
锂离子电池NCM三元正极材料的研究进展

赖春艳, 雷轶轲, 蒋宏雨, 李佳炜

引用本文:
赖春艳, 雷轶轲, 蒋宏雨, 等. 锂离子电池NCM三元正极材料的研究进展[J]. 上海电力大学学报, 2020, 36(1): 11-16.
LAI Chunyan, LEI Yike, JIANG Hongyu, et al. Research Progress of Transition Metal Layered Oxide Cathode for Lithium-ion
Batteries[J]. Journal of Shanghai University of Electric Power, 2020, 36(1): 11-16.

相似文章推荐（请使用火狐或IE浏览器查看文章）

Similar articles recommended (Please use Firefox or IE to view the article)

Al2O3包覆对富锂锰基正极材料Li1.2Mn0.54Co0.13Ni0.13O2的电化学性能影响

Effect of Al2O3 Surface Modification on the Electrochemical Performance of Li-rich Cathode Materials Li1.2Mn0.54Co0.13Ni0.13O2

上海电力大学学报. 2016, 32(4): 311-315,326   https://doi.org/10.3969/j.issn.1006-4729.2016.04.001

锂离子电池硅电极新型粘合剂的研究进展

Advances of New Binders for Silicon Anode in Lithium-ion Batteries

上海电力大学学报. 2020, 36(1): 17-25   https://doi.org/10.3969/j.issn.1006-4729.2020.01.004

一步固相法制备高性能Li2MnSiO4/C锂离子电池正极材料

Enhanced Electrochemical Performance Li2MnSiO4/C Cathode Material Synthesized by One Step Solid State Method

上海电力大学学报. 2016, 32(4): 319-321,338   https://doi.org/10.3969/j.issn.1006-4729.2016.04.003

磷酸铁锂与碳复合材料的电化学制备及性能研究

Electrochemical Synthesis and Properties of Lithium Iron Phosphate and Carbon Composite Materials

上海电力大学学报. 2018, 34(1): 71-75   https://doi.org/10.3969/j.issn.1006-4729.2018.01.013

不同介质中三元乙丙橡胶的人工加速老化研究

Study on Ethylene-Propylene-Diene Misch-polymer Rubber Aging in Different Solutions

上海电力大学学报. 2016, 32(4): 362-364,375   https://doi.org/10.3969/j.issn.1006-4729.2016.04.011

http://shdlxyxb.ijournals.cn/ch/reader/view_abstract.aspx?doi=10.3969/j.issn.1006-4729.2020.01.003
http://shdlxyxb.ijournals.cn/ch/reader/view_abstract.aspx?doi=10.3969/j.issn.1006-4729.2020.01.003
http://shdlxyxb.ijournals.cn/ch/reader/view_abstract.aspx?doi=10.3969/j.issn.1006-4729.2020.01.003
http://shdlxyxb.ijournals.cn/ch/reader/view_abstract.aspx?doi=10.3969/j.issn.1006-4729.2016.04.001
http://shdlxyxb.ijournals.cn/ch/reader/view_abstract.aspx?doi=10.3969/j.issn.1006-4729.2016.04.001
http://shdlxyxb.ijournals.cn/ch/reader/view_abstract.aspx?doi=10.3969/j.issn.1006-4729.2020.01.004
http://shdlxyxb.ijournals.cn/ch/reader/view_abstract.aspx?doi=10.3969/j.issn.1006-4729.2016.04.003
http://shdlxyxb.ijournals.cn/ch/reader/view_abstract.aspx?doi=10.3969/j.issn.1006-4729.2016.04.003
http://shdlxyxb.ijournals.cn/ch/reader/view_abstract.aspx?doi=10.3969/j.issn.1006-4729.2018.01.013
http://shdlxyxb.ijournals.cn/ch/reader/view_abstract.aspx?doi=10.3969/j.issn.1006-4729.2016.04.011


!!!!!!!!!!!!!!!!!!!!!!!!

!

!"

"!

#

#

$%$%

$

$

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

%

& ' ( ) * + * ,

!!!!!!!!!!!!!!!!!!!!!!

!"#$%&' "( )*&%+*&, -%,./$0,12 "( 3'/41$,4 5"6/$

7"'8!"!9"8#

:/;8&$%$%

&&

<=>! #%8!'"'?@8,00%8#%%" ()*$'8$%$%8%#8%%!

!"#$

! $%#'A%+A#%

%&'()*

!

efg

"#'*,#$%

¹

%

%&

%

'(

&

)*+,-./Q�àÌfgSòSw9:

&

3AB&,'!'&,4*#%2&%-0*,/F8/D#84%&

+,-.

!

0¡!ï>?²0

"+#)%$#,*$(

;<=>?@ABCD°±

"#"%$%+%%,%%$&

¤9:6¥

S;0

¦§¨;<=5>?@A

efg

%

hij

%

kMl

%

mno

"

;<ST"? 784U?VW?X

%

;<

&$%%%'%$

B

&

C

!

bc[ÌfgSò

9PR

<·zw9:^yz÷L

'

�¡rsmj+,+ª

%

YZ_��[��hÕ

^

9PR

<·9:^�¡_aà

&

�

9PR

<·9:^��VË

'

�a-Þ

'

V�U�W��[pÐ_qrO

$

&

È/�

9PR

<·9:^yz-._¿�{L��[z�

&

DEF

!

ÌfgSò

(

zw9:

(

<·9:

(

��-Þ

(

�a-Þ

GHIJK

!HR'#$&&&&&&&&&

LMNOP

!I

&&

LQRK

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

!"#"$%&'(%)*%"##)4T%$+#1.1)+0".$-P$A"%"/

7U1/";$.')/"4)%P1.'1V561)+W$.."%1"#

MI>P*#%2&%% M3>L,O/% !>I9KJ"%+2#% M>!,&6/,

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

>?#.%$&.!& H*/D/./'"FB/%1;&4O+$"#%D%01$#41#$&'4*&$&41/$,01,40&%D $/0/&$4* 01&1#0"('&2/$/D

"N,D/4&1*"D/&$/D/04$,;/D8I4"BF&$,0"% &%D 0#BB&$,C&1,"% "(D,((/$/%1'&2/$/D "N,D/4&1*"D/&$/

B&D/8H*/F$/F&$&1,"% B/1*"D0&%D B"D,(,4&1,"% B/1*"D0"('&2/$/D "N,D/4&1*"D/&$/D/04$,;/D &%D

1*/D/./'"FB/%1F$"0F/41&%D $/0/&$4* D,$/41,"% &$/F",%1/D "#18

@"A 9)%/#!& M,1*,#B,"% ;&11/$,/0( 4&1*"D/( 1$&%0,1,"% B/1&''&2/$/D "N,D/( F$/F&$&1,"% B/1*"D

&&

��à¥9o_78çè^sÝi`

%

Fì

g��à¥^¦y_N�ÎþéÅé`*

&

vF

à¥¦yN�x

%

Âà@Ayt�`*[�

&

v

�ÑU?Âà�}x

%

ÌfgSòÜ��Q�d

¨

'

ýuvÕ¿

'

!�Sú

'

78ûüóksþÿ

[ÉÊ^C�_¿�

)#*

& #''#

Ä

%

wxyzeæ

6{»Ì/zw

'

|)/{w^ÌfgSò|ï

U

&

J{

%

ÌfgSò¬3ÉÊ¿��}à~o

'

��o

'

S}Ø�

'

Sgá�

'

STÂàó°±

&

ò���Uyz_@A^���ä

%

Åì^Ìf

gSòhÕ2mtu����ÌfgSòQ�à

¨^*v

%

éê+,¦yQ�d¨^Sw9:¸

ÌfgSò#Gyz^-3�_

&

zw9:[/ÌfgSòxÈ/`*^®Y

�Z

%

��d¨^Qúvs"Wï;��[�÷

SòhÕ^à¨bï

&

��^ÌfgSòzw9

:n�ª{»Ì

'

����¡Æ»�Ì

'

�A��

¡©»ÌmjF�^�{©<·zw9:ó

&

�

x

!

{»ÌÜ�ø7aàké

'

SÙ��Qóks

È�ô|�U

%

ò{^ÈêùQ

%

¤¥��

%

Çþ

{»Ì^yzEÿ[��

(

Æ»�Ì�¡¥¦

'

È

êú�

'

�#aàké

%

òÃv,�SSÙú

'

à



; < S T ? X ? ³

$%$%

Ä

¨bïúó«s

&

�{©<·9:��[{»

Ì

'

©»Ì_�»Ì

!

ë9:^rs

%

vZ¦Wï

;�U[�!^�u��

%

ßn­âùú

'

78ç

èô

'

�aú

'

à¨bïQ

'

SÙ��Qóks

%

é

ê<·9:l ­/ÌfgSò9:yz^`*

-.

&

BCS;0

¦§¨;<=Z[©ª

9PR

<·zw9:¸v

$%

®¯

'%

Äê�

eæôås^

&

Pë9:^�¡�Zå/

M,9,

=

P"

5

R%

>

=

$

"=252>5#$%

�4

M,P"=

$

ßn

U�^Ah�¡

%

I/�ª:-AÕ #

9&:/=

$

^

X!B

!J�

%

�xÌ

'

:³01_ØY0/²

!/%!;%""

8�

%

:³01fg4¯l^Ø�­

R=

"

�Qh�¡

%

Ì4�¯l^Ø�­

M,=

"

�

Qh�¡

&

~�¡;;

%

Ìfg8�

R=

"

�Qh

�^xJ

%

v,�S:Wxgm!Üµðs_ð

@

)$*

& 9PR

<·9:^A�..

/

_

"

9��

�

9,

^óôXÎô

%

��{^óôX�"

(

Sk

%��{o¨^��X�"

%

���o¨^��

Xóô

%

òp

9PR

<·9:x{·�^U?�

¨.�:

%8+

w

%

�Sk%�#v�¦^kl

&

v

9PR

<·9:x

%

�

'

{

'

©

!

ë·��Jn

��[�

!

�^Ãvgmåæ9:^�d¨

%

nú

9:­â

%

ò:Ñ^�DkS9:�¡�¥¦_

�Ì�}

(

{^Ãvåæ[9:^SgSk%_

Å%aà

%

ò{n�a

%

����^{¤¥ý�D

��9:^­â

(

©^ÃvÌÿ[¥¦9:�¡

_nú9:­â^[�

%

ò©o¨:Ñ\Dnú

9:^�Sd¨

& 9PR

<·9:^iR�d¨

I/

$*, BI*?+%

X�*��S�d¨%49:

x·��r^��n�bDCÕ

%

�o¨^��

gåæ9:^�d¨

%

*��S�d¨ÈQgq

ÿ

$$% BI*?+

��

%

¸ZëvJ{�lmwß|

�Ukl^9:

&

ECS;0

¦§<=>?«¬

$%

®¯

'%

Äê

%

���»Ì�¡�¥¦_

Û¥¦at^«s

%

+,Ù6©·�_{·�

E�D@9:x

&

Pë-�ú+åæ[�»Ì

�¡^¥¦a

%

©¸È���^�{©<·9

:

)!*

&

¥L

))A+*

§�E_ÜÞ¤­[�{©

<·{�h

%

9:4Ì¥^�¤��

%

þÿ[

###

ì�{©<·zw9:

&

���Sòaà

*v^��

%

Zh�VhÕ^<·9:ÊËy

zÌÅ

&

J{^

9PR

<·zw9:2²�x

·�^�rgY/

###%+$!%"$$%,##

óUì

%

�U ? � Y 0 � ¿ �

M,9,

#?!

P"

#?!

R%

#?!

=

$

%

M,9,

%8+

P"

%8$

R%

%8!

=

$

%M,9,

%8"

P"

%8$

R%

%8$

=

$

%M,9,

%8,

P"

%8#

R%

%8#

=

$

&

â¥�PÂë9:^�S�d

¨

'

�SxÙ

'

à¨bïmj�#aàó

)"*

��

[ �

%

�=íP

#

]^

&

�

BC

­®J¯5

S;0

¦§<=b|i°

Uì

%8# P

�S�

d¨

".)8! 7$?

"BI*-+

(#

$

�S

xÙ

?

&7

à¨bï

?

"V*-O+

(#

$

�#

aà

­â

### #"" !8, #,%

ùü ÈQ

+$! #*$ !8, $%%

ùü ùú

"$$ #,# !8, $!%

Zå ùQ

,## $%+ !8, $,%

¡t ùQ

&&

�����Sòà¨bï*v^ÊäåQ

%

+,Ù�45§�åæ9:x�o¨^-ÞÅ

åæ9:^�d¨

%

�wnúh9:^­â

&

¥L

)**

§�E_ÜÞ�¤Q���

%

��[

M,9,

=

P"

5

R%

>

=

$

"=5#?!%%8+%%8"%%8*% %8,%

%8,+$%

����hÕ^

9PR

<·9:Ah�

¡

'

§¢�£

'

SU?aà

'

ÛT?aàmjS

k%_Ìfg01Õ.ó��[¤¥+,

&

�

=P$

%

9:^SU?aà_�#aà4§¢

�¡_iUaà

"

íÌfg01Õ.

'

SgSk

%

'

U?¥¦aó

$

nbD^CÕ

!

�^o¨é

Q

%

�S�d¨éQ

%

òÛ¥¦a_d¨½#%

¦ùamn

&

P4ÌððwSw9:^�¡�

¥¦a��nC

&

FCS;0

¦§<=5±²³´

��^��-Þ�

9PR

<·zw9:^¤

­

'

�£jSU?aà§nÃY$ú^��

&

J

{¤­

9PR

<·9:^-Þ)*ÏÐE_Ü

Þ

'

¨dÞ

'

S©ò©Þ

'

\ÛÞ_ª«ÛTÞó

&

FGBC

µ¶·´

V�;��

9PR

<·9:È��^8¸E

_ÜÞ

&

�-Þ9�6:³01ñSi¬Z¦U

$#



efg

%

ó

!

ÌfgSò

9PR

<·zw9:^+,�z

?�¨�­�­Si

%

�@©¤4__Ü4Çh

9:_ÜmÅ

%

Çþh9:qÿhgÒ0^�¤

&

�x

%

©¤4^[�¸��:³01fg4_Ü

4:�Ì¿

%

~XÇB�þ�IJ

),*

&

ê2

%

_Ü

4^��©D�{�haàB�ù"^��

&

9

�

%

�ÎÌ¿�ï

'

Ì¿wJ

'

Si

FJ

Émj­

® ï_�Ì¨ógm¿�_Ü�x{�h^¯

°_�£ór±

%

©gm2²�*A�È¤Ô^

C}Å¤­{�h

&

¥L

)'*

§�:³01>»

ñ���¤Si

%

m²\/©¤4

'9&=J

/_Ü

4

%

��[��U?�¨�^Q�<·9:

%

��

ù[�9:vAh�¡

'

�£mjSU?aà-

Q^té

&

¥L

)#%*

6³´_efg\[/S

4

%

§ � E _ Ü Þ � � [ x ! § ¶ ª ^

P"

%8)

R%

%8"

P=

!

{�h

%

�mê[/�5

%

Èµ¤

­[

M,9,

%8+

P"

%8$

R%

%8!

=

$

<·9:

& %8$ P

m9

:^�S�d¨qÿ

#,% BI*?+%#%%

¶d¨½

#%/

,*8"'Q%+8% P

_

#%8% P

m�S�d¨

àY0qÿ

#),8+ BI*?+

_

#$*8, BI*?+&

FGEC

¸¹´

¨dÞ¸6Ì¥_�{©¥¬Z¦U?�¨

��¤IJ

%

vZ¦Á·mQ���Z¸wJ

%

ï

/$%+!

%

Èµþÿ]��9:^Zë-Þ

&

¨dÞ^��:Wù/�K

%

ò�*�¹��ï

��ºw

&

Zå�����ï^åQ

%

¨d01

 %��

%

ò:Q^�ï©Dä­¤¥»¼

%

��

9:ÛDÃv��A+½

&

éê

%

¨dÞ��

9PR

<·9:w

%

Zå���ïùQ

%

wJù@

%

1ÇP¼

%

¨d�J^01:W�ù/VW

%

2m

½¾·�^IJY£

&

¥L

)##*

§�¿»4:

³01À»ñ×|¨d�¤��<·9:

%

]�

�þÿ^9:Ah�¡ñ�

%

�Aaùü

%

S�b

ïv

#"% BI?+

mø7

#%%

¶/ÁÂ�d¨/

#)% BI*?+&

FGFC

º»¼»´

S©ò©Þ¸6ýoñ01´ñ3:S©

'

ò

©U:W

%

�6ò©ú�Û�iXþÿ]��9:

^Zë-Þ

&

)*Y/ýoÞ_noÞàë-�

&

S©ò©Þ9:�Î

FJ

É_�ÛøeS©x\

Y�­)ò©

%

���ÃÄ

%

øe�x^\

'

Å²_

;²ó�W

&

Pë-Þþÿ^9:gïùQ

'

¯°

IJ�ùô��Aaùü

&

òS©ò©ÞA�^

Æ¤4Ñ/no54

%

D�78ä­çè�­âù

Q

%

éêÛ�*�ZäíA7½

'

�È^h:

%

Åå

æ�*�a

&

¥L

)#$*

mJxåÇ[/©¤4

%

§

�S©ò©Þ��[§'ª^

M,9,

%8+

P"

%8$

R%

%8!

=

$

%

+,[9:v�����ïm�ëaà^é

�

&

+,y+

%

v

,%% S

��w9:ßnÈô^R

g�}

%

�ª�¡Èñ�

%

��êw¼ïv

+% BI?+

S�bïm�S�d¨/

#"*8' BI*?+(

# %%% BI?+

S � b ï m � S � d ¨ q ÿ

#!,8$ BI*?+&

FGHC

v½´

\ÛÞ¸601ñSi__Ü4¹©¤4�

¤IJ

%

�Q�QÙmvÌ¿ÈxÌ¿Z¸wJ

þÿ{�h¹�¤�

%

�3:��þÿ]��9

:^Zë-Þ

&

\ÛÞ��:W�K

%

¤­^9

:IJaü

'

�AïQ

%

ò�*�Ì¿È1^h

:

'

_Ü4_Sih óÎ¨��iê¿�

&

\

ÛÞ�Ì¿È^ÀQÙaànùQ^*v

%

vZ

¦Wï;��[Ì¿­â

%

���"u�B�U

©nZ¦2ï

&

¥L

)#!*

§�:³01À»ñ

_É � � ¤ S i

%

3 : \ Û Ì ¿ � � s

9,

%8,

P"

%8#

R%

%8#

P=

!

{�h

%

�3:Q���þÿ

ÊËª^Q�<·9:

%

v

$8* .)8! 7

SÙk

l

'%8# P

Å%w9:^eæ�S�d¨gmq

ÿ

$%#8$ BI+?+%

ø7

##+

¶/�S�d¨/*

Þ^

**8+Q%

��v

+8% P

w�S�d¨�n

#)$8' BI*?+&

¥L

)#)*

§�É�\ÛÞ­À�

�s[

M,9,

%8+

P"

%8$

R%

%8!

=

$

%

��Zä�ù[�

�\ÛwJ�9:^�¡�£mjSU?aà^

��

&

+,y+

%

��{�h\ÛwJ^Ì@

%

9

:^ø7¥¦a_Å%aàInåæ

&

P¸E\

Û:WwJ�Îfg�}

'

·�Y£mj01 

%^��]S

&

FGQC

¾¿½À´

ª«ÛTÞ¸6U?�¨�^:³01ñS

ivQÙm«U

%

3�Ûþÿ]�*9:^Zë-

!#



; < S T ? X ? ³

$%$%

Ä

Þ

&

�-Þ��^9:®­IJ

%

RÁô

%

�Aa

ü

&

¥L

)#+*

§�:³01KU�Si3ª«Û

T��þÿu7^¶�ØU�{�h

%

3�ÌQ�

��þÿ

M,9,

%8,

P"

%8#

R%

%8#

=

$

&

��Ì�}ùô

%

��ZæTR¯°ù/IJ

(

SU?aàr5�=

P$

%

v

$8, .)8! 7

SÙkl1

%

9:v

#8% P

m

ø7

#%%

¶^d¨½#%gmqÿ

'+8"Q%

ßnk

é^SU?aà

&

HCS;0

¦§<=5ab³´

9PR

<·9:Íï�d¨ùQ

%

ò�wÃv

ø7aàt

'

Å%aà�nó«�

&

ä­Ph«

�^hé)*n

!

Z¸Ìfg01Õ.ùô

%

wU

ù"

%

Sk%t

(

å¸�Ì�}

%9,

$ 2

4

M,

2

fg

ÎÁd�

%

dãv��:Wx/²Ïê^8�

%

ä

­,S:WxÌ�x^

9,

$ 2

ôØU/

9,

! 2

_

9,

) 2

%

ò�S:Wx�fgýÞððä­ù"^

�gÚd¨

(

<¸�^o¨éQ

%

9:^?aé

"

%

9:PQ^�»ÌDä­9:vQ�mÐÁ

%

:Ñ^ÑØUÌä­9:?a:Q

%

Ç9:vJ

Ò:Wx�­=Óª

%

ýÞÔ£

&

Ph«�i`

��[9:^SU?aà

&

��Ph«�

%

+,

Ù���[hdD¹

'

PQÏM

'

îïÕï9:_

KAUó-Q^�a

%

3r5¾$Ph�aÇ9

:^aàn[$ú^åæ

)#"A#,*

&

HGBC

Á¹ÂÃ

hdD¹¸6î¨�VZë¹Ñë·�fg

Ë@JG9:^Ah�¡x

%

�w��Î9:Ah

�¡^Zë�a-Þ

&

hdD¹^·�fgZå

49:xr¦8�^fgÎÁù/|·

%

D@/à

qÿ¥¦9:�¡¹åæ9:Sk%^J^

&

9PR

<·9:^D¹·�2²D¹8�ZågY

/Ì8D¹

'

:³018D¹mjØ8D¹

&

¥L

)#'*

6

9&

2

Ë@

M,9,

#?!

P"

#?!

R%

#?!

=

$

xõêÌf

g^8�

%

��s��

9&

D¹¨^<·9:

%

��

9:^Ah�¡

'

�£_SU?aà��[¤¥+

,

&

�=P$

%

î¨^

9&

D¹�È�Î9:^A

h�¡_§¢�£

&

v

$8, .)8, 7

SÙkl1

%

9

:v

%8# P

m^�S�d¨ÈQgq

$#% BI*?+%

ø7

!%

¶/d¨½#%/

,*8$Q&

¥L

)$%*

6Ö·�Ë@

M,9,

%8,

P"

%8#

R%

%8#

=

$

x

%

�xÖ/²:³01·�8�

%

ó×[ø7:Wx

Ü��¡�¥¦ä­^§HØ_h ÎU

%

�wú

+åæ[9:^Å%aà

&

¥L

)$#*

��[�Ù

õêØ·�^

M,9,

%8+

P"

%8$

R%

%8!

=

$

%

�=P$

%

ÙD

¹Ç9:^A�..Î"

%

[�[ZæTR^�

@

&

SU?aàr5P$

%

Íï9:^*Þ�S�

d¨n]nú

%

òd¨½#%n$úåæ

%

v

#8% P

mø7

#%%

¶^d¨½#%Ügd^

*%8#Q

åæ

&

,#8#Q%

��ÙD¹nú[wU+½

%

ÌV[ø

7:WxöÚ^�@

&

HGEC

�ÄÅÆ

PQÏMZå¸v9:PQÔMZ��V^

9:

%

Ìÿä�¹�U9:4STiB�i`ÛÌ

¿^[�

%

måæ9:^ø7¥¦a

&

ÏM�¿/

�¡¥¦^U¤�

%

����9:^fgÅQ_0

1

&

J{

%

��

9PR

<·9:^ÏM�ÏÐ�9

:

'

ØU�

'

Æ»ñ

'

ÙU�ó

&

¥L

)$$*

§�U?

_ Þ

%

v

M,9,

#?!

P"

#?!

R%

#?!

=

$

PQÏM[Z�I

J^

P/:

!

&

3r5YZg@

%

pÏM�^W¨Y

./

#Q

w

%

9:^SU?aàÈü

(

v

$8, .

)8! 7

SÙkl1

%

ÏM/^9:ø7

#%%

¶/d

¨½#%/

,+8,Q%

v

+8% P

^QÅ%m

%

�S�

d¨�n

#!%8* BI*?+&

¥L

)$!*

��[Ö»Ì

ÏM^

M,9,

%8,

P"

%8#

R%

%8#

=

$

%

Ö»ÌÏM�/

$ .

! %B

��È�Î9:^�¡_�£

&

�SU?r

5�=P$

%

ÏM�^Ãvú+åæ[9:^ø7

¥¦a

%$+ S

m

%

9:v

#8% P

mø7

#*%

¶/d

¨½#%�gqÿ

*+8,"Q&

HGFC

ÇÈ�

KAU¸åæ9:Ù*bï_ø7aà^Z

ënÕ-�

&

J{|�U^KA9:n{»Ì_

©»Ìó

&

4��^§¶ª

9PR

<·9:d

�

%

KA9:^RÁùô

'

PQÜÝ

%

��[9:

4STi_Þ¤4^ñ#|ß

%

ú+åæ[9:

xÌfg^01 %

&

à2

%

KA9:1`ñ�

^<�019´nú[Ìfg^ðð2ï

&

¥L

)$)*

��[KA�£^

M,9,

%8"

P"

%8$

R%

%8$

=

$

%

�

=P$

!

p���ïqÿ

,+% S

w

%

KATR^¯

)#



efg

%

ó

!

ÌfgSò

9PR

<·zw9:^+,�z

°/

,%% %B

��

%%8$ P

mø7

#%%

¶^�d¨½

#%/

,'8'!Q(

v

#%8% P

w

%

�S�d¨gqÿ

#+!8" BI*?+%

ú^ské^SU?aà

&

QC

Z

C

h

·ÄÅ

%

��Fà¥Ø�^� yz_0¡

æ6^ðGs�

%

�ÑÌSòè�í�wá

'

0â

Q>

'

ãäFà¥

'

Låwê

'

xæÌS

'

çGè

è

'

éêë�ó¦Þ wì@Qà¨bï<·S

ò^+yx

&

J{z¸

9PR

<·9:� �@

^wI

%

~BÉíï;

%$%#,

Äx0^zw9:

�sî¨qÿ

$8*+ /#%

+

1%

�BÉÖ

+!+

ï·

&

3ì�

%

<·9:^sî¨Ö/

#8!", /#%

+

1%

�

�n�:

+%Q

^"E�@

%

XÆ»�Ì�sî¨

+8,) /#%

)

1%

ÃvôEnú

%

Pþð�01}TØ

�

'

S}!��^� yz

&

v=bu�-Q

%

Ó

0<·zw9:^=b� v

$%#*

Äqÿ

#%%Q

/

%

mñÄ

!%Q .)%Q

^� ¥ä�@

&

Pë¥ä�@þð�è��<·9:~{�h+

yÿ9:�ä:W^Qì@

&

éê

%

N�Bïa

àåæyzòó*T¬3­[���ZCô3^

FGu7

&

J{|�U^

9PR

<·9:ÈÑ^

¸

M,9,

#

?

!

P"

#?!

R%

#?!

=

$

% M,9,

%8)

P"

%8)

R%

%8)

=

$

%

M,9,

%8+

P"

%8$

R%

%8!

=

$

%M,9,

%8"

P"

%8$

R%

%8$

=

$

&

���

�r^��

%

9:^�d¨����

%

ò���V

Ë^õ2Wï©"E��

%

����XÅ^¸Zh

d��ú�þ�i`^j±

%

íÎfg�}

'

Û¥

¦at

%

PQ:Q^öÂ?ó

&

J{Q�<·9:

"`YÛ��+y_ô5÷¸

%

��aà�Ïi

�

&

Phj±í=�àþÿøOT�

%

<·9:^

yz©6Eÿw"^��

&

éê

%

��

9PR

<·

9:

%

ç�¸Q�hÕ^<·9:^��_�a6

¸ÈÅÌfgSò°±È/`*^+,-.�Z

&

ijLM

!

) # *&)PX=)IH>W%KIXPJ3!8M,1*,#B ;&11/$,/0!01&1#0% F$"0A

F/410&%D (#1#$/)!*8!"#$%&'"(5"6/$)"#$4/0%$%#% "'$!

$)#'A$)!%8

) $ *&W3MJIX=-IU>%)-9LU%M>-!%/1&'8M,"9,

#?!

P"

#?!

R%

#?!

$=

$

&0&0#,1&;'/4&1*"D/("$*,+* F"6/$&FF',4&1,"%0

)!*8!"#$%&'"(5"6/$)"#$4/0%$%%!"$$!$)*A$+$8

) ! *&L=)J>=R%9=K-PJ>J%>H=J!%/1&'85$/F&$&1,"% &%D

F$"F/$1,/0"(M,P"

2

R%

N

9,

#ANA2

=

$

&0&4&1*"D/("$',1*,#B,"%

;&11/$,/0)!*8!"#$%&'"(5"6/$)"#$4/0%$%%%"$$!#*"A#,#8

) ) *&LIW--PJ>9%=JG-U-H83'/41$"4*/B,4&';/*&.,"$0"(

M,9,

#?!

P"

#?!

R%

#?!

=

$

,% ',1*,#B;&11/$,/0&1/'/.&1/D 1/BF/$&A

1#$/0)!*8!"#$%&'"(5"6/$)"#$4/0%$%%+"#$!"!"A"!'8

) + *&W=RR3MI7%<IJ9!X8)2%1*/0,0"(0F*/$,4&'&%D D/%0/

F&$1,4'/0"(1*/F#$/*2D$"N,D/F*&0/9,

#?!

R%

#?!

P"

#?!

"=J$

$

)!*8!"#$%&'"(1*/3'/41$"4*/B,01$2 )"4,/12%$%%'

"+$!I!"$AI!"+8

) " *&

ù«ú

%

ûwü

%

"ýþ

%

ó

8

ÌfgSò<·zw9:+

,j¿��z

)!*8

�VAh?³

%$%#,%)* "#%$!$$%+A

$$##8

) * *&9=JJ!%L=-9)%L==9P)%/1&'8P"BF&$,0"% "(1*/

01$#41#$&'&%D /'/41$"4*/B,4&'F$"F/$1,/0 "('&2/$/D M,

)9,

=

P"

5

R%

>

*=

$

"=5#?!%%8+%%8"%%8*%%8, &%D %8,+$

4&1*"D/B&1/$,&'("$',1*,#BA,"% ;&11/$,/0)!*8!"#$%&'"(5"6A

/$)"#$4/0%$%#!"#$!#$#A#!%8

) , *&M-GJ%W3I-M>3-ML%<=9IW3XK3XXI%/1&'802%A

1*/0,0% 01$#41#$/% &%D /'/41$"4*/B,4&' ;/*&.,"$ "( M,

)9,

=

M,

#?!A$=?!

R%

$?!A=?!

*=

$

)!*8!"#$%&'"(1*/3'/41$"4*/B,A

4&')"4,/12%$%%$""$!I**,AI*'#8

) ' *&)-9JJ%PJ=>V P%M33!U%/1&'8P"%1$"'"(/'/41$"A

4*/B,4&'F$"F/$1,/0"(%,4O/'A$,4* '&2/$/D 4&1*"D/B&1/$,&'0

("$',1*,#B,"% ;&11/$,/0;2 .&$,&1,"% "(1*/B&%+&%/0/1" 4"A

;&'1$&1,")!*8!"#$%&'"(5"6/$)"#$4/0%$%#+"$$!,**A,,!8

)#%*&GJI=T%I9M%)-9!%/1&'8M,9,

%8+

P"

%8$

R%

%8!

=

$

*"''"6

B,4$"0F*/$/0A02%1*/0,0% 4*&$&41/$,C&1,"% &%D &FF',4&1,"% &0

4&1*"D/B&1/$,&'0("$F"6/$',1*,#B,"% ;&11/$,/0)!*8!"#$%&'

"(3'/41$"&%&'21,4&'P*/B,01$2%$%#,"#$!#A#%8

)##*&J3L)%RIG:%M>I=TG%/1&'8)2%1*/0,0&%D 4*&$&41/$A

,C&1,"% "(0#;B,4$"%A0,C/D M,9,

#?!

P"

#?!

R%

#?!

=

$

;2 &0,BF'/

0/'(AF$"F&+&1,%+ 0"'D 01&1/B/1&1*/0,0B/1*"D)!*8!"#$%&'"(

5"6/$)"#$4/0%$%%*"$$!#%+!A#%+,8

)#$*&U=9K!G%GJI>J:%X39P%/1&'8)2%1*/0,0&%D /'/41$"A

4*/B,4&'F/$("$B&%4/"(B,4$"F"$"#0M,9,

%8+

P"

%8$

R%

%8!

=

$

;2 &B"D,(,/D 0"'+/'B/1*"D)!*8!"#$%&'"(I''"20&%D P"BA

F"#%D0%$%#!%+**!+%*A+#%8

)#!*&GJI9KP%Y>!%GJI=J%/1&'8:&4,'/02%1*/0,00,'O6"$BA

',O/9,A$,4* '&2/$/D M,9,

%8,

P"

%8#

R%

%8#

=

$

4&1*"D/B&1/$,&'

("$',1*,#BA,"% ;&11/$,/0)!*8R&1/$,&'0M/11/$0%$%#*")$!#A)8

)#)*&)J>L%GJI9KR J%:I9KPP%/1&'8-$/&A;&0/D *2D$"A

1*/$B&'02%1*/0,0"(M,9,

%8+

P"

%8$

R%

%8!

=

$

4&1*"D/B&1/$,&'

("$M,A,"% ;&11/$2)!*8!"#$%&'"(5"6/$)"#$4/0%$%#, "+$!

##)A#$#8

)#+*&M>H%M>TJ%VI9KGT%/1&'8I0*"$1F$"4/00("$1*//((,A

4,/%1#1,',C&1,"% "(1$&%0,1,"%AB/1&'4*'"$,D/0,% ',1*,#BA,"%

;&11/$,/0!&4&0/"(9,

%8,

P"

%8#

R%

%8#

=

#8#

&%D M,9,

%8,

P"

%8#

R%

%8#

=

$

)!*8!"#$%&'"(5"6/$)"#$4/0%$%#*"$$!)'+A+%!8

+#



; < S T ? X ? ³

$%$%

Ä

)#"*&)IMMIX<)%)J35HLIU=7 <%7>MM37>3>MM3P8>BA

F$"./D /'/41$"4*/B,4&'F/$("$B&%4/0"(M,A$,4* %,4O/'4";&'1

B&%+&%/0/"N,D/;2 F&$1,&'0#;01,1#1,"% "(M,

2

;2 R+

$ 2

)!*8

!"#$%&'"(5"6/$)"#$4/0%$%#*"+$!$*A!"8

)#**&

"Gÿ

%

m«­

%

�z0

8I':

!

ÏM

M,9,

#?!

P"

#?!

R%

#?!

=

$

z

w9:j�SU?aà

)!*8

x0©�

%$%#+%!!"$$!!%A!$8

)#,*&<-I9LG%K-=!R%T>I9KRV%/1&'8),%+'/4$201&'',%/

F"'2*/D$&'M,9,

=

R%

$A=

=

)

&0*,+*AF/$("$B&%4/4&1*"D/0("$

#'1$&'"%+ 424',%+ ',1*,#BA,"% ;&11/$,/0)!*8)"',D )1&1/>"%,40%

$%#,"'$!#%%A#%'8

)#'*&M>LJ%M>-!L%M3>LU%/1&'83%*&%4/D /'/41$"4*/B,4&'

F/$("$B&%4/0"(9&AD"F/D 4&1*"D/B&1/$,&'M,9,

#?!

P"

#?!

R%

#?!

=

$

("$',1*,#BA,"% ;&11/$,/0)!*8!"#$%&'"(R&1/$,&'0

)4,/%4/%$%#*%+$"'$!#!+'"A#!"%+8

)$%*&<- X%W>L%LI9K V%/1&'8>BF$"./D 424',401&;,',12 "(

M,9,

%8,

P"

%8#

R%

%8#

=

$

.,&H,0#;01,1#1,"% 6,1* &4#1A"((F"1/%1,&'

"()8+ 7)!*8P/$&B,40>%1/$%&1,"%&'%$%#+%)#"+$!*#!!A*#!'8

)$#*&VI9K<%VI9KGT%M>TJ%/1&'83((/41"(0#$(&4/('#"A

$,%/0#;01,1#1,"% "% *,+* ."'1&+//'/41$"4*/B,4&'F/$("$B&%4/0

"('&2/$/D M,9,

%8+

P"

%8$

R%

%8!

=

$

4&1*"D/B&1/$,&'0)!*8IFA

F',/D )#$(&4/)4,/%4/%$%#""$$!#*$A#*'8

)$$*&T>3L%KI=<%GJI9KMM%/1&'8P/:

!

AB"D,(,/D M,9,

#?!

P"

#?!

R%

#?!

=

$

4&1*"D/B&1/$,&'("$*,+*A."'1&+/M,A,"% ;&11/$,/0)!*8

P/$&B,40>%1/$%&1,"%&'%$%#"%)$"#!$!#)+,*A#)+')8

)$!*&T-L<%T>I9KV%V-GK%/1&'8>BF$".,%+ 424',%+ F/$A

("$B&%4/&%D $&1/4&F&;,',12 "(9,A$,4* M,9,

%8,

P"

%8#

R%

%8#

=

$

4&1*"D/B&1/$,&'0;2 M,

)

H,

+

=

#$

4"&1,%+ )!*83'/41$"4*,B,4&

I41&%$%#,"$$!!+,A!"+8

)$)*&VI9KM%V-WX%R-<W%/1&'8),%+'/A4$201&'M,9,

%8"

P"

%8$

R%

%8$

=

$

&0*,+* F/$("$B&%4/4&1*"D/B&1/$,&'0("$M,A,"% ;&11/$,/0

)!*8!"#$%&'"(I''"20&%D P"BF"#%D0%$%#""!$!!"%A!"*8

"

-./0

&

123

""""""""""""""""""""""""""""""""""""""""""""

#

!

Égm

Q

n

"

)!%*&)J39!%M>L%VI9KP%/1&'8J"''"6G>:0AD/$,./D %&%"F"A

$"#04&$;"% ("$/((,4,/%14&F&4,1,./D/,"%,C&1,"%)!*83'/41$"A

4*,B,4&I41&%$%#,")$!!)A)$8

)!#*&PJ39U%)-9GJ%:I9KX5%/1&'8R/1&'A=$+&%,4

:$&B/6"$O0"R=:0$AD/$,./D %,1$"+/%AD"F/D F"$"#04&$;"%

&%4*"$/D "% +$&F*/%/6,1* B#'1,(#%41,"%&'/((/410("$',1*,#BA

0#'(#$;&11/$,/0)!*8ID.&%4/D :#%41,"%&'R&1/$,&'0% $%#,%

$,"!,$!#*%*+'$8

)!$*&KI=H%GJ=-:%RIV%/1&'8R/1&'A"$+&%,4A($&B/A

6"$O D/$,./D 4&$;"% F"'2*/D$"% &%D 4&$;"% %&%"1#;/*2;$,D0

&0/'/41$"D/("$/'/41$"4*/B,4&'0#F/$4&F&4,1"$&%D 4&F&4,1,./

D/,"%,C&1,"%)!*83'/41$"4*,B,4&I41&%$%#,"#$!,+A'!8

)!!*&M>-L%RI !Y%M- H% /1&'83'/41$"0F#% 4&$;"%

%&%"(,;/$0$/,%("$4/D !< F"$"#04&$;"% F"'2*/D$&%/16"$O

D/$,./D ($"BB/1&'A"$+&%,4($&B/6"$O0("$4&F&4,1,./D/,"%A

,C&1,"%)!*8)4,/%1,(,4X/F"$10%$%#"%"!!$*,)8

)!)*&P=J39>%I7XIJIR 3%W=-JI<I9IL%/1&'8

M"%+ 1/$B01&;,',12 "(4&F&4,1,./D/A,"%,C&1,"% F$"4/00/0("$

6&1/$D/0&',%&1,"%!1*/4*&''/%+/"(F"0,1,.//'/41$"D/04"$$"A

0,"%)!*83'/41$"4*,B,4&I41&%$%#!"+$!'#A#%%8

)!+*&)J3W3XMI<%WIPJRI9!P%3M>I)!)%/1&'8

P"%D#41,./R=:/'/41$"D/0("$01&;'/0#F/$4&F&4,1"$06,1*

*,+* &$/&'4&F&4,1&%4/)!*89&1#$/R&1/$,&'0%$%#*%#" "$$!

$$%8

)!"*&VI9KGR%T-TH%U>R !%/1&'89&%"&$4*,1/4A

1#$/D B/1&'A"$+&%,4($&B/6"$O?F"'2F2$$"'/*2;$,D0("$;$&4OA

,0* 6&1/$D/0&',%&1,"% #0,%+ 4&F&4,1,./D/,"%,C&1,"%)!*8R&1/A

$,&'0J"$,C"%0%$%#'""$!#)!!A#)!*8

"

-./0

&

123

#

"#


