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4. ONPERENUTENN

4.1. Komnnekchbie yucna

Komnaexcusin uuc.iom HassIBaeTCA BRIpasKenye BUAa Z = a + bi, Tie a u
b — pelicTBHTeNbHBIE YMCHA, & | — CHUMBOJ, KOTOPBIl Ha3LIBAIOT MHUMOIL
edurnuyeii. [lba KOMINEKCHBIX YHCIA 21 = @y + byi M 23 = @y + byi paBHB,
ecnu a; = ay u by = by,

JleiicTBMA HaX KOMILIEKCHBIME uncaamu. IIpaBuiia crokeHus, yMHOXKe-
HUA ¥ JeJIeHUA KOMIIEKCHBIX YMCeN 2y = ay + byi v 25 = ay + byi:

1) 2y + 25 =(ay + byi)+ (ay + byi) = (ay + ay) + (by + by)i;

2) zy2; = (a8 — byby) + (ayby + agby)i;

3)ecnn z = a + bi, T0 Z = a — bi (KOMIJIEKCHOE YHCIO Z HABHLIBAETCH
CONPANCCHHBIM I 2);
A _ai% @by -by) _ a1a,4biby | aybiarby
2y 23Z;  (ay+byi)(a;—byi) aZeb? aZ+b?

4)

Tpuronomerpuueckas ¢opma Kommiexcroro uncaa. KomniexcHoe unc-
710 z = a + bi MOxHO H306pasuTh TouKONH M(a, b) MIOCKOCTH UK ee PajH-

ycom-BekTopoM OM . [inuua sroro BexTopa r = Ja?+ b2 HasbiBaercs mody-
Jlem KOMIJIEKCHOTO YucHia z 1 obosnauaetcs uepes |2|, 1.e. |2| = r, a yron ¢

MesxRy BekTopoM OM ¥ ocbio OX HASBIBAETCH APZYMEHMOM KOMILIEKCHOTO
umcna z 1 obosHauaeTcs yepes arg z, T.e. ¢ = arg z.
Torga
z=atbi=Jaio? (Ao L))
Ja2+b2  [aZ+ b2

rie r = Ja?+ b2, a ¢ — pentenye cHCTEMBI

= r(cos @ + isin @),

a

——— =cos g,
JaZ b2 #

b

fa?+ b2

sin ¢.
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[image: image2.jpg]JelicTBUS HAX KOMIIOKCHRIMH YHCIAMM, B TPUIOHOMETPHYECKOH
dopwme:

1) 2325 = ry(cos @y + isin @;)ra(cos @, + isin @z) =
= rirafcos(oy + @) + isin(ey + 93));
2y _ ry(cosg, +ising;)
2z, ry(cos@y+isingy)
3) dopmyna Myaspa:

=[r(cos @ + isin @)}* = r*(cos ng + isin ng), rae n — nenoe uMcno;

= #fr(cosq + ising) = 'i/;(cos %2’"' + isin L*nzﬂ'J

raek=0,1,2,..,n-1. ,

Kopnu xBanpaTeeIXx ¥ GHKBaApaTHHIX ypasHeHmi. Kopau kBagparHOro
ypasreRus ax2 + bx + ¢ = 0 ¢ gefiCTBUTENLHLIME KO(QMHUIUEHTAMH, Y KO-
Toporo D = b2 — 4ac < 0, HaxozATCA MO GopMynaM

-btiJdac— b2 '
2a 2

2) - %[eus(w‘ - gg) + isin(oy ~ 02k

4) %,

*1,2=

Kopuu 6uxsagparaoro ypasaenus x + px2 + g = 0 ¢ geiicTBUTENBHBIME
koadypunuentamu, y Koroporo D = p? — 4¢ < 0, HaxoaaTca 0o GopMyIam

2.Jg-ptid2.fg+p _ ~»/2J§~pii,/2~/a+p‘
z 2

X3,4 =

1,25

4.1. BEIDOJHUTH yKa3aHHBIE JeHCTBUA:

a)(2 +8i) +(4-Ti); 6)(1-i)3+2i); B) 11:3;'

Pemenue.
a)(2+3)+(A-T)=(2+4) +@-T)i=6-4i
6)(1-iN3+2i)=3+2-3i—-22=3-i+2=5-14

148i _ (1480)(1—i) _4+2i _

T+ A+Ha-D ) ¥k

B)
4.2. BoInOMHATD AefCTBHA:

a)(3 - 4i)i; 6)(7T- 21 —1); B3 1) -3 nih
e) (1 + 2i)3; ) i", rhe n — menoe TUCIO.

4.3. BeraucauTtsb:
i—il; )(1-1[) 5) 371, )(1+;

)2+3h
JB-i i z¥4i’ i

a) D 7





[image: image3.jpg]4.4. BafjaHBl N CAeAyOIIe KOMIUIEKCHbIE YMCja B TPHIOHO-
MeTpuuecKoit dhopme:

a) Z(cosg + is'm%) 3 6) ~3(cos; + is'm:{) 5
B) /2 [cos (—gj + isin (—75‘)], r) 5[cos§ + isin gn);
) 4(cos;—’ - ising) s e) cos® 3 +isin® 3 ¥

.3 PR 1
XK)sinZ T + icos S m.
) 4 4
4.5. 3anucaTe B TPHTOHOMETDHYECKOH (GOpMe KOMILIEKCHBIE
qucuaa:

a)-1+iJ3; 6)-3 - 4i.
Pemenmne.

a)-1+i3 = /(,x)u(ﬁ)z(f%* ﬁi) - 2(cos§n + isinZu);

g 2 3
6)-3 - 4i = J(-8)2+ (-4)? (7 g = 551) = 5(cos ¢ +-sin @), [e ¢ — yrox TpeTseit
sernepy, Kociye KOTOpOro pases ~ .
4.6. TIpeACTaBUTL B TPUrOHOMETPHUECKOH (HOpMe CleAyIomue
KOMIIJIEKCHBIE YHCaa:

a)2; 6)-5 B)8i;; 1)-25 @) +id;

2R
3 ;3 3 ‘3 3 ;3
-2 +id; wl - 53 s,
w8 PEE VR E

B a2, 3 : 3. -
H) cos gt~ isingm; K) 2(511121! + lcoszn) H
,VI)IJrccus%L +ising; M) sin o + (1 — cos Q)i.

4.7. BEIYUCAATh, HCIOONb3ys TPUTOHOMETPHYECKYIO (hopmy
KOMILJIEKCHOTO YHCJIa:

10
a) [2(cosf + isinf)] ;0 6)(1+i3)5.
5 5
Pemenwue.
a) [2((‘»5; + isin’g‘)]w= Z’V(mslgn +isin 10::) 21%cos 2 + fsin 2m) = 210;

6)(1+iy3) 5= [2(cosg+ism§)]~ﬁ =281 - 1./3).
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[image: image4.jpg]4.8. Bbruucnurs, MCHONB3YA TPUTOHOMETPHYECKYIO (GOpMy
KOMIUIEKCHOTO YHCHa:

7 7 s
cosm + isin—_.
5
a) 2 152 ;6 Bty
cos-l_z-n~lsmﬁn
B) (1 +iJ3)1+ L}(cosf — isin ﬁ)
(l

(./' ”/_L ;o mE+iJ12)1 - z)(coa—n + lsmién)

L Jﬁ— 12. — cos™ +isin®):
e) [1 T) @+ 43)12 %) (1 cosy + Lsmz) s
A A
3) (1 =3 cosz + ;smé) A
4.9. HaiiTu BCe 3HAUEHUA KODHeI:
a)z = ,/—_1; 6)z=

Pemenmne.

@) 2= T = e TaT = cosTE2HE i B 2bT,

k=0: z5= cosg +isinD

3 i
3n 3n _ .
: 2y =cosST + -
k=1 2z =cosTT +isinT} 1:
& = T §+2kn
6)z=3%i=3 cosT +ising = cos=—
o o8 Ly
k=0 z"=cosg+zsm§=§+§
5m . . bm J3
=cos2= + on i
2 = cos 3 +isin 5

3 o 1
2y =cosSm + isins m=—i.
2 3 3

4.10. HaiiTu Bce 3HAYEHUA Kopﬂgl‘»’x:

a)31; 63-8; ) 32+2i; 1) 4-8+8i3;
n44; e WI.

4.11. loxasaTs, uTO:

a) |2y + 25| = | 21| + |23], ecnm pasmocTs aprymentos srux wucen

aBHa 21k, k — IieJIoe 9HCIIo;
6) |z, + 25| = |zl| — |25/, ecnu pasrocTs aprymenToB sTUX UHCENX

paBHa Tt + 21k, k — nesoe 4ucno;
B) PACCTOSIHME MEKAY TOUKAMMU Z; U Zp PABHO (2] — 25l
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[image: image5.jpg]4.12. TIocTpOUTH Ha IIOCKOCTHA MHOXKECTBO BCEX 'TOYEK 2, AJA
KOTODBIX:

a)|z|=2; 6)argz= 3
4.13. Pemiuts ypaBHeHUA:
a)x2+1=0; 6)x2+4=0; B)x2-2x+10=0;
r)x2-6x+18=0; m)x*-6x2+25=0;
e) x4 — 30x2 + 289 = 0.

B) |z <3; 1)} —20|<5.>

4.2. OnpepenuTenu MaTpuy BTOPOro U TPeTbero nopaaka
Onpedenumenex Mampuyb. 6mopozo nOpAOKA Ha3LIBAETCH TUCITO

a a
12| - =
=811 823~ @31 G12.

@21 G2z
Onpeae/mme/xeu Mampuybl mpemovezo nop.wafca HasblBaeTcA YUCJIO
@y Gy3 Q33
@1 @2 A3
@31 @33 B33
= 811833033 + 831013055 + G21053013 ~ G1307585) ~ 21812053 ~ G32823011- (4.1)
TIpasas wacts Gopmyxst (4.1) mpeacrasuser coboit atreGpanieckyo cym-
MYy IIECTH ClaraeMbIX, KaJoe U3 KOTOPLIX ABJIAETCA NPOUIBEleHHEM TpeX
2JIEMEHTOB, PACIONIOKEHHBIX B PASHBIX CTPOKAX M PAa3HBIX CTON6IaX MATDH-
1b1. CoeIMHUB TUHMeH B/IeMeHTEI KaXKA0TO IPOU3BeeHNU S, ONYINM ABe JIer-

KO 3aNIOMHHAIOIIUECA CXeMBI, KOTOPhIe IO3BOJISIOT ONPefeTHTh 3HAKHK ClIa-
TaeMBIX H DJIEMEHTHI, BXOAANIME B HUX COMHOMUTeNAMH:

«t» «»
# # # #

4 #*

4.14. BEIYHCIUTE ONpeeauTeNs MaTPHIBL

123
456
789
Pehienne Mcnonsays npBesemHbie BHIIe CXeMb, HOTYTaeM
123
456|=1'5'9+2:6:7+4:8-3-7:5:3-4-2:9-86-1=0.
789
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[image: image6.jpg]BEIMHCINTD ONPEAEIATEIH MATPUIL:

415. 24| 41635 417. (23|,
1-3 410 56
4.18. | 1], 419, |x+1lx-1| 490, |cosa sina
il x x+1 sino —cosa
523 315 9817
4.21.|432|. 422.|10316]- 4.23. 654
231 426 321
14 3 xa a 111
424.|39_1|. 425.| 455 _q|- 4.26. |1 ;
56 3 aa x 1-ii

4.3. PaanoxeHue onpeaenuTens marpuubl
no 31eMeHTamM CTPOKM U cTonbua

Munopom M;; snemenTa a;; OIpeAENUTENA N-I0 HOPAAKA HAIBIBAETCS OI-
pepenutens (n — 1)-ro nopAAKa, KOTOPLLA NOMyYaeTcA B Ppe3yabTaTe BEIYED-
KMBAHUA B OIPeAeUTeIe /1-T0 IOPAAKA CTPOKH H CTONGIA, COAEPIKAIIMK dTle-
MeHT a;;.

Anzebpauueckum donorrenuem A dNeMeHTa a;; HAILIBACTCA €TO MUHOD,
YMHOKeHHBI! Ha (—1)i*/:

Ay = (1)iMy

Kaxabiii onpefenuTens paBeH cCyMMe OPOM3Be/[eHHIl 37IeMeHTOB 060
ero cTpokH (cronbua) Ha ux anreGpanuecKue AONONHEHHH, T.e.

@y @y - Gy

=apAy + aplip+ ot a4, Taei=1,2, 00 (4.2)

a,

iy iz - Gip

841 Bn2 - G,

@33 wos By e Gy

G21 e Gzj e O2nl = ) Ay + agiy; + o+ @A, THE =1, 2, 1y e (4.3)

Bl

@n1 nj

PasencTsa (4.2) u (4.3) Ha3BIBAIOTCA COOTBETCTBEHHO PA3JIOKEHHUAMU O~
pejesuTeNsl MATPHUILBI 10 BJIEMEHTAM i-H CTPOKHM M j-To cTonbua. PopMyIbl
(4.2) 1 (4.3) MOXHO HCIIONBIOBATE ANIA BLIYHCIEHH OTIpeReIuTeNeH MaTPHIL.
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[image: image7.jpg]4.27. HafiT MMHOD 3JIEMEHTA (3, B OIpPEJeJIUTEe TeTBEPTOro
mopARKa.
Pemenue.
@11 @13 G13 314
@11 @13 @14

a3 ay; ay; a.
— | 921822 G23 824 | _
Maz @21 823 924

a, a3
g 41 @43 Q44
g1 @42 43 C4a

4.28. BoIYMCIUTD ONpe/ie/INTeNb, Pasjiaras ero 1o aJjeMeHTaM
TpeThero croabua:

2201
2134
1102
5210
Pemenmue.
2201
fig; = 13413 + @g9dog + agadgs + Bygdey =
5210
214 221
EYETILIN TN PR I e
520 520
221 221
HE1ES 0 [ gqg |+ D1 |90 4 =
520 112

=-3:9-1-(-3)=-24.

4.29. Pasnaras 1o TpeTseMy CTOJIOIY, BEIYHCIUTS ONPEeIATEH:

5 1x8 1-la-1
a|-t-1y-5|, g|-1-26-1
8 -1212 20c1
4-1¢7 01do0

4.30. BeI9ucIuTh OIpefe/ATe/lb MATPHILEL IIYTEM DABJIOKEHUA
€ro 0 3JIeMEHTaM BTOPOM CTPOKH:

3 0-1-1 3322
a)| b ¢ d s 6)| XY zt
1111 2 332
-1-83-2-4 -2-20-1
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[image: image8.jpg]4.31. BoIYMCIHTS ONPeSeINTeX MATPHL], PA3Aaras ux 1o cTpo-
Ke uiau cTonbuy:

%y %q Xy Xg Xp
W sto 1003 B O 0.0
a)| - H 6) H B) (b, 0 b0 0[5
3 041 631-3
3222 331-2 € 0eg 00
’ Y1 Yz Y3 Y4 Ys
a; 0 0 .. 0 . 0 0 by,
4y 859 0 ... O 0 .. 0 | by,; by
™) | ay az azg - 0 |3 Ao .. b3z bznq i |t
@1 @n2 p3 -+ Gnn buy o banz bppoy bag

4.4, CeoiicTBa onpeaenutenei n-ro nopsgka

BrIuncIeHMe ONPEAeTUTe A MATPHIL! C TIOMOIIBIO JOPMYJ PARTOXKEHHA TIO
CTPOKe WK cTOAGIY — AOCTATOYHO TpyXoeMKoe feno. Mcmonsays coitcTea
onpeae/MTeNA MATPUILI; MOXHO 3HAUATENBHO YIIPOCTUTE €10 BEIYHCIIeHUE.

CroiicTBa OnpefeJHTeNA MATPHI(BL

1. IIpu 3aMeHe KaXKIO0i CTPOKM OTIPeAIeTUTENIA CTONGIIOM C TEM 3Ke CAaMbIM
HOMEpOM 3HA4YEHHe OLPe/JeNTe A He HIMEHSACTCH, T.e.

811 B3 »e0 B1p @11 21+ Gpy
@21 82 -+ Ozn | = | @12 B2z - Gp2

a1 Gnz

a, a,

an G1n B2a

2. O6mmit MHOXKHTENb BCEX 3JEMEHTOB CTPOKH (cToa6Ia) ompesenuTe s
MOJKHO BHIHECTH 32 3HAK ONPEAETUTEN, T.€.

811 82 e Opp

kayy kajy

8,y Gpp e

@y e Byt By e Gy, @yy e Byp e By ayy e Gyp e @y,
@y e Gyt gy e

Gppt B e





[image: image9.jpg]T.€. €CIH KasK/bIit 9IEMEeHT k-ro CTONGIA OnpefeTNTeNA NPEACTABIEH B BUAE
CYMMBI IBYX CITAraeMsbiX a;;, = &y, + &;, TO 9TOT ONPeJeIUTeNs PABEH CYMMe
ABYX ONpefenuTeseil, y KOTOPLIX BCe CTONGIELI, KPOMe k-ro, Te ke camble,
UTO ¥ B MCXOJHOM OUpeAenuTee, k-i CToGeI B IEPBOM CJIAraeMOM COCTOUT
U3 9JIEMeHTOB &y, i = 1, 2, ..., 1, & BO BTOPOM CJIATrAeMOM — U3 3JIEMEHTOB
ay,i=1,2, n. AHaJIOTHYHOE YTBepK/eHHe CIPAaBEeIMBO U AJIA CTPOK.

4. OnpegenuTens, cofepKammii ABe OAUHAKOBbIE CTPOKH (cTON6IA), Pa-
BEH HYJIO.

5. OnpejeuTens He M3MEHACTCH, €CIM K dJIeMEHTAM OJHOM M3 ero CTPOK
(cTonb110B) IPUBABUTH COOTBETCTBYIOLIME I€MEHTHI APYToit cTpoku (cTo6-
12), YMHOXEHHEIE Ha OXHO M TO Xe YHCJIO, T.e.

@33 Big s v v S By ay; ayy a;,
G G2 % %z ‘;jn
@n1 Gz n1 “nz @an

4.32. loxasaTs CleAyloLAe CBOMCTBA ONpeaeTuTeed:

a) oIpefe]nTeNb, Y KOTOPOro Kakasa-i1u6o crpoka (cronber) co-
CTOUT U3 HyJel, paBeH HYJI0;

6) onpesenuTeN b C ABYMA MPONOPIHOHANBHBIME CTDOKAMH
(cronbmamn) paBeH HYJIO;

B) IIDH IepeCTAHOBKE ABYX CTDOK (CTOGIIOR) OIPeeIHTeIs M-
HOXKaeTcA Ha —1.

4.33. Mcnonb3ys TONBKO CBONCTBa OIpeJeauTeNeil, IOKasars,
YTO CIEAYIONHe ONPeeIUTE] M PABHbI HYJIIO:

2 3 4 2x+3y+4 1+x1-x2 4

5 6 7 b5x+6y+T7 |. 6)| l+x1-x8 9
a) H )

8 9 10 8x+9y+10 l+x1-x416

111213 11x+12y+13 1+x1-x525

B) OIPeJieNUTENb, ¥ KOTOPOr0 CYMMa CTOJIGIOB C YeTHHIME HO-
MepaMu paBHA CyMMe CTOJIGIIOB C HEYETHBIMI HOMEPaMM.

4.34. Kax M3MEHUTCA ONpEJeNUTeNs N-ro MOPARKA, eCIH ero
TIOBEPI'HYTH OJHOMY U3 CIeAYIOIUX IpeofpasoBaHmii:

2) ¥ KasKJ[0T0 31eMeHTA H3MEHHTh 3HAK Ha IIPDOTHBOIOJIOKHBIH;

6) mepBEIi cTONGEI, IEPECTABHTSH HA IIOCIELHEE MECTO;
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[image: image10.jpg]B) CTPOKH ONpefieSINTeNA 3anucaTh B o6paTHOM moOpAAKe;
T) K KaXXZO# CTPOKe, KPOMe IIoCJIeAHed, npubaBuTh IOCIeRy-
IOLIYI0 CTPOKY.

4.5. Boluucnenme onpegenurenei

Ecau B onpefienuTeane NopsAAKa n uMeeTcs cronbelr (CTpoKa), Bce dIeMeH-
THl KOTOPOTO PaBHBI HYJIIO, KPOME OAHOTO, TO, PA3JIOMKUB ONpeAeTHTeNs TIo
3TOMY CTONGNY (CTPOKE), CBEZeM BLIYMCIEHHE ONpeAeNUTeNs N-Io IOPAAKA
K BBIMVCJICHHIO eIMHCTBEHHOTO ONpeAenTeNA nopsaaka (n — 1).

Ecam sxe B onpefenuTese n-TO MOPAKA HeT cTonbua (CTPOKH), Bee dIe-
MEHTBI KOTOPOT'O PAaBHEI HYJIIO, KDOME OJHOTO, TO, HCIIOIb3YA CBOHCTRO § oI~
penenureneil (cM. c. 47), MOKHO, He HBMEHAA BEJMYMHBI ONpeJeNHTeNs,
npeo6pa3oBarb ero Tak, 4To6bI B BLIGPAHHOM cTOIOIE (CTPOIKe) Bce DI1eMEHTbI,
KPOMe Oj{HOr0, 0BPATHIIHCE B HYJb.

4.35. BEIYHCIATD ONpeNeauTeNb:

11101
"22_2_913 00-133

a) 3’15 s |? 6)|-12-113 :
2 18 -7 -10 Aoz_; ; 2;

Pemenne. a) K Tpetneit cTpoke NpHOABAM Tepayio:

-2-5-1 3

2-569 1

1-64 -2 (5;
2 18-7-10

TIpuGapsia & Mepeoii CTPOKe YABOGHHYIO TPETHIO, KO BTOPOM — TPETHIO, YMHO-
KEHHYIO Ha ~2, & K WeTsepTolt CTPOKE — TPETHIO, YMHOKEHHYIO KA —2, IOAYIHM

g_,‘: Z _51 a7 7 4 -17 7 1 4@
16 4 2|7| 7 L8 =3~ 7 a5 =
i 30 -15 -6 10 -5 -2
17 7 -1
=3-| .78 36 o |=-3-| 836 |-—3.6-["13 6 |__15.(247-264)~306;
4 19 0 44 -19 44 -19





[image: image11.jpg]ﬂE -11 101 11101
0 0-133 00-133 ;’:;ii
6) —124113=017212";11319=
0-1131 0-1131 5 0 i
22 231 00 03-1
1:;?; -1339 -13 3
“Tloiaa|"|212 =lo1o0]|~=
0031 03-1 03-1

BEIYUCIHATS CleAYIOLIHe ONpe/IeTNTeNn:

1110 1111
436, (1101 4371211 4.38.
1011 1131
0111 1114
4321 13 14 15 13
439. (1111 4.40. | 181823 22) 449,
111-1 56 77
12314 25 29 30 26
9 9 13-17 27 44 40 55
442 | 101522 3 4.43.]20 64 21 40
5 913 6 13 -20 -13 24
9 1521 17 46 45 -55 84
-27423 5 -6 10 -7 -2
-1-329-2 -34-22-2
444.| 37523 445.| 52 45 -3
-1-223-2 6 87 -4-1
-1-411-2 217005
-2544 0
-2 735 -1
446.| 4 35 2.4 R
-6 452 -4
-3321 -2

0123
1135
5311
3210

1431
1319 6 9,
617113
3632
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[image: image12.jpg]5. MATPULLbI
5.1. Je#icTeus ¢ matpuuammn

Ipamoyronbaaa Tabauia YKces, COAEPIMAIIAA M CTPOK M 7 CTOJIOIOB,
HaSHIBAETCA MAmpuyell pasmepa m X n:

L B Rl v
A Qg1 B2 v G2y

Om1 Bz o Qmn

Kaxanrit bIleMeHT MaTpHIIBI CHabKaeTcA ABYMs HHAEKCAMHE: IepPBhI yKa-
3BIBAET HOMEpP CTPOKH, & BTOPOil — HoOMep cToabIla, B KOTOPHIX PACTION0MKEH
STOT DJIEMEHT.

JlBe MaTpPUIBI HASBIBAIOTCA PAGHbLLMU, €CJIH YHCJIA UX CTPOK M CTOJNGIOB
PABHBI ¥ €CITH PABHEI BJIEMEHTEI, PACIIOJIOIKEHHbIE HA COOTBETCTBYIONIMX MeC-
TaX STUX MATDHIL.

Eciti uucI0 cToN6II0B MATPHIIE 72 PABHO YHCIY €€ CTPOK, TO MATPHILY Ha-
3BIBAIOT K6adpamHoil mampuyeil nopadKa n. JMEMEHTHI Ay, Agg, --os Apy
KBaJ[paTHOM MaTPHUIBI IOPAAKA N 0GPa3YIOT ee 21A6HYK0 JUAZOHANb.

KsanpaTHas MaTpHUIla Ha3bIBAETCA OUA2OHAILHOIL, €CTTH BCE €€ DIIEMEHTHI,
PACTIONIOKeHHEIe BHE IIaBHO ANATOHAJY, DABHEI HYJIO. [luaronatsHas Mar-
PHIla HA3HIBAETCA JUHLYHOIL, €CIH BCE €€ DIEMEHTHI, PACHOJIOKEHHEIE HA
TJIaBHOM AMArOHANHM, PABHBI €fHHHUIE.

CromeHne MaTpHI M YMHOMEHHe MATPUMUBI Ha umcio. YToObl ymio-
JHumb MAMPUYY HA HUCAO, HAZKO KAXKABIA DJEMEHT MAaTPUILI YMHOMKHTE Ha
3TO UKCIO.

Cymmoir MaTpui A 1 B 0 1M Ha K 0 B Bl X Pa3MepOB Ha3bIBAETCA MATPH-
113, 3JeMEeHTHI KOTOPOii PaBHEI CyMMaM aeMeHTOB MaTpul, A u B, pacmomo-
JKEHHBIX HA COOTBETCTBYIONMX MeCTAX:

ayp e Gy byy e byp aytbyy e @y tby,
+ = .

mn by e b Ay tbpy e Bty

‘Mampuyy A MOKHO ymHONCUMb HA MAMPuYY B TOIBKO B TOM Ciy4yae, KOrAa
YHCNo cTONOLOB MAaTPUIBL A p & B H O YHUCAY CTPOK Matpuubl B. B pesyibrate
YMHOMeHUs noayunTcsa Marpuna C, y KOTOPOif CTOJIBKO K€ CTPOK, CKONBKO X
B MaTpute A, I CTOIBKO e CTONGIOB, CKOLKO UX B MaTpume B:

Gqy By v Byy

Gn1 Gmz =+ Bmn Cm1
2 DIIeMEHTSI C;; MaTPUIbl C BEIYMCAAIOTCA IO QopMyTIe

€ij = @by + aigby; + ... + @by
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[image: image13.jpg]T.e. ANIA MOTYUERNA d1eMERTa C;j, PACTIONOKEHHOTO B i-CTPOKe M j-M cTonbie
MaTpunst C, Hafo dNeMeHTH! i-# CTPOKM MaTPHIE! A YMHOXUTH Ha COOTBET-
CTBYIOIIME 3NEMEHTHI j-T0 CTON61a MATPUIE] B M NOTyYeHHEIe IPOU3BEEHIS
CJIOXKHT.

5.1. BEIIOMHUTD CAEAYIOIIHe eCTBHA:
9.[8-14|_g.[123],
250 214
Pemenwue.
2,[3-14 _g.{123) _(e-28)_(369)._ 3-3—1]_
250 214 4100 6312 -2 7 -12

5.2. Haiitn anemenT c3p Matpunst AB = (c;), ecom

3245 221
A=|9 2 -34|; B= s
-1-5 3 11 o
1-5 3 .

P e e u K e. DIeMeHT Cgy PABEH CYMMe [POU3BEHCHN 31eMEHTOB TPeTsell CTPOKH
MATPHIE A HA COOTBETCTBYIOLIME BI€MEHTH! BTOPOro cTobna MaTpunst B, r.e.

cgp=(-1)2+(-5): (-1) + 3 (-3) + 11- 5 = 49.

5.3. BeluucauTs Ipou3BeieHue MATPHIL,

23 4-5 ifll
A=l 1 2-34 |5 B= Pl
-1-23 1 L1382

201

Pemenue Tak KAK COMHOMKUTENM HMeIOT pasMephl 3 X 4 1 4 X 3, To UX Ipou3-
BeJileHHe ONpe/iesieHo i uMeeT pasMeps! 3 x 3. CieioBaresnsHO,

€11 €12 €13
AB=| ¢y cppcp
€31 €32 €33
2-3+3:4+4-1-5-2 2-2+3-1+4-3-5-0 2:1-3-1+4-2-5-1
“|1-3+2-4-3-1+4-2 1.2+2.1-3:3+4-0 1:1-2-1-3-2+4-1 |7
-1:3-2-4+3-1+1-2 -1-2-2-1+3-3+1:0 ~1:1+2-1+3-2+1-1

1219 2
=] 165 -3
-6'5 8
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[image: image14.jpg]5.4. [TlaHBI MATPHIBI:

7215 5430
A=l3.24-3|5 B=|33-21
2112 1024

Pewmuts ypasuenue 5A + 2X - B = 0.

HaiiTu npousseRenne MaTpPHIL:

55 1 2](724 . SRR W
-34 31 1 2-1
5.7.(13 {96. 5.8. :: =25
26 -32 31 34
2 -13 1 31-1
59.] 4 2.0 2 510.(12-3)| 41 3
-111 -1 6 0
4 2 3 4 123
511.(1 -1 3)| 3 5120 1 13 ||38-11
2 1-25 122
52 4 5 4 4 a-aa -ala
5.13. 113 _3-5-4 5.14. 111 al-a
130 13 4 -a a -a -ala
5.15. BRImoHUT AedcTBHA: s
3 10 011
8)[11); 6)[11] ; B)| 101
01 01
110

5.16. Tana maTpuma A = [; ;) . Hairra Bce maTpuns: B, nepecra-

HOBOYHBIE C MaTpuneit A, T.e. Takue, 1A KoTopsix AB = BA.

5.17. TokasaTs, 9To ecay Aus MaTpun, A u B o6a npoussenenuns

AB u BA onpepenessi, npuuem AB = BA, To marpunsr A u B —
KBaJPaTHBIE U UMEIOT OAMHAKOBBIi MOPAMOK.
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[image: image15.jpg]5.18. Kax usmeHuTca npoussefienne AB marpun A n B ecau:

a) epeCTaBHUTh i-10 U j-I0 CTPOKU MATPHUIE A;

6) K i-it CTPOKe MaTPUNE! A NPUGABUTH j-I0 CTPOKY, YMHOXKEH-
HYIO Ha 9HCIIO0 k;

B) IIePeCTaBUTS i-if U j-# cronbusl MmaTpuusl B;

r) K i-My croabny mMarpunsl B npubaButk j-it cTosnGel, yMHO-
JKeHHBIH Ha uucyo k?

5.19. Ilokasars, yTo ecnu A 1 B — kBagpaTHBIe MATDHIEI O~
HOTO ¥ TOTO Ke mopsigka, npudeM AB = BA, To:

a) (A + B)2 # A% + 2AB + B%;

6) A2 — B2 # (A — B)(A + B).

5.20. ToxasaTsb, 4YTO [AUArOHAJbHBIE MATDPUILI IIEPECTAHO-
BOYHBI.

5.21. [TokasaTs, 4TO ecnu A — AmaroHajpHas MaTPHIA U BCe
9JIEMEHTEI €€ IJIABHOM JUArOHAJN PA3IMIHEL MeX Ty co6oi, To Jo-
Gaa MaTpUIA, IEPECTAHOBOYHAA C A, TOXKE MMATOHAJBHA.

5.2. O6parTHas maTpuua

Marpuna A~! HasbiBaeTca 06pamuoil AN KBaAPATHOM MaTPUIH A, eclu
AAT1 = A"IA=E.

Ksagpatnas maTpuia A uMeeT o6paTHYIO TOTAA M TOJIBKO TOrZa, KOTAA
ee onpefequTeNb He paBeH Hymo. KsagpaThHas maTpuuma A, ompeaenuTenh
KOTOpOii He PaBeH HYJII0, MMeEeT eAMHCTBEHHYI0 OOPATHYIO MATPHILY

Apy Ay e Any
Al o 1| Ay Ay Ay
A

Ay Az e App
TAe A — ompeRenMTeN:h MATPHIE A;
Aj; — anreGpauueckoe JONOJIHEHNUE JJIEMEHTA ;; MATPUILL A.
DreMeRMAPHBIMU NPeobPA306aHUAMY CIMPOK (CMORGY0E ) MATDHILI Ha-
BHIBAIOTCA CIEAYIONIMe NpeobpasoBaHma:
a) yMHOXKeHue i-if cTpokM (cToxbia) MaTpuust Ha uucno k # 0;

6) npubaBienye K i-it cTpoke (cronbuy) j-# crpoxu (cronbua), yMHONKeH-
HOI Ha uHcno k;

B) IIEPECTAHOBKA i-¥ M j-H CTPOK (CTONOLOB) MATPUIIBI.
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[image: image16.jpg]AAropuT™M NOCTPOEHUS 0GPATHOM MATPHKIEI ¢ IOMOIIBIO 3IeMEHTAPHBIX
npeo6pa3oBamuii CTPOK MaTPHIEL: -
1. K nannoit MaTpune A NPHIMCATE CIIPABA EHMHUYHYIO MATPUILY

Gy ovoilyy | X sin 0

a,

n1

2. C moMompio 5/eMEHTApPHBLIX MPeobpasoBaHMii 0GBbeAMHe HH O
MATPHIbI IPUBECTH MATPHIY A K eAMHUYHOMK MATPUIE

10 05 by e by,

3. Marpuma A~1 umeer Bug

Al=

OGpaTHas MATPHIA NOBBOJIAET HAKTH PEIICHNA CIEAYIONIMX MATPHUHEIX
YpPaBHeHMIt:
AX=C, XB=C, AXB=C.
PeurenueM 5THX YPaBREHM ABIAIOTCA COOTBETCTBERHO MaTPHILL
X=A"lc, X=CB!, X=AlCB}
ecnu A u B umeror oGpaTHbIe MATPHIEI.

5.22. Haiitu MaTpHIy, o6paTHYIO K MATpHIe

a-(13):

Pemenne Onpexenmtens A matpums: A pasen 2, m.e. A = 2. AnreSpameckne
somonuenns ee onementos: Ajy = 2; Ayy = —4; Agy = ~3; Agy = 7. Crefosatensso,

Avl:.l( 2 —a] =[ 1 ‘a/z]‘
2=
47 27,
5.23. C moMoInsI0 3/1eMCGHTAPHBIX IPeofpasoBaHAM CTPOK HAai-
T MaTpUIy, o6paTHYIO K MaTpHUIe

123
=l 223 |-
334




[image: image17.jpg]Pewenue Ipunumem x MaTpuue A CIpaBa eAMHUUHYIO MATPHIY i GyZieM Bbi-
HOnRATS O7eMeHTapHbe MPE0pAIOBAIIL CTPOK OFTeMNEHHOH MATPHLSL A0 Tex TOP,
IloKa MATPHKA A He NpeBPATHTCS B CAMHKURYIO:

% 123|100 12 100
223|010 | 0-2-3|-210|
334|001 0-3-5|-301
) <
[10 “1]-1-2 2

0121 1-1(>
001]|0 3 -2

1010 1-53

001/ 0 3 -2
Taxum o6pasom,
110
A=l 1 53
03 -2

HaiiTn 06paTHYIO MATPHILY AJA CHEAYIOIIMX MATPHIL:

3 1-12
5.24. 12]. 5.25.(31]. 5.26.[32}.5.27. 02 -1
23 52 43 101
4-1 2 151 435
528.| 11 2| 529|321 5.30.| 311
. 0-13 6-21 447
5 2 5 313 H L
53L.| 3 5 3. 532 5.22]|- 5.33. g;il
1
-2-4 3 223 0001
14 23 -21-31
5.34. . 585 |12 1-2| 536 |-11-22|
. 1-111 1-31-4
‘0»10—2—5 ¢ -33-55
5.37. 5.38.
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[image: image18.jpg]PemnuTh MaTpHUHBIE YPABHEHHA:

5'&9_(13),(:(713 o]_ 5_40_(1 1J.x=[1~1]_
25 1241 43 2-3

312 212
S54L.| 1 01| X=| 1 13
(-480 1-14 )
2 10 [ 210
542 1531 "X=| 1 11
2 -3 1 -10-2-1
2-3
5.43.x-[75J:[-21]. 5.44.x-(32}= 30
43 1-1 43 3 d

3 -24 12 3 1-21 2 o1 4
545.X| 7 23/ =|11-1]-546.X| 3 ;1 =[ 123}.
10-18 12 2 -1-32 -

5.47. 372).,{.[23}:{72 1)‘
2-1 35 1-2

5.48. 34)~x~(-52]z 24,
45 3 -1 3 -1

113 -1-2 2 -111
549.] 113 |"X*| 11-1|=| 10-3
12 -4 0-32 -10 3
-2-10 233 -113
550.| 2 2 1| "X-|1-40|=| 342
311 101 211

5.51. MaTpuna HasbIBaeTCA He6bLpOKHcOeHHOl, eclin ee ompese-
JIHTeNb He paBeH HyJIi0. JI0Ka3aTh, 4TO ecu A — HEBLIPOKAEHHAS
MaTpHia, To: ’

a)us A2 = A crenyer A = E;

6) u3 AZ = E cregyer A = AL,

5.52. [lokasaTb, 4TO ecad A — KBajpaTHas MaTpuUIa H
(A + E)2 = 0, To maTpuna A nmeer oﬁpa'mym Haiitu obpaTHyo
ans A matpuny.
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[image: image19.jpg]5.53. Ilycts A 1 B — HEBBIPOXKAEHHBIE MATPUIBI OAHOLO ¥ TOIO
JKe opAjKa. HOK&SBTL, YTO 4YeThIpe paBeHCTBa

AB=BA, AB"1=Bl1A, A-1B=BAl, A"1Bl1=BIA"!
DPaBHOCHUJIBHBI MEXAY COGOM.

5.54. Kax naMénnTCs obparnas maTpuna AL, ecnn B MaTpuue A:

a) mepecTaBUTh i-10 U j-I0 CTPOKH (CTOIGIEI);

6) i-10 cTPOKy (cTonbern) yMHOXKUTH Ha yucio k # 0;

B) K i-if cTpoke (cTonb1y) npubaBuTS j-10 CTPOKY (cTON6EL), YM-
HOKeHHBI Ha uncio k?

5.55. HaiiTu Bce MaTpHUIbl BTOPOrO IOPAAKA, AJIA KOTOPBIX
Al=A.

5.3. Panr matpuub

BuibepeM B MaTpuue A pasMepa m X n MpOU3BOJNbHEIE k CTPOK U k cTONG-
-oB, k < min(m, n). dneMeHTHI, CTOANMUE HA IePECEYeHHM BBIAENEHHBIX
CTPOK U CTONGILOB, 06PA3YIOT KBaAPATHYIO MaTPHIY k-To MOPsAAKa, Ompese-
JINTEJTb KOTOPO! Ha3bIBAETCHA MUHOPOM k-20 nopadka MaTPHLBI A. DeMeHTEL
MaTpUII ABIAIOTCA MUHOPAMH TIEPBOTO MOPAXKA.

Ecnu B matpune A uMeeTcAd MMHOD k-ro mopazxa, He PaBHbIN HyMO,
a Bce ee MHHOPHI (k + 1)-r0 mopAnKa, OKAMMAAIONIME 3TOT MUHOD (T.e. Cofiep-
JKalue MUHOD k-ro IOPAAKA HEeIMKOM BHYTPHU ce6s), PABHBI HYJIO, TO PAHT
MaTpHIBI paBeH k.

Brruucaenne paHra MaTPHII! METOZOM OKalMJICHMA MUHOPOB:

1. HaiiTu HeHy.JI€BOii aJleMeHT MaTPHIBI (eCIM TAKOro HET, TO PAHT MaT-
PHIIBI PaBEH HYJIIO). .

2. BBIYHMCIATh MHHODBI BTOPOrO MOPAAKA, KOTOPbIE OKAWMIIAIOT BHIGPaH-
HbI BIEMEHT.

3. Ecaiu cpefiyt BLIYMCIEHHEBLIX MEHOPOB BTOPOrO IIOPALKA MMEeTCS! OTJIHY-
HBI OT HYJIA, PACCMOTPETH BCe MUHOPHI TPETHEro MOPAAKA, OKAKMIAIONKe
KaKo#-HU6Y/b MEHOP BTOPOI'o OPA/KA, He paBHBIHA Hy10. IIpogoxaTs TaK
O TeX TIOp, II0Ka BCe MHHODBI, OKaMIIAIONie HeHYIeBOH MHHOD [-ro mopsaz-
Ka, He 6yAyT paBHBI HYJI0. B 9TOM cily4ae paHT MATPHIEI paBeH [.

Marpuiia pasmepa m X r. HasbIBaeTCs mpaneyeudanbHoil, eciy OHa UMeeT BUA

B11 G137 +22 Bip iee B

o @zr - O2n
0 ,
o0
0 0
TAe ayy, d3g, --.; G,y OTIWGHBI OT HYS.
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[image: image20.jpg]Kaskayio MaTpHIy ¢ MOMOIIBIO 3IeMeHTapHbIX Npeo6pa3oBaHMil CTPOK 1
CTONGIIOB MOXKHO NPEBPATHTE B TPaTelenAalbHYI0.

Tak Kak s/1eMeHTapHble Tpeo6paloBaHHA He UBMEHAIOT PAHra MATPHIIL
M PaHr TpanenenaabHON MaTPHIbL DABEH YUCIY HEHYIEBbIX CTPOK, TO AJAA
OTBLICKAHNA PAHIA MATPHIILI HAZO:

1) oJIeMeHTAPHEIMY TPEO6PAOBARMAMY TPEBPATHT: MATPUILY B TDATIEIE-
HMAATBRYIO;

2) TIOACUMTAT YHCIIO HEHYIeBBIX CTPOK B TPaNeleHAaNbHON MaTpHIe.

5.56. BoIYHCIUTS METOLOM OKAWMJIEHHA MUHODOB DaHr Mat-
PHLB :
214-37

4158 7 1 |+
2174183-9

Pewmenue Tak KAK MATPHUA COACPIKUT HEHYJEBbIe DJEMEHTEHI, TO ee PAHT He

2 1| ornmven or nyns , sEauyy, panr
415

MaTpuIst He Menbie 2. BeriHCARM OxaiiMAmomue d MHHOPHI TPETHETO HOPSRKa:

2149 214
4158 =lot1o

Menbmre 1. MUHOp BTOPOTO MOpAAKA

2174 - 2174
21739 21 -3
415 7 =|01313| =0
21713 01616
217 9 21 7
415 1 ={013-13| =0
217-9 016 -16

Virak, Bce MHHOpSI, OKafiMsIOIMe MUHOD d, PABHBI Hy 10, ClIeOBATENHHO, DAHT
Aammoi MaTPUUL paser 2.

5.57. HaiiTu ¢ IOMOIIBIO 37IeMeHTaPHEIX Ipeo0pa30BaHuil panr
MAaTpHUIbL :
52138
3-112
1248
3-112

Pemenne. IIpespaTiy ZAHHYIO MATPMLY B TPANCNCHAATHHYIO C HOMOMIbIO d1e-
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[image: image21.jpg]MeHTapHELX MpeobpasoBaRIi:

52131‘9
3-112 g
1248

3-112

12 5 3
0-3 -2 -1
0-6-19 -4
0-3 -2 -1

@4

Taxum 06patom, PART MATPHIE! pasex 3.

Haiitu pasr MaTpHNBL:

5.58. (

5.60.

5.62.

12

-3 -5,
14 28 ~42 70

2112
1203
28315

11

-5 1

-21

5 21

6 -2-10-4 1

T 1

5 2 -8

. 5.61.

5.63.

5.64. OnpezenuTs PaHT MaTPALBL

@y @y a3 a4
00 0ag
00 0ag
00 0a,

B 3aBUCHMOCTH OT YUCEN Ay, ..., d7.

5.65. Onpe/ieIATH PaHr MATPHIBL

B 3@BUCHMOCTH OT YHCJA 4.

all
lal
11la

5 213
-2 -30-1
-19 -6 0 -4
-2 -30-1

Ly

12 5 3
0-3 -2 -1
00 -15-2
00 0 0

4 -
7 -2
18 -3

o

17
-1

(SN
=
oo

13141
1135 5.2
5 531712
42231

10 24 20 -44 -10
23 6 12 17
5 10-10 10 25
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[image: image22.jpg]5.66. [JokasaTh, 4TO eCJIM K MATDHIE IPUIHUCATH OXHY CTPOKY
(unu ogus cronben), To ee paHr au6o He M3MeHHTCs, IO M3Me-
HETCA Ha eAUHHIY.

5.67. [JoxasaTs, 4TO €CIM PAHT MaTPUOL! A He U3MeHAETCH OT
NpUOUCHIBAHHA K Hel Kaska0ro cronbua matpunst B ¢ Tem xe wuc-
JIOM CTPOK, TO OH He MEHSETCHA OT NPUIUCBIBAHHA K MaTpHUe A
Bcex cToabnoB MaTpuns B. '

5.68. [JokasaTh, UTO €CJIM PAHT MaTPUIB! A He H3MEHSIETCA OT
TIPUIMCHBAHMA K Helf BCeX CTOI6I0B MaTpums! B ¢ TeM xe unciom
CTPOK, TO paHr A Gosblre WX paBeH paHry B.

6. PELUEHWE CUCTEM JIMNHENHbIX YPABHEHUWA

CucTeMa nMHeHHBEIX YPABHEHNH MMeeT BUL

@yyx%q + @75+ oo hag,x, = by,
8121 + gp%p +

+ gy ¥y = by,

Ay Xy F GaXp + oot Xy = by,
TAe a;; — Kod(QULHEnTE NPH HeM3BECTHEIX;
b; — cBoGoanste wienst (i =1, 2, ..., m; j
TIpamoyroneHas Tabinua yucesx

1,2, ..,n).

ayy Gyp . 8y,
831 822 -+ Oz,

@m1 m2 o Bmn
COCTaBJeHHAA M3 KOI(D(HIHEHTOB IDH HEM3BECTHBIX, HA3LIBAETCHA MAMPU-
yell cucmembt.
Pacuwupenoi HasBIBAETCA MaTPULA
a1 %12

@z Gz

Gm1 G2 oo G,

mn

KOTOpas MOJNyuaAeTCH NPUMHMCHLIBAHNEM K MATPHUIE CHCTeMbI cTonG1a cBoGoa-

HBEIX WIEHOB.
Cucrema ypaBHeHM# Ha3bIBAETCHA COBMECMHOIL, €CIH OHA MMeeT X0oTs 61
ofHo pemnenye. CHCTeMa COBMECTHA TOM/A M TOMBKO TOTAA, KOTAA PAHT
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[image: image23.jpg]MAaTDHIILI DABeH PAHTY ee pacIIUpeHHo MaTpuIrk (Teopema Kponexepa—Ka-
nesnnu). CoBMecTHas cucTeMa ypaBHeHuit umeeT gu60 oano, 1ubo Geckoneu-
HO MHOTO pellleHuii. B epBoM criyuae oHa HassIBaeTCa onpedereHHoil, a BO
BTOPOM — HeonpedeneHHoil,

Cucrema ypaBHeHHit, He UMeIOIIAA DEUICHHA, HASBIBACTCA HECOEMEC-
noiz. Ecu cucTeMa ypaBHEHUIA CONEPXKUT ypaBHEHME

0x) + Oxy + o+ 0x, = b,  b#0,

HAGHIBAEMOE NPOMUEOPELLEHLM, TO OHA HECOBMeCTHa.

JlBe cHCTeMBI ypaBHeHUIT HABKIBAIOTEA PAGHOCULbHbLMU, €CITH OHU UMEIOT
OJHU M Te e pemeHus. ECIM B cHCTeMe BLIYEPKHYTh OHO MM HECKONBKO
ypaBHeHmit

0xy + 0xy + ... + 0x, = 0,

HA3BIBAEMBIX MPUELATLbHbIMLU, TO NONYINM CHCTEMY YpaBHEHUH, Pa B HoO-
CHJIBHYIO HCXOZHOM.

Creayromue npeoGpasoBaHusA CHCTEMb! IMHERHBIX YDaBHEeHMil, Ha3bIBa-
eMBle sneMenmapnbLmu, He NAMEHAIOT MHOXKECTBA PEIIeHNi CUCTeMBI:

1) yMHOMXeHHMe KaKoro-1u60 ypaBHEHMA CHCTEMBI HA OTJHYHOE OT HYJIA
YKCTIO;

2) npubasenne K 06eMM 4aCTAM i-r0 YpaBHEHNA COOTBETCTBYIOLIMX dac-
Tei j-ro ypaBHEHHA, YMHOMKEHHBIX HA JHCIO k.

6.1. ®opmynel Kpamepa

CHcreMa TMHEHAHBIX YPaBHEHHMIT, B KOTOPOIt YMCII0 YPABHEHHUI PABHO YHC-
JIy HEM3BECTHBIX ¥ OIIPE/ieIMTe b MATPUIILI CUCTEMBI He paBeH 0, MMeeT efiuH-
CTBEHHOE pelIeHMe, KOTOpoe onpeJesnsercs mo popmynam Kpamepa:

rae A — onpegesnETeNs MATPUIBI CHCTEMBEIL;
A, — onpefenuTeNns, MONy4YAeMBbIX M3 ompefenuTens A sameHoi k-ro
cronfua croa6umoM CBOGOAHBIX YIEHOB.

*6.1. PemiuTh CHCTEMY ypaBHEHHI
2%, + x9— x3=35,
8x; +8xy — 2x3=8,
x1+ xp+ x3=6. 4
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[image: image24.jpg]Pemenue BolumcauM onpefeanTess MATPHIII CHCTEMbI yPaBHEHHIA:

21-1 320
A=133-2/=|550
111 111

32
55

Cief0BATeIBHO, CHCTEMA UMEET GRUHCTACHHOG PEMIeHHe, KOTOPOe MOKRO HafTi

¢ nomoutsio popmyn Kpamepa.
BhIUHCAMM ONPeXETUTeNH:

51-1 120
A1=|83-2|=[2050
611 611
25-1 3110
4=138-2(=|5200
161 161
215 215
83=|338=|-30-7
116 -101
Tlo gopmynam Kpamepa Haxogum:
A, A
x,=X‘=3; x;—Xz=1;

PemuTs cucTeMbl ypaBHeHHIA:
~xy+x3=6,
~2x3+x3=9,

Xy — 4%y~ 2x3=3.

3x1+x2+3x3~2
6.4,

6.2,

—2xy + 2x3=
2x1 + 2xp + 3x3 = 1
Txq +6xy+ 3x3+ Ty =3,
8xy +5xp + Txg + Zx; =
bxy +4x,+3x3+5xg=1,
5xy + 6x5 + 5x5+ 4xy =2,

{le + bxg + 425 + 3x4=-19,

6.6.

X —xy+2x3+x4=6
x; + x5+ 2x3 — 3x4 = 10,
4x1 + 6xy + x3 — 24 =<12.

6.8. 6.9.

62

{5::1 +2x5 + 523 =4,

12
205
_|an
520
10.
)
) ‘

4%y + 2x9 —
5%y +3xy — 2x3=2,
3x; + 2x5— 3x3=0.

x3=1,

3x; +5x5 - 3x3=-1,
—2x; - 4x;+3x3=1.
Xy~ 2x5+3x3-%4=09,
4x) + 8x5— x3+ 2x4 =5,
2xy —5xy+ 3x3+ x4 =16,

4xy +6x5+ 2x3— x4 =5.

X1+ 2x, + 3x3 + 4x, =11,
2%y +3xy +4xg + x4 =12,
3x; +4xy +x3+ 2x4 =13,
4y + x5 + 223+ 8x4 = 14.




[image: image25.jpg]6.2. OGuee peleHne CUCTEMbl NMMHEAHBIX ypaBHEHHIH

HenasecTHOe X, HA3LIBAETCA PA3PLULCHHbLM, ECTTH KaKOe-HUOYAb ypaBHe-
HIE CHCTEMEI COAEPIRHT X), C KOIPOUUHERTOM eAUHNIA, & BO BCEX OCTANBHBIX
YPaBHEHHMAX CHCTEMBI HEM3BECTHOR X He COAEPIKUTCH, T.€. CONePHKUTCA C KO-
obQUIUHEHTOM HYTb,

Cucrema ypaBHeRHIt HA3LIBACTCA PA3PEULEHHOIL, €CITH KAXKJIOE ee ypaBHe-
HHe COJePXKUT PaspellenHoe HeuapecTHoe, Hampumep, cucrema ypaBHeHmit

xq+ 2xy - x4 =2,
3x, + x5+ Bxy =1,
—Xy +2x4+x5=0

ABJIAETCS Pa3PeLIeHHO, TAK KAK HEUBBECTHBIE X, ¥3 U X5 — DAIpEIIeHHBE.

Ecnu M3 KaXXIOTO YpaBHEHMA DA3pPEIIeHHON CHCTeMBI ypaBHEHMIl BBHI-
6paTh 10 -0AHOMY PaspelIeHHOMY HEM3BECTHOMY, TO IOJYYUM Ha60p paspe-
uieHnbLX HeussecmHubix. Bce HemsBecTHbIe, He BXOAALIME B HaGop paspelen-
HBIX HeM3BECTHBIX, HABLIBAIOTCA C60600HbLMU. B NpuBeieHHOM BEIMIE paspe-
IIEHHOH CHCTeMe Xy M Xy — CBOGOJAHBIE HEU3BECTHEIE.

O6wum peureHuem COBMECTHO CHCTeMb! YDABHEHHMH HA3BLIBAETCA PABHO-
cUbHAA el pazpellleHHAsA CHCTeMa, B KOTOPOH paspellleHHble HEM3BECTHBIE
BBIpakKeHHI uepes cBoboansle. Ecau B 06miem pemmeHuy cBOGOAHBIM HEH3BECT-
HBIM OpPHJATh KaKue-HUOGYAL YNCIOBBIE 3HAYEHUS, TO IOJIYYAM pelleHHe
MaHHOU CHCTEeMBI, HasbiBaeMoe yacmubim. IlpuaaBas cBo6OAHEIM HEH3BECT-
HBIM BCEBOSMOIKHbIE UMCIOBbIE 3HAYEHHS, MOMKHO NONYYHTE BCE DEIICHHA
JNaHHOM CHCTEMbI JHHENHBIX YDPaBHEHMIA.

Ob1ee pelenne CHCTeMbI yPaBHEHHIA MOMKHO HOTYIHTE C HOMOL{bIO Op-
My Kpamepa mmm merogom Taycca.

Hocrpoerne o6mero pemenns ¢ momomsio dopmyn Kpamepa:

1. BLIACHUTb COBMECTHOCTD JAHHOU CHCTeMBI yPABHEHMIA, T.€. BHIACHUTD,
COBIAZAiOT JIM PAHTHM MATPHUIEI ¥ PACIIMPEHHOK MATPUIIBI CHCTEMEI ypaBHe-
HU.

2. HaifT¥ oAMH U3 MUHODOB MaTPHUII A CHCTEMbI YPABHEHMIT, TOPAKOK
KOTOPOTO paBeH paHry A.

3. BeimucaTh BCe yDaBHEHHA JaHHON CHCTEMBI, KOTOPBIE COAEPIKAT CTPO-
Ku MuHOpa M. B 9THX YpaBHEHHAX OCTABHMTH B JIEBBIX YACTAX TOJBKO Te He-
M3BeCTHBIE, KO3(OUIMEHTE! IPX KOTOPHIX ABIAIOTCA cTonbmamMu Munopa M,
2 OCTAaNbHEIE He3BECTHEIE NIEPEHECTH B IPABYIO YaCTb.

4. Pemuth CHCTeMy ypaBHEHMI, IONYYeHHYIO B IIYHKTe 3, 10 GopMyaam
Kpawmepa.

Merox laycca cocrouT ms psga miaros. IIpy BBINONHEHWM OUep e A-
HOT O INara MCHONb3YIOT CAEAYIOMUH aNroOPUTM.
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[image: image26.jpg]ocrpoenne obmero pemenust meroxom Iaycca:

1. IlpoBepuThH, UMeETCH U B CHCTeMe IPOTUBOPEUUBOe ypaBHeHue. Eciu
Takoe ypaBHeHHMe B CHCTEME €CTb, TO OHA Hecosi?ec-ma u He uMeeT obmero
pemenus.

2. BHIYEDKHYTH BCe TPMBHALHEIC YDABHEHNMS B CHCTEME, €CTU OHY €CTh.

3. BRIACHATE, ABJAETCA JIH CHCTEMA YpaBHeHuit paspemrennoit. Eciau ona
PpaspellleHHas, TO NOCTPOMTS ofIee pelieHHe, BHIPAKas paspelleHHEe He-
Uu3BeCTHEIE uepe3 cBOGOAHEIE.

4. HaiiTu ypaBHeHHe B CHCTeMe, He COMepiKallice PA3PeIIeHHOro Hems-
BecTHOro. C MOMOIBIO deMEeHTapHBEIX NpeoGpasoBaHUil MOJYYUTH B BTOM
YDaBHEHMY HEM3BECTHOE C KOI()UIMEHTOM eMHUIA, A 3aTeM HCKIIOUHTE
9TO HEM3BECTHOE M3 OCTANLHLIX YPaBHEHMIA CHCTeMBI.

5. BRIIOMTHUTE CIERYIONIHI IIaT, T.e. IIePelTH K BBHIIOJHEHMIO MyHKTa 1.
Yepes KOHeUHOE YMCIO IIATOB NPOIECC OCTAHOBUTCA M GyJeT yCTAHOBJIEHA
HEeCOBMECTHOCTE CHCTEMBI MIIM IOJYYEHO ofINiee PeIleHMe CHCTEMEI JIMHEH-
HBIX ypaBHEeHHI.

6.10. MccnenoBars COBMECTHOCTD, HaiiTH oblee pelerue i ofi-
HO YaCTHOE PelIeHHe CHCTEeMbl YPaBHEHHUN
x; +3xy + 5xg + bxy =5,
2x; + 5xy + 8x3 + 9x4 =9,
Xy +2x9 + 3x3+ 4x4=4.

Pemenne 1. Bumumem DaciIMpeHHYI0 MATDUIy, HailieM ee PAHr M OAHOBpe-
MEHHO PaHT MATPHILI CHCTEMbI YDABHEHWHN:

1855 5‘9 1855(5 13555
25899 -lo121 1‘9—» 01211
12344 01211 00000

Mrak, PAHTY MATPHOEL 1 PRCIIHPERKO! MATPAIIE COBNARAIOT 1t pasHe 2. Crexo-
BaTeALHO, CHCTeMa COBMeCTHA.

13

2. Bubepem munop M = , COCTABEHHBL 13 KOO HIHERTOB TPH HEHIBeCT-

HEIX X; W Z; NePBOTO U TPEThEro ypaBHeHHil. DTOT MEHOD OTIWUER OT HYNA U €ro
HOpAKoK PABEH PANTY MATPHIIBI CHCTEMI.
3. BummieM mepBoe ¥ TpeThe YDABHEHHS AHHOH CHCTEMBI, KOTOPSIE COREPIXKAT
crpoxu Musopa M:
xy +Bxy + Bxg+ 5xg=5,

X1+ 2x5+8xg+ 4x, = 4.




[image: image27.jpg]B oTuX YPaBEEHMAX OCTABUM B JIeBOt YACTH HEUIBECTHBIE X1 M X, KOI(OHIHEHTE!
[DH KOTOPbIX IBASIOTCS cTONBNAMI MTHOPa M, 2 OCTATbHEIC HeMIBeCTHbIE TepereceM
B NIABYIO UACTS:

x;+ 3%y = 5~ by — by,

xy + 2y = 4 — Barg — 4y

4. Pemun nonyuennyio cucremy no opmynanm Kpamepa:

A= |13] o
12
A= |078%m8% 3], o,
4-3x,-4x, 2
A= L 5-5xy-5x, =1+ 2x5+ x4

1 4-3x5-dx,
Teneps mmeem
2 =2+ x5 21,

— ofmiee pemenye AAHHOM CHCTEMBI.
xp=1- 2%y~ x4

HenanecTable X3 1t x4 — cB0GOHEE HemapecTaste. Ecan notoxuts X3 = 1, ,
T0 M3 O6IEro PemeRUs HAXOAM X; = 3, X, = —1. CregoBaTensHo, ¥, = 3, x3= -1,
x3=1, 2, = 0 — vACTHOE PelNeHWe HCXOAHOI CHCTEMS! ypaBHeHuH.

6.11. Hatitu o6Irjee pelreHye X OZHO YaCTHOE PEIIeHHE CHCTEMBI
YVPaBHEHUH

x1+2x9+ xg+dxy+ x5=-4,
3xy+2xy+ x3+ x4-3x5=1,

Xyt 2x3 + 2x4 + 6x5=-1,
5x) +6x, + 3x3+ 9x4— x5=-T7.

Pemen e Banumew crctemy ypaBReRmit B BN TaGAUTH:

x | x } x3 } x4 | x5 ] b
1 2 1 4 1 -4
3 2 1 1 -3 1 49
0 1 2 T2 6 -1
5 6 3 9 -1 -7

1t Haiigem obuiee pemenue cucrenst metoxom Taycea.
Ilfaz 1. lanuas cucrema ypanmesmii He COJEPACHT IPOTHBODEUMBELX H TPHBHAIS-
Hbix ypapmemuii. IlepBoe ypaBHeHHe He COREPIKHT DAIDEUIEHHOTO HEH3BECTHOTO.

3 Chopru 3anau no seicuiei MateaTuke 65




[image: image28.jpg]HeuspecTHoe x| BXOAUT B 3T0 ypaBHeHUe ¢ KoaddunuenTom epununa. YCKmoumB x,
13 ADYTHX YPABHEHHIA C OMOLIBIO 3IeMEHTADHEIX IpeofpasoRamii, MONYIRM CHCTe-
My ypaBHeHuk

RN
T 2 1 4 1 -4

[} -4 -2 =11 -6 13

0 1 2 2 6 -1 % i
o -4 -2 =11 -6 13

Iz 2. Tlonyuexsas mocie mepBoro MIAra CHCTEMA HE COIEDHKMT NPOTHBODEHBHIX
 TpUBMANBHLIX ypasmenmit. Hit 0410 U3 ypaBHEHMUI, KPOMe IEPBOTO, He COXEPHKHUT
DASPEIIEHHEIX HEHIBECTHBIX, HO TPEThe YPABHEHHE CONEPKHT HEUIBECTHOE X3 C KO-
ap@unuenTom efuHMNa. VCKI0OUMM HEH3BECTHOE Xy M3 OCTANBHEIX YPABHEHHH C [O-
MOIIBIO DJIeMEHTAPHEIX PeO6pPasCBaNHUiL:

% x; x5 x4 x5 b
1 0 -3 0 11 -2
0 0 6 -8 18 9
0 1 2 2 6 =¥
0 [) 6 -3 18 9

IITaz 3.CucTeMa ypaBHeHWiA, IOIy4eHHAS OC/E BTOPOrO Iara, He COREPMKHUT IpPo-
THBODEMBLIX M TPHBMAILHEIX ypaBHeHuir, OHA He ABIACTCA PASPEIIEHHOMH, TAK KAK
BTOPOE YDABHEHME He CONePIKMT PAsPeIIeRHOr0 HeM3BeCTHOro, Pas/ienum 10 ypasHe-
HMe HA —3:

x x2 xg % x5 b
1 0 -3 0 -11 -2
0 0 -2 1 -6 -3 ﬁ
0 1 2 2 6 -1
) 0 6 -3 18 9

Teneps ¢ HOMOMEIO 2IeMEHTAPHEIX IPEOGPAOBAHMIL HOKTIOTHM HEHIBECTHOE X4
3 TpeThero i YeTsepToro ypasHeRmit:

x x; x5 2, x5 b
X 0 -3 0 -11 -2
0 0 -2 ¢ S =6 -3
0 1 0 18 5
0 0 0 0 o | o





[image: image29.jpg]Hrax, monyuesa paspeliennas cicTeMa

x -8xy - llxg=-2,
-2x3+ x4~ 6x;=-3,
xp+6xy  +18x5=5,

¥ KOTOPOik %), X3, X4 — PAGDEMIERHbIE HEMIBECTHELE, & X3, X5 — CBOBORHBIE HOHaBECT-
Hele. Ofimee perenyse HCXOAHOM CHCTEME! HMeET BAJ

%, =2+ 3xg + 11x;,
xy=~3+ 2x5 + 635,
|2y = 5~ 6x; ~ 18x;.
Ecui n070KuTs X5 = x5 = 0,70 2 = -2, x4 = —3, 2z = 5, T.e. x; = =2, X = 5,
x3=0,x,=~3, x5=0— uacTHOe pelIeHNE HCXORHO CHCTEMEL.

HccneoBaTh COBMECTHOCTD, HAMTH 06Iee PelIeHne W OJHO Ya-
CTHOE DelleHye CIeAYIOMMX CHCTeM YPaBHEHMIT:

6.12. x; +. x5 + x3=1. -
6.13. 2x; + 3xp + x5 — x4 = 2.

2x; + x9+ 2x3— 3x4=1,
L ‘x1+xz—x3+214=2.

2x; + 2x5 + 3x3— 224 =0,

$:15: X+ xp+ 223~ x4 =0.

{5;:1 + 12, + Bxg + 3x4 = 10,

6.16. {4x; +3xy + x3 +3x,=2,

11x; + 11xy + 4x3 + 8x4 = 8.
x)—xp—-3x3—4x4=1,
6.17..(2x; — 2x5 + 223+ 3x4 =2,
—xy + %y — 18x3 — 18x, = —1.
Xy —x3+3x3+x4=6,
6.18. |Tx; + 5x, — Tz — %4 =8,
x; + 8xy — 18x3 — 5x4=—6.
Xy +8xy—3x3=2,
6.19. [4x; + 4xy —dx3 =5, ' i
|=%1 = 5xp+ Taxg =~
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6.20.

6.21.

6.22.

6.23.

6.24,

6.25.

6.26.

6.27.

xy+ 2x5+3x3=0,
2x; +8xy +4x3=0,
2%y +xytx3=1,

2x; + 2%, +3x3=1.

0,
4x; - xp—x3—4x4=0,
xy +4xy+3x3 - 2x4=0.

3xy +2x5 —x3— 6xy

3x; +2x, +x3—x4=4,
2xy + bxy +3x3+ 224 =-1,
3xy + 4xy + 223+ x4 =2,

x1 + 2x9 — 3xg3 — 4xy =4,
2x; + 8xy —4x3 — bxy =4,

2y +xp—2x3—2x4=2,
4xy + 3xy — 4xg — 6x4=3.
xy+2xy—2x3+x4 =3,
2x; + 8xy — 8x3 + bxy =3,

x— X9+ x3 =-2,

2x1— xp3+ x3—8x4=
2x; —xp+4xg+x4=9,
xy—2x9 - 8x3—x4=-1,

2x) + x9 + 4xz — x4 =11,

3xy —2xy+x3—x4=9.

2xy + Txy+ 8x3— x4 — 12x5=0,
xy+ 6xy + 4x3 + 2x4 + 10x5 =0,
8x; + 10xy + 4x5 — 2x4 — 21x5; = 0.
8x;+xp+4xg+2xy=17,

b5xy + 2xy + Txg +x4=9,

8xp + 2x5 + bxg — 5xy = 19.




[image: image31.jpg]6.28.

6.29.

6.30.

6.31.

6.32.

6.33.

2xy + x5 —x3—x4+3x5=3,

bxy +4xy — 4x3 — 4xy + 1525 =9,
8xq + 2xy — 23— 2x4 + Tx; = 5.
Txy — 2x9 + 2x3 — 2x4 + 3x5 =12,
2x)—xy+x3— x4 +3x;=3,
%1+ %9 — xg+ x4 — 6x5;=3.

xytxgtxg—xg4tag=1,
Xy +x9+3x3— 2x4 + x5 =
xy+ x5 — bxg+ x4+ 2x5=-10.

2%y — x9- 3x3—2x4—x5=3,

4x;— x5— 9x3 - Tx;=86,
—x; — 8%y + 10x3 — 4x, + 6x;5 =3,
3x; — 6xg— x4—4x;=4.

2x) + x9— x3— 2x4 + 225 =0,
3xy + x5 — X3+ 3x4+2x5=0,
8xy + 2x9 — 2x3 — 8x4 + 4x5
2xq + xp — xg+ 4xy + 2x5 =

o,

Xy +2xy—x3+4x4 - 21x5 =0,
x; +x3-4x4-3x5 =0,
Xy — X+ 2x3 — 2x4 =0,
2x; — x9 + 3x3+ 3x4 — 12x5 = 0.

HaiiTi peleHre CHCTeMBI YpaBHEHHI B 3aBUCHMOCTH OT Hapa-

MeTpa a:

6.34.

6.36.

ax +xp+x3=1,
xytaxg+xg=1, 6.35.
xy+xy+axg=1.

(A+a)e; +x,+x3=1,
x1+(1+a)x,+x3=a,
x1 + x5+ (1 + a)xg = a2,

ax;+xytxgtxg=1,
x taxg+xztxg=1,
Xy +txpgtaxgtx,=
xy+xp+x3+axy=1.
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[image: image32.jpg]7. CHCTEMbI BEKTOPOB U YPABHEHUM

Cucrema JMHEHAHEIX YPaBHEHUH
ay1%y + ayp%p + oo+ ay,%, = by,

agy%) + agpxy + ... + A, %, = by,

QpyXy +apmaxa ...

B BEKTODHO#K dopme umeeT BUJ 2

Ayxy + Agxy + ... + Ayx, = B,

Lot G12 %1 by
e Ay =| % |, A,=|%2|, .., A,=|%| B=|%|_—
Bm1 A2 Gpnn b
CTONGUE! KOADOUIUEHTOB IPU HEMBBECTHBIX X, X3, ..., X, U CTONGEL CBO-
GOAHBIX “LIEHOB.
IlocnegoBaTeNbHOCTS THCeN Ky, kg, ..., k, ABNAETCA PeMIEHMEM CHCTEMBL
1 %2 n P

YPaBHeHMi TOrZa B TONLKO TOTAA, KOTAA CIPaBeIHBO BEKTOPHOE PABEHCTBO

Ayky + Aghy + ... + Ak, = B.

7.1. PazanoxeHue BeKTOpa no cuctemMe BeKTOPOB

Bextop kiA; + kydy + ... + k,A, HASHBAeTCR AUNERHOL KOMOUHAYUe
BEKTOPOB Ay, Ay, ..., A, C KoaddUnUeHTAMH k;, k), ..., K.
BekTop B uHelHO 8bipaiaemcs 4epes BeKTOPH Ay, Ay, ..., A, ecnn

B=hiA; + kply + ... + koA,

B oTOM Ciiyuae TOBOPAT Takxke, 4To B pasnazaemcs no eexmopam
Ay, Ag, ..., A,. Kaxxasni n-mepusit Bexrop B = (by, by, ..., b,) pasrazaemca
no duazonanvholl cucmeme

E =(1,0,
E;=(0,1,

0),
0),

E,=(0,0,..,1)
¢ Koa(pHUHeHTAMH, KOTOPBIE PABHBI KOOPAXHATAM BeKTopa B:
B =01y + byEy + .. + by,
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[image: image33.jpg]Pasnoxenus BexTopa B mo cucreme Ay, Ay, ..., A,
B=kiAy + kyAy + o + Ry,
B=UA; + LAy + . + 1A,
HA3BIBAIOTCH PA3AUUHBIMU, ecu k; = I, XOTs Gbl NPU OAHOM 3HAYEHMM i,
1<i<n. i
Yrobbl HANTH pas/okKeHNe BEKTOpa B 110 cucTeMe BeKTOPOB Ay, Ay, ..., A,
JOCTATOUHO HATH KaKoe-HHOYAb PElleHye CHCTeMbl YPaBHEHHIT

Apxy +Agxy + ...+ Apx, = B.

7.1. BelsicHUTSH, PasnaraeTcs Ju BeKTop B o cucreMe BeKTOPOB
Ay, Ay, . A

B=(2,7,17,0), A;=(2,4,8,0), A;=(-3,0,1,3),

Az =(1, -1, 10, -3).

P em e nu e Haiigem ofiiee pellieHHe cHCTeMb! yPaBREHMHI

Ayxy + Agxy + Agx; =B
weroom Taycca:

x x, xg b x x x5 b
2 ENEO) 2 2 -3 1 2
4 0 -1 7 =+ 6 ® 0 9 —
3 1 10 17 17 | 31 0 -3
0 -3 [ 6 6 0 6
x x x b #n x3 x3 b
-4 [) 1 -7 ) ) 1 1
— -2 1 0 -3 — 0 1 0 1
0 0 90 1 o 0 2
-6 0 0o | -12 0 0 [ 0

Mexoauas cuctema pasnocunsHa cucteme x3 = 1, xp =1, x; = 2, KoTopas
uneer eanncTBenroe pemente 2, 1, 1. Cregosatensio, B = 24, + A, + Ag.

BrracuuTs, pasiaraeTcs i BEKTOD B mo cucTeMe BEKTOPOB
Ay, Ay, o, At

7.2.B=(2, 2, 3, 3), A;=1(1,2,8,1), Ay;=(2,1,2,3),
A3=(3, 2,4, 4).

73.B=(4,1,3,1), A4;=(2,0,1,1), A4,=(1,1,2,-2),
A;=(2, 1,3, -3).

KES




[image: image34.jpg]74.B=(-1,1,38,1), A;=(1,2,1,1), A4,=(1,1,1,2),
Az =(-3,-2,1,-3).

75.B=(1,0,0,1), A;=(2,1,1,8), A4A;=(3,0,-1,2),
43=(1,-1,0,1), 4,=(1,0,-2,-1).

HaiiTu Bce 3HaYe€HUA @, IPU KOTOPBIX Bexiop B pagnaraercs mo
cucreme Ay, Ag, ..., A,

7.6.B=(2,a,3), A;=(1,2,1), A;=(3,4,5), A3=(4,5,7).

77.B=(15,6,a), A;=(52,1), A,=(l10,4,2).

78.B=(3,5,a), A;=(2,4,38), A;=(1,6,5), A3=(1,5,4).

7.9. loxasaTk, YTO KAXKABINA 71-MePHBIH BEKTOD pasiaraercs Io
CHCTeMe BeKTOPOB, CONEPIKAIIeH B KAUeCTBE YACTH LUArOHANLHYIO
CHCTEMY BEKTODOB.

7.10. [ToxasaTs, 4T0 BexTop B = (by, by, ..., by, by,1) pasnara-
eTcs 10 CHCTEMe BEKTOPOB

A=(01,0,..,0,0),

Ay, =(0, 1, 0, 0),

Ay »1,0)
TOrZa M TOJABKO TOrAa, Koraa by, = 0.

7.11. PasnoxuTs KAXABIH BEKTOD cuCTeMBI A, Ay, ..., 4, IO
ee BeKTOpaM.

7.12. Jano, uTo BeKTOp B pasiaraercs IO CHCTeMe BEKTOPOB

Ay, Ay, ..., Ay, BepHO s, UTO OH pa3JiaraeTcs IO KaXKAOH yacTu
3TOM cUCTeMEI?

7.13. TokasaTs, 4TO eclM BeKTODHl B; m By pasnaraiorcs Imo
cHCTeMe BEKTOPOB Aj, Ay, ..., 4., To BeKkTopsl B;+ By, kB,
11B; + 1B, TakKe pasnaraioTcs IO BEKTOPaM A;, Ay, ..., A .

7.14. TloxasaTs, YTO HU OJMH U3 BEKTOPOB AMATOHANLHON CHC-
TEeMbI He PA3/IAraeTcs MO OCTANBLHBIM €e BEeKTOPaM.

7.15. BexTop B pasiaraercs IO CHCTEMe BEKTODOB A;, A, ...
A,,. ToxasaTs, 4TO KaXAbli BEKTOp cucTeMsl B + A;, B + Ay, ...
B + A, pasnaraerca mo cucreme Ay, Ay, ..., A,
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[image: image35.jpg]7.16. Maro, uto B = 24; — 54, + 3A3 1 HU OAMH U3 BEKTOPOB
A, Ay, Ag He pasyiaraeTcs I10 OCTaJIbHBIM BEKTODAM 9TOH CHCTEMBI.

IoxasaTs, 4TO BeKTOp B He pasiaraeTcs HU IO KAKUM JBYM BeK-
TOpaM CUCTEMEI Aj, Ay, Ag.

7.17. Bexrop B pasnaraercs 1o cucreme A;, Ay, A3, HO He pas-

JaraeTcd HU II0O KAKUM JIBYM BeKTOpaM 3Toii cucremsl. Jlokasars,
YTO HU OJMH BEKTOD cucTeMbl A;, Ay, A3 He pasjaraercs IIo oc-

TaJbHBEIM €€ BEKTOPaM.

7.18. BekTop B He pasjaraerci IO CHCTeMe BEKTOPOB A,
Ay, ..., A, ¥ HU OMH U3 BEKTOPOB CHCTeMbI Ay, Ay, ..., A, He pa3-
JIaraeTcA 110 OCTaJbHBEIM BeKTODaM dTOH cucTeMsl. JlokasaTs, UTO
BeKTOp B He pasraraercs mo cucreme A; + B, Ay + , A, +B.

7.2. N'nneliHas 3aBMCHMOCTb

CucreMa BEKTOPOB A;, Ag, ..., A, Ha3bLIBAETCSH JUHEILHO 3A6UCUMOIL, eCTIH
MOHO mogo6path Takue wucna kq, ky, ..., k,, He Bce paBHBIe HYJIO, YTO
kyAy + By + oo + Ry, =0, T 0=(0, 0, ..., 0).

CucTeMa BeKTOPOB Ay, Ay, ..., A, HASHIBAETCHA JUHELHO HEIAEUCUMOLL, €C-
JIM M3 KAXOTO COOTHOIIeHus Bua kiA; + kady + ... + kA, = 0 cneayer

By=ky=...=k,=0.

CucreMa BEKTOPOB NHHEeH HO 3aBHCHMA TOrAA M TOJABKO TOTAA,
KOTZa cHCTeMa ypaBHeHH# A;x; + Ayxy + ... + A,x, = 6 uMeer HeHyJIeBoe
pemrerne. CucTeMa BEKTOPOB TMHEHHO He3aBMCHMa TOTAA ¥ TONBKO
TOTAA, KOTAA CHCTeMa ypaBHenu#E A X + Ayxy + ... + A,x, = 6 ©MeeT TONBKO
HyJIeBOe pellleHHUe.

BekTop B paanaraeTcs 10 JHHEHHO He3aBUCUMOM cHcTeMe Ay, Ay, ..., A,
TOTAA M TONLKO TOTAA, KOTma A,, 4y, ..., A,, B — nuueitno saBucHMas Cuc-
TeMa BeKTODOB.

CHereMa BEKTOPOB TMHEHHO 3aBHU CHUMa, €CIH KOJIUIECTBO KOOP-
JMHAT y BEKTOPOB CHCTEMBI MeHBIIE, YeM BEKTODOB B CHCTEME.

Ecnn xaxastit BekTop cucremst By, By, ..., B, pasnaraercs o BeKTOpaM
Ay, Ay, ..., Ay mn>m, 10 By, By, ..., B, — NnuHERAHO 3aBMCHMAsdA CHCTEMA
BEKTOPOB.
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[image: image36.jpg]7.19. Be1ACHUTS, ABJNAETCA NN NaHHAS CHCTEMa BEKTODOB JIH-
HeHHO 3aBUCUMOM MM NMHEHHO HE3ABUCHMOM:

A;=(3,5,1,4), Ay=(-2,1,-5-17), A3=(-1,-2,0,-1).

Pemen ue. IlpeoSpasyem cucTeMy MHeHHEIX ypanennit A;x; + Ayx, + Agx; = 8
meroziom Taycca. CronGer; cBOGORHBIX UJIEHOB CHCTEMEI COCTOMT TONBKO M3 HY@H 1

He uIMeHAeTCH B NpOLecce MPeobPAIOBARNI, TOSTOMY EFO MOKHO HE JAIHCHBATS.
Mrax,

R 5w = 5w | %
3 | 2 | O -8 | 2 1 o [-13| 1
5 1 |2 @D s o = 1 -5 |0
1 -5 0 1 -5 0 0 0
4 | 21| 1| 5| o 0 o

Ofimee pemeRue HCXORROM CHCTEME! HMeeT BHA
' x3=13%;,
x; = 5x,.
9ra cnerema mueer merynesoe pemerne (5, 1, 13).- Crexopatemsto, sexTopst Ay, A,
Ay nuReiRO 3ABMCHMEL.

7.20. BoIsACHUTH, ABJIAETCA JH AaHHAA CHCTEMAa BEKTODOB JIH-
HeitHO 3aBHCHMON MM JTUHEHHO He3aBUCHMOI:

A =(-20,-15,-4), Ap=(-T,-2,-4), Az=(3,-1,-2).

Pemenue. IIpeoGpasyem crcTeMy ypasEesuii A;x; + Agx, + Agrg = B MeTosom
Taycea:

5 lm| e 5 m] % 5w
20|73 _ (@30 _T2[1]o _ o1
-15| -2 | -1 -13{ 0 | 0 @3l o|o 0.
-4 | -4 |@® 2:l2f1. -2|0]1 ofof1

O6mee pemmenye uCXORHOM CHCTeME MMeeT BHA X; = 0, xp =0, xg = 0. Dra cic-

TeMa, a CNENOBATENLHO, i UCXO/HAS CHCTeMA YPABHERMI HMeEET TONLKO HYJieBoe pe-
uterte. Tai 08pagon, BexTopst Ay, A, A Auseiiso HeaaBHCHNEL.

BHS!CEHTL, ABJIAETCA JIA NaHHAA CHUCTeMa BEKTODPOB JEHEeHO
3aBHCHMOU MY JTUHEHHO He3aBUCHMOL:

7.21.A; = (-4, 2,8), A;=(14,-7,-28).
7.22.4, = (2, -1, 3, 5), A, =(6,-3, 3, 15).
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[image: image37.jpg]7.23.4,=(-7,5,19), Ay=(-5,7,-7), Az=(-8,7, 14).
724.4,=(1,2,-2), A;=(0,-1,4), Az=(2, -3,3).
7.25.4,=(1,8,-1), A,=(-2,3,3), A;=(4,-11,9).
7.26.4,=(1,2,3), Ap;=(2,-1,1), A;=(1,3,4).

727.4,=(0,1,1,0), A;=(1,1,8,1), Az=(L,3,5,1),
4,=(0,1,1,-2).

7.28.4,=(-1,7,1,-2), A4;=(2, 3,2, 1), A;=(4,4,4,-3),
Ai=(1,6,-1,1).

7.29. VcTaHOBUTSH, 9TO CHCTEMa BEKTOPOB GyZeT INHEHHO 3aBH-
CHMOIi, €C/IM OHA CONEPIKUT:

a) ABa PaBHBIX BEKTODA;

6) ZBa IPOIOPIHOHANBLHEIX BEKTODA.

7.30. Henynegoit BexTop B pasnaraerca mo cucreme A;, Ay, Ag
u 1o cucteme Ay, As, Ag. JlokasaTs, 4T0 A, Ay, Ag, Ay, As, Ag —
JNMHeHAHO 3aBMCUMASA CHCTEMA BEKTODOB.

7.31. BexTop B pasnaraercs 1o cucreme Ay, Ay, ..., A,. Jloka-
3aTh, YTO BEKTOD B MOXHO JBYMA DasNMIHBIMHU cIocoGaMu pas-
JIOXHTB II0 CHCTEMe BeKTOPOB A;, Ay, ..., A, TOTA U TONBKO TOTAA,
KOTZa BEKTOPHI A3, Ay, ..., A, TUHEHHO 3aBHCUMEL.

7.32. loxasaTs, 9T0 BEKTOPHI Ay — A;, A3 — A; He IpomopIHoO-
HANBHEI, ecau Ay, Ay, A3 — ITHHEHHO HE3ABUCHMEIE BEKTODEI.

7.33. BekTOpH A; 1 A, He Pa3IaraioTcs MO OCTAJLHEIM BEKTO-
pam cucTeMsl Ay, Ay, A3, a BeKTOp A3 HeHyJeBoi. JlokasaTs -
HeHHYIO He3ABHCHMOCTL CUCTeMEI Ay, Ay, Ag.

7.34. UsBecTHO, uTO BeKTOp B eAuHCTBEHHEIM 06pasoM pasia-
raercs o cacreme A;, Ay, Az, Ay. [lokasaTs, urTo cuctema A; + Ay,
Ay + Ag, Az + Ay, Ay inneitHO He3ABHCHMA.

7.85. Tpu BexTOpa Ay, Ay, Az TMHEHHO 3ABUCHMEI U BEKTOp Ag
He pasjaraeTcd o BeKTopaMm A;, A,. Jlokasars, uTo A; m Ay —
TPONOPIHOHANILHEIE BEKTOPHL.
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[image: image38.jpg]7.36. Kasxppiit BexTop cucreMsl By, By, ..., B, pasnaraercs 1o

BEKTOpaM JIMHEHHO 3aBUCUMOM CHCTeMBI A, Ay, ..., A,,. [lokazats,

uro cucrema By, By, ..., B, 1uHeiiHO 3aBUCHMA.

7.37. lokasaTk, 4TO cUCTEMA BEKTOPOB Ay, Ay, Aj, A4 MuHeHHO
He3aBUCHMA, €CJIM KaXK/Abl# BEKTODP 9TOM CHCTEMBI He DA3iaraercs
TI0 TIPEIIecTBYIOIMM BeKTOpaM u A; # 6.

7.38. CucreMa BeKTODPOB 4, Ay,
u BeKTOp B He pasyaraeTcs mo aroi cucreme. Jl0KasaTh, 4TO CHC-
TeMa BeKTOpoB A; + B, Ay + B, ..., A, + B nuHeiiHO He3aBH-

, A, TUHEHHO He3aBHCHMA

cuma.

7.39. BexTop B efuHCTBEHHBIM 06pa30M pasiaraeTcs Io CHCTe-
Me BEKTOPOB A, Ay, ..., A,, HO B He pagnaraeTcs IO ee YACTH
Ay, Ay, Ay, k<n.JlokasaTs, 410 Ay, Ay, Ay, B — numeitHo
HE3aBUCHUMBbIE BEKTODBI.

7.40. UzsecTHo, uTo A, B, C — nuHEHHO HE3aBUCHMBIE BEKTO-
pel. BEISACHUTS, NMHEHHO BABMCHME! WIN JHHEHHO HEBABHCHMEL
cJenyIol[1e CUCTEeMbl BEeKTOPOB:

a)A, A+B, A+C; 6)A+B, C-B, A+C;

B)A+B, A-B, A+C, A-C; r)A+B, B+C, A+B+C.

7.41. [Jana cucTeMa n-MEPHBIX BEKTOPOB A, Ay, ..., A,. Boruep-
KHBadA y KaXXJOro BEKTOPA dTOH CHCTEMBI OfHY ¥ Te 3Ke K KOOpAHU-
HAT, MOJy4YuM cucTemy (n — k)-MepHBIX BeKTOPOB By, By, ..., B,.
Ioxasats, uTo:

a) ecnu Ap, Ay, ..., A, — ITUHEHAHO 3aBUCHMAA CHCTEMA BEKTO-

poB, To u cucrema By, By, ..., B, MuHEeHHO 3aBHCHMA;

6) eciu By, By, ..., B, — NUHEH{HO He3aBHCHUMAas CHCTEMa BEK-

TOPOB, TO ¥ cucteMa A;, Ay, ..., A, INHEHHO HE3ABUCHMA.

7.42. Cucrema BeKTOPOB Ay, Ay, ..., A, Ha3bIBACTCA CTMYnEHYA-
moil, ecnmu U3 YCJIOBUA: NEPBAs OTIMYHAS OT HYJA KOODAMHATA
BEKTOpa A; MMeeT HOMep l, — CleAyer, UTO y BCeX BEKTOPOB A4;,
i > k, mepBele | KoopAuHAT paBHH HyJl, k=1, 2, ..., n— 1.
JloxasaTs, 4TO CTyHEHJYATAS CHCTEMA BEKTOPOB JWHEHHO He3aBH-
cuma.
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[image: image39.jpg]7.3. Ba3auc M paHr cucTembl BEKTOPOB

YacTh CHCTEMBI BEKTODOB HABBIBAETCA 0A3UCOM ITOM CHCTEMEI, ECIH:

1) yacTh sABIAETCH JTHHEHHO He3aBMCHMOIl CHCTEMOIl BEKTOPOB;

2) KaXKABIN BEKTOP CHCTEMBI Da3jiaraeTcs 1Mo BEKTOPaM YacTH.

JluaroHanbHas CHCTEMa BEKTODPOB ABJNAETCA GA3MCOM KaXKJO# CHCTEMBI,
KOTOPAA COAIEPIKHT ee B KAUECTBE YACTH.

Ecau cucrema ypaBHeHHI

Ayxy + Agxy o+ Agx, =0

SBIseTCA PaspelIeHHO, TO BeKTOPBI-K0a(Q HIMEeHTE IIPK HEM3BECTHBIX, CO-
CTaBAAIOMKX HabOp PaspelIeHHbIX HEM3BECTHBIX, 00pasyioT AHarOHaIBHYIO
acTh CHCTEMBI BEKTOPOB Ag, Ay, ..., 4,.

BekTOphI CHMCTEMBbI Pa3JaraloTCA Mo Ga3mcy 2TOit CHCTEMBI e AMHC T-
BeHHB M obpazom.

Kaxayio TMHeHHO He3aBHCHMYIO YACTh CHCTEMbI BEKTOPOB MOXKHO ZOTIOJ-
HHTb A0 Gasuca 3TOif CHCTEMBI.

Bce 6a3HChI IaHHO# CHCTEMbI BEKTOPOB COCTOST H3 OJHOTO ¥ TOTO e YHC-
J1a BEKTOPOB.

Panzom cucTeMbl BEKTOPOB Ha3bIBAETCSA UMCJIO BEKTOPOB B Jo6oM ee 6a-
suce. Ecin paHr cucTeMbl BEKTOPOB PaBEH r, TO KaX/lad JINHEHHO HeBaBUCH-
Masi 4acThb 9TOI CHCTEMBI, COCTOAIIAN M3 I' BEKTOPOB, ABJIseTcA ee GasucoM.
CHCTeMEl BEKTOPOB HA3BIBAIOTCA JKEUGANEHMHbLMU, €CITH BEKTODHI OfHOM
CHCTeMB! PasIaraioTcs Mo BeKTOpaM APYroit cucTeMs! 1 Haobopor. Paury ok-
BHBAJICHTHBIX CHCTEM DABHEL.

BexTop B TOra M TONBKO TOTAA DA3NaraeTc IO CHCTEMe BEKTOPOB
Ay, Ay, ...y Ay, KOTZA DAHTH CHCTEM Ay, Ay, ..., A, U Ay, Ay, ..., Ay, B
PaBHBL.

Hocrpoenue Gasuca cHCTeMBI BEKTOPOB A;, Ay,
BEKTOPOB Io Gasucy:

1. PaceMoTpeTs crcTeMy ypaBHermit A, x; +Ayxy +
PABHOCWIIBHYIO eif PASDENIEHHYIO CUCTEMY yDPABHEHMIE

Ajx+Ayxg+ ..+ A x, =6,

- A, ¥ pa3noxemmit

+ A, = 0 w naimn

2. HaifTi IMaroHATBHYIO YaCTh CHCTeMbI BeKTOPOB Ay, Aj, ..., Aj.

3. OTMeTUTHL BEKTOPBL CHCTeMbI Ay, Ay, ..., A,, COOTBETCTBYIOIIHE AUATO-
HanbHOM wact: cucremnl Aj, Ay, ..., A,; OHE 06Pa3yiOT GasuC CHCTeME!
Ag, Ay, . Ay

4. PaanomuTs BEKTOP A; 10 AMATOHANLHOM YACTH CHCTEMBI A} , Ay, vy

Aj, s BekTop A, 1 < j < n, pasnaraerca mo 6asncy, RaiiieHHoMy B IyRKTE 3,
¢ KO3(pPUIMEHTAMH, KOTOPLIE COBIAAAIOT ¢ KOAP(PHUIMEHTAMHU DA3IOKEHUA
A 0 ANAroHANLHOM YacTh cucTeMbl Ay; Ay, ..., Aj.
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[image: image40.jpg]7.43. HaiiTu 6a3uc cuCTeMBI BEKTOPOB ¥ BEKTODHI, He BXOAAIHE
B 6asuC, PA3NOKATE 110 Gasucy:

A1=(5,2-3,1), 4;=(4,1,-2,3), A3=(1,1,-1,-2),
Ag=(3,4,-1,2), A;=(13,8,-7,4)

Pemenye PaccMoTpUM cHCTeMy MMHOHHBIX ypaBHeHmii A x; + Agxs + Agty +
+Agxy + Agxs = 0 1 Meroom Taycca HaltfeM PASPEIUEHHYI0 CHCTEMY YDABHeHHUHA:

IR IR
5 RIClERES 5 4 1 3 | 13
2 1 1 4|8 — 3|30 1|5 —
-3 | -2 | 1 1| -7 @\ 2 0 2 6
1 3 | 2| 2| 4 1w |1 | o | 8 |3
u | m | x| x| % IR
o |11 |22 o [1 [ 1 [o o
- 0 0 o | ® - o0 | o 0 1 1
1 1 [ 1 1 10 |0 ]2
0 0 o | -3|-3 ol ofof|o]fo

Paspemennas crcreMa ypanHenui, pABHOCHIILHAS MCXOTHOM, HMeeT B

Apxy+ Apxa+ Agxg+ Ajxy+ Aj x5 =6,

rae
. 0 5 -1 L) at, 0 0
Ar=lo|r 4=|o | ol Ag=|1f 1
1 1 0 0 2

Bekropst A , Aj, A} 06pasyiT IMATOHATBHYO cucTeMy. CIefOBATENRHO, Bek-
Topst A, Ag, Ay — 6a3uC CHCTEME! BeKTOPOB Ay, A, Ag, Ay, As.

Paanoxum Temeps BexTOpEt Ap w:Ag No 6asmcy Ay, As, Ag, s aToro: cnavana
A3I0KHM COOTBETCTBYIOMIME BeKTOPH Ay U Aj 1o quaromansuo cucteme A, Az,
A} , ¥Mest B'BUAY, UTO K0a(hOUIIEHTAMY PASTIOKEHIS BEKTODA 10 AUATOHANBHOM CHC-
TeMe ABNAIOTCS erO KOODAMHATHL:

Ay = A] - Ay +04y,
Ap =24) +04; + Ay .

BexTopsi Ay M Ag pasnarazoTcs 1o Gasucy Ay, Ag, A4 ¢ Temn e KoaduIHeHTAMH,
uTO 1 BekTODHI A M Aj MO AMaroHanbHOi cucreme Ay, Ag, Aj:
Ay= Ay - Ag+04,,
As =24, + 045 + Ay




[image: image41.jpg]Haiitu 6asuc cucTeMsl BEKTOPOB M BEKTOPBI, He BXOAAILHeE B 6a-
BHIC, PABJIOKHUTE II0 Gasucy:

744.4,=(1,2,1), A;=(2,1,3), A3=(1,5,0),

A= (2, -2, ).
745.4;=(1,1,2), 4,=(0,1,2), 43=(2,1,-4),
Ag=(1,1,0).

746.4,=(1,-2,3), A;=(0,1,-1), A3=(1,3,0),
Ay=(0,-7,8), A;=(1,1,1).
7.47. Haiitu 6asuc cucTeMbl BEKTOPOB
A1=(1,1,4,2), Ay =(1,-1,-2,4), A3=(0,2,6,-2),
A;=(-8,8,8,-12), A;=(-1,0,-4,-3),
copeprxamuii BeKTop As, ¥ Bce BEKTODbI, He BXOAAIINE B 9TOT Ga-
3HC, PABIOKUTH 110 Gasucy.
7.48. Haiitu 6as3uc cHCTEMBI BEKTOPOB
CA;1=(1,38,0,5), Ay=(1,2,0,4), A3=(1,1,1,3),
A4=(1,0,-1,2), A;=(1,-3,8,-1),
cofiepKaImuil BEKTOPEI Ay U Az, M BEKTODEI, HE BXOAALINE B 9TOT
6asuc, pasnoKuTh o 6asucy.
7.49. Haiitu nBa 6azuca CHCTEMBI BEKTOPOB &
A=(1,1,0,0), Ay (1,0,1,0), A3=(1,0,0,1),
A4=(0,1,1,0), A;=(0,1,0,1), Ag=(0,0,1,1),
€/IMHCTBEHHBIMM OGIIHMH BEKTODAMH KOTODBIX CIYXAT Ag U Ag.

HaiiTu Bce 6asuchl CHCTEMBI BEKTOPOB:

750.41=(1,1,2), A,=3,1,2), Az=(1,2,1),
A=(2,1,2).

75141 =(1,1,1), Ay=(-3,-55), Az=(3,4,-1),
Ag=(, -1, 4).

7.52.4,=(1,1,0,-1), A;=(1,2,1,0), Az=(1,3,2,1),
Ay=1(1,4,3,2).

7.58.4;=(1,0, 1,0), Ay =(-2, 1,3, -7), A3=(3,-1,0,3),
Ag=(-4,1,-8,1).
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[image: image42.jpg]7.54. ToxasaTte, 9TO JHHEHHO 3aBUCUMAs CHCTEMAa HEHYJIEBBIX
BEKTOPOB COZIEPIKUT ABA PAas3IUYHBLIX Gasuca.

7.55. JlokasaTsb, 4TO CHCTEMa BEKTOPOB, HMEIOLAs TOJIBKO OJMH
6aguc, IMHEHHO HE3aBHCHMA.

7.56. BekTop A, pasnaraercs 110 OCTAJLHAIM BeKTOPAM CACTEMBI
Ay, Ay, ..., A, KOTODAA HE CONEPMKUT HYJIEBBIX BeKTOPOB. Jloka-
3aTe, 4TO cucreMa Aj, A, ..., A, obramaer 6a3mcoM, KOTOPHIH
HE COZePIKUT BeKTOpa 4;.

7.57. BexTop A; He pasiaraeTcsa mo OCTANbHBIM BEKTODAM CHC-
TeMsl Ay, Ay, ..., A, KOTOPasA He COLEPIKUT HyJIEBHIX BEKTODOB.
MoxasaTs, 9TO KaXKIblili Ga3UC CHCTEMBI BEKTOPOB A;, Ay, ..., A,
COZIEPIKUT BEKTOD A;.

7.58. Kaxxap1ii BeKkTOp cucreMsl A;, Ay, ..., A, pasmaraercsa mo
cBoeit yacTu By, By, ..., By. JlokasaTs, 9T0 Kax/1b1ii 6a3UC CHCTEMBI
BeKTOpOB By, By, ..., B), aBnseTcs 6a3ucom cucTeMbi Ay, Ay, .., A,

7.59. Haititi Kakoii-HuOyAb 6a3KuC CHCTEMBI HEHYJIEBBIX BEKTO-
poB Ay, Ay, A3, Ay, €CIIM KaXK/bI BEKTOD 3TOU CHCTEMbI pasiara-
€TCsI TI0 NPe/BIAYIMM BEKTOPaM.

2 A, Ay #0, BEI-
9YePKHYTh BCe BEKTODHI, KOTOPhIE PA3JIArAlOTCA IT0 MPEABIAYIIHM
BEKTOPaM, TO IOJy4nTCA 6asuc cucreMsl Ay, Ay, A,

7.60. [ToxasaTs, 4TO ecu B cucTeme Ay, Aj,

-

7.61. Kaxxpan nuHeliHass KoMOMHaNMsA BeKTOPOB By, By, ..., B,
OTJIMYHASA OT HYJIeBOTO BEKTODPA, He PA3JIaraeTcs IO CHCTeMe BeK-
TOpOB Ay, Ag, ..., A,. lokasars, uTo o6beuHEHNE 6a3UCOB CHCTEM
BEKTOPOB A;, Ay, ..., A, u By, By, ..., B, Gyzner 6asucom obbenu-
HeHHOM cucreMsl Ay, Ay, ..., A,, By, By, ..., B,

7.62. HaiiTu BCe pasiudHble 6a3MCHI CHCTEMBI HEHYJIEBEIX BEK-
TOPOB A1, Ag, A3, A, €CJIM KaXK/BI{ BEKTOD 3TOH CHCTEMBI pasia-
raeTcs o NpesBIAYLIMM BEKTOPAM.

7.63. B cucreme BeKTOpOB A, Ay, A3, Ay, A5 paHra 3 BeKTODBI

1> A2, Az, 45 A5
A; u Az, a Takxe Ay u Ay nponopuuonanbHel. Haittu Bce 6a3ucet
3TOH CHCTEMBI.
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[image: image43.jpg]7.64. B cucreme A;, Ay, A3, Ay paura 3 BekTop Ay =24; —Aj.
HaiiTu Bce 6asuCBI 5TOX CUCTEMbI BEKTODPOB.

7.65. CucreMa HeHYJIEBBIX BEKTOPOB Ay, Ay, ..., Ay 1, COREPIHKA-
mas ABa MPONOPIMOHANBHEIX BEKTOPA, uMeeT panr k. Croabko
PasIMUHEIX 6A3UCOB COAEPIKUT ITa cHUcTeMa?

7.66. Cucrema BeKTOPOB A; — Ay, Ay — A3, Az — Ay, Ay + Ay nu-
HeiHO He3aBMCHMA U BeKTOp B He pasnaraercs IIO 9TO# cucreme.
HaiiTi paHr cuCTeMBI BEKTOPOB Ay, Ay, A3, Ay, B.

7.67. lokasats, uTo paur cucremsr A; + By, A; + By,

)

A, + B, He IPEBOCXOLUT PAHI'A CHCTEMBI BEKTOPOB A;, Ay, ..., 4,,
By, By, ..., B,.

7.68. Panr cucreMsl BEKTOPOB A;, Ay, ..., A, pasen r. Haiitu
PAHT CHCTeMBI BEKTOPOB Ay, Ay — Aq, ..., A, — A, ;.

7.69. TlycTs paHr cucTeMbl BEKTODPOB Ay, Ay, ..., A, paBeH k.
ToxagsaTs, 9T0 KaKIad JACTh CHCTEMbI BEKTOPOB Aj, Ay, ..., A,

cozepxaas Gosee k BEeKTOPOB, JIMHEHHO 3aBUCHMA.

7.70. Panr HEKOTOPOi YacTX CHCTEMBI BEKTOPOB DAaBEH DaHTy
BCel CHCTEMBI BEKTOPOB. JI0KA3aTh, YTO KAl 6asuc aTOH uacTu
ABnAeTcA 6a3HCOM BCell CHCTEMbI BEKTODOB.

7.71. loxasaTh, YTO PAHT CHCTEMbI BEKTOPOB Ay, Ay, ..., 4,

Aj 415 -ees A, He MPEBOCXOJUT CYMMEI DAHIOB ee yacTeif Ay, Ay, ...,
ApaApiq, s Ape

7.72. TlycTs paHT CHCTEMBI BEKTOPOB Aj, Ay, ..., A, DaBeH r 1
BexTOp B He pasiaraerca mo cucreme Ay, Ay, ..., A,. lokasars,
YTO PAHT CUCTEMBI BeKTODOB Ay, Ay, ..., A, B pasen r + 1.

7.73. Kaxasiit BekTOp cucTeMsr Ay, Ay, ..., A, paHdra r pasia-
TaeTcs II0 BEKTOpaM cucTeMbl By, By, ..., B, panrar+ 1. [lokasaTs,
qTo B cucreme By, By, ..., B, HaiileTcst TaKo} BEKTOD, KOTODHIX
He pasnaraercd no cucreme Ay, Ay, ..., Ap,.

7.74. Bexropst B}, Bj, ..., B, ofpagyior 6asuc cucreMsl A;,
Ay, A, 1 A; — HeHyJIeBO# BEKTOD, He BXOAAIIM B 9TOT Gasmc.
Ioxasars, uTo B cucreme By, By, ..., B, HaiizeTca Takoii BekTop B,
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[image: image44.jpg]1<1I<r,ar0o By, By, ..., Bj_y, A}, B4y, ..., B, — HOBHI Gasuc
cucTeMbl Ay, Ay, ..., A, CKONBKO TaKuX BeKTOpoB B, B Gasuce By,
By, ..., B2

7.75. JlokasaTb, 4YTO €CHM CHCTEMa HEHYJIEBHIX BEKTODOB

paHra r umMeer pOBHO zBa 6asuca, TO OHa cofepxur r + 1 BexTOp,
U3 KOTOPBIX JIBA IIPOTIOPIIMOHAJIBHEI.

7.76. [TokasaTh, YTO €CIM CHCTEMA COAEPIKAT M BEKTOPOB K
HMMeeT DAHT 7', TO PAHT J1I060if ee YACTH U3 § BEKTODOB He MEHBIIe
r+s—-m.

7.4. BekTOpbl U MaTpULbI

Tpoussedenuen mxn-mampuysr A na n-mepnoiii sexmop K = (ky, kg, vy ky)
Ha3bIBAETCA M-MepPHEIH BeKTop AK, paBHBIH THHEHHON KOMOUHAIMY cTOA6-
1oB Ay, Ay, ..., A, MaTpumnsr A ¢ kosddunyenTamu ky, kj, ky, T.00

AK = kyAy+ Rydy + ... + hyA,.

Hanpumep,

(213)e-en=a(2) 1) +o(2) -(2):

‘VMHOXeHUe MATPKIBI A HAa BeKTOD K MPOM3BOAUTCA TOUHO TakK e, KaK
YMHOXeHUe MaTPHIEI A Ha MATPHUIY, COCTOAIIYIO K3 OJHOIO CTOJNGNA C dJie-
MeHTaMu ky, Ry, ..o, ke

Hpoussedenuem m-meprozo eexmopa L = (ly, ly, ..., l) na mxn-mam-
puyy A HaseiBaeTcs n-MepHslil BekTop LA, paBHBIH TuHe#HON KOMGHEALHK
crpok Al, A2, ..., A™ marpuns ¢ koabdunnerramu ly, ly, ..., Iy, T.e.

LA = LAY + LAZ + ... + [,A™,
Hanpumep,

a, —1)( 23 5) =12,1,5-1@3,1,4)=(-1,0,1).
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VmHOxeHHe BeKkTopa L Ha MaTpuuy A OPOMSBOAMTCA TOYHO TaK e, KaK
YMHOXKeHMe MAaTPHUIILI, COCTOAMe 3 OXHOM CTPOKH C oleMenTaMu Iy, Iy, ...,
1,,, na Marpumy A.

CnpaBeaauBsl clefyomue pasescTsa (k, I — uncna):

1) A(K + L) = AK + AL; 2) A(K) = l(AK);

3)(K + L)A = KA + LA; 4) (kL)A = k(LA);

5) (LA)K = L(AK).




[image: image45.jpg]Cron6ust (AB), u crpoxy (AB) marpuist AB BhIunCIAI0TCS 110 hOPMyTTAM
(AB), = AB;, (AB)y =A/B,

rae By —
Al — j.a crpoxa marprust A.
Palr MaTPHIL PaBeH PAHTY CHCTEMBI €€ CTPOK, & TAK3KE PAHTY CHCTeMbl
ee cTon6uoB. Panr mxn-MaTpunsl A paBeH DaHTY CHCTeMbI BekTopo AK,
AK,, ..., AK,, rne K, K, ..., K, — nuHeitHO HesaBMCHMAsA CUCTeMa N-Mep-

i-#t cronben maTpunsl B;

HbIX BEKTOPOB.

7.77. Nansr MmaTpuna

u BexTopst Ky = (2, -1, 3, 2), K, =(3, -4, 1, 2), L; = (3, -2, -5),
Ly = (-2, 1, 3). Haiitu koopaunaTsl BexTopoB AK;, AK,, LA,
LoA.

7.78. [ToxasaTb, 4TO €CJIH MOKHO MATPHILY A YMHOKHTD Ha BEK-
Top K u Bektop K yMHOXHTH Ha MaTpuny A, To A — KBazpaTHad
Marpuna.

7.79. lausl mXxn-maTpuua A U CHCTEMA N-MEPHBIX BEKTOPOB
K,, K, ..., K,,. Joxagars, 4ro:

a) 3 ITHHEHHON 3aBUCHMOCTH cHCTeMEl BekTopoB Ki, Ky, ...,
K, cnenyet 1uHeHAS 3aBHCHMOCTE CHCTEMBI BeKTOPOB AK;,
AK,, ..., AK,;

6) 13 JMHeHAHOH He3aBUCHMMOCTH CHCTeMEI BeKTOopoB AK;,
AK,, ..., AK,, BaITeKaeT TnHeHHAS HE3aBUCHMOCTS BEKTOPOB
K, Ky, ..., K.

7.80. Ilozo6paTs rakue marpunti ‘A u B u sexrop K, li’xﬁ&u
A(KB) # (AK)B.

7.81. ausr mxn-MaTpuna A, cToa60B KOTOPOi THHEHHO Hesa-
BHCHUMEI, U n-MepHEIA BekTop K. [lokasars, 4To:

a)eciu AK =6, Tou K =6;

6)ecin K #6, Tou AK #6.




[image: image46.jpg]7.82. Nana mxn-marpuna A. JlokasaTs, 9T0:
a) m > n, ecIM paHT MATPUIBI A paBeH n;
6) n > m, ecnu paur A paBe” m.

7.83. Panr mxn-maTpunsl A paBeH m u n > m. IlocTpouts gBa
Takux Bekropa K u L, uro K # L, a AK = AL.

7.84. [laHs! KBaZpaTHAA MaTPULA A IOPAAKA I U JHHEHHO He-
3aBUCUMad cucTeMa BeKTopos Ky, Ko, ..., K. [lokasars, uro A —

HeBBIPOXK/IEHHA MaTPHUIA, ecu BeKTopsl AK, AK,, AK, nu-
HeifHO He3aBUCHUMEL.

7.85. Jano, uro AB = 0. [JokasaTs, uTo:

a) paHr MaTpunbl A MeHbIIe 1, ecir B — Henynesas nxk-mat-
puna;

6) pasr MaTpunbl B MeHsbIIe 12, ecliu A — HeHyJleBad mXn-Mart-
puna.

7.86. Cron6usr MaTpunsl B snHeiino saBucumsl. JlokasaTs, 4To
cronbusr matpunsr C nunelHo saBucumsl, eciu C = AB.

7.87. Crpoxu marpuns! C 1nHeitHO HesaBUcUMEL. Jl0Ka3aTs, 9TO
CTPOKM MaTpuIlsl A JIHHEHHO HezaBuCcHMEI, eciau C = AB.

7.88. lansr mxn-marpuna A, nxl-marpuna B, npuuem AB = 0.
HoxasaTs, 4TO:

a) A = 0, ecnz panr B pasen n;

6) B =0, ecnu panr A pageH n;

B) cyMmMma paHroBs mMatpur A u B He npesocxogur n.

7.89. ITycrs A — mxn-matpuna, K, Ky, ..., K, — nuneitno me-
3aBHCHMAsA CHCTEMA ii-MeDPHBIX BeKTopoB U AK; =0, AK, =6,
AK,, = 0. JlokasaTb, YTO PaHT MATPHIEI A He IPEBOCXOAUT Pas-
HOCTH 7 — D.

7.90. Tauel mxn-MaTpuna A u IMHEHHO He3aBUCAMASA CHCTEMAa
n-mepHbIX BeKTOpoB Ky, K, ..., K. [lokasaTs, 4To paHr A MeHb-
me n, ecnu BeKTopsl AKy, AKj, ..., AK; TuHelHO 3aBUCHMBL.

7.5. OpTOroHanbHble CUCTEMbI BEKTOPOB

Jipa BeKTOPA HABHIBAIOTCH OPMOZOHANLHBLMU, €CTH MX CKANAPHOE TIPOH3-
BeeHHMe paBHO Hyi0. CHCTEMA BeKTOPOB HASHIBAGTCH OPMOZOHANLHOIL, ECTH
BEKTOPbI 9TOi CHCTEMBI IIONAPHO OPTOrOHANLHBI. OPTOroHANBHAA CHCTEMA
HeHYJIeBbIX BEKTOPOB JMHEHHO He3aBHCHMA.
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[image: image47.jpg]ITpouyeccom 0pmozoHaIU3AYUL CUCTEMBI BEKTOPOB A;, Ay, ..., Apyy Ha-

SEIBAETCA TIOCTPOGHNUE CHCTEMBI BeKTOPOB By, By, ..., By TO ClEAyIOMMM
Qopmynam:
By =4,
ByA
By=4;- 2By,
2 2 B‘B] 1
BA B,A,
By=Ag- =B, - ZZEB,,

BB, ' BB,

BiAniip _ Brhniy
BB, ' TB,B,
CripaBeMBLI CIIEAYIONIHE YTBEPI KACHUA:

1. Cuctema BexTOpoB By, By, ..., By, 41 ABIAETCH OPTOrOHANLHOM.
2. Ecnut BeKTOpBI Ay, Ay, ..., Ay 1 TMHEHHO HE3AaBUCUMBI, TO By, By, ...,
B, 11 — OPTOrOHaNbLHAA CHCTEMA HEHYJIEBEIX BEKTODOB.

CucreMa BeKTODPOB Ha3LIBAETCA OPMOHOPMUPOGAHHOIL, €CITY OHA OPTOTO-
HaJbHA M BEKTOPbI CHCTEMBI HMEIOT [IMHY, PABHYIO eAHHALE.

- BmAmo :
BmBm

Bui1=A4ns1— By~ Bp.

7.91. IlpuMeHAs NPOLECC OPTOTOHANM3ALUH, IOCTPOUTE OPTO-
TOHAJIPHYIO CUCTEMY BEKTOPOB:

A;=(2,0,1,1), 4,=(1,2,0,1), 43=(0,1,-2,0).

Pemenue. Moxaraewm B, = Ay. Bavem crpoun sextopst By n By:

B,A,
Byt gt B = A= 1B = (12,0, (10, o, V) = 0,2, Vo
_ B4, B4, 1 2
-ds- PR g B At {5 - S

=(0,1,~2,0) + (%/3, 0, /3, 1/5) = (0, /3, =1/3, }/3) = /3, =/, ~*/3, 0).

Takum obpasom, sextopst B; = (2, 0, 1, 1), By = (0, 2, -1/ 1/y),
By = (%/3, =1/3, =4/, 0) ABNAIOTCH PEIYIHTATOM OPTOTOHATHIALMY JAHHOI CHCTEMED
BeKTOpOB.

IIpumensis mpomece OPTOrOHAIM3ANNH, HOCTPOMTE OPTOrOHANE-
HYIO CHCTEMY BEKTODOB:

7.92.(0, 1, 1), (1,1, 1), (-8, 8, 1).
7.93.(1,-1,1), 2,1,2), 3,1,1).
7.94.(1,-2,1), 0, 1, -4), 2, -3, -2), (7,4, 1). .

o




[image: image48.jpg]795.(1,2,1,3), (12,8,8,3), (7,-1,40,0).
7.96.(-1,1,1,1), (0,2,1,1), (1,1,1,3).
7.97.(-1,0,38,2), (1,2,8,3), (-3,-2,3,1).

7.98. [lokasaTh OPTOTOHAJBHOCTH CHCTEMBI BEKTODOB k1A,

kyAg, ..., kA,, ecin A, A,, ..., A, — ODTOTOHAJNBHAS CHCTEMA
BEKTOpOB, a ky, ks, ..., k, — IpousBosibHEIE YnCIA.

7.99. TIpeoGpagosats cucremy Bexropos (1,-1,1,1),(-1,1,1, 1),
(1,1, 1, -1) B OPTOHOPMHEPOBAHHYIO.

7.100. Bexrop B pasiaraeTcs IO OPTOFOHANbHOM cucreme Ay,
Ajg, ..., A, HEHYJNIEBEIX BeKTOPOB: B = k1A; + kpdy + ... + k4,
Hoxasats, uto k; = BA;/AA;, 1 <i<m. ¢

7.101. Tana oprorosansHas cucreMa BekTopoBA; = (1,1, 1, 1),
A,=(1, -1, -1, 1), A3 = (1, -1, 1, -1). BeisacauTs, pasnaraerca
i BeKTOp B mo cucreme A, Ay, Az:

a)B=(2,0,4,-2); 6)B=(1,2,-1,2).

7.102. Cucrema n-MepHEIX BEKTOPOB A, Ay, ..., A, THHEHKHO He-
3aBHCHMA, U 7-MeDHBIH BeKTOP B 0pTOroHANIeH KM /[0My BEKTODY
aToi cuctemsl. Jlokasars, 4ro B — HyseBoi BeKTOD.

7.103. loxasaTs, 4TO €CJIM BeKTOP B pasnaraercs To crcTeMe
BEKTOPOB A;, Ay, ..., A, B OPTOTOHAJIEH KaXXJOMY BEKTODY 9TOM
cucreMsl, T0 B — HyneBoii BeKTOD.

7.104. [laua cucTeMa HeHYJIEBLIX BEKTODOB Ay, Ag, ..., Ay, ¥
u3 Ka)xgoro paseHcTsa B = k1A, + kyd, + ... + kA, cnexyer, uTo
k= BA;/AA;, i=1, 2, ..., m. lokasaTh OPTOrOHATBLHOCTb CHC-
Tembl Ay, Ay, ..., Ap.

7.105. [lokasaTs, YTO OPTOrOHANBHAA CHCTEMA I-MEPHBIX BEK-
TopoB Ay, Ay, ..., Ay GyZmer comepkaTh HyJeBOH BEKTOD, €CJIH
k>n.

7.106. 13BecTHO, YTO HYJIEBO BEKTOP — e{HHCTBEHHBIH k-Mep-
HBIH BEKTOP, KOTODBIA OPTOrOHAJIEH KaXIOMY BEKTODY CHCTEMbI
k-MepHBIX BEKTODOB Ay, Ay, ..., A,. JlokasaTs MUHEHAYIO HE3aBU-

CHMOCTH 3TOH CHCTEMEI.
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[image: image49.jpg]7.107. laHp! OBe JIMHEWHO HE3aBUCUMbIE CHUCTEMBI BEKTOPOB
Ay, Ay, ..., Ayu By, By, ..., B, npmiemAB;=0mpui=1,2,..,k
j=1, 2, ..., l. lokasars, 4TO CHCTeMa BeKTOPOB Ay, Ay, ..., 4;,
By, By, ..., B, nuHeiiHO He3aBUCUMA.

7.108. Cucrema BexTopos By, By,
Te OPTOrOHAJIM3AL Y CHCTeMbI BEKTOPOB Ay, Ay, ..., 4,,. lokasaTs,
4TO:

a) cHCTEeMBI BEKTODOB Ay, Ay, ..., A, u By, By, ..., B,, 9xBUBa-

JeHTHBL; -
0) eciu cucrema By, By, ..., By, CONEPIKUT HYNEBOH BEKTOD; TO
BEKTODH A;, Ay, ..., A, THHENHO 3aBUCUMEI;

B, mony4eHa B pea3ysbTa-

B) ecau cucTema By, B, ..., By, He CONEPXHUT HYJIEBBIX BEKTO-
pPoB, T0A;, Ay, ..., Ay, — JTUHEHHO HE3ABUCUMAS CHCTEMA BEK-

TOpOB.

7.6. Cuctembl NUHENHbIX YyPaBHEHNHA

CucreMa JTHHeHHBIX yPaBHEHUI
A%y + Agxy + o+ Az, = B

COBMECTHA TOra M TOJNBKO TOTAA, KOTZA DAHTH CUCTEM BEKTODPOB

Ay, Ay, o, Ag Ay, Ay, ..., Ay, B coBnagator. y
CoBMecTHasA CHCTeMa JUHENHBIX YPaBHeHMI MMeeT eJHHCTBeHHOE pele-

HHe, eCIIM PAHT CUCTeMEI BEKTOPOB A;, Ay, ..., A, PaBeH YHCIY HEMIBECTHBIX

B cucteme. Eciu ke panr aT0# cHCTEMEI BEKTOPOB MEHBIIIE YHCIa HEH3BECT-
HBIX, TO COBMECTHAs CHCTeMa YpaBHeHHii MMeeT GeCKOHEeYHO MHOTO PeIleH .

Cucrema IuHeHHBIX ypaBHeHUH HasIBaeTCA 0JHOPOOHOIL, €CIH BCE CBO-
GojHbIe YUJeHLI CUCTEMBI PAaBHBI HYJIIO.

Kaxpaa ogHopoAHas CHCTEMA NUHeHHEIX YpaBHeHUW UMeeT HyJeBOe pe-
nieHue x; = X = ... = x, = 0 1, sHauuT, coBMecTHa. BeAkasa ogHOpoxHAR
cucTeMa NTUHEHHBIX YPABHEHUI, Y KOTOPO YMCJIO YPaBHEHH MeHbIIIe Yucia
HeU3BeCTHBIX, MMeeT HeHy/NeBoe pemlenye.

Tho6oe pemenue x; = ky, x5 = kg, +ey X, = k, CHCTEMEI ypaBHeHmIt ¢
N HEM3BECTHBIMM MOXXHO PACCMATPUBATE KaK /1-MePHbII BeKTOP C KOOPANHA-
TaMHu ky, kg, ..., k,, & TO3TOMY ¥MEIOT CMBICT TaKMe MOHATHA, KaK JuHelHas
KOMOMHANMA, TUHeHHAA 3aBUCHMOCTE peinenuit. [IpouasonbHas TuHelHAS
KOMGMHALMA Pellennit OAHOPOAHOMN CHCTeMB! ypABHEHMit ABIAETCA PEIeHH-
€M 3TOif CHCTeMBI.
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[image: image50.jpg]Jlunefino nesasucumsle pemenust Fy, Fy, ..., F), OfHOPOXHON CHCTEMBI
VPaBHeHH# HA3LIBAIOTCA (YHOGMEHMAALHOL Ccucmemoil peuteHuil, ecin
Ka){loe peIIeHHe CHCTeMBl ABJAETCA JMHeWHOH KoMOMHAnueil pemreHwuit
Fi, Fgy evny Fye

Ecau panr r CHCTeMbI BeKTOPOB Aj, Ay,
HBEIX 1 B OXHOPOAHO# cHCTeMe ypaBHeHuit

A, MeHbIIIe UHCIIA HEUIBECT-

Agxy + Ay + oo + Az, = 6,

TO 3Ta CHCTEMa YPaBHeHU UMeeT PYHAAMEHTANBHYIO CHCTEMY peteruit. Jlu-
HelfHO HeBaBMCHMas cHcTeMa peinenuit Fy, Fy, ..., Fj, OTHODPOAHOM CHCTEMBE
ypaBHenuii GyzeT ee GyHAaMEHTANLHOR CHCTEMOR perieHuit TOrAa 1 TOXLKO
Torpa, xoraa k=n-r.
Ecau B cucremMe ypasHeHUR
cAyxy tAgxy ...+ Ax, =B (7.1)
3aMEHHTDb BCe CBOGOAHbIE WIEHBI HYIAMHU, TO IIOJYYHM OXHOPOLHYIO CHCTEMY
Ayxy +Agxy + oo + Az, = 6, (7.2)

KOTOPYIO HAa3bIBAIOT npueedernoil AA cucTeMbl ypaBHenuit (7.1).
TIpousBoabHoe pemeHne X COBMeCTHOH CHCTeMbl ypaBHeHui (7.1) onpe-
nensiercs Gopmyno
X =Fo+ t,Fy + toFy + oo + tFo, (7.3)

rae Fy — kakoe-HUOY/b pemenue CUCTEMEI ypapHenuit (7.1);
Fy, Fy, F,— byHEnaMeHTaNBHAA CHCTEMa pelIeHMi CHCTEeMbI
ypasHenu# (7.2);
1y tp, «uy Ly — UPOUIBONBHBIE ASHCTBUTENBHEIE THCIA.
®opmyna (7.3) HasLIBAeTCH O6WUM PeULeHUeM 6 6eKMOPHOLL (hopme CHc-
Temn! ypaBHenmit (7.1).

TlocTpoenre QyHNaMEHTANBHON CHCTEMLI pelleHMil:

1. Haiitu ofiee pemreHre OAHOPOAHOM CHCTEMBI yDaBHEHHIA.

2. B3aTb cuCTeMy 1 — I IMHeNHO He3aBUCHMBEIX (71 — I)-MEPHBIX BEKTOPOB.
Hanpumep, E; = (1, 0, ..., 0), E; = (0, 1, ..., 0), ..., E,_,= (0, 0, ..., 1).

3. IlogcraBuTe B obIee pellleHHe BMECTO CBOGOAHBIX HEH3BECTHBIX KO-
opauHaTh BeKkTOpa E;, a 3aTeM HaliTH 3HAYEHUA PAa3PENIEHHLIX HEU3BECT-
Heix. IloNyYenHas COBOKYIHOCTb 3HAUEHHH HEUIBECTHEIX ABAETCA pere-
uuem Fy.

AHANOrMYHO C IOMOIBIO BEKTOPOB K, .

, E,_, naitru pemenua Fy, ...,
Py

Honyyennste pemuenus Fy, Fy, ..., F,_, 06pa3ylor GyHAAMEHTATEHYIO CHC-
TeMy pelmeHuH. =
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[image: image51.jpg]7.109. He iiTn pyHZaMEHTANBEYIO CUCTEMY PEIIeHUiH OZHOPOA-
HO#t CHCTeMbl YpaBHEHUH

3x; — 2x9+2x3—~ x4+4x5=0,
b5x;+ xp+4x3-2xy+ Tx;=0,
x; — bxy + x3=0,
4xy — Txg+2x3— x4+ 5x5=0.
Pemenne. Obmee pemenye 1aHOM CHCTEMbI HMeET B
~13x, - 2x3+ x4~ x5 =0,

x,- 5%, +x5=0.

Bribupas Ans CBOGOHBIX HEMSBECTHEIX Xg, ¥y, X5 SHAYEHMA, PABHbIE KOODIMHATAM
sexropor E; = (1, 0, 0), E5 = (0, 1, 0), E3= (0, 0, 1), HaxozuM ()yHIAMEHTAILRYI0
cucremy pemenuii: Fy = (5, 1,0, 13, 0), F;=(0,0,1,2,0), F3=(-1,0,0,1,1).

7.110. HaiiTn o6I1jee pelieHwe B BEKTOPHOM (hOpMe CHCTeMBI JIX
HeHHBIX ypaBHEHHIT

2xy + xg+ dxz+ x4= 4,

x)— Xpt+ xg+2xy= 4,

2x1 + Txp + 8x3 — 5xq = —4.

Pemenue Obuee pemenye aHHOH CHCTEMEL MMEET BILI
R R
3gxy+ %= Yoxe = 2.

Bextop (6, 0, ~2, 0) ABJIAeTCA pelllenuen OTOM CHCTEMBL.
Cucrema ypasHeruit
X, =5%/3%5 +T/3x4= 0,
2/2”2 +x3— a/2"6= 0
ABNRETCH OBIYMM PelIeRueM IPUBEieRROI cucTeMsr. BLGupas s cBOGORHBIX Hew-
BECTHEIX X, W X SHAUeHwS, DABHEte KOOpAUKaTam BexTopos E; = (1, 0), E;=(0, 1),
HAXOAMM (BYHIAMEHTATLHYIO CHCTEMY PelIeHuil IPUBEJEeHHON CHCTEMb YPABHeHUK:
Fy=(5/3, 1, ~3/3, 0), Fy = (=7/3, 0, 3/,, 1). Cnesosatensuo, obiiee pelienne B Bex-
TOPHOI (JOPMe JAHHON CHCTEMEI yPaBHERHHA UMeeT BHA
X =(6,0,-2,0)+t;0%/5, 1, =3/3, 0) + t5(~7/3, 0, 3/, 1),

TAe ty, t; — [POUBBOAbHbIE AEHCTBUTELHbIE YHCTA.
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[image: image52.jpg]90

HaiiTu GyHIaMeHTATLHYIO CHCTEMY PEILeHUH 11 CHCTEM ypaB-
HeHuit:

7.111. {

7.112. {

7.118.
7.114.

7.115.

7.116.

7.117.

7.118.

7.119.

2x)—xp+x3+x4=0,
X+ xp+ x3— 224 =0.
2x1 +8xy+ 2x3-x4=0,
%y + 8xy+ 10x3 — 8x4 = 0.
5%y — 3xy + 2x3+ 4x4 =0,
2xy —xy+3x3+ 5x,=0,
4xy —3xg— bxg— Txy=

2xy + x9 + 4x3— 224 =0,
2xy—xy—4x3+4x4=0,
6x; — x5 — 4x3+ 6x4=0.
x;+x3+x3+x4=0,
3xy+2xy+x3+x4=
3x) txp—x3—-x4=0.

Bxy+xy—x3+x4=0,
xy+3xy+x3-x4=0,
—x;+xy;+3x3+x4=0,"
x)—xy+x3+3x4=0.

8xq + 2xy — 5x3 +4x, =0,
8x;—x3+3x3-38x4=0,
3x; + 5xy— 18x3+ 11x, =0,
—3x; + 4xy — 11x3+ 10x, =
8xy— x5+ 3x3+2x4+5x5=0,
5x; — 3xy + 2x3 + 3x4 +4x5=0,
X1~ 8xy— 5x3 :7x5=07

18x;—4xy— x3—4x4—6x5 =0,
11xy — 2x5 + x3— 2x4— 3x5 =0,
b5xy +4xy+ Txg +4x, + 6x5=0,
Txy + 2x9 + 5x3 + 224 + 8x5=0.




[image: image53.jpg]Haiitu ofijee penreHue B BeKTOPHOM Gopme s cneuymmnx
cHCTeM ypaBHEHMI:

x4+ 2xp —4dxz=1,
7.120. {3x; + 5x5— 11x3=3,
8xy + 4xy — 10x3 =3.
b5xy + x +3x3+ b5xy =5,
7.121. {4x; + x5 + 2x3 + 3xy = 4,
Xy —xgtxzgtxy=

X~ xp-8x3-x4=1,
7.122.{ 8x; —4xy— 11x3— Txy =2,
3xy — bxy—13x3— 11x4 =
2xy — xp+ 3x3 - 2x4 =3,
7.123. {4x) - 2xy + bxg+ x4 =8,
2x)—xp+x3+8xy=1T.
2xy+ Txy+38x3+x4=6,
T.124. 13x; + bxy + 225 + 2%, = 4,
9x; + 4xg + 23+ Ty =

x -2x3+x4+x5=0,
7.125.{-x1 + x5 — x5 ~-x;=0,
X+ xy —x4 =

—x1 + 8xy + 3x3 + 4x4 + 5x5 =0,
6x) + 2x5 + 263+ x4 =0,
-8x;+x3+ x3+2x4+3x5=0,
11x, +3x,+3x3+ x4~ x5=0.

7.126.

7.127. O6pasyer sm cucrema BexTopos (1, 2, -2, -1),
(3,1, -1, -3) dysHnaMeHTANBHYIO CHCTEMY DEHIEHHH CHCTeMBI
ypaBHEHMI

X +x+x3+x4=0,
x;—x9—x3+x4=0.
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[image: image54.jpg]7.128. Eciiu cucrema BekTOposB (3, 1, 1, 5), (1, 2, 3, 4) obpasyer
(yHIaMEHTANBHYIO CUCTEMY DElIeHUH CHCTeMbl YPABHEHMI, TO:
a) 6yner mu BexTOp (3, —4, —7, —2) pelieHHMeM 3TON CHCTEMBI
ypaBHeHUN?
6) obpasyior am BekTopsl (9, -2, =5, 8), (2, -1, -2, 1) pyHna-
MEHTaJBHYI0 CUCTEMY DEIeHUH TOM cUCTeMbI?

7.129. [loxasaTh, 4TO CUCTEMA YPABHEHUIX OAHODOAHA, €CJIU ABA
€e Pa3IMYHBIX PEeIeHUs JIUHEHHO 3aBUCUMBI.

7.130. JoxasaTb, 4TO J00bIE ABa PEIICHNUS OZHOPOLHON CACTEMBI
TPOIOPIMOHAIBHEI TOTLA ¥ TOJIBKO TOr4a, Korgan=r+1,rmen —
YMCIIO HEHM3BECTHBIX, & I' — PAHI MATPUIB! CHCTEMBI YPABHEHMI.

7.131. Crpoxku MaTpuusl Q 06pasyoT dyHAaMeHTAIBHYIO CHC-
TeMy pellleHWi OHOPOAHOH CHCTeMbl ypaBHeHHii. JlokasaTs, 4TO
cTpoxu maTpunbl PQ 06pasyoT GyHIAMEHTANBHY CHCTEMY pe-
IIeHU# 9TOM CHCTEMbl yPABHEHMl TOrZa U TOJBKO TOTAa, KOTAa
P — KBajJpaTHAS HEBBIDOK/(EHHAA MATPHIA.

7.132. Cronbusl MaTpuIEl Q 06pasyoT GyHAaMEHTaIbHYIO CHC-
TeMy pelleHMH OZHODPOAHOM CUCTeMbl ypaBHeHMi. JlokasaTs, 4To
cronbusr marpuikl QR o6pasyioT dyHAaMEHTAIBHYIO CUCTEMY De-
IIeHWH 3TOH CHCTEMBI ypaBHEHHMI TOrZa M TOJBKO TOrZKAa, KOTAa
R — KBajpaTHasA HEBBIPOXKEHHAS MATPHUIA.

7.133. Cron6ust (crpoxu) marpun, A u B obpasyior pysgames-
TajbHBle CHCTEMBI DEINeHHH ONHOPOAHOH CHCTeMBbI ypaBHEHMIl.
JTokasaTs, 9TO HAUAETCA TAKAA KBAJPATHAA HEBBIPOXK/IEHHAT MAT-
puna C, uro A =BC (A = CB).

7.134. [TokazaTs, YTO HEOZHOPOJAHASA CHCTEMa ypaBHeHHH GyxeT
COBMECTHOM, €CJIM €€ MXN-MATPHIIA HMEeT PAHT m.

7.135. [lokasaThk, YTO CHCTeMa YPAaBHEHUN ¢ KBaZpPATHOH MaT-
pureit 6yaeT coBMECTHOI, eciu ee NIpUBeeHHAA ONHOPOAHAA CHC-
TeMa ypaBHEHU NMeeT eUHCTBEHHOE DelleHue.

7.136. JlokasaTh, 4TO ONpeJeNHTe]s DACIIMPEHHOH MaTPHIBI
COBMECTHOM CHMCTEMBI JNWHEHHEIX YDaBHEHWI DaBeH HYJIO, €CIH
YMCJ/I0 HEM3BECTHRIX B CHCTEMe Ha eIUHUILYy MEHbINe YUCIa YPaB-
HeHMIA.

7.137. [Tlokasark, 9TO CHCTeMa yPaBHEHHIA, y KOTODOIi YHCIO He-
M3BECTHBIX Ha €UMHUIYy MeHbIlle YMCJIA ypaBHeHui, Gyzer coB-
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[image: image55.jpg]MECTHOM, eC/IM PAHT ee MAaTPUILI PaBeH YMCIY HeM3BEeCTHEIX, a Oll-
pezienuTeNb PACUIMPEHHOH MATPUIIE! PABEH HYJIO.

7.138. [loxagats, 4T /s Mo6kIX pemenui K, K,, K3 coBmect-
HO}t cHCTeMbI ypaBHeHui sexropsl Ky — Ky u Ky — K3 nponopru-
OHaNBHBI TOTAA ¥ TOJBKO TOTAa, KOrAa n =r + 1, rae n — gucno
HEH3BECTHAIX, & I' — DAHI MATPHIII CUCTEMbI YDABHEHHH.

8. BEKTOPHbIE MPOCTPAHCTBA

Yucnosvim norexm P HasbiBaercs MOAMHOMKECTBO BCEX KOMILTEKCHBIX HH-
ces1, KOTOpoe o6IajiaeT CIeyionUMI CBOHCTBAMM:

lecmua,Be P,rooo+Pe PuaPe P;

2)ecnu e P, 10 -0t € P;

3)ecmoe Puo#0,101/oce P.

MEoxecTBa BCeX PallMOHAJBHEIX YHCeJ, BCeX AeHCTBUTENLHBIX YHces] H
BCEX KOMIUIEKCHBIX YHCEJI ABJIAIOTCA YHCIOBEIMY NOJAMHU.

MuoxecTBO V 31eMEHTOB X, Y, 2, ... HA3bIBACTCA 6€KMOPHLIM NPOCMPAH-
CMEoM HaJ YMCTOBIM TONIeM P, ecu JIa KabIX BYX BIEMEHTOB X, Y U3
V onpenenena cymma x + y € V H AnA KaXA0ro x € V 1 KaX/0ro 4ucia o u3
P onpesiesniero TpousBesieH e 0x € V, IIPUYEM CIPABEIMBEI CIeAYIONIMe Pa-
BEHCTBA:

Dx+y=y+x

2(x+y)+z=x+y+2);

3) cymecTsyer Takoit onement 0 € V, HasEIBaeMbIi Hy1e8bLM, UTO X + 0 = X
Ana Kamgoro x us Vi

4) pna Kaxgoro x ua V cyIecTsyeT TaKkoi SJeMeHT —X, Ha3blBaeMBIi 1po-
MuUBONOLONHBLM K X, 9TO X + (—%) = 0;

5)1:x=x,1us P, xnascex x us V;

6) o(Bx) = (aP)x pns Beex o, Pua Pu x ua V;

T) (o + B)x = ox + Px ana secex o, us Pu x us V;

8)o(x + y) =oax + oy ana scex o usa Pux, yua V.

OJIeMeHTHl BEKTOPHOTO IIPOCTPAHCTBA HA3BLIBAIOTCA 6eKMopamiL.

BexropHoe mpocTpaHcTso V Hax nosem P maseisaetca delicmeumensiolm
WM KOMNIEKCHbLM, CI P — COOTBETCTBEHHO IOJe AeHCTBUTENBHBIX MK
KOMILIEKCHEIX JHCEIL.

MHOKeCTBO BCEX Nn-MEDHBIX BEKTOPOB C AefiCTBUTENBHBIMYU (KOMIUIEKC-
HBIMM) KoopauHaramu ofosHagaerca yepes R*(Ch).

Onepanyuu CI0KeHUA N-MePHBIX BEKTOPOB ¥ YMHOKEHUHA N-MEPHOTO BeK-
Topa Ha YHCI

(0, Oz, wony Og) + (Bry Bay vons Bo) = (03 + By, 0 + By, -y

Mt O, s ) = (g, Aty s Adty)

TIPEBPAIIIAIOT BTH MHOXECTBA B BEKTOPHbIE NPOCTPAHCTBA.

n t Bads
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[image: image56.jpg]8.1. BEIAACHUTB, KaKHe U3 HUXKeIPUBEJEHHRIX MHOKECTB ABJf-
IOTCA YUC/IOBBIMH TIOJNAMMU:
2) MHOECTBO BCEX IeJIBIX YHCe;
6) MHOXXECTBO BCeX IMCeN BHAa a + bJ§, rAe a 1 b — panmo-
HaJBHBIE YHCHIA;
B) MHOXCTBO BCeX wHces Buaa m + n/7, rie m u n — nexsie

qucna;
I') KOMILJIEKCHBIE YHCJIa BuZa a + bi ¢ panMoHaNbHEIMHA @ U b.

8.2. BEIsICHATD, SBIAIOTCA JIA BEKTOPHBIM IPOCTPAHCTEOM CJle-
AyIOIIMe MHOXECTBA C OOBIYHEIMH ONEPAIMAMHU CIOXKEHHH die-
MEHTOB 3THX MHOKECTB H YMHOXKEHUS 9JIEMEHTOB Ha THCIa:

a) Bce KBaJpaTHEIC MATPHILI HOPALKaA 1 ¢ AeHCTBATENbHBIMU

MM KOMIUIEKCHBIMH 3JIeMEeHTAMMU;

6) Bce MHOrO4JIeHbI, UMEIOLIHAEe CTEeIeHb 1;

B) MHO)KECTBO BCEX MHOIOYJIEHOB f(t), ynomxe'rnupxmmux ye-

nosuio f(2) =0;

T) MHOXXECTBO BCeX MHD,\"O‘{JIEEQB‘f(t). ymsmaopmﬁmx,ycﬂo-

B f(2) =k e ;

n) BCE MHOTOUJIEHBI, CTEIIeHb KOTOPBIX MeHbINe MK DaBHA 1;

€) Bce HelpepHIBHEIE Ha oTpeske [a, b] dyHknun;

2K) Bce JefCTBUTENbHBIE YHUCIIA; .

3) BCe KOMIIJIEKCHBIE THCJIa.

8.1. MoanpocTpancTea

IoamuoxecTBO L}REKTOPHOTD: NIDOQUPAMETBA V' HasuiBaeTca nodnpocm-
PaHCMEOM, eCTI BHINONHAIOTCS CIEAYIONINe ABA YCIOBUA:

1) st Kax 0¥ Iaphl BEKTOPOB X U Y u3 L ux cymma x + y npunagresxut L;

2) A KaxaOro BekTopa X M3 L u m060oro upcsa o BEKTOp OLX MpUHAALe-
xnr L.

MHOK€eCTBO BCEBO3MOXHEIX IMHEHHBIX KOMOHHANHKI BEKTOPOB X1, Xg, «vvy
X, W3 IpOCTPaHCTBA V 06pasyeT ero NOANPOCTPAHCTBO, KOTOPOE HASLIBAETCA
Nuneiinoil 060AOUKOL CHCTEMEY BEKTOPOB X1, Xz, .y ¥,

e

8.3. BoisicunTs, SBIAOTCA JU CNEAYIOMIHe, MHOXECTBA BEKTO-
OB ITOIIPOCTPAHCTBOM COOTBETCTBYIOIIEr0 BeKTOPHOrO IIPOCTPaH-
eTBa: w0

a) BCe BEKTODEI TpocTpancTsa R” ¢ panuoHatbHbIMU KOOPAUHA-

TAMH;

6) Bce MATPHIBI N-TO MOPAAKA, Y KOTOPBIX CyMMa 3J1eMeHTOB

paBHa HYJIO;
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[image: image57.jpg]B) BCe PeIIeHMs OHOPOZHOM CHCTEMBbI YpaBHeHMH;

I) BCe pelleHHs HeOJHOPOJAHOH CUCTeMB! ypPaBHEeHUH;

1) Bce pajiyChl-BEKTOPSI IIOCKOCTH, KOHIBI KOTOPBIX JIEXAT B
TepBO# YeTBEPTH CHCTEMBI KOODIMHAT; -

€) Bce paanyChl-BeKTOPbI INIOCKOCTH, KOHI[BI KOTOPBIX JIEXKAT HA
OZHOI U3 oceil KOOPAUHAT;

’K) MHOKECTBO BCEX MHOTOUJIEHOB, DACCMATPHBAEMOE Kak
TIOMHOXECTBO BCEX HENpPePHIBHBIX HA oTpe3ke [a, b] dhyHK-
nun.

8.4. lokasaTh, YTO CyMMa JBYX BEKTODOB He IPHHAIJIEHKUT
TOANPOCTPAHCTBY, €CIM OUH M3 HUX NPHUHANJIEIKUT 3TOMY IIOA-
TPOCTPAHCTBY, & APYTOi He IPUHANJIEHHUT.

8.5. [lokasaTh, 9TO MHOXECTBO DPEIIeHN T CUCTEMBI OJTHOPOHBIX
JMHEeWHBIX ypaBHEHWI SBJAeTCA JHMHEHHOM 060j0uKoil dyHAa-
MEHTaJbHON CHCTEMBI DellIeHn  9TOi CUCTeMBI yPaBHEHHI.

8.6. BEisgCHUTH, IDUHAZJIENKAT U BeKTOPH ¥, = (-1, -5, 8, 4),
y2= (-8, -5, 8, 1) nunefinoit oGoNOUKE CHCTEMbI BEKTOPOB
x=(8,0,5,2), x,=(3,6,4,3), x3=(-4,1,2,3).

8.7. JokasaTh, 4TO AUHEHHAA 000JOUKA NEPBOM CHCTEMEI BEK-
TOPOB COAEPIKUTCHA B IUHEHHOM 060104YKe BTOPON CUCTEMBI BEKT!
POB TOI/IA ¥ TOJNBKO TOT/A, KOI/a KasK/(kIif BEKTOD IIePBO CHCTEMBI
pasjiaraeTcsa 0 BEKTOPAM BTOPOM CHCTEMBI.

8.2. PaamepHnocTb u 6asuc

BeKTOpLI X, X3, -.-; X, IPOCTPAHCTBA V HAILIBAIOTCH AUHEUHO 3A6UCU-
MbLMU, €CTH MOKHO TOA0GPATH TAKHE YHCHA Oy, g, ..., Oy, HE BCE DABHEIE
HYJIO, 4TO

0yXq + 00Xy + o F X, =

¥ AUHEIHO He3A6UCUMbIMY — B IIPOTHBHOM CIIydae.

JInHeiiHO He3aBUCHMASA CHCTEMA BEKTODPOB €1, €y, ..., €4, 10 KOTOPOi paa-
JlaraeTcs KaskAbli BEKTOP IpocTpaHcTsa V, HaskIBaeTcA 6a3uUcoM TOro mpo-
crpaHcTBa. BeKTOpHOE NMPOCTPAHCTBO HA3KLIBAETCHA KOHEXHOMEDHbLM, €CTH
OHO uMeeT 6asuc, U 6eCKOREUHOMEPHbLM — B OPOTUBHOM CIIydae.

Bce 6asucsl KOHEYHOMEPHOrO IPOCTPAHCTBA V COAEPIKAT ORHO M TO e
YHCIO BEKTOPOB. UHCIIO BEKTOPOB B 6asuce MPOCTPAHCTBA HA3BLIBAETCH €0
pasmeprocmeio u o6oamavaerca dim V.

Kaxayio JuHe#HO He3ABHCHMYIO CHCTEMY BEKTOPOB KOHEYHOMEPHOro
mpocTpaHcTBa V MOXHO ROMONHUTE o Gasuca V.





[image: image58.jpg]8.8. Haiitu 6a3uc 1 oIpefe/IuTs Pa3MepHOCTS TPOCTpaHcTBa R
BCEX N-MEPHBIX BEKTODOB.
Pem e n i e. Bekrops: AuaronansHoit cucrems ey = (1, 0, ..., 0), €3 = (0, 1, ..., 0), ...,
€,=(0, 0, ..., 1) nuHeliHO HEIABMCUMEL, M KAXABIA N-MEPHLI BEKTOD pasiaraerca
o cucTeMe ey, €, ..., €,. CIeXOBATENLHO, €5, €y, ..., ¢, — Gasuc R™ u dim R" = n.

8.9. Haittu 6asmc W ONpeRe]NTbh PA3MEPHOCTH MPOCTDAHCTBA
P, (%) Bcex MHOTOYJIEHOB, CTEIIeHb KOTOPHIX HEe IPEBOCXOAUT 1.

Pemenue Muorounenst 1, t, t2, ..., t* 06pasyloT IMHeHHO HE3ABUCHMYIO CHCTe-
My, @ Kabilt MHOrOWIEH CTEMeHH He BHIIIE It PA3IArAeTCH T0 SToM CHCTeMe OueBH -
HbtM o6pasom. Creposarensmo, 1, t, t2, ..., t" — Gaguc mpocrpamcrsa P,(t)
dim P (t)=n+1.

8.10. TokasaTs, 9T0 DpocTPaHCTBO P(2) BceX MHOrO4JIeHOB Gée-
KOHeYHOMEpHO.
Pemenue B npocrpancrse P(t) cmerema Muorounenos 1, t, ¢2, ..., t" numeitso

HegABCHMA TPH T1060M, CKOML YTOXHO 6OILIIONM 7. ClEAOBATEALHO, TPOCTPANCTRO
P(t) ne Mosxcer umers Gasuca.

8.11. [JoxasaTb, YTO BEeKTOPHOE IPOCTPAHCTBO COBHAAAET C JIH-
HeltHO# 06010uK0it cBOero Gasuca.

8.12. IloxaszaTs, uTo GasucoM nuHeHHOH 0GOJOYKH CHCTEMEI
BEKTOPOB X7, X, .., X, ABJACTCA 6A3UC 9TOH CHCTEMBI.

8.13. [TokasaTs, 4TO 6a3MCOM IIPOCTPAHCTBA, 3aJAHHOIO CHUCTe-
MOif OZHOPOAHBEIX YPAaBHEHWMH, ABJIAeTCA ee (GyHIaMeHTAIbHAT
cucrema pemem{ﬁ.

8.14. BEIACHUTD, ABIAIOTCA JU Ga3HCOM COOTBETCTBYIOIIETO
npocrpancTea R” cleayiouiue CUCTEMbl BEKTOPOB:

a)(1, 1), (-1, 1);

6)(1,1,1), (1,0,1), (2,1, 2);

B)(1,1,1,1), (1,0,1,0), (0,-1,0,1), (1, 0,0, 1).

8.15. BEIACHUTS, ABJIAETCSA JIK IpocTpaHcTBo R4 TnHeitnoi 060-
JIOUKOM CHEYIOMAX CUCTEeM BEeKTOPOB:

a)(1,1,1,1), (1,1,-1,-1), (1,-1,1,-1), 1,-1,-1,1);

6)(1,0,1,1), (0,1,1,1), (-1,0,1,1), (1, 1, 1, 1).
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[image: image59.jpg]8.16. Haittu 6asuc mogmpocTpaHCTBa, 3aJaHHOTO CHCTEMOM Of-
HODOJHBIX YPaBHEHMIA:

2x) — 5xy+3x3+x4=0,
6) {6xy — 8xy + bx3+38x, =0,
X+ 2xp— x3+x4=0.

x;—x3+x5=0,

a)

X9 — x4+ x6=0;

8.17. Haittu 6asuc JuHeiHON! 060JI0UYKH CHCTEM BEKTOPOB:

a)(1,-2,1), (1,0, 1), (1, -4, 1);

6)x;=(1,-1,1,-1), x,=(1,1,-1, 1), x3=(1, -8, 3, -3),
xy=(1,1,1, -1);

B)x;=(1,2,-1), x,=(3,0,-1), x3=(1,2,1),
xy=(1,3,-1), x5=(2, -1, -2);

Nx=(1,4,2,1), x,=(1,1,1,1), x3=(1,2,2,-1),
x4=(0,-2,-1,1), x5=(1,-1,1,-1).

8.18. [JoxasaTs, 4TO ClIeAyIOL[He MHOXKECTBA BEKTOPOB 06pasy-
IOT [IOATIPOCTPAHCTRA pocTpaHcTBa R”, HaiiTu nx 6asuc ¥ pasmMep-
HOCTB:

a) BCe N-MepHbIE BEKTOPEI, Y KOTODHIX KOODAWHATEHI PABHBI MEX-

ny coboit;

6) Bce n-MepHbIe BEKTOPH! BUAA (&, B, ¥, &, B, ¥, ...);

B) BCE N-MepHbIE BEKTOPHI, ¥ KOTOPhIX KOOPJAMHATHI, KPATHEIE

TpPeM, PAaBHBI HYJIIO.

5
8.19. Haiitn pasmepHocTs 1 Gasuc npocrpancTa C*:
a) KaK IefCTBUTENEHOTO IIPOCTPAHCTBA;

6) KAK KOMIIJIEKCHOIO IIPDOCTPAHCTBA.

8.20. ononuuTs BekTop y = (1, 0, 1, 0) Ko Gaauca MUHEHAHOR
06010uKH cacTeMbI BekTopoB x; = (1, 1, 1, 1), x, =(1, -1, 1, -1),
x3=1(0,1,0,1).

8.21. Cucremy muorounenos ¢3 + t2, t2 + t, t + 1 gonoanuts
7o 6a3nca IPOCTPAHCTBA MHOTOWICHOB CTENeHH He BHILIE TPeThelt.

8.22. TokazaTk, 4TO B 1-MePHOM nIpocTpacTse V ansa Kamzoro k,
0 < k < n, MOXHO HaliT! IOANPOCTPAHCTBO PA3MEPHOCTH kK.

8.23. lano, uto L; u Ly — mogmpocTpaHcTBa NpocTparcrsa V,
npuuem L, < Ly, # Xy, X3, ..., X, — BEKTOPHI u3 L, mpuuem X;,
X9y «uey X, — 6asuc Ly. [lOKasaTs, 9TO X1, X3, ..., X,, — 6asuc L.
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[image: image60.jpg]8.24. lans1 nognpocTpanetea Ly u Ly mpocrpancrsa V, npu-
uem Ly < Ly u Ly # Ly. TlocTpouTs TaKoi 6a3nuc DOAIPOCTPAH-
crBa Ly:

a) 4TOGEI BCe BEKTOPHI 3TOrO 6asuca, Jexaniue B Ly, 06pa3oBbI-

Banu 6asuc Ly;
6) KaXKabIif BEKTOP KOTOPOrO He JIeXUT B L.

8.25. ITpocrpancteo V umeer pasmepHocTs m. lokasaTs, 4To
PAaHT CHCTEMBI BEKTOPOB X1, X3, ..., X U3 V He Gomxbme m.

8.26. [ToxasaTs, 4TO MPOCTPAHCTBO V ABAsSETCA MUHEHAHON 060-
JIOUKO#f cHCTeMBI BEeKTOPOB M3 V TOrAa U TOJBKO TOTAa, KOT/a pas-
MepHOCTE V paBHA PaHIy CHCTEMEBI BEKTODOB.

8.27. IlogupocTpancTso L, cogepxuTcs B noanpocrpascTse Ly,
U Xq, Xg, ..., X; — JUHEHHO He3aBUCHMble BeKTOPH! u3 Ly. Jloka-
8aTh, uTo Ly = Ly, ecim pasmeprocTs Ly paBHa k.

8.28. BrIACHUTE, COBIAMAIOT JIX mMOANpocTpancTsa Ly u Ly mpo-
crpaucrBa R4, rae L, 3amaHo cHCTeMOU ypaBHEHUH
2x) - x9+ Sxz+ Txy =0,
4 — 2x9+ Txz +5x4=0,
2x;— x5+ x3- 5x4=0,

alLy — nuHeiHas 060J09Ka CHCTEMBI BEKTOpPOB X = (1, -6, -3, 1),
xy=(1, 10, 3, -1).

8.3. KoopanHatel BekTopa

®urcupyem B mpocTpancTse V 6asuc ey, e, ..., €. Kaxcibiii sexrop x ua V
eAMHCTBEHHEB M 06pasoM pasiaraercs no 6asucy:

x=aye; + ey + .o+ e,

Yucna 0y, Og, ..., O, HA3LIBAIOTCA KOOPOUHAMAMU 6eKMOpPA X 6 6asuce
ey, €3, ..., €,. KOOpAMHATEI BEKTOPA X 3AIMCHIBAIOT B BIAE 1-MEPHOTO BEKTOPa
x, = (04, Oy, .ury Q).
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[image: image61.jpg]8.29. [loxasaTs, YTO Kaxaas cucreMa MaTpul A, A, Ag, Ay

ABIAETCHA GABACOM B MPOCTPAHCTBE MATPHIL BTOPOTO IOPAAKA,
HaliTH B 9T0OM 6a3uce KOOPAMHATHL MATPHUIIBI X:

(1) aof1-1) aof-10) A f01) x_[12).
DA [11]'A2 (1—1]'[‘2‘x (11)]’A4 [o—J’X (34]'
_(22) a_[28) o _(01) o _[1-8) x_[3-6
S [31}’A2 (4 3]’A3 [71 J’ o (24}'){ -(0 z)
(21) a1 3) o _(2-8) Ao, _(41) x_[-13
LA (szj’Az {—sz’A“ [1 J'A“ [—IOJ'X {s 4)

A =[01] A,=[10] A,=[11] A,= 11).x=(14].
DA [11) 2 [11 o)™ lao 22

Pemen e a)PaccMOTPUM IPOMIBONBHOE PABEHCTEO

H

A + 0yAg + tgAg + 0gAg = O
u:(“}*-ﬂz[l“)*ras[ —10] H,‘[o 1 ] ,[oo]A
11 1-1 10 0-1 00

Orcioza
wyrtgmy | wadrag] (e .,)_
Oy +Oy+0g Oy =0y =0y | 00
TIpHPABHAB COOTBETCTBYIOMIUE OAEMERTE MATPHIL, TONYUHM CHCTEMY yDABHORKI
o+ 0y -0z =0,
o —op+o,=0,
oy toyt+oag=0,
@ -y —ag=0,
KOTODAst HMEeT eAMHCTBOHHOE POUIeNHe 0y = 0y =.0g = 04 = 0. CrefoBaTensHO, MAT-
pumer Ay, Ay, Ag, Ay MuHeliO HesaBycumbr. Tak Kax pasMePHOCTS IPOCTPAHCTEA
MATDHI{ BTOPOTO OPAAKA PABHA YETEIPEM, TO CHCTEMa MATPHIL Ay, Ag, Ag, Ay ABNA-
eTca 6a3kCOM ITOro MPOCTPAHCTBA.
Tereps olpesie MM KOOPAUHATH MATPHIE! X B 5T0M Gaswce, 15 1ero HaizieM Ko-
oduuuenTs pasnoxenus X no cucreme Aq, Aj, Ag, Ayl
X =B1A; + BaAg + ByAs + BeAy
nau

(12]= Bi+Ba=Bs  Br-Pa+By | :
34 Bi+Ba+B3  By-PBy-By
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[image: image62.jpg]CitenoBaTensHO, ANA ONpefeNeHHs KOODAWHAT MATPUULl X HOAYUHM CHCTEMY
YpaBHeHHIT

Bi+Be-Ps—1,
Bi—B2+Be=2,
Byt Pz +P3=3,
Bi—B2-Be=4,

KOTOpaA MMeeT eAMHCTBeHHOe pemerue Py = 5/, By = ~1/5, B3 = 1, B, = ~1. Hrax,

Marpuna X s Gasuce Ay, A, Ag, A nmeer koopauuatst 5/3, ~1/3, 1,

8.80. YcTaHOBUTH, YTO MHOTOUWIEHSI €1, €3, €3, €4, 5 06PA3YIOT
6asuc OPOCTPAHCTBA MHOTOWIEHOB CTENEHHU He GOJbIIe JeThIPeX,
¥ HaWTH KOOPAMHATHI MHOIOUJIEHA t4— 13+ ¢2— ¢ + 1 BoTOM Gagsmce:

a)ey =1, e;=t, eg=1t2, eg=13, e;=1t4

6)e;=1, ea=1+¢, eg=t+12, e,=1t2+13, es=13+1%

Bley=1, eg=1+1t, eg=1+t+1t2 e =1+t+12+13,

es=1+¢t+t2+ 3+ ¢4,

8.4. MepeceyeHne U CymMMa NOANPOCTPAHCTE

ITepeceuenuem Ly n Ly moanpocTpanets Ly u Ly npocrpancTsa V Hashl-
BaeTCA MHOMECTBO BCEX BEKTOPOB u3 V, mpuHaanexamux u Ly, i Lé.

Cymmoit Ly + Ly mognpoctpancts Ly u Ly mpoctpancrsa V HasbiBaercs
MHOJeCTBO BCeX BEKTODOB BHAA Xy + Xy, Tfe X1 € Ly, xp € Ly. Cymma noa-
NPOCTPAHCTE HASLIBAETCA NPAMOil, €CIIU MX Iepecederne PAaBHO 6.

Ilepeceyenye i CyMMa MOANPOCTPAHCTB ABJIAIOTCHA MOANPOCTPAHCTBAME
BEKTOPHOIO MPOCTDPAHCTBA.

Ecnu xq, Xp M Yy, Y, — GAsMCH COOTBETCTBEHHO MOATPOCTPAHCTE

Ly u Ly, To 6asucom cymmst L; + L, aBnseTcsa 6asuc CHCTEMBI BEKTOPOB
Xy vees Xy Y1s oo Yo

IlocTpoennue Gasuca mepecevenus mommpoctpancts Ly u Ly

1. Ha#iTi 6a3uCHI Xy, ..., X ¥ Yy, +.., Y} COOTBETCTBEHHO MOAIPOCTPAHCTE
Ly n Ly ¥ IONONHHUTH CHCTEMY Xi, ..., X, A0 Gasuca CHCTEMBI BEKTOPOB
Xyy s Xy Y1s wees Ypo IIYCTH MNIA OUDENENEHHOCTH X1, ..op Xpy Y1s «oon
Ys — GaBUC CHCTEMEI Xy, ...p Xgy Y15 +vos Yo

2. PagnoKMTh BEKTOPHI Yy41s +-s Yjy HE BOMIGATIHE B 6AIHC X1, -y Tps
» Ys» 1O BTOMY Gasucy:

Y= Oy F e Oy + By o F Bl E=s+1, ., L




[image: image63.jpg]3. BEIMUCATE BEKTOPHI 21, +.vy Zj—g}
Zig=0nXy t oty i=s+1, ..,

KoTOpBIe i 06pa3yioT Gasuc nepecevenns Ly N Ly.

8.31. Haiitu 6asuc CyMMEBI 1 PasMEpPHOCTEH IIePeCEeYEeHHMA IOA-
npocrpancTs Ly u Ly:
a) L; — mOATIPOCTPAHCTBO PellleHUil CHCTeMBI YPaBHEeHUH
t) —4t,—3t3=0,
2t) — 5ty —3t3=0,
t) =2ty —t3=0;
L, — nuneiinas 060I0YKa BEKTOPOB x=(1,1,-1),x,=(2,8,-1);
6) Ly u Ly — nuneiiHb1e 0GOJIOUKH COOTBETCTBEHHO CHCTEM BeK-
Topos x; = (1, 1, 0, 2), 3= (1, 0, 1, ) my, = (1, -1, 0, 1),
y2=(1,2,1,2),y3;=(1,0,1, 2);
B) Ly u Ly — TOATIPOCTPAHCTBA PEIIeHUI COOTBETCTBEHHO CHC-
TeM ypaBHEHUN
X+ x,+ 2x3—3x,4=0, X — %y — 2x3+2x4=0,
xy + 2x9 + 3x3 - 5x4 =0, 2x; +xp—x3+2x4=0.
8.32. Haiitu 6asuc nepecedeHUs JMHEHHBIX 06ONOUYEK CHCTEM
BEKTOPOB X1, ..., X M Y1, .oy Yt
a)x;=(1,-1,3), x,=(1,1,2), x3=(1, -3, -8);
y1=(0,2,1), y=(-1,5,1), y3=(1,3,3);
6)x,=(1,1,1,1), x=(1,-1,1,-1), x3=(1,0,1,0)
y»=2,-5,1,1), y,=(1,1,-1,2), y3=(1,-1,-1,-3).
8.33. BolsICHUTD, ABJIAETCA JIU IPAMOA CyMMa JHUHEHHBIX 060-
nouex cucrem BékTopo x; = (0, -1, 2, 1), x,=(1,1,-1,1),
x3=1(2, 1, 0, 3); n=00,1,2-1), y=(1141),
y3=(-1,0,1,1).
8.34. Tokasars, uro L + L = L ans Kasknoro nognpocrpancrsa L.

8.35. Hu oxso n3 mogmnpoctpancTs Ly, Ly He COAEPIKHAT APYroro
noanpocrpascrsa. JloxkasaTs, uto B Ly + L, uMeeTca BeKTOp, He
npuHagIexamui 5u Ly, Ha Ly.
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[image: image64.jpg]8.36. [loxkasaTk, 4TO CAEAYIONIUE YCAOBAA PABHOCHIALHEL:
a)Ly < Ly; 6)Ly+ Ly=1Lg; B)Ly N Ly=Ly, rae Ly u Ly —
TO/NPOCTPAHCTBA.

8.37. BeKTOpHOEe HPOCTPAHCTBO ABJIAETCA CYMMOH IIOAIIPOCT-
paHerB Ly u Ly. IToanpocTparcTso L copepxut Ly. lokasaTs, 9To
L=Li+LnL,

8.38. lokasaTs, 4TO NepecedeHUue JUHEHHBIX 06OJIOYEK COOT-

BETCTBEHHO CHCTEM BEKTOPOB X1, ..., Xy U Y1, ..., §; PABHO HYJIO
TOT/ja ¥ TOJBKO TOTZa, KOTJa PAHT CHCTEMBI BEKTOPOB X1, +vvy Xp,
Y1» +-+» Yj PABEH CyMMe DAHIOB CHCTEM X1, ..., Xp U Y1, +-vs Yju

8.39. PazamepHOCTh BEKTOPHOT'0 IIPOCTPAHCTBA PABHA YETHIPEM.
I[OKSGBTL, YTO ABa €ro moAIpOCTPAHCTBA MMEIOT Oﬁmﬂﬁ BEKTOp,
ecJI1 UX PasMepPHOCTH PaBHBI ABYM M TpPeM.

8.40. CucreMa BEKTODOB X, ..., Xi, Yy, +-., Y TAHEHHO HEBABHU-
cHuMa. HDK&SBTB, 9TO CymMMa JINHEHAHBIX 060/109€eK COOTBETCTBEHHO
CHCTEM Xy, ..., X B Yy, ..., Y; ABJIACTCA OPAMOH.

8.41. [TokasaTe, YTO AJNA KAXKTOT0 MOANMpOCTpaHCTBA L mmpo-
cTpaHcTBa V HalileTCs TaKOe HOANPOCTPAHCTBO Ly, uTo V ecTh pa-
Mas CyMMa STHX HOAOPOCTPAHCTB.

8.42. [lorkasaTs, 4T0 CyMMa IOAIpocTpancTs Ly u Ly 6yzer npa-

MOIi TOTZIa ¥ TOJIBKO TOTAA, KOTAa o0befuHeHre 6a31CcoB 3TUX IOJ-
npocTpaHCTB GyAeT IMHEHHO HE3aBHCHMOH CHCTEMO.

8.5. EBKNIMAOBLI U YHUTapHbie NOANPOCTPAHCTBa

[Eexaudossin E (cooTseTcTsenno, ynumaphsin U) IPOCTPARCTBOM HAISI-
BaeTCH BEKTOPHOE IPOCTPAHCTBO HAJ TTOIEM AEHCTBHTENLHEIX (COOTBETCTREH-
HO, KOMILIEKCHBIX) 9icel1, B KOTOPOM Ka/oi Iape BEKTOPOB X, y MOCTaB-
JIEHO B COOTBETCTBHME JeiCcTBUTENbHOE (COOTBETCTBEHHO, KOMIJIEKCHOR) THC-
70, KoTOpOE 0603HAYAETCHA Yeped Xy U HASLIBACTCH CKANADHLLM Npoussede-
HueM 6eKmOpos X W Y, NPUYEM BBIIONHAIOTCA CELYIOIAE YCIOBHA:

1) xy = yx (cooTBeTCTBEHHO, XY = XV);

2)(x + y)z = xz + yz;

3) (ax)y = afxy);

4) xx >0, ecnm x # 0.

BexTopHOe npocTpaHcTBO R”, B mrropnu CKaNApPHOE IPOM3BE/IeHHE BeK-
TOPOB x = (0, Oz, ..., &) X Y = (By, By, ..., B,) onpenensercs no gopmyne

xy = 1Py +0gBp + ... + 0By,

ABJIAETCS eBKIMAOBLIM NPOCTPAHCTBOM.
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[image: image65.jpg]Bexropnoe npocrpancTso C” 6yner yHUTAPHEIM, eCaH

xy = oyBy + By + ... + 0B,

BeKTOpH! X M y HA3LIBAIOTCA OPMOZOHANbHbLMU, ecnn xy = 0. Cucrema
BEKTOPOB HABBLIBAETCA OPMOZOHANLHOU, €CM KaAas Tapa BEKTOPOB 3TOMH
CHCTEMEI OPTOrOHAJBHA.

ITpoueccom opmozoHau3ayuL TUHEHHO He3ABUCHMON CHCTEMbI BEKTOOB
X1, Xz, «usy X, HAIHIBACTCH NOCTROEHHUE CHCTEMBI BEKTOPOB Yy, Yg, +vvs Ypm 1O
ceAyIomHuM (hopMyaam:

n=x,
Y%
Ya=x3~ —=Y1s
v
Yi%3 YaXs
Ya™= X~ ——=Y1 = —==Y2
Y1y Y22
Yixm Y2Xm Ym-1%m
Y = X = i Yz = =
ST Ya¥2 Ym-1¥m-1
CucteMa BEKTOPOB Y1, Yz, -++» Y OPTOTOHATILHA M HE COREPHKHUT HYAEBBIX
BEKTOPOB.
Basuc ey, ey, ..., ¢, Ha3LIBAETCHA OPMOZOHALLHbLM, €CTY e;e; = 0 mpw i # j.

JIAunoil BeKTOpa X HaakBaeTca 4HMCIO |x| = Jxx . BeKTOp, ATHHA KOTOPOTO
paBHA eUHMIE, HABLIBACTCA HOPMUPOGAHHbLM. [l BEKTOPOB X H J eBKIH-
JoBA TPOCTDAHCTBA BBITIONHAETCA HepaBeHcTBO Komu—ByHAKOBCKOTO:
[yl < |lyl.

OproroHanbHbIN 6a3¥C HABEIBACTCA OPMOHOPMUPOBAHHBLM, ECITA BEKTODHI
6asnca HOPMHPOBAHEL.

BexkTop X OpTOTOHAJNEH K no)mpoc'rpaﬂc'rny L, ecnu oH OpPTOrOHA-
JIeH K KaXJAoMy BeKTopy u3 L.

MHOXECTBO BCeX BEKTOPOB IPOCTPAHCTBA, OPTOTOHATBHBIX K OATIPOCT-
pascTsy L, o6osnauaercs qepes Ll 1 HasbiBaeTcs opmozonanbibLm donoine-
nuem nogupocrpanctsa L. OpTOroHaIbHOe [ONOJNHEHHUE SBJIAETCS HOAIPO-
crpancrsoM. IIpocTpaHCTBO ecTs mpAMas cymMMa noanpocrpancts L u L,

Jlna kasmpgoro moanpocrpancrsa L cnpasefnuso pasercrso: (LX)t = L

8.43. NTlokasaTs, 4YTO BEKTOP M3 HOAIpocTpaHcTBa L op’romna—
Jier K L TOra - TOMBKO TOTAA, KOIJA OH HYJIEBOM.

‘8.44. [lokasats, 4TO BEKTOP OPTOTOHAJNEH K IIOANPOCTDPAHCTEY
TOTZIA U TOJBKO TOIMA, KOI/la OH OPTOrOHAJEH K KaX/IOMY BEKTOPY
6asuca 3TOro MOAMPOCTPAHCTBA.
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[image: image66.jpg]8.45. JTokasaTs, UTO B pesyJbTaTe OpTOroHajH3anuu Gasuca
NOAIPOCTPAHCTBA L MOMYYUTCA OPTOroHANBHBIHM 6asuc L.

8.46. IIpuMeHsAs MpoIecC OPTOrOHAIHBAIMH, IOCTPOUTE OPTO-
TrOHAJbHBIN 6asuc JUHEHHOM O0GOJOUKHM JAHHOH CHCTEMBI BEKTO-
pos:

a)(1,1,1), (2,1, 0);

6)(1,-1,1,-1), (3,0,-1,1), (1,0, 1, 1).

8.47. YcTaHOBUTD, YTO CHAEAYIO[UE CACTEMbI BEKTOPOB OPTOro-
E[aJlBHBi, M DOMIOJIHUTH UX A0 OPTOrOHAJBHBIX 6as3ucoB:

a)(2,-1,1,0), (1,1, -1, 1);

6)(-1,0,2,1), (1,1, 1, -1).

8.48. JTonosHATE CIIEAYIOLIMe CHCTEMbl BEKTOPOB ZI0 OPTOHOD-
MHPOBAHHOT'O Gasuca:

9310, (0.3.2
JES IR N !

8.49. BoiACHUTH, OPTOIOHAJIEH JIM BEKTOP X JMHEWHOH 060104-
Ke cucTeMsl BekTopos (2, 1, 1, -1), (1,0, 2, 1), (2, 1, 3, -1):

a)x=(1,1,1,4); 6) x=(1,-3,0,1).

8.50. BoisACHUTD, OPTOrOHAJIEH JIH BEKTOD X:

a)x=(1,-4,-1,-2); 6)x=(3,2,1,-1)

TOATIPOCTPAHCTBY PEIICHHUI CHCTEMBI yPaBHeHMH

)+ 2ty — 3t3 + 41, =0,
2ty +ty— 5tz + 5ty =0.
8.51. ITycTh Xy, ..., Xps Xp41s ---s X, — OPTOTOHANBHBIN Gasuc

TpocTpaHCcTBa. JI0Ka3aTh, YTO OPTOrOHAJNLHEIM JONOJHEHUEeM JIH-
HeHHOMH 060JIOUKH CUCTEMbI BEKTOPOB Xy, ..., X ABIACTCA JUHEH-

Has 06ONIOUKA CUCTEMBI Xj, 1, +ovs Xpe
8.52. [TokasaTs, 4TO Xj, ..., X;y, Y1, ++-» Y; — OPTOTOHATIBHBIH
6a3¥C MPOCTPAHCTEA, CIIH X1, ...y Xy K Y], --+, Yj — OPTOTOHATbHBIE

6a3KUCHl COOTBETCTBEHHO nognpocrpancts L u Lt
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[image: image67.jpg]8.53. llokasars, YTO OPTOTOHAJNBHOE AONOJHEHHEe JMHEHHOK
0G0IOUKH CHCTEMBI BEKTOPOB (@1, Gy, ..., &y), (b, by, -.0y bp), oony
(€15 €5 +++» Cpy) COBIANACT C MOAMPOCTPAHCTEOM PEILEHM T CHCTEMEI
YPaBHEHHUHA

ayty +agty+ ... +aut, =0,
byty + boty + .o + bty =0,

¢ty +eptg + o+ epty, =00

8.54. JloxasaTs, 4TO OPTOroHAJIBHOE AOTIOJHEHNE IOAIPOCTPAH-
CTBa peIIeHUH CHCTeMBI YPaBHEHUH

ajty +aggty ... tagt,=0,
agty + agety + ... +ag,t, =0,

Uty + Aty + oo+ Aty =0

coBmazaer ¢ JHHeHHON OOOJOYKON CHCTEMBI BEKTODOB
(@11, @1gs -os @1p)s (@215 @22y +os B2p)s o5 (Bm1s Qs +os Bun)-
8.55. TlognpocrpancTBo L 3afano cucTeMoil ypaBHeHMI
t) +ty— 2t3+2t,=0,
2t; —ty+tg— 5ty =0.
Bagats L
a) IMHeAHOM 060109K0i cucTeMbl BeKTCDOB;
6) cucTeMo# OAHOPOAHBIX YPABHEHHHA.

8.56. BEIACHATS, IPUHANJIEAKHAT JIU BEKTOP X1
a)x=(1,1,-1, 1);. 6)x=(2,3,2,3)
OPTOTOHANBHOMY IOIOJHEHHUIO MOAMPOCTPAHCTBA PEIIEHN CHUCTe-
MEI ypaBHEHUH
{t1+t2+t3+t,‘:0,

ty—ty+tg—ty=0.

8.57. IlokasaTs, YTO B IPOCTPAHCTBE BCEX MHOTOYJIEHOB CTEIIe-
HE He GoJbINe 1 ¢ AeHCTBUTEILHEIMU KO3 hHUIUEHTaAME OT OZHOTO
HEHM3BECTHOTO ¢ CKaJIAPHOE IPOU3BeAeHAe MHOTOUIEHOB X(t) 1 y(t)
MoxxeT GbITh 3azaHo HopMyIoi

b
xy = j‘ x(t)y(t)de.
a
(TIpoBepUTSH BHINIONHEHUE BCEX CBOKCTE €BKJIMA0BA IPOCTPAHCTBA. )
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[image: image68.jpg]9. MATPULLbI U KBAAPATUYHBIE ®OPMbI

9.1. CobcTBeHHbIe 3HaYEHUS M co6CTBEeHHbIE BEKTOPbBI
MaTpuLbl

Yyciio ) HA3KIBAETCH COOCMEEHHbLM SHALEHUCH KBADATHONR MATPUIBL A
TIOPARKA 7, ECIIH MOXHO TOAOGPATH TAKOi HEHYJIEBOR n-MEPHLIA BEKTOD X,
uro Ax = Ax. MHOXeCTBO BCeX COOCTBEHHBIX 3HAUEHMIt MATPUILl A coBla-
JlaeT ¢ MHOXKECTBOM BCeX pellleHHit ypaHeHus |A — AE| = 0, xoropoe Ha3hl-
BAETCHA XAPAKMEPUCMULECKUM YPAGHERUeM MATPHIIB A,

HenyJieBojt BEKTOD X Ha3BIBAETCH COOCMEEHHbLM BEKMOPOM KBAJPATHON
MATpPHIBI A, TPHHAZJIEKAIMM ee COGCTBEHHOMY 3HAUeHUIO A, ecni Ax = Ax.
MHOkecTBO BCex COGCTBEHHBIX BEKTOPOR MaTPHUIB! A, NPHHAAIEXKAIIAX ee
COBGCTBEHHOMY 3HAYEHHMIO A, COBIAJAET C MHOXKECTBOM BCeX HEHYJEBBIX pe-
IeHxi cHcTeMBbI OLHOPOAHBIX ypasHenuit (A — AE)x = 6. MuoxecTBo pemie-
Huik 9TOM cucTeMEl 0Go3HauMM uepes A(L).

TIycrs Aq, Ag, «.., Ay, — TIOMAPHO PA3THYHBIE COBCTBEHHBIE 3HAYCHHU MAT-
PMIEI A U IyCTh B KaXI0M u3 MuOxecTB A(A;), A(Ay), ..., A(A,,) BEIOpans
NMHEHRHO He3aBUCHUMEIE CUCTeMBI BeKTOPOB. Torna o6'beAHEH e OTHX CHCTEM
Gyner TUHEHHO HE3aBUCHMOM CHCTEMOIt.

9.1. Haiitu cofcTBeHHBIE 3HAYEHNA MATPHILBI

b 011
A=|101
110

Pemenue Haiitem xapateprcrmieckoe ypanrenne warpuust A. Tak Kax

A1 1
|A-AE/=| 1 ) 1 |=-A+3Ah+2,
11 -2 J
0
A3+ 3 +2=0

— XapaKTepHCTHHECKOE YPaBHERMe MATPHIS! A. Paa/loKHB JeBYIO 1aCTS YDABHEHHA
Ha MHOXXHTEeJH, NONy4uM

(A -2+ 12 =0.
Cieaoatenso, MaTpuua A HMeeT ABA COBCTREHHLIX SHAYCHUS:
M=2 hy=-L
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[image: image69.jpg]9.2. HaliTe cofCcTBeHHEIE BEKTOPHI MATDHUIBL

011
A=l 101 | . i
110

Pemenme. Bdagaue 9.1 Guiin Haiifensl cobcriemusie snaveHus MATpEIS A:
hy=2, A = ~1. Teneps maitzem Moxectsa A(2) i A(-1). Cacrema numelissx ypas-

Henmit (A ~ 2E)x =0, x = (x, %;, ¥3), HMeeT BHR

-2 1 1 o
1|t —2 %t 1 |¥3=| 0
1 1 -2 0

Ee (yHAAMERTANbHAS CHCTEMA PeLIeRH COCTORT M3 oRHoro sekropa (1, 1, 1).
Cuegopatenso, sextop o(1, 1, 1), a ¢ R, — nponssonsmstit cofeTaeHHELit BexTop
13 A2).

Teneps maitzen Muosxectso A(-1). Bextopst (-1, 1, 0) i (-1, 0, 1) obpaayior
(yHAAMERTATLRYIO CHCTeMY pemenuit cuctems: ypasuennit (A + E)x = 6, u, oHa-
wnr, o(-1, 1, 0) + (-1, 0, 1), & B e R, — nponsmonsusii BeKTOp W3 MHO-
wectsa A(-1).

Haiiti co6cTBeHHbIE 3HAYEHUS U COGCTBEHHBIE BEKTOPEI MaT-
pum:

0-11 101

9.3(12J. 9.4.(12]. 95| 101/ 96 | 110
14 o3 110 011
1-12 -110 3-31 -1-20
9.7.|1_13|- 98| _s30|- 99.3.31| 910.|¢ _20|-
1-12 -211 3-81 2 21
i G 1001 1000 1000
911|353 5 |.912./0000| 9430001} gyq 1111}
3 6 -1 0000 1000 1010
1001 0001 0101

9.15. NlokasaTs, 9To cOGCTBeHHbIe 3HAYEHAA AHATOHANBHOMN
MaTPHIB! PABHBI €€ JUATOHAJNHLHEIM DJIE€MEHTaM.

9.16. Haiitu cobcTBEHHBIE 3HAUYEHUA TPEYTONIBHON MATPHUIIHL.
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[image: image70.jpg]9.17. lokasaTk, YTO HyJb ABISETCS COOCTBEHHBIM 3HAYEHHEM
MAaTPHIE! A TOTIa H TOJBKO TOT/A, KOra A — BBIDOXK/IEHHAA MaT-
puna.

9.18. [ToxasaTs, 4TO cOGCTBEHHEIe 3HaYeHUS MaTpUIEl A~1 06-
PATHBI COGCTBEHHBIM 3HAYEHUSAM MaTPHUIBL A.

9.19. ToxasaTs, 4To B mepeceyeHuru MEOXeCTB A(L,) 1 A(Ry) co-

JIePIKUTCH TOJNBKO HYJIEBOU BEKTOP, €CIV COGCTBEHHBIE BHAUCHMSA
Ay ¥ Ay MATPUIBI A DA3JIMYHEL.
14 Ay

9.20. Bee.coGeTBeHAbIE 3HAYECHIU MATPAISE A PAaBHBI Ay, Ag, +oey Ay

Haiitu Bce co6cTBeHHbIE 3HAYEHAS MaTPHIL:
a) 3A; 6) A — 2E.

9.21. loxasars, 4To MaTpuua A HOPARKA i HMeeT eAUHCTBEH-
HOe cobGCTBEHHOe 3Ha4YeHue, eciu xaxc):uaxﬁ ﬂ-Meprli:l BEKTOp AB-
JseTcs COGCTBEHHEIM BEKTOPOM MaTpUOs! A.

9.22. [loxasaTb, 9TO BCE Nn-MEPHbIe BEKTOPHl TOAA W TOJBKO
TOrAa ABJIAIOTCA CcoGCTBEHHBIMU BEKTOpaMu MaTpUIIBI A, Korzma

A0..0
A=| 02 ..0

00 ..2

9.23. JTokasats, uTo cobcTBeHHEIe 3HaUeHns MaTpur A u T-1AT
cosnagaor. HaiiTu cBA8E MeX/y COGCTBEHHBIMU BEKTODAME 9THX
MaTpHI.

9.2. MpuBeaerHne KBaApPaTHON MaTpULbl
K AMaroHanbHOMY BUAY

Marpuua A IPUBOAUTCS K AMATOHANBHOMY BUAY, €CIIH MOXHO OA0GpaTh
Takyio HeBLIpOXKAeHHYI0 Marprny T, uto T-1AT — auaronansHas MaTpuIa.
Marpuua A nopaaxa n NPUBOANUTCA K AMATOHAILHOMY BHAY TOTAA M TOJBKO
TOrAa, KOrjga B npocTpaHcTee R" uMeeTca 6a3uc, COCTOAIMIA M3 COOCTBEHHBIX
BekTOpoB MaTpuihi A, Cronbuamu Marpunsl T ABIAIOTCA KOOPAMHATE! BEK-
TOpOB 9TOrO Gasuca.

B npocTpanctee R? nmeeTcs 6a3uc, CQCTOAMI U3 COBCTBEHHBIX BEK-
TOPOB MaTpPHUIILl A, TOrja ¥ TOJBKO TOIAa, Korga obbeguHenue 6asmcos
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[image: image71.jpg]nmogmpocrparcte A(ky), A(Ag), ..., A(A,) aBnserca 6asucoM mpocTpan-
crsa R", rae Ay, Ay, ..., A,, — BCe pasiMuHEIe COGCTBEHHbIe 3HAUEHHA
Matpunst A.

TIpasuio nocrpoenns marpuusr T, npuBoxsneii MaTpuny A mopanka n
K {UATOHANBLHOMY BHAY:

1. Haiftu Bce coGCTBEHHBIE 3HAYCHUA MATPHUIBI A.

2. ina Kaxaoro cOGCTBEHHOrO 3HAYCHUA A; HATH (PyHAAMEHTATBHYIO CHC-
TeMy pelleHuil OAHOPOAHOIM CHCTeMBI JIMHEHHbIX ypaBHenuit (A — LE)x = 6.

3. ITocrpouts marpuny T, cron6uaMi KOTOPOK ABIAITCH KOOPAWHATEL
pellleHHit BceX HA/IEHHBIX (DYHAAMEHTANBHBIX CHCTEM.

4. Ecin nonyuennas matpuna T aBiAeTcsa KBaAPATHOM, TO OHA NPHBOJUT
MaTpuuy A K AuaroHainbHomy Buay. Ecan sxe matpuna T me 6yaer kBagpar-
HOH, To Marpuna A He MOXeT ObITh IPUBeJieHa K AHATOHATLHOMY BHAY.

9.24. Haiiru marpuny T, xoTopas NIpUBOZUT MAaTPULY

2 -1-1
A=| 320
424

x guaromansHOMy Bugy. Haittu Marpuny B = T-1AT.

Pemenne Bsumcamu onpesennrens marpaust A — AE:

2-2 -1 -1 2-2 . 0
A-2E=| 3 2-2 o0 [=| -3 2-a

4 2 4-2 4 2
2-2 -1

0
=| -3 2-2 A-2|=@-}
1 4-12 0

2-% -1 o z-na-3)
1 4

Cocraenssie auauenns MATDHIG! A DABHE 2 1 3.

Teneps uago HailTi (yHAAMEHTANBHIe CHCTEME! pelleHui cucTeM ypapHemmii
(A - 2E)x = 0 11 (A - 3E)x = 0. DyHjaMeHTANEHAS CUCTEMA PEIHHI TIePBOF CHCTeMBL
cocromr u3 ogmoro pemerus (0, —1, 1), a BTopol — ua oaHoro peutenus (1, -3, 2).
Cregosatensuo, matpuua T MMeeT BIL

01
T=| _1-3

12

TonyuenHas MATPHIA He ABAAETCS KBAZPATHOR, NOSTOMY MATPUIA A He IPUBO-
JAMTCA K AMArOHANBHOMY BHAY.
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[image: image72.jpg]Haittr martpuny T, KoTopas NPHBOAUT AAHHYI MaTpULy A
K AMATOHANBHOMY BHZAY, U MaTpuny B = T-1AT:

.‘ ¢ 3 2 2
9.25. [ ~43 -32 ] 9.26. [ =52 J 927.| _1 2 0
g -2-2-1
9 -80 -1-20 7 6 4
9.28.| 10 90 |- 929.| 1 20[-930.] ¢ 1 o
-12121 2 21 -12 -12 -7
00 0-1 -111-1
9.31.| 0 0-10} 932 | 1-1-11
0-100 1-1-11
-10 0 0 -111-1

9.3. OproroHanbHbie H CUMMETPHYECKHE MaTPHLbI

Marpuna A", cronbnaMu KOTOPOM ABIAIOTCA CTPOKH MATPHIEL A, Ha3bI-
BAeTCA MPAHCNOHUPOBAHHOL K A.

CgoiicTBa ONEPANUH TPAHCHOHHPOBAHMS MATPHIBI

1) (A + By = A" + BY;

2) (AB)™ = B'AT;

3) (RA)T = kAT

4) (A7) = (A7),
rae k — uucno, a A u B — maTpunsr.

Martpuna A HasHIBAaeTCHA CUMMEMPULECKOLl, eclu A = AT,

OpmozoHanbHOU Ha3bIBaETCH MAaTPULA A, AJA KOTOPOR

AT= A1

Crenyroniue TPy YCAOBUSA PABHOCHIBHEL:

1) maTpuma A OpTOroHANLHA;

2) matpuna A1 oproronanbua;

3) cronbusr MaTpuubl A 06pasyloT OPTOHOPMUPOBAHHYIO CHCTEMY BEKTO-
pos.

OpToroHaNbHAA MATPHIIA MOYKET He HMeTh AefCTBUTENbHBIX COGCTBEH-
HBIX 3HAYEHUH.

CummeTpuyeckas MaTpPUIla BCErJa MMeeT AeHCTBHUTeNbHOe COGCTBEHHOE
3Hauenme, 1 Bce ee COBCTBeHHEIe 3HAUEHMA — AEHCTBHTeNbHLIE UHCIHA.
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[image: image73.jpg]CobcTBeHHEIe BEKTOPbI CHMMETPUYECKOH# MaTPHIbl, TPUHAAEKAMNe Pas-
JIMYHBIM COGCTBEHHEIM 3HAYEHUAM, OPTOTOHANBHEL.

Jlna xas{ok CMMMeTPHYECKON MATPHMILI A CYINeCTBYeT TaKas OpPTOro-
nanbHag Marpuna Q, uto Q'AQ — amaromansHas marpuna. Iloctpoenue
9TOM OPTOrOHATBLHOM MATPHUIIBI OCYIECTBIAETCH CIeAYIOIIMM 0Gpa3oM:

1) cTpoAT HeBBIPOXAEHHYI0 MaTpuny T, KOTOPas MPUBOZUT MaTPUIy A
K MarOHaJIBHOMY BUAY;

2) mozBepraioT cTONOILI HalKeHHO mMaTpuner T mpomeccy opToroHamu-
3anuM, a 3aTEM HOPMHUPYIOT MOJIyYeHHbIE BEKTOPHI;

3) CTPOAT OPTOTOHANBHYIO MATPULY Q, CTONOIIAMH KOTOPOH ABIAIOTCA
KOOD/AMHATHI I0JIy4YeHHO! B IYHKTe 2 OPTOHODMUPOBAHHO CUCTEMBI BEK-
TOpOB.

9.33. IIpuBecTu K AMArOHAJBHOMY BHAY C IIOMOIIBIO OPTOTO-
HANBHON MATPUIBI CHMMETPUYECKYI0 MATPUILY

122
A=|212]
221

Pemenue XapaxTepuCTHuECcKOE YPABHEHHE MATPHIG! A HMeeT BHA

1-2 2 2 5-2 5-1 5-1 1 1 1
2 1-2 2 [=} 2 1-2 2. =6G-M|z 1-a 2 |-
2 2 1-2 2 1=A 2 2 1-A

2
1 1 0 1 1 0
=6-Mfz2 1-12 1+i |=6G-MA+V |2 1-2 1=

2 2 —-1-A 2 2 -1
0 1 0

=G-MDA+N | 1420 1-2 1| =G-MA+M2=0.
0 2 -1

Otcoza criefyer, uTo MATPHUA A MMeeT ABa COBCTBOHHBIX aHAUeHHS: Ay = —1;
5.

DynjaMenTATbHAS CHCTEMA PelIeHRiE cHeTeMs! ypapuenuit (A + E)x = 0 coctomr
w3 asyx BexTopos: (-1, 1, 0), (-1, 0, 1), a cuctemst ypasuenud (A — SE)x = 0 — ua
opsoro pexropa (1, 1, 1).

Marpuua T, NPUBOAAIIAR MATPALY A K AUATOHANBHOMY BUAY, HMEeT BUJ

-1-11
T=| 101
011




[image: image74.jpg]Tocne opToroHanM3anuy ¥ HOPMIEPOBAHUSA CTONGLOB ITOH MATPHULLL HOAYYUM OP-

TOTOHANLHYIO MATPULY

&
2
L
2
0

= gl e
Sl i 5l

El

Matpuna, o6parsas x Q, cosmagaer c @ T.e.

= el

Q=

HeTpyaHo npoBepuTh, YTO

QAQ-

TIpuBecTy K AMaroHaJIbHOMY

Sl 5|

i e
Sl sl o

@l

BHUY C IOMOIIBIO OPTOTOHANBHOMN

MaTpunsl Q crexyole CUMMETPUYECKHE MATPHIIBI:

9.34. [ 21 ] 9.35.
12
2 2 -1

9.37.| 5 1 2 9.38.
-1-2 2
0-111

9.40.| 10 1 1/ g4y,
110 -1
11-10

011
;;]. 9.36.| 100
3 110
3 -22 5 —4-2
-2-12 939.| 45 2
2 23 -2 2 2
-11 10
1-101
10-11
01 1-1

9.42. Jlokasatk, 4To Marpuna A = (ai,-) nopazka n 6yaer cum-
METPUYECKOH TOrZa M TOJNBLKO TOTAA, KOTAA @;; = @j; MPH JMobbIX

ij=1,2, .., 0

9.43. [ToxasaTs, uto marpunsl A~! u AAT 6yxyT cuMMeTpUIe-
CKHMH, eC/Ii A — CUMMeTPHYeCKas MaTpUIa.
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[image: image75.jpg]9.44. Tloxazats cuMMeTprdIHOCTH Marpur A + B u ABA, ecin
A u B — cuMMeTpUUeCKHe MATPHIE OUHAKOBOTO MOPAAKA.

9.45. Matpuus! A 1 B HasbIBAIOTCA NEPeCcMAHOB0YHbLLMU, €CITH
AB = BA. [lokasaTs, 4T0 CUMMeTpHYeCKHe MaTpuis A u B mepe-
CTaHOBOYHBI TOI/IA M TOJNBKO TOr/a, Korga AB — cuMMerpuuecKas
MaTpuIa.

9.46. JTokasarh, YTO IPOM3BEJEHHE OPTOrOHANBHBIX MATPHUI
6y/ieT OPTOrOHANIbHOI MaTpPHUIIEH.

9.47. TokasaTh, 4TO NMPOM3Be/i[eHUE OPTOTOHAIBLHON MATPUILI
Ha uncio k 6y1eT opToroHaabHON MaTpiIeil TOrAa ¥ TOIBKO TOTAa,
xorga |k = 1.

9.48. TlocTpouTs IBe OPTOTOHAJNLHBIE MATPUIBI NOPAAKA 7,
cyMMa KOTODBIX He ABJIAIETCA OPTOrOHAJIBHOM MaTpUIei.

9.49. JlokasaTh, YTO ONpeJeNUTE]s OPTOrOHAJIBHON MAaTDHIBI
pares *1.

9.50. lokasaTs, 4TO COGCTBEHHBIE 3HAYEHHUS OPTOTOHANBHOMN
MaTpUIB! paBHSI T1.

9.51. Haiiti HeoGX04UMOe 1 JOCTATOYHOE YCIOBHUE, YTOGHI CHM-
MeTpuueckas MaTpuna A 6GbIIa OPTOrOHAJIBHOM.

9.52. JlokasaTs, 4T0 A — OpPTOroHa/lbHai Marpuna, eciu AB
uB— OpTOI‘DHBJlLHhIIe MaTpuInbl.

9.53. [ToxasaTs, uro ecau AB 1 A — oproronassHbIe MATPHUIBI,
Tou B — OpTOroHaJibHas MaTpuua.

9.54. [ToxasaTs, uTo MaTpuua A TOrZa W TOJBKO TOrja Oyaer
OpTOPOHMBHOﬁ, €CJIA ee CTPOKH Oﬁpaayl()’l‘ OPTOHOPMHUPOBAaHHYIO
cHcTeMy BEKTODOB.

9.55. [lokasaTb, 94T0 MaTpuna A mopsiika n 6yaeT OpTOroHaIb-
HOIt TOFa M TONBKO TOrZa, Koraa |Ax| = |x| xns Bcex x us R™.

9.56. lara marpuna A nopsaxa n. JlokasaTs paBHOCHIBHOCTH
CJIeAYIOIIUK YCIOBHIA:

a) A — OpTOroHanBHAS MATPHIA;

6) ecnu X1, Xy, ..., X, — OPTOHOPMHUPOBaHHLIH 6asuc R", 1o Ax,,

Ax,, Ax, — oproHOopMupoOBaHHbIi 6asuc R™;
B) AxAy = xy pnsa m1060ii Dapsl n-MEPHEIX BEKTOPOB X H Y.
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[image: image76.jpg]9.57. [lausi 18a n-MEPHEIX BEKTOPA X ¥ yJ OAWHAKOBOM AJMHBI.
Iloxasats, 9TO CYIIECTBYeT OPTOrOHANBHAT MATPMUA A HOpAJKa 1,
ANA KOTOPOit Ax = y.

9.4. Keappatuutbie ¢popmbi

Tlepexost OT CHCTeMBI N HEMBBECTHBIX Xi, Xp, ..., X, K CHCTEMe 7 He-
M3IBECTHBIX Yy, Y2, ++-» Y, MO dopMyne x = Sy, rae x = (x5, X3, ..., X,),
Y=1 Y2s --+» Yn)» S — KBajpaTHAR MATDHNA NODAAKA 1, HA3LIBAETCS

JAUHelHbLM Npeolpasosanuem Heuzsecmubix, Ecnu S — HeBBIpOMKAEHHAA
MaTpHuua, TO JuHeitnoe mpeoGpasoBaHMe HEM3BECTHBIX TaKyKe HA3bIBAETCH
HeBbLPONCOCHHBLM.

Keadpamuvunoi gpopmoir F(xy, X3, ..., X,) OT N HEM3BECTHBIX X1, Xz, ...,
X, Ha3BIBAETCA CYMMa, KaxJioe cjlaraeMoe KOTOpOoit ABNAETCA HIIM KBAAPaTOM
OJHOTO M3 OTHX HEM3BECTHbIX, WJIM IIPOM3BEJeHUEM ABYX PASHBIX HEH3BECT-
uerx. Ksagpatuunyio gopmy moxuo sanucars B Buge F(x) = xAx, rie
x =(x1, X3, ..., X,), A -— CHMMeTpHYeCKAH MaTPULA MOPAAKA N, KOTOPAs
HasnBaercA mampuyeil keadpamuyunol gopmor F(x).

IBe xBagpaTuuHbIe GOPMEI HAIBIBAIOTCA IKEUBANCHMHbLMU, €CTH OHA
M3 HUX IePeBOAMTCA B APYIYIO IIOCPE/CTBOM HEBBIPOXKACHHOIO JMHEHHOTO
npeobpasoBaHMA.

Ecnu B xBagpaTiunoit gopme F(x) = xAx HeuspecTHbIe HOABEPTHYTH JH-
HeifHoMy npeoGpasosanMio x = Sy, TO NONYYMTCA KBAAPATHUHAA (opMa
F(y) = y(STAS)y c marpuueir STAS.

Kanonuueckum 6udom RaHHON KBaAPATHUHON (GOPMEI HA3LIBACTCA IKBH-
BaJIeHTHas el popma, He coxep:;Kamias NPoU3BefeHNil HeusBecTHHIX. Kax-
AYI0 KBaAPATHYHYIO (JOPMY MOKHO NPUBECTH K KAHOHHYECKOMY BHAY C IO-
MOIIBIO IMHEHHOTo Npeo6pasoBaHUA HEUSBECTHBIX X = Sy C OPTOroHaNbHOM
marpuneit S.

Ecau F(x) > 0 (<0) anst Beex x # 0, To kBaapaTHyHas ¢opma F(x) HaBHI--
BaeTcs nonoxcumenvHo (ompuyamenvio) onpedenennoii. Ksaxparwanas
dopMa IIONOMKUTENFHO (OTPHIATENBHO) ONpeJeseHa, eC B KaKOM-HUGYAb
ee KAHOHMYECKOM BH/ie HeT OTPHIATeNbHbLIX (I0J0KUTEeNBHBIX) KOdQdUIH-
©HTOB IIPH KBAJPATAX HEHIBECTHLIX.

Cregnyromise ycIOBUA PABHOCHIIBHEL

1) xBagpaTuunas gopma F(x) = xAx HOJOXKUTENBHO ONpeeneHa;

2) cobeTBeHEBIE 3BHAYCHNA MATPUIBI A MOM0KHUTENBHEI;

3) YrJIOBbIE MMHOPE! MATPHIIH A TIOJOKHTENbHEL

Crnenyionue ycJoBUS PaBHOCHJIBHBL:

1) xBagparnunas Gopma F(x) = XAx oTpUIaTeNbHO ONpejeseHa;

2) coGCTBeHHEIE 3HAYEHHA MATPHIEI A OTPHIATETbHbI;
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[image: image77.jpg]3) BCe yryIOBBIe MHHOPHI MATPHIIbI A HEYETHOrO MOPALKA OTPHIATENLHSI,
a Bce yrjiopbleé MHHODPBI YeTHOrO ﬂ&piﬂﬂ(ﬂ TONOMXUTENBHEL.

9.58. HanucaTs MaTpuIy KBafpaTHYHOMH HOpMEBI
F=2x% ~'5xl + 8x% + 4x%, — 2x%5 + 62,75

Pemenne OG03HAUNM KooQ(HIUEHT K IPOMIBEREHRH X, X, = X;X; (i # k) uepes
ay, + ay;, upuveM ay, = ay;. Lnen (a; + a,)x;x) sanumem B Bue a;¥x, + amx,lx
Torza kpagpaTuuiyio gopmy F MOXHO samucaTs B Buge

F= 22 + 2mpmy— xyxpt
2
+ 2iye, - 5xE + Bxyxg -
~ xg%, + Bxyx, + 825,

Teneps marpuia A keasparHisoil gopust F umeer sus

Hanucats MaTpuny cieAyOMuX KBaJPATHIHEIX GopMm:

9.59. F = —x% + 2x2 — 8x2 + 22,2, + 2xy%5.

9.60. F = 2x,x, + 4x7x3 — 6x9x3.

9.61. IlpuBecTu K KAHOHUIECKOMY BHAY KBaApaTHIHYIO GopMy
F= x‘f + 2x§ + 7x§ + 2x1x5 + 2x1x3 + 4xpx3.

Pemenue Crpynnupyem sce wieHs, CofepHamue HEMIBECTHOE ¥y, i AONOTHHM
MX /10 IOJIHOTO KBAApaTa:

F= (2,2 + 2xyxp + 22,%5) + 22 + T + dxyg = (x2 + 20, (g + x3) + (¥ + 23)) —
~ (x+ xg)2 + 2x5 + Txy + dxyxg = (¥ + Xy + %) + x5 + 6x5 + 2xpxy.

B fansmeiilnem TOMHELA KBAADAT, COACPIKALIAA HEUIBECTHOE X, HE HOMEHSAETCS.
Cpeau oCTABIIMXCA UWIEHOB CTPYNIIEPYeM BCe, COREPIKAIIUE Xp, I AOMOIHEM UX KO
HOAHOro KBAKpATA:

2 2 2 2
=(x; + xp +x3)% + (x5 + 22523+ x3) — x5 + 6x5 =
2
= (% + 2y + 22+ €y + 23 + By
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[image: image78.jpg]Tereps MepeiifeM OT HEUOBECTHEIX Xy, X3, X3 K HeWIBECTHBIM Yy, Yz, Y3 M0 Gop-
Mynram

n=x txgtxg

= ;i

yz= X3

B Pesy/IbTATe 9TOrO ePeX0a MOMY M KAHORHIECKMi BHA AAHKOM KBARPATHHHON
GopmbI:

2 2 2
F=y; ty; +5y;-

TIpuBecTd K KAHOHHYECKOMY BHAY KBaZpaTHYHbIE (DOPMBI:

9.62. F = xf + 3x§ + 4x§ + 2275 + 2xyx3 + 6xpx3.

9.63.F = 2x° — 3x2 — dxyx, + 4, x5 — 8xpxg.

9.64.F = x° + 2x,x, + 225,

9.65. F = xf — dxyxg + xg.

HaiiTu Bce 3HaYeHHs napamMeTpa A, upﬁ KOTODBIX IIOJIOXKUTENb-
HO onpejeJieHsl CaeAyIole KBagpaTU4YHbIe q]oprI:

9.66. Zx? + x: + )»xg + 2x1p — 2% %3 — 2X9X3.

9.67. hx? + 2x§ + 33:5 + 2x1x5 + 2% + 4xax3.

9.68. 2Ax> + x2 + 2x2 + 2x %y + 2x,%;.

9.69. fo + lxz + 2x§ + 2x1x5 + 6xyx3 + 4xpx3.

HaiiTu Bce 3HAUEHMS TADAMETPA A, TP KOTOPHIX OTPUNATENLHO
onpeze/ieHs! CAeAYIOIIe KBaAPATHYHbIE GOPMBI:

9.70. —x? + lxg 4 3x§ + 4x1x5 + 2x1203 + 2x5%3.
9.71. —in = 2x§ + )»x; + 2x1xp + 4x7x3 — 2x5%3.
9.72. lef + x: + xg — 4x7x9 + 2x1x3 + 2x5x3.
9.78. —x,2 - 2x2 + 2AxE + 22, %, + 22,%5 — 6x5%5.
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[image: image79.jpg]HlauTiu OpTOroHajabHOE IIPeo0Pa30oBaHUe HEU3BECTHBIX, IIPHUBO-
ZAsiiee cieayoinue KBagpaTudHble (POPMbI K KAHOHMYECKOMY BH-
Ry, ¥ 3anucaTh MOJYYEHHBIH KaHOHUYECKUHR BUM:

9.74. x% F: 4x; + xg + 2x1x9 + 8x1x3 + 2x5x3.
9.75. 3xf - xg + 3x§ + 6x1x5 — 2x7x3 + 6xx3.
9.76. -6x> — 3x5 + 2x5 + 4x1xy + 621x3 + 12x5%5.
9.77. Sxf + 5x§ + 5x§ + 2x9xg + 2x7%3 + 2x5X3.

9.78. 17x% + 17x5 + 11x5 — 16x,%, + 8x1x5 — 82575,

NPAKTUKYM 1
No JIMHEWHOW ANTEBPE

3apanus

1. BeraucauTs onpefenuTens MaTpuist A (Tabi. 1).

2. Ha#itu npousBesenue marpur A u B:

122-1 By 2 -1
A=|2345 | p—|-1k3
1325 2 4 ky
324-3 132

(rabin. 2).

3. Jana marpuna A (ra6xn. 3). Hafitn maTpuny A~! u ycrano-
BuTh, 9T0 AA™1 = E.

4. [Tana cucreMa BEKTOPOB Oy, O, O3, O, O, Og, B KOTOPOM
o3=(0,1,1,2), o4=(,1,1,3), o;= (1, 0, -2, -1),
og=(1,0, 1, 2). [omonHUT IMHEHHO HEBABUCAMYIO YACTE O, Oy
(rabn. 4) no 6a3uca cuCTEMBI BEKTOPOB 01, Olp, O3, Oy, O5, Olg 1 BCE
BEKTOPEI, He BomeAinue B 6a3Kc, PasIoKUTH Mo Gasucy.

5. HafiTu ofImee pellleHMe' CHCTEMBI JIMHEHHBIX ypaBHEHUA
(ra6xn. 5) merogom Taycca.

6. HajiTu GyHnaMeHTaNbHELA HAGOD PeIIEHMI OXHOPOLHON CHC-
TeMBI JIMHEeHHEIX ypaBHeHui (Tabn. 6).
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[image: image80.jpg]Ta6auua 1. Bapwants: saganus 1

Bapuant Marpuna A Bapuant Marpuna A
12345 59-2-45
23 71013 2-34-33
1 35 1116 21 16 5-T2 4 -2
2-77 7 2 4 -58 -68
-14 5 310 6 -52-387
36 564 3 4-3-12
59 786 565 23
2 6121397 7. 4-9-37-5
46 654 -1-41 1-2
25 453 -37 5 2 3
21126 14345
01-21 1 2871013
3 231 2-1 18 2% 61311
151-10 2-277 2
-114 2 1 185310
113 54 33537
052 18 547310
4 140-15 19 6613313
353 07 42616
12-131 23436
23 0-13 92-1310
11310-2 26-10 1
5 320 5 -5 20 13121
2 8-4-32 16512
0-3-11 3 01423
12345 456 5 11)
21234 1420 13
6 32123 21 110-15
43212 3230 7
54321 4123 8
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[image: image81.jpg]Hpodonacenue madr. 1

Bapuant Marpuna A Bapuant Marpuua A
-412-21 33579
-442-1-4 21234

v 2-31-31 22 58357
“1-12-10 43212
-13315 37533

12345 65124
23451 55337
8 34512 23 55541
45123 47235
51234 33223
21435 25440
55485 -27385-1

9 34521 24 -4-25-2-4
15243 -6 452 -4
5112113 -3321-2
72134 5 -610-7-2
82387 34 -22-2

10 1025311 25 -22-45 -3
63245 6 -8 7 -4-1
(51223 21705

12345 27423
18386 -1-329-2
1 24135 26 375238
13524 -1-228-2
18556 -1-411-2
2-13 4-5 4 6 81 2
4-27 8- -1-72 3 1

12 64-9-23 27 2-8127 4
3-24 1-2 7 9 1727 -6
-2 6 5 4 -3 8 3 6 2 37
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[image: image83.jpg]Ta6amna 3. Bapmanrs: sagamus 3

Bapuaxt Marpuna A [Bapuant Marpuna A
2 28 227
1 1-10 16 -3-2 5
-121 4 3 -1
423 6-3 4
2 110 17 44 -3
322 1-4 4
211 344
3 465 18 -243
354 455
234 232
4 123 19 241
136 326
101 655
5 012 20 2617
124 -323
17104 455
6 110 21 454
2-33 345
332 324
K 432 22 53-2
221 21-5
214 213
8 324 23 4-5-2
213 32
42-1 313
9 58-2 24 5-22
32-1 223
12-3 441
10 32 -4 25 134
2-10 256
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[image: image84.jpg]Oxonvanue maba. 3

Bapnant Matpuua A [Bapuart Marpuia A
53 1 9 4 -2
11 1-5-2 26 -5-2-5
-5 2 1 2 1 -4
[ 2-3 1} 111
12 4-52 27 -18 10
5-73 4-1-2
[ 26 3] 21-1
13 323 28 21-2
434 32-2
[ 3-1 2} 101
14 4-33 29 111
302 231
{ 43 »3J 13 8
15 23-2 30 3 2-1
55 -4 215
Ta6auna 4. Bapuanrs: sapamns 4
I A S -
1 |(2,-4,5,3) 12,2,-5,9) 16 [(2,-3,2,1) (3,2,0,5)
2 (7,0,9,16) [(3,1,4,8) 17 [(3,3,2,8) (0, 4,-3,1)
3 |(4,1,3,8) (7,-1,0, 6) 18 [(5,4,-2,7) (1,0,2,3)
4 5,2,7,14) [(2,11,-10,3) 19 [(2,7,-3,6) (5,8, -5, 8)
5 ((6,12,-7,11) ((2,3,3,8) 20 |(4,5,-3,6) 1,-4,5,2)
6 (9, 11,-1,19) |(5,3,-5,3) 21 [(3,5,-5,3) (4, 8,6, 6)
7 12,4,1,7) (3,-7,8,4) 22 ((1,3,-3,1) (2,1, 3,4)
8 |(1,6,-7,0) (5,-3,9,11) 23 |(4,5,-2,7) (1,-5,4,0)
9 (1,3,0,4) (2, -1, -2, -1) 24 ((2,8,-1,9) (3,10,-6, 7)
10 |(1, 2, -5,-2) 2,9,-7,4) 25 ((-4,2,1,3) (-1,4,2,5)
11 |(1,7,-2,6) 4,-1,1,4) 26 ((1,7,-2,6) (2,3,-4,1)
12 [(5,1, -4, 2) 1, -4, -2, -5) 27 [3,2,-1,1) (0,1,-3,-1)
13 (2, 3,0,5) 4,1,0,5) 28 ((2,1,3,-1) 1,2,-1,3)
14 ((0,-1,2,1) (3,2,1,6) 29 |(-1,1,-2,1) 3,1,1,1)
15 13,1,3,7) (5,0,1,6) 30 ((2,-1,3,5) (-2,1,-1,3)
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[image: image85.jpg]Ta6amna 5. Bapuauts: sajamus 5

Ba- Ba-

pu- Cucrema ypassesmii pu- Cucrema ypasmesuii

asr anr

t

Xy + %+ 3x3— 2%, + 3x5=4, 2x; - 2%y +xg—xytx5=1,
2xy+ 2xy + 4x3 — x4+ 325 =6, %+ 2%y~ 23+ xy—2x5=1,

1 16
8x, + Bxy + bxy — 2x4 + 3x5 =6, 4x) — 10x, + 55— 52y + Txg =1,
2x; + 2xp + 8xy — 3xy + 9x5 = 14 2xy — 14xp + Txg — Txy + 1lx5=-1
5xy + Txg + 4xz + 6xy + 625=2, 20yt xg-xg-xytxs=1,

3 15x, + 30x, + Txg + 8xy + 3x5 = —13,| 1 Xy —xp+x3+ x4 - 2x5=0,
9x; +6x, + 5x3+ 8xy + 9x5 =9, Bx) +8xy - 3x3— 3x, +4x;=2,
6x; + 9xp + Bxg + 4xy + x5 =1 4xy + 5xy —5x3— 5xy+ Txg=3
6x; + 5xp + Txg + 5xy + 3x5=6, X3 —2xy+x3- x4+ x5=0,

g [[ M p B Bt om =2, 2x; + Xy~ x3+ 2x4 — Bxg =
4x) + 52y + 8xz +4xy +4x5=1, Bxy ~ 2%y — x3+ %y~ 2x5=~1,
8xy + by +dxg + Ty + 225 = 2 2x, = Bxy + x3— 25, + x5 = -2
15x) + 2x, + 4xz — x4+ 9x5 = 23, 2x) +xp+ x5 - 2xg + x5 =1,

g 8y + 2025 + 523 — 224 + 6x5 = 13x; + 8xy + 4xy — 8xy + 6x5
32, + 62y + 2xg—x, + 3x5= 1, 52, + 4xy + 2xg — By + bxg
92, + dxy + Bxg — 2x + 6x5 = 12 By + 2y + x5 — x4 + 2%5= 2
13x; — 4x, — x5~ 4%, — 6x5= 8, 2xy +3xy + x5+ 6xy +9x5 =2,

5 [J11m 2wy - 2xymBws = T || g 2 2y 4 By = =T,
5xy+4xy+ Txg+ 4dx, +625=4, 2x) + xp + 423+ 2%, + 3x5=3,
Ty + 2xp + By + 24+ 3x5 =5 Bx; + 2y + Bxg + dxg+ 6x5 =1
8xy —xp+ 3xg+ 2x4 + 5x5 =6, 2x) +3x,+ Txg + x4+ 2x5=1,

¢ 5xy - 8xp+ 2x3+ 3x  +4x5=1, - xy +2xy + 3x3 + 2x, + 4x5=0,
xy = 3xy — 5x3 — Txy = —4, 8x; + 2xy+ x5+ 2x, + dx5 =4,
Ty~ Bxy+ x5+ dxy +25=6 4x, + 8xy + 2x3 + 8x4 + 6x5=5
—xy+ 32y + 3x3+ 4x, + 5x5=1T, 2xy - xp+ 3xg +4xy - x5 =-1, .

% 6x) + 2xp + 223 - x4 = -2, 2 x+ 2% - 8xg + x4+ 225 =1,

—8xy +xp + xg+ 224 + Bxg =

11x, + By + B + 24— x5 = =5

5y — 5y + 122 + 112, — 425 =—4
%) = Bxy + 63 + 8x, - Bx5 = -2
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[image: image86.jpg]Hpodonsenue mata. 5

Ba- Ba-

by Crcrema ypasmemnii pu- Cucrema ypashermit

anr 5 ot
Xy + x5~ B — x5 =2, By +xy— 2x5+ x4~ x5 = 4,

s Xy = Xp+ 2x5—x4=1, 2 2x; - x5+ Txz— x4+ 5x5 =6,
4xy~ 2xy+6x3+3x4 —4x5=1T xy +38xy— 2x3 + bxy — Txg =2,
2y — dxy — 20y + dxy — Tag = 1 3x; - 2y + Txg — 5xg + Bxg =5
Xy + 2%y + 3x3 — 2x4 + x5 =4, Xy +2xy— 3x3+ 225 = 2,

o | ]33+ 6xat By = dng+ 325 =5, I i e
xq+ 2%+ Txg—dxy + 25 =11, 2xy+3xy +x3 - bxy+2x5=1,
2x) + dxy + 225~ Bx, + 3%, =6 xy = 2xp - 225 — 3%y~ 5xy =
9x; + Txy + 5xg + 6x4 + 9x5 = 10, 2y — 25+ 3xy — 4x, + 2x5= 0,

Jo/BF1F4xet 2xi+ Bxs =5, 5 X+ 20— x5=1,
5x) + 3xy + x3 + 2x4 + Bx5 =4, Xy = xp+ 2x3-3x4=-1,

Tty + By + Bxg + dxy + 6x5= 7 Xy = xg+ x4 - 2x5=—1
6xy + x5 — 3x3+ 9xy + 5x5=0, 2xy + Bxy + bxg — dxg + x5=3,

11 ||+ 5xa = Bxy + 9x + Tag =6, || |21~ xp + 225+ Bxg + 555 =8,
2y + 4xy — X3+ 3x4 + 2x5 = 4, Bxy + Ty + 8x3 — 11xy — Bxg =
4xy+ Txy— 2x3+ 6x4+ 5x5=8 2x) + 325+ 5x3 —4x, + x5=3
xy — 4xy — 4dxg + x4 — 3x5= -3, 8x) —4xy + 3x3 + 6xy + 8x5=5,

1g|F T TRt By - 2xg ot B2 -2, g7 || 1071 = By ¢ B + 92, + 1525 =10,
9x; + Bxy + 42y — x4 + 9x5 =T, 4x; - 23y + x5+ 224 + 2x5= 1
Txy + 52y + 223 — 2x4 + 6x5 = —6 2ty — xp+ Bxg + Ty + 115
5y + By + xg+ 102, + Tx5 =3, 2%, + xy+ 3x3 - 31y

13 5xy + xp + 223+ 5xy +4x5 =17, 2 Xy =82y + x3— x5= -2,
dxy+ By + x5+ Ty + bz =4, 4y = Tty + Bxg — x4 — 2x5= -1,
Bxy + 229+ xg + 4x4 + 325 =3 Xy = 4xp + Xy +xg— A5 =2
Xy 2065 + X3~ Bxy + 205 =3, x; - 3%y + 5xg + 4x, + 6x5= 5,

ol 2xy + xp+ xg+ xy — 3x5=2, 29 Bxy—xp—x3=1,

%y + Xy + 2x3 + 224 — 2x5 = 4,
2%; + Bxy = 5y — 172, + 10x5

2y + 20y + 223 + 224 + Bx5 = 3,
4x; — 4xg— 2%y — 3x5=-1
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[image: image87.jpg]Orxonuanue mabn. 5

Ba- Ba-

pu- Cucrea ypassesmit pu- Cucrea ypassesuii

anr oz
X+ 3%, + 223 - 2204 + 25 =5, 5xy = X3+ Bxy + 3x5=

15 X = 2%+ X3 - x4 — X5= -2, 30 2x;—xp+xgtxg+ x5
Xy - 4%y + x5+ Xy - x5 =2, Xy +xp+Bxy+ 225 =1,
3x; — 8xy + 4xy — 2% — x5 =1 -8x; + 3y - 203 + x4 =T

Ta6nuna 6. Bapuantsr saxanus 6

Ba- Ba-

pu- Crcrema ypasseruii pu- Crcrema ypasseruii

anr asr
Bx; —xp+ 3x3+ 224 + 5x5=0, 2x;+3xy+ Txg+ x4 + 225 =0,

i 5x; — 8xp + 2x3+ 8x4 + 425 =0, 16 xy + 2xp + 325+ 204 + 4x5=0,
xy=38x;—bx3—Tx;=0, Bxy + 2x, + x3+ 2x4 + 425 =0,
Ty = 5y + xg+ dxg +x5=0 4, + Bxy+ 23 + Bxy + 6xg =
—x; + 82y + Bxg + dxy + bxy = 2x) — xp + Bxg+4xy —x5=0,

2 6x; + 225+ 2x3+x,=0, 17 xy + 2%~ 3x3 + x4+ 225 =0,
—xy + Xy + X3+ 2x4 + Bxg = 5xy = 5xp + 123 + 1124 - 5x5 =0,
11x, + 3+ Bxg + x4~ 25 =0 x) - 8%y + 623+ Bxg— 3x5 =0
2y + xy— 3xg - x5=0, 3% + x5~ 203+ x4~ X5 =0,

& X=Xy +2x3—-%4=0, 18| 2F1 7 %2+ TRs = 8%+ 55 =0,
4x) - 225 + 65+ Bx, - 4x5= 0, %y + 82y = 225+ 5y — T =0,

2, + 4x, — 233 + 4xy ~ Tg = 0 Bxy — 2xy + Ty — 5xy + 8x5=0
x) + 22y + Bxg - 224 + 25 = 0, x; + 22y~ 85+ 2x, =0,

o | |31+ Oyt By —dxy 4325 =0, || | [y —vp = By — 4y - B,

Xy + 225+ Txg — 4x, + 525= 0, 2xy +3xy + x5 - bxy + 2x5 =
2y + 4y + 225 — Bx4 + Bx5 =0 %y — 2% — 2x3 — 3x, — Bxg =
9x; + Txp + 5xg + 6x4+ 9x5 =0, Xy — 2%y + 3x3 — 424+ 2x5 =0,

5 ||8x1+ axp 2+ 3xg =0, g0 |/71+ 2% %= %= 0,

5xy+ 31, + x5+ 224+ 325 =0,
Ty + 5y + 3xg + dxy + 6x5= 0

Xy~ xg+ 2x3 - 3x4=0,
Xp—xg+xy—2x5=0

125





[image: image88.jpg]Hpodonscenue maca. 6

9xy + 65+ 5xg + 8x, + 925 = 0,
6x, + Ox, + B + dxy + Bx5 =0

Ba- Ba-

P Cucrema ypasttonsit pu- Grcrema ypassernnis

anr st
%y - 4%y — 4x3+ x4~ 3x5= 0, 2%, + 3xy+ 5xg — dxg + 25 =0,

% xy+ Txy + 6x3 — 224 + 6x5 =0, 2 x§ =Xy + 2x3+ 8x, + bx5 =0,
9x; + Bxy +4x3 — 3x4 + 9x5=0, 3y + Txy+ 8x3— 11x, ~ 3x5; =0,
Txy + 52y + 23— 22, + 6x5=0 2x) +3x, + 5xy —dxy + x5 =0
6x + xp — Bx3 + 0x, + 5x5 =0, Xy = 2%y + x5~ x4+ x5 =0,

7 |/8%1F 5%2=Bxa+ 0z Tzg =0, || 1) 2%+ xp— g+ 20, - B2 = 0,
2x; +dxy — 23+ 3x, + 2x; =0, 3x; ~ 2xy— x5+ x4~ 2x5=0,
dxy + Txy— 2x3+ 624+ 5x5=0 2xy = 5xy+ 23~ 204 + 2x5=0
5x) + 6y + x5+ 1054 + Txg = 0, 2%y + 2y~ x5~ x4+ x5= 0,

g | 571+ 72+ 2xat Byt dxs =0, ga||F1m Tt Rt 2= 2 =0,

dx) + 3xy + x3+ Txg + 5253 =0, 3x; +3x;—3x3 - 3x, +4x5=0,
Bxy+ 225+ x5+ dxg+ 325 =0 4x; + 5y~ Bxg ~ 5xy + Txg =0
13x; — 4xy — x5 — 4x, — 625 =0, 2x; = 22y + x5 — x4+ x5 =0,

9 11x; - 2x5 + x5 — 224 — 325 =0, 2 X+ 2%y~ X3+ 24— 2x5= 0,
5xy + 4xy + Txg + 4x4+ 635=0, 4z, = 10x, + bxy - 5xy + Tx5 =0,
Tty + 25+ 5y + 2% + 85 =0 ) — 142y + Tag — Ty + 115 = 0
15, + 265 + dxg - 8, + 925 = 0; ey + 8y + 22— 2x, + 25 = 0,

10|38+ 208+ 52y — 21y 185 =0, || oy = 20y + x5 = %= 5 = 0,
8x; + 6xp + 2x3 — x4 + 3x5= 0, x1—4xy+x3+x4-25=0,
9x, + 4xp — 35— 224+ 625 =0 3y — Bxp + dxg — x4~ x5 =0
6y + 5xy + Txg + 5y + Bx5= 0, 2+ 225 + x5~ 324+ 225 =0,

i 14x; +5xy + 8x3 + 9x4 — x5 =0, 2 2x; + xp+ X3+ x4~ 3x5= 0,
4xy + 525+ 8x3 + 4xy + 425=0, X1+ Xy + 2x3 + 2x4 ~ 225 =0,
8x; + 5xy+ dxg + Ty + 225, = 0 2x; + 32y — bxg — 17x + 1025 = 0
5x; + Txp + 4xg + 6xy + 6x5 = 22+ xp— 8x3— Txy~x5=0,

1| {1571+ B0xy + Ty 4 82, + 825 =0, || || B2y + 2y = 2y = 9y = 25 = 0,

22y + Bxy + x5 — Bxy + 225 =0,
3xy+x, — x5 - 82, — 3x5=0
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[image: image89.jpg]Oronuanue mabn. 6

Ba- Ba-
pu- Cucrema ypasieruit pu- Crcrema ypasuesuii
aur s
X1+ xp + 8xg — 2x4 + 3x5= xp + 2%y — x3 — 2x4 — 3x5=0,
13 2x) + 2xp + 4xg — x4 + 8x5= 0, 28 8x; —8xy + 2x3 + 4xy — 6x5=0,
Bxy + 3xy+ bxg— 224+ 3x5=0, 3xy—12xy + x3-3x5 =0,
2x) + 2xy + 8x3 — 3x4 + 925, =0 Ty + 1lxy + 223+ 224 =
2%, + xp + x5 — 224 + dxg = 0, x) =2y~ 6x3+ X, + 225 =0,
14| 187+ 8ot dxa =Byt 65 =0, 1o |y gt g gt 2250,
51y + 4xp + 213 — 8x4 + 625 =0, 4, + x5 = 5x3 + 3xy + bxy =
3x, + 2%y + x5~ x4 + 225 =0 2x; + 3xy + dxg + 3x, + 625 =0
22 + Bx, + x5~ 6x4 + 95 =0, %y — 8xy + 6x3+ 314~ 8x5=0
15|17 2% 22+ Bxs =0, a0| {251 %2 ¥ Bxa+ dxg ==
23, + 2y + dxg + 2% + Bx5 =0, 3x; — 4x, + 8xg + Ty — dxg =
Bx; +2x, + bxg + dxg + 6x5=0 4x; - Ty + 1425+ 10x, — Tx; = 0

NPAKTUKYM 2
Mo IMHEWHOW ANMEBPE

3apanua

1. lana smmeiinas 0GOIOYKA L;= R(0,, 0y, 0Og, O4), THe
a;=(1,1,1,3),0,=(1,2,2,5),03=(2,1,-1, 2), 04=(2, 1, 2, 5).
BBIACHUTD, COMEPIKUTCA MU JuHeHHas obosouxa Ly = R(B;, Ps)
(raba. 1) B nuneitnoit o6omouxe L.

2. HaifiTu cucreMy JMHEHHBIX ypaBHEHHi, IOANPOCTPAHCTBO
penreHuii KOTOpO# coBmajaeT ¢ JUHEHHOH 06OJOYKOH cHCTEMBI
BEKTOPOB 01, Oy, O3 (Tabm. 2).

3. HaiiT opToroHaIbHbIR 6asuc noampocTpancTsa L, 3azanso-
To cucTeMoii ypaBHeHui (taba. 3), u 6asuc mogmpocrpancrsa L.

4. HaiiTi co6CTBEHHBIE 3HAYEHUA U COGCTBEHHBIE BEKTOPHI MaT-
pur, (Tabi. 4).
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[image: image90.jpg]5. Haiitu nuHeiiHOe npeo6pa3oBaHUe HEU3BECTHHIX, TIPUBOISA-
mee KBajpaTUuHble (GOPMBI, 3aJaHHbIE CBOMMH MATDHUUAMU
(tabu. 5), K KAHOHHYECKOMY BUAY. BHIACHUTD, ABIAETCA JIU KBaJ-
pariuHas GopMa 3HAKOOIpPeeIeHHOM.

Tg6anmna I Bapuauts saganua 1

Bapuant By B2 Bapuast B B2
1 30,5 [0,-1,21) 16 [(5.1,4,2) 4,-1,1,4)
2 [3.2,1,6) [(4,1,0,5 17 |@,2,-5,-2) [6,-3,-6,-3)
3 |6,1,3,7 [@-3.21 18 |1,3,0,4) (2,9,-7,4)
4 [6,4,0,10 [5.0,1,6) .[[ 19 [a,6-7,0 (3,-7,8,4)
5 (3,328 [(1,023) 20 [(2,4,1,7 (5,-3,9,11)
6 [(6,4,-2,7 [0,4,-3,1) 21 [(2,-4,5,3) (2,11,-10, 3)
7 [@7,-3,6 [-1,4,-5-2)[ 22 [(7,0,9,16) (2,3,3,8)
8 [@4,5,-3,6) [(5.8,-5,8) 23 [@4,1,3,9 (5,3,-5,3)
9 |a,2-5-2)[0,6,-8,-1) || 24 |o,11,-1,19) [(7.-1,0,6)
10 (3,5,-5,3) [(2,-1,3,9 25 [(6,12,-7,11) [(3,1,4,8)
11 [1,3,-3,1) [(4,8,-6,7) 26 [(5,2,7,14) (12, 2,-5,9)
12 [@,5-2,7 [3,10,-6,7 || 27 |@,3,6,10) (2,0,5,7)
13 [(2,8,-1,9) [(1,-5,4,0) 28 [(1,-2,-1,-2) [(3,5,-1,6)
14 [3,3,3,9 [(23,-4,1) 29 [(-2,3,4,1) 0,3, -4,-3)
15 [(1.7.-2,6) [(1,-4,-2,-5)] 30 [@d,-1,-4,-9) [-4,3,11,10)

Ta6nauma 2. Bapwaurs: sanauus 2

Bapuaur oy oy ag
1 (1,0,2,1) 2,1,2,8) 0.1,-2,1)
2 1,1,1,1) (1,-1,-1,1) 2,1,1,3)
3 (1,-2,2,8) (2,-3,2,4) 2,2,1,0
4 (5,-2,-6,-1) (2,2,1,0) 9, -2,-4,-1)
5 (1,-2,2,-3) (3,-5,4,1) (1,-1,0,7)
6 (2,-3,2,4) (4,-1,3,4) ©,5,-1,-4)
7 (6, -4, —4, —4) (4,0,-8,2) (1,-2,2,-3)
8 1,1,1,2) 1,23,-2) (1,-2,1,0)
9 (2,0,4,-3) ©0,4,2,-3) (23,0, -21,-9)
10 (-1.6,1,-3) 1,2,5,-6) (2,0,4,-3)
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[image: image91.jpg]Oxonuanue maba. 2

Bapraut o oy oy
11 (21,0, -21, -10) (1,1, 1,) (26, 5, -16, ~4)
12 2,-1,2,2) (0,3,0,2) -1,8,-1,4)
13 (2,3,5,-4) (1,-1,2,3) (3,7,8,-11)
14 2,-1,3,4) (1,2,-3,1) (5,-5,12, 11)
15 2,2,7,-1) (3,-1,2,4) 5,1,9,3)
16 2, 1,-1,1) a,2,1,-1) (1, -4, -5, 5)
17 (1,2,3,-4) 2,-1,2,5) (8,1,12,2)
18 (2,-1,5,-4) (2,3,-4,1) 6,1,6,-7)
19 (8,-5,-6, 3) (4,-1,-3,2) 4,-4,-3,1)
20 (5,-3,2,4) (2,-1,8,5) “,-3,-5,-7)
21 (8,7, 4,5) (3,2,1,4) (2,3,2,-8)
22 (2,-3,4,-5) (1,-2,7,-8) (3,-4,1,-2)
23 2,3,1,2) 2,5 1,1) 2,1,1,3)
24 (2,3,5,6) (3.1,1,4) (-1,2.4,2)
25 (1, 2,4,-3) 2 1,-1,5) 1,-1,-5,8)
26 (3,-5,2,4) (7,-4,1,3) (-4,-1,1,1)
27 (L1,-1,1) (2, 3,-2,-3) 2,1,-2,-1)
28 (-7,-2,5,-1) (-9,4,5,1) (-3,-2,5,-5)
29 (5,-3,-2,3) (1,1,-6,7) a,-1,1,-1)
30 (6,6, -5, 1) (12,12,-1,-1) 6,10,1,-1)
Ta6nuua 3. Bapuanrs: sagamms 3
Ba- Ba-
pus- Cucrema ypassesmii it Cucresa ypasesit
anr s
X3+ xy+ 2x3— 3x4+ 3x5=0, X - X;—-3x3-3x,=0,
1 {x, + 225+ 32— 52, =0 16 {—x, +11xy + Bxg— Txy + 1025 =0
X+ X3+ x4+ 925 =0, Xy =32, + 25— 3%, + x5 =0,
2 {xl+xz—x.+5x5=0 17 {x,+xz+x.+5x5=o
2x; + x5 + 223+ 3% =0, Xy 4 Xp— xg+ x4+ 225=0,
3 {3x1+212+4x,—x‘+9x,=0 18 {«x,+2;2+x,—2az,+x5=o

5 Copuuk 3anau 1o suicuiefl MatesarHke
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[image: image92.jpg]Oronvanue mata. 3

B e
o] - - Cuerena ypasmenuit pu- Cucrema ypaswermit
anre e
x,+xz+x3+12x5—0 2%, —xy+ x5+ x5 =0,
4 — 8y + 4x, = 0 19 3 ) 2y + 2wy — 2y — 225 = 0
X+ dxy = 265+ x4+ x5= 0 x,+xz+xz+x‘+x5~0
5 V52— 1225+ 2225 + g~ 25 =0 || 20|12y = 2005 + 25 + 2 - 25 =0
—8xy —4xy+x3+ x4 - 9x;=0, bxy + 2x3+ 2x4 + x5 =0,
6 —x; + x5 - x4 + 35 = 2L ) 4y + B2y - x5 =0
%)+ x5 - 42115=0, 2, + 23y — x5+ Xy~ 25 =0,
T [y + g — 25— 92, + 925 =0 22|y + 23y + 25 + x4 + x5 = 0
P T — Xy + %y~ x5 + 22+ x50,
B Y2, + 4y — By — x4 + 925 =0 2422, + 2+ xg - x5 =0
2y + 22+ 23— 634 — 9x5= 0, Ttxp-xgtxtxg
9 |2, + 5+ By — 16, - 2825 =0 || 24|y + 2, + 42, - 225
—4x) + xp - 6x3 + 624 — 225 =0, —2x3+x.+x5=0,
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