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战家治,崔皆凡.基于神经网络的两相混合式步进电机反步控制.电机与控制应用,2022,49(1):28.



书书书

!"#$%&'!

!"#$

!"!!!#$!%"

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

!!

!"#$

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

!%&'"#$

" "#"$%$"%#'

()*+

"

,-.

$$((&%&!

/

!

01234

!

2356789:;<=>?

'

!"#$%&'()*+,-./01-23

!"#

!!

$%&

!

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

"

+, !"

!""#####

!!

4

!

5

!

@ABCDEF:;GHIJKL

(

MNO

(

PQCRST

'

UV@ABCDEF:;WX>

?YZ[\]R^_

!

`abH9cde6cfg

$)*+&

hijkRlE>?5m

!

n5mopbqHlE

>?VJKLST>?rgstuvRwx

!

yz

)*+

hijkR{|}~8L

!

V:;�����R��

Y��F���

!

�=��d��lE>?��stRrg

!

������cfg�����

!

|����V

=�RJKL�F�}~

'

yzhijk�lE>?5mR C

!

¡¢`�b@ABCDEF:;>?RZ

£¤¥[\�¦§L|

'

678

! &'(

#$%&

"

()*+,-./0

"

1-23

9:;<=

! ,-.&./'!!

>?@AB

! 0!!

>CD=

! $'1.%'23#$"#""&#$%##"&%#'

456! $#/$"$11789:;/"#"$/$21

')*+,-.//012 341-54647894:;<),.=>?50@A-.//012 B4-45

'),.@41C.D5)6C.-945+

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

$<:=55>5?@>8:AB6:;>@CD6C88B6CD! <=8CE;CDFC6G8BH6AE5?,8:=C5>5DE! <=8CE;CD$$####! I=6C;&

!!E?,-5)*-" ,=8AJ5%K=;H8=ELB64 HA8KK6CD95A5B6H;C5C>6C8;B! 9M>A6%G;B6;L>8;C4 HAB5CD>E:5MK>84 HEHA89/

0696CD;AA=8KB5L>89H5?H69K>85K8C%>55K :5CAB5>HABM:AMB8;C4 >5JK5H6A65C6CD;::MB;:E5?AJ5%K=;H8=ELB64

HA8KK6CD95A5B! ;L;:NHA8KK6CD:5CAB5>98A=54 L;H84 5C B;46;>L;H6H?MC:A65C $)*+& C8MB;>C8AJ5BN 6HKB5K5H84/,=8

:5CAB5>98A=54 5G8B:598HA=8H=5BA:596CDH5?AB;46A65C;>L;:NHA8KK6CD:5CAB5>?5BC5C>6C8;B:5CAB5>! MH8HA=8MC6G8BH;>

;KKB5O69;A65C KB5K8BAE5?)*+C8MB;>C8AJ5BN A5:59K8CH;A8?5BA=8MC:8BA;6CA68H6C 95A5B5K8B;A65C/-8;CJ=6>8!

P;MHH6;C L;H6H?MC:A65C ;C4 ;4;KA6G8>;J;B86CAB54M:84! J=6:= :;C 9;N8A=8)*+C8MB;>C8AJ5BN L8AA8B:59K8CH;A8

?5BA=8MC:8BA;6CA68H6C 95A5B5K8B;A65C/,=8:59L6C;A65C 5?C8MB;>C8AJ5BN ;C4 L;:NHA8KK6CD:5CAB5>98A=54H

8??8:A6G8>E69KB5G8HA=8K5H6A65C AB;:N6CD;::MB;:E;C4 HA8;4E%HA;A8K8B?5B9;C:85?A=8AJ5%K=;H8=ELB64 HA8KK6CD

95A5B:5CAB5>/

F.> 945@," &'(1.D5)61.-945+# -94:/<),.<>?50@,-.//012 G4-45# ?)*+,-.//012 *41-546

#!

'

!

(

@ABCDEF:;�=¨8R©ª

!

«�

zd¬?®

(

�¯°

(

±²

(

³´³µ¶·¸

!

¹

;�º

(

;»¼½

(

¾¿ÀÁÂÃ

(

g>;Ä

(

[Å

Æ�

(

ÇÈÁ£¶

!

EF:;É¡ÊËRÌÍÎ

Ï

)$

Q

"*

'

ÐHÑ��ÒÓÔ

!

EF:;ÕÖ�z

WX>?×|Ø%��R��8L

!

��WXS

TÉ¡ Ù*q

(

ÚÛ5Ü¶©x

'

ÝWX>?

STÞÐßàá

!

¤¥[\��

!

âVSTãäå

æ

!

EF:;ç|è4éE

(

êë¶^_

!

ìíî

ï

!

:;L|�ðñòåæN°óô

!

õâ���

ö÷òrgø¯

(

ùúûü��ý<��þ\¶

óô

!

�ÿ!VEF:;R[�>?Rv\"#

'

$TR

RST

>?vý%&EF:;ÿ!�[\

Z£¤¥R'(

'

�í

!

)'Â*H9>?��

%&"%



!"!!!#$!%"

!"#$%&'!

!"#$

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

STÉ¡�PRZ£¤¥L|ý<��Rô�+

\

'

lEÂ*mRc,-.G/01RJKLS

T234�5�ST6gR7ST

!

897:I

7STÂ*;2

UE;KMC5G

fg��<=>>?

O

!

HÕ

+

9?

,

%@IST

!

/=A4BCD4

@I>?�RÂ*

'

EÎF¡GHVlE>?5mF�23

!

I

¹

!

GH

).*

Â*bH9JKlE>?�

!

`�b

LM�EÕK:;RJKL

!

Nâ3Ob�PQ

R¶^_

'

GH

)3*

/���>?�lE>?z

dS£DLM�E:;

$R-<-&

>?�

!

çý'

TSTRUVWL

'

GH

)2*

/STXY�lE

>? C

!

`�bZpSTRJKL�ë+¦Y

L

!

ÝG@ISTÂ*[�01

'

GH

)'*

Â*

bH9\¡]2X^RlE���>?�N�z

Ð

R-<-

_

!

`abÐ+\5bÉ¡��RJK

L

'

GH

)1*

/JK>?�lE>?A C

!

`

�bLM�EÕK:;R¤¥[\

!

ÝcÞÐH

YR¤¥de

'

GH

)&*

fzb�ghij��

UWlE CR>?5m

!

k8É¡��RUV

WL

!

Ý¤¥[\c�l.

'

GH

)(*

/hij

k�lE>? C

!

N�z%

R-<-

�

!

Ø%b

��RZ£¤¥¢m

'

,G23R@ABCDEF:;GHIÉ¡

JKL

(

MNORST

!

7b'T@ABCDEF

:;R¤¥L|

!

,GÐF¡R@ABCDEF

:;ggjnco_

!

`abpq:;:ûN°

!

rsSgN°ý<åæW¯tuÔR@ABCD

EF:;ggjn

!

NÐqHlE>?Rco_

��be6cfg

$)*+&

hijk����v

!

`abcd

)*+

hijk���lE>?wx

!

yz

)*+

hijk}~STRJKL;2

!

ýy

?STJKLRóô

!

��Â*���v

!

Vhi

jkRz{F�ÿ�|@

!

�lE>?���d

��rgRst

!

È%VN°V}

(

~;W¯¶�

�R��>?¢m

!

�STÉ¡��Z£¤¥

[\

'

$!

)*+,-./0

�ÂM�KLâ���

!

�xY7�;��

<�M

!

�xY7�;���Mû

!

�xLM�

�M

'

�@ABCDEF:;Ð

012

��ÔR:�

5�7

)$#*

+

0

3

4

0

4&

0

45

6

4

2

&

2

!

B

7

8

H

&

0

+

2

3

4

2

4&

2

45

6

4

0

&

0

!

B

7

8

H

&

2

7

9

HB

,

9

!

B










$$&

D�

"&

0

�

&

2

7

012

��SÔRÕ��:�

#+

0

�

+

2

7

012

��SÔRÕ��:�

#8

H

7Y7:

A:û

#

!

B

7ë7R:�+\

#9

HB

7Yë7î<

��R�#{

!,

9

7�Y�LM�RM�¶¢7

ë7:���RM�R:�{

'

$$&

pq:¯;���þ\V:ûRóô

!

z

8

V

8

#

��

8

H

)$$*

"

+

0

3

4

0

4&

0

45

6

4

2

&

2

!

7

8&

0

7

8

#

&

0

+

2

3

4

2

4&

2

45

6

4

0

&

0

!

7

8&

2

7

8

#

&

2

9

HB

,

9

!










$"&

!!$"&

:Më���7

:

8

3

:

8#

7

:

=

7

:

:

$.&

D�

":

8#

7c,:Më�

#:

=

7��ë�

#:

:

7

 ¡ë�

'

$.&

pq%:;åæN°

(

ë¯¢O�ùú

Sg¶V;»5�Róô

!

�

"

4

"

B

45

3

!

B

4

!

B

45

36

;

%

!

B

6

:

U

%

7

:

"

%










$3&

!!

pq%:;åæN°

:

U

W

:

4#

V

!

:

U

!

ë¯¢O

RN°

%

W

%

#

V

!

%!

rsû£SgRN°

;

W

;

#

V

!

;'

�

4

!

B

45

36

;

#

%

#

!

B

6

!

;

%

!

B

6

:

U#

%

#

6

!

:

U

%

7

:

"

%

#

7

!

:

"

%

$2&

D�

"

!

:

8

%

7¤ë¯¢ON°�BR��Y�

#

!

:

U

%

7¤åæë��ë¯¢ON°�BR��Y

�

#

!

;

%

!

B

7ùúSg�ë¯¢ON°�BR�

�Y�

'

%("%



!"#$%&'!

!"#$

!"!!!#$!%"

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

¥CD

$"&(

D

$.&

�D

$2&!

çØ@ABCD

EF:;Rggjn

"

4

"

B

45

3

!

B

4

!

B

45

36

;

#

%

#

!

B

6

!

;

%

!

B

7

!!

$

"%

#

<

#

9

&

2

6

:

"

%

#

7

:

:

%

#

7

!

:

"

%

( )-
!!H6C$"<

"

&

6

:

4#

%

#

6

!

:

U

%

4&

2

45

36

8

H

4

2

&

0

6

<

!

B

4

0

4

2

&

0

6

!!

9

HB

,

9

<

!

B

4

2

7

$

4

2

+

2

4&

0

45

36

8

H

4

0

&

0

7

<

!

B

4

2

4

0

&

2

7

$

4

0

+

0



























$'&

D�

"<

7 �Vg

'

"!

12

)*+

34)56789

�7@ABCDEF:;GHI¦nR§6

JKLST

)$"*

!

=¨§5�ç©7

=

-

$

3

=

"

=

-

"

3

.$=&

7

>$=&?

{ $1&

D�

"=

$

�

=

"

7STR¨§NO

!=

$

7:;��

Rë7Z£ "

!=

"

7:;ë¯R�+\ !

B

'

>?E�G�ªa

=

$

¤¥$«¬

=

4

!

Nâ

�¡R®¯¡°

' ?

7>?ª�±O

#.$=&

GÀ

²rg³Jrg��YLRJKLfg±O

!

G

)'yz

)*+

hijk}~R;2

#>$=&

7�:

;¡´RSg

' .$=&(>$=&

R�ÈD7

.$=&

36

;

#

%

#

7

!

;

%

( ) !

B

6

:

"

%

#

7

:

@

%

#

7

!

:

#

%

( )-
!!H6C$"<

"

&

6

:

4#

%

#

6

!

:

4

%

>$=&

3

$

"%

#

<

#

9















$&&

!!

Yµ�\de7

(

$

W

=

$

Q

=

4

!

=�

=

4

7¶·®

¯

!

�

"

(

-

$

3

=

-

$

6

=

-

4

3

=

$

7

=

"

6

=

-

4

$(&

!!

c,Rl¸>?5mÂ*E¹¹Ô

"

ºHE

'

Yµ

UE;KMC5G

fg

A

$

3

$

"

(

"

$

$$#&

!!

(»Ø

"

A

-

$

3

(

$

(

-

$

3

(

$

=

"

6

=

-

4

( ) $$$&

!!

t

=

"

WQ

@

$

(

$

V

=

-

4

V

(

"

!

=�

@

$

X#!(

"

7=>>?

O

!

¼

(

"

W

=

"

V

@

$

(

$

Q

=

-

4

'

�

"

A

-

$

36

@

$

(

"

$

7

(

$

(

"

$$"&

!!

¹m

(

"

W

#!

�

A

-

$

#

#'

7í

!

)'F�ÔHE

Â*

'

º§E

'

Yµ

UE;KMC5G

fg

A

"

3

A

$

7

$

"

(

"

"

$$.&

!!

(»Ø

"

A

-

"

3

A

-

$

7

(

"

(

-

"

36

@

$

(

"

$

7

(

$

(

"

7

(

"

.$=&

7

>$=&?

7

@

$

(

-

$

6

=

4

[ ] $$3&

!!

'�

A

-

"

#

#!

�>?��Â*7

?

3

$

>$=&

-)

6

.$=&

6

@

$

(

-

$

7

=

--

4

6

@

"

(

"

6

(

$

*

$$2&

!!@

$

(@

"

7lE>?��srg

!

N½ÿ¾¿l

Àµ

'

/D

$&&

��D

$$2&

�çØ

"

?

3

"%

#

<

#

9

-

;

#

%

#

7

!

;

%

( ) !

B

7[
:

"

%

#

7

:

:

%

#

7

!

:

#

%

( ) H6C$"<

"

&

7

:

U#

%

#

7

!

:

U

%

6

@

$

(

-

$

7

=

--

4

6

@

"

(

"

6

(

$] $$'&

D�

"@

"

$

#'

�¡

"

A

-

"

36

@

$

(

"

$

6

@

"

(

"

"

#

6

$

A

"

#

# $$1&

!!

¤D

$ $1&

çØ

!A

"

$5&

#

8

Q

$

5

A

"

$ #&!

¹m

5

%

!

!

�

(

$

%

#!(

"

%

#

â¶g!Á

!

Âõ

=

$

%

=

4

!

â

¶g!Á

!=

"

¡°

'

jn�

.$=&

GC�EF:;��ÃI5b

R��Y��

!

GJKL�

!

ÀÄ:;���Rþ

\N°

(

rsSgý<ùúûüN°¶

!

óôÅ:

;Rô�+\

(

¦§de

(

¤¥[\

'

¤d

.$=&

GHI��Y�

!

,Gfz

)*+

hijkF�

}~

'

%#.%



!"!!!#$!%"

!"#$%&'!

!"#$

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

.!)*+

:;<=89

)*+

hijk Ùst

"

Q

2

Q

$!

Æ²Ç��

��cfg(7jkfg

!

@IhijkRjk

Èm7

)

B

3

8OK

&

=

6

@

B

&

"

"C

"

B

( )
.

3

!

'

,

"$=&

7

%

{ $$&&

D�

"=

7jkRª�

!

2É7:;��Rë7Z

£ "��+\ !

B

#B

7Æ²Çº

B

I^x

##

B

7�

�cfgº

B

IhiÊR�Ë6O

#C

B

7��c

fgº

B

IhiÊRcÌ

#"

W

))

B

*

,

7jkR�

�cfgRªa

#!

'

7jkRl.z{

#

%7j

kR}~de

!

%#%

$

#

%

$

7ÍY�Îde

'

jkª�t

$

W

)=

$

=

"

*

,

!

�jkª�7

D

.$=&

3

%

!

,

"$=& $$(&

!!

t

%

!

W

%

!

Q

!

'

!

�

.$=&

6

D

.$=&

3

!

'

,

"$=&

7

%

6

%

!

,

"$=&

3

6

!

,

"$=&

7

%

$"#&

3!

56>?89@AB

fz

)*+

hijk}~

.$=&!

ÏÐD

$$2&!

í�R>?�7

?

3

$

>$=&

)

6

D

.$=&

6

@

$

(

$

7

=

--

0

6

@

"

(

"

6

(

$

6

&

HDC$(

"

&* $"$&

D�

"

&$

#'

ÏÐ_Ñ2Ò

!

ÓÔÂ*

UE;KMC5G

fg¹Ô

A

3

$

"

(

"

$

7

$

"

(

"

"

7

$

"

'

!

E

,

! $""&

D�

"

'$

#'

A

-

36

@

$

(

"

$

7

(

$

(

"

7

(

"

-

).$=&

7

>$=&?

7

@

$

(

$

6

=

0

*

7

$

'

!

,

!

E

3

6

@

$

(

"

$

7

(

$

(

"

7

$

'

!

,

!

E

-

(

"

).$=&

6

D

.$=&

6

&

HDC$(

"

&*

3

6

@

$

(

"

$

6

@

"

(

"

"

7

$

'

!

,

!

E

-

(

"

)

6

!

,

"$=&

7

%

6

&

HDC$(

"

&*

3

6

@

$

(

"

$

6

@

"

(

"

"

7

!

,

6

(

"

"$=&

7

$

'

D

F[ ] 7

(

"

%

6

&

(

"

$".&

!!

t����7

D

F

-

3

'

(

"

"$=& $"3&

!!

t &$%

$

!

�

A

-

36

@

$

(

"

$

6

@

"

(

"

"

7

(

"

%

6

&

(

"

#

6

@

$

(

"

$

6

@

"

(

"

"

#

# $"2&

¤d

A

$

#!

�

A

-

$

#!

Âõ

(

$

((

"

�

F

Y

¡°

'

¤dÕ

âðÕ

(

$

W

(

"

W

#

�

!A

-

W

#!

¼Õ

A

-

W

#

�

!(

$

W

(

"

W

#!

ÏÐ

U;<;>>8

�NLÖl

!

×XSTØF¦Y

!

¼

Õ

5

%

!�

!(

$

%

#

â

(

"

%

#!

Âõ

=

$

%

=

4

'

2!

CDAB

7b`a

)*+

hijk�lE>? CÐ

@ABCDEF:;_R>?¢m

!

HÑF�ç

ÙÚ`a

'

�fzR:;rg¹�

$

��

'

E

%H

/0'!FGH

rgÛÜ rg{

EF�

7$Z& $/&

0

�:�

7[ #/#$"

2

�:�

7[ #/#$"

Ý¢O

7$ND-9

"

&

#/##. 2"

 �Vg

2#

A:û

7

"

#/'1

�#MÞ

7$\-H& #/##2

!!

UV_Ñ:;

!

Â*cd

)*+

hijkRE

F:;lE>?ST¹ß

$

��

'

ß

$!)*+

lE>?STjn

ÙÚ2ÉÐ´æ�åæÒÓÔ

!

V:;Z£

Xàäáâ®¯�6ã®¯F�ä`

' )*+

lE

>?�rg¹�

"

��

'

%$.%



!"#$%&'!

!"#$

!"!!!#$!%"

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

E

!H&'(

1-23IGH

rgÛÜ rg{

@

$

' ###

@

"

& ###

C $

'

#/2

&

#/$

!!

V:;àäå{7

. B;4

RáâZ£®¯

!

Ù

Ú�<7

$# H!

ÏÐß

"

��R:;Z£�æ�

�

!

cd

)*+

hijkRlE>?�RZ£�æ

|���¤¥çYRZ£®¯

!

õqHlE>?

��æ�èi

!

â¤¥de�#

'

ß

"!

áâZ£�æ

ß

.

�ß

3

��R2ÉG

)*+

lE>?�

qHlE>?RáâZ£de�æ

!

çýéa

!

c

d

)*+

hijkRlE>?RZ£de�Î

!

â

�¯�Î

!

�#de7

#/##$ 2" B;4'

õqHlE

>?RZ£de�#

!

�#de7

#/$$$ & B;4'

A[îÔ

!

'FlE>?�#Z£deðêqH

lE>?Z£deR

"!'

ß

.!

áâ®¯Ôcd

)*+

lE>?Z£de�æ

ß

2

��RG:;\

$# ]-9

åæ

!

Â

#

�

�%

$# B;4

R6ã�æßë

!

çýéa

!

ä�

)*+

R>?ST[qHlE>?STR¦§deÎ

!

âô��<�ì

'

ß

3!

áâ®¯ÔqHlE>?áâde�æ

ß

2!

6ã�æ

ß

'

�ß

1

��R2ÉG

)*+

lE>?�

qHlE>?RZ£de�æ

!

çýéa

)*+

l

E>?STô��<7

#/&&2 H!

�qHlE>?

STô��<

$ H

A[

!

ô��<íìb

#/$$2 H!

â

)*+

l E > ? S T ¦ § d e 7

Q

#/##$ ($. 2 B;4!

�qHlE>?STR

#/" B;4

A[îïb

#/$(& #&' 2 B;4!

ðêqHlE>?S

T¦§deR

#/#$!!

NâqHlE>?STÞ

ÐHYR�¯

'

õ'FlE>?STc,½�

¯

'

¤íçð

!

cd

)*+

hijkRlE>?�

�qHlE>?�A[

!

É¡�ìRô��<�

��RZ£¤¥¢m

'

ß

'!)*+

lE>?6ãde�æ

'!

EFGH

7b`a

)*+

hijk©°lE>?�R

ç�L

!

ñ�bEF:;ä`èò

!

ä`èò>?

%".%



!"!!!#$!%"

!"#$%&'!

!"#$

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

ß

1!

qHlE>?6ãde�æ

V}G

21

D@ABCDEF:;

!

EF�G

$/&Z!

ó>ôõG

<,-."+$#. @̂,''

ä`èòý

<,-."

(7ó>jö

!

STó'÷ÓÀÄ:øj

ö

(

>?jö

(,*'1<$#(0

ù¯jö

(

úû�lü

jö

(

Öýjö

$

À²

<_T

Öý

(

þýëÿ:

�

&(

!"iòý<EF:;#4

'

ß

&!

EF:;>?STä`Á£

:;ÂYçYZ£7

$## 99!

ß

((

ß

$#

2

É7'FÎ9:;´æZ£�æde

'

çð

!

©

°9RlE>?�ô��<$ì

!

%7

#/3 H!

â

¦§de&�Î

'

ß

(!

qHlE>?Z£de�æ

ß

$#!

cd

)*+

lE>?Z£de�æ

ß

$$(

ß

$"

2É©°Î9

!

:;\æ

2 ]

�

RZ£de�æ

'

çð

!)*+

©°9RlE>?

�ô��<'(îÎ

!

%7

#/2 H!

â¤¥L|'

(©dqHRlE>?�

'

ß

$$!

qHlE>?\æZ£de�æ

ß

$"!

cd

)*+

lE>?\æZ£de�æ

1!

I

!

J

7b`)@ABCDEF:;>?L|

!

,

GÐF¡R@ABCDEF:;ggjnco

_

!

`abpq:;:ûN°

!

rsSgN°ý<

åæW¯tuÔR@ABCDEF:;ggj

n

!

N`abH9cd

)*+

hijkRlE>?

5m

!

ÐqHRlE>?Rco_��b

)*+

h

ijkCVST�RJKL�F�}~

!

���

�����Vhijk�R��cfgz{F�

ÐK|@

'

*��qHlE>?F�V[

!

a'

'F9RlE>?wx

!

¤¥[\'(`�

!

��

ä+bSTô�+\

!

Â* m*�ÙÚ�ä`

Ø%b`a

'

#

G J > ?

$

) $ *!

,,áG

/

EF:;�z-.

)-*/

/�P

!

0

/

1

2

"

3ga45

!"#$#/

) " *!

6³

/

Ù47z@�¤\BCDEF:;<=ù

¯ST23

)T*/

89

"

:;#g

!"#$(/

!

-./

22

0

#

%..%



!"!!!#$!%"

!"#$%!

!"#$

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

) " *!

56

!

78

!

u9

!

m

;

Zst:?YZ[NæÝ

)+*;

[NR£Svy

!"#$'!/"$(%" $;

) ( *!_]J _ !̀ abJ c;7D@BML:L 9C@:G%F@O C:=B8

>98NB@I:9D @D8 >@FD=I:?F=@G:DF=CC=?I:D CG@?I:9D@B%

LB9I ?9D?=DIG@I=8%Q:D8:DF O=G>@D=DI >@FD=I

LMD?AG9D9NL>@?A:D=L) +*;bEEE 6G@DL@?I:9DL9D

bD8NLIG:@BEB=?IG9D:?L!"#$*!)'$'%" ()**;

) / *!db3S! ab1e67;eO=G@I:9D @D8 8=L:FD OG:D?:OB=L9C

@13 K=GD:=G>9I9G) +*;bEEE 6G@DL@?I:9DL9D

bD8NLIGM7OOB:?@I:9DL!"#$/!'#$)%" ()');

) ' *!57-2 !̀ -bJ,! c7-2,;H=L:FD 9OI:>:T@I:9D @D8

?9>O@G@I:K= LIN8M 9C D9K=B >@FD=I:?%F=@G=8

O=G>@D=DI>@FD=I>@?A:D=L)+*;bEEE6G@DL@?I:9DL

9D 3@FD=I:?L!"#$&!'($)%" *$#/"#/;

) ) *!_]eJ d! 2E c! c7-2 +;7D@BML:L @D8

=VO=G:>=DI@BK=G:C:?@I:9D 9C@D9K=BC:=B8 >98NB@I=8

O=G>@D=DI>@FD=IF=@G>@?A:D=)+*;bE6EB=?IG:?

19Q=G7OOB:?@I:9DL!"#"#!$/$&%" $$(/;

) & *!5E-]! 4]E-23! +b7-2c! =I@B;7D@BML:L9C

@:GF@O C:=B8 >98NB@I:9D OG:D?:OB=9CCBNVFN:8=L)+*;

bEEE6G@DL@?I:9DL9D bD8NLIGM7OOB:?@I:9DL!"#"#!')

$'%" /&'*;

) * *!_eJ6! abH! 4]E-4! =I@B;7>NBI:OB=Q9GU:DF

A@G>9D:?13 K=GD:=G>@?A:D=Q:IA =DA@D?=8 CBNV%

>98NB@I:9D =CC=?I) +*;bEEE 6G@DL@?I:9DL 9D

3@FD=I:?L!"#$*!'/$$$%" *$#.)#';

) . *!5J_! _]J_ !̀ _]7-];49>O@G@I:K=@D@BML:L9C

O@GI:I:9D=8 LI@I9GCBNVG=K=GL@B13 >@?A:D=@D8

>@FD=I:?@BBMF=@G=8 >@?A:D=9O=G@I:DF:D LI@I9G%13

@D8 G9I9G%13 >98=L) +*;bEEE 6G@DL@?I:9DL9D

ED=GFM49DK=GL:9D!"#$&!("$(%" .#(;

)$#*!7aa7]c7fb7! 6efd737- ];7 D9K=BA:FA%

O=GC9G>@D?=?9DL=RN=DIO9B=8N@BG9I9GO=G>@D=DI

>@FD=IK=GD:=G>@?A:D=)+*;bEEE6G@DL@?I:9DL9D

ED=GFM49DK=GL:9D!"#"#!('$(%" $"(*;

)$$*!

;¸

!

'<=

!

>J

!

m

;

[NGHZwrSf÷�

Ã¢Q?Kvy

)+*;

�,[Nú;14

!Heb"$#;

$(((/<g;#"'*

X

*#$(;O?L==;"$$&#(;

)$"*!

5@

!

Ã<A

!

BC

!

m

;

jKÌÍ{V[LNVL

RDE�=G

)+*;

�,[Nú;14

!"##)!")

$"/%" $/*;

)$(*!ab]! _]J_ !̀ abJc;eOI:>@BDN>P=G9CCBNV

>98NB@I:9D O9B= :D K=GD:=G O=G>@D=DI >@FD=I

LMD?AG9D9NL>@?A:D=L) +*;bEEE 6G@DL@?I:9DL9D

bD8NLIGM7OOB:?@I:9DL!"#$.!''$)%" '&/&;

)$/*!4]E-23! 5E-]! ]7-1! =I@B;7D@BML:L9C

@:GF@O C:=B8 >98NB@I:9D OG:D?:OB=9CL:>OB=L@B:=DI

O9B=L) +*; bEEE 6G@DL@?I:9DL 9D bD8NLIG:@B

EB=?IG9D:?L!"#$.!))$/%" ")"*;

%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%%

!

345

((

6

$

) ( *!

5FG

!

ÃH�

!

I�J

!

m

;

YZ{)��[NK

LefMNÄ�£S"PQ

)+*;

[NR£Sv

y

!"#$&!//$$$%" (";

) / *!

O�

!

uPQ

!

7G

!

m

;

��ßYZ��[N.·

vÄ�£S=G

)+*;

[óS8

!"#"#$$'%" )";

) ' *!

RS

!

TUV

!

WXY

!

m

;

2Z[kl���YZ

KLef.·vÄ�£S

)+*;

[NR£Svy

!

"#$&!//$$"%" (#;

) ) *!

\]^

!

_`

!

abc

;

YZ��[Nd\Ä�.

·v£S

)+*;

[NR£Svy

!"#$*!/'$*%" $';

) & *!

5FG

!

ÃH�

!

I�J

!

m

;

YZ{)��[NK

LefMNÄ�£S"PQ

)+*;

[NR£Sv

y

!"#$&!//$$$%" (";

) * *!

efg

;

YZ��[N�.·vÄ��h�.i

j£S�d¡=G

)H*;

kl

"

kl21

!"#$.;
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