
yany
文本框
唐坤,曹志雄.
低速自动驾驶横向跟踪控制研究.
电机与控制应用,2021,48(8):72.



书书书

!"#$%&'!

!"#$

!"!#!$%!%"

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

!!

!"#$

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

!%&'"#$

" "#"$%#'%"&

()*+

"

,

!

-

$$()*%&!

.

!

/0

!

123456789:;<=7>?

'

@AB

$$((+%&!

C

!

12345DE6789:;<FGHI

'

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

!

!

"

!!

#$%

!

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

"

!"

!"###$%#

!!

/

!

0

!

5JKLDE6789:;MNOPQRS4TU>?<VW

!

HIJXYZ[\TU

$,,&

>

?]^_`a>?

$-,.&

<bc>?d

'

efghijkl

!

mn5

,,

>?

#

efghijopqr

-,.

s

tl

!

mn5

-,.#

Ol5Juv

"

w>?xyz{<mn

!

HIJ^|mn>?d

'

}~��bc>?d��

J��~����x:�v

!

F���

"

bc>?�j[

-,.!

TU<�EV

(

��V����

#

�

,,

>?�

�

!

>?<����KL

!

p^|mn>?d<���mn��<��V�%��

'

123

!

!"#$%&

"

45)*

"

6)*

#&&$

+,

"

789:+,

#'&($"

;<+,

=>?@A

! /,"*&# 01'$2$!!

BCDEF

! 3!!

BGHA

! $'*&%'+1#$"#"$&#)%##*"%#(

456! $#2$"$**789:;2"#"$2#'+

)*+,-*./-*01234 (53+-5.56)5789,,:;<+5=*+20>-2?234

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

<=86>6?@A;B:5? C9;@8/8:D?5B5@E.52FGH42F=86>6?@$###)(F.D6?;I

!!;@A+-*0+BC? 5J48JH569KJ5L8HD8B;H8J;BHJ;:M6?@:5?HJ5BK8JN5J9;?:85NB5OPK884 ;QH5?595QPL8D6:B8Q?48J

46NN8J8?H:5?46H65?PF;>56?H:5?HJ5BB8JR;P84 5? KQJ8KQJPQ6H<,,I:5?HJ5B;?4 9548BKJ846:H6L8:5?HJ5B<-,.I6P

48P6@?842SD8? HD848L6;H65? 5NK5P6H65? ;?4 46J8:H65? ;J8B;J@8F6H6PPO6H:D84 H5,,:5?HJ5B2SD8? HD848L6;H65? 5N

K5P6H65? ;?4 46J8:H65? ;J8P9;BB;?4 HD8-,.:5?PHJ;6?H6PP;H6PN684F6H6PPO6H:D84 H5-,.23HHD8P;98H698F;9548

PO6H:D6?@:5?HJ5BB8J6P48P6@?84 H58?PQJ8P955HD PO6H:D6?@R8HO88? HD8HO5M6?4P5N:5?HJ5BPEPH89P2/D8P69QB;H65?

;?;BEP6P;?4 J8;BL8D6:B8H8PH;J8:;JJ684 5QHN5JHD8>56?H:5?HJ5BB8J2/D8H8PHJ8PQBHPPD5OHD;HF:59K;J84 O6HD -,.F

HD8PK8846?8PP;?4 PH;R6B6HE5NHD8HJ;:M6?@5NHD8>56?H:5?HJ5BB8J;J85KH696T84 5RL65QPBE;?4 :59K;J84 O6HD ,,

:5?HJ5BFHD8;::QJ;:E5NHD8HJ;:M6?@6P;BP569KJ5L84 5RL65QPBE2/D8;446H65? 5N9548PO6H:D6?@:5?HJ5BB8J69KJ5L8P

HD8J5RQPH?8PP5NHD8PO6H:D6?@KJ5:8PP2

C,D 75-:AB.57A9,,:*<+5=*+20:-2?234E9*+F+-*01234E9<-,9<-A<2+G&&H053+-5.E=5:,.9-,:20+2?,

053+-5.G'&(HEA72+0F234 053+-5.

#!

&

!

'

DE6789:;���LE6789:;

��

!

 MNO<¡¢£¤

"$$&

DE6789:

;<�9E�¥o[LE:;

!

¦§M¨©ª<

«a¬­

(

>?®$¯3°±²jkNO

#$"&

D

E:;�9³´�~jo

(

:µ¶·N¸�¹

(

¨

©ª~ºj5»¼

!

¦§

!

½¾¿TU>?<�À

�ÁÂjL

#$&&

DE:;<Ã>ÄÅÆ56Ç

1È

!

É>?ÊËJÌÆN¹�¦Í

)$*

'

}~:;<S4=7>?

!

ÎÏÐ12ÑG

��JÒwNO<12

'

#ÓÔÕÖ×ØÙ<

,CU

>?GÚS4ÛÜ

%

ÝÜ>?dÞßS4>

?xlV<àá

)"*

#V59

¯

)&*

KâZ[ã6ä�

:;^_<��

1

W

S4>?åæ

#X8HH5

¯

)1*

K

âJZ[çè<éW:;S46êë>?d

#

%"*%



!"!#!$%!%"

!"#$%&'!

!"#$

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

A;B:5?8

¯

)+*

}~éW:;Ç7ì4>?àá

!

K

âJS4^_`a>?åæ

#

íÐ

!

^î>?

(

{

^>?

(

ïØðñ>?

(

òóôõ�ö�ôõ¯÷

M:;S4=7>?12ø²ùúë×

)'*

'

FcDE6789:;�9ûü]6ýFG

<£¤

!

þÿS4>?<£¤

!

!"HIJXw\

TU

$,,&

>?�^_`a>?

$-,.&

bc<>

?d

!

þ§qrS4TU>?<�EV

(

��Vþ

ÿ�¹�

'

$!

()*+,-.

#I#J

IJKLMN

!"<:;��^_Ú#þÿx:a$±þ%

&'()*¡¢²+ÔÕ

$

*,

+

'(

,&

6Ç1È<

AVGCY 3.Z"#$

o_éW�Ã>ÄÅ5-.

!

/)

$

01

!

2ÄÅ3G�4×:u5X6

!

Ö×

.3X

7

Ã�8

!

ä9:>?d~ì4:

(

;7:þÿ?7:

��<=Þ�]ìÈ

!

xy9:>?7Ã�

'

)

$!AVGCY 3Z."#$

Ã>ÄÅ

#I!J

O(+,PQ78

AVGCY 3Z."#$

_Ã>ÄÅ<ì4>?:>

?X@äì4AÑÿ½ÄB>?d

(

CDEF

(

G

Hd¯^IGJ<ãKû>?:>

!

LfMû

(

E

�ûþÿANû

!

½FG/)

"

01

'

�B>?

dOâ<ì4AÑ$PfM(5ÄB>?dO

�

!

CDEFÿGHdxl«aì4AÑ<fM

(

E�þÿAN

!

ÄB>?dQR$PS]xlÝ

ÜSTUì4AÑ<OâfM

!

xy~ì4AÑ

$PfM<xl7VTU

'

ÄB>?d

&

@Kû±Ö×ÊW

,CU

>?

!

X~ì4fM

(

ì4E�þÿAÑAN��²Y

Z[st

'

��~>?\]<9�

!

2ÄB>?

d^²_`<TUY�

!

/)

&

01

!

ak$Pf

M5

) ###[!

~ë:bì4c5

&#[!

ì40dl

´5

$2+ P!

§��akell´5

$+ 9P!

ak�

)

"!

ì4>?:>FG

Vhi5

$+[!

fig5

#2$)!!

qrHIÁÂ

'

OlHMZ[sthF

"

fMi+S5

\( $&#[!

ìEi+5

\$ 1##[7P!

ANi+5

\&# 3'

)

&!

fMTUa$F�

#IKJ

LR$ST78

)

1!

:;j:^_

¦5!"ÇÁkl12:;~m¶¾¿<T

UWn

!

0þo:;^_*�5p6ä�j:^

_

!

½qrs:/)

1

01

'

QRtunôs:

þÿbv<khn�khc<ÃVs:

!

:;<

S47nô^_þÿ:ýw¶�kxw¶:<ì

ns:5

2

-

E

34

$)

N

5

)

J

&

62

.

2

7

5

4

$8

N

)

N

4

8

J

)

J

&

62

.

4

2

.[ ] !

-

5

)

N

6

"

N

!

]

34

$8

N

)

N

4

8

J

)

J

&

9

:

2

.

2

7

5

4

$8

"

N

)

N

5

8

"

J

)

J

&

9

:

2

.

[ ] !

-

5

8

N

)

N

9

:

"

N

;

-

3

2

.

:5P

!

4

2

7

P6?

!

<

-

3

2

.

P6?

!

5

2

7

:5P

!















$$&

%&*%



!"#$%&'!

!"#$

!"!#!$%!%"

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

|ø

"6

59:yW

#2

.

5:;<z4E�

#2

7

5

:;<S4E�

#

!5y¤S{c

#

"

N

5:;<Û

bì4c

#8

N

(8

J

5y.%Û|}<¬­

#)

N

()

J

5

Û|bv<kh~�

#9

:

5:;�

:

}<ì7�

W

#;(<

5:;Mkxw¶:

*;<

R:;\�¤

fM

'

#I$J

LRU$T78

ä[DE6789:;<P(:EjD

!

½

=7ô£V�7nô£V�5��

!

p7nô£

Vj��

'

�Z[:;=7ô^_HI<¾¿T

U>?d^���<>?VW

'

M§O��×)

1

01j:^_Ú#:;<=7ô^_

)**

'

þ:

;|}ø.

$;

J

!<

J

&

5\�¤

!

MDEPQR

!

y.

khc # io

!

��H5

#[!

:E

2

��¯[:;

<z4E�

2

.

!

|bì4c "

J

�5

#[!8

5}¬

'

�Mkxw¶:

*;<

R

!

:;=7ô3�

))*

"

;

-

<

-

!

-













3

:5P

!

P6?

!

H;?

"

N

8













2 $"&

"!

/0123

!I#J

+,VWXYZ

}~S4=7>?12<��ÛK?:;<

��fM�[m¶¾¿�

!

��[m¶¾¿<�

�

'

�Mx�PQø

!

dÁ��:;�m¶¾¿

<��fM MjkTUhi<�Q

'

-,.

(5Xw^²Æw^|st<xlM

Ã>?åæ

!

W¸xyjL<>?��

'

�e:

;�m¶¾¿TUhijkl

!

½TUl´j�

p�7Vjk

!

�½MDE6789>?ø M

�><�W

'

�

,,

>?W¸xy~m¶¾¿�

ETU

!

�MTU��ÁÂjL<PQR

!

�½�

gjk<¾�

!

½>?���� [

-,.'

¦

§

!

��~��>?åæ£¤<7F

!

XFcDE

6789:;P(ûü]6ýFG<£¤

!

HI

JZ[

-,.

�

,,

>?�Fc<bc>?d

!

½

9¡FG/)

+

01

' -,.

^|þ:;=7ô

^_(5`a^_

!

QRm¶¾¿�:;eÛ¢

V8£

!

IåOâÛb<$Pì4c "

$

#,,

>?

^|QRm¶¾¿

(

:;eÛfM8£þÿäe

Û:E¹�<`¤¬­

!

IåOâÛb<$Pì

4c "

"

#

^|�¥dQRm¶¾¿�:;eÛf

g8£

$

fM�34

&!

�¥�ë<>?^|

#

�

�>?dQR^|¶A

954

¦§?¨È©J^

|mn

!

ªÈ©^|<mn

!

5J«¬>?d<O

âÓ©jk<­®

!

¯J:>Ó©°±²³

!

´7

^î>?d

!

~

"

w>?^|Oâ<Ûb$Pì

4c���µIå

!

st$Pì4c<Oâ¶S

!

·¸mnFt

!

¹�xyz{mn

#

QRº»¼ì

47J<½^_¾¿Ûbì4c�ì4AÑfM

À´<qrs:

!

¹�ì4AÑ<$PfM

'

)

+!

>?d9¡FGÁ

!I!J

[\

'&(

]^_'(+,

}~DE6789:;<�9£¤

!

!"�

×:;=7ô^_(5`a^_

!

�?ÂÃV<

^_`a>?IåWÃk

!

ÂÞE��~ÄÅ

!

Æ

þqr:>~[xlV<ÁÂ

!

¦§dÁ��Ã

V��Ç

!

þuv>?<xlV

)(%$#*

'

%1*%



!"!#!$%!%"

!"#$%&'!

!"#$

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

"2"2$!

-./012

ä|

$"&

�È

!

:;<ÂÃV=7ô^_<

XÉ¢V3��ÊJ

"

!

-

3

=$

!

$>&!!$>&& $&&

|ø

"

¢VW!

^

);

J

!<

J

!

!

*

/

!

>?W

!

^

)2!

"

J

*'

�þom¶¾¿Ë(XÌÍÈ<:;¢V8

£

!

��W¸ë×=7ô3���Î�

!

o|

$&&

Mm¶¾¿�<ÏX¤

$

!

#

!!

#

&

�Ö×ÐÑÒ]

�1XÓÔLÕÖ

!

Fc2¤�<¢V3�

!

L�

Â�ÃV�<fi^_

!

L

"

!

?

-

3

"$>&

!

?

5

#$>&!

?

$>& $1&

|ø

""$>&

^

#

=

#!

#@$>&

^

#

=

#

!

#

!

_

^

!

`

!

#

#!

_

^

!

`

!

#

'

ë×XÕi×3æ~|

$1&

��­Ø��

Ç

!

L

"

!

?

$A

5

$&

3

"

A!>

!

?

$A&

5

#

A!>

!

?

$A& $+&

|ø

""

A!>

^

$

a

!"$>&##

A!>

^

!#$>&#!

5Ö�®$

#

$

5jfÙÚ

'

"2"2"!

3412

����­ØÃVfi^_

!

W¸Iå:;

ÛÜlÝ<¢VW�OâW

'

5JÞ[~>?Ê

W��Iå

!

o|

$+&

��/Rìn

!

=

"

"

$A >&

3

!

?

$A >&

!

?

$A

4

$ >&









$'&

!!

�%X@ß<¢V³´3�

"

!

?

$A

a

$ >&

3

"

?

A!>

"

$A >&

5

#

?

A!>

!

!$A >&

#

$A >&

3

%

?

A!>

"

$A >& $*&

|ø

"

!

!$A >&

^

!

_

$A >&

`

!

_

$A

`

$ >&#"

_

A!>

^

"

A!>

#

A!>

"

6

b

'

$

6

[ ] ##_A!>

^

#

A!>

$

6

[ ] #%_A!>

^

$ # # # #

# $ # # #

# # $ # #










#

'

5¢V®Wà]

#6

5>?Wà]

'

��|

$*&

�È

!

ª?ÍÈ:>eÛlÝ<

¢VWþÿÛÜX�láÏÂâ<>?ÊW

!

�

�òóIå

!

W¸`aÛÜã�láÏ<¢VW

]OâW

'

"2"2&!

5678

Mx�>?ø

!

:><>?ÊW?ÛÈ<

!

�

þ��HMm¶ä]

!

X~½��å7æ�

!

Üç

�X�>?láÏ<>?ÊW<èé

'

!"øm

¶ä]HM5

&$A&

3

$

#

K

-

3

$

#

$A

5

->&

4

#

J8N

$A

5

->&

"

'

5

$

#

:

4

$

-

3

$

!

($A

5

->&

"

)

5

$%

$)&

|ø

"

#

J8N

5ÛÜê

-

lÝ<m¶Oâ

##

K

5`a

lá

##

:

5>?lá

#)('

5µlÙÚ

#

$5µl

¦ë

#

%5ìí¦ë

'

|

$)&

ø

"

êXÖÝîJ>?:>~m¶¾

¿<TUWn

#

êpÖÝîJÛbì4��<z

�V

#

êãÖìí¦ë<��W¸uvMÛÜ`

aláÏ<ïXÝ±²��Þ

'

¦§

!

MH�`

aláÏ

!

2m¶ä]W¸xy~m¶¾¿<�

¹

(

z�TU

'

5J3ÞÂÞ

!

dÁom¶ä]ì�5¶À

pðñò<àá

!

o|

$*&

ó�|

$)&

ø

!

��

"

&$

"

$A&!

!

($A&&

3

)

!

($A&

/

%

*

/

*

>

)

!

($A&

/

%

*

5

+

>

)

!

($A&

/

%

* $(&

|ø

"*

>

^

&

/

>

'

&

>

a

) "

"

$

[ ] #+>

^

) ",

/

>

'

&

>

!"*#

,

>

5`aáÏ<fMhi�ó4hi<fghi

ÙÚ

#

&

>

5`aáÏhi`a^_¢V®W:]

ÙÚ

'

Mx�>?��ø

!

5JÊôTU��À¹

V

(

��V

!

õõdÁ��~>?Wþÿ>?ÊW

HMsthF

'

M!"HIø

!

M>?®$HM

5

#2#+ P

<ÛKR

!

QR

3Z."#$

<z4TUW

na$

!

H�:E>?<sthF5

:Ehi

"

`

#2#+ 97Pc2

`

2

>

c#2#+ 97P#

:EÊW

"

`

#2#"+ 97Pc

!

2c#2#"+ 97P'

QR

3Z."#$

<ì4Wna$

!

H�Ûbì

4>?<sthF5

ì4c�

"

4

")[B

"

N

B&+[

ì4ÊW

"

4

$[c

!"

B$[

{ $$#&

|ø

"2

>

5$P:E

#

!5ï@>?®$<ÊW

'

ö�0�

!

^_`a<ÂÞàá�þÎ�5

MqrsthF<ÛKR

!

ÂÞïX@Ö�®$

Ï�|

$(&

ao<a�>?ÊWèé

"

!

(

%

>

3

)

!

!

%

>

!

!

!

%

>

5

$

!.!

!

!

%

>

5

#

:

5

$

*

/

'

!!

o2èé<êX@EÍ×[S4TU:><

x�>?

!

��Â�$P>?W

!

L

"

%+*%



!"#$%&'!

!"#$

!"!#!$%!%"

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

!$A >&

3

!

?

$A

4

$ >&

5

!

!

%

$A >&

5

!

#

$$$&

!!

�|��RXÖ�®$

!

Â÷ß<a�>?

ÊWèé

!

aøxy~m¶¾¿<TU>?

'

!IKJ

[\

&&

]^_'(+,

"2&2$!

9:;<12=

,,

>?@A

,,

>?ùúë×[:;<¾¿TU>?ø

'

"ø

,,

>?Z[j:^_

!

þ:;|}5m¤

!

:

;z4:ý5mÃ

!

��>?Ûbì4c

!

>?:;

ùúXhØ�`¤¤<ûü�9

!

/)

'

01

)$$%$"*

'

)

'!,,

åæýÇ)

!!

)

'

ø

!

¤

$0

.

!0

7

&

5m¶¾¿�<`¤¤

!

$C

.

!C

7

&

5:;<eÛfM

!

"5Ûb<ì4c

!

$

5`¤c

!8

4

5`¤¬­

!D

5}¬

!E

5:;<

ì4þ¿

'

QRÿ!�Ç

!

��

"

8

4

P6?$"F&

3

E

P6?

"

"

4

F( )
8

4

"P6?F:5PF

3

E

:5PF

8

4

P6?F

3

"E















$$"&

!!

QR*�<º»¼ì4qr

!

Ûbì4c�

:;ì"þ¿ M/Rs:

"

"

3

;J:H;?

D

E

( ) $$&&

!!

b#|

$$"&

�|

$$&&!

��Z[

,,

>?<

Ûb$Pì4c5

"

3

;J:H;?

"DP6?F

8

4

( ) $$1&

"2&2"!

3BCD=EF

`¤¬­<¹�?

,,

>?åæW¨xy¾

¿À¹TU<s#

!

/�`¤¬­�$

!

%¯J:

>Ó©5&<²³

!

:><��VR'

#

/�`¤

¬­��

!

�TU��R'

!

�½MTU�gjk

�l

!

(%Ó©

+

)�¾

,

yº

'

Ø��

!

`¤¬

­�:;xl<E�

(

�E�

(

��`¤¬­þÿ

ì"þ¿¯\] MX�<]ôs:

!

�*×[

Iå`¤¬­<Ø�Ô|5

)$$*

8

4

3

$

"F

9;d

2

"

5

A2

5

E

96?

$$+&

|ø

"2

5:;<�9E�

#F

9;d

5:;ak?7

�E�

#A

5E�:]

!E

96?

5:;ao<�9

þ¿

'

|

$$+&

ø

!

ê

$

Ö�1:;?7¬­

#

ê

"

Ö

�1:;<Ýë�9¬­

#3Z."#$

<HI\]

¹�

!

½ak?7�E�5

#2+ 97P

"

!A

5

#2+!

E

96?

5

$2) 9'

e:E�[

&_) M97D

l

!

:>~

[`¤¬­<®�Ýëj5��

!

¦§

!

!"H�

`¤¬­]ôs:|5

#G+! 2

&

& M97D

2

"

5

#G+2

5

$G)! & M97D B2B) M97D

"G#! 2

'

) M97D

{
$$'&

"2&2&!

3BG=EF

`¤¬­¹�|

!

QR`¤¬­æ+m¶¾

¿�<`¤¤J59@åæxy<lÁûU

'

!

"Ö×!�,�<3æ¹�m¶¤

'

^¡`¤¤

<¹�3æ/)

*

01

'

)

*!

`¤¤<¹-3æ

æ+m¶¾¿�¬­:;eÛfMa�<¤

@

#

!

.|o

@

#

(5´¤

!

/èÂ÷ï@¾¿¤�

%'*%



!"!#!$%!%"

!"#$%&'!

!"#$

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

RX¾¿¤<¬­X��,�

!

§,�¬­05

8

P

!

L

8

P$$&

3

H

$

8

P$"&

3

8

P$$&

5

H

"

8

P$&&

3

8

P$"&

5

H

&

!!!/

8

P$-&

3

8

P$-

4

$&

5

H

-













$$*&

!!

e,�¸¤

@

-

l

!8

P$-&

k[`¤¬­

8

4

!

ø¬

,�

!

|�j

8

P$-&

�

8

P$-

`

$&

!

�÷�

8

4

fijo<

¤

!

L5`¤¤

'

!I$J

;<+,

"212$!

HIJK

eë×

-,.

^|��TU>?l

!

¬­hi

�34hi�k

!

%¯J>?:>Ó©²³

!

1¸

�2TUWn

'

XpNO:ER

!

¬­hi�3

4hi<34N5�O

'

!"��HMNO:E

(

��¬­hiþÿ

34hi

!

=×

-,.

3|>?

3Z."#$

TU

$## 9

·Ã¾¿<a$3æ

!

a$W¸u5:>

��<ak¬­hi

I

79;d

ÿ½~ë<34hi

I

!

9;d

!

|��]R6cç�NO:E

2

R

!I

79;d

�

I

!

9;d

~ës:/)

)

01

!

ä)

)

�È

!

OX:E

R

!

7ú

I

!

9;d

Êk

!I

79;d

89:o

#

NO:ER

!

7ú:E<Êk

!I

79;d

�

I

!

9;d

;Ì<=>Ü>

o

'

)

)!

:E

(

fMhi�34hi?S~ës:

!!

~[)

+

01<>?:>

!

!"�×fgh

i

$

¬­hi�34hi

&

(5^|�¥<<¶

!

QR:;<eÛ:Eþÿ)

)

<~ës:

!

Iå

ak34hi

I

!

9;d

5

#

l~ë<ak¬­hi

I

79;d

$

eÛE�Rak<¬­hi

&'

@oeÛ<

¬­hi

I

7

�2S���j

!

ª

I

7

k[

I

79;d

!

�

�×

,,

>?^|

!

^|¶A

954

H5

$#

ª

I

7

o

[

I

79;d

!

�A&QR)

)

<~ës:þÿeÛ<

¬­hi

I

7

'

Iå~ëak34hi

I

!

9;d

!

Xo

eÛ<34hi

I

!

�2S���j

!

ª

I

!

k[

I

!

9;d

!

��×

,,

>?^|

!

^|¶A

954

H5

$#

¨�

!

Mqr

-,.

sthF<�QR

!

�×

-,.

^|

!

^|¶A

954

H5

"'

"212"!

1LHIMN

MÈ©^|mnl

!

5JBC>?W<Oâ

Ó©­®

!

D´:>È©El²³]F7

!

HI^

|mn>?d~TU>?d<Oâ��st

)$&*

'

M)

+

<TU>?dø

!

e^|mn>?d

QR^|¶A

954

¦�È©^|mnl

!

TU>

?d<$POâ "

J8N

GHR|���µ�Ç

"

"

J8N

3

C

$

"

$

5

C

"

"

"

$$)&

|ø

"

"

$

5mnÛ>?^|

$

05^|

$&

Oâ<

:b$Pì4c

#

"

"

5mn|>?^|

$

05^

|

"&

Oâ<:b$Pì4c

#C

$

5^|

$

$PO

â<�µ:]

!C

"

5^|

"

$POâ<�µ:]

'

mnÛ

!

ä^|

$

I[>?

!

L

C

$

5

$!C

"

5

##

m

n|

!

ä^|

"

I[>?

!

L

C

$

5

#!C

"

5

$!

�

C

$

<®�<=5

$_#!C

"

<®�<=5

#_$!

Mmn

��ø

!

^|mn>?dJRHI<^î>?d

xl<T9

C

$

(C

"

'

��^î>?dþ�µ:]

C

$

(C

"

(5Oâ

!

þmnÛ|

"

w>?^|$POâW<hiK~

S

I

ÿ½®�g

IC

(5O�

'

QR

3Z."#$

<

aW\]

!

^î>?åæ<O�W

I

<Z!Lá

5

)#[!&+[*!

^îLá5

0#!$!"!&1!

~ë<^î

ëM5

0ef!,Y!,-!,=1#

½®�g

IC

<Z!L

á5

)

`

"+[!"+[*!

^îLá5

0

`

$!#!$1!

~ë<

^îëM5

0X!ef!,1!

NO�ä]Ö×LP_

'

^î>?åæ<Oâ

C

$

(C

"

<Z!Lá5

)#!$*!

^îLá5

0 #! $! "! &1!

~ë<^îëM5

0ef!,Y!,-!,=1!

NO�ä]Ö×ãcQ

'

2^î>?~ë<ñ�/�

$

]�

"

01

!

emnÛ|<hijkp²A&Êk<RSl

!

5Juvmn<z{V

!

dÁklATmnÛ<

>?^|

#

emnÛ|<hijolp²A&:

o<RSl

!"

w>?^|dÁêeUcT9

#

e

mnÛ|<hi��5âpWu5ãw¢Vl

!

V�mn��Ft

!

mnÛ>?^|�þWâ

!

m

n|>?^|I[XY>?

'

%**%



!"#$%&'!

!"#$

!"!#!$%!%"

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

`

#J

abPc

-

#

7def`

C

$

I

ef ,Y ,- ,=

IC

X ef ,Y ,- ,=

ef ef ,Y ,- ,=

, ,Y ,- ,= ,=

`

!J

abPc

-

!

7def`

C

"

I

ef ,Y ,- ,=

IC

X ,= ,- ,- ,Y

ef ,= ,- ,Y ef

, ,= ,- ,Y ef

&!

/04567

KI#J

gh:I

&2$2$!

OPQR=ST

5�v��bc>?dM¾¿TU>?ø<

>?Y�

!

!"Ö×

-3/G3=7Y69QB6?M

�

.;JP69

bc��<3æ����a$

'

þ

3Z."#$

_Ã

>ÄÅ5\�^_

!

��]R<¶�

!

½Z�\]

/�

&

01

'

`

KJLM)N8;O(!"#

WLic

\][, \]S

ÐQ\]

$

�

7

^

7

L

&799 $ #'#7'+#7"++

y.%Û}¬­

799 1#'

y.%|}¬­

799 1#*

b¬

$

Û

7

|

&799 +*+7+*+

9:yW

7M@ *"

ak_l

7M@ "##

bvþ¿

799 $$1

;7Yg

7! )#

�ú:]

#2)

&2$2"!

OPUV

}~`V¨©�)DE¨©��B¨nµ?

DE6789<XwÙ_PQ

)$1%$+*

'

!"Ö×

XwB¨nµ¾¿(5��<m¶¾¿

!

/)

(

01

'

l¤«�M Mjk��fghi]�gx

l®�<¾QhFR

!

>?d<TUY�

!

m¶¾

¿<3�5

)

(!

m¶¾¿

<

J

3

J

7$

$$

5

H;?D ,

$

&

5

J

7"

$H;?D ,

"

&

!

J

3

;J:H;? ( "J7$

$

:5P,

$

( )
"

$G"

J

.$

( ) 4

!!"J

7"

$

:5PD ,

"

( )
"

$G"

J

."

( ) )













$$(&

|ø

"J

7$

^

$G+#J

7"

^̀

$G+#J

.$

^

&##J

."

^

&##,

$

^

"G1$;

J

`

'#&

J

.$

`

$G"#,

"

^

"G1$;

J

`

$"#&

J

."

`

$G"'

HM2¾¿<�ú:]5

#2)!

��fM5

$# 9!# 9&!

��345

#[#

:;<��fM5

$

`

$2+ 9!# 9&

��345

`

*[#

:EHM5

+21 M97D'

�j��NO>?d(×R

!

TU>

?<�¹�

(

��Vþÿ�EV

'

!!

��F�/)

$#

01

!

2F���

!-,.

<

fgxl�[N§aT¢V

!

XbfM�34 

Mjk<hi

!

½dÁcdj�l´��T9

!

M

!ð��ø

!

ä[��fghijk

!

½fMT9

�l´à5M

`

#2#1_&2" 9!

T9l´s5

+# P!

½34T9�l´à5M

#2#$[_$12*[

À´

!

T9

l´s5

&# P' ,,

>?exyJ~m¶¾¿<

ÿlz�<TU

!

��Vhi�~jk

!

�½M�

gjk�

!

�VfMhi®�<=5

#2#' _

#2$" 9'

bc>?f`x��J��

"

w>?<

Nr

!

M��fghijkl

!

�[

,,

^|

!

x

yJ~m¶¾¿ÿlz�TU

!

gqrmnhF

|

!

mn5

-,.

>?^|

!

xy~m¶¾¿<�

¹TU

!

p34<aT�7:o

'

��~��F

�<��

!

bc>?åæ�j[jX<

-,.!

T

U<ÿlV

(

��V±�%Jj`<'h

!

�j[

jX<

,,

>?

!

�¹��%J_`��

'

!!

}~^|mn>?d>?Y��v

!

�ië

×���Û��^|mn>?d<

"

wbc>?

d��J~���

!

½��F�/)

$$

01

'

�

�F���

!

Û��>?d<TU¾¿Mmn¤

%)*%



!"!#!$%!%"

!"#$%&'!

!"#$

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

)

$#!

��Y�~�

�Ó©jk�7

!

½ì4:bS{cE��:ý

<k4�E�Ó©Jj5j±<²³

!

S{cE

�<�7<=5

`

*[7P_12+[7P!

k4�E�<�

7<=5

`

"2)_"2" 97P

"

#

M��>?d|

!

½S

{cE��k4�E�<�7<=��:o

!

a

k�7�i5

`

&2'[7P_

`

"[7P

þÿ

`

#21 _

#2" 97P

"

'

~�F���

!

2^|mn>?dW

¸j`<��^|mn<��V

'

KI!J

jL:I

5J�v��S4TU>?d<x�>?Y

�

!

kl'(6Ç1È<

AVGCY

6789�Èz

m��Jx:a$

!

/)

$"

01

'

2�Èzmþ

P>Ñ5zm

!

n×L��<

g/h%i,Y

¿ó^I

oÚ[px)

!

��:;<xl�f�pZ¾¿

ñò

#

n×äjqrs

(

tu�rsþÿvmçè

)

$$!

²wmn>?d>?Y�~�

xydÌJ<yÈ^Ixl«a¾Q8£

$

¨©

ª

(

�zÿµ¾{|¯

&!

IJ

YG3-

Ú)ÿpZ

¾¿ñò

#

n×:¡xydÖM:E

(

�E�þÿ

ìc¯:¡8£

!

|��}cåæo��^IO

â<]R8£��]R}c

!

IJ=7¾¿pð

ñòþÿ�5ß~

!

X��

.3X

7ÃÚ#<��

|�8ðñÈ�ÉÄB>?d

!

äÄB>?dI

JÄB<¾¿TU

'

)

$"!AVGCY

6789�Èzm

!ðx:a$ø

!

þª�`¬<:;(5¨

©ª

!

IJ)

$&$;&

01<B¨¾¿<¶�

!

þ

§(5x:a$<m¶¾¿

!

a$ûü5��

��¾°

!

a�

!

¾^

"2* 9!

m¶:EH�5

+21 M97D'

a$F�/)

$&

01

!

M9@a$�

�ø

!

:E��M

12(_+2) M97D

À´

#

ä[ M

jk<��hi

!

0þa$�$

!

>?d>?ì4

AÑ�Eì4

!

�ETU�m¶¾¿

!

�ë<fM

hi�34hi�E:o

#

gs%��TU|

!

f

Mhi<�7<=5

`

#2#"_#2$$ 9!

34hi<

%(*%



!"#$%&'!

!"#$

!"!#!$%!%"

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

®�<=5

`

$21[_"2+[!

s%J`$<>?m¶

'

)

$&!

x:a$F�

1!

8

!

9

!"}~DE6789:;S4¾¿TU�

�ø

!

fghijk<�QR

!

jX<>?åæw

æOlqr�¹����V<àá

!

F�

-,.

å

æ�

,,

>?åæ<>?£¤

!

HIJZ[

-,.

åæ�

,,

>?åæ<bc>?d

'

ä[

-,.

åæ^|R

!

7ú:E<NO

!

~

fMhi]34hi(���÷NO

!

MNO:

EhFR

!

S4hi�34hi<]R��6c

!

þ§(5^|mn<JR

'

OlHIJZ[^î

>?<^|mn>?d

!

uvmn��<��

z{

'

þ

AVGCY 3Z."#$

_Ã>ÄÅ(5^_

!

�

ÚJZ[

-3/G3=7Y69QB6?M

�

.;JP69

<bc�

�zm

!

�ië×NO>?åæ��J��a$

!

X~��F���J~���

'

a|ë×

AVGCY

6789�Èzm��Jx:a$

'

��a$þ

ÿx:a$<F�±��

"

!"0HI<bc>

?d�²

-,.

åæ>?��Lþÿ

,,

>?T

UE��

(

��V`<£¤

'

%

i k B C

&

) $ *!

�E�

!

�Ú�

!

��

!

¯

2

DEwz89ýÇÿë

×

)-*2

%&

"

�ôâ��

!"#$(" $)%"+2

) " *!Z3j3h3S3 j! SZC/V g! hC-0g3 /! 8H;B2

UJ6L8J%:59K;H6RB8PH88J6?@PEPH89 N5JO648PK884%

J;?@8K;HD N5BB5O6?@)k*2CVVV73Y-V/J;?P;:H65?P

5? -8:D;HJ5?6:P!"##1!($&&" +112

) & *!Vf-Y C!hC- Vk! YZCX/j!8H;B2/D8J5RQPH

:5?HJ5BB8J48P6@? N5JB;H8J;B:5?HJ5B5NL8D6:B8P).*

(

,J5:8846?@P "##& CVVV73Y-V C?H8J?;H65?;B

.5?N8J8?:85? 34L;?:84 C?H8BB6@8?H-8:D;HJ5?6:P

$3C-"##&&!"##&2

) 1 *!XV//f-Y!.Z3C=Y!-3--3gY2G;H8J;B;4;KH6L8

:5?HJ5BN5JL8D6:B8B;?8M88K6?@).*

(

,J5:8846?@P5N

HD8"##1 398J6:;? .5?HJ5B.5?N8J8?:8!"##12

) + *!A3G.fXV ,! =fggVGGCA! 3Yi3gCk! 8H;B2

,J846:H6L8;:H6L8PH88J6?@:5?HJ5BN5J;QH5?595QP

L8D6:B8PEPH89P)k*2CVVV/J;?P;:H65?P5? .5?HJ5B

YEPH89P/8:D?5B5@E!"##*!$+$&&" +''2

) ' *!

���

!

�»ô

!

���

2

éW:;=7>?12

ö�

)k*2

�:Z[�UWô�

!"#$'!*$"&" $+$2

) * *!

�ª�

!

�²�

!

 �

!

¯

2

çè`¤|éW:;z

S4¡O>?12

)k*2

�:P�

!"#$(!1$$*&"

*'&2

) ) *!

�¢

!

�£�

!

�1ô

!

¯

2

Z[i�

i,Y

<pZ¤

áwz:¾¿TUåæ

)k*2

�ô¡¢�P�

!

"#$(!$($"+&" "+'2

) ( *!

¥¦�

!

§¨©

!

tª�

2

6789�:<«¬T

U>?

)k*2

l­®�kôô�

$

6.�ô�

&!

"#$(!&)$)&" $2

)$#*!

¯Ú©

!

°±

!

²³

2

wz89:;^_`a>?

)-*2

%&

"

%&ÇPkôâ��

!"#$1" )+%('2

)$$*!

�Ú´

!

�µ

!

¶·

2

Z[

,QJ8,QJPQ6H

åæ<éW

:¾¿TU

)k*2

%&P¸kôô�

!"#$'!1"$(&"

$&#$2

)$"*!

�¹¹

!

rA~

!

�ª�

!

¯

2

éW:;¾¿TUS

4ºc>?dHI

)k*2

l­ÇPkôô�

$

6.

�ô

&!"#$)!&"$$$&" *2

!

WXY

)(

Z

#

%#)%



!"!#!$%!%"

!"!#$%&'(!

!"#$

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

+M,1

KL

"

Þ,MNÃ1

!"#$*1

+ + ,!

OÌP

!

QRS

!

TÁU

!

o

1

(¡ócôEefg

#h

./\

§EÁ]^_

Q/V-W4

ñêüý

+c,1

EdHñê1F

!"#$)!""$'%" (&1

+ ) ,!

GVM

!

W/X

!

YZR

1

u[Ò�¡WX[\

/

ZY^ß_hO�Y§EÁ\{+)

-W4

(ë

+c,1

E?üý1F

!"#$+!2"$$&%" $"+1

+ ' ,!

Tã]

!

YZR

!

^_

1

u[WX,EÁÞÝC5

Ñc_h

QR-W4

ñêBë

+c,1

E?üý1F

!

"##+$+%" ('1

+$#,!

`ab

!

cd¶

!

eB�

1

9:ùú±fgh[\

ÞÝh5]^_9Jéêñê

+c,1

Þ,Ed?@

1F

!"##'!"'$22%" 2&1

+$$,!

Xij

!

klm

!

níd

!

o

1

ÞopC5Y[\§

EÁ]^_ÇY

Q-W4

<=

+c,1

EdHñê1

F

!"#$(!"#$"%" )1

+$",!

Xij

!

níd

!

klm

!

o

1

(¡9:;^h\{

+)9:J¹éêGH

+c,1

EdHñê1F

!

"#$(!"#$$%" &21

+$2,!

KLM

!

QRS

!

nq

!

o

1

WXÞÝC5Y

/

Z[

\]^_EdEefg��<=

+c,1

qr?@Ã

11F

!"#"$!22$"%" 2+1

+$&,!

st

!

uvÁ

!

nw]

!

o

1

,X,EÁ�x�ly

`zkLh_`bcCê

+c,1

Þ,Ed?@1

F

! "#$2! 22$'%" $+1

+$*,!Q/5Gd! d/5,bK! W5,ba! :?=>1476:>8EL=E6

:>8;8E=?87E 7H :̀@7%D:XJ:E<:<8@<J>=?8EL<J@@:E?D8E

C=@=>>:>?I@::%>:F:>3%?AC:L@86%<7EE:<?:6 8EF:@?:@D

+c,1SVVV3@=ED=<?87ED7E -7T:@V>:<?@7E8<D! "#$*!

2#$"%"$#*#1

+$(,!

nw]

!

uvÁ

!

st

!

o

1

§d

3

Y,EÁly`

z]^_hbcCê

+c,1

Þ,Ed?@1F

!

"#$&! 2&$$%" &#1

+$+,!

{)|

1U-Q

Þ,X,EÁ]^_`\_`bc

}ÒDE<=

+M,1

}~

"

�Þ0üÃ1

!"#$&1

+$),!

�&�

!

)Ç�

!

��

!

o

1

,EÁ]^_`\kL

h_`bcCêüý

+c,1

E?üý1F

!"#$&!"'

$

O

$%" $'"1

+$',!

�X�

!

���

!

sG/

!

o

1

(¡'lY_`bc

CêBëh

3

Y,EÁ`\`zkL

+c,1

Þ,E

d?@1F

!"#$+!2+$$&%" &$(*1

+"#,!

���

!

���

!

��r

1

uF'lh

O7L8D?8<

�Y

0|rìBë}ÒÎ�

+c,1

|1hø�H��

!

"#$+!&+$""%" $)21

++++++++++++++++++++++++++++++++++++++++++++

!

DEF

((

G

#

+$$,!

���

1

Ed�ì

+4,1

��

"

d�?N���

!

"###" $#(%$$$1

+$",!

K��

!

��Á

!

���

!

o

1

 Y¡¢£õEd¤

¥²�î>}¯°Ü�

+c,1

EFd¦HiÊ¦

§

!"#"#!&2$$%" $'1

+$2,!

�¡�

!

¨.Ê

!

Î�/

1

Ed¤¥hî>Hñê

+4,1

©L

"

ªbÃ1���

!$')+" "$2%"2'1

+$&,!

«¬

!

­®X

!

n¯

!

o

1

.O°YEd±J¤¥ì

(Bëh<=

+c,1

°düý

!"#$'!($$*%" +'1

++++++++++++++++++++++++++++++++++++++++++++

!

DEF

)#

G

#

+$2,!

²³´

!

�µ

!

¶ZÊ

!

o

1

·È¸¦q¾¹º»¸

ñêGH<=

+c,1

Þ,d�?@

!"#"#!2$$2%"

")'1

+$&,!

¼�½

!

��

!

¾K�

!

o

1

(¡¹º$��Yh·

È¦§Ê¿¹ºBë

+c,1

¸¦?@

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

$#"$1

+$*,!

�µ

1

·È¸¦q¾¹º»¸ñêBë<=

+M,1

Àb

"

b¾Ã1

!"#$'1

&')&




