PAHI MATPW/LDbI.
OBPATHAA MATPULA



HEBbLIPO>XXAEHHbLIE MATPUL LI
OcuHosHblie NnoHATUA

IIycrs A — xBajipaTHAS MATPHIA N-TO TOPSIKA

aj ai2 ‘v Qlin
A - a2, 122 TN ad2n
pni QAn2 ... Qnppn

Ksanparuas marpuna A HashiBaeiCca Heemporcdentoli, ecnm onpe-
nenutesib A = det A He pasen nymo: A = det A # 0. B nporuBaoM
cnygae (A = 0) marpuna A Ha3LIBACTCH BBPOHCIEHHOT].



@ Marpuneit, coro3roti ¥ mampuue A, HA3BIBACTCI MATPHIIA

/A“ Ay ... Am
B A]? A22 v 14712 :
\A Ao s Ak

rue A,; — aarebpanyeckoe JI0TOJHEHNAE JIeMEeHTa G,, JaHHOK MaTrpuibl A
(0OHO onpenesAeTCs 1aK Xe, Kak 1 aarebpanyeckoe QONOJIHEHUE 3j1eMEeHTa
ONpPEene/INTEIA).

§ Marpuna A ! nasmiaercs obpammnoti marpuue A, ecoiu BBITIO IHAC IC5E

yCIIOBKE . _a

4’4. 5 A e A 2 44 f— E’
rme F — engnmdnas MaTpMiia TOro K¢ nopsajaka, 110 u marpiga A. Ma-
Tpunia A7 umeer 1¢ ke pasMepsl, 9TO 1 Ma1pulia A.




ObparHas maTpuya

) Teopema BcAkasa HeBbIPOXAEHHAsi MAaTpULA UMeEET ODPaTHYIO. I

[ IlposeneM noKasaTesLe1BO AJIsT CAydas MaTpuibl 3-1o nopsika. Hycin
aypy a2 w13
A=1Yan ax axz|, npuuem det A £:0.
a3 asz2 ass
CocTaBUM COIO3HYIO MATPUILY
A Asr Ag
A" = | A1 Az Az
Az Ay Az

¥ Halinem npousBenenue marpuip A n A*:
@yl d12 Q)3 Ay A2 Az

A-A" = [an ax axs|-| A2 A Azp| =
az; Gz Q33 Az Asz  Aszs



@yl @15 @13 Ay Aar Az

A-A"=lan an ax|-|A A Ap|=
az; a3z Q33 Az Asz  Ass
a1 Al +appdis + a3z ... anndsn +ai2dse +aizAs;
= | @21 A11 +axedi2 +a2sAdis ... G21Asz +adse +a3Azz | =
as;) A1 +asz2di2 + a3 A1z ... as; Az + asedss + aszzAss
det A Q 0 I 0 0
== 0 det A 0 =detA- |0 1 0] =detA-E,
0 0 det A 0 0 1
T. e.

A-A"=detA - E.
31ech MBI HCHOJIb30BaJIM CBOMCTBa 7 1 8 onpenesuresiei



Ananoruuno yoexaaemcs, 9To
AT - A=detA-FE.
Papercrpa A - A" =detA-E. 1 A*. A=detA-E.
A* A*

det A — det A

CpaBuuBasi NOJIy4YeHHBbIE PE3YJILTATHI C onpenesaerueM (3.1}, nosyyaem

nepernuimeM B BUje A -

A= B

Ay Aar Az
Ajp Ase Ajzo
Az Asg  Azs

- 1 .
" det A

T.e. | A1




Ormernm ceoficmea 0bparHOi MaTPHUBL:

~1): 1 .
det A’

2. (A-BY L= R g1
3. A 1)T (4T) L

1. det(A"




IIpumep .1. Haiirn A}, ecoim A = (_% "i)
(Q Pemenue: 1) Haxogum det A: det A = l _j :1; l =243 =56%0.

2) H&XO,DMM A*: All = 1, Az] — —3, qu = —(-—1) = 1, ,422 = 2,

. [V =3
nosTomMy A* = (1 2).

1 -3 5 s
- cA-1. 4-1 _ 1 Ay e 5
3) Haxomum A~": A~! = 5 (1 2) — (%_ g)
[Iposepka: ’
3 2,3 _6 6
Hodt = f 2 A : 3 _f Bts =sH5N_Jin .
T Tk B e 2f T Nezal gl T NO LT
5005 575 5713



ITpumep 2. Onpenesurb, IpU KAKUX 3HAYCHUAX A CYUIECTBYET Ma-

TpUlla, oOparHas JaHHOI:

1 =2 2
A=A 3 0
2 1 1

Q Pewenne: Besikas nHeBpIpOXIeHHAs MaTpuia umeet obpatnyio. Halinem

onpeaeuTe b MAaTpHUB! A:

1 -2
NA=1X 3
2 1

2
0
I

=3-04+2X-12-0+2A=42-9.

Eciudl—-9#0, r.e. A # -3— 10 AA # 0, 7. e. marpuna A HEBLIPOXKIEHHALA,

uMeeT oOpaTHYIo.



IHpumep 3. lloxasars, yro Marpuna A spiacica obpainoit gna B,
ecJiu

1 1 1 3 =3 1
A=11 2 3}, B=|-3 & -2
1 3 6 1 -2 1

(Q Pemenne: Haiiem nponssenenve maipuiy 4 w B:

1 1 1 3 -3 1
A-B=1% 2 .3 -3 B =2 =
I 3 6 I =2 1
3—3+1 ~3+56-2 1-2+1] 1 0 0
=13-6+3 -34+10-6 1-44+3)=10 1 0} =E.
3—94+6 -3+15-12 1-6+6 0 0 1

Ananorunaso B - A = F. Cnenosaresipno, marpuna A asasercst obparioit
a0 B.



Paur matpuypbi

Pacemorpum marpuny A pasmepa m X n.

flar] "azy  as O1n )
I
121 Q) ! Q23 A2
A=) a3 azp a3 (37
\Gml Am2 GAm3 Amn )

Beinesm B nel k crpok u k cronbuos (b < min(m;n)). W3 ssremen-
TOB, CTOAIIMX HA NEPECeYCHNM BbLIAGICHHBIX CTPOK A CTOJIOIOB, COCTABUM
ONPENe/INTE b k-T0 NopAaKa. Bce Takue OnpefesiuTe/ TN HAZLIBAIOTCA MU-
Hopamu amoti mampuybi. B Marpuie A nyHKTHPOM BBIICNIEH MUHOD 2-T'0

nopsuka. (3amMeTuM, IT0 TAKUX MUHOPOB MOKHO coctasurs CF - CF wryxk,

> y '
rne CF = Lo — YHCJIO COYeTAHUt U3 N JIEMEHTOB 1O k.)
ki (n — k)!




@ Hanbonsnuit 13 mopanKoB MUHOPOB JAHHON MAaTPHUIbI, OTJHAYHBIX OT

HyJs, HasbIBaeTcsa paxzom mampuyst. Obosnaqaerca r, r(A) umm

rang A.

OueBunno, 4t0 0 < r < min(m;n), vae min(m;n) — MeHbIIEE U3 YRACET

m A n.

5

MunuOp, NOPsIA0K KOTOPOrQ ONPENesIsieT PaHr MaTpHIbl, HA3BIBACTCS
baszucHBM. Y MaTpHUipl MOXKET ObITh HECKOJIBKO DA3UCHBIX MHUHOPOB.



Ins cnenyromei#t marpunsl A ee paHr paseH 1:

A=(g ‘02 g) r(4) = 1.

JI1060# 13 MUHOPOB 2-r0 NopsaKa MaTpuiibl A paBeH HYJII0, ¥ CyIIECTBYET
xorss ObI OOMH MUHOP 1-rO MOpsinKa, He paBHbI# HyJIO, Hanpumep, |3| = 3.
Ba3sucHbIM MHUHOPOM MaTpulibl A sSIBISAETCA KaXXIbli U3 HEHYJIeBbIX MUHOPOB
l-ro nopsigka: |3|(= 3), | — 2|(= —-2), |2|(= 2).

Ins cnenyome# marpunb! A ee panr paBeH 2:

1=(3 3), r@=2

2
3 ol = —6, He paBHbBIH# HYJIIO, &
MHHOPOB 3-ro nopsaaka y marpuubl A Her. EnuHcTBeHHBI# 6a3uCHBIR MHHOP

0 2
MaTpuubl A — MHHOP 3 ol

TaK KakK CyIIEeCTBYeT MHUHOP 2-r0O NOpAIKa




Teopema 1. [lpu anemeHTapHbIX Npeobpa3oBaHNAX paHT MATPULbl HE U3-
MEHAETCA.

Teopema 2. . Panr cTyneH4aTo MaTpuubl paBeH KONUYECTBY €€ HeHyne-
BbIX CTPOK.




Memod snemenmaprnx npeobpaszosaruil HaX0XJEHUsI PAHIa MaTPHUIlbI 3a-
KJIIOYAETCA B TOM, 4YTO MaTpuny A NpUBOOAT K CTYNEHYATOMY BHUIAY C NIOMO-
MbIO 3JIEMEHTAPHbIX NMpeobpa3oBaHuil; KOJIMYECTBO HEHYJIEBBIX CTPOK IOJIY-
4YEeHHOM CTymneH4YaTol MaTpullbl €CThb MCKOMBIM paHr Marpunbl A.

Memod oxatimasiowur MuroOpo8 HAXO0XIECHUS PAHra MATPHUIbI A COCTOUT
B caenyromeMm. Heobxomumo:



1) Haittu xako#-Hubyap MuHOp M) nmepBoro nopsaka (T.e. 3JIeMeHT Ma-
TpuUlibl), OTJIMYHBIA OT HyndA. Eciu Takoro MuHOpa Hert, TO MmaTpuna A Hyje-
pasd H T(A) =1.

2) BeluucyiATh MUHOPHI 2-TO NOpAOKa, cogepxamue M, (oxatimasrowue
M;) #o Tex nop, nmoka He Halimerca MuHOpP My, OTNIMYHBIK OT HynaA. Eciu
TaKOro MuHOpa Het, 1o r(A) = 1, ecnu ects, TO (A) 2 2. I T. 1.

k) BoiuuciaTh (ecim OHM CyIIECTBYIOT) MHHOPHI k-0 MOpAnKa, OKakMJis-
jore MUHOpP My _1 # 0. Eciin Takux MMHODPOB HET, UJIM OHU BCE PaBHBI HYJIIO,
1o (A) = k —1; ecin ecTb x0T 661 onuH Tako# muHop My # 0, o r(A) 2 k,
1 MPOLECC MPONOJDKAETC.

[Ipu HaxoXxIeHuu paHra MaTPHUIbl TAKMM CIIOCOOOM HOCTATOYHO Ha Ka-
XOOM Imare HaTH écezo oduM HEeHyJieBO#i MHHOpP k-ro nopsigka, nmpudyeM HC-
KaThb €ro TOJIbKO Cpedyd MHUHOPOB, comepxammx MuHop My_; # 0.



HaiiTu panr MaTpuibl METOOOM 3JIEMEHTAPHbIX Npeobpa3oBaHMiA:

2 -1 5 6
1 1 3 5
1 -5 1 -3

(Q IlpuBemem MaTpuiy K CTYNEHYATOMY BHAY C TIOMOIIBIO 3JIeMEH-
TapHbIX Npeobpa3oBaHuii:

2 —-195 6 2-1 5 6
1 13 5 |2-II-I ~|0 3 1 4 ~
1 -51-3/2-III-1 0 -9 -3 =12/ II1+3-1I
2 -1 5 6
~10 3 1 4
0O 0 0 O

ITonyyeHHasa CTyneH4YaTas MaTpHlla CONEPXKUT OBE HEHYJIeBble
CTPOKH, 3HA4YUT ee paHr paseH 2. CiiemoBaTesibHO, PAHI' UCXOOHOM
MATPHIIbI TAKXe paBeH 2.



ITpumep. Haiitn panr marpuns::

2 0 4 0

A=1]3 0 6 0

1 0 =3 0
(@ Pemenne: Bee munopm 3-ro mopsinka pasabl Hys110. Ectb Munop 2-ro
MOPSAAKa, OTJANYHBIH OT HYJIA :f -.g = —15 # 0. 3nauut, r(4) = 2.

basucHbIif MUHODP CTOUT Ha lepeceyeHnu 2 U 3 ¢Ttpokn ¢ 1 u 3 crosibuamu.



OTMmeTuM ceolicmea panza Mampuyse:
1. IIpu TpaHCIOHMPOBAHUN MATPHULBI €€ PAHD HE MEHACTCHA.

2. Ecam BBIMEPKHYTb M3 MaTPHIIbI HYJICBOH DsJl, TO PAHI MATPUIBI HE
U3MEHUTCA.

3. Paur Marpuibl He U3MEHsIeTCs IIpH 3JieMeHTAPHBIX npeobpasoBaHusix
MATPHIIbI

PaHr xkaHOHUYECKOH MaTpUIlbl PABEH YHCJY €IVMHHI[ HA TJIaBHOH nHa-
roHaJim. Ha »ToM OCHOBaH OOMH M3 CIIOCOO0B BLIMHCJICHUA PAHIA MATPHIIBI.



Hailtu panr marpuliisl
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Taxum obpasom, panr marpunbi A pasen r(A4) = 2.
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CUCTEMbI IMHENHBLIX YPABHEHUN



OcHOBHbIE NOHATUSA

Cucmemotli aunetinmzr aszebpeuvneckur ypasnenuti, couepxamei m
yYpPaBHEHUU U . HEU3BECTHBIX, HA3bIBAETCS CUCTEMA BHIIA

Q1121 + QisZs + <+ Qindn = blv
st Ty + Ay + - - - + ATy = bo,

Am1T1 + Am2T2 + - + QpnTn = bma

Iae 9ucjaa a,,, 1 = 1,m, 7 = 1,n Ha3bIBalOTCH KX02PPuyuenmamu CNCTEMBI,
qucaa b, — ceobodnvimu waenamu. lojuexar HaAX0XKICHUIO YUCTA T,.
Takyw cucremy ynobHO 3anmMchbiBaTh B KOMNAKTHOH mampuyunol

dopme

A-X =B.




3necs A marpuiia K03 UIIHEHTOB CHCTEMbI, HA3bIBACMAS 0CHOGHOT]
Mampuueit:

/ ai;p @2 - Ain
as; G - a
e 22 |
\aml Am2 Amn
P ]
T2
X = | . | — BekTop-crTosabel, U3 HeU3BCCTHBIX T,
\z..
(o
ba
B = | . | — Bekrop-crosben u3z CBOOOAHBIX YJjIEHOB b,.

\bin
[TIpoussenenue marpun 4 - X onpeneneno, tak kak B Mmarpuue A cros6-
OB CTOJIBKO e, CKOJIbKO CTPOK B marpuie X (n mTykK).



Pacwupennotlt marpuuielt cucreMbl HaseiBaercsa marpuna A cucremst,
JIOTIOJTHEHHAA CTOJIONOM CBOOOIHBIX YJICHOB

(011 a2 ... a1n b
E _ a1 as ... aon bg
\aml Am2 ... Gmn bm

Peweruem cucreMbl HA3BIBAETCST 1 3HAYEHHH HEM3BECTHBIX T =C1, L2 =Cy,
.y p=~Cp, OIPUA NOJACTAHOBKE KOTOPBHIX BCE YPaBHEHUs CUCTEMBbI OOpaIia-
IOTCA B BEPHBIE DaBCHCTBA. BCHKOG pemenie CUCTeEMbI MOXKHO 3ailuCaTh B

BY€ MaTPULbI-CTOJIOIA




CucreMa ypaBHeHUH HABLIBACTCA COBMECTNHO, €CJIH OHA UMEeT XOTs

ObI OIIHO PEIICHUE, 1 HECOBMECTMHOU, €CJIN OHA HE UMeeT HU OJIHOTO
penieHms.

CoBMECTHAST CUCTEMa, Ha3biBAeTCH onpedeacHHotl, eCiu OHa HMeeT
€IUHCTBEHHOE PENIeHue, U Heonpedeaennodi, ecoim oHa nmeer Hosee OJHOTO
pemenuda. B nocaennem caydae KaxIoe ee peuleHne Ha3bIBACTCA YACTIHYM
peuteruem cucteMbl. COBOKYNHOCTL BCEX YACTHBIX PEINEHHI HA3bIBAETCS
obwum peuteruem.

Pewumsd cucmemy — 9TO 3HAYAT BBIACHATH, COBMECTHA, OHA WJIM He-
cosmecTHa. Eenu cucrema coBmecTHa, HaliTu ee obuiee penrenue.

JIBe cucTeMbl HA3BIBAIOTCS IKBUBALEHMHbMY (PABHOCILILHBIMU ), €CJTH
OHHM MMEIOT OJHO U TO Xe obmee pemenue. pyrumMu ciioBaMu, CHUCTeMbl
3KBUBAJICHTHBI, €CJIH KaXkKJ0e pPerieHue OAHOH M3 HUX fABJIAeTCSA PeHICHUeM
apyro#, n HaobopoT.

DKBUBAJICHTHBIE CHCTEMBI HOJTY YAIOTCST, B YACTHOCTH, IIPU IAE€MEHMAD-

HOLZ NPeobpa3osanusr CHUCTEMBl MPU VCJAOBUM, 9TO [IpeobpaszoBannd
BBINO/THAKOTCA JIMAIL HAJA CTPOKAMHU MaTpPHIIbI.



Cucrema JinHelHBIX ypaBHEHRN Ha3bIBaeTCA 0dHOpodHoili, €CITH BCE CBO-
boaHbIEe YJ1€HbI PABHBI HYJIIO:

a1 -+ ad19T9 + -+ Ainln = 0,

Q1T T+ Am2Z2 + -+ + ApnTp =

OpHOpOSHAasA CHCTEMa BCErjia COBMECTHA, TAK KAK £ = Ty = -+ = 2y, = 0
ABNACTCA DPElIeHUeM CUCTeMBI. JTC PelieHye HA3bIBALTCHA HYAE8biM WIIH
MPUBUGADHDIM.



PeweHune cucrem nuHenHbiX ypasHeHUNA.
Teopema KpoHekepa—Kanennu

[IycTh maHa MpOU3BOLHAA CHCTEMA M JIMHEHHBIX ypaBHeHUH ¢ n He-
U3BECTHBIMHU

([ a1121 + @1o@2 + -+ + a1y = by,

A21T1 + Q20T2 + -+ + ATy = by,

------------------------------------

\ @m1T1 +am2Z2 + -+ ATy = bm-

Teopema Kponexepa—Kaneaau.

Cucrema nuHerHbIX anredbpanvecknx ypasHeHnli COBMeCTHa
TOrAa v TONbKO TOrAa, KOrAa paHr paCclUpeHHON MAaTpULbl CUCTEMbI PaBEH
paHry OCHOBHOW MaTpuubl




Teopema Ecnn paHr cOBMECTHOIR CUCTEMbI paBeH YNCIY HEN3BeCT-
HbIX, TO CUCTEMa UMEET eAUHCTBEHHOE pelleHne

Teopema . Ecnv paHr coBMeCTHOM CUCTEMbI MEHBLUE YUCA HEN3BECT-
HbIX, TO CNCTEMA MMeeT DEeCUNCNEHHOE MHOXKECTBO PeLLEHNR




WccnenoBarh cucTeMy JIMHEHHBIX YpaBHEHUH;

1+ T2 — x3 = —4,
1+ 225 — 33 = 0,
—-2271 = 22!3 = 16.

(Q TlpuBenmem K cTyneH4YaTOMy BUAY PaCIIMPEHHYIO MATPUIy CH-
CTEMBI:

1 1 -1|-4 1 1 -1|-4
1 2 3|0 |II-I ~|0 1 -2| 4 ~
-2 0 =216/ 11142 1 0 2 —4| 8/ 1II-2-1I

1 1 -1|-4
~10 1 =2 4 ].
0 0 0] O

r(A) =r(A|B) =2 < 3 =n,
TO cucmema cosmecmua u Heonpedeaenna (T.e nmeer HECKOHEYHO
MHOIO peleHuit).

Tak xak



Mpasuno peweHns NPonM3asonLHON CUCTEMBI
NVHEWHLIX YypaBHEHWUW

1. Hailttu panru ocHOBHOR ¥ pacuupeHHo#t marTpuil cucrembl. Ecimn
r(A) #r(A), To cucrema HeCOBMECTHA.

2. Ecrn r(A) = r(A) = r, cucrema copmectna. Halitn kakoli-sin6o 6a-
3UCHBIH MUHOD NMOPSAIKA I (HAIIOMUHAHUE: MUHOP, NOPSI0K KOTOPOro onpe-
IeIAeT paHT MaATpUIlbl, HasbiBaercsa OasucubiM). B3sate r ypaBnenuil, us
KO9hDPUIIHEHTOB KOTOPBIX COCTABJICH 0a3uCHBIA MUHOD (OCTaJIbHbIE ypaB-
Henust orbpocuTs). HemsmectHole, K0a¢hduimenTsl KOTOPIX BXOIAT B Ha-
3UCHBI MMHOP, HA3bIBAIOT 2A06HLIMU U OCTABJAKT CJIEBA, & OCTAJbHBIE
7 — 7 HEW3BECTHBIX HA3bIBAKT C60000HLIMU U NEPEHOCAT B IIPABLIE YaCTH
YpaBHEeHUu.

3. HaliTu BeipaxkeHnus rylaBHBIX HEM3BECTHBLIX Yepes cBobojHbIe. [Tomy-
YyeHo obIiee pelneHue CUCTeMbl.

4. IlpunaBasi ¢BOOOIHBIM HEU3BECTHBLIM MPOU3BOJILHLIC 3HAYCHUA, T10-
JIYYUM COOTBETCTBYIOIIHE 3HAYCHUS IJIABHBIX HEU3BEeCTHBIX. Takum obpa-
30M MOXKHO HafiTH YaCTHbIE PEeIIeHUsT NCXOAHOH CHCTeMbl YPABHEHUIH.



IIpumep . Vcenenopars HA COBMECTHOCTH CHCTEMY

X4 gy =1,
3z + 3y = -2.

(Q Pemenue:

Az(; :13), r(A4) =1,
I:G - _12) r(A) =2 (A: A ‘;‘;60).

Taxum obpaszom, r(A) # r( A), crenoBaresibHO, CHCTEMA HECOBMECTHA.




ITpumep . Pemutn cucremy
Ty -2+ 13+ 34 =1,
Ty — 222+ 23 — T4 =-1,
Ty — 275 + 23 + 334 = 3.

Q Pemenue: 7(A) =r(A) = 2. Bepem pa NepBbuIX ypaBHEHUS:

o DS s = 1
JE2 .r2+:2:3+:c4: y A:)l 1 —lf oL
| T1 — 272 +iZ3 — 34t = —L. 1 -1
' +x4= 11—z 4+ 22 - :
T3 + T4 T T, A, = 1 — 21 + 225 1 , — %, — 4z,
(T3 — T4 = —1 — xy + 22, —1 -z + 22, -1
11 1=z +225 | _
Az = 1 —1—zy+2z2] £
ClienoBaTesibHO, T3 = —I1 + 29, T4 = 1 — obmiee pemenue. [lonoxus,

Hanpumep, x; = 0, xy = 0, nosiyyaem OHO M3 YacTHBIX pemienuit: x, = 0,
o =0, 23 =0, 24 = 1.



PewieHue HEBbIPOXOEHHbLIX JIMHEUHbIX CACTEM.
®opmynbl Kpamepa

[Iycrh nana cucreMa n JIMHEHHBIX YpaBHEHUH ¢ 1 HEM3BECTHBIMU

a11&y + @122 + - + @ pTn = by,
21T + Q22T2 + ++ + A2 Ty = b,

Gp1T1 + 0n2ZT2 + -+ + Ty = by,

wd B Mmarpuyddolt ¢popme A - X = B.
OcnoBaasi marpuna A Takoil cucrempl KBajaparHas. Onpenenuresib

3TON MaTpHIbl
apy ... in

A=

n1 --- Onn



Ha3bIBaETCA onpedeaumensem cucmemst. Eciid onpenenresib CUCTEMbl OT-
JIMYEH OT HYJIA, TO CUCTEMa HA3bIBACTCSI HEBLPOHCIeHHO.
Haijinem pemenue jjanHoi cucteMbl ypaBHeHnil B cayuae A # (.
Vumuoxus obe yactu ypasaenusi A - X = B caesa na marpuny A1,
noayunM A 1 - 4- X = A"'-B. llockombky A ™' A=FuFE-X =X, 10

X=A"1-B.

Otreickanue pemenus: cucremsl 1o dopmyJie (4.1) Ha3LIBAIOT MAMPUN-
HBM CNOCODOM PEIICHUS CHCTEMDL.
Marpuinoe paBeHCTBO (4.1) 3anuiIcM B BUE

(wl (A Any ... Ay b\
L2 1 | Ay A9 ... A, by
NN 1 &

—_—




\ Tl \ 7

TO €CTh ‘411 b] % B A.'“ bz R I e fiuj bn
I :
/552 Al'}lﬂ + Az_zb4 i Bk Au‘.’.bu.
_ A
\Zp, A1n01 + Aopby + -+ - + Apyby
A

Orcropa ciaenyer, 4To

i = AllbL+ AZIbL+ s ‘AB]bB
1 — A )

...................................

— Aypb + Agan.A:l— oo+ A by :




Ho A11b; + A21bs + -+ - + A1 by ecThb pasiioxkenue onpeie/inres

A]:

by
b

bn

a2
(22

an2

A1n
Gan

Unn

10 JIEMEHTaM nepBoro crosibna. Onpegeanresis A NoJdy4aeTca U3 onpe-
JeJaTeNns A nmyTeM 3aMeHbl IepBoro ctonitna KoadUuIineHToB CToab1oM

U3 CBODOIHBIX YJIEHOB.

Urak, z; = %l

Ananoruyno: ry = %Z, riae As noJiydeH u3 A nmyreM 3aMeHbl BTOPOro

crosibna KoahduipenTos ¢ToboM U3 cBOOOMHBIX YJIEHOB; T3 = -‘%?L, »

. ’wn — _An'.



DopMyJibl

HA3bIBAIOTCA popmyacmu Kpamepa.

WTak, HeBLIPOXKJIEHHAs CHCTEMa 7. JIMHEHHbIX ypaBHEHUM ¢ N HEus-
BECTHBIMU UMEET EIUMHCTBEHHOE pellleHne, KOTOpoe MOXeT ObITh HalIeHO
MATPHUYHBIM CIIOCODOM 6o 1o dhopmynam Kpamepa

2z — x93 =0,
IIpumep 4.3. Pemurp cucremy : 2

I +3IB2=7.
2 -1 10 -1} 12 0
) Pemmenne: A—ll 3|—7¢O, A - 3‘—7, AVE= 1 7‘ 14.
3HAYUT, X1 = -‘7: =1, 1.2:_173& =2.



N
I pumep Pemurs cucremy ypasHenuit

r1 4 2z + T3 = 8,
r1 + w9 + 3wy = 12,

To+ a3 =205
meTojiIoM Kpawmepa.
|8 |
1 3 213 2 3
113:1-’ ’—1-‘ |—|—0-’ ':
01 1 11 1. 3 1 3
=51 =8l i@ 1) = =¥
Pewernue. Vmeem
8 21 A S | 1
Ap=121 8l=—8. Ay=|1 12 8l=—6 As=
5 11 Qg 1 0

—_ = b

Qo

ot
(W1 B B’




Ay
rn=—=1, x> =

A

OrBer: 11 =1. 39 =2. 13 =3.



PELLLEHWE CUCTEM JIMHENHbLIX YPABHEHWU
C NOMOLLIbIO OEPATHOW MATPULLbL.

IIycTs cucrema u3 n uHe#HbIX ypaBHEHH# ¢ N HEU3BECTHBLIMU 3AMMMCAHA,
B MaTpu4HOit popme:

AX = B,
rne A = (a;;) — w™arpuna ko03dOUIMEHTOB CHCTeMBl pa3Mepa 7 X 7,
() )\
T2 b2
X = . | — cronben nHeussectHwix, B = | . | — croaben cBo6OOHBIX
\zn/ \bn/

YJIEHOB.

Ecmu D — onpenesmrens MaTpuibl A — He paBeH HYJIIO, TO CUCTEMA
COBMECTHA M ONpenesieHHa, ee pemeHne 331aeTcsi GopMyJIon:

X=A"1-B.



CocraBum marpuny (A;;) n3 anrebpaunyecknx JONMOTHEHHIA:

4= (1 7):

3anmmem marpuuy A = (A;;)T = (_}2 })

Hailtnem maTpuny

1 ~+~ 1 /1 1 .
-1 = A== — 8
. det A “ 3 (—2 1) ("%

Haiinem pemenune cucrembl ypaBHEHHIA:
T T 3 -1
@-x=we=(4 ) 6)-
D) — 3 7
_ (3 (=D+3:7 _(2)
_%.(_1)4.%.7 3/

W= o=
v

Wi

Omeem. (2;3).



Mampuvnbie ypasrerus npocreinero Buaa ¢ HeW3BeCTHOR marpuuei X
3aNMCBhIBAIOTCA CJIENYIOIMM 00pa3oMm

AX =B,
XA = B,
AXC =B.

B sTux ypasrHenusax A, B, C, X — marpuupl Takxux pa3MepoB, 4TO BCE MC-
NOJIb3yeMbl€ ONepaluy YMHOXKEHHMS BO3MOXKHbI, ¥ ¢ 00€MX CTOPOH OT 3HAKOB
PaBEHCTBA HAXOOATCA MATPHUIBLI OAMHAKOBBIX Pa3MepOB.

Ecnu B ypaBHenusax (4.2), (4.3) marpuna A HEBBIPOXKIEHHAs, TO UX pe-
IIeHNs 3aIKUChIBAIOTCA CJIEAYIONIMM 00pa3oMm:

X =:A""H,
X =:BAT",

Ecnu B ypaBuenun (4.4) marpunpl A u C' HEBBIPOXKAEHbBI, TO €r0 PeleHne
3aIMCHIBAETCA TaK: o
X=A""BC™.



o . [ 2y, 35
puMep CLHIUTH YPABHCHHUC 3 4 = 5 9 :

Pemenue. D10 ypaBHeHne Buga AX = B, ero pelieHueM gBsi-
etcs martpuia X = A™'B.

3 4
detA=-2, A4,=4, 4,=-3, 4, =-2, 4,,=4,

iy .2
Haiinem oOpaTHyI0O K MaTpulie ( ]:

TOr/1a
I 2% 1f4 -2 if4 2943 5Y (=1 -l
= —_—— I/I X:—— . - = Z
3 4 2{-3 1 2t=3 LJ15 9 2 3
a b
3ameuanue. Matpuiua, odpatHas K Matpuie A =(C d) UMEET

I d -b
A= ,
- ad —bc [—c a J



IIpumep. Pemiuts ypaBHeHUE
3 -1 5 6Y (14 16
ke et ,
5 -2 18 9 10

Pemenne. Dt1o ypaBHeHue Buna A-X - B=C ; ero perieHueMm ss-

getcs Matpua X =A"-C-B™.
= 2
X=3—l.1416.56___
5 -2 9 10)\7 8
1 (-2 1\ (14 16) 1 (8 -6)
(D=5 3) 9 10)(-)\-7 5)

_1-—19 22 8 —6_124_1 2
2143 50)(=7 5) 2l6 8) \3 4)



IIpumep Peliuth ypaBHeHUE

(5 3 LY (=8 3 O
X441 <3 22|=1-5 9 0]
-5 2 1) \-215 0j

Pemenne. 910 ypaBHeHMe Buaa XA = B, mo3ToMy HUCIOJIB3YeM

CXEMY (AT|XT) ~ (EIXT) , T1e X — uckomas MaTpuliia.

5 1 -5|-8 -5 =2 1 -2 1(0 0 O
3 =% 2|3 9 B0 & =L[(F 9 B
1 -2 1{0 0 O 0 11 -101-8 -5 -2

1 -2 10 0 0 I =2 11000 0O
=10 3 =1|3 9 15 |0 3 =13 9 15|~
0 0 -19|-57 -114 -171 0 @ 13 6 9
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