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1 JIuHeliHble BEKTOPHBbIE IIPOCTPAHCTBA
Bagaua 1. Jlunetino sasucumv, au eexmopu, 6 R* 2
a; = (4,-5,2,6),a2 = (2,-2,1,3),a3 = (6,-3,3,9),a4 = (4,—1,5,6).
Pewenue. CocraBum JTUHEHHYIO KOMOMHAITUIO BEKTOPOB @1, A, A3, (4
Q101 + Qigao + izas + qgay.

Y100bI BBISICHUTD, SBJISIOTCS JIU BEKTOPBI A1, Ay, A3, G4 JAHEHHO 3aBUCUMBIMU WJIM HET, J1O-
CTATOYHO OIIPEJIE/INTh, CKOJILKO PElleHnil UMeeT YpaBHEHNE

a1aq + Qo9 + Qizas + gy = 0,

I7le B Ka9eCTBE HEM3BECTHBIX BBICTYIAIOT KOIPDUIMEHTHI (1, g, (i3, 0y. Kl 9T0 ypaBHeHMe
UMeeT €JIMHCTBEHHOE PelieHre (HyJIeBoe PElleHne eCTh BCeria), TO BEKTOPBI JIMHEIHO He3aBUCH-
Mbl. Ecn y ypaBHEeHUS eCTh HEHYJIEBOE pellleHre, TO BEKTOPHI JTUHeHO 3aBucuMbl. [lojgcraBum
YHCJIOBble 3HAUYEHUS BEKTOPOB @1, Ao, A3, 04, IIOJIYIUM:

(4, —5,2,6) + as(2,—2,1,3) + as(6, —3,3,9) + au(4, —1,5,6) = (0,0,0,0).

VMHOXKHUM KaxKJIbIil U3 BEKTOPOB Ha CBOM KOI(M@MUITMEHT U CJIOKUM BCE BEKTOPHI B JIEBOU
YaCTH PAaBEHCTBA, MTOJYyINM:

(40[1 -+ 20(2 -+ 60(3 + 40(4, —5041 — 2062 — 3063 — Quy, 20&1 + oo + 30[3 + 50&4,
6ay + 3as + 9a3 + 6ay) = (0,0,0,0).

JlBa BeKTOpa paBHBI, €CJIU PABHBI UX COOTBETCTBYIONINE KOMIIOHEHTHI. CJie/0BaTe/IbHO T10-
JIy4eHHOE PABEHCTBO BEKTOPOB PABHOCUJIBHO CUCTEME:

4oy 4+ 209 + 63 + 4oy = 0
—5a1 — 209 — 33 —ay =0
2001 + a9 + 3as + bay =0

6a; + 3ag + 9a3 + 6ay =0



Haiiyiem gmcyio perenuit 9Toit cucTeMbl, UCIOJb3ys MeTo ] ['aycca. Marpuna koaddurmen-
TOB UMe€EeT BU/I;

4 2 6 4
-5 -2 -3 -1
2 1 3 5
6 3 9 6

3aMeTnM, 9TO CTOJIOIBI MATPUIIBI KOIDMUITMEHTOB — 3TO B TOYHOCTU JAHHBIE Y€ThIPE BEK-
Topa. MbI He muiemM cTojder co CBOOOIHBIMU YJIeHAMU, TaK KaK BCE OHU PABHBI HYJIIO U IIPH
9JIEMEHTAPHBIX MTPE0OPA30BAHUAX CTPOK He MeHsoTcd. [[puBegeM MaTpuily K CTyHEeHIATOMY

BHUJLY:

(1) —2(3) —-1(2)
4 2 6 4 (2) +2(3) 000 1 (1) < (2)
5 -2 -3 -1 (4) = 3(3) 103 9 (2) « (3)
2 1 3 5 ; 213 5 3
6 3 9 6 000 -9
10 -3 —9 (2) —2(1) 10 -3 -9
21 3 5 (4) +9(3) 01 9 23 S
— e 0 1 9 23
00 0 1 00 0 1 00 o 1
00 0 -9 00 0 O

[Tomyuennag MaTpuIila COCTOUT U3 TPEX CTPOK M YeThIpeX cTojONnoB. Vcxomnas cucrema
JIMHEHHBIX ypaBHeHUT nMeeT Herysesoe perenune. Ciie10BaTe/IbHO JAaHHbIE BEKTOPDI A1, (o, A3, 0y
JIMHEHHO 3aBUCUMBI.

OtBet. Bexmopwi ay, as, a3,y AUHETHO 3G6UCUMDL.

0
Bagada 2. Buldeaums MaKCUMAALHYI0 AURETIHO He3asucuMyto nodcucmemy 6exmopos 6 R::
a; = (1,-1,2,0), as = (2,3,—4,2), ag = (3,2,-2,2), ay = (1,4, —6,2), a5 = (4,1,0,2).

Pewenue. OtpenenuM, sBISETCA JIU CUCTEMA BEKTOPOB a1, (g, A3, (4, A5 JIMHEHHO 3aBUCUMOI
wim Hetr. J[jisg 9TOoro cocTaBUM JIMHEWHYIO KOMOMHAIIHIO:

a1aq + asay + agag + aqay + asas.

[ToncTaBuM YuCI0BBIE 3HAYEHUSA BEKTOPOB (1, A2, A3, G4, A5 U TIPUPABHIEM JIMHEHHYIO KOMOU-
HAIIMIO K HyJaeBoMy BekTopy B R*, mosy«m:

a1(1,—1,2,0) + as(2,3, =4, 2) + a3(3,2, —2,2) + au(1,4, —6,2) + a5(4,1,0,2) = (0,0,0,0).



B neBoit wacTu paBeHCTBa KarK/Iblil U3 BEKTOPOB YMHOXKUM Ha COOTBETCTBYIONIHUI KO3 Du-
IIUEHT U CJIOXKUM BEKTOPBI, ITOJIYTHM:

(o + 209 + 3ag + ay + das, —aq + 3ag + 2a3 + day + a, 207 — dag — 2a3 — Bay,
205 + 2a3 + 204 + 2a5) = (0,0,0,0).

JIBa BeKTOpa paBHBI, €CJIM PABHBI KX COOTBETCTBYIONINE KOMIIOHEHTBI, TIO3TOMY IOy YeHHOE
PaBEHCTBO SKBUBAJICHTHO CUCTEME:

a1—|—2a2+3a3—|—a4—|—4a5:0
—a1+3a2—|—2a3+4a4+a5 =0
2001 — 4oy — 2003 — 6y = 0
20&2 + 20&3 + 20[4 + 20&5 =0
Ecmm sTa cucrema JIMHEHHBIX OTHOPOJIHBIX yPABHEHUN MMEET €JIMHCTBEHHOE PEIeHue, TO

BEKTODHI A1, g, A3, (4, G5 JUHEHHO HE3aBUCUMBI. Ec/in perrenuii 6eCKOHEYHO MHOI'O, TO BEKTOPBI
JIMHENHO 3aBUCUMBI. PermmM mosrydeHHyIo cucteMy ypaBHeHUT MeTooM [aycca:

1 2 3 14 (2) + (1) 1 2 3 1 4
1 3 2 41 (3) —2(1) 0 5 5 5 5|
2 —4 -2 —6 0 "1 0 -8 —8 —8 —8
0 2 2 22 0 2 2 2 2
_)(12314) (1) —2(2) (101—1 2)
01111 "lo11 11

Tak kKak rmepeMeHHbIE (v3, (g, (i ABJISIOTCA CBOOOIHBIMU, TO UCXOJIHASA CUCTEMA UMEET HEeHY-
sieBoe pertenue. CJieJI0BATEILHO BEKTODPBI a1, dg, A3, A4, A5 JUHEHHO 3aBucuMbl. Haitgem, kax
OJINH U3 9TUX BEKTOPOB BbIparKaeTCd 4Yepe3 OCTaJIbHLIE.

Ncexomnas cucrema JIMHEHHBIX YPaBHEHUI SKBUBAJIEHTHA CJIEJLYIOIIEH:

oz1+oz3—a4+2a5:0

042+063+Oé4+@5:0

N3 sT0it cucteMbl HaXOIUM, ITO

o1 = —Q3 + 0y — 20&5

Qg = —(Q3 — Oy — QO

[Moxpcrasisst az = 1, a4 = a5 = 0 mosryuaem, uro nsirepka (—1,—1,1,0,0) saBisercs pere-
HueM crucreMbl. Torma cupasejinBo paBeHCTBO:

—al—a2+a3:0.



BekTop a3 muHeiiHO BhIpazkaeTcsd 4epe3 BEKTOPHI (1 U a9, CJIEJIOBATE/IHHO €I0 MOYXKHO OTOPO-
cuTh. [loyiyaum cucremy BEKTODPOB a1, Gg, (4, a5. CHOBA OIPEIENINM, sIBJSETCS JIX 9Ta CUCTEMA
BEKTOPOB JIMHEHO He3aBrcuMoii. CocTaBUM JIMHEHHYIO KOMOMHAIIIIO

Biay + Boag + Baas + Baas.

Haiinem, mpu kakux 3HaUEHUSX HEU3BECTHBIX [J1, B2, B3, [4 9Ta JTuHeiiHAsS KOMOMHAIUS PaBHA
uysto. [lojcTaBuB qnc/ioBbIe 3HAYEHUsT BEKTOPOB A1, (2, (4, G5 W CJIOKUB IOy IUBIITHECS BEKTO-
PBI, TTOJTy IUM:

(B1 + 202+ B3+ 4B4, =1 + 302 + 485 + 4,201 — 4P2 — 633,282 + 205+ 264) = (0,0,0,0).

Cucrema JTUHEHHBIX OJHOPOIHBIX YPaBHEHN, KOTOPOI 9KBUBAJIEHTHO PABEHCTBO, NMeEET CJle-
AYIOUi BUJI;:
B+ 262+ B3+ 481 =0
—B1+3B2+ 483+ 1 =0
281 — 4Py — 683 =0
205+ 2B3+208,=0

Bynem pemats 3Ty cucremy merogom [aycca. [l 9Toro Haji0 B TOYHOCTU TTOBTOPUTH T€
1peobpa3oBaHust MATPUIIBI KOI(MDMUITMEHTOB, KOTOPhIE MbI JI€JIaJId B IPEJIBIIYIIEM CIydae:

1 2 1 (2)+ (1)
1 3 41 (3) —2(1) 0O 5 5 5
2 —4 —6 0 "l 0 -8 -8 -8
0 2 22 0o 2 2 2

(i1 =010

Heussecrubie (3, §4 ABAAIOTCA CBOOOIHBIMU, CJIEI0BATEIBHO MCXOIHAS CHCTEMa JIMTHEHHBIX
ypaBHeHUI uMeeT GECKOHEYHO MHOTO penenunii. Torjma BeKTOpBI a1, Gg, G4, G5 JUHEHHO 3aBUCHU-
Mbl. Haiinem, Kak o/InH U3 3TUX BEKTOPOB BbIparkaeTcs 4depe3 ocTajbHble. Vcxonnas cucrema
JIMHEHHBIX YPaBHEHNHN 9KBUBAJICHTHA CJICLYIOIIEH:

Br—Ps+28,=0
Bo+ B3+ B4 =0

B
—_

2 1 4

—

Haxonnwm, aro gerBepka (1, —1, 1,0) siBisiercst perernem ncxoHoii cucrembl. CreoBaTesib-
HO CIIPaBEJJINBO PABEHCTBO:
a; — ao + ag = 0.

BekTop a4 suHEHO BhIpaxkaeTcs depe3 BEKTOPBI a1 U (g, CJIEJ0BATE/IHLHO €r0 MOXKHO OT-
opocutsh. IToyanm crucreMy BEKTOPOB a1, Ao, 5. CHOBa OIPEJIEINM, SIBJIAIOTCS JIM OHU JTUHEHHO
HezaBucuMbiMu. CocTaBisieM JTUHEHHY0 KOMOMHAIIAIO

Y1a1 + Y202 + 7Y305.
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[ToncraBisisi 9UCIOBbIEe 3HAYEHUSA BEKTOPOB @1, (g, G5 U NPUPABHUBAS JIMTHEHHYIO KOMOWHA-
nuio K Hy/’aesoMy B R* BekTOpY, HOIydmM:

(71 + 272 + 43, =71 + 372 + 73,271 — 492, 292 + 273) = (0,0,0,0).
STO PaBE€HCTBO 9KBUBaJIECHTHO CJIe,ZLyIOHleI';I cucreMe JIMHENHBIX O THOPOAHDBIX ypaBHeHHfII
M+ 27 +4y3=0
N +32+3=0
21 =4y =0
2’}/2 + 273 =0

Bynewm pemars 31y cucremy ypasaenuit MerogoMm [aycca. CHOBa oBTOPsieM ITpeodpa30BaHust
MaTPUITB KOI(PDUIIMEHTOB, KOTOPbBIE JEJAIN B TPEJIbLIYIIUX CIydadx:

1 2 4 (2) +(1) 1 2 4

-1 31 (3) —2(1) 0 5 5 _)(1 2 4) (1) —2(2) (1 0 2)
2 —4 0 "l 0 -8 —8 01 1 "Lo11
0 2 2 0o 2 2

HewusBecTnas 73 gaBJisieTcss CBOOOIHOI, CIe0BATEIHHO UCXO/IHASI CUCTEMA JIMHEWHBIX ypaBHe-
HIi mMeeT OeCKOHEYIHO MHOIO pemtenuii. Torma BEKTOPHI a1, s, a5 JUHEHHO 3aBUcHMBbI. VlcxomHas
CUCTE€Ma YPABHEHUI 3KBUBAJICHTHA CJIEJIYIOIICH:

+2y3=0
Y2+73=0
Haxonnwm, aro Tpoiika (—2, —1, 1) sBistercst perenneM UcxoHoit cucreMbl. CireoBaTebHO

CIIpaBCIJINBO PaBCHCTBO:
—2(11 — a9+ as = 0.

BekTop a5 mHENHO BbIpaxKaeTcs depe3 BEeKTOPBI a1 U G, CJIEI0OBATEIHHO €ro MOXKHO OT-
opocutsb. [lomyuum cucremy BEeKTOPOB aq,as. CHOBa ONpEIETNM, SIBJISETCS JIU OHA JIMHEHHO
nezapucumoit. CocTaBiisgeM JIMTHEHHYIO KOMOMHAIUIO:

Grar + Caas.

[ToncraBisist Ync/IOBble 3HAYEHUST BEKTOPOB G, Gy W MPUPABHUBASA JTUHEHHYIO KOMOWMHAIIIIO
K HyJIeBOMY BeKTOpy B R, mosryuanm:

(Cl + 2C27 _Cl + 3C2> 2C1 - 4(27 2(2) = (07 07 07 O)

9to PaBE€HCTBO 9KBHUBaJICHTHO CJIG,ILYIOHIGI'/JI crucTeMe JIMTHENHBIX O/ JTHOPOJAHBIX ypaBHeHHﬁI

G+20R=0
G +3G=0
201 —4G =0
2, = 0
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Pemraem sty cucremy metomom ['aycca:

1 2 (2) + (1) 1 2

-1 3 (3) —2(1) 0 5| (12
2 —4 "1 o -8 01
0 2 0 2

O6e neussectubie (1, (y ABJISIOTCS TJIABHBIME, CJIEJIOBATEIHLHO UCXOJIHAS CUCTEMa ypaBHe-
Huit mmeeT Tostbko Hysesoe pererne (0,0). Torga BeKTOpBI a1, ay auHEHHO He3aBucuMbl. OHE
00pa3yioT MaKCUMAJIbHYIO JIMTHEHHO HE3aBUCUMYIO ITOJCUCTEMY.

OTBer. a4, as.

]

Bagaua 3. Jlonoanums do Gasuca npocmpancmea R cucmemy sexmopos: a; = (2,1, —4,3),
Qg9 = (1, O, 3, —2)

Pewenue. 3amerum, 9T0 BEKTOPHI (1, Ay JUHEHHO HE3ABUCUMbBI, TAK KAK OHHU HE ITPOIOPIUO-
HAJIbHBI (TO €CTh OHM He OTJIMYAIOTCS OJMH OT JPYyroro YMHOXKeHWeM Ha qucio). JJobaBum K
BEKTOpaM @1, @y CTAHIAPTHBII 6a3nuc mpocTpancTsa R*:

e; = (1,0,0,0)
€y = (0, 1,0,0)
es = (0,0,1,0)
es = (0,0,0,1)

CucTemMa BEKTOPOB a1, Gg, €1, €2, €3, €4 ABJIgeTcs ool B R*, Tak kKak comepxkuT 6asnc. Haii-
JIeM B Heil MaKCHMAJIbHYIO JIMHEHHO HEe3aBUCHMYIO IOJICUCTEMY, COAEPIKAIILYI0 BEKTOPBI @1, ds.
JLj1st 3TOTO 3alnineM JIMHEHHYI0 KOMOUHAIINIO BEKTOPOB a1, 42, €1, €2, €3, €4:

a1a1 + Qoas + aze; + ayges + ases + Qpey.

[loncTaBuB 4mMCIOBBIE 3HAYEHUIT BEKTOPOB a1, A3, €1, €2, €3, €4 , CJIOXKHUB UX U NPUPABHAB K
HYyJIEBOMY BeKTOpy IpocTpancTsa R, moryuamm:

(201 + g + ag, aq + ay, —4ay + 3ag + as, 3oy — 20 + ) = (0,0,0,0).

DTO0 BEKTPHOE PABEHCTBO SKBUBAJIEHTHO CJICIYIONIE CuCTeMe IMHEHHBIX OJHOPOIHBIX ypPaB-
HEHUI:
2@1 + g+ a3 = 0

041—1-044:0
—4a1+3a2+a5:0
30(1-2062—}-0(6:0

OHpe,ZLeJII/IM, CKOJIBKO peH_IeHI/Iﬁ HMeEeT 9Ta CUCTeMa. ByaeM pemaTrb ee MeTOI0M Faycca:



2 11000 0 11 -200
1 00100 (4) —3(2) 1 00 100 (1) < (2)
4 30010 "l o 30 410 3
32000 1 0 -2 0 -3 0 1
1 00 100 (3) —3(2) 10 0 100
o 1200 (4) +2(2) 01 1 -200 (3) +(4)
0 30 410 "l oo -3 1010 ;
0 -2 0 -3 0 1 00 2 -701
10 0 100 10 0 100 —1-(3)
o1 1 =200 (4) +2(3) 01 1 -200 —1-(4)
00 -1 311 "1 oo -1 311 ’
00 2 —-70 1 00 0 -1 23
(3) +3(4)
100 1 0 0 (2) +2(4) 1000 2 3
0112 0 0 (1) —1(4) 0110 -4 —6 (2) —(3)
001 -3 -1 —1 "l oo10 =7 —10 }
000 1 -2 —3 0001 -2 -3
1000 2 3
ot o0o 3 4
0010 —7 —10

0001 -2 =3

HewusBecTtHble a5, (g IBJIAIOTCS CBOOOIHBIMHE, CJI€I0BATEIBHO UCXO/IHAS CHCTEMa UMEeT HEeHY-
JieBoe pertenue. [logyunim, 910 BEKTOPBI a1, A9, €1, €2, €3, €4 JIMHENWHO 3aBucuMbl. Haiiiem BbI-
paskeHne BEKTOPOB €3, €4 Yepe3 OCTaJIbHbIE BEKTOPBI cucteMbl. [loyydenHas cucremMa, JIMHEHHBIX
YPaBHEHUN 9KBUBaJICHTHA CJICIYIOIICH:

ap = —2a5 — 3ag
ay = —3as — 4dag
as = Tags + 10ag
oy = 205 + 3ag

[Moncrabisis sHavenns as = 1, g = 0, mosmydaem perenne (—2,—3,7,2,1,0). [oxcrasmss
sHavennst as = 0, g = 1, moaydaem apyroe pemenne (—3,—4,10,3,0,1). Tak kak 3HaueHns
HEU3BECTHBIX (1.(lg, (O3, (g, (5, (g ABJIATOTCS YHUCJIAMH, NPU KOTOPBIX JIMHEHHas KOMOWHAITHS
BEKTOPOB a1, A3, €1, €2, €3, €4 PABHA HYJIIO, TO CIPaBE/INBbI CJIEIYIONINE PABEHCTBA:

—26L1 — 3&2 + 761 + 262 + e3 = 0
—3a1 - 4@2 + 1061 + 362 +e4 = 0



CrenoBaTeIbHO KarKIbIl U3 BEKTOPOB €3, €4 BBHIPAXKAETCSA Uepe3 BEKTOPHI a1, A, €1, €. ITO
O3HAYAET, UTO CHCTeMa BEKTOPOB 1, (2, €1, €2 ABIAeTca nosHoit B R*. [TpoBepuM, 9TO 3TN Bek-
TOPBI JINHEWHO He3aBUCUMbI. CHOBa COCTaBJ/IsIEM JINHEHHYIO KOMOMHAIIHIO:

Brai + Baag + Bzer + Baea.

[ToacraBisieM 9UCIOBBIE 3HAYEHNS BEKTOPOB a1, (9, €1, €3, CKJIaIBAEM BEKTOPLI U IPUPABHHU-
BaeM JIMHEHHYI0 KOMOMHAINIO K HYJIeBOMY BeKTopy mpocrpancrsa R*. ITosyamm:

(261 + Bo + B3, B1 + Ba, =451 + 362,351 — 262) = (0,0,0,0).
TO PaBEHCTBO YKBUBAJICHTHO CJICAYIONIE cucTeMe JTMHEHHBIX OJHOPOIHBIX YPABHEHNMIL:
261+ B2+ B3 =0
Bi+Bs=0

—4B1 4+ 3P, =0
31— 2B, =0

Haitnem uamcyio perennit 3Toit cucreMbl. Pemarh Oyjem merojiom ['aycca, moBTOpsist Ipeoo-
pa3oBaHUsd, KOTOPbIE COBEPIIAIN B IIPEIbIIYIIEM CJIydae.

(1) —2(2)

2 110 (3) +4(2) 0 1 1 -2
1 00 1 (4) —3(2) 1 00 1 (1) « (2)
4 300 "l o 30 4 ’
3 200 0 -2 0 -3
1 00 1 (3) = 3(2) 10 0 1
N IS U (4) +2(2) 01 1 -2 (3) + (4)
0 30 4 100 =3 10 ’
0 -2 0 -3 00 2 -7
10 0 1 10 0 1
B U R (4) +2(3) 01 1 -2
00 -1 3 "l oo -1 3
00 2 -7 00 0 —1

Ncexoanast cucremMa JUHEHHBIX YpaBHEHUN IMeeT eJINHCTBEHHOE, a MMEHHO HYJIeBOe, PEIleHNE,
CIeJIOBATEIBHO BEKTOPHI A1, A9, €1, €9 JUHEHHO HE3aBUCUMBI. JlOmOJIHEHIEM CHCTEMbI BEKTOPOB
a1, as 110 Gasmca mpocTpaHcTBa R* aBIAIOTCA 1Ba BEKTOpa € U €.

OtBer. Basucom A6AA0OMCA GEKMOPDL
a; = (2,1,-4,3), a; = (1,0,3,-2), e; = (1,0,0,0), e; = (0,1,0,0).
[

Bagaua 4. /Jlokazamo, wmo cucmema sexmopos {(2,1,2),(3,—1,4),(2,4,1)} asasemcsa 6asu-
com npocmpancmea R3 v natimu xoopdunamu: eexmopa x = (8, —4,4) 6 amom basuce.
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Pewenue. 1. Hucno Bekropos B cucreme {(2,1,2),(3,—1,4),(2,4,1)} coBnasgaer ¢ pasmepHO-
CTBIO ITPOCTpaHcTBa R3 | mosTOMYy U1 JJOKa3aTeIbeTBa TOr0, UTO 3TN BEKTOPH 06pas3yIoT basnc,
JIOCTATOYHO IIPOBEPUTH, YTO OHU JUHEHHO HezapucuMbl. CoCTaBUM JIMHEHHYI0 KOMOMHAIIMIO:

a1(2,1,2) + as(3,—1,4) + a3(2,4,1).
C0KIB BEKTOPLI U IPHPABHAB K HYJIEBOMY BEKTOpY IIpocTpancTsa R?, momyamm:
(2011 + 3y + 203, a0y — g + davg, 201 + 4o + az) = (0,0, 0).
DTO ypaBHEHUE SKBUBAJECHTHO CJIEIYIOIIEH CUCTEeME JIMTHEHHBIX OJHOPO/IHBIX YDPABHEHUI:

2a1+3a2+2a3:0
CYl—O[2+40{3:O
2a1+4a2+a3:()

Haiiyiem onpesienuresibs MaTpuiibl KoadgpdunmentoB. Tak Kak 9uCIO ypaBHEHUN B CUCTEME
COBIIQIAET C YMCJIOM HEU3BECTBIX, TO HEHYJIEBOE 3HAUECHHE OIPEICTUTE/Id MATPUILHI KO3 UIu-
€HTOB BJIeYeT €JIMHCTBEHHOCTH PEIeHrs, OTKY/Ia CJIe/yeT JUHellHasd He3aBUCHUMOCTh MCXOHON
CUCTEMBI BEKTOPOB.

2 3 2
1 =1 4|=-248+424+4-32-3=—-1#0.
2 41

Cie10BaTeIbHO MCXOHBIC BEKTOPLI 00Pa3yIoT 6as3muc mpocTpaHcTsa R3.

2. Haiiiem koopamuaTsl BekTopa = = (8, —4,4) B 6azuce {(2,1,2),(3,—1,4),(2,4,1)}. Ilo
OIIPEJIEJICHIIO, KOOPINHATAMI BEKTOPA X SABJIAETCH TPOfKa THces (Qq, g, (3), YAOBIETBOPIIO-

mas ypaBHEHUIO:
a1(27 17 2) + 062<3, _17 4) + 043(2, 47 1) = (87 _47 4)

DTO ypaBHEHIE SKBUBAJIEHTHO CJIEIYIOIIEH CucTeMe JTMHEHHBIX YPaBHEHUI:

200 + 3o + 203 = 8

a1 — g+ 4oz = —4

200 + 4oy + a3 =4
Bynem pemmars a1y cucremy meromom [aycca.

(1) —2(2)
(3) —2(2)

23 ()o@ (L1 4=\ 3)_(2
1 —1 — _ 0 5 —61] 16 -
2 4 1 4 0 6 =71 12

1 -1 4| —4 (2) . 5(3) 1 -1 4| —4 (2) o (3)
— 0 5 —6| 16 —_—_— 0 0 —1| 36 —_—
0 1 —-1|-4 0 1 —-1|-4



1 -1 41 —4 2) + (3) 1 —1 0] 140 (1) + (2)
-—!10 1 -1 4})——[0 1 0]-40 ) ———
0 0 1] -36 0O 0 1|-36
1 0 0] 100
— | 0 1 0|—-40
0 0 1|-36

Taxkum 06pa3oM KoOpMHATAMU BeTOpa T siBJsieTcst Tpoiika (100, —40, —36).

OtsBer. = = (100, —40, —36) 6 6asuce {(2,1,2),(3,—1,4),(2,4,1)}.

Bagaua 5. Jlokazamov, wmo kasicdaa u3 cucmem 6eKmMopos
E={(212),(3,-1,4),(2,4, 1)} u F={(-1,0,1),(2,1,0), (1,2, —-1)}
aeaaemca bazucom npocmpancmea R3 u natimu mampuyy nepexoda om E x F.

Pewenrue. 1. ITokaxkem, uro cucrtembl K u F' obpasyror 6a3uc. Tak Kak KOJTHIECTBO BEKTOPOB
B KayKJI0i CHCTeMe COBIAJIaeT ¢ PasMepHOCTBIO IpocTpancTsa R, To jocTaTodno mpoBepuTh
HHHeﬁHYIO HE3aBUCUMOCTDb BEKTOPOB B Ka)K,Z[OfI cucreMe. ,ZLHH 9TOI'O MOZKHO IToCUNTaTh 3HaA4YCHUE
OolpeaeJanTesisd MaTpPpUIIbI, COCTaBJICHHOT 13 BEKTOPOB Ka}K,[LOIU/I CHUCTEMBI. ECJ'H/I Oolpejge/inTe/]Ib He

paBen 0, TO BEKTOPHI JIMHEITHO HE3ABUCHUMBI.
2 1 2
st cucrembr BekTopoB E: | 3 —1 4| = -2+4+24+8+4—32—3 = —1 # 0, 3naunr
2 41
BEKTOPLI ccTeMbl F 06pasyioT 6asmc mpocTpHeTBa, R,
-1 0 1
i cucteMbl BEKTOPOB F': 2 1 0| =14+4—1=4 # 0, sHaunr u cucrema F
1 2 -1
obpasyer 6asuc mpocTpancTa R3.
2. Haitnem marpuity nepexoga Tg_.p or 6asuca F k 6azucy F. Jljisi 9TOro Mbl JIOJ2KHBI
HallTH KOOPJMHATHI KaxK/J 00 BEKTOpPa U3 CUCTEMbI BeKTOPOB I’ B Oasnce BeKTOpoB K.
JL1st 1IepBOro BEKTOpa M3 CUCTEMbI BEKTOPOB [’ MbI JIOJI?KHBI HAWTH TaKHe (1, (g, (X3, ITO
BBIIIOJIHAETCSA PAaBEHCTBO

(-1,0,1) =a1-(2,1,2) + a9 - (3, —1,4) + a3 - (2,4, 1).
DTO 9KBUBAJECHTHO PENICHUIO CUCTEMbl U3 TPEX yPaBHEHUIL:

20(1+3062—|—2043 =-1
al—a2+4a3:()
2(11+40!2+(I3:1
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B MaTpUYIHOM BUAE 9Ta CUCTEMa MMEET BUJL

2 3 2|-1
1 -1 4
2 41 1

JL1st BTOPOTO BEKTOPA CUCTEMBI BEKTOPOB F' MBI TOUYHO TaKKe J0JIXKHbI HaiiTu Takue 31, B2, O3,

YTO BBIIIOJIHACTCA PaBEHCTBO!:

(27 ]-7 0) = Bl : (27 1a 2) + 62 : (Sa _1a 4) + 53 : (274a 1)
STO 9KBHUBaJICHTHO PCIIECHUIO CUCTEMbI JINHENHBIX ylf)a,BHeHI/IIU/I7 KOTOpasd B ManHqHOﬁ 3allucu

nmMeeT BUI:

2 3 2|2
1 -1 4]1
2 4110

AHAJIOTTIHO JJI TPETHETO BEKTOPA CUCTEMbBI BEKTOPOB F' MBI JIOJI?KHBI HANTH TaKue Y1, Y2, V3,

YTO BBLIIIOJIHACTCA PaBEHCTBO:

(1727 _1) =7 (27 172) +72 ' (37 _174) + s - (2747 1)

DTO SKBUBAJIEHTHO PENIEHNI0 CUCTEMBI JTMHEIHBIX YPABHEHUI, KOTOPAs B MATPUIHON 3aIUCH

AMeeT BUJL:
2 3 2] 1
1 -1 4] 2
2 4 1|-1

3aMeTuM Tenepb, UTO s HAXOXKIACHUA v, B, Vi, ¢ = 1,2, 3, HaM HEOOXOAMMO PEIIUTh TPU
CUCTEMBI, KOTOPbIE UMEIOT OJIMHAKOBYIO JIEBYIO 9acTh. 1109TOMY MOXKHO perraTh OJHYy CHCTEMY,

HO C TpeMsl CTOJIONAaMI CBOOOIHBIX UJIEHOB:

2 3 2/-1 2 1
1 -1 4] 01 2
2 41 1 0 -1
Pemum noydennyio cucremy merojiom [aycca:
2 3 2/-1 2 1 1 -1 4 0 1 2
1 -14, 01 2)—{(0 5 —-6|-1 0 -3 | —
2 41 1 0 -1 0o 6 -7 1 =2 -5
1 -1 4| 0 1 2 10 3 2 -1 0
— {0 5 —-6(-1 0 -3 ] —]01 -1 2 -2 -2 | —
0O 1 -1, 2 =2 =2 00 —-1|-11 10 7

11



1 0/-31 29 21
— | 0 0| 13 —-12 -9
001 11 —-10 -7
Taknm o6pazoM moJrydaeM, 9TO
(o, a9, 03) = (—31,13,11)
(B1, B2, B3) = (29, —12, —10)
(71,72, 73) = (21, -9, -7)

Tak xak Marpuiia mepexoja ot basuca F K Oasucy F' cocrapiieHa m3 KOOPJAUHAT BEKTOPOB
cuCTEMBbI BeKTOPOB I’ B Oasuce F, 3ammcaHHBIX B CTOJIOIBI, TO:

0
1

=31 29 21

T r = 13 —-12 -9

11 —-10 -7
=31 29 21
OrBet. Tr_ ,r = 13 —-12 -9
11 —-10 -7

2 lloampoctpaHcTBa

Bamaua 6. [Iposepumos, obpasdyrom au nodnpocmpancmseo sexkmopvt npocmpancmea R™, xoop-
AuHamMvL, KOMOPHLT YAOBALMBOPAIOM, YPAGHEHUIO

1 +2To+ ... +Ty, = a,
2de a € R — duxcuposarroe wucno.

Pewenue. O6osnaunm L, = {(z1, 22,...,2,) € R"|z1+. ..+, = a}. MuOKecTBO L, siBIsieTCS
HOJIIPOCTPAHCTBOM TOTJIA U TOJBKO TOTJIA, KO OHO YJIOBJIETBOPSIET JIBYM YCJIOBHSM:

1. Jlnst i00BIX JIBYX BEKTOPOB X,y € L, UX cyMMa & + Y Tak:Ke ABJIsIeTCsT BEKTOPOM U3 L,;

2. g moboro BekTopa x € L, u moboro unciia o € R BeKTOp ar TaK»Ke MPUHAICKUT L.

IIposepum 0ba 311 yCI0BHS.

L. Iycte = (21,29, ..., Zn), ¥y = (Y1,Y2, - - -, Yn) W IyCTH T,y € L,. Torma
r1+2o+...+x,=a

M+y+...+y,=a

[To ompeiesieHIO0 CyMMBI BEKTOPOB Z+Y = (1, ..., Zn)+ (Y1, -, Un) = (@14+Y1, - -+, Tn+Yn).
Bekrop = + y € L, Torma u TOJIBKO TOTJA, KOTIa

(w1 +y1) + .o+ (T +Yn) = a.

12



JleBast 9acTh 9TOrO paBeHCTBa IPUHUMAET 3HadeHue 2a. PaBeHcTBO 20 = a clipaBeJTHBO TOJIHKO
npu a = 0. Takum obpazom mepBoe yCI0BUe CIPABEIINBO TOJBKO 1pu a = ().

2. llyctrb « € Ru x = (21,29, ...,2,) € L, Torma
1 +x2+...+x, =a.

ITo onpenenennio yMHOXKEHNS BEKTOpa Ha UUCJIO QT = (axl, - ,axn). Torma BekTOp ax €
L, Torma m TOJIBLKO TOTHA, KOTIA
ary +...0x, = a.

JleBas 9acTb 9TOTO paBEHCTBA MIPUHUMAET 3HAYCHHUE (vd. PaBEHCTBO (va = @ JIOJIZKHO BBITIOJ-
HATCA TPU JIIOOOM 3HAYEHUHU (v. ITO BO3MOKHO TOJIBKO 1pr ¢ = (). Takum o6pazoM MHOXKECTBO
L, siBIsieTcd MOITpOCTPaHCTBOM TOIBKO nipu a = (.

OrtBert. IIpu a = 0 mmnoocecmeo L, sasasemca nodnpocmparcmeom npocmpancmsea R™, npu
0CMANLHBLT 3HAYEHUAT 4 — Hem.

]

Bapaua 7. Hatmu pasmeprocmsv u kaxol-nubdydv 6a3uc AuHetiHot 000A04KU CUCTEMbL BEKMO-
PO6

ar = (1,-1,-2,1), ag = (2,2, —1,-1), a5 = (1,=1,—1,1), ag = (1, =5, —3,4),
as = (—1,-2,1,1).

Pewenue. Obosnauum 1depe3 L JTUHEHHYIO 000I0YKY CHCTEMBI BEKTOPOB i, (g, A3, U4, A5. L =<
ai, a9, az, ay, as >. Ilo onpenesnenuio 6a3ucom JIMHEHHONW 000JIOUKHU L sIBsSIeTCS JIUHEHO He3a-
BHUCHMasl 1 ToJTHas B L cucrtema BeKTOpOB. M3 omnpesiesieHus JTMHERHOM 000JI0YKHU CJI€IyeT, ITO
cucreMa BEKTODPOB {ai, as, as,ay, as} moaHa B L, Tak Kak JH0O0H BEKTOp M3 L MOYKHO Mpe-

CTaBUTH B BHJIE JIMHEHHON KOMOUHAIIME BEKTOPOB a1, . . . , as. CJI€0BATEILHO JIJIsi HAXOXK IEHHsT
6asuca L JIOCTATOYHO BBIJIEIUTH MAKCUMAILHYIO JIMHEHHO HE3aBUCUMYIO TIOJICUCTEMY U3 CHCTE-
MBI BEKTOPOB {a1, ..., as}.

CocTraBuM JTMHERHYIO KOMOUHAIIHIO:
Q107 + Q09 + (303 + 4G4 + Q5a5.

[ToncTaBuB YnC/IOBBIE 3HAYEHUA BEKTOPOB A1, . . . , G5 U IPUPABHAB TY JIMHEHHYIO KOMOWHA-
IO K HYJIEBOMY BEKTOPy IpocTpancTsa R*, momyamm:

(a1+2a2+a3+a4—a5,—a1+2a2—a3—5a4—2a5,—2a1 —042—613—3(14+CY5,
a1 — Qg + Qg3 +40é4+065) = (0,0,0,0)
SAVe) PaBEHCTBO 9KBUBaJICHTHO CJ'IG,ZLYIOHLGI'?'I cucTeMe JIMHEHHbBIX OZHOPOAHBIX ypaBHeHHﬁZ
Oé1+2042+0é3+064—065 =0
—a1+2a2—a3—5a4—2a5 =0
—20&1—&2—0(3—3014+0é5:0

a1—062+0é3+4064—|—065:0
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Bynem pemarts 3Ty cucremy metojgoMm [aycca, mpuBojg ee MaTpuily Ko3(pOUIMEHTOB K CTY-
[IEHYATOMY BU/LY:

(2)+ (1)

1 2 1 1 -1 (3) +2(1) 1 21 1 -1 (2) + (4)
1 2 -1 -5 -2 (4)— (1) 0 40 —4 -3 (3) +(4)
92 -1 -1 -3 1 1o 31 -1 -1 ’

1 -1 1 4 1 0 -30 3 2

1 21 1 -1 121 1 -1
I B BN A (4) +3(2) 010 -1 —1
0 01 2 1 "loo1 2 1
0 -3 0 3 2 000 0 —1

Heussecrubie oy, i, g, (5 SABJISIIOTCS TJIABHBIMU, & HEU3BECTHAs (v4 SBJISETCS CBOOOIHOI.
CitetoBaTEILHO BEKTOD (4 IPEJICTABIISETCS B BUJIE JIMHEHHO KOMOMHAIIUY BEKTOPOB (1, G2, A3, 5.
Torna MakcuMaIbHON JIMHEHHO HE3aBUCUMOI TIOJICUCTEMOli B CHCTEMe BEKTOPOB {ay, . . . , G5} B~
JIAIOTCA BEKTOPHI a1, A2, (3, G5, KOTOPbIE U COCTABJIAIOT OA3UC JIMHEITHOI 000109KH L, IIPU 9TOM
pa3sMepHOCTh IMOAIpocTpancTBa L paBHa 4.

OtBet. Pazmeprocmo pasna 4, 6a3uc cocmoum u3 6eKmopos ay, as, az, ds.

Bamaua 8. Hatimu b6asuc cymmol U nepeceverus SUHEeTUHbT 000A0UeK

S =<(1,3,-2,1),(3,1,0,1),(9,4,—1,4) > u
T =< (-1,-2,1,1),(~1,-9,6,1), (0,7, =5,0) >.

Pewenue. Obo3HATNM TTOPOZKTAIOITIE BEKTOPHI U3 CUCTEM BEeKTOpPOB S u T uepes ay, aq, as, by, by, bs:

ay = (1737 _27 1)7 bl = (_17 _27 17 1)7

Qo = (37 1707 1)) b2 = (_]—) _9’67 1)7

as = (974, —1,4), b3 == (0, 7, —5, )
Torma S =< ay,as,a3 > u T =< by, by, by >.

1. TIpexk e 1eM HAXOAUTH OA3UCHI CyMMBbI TPOCTPAHCTB S + 1 1 1IepecevdeHns MPOCTPAHCTB
SNT', HeOOXOIMMO TIPOBEPUTh, SBJISIETCS JIA KazK/[asl U3 CUCTeM BEKTOPOB { a1, ag, asz} u {by, be, b3}
nuHeino uezaBucuMmoil. CocTaBuM JTMHEHHYIO KOMOUHAIIMIO BEKTOPOB @1, dg, G3 U IIPUPABHIEM
ee K HYJIIO:

a1a1 + Qaag + 33 — 0.

[ToncTraBuB 4mMCIOBBIE 3HAYEHUS BEKTOPOB (1, G2, A3, TTOJIYIUM:

(CY1 + 3@2 + 90&3, 30&1 + s + 4043, —2@1 — 03,1 + Qg + 40&3) = (0, 0, 0, O)
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DTO PaBEHCTBO YKBUBAJECHTHO CJICYIONIEH CHCTEMe JIMHEHHBIX OJHOPOIHBIX YPABHEHUI:

a1 +3as +9a3 =0
301 + ag +4a3 =0
—201 —az3 =0

a1+ ag +4as3 =0

Bynem pemarts 3Ty cucremy merosom [aycca, mpuBosg ee maTpuily Ko3pOUIUEeHToB K CTY-
MIEHYATOMY BULY:

(2) = 3(1) —-1-(2)
13 9 (3) +2(1) 1 3 9 —1-(4)
31 4 (4)—(1) 0 —8 —23 (2) « (4)
2 0 -1 1o 6 17 3
11 4 0 -2 -5
13 9 (3) —3(2) 1309 L3 0
02 5 | 4—42 025 | (4-303) 0o s
|06 17 100 2 3 009
08 23 00 3

Cucrema nmMeeT TOJIBLKO HYJIEBOE DEIIEHUE, CJIEJIOBATEILHO BEKTOPHI 1, G2, G3 JTUHEHHO He3a-
BUCHUMBL.
[TpoBepuM JIMHEHHYIO HE3ABUCHMOCTH CUCTEMbI BEKTOPOB {b1, by, b3 }. AHaIOrMIHO MMeeM:

(=B1 = Ba, =201 — 9B2 + T3, b1 + 662 — 5533, f1 + B2) = (0,0,0,0).

DTO PaBEHCTBO YKBUBAJIEHTHO CJIEJIYIONIEN CrCTeMe JIMHEHHBIX OTHOPO/IHBIX yPAaBHEHMI:

—p1—P2=0

=201 =95, + 73 =0
p1+ 602 — 583 =0
pr+B2=0

Pemaem cucremy merojiom ['aycca, mpuBojd ee MaTpuily Ko3pOUIIMEHTOB K CTYIEHIaATOMY
BUJLY:

(2) —2(1) (3) +3(2)
-1 -1 0\ G+ L1 oy b
2 -9 7| _W+@® ("o o) _ @ <1 1 0)
1 6 -5 S U "\o1 -1

1 1 0

Heussecrnas f3 siBisiercst cBOOOHOM, cje10BaTe/IbHO UCXO/IHAS CUCTEMAa JIMHEHHBIX OJHO-
POJIHBIX ypaBHEHUI UMeeT OECKOHEYHO MHOT'O PEIIeHUid, & MOITOMY UMEET HEHYJIEBOE PEIlleHHe.

15



[Tonmyunin, 9T0 BEKTOPHI by, by, b JIMHEHHO 3aBUCHMBI, IPUYEM MaKCHUMAJIbLHON JIMHEIHO He3a-
BHCHUMOM ITOJICUCTEMOM SIBJISIETCS] CUCTEMA, COCTOAMIAA U3 JTIOOBIX JIBYX BEKTOPOB U3 MHOXKECTBA
{b1, b2, bs}. Hanpumep, MOKHO B3sITh by 1 by.

2. Ilepeitnem k mocrpoenuio 6azuca cymmbl S + 1" u nepeceuenust S N T TaHHBIX TOIIPO-
crparcts S u T'. Obmuit aJrOPUTM COCTOUT B MMOBTOPHOM BBIIIOJIHEHUU CJICTYIONINX IMAr0B: K
Oazucy JMHEIHON 000/109KH S MTOC/IeI0BATEIBHO 0 OJHOMY J100aB/IsieM Oa3UCHBIE BEKTOPBI JIH-
Heiinoit 06os10uKu 1', M KaxKJIblil pa3 MpoBepsieM, ABJISI€TCs JIM TOJIyYeHHOE CeMECTBO BEKTOPOB
JINHEITHO HE3aBUCUMBIM. FKc/ii BEKTOpBI JTUHEITHO HE3aBUCUMBI, TO OHU 00pa3yioT YacTh Oa3uca
cymmbl S + T'. Eciu BeKTOPBI JIMHEHHO 3aBUCUMbI, TO UX JIMHEHHAs KOMOMHAIMSA paBHA HYJIe-
BOMY BEKTODPY IIpH HEHYJIeBbIX Kodddurmentax. Torga Mbl BeIpaxKaeM OJUH U TOT YKE BEKTOD
npocrpancTBa R* 4epes 6asucHbIe BEKTOPHI JHHEHHLIX 000s1049eK S 1 T', IpH 9TOM IIOJIyHeH-
HBIIT BEKTOP SIBJISIETCS OJHUM M3 OA3MCHBIX BEKTOPOB mnpocrpancrBa S N 1T. Haaee Mbl Gepem
cJIeJIyIoNuii BeKTOp Oa3uca JuHeilHoit 00o/10uku T, 10b6aBisgeM ero K HalijJIeHHbBIM BEKTOpaM W3
6asmca cymmbr S+ 1" (pu 9TOM MBI He oOpalaeM BHUMaHUs Ha HARJEHHBIE JIO 9TOT0 OA3MCHBIE
BEKTOPBI U3 Mo ApocTpancTsa SMNT'), mpoBepsieM JIMHEHHY0 HE3aBUCUMOCTD, U TaK Jlajiee, MoKa
He niepedepeM 1o OJIHOMY Bce H6a3UCHBIE BEKTOPLI U3 IpocTpancTsa 1.

2.1. Pacemorpum cucremy BeKTOpOB {a1, Gg, ag, by }. [IpoBepuM, sIBISIFOTCS J 9TH BEKTOPBI
JauHeino nezapucuMbiMu. CocTaBiisieM JIMHEHHYI0 KOMOUHAIIUIO:

o101 + Qa2 + (izas + Oé4b1.

[ToncTaBuB YmMCIOBBIE 3HAYEHUS BEKTOPOB 1, (s, A3, by ¥ IMIPUPABHAB 3Ty JIMHEHHYIO KOMOU-
HAIIIIO K HYJEBOMY BEKTOPY mpocTpaHcTBa R*, mosywm:

(@1 + 3062 + 9043 — Qy, 3@1 + a9 + 4043 — 20447 — 20[1 — Q3 —+ Qy,
a1 + g + 4063 —+ 064) = (0, 0, O, O)

DTO PaBEeHCTBO SKBUBAJIEHTHO CJIEJIYIONIEN crcTeMe JIMHEHHBIX OTHOPOIHBIX yPABHEHMIT:

a1+ 3as +9a3 —ay =0
301 + ag +4ag — 204 =0
—200 —az+ays =0
a1 + ag + 4oz + oy

Bynem pemarts 3Ty cucremy merogom [aycca, mpuBosg ee MmaTpuily Ko3(pOUIMEeHToB K CTY-
[IEHYaTOMY BHJIy C IOMOIIBIO TEX K€ CaMbIX 3JIEMEHTapPHBIX IPeoOpa30BaAHUil CTPOK, KOTOPHIC
COBEpIIIAJIN [IPU TPOBEPKE JIMHEHHON HE3aBUCUMOCTU CHCTEMbI BEKTOPOB {aq, as, as}.

(2) = 3(1) —1-(2)

13 9 -1\ (3+2(1) 1 3 9 -1 —1-(4)
31 4 -2 (4) — (1) 0 -8 —23 1 | @)«
—2 0 -1 1 "o 6 17 -1
11 4 1 0 -2 -5 2



13 9 -1 (3) —3(2) 139 -1
o2 5 2 (4) —4(2) 025 —2 (4) = (3)
06 17 —1 "loo2 5 ’
08 23 —1 003 7
139 —1 139 -1 139 -1
o252 (3) —2(4) 025 —2 (3) < (4) 025 —2
002 5 000 1 "l oo1 2
001 2 001 2 000 1

Cucrtema mMeeT TOJBKO HYJIEBOE PeEIeHne, CJeI0BaTe/bHO BEKTOPHI a1, dg, A3, b; JIMHEHHO
HE3aBUCHMBI. |[IOJIyYH/IM, YTO OHU SIBJISIFOTCS 4acThio Oasuca cymmbl S + T

2.2. PaccMOTpUM CHCTEMY BEKTOPOB {a1, dg, as, by, ba}. [IpoBepuUM, ABJISIOTCS JIU 9TH BEKTO-
pbI JIMHEIHO He3aBucUMbIMU. COCTABUM JIMHEHHYI0 KOMOUHAIIUAIO:

o101 + QiaGo + zas + Oé4b1 + 0651)2.

HO,ZLCT&BI/IB YUCJIOBbIE 3HaAY€HUA BEKTOPOB Ay, Gg, A3, bl, b2 " IIpUpaBHAB 9TY ﬂHHeﬁHyIO KOM-
OUHAIMIO K HYJIEBOMY BEKTODY IIpocTpancTsa R, momryumm:
(Oél + 30(2 + 9@3 — Oy — 045,3041 + oo + 4043 - 2044 - 9@5,
— 201 — a3z + ag + 6as, a1 + as + 4das + ag + a5) = (0,0,0,0).
DTO paBEHCTBO YKBUBAJIEHTHO CJIEJIYIONIEH cucTeMe JIMHEHHBIX OJIHOPO/IHBIX YPaBHEHUIL:
a1+ 3as +9a3 —ay —as =0
30&1+062+4Oé3—20é4—90é5 =0
—201 —ag+ as 4+ 65 =0
a1+a2+4a3+a4+a5 =0

CHoBa OyeM peraTh 3Ty CHCTEMY MeTOJIOM l'aycca, MpUBOIS ee MaTpUIly KO3hUuImenTos
K CTYyIeHYaTOMY BUJLY:

(2) = 3(1) —1-(2)
13 9 -1 —1 (3) +2(1) 1 3 9 -1 -1 —1-(4)
31 4 —2 -9 (4) —(1) 0 -8 —23 1 —6 (2) < (4)
20 -1 1 6 "l o 6 17 -1 4
11 4 1 1 0 -2 -5 2 2
13 9 -1 -1 (3) = 3(2) 139 -1 -1
o2 5 2 2 (4) —4(2) 025 —2 —2 (4) —(3)
06 17 —1 4 "l oo 2 5 10
08 23 -1 6 003 7 14
139 -1 —1 139 -1 -1
o025 2 2 (3) —2(4) 025 —2 —2 (3) < (4)
002 5 10 "looo 1 2 ’
001 2 4 001 2 4



139 -1 -1
o2 2 2
001 2 4

000 1 2

Hewussectrast o siBsieTCst CBOOOIHOI, CJ1e10BaTE/IbHO BEKTOPHI A1, Us, A3, by, by JIMHEITHO 3a-
BUCHUMBI. HaIU/I,I[‘eM qaCTHOE peHIeHI/Ie I/ICXO,Z[‘HOIU/I CHUCTEMDBI. ILJ’IH 9TOI'0 C IIOMOIIIBIO SJIel\IeHTaprIX
1peobpa30BaHuil Ha T CTPOKAMU MaTPUIIAMU IIPUBEJIEM €€ K BHJLY, B KOTOPOM B KazKJIOM CTOJIOIE,
COOTBETCTBYIOIIEM TJIABHON HEM3BECTHOM, CTOUT POBHO OJHO HEHYJIEBOE YHCJIO.

(1) + (4)

139 -1 -1 (2) +2(4) 13901 (1) = 9(3)
025 —2 —2 (3) —2(4) 0250 2 (2) —5(3)
001 2 4 "l oo100 5
000 1 2 0001 2
13001 1000 —2
o200 02 (1) —3(2) 0200 2
00100 "l oo1o0 o0
000712 0001 2

Ncxonnas cucrema ypaBHEHUI paBHOCUJIBHA CJIEJLYIOIIEN:

a1 = 205
200 = —2ai5
as =0

g = —205

[MostoxkuMm a5 = 1 u moJryunM perenne cucreMbl ypasaenuii (2, —1,0—2, 1). CieoBarenbo
CITPaBEJJINBO CJIETYIONIEe PABEHCTBRO:

2(11—6L2—2l)1—|—b2:0.

OcTaBuB BEKTODPHI G1, Gy B OJIHOI YaCTU PaBEHCTBA, U IepeHecs BEKTOPHI by, by B npyryio,

IIOJIyYUM:
2@1 — a9 = 2b1 — bg.

Taxkum obpasom, Bektop (—1,5,—4,1) = 2a; — ag = 2b; — by MOYKHO BBIDA3UTh KaK Uepes3
BEKTOPHI a1, s, A3, TAK U Yepe3 BEKTOPHI by, by, b3. CiegoBaTelbHO 9TOT BEKTOP JIEXKHUT KaK B
JIMHeHoi 060J104Ke S, TaK U B JIUHEHHON 000/104uKe T', a 3HAYUT OH MPUHAJICYKUT IIEPECeTIeHnIO
SNT'. Bekrop (—1,5,—4, 1) Bo3bMeM B KauecTBe epBOro (U eJJMHCTBEHHOT0) 6A3UCHOIO BEKTOPaA
nepecevennst S NT.

[IpoBepuM paBeHCTBO JIJIsT pA3MEPHOCTH:

dim S +dim 7 = dim(S + T) + dim(SN7T).
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Panee mamumn, aro dim S = 3, dim7" = 2, dim(S + 7") = 4 u dim(S N T) = 1. Pasencrso
3+2=4+1

ABJIAETCA BEPHBIM.

OtBet. basuc cymmo, S+ T': ay,as,as, by
Basuc nepecevernun S NT: 2a; — ay = 2by — bs.

O

Banauga 9. Hatimu pyrndamenmanvryro cucmemy peweruti 0As caedyrouLets cucmemvl AuHe-
HOLL 0OHOPOOHBIT YPAGHEHUT:

ZE1—173+4.T4+2$5:0
T1 — Xy — 3x3+ dxrg + 325 =0
T1 — 2x9 — dx3 + 624 + 45 =0

$2+2£C3—.I’4—SL'5:O

Pewenue. Haxoxienne dyHIaMEHTAIBLHON CUCTEMBI PEIICHUN I CUCTEMbI JIMHEHHBIX O/I-
HOPOJHBIX YPABHEHUII COCTOUT B IOCJIEIOBATEILHOM BBINOJHEHNN JABYX maroB. CHadaja Mbl
JIOJIZKHBI TIPUBECTA MAaTPUILY KOIMDPUITMEHTOB CUCTEMBI K CIIENUAIbHOMY “KaHOHUIECKOMY BU-
JIy, UCHOJIB3Ys dJeMeHTapHble Ipeobpa3oBaHus HaJi crpoKamu. llojm “Kanonmdyeckum”’ BUJIOM
MATPHIIBI TOHUMAETCS TAKOI BUJI, IPH KOTOPOM HECKOJIBLKO CTOJIOIOB MATPHIILI (MX KOJTHMIECTBO
PaBHO paHry MaTPHIbI) 00Pa3y0T €IUHUIHYIO TIOJMATPHILY, & B OCTAILHBIX CTOJIOIAX MOTYT
CTOSITH TTPOU3BOJIbHBIE JIEMEHTHI. BTOPBIM 9TAIIOM SIBJISIETCSI BBIITUCBIBAHIE CAMOTO Da3mca mpo-
crpaHcTBa perienuii (byHIaMEeHTATBHOM CHCTEMBI DEIeHni ).

1. Marpuna ko3hduImenToB JJaHHON CUCTEMbI UMEET BU/I:

1 0 -1 4 2
1 -1 -3 5 3
1 -2 -5 6 4
o 1 2 -1 -1

Bynem npuoguth 31y MaTpuily K “KaHOHHYIECKOMY BHU/LY C HOMOIILIO JIEMEHTAPHBIX IIpe-
oOpa30oBaHMil CTPOK.

1 0 -1 4 2 (2) = (1) 1 0 -1 4 2 (4) + (1)
1 -1 -3 5 3 (3)— () 0 -1 -2 1 1 (3) —2(1)
1 -2 -5 6 4 1o —2 -4 2 2 ’
0 1 2 -1 —1 0 1 2 -1 —1

. 10 -1 4 2
01 2 -1 -1
[Toceausiss MaTpuiia sIBJIsSIeTCsl “KAHOHUYECKON , TaK KaK IepBble JBa CTOJIONA MaTPHUIILI
00pa3yioT eINHIIHYIO HOJAMATPHILY.
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x99

2. Tenepb, UCHOIB3Ys HAMJIEHHBIN “KAHOHWMYECKUI BUJ MATPUIIBI, BBIUIIEM (yHIaMeH-
TAJIBHYIO cucTteMy perenuii. OHa COCTOUT U3 N — I BEKTOPOB, IJIe N — YHUCIO0 CTOJIOIOB MAaTPH-
Ibl, a 7 — ee paHr. B nHameMm ciaydae n = 5,7 = 2, cJieJIoBaTeIbHO (DyHIaMEHTAJIbHAS CHCTEMA
peIIeHniI COCTOUT M3 TpeX BeKTOpoB. Ha Tex mecTax 371€MEHTOB BEKTOPOB, KOTOPBIE COOTBET-
CTBYIOT CTOJIOIIAM BHE €JIMHUYHON MATPUIILI, MbI MOCJIEIOBATEILHO BBICTAB/ISAEM HYJIU U OJIHY
1-my. [omywmm:

alz(...,... ]_, ),
(12:(...,..‘,07 ),
as ( ey e 0 )

Ha camom JeJie YKa3aHHBIM MeCTaM B BEKTOPaX MO2KHO IIpUCBanBaThb IIPOU3BOJIbHbLIE 3HAYE-
HUA, HO TakK, YTOOBI onpe/eanuTe/] b MaTPUIbl, COCTABJICHHDLIA U3 3TUX 3HAYCHUN, OBLT He paBeH
HYJIIO. ﬂpyFI/IMI/I CJIOBaMHM BCE€ TPpU BEKTOPa J0JI2KHbI OBbITH JIMHEITHO HE3aBUCHUMBI.

Tenepb HalJIeM 3HAYCHUY JIEMEHTOB BEKTOPOB (1, A2, A3 HA OCTABIINXCA MECTaX. ILJISI 9TOTI'0
Ha /IO BCIIOMHUTD, 9TO KaxKJad CTPOKa MAaTPHUIIblI — 3TO YPaBHEHUE. N3 stux ypaBHeHI/IfI MO2KHO
HalTHU, YTO HEU3BECTHLIC T, Lo BBIPAXKAIOTCA Yepe3 I3, L4, Ty cJIe 1y romum o6pa30M:

9 b

0
,0
1

?

O = O

»

T = I3 —41’4 —2I5

T = —21173 + x4+ T35
[Toxacrapisist 3nadenus 3 = 1, x4 = 0, x5 = 0 HAXOAMM, YUTO MEPBBIl BEKTOP
a; = (1,-2,1,0,0).

Touno Tak:ke, MOJICTaB/IdAsA B 9TU JIBA YPABHEHUs, BhIpaKaIOINIe T1 U Ty U€PE3 OCTATIbHbIE
nepeMennble, 3Hadennsd r3 = 0, x4 = 1, x5 = 0, HAXO UM, 9TO

as = (—4,1,0,1,0).
Haxomnern, mojcrapisis x3 = 0, x4 = 0, x5 = 1, HaxXoauM, 9TO
as = (—2,1,0,0,1).

Orser. a; = (1,-2,1,0,0), ay = (—4,1,0,1,0), a3 = (—2,1,0,0,1).

3 JImHeiinble mpeoObpa30BaHUA 1 OTOOPa>KEeHUS
Bagada 10. Omobpasicerue @: R3 — R* s3adano npasunom:
(x1, T, 23) — (—x1 + T2 — 33,21 — X9 + 33, — T2 + 223, 11 + T3).

Jlokazamo, 4mo @ AGAACMCA AUHETHDIM 0TNOBPANCEHUEM U HATIMU €20 MATMPULY 6 CTandapm-
nox basucar npocmpancms R® u R,
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Pewenue. 1. [Is Toro, 94To0bI I0Ka3aTh, 9TO 0TOOpaYKEHUE (p ABJISIETCS JIMTHEHHBIM, HEOOXOIMMO
[IPOBEPUTH JIBa CBOMCTBA:

1. JIst mobeix BekTOpoB a, b € R? cnpasepymeo pasenctso ¢(a + b) = p(a) + ¢(b);

2. Jlna moboro BekTopa a € R® n moboro 4yncia o € R crnpaseamso paseHcTBo o(aa) =
ap(a).

1.1. Ilyctb a = (a1, as,a3) uw b = (by, by, by). Torma a+b = (ay + by, as + by, a3 + bs). Haitnem
suauenue p(a + b):

(,0(& + b) = gO(CLl + bl, (05} + bz, as + bg) = (—(Cll + bl) + (CLQ + bg) — 3((13 + bg),
((11 + bl) — (CLQ + bg) + 3((13 + bg), —(CLQ + bg) + 2(0,3 + b3), (Cll + bl) + (ag + bg))

Packpoem ckoOku u cobepeM KOMIIOHEHTBHI BEKTOPOB a u b 110 oTjeabnocTn. [lomyanm:

QO(CL + b) = ((—a1 + a9 — 3@3) + (—bl + bg — 3b3), (a1 — a9 + 3(13) + (bl — bg + 3()3)7
(—CLQ -+ 2@3) + (—b2 -+ 2[)3), (CLl + CL3) + (b1 + bg))

Haiizem Teneps snadenus ¢(a) u ¢(b) 1m0 OTIEIBHOCTH:
¢(a) = (—a1 + az — 3az, a1 — az + 3as, —az + 2asz, a1 + ag),

(p(b) = (—bl + b2 - 3b3, b1 - bg + 3b3, —bg + 2b3, b1 + bg)

o(a) + o(b) = (—ay + as — 3as, a1 — as + 3as, —as + 2a3, a; + az)+

—by + by — 3bs, by — by + 3b3, —by + 2b3, b1 + b3) =

(—ay + as — 3az) + (—=by + by — 3b3), (a1 — as + 3az)+

+ (b1 — by + 3b3), (—as + 2a3) + (—by + 2b3), (a1 + az) + (b1 + b3)) = ¢(a + b).

—_—~ N~

1.2. Ilyctb a = (a1, a2,a3) u a € R. Torna aa = (aay, cas, aag). Haiigem snadenne p(aa):
o(aa) = p(aay, aay, aaz) = (—aay + aay — 3aas, va; — aay + 3aas, —aag + 2aag, ca; + aag).

Broiecem koaddunmenT v 3a CKOOKM B KaxKJI0i KOMIIOHEHTE IOJIyduBIIerocs sekropa. [lo-
JIyIUM:

o(aa) al—ay + ay — 3az), a(a; — ag + 3az), a(—ag + 2a3), a(ay + az)) =

= (
= a(—ay + az — 3as, a; — as + 3agz, —as + 2a3, a1 + az) = ap(a).

Taxum obpazoM, oToOparKeHue ¢ JIHCTBUTEILHO SIBJISETCS JIMHEHTHBIM.
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2. Haiinem MaTpuily oToO6paskKeHns ¢ B CTaHJAPTHBIX Gasncax mpocTpadcets R3 m R*. Ha-
HOMHIM, UTO CTaHJAPTHBII 6a3uc mpocTpancTBa R? cOCTONT M3 BEKTOPOB

CrangapTHblii 6asuc mpocTpancTsa R cocTonT 3 BeKTOpOB

f1=1(1,0,0,0)
f2 = (07 17070)
f3=1(0,0,1,0)
f2=10,0,0,1)

Hrobb! HaliTH MaTpUIly oToOpaykeHus ¢ B basucax {ey, es, ez} u {f1, fo, fs, f1} AocraTowano
HaliTl 00pas3bl BEKTOPOB €1, €9, €3 TI0JI ACHCTBHEM OTOOpArKCeHHs ¢ U HAfTH KOOPIUHATHI STHX

obpaszos B 6azuce { f1, fa, f3, f4}

80(61) - 90(17070) - <_17 ]-707 1) = _fl + f2 + f4

90(62) = @(07 170) = (1’ —1, _17()) =fi—fo—f3

90(63) = 90(0707 1) = (_373’ 2, 1) =-3fi+3fa+2f3+ [4

BammcaB KOOpIUHATHI 00PAa30B BEKTOPOB €1, €g, €3 B basuce { fi1, fo, f3, fa} B cronbIel Mat-
PHIIBI, TTOJTyYUM UCKOMYIO MATPUILY JIMHEWHOTO OTOOparKeHUs

-1 1 =3
1 —1 3
WOEE = o 21 5
1 0 1
1 1 -3
OTBeT. [Qﬁ]gigggh - (1) :i g
1 0 1

]

Bamaua 11. Hatmu 6aszuc adpa u 0bpasa suretinozo omobpasrcenus, 3a0aH1020 6 HEKOMOPOM
basuce mampuuet

1 2 -1 1
2 1 -1 0
3 3 =2 1
0 -3 1 -2

Pewenue. 1. IlycTb MaTpulla U3 yc/I0BHs 33a9l 33JaeT JuHeiiHoe oTobpazkenue ¢: RY — RY.
Hamomunwm, gTo

kerp = {x € RY|p(x) = 0}.
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[Iycrs © = (1,9, 23, 74). BeKTOp 2 sBIIsSIeTCST 9JIEMEHTOM sijipa TOTJA U TOJBKO TOIJIA,
koryia ¢(x) = 0. Haiigem obpas BekTOpa & 1oj jieficTBIeM 0TOOpaXKeHus :

1 2 -1 1 T T1+ 229 — 23+ x4
. 2 1 -1 0 i) . 2[L‘1 + Ty — T3
P =g 3 2o 1 || m | T 8w+ 8 — 208 + 2
0 -3 1 -2 T4 =319 + 3 — 214

Torma yciaosue gp(:c) = ( ’KBUBAJIEHTHO CJIEAYIONIEH crucTeMe JIMHEWHBIX OTHOPOIHBIX YPaB-
HEHUIA:
1‘1+21’2—ZE3—|—$4:0
21’1 + Ty — X3 = 0
31’1+3Z’2—22L’3+$4 =0
—31’2 + Tr3 — 21‘4 =0
Bazucom sypa kery sgBagercd B TOYHOCTH 0A3MC TPOCTPAHCTBA PENIEHUIT STOI CUCTEMBI JIU-
HEWHBIX OJTHOPOAHBIX ypaBHenuii. Haitnem ero (To ecTh (PYHIAMEHTAIHHYIO CUCTEMY pemeHHﬁ):

1 2 -1 1 (2) —2(1) 1 2 -1 1 (3) —(2)
2 1 -1 0 (3) = 3(1) 0 -3 1 -2 (4) —(2)
3 3 -2 1 "l o =3 1 —2 }
0 -3 1 -2 0 -3 1 -2

—(5 518000

Mpbr npuBesin MaTpuily Ko3M@UIMEHTOB UCXOIHON CUCTEMbI K “KAHOHUYECKOMY BHUJLY, TaK
KaK IEePBBIIl U TPETHil CTOJIOBI KaK pa3 00pa3yioT eIMHUIHYIO ToaMaTpuIty. V3 noxyaunsiieiics
MATPHUIIBI CJIEJIyeT, YTO HEU3BECTHBIE T1, Lo, T3, T4 CBA3AHBI COOTHOIEHUSIMU:

T1 = To+ T4
T3 = 3.T2 + 2.CE4
CIIGILOB&TGJIBHO (byH,ZLaMeHTaJIbHaH CHucTeMa peH_IeHI/Iﬁ COCTOUT U3 ABYX BEKTOPOB:

er = (1,1,3,0)
ey = (1,0,2,1)

BexkTopnl €1, €5 06pa3dyior 0asuc gjpa JIMHEHHOTO TPeodpa3oBaHusd ©.

2. Haiinem 6asuc obpaza I'mep. Hamomuamm, aTo
Imp = {z € RY|TFy € R*, p(y) = z}.

Tak Kak orobpazkeHue ¢ 3aJ[aHO0 MaTPUIE

1 2 -1 1
2 1 -1 0
3 3 -2 1|’
0 -3 1 =2
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TO CTOJIOIBI TOW MATPHUIIBI ABJSIOTCA oOpa3aMu I0J JeHcTBUEM OTOOpayKeHusi ¢ Oa3UCHBIX
BekTOpoB npocTpancTBa R*. O6pas 1OIHOIN CHCTEMBI BEKTOPOB ABJISETCS IIOJHON CHCTEMOIl B
obpaze Imyp, MO3TOMY CJIEYIOIINe BEKTOPHI:

f1=1(1,2,3,0)
fo=1(2,1,3,-3)
fs=(-1,-1,-2,1)
fa=1(1,0,1,-2)

o0pas3yioT HoJIHyI0 cucreMmy B obpaze Imp. Bekropsl f1, fo, f3 u f4 cocraBiienbl uz crosdios
MaTpUILl 0TOOpazkeHus . YToObl HATH Oa3uc, JOCTATOYHO BBIICTUTH U3 HUX MaKCUMAJIbHYIO
JINHEHHO He3aBUCUMYIO mocucTeMy. CocTaBUM JTMHEHHYI0 KOMOUHAITATO:

oy fi1 + aafo + asfs + aufa.

[HosicTaBuB vncIOBBIE 3HAYEHUS BEKTOPOB f1, fo, f3, f4 M IpUpABHAB 3Ty JTUHEHHYIO KOMOM-
HaIMIO K HYJIEBOMY BeKTOpY IpocTpancTsa RY, mosmydmm:

(o + 209 — g + g, 201 + g — g, 3y + 3 — 203 + a, —3ae + a3 — 2a4) = (0,0,0,0).
STO PaBE€HCTBO 9KBHUBaJICHTHO CHG,ILYIOIHGI)JI cucreMe JIMHENHBIX O JHOPOJAHBIX ypaBHeHHﬁ:

o1+ 200 —ag+ a4 =0
200 + a9 — a3 =0

301 + 3ag — 2003 + s = 0
—3a9 + a3 — 204 =0

Bynewm pemars 3ty cucremy merosoMm [aycca, nmpuBojig ee MaTpuily KO3MD@UITMEHTOB K CTY-
[IeHYaTOMY BH/LY:

1 2 -1 1 (2) —2(1) 1 2 -1 1 (3) —(2)
2 1 -1 0 (3) —3(1) 0 -3 1 -2 (4)—(2) 1 2 -1 1
3 3 —2 1 0 -3 1 —2 Lo =3 1 =2
0 -3 1 —2 0 -3 1 -2

HeusBecrabie aig n oy BJIAIOTCS CBOOOIHBIMU, CJIEIOBATEIHHO KaXKJIBIN U3 BEKTOPOB f3, f4

JIMHEHHO BhIparKaeTcst depe3 BEeKTophl fi1, fo. Torma MakcuMaibHOM JTMHEHO HE3aBUCHMO TIOI-
CUCTEMON SIBJIAETCA CUCTEMAa, COCTOAIIAs U3 BEKTOPOB fi 1 fo.

Orser. Basuc adpa: e; = (1,1,3,0),e5 = (1,0,2,1).
Basuc obpasa: f1 = (1,2,3,0), fo =(2,1,3,-3).
L]

Bagaua 12. Hatimu xaxotli-nubyds npoobpas sexmopa (1,2, 3) nod deticmsuem aunetinozo omoo-
PAHCEHUA, 360aHH020 6 HEKOMOPOM ba3uce Mampuyet

2 -1 1
-1 4 2
1 3 3
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Pewenue. Iycts ¢: R? — R3 — orobpazkenme, 3aanHOe B HEKOTOPOM 6asnce MaTpHIleit

|
— = N
W = =
W N =

[TpooGpas BexkTopa (1,2,3) — 310 Takoit Bekrop = = (T, T2, 23) € R3, uro cupaseimeo
COOTHOIIICHUE:
o(x) = (1,2,3).

Haiinem obpa3 BekTopa x 101 JeficTBUEM OTOOPaYKeHUs (p:

2 -1 1 T 201 — x2 + T3
plz)y=| -1 4 2 Ty | = | —x1 +4xe + 223
1 3 3 T3 1 + 3T9 + 33

Torna paBercTBo ¢(x) = (1,2, 3) 9KBUBATIEHTHO CJIe/LyOIEll cucTeMe JINHEHHbBIX yPpaBHEHNIL:

2[L‘1—[L’2+(E3:1
—$1—|—4$2—|—2$3:2
5L'1—|'3.’L'2+3.1'3:3

Bynem pemath sty cucremy meronoM ['aycca, mpuBojist ee MATpHUIly K CTyIEHYATOMY BU/LY:

5 _1 111 (12)—2(3) 0 7 _sl_s (1) +(2)
-1 4 2|2 @+ 0O 7 5| 5 M
1 3 313 1 31 3

= (33 G 2 G )

Heussecthast x3 gaBiigeTcss CBOOOIHOM, CJIeI0BATEILHO UCXOAHAS CUCTEMAa NMeeT OECKOHETHO
MHOI'O pellieHuii. 910 o3HavaeT, 4o y BekTopa (1,2,3) cymecsryer 66CKOHEYHO MHOTO MTPOO6-
pasoB. Haiinem onun u3 HEX.

HeusBecThbie o1, To CBSI3aHBI C T3 CJIEIYIONUMI COOTHOITCHUSIMHU:

6 6
xl = _‘TB

5 5
x2 = — _x3

Bribpas x5 = 1, HaiiaeM OJHO U3 PelleHnl NCXOIHOW CUCTEMbI:

~jo=Io
~jo=Io

(0,0,1).

Takum obpaszom, Bekrop x = (0,0, 1) asisiercs npoobpazom BekTopa (1,2,3) moj jeiicTBue
0TOOpaKEHUS .

Otser. (0,0,1).
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]

Bamaga 13. [lycmo aunetinoe omobpasicenue p: V. — W 6 6asucax {ey, ea, 3} npocmparncmea
3 2 —1
10 1
orcernus © 6 basucar {e; + ex + ez, —ey + ea,e1 +ex} u {2f1 + fo, fi + fo}-

V u {f1, fa} npocmparncmea W umeem mampuy . Hatimu mampuuy omobpa-

3 2 -1
10 1
{f1, fo}, m myctp A" — marpuna Toro e orobpaxenus ¢ B 6asucax {e},eh, et} u {f], f3}, rue

Pewenue. Tlycrs A = ) — Marpuiia otobpaxKeHus ¢ B Oasucax {ej,eq, €3} u

eh=er+et+es fl=2fi+fo
ey = —e1 + e fo=FH+f
€3 = €1+ €

Marpuisr A u A’ cBsI3aHbI COOTHOIICHUEM:

/ —1
A == Tf—>f’ ‘ A : Te%d?

rae T, — Marpulia mepexoma ot 6asuca {eq, e, €3} K basucy {e},e), e}, u Ty, — maTpuia
nepexonia ot 6asuca { f1, fo} k 6asucy {f, f4}. Tax kax BexTOpLI €], €5, €5 u fi, f5 3anansl, Kak
JINHEHbIe KOMOMHAIINE BEKTOPOB €1, €9, €3 U f1, fo COOTBETCTBEHHO, TO

1 -1 1
Te_w/: 1 11 n Tf_nwz(? 1)
1 00
Haiiiem obpaTHyo MaTpuity Tfi Iz
(2 1)1_ 1 ( 1—1)_( 1—1)
11 n 2 1 -1 2] \ -1 2
det( 11 >
Torma
1 -1 1
1 1| =
1 0
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4 HuaBapuaHTHBIE IIOAIIPOCTPAHCTBA

Bapaua 14. Jlunetinoe npeobpasosarue @ 3adaro 6 Hexomopom bazuce mampuuer

0 -2 3 2
1 1 -1 —1
A=109 0 2 o
1 -1 0 1

Hatmu cobecmeenmwie GEKRIMOPbL U cobcmeerHvle 3HAUEHUA npeo6pa306anwz @.

Pewenue. 1. Haiijem cobcTBeHHBIE 3HAUEHU TTpeobpa3oBanusd . HanmoMHuM, 910 cOOCTBEHHbBIE
3HAYEHUST — 9TO KOPHU YpaBHEHUs

det(A— \E) =0,

e B — equHudHas MaTpUIa MOpsiiKa 4.

0 -2 3 1000 B 3 2
1 1 -1 -1 0100 1 1=\ -1 -1
A= AE = 0 0 2 0 —A 0010 | 0 02—\ 0
1 -1 0 1 000 1 1 =1 01—\

Haitiem onpeneymmresb 3TO MaTPHUILI PA3JIOKEHUEM 110 TPEThE CTPOKE:
—A —2 3 2

-\ -2 2
det| ST TL Tl —een e[ 114 1 | =
0 0 2—AX 0 1 -1 1-2)

1 -1 01—\

= (2= A (A1 =A2=2+42-21 =N+ A+2(1—-N) =
2N = AL =N = (2= MNAL =1+ +1—A) = (2 — )2\

Torma kopusimu ypasuenus det(A — A\E) = 0 asagores Ay = 2, Ay = 0, npuduem 06a KOpHs
UMEOT KPaTHOCTD 2.

2. Haiiem cobcTBEeHHBIE BEKTOPHI, OTBEYAIOIINE COOCTBEHHBIM 3HAUECHUSAM A1 U Ag.

2.1. Ay = 2. HanloMHuM, 9TO HEHYJIEBOI BEKTOP ¥ SBJISAETCS COOCTBEHHBIM BEKTOPOM, OTBE-
YJAIONUM COOCTBEHHOMY 3HAYEHUIO A\ = 2, TOTJIa U TOJIBKO TOTJIA, KOTJIa BBITIOJTHAETCH yCJIOBHE:

Av)=2-v.

[Iycrb v = (v1,ve, v3,v4). Haiimem 06pa3 BekTopa v moj JeiicTBueM peobpasoBanust A:

0o -2 3 2 U1 —2vy 4 3v3 + 204
. 1 1 -1 -1 (%) o U1 + Vg — U3 — Uy
AV =149 o 2 o T 20
1 -1 0 1 o V1 — U2 + U4
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Ypasuenne A(v) = 2 - v SKBUBAJIEHTHO CJIEJYIOIIEH cucTeMe JIMHEHHBIX OJTHOPOJHBIX ypPaB-

HEHUI:
—2v1 — 2v9 + 3ug +2v4 =0

Ul—UQ—Ug—U4:O
V1 — Uy — Uy = 0
HafmeM beH,ZLaMeHTaJIbHyIO cucremy peI_HeHI/Iﬁ 9TOU CUCTEMBI JIMHEMHDBIX OZHOPOIHBIX ypaB-
HEHUI.

(1) +2(2)
-2 =2 3 2 (3) . (2> 0 —4 1 0 <1> o (2)
1 -1 -1 -1 _ 1 -1 -1 -1 _ s
1 -1 0 -1 0 0 1 0
(1) +(3)
1 -1 -1 -1 . 1 -1 0 -1 1
(2) = (3) 1(2)
— 0 —4 1 0 —_—_— 0 —4 0 0 —_—
0 0 1 0 0 0 1 0
1 -1 0 -1 (1) + (2) 1 0 0 —1
— 0 1 0 0 _— 010 0
0 0 1 0 0 0 1 0

DyHaMeHTATbHAS CHCTEMa PeleHuii cocronT u3 oxHoro sekropa (1,0,0,1). CoberBennble
BEKTOPBI, OTBEYAIoNe COOCTBEHHOMY 3HAYEHUIO A1, 00pa3yIOT IIPOCTPAHCTBO pa3sMepHOCTH 1,
[I03TOMY HINeTcs 6a3uc 3Toro npocrpancTa. Haiiienubrit BeKTOp n3 pyH1aMeHTaIbHONW CUCTe-
MBI peleHunii obpasyer 0as3uc 3TOro MPOCTPAHCTBA, U CJIEIOBATEHHO ABJISAETCH COOCTBEHHBIM
BEKTOPOM, OTBEYAIOIUM COOCTBEHHOMY 3HAYEHUIO \; = 2.

2.2. Ay = 0. B srom ciryuae ypasuenue A(v) = 0 - v 9KBUBAJIEHTHO CJIEJIYIOIIEH CHCTEME:

—2U2+3U3+2’U4 =0
V1 +v9 —v3 —vy =0
2’03:0

Ul—U2+U4:0

Haiiyiem byniaMenTaaIbHyIO CHCTEMY PEIICHU 9TON CUCTEMbI JTUHEHHBIX OJIHOPOJIHBIX YPaB-

HEeHUN.
0 -2 3 2 (4) —(2) 1 1 -1 -1
1 1 -1 -1 (1) < (2) 0 -2 3 2 (4) —(2)
0 0 2 0 "lo 0o 2 o0 5
1 -1 0 1 0 -2 1 2
—3(2)
1 1 -1 —1 (4) +(3) (1) + (3)
0 —2 3 2 1(3) L1 =1 =10 9)+ 43
— o o0 9 ol ——01 % 1] —"—
0 0 2 0 00 1 0



1 10 -1 (1) = (2) 1 00 0
— 1 01 0 -1 _— 010 -1
0 01 0 0 0 1 0

DyHaMeHTATBHAS CHCTEMa perieHuii cocrout u3 ogHoro sektopa (0,1,0,1). CoberBeHnble
BEKTOPBI, OTBEYAIONe COOCTBEHHOMY 3HAYCHUIO Ao, 00pa3yIOT IMPOCTPAHCTBO pa3sMepHOCTH 1,
[I03TOMY HINeTcsA 6a3uc 3Toro npocrpancTBa. HaiiienHbrit BeKTOp 13 (byH1aMeHTaIbHON| CUCTe-
MBI peleHnii oopasyer 6a3uc 3TOro MPOCTPAHCTBA, W CJIEI0BATE/IHLHO SIBJISETCS COOCTBEHHBIM
BEKTOPOM, OTBEYAIOIUM COOCTBEHHOMY 3HAYEHUIO Ay = 0.

Orser. Cobcmeennviti sexmop (1,0,0,1) omeeuaem cobemeenromy snauenuro A\ = 2. Cob-
cmeennviti exmop (0,1,0,1) omeewaem cobemeennomy snaveruo Ag = 0.

]
Bamaua 15. Jlokasams, wmo npeobpasosanue A, 3adarnoe 6 nexomopom basuce mampuiet
4 6 0
0 30
1 81
UMEEM 8 HEKOMOPoMm Ipyzom basuce dua2oHaAbHIT 6Uud U HATMU IMOom 6ud.
4 6 0
Pewenue. Tlyctrb A= | 0 3 0 |. Haiizmem cobcTBenHbIe 3HaUeHNs TpeobpasoBannst A.
1 81
4— )\ 6 0
det(A — A\F) = 0 3—2A 0]=A-=-XNEB-N1-=2X)
1 8 1—\

Ypasuenne det(A — AF) = 0 numeer Tpu KOpHS:

A =1
/\2:3
A3 =4

Tak KaK KpaTHOCTH KaxKJIOTO KOPHS paBHa 1, To 6a3uc KaxKJI0ro U3 MPOCTPAHCTB COOCTBEH-
HBIX BEKTOPOB, OTBEYAIOIINX STHUM COOCTBEHHBIM 3HAUEHUSAM, COCTOUT POBHO U3 OJTHOI'O BEKTOPA.
[IpeobpaszoBanne A B ba3nce n3 3TUX COOCTBEHHBIX BEKTOPOB MMEET JUArOHAJLHBIN BH

1 00
03 0 |,
0 0 4
rJe 10 IJIABHOM JUaroHaji CTOAT COOCTBEHHbIE 3HaYeHusl mpeodbpasoBanus A.
1 00
OTser. 0 3 0
0 0 4
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5 IlIpocTpaHcTBa cO cKaJIIPHBIM HNPOU3BEAEHIEM

Bamaua 16. C nomouywio npouecca 0pmoz20Hasu3aUUL NOCMPOUMD 0OPMO2OHANGHVIT bA3UC AU-
HeTHot 000A0UKU CACIYOULET CUCTEMDL BEKMOPOS!

{(1,2,2,-1),(1,1,-5,3),(3,2,8,—7), (2,3, —3,2)}.

Pewenue. Oboznauamm

=(1,2,,2,—1),
=(1,1,-5,3),
=(3,2,8,—7),
=(2,3,-3,2)

nl =< ai, g, a3, 04 >.

1. Haiinem 6aszuc jmneitnoit obosiouku L. Tak Kak cucrema BEKTOPOB {aq, as, as, a,} 1MoJHA
B L, TO JJIs1 9TOr0 JIOCTATOYHO BBIJIEJUTH B HEll MaKCUMAJJIbHYIO JTUHEHHO HE3aBUCUMYIO T0JICH-
cremy. CocTaBuM JIMHEHHYIO KOMOMHAIUIO:

a1a1 + Qoo + aizasg + ogay.

TaBUB YUNCJIOBBbIE 3HAYUEHUSI BEKTOPOB (1, o 4 U TIPUPABHAB 9Ty JUHEHHYIO KOMOU-
IToacra CJIOBBIE 3HaMe eKTOPOB a1, A3, A3, G a ) effHyI0 KOMO
HAIIMIO K HYJEBOMY BEKTOPY mpocTpaHcTBa R*, mosywm:

(O./l + a9 + 30./3 + 20[4, 20[1 + a9 + 20[3 + 30&4,20./1 — 50./2 + 80[3 — 30[4,
—051+3042—7043+20é4) (0 O O 0)

T1o PaBEHCTBO 9KBHUBaJICHTHO CJ'IG,ILYIOHIGI‘/JI CHCTeME JIMHENHBIX OJHOPOJHBIX ypaBHeHHﬁI

a1+ oo+ 3as + 204 =0
200 + a9 + 203+ 3a4 =0
2001 — Dag + 8ag — 3ay, =0
—oq + 3ag — Tag + 204 = 0

Bynewm pemmars 3ty cucremy merosom laycca, npuBojis ee maTpuily K03 uitneHToB K CTY-
IIeHYaTOMY BHUJLY:

-1(2)
(2) —2(1) (3) +7(2)
1 1 3 2\ (3—2(1) 1 1 3 2 1(4)
2 1 2 3 (4)+ (1) 0 -1 —4 -1 (4) — (2)
5 8 -3 "l o -7 2 —7 ’
1 3 -7 2 0 4 —4 4
11 32 —3(4)
01 41| @-s0) (1132
— _ 01 41
00 30 0 0010
00 =5 0



HewssecTrnast oy siBasteTCst CBOOOJHOI, CJIeI0BATE/ILHO BEKTOP (4 MOYKHO IIPEICTABUTH B
BHUJIE JIMHEHHOW KOMOMHAIIMN BEKTOPOB a1, Ao, a3. Torma Oasuc auHeiiHoi 000/109KH L cOCTOUT
U3 BEKTOPOB a1, A2, (3.

2. TTocTpoum oproronaibHblii 6asuc {ey, ey, €3} muHEHON 060/109KN L ¢ TOMOIIBIO TIPOIecca
oproronajusanuu I'pamma-IIImumgra.
€1 = a; = (1, 2, 2, —]_>

BekTop e; Oyiem uckarhb B BHUJIE
€2 = Qg + Qeq.

Tax Kak BEKTOPBI €1 U €y JIOJXKHBI ObITh OPTOTOHAJIBHBI, TO KOI(MDPUIMEHT « HaiigeM u3
YCJIOBUS

(62, 61) =0.

[Tonb3ysich CBOMCTBOM JIMHEHTHOCTU CKAJISPHOTO ITPOU3BECHUS 110 BTOPOMY apryMEHTY U3
9TOI'O PpaBE€HCTBa HaXOJIUM, 9TO

(az,e1)

(e1, 1)

o= —

1+2-10-3
TOI‘,ZLEL, €2 = Q2 — €1 (a27€1) = (17 17 _573) - (17 2727 _1) ’ - -

(e1,€1) 1+4+4+1
=(1,1,-5,3) + (1,2,2, 1) = (2,3, -3,2)

AnajiorugaeiM 06pa3oM Oy/ieM NCKATh BEKTOP €3 B BHUJIE
€3 = a3 + 11 + (aaa.
Kosdbdunuentor oy n ap Haitjiem u3 ycioBuii
(63, 61) = 07 (63, 62) =0.

Tak:xe IIOJIL3YACh CBOMCTBOM JIMTHEMHOCTU CKaJIAPpHOI'O ITPOU3BEACHNA 110 BTOPOMY apryMeH-
Ty HaXO/JIUM, 94TO

ay = _(G3>€1)7a2 _ _(a3,€2)'
(61,61) €2, €9
Torna, e3 = as — e - (ag, 1) — ey - (a3, c2) =
(er, 1) 3 4(621’662)7 646—24— 14
+4+16+ +6— 24—
=(3,2.8,-7)—(1,2,2,—1) - —(2,3,—-3.2) - =
(3,2,8,-7)-(1,2,2, )1+4+4+1 (2,3,-3,2) 44+9+9+4

= (3,2,8,7) — 3(1,2,2,—1) + (2,3, -3,2) = (2, -1, —1, —2)
OtrBer. Opmozonasvruti 6asuc: {(1,2,2,-1),(2,3,-3,2),(2,—1,—1,-2)}
L]

Bapgaua 17. Hatimu 6a3uc opmo20nasvho20 donosHeHUA AUHETHOT 000A04KU CUCMEMDL GEK-
mopos:
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{(1,2,2,-1),(1,1,-5,3),(3,2,8,—7), (2,3, -3,2)}.

Pewenue. Ilyctn

a; = (1,2,2,-1)
as = (1,1,-5,3)
as = (3,2,8,-7)
ay = (2, 37 —3, 2)

1. Haitnem 6asuc smneitnoit 060s04ukn L =< ay, ag, az, aq >. Cucrema BeKTopoB {ay, ag, ag, a4}
noJHa B L, clleoBaTe/IbHO JIJIs HAXOXKIeHnd 0a31ca JJOCTATOYHO BBIJICJINTL B Heil MaKCHMaJlb-
HYIO JIMHEHO HE3aBUCUMYIO IIOACUCTeMy BeKTOpoB. CocTaBuM JIMHEHHYI0 KOMOMHAIIIIO

Q109 + (iaao + izas + ugay.

[ToscTaBuB YKC/IOBBIE 3HAYEHUS BEKTOPOB @1, G2, (3, G4 U IPUPABHAB 3Ty JUHEHHYIO KOMOU-
HAIIMIO K HYJEBOMY BEKTOPY mpocTpancTsa R*, mosywm:

(cpan + 3as + 2ay, 201 + ag + 203 + 3,201 — bag + 8az — 3ay,
— ag + 3as — Taz + 2a4) = (0,0,0,0).

DTO PaBEHCTBO YKBUBAJEHTHO CJIEJIYIONIEH CrCTeMe JIMHEHHBIX OTHOPOIHBIX yPAaBHEHMIT:

a1+ as+ 3as+ 204 =0
20001 + a9 + 2c3 + 34 =0
200 — bag + 8ag — 3ay, =0
—ay +3ag — Tas + 204 =0

Bynem pemars 3Ty cucremy merosgoMm [aycca, mpuBosg ee MaTpuily Ko3(pOUIUenToB K CTy-
[IEHYIaTOMY BUJLY:

) —2(1)
1 1 3 2 (3) —2(1)

1 1 3 2 —1-(2)
2 1 2 3 (4)+ (1) 0 —1 —4 —1 14
9 -5 8 -3 1o -7 2 —7
1 3 -7 2 0 4 —4 4
1 1 3 2\ (B)+72) 11 32\ @W+x3)
N R N (4)—(2) 01 4 1 3 - (3)
0 -7 2 —7 "1 00 2 0 }
0 1 —1 1 00 =5 0
113 2
— 0141
0010

32



Hewussectrast ay siBiIsieTcst CBOOOIHOIA, CJIeI0BATEIHLHO BEKTOD (14 BHIPAYKAETCS B BUJIE JINHET-
HOIT KOMOMHAIIMN BEKTOPOB a1, o, a3. Torma 6a3uc jguHeirHoi 000109k L, COCTOUT U3 BEKTOPOB

ai, az,as.

2. Haiiem 6asuc oproronanbhoro fponostenust L. Iyt o = (21, 2o, 3, 24). Hanomunm,
aro z € L' Torma i ToIbKO TOr/Ia, KOrIa s IPOU3BOJIBHOIO ¢ € L BBIIOJIHSIETCS COOTHOIICHIE

(z,y) =0.
B wacrnocTu:
(x,a1) = (x,a2) = (x,a3) = 0.

Bosee Toro, B cmty JTMHEWHOCTU CKaJIIPHOTO ITPOU3BEJIEHUS, CIIPABEJIMBOCTD IOCJIETHEN
[IEITIOYKN PABEHCTB SBJISIETCS JOCTATOYHON JIJI TOrO, YTOOBI BEKTOP X IPUHAIEIKAT OPTOIO-
HaJIbHOMY JIOIOJIHEHNIO L.

(x,a1) = 21 + 2w + 223 — 24
({L‘, ag) =T+ X9 — 51’3 + 31‘4
(.2?, ag) = 3331 + 2332 + 8.T3 — 7.2134

Torma ycmosue © € LT SKBHBAJIEHTHO TOMY, UTO KOODAMHATEI BEKTOPA T YIOBJICTBOPLIOT
CJeAYIOel cucreMe JINHEHHbIX OAHOPOJHBIX YPaBHEHUA:

T, 4 2209 + 223 — x4 =0
.T1—|—SL’2—5LU3+3$4IO
31’1+2I2+8JI3—7ZE4:0

Haiiyiem byniaMeHTaIbHYIO CHCTEMY PEIIEHUI 9TON CUCTEMbI JTUHEHHBIX OJIHOPOJIHBIX YPaB-
HEHUI.

2)— (1 —-1-
12 2 -1 (3)_3(3 1 2 2 -1 _1,<3)
(3) —3(1) 2 (3)
11 -5 3|——=|0-1 -7 4] —"~="
32 8 -7 0 -4 2 —4
—2(2
12 2 -1 3) _ (9 12 2 -1 <_)L.E2,)
(3) —2(2) 5 (3)
—l01 7 4|——01 7 A4|——T
02 -1 2 00 —15 10
(1) +12(3)
10 —12 92} — 7(3 100 -1
(2) —76) 2
— 101 7 4| ——=|010 2
00 1 -2 001 —3

DyHaMeHTaIbHAS CUCTEMa PEIeHNsT COCTOUT U3 OJHOrO BekTopa (3, —2,2,3). D10 u aBJsl-
eTca 6a3MCOM OPTOTOHAJBLHOTO JOTOMHEHIA L.

Orser. (3,-2,2,3).
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6 KBaaparudnble u ouianHeiinbie (popMBbI

Sapaua 18. Ha sexmoprom npocmpancmse C nad nosem R sadaro omobpasicerue
f(u,v) = Re(uv).

IIposepums, 6ydem au dannoe omobpastcenue busunetinoti gopmot. B cayvwae noroscumenn-
H020 omeema Haumu Mampuy dannol busunelnot gopmovr 6 basuce {1,i}.

Pewenue. Hanomunm, aro orobpazkenne f(u, v) aBiagercs GuinHeiHOM (hopMoii TorIa n TOIBKO
TOrjIa, Korja Juid JoobxX u, v, w € C un moboro av € R BBITIOJIHAIOTCA YCJIOBUS:

flu+v,w) = flu,w) + f(v,w);
flow,v) = af(u,v);
flu,v+w) = fu,v) + f(u,w);
Flu, aw) = af (u, v).

1. TIpoBepum, yrossierBopsieT jiu GyHKIHUS [ ITUM deTbipeM ycjioBusiM. [lycTh

U:U1+iUQ
v =v1 + 109
wW = Wy + twWs

L1 flu4v,w) = flu; +v1 +i(ug + va), wy + iwy) =
= Re((u1 + v1 + i(ug + v2)) - (wy —iws)) = (ug + vo)wy + (ug + vo)ws.

AnanornanbiM 06paszom f (v, w) = vywy + vaw,. Torma:
fu,w) + f(v,w) = uywy + ugws + viwy + vVows = (ug + v2)wy + (ug + vo)we = f(u+ v, w).

1.2. f(au,v) = f(auy + iaus, v + iave) = Re((auy + iaus) - (v1 — ivg)) =
= auivy + augvy = a(ugvy + ugve) = aRe((uy + iug) - (v1 — ivg)) = af (u,v).

L3. f(u,v+w) = f(ur +iug,v1 +wy +i(vy + wy)) =
= Re((uy + iug) - (v1 +wy — i(ve + ws))) = uy(v1 + wy) + ug(vy + wo).

Kak u panbie, f(u,v) = vy + ugve u f(u, w) = ujw; + uswe. Torma
flu,v) + flu, w) = uvr + ugvy + wwy + ugwy = uy(vy + wy) + ug(ve + wy) = f(u,v + w).

14, f(u,av) = f(uy + iug, avy +iavy) = Re((uy + iug) - (v — iaug)) =
= auv + augvy = a(uvy + ugvy) = af (u, v).

Taxkum obpazom, orobpazkenue f AeHCTBUTEIBHO sIBJIsIeTCS OMINHEHONW HOPMOIL.

2. Haiigem marpunyy Ousmneitnoit dopmbr f B 6asuce {1,i}. HamoMmuuM, 910 371€MEHTBI
MATPHUIEL (@;j)2x2 UMEIOT BUJI:
aij = f(ei, €;),

rze e;, e; — 6asucuele BeTopel npoctpancTsa C. B namewm ciaygae e; = 1, ey = ¢. Torma:
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Taxum obpazoM MaTpuIa

siBJIsieTcst MaTpuie bununeiitnoit hopmbr f B 6asuce {1,1}.

OtBet. Omobpaosicenue [ asasemcs busunetinot gopmot. Mampuua smoti dopmu, 6 basuce

: 10
{1,1} umeem sud ( 0 1 )

Bagaua 19. [lycmo 6usunetnas gopma [ 3adana 6 6asuce {ey,es, €3} mampuyet

1 -1 1
F=| -2 -1 3
0 4 5

Haumu snavenue burunetnot gopmos f(x,y) na eexkmopax x = (1,0,3),y = (—1,2,—4), 3a-
dannoixr ceoumu Koopdunamamu 6 basuce {ey, ez, e3}.

1 -1 1 -1 —-1
Pewenue. f(z,y)=(1,0,3)- | =2 =1 3 |- 2 =(1 11 16)-( 2 = —43.
0 45 —4 —4

OrBer. —43.

Bamaga 20. [Tycmov ousunetinas gopma f 3adana 6 baszuce {ey,es, e3} mampuuyed

1 -1 1
F=| -2 -1 3
0 4 5

Hatumu mampuuy 6usunetnots gopmos f 6 6azuce {e1 — ea, eq + e3,e1 + ea + e3}.
Pewenue. Tlycrs F' — marpuna 6unnneiinoit dbopmer f B 6asuce {€], eh, 5}, re

€1 = €1 — €2
€y = €1 + €3
63:€1+62+63
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Marpunst F' u F' cBsi3aHBI CJIEIYIONAM COOTHOIIEHUEM:

/ t
F'=T",, F T,
rie T, — MaTpuiia nepexosa ot 6asuca {ey, es, €3} k 6asucy {e}, €}, ¢4 }. Tak Kak BeKTOPHI
e}, ey, €5 3a/1aHbl B BuJie JIMHEHBIX KOMOMHAIIMI BEKTOPOB €1, €2, €3, TO MaTpUIla repexoaa Tp_q
cocTaBjieHa 13 KO3 (PUIUEHTOB 3TUX JTUHEHHBIX KOMOUHAII, 3alMCAHHLIX B CTOJIOIbL:

1 11
T o = -1 0 1
01 1
Torna
1 -1 0 1 -1 1 1 11
F' = 1 0 1 -2 -1 3 |- -1 0 1 =
1 11 0 4 5 011
3 0 =2 1 11
-1 2 9 011
3 1 1
= -2 7 10
-3 8 10
31 1
OTser. -2 7 10
-3 8 10

3a,11aqa 21. BbLﬂCHumb, npu Karvur 3SHAYEHUAT NapPameImpa A KGG@meU%HCLﬂ gﬁopma
Bat + x5 + A} + 4w 3o — 2133 — 2
Ty Ty X3 T1T2 T1T3 ToTs
ABAACTINCA NOAOHCUIMENDHO onpedeﬂennmi.

Pewenue. CoctaBuM MATpHUILy JaHHONH KBaIPATHIHON (DOPMBI:

5 2 -1
2 1 -1
-1 -1 A

[To kpurepuio CunbBecTpa KBaJipaTudHas (popMa IOJOKUTETHLHO OlIpe/ie/IeHa TOT I U TOIhb-
KO TOIJI&, KOT/Ia IJIABHBbIE MIUHOPBI MATPHILLI 9TOH (DOPMBI ITOJIOXKHUTE/IHHBI.

Ar=det(5)=5>0

36



o 2
AQ—det(2 1)—5—4—1>0
5 2 -1
Az = det 2 1 -1 | =0A+24+2-1-5—-4A=A-2
-1 -1 A

HepasencTBo Az > 0 cupaBeyimBo pu A > 2, CJIeI0BaTEIbLHO JaHHAS KBaJIpaTudHas Gop-
Ma TIOJIOYKUTEILHO OIpeJie/IeHa TP A > 2.

OtBet. Ksadpamuunas gopma nososcumenrvho onpedenena npu A > 2.
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