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#  数式処理を用いたパラメータを有する線形制御系の解析  管野 政明
#  S e c t i o n  2  -  基本操作と伝達関数
r e s t a r t ;
# #  基本操作
f  : =  x ^ 1 0  -  1 ;

g  : =  f a c t o r ( f ) ;

h  : =  ( x + 1 ) ^ 2  -  x ^ 2  +  1 ;  s i m p l i f y ( h ) ;

g ;  e x p a n d ( g ) ;

( x ^ 2  -  1 )  /  ( x  -  1 ) ;  n o r m a l ( % ) ;

# #  伝達関数
P  : =  2  /  ( s  +  2 ) ;  K  : =  1  /  s ;

T c l  : =  P * K  /  ( 1  +  P * K ) ;  T c l  : =  s i m p l i f y ( T c l ) ;

w i t h ( i n t t r a n s ) :
T c l _ t  : =  i n v l a p l a c e ( T c l * 1 / s ,  s ,  t ) ;

p l o t ( T c l _ t ,  t  =  0 . . 1 0 ) ;
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l i m i t ( T c l _ t ,  t  =  i n f i n i t y ) ;
1

d i f f ( T c l _ t ,  t ) ;  T c l 2 _ t  : =  s i m p l i f y ( % ) ;

i n t ( T c l 2 _ t ^ 2 ,  t  =  0 . . i n f i n i t y ) ;
1
2

g _ t  : =  i n v l a p l a c e ( 1  /  ( s  +  a ) ,  s ,  t ) ;

l i m i t ( g _ t ,  t  =  i n f i n i t y ) ;

l i m i t ( g _ t ,  t  =  i n f i n i t y )  a s s u m i n g  a  >  0 ;
0

i n v l a p l a c e ( 1  /  ( s ^ 3  +  2 * s ^ 2  +  3 * s  +  4 ) ,  s ,  t ) ;

e v a l f ( % ) ;



(19)(19)

(18)(18)

(17)(17)

(21)(21)

(20)(20)

(22)(22)

(23)(23)

(16)(16)

#  S e c t i o n  3  -  パラメータを有する線形系の安定性
w i t h ( P o l y n o m i a l T o o l s ) :  w i t h ( L i n e a r A l g e b r a ) :
r ead  "Hurwi t zMa t r i x .map le " ;
[ s e q ( a ¦ ¦ i ,  i  =  0 . . 5 ) ] ;  p  : =  s o r t ( F r o m C o e f f i c i e n t L i s t ( % ,  s ) ) ;

H n  : =  H u r w i t z M a t r i x ( p ,  s ) ;

#  i f  文を用いたプロシージャ
read  "Hurwi t zMat r ix2 .map le" ;
H n 2  : =  H u r w i t z M a t r i x 2 ( p ,  s ) ;

Hn  -  Hn2 ;

#  同じ結果が得られた
p  : =  c o n v e r t ( s ^ 3  +  ( 1 . 0 3  +  q ) * s ^ 2  +  ( 1 . 0 2  +  3 * q ) * s  +  ( 1 . 0 1  +  7 * q ) ,  
r a t i o n a l ,  e x a c t ) ;

H n  : =  H u r w i t z M a t r i x ( p ,  s ) ;

f  : =  s o r t ( D e t e r m i n a n t ( H n ) ) ;



(25)(25)

(27)(27)

(24)(24)

(37)(37)

(29)(29)

(31)(31)

(35)(35)

(26)(26)

(34)(34)

(32)(32)

(28)(28)

(30)(30)

(36)(36)

(33)(33)

(16)(16)

r o o t s _ f  : =  s o r t ( r e a l r o o t ( f ,  1 0 ^ ( - 8 ) ) ) ;  e v a l f ( r o o t s _ f ) ;

s u b s ( q  =  r o o t s _ f [ 1 ] [ 1 ]  -  1 ,  p ) ;  H u r w i t z ( % ,  s ) ;

false

H u r w i t z ( s u b s ( q  =  ( r o o t s _ f [ 1 ] [ 2 ]  +  r o o t s _ f [ 2 ] [ 1 ] ) / 2 ,  p ) ,  s ) ;
true

H u r w i t z ( s u b s ( q  =  ( r o o t s _ f [ 2 ] [ 2 ]  +  r o o t s _ f [ 3 ] [ 1 ] ) / 2 ,  p ) ,  s ) ;
false

H u r w i t z ( s u b s ( q  =  r o o t s _ f [ 3 ] [ 2 ]  +  1 ,  p ) ,  s ) ;
true

#  S e c t i o n  4  -  パラメータを有する線形系のH2ノルム
A  : =  M a t r i x ( [ [ - a ,  - 1 ] ,  [ 1 ,  0 ] ] ) ;  B  : =  V e c t o r ( [ 1 ,  0 ] ) ;  C  : =  V e c t o r (
[ 2 ,  - 1 ] ,  o r i e n t a t i o n  =  r o w ) ;

s o r t ( s i m p l i f y ( C . ( s * I d e n t i t y M a t r i x ( 2 )  -  A ) ^ ( - 1 ) . B ) ,  s ) ;

L o  : =  M a t r i x ( 2 ,  s y m b o l  =  l ,  s h a p e  =  s y m m e t r i c ) ;

# #  s o l v e  の使い方
s o l v e ( x ^ 2  -  2 ) ;

s o l v e ( x ^ 2  -  a ,  x ) ;

s o l v e ( x ^ 2  -  a ) ;

s o l v e ( x ^ 2  -  a ,  { x } ) ;

s o l v e ( { x  -  y  =  0 ,  2 * x  +  y  =  3 } ) ;

# #  s o l v e  の使い方 -  終わり
Lyap  :=  Transpose (A) .Lo  +  Lo .A +  Transpose (C) .C ;
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c o n v e r t ( L o ,  s e t ) ;

s o l  : =  s o l v e ( c o n v e r t ( L y a p ,  s e t ) ,  c o n v e r t ( L o ,  s e t ) ) ;

s u b s ( s o l ,  L o ) ;  T r a n s p o s e ( B ) . % . B ;

#  e n d


