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3.3 ��
�����������������
3.1 � (1)(2) � (3)  (7) � (8) !#"��%$ ��&�')(+*�,�-�.�������� �0/�1�2�3 �!�4�5�6 .#7#8 ! �����#�#9�-�.�:#&�'#; /�1 �#� ��<�= :�>�?#��@#A ��$ ��B#CED+'#.�:

F�G
3.6

�����#�
V ��/�1�2�3 W H

(1) V 6= Ø

(2) I�J#��K#LNMPO w1, w2 ∈ W
�%QSR

w1 + w2 ∈ W

(3) I�J#� α ∈ K �+I�J#��K#LNMTO w ∈ W
��Q)R

αw ∈ W

� 3 U#��V�W ;�X#Y�ZS9 � ; (V � ) [�\�]#^ (subspace) �+6�6� 
W < V

�+_�` Za:
b�c�d�e

3.7
�����#�

V ��/�1 �#� W
,

V ��f�g ��h#R 5 �����#��� ! .#i � ;�j�k�:
F�G

3.7 T
;l�a�a�m�

V n D U om� �aprqas � Zm.t:�i �m�lu Im(T ) = {y ∈ U | y = T (x), x ∈ V };%����q�s
T �%v (imarge) �%<�= : ker(T ) = {x ∈ V | T (x) = 0}

;0����q�s
T �%w (kernel) �

6 8x: Im(T ) < U , ker(T ) < V
,�y�z�Z#.

(→ f�{#|�} 3.8)
:

b�c�d�e
3.8 T

;
V n D U o#� ����q�s � Z#. ��u Im(T ) < U , Ker(T ) < V

;�j�k�:
~

3.8 (1) A
;

(m, n) ���S� Z#.�:Si ���
Ker(TA) = {x ∈ Kn | Ax = o}

Im(TA) = {y ∈ Km | y = Ax, x ∈ Kn }

�+�S���+ Ker(TA)
�

Kn �� Im(TA)
�

Km ��/�1 �#� H -�.�:

��� ��;���C�7�8�:
A =
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� Z�.�: x =
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� Z�.�:Si ����u

Ker(TA), Im(TA)
; ���#� ��� u0_ R 5�� 7#8�: Ax = 0

�
4 U#� 1 �������#H�_)� '�.�,  � p�Z#. � 2 U#�������

x + y + z + w = 0

x + 2y + 3z + 4w = 0
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�����#H -�.��E, 1#n .�:�7 4�5 x, y
�

z, w
;�� 6#5 x = z + 2w, y = −2z − 3z � �#��.

��H� Ker(TA) =
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∈ K4
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z, w ∈ K
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��! .�: y =


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



= Ax

� Z�. �� Y −X = 4(x+y + z +w), Z −X = 8(x+y + z +w), W −X = 12(x+y + z +w)!��EH X � Y
;a� 6)5 Z = −X + 2Y , W = −2X + 3Y � ���m. �mH� Im(TA) =
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





















��! .�:

(2) Kn[x], K [x]
;��

3.1 � (6) � 9 �#� Z#. �+ Kn[x]
�

K [x] ��/�1 �#� H -�.�: K 2[x]
;�#C�.�:)i ��2�3#�%� � 2 � @#A �������#!���H f(x) = a2x

2 + a1x + a0 � �#��.�:�9#8 1UE�%� ; g(x) = b2x
2 +b1x+b0 � Z�. �� f(x)+g(x) = (a2 +b2)x

2 +(a1 +b1)x+(a0 +b0)��!S�¡  9 2 ���#H -�.%:#¢�£�¤�¥�¦S9 ��$ � H�u .�:
(3) I = [0, 1] � Z�.�: C(I), D(I)

;a�
3.1 � (7)  (8) � Z�. �+ D(I)

�
C(I) �a/�1 �#� H-�.�:

(4) V
;�§ 5m��¨�©�� § � ,�ª#.����m�#� (

�
3.1(11)), F

;�«�¬�­�®S¯�° ©�� § � n D ! .�����#�
(
�

3.1(12)) � Z#.�:Si ��� F
�

V ��/�1 �#� H -�.�:
(5)
�

3.1 � (13) � ����± 1������
L : y′′ − y′ − 2y = 0

��¨�©�² § � n D ! .������#��; De(L) �+³S��� De(L)
�

D(R) ��/�1 �#� H -�.�:
² ;�´�µ ©�² § � � Z#. � &�'#� D(R ; C) ��/�1 �#��� ! .�:

(6) V
;������#�  v1, . . . , vk

;
V ��/�1�2�3S� Z#.�:Si ���
{ c1v1 + · · ·+ ckvk | ci ∈ K }

�
V ��/�1 ����� ! .�:

(7) V
;%�a����� � Zm. �l W = {o} � V

�
V �0/�1 ��� H -¶.0:·i¸'m;�¹0º¶» [a\�]m^ (trivial

subspace) ��<�= :b�c�d�e
3.9

�
3.8
;�¼#½�kS7+:

F�G
3.9

�
3.8(6) �%/�1 �E��; v1, . . . , vk H%¾ y � '�. /�1 ��� ��6�6� < v1, . . . , vn > H%_ R  

v1, . . . , vn H�¿�ÀSÁ+Â#Ã�[�\�]#^#�+6 8Ä:
c1v1 + · · ·+ ckvk

;
v1, . . . , vn ��Å�Æ�Ç�È (linear combination) �+6 8Ä:
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