
! " # $

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

%

!+

&%

"

'

,--.

(

#$

)

/012!+

!

'02"

%&'(

!

,--.

*+,-,./01-23456.

!

789:;<=

>?@

"

ABCDE;<FGHI/JKLM

!

NOPQR

S/TU

)#3*+

#

VWX/JYZ[\]456.!^_

,

`^

_56a236bc/d$ef

$

ghij

$

6klmn_

/op

!

qrstuv56wfxyz{WX

!

v|234

56.!/}~6�^_�-6������/��=W

X

!

61#��s�����������a��g�

!

6

1fxlM����/�_����/r�

%

� ¡7�¢

£¤�¥¦236

)#+

&

§� ¡7�¨h©ª.236

)-+

&

u

«/¡7��!¬236

)*+

#

­t�

#4-"

®0¯1°

!

±²��!

!

v01-234

56.³{�´µ/WX

!

¶·R

)"+

¸r/�-e¹º»¼

6½m¾1¿6!ÀÁÂ�Ã/}~6c

!

Ä�v}~6Å

ÃÆ�

$

ÇÃÆ�

$

ÈÉÆ�/rÊ

!

v01-236/fx

ËÌÍÎÏÐÑÒ

#

!

01-23456.l�-6#$ÓÔ

01-23456.7*+,-#±JK/ÕÖ.×

�

!

|456.\Ø=ÙÚÛÜ-ÝÞ@8ßà�áâk

ã

!

\Ûäåæ-#±/çÖ-èéêÞ"ëì

!

íwîÛ

Ø\ïðij

!

ÅKñ�´òó\

./5.0

!

óô

"$671$6

/

õGáö

!

,Û\

$

,Ø\/÷øáâ=½5ù!/ú¥û

$

1üû�ÞÆÞ�#ö<wl236bcý�þfÿ

"3#$

23

!

!�]

# $$$ 23

!

ñZÑáö"Ï#�$�

$

#�_$

þ%6</þ%456.

#

7>?@

"

ABCDE;<=8

9:;<�&Ø''vãHI/(ã)*

#

456.+q,

«'Þ-�''l!-�/6w.é

#

�-6/þ%6<

$

6c0a45^$rj]01-2

3456.!

!

íwîÛØ\.0ij

'

1

#

(#

�2�þ%³

3�4#º

!

501-236c6,78/45^$9Â

!

6_73úc6

$

3:;<c6

$

=!3úc6�>$}~

6

!

�>$>ð�?#º5@AB�.

!

CD��/6<

$

6

c9Â

!

6cÿ

"$$3- $$$ 3

#�

!

EÿF

! 23

!

!

-3*$

23

!

61G¦7H>}~6

!

+qIJK0þ%

)#+

!

�2=L

$6

$

M¾NO6

$

PQ6�à&RS6´kT9Â

#

�01

-�.=01-236c!/>$UV6

$

W!6lW36

Dþ%459Â

!

701-236JKefqr

)#

!

4+

#

�}~6X�/#ö!

!

#8"

®0Y

"

°±²#$���

�01-Ø@AB�.Z[6½ö!\]

5678'97'6: ;6'7<=

>?6@<

$

A<;&'?'7B897'6: AC?;<: >?6@<

�

!-

 ÇÞ^d�1

!

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

123456

!"# $ %

!

!"#$%&'(

D

!" )*

1!$$$$

"

78

!

01-^_�-6701-236/JKef_Æ×�

!

«Tùðf/þ%`ë�(��r�

D

xabc{v

|236/_$

$

ðf�d�ef/àéWX

!

­t�ghv01-�./^_�-6#$ÓÔyz{��/i

j

!

�kÖ·RWX��/^l¹

!

m3#��s

'

ÅÃ

$

ÇÃlÈÉÆ�

(

l

E35.F

���rÊ�vùþ%noy

z{Z pºkkÖ/qá�rÊ

!

rÁ01-236ùðf]�!¬`ë

!

$�Á7s1üt

#

9 : ;

!

}~6

&

#��s

&

þ%`ë

&

*+01-

-<5=>

!

A"GG(#-

?@ABC

!

H

-<5=>

!

#$$$,!4"1

'

-$$4

(

$",#$!$,$G

uvw'

%

-$$",$",#I

&

xyw'

%

-$$",#$,-"

^z{|

%

!"#$��+#$���{|

J-$$-#!$$$$-$K

�}

#

³t~�

%

���

!

�

!

#I1G

(-

!

���

!

¶�±²#$ef/�³

&

/,3?7C

%

L:FFMNOPQ#-4(&83

#

!

*+�#$��+

(#8-"

®00¯1°±²#$����

'

Ì�v

(

D-$$"(

"

*+�#$���

(#8"

®0Y��°±²#$����

'

Ì�v

(

D -$$*(



!

!!

" !

"

#

$

#

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

$%

!

123456

"

&'(

!

7839:;6

"

)*

!

&<3)='6

"

+,

!

>?3@A'B

"

-.&/+

!

CDC

!

1ECFGH*B

"

0

!

1

!

I83JKLM*

"

-.&/23

!

CDC

!

1ECFN%'OMPQ*

"

45

!

R,*

"

#

!

ST*

"

6

!

UM*

"

!

!

V,WX*

"

7

!

YZ[\]

"

"

!

^_`abFc

"

8

!

def

"

9

!

%&'()*

"

:

!

g*

"

;

!

hg*

"

<=

!

P*

"

<<

!

/0.ijkl

"

!

!

mno+p

"

"

<

!

qrstpu'

!

vw'xy#*z{]

"

"

6

!

qrstp|}

!

~'+p

"

#

!

%&'()��*]

>52?< @A1*125BC* '%A/BD EC( C3F 2A1*125BC* 'AB/513 1G /DA H132'D5'DC3 1(D51*5/A

$%I$A12A3A JKLKC3 >1.EC/513

"

&'(I&A.E5C3 4DKC32MC1/C32 >1.EC/513

"

)*I)C.M135GA.1K' NK/5C1'DC3 >1.EC/513

"

+,I+AO135C3 ,KAA.'DC3

@.1K(

"

-.&/+I$A1C.BDAC3I&C*A1(.1/A.1P15B +K3DKC32 @.1K(IB1E(*AQR 0

"

1I0.5C''5B /13C*5/AR -.&/23I$A1C.BDAC3I&C*A1(.1/A.1P15B

S5C1D132'DC3 (*C251B*C'A 23A5''

"

45I45*5BA1K' .1B%'

"

#ITC'C*/R UI@CMM.1

"

!IVA/C(A.5F1/5/A

"

7I+KB/5*A 'DAC. P13A

"

"IW3B13G1.E5/X

"

8IYAOA.'A GCK*/

"

9IH132'D5'DC3 1(D51*5/A

"

:I4C3F'/13A

"

;IVA/C'C3F'/13A

"

<=I@.AA3'BD5'/

"

<<!@A1*125BC* 'AB/513 C3F 'CE(*532 *1BC/513R!IZK322C. EC''5G

"

"I0C.5E (*C/A[ "

<

ITC5'DC3INC32\C'DC3 HA.BX35C3 EC2EC/5B C.B P13A

"

"

U

IV532'DK5IHC3'DC3 EC''5G

"

# H132'D5'DC3 1(D51*5/A E"*C32A P13A

$

U

�'*������

!

R

#

0-4

$

$

#

�

NA TC'

�

%

<;:8

$

>52?U 0-4 F5C2.CE G1. O1*BC35B .1B%'

#

CG/A. NA TC' A/ C*?] #;:8

$

$

!

�'*

->V

$�$

>52?! ->V F5C2.CE G1. O1*BC35B .1B%'

����

&

���'%&'()��*]��Z�'*������

#=!#



! " # $

!""!

%

!

&'(#$)*+

" ##$%

,-./0123$4*56

!

789

"

&$'(%)

:;<=/>?

#

@ABCDEFGH-/IJKLMNO

PQ:;<=/>?

#

RS

$

T-/IUVWXOKYZ

$

[

\]^_`a

$

bcde=/>?fIg<;hLiajk

lI

*

mnOop/>qrs

%

tuIOv<;hLwxy

z{O|

!

+,- ./$$0+ ./

"

!

$

}e~�3Er-/I���

Y��T=/>������

$

MNOPQ:;�����

/>?

$

}�<O��O���L�D

#

!

O/��O/����

!!"

!"#$%

MNO

%

��MNO

&

�V��~�� 

$

_¡ ¢

$

O

/!£¤/¥¦<

-+1

$

^§¡

$

�¨

2)2+ 33%2), 33

$

©ª

/«¬­¡

%

¬®¡

$

45&

<¯V�

$

46&

<°±V�

$

²³�

bc

$

¥¦

+21

#

V´/«Gµ¶·¸¹|bc

$

¥¦

$21

#

V

º/«µ»¡

%

¼»¡¸¹|�½¾bc

$

¥¦

,%1

¿À

#

Á

ÂdÃ¦ÄÅ/

%

/Æ

%

ÇÈ$Ébc�O/ÊË!

#

V´·O

&

�V�

$

Gµ¶·�È� 

$

·¡ ¢

$

O/

!V´/«¶·¡¸¹|�Ì

$

�¨

2), 33

$

¥¦<

021$

0%1

$

/Æ«ÉÍ�¡

$

ÎÏ�È��ÐÑ

$

ÒÓ«ÔÕ¡Ö

×

$

ØdÙÚÛ¤ÜÝ

$

�¨

2)2% 33%2), 33

$

¥¦

%1$

,21

$

ÄÅ/«ÞP�¡

$

«§K¡�½¾bc

$

¥¦<

,%1

$

ßàDVº/¥¦á�

%1

$

â¤/

%

ãäàµ¦

#

©ª·O

&

¬¡�È� 

$

·¡ ¢

$

O/!©ª/«¬

­¡

$

¬®¡³�bc

$

45&7

°V�

$

46&7

°±�

$

�¨

2)$

33

$

¥¦

8-1

#

Vº/«Ç

'

µÈ¸¹|

$

å_¡�½¾b

c

$

�¨

2)2+ 33

$

¥¦

%1

¿À

$

/Æ«ÞP�¡

$

¥¦

+1

$

æ�ç���ÙÚÛ¤ÜÝ

#

â¤/«èéêÈ

$

³�bc

$

�¨

2)+ 33

$

¥¦<

021

¿À

$

ÄÅ/µ¦

#

!!!

!&'($%

ëO/��¥¦p��ìí

!

h

,

"

!}eîÌ

$

O/!

9:;

$

¥¦<

-+)!#1$%+)-#1

$

½ïMNOLðñ

$

<=

$

;

+

¥¦

#$)$%'$#%)8!1

$

>?;

%

.5;

%

@/;

¥¦Ðò

$

bó<

!"0'$

,("+%1

%

-"!A'$0"+(1

%

8",!'$,,"!,1

#

4/

$

;(B

$

;

$

Î!

4/

$

;

¥¦<

,)!'$+)-(1

$

B

$

;

<

()(-'$()$-1

$

ïâ$lQOô

#

C:;

$

¥¦<

()8('$,)AA1

$

õ½

,),(1

$

ö�÷øùiÒa

%

jk1lIO

!

()8+1

$

()%81$()8%1

"

D0E

ú�!ûÛüMNO

!

C:;

$

1

õ½¥¦

,)%'

"

ý~

#

T

C<9

þxÿ

!

ÿ

$

"

!!"#½$%&xyo'1

$

O

/ô()*<MNO

$

Ãí<+IMNO

$

,ó<-.MN

O

#

T

<>.

!

ÿ

+

"

ÿÅ!

$

/MNO�ÛüMNOL��

#

0R}Â

$

-/IUVWXOK!LvylIO<MN

O

$

ï12ÛüMNOo3O/

#

"

4567��

81459¦:;Ðò

!

h

$

"$

"FGG

¥¦<

!!)$8%

,2

H!

$,+0)+A%,(

*!

$

IFGGJKFGG

���

()%+$()8%

ý~

$

,ó

<

$)%A

$!

I/JLM

"

4

<=>íT

()0!$,)(-

$

ÃíT

-)%!$!)+!

$

!

@?JLM

"

4

J?<

()-($()8!

$

,ó<

-)+0

$

>í"@GHA4

5BC(

$

D,ó"@GHA45E¸(

#

!

GN

=<

2)80$

,)20

$

�FGHIJ

'

FKHIJ

$

LrO/<ÓbMNOP

ò

$

QRSAµ£¤/bILMN$O�T�L�D

#

"

@?

=<

2),%$2)A%

$

>í

)2)A

$

�GHIJ

$

LrO/UæSVs

����

#

TW�X/YZ�4567[b(\ÿ]

!

ÿ

-

"$

>í

hÜ<^õ_Lbc`a

$

GH<A45BC

*

õbbcc

\

$

�d(L

4H.;FO

MNO45673W����:

e

#

,ó"@

!

+PAQC*,

"

45[b`aÀf

$

A45E¸

$

`

a(\��jMNOLJ?��

#

# $%&'(

gh73$��

ij;k31L

%

lMNO"@u_m

93*4R

gh7

n³

!

h

+

"#

ëh!}eîÌodpbqL"@!L

#

4R

!

S

"

>í<K=

$

Î=<

+8)0-$+A)!!

$

õ½

+A)#!

$

DJ,"<G

=

!

*0)8-

"$

:;�KJ3rstLMNOrGuò

$

hrÎ

oBC3rst

$

�ù�!ûMNO

$

4R

!

S

"

=�^

$

+PACTH+

"@<G=

$

}�vO/TPQSO!æw3x

D$LWy

#

J?z<ù�!ûMNO

%

4R

!

S

"

Lð{<

+8$+##

$

õ½

+#2

(

�jMNOL

&

4R

!

S

"

Lð{<

+-$+8

(

|

}ù>íjkMNO

'

4R

!

S

"

L=<

++)#$+A

D8$#$E

#

RS"@!

>í

#-+

4RJ

#--

4R

<

2)%#+28!$2)%#+#++

$

�BCù�!ûúù

�jk~��LMNO=

!

2)%#+2$2)%#+$

"

#+E

Ð�^

#

0Rîs-/IUVWXOK!LMNOst�BC

3r

$

PQ~�}�<ù�!û~�

$

���4567o�

�L��v8J�

#

ÿ

-

MNOW�X/YZ�45[bÿ

>:5)- @UVWRX:S?HWVX3/=:Y?R FGG R:ZSX:MNS:VW 6/SS?XWZ [VX M/Z/=S

,(+$



!

!!

" !

"

#

!

!

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

"#

$%&'( ! )%*+, ('(-(./ 0+./(./ 1#2 %.3 04%,%0/(,56/50 7%,%-(/(,6 +8 /4( 9+.:64564%. &%6%'/

!

$%&'()*+,-./0123

'()*

!

456789)*:

#$

"

%&

"

'(

"

)*

"

%+

"

,

;)*

!

<=>?@AB./ACDEFGHIJ6KLM

N

-./0

!

OEPQRSTU/V16WXYEN

#

Z[

1

H\]^_`abX

2*

c(de

!

Afg

".34!

56

78

"9:"!;6

78

hi

!

egjklm&no

$

2*#/66!.6

78

%

-."0

!

p

qrsNlm&n

&

<$=>*

tode

!

u

6?661"6361

!

vwHx

lm&yz{

!

@=<$

|oe

'

H;

!

u

:;36"/6636

(

<jk}`~�r'()*���H

$

�

"7&

%!

[�u

����������)*

2A

"

B&

"

%C

;)*y�9��

�

!

����

!

��789)*

!

Z

#$

�

>D

I����X

�

!

{���

!

�ujk}`N

.6

���

(

� ¡¢£¤g

EF&*DF

-;80

¥_N¦§��lm&¨()*X©ª¢«vH¬

­®}¯°§wxlm&IJy¤

(

±T²³

$

!E4G%7;

%

´

µ¶·

H&

"

2F

c(d7

!

¸

#$

¹º��

!

»vw¼lm&

� ¡¢yz{

(

<wHxlm&~�r'()*y½G¾

¡¢�

$

�

"7$

%

H[�u

)

�¿À

*

ªÁ

!

<$

+

B&

"

%C

;9K

y½)*��

!

5Â)*AÃK�

!

{��

!

Ä¾ovwxl

m&I�z{

(

9Ky½)*

B&

"

%C

N��\Åvs#?Æ

@ADEÇÈ)*ÉÊYË

(

¯Ìlm&

$

H&=,$

%

#

u

6I/"".369

"$

H&=>J

%

#

u

63:!"

;366

"

2F=)*

u

636:"63;9

"

%C=,

u

636:"63;/

"

%C=H&

u

63/""

;3!;

"

%+=,

u

9;;3:""!!43;"

!

ÍÎ|ode

!

»

)*=#$

$

;"3/"

!"3/

%

Ï

,=#$K/?"/"..?"9L

N|od7

(

Ð§+,ÑvÒÓ}

`¡lm&y¤

!

»¯Tgw¼lm&

(

ÔÕÖ;

-;M0

×ØÙ

u

!

ÚÌlm&

)*=,

Ï

%+ $,

oXT�g

/

Ï

/66

!

»�w

Hxlm&

)*=,

Ï

%+ $,

oXTÛg

/

Ï

/66

!

¯Ìlm&

)* $,

ou

1I/1"/I/1

!

%+ $,

ou

1;;I:""!!4I;"

!

p�wHx

lm&NÜÝ

(

lm&;IÞß&à

H<NN

ÒÓ

$

#

¡

OP<B

%

NXá

â¢

!

'()*«àYwHxlm&N+,

!

:<

)*Q,

'

)*

�ã

$

�

8R&

%

Ï

)*=/

'

,

'

#$!1

�ã

$

�

8R$

%

Häåæç

wHxlm&¯

!

èåæçÚÌlm&¯

(

éêëì

!

í�%îïðñ&òHNIÞó%&Nô(

)*

"

¶·)*

"

'()*+,vwHxlm&àõ¹Ny¤

Þ

!

»vÚÌlm&

"

w¼lm&àõ¹Nö�

(

Z�YN÷

øR^

!

lm&ùðñ&òXá

!

vACúû&

"

üýþÿ&

"

þÿ&-!"#$C&y%&_

!

'uí�%îïðñ&N

()b*+X

!

,[í�%w-�.#i/w012

(

"

3 3

Z¯4÷ø^

!

í�%

'

56%îïðñ&ò6K7&

�

R

U/8)NX9 

!

:;<=>?�K7N&�b6

(

ð

ñ&ò@�ô)XáA-B}C-è(NDEB

"

FGB}

C

!

H�IuJ�KLMN¼Oó%

%

PQ&R

$

S%b}

T

,

UVWX}YZ[\]^_`EabrcXd

!

#

u�ef

(

ghi;

,

VW@%í�%îïðñ&òHIÞó%&U/j1Xd 

��� 3P9YQ-1� 3P�YQ-1� 3P�YQ-4� 3YQ628-1� 3YQ712-1� 3P�YQ-3� 3YQ623-1�

����� 	
���� 
���� 
���� 	
���� 	
���� 
���� 	
����

SiO � 52.92� 50.63� 47.86� 49.32� 43.61� 47.27� 53.41�

TiO
�

1.36
�

1.00
�

0.80
�

1.99
�

1.2
�

1.36
�

1.08
�

Al O � 13.1� 12.25� 15.29� 13.04� 15.86� 12.43� 11.42�

Fe O � 2.56� 8.79� 3.91� 4.09� 3.88� 6.53� 11.65�

FeO� 6.7� 6.94� 8.22� 10.35� 7.76� 7.28� 2.46�

MnO
�

0.12
�

0.22
�

0.18
�

0.14
�

0.37
�

0.2
�

0.28
�

MgO
�

6.19
�

7.11
�

7.3
�

7.01
�

6.65
�

4.69
�

4.08
�

CaO� 10.14� 8.31� 9.5� 8.16� 9.15� 10.55� 11.61�

Na O� 1.6� 1.98� 2.54� 3.4� 2.5� 3.2� 1.46�

K O� 0.09� 0.12� 0.04� 0.24� 0.08� 0.19� 0.1�

P O � 0.23� 0.2� 0.12� 0.36� 0.5� 0.28� 0.19�

CO
�

2.4
� ��

N
�

0.34
�

3.32
�

N
�

N
�

H O
�

2.66
�

1.02
�

2.6
�

0.94
�

4.16
�

1.25
�

0.89
�

H O � 0.06� 0.21� 0.06� 0.03� 0.05� 0.05� 0.08�

total� 100.13� 98.78� 98.42� 99.41� 99.09� 95.28� 98.71�

�� 0.29� 0.58� 1.37� 2.1� 10.9� 2.69� 0.23�

Mg
�

34.79
�

27.09
�

32.55
�

27.94
�

31.44
�

21.67
�

19.66
�

;6!!
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� � ���� Sm/10  Nd/10  Sm/ Nd Nd/ Nd � �0� � �t	 

3P9TW-1 
�� 3.205 9.807 0.1977 0.513111 +9.2 +9.23 
3P9TW-2 
�� 2.843 8.683 0.1981 0.513100 +9.0 +9.01 
3P9TW-3 
�� 2.87 13.95 0.1245 0.512236 -7.8 -7.84 
3P9TW-4 
�� 3.198 9.419 0.2054 0.5131331 +9.7 +9.66 
3P9TW-5 
�� 3.005 9.159 0.1985 0.513086 +8.7 +8.74 

 

��� 3P9XT-1� 3P�XT-1� 3P�XT-4� 3XT628-1� 3XT712-1� 3P�XT-3� 3XT623-1�

����� 	
���� 
���� 
���� 	
���� 	
���� 
���� 	
����

La 23.2 5.28 2.88 6.29 4.07 8.92 7.49 

Ce 41.6 10.9 6.56 16.6 8.26 19.2 17.2 

Pr 4.55 2.09 1.84 2.82 1.61 3.3 3.08 

Nd 18 11.1 7.07 15.8 8.86 17.1 14.3 

Sm 3.97 3.99 2.79 5.4 3.04 5.61 5.24 

Eu 1.22 1.4 1.17 1.86 1.26 1.81 1.72 

Gd 4.27 5.58 4.41 7.31 4.3 7.28 6.63 

Tb 0.68 1.17 0.88 1.26 0.74 1.37 1.31 

Dy 4.64 8.24 7.34 9.6 5.24 10.1 9.75 

Ho 0.88 1.74 1.47 2.02 0.98 2.06 2.14 

Er 2.66 5.19 4.53 5.8 3.15 6.31 6.44 

Tm 0.4 0.73 0.68 0.88 0.44 0.93 0.96 

Yb 2.46 4.7 4.26 5.34 2.7 5.77 5.72 

Lu 0.35 0.7 0.61 0.74 0.43 0.83 0.84 

Y 19.4 37.1 32.9 43.5 21.2 46.8 44.7 

�REE� 128.3 99.9 105.3 125.2 66.3 137.4 127.5 

LREE/HREE 2.59 0.53 0.85 0.64 0.69 0.69 0.62 

�Eu� 0.9 0.91 1.02 0.91 1.07 0.87 0.89 

(Ce/Yb)n� 4.37 0.6 0.4 0.8 0.79 0.86 0.78 

Cr� 101� 108� 253� 261� 285� 118� 51.9�

Li
�

13.8
�

N
�

N
�

21.8
�

68.7
�

N
�

N
�

Rb
�

1.4
�

4.3
� ��

11.4
�

4.1
�

9.05
�

6.1
�

Cs
�

0.7
�

2.2
�

1.9
�

4.8
�

1.7
�

2.8
�

2.7
�

Sr
�

736
�

84.1
�

184
�

153
�

217
�

143
�

133
�

Ba
�

63.8
�

212
�

438
�

48.4
�

57.9
�

283
�

171
�

Sc
�

21.6
�

47.9
�

47
�

64
�

51.7
�

45.3
�

43.4
�

Nb� 6.94� 3.22� 2.89� 3.17� 4.49� 10.3� 9.22�

Ta� 0.86� 0.5� 0.5� 0.5� 0.5� 1.47� 1.98�

Zr� 82.7� 114� 79.5� 144� 93.8� 180� 142�

Hf� 3� 3.8� 2.9� 5.1� 3.9� 5.9� 4.6�

U� N� 1� 1� N� N� 1.47� 1.27�

Th� 6.48� 3.96� 4.66� 3.83� 1.84� 11.7� 6.4�

Ti� 8151� 9010� 6970� 11927� 7192� 13600� 14300�

P� 502� 572� 462� 785� 1091� 1070� 1280�

K� 374� 1200� 400� 996� 332� 1900� 1600�

Rb/Sr� 0.002� 0.05� 0.01� 0.07� 0.02� 0.06� 0.05�
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