
+ȩȘɾɟȩȀ ëʿɯɾƚȒɯ v
ëɾŏųǞȀǞɾʿ

+ȩȀǞȘ �ȩȘƚɯ

�ŏųȩɟŏɾȩǞɟƚ Ƈ࢈�ʕɾȩȒŏɾǞɛʕƚ

ߝ

÷ȩƇŏʿ ࡇ ëɾŏųǞȀǞɾʿ ȩǀ +ȀȩɯƚƇࡷ�ȩȩɔ ëʿɯɾƚȒ

K(s; θ) G(s)
+

−

Øʑƙɫɺǝȧȗࡋ _ȩɟ ʶǕŏɾ żȩȘɾɟȩȀȀƚɟɯ K Ǟɯ ɾǕƚ żȀȩɯƚƇࡷȀȩȩɔ ɯɾŏųȀƚࡐ

�ʿɛʕǞɯɾ żǞɟɾƚɟǞȩȘࡇ ëǞȒɔȀƚ ȒƚɾǕȩƇ ɾȩ ƇƚɾƚɟȒǞȘƚ Ǟǀ ɾǕƚ żȀȩɯƚƇࡷȀȩȩɔ ɯʿɯɾƚȒ ʶǞȀȀ ųƚ
ɯɾŏųȀƚ ųʿ ȀȩȩǺǞȘǃ ŏɾ ɾǕƚ ȧɑƙȗࡹǿȧȧɑ �ʿɛʕǞɯɾ ɔȀȩɾࡏ

ࡄ +ŏȘ ǃƚȘƚɟŏɾƚ ɾǕƚ ȩɔƚȘࡷȀȩȩɔ �ʿɛʕǞɯɾ ɔȀȩɾ ǀɟȩȒ ɯʿɯɾƚȒ ȒƚŏɯʕɟƚȒƚȘɾɯ ʶǞɾǕȩʕɾ
ƇȩǞȘǃ ŏȘʿ ȒȩƇƚȀǞȘǃ

ࡄ +ŏȘ ƚŏɯǞȀʿ Ƈƚ˙Șƚ ŏ ɟŏȘǃƚ ȩǀ ɯɾŏųǞȀǞˌǞȘǃ żȩȘɾɟȩȀ ǃŏǞȘɯ
ࡄ ÷ƚȀȀɯ ʕɯ Ǖȩʶ żȀȩɯƚ ɾǕƚ ɯʿɯɾƚȒ Ǟɯ ɾȩ ʕȘɯɾŏųȀƚ ࡷ ʶǞȀȀ ʕɯƚ ɾȩ Ƈƚ˙Șƚ ɾǕƚ ȘȩɾǞȩȘ ȩǀ
ɟȩųʕɯɾȘƚɯɯ Șƚʾɾ ʶƚƚǺ

ߞ

ëɾŏųǞȀǞɾʿ ࡷ CʾŏȒɔȀƚ

ģǞƇƚȩ ࡇ ǀߞߞ

ߟ

ëɾŏųǞȀǞɾʿ ࡷ CʾŏȒɔȀƚ

ģǞƇƚȩ ࡇ ɾŏżȩȒŏ

ߠ



$v$° ëɾŏųǞȀǞɾʿ

$ȩʕȘƇƚƇ vȘɔʕɾ $ȩʕȘƇƚƇ °ʕɾɔʕɾ ࡬°$v$࡫

ࡄ vǀ ɾǕƚ ǞȘɔʕɾ ɯǞǃȘŏȀ Ǟɯ ųȩʕȘƇƚƇ ƚȘƚɟǃ ʿࡈ ɾǕƚȘ ɾǕƚ ɯʿɯɾƚȒ ʶǞȀȀ Șȩɾ żŏʕɯƚ ɾǕƚ
ȩʕɾɔʕɾ ɾȩ Ǖŏʲƚ ʕȘųȩʕȘƇƚƇ ƚȘƚɟǃʿ

� ɯǞǃȘŏȀ w(t) Ǟɯ ɯŏǞƇ ɾȩ ųƚ ųȧʑȗƆƙƆ Ǟǀ ɾǕƚɟƚ ƚʾǞɯɾɯ ŏ żȩȘɯɾŏȘɾ C ɯʕżǕ ɾǕŏɾ |w(t)| ≤ C

ǀȩɟ ŏȀȀ t ≥ 0

$v$° ëɾŏųȀƚ ëʿɯɾƚȒ

� ɯʿɯɾƚȒ Ǟɯ ɯŏǞƇ ɾȩ ųƚ $v$° ɯɾŏųȀƚࡈ Ǟǀ ɾǕƚ ȩʕɾɔʕɾ ɯǞǃȘŏȀ Ǟɯ ųȩʕȘƇƚƇ ǀȩɟ ŏȀȀ ųȩʕȘƇƚƇ
ǞȘɔʕɾ ɯǞǃȘŏȀɯࡏ

ࡄ ëɾŏųǞȀǞɾʿ Ǟɯ ŏ ųŏɯǞż ɔɟȩɔƚɟɾʿ ɾǕŏɾ ŏȀȀ żȀȩɯƚƇࡷȀȩȩɔ ɯʿɯɾƚȒɯ Ȓʕɯɾ Ǖŏʲƚ
ࡄ �ȩɾƚ ɾǕŏɾ ŏ $v$° ɯɾŏųȀƚ ɯʿɯɾƚȒ Ƈȩƚɯ Șȩɾ ǃʕŏɟŏȘɾƚƚ ɾǕŏɾ ɾǕƚ ɯʿɯɾƚȒ Ƈȩƚɯ
ŏȘʿɾǕǞȘǃ ʑɫƙƿʑǿࡈ ȩȘȀʿ ɾǕŏɾ Ǟɾ ƇȩƚɯȘ࢈ɾ ƚʾɔȀȩƇƚࡋ

ࡄ ÷Ǖƚɟƚ ŏɟƚ ȒŏȘʿ Ȓȩɟƚ ɾʿɔƚɯ ȩǀ ɯɾŏųǞȀǞɾʿ

ߡ

ëɾŏųǞȀǞɾʿ +ȩȘƇǞɾǞȩȘ

÷ǕƚȩɟƚȒ
�Ș �÷v ɯʿɯɾƚȒ Ǟɯ $v$° ɯɾŏųȀƚ Ǟǀ Ǟɾɯ ǞȒɔʕȀɯƚ ɟƚɯɔȩȘɯƚ Ǟɯ ŏųɯȩȀʕɾƚȀʿ ǞȘɾƚǃɟŏųȀƚ

∫ ∞

0

|g(t)| < ∞

y(t) =

∫ t

τ=0

u(τ)g(t− τ)dτ

=

∫ t

τ=0

g(τ)u(t− τ)dτ

�ɯɯʕȒƚ ųȩʕȘƇƚƇ ǞȘɔʕɾ u(t) ≤ C

|y(t)| ≤
∫ t

τ=0

|g(τ)u(t− τ)|dτ

≤ C

∫ t

τ=0

|g(τ)|dτ

ŏȘƇ ʶƚ ɯƚƚ ɾǕŏɾ y Ǟɯ ųȩʕȘƇƚƇ Ǟǀ g Ǟɯ ŏųɯȩȀʕɾƚȀʿ ǞȘɾƚǃɟŏųȀƚ

ߢ

ëɾŏųǞȀǞɾʿ +ȩȘƇǞɾǞȩȘ

ëɾŏųǞȀǞɾʿ ʲǞŏ ëʿɯɾƚȒ ÚȩȀƚɯ

�Ș �÷v ɯʿɯɾƚȒ ʶǞɾǕ ɾɟŏȘɯǀƚɟ ǀʕȘżɾǞȩȘ G(s) Ǟɯ $v$° ɯɾŏųȀƚ Ǟǀ ŏȘƇ ȩȘȀʿ Ǟǀ ŏȀȀ Ǟɾɯ ɔȩȀƚɯ
ŏɟƚ ǞȘ ɾǕƚ Ȁƚǀɾ ǕŏȀǀ ɔȀŏȘƚࡏ

÷ɟŏȘɯǀƚɟ ǀʕȘżɾǞȩȘ

G(s) :=

∏nz
i=0(s− zi)∏np
j=0(s− pi)

=
c1

s− p1
+ · · ·+

cnp

s− pnp

vȘ ɾǕƚ ɾǞȒƚࡷƇȩȒŏǞȘࡇ

g(t) = c1e
p1t + · · ·+ cnpe

pnp t

Ħƚ ɯƚƚ ɾǕŏɾ g(t) Ǟɯ ǞȘɾƚǃɟŏųȀƚ ȩȘȀʿ Ǟǀ Re(pi) < 0 ǀȩɟ ŏȀȀ iࡏ

�ȩɾƚࡇ ÷ǕǞɯ ǞƇƚŏ ƚʾɾƚȘƇɯ ɾȩ ɯʿɯɾƚȒɯ ʶǞɾǕ ɔȩȀƚɯ ŏɾ ˌƚɟȩࡈ ŏȘƇ ȒʕȀɾǞɔȀƚ ɔȩȀƚɯࡏ

ߣ

CʾŏȒɔȀƚ ࡷ vȘɾƚǃɟŏɾȩɟ

ẏ = u G(z) =
1
s

�ȩɾ $v$° ɯɾŏųȀƚࡈ ųƚżŏʕɯƚ ɔȩȀƚ Ǟɯ ȩȘ ɾǕƚ ǞȒŏǃǞȘŏɟʿ ŏʾǞɯࡏ

áƚɯɔȩȘɯƚ ɾȩ ɾǕƚ ųȩʕȘƇƚƇ ɯɾƚɔ ǞȘɔʕɾ u(t) = 1, t > ࡈ0 y = t
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ߤ



CʾŏȒɔȀƚ ࡷ 4ƚȀŏʿƚƇ _Ǟɟɯɾࡷ°ɟƇƚɟ ëʿɯɾƚȒ

G(s) =
e−s

s+ 1

�ȀȀ ɾǕƚ ɔȩȀƚɯ ŏɟƚ ǞȘ ɾǕƚ Ȁƚǀɾ ǕŏȀǀ ɔȀŏȘƚ ࡷ ɯɾŏųȀƚࡏ

0 1 2 3 4 5 6 7
0

0.5

1

÷ǞȒƚ (s)

°ʕ
ɾɔ
ʕɾ

ߥ

�ʿɛʕǞɯɾ +ɟǞɾƚɟǞȩȘ

ëɾŏųǞȀǞɾʿ ȩǀ +ȀȩɯƚƇࡷ�ȩȩɔ ëʿɯɾƚȒ

K(s; θ) G(s)
+

−

ëʕɔɔȩɯƚ ʶƚ ǺȘȩʶ G(s)ࡈ ŏȘƇ ŏ ɑŏɛŏȑƙɺƙɛǝˈƙƆ ʲƚɟɯǞȩȘ ȩǀ ȩʕɟ żȩȘɾɟȩȀȀƚɟ K(s; θ)

→ _ȩɟ ʶǕŏɾ ʲŏȀʕƚɯ ȩǀ θ Ǟɯ ɾǕƚ żȀȩɯƚƇࡷȀȩȩɔ ɯɾŏųȀƚࡐ

CʾŏȒɔȀƚ ࡇߝ Úv

K(s) = Kp

(
1
Tis

+ 1

)
ɔŏɟŏȒƚɾƚɟɯࡇ Kp, Ti

CʾŏȒɔȀƚ ࡇߞ ëɾŏųǞȀǞˌǞȘǃ żȩȘɾɟȩȀȀƚɟɯ

K(s) =
a(s)
b(s)

ɔȩȀƚɯ ȩǀ K(s) ǞȘ ɾǕƚ �mÚ

ߜߝ

�ʿɛʕǞɯɾ +ɟǞɾƚɟǞȩȘ

`ȧŏǿࡋ 4ƚżǞƇƚ Ǟǀ żȀȩɯƚƇࡷȀȩȩɔ Ǟɯ ɯɾŏųȀƚ ųʿ ȀȩȩǺǞȘǃ ŏɾ ȩɔƚȘࡷȀȩȩɔ �ʿɛʕǞɯɾ ƇǞŏǃɟŏȒ

ĦǕʿࡐ

ࡄ ëǞȒɔȀƚ ɾƚɯɾ ɾȩ ǺȘȩʶ Ǟǀ ŏ żȩȘɾɟȩȀȀƚɟ ʶǞȀȀ ųƚ ɯɾŏųȀƚ ʶǞɾǕȩʕɾ żȩȒɔʕɾǞȘǃ ɾǕƚ
żȀȩɯƚƇࡷȀȩȩɔ ɔȩȀƚɯ

ࡄ Ħƚ żŏȘ ɫǔŏɑƙ ɾǕƚ ȩɔƚȘࡷȀȩȩɔ ųƚǕŏʲǞȩʕɟ ŏɯ ƇƚɯǞɟƚƇ ųʿ żǕŏȘǃǞȘǃ ɾǕƚ żȩȘɾɟȩȀȀƚɟ
ǞȘ K(s)G(s)

ࡄ ëǞȒɔȀƚ ƇƚɯǞǃȘ ȒƚɾǕȩƇɯ ųŏɯƚƇ ȩȘ ƙʺɑƙɛǝȑƙȗɺŏǿ Ɔŏɺŏ
ࡄ 4ƚɾƚɟȒǞȘƚ ɛȧųʑɫɺȗƙɫɫ ȩǀ ɾǕƚ żȀȩɯƚƇࡷȀȩȩɔ ɯʿɯɾƚȒ ɾȩ ʕȘżƚɟɾŏǞȘ ȒȩƇƚȀ
ɔŏɟŏȒƚɾƚɟɯࡈ ȘȩǞɯƚࡈ ɯɾɟʕżɾʕɟƚࡈ ƚɾż

ࡏࡏࡏ
ࡄ °ɔɾǞȒǞˌƚ ɑƙɛƿȧɛȑŏȗżƙ ȩʲƚɟ ŏȀȀ ɔȩɯɯǞųȀƚ żȩȘɾɟȩȀ Ȁŏʶɯ ɯʕųǲƚżɾ ɾȩ ɫɺŏųǝǿǝɺʻ ȩǀ
żȀȩɯƚƇࡷȀȩȩɔ ɯʿɯɾƚȒ

ߝߝ



+ȀȩɯƚƇࡷ�ȩȩɔ ÷ɟŏȘɯǀƚɟ _ʕȘżɾǞȩȘɯ

K(s) G(s)
+

−

+ȩȘɾɟȩȀȀƚɟ K ŏȘƇ ɯʿɯɾƚȒ H ŏɟƚ ɟŏɾǞȩȘŏȀ ǀʕȘżɾǞȩȘɯ ȩǀ ɔȩȀʿȘȩȒǞŏȀɯ ǞȘ s

K(s) =
S(s)
R(s)

G(s) =
B(s)
A(s)

ëȩ ɾǕƚ żȀȩɯƚƇࡷȀȩȩɔ ɯʿɯɾƚȒ Ǟɯࡇ

Gcl(s) =
K(s)G(s)

1 +K(s)G(s)
=

B(s)S(s)
A(s)R(s) +B(s)S(s)

ߞߝ

+ȀȩɯƚƇࡷ�ȩȩɔ ÷ɟŏȘɯǀƚɟ _ʕȘżɾǞȩȘɯ

K(s) G(s)
+

−

+ȩȘɾɟȩȀȀƚɟ K ŏȘƇ ɯʿɯɾƚȒ H ŏɟƚ ɟŏɾǞȩȘŏȀ ǀʕȘżɾǞȩȘɯ ȩǀ ɔȩȀʿȘȩȒǞŏȀɯ ǞȘ s

K(s) =
S(s)
R(s)

G(s) =
B(s)
A(s)

ëȩ ɾǕƚ żȀȩɯƚƇࡷȀȩȩɔ ɯʿɯɾƚȒ Ǟɯࡇ

Gcl(s) =
K(s)G(s)

1 +K(s)G(s)
=

B(s)S(s)
A(s)R(s) +B(s)S(s)

ߞߝ

ëɾŏųǞȀǞɾʿ ȩǀ +ȀȩɯƚƇࡷ�ȩȩɔ ëʿɯɾƚȒ

Gcl(s) =
K(s)G(s)

1 +K(s)G(s)
=

B(s)S(s)
A(s)R(s) +B(s)S(s)

+ȀȩɯƚƇࡷȀȩȩɔ ɯʿɯɾƚȒ Ǟɯ ɯɾŏųȀƚ Ǟǀ ŏȘƇ ȩȘȀʿ Ǟǀ ɾǕƚ ɛȧȧɺɫ ȧƿ ɺǔƙ żǔŏɛŏżɺƙɛǝɫɺǝż
ɑȧǿʻȗȧȑǝŏǿ ŏɛƙ ǝȗ ɺǔƙ ǿƙƿɺ ǔŏǿƿ ɑǿŏȗƙ

p(s) := A(s)R(s) +B(s)S(s)

÷ɟʕƚ Ǟǀ ŏȘƇ ȩȘȀʿ Ǟǀ ɾǕƚ ˌƚɟȩɯ ȩǀ 1 +K(s)G(s) ŏɟƚ ǞȘ ɾǕƚ Ȁƚǀɾ ǕŏȀǀ ɔȀŏȘƚ ࡬�mÚ࡫

1 +K(s)G(s) = 1 +
S(s)
R(s)

· B(s)
A(s)

=
A(s)R(s) +B(s)S(s)

A(s)R(s)

ߟߝ

ëɾŏųǞȀǞɾʿ ȩǀ +ȀȩɯƚƇࡷ�ȩȩɔ ëʿɯɾƚȒ

Gcl(s) =
K(s)G(s)

1 +K(s)G(s)
=

B(s)S(s)
A(s)R(s) +B(s)S(s)

+ȀȩɯƚƇࡷȀȩȩɔ ɯʿɯɾƚȒ Ǟɯ ɯɾŏųȀƚ Ǟǀ ŏȘƇ ȩȘȀʿ Ǟǀ ɾǕƚ ɛȧȧɺɫ ȧƿ ɺǔƙ żǔŏɛŏżɺƙɛǝɫɺǝż
ɑȧǿʻȗȧȑǝŏǿ ŏɛƙ ǝȗ ɺǔƙ ǿƙƿɺ ǔŏǿƿ ɑǿŏȗƙ

p(s) := A(s)R(s) +B(s)S(s)

÷ɟʕƚ Ǟǀ ŏȘƇ ȩȘȀʿ Ǟǀ ɾǕƚ ˌƚɟȩɯ ȩǀ 1 +K(s)G(s) ŏɟƚ ǞȘ ɾǕƚ Ȁƚǀɾ ǕŏȀǀ ɔȀŏȘƚ ࡬�mÚ࡫

1 +K(s)G(s) = 1 +
S(s)
R(s)

· B(s)
A(s)

=
A(s)R(s) +B(s)S(s)

A(s)R(s)

ߟߝ



�ȩɾƚɯ

Gcl(s) =
K(s)G(s)

1 +K(s)G(s)
=

B(s)S(s)
A(s)R(s) +B(s)S(s)

ࡄ ÷Ǖƚ żȀȩɯƚƇࡷȀȩȩɔ ɔȩȀƚɯ ŏɟƚ ɾȩɾŏȀȀʿ ƇǞǀǀƚɟƚȘɾ ǀɟȩȒ ɾǕƚ ȩɔƚȘࡷȀȩȩɔ ȩȘƚɯ
ࡄ ÷Ǖƚ żȀȩɯƚƇࡷȀȩȩɔ ɯʿɯɾƚȒ żȩȘɾŏǞȘɯ ɾǕƚ ȩɔƚȘࡷȀȩȩɔ ˌƚɟȩɯ S(s)
ࡄ �ȀȀ ǀȩʕɟ ųŏɯǞż ɾɟŏȘɯǀƚɟ ǀʕȘżɾǞȩȘɯ Ǖŏʲƚ ɾǕƚ ɯŏȒƚ ɔȩȀƚɯ

G(s)K(s)
1 +G(s)K(s)

1
1 +G(s)K(s)

G(s)
1 +G(s)K(s)

K(s)
1 +G(s)K(s)

ߠߝ

�ȀȀ ÷ɟŏȘɯǀƚɟ _ʕȘżɾǞȩȘɯ

Yc(s) K(s)

W (s)

G(s) Y (s)

V (s)

E(s) U(s)+

−

+

+

+

+

÷ɟŏȘɯǀƚɟ ǀʕȘżɾǞȩȘɯ ǀɟȩȒ ŏȀȀ ǞȘɔʕɾɯ ɾȩ ŏȀȀ ȩʕɾɔʕɾɯࡇ



Y ′(s)

E(s)

U ′(s)



 =
1

1 +G(s)K(s)




G(s)K(s) G(s) 1

1 −G(s) −1

K(s) 1 −K(s)








Yc(s)

W (s)

V (s)





_ȩʕɟ ųŏɯǞż ɾɟŏȘɯǀƚɟ ǀʕȘżɾǞȩȘɯࡇ
G(s)K(s)

1 +G(s)K(s)
1

1 +G(s)K(s)
G(s)

1 +G(s)K(s)
K(s)

1 +G(s)K(s)

ࡄ _ʕȘżɾǞȩȘɯ Ǖŏʲƚ ɾǕƚ ɯŏȒƚ ɑȧǿƙɫ ȩɟ ǀʕȘƇŏȒƚȘɾŏȀ ȑȧƆƙɫ
ࡄ �ȀȀ ƇƚɔƚȘƇ ȩȘ ɾǕƚ ȧɑƙȗࡹǿȧȧɑ ɺɛŏȗɫƿƙɛ ƿʑȗżɺǝȧȗ G(s)K(s)

ߡߝ

�ʿɛʕǞɯɾ +ɟǞɾƚɟǞȩȘ ࡇ ÷Ǖƚ vƇƚŏ

ĦǕŏɾ ʶƚ ʶŏȘɾ ɾȩ ǺȘȩʶࡇ

ࡄ 4ȩƚɯ 1 +K(s)G(s) Ǖŏʲƚ ŏȘʿ ˌƚɟȩɯ ǞȘ ɾǕƚ ɟǞǃǕɾࡷǕŏȀǀ ɔȀŏȘƚࡐ

÷Ǖƚ ǞȘǀȩɟȒŏɾǞȩȘ ʶƚ Ǖŏʲƚࡇ

ࡄ � ɔȀȩɾ ȩǀ K(s)G(s) ǀȩɟ s = jωࡈ Ǟࡏƚࡈࡏ ȩȘ ɾǕƚ ǞȒŏǃǞȘŏɟʿ ŏʾǞɯ
�ȩɾƚ࡫ ɾǕŏɾ ɾǕǞɯ Ǟɯ ŏ żȀȩɯƚƇ ɯǕŏɔƚƇࡷ4 żȩȘɾȩʕɟ ŏɟȩʕȘƇ ɾǕƚ ámÚ࡬

÷Ǖƚ ɾɟǞżǺ ǀɟȩȒ żȩȒɔȀƚʾ ŏȘŏȀʿɯǞɯࡇ

ࡄ ÷Ǖƚ ȘʕȒųƚɟ ȩǀ ɔȩȀƚɯ ࡕ ˌƚɟȩɯ ȩǀ 1 +K(s)G(s) ȩʕɾɯǞƇƚ ɾǕƚ �mÚ Ǟɯ ƚɛʕŏȀ ɾȩ ɾǕƚ
ȘʕȒųƚɟ ȩǀ ɾǞȒƚɯ ɾǕƚ żʕɟʲƚ 1 +K(jω)H(jω) ƚȘżǞɟżȀƚɯ ɾǕƚ ȩɟǞǃǞȘ

Ħƚ żŏȘ ɾƚȀȀ Ǟǀ ɾǕƚ żȀȩɯƚƇࡷȀȩȩɔ ɯʿɯɾƚȒ Ǟɯ ɯɾŏųȀƚ ųʿ żȩʕȘɾǞȘǃ Ǖȩʶ ȒŏȘʿ ɾǞȒƚɯ ɾǕƚ
ȘʿɛʕǞɯɾ ɔȀȩɾ ȩǀ ɾǕƚ ȩɔƚȘࡷȀȩȩɔ ɯʿɯɾƚȒ ƚȘżǞɟżȀƚɯ ɾǕƚ ȩɟǞǃǞȘࡏ

ߢߝ

+ŏʕżǕʿ࢈ɯ �ɟǃʕȒƚȘɾ ÚɟǞȘżǞɔȀƚ

+ȩȘɯǞƇƚɟ ɾǕƚ ǀʕȘżɾǞȩȘࡇ

H1(s) :=
(s− z1)(s− z2)
(s− p1)(s− p2)

CʲŏȀʕŏɾƚ H1(s) ŏɾ ŏ ɔȩǞȘɾ s0ࡈ ŏȘƇ ʶɟǞɾƚ ǞȘ ɔȩȀŏɟ ȘȩɾŏɾǞȩȘ

H1(s0) =
(s0 − z1)(s0 − z2)
(s0 − p1)(s0 − p2)

=
rz1e

jθ1rz2e
jθ2

rp1ejφ1rp2ejφ2

ʶƚ ɯƚƚ ɾǕŏɾ ɾǕƚ ŏɟǃʕȒƚȘɾ Ǟɯ ŏƇƇǞɾǞʲƚ

∠H1(s0) = θ1 + θ2 − (φ1 + φ2)

ʶǕƚɟƚ θiࡈ φi Ǟɯ ɾǕƚ ŏȘǃȀƚ ǀɟȩȒ ɾǕƚ ith ɔȩȀƚࡕˌƚɟȩ ɾȩ ɾǕƚ ɔȩǞȘɾ s0

ߣߝ



+ŏʕżǕʿ࢈ɯ �ɟǃʕȒƚȘɾ ÚɟǞȘżǞɔȀƚ

�ƚɾ ɾǕƚ ɔȩǞȘɾ s0 ǀȩȀȀȩʶ ŏ ɯȒȩȩɾǕࡈ żȀȩɯƚƇࡈ ȘȩȘࡷɯƚȀǀࡷǞȘɾƚɟɯƚżɾǞȘǃ żʕɟʲƚ C1

*ŏɫƙ ࡇߣ �ȩ ɔȩȀƚɯ ȩɟ ˌƚɟȩɯ ǞȘɯǞƇƚ C1

Re(s)

Im(s) Im[H1(s) ]

Re[H1(s) ]

Re(s) Re[H2(s) ]

Im(s) Im[H2(s)]

(a) (b)

(c) (d)

u1

f1

u2

f2

s0

H1(s)
C1 s0ˆ

H2(s)

a

u1

f1

u2

s0 f2

C1

s0ˆ

a

∠H1(s) = α = θ1 + θ2 − (φ1 + φ2)

ࡄ α ʶǞȀȀ ǞȘżɟƚŏɯƚ ŏȘƇ Ƈƚżƚŏɯƚ ŏɯ s żǕŏȘǃƚɯࡈ ųʕɾ ǞȘɾƚǃɟŏȀ ȩǀ α ŏɟȩʕȘƇ C1 Ǟɯ ˌƚɟȩ
ࡄ vȒɔȀǞżŏɾǞȩȘࡇ ÷Ǖƚ żʕɟʲƚ {H1(s) | s ∈ C1 } Ƈȩƚɯ Șȩɾ żȩȘɾŏǞȘ ɾǕƚ ȩɟǞǃǞȘ

ߤߝ

+ŏʕżǕʿ࢈ɯ �ɟǃʕȒƚȘɾ ÚɟǞȘżǞɔȀƚ

�ƚɾ ɾǕƚ ɔȩǞȘɾ s0 ǀȩȀȀȩʶ ŏ ɯȒȩȩɾǕࡈ żȀȩɯƚƇࡈ ȘȩȘࡷɯƚȀǀࡷǞȘɾƚɟɯƚżɾǞȘǃ żʕɟʲƚ C1

*ŏɫƙ ࡇߤ ÚȩȀƚ ǞȘɯǞƇƚ C1

Re(s)

Im(s) Im[H1(s) ]

Re[H1(s) ]

Re(s) Re[H2(s) ]

Im(s) Im[H2(s)]

(a) (b)

(c) (d)

u1

f1

u2

f2

s0

H1(s)
C1 s0ˆ

H2(s)

a

u1

f1

u2

s0 f2

C1

s0ˆ

a

∠H1(s) = α = θ1 + θ2 − (φ1 + φ2)

ࡄ vȘɾƚǃɟŏȀ ȩǀ α ŏɟȩʕȘƇ C1 Ǟɯ −360◦

ࡄ vȒɔȀǞżŏɾǞȩȘࡇ ÷Ǖƚ żʕɟʲƚ {H1(s) | s ∈ C1 } żȩȘɾŏǞȘɯ ɾǕƚ ȩɟǞǃǞȘ
ࡄ ࡇ�ȩɾƚ࡫ � ˌƚɟȩ ʶȩʕȀƇ żŏʕɯƚ ŏȘ ǞȘżɟƚŏɯƚ ȩǀ ࡬◦360

ߥߝ

+ŏʕżǕʿ࢈ɯ �ɟǃʕȒƚȘɾ ÚɟǞȘżǞɔȀƚ

+ŏʕżǕʿ࢈ɯ �ɟǃʕȒƚȘɾ ÚɟǞȘżǞɔȀƚ

� żȩȘɾȩʕɟ Ȓŏɔ ȩǀ ŏ żȩȒɔȀƚʾ ǀʕȘżɾǞȩȘ ʶǞȀȀ ƚȘżǞɟżȀƚ ɾǕƚ ȩɟǞǃǞȘ Z − P ɾǞȒƚɯࡈ ʶǕƚɟƚ
Z Ǟɯ ɾǕƚ ȘʕȒųƚɟ ȩǀ ˌƚɟȩɯ ŏȘƇ P Ǟɯ ɾǕƚ ȘʕȒųƚɟ ȩǀ ɔȩȀƚɯ ȩǀ ɾǕƚ ǀʕȘżɾǞȩȘ ǞȘɯǞƇƚ ɾǕƚ
żȩȘɾȩʕɟࡏ

mȩʶ ɾȩ ʕɯƚ ɾǕǞɯ ǀȩɟ żȩȘɾɟȩȀࡐ

ߜߞ

�ʿɛʕǞɯɾ ÚȀȩɾɯ ŏȘƇ +ŏʕżǕʿ࢈ɯ �ɟǃʕȒƚȘɾ ÚɟǞȘżǞɔȀƚ

îǔƙ ɗʑƙɫɺǝȧȗࡇ 4ȩƚɯ 1 +K(s)G(s) Ǖŏʲƚ ŏ ˌƚɟȩ ǞȘ ɾǕƚ ɟǞǃǕɾ ǕŏȀǀ ɔȀŏȘƚࡐ

ࡄ ÷ŏǺƚ ɾǕƚ żȩȘɾȩʕɟ ɾȩ ųƚ ŏ żȀȩżǺʶǞɯƚ ƚȘżǞɟżȀƚȒƚȘɾ ȩǀ
ɾǕƚ ɟǞǃǕɾ ǕŏȀǀ ɔȀŏȘƚ

ࡄ �ɯɯʕȒƚ ǀȩɟ Șȩʶ ɾǕŏɾ K(s)G(s) Ǖŏɯ Șȩ ʕȘɯɾŏųȀƚ ɔȩȀƚɯ
ࡄ ÷Ǖƚ �ɟǃʕȒƚȘɾ ÚɟǞȘżǞɔȀƚ ɾƚȀȀɯ ʕɯ ɾǕŏɾ 1 +K(s)G(s) Ǖŏɯ
ŏ ˌƚɟȩ ǞȘ ɾǕƚ ɟǞǃǕɾ ǕŏȀǀ ɔȀŏȘƚ Ǟǀ ɾǕƚ ɔȀȩɾ
1 +K(jω)G(jω) żȩȘɾŏǞȘɯ ɾǕƚ ȩɟǞǃǞȘ

ࡄ ÷ǕǞɯ Ǟɯ ƚɛʕǞʲŏȀƚȘɾ ɾȩ ɯŏʿǞȘǃ ɾǕŏɾ ɾǕƚ �ʿɛʕǞɯɾ ɔȀȩɾ ȩǀ
K(s)G(s) Ƈȩƚɯ Șȩɾ żȩȘɾŏǞȘ ɾǕƚ ɔȩǞȘɾ −1

ߝߞ



�ʿɛʕǞɯɾ +ɟǞɾƚɟǞŏ

ࡏߝ ÚȀȩɾ ɾǕƚ �ʿɛʕǞɯɾ ɔȀȩɾ ȩǀ K(s)G(s)

ࡏߞ CʲŏȀʕŏɾƚ ɾǕƚ ȘʕȒųƚɟ ȩǀ żȀȩżǺʶǞɯƚ ƚȘżǞɟżȀƚȒƚȘɾɯ ȩǀ ࡈ1− żŏȀȀ ɾǕǞɯ N
ࡄ 4ɟŏʶ ŏ ɯɾɟŏǞǃǕɾ ȀǞȘƚ ǞȘ ŏȘʿ ƇǞɟƚżɾǞȩȘ ǀɟȩȒ −1 ɾȩ∞
ࡄ +ȩʕȘɾ ɾǕƚ Șƚɾ ȘʕȒųƚɟ ȩǀ ȀƚǀɾࡷɾȩࡷɟǞǃǕɾ żɟȩɯɯǞȘǃɯ ȩǀ ɾǕƚ ɯɾɟŏǞǃǕɾ ȀǞȘƚ ųʿ K(s)G(s)ࡏ
÷ǕǞɯ Ǟɯ N

ࡄ áǞǃǕɾࡷɾȩࡷȀƚǀɾ żɟȩɯɯǞȘǃ Ƈƚżɟƚŏɯƚ N ųʿ ȩȘƚࡏ N żŏȘ ųƚ ȘƚǃŏɾǞʲƚࡏ

ࡏߟ 4ƚɾƚɟȒǞȘƚ ɾǕƚ ȘʕȒųƚɟ ȩǀ ʕȘɯɾŏųȀƚ ɔȩȀƚɯ ȩǀ G(s)ࡈ żŏȀȀ ɾǕǞɯ P
ࡏߠ +ŏȀżʕȀŏɾƚ ɾǕƚ ȘʕȒųƚɟ ȩǀ ʕȘɯɾŏųȀƚ żȀȩɯƚƇࡷȀȩȩɔ ɟȩȩɾɯ Z

Z = N + P

�ʻɗʑǝɫɺ żɛǝɺƙɛǝȧȗࡇ ÷Ǖƚ żȀȩɯƚƇ Ȁȩȩɔ ɯʿɯɾƚȒ Ǟɯ ɯɾŏųȀƚ Ǟǀ ŏȘƇ ȩȘȀʿ Ǟǀ Z Ǟɯ ˌƚɟȩࡏ

ߞߞ

4ƚɾŏǞȀ ࡇ ĦǕʿ żŏȘ ʶƚ ɔȀȩɾ ȩȘȀʿ ɾǕƚ ǞȒŏǃǞȘŏɟʿ ŏʾǞɯࡐ

Ħƚ ɯǕȩʕȀƇ ɔȀȩɾ ɾǕƚ ǀʕȀȀ ࡈżȩȘɾȩʕɟࡷ4 ųʕɾ ʶƚ ȩȘȀʿ ɔȀȩɾ ɾǕƚ
żȩȘɾȩʕɟ ŏȀȩȘǃ ɾǕƚ ǞȒŏǃǞȘŏɟʿ ŏʾǞɯࡏ ĦǕʿࡐ

�ȀȀ ɔǕʿɯǞżŏȀ ɯʿɯɾƚȒɯ Ǖŏʲƚ Ȓȩɟƚ ɔȩȀƚɯ ɾǕŏȘ ˌƚɟȩɯ ɯɾɟǞżɾȀʿ࡫ ɔɟȩɔƚɟࡏ࡬ ÷ǕǞɯ Ǟɯ ųƚżŏʕɯƚ
ǞȘ˙ȘǞɾƚ ǀɟƚɛʕƚȘżʿ ȩɯżǞȀȀŏɾǞȩȘɯ ɟƚɯʕȀɾ ǞȘ Șȩ ȒȩɾǞȩȘ ǞȘ˙ȘǞɾƚ࡫ ŏżżƚȀƚɟŏɾǞȩȘ Ǟɯ Șȩɾ
ɔȩɯɯǞųȀƚࡏ࡬

lim
ω→∞

|G(jω)| = 0 → �ʿɛʕǞɯɾ ɔȀȩɾ ǀȩɟ ɾǕƚ ࢈4ࢇ ɯƚżɾǞȩȘ Ǟɯ ˌƚɟȩࡏ

�ȩɾƚࡇ G(−jω) = Ḡ(jω)ࡏ ÷Ǖƚ �ʿɛʕǞɯɾ ɔȀȩɾ Ǟɯ ɯʿȒȒƚɾɟǞż ŏɟȩʕȘƇ ɾǕƚ ɟƚŏȀ ŏʾǞɯࡏ
ߟߞ

CʾŏȒɔȀƚ G(s) =
1

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

−1.2 −1 −0.8 −0.6 −0.4 −0.2 0.2 0.4 0.6 0.8 1 1.2

−0.6

−0.4

−0.2

0.2

0.4

0.6

Re[G(s)]

Im[G(s)]

ߠߞ

CʾŏȒɔȀƚ G(s) =
1

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

−1.2 −1 −0.8 −0.6 −0.4 −0.2 0.2 0.4 0.6 0.8 1 1.2

−0.6

−0.4

−0.2

0.2

0.4

0.6

ëɾŏųȀƚ

Z = N + P

= 0 + 0

= 0

Re[G(s)]

Im[G(s)]

ߠߞ



CʾŏȒɔȀƚ G(s) =
1

(s+ 1)2
K(s) = 2← ëɾǞȀȀ ɯɾŏųȀƚࡐ

−1.2 −1 −0.8 −0.6 −0.4 −0.2 0.2 0.4 0.6 0.8 1 1.2

−0.6

−0.4

−0.2

0.2

0.4

0.6

−1/K

Re[G(s)]

Im[G(s)]

ߠߞ

CʾŏȒɔȀƚ G(s) =
1

(s+ 1)2
K(s) = 2← ëɾǞȀȀ ɯɾŏųȀƚࡐ

−1.2 −1 −0.8 −0.6 −0.4 −0.2 0.2 0.4 0.6 0.8 1 1.2

−0.6

−0.4

−0.2

0.2

0.4

0.6

−1/K

ëɾŏųȀƚࡇ
�ȩ ɔȩɯǞɾǞʲƚ ʲŏȀʕƚ ȩǀ
K ʶǞȀȀ ǞȘɾƚɟɯƚżɾ ɾǕƚ
�ʿɛʕǞɯɾ ɔȀȩɾ

Re[G(s)]

Im[G(s)]

ߠߞ

CʾŏȒɔȀƚ G(s) = 0.4
s+ 0.9

s2 − 0.9s+ 0.6
K(s) = 1

−1 −0.8 −0.6 −0.4 −0.2 0.2 0.4 0.6

−0.8

−0.6

−0.4

−0.2

0.2

0.4

0.6

0.8

Re[G(s)]

Im[G(s)]

ߡߞ

CʾŏȒɔȀƚ G(s) = 0.4
s+ 0.9

s2 − 0.9s+ 0.6
K(s) = 1

−1 −0.8 −0.6 −0.4 −0.2 0.2 0.4 0.6

−0.8

−0.6

−0.4

−0.2

0.2

0.4

0.6

0.8ĆȘɯɾŏųȀƚ

Z = N + P

= 0 + 2

= 2

Re[G(s)]

Im[G(s)]

ߡߞ



CʾŏȒɔȀƚ G(s) = 0.4
s+ 0.9

s2 − 0.9s+ 0.6
K(s) = 1

−1 −0.8 −0.6 −0.4 −0.2 0.2 0.4 0.6

−0.8

−0.6

−0.4

−0.2

0.2

0.4

0.6

0.8

−1/K

Re[G(s)]

Im[G(s)]

ߡߞ

CʾŏȒɔȀƚ G(s) = 0.4
s+ 0.9

s2 − 0.9s+ 0.6
K(s) = 1

−1 −0.8 −0.6 −0.4 −0.2 0.2 0.4 0.6

−0.8

−0.6

−0.4

−0.2

0.2

0.4

0.6

0.8

−1/K

ëɾŏųȀƚ

Z = N + P

= −2 + 2

= 0

Re[G(s)]

Im[G(s)]

ߡߞ

CʾŏȒɔȀƚ G(s) = 0.4
s+ 0.9

s2 − 0.9s+ 0.6
K(s) = 1

−1 −0.8 −0.6 −0.4 −0.2 0.2 0.4 0.6

−0.8

−0.6

−0.4

−0.2

0.2

0.4

0.6

0.8

ëɾŏųȀƚ ǀȩɟ K > 2.3

ëɾŏųȀƚ

Z = N + P

= −2 + 2

= 0

Re[G(s)]

Im[G(s)]

ߡߞ

CʾŏȒɔȀƚ G(s) =
1.5

s− 1
K(s) = 1

−2 −1 1 2

−2

−1

1

2

Re[G(s)]

Im[G(s)]

ߢߞ



CʾŏȒɔȀƚ G(s) =
1.5

s− 1
K(s) = 1

−2 −1 1 2

−2

−1

1

2
ëɾŏųȀƚ

Z = N + P

= −1 + 1

= 0

Re[G(s)]

Im[G(s)]

ߢߞ

CʾŏȒɔȀƚ G(s) =
1.5

s− 1
K(s) =

1

2

−2 −1 1 2

−2

−1

1

2

−1/K

Re[G(s)]

Im[G(s)]

ߢߞ

CʾŏȒɔȀƚ G(s) =
1.5

s− 1
K(s) =

1

2

−2 −1 1 2

−2

−1

1

2

−1/K

ĆȘɯɾŏųȀƚ

Z = N + P

= 0 + 1

= 1

Re[G(s)]

Im[G(s)]

ߢߞ

CʾŏȒɔȀƚ G(s) =
1.5

s− 1
K(s) =

1

2

−2 −1 1 2

−2

−1

1

2

ëɾŏųȀƚ ǀȩɟ K > 1
1.5

Re[G(s)]

Im[G(s)]

ߢߞ



CʾŏȒɔȀƚ G(s) =
1

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

−2 −1 1 2

−2

−1

1

2

Re[G(s)]

Im[G(s)]

÷Ǖƚ �ʿɛʕǞɯɾ żʕɟʲƚ Ǟɯ ʕȘųȩʕȘƇƚƇ ŏɯ ω → ࡏ0
4ȩƚɯ ɾǕƚ żʕɟʲƚ ƚȘżȀȩɯƚ ɾǕƚ ámÚࡈ ȩɟ ɾǕƚ �mÚࡐ ߣߞ

vȒɔŏżɾ ȩǀ vȘɾƚǃɟŏɾȩɟɯ

ëʕɔɔȩɯƚ ȩʕɟ ɯʿɯɾƚȒ Ǖŏɯ ɾǕƚ ǀȩɟȒ

K(s)G(s) =
B(s)
sqA(s)

ĦǕŏɾ Ƈȩƚɯ ɾǕƚ �ʿɛʕǞɯɾ ɔȀȩɾ ȀȩȩǺ ȀǞǺƚࡐ

_ȩȀȀȩʶ ŏ żʕɟʲƚ ɾǕŏɾ ɾŏǺƚɯ ŏȘ ǞȘ˙ȘǞɾƚɯǞȒŏȀ
żʕɟʲƚ ŏɟȩʕȘƇ ɾǕƚ ɔȩǞȘɾ s = ࡏ0

ߤߞ

vȒɔŏżɾ ȩǀ vȘɾƚǃɟŏɾȩɟɯ

࢈vȘɾƚǃɟŏɾȩɟࢇ ëƚǃȒƚȘɾ

s = rejθ K(s)G(s) =
B(0)

(rejθ)qA(0)
=

γ
rq

e−jqθ, θ ∈ [−π
2
,
π
2
]

ࡄ γ := B(0)/A(0) Ǟɯ ɾǕƚ ɯɾƚŏƇʿࡷɯɾŏɾƚ ǃŏǞȘ
ࡄ ÷Ǖƚ �ʿɛʕǞɯɾ ɔȀȩɾ ʶǞȀȀ ǀȩɟȒ ŏ ɯƚȒǞࡷżǞɟżȀƚ ʶǞɾǕ ǞȘ˙ȘǞɾƚ ɟŏƇǞʕɯ
ࡄ vǀ q > ࡈ1 ɾǕƚȘ ʶƚ࢈ȀȀ Ǖŏʲƚ ȒʕȀɾǞɔȀƚ ɯƚȒǞࡷżǞɟżȀƚɯ
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CʾŏȒɔȀƚ G(s) =
1

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

ࡄ 0 < K < ࡇ2 Ļƚɟȩ żɟȩɯɯǞȘǃɯࡈ ˌƚɟȩ ʕȘɯɾŏųȀƚ ȩɔƚȘࡷȀȩȩɔ ɔȩȀƚɯ→ ëɾŏųȀƚ
ࡄ K > ࡇ2 N = ࡈ2 P = 0 → Z = 2

ࡄ K < ࡇ0 N = ࡈ1 P = 0 → Z = 1

ߜߟ



CʾŏȒɔȀƚ G(s) =
(s+ 1)

s(s/10− 1)
K(s) = 1
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ëɾŏųǞȀǞɾʿ ƇƚɔƚȘƇɯ ȩȘ ʶǕƚɾǕƚɟ ɾǕƚ ǞȘ˙ȘǞɾƚ żʕɟʲƚ Ǟɯ żȀȩżǺʶǞɯƚ ȩɟ żȩʕȘɾƚɟżȀȩżǺʶǞɯƚ

ߝߟ

CʾŏȒɔȀƚ G(s) =
(s+ 1)

s(s/10− 1)
K(s) = 1

ߞߟ

CʾŏȒɔȀƚ G(s) =
(s+ 1)

s(s/10− 1)
K(s) = 1
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CʾŏȒɔȀƚ G(s) =
(s+ 1)

s(s/10− 1)
K(s) = 1
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ëɾŏųȀƚ ǀȩɟ K > 1

ߟߟ



ëǞȒɔȀǞ˙ƚƇ �ʿɛʕǞɯɾ +ɟǞɾƚɟǞȩȘ

vǀ ŏȀȀ ɾǕƚ ɔȩȀƚɯ ȩǀ ɾǕƚ ɯʿɯɾƚȒ ŏɟƚ ɯɾŏųȀƚࡈ ɾǕƚȘ ɾǕƚɟƚ Ǟɯ ŏ ɯǞȒɔȀƚɟ żȩȘƇǞɾǞȩȘࡏ

ࡄ �ȩ ʕȘɯɾŏųȀƚ ȩɔƚȘࡷȀȩȩɔ ɔȩȀƚɯ→ P = 0

ࡄ �ʕȒųƚɟ ȩǀ ʕȘɯɾŏųȀƚ żȀȩɯƚƇࡷȀȩȩɔ ɔȩȀƚɯ Z = N ࡈ ɾǕƚ ȘʕȒųƚɟ ȩǀ ƚȘżǞɟżȀƚȒƚȘɾɯ

ëǞȒɔȀǞ˙ƚƇ �ʿɛʕǞɯɾ +ɟǞɾƚɟǞȩȘ

vǀ ɾǕƚ ȩɔƚȘࡷȀȩȩɔ ɯʿɯɾƚȒ Ǟɯ ɯɾŏųȀƚ ŏȘƇ ɾǕƚ −1 ɔȩǞȘɾ ȀǞƚɯ ɾȩ ɾǕƚ Ȁƚǀɾ ȩǀ ɾǕƚ �ʿɛʕǞɯɾ
żʕɟʲƚࡈ ɾǕƚȘ ɾǕƚ żȀȩɯƚƇࡷȀȩȩɔ ɯʿɯɾƚȒ Ǟɯ ɯɾŏųȀƚࡏ

ߠߟ

CʾŏȒɔȀƚ G(s) =
1

(s+ 1)2
K(s) = 1
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CʾŏȒɔȀƚ G(s) =
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s(s/10− 1)
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CʾŏȒɔȀƚ G(s) =
(s+ 1)

s(s/10 + 1)
K(s) = 1
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�_� G(s) =
8.88 · 108(s2 + 780s+ 1.69 · 106)

(s+ 3000)(s+ 1000)(s+ 100)(s2 + 50s+ 6.25 · 106)
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�_� ࡷ ëɾƚɔ ɟƚɯɔȩȘɯƚ

+ȀȩɯƚࡷȀȩȩɔ ɯɾƚɔ ɟƚɯɔȩȘɯƚ
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�_� ࡷ Úv +ȩȘɾɟȩȀ

−1 −0.5 0.5

−2

−1

1

2
G(s) =

8.88 · 108(s2 + 780s+ 1.69 · 106)
(s+ 3000)(s+ 1000)(s+ 100)(s2 + 50s+ 6.25 · 106)

K(s) = K

(
1 +

1
Tis

)

Re[G(s)]

Im[G(s)]

ߜߠ

�_� ࡷ Úv +ȩȘɾɟȩȀ
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�_� ࡷ Úv +ȩȘɾɟȩȀ

ëɾƚɔ ɟƚɯɔȩȘɯƚ ʶǞɾǕ K = 0.5
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ëʕȒȒŏɟʿ

�ʿɛʕǞɯɾ żǞɟɾƚɟǞȩȘࡇ ëǞȒɔȀƚ ȒƚɾǕȩƇ ɾȩ ƇƚɾƚɟȒǞȘƚ Ǟǀ ɾǕƚ żȀȩɯƚƇࡷȀȩȩɔ ɯʿɯɾƚȒ ʶǞȀȀ ųƚ
ɯɾŏųȀƚ ųʿ ȀȩȩǺǞȘǃ ŏɾ ɾǕƚ ȩɔƚȘࡷȀȩȩɔ �ʿɛʕǞɯɾ ɔȀȩɾࡏ

ĦǕʿࡐ

ࡄ +ŏȘ ǃƚȘƚɟŏɾƚ ɾǕƚ ȩɔƚȘࡷȀȩȩɔ �ʿɛʕǞɯɾ ɔȀȩɾ ǀɟȩȒ ɯʿɯɾƚȒ ȒƚŏɯʕɟƚȒƚȘɾɯ ʶǞɾǕȩʕɾ
ƇȩǞȘǃ ŏȘʿ ȒȩƇƚȀǞȘǃ

ࡄ +ŏȘ ƚŏɯǞȀʿ Ƈƚ˙Șƚ ŏ ɟŏȘǃƚ ȩǀ ɯɾŏųǞȀǞˌǞȘǃ żȩȘɾɟȩȀ ǃŏǞȘɯ
ࡄ ÷ƚȀȀɯ ʕɯ Ǖȩʶ żȀȩɯƚ ɾǕƚ ɯʿɯɾƚȒ Ǟɯ ɾȩ ʕȘɯɾŏųȀƚ ࡷ ʶǞȀȀ ʕɯƚ ɾȩ Ƈƚ˙Șƚ ɾǕƚ ȘȩɾǞȩȘ ȩǀ
ɛȧųʑɫɺȗƙɫɫ Șƚʾɾ ʶƚƚǺ

ߞߠ


