AnammTimdaeckasi TeoMeTpis
Mojyns 1. Marpuunas anredpa.

BekTopHas anreodpa
Tekcrt 1.2

Anborarus

Jluneitnast 3aBUCUMOCTH CTPOK U CTOJIOIOB MAaTPUIIbl. Ba3ucHbBIN MUHOD,
TeopeMa 0 6a3ucHOM MUHOpe. PaHr MaTpuribl, TeopeMa O panre MaTpPUIIb,
cBoficTBa panra marpuilbl. CriocOObl BBEITUC/IEHUsST PaHTa MATPHUIBI: METO],
OKaNMJIAIONINX MUHOPOB, METOJI 3JIEMEHTAPHBIX NPeoOpa30BaHMIl.

1 JIuneiiHasi 3aBUCHUMOCTHL CTPOK U CTOJIO-
IIOB MaTPUIIbI

JI100y10 CcTPOKY NMpOM3BOIBLHON MATpHUIbl A MOXKHO paccMaTpuBaTh
KaK MaTpHUIly U3 OJHOI CTPOKH, a JIIoOOi cTojidel - KakK MaTpUIy u3
ojHoro crojibna. CraegoBaTe/bHO, JIJIg CTPOK U CTOJIOIOB MATPUIIHI MTPU-
MEHUMBI ITPABILIA, CJIOXKEHUsT MATPHUI] I YMHOYKEHIS MaTPUIIBI Ha THCJIO.

Hanpumep, marpura
1 2
=)

P=(12),
P=(3 4),
pacCMaTpuBa€eMbIX KaK OTAEJIbHBIE OJHOCTPOYHBLIE MaTPHIILI. CJIG,ILOB&—
TeJIbHO, K HUM IIPpUMCHHNMDBI OIIpEJC/JICHHbIEC paHec IIpaBuJia CJIOZKEHIMA
MaTpull 1 YMHO>XKEHUA MaTPUIbI Ha 9HCJIO:
Pi+P=(12)+(3 4) = (143 2+4) = (4 06),
2. =2-(1 2)=(21 22)=(2 4).

COCTOUT U3 JIByX CTPOK
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MI'TY um. H.9. Baymana Kadeapa “Bricimas maremaTnka’

Onpedenerue

[Iycts aq, ao, ..., ay - geficTBUTEIbHBIE Uncaa, Py, Ps, ..., Py, - CTPOKH
(cTosbupr) marpuiel A. Boipaxkenue oy Py +qs Po+... 4y, P, HazbiBaeTCS
suHeiiHoi KoMmbOuHarueii ctpok (ctonabio) P, P, ..., P, ¢ ko3d-
durmenTamMu o, Qo, ..., Q.

Onpedenerue

Jluneitnast KoMOGUHATINST CTPOK (CTOJIOOB) MATPUITHI HA3BIBACTCST TPH-
BHUAJIBHOI, ec/in Bce ee KO MOUIMEHTHI PaBHBI HYJIIO, 1 HETPUBUAJIb-
HOI1, ecin XOTs Obl OJIUH U3 KO3(P(DUINEHTOB OTJINYEH OT HYJIs.

Onpedenenue

Crpoku (crosionst) Py, Py, ..., P, Marpuiibl A HA3bIBAIOTCS JIMHEHO
3aBUCUMBIMM, €CJIM CYIIECTBYET HETpUBHAJbHAA JMHEHAad KOMOMHA-
Ut 9TUX CTPOK (CTOJIONOB), paBHAs HYJIEBOH CTPOKe (CTOJIOIY ).

Onpedenenue

Crpoku (crosionst) Pi, Py, ..., P, Marpuiibl A HA3bIBAIOTCsI IMHEHO
HEe3aBUCUMBIMU, €CJI TOJIHKO UX TPUBHAJbHAS JIMHEHHAS KOMOMHAIIST
paBHa HYJIEBOiI cTpoKe (CToJIOIY ).

[Ipumepsnr:
1. Marpumna

1 2
A_24

COCTOUT U3 JIBYX JIMHEIHO 3aBUCUMBIX CTPOK
P=(12)uP=(24),
T.K. JIJIsT HIX MOYKHO COCTaBUTH HETPUBUAIBHYIO JINHENHYI0 KOMOUHAIIHIO,
pPaBHYIO HYJICBOII CTPOKE:
2-P—P=2-(1 2)—(2 4) =
= (2112 2:2—4) = (0 0).
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MI'TY um. H.9. Baymana Kadeapa “Bricimas maremaTnka’

2. Marpuna

10
B=101
2

-~
[

COCTOUT U3 TPeX CTPOK

P=(10),PR=(0 1HuP=(02).
Crpoku P, u P3 jinHeitHO 3aBUCUMBI, T.K.

2-P,—P;=2-(0 1)— (0 2) =
= (2:0-0 2:1-2) = (0 0),

a ctpokn P} n P, juHeitHo He3aBUCUMBI, T.K. TOJILKO WX TPUBHAJILHAA
JINHElHasi KOMOMHAITUST paBHa HYJIEBOH CTPOKE:

0-P+0-P=0-(1 0)+0-(0 1) =

= (0-14+0-0 0-0+0-1) = (0 0).
B 10 ke Bpemst Bce Tpu cTpoku Py, Po u P3 Oy/IyT JIMHEIHO 3aBUCHMBI,

T.K. JIJI HUX MOXKHO COCTABUTH HETPUBUAJIBHYIO JIMHEHHYIO KOMOUHAIINIO,
PaBHYIO HYJICBOII CTPOKE:

0-P+2-P,—P;=(0 0).

Teopemvi (0 AUHETHOT 3a6UCUMOCTIU CMPOK MATPULDL)

1. Eciin cpejin ¢cTpoK MATpHIlbl €CTh HyJIeBasi, TO 9TU CTPOKHU JIMHEHHO
3aBUCHMBbI.

2. Eciin cTpokn MaTpuiibl JIUHEHHO 3aBUCUMbBI, TO OJ[HA U3 HUX €CTh
JIMHEHAs KOMOMHAIINST OCTAJIbHBIX.

AHaJlornuHbIe PACCYZKIEHUST MOXKHO ITPOBECTH U JIjIsd CTOJIOTIOB MaT-
punnl A.

2 Panr marpunml
Onpedenerue

MunopowM nopsizika k marpuiibl A Ha3LIBAIOT OIPEIE/INTEb, KOTO-
pBIil cocTaB/IeH U3 9JIEMEHTOB 3TOI MATPHUIbI, CTOAIINX Ha IIepecedeHnn
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MI'TY um. H.9. Baymana Kadeapa “Bricimas maremaTnka’

IIPOU3BOJILHO BBIOPpAHHBIX K CTPOK U k CTOJIOIOB C COXpAHEHUEM UX I10-
PAJIKOB.

IIpumep. PaccMoTpum mMaTpuity

1 2 3 4
Asxy=10 =1 0 3
5 2 3 =2

Munopsr 1-ro nmopsjka: sjmeMenTsl MaTpuns! 1, 2, 3, 4, 0, -1, ...
MunOpHI 2-ro mopsiaKa:

1 2 ‘1 3‘ 1 4

0 —=17(0 07|10 3
Munopst 3-ro nopsijika:

)

2 3
1 ol

1 2 311 2 4]1]2 3 4
0 -1 0,0 =1 3| |-10 3
5 2 3|5 2 -2/ |2 3 -2

Onpedenenue

Mwunop M matpuiibl A HasbiBalOT OGA3UCHBIM, €C/IM OH OTJUYEH OT
HYJIsI, & BCe MUHOPBI OOJIBITIETO MOPsAIKA PABHBI HYJIIO WIN HE CYIIECTBY-
IOT.

Samevarue
Marpuiia MoKeT UMEeTh HECKOJILKO 0a3MCHBIX MUHOPOB OJIHOIO II0-
PSAJIKA.

Onpedenenue
CTpoKHu 1 CTOJIOIBI MATPHUIBI, B KOTOPBIX PACIIOJIOXKEH BhIOpaHHBII
0a3UCHBIIT MUHOD, HA3bIBAIOT OA3MCHBIMMU.

Teopema (o0 bazucrom munope)

Basucubie ctpokn (cTos61e) MaTpursl A, coorBeTcTByIomnme ee 6a-
3ucHOMY MuHOpY M, nuHeiiHo HezaBucuMbl. JI0Obie cTpoku (CTOJIOIbI)
MaTpuIipl A, He BXoggime B M, SBJISIOTCT JTUHEHHBIMI KOMOMHAIHSIMIT
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MI'TY um. H.9. Baymana Kadeapa “Bricimas maremaTnka’

0Aa3UCHDBIX CTPOK (CTOJIOIOB).

Caedemeue

[1st Toro, 9To0bI KBaJIpaTHasi MaTpHUIa OblLIa HEBBIPOXKIEHHO HEOO-
XOJIUMO U JIOCTATOYHO, ITOOBI €e CTPOKH (CTOJIOIBI) OBLIH JTMHEHHO He3a-
BUCUMBI.

Onpedenerue
Panrom marpuribr A HasbpiBaeTcs MOPSIIOK €€ DA3MCHOTO MUHODA.
O6osnauenue: 1, 1(A), rangA.

IIpumep. Panr maTpuiibl

20 4 0

10 -30
paBeH JIByM, T.K. UMEIOTCS OTJINUHbIE OT HYJI MUHOPbBI BTOPOI'O MOPsJIKa,
HallpuMep, :i)) _63 = —15 # 0, a Bce MUHOPBI TPETHETO MOPSIIKA PABHBI
HYJIIO.

Csoticmea parea mampubl:
L.r(A+B) <r(A) +r(B).
2.7(A-B) <min{r(A),r(B)}.
3. r(AT) = r(A).

Teopema (o0 panee mampuuot)

Panr marpunpl paseH MakKCUMAJILHOMY YHUCIY €€ JIMHEHHO He3aBu-
CHMBIX CTPOK (CTOJIOIOB), Yepe3 KOTOpbIe JIMHEHO BBIPAYKAIOTCS BCe
OCTAJIbHBIE €€ CTPOKU (CTOJIOIBI).

Caedemeue
st 1106011 MaTPUIlLI MaKCUMAaJILHOE YUCJIO JIMHEHHO HE3aBUCHMBIX
CTPOK PaBHO MaKCHMAaJILHOMY UHC/Iy JITHETHO HE3aBUCHUMBIX CTOJIOIOB.
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MI'TY um. H.9. Baymana Kadeapa “Bricimas maremaTnka’

3 CnocoObl BLIYUCJIEHUS pPaHra MaTPUIIbI

Panr marpuiisl BEIYHIC/ISETCS € TOMOIIBIO JBYX METOJIOB!
1) MeTos1 OKAMIISIIONINX MIHODOB;
2) MeTOJ[ JIeMEHTAPHBIX TPEOOPA3OBAHMIIL.

3.1 Metoa okaliMJIAIOIINX MITHOPOB

Onpedenenue

Munop M’ marpunbl A HasbBaeTCd OKAMMIISIIOIIUM JJisi MUHO-
pa M, eciu OH IOJIydaeTCs U3 IOCJIeIHero J100aB/IeHrneM OJIHON HOBOI
CTPOKHU U OJHOTO HOBOI'O CTOJIOIA MATPUITLI A.

Teopema (06 OKAUMAAIOUUT MUHOPAT)
Eciu 11 HeKOTOpOro MUHOpa MaTPHUILl BCE OKAMJISIONINE ero M-
HOPBI PABHBI HYJIIO, TO OH SIBJIACTCH OA3UCHDIM.

MeTo1 OKAIMJISIONTITX MITHOPOB MTO3BOJIsIeT HATH OTMH 13 6a3MCHBIX
MUHOPOB U COCTOUT B CJIE/LYIONIEM:

1. Boibupaercsi HeHyJIeBO# MIHHOD TIEPBOTO MOPsijIKa (HEHYJIeBOIT 3J1e-
MEHT MATPUIIbI).

2. K stomy Munopy mocjeoBaTe bHO J00ABISIIOTCA TaKIUEe CTPOKHT U
CTOJIOIBI, YTOOBI HOBBII OKafMJIAIONIMIT MUHOP OBLIT OTJIMYEH OT HYJI.
Eciu aToro cjenars Helb3st, TO MOCJEIHNN HEHYJIEBOI MIUHOD SIBJISIETCSI
0a3MCHBIM, & ero MOPSIIOK PaBeH PaHTy MaTPHILHL.

IIpumep. Haittu panr MaTpuibl

1 -2 —4 3
A=12 1 -3 5
1 8 6 1
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MI'TY um. H.9. Baymana Kadeapa “Bricimas maremaTnka’

Pemenune.
Tak kax maTpuna A He sBjsieTcs HyJ1eBoii, To rangA > 1. B marpu-
e A mMeeTcss MIHOP BTOPOTO MOPSIIKa, OTJNYHLINA OT HYJIsI, HAIIPIMED,

My = ; _12 = 5 # 0. CuejoBaresibho, rangA > 2. Ilojcuntaem Bce
BO3MOXKHDBIEC MUHOPBI TPETLEro OopsjiKa, okaiimsonme My, VX nBa:
1 -2 —4 1 -2 3
M =12 1 =3=0,MP =2 1 5 =0.
1 8 6 1 8 1

Taxum obpaszom, Bce oKaliMgionne MUHOpsl MuHopa My paBHBI Hy-
JI0. 3HA4uUT, rangA = 2.

3.2 Metoa a3jieMeHTapHBIX IIPeoOpPa30BaAHMIA

Teopema (0 paree Mampuybe Npu 2AEMEHMAPHHIT NPEOOPA30EAHUAT)
Panr marpuiibl He MeHsIeTcsI IIPU SJIEMEHTaPHBIX IIPeodpa3oBaHUsIX.

Onpedenenue

CrymieHvYaToit Ha3bIBaETCs MATPHUIla, Y KOTOPOil Bce HEHYJIEBBIE CTPO-
KII pacrojiaralorcd HaJl BCeMU HYJIEBLIMU CTPOKAMU U IIePBBLIl HEeHyJie-
BOI1 9JIEMEHT KazK/I0il HEeHYJIEBOIl CTPOKHN PacIliojiaracTcsd Ipasee IIepBoro
HEHYJICBOI'O JIEMEHTA HPEeAbIIYINeil CTPOKMU.

IIpumep.
1540
07 26
A= 0001
0000
Samevarnue

Beskyio MaTpuily ¢ moMONIbIo 3JeMeHTapHbIX Tpeodpa30BaHmil MOXK-
HO IIPUBECTU K CTYIICHYATOMY BUJLY.
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MI'TY um. H.9. Baymana Kadeapa “Bricimas maremaTnka’

Teopema (o panee cmynenuamot mMampuiol)
Panr crynendaToit MaTpuIlsl paBeH KOJMIECTBY HEHYJIEBLIX CTPOK.

Mero s71eMeHTapHbBIX 11peobpa30BaHnil COCTOUT B CJIE/LYIOIIEM:

1. C momoIpio 37eMeHTapHbIX TPeodPa30BaHil MPUBOINM JTaHHYIO
MaTpuIly K CTylleHYaTOMY BUJY.

2. OnpesiesisieM paHT MCXO/IHOM MATPHUITHI KAK KOJTMIECTBO HEHYJIEBBIX
CTPOK B IIOJIyYUBIIIENCA CTYIEHIATON MaTpUIle.

IIpumep. Haittu panr MaTpuibi

0 3 7 2
1 2 -3 -3
A=15 4 4
2 -1 5 4

[IpuBesem marpuily A ¢ MoMOIIbIO 3JIeMEHTAPHBIX IIPEodpa30BaHMil
K CTYIEHYATOMY BHUJy M HaiiJeM YHCI0 HEeHYJIEBBIX CTPOK I0JIyYeHHOM

ManHHbII
0 3 7 2 1 2 -3 -3 12 -3 —3
1 2 -3 3lowlo 3 7 2103 7 216
2 4 4 11712 4 4 1|7 \l24 4 —1|"
2 —1 5 4 —2 -1 5 4 03 9 3
1 2 -3 —3\ 1 2 -3 =3 1 2 -3 =3
@103 7 21@®»|03 7 2166|103 7 2]«@®
“1oo 1w 5] o1 3 1|7 loo0 -2 -1]"
\01 3 1) 00 2 1 00 2 1
12 -3 —3\
e 10 3 7 2
“loo0o -2 -1
\00 0 0)

[IpoBeenl ciepyonye sjeMeHTapHble IPeodPa30BAHNUSI:
(1) mepecTaBu/Im MeCTaMU TIEPBYIO U BTOPYIO CTPOKH;
(2) npubaBuM K 4eTBEPTO CTPOKE TPETHIO;
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MI'TY um. H.9. Baymana Kadeapa “Bricimas maremaTnka’

(3) mpubaBmwin K Tperbeil CTPOKe IMepBYIO, YMHOXKEHHYIO Ha -2, U
YeTBEPTYIO CTPOKY IOJICJININ Ha 3;

(4) moie/ T/ TPETHIO CTPOKY Ha 5 ¥ [ePeCcTaBUIN MECTAME TPEThHIO
1 YeTBEPTYIO CTPOKHU;

(5) K TpeThbeil cTpOKe, YMHOXKEHHO{T Ha -3, PHOABIIN BTOPYIO CTPO-
KY;

(6) kK TeTBepTOii CTPOKE MPUOABUIN TPETHIO.

Bujso, yTo Marpuia, mojydeHHasi u3 MaTpuilbl A yKa3aHHBIMUI J1e-
MEHTapHBIMU TIPe0OPA3OBAHUAMI, UMEET CTYIEeHYaTyio (POPMY ¢ TpeMst
neny/ieBbiMu crpokamu. Ciienoaresibio, rang(A) = 3.

Samevarus

1. Ilpu HaxoXKIeHNN paHra MaTPUIILI METOIOM OKAMMJISIONIIX MUHO-
POB MOKET ITOTPeDOBATHCSI He TOJILKO DOJIBIIIOE KOJINIEeCTBO BHIYNCICHNUI,
HO U B HEKOTOPBIX CJIyUasIX BHIUYNCICHUE OIIPeIe T el BBICOKIX 1TOPS/I-
koB. OJHaKO, B pe3y/bTare OyJIeT HailjleH He TOJILKO paHI MaTPHUIbI, HO
1 OJIUH U3 ee DA3UCHBIX MUHOPOB.

2. KommuecTBo BbIUMC/IEHNIT TIPU HAXOXKJIEHUN PAHIa, MATPHUIILI METO-
JIOM 9JIEMEHTAPHBIX IIpeobpa3oBaHnii ropasao Menbine. Ho sToT meron
[I03BOJIIET HANTH OA3MCHBI MUHOP TOJILKO /I MATPUIILI CTYIIEHIATOrO
BI1JIa, IIOJIYUEHHON B pe3y/ibTare dJeMeHTapHbIX IIpeodOpasoBaHuil. s
HAXOXKJICHIST OA3UCHOIO MUHOPA HCXOHONH MAaTPHUIIbl HEOOXOIMMBI TPY-
JI0EMKHe JIOIOJIHITE/IbHbIe BLIUNC/IEHNS C YIeTOM YK€ U3BECTHOIO PAaHTa
MAaTPUIIBL.
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