURED 
DISTRIBUTIONS FOR THE DISSOCIATION CHANNELS MEASURED IN 7$ ON 7E>==4L COLLISIONS' >HE NUMBER OF 
COUNTS OF EACH FRAGMENT IS ALSO GIVEN' 
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:EAN EXCITATION ENERGY 
 6# !E?" 

7@8: 
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//2(+ 7E>==+$ .)/) 0'1 0'- 
.2*(+ !7E>==&PH"+$ 2,*) 2'1 0'. 
.*,(+ !7E>==&+PH"+$ +.+) *,'0 **'+ 
//2(, 7E>==,$ ,1) *,',Z. *)'2 
-)(+ 3R+$ *,0) ) .'0 

 
9N +86C@5 &#% THE CURVE WITH SQUARE SYMBOL CORRESPONDS TO THE NEUTRAL 4L ATOM LOSS FROM THE 

PARENT ION% I'E'% 7E>==4L+$ ! 7E>==+$$4L' 9N THE FORMATION OF THE CORRESPONDING PARENT IONS% 
THE TYPICAL KINETIC ENERGY LOSS OF THE PROJECTILE IS ABOUT . E?% CORRESPONDING TO A MEASURED 
MEAN EXCITATION ENERGY OF 0'1 E? FOR THE PARENT ION' >HE NEXT STEP OF THE DISSOCIATION IS SHOWN 
BY DOT IN +86C@5 &# CORRESPONDING TO ONE MORE NEUTRAL LOSS OF A PHENYL GROUP FROM THE 
INTERMEDIATE PRODUCT 7E>==+$ LEADING TO THE MEASURED FRAGMENT !7E>==&PH"+$' >HE MEAN 
EXCITATION ENERGY OF !7E>==4L+$"## PARENT IONS FOR THIS CHANNEL IS MEASURED TO BE ABOUT 2'1 E?' 
9T PRESENTS A SHIFT OF +E? TO HIGHER ENERGY COMPARING TO THE CHANNEL 7E>==+$' 7OR THE CHANNEL 
!7E>==&+PH"+$% WHERE TWO NEUTRAL PHENYL GROUPS ARE EVAPORATED AFTER THE EMISSION OF 4L FROM 
7E>==4L+$% THE MEAN EXCITATION ENERGY IS CENTERED AT ABOUT *,'0 E?' <NE ELECTRON EMISSION 
FROM 7E>==+$ PRODUCES TRIPLY CHARGED IONS 7E>==,$' 5UE TO THE LOW PRODUCTION YIELD AND 
POOR STATISTICS FOR THIS DECAY CHANNEL% IT IS DIFFICULT TO LOCATE THE CENTER OF THE DISTRIBUTION 
PRECISELY' ;EVERTHELESS% WE GIVE AN APPROXIMATE MEAN EXCITATION ENERGY VALUE OF *,', E?' 
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ODA NLKO 5A<::*# EJ '0/64. $%& 5EJ=HHT$ ODA @EBBAMAJ?A EJ ODA IA=NPMA@ IA=J AS?EO=OEKJ AJAMCT 
Q=HPAN BKM 5A<::*# ?D=JJAHN EJ ?KHHENEKJN REOD 7# =J@ 5# LMKFA?OEHAN REHH >A =OOME>POA@ OK 
@EBBAMAJO >M=J?DEJC M=OEKN BKM ODA NP>%?D=JJAHN !5A<::% 7*"*# !J2($ )$ *"& 

8J LMAQEKPN NA?OEKJN$ ODA <95 NLA?OM= REOD = N?=HA KB )(*, D=QA >AAJ K>O=EJA@ BMKI ODA 
KMECEJ=H <43 @=O= @EQE@A@ >T = B=?OKM KB .,& <DA MANKHPOEKJ KB ODA <43 EN (&- JN'?D=JJAH =J@ 
ODA KMECEJ=H @=O= EN EJ ). >TOAN& <DA I=SEIPI OEIA N?=HA +*&/.0  N ?KMMANLKJ@N ODAMABKMA OK 
*).2.--+.& <DA I=NN MANKHPOEKJ BKM DA=QT BM=CIAJON R=N JKO DECD AJKPCD OK =HHKR BKM ODA 
@EN?MEIEJ=OEKJ KB ODA NP>%?D=JJAHN !5A<::% 7*"*# ?HA=MHT KJ ODA I=NN NLA?OMPI& 8J B=?O$ ODA 
@EBBAMAJ?A EJ ODA JKIEJ=H LKNEOEKJN KB LA=GN BKM EKJN !5A<::"*# =J@ !5A<::%7*"*#  EN =MKPJ@ ) 
?D=JJAH EJ = )(*, ?D=JJAH NLA?OMPI& ;K$ NAQAM=H @A?=T ?D=JJAHN IESA@ OKCAODAM EJ ODA 
?KMMANLKJ@EJC NLKO 5A<::*#$ =J@ = HKJC O=EH REOD NHKLA =LLA=MN KJ ODA ?KMMAH=OEKJ NLA?OMPI& 8J 
ODEN NA?OEKJ$ ODA M=R <43 @=O= REOD = N?=HA BMKI ( OK ,(1. =MA =J=HTUA@ OK EILMKQA ODA 
LMA?ENEKJ KB ODA <95 NLA?OMPI ?=HE>M=OEKJ& 

8J ODA BKHHKREJC$ >KOD ODA <95 NLA?OM= =J@ ODA AS?EO=OEKJ AJAMCT LKLPH=OEKJ @ENOME>POEKJN 
REHH >A BEOOA@ REOD 6=PNNE=J BPJ?OEKJ OK @EN?MEIEJ=OA ?D=JJAHN REOD BM=CIAJON !5A<::% 7*"*#&  

 

),"$"#" (# 1355 02 '! 32 '.+**&1 -311050325 
 
8J 5# KJ 5A<::3H ?KHHENEKJN$ ODA NAL=M=OEKJ KB ODA AS?EO=OEKJ AJAMCT @ENOME>POEKJN BKM 

BM=CIAJON REOD ODA HKNN KB   PJEON KB 7* BMKI ODA EKJ 5A<::*# R=N LAMBKMIA@ EJ ODMAA NOALN& 
5EMNO$ ODA JKIEJ=H ?AJOAMN KJ ODA <95 NLA?OMPI BKM ?KJNE@AMEJC BM=CIAJON$ NP?D =N 5A<::*#$ 
!5A<::%7*"*#$ =J@ !5A<::%*7*"*# RAMA @AOAMIEJA@ BMKI ODA ?=HE>M=OEKJ MAH=OEKJ REOD = N?=HA 
KB ,(1.& ;A?KJ@$ ODA IA=NPMA@ LA=G J=IA@ 5A<::*# EJ ODA I=NN NLA?OM= !KM <95 NLA?OM=" R=N 
BEOOA@ REOD NP>%LA=GN !5A<::%J7*"*# !J2($)$*" =O ODA JKIEJ=H <95 Q=HPAN& <DA ?KPJO JPI>AM 
BKM A=?D ?KMMANLKJ@EJC BM=CIAJO R=N ASOM=?OA@ BMKI ODEN BEMNO BEO& 8J ODA JASO NOAL$ ODA 
LKLPH=OEKJ @ENOME>POEKJ ?PMQA =N = BPJ?OEKJ KB ODA AJAMCT R=N BEOOA@ OK CAO ODA ?AJOAMN KB ODA 
AJAMCT @ENOME>POEKJN BKM =HH EJQKHQA@ !5A<::%J7*"*#& 8J ODEN NA?KJ@ BEO$ ODA M=OEK >AORAAJ ODA 



 

 /'

CNTMS MTLBEQR NF !6E><<%M8)")# FQAGLEMSR NBSAIMED IM SHE >;6 ROECSQTL FIS VAR JEOS AR A 
FIWED OAQALESEQ& 4ESAIKR NF SHE AMAKXRIR OQNCEDTQE AQE GIUEM IM SHE FNKKNVIMG&  
A& 2R DERCQIBED IM CHAOSEQ 99$ SHE SILE%NF%FKIGHS NF SHE FQAGLEMS IR OQNONQSINMAK SN SHE 

RPTAQE QNNS NF ISR LARR NUEQ CHAQGE QASIN& ?RIMG SHE LEARTQED ONRISINMR NF SHE JMNVM 
FQAGLEMSR NM SHE >;6 ROECSQTL$ RTCH AR 2Q)#$ 3K#$ OH#$ ESC&$ NME RSQAIGHS KIME CAM BE 
DESEQLIMED BX OEQFNQLIMG A KIMEAQ FISSIMG& ?RIMG SHIR CAKIBQASINM QEKASINM$ SHE MNLIMAK 
ONRISINM NM SHE >;6 ROECSQTL FNQ A FQAGLEMS VISH A GIUEM LARR AMD CHAQGE RSASE CAM 
BE CAKCTKASED& 9M SHIR VAX$ SHE MNLIMAK CEMSEQR NF SHE FQAGLEMSR 6E><<)#$ !6E><<%
8)")# AMD !6E><<%)8)")# VEQE DESEQLIMED SN BE AS CHAMMEKR (+.)&+$ (+.-&( AMD 
(+/(&. NM SHE >;6 ROECSQTL$ QEROECSIUEKX& 

B& >HE OEAJ MALED 6E><<)# VAR EWSQACSED FQNL SHE LEARTQED SILE%NF%FKIGHS ROECSQTL 
!KABEKED AR 5WO AMD VISH RPTAQE RXLBNK IM %+*.-) "#"& >HE EWOEQILEMSAK DASA VEQE 
FISSED TRIMG SHQEE 7ATRRIAM DIRSQIBTSINMR !FIS'$ FIS( AMD FIS)"& >HE CEMSEQR NF FIS'$ FIS( 
AMD FIS) VEQE FIWED AS CHAMMEKR (+.)&+$ (+.-&( AMD (+/(&.$ VHIKE SHE VIDSHR AMD 
ALOKISTDER NF SHE SHQEE DIRSQIBTSINMR VEQE RES SN BE UAQIABKE OAQALESEQR& >HE ISEQASIUE 
CAKCTKASINM VAR QEAKIYED BX TRIMG SHE RNKUEQ FTMCSINM IM :ICQNRNFS 5WCEK& 2FSEQ SHE 
NOEQASINM$ SHE MTLBEQ NF CNTMS NF SHE DIRSQIBTSINM FIS' VAR FNTMD MEGKIGIBKE AMD SHE 
MTLBEQR NF SHE NSHEQ SVN DIRSQIBTSINMR FIS( AMD FIS) VEQE FNTMD SN BE *,/' AMD /-' 
!&'(,) !!"& >HE QASIN NF SHE MTLBEQR NF CNTMS BESVEEM SHE SVN DIRSQIBTSINMR FIS( AMD 
FIS) VAR FNTMD SN BE (0'&),*& >HE NBSAIMED FIS( AMD FIS) VEQE OKNSSED IM %+*.-) "#$ AR 
VEKK AR SHE RTL NF SHERE RTB%OEAJR FIS= 1 FIS( # FIS)& >HE CNMSQIBTSINM NF SHE RTB%OEAJ 
6E><<)# VISHNTS SHE KNRR NF 8) VAR MEGKECSED IM SHE FNKKNVIMG&  

C& >HE EWCISASINM EMEQGX ONOTKASINM DIRSQIBTSINM NF SHE RONS MALED 6E><<)# VAR FISSED 
VISH A CEQSAIM MTLBEQ NF IMDEOEMDEMS 7ATRRIAM DIRSQIBTSINMR CNQQERONMDIMG SN SHE 
MTLBEQ NF RTB%OEAJR FNTMD IM SHE RSEO B& 9M SHE OQEREMS CARE$ SVN 7ATRRIAM 
DIRSQIBTSINMR FIS(Z AMD FIS)Z VEQE TRED CNQQERONMDIMG SN SHE KNRR NF NME AMD SVN 8) 
TMISR$ !6E><<%8)")# AMD !6E><<%)8)")#& >HE QASIN NF SHE MTLBEQR NF CNTMS NF SHE SVN 
DIRSQIBTSINMR VAR FIWED SN (0'&),* IM SHE FISSIMG& @HIKE SHE CEMSEQR AMD SHE VIDSHR NF 
SHE SVN 7ATRRIAM DIRSQIBTSINMR VEQE RES AR FQEE OAQALESEQR& >HE LEARTQED ROECSQTL 
!KABEKED AR 5WO"$ SHE FISSED 7ATRRIAM DIRSQIBTSINMR !FIS(Z AMD FIS)Z"$ AMD SHE RTL NF SHE 
SVN 7ATRRIAM FISSIMGR !FIS=Z1FIS(Z#FIS)Z" AQE AKK OQEREMSED IM %+*.-) "$&  
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@78;@F+ ;JD;E?A;BG7@ :7G7 !.JD", 07HFF?7B <?GG?B= <CE <E7=A;BG !/;644%1("(# !<?G'L", 07HFF?7B <?GG?B= <CE 
<E7=A;BG !/;644%(1("(# !<?G(L", G>; FHA C< G>; 07HFF?7B <?GG?B=F <CE <E7=A;BGF !/;644%1("(# 7B: 
!/;644%(1("(# !<?G5L"& 
 



 

 1*

=FC CUNCOGKCLQ?J BGPQOG@RQGML T?P TCJJ DGQQCB @V QTM 6?RPPG?L CUAGQ?QGML CLCOEV 
NMNRJ?QGML BGPQOG@RQGMLP DGQ)X ?LB DGQ*X DMO TFGAF QFC LRK@COP MD AMRLQ TCOC DGUCB QM @C +.1( 
?LB 1/( OCPNCAQGSCJV ?P DMRLB GL QFC PQCN @' =FC ACLQCOP MD DGQ)X ?LB DGQ*X ?OC NOCPCLQCB GL '()-* 
""' =FCV ?OC ?QQOG@RQCB QM KC?L CUAGQ?QGML CLCOEGCP DMO DO?EKCLQ?QGML AF?LLCJP !5C=<<&7*"*$ 
?LB !5C=<<&*7*"*$ BCQCOKGLCB QM @C /'- C> ?LB ),'1 C> OCPNCAQGSCJV' 

:MT TC A?L JMMI GLQM KMOC BCQ?GJP ?@MRQ QFC BCA?V AF?LLCJP GL QFGP AMJJGPGML' 2AAMOBGLE QM 
QFC ?L?JVPGP MD QFGP PCAQGML% GL +IC> 5$ ?LB 5C=<<3J GLQCO?AQGML% TFCL ?LGMLP MRQEMGLE 
NOMHCAQGJCP 5& TCOC PCJCAQCB% LCGQFCO N?OCLQ GML 5C=<<3J*$% LMO GLQCOKCBG?QC GML 5C=<<*$ AMRJB 
PROSGSC' =FC FC?SGCPQ PROSGS?J DO?EKCLQ M@PCOSCB GP !5C=<<&7*"*$' 8Q AMOOCPNMLBP QM ? KC?L 
CUAGQ?QGML CLCOEV MD /'- C> DMO QFC N?OCLQ !5C=<<3J*$"##' ;LC MD QFC AMKNCQGQGSC BCA?V 
AF?LLCJ ?Q ? PJGEFQJV FGEFCO CLCOEV GP QFC DMOK?QGML MD !5C=<<&NF"*$% TFGAF AMOOCPNMLBP QM 
MLC NFCLVJ EOMRN JMPP DOMK GLQCOKCBG?QC GML !5C=<<*$"##% ?Q ? KC?L CUAGQ?QGML CLCOEV MD 1'0 
C> !'()-* $"' 5MO AMKN?OGPML% KC?L CLCOEV ?LB AMRLQ LRK@CO MD K?GL DO?EKCLQ?QGML AF?LLCJP 
?OC NOCPCLQCB GL &,+/.* #% RLBCO QFC CLSCJMNC MD QFC KC?PROCB QMQ?J CUAGQ?QGML CLCOEV 
BGPQOG@RQGML'  

 
'()-* ""! 9C?L CUAGQ?QGML CLCOEGCP ?DQCO QFC PCN?O?QGML MD AMLACOLCB W7* JMPP NOMACPPCP DMO DO?EKCLQP 
?OMRLB QFC LMKGL?J K?PP MD ..1' =FC LRK@CO MD AMRLQP MD C?AF DO?EKCLQ?QGML AF?LLCJ T?P ?JPM EGSCL' 

<OMHCAQGJC 5$ <OMHCAQGJC 7$  
 

4JCKCLQ 
9C?L CUAGQ?QGML CLCOEV  

!C>" 
 

3MRLQP 
9C?L CUAGQ?QGML CLCOEV  

!C>" 
 

3MRLQP 
5C=<<*$ & ( *'. *(/(( 

!5C=<<&7*"*$ /'- +.1( /'0 )(..( 
!5C=<<&*7*"*$ ),'1 1/( & ( 
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,/"'"&" +% 68:: 57 +! 87 *3.--)6 28665:587: 
2C H>; 97G; D< 1# 9DAA?G?DC$ K; >7J; E;F<DFB;: G?B?A7F :7H7 7C7AMG?G& 5>; ;LE;F?B;CH7A :7H7 

D< H>; E;7@$ C7B;: /;544)# EF;J?DIGAM$ K;F; <?HH;: K?H> HKD 53/ GI8%E;7@G 9;CH;F;: 7H 
9>7CC;AG .,+$ 7C: .-) 9DFF;GEDC:?C= HD /;544)# 7C: !/;544%1)")# F;GE;9H?J;AM !*54;93 (#"& 
5>; CIB8;FG D< 9DICH <DF H>; HKD ?CJDAJ;: GI8%9>7CC;AG K;F; <DIC: HD 8; )','' 7C: ('++' 
F;GE;9H?J;AM !.0163 $$"&  

5>; ;L9?H7H?DC ;C;F=M EDEIA7H?DC :?GHF?8IH?DC K7G K;AA <?HH;: K?H> HKD 07IGG?7C 
:?GHF?8IH?DCG D< 9DICH CIB8;FG <?L;: HD H>; J7AI;G D8H7?C;: EF;J?DIGAM ?C H>; 53/ GE;9HFIB 
<?HH?C= !*54;93 ($"& 5>; 9;CH;FG D< H>; HKD 07IGG?7C :?GHF?8IH?DCG 7HHF?8IH;: HD B;7C ;L9?H7H?DC 
;C;F=?;G 9DFF;GEDC:?C= F;GE;9H?J;AM HD /;544)# 7C: !/;544%1)")# 9>7CC;AG 7F; EF;G;CH;: ?C 
.0163 $$& /DF H>;G; HKD 9>7CC;AG$ H>; B;7C ;L9?H7H?DC ;C;F=?;G 7F; :;H;FB?C;: HD 8; )&+ ;6 7C: 
,&- ;6 F;GE;9H?J;AM& 2C *54;93 (%$ IC:;F H>; ;CJ;ADE; D< H>; B;7GIF;: HDH7A ;L9?H7H?DC ;C;F=M 
:?GHF?8IH?DC$ H>; B;7C ;L9?H7H?DC ;C;F=?;G D< H>; <DIF B7?C :;97M 9>7CC;AG 7F; F;EF;G;CH;: 8M 
7FFDKG&   
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!/;644%1("(# !<?G5"& 
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.DB@ F;8 45BH8 4A4?KE<E$ 6BAE<78D<A: 5BF; CDB=86F<?8E !.# 4A7 /#"$ F;8 9D4:@8AF4F<BA 

C4FF8DA B9 F;8 <BA .8322,?'# 64A 58 :<H8A I<F; @BD8 CD86<E<BA& 3;8 B5E8DH87 @4<A 7864K 
6;4AA8?E$ I<F; F;8 @84EGD87 @84A 8J6<F4F<BA 8A8D:<8E 4A7 6BGAF AG@58DE 4D8 CD8E8AF87 <A 
(1075/ &$ 4A7 <A *,-2/ "#& 

0A F;8 7<EEB6<4F<BA C4FF8DA B9 7<64F<BA .8322,?'#$ F;8 9<DEF EF8C <E F;8 ?BEE B9 A8GFD4? 
6;?BD<A8& .DB@ F;8 <AF8D@87<4F8 <BAE .8322'#$ F;8D8 4D8 E8H8D4? 7<EEB6<4F<BA DBGF8E* 

% F;8 EG668EE<H8 ?BEE B9 /' GA<FE+ 
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$& =J@ '-,0/+ %#"& 3PA OK ODA ?KILHASEOT KB ODA EJQKHQA@ LMK?ANNAN$ ODEN LA=G R=N JKO =J=HTUA@ 
EJ ODEN RKMG&  
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:DA HKNN KB = 5) BMKI ODA EJOAMIA@E=OA EKJN 4A:99)# EN ODA HKRANO AJAMCT ?KNO ?D=JJAH& 6J 

NLEOA KB ODA QAMT @EBBAMAJO AS?EO=OEKJ AJAMCT REJ@KRN EJ ?KHHENEKJN REOD ODA ORK LMKFA?OEHAN$ ODA 
IA=J AJAMCT IA=NPMA@ BKM ODEN ?D=JJAH EN QAMT JA=M$ .&, =J@ .&/ A; !()*.+ !""& :DA @EBBAMAJO 
Q=HPAN KJ ODA IA=J AS?EO=OEKJ AJAMCT IA=NPMA@ BKM ODA LA=G J=IA@ 4A:99)# EJ ODA NA?OEKJ 
6;&* BEJ@ ODA ASLHE?=OEKJ DAMA& 6J ODA ?=NA KB 4# LMKFA?OEHA$ ODEN LA=G EN ?KILKNA@ KB !4A:99%
5)")# =J@ !4A:99%)5)")# BM=CIAJON MAH=OA@ OK = DECDAM IA=J AS?EO=OEKJ AJAMCT Q=HPA$ .&/ A;& 6J ODA 
?=NA KB 5# LMKFA?OEHA$ EO EN ?KJOME>POA@ >T 4A:99)# =J@ !4A:99%5)")# BM=CIAJON @PA OK = HKRAM IA=J 
AS?EO=OEKJ AJAMCT Q=HPA$ +&) A;&  

:DA HKNN KB = LDAJTH CMKPL EN = ?KILAOEOEQA ?D=JJAH BKM ODA HKNN KB = 5) PJEO REOD = IA=J 
AJAMCT NHECDOHT DECDAM$ IA=NPMA@ OK >A 0&/ A; EJ ODA ?=NAN KB 4# LMKFA?OEHAN& 4KM KJA LDAJTH 
CMKPL AQ=LKM=OEKJ$ = NEJCHA 2%2 >KJ@ EN >MKGAJ1 RDEHA BKM ODA HKNN KB KJA 5) PJEO$ =O HA=NO ORK 
2%5 >KJ@N ?HA=Q=CA =MA JAA@A@& :DA ?HA=Q=CA KB KJA 2%5 >KJ@ JAA@N =J =IKPJO KB AJAMCT KB 
+(*87'IKH !+&(A;"& <DEHA ODA BKMI=OEKJ KB 5) MAHA=NAN +&,A; KB 5%5 >KJ@ AJAMCT& 6J OKO=H$ 
ODEN NEILHA AJAMCT >=H=J?A NDKRN OD=O *&.A; EN JAA@A@ BKM ODA HKNN KB = 5) PJEO& :DEN Q=HPA EN 



 

 0.

OI=HHAN PD=J PDA ?=H?QH=PA@ R=HQA BKN PDA HKOO KB = LDAJUH CNKQL BNKI 5A;99)# !+&+A<"& ;DEO EO 
EJ MQ=HEP=PERA =CNAAIAJP SEPD PDA B=?P PD=P !5A;99%6)")# ?D=JJAH EO K>OANRA@ =P HKSAN AJANCU 
R=HQA PD=J !5A;99%LD")#& 5KN PDA @ENA?P HKOO KB = 6) QJEP$ = NA=NN=JCAIAJP$ BKN AT=ILHA$ PDA 
?KQLHEJC KB PSK =@F=?AJP DU@NKCAJ =PKIO IECDP >A EJRKHRA@$ SDE?D NA@Q?AO PDA >EJ@EJC 
AJANCU KB A=?D 6%3 >KJ@& :EIEH=N LNK?AOOAO D=RA >AAJ K>OANRA@ BNAMQAJPHU EJ KNC=JE? 
?DAIEOPNU&  

 
'()-* "#! 8A=J AT?EP=PEKJ AJANCEAO =J@ JQI>AN KB ?KQJPO BKN BN=CIAJP=PEKJ ?D=JJAHO BNKI 5A;993H)# 
L=NAJP EKJO& 

9NKFA?PEHA 5# 9NKFA?PEHA 6#  
 

4HAIAJP 
8A=J AT?EP=PEKJ AJANCU  

!A<" 
 

3KQJPO 
8A=J AT?EP=PEKJ AJANCU  

!A<" 
 

3KQJPO 
5A;99)# % ' )&- )'.'' 

!5A;99%6)")# .&, *-0' .&/ ('--' 
!5A;99%LD")# 0&/ 0*(' ((&, )'('' 
!5A;99%)LD")# (*&. ),)' (,&/ -*)' 
!5A;99%)6)")# (+&0 0.' % ' 
 
;DA LA=G J=IA@ !5A;99%LD")# EO N=PDAN ?KILHAT& 7P IECDP >A ?KJPNE>QPA@ >U PDNAA LKOOE>HA 

LNK?AOOAO1 PDA HKOO KB = LDAJUH CNKQL BNKI 5A;99)#$ PDA HKOO KB = 6) BKHHKSA@ >U PDA HKOO KB = 
LDAJUH CNKQL$ PDA HKOO KB = LDAJUH CNKQL BKHHKSA@ >U PDA HKOO KB = 6)& ;DA IA=J AJANCU 
=OOK?E=PA@ PK PDEO LA=G @ALAJ@O OAJOEPERAHU KJ PDA >N=J?DEJC N=PEKO KB PDAOA ?D=JJAHO& ;DA PSK 
R=HQAO$ 0&/ A< =J@ ((&, A< BKN PDA ?=OAO KB 5# =J@ 6# LNKFA?PEHAO$ EJ@E?=PA PD=P EJ ?KHHEOEKJO 
SEPD 6#$ PDA ?KJPNE>QPEKJ KB PDA ?D=JJAH !5A;99%6)%LD")# EO H=NCAN PD=J EJ ?KHHEOEKJO SEPD 5#& 
2O =HNA=@U IAJPEKJA@ EJ OA?PEKJ 7<&*&* =J@ ODKSJ =C=EJ EJ &,+/.* $%$ PDA HKOO KB = OA?KJ@ 
LDAJUH CNKQL JAA@O =J ATPN= AJANCU KB =>KQP +A<$ ?KIL=N=>HA PK PDA @EOOK?E=PEKJ AJANCU 
JAA@A@ BKN PDA HKOO KB PDA BENOP LDAJUH CNKQL& 7J PDA ?=OA KB 6# LNKFA?PEHAO$ PDA AJANCU 
@EBBANAJ?A >APSAAJ !5A;99%6)")# =J@ PDA J=IA@ LA=G !5A;99%LD")#  D=LLAJO PK >A =>KQP + 
A<& ;DEO OQCCAOPO OPNKJCHU PD=P PDEO H=OP LA=G IECDP >A LNEJ?EL=HHU @QA PK PDA HKOO KB = LDAJUH 
CNKQL BNKI PDA EJPANIA@E=PA BN=CIAJP !5A;99%6)")#&  

:EIEH=N PK PDA HKOO KB PDA BENOP LDAJUH CNKQL$ BKN PDA HKOO KB PDA BENOP 6) QJEP$ PDA IA=J 
AT?EP=PEKJ AJANCU EO IA=OQNA@ PK >A =>KQP PSE?A PDA AOPEI=PA@ @EOOK?E=PEKJ AJANCU !*&. A<"& 7P 
EJ@E?=PAO PD=P PDA HKOO KB PDA BENOP 6) EO =HOK = OP=PEOPE?=H LNK?AOO& 6KSARAN$ BKN PDA HKOO KB PSK 
6) QJEPO$ PDA IA=J AT?EP=PEKJ AJANCU EO IA=OQNA@ PK >A (+&0 A<& 7P EO JKP=>HA PD=P EJ PDEO ?=OA$ 
?KJPN=NU PK PDA HKOO KB PDA OA?KJ@ LDAJUH CNKQL$ PDA ATPN= AJANCU JAA@A@ BKN PDA HKOO KB PDA 
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SFDONE 8* UNJT JS MUDI IJHIFR TIBN TIF FXPFDTFE EJSSODJBTJON FNFRHY !+&/F?"& 9T JS FQUJVBLFNT 
TO TIF MFBN FNFRHY MFBSURFE GOR TIF LOSS OG TIF GJRST 8*& =IJS SUHHFSTS TIBT B EJSSODJBTJON 
EYNBMJDS EJGGFRFNT GROM TIBT OG TIF SUDDFSSJVF LOSS OG PIFNYL HROUPS JS JNVOLVFE JN TIF 8* LOSS&  
=IF LOSS OG 8* UNJTS IBS CFFN BLSO STUEJFE JN TIF 5<9'394 FXPFRJMFNT& 9N TIF WORK OG 7OZFT 

FT BL& @/,A TIF RFLBTJVF BCUNEBNDF OG B VBRJFTY OG EJSSODJBTJON PBTIWBYS WFRF PROCFE BS B 
GUNDTJON OG TIF DOLLJSJON OGGSFT VOLTBHF BPPLJFE TO TIF :BUL TRBP @/,A !SFF #&%('$ "!"& 3OMPBRJNH 
TIF BCUNEBNDF EJSTRJCUTJONS GOR TIF GORMBTJON OG GRBHMFNTS !6F=::%8*"# BNE !6F=::%*8*"# 
RFSULTFE GROM 6F=::#$ TIF OGGSFT VOLTBHFS BRF DFNTFRFE TO 0-? BNE ))(?$ RFSPFDTJVFLY& =IF 
GRBHMFNT !6F=::%PIFNYL"# OR !6F=::%3.8-"# JS NOT OCSFRVFE& 6OR TIF GRBHMFNT !6F=::%
3.8."#$ TIF OGGSFT VOLTBHF JS DFNTFRFE TO TIF NFBRLY SBMF VBLUF BS TIBT OG !6F=::%8*"# BNE JTS 
BCUNEBNDF JS EOMJNBNT DOMPBRJNH TO TIBT OG !6F=::%8*"#& ;UBLJTBTJVFLY$ TIF OCSFRVBTJONS GOR 
TIF EFDBY OG SJNHLY DIBRHFE 6F=::# BRF ROUHILY JN BHRFFMFNT WJTI OUR RFSULT GOR EOUCLY 
DIBRHFE MOLFDULFS& >NGORTUNBTFLY$ JN TIF 5<9'394 FXPFRJMFNT$ TIF FGGJDJFNDY OG TIF FNFRHY 
TRBNSGFR JNTO TIF TBRHFT EURJNH TIF DOLLJSJONS JS UNKNOWN2 JT JS NOT POSSJCLF TO PFRGORM 
QUBNTJTBTJVF DOMPBRJSON& 
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:M SGHR BG@OSDQ% SGD CHRRNBH@SHNM NE @ LNKDBTKD NE AHNKNFHB@K HLONQS@MBD% 8D>==5K G@R ADDM 
RSTCHDC' >GD DWODQHLDMS@K RDSTO G@R ADDM NODQ@SDC HM SVN V@XR1 LTKSH&BNHMBHCDMBD LNCD @MC 
JHMDSHB DMDQFX KNRR LD@RTQDLDMS LNCD'  
:M SGD LTKSH&BNHMBHCDMBD LD@RTQDLDMS% SGD O@QDMS DWBHSDC HNMR VDQD OQDO@QDC AX TRHMF 

/(JD? ;Q/$ HLO@BS' 4X BNHMBHCDMBD CDSDBSHNM NE QDBNHK HNMR% SGD DIDBSDC DKDBSQNM&MTLADQ @MC 
EHM@K BG@QFD RS@SD NE SGD RB@SSDQDC OQNIDBSHKD ";Q.$#% SGD HMHSH@K BG@QFD RS@SDR NE O@QDMS HNMR% 
8D>==5K Q$ "Q2)%*%+#% @QD CDSDQLHMDC OQDBHRDKX' 4X @M@KXYHMF SGD EQ@FLDMS@SHNM ><8 RODBSQ@ 
NE 8D>==5K$% 8D>==5K*$ @MC 8D>==5K+$ O@QDMS LNKDBTKDR% HS HR RGNVM SG@S SGD L@HM KNV&
DMDQFX&BNRS EQ@FLDMS@SHNM BG@MMDK HR SGD DLHRRHNM NE MDTSQ@K BGKNQHMD HMCDODMCDMS NE SGD 
BG@QFD RS@SD NE SGD 8D>==5K LNKDBTKD' 8NQ 8D>==5K*$ @MC 8D>==5K+$ O@QDMS HNMR% SGD 
DU@ONQ@SHNM @MC @RXLLDSQHB@K EHRRHNM OQNBDRRDR G@UD ADDM LD@RTQDC RGNVHMF SG@S SGD 
DLHRRHNM NE KHFGS BG@QFDC EQ@FLDMS HR @KV@XR SGD OGDMXK FQNTO @MC MDUDQ SGD LNMNBG@QFDC 
BGKNQHMD B@SHNM' 8NQ 8D>==5K*$% SGD DU@ONQ@SHNM NE MDTSQ@K EQ@FLDMSR HR SGD CNLHM@MS 
EQ@FLDMS@SHNM BG@MMDK VHSG @ AQ@MBGHMF Q@SHN LD@RTQDC SN AD 0/!' 8NQ 8D>==+$% SGD 
AQ@MBGHMF Q@SHN ENQ SGD @RXLLDSQHB@K EHRRHNM HR DRSHL@SDC SN /+!Z,!' 
:M SGD JHMDSHB DMDQFX KNRR LD@RTQDLDMS% DWBHSDC CNTAKX BG@QFDC O@QDMS HNMR 8D>==5K*$ 

VDQD OQDO@QDC HM +JD? 8$ @MC 9$ NM LNKDBTKD HMSDQ@BSHNM' 4X TRHMF SGD 5:675 LDSGNC% SGD 
DMDQFX VHMCNVR @BSHU@SDC AX SGD SVN OQNIDBSHKDR VDQD LD@RTQDC' :S V@R ENTMC SG@S SGD 
DWBHS@SHNM DMDQFX VHMCNV V@R RGHESDC SN GHFGDQ DMDQFX AX @ANTS + D? HM 8$ BNKKHRHNMR' 8NQ 
HMCHUHCT@K CHRRNBH@SHNM BG@MMDKR% SGD LD@M DWBHS@SHNM DMDQFX NE SGD O@QDMS HNMR ADENQD HSR 
EQ@FLDMS@SHNM V@R CDSDQLHMDC' >GD QDRTKSR VDQD CHRBTRRDC HM BNLO@QHRNM VHSG NSGDQ 
SDBGMHPTDR% H'D'% DKDBSQNM HNMHY@SHNM ":7# DWODQHLDMSR'  
3KSGNTFG% SGD L@HM EQ@FLDMS@SHNM O@SGV@X NE SGD HMSDQLDCH@SD 8D>==*$ HR SGD RTBBDRRHUD 

KNRR NE OGDMXK FQNTOR% @CCHSHNM@K O@SGV@XR VHSG SGD KNRR NE 9* TMHSR @QD @KRN NARDQUDC TRHMF 
ANSG 8$ @MC 9$ OQNIDBSHKDR' 4X RDO@Q@SHMF SGD DWBHS@SHNM DMDQFX CHRSQHATSHNM RODBSQ@% SGD LD@M 
DWBHS@SHNM DMDQFHDR ENQ GXCQNFDM KNRR OQNBDRRDR VDQD CDSDQLHMDC' :M ROHSD NE SGD UDQX CHEEDQDMS 
DWBHS@SHNM DMDQFX VHMCNVR HM BNKKHRHNMR VHSG SGD SVN OQNIDBSHKDR% SGD LD@M DMDQFX LD@RTQDC ENQ SGD 
KNRR NE SGD EHQRS 9* HR UDQX MD@Q% .'- @MC .'/ D?' 4@RDC NM SGD DWODQHLDMS@K C@S@% @ LNQD CDS@HKDC 
CHRRNBH@SHNM CH@FQ@L HMBKTCHMF SGD KNRR NE 9* HR OQNONRDC'   
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9N THIS WORK% THE FRAGMENTATIONS OF ISOLATED SMALL BIOMOLECULES INDUCED BY LOW ENERGY HEAVY 
IONS AT KE? RANGE WERE INVESTIGATED USING THE SETUP IN :ANZHOU AND IN :YON' >WO MOLECULES 
OF BIOLOGICAL IMPORTANCE WERE STUDIED% I'E'% 3DENINE "4-8-;-% M2)+-# AND 7E>==4L 
"4,,8*/7E4L;,% M2.(,#' >HE FORMER IS ONE OF THE NUCLEOBASES IN 5;31 AND THE LATER IS ONE OF 
THE PORPHYRIN DERIVATIVES% AN IMPORTANT AND WIDESPREAD CLASS OF PIGMENTS IN NATURE'  
>HE SETUP IN :ANZHOU WAS BUILT TO STUDY THE NEGATIVE ION FORMATION PROCESS IN ION&

MOLECULE COLLISIONS' >HE SPECIFICITY OF THIS SETUP IS TO BE ABLE TO DETECT SCATTERED PROJECTILES AT 
ALL FINAL CHARGE STATES% INCLUDING NEUTRALS AND NEGATIVE IONS% IN COINCIDENCE WITH THE DETECTION 
OF CHARGED FRAGMENTS' >HUS THE NEUTRAL AND NEGATIVE PARTICLE PRODUCTION YIELD CAN BE DIRECTLY 
MEASURED'  
>HE SETUP IN :YON CAN BE OPERATED IN TWO MODES0 MULTI&COINCIDENCE MODE AND INTERNAL 

ENERGY MEASUREMENT MODE "49564 MEASUREMENT#' 9N THE TRIPLE COINCIDENCE MEASUREMENT 
BETWEEN THE CHARGE&ANALYZED PROJECTILE% THE ><7 OF THE RECOIL IONS AND THE NUMBER OF EJECTED 
ELECTRONS% THE CHARGE STATE OF THE PARENT RECOIL IONS PRIOR TO THE FRAGMENTATION CAN BE 
DETERMINED WITHOUT AMBIGUITY' 9N THE 49564 METHOD% BASED ON THE MULTI&COINCIDENCE 
TECHNIQUE% AND ANALYZING THE KINETIC ENERGY LOSS OF THE OUTGOING PROJECTILES% ONE IMPORTANT 
PARAMETER% THE INTERNAL ENERGY DEPOSITED IN THE TARGET MOLECULE DURING THE COLLISION% CAN BE 
EXPERIMENTALLY DETERMINED'  
@ITH THESE SPECIAL EQUIPMENTS AND TECHNIQUES% THE OUTCOMES OF THIS WORK ARE SUMMARIZED 

AS FOLLOWS0 
 
3DENINE 
 

  7*$ ON 3DENINE COLLISIONS AT +(KE? WERE INVESTIGATED BY USING THE SETUP IN 
:ANZHOU' >HE NEUTRAL PARTICLE 7( AND NEGATIVE ION 7& PRODUCTION YIELDS WERE 
MEASURED TO BE ABOUT )+! AND )!% RESPECTIVELY' >HE HIGH ENOUGH NEGATIVE ION RATE 
GIVES AN OPPORTUNITY TO PERFORM COINCIDENCE MEASUREMENT TO STUDY THE 
FRAGMENTATION OF SMALL BIOMOLECULES BY UTILIZING THE 49564 METHOD' 
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  0=OA@ KJ 16231 IA=OQNAIAJP$ PDA BN=CIAJP=PEKJ KB @KQ>HU ?D=NCA@ =@AJEJA 

IKHA?QHA$ LNK@Q?A@ EJ 1H# KJ /@A ?KHHEOEKJO =P *GA<$ S=O EJRAOPEC=PA@& ;DA 
BN=CIAJP=PEKJ L=PPANJ KB /@A)# S=O @KIEJ=PA@ >U OQ??AOOERA AIEOOEKJ KB 518' KN 
5)18#$ =J@ EP S=O ?KJBENIA@ >U PDA IA=OQNA@ EJPANJ=H AJANCU @EOPNE>QPEKJO& / 
OLA?EBE? BN=CIAJP=PEKJ ?D=JJAH NAMQENEJC HAOO AJANCU PD=J PDA QOQ=H OQ??AOOERA 
AIEOOEKJ KB JAQPN=H 518 S=O @AIKJOPN=PA@$ E&A&$ PDA AIEOOEKJ KB = ?D=NCA@ 5)18# 
BKHHKSEJC KJ >U PDA AIEOOEKJ KB 51)8)$ BKN SDE?D PDA IA=OQNA@ IA=J AT?EP=PEKJ 
AJANCU S=O =>KQP -&+A<& 

 
4A;::1H 
 

  6J OHKS IQHPE%?D=NCA@ EKJ 7N-# KJ 4A;::1H ?KHHEOEKJO =P -'GA<$ PDA KQPCKEJC 
LNKFA?PEHA 7N,# S=O ?D=NCA OAHA?PA@ EJ ?KEJ?E@AJ?A SEPD NA?KEH EKJO =J@ PDA AFA?PA@ 
AHA?PNKJ JQI>AN& ;DA EJEPE=H ?D=NCA OP=PA$ BNKI (# PK *#$ KB PDA PN=JOEAJP L=NAJP EKJO 
LNEKN PK PDA BN=CIAJP=PEKJ S=O @APANIEJA@ BKN A=?D ?KHHEOEKJ ARAJP& 0U =J=HUVEJC 
PDA BN=CIAJP ;94 OLA?PN= KB 4A;::1H N# !N.($)$*"$ PDA @EOOK?E=PEKJ O?DAIA S=O 
>QEHP& 6P EO BKQJ@ PD=P PDA I=EJ HKS%AJANCU%?KOP BN=CIAJP=PEKJ ?D=JJAH EO PDA 
AIEOOEKJ KB JAQPN=H ?DHKNEJA EJ@ALAJ@AJP KB PDA ?D=NCA OP=PA KB PDA 4A;::1H 
IKHA?QHA& 4KN EJPANIA@E=PA BN=CIAJP @E?=PEKJ 4A;::)#$ PDA @KIEJ=JP @EOOK?E=PEKJ 
?D=JJAH EO PDA JAQPN=H AR=LKN=PEKJ KB LDAJUH CNKQL& 4KN EJPANIA@E=PA PNE?=PEKJ 
4A;::*#$ PDA @KIEJ=JP @EOOK?E=PEKJ ?D=JJAH EO PDA =OUIIAPNE?=H BEOOEKJ KB ?D=NCA@ 
LDAJUH& 

 
  3T?EPA@ L=NAJP @E?=PEKJ 4A;::1H)# SANA LNAL=NA@ EJ *GA< 4# =J@ 5# KJ 4A;::1H 

EJPAN=?PEKJO& 6J 4# ?KHHEOEKJO$ PDA AT?EP=PEKJ AJANCU SEJ@KS S=O IA=OQNA@ PK >A 
ODEBPA@ PK DECDAN AJANCU >U =>KQP * A< ?KIL=NA@ PK ?KHHEOEKJO SEPD 5#& ;DEO 
NAOQHPA@ EJ DECDAN EJPAJOEPEAO KB NAH=PERAHU OI=HH BN=CIAJPO KJ PDA I=OO OLA?PNQI& 
;DA IA=J AT?EP=PEKJ AJANCEAO KB PDA L=NAJP EKJO LNEKN PK BN=CIAJP=PEKJ SANA 
@APANIEJA@ BKN PDA I=EJ @A?=U L=PDS=UO& 6J PDA @A?=U L=PPANJ KB 4A;::1H IKHA?QHA$ 
=@@EPEKJ=H ?D=JJAHO HEGA OQ??AOOERA 5) QJEP HKOO LNK?AOOAO SANA EJRAOPEC=PA@& ;DA 
IA=J AT?EP=PEKJ AJANCEAO BKN DU@NKCAJ HKOO LNK?AOOAO SANA @APANIEJA@& 
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%# 0MRDAUFFA 0#! EQ AJ#! :COLK?KP 3LNJ?PGLK LD 18. ;PN?KB /NC?HO @U 6LS$2KCNEU !) PL 
(& C=" 2ICAPNLKO% <CIELCE! &$$$# "('. N# %*),# 

&# DE>OIEP 7#! EQ AJ#! 0F?NEC 1NGRCK 3N?EJCKP?PGLK LD 8QAICL@?OCO% :HTP# ;ES# 8EQQ#! 
&$$'# )!. N# $)'($%# 

'# 2ELG @# ?#! EQ AJ#! /CULKB PFC /N?EE 9C?H- 4UMCNPFCNJ?I 4C?RU 5LK 1?J?EC PL 18. 
0LJMLKCKPO% :HTP# ;ES# 8EQQ#! &$$)# )%. N# %)'&$%# 

(# 7MCHIKP 5# ?#! EQ AJ#! 9FLPLGLK J?OO OMCAPNLJCPNU LD ?BCKGKC# PFUJGKC ?KB QN?AGI GK 
PFC ,V(( C= MFLPLK CKCNEU N?KEC% 1HEKICAJ :HTPICP! &$$)# #!$. N# &*'# 

)# <ALCHE 8#! 6LS CKCNEU CICAPNLK$BNGRCK B?J?EC GK @GLJLICAQICO% 3RO# :HTP# 7# 2! &$$)# 
#%. N# '*+# 

*# 8IR 0#! EQ AJ#! 0LIIGOGLK$5KBQACB 1GOOLAG?PGLK LD 4UBN?PCB .BCKLOGKC 7LKLMFLOMF?PC 
8QAICLPGBC 5LKO- 9NLPCAPGLK LD PFC 5LK GK>?PCN 8?KLAIQOPCNO% :HTP# ;ES# 8EQQ#! &$$*# 
)'. N# %''($%# 

+# /LQIC 2#! EQ AJ#! 6LS$2KCNEU 2ICAPNLK 1?J?EC PL 0LKBCKOCB$9F?OC 1CLTUNG@LOC 
.K?ILEQCO 5KRCOPGE?PCB @U 2ICAPNLK ;PGJQI?PCB 1COLNMPGLK LD 4$ ?KB 2ICAPNLK 2KCNEU 
6LOO ;MCAPNLOALMU% 7# :HTP# 1HEK# 0! %---# ! #. N# **%%# 

,# /LQIC 2#! :AOELQEA 8# =#! ALD <ALCHE 8#! 2ICAPNLK$;PGJQI?PCB 1COLNMPGLK LD 4$ DNLJ 
0LKBCKOCB$9F?OC 1CLTUNG@LOC .K?ILEQCO-  1GOOLAG?PGRC 2ICAPNLK .PP?AFJCKP RCNOQO 
:COLK?KAC 1CA?U GKPL 1GMLI?N 1GOOLAG?PGLK% 7# :HTP# 1HEK# 0! &$$$# ! $. N# (+%%# 

-# 0MRDAUFFA 0#! EQ AJ#! 5KBQAPGLK LD OGKEIC$ ?KB BLQ@IC$OPN?KB @NC?HO GK MI?OJGB 18. @U 
'&&V'+&& C= CICAPNLKO 6LQ# 7# ;ADIAQ# 0IMJ# ! &$$$# '&. N# %&$-# 

%$# /BDMRJ"1AOIKE 5#! 1JMRQIEO :#! ALD <ALCHE 8#! 6LS$2KCNEU !+V*& C=" 2ICAPNLK$
;PGJQI?PCB 1COLNMPGLK LD .KGLKO DNLJ 9FUOGOLN@CB 18. /?OCO% ;ADIAQ# ;EP#! &$$%# 
!%%. N# *&)# 

%%# 5REJP 9# /#! EQ AJ#! ;GKEIC# 1LQ@IC# ?KB 7QIPGMIC 1LQ@IC ;PN?KB /NC?HO 5KBQACB GK 
18. @U )$'&& C= 2ICAPNLKO% 7# /K# 1HEK# <MC#! &$$'# !"%. N# ((*+# 

%&# 5ALEJ 4#! EQ AJ#! 2ICAPNLK .PP?AFJCKP PL <N?AGI- 2DDCAPGRC 1COPNQAPGLK ?P ;Q@CTAGP?PGLK 
2KCNEGCO% :HTP# ;ES# 8EQQ#! &$$'# ) . N# %,,%$(# 

%'# 2ELIFJ <#! EQ AJ#! 2ICAPNLK ?PP?AFJCKP PL +$AFILNL QN?AGI% 7# 1HEK# :HTP#! &$$'# !!(. N# 
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