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m x =F   !  x = F 
m

 = f  (3.1)
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x = 
x1

x2

(3.2)
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x  (0) = 
0

0

      "       x  (T) = 
L

0

 (3.3)
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dx1

dt
 = x2  ,  dx2

dt
 = f  (3.4), (3.5)
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dx

dt
 =  f (x, u ) (3.6)
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dx

dt
 =  f (x, u ) (3.7)

y  =   g (x, u  ) (3.8)
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x1 = f1(x1, x2, , xn,u1, , um)

x2 = f2(x1, x2, , xn,u1, , um)

xn = fn(x1, x2, , xn,u1, , um)

(3.9)



  

y1 = g1(x1, x2, , xn,u1, , um)

y2 = g2(x1, x2, , xn,u1, , um)

yl = gl (x1, x2, , xn,u1, , um)

(3.10)
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x + a1x + a0x = u (3.11)

y  = b1x + b0x (3.12)
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x = Ax + Bu (3.13)

y =  Cx + Du (3.14)
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A = 
#f

#x
  ,   B = 

#f

#u
  ,  C = 

#g

#x
  ,  D = 

#g

#u
 (3.15)
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A   = 

#f1

#x1

#f1

#x2

#f1

#xn

#f2

#x1

#f2

#xn

#fn-1

#xn

#fn

#x1

#fn

#xn-1

#fn

#xn

(3.16)
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x(t) = Ax(t) + Bu(t) (3.17)

y(t) = Cx(t) + Du(t) (3.18)

@STS=+OGHK

sX(s) = AX(s) + BU(s) (3.19)

Y (s) = CX (s) + DU(s) (3.20)
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(sI - A)X(s) = BU(s) 

! X(s) = (sI - A)
-1

BU(s)

 
 

(3.21)
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Y(s) = C (sI - A)
-1

BU(s) + DU(s)

      =   C (sI - A)
-1

B + D  U(s)

 
 

(3.22)

-�H�o;[\U,56:;

G(s) = C (sI - A)
-1

B  +D  (3.23)
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x1

x2

  = 
2 3

4 5

 
x1

x2

 + 
1

0

 u  

 

y  =  6 7  
x1

x2

           

(3.24)
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G(s) = 6 7  
s 0

0 s

 - 
2 3

4 5

-1

 
1

0
 

=  6s - 2

s 2 - 7s - 2
                         

(3.25)
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x  = i $  
T (3.26)
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u  = e TL 
T (3.27)
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y  = x = i $  
T (3.28)
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e  -% $  = (R +sL) i

          =   Ri +L i
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%i  + TL = (Js + B)$

              =  J $  +B$
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e
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(3.31)
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I(s)

& (s)

 = 
G1 1(s) G1 2(s)

G2 1(s) G2 2(s)

 
E(s)

TL(s)
 (3.32)
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G(s) = 
Y(s)

U(s)
 = 

10(s+4)

s(s+1)(s+2)
(3.33)
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U(s)

s(s+1)(s+2)
  =   

Y(s)

10(s+4)
  =  X(s) (3.34)
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U(s)

s(s+1)(s+2)
  = X(s) (3.35)

j ;

s 3X(s)+3s2X(s)+2sX(s)  = U(s) 
 

! sX3(s) = -2X2(s) -sX3(s) + U(s) 

 
 

(3.36)
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sX1(s) = X2(s)
 

sX2(s) = X3(s)

(3.37)
 

(3.38)
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Y(s)

10(s+4)
  =  X(s) (3.39)
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Y(s) = 40X(s) + 10sX(s)

          =  40X1(s) + 10X2(s)

 
(3.40)
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x1 = x2                

x2 = x3                

x3 = - 2x2 - 3x3 +u

(3.41)

y  = 40x1+10x2      (3.42)
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x  = 

0 1 0

0 0 1

0  -2  -3

 x  +  

0

0

1

 u (3.43)

y =  40 10 0  x  (3.44)
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G(s) = 
Y(s)

U(s)
 = 

bn-1s
n-1 + bn-2s

n-2 +  + b1s  + b0

s n + an-1s
n-1 +  + a1s  + a0

(3.45)
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x = 

0 1

0 1 0

0

0 1

-a2 -a1 -an-2 -an-1

 x  + 

0

0

0

0

0

1

 u           (3.46)

y   =   b0 b1 b2 bn-1
 x                               (3.47)
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x = Ax +  bu (3.48)

y = c Tx         (3.49)
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x  = A
T
x  + c Tu (3.50)

y = b
T
x           (3.51)
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G(s) = 
Y(s)

U(s)
 = 

10(s+4)

s(s+1)(s+2)

  = 20
s

 - 30

s+1
 + 10

s+2

 
 
 

(3.52)
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Y(s) = 20
s

U(s) - 30

s+1
U(s) + 10

s+2
U(s)

         '  20X1(s) - 30X2(s) + 10 X3(s)

 
 

(3.53)
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X1(s) = U(s)/s

X2(s) = U(s)/(s+1)

X3(s) = U(s)/(s+2)

 
 

(3.54)

-eAZAHKÄÉZ;�(´ºMGL�;

x1 = u

x2 = -x2 + u  

x3 = -2x3 + u

 
 

(3.55)

y = 20x1 - 30x2 + 10x3 (3.56)
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x  = 

0 0 0

0 -1 1

0 0  -2

 x  + 

1

1

1

 u
 

(3.57)

y =  20 -30 10  x  (3.58)
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x = Ax + Bu (3.59)
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x(t) = eAtx(0) + eA(t-()Bu(()d(

0

t

(3.60)
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eAt = I + At + A
2

2!
 + A

3

3!
 +  = A

i

i!
 t

i
!
i=0

)

(3.61)
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sX  - x(0)= AX  + BU

! (sI - A ) X   = x(0) + BU

! X = (sI - A )
 -1

x(0) + (sI - A )
 -1

BU (3.62)
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x(t) = L
-1
 (sI - A )

 -1
 x(0) + L

-1
 (sI - A )

 -1
BU (3.63)

:�Ô$A^0ÀghÏÐÂMÊÕGH:RDJHK

$0ÀghÏgÂ-0ÀghÏÐÂ@mÖGHI-Mj ;Ìn56:;

eAt   = _
-1
¨ (sI - A )

 -1
(3.64)
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A  = 
-1 1

0 -2

(3.65)
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(sI -A )
-1

 = 
s+1 -1

0 s+2

-1

 = 1

(s+1)(s+2)
 

s+2 1

0 s+1
 

       =  

1

s+1

1

(s+1)(s+2)

0 1

s+2

                  

 
 
 
 
 
 
 
 

(3.66)
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e -t e -t -e -2t 

0 e -2t

                  (3.67)
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x(k+1) = F x(k) + G u(k) (3.68)
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x(i+1) = eATx(i) + eA (i+1)T -(  Bu(() d(

iT

(i+1)T

(3.69)

-�HK

$IID;×þ¸£7jB�34ÙÚ@ãÐOZAH7D;Æ7STGH34det34ÌLH<=>?M

-ÉZ:34RT-�HuÍÀ~Â:±-²734á(D:ÊÐ©@-Htfghü@äåuK



fghü$¼Ü�(<=>?7×Ø�(¸£®<ZSMjH34

$I7-l;I7á(D:;ÍÀ~Â&ÍÀjÂtÊÐ©u-OZjA�o;

x(i+1) = eATx(i) + eA (i+1)T -(  B u(i)d( 

iT

(i+1)T

= eATx(i)  + eAt dt  B u(i)       

0

T

 
 
 
 

 (3.70)
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F = eAT   = _
-1
¨ (sI - A )

 -1
 t =T (3.71)

G = eAT -I  A
 -1

B  (3.72)
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Q  =ñb  Ab  A2b     ò    An-1bó      (3.74)
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R =  

c T

c TA

c TA
n -1

(3.75)
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x(k+1) = Ax(k) + bu(k) (3.76)
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x(0) = x0                                                               

x(1) = Ax0 + bu(0)                                                                       

x(2) = Ax(1)+bu(1) = A
2
x0+Abu(0) +bu(1)                                      

x(3) = Ax(2)+bu(2) = A
3
x0+A

2
bu(0)+Abu(1) +bu(2)                         

 

 
x (n) = Ax(n-1) +bu(n-1)                                                                 

               = A
n
 x 0+A

n-1
bu(0)+A

n-2
bu(1) +  +Abu(n-2)+bu(n-1)                       

 
 
 
 
 
 
 
 
 
 
 

 (3.77)
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A
n-1

b , A
n-2

b ,   Ab , b 
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x = Ax + Bu (3.78)
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lim

t ")
 x(t) = 0 (3.79)
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x  = Ax  +bu (3.82)
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" -1

-2 "-3
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2
 -3" -2 =0 (3.96)
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x = f(x, u) (3.101)
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J = f0(x, u)
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(3.102)
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x  = Ax  +Bu
 

y  = Cx     

(3.103)
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J = 1
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 x TQx + u TRu  dt 
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Q = 
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q2 0
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qn

(3.106)

.sH.A

x(t)
T
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(3.107)
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P - PBR

-1
B

T
P + Q = 0 (3.108)
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u = -Kx  + v  = -R
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Px  +  v (3.109)
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x = A - BR
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Jmin = x T(0)Px (0) (3.111)
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x  = Ax  +Bu
 

y  = Cx     

(3.112)
 

(3.113)
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J = 1
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 y TQy  + u TRu  dt  
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 x TC
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(3.114)
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u = -Kx  + v  = -R
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Px  +  v (3.115)
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x = (A-BK)x  + Bv  (3.116)
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RK = C
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x = Ax  +  b u  (3.124)
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u  = - k x ,   k  = b
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P (3.127)
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P - Pb b
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(3.130)
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x  = Ax  +Bu
 

y  = Cx      

(3.135)
 

(3.136)

@N�ARSTff?ÆÇÈ)+?3��4A
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(3.137)
 

(3.138)

@NHO�ò�uqsH.A
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 x 2 = A2 1x1 +  A2 2x2 +  B2u + K x1 - x1 (3.143)
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 x 1 = A 1 1x1 + A1 2x2 +  B1u (3.144)
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e =  x2 - x 2 (3.145)
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x = Ax +Bu +v
 

y  = Cx + w      

(3.148)
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x = Ax  +Bu  -K y -y
 

      = A-KC  x +Ky +Bu 

 
(3.150)
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Kopt =PCTR-1   (3.153)
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PAT + AP - PCTR-1CP + Q = 0  (3.154)
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x  =ATx + CTu   (3.155)
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 x TQx +u TRu  dt 
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  G(s)   " = max
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 G(j# ) (4.1)

jàÊ5OPW`OCDAB2»¼>«áã¬jk8RDóã'IôõjK¤ÑDý·¸:MÑ{-þ¦jk

PW

ý·¸:#åðXñJ&òÙá>dç>ÍööÍåðXñÍööÍ.>÷º

#a½2>dçD{Zn|D¨©ª2ª¼>dçCD

  G(s)   " = max
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  G(s)   2 = 1

2&
 tr G
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2

(4.3)
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  G(s)   " = max    G(s)x(s)   2 /   x(s)   2 (4.4)
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1+C(s)P(s)
(4.5)
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C(s)P(s) ) C(s)P(s) (1+() 

                          =  C(s)P(s) + (  C(s)P(s)

 
(4.7)
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C(s)P(s)

 1+C(s)P(s) 
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T(s) = 
C(s)P(s)

 1+C(s)P(s) 
(4.9)
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 (+T(s)  < 1 (4.10)
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 W(s)T(s)  " < 1 (4.12)
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S(s) + T(s) = 1 (4.13)
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S(s) = 
y

w
 = 1

1+CP
(4.14)

T(s) = z2 0

w
 = CP

1+CP
(4.15)
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W1(s)S(s)

W2(s)T(s)
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(4.17)

-{PD()¾øðXñ]îcP`-jkPW

�!�-.()>éc}-?S}�Ù�'

#ùh>`-45D-.()��jCD?S}�Ù�'-ÍÎD()EF-ú�ª2]?TMQ9�>]/

ÊD()¾C?S}�Ù�'45T]�58RV]®{-opUV]{P�>-op"JM7-c5OP`-J

n4PW�ý·¸´�

ý·¸´#?S}�Ù�'åðXñ-()¾øðXñ

#?S}�Ù�'>egf»¼CD

z

y
 = 

G1 1 G1 2

G2 1 G2 2

 w

u
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u = C(s) y (4.19)
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Gwz = G1 1 + G1 2C I - G2 2C
 -1

 G2 1 (4.20)
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x = Ax  + B1w + B2u

z = C1x           +  D1 2u

y = C2x + D2 1w

(4.22)
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C1
T
D1 2= 0 (4.23)
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D1 2
T

D1 2= I (4.25)

D2 1
T
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u = F" x (4.28)
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F" = -B2
T
X" (4.29)
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X" +  X"A + C1
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T
X" +  '  -2X"B1B1

T
X" = 0 (4.30)
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x = Ax  + B2u + L" C2x  - y (4.31)
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(4.32)

jkPWY"CD

A Y" + Y"A
T
 + B1B1

T
 - Y"C2

T
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C1Y" = 0 (4.33)
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x = A + B2F" + Z"L"C2 + '  -2B1B1
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X" x - Z"L"y (4.34)

u = F" x (4.35)
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u  = F2x (4.38)
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F2 = -B2
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X2 (4.39)
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X2 +  X2A + C1

T
C1 - X2B2B2

T
X2 = 0 (4.40)
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x = Ax  + B2u + L2 C2x  - y (4.41)
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L2 = -Y2C2
T

(4.42)
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A Y 2 +  Y2A
T
 + B1B1

T
 - Y 2C2

T
C2Y 2 = 0 (4.43)
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x  = A + B2F2 + L2C2 x - L2y (4.44)

u = F2 x (4.45)
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 W1S   " < 1 (4.46)
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 W2T   " < 1 (4.47)
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P ) P 1+(W2 (4.48)
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S(  = 1

 1 + (1+(W2)CP 
 = 1

 1 + CP + (W2CP 

 = 

1

 1+CP 

 1 +  (W2CP 

1+CP
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(4.49)
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 W1 S

 1+(W2T 
  

 "

 < 1 (4.50)
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 W1 S

 1+(W2T 
  

 "

 < 1 (4.51)

 W2T   " < 1 (4.52)
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  W1S  +  W2T  < 1 (4.53)

-�°jkP`-]Ñ{`-JjVPW�����-QRs8R�P-�oW�

ý·¸/#$%&'¼Ì<=

#ý·¸/>Q�R&'FýMþoRDxJÅéjkP9cMC

 W1  +  W2CP   <  1+CP  (4.54)
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 W1

 1+CP 
  +  W2  

CP 

 1+CP 
  < 1

*   W1S  +  W2T  < 1 (4.55)
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