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(3),)

P

ε1 =

1

0

0

 , ε2 =

0

1

0

 , ε3 =

0

0

1

 ,

Kε1, ε2, ε3�5Ã'�´α1, α2, α3 á|§¤±α1, α2, α3�5Ã

'.

(4)Ï�α1, α2, α3, α4´4�3��þ§¤±α1, α2, α3, α4�5

�'.

�²Æ� �5�ê1nÙµ�þ�mS K ) �



SK3.3

SK3.3(P115 − P118)

(3),)P

ε1 =

1

0

0

 , ε2 =

0

1

0

 , ε3 =

0

0

1

 ,

Kε1, ε2, ε3�5Ã'�´α1, α2, α3 á|§¤±α1, α2, α3�5Ã

'.

(4)Ï�α1, α2, α3, α4´4�3��þ§¤±α1, α2, α3, α4�5

�'.

�²Æ� �5�ê1nÙµ�þ�mS K ) �



SK3.3

SK3.3(P115 − P118)

(3),)P

ε1 =

1

0

0

 , ε2 =

0

1

0

 , ε3 =

0

0

1

 ,

Kε1, ε2, ε3�5Ã'�´α1, α2, α3 á|§¤±α1, α2, α3�5Ã

'.

(4)Ï�α1, α2, α3, α4´4�3��þ§¤±α1, α2, α3, α4�5

�'.

�²Æ� �5�ê1nÙµ�þ�mS K ) �



SK3.3

SK3.3(P115 − P118)

3.)

(1)±�þα1, α2, α3����Ý
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2 5 0
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4.)

±�þα1, α2, α3����Ý
A§¿éA¢�Ð�1C

�

A =
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Ï�
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0 1 · · · 1
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=§�k�x1 = x2 = · · · = xs = 0�§â�±¦

x1α1 + x2(α1 + α2) + · · ·+ xs(α1 + α2 + · · ·+ αs) = 0

¤á§¤±α1, α1 + α2, . . . , α1 + α2 + · · ·+ αs�5Ã'.
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10.y²

æ^�y{.b�α1, α2, α3�5�'§K�3Ø�

�0�êk1, k2, k3§¦�k1α1 + k2α2 + k3α3 = 0¤á.

duk1, k2, k3Ø��0§¤±�kn«�¹µk3 6= 0§½

ök3 = 0, k2 6= 0§½ök3 = k2 = 0, k1 6= 0.

ek3 6= 0§Kdk1α1 + k2α2 + k3α3 = 0��

α3 = (−k1
k3
)α1 + (−k2

k3
)α2§ù�α3ØUdα2, α3�5LÑgñ¶

ek3 = 0, k2 6= 0§Kdk1α1 + k2α2 + k3α3 = 0��

α2 = (−k1
k2
)α1§ù�α2ØUdα1�5LÑgñ¶

ek3 = k2 = 0, k1 6= 0§Kdk1α1 + k2α2 + k3α3 = 0��

k1α1 = 0, α1 = 0§ù�α1 6= 0gñ.

nþ§α1, α2, α3�5Ã'.

5µe�þ|α1, α2, · · · , αs¥§�þα1 6= 0 �?Û���

þÑØUd§c¡��þ�5LÑ§Kα1, α2, · · · , αs�5Ã'.
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10.y²æ^�y{.

b�α1, α2, α3�5�'§K�3Ø�

�0�êk1, k2, k3§¦�k1α1 + k2α2 + k3α3 = 0¤á.

duk1, k2, k3Ø��0§¤±�kn«�¹µk3 6= 0§½

ök3 = 0, k2 6= 0§½ök3 = k2 = 0, k1 6= 0.

ek3 6= 0§Kdk1α1 + k2α2 + k3α3 = 0��

α3 = (−k1
k3
)α1 + (−k2

k3
)α2§ù�α3ØUdα2, α3�5LÑgñ¶

ek3 = 0, k2 6= 0§Kdk1α1 + k2α2 + k3α3 = 0��

α2 = (−k1
k2
)α1§ù�α2ØUdα1�5LÑgñ¶

ek3 = k2 = 0, k1 6= 0§Kdk1α1 + k2α2 + k3α3 = 0��

k1α1 = 0, α1 = 0§ù�α1 6= 0gñ.

nþ§α1, α2, α3�5Ã'.

5µe�þ|α1, α2, · · · , αs¥§�þα1 6= 0 �?Û���

þÑØUd§c¡��þ�5LÑ§Kα1, α2, · · · , αs�5Ã'.
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10.y²æ^�y{.b�α1, α2, α3�5�'§K�3Ø�

�0�êk1, k2, k3§¦�k1α1 + k2α2 + k3α3 = 0¤á.

duk1, k2, k3Ø��0§¤±�kn«�¹µk3 6= 0§½

ök3 = 0, k2 6= 0§½ök3 = k2 = 0, k1 6= 0.

ek3 6= 0§Kdk1α1 + k2α2 + k3α3 = 0��

α3 = (−k1
k3
)α1 + (−k2

k3
)α2§ù�α3ØUdα2, α3�5LÑgñ¶

ek3 = 0, k2 6= 0§Kdk1α1 + k2α2 + k3α3 = 0��

α2 = (−k1
k2
)α1§ù�α2ØUdα1�5LÑgñ¶

ek3 = k2 = 0, k1 6= 0§Kdk1α1 + k2α2 + k3α3 = 0��

k1α1 = 0, α1 = 0§ù�α1 6= 0gñ.

nþ§α1, α2, α3�5Ã'.

5µe�þ|α1, α2, · · · , αs¥§�þα1 6= 0 �?Û���

þÑØUd§c¡��þ�5LÑ§Kα1, α2, · · · , αs�5Ã'.
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10.y²æ^�y{.b�α1, α2, α3�5�'§K�3Ø�

�0�êk1, k2, k3§¦�k1α1 + k2α2 + k3α3 = 0¤á.

duk1, k2, k3Ø��0§¤±�kn«�¹µk3 6= 0§½

ök3 = 0, k2 6= 0§½ök3 = k2 = 0, k1 6= 0.

ek3 6= 0§Kdk1α1 + k2α2 + k3α3 = 0��

α3 = (−k1
k3
)α1 + (−k2

k3
)α2§ù�α3ØUdα2, α3�5LÑgñ¶

ek3 = 0, k2 6= 0§Kdk1α1 + k2α2 + k3α3 = 0��

α2 = (−k1
k2
)α1§ù�α2ØUdα1�5LÑgñ¶

ek3 = k2 = 0, k1 6= 0§Kdk1α1 + k2α2 + k3α3 = 0��

k1α1 = 0, α1 = 0§ù�α1 6= 0gñ.

nþ§α1, α2, α3�5Ã'.

5µe�þ|α1, α2, · · · , αs¥§�þα1 6= 0 �?Û���

þÑØUd§c¡��þ�5LÑ§Kα1, α2, · · · , αs�5Ã'.
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10.y²æ^�y{.b�α1, α2, α3�5�'§K�3Ø�

�0�êk1, k2, k3§¦�k1α1 + k2α2 + k3α3 = 0¤á.

duk1, k2, k3Ø��0§¤±�kn«�¹µk3 6= 0§½

ök3 = 0, k2 6= 0§½ök3 = k2 = 0, k1 6= 0.

ek3 6= 0§Kdk1α1 + k2α2 + k3α3 = 0��

α3 = (−k1
k3
)α1 + (−k2

k3
)α2§ù�α3ØUdα2, α3�5LÑgñ¶

ek3 = 0, k2 6= 0§Kdk1α1 + k2α2 + k3α3 = 0��

α2 = (−k1
k2
)α1§ù�α2ØUdα1�5LÑgñ¶

ek3 = k2 = 0, k1 6= 0§Kdk1α1 + k2α2 + k3α3 = 0��

k1α1 = 0, α1 = 0§ù�α1 6= 0gñ.

nþ§α1, α2, α3�5Ã'.

5µe�þ|α1, α2, · · · , αs¥§�þα1 6= 0 �?Û���

þÑØUd§c¡��þ�5LÑ§Kα1, α2, · · · , αs�5Ã'.
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10.y²æ^�y{.b�α1, α2, α3�5�'§K�3Ø�

�0�êk1, k2, k3§¦�k1α1 + k2α2 + k3α3 = 0¤á.

duk1, k2, k3Ø��0§¤±�kn«�¹µk3 6= 0§½

ök3 = 0, k2 6= 0§½ök3 = k2 = 0, k1 6= 0.

ek3 6= 0§Kdk1α1 + k2α2 + k3α3 = 0��

α3 = (−k1
k3
)α1 + (−k2

k3
)α2§ù�α3ØUdα2, α3�5LÑgñ¶

ek3 = 0, k2 6= 0§Kdk1α1 + k2α2 + k3α3 = 0��

α2 = (−k1
k2
)α1§ù�α2ØUdα1�5LÑgñ¶

ek3 = k2 = 0, k1 6= 0§Kdk1α1 + k2α2 + k3α3 = 0��

k1α1 = 0, α1 = 0§ù�α1 6= 0gñ.

nþ§α1, α2, α3�5Ã'.

5µe�þ|α1, α2, · · · , αs¥§�þα1 6= 0 �?Û���

þÑØUd§c¡��þ�5LÑ§Kα1, α2, · · · , αs�5Ã'.
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10.y²æ^�y{.b�α1, α2, α3�5�'§K�3Ø�

�0�êk1, k2, k3§¦�k1α1 + k2α2 + k3α3 = 0¤á.

duk1, k2, k3Ø��0§¤±�kn«�¹µk3 6= 0§½

ök3 = 0, k2 6= 0§½ök3 = k2 = 0, k1 6= 0.

ek3 6= 0§Kdk1α1 + k2α2 + k3α3 = 0��

α3 = (−k1
k3
)α1 + (−k2

k3
)α2§ù�α3ØUdα2, α3�5LÑgñ¶

ek3 = 0, k2 6= 0§Kdk1α1 + k2α2 + k3α3 = 0��

α2 = (−k1
k2
)α1§ù�α2ØUdα1�5LÑgñ¶

ek3 = k2 = 0, k1 6= 0§Kdk1α1 + k2α2 + k3α3 = 0��

k1α1 = 0, α1 = 0§ù�α1 6= 0gñ.

nþ§α1, α2, α3�5Ã'.

5µe�þ|α1, α2, · · · , αs¥§�þα1 6= 0 �?Û���

þÑØUd§c¡��þ�5LÑ§Kα1, α2, · · · , αs�5Ã'.
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10.y²æ^�y{.b�α1, α2, α3�5�'§K�3Ø�

�0�êk1, k2, k3§¦�k1α1 + k2α2 + k3α3 = 0¤á.

duk1, k2, k3Ø��0§¤±�kn«�¹µk3 6= 0§½

ök3 = 0, k2 6= 0§½ök3 = k2 = 0, k1 6= 0.

ek3 6= 0§Kdk1α1 + k2α2 + k3α3 = 0��

α3 = (−k1
k3
)α1 + (−k2

k3
)α2§ù�α3ØUdα2, α3�5LÑgñ¶

ek3 = 0, k2 6= 0§Kdk1α1 + k2α2 + k3α3 = 0��

α2 = (−k1
k2
)α1§ù�α2ØUdα1�5LÑgñ¶

ek3 = k2 = 0, k1 6= 0§Kdk1α1 + k2α2 + k3α3 = 0��

k1α1 = 0, α1 = 0§ù�α1 6= 0gñ.

nþ§α1, α2, α3�5Ã'.

5µe�þ|α1, α2, · · · , αs¥§�þα1 6= 0 �?Û���

þÑØUd§c¡��þ�5LÑ§Kα1, α2, · · · , αs�5Ã'.
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10.y²æ^�y{.b�α1, α2, α3�5�'§K�3Ø�

�0�êk1, k2, k3§¦�k1α1 + k2α2 + k3α3 = 0¤á.

duk1, k2, k3Ø��0§¤±�kn«�¹µk3 6= 0§½

ök3 = 0, k2 6= 0§½ök3 = k2 = 0, k1 6= 0.

ek3 6= 0§Kdk1α1 + k2α2 + k3α3 = 0��

α3 = (−k1
k3
)α1 + (−k2

k3
)α2§ù�α3ØUdα2, α3�5LÑgñ¶

ek3 = 0, k2 6= 0§Kdk1α1 + k2α2 + k3α3 = 0��

α2 = (−k1
k2
)α1§ù�α2ØUdα1�5LÑgñ¶

ek3 = k2 = 0, k1 6= 0§Kdk1α1 + k2α2 + k3α3 = 0��

k1α1 = 0, α1 = 0§ù�α1 6= 0gñ.

nþ§α1, α2, α3�5Ã'.

5µe�þ|α1, α2, · · · , αs¥§�þα1 6= 0 �?Û���

þÑØUd§c¡��þ�5LÑ§Kα1, α2, · · · , αs�5Ã'.
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11.y²

�Ä|Ü

x1(α1 + β) + x2(α2 + β) + · · ·+ xs(αs + β) = 0,

=

x1α1 + x2α2 + · · ·+ xsαs + (x1 + x2 + · · ·+ xs)β = 0, (∗)

duα1, α2, · · · , αs, β�5Ã'§¤±d(∗)ª§�

x1 = 0

x2 = 0
...

xs = 0

x1 + x2 + · · ·+ xs = 0

⇒


x1 = 0

x2 = 0
...

xs = 0

¤±α1 + β, α2 + β, · · · , αs + β��5Ã'.
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11.y²�Ä|Ü

x1(α1 + β) + x2(α2 + β) + · · ·+ xs(αs + β) = 0,

=

x1α1 + x2α2 + · · ·+ xsαs + (x1 + x2 + · · ·+ xs)β = 0, (∗)

duα1, α2, · · · , αs, β�5Ã'§¤±d(∗)ª§�

x1 = 0

x2 = 0
...

xs = 0

x1 + x2 + · · ·+ xs = 0

⇒


x1 = 0

x2 = 0
...

xs = 0

¤±α1 + β, α2 + β, · · · , αs + β��5Ã'.
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11.y²�Ä|Ü

x1(α1 + β) + x2(α2 + β) + · · ·+ xs(αs + β) = 0,

=

x1α1 + x2α2 + · · ·+ xsαs + (x1 + x2 + · · ·+ xs)β = 0, (∗)

duα1, α2, · · · , αs, β�5Ã'§¤±d(∗)ª§�

x1 = 0

x2 = 0
...

xs = 0

x1 + x2 + · · ·+ xs = 0

⇒


x1 = 0

x2 = 0
...

xs = 0

¤±α1 + β, α2 + β, · · · , αs + β��5Ã'.
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11.y²�Ä|Ü

x1(α1 + β) + x2(α2 + β) + · · ·+ xs(αs + β) = 0,

=

x1α1 + x2α2 + · · ·+ xsαs + (x1 + x2 + · · ·+ xs)β = 0, (∗)

duα1, α2, · · · , αs, β�5Ã'§

¤±d(∗)ª§�

x1 = 0

x2 = 0
...

xs = 0

x1 + x2 + · · ·+ xs = 0

⇒


x1 = 0

x2 = 0
...

xs = 0

¤±α1 + β, α2 + β, · · · , αs + β��5Ã'.
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11.y²�Ä|Ü

x1(α1 + β) + x2(α2 + β) + · · ·+ xs(αs + β) = 0,

=

x1α1 + x2α2 + · · ·+ xsαs + (x1 + x2 + · · ·+ xs)β = 0, (∗)

duα1, α2, · · · , αs, β�5Ã'§¤±d(∗)ª§�

x1 = 0

x2 = 0
...

xs = 0

x1 + x2 + · · ·+ xs = 0

⇒


x1 = 0

x2 = 0
...

xs = 0

¤±α1 + β, α2 + β, · · · , αs + β��5Ã'.
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11.y²�Ä|Ü

x1(α1 + β) + x2(α2 + β) + · · ·+ xs(αs + β) = 0,

=

x1α1 + x2α2 + · · ·+ xsαs + (x1 + x2 + · · ·+ xs)β = 0, (∗)

duα1, α2, · · · , αs, β�5Ã'§¤±d(∗)ª§�

x1 = 0

x2 = 0
...

xs = 0

x1 + x2 + · · ·+ xs = 0

⇒


x1 = 0

x2 = 0
...

xs = 0

¤±α1 + β, α2 + β, · · · , αs + β��5Ã'.
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11.y²�Ä|Ü

x1(α1 + β) + x2(α2 + β) + · · ·+ xs(αs + β) = 0,

=

x1α1 + x2α2 + · · ·+ xsαs + (x1 + x2 + · · ·+ xs)β = 0, (∗)

duα1, α2, · · · , αs, β�5Ã'§¤±d(∗)ª§�

x1 = 0

x2 = 0
...

xs = 0

x1 + x2 + · · ·+ xs = 0

⇒


x1 = 0

x2 = 0
...

xs = 0

¤±α1 + β, α2 + β, · · · , αs + β��5Ã'.
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12.y²

b�β − α1, β − α2, . . . , β − αs�5Ã'§�Ä|Ü

x1α1 + x2α2 + · · ·+ xsαs = 0§dβ = α1 + α2 + · · ·+ αs§K

x1α1 + x2α2 + · · ·+ xsαs

= 1
s−1 [(2− s)x1 + x2 + · · ·+ xs](β − α1)

+ 1
s−1 [x1 + (2− s)x2 + · · ·+ xs](β − α2)

+ · · ·+ 1
s−1 [x1 + x2 + · · ·+ (2− s)xs](β − αs)

,

¤±

x1α1 + x2α2 + · · ·+ xsαs = 0⇔
1

s−1 [(2− s)x1 + x2 + · · ·+ xs](β − α1)+
1

s−1 [x1 + (2− s)x2 + · · ·+ xs](β − α2)+

· · ·+ 1
s−1 [x1 + x2 + · · ·+ (2− s)xs](β − αs) = 0

,


β − α1, β − α2, . . . , β − αs�5Ã'§
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12.y²b�β − α1, β − α2, . . . , β − αs�5Ã'§�Ä|Ü

x1α1 + x2α2 + · · ·+ xsαs = 0§

dβ = α1 + α2 + · · ·+ αs§K

x1α1 + x2α2 + · · ·+ xsαs

= 1
s−1 [(2− s)x1 + x2 + · · ·+ xs](β − α1)

+ 1
s−1 [x1 + (2− s)x2 + · · ·+ xs](β − α2)

+ · · ·+ 1
s−1 [x1 + x2 + · · ·+ (2− s)xs](β − αs)

,

¤±

x1α1 + x2α2 + · · ·+ xsαs = 0⇔
1

s−1 [(2− s)x1 + x2 + · · ·+ xs](β − α1)+
1

s−1 [x1 + (2− s)x2 + · · ·+ xs](β − α2)+

· · ·+ 1
s−1 [x1 + x2 + · · ·+ (2− s)xs](β − αs) = 0

,


β − α1, β − α2, . . . , β − αs�5Ã'§
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12.y²b�β − α1, β − α2, . . . , β − αs�5Ã'§�Ä|Ü

x1α1 + x2α2 + · · ·+ xsαs = 0§dβ = α1 + α2 + · · ·+ αs§K

x1α1 + x2α2 + · · ·+ xsαs

= 1
s−1 [(2− s)x1 + x2 + · · ·+ xs](β − α1)

+ 1
s−1 [x1 + (2− s)x2 + · · ·+ xs](β − α2)

+ · · ·+ 1
s−1 [x1 + x2 + · · ·+ (2− s)xs](β − αs)

,

¤±

x1α1 + x2α2 + · · ·+ xsαs = 0⇔
1

s−1 [(2− s)x1 + x2 + · · ·+ xs](β − α1)+
1

s−1 [x1 + (2− s)x2 + · · ·+ xs](β − α2)+

· · ·+ 1
s−1 [x1 + x2 + · · ·+ (2− s)xs](β − αs) = 0

,


β − α1, β − α2, . . . , β − αs�5Ã'§
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12.y²b�β − α1, β − α2, . . . , β − αs�5Ã'§�Ä|Ü

x1α1 + x2α2 + · · ·+ xsαs = 0§dβ = α1 + α2 + · · ·+ αs§K

x1α1 + x2α2 + · · ·+ xsαs

= 1
s−1 [(2− s)x1 + x2 + · · ·+ xs](β − α1)

+ 1
s−1 [x1 + (2− s)x2 + · · ·+ xs](β − α2)

+ · · ·+ 1
s−1 [x1 + x2 + · · ·+ (2− s)xs](β − αs)
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(∗)�XêÝ
�
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
2− s 1 · · · 1

1 2− s · · · 1
...

...
. . .

...

1 1 · · · 2− s



Ð�1C�
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
1 1 · · · 1
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. . .
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
0 1 · · · 1

1 0 · · · 1
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. . .

...

1 1 · · · 0

 Ð�1C�
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1 1 · · · 1

0 −1 · · · 0
...

...
. . .

...

0 0 · · · −1
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XêÝ
��F/¥Ì��ê�s§(∗∗)�k0)§¤

±β − α1, β − α2, . . . , β − αs�5Ã'.

13.y²Ï�β�±dα1, α2, · · · , αs−1, αs�5LÑ§¤±�

3Xêl1, l2, ..., ls§¦β = l1α1 + · · ·+ ls−1αs−1 + lsαs (∗)¤á.

els = 0§Kβ = l1α1 + · · ·+ ls−1αs−1§

=§β�±d α1, α2, · · · , αs−1�5LÑ§ù�®�gñ.

¤±ls 6= 0§Kd(∗)�αs = − l1
ls
α1 − · · · − ls−1

ls
αs−1 +

1
ls
β§

¤±αs�±dα1, α2, · · · , αs−1, β�5LÑ.

b�αs�±dα1, α2, · · · , αs−1�5LÑ§K�3Xê

k1, k2, ..., ks−1§¦�αs = k1α1 + k2α2 + · · ·+ ks−1αs−1.

2d(∗)§Kβ = (l1 + lsk1)α1 + · · ·+ (ls−1 + lsks−1)αs−1§

ù��®�gñ.

¤±§αsØ�±dα1, α2, · · · , αs−1�5LÑ.
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