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9x “ fpx, uq
y “ gpx, uq

f g

9x1 “ ´0.0018u2x1
9{8 ` 0.9u1 ´ 0.15u3

9x2 “ p0.073u2 ´ 0.016qx1
9{8 ´ 0.1x2

9x3 “ p141u3 ´ p1.1u2 ´ 0.19qx1q{85
x1, x2 x3

kg{cm2

kg{cm3 u1, u2

u3

y1 “ x1

y2 “ x2

y3 “ x3.

0 ď ui ď 1

9xptq “ fpxptqq ` bpxptqquptq, xp0q “ x0,

yptq “ hpxptqq,
xptq P R

n uptq P R
m yptq P R

p

f : Rn Ñ R
n b : Rn Ñ R

nˆm

h : Rn Ñ R
p x P R

n
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fp0q “ hp0q “ 0 bpxq ‰ 0

9xdptq “ fdpxdptqq, xdp0q “ xd0,

ydptq “ hdpxdptqq,
xdptq P R

nd ydptq P R
p

fd : Rnd Ñ R
nd

hd : Rnd Ñ R
p

fdp0q “ hdp0q “ 0

uptq t ě 0
yptq t ě 0 ydptq

t ě 0

Jpx0, uptq, ydptqq “
ż 8

0

e´2γt
`pyptq ´ ydptqqT

Q1pyptq ´ ydptqq ` uTptqRuptq˘
dt

γ ą 0 Q1

R

fpxptqq “ F pxptqqxptq,
fdpxdptqq “ Fdpxdptqqxdptq,
hpxptqq “ Hpxptqqxptq,

hdpxdptqq “ Hdpxdptqqxdptq,
F : R

n Ñ R
nˆn, H : R

n Ñ R
pˆn, Fd : R

nd Ñ
R

ndˆnd , Hd : Rnd Ñ R
pˆnd

Xptq “
e´γt

“
xTptq xT

d ptq‰T P R
n`nd Uptq “ e´γtuptq

JpX0, Uptqq “
ż 8

0

`
XTptqQpeγtXptqqXptq`UTptqRUptq˘

dt,

QpeγtXptqq “ “
Hpxptqq ´Hdpxdptqq‰T
Q1

“
Hpxptqq ´Hdpxdptqq‰

.

Xptq
9Xptq “ ´γXptq ` e´γt

“
9xTptq 9xT

d ptq‰T
.

9xptq 9xdptq

9Xptq “
ˆ

´ γI `
„
F pxptqq 0

0 Fdpxdptqq
j ˙

Xptq `
„
bpxptqq

0

j
Uptq “ ApeγtXptqqXptq ` BpeγtXptqqUptq,

I 0

Uptq “ ´R´1BTpeγtXptqqP peγtXptqqXptq
P peγtXptqq

ATpeγtXptqqP peγtXptqq ` P peγtXptqqApeγtXptqq
´ P peγtXptqqBpeγtXptqqR´1BTpeγtXptqqP peγtXptqq
` QpeγtXptqq “ 0.

P peγtXptqq
pApeγtXptqq, BpeγtXptqq, Q1{2peγtXptqqq

uptq
ũptq

9uptq “ ũptq.

Xptq “
e´γt

“
xTptq xT

d ptq uptq‰T
9Xptq “

ˆ
´ γI`

»
– F pxptqq 0 bpxptqqS`

uptq˘
0 Fdpxdptqq 0
0 0 0

fi
fl ˙

Xptq

`
»
– 0

0
1

fi
fl Ũptq

Ũptq “ e´γtũptq S
`
uptq˘

S
`
uptq˘ “

$&
%

sat
`
uptq,us

˘
uptq , uptq ‰ 0;

1, uptq “ 0;
,

sat
`
uptq, us

˘

sat
`
uptq, us

˘ “
$’&
’%

´us, uptq ď ´us;

uptq, |uptq| ă us;

us, uptq ě us;

.
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x1

x2

x3

u1

u2

u3

kg{cm2

kg{cm3

Boiler

Feed-water flow

Fuel flow
Steam flow

Turbine Generator

3u

1u

2u

Power output
2y

1 3y & y

Drum pressure &
Fluid density  

u1, u2

u3 Satpu1, 0.5q ` 0.5, Satpu2, 0.5q ` 0.5
Satpu3, 0.5q ` 0.5 us

9xptq “ Apxqxptq ` Buptq
yptq “ Cxptq,

Apxq “
»
– a11 0 0

a21 0.1 0
a31 0 0

fi
fl

B “
»
– 0.9 0 0.15

0 0 0
1.66 0 0

fi
fl

C “
»
– 1 0 0

0 1 0
0 0 1

fi
fl

a11 “ ´0.0018u2x1
1{8

a21 “ p0.073u2 ´ 0.016qx1
1{8

a31 “ ´p1.1u2 ´ 0.19qq{85.

9xdptq “ fdpxdptqq “ 0, xdp0q “ xd0,

ydptq “ hdpxdptqq “
»
– 1 0 0

0 1 0
0 0 1

fi
flxdptq

xdptq “ rxd1, xd2, xd3sT,
xd1 xd2 xd3

Q R

Q “ diagr1.3396 ˆ 10´4, 7.444 ˆ 10´4, 8.5197 ˆ 10´5, 0.01,

0.01, 4.44 ˆ 10´4, 0.01, 0.01, 0.01s
R “ diagr15000, 1500, 1500s

Q R

R

R

Q
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