PaHl MATDHLD.
[eopewa Kporerene- Kanenm



MuHoOp nopsaaka K

Onpeoenenue 1. Munopom nopaoxa k marpuubl 4= (a Ha3BIBaeTC

lj ) mxn
l[openenuTens nopsaKa A, COCTaBIESHHBIN U3 3JIEMEHTOB, CTOSIINX Ha IlepeceYyeHnN
CTPOK U k CTOJIOLIOB.

2 9 1 6
Mpumep
A=16 4 3 7
7 5 8 2
MuHoOpbI NepBoro nopsiaka: 21,19 1,...
v 2 912 9 16 4 |12 1
NHOPbI BTOPOro nopsaka: , , ,
Pbl BTOPOTS TIOPAA 6 47 57 3 l6 3
2 9 1112 9 6/2 1 619 1 6
MunHoOpbI TpeTbero nopsiaka: 6 4 3,6 4 7,6 3 7,4 3 7
7 5 817 5 217 8 2|5 8 2

MnHOpPOB 4YeTBEPTOro U Boree BbICOKOro NOPSIAKOB HE CYLLIECTBYET.



PaHr maTtpuubl

Onpeodenenue 2. HauBpICIIUIl TOPSAOK MHUHOPOB MAaTpHUIBl A= (al-j )mxn:

IOTJIMYHBIX OT HYJIYI, HA3BIBACTCA paHesoM MATPHIIBI A.

Oéo3nauenue: rang(4) wim r(4).

I'Ipwmep1. 1 2 6 1 2 6
a)
A=10 7 3 0 7 3|=1-7-4=28, r(A)=3
0 0 4 0 0 4
1 2 6 1 2 6
2 6
6) B=|0 0 2 0 0 2(=1-0-7=0, |O 2‘=4, r(B)=2
0 0 7 0 0 7

Teopema 1. Eciu marpunia 4 5>KBUBaAJIEHTHA Marpuie B, TO r(A): r(B), T.€|
pIIEMEHTapHBIE IPeoOpa3oBaHsl HE N3MEHSIIOT paHra MaTpPUIIbL.

Hoxkazamenvcmeo.

CnpaBezumBocr b JAHHOI'O YTBCPKACHUA CIICAYCT U3 CBOIICTB OHpC,IICJIHTCIICﬁZ

3JIeMEeHTapHbIe Ipeo0pa30oBaHNs He MOTYT HYJIEBOI OIIpeAenuTeNb IPEeBPaTUTh B
HEHYJIE€BOU 1 Ha00O0pOT.



PaHr maTtpuubl
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Ba3ucHbI MUHOP. TeopemMbl O paHrax

Onpeoenenue 3. MUHOpPB MaTpULbl, OTIMYHBIE OT HYJISA, IOPAIOK KOTOPBIX
aBEH paHI'y MaTPUILIbl, HA3BIBAKTCS 6 a3uUCHbIMY MUHOPAMU.

Teopema 2. Eciu r(4)=s, r(B)=k, 10 r(4-B)<min{s,k}, T.e. panr
[P OM3BEICHIS MATPHLBI-IPOM3BEICHNUS HE BBIIIE PAHIa KK/IOTO M3 COMHOKUTEIIEIL.

Joxkazamenscmeo. CI'IpaBeIIJIIfIBOCTb AAHHOT'O YTBCPZKACHUA JICTKO HNOKAa34arTh.
OIlpasdACh HaA IIPABHIO YMHOZKCHHA MATPHIIL. Boiee HO)IpO6HO JOKa3aTeIbCTBO

npencrasieHo B yueOHHKe Kypom A .I'. Kypc Beicmieit anredpsl. — M: Hayxka, 1971,
€. 101.

Teopema 3. Eciu 7(4)=s, detC #0, 10 r(A4-C)=r(C-4)=s.

JloKkazameibcmeo.

S

H4-C)<r(d)=s, s=r(d)=rla-c-.cV)<r(4-c)  [{4:C)

AC-A)<r(d)=s,  s=r(a)

Ac-c a)<r(c-4),  |[H(C-4)=s




NMNooobHble maTpuubl

Onpeoenenue 4. KBanparusie MaTpullbl 4 U B, CBI3aHHBIE COOTHOIIICHUEM

B=Q"-4-0Q, (1))

‘ne () - HEBBIPOKJIEHHAA MaTpULla, Ha3bIBAIOTCA 10000 HbIMU MATPULIAM.

Onpedenenue 5. Omnepanus mepexoga OT Marpuubsl 4 K marpuie B 1o
dbopmyie (1) Ha3bIBaeTCa mparc@opmupoearuem Mmarpuien Q .

Cneocmeue 1. Ecrmu B=Q 7' - 4-0Q ,rne detQ#0, T0 r(A): r(B).

Hdoxazamenscmeo. Crnenyer U3 TEOPEMEI 3.

3ameuanue. TloHaTHe paHra MaTPHUIBI MOKHO BBECTH TaKKe, HCIIOIb3YS
MOHATHE JTUHEIHON HEe3aBUCHUMOCTHU (3aBHCHUMOCTH) €€ CTPOK WU CTOJOIIOB. DTOT

BOMpoc OyaeT o0cykIeH HiKe (MpU U3ydeHUH TeMbl «JIMHelHbIe POCTPaHCTBay ).




Teopema KpoHekepa-Kanennu

Teopema 4 (teopema Kponekepa-Kamemim) CucreMa m JIUHEUHBIN
ypaBHEHUII C #» HEU3BECTHBIMU BHUA (2):

-
al l.xl + a12X2 + ...+ alnxn :bl’
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ax;+a, -x,+..+a, x,=b
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COBMECCTHA, TOr'la U TOJIBKO TOI'ld, KOIla paHI' MAaTPHUIIbI A=

a a

ml m?2 mn

13 K03QPUIIUEHTOB MPU HEU3BECTHBIX CHCTEMBI PAaBEH PaHTy pPacHIUPEeHHON
MAaTPUIIBI
\
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, T.e. r(A)zr(‘_éI)

a, a, W a

doxkazamenscmeo. HSY‘IHTG CaMOCTOATCIIBbHO.




Teopema KpoHekepa-Kanennu: cneacreua

al 1x1 + a12X2 +...+ alnxn :bl’
azlxl + a22X2 + ...+ aznxn — bz,
]

I

A Xyt Ay Xy ot Ay, X, = b,

Cneocmeue 2. Eciu cuctema Buza (2) comectHa ut 7(4)=k, 1o k<m.

Cneocmeue 3. Ecru cuicrema suza (2) copMmectHa it #(4)=k,tonpu k=n

CHUCTCMa ABJIIACTCA Ol'IpeI[eJIeHHOfI (mee"r CIHNHCIBCHHOC pemeHHe); I1pu k<n
CHCTCMaA ABIIAACTCA HCOHpGI[CJ'ICHHOﬁ (I/IMGGT OecUlCIIEeHHOE MHOKECTBO pemeHHﬁ).

3ameuanue. Panee MBI yXe OTMeYalnH, YTO OIHOPOOHAS CHCTE€Ma BCeTHa
COBMECTHA, TaK KakK y He€ ecThb HyleBoe pemieHne. Teopema Kponekepa — Kanemnnn

DTO TOXKEC IIOATBEPAUT, TAK KaK no0aBJIeHHE HYJIEBOTO CTOI011a CBOOOTHBIX r-IJIGHOBl
HE MOZKCT IMIPUBCCTHU K YBCIIMYCHHUIO paHI'a MaTPUIIbI.




MpumeHeHue Teopembl KpoHekepa-Kanennu

(.xl +X2 +3X3 —ZX4 +3x5 :1,
2x; +2x5 +4x3 — x4 +3x5 =2,
3x1 +3.7C2 + SX3 _2X4 +3x5 :1,

L2.7(31 + 2.7(:2 + 8X3 - 3X4 + 9x§ = 2

1 1 3 =2 3|1 1 1 3 -2 3]1) (11 3 =2 3 1 1 3 -2 3|1
2224_132 0 0 =2 3 =30 00 -2 3 -30| 100 -2 3 =30
13 3 5 —2 31 3 3 5 -2 3|1 0 0 -4 4 -6-2 0 0 -4 4 -—6-2
2 2 8 -3 92 2 2 8 -3 9[2)] 2 2 8 -3 9|2 00 2 1 3|0
1 1 3 -2 3 11 3 -2 3|1 11 3 -2 3|1
00 -2 3 =30 0 0 -2 3 =30 00 -2 3 -30]| — — —
00 0 -2 0/-2] oo o -2 o-2"1o0 o -2 o|-2|" ”(A)_”(A)_L‘
00 2 1 3]0 00 0 4 00 00 0 0 0|4
111 3 -21|3 1 13 -2 3 1 3 -2
0lo -2 3 |-3| 1|22 4 -1 3 0 -2 3 0
A = ~ =4 =1-(=2)-(-2)-(-4)=-16 20
00 0 -2 335 -2 3 0 0 -2 -2
00 0 0 2 2 8 -3 9 0 0 0 -4

r( A) — r( A’) —3 r(A) # r(A’) — cucmema HecoemMecmHua




NpnumeHeHune

3 4 1 2|3
A=|6 8 2 5|7 |~

9 12 3 10]13

3 4 1 2 3 4
A=l6 8 2 5|~|0 0

9 12 3 10) (0 0

3x1 +4x2 +X3 +2X4 :3,

|

X4:1.

Teopembl KpoHekepa-Kanennu

(3.7(:1 + 4X2 + X3 + ZX4 :3,

N

6x1 + 8X2 + 2X3 + SX4 = 7,

3 4 1 2|3 3 4 1 23 3 4 1 2|3
0 0 0 1|1~ |0 0 0 11 ~lo 0o 0 11l=4
9 12 3 1013 00 0 44 00 0 00
L [, 0
=4 =]l-1=1# s S —
0 1 r(A):r(A)=2
0 0
I’(A)Z F(Z)ZZ—CucmeMa coemecmHa -
xl:a,
3xl+4X2+X3:1, X3:1_3xl_4x2, <x2:b’
xy =1. x, =1. x;=1-3a—-4b,
\.X:4:1,
DTOT BHIOOP O3HAYAET, YTO X; U X, - Ce0OOOHbIE HeuzgecmHvie, T.€. MOTYI e abeR.

[IPUHHUMATh JIFOOBIE H@ﬁC’TBHTCJ’IBHI}IC 3HAQ4YCHHA, a4 X3 - ba3zucHaa HeuzeecmHas.




HekoTopble pekoMmeHaauuu rno NoCTPOEHUI0 OOLKNX peLueHnn

HeTpynHo 3aMeTUTh, YTO YHCI0 CBOOOAHBIX HEU3BECTHBIX B CIIy4ae COBMECTHBIX
CHUCTEM BCerjia paBHO » —r , T[Ie ¥ — paHT MaTpULIbl U3 K03 PUIIHEHTOB IIpU
HEU3BECTHBIX.

JIUIsI HOCTPOEHUS pPelIeHus B KauecTBe 0a3UCHBIX HEM3BECTHBIX BBIOUPAIOT
HEN3BECTHbIE, K03 PUIIEHTHI ITPU KOTOPBIX BXOAAT B OJIMH U3 0a3UCHBIX MUHOPOB.
OcTaBisis UX CI€Ba, OCTaTIbHBIE HEN3BECTHBIE IEPEHOCAT B MPaBble YacTH
COOTBETCTBYIOIIUX YPABHEHUII.

Beons [MapaMeTphl JJIA 0003HaYEHUS 3HaquHﬁ, KOTOPBIC IIPHHHUMAIOT CBOOOHBIE
HCU3BCCTHBIC, IIONTYYAOT CUCTEMY, KOTOPYIO MOKHO YK€ PCIIUTDH, UCITIOJIB3YyA PAHCC

accCMOTpeHHbIe MeTo 1kl (rpaBuio Kpamepa unu meton ['aycca).

[ToznHee, mpu U3yYEeHUU JTUHEHHBIX MMPeoOpa3oBaHUiIl, MBI PACCMOTPUM eIle
OJIH METOJI MOCTPOSHUS OOIINUX PEeIIeHUI THHEHHBIX OJTHOPOJIHBIX CHCTEM.



