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�!W�K (z�K3©, �15©)

1. −8 . 2.


2 1 3

1 0 4

0 0 1

 . 3. 0 . 4. (0, 1, 0, 1) .

5. (2, 5,−6) .

�!ÀJK (z�K2©, �10©)

6. D. 7. B. 8. A. 9. C. 10. B.

n!O�K (z�K10©, �40©)
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∣∣∣∣∣∣∣∣∣∣∣∣∣∣∣
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (10©)
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12. ): V1 + V2 = L(α1, α2, α3, β1, β2). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (2©)

A = (α1, α2, α3, β1, β2) =


1 −2 −4 1 −4

−1 1 3 2 2

1 2 0 1 −2

1 −1 −3 0 1

→


1 −2 −4 1 −4

0 1 1 3 6

0 0 0 2 3

0 0 0 0 0


dd��, α1, α2, β1�α1, α2, α3, β1, β2���4�Ã'|"�α1, α2, β1�V1+V2�

�|Ä, l
dim(V1 + V2) = 3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (7©)

qÏ�α1, α2�α1, α2, α3���4�Ã'|, dimV1 = 2; β1, β2�5Ã', dimV2 =

2.

u´dim(V1 ∩ V2) = dimV1 + dimV2 − dim(V1 + V2) = 1. . . . . . . . . . . . . . . . (10©)

13. ): ϕ(ε1, ε2, ε3) = (η1, η2)A, Ù¥A =

1 −2 0

0 1 −1

. . . . . . . . . . . . . . . . (2©)

(ε′1, ε
′
2, ε
′
3) = (ε1, ε2, ε3)P , Ù¥P =


1 1 0

0 −1 1

0 0 −1

.

(η′1, η
′
2) = (η1, η2)Q, Ù¥Q =

1 1

0 1

.

�ϕ3Äε′1, ε
′
2, ε
′
3�Äη

′
1, η
′
2)e�Ý
�Q

−1AP , Ù¥

Q−1AP =

1 4 −4

0 −1 2

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (10©)
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14. ). ��§|O2Ý
�Ā =


1 −2 0 −1 1 −2

2 −5 −2 −1 2 −1

−3 4 −4 6 −2 10

1 −5 −6 4 3 3

. . . . . . . (2©)

éĀ�Ð�1C��Ā→


1 0 4 0 4 −14

0 1 2 0 1 −5

0 0 0 1 1 −2

0 0 0 0 0 0

.

±x1, x2, x4��åCþ, ±x3, x5�gdCþ.

3Ù�Ñ|¥, -x3 = 1, x5 = 0§�ξ1 = (−4,−2, 1, 0, 0)T ,

-x3 = 0, x5 = 1, �ξ2 = (−4,−1, 0,−1, 1)T .

�ξ1, ξ2�Ù�Ñ|��Ä:)X. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (7©)

��§|Ó)u 
x1 + 4x3 + 4x5 = −14

x2 + 2x3 + x5 = −5

x4 + x5 = −2

-x3 = x5 = 0§�ÙA)�γ0 = (−14,−5, 0,−2, 0)T .

�γ0 + k1ξ1 + k2ξ2, Ù¥k1, k2�?¿~ê. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (10©)

o!y²K (z�K10©, �30©)

15. y: �B = A− AT . KBT = AT − A = −B. �B��é¡Ý
. . . . . (3©)

qÏ�n�Ûê, ¤±|B| = |BT | = | −B| = (−1)n|B| = −|B|, �|B| = 0.

l
BX = 07k�"). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (10©)
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16. y: (�y)b�α1, · · · , αs, β1+β2�5�'.Ï�α1, · · · , αs�5Ã',�β1+

β2�dα1, · · · , αs�5LÑ. =β1 + β2 ∈ L(α1, · · · , αs). . . . . . . . . . . . . . . . . . . . . . . . (5©)

qÏ�β1�dα1, · · · , αs�5LÑ, ¤±β2 = (β1 + β2)− β1 ∈ L(α1, · · · , αs).

ù�β1Ø�dα1, · · · , αs�5LÑgñ! �b�Ø¤á§=α1, · · · , αs, β1 + β2�

5Ã'. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (10©)

17. y: (1) AB ∈ Fm×m�_§�rank(AB) = m. . . . . . . . . . . . . . . . . . . . . . . . . .(2©)

Ï�rank(A) ≤ m�rank(A) ≥ r(AB) = m, ¤±rank(A) = m.

Ónrank(B) = m. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (6©)

(2) y{1.

BA ∈ Fn×n. dSylvesterúª, rank(BA) ≥ rank(A) + rank(B) − m = m. Ï

�r(BA) ≤ r(A) = m§�r(BA) = m. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (10©)

y{2.

d(1) rank(A) = m, ��3�_
P1, Q1§¦�A = P1(Im O)Q1.

rank(B) = m, ��3�_
P2, Q2, ¦�Q = P2

Im
O

Q2.

�BA = P2

Im
O

Q2P1(Im O)Q1 = P2

Q2P1 O

O O

Q1.

dd��rank(BA) = rank(Q2P1) = m. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (10©)

Ê!ØãK (�5©)

18. �KÃIO�Y, (Ø£ãÜ©3©§n)Ü©2©.
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