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x2 + . . . + xn = . . . = xn = 0 � �B�-�j}�� xn = xn−1 = . . . = x1 = 0
�

|5©����-�Î³
1 · (v1 − v2) − 1 · (v2 − v3) + . . . + (vn − v1) = 0
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�g�<�?~��j}<y-�±�²v

|A| 6= 0 � v����<�<w²v
w2�-�jx#��}<~q��~��g���gyB¢?y�v<~�v��J�#�g�B�gw��l���j}<�jy2v¼yB�-� 0 � �g{g�gw2���#�-�Á~q�-�#�g��|��-�j�#�
0yB�<w � �-y � �<� n � �g{g�gw2�g�<�<�-y2� � v<� � �<� � �g�B�<�g{g�-yB�<�g�j���-�Yv�{£�g�<�<�-�j~q�g�Bw2�-�j�jyB{g�gw��#�g�ã�j���j�gy��l}<y��
�g�<�?~��j}<y2v � �l���f�v

0
�

 ���9i�R�b�d�dB»-¿#W#\ê\�P
h
b-¹fPSh
i�R�P�d3R�PSW5V�i<ZIP�dgb<W�ÅIÝ<_C_�Vg[¦R�VgW ZBVgW�e�d2»+V-Z�[ªb
(2, 3, 0,−1)

k
(1, 2,−1, 0)

k
(2, 4,−2, 0)

k
(1, 0, 3,−2) o VI\�[·`<Z�`�\
\ ¸ »-Ý�RØk^X�d®i�RSR�Ü%[%dI¿�\¼V�RqÇJba[ ¸ Ê+ÊgP%[±V�»+V�\lRUP%W5V2i?Z�P�d£\�`<hlÊ-PSW�ifË-P¦ÈEÉ�b�\<XgW�[��OnV!_f`�Rqe?i�dgr3°(�g�#���?�2y2ß#�av � �g���B�<w��<��|�Ð?~5�m���?�¯�?yB{-~q�<���<��|�Ð?~�v<~q�<�<�B�<�B�^�l}��Bw��q¨	�<� � �-y¯�#�<{g{-x#�lw��-�jx#��}<~q�±~q�g�Ò�gyB¢?yv<~�v��	w�v#�







2 1 2 1
3 2 4 0
0 −1 −2 3

−1 0 0 −2






7→







1 0 0 2
0 −1 −2 3
2 1 2 1
3 2 4 0






7→







1 0 0 2
0 −1 −2 3
0 1 2 −3
0 2 4 −6






7→







1 0 0 2
0 1 2 −3
0 0 0 0
0 0 0 0







s�{
�-~q�-�l�àyB�<w��Lå � �-~q�g�B�g� � }<~q�B�<{-v��2~�v<�fxj~¯�jv��<�-�2}��Yv�{l�?yB{-~q�<���<�0�<�<{g�<�B�2�@~����#�-}�w���y²�?y2yB{g�g�¦ß#�<�<�-yB�g�<�g�J¤ x1v1 +
. . . + xnvn = 0 ⇔ [v1| . . . |vn]x = 0 � �-yãv�{Y�-~q�-�l�£yB�<w��Lå � �-~q�g�B�g�Æ��� � �gw2�2}<~��jv��BÐ��m}��Bw���¨#�<����v<~ � v<~�Ð|'v<~�yB{g�<w�{-}<yB�<�j©��
ä�� � �-~àv¼w2�-�jx#��}<~��«~q�g���gy2¢?y£v<~�v�� � �g{g�gw2�g�<�<�-y2���2v�w2�2v<~��mv�{gÐÎ�?yB{-~q�<�'v<�Ñ�f�	��~ � }<� � v<~qÐ?v<�Q|'}�{-��yB�v<~q�<�<�2�jv�� v�w2�-�jx#��}<~q�ã�m}��Bw���¨��?y2{-~q�<�j�B�gw2�g|��-� � �-yÎ�<�?�j�f�<�-� ~��g�?~ � v<y��jv��BÐ�v��B�<|j|'�«�?yB{-~��<� �-~q¢?}<~�~ � �2}<y2v ��y �v�{ª�gw2�-�#�g�2���l}��Bw���¨#|'v<� vn�
�g�<�%�-~q�-~q¢n�#�-~��<�-�ê}<~�~qÐY�?yB{-~��<�5�<� x#�<�?v<�f§#�<��|'}�{-��yB�mv<�j�jv��êv�{ª�gw��-�#�g�2�¬�l}��Bw��q¨
�?yB{-~q�<�j�B�gw��g|5�-� � �-y^x#�<�?v<�jv�{g�<�ÎvL~����#�-}�w���y@�<�?��|'���j}<�g�qÐ<�a}<~�~ � �%�B}��¥�-~q¢¥v®�B�<|j|'�5�?y2{-~q�<�5�<�g��� �<��¤ v1, . . . v4

z!�#�g�
�#� � �g{ � �£v«�#�g�<� � �g�	�B�<w2��©Ñv {v1,v2 }

|'}�{-��y�v�~q�-yB{�v�{��?yB{-~q�<�j�B�gw��#�g�0¤%�-y � �<�¥�lv�¨j���l}<~���yG�%ß#�<�<�g�2~q�-�aw2�-�j�jyB{g�gw
v�{ã�?y2{-~q�<�5�<���<�<{g�<�B��© � �-y v3 = 2v2 � v4 = 2v1 − 3v2

���Ñv<~qÐ<|'v<� � (2, 4,−2, 0) = 2 · (1, 2,−1, 0) � �-y
(1, 0, 3,−2) = 2 · (2, 3, 0,−1) − 3 · (1, 2,−1, 0)

�
N�� �Jè�eEÉI¿�\lhlV·_ÎbJb+»¥b�RqifÊCÊgPàR�PSW�V2i<ZIP�dL[´Z�b<WjdB»¦Åg`<ZIh
i?Ë-P¦È�\Îh¥i?[´Z�P�¹fi<[�b¼hlV·_�b?e?`<[´[¬Ê�i+»gP�d�`�\?Ê2b<W5r

b�ÖêbC»
x − 2y + z = 0

d�Ü�\�Z�b o b�R�ÈJhlV-Z�Ç�R�V·_	VId o Vg[´Ü%[!XId�kàdI[·b<W�efb<Z�e�Ê2i+»-P�d��ÊEÖ
f : (x, y, z) 7→ (2x − y + z, x + z, y − 3z)

�@d�[·b<W�e?b?Z�eãÊ�i+»gP�d�k±P�R%RqV-[ o V {(1, 1, 0), (0, 1, 0), (2, 1, 1) }
�

ËBÖêbmd�Ü�\l[´Ý�\�Z ¸ »+X�dgV
bC» y = 2x
V·_fT?VgW5V�dIZBV��àdI[·b?W�e?b<ZEe�Ê�i+»gP�d�k¯PSR%RqV-[ o V {(1, 2), (−2, 1) } ºOnV!_f`�Rqe?i�dgr vf©Js¬{

(a, b, c)
���?�?�B�?��}��2�
�-�#¢ � v�{ x− 2y + z = 0

y � �	w�vL�
�gw2¢?~q�g�<�-y��g�<�<�-�#�-y¬�'v�w�v<�l�g�B�gw2�-y
� �g�	�B�<w2�g�<�<�-�j~q�g�B�<³ (x, y, x) = (a, b, c)+t(1,−2, 1) = (a+t, b−2t, c+t)

�às�{¯�g�<�<�-�#�-y¯�
�g�2yB{g�-yB���?�?�%�2v



���������	�
��������������������	������� �Ò�®�! #"S$�&($j)C*-,�.0/21× 	4�,�"%&(6'*+,�798�� ½ :	;<;<=?>¯�BAC�EDGF!�IH¼�#���
K<M<>
v3y � �	��v<~�v�{

(a + t) − 2(b − 2t) + (c + t) = 0
�g�<�<�-�j~q�g�B|5¢?~���v��'�jv��BÐ

t = − 1
6a + 2

6b − 1
6 c

�'v�z
w�v<�
�g�B�gw2�gw2�B�g�	|5¢?~

( 5
6a + 2

6b − 1
6c, 2

6a + 2
6b + 2

6c,− 1
6a + 2

6b + 5
6c)

� �@|j|5¢?~�~q�g�?~ � v<y2�jv��BÐ � �#�<�<��v�{

A





a

b

c



 =





5
6a + 2

6b − 1
6c

2
6a + 2

6b + 2
6c

− 1
6a + 2

6b + 5
6c





~q�g�<�g���g{g�-yB�²�
�g� � v<~�Ð?y � �BÐm�l}��Bw���¨




5
6

2
6 − 1

6
2
6

2
6

2
6

− 1
6

2
6

5
6





�

|5©Js�{
f
�Bw�v<�jyB{g�S�<w��l}<�g�qÐê�l}��Bw��q¨#v�v

B = { i, j,k }
y2�2v<�j�jv�w�� |'}�{-��yB|'v<�

A =





2 −1 1
1 0 1
0 1 −3





� s

B1 = { c1, c2, c3 } = {(1, 1, 0), (0, 1, 0), (2, 1, 1) }
|'}�{-��yB|'v<��v�{

f(c1) =(1, 1, 1) = −c1 + c2 + c3

f(c2) =(−1, 0, 1) = −3c1 + 2c2 + c3

f(c3) =(4, 3,−2) = 8c1 − 3c2 − 2c3

�?y�yB{g�g�%ß#�<�<�-y2|5¢?~
C =





−1 −3 8
1 2 −3
1 1 −2





¤¦vÂ�l}��Bw���¨ �?yB{-~q�<�'v<�3vÄ|'}�{-��yB�-~q�-�l�g� �<�g���-�#�g� �<�	�<wBz
�j���j}��2v � �g�	�B�<w�v<�S©��s

C
�m}��Bw���¨��#��yB{-}<� � �2�jv��BÐ«v

C = P−1AP
�<�g�'~q�g�B|�¢?~'��y � v<�#�?~ P v�{�§C�9|'}�{-��y2|'v � v<~qÐ�}��B�B�gw2�-yÑ�m}��Bw���¨jv#³

�?y2{-~q�<�'v<�¶v�{�§C��|'}�{-��yB�-~��-�
�g�	�#�g�ªvlw2�g�?��|'}�{-��y�yB{g�gw����f�2���<���<w��j���j}��2v � �g�	�B�<w�v<� � v�{-v�{ P =





1 0 2
1 1 1
0 0 1





�
�+© � w��#�-�
�-yQ�-~q¢?y2{g�<w×v

B1 = {(1, 2), (−2, 1) }
|'}�{-��y2|'v<� �%�?~ � w��j�LvÆ�l}��Bw���¨#�<� � �
�gw2�Y�-�j�#�g� �-~q�-�
�-�

y�vC�B}�� � �g�	�B�<w2�<� � � �<�v �<�g�'ß#�<�g���l�g�?�jv��2}�w2�<{-�j�ã�-yê�<���<w��j���j}��2}�{-�j�ã��y��<�?�j�f�	åÒ³
c1 = (1, 2)

�-y
c2 = (−2, 1)

�E�-~��?~q�-y2yB�-~
f(c1) =c1 = 1 · c1 + 0 · c2

f(c2) = − c2 = 0 · c1 + (−1) · c2

,

�B�-�j}��
f
�m}��Bw���¨jv

B1
yB{g�gw����?� [

1 0
0 −1

] �×äª�?y2�¥v�{
A
y2�2v<�j�jv�w��ê�l}��Bw��q¨	w�v�v

C = P−1AP � v�{-v�{ A =

PCP−1 �?y2y2{g�g�%ß#�<�<�-yB���jv<yB{-�j}<~ � v � v<�#�?~ P =

[

1 −2
2 1

]

� v�{g����v��	�2x#� � �#�<�<� A =

[

− 3
5

4
5

4
5

3
5

] �

N�N �JOnV-W'W'T�P@b+»




1 1 0 2
2 −2 1 −1
0 4 −1 5





h¥i?[´Z�P�¹ÎZEb<Wf_BÉgb p
OnV!_f`�Rqe?i�dgrÆs w�v<�#�a�
�g�<�g�<�<�g{-�q�ªv
~��g���gyB¢?y�v<~�v��	|'v<�ãv
�#�-� ��xj~�~�vly2�<w2�<�ÎyB{-}<�l} � v<~´�





1 1 0 2
2 −2 1 −1
0 4 −1 5



 7→





1 1 0 2
0 −4 1 −5
0 4 −1 5



 7→





1 1 0 2
0 −4 1 −5
0 0 0 0



 ,

�B�-�j}���vm�l}��Bw���¨Jw�v<�#�+�Bv
2
�

�ã� N � Û P�»+`<W'T�Ü%[%dI¿�\«Ê�VIk�]	`�_?T�b 3×3 c b�d o b<R�È�d�Å-V�RØd�Ç£]	i<ZE`<h®dB» ¸ _?h
i<[´ZIPU¹�`�\ o VI\�[·`<Z�[!V-ZEV-[¶b�RØ\�`<[´W5b�\®b�d2»-`<ZB»-i�d�Z�bLW5X�» o V��è�eEÉI¿�\lhlV·_ªV-W'W5VI\mb o V�\�[·`<ZI[!XgZIW5V�\¼V·_?TJÊ2i+»-P�dgi<[ �
�ã�����¼è�eEÉI¿�\×hlV·_ bC»

(1, 1, 1)
P%Z�i?W'T o VI\�[·`<ZIÞfka`?Z�P�_fÈ<W i?[´h
V-W�ÇêV·_fT?VgW5V�dIZBV o b�RqÈ [´Ý�\�Z ¸ »+X�d0h
i<[´ZIPU¹�i<[lb×dI[·b<W�efb<Z�eÊ2iC»gP�dgÊ2b?W �


