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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)

IL@÷ø%&./0-ABKIL:;ÊË7ö÷ø<=>?MeÅH;JHkq�}� 7*k<=>?D

JH-+pL�;

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)
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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)
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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

 - 
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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)$
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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)
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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)
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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)
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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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v (3.87)
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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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 dt  $ min
u

(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

q3
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qn
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Qx(t) = qi xi

2(t) !
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n

(3.107)
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P - PBR
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P + Q = 0 (3.108)
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u = -Kx  + v  = -R
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B
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Px  +  v (3.109)
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x = A - BR
-1

B
T
P  x +  Bv (3.110)
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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)

@ü2o^HHdghij9F/`ADEFXA

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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x = (A-BK)x  + Bv  (3.116)
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RK = C
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QC (3.118)
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x = Ax  +  b u  (3.124)
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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)
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 x 2 = A2 1x1 +  A2 2x2 +  B2u + K x1 - x1 (3.143)

@NHO]?�9V<`x 2w�ò"òkbç^HO�ØSTU#SÛ?B@Ax 1^x1 4.�N2�Z[@uHwA

x 14î[ç^H4�?x 2Yÿ/A¹�9V<`#täsHO

 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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Kopt =PCTR-1   (3.153)
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PAT + AP - PCTR-1CP + Q = 0  (3.154)
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 G(j# ) (4.1)
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2
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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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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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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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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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u = F" x (4.28)

jàÊ5OPW90QD

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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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)

jàÊ5OP`-�kMl8RoPW90QD

F2 = -B2
T
X2 (4.39)

jDX2ÍCD

A
T
X2 +  X2A + C1

T
C1 - X2B2B2

T
X2 = 0 (4.40)

ZPîW[[ÀYW0ic>³jkPW

¥bEcá%�-,�

#óôðóáõMvo9ÂÃ½2CXlCQéjVZo>jkP45D`O]mé{PbEcá%-QRDò

I��ßàIõ]vo�pW)]no×�Z-³p{OÑDM
.
]G&HI×�ZD�

!.
]²Q×�Z>qìrª

¼-Q9dç>òI��ßàIõCD

x = Ax  + B2u + L2 C2x  - y (4.41)

#90QD

L2 = -Y2C2
T

(4.42)

jDY2CD

A Y 2 +  Y2A
T
 + B1B1

T
 - Y 2C2

T
C2Y 2 = 0 (4.43)

ZPîW[[ÀYW0ic>³-QRàÊ5OPW

¥d^7-cRD-,Á+()��>³CD

x  = A + B2F2 + L2C2 x - L2y (4.44)

u = F2 x (4.45)

-op()¾-QRàÊ5OPW

#URD`>d^]��R�P-Dob�4s!�o`-Jn4PW

#�*�-,Á+()MþoRCD()>9c>Á+óôðóáõD²Q>9c>òI��ßàI

####õMþoRD��>îW[[ÀYW0ic]-oR³]îcP`-JjV9W`>,%>îW[[ÀYW0



####ic]³b-op�%"JCD-.Á+()MþoR�Ùb.?jkPW

#�,�Q4QD-,Á+()>,%>îW[[ÀYW0icCÙbtkjkP>MEQD-.Á+()>

####,%>îW[[ÀYW0icCtkjCZoW{Zn|D()-²Q>ìfé<J#kQRoZo

####>jD'@WYP·ÀYWNµJ��-ZPZÚyzJÚQbZ8RoPW

#�$�-.Á+()MþoRûcwM'u.-{P-D-.Á+()C-,Á+()MZPWÜ

####>ÿ!j-.Á+()C-,Á+()]»vZdç-QR^ÞjoPW

#-.Á+()>¶wCAB2ab>�®>Á+}jk¦DQ4�-.×II-opwxZ�>]vo9-,

Á+()-CyR�y�4Zo�>jk89JDzäwMCd^MC{|ZªaJkP`-Jn48R�}Q

9>jkPW

!"!"!#~G��G&-$%&'¼Ì

#~³�s~G��G&>Ù�]��Mn�P`-C%&>ú'](ÊP>jD``jC~G��G&>=M

gRbPD$%&'¼Ì-op/Ê0>�]��{PW

#-.Á+()>IçÏÔÁ+}��MþoRCDÏÔª2-CÏÔª2]voRD

()¼Ì>¯°

 W1S   " < 1 (4.46)

$%&'Åé¼>¯°

 W2T   " < 1 (4.47)

-op��>�î]�9{�pM()¾]yzQ9W

#-`ÝJDo7?Ô/Ê±QR�P-Dcð·¸·0ñ>¼Ì¯°CD�Ù�'½ºJZodçM�oRªnO

RoPn¤jk¦DXlMCD�Ù�'½ºJkPdçM�oR�D'(,-¼ÌsDÁÙÂáõ½ºME{

P$%&'¼ZÚ]��QZ¤OÑZ5ZojkÝpW`O]D$%&'¼Ì<=-opW

#o7�Ù�'JD

P ) P 1+(W2 (4.48)

-½ºQ9-{PW``jD(CD*+Í  (   -  1 Í-QR¦ë»¼]rM�:{P`-MQD*+>0Cº
!
J�

:{P`-M{PW

#`>-VDÏÔª2>½}]D�R�P-D

S(  = 1

 1 + (1+(W2)CP 
 = 1

 1 + CP + (W2CP 

 = 

1

 1+CP 

 1 +  (W2CP 

1+CP
 

 = S

 1+(W2T 
            

 
 
 
 
 
 
 
 

(4.49)

-ZPWÜ`jD$%&'¼Ì<=-CD

 W1 S

 1+(W2T 
  

 "

 < 1 (4.50)



-op`-MZPW$%&'¼Ì<=-D$%&'Åé<=].qMX:{PMCD

 W1 S

 1+(W2T 
  

 "

 < 1 (4.51)

 W2T   " < 1 (4.52)

-op��>��c]�9{��JkPW�90QD  (   - 1 ñÍ`><=CD*egfxjCD

  W1S  +  W2T  < 1 (4.53)

-�°jkP`-]Ñ{`-JjVPW�����-QRs8R�P-�oW�

ý·¸/#$%&'¼Ì<=

#ý·¸/>Q�R&'FýMþoRDxJÅéjkP9cMC

 W1  +  W2CP   <  1+CP  (4.54)

jkOÑ�oW`O]½û{P-D

 W1

 1+CP 
  +  W2  

CP 

 1+CP 
  < 1

*   W1S  +  W2T  < 1 (4.55)
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