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E/'lb U 3a4d41 3dHATUA

\/ VAR = ATA w 1V

, AN, [
«080400 — YripaB/ieHne NepcoHaZioM» (RBaAindOUKaLL
«baKazaBp») Mo uMKAy B2 — MmaTeMaTU4eCcKunii U eCTECTBEHHO-
Hay4HbIN LIMK/I, B YAaCTHOCTU, KomneTeHumnn OK-16: 81a0eHue
MemoodMu KO/IUYeCmaB8eHHO020 dHA/AU3d U MOOe/upoB8dHUS,
meopemu4yecko20 U 3IKCNePUMEHMA/1bHO20 UCC1e008aHUS, U AP.

3a4a4un 3aHATUA: [103HAKOMUTBLCA C NPOPECCUOHA/NIbHO
BaYKHbIMW MOHATUAMM IMHENHOM anredpsbl (MaTpULb,
onpeaennTen, CUCTeMbl /IMHENHDBIX YPAaBHEHUM U MeTOAbl UX
peLleHnaA 1 A4p.); NPOUANKOCTPUPOBATL MPUMEHEHME
M3Yy4YeHHOr0 MaTepUa/Zia Ha KOHKPETHbIX NMpUMepax.




§1. OCHOBHbIE MOHATUA

( ai11X1 -+ A12X2 + -4 A1nXn = blr
A1X1 + AppXp + -+ + AypXxy = by,

r4e YMcaa d; HasblBalOTCA Ko3dduUMeHTamu cucTembl
YPaBHEHUU, 41MC/1a b, HA3bIBaOTCA CBOOOAHBIMU YAeHamMuU
(i=1,2 ..., m;j=1 2 ..., n). Mognexat HAXOXAEHUIO
HEN3BECTHble NEPEMEHHbIE X,.

3aMeyaHMue: YUC10 ypaBHEHNM MOXKET BbITb KakK
MeHbLLe, TaK 1 60/blle YMc/1a HEM3BECTHbIX.



§1. OCHOBHble NOHATUA (MPOAO/MKEHNe)

rae A = (a;) - maTpuua Ko3hpPULMEHTOB CUCTEN
OCHOBHOWM MaTpULLeN CUCTEMDbI:
a1 Qan
A = : P,
Am1 *° OAmn
BEKTOP-CTO/I6€eL, nepeMeHHbIX (HEM3BECTHbIX) X; M BeKTOp-cTo/16el,
CcBOOOAHbBIX Y1€HOB b; €CTb, COOTBETCTBEHHO,

x=("2 |  B=|b
Xn b

3amedaHue: [lpousBegeHne A-X onpegeneHo, T.K. B
maTpuue A cTo/16L0B CTO/IbKO e (n), CKO/IbKO CTPOK B MaTpuLie X.



§1. OCHOBHble NOHATUA (NPOAO/MKEHUE)

ai1 adqo e A1n
1 | @2 Q2 - d2n b,
A_ [N ] [N ] nen e

Am1 Amz2 = Amn by

Df: PelueHnem CMCTEMbl Ha3bIBAKOTCA N 3HAYEHUI
HEeU3BECTHbIX X, = C,, X, = Cy, ..., X, = C,,, MPU MOACTAHOBKE
KOTOPbIX BCE YPABHEHUA cUCTeMbl OOpaLLLatOTCA B BEPHbIE

paBeHCTBA. PellleHne CcMCTeMbl MOMKHO 3amnuncaTh B BUje
€1
C
mMaTpuLbl-cTonbua: C=| 2
Cn



§1. OCHOBHble NOHATUA (NPOAO/MKEHUE)

HW OAHOTrO peLLeHuA.

Df: CoBmMeCTHaA cucTemMa Ha3blBaeTCA onpeae A, €C/IM OHA
MMeeT e4UHCTBEHHOE peLleHne, 1 Heonpeae/neHHOU, €C/I1M OHa
nmeet 60/1€e 04HOro peleHnsa. B nociegHem cayyae Kaxgoe ee
peLleHme Ha3blBaeTCA YaCTHbIM pewieHunem cuctembl. COBOKYMHOCTb
BCEX YaCTHbIX peLleHUI Ha3biBaeTCA obwmum pelueHmem.

Df: PelunTb cucTemMy a/sirebpanyeckmx ypaBHEHUM — 3TO 3HAUYUT
BbIACHUTb, COBMECTHA OHa WU/1IM1 HECOBMECTHa, U, eC/IM CUCTEMA
COBMeCTHa, HanTu ee obLlee pelleHune.

Df: 1Be cuCTeMbl Ha3bIBAaOTCA 3KBUBA/IEHTHBIMMU
(paBHOCW/IbHbIMM), €C/IM OHU UMEIOT OA4HO U TO *Ke obLyee peLleHue,
T.€. BCAKOE pelleHne 04HOM CUCTeMbl AB/IARTCA, B TO XKe BpeMms,
peleHmem Apyrom, 1 Ha0bopoT.



§1. OCHOBHble NOHATUA (MPOAO/MKEHNe)

4YTO Npeobpa3oBaHMA BbINOMHAKTCA /
MaTpuLbl.

Df: Cuctema ypaBHeHUIM Ha3blBaeTCA OAHOPOAHOM, eC/u
BCe ee CBOOOAHbIE Y4/IeHbl PaBHbI HY/IHO:
(A11X1 + 12X + -+ aypxy, =0,
Ap1X1 + AppXy + -+ Appxy = 0,

A

OAHOpOAHaA CUCTEMA BcCeraa COBMECTHA, TaK KaK Hy/eBoe

peEWEHnE X, = X, = ... =X, = 0 BCe€rga AB/IAE€TCA €€ peLEeHUEM.
HyneBoe peweHne CMCTEMbI TAKXKE HAa3biIBAOT TPUBUA/IbHbIM.



§2. PelueHune cuctem IMHEUHbIX ypaBHeHUU. Teopema
KpoHeKepa - Kaneaiu

reopanyecKkmnx ypaBHE / Hey
( a11X1 + A12X9 + o4 A1nXn
aAr1X1 + Ar92X~ + -4+ AoynXn = bz,

A

McyepnbiBalOWMK OTBET Ha BOMPOC O COBMECTHOCTU 3TOWU
CUCTEeMbI gaeT meopema KpoHekepa — Kanesnu.

Teopem a1 (KpoHekepa - Kanenam). Cuctema
/IMHEMHbIX anrebpanyecKknx ypaBHEHMW COBMECTHa Torga w
TO/ILKO TOraa, Korga paHr r(A) paclMpeHHOM MaTpuLbl
CMCTeMbl paBeH paHry r(A) OCHOBHOM MaTpuLbl.

[pumem 3Ty © pABe cCaegylOWMX Teopembl b6e3
AOKa3aTe/IbCTBa.




§2. PeLueHue cuctem IMHeHbIX ypaBHeHuid. Teopema
KpoHekepa — Kanesaau (npogo/keHue)

v v \
COBMECTHOU CUCTEMbI IMHEUHDBIX YPaBl

C/IeAYOLMX TEOPEM.

Teopema?2.Ecmpanr r(A) matpuubl A COBMECTHOM
CUCTEMbI /IMHENHbIX YPaBHEHUM PaBEH YNC/Y HEUM3BECTHbIX N, T.
e.r(A) = n, To cMuCTeMa MMeeT e4MHCTBEHHOE peLleHMeE.

Teopemas3.Ecm paHr r(A) COBMECTHOM CUCTEMD
MeEHbLLIE YNCA1a HEU3BECTHBIX N, T.e. r(A) < n, TO cucTemMa nmeet
6ecymcieHHOe MHOXKeCTBe peLLeHUM.

M p aBuAO pelweHns Npon3Bo/IbHOMU CUCTEMbI ZIMHEUHbIX
ypaBHEHMUM.

1. HaiiTu paHru ocHoBHoM r(A) 1 paclumnpenHol r(A) matpuu
cnctembl. Ecm r(A) # r(A), To cuctema HeCoBMeCTHa.



§2. PelueHune cuctem IMHEUHbIX ypaBHeHUU. Teopema
KpoHekepa - Kaneaau (npoao/keHue)

yPaBHEHMiH CUCTeMbl U3 KO3DOULUEHTOB KOTO|
6a3MCHbIM MUMHOP, OTOPOCKUB OCTa/IbHblEe M — T ypaBHeHMf/’l.

HeusBecTHble, KO3PPULUUEHTbI MPU KOTOPbIX BXOAAT B
6a3uCHbIM MUHOP, HA3bIBAKOTCA 2/1dB8HLIMU; UX OCTABAAIOT
C/1eBa, @ OCTa/IbHble N — I HEU3BECTHbIX HA3bIBAOT CBOOOOHLIMU
M MNepeHOCAT B NpaBble YacTU YPaBHEHUMN.

3. HalTu Bblpa*keHuA A4 rnaBHbIX HEM3BECTHbIX Yepes
cBOobOAHbIE.

4. Npuagasaa cB060AHbIM HEM3BECTHLIM NMPOU3BO/IbHbIE
AENCTBUTE/IbHbIE 3HAYeHUs, NO/Yy4MM BCe COOTBETCTBYHOLWME
3HAYeHUA r1aBHbIX HEM3BECTHbIX. TakMM 06pa3om MOXKHO
HaWTW BCE YaCTHble peLleHnA NCXOAHOM CUCTEMbl YPaBHEHUN.



§2. PelneHne cuctem MHeHbIX ypaBHeHUU. Teopema
KpoHekepa - Kaneaau (npoao/keHue)

3x + 3y = —2.

PeweHne: Ykaxkem  Heobxogumble  mapameTpbl
cuctembl. OCHOBHasA MaTpuua W paclUMpeHHada MaTpuua
CUCTEMbI €CTb, COOTBETCTBEHHO:

Az(?i é)’ A:(é ; —12)

PaHr ocHoBHOM MaTpuubl paBeH (CPC) r(A) = 1, Toraa Kak paHr
pacwmperHoin matpuubl r(A) = 2 (CPO). T.o., r(A) = r(A)
cMCTeMa HeCOBMeCTHa.




§2. PelueHune cuctem IMHEUHbIX ypaBHeHUU. Teopema
KpoHeKkepa - Kanesaau (npoaoakeHue)

<x1—2x2+x3—X4=—1,‘
(X1 — 2Xx3 + x3+ 3x4 = 3.

PeweHne: Ykaxem  Heobxogumble  napameTpbl
cuctembl. OCHOBHaA mMmaTpuua M paclUMpeHHaa MaTpuua
CUCTEMbl €CTb, COOTBETCTBEHHO:

1 -2 1 1 1 -2 1 1 1
A= (1 -2 1 —1); A= (1 -2 1 -1 —1).
1 -2 1 3 1 -2 1 3 3
PaHr ocHoBHOM MaTpuubl paBeH (CPC) r(A) = 2, KaK U paHr

paciumpenHoit MmaTtpuubl r(A) (CPQ). T.o., r(A) = r(A) u cuctema
COBMeCTHa.




§2. PelueHune cuctem IMHEUHbIX ypaBHeHUU. Teopema
KpoHeKkepa - Kanesaau (npoaoakeHue)

PacCMOTPEHUU A4Ba U3 HUX,
{x1—2x2+x3+x4= )
X1— 2Xy + x3 — x4 = —1.

B KayecTBe r/1aBHbIX HEU3BECTHbIX BbIOEPEM X, U X, T.K.
ornpepeInTe/ib, COCTaB/1I€HHbIV U3 KO3IDDULMEHTOB MPU HUX,

1 1
T.e. A, = |1 _1| =—2 # 0. [lepeHecAa cBO6OAHbIE NepeMeHHble
B MPaBYO 4aCTb, UMEEM:
X3+x4,=1—x1+ 2x,,
{xg — X4 =—1—x1 + 2x,.
CK/1a4bIBasA M BbIMUTAA NOY/IEHHO YPAaBHEHUA CUCTEMDI,
nosyuum obuyee pelenue: X, = —X, + 2X, U X, = 1, rae x,, X, € R.
[0210XKB, Hanpumep, X, = 0, X, = 0, MO/IY4YUM YACTHOE peLueHne
CUCTEMbI: X, = X, = X3 = 0, X, = 1.



§3. PeLueHne HeBbIPOXKAEHHbIX IMHEUHbIX CUCTEM.
dopmyabl Kpamepa

(A11X1 + Q12X
Ap1X1 + Qg% + -+ + AynXy = by,

\Ap1X1 + ApXy + -+ apnXxn = by.
B maTtpuyHou popme 3Ta cuctema ypaBHeHUn umeet Bug: A-X = B,
rAe OCHOBHaA matpuua A = A,,, CUCTeMbl AB/AETCA KBaApaTHOM
MaTpuLeun n-ro nopaaka.
Df: Onpegenvtenb 3TOM MaTpULbl
ai1 - QAqn
A =

anl oy ann
Ha3bIBa€TCA onpeae/imrTe/ZiemM CUCTEMbDI. Ecau onpeagennTe/ib OT/IMMEH

OT HY/IA, TO CUCTEMA YPaBHEHUI Ha3bIBAeTCA HEBbIPOXKAEHHOM.



§3. PeleHne HeBbIPOXKAEHHDbIX IMHEMHBIX CUCTEM.
d®opmysbl Kpamepa (npogoakeHune)

\

PaClLMPEHHON MaTpuLbl, T.€. Takad /nF
eANHCTBEHHOE peLleHue.

ANA HAXOXAEHUA peLleHUA CUCTEeMbI /IMHEUHbIX YPaBHEHUN
n-ro nopAagka c HEBprO)K,CI,EHHOI/I MaTpuuen A = A MOXKeT
ObITb MPMMEHEH MAaTPUYHbIN MeTog (cnocob).

TexHMKa MpUMEHEeHUA MATPUYHOro MeToda ANA peLleHuA
CUCTEMbI YPAaBHEHMW O4EBUAHA U3 BbIK/AA0K:

A X=B;
A—1.A.X=A—1.B,
HO AT-A-X = (A7A) X = E-X = X, OTKyaa maTpuua-cto/beLl,
PELLUEeHUM BbIparkaeTca MaTPMIHbIM 06Pa30oM KaK
X=A"B.




§3. ... Popmy/bl Kpamepa (npoaoskeHue)

PewweHue: Boiumcamm onpegenmtens cuctemst (CPO):

1 1 1
A=|1 2 3|=1#0.
1 3 6

Bblumncanm obpaTtHyto matpuyy cuctembl (CPC):

3 -3 1
A'={-3 5 =2
1 -2 1

Bolancamm matpuuy-ctonbey pewenn no ¢opmyne X = A™"-B:

£ 5 2))-()

Kak nokasbiBaeT nposepka (CPC), pelieHune HallgeHo BEPHO.



§3. ... Popmysibl Kpamepa (npoaoakeHue)

YTBepXaeHue: PelueHne cuctemMbl IMHENHBIX
anrebpanyecknx ypaBHEHUM C HEBbLIPOXAEHHOM MaTpuULen N-ro
nopAAKa MOXeT ObITb Nosy4eHo no popmysam Kpamepa:

A .
Xf:Kl (i=1,2,...,n),

raoe A+ 0 —onpegenute/lb CUCTEMbI, a A, — onpegeintesb
CUCTEMbI, B KOTOPOM i-bI1 CTONDEL, 3aMeHeH CToA0L0oM
cBODOOAHBIX Y4/1eHOB. Hanpumep, ana i = 1 umeem

by aiz ... Qin

A =|b2 Q22 ... Qon




.. Dopmysbl Kpamepa (npogonkeHue)

-

A11b1 + A21b2 + + Anlbn
A12b1 + Azzbz + + Anzbn

Alnbl + AanZ + + Annbn

l>jv—\

Takum obpaszom,
(Ab,+A, b, +... +A,b,),

(A,b,+A,b, +... +A,.b,),

l>|b—‘l>|r—t

(A,,b,+A,.b,+... +A,.b).

l>|r-f



§3. ... Popmysbl Kpamepa (npogo/mxkeHue)

b, Qn2 - Qnn
Mo 3/1eMeHTaM NepBoro ctoabua. Onpegenutesnb A, NO/Ny4eH U3
onpegenntTena cMCTemMbl A nyTem 3ameHbl NepBoro cto/16ua
KO3 dULMEHTOB CTO/16L,0M M3 CBOOOAHBIX 4/1€HOB. MNTaK,

AHa/ZIOrMYHO: X, = A—Z rae A, no/syyeH us onpegennTena cUcTemMmol A
NyTeM 3aMeHbl BToporo cT0N6Ua Koacl)cl)mu,meHTOB cTtonbuyom u3
CBOOO/HBIX Y/1EHOB, U T.A.; HAKOHELL, X, = on 4.T.A.

A,



§3. ... Popmyabl Kpamepa (npogoaxkeHue)

x+3y+6z=-1

PeweHue: Borancimm onpegenutens cuctemsl (CPC):

1 1 1
A=11 2 3|=1+#0.
1 3 6
Mpumenum popmysbl Kpamepa (CPC):
. 3 1 1 , . 1
X:Z- 2 2 3 :1:2; y:Z 1
-1 3 6 1
. 1 1 3 _2
Z=Z° 1 2 2 =T=_2'
1 3 -1

3 1 ;
2 3[=7=3;
-1 6

3agaya pelueHa.



§4. PelneHne cuctem AMHENHbIX ypaBHeHMM meToaom lMaycca

\

OKa3blBaeTCA He CIMIIKOM 3P DERTUBHBIM,
npo6/1emMomn BbluUCIeHUA onpejeTenen, YTo TPYAHC
peanunsyeTca NnporpammHbiM ob6pasom.

OaHUM 13 Hanbos1iee yHUBEpPCa/IbHbIX U 3PPEKTUBHbBIX
MeTOAOB peLleHUN CUCTEM /IMHENHBIX aarebpandeckux
ypaBHeHUN ABNAETCA meToa Maycca, COCTOALLMA B
noc/sea0BaTe/IbHOM UCK/IFOYEHUN HEU3BECTHbIX.

HYCTb AdHa NPOU3BO/IbHAA CUCTEMaA M JINHEMHbIX
a/]r66paMLIECKMX ypaBHeHVIl;’i Ch Hen3BeCTHbiIMU.
( ai1X1 +- A12X> + -+ A1nXn = bl!
aAr1X1 -+ aAr2X9 + -+ AoxnXn = bz,

A

\Am1X1 + Ao Xy + -+ A Xy, = by



eLleHne CUCTEM /INHEUHBbIX YPAaBHEHUU METOAO0M
aycca
(npogonxkeHne)

(allxl -+ A12X2 + - 4 A1k Xk + -4 A1nXn = bl!
aAr2X~» + -+ Aok X + -4 AonXn = bz,

y

\ Ak Xk + e ApnXn = bk:
raek<n,a.#0,i=1,2,..., k. KoapduumeHTbl a; Ha3bIBatOTCA
2/108HLIMU 3/1IEMEHTAMU CUCTEMBI.

Ha emopom 3tane (06pamHoili X00) naet
noc/seaoBaTe/IbHOE Onpeae/ieHne HeM3BECTHbIX U3 3TOM
CTyrneH4aTOu CUCTEMDI.

Onuwem meTtog Naycca nogpobHee.



§4. ... meToA MNaycca (npoao/keHue)

[lpeobpasyem NCXOAHYH CUCTEMY, UCK/THOUYUB
HEeM3BeCTHOE X, BO BCEX YPaBHEHUAX, KpOMeE NepBoro,
MCMNO/Ib3YA 3/IeMeHTapHble Npeobpa3oBaHMA CUCTEMDI.

ANA 3TOro YMHOXMM 06€ YacTU NepBOro ypaBHEHMA HA

a
—Eﬁ M C/I03KMM MOY/IEHHO CO BTOPbIM YPaBHEHUEM CUCTEMBI.
11

a
3aTem yMHOXu1M 06e 4acTu NepBOro ypaBHEHUA Ha —a—?’l "
11

C/IOKUM C TPETbUM YpaBHEHUEM cucTeMbl. [pogoaKana 3ToT
npouecc, No/Iy4MmM 3KBUBA/ZIEHTHYHO CUCTEMY, COAEP KALLLYHO
HEM3BECTHOE X, TO/IbKO B NEPBOM YPaBHEHUU CUCTEMbI:



§4. ... meTOg Maycca (npogoakeHune)

/
am2x2+°..+amn m-

3pecvad’y, b’ (i, j=2,3, ..., m) — HOBble 3HA4EHUA KO3} - TOB
NpaBblX YacTel, KOTOpble NO/Y4aOTCA NOC/1e NepBoro wara.

AHanorn4HbIM 06pasom, CHUTasA rMaBHbLIM 3/1IEMEHTOM
a',,# 0, UCK/IF0YMB HEU3BECTHOE X, U3 B BCEX YPaBHEHUN, KpOME
NepBOro u BTOpPOro, u Tak gasee. [lpogoaxaem 3TOT npoLecc,
MOKa BO3MOXHO.

Ec/m B npouecc npuBegeHua CUMCTeMbl K CTYNEHYaTOMY
BMAY NOABATCA Hy/1I€Bble YPaBHEHUA, T.e. paBEeHCTBa BMAa 0 = 0,
TO UX OTOpacbIBatOT. EC/M e NoABATCA ypaBHeHUA BUAa O = b,
rae b, # 0, TO 3TO CBMAETe/IbCTBYET O HECOBMECTHOCTH
CUCTEMDI.




§4. ... meTOg Maycca (npogoakeHune)

CTyneH4aTas cMctema umeet, BoobLe roBops,
6ecunc1eHHOe MHOXKEeCTBO pelleHuii. B nocieaHem ypaBHeHUU
3TOM CUCTEMbI BbIPA’KaeM NepBoe HeM3BECTHOE X, Yepes3
OCTaBLUMECA HEU3BECTHbIE (X, , X, _, ..., X ). 3aTem
NoACTaB/IAEM 3Ha4eHue X, B Npeanoc/eaHee ypaBHeHme
CUCTEMbI M BbIPAXKAEM X, _ 4epe3 (X, , X, , ..., X ); 3aTem
HAXOAMUM X,y X,y veey X,. I'Ipm,a,aBaﬂ cBO6OAHbIM HEU3BECTHbIM
(Xpos Xy woes X ) I'IpOVIBBO/]bele 3Ha4YeHus, MNo/ly4UM
66C‘-IMC/1€HHO€ MHOECTBO YaCTHbIX PeLIeHMI CUCTEMBI.



§4. ... meToA MNaycca (npoao/keHue)

eAMHCTBEHHOE pelleHue. N3 nocaegHe DABHEHUS -
X _, U3 NpeAnoc/1eAHero ypaBHeHVA X, Aa/Iee, n?,a,valaHCb no

CUMCTeme, Hanaem BCe OCTa/IbHble HEU3BECTHbIE X, X vy X

n-3’°
3amMeyaHue?2 Hanpaktnke ygobHee paboTtaTb je C

MCXOAHOM CUCTEMOM ZIMHEMHbIX a/irebpanyeCcKnx ypaBHEHMN, A

C ee paclWMpeHHOW MaTpULLeH, BbINMO/IHAA BCE 3/1eMEeHTapHble

npeobpa3oBaHMA Hag ee CTpOKamu. Y4006HO, 4TOObI

KO3 PuLmeHT a_ Obis paBeH eanHuue. 118 TOro, YTOObI

A06UTBCA 3TOr0, MOXXHO /IMOO YPaBHEHUA MOMEHATb MeCTaMu,

/b0 pasgennTb 0be HacTu ypaBHeHUA Ha d_ # 1.




§4. ... meToA MNaycca (npoao/keHue)

x+3y+6z=-1.

PelieHue: [lpousBegem 3/1eMeHTapHbIe
npeobpa3oBaHMA Hag CTPOYKAMU PaCLUMPEHHOW MaTpuLbl
CUCTEMBbI:

1 1 1 3 1 1 1 3 1 1 1 3
1 2 3 2 )~ 0 1 2 —1)~ 0 1 2 —1)~
1 3 6 -1 1 3 6 -1 0 2 5 —4

1 1 1 3
012 1)
0 0 1 -2




§4. ... meToA MNaycca (npoao/keHue)

Ocyw,ecTB/1Aaa 0OpaTHbIM rayCcCoB XOA4, MO/y4MUM peLleHue X = 2;
y=3z2=-2



§5. CucTemMbl IMHEMHbIX OAHOPOAHbBIX YPaBHEHUM

( a11X1 + A12X7 + -+ A1n
aAr1X1 + Ar2X9 + -4+ AoxnXn = O,

A

OuyeBMAHO, YTO OAHOPOAHAsA CMCTEMa BCeraa COBMeCTHa, T.e.

r(A) = r(A), u umeeT Hysesoe (MpusudsbHOE) PeLLeHUE X, = X, =
.. =X, =0.

BO3HMKaeT, 0AgHaKO, BOMPOC, MPU KaKUX YC/0BUAX
0AHOpPOAHAaA CUCTEeMA UMeEEeT U HeTPUBUA/IbHOE peLleHune?

Ha 3TOT BONpOC OTBEYAOT C/1e4ytoLLne ABe TEOPEMBI.



§5. CUCTEemMbl IMHEUHbIX OAHOPOAHBIX YPaBHEHUM
(npogonxkeHune)

A,0CTaTOYHO, ‘-ITO6bI paHr r(A) ee OCHOBHOM MaTpuL
MEHbLLE YNC/1a N HEU3BECTHbIX, T.e. r(A) < n.

Aoka3aTenbcTBO: Heo6xo0aAnMMOCTb (=). Tak KaK paHr He
MOXeT NpeBOCXOAUTb pa3mMepa MaTpuLbl, T, o4eBuaHo, r(A) < n.
MNyctb r(A) = n. Torga oguH U3 MMHOPOB pa3Mepa Nxn OT/IMYEH OT
HY/1A. [T03TOMY COOTBETCTBYHOLLLAA CUCTEMA /IMHEUHBIX YPAaBHEHUM

A:
umeeT eguMHCTBEHHOE (HY/1IeBO€E) peLleHue: X; = X‘ =0,A; =0,A#0.

3HauyuT, 4pYrUX peLLueHuin, KpoMe TPUBUA/IbHBIX, HeT. UTak, ecn ecTb
HeTpUBMa/abHOeE peLueHne, To r(A) < n.

AocTtaTouHocTb (<=). MycTb r(A) < n. Torga o4HOpPOAHaA
cucTema, byayydm COBMeCTHOM, AB/ARTCA HeonpeAe/IeHHOW. 3HA4UT
OHa uMeeT becynC/IeHHOe MHOXKEeCTBO peLLeHUH, T.e. UMeeT U
HeHy/IeBble peLleHUA, Y. T.A.




§5. CucTembl IMHEMHbIX OAHOPOAHbIX YPaBHEHUM
(npogonkeHne)

/1 | 2 |

| 1 11

peleHms, HeobxoaAUMO 1 A4OCTATOYHO, YTOOE
onpeaenutenb A 6bl1 paBeH HyAO, T.e. A = 0.

[loKkazaTenbcTBO: EC/iM cucTema nmeeT HeHyieBble
peweHua, To A = 0. M60 npu A # 0 cUCTEMA UMEET TO/IbKO
eAMHCTBEHHOE, HY/1eBOE, pelleHne. Ecin ke A = 0, To paHr r(A)
OCHOBHOW MaTpULbl CUCTEMbI MEHbLLE YUC/1a HEU3BECTHbIX, T.€.
r(A) < n. W, 3HauuT, cMctema uMmeeT 6GeCKOHEYHOE MHOXKECTBO
(HeHy/1eBbIX) peLleHui, Y.T.4.




§5. CUcTEeMbl 0AHOPOAHBIX YPaBHEHMI (NPOAO/IKEHHUE)

Pewenune: T[poBepum  CUCTEMY  Ha  Ha/u4dme

HEeTPMBMA/IbHBIX  peleHun. [aa  3TOoro  BbIMUC/IUM  PaHr
1 =2

MaTpuLbl CUCTEMBI A = ( 4). [TOCKO/IbKY, Hanpumep, A

2 =3 5
|2 B | =1# 0, TO r(A) = 2, YTO MeHblLe YMC/1a HEM3BECTHbIX
n = 3. (negoBaTe/bHO, cCUCTEMA WUMeeT bOecuyncaieHHoe
MHO»€eCTBO peLueHnn. Havgem ux:
X — 2y = —4z,
{Zx — 3y = —5z.

Pewlaa nocneaHord cuctemy A0bbIM  cnocobom,
Hanpumep, meTogom aycca, noaydum obulee pelleHme B BUAE
X=2z;y=3z,TAe z € R.




‘\

*Cnacmbo 3a BHMMaHue!

* Bawum BONpOChl, 3aMevaHuA, Npea/oKeHUs ...



