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2.5 1 ��������������
3 �������� "!$#�%�&�')( * 1 ��+�,�-/.�0�-1����243�5�6/7�81�� 9!$#�:4;�%�<�'�(�=?>�@��
=��/3�5�6�A�B�C�D�E�A�8
F�G

2.24 �� 9!$#�:); V ���� H!$# v1, . . . , vs C��4��I�J�3�=K&ML�E 1 N�O�P (linearly inde-

pendent) D�Q�A�LK'9R : S�T *VU�W�X�Y c1, . . . , cs %�Z\[
c1v1 + · · ·+ csvs = o

C�]/,M[�(�'�^�_ c1 = · · · = cs = 02
`�a4b�c

2.19 ������ 9!$#���d�C 1 �/+�,�e�f�RKe�g�hMiK8
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7�j�[ a, b k�lMm���n�o�p/q���r 2 sML 1 s�8
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t�t D p, q k�Q�A�u�v�8

`�a4b�c
2.20 x1, x2, x3 k 1 �/+�,MLKw�A�8 y1 = x1, y2 = x1 + x2, y3 = x1 + x2 + x3 %�Z[K- y1, y2, y3 k 1 ��+�,�e�f�RKe�g�h\iK8x 7 y1 = x1 + x2, y2 = x2 + x3, y3 = x3 + x1, %�ZM[ y1, y2, y3 C 1 ��+�,�e�f)RKe�g�h\iK8y % y1 = x1 −x2, y2 = x2 −x1, y3 = x1 + x3 %�ZM[ y1, y2, y3 C 1 ��+�,4e�f�Rze�g1hMiK8

F�G
2.25 �� H!$#/:�; V %�Z{[K�4��I/J�3�=|&��4 9!}#��~d {v1, . . . , vn} C��/��w)A�� t ^)3t �~�� 9!$#�:�;������ (base) L�����8

(1) �� 9!$# v1 . . . , vn k V 3���]�w�A�8�S�T V =< v1, . . . , vn > C�]�,�w�A�8
(2) v1, . . . , vn k 1 ��+/,�D�Q�A�8

n ������ 9!$#�:�; Kn %�&�'�(?'�6�_�.����� 9!$# {e1, . . . , en} k�.�0�D�Q�A�8
`�a4b�c

2.21 ������ 9!$#���d�C��� 9!}#�:�; V ��.�0�D1Q�A�B�3�����8
(1) V = Kn D�-��� 9!$#���d�k�.1���� 9!$# e1, . . . , en

(2) V = K3 D��� 9!$#���d�k
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(3) V =
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∈ K3
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∣
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∣

∣

x + y + z = 0











D��� 9!$#���d4k
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(4) V =
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∣
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∣
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∣

∣

x − y + z + w = 0























D?�� 9!$#���d�k
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3 ���/�� "!�#�:4;�D4=����~7�@�%?.�0)k��/����D/k��~'�8������~� 2.21 e����4e�A�i4R�%~-��� 
!$#/:�; K3 %�<�'�(�./���� 9!}#���d e1, e2, e3 k�.�04D�Q�A�[|- f1 =
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1

1
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LK�M��L�E f1, f2, f3 =K.�0�D�Q�A�8

  D¡��wMi�RK% K3 ��.�0�k¡¢�£/Q¤A�C�¥�v�k�w�h�( 3 ¥)D�Q�A�8�¦ t D t ����u���v�3�§¤¨
:�;/�����MLKu�©M[�7�'�8�¦���ª�%�.�0��~I�J�3�«���e�%�w�A�'M�K&�e���¬���3�)«�w�A�8
®�c

2.26 �� 9!$#�:�; V ��� v1, . . . , vs C 1 ��+�,�������� 2 &�k�>�¯�8
(1) �� 9!$# v %�ZM[�U�W�X�Y a1, . . . , as C����M[�(

v = a1v1 + · · ·+ asvs

(2) �� 9!$# v, v1, . . . , vs k 1 ��+�,�D1��'�8
°²±

(1)⇒(2) ³ = a1 ³ 1 + · · · + as ³ s ´¶µ²·/´
(−1) ³ + a1 ³ 1 + · · · + as ³ s = ¸¹�º�» µ²· ¹z¼ −1 6= 0 ½~¾~¿ 1 À~Á » ¿�½�Â~Ã

(2)⇒(1) 1 À~Á » ¿~½�Â ´Äµ/·/´ÆÅ¶Ç²È~É 0 ¿~½zÂ²ÊzË�Ì�Í a, a1, . . . , as

¹zÎÆÏ4ÐÒÑ
a ³ + a1 ³ 1 + · · · + as ³ s = ¸¹�º�» µ²· Ã/ÓÆÓ~¿ a = 0 ´¶µ/·²´ ³ 1, . . . , ³ s ¾ 1 ÀÆÁ »~Ô²ÕzÖ µ/· ¾Æ¿ a 6= 0Ã/×ÆØ Ñ�Ù~Ú4Ð�Ñ

³ =
(

−
a1

a

) ³ + · · · +
(

−
as

a

) ³ s

¹�ÛÝÜ Ç²· Ã
3 �������� "!$#ML�>�@�%?-�¬�� 2.26 %�i4� v1, . . . , vn C�.�0)D�Q�A�L�k�Þ/ß�� — & x �áà��

�� 9!$#�3�â�6�A�L 1 ��+�,�D�������A�@�� — 1 ��+�,����� 9!$#���ã�ä�D�Q�A�B�C¡��A�8�& x
�å- v1, . . . , vn C�.�0�D�Q�A�æ�ç�è��1é�ê�k���� 2 &�C�]�,�w�A�B4D�Q�A�8
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(1) v1, . . . , vn C 1 ��+/,�D�Q�A�B�8�& x �KU�W�X�Y a1, . . . , an %�ZM[
a1v1 + · · ·+ anvn = o =⇒ a1 = · · · = an = 0

C�]�,�w�A�8
(2) Þ�ß�D�Q�A�8�& x �ë-�ì�í����� H!$# v %�ZM[

v, v1, . . . , vn

k 1 ��+�,�D���'�8
t ^�k?.�043�î1&4ï�A~ð�ñ)3�ò461A�8 V 3~§1¨�:4;�L|w�A~8�ó/ô)% o D/��'/�� H!$# v1 3?õ4�(���A (1) 8���%��� 9!$# v D v, v1 C 1 �1+�,���=���3�ö�w�8 < v1 >= V ��� t ��@��¡�� 9!

#�C~������÷�- {v1} C�.�0�%���A�8 < v1 > /
⊆ V ��L�E�- 1 ��+1,���=���C�����w�A���D�-�¦�^

3 v2 LKw4A�8/��%?�� 9!$# v D v, v1, v2 C 1 ��+�,��)=���3�ö/w�8 < v1, v2 >= V ��L~E�- t
��@4���4 9!}#�C~���1��÷ø- {v1, v2} C�.�04%��1A�8 < v1, v2 > /

⊆ V �4L�E 1 ��+�,)��=~��C?w
A���D�-�¦�^�3 v3 LzwùA�8���%��� 9!ú# v D v, v1, v2, v3 C 1 ��+�,���=���3�ö�w�8 t ��û¤ü
3�ý4ï�(�'M��LK- t ��û�ü�k�'�&�e�k�þ�ÿ/A�8
`�a�b�c

2.22 �� 9!ú#���d v1, . . . , vn C 1 ��+¤,�D�Q�A�B�LK��k�æ¤ç�è���D�Q�A�8 * ì�íù�
i = 1, . . . , n %�ZM[z- < v1, . . . , v i−1 > /

⊆ < v1, . . . , vi−1, vi > C�]1,�w4A�8 7�j�[|- <>= {0} L
w�A~8
�/��3�u�©�w�A�7 � %�k�����u���C�æ�ç4%���A�8

F��
2.27 {v1, . . . , vn},{f 1, . . . , f m

} 3 V � 2 &���.�0MLKw�A4L m = n D�Q�A�8
u�� 2.27 3���w�7 � %������/��3���í�w�A�8

	 c
2.28 {v1, . . . , vn} 3�§�¨�:�; V ��.�0�L w�A�8 f1, . . . , f r

C 1 ��+�,���� (r <= n) v1, . . . , vn��p/q�3�
���%�&�ï��6�A�L
{f1, . . . , f r

, vr+1, . . . , vn}

k V ��.�0ML���A�8°²±
r
Õ�� Â Ñ ¾�������¿�� µ Ã

(1) r = 1 ¾��~Ã { ³ 1, . . . , ³ n} É���� ½~¾�¿ÆÊzË²ÌzÍ a1, . . . , an

¹zÎÆÏ4Ð�Ñ
�

1 = a1 ³ 1 + · · · + an ³ n (1)

´����Æ· Ã µ�� Ñ ¾ i
Õ�� Â Ñ ai = 0 ½ Ü � 1 = ¸�¿ � 1 ¾ 1 À~Á »~Ô²Õ��� Ã ai 6= 0 ´ ½ · i

¹�ÎøÏ µ· ¹"!�#ÆÕ�$�%'&�( ��)�* Ñ a1 6= 0 ´ Ð�Ñ ×�Â~Ã/ÓÆ¾"�
³ 1 =

1

a1

�
1 +
(

−
a2

a1

) ³ 2 + · · · +
(

−
an

a1

) ³ n

´��+�~·�, Õ�-�.4Ð�Ñ�/10 Ã/Ó Ç &
³ 1 = b1

�
1 + b2 ³ 2 + · · · + bn ³ n

(1) 2"24365"7�8 o 3:94;=<?>A@CBED=FEGAH49I;=J=KED:L=MIN V D=O"<:>P@QB:RTS"UPV49"MTW=X"Y[Z (V = {o}) R\J6K=3L=MTN]2=R4J=K 0 ^ R4_=`=D"F=G=a?M:bdc=; 0 e=f bd;Agih:j4a:MIN
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´k�'lnm Ð Ñ�/o0 Ãqp Ñ {
�

1, ³ 2, . . . , ³ n}
¹ ��� Õ ½ ·�, & � µ Ã V ¾sr . ¾�tvuqwyx ³ Õsz Ð Ê Ë ÌzÍ

c1, . . . , cn

¹zÎÆÏ4ÐÒÑ
³ = c1 ³ 1 + c2 ³ 2 + · · · + cn ³ n´��+�~· Ã/Ó~¾ ´�l

³ = c1 (b1
�

1 + b2 ³ 2 + · · · + bn ³ n) + c2 ³ 2 + · · · + cn ³ n

= c1b1
�

1 + (c1b2 + c2) ³ 2 + · · · + (c1bn + cn) ³ n

´�{�µ�, ¹ ¿ lÆ· ÃÆÀ É 1 À~Á »ÆÔ�& � µ Ã
c1
�

1 + c2 ³ 2 + · · · + cn ³ n = ¸ (2)

´Äµ�· Ã�| (2)
Õ | (1)

&�}�~ µ²·/´
c1(a1 ³ 1 + · · · + an ³ n) + c2 ³ 2 + · · · + cn ³ n = ¸

Ó Ç &���� µ/·²´
c1a1 ³ 1 + (c1a2 + c2) ³ 2 + · · · + (c1an + cn) ³ n = ¸

1 ÀøÁ »øÔ ×v� c1a1 = 0 Ã a1 6= 0 ×v� c1 = 0
¹ Û Ü Ç · Ã c1 = 0 ¾ ´sl ³ 2, . . . , ³ n ¾ 1 ÀøÁ »øÔ ×��

c2 = · · · = cn = 0Ã/×ÆØ Ñ 1 À~Á »�� �qp Ç'� Ã
(2) r = s ¾�� º~»�&���� ÐÒÑ s + 1 ¾��/¾ ºÆ»�& � µ Ã

{
�

1, . . . ,
�

s
, ³ s+1, . . . , ³ n}

É V ¾ ��� Õ ½~Ø Ñ Â · ¾~¿ ¼ � s+1

Õ�z4Ð ÊzË/Ì�Í a1, . . . , an

¹�Î~Ï ÐzÑ
�

s+1 = a1
�

1 + · · · + as

�
s
+ as+1 ³ s+1 + · · · + an ³ n (3)

´k{øµ�, ¹ ¿ l�· Ã as+1 = · · · = an = 0 � ´ � 1, . . . ,
�

s+1 ¾ 1 ÀøÁ »øÔ�Õ Ö µ · Ã ai 6= 0 ´ ½ · i

(s + 1 <= i <= n)
¹�Î~Ï µ/· ¹�$�%'&"!�#~Õ�~ Ç�)�* Ñ as+1 6= 0 ´ Ð�Ñ ×zÂÆÃ/ÓÆ¾"�
³ s+1 =

(

−
a1

as+1

) �
1 + · · · +

(

−
as

as+1

) �
s
+

(

1

as+1

) �
s+1

+

(

−
as+2

as+1

) ³ s+2 + · · · +

(

−
an

as+1

) ³ n

´��+�~·�, Õ�-�.4Ð�Ñ�/10 Ã/Ó Ç &
³ s+1 = b1

�
1 + · · · + bs+1

�
s+1 + bs+2 ³ s+2 + · · · + bn ³ n

´I��lkm Ð ÑE/�0 Ã { � 1, . . . ,
�

s
, ³ s+1, . . . , ³ n} ÉE�s� ½ ¾�¿ V ¾Er . ¾kt�u�w�xH³ Õkz¤Ð Ê Ë¡Ì Í c1, . . . , cn¹�Î�Ï4Ð�Ñ
³ = c1

�
1 + · · · + cs

�
s
+ cs+1 ³ s+1 + · · · + cn ³ n

´��+�~· Ã/Ó~¾ ´�l
³ = c1

�
1 + · · · + cs

�
s
+ cs+1

(

b1
�

1 + · · · + bs+1
�

s+1 + bs+2 ³ s+2 + · · · + bn ³ n

)

+ cs+2 ³ s+2 + · · · + cn ³ n

= (c1 + cs+1b1)
�

1 + · · · + (cs + cs+1bs)
�

s
+ (cs+1bs+1)

�
s+1

+ (cs+2 + cs+1bs+2) ³ s+2 + · · · + (cn + cs+1bn) ³ n

´�{�µ�, ¹ ¿ lÆ· ÃÆÀ É 1 À~Á »ÆÔ�& � µ Ã
c1
�

1 + · · · + cs+1
�

s+1 + cs+2 ³ s+2 + · · · + cn ³ n = ¸ (4)

´Äµ�· Ã�| (4)
Õ | (3)

&�}�~ µ²·/´
c1
�

1 + · · · + cs

�
s
+ cs+1 (a1

�
1 + · · · + as

�
s
+ as+1 ³ s+1 + · · · + an ³ n)

+ cs+2 ³ s+2 · · · + cn ³ n = ¸
43



Ó Ç &���� µ/·²´
(c1 + cs+1a1)

�
1 + · · · + (cs + cs+1as)

�
s
+ (cs+1as+1) ³ s+1

+ (cs+2 + cs+1as+2) ³ s+2 + · · · + (cn + cs+1an) ³ n = ¸
1 À~Á »~Ô ×+� cs+1as+1 = 0 Ã as+1 6= 0 ×'� cs+1 = 0

¹zÛ4Ü Ç/· Ã cs+1 = 0 ¾ ´�l c1 = · · · = cn = 0
¹Û Ü Ç 1 À~Á »'� �1p Ç/· Ã

p Ñ���� 2.27 ¾���� &²Ð ×q� Ã n < m ´ ��� µ²· Ã���� 2.28
&�� Â Ñ ��� { ³ 1, . . . , ³ n}

&�� l���*Ñ Â 0 ´ {
�

1, . . . ,
�

n
}
¹ ��� ¿�� ·", ¹�� · Ã�Ó~¾"� � n+1 É � 1, . . . ,

�
n
¿ {~µ], ¹ ¿ l~· ¾~¿ 1 ÀÆÁ »Ô²Õ��� Ã/×ÆØ Ñ n >= m Ã { ³ 1, . . . , ³ n} ´ {

�
1, . . . ,

�
m
} ¾���� &�~ Ç�)v*~·/´���� Õ n <= m

� � µ�, ¹¿ l�· Ã�� Õ n = m
¹�Û4Ü Ç²· Ã

u�� 2.27 i��á����u�©�C����z^�A�8
F�G

2.29 K ������ 9!$#�:�; V C n ¥����� 9!$#�e)����A�.�0
v1, . . . , vn

3�õ�&Ý� t ���� �! #�:�; V � (K ��� ) N+� (dimension) k n D�Q�A�L�' Rë8 t ���ø��3 dimK V

Ln�/w�8 K C�«���e�����k� �¡M[�( dimV L�=n¢M��8
®�c

2.30 (1) v1, . . . , vn ∈ V C 1 ��+�,�����_ dimV >= n D�Q�A�8
(2) V =< v1, . . . , vn > ����_ dim V <= n D�Q�A�8°²±

(1) ��� 2.28 É ¼ 1 À~Á » ½"t�u£w¤x�¾�¥ Õ�zÝÐ t+u1wix &"( �"¦�* Ñ ��� Õ ¿ lÆ·", �".'§�ÐzÑ Â· Ã�×~Ø Ñ dim V >= n ¿�� · Ã
(2) V =< ³ 1, . . . , ³ n > ¾ ´�l ¼ ³ 1, . . . , ³ n

¹
1 ÀÆÁ » ¿~½ �ÒÇ'¨"©�ª+« � 2.22 ×�� ¼ � · t+u1wixH³ k

¹
ÎÆÏÝÐzÑ�¼

< ³ 1, . . . , ³ k−1, ³ k+1, . . . , ³ n >= V ´ ½ · Ã 1 À~Á » ¿~½zÂ]¬� É Ó Ç &�® ��¯ µ Ã�Ó~¾�°]±/×
��³ 1 . . . , ³ n ¾�² ��³ H³ α(1), . . . , ³ α(s) ( Ó�Ó~¿ s <= n)

¹
V ¾ ��� ¿]� ·�, ¹�� È � ¼ dim v = s <= n

¹
� È�· Ã

3 �������� 9!ú#���´ùD��«�3Pµ�¶M[¡(�'�7�����B�· = t �¡¬���e��Kw�¸n¹ Rë8�* 3 º�v��� 9!
#�%�»�[�(�- 4 ¥�¼������� 9!$#��~d�k 1 ��+�,�D�k���'�8 2°�±

3 ½�¾�t�uqw¿x�À�ÁÆ¿ É ¼ ��Â t'u1w¿x ¹ ��� Õ ½ · ¾~¿ ¼ À�Ã É 3 ¿�� · Ã �/Ð 4 Ä�Å�Æ/¾st
uqwix/¾�¥ ¹ 1 À~Á » ½ ÜÈÇ � 2.30 ×'�¶À]Ã ¹ 4 Å�Æ Õ ½'� �] Ã²×~Ø Ñ 4 Ä�Å�Æ/¾�t'u£w¤x É 1 ÀÆÁ »
¿Æ½ÒÂ~Ã
`�a4b�c

2.23 ������ 9!$#�:�;�������3�É � iz8
(1) V =

{

x =

(

x

y

)

∈ R2

∣

∣

∣

∣

∣

x + 5y = 0, x + 3y = 0

}

(2) V =

{

x =

(

x

y

)

∈ R2

∣

∣

∣

∣

∣

x + 5y = 0

}

(3) V =











x =







x

y

z






∈ R3

∣

∣

∣

∣

∣

∣

∣

x + 2y + 3z = 0
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(4) V =























x =













x

y

z

w













∈ R4

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

x + 4y − z + w = 0, 2x + 3y + z − 4w = 0























(5) V =























x =













x

y

z

w













∈ R4

∣

∣

∣

∣

∣

∣

∣

∣

∣

∣

x + 4y − z + w = 0























(6) V =

〈(

1

3

)

,

(

3

1

)〉

(7) V =

〈







1

1

1






,







2

2

2







〉

(8) V =

〈







1

2

3






,







3

2

1






,







5

5

5







〉

(9) V =

〈













1

1

1

−3













,













2

2

0

−4













,













1

1

0

−2













〉

Ê�Ë�Ì�Í�Î N��
Ï�Ð

2.31 Ñ]Ò�À'Á V ¾�t'u1wÓxH³ 1, . . . , ³ s

¹ À²¾ Ô�Ô+&���� ´�l 1 Õ�Ö�× (linearly independent) ¿��·²´ ÂØ� : Ù�ÚÜÛ Ê�Ë/ÌzÍ c1, . . . , cs

Õ�z4Ð
c1 ³ 1 + · · · + cs ³ s = ¸¹�º�»4Ð�Ñ Â Ç'¨ c1 = · · · = cs = 0ÝÞ]ß ¾�Ñ�Ò�À'Á V

Õ�z4Ð À²¾ Ô�Ô�&���� t'u1w¿x/¾�¥ { ³ 1, . . . , ³ n}
¹zÎ~Ï µ/· �/Ó Ç & ÓÆ¾�Ñ�Ò�À'Á~¾à�á

(base) ´�â�ã Ã
(1) t�u1wÓxH³ 1 . . . , ³ n É V

&�ä�º µ/· Ã�Ù'Ú V =< ³ 1, . . . , ³ n >
¹zºÆ» µ/· Ã

(2) ³ 1, . . . , ³ n É 1 ÀÆÁ » ¿�� · Ãå Æ/¾�Ñ�Ò�À�Á V
¹

n Ä/¾�t'u1wÓx È Ü ½ ·����
{ ³ 1, . . . , ³ n}

&�æ�� �/Ó~¾�Ñ�Ò�À�Á V ¾ (
å Æ²¾ ) Õ�ç (dimension) É n ¿�� ·/´ Â�� Ã/ÓÆ¾zÀ�Ã & dim å V ´È{øµ Ãå ¹ � Ü È ½�� É�è�é ÐzÑ dimV ´ � � 0 Ã'ê � ÓÆ¾���Ñ�Ò]À�Á V É�ë�ì À]Ã/¿�� ·/´ Âí� Ã ë�ì Ä²¾ �

� &�æ � ½zÂ���î ì À�Ã ´ Âí� (2) Ã�ï�ð�ñ�ò/¿ É î ì À�Ã�ó�ô�Ñ�Ò�À�Á &�õ ��öØ� , ¹�÷�ø/Õ ½ · ¹z¼ Ó~¾ù�ú ¿ É�ë�ì À�Ã�À'Á~¾�û & öí� Ã
(2)‘ ü]ý4^ R4_=` ’ bd;+gdþ=ÿ��=L"M4D:2=R����=3����	��
��=9I;=N
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2.5(12)
¼�� êv��������������¾�������¾ �o0 · Ñ�Ò�ÀvÁ ´ µ/· Ã F ¾ À�Ã ¹ 2 ¿�� ·s, & � µ Ã

������������¾�� É � ½ ´"! 2 ½ &�#%$ ·/´
an+2 = an+1 + an (5)

´ Âí�'& (�| Õ ×~Ø Ñ ��� ¹�# ê ·�, &s-�. ÐzÑs/o0 Ã�³ 1 = {xi}
&

x1 = 1, x2 = 0 ´ ½ · �����������
¾�� ¼ ³ 2 = {yi}

&
y1 = 0, y2 = 1 ´ ½ · �������)����¾�� ´¶µ · Ã { ³ 1, ³ 2}

¹
F ¾ ��� Õ ½ ·s, & �µ Ã¡¸ = {zi} (z1 = 0, z2 = 0, . . .) ½�¾ø¿ a ³ 1 + b ³ 2 = ¸ ´áµ · ´ ¼ ! 1 ½ ´*! 2 ½ &�+ � ·s, Õ ×v�

a = 0, b = 0
&zÛ · ¾~¿ 1 À~Á » É �qp Ç'� Ã~À Õ r . ¾������ �,�-��¾��/. = {ai} ∈ F

¹ ³ 1, ³ 2 ¿ { pÇ²·�, & � µ Ã a1 = a11 + a20 = a1x1 + a2y1

¼
a2 = a10 + a21 = a1x2 + a2y2

¹�º~»4Ð Ñ Â · Ã�r . ¾ iÕ�� Â Ñ ai = a1xi + a2yi

¹zºÆ» µ/·�, & �����²¿�� µ (3) Ã
i, i − 1

Õ�� Â Ñ�º~»'&���� µ/· Ã�| (5) ×+�
ai+1 = ai + ai−1 = a1xi + a2yi + a1xi−1 + a2yi−1 = a1(xi + xi−1) + a2(yi + yi−1) = a1xi+1 + a2yi+1

×ÆØ Ñ . = a1 ³ 1 + a2 ³ 2 ¹zºÆ» µ/· Ã
De(L)

&�
2.5(13)

¼�� ê���Ñ�Ò�0 ��1�2 |
y
′′ − y

′ − 2y = 0

¾ 3����²¾ �10 · Ñ�Ò�À�Á ´¶µ²· Ã De(L) ¾�À�Ã É 2 ¿�� ·�, & � µ Ã54²¾ � $ÆÕ É 0 ��1�2 | Õ & µ²· À¾ �]��&�÷�ø ´Äµ/· Ã���� É 0 ��1�2 |/¾ Â Õ ¿ Ñ Â · ¾~¿ è�é (
��� É � Ø ´ Þ�ß�6 Õ ����p Ç/· ) Ã

Ï�7
2.32 n 8/¾ (

� (�¾ ) Ñ�Ò�0 ��1�2 |
y
(n) + an−1y

(n−1) + · · · + a1y
′ + a0y = 0

& 9 *~· (4) Ã n Ä²¾ ��:�; y(0) = b0, y
′(0) = b1, . . . , y

(n−1)(0) = bn−1

Õ�z4Ð¶¼ 4 Ç & ��:�; Õ�æ�� 0 ��12 |�¾�3%&�¾ ¹ < Þ �~Î~Ï µ/· Ã
���

2.32 ×�� y1(x)
&

y1(0) = 1, y′

1(0) = 0
& û � µ De(L) ¾sÃ ¼ y2(x)

&
y2(0) = 0, y′

2(0) = 1
&

û ��µ De(L) ¾�Ã ´ µ · ´ ¼ {y1(x), y2(x)}
¹ ��� Õ ½ · Ã ay1(x) + by2(x) = 0 ¾ ´sl x = 0

&n}�~ ÐÑ ¼
a = ay1(0) + by2(0) = 0

& Û · Ã+ê ��= | & 0 � µ ·/´ ay′

1(x) + by′

2(x) = 0 Ã x = 0
&s}�~ µ/· ´

b = ay′

1(0) + by′

2(0) = 0
&�Û · Ã y(x)

&
De(L) ¾"r . ¾�Ã ´ µ/· Ã y(0) = a, y′(0) = b ´ /o0 ´ y(x)

�
ay1(x) + by2(x)

� �?>-��:�; &�æ�� Ñ�Ò�0 ��1�2 | y′′ − y′ − 2y = 0 ¾�3�¿�� · Ã ��� 2.32 ¾ 3�¾ Þ .~Ô×'� y(x) = ay1(x) + by2(x)
¹zÛ4Ü Ç/· Ã

(3) 2"243A@ABAC�DAEGF]j�H=;AIAJ�K=NALAM=3N� “(1) r = 1 3AO�P ” b “(2) r 3AOAP =⇒r + 1 3�OAP ” R 2 H=UAVdaQ I:R�RTS�@�j-H=;AI�R�OAP�U"V	W-X�Y Z=DA[	\Ó3:LA]-^AbdcAg N:2=243�_5`-^�a:g�j “(1) r = 1,2 3AOAP ” “(2) r b
r + 1 3GOAP =⇒r + 2 3GObP ” R 2 H6U�VTVcWdhN�43edEM4NNfg^ “(1) r = 1 3bOGP ”“(2) r aN�ih	j ;AkbI=3bOAP =⇒r3AOGP ” bd;Ag�X�Y�Z��=LEM4N

(4)y(n) � y R n e V�l�@=3:L=MIN
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