






x + sin(p1p2) · ẍ+p
2
1 · ẋ+p1p2 · x = 0

q(p,s) = s
3 + sin(p1p2) · s2 +p

2
1 · s+p1p2

S= {p |q(p,s) } .



S :

8
<

:

p1p2 � 0
sin(p1p2) � 0

p
2
1 sin(p1p2)�p1p2 � 0







q(p,s) = 0 p

P = {p |9w > 0, q(p, jw) = 0}.



P(s) = s
n +an�1s

n�1 + · · ·+a1s+a0

0

wc = 1+max{ka0k,ka1k, . . . ,kan�1k}



q(p,s) = s
3 + sin(p1p2) · s2 +p

2
1 · s+p1p2

s = jw,

(jw)3 + sin(p1p2) · (jw)2 +p
2
1 · (jw)+p1p2 = 0

, �jw3 � sin(p1p2) ·w2 + jp
2
1 ·w +p1p2 = 0

,
⇢

�sin(p1p2) ·w2 +p1p2 = 0
�w2 +p

2
1 = 0







x(t+1)� x(t) = 0

q(s) = e
s �1

s = 2pkj, k 2 N



ẍ(t)+2ẋ(t�p1)+ x(t�p2) = 0

q(p,s) = s
2 +2se

�sp1 + e
�sp2 .



P = {p |9w > 0, q(p, jw) = 0}.

q(p1,p2, jw)
= �w2 +2jwe

�jwp1 + e
�jwp2

= �w2 +2jw(cos(wp1)� jsin(wp1))
+cos(wp2)� jsin(�wp2)

= �w2 +2w sin(wp1)+ cos(wp2)
+j · (2w cos(wp1)� sin(wp2))



q(p1,p2, jw) = 0

,
✓

�w2 +2w sin(wp1)+ cos(wp2)
2w cos(wp1)� sin(wp2)

◆

| {z }
f(p1,p2,w)

= 0



[p1] = [0,2.5] [p2] = [1,4] [w] = [0,10]
e = 2�8



e = 2�8 43173





f : Rn 7! Rp f

[f]([x]) = J{y = f(x) |x 2 [x]}K.



f(x) = 0



X⇢ Rn

C : IRn 7! IRn

C ([x])⇢ [x]
[x]\X⇢ C ([x])

C ([x]) = J[x]\XK







✓
d11 d12 0
0 d22 d23

◆0

@
x1
x2
x3
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A=

✓
b1
b2

◆

dij 2 [dij],xj 2 [xj],bi 2 [bi]
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d11 d12 0 0
0 d22 d23 0
0 0 d33 d34
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0

BB@

x1
x2
x3
x4

1

CCA=

0

@
b1
b2
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1

A

D D ·x = b



Ax = c , Q ·A·x = Q · c

D = Q ·A





Ax = c,x 2 [x],c 2 [c]





L(a,b) a b Rn

L L• L2
A B

h(A,B) = sup
a2A

L(a,B)

L(a,B) = inf
b2B

L(a,b).



A B



[f]

h([x]) = h([f]([x]),Jf([x])K)



[f] j

h([x]) = o(wj([x]))



[f] j = 0

h([x]) = o(w0([x])) = O(w([x]))



[f] j = 1

h([x]) = o(w([x]))









[f]([x]) = f(m)+ [f0]([x]) · ([x]�m)

m = ([x])



C X [x]

h([x]) = h(C ([x]),J[x]\XK)



C X j

h([x]) = o(wj([x]))









X= {x 2 Rn|f(x) = 0} [x]
m Q Q · df

dx(m)

Q · f(m)+Q ·A · (x�m) = 0
A 2 [ df

dx ]([x])
x 2 [x]

X.

. . .











[x]
m = ([x])

Q df
dx(m)

g(x) = Q · f(x)
i 2 {1, . . . ,p}

j 2 {1, . . . ,n}
[a] =[ ∂gi

∂x ]([x])
[s] = Â

k 6=j

[ak] · ([xk]�mk)

[xj] = [xj]\ (�gi(m)� [s])
[x]







e = 2�8



e = 2�4



e = 2�4 e = 2�8



e = 2�8 e = 2�12














