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(
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 !  !"#$%&' () *"%+&$",- *./01'2"#$%&'#( τc )*#+ , )*#-.n+ n/#&01213 45-67 89:-55℄ 4!-67 8<9-= ℄ 46-:5< 86-79>℄?#13'@ 49-!= 89:-<!℄ 4<6-7 8:6-76℄ 46-< 7 86-966℄ !"#$ :-< A B#""C DC E#&'#$'1@ DC. 2#&#"F$&C. DG#H(.$C"C@$ DC IC&.
KC3LM(3,3CN 21(& 3C.%
K#@$'331@. DC 
#&01213 C$ DC ,#13'@-*#&#"F$&C. τc )*#+ k )*#-.n+ nO
#&$ $N2C ep,0  !"  !"#  !  "P1NC@@C moyp,0 #! $ $! #  !%"%
δp,0  ! "  ! %  !  & !"#$ :-9 A Q#03C#( &%
#2'$(3#$'R DC 3G'@
C&$'$(DC .(& DC. 2#&#"F$&C. DG#H(.$C"C@$S 21(& 3C
#&01213 
!"#$$$ )<= "C.(&C.+-21(& 3C. DC(T "#$%&'#(TS τc C$ k .1@$ 
1&&%3%. 21.'$'EC"C@$- Q1($CR1'.S 3C &#221&$ k/τc D%2C@DDC 3# 2&%2#&#$'1@ C$ &C.$C 
1@.$#@$ 21(& 3C. "C.(&C. #E#@$ 1( #2&F. C..#' .(& 3C 
#@#3-'()*+,- ./ *0)1(2,/3/4, 5*1(& 3C 
#&01213S 3G#H(.$C"C@$ DC. D1@@%C. &K%1"%$&'U(C. 2#& 3# 31' DC IC&.
KC3LM(3,3CNC.$ .N.$%"#$'U(C"C@$ $&F. .#$'.R#'.#@$S .(& 3# $1$#3'$% DC 3# V#""C DC $#(T DC 
'.#'33C"C@$CT231&%C )E1'& 3# WV(&C :-=+- *1(& 3C ,#13'@S C@ &CE#@
KCS @1(. #E1@. 
1@.$#$% U(C 2&1
%DC& X(@ #H(.$C"C@$ C@ .%2#&#@$ 3C. R1&$. $#(T DC 
'.#'33C"C@$ DC. 2C$'$. $#(T DC 
'.#'33C"C@$S 1RLR&#'$ (@C "C'33C(&C &C2&%.C@$#$'1@ DC. D1@@%C. )E1'& 3# WV(&C :-<6+- Q1($CR1'.S 
1"2$C $C@( DC.'@
C&$'$(DC. .(& 3C. "C.(&C. )E1'& 3# 2#&$'C :-:- + @1(. &C$'C@D&1@. 3G#H(.$C"C@$ .(& 3# V#""CDC .133'
'$#$'1@ [10−2; 102

]

s−1 21(& 3C. CT2%&'C@
C. #EC
 3C ,#13'@S D#@. 
C U(' .('$-64
/8,+,(./ 2(8 */2 9)8)3:,8/2 8;-<*<=+>(/2?)2 .( 
)8@<9<* 5 *1(& %E#3(C& 3G'@
C&$'$(DC .(& 3C. 2#&#"F$&C. DG#H(.$C"C@$ DC 3# 31' DCIC&.
KC3LM(3,3CNS @1(. #E1@. 
1@D('$ <= D%$C&"'@#$'1@. '@D%2C@D#@$C. DC 3# 
1(&0C DG%
1(3CL"C@$ DG(@ "#$%&'#( D1@@%S 
K#U(C C..#' 
1"21&$#@$ 
1""C $1(H1(&. DC(T &%2%$'$'1@.- *1(&2&C@D&C C@ 
1"2$C 3G'@Y(C@
C DG%EC@$(C3. #&$%R#
$. DC "C.(&CS 
C. CT2%&'C@
C. 1@$ %$% &%#3'.%C.#EC
 DC(T $#'33C. DG1($'3 23#@L23#@ )76 "" C$ DC !6 ""+S C$ DC(T $#'33C. DGC@$&CRC& )<666 C$< 66 µ"+-*1(& 
K#
(@ DC. $&1'. 2#&#"F$&C. &K%131V'U(C.S 1@ 
#3
(3C 3G%
#&$ $N2C ep C$ 3# "1NC@@C
moyp )3C 2#&#"F$&C p D%.'V@C τcS k 1( n+S .(& 3# 212(3#$'1@ DC 
C. <= C..#'. DC &%2%$'$'1@  -Z@ C@ D%D('$ 3G'@
C&$'$(DC &C3#$'EC .(& 
C. 2#&#"F$&C. .(& 3C $#03C#( :-9S .C31@ [

δp,0 = ep,0/moyp,0. ):- + ! "#$% &'( '(()$( *' %+,+-$-$#. r2 ,#/% &' 0)-+%$)/ 
!"#$$$ *).( &' -)1&')/ 2!3
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3 !"#$% "#$% & '()*+,-../0 1*2, 23 )
(-35677*3 8/ 9-*763# :/0 1*6350 8/ 8*33)/0 6386;2/357/0 ./02,/0# :/0 76+3/0 
*35632/0 ,/1,)0/35/35 7<-=205/./35 8/ 
/0 ./02,/0 />1),6./35-7/0 0/7*323/ 7*6 8/ ?/,0
(/7@A2797/B# :<-=205/./35  !" ! /05 -1176;2) 02, 7- +-../ 8/0 C-6D7/0 5-2>8/ 
60-677/./35 [10−2; 1
]

s−1# :<-=205/./35  !" !! /05 -1176;2) 02, 7- +-../ 8/0 C*,50 5-2>8/ 
60-677/./35 [1; 102
]

s−1 # :<-=205/./35  !" !!! /05 -1176;2) 02, 7- +-../ 8/ 
60-677/./35
[

10−2; 102
]

s−1 ,/5/32/ 1*2, 3*5,/ )528/#
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./0%( *,1*/,/'&+# 2( 
/,3+*+4) *+%, 4/0%(44( 4( #+53,( 26($$/&$ ,.1+517',&0%($ m ($' 4&5&'1) 46&#
(,'&'%2( $%, 4($ */,/58',($ ,.1+4+9&0%($ ($' 
/4
%41( $%, 4/ 3/$( 2($:/4(%,$ +3'(#%($ *+%, 4( 
/,3+*+4 
!"#$$$) 2( 4/ 5/#&8,( $%&:/#'( ;
∆τc = 2 · δτc,0 · τc,moy ·

(

1 +
1√
m

)

,  !"#$
∆k = 2 · δk,0 · kmoy ·

(

1 +
1√
m

)

,  !"%$
∆n = 2 · δn,0 · nmoy ·

(

1 +
1√
m

)

,  !"&$ !"'$() τc,moy* kmoy +, nmoy -+.-/0+1,+1, 2+0 342+5-0 6(7+11+0 8+0 .4-469,-+0 (:,+15+0 05- 24.-/.4-4,;(1 
(1
+-1/+"=1 -+64->5+ 4500; >5+ 2+ -4..(-, k/τc +0, >540;6+1, 
(10,41,  /?42 @ A"' 0n$ .(5- ,(502+0 +004;0 -/42;0/0 05- 2+ 
4-:(.(2 
!"#$$$* 
+ >5; 6(1,-+ 
24;-+6+1, 2B+C;0,+1
+ 8+ 
(--/24,;(18410 24 8/,+-6;14,;(1 8+ 
+0 8+5C .4-469,-+0" !" #$ %!&'() * D(5- 2+ E4(2;1* 1(50 43(10 48(.,/ 2+ 6F6+ .-;1
;.+ 8+ 8/,+-6;14,;(18+ 2B;1
+-,;,58+ 05- 2+0 .4-469,-+0 -G/(2(?;>5+0* +1 1(50 :4041, /?42+6+1, 05- 2+0 342+5-08B;1
+-,;,58+0 -+24,;3+0 (:,+15+0 @ .4-,;- 85 
4-:(.(2 
!"#$$$" H1 +I+,* 1(50 1+ 8;0.(0(10 .408B51+ .(.524,;(1 8B+004; 
(6.4-4:2+ .(5- 2+ E4(2;1" ! !" #$
&'()(*+& ,*' -. 
/*'0& +12
/*-&3&$(=5,-+ 2+0 ;1
+-,;,58+0 05- 2+0 .4-469,-+0 8B4J50,+6+1, 8+ 24 2(; 8+ K+-0
G+2LM52E2+7 /,4L:2;+0 8410 2+ .4-4?-4.G+ .-/
/8+1,* 1(50 45-(10 4500; :+0(;1 8410 24 05;,+ 8+ 
+,,+ /,58+ 8+
4-4
,/-;0+- ?2(:42+6+1, 2B;1
+-,;,58+ 05- 2+0 
(5-:+0 8B/
(52+6+1, (:,+15+0  3(;- 24 .4-,;+N$" =-* 85 O4;, 8+ 2B+C;0,+1
+ 8+ 
(--/24,;(10 +1,-+ 2+0 .4-469,-+0 8+ K+-0
G+2LM52E2+7* 2B+13+L2(..+ 8B;1
+-,;,58+ 05- 24 
(5-:+ 8B/
(52+6+1, 1+ .+5, F,-+ 8/85;,+ 0;6.2+6+1, @ .4-,;- 8+0;1
+-,;,58+0 05- 
+0 .4-469,-+0" D4- 
(10/>5+1,* 1(50 .-(.(0(10 
;L8+00(50 51+ 6/,G(8(2(L?;+ .+-6+,,41, 8B/3425+- 8;-+
,+6+1, 
+0 +13+2(..+0 8B;1
+-,;,58+ .(5- 2+0 8+5C 64,/-;45C/,58;/0" !" #$ 
!,-&.&'H1 .-/46:52+* -4..+2(10 >5+ 
(66+ 2+ ,45C 8+ 
;04;22+6+1, +0, 51+ ?-418+5- ;6.(0/+8410 1(0 +004;0 -G/(6/,-;>5+0* 24 0+52+ ;1
+-,;,58+ 4I+
,41, 2+0 
(5-:+0 8B/
(52+6+1, +0, 
+22+(:0+-3/+ 05- 24 
(1,-4;1,+ 
;04;2241,+" P+,,+ ;1
+-,;,58+ +0, 8/,+-6;1/+ 05- 24 :40+ 8+0 8(11/+0(:,+15+0 .(5- 2+ 
4-:(.(2 8+ -/O/-+1
+ 
!"#$$$* 8/J@ 5,;2;0/ .-/
/8+66+1,  3(;- 24 .4-,;+ !"!"Q$"/0!-'(""121)0 #$ 2&#3'1 #4()
1,0(0$#1 * R4 6/,G(8+ 8+ 8/,+-6;14,;(1 8+ 2B+13+2(..+8B;1
+-,;,58+ 05- 24 
(5-:+ 8B/
(52+6+1, 
(10;0,+ @ 8/,+-6;1+-* .(;1, .4- .(;1,* 2+ 1;3+45 8B;1L
+-,;,58+ ∆τi 05- 
G4>5+ 6+05-+ 8+ 
(1,-4;1,+ 
;04;2241,+ τi"



 ! ! "#$#"%&$'(#%')* $+&),)-'./0 10( 2,/'10(  !"#$ %#&' 
)&*+#$ #,-#.)//#$ %0.12134,3 .# %)241,# %51,
#*313&%# $),3 4.)*$ %06,1#$ /4* .#$
)&/.#$ (γ̇; τi,sup) /)&* .4 
)&*+# $&/0*1#&*# #3 (γ̇; τi,inf ) /)&* .4 
)&*+# 1,70*1#&*#  8 4-#
 9
τi,sup = τi,moy + ∆τi, :;<=>?
τi,inf = τi,moy −∆τi, :;<==?)@ τi,moy #$3 .4 2)A#,,# $&* .#$ 2#$&*#$ %# 
),3*41,3# 
1$41..4,3# /)&* 
B4C&# ,1-#4& %#$)..1
13431), i8 %#$ m #$$41$ %# *B0)203*1# *04.1$0$ $&* &, 2430*14& %),,0 :.# ,)2+*# %5#$$41$

m -4*14,3 D0,0*4.#2#,3 %# E F G?< H, %06,13 0D4.#2#,3 /)&* 
B4C&# $0*1# %5#$$41$8 &,  !"#$% &''( '#)(* 
)**#$/),%4,3 4&' 
)&/.#$ (γ̇; τi,moy)<I)&* #$312#* .#$ -4.#&*$ %51,
#*313&%# ∆τi8 ,)&$ 4-),$ F ,)&-#4& &31.1$0 .#$ %),,0#$ %&
4*+)/). %# *070*#,
# 
& ,--- /)&* .#C&#. ,)&$ %1$/)$),$ %5&, D*4,% ,)2+*# %5#$$41$ *B0)20J3*1C&#$ :-)1* .4 /4*31# ;<;<G?< K&* 
#33# /)/&.431), %5#$$41$8 ,)&$ 4-),$ 
4.
&.0 .50
4*3 3A/# e0,i$&* .#$ 2#$&*#$ %# 
),3*41,3# 
1$41..4,3# τi /)&* 
B4C&# ,1-#4& %# 34&' %# 
1$41..#2#,3 12/)$0<L. 4//4*4M3 C&# 
#3 0
4*3 3A/# -4*1# 7)*3#2#,3 #, 7),
31), %& 34&' %# 
1$41..#2#,3 γ̇i8 $#.), &,#.)1 C&1 #$3 +1#, *#/*0$#,30# /4* &, 2)%N.# %# O#*$
B#.JP&.Q.#A :-)1* .4 6D&*# ;<==? 9
e0,i = a0 + b0.γ̇

c0 , :;<=E?)@ a08 b0 #3 c0 $),3 %#$ 
),$34,3#$ C&1 *0$&.3#,3 %# 
#3 4R&$3#2#,3 :a0 = 0.209 I48
b0 = 0.253 I4<$c0 #3 c0 = 0.475?<"# 7413 C&# .50
4*3 3A/# e0,i $&1-# &,# .)1 %# 3A/# O#*$
B#.JP&.Q.#A #, 7),
31), %& 34&'%# 
1$41..#2#,38 $&DDN*# C&# 
#33# C&4,3130 /)&**413 $&1-*# &,# .)1 $12/.# #, 7),
31), %# .4
),3*41,3# 
1$41..4,3#< L. 4//4*4M3 3)&3#7)1$ C&# .# *4//)*3 e0,i/τi ,5#$3 /4$ 
),$34,3< S04,2)1,$8/)&* *#,%*# 
)2/3# %# 
#33# %0/#,%4,
# 4-#
 .4 
),3*41,3# ,)&$ &31.1$#*),$8 %4,$ .4 $&13#8.51,
#*313&%# *#.431-# δ0,i %06,1# 
)22# 9

δ0,i =
e0,i

τi,0,moy
, :;<=;?4-#
 τi,0,moy .4 2)A#,,# $&* .#$ 2#$&*#$ %# 
),3*41,3# 
1$41..4,3# /)&* 
B4C&# ,1-#4& %#$)..1
13431), i %4,$ .# 
4$ %& 
4*+)/). 
& ,---<"4 6D&*# ;<=E 2),3*# .4 %0/#,%4,
# %# .51,
#*313&%# *#.431-# δ0,i 4-#
 .# 34&' %# 
1$41..#J2#,3 γ̇< S)&$ 4-),$ 
B)1$1 .FJ#,
)*# %# *#/*0$#,3#* 
#33# %0/#,%4,
# $)&$ .4 7)*2# %5&,# .)1%# 3A/# O#*$
B#.JP&.Q.#A8 C&1 4R&$3# +1#, .#$ %),,0#$ 9

δ0,i = aδ + bδ.γ̇
cδ , :;<=G?:;<= ? ! "# $%&'()*+, γ̇ = γ̇moy, &-+
 *#+ '%/0 1&(23+ 4(0$+%0(5#!
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/ !"#$% "#$$ % &'()*+,(- ./ )01
34+ +56/ 378()* e0,i 8*4 )/8 9/8*4/8 ./ 
(-+43,-+/ 
,83,))3-+/ /-:(-
+,(- .* +3*; ./ 
,83,))/9/-+ γ̇ 6(*4 )/ 
347(6() 
!"#$$$# <3 ),=-/ 
(-+,-*/ 4/6418/-+/ *-3>*8+/9/-+ 8/)(- *-/ )(, ./ ?/48
@/)AB*)C)/5 Da0 = 0.209 E3F b0 = 0.253 E3#8c0 /+ c0 = 0.475G#
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 aδ = 0.02 &"' bδ = 0.01 &"()cδ $* cδ = 0.206( +, $)* *-.*$/-0) 012-3*"4* 5$ )-.,064$3 0
07.$ 
$* "8.)*$1$4* 2"3 .4$ ,-0 5$ 9$3)
:$,;<.,=,$> " ?*? 
:-0)0 2"3 2.3$ 
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- !"#$% C(!D E F#-,.*0-4 5$ ,@04
$3*0*.5$ 3$,"*0#$ δ0,i ).3 ,$) 1$).3$) 5$ 
-4*3"04*$ 
0)"0,,"4*$$4 /-4
*0-4 5. *".G 5$ 
0)"0,,$1$4* γ̇ 2-.3 ,$ 
"3H-2-, 
!"#$$$( I" ,064$ 
-4*04.$ 3$23?)$4*$.4 "8.)*$1$4* )$,-4 .4$ ,-0 5$ 9$3)
:$,;<.,=,$> Jaδ = 0.02 &"' bδ = 0.01 &"()cδ $* cδ = 0.206K(I$ 40#$". 5@04
$3*0*.5$ ∆τi ).3 ,$) 1$).3$) 5$ 
-4*3"04*$ 
0)"0,,"4*$ 2-.3 
:"7.$ 2-2.,"*0-45@$))"0) $)* ",-3) 5?B40$ L 2"3*03 5$ ,@04
$3*0*.5$ ).3 
!"#$$$ 
-11$ ).0* M
∆τi = 2 · δ0,i · τi,moy ·

(

1 +
1√
m

)

, JC(! K-N m 3$23?)$4*$ ,$ 4-1H3$ 5@$))"0) 5"4) ," 2-2.,"*0-4 
-4)05?3?$( I$ /"
*$.3 5?2$45"4*



 !  !"#$%&' () *"%+&$",- *./01'2"# m "$%& 
#((# )*+$(,-% .#/0#( "# ./#%"/# #% 
-0.(# 12,%
#/(,(+"# $"",(,-%%#11# 1,)# 3 12#&4(,0$(,-% "#& 0-5#%%#& τi,moy 1-/&*+# 1# %-06/# "2#&&$,& #&( /)"+,(7 8#& 9$1#+/& "# δ0,i ./,&#&#% 
-0.(# "$%& 
# 
$1
+1 &-%( 
#11#& -6(#%+#& 3 .$/(,/ "# 12$:+&(#0#%( ;7<=> 
# *+, .#/0#( "#12$..1,*+#/ $+&&, $+? #&&$,& .-+/ 1#&*+#1& 1#& %,9#$+? "# ($+? "# 
,&$,11#0#%( &-%( ",@)/#%(& "#
#+? +(,1,&)& $9#
 1# 
$/6-.-1 
!"#$$$ A,%(#/.-1$(,-%B7C%D%> 1#& #%9#1-..#& "2,%
#/(,(+"# $,%&, -6(#%+#& &-%( #11#&40E0#& $:+&()#& .$/ +%# 1-, "#(5.# F#/&
G#14H+1I1#5 J
τi,sup = Tsup + Ksup.γ̇

Nsup , A;7<KB
τi,inf = Tinf + Kinf .γ̇Ninf , A;7<LB8#& .$/$0M(/#& "2$:+&(#0#%( Tsup> Ksup #( Nsup .-+/ 1$ 
-+/6# &+.)/,#+/#> #( Tinf > Kinf#( Ninf .-+/ 1$ 
-+/6# ,%N)/,#+/#> &-%( ,%",*+)& #% $%%#?# O #( 
# "-0$,%# "2,%
#/(,(+"# #&(/#./)&#%() &+/ 1#& DP+/#& "# 12$%%#?# Q .-+/ 
G$*+# &)/,# "2#&&$,&7R# %-+9#$+> ,1 #&( ,0.-/($%( "# 0#%(,-%%#/ ,
, *+# %, 
#( $:+&(#0#%( %, 1#& .$/$0M(/#&$&&-
,)& %# "-,9#%( E(/# ,%(#/./)()& #% (#/0#& /G)-1-P,*+#&7 8# 
G-,? "2+%# 1-, "# (5.# F#/&
G#14H+1I1#5 .-+/ ")
/,/# 1#& "#+? 
-+/6#& #%9#1-..#& %-+& .#/0#((/$ "# &,0.1,D#/ 12)(+"# "#&,%
#/(,(+"#& $&&-
,)#& 3 1$ /G)-1-P,# 1-/& "# %-& #?.)/,#%
#& #% 
$%$1 #?.)/,0#%($1 "$%& 1$.$/(,# S7 !!"#
%&#'( )* +'),"- ).#(
-/&#&*)- 0 8$ DP+/# ;7<; 0-%(/# *+# 1# 0-"M1# "2,%
#/(,4(+"# )($61, 
,4"#&&+& .#/0#( #@#
(,9#0#%( "# /#%"/# 
-0.(# "# (-+(#& 1#& 0#&+/#& -6(#%+#&&+/ 1# 
$/6-.-1 
!"#$$$7 R# 0E0#> %-+& $9-%& 9)/,D) *+# 1#& 
-+/6#& #%9#1-..#& 
$1
+1)#&.-+/ 
G$*+# ./).$/$(,-% "# 
$/6-.-1 .#/0#((#%( &5&()0$(,*+#0#%( "2#%
$"/#/ 1#& ",@)/#%(#&
-+/6#& "2)
-+1#0#%( 0#&+/)#& &+/ 
#& ./).$/$(,-%& A9-,/ 12$%%#?# QB7 O#
, 9$1,"# 
# 0-"M1#"2,%
#/(,(+"# &+/ 1$ 
-+/6# "2)
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,-8#+#' .1 M +#$- '. @,#'2(I 41,(1 /4
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2.+%>%;" HN 41%
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(%$"-". /(".+)
G = ρgHN sin θ

τc
[3.09; 7.62] [2.88; 12.98]

Hb = τc

k

(

HN

ub

)n
[0.36; 1.28] [0.13; 0.84]

Fr = ub√
gHN cos θ

[0.1; 2.5] [0.05; 1.52] !"#$ 012 3 !"#$%&' '()' *+#&)'+") 
(%(
45%+'4+67&' *&' &8-5%+&)
&' %5(.+'5&' (9&
 .& 
(%$"-".&4 .& /(".+)1 !"!# $%&'()(*+%, &%-./0 123%)*450 6 07'3)*0,
0+:"7% .& /(".+); ") "$'&%9& 67& .<(7=#&)4(4+") *& .( >(74&7% *& .<5
"7.&#&)4 (9&
 .( 9+4&''&*7 4(-+' &'4 
"%%&
4&#&)4 %&-%"*7+4& -(% .& #"*?.&; *()' .( .+#+4& *&' $(%%&' *<&%%&7% (@&
4()4.&' #&'7%&' *& >(74&7% &4 .&' -(%(#?4%&' %>5"."=+67&' A())&8& BC1:"7% .& 
(%$"-".; ") %(--&..& 4"74 *<($"%* 67& .&' -%"-%+545' %>5"."=+67&' *7 #(45%+(7 ")44&)*()
& D *+#+)7&% )&44&#&)4 (-%?' 74+.+'(4+") '7% .& 
()(. A 2121EC1 F&
+ '& 4%(*7+4 -(% 7)&+)
&%4+47*& &)
"%& -.7' +#-"%4()4& '7% .&' 
"7%$&' 9+4&''&G>(74&7% 
(.
7.5&'1H( 
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 .&' &8-5%+&)
&' #")4%& 67& .&' *"))5&' '")4 %5=7.+?%&#&)4 &) #&+..&7%(

"%* (9&
 .&' 
"7%$&' 4>5"%+67&' 
"%%&'-")*()4 (78 -(%(#?4%&' %>5"."=+67&' #&'7%5' (9()4&''(+ A01IJC1K7% 
&%4(+)' &''(+' A01I C; ") %&#(%67& 4"74&L"+' 67& -"7% .&' -"+)4' *& #&'7%& 
"%%&'-")G*()4 (78 9+4&''&' .&' -.7' =%()*&' A-%+' D .( M) *&' &8-5%+&)
&'C; .<(

"%* (9&
 .( 4>5"%+& &'4(7 
")4%(+%& -.74�4 #&+..&7% &) -%&)()4 &) 
"#-4& .&' -%"-%+545' %>5"."=+67&' #&'7%5&' (-%?'&''(+1 F&
+ 4%(*7+4 .( *5=%(*(4+") *&' -%"-%+545' %>5"."=+67&' (7 
"7%' *& .<&8-5%+&)
&1:"7% .(-.7-(%4 *&' &''(+' A9"+% .&' M=7%&' 01IJ &4 01OPC; ") )"4& (7''+ 67& .&' >(74&7%'&8-5%+#&)4(.&' %&'4&)4 '7-5%+&7%&' (78 -%5*+
4+")' 4>5"%+67&'; &4 
& #Q#& &) 
")'+*5%()4 .&'-(%(#?4%&' (9()4 &''(+1 H&' &8-.+
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& *5'(

"%* '&%")4 *+'
745&' -.7' ."+)A9"+% .( -(%4+& 0101IC1 !" #$%&'()*'+)$, !9!: ;%&<)0+ +(,+ -*&0,+*%,R)& (74%& #()+?%& *& %&-%5'&)4&% )"' *"))5&' &8-5%+#&)4(.&' 
")'+'4& D 547*+&% .&' %&.(G4+")' &)4%& .&' =%()*&7%' '()' *+#&)'+") *5M)+&' *()' .& 4($.&(7 012 A9"+% (7''+ .( -(%4+& I1O1OC1H&' =(##&' *& 9(%+(4+") *& 
&' )"#$%&' (7 
"7%' *& )"' &8-5%+&)
&' '")4 5=(.&#&)4 +)*+675&'*()' 
& 4($.&(71 !9!# =,
0)1*15-0 +5) /0+ ,%&<)0+ +(,+ -*&0,+*%,H<+)
&%4+47*& '7% .&' )"#$%&' (*+#&)'+"))&.' Hb; G &4 Fr %5'7.4& *&' +)
&%4+47*&' &8+'4()4'7% .&' #&'7%&' *& >(74&7% )"%#(.& &4 '7% .&' -(%(#?4%&' %>5"."=+67&'1 :"7% 7)& =%()*&7% f 67+*5-&)* *&' 9(%+($.&' xi; .<+)
&%4+47*& ∆f &'4 %&.+5& (78 +)
&%4+47*&' ∆xi -(% ∆f = Σi
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())( *+,-./$)0+%1 %+.& %23/03(+%& /(& 
+4$,0$%
(& 24(%).(//(& (50&)$%) (%),( /(& 6$,$7-8),(& xi9 :% $66/0;.$%) 
( 6,+
2<2 () (% 
+%&0<2,$%) ;.( /(& 0%
(,)0).<(& &., /=0%<0
( <=2
+.7/(-(%) n1 &., /$ 40)(&&( <( <2>/(-(%) <. )$60& ub1 &., /$ <(%&0)2 ρ1 &., /=$

2/2,$)0+% <( /$3,$40)2 g () &., /=$%3/( <( 6(%)( θ &+%) %23/03($?/(& <(4$%) 
(//(& $@(
)$%) /$ -(&.,( <( A$.7)(., HN () /(& 6$,$-8),(& ,A2+/+30;.(& τc () k1 +% +?)0(%) B
∆Fr

Fr
=

1

2
· ∆HN

HN
, CD9"E

∆Hb

Hb
=

∆τc

τc
+

∆k

k
+ n · ∆HN

HN
, CD9FE

∆G

G
=

∆HN

HN
+

∆τc

τc
, CD9DEG$ <2)(,-0%$)0+% <( /=0%
(,)0).<( &., /$ -(&.,( <( A$.)(., %+,-$/( ∆HN 1 0%)(,4(%$%)<$%& 
(& (56,(&&0+%&1 (&) <2)$0//2( <$%& /(& 6$,)0(& F9"9H () F9"9"9 I+%
(,%$%) /(& 6$,$-8),(&,A2+/+30;.(& τc () k1 /$ <2)(,-0%$)0+% <(& 0%
(,)0).<(& $&&+
02(& (&) (56/0;.2( <$%& /$ 6$,)0("9"9F9 !"!# $%&'()*+(,*%- ./ )( )%* .01
%3)/'/-,J+., .% 2
+./(-(%) 6(,-$%(%) .%0*+,-(1 /$ %+,-$/0&$)0+% <( /$ ,(/$)0+% 40)(&&(7A$.)(.,C4+0, /=(56,(&&0+% D9 E 6(,-() <=+?)(%0, /$ ,(/$)0+% &.04$%)( (%),( /(& %+-?,(& $<0-(%&0+%%(/&

Hb () G KH"℄ B
H−m

b =
1

(m + 1) (m + 2)
G−2 (G− 1)m+1 ((m + 1) G + 1) , CD9ME+N m = 1/n9I())( ,(/$)0+% 6,2&(%)( /=0%)2,O) <( %( <26(%<,( ;.( <( /=0%<0
( n1 6$,$-8),( ;.0 (&) ;.$&07
+%&)$%) 6+., 
A$;.( P.0<(  9 G$ >3.,( D9H -+%),( ;.( /(& 
+.,?(& )A2+,0;.(&1 Hb (% *+%
)0+%<( G1 +?)(%.(& (% 
+.4,$%) /$ 6/$3( <( 4$,0$)0+% <( n +?&(,42( 6+., 
A$
.% <(& <(.5 P.0<(&&+%) ;.$&07
+%*+%<.(&9 #$%& /$ &.0)(1 
(& 
+.,?(& &(,+%) ),$
2(& (% ,()(%$%) /(& 4$/(.,& n = 0.46+., /( 
$,?+6+/ () n = 0.2 6+., /( Q$+/0%9 R0%&01 0/ (&) 6+&&0?/( <( 
+-6$,(, <( -$%08,( .%0>2(/$ 6,2<0
)0+% )A2+,0;.( S /=(%&(-?/( <(& (562,0(%
(& ,2$/0&2(& &., .% -O-( P.0<( ;.(/;.( &+0)/$ 4$/(., <( /$ 6(%( θ () <(& 6$,$-8),(& ,A2+/+30;.(& τc () k9 !!"#
%&#'( %)* +*!,-#+(
+./%. 0) 
%-1'!'" 2 G$ >3.,( D9H" -+%),( ;.( /(& <+%%2(& (562,0-(%)$/(& &+%) ?0(% (%$

+,< $4(
 /$ *+,-./$)0+% )A2+,0;.( <( /=2;.$)0+% D9M9 T$0& %+.& 
+%&)$)+%& .%( /238,( <0*7*2,(%
( ;.$%)0)$)04( <( &+,)( ;.( )+.& /(& 6+0%)& (562,0-(%)$.5 &+%) &U&)2-$)0;.(-(%) $.<(&&.& <( /$ 
+.,?( )A2+,0;.(9 I(6(%<$%) /( <+-$0%( <=0%
(,)0).<( &., /(& ,2&./)$)& ,(
+.6(?0(% /$ 
+.,?( )A2+,0;.(9 ! "# $#%%& '& (#)*#+*,- '& n &.+ '& [0.371; 0.428] /,0) 1& 
#)3,/,1 &+ '& [0.154; 0.200] /,0) 1& 4#,1*-!
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'.4-$ *5,'4(7.$$%* 2/ 
'.4-$ &2$()$9  ! $*  " +,%(@)$)* 4$%&$
*(0$3$)* 2$% &'()*% +$ +')),$% '-*$).% /0$
2$% 3$%.4$% +$ 45,'3,*4($ %.4 +$% ,
5/)*(22')% &4,2$0,% /0/)* $* /&48% $%%/( %.4 2$ 
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'4+ 4$%*$ -') 7.$27.$ %'(* 2/ 2/4@$.49
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 %) 9',:4. ')=4. +1,)
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-%.44.& +. @'%-.%0+1/
$%4.5.)-8 A.& 
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-,$) +. 4' (,-.&&. +% -'3,&8 #$%&'($)& 
$53'0/ 
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@.0
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. 4,:0. $:-.)%.& > 3'0-,0 +. 
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$53-. 4.& 3'0'5F-0.& 0@/$4$=,B%.& '(')- 41.&&', &%0 4.
')'4I /(.)-%.44.5.)- .2-0'3$4/.& 4$0&B%1,4 )1; ' 3'& +. 5.&%0.&I $) $:-,.)- %) 5.,44.%0 '
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(
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AB4 CD
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%-?' *'-,& -$'H:7'**.,& B4  '; ūf,δ (y) '*; -) +.;'**' (,9'&&' #% E%.#' 
)-
%-?' *'-,& B4B4I,%* )+,&* 7?)-.*? &,* '**).* )+'
 #' J).6-'* 8'9&,-#* :)7;.
%-).7'* '; #'* &,(67'* #'=;,2'* .&J?7.'%7* K  A+,.7 -) L3%7' B4C1D4 M' #'7&.'7 :,.&; *.3&.L' /%' -) :)7;.
%-' ) -' ;'(:*#' *$)N%*;'7 K ;,%;' +)7.);.,& #' +.;'**' #% E%.#'4 O- '& 7?*%-;' /%' -) :)7;.
%-' ?+,-%' K -)+.;'**' #% E%.#'4 5'* 7?*%-;);* *%7 -' 6,& )

,7# '&;7' -'* +.;'**'* -,&3.;%#.&)-'* '; -) +.;'**'#% E%.#' 
,&L7('&; 
' :,.&;4P& 
,&
-%*.,&F -) +.;'**' -,&3.;%#.&)-' '; -'* +.;'**' #' 
>%;' #' ;,%;'* -'* :)7;.
%-'* (.*'*'& Q%+7' #)&* &,* 'H:?7.'&
'*F )+'
 #.R?7'&;'* :7?:?7);.,&* #' 
)76,:,- '; :,%7 #.R?7'&;'*+.;'**'*F *,&; 3-,6)-'('&; 6.'& 7':7,#%.;'*F 7'*:'
;.+'('&; :)7 -) +.;'**' ;>?,7./%' #% E%.#''; :)7 -) +.;'**' #' =;,2'*4 I,%* )+,&* %;.-.*? :,%7 -'* 'H:7'**.,&* ;>?,7./%'* #'* +.;'**'*F -'*:)7)(G;7'* 7>?,-,3./%'* #' 
)-)3' #'* ();?7.)%H %;.-.*?* A+,.7 -) :)7;.' S4S4 D 
)7 -'* 'H:7'*T*.,&* ;>?,7./%'* *,&; ;7G* *'&*.6-'* K 
'* :)7)(G;7'*4 I,%* )+,&* 6.'& 
,(:7.* -) 
>%;' #$%&':)7;.
%-' #)&* %& E%.#' K *'%.- ().* -' 
)* #' -) 
>%;' #$%&' :)7;.
%-' #$%&' ()**' +,-%(./%'A011 234(−3 D :-%* J).6-' /%' 
'--' #% E%.#' .&;'7*;.;.'- A 111 234(−3D 7'*;' K ?-%
.#'7 )+'
#'* 
,(:)7).*,&* :-%* L&'* )+'
 #'* ('*%7'* )% 7>?,(G;7' UV1℄4



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

 ! " "! # #! $ $! % 

&" 

&'

&(

&%

&#

 

#

%

(

'

" 

)%

)!

) 

)"

)#

*$

*%

*!

*(

* 

*"

*#

*$+

*%+

*(+

*,

*'

*-

.(

.'

.,

.""

.$

." 

."(

.#

.-

."!

."%

/#

/!

/"%

/%

/$

/"#

/'

/,

/"(

/(

 !

 "#$%& &' (& )*+,- ./0012 3  ! 4 05067

 8-(*&9 .:;<:2 3 ! 4 05/:/

=$*>?@?A B=$*>?@?A C

=$*>?@?A )

 

 

!

D

=$*>?@?A 8

 !"#$% #$%" & '( )*+,-( Y .*/- 
123/( (4425 6 .*4575*))(+()7 8( 8(/9 :2;(/-4 7<.53/(4 8/)*+,-( 42)4 85+()45*) Y 82)4 ;2 ;577=-27/-( > "℄$



 !"  !"#$%&' () *%+,' ,'- .*/"01'-

 ! "# "! $# $! %#

 &'(

 &'!

 &'%

 &'$

#)# 

#) 

 

&(

&*

&+

&  

& !

& %

,!

, %

,%

,$

, "

,*

&(

&*

&+

&  

& !

& %

,!

, %

,%

,$

, "

,*

 !"#$%$&'(

 

 

!

"

#
 
$

%

&

 !"#$%$&')

 !"#$% #$%" & '( )*+,-( .( /(0)*1.2 (3 1( )*+,-( .( 43*5(2 .( 16 76-38
:1( 71*:- 
;6<:(2=-8( .>(2268$



 !"#$%&' ( !"
$%&'!" () *(+&*(
)',(& !" #$%!" &'((!)&*!##!" "')& +!" ,
'.#!/!)&" 0($%*&$*(!" 
'/1'"," +2.) /,#$)0! 
'/1#!3!+2!$. +! +,4(*" +! &'.&!" &$*##!"5 $##$)& +!" 1$(&*
.#!" 6)!" 7."8.2$.3 4#'
" /,&(*8.!" 9:5 ;<℄> !" '.&*#" 
')%!)&*'))!#" +! (?,'/,&(*! )! "')& 1$" $+$1&," 1'.( +! &!#" ,
'.#!/!)&" 
'/@1#!3!">  !" 1('1(*,&," /,
$)*8.!" !& #$ +A)$/*8.! +! 
! &A1! +2,
'.#!/!)& )! "')& 1$" !)
'(!1#!*)!/!)& 
'/1(*"!">  !" +')),!" !31,(*/!)&$#!" "')& !)
'(! ($(!" !& &(B" +*C
*#!" D '4&!)*(5+. E$*& +!" &!
?)*8.!" "'1?*"&*8.,!" (!8.*"!" 1'.( 
! &A1!" +2,&.+!" 9FG℄5 !& +! #$ +*C
.#&,D 
')&(�#!( 
'((!
&!/!)& &'." #!" 1$($/B&(!" */1#*8.," I#!" 1('1(*,&," (?,'#'0*8.!" +. J.*+!5
')+*&*')" *)*&*$#!" !& 
')+*&*')" $.3 #*/*&!"5 >>>K>L$)" 
!&&! ,&.+!5 )'." $%')" 1('"1!
&, #$ 1'""*4*#*&, +2.&*#*"!( .) 
$)$# $+$1&, 1'.( #$
$($
&,(*"$&*') +!" 1('1(*,&," (?,'#'0*8.!" +! J.*+!" 
'/1#!3!">  ! 1(*)
*1! 
')"*"&! D ,&.+*!(+!" J.*+!" %*"
'1#$"&*8.!" $%!
 
!& '.&*# 1.*" +! 
'/1$(!( #!" (,".#&$&" $.3 /!".(!" '4&!).!"$%!
 +!" '.&*#" +! (?,'/,&(*! 
')%!)&*'))!#"> ! +*"1'"*&*E !31,(*/!)&$# +,%!#'11, 1'.( )'&(! ,&.+!5 
')"*"&! !) .) 1#$) *)
#*), /.)*+2.) E')+ /'4*#!5 +')& #! /'.%!/!)& "2'11'"! D #$ %*&!""! )$&.(!##! +! #2,
'.#!/!)&> M'//!
!#$ $ ,&, /')&(, +$)" +2$.&(!" ,&.+!" 9;N5 NO℄5 
! 
')
!1& 
')"&*&.! .) /'A!) !31,(*/!)&$#*)&,(!""$)& 8.* 1!(/!& +2,&.+*!( #!" 
'.#,!" 0($%*&$*(!" !) +,&$*#">  !" +*/!)"*')" +! )'&(!+*"1'"*&*E !31,(*/!)&$# "')& (!#$&*%!/!)& 0($)+!" IN / +! #')0 !& 7."8.2D G>P / +! #$(0!K5 
!8.* !) E$*& .) '.&*# 4*!) $+$1&, 1'.( ,&.+*!( +*Q,(!)&" &A1!" +! J.*+!" 
'/1#!3!"5 A 
'/1(*"+!" /$&,(*$.3 )$&.(!#" *"".!" +! #$%!" &'((!)&*!##!">R'." $%')" 
?'*"* 1'.( )'" !31,(*!)
!" +!.3 J.*+!" %*"
'1#$"&*8.!" 9SP℄5 #! 
$(4'1'# !&#! T$'#*)5 1'.( /'+,#*"!( #!" 
'.#,!" )$&.(!##!" +! #$%!" &'((!)&*!##!"> M!" +!.3 J.*+!" ')&,&, "'.%!)& !/1#'A,"5 !) 1(!/*B(! $11('3*/$&*')5 1'.( /'+,#*"!( $%!
 ".

B" 
!& ,
'.#!/!)&0,'1?A"*8.! 9F:5 OO℄> R'." $%')" 
')"&$&, $. 
'.(" +! )'" !31,(*!)
!" 8.! #!" 1('1(*,&," (?,'@#'0*8.!" +. 
$(4'1'# )! "')& 1$" 1$(E$*&!/!)& "&$4#!"> U) !Q!&5 ') '4"!(%! &'.7'.(" .)! #,0B(!,%'#.&*') +!" 1$($/B&(!"5 )'&$//!)& +. "!.*# +! 
')&($*)&!5 D #$ E'*" +$)" #! &!/1" !& "'."
*"$*##!/!)&> M2!"& 1'.( 
!#$ 8.2*# !"& .&*#! +! (,$#*"!( "A"&,/$&*8.!/!)& +!" /!".(!" (?,'/,@&(*8.!" ".( +!" ,
?$)&*##')" 1(,#!%," $%$)& !& $1(B" 
?$8.! !31,(*!)
! ".( #! 
$)$#> L! 
!&&!/$)*B(!5 #!" 1('1(*,&," +. J.*+! "')&5 "*)') 
')&(�#,!"5 +. /'*)" /*!.3 
')).!"> !" (,".#&$&" 1(,"!)&," +$)" )'&(! ,&.+! /')&(! 8.! #! 
$)$# *)
#*), D E')+ /'4*#! $ $&&!*)&:S:



 !"  !"#$%&' ()  *+ ,-.$*+ '% #'&.#' %$/'.#$% &'(%
(&*+ $,-.
/(01 %$/*22.%/ .% 34%4'*%/ 5.# 
$6+4.# 0121345523670 5*%# +. '404'.%/(.+ 56+*,$'*/$('.7 8. 0*9$% #:#/42*/(;6.1 +* 
$6+4. #. &'4#.%/. #$6# +* 0$'2. 5<6% 0'$%/ (22$,(+.1#6(=(. 5<6%. >$%. 6%(0$'2. 5$%/ +<4&*(##.6' *632.%/. *=.
 +* =(/.##. 56 /*&(#7?<*

$'5 .%/'. +.# 2.#6'.# 5. =(/.##.@A*6/.6' ./ +.# &'45(
/($%# /A4$'(;6.#1 5<6% 2$5B+.5. =(/.##. 2$:.%%. 43*+. C +* =(/.##. 56 /*&(#1 
$%#/(/6. 6%. &'.2(B'. =*+(5*/($% 56 5(#&$#(/(0.D&4'(2.%/*+7 E% .F./1 
.+* 2$%/'. ;6<*6 2$(%# 5*%# +* >$%. 6%(0$'2.1 +. '�+. 56 /*&(# #.+(2(/. C 2$5(H.' +* =(/.##. 2$:.%%. 5. +<4
$6+.2.%/7 I$'2(# 
.//. /'*%#+*/($% 5. +* =(/.##.2$:.%%.1 +<4
$6+.2.%/1 ./ .% &*'/(
6+(.' +. &'$H+ 5. =(/.##.1 '.#/. +. 2J2. ;6. 5*%# 6% 
*%*+
+*##(;6.7 K4
(&'$;6.2.%/1 +* '.+*/($% .D&4'(2.%/*+. $,/.%6. .%/'. 4&*(##.6' 5. +<4
$6+.2.%/./ =(/.##. 56 /*&(# &.6/ 5$%
 J/'. .D&+$(/4. 
$22. 6%. 2.#6'. 5.# &'$&'(4/4# 'A4$+$3(;6.#56 2*/4'(*67 L$6+(3%$%# 43*+.2.%/ ;6. +. ,$% *

$'5 .%/'. +.# 2.#6'.# ./ +* /A4$'(. 
$%H'2.+* ;6*#(M*,#.%
. 5<.F./# 5. ,$'5# 5*%# %$/'. 5(#&$#(/(0 $6 5<6% &A4%$2B%. 5. 3+(##.2.%/ 5.N6(5. #6' +. /*&(#1 &6(#;6. 
.# .F./# %. #$%/ &*# &'(# .% 
$2&/. 5*%# +. 2$5B+.78. &+6#1 +<*

$'5 #*/(#0*(#*%/ .%/'. +* 0$'2. 56 0'$%/ 5. +* 
$6+4. ./ +.# &'45(
/($%# 5<6%2$5B+. #(2&+. 5. 
$6
A. 2(%
. 
$%#/(/6. 6%. #.
$%5. =*+(5*/($% 5. %$/'. 5(#&$#(/(07 O% .%
$%
+6/ ;6. +* 0$'2. 5.# 
$6+4.# $,#.'=4. 5*%# %$/'. 
*%*+ P#( +<$% .D
+6. +* >$%. (%N6.%
4.&*' +* &*'$( *2$%/Q .#/ +* 2J2. ;6. 
.++. ;6. +<$% $,#.'=.'*(/ 5*%# 6% 
*%*+ 
+*##(;6.1 &$6'&.6 4=(5.22.%/ ;6. +<$% *''(=. C $,/.%(' 5.# #$+6/($%# 5. /:&. $%5.# &'$3'.##(=.# 5*%# 6%/.+ 
*%*+7 E% $6/'.1 5<6% &$(%/ 5. =6. &+6# 0$%5*2.%/*+1 
./ *

$'5 #$6+(3%. +* &.'/(%.%
.5. 2$54+(#*/($%# 5. /:&. L*(%/MR.%*%/ -6#;6. 5*%# 6% /'B# &'$
A. =$(#(%*3. 56 0'$%/7 L$6+(M3%$%# *6##( ;6. +* A*6/.6' 5. +* 
$6+4. 5*%# +* >$%. 6%(0$'2. .#/ ,(.% '.&$'56(/. &*' 
. 2$5B+.7S+6# 34%4'*+.2.%/1 +.# &.'#&.
/(=.# $F.'/.# &*' 6% /.+ 5(#&$#(/(01 26%( 5<6% 0$%5 2$,(+.1&$6' +<4/65. 5<4
$6+.2.%/# C #6'0*
. +(,'. (2&+(;6*%/ 5.# 2*/4'(*6D 
$2&+.D.#1 /.+# ;6. +.#+*=.# /$''.%/(.++.#1 #$%/ %$2,'.6#.# T 2.#6'.# +$
*+.# 5. =(/.##.# P*=.
 6% N6(5. /'*%#&*'.%/Q1+<4/65. 5<*&&*'(/($% 5<(%#/*,(+(/4# 5*%# +. N6(5.1 4/65. 5.# &'$&'(4/4# 'A4$+$3(;6.# 5.# 24+*%3.#N6(5.@3'*(%# P&A4%$2B%.# 5. 2(3'*/($% ./ #43'43*/($%Q1 +* 0$'2*/($% 56 0'$%/ 3'*%6+*('. ./#$% (%N6.%
. #6' +<.%#.2,+. 5. +* 
$6+4.7 U 
. &'$&$#1 %$# .D&4'(.%
.# *=.
 6%. &*'/(
6+. (#$+4.5*%# +. N6(5. 
$%#/(/6. 6%. &'.2(B'. *&&'$
A. &$6' +<4/65. 5.# 24+*%3.#7 E%H%1 %$# '4#6+/*/#
$%#/(/6.%/ 43*+.2.%/ 6%. ,*#. 5. 5$%%4.# ;6( &$6''*(/ &.'2.//'. 5. =4'(H.' +* =*+(5(/4 5.5(F4'.%/# 2$5B+.# &'$&$#4# &$6' 5.# 4
$6+.2.%/# 5. N6(5.# 
$2&+.D.# VWX1 W"1 WY℄7



 !!"#"   !"#$%& '()
!"+%,%-. %- #)/0,%1%#,2-%-. 3 
2& '" 
2#$!1!+ ! "#$%&'$  ! #%  " &$(&)*# +& ,# "!%-.&!* ! -%- -
0!$%&,,'$$- !1!$% '* !2.3+ ,4#++!& +*.,# 
!$!,5

678



 !" !!"#"  $ %&'()"* +,-%&'."/"!0 "! (-12/" 3"(/ !"!0 4 % * +' % ()&3&.

 !"# $%$ $%   $  $$

$

 $

&$

#$

'$

($

)$

*$

+$

,$

 $$

  $

 &$

 !"

#$

%

!
&

'
%

(')*+++

 

 

         ,-(.)/0/12. "1) 3' (41)*. 256(413.7.-/

 8964:)'77. 74;.-

 /."/+$

 /."/+<

 /."/+=

 /."/+>

 /."/+?

 /."/+@

 /."/+A

 /."/+B

 /."/+C

 /."/$+

 /."/$$

 /."/$<

 /."/$=

 /."/$>

 /."/$?

 /."/$@

 /."/$A

 /."/$B

 /."/$C

D !"#$% #$ % &'()*+,()- 
,/+,00+()- -( 1'(
),'( 23 )+34 2- 
,/+,00-5-() -) 2'5+,(- 26,(
-*7),)32- /3* 0+ 
'3*8- 269
'30-5-() 23 
+*8':'0 ; 
!"#$$$ !%$



 !!

 !"# $%$ $%   $  $$

$

 $

&$

#$

'$

($

)$

*$

+$

,$

 $$

  $

 &$

 !"#$%&'&()$ *(% +, #-(%.$ )/0#-(+$1$"&

 230-4%,11$ 1-5$"

 &$*&67 

 &$*&68 

 

 

#,%.669, ,:

 
;
<

,
=

 ;*

>9

=

? !"#$% "#$ % &'()*+,()- 
,/+,00+()- -( 1'(
),'( 23 )+34 2- 
,/+,00-5-() -) 2'5+,(- 26,(
-*7),)32- /3* 0+ 
'3*8- 269
'30-5-() 23 
+*8':'0 ; 
!"#$$%! !& 



 !" !!"#"  $ %&'()"* +,-%&'."/"!0 "! (-12/" 3"(/ !"!0 4 % * +' % ()&3&.

 !"# $%$ $%   $  $$

$

 $

&$

#$

'$

($

)$

*$

+$

,$

 $$

  $

 &$

 !"#$$%#&!'

&

&

&&&&&&&&&() *"+,+-.*&/-"&0!& 1-"#*&.23 1-0*4*)+

&56317"!44*&418*)

&+*/+$9&

&+*/+$%&

&
:
;
!
<

&:/

=9

<

> !"#$% #$% & '()*+,-)*. 
-0,-11,)*. .) 2()
*-() 34 *,45 3. 
-0,-11.6.)* .* 3(6,-). 37-)
.+8*-*43. 04+ 1, 
(4+9. 37:
(41.6.)* 34 
,+9(;(1 < 
!"#$$%# !&$



 !"

 !"# $%$ $%   $  $$

$

 $

&$

#$

'$

($

)$

*$

+$

,$

 $$

  $

 &$

 !"#$$%!&!'

&&&&&&&&() *"+,+-.*&/-"&0!& 1-"#*&.23 1-0*4*)+

&56317"!44*&418*)

&+*/+$9

&+*/+$:

&

&

&
;
<
!
=

&;/=

> !"#$% #$% & '()*+,-)*. 
-0,-11,)*. .) 2()
*-() 34 *,45 3. 
-0,-11.6.)* .* 3(6,-). 37-)
.+8*-*43. 04+ 1, 
(4+9. 37:
(41.6.)* 34 
,+9(;(1 < 
!"#$$%! !&$



 !" !!"#"  $ %&'()"* +,-%&'."/"!0 "! (-12/" 3"(/ !"!0 4 % * +' % ()&3&.

 !"# $%$ $%   $  $$

$

 $

&$

#$

'$

($

)$

*$

+$

,$

 $$

  $

 &$

 !"#$$%!&!'

&&&&&&&&() *"+,+-.*&/-"&0!& 1-"#*&.23 1-0*4*)+

&56317"!44*&418*)

&+*/+$9&

&

&

&
:
;
!
<

&:/

=>

<

? !"#$% #$! % &'()*+,()- 
,/+,00+()- -( 1'(
),'( 23 )+34 2- 
,/+,00-5-() -) 2'5+,(- 26,(
-*7),)32- /3* 0+ 
'3*8- 269
'30-5-() 23 
+*8':'0 ; 
!"#$$%! !&$



 !"

 !"# $%$ $%   $  $$

$

 $

&$

#$

'$

($

)$

*$

+$

,$

 $$

  $

 &$

 !"#$$%!&!'

&

&

&&&&&&&&&() *"+,+-.*&/-"&0!& 1-"#*&.23 1-0*4*)+

&56317"!44*&418*)

&+*/+$9

&+*/+$:

&
;
<
!
=

&;/

>9

=

? !"#$% #$% & '()*+,-)*. 
-0,-11,)*. .) 2()
*-() 34 *,45 3. 
-0,-11.6.)* .* 3(6,-). 37-)
.+8*-*43. 04+ 1, 
(4+9. 37:
(41.6.)* 34 
,+9(;(1 < 
!"#$$%! !&$



 !" !!"#"  $ %&'()"* +,-%&'."/"!0 "! (-12/" 3"(/ !"!0 4 % * +' % ()&3&.

 !"# $%$ $%   $  $$

$

 $

&$

#$

'$

($

)$

*$

+$

,$

 $$

  $

 &$

 !"#$$%!&!'

&

&

&&&&&&&&&() *"+,+-.*&/-"&0!& 1-"#*&.23 1-0*4*)+

&56317"!44*&418*)

&+*/+$9

&+*/+$:

&
;
<
!
=

&;/

>?

=

@ !"#$% #$% & '()*+,-)*. 
-0,-11,)*. .) 2()
*-() 34 *,45 3. 
-0,-11.6.)* .* 3(6,-). 37-)
.+8*-*43. 04+ 1, 
(4+9. 37:
(41.6.)* 34 
,+9(;(1 < 
!"#$$%! !&$



 ! 

 !"# $%$ $%   $  $$

$

 $

&$

#$

'$

($

)$

*$

+$

,$

 $$

  $

 &$

 !"#$%&'&()$ *(% +, #-(%.$ )/0#-(+$1$"&

 230-4%,11$ 1-5$"

 &$*&67

 &$*&68

 &$*&69

 &$*&6:

 &$*&6;

 &$*&6<

 &$*&6=

 &$*&6>

#,%.66= ,?

 

 

 
@
A

,
B

 @*

C7

B

D !"#$% "#$ % &'()*+,()- 
,/+,00+()- -( 1'(
),'( 23 )+34 2- 
,/+,00-5-() -) 2'5+,(- 26,(
-*7),)32- /3* 0+ 
'3*8- 269
'30-5-() 23 
+*8':'0 ; 
!"#$$% !&#



 !" !!"#"  $ %&'()"* +,-%&'."/"!0 "! (-12/" 3"(/ !"!0 4 % * +' % ()&3&.

 !"# $%$ $%   $  $$

$

 $

&$

#$

'$

($

)$

*$

+$

,$

 $$

  $

 &$

 !"#$$%!&!'

&&&&&&&&&() *"+,+-.*&/-"&0!& 1-"#*&.23 1-0*4*)+

&56317"!44*&418*)

&+*/+$9:";

&+*/+$;:";

&

&

&
<
=
!
>

&<9?/>

@ !"#$% #$% & '()*+,-)*. 
-0,-11,)*. .) 2()
*-() 34 *,45 3. 
-0,-11.6.)* .* 3(6,-). 37-)
.+8*-*43. 04+ 1, 
(4+9. 37:
(41.6.)* 34 
,+9(;(1 < 
!"#$$%! !&$



 !"

 !"# $%$ $%   $  $$

$

 $

&$

#$

'$

($

)$

*$

+$

,$

 $$

  $

 &$

 !"#$$%!&!'

&&&&&&&&&() *"+,+-.*&/-"&0!& 1-"#*&.23 1-0*4*)+

&56317"!44*&418*)

&+*/+$9

&+*/+$:

&

&

&
;
<
!
=

&;/

>?

=

@ !"#$% #$ % & '()*+,-)*. 
-0,-11,)*. .) 2()
*-() 34 *,45 3. 
-0,-11.6.)* .* 3(6,-). 37-)
.+8*-*43. 04+ 1, 
(4+9. 37:
(41.6.)* 34 
,+9(;(1 < 
!"#$$%! !&$



 !" !!"#"  $ %&'()"* +,-%&'."/"!0 "! (-12/" 3"(/ !"!0 4 % * +' % ()&3&.

 !"# $%$ $%   $  $$

$

 $

&$

#$

'$

($

)$

*$

+$

,$

 $$

  $

 &$

 !"#$$%!&!'

&&&&&&&&() *"+,+-.*&/-"&0!& 1-"#*&.23 1-0*4*)+

&56317"!44*&418*)

&+*/+$9

&+*/+$:

&

&

&
;
<
!
=

&;/

>9

=

? !"#$% #$  % &'()*+,()- 
,/+,00+()- -( 1'(
),'( 23 )+34 2- 
,/+,00-5-() -) 2'5+,(- 26,(
-*7),)32- /3* 0+ 
'3*8- 269
'30-5-() 23 
+*8':'0 ; 
!"#$$%! !&$



 !"

 !"# $%$ $%   $  $$

$

 $

&$

#$

'$

($

)$

*$

+$

,$

 $$

  $

 &$

 !"#$%$#&!'

&&&&&&&&() *"+,+-.*&/-"&0!& 1-"#*&.23 1-0*4*)+

&56317"!44*&418*)

&+*/+9$

&

&

&
:
;
!
<

&:/

=%

<

> !"#$% #$ % & '()*+,-)*. 
-0,-11,)*. .) 2()
*-() 34 *,45 3. 
-0,-11.6.)* .* 3(6,-). 37-)
.+8*-*43. 04+ 1, 
(4+9. 37:
(41.6.)* 34 
,+9(;(1 < 
!"#$%$# !&$



 !! !!"#"  $ %&'()"* +,-%&'."/"!0 "! (-12/" 3"(/ !"!0 4 % * +' % ()&3&.

 !"# $%$ $%   $  $$

$

 $

&$

#$

'$

($

)$

*$

+$

,$

 $$

  $

 &$

 !"#$%$#&!'

&&&&&&&&&() *"+,+-.*&/-"&0!& 1-"#*&.23 1-0*4*)+

&56317"!44*&418*)

&+*/+%9&

&

&

&
:
;
!
<

&:/

=%

<

> !"#$% "# $ % &'()*+,()- 
,/+,00+()- -( 1'(
),'( 23 )+34 2- 
,/+,00-5-() -) 2'5+,(- 26,(
-*7),)32- /3* 0+ 
'3*8- 269
'30-5-() 23 
+*8':'0 ; 
!"#$%$# !&#



 !"

 !"# $%$ $%   $  $$

$

 $

&$

#$

'$

($

)$

*$

+$

,$

 $$

  $

 &$

 !"#$%&'&()$ *(% +, #-(%.$ )/0#-(+$1$"&

 230-4%,11$ 1-5$"

 &$*&67

 &$*&68

 &$*&69

#,%.677 ,:

 

 

 
;
<

,
=

 ;*

>7

=

? !"#$% #$ % & '()*+,-)*. 
-0,-11,)*. .) 2()
*-() 34 *,45 3. 
-0,-11.6.)* .* 3(6,-). 37-)
.+8*-*43. 04+ 1, 
(4+9. 37:
(41.6.)* 34 
,+9(;(1 < 
!"#$%% !&$



 !" !!"#"  $ %&'()"* +,-%&'."/"!0 "! (-12/" 3"(/ !"!0 4 % * +' % ()&3&.



 !!"#" $ !"#$%& '()
!"+%,%-. %- #)/0,%1%#,2-%-. 3 
2& '" 42!+0- !"#  !" #$%&'(%  ! '%)'*+$ *+$ ,$ #"&-.'"+ " -&- -
0"%&',,(%%- "1.23 ,4$33"' 3+. ,$ 
"%",56"%3 ,$ 
"3 )+ 7"(,'%8 &(+3 ,$3 #"&-.'"+9 (%& -&- -
0"%&',,(%%-3 "1.23 ,4$33"' 3+. ,$ 
"%", : !;5<+. 
$3 =>+.$38 %(+3 "?(%3 1.-3$%&- ,$3 $33"'3 "#5 6"%3 ,$ 
"3 )+ 7"(,'%8 %(+3 %4"?(%3 1"3.-",'3- )$ .-1-&'&'(%3 "$5

@AB



 !" !!"#" $% &'()$"* +,-&'(."/"!0 "! )-12/" 3")/ !"!0 4 & * +(5 '.2!

 ! "  !" " " "  

 

" 

# 

$ 

% 

& 

' 

( 

) 

* 

"  

 !"#$$%

&

&

&&&&&&&&'()*+,-,./*&0.+&#!&)".+1*&/23)".#*4*(,

&563"7+!44*&4"8*(

&,*0,$9

&,*0,$:

&
;
<
!
=

&;0

>9

=

? !"#$% #$ % &'()*+,()- 
,/+,00+()- -( 1'(
),'( 23 )+34 2- 
,/+,00-5-() -) 2'5+,(- 26,(
-*),7)32- /3* 0+ 
'3*8- 269
'30-5-() /3* 0+ 
'3*8- 269
'30-5-() 23 :+'0,( ;  !"#$$%$



 ! 

 ! "  !" " " "  

 

" 

# 

$ 

% 

& 

' 

( 

) 

* 

"  

 !"#$$%

&

&

&&&&&&&&&'()*+,-,./*&0.+&#!&)".+1*&/23)".#*4*(,

&563"7+!44*&4"8*(

&,*0,$9

:
;
!
<

&:0

=9

<

> !"#$% "#$ % &'()*+,()- 
,/+,00+()- -( 1'(
),'( 23 )+34 2- 
,/+,00-5-() -) 2'5+,(- 26,(
-*),7)32- /3* 0+ 
'3*8- 269
'30-5-() /3* 0+ 
'3*8- 269
'30-5-() 23 :+'0,( ;  !"#$$%#



 !" !!"#" $% &'()$"* +,-&'(."/"!0 "! )-12/" 3")/ !"!0 4 & * +(5 '.2!

 ! "  !" " " "  

 

" 

# 

$ 

% 

& 

' 

( 

) 

* 

"  

 !"#$$%

&'(

)*

+

&
'
,
!
+

&

&

&&&&&&&&&-./01232450&(41&#!&/"4160&578/"4#090.2

&:;8"<1!990&9"=0.

&20(2$*

&20(2$>

? !"#$% #$% & '()*+,-)*. 
-0,-11,)*. .) 2()
*-() 34 *,45 3. 
-0,-11.6.)* .* 3(6,-). 37-)
.+*-8*43. 04+ 1, 
(4+9. 37:
(41.6.)* 04+ 1, 
(4+9. 37:
(41.6.)* 34 ;,(1-) <  !"#$$% 



 !"

 ! "  !" " " "  

 

" 

# 

$ 

% 

& 

' 

( 

) 

* 

"  

 

 

!"#$%%&

         '()*+,-,./* 0.+ $" )#.+1* /23)#.$*4*(,

 563#7+"44* 4#8*(

 ,*0,%9

 ,*0,%:

 
;
<

"
=

;0

>9

=

? !"#$% #$% & '()*+,-)*. 
-0,-11,)*. .) 2()
*-() 34 *,45 3. 
-0,-11.6.)* .* 3(6,-). 37-)
.+*-8*43. 04+ 1, 
(4+9. 37:
(41.6.)* 04+ 1, 
(4+9. 37:
(41.6.)* 34 ;,(1-) <  !"#$$%$



 !" !!"#" $% &'()$"* +,-&'(."/"!0 "! )-12/" 3")/ !"!0 4 & * +(5 '.2!

 ! "  !" " " "  

 

" 

# 

$ 

% 

& 

' 

( 

) 

* 

"  

 !"#$$%

&

&

&&&&&&&&&'()*+,-,./*&0.+&#!&)".+1*&/23)".#*4*(,

&563"7+!44*&4"8*(

&,*0,$9

&,*0,$:

&
;
<
!
=

&;0

>9

=

? !"#$% #$% & '()*+,-)*. 
-0,-11,)*. .) 2()
*-() 34 *,45 3. 
-0,-11.6.)* .* 3(6,-). 37-)
.+*-8*43. 04+ 1, 
(4+9. 37:
(41.6.)* 04+ 1, 
(4+9. 37:
(41.6.)* 34 ;,(1-) <  !"#$$%$



 !"

 ! "  !" " " "  

 

" 

# 

$ 

% 

& 

' 

( 

) 

* 

"  

 !"#$$%

&&&&&&&&&'()*+,-,./*&0.+&#!&)".+1*&/23)".#*4*(,

&563"7+!44*&4"8*(&

&,*0,$9

&

&

&
:
;
!
<

&:0

=>

<

? !"#$% #$% & '()*+,-)*. 
-0,-11,)*. .) 2()
*-() 34 *,45 3. 
-0,-11.6.)* .* 3(6,-). 37-)
.+*-8*43. 04+ 1, 
(4+9. 37:
(41.6.)* 04+ 1, 
(4+9. 37:
(41.6.)* 34 ;,(1-) <  !"#$$%$



 !" !!"#" $% &'()$"* +,-&'(."/"!0 "! )-12/" 3")/ !"!0 4 & * +(5 '.2!

 ! "  !" " " "  

 

" 

# 

$ 

% 

& 

' 

( 

) 

* 

"  

 !"#$$%

&&&&&&&&&'()*+,-,./*&0.+&#!&)".+1*&/23)".#*4*(,

&563"7+!44*&4"8*(&

&,*0,$9

&,*0,$:

&

&

&
;
<
!
=

&;0

>9

=

? !"#$% #$! % &'()*+,()- 
,/+,00+()- -( 1'(
),'( 23 )+34 2- 
,/+,00-5-() -) 2'5+,(- 26,(
-*),7)32- /3* 0+ 
'3*8- 269
'30-5-() /3* 0+ 
'3*8- 269
'30-5-() 23 :+'0,( ;  !"#$$%$



 !!

 ! "  !" " " "  

 

" 

# 

$ 

% 

& 

' 

( 

) 

* 

"  

 

 

!"#$%&%

         '()*+,-,./* 0.+ $" )#.+1* /23)#.$*4*(,

 5#.+1* /. +63#7+"44* 4#8*(

 ,*0,%&

 ,*0,%9

 
:
;

"
<

 :0

=&

<

> !"#$% "#$ % &'()*+,()- 
,/+,00+()- -( 1'(
),'( 23 )+34 2- 
,/+,00-5-() -) 2'5+,(- 26,(
-*),7)32- /3* 0+ 
'3*8- 269
'30-5-() /3* 0+ 
'3*8- 269
'30-5-() 23 :+'0,( ;  !"#$%$#



 !" !!"#" $% &'()$"* +,-&'(."/"!0 "! )-12/" 3")/ !"!0 4 & * +(5 '.2!

 ! "  !" " " "  

 

" 

# 

$ 

% 

& 

' 

( 

) 

* 

"  

 !"#$%%

&&&&&&&&&'()*+,-,./*&0.+&#!&)".+1*&/23)".#*4*(,

&5".+1*&/.&+63"7+!44*&4"8*(

&,*0,$%

&

&

&
9
:
!
;

&90

<%

;

= !"#$% #$% & '()*+,-)*. 
-0,-11,)*. .) 2()
*-() 34 *,45 3. 
-0,-11.6.)* .* 3(6,-). 37-)
.+*-8*43. 04+ 1, 
(4+9. 37:
(41.6.)* 04+ 1, 
(4+9. 37:
(41.6.)* 34 ;,(1-) <  !"#$%%$



 !"

 ! "  !" " " "  

 

" 

# 

$ 

% 

& 

' 

( 

) 

* 

"  

 !"#$%&

'()

*%

+

'
(
,
!
+

'

'

'''''''''-./01232450')41'#!'/"4160'578/"4#090.2

':;8"<1!990'9"=0.

'20)2$%

> !"#$% #$ % & '()*+,-)*. 
-0,-11,)*. .) 2()
*-() 34 *,45 3. 
-0,-11.6.)* .* 3(6,-). 37-)
.+8*-*43. 04+ 1, 
(4+9. 37:
(41.6.)* 04+ 1, 
(4+9. 37:
(41.6.)* 34 ;,(1-) <  !"#$%&$



 !" !!"#" $% &'()$"* +,-&'(."/"!0 "! )-12/" 3")/ !"!0 4 & * +(5 '.2!

 ! "  !" " " "  

 

" 

# 

$ 

% 

& 

' 

( 

) 

* 

"  

 !"#$%&

'''''''''()*+,-.-/0+'1/,'#!'*"/,2+'034*"/#+5+)-

'674"8,!55+'5"9+)

'-+1-$&

'

'

'
:
;
!
<

':1

=%

<

> !"#$% #$  % &'()*+,()- 
,/+,00+()- -( 1'(
),'( 23 )+34 2- 
,/+,00-5-() -) 2'5+,(- 26,(
-*7),)32- /3* 0+ 
'3*8- 269
'30-5-() /3* 0+ 
'3*8- 269
'30-5-() 23 :+'0,( ;  !"#$%&$



 ! 

 ! "  !" " " "  

 

" 

# 

$ 

% 

& 

' 

( 

) 

* 

"  

 !"#$%&

'

'

'''''''''()*+,-.-/0+'1/,'#!'*"/,2+'034*"/#+5+)-

'674"8,!55+'5"9+)

'-+1-$%

'-+1-$:

;
<
!
=

';1

>%

=

? !"#$% "# $ % &'()*+,()- 
,/+,00+()- -( 1'(
),'( 23 )+34 2- 
,/+,00-5-() -) 2'5+,(- 26,(
-*7),)32- /3* 0+ 
'3*8- 269
'30-5-() /3* 0+ 
'3*8- 269
'30-5-() 23 :+'0,( ;  !"#$%&#



 !" !!"#" $% &'()$"* +,-&'(."/"!0 "! )-12/" 3")/ !"!0 4 & * +(5 '.2!

 ! "  !" " " "  

 

" 

# 

$ 

% 

& 

' 

( 

) 

* 

"  

 !"#$%&

'

'

'''''''''()*+,-.-/0+'1/,'#!'*"/,2+'034*"/#+5+)-

'674"8,!55+'5"9+)

'-+1-$&

'-+1-$%

'
:
;
!
<

':1

=&

<

> !"#$% #$ % & '()*+,-)*. 
-0,-11,)*. .) 2()
*-() 34 *,45 3. 
-0,-11.6.)* .* 3(6,-). 37-)
.+8*-*43. 04+ 1, 
(4+9. 37:
(41.6.)* 04+ 1, 
(4+9. 37:
(41.6.)* 34 ;,(1-) <  !"#$%&$



 !"

 ! "  !" " " "  

 

" 

# 

$ 

% 

& 

' 

( 

) 

* 

"  

 !"#$%&

'''''''''()*+,-.-/0+'1/,'#!'*"/,2+'034*"/#+5+)-

'674"8,!55+'5"9+)

'-+1-$:

'-+1-$%

'

'

'
;
<
!
=

';1

>:

=

? !"#$% #$ % & '()*+,-)*. 
-0,-11,)*. .) 2()
*-() 34 *,45 3. 
-0,-11.6.)* .* 3(6,-). 37-)
.+8*-*43. 04+ 1, 
(4+9. 37:
(41.6.)* 04+ 1, 
(4+9. 37:
(41.6.)* 34 ;,(1-) <  !"#$%&$



 !" !!"#" $% &'()$"* +,-&'(."/"!0 "! )-12/" 3")/ !"!0 4 & * +(5 '.2!

 ! "  !" " " "  

 

" 

# 

$ 

% 

& 

' 

( 

) 

* 

"  

 !"#$%&

'''''''''''()*+,-.-/0+'1/,'#!'*"/,2+'034*"/#+5+)-

'-+1-$6

'-+1-$%

'

'

'
7
8
!
9

'71

:6

9

; !"#$% #$ % & '()*+,-)*. 
-0,-11,)*. .) 2()
*-() 34 *,45 3. 
-0,-11.6.)* .* 3(6,-). 37-)
.+8*-*43. 04+ 1, 
(4+9. 37:
(41.6.)* 04+ 1, 
(4+9. 37:
(41.6.)* 34 ;,(1-) <  !"#$%&$



 !"

 ! "  !" " " "  

 

" 

# 

$ 

% 

& 

' 

( 

) 

* 

"  

 !"#$%&

'

'

'''''''''()*+,-.-/0+'1/,'#!'*"/,2+'034*"/#+5+)-

'674"8,!55+'5"9+)

'-+1-$:

'-+1-$%

'
;
<
!
=

';1

>:

=

? !"#$% #$ % & '()*+,-)*. 
-0,-11,)*. .) 2()
*-() 34 *,45 3. 
-0,-11.6.)* .* 3(6,-). 37-)
.+8*-*43. 04+ 1, 
(4+9. 37:
(41.6.)* 04+ 1, 
(4+9. 37:
(41.6.)* 34 ;,(1-) <  !"#$%&$



 !" !!"#" $% &'()$"* +,-&'(."/"!0 "! )-12/" 3")/ !"!0 4 & * +(5 '.2!

 ! "  !" " " "  

 

" 

# 

$ 

% 

& 

' 

( 

) 

* 

"  

 !"#$%&

'

'

'''''''''()*+,-.-/0+'1/,'#!'*"/,2+'034*"/#+5+)-

'674"8,!55+'5"9+)

'-+1-$:

'-+1-$%

'
;
<
!
=

';1

>:

=

? !"#$% #$ % & '()*+,-)*. 
-0,-11,)*. .) 2()
*-() 34 *,45 3. 
-0,-11.6.)* .* 3(6,-). 37-)
.+8*-*43. 04+ 1, 
(4+9. 37:
(41.6.)* 04+ 1, 
(4+9. 37:
(41.6.)* 34 ;,(1-) <  !"#$%&$



 !"

 ! "  !" " " "  

 

" 

# 

$ 

% 

& 

' 

( 

) 

* 

"  

 !"#$%&

'

'

'''''''''()*+,-.-/0+'1/,'#!'*"/,2+'034*"/#+5+)-

'674"8,!55+'5"9+)

'-+1-$:

'-+1-$%

'-+1-$;

'-+1-$<

'-+1-$=

'
>
?
!
@

'>1

A:

@

B !"#$% #$ ! % &'()*+,()- 
,/+,00+()- -( 1'(
),'( 23 )+34 2- 
,/+,00-5-() -) 2'5+,(- 26,(
-*7),)32- /3* 0+ 
'3*8- 269
'30-5-() 23 :+'0,( ;  !"#$%&



 !! !!"#" $% &'()$"* +,-&'(."/"!0 "! )-12/" 3")/ !"!0 4 & * +(5 '.2!



 !!"#" $ !"!#$%"&' ()!*+'%&#&,% - 
!' (+
!"/0102 !""#$% #& '(&#%  ! h "#$ %& $&'%%" (" %)"*$+","+- φ "#$ %" ('&./$+" (" %)01$'% #123+'"1+- T "#$ %& $".23+&$1+"(" %)"##&'4! 5& ."*$'0*  ! "$  " '*('61" #' %" .&$3+'&1 & 3$3 3
8&*$'%%0**3 &9&*$ 01 &2+/# %)"##&' #1+%" 
&*&%4! )(* (3#':*" %& 
01+;" (1 +830:+&.." .0<"*- %+" "$ ,'- (3#':*"*$ +"#2"
$'9"."*$ %&
01+;" #123+'"1+" "$ '*,3+'"1+" (1 (0.&'*" ()'*
"+$'$1(" #1+ %& 
01+;" ()3
01%"."*$4! #$ "$ #% (3#':*"*$ %"# "##&'# "$ %"1+# +323$'$'0*#4 =&*# %" 
&# (1 
&+;020%- 0* *" 2+3#"*$"61" %"# 2&+&./$+"# ("# "##&'# (" +323$'0* #%4 =&*# %" 
&# 2&+$'
1%'"+ (1 
&+;020% 
 #'(((-*01# 2+3#"*$0*# %"# "##&'# #$ "$ #% .&'# *01# 2+3
'#'0*# 61" %"# 
01+;"# moy (r2)- inf (r2)"$ sup (r2) #0*$ (3$"+.'*3"# 201+ "##&'# (" +323$'$'0* #% 1*'61"."*$4

>?@



 !"  !!"#" $% & ' ()*'"+ ,- ./+*"("!* 0 $ + ,/ $ '12&23#$%& '( ) *µ+, φ *++, # ◦- τc *.', k  !"#$n% n&'$&() *) )((( +( ,( -#., /#01 (#2).&'$&() *, )((( +( ,( -#21 /#)- (#2,)&'$&(, *) )((( +( ,( /#-) +#12 (#2)/&'$&(, *, )((( +( ,( /#-) +#/, (#2,0&'$&(0 *) )((( +( ,( /#-2 +#-1 (#2)-&'$&(0 *, )((( +( ,( /#-0 +#+- (#2,0&'$&(2 *) )((( +( ,( -#(( /#)( (#2)+&'&$(2 *, )((( +( ,( /#11 +#-- (#2,0&'$&(. *) )((( +( ,( /#1/ /#)( (#2)+&'$&(. *, )((( +( ,( /#1+ +#-. (#2,0&'$&(+ *) )((( +( ,( /#1( /#(2 (#2)+&'$&(+ *, )((( +( ,( /#1, +#-/ (#2,,&'$&(/ *) ).(( +( ,( /#1) /#,2 (#2,,&'$&(/ *, ).(( +( ,( /#1( /#(+ (#2,/&'$&(- *) ).(( +( ,( /#1( /#,. (#2,,&'$&(- *, ).(( +( ,( /#1( /#(/ (#2,-&'$&(1 *) ).(( +( ,( /#-2 /#(, (#2,2&'$&(1 *, ).(( +( ,( /#-( +#-+ (#2,/&'$&)( *) )((( 2( ,( -#)0 /#2( (#2)1&'$&)( *, )((( 2( ,( -#(+ /#)- (#2,,&'$&)) *) )((( 2( ,( -#), /#02 (#2)/&'$&)) *, )((( 2( ,( -#)( /#(/ (#2,2&'$&), *) )((( 2( ,( -#,( /#2, (#2)/&'$&), *, )((( 2( ,( -#)- /#,) (#2,,&'$&)0 *) )((( +( ,( -#(/ /#,0 (#2)/&'$&)0 *, )((( +( ,( -#(1 /#(0 (#2,0&'$&)2 *) )((( +( ,( -#(- /#), (#2)-&'$&)2 *, )((( +( ,( -#(- +#1+ (#2,,&'$&). *) )((( +( ,( -#), /#,, (#2)/&'$&). *, )((( +( ,( -#)0 /#() (#2,0&'$&)+ *) )((( +( ,( -#(. /#,( (#2)+&'$&)+ *, )((( +( ,( -#(/ +#11 (#2,0&'$&)/ *) ).(( 2( ,( -#0/ /#/- (#2,0&'$&)/ *, ).(( 2( ,( -#02 /#+0 (#2,+&'$&)- *) ).(( 2( ,( -#01 /#1, (#2,2&'$&)- *, ).(( 2( ,( -#22 /#/2 (#2,-&'$&)1 *) ).(( 2( ,( -#,. /#+/ (#2,0&'$&)1 *, ).(( 2( ,( -#,, /#2- (#2,/
moy (r2) -#(/ /#(1 (#2,2
sup (r2) -#+) /#+/ (#20(
inf (r2) /#.0 +#.) (#2)+ !"#$ 3#) 4 5"67'"8 *9
";<&87"&<= >'$ ;"*"?@&*'$ >A"B8$&'?'C& ;D8* 7' 
"*6D;D7 
!"#$$$#



 ! "#$% &' ( )µ*+ φ )**+ " ◦, τc )-&+ k )-&.$n+ n%#$%/0 0/  /// 12  3.04  /./4 /.5!/%#$%/6 0/  /// 12  3.11 !.62 /.5!  !"  3.45 !.3! /.5!/#$% 1/./6   . 3 /.5!6&'(  0.6! 3.0 /.531 !"#$ ,.1 7 "&89#&: ;<
&'>%:9&%>? @#$ '&;&*A%;#$ @B&C:$%#*#D% 'E:; 9# 
&;8E'E9 
!"#$$%!."#$% ( )µ*+ φ )**+ " ◦, τc )-&+ k )-&.$n+ n%#$%/ 4/  /// 1/ 3.1! 0.  /.416%#$%/1 0/  /// 1/ 6.!1 0./4 /.4 6 !" 3.  0./3 /.411#$% 3.34 0.3/ /.41!&'( 6.56 2.50 /.4 1 !"#$ ,.5 7 "&89#&: ;<
&'>%:9&%>? @#$ '&;&*A%;#$ @B&C:$%#*#D% 'E:; 9# 
&;8E'E9 
!"#$$&#."#$% &F ( )µ*+ φ )**+ " ◦, τc )-&+ k )-&.$n+ n%#$%/ 4/  /// 12 15.66  1.!2 /.530%#$%/1 0/  /// 12 11.25  1. ! /.536 !" 15. 2  1.26 /.536#$% 12.1  4.1 /.5!5&'( 1 ./!  /.!4 /.563 !"#$ ,.4 7 "&89#&: ;<
&'>%:9&%>? @#$ '&;&*A%;#$ @B&C:$%#*#D% 'E:; 9# 
&;8E'E9 
!"#$$'! !(."#$% &' ( )µ*+ φ )**+ " ◦, τc )-&+ k )-&.$n+ n%#$%/4 0/  /// 12  3.12  /.51 /.532 !"  3.12  /.51 /.532#$%  !.36   .00 /.5! &'(  0.01 !.// /.560 !"#$ ,.2 7 "&89#&: ;<
&'>%:9&%>? @#$ '&;&*A%;#$ @B&C:$%#*#D% 'E:; 9# 
&;8E'E9 
!"#$$'!!)."#$% &F ( )µ*+ φ )**+ " ◦, τc )-&+ k )-&.$n+ n%#$%/ 4/  /// 12 11.42   .65 /.5!1%#$%/1 0/  /// 12 11./5   .5! /.531 !" 11.14   .20 /.536#$% 14.1  5./3 /.5!4&'( 1/.12  /./2 /.56! !"#$ ,.0 7 "&89#&: ;<
&'>%:9&%>? @#$ '&;&*A%;#$ @B&C:$%#*#D% 'E:; 9# 
&;8E'E9 
!"#$$*! !(.



 !"  !!"#" $% & ' ()*'"+ ,- ./+*"("!* 0 $ + ,/ $ '12&23#$%& '( ) *µ+, φ *++, # ◦- τc *.', k *.'/%n, n&$%&01 20  000 "3  !/4!  0/50 0/1!1&$%&02 50  000 "3 "0/50   /21 0/163 !" "0/"3   /0" 0/142#$% ""/06  "/2" 0/1!0&'(  4/22 !/50 0/163 !"#$ -/6 7 #'89$': ;<
'(>&:9'&>? @$% (';'+A&;$% @B'C:%&$+$D& (E:; 9$ 
';8E(E9 
!"#$$%!!&/#$%& '( ) *µ+, φ *++, # ◦- τc *.', k *.'/%n, n&$%&0 20  000  5/3  !/!4  0/43 0/1!!&$%&0" 50  000  5/3 " /3!   /45 0/142&$%&01 20 "000  5/3 " /00   /" 0/2  &$%&02 50 "000  5/3 " /34  "/02 0/1!3&$%&03 20  000 "3 "0/40  0/66 0/1!1&$%&05 50 "000 "3 "0/24   /!1 0/14 &$%&06 20 "000 "3 " /11  0/4 0/206&$%&04 50  000 "3  !/63   /40 0/16  !" "0/4"   /20 0/1!1#$% ""/10  "/33 0/1!4&'(  !/12  0/"3 0/143602" !"#$ -/4 7 #'89$': ;<
'(>&:9'&>? @$% (';'+A&;$% @B'C:%&$+$D& (E:; 9$ 
';8E(E9 
!"#$$'/#$%& 'F ) *µ+, φ *++, # ◦- τc *.', k *.'/%n, n#$%&0 20 "000 "3  4/ ! 4/03 0/2 4#$%&0" 50 "000 "3  4/56 !/00 0/203 !"  4/15 4/3" 0/2 "#$% "0/ 1 !/30 0/2" &'(  5/34 6/35 0/1!! !"#$ -/! 7 #'89$': ;<
'(>&:9'&>? @$% (';'+A&;$% @B'C:%&$+$D& (E:; 9$ 
';8E(E9 
!"#$$(! !)/#$%& '( ) *µ+, φ *++, # ◦- τc *.', k *.'/%n, n&$%&01 20 "000 "3  6/65 6/!5 0/2 6&$%&02 50 "000 "3  6/!5 4/32 0/204 !"  6/42 4/"3 0/2 "#$%  !/33 !/ 4 0/2""&'(  5/ " 6/11 0/1!! !"#$ -/ 0 7 #'89$': ;<
'(>&:9'&>? @$% (';'+A&;$% @B'C:%&$+$D& (E:; 9$ 
';8E(E9 
!"#$$(!!&/



 !"#$%& '( ) *µ+, φ *++, # ◦- τc *.', k *.'/%n, n&$%&0 '( 10  000 23  4/05 !/2" 0/"6 &$%&02'( 10 2000 23  3/ 1  0/2 0/"61 !"  4/12 !/62 0/"64#$%  3/!4  0/!5 0/"5 &'(  "/"0 5/41 0/"14 !"#$ -/  7 #'89$': ;<
'(>&:9'&>? @$% (';'+A&;$% @B'C:%&$+$D& (E:; 9$ 
';8E(E9 
!"#$$%!!&/#$%& 'F ) *µ+, φ *++, # ◦- τc *.', k *.'/%n, n&$%&20 10/00  000 23  3/44  0/25 0/"5  !"  3/44  0/25 0/"5 #$%  6/06   /66 0/"5!&'(  "/50 5/5 0/"1! !"#$ -/ 2 7 #'89$': ;<
'(>&:9'&>? @$% (';'+A&;$% @B'C:%&$+$D& (E:; 9$ 
';8E(E9 
!"#$'$#!(/#$%& '( ) *µ+, φ *++, # ◦- τc *.', k *.'/%n, n&$%& 4'( 10  000 23  4/"3 !/3" 0/"51 !"  4/"3 !/3" 0/"51#$%  3/51  0/!0 0/"!4&'(  2/52 5/ 6 0/"64 !"#$ -/ " 7 #'89$': ;<
'(>&:9'&>? @$% (';'+A&;$% @B'C:%&$+$D& (E:; 9$ 
';8E(E9 
!"#$'$#!&/#$%& '( ) *µ+, φ *++, # ◦- τc *.', k *.'/%n, n&$%&0 10  300 23 6/06 1/"" 0/"!"&$%&02 10 2000 23 6/04 1/"6 0/"!3&$%&0" 40  300 23 6/04 1/06 0/"!! !" 6/03 1/21 0/"!1#$% 6/13 1/!2 0/40"&'( 1/44 3/10 0/"51 !"#$ -/ 4 7 #'89$': ;<
'(>&:9'&>? @$% (';'+A&;$% @B'C:%&$+$D& (E:; 9$ 
';8E(E9 
!"#$''/



 !"  !!"#" $% & ' ()*'"+ ,- ./+*"("!* 0 $ + ,/ $ '12&23



 !!"#" $ !"!#$%"&' ()!*+'%&#&,% - 
!' (+/!012, !""#$% #& '(&#%  ! h "#$ %& $&'%%" (" %)"*$+","+- φ "#$ %" ('&./$+" (" %)01$'% #123+'"1+- T "#$ %& $".23+&$1+"(" %)"##&'4! 5& ."*$'0*  ! '*('61" 61" %" .&$3+'&1 & 3$3 3
8&*$'%%0**3 &2+/# %)"##&' #1+ %" 
&*&%4 9&*#%" 
&# (1 :&0%'*- $01$"# %"# ";23+'"*
"# 0*$ 3$3 +3&%'#3"# #1+ ("# 3
8&*$'%%0*# 
0%%"
$3# &2+/#"##&' #1+ %" 
&*&%! )(* (3#'<*" %& 
01+=" (1 +830<+&.." .0>"*- %+" "$ ,'- (3#'<*"*$ +"#2"
$'?"."*$ %&
01+=" #123+'"1+" "$ '*,3+'"1+" (1 (0.&'*" ()'*
"+$'$1(" #1+ %& 
01+=" ()3
01%"."*$-201+ %"# 2+".'"+# "##&'# (" +830.3$+'" "#4 9&*# %" 
&# (1 :&0%'*- *01# *)&?0*# 2&# +3&%'#3(" +323$'$'0*# "$4

@"#$ &2 8 Aµ.B φ A..B @ ◦C τc AD&B k AD&4#nB n$"#$EF DDGE FHEE IH FH4EE FJ4KK E4IEE$"#$EK DDGE FHEE IH FK4JL FJ4ML E4FNG)(* FM4KN FJ4MF E4IE%+" FG4EH FN4EJ E4IF,'- FI4HG FH4NF E4FL !"#$ 94F ! @&=%"&1 +3
&2'$1%&$', ("# 2&+&./$+"# ()&O1#$"."*$ 201+ %" :&0%'* % &'(($4FNH



 !"  !!"#" $% & ' ()*'"+ $, -.+*"("!* / 0 + $. 1 234!#$%& '( ) *µ+, φ *++, # ◦- τc *.', k *.'/%n, n&$%&0 .."0  100 20  "/"0 20/3 0/ !4 !"  "/5" 20/51 0/ !"#$%  6/43 22/40 0/20!&'(  3/6!  6/1 0/ 41 !"#$ 7/2 8 #'9:$'; <=
'(?&;:'&?@ A$% ('<'+B&<$% AC'D;%&$+$E& (F;< :$ G'F:?E  !"#$$%/#$%& '( ) *µ+, φ *++, # ◦- τc *.', k *.'/%n, n&$%&0 .."0  100  4/1 !/50  "/5! 0/ 64&$%&02 .."0 2000  4/1 !/"1  4/5 0/ 61 !" !/13  "/!1 0/ 6"#$%  0/3"  6/55 0/ 6"&'( 6/"!  1/5" 0/ 6" !"#$ 7/3 8 #'9:$'; <=
'(?&;:'&?@ A$% ('<'+B&<$% AC'D;%&$+$E& (F;< :$ G'F:?E  !"#$$&/#$%& '( ) *µ+, φ *++, # ◦- τc *.', k *.'/%n, n&$%&0 .."0  100  "   /11 20/40 0/ 60&$%&02 .."0 2000  "  2/3"  !/!5 0/ 65 !"   /!1 20/32 0/ 62#$%  3/"1 2 /!! 0/ !1&'( !/!4  6/!5 0/ "1 !"#$ 7/5 8 #'9:$'; <=
'(?&;:'&?@ A$% ('<'+B&<$% AC'D;%&$+$E& (F;< :$ G'F:?E  !"#$$'/#$%& '( ) *µ+, φ *++, # ◦- τc *.', k *.'/%n, n&$%&0 .."0  100  4  5/"2 20/ 5 0/ !2&$%&02 .."0 2000  4  1/30  !/34 0/ !4 !"  5/!"  !/4" 0/ !5#$%  "/41 2 /"0 0/20"&'(  2/!1  6/ 3 0/ 46 !"#$ 7/1 8 #'9:$'; <=
'(?&;:'&?@ A$% ('<'+B&<$% AC'D;%&$+$E& (F;< :$ G'F:?E  !"#$$(/#$%& '( ) *µ+, φ *++, # ◦- τc *.', k *.'/%n, n&$%&03 .."0  100  4 2 /1! 21/2 0/ !  !" 2 /1! 21/2 0/ ! #$% 25/"1 24/64 0/201&'(  6/05 23/05 0/ "! !"#$ 7/" 8 #'9:$'; <=
'(?&;:'&?@ A$% ('<'+B&<$% AC'D;%&$+$E& (F;< :$ G'F:?E  !"#$$)/



 !"#$%& '( ) *µ+, φ *++, # ◦- τc *.', k *.'/%n, n&$%&0 ..10  200  2 3/1!   /!0 0/ "!&$%&03 ..10  200  2 3/45   /5" 0/ 43&$%&06 ..10  000  2 6/2"  0/52 0/ !2 !" 6/02   /31 0/ 42#$% 6/10  3/04 0/ !1&'( 3/6!  0/26 0/ "  !"#$ 7/" 8 #'9:$'; <=
'(?&;:'&?@ A$% ('<'+B&<$% AC'D;%&$+$E& (F;< :$ G'F:?E  !"#$$%/
#$%& '( ) *µ+, φ *++, # ◦- τc *.', k *.'/%n, n&$%&0 ..10  200  2 4/65  1/01 0/ !0&$%&03 ..10 3000  2 4/ 5  2/16 0/ !0 !" 4/35  2/45 0/ !0#$% !/64  "/36 0/303&'( 1/!5  5/16 0/ "5 !"#$ 7/4 8 #'9:$'; <=
'(?&;:'&?@ A$% ('<'+B&<$% AC'D;%&$+$E& (F;< :$ G'F:?E  !"#$&$/

#$%& '( ) *µ+, φ *++, # ◦- τc *.', k *.'/%n, n&$%&0 H  !"#$&& ..10  200  4   /6!  "/42 0/ !4 !"   /6!  "/42 0/ !4#$%  3/42 30/65 0/301&'( !/45  2/52 0/ 41&$%&03 H  !"#$&' ..10  200  4  5/"0 30/56 0/ !0 !"  5/"0 30/56 0/ !0#$%  1/23 36/65 0/ !4&'(  3/"1  "/13 0/ "4&$%&06 H  !"#$&( ..10  200  4  6/65 3 /!3 0/ "3 !"  6/65 3 /!3 0/ "3#$%  2/ 0 35/!3 0/ 40&'(   /53  !/04 0/ 2! !"#$ 7/! 8 #'9:$'; <=
'(?&;:'&?@ A$% ('<'+B&<$% AC'D;%&$+$E& (F;< :$ G'F:?E  !"#$&&I  !"#$&'$&  !"#$&(/
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 !!"#" $ !"!#$%"&' (&' &''!)' * 
!' (,-.&/!"%)
-0& )'102& !""#$%  ! δ"##$ %&' (% )*+#,'-% )% (+ .+-'*
0(%1 ρp %&' (+ #+&&% 23(0#*40% )% (+ .+-'*
0(%5! ub %' HN &36' (%& #%&0-%& )% (+ 2*'%&&% )0 '+.*& %' )% (+ 7+0'%0- 63-#+(% .30- 
7+40%+
40*&*'*365! τc1 k %' n &36' (%& .+-+#,'-%& )8+90&'%#%6' )% 
!"!#$ 
+(
0(:& .30- 
7+40% +
40*&*'*365

;
40*&*'*36 δ"##$ ρp"<=5#−3$ τc ">+$ k ">+5&n$ n ub "##5&−1$ HN "##$;? @ ABA? AC5@D AA5EB ?5B?F B? FC5GE;A @ ABA? AC5CD A@5@H ?5B?F GF BB5AD;@ @ ABA? @?5A@ A@5FE ?5B?F EH BH5AB;B @ AAB? AE5FB AA5@E ?5B?F GF BA5AH;D @ AAB? AC5HB A@5AB ?5B?F EH BG5FC !"#$ I5A ! J+K(%+0 -:
+.*'0(+'*L )%& .+-+#,'-%& )%& %&&+*& .30- (% 
!%&'('" )  θ M G5H◦5@FA
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"
$%&'&(&)* δ+,,- ρp+./0,−3- τc +12- k +120'n- n ub +,,0'−1- HN +,,-34 5 6654 67055 6 058 40549 9! 5 0::36 5 6654 67084 6 0:5 40549 87 5:0!73 5 6654   0;4 650:! 40549 5; 580;;3! 5 744 6;0:5 6607: 40549 58 5405 35 5 744 6705 6 05: 40549 88 590:939 5 744 670 8 6 0!: 40549 64! 580;;3: 5 744  40!4 6!04! 40549 6  960: 3!< 5 6654 670;9 6 08! 40549 6 5 940;835< 5 6654 67057 6 094 40549 6 5 9406 3:< 5 6564 6;055 660;! 40549 94 5405 38 5 6564 6;08: 6 045 40549 89 550693; 5 6564 6;0:: 66078 40549 644 5:0!737 5 6564 6706! 6 0 8 40549 6 5 570!; !"#$ =0 > ?2<@A2% BC
2D&(%@2(&E FA' D2B2,G(BA' FA' A''2&' D)%B @A 
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"
$%&'&(&)* δ+,,- ρp+./0,−3- τc +12- k +120'n- n ub +,,0'−1- HN +,,-J ; 744 70 4 8065 4056; 64 6:0!8J9 5 744 70 4 8065 4056; 64 6:0!8J65 5 744 705: 80!5 4056; 694 6;0 8J5 5 6654 705; 80!: 4056; 64 6:089J! 5 6564 705; 80!: 4056; 64 6:089J6 5 6564 7086 8095 4056; 694 6;0:9J;  744 705; 80!: 4056; 64 6:089J8  6654 64045 8087 4056; 64 68096J6:  6654 7086 8095 4056; 694 6;0:9J:  6564 70 4 8065 4056; 64 6:0!8 !"#$ =0! > ?2<@A2% BC
2D&(%@2(&E FA' D2B2,G(BA' FA' A''2&' D)%B @A 
!"#$%$& ( H θ I 6509◦0
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"
$%&'&(&)* δ+,,- ρp+./0,−3- τc +12- k +120'n- n ub +,,0'−1- HN +,,-34  566 !067 !089 6099 :! 70 937  ;;96 !067 !089 6099 :! 70 938  ;9;6 !056 9089 6099 :! 507;3;;  ;9;6 !09 90;4 6099 ;6; ;60:53! 9 566 !097 90 ! 6099 :! 506 3;6 9 566 !088 90:5 6099 ;6; ;;0!73;4 9 566  05: !0:5 6099 ;:; ;60:53 9 ;;96 !097 90 ! 6099 :! 506 35 9 ;;96 !09 90;4 6099 ;6; ;60:53;: 9 ;;96 !0:8 90!9 6099 ;:; ; 0;43;9 9 ;9;6 !0 : !054 6099 ;:; ;;0!7 !"#$ <09 = >2?@A2% BC
2D&(%@2(&E FA' D2B2,G(BA' FA' A''2&' D)%B @A 
!"#$%$& ' H θ I ;90:◦0
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63*&2) J&4 3$- )3,.( &J 60'*2- .-P4*) ?&@5 B*:(1 8-:@! 9:#
&;;! K*$.@#:L; <4 C7DDNF;E<SYN!D5 !D℄ 6(0!#,% 1'  ' :$- (*-0. )34-)) M -9-4(3$*28 ?&@) Z  ! "#$%"&'(#$)*$ +,-). /&
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( +, 0.4(8-(<(1-(10 H+:* I .47>(<5+
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'711(/?.( N&$B57"( =2?( O+C N @$AANBC M!MEMMA?# N℄  35,,3=& :( W05)
0)57/ *.4./75.06 71- 0571*.0.+1 ,5+4 \(:0+1.71 0+ \+18\(:0+1.71=('72.+5 ,+5 
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54#!0? #0#0$7?4B& 50$ 20>#B!0'204? ]./(68^10(5*
.(1
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(*C$AAA?# F℄  35,,3=& :(& !#* 7!%>$-& 8( Z0)-( -(* /72(* 0+55(10.(//(* *)5 4+-a/( 5Z-).0 (1 *.4.8/.0)-( -(* <'Z1+4a1(* 170)5(/*? M5 9!7#""2 E"50
92 O @$AANBC NNENA?# D℄  35,,3=& :(& 7!%>$-& 8(& 6"!==!#3& .(& 8->!#5==%& 6(& !#* .!"
0%& 7( X.5(
0-(0(54.170.+1 +, 5'(+/+>.
7/ 
'757
0(5.*0.
* +, -(=5.* H+:? .( N&$B57"( @0A( :+JC D @J)>?$AADBC D"MED"D?# A℄  35,,3=& :(& !#* .-5#%-"& .( R(
+>1.0.+1C 
/7**.b
70.+1 71- 4(
'71.
7/ -(*
5.<0.+1+, -(=5.* H+:*? @5B491)
#20
2 =2>#23? J- @$AA"BC  LAE  F?#!L℄  35,,3=& :(& .-5#%-"& .(& !#* :%!5& '(?.( R'Z+/+>.( -(* /72(* 0+55(10.(//(*? ^1Q
42? $7 +;T'2  !""!R72 $7 CB!7H2 6B50U5#? $2 =9K!"!A#2F CB20!E"2F 6B50
2 @$AALB?#!$℄  35,,3=& :(& +>5<-#& @( 8(& A5<#0& A( B(& !#* C3##& 8( c.*
+*.06 =.,)5
70.+1.1 0'.K+05+<.
C 6.(/-.1> H).-*? .( =92!"( JV @ LL B?#! ℄  35,,3=& :(& !#* :%!5& '(?.( d1 0'( =('72.+5 +, b1( 4)- *)*<(1*.+1*? =92!"( Q
45OO @$AANBC $FME$DN?#!!℄  35,,3=& :(& !#* :%!5& '(?.( &'( (e(
0* +, 71 7--.0.+1 +, ,+5
(8,5(( <750.
/(* +1 0'(5'(+/+>.
7/ <5+<(50.(* +, b1( *)*<(1*.+1*?  50( C2!42
9( .( O+ @$AAMBC  "!E FL?#!N℄  35,,3=& :(& 9!<#!5*& '( /(& C-"="!#*& D(& .35
0-"3#=& :(& 45%$2!5*& '( :(&A5<#0& A( B(& '!"#<& /(& !#* 7-,5-5"& 8( P+(K.*0(1
( +, /.f).- 71- *+/.- <'7*(* .1H+:.1> *+,08>/7**6 470(5.7/*? %9&?( =2>( M244( <<C  $ @ LL B?
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/)/,)-'01*
,'2*342*5+*3 )-/(,*)*'( *( 6/7783 ,9,)87,:  !"#$ %&'()# *+ ; <<$=:#!>℄  !"##!$% &'% 5-6"$)-"% 4'%  3-$)-"% 7'% 5!
9").% :'% -/2 ;<-.*)=% >' ?@*(@/(3 ,'2*3 '- 2*5+*3 A81/B*'- *( 0/,)8,: ,$ -!./&$ 01 ; <<>=C D"$:#!"℄ ?'% :'% 4)
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E)/F-//% ?' &'70/-*,'( 'E (+78-*
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'-3, 'E -8/2 8B8(),: H( 23  4/
..)(36#/7 8!. 9!(4) 238.43:8(/3:& ;/37.4.3
. /3 <.=4(#>/? @:A:4)# B(8(6:8(/3 C B.
!:3(
#D 4.)(
8(/3D :3) E##.##F.38D <:G/#D H?(8A.4&:3) ; <<!=C I: J /(3 K: &18( 83,:C L3,:C00: >!$M>N>:#!O℄ ?-<D)#% 5' (' 4' P8A-*, F'G ,+-@8, 4 ? 2/A'-/)'-9 *(B8,)*@/)*'(: B(88$ ).# I.4#'
!J#:3#8:&8 7K4 L:##.4=:'D @")4/&/6(. '3. M&:A(/&/6(. NO ;QDOO=C QMQ  :#!D℄ ?.-G!/D% H'% I!.#-.D% J'% -/2 5-**-.D
!% @' ? 7'382 E'- )18 ,1/08 'E 2/B/ F'GE-'(),: ,$ M./P!"#$ -.#$ **1 ; <<$=:#N<℄ B!"
-"*$% @% )' (' ,' <(
8(/33:(4. ). 6Q/&/6(.C > 83:  <<$:#NQ℄ 4!GG% @' ,'% -/2 &.D$
3-.2% ?' R18 8S8
) 'E 193-/+2*
 -8,*,)/(
8 '( 3/74A-8/T /(3')18- ,1/22'G *(8-)*/2 F'G,: ,$ %&'() B.
!$ 01* ; <<N=C Q"DM Q :#N ℄ 4"-/G% 7'% -/2 >-.
D-% H' 4' ? U8-,
1824V+2T289 7'382 E'- 7+3 F'G 3'G( / ,2'08:,$ %&'() B.
!$ R+S ;QDDO=C !<$M!!!:#N!℄ 4")6*% ,'% -/2 1$)D/K)/2$/).% 4' L,)*7/)*'( 'E -18'2'@*
/2 0-'08-)*8, 'E B*,
'+,38A-*, F'G +,*(@ / A82) 
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1/(*
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