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Algebraic Properties of the Block Kronecker Product
and a Block Vector-Operator for Matrices over
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ABSTRACT

We extend the notion of Kronecker product to the block Kronecker product for
matrices over a commutative semiring. It turns out that this matrix product is compatible with
the matrix addition, the scalar multiplication, the usual multiplication, the transposition, and
the traces. Certain algebraic properties of matrices, such as symmetry, invertibility, similarity,
congruence, diagonalizability, are preserved under the block Kronecker product. In addition,
we investigate a relation between this matrix product and a block vector-operator. Such
relation can be applied to reduce certain linear matrix equations to simple vector-matrix

equations.
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o
1. unin
lunguguning wagalasiwaiaesifunagauuninslugluuunidiunudiy

aanwal ® launnniinadindanssnileesiuse Leopold Kronecker lasdmiuusaziuning
WA=[a, ]| uaz B milow

A®B=|a;8B]
e A® B iflunmindaivienit (i, j) v aijBauﬁaﬁéwﬁmﬂmNaﬂ“mé’mdnmmm@ﬂﬁmﬂ
[9, 15] wagalasmataesimsszgndldognninensluadinanans 15y madanziiumsndg
uAagadveNEd aumamnindidudy aumsiGeeuiusmnindiiadu venaniidaiims
Uszgndlduenaivadiacdns 15y nguszuy Aand a8 Inermsaeniiames uuAavena
qasananldgnuensligrnagaulasiuamesuuuuden (Block Kronecker product) Tuaudde [11]
SwiSuudazmingase Auag B 3 B imsmlwdenlasudendesii (k,1) i A®B, milew
AXB=[A®B, |,

fufo AR B funwinddsiivdend (i, j) i A®B, Tunsdin B fifiesudendosifien azldh
AKX Banagiiflu A® B 1idy [18] ldfinsananuduinsvesnagalasiuainesuuuudeniu
wagauanEnFluguudun

TufisadiniBudu nlddnumnindifiandnnnailadse 1y R vie C uwnda
é’mdwﬂﬁﬁmimEnEJvthjmw‘%n%ﬁﬁamﬁ?ﬁﬂmmﬂTﬂ%Nﬁ%NL%qﬁ%ﬂiﬁﬂﬁuq 19 A3 (semiring) W30
A39adUR (commutative semiring) Tn3Tonaevhulddnumindiniielasadedananlunans
Usziau 18y sadundu [13, 16] anuiiudasziBudu [4] dmvua [12] uaznagalasiua
103 (Kronecker product) [14] uennniiindnvenipiinninesnielinfiBudumilefladldgn
mawa‘lﬂcjﬂ‘%qﬁﬁ"qL%@Lé’umﬁaﬁﬁaaé’uﬁ (semilinear spaces over a commutative semiring) [6,
17] mnAavosmnduasfigfifudadumiielasaedanangmhmnlFlummemen 1u szuu
JAviY  (fuzzy systems) mimﬂ'wmmxﬁqﬂ MY UMY NQUYLATENY Uz Iauma q
egrumstszgndlunuide [2, 4, 7]

Tumenmil inWannasdanuditerfuamindlasvnsmniavesnagalasiuaines
Tgamagalanuainesnuudendmiumindimiionsaduilag inuaadiifuhnagafingn
fanmdhdulddumsuinaming maqaunnindgdiedainar’ mgaunninduuulind Msaau
wasy uazsesining (gidedl 3) auliivansednueanming 1u anuaunas MIMEARY
18 amzade duma maiudumsadnusauls gadaunlineldnagalasiuainesuuunien
(g¥hiei 4) Infissananuduiusvosnagadananfudmsifiumannmes uudendauiug
suiumsiBauduiulanuniadunundenliifunniaes uiwssyadauifdreduiieansy
aumsnmndisaduliifuaumannines-unindeshehe (gided 5)

andiuguilflumiiusndnaduideiiaes TasSudunnuniinmuasiedai
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o X
2. ANNFNUFIY
Y [19] wazam [8] lalduntionuvesdsseaaunlidail
a d' é a [ d' ) =} a d' v 1
unilenun 2.1 Assaaunidussuumensadianilszneudesa L Ay
- mMsauiumaminmadeseduu L ssunumedyanual + uaz - muameu

- dn3nves L edniosdesamnBaianenu swunudedydnsal 0 uaz 1 mumay
Aﬂ! 4 U ua | dy
BidonadoiuaNtifnellil

1. (L,+) duluvesdadunssd 0 Wuendnwal

2. (L,") Wulunesdadunssd 1 Huendnwal

3. MIAUTUMT - EINTANITNYUBMIANTUMNT + TRNRFIBUAZNNIN

4. 0-r=0=r-0 dmiunn relL
Tunsditimnann (L, +,-0,1) viie L fundeadun

< Yo 1 2 ¢ A& a o A =

wuldgadmadladidunseadun lunsdiamz R o

3
o a a o 1 d! a o/ d' A = g
mLuumimml,as@munuﬂﬁﬂw MDYNVBININFAUNUBNIHENANAAN

[

CiiudsSeadunneldns
X
1

o
o
[

N

fednn 2.2
1) $29¥a [0,1iiunsSeaduiareldnisdniiuns a+b=max{a, bjuaz
a-b=min{a, b}dmiuma a, b e [0, 1] TaneaiwilGoniisadiainwsiiy (fuzzy algebra) Qldnn
MA3iy [10]
Tunsaimlldmiy o, BeR & a < B wlan [a, f] duddadunmeldmsauiiuns
o v & A <) o 4 = < o o
PNAUBIN o 1uenanraimsuIn wazil B iduienanyalimIgu
2) RU{~oc} dlunssaauimeldamsaiiiums
max{a, b}; a,beR
a®b= ' ’ .
— 0 ;a=—00 %W b=-o0
a+b;a beR

aoh= .
—0 ;a=-9 ¥sp b=-o0

Tasadilioniisadndgaga1n (max-plus algebra) gléanamidse [1, 2, 3, 6]
3) wsan NU{0} meldmsandiuns
0 a=h=0
ged(a, b) 5 nsdiou
Icm(a, b); a, ven
a.b: aa
0 ; a;sdldu

wléh (NU{0}, +2) uaz (NU{0},e,+) iiluiseadui
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)W neNTaoit n>1 9ldh (Z,, + +0,1) FuAGeadui
5) 7 X = @ naz P(X) Aomnneiisaves X wldh (P(X), U, n, &, X) fufa

a o 4
WNaaun

fedi 2.3 Aisadia MV (MV-algebra) iulaseaiunlsznoudieisa L i

- AT UERIENNBANANNY BIRTUNUMEY 0 uaY 1

- MIAHUMTNINA © waT © VU L

- msnmumstenma - uu L (Gude - Wuiladduann L T 1)
4! v v ua | dg} o %
BydeaadesnuaNAne idwiunn ,y,2€ L

(1) oy dz=ad(yd2) (2 z0y=ydx

B) zp0==x (4) «(—z)==
(B) zdl=1 (6) =0=1
(7) 20y = ~(-z @ ~y) 8) ~(~zey)oy=—-(ydr)ea

dawsuusag z,y € L o
rVy= (z0-y)dy wazr zAy= (zH-y) Oy

wldh (LV,0,0,1) uaz (LA & 0,1) Wuissddun dnvninidn]ldnnaniide (5]
Tuumanuil mvuald L dudsseadun uag an(L) Wusavemnsngvng Mxn

Famndaudazdumiannn L Tunsdil m=n iszideunnu M (L) de M (L) &
AeM, (L) mez@sumnuandadiumiad (i, j) vevuning A diw a, dmivudas
- - ddy IS ¥ A
i=12,..m uaz j=12,..,n lunsaiisndsuunume A:[aij] 1179 Az[aij]

m,n

fiumsmnining msgauuninddsainariiinnaideaduil magauaninguuy
Usnd msenmas msadulaoy nagsesnming lhusuferfumssifiumssanandmsummsndaia
lghmseifiumsidaiisadadeduiiandiisudofmEades snduandafiforfudnniuuas
m3faeen qlinnaide [14, 16]

1
=) ]

e A iumindgaiimandadenlasiiudazudend (i, ) W A, 5udeuunude
A=[A], vie A=[A]aud@nugveauninduuuudoniiiierfumsdiinidfisadiaideil &
A=[A];uaz B=[B,]; Wummindimile L silnnauazmaunbwaoniilimaduiiumssdolliil
anumneuazi k e L azldh

_ _ T _ T
A+B_[Aj+B|j]ij’ kA_[kAj]ij1 A _[Aji ]ij

dunamaifiumsedulaiduiumsuiwionves A waz B @udvamnadiumiadg g veaun
a a‘d'a a 4 [ IS a 124 1 I~ 1 < v 1 I~ 1
sndninson) wvsnduadns A+ B iduumsadlmisunennuiwasnedulsnld agnlsimumsuniia
vaenmiilusssumaves A+ B Tdnnmsmhwaenves A uag B imwuaanlddeu duiuisagui
vhenves A+ Blasiudazudend (i, j) iflu A, + B, mlfundatifumsdiiiumaiefizadia
ue dhe dwiumsgauaniang wuulsndiu §1 A=[A ] uaz B =[B,], Wuwnindinile L Fail

1 < A o v a o ¥ V1
nauazmsusudenimigauuudsndnuld azldo
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AB = [Z Ak Bkj ]ij
k

= Ad' o % 1 <
UNUYIUN 2.4 dvisuunas A= [aﬁ ] eM_ (L) waz BeM (L) HagalasALAesYDY A
uaz B dlewlag

auB auB alnB

aB a,B - a,B

eM L)

A®B:|:aijB:| = mp,nq(

a,B a,B .. a,B

mn

uufoustazudent (i, j) ves A®B Ao a,B

nvlél"a‘vd; 2.5 (14]) 1% A,B,C,D Wuawindmile L fiflvnauazmsuiadenimlimssifiuas
selliifiammng azlén

1. (kA)®B=k(A®B)=A®(kB) dmiuynk e L

2. (A+B)®C=(A®C)+(B®C)

3. A®(B+C)=(A®B)+(A®C)

1. (A®B)®C=A®(B®C)

5. (A®B) =A’ ®B'

6. (A®B)(C®D)=(AC)®(BD)

7. tr(A®B)=tr(A)tr(B)

o tr() vianeds 509 (trace) VOUUNINE

3 [~] (% o A a A a a J
3. Nﬁ@ﬂﬂﬂiluﬂlﬂﬂillﬂﬂﬂﬁﬂﬂﬂﬂﬂ'ﬁﬂ'lLuuﬂ'ﬁﬁﬁweﬂﬂmﬁsﬂﬂﬂluﬂiﬂeﬁ
Tuhdell Invneuindavesnagalasuanesllguagulasuanesuuuudendinsy
g IMHoANadUN uazinsandnmanifveanagaudananiinerftumsmiiumsiBeisadin

a ~ o
unileun 3.1 1% AeM, n(L) uaz B =[Bk|] eM,, (L) nagailasiualABSIIUUaDNYDY A
uaz B fiewloy
AXB=[A®B,], €M, (L)
vude AKX B fhuumvisndseudazudenn (k1) Wu A®B,
< ' g < ) ] I~} a2 ' X
inagalasuaAdsIUUUGeNTeY A nag B YuAUMININUABNYY B nguiundeliil
waaalfiiuhragalasiuanesuuvudeniaudrnulanunsuinmming msqauamsaddodinans
msadunlasu uazseviuning hiduszuwaenveunmsadiuegalsimu
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Vli]ﬂﬁuwﬁ 3.2 1% AB.C ilunwmsadimilensieadui L ffvmanazmsuiwieanvliang
sufiumsdeluifianmne 1ldh

1. (uA)XB=AKX(uB)=pu(AXB) dmiumn uel

2. AR(B+C)=ARB+AKC

3. (A+B)XC=AKC+BXC

1+ AX(BXC)=(A®B)KC

5. (AXB) =A KB

6. tr(AXB)=tr(A)tr(B)

L. elﬁ’AeMm'n(L), B eMp’q(L) Tny B:[Bm] nauniiowd 3.1 uazunasi 2.5

/’l(AIE B) = /’l[(A® Bkl)]k| = [/’l(A® Bkl)]k| = [(/’IA) ® Bkl ]kl
= (uM BB =[A® (uB,)], =AR (1B)
2. WAeM, (L), B.CeM,,(L)lav B=[B,] uaz C=[C,]
wld B+C=[B, +Ckl]ﬁqﬁu%1ﬂumﬁawuﬁ 3.1 wagumdail 2.5 aldh
AR (B+C)=[A®(B, +Cy)], =[(A®B,)+(A®C,)],
-[A®B,], +[A®C,], = ARB+ARC
3. iguilineadenfuauiiade 2 lunsdilinuiwdonves C ifisamingide
4. Weu B :[Bij], C =[C, |Taoumiiowil 3.1 uazundsi 2.5 221éHh

AR(BXC) = AX[B®C,], =[ A®(B®C, )] =[(A®B)®C, ] =(A®B)XC

kI
5. 1@su B =[B, |lasunilowi 3.1 nazumeaii 2.5 agléh

(AX¥B) =([A®B,], )T -[(A®B,)" | =[A"®B," | =A"X[B,"] =A"XB'

6. 1WoN B:[Bk,] iiesndenlunumusumues AKX Bae A®B, 1o k =1 Tagun

i 3.1 uazunaan 2.5 azlan

tr(AMB)=> tr(A®B;)=> tr(A)tr(B;)=tr(A) X tr(B;)=tr(A)tr(B)
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nquunii 3.3 1 A B ihuuviinduinalan dflaingnmnan L las B =[B; ], mutenduuming

gogves B 1ilugiail

By Bll1 By ~lg+1 By
Bu -+ Bu
: Bk -+ Bu
L B Bkll Bk,l—lq+l By ]
4 L il o A
B >k =k uaz Y I; =1 aglah A&B=[A iil
i=1 j=1 "
uninganl
ARB =[A®B, |
A®B, A® B,
A®B, A®B,
B, - Bll1 Bl,l—lq+l -~ By
AX| : : AKX : :
Bk11 Bk1|1 Bkl -1+l Bk1l
Bk—kp+1,1 Bk—kp+1,ll Bk—kp+1,l—lq+l Bk—kp+1,l
AKX : : AKX :
Bkl Bkll Bk J-lg+1 BkI
ARB, ARB,
AR B, AR B,
=[ A®B, |
L ij
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nquUNN 3.4

Lol K =1 demuiudenves | Tiiudendeslumnmusapaiunming

83

YR

93

2. AKO=0XKA=0 d@msunammsng A uaziming 0 ffvnauazmsuiudenle «

uniigan
L Wuvdendesnves | dwuuday k=1,...,p waz I=1..,p 1iewn
< <) s o Al 0’ k;él P v &
vdealuuumueayguved | ihisEndinia aglih |, = L kel las D n =n duiy
n? - I=1
,®1, 1,®0 | ®07 [l O 0
Cmr | 1a®0 1@l | ®0 Lo, _
m no - . . . - : .. : — mn
: : I, ®0
1,00 1, ®0 L@l |0 0 = Iy |

2. wildada

nguiunseluiinanddiivuhnagalasmanesiuuudenianuhfldfunsquuuulsnd
nquiunit 3.5 WAeM, (L),CeM, (L), B=[B,]eM,, (L), D=[D,]eM,.(L)
22léh (ARB)(C R D)=(AC)X(BD)

a C4 & A A V1
UNgaul Tnoumasdl 2.5 uazaniAvesmaganuuudoen wldd

(AR B)(CE D)
A®B, A®B, |[C®D, - C®D,
A®B,, A®B,, ||C®D,, C®D,,

(A®B,)(C®D,)++(A®B, )(C®D,,) - (A®B,)(C® Dy, )+ +(A®B, )(C® DrXsy)

-(A®B,,)(C®D, )+ +(A®B,, )(C®D,, )
(AC®B,D, )+..+(AC®B, D,, )

(A®B, )(C®D,)++(A®B,)(C®D,)

(AC®B,D,)+...+ (AC®B, D,,)

(AC® BqulDlsy)+ .+(AC® Bqurv Drxsy)
BHDlSy +.+ Blrv DrxSy

(AC®B, ,D,))+..+ (AC®B, D,)
BllDll +ot Blrv Drxl
= (AC)K

By, 1Dy -+ By, Dy By 1Dy, +++ By Dy

v

— (AC) X (BD)
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TagndngiisiBeadiaandns azldnanmumndail

unuwsai 3.6 (AXB)(A XB,) (A KB,)=(AA A, )R(BB, B,) dwimn
MUY p

4. anmdlassadinvesnagalasiuaiassuuuuden

Tuhdell iInfinsanhantidlaieveanmingigninulimeldnagalasiuaaesuny
vaen WuAe Nnsanaul@ (P) seduamsng A uag B flantd (P) udr AX B flantiddnanime

unilenudl 4.1 W Ae M. (L)
1. A dusmindamnnas freiile AT = A
Hunmsadidedamn Adeiie ATA= |
Sunmindiiona Adeiiie A2 = A
Shumindiisna Adeiledl ke N MilE AKX =0

WhiansagenTainms Adeio A2 = |

> > > > > >

< A d g 1 a < A d a  da
Wuamingmme adele A 1WunIngauasuagiNnInslana

S 1 A

A Juamsagimanduld Adeide Tiunsnd BeM (L) % AB=1=BA

NS o N

= 1’4

wWnsng B sanandiudiaziimoaunnindife) wanunuaiy Al

nauiundi 4.2 AeM (L) uaz BeM_ (L)

1. M A uay B Wudhuansaganies udr AXB  Wummsngauinag

€

€

-

A nay B humsndidadamn udr AKX B idhuunsadidedamn

€

Wusmsndiana 1dr AKX B dusmsadiana

-

uae

€

Wusmindiswa udr AX B Wummsndisna

€

A
A uay
A Wusmingonrimnmsuds AX B Whuunsageriannms

-

uae

€

W o W W

A naz B Whuamsngmme udr AKX B idhummsagamsme

-

1 A waz B Whwunsagnmunduld udr AKX Bilumnsadnmueniulalas
(AKB)'=A"XKB™*

T T B R
-

De

unfigend szignianiade 1, 5, 7 dwaniiadeduaunsaiiguildliineadendiu
1 aund A B lusmindansnas duiie AT = A BT = B Tnenquiunii 3.2 92l
(AKB) = A" XB' = AKB
Fotu AR B Wusindaumnns
5. dund A, B iflumisaderimnms tiude A2 =1,B2 =1 Tﬂﬂmquﬁwﬁ 3.2 3gldn

(AXB)" =(ARB)(AKB) =(AA)K(BB) =IKI =I
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Fitu AR B fhuaminderiannms
7. aund A B Wunmizndmansuld thife ATA = I.,,B'B=1, Tﬂquﬁumﬁ 3.2 9
1an
(ARB)(A'XKB™) =(AAHYR(BB™) =1, K1, =1,
(A'KB)(AXB) =(A'A)K(BB) =1 KI_=1_
Foiu AR B ihuansadimuniulilas (AKB) L = AL KB

ungail 4.3 W AcM, (L), BeM,(L)

1. 1 A B Wusvindusuaumasiound A® B Wlummiadunusamasuoy

2. &1 A B wWumiadususumasuaad A® B S aduuuaumasuan

3. &1 A B iflumindnusaudy A® Biiluwndndnusayy
unigayl

Tagmslfunilenuvesnagalasiuanes azlahaniade 1 Wuass Tumsiigniauiade 2
I¥nsaduiasuvessnnduuuaumassuusniungeiuni 3.2 dwauiade 3 Idnlasasnnde
1 nazto 2

=S d’ % 4 ' £4 H
nguuNi 4.4 1% Ae M, (L),BeM, (L) wazidioinuiwwaenves B Wiudendesluuwn
I a do o 2
nueyiy sngigia azldn
1. &1 A B Whuamsadaumasuuu udy AXB Wunmsaduuaumaenuu
2. 1 A B dhummsndeanumdenan udr AX B dhummsnguuuaiimasuan
3. M A B duamindnusam udr AR B duvsadnusam

univgal

W A B iunmindamumasuuu 30 B imsuwdoniifiuumusapniiunmindiaga
121841 B, =0 dw¥uk >luaz B ilwidumminduvuamimasuuudimio k = 1azld
A®B, =0 dmfu k >l uazlasuméan 4.3 9218 A® B, ifhuiummiaduunamumasimdmiy
k=1 §ufu ARB dhuswdnduumumasion auifade 2 uasde 3 mmnsafguiluhuesdenty

anaYe 1

unilenni 4.5 % AeM_ (L),BeM, (L) mnanh
1. Aaumia (congruent) #u B Adoifiofimning s eM, (L) Samnunduldiiily
B=S"AS
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2. A ade (similar) AU B Adoiflofiiming seM, (L) Famuniuldiiili
B=S"AS

3. A miflusnduuuanunasuld (riangularizable) fdeiiefinm3aduuammasy
TeM, (L) Ml A adofy T

4. Avhuilusmindnneawld (diagonalizable) Adoiilefinmindnussyn De M (L) i

mld A adwi D

4‘ U

vnunsnn 4.6 i AeM, (L),BeM,(L),CeM,(L),DeM, (L)

1. A aunaiy B uazC aumaiu D ud AKC aumaiy BX D

2. M A adeiu Buaz C adeiu D ud1 AKC adefiu B D

¥ o & a d 4 v 1 < v '

3. A waz cvindusmEaduuumumasulduazinuiwaenves C Wivdendeslu

<) a Jdu o ¥ o & a d A 14
wwmuesiumEndinia ud AR C MiumEnduuuamumasuld

4. & A wazc siflusmindnusaldnazinumiwdenyes ¢ Wiludendeslunumues
yiunsndinia udr AR Cvinflummindnueaula

nﬂﬁgfoﬁ Ialaoasananguiuni 3.2, 3.5, 4.2, 4.4

d < UV o a d <
5. Nﬁ@miﬂiluﬂ!ﬂﬂi!!ﬂﬂﬂﬁﬂﬂ AIALUUNIINADIUVUVADdAN AaSdANNT
a d a 4

IHNINBLBILAY

v o a 3 =] < ¥ o A a 13 4 A a 6 ¥ v

fmanfiumsnnmesnuvudeniiudmaniumsiBudunvuvienulavuninglioglugl
named Mauiumsainandmiumnindaisgminaueluaide [13] lumdetinfinsananuduiug
seninagalasuamefuuuudendudaifiunmsdinandmiuums admileasaduinla 9 s
lssgndnuanmsmmzngigardu

unilenai 5.1 W Ae M, (L) Tag A unupedniil i ves A mnilew

A
&

vec(A) = el™

A

unaai 5.2 (14) W A XY eM, (L), BeM, (L), CeM, (L) uaz ke L aglih
vec(X +Y) = vec(X)+vec(Y)
vec(kX) = kvec(X)
vec(ABC) = (CT ® A)vec(B)
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Ar A

unilewi 5.3 1% A:[Aj]: P leM,, (L) Bwsas A;fivna m, x n, Taf

A AL

r S
Z m, =m uag Zn ; =M milewdaniiumsunmesuuuudenual (the block-row vector
i=1 j=1

operator) U939 A 15l

[ vec(A,) |

vec(A,)
vech, (A) = :

vec(Ay)

_VeC(.As)_

mamsafigailalagnsan
1. vech, 1M, (L) = L™ duileddunilesiontiamuings
2. dmiugn A BeM (L) uaz k e L azldh
vech, (A+ B) = vecb, (A) + vecb, (B) uaz vech, (kA) =k vech, (A)

nquiunil 5.1 dwuudar Ae M,.(L),BeM, (L) naz CeM_ (L) azlih
vecb, (ABC) = (C" X A)vecb, (B)

a ¢ a X o o a o v L,
umiNgal lumsiigniil dwiunming X 1a o Avmald X umiwad jees X Wen A=[A T,

fimsanudonuadi k ves A Fifio [A(l A, - qu] Tasmsgauudonagldhuni k
Y99 ABC @0
(ABC), =ABC
Bl
BZ
=[Ac Ae A T[C
B



88 SWU Sci. J. Vol. 34 No. 1 (2018)

Tnoumaad 5.2 92ld
vec(ABC), =Y vec(A,BC')
|

=>(C" ®A, )vec(B))
=[C"®A, C'®A, - C'®A,|vech, (B)

| vec(ABC),

v ABC
ey vecb, (ABC) = vec(: )
_vec(ABC)S

[CT®A, CT®A, - CT®A, |vech,(B)
[CT®A, CT®A, - C'®A, |vech,(B)

[C"®A, C"®A, - CT®A,|vech,(B)
C"®A, C'®A, - CT®A,]

C'® C'® - C'®
:AZl :AZZ . :Azq vech, (B)

C"®A, C'®A, - C'®A,|

(C" X A)vech, (B)

' 4 3 < A A d A 13 ¥ &
deliinazszgndnagalasiuaipesuuvudeniieanganmamindidaduliiuanms
nAwes-Englugluuunden

ununsnit 5.2 1% AeM, (L),BeM_ (L),CeM, (L) uaz X eM, (L)weldh
aumssiliilauyaiu

(1) AXB=C

(2) (B" X A)vecb, (X ) =vecb, (C)
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a d v 2 A ] o A <) U & =&
ungan lémgufuni 5.1 3auAumsn vech, iuilAsuuuuvilidoniia
luununsan 5.2 dusimmuamas vech, (X) aaums (2) 18 udusasm X ld

iieannn vech, iiluilsdgunuuwilsdenile

ununsnil 5.3 1 AeM, (L),BeM (L),CeM, (L) naz X eM, ,(L)oldhanms
soluilauyaiy

(1) AX+XB=C

@ [(1," XA)+ (B" X1,)] vecb, (X)=vecb, (C)

a I g o { 1 o { U ¢ 4 a v
uniganl ldnquiuni 5.1 Safumsd vech, ithilsdduuvuniisdoniauazianuuidadu
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