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 !"!# $%&'()*'+,-. /-+0'(1
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().)*2+/#.+&/ 0+/95) -*$0.#5 (+,*#-.+&/ '#0 #--&2%5+03)(7
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:/ &*()* .& &;0)*<) (+,*#-.+&/ %3)/&2)/# #. # -*$0.#5 5#..+-)6 .3) 4.+5+=)( *#(+#!
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%*)1)**#;5) H4Iα1 >λ J EBK7EL %2C #/( M&Iα1 >λ J NE7?N@ %2C6 1&* 0+/95) -*$0!

.#5 (+,*#-.+&/ M&Iα >λ J NE7?N@ %2C7 G3) %)*+&(+-#55$ #**#/9)( #.&20 &* +&/0

+/ # -*$0.#5 ;4+5( 4% # .3*)) (+2)/0+&/#5 (+,*#-.+&/ 9*#.+/96 &/ '3+-3 .3) +/!

-&2+/9  !*#$0 #*) (+0%)*0)(7 G& #-3+)<) -&/0.*4-.+<) +/.)*1)*)/-)6 .3) *).#*(#.+&/

;).'))/ .'& '#<)0 240. ;) #/ +/.)9)* 245.+%5) &1 .3) '#<)5)/9.37 O4) .& .3) .3*))

(+2)/0+&/#5 %)*+&(+-+.$ +/ # -*$0.#56 .3) (+0%)*0)( '#<)0 03&' #/95)!()%)/()/(

+/.)/0+.$ 2#P+2#6 '3+-3 -#40) 03#*% *)Q)-.+&/07 G3)0) -#/ ;) ()0-*+;)(  !" .3)

.3*)) R#4)!)S4#.+&/0 >TS4#.+&/ @7EC6 '3+-3 #55 3#<) .& ;) 145U55)( .& &;0)*<) #

*)Q)-.+&/7

a cos µa + a cos νa = n1 λ

b cos µb + b cos νb = n2 λ

c cos µc + c cos νc = n3 λ

>@7EC

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

µa. µb. µc "13!& )4 $1%$*&1%&

νa. νb. νc *$5("%#$)1 "13!&

n1. n2. n3 *$5("%#$)1 )(*&(
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2 dhkl sin θhkl = n λ *,- .

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

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

  .!1%(*#!," ,%.$%

λ 3(4$'$"+#5
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*+#$%&'() ,-J.-
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∑

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

 !"#$% &'&&(  !"#$%# &'(!#)*+ %,%+#-)*.*/*)0 12 345

6*7

 

8

!

9

χ  !"#$ % θ&' $() *+,)-.)

/01+)2*3 .4.3)52*6*7*28 9: ;<=

>*?

 

@

!

.(9A)B !4-*)=C)*.. 6)=

(0,*94- 6)2A))+ -99/ 2)/5)-024-)

0+B ∼DEF G #H*14-) I'II&' H-9/

2() !4-*)=39+.20+2 A) B)2)-/*+)B

0+ )J)32*,) /01+)2*3 /9/)+2 9:

K'EF#D& µ? 5)- +*3L)7 029/' $(*.

*. 02 2() 455)- 7*/*2 9: ,074).M

)N5)32)B :9- >*

 "

#O'PF%K'EF µ?&

QORPSM A(*3( /08 6) B4) 29 3-8.207

T)7B )J)32. 9- 29 0+ *+39/57)2) 39-=

-)32*9+ :9- :)--9/01+)2*3 */54-*=

2*). #2-03). 9: /)2077*3 >*&' $() 50-0/01+)2*3 !4-*)=2)/5)-024-) #C)*..=39+.20+2&

9: %PK'K#D& G *+B*302)B 0+2*:)--9/01+)2*3 *+2)-032*9+. 0/9+1 2() /9/)+2.' U

.(0-5 45A0-B 6)+B 9: χ−1
#$& 02 $ ≈ KO G *. /9.2 7*L)78 2() 9+.)2 9: 0+2*:)-=

-9/01+)2*3 9-B)-*+1' $(*. *. 07.9 .4559-2)B 68 0 7*+)0- /01+)2*V02*9+ *.92()-/

B9A+ 29 O G'

 !"!#!$ %&'()*&+,)- ./01*(+21+/&1 3,402*&5)*&+,2

$() W0/0+=.5)32-4/ 9: ;<=>*?

 

@

!

A0. /)0.4-)B 02 0 .*+17) 3-8.207 A*2( 0

W0/0+=/*3-9.395) ;9-*60 X96*+ 8,9+ ;WPFF #NEFYCZ&M 4.*+1 0 1-))+ 70.)-

#[)77). \-*92 *9+ 70.)-& A*2( 0 A0,)7)+12( 9: EDI +/' ]+ :9-/)- A9-L.M A) 2-*)B 29

B)2)-/*+) 2() W0/0+=032*,) /9B). 9: 2() +)A ?

 

@

#

4+*2 :-9/ 2() W0/0+ .5)32-0

9: Z8

!

?

#

@

$%

Q^IS 0+B α=\B
 

?

!

@

&

Q^^S' $().) .5)32-0 -),)07)B .),)-07 5)0L. *+ 2()

-0+1) 9: DOFF%DIEF 3/

−1
M 2(02 0-) +9-/0778 39--)702)B 29 ?@

'

=1-945.' U. 692(

39/594+B. B9 +92 39+20*+ 69-9+ *+ 2(-)):97B 399-B*+02*9+M 2().) 60+B. A)-) 5-96=

0678 W0/0+=032*,) /9B). 9: 2() ?

 

@

#

4+*2 9: 2() )B1)=.(0-*+1 ?@

!

=2)2-0()B-0'

H*14-) I'IE 1*,). 0 ,*)A 9: 2() W0/0+ .5)32-0 9: Z8

!

?

#

@

$%

Q^IS #674) 7*+)&M

α=\B
 

?

!

@

&

Q^^S #-)B 7*+)&M ;<=>*?

 

@

!

#6703L 7*+)&M 0+B β=>*?
!

@

(

QO_DS #1-))+

7*+)&' U. ;<=>*?

 

@

!

59..)..). 9+78 ?@

!

=2)2-0()B-0 A*2( 0 39//9+ )B1) 29 0

.)39+B 2)2-0()B-9+M 0 39/50-*.9+ 9: 2() *+2)+.*2*). 9: 077 2(-)) 39/594+B. .(947B

7)0B 29 0+ 01-))/)+2 06942 2(9.) 5)0L.M A(*3( )N374.*,)78 6)79+1 29 W0/0+=

032*,) /9B). 9: 2() ?

 

@

#

=1-945' H*14-) I'IE .(9A. 2(02 2() 5)0L.M A(*3( 0-)

/0-L)B A*2( 0+ 0--9AM 9334- *+ 077 2(-)) .5)32-0 9: 2() 39/594+B. A*2( )B1)=

.(0-*+1 2)2-0()B-0' $().) 5)0L. B9 +92 9334- *+ 0 .5)32-4/ 9: β=>*?
!

@

(

QO_DSM

A(*3( )N(*6*2. 9+78 39-+)-=.(0-*+1 ?@

!

=2)2-0()B-0' `9M 2() *+2)+.*2*). 02 DO_O

0+B DIII 3/

−1
#;<=>*?

 

@

!

&M DOEK 0+B DIKD 3/

−1
#α=\B

 

?

!

@

&

&M 0+B DO^D 0+B



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

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

%&'()*! +, -.

 

/

!

0

"#

1234'56 α$78
$

/

 

0

%

1*'856

9:$;</

$

0

 

123!(=56 !#8

β$;</
 

0

&

1>*''#5?

!"#$ %&

−1
'()

 

*

!

+

"#

, %-. /0123&-45) 41 -2267.18 9: ;-&-.<-%96=1 &:812 :> 9?1

1871<2?-06.7 *+

 

<9190-?180-@

A 26.751 %0)29-5 151%90:.6% 2/1%903& :> -. -04690-0) >-%1 :> - %0)29-5 :> BC<

D6*

$

+

 

'%0:22 21%96:.E F@! × F@G &&

2
H 8 I F@F$ &&J K I G L M, N-2 &1-23018

326.7 - 290:.75) &:86O18 PA;Q !R &6%0:%0)29-5 2/1%90-5/?:9:&1910 'S/1%90- S10<

=6%12H ADT P-.4100-H A3290-56-@ U:0 819-652 :. 9?1 2/1%90:&1910 211 ;1>101.%1

V!"GW,@ K?1 TXYX62YDZ; 2/1%903& :> /-51<7011. BC<D6*

$

+

 

2?:N2 9?011 -42:0/<

96:. 4-.82H -2 1[/1%918 >:0 D6

$%

6:.2 6. :%9-?180-5 %::086.-96:. '/V

3A2g→
3T2g'U,W

I L\GF %&

−1
H /V

3A2g→
3T1g'U,W I !# "F %&

−1
H ]V

3A2g→
3T1g'C,W I G"\FF %&

−1
,@

A2 - %:.21^31.%1 :> 5:N<2)&&1906% %:&/:.1.92 6. 9?1 567-.8<O158 'VD6

&&

+

!

W %?0:<

&:/?:012 N69? C2 2)&&190),H 9?1 21%:.8 -.8 9?608 -42:0/96:. 4-.82 -01 2/569@

K?1 :4210=18 90-.2696:. 1.107612 ∆o I L\GF %&

−1
-.8 * I L"$ %&

−1
'β I *Y*0

I F@L!, N101 1296&-918 -%%:086.7 9: - /0:%18301 812%06418 4) _1=10 VG  W@ Z9 62

^3691 01&-0`-451 9?-9 9?1 567-.8<O158 2/56996.7 ∆o I R#FF %&

−1
H :4210=18 >:0 )15<

5:N D6

$

C

 

+

"$

H 62 267.6O%-.95) 2&-5510H 812/691 - =10) 26&65-0 71:&1906% 2903%9301

:> 9?1 VD6

&&

+

!

W %?0:&:/?:01 9?1016. V#FFW@ a1 -99064391 9?62 86b101.%1 9: 290:.710

π<8:.-96.7 :[)71. 567-.82 6. 9?1 /?:2/?-91 9?-. 6. 9?1 4:0-91@ K?1 4-26%-55)

.175676451 π<4:.86.7 :> 9?1 :[)71. 567-.82 6. BC<D6*

$

+

 

H - 9)/6%-5 21%:.8<2/?101

567-.8 O158 1b1%9 V#F!WH 62 - %:.21^31.%1 :> 9?1 ?67?10 %::086.-96:. .3&410 :>

9?1 :[)71. -9:&2 6. 9?1 4:0-91 'P@D@'+

$ '

, I " 'G *

(%

c G D6

$%

,, 6. %:.90-29

9: 9?1 %::086.-96:. 6. 9?1 /?:2/?-91 'P@D@'+

$ '

, I G 'G×, -.8 # '"×,,@ a69?

9?1 90-.2696:. 1.107) ∆o I L\GF %&

−1
H 9?1 .1/?15-3[196% 0-96: β I F@L!H -.8 9?1

2/6.<:0469 %:3/56.7 /-0-&1910 >:0 9?1 >011 6:. 'ξ0'D6
$%

, I \#F %&

−1
,H - &-7.196%



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

"#"$%& #' ()*+ µ, -$. %/01$2 3&#" 03% 4$ 0320523&$6 7(8!9)

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

:5$ &# &;$ <=%&;$&/0 0#%6/&/#%< #' >)? @A3 3%6 +B8  CD E$ /%F$<&/G3&$6 &;$ 3<<5"$6

"$&3<&342$ 0;3.30&$. #' &;$ ;/G;H-.$<<5.$ -;3<$ IAHJ/,

 

K

!

) L;$<$ /%F$<&/G3&/#%<

E$.$ -$.'#."$6 #% 3  !"# M&36/ A -#E6$. 6/N.30&#"$&$. OP#Qα1R λ S >*)8>( -"T

E/&; 3 0#"-5&$. 0#%&.#22$6  !"# '5.%30$) L;$ <3"-2$ E3< $%02#<$6 /% 3 </2/03 G23<<

03-/223.= 3%6 ;$3&$6 '.#" .##" &$"-$.3&5.$ &# ?88  C /% <&$-< #' *88  CD 3%6 '.#"

?88  C &# **88  C /% <&$-< #' ?8  C) U'&$.E3.6<D &;$ <3"-2$ E3< 0##2$6 6#E% &#

?88  C /% <&$-< #' ?8  CD 3%6 '5.&;$. #% &# .##" &$"-$.3&5.$ /% <&$-< #' *88

 C) U& $30; &$"-$.3&5.$D 3 6/N.30&/#% -3&&$.% E3< .$0#.6$6) L;$ &$"-$.3&5.$H

-.#G.3""$6 VH.3= -#E6$. 6/N.30&/#% -3&&$.%< #' IAHJ/,

 

K

!

.$F$32$6 &;3& &;$

0#"-#5%6 /< .$"3.1342= <&342$ 5- &# >?8  C /% 3"4/$%& -.$<<5.$ 0#%6/&/#%< OW/G5.$

X)X+T) U& ;/G;$. &$"-$.3&5.$<D IAHJ/,

 

K

!

6$0#"-#<$< /%&# &;$ %#."32 -.$<<5.$

%/01$2 4#.3&$ J/

"

O,K

"

T

 

3%6 -.$<5"342= 4#.#% #Y/6$) W5.&;$. ;$3&/%G O5- &# **88

 CT 3%6 <54<$Z5$%& 0##2/%G &# .##" &$"-$.3&5.$ 6/6 %#& <500$$6 /% #4&3/%/%G 3%=

#&;$. 0.=<&322/%$ -;3<$ &;3% J/

"

O,K

"

T

 

)

 !"#$% &'&()  !"#!$%&'$!(#$)*$%""!+ ,($%- #).+!$ #%&&!$/0 )1 23(456

 

7

!

8

 !"!#!0 $%&.'&1-2)* 3)*2/*)1-.45

L;$ 4#%6HF32$%0$ <5"< E$.$ 0320523&$6 '#. 322 3&#"<D 5</%G &;$ 4#%6H2$%G&;[4#%6H

<&.$%G&; OΣ T 7*+XD *+?9 3%6 &;$ $%&'() 0#%0$-& OC;3.G$ :/<&./45&/#% /% M#2/6<T

OΣ!T 7*+>9) U 0#"-3./<#% #' &;$ 0;3.G$ 6/<&./45&/#%D 0320523&$6 E/&; 4#&; 0#%H

0$-&<D 0#%\."< &;$ '#."32 /#%/0 0;3.G$< #' J/

 #

OΣ S ]*) 8R Σ! S ]!)8XTD ,

"#



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

"Σ # $%& '( Σ! # $%& )*+ ,-. /

 !

"/01 Σ # 20& 0( Σ! # 20&)'+ /%1 Σ 

# 2%&33( Σ! # 2%&0!*&

4567896 :-+ ;9 <:=>579.  !"#$ ?,@59A "B,.9@5-C D,67 :E F,77G<9 H-96CI*

J0K0L0K!M E:6 ND2OGP

 

/

"

G- :6.96 7: <:=>,69 789 69A5@7A ;G78  !"#$ ?,@59A :E

789 QG-,6I <:=>:-9-7A OG/ ,-. 789 8GC82>69AA569 =:.GR<,7G:- P

 

/

#

2SS J)%M& T89

<,@<5@,79. ?,@59 "%K!K! UV·=:@

−1
* E:6 ND2OGP

 

/

"

,-. 789  !"#$ ?,@59 :Q7,G-9.

E6:= 789 A5= :E 789 QG-,6I :WG.9A "0  OG/ ""#3# J!3!M* "XKX UV·=:@

−1
* $ 0

 P

 

/

#

2SS "%0 !) UV·=:@

−1
* # %KY)' UV·=:@

−1
* R7 ;9@@ ".9?G,7G:-1 3&33) Z*&



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

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

 

.

!

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

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

 

.

!

/0 01 234 45*6#$478$+ )*+$9 #7:#;(9$44)9$<#7:#;6$'($93;

6)9$ %&*+767&*4 &= >?@ AB3 3*+ CCDD  ,? E4 463967*: 9$3:$*64F ,+. 3*+ -

 

.

"

GH69$' ,#$'7%3I4F J$2K)95(&96F LHEF   MNO 2$9$ :9&)*+ 6&:$6#$9 7* 6#$ 46&7;

%#7&'$697% 9367& ,+. P -

 

.

"

Q C P C GRS)367&* !?TO? "#$ '7U6)9$ 234 VII$+ 7*6& 3

K&9&* *7697+$ %9)%7KI$ GW$*8$ -JB A'KWF W$-&H7*6

r
HCDF X$'(6$*F A$9'3*5O

&= 3* CT<CC;344$'KI5?

CdO + B2O3
#$% &'(

−−−−→
))**

◦
+

CdB2O4 G!?TO

Y&9 6#$ 45*6#$474 &= ,+-

 

.

!

F 6#$ 43'(I$ 234 %&'(9$44$+ 6& >?@ AB3 276#7* Z #?

E=6$9 9$3%#7*: %&*463*6 (9$44)9$F 6#$ 43'(I$ 234 #$36$+ 6& CCDD  , 7* 6#$ =&II&27*:

CD '7*)6$4? E=6$9 #&I+7*: 6#74 6$'($936)9$ =&9 @ '7*F 6#$ 43'(I$ 234 %&&I$+

+&2* 6& [@D  , 7* 3*&6#$9 C@ '7*? E=6$9239+4F 6#$ 43'(I$ 234 S)$*%#$+ 6& 9&&'

6$'($936)9$ K5 4276%#7*: &\ 6#$ #$367*:F =&II&2$+ K5 +$%&'(9$447&* &]$9 3 ($97&+

&=  #? "#$ 9$%&]$9$+ (9$44)9$ '$+7)' 234 %93%^$+ 3*+ 6#$ 43'(I$ %39$=)II5

4$(3936$+ =9&' 6#$ 4)99&)*+7*: K&9&* *7697+$ %9)%7KI$F :37*7*: 6#$ 379; 3*+ 236$9;

9$47463*6F %&I&)9I$44F %95463II7*$ %&'(&)*+ ,+-

 

.

!

? E (&2+$9 +7\93%67&* (366$9*

4#&2$+ *& %95463II7*$ 7'()9767$4F 3*+ R_` '$34)9$'$*64 %&*V9'$+ 6#$ %#$'7%3I

%&'(&4767&* &= ,+-

 

.

!

?

 !"!#!, -.%*'/0 $'.12'1.) 3&/0%*+*

"#$ (&2+$9 +7\93%67&* (366$9* &= ,+-

 

.

!

234 &K637*$+ 7* 693*4'7447&* :$&'$695

=9&' 3 a36 43'(I$F )47*: 3  !"# H"E_b B (&2+$9 +7\93%6&'$6$9 276# '&*&%#9&;

'3678$+ ,)Xα) 93+7367&* Gλ Q C@!?D@C ('O? "#$ +7\93%67&* (366$9* 234 7*+$U$+

276# 6#$ (9&:93' $%#"% /C00cC0!1 &* 6#$ K3474 &= 3 #$U3:&*3I )*76 %$II? "3KI$

!?Z0 I7464 6#$ I3667%$ (393'$6$94F 2#7%# 2$9$ &K637*$+ =9&' 6#$ I$346;4S)39$ V64 &=

6#$ (&2+$9 +363? "#$ %&99$%6 7*+$U7*: &= 6#$ (366$9* 234 %&*V9'$+ K5 7*6$*4765

%3I%)I367&*4 /C0C1F 63^7*: 6#$ 36&'7% (&4767&*4 =9&' 6#$ 469)%6)9$ 9$V*$'$*6 G"3KI$

!?ZZO? "#$ I3667%$ (393'$6$94F +$6$9'7*$+ =9&' 6#$ (&2+$9 3*+ 6#$ 47*:I$ %95463I

+363 3:9$$ 2$II? Y7:)9$ !?!> 4#&24 6#$ $U($97'$*63I (&2+$9 (366$9* %&'(39$+ 6&

6#$ (366$9* 47')I36$+ =9&' 47*:I$ %95463I +363?



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

 !"#$% &'&()  !"#$%&#'()* +(,"- )'. /%&0*)(#. +/%'1*# 2$3/()* .)()- +4,((,&- ",5.#$ .%6$)2(%,'

")((#$'/ ,7 8.9

 

:

!

;

"#$%# &% '$()*+ ,#-'&.* /+.'0#+/+(&'1 &2+ 30.*$&- %4 '+*+,&+5 ,#-'&.*' 6.' ,2+,7+5

0(5+# . 8%*.#$9$() /$,#%',%8+: ;%# &2+ 5.&. ,%**+,&$%(1 . ,%*%0#*+'' 4#.)/+(&

<=:>? × =:@A × =:@B //C 6.' 0'+5: D(&+('$&- 5.&. 6+#+ /+.'0#+5 %( . EFGB

5$H#.,&%/+&+# <I%($0'C $( &2+ ωJ>θ &+,2($30+1 ',.(($() &2+ 62%*+ #+,$8#%,.*

'82+#+ 08 &%  = J>θ: F (0/+#$,.* .K'%#8&$%( ,%##+,&$%(1 K.'+5 %( .( %8&$/$9.L

&$%( %4 &2+ ,#-'&.* '2.8+1 6.' .88*$+5 0'$() &2+ 8#%)#./  !"#$%& M@?>N: O2+

,#-'&.* '&#0,&0#+ %4 E5P

 

Q

!

6.' '%*R+5 K- /($,0) 1,)2*3' $( '8.,+ )#%08  S3

<I%: @T?C1 .,,%#5$() &% &2+ '-'&+/.&$, +U&$(,&$%( ===! 6= >"1 .(5 #+V(+5 6$&2 &2+

'()*+$* 8#%)#./ 8.,7.)+ M@?S1 ?=BN: ;$#'&1 &2+ '&#0,&0#+ #+V(+/+(& %4 E5P

 

Q

!

,%(R+#)+5 6$&2 #+'$50.*' %4 W@ X S: Y .(5 6W> X @ Y: F55$&$%(.**-1 . 2$)2 +*+,L

&#%( 5+('$&- ,*%'+ &% %(+ %U-)+( .&%/ #+/.$(+5: O2+ ,%('$5+#.&$%( %4 &6$(($() K-

/+#%2+5#- .(5 &2+ $(&#%50,&$%( %4 . &6%4%*5 #%&.&$%( .U$' .,,%#5$() &% &2+ &6$(

/.&#$U







0 1 0

1 0 0

0 0 1






*+5 &% . &6$( #.&$% %4 =:!! Z =:B! 6$&2 '.&$'4.,&%#- #+'$50.*' <W@

X @:AY1 6W> X ?: YC 6$&2%0& .(- '$)($V,.(& +*+,&#%( 5+('$&-: O2+ ,2+,7$() %4

. 8%''$K*+ 2$)2+# '-//+&#-1 0'$() &2+ 8#%)#./ ,*!$-. M@? N1 5$5 (%& #+R+.* .(-

.55$&$%(.* '-//+&#$+': ;0#&2+# 5+&.$*' %4 &2+ 5.&. ,%**+,&$%( .(5 #+V(+/+(& .#+

'0//.#$9+5 $( O.K*+ B:?>1 .&%/$, ,%%#5$(.&+'1 $'%&#%8$, .(5 .($'%&#%8$, 5$'8*.,+L

/+(& 8.#./+&+#'1 $(&+#.&%/$, 5$'&.(,+' .(5 .()*+' ,.( K+ 4%0(5 $( O.K*+' B:?? &%

B:?S:



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

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

 

1

!

2#$%('%!' '+34%$4.(# 4( 5%!+(6

$7+#+#89

:-54!4*%& ;.!-)&%  '0

 

1

!

<.&%! -%##=>·-.&−1
?@A9BC

 !"#$%& #"#$+- 7+D%>.(%&

E5%*+ >!.)5  F3

G.H'+! '4I!%*$.-+$+!  !"# E$%'4 G

J%'4%$4.(  )Kα1 2λ L ?MN9BM? 5-8

G.H'+! '%$%

%=5- AAF9FN2O8

*=5- P?P9OA2O8

Q.&)-+=(-

3
B9NAA2?8

E4(>&+ *!"#$%& '4I!%*$.-+$+!  RSN 2T.(4)#8

J%'4%$4.( <.Kα 2λ L P?9BPO 5-8

E4(>&+ *!"#$%& '%$%

%=5- AAM9C2C8

*=5- P?F9PC2A8

Q.&)-+=(-

3
B9NAF2?8

;.!-)&% )(4$# 5+! *+&& U L A

V+-5+!%$)!+=K C@O

 %&*)&%$+' '+(#4$"=>·*-−3
M9NBA

 !"#$%& #4W+=--

3
B9CO × B9?A × B9?N

RX#.!5$4.( *.+Y*4+($=--

−1
A9PMF

; 2BBB8=+ PCB

θ !%(>+ = C9FF Z NN9AA

J%(>+ 4( 7[& ±?P\ ±?P\ ±?N

V.$%& (.9 !+]+*$4.(# ?FB@B

^('+5+('+($ !+]+*$4.(# CF@? 2Jint L B9BOFM8

J+]+*$4.(# H4$7 ^ _ Cσ2^8 CM@A 2Jσ L B9B?FP8

S%$%=5%!%-+$+!# CF@?=AP

RX#.!5$4.( *.!!+*$4.( ()-+!4*%& 2$%&'!() `?OCa8

V!%(#-9 !%$4. 2-%D9=-4(98 B9NMPC=B9CNN@

b..'(+##6./6,$ 2!

2
8 ?9?MN

;4(%& J 4('4*+# 2^ _ Cσ2^88 J? L B9B?FO

HJC L B9BOAO

J 4('4*+# 2%&& '%$%8 J? L B9B?PA

HJC L B9BOAA

:D$4(*$4.( *.+Y*4+($ B9BFBB2@8

c%!>+#$ '4I9 5+%[\ '++5+#$ 7.&+=+·d−3
B9@AM=6C9ON@



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

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

 !

12

2
"3

4'5

"

6

#

7+0)%* 8&"-0 !93:;   !

$+ '*<(*' )+ "(* !=$&' "3 !=* !&)%* "3 !=* "&!="8"()/$>*'  

$%

!*(+"& 7+!)(')&' '*.$)!$"(+ $( 0)&*(!=*+*+:;

 !"# ?@%A"B C @ >  

 !

D"+$!$"(

4'E 9" F;GHF9E7I: F;JKLMJ7M: F;KGMFG7M: F;FFLFI7M:

4'M M# F F F;K9GML7M: F;FFLGF7I:

5E M$ M1I E1I F;LKGH7K: F;FFGL7G:

5M M$ M1I E1I F;I9KI7G: F;FFGM7G:

5I 9" F;IMLI7M: F;EKMM7G: F;LIEH7I: F;FFGK7G:

5G 9" F;EKEG7G: F;HMML7G: F;HGKG7I: F;FFGM7G:

6E M$ M1I E1I F;K9EM7I: F;FFJH7I:

6M 9" F;IMHJ7M: F;FHJJ7M: F;KILH7M: F;FFKI7M:

6I 9" F;EHG97M: F;FFIG7M: F;HMHG7M: F;FFK97M:

6G 9" F;GJML7M: F;MFGH7M: F;HIFL7M: F;FFKE7M:

6K 9" F;MJIG7M: F;MJH97M: F;LEJH7M: F;FFKK7M:

69 9" F;IF9J7M: F;HEF97M: F;LJGM7M: F;FFGE7M:

 !"#$ %&'%(  ($+"!&"0$% '$+0/)%*#*(! 0)&)#*!*&+ "3 4'5

"

6

#

7+!)(')&' '*.$)!$"(+ $( 0)&*(!=*N

+*+:;

 !"#  11  22  33  23  13  12

4'E F;FFHIH7K: F;FFJMI7G: F;FF9EI7G: NF;FFF9I7I: F;FFFFI7J: F;FF9IJ7G:

4'M F;FFLJL7G: F;FFLJL7G: F;FF9M979: F;FFF F;FFF F;FFIJJ7M:

5E F;FFIH79: F;FFIH79: F;FF97M: F;FFF F;FFF F;FFEJ7I:

5M F;FFII79: F;FFII79: F;FF9E7J: F;FFF F;FFF F;FFEL7I:

5I F;FFMK79: F;FF97M: F;FFKI7L: F;FFF979: NF;FFFL7G: F;FFME79:

5G F;FFIL7J: F;FFG97J: F;FFGF79: F;FFEM79: F;FFFL79: F;FFEJ7H:

6E F;FEMH7G: F;FEMH7G: F;FFIL7L: F;FFF F;FFF F;FF9G7M:

6M F;FFLL7G: F;FFKL7G: F;FFGM7G: F;FFFM7G: F;FFFE7G: F;FFGK7I:

6I F;FFGE7G: F;FFGM7G: F;FFH97G: F;FFEK7K: F;FFML7G: F;FFMM7G:

6G F;FFM97G: F;FFKJ7G: F;FFK97G: F;FFFH7G: NF;FFFL7G: F;FFEE7G:

6K F;FFKL7K: F;FFK97K: F;FF9E7G: F;FFFL7G: F;FFMM7G: F;FFIK7G:

69 F;FFGE7K: F;FFIG79: F;FFKE7K: F;FFEL7I: F;FFEG7I: F;FFME7G:

 !"!#!$ %&'()*+ ,)&-.)-&/ 0/(.&12)134

"#$

 

%

!

&'()*)+) ', &'-(.-/)01-*(2 $%

!

/+.+-10.#-13 4*(5.# +' 416.-)3 70*&0 1-.

*(+.-&'((.&+.# +' 1 +0-../#*8.()*'(14 (.+7'-59 :0. 416.-) );-.1# '<+ ;.-;.(#*&/

<41-46 +' =>>?@ 1(# &'()*)+ ', AB.&0).-C -*(2) D1 -*(2 7*+0 )*E +.+-10.#-14 &.(+-.)F

=G @ DH*2<-. I9IJ 4.,+F9 :0.). -*(2) )0'7 +7' +6;.) ', +';'4'2*.) 7*+0 -.);.&+ +'

+0. '-*.(+1+*'( ', +0. &'(+1*(*(2 +.+-10.#-1 DK L <;3 M L #'7(FN '(. ,'<-+0

', +0. -*(2) -.O.14) 1( KMKMKM +';'4'263 1(# +0. -.81*(*(2 -*(2) 1#';+ 1(

KKKMMM +';'4'269 H*2<-. I9IJ -*20+ 2*O.) 1 O*.7 ', +0. +7' 1--1(2.8.(+) *(/

)*#. ', 1 416.-9 :0. 416.-) 1-. *(+.-&'((.&+.#  !" +0. 1+'8) %? 1(# %P3 Q<*4#*(2

,<-+0.- $

"

%

"

/CB.&0).-C3 1) 7.44 1) $

!

%

!

/CR*.-.-C/-*(2)9



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

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

 

/

!

01%2 & 31*0 &'+45 677189 :*- $;2*"*$ "*;"*$*4%

!-<&%+=$> ?'(* $;2*"*$ /<&%+=$@ ?'(* ;+'#2*-"& $2+0 ./

!

<5"+(;$9 -!"., /4* '&#*" +, !-.

 

/

!

)+4$1$%$ +, %0+ -1A*"*4% %#;*$ +, BC*)2$*"D "145$ 6EF8 G%+;+'+5# HHHIII> HIHIHIJ9 .'(*

$;2*"*$ "*;"*$*4% /<&%+=$9 .'(* ./

!

<;+'#2*-"& ,&)* -+040&"-$ GIJ> #*''+0 ;+'#2*-"& ,&)*

(;0&"-$ GHJ G31*0 &'+45 67718J9

"#$%&' ()( *+,-* .+' /,00'/.#,0 ,1 .+' 2,&3.' 435'&*6 -+'&'3* 3783/'0. 435'&*

3&' 93&:'7 #0 24%' 307 ,&30$' 1,& 2'..'& 7'9,0*.&3.#,0) ;+' 435'&* 3&' '<%#=34'0.

307 /30 2' .&30*1,&9'7 #0., ,0' 30,.+'& 25 3 &,.3.#,0 ,1 >? 34,0$ @??AB 307 3

.&30*43.#,0 ,1 @??

1
2
B)

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

 

/

!

01%2 & 31*0 &'+45 6K7789 L-M&)*4% '&#*"$ &"*

$2+04 14 -1A*"*4% )+'+("$9 :*- $;2*"*$ "*;"*<

$*4% !-<&%+=$> ?'(* $;2*"*$ /<&%+=$9

C7A #* *%&&,%07'7 25 *#D ,D5$'0 3.,9* #0 .+' &30$' ,1 EA!FEGG H9 -#.+ 30

3='&3$' =34%' ,1 EEI)( H9 J"#$%&' ()K? 4'1.L) ;+#* =34%' #* *9344'& .+30 .+' 3='&3$'

C7FM 7#*.30/' ,1 EIA) H9 #0 C7

 

N

 

M

!

@EE!B ,& EIE) H9 #0 C7

"

JNM

"

L

 

@I?KB6 -+#/+

2,.+ 'D+#2#. /379#%9 #0 3 *#DO1,47 /,,&7#03.#,0 3* -'44) P,-'='&6 C7E H,**'**'*

AE J QIL 0'D.O0'3& 0'#$+2,&* -#.+ C7FM 7#*.30/'* 1&,9 EI(FE!K H9 -#.+ 3 9'30

7#*.30/' ,1 EKG)( H9 J"#$%&' ()K? &#$+.L) R* 13& 3* -' :0,-6 0, /379#%9 2,&3.'

-#.+ 3 /,9H3&3245 +#$+ /,,&7#03.#,0O*H+'&' 3. 3 C7

 #

O#,0 -3* 7'*/&#2'7 %H .,

0,-) S#.+#0 .+' NM

$

O0'.-,&:6 .+' NFM 4'0$.+* &'3/+ 1&,9 AI ., AK? H9 -#.+ 3



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

!"#$ %#&'" () *+,-. /!0 12342 4(55"6/($76 8( 82" 9$(1$ #%"5#:" %#&'" () *+,-; /!

)(5 <=> 7368#$4"6 3$ <>

 

?8"85#2"75# @A.A0 A..B- C2" >=<=> D($7 #$:&"6 5#$:"

)5(! *E,-+FAG 8( **A-HFAG 1382 # !"#$ %#&'" () *E -I -

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

 

0

!

1

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

 

0

!

6()&4+ 7"!8)  93: 4&;48;&'+# <$'* '*+ ($%7;+

4"=('&; ;&''$4+ )&"&3+'+"( 6('&%#&"# #+>$&'$!%( $% )&"+%'*+(+(:1

 #-?0@& .-A1B6.:  #.?0C& C× .C@1-6.:

 #-?0. .-D1.6.:  #.?0CE C× .@B1-6.:

 #-?0F ..-1F6.:  #.?0. C× .9-1C6.:

 #-?09& .CG196.:  #.?0F C× .D@1D6.:

 #-?09E .9F1F6.: H I .FA1C

 #-?0@E .A91B6.:

H I ..C1@

/-?0- -CD1A6@: /.?0- -@G1@6C:

/-?0@ C× -@D196.: /.?09 C× -@B1F6.:

H I -@91- H I -@A1.

/C?0C -@91F6C: /@?0C -@D1G6C:

/C?0F -@A1.6@: /@?09 -@D1G6C:

/C?0@ -@A1A6C: /@?0. -@D1.6C:

/C?0. -@B1B6C: /@?0F -@D1A6C:

H I -@A1D H I -@D1.



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

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

 

1

!

)%+)2+%"#/ 3("4 "4# ,(!*+# )$5,"%+ +%""()# 6%$%'#"#$,

7,"%!/%$/ /#8(%"(&!, (! 6%$#!"4#,#,9:

1;<0=<1; =>?:;7@9 1A<0@<1A =>B:>7@9

1;<0=<1; =>?:;7@9 1A<0@<1A =>B:>7@9

1;<0=<1; =>?:;7@9 1A<0@<1A =>B:>7@9

1=<0=<1; ===:C7@9 1=<0@<1A =>B:B7@9

1=<0=<1; ===:C7@9 1=<0@<1A =>B:B7@9

1=<0=<1; ===:C7@9 1=<0@<1A =>B:B7@9

D E =>B:C D E =>B:C

1F<0F<1@ =>C:?7@9 1@<0;<1C =>A:>7@9

1C<0F<1@ =>G:F7@9 1F<0;<1@ =>G:@7@9

1F<0F<1; =>B:F7@9 1A<0;<1C =>G:A7@9

1F<0F<1C ==>:G7@9 1F<0;<1C =>B:;7@9

1C<0F<1; ==>:B7@9 1F<0;<1A ===:?7@9

1;<0F<1@ ===:G7@9 1A<0;<1@ ==@:G7@9

D E =>B:C D E =>B:C

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

 

/

!

0% )1*%$12 '$13&$- &* &#$ %&'()&('$4&25$ *+ &#$ )*64

5*(7-% .383

 

/

!

9:!;<= >?1@0/

!

9:!A<= >8$?1/

!

9:!B= :!C<= >,*D/

!

9: !<=

,3D

 

E

!

9:  <= 37- @'D

 

E

!

9: F<G .*&# %&'()&('$ &25$% )*7%0%& *+ 132$'% *+ &$&'34

#$-'3= +*'607H I@$)#%$'J '07H% 9:C< K0&# 37 0-$7&0)31 *'0$7&3&0*7 *+ &#$ &$&'3#$-'3G

LM)$5& ,-.

 

/

!

= 311 *&#$' )*65*(7-% +*'6 3 %(5$'%&'()&('$= K#0)# 6$37% &#3&

,-.

 

/

!

0% &#$ N'%& '$5'$%$7&3&0O$= %#*K07H 3 &#'$$+*1- %6311$' P3%0) )$11G "3P1$

QG:A 10%&% &#$ 13&&0)$ 53'36$&$'% *+ ,-.

 

/

!

07 )*653'0%*7 &* &#$ '$13&$- )*64

5*(7-%G "#$ %(5$'%&'()&('$ )37 P$ *P&307$- +'*6 &#$ P3%0) %&'()&('$ P2 &#$

 !"#$ %&'*) H%""()# 6%$%'#"#$, &I ./0

 

1

!

%!/ $#+%"#/ ,"$2)"2$#,J %++ (! ,6%)# *$&26  A3:

%-6' )-6' K-!'

3

./0

 

1

!

GGC:@7@9 ?=A:?@7G9 >:;GA7=9

0%L%

 

1

!

=GA;:>F7?9 GAG:>=7@9 @:A==B7@9

MN+O(1

!

=G==:==7G9 G;A:=B7;9 @:;>F?7@9

ML#N+1

!

=G;=:F7=9 GCB:>7=9 @:C@@@7@9

M.&P1

!

=G@>:A7=9 GC=:FC7G9 @:;;FG7@9

.%P

 

Q

!

=AG;:AA7;9 ?GC:C7@9 =:BF>?7=9

O$P

 

Q

!

=?=>:@B7G9 G=>:F=G7C9 @:>C@?>7@9

+*11*K07H 13&&0)$ &'37%+*'63&0*7R 3

"#$%&

S F3

'(")*

T P

'(")*

U P

"#$%&

S 43

'(")*

T P

'(")*

U

)

"#$%&

S )

'(")*

G "#0% )*''$%5*7-% &* 37 0%*6*'5#0) &'37%0&0*7 *+ 07-$M :G V0H('$

QGW %#*K% &#$ )'2%&31 %&'()&('$ *+ @'D

 

E

!

XO0$K 31*7H 9!! <Y K0&# &#$ 5*%0&0*7 *+

&#$ 3))*'-07H %(P)$11 *+ ,-.

 

/

!

-'3K7 07 &#0)Z P13)Z 107$%G



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

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

!#"& '(  ")

 

*

!

+,-./

01!2 3 41&0 35'67

+88-/9 )'5:2&;"3

"&<"&=&6! )*

!

%

!&!"32&;"3> 021!&

=<2&"&= =2'0  "

 "

1'6=9 ?2& 3$$'";167

@3=1$ #61! $&55 '(

A;B

 

C

!

1= ;"306 16

!21$D @53$D 516&=9

"# $%&

 

'

!

() *+, -./0 0123%0-%14-1%3 /0 451036 78 59:/6/#; :#3 &<'<&=5#;>3 :?

 @! 5- #/-%:;3# 5-:A ' B C033 D/;1%3 EFB*GF H.3 /0:-82/4 4:A2:1#60 I5J5

 

K

!

()!L+, MN>$/K

!

()!O+, MJ3N>K

!

()!@, )!P+, MQ:&K

!

() !+, 5#6 Q5&

 

'

!

()  + 6:

#:- 0.:R -.3 >/#35% 5%%5#;3A3#- 5- -.3 4:%%302:#6/#; 2:0/-/:# 50 R3>>F I8 4:#=

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

 

*

!

+,-./ 01!2 3 41&0 35'67 +-.8/9 )'5:2&;"3 "&<"&=&6! )*

!

%

!&!"32&;"3> 021!& =<2&"&= =2'0  "

 "

1'6=9 C"367& =<2&"&= "&<"&=&6! 61!"'7&6%3!'E= *-F9

-%50-, -.3 500:4/5-36 I<K<I=5#;>3 /# Q6I

 

K

!

56:2-0 5 95>13 :?  @! 5- :S8;3# K 

:# -.3%A5> 593%5;3 CD/;1%3 EFB)GF D%:A :1% T#:R>36;3, -./0 /0 -.3 U%0- 3S5A2>3 :? 5

>/#35%

I<K<I 5%%5#;3A3#- /# -.3 0-%14-1%5> 4.3A/0-%8 :? 7:%5-30F H.3%3 3S/0-0 5 A:>34=

1>5% 4:A2:1#6, 6/9/#8>7:%/#/4 5#.86%/63 (CQV

 

−−QVG
 

I+

 

K, /# R./4. -.3 9/7%5=

-/:#5> 65-5 /#6/45-3 -.5- -.3 A:>341>3 2:0030030 C1 08AA3-%8 5#6 5 >/#35% I<K<I

5#;>3 () )+F "# 5 -.3:%3-/45> R:%T, J3/0/#;3%  ! "#$ /#930-/;5-36 -.3 2:-3#-/5> 3#=

3%;8 41%930 ?:% A:>341>30, 4:#-5/#/#; 5 I<K<I ;%:12 () E+F H.303 %301>-0 0.:R36

-.5- 5 >/#35% 5%%5#;3A3#- /0 3#3%;3-/45>>8 1#?59:1%57>3F "# :-.3% 0:>/60, 4:A25=

%57>3 >/#35% 5%%5#;3A3#-0 R/-. 6/W3%3#- 5-:A0 4:1>6 73 ?:1#6 /# 0/>/45-30 50 X1#8/-3



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

#$

 !

%&

"

'

 #

(')*+,

 "

'

$

-$ ./ 01* 2345267&2&27 %8

%

%&

%

'

&

./ 91* 45 (#:%&'

$

, ·#:
 '

%&

$

'

 !

./ ;1 <=> &= 237 =&25&>4?&$&8<27 @<

%

A>

&

%&

  

A

%!

./ B1C D&7E<F 7G<H&=7> 237 &=IF7=87

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

 

+

!

0

.%$1" 1!)2 345 )2#%($6 7%'8$8!6!)9 #66!7:'!.:;

4J 2375H<$ 6&E5<2&4=? 4= 237

%&K'K%& E4=>L<=:$7? ./M1 N&23

237 J4$$4N&=: 4E?756<2&4=O 237

?254=:75 237 >&?P$<87H7=2 <2

237 E5&>:&=: <24H* 237 ?H<$$75

237 >76&<2&4= J54H $&=7<5&2Q

./M* / M1C +F52375 <=<$Q?&? 4J

237 2375H<$ >&?P$<87H7=2 P<L

5<H7275? <2 237 E5&>:&=: <24H

?34N7> 23<2 237 4?8&$$<2&4= <HL

P$&2F>7* P75P7=>&8F$<5 24 237

%&K%&L678245* &? 84=?&>75<E$Q

$<5:75C +&:F57 RC0/ :&67? < 6&7N 4J 237 $&=7<5 @K'K@ <55<=:7H7=2 &= ->@

%

'

$

*

>5<N= N&23 M!S 2375H<$ P54E<E&$&2Q 7$$&P?4&>?C T2 <$?4 ?34N? 23<2 237 2375H<$

>&?P$<87H7=2 P<5<H7275 <2 4GQ:7= ' 3<? 237 $<5:7?2 6<$F7 P75P7=>&8F$<5 24 237

@K@L678245* N3&83 84557?P4=>? 24 D&7E<FU? 4E?756<2&4=?C V37 7G&?27=87 4J 237

E<?&8 87$$ &= ->@

%

'

$

&? 84=W5H7> EQ 7$78254= >&X5<82&4=C

 !"!#! $%&'()*+ ,-.)/'(-*+ $01&)-2&+(3

+&:F57 RC0R ?34N? 237 7$78254= >&X5<82&4= P<2275=? (<$4=: Y4=7 <G&? .!! 1, 4J

->@

%

'

$

($7J2, &= 84HP<5&?4= 24 23<2 4J %5Z

%

A

$

(5&:32,C V37 578&P548<$ F=&2 87$$? 4J

E423 P3<?7? <57 ?34N= &= ?4$&> $&=7?C V37 ><?37> $&=7 &= 237 5&:32 P<2275= (%5Z

%

A

$

,

>7?&:=<27? 237 E<?&8 87$$C T= 84=25<?2 24 237 P<2275= 4J ->@

%

'

$

* N3757 =4 <>>&L

2&4=<$ 57I782&4=? 8<= E7 J4F=>* 237 P<2275= 4J %5Z

%

A

$

8$7<5$Q 7G3&E&2? 237 ?FP7587$$

57I782&4=?C



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

 !"#$% &'(&)  !"#$%&' ()*%+#$)&' ,+$$"%'- ./&'" +0)- 122345 &6 7(8

 

9

!

.!"6$5 +'( :%;

 

<

!

.%)=>$5

1?3@4A B>" %"#),%&#+! C')$ #"!!- +%" (%+D' )' E!+#F -&!)( !)'"-A G' (+->"( !)'"- .%)=>$ ,)#$C%"5 $>"

E+-)# C')$ #"!! )- (%+D'A

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

#$%&$'()*'$+&',-'(%%$. /+'(0 &,1.$' .23'(4)2,5 $6&$'2%$5)7 1$'$ &$'8,'%$.

,5 (  !"# 9#:;< = &,1.$' .23'(4),%$)$' >?,@α1 '(.2()2,5A λ B C D!C" &%E

12)F ( 4,%&*)$' 4,5)',GG$.  !"# 8*'5(4$ 25 ,'.$' ), 7)*.0 )F$ )F$'%(G 7)(H2G2)0

(5. )F$ %$)(7)(HG$ 4F('(4)$' ,8 I.J

 

K

!

D #F$ 7(%&G$ 1(7 $54G,7$. 25 ( 72G24(

4(&2GG('0 (5. F$()$. 8',% ',,% )$%&$'()*'$ ), L!!  I 25  !!  I 7)$&7A (5. 8',%

L!!  I ),   !!  I 25 L!  I 7)$&7D :8)$'1('.7A )F$ 7(%&G$ 1(7 4,,G$. .,15 ),

L!!  I 25 L!  I 7)$&7A (5. 8',% L!!  I ), ',,% )$%&$'()*'$ 25  !!  I 7)$&7D

:8)$' $(4F F$()25- 7)$&A ( .23'(4)2,5 &())$'5 1(7 '$4,'.$. ,M$' )F$ (5-*G(' '(5-$

N O Pθ O  Q D

#F$ )$%&$'()*'$+&',-'(%%$. /+'(0 &,1.$' .23'(4)2,5 &())$'57 >R2-*'$ SDLLE

7F,1 )F() )F$ 4,%&,*5. '$%(257 7)(HG$ *& ), ( )$%&$'()*'$ ,8 Q!!  ID J$)1$$5

Q!! (5. QL!  IA .$4,%&,72)2,5 ,44*'7 25), )F$ 5,'%(G+&'$77*'$ H,'()$7 I.

 

J

 

K

"

(5. I.J

!

K

#

A (5. (H,M$ NL!  I ,5G0 (5 (%,'&F,*7 &F(7$ 4(5 H$ .$)$4)$.A 1F24F

'$%(257 .*'25- (5. (8)$' 4,,G25- ), ',,% )$%&$'()*'$D



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

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

 

0

!

1

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

#$ %&'%('&)$* +,-*./&'$-%$ 0(10 2,3 4*5

 

 

!

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

0Σ 1 23456 3478 9()  !"#$% 0Σ!1 234:8 ;'(;%<#. 0=9&+% 5>?@1> =$% A'/B9+ "'(";

;$9/,%. 'A #$% 9#'B.6 9. ;9+;C+9#%) A/'B #$% /%.C+#. 'A #$% D*/9E .#/C;#C/% 9(9+E.".6

!%/% "( 9,/%%B%(# !"#$"( #$% +"B"#. 'A &'#$ ;'(;%<#.>

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

 

/

!

0"10+1")%& 2')! )!% *,-&31%-$)!4*,-&3()#%-$)!

0,-0%5) 6Σ 7 "-& )!%  !"#$% 0,-0%5) 6Σ!78

 &9  &: .9 .: .; .<

Σ =98>< =:8:9 =;89? =;8@? =;8@@ =:8>?

Σ! =:8@@ =98>? =;8@< =;89A =:8>A =:8>>

/9 /: /; /< /A /?

Σ 398BC 3:8@C 3:8@; 3:8@? 3:8@@ 398>;

Σ! 398>? 3:89@ 3:8@: 398>B 3:8@< 398BB

F))"#"'(9++E6 !% ;9+;C+9#%) #$%&"'() G9+C%. 0H9)%+C(, I9/# 'A J9##";% K(%/,E1

2343L34?8 A'/ M)N

 

 

!

"( '/)%/ #' ;'B<9/% #$% /%.C+#. !"#$ &"'() G9+C%. 'A #$%

&"(9/E ;'B<'(%(#. M) 9() #$% $",$*</%..C/% B')"O;9#"'( N

 

 

"

*PP 2@Q8> =$% ;9+*

;C+9#%) G9+C% 0Q4Q@Q RS·B'+−1
1 A'/ M)N

 

 

!

9() #$% &"'() G9+C% '&#9"(%) A/'B

#$% .CB 'A #$% &"(9/E 'T")%. 0Q4U:5 RS·B'+−1
1 #9++E !%++ 0)%G"9#"'(V U>@ W1>



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

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

 

'

!!

-

!"

-. / 0 1&2 3(4

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

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

 

0

!!

1

!"

12 3+ 4 5%6 789 '%,% +,%+/,%: .&:%,

$()$*+,%--.,%;$()$*<%=+%,/<.,% >8&:(<(8&- 8? @A" BC/ /&:   !!  7 35%9; DD!  7

3789 />>8,:(&) <8 EF./<(8& GAHA #$% 8,()(& 8? $I:,8)%& (& <$% >8=+8.&:

+

 

0

!!

1

!"

12 3+ 4 5%6 789 >/& J% ?8.&: (& <$% +/,<(/KKI $I:,8KI-(- 8? <$% -</,<(&)

=/<%,(/K 0

#

1

 

A #8 -(=+K(?I <$% ,%/><(8& <$% ?8KK8'(&) %F./<(8& '/- ',(<<%& '(<$

2

#

1 (&-<%/: 8? <$% $I:,8KI-(- +,8:.>< 03129

 

A

3+2O3 + 11 B2O3 + H2O
$%& '()

−−−−−−−−−→
!!**

◦
+,--*

◦
+

2+3B11O19OH +  A5 O2 3GAH9

L</,<(&) =/<%,(/K- '%,% <$% J(&/,I 8M(:%- +

#

1

 

3+ 4 5%N L()=/*OK:,(>$ 7$%=(%

B=J$6 P.&(>$6 B%,=/&I6 HHAHQ6 78N P%,>R SB/O6 T/,=-</:<6 B%,=/&I6  !"!9

/&: 0

#

1

 

3L<,%= 7$%=(>/K-6 U%'J.,I+8,<6 VLO6 HHAHQ9A #$% -<8(>$(8=%<,(> =(M*

<.,%- '%,% ),8.&: .+ /&: WKK%: (&<8 J8,8& &(<,(:% >,.>(JK%- 32%&X% 0UC B=J26

2%08L(&<

r
L !6 S%=+<%&6 B%,=/&I9A #$% >,.>(JK%- '%,% +K/>%: (&-(:% 8?  D;  *

/--%=JK(%-A #$% /--%=JK(%- '%,% >8=+,%--%: <8 @A" BC/ :.,(&) Y $6 <$%& $%/<%: <8

  !! 35%9 /&: DD!  7 3789 (&  ! =(& /&: R%+< <$%,% ?8, " 35%9 /&:  Y =(& 37896 ,%*

-+%><(Z%KIA O?<%,'/,:-6 <$% -/=+K%- '%,% >88K%: :8'& <8 @"! 35%9 /&: DD!  7 3789

(&  " =(& /&: <$%& F.%&>$%: <8 ,88= <%=+%,/<.,% JI -'(<>$(&) 8[ <$% $%/<(&)A

O?<%, / :%>8=+,%--(8& +%,(8: 8? H $6 <$% ,%>8Z%,%: %M+%,(=%&</K P)1*8></$%:,/

'%,% >,/>R%: /&: <$% -/=+K%- >/,%?.KKI -%+/,/<%: ?,8= <$% -.,,8.&:(&) >,.>(JK%A

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

 

)

!!

*

!"

*+

,-.'&/$0 1.$2 3!"#$%&# '( β4 ')
#

*

$

,!/506

5%

 

0

!!

1

!"

12 '/- 8J</(&%: /- >8K8.,*

K%--6 78

 

0

!!

1

!"

12 /- Z(8K%< >,I-</K- 3-%%

5().,% GA"\9A T.,(&) <$% -I&<$%-(- 8?

5%

 

0

!!

1

!"

12 -%Z%,/K 8<$%, +$/-%- -.>$ /-

<$% &8,=/K*+,%--.,% (,8& 8M(:% J8,/<% Z8&*

-%&(<% 5%

#

5%301

 

91

#

8, / >.J(> (,8& J8,/<%

]5%

 

0

$

1

!#

U^ 3/ 4  ___AG +=6 -%% -%><(8&

GA AH9 8>>.,%:A 5%

 

0

!!

1

!"

12 >8.K: &8< J%

-I&<$%-(X%: /- / +.,% -/=+K% .&<(K &8'A `&

<$% >/-% 8? 78

 

0

!!

1

!"

12 $()$%, <%=+%,/*

<.,%- K%: <8 / &%' +$/-% '(<$ <$% >8=+8-(*

<(8& β*780
.

1

$

3-%% 5().,% GA"\ /&: -%><(8&

GA AG9 a_\ bA V-(&) K8'%, <%=+%,/<.,%-6 <$% <,()8&/K +$/-% ]78

 

0

-

1

! 

3129

.

^ '/-

-I&<$%-(X%: 3-%% -%><(8& GA A !9A



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

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

#$% &'()%* )+,*-./+'0 &-//%*01 '2 -

 

3

!!

4

!"

45 6- 7 8%9 :'; (%*% '</-+0%) +0

/*-01=+11+'0 >%'=%/*? 2*'= @-/ 1-=&A%1 B1+0> -  !"# C/-)+ D &'()%* )+,*-.E

/'=%/%* (+/$ ='0'.$*'=-/+F%) G'Hα1 *-)+-/+'0 6λ 7 I J!IK &=;J #$% )+,*-.E

/+'0 &-//%*01 .'BA) 0'/ <% +0)%L%) <%.-B1% /$% 1-=&A%1 (%*% =+L/B*%1 '2 )+,%*%0/

&$-1%19 /$-/ .'BA) 0'/ <% 1%&-*-/%)J 8+>B*%1 MJNI -0) MJNO 1$'( /$% %L&%*+E

=%0/-A 6/'&; -0) /$% 1+=BA-/%) &'()%* )+->*-= 6<'//'=; '2 8%

 

3

!!

4

!"

45 -0)

:'

 

3

!!

4

!"

459 *%1&%./+P%A?J 8%

 

3

!!

4

!"

45 +1 +=&B*+Q%) <? P'01%0+/% 8%

 

634

 

;4

#

J

#$% .'**%1&'0)+0> *%@%./+'01 -*% =-*R%) +0 *%) +0 8+>B*% MJNI9 <'//'=J S0 /$%

.-1% '2 :'

 

3

!!

4

!"

45 /$% /*+>'0-A &$-1% T:'

 

3

$

4

! 

645;

%

U .-0 <% 2'B0) +0 /$%

)+,*-./+'0 &-//%*0 -1 - <?E&*')B./J

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

*"((!%,# )6 7!

 

8

!!

9

!"

9:; <!=!1(-),# )6 >),#!,-(! 7!

 

'89

 

+9

#

"%! ?-0?/-0?(!& -, %!& '3)(().+;

C=-AA 1+0>A% .*?1/-A1 '2 /$% +1'/?&+. &$-1%1 -

 

3

!!

4

!"

45 6- 7 8%9 :'; (%*%

+1'A-/%) <? =%.$-0+.-A 2*->=%0/-/+'0 -0) %L-=+0%) /$*'B>$ - 3B%*>%* .-=%*-9

%VB+&&%) (+/$ -0 +=->% &A-/% 1?1/%= 68BW+QA= 3XCEYN!!; +0 '*)%* /' .$%.R 1B+/E

-<+A+/? 2'* -0 +0/%01+/? )-/- .'AA%./+'0J #$% 1+0>A% .*?1/-A +0/%01+/? )-/- (%*%

.'AA%./%) -/ *''= /%=&%*-/B*% B1+0> -0 Z0*-2E['0+B1 H-&&- ::\ )+,*-./'=%E

/%* (+/$ G'Hα 6λ 7 I J!IK &=9 >*-)%) =BA/+A-?%* LE*-? '&/+.1; *-)+-/+'0J X

=BA/+E1.-0 -<1'*&/+'0 .'**%./+'0 6 $%&#'%$( ] KK^; (-1 -&&A+%) /' /$% +0/%01+/?

)-/-J X..'*)+0> /' /$% 1?1/%=-/+. %L/+0./+'0  !! (+/$  "! 6= Y#9 /$% '*/$'*$'=E

<+. 1&-.% >*'B&1 $%#Y1 6['J K ; -0) $%#% 6['J N_; (%*% )%*+P%)J #$% 0'0E

.%0/*'1?==%/*+. 1&-.% >*'B& $%#Y1 6['J K ; .'BA) <% -11+>0%) )B*+0> /$% *%Q0%E

=%0/J #$% )**+,- *'B/+0% '2 /$% &*'>*-= .&%!"/ ] K_^ -0) - P+'A-/+'0 '2 /$%



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

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

*"((!%,# )6 7)

 

8

!!

9

!"

9: 4;-1; -# -.*$%-<!& 4-(; (;! (%-0),"/ *;"#! =7)

 

8

#

9

! 

'9:+

$

>?

#$#%&'(%)* &+%),*%)-,# .-/ ! ! 0)%1 ! 6= 2" (,3 ! ! 0)%1  6= 2" 4$ 0&(5 /&6&*%)-,#7

0-893 9&(3 %- %1& #:(*& ;/-8: #$"% <≡ #"%&7 =-> ?2@> A-0&B&/ ( *9-#& &+('),(C

%)-, -. %1& #%/8*%8/& -. +

 

D

!!

E

!"

EA <+ F G&7 H-@ 3)#:/-B&3 %1& *&,%/-#$''&%/$

38& %- %1& (%-'# E2I7 E2J7 (,3 D  > K1&/&0)%1 ,-,C*&,%/-#$''&%/)* #:(*& ;/-8:

#%"21 <=-> L @ 0(# 8#&3 %- 3&#*/)4& %1& #%/8*%8/&> G);8/& I>JM <#&& :(;&   L@

*9(/)N&# %1& ,-,C*&,%/-#$''&%/$ -. %1& */$#%(9 #%/8*%8/&7 01)*1 )# 3&#*/)4&3 9(%&/>

O%/8*%8/& #-98%)-, (,3 :(/('&%&/ /&N,&'&,% 0&/& #8**&##.899$ :&/.-/'&3 8#),;

%1&  !"#$CM" #-.%0(/& #8)%& P LJ7  L?Q> K1& 9&,;%1 -. %1& -+$;&,C1$3/-;&, 4-,3

0(# /&#%/(),&3 %- MR>2 :' ), (**-/3(,*& %- %1& 4-,3C9&,;%1 4&%0&&, -+$;&, (,3

1$3/-;&, ), 4-/(+ <MR>2<L@ :'@ PL2!Q> S, K(49& I>LM %1& /&9&B(,% 3&%()9# -. %1&

3(%( *-99&*%)-, (,3 &B(98(%)-, (/& 9)#%&3> K1& :-#)%)-,(9 :(/('&%&/# -. %1& /&N,&C

'&,%#7 (,)#-%/-:)* 3)#:9(*&'&,% :(/('&%&/#7 (,3 ),%&/(%-')* 3)#%(,*&# (/& 9)#%&3

), K(49&# I>I! T I>I">



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

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

 

0

!!

1

!"

12 3 4 5+6  .7 3#$%('%!'

'+89%$9.(# 9( :%!+($;+#+#7<

=-:9!9*%& 5.!-)&% 5+

 

0

!!

1

!"

12  .

 

0

!!

1

!"

12

>.&%! -%##?@·-.&−1
ABA<CA ADE<FB

 !"#$%& #"#$+- .!$;.!;.-G9*

H:%*+ @!.): !"#I1
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O%'9%$9.( >.Mα 3λ 4 FD<BFP :-7

H9(@&+ *!"#$%& '%$%

%?:- FFD<Q3I7 FFB<D3I7

G?:- RIP<C3I7 RDF<A3I7

*?:- DFAR<B3C7 DFCA<Q3C7

S.&)-+?(-

3
DDIP<F3C7 DBQQ<Q3C7

5.!-)&% )(9$# :+! *+&& T 4 C

U+-:+!%$)!+?M IQP3I7

 %&*)&%$+' '+(#9$"?@·*-−3
P<ERR P<FID

 !"#$%& #9V+?--

3
B<BA × B<BE × B<BP B<DC × B<DI × B<BR

WG#.!:$9.( *.+X*9+($?--

−1
P<QRC C<APR

5 3BBB7?+ DDFF DDRA

θ !%(@+? P<C Y PE<B P<C Y PF<R

O%(@+ 9( ;Z& ± DI6 ± DP6 ± IR ± DI6 KDP?[DC6 KPB?[IQ

U.$%& (.< !+\+*$9.(# DFBQR DERRE

]('+:+('+($ !+\+*$9.(# EICB 3Oint 4 B<BEDC7 ABBB 3Oint 4 B<BARR7

O+\+*$9.(# ^9$; ] _ Iσ3]7 CCER 3Oσ 4 B<BCCF7 EIEA 3Oσ 4 B<BFPI7

N%$%?:%!%-+$+!# EICB?PPE ABBB?PPE

WG#.!:$9.( *.!!+*$9.( -)&$9K#*%( 3 !"#$%"!& `DPPa7

b..'(+##K./K,$ 3$

2
7 D<BCQ D<BDP

59(%& O 9('9*+# 3] _ Iσ3]77 OD 4 B<BPEA OD 4 B<BCBD

^OI 4 B<BRRE ^OI 4 B<BRRE

O 9('9*+# 3%&& '%$%7 OD 4 B<BCFQ OD 4 B<BEDA

^OI 4 B<BQPB ^OI 4 B<BQEC

c%!@+#$ '9J< :+%Z6 '++:+#$ ;.&+?+·d−3
D<PPA?KB<RBC D<DFB?KD<BPQ
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4*F :$ F1: G<H:IJJ8K; G<HLG::8L; G<GFGM8:;

4*: :$ G G<GLLJH8K; G<IG:FH8L; G<GF:L8:;

4*H :$ G G<FN::J8K; G<:NMIN8L; G<GGKJ8:;

4*L :$ G G<IMJKF8K; G<FHGML8L; G<GGKK8:;

4*N :$ F1: G<IHHFF8J; G<LMGHG8L; G<GGJK8:;

4*M :$ G G<NNMF8:; G<HKJHM8L; G<GFL:8:;

5F L% G<FMLJ8N; G<:FG:8L; G<LFFF8:; G<GGNF8M;

5: L% G<H:K:8N; G<KI:8L; G<HLNJ8:; G<GGMH8M;

5H L% G<HHFI8M; G<HKJF8L; G<LKJI8:; G<GGNJ8I;

5L L% G<FM:K8N; G<KFNG8L; G<LMFL8:; G<GGNM8M;

5N L% G<FMJF8N; G<MLIH8L; G<NHJN8:; G<GGLN8I;

5M L% G<HHLJ8M; G<JN:M8L; G<GNIM8:; G<GGML8I;

5I L% G<HH:L8N; G<JKMM8L; G<NKNG8:; G<GGLJ8M;

5J L% G<FMI:8M; G<LKKG8L; G<:NFN8H; G<GGKI8I;

5K L% G<HHGM8N; G<:JIF8L; G<FJLH8:; G<GGM:8I;

5FG L% G<FM:L8N; G<LFH:8L; G<MHLN8:; G<GGNN8M;

5FF L% G<FMJH8M; G<IMJ:8M; G<:MKL8H; G<G:NL8K;

7 :$ F1: G<MLK8I; G<HGJ8:; G<G:H

6F L% G<HGLM8L; G<H:HJ8H; G<L:LK8:; G<GGIF8N;

6: L% G<FJJJ8L; G<F:L:8H; G<IIMM8:; G<GFFM8N;

6H L% G<FKNH8L; G<FIGG8H; G<FIGJ8:; G<GGMG8N;

6L :$ G G<L:GL8L; G<:LIL8:; G<GGJM8M;

6N :$ G G<IKHI8L; G<MJNM8:; G<GGMN8M;

6M :$ F1: G<GMHN8L; G<HHKL8:; G<GGKJ8I;

6I :$ G G<FGLI8L; G<NKFJ8:; G<GGNI8M;

6J L% G<HGMF8H; G<HJHJ8H; G<:NFJ8:; G<GGIG8L;

6K :$ G G<MGFL8L; G<NGJM8:; G<GGMI8M;

6FG L% G<HGJM8L; G<JJGK8H; G<LFFJ8:; G<GGJG8N;

6FF :$ F1: G<JNN:8L; G<NMLG8:; G<GGMJ8I;

6F: L% G<HGFN8H; G<NI::8H; G<LKLM8:; G<GGMN8L;

6FH :$ G G<:KMK8L; G<LGJ:8:; G<GGNI8M;

6FL L% G<FKHH8H; G<FFFM8H; G<HLHF8:; G<GGNN8L;

6FN L% G<FINH8L; G<MFMG8H; G<HFNG8:; G<GFGN8N;

6FM L% G<FKLF8L; G<M:MK8H; G<FJMF8:; G<GGKN8N;

6FI :$ G G<MLFG8L; G<GHGM8:; G<GGNM8M;

6FJ L% G<FKLN8L; G<K:IK8H; G<GKKH8:; G<GGMM8N;

6FK L% G<FMMJ8L; G<GKHF8H; G<LIJ:8:; G<GGNL8L;

6:G L% G<FKMJ8L; G<J:KG8H; G<NHKG8:; G<GGM:8N;

6:F L% G<FIIM8L; G<NKGN8H; G<MFJ:8:; G<GGMJ8N;

6:: L% G<FKHK8H; G<H:IK8H; G<NNIL8:; G<GGNM8N;

6:H :$ G G<JMNN8L; G<LHGN8:; G<GGMN8I;

6:L :$ G G<JLHF8N; G<:N:G8:; G<GFKN8I;

6:N :$ F1: G<NKF:8N; G<HNNF8:; G<GFKL8J;

6:M :$ G G<HMJJ8L; G<MMMH8:; G<GGNJ8M;
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4"G :$ G1: H<I:JKJ8L; H<IMGNH8I; H<HGHM8:;

4": :$ H H<HINJL8L; H<LHIJG8I; H<HGGI8:;

4"I :$ H H<GM:GN8L; H<:OJMK8I; H<HGHK8:;

4"M :$ H H<LLHKG8L; H<G:KLN8I; H<HHNN8:;

4"O :$ G1: H<LIMGN8L; H<MOKKH8I; H<HHN:K8N;

4"J :$ H H<OJGHH8K; H<INNIJ8I; H<HGOG8:;

5G M% H<GJOH8I; H<:GGO8M; H<MHNJ8:; H<HHK:8O;

5: M% H<I:L:8M; H<NL:K8M; H<IM:M8:; H<HHNL8O;

5I M% H<IIGN8I; H<INNL8M; H<MNNH8:; H<HHK:8O;

5M M% H<GJ:N8I; H<NGOM8M; H<MJHK8:; H<HHKK8M;

5O M% H<GJKI8M; H<JOHH8M; H<OING8:; H<HHKH8O;

5J M% H<IIOL8M; H<KOGI8M; H<HOLJ8:; H<HHKJ8O;

5L M% H<II:I8I; H<KNKN8M; H<ONOM8:; H<HHKK8O;

5K M% H<GJOH8I; H<MNMH8M; H<:OIJ8:; H<HGHN8O;

5N M% H<IIHL8M; H<:KO:8M; H<GKOK8:; H<HHKJ8O;

5GH M% H<GJGL8I; H<MGIL8M; H<JIMK8:; H<HHKJ8O;

5GG M% H<GJNO8M; H<LJH:8M; H<:JIL8:; H<HGJL8J;

7 :$ G1: H<J:M8L; H<IHL8:; H<HGJ

6G M% H<IHJI8:; H<I:IK8I; H<M:M:8:; H<HHNI8I;

6: M% H<GNII8:; H<G:MJ8I; H<LL:J8:; H<HGGI8I;

6I M% H<GNMN8:; H<GJJK8I; H<GL:I8:; H<HHNJ8M;

6M :$ H H<MGMH8I; H<:MLL8:; H<HHNG8O;

6O :$ H H<LNOH8M; H<JKOO8:; H<HHN:8O;

6J :$ G1: H<HJHI8M; H<IIMM8:; H<HGGM8O;

6L :$ H H<GHJG8M; H<ONII8:; H<HHKH8M;

6K M% H<IHJK8:; H<IKGL8I; H<:OMK8:; H<HHKM8I;

6N :$ H H<JHIL8M; H<OHNG8:; H<HHNI8O;

6GH M% H<IHKJ8:; H<KKHK8I; H<MGGM8:; H<HHNJ8I;

6GG :$ G1: H<KOOH8I; H<OJIJ8:; H<HHNH8O;

6G: M% H<IHGN8:; H<OLMI8I; H<MNIL8:; H<HHNJ8I;

6GI :$ H H<IHHJ8M; H<MHJI8:; H<HHN:8O;

6GM M% H<GNHN8:; H<GGHK8I; H<IMGK8:; H<HHKO8I;

6GO M% H<GL:K8:; H<JGLN8I; H<IGON8:; H<HGHJ8I;

6GJ M% H<GNIJ8:; H<JIH:8I; H<GKKJ8:; H<HGH:8M;

6GL :$ H H<JINO8I; H<HI:H8:; H<HHNH8O;

6GK M% H<GNIM8:; H<N:OJ8:; H<HNKK8:; H<HHKM8I;

6GN M% H<GJOM8:; H<HNIN8I; H<MLLK8:; H<HHKG8I;

6:H M% H<GNOO8:; H<KIH:8:; H<OINI8:; H<HHKH8I;

6:G M% H<GKHK8:; H<ONG:8:; H<JGNJ8:; H<HHKO8I;

6:: M% H<GNMO8:; H<IIHH8:; H<OOLM8:; H<HHKH8I;
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