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CucreMbl fIMHEUHbIX YpaBHEHUM

Tema 2. Cucmenmot TUHEUHLIX YPACHECHILI.
1.2.1.0OcrHoéHble ROHAMUA I ORPeEOe/IeHUA

Onpeoenerue. YPAaBHCHUS HAa3bIBACTCI JIMHEHHBIM, €CJIIM OHO COJASPKUT
IEPEMEHHBIE TOJIBKO B TICPBOM  CTENEHHM M HE COACPKUT IMPOU3BEACHUL
IMePEMEHHBIX.

IIpumep. 2x — 3y + 5 = 0 — JIMHEHHOS YpaBHCHUE.

VYpasHeHue 3x + 4 xy - 5y + 2 = 0 HE ABIMCTCA JIMHSHHBIM.

B 06IJ_IGM BHAC CHCTCMAa JIMHESHHBIX ypaBHem/[ﬁ ¢ 71 IICPCMCHHDBIMH
3aITHChIBACTCA TaK!:

a, X, +ap,x, +...+a,x, =b

e +a,x, +...+a,x, =b,

2n""n
; (1)
a,,x +a,,x, +..+a,,x, =b,
rae wicna a; (1 =1, ..., m,j =1, ..., n) Ha3pBaOTCA KO3(pPuMeHTAMH

MpU MIEPEMEHHBIX, b; (i = 1, ..., m) — CBOOOAHBIMH YI€HAMM.



CucreMbl fIMHEUHbIX YpaBHEHUM

Onpeoenenie. COBOKYITHOCTh 49HCEN ( Xj, X», ... , X,) Ha3hIBaCTCA pPeILlIeHHEM
cuctembl (1), €clu IIPH MOACTAHOBKES HX BMECTO MECPEMCHHBIX BO BCC YPABHCHIS
OHH OOPAIAIOTCS B BEPHBIC PABSHCTBA.

Onpeoenenue. Cuctema (1) HazpIBacTCSI HECOBMECTHOI, CCIIM V HEC HCT HH
OJHOTO PCIICHUS U COBMECTHOI, SCJTH OHa UMECT XOTS Obl OJHO PEIICHHC.

Onpeoenenue. Cucrema (1) HazpIBacTCSI OAHOPOAHOI, €CIIH BCE CBOOOIHBIC
YJICHBI PABHBI HYJIIO, B IPOTHBHOM CIYy4a¢ CHCTEMAa HA3bIBACTCS HCOTHOPOTHOA.

Onpeodenernue. COBMECTHAs CUCTCMa HA3BIBACTCS OMpeaesIeHHOI, CC/TH OHA UMEET
TOJIBKO OJAHO PEIICHUE.



CucreMbl fIMHEUHbIX YpaBHEHUM

Marpxmuaxmasy PopMaAa TANMMCH CHCTEMBI JIMHEHHBIX VP AEHEeHEE

CricreMe NMHEHHbIX ypasHerimi (1) cooTBEeTCTEYET MAaTpIILia

a11 a1z 21
a a a

4| e 22 2n |
221 Lyz22 D yz232

HaAasSbhIBACN Al Ma'rpnueﬁ CHCTeMbBI.

RarnmiremM craicremy (1) B marprrxaraoii popme. ITycTh

1 5q
—_ | *2 = b2
x = a | b = & — MATPHIIBI-CTOIOINBI
X2 L= g
FIJIIEH OB .
Toraa IerKko IrIoKasarTb, <=TOo crcecTemMma (1) mMmosxkxeTr OBITH
C e Qyroiei MmarTprrariori popme:
Ax =5 )

A eHCcTEHMTE IHHO, IIPOHS3SBEaCHIIC

PaAaBHO MHCITY CTPOK X &

Iarxicaria B

Ax OoOTIrIpCcaACIJIICHO, T.K. ™IKICIIO CTOJI6I_IOB A

11 a12 (=5 PP X1 a11xX1 + a12x2 + -.- Q132X 32
A — a21 a2 L2 . X2z _ az1x1 + az2xz> + -+ Q232X
2321 QL2 Lyrar X2 Q17X + Q22X + see L yr2325 22

;E[Be MATPITIIbI PABHBI, CCJIIXI PABHDBI ITX COOTEBCT CTEVYIOIIRIC 3JICMCHTDBI.

ITosTOMY, IIPHMPAaBHHEAA COOTBETCITBYIOIIRIC SJIEMEHTBLI
cracrtenmy (1). Hrax,
dbopmnme (2).

ITepeiimemM TeErrepsh K PpPAacCCMOTPEHITICO CIIOCOOOE PeEeliIeHIisa

VP aBHEHITI.

Ax 1

crcrenmy (1) MOXKHO Sarricarh B KOMIIAKTHOINM MAaTPITIHOLN

b , I10Iry<arIm

CHICTEM JIRIHEITHBIX



CucreMbl fIMHEUHbIX YpaBHEHUM

1.2.2. Memoost pertiueriun CHCIemMsl 1t IUHEUHBIX YPUASHEHIIL C 11 REPEMEHHBIMIL
1.MaTpMYHbLIA CIIOCO0 PEIIIEHUN CHCTEM JIMHEHHBLIX Y PABHEHUH

PaccMaTpHBaeTCsI CHCTEMa JIMHEHHBIX ypaBHeHHIT (1), Korjga YHCIO YpaBHEHHI
PABHO YHCITY HEH3BECTHEBIX!

ap1xX] + Q12X + ... T Q1 Xy = b]_
ar1X]1 +da2Xy + ...+ a3pXy, = bz
a1 X1 + Ay Xs + ...+ Ay Xy, = by,
DTY CHCTEMY IIPEACTABHM B MATPHYHOIH (hpopmMme
Ax=5b.

ITycth det A = A # 0. Torzma cymmecTByeT OoOpaTHas MaTpHIla A7 YnrOoRIIM
o6e YacTH MaTPHYHOrO ypaBHeHMS Ha 4~ cireBa. ITorydaem:

A4 -x)=4"b,
(A74) x= 47b,
A4 =FE =
Ex=A4"b,
x=A"b,1x. Ex = x .
TaxumM oGpas3oM, pellleHHE CHCTEMEI MOKHO HAaHTH 110 pOopMyTIE

x=A"b.



Cucrembl NMIMHENHbIX YpaBHEHUN

IIpumep. PerllIHM CHCTEMY JIHHEHHBIX YpaBHEeHHH

2.)C1 +3.'>C2 +2x3=9
X1 +2x2 —3x3 =14
3x1 —+—4X2 +x3=16

MATPHYIHBIM CIIOCOGOM.
PelnreHHue.

BanHimeM CHCTeMYy B MarpHYIHOH dopme Ax = H, rOoe

2 3 2 X1 o
A=(1 2 —3 x =|x2 | bH=|14
3 4 1 x3 16

PellleHHEe MATPHYHOIO YPABHEHHS HMEET BHI:
— o
x=A4"5b.
IIockOJILKY OOparHas MarpHUOa paBpHa (YOeHTBCSI CAMKEM ):

14 5 —13

A'=—-—=-|—-10 —4a4 8|,
6
-2 1 1
TO HMCCM:

N 14 5 —13 o 1/126 + 70 — 208 1 —12
3—c=—g —10 — 4 8 -l14a =—5 —90 —56 +128 =—5 — 18
-2 1 1 16 (—18 +14 + 16 12

x1 ) 2

JC2 = 3

X3 _J — 2




CucreMbl fIMHEUHbIX YpaBHEHUM

2. IIpasusio Kpamepa

PaccMOTpHM CHCTEMY JIHHEHHBIX YpabBHeHHIT (1), Korga 4HCJIO Vp aBHEHHI
PaBHO YHCJIY HEH3BECTHbBIX:

a>1X1 +Azx2 X2 + ... + A2, X,; = b2 (3)

a,1X] + QX3 + ..+ Ay Xy, = by,

Crcremy (3) IIpPHHATO Ha3bIBaTh KBAJAPATHOM, €ii COOTBETCTBYET MaTpHLIa
CHCTEMBI:

a1 a2 aq ;,
A = 21 22 21
[2 2% ] (25991 oy

Teopema Kpamepa. FEcaH ornpegenHTedb cHcecTeMbl (3) A =0, TO cHcCTeMA
ypaBHEHHITI HMeeT eqHHCTBEHHOE p ellleHHEe, BhlUuHcJIsieMoe 1o popmysiaM Kpamepa

VAP
L= = =1,2, ...
x A (l > > n)’

I

rne A; — OIpeAeSIHTENb, ITOJIYYa€MbIii H3 OIPpEeeIHTENS A ITYTEM 3aMeHbl i - IO

cToJq0L[a cTOJIOL[IOM CBOOOAHBIX WIIEHOB.

bl a1 2 137 a1l b]_ aq 3 a4
Te A, =| 52 922 = @2 | A, | 921 by azz ... as,
bp anz - amn a,y b, a3 ... a,,

H T.4.



Cucrembl NMIMHENHbIX YpaBHEHUN

IIpuMep. PellliTh CHCTEMY JIHHEHHBIX YPaBHEeH I

X1 —2}52 —3}53 =0
23(1 +.X2 +3.X3 =1
3.X1—.X2—2.X3 =3

Pemrtenne. Jlerko y0eOHTHCSI, YUTO OIIpedelIHITEs CHCTEMBI A = -10. ITosTtomy
cHCcTeMa HMeeT eOUHCTBeHHOe pellleHre, KOTOpOe MOKeT OBITh HaNlJgeHO IIO

dopmynam Kpamepa:

A A
R T R

A A A
T7e A; ITOIyJaeTCsI H3 OIIPEJNeIHTENI A 3aMeHOH B HeM [ - TO cTOIOna cTOIOIoM

cPOOOJHBIX WIEHOR.

0o -2 -3

Al 1 1 3 =-10
3 -1 -2
1 -3

A2= 1 3 = -20
3 -2
i -2 0

A3= 2 1 1 =10.
3 -1 3

OmnpenemuTeHl BRIUECISIOTCA, HAIIpHMep, IIO IIPAaBHILY TPEeYTrOIbHHKA {CM.
TeMy OIIpe e TeIH ).

OcTaeTcsa IIPHUBECTH PEIIIeHIE CHCTEMBL ypaBHeI—IPIfIZ

X1=ﬁ=1;X2= _A2 =2;X3=ATA3=—1.

A A



CucreMbl fIMHEUHbIX YpaBHEHUM

3. Metoa I'aycca

Meroa T'aycca — memoo nocrnedosamenvnoco UCKIIOYEHUS NEPEMEHHBIX —
3aK/TFOUAETCSd B TOM, UTO C MOMOIIbIO 3IEMEHTapHbIX NpeoOpa3oBaHUli CUCTEMA
ypaBHEHUH NPUBOJUTCI K PAaBHOCUIBLHOM CHCTeMEe CTyleHuaToro (ujim
TPEYToJbHOT0) BUAA, U3 KOTOPOW MOCIeNOBATENbHO, HaUMHAsA C mocaeaAnux (Io
HOMEpY) IIEPEMEHHBIX, HAXOAATCS BCE OCTAIbHBIE IEPEMEHHBIE.

CHCTeMbl JMHEHBIX YypaBHeHWH, rae M=K, HO u nupu M7N. TlodToMy
paccMoTpuM Oonee o0 CTyyai.



CucreMbl fIMHEUHbIX YpaBHEHUM

CucreMa m JIMHeHHBLIX YPABHEHHI ¢ 77 HEN3BEeCTHLIMH (00IIMIl c1y4Aii)

Paccvmotpum Tenieph 001U ciryyail cHCTEeMbl YPaBHSHHUI

(ay1%) + a1pxp + ...+ a1,%, = b
aniX] + annXxXo +...+ Ay pXy = bz
<

; C))

Lamlxl + Qypxs + ...+ X, = by,

JlaHHOM cHcTeMe COOTBETCTBYET MaTpHIa

\
(a1 ap ... ay by

— a a ... a b

S| 921 92 2n 2 |
\Fml  Gm2 - Gmn bm Y,

HasbBacMas PACHIMPEHHOM MATpUIlell CUCTEeMbL.
Matpuna A BnosHe omnpeacnsaeT cucTeMy (4): Mo Hel MOITHOCTBIO MOYKHO
BOCIIPOH3BECTH cHCTEMY (4) ¢ TOUHOCTBIO IO OOO3HAYCHUS HEU3BESCTHHIX.



CucreMbl fIMHEUHbIX YpaBHEHUM

[IpuBenem 0e3 10Ka3aTebCTBA KPUTEPHUA COBMECTHOCTH CHCTEM JIMHEHHBIX YPABHEHUIA.

Teopema Kponekepa-Kanenaun. Cucrema TUHEHHBIX YpaBHEHHH (4) COBMECTHA
TOrJa W TOJBKO TOrAa, KOTJAAa pPaHr MAaTpULbl CUCTEMBI PABEH paHry eé

pacIIMpeHHON MaTpulbl, T.€. ¥ (A) = r( A ).

OTOT KPUTEPHUIL TO3BOJISIET YCTAHOBUTH COBMECTHOCTH WJIM HECOBMECTHOCTE
CHUCTEMBI O€3 MPEIBAPUTEIBHOTO €€ PEILIEHHUS.

bes A0KasaTeJIIbCTBA IIPUBCACM OJHO OUYCBHUAHOC YTBCPK/JACHHC.

YTBep:KIeHNe. DleMeHTapHbIM HOpeoOpazoBaHUSAM MaTpHIbl A cucTeMbl (4)
COOTBETCTBYIOT BJIEMEHTApHbIE NpeoOpa3zoBaHWsl YPABHEHUMN YTOW CUCTEMBI:

(a) BRIYEpPKUBaHUE YPaBHEHMS ¢ HY I€BbIMH KO>(pPHUITMEHTAMMU,
(6) nmepecTaHOBKA JBYX YPAaBHEHHUN CUCTEMBI MECTaMM,
(B) YMHOKE€HHE CTPOKH Ha YUCIIO, HEPAaBHOE HY IO,

(r) npudaBiIeHUE K CTPOKE JAPYTOM CTPOKH, YMHOKE€HHOMW Ha TIPON3BOJILHOE
YHCIIO.

3 BJIGMGHTapHOfI MaTCMAaTUKKX HaM HM3BCCTHO., YTO IIpH SICMCHTAPHBIX
Hp606pa30BaHI/I$IX CHUCTCMEBI 11I0IYHACTC HOBasl CUCTCMaA, OKBUBAJICHTHAS] JTAHHOI.



CucreMbl fIMHEUHbIX YpaBHEHUM

BOJIEE ITOAPOBHO O METOAE I'AVCCA.
Meroa I'aycca pemeHus CHCTEM JIMHEHHBIX YPABHCHUI

Meroa I'aycca — 310 METO MOCIEAOBATEIIBHOTO HMCKIFOUCHHA MEPEMEHHBIX M2
ypaBHEHHII CHCTEMBI. (CMBICT METOAA 3AKIFOYACTCA B TOM, YTO C MOMOIIBEC
JJICMCHTAPHBIX  MPECOOPA30BAHMM  CHCTECMA  YPABHCHHM  MPUBOOHUTCA K
PABHOCHUJIIBHOM CHCTEME CTYNEHYATOrO BHIA, W3 KOTOPOM MOCISCOOBATEIIBHO,
HAYUHAA C MOCICAHUX IMEPEMEHHBIX, OMPEICIIAFOTCA OCTAJIBHBIC HCU3BECTHBIC,

Meton I'aycca COCTOHMT M3 mpsAMOro M o0parHoro xoxa. Ecim mpsiMbIM
X0I0M 33JaHHAsi CHCTEMA MPHBOOMTCI K CTYNMECHYATOMY BHAY, TO PELICHUE
CHCTCMBI HAXOAHUTCS 00 paTHBLIM X040M MeToaa [aycca.



CucreMbl IMHEUHbLIX YpaBHEHUMN

IIpumMep. PernimiTh cCHCcTEMY YpPpaBHEeHIIEI mMmeTog0M I'aycca

xl—x2+x3—|—5x4:O
33(.'1 +ZX2+2X3—X4:1
X1 +4X2—11XI4:O

Pemnmieaue. HMvmeem

X1
1 —1 1 5 . xo B o - 1 —1 1 s | o)
A=[3 =2 2 =1 | = 5=|1 |- A=|3 =2 2 —1 | 1
1 4 o —11 3 o 1 4 O —11 | o)
q
Jlanee, PaACIIIIP CHEILY FO MATPIILY A C ITOMOIIIBIO DIICMCHTAPHBIX

IIpeoOpa3OBaAHEIL IIPHBEAEM K CTYIISHIATOMY BELJLY :

1 —1 1 s | o) 1 —1 1 s | )
A=|3 2 2 —1 | 1(—>|O0 5 —1 —16 | 1
1 4 O —11 | o) O 5 —1 —16 | o)
1 —1 1 5 | o)
—>|Oo0 5 =1 —16 | 1 | =B
o s o) o) | —1

MaTprora B mMMMeeT cTyYIISCHYIATHIH BHJL ¥, CJASJOBATCIIBHO, PAHI PACIIIHMPESHHOR
MATPHIBI paBeH 3. 3aMeTHM, ITO M MAaTpPHIA CHCTEMBI (IO BEPTHKAJIBHOIMI “ISpPTHI)
OHOBPESMCEHHO TOXKE IIPHBSACHA K CTYIICHYIATOMY BILY, HO OHA HMMceT paHT » — 2,
T.. 7r(4) = rcA4A). TIlo mTeopeme KpoHrHekepa-Karrem cCcricTeMa HE ABJISISCTCHA

COBMCCTHOI. =
BeirmaimeM COOTBETCTBYIOIIYIO CUCTEMY VPABHCHUWM!
xl—x2+x3—|—5x4=O
5x5 —x3 —16x4 =1
Oxl —+ OJC2 -+ OJC3 -+ OX4 = —1

BuaHO., 9YTO HE CYIIICCTBYCT TAKHUX YHCJIOBBIX 3HAUCHHWHM X1, X2, X3, X4, YTOOBI
MMOCJICAHES VPABHCHHUEC BBIMTOJIHSJIOCH, @ 3HAYHUT, CUCTEMa HECOBMECTHA.



CucreMbl fIMHEUHbIX YpaBHEHUM

CTPOKA., B KOTOPOW A0 BEPTUKAJIBHOU YEPTHI CTOAT TOJABKO HYJAH, A 34

BCPTUKAIBHON YEPTOU CTOUT HEHVJICBOM 3JICMEHT., MOXHO CAEJATh

BBIBOJA O HCCOBMCCTHOCTH CHUCTCMbI ypaBHeHHﬁ.

CUCTCMBI COBIIQJIarOT, TO CTYIICHYATasA CI)OpMa MaTpHUIIbL B 3akaHdmBaeTrcs
HYJICBBIMH CTPOKAMH.

B »sroM ciydae WMCXOJIHasT CHCTEMa COBMECTHA COIVIACHO TEOPEME
Kponekepa-Kanemmm.

H&Y‘II/IMCH TCIICPb HAXOJIUTL PCHICHUA CHCTCMBI JIMHEUHBIX ypaBHeHI/Iﬁ E
CJIydac €€ COBMCCTHOCTH.




CucreMbl fIMHEUHbIX YpaBHEHUM

Ilpuyimvep. IIycTh JaHa CHCTEMA YPABHEHHH:

X1 —2X5 + X3 +x4 =1

2X1] —3Xo9 — X3 +X4q4 =2

3x] — X —x113 — x4 =0
3xX] —85xX5 +2x4 =3

Permrenuyie. BrINHMIEM PAacCIHPEHHYIO MATPHILY H [IPHBEAEM €€ K CTYNIEeHUYATOMY
Ay (IpsiMoH xoa MeTtoaa [Maycca):

1 -2 1 1 | 1 1 —2 1 1 | 1
2 -3 -1 1 | 2 o 1 -3 =1 | 0
A= —> —>
3 -1 —11 -1 | o 0 5 —14 —4 | —3
3 —5 o 2 | 3 0 1 —3 -1 | 0
1 —2 1 1 | 1
o 1 -3 —1 | 0 | _p
o o 1 1| =3
0 0 0 o | 0

ITOCKOJIBKY IIOCJIE 3JIEMEHTAPHBIX MNpeofpa3zoBaHHH pacilIHPEeHHOH MaTpPHIb]

H MAaTPHIBI CHCTEMBI OCTAJIHCH 3 CcTYOEHBKH, TO #(A) = »r(A) U cUcTEeMa
COBMECTHA.

PaBHOCHIIBHAS CT yiicH4dUaTasa CHCTCMa ypaBHeHIflﬁ HMCECT B

x1 —2xo +x3 +x4g4 =1
xop —3x3 —xgq =0
_‘>C3+_‘>C4=—3

MebI OTOPOCHIIH IIOCJIEJHEE YPABHEHHE, KOTOPOE BhINOJIHAESTCS
TOXKOECTBEHHO (IIPH BCEX 3HAUECHHAX X1, X2, X3 X4 HMeeM Ox; + Oxy; + Ox3 + Oxy =
0).



CucreMbl fIMHEUHbIX YpaBHEHUM

OOpaTHBII XOA MeToAa l'aycca HauMHAETCS ¢ TOTO, 4YTO OOBSIBISIEM
TIepeMEHHBIE X1, X3, X3 («CBSI3aHHBIE» C VIJIOBBIMHI 3JIEMEHTaMH) IJIaBHBIMU, 3
TIEPEeMEHHVIO X4 — CBOOOIHOMN.

BBIpa}KaeM HEPpEe3 3TY CBOGOI[HYI-O TICPEMCHHYIO X4 OCTAJILHLBIC TICPCMCHHBIC!
3 TICCIICAHCIO VPABHCHITA HAXOAVIM X3, d 3dTCM, TIOACTABIISIA BEIPAXKCHNC AJIA X3 BO
BTOPOC VYPABHCHNIC, IIOIIYYACM BDLIPAXKCHNC X, 4YUCPC3 X4 M, IICAHVMIANACDH CIITE
«BBIIIC», aHAJIOTTIHHO HAXOAIMIM X;.

3anmnieM ooIIee PEIICHNC CYICTCMDIL.

X1 = —4X4 — 14
.‘X.'2 = —2.7C4 — 9
.X3 :—.X4 —3

WIN
x =(-4dxy— 14, - 2x4— 9; - x4 -3 X4).

HaBaH HCpCMCHHOﬁ X4 KOHKPCTHLBIC HIICJIOBLIC 3HAYCHITA 11 BBIYVICIDIA Xy, X2,
X3, MbI 6y,I[CM TIOJIYYATh BCC HOBBIC M1 HOBLIC PCIIICHITA CHYICTCMDI.

Hanpumep, ecninxy =0, TO0 x1= -14, x; = -9, x3 = -3 nBexTop x = (-14, -9, -
3, 0) 6yIeT YacTHBIM PellieHUEM CHICTEMBI YPaBHEHNNA,

T.0. cucTemMa coBMecCTHA U HeoMpeaeseHa (T.€. TMeeT MHOXKECTBO
penIeHmii).



Cucrembl NMIMHENHbIX YpaBHEHUN

Ocodbo OTMETHIIVM CHTYaAIHEO, Kormga CH CT enva YPraBH eHH A HmMeeT
CeNHMHCTBEeHHOe ellTIeHHe.

111l DTo BOSMOJKHO TOorga, Korga YIJTIOBBIX 3JIEMeHTOB B CcTyIIeHdaTolEd dopm™Mme
pPacIHpeHHOH MaTpHIBI PpOBHO CTOJIBKO, CKOJIBKO IITep eMeHHBIX B 3aJade.

ITprivep. PacCcCMOTPHM CHCTeMY JIHHeHHBIX Yp aBHeHHH
3x1 + 2x5 + xg = 5
xp + xo — xg = 0
4xy — x5 + S5xg = 3

FPenrermmie. B ocriornbssyemcd MeTogomM I aycca. JIJIia 3TOro BeEINIHMILIIEeM PpacClLIHp eHHYEO
MAaTPHLY CHCTeMbI YpaBHEeHHH M rIpHBeJeM K CTYTIIeHYaTOMYy BHOY !

3 2 1 | s 1 1 -1 | o
1 1 —1 | of|l—L 53 =2 1| s|—=2
4 —1 5 | 3 4 —1 5 | 3

101 —1 o 101 =1 o

o —1 4 | 5| —2 5o _—1 4 | 5

o —5 2 | 3 o o —11 | — 22

(1D - TepecTaBHIIHE MecTanMmE I M IT CTP OKII,

(2D -k IT 1 ITT cTpOoKaM INIPpHOoaBHITH 1-FO CTPOKY, YMHOKEHHVYIO COOTBEeTCTBEHHO Ha

30 m 4D
(3D - kx ITT crpoke nIpHSaBHIm I1-FO CTPOKY, YMHOXKEHHYIO Ha (-5D.

ITTocrmmegH el MaTpHIlIe COOTBeTCTBY eT MaTpHIila

x1 -+ x — x3 = O
— x2 + x5 = 5
—11lx3 = —22

CrHcTenMma INIpHPeeHrHa K TP EeYTOJIEHOMY BHFOY, OHAa FMMMeeT eqQHMHCTBeHHOe
PemIreHre!

Xz = 2, x2 =494xz — 5 =4 . 2 —5 =3, x1 == Xz—X2 =2 —3 =- 1.

PellleHHMEeM CHCTEeMbI aBJIideTcsa BeKTOop o« = (-1; 3, 2D, cHMcTeMa COBMEeCTHAsN B
OrIp eeJICHEIa s



CucreMbl fIMHEUHbIX YpaBHEHUM

"1 Meton ['aycca mo CpaBHEHMIO C JAPYTHMHM METOJAMH HUMECT
CIEAYIOMMNE JOCTOUHCTBA:

¢ 3HAUUTEJILHO MEHEE TPYAOEMKHUIA,

® TI03BOJIIET OJIHO3HAYHO YCTAHOBHTH, COBMECTHA CHCTEMA
WIM HET, a B CJIy4Ya€ COBMECTHOCTH HAWTU €€ PEIICHUSA
(€ AMHCTBEHHOE WJIM OECKOHEUHOE MHOXKECTBO);

® acT BO3MOKHOCTb HAUTHU MAKCHMAJBLHOE YUCJIO JIMHECHHO
HE3aBUCUMBIX YPABHECHUI — PAHT MaTPHUILbI CUCTEMBI.



CucremMbl NIMHENHbIX YpaBHEHUN

.2 3. HOEXONCOHCHHEC OOFHCHEIX PCIICHIITL CHCINCNEL YV INEGHE HILTE

1. Cucrenma ($.1) COBMECTHA TOrAA M TOJIBKO TOrAa, KOraa PaHIr marpuxa-
LbI CHCTEMBI A4 paBeH PAaHIy PaCIIHPEeHHON MaTpuisr (4 |B) (meopema Kpo-
Herxepa—I~Karienn). o

2. Ilycrw r (A) = r, r < r2; » NMePEeMCHHBIX X1, X2,..., X, HASKEIBARKOTCH OC~

- HOSHBIMU (BA3UCHBIMW), €CITH OTIPENCIIHTCIE MATPHILI H3 xo3dbHuHeETOB

Mipy HUX (T.€. 6asucnsii Munop) OTIIHHEH Or Hy . OCTajibHbIE 72 — » nepe-
MEHHBIX HASBIBAYOTCH HEOCHOSHBIMU (M C60600H1bIAMIL).
Pemienue cucremsr (&1), 8B koTtopom Bce 7 — » HEOCHOBHEBEIX INE€pEeMeEeH-
HBIX PaBHEI HYJIFO, HAILIBASTCT 6QAZUCHBIM.
CosmMmecTHAas cucrema (F1) umeer:
7 =71, H OCCKOREYHOE MHOICECNEO PEICHUHR, eCiIH r < n;

peineHHuH Koreuno ¥ He rperocxonut C .

eOUHCIMEEHHOE PEUIeHMe, eC)iv
HHCIIO0 Ga3zHCHBIX

: @ WS, Meronom Faycca peliiuTs cHeTemy:
X +2x, = 3x3 —2x, =1,
—2x; —3x, + x3 +3x,; =3,
5x; +9x, —10x, —9x, = 0.
P e uwr e v i e Ilpeco6Gpazyem PACIUMPCHHY IO MaATPHILY CUCTSMBEI:

1 ¥ - =8 —2 1 P 2 —3 ~FP" %
-2 =3 1 3|3f~|o RS, e | 5|~
5 9 —10 —9|o0 0 -1 5 1| -5
Fl 2 =3 =24
sl T -8 ST1E L
o o o oo

CnenorarenbHO, DAHI MATPWILI CHCTEMBI 7 A4)=2.
OnpenennTens NpH MCPEMEHHBIX X1, X2 (Ga3HCHBIF MHHOP) OTJIMYCH OT

2 5
# O, 3TH NIEpEeMCHIbIE GepeM 3a oCHORHEBIE. OCTaIBHBIE, HEOC-

0o 1
HOBIDLIC NEePCMCHHBIC X3, X3 (€ HX KO3 PHILIHEH raMI) ITCPSHOCHM B IIPpaBbLIS

HACTH YPABHCSHMIT:

HYJs:

X5 =5x3 + x4 -+5,

{x‘ + 2x, =3x3 +2x, + 1,

OTKYyHa xy = —2x3 + 3x3 + 2x4 + 1 = —2-(5x3 + x4 + 5) + 3x3 + 2x4 +
~—10x3 — 2x4 — 10 + 3x3 +2x3 + | = —7x3 — 9.
SamaBsast HEOCHOBHBIM IICPEMEHHLIM (POH3BOJIBHLIC B3HAYEH S
= Cy> Xq = Cp, HAHAEM GECKOHEHHOE MHOMKECTBO PCIUEHMH CHCTEMEI:
1 = ~7¢ci1 — 9, x2 =5¢, + c3+ 5, x3=cy, x4 = c2).P>

% W



Cucrembl NMIMHENHbIX YpaBHEHUN

@ Haﬁ'm BCe Ga3MCHBIE PELUICHHA CHCTEMDbI, IPHBEACHHON B MPUMC-
pe 48, ()

PeuweHue Tak Kak paHr MaTpHilbi CHCTCMb r(d) = 2 (cym. npumep

k- 4 “} ‘IO OJIHO M3 yPaBHEHHIt CHCTEMBI, HAMPUMED, TPETbE, MOKHO OTOPOCHTH;.

TOrAA BO3MOXKHBI CEYOIIME TPYIIIEI OCHOBHBIX NEPEMEHHBIX!
X1y X2, X1.X3, X, x4, X3z, X35 X2, X4, X3, X4.
Kax BuaHO U3 npumepa ﬂS NepEMEHHBIE Xg, X2 MOTYT ObITH OCHOB-
geiMH (OasucHbiMu). llpupaBHuBas HCOCHOBHBIC (ceoﬁomrbre) HepeMeH-
X +2xy =
R 2xl s 3x2 = 3 ’
= §, T.e. nepeoe GasucHoe pewenue (-9; 3; 0; 0).

303pMEM B KAaYECTBEC OCHOBHBIX 1ICPEML:IILIC X, X310 -0a3uCHBIN Mmmp

P
2 -3
l # 0. TTosaras HEOCHOBHBIE 1IEPEMEHHBIC Xz, X4 PABHBIMH HYJIO, |

HBIE HYJIO, T.€. X3 = X3 = 0, NOIY4uM { OTKY/M@a x| = 9, X2

T.6. X2 = x4 = 0, IOMy4uM x, = —2, x3 = —1, T.e. BTOpoe GasucHOE peLUeHHE
(=2; 0; —1; 0).
Paccyxzas aHAJIOrMUHO, HAl/[eM ellle TPH Oa3HCHbIX PEIICHHA:
9 10
— 9 0; 0; -5), (0; —J—;)- —-—9— ; 0), (0; 0; —-7- — ). [TepementsIe X7, x4

D e
=0.
s

R

2 i >
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He MOryT ObITh OCHOBHBIMH, TaK Kak coo'rse'rcmytomuﬁ Ga3suCHBIM MAHOD



CucreMbl fIMHEUHbIX YpaBHEHUM

2.2. 2. Crcresttl I eTiHEIN OO OPDOOHEIX VINIGILCHILTL

Dyrioarte FLASE CIECTILENUL PP ETLCTLILTE

Onpedcenerqite: CHCTeMA 772 JIHHEHHBIX YVPaBHEeHHH C 77 HNepeMeHHBIMH HAa3bIBaAeTCH
CUCIIIEMOLL JTIUHEIIHBIX OOHOPOOHBIX VPAGHEHILIL,

CCIJIH BCC HX CBOGOI[HI:IE HIJIICHDBI]
PaB HBI HYJIEO. Takasa CHcTeMa HMeeT B HI:

Fal 1-X1 -+ ap2x-> s PR A pXn = 0,
@r1Xp F adryxr X2 +...Frar,x,, = O,

mA s Eamt ri ARt Al EANRRASA R E R E P ERANGEYSrSARE SO ANRNRrTwESw

| @i Xy F By X + oo By X, = 0.

CucremMa NTHMHeHHBIX ONHOPORXHBIX YPpAaBHEeHMIE BCcerna co-
BMECOTHA, TAK KakK OHAa BCEra MMECT, 110 KpalMHhelr Mmepe, HyJsie-
Boe (MK TPpHUBHAIbhoe) pemciime (0; O; (.5 O).

CLECINC AL AUHEUHDIX OCOROPOORDIX YPACGHEIHULL LMEECTTL
HeMYIesbe PEeWenRus: mozda U MOALKO mozia, KozOa pars ee

MAMPULLL KOIDDUIUEHTIIO8 71PU NEePEMENTIGIX MEHUBIUE HUCIIL TIe~
pemennoix, e, npit (AY < rn.

Onpeaenemne. CucreMa JTMHENHO HE3ABHCHMEBIX pPeIle-

HUM €].€3, ..., €; HazbiBaercsa yrHidaMenmairbLHotd, ecnu

KasKa0e pereHHle CUMCTEMEBL ARJISCTCS JJHMHCEHHON KoM OHHALIIMEH
PEeIUCIiHMi €), €2, ..., €.

Teopema. Ecau panz r mampuiyp: KXosagdruiguermoe npu
REPEIMEHNDIX CUCTNEMEIL TUREUNBIX OOHOPOOHGIX YPACHEHILLE
MEHBULE WUCHL NNEPEMEHIBLX 12, 110 B8CAKAS (PUYIHLOAMEHINATBHASL CUC -
IMEME PEULETLLLLE CUCTIEM YL COCITIROUIIT L3 77 — 7 PELULCTLILLL.

IlooTOMY O6uee peruetite CHCTEMBIL

JAHMHEeMHBIX OIHO-
POAHBIX VPABHEHHUH nMeeT Bura
cij€; +Cao€r + ...+ Creg.

TAE €1,€3, ...,€ — i0OHast bymaMCHTAJIBHAN CHOTEeMA pPelille-
HHM; C};,Co, ...,C — TPOHM3IBOJJIBHbBIE "IHCJIA; R=n—r.



CucreMbl fIMHEUHbIX YpaBHEHUM

JIA HaXOX/eHUs (YHIAMEHTaIbHOH CHCTEMBI pelleHuit
CHCTEeMbI YPaBHEHHH ee r OCHOBHBIX (0a3uCHEIX) mepe-
MEHHBIX (C OT/HYHBIM OT HYJIs Ga3MCHBIM MHHOPOM) BhIpaXxa-
10T 4epe3 HEOCHOBHbIE (CBODOIHbBIE) MEpEMEHHBIE, 3aTeM IM0-
0YEPENHO 3AMEHAOT 71 — 7 HEOCHOBHBIX NIEPEMEHHBIX 3/IEMEHTAMH
KQKIOH CTPOKM HEBHIPOXKAEHHOH KBAIPATHOH MATPHIbI 110-

PsilIKa n — 1, HaNpUMep, eIWHUYHOA E, .
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