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∂h

∂t
+

∂

∂x
(hū) = 0 "!#J%

∂ū

∂t
+ ū

∂ū

∂x
= g sin θ − g cos θ

∂h

∂x
− τb(ū, h)

ρh
"!#UY%6<' t 1' 7'*H2C x 16 )),/)((4' 1)(S87-/8(61'C ū = 1

h

∫ h
0 u (y) dy '7 τb(ū, h) '27 16 )(7,68(7'8268116(7' 6- 3)(/ /' 1@4)-1'*'(7# Q@45-678)( !#J '.H,8*' 16 )(2',<678)( /' 16 *622' /' K-8/''7 1@45-678)( !#UY '.H,8*' 16 )(2',<678)( /' 16 5-6(7874 /' *)-<'*'(7#Z)-, 3',*', ' 2O270*' /@45-678)(2C 1@'.H,'228)( /' τb /)87 [7,' '278*4'# Q6 )(7,68(7'+6261'C 3)(78)( /'2 <6,86+1'2 /O(6*85-'2 ū '7 hC /4H'(/ /' 16 ,I4)1)S8' /- K-8/'# &6(2 1'



 ! ! "#$%&'()*'+ , -'%.&/+ ()0%+ $1'2 .(')$+ $+ "+%-/"+(30'(4(+#   
u(x,t)

g

θ

x

y

h(x,t)

front

ξ !"#$% !" # $&'()*)+, -.'+ /'0-) -) 1)234)(56'(7()8 3'2 '+ 9(:+ 0+(0+; < +&,:,0&+3=)>92)330&+3 !"? ), !"@AB":3 -.'+ /'0-) -) 1)234)(56'(7()8C (.)>92)330&+ -) τb )3, -;20,) τb = τc + k (γ̇|y=0)
n -&0, D,2):('(;) +'*;20E')*)+, FG@C @G℄ )+ 2;3&(I:+, (.;E':,0&+ 3'0I:+,) <

n

n + 1

(

τb

k

)1/n ( n + 1

2n + 1
+

n

2n + 1

τc

τb

)(

1− τc

τb

)
n+1

n

=
ū

h
=!"@@B !"#$%&'#( )*" !+%,&'#(" )* $, -#./* )% -.#(& 0 #()*" 1.#2.*""'3*"J)3 ;E':,0&+3 -) K:0+,5L)+:+, :-*),,)+, -)3 3&(',0&+3 -) ,89) &+-)3 92&M2)330I)3C -) 3&2,)E') <

h (x, t) = H (ξ) =!"@!B
ū (x, t) = U (ξ) =!"@ B:I) ξ = x− ct ), c (: I0,)33) -) 92&9:M:,0&+ -' N2&+, =I0,)33) &+3,:+,)B"J.;E':,0&+ !"? N&'2+0, :(&23 U = cst = cC :(&23 E') !"@A 9)2*), -.&O,)+02 '+) ;E':,0&+-0P;2)+,0)(() +&+5(0+;:02) -' 92)*0)2 &2-2) 9&'2 (: N&2*) -) (: 3'2N:) (0O2) <

cot θ
dH

dξ
= 1− τb(c,H)

ρgH sin θ
=!"@QBJ: &+,2:0+,) τb(c,H) )3, -&++;) 9:2 (: 3&(',0&+ -) (.;E':,0&+ !"@@"4#/1#.&*/*(&" ,"5/1&#&'+%*"R' I&030+:M) -' N2&+,C () ,:'> -) 03:0(()*)+, -)I0)+, M2:+-" S+ 9)', -&+ 3'99&3)2 E')(.)P), -) (: &+,2:0+,) 3)'0( 3'2 (.;&'()*)+, -)I0)+, +;M(0M):O()" T+ -.:',2)3 ,)2*)3C (: (&0-) &*9&2,)*)+, -) 1)234)(56'(7()8 -&0, 9&'I&02 D,2) :992&>0*;) 9:2 '+) 30*9() (&0 -)9'033:+) (τc = 0)C ), (.)>92)330&+ -) (: &+,2:0+,) O:3:() !"@@ 3) 2;-'0, -&+ U <



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

HN

u(x,t) = c

θ

x

y

front
−ξ

h(x,t)

 !"#$% "#! $ %'()*+*,- ./(, 0(1.* .* 2*345*)67()8)*9 4(3 (, :);, 1,)1,< = ,'-;-1',4>*?:3*441',4 "#@" *- "#@"A#
τb (ū, h) =

(

2n + 1

n

)n

k

(

ū

h

)n >"#@BAC, 'D-1*,- ;)'34 :'(3 )/*?:3*441', "#@BE ); F'3+* ;::3'5<* 4(1G;,-* ;( G'141,;H* .( F3',- =
cot θ

dH

dξ
= 1−

(

2n + 1

n

)n

k
cn

ρgHn+1 sin θ
>"#@IAJ'++* .* :)(4 H → 0 ;( F3',-E ', :*(- <313* dH

dξ ∝ −1
Hn+1 # K;3 1,-<H3;-1',E ', *, .<.(1-L(* H ∝ (−ξ)1/(n+2) ;( F3',-E :'(3 ξ ≤ 0# M1,41E )/<:;144*(3 .* 0(1.* .<3'N- '++* (,*)'1 .* :(144;,* .',- )/*?:'4;,- *4- 1,F<31*(3* O @# J*- *?:'4;,- *4- ./;(-;,- :)(4 :*-1- L(*

n ≤ 1 *4- :3'5* .* @# J'++* -'(4 )*4 +'.P)*4 .* -9:* Q;1,-6R*,;,- 1,)(;,- (,* .1441:;-1',G14L(*(4* S!@℄E * +'.P)* :3<.1- .', (, F3',- 41,H()1*3 >G*3-1;)A# U) ',G1*,- -'(-*F'14 .* 4'(6)1H,*3 L(/(,* -*))* :3<.1-1', *4- *, ',-3;.1-1', ;G* )/59:'-5P4* ./',.*4 )',H(*4 > ∂xh ≤ 1A ;3 ', 4/;--*,.3;1- O * L(* * +'.P)* :*3.* 4; G;)1.1-< -3P4 :3P4 .( F3',-#V'1, .( F3',-E O )/1,G*34*E ', 4/;--*,. O * L(* ); 4(3F;* )1D3* 4/;:);,144*E  ! dH/dξ → 0#W/;:3P4 )/<L(;-1', "#@BE )/<:;144*(3 .;,4 *--* X',* (,1F'3+* *4- .', .',,<* :;3 =
τb (c,H) = ρgH sin θ >"#@YAK;3 .<Z,1-1',E *--* <:;144*(3 .;,4 ); X',* (,1F'3+* *4- .', <H;)* O )/<:;144*(3 ,'3+;)*

HN 'D4*3G<* *, 3<H1+* :*3+;,*,- (,1F'3+* :'(3 (,* G1-*44* +'9*,,* c# [, ./;(-3*4 -*3+*4E)/<'()*+*,- O )/;331P3* .( F3',- :*(- \-3* ',41.<3< '++* <-;,- *, 3<H1+* :*3+;,*,- *-(,1F'3+*#



 !"! #$%&'()*+ ',-*.+ /$0, )0 1*)'/+  ! !" #$%&')*+ ',-*.+ /$0, )0 1)'/+ !"!# $%&'( )* +,-*/"#$%&'()#$% *+ -% './$+ %012)+ )&3&'+ '+ )-4#$ R 5'&-627)+ δ8 +7 '+ '+$%&7( ρp +$ 6#/9:+6+$7 /$&;#)6+ -:+ /$+ :&7+%%+ up -/ %+&$ './$ </&'+ $+=7#$&+$ &$#60)+%%&>*+ '+ '+$%&7(
ρ +7 '+ :&%#%&7( '4$-6&?/+ µ@ A+ 0*/%B #$ #$%&'2)+ *+ -% './$ </&'+  !"#$%& '()$*& +&,&-'(%+. '()&7 0-) *+% (?/-7&#$% /%/+**+% '+ 6(-$&?/+ '+% </&'+%@ C- 0-)7&/*+ +%7 %#/6&%+D '+% ;#)+% ?/& *- 6-&$7&+$$+$7 +$ (?/&*&>)+ #/ 0)#:#?/+$7 %#$ 6#/:+6+$7 EFGB H B ! ℄@ J$-00*&?/-$7 *+ 0)&$&0+ ;#$'-6+$7-* '+ *- '4$-6&?/+B *+ 6#/:+6+$7 '+ *- 0-)7&/*+ #>(&7 D5:#&) *- K3/)+ L@!8 M

m
dup

dt
= FG + FD + Fma + FRK + FS + FB 5L@NO8

 !"#$% L@! P Q&*-$ '+% ;#)+% +R+)(+% %/) /$+ 0-)7&/*+ &%#*(+ '-$% /$ </&'+ M $#7-7&#$%@ ! "#$& '& ($!)*+, - FGC- ;#)+ '+ 3)-:&7( #/ 0#&'% -00-)+$7 '+ *- 0-)7&/*+ &66+)3(+ '-$% /$ </&'+ '+ '+$%&7('&S()+$7+ +%7 7+**+ ?/+ M
FG = Vpg (ρp − ρ) 5L@NG8#T Vp +%7 *+ :#*/6+ '+ *- 0-)7&/*+@ ! "#$& '& "$#++&.&/+ )*012&20& - FDA-$% /$ </&'+ U+=7#$&+$ +7 -/R ;-&>*+% $#6>)+% '+ V+4$#*'%  B *+% 7+)6+% '.&$+)7&+ '-$%*+% (?/-7&#$% '+ U-:&+)9W7#X+% 0+/:+$7 Y7)+ #$%&'()(% #66+ $(3*&3+->*+%@ C- ;#)+ '+ 7)-Z$(+ ! "#$%&'(')*+$ ,-$ ./*01$ 2*&$%%$ +$1/&*2$ $-&+$ 1$ 3,*)$ $& 1/ 4/+&*,1$



 !  !"#$%&' () *+,+&"-$%+."#$ % &' "()*+$,$ "$ .(/$00$ $,/+$ &$ 1#("$ $/ &' 2'+/(#&$3 $&&$ 04$5$+$ "',0 &' "(+$/(6, "$$//$ "()*+$,$3 0$&6, &4$52+$00(6, "$  !"#$% 7
FD = 3πµδUr 89:9;<6= Ur $0/ &' .(/$00$ +$&'/(.$  $,/+$ &' .(/$00$ &6'&$ "# 1#("$ uf $/ $&&$ "$ &' 2'+/(#&$ up:>4$52+$00(6, "$ $//$ ?6+$ $0/ 06#.$,/ *+(/$ $, $0 /$+@$0 7

FD = CD
1

2
ρU2

r

(

πδ2

4

) 89:9A<'.$ &$ 6$B($,/ 0',0 "(@$,0(6, CD 26#+ #,$ 02CD+$ ?6,/(6, "# ,6@E+$ "$ F$G,6&"0 "$&' 2'+/(#&$ Rep3 /$& H#$ CD = 24
Rep

: IAJ℄ ' +'00$@E&* &$0 ,6@E+$#0$0 $52+$00(6,03 "(026,(E&$0"',0 &' &(//*+'/#+$3 26#+ 2+*"(+$ &$ 6$B($,/ "$ /+'L,*$ CD:M',0 &$ "6@'(,$ "$ N/6O$03 &$0 &(P,$0 "$ 6#+',/3 H#( 06,/ +*P#&(D+$03 6,/6#+,$,/ &' 02CD+$:Q#'," 6, '#P@$,/$ &' .(/$00$ "4*6#&$@$,/ $/ "6, &$ ,6@E+$ "$ F$G,6&"0 8 ≥ A<3 "$#5/6#+E(&&6,0 '22'+'(00$,/ 2+D0 "$ &' 02CD+$ $, '.'&: R ,6@E+$ "$ F$G,6&"0 2&#0 P+',"3 &$#+/'(&&$ '#P@$,/$ $/ (&0 04*&6(P,$,/ "$ &' 02CD+$: !"$ %$ &'(($ ')!*+,$ - Fma>6+0H#4#,$ 2'+/(#&$ 0#E(/ #,$ '*&*+'/(6, "',0 #, 1#("$3 #,$ @'00$ '""(/(6,,$&&$ $0/(,&#$ "',0 &$ E(&', "$ ?6+$0 "$ &' 2'+/(#&$: >' @'00$ .(+/#$&&$ 6++$026," % &4'#P@$,/'/(6,"$ &4(,$+/($ H#( +*0(0/$ % &4'*&*+'/(6,: >' "()*+$,$ $,/+$ $//$ @'00$ .(+/#$&&$ $/ &' @'00$+*$&&$ $0/ '22$&*$ &'%%$ ()*+(!$ 6# &' &'%%$ ',"+!-$: S$//$ @'00$ .(+/#$&&$ $0/ #, @6G$, "$H#',/(T$+ &' ?6+$ +$H#(0$ 26#+ "*2&'$+ &$ 1#("$ $,/6#+',/ &' 2'+/(#&$ $, '*&*+'/(6,: >'?6+$ "$ @'00$ .(+/#$&&$ 04*+(/ 6@@$ 0#(/ 7
Fma = Cmaamaρ 89:99<6= Cma $0/ &$ 6$B($,/ "$ @'00$ 'U6#/*$: V& $0/ *P'& % 1/2 26#+ #,$ 2'+/(#&$ 02C*+(H#$(06&*$:>4$52+$00(6, "4'*&*+'/(6, "$ &' 2'+/(#&$ $0/ ama: S$//$ ?6+$ '#+' #,$ (@26+/',$+$&'/(.$ "4'#/',/ 2&#0 P+',"$ H#$ &' "$,0(/* "$ &' 2'+/(#&$ $0/ 2&#0 ?'(E&$ H#$ &' "$,0(/* "#1#("$:.' /!"$ %$  !"#$%&'()**)+ - FRKI! ℄



 !"! #$%&'()*+ ',-*.+ /$0, )0 1*)'/+  !
FRK = πR3ρΩ× uf "#$# %&' uf ()* +, -.*())( /0 10./( (* Ω

FS B0. )0.* 2;()* -,+./( B0( /,2) +, +.@.*( /() 8,.C+() D(E2&+/) F
FS = KR2γ̇1/2 (µρ)1/2 Ur "#$#G%&' K ()* 02( &2)*,2*( 20@=4.B0( "K = 6.46%A γ̇ ()* +( *,0< /( .),.++(@(2* /0 10./( (* Urt (2 8&2*.&2 /( +;S.)*&.4( (2*.Q4(/0 @&0-(@(2* /( +, 5,4*.0+($ T&04 02 =&0+(@(2* +,@.2,.4( ,0*&04 /;02( 5,4*.0+( )5S=4.B0($7;(<54()).&2 /( 6!%%+. &2)*.*0( 02( 4=).)*,2( .2)*,2*,2=( /( +;=&0+(@(2* (* 5(0* R*4(&2)./=4=( &@@( 02( &44(*.&2 /( +, *4,N2=( -.)B0(0)( (2 *4,2).*&.4($ K&2 (<54()).&2 ()*+.@.*=( 9 +, ).*0,*.&2 /;02( 5,4*.0+( )0C.)),2* 02( 8&4*( ,=+=4,*.&2 9 /( 8,.C+() -.*())()$



 !  !"#$%&' () *+,+&"-$%+. !"! #$%&'$( )( *&+,%-%&."#$℄ &')*+ ,- )*+.)/ &/ 0+12*3*+' &4,-/ 51)+*,3/ &1-0 ,- 6,*&/ 7 0/,*3 8
Y =

τc

(ρp − ρ)gδ
9:;:<=>1 5)'*0*?- &/ &'+/)@*-1+*?- &/ / -?@2)/ 01-0 &*@/-0*?- /0+ &*)/+/@/-+ 3*'/ 7 31 &'+/)A@*-1+*?- &/ 31 B13/,) &, 0/,*3 &/ ?-+)1*-+/ &, 6,*&/;C-/ )/B,/ &/ / )*+.)/ &1-0 31 3*++')1+,)/"#$℄ )'5/)+?)*/ &/0 B13/,)0 &/ Y ; >1 @1D?)*+' &/0 '+,&/0 ?-+ 5?)+' 0,) &/0 6,*&/0 -/E+?-*/-0;>/0 '+,&/0 0,) 3/0 6,*&/0 -?-A-/E+?-*/-0F -?+1@@/-+ &/0 6,*&/0 &/ G/)0H/3AI,3J3/KF 0?-+ /0A0/-+*/33/@/-+ -,@')*L,/0; >/0 B13/,)0 B?-+ &/  ! "# 7  !$%$; >1 B13/,) 0,5')*/,)/ /0+ 13,3'/1, @?@/-+ ?M +?,+/ 31 0,)N1/ &/ 31 51)+*,3/ -4/0+ 510 *01*33'/; "<O℄ρpF 0?,@*0/ 7 341+*?-&/ 0?- 5)?5)/ 5?*&0F &/ 31 N?)/ &/ +)1X-'/ /+ &/ 31 5?,00'/ &, 6,*&/F H,+/ &1-0 ,- 6,*&/-/E+?-*/- 1, )/5?0 91B/ ,-/ &/-0*+' ρ /+ ,-/ B*0?0*+' &K-1@*L,/ µ = 0/3?- ,-/ B*+/00/ 3*@*+/&/ H,+/ &')*+/ 51) 8

us (y) =
2

9
(ρp − ρ) gR2 1

µ (y)
9:;:Y=?M µ (y) /0+ 31 B*0?0*+' &K-1@*L,/ 3?13/ &, 6,*&/ 7 ,-/ 5?0*+*?- y &1-0 34'?,3/@/-+;Z33/ /0+ 13,3'/ 7 31 5?0*+*?- y L,* &'0*S-/ 3/ /-+)/ &/ S)1B*+' &/ 31 51)+*,3/ &/ 0?)+/ L,/ 8

µ (y) = τxy/γ̇ (y) 9:;:[=1B/ τxy '+1-+ 31 ?-+)1*-+/ *01*331-+/ /+ γ̇ (y) 3/ +1,W &/ *01*33/@/-+ 9B?*)  ;\=;>4/W5)/00*?- &, +1,W &/ *01*33/@/-+ /- +?,+/ 5?0*+*?- y /0+ 31 0,*B1-+/ 8
γ̇ (y) =

[(

ρg sin θh0

K

)(

1− y

h0

)]
1

n 9:;:!=]*-13/@/-+F 31 B*0?0*+' &K-1@*L,/ 13,3'/ 1, /-+)/ &/ 31 51)+*,3/ 04/W5)*@/ ?@@/ 0,*+ 8



 !"! #$%&'()*+ ',-*.+ /$0, )0 1*)'/+  !
µ (y) = (ρg sin θ)

n−1

n

(

k

h0

)
1

n HN − y
(

1− y
h0

)
1

n

" #$ y < h0 %&'&!(



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



 !"#$%&' ( !"#$%!&' ()*+,-. !" #$%&'($)* +(, -. /)0'- !" #$%!" &'((!)&*!##!" "')& +!" '-#.!" /($%*&$*(!" '01'".!" +2-) 0.#$)/! +2!$- !& +2-)!#$(/! /$00! /($)-#'0.&(*3-! '01(!)$)& +!" &$*##!" $##$)& +!" 1$(&*-#!" +2$(/*#! $-4 5#'"0.&(*3-!" 678 9:℄< =$)" !&&! 1$(&*!8 ') "2*)&.(!""! !) 1$(&*-#*!( > #$ 0$&(*! 5'-!-"! +!"'-#.!"8 2!"& > +*(! $- ?-*+! *)&!("&*&*!# '01'". +2!$- !& +! 1$(&*-#!" @)!" '##'A+$#!"<  !'01'(&!0!)& +! !&&! 0$&(*! !"& /.).($#!0!)& +.(*& +$)" #$ #*&&.($&-(! 1$( -) 0'+B#! +!?-*+! %*"'1#$"&*3-! 6C78 DE8 F:℄< G# !"& +') ).!""$*(! +2*+!)&*@!( +!" ?-*+!" 0'+B#!" )'-"1!(0!&&$)& +2.&-+*!( #!" 1('1(*.&." +! !&&! 0$&(*!8 $- #$5'($&'*(!8 !) ')+*&*')" ')&(�mod !& #$ L$-&!-( 0'P!))! +!"'-#.!" )$&-(!##!"8 Hnat !"& +! #2'(+(! +! 1/50 6D℄<  $ /$00! +!" 1('1(*.&." (L.'#'/*3-!" +!"0$&.(*$-4 0'+B#!" $ .&. L'*"*! !) ')".3-!)! "-( #$ 5$"! +!" (*&B(!" +! "*0*#*&-+!" +.(*&+$)" #$ 1$(&*! 7<D<D !& !) 1(!)$)& !) '01&! #!" +!)"*&." +! !" 0$&.(*$-4< M) 1$(&*-#*!( #!"!-*# +! ')&($*)&! +!" 0$&.(*$-4 0'+B#!" (!&!)-" !"& +! #2'(+(! +! 7Q I$< M) /.).($#8 #! (*&B(!+! "*0*#*&-+! "-( #$ ')"*"&$)! k )! 1!-& R&(! 1#!*)!0!)& (!"1!&. !) ($*"') +! #2!4*"&!)!+2-)! *)&!(+.1!)+$)! !)&(! #!" /($)+!-(" τc !& k8 1'-( -) 0$&.(*$- +')).< S-$)& > #2*)+*!+2.'-#!0!)& n8 *# +.1!)+ #-* $-""* +!" 0$&.(*$-4 0'+B#!"8 0$*" "$ %$#!-( (!"&! ).$)0'*)"1('L! +! #$ %$#!-( #$""*3-!0!)& (!&!)-! 1'-( #!" #$%!" &'((!)&*!##!" (.!##!" T1/3U 6DF℄< ! #$%&'&( )  ! $(5'1'# !"& -) $*+! 1'#P$(P#*3-! '00!(*$# 6VQ8 CV℄< =!1-*" #!" $)).!"7VWQ8 *# !"& "'-" "!" +*X.(!)&!" J'(0!"8 #2$/!)& /.#*@$)& !& .1$*""*""$)& #! 1#-" -&*#*". +$)" #2*)K+-"&(*! T1('+-*&" 1L$(0$!-&*3-!"8 '"0.&*3-!"8 +.&!(/!)&"U< G# 1'""B+! +!" 1('1(*.&." (L.'#'K/*3-!" .#$"&'%*"'1#$"&*3-!" 6WV8 EQ8 798 CV8 :C℄8 *# !"& 1!- &L*4'&('1! 6W7℄< G# !"& "&(-&-(!##!0!)&L'0'/B)! > #2.L!##! +2'5"!(%$&*')8 J$*#! > 1(.1$(!(8 L*0*3-!0!)& )') $/(!""*J !& "&$5#! >#')/ &!(0!< M)@) *# !"& &($)"#-*+! !& "! 1(R&! > #2'5"!(%$&*') +*(!&!<97



 !  !"#$%&' () *"%+&$",- *./01'2"#$% &'(%) *+ ,$+ -(/'0)/$)$/+12 1+ 3/4'&'1 +0) *5/() '--+ $% -(/'6+1 7892 :;2 8 29:2 <9℄2 #+0) > *(/+ $%+ 0$0&+%0('% '%+%)/5+ *+ &3/)($1+0 /5)($15+0 ?$( (%*(,(*$+11+-+%)0'%) 651(@5+0A B+))+ -(/'0)/$)$/+ 0+ C'/-+ 3$ *+1> *#$%+ '%+%)/3)('%2 *#$%+ C'/+ ('%(?$++) *#$% pH *'%%5+0 79<℄A D'/0?$+ 13 &'$*/+ *+ 3/4'&'1 +0) *(0&+/05+ *3%0 1#+3$2 3,+ *+0'%+%)/3)('%0 -300(?$+0 E$0?$#> ! %2 (1 0+ C'/-+ $%+ 0'1$)('% ,(0?$+$0+ 3,+ $% pH C3(41+AD3 %+$)/31(03)('% &3/ $% 36+%) 3131(% &/','?$+ $%+ ('%(03)('% 1+ 1'%6 *$ 0?$+1+))+ *$ &'1FG-H/+A D+0 /5&$10('%0 51+)/'0)3)(?$+0 /50$1)3%)+0 '%*$(0+%) 3$ *5/'$1+-+%) +) > 1#+I&3%0('%*+0 J3K%+0 /5)($15+0 *$ 3/4'&'1A B+( &/','?$+ @%31+-+%) 1+ 6'%L+-+%) *$ &'1F-H/+ +) 13C'/-3)('% *#$% 6+1 C+/-+ +) )/3%0&3/+%)AM'$0 3,'%0 J'(0( *#+-&1'F+/ &'$/ %'0 +I&5/(+%+0 $%+ 63--+ *+ 3/4'&'12 *'%) 1+ %'-(%*$0)/(+1 +0) 1+ 3/4'&'1 NO" !9!P 79<℄A Q1 0+ &/50+%)+ 0'$0 1#30&+) *#$%+ &'$*/+ 413%J+,'13)(1+A N% &1$0 *+ &'005*+/ )'$0 1+0 3,3%)36+0 3))/(4$50 3$ 3/4'&'1 7RR℄2 + &'1F-H/+ +0)&+$ 0+%0(41+ > 1#+%,(/'%%+-+%) ('%(?$+ +) -(%5/31A B+))+ &/'&/(5)5 +0) +00+%)(+11+2 '-&)+)+%$ *+0 '%)3-(%3)('%0 S('%02 -(%5/3$I2 &'$00(H/+02 AAAT ?$( 0$/,(+%%+%) 1'/0 *+0 &/'+00$0 *+&/5&3/3)('%2 *+ 0)'U36+ +) *#+I&5/(-+%)3)('% 3$I?$+10 0'%) 0'$-(0 %'0 5J3%)(11'%0A ! "#$%&' ( D+ U3'1(% +0) $%+ 3/6(1+ 413%J+ +) C/(341+ ?$( /50$1)+ &/(%(&31+-+%) *+ 1#31)5G/3)('% 0$&+/@(+11+ '$ JF*/')J+/-31+ *+ /'J+0 -36-3)(?$+0 7 ;℄A N11+ +0) C'/-5+ 0$/)'$) *+U3'1(%()+ ?$( 0+ &/50+%)+ 0'$0 13 C'/-+ *+ C+$(11+)0 *+ 1#'/*/+ *$ %-A V$ *+1> *#$%+ '%+%G)/3)('% 1(-()+ *3%0 1#+3$2 + -3)5/(3$ *5,+1'&&+ $% 0+$(1 *+ '%)/3(%)+2 1+0 +W+)0 5130)(?$+0/+0)3%) -'(%0 &/'%'%50 ?$+ +$I *$ 3/4'&'1 7!82  R2 8X℄A N% /+,3%J+2 (1 +0) '&3?$+ /+%*3%)(-&'00(41+ 1#3H0 *(/+) 3$I 6/3%*+$/0 (%)+/%+0 *+0 5'$1+-+%)0A Y'$/ %'0 +003(02 %'$0 3,'%0051+)('%%5 $%+ 3/6(1+ @%+-+%) '%3005+ (00$+ *+0 3//(H/+0 *# !"#$% &/H0 *+ Z/+%'41+A [(+%?$#(1 0'() '&3?$+2 + -3)5/(3$ 'W/+ 3$)3%) *#3,3%)36+0 ?$+ 1+ 3/4'&'1A B+))+ 3/6(1+ %3)$/+11+3 C3() 1#'4E+) *+ %'-4/+$0+0 5)$*+0 7!82  R2 8X℄ *3%0 13 3/3)5/(03)('% *+0 5'$1+-+%)0 65'G&JF0(?$+0 +) (%*$0)/(+10A !" #$%&%%()* +) ,$-,.$.&/%0 +)* 1.&-$/.23 !"!# $%&'&&)* +* ,%-,.%.'/&0 +1 .%2&,&) 345 "6" D+0 0'1$)('%0 *+ 3/4'&'1 '%) 5)5 &/5&3/5+0 3,+ $%+ '%+%)/3)('% -300(?$+ *+ ;A8 \AM'$0 3,'%0 0F0)5-3)(?$+-+%) &/5&3/5 *+ 6/3%*0 ,'1$-+0 *+ 0'1$)('%2 +%)/+ P; +) 9; 1()/+02 >)+-&5/3)$/+ 3-4(3%)+ S*+ 8X > !X◦BT +% $)(1(03%) *+ 1#+3$ *5-(%5/31(05+ 63/3%)(003%) $%+ '-G&'0()('% J(-(?$+-+%) 0)341+A D3 -300+ ,'1$-(?$+ *+0 0'1$)('%0 &/5&3/5+0 +0) *+ 8;;; kg.m−3AD'/0 *+ +))+ &J30+2 %'$0 3,'%0 ,+(115 > '4)+%(/ *+0 5J3%)(11'%0 J'-'6H%+0 03%0 36/563)0 +) +%-(%(-(03%) 1#(%'/&'/3)('% *+ 4$11+0 *#3(/A D3 0'1$)('% +0) &/5&3/5+ +% $)(1(03%) $% 36()3)+$/-')'/(05 @I5 0'1(*+-+%) 3$ */'() *$ /50+/,'(/ '%)+%3%) 13 0'1$)('% S,'(/ 13 @6$/+ PA8TA D#5)3&+*+ &/5&3/3)('% '-&'/)+ *+$I &J30+02 *'%) J3$%+ +0) 300'(5+ > $% '$)(1 *#36()3)('% 3*3&)5AD3 &/+-(H/+ &J30+ '%0(0)+ > *(0&+/0+/ 13 &'$*/+ *+ 3/4'&'1 +% 13 )3-(03%) 3$ *+00$0 *$/50+/,'(/ *#+3$A D3 &'$*/+ +0) &/531341+-+%) 5)$,5+ *3%0 $% C'$/ > $%+ )+-&5/3)$/+ *+ R;◦B*$/3%) ! J+$/+0A D3 0'1$)('% 3(%0( '4)+%$+ +0) 36()5+ 3$ -'F+% *#$% '$)(1 '%0(0)3%) +% $%+)$/4(%+ /3*(31+ )'$/%3%) > 6/3%*+ ,()+00+ SR;; )'$/]-(%$)+T &'$/ 65%5/+/ $% ,'/)+I S'$)(1 80$/ 13 @6$/+ PA8TA V&/H0 (%'/&'/3)('% *+ )'$)+ 13 -300+ *+ &'$*/+ *+ 3/4'&'12 '% '%)(%$+



 !"! #$%&%'%()* +) #$,#-$-&.%/ +)* 0-&,$.-12  !" $%&$''() *+),(-(., '( -/'&.0( &$.%$ +1,(.2 %2) 2.( 32)/( 3( 4 5(2)(% &6. 37&%%2)() 2.(3$%8()%$+. +8,$-&'( 3( '& 8+23)( (, +1,(.$) 2.( %+'2,$+. 9$%:2(2%( 5+-+0;.(< =&) '& %2$,(> +.$%&$''( '& 8)/8&)&,$+. " 9$,(%%( 8'2% *&$1'( ?(.9$)+.  @@ ,+2)A-$.2,(B> 32)&., 4 5(2)(%> &6.37(C82)0() '& %+'2,$+. 3(% 12''(% 37&$)< D.6.> '& %+'2,$+. (%, '&$%%/( &2 )(8+% %2) 2.( 32)/(,E8$:2( 3( :2(':2(% 5(2)(%<

 !"#$% !<F G H$%8+%$,$* 3( 8)/8&)&,$+. 3( '& %+'2,$+. 3( &)1+8+'<I& %(+.3( 85&%( +.%$%,( " .(2,)&'$%() '& %+'2,$+. 3( &)1+8+' 8&) 2.( %+'2,$+. 3( %+23(?F -+'(A'$,)(B 8+2) +1,(.$) 2. p℄



   !"#$%&' () *"%+&$",- *./01'2 !"!" #$%&%%() *) +$,+-$-&.%/ *0 1-%(./!"# #$%&'($)# *" +,$%() $)' -'- ./-.,/-"#0 1 '"2.-/,'&/" ,23(,)'"0 ") 2-%,)4",)' %5,/64(%" $),##-" 1 *" %5",& *-2()-/,%(#-"8 !, $)")'/,'($) 9$%&2(:&" *" %, ./-.,/,'($) "#' *"; % <$)")'/,'($) 2,##(:&" =   %>8 ?"( $//"#.$)* 1 *"# 2,##"# 9$%&2(:&"# *"# 2-%,)4"#",&6+,$%()0 *" @ABA 1 @  C +482−℄Ω JI(, 3/ +L+'H2% *!,++%.I(++%2%/'K9 X"3. /"+ %++,(+7 /"3+ ,I"/+ ;"(+(*% '.,I,(11%. 8 I('%++% *% ."','("/ (20"+-%9 %+ *"//-%+ *% +".'(% *3 +L+'H2% *% 2%+3.% *3 .;-"2H'.% +"/' 1% "301% C %' 1, I('%++%,/531,(.% Ω7 <3!(1 "/I(%/' %/+3('% *% "/I%.'(. %/ "/'.,(/'% (+,(11,/'% τ %' %/ ',36 *% (+,(11%4 ! "#$% &'(& * +(, %(,&- '$ .*&,*$/.# 0*% 1*$&,'$%  ! *&  "!



 ! ! "#$#"%&$'(#%')* $+&),)-'./0 10( 2,/'10(  !

 !"#$% "#$ % &'()*+',-.-/0, +2*3.-/45' 65 )2*037-)' )0-.-/8 5-/9/+* (05) 9'+ 3'+5)'+ : /9 '+-(0++/;9' 6' 8./)' <.)/') 9. -./99' 6' 9=',-)'8') h '->05 9' 6/.37-)' ?φi = 2Ri@ 6' 9=05-/9 +5(*)/'5)
φ1 = 40 mm 05 φ2 = 60 mm# A' 6/.37-)' 6' 9=05-/9 /,8*)/'5) '+- BC'D φ2 = 60 mm#3',- γ̇# A. E*03*-)/' (9.,F(9., 5-/9/+*' /,65/- 6'+ <.)/.-/0,+ 65 E).6/',- 6' </-'++' .5 +'/,6' 9=*2.,-/990, ', 80,-/0, 6' 9. 6/+-.,' (.) ).((0)- G 9=.C' ',-).9# H'(',6.,-D 90.9'3',-D9=*059'3',- '+- 6.,+ 5,' 0,BE5).-/0, 6' /+./99'3',- +/3(9' ?*059'3',- </+0+/3*-)/45'I$!℄@# A' -.5C 6' /+./99'3',- 90.9 '+- .90)+ )'9/* G 9. </-'++' 6' )0-.-/0, +'90, :

γ̇ =
Ωr

h
, ?"#K@0L r )'()*+',-' 9. 6/+-.,' G 9=.C' ',-).9 '- h 9. -./99' 6' 9=',-)'8')# A. 0,-)./,-' /+./99.,-'G 9. (*)/(2*)/' 6' 9=*2.,-/990, ?r = R@ +=0;-/',-D 45.,- G '99'D +'90, 9. )'9.-/0, +5/<.,-' I$!℄ :

τ (γ̇R) =
3C

2πR3
+

γ̇R

2πR3

dC

dγ̇R
?"#$@A' 6'5C/73' -')3' 6' '--' )'9.-/0, ()0(0)-/0,,'9 G dC/γ̇h 60/- R-)' +5(*)/'5)' G .5 30/,+  !" #$!% 9. -./99' 6'+ (95+ E).,6'+ +-)5-5)'+()*+',-'+ 6.,+ 9' 3.-*)/.5 I$S℄# H0,'),.,- 9' T.09/,D /9 '+- E*,*).9'3',- 0,+/6*)* 45' 9. -./99'.).-*)/+-/45' (')-/,',-' '+- '99' 65 8'5/99'-D 6' 9=0)6)' 65 ,.,0 37-)' I$ ℄# N05) 9' .);0(09D/9 +'3;9' 45' 9=*2'99' 6' 9. 3/)0+-)5-5)' +0/- (95-�- 6' 9=0)6)' 65 3/)0 37-)' ISVD WSD ! ℄#N.) ./99'5)+D .<' ,0-)' )2*037-)' '- 9'+ 3.-*)/.5C 5-/9/+*+D ,05+ ,' (05<0,+ ',</+.E') 6'+*(./++'5)+ 6=*2.,-/990,+ +5(*)/'5)'+ G 45'945'+ 3/99/37-)'+ .) '9. 0,65/)./- G 6'+ .)-'8.-+



 !  !"#$%&' () *"%+&$",- *./01'2"#$%&'(")*+,# *&-$ '($-&*+)*. / 0101021 3) -)-&5+)" +6" ". 7'('*".8 )-. "..+'. -)* %*%&%+7'.%. ") ,*'7'.+)* 5". *+'77". 59")*&":"& h 6+&'+)* ")*&" ; "* < ((1 !"#""%& '& ()*(%%&+&,#-"'& '& ()*(%%&+&,# . =". -,&>". 59%-,7"(")* 5". 5",# ?,'5". -)* %*% 5%*"&(')%".") ,*'7'.+)* ,) $&-*--7" 5" $+7'"&. 5" *+,# 5" '.+'77"(")*1 =". $+&+(@*&". A B-'.'& $-,&" (-5" -$%&+*-'&" .-)* 7+ C+((" 5" *+,# 5" '.+'77"(")* "#$7-&%"8 7" )-(>&" 5" $+7'"&. "*7+ 5,&%" 5" B+D," $+7'"&1 E-)"&)+)* 7". *+,# 5" '.+'77"(")*8 )-,. +6-). C%)%&+7"(")* 7'F('*% )-. (".,&". 5+). 7+ C+(("  +77+)* 5" 10−3 s−1 A 102 s−℄γ̇ 5" 5.10−2 s−1 A 102 s−
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. !"#$% "#$ % &'()*+, -./'(1+2+34 -.(3+ ,'1(45'3 -+ 6)*'7'1 '*4+3(+, 76) 2'-+ -+ 7615+),-/)'5,,634, 8 !" #$ % +4  !" &' 9# :+, 7'534, 53-5;5-(+1, '))+,7'3-+34 < -+, +,,65, < '34)6534+'3,4634+= 1+, 2+,()+, /4634 7)5,+, 6(>-+1< -( 4+27, -+ )/7'3,+ -( 264/)56( 8?562@4)+ -.'(451 ABC 22 D +34)+E+) A F$CC µ29#
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4 !"#$% "#$ % &'()*+, -./'(1+2+34 -.(3+ ,'1(45'3 -+ 6)*'7'1 '*4+3(+, 76) 2'-+ -+ 7615+),)'5,,634,  !" #$ % 7(5, -/)'5,,634,  !" #$ &# 83 +,,65 9 '34)6534+ '3,4634+ +,4 )+7)/,+34/76) (3 7'534 (35:(+ '*4+3( +3 2';+33634 1+ 46(< -+ 5,6511+2+34 6( -+19 -( 4+27, -+ )/7'3,+-( 264/)56( =>562?4)+ -.'(451 @ $! 22 A +34)+B+) @ C !! µ2D#



−1 %(0")0/ IH ,($0"(,9 ,4.*. "#40 /(1%, "( '(%$, "( !H ,($0"(,5 >( %'$&"&%('1(/ "( $0;&'(' )4: &7)0/.--$0, 40 &/)/ .0./.)- '(%'$"4/.8-( "#40 (,,). < -#)4/'(52(-"!+*#3+( . J$, (,,)., ,$0/ '&)-.,&, < /(1%&')/4'( $0,/)0/(9 (--(F. &/)0/ /7&$'.34(F1(0/ '&24-&( )*( 40( %'&.,.$0 "4 ".:.@1( "( "(2'&5 K$4/(;$.,9 %$4' "(, ').,$0, %')/.34(,9 -(,&7)0/.--$0, 0( ,$0/ %), '($4*('/, "( -) -$7( "( %'$/(/.$0 "(,/.0&( < -.1./(' -#.0/(')/.$0)*( -#).' )18.)0/9 ( 34. -.1./( -#(L)./& "4 $0/'�-( "( -) /(1%&')/4'(5 N0 (O(/9 .- ,#(,/ )*&'&0&(,,).'( "#$8,('*(' ".'(/(1(0/ -#&/)/ "( -) ,4';)( -.8'( /$4/ )4 -$02 "(, (,,)., A0$/)11(0/%$4' $0,/)/(' -( '(4,(1(0/B5 P(, /(1%&')/4'(, 4/.-.,&(, "4')0/ -(, (,,)., '7&$1&/'.34(, ,$0/-(, 1Q1(, 34( (--(, 34. '&20).(0/ ")0, -( -)8$')/$.'( )4 1$1(0/ "(, (,,)., ,4' -( )0)- (:F%&'.1(0/)-5 >(, /(1%&')/4'(, $0/ *)'.& ")0, -) 2)11( ! ◦C < I ◦C5 ! ! "#$%&'(%)* +),-.,/0-).,* 1)* ')*.,)* 1) ,#$&'$-,2) 3P(, 1(,4'(, "( '7&$1&/'.( ,$0/ ,4,(%/.8-(, "#Q/'( )O(/&(, %)' "( 0$18'(4: )'/(;)/,(:%&'.1(0/)4: RIS9 I ℄τ (,/ %'$%$'/.$00(- <
R−3 A&34)/.$0 V5IB5
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2 !"#$% "#$ % &'()*+, -./'(1+2+34 5'() (3+ ,'1(46'3 -+ 7)*'5'1 '*4+3(+, 57) 2'-+ -+5716+), )'6,,734,  !" #$ % 5(6, -/)'6,,734,  !" #$ & 89672:4)+ -.'(461 ; <= 22 > +34)+?+) ;@ == µ2A#
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2 !"#$% !"# $ %&'()*+ ,-.&'0*1*23 4&'( '2* +&0'35&2 ,* 67&052 &)3*2'*+ 47( 1&,* ,* 4705*(+(&5++723+  !" #$ % 4'5+ ,.(&5++723+  !" #$ &8 79* (.4.3535&2 4&'( :7;'* 7+ <=571>3(*,-&'350 ? @A 11 B *23(*C*( ? D AA µ1E"



℄9 H- ,* %&32-', @2, -, %0&)1<'%, 1,32%, 2*,)*'%#(*', $-23 4#(5-, $)2% 2*, ?#-,2% +)**&, +, '#2F +, (3#(--,1,*'> +, 3)%', @2, -# ?#-,2%#$$#%,*', +, ?(3)3('& ,3' &7#-,1,*' 3)23J,3'(1&,9V)2% -(1(',% -.#$$#%('()* +, , $0&*)1<*,> *)23 #?)*3 ,1$-)G& +#*3 *)3 ,F$&%(,*,3 +,3)2'(-3 %272,2F QTA℄9 "# '#(--, #%#'&%(3'(@2, +,3 %27)3('&3 ,3' +, -.)%+%, +, @2,-@2,3 +(K#(*,3+, 1(%) 1<'%,9 W)')*3 @2.#X* +, *, $#3 $,%'2%5,% -.&)2-,1,*'> ,3 %27)3('&3 +)(?,*' %,3',%(*4&%(,2%,3 #2 +(F(<1, +, -# '#(--, +, -.,*'%,4,% Q!℄> , @2( ,3' 5(,* -, #3 +#*3 *)3 ,33#(39 ! !" #$%&'()*+%),* -&. /+'+(0%'&. '1$,2,3)45&.7"%.')*", )1$)%',1,*' 1&#*(@2, +,3 +,2F 1#'&%(#2F 2'(-(3&3 ,3' 7&*&%#-,1,*' 5(,* 1)+&J-(3& $#% 2*, -)( %0&)-)7(@2, +, Y,%30,-JZ2-[-,G Q R> MN℄9 :,'', -)( +, )1$)%',1,*' %,-(, -#)*'%#(*', (3#(--#*', τ #$$-(@2&, E -.&0#*'(--)* ,* 4)*'()* +2 '#2F +, (3#(--,1,*' γ̇ 3)23 -#4)%1, 32(?#*', \
γ̇ = 0 3( τ < τc, 6L9L8
τ = τc + kγ̇n 3( τ > τc, 6L9!8#?, τc -# )*'%#(*', 3,2(-> k -# )*3(3'#*',> ,' n -.(*+(, +.&)2-,1,*'9 V)2% 0#@2, &0#*J'(--)*> ,3 $#%#1<'%,3 %0&)-)7(@2,3 3)*' +&',%1(*&3 $#% 2*, $%)&+2%, +.#]23',1,*' *)*J-(*&#(%, E '%)(3 $#%#1<'%,39
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 !"#$% A>B J KE+%0'3--" 2%&' &. +E3./1,,%. )" 3'(%2%, L ,"# 2%1./# )" )%..+"# 1.)19&"./,"# -"#&'"#@ ,"# ,10."# %./1.&"# '"2'+#"./"./ ,*3:&#/"-"./ )" ,3 /%/3,1/+ )" "# -"#&'"# "4F2+'1-"./3,"# #",%. &." ,%1 )" H"'#E",F6&,7,"I> !"# 23'3-8/'"# 'E+%,%019&"# %(/".&# 2%&' ,"*+,*$- )& 3'(%2%, !"#$$$ #%./ L τc M N>OB ?3@ k M P>CN ?3>sn@ n M D>OQC>!" /3(,"3& A>C '+321/&," ,"# 03--"# )"# 23'3-8/'"# )*3:&#/-"./ )"# %&'("# )*+%&,"F-"./#@ %(/".&# 3G" .%# "42+'1"."# 3G" )& 3'(%2%, "/ )& 73%,1. RG%1' ,"# 3.."4"# < "/ =S>T. %.#/3/" .%/3--"./ 9&" ,"# G3,"&'# )"# 1.)1"# )*+%&,"-"./ n #%./ 9&3#1F%.#/3./"# 2%&'E39&" -3/+'13& U '"#2"/1G"-"./ 0.4 2%&' ," 3'(%2%, "/ 0.2 2%&' ," 73%,1.> T. .%/" 3&##1 9&"



 !  !"#$%&' () *"%+&$",- *./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−2; 102

]

s−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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,
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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/#



 !  !"#$%&' () *"%+&$",- *./01'2"#$%&'() *+%, ./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∆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$41..4,3# /)&* B4C&# ,1-#4& %#$)..113431), 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 .504*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 04*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&# .504*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$41..4,3# /)&* B4C&# ,1-#4& %#$)..113431), 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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/ !"#$% "#$$ % &'()*+,(- ./ )0134+ +56/ 378()* e0,i 8*4 )/8 9/8*4/8 ./ (-+43,-+/ ,83,))3-+/ /-:(-+,(- .* +3*; ./ ,83,))/9/-+ γ̇ 6(*4 )/ 347(6() !"#$$$# <3 ),=-/ (-+,-*/ 4/6418/-+/ *-3>*8+/9/-+ 8/)(- *-/ )(, ./ ?/48@/)AB*)C)/5 Da0 = 0.209 E3F b0 = 0.253 E3#8c0 /+ c0 = 0.475G#



 ! ! "#$#"%&$'(#%')* $+&),)-'./0 10( 2,/'10(  !"#$ aδ = 0.02 &"' bδ = 0.01 &"()cδ $* cδ = 0.206( +, $)* *-.*$/-0) 012-3*"4* 5$ )-.,064$3 007.$ $* "8.)*$1$4* 2"3 .4$ ,-0 5$ 9$3):$,;<.,=,$> " ?*? :-0)0 2"3 2.3$ -11-50*? $* 7.@0,4$ 3$#A* " 230-30 "..4$ )0640B"*0-4 3:?-,-607.$(
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- !"#$% 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
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D !"#$% !"#! $ %&'()*+,,- ,(.-/ 0-/ 1+21 34-2/5 -1 6(,+2/- 672/-*12196- :9* 4+ (9*;-67'(94-,-/1 3(9* 4- +*;(3(4 !"#$$$" <-: 3(2/1: *-3*':-/1-/1 4-: #= -::+2: 04-: *'3'1212(/:5->-19':"



τc = 15.42 N+( k = 7.88 N+7.n( n = 0.407@ %# %'A/3#%)'. .'$ 0% 4"4% 5<+)#,00/) +*$;. &5B+O+B% &+). ')% 0/<% ./'. -,&% =τc = 15.47 N+(
k = 8.29 N+7.n( n = 0.400@ ./)# ,&%)#,2'%. /4*#% #%)' &%. ),-%+'A &6,)%$#,#'&%7



℄�'+$ = 4! -&4?); -4!# ":4! $K$'F-) ") %&4/#))' ") S6/)$ %),-)''.!' ") $&4/)0), /. $',4'4,) .1! ") ,+2/), /. %)!') "4 "#$%&$#'#( @U4$E4:=HV◦D7 W /:.0./; 4! '.-6&4, ":)!',.X!)-)!' @") IV -- ") "#.-F',)D )$' 1*+ = 4!) $',4'4,)YZ



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

 !"#$% !"# $ %'()* +, -./0/-, +1 +/2-32/4/5 ,6-(./),04*7 8 *0*7 /07/0( 9 530+ )3:/7,")174/*6/*7, .,7/(, *1 237 -*. 10, .3417," ;, 4314 -,.),44*04 +, 24*:/7/2,. 7, +/2-32/4/5 ,4 +,2<*+*-4,. *16 .(=7*=,2 >02 +, 7* -,04, ,4 +, 7* =(3)(4./, +1 *0*7" ;, '?22/2 3)-3.4, 21.'*10 +, 2,2 �4(2 +,16 +/2A1,2 7*4(.*16 A1/ .,-32,04 21. +,2 -7*4,*16 '3./B304*16 >6(2 21.7, :?4/ -./0/-*7" C,2 A1*4., -3/042 2304 /0+(-,0+*042 +, )*0/D., 9 -31E3/. .(=7,. -.(/2(),047<*0=7, +, -,04, 4314 ,0 302,.E*04 10, '3./B304*7/4( -*.5*/4, +*02 7* +/.,4/30 4.*02E,.2," ;*'*.=, 434*7, *+)/22/:7, 21. 7, +/2-32/4/5 ,24 +, 7<3.+., +, FG H=" ;* -7*0(/4( +1 530+ ,24 *221.(,-*. 10, 237, ,0 E,..,I -*.5*/4,),04 -7*0,I +<10, (-*/22,1. +, J ))I 21. 7*A1,77, E/,04 .,-32,.7, 4*-/2 +1 30E3K,1.";, 4*-/2 302/24, ,0 10, :*0+, 5,.)(, *1431. +1 '?22/2 *E, 10, 231+1., 4',.)/A1, 21LM2*)),04 .(2/24*04, *16 ,N3.42 +, 4.*4/30 A1, 7, 4*-/2 -31..*/4 21:/. 21. 7, +/2-32/4/5" O7 2<*=/4+<10, :*0+, 4.*02-3.4,12,I +,24/0(, *1 4.*02-3.4 *7/),04*/., ,4 +30 '/)/A1,),04 24*:7,-31. (E/4,. 4314, *74(.*4/30 +1 )*4(./*1 +<,22*/" %30 (-*/22,1. +, P )) ,24 3024.1/4, 21.4.3/2 31',2 8 10 �4( 4.*02-3.4 ,0 QRCI *E, 10 (4*4 +, 21.5*, -,.),44*04 10, :300, *+'(M2/30 +,2 )*4(./*16 ,0 (317,),04I 10, 31', /04,.)(+/*/., +, 4.*4/30I ,4 ,0>0 +<10 �4( +,304*4 ,0 4/221 +, Q37K,24,." C,44, 4,641., -,.),4 10, /.17*4/30 3-4/)1) +1 4*-/2 8 2*02.(2/24*0, *1 )31E,),04 +1 4*-/2 0/ =7/22,),04 +, ,71/M/ 21. 7* 237, -7*0, ,4 7,2 4*):31.2*)304 ,4 *E*7";, *0*7 ,6-(./),04*7 -.(2,04, 10, 2,4/30 .,4*0=17*/., )*4(./*7/2(, -*. +,16 ./E,2 -*M.*77D7,2 ,4 10, -*.3/ *)304" C,4 ,02,):7, ,24 )*/04,01 *1 +,2212 +1 4*-/2 ,4 *1 304*4 +,, +,.0/,. -*. 7</04,.)(+/*/., +<10 2K24D), +, S3/042" ;, *0*7 * 10, 730=1,1. +, T ) ,4 10,



 !"! #$%&'()*$&+&#,$ -( .+$+/ *012'#)*$&+/  !

 !"#$% "#$ % &''()* +(,'-.,.-/* 0( 1)23' 0*4 /-.*44* 05(6 7(-0* 0* 8*)4:*';<('='*> *6 ?2(;'*@*6. 1*)@,6*6. *. (6-A2)@* 4() (6 1',6 -6'-6? B,C 4,64 .,1-4 )2(',6. BDC ,/* (6 .,1-4)2(',6. +(- 0?3'* /*)4 '5,@26. 0( ,6,' ,/* (6* /-.*44* V = ub�'* 0* ', E?2@?.)-* 0( ,6,' *. 0* '5?.,6:?-.? 1,) '5-6;.*)@?0-,-)* 0*4 )?E',E*4 364 62(4 1*)@*. 05?/-.*) '*4 A(-.*4 0* 7(-0*# T* 1'(4J *', 1*)@*.05?/-.*) '*4 12-6.4 0* D'2,E*4 2( 0* A)2..*@*6. N '52)-E-6* 05-64.,.-266,)-.?4 :>0)20>6,@-+(*4# !" #$%&'()*$&+&,-$ .( +$+0 *123',)*$&+0 !"!# $%&'(�*+ ,+ *- ./'+00+ ,+ ,12*+3+&' ,4 '-5/0H* 0?3'*@*6. 0( .,1-4 *4. ,44()? 1,) (6 @2.*() ?'*.)-+(* ,4>6:)26*# H* .,@D2() 05*6;.),U6*@*6. 0( .,1-4 *4. 2(1'? ,( @2.*() 1,) (6* 2())2-* ),6.?*# H, /-.*44* 0* *'(-;- *4.*6.-R)*@*6. 26.)�'?* 1,) (6 /,)-,.*() ?'*.)26-+(* 1*)@*..,6. 0* A,-)* /,)-*) ', /-.*44* 0*0?3'*@*6. 0( .,1-4 0,64 (6* E,@@* 0* G;K#V @#4−1# H* 4>4.R@* 0* 1-'2.,E* 0( @2.*() 0*/),-.



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

 !"#$% "#$ % &'( )*(+,(-./( )' )0,12,0304 (51670-(+38/#



 !"! #$%&'()*$&+&#,$ -( .+$+/ *012'#)*$&+/  !"#$#%&'$ (# $)"*(#$'&) +, &-*& %'.,#* +, .'&,//, '01-/), +#%/ ,&&, "#00,3 4)#%0-'%/ +5).,%6&*,((,/ .#$'#&'-%/ +, 7#$", 1,*.,%& -%+*'$, 8 +,/ .#$'#&'-%/ +, .'&,//,/3 9'%/': (, -%&$�(,+, (# .'&,//, +, +)<(,0,%& +* &#1'/ %-*/ # #0,%) 8 +).,(-11,$ *% #1&,*$ +, +)1(#,0,%&#%"*(#'$,3 =,*> #1&,*$/ +, , &?1, -%& )&) 1(#)/ /*$ (, +'/1-/'&'@ ,>1)$'0,%&#(3 A5*% ,/& <>)/*$ (, &#0B-*$ +5,%&$#C%,0,%& +* &#1'/3 A, /,-%+ #1&,*$ ,/& <>) /*$ *% +'/D*, ,%&$#C%) 1#$(, B-$+ +* &#1'/3 A# -01#$#'/-% ,%&$, (,/ 0,/*$,/ +, ,/ +,*> #1&,*$/ 1,$0,& +, -%&$�(,$(5#11#$'&'-% +5*% ).,%&*,( "('//,0,%& +* &#1'/ /*$ /-% &#0B-*$ +5,%&$#C%,0,%&3

±3× 10−3 03/−1 1-*$ *% &,01/ +5'%&)"$#&'-% +5*%, /,-%+,3 !"!# $%&'()%&(*%+, -. )( /+01. -.& +')3.& -.& 4'%-.& 5+1+67,.&A# &,7%'D*, +, .'/*#('/#&'-% +, (# @-$0, +, (# -*(), M0)&7-+, -1&'D*,N # )&) *&'('/), 1-*$(,/ +,*> 0#&)$'#*> 0-+K(,/3 O#'/ , 0-+, -1)$#&-'$, %5# 1#/ )&) -%(*#%& 1-*$ (, P#-('% #$(5-1#'&) +* 0#&)$'#* # $,%+* +'Q'(, (# +)&,&'-% +, (# /*$@#, #* B-$+ 8 #*/, +,/ +)1�&/D*' #+7K$,%& 8 (# $'.,3





 !"#$% D;E K L1'#  ! &(4&$-# )# )#+= )1$A+#$ &.#./'1A+#$ )1$4&$-# $+' ,# %&.) )+ /241$)2.$ ,# 72(4 ):2A+1$1/1&. )-,1(1/- 42' +.# 3'1,,# 3'2)+-# #. 2''1I'# 4,2. M +.# 4'1$# )# 0+#)# ,2 3'1,,# $#+,# $+' ,# 4,2. 1./-'1#+' )# ,2 '10# 4#'(#/ )# )-/#'(1.#' ,:-7#,,#;"2 (-/7&)&,&31# &.$1$/# 9 #.'#31$/'#' )#$ $-A+#.#$ ):1(23#$ @'+/#$ 6C13+'# D;NB28 )# ,2&+,-# A+1 $&./ #.$+1/# /'21/-#$ 2?. ):#=/'21'# ,2 %&'(# )# ,2 &+,-#; "#$ 1(23#$ @'+/#$ $&./&.0#'/1#$ #. .10#2+ )# 3'1$ 68 bit8 )2.$ ,# A+#, 72A+# 41=#, #$/ 2$$&1- 9 +.# 02,#+' 2,,2./)# 0 4&+' ,# @,2. 9 255 4&+' ,# .&1' 6C13+'# D;NB@8; O2.$ ,# 2$ ):+.# 4'1$# )# 0+# 3,&@2,#)# ,2 &+,-#> &. $-42'# ,:1(23# 1.1/12,# #. )#+= 42'/1#$> H&.# )+ %'&./ #/ H&.# )# 72+/#+' .&'B(2,#> 4&+' F 244,1A+#' )#$ /'21/#(#./$ $-42'-$; P.$+1/#> )#$ &4-'2/1&.$ (&'47&,&31A+#$ )#/'21/#(#./ ):1(23# 67&(&3-.-1$2/1&. 42' ?,/'# (&'47&,&31A+#> )-/#/1&. )# &./&+' 42' ?,/'#
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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
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∆Fr
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1

2
· ∆HN

HN
, CD9"E

∆Hb

Hb
=

∆τc

τc
+

∆k

k
+ n · ∆HN

HN
, CD9FE

∆G

G
=

∆HN

HN
+

∆τc

τc
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(m + 1) (m + 2)
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 !"#$% "#!$ % &'()*+,(- ./ ∆H /- 0(-+,(- .* -(234/ 5.,2/-6,(--/) G#

 !"#$% "#! % 7258/6 .95:*,6,+,(- .* !"#$$%!; !"#$$&! /+ !"#$'$##
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6 !"#$% "#$% & '()*+,-). /0 *1 21+,0+3 /0 *45)+*070., HN 1(0 *1 (-,0880 /0 /59*070., /+,1:-8 ub :)+3 *0 71,53-1+ !"#$%$# ; -**+8,31,-). /+ 1*1<0 /08 /)..508 :)+3 *08 :3):3-5,58 325)=*)<->+08 1(1., 0, 1:3?8 0881- 8+3 *0 1.1*# @)+3 +. 31::)3, k/τc = 0.7A +. -./-0 /45)+*070.,
n = 0.383 0, +.0 71880 ()*+7->+0 /+ B+-/0 ρ = 1000 kg.m−3A *08 :1317?,308 /41C+8,070.,
τc 0, k 8)., ; :)+3 *0 :307-03 :)-., >+- )3308:)./ D *1 (-,0880 *1 :*+8 E1-F*0 *1 853-0 /0 /).=.508 Gτc = 19.74 @1A k = 13.13 @1#8nHA :)+3 *0 /03.-03 :)-., >+- )3308:)./ D *1 (-,0880 :*+85*0(50 /0 *1 853-0 Gτc = 18.57 @1A k = 12.35 @1#8nHA 0.9. *41C+8,070., <*)F1* 8+3 ,)+,0 *1 853-0/0 /)..508 /)..0 Gτc = 18.87 @1A k = 12.55 @1#8nH# I08 :1317?,308 /41C+8,070., )F,0.+81(0 *08 708+308 1(1., 0, 1:3?8 0881- 8)., 0. 1..0J0 K#



 !"#$%&' ( !"#$ #$% &'()*+$% !" #$%&'()*+ ! "#$%&'#( *+,$'$($'- .!, /#0!, $*&&!+$'!//!,1 *"2*,% .3!#( !$ .! 2#&$'(/!, .! $*($!,$#'//!,1 !,$ "*.%/',% '' *""! (+ "%/#+4! .! 2#&$'(/!, +*+5*//*6.#/!, .#+, (+ 7('.! 8 ,!('/9:+ *+,'.;&! .*+ <(3'/ !=',$! (+! *(2(&! 4&#+(/*"%$&'<(!1 .! /3*&.&! .! >? µ" $@2'<(!"!+$1,%2#&#+$ /!, 2#&$'(/!, A+!,1 &!,2*+,#B/!, .! /# &C%*/*4'! *"2/!=! .! /# "#$&'!1 .!, 2#&$'(/!,4&*,,';&!, .*+$ *+ 0!($ '' *"2&!+.&! /# .@+#"'<(!9 D#+, (+! /#0! $*&&!+$'!//!1 !, 2#&$'(/!,*(0&!+$ (+! /#&4! 4#""! 4&#+(/*"%$&'<(! .! E?−4 " 8 E? " !$ 2&!++!+$ .'0!&,!, -*&"!,#0! .!, "#,,!, 0*/("'<(!, #//#+$ .! FG?? H49"−3 8 I??? H49"−−31 !+ 2*/@5#"'.! 8 EE>? H49"−3 !$ !+ 2*/@2&*2@/;+! 8 O?? H49"−3M #0! (+ &#22*&$ .! "#,,! 0*/("'<(!.( ,*/'.! ,(& /! 7('.! ρp/ρf 0#&'#+$ .#+, /# 4#""! ?9O5E9>9 J*(, #0*+, #(,,' C*',' $&*', .'N%5&!+$, .'#";$&!, LF ""1 > "" !$ P ""M #0! (+ &#22*&$ .! $#'//! .! /# 2#&$'(/! ,(& /# C#($!(&.! /3%*(/!"!+$ δθ .*++%!!$ (+! /#&4!(& A=%!9 T+! #"%&# !,$ 2/#%! -#! 8 /# &'0! .( #+#/ #0! (+! .',$#+! .! &!(/<(' 2!&"!$ .! *(0&'& /! C#"2 .3#<(','$'*+ ,*(C#'$%9  # 2#&$'(/! !,$ '+*&2*&%! 8 /3#"*+$EEG



  !  !"#$%&' () *%+,' ,'- .*/"01'-"# $% '($)#* +$(, -.)/,#00#123 $% -%.2/($# #,2 $/4).)# %( -$(, -.5, "# $% "#0/ )-%/,,#(. "#$% '($)#3 %( #12.# "# $6#,-%#0#12 #12.# $#, "#(7 ./8#, 98'/. $% :;(.# !* <* ='(, #1.#;/,2.'1,"# >%?'1 ,/0($2%1)# "#, ,)@(#1#, "6/0%;#, "( -%,,%;# "# $% -%.2/($# "%1, $# A%0- "6%@(/B,/2/'13 %/1,/ @(# $% 8/2#,,# "# "):$#0#12 "( 2%-/,*

 !"#$% !* C %< D(# "# A%(2 "# $6/1'.-'.%2/'1 "# $% -%.2/($# %( #12.# "# $% '($)#* 4< D(#"# >%# 6,/0($2%1)#6 "# $% -%.2/($# /12.'"(/2# E 0/BA%(2#(.* !"!" #$%'()*(+, -$% $%%.(% !"!#$%"&' (&' &''!)'='(, %8'1, 0/, #1 F(8.# @(%2.# ,'$(2/'1, "# %.4'-'$ "# 0%,,# 8'$(0/@(# ρ3 %.%2)./,)#,-%. $#, -%.%052.#, "6%G(,2#0#12 "# $#(., .A)';.%00#, 0'H#1, .#,-#2/>, 98'/. 2%4$#%( !* <*I#, #,,%/, "# .A)'0)2./# '12 )2) '1"(/2, ,(. "#, )A%12/$$'1, -.)$#8), E $% :1 "#, #7-)./#1#,,(. $# %1%$* J'(, '12 )2) 0/, #1 -$%# %8# (1# $%.;#(. "# %1%$ :7)# "# K* 0 #2 (1# $'1;(#(."# '($)# "#  03 -'(. (1# -#12# "'11)# θ* L1 -.)/,# -'(. A%@(# ,)./# "6#7-)./#1#,3 $#"/%052.# δ #2 $% 0%,,# 8'$(0/@(# ρp "# $% -%.2/($#* I#, 2%4$#%(7 #1 %11#7# M -.),#12#12 (1.)%-/2($%2/> "#, -%.%052.#, "# #, #,,%/,* NA%@(# $/;1# "( 2%4$#%( '..#-'1" E (1#  "#$%$&'$() "6/0%;#, "( -%,,%;# "6(1# -%.2/($#  * +'(. A%@(# #,,%/3 1'(, 0#,(.'1, $% 8/2#,,# "(2%-/, ub %/1,/ @(# $% A%(2#(. "6)'($#0#12 "%1, $% O'1# (1/>'.0# HN * ='(, %8'1, '42#1( "#,0#,(.#, "# A%(2#(. HN "%1, $% -$%;# PQ*R ST *!℄ 003 "%1, $% ;%00# "#, >%/4$#, 8/2#,,#, "(2%-/, PK*KV SK*RK℄ 0*,−1* ! "#$%&()*+,% - (%. (%*,,%. ,%/,0.%&*%&* () .0,1% 23%..)1. /#+, 4)5+% $)*0,1)+ 6),7#/#( 89 :9 ;9 <=! >%.41?,%. 20.1@&%&* (%. 21?0,%&*. %..)1.!



 !"! #$% &'()* +$,-.#(/* .%0/1* &$)% &( #$,20+0/   !"#$%&'#( )#&*+(& ,"- .+/$+ θ ,◦- ρ ,0*1"−3- τc ,2#- k ,2#13n- n!"#$%$& ' 41 51! 665  7189 !155 4184:!"#$%$& ( 41 51! 66!   1 6 !1 ; 41849!"#$%$& ) 41  819 66! 61:: !178 418 ;!"#$%$& * 41  819 665 7184 7167 41887 !"#$ 51 < =#>)+#( &%#.'$()#$'@ A+3 +33#'3 B/A('$3 C /B" A( #&>B.B)D .+/$+ A( #/#)
θD "#33+ EB)("'F(+ ρ A( #&>B.B) +$ .#&#"G$&+3 AH#I(3$+"+/$ A( &J%B*&#""+ "BK+/ .B(&J#F(+ +33#' ,τcD k +$ nρD k/τc+$ n B/3$#/$3 .B(& J#F(+ 3%&'+ AH+33#' &%#)'3%+ #E+ )+ "S"+ "#$%&'#(1 TH+/3+">)+ A+ +3.#&#"G$&+3 +3$ .&%3+/$% .B(& J#F(+ +33#' A#/3 )H#//+M+ W1-!#.,/(&,)(!0 1 ,& 3" 4"(3% &%"/T+ >')#/ #A'"+/3'B//+) A+ /B3 +M.%&'+/+3 +3$ A%&'$ #E+ )+3 $&B'3 /B">&+3 3('E#/$3 ,EB'&)# .#&$'+ 918- C )+ /B">&+ A+ X&B(A+ FrD )+ /B">&+ A+ Y+&3J+)PZ()0)+K Hb +$ )+ /B">&+ G1 T+3AB//%+3 E'$+33+ P J#($+(& /B&"#)'3%+3 3B(3 )# @B&"+ Hb +/ @B/$'B/ A+ G ,EB'& )H+M.&+33'B/ 915-D.B(& $B($+3 /B3 +M.%&'+/+3 #E+ A+3 .#&$'()+3D 3B/$ &#33+">)%+3 3(& )# N*(&+ 51!1 [B(3 B>P3+&EB/3 +/ .#&$'()'+& F(+ )H($')'3#$'B/ A+3 .#&#"G$&+3 A+ #)#*+ /B(3 # .+&"'3 A+ B&&'*+& )+A%3#B&A +/$&+ )+3 "+3(&+3 +$ )# $J%B&'+1 T# N*(&+ 51; '))(3$&+ )+3 E#)+(&3 A+ X&B(A+ B>$+/(+3.B(& /B3 +M.%&'+/+31
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3 !"#$%  ! " #$%&'()( ()+'( ,-.+(.' (/0&'$1()+-2( 1(3.'&( 4Hexp = HN 5 (+ ,-.+(.' +,&67'$8.( Htheor 69+().( -:( 2(3 0-'-1;+'(3 <=->.3+(1()+ <. ',&6?'-11( 16@()A 06.' .)(:$+(33( <6))&( ub!
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;<= !"#$% #$% & '()*+,(-./.01- 23 -145*( /204(-,01--(6 Hb (- 71-.01- 23 -145*( /204(-9,01--(6 G − 1$ :(, 21--+(, (;)+*04(-./6(, ,1-. *()*+,(-.+(, )/* 2(, )10-.,$ :(, -145*(, Hb(. G ,1-. /636+, /<( 6(, )/*/4=.*(, *>+161?0@3(, 2( /6/?( A<10* 6B/--(;( CD (. 6(, 4(,3*(,(;)+*04(-./6(, HN (. ub$ :/ 13*5( )6(0-( (,. 6/ 13*5( .>+1*0@3($ !"!# $%&'()*+,&*-+ .'/ &(,0'&-*('/ .'/ 2,(&*34'/ !"!#$%"&' ()!+,-'-%-./ 0E13, /<1-, 3.060,+ 3-( /4+*/ -34+*0@3( */)02( 2( .F)( GHI J9KI'LMN JK9"$ O(..(/4+*/ +@30)+( 2B3- /).(3* ONPK (. )1,,+2/-. 3-( 4+410*( <0<( 2(  CQ )(3. (-*(?0,.*(*2(, 04/?(, /<( 3-( *+,163.01- 4/;04/6( +?/6( R  !ST )0;(6, ×



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

 !  !"  !#  !$  !%  !&  !'

 ! 

 !&

"! 

"!&

#! 

#!&

 !"#$%&%' (  

 !"#$%&%' )  

 !"#$%&%' *  

 !"#$%&%' + 

 

 

,

$

-

# !"#$% #$% & '()*+,(-./.01- 23 -145*( /204(-,01--(6 Hb (- 71-.01- 23 -145*( /204(-,01-9-(6 Fr )13* 6(, 21--+(, (:)+*04(-./6(, HN (. ub$ ;( -145*( Hb (,. /636+ /<( 6(, )/*/4=.*(,*>+161?0@3(, 2( /6/?( A<10* 6B/--(:( CD$



�,%8 9.7.) 3( 3.*/)1 )4, 2.1.##0#) .(: 1/6)4- 4. @.4) )4, 2'4%) 4(1 #) ,.2/4 /**'@/#)8





 !"  !"#$%&' () *%+,' ,'- .*/"01'-#$%&'($) * +,,-.(/012 3 +.(/012 × 4+.(/012 3 +,,2 × 4+,,2!"#$%$& ' 5678  !95 ×  :" ;88 ×  5!!"#$%$& ( 5678  !7" ×  :" ;8! ×  5!!"#$%$& ) 56:9  !95 × !!5 <97 × 9<!"#$%$& * 5679   :" ×   ! 9; × 99 !"#$ "6! = >$?10$) '&$.(%)1$%(A B0C B(,0DC(EDC B) F$,. B0 G(C(ED 0% B) E0H(0D% B0EDG0'C(ED E''0C.EDB$D% C I L 0C% 1$ 1EDJ)0)' B) F$,. 0% H 0C% 1$ F$)%0)' B) F$,.6

%&'()$ "6 5 = K)0 B0 F$)% B) .EC(%(EDD0,0D% B) B$,(0' I +$G2 .EC(%(EDD& $G$D% 10 .1$D0D%'$1 B) $D$1 +$.2 $.'LC 10 .1$D 0D%'$1630C .$'$,L%'0C B0 '&J1$J0 B0 1$ $,&'$ CED% 10C C)(G$D%C I '&CE1)%(ED C.$%($10 &J$10 M  !95.(/01C ×
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 !"  !"#$%&' () *%+,' ,'- .*/"01'-

 !"#$% #$  % &'()*+,-).+ /0( 1.)+-( /0 201320 (42 4+ (6'7, /84+0 1,2-)490 (16'2):40 ; <=>= 90 0+-20 /0 *2,?)-' @A= 90 1.)+- B CB) 0- BD (.+- (0( 1.()-).+( /,+( /04E )7,*0( 12)(0( F/0( )+(-,+-( /)G'20+-( (42 90 1,2.42( /0 9, 1,2-)490H$

 !"#$% #$ ! % <//)-).+ /0 /04E )7,*0( (42 /0( )+-02?,990( /0  ( (42 9, -2,D0-.)20 /84+01,2-)490 (16'2):40 C/),73-20 " 77 0- 7,((0 ?.947):40  I J K*$7−3H$ ub 0(- 9, ?)-0((0 /0/'L9070+- /4 -,1)(= urot 0(- 9, ?)-0((0 /0 2.-,-).+ 0- utrs 0(- 9, ?)-0((0 /0 -2,+(9,-).+ /0 9,1,2-)490$



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

 !"#$% #$ % & '()*+-./ 0(12 ./ 3(45 0/ 6+*/22/ 07-1/ 8-.9/ 0/ ():858. 2-) ./ (1(./;59)+4/1*(.$</2 =>-)/2 #$ ?@ #$ A @ #$ B@ #$ # 481*)/1* ./2 88)08119/2  ! 0- /1*)/ 0/ >)(6+*9 0/20+C9)/1*/2 5()*+-./2 -*+.+29/2 58-) 182 /;59)+/1/2$ D/2 88)08119/2 092+>1/1* ./2 *)(E/*8+)/20/2 5()*+-./2 8:*/1-/2 (6/ ./ *)(+*/4/1* 07+4(>/ 09)+* 5)990/44/1*$F-) /2 =>-)/2 ./2 88)08119/2 0/ 3(G-/ 5()*+-./ /1 y@ 281* )/5)92/1*9/2 (6/ ./ )(558)*(0+4/12+8119 y−h0

δ /1 H81*+81 0/ .( 582+*+81 /1 x (0+4/12+8119/ /1 */)4/ 0/ x
δ $ <( 582+*+810- 5.-> /2* 09=1+/ 5() I

h0 = HN − τc/ρg sin θ. J#$ K8L HN /2* .( 3(-*/-) 4/2-)9/ 0(12 .( M81/ -1+H8)4/@ ρ /2* .( 4(22/ 68.-4+G-/ 0- N-+0/$</ )(558)* y−h0

δ 18-2 )/12/+>1/ 2-) .( 582+*+81 )/.(*+6/ 0- /1*)/ 0/ >)(6+*9 0/ .( 5()*+-./2/.81 G-7/../ 2/ *)8-6/ 0(12 .( M81/ 0- 5.->@ 0(12 .( 5()*+/ +2(+..9/ 8- 0(12 -1/ M81/ .+4+*//1*)/ /2 0/-; M81/2$F-) ./2 =>-)/2 #$ O@ #$ "@ #$! @ #$!P@ ./2 88)08119/2 (0+4/12+8119/2 y−h0

δ 0- /1*)/ 0/>)(6+*9 0/ 3(G-/ 5()*+-./ 281* )/5)92/1*9/2 58-) 3(G-/ +4(>/ /1 H81*+81 0- */452$ D/2=>-)/2 18-2 +10+G-/1* /1 5()*+-.+/) G-/ *8-*/2 ./2 5()*+-./2 G-+ 2/ *)8-6/1* 0(12 .( M81/+2(+..9/ 3-*/1* 5.-2 8- 48+12 6+*/ 2/.81 ./-) ()(*9)+2*+G-/2@ Q 845)+2 ./2 5()*+-./2 0/4(22/ 68.-4+G-/ J"PP R>$4−3K +1H9)+/-)/ S /../ 0- N-+0/ +1*/)2*+*+/.$ </2 5()*+-./2 G-+ 2/*)8-6/1* +1+*+(./4/1* 0(12 ./ 5.-> Q )/2*/1* 4T4/ 2+ /../2 281* (1+49/2 07-1/ .9>U)/ 6+*/22/6/)*+(./ /* 3-*/1* 0(12 /)*(+12 (2 8L ./2 5()*+-./2 2/ *)8-6/1* 0(12 .( M81/ .+4+*/ J68+) ./(2 "#$ 2-) .( =>-)/ #$! /* ./ (2 ! 2-) .( =>-)/ #$!PK$ !"!# $%&'()*+, -, .' /'01)+., !"#$$# %&'(!")*!'+%#,-!'!/# V8-2 68-.812 845()/) .( 6+*/22/ .81>+*-0+1(./ 0/ .( 5()*+-./ ux 0(12 .798-./4/1*S .( 6+*/22/ *398)+G-/ 0- N-+0/ uf $ W(5/.812 G-/ 18-2 4/**812 /1 5.(/ 182 /;59)+/1/2 (6/0/2 98-./4/1*2 2*(*+811(+)/2 0/ ():858.$ X. 27(>+* 0/ .798-./4/1* 07-1 N-+0/ 0/ Y/)23/.Z[-.R./Q /1 )9>+4/ 5/)4(1/1* /* -1+H8)4/ 2-) -1 5.(1 +1.+19@ 0/ 5/1*/ θ@ 4-1+ 07-1 H810
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./012324 !  5 6278 9: 34:;<  = & >><  = ?@AB

 !"#$% #$ % & '(()*(++,-. */ -+1)- *- 2)3451, *-. 63)15/7-. -+ 8(/4-8-+1 *3+. 7- !"#$%$&' 9 :- )366()1 y−h0

δ -+ ;(+15(+ *- x
δ $
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(
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1

δ

(

n

n + 1

ρg sin θ

k

)
1

n

h
n+1

n
0









nh0

(

1− ζ
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(
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 !"! #$%&'%%$()  !"

 ! " "! # #! $ $! % 

&" 

&'

&(

&%

&#

 

#

%

(

'

" 

)%

)!

) 

)"

)#

*$

*%

*!

*(

* 

*"

*#

*$+

*%+

*(+

*,

*'

*-

.(

.'

.,

.""

.$

." 

."(

.#

.-

."!

."%

/#

/!

/"%

/%

/$

/"#

/'

/,

/"(

/(

 !

 "#$%& &' (& )*+,- ./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 ')&(�℄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:



�℄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 "#$ %& $&'%%" (" %)"*$+","+- φmoy (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

@"#$ &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  !"#$&&I  !"#$&'$&  !"#$&(/



 !"  !!"#" $% & ' ()*'"+ $, -.+*"("!* / 0 + $. 1 234!#$%& '( ) *µ+, φ *++, # ◦- τc *.', k *.'/%n, n&$%&0 ..10  200 3/14  5/0 0/ "!&$%&04 ..10 4000 1/"5  2/ 1 0/ 3" !" 3/45  5/23 0/ "5#$% "/42  2/"2 0/ !2&'( 1/03  6/52 0/ 1" !"#$ 7/ 0 8 #'9:$'; <='(?&;:'&?@ A$% ('<'+B&<$% AC'D;%&$+$E& (F;< :$ G'F:?E  !"#$%&/#$%& '( ) *µ+, φ *++, # ◦- τc *.', k *.'/%n, n&$%&0 ..10  200  " 1/65  5/!0 0/ "0&$%&04 ..10 4000  " 1/5  2/ 2 0/ 3" !" 1/63  2/04 0/ 3!#$% 3/63  1/43 0/ ! &'( 2/40  6/!1 0/ 16 !"#$ 7/  8 #'9:$'; <='(?&;:'&?@ A$% ('<'+B&<$% AC'D;%&$+$E& (F;< :$ G'F:?E  !"#$'%/#$%& '( ) *µ+, φ *++, # ◦- τc *.', k *.'/%n, n&$%&0 ..10  200 44 "/!1  "/! 0/ 34&$%&04 ..10 4000 44 "/22  !/10 0/ 1" !" "/31  !/42 0/ 30#$%  0/44 40/34 0/ "6&'( 1/!3  "/  0/ 24 !"#$ 7/ 4 8 #'9:$'; <='(?&;:'&?@ A$% ('<'+B&<$% AC'D;%&$+$E& (F;< :$ G'F:?E  !"#$''/#$%& '( ) *µ+, φ *++, # ◦- τc *.', k *.'/%n, n&$%&0 ..10  200 44 3/46  3/0" 0/ 35&$%&04 ..10 4000 44 3/1"  1/!" 0/ 32 !" 3/52  3/06 0/ 32#$% "/12  "/50 0/ "3&'( 1/06  2/"! 0/ 2" !"#$ 7/ 6 8 #'9:$'; <='(?&;:'&?@ A$% ('<'+B&<$% AC'D;%&$+$E& (F;< :$ G'F:?E  !"#$'(/#$%& '( ) *µ+, φ *++, # ◦- τc *.', k *.'/%n, n&$%&0 ..10  200 44 1/61  1/34 0/ 34&$%&04 ..10 4000 44 1/23  3/  0/ 30 !" 1/53  1/!4 0/ 3 #$% 3/10  "/46 0/ "5&'( 2/0!  2/"2 0/ 25 !"#$ 7/ 5 8 #'9:$'; <='(?&;:'&?@ A$% ('<'+B&<$% AC'D;%&$+$E& (F;< :$ G'F:?E  !"#$')/



 !!
"#$% &' ( )µ*+ φ )**+ " ◦, τc )-&+ k )-&.$n+ n%#$%/ --0/  1// 2/ 3.10  0.32 /. 04%#$%/2 --0/ 2/// 2/ 2.51  4. / /. 13 !" 6.04  5.26 /. 0 #$% 3.05  4.33 /. 56&'( 2.32  0.6/ /. 33 !"#$ 7. 1 8 "&9:#&; <=&'?%;:&%?@ A#$ '&<&*B%<#$ AC&D;$%#*#E% 'F;< :# G&F:?E  !"#$%&.
"#$% &' ( )µ*+ φ )**+ " ◦, τc )-&+ k )-&.$n+ n%#$%/ --0/  1// 2/ 6.4/  0.10 /. 06%#$%/2 --0/ 2/// 2/ 3.0!  1.36 /. 52 !" 3.20  1.!! /. 05#$% 1. 4  5. 4 /. 5!&'( 6. /  1./2 /. 1  !"#$ 7. 0 8 "&9:#&; <=&'?%;:&%?@ A#$ '&<&*B%<#$ AC&D;$%#*#E% 'F;< :# G&F:?E  !"#$%'.
"#$% &' ( )µ*+ φ )**+ " ◦, τc )-&+ k )-&.$n+ n%#$%/ --0/  1// 21 0.55  1.6/ /. 5!%#$%/2 --0/  /// 21 1.3!  1.46 /. 53%#$%/6 --0/ 2/// 21 1.0  0.! /. 04%#$%/3 --0/ 21// 21 1. !  5.2 /. 03%#$%/1 --0/ 6/// 21 1.10  5.60 /. 03 !" 1.56  0.1 /. 5/#$% 0. 3  5.5/ /. 5/&'( 1.62  1.66 /. 5/ !"#$ 7. 5 8 "&9:#&; <=&'?%;:&%?@ A#$ '&<&*B%<#$ AC&D;$%#*#E% 'F;< :# G&F:?E  !"#$%( 



 !!  !!"#" $% & ' ()*'"+ $, -.+*"("!* / 0 + $. 1 234!



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

 !"



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

 !  !"  !#  !$  !% &! &!" &!#

 

& 

" 

' 

# 

( 

$ 

) 

% 

 !"#$$%!&!'

&

&

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

&51-"#*&.-&"6317"!44*&418*)

&9

1'+

9

:

&
;
4
4
<

-

#

;44=/

>%

< !"#$% "#$ % &'()*+,(- ./ )0 10*+/*2 .34(*)/6/-+ .0-7 )0 8(-/ *-,9(26/ 0'/ )0 ',+/77/ ./.4:)/6/-+ .* +0;,7 ;(*2 )/ 02<(;() = !"#$$%!#



 !"

 !  !"  !#  !$  !% &! &!" &!#

 

& 

" 

' 

# 

( 

$ 

) 

% 

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

 2-(%.$ )( 30-4%,11$ 1-5$"

 6

-7&

#,%.889. ,7

 

 

6

:

 
;
1

1
<

(

.

 ;1=*

>?

< !"#$% #$ % &'()*+,(- ./ )0 10*+/*2 .34(*)/6/-+ .0-7 )0 8(-/ *-,9(26/ 0'/ )0 ',+/77/ ./.4:)/6/-+ .* +0;,7 ;(*2 )/ 02<(;() = !"#$$%#$



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

 !  !"  !#  !$  !% &! &!" &!#

 

& 

" 

' 

# 

( 

$ 

) 

% 

         !"#$%&'&()$ *(% +, #-(%.$ )/0#-(+$1$"& 2,34

 5-(%.$ )( %60-7%,11$ 1-8$" 2,34

 !"#$%&'&()$ *(% +, #-(%.$ )/0#-(+$1$"& 2,94

 5-(%.$ )( %60-7%,11$ 1-8$" 2,94

 :

-3&

 

 

#,%.;;<,

:

=

 
2
1

1
4

(

.

 21>*

?@

4 !"#$% #$% & '()*+,-). /0 *1 21+,0+3 /45)+*070., /1.8 *1 9).0 +.-:)370 1(0 *1 (-,0880 /0/5;*070., /+ ,1<-8 <)+3 *0 13=)<)* > !"#$$%!$



 !"

 !  !"  !#  !$  !% &! &!" &!#

 

& 

" 

' 

# 

( 

$ 

) 

% 

 

!"#$%%&"

         '(!)#*+*,-) .,# /" !0,#$) -12!0,/)3)(* 4"56

 70,#$) -, #8209#"33) 30:)( 4"56

 '(!)#*+*,-) .,# /" !0,#$) -12!0,/)3)(* 4";6

 70,#$) -, #8209#"33) 30:)( 4";6

 <

05*

 

<

=

 
4
3

3
6

,

$

 43>.

?@

6 !"#$% #$% & '()*+,-). /0 *1 21+,0+3 /45)+*070., /1.8 *1 9).0 +.-:)370 1(0 *1 (-,0880 /0/5;*070., /+ ,1<-8 <)+3 *0 13=)<)* > !"#$$%!$



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

 !  !"  !#  !$  !% &! &!" &!#

 

& 

" 

' 

# 

( 

$ 

) 

% 

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

 2-(%.$ )( %30-4%,11$ 1-5$"

 6

-7&

 

 

#,%.889 ,7

6

:

 
;
1

1
<

(

.

 ;1=*

>?

< !"#$% #$% & '()*+,-). /0 *1 21+,0+3 /45)+*070., /1.8 *1 9).0 +.-:)370 1(0 *1 (-,0880 /0/5;*070., /+ ,1<-8 <)+3 *0 13=)<)* > !"#$$%$



 !"

 !  !"  !#  !$  !% &! &!" &!#

 

& 

" 

' 

# 

( 

$ 

) 

% 

 !"#$$%!

&

&

&&&&&&&&&'( )"*+*,-)&.,"&/!& 0,"#)&-12 0,/)3)(*&4!56

&70,"#)&-,&"8209"!33)&30:)(&4!56

&'( )"*+*,-)&.,"&/!& 0,"#)&-12 0,/)3)(*&4!;6

&70,"#)&-,&"8209"!33)&30:)(&4!;6

&<

=

<

>

&
4
3
3
6

,

#

&43?.

@A

6 !"#$% #$% & '()*+,-). /0 *1 21+,0+3 /45)+*070., /1.8 *1 9).0 +.-:)370 1(0 *1 (-,0880 /0/5;*070., /+ ,1<-8 <)+3 *0 13=)<)* > !"#$$%!$



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

 !  !"  !#  !$  !% &! &!"

 

& 

" 

' 

# 

( 

$ 

) 

% 

 !"#$$%!&!'

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

&51-"#*&.-&"6317"!44*&418*)

&9

1'+

&

&

9

:

&
;
4
4
<

-

#

&;4=/

>?

< !"#$% #$% & '()*+,-). /0 *1 21+,0+3 /45)+*070., /1.8 *1 9).0 +.-:)370 1(0 *1 (-,0880 /0/5;*070., /+ ,1<-8 <)+3 *0 13=)<)* > !"#$$%!$



 !"

 !  !"  !#  !$  !% &! &!" &!#

 

& 

" 

' 

# 

( 

$ 

) 

% 

 

 

!"#$%&%$

          '(!)#*+*,-) .,# /" !0,#$) -12!0,/)3)(* 4"56

 70,#$) -, #8209#"33) 30:)( 4"56

 '(!)#*+*,-) .,# /" !0,#$) -12!0,/)3)(* 4";6

 70,#$) -, #8209#"33) 30:)( 4";6

 <=

<

>

 
4
3

3
6

,

$

 43?.

@&

6 !"#$% #$% & '()*+,-). /0 *1 21+,0+3 /45)+*070., /1.8 *1 9).0 +.-:)370 1(0 *1 (-,0880 /0/5;*070., /+ ,1<-8 <)+3 *0 13=)<)* > !"#$%$#$



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

 !  !"  !#  !$  !% &! &!"

 

& 

" 

' 

# 

( 

$ 

) 

% 

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

 2-(%.$ )( %30-4%,11$ 1-5$"

 6

7

 

 

#,%.899 ,:

6

;

 
<
1

1
=

(

.

 <1>*

?9

= !"#$% #$% & '()*+,-). /0 *1 21+,0+3 /45)+*070., /1.8 *1 9).0 +.-:)370 1(0 *1 (-,0880 /0/5;*070., /+ ,1<-8 <)+3 *0 13=)<)* > !"#$%%$



 !!"#" $ !"#$%& '()%&&%*+,")%"# - ,& /"0,!1(2

 !!



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

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

 

&

" 

"&

# 

#&

$ 

$&

% 

%&

& 

 

 

!

"

 #$%&

'(

)

*

+

 
#
$

$
)

,-./001

 

 

          23456787!95 &!6 /- 4.!6"5 9:;4.!/5$537

 <.!6"5 9! 6=;.>6-$$5 $.?53

 *(

 *1

 *@

 !"#$% "#! $ %&'()*+', -. (/ 0/)*.)1 -23')(.5.,* -/,6 (/ 7',. ),+8'15. /&. (/ &+*.66. -.-39(.5.,* -) */:+6 :')1 (. ;/'(+, <  !"#$$%#



 !"

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

 

&

" 

"&

# 

#&

$ 

$&

% 

%&

& 

 

!"#$%%&

'

(

 )*+,

-.

/

0

1

 
)
*

*
/

 

 

         234567879:5 ,96 $" 4#96(5 :;<4#9$5*537

 =#96(5 :9 6><#?6"**5 *#@53

 0.

 0A

 0&

 !"#$% #$ % &'()*+,(- ./ )0 10*+/*2 .34(*)/6/-+ .0-7 )0 8(-/ *-,9(26/ 0'/ )0 ',+/77/ ./.4:)/6/-+ .* +0;,7 ;(*2 )/ <0(),- =  !"#$$%$



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

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

 

&

" 

"&

# 

#&

$ 

$&

% 

%&

& 

 !"#$$%

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

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

&9:

&9;

&9<

&

&

9

=

&
>
4
4
?

.

1

&>44@0

A:

? !"#$% #$% & '()*+,-). /0 *1 21+,0+3 /45)+*070., /1.8 *1 9).0 +.-:)370 1(0 *1 (-,0880 /0/5;*070., /+ ,1<-8 <)+3 *0 =1)*-. >  !"#$$%$



 !"

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

 

&

" 

"&

# 

#&

$ 

$&

% 

%&

& 

 !"#$$%

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

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

&9:

&9;

&9<

&

&

9

=

&
>
4
4
?

.

1

&>4@0

A:

? !"#$% #$% & '()*+,-). /0 *1 21+,0+3 /45)+*070., /1.8 *1 9).0 +.-:)370 1(0 *1 (-,0880 /0/5;*070., /+ ,1<-8 <)+3 *0 =1)*-. >  !"#$$%$



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

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

 

&

" 

"&

# 

#&

$ 

$&

% 

%&

& 

 

!

"
#
$
$
%

&

'

"#$()

*+

%

"

"

,-./001

""""""""""234567879:5")96"/-"4.96'5":;<4.9/5$537

"=.96'5":9"6><.?6-$$5"$.@53

" +

" A

" B

 !"#$% #$% & '()*+,-). /0 *1 21+,0+3 /45)+*070., /1.8 *1 9).0 +.-:)370 1(0 *1 (-,0880 /0/5;*070., /+ ,1<-8 <)+3 *0 =1)*-. >  !"#$$%$



 !"

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

 

&

" 

"&

# 

#&

$ 

$&

% 

%&

& 

 

!

"
#
$
$
%

&

'

"#$()

*+

%

"

"

,-./001

"""""""""23456787&95")&6"/-"4.&6'5"9:;4.&/5$537

"<.&6'5"9&"6=;.>6-$$5"$.?53

"75)70@"-A

" +

" B

" @

 !"#$% #$% & '()*+,-). /0 *1 21+,0+3 /45)+*070., /1.8 *1 9).0 +.-:)370 1(0 *1 (-,0880 /0/5;*070., /+ ,1<-8 <)+3 *0 =1)*-. >  !"#$$%$



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

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

 

&

" 

"&

# 

#&

$ 

$&

% 

%&

& 

 

!

"
#
$
$
%

&

'

"#$()

*+

%

"

"

,-./001

"""""""""23456787&95")&6"/-"4.&6'5"9:;4.&/5$537

"<.&6'5"9&"6=;.>6-$$5"$.?53

" +

" @

" A

 !"#$% #$% & '()*+,-). /0 *1 21+,0+3 /45)+*070., /1.8 *1 9).0 +.-:)370 1(0 *1 (-,0880 /0/5;*070., /+ ,1<-8 <)+3 *0 =1)*-. >  !"#$$%$



 !"

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

 

&

" 

"&

# 

#&

$ 

$&

% 

%&

& 

 

!

"
#
$
$
%

&

'

"#$()

*+

%

"

"

,-./0+0

""""""""""12345676&84")&5"/-"3.&5'4"89:3.&/4$426

";.&5'4"8&"5<:.=5-$$4"$.>42

" +

" ?

" @

 !"#$% #$% & '()*+,-). /0 *1 21+,0+3 /45)+*070., /1.8 *1 9).0 +.-:)370 1(0 *1 (-,0880 /0/5;*070., /+ ,1<-8 <)+3 *0 =1)*-. >  !"#$%$$



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

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

 

&

" 

"&

# 

#&

$ 

$&

% 

%&

& 

 

!

"
#
$
$
%

&

'

"#$()

*+

%

,-./0++

"

"

""""""""""12345676&84")&5"/-"3.&5'4"89:3.&/4$426

";.&5'4"8&"5<:.=5-$$4"$.>42

" +

" ?

 !"

 !"#$%  !" # $%&'()*&+ ,- '. /.()-(0 ,12&('-4-+) ,.+5 '. 6&+- (+*7&04- .%- '. %*)-55- ,-,28'-4-+) ,( ).9*5 9&(0 '- :.&'*+ ;  !"#$%%!



  !

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

 

&

" 

"&

# 

#&

$ 

$&

% 

%&

& 

 !"#$%&

'

'

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

'6"/,2+'0/',74"8,!55+'5"9+)

'7&

'7:

'7%

;

<

'
=
5
5
>

/

2

'=5?1

@%

> !"#$% "#!$ % &'()*+,(- ./ )0 10*+/*2 .34(*)/6/-+ .0-7 )0 8(-/ *-,9(26/ 0'/ )0 ',+/77/ ./.4:)/6/-+ .* +0;,7 ;(*2 )/ <0(),- =  !"#$%&#



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

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

 

&

" 

"&

# 

#&

$ 

$&

% 

%&

& 

 

!

"
#
$
$
%

&

'

"#$()

*+

%

,-./0+1

"""""""""23456787&95")&6"/-"4.&6'5"9:;4.&/5$537

"<.&6'5"9&"6=;.>6-$$5"$.?53

" +

" @

" 1

"

"

 !"#$% !"## $ %&'()*+', -. (/ 0/)*.)1 -23')(.5.,* -/,6 (/ 7',. ),+8'15. /&. (/ &+*.66. -.-39(.5.,* -) */:+6 :')1 (. ;/'(+, <  !"#$%&"



  !

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

 

&

" 

"&

# 

#&

$ 

$&

% 

%&

& 

 

!

"
#
$
$
%

&

'

"#$()

*+

%

"

"

,-./001

"""""""""23456787&95")&6"/-"4.&6'5"9:;4.&/5$537

"<.&6'5"9&"6=;.>6-$$5"$.?53

" +

" @

" A

 !"#$% "#$ % &'()*+,(- ./ )0 10*+/*2 .34(*)/6/-+ .0-7 )0 8(-/ *-,9(26/ 0'/ )0 ',+/77/ ./.4:)/6/-+ .* +0;,7 ;(*2 )/ <0(),- =  !"#$%&#



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

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

 

&

" 

"&

# 

#&

$ 

$&

% 

%&

& 

 

 

!

"

 
#
$

$
%

&

'

 #$()

*+

%

,-./01+

 

 

        23456787&95 )&6 /- 4.&6'5 9:;4.&/5$537

 <.&6'5 9& 6=;.>6-$$5 $.?53

 !+

 !1

 !@

 !"#$% "#$% & '()*+,-). /0 *1 21+,0+3 /45)+*070., /1.8 *1 9).0 +.-:)370 1(0 *1 (-,0880 /0/5;*070., /+ ,1<-8 <)+3 *0 =1)*-. >  !"#$%&#



  !

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

 

&

" 

"&

# 

#&

$ 

$&

% 

%&

& 

 

!

"
#
$
$
%

&

'

"#$()

*+

%

,-./012

"

"

"""""""""34567898&:6")&7"/-"5.&7'6":;<5.&/6$648

"=.&7'6":&"7><.?7-$$6"$.@64

" +

" 1

" 2

 !"#$% "#$% & '()*+,-). /0 *1 21+,0+3 /45)+*070., /1.8 *1 9).0 +.-:)370 1(0 *1 (-,0880 /0/5;*070., /+ ,1<-8 <)+3 *0 =1)*-. >  !"#$%&#



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

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

 

&

" 

"&

# 

#&

$ 

$&

% 

%&

& 

 

!

"
#
$
$
%

&

'

"#$()

*+

%

,-./012

"

"

"""""""""34567898&:6")&7"/-"5.&7'6":;<5.&/6$648

"=.&7'6":&"7><.?7-$$6"$.@64

" +

" 1

" A

 !"#$% "#$% & '()*+,-). /0 *1 21+,0+3 /45)+*070., /1.8 *1 9).0 +.-:)370 1(0 *1 (-,0880 /0/5;*070., /+ ,1<-8 <)+3 *0 =1)*-. >  !"#$%&#



  !

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

 

&

" 

"&

# 

#&

$ 

$&

% 

%&

& 

 

!

"
#
$
$
%

&

'

"#$()

*+

%

,-./012

"

"

"""""""""34567898&:6")&7"/-"5.&7'6":;<5.&/6$648

"=.&7'6":&"7><.?7-$$6"$.@64

" +

" 1

" A

 !"#$% "#$% & '()*+,-). /0 *1 21+,0+3 /45)+*070., /1.8 *1 9).0 +.-:)370 1(0 *1 (-,0880 /0/5;*070., /+ ,1<-8 <)+3 *0 =1)*-. >  !"#$%&#



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

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

 

&

" 

"&

# 

#&

$ 

$&

% 

%&

& 

 

!

"
#
$
$
%

&

'

"#$()

*+

%

,-./012

"

"

"""""""""34567898&:6")&7"/-"5.&7'6":;<5.&/6$648

"=.&7'6":&"7><.?7-$$6"$.@64

" +

" 1

" A

 !"#$% "#$% & '()*+,-). /0 *1 21+,0+3 /45)+*070., /1.8 *1 9).0 +.-:)370 1(0 *1 (-,0880 /0/5;*070., /+ ,1<-8 <)+3 *0 =1)*-. >  !"#$%&#



  !

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

 

&

" 

"&

# 

#&

$ 

$&

% 

%&

& 

 

!

"
#
$
$
%

&

'

"#$()

*+

%

,-./012

"

"

"""""""""34567898&:6")&7"/-"5.&7'6":;<5.&/6$648

"=.&7'6":&"7><.?7-$$6"$.@64

" +

" 1

" A

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



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



 !!"#" $ !"!#$%"&' (&' &''!)' * !' (,-.&/!"%)-0& )'102& !""#$%  ! 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



 !  !!"#" $% & ' ()*'"+ ,"+ "++ -+ . / + ,01!" & '*-/12" -+324"
"$%&'&(&)* 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% BC2D&(%@2(&E FA' D2B2,G(BA' FA' A''2&' D)%B @A !"#$%$& ' H θ I :08◦0
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