MaremaTruka
Mojyie 1. Bextopnl. Matpuiipl. CJIAY
Jlektimga 1.4

AnHOTaIMA

Cucrembl inHeiiHbIX anrebpandeckux ypashenuii (CJIAY): koopaunat-
Hasg U MaTpudHasg (pOpPMbI 3allMCH, OCHOBHBIe HoHATHsA. Kputepuit Kpo-
nekepa — Kanesum copmecrraoctu CJIAY. Pemenne CJIAY mo dopmyam
Kpamepa u merosom ['aycca.

1 Cucrembl JIUHEHHBIX ajireOpanmdecKmnx
ypaBHEHU

Onpedenerue
Cucremoii u3 m JUHeHBIX ajJredpandecKnux ypaBHEHHII C n
Heu3BecTHbIMU (cokpaienro CJIAY) HasbiBaeTcs cucrema Buja

1121 + a19T9 + . .. + a1, = by,
a1 + a292x9 + ...+ AonTy = bQ, <1>

A1 T1 + @p2T2 + .o+ ATy = by,
rae ncita a; (0= 1,2,...,m, j = 1,2,...,n) - 3t0 K03(pdummeHTHI
cucrembl, ducia by,...,b, - cBOOOJAHBIE YJIEHbI, T1,..., T, - HEU3-

BECTHBIE, KOTOPbIe HAJ0 ONPEIeTUTh.

Bamcs CJIAY B Bujie (1) Ha3bIBaeTCsI KOOPAMHATHOM. DTy CHCTEMY
MOYKHO 3allicaTh B MATPUIHON dopme

A-X =B, 2)
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MI'TY um. H.9. Baymana Kadeapa “Bricimas maremaTnka’

rie
a; aip ... QAip
| a1 a2 ... a2
A= — MaTPHIA CUCTEMBI,
Am1 Am2 - Amp
(1)
T2
X = — CTOJIOEI, HEM3BECTHBIX,
\z./
(n)
ba
B = — CTOJI0EIl CBODOIHLIX YJICHOB.
\b
Onpedenenue
Pacmmupennoii marpurieit cucremsl (1) HasbiBaeTcst Mmarpuiia A Bu-
J1a
a1 a2 ... QA1n bl
A’ _ as1 A9 ... A9y, bg
A1 Am2 - Amnl Om
N ~~ N~
A B

B sToit MaTpuIle BepTuKaJIbHas YepTa UCIOIb3YeTCsI NCKIIOINTETHHO
JIJIsT BU3YaJIbHOTO BbIJIeJIEHNs TTOC/Ie/IHEr0 CTOJI0Ia, KAKOro-1nbo (pyHK-
MOHAJIBHOTO 3HAYEHUs OHA HE UMeeT.

Onpedenenue

Cucrema (1) Ha3bIBAETCS OMHOPOIHOIM, eciit by = by = ... = b, = 0,
B IPOTUBHOM CJIy4ae OHA Ha3LIBACTCs HEOJHOPOIHOIA.
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MI'TY um. H.9. Baymana Kadeapa “Bricimas maremaTnka’

Onpedenerue
Pemmenuem CJIAY naszbiBaeTcss Takoil HaOOP 3HAYEHUII HEN3BECT-
[¢) o o I
HBIX xg ), x; ), - x%), KOTOPBIil IIpU TIOJCTAHOBKE B KarKJ0€ ypaBHEHHUE

cucrembl (1) obparaer ero B BEpHOE TOXKIECTBO.

Onpedenenue
Cucrema (1) Ha3biBaeTCs COBMECTHOM, €CJT OHA MMEET XOTs Obl 0/1-
HO peIlileHne 1 HECOBMECTHOM, eC/I PEIeHnii He nMeer.

Onpedenenue

CoBMecTHasI crcTeMa Ha3bIBaeTCsl OIPeIeJIEeHHOM, eC/ii OHa MMeeT
eIMHCTBEHHOE peIlleHre, I HeOoMpeaeJIeHHOM, ec/ii OHa HMeeT OoJiee
OJIHOTO pellleHnsi. B mocienneM ciydae KaxKaoe KOHKPETHOE pelleHme
HA3LIBAETCS YACTHBIM PEIIeHIEeM CHCTEMEBI.

Onpedenenue
COBOKYIIHOCTD BCEX YACTHBIX PeIleHnil Ha3bIBaeTCs OOIMUM pelire-
HUEM CHUCTEMBL.

Samevarue.

Onxnopoxrast CJIAY Bcerma coBmecTHa, MOCKOJIBKY HYyJIeBOIT HaOOP
3HAUEHNIT ee HEeU3BECTHDLIX BCErJia sIBJISIeTCS pEelIeHUeM. IJTO pellleHne
HA3bIBAETCS HYJIEBBIM I TPUBUAJIbHBIM.

2 Kpurepuii comectanoctu CJIAY

Teopema Kponexepa-Kanearu (o coemecmmocmu CJ/IAY)
Jist copmectHOoCTH cucteMbl (1) HEOOXOAUMO ¥ JIOCTATOYHO, YTOOBI

paHr ee Matpuilbl A ObLI paBeH paHI'y ee pacIIUupPeHHOi MaTpuilbl A.
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MI'TY um. H.9. Baymana Kadeapa “Bricimas maremaTnka’

st coBmectHbix CJIAY BepHBI clieyIoIne ymeepHcIenus:

1. Ecimm panr MaTpuiibl COBMECTHON CHCTEMBI PABEH UNCIY HEU3BECT-
HBIX, TO CUCTEMa MMeeT €INHCTBEHHOE PellleHue.

2. Ecam panr MaTpuibl COBMECTHON CHCTEMbBI MEHbINE YMC/Ia HEem3-
BECTHBIX, TO CHCTEMa NMeeT OECUNCICHHOEe MHOYKECTBO PEeIeHMIl.

3 Meroa Kpamepa

Meton Kpamepa npennasnaden st periernst coBmecTHbIX CJIAY,
Yy KOTODPBIX YHCJIO YPaBHEHUI PABHO YHCJIy HEM3BECTHBIX (M = n), U
COCTOUT U3 JIBYX STAIIOB:

1. Beraucssiem omnpegennTe/ib MaTpulbl cucreMbl A = det A, a Ttak-
JKe 1 BCIoMorareabHbIX onpegenureneit Ay, Ao, ..., A, toe Ay, k =
1,2,...,n mosyJdaercsa u3 omupepegnTesas A MyTeM 3aMeHbl B HeM Kk-0ro
cTOJI0IIa Ha CTOJI0EIl CBOOOIHDLIX YJIEHOB B:

bl a2 ... QAip ail bl oo A1p

bg a99 ... A9y a921 b2 . Qop
A1 = ) A2 = )

b, ano ... G an1 by, ... ann

2. HaxoauMm 3HaveHMs HEM3BECTHBIX 110 (pOpMyJIaM

A A A,
KlwrQZfa'“axn:KJ (3)

Dopmystel (3) HassBatoTca popmynamu Kpamepa, a metos perie-
HUs TI0 JJAaHHBIM dopMysiaMm — MeTojiom Kpamepa.

I =

IIpumep. Pemuth cucremy ypaBHeHnit
1 + 2z9 = 3,

201 + 310 = 1.
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MI'TY um. H.9. Baymana Kadeapa “Bricimas maremaTnka’

BrimnucsiBaem mMatpuiibl A u B:

-0

HaXoouM OIIpeae/imTe/In

1 2 3 2 1 3
A=ly gl=—bhai=|) 4f=T 8=y 1=
U BBIYUCJISIEM 3HAQYEHUSI HEN3BECTHBIX
AT PN 1 T

4 Meron I'aycca

Metomom Maycca moxkuo pemats sioobie CJIAY, BKiogast Te, B KOTO-
PBIX YUCJI0 YPaBHEHUIT OTJINYIAETCsI OT Yucjia Hen3BecTHBIX. Metoj ['aycca
YCJIOBHO MOXKHO Pa3JIe/IUTh Ha JBa dTalla;

1. ITpsamoit xo.

Ha jpamHoM 3Talie ncxojHas crucTeMa yPaBHEHU ¢ IIOMOIIbIO JIEMeH-
TapHBIX [TPe0dPA3OBAHMIT IPUBOJIUTCA K PABHOCHIBLHOI crCTEMe CTYIICH-
YaTOro BU/IA.

2. ObpaTHbIit XOJI.

3J1eCh 110CJIe/I0BATEILHO, HAUNHAST C TIOCICTHEr0 YPABHEHUST 10Ty IeH-
HOII CTYIIEHYATON CUCTEMbI, HAXOISTCsI BCE HEM3BECTHBIE.

IIpumep. Pemuth cucreMy ypaBHEHUI
1 — 2.%2 + I3 = 10,
2x1 — x9 + Dy = —4.
Breimcsisaem matpunnsl A n B:

1 -2 1 10
4= (o 5 5) 8= (%)
Ha UX OCHOBe (pOPMUPYEM PACIINPEHHYIO MATPUILy CHCTEMBI:

~ (1 -2 1|10
A= 2—15—4)

M HadMHaeM pCEIIeHUe:
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MI'TY um. H.9. Baymana Kadeapa “Bricimas maremaTnka’

1. C nomoInpio 3JeMeHTapHbIX TPeodpa30BaHUil TPUBOIUM PACIIU-
PEHHYIO MaTpuIly CUCTEMbl K CTYIIEHYaTOMY BULY:
g_(1—21]q>9<1—2110)@(1—21uv
2 —1 5|—4 0 3 3|-24 0 1 1/-8)
Criestaibl CJIe/IyroIe Ipeodpa3oBaHus:

(1) mepBy10 CTPOKY YMHOXKUJIN Ha 2 U BBIWIHN U3 BTOPOI,
(2) BTOPYIO CTPOKY pas3/e/iin Ha 3.

2. Haxonaum panru marpuis! cucrembl A 1 paciIIpeHHOl MaTpPHILbI
cucreMbl A. Paur MaTpuiibl paBeH 4ucily HeHyJIeBLIX CTPOK SKBUBAJICHT-
HOII €il CTyIeH4YaTOll MaTPUIILI, ITOJIyJalolleicd 13 JaHHOI MaTpPUIbl B
pe3yJIbTaTe 3JeMeHTapHbIX peodpasopanuii. CTyneHyaras MaTpHI JIis
A nonyuena B mynkTe 1. CrynendaTas mMarpura Jasd A HoaydaeTcs Iry-
TeM yJaJIeHusl U3 CTYIeHYaTOl MaTpUIbl st A mociejanero crooma.

~ 1 -2 1}10 1 -2 1
Ecmun A ~ <0 {1 _8>,TOAN (0 | 1)
omyuacm, uaro r(A) = r(A) = 2. CrepoBaTeabHO, O TEOpEMe
Kponekepa-Kamem (cM. pasjiesn 2 JieKIun) cucTeMa COBMECTHA, T.e.
MMeeT PelleHIe.

[ToCKOIBLKY KOJIMYECTBO HEU3BECTHLIX 1 = 3 OOJIbIIE PAHIa MATPUILLI
r(A), To cucrema mMeerT HECKOHETHO MHOTO pelleHuil (M. yTBepzK IeHne
2 U3 pasjena 2 JEeKINH).

3. U3 s1eMeHTOB 1oJIydYuBIIeiicss B IIyHKTe 1 CTYIHeHYaTOl MaTpHilbl
COCTaBJISIEM OTJIMYHBII OT HYJISI ONpee/JNTe b MOPSIIKa, PABHOINO PaH-
ry matpuiisl 7(A). B Hamewm ciaydae HeOOXOINMO COCTABUTH OIPEJIe N~
TeJIb BTOPOro mopsiaKa. it 3Toro Bo3bMeM 3/1eMEeHTHI [IEPBOrO I BTOPOTO
CTOJIOIIOB:

1 -2
0 L |=1#0.

Elcsin ObI 3TOT OIpejie/iuTe /b OKa3aJics paBeH HYJII0, TO HaM ObLIO Obl
HEOOXOMMO BBIOPATH JPYTHe CTOJIOIbI, HCKII0Yast OCACTHU, COOTBET-

© Cemakun A.H., 2020 6



MI'TY um. H.9. Baymana Kadeapa “Bricimas maremaTnka’

CTBYIOIINIT CTOJIOIY CBOOOIHBIX YJICHOB.

4. OnpeesisieM Da3MCHBIE HEM3BECTHBIE, T.€. HEM3BECTHBIE, KO3(Ddu-
IUEHTDI IIPU KOTOPBIX PACIOJaraloTcst BO BKJIIOYEHHBIX B ONPEJIEINTEb
crosionax. IIocko/IbKyY MbI BKJIIOUUIN B ONPE/IEINTENb IEPBBIN W BTOPOIl
CTOJIOIBI, TO OA3UCHBIMU HEU3BECTHBIMU OYJIyT T1 U Ty. OcTaBIIyiocs
HEM3BECTHYIO T3 OyJ/ileM Ha3bIBaTh CBOOOIHOIA.

5. BoiucoiBaem CucremMy ypaBHeHI/Ifl, COOTBETCTBYIOIILYIO HOﬂy‘IeHHOI?'I
B IIYHKTE 1 CTyHeH‘—IaTOﬁ MaTpune:
r1 — 21’2 + T3 — 10,

To + 3 = —8.

6. Ilomoykum, 9TO cBOOO/HAST HEM3BECTHAA T3 = C, TJle C - TPOU3-
BOJIbHAS TIOCTOSHHAsA, U TepeHeceM B CHCTeMe yPaBHEHUil ciiaraeMble,
coJiepKaliue cBOOO/IHYIO HEM3BECTHYIO, B IIpaBylO YacTh YpaBHEHMI:

r1 — 229 = 10 — ¢,
T9 = —8 —c.

BBejienne mpom3BOIBLHON TOCTOSHHON ¢ 0OYCJIOBJIEHO TEM, UYTO U3
JIBYX YpaBHEHUIT MBI MOXKEM OJIHO3HAYHO HANTH JINIIH JIBe HEM3BECTHBIE,
B KadecTBE KOTOPBIX BbIONPAIOTCsI Oa3nuCHbIe HEN3BECTHbIE X1 U To. CBO-
Oo/THAs HEM3BECTHAS T3 MOYKET TPUHUMATE JIIOOble 3HAYEHN S, OTHO3HAY-
HO €€ HailT! HeJb3dl.

7. IlocnemoBaresbHO, HaumHasi C IIOCJIEIHErO ypaBHEHUsI CHUCTEMBbI
HailjleM BbIparkKeH!sl OA3UCHBIX HEM3BECTHLIX Uepe3 CBOOO/IHBIE:
T9 = —8 — ¢,
r1 =10 —c+ 229 = —6 — 3c.
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MI'TY um. H.9. Baymana Kadeapa “Bricimas maremaTnka’

8. BrinmceiBaeM pernenne:

I1:—6—3C,
T9 = —8 — ¢,
I3 — C.

J/laHHOe pellieHne SBJIsIeTCs OOIIMM PEIIeHNEeM CHUCTEMBI, T.e. COJEeP-
JKUT B cebe Bce YacTHBIC PEIIeHUsl, KOTOPbIe IOJIy4YaloTcsd IIyTeM IIpU-
JTaHWSI TIPOMU3BOJILHOI ITOCTOSIHHON ¢ KOHKPeTHBIX 3HadeHuii. Hampumep,
10JI02KUB ¢ = 0, MOJIyInM KOHKPETHOE JYacTHOE PelleHne

T = —6,
T9 = —8,
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