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OPQPRPS TPU VWR PX YPZ [\X] PX

K ^ Y_T `USP_XP O`PUabcSQTTdTePZ VfOg^

(∗)



















α11ξ1 + α12ξ2 + . . . + α1nξn = β1

α21ξ1 + α22ξ2 + . . . + α2nξn = β2hhh hhh hhh
αm1ξ1 + αm2ξ2 + . . . + αmnξn = βmZ Ue [iPj kUPSePSZ _eXUl

A =











α11 α12 . . . α1n

α21 α22 . . . α2nhhh hhh
αm1 αm2 . . . αmn











.

fPekePXP UTe PUSP
(m × n)−m _eXUl Z Ue nUSeXoQPS

αi,j ∈ K p US qPUabPS r
A ∈ K(m,n) :=

K{1,...,m}×{1,...,n} h VsQ` h tuv w^ x UP n`PZ PSeP
β1, . . . , βm ∈ K

YPX XPabePS gPUeP TabXPUR PS
y UX z Peke _`T g]_`ePS{P|eiX p _`Ti _`T

(m× 1)−m _eXUl r

b =







β1hhh
βm






∈ K(m,1) .

}cab PUSP f\TcSQ {iS
(∗)

QPR PS y UX US qc|cS~e Z PUTe _`T g]_`ePS{P|eiX _S r xP�SUeUiST�
QPZ o� UTe Y_SS

x =







ξ1hhh
ξn






∈ K(n,1)

f\TcSQ {iS
(∗) p ~_``T QU`e r

A · x :=







a1• · xhhh
am• · x






:=









n
P

j=1

α1jξjhhh
n

P

j=1

αmjξj









=











β1hhhhhh
βm











= b.
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nT PXyPUTe TUab _`T TUSS{i`` p A
cSY

b
kcT_Z Z PSkc~_TTPS kcX ����������� ���� 	���


��������

(A|b) p YP�SUPXe YcXab

(A|b) :=







α11 α12 . . . α1n β1hhh hhh hhh
αm1 αm2 . . . αmn βm






.

xUPTP UTe PUSP m _eXUl WRPX
K

Z Ue
m

qPU`PS cSY
n + 1

g]_`ePS p _`Ti PUS n`PZ PSe {iS
K(m,n+1) h xPX geXUab YUPSe Y_R PU YPX R PTTPXPS i]eUTabPS O`UPYPXcSQ cSY PXUSSPXe _S YUP
geP``cSQ YPX g]_`ePS UZ fOg r

α11 ξ1 + α12 ξ2 + . . . + α1n ξn = β1

α21 ξ1 + α22 ξ2 + . . . + α2n ξn = β2hhh hhh hhh
αm1 ξ1 + αm2 ξ2 + . . . + αmn ξn = βm

.

����� ��� � x_T `USP_XP O `PUabcSQTTdTePZ
{

2ξ1 + 3ξ2 − ξ3 = 4
ξ1 + ξ2 + ξ3 = 3`oTTe TUab TabXPUR PS _`T

(

2 3 −1
1 1 1

)





ξ1

ξ2

ξ3



 =

(

4
3

)

xUP PXyPUePXeP [iPj kUPSeSPZ _eXUl UTe
(

2 3 −1 4
1 1 1 3

)

.

� UX R Pb_SYP`S ScS PUS ��������� ��� ��� ���������� YPT fOg
(∗)

r n T QU`e r

Ax = b
RPTUeke PUSP f\TcSQ

x⇐⇒ fA((ξ1, . . . , ξn)) = (β1, . . . , βm)
UTe `\TR_X h

⇐⇒ (β1, . . . , βm) ∈ � U`Y
fA

VsQ` h g_ek uv huv w^

⇐⇒







β1hhh
βm






∈











Ax | x =







ξ1hhh
ξn






∈ K(n,1)











=

















α11ξ1 + . . . + α1nξnhhh hhh
αm1ξ1 + . . . + αmnξn






| ξj ∈ K











=

















α11hhh
αm1






ξ1 + . . . +







α1nhhh
αmn






ξn | ξ1, . . . , ξn ∈ K











=

〈







α11hhh
αm1






, . . . ,







α1nhhh
αmn







〉

.

x_T fO g
(∗)

UTe _`Ti QPS_c Y_SS `\TR_X p yPSS YPX sP|eiX
b

YPX XPabePS gPUeP US YPZ {iS
YPS g]_`ePS YPX [iPj kUPSePSZ _eXUl

A
_c~QPT]_SSePS �SePXX_cZ `UPQe p TUab _`Ti YcXab

� USkcS_bZ P {iS
b

YUPTPX �SePXX_cZ p Y hb h _cab YPTTPS xUZ PSTUiS p SUabe {PXQX\�PXe h � UX
{PXPUSR_XPS ~i`QPSYP �PkPUabScSQ r
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qc
A =











α11 α12 . . . α1n

α21 α22 . . . α2nhhh hhh
αm1 αm2 . . . αmn











YP�SUPXe Z _S _`T Vg]_`ePS�^ � ��� ���
A

YUP

x UZ PSTUiS YPT {iS YPS g]_`ePS{P|eiXPS {iS
A

_c~QPT]_SSePS �SePXX_cZ PT {iS
K(n,1)

r

� _SQ
A :=

XQ
A := dimK(

〈







α11hhh
αm1






, . . . ,







α1nhhh
αmn







〉

) .
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WX PUSP `USP_XP }RRU`YcSQ

f : V →W
YP�SUPXe Z _S r

�_SQ
f := dimK � U`Y

f = dimK f(V ).

�Te ScS
A

PUSP m _eXUl WRPX
K

cSY
fA

y UP iRPS YP�SUPXe VY hb h YcXab m c`eU] `U|_eUiS Z Ue
YPX m _eXUl

A
QPQPR PS^ p Ti QU`e yPQPS � U`Y

fA = 〈a•1, . . . , a•n〉
r

�_SQ
fA =

�_SQ
A.

����� ��� � gUSY
K = R, m = 2, n = 3

cSY
A =

(

2 3 −1
1 1 1

)

p Ti PXbo`e Z _S

� _SQ
A = dimK <

(

2

1

)

,

(

3

1

)

,

(

−1

1

)

>= 2,

Y_ YUP _SQPQPR PSPS g]_`ePS _`T sP|eiXPS YPT ��Y UZ sP|eiXX_cZ
R

(2,1)
PUSPS �SePXX_cZ

YPX x UZ PSTUiS b\abTePST cSY Y_Z Ue QPS_c
2

PXkPcQPS h
m Ue YPS PR PS PUSQP~WbXePS � PkPUabScSQPS |\SSPS y UX Y_SS YUP {iXUQPS �RPX`PQcSQPS
kcT_Z Z PS~_TTPS kc ~i`QPSYPZ
��J� L��� 	���M���� �������� ���� �

x_T `USP_XP O`PUabcSQTTdTePZ
Ax = b

UTe QPS_c Y_SS `\TR_X p yPSS
b

{iS
YPS g]_`ePS{P|eiXPS YPX [iPj kUPSePSZ _eXUl

A
`USP_X _RboSQe p Y hb h yPSS YPX

� _SQ YPX [iPj kUPSePSZ _eXUl
A

Q`PUab YPZ YPX PXyPUePXePS [iPj kUPSePSZ _eXUl
A&(, := (A|b)

UTe p _`Ti yPSS QU`e r
�_SQ

A =
� _SQ

A&(,

u�v
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� �� ����
� UX yPXYPS T]oePX TPbPS p Y_TT QU`e r

dimK(
[PXS

fA) = n−
� _SQ

fA .

�Z 
_`` YPX f\TR_X|PUe YPT fO g
(∗)

~i`Qe Y_bPX VcSePX sPXyPSYcSQ {iS g_ek uv hu� ^ ~WX
YPS f\TcSQTX_cZ

L
{iS

(∗)
r

dimK L = dimK(p + L0) = dimK L0 = dim(
[PXS

fA) = n −
�_SQ

fA = n −
�_SQ

A h� UX b_`ePS ~PTe r Y UZ
KL = n−

� _SQ
A h

�
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�!%3(!$*1&* �3* C�� ;�I '-& "67$*17! &*1& �3* C�� ;�I � &(4#0+&*� ; ) 7 7-*' '-&7 $ ;# ; �
C-I '-& H$0+-@0-/#+-3* '&(

k�+&* 80&-.4$*1 ! -+ &-*&! E/#0#(
λ ∈ K r {0} C%F(

k ∈ {1, . . . , m}I
C--I '-& >''-+-3* '&(

k�+&* 80&-.4$*1 =$(
i�+&* 80&-.4$*1 C%F(

i, k ∈ {1, . . . , m}, i 6= k
I

C---I '#7 2&(+#$7.4&* =,&-&( 8 0&-.4$*1&*
C-� I '-& >''-+-3* '&7

λ� %#.4&* '&(
k� +&* 80&-.4$*1 =$(

i� +&* 80&-.4$*1 C%F(
λ ∈ K

$*'
i, k ∈ {1, . . . , m}, i 6= k

I ;
D -( 5 &! &(/&* ? '#77 '-& �!%3(!$*1&* C---I $*' C-� I '$(.4 !&4(%#.4& >*,&*'$*1 �3* �!%3(!$*1&*'&( &(7+&* 5&-'&* �9@&* &((&-.4+ ,&('&* /#** ? *	!0-.4 
�

C-� I '$(.4 C-I $*' '#*#.4 C--I $*'
C---I ! -++&07

zi −→ zi := zi − zk −→ zk := zk + zi = zi −→ zi := −zi + zk = zk

;
�*+&(7$.4+ !#* ? , -& 7-.4 '-& &(,	4*+&* �!%3(!$*1&* #$% '-& &(,&-+&(+& �3&
 =-&*+&*! #+(-� �3* C�� ;�I#$7, -(/+ ? 73 7+6�+ ! #* #$% %3 01&*'& 731&*#**+& &0&! &*+#(& �&-0&*$! %3(!$*1&* &-*&( H #+(-� �
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�SePX PUSPX P`PZ PSe_XPS qPU`PScZ ~iXZcSQ _S PUSPX

(m × s)�m _eXUl
C

WRPX
K

{PXTePbe
Z _S PUSP YPX ~i`QPSYPS �] PX_eUiSPS r

VU^ x UP m c`eU]`U|_eUiS PUSPX qPU`P {iS
C

Z Ue PUSPZ g|_`_X
λ ∈ K r {0} h

VUU^ x UP }YYUeUiS YPX
k�

ePS qPU`P {iS
C

kcX
i�

ePS qPU`P V~WX
i, k ∈ {1, . . . , m}, i 6= k^ h

VUUU^ x_T sPXe_cTabPS kyPUPX qPU`PS {iS
C h

VU{ ^ x UP }YYUeUiS YPT
λ�

~_abPS YPX
k�

ePS qPU`P {iS
C

kcX
i�

ePS qPU`P V~WX
λ ∈ K

cSY
i, k ∈ {1, . . . , m} p i 6= k^ h


�<#5&- 5 &=&-.4*&* , -( ! -+
zi

'-&
i−

+& �&-0& C5=, ; 80&-.4$*1I ? ! -+
zi

'-&
i−

+& �&-0& *#.4 '&( &(7+&*
�!%3(!$*1 '-&7&( �&-0& ? ! -+

zi

'-&
i−

+& �&-0& *#.4 '&( =,&-+&* �!%3(!$*1 '-&7&( �&-0& $ 7, ;;
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xUP �Z ~iXZcSQPS VUUU^ cSY VU{ ^ PXbo`e Z _S YcXab y UPYPXbi`eP }SyPSYcSQPS YPX �Z�
~iXZcSQPS YPX PXTePS RPUYPS �d]PS p T hi hr }Y VUUU^ r

(zi, zk) −→ (zi, zk + zi) −→ (−zi, zk + zi) −→ (zk + zi − zi, zk + zi) −→ (zk, zi).

VU{ ^ r �RcSQT_c~Q_RP h
����� ��� � gPUPS

K = � p C =





−1 2 3 1
1 −1 −3 0
0 2 0 4





cSY
zi, z̄i, ¯̄zi

YUP qPU`PS{P|eiXPS {iS

C
cSY YPS Y_X_cT PXb_`ePSPS m _eXUkPS h

C −−−−−−−−→
z2→z̄2=z2+z1





−1 2 3 1
0 1 0 1
0 2 0 4



 −−−−−−−−→
z̄3→¯̄z3=z̄3−2z̄2





−1 2 3 1
0 1 0 1
0 0 0 2





� UX {PXZ PX|PS p Y_TT
C

YUP PXyPUePXeP [iPj kUPSePSZ _eXUl YPT fO g � T






−ξ1 + 2ξ2 + 3ξ3 = 1
ξ1 − ξ2 − 3ξ3 = 0

2ξ2 = 4

UTe h
x UP iRUQPS P`PZ PSe_XPS �Z ~iXZcSQPS PSeT]XPabPS YPZ �R PXQ_SQ kc ~i`QPSYPS fOg �PS r







−ξ1 + 2ξ2 + 3ξ3 = 1
ξ2 = 1

2ξ2 = 4

Rky h






−ξ1 + 2ξ2 + 3ξ3 = 1
ξ2 = 1

0 = 2
,

YPXPS �S`\TR_X|PUe i�PSTUabe`Uab UTe h
x_TT YUP f\TcSQTZ PSQP PUSPT fOg �T YcXab P`PZ PSe_XP �Z~iXZcSQPS PXb_`ePS R`PURe pR PT_Qe YPX ~i`QPSYP g_ek r
��J� L��� 	�����
� ����� M� � � 	� �� ������ ���� � ��
���

nSeTePbe YUP m _eXUl
B̂ =






B

γ1hhh
γm







_cT
Â =






A

β1hhh
βm







YcXab P`PZ PSe_XP
������cZ ~iXZcSQPS p Ti TeUZ Z PS YUP f\TcSQTZ PSQPS YPX O`PUabcSQTTdTePZ P
Z Ue YPS PXyPUePXePS [iPj kUPSePSZ _eXUkPS

Â
Rky h B̂ p _`Ti {iS

fA(x) = (β1, . . . , βm)
cSY

fB(x) = (γ1, . . . , γm),

WR PXPUS h

u��



� �� ��� � � UP R PZ PX|e PSeT]XUabe PUSPX P`PZ PSe_XPS qPU`PScZ ~iXZcSQ YPX PXyPUePXePS
[iPj kUPSePSZ _eXUl PUSP m c`eU] `U|_eUiS PUSPX YPX O`PUabcSQPS Z Ue PUSPZ g|_`_X Rky h YUP}YYUeUiS PUSPX YPX O `PUabcSQPS kc PUSPX _SYPXPS iYPX PUSP Y_X_cT kcT_Z Z PSQPTPekeP
�]PX_eUiS h x_Z Ue TUSY YUP f\TcSQPS YPT fOg Z Ue PXyPUePXePX [iPj kUPSePSZ _eXUl

Â p_`Ti {iS
fA(x) = (β1, . . . , βm) p cSePX YPSPS YPT fOg Z Ue PXyPUePXePX [iPj kUPSePSZ _eXUl

B̂ p _`Ti {iS
fB(x) = (γ1, . . . , γm) p PSeb_`ePS h

x UP cZ QP|PbXeP �S|`cTUiS PXbo`e Z _S p yPSS Z _S RP_abePe p Y_TT YUP ����������� ���

����� ��������� ����� ���������� �� ������� ������ ������ � SoZ `Uab k h� h Y UP
mc`eU] `U|_eUiS PUSPX qPU`P Z Ue

λ ∈ K r {0}
YcXab YUP m c`eU] `U|_eUiS YPX PSeTe_SYPSPS

qPU`P Z Ue
λ−1 p Y UP }YYUeUiS kyPUPX qPU`PS

zi −→ z̄i = zi + zk

YcXab
z̄i −→ zi − z̄k =

(zi + zk)− zk = zi h
	 �� �������� ���� ��� VZ Ue

K = � ^ kPUQe 
 UQcX uuhuh
ξ1 + ξ2 − ξ3 = 0
ξ1 − 2ξ2 + ξ3 = 1
ξ1 − 2ξ2 − ξ4 = 2

ξ3 + 2ξ4 = −1















−→ A
�� 
 =









1 1 −1 0 0
1 −2 1 0 1
1 −2 0 −1 2
0 0 1 2 −1















y


�
� 
����
 �
��
��� �������








1 1 −1 0 0
0 −3 2 0 1
0 −3 1 −1 2
0 0 1 2 −1















y


�
� 
����
 �
��
��� �������








1 1 −1 0 0
0 −3 2 0 1
0 0 −1 −1 1
0 0 1 2 −1















y


�
� 
����
 �
��
��� �������

ξ1 + ξ2 − ξ3 = 0
− ξ2 + 2

3
ξ3 = 1

3

− ξ3 − ξ4 = 1
ξ4 = 0















←− B
�� 
 =









1 1 −1 0 0
0 −1 2

3
0 1

3

0 0 −1 −1 1
0 0 0 1 0










 UQcX uuhur n US yPUePXPT � PUT]UP` kc P`PZ PSe_XPS �Z ~iXZcSQPS
! -+

z2 := z2 − z1, z3 := z3 − z1, z3 := z3 − z2, z4 := z4 + z3, z2 :=
1

3
z2

;
}cT `PekePXPZ fOg US � qPU`PS�gec~PS~iXZ � `_TTPS TUab ScS `PUabe YUP [iZ ]iSPSePS PUSPX
f\TcSQ � {iS cSePS bPX� RPXPabSPS r

ξ4 = 0, ξ3 = −1, ξ2 =
2

3
ξ3 −

1

3
= −1, ξ1 = −ξ2 + ξ3 = 0;

u��



YUP f\TcSQTZ PSQP
L p S_ab Vuuh�^ _cab YPT }cTQ_SQTQ`PUabcSQTTdTePZ T p UTe _`Ti

L = {(0,−1,−1, 0)}.
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 	�� ���
�� �	�� ���� �� ��
xPX UZ � PUT]UP` QPTabU`YPXeP � XikPTT kcZ }c�\TPS PUSPT fOg �T ViYPX _cab YUP PSeT]XP�
abPSYPS �] PX_eUiSPS Z Ue YPS O`PUabcSQPS TP`RTe^ bPU�e ��������� 	 ��� �����������

������ h � PU UbZ y UXY YcXab P`PZ PSe_XP �Z ~iXZcSQPS PUS O `PUabcSQTTdTePZ US gec~PS�
~iXZ bPXQPTeP``e p Y_T TUab Y_SS `PUabe _c�\TPS `oTTe h�Z {iXbPXQPbPSYPS �PUT]UP` VT h 
 UQcX uuhu^ b_e Y_T R PeX_abePeP fOg PUSP PUSYPceUQ R PT�
eUZ ZeP f\TcSQ h � UP QPbe Z _S {iX p yPSS YUP x UZ PSTUiS YPX f\TcSQTZ _SSUQ~_`eUQ|PUe
QX\�PX _`T

0
UTe�

x_kc PXSPce PUS ����� ��� VZ Ue
K = � cSY �Z~iXZcSQPS

z2 = z2 − z1, z3 = z3 + z2^ pT h 
 UQcX uuh� w nT QU`e b UPX r �_SQ
B = 2 =

� _SQ
B

PXy p yiX_cT
dim L = 4−

�_SQ
B = 2~i`Qe h

ξ1 − 2ξ2 + ξ3 = 1
ξ1 − 2ξ2 − ξ4 = 2

ξ3 + ξ4 = −1







−→ A
�� 
 =





1 −2 1 0 1
1 −2 0 −1 2
0 0 1 1 −1











y


�
� 
����
 �
��
��� �������




1 −2 1 0 1
0 0 −1 −1 1
0 0 1 1 −1











y


�
� 
����
 �
��
��� �������

ξ1 − 2ξ2 + ξ3 = 1
ξ3 + ξ4 = −1

}

←− B
�� 
 =





1 −2 1 0 1
0 0 1 1 −1
0 0 0 0 0



 = (B|c)


 UQcX uuh� r qc PUSPZ � PUT]UP` Z Ue Z PbXYUZ PSTUiS_`PZ f\TcSQTX_cZ

� PUZ � PUT]UP` YPX 
 UQcX uuh� QU`e �_SQ
B = 2 =

�_SQ
Berw p yiX_cT

dim L = 4−
� _SQ

B =
2

~i`Qe h qcX � PTeUZ ZcSQ YPX f\TcSQPS b_e Z _S ScS c h_ h kyPU m \Q`Uab|PUePS r
V_^ m _S `\Te Y_T `PekePXP fO g p US YPZ Z _S � {iS cSePS bPX� s_XU_R`P � TP]_XUPXe� r

ξ3 = −1− ξ4

ξ1 = 2ξ2 − ξ3 + 1 = 2ξ2 + ξ4 + 2.

xUP b\bPXP x UZ PSTUiS {iS
L

Z _abe TUab US YPX � ~XPUPS sPX~WQR_X|PUe WR PX
ξ2

cSY
ξ4

�
RPZ PX|R_X h m Ue

ξ2 = λ
cSY

ξ4 = µ
PXbo`e Z _S

L = {(2λ + µ + 2, λ,−1− µ, µ) | λ, µ ∈ �}
= (2, 0,−1, 0) + (2, 1, 0, 0)� + (1, 0,−1, 1)� .

u��



VR ^ m _S yob`e _c~ YPX gcabP S_ab PUSPX �_XeU|c`oX`\TcSQ k h� h
(ξ2, ξ3) = (0, 0)

cSY PXbo`e
(1, 0, 0,−1) ∈ L ;

qcX � PTeUZ ZcSQ {iS `USP_X cS_RboSQUQPS f\TcSQPS YPT biZ iQPSPS gdTePZ T TPeke
Z _S k h� h
(ξ2, ξ3) = (1, 0) �x_Z Ue PXbo`e Z _S

→ ξ4 = 0, ξ1 = 2� Rky h (ξ2, ξ3) = (0, 1)
cSY QPy USSe

Ti
(2,1, 0, 0)

Rky h (−1,0, 1,−1)
_`T `USP_X cS_RboSQUQP sP|eiXPS {iS

L0 p _`Ti
L = (1, 0, 0,−1) + (2, 1, 0, 0)� + (1, 0,−1, 1)� .

}RTab`UP�PSY ]XokUTUPXPS y UX YPS � PQXU� YPX qPU`PS�gec~PS~iXZ PUSPX m _eXUl cSY QPbPS
_c~ YUP m \Q`Uab|PUe PUS p PUSP QPQPR PSP m _eXUl US PUSP m _eXUl {iS gec~PS~iXZ WR PXkc~WbXPS h
��J�� L��� 	�� �	������������ � ��
� � 	�������� ������ ��
���

�PYP
(m × n)

�m _eXUl
A

WRPX
K

`oTTe TUab YcXab PSY`Uab { UP`P P`PZ PSe_XP
qPU`PScZ ~iXZcSQPS US PUSP m _eXUl YPX 
iXZ

B =























β1j1 . . .

0 β2j2 . . .hhh h h h
0 . . . 0 βkjk

. . . βkn

0 . . . 0 0 . . . 0hhh hhh hhh hhh
0 . . . 0 0 . . . 0























Z Ue
βiji
6= 0

~WX _``P
i ∈ {1, . . . , k}

cSY
j1 < j2 < · · · < jk

WR PX~WbXPS h x UP

iXZ {iS

B
SPSSPS y UX ���������������� h Vn{e` h UTe

{1, . . . , k} = ∅ p Y hb h B�c``Z _eXUl h^
� �� ����� ��� �� xUP �R PX~WbXcSQ YPX m _eXUl

A
US YUP m _eXUl

B
PX~i`Qe US Z PbXPXPS gabXUe�

ePS h�_ab
q

gabXUeePS TPU

Bq =























β1j1 . . .

0 β2j2 . . .hhh h h h
0 . . . 0 βqjq

. . .

0 . . . 0 ∗ . . .hhh hhh hhh
0 . . . 0 ∗ . . .























u��



V�Z 
_``P
q = 0

TPekPS y UX
Bq := A^ h xPX � PUSQPX_bZeP �PU`� b_R P i h� hY h} h US YPX PXTePS

g]_`eP PUS {iS
0

{PXTabUPYPSPT n`PZ PSe V_SYPXS~_``T {PX|`PUSPXS y UX UbS iYPX TUSY ~PXeUQ ^ hn{PSecP`` YcXab qPU`PS{PXe_cTabcSQPS PXXPUabPS y UX p Y_TT US YPX PSeTe_SYPSPS m _eXUl

B̄q =





















β1j1 . . .

0
h h hhhh βqjq

. . .

0 . . . 0 βq+1jq+1
. . .hhh hhh hhh

0 . . . 0 βmjq+1
. . .





















ScS
βq+1 jq+1

6= 0
UTe h

xcXab �Z ~iXZcSQPS {iZ �d] VU{ ^ Z Ue
k = q + 1 p i ∈ {q + 2, . . . , m}

cSY
λ = −

(

β(q+1)jq+1

)−1
βijq+1

QP`_SQPS y UX kc

Bq+1 =

























β1j1 . . .

0
h h hhhh βqjq

. . .

0 . . . 0 βq+1jq+1
. . .

0 . . . 0 ∗ . . .hhh hhh hhh
0 . . . 0 ∗ . . .

























Z Ue
βq+1 jq+1

6= 0
cSY

βsjq+1
= 0

~WX z PYPT
s ≥ q + 2 p ~_``T PUS Ti`abPT Pl UTeUPXe h� _ab PSY`Uab {UP`PS gabXUeePS y UXY PUSP m _eXUl YPX 
iXZ

B
PXXPUabe h

��� ������ � x_T n`PZ PSe
βq+1 jq+1

UZ � PyPUT kc uuhuv bPU�e � �����n `PZ PSe h qy_X UTe
ebPiXPeUTab cSPXbPR`Uab p yP`abPT YPX Y_~WX US 
X_QP |iZ Z PSYPS n`PZ PSeP QPyob`e y UXY �
~WX ]X_|eUTabP � PabScSQPS T]UP`e Y UP }cTy_b` z PYiab PUSP �i``P p Y_ �cSYcSQT~Pb`PX Pea hz P S_ab �_b` YPT � U{ie�n `PZ PSeT {PXTabUPYPS _cT~_``PS |\SSPS h �S ~i`QPSYPZ � PUT]UP` UTe
Y_T � U{ieP`PZ PSe z PyPU`T PUSQP|oTeP`e r
� ���� ��	�

VU^ Aerw =

(

10−4 1 1
1 1 2

)

−→

(

10−4 1 1
0 −9999 −9998

)

VUU^ Aerw =

(

10−4 1 1

1 1 2

)

−→

(

1 1 2
0 0, 9999 0, 9998

)

VsPXe_cTabcSQ {iS
z1

cSY
z2

cSY }YYUeUiS {iS
−10−4z̄1

kc
z̄2 h^

} `T � f\TcSQ� YPT fO g �T Z Ue PXyPUePXePX [iPj kUPSePSZ _eXUl
Aerw

PXbo`e Z _S RPU � Pab�
ScSQ Z Ue

3
�TeP``UQPX m _SeUTTP UZ 
_``P VU^ _cT

10−4ξ1 + ξ2 = 1
cSY
−104ξ2 = −104

Y_T
nXQPRSUT

ξ1 = 0 p ξ2 = 1 p UZ 
_``P VUU^ _cT
ξ1 + ξ2 = 2

cSY
1 · ξ2 = 1

YUP �PXeP
ξ1 = ξ2 = 1 h

u�



