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3 ������ (��������� ������� ) ���� ��!
3.1 "$#�%'& ( ($)'*$+-,�.0/$%'& )13254365798;:=<�>@?�738;:=<�A9B�2DC�E9F5GIH�JLK5M@N5OQP�P56IRTSVUDG�H@J�W3X5YZ7V8;:[<U�R5\

(] K_^ ) `ba�c�dVe M�R5f�g c�d O�h eji_k�l�m5n�d N5o�pjq_rVs5tVM�N5O�uVU5\ (] K^
) `5k�l�mDn�d 25o�pLq_rVs5t9X5v�wV2DxVF57V8y:z<�AVBD{V|5O3}�25~@xVF57V8�:z< `5�T� P `UVKI�V��Y����VU5� ` K5s5\ `5k�l�m5n�d 25o�pjq_rVs5tVX5�V�@��v�wVF5{V|�X5Y

�
3.1 (1) � n �����V���z�@�V� :

P_rVUTh�t3s�R513254965{V|IM5Y
V = R

n `_����` O V
U�R\ `_a�c�d N5o�pjq_rVs5tVX5Y

(2) ��� n �����V�;�z���V� :
P_rVU5h�tVsV�_1V254V65{V|�M5Y

V = C
n `_�L��` O V

U�R5\ `f�g c�d N5o�pjq_rVs5tVX5Y

(3) ����� ���V� :
�V|�¡

V =
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x + y + z = 0











`_�$� Y V
257V8;:z<

v1 =
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O
v2 =







x2
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(6) `¢k�l m5n α
U�£jK

v1 + v2 ` αv1

�
V
2¢7V8':¤< ` ��X¢Y

K
3 ¥�¦ F5{3|��5t965O V

25§VFT{V|�XDY¨P52 `5© V
U@R5\ `Dk�l�mDn�d NTo�pjqªrVsTtVX` §VX5«VN�6 © X5Y

(4) (2, 2) ¬@ : 2 ® 2 ¯ 2 ®�¯ F (2, 2) ®�¯�e M�R 2 × 2 ®�¯°` t;��YjP�P565~�±�²VR K
2

x ` W3X5Y V =

{(

a b

c d

)∣

∣

∣

∣

∣

a, b, c, d ∈ K

}

`b�j� Y V
U@R ®�¯ 25\ `Dk�l@m5nId N5oIp

q_rVs5tVX5Y
(5) (m, n) ¬� : (m, n) ®�¯ ¥�¦ 25vIw M (m, n; K)

U�R5\ `5kIl�mDn@d NDo�p�q_r3s5t3M5YV��³G�´�µ�¶�WVX `
A =









a11 · · · a1n

... aij

...

am1 · · · amn









, B =









b11 · · · b1n

... bij

...

bm1 · · · bmn









∈ M (m, n; K )
O

α ∈ K
UT£LKb\IO k

l�m5n�d R

A + B =









a11 + b11 · · · a1n + b1n

... aij + bij

...

am1 + bm1 · · · amn + bmn









(6) ·0·b¸º¹b»T¸½¼b¾b¿TÀºÁ0ÂbÃÅÄ0ÆbÇTÈb¸TÉËÊ@Ì[Í@ÎÐÏ 2 ÑbÒ0Ó 3 ÑbÒ ¸½ÔTÀb·b¸ºÕ×ÖºØbÙbÚTÈ0ÛbÜºÏ
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αA =









αa11 · · · αa1n

... αaij

...

αam1 · · · αamn









6�Ý�Þ�M5YVÝ�X5tVR
(aij) + (bij) = (aij + bij), α(aij) = (αaij)

` �_ß�W�Y
(6) à¢� á : x

U�â¢WãX
(a�c�ä c ) å æ�ç ¥�¦ 2¢v�w¨F V ` WVX ` \ `_a�c�d N5o�p°q_rãs5tX5Y å�æIçj`_å@æ�ç 2D\VR å�æIçj` �@XVK_O å�æ�ç 2 a�cId � å@æ�ç U��IX5Y¨P52 x

U�â5WX
(a�c�ä�c ) åIæ�ç ¥�¦ 25vIwVF R[x]

65ß�W�Y e M n è�éVê 2 åIæ�ç ¥�¦ 25v@wVF Rn[x]` ß W�«VU5WVX¢Y��V|�¡ R2[x]
R

2 è�éVê 2 å�æ�ç ¥�¦ 2¢v�w�O�h eji 2 è�ç O 1 è�ç O 0è�ç (
o c ) ¥�¦VëVì ��X5v�wV6�Ý�X5YíTî UTfIg cIä@c 2 åIæ@ç ¥�¦ 2TvIw�F C [x]

6
n èIé9ê 2DfIg c�äIc 2 å�æIç ¥@¦ F Cn[x]`_ïj� YjP_r ì U�R5\ ` f�g c�d N5o�pV6 © X5Y

(7) ð�ñVò5� : ó�ô B I e M�R R õ 65o�pjq_rVM a�c�ö�÷�ø â c ¥�¦ 25v�wVF V ` WVX ` O�ùR i \ `_a�c�d N5o�pV6 © X5Y�\ `_a�c�d R
(f + g)(x) = f(x) + g(x), (αf)(x) = αf(x)65o�p�WVX5YjP�P56�R�â c f ` x

U5úVû�X ö f(x) ` R ô5ü K5s �j� Y�ý�þV6�R x
U5úVû�X

ö N f(x)
6�Ý�XIâ c F f(x) `_ï tVs5O f

FTÿ������V�52 ` R�� i�� sVP5� ë Þ@M�N5OjP52ôTü R	��«96IÝ�X (
�� 2�IrV2@�5t��IR���� ì 6TßjKDsV�I�_t )
Y ÷�ø â cj`ª÷�ø â c 2T\�O÷�ø â c 2 a c�d R�ùVR i ÷�ø â c U���X¢YjP525v wVF5o�p��VUVK¢M�N�Þ�s5O C(I) e M�R

C(R) `_ï�� Y
e M¢f�g c ö â c U¢£$K í¢î U5{ã| X ` O�o p¨6 © X¢v�w¨F C(I; C ) e M�R C(R; C ) `ïj� Y

(8) ����������ò5� : ó�ô B I e M�R R õ 65o�pjq_rVM���²����V� a�c�ö â c ¥�¦ 25v�w¨F V` WãX ` O@ù¨R i \ `_a c�d N (7) ` í�� U5o�pV6 © X¢YLP¢2�v�wãF5o�p��ãUVK¢M�N�ÞIs¢O
D(I) e M�R D(R) `_ïj� Yí5î U���²����V�5f�g c�ö â c 2 ¥�¦ F D(I; C ) e M�R D(R , C) `_ïj� Y

(9) �� �!�"�#�$�%�#�&�' : G
F�ÝIX�(�) ` WVX5Y��V|�¡ è�* 2 î �V�525W3X5Y

i1

i2

i3

i4

i5

i6
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P�P56
box
2�+I²VR5g�,

( -�. and/or /�0�1 ) ` WVXIN5O black box
6�2@R5² ë3ì �5t��52

` WVX5Y i1, . . . , i6
R /�3 OVM�4VK�5 © R�6 ëVì87 , ê ëVì õ U ` ÞIs �j� Y�9�:VF5ß�;5W�78;:z<VF

i = (i1, . . . , i6) ` K_O����V�5W�<Vs�2�9�:VF5ß�;5W�7V8;:z<VF5v�=�MDv�wVF V `WVX5Y�7V8;:[<V25\?> a�c�d F5±�² í�@ 25\A> a�c�d 65o�pV6 © X (B�C ë OED�F;: : G <EDH�I�J 2�K
1 L�M )

Y
(10) �� �!�"�#�$�N�#�&�' : G

F
(9)
2�(�) ` WãX5Y�~ ik

U5£�O�WVX /�P F ek ` WVX5Y�9�:F5ß�;5W�7V8;:z<VF
e = (e1, . . . , e6)

(7) ` K_O����V�5W�<Vs�2�9�:VF5ß�;5W�7V8;:z<VF5v�=M5v�wVF
W ` WVX5Y�7V8y:z<V25\A> a�c�d F5±�² í�@ 25\?> a�cId 65o�pV6 © X (B�C ë OD�F;:

: G <ED H�I�J 2�K 2 L�M )
Y

(11) ���Q�R : V
F a�c ¯ ¥�¦VëVì ��X¢v�w ` WVX¢Y 2

hV2 c ¯ a = {ai}, b = {bi}
F5{¨|�X5Y

ci = ai + bi(i = 1, . . .)
U5£jK

c = {ci} `_�j��`5© O c = a + b ` o�p�WVX5Y e M a�c α
U£jK

di = αai(i = 1, . . .) ` K O d = {di} `_�j��`5© d = αa ` o�p WVX5Y�f�g c 2 c�¯ �í5î U5{V|�XVP ` N�6 © X5Y
(12) S�T8U�VEW	X �� : Y�Z 2\[^] c n

U¢£$K
an+2 = an+1 + an

F�_VM¢W c�¯ {ai}
F J�`�a

b I�c c�¯j`ed ��Y V
F J�`�a b I	c c�¯ ¥�¦3ëVì �@X5v�w ` WVX5Y c�¯ {ai}

O
{bi}
F J�`

a b I�c c ¯j` WVX5Y {ci} = {ai} + {bi} ` WVX ` O {ci}
� J�`�a b I	c c�¯j` ��X5Y e M

{di} = α{ai}
U5£jK

{di}
� J�`�a b I	c c�¯ Y

(13) ����� ��f�g�á�#�h��V� : i�j ��²�k�l ç F5{V|�X¢Y B 6V���_tVNVP�P56�R 2 m 2���²�k�lç O@�V|I¡ y′′ − y′ − 2y = 0
F5{3|�X5Y¨P52��I²�k�l ç 2�n ` ��X@â c ¥I¦ 25vIwVF V ` WX5Y�h eji

V = {y | y′′ − y′ − 2y = 0}

` WVX5Y��V|�¡ y(x) = e−x `_�j��` y(x) ∈ V
6�Ý�X5Y

y1(x), y2(x) ∈ V
2��5O

y1(x)+y2(x) ∈ V
O

αy1(x) ∈ V
6@ÝIX

(8)
Yon ` �@X�â c F a�cIö â c 2	prqI65{9|IX ë O5fg c�ö â c 6D{V|@X ë 65O k�lIm5n@d (a�c�d3e MIR5f@g c�d )

N5o�pjqbr�O k�l�m5nId �s�²�k�l ç 2�nVU���X5Y
éIõ 2 î �5� ëVì 7V8;:z<�AVB�25o�pVF è 2 î U5G�H�J�WVX (9)

Y
t�u

3.2
AV6��Dt�v�w

V
UT\

(] Kb^ ) `5k�l�mDn�d NTo�pLq_rVsDtVs5O è 2 (1)–(8)
2�v�w9F�_

] W3X�� V
F

K
2 �I���V� ( xzy�{5�V�;�z�I�V� )(linear space, vector space)(10) ` t�t V

25~xVF �V�;�z� (vector) `5�5� Y u, v, w
F

V
25x ` K α, β ∈ K

U5£jK
(1) (u + v) + w = u + (v + w) (| w L�M )

(2) u + v = v + u (}�~�L�M )

(3) ��ü �5x o (� 7V8;:z<��VR � x `5� ¡5r9X )
N	���jK5s Y�Z 257V8;:z<VU5£jK

v + o = v ` ��X5Y
(7) � À (9) ¸����z�������������z���bÃ����s� Ó ·0¸����z���×À��s���z���bÃs�s�s�×ÜºÆ��ºÃTÛ0ÜºÏs�T¸����s���b¾s�·b·�Ã×À��s�TÖº¾�  Ós¡s¢s£�¤ ¸�¥�¦����z���@É¨§ª©��«���z���T¸s¬®@É�¯�°[Ã×ÛbÜºÏ
(8) ·0·ºÃTÀ (7) ÉºÀ®±�� y(x)  �¬�²��¤Ø@Ì¨�b¾×ÜTÉ¨³bÇbÏ�´sµ y ∈ V É[¾@Î¶���º¿TÈ�·ª¸¨�TÜºÏ
(9) ¹�º 1.7 È�»s¼T¸®½bÏ

(10) ·®�TÈ�¾À¿s���z���sÁ�Â É¨Ã����×Ü�  Ó ·b¸�ÄsÅ0ÃTÀ�ÆÀÇ���¸��0ÜºÇÉÈs�b·TÎ¨Ã�Ê8½���ËTÜºÏsÌ�ÍsÎÀ²�¬�T¸�Ï���ÐÑ ÉÒ�0À�ÓsÔsËTÜ®½bÏ
36



(4) Y�Z 2¢7V8;:z< v
U5£jK¢Ý�X57V8;:�<

v
′
N����$K5s

(v
25u�x ` t;� ) v + v

′ = o ` � X
(Õ�Ö v

′ = −v ` ß�W )
Y

(5) α(u + v) = αu + αv (
²�× L�M )

(6) (α + β)v = αv + βv (
²�× L�M )

(7) (αβ)v = α(βv)

(8) 1v = v

�
3.1
6�Ø õ�Ù MD��RDtzÚIr�� PT2 ZrÛ ( ÜrÝ qbr3M Z�Û )

6I2D7�8y:=<IA9B�UI� i O PÅr3F c�Þ8I85WVX5«VR�ßjK � �5t (→ à�á�â�ã 3.1)
Y�P�P56�R � x ( � 7V8;:z< )

25«�4�û�ä�<Vs � Pã��Y�78;:=<�AVBIU���X@M�=�UIR � x9N����IWVX5«3N�å�æ96�Ý�ÞIMTYI���V2 3
hV2T�V6�RD±�²VNTW�<Vs

06�ÝIXèç Õ�Ö 2 � 7V8�:z<�é�N�}TrV6�ÝIX5Y ®�¯ RT±�²VNDW�<3s 0
6�ÝIX ��®@¯ NI}5r36�Ý@X5Y åæ�ç 2�ê�w � x3R5o c 0(

o c � è�c 0
2 åIæ�çj`8� X )

O ÷�ø â c 2�ê�w3R�ë 1 ��U 0
6�Ý@X�â cF

o `_ïj��` (
h ejiìY�Z 2 x ∈ I

U5£jK
o(x) = 0)

}DrãN � xVU���X5Y J�`�a b I	c c�¯ 2�ê�wR
a1 = 0

O
a2 = 0 ` ��X c�¯ N � xV6@Ý�X (

P52 `D© Wz<Vs�2�[8] c n
U5£jK

an = 0)
YI��í92��²�k�l ç 2�n�AVB�2�ê�wV2 � R ÷�ø â c 2	ê�w ` í�� o(x)

6�Ý�X
(o(x)
R

V
25xVU��IX

)
Y

î�ï�ð�ñ
3.1

�
3.1
25�VN57V8;:z<�AVB�U��IX5«VF c�Þ�I 8�òj�_Y

î�ï�ð�ñ
3.2 è F�ó�ò�Y

(1)
7V8;:¤<

v0

N�ôEõ_7V8;:z<V2öv�wVF�÷Vs�¡
v0 = 0

6�Ý�X�Y
(
P_r ëVì ôEõ 7V8;:z<VR�ø 1hV6�Ý�X5«VN5² ë X )

(2) v
U5£jK_u xV2�v�wVFV�_h 7V8;:z<

v1

N�����W rV¡
v1 = v

′(= −v)
6�Ý�X5Y

(
P_r ëVì uxVR�ø

1
hV6�Ý�X5«VN5² ë X )

(3)
Ý�X

1
hV257V8;:z<

v
U5£jK

v + w = v
N5±���W�rV¡

w = 0
6�Ý�X5Y

î�ï�ð�ñ
3.3

7V8;:z<�AVB
V
2 Y�Z 257V8;:[< v `8Y�Z 2 k�l�m5n α

U5£jK è N5±���WVX5«F�ó�ò�Y
(1) (−1)v = −v

(2) 0v = o

(3) αo = o
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