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5"'$!+I&+%"+3bd_a]_aaS$A*&$+&"3&K0'&+&$41"#$&'?\3)*672$%*&$=+2&'#"67"+3$>0+$97+)*M

67&+$l*'+&+2I*6,)"+3##21%*&+$I*&$K&*$-'.73&K0'&+&+$(*+%&'+$07+&$&*+&$*+%"5*&'2&$8'.7M

3&K"'2S$l*&'K&*$#*+%$%*&$&'#2&+$-.+-$U&K&+#213&$%&'$41"#$*+$&2I1$>&'3)&*67K1'$?*2$&*+&?$

-'.73&K0'&+&+$ (*+%$ RV[$ &+2#L'*672$ 61S$ XX$ L0#2M,0+5&L2*0+&))&+$ C67I1+3&'#671-2#I0M

67&+T_$1K$F13$]$&+2#L'*672$%*&$41"#$>0+$*7'&'$l*'+&+2I*6,)"+3$7&'$&*+&?$'&*-3&K0'&+&+$

(*+%S$!K$61S$X[$L0#2+121)&+$F13&+$RVX[T$*#2$>0+$&*+&?$()&*+,*+%M97+)*67&+$C21%*"?$1"#M

5"3&7&+_$1K$61S$b^$L0#2+121)&+$F13&+$RVb^T$>0+$&*+&?$r"3&+%)*67&+$!)2&'$"+%$1K$%&?$

^[S$U&K&+#213$RV^[T$&+2#L'*672$%1#$l*'+&+2I*6,)"+3##21%*"?$%&'$41"#$ *+$&2I1$&*+&?$



D+2I*6,)"+3$%&'$I&*J&+$C"K#21+5$%&#$"+'&*-&+$()&*+7*'+#$*?$C679%*3"+3#?0%&))$%&'$41"#$%"'67$L0#2+121)&$L'0M*+-)1??120'*#67&$C2*?")12*0+$?*2$B+2&')&",*+MNO$

Xd$ $ A*##&'212*0+$<$U"*#1$C0L7*&$()&*+$

$
$
$

&'I167#&+&+$4&+#67&+afS$A*&#&$5&*2)*67&+$D*+#67925"+3&+$#2.25&+$#*67$1"-$&*+&$A12&+M

K1+,$%&'$=+*>&'#*2g$0-$:&+2'1)$!',1+#1#$"+%$%&'$:0'+&))$=+*>&'#*2g_$%*&$&*+&+$!)30'*27?"#$

5"?$k&'3)&*67$%&'$l*'+&+2I*6,)"+3$>0+$5&7+$>&'#67*&%&+&+$C9"3&2*&'#L&5*&#$5"'$k&'-.M

3"+3$#2&))2$RIIIS2'1+#)12*+32*?&S0'3TS$$

!)#$L'0M*+-)1??120'*#67&'$C2*?")"#$I"'%&$B+2&')&",*+$NOf[$RBUMNOT$3&I97)2_$I&)67&#$*+2'1M

L&'*20+&1)$1LL)*5*&'2$I"'%&_$"?$&*+&+$#g#2&?*#67&+$D--&,2$5"$&''&*67&+S$BUMNO$*#2$&*+$5&+2M

'1)&'$"+%$L02&+2&'$4&%*120'$"+%$B+*2*120'$>0+$D+25.+%"+3#,1#,1%&+$*+-&,2*\#&'$"+%$1"20M

*??"+&'$/12"'fN_fXS$A*&$A0#*#$I"'%&$1"-$%&'$@1#*#$%&##&+$K&#2*??2_$I1#$#*67$1)#$#&+#*M

K*)*#*&'&+%$ 3&3&+.K&'$ 80)3&#679%*3"+3&+$ RDh5*2020h*5*292T$ 1)#$ 4*+*?1)%0#*#$ &'I*&#&+$

712XXS$A*&$Q'0J7*'+&$%&'$k&'#"67#2*&'&$%*&#&'$!'K&*2$I"'%&+$K&'&*2#$"+2&'#"672a]S$A1'*+$

5&*32&+$#*67$?*,'0#,0L*#67$&',&++K1'&$Q&I&K&)9#*0+&+$"+%$,&*+&$C679%*3"+3&+$%&'$

3'1"&+$C"K#21+5S$B+$%&'$I&*J&+$C"K#21+5$7*+3&3&+$I1'&+$C2\'"+3&+$%&'$G)*30%&+%'0M

5g2&+'&*-"+3$"+%$%&'$4g&)*+*#*&'"+3$#0I*&$!h0+0L127*&+$5"$K&#67'&*K&+S$B+$k&'71)2&+#M

2&#2"+3&+$I"'%&+$Q&%9672+*##2\'"+3&+$%&'$F*&'&$K&0K1672&2a]S$$

$

NSY$8'13&#2&))"+3$

A*&$8'13&#2&))"+3$%&'$>0')*&3&+%&+$!'K&*2$ )1"2&2$#0?*2W$k&'"'#1672$L&'*+121)&_$#"K,)*+*M

#67&$B+-)1??12*0+$%"'67$BUMNO$*?$41"#?0%&))$C679%*3"+3&+$%&#$()&*+7*'+#$1"-$5&))")9M

'&'$0%&'$?0)&,")1'&'$DK&+&w$"+%$I&++$r1$<$I&)67&x$$

A*&#&$8'13&#2&))"+3$I*'%$>&'#"672_$%"'67$7*#20)03*#67&$"+%$?0)&,")1'K*0)03*#67&$!+1)gM

#&+_$"+2&'$1+%&'&?$%"'67$=+2&'#"67"+3&+$>0+$V'0)*-&'12*0+#M$"+%$A*--&'&+5*&'"+3#1,2*M

>*292&+$%&'$&*+5&)+&+$e&)))*+*&+_$5"$K&1+2I0'2&+S$

$

$ $



D+2I*6,)"+3$%&'$I&*J&+$C"K#21+5$%&#$"+'&*-&+$()&*+7*'+#$*?$C679%*3"+3#?0%&))$%&'$41"#$%"'67$L0#2+121)&$L'0M*+-)1??120'*#67&$C2*?")12*0+$?*2$B+2&')&",*+MNO$

X^$ $ A*##&'212*0+$<$U"*#1$C0L7*&$()&*+$

$
$
$

2 Material und Methoden 
$

XSN$412&'*1)*&+$

XSNSN$k&'K'1"67#?12&'*1)$

80)3&+%&#$k&'K'1"67#?12&'*1)$I"'%&$-.'$%*&$A"'67-.7'"+3$%&'$DhL&'*?&+2&$K&+\2*32W$

$
F1K&))&$NW$k&'K'1"67#?12&'*1)*&+$%&'$DhL&'*?&+2&$

!'2$ l&'#2&))&'$

@*6*+670+*+*6$!6*%$V'02&*+$!##1g$(*2$ V*&'6&yF7&'?0$C6*&+2*-*6_$E06,-0'%_$=C!$
A&6,3)9#67&+$ ES$U1+3&+K'*6,_$D??&+%*+3&+$
4*6'0!?L|$GL2*61)$!%7&#*>&$:0>&'#$ !LL)*&%$@*0#g#2&?#_$A1'?#21%2$
4*6'0!?L|$GL2*61)$fYMi&))$E&162*0+$V)12&$ !LL)*&%$@*0#g#2&?#_$A1'?#21%2$
4*+*MVEGFD!/$FQj}$V'&61#2$4*%*$V'02&*+$Q&)$ @*0ME1%$U1K0'120'*&#$Q?Kl_$8&)%,*'67&+$
/*2'05&))")0#&?&?K'1+&+$[SX$~?$V0'&+3'\J&$$ @*0ME1%$U1K0'120'*&#$Q?Kl_$8&)%,*'67&+$
V*L&22&+#L*25&+$ C1'#2&%2_$DLL&+%0'-_$@*05g?$
C"L&'$8'0#2$L)"#F4$K&#67*672&2&$GKr&,22'93&'$ ES$U1+3&+K'*6,_$D??&+%*+3&+$
C"L&'$V!VMV&+$U*p"*%$@)06,&'$ C6*&+6&$C&'>*6&#_$4.+67&+$
@*05g?$C6*&+2*-*6$Q?Kl_$l&##*#67$G)%&+%0'-w$DLL&+%0'-_$l1?K"'3w$C1'#2&%2$!Q$�$:0S$(Q_$/.?K'&672$

$
$

XSNSX$:7&?*,1)*&+$"+%$U\#"+3&+$

e"'$A"'67-.7'"+3$%&'$DhL&'*?&+2&$I"'%&+$>&'#67*&%&+&$:7&?*,1)*&+$"+%$U\#"+3&+$K&M

+\2*32_$%1'"+2&'$#0I07)$3&K'1"67#-&'2*3$&'I0'K&+&$1)#$1"67$#&)K#2$7&'3&#2&))2&S$F1K&))&+$

X$"+%$b$3&K&+$&*+&$tK&'#*672S$

$

F1K&))&$XW$Q&K'1"67#-&'2*3&$:7&?*,1)*&+$"+%$U\#"+3&+$

!'2$ l&'#2&))&'$

@C!$$ C&'>1_$l&*%&)K&'3$
@0'#9"'&$ 4&'6,_$A1'?#21%2$
:7)0'0-0'?$ 4&'6,_$A1'?#21%2$



D+2I*6,)"+3$%&'$I&*J&+$C"K#21+5$%&#$"+'&*-&+$()&*+7*'+#$*?$C679%*3"+3#?0%&))$%&'$41"#$%"'67$L0#2+121)&$L'0M*+-)1??120'*#67&$C2*?")12*0+$?*2$B+2&')&",*+MNO$

XY$ $ A*##&'212*0+$<$U"*#1$C0L7*&$()&*+$

$
$
$

:*2'0+&+#9"'&M40+07g%'12$ ZS$FS$@1,&'_$A&>&+2&'_$/*&%&')1+%&$
A!(G$!+2*K0%g$A*)"&+2$ A1,0_$Q)0#2'"L_$A9+&?1',$
A/1#&$ o*13&+_$l*)%&+$
A")K&660$V@C$ @*067'0?_$@&')*+$
DAF!$ 8)",1_$@"67#_$C67I&*5$
D271+0)$ 4&'6,_$A1'?#21%2$
8)"0'&#7*&)%$?*2$A!VB$ C*3?1M!)%'*67_$F1"-,*'67&+$K&*$4.+67&+$
U1&??)*$C1?L)&$@"--&'$ @*0ME1%$U1K0'120'*&#$Q?Kl_$8&)%,*'67&+$
4*+*_$DAF!M-'&*&_$V'02&1#&MB+7*K*20'MF1K)&22&+$ E067&$A*13+0#2*6#_$41++7&*?$
/12'*"?67)0'*%$$ 4&'6,_$A1'?#21%2$
/",)&1#&M-'&*&#$i1##&'$ F7&'?0$8*#7&'$C6*&+2*-*6_$l&++*+3#%0'-$
/QC$ C*3?1M!)%'*67_$F1"-,*'67&+$K&*$4.+67&+$
V1'1--*+$ 4&%*2&$Q?Kl_$@"'3%0'-$
V1'1-0'?1)%&7g%$ 4&'6,_$A1'?#21%2$
L&pQ0)%$E/!MV"'&$ V&pU1K$@*02&67+0)03*&_$D')1+3&+$
V0+6&1"$C$U\#"+3$ 8)",1_$@"67#_$C67I&*5$
E&,0?K*+1+2&#$41"#$BUMNO$ E�A$Cg#2&?#_$4*++&1L0)*#_$4/_$=C!$
EBV!$V"--&'$ C*3?1M!)%'*67_$F1"-,*'67&+$K&*$4.+67&+$
E02*|Ml*#20)MU\#"+3$ :1')$E027_$(1')#'"7&$
l:)_$'1"67&+%$ 4&'6,_$A1'?#21%2$
F!D$D)&,2'0L70'&#&$V"--&'$ 8&?&+21#_$C2S$U&0+ME02$
FEBC$ 4&'6,_$A1'?#21%2$
F'*20+MjMN[[$ 4&'6,_$A1'?#21%2$
FI&&+MX[$ C*3?1M!)%'*67_$F1"-,*'67&+$K&*$4.+67&+$
k&621#7*&)%$l1'%C&2$40"+2*+3$4&%*1$$ k&620'$U1K0'120'*&#_$@"')*+31?&_$=C!$
@C!${$E*+%&'#&'"?1)K"?*+_$A/1#&${$A&#0hg'*K0+",)&1#&_$V@C${$V70#L712M3&L"--&'2&$C1)5)\#"+3_$DAF!${$
D27g)&+%*1?*+2&2'116&212_$A!VB${$dn_YMA*1?*%*+MXML7&+g)*+%0)_$l:)${$C1)5#9"'&_$/1:)${$/12'*"?67)0'*%_$/QC${$
+0'?1)&#$e*&3&+#&'"?_$E/!${$E*K0+",)&*+#9"'&_$BUMNO${$B+2&')&",*+MNO_$EBV!${$E1%*0*??"+0L'95*L*212*0+#1#M
#1g_$F!DMV"--&'${$FEBCM!6&212MDAF!MV"--&'_$FEBC${$F'*#R7g%'0hg?&27g)T1?*+0?&271+$

$

$ $



D+2I*6,)"+3$%&'$I&*J&+$C"K#21+5$%&#$"+'&*-&+$()&*+7*'+#$*?$C679%*3"+3#?0%&))$%&'$41"#$%"'67$L0#2+121)&$L'0M*+-)1??120'*#67&$C2*?")12*0+$?*2$B+2&')&",*+MNO$

X]$ $ A*##&'212*0+$<$U"*#1$C0L7*&$()&*+$

$
$
$

F1K&))&$bW$C&)K#2$7&'3&#2&))2&$U\#"+3&+$"+%$V"--&'$

@&5&*67+"+3$ E&5&L2"'$

@)06,*&'"+3#)\#"+3$B$-.'$Bl:$ N$s$@C!_$N[$s$/QC_$[S[^$s$FI&&+MX[$*+$V@C$V"--&'$
@)06,*&'"+3#)\#"+3$BB$-.'$Bl:$ b$s$@C!_$N$s$/QC_$[S[^$s$FI&&+MX[$*+$V@C$V"--&'$
@)06,*&'"+3#)\#"+3$-.'$i@$ ^$s$@C!_$[SN$s$FI&&+MX[$*+$FEBCM3&L"--&'2&'$C1)5)\#"+3$$
@0'12L"--&'$RLl$aS^T$ N$4$@0'#9"'&_$N$4$FEBC$"+%$X[$?4$DAF!$*+$K*%&#2S$lXG$
N[M-167&'$:*2'12L"--&'$RLl$YS[T$ N[[$?4$:*2'0+&+#9"'&M40+07g%'12$*+$K*%&#2S$lXG$
V&'?&1K*)*#*&'"+3#)\#"+3$Bl:$ [SN$s$F'*20+MjMN[[$"+%$[SN$s$FI&&+MX[$*+$V@C$V"--&'$
F'*#M3&L"--&'2&$C1)5)\#"+3$RLl$fS[T$ NSXN$3$FEBC$"+%$[Sb]$3$DAF!$1%$NU$K*%&#2S$lXG$
Bl:${$B??"+7*#2067&?*&_$@C!${$E*+%&'#&'"?1)K"?*+_$DAF!${$D27g)&+%*1?*+2&2'116&212_$/QC${$+0'?1)&#$e*&3&+#&'"?_$
V@C${$V70#L712M3&L"--&'2&$C1)5)\#"+3_$FEBC${$F'*#R7g%'0hg?&27g)T1?*+0?&271+_$i@${$i&#2&'+M@)02$

$
$

XSNSb$!+2*,\'L&'$"+%$81'K#20--&$

8.'$%*&$A"'67-.7'"+3$>0+$i&#2&'+M@)02#$5"'$V'02&*+1+1)g#&$"+%$-.'$%*&$*??"+7*#2067&M

?*#67&+$89'K"+3&+$I"'%&+$r&I&*)#$V'*?9'M$"+%$C&,"+%9'1+2*,\'L&'$-.'$%*&$41',*&'"+3$

>0+$&h2'1M$"+%$*+2'15&))")9'&+$e&))K&#21+%2&*)&+$K&+\2*32S$D*+&$tK&'#*672$.K&'$%*&$>&'I&+M

%&2&+$!+2*,\'L&'$3&K&+$%*&$F1K&))&+$dM]S$ $

$

F1K&))&$dW$V'*?9'1+2*,\'L&'$-.'$i&#2&'+M@)022*+3$

!+2*3&+$ CL&5*-*,12*0+$ ,A!$ 8*'?1$ /"??&'$ k&'%.++"+3$ Be$

OM162*+*+$ ?0"#&$1+2*$OM162*+*+$ dX$ C*3?1$!)%'*67$ !^bNY$ NW^[[[$ Xd7$

:/V$ '1KK*2$1+2*$:/V$$ df$ F7&'?0$8*#7&'$ V!MX]f]X$ NWN[[[$ Xd7$

4!Q$ ?0"#&$1+2*$4!Q$ Yb_$Yf$ !K61?$ 1Kaf]a[$ NW^[[$ Xd7$
4@V$ ?0"#&$1+2*$4@V$ NaMXd$ :0>1+6&$ C4BMffV$ NWN[[[$ Xd7$

4GQ$ '1KK*2$1+2*$4GQ$ X]$ !K61?$ 1KbX]Y[$ NWN[[[$ Xd7$

VUV$ '1KK*2$1+2*$VUV$ XY_$b[$ !K61?$ 1KXadaY$ NWN[[[$ Xd7$

:/V${$Xm_bmM5g,)*#67&$/",)&02*%MbmMV70#L70%*&#2&'1#&w$,A!${$(*)0%1)20+_$4!Q${$4g&)*+M1##05**&'2&#$Q)g,0L'02&*+w$
4@V${$K1#*#67&#$4g&)*+L'02&*+w$4GQ${$4g&)*+MG)*30%&+%'05g2&+MQ)g,0L'02&*+w$VUV${$V'02&0)*L*%L'02&*+w$Be${$B+,"M
K12*0+#5&*2$v$!K61?_$:1?K'*%3&_$=(w$:0>1+6&_$V'*6&20+_$/&I$Z&'#&g_$=C!w$F7&'?0$8*#7&'$C6*&+2*-*6_$i1)271?_$41#M
#167"#&22#_$=C!w$C*3?1M!)%'*67_$F1"-,*'67&+$K&*$4.+67&+$

$



D+2I*6,)"+3$%&'$I&*J&+$C"K#21+5$%&#$"+'&*-&+$()&*+7*'+#$*?$C679%*3"+3#?0%&))$%&'$41"#$%"'67$L0#2+121)&$L'0M*+-)1??120'*#67&$C2*?")12*0+$?*2$B+2&')&",*+MNO$

Xa$ $ A*##&'212*0+$<$U"*#1$C0L7*&$()&*+$

$
$
$

F1K&))&$^W$C&,"+%9'1+2*,\'L&'$-.'$i&#2&'+M@)022*+3$

!+2*3&+$ CL&5*-*,12*0+$ 8*'?1$ /"??&'$ k&'%.++"+3$ Be$

?0"#&$ L0)g6)0+1)$'1KK*2$1+2*M?0"#&$ A!(G$ V[XY[$ NW^[[[$ N7$
'1KK*2$ 70'#&'1%*#7$ L&'0h*%1#&M)*+,&%$ L0)g6)0+1)$

3012$1+2*M'1KK*2$
A!(G$ V[dda$ NW^[[[$ N7$

Be${$B+,"K12*0+#5&*2w$A!(G_$Q)0#2'"L_$A9+&?1',$

$

$
F1K&))&$YW$V'*?9'1+2*,\'L&'$-.'$B??"+7*#2067&?*&$

!+2*3&+$ CL&5*-*,12*0+$ 8*'?1$ /"??&'$ k&'%.++"+3$ Be$

@'%=$ 67*6,&+$1+2*$@'%=$ !K61?$ 1KfXab]$ NWb[[$ da7$
@'%=$ '1KK*2$1+2*$@'%=$ @*0##$ K#M[dafE$ NW^[$ Xd7$
:1#Lb$ '1KK*2$1+2*$:1#Lb$ :&))$C*3+1)*+3$ fYYd$ NWX[[$ Xd7$
::N$ ?0"#&$1+2*$::N$ :1)K*067&?$ GVaY$ NWX^[$ Xd7$
:Ab$ 1+2*M?0"#&$:Ab_$!)&h1$

8)"0'|$^fd$
@*0U&3&+%$ !@�X^^bdX]$ NWN[[$ Xd7$

A1L*$ $ C*3?1$!)%'*67$ bXY][$ NWX[[[$ N[�$
BK1N$ '1KK*2$1+2*$BK1N$ i1,0$:7&?*61)#$ [NfMNf]dN$ NW]^[$ da7$
4!Q$ ?0"#&$1+2*$4!Q$ !K61?$ 1Kaf]a[$ NWN[[[$ Xd7$

4GQ$ '1KK*2$1+2*$4GQ$ !K61?$ 1KbX]Y[$ NWN^[[$ Xd7$
G)*3N$ '1KK*2$1+2*$G)*3N$ 4*))*L0'&$ !@N^YX[$ NW]^[$ Xd7$
G)*3X$ ?0"#&$1+2*$G)*3X$$ !K61?$ 1K^YYdb$ NW^[[$ Xd7$
V:/!$ ?0"#&$1+2*$V:/!$ !K61?$ 1KXf$ NWN[[[$ Xd7$
V:/!$ '1KK*2$1+2*$V:/!$ !K61?$ 1KN^df]$ NW^[[$ Xd7$
@'%=${$@'0?0MA&#0hg"'*%*+w$:1#Lb${$3&#L1)2&+&$:1#L1#&$bw$::N${$()0+$%&#$1%&+0?12\#&+$V0)gL0#*#$:0)*$V'02&*+$
Nw$:Ab${$6)"#2&'$0-$%*--&'&+2*12*0+$bw$A1L*${$dn_YMA*1?*%*+MXML7&+g)*+%0)w$BK1N${$B0+*#*&'2&#$:1)6*"?MK*+%&+%&#$!%1LM
2&'?0)&",.)$Nw$4!Q${$4g&)*+M1##05**&'2&#$Q)g,0L'02&*+w$4GQ${$4g&)*+MG)*30%&+%'05g2&+MQ)g,0L'02&*+w$G)*3N${$G)*M
30%&+%'05g2&+MF'1+#,'*L2*0+#-1,20'$ Nw$G)*3X${$G)*30%&+%'05g2&+MF'1+#,'*L2*0+#-1,20'$Xw$V:/!${$V'0)*-&'12*+3M:&))M
/"6)&1'M!+2*3&+w$Be${$B+,"K12*0+#5&*2$$
!K61?_$:1?K'*%3&_$=(w$@*0U&3&+%_$C1+$A*&30_$(1)*-0'+*&+_$=C!w$@*0##_$@0#20+_$41##167"#&22#_$=C!w$:1)K*067&?_$
A1'?#21%2w$:&))$C*3+1)*+3$F&67+0)03g$D"'0L&_$8'1+,-"'2$1?$41*+w$4*)*L0'&_$A1'?#21%2w$C*3?1M!)%'*67_$F1"-,*'67&+$
K&*$4.+67&+w$i!(G$:7&?*61)#_$/&"##$

$

$ $
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NX[S 41+"&)_$:S$ES_$!#7Kg_$:S$ES$�$E&5+*,_$CS$DS$A*#6'&L1+6*&#$*+$!+*?1)$40%&)#$0-$
V'&2&'?$@*'27S$:"''S$V71'?S$A&#S$Xb_$YNdX<YNda$RX[N]TS$

NXNS :7&+_$�S_$4*)&#_$AS$(S_$l01+3_$FS_$C7*_$ZS_$l"')06,_$DS_$(&'+*&_$CS$QS$�$U"_$oS$ES$
F7&$K1#*6$7&)*hM)00LM7&)*h$2'1+#6'*L2*0+$-1620'$0)*3X$*#$6'*2*61)$-0'$'&162*>&$1#2'06g2&$
L'0)*-&'12*0+$1-2&'$60'2*61)$*+r"'gS$ZS$/&"'0#6*S$G--S$ZS$C06S$/&"'0#6*S$Xa_$N[fab<
N[faf$RX[[aTS$

NXXS U*30+_$(S$US_$(&#1'*_$CS_$(*21%1_$4S_$C"+_$FS_$!'+&22_$lS$!S_$!)K&'21_$ZS$!S_$!+%&'M
#0+_$AS$ZS_$C2*)&#_$:S$AS$�$E0I*267_$AS$lS$A&>&)0L?&+2$0-$/QX$+&"'1)$L'03&+*20'$
6&))#$'&p"*'&#$G)*3$3&+&$-"+62*0+S$V'06S$/12)S$!61%S$C6*S$N[b_$]a^b<]a^a$RX[[YTS$

NXbS e7"_$US_$j*1+3_$VS_$Q"0_$(S_$i1+3_$!S_$U"_$ZS_$F1g_$CS$CS$iS_$Z*1+3_$lS$�$l&_$@S$VS$
4*6'03)*1y?0+06g2&#$I*27$/QX$&hL'&##*0+$71>&$+0$L71306g2*6$-"+62*0+$*+$27&$
60'2&h$1-2&'$UVC$-061)$*+r&62*0+$*+20$27&$'12$K'1*+S$Q)*1$Y[_$NdN]<NdXY$RX[NXTS$

NXdS e710_$ZSMiS_$E171M:70I%7"'g_$ES_$81I6&22_$ZS$iS$�$i122#_$:S$!#2'06g2&#$1+%$0)*M
30%&+%'06g2&#$61+$K&$3&+&'12&%$-'0?$/QXc$L'03&+*20'#$1-2&'$16"2&$K'1*+$*+r"'gW$
*+2'16&))")1'$)061)*512*0+$0-$0)*30%&+%'06g2&$2'1+#6'*L2*0+$-1620'$X$*#$1##06*12&%$
I*27$27&*'$-12&$670*6&S$D"'S$ZS$/&"'0#6*S$Xf_$Na^b<NaYf$RX[[fTS$

NX^S Z0+&#_$US$US_$�1?13"67*_$�S_$C21))6"L_$iS$@S$�$F"#5g+#,*_$4S$lS$/QX$*#$1$?1r0'$
670+%'0*2*+$#")-12&$L'02&03)g61+$L'0%"6&%$1-2&'$#L*+1)$60'%$*+r"'g$1+%$*#$&hM
L'&##&%$Kg$?16'0L713&#$1+%$0)*30%&+%'06g2&$L'03&+*20'#S$ZS$/&"'0#6*S$G--S$ZS$
C06S$/&"'0#6*S$XX_$X]fX<Xa[b$RX[[XTS$

NXYS @712_$ES$kS_$!h2_$(S$ZS_$80#+1"37_$ZS$CS_$C?*27_$(S$ZS_$Z07+#0+_$(S$!S_$l*))_$AS$DS_$
(*+5)&'_$(S$iS$�$@1'1K1+_$ZS$4S$DhL'&##*0+$0-$27&$!V:$2"?0'$#"LL'&##0'$L'02&*+$
*+$0)*30%&+%'03)*1S$Q)*1$N]_$NYf<N]d$RNffYTS$

NX]S Q"0_$eS_$i1+3_$jS_$j*10_$ZS_$i1+3_$�S_$U"_$lS_$F&+3_$ZS$�$i1+3_$iS$D1')g$L0#2+1M
21)$Q8!VM&hL'&##*+3$6&))#$L'0%"6&$?")2*)*+&13&$L'03&+g$*+$6&'&K'"?$1+%$1#2'0M
6g2&#$*+$6&'&K&))"?$0-$1%")2$?*6&S$@'1*+$E&#S$N^bX_$Nd<X[$RX[NbTS$

NXaS U*"_$eS_$l"_$jS_$:1*_$ZS_$U*"_$@S_$V&+3_$jS_$i&3+&'_$4S$�$o*"_$4S$B+%"62*0+$0-$0)*M
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D+2I*6,)"+3$%&'$I&*J&+$C"K#21+5$%&#$"+'&*-&+$()&*+7*'+#$*?$C679%*3"+3#?0%&))$%&'$41"#$%"'67$L0#2+121)&$L'0M*+-)1??120'*#67&$C2*?")12*0+$?*2$B+2&')&",*+MNO$

a]$ $ A*##&'212*0+$<$U"*#1$C0L7*&$()&*+$

$
$
$

NXfS C20)2_$:S$:S_$U0??&#_$VS_$8'*&%'*67_$ES$VS$�$i&3+&'_$4S$F'1+#6'*L2*0+$-1620'#$
C0ha$1+%$C0hN[$L&'-0'?$+0+M&p"*>1)&+2$'0)&#$%"'*+3$0)*30%&+%'06g2&$%&>&)0LM
?&+2$%&#L*2&$-"+62*0+1)$'&%"+%1+6gS$A&>S$:1?KS$D+3)S$NbN_$Xbdf<Xb^a$RX[[dTS$

Nb[S i&*_$oS_$4*#,*?*+#_$iS$(S$�$4*#,*?*+#_$ES$C0hN[$162#$1#$1$2*##"&M#L&6*-*6$2'1+M
#6'*L2*0+$-1620'$&+71+6*+3$162*>12*0+$0-$27&$?g&)*+$K1#*6$L'02&*+$3&+&$L'0?02&'$Kg$
LX](*LN$1+%$CLNS$ZS$/&"'0#6*S$E&#S$]a_$]fY<a[X$RX[[dTS$

NbNS 81+6g_$CS$VS$ZS_$@1'1+5*+*_$CS$DS_$e710_$:S_$�",_$ASMBS_$B'>*+&_$(SM!S_$(1*+3_$CS_$
C1+1*_$/S_$8'1+,)*+_$ES$ZS$4S$�$E0I*267_$AS$lS$Ag#'&3")12*0+$0-$27&$i+2$L127I1g$
*+7*K*2#$2*?&)g$?g&)*+12*0+$1+%$'&?g&)*+12*0+$*+$27&$?1??1)*1+$:/CS$Q&+&#$A&>S$
Xb_$N^]N<N^a^$RX[[fTS$

NbXS e70"_$oS_$:70*_$QS$�$!+%&'#0+_$AS$ZS$F7&$KlUl$2'1+#6'*L2*0+$-1620'$G)*3X$L'0M
?02&#$0)*30%&+%'06g2&$%*--&'&+2*12*0+$*+$60))1K0'12*0+$I*27$/,hXSXS$/&"'0+$bN_$
]fN<a[]$RX[[NTS$

NbbS C67?*%K1"&'_$kS_$Q&*#)_$QS_$A*030_$4S_$i&K&'_$4S_$Q0&'1)_$(S_$()&K&'?1##M
C67'&70-_$(S_$@&'3&'_$!S_$V'1g&'_$AS$�$(1#L'*1+_$QS$Cg4EB$%&2&62#$%&)1g&%$?g&M
)*+12*0+$*+$L'&2&'?$+&0+12&#S$D"'S$E1%*0)S$Xf_$][Yb<][]X$RX[NfTS$

NbdS k1+%&I0"I_$4S$4S_$�0"+3_$ZS$4S_$C7'0--_$4S$4S_$F1g)0'_$4S$ZS$�$C)&%_$ZS$QS$!)M
2&'&%$?g&)*+$?12"'12*0+$*+$-0"'$g&1'$0)%$67*)%'&+$K0'+$>&'g$L'&2&'?S$/&"'0B?13&$
:)*+S$XN_$N[NYb^$RX[NfTS$

Nb^S /0>1*#_$!S$ES$@S_$V71?_$lS_$U00*r_$�S$kS$%&_$@&'+1)_$4S_$41*'&##&_$ZS_$e1+1�F1*&K_$
DS_$:0)&))1_$4S_$Z1''&1"_$VSMlS_$V1+#*02_$ZS_$A"?0+2_$8S_$C*50+&+,0_$CS_$Q'&##&+#_$
VS_$:71''*1"2�41')1+3"&_$:S_$F1+2&'_$4S_$A&?&+&_$:S_$k1*?1+_$AS$�$@1"%_$GS$
F'1+#6'*L20?*6$'&3")12*0+#$*+$0)*30%&+%'03)*1)$1+%$?*6'03)*1)$6&))#$'&)12&%$20$K'1*+$
%1?13&$-0))0I*+3$-&21)$3'0I27$'&#2'*62*0+S$Q)*1$Yd_$Xb[Y<XbX[$RX[NYTS$

NbYS E&51*&_$VS$�$A&1+_$!S$V&'*>&+2'*6")1'$)&",0?1)16*1_$*+-)1??12*0+$1+%$I7*2&$?12M
2&'$)&#*0+#$I*27*+$27&$%&>&)0L*+3$+&'>0"#$#g#2&?S$/&"'0L1270)S$G--S$ZS$ZL+S$C06S$
/&"'0L1270)S$XX_$N[Y<NbX$RX[[XTS$

Nb]S U&>*20+_$!S_$A1??1++_$GS$�$A"'"?_$CS$(S$F7&$1%1L2*>&$*??"+&$'&#L0+#&$*+$+&M
0+121)$6&'&K'1)$I7*2&$?122&'$%1?13&S$!++S$/&"'0)S$^a_$aXN<aXa$RX[[^TS$
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lS$U0##$0-$m70?&0#212*6�$?*6'03)*1$1+%$L122&'+#$0-$27&*'$162*>12*0+$*+$162*>&$?")2*M
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NdXS 41*'&##&_$ZS_$e*++*_$4S_$V1+#*02_$ZS_$l1##1+M!K%*_$ES_$A&?&+&_$:S_$:0)&))1_$4S_$
:71''*1"2M41')1+3"&_$:S_$E*%&1"$@12*#21$/0>1*#_$!S_$F1+2&'_$4S_$41661'*_$CS_$
Q'&##&+#_$VS_$k1*?1+_$AS_$C0"##*M�1+*60#21#_$/S$�$@1"%_$GS$Ghg206*+$'&6&L20'$
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NddS F*K"'6*0M8;)*h_$ES_$D#61)1+2&MU�L&5_$4S_$U�L&5M@1g37&+_$@S_$41'2�+&5_$AS_$l&'M
+�+%&5M(&))g_$US$:S_$e*+,&'_$CS_$l&'+�+%&5M4&)670'_$AS_$U�L&5M@1g37&+_$DS_$G)*M
>1'&#M@1�"&)0#_$FS$/S$�$G'2&31_$!S$Q)"21?12&MA&L&+%&+2$F'1+#)12*0+1)$:0+2'0)$
0-$Q)"21?*+&$Cg+27&21#&$*+$@&'3?1++$Q)*1$:&))#S$40)S$/&"'0K*0)S$^^_$^X[X<^X[f$
RX[NaTS$

Nd^S U0'%,*L1+*%5&_$FS$�$A"+1&>#,g_$!S$V"',*+r&$6&))$%&+%'*2&#$3'0I$*+$1)*3+?&+2$I*27$
@&'3?1++$3)*1S$Q)*1$^N_$XXf<Xbd$RX[[^TS$

NdYS @&))1?g_$FS$:S$B+2&'162*0+#$K&2I&&+$V"',*+r&$+&"'0+&#$1+%$@&'3?1++$3)*1S$:&'&M
K&))"?$U0+%S$D+3)S$^_$NNY<NXY$RX[[YTS$
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#g+1L2*6$I'1LL*+3$Kg$@&'3?1++$3)*1$1+%$&+#"'&#$L'0L&'$I*'*+3$0-$V"',*+r&$6&))#S$
V'06S$/12)S$!61%S$C6*S$=S$CS$!S$NNd_$]dba<]ddb$RX[N]TS$

NdaS �1?1?020_$4S_$(*?_$4S_$B?1*_$lS_$B21,"'1_$�S$�$G72#",*_$QS$4*6'03)*1MF'*33&'&%$
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0"260?&#$1?0+3$&h2'&?&)g$L'&2&'?_$&h2'&?&)gM)0IMK*'27I&*372$*+-1+2#S$!621$V1M
&%*12'S$G#)0$/0'S$NffX$f^_$NXbf<NXda$RX[[YTS$
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NXd<NbN$RX[NXTS$

N^XS :&'37&2_$4S_$C,0--_$ES$VS_$@&##&'2_$AS_$e71+3_$eS_$4"))*+#_$:S$�$Q71+%0"'_$4S$CS$
V'0)*-&'12*0+$1+%$%&127$0-$0)*30%&+%'06g2&#$1+%$?g&)*+$L'02&*+#$1'&$%*--&'&+2*1))g$
'&3")12&%$*+$?1)&$1+%$-&?1)&$'0%&+2#S$ZS$/&"'0#6*S$G--S$ZS$C06S$/&"'0#6*S$XY_$
Ndbf<Ndd]$RX[[YTS$

N^bS U"&L20I_$US$4S$/0>&)$GKr&62$E&603+*2*0+$F&#2$-0'$27&$B+>&#2*312*0+$0-$U&1'+*+3$
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?&?0'g$*+$?*6&S$:"''S$V'0206S$/&"'0#6*S$Yf_$aSbNSNMN]$RX[NdTS$

N^^S C200%)&g_$:S$ZS$F7&$:&'&K&))"?$1+%$/&"'0%&>&)0L?&+21)$A*#0'%&'#S$:&'&K&))"?$
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