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BBenenue

Hacrosimue merojmyeckne yKaszaHWs IIOMOTYT CTY/IeHTaM-3a0YHUKaAM B
U3YYEeHUHN JTUCIUILINHBL «AJrebpasu, B 9aCTHOCTH, B OBJIAJCHUN HaBbIKA-
Mu pertenud 3ajgad. [Ipn msydenun Jiodoro pazjesa MaTeMaTHKU BayKHbI
KaK TeopeTmdecKas JacTh, TaK U IpaKTUdeckasd. Perenne 3ajad aBjIsgeTcs
HEOOXOIUMBIM YCJIOBHEM I TUIYOOKOTI'O TIOHMMAHUS U YCBOEGHUST MaTEPUAIA.
JlaHHbIe MeTO/IMYECKIE YKa3aHUs COJIePKaT KOHTPOJIbHBIE 3a/IaHNsT, KOTOPbIE
CTYAEHT JIOJIZKEH BBIIIOJTHUTD.

MeTtoanueckne peKOMEHIAINN CO/IEP2KAT KPATKHe TEOPETUIECKUe CBeJle-
HUSI U NPUMEPHI peIleHns 3aJ/a4, KOTOpPble IOMOI'YT IIPU BBIIIOJHEHUN KOH-
TPOJbHBIX paboT. Ciie/lyeT OTMETHTD, UYTO STUX CBejIeHni HeocTaToIHO. Crin-
COK PEKOMEHIyeMOI JIUTePaTyphl IIPUBEJICH B KOHIIE.

[Ipu BbITIOJIHEHUY KOHTPOJILHO pabOTHI U IIPEJICTABJIEHNN €€ Ha ITPOBEPKY
CTYAEHT JIOJIZKEH PYKOBOJICTBOBATHCS CJIEIYIONIMMU IIPABUJIAMU.

1. Homep BapuaHTa KOHTPOJILHOI paboOThI paBeH IocIeiHel udpe HoMe-
pa 3a9eTHON KHUXKKU.

2. Kaxxnast koHTpOJIbHasT paboTa J0/KHA OBITh BBIIOJIHEHA B OT/IEIbHOM
TeTpaJu U ¢JaHa Ha KadeIpy KOMIIBIOTEPHO TOIOJIOIUN U ajaredpbl Ha
IIPOBEPKY He IO3/IHee UeM 3a JIBe HeJIe/IH JI0 Havdajia CeCCHU.

3. Ha turysbHOM JTHCTE JOJIZKHO OBITH yKa3aHO: KOHTPOJIbHAsT paboTa 1o
ayirebpe, HOMep BapuaHTa, (haMUInsd UMsi OTUYECTBO CTYJIEHTA, IPYIIIA,
damuus mperogaBaTe/Is.

4. Jlns mosyvdenns 3a4dera 1o KOHTPOJILHOM paboTe CTYIEHT JIOJIZKEH ITPOii-
T cobeceloBaHUE C IIperojaBareseM, B XO[e KOTOPOro HeOOXOINMO
MIPOJIEMOHCTPUPOBATH TOHMMAHKE X0/1a PeIleHnsd 3a/1a4 B CBOeil padoTe.

5. Ecim nipu npoBepKe KOHTPOJIBHON pabOThl OOHAPYZKEHBI OIMUOKH, TO
CTYIEHT JOJIZKEH B TOM Ke TeTPaJIi BBIIOJHUTH PA0OTy HaJ OMIHOKAMUI
U CJIaTh ee Jijid ITPOBEPKHU.

6. Pemrenne 3aja1 m3 KOHTPOJIBHON PabOTHI JOJIKHO OBITH JOCTATOYHO
ITOJPOOHBIM U JIOTUYECKH TI0C/IeI0BATEIbHBIM.



1 HeiictBuga ¢ marpuiiamMu

Mampuya — 910 IpsIMOYToJibHas TabIUNa duces (JIEMEHTOB MHOMKE-
crBa). PazmMepoM MaTpHIlbl HA3BIBAETCS YUCIO €€ CTPOK M YHUCJIO CTOJIOIOB.

a;pr a2 ... Q1n

91 QA2 ... Aoy,
Ak><n =

Q1 A2 ... Qgp

Ob6palnenne K 37€MEHTy MATPHUIIBI IPOUCXOJUT yKa3aHHeM HOMepa CTPOKH
u HOMepa cTosbna. Hampumep, sjieMeHT ag; (duTaercs: a JiBa CeMb) CTOUT
BO BTOPOIl CTPOKE M CeJIbMOM CTOJI01E. [IBe MAaTpUIbl HA3BIBAIOTCH PABHBIMU,
eCJIM OHU MMEIOT PaBHBLIC PA3Mephl U UX 3JIEMEHTLI, CTOSIIUE Ha COOTBETCTBY-
IOIINIX MEeCTaX, PABHBIL.

Beakyio MaTpuily MOXKHO YMHONCUMD HA YUCAO, LIS STOTO HY?KHO KazK-
JIBII 3JIeMEHT MATPHILI YMHOKATL Ha 3TO YUCJIO.

Cymmoti nByx marpun A = {a;;} u B = {b;;} onunakosoro pasmepa kX n
nasbiBaercs Marpuiia Cly, = {¢;;}, Takas, 910 ¢;; = a;; + byj.

Ecim ancio ¢ctonbio Marpuibl Ay .y, PABHO UHUCIY CTPOK MaTPHUILI By
(To ectb N = §), TO onpejiesieHo ymnooicerue A - B. Pesynbrar ymMHOKeHUS
A - B ecrs marpuna C' = {¢;;} pasmepa k X ¢, 1151 KOTOPOif

Cij = ainbij + aigbaj + -+ - + inbyp;.

OjHa 13 0coOOGEHHOCTE OlepaIul YMHOXKEHHST COCTOUT B TOM, YTO ITPOU3-
BeJIeHEe MAaTPWIl B OOIIEM ciIydae HEKOMMYTATHBHO, TO ectb AB # BA.
[Ipuseure npumep takux marpuit A u B, auro AB # BA. Marpuia

1 0 0
B = 0 1 0
0 0 1

UT'PACT POJIb €JIUHUIIBI IO YMHOYKEHUIO B MATPHUIAX, TO €CTh JIJIs JTI000i MaT-
punpl Apys, A+ Fygys = Epxi - A = A. Marpuna E HasbiBaeTcst eQuHuuHOU
mampuyed.

Orneparust mparcnonuposarue IpuMeHnMa, K 000t maTpure Agy,. OHa
3aKJIIOIAETCS B TOM, UTO CTOJIOIBI MATPUILI A CTAHOBATCS CTPOKAMHU U HAa-
o0bopoT, cTpoku — crosbrmamu. Obo3HATAETCs OTepalis TPAHCITIOHUPOBAHUST
BepxHuUM uHjekcoM ¢, nanpumep A'. Herpyano 3aMeTuTh, 9TO Ha MecTe 1]
marpuisl A? crour snement aj; MaTpuipl A.



2 0 -1 1 =10
HpHMep-ﬂﬂﬂMaTPH”A—(1 3 1)’3_(—2 1 2)70_

( 1 ; ) BLIYHCJIUTH BeIpazkerne AB! — C2.

Permenue.

0
_(2.1+0~(—1)+(—1).o 2-(—2)+0~1+(—1)-2>_( 2 —6)
- : 1-0 1-(—2)+3-1+1-2 T\ -2 -3 )

_|._
3) (2 — 1 1 11\ (1-1+1-1 1-1+1-2\ (23
L1 2 12/ \(1-1+2-1 1-142-2) \ 3 4 )"
2 —6 2 3 0 -9
t_ 2 _ -
4) AB' = C (—2 —3) (3 4) (—5 —7)'
0 -9
OTBeT.(_5 _7).

2 Omnpegennreiib

Cy1ecTByeT HECKOJIBLKO CIIOCOBOB MOCTPOEHUsE Teopru ompeenuresieii ([3],
84, . 1; r. 3; [9]). Bt moxkere BeIGpaTh Jsito6oit mogxos. [pusemem wHIyK-
TUBHOE OIIpEJIE/ICHIE.

Onpedesumenem KBaJIpaTHON MaTpuibl A, ., HasbiBaeTcs duciao det A,
paBHOe
npu n = 1, det(aq;) = ag;

a1; a2 .
npu n = 2, det = a11022 — A12021;
Q21 Q22

IPEeAITIONIO2KUM, 9YTO MbI yMeeM BBIYTUCJIATDL OIIpeaeJInTeJIb IIpU 7L = k, TOoTr1a
apu n = k + 1, det A = CL11A11 + CL12A12 + -+ al(k+1)A1(k+1)7 rae Alj =
(—1)* det(marpunpl, oayuentoil 3 A BblYEpKUBAHHEM INIEPBOH CTPOKH 1
J-TO CTOJIONA).
Ompeiesiuresib MaTpuIlsl OyeM obosHadars gubo det A, mmbo |Al.
BquI/ICJIeHI/Ie OIIpeJesinTesid 110 OIIpedeJICHUIO BbISbIBaeT P Sany,ZLHe—
HUI1, CBA3QHHBIX, B OCHOBHOM, C OOJIBIINAM YHCIOM CIAraeMbIX B OIIPEIC/ICHAN.



Ucnonb3ys ceoiictBa onpeesutes (cMoTpu §3, 1. 3 [3]), MOKHO BBIUUCIUTH
ero, He npuberasg K omnpeaenennto. OTHIM U3 TaKAX CIOCOOOB BBIUMCJ/ICHUS
SIBJIIETCSI TIPUBEJIEHIE OIPEJIE/INTENA K TPEYTOJIbHOMY BHJLY.

—1

IIpumep. Borauciurs onpejeuresib MaTpuipl A =

W N = =
_ N O

1

0
-1 1

Pemtenne. Hama 3asa4a npuBecTsn MaTpuily K TPEYTroOJbHOMY BHJLY, TO
€CThb IIOJIYYUTDb HYJ/IM HU2KE (I/I.HI/I BbHHe) TJIaBHOI JAUaroHaJid IIpu IIOMOIITNA
9JIEMEHTAPHBIX ITpeobpaszoBanuii cTpok. Paboras 1mepBoit CTPOKOIA, MOy InM
HYJIE B TIEPBOM CTOJIOIE HUKE IJIABHOM Jmaronaju. Berarem us3 BTOPoiil CTpo-
KU [IEPBYIO, U3 TPeTheil — YJIBOEHHYIO IIEPBYIO, U3 YeTBEPTOl — yTPOEHHYIO
nepByto. llomyunm ompeesmmrensb

10 -1 1
0 3 2 -1
detA=1, 1 o5 |
0 -1 4 -9

[TomeHsieM BTOpPYIO M TPETHIO CTPOKU MeCTaMU, T€M CaMbIM BO BTOpPOit
CTPOKE W BTOPOM CTOJIOIE MOIyduM eauHuily. Paborars eauHuieir ropasmo
y/i00Hee HeKeJid JAPyruM YHhCJIOM, TaK KaK He BO3HUKaeT Jipobeit. B obiem
caydae, MOJIydaTh €IMHAIYY He 00s3aTe/bHO. 3aMeTHM, UTO 9TO Ipeodpa3o-
BaHUEe U3MEHUT 3HAK ONPEJIETUTE/ Ha ITPOTUBOIOIOKHBIN.

1 0 -1 1
0 1 2 0
det A = — 0 3 5 1
0 -1 4 =2

Paboras BTOpoil cTPOKOIi, TOJIYIUM HYJIM BO BTOPOM CTOJIOIE HUXKE IJIaB-
HO#l jimaronasi. V3 TpeTheil CTpOKU BBIUTEM YTPOCHHYIO BTOPYIO, K YeTBEp-
TOI CTPOKe MPUOABUM BTOPYIO.

10 -1 1
01 2 0
detd==190 -4 -1
00 6 -2

[TokazkeM, KaK, He TIOJIyvdas eJIMHUILI B TPEThEil CTPOKE, TPETheM CTOJIOIE,

IIOJIY9UTb HYJIM B TPETHEM CTOJI6H€ HUKe TJIABHOU JAnaroHaJimn. K quBepTOﬁ
6

CTPOKe NPUOABUM TPETHIO, YMHOXKEHHYIO Ha 7.



1 0 -1 1
01 2 0
det A = — 00 -4 —1
00 0 =

2

BamMeTnM, 9TO OIpEJIeINTe/ b TPEYTOJIBLHON MaTPUIBl PABEH ITPOU3BEIe-
HUIO 3JIEMEHTOB MaTPHIIHI, CTOAIINX Ha TJIaBHOM quaronam. B namem cirydae

—(1-1-(-4)-3) =-14.

3 O6paTtHasg MaTpuna

Marpuria A HasbBaeTcs 06pamumotl, €Ciau CymecTByeT TaKkas MaTPHUIA
B, uro AB = BA = E. Marpuna B Ha3biBaeTcs 0OpaTHO# K MaTpuie A u
oboznauaerca A1,

Kpurepnii obparumoctu. Marpuna A obparuma Toraa u TOJBKO TO-
ria, korga det A # 0. Bostee Toro, obpaTHas MaTpuiia MOKeT OBITh BBIUNC-
JleHa 110 (opmyiie

All A12 s Aln

-1 _ 1 A21 A22 s A?n
CdetA | oo o o ’

Anl AnQ e Ann

rae A;j — aarebpamdeckoe JOIOJTHEHHE.

[Ipeoxkennas dhopmysia yjodHa i BLIMUCICHUS JIUIIL JIJIsT MaTPHUIL
MaJIbIx pazmepon. Hampumep, 9To0br HANTH 0OPATHYIO MATPUILY /IS MaTPU-
116l pa3mepa 4 X 4, Hy?KHO BBIYUCIUTE 16 onpenennTeseit mopsaaka 3; 5 X 5 —
25 ompenesmaTesieil mopsaka 4; u T.JI.

AbrepHATHBHBIN C110CO0 HAXOXK IeHUsT 0OpaTHOI MaTpuIlbl — MeTos1 2Kopana-
[aycca. CupaBa, depe3 BepTHKAJIBHYIO U€PTy, OT JIAHHON marTpuim A mpu-
MUIIEM €IUHUYHYI0O MATPHUIy TaKoro ke pas3Mmepa. [leiicTBys Bceit marpu-
el eJIMKOM, 3JIEMEHTAPHBIMU ITPE0OPA30BAHUSIMU CTPOK TOJTYIUM Ha, MECTe
MaTpuiibl A equHIYIHYI0 Marpuily. Torga mpunucanHas cupaBa eMHITHAS
MaTpula npeobpasyercs B Marpuiry AL,

(AlE) — (E|AT)

1 -6 -1 1

) 1 3 1 0

IIpumep. Haiitu obpaTiyio MaTpuity Jjis MaTpuiibl A = 4 1 -1 2
3 -1 1 1



Pentenne.
[Ipunummem K MaTpuie A eIUHIIHYIO MATPHILY.

1 -6 -1 1{1 0 0 O
1 3 1 0j0 100
(AIE) = 4 1 -1 2(0 010
3 -1 1 1,00 01

W3 BTOPOIT CTPOKM BBIUTEM MEPBYIO, U3 TPETUIN — YyUeTBEPEHHYIO IIEPBYIO,
U3 YeTBEPTOil — yTpoeHHyIo 1nepByio. [lomyunm

1 -6 -1 1|1 000
0o 9 2 —-1}]-1100
0 2 3 -2|{-4010
0o 17 4 -2|-3 00 1

y,ILBOI/IM BTOPYIO CTPOKY U BbIYTEM U3 HEE YETBEPTYIO.

1 -6 -1 1,1 00 O
o 1 0 0|1 20 -1
0 25 3 -2/,-4 01 0

o 17 4 -2|{-3 00 1

N3 Tperbeit cTpOKM BBIUTEM JIBJIIATE [TATH BTOPBIX CTPOK, U3 Y€TBEPTOit
— CEMHa/IaTh BTOPBIX CTPOK.

1 -6 -1 1 1 0 0 0
0 1 0 O 1 2 0 -1
0o 0 3 -2]-29 =50 1 25
0o 0 4 -—-2]-20 =34 0 18
N3 TpeTbeil CTPOKM BBIYTEM YETBEPTYIO.
1 -6 -1 1 1 0 0 0
0o 1 0 0 1 2 0 -1
o 0 -1 0,-9 =161 7
0 0 4 —-2|,-20 —-34 0 18

K gerBeproii cTpoke mpubaBuM YeThIpe TPETbUX CTPOKH.

1 -6 -1 1 1 0 0 O
0 1 0 0 1 2 0 -1
o 0 -1 0,-9 =161 7
0 0 0 —-2]-5 —-98 4 46

Tperbio cTpoky mojiesiuM Ha —1, 4eTBepTyio — Ha —2.



1 -6 -1 11 0 0 0

o1 o0 O0}j1 2 0 -1
0o 0 1 0}9 16 -1 -7
0 0 0 1(28 49 -2 -23

W3 nepBoii CTPOKK BBIYTEM YETBEPTYIO.

1 -6 -1 0|27 —-49 2 23
0o 1 0 0 1 2 0 -1
0O 0 1 0 9 16 -1 -7
o 0 0 1,28 49 -2 =23

K nepBoit crpoke npubaBuM TpeThIo.
-6 0 0]—-18 =33 1 16
1 0 0| 1 2 0 -1
0 1 0] 9 6 -1 =7
0O 0 0 1|28 49 -2 -23

K nepBoit crpoke npubaBuM IecTb BTOPHIX CTPOK.

1
0
0

100 0]-12 =21 1 10
0100] 1 2 0 -1
0010 9 6 -1 =7
000 1] 28 49 -2 -23
-12 =21 1 10
1 2 0 -1

28 49 -2 =23

Cucrembl TUHENHBIX ypaBHEHUIA

PaccmorpuMm cucremy JIMHEHHBIX ypaBHEHUT

a1 + a12%2 + + -+ + ATy = bl
A21T1 + Q22T + * ++ + AopTy = b2

QAp1T1 + QoI + -+ Qpen Ly, = bk

Mampuueti kKoaduyuenmos npu Heu3secmHvsy Ha3bIBAETC MaTPUIA

a;p a2 ... Q1n

921 QA92 ... Qon
Akxn -

arp1 Qg2 ... Afn

8



Cronbern ) HA3BIBAETCA CMOAOUOM CBOOOOHDIT YNEHOB.
by,
Ucrionb3yst BBeieHHbIE 0003HAYEHNS CUCTEMY JIMTHEITHBIX YPaBHEHMIT MOXK-

X1 by

X2 by
HO 3a0MUcaTb B MaTPUYHOM BUJIE A . =

Tn bk
Pewenuem cucreMbl Ha3bIBACTCH TAKOM YIIOPAI0YEHHBII HAOOD ¢1, Ca, . . . ,
Cp YUCEJI, YTO IIPU IIOJICTAHOBKE C; BMECTO I; KaKJ0€ ypaBHEHUE CUCTEMBbI
obpalaercss B TOXKIECTBO.
Pemenne cucrembr mpu nomoru obparnoit marpuiisl. [lycts marpura A
KO DUITNEHTOB NIPU HEU3BECTHDLIX BJIAETCS KBaJIPATHON oOpaTuMoil MaT-
purieit. Torga cucrema JIMHEWHBIX ypaBHEHUI UMeET €JMHCTBEHHOE DeIlleHre

X1 by

) 1 b2
U ero MOXKHO HaWTU CJICYIOIIAM o6pa30M: . = A"

Ty, by,

Eme ogauM criocobom perennsi CUCTeM JIMHEHHBIX YPaBHEHUN sABJIIETCS
npasusio Kpamepa (cmorpu [3] §3, rr. 3). Ilycrs marpuna A kosddurpen-
TOB IIpH HEM3BECTHBIX aABjsgercs Kpajaparnoit u det A # 0. Torma cucrema
JIMHEHHBIX YpaBHEHUII MMeeT eJIMHCTBEHHOE pelleHHe U ero MOXKHO HaiTh
CIIEIYIOMNUM 00pa3soM: T = %, To = %,..., T, = %, rme A = det A,
A; = det(marpuribl, moaydeHHON U3 A 3aMeHOI i-10 CTOJIONA, CTOIOIOM CBO-
GOJIHBIX YJIEHOB).

VHUBepCAILHBIM CIIOCOG0M PelIeHns CUCTEM JIMHEHHBIX YPABHEHWIT ABIsI-
erca Meroj| Laycca (MeTOJ OC/IEI0BATEIHOIO UCKJTIOYEHHs] HEM3BECTHDIX ).

Marepuas 1o gaHHOMY pas/iesy MoxKHO Haiitu B (3], §3, rr. 1; (6], §1, 2.

ITpumep. Haiitu metoom ['aycca obrriee perienne cucTeMbl JIMHEHHBIX YDPAB-

HEeHU
2x1+7x2+3x3+$4 =6

3$1+5SL’2+2$3+2$4:4
9I1+4(L’2+[E3+7[E4:2

Pernenue.
Pacmmpennas Mmarpuiia Halleil cucreMbl UMeeT BUJL

© W N
Aot ~7
RSN

3 1
2 2
17



DJIeMeHTapHBIMU TPE0OPA30BAHUSIMEU CTPOK IIPUBEIEM PACIIUPEHHY IO MaT-

pUIy K CTYHEHYATOMY BULY.

2 7 31 1 1

121 —1]2
352 204 |ZP 3 59 9|4 | @B
941 72 9 41 7|2
SLo2 L Saf 2 el 2 1 12
0 11 5 —1|10 | % 0 11 5 —1]10 | ®==2
9 4 1 7|2 0 22 10 —220

2
0 11 5 —-1]10 )
0o 0 0 olo 0 11 5 —-1/10

[lepemennsbie 1 U To, OTBEYAIONINE BEPITUHAM CTYTIEHEK, ABJISIOTCS IJIAB-
HBIMU, OCTAJIbHbIE ITIEPEMEHHbIE T3 U T4 — CBOOOJHBIME. BbIpa3um ryiaBHbIE
nepeMeHHbIe Yepes3 cBobotHbIe. [1J1s1 9TOr0 B paciupeHHol MaTPHILE MOJTy IUM
HYJIX HaJI TJIaBHOI JarOHaJIbIO.

2 ) (1)-2(2)
10 —

( -1 2 1 —-1] 2 ) (2)+11 ( -1 2 1 -1
— 5 1
0 11 5 —1]10 0 1 & —1|W
-1 0 & 2|2 ) (1)=(-1) ( 10—+ 2
11 11 11 11
5 10 — 5 1
( 0 1 2 —Ll|b 01 2 L

[lepeiijiem K ypaBHEHUSM W BBITTAIIIEM OTBET.

-1 2 1 -1 2 <_121_1
—

—
[ )

—_
—_
[

_ 1 9. — _2 — 1l 9. _ 2
1 151I3 + 111x4 Tl = T1 = 11%3 11?4 i
To+ 703 — 704 = 77 Ty = —1qT3+ T4+ 7

1 9 2

Ty = X3 — Ty — =

. 11 11 11
Orser: { Ty = 2By g, 410
2T T T T

5 KoMmmiekcHblie 4ucJia

KowmitekcHBIM UnC/IOM Ha3bIBAeTCsI BhIpaskeHue Buja a + bi, rme a u b —
BEIIECTBEHHbBIE YNCIA, 3JIEMEHT i YIOBICTBOPLET yCIOBHIO 12 = —1. 3aMeTnm,
YTO 3JIEMEHT % ABJigeTcd KopHeM ypasHenud 12+ 1 = 0, He paspernMoro Ha,l
MHOKECTBOM BEIIECTBEHHBIX YHCEs, U, CJIeJ0BATEIbHO, HEe TPpUHAICKUAT R.
1 HA3bIBAETCS MHUMOT eduruer.

Ha mMHOXKecTBe KOMILIEKCHBIX YHCe/I BBEJIEHBI JIBe OIepallui CJIOKEHUe U
yMHOKeHue. [IycTh JaHbl JIBa KOMILIEKCHBIX YuCIa z2 = a + bi, w = ¢ + di.

10



Torna
ezt w=(a+c)+ (b+d)i;
o zw = (ac — bd) + (ad + be)i.

OTHOCHTE/IHHO BBEJICHHDBIX OIIEPAIINT MHOYKECTBO KOMILIEKCHBIX YUCTIE 00-
paszyer nosie (emorpu [3] §1, ri1. 5), Koropoe Mbl Oyiem oboznauars depes C.

[IycTh mano KoMILIeKCHOE YUCyI0 2 = a + bi. KoMmIuiekcHO conpszKeHHbIM
K YHCJIy 2z Ha3bIBaeTCd 4ncjo a — bi m obo3Hadaercs depe3 z. JList Toro,
4TOOBI BHIYMC/IMTh BBIPAXKEHUE 7 C KOMILICKCHBIMEM YMCIaMH W U 2, HyXK-
HO U YUCJUTE b, ¥ 3HAMEHATE/Ib YMHOXKHUTH Ha KOMILIEKCHO COIPSXKEHHOE K
3HAMEHATe 0, B 1aHHOM ciiydae Ha Z.

Tpuronomerpudeckast hopma KOMILIEKCHOTO Yuca. JIroboe KoMILIeKcHoe
YUCII0 Z = @ + bi MOXKHO TIpe/ICTaBUTh B Buje z = 1(cos ¢ + i sin ), nupu gem
eJIMHCTBEHHBIM 006pa3oM. Takasi 3ammch HA3BIBACTCA MPU2OHOMEMPUYECKOT
Ppopmoti KOMILTIEKCHOTO uncya z. [IpaBuia, 10 KOTOPBIM BBIYUCIAIOTC " U
JOBOJIBHO TIPOCTHI, T = v/a? + b?, ¢ HaxoauTca U3 JABYX yCJIOBHIl cOsp = %,
sin p = 2 Yucso r HazbIBaeTCA MOOJY.AEM KOMILJIEKCHOI'O YHCJIA 2 1 0003HAYA-
ercs depes |z|. Hueno ¢ Ha3bIBACTCA ap2yMenmom ducia z U 0603HAIaeTCs
yepes arg z. Tpuronomepudeckas dpopma yaobHa IIpu MePeMHOXKEHUNT U BO3-
BEJICHUH B CTEIEHb KOMILJICKCHOTO YHCJIA.

Popmyna Myaspa. Ilycrs nano komiutekcuoe 4quciao z = |z|(cosy +
isin ). Torma mist JIIOOOrO TEJIOr0 YUCIA N CIIPaBeInBa (hOPMYJIa

2" = |2z|"(cosnp + isinny).

N3Bieyenne kopueii. [lycrs gano KommiekcHoe qucio z = |z|(cos ¢ +
isin ). Torga mas 06010 HATYPATBHOIO YHCJIA N BCE KOPHH {/Z NMPUHAI-
JIeXKaT MHOYKECTBY

2k 21k
PHEME | n PR
n

|z|%(cos ),k=0,1,...,n—1

N 120
IIpumep. BoraucinTh BhipaskeHne (%) .

Pemienne.

120 ,
242i _(2429)'%
Bamernm, 4TO <\/§+Z> = (VA

Boeraucinm no dpopmysne Myaspa Boipaskenus (2 + 2i)120 u (\/3 + )12,
JLs1t 3TOTO HaligeM TpUroHOMeTpudecKue (POPMbI KazKI0I0 U3 OCHOBAHUIA.
2+ 2i =r(cosp+isiny)
P VE TR =23
2
inp— L e
Y=

11



Taxum obpasom 2 + 2i = 2v/2(cos T +isin 7).

Torza 1o dopmyste Myaspa (2 + 24)'20 = (2¢/2)12(cos 1207 4 sin 1207 —
2180 (cos 30 + i sin 307) = 2180,

Ananornuno (v3+1)120 = (2(cos £+ sin 2)120 = 2120(cos 1207 4 5ip 1207)
= 2!%0(cos 207 + i sin 207) = 2120,

120
2+2¢> _ 210 560

Takum obpazom ( Tori

Orget: 290,

o 4 B
ITpumep. 3anucars B ajredpantdeckoii (hopme 37eMEeHTBI MHOYXKeCTBa / 21.

Pemienne.

st Toro, 9To0BI BOCIIO/IB30BATLCA (DOPMYJIOHN I HAXOXKJICHUS KOpHei
13 KOMILJIEKCHOTO YMC/Ia, HY?KHO TTOJKOPEHHOE BBIPDAKEHNE 3aIlNCATh B TPU-
FOHOMETPUUIECKO dopMme.

2i = 2(cos Z +isin E)

2 2
Torma
T 4+ 27k Z+ 27k
4222{2‘11(COS2 + isin 2 1 ),k:O,1,2,3}
Ipu k =0, u0:25(cos§+ism§ 22%(\/2;\@"‘2.\/22_\/5)'
HpI/Ik:1,U1:2i(cos%+i81n%):2i(_ 2;\/§+i 22_\/5)
Hka:27u2:25(cos%r+ism9§”):2%(— 2;ﬁ_i 22_\/5)
1‘[ka:37u3:2i(coslg’r+ism%):2%(VZSM/i—Z' 22_\/5)

OtBert: 2i(:I: v 2;\/5 49 2;\/5)

12



3aJaHng AJid KOHTPOJIbHOII padoTrhl Ne 1

Saganue Ne 1.
Hns marpuny A, B, C, D

Ne A B C D
23 2 -1 0 11 Lol
1 1 -1 5 1 1 L1 11 =2
1 0 -1 -2 1
02 2 -1 0 1 2 Lol
2 -1 -1 L 9 - 1 2 =2
1 0 -1 -2 1
0 3 -1 0 1 3 o2l
3 -1 -1 L9 - -2 3 3
1 0 -1 3 1
0 4 4 -1 0 1 4 b2
4 -1 -1 L9 g - -2 4 1
1 0 -1 1 1
00 5 -1 0 15 b2
5 -1 -1 L 11 L1 -2 5 1
-1 0 -1 1 1
0 -5 -1 0 11 b2 -
6 -1 -1 L1 5 1 -2 6 1
1 0 -1 1 1
o -4 -1 0 11 b2
7 -1 -1 L1 - -2 7 1
1 0 -1 1 1
o3 -3 -1 0 11 b2
8 -1 -1 U 41 -2 8 1
3.0 -1 1 1
02 -2 -1 0 11 Loz
9 -1 -1 R - -2 9 1
2 0 -1 1 1
0 -1 1 -2 -1
0 -1 -1 (_12 _113) (é}) -2 10 1
2 0 -1 1 1

BeraucanTh (1) AB — 2FE (F — eauHudHas MaTPUIA MOIXOJSIIEIO pas3-
mepa); (2) BA — C?%; (3) det C; (4) det D; (5) D™! nBymst criocobamu (npu
HOMOIIM TPUCOETMHEHHO MaTPUIIBI U 3JIEMEHTAPHBIX [TPpeobpa30oBaHmil).
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Samanue Ne 2.
Beraucurs onpegenTeib:

1200 2200 3 3 0 0 4 4

2120 22 20 3 3 —-10 4 4
(1) 021 2Y¢ (2) 0 2 2 2Y¢ (3. 0 -1 3 37 (4) 01

00 21 00 2 2 o 0 3 3 0 0

5 5 0 0 -5 5 0 0 -4 2 0 0

5 5 10 5 -5 1 0 2 -4 4 0
(5) 015 5/ (6) 0 1 -5 1 [ (7) 0 4 —4 47

005 5 0o 0 1 =5 o 0 1 4

-3 =3 0 0 -3 3 0 0 22 0 0

-3 -3 1 0 3 =3 1 0 22 1 0
(8) 0O 1 =3 17 (9) 0o 1 =2 17 (0) 01 =2 2

o 0 1 3 o 0 1 2 00 2 2

Saganue Ne 3.

Haiitu permenue cucrembl JIMHEHHBIX ypaBHeHnuii o dpopmysiam Kpamepa

U C TIOMOIIBIO OOPATHONW MaTPHIIHI.

$1+$2—ZE3:—1
I‘1+2I2—2ZL‘3:1
—351—2932—1—;173:2

(1.) (2.)

.T1—2132—.T3:—1
—21’1+4$2+$3=1
—T1 + X2 +x3 =2

.1'1—2552—.1'3:—1
—2$1+6$2—|—5L’321
—ZE1+132+ZE3:2

1’1—2272—1’3:—1
—21‘1+83§'2+$3:1
—Q31+$2+(133:2

(8.)

ZE1—2IL‘2—ZE3:—1
—2[E1+10£E2—|—$3 =1
—x1 + 20+ 23 =2

(0.)

14

1'1—25(72—1'3:—1
—2ZL‘1+3ZL‘2+3ZL‘3 =1
—ZE1—|-3ZB2+333:2

$1—2I2—$3I—1
—21]1+5l’2+1‘3:1
—x1 + X2 +x3 =2

$1—2$2—$3:—1
—2$1+7l’2+$3:1
—ZE1+JI2+ZE3:2

1'1—2272—1‘3:—1
—21’1+91‘2—|—$3:1
—$1+$2+$3:2

£L‘1+ZEQ—$3:—1
ZL’1—|—[L’2—2$3:1
—1'1—2.1'2—|—[L'3:2




Samanue Ne 4

Haiitu obiee perenne cucTeMbl JIMHEWHBIX YPABHEHUI.

T1 — 2T9 — T3+ x4 = 2
(1.) ¢ =221 +3z2+3z3—24=3 (2.)
—ZE1+3ZL‘2+CL’3+21’4:1

$1—2$2—$3+$4:2
(3) —21’1+5l‘2—|—l’3—$4 =3 (4)
-1+ 2o+ a3+ 204 =1

—T1+ 2o+ a3+ 204 =1

T1 — 229 — X3+ T4 = 2
(7.) 8 —221+922+23—24=3 (8.)
—xy T+ T+ 204 = 1

T] — 229 — X3+ T4 =2

(5) —2.T1 + 7.262 + X3 — T4 = 3 (6)
T1+ T2 — T3+ x4 =2

(9) T+ Tr9 — 2133 — Ty = 3 (0)
—T —2£L'2+l'3+2$4 = 1

Saganue Ne 5.

BquI/ICJII/ITb BbIpazKEHHE:

T1— 209 — T3+ x4 = 2
—2$1+4$2+JI3—$4:3
—I1+J/’2+I3+2I4=1

T1— 209 — T3+ x4 = 2
—21’1+6£L’2+l‘3—$4:3
-1+ 2o+ a3+ 204 =1

T1 —2x9 — T3+ x4 =2
—221 +8x9 + 23 — 14 =3
—T1+ 2o+ a3+ 214 =1

I1—21’2—I3+£L’4:2
—2IE1+10I2+£L'3—ZL‘4:3
—$1+$2+l’3+21‘4:1

SL’1+$2—ZE3+$4:2
1+ 2209 — 2203 — x4 =3
—$1—2I2+l’3+21’4:1

(L) T—d)+ =2 (2) B—0)+ =2 (3) 3—1)+ 51

2415 1+¢
(4.) (2+1) + &2, (5.) (1+2i) + 522 (6.) (—1+2i) + 3%

(7.) (1 —26) + =L (8.) (14 3d) + =22, (9.) (3 — 5i) + 252,

—24i

(0.) (=2+1) + %

Saganue Ne 6.
Boramc/imTh BhIpazkeHust:

15
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—1 V3
2 e

60 120
(9)(—\/3+i) . (0)<\/§—z>
CA\FEHE ) T g '

Saganue Ne 7.
BamnucaTh B aJredpandeckoil (popme 37eMeHThl MHOYKECTBA:

V3i. —14+/3i. V3—i .
(1.) ¢ 1}3—} (2.) dﬁ’ (3.) *3/149’@’
(4) {/EB 41— (5) (/22 —1—4 (6) Y -1

(7)Y m+14+6 (8) {1 (9.) ¢/ 4145

(0.) ¢/ 1.

7

Saganue Ne 8.
Pemurs ypaBHeHue Ha1 1ojeM KOMILIEKCHBIX UHCET:

(1) 22 +32+3=0; (2)224+2x+3=0; 3)22+x+2=0;

(4)x>+xz+4=0;, (B)a*+20+2=0; (6.)2>—2+5=0;

(7) x> =2z +3=0; (8)2*—2r+2=0;

(0.) 2> +2x +7=0.

16
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6 MHoro4jeHbl OT OJIHOII MepeMeHHO

[Iycts K — KOMMyTaTUBHOE KOJIBIIO ¢ e uHUTeil. Mro2ou.serom HaT KOTTb-
oM K OT mepeMeHHoil o Ha3bIBaeTCs BbIPayKeHHe BHJIA ag + a1 T + asx? +
<o+ apx™ 4 ..., vae Bce KOdbdunmenTol a; € K 1mouTu BCe PaBHBI HYJIIO,
3a UCKJII0YeHneM KOHEeYHOro nx uncia. Ha MHOXKecTBe BceX MHOIOU/IEHOB OT
MIEPEMEHHON T HaJT KOJBIIOM K BBOJATCS OIEPAIUN CJIOKEHUS U YMHOXKEHU.

(ap+amzx+ - Faz"+...)+ b+ b+ +ba"+...)=

(ap+bo) + (a1 + b))z + -+ (an + by)x™ + ...
(ap+az+---+az"+... )b+ brz+ - +ba"+...)=
a0b0+(a0b1+a1bo)x+---+(z aibj)z™ + ...

i+j=n
OrHOCHTEIHHO BBEICHHBIX OLEPAIHii MHOKECTBO MHOIOUJIEHOB 00pa3yeT KOM-
MyTaTHBHOE KOJIBIIO C eJuHuIeii, obosnadaemoe depe3 K [x] (em. rr.b §2 [3]).

Bynem ropoputs, uro muorowier f(x) € K[z| deaum muorounen g(x) €
K[z] ¢ ocraTkoM, eciim HafiyTcs Takue MHOTOWICHBl ¢(x) u 7(x), 9TO BBI-
nosieno pasenctso f(z) = q(z)g(x) + r(x), rue crenens Muorowrena r(x)
CTPOro Memslne crenenn Muorowiena ¢(x) wmn r(x) = 0. Muorowren r(z)
HA3BIBACTCA 0CMAMKOM OT Jiejenust MHorowieHa f(z) wa g(z) (em. b §3
[3]). Jasee B kauecTBe Kosblla K OyayT paccMaTpuBarhbes gnbo Z, oo Q,
6o R, mubo C.

Ha npumepe pacemorpum anroputy EBK/nia HaxoxKaeHNsT HauOOJILIIIEro
obmiero jgemurens (HOM) asyx muorouwnenos f(r) = x? + a3 — 32?2 — 4o — 1
ug(z)=ad+2>—z-1.

[Tepserit mar: pasgeanm Maorowten f(x) Ha g(x) ¢ 0CTATKOM.

xt + 23 — 322 —41}—1‘1‘34—1’2—1}—1

ot a2 -2 —x ‘x
— 222 — 321
Ocrarok 1 (1) = —22% — 3z — 1.

Bropoit mar: mogennm ¢ octatkoM g(x) Ha 71(x).

2 42—z —1‘—2x2—3x—1

3 4 3,241 _1 1
T +%:1:2+2§c -tz +
IERPOE
=
—at T3
Ocratok ro(z) = —3z — 3,

17



Tpernit mar: mojeaMm ¢ octaTkoM 71 () Ha 1o(x).

—212
—272

3
4
3

Ocratok 73(x) = 0.

[To asnropurmy Eskimaa HOJ(f(x), g(x)) paBen nmocseiaeMy HEHYIEBOMY
ocrarky. B mamem ciyuae HOI(f(z), g(z)) = —32 — 2. Bamerny, uro Tak
kak HO/I ompejiesier ¢ TOYHOCTHIO /10 yMHOYKEHUS HA HEHYJIEBYIO KOHCTAHTY,
TO OTBET K JIAHHOH 3a1a1ue MoxKHO 3amucarh Tak HOJ(f(x), g(x)) = z + 1.

Kopnem muorounena f(x) € K[x] maspiBaercst Takoil ssementr o € K,
qro f(a) = 0. Kpamnocmwio kopusi o muorowiena f(z) € K|x] naspBaercs
TaKoe Tiejioe HeoTpHuIaTebHoe 9ucio k, uro (z —«a)¥ nemur muorourten f(z),
(z — a)**! ne memur f(z) (em. ra. 6 §1 [3]). KparHocth KopHs Jierko yBu-
JIeTh, €CJIN MHOTOYJIEH Pa3JIoyKeH Ha JIMHelHble cOMHOKUTe . Hampumep,
s muorouniena f(r) = (z — 1)*(x — 5)*(x — 3)7 kparnocrs Kopus r; = 1
paBHa 2, x5 = 5 paBHa 4, r3 = 3 paBHa 7.

7 JlmBeitHast 3aBUCMMOCTDb BEKTOPOB. JImHeiiHAasd
000JI0YKAa

[Iycts V' — BekTopHOE ipocTpancTBo Hajt oseM P (em. rir. 1 §1 [4]). Bek-
TOPBI A1, A2, . . . , (4, TPOCTPAHCTBA V HA3BIBAIOTCS AUHEUHO HE3GEUCUMbBLMU,
ec/Iu ypaBHEHUE

araq + agas + -+ apa, =0

MeeT eJIMHCTBEHHOE HYJIEBOE PEIlleHne (v = (g = - -+ = (¢, = 0, TJIe JJIsl JITO-
6oro ¢ aymeMeHTHl oy € P. B nporuBHOoM ciydae, cucreMa BEKTOPOB Ha3bIBa-
ercs JuHeitHo 3aBucuMoil. CBoiicTBa JTMHEITHO 3aBUCUMOI CHCTEMBI BEKTOPOB
MOXKHO TIOCMOTpeTh B T1. 1 §2.1 [4].

Kak mpasmio, Mbl OyZieM paccMaTpuBaTh B KadecTBe BEKTOPHOIO IPO-
crpancTBa V' mpocrpancTBo R™ ¢Tpok (cTOIONOB) JUIHHBL 1 C BEIECTBEHHBI-
MH KO3(DDUITMEHTAMU.

IIpumep. fsnstorca sm Bexkropsl a; = (1,0,—1,1), as = (2,2,—1,-1),
az = (0,2,1,-3), ay = (1,1, —1,4) nuneitno 3aBucuUMbIME?

Pernenue.
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Pemum ypaBuenune aqa; + aoas + asaz + agay, = 0 OTHOCUTEIBHO IIepe-
MEHHBIX (1, (g, (3, (y. [lOJICTABUM BMECTO a; €ro KOODIMHATHI.

1 2 0 1 0
0o, 2 |, 2 |, 1| (o
al @ el Ml 1] 7o |
1 ~1 -3 4 0
OTKY/Ia

a1+2a2+0a3+a420
0a1+2a2+2a3+a4:0
—CYl—OZQ—f—O./?,—Oq:O
al—a2—3a3+4a4:0

Pemum meTosiom ['aycca sty cucremy JuHERHBIX OJITHOPOIHBIX YPaBHEHMII.

1 2 0 110 1 2 0 1|0

0 2 2 110 (?’)L(}) 0 2 2 1 (4)—(1)
-1 -1 1 -1 0 1 1 0

1 -1 -3 4 1 -1 -3 4

W O = =
O O OO

W = O =

SO OO OO O

[lepemennbie oy, o U (4 — TJIaBHBIE, (i3 — CBODOOHAsI. BhIoIHUM 00-
paTnblit xoj1 [aycca.

120 1o\ o /1200[0)
01100 |01 1 00| M2
00010 000 1|0

-2 010 @1—2&3

[e]
[e]
o
A\
E
@
@
o
@
=
@
T
=
@
=
=
@
@
=
o)
=
J=|
Q
N
Il
|
Q
w

O O =
O = O
O =
—_
o
o
Ny
I
o
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Haiiem HenysieBoe yacTHOE pelieHne, IpujaaB cBOOOIHON IepeMeHHOM (3
KaKoe-JImb0 HEeHyJIeBOe pelenne, HanpumMep 1.

@1:2
(12:—1
Oégz]_
a4:O

Takum oOpa3oM, crpaBeJInBO paBeHCTBO 2a; — as + asz + Oay = 0. Cie-
JI0BaTE/IbHO, BEKTOPHI 41, (2, (3, (4 SBJIAIOTCS JIMHEHHO 3aBUCUMBIMHU.

JTunetinoti oborouxoti cucremsl BektopoB A = {ay,as,...,a,} n3 Bek-
TOPHOTO mpocTpaHcTBa V' Haj mojeM P Has3biBaeTCd MHOXKECTBO JIMHEHHBIX
KOMOMHAIINIT JaHHBIX BEKTOPOB Haj mosieM P. Obosnadenme: < A > mim
Lin(A). Takum obpazom,

LZ?”L(A) = {ozlal + oo + - -+ Gy, Vi oy € P}

JIuneitHas 0060J101Ka BEKTOPOB IIpOCTPaHCcTBa V' obpas3yeT MOAIPOCTPAHCTBO
B V', TO eCcTh caMO sIBJISIETCS BEKTOPHBIM ITPOCTPAHCTBOM OTHOCUTEIHLHO OTle-
paruit, orpeaejeHHbIX B V.

Basucom BeKTOpHOTO IMpoCTpaHCcTBa V' Ha3bIBaeTCs TaKas JUHEHHO He3a-
Bucnmas cucreMa F = {ej, ey,... BEKTOPOB IpocTpaHcTBa V', 410 110601
BeKTOp v € V ecThb JimHeliHasi KOMOMHAIMSI BEKTOpoB u3 F, To ecthb day,
g, - € Pv=aje; +ases+....

Yucsio BeKTOPoB B 6a3mce BEKTOPHOI'O IMPOCTPAHCTBa V' HA3BIBACTCA €ro
pasmeprocmuro u obosnadaercs depes dim V. B majbreiimmm Mbl OyeM pac-
CMATPUBaTHh TOJHKO KOHEYHOMEPHBIE BEKTOPHBIE IpocTpaHcTBa. Marepual
0 JIAHHOIT TeMe MOXKHO TOCMOTpPEeTh B 1. 1 §2.2 [4].

ITpumep. Haiitu 6asuc u pasmepHOCTH JimHENHHO# 000/0Uku A crucTembr
BekTopoB {a; = (1,0,—1,1), ay = (2,2,—1,-1), a3 = (0,2,1,-3), ag =
(1,1,—1,4)}.

Pemienne.

Tak kak cucrema {aj, as, as, a,} MOPOXKIAET JUHEHHYIO 060J09KYy A, TO
MaKCcHMaJIbHasl JIMHEHHO He3aBUCHMasl TIOCHCTeMa HAIlel CUCTeMbl BEKTOPOB
obpazyer Oasuc B A.

BosbMmeM mpon3BoJIbHBII BEKTOP HAIeil CUCTEeMbI, HAIIPUMED (1, U IIPOBe-
pUM JIHHEHHYIO HE3aBUCUMOCTH CUCTEMBI, COCTOMAIIEH 13 9TOro BeKTopa. Tak
KaK OJ/INH BEKTOP JINHEHHO HE3ABUCUM TOT/Ia W TOJIHKO TOT/IA, KOTJIa OH He HY-
neBoit, u a; # 0, To cucrema {a;} siBasieTCs JuHetHO He3aBucHMOil. Bexrop
a7 BKJIIOYaeM B Oa3muc.

20



Bepewm cieytomuit BeKTOp, HAIIPUMED A, U JI00ABJIsIEM €r0 K BKJIIOYCH-
HBIM B Oa3uc Bektopam. [IpoBepsiem inHeliHY0 HE3aBUCUMOCTH HOBOI CcHUCTe-
mbl {aj, as}. Tlo cBoiicTBaM JIMHEHHO HE3aBUCHMOIT CHCTEMBI, J[Ba BEKTODA
JIMHENHO HE3aBUCUMBI TOTJa U TOJBKO TOrJA, KOI[a UX KOOPJAMHATHI HE IIPO-
nopruuoHasbabl. Tak kak {a; = (1,0,—1,1) u ay = (2,2,—1,—1) umeror
HEIPOIIOPINOHAIBHBIE KOOPJINHATHI, TO CHCTEMa { a1, (g} SABIISAETCS JIMHEHHO
He3aBuUcUMOIi. BekTop as BK/OYaeM B Oasuc.

Hanee pacemorpum cucreMy {aq, as, az} u IpoBepuM ee JIMHEHHYO He3a-
BUCHUMOCTD. BpimuiieM ypaBHeHrne aya; + oas + azasz = 0 1 HaiileM Bce ero
pelienud.

oz1+2042—|—00z3:0
Oy + 209 + 2c3 =0
- — Qg + (g = 0
a1 — Qg — 3063 =0

1 2 010 3)4() 1 2 010
0 2 2 10 ey 0 2 210 (2&3)
1 -1 100 1 10
1 -1 =310 0 -3 =30
12 010 1 2 010 1 0 =210
(3)-2(2)
0 1 110 i 0|1 110 (1%_2()2) 0/1 110
002 200 WPl o000 00 0]0
0 -3 =30 0 0 0]0 00 010
[Iepemennbie vy, (i SABISIOTCS TJIABHBIMHU, (i3 — cBOOomHas. ObIee pe-
a1:2a3
IIIeHIe UMeeT BHI
Qg = —(Q3

[IpunaB nepemennoit g 3uHadenue 1, MOJTyYUM HEHYJIEBOE peIleHUE.

a1 = 2,
Qg = —1,
3 = 1.

CraemoBaTebHO, BEKTOPHI (1, (2, (3 ABISIOTCS JTUHEHHO 3aBUCUMbBIMEI. Bek-

TOP a3 He BKJIIOYaeM B Oa3uc.

[Moceauii mar, TpoBepUM JIMHEHHYIO0 HE3aBUCUMOCTH cUCTeMbl {aj, as,
a4}. Bomumrmiem ypaBaenue oy a;+aoas+agay = 0 1 HalijieM Bce ero perieHust.

PaCH_II/IpeHHaH MaTpHUlla CUCTEMbI UMEET BU/L

1 2 110 1 2 10 1 2 1]0
3)+(1)

0 2 1 1]0 4% 0 2 11]0 (2&3) 0O 1 010

1 -1 =110 | Wl o 1 0l0 0 2 1]0

1 —1 4]0 0 —3 3]0 0 —3 3|0
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12 10 12 10 100/0

(3)-2(2) (1)-2(2)

4—>2 0O 1 010 (4)—3(3) 01 010 1—> 0|1 010

@ 6 0 110 0 o0l1lo | @@ o0l1]0
00 30 00 0]0 00 00

Bce niepemennble aq, ap U q — ryaBable. CucTeMa MMeeT eJMHCTBEHHOe
HyJIeBOe peleHune. BeKTOpbl ay, (o, (4 ABJISIOTCS JIMHEHHO HE3aBUCUMBIMU.
BekTop a4 BKIO9aeM B HGasuc.

Taxkum obpasom, {ay, az, ay} — Gasuc jauneiinoit obomoukn A. Tak Kak
6a3uc cocTonuT U3 Tpex BeKTOpoB, To dim A = 3.

8 Koopaunatbl. MaTpuna nepexoja

Koopdunamamu Bexkropa v € V' B 6asuce E = {ey, e,...,e,} Ha3BIBA-
10TCA KO3MMUIMEHTHI (v, (g, ..., (, B JUHEHHOM Pa3/IOKEHUN U = ey +
ages + - -+ + aye, no 6asucy E. Cmorpu . 1 §2.3 [4].

[Iycrs B BekTOpHOM ITpocTpaHcTBe V 3a1aubl 1Ba 6asuca £ = {ey, eq, . . .,
eny u F'={f1, fo,..., fn}. Marpuna T = {t;;} pasmepa n X n naswvieaemca
mampuuetd nepexoja or E K F') eciin B j-TOM CTOJIOIE CTOSAT KOOPIUHATHI
BeKTOpa f; B Oazuce E, To ecTb f; = tijeq + tajea + - + tyjen.

Koopmuuarer (o, o, ..., ap) u (f1, Ba, ..., Ba) BekTOopa v € V B 6azucax
E u F, cooTBETCTBEHHO, CBA3aHbI CJICLyIOMEell (hopMyJIO.
a7 I
o B2
. - TE—>F . )
o, Bn

rine Tg_p — MaTpura nepexojga ot F x F.

ITpumep. [lokasarb, uro KaxKjgas u3 cucreM BektopoB F = {(—1, 2, 1),
(2,1,2),(1,2,2)} w F={(-1,0 —1), (-1, =1, 0), (1, 1 — 1)} asasorca
6aszucom B R3. Haittu maTpuIty nepexosa ot E K F 1 KOOpJIMHATHI BEKTOPA,
x = (1,2, 3) B 6asucax E u F.

Pemnienne.

YTobbI J0Ka3aTh, U4TO cucTeMa F obpasyer Gasumc B R?, Bocmosb3yem-
csl CJIEJIYIONTUM yTBep:KieHueM. B n-MepHOM BEKTOPHOM MPOCTPAHCTBE JIIO-
Oas JIMHENTHO He3aBUCHUMAasl CHCTEMa U3 N BEKTOPOB obpasyer ba3uc. Tak kak
dimR? = 3, To JoCTATOYHO HPOBEPHUTDL JMHEHHYIO HE3aBUCHMOCTD BEKTOPOB
cucrembl F. B janHOM cilydae mpoBepKa BBIMOJIHIETCS TPOCTO. 3aMeTHM,
4uTo cucremMa F sBjgeTcd JUHEHHO HE3aBUCUMON TOIJ/Ia U TOJIBKO TOTJA, KO-
/18 OIPEJIESIUTE/ b MATPHIILI, COCTABJIEHHON M3 BEKTOPOB, OTJIMYEH OT HYJIS.
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Jlanmbrit criocod mpoBepku paboTaeT JIUIIb B TOM CjIydae, KOrJl[a MaTpUIa,
COCTaBJICHHAA U3 BEKTOPOB, SABJISIETCS KBaIPATHOII.

-1 2 1 |@20] -1 21 -3 -1 2 1 312
2 1 2w+ | 0 5 4 = 0 11 =
1 2 2 0 4 3 0 4 3
-1 2 1
=1 0 1 1 |=1#0
0 0 —1

Anasiornano IIPOBEPUM ﬂHHefIHyIO HE3aBUCUMOCTb CUCTEMBEI F.

~1 -1 1
0 -1 1 |=-1#0
-1 0 -1

Jlnst HaXOXKJIEeHUsT MATPUIBI Hepexoga or F kK F BoinmumeM B cToJ0err
BeKTOpbI Oasuca F, 3arem 6aszuca ['. DjaeMeHTApPHBIMHU IIPEOOPA30BAHUSIMU
CTPOK TIpUBEJIEM MaTPHILy K BUJLY, Ijie cjieBa (Ha MecTe BeKTOpoB 6asmca F)
CTOWT eJMHUYHas Marpuia. Torga cupasa (Ha Mecre BeKTOpoB Oasuca [)
MIOJIyYNM HYZKHYIO MATPHILy IIEPEX0oa.

—1 02 1=l =1 1\ @em /(12 1|-1 -1 1)

2 1200 =1 1 |awm | 0 5 4|2 —3 3 |2W

1 2 2/-1 0 -1 0 4 3/-2 -1 0
e B B NN B I B S B B R WORO)
0 1 1/0 —23 |20 0 1 110 =2 3 |e@we
0 4 3/-2 -1 0 0 0 —-1]|-2 7 —12
“12 0|36 —1\ /=10 01 4 7\ e
01 0/-25 —9 01 0 /-2 5 -9 | @
0 0 —1|-2 7 —12 0 0 —1]|-2 7 -12

100|-1 4 -7 1 4 -7

010[-2 5 —9 = Typ=| -2 5 -9

00 1|2 -7 12 2 7 12

Haiinem koopjaunarel BekTopa = B 6a3uce F. Hamomuum, aro umcia i,

(B2, [P3 SABISIOTCA KOOPJWMHATAMHU BEKTOpPA X TOIJIa U TOJBKO TOTJA, KOTJIa
x = P1f1+ Bofs + B3 f3. Umeem paBercTBO

-1 —1 1 1
B 0 +08 | -1 | +55 1 =| 2
—1 0 —1 3
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Metomom ['aycca permmumM 1mory4eHHyIO0 CUCTEMY JIMHEHHBIX YPABHEHMUIA.

-1 -1 1 |1 3-(1) -1 -1 1|1 ®+2) -1 -1 1|1
0 -1 1 1|2 — 0O -1 1 1|2 — 0O -1 1 1|2
-1 0 -11|3 0 1 =212 0 0 -—-11|4
(1)_+(>3) -1 -1 0 |5 (0)-@ — 0 0| -1 1 0 0] 1
(2)+(3) 0O -1 0 1|6 — 0O -1 0 6 — 01 0|—-6
0 0 —-1/4 0 0O —-1]| 4 0 0 1|—-4

Koopaunarer Bekropa x B 6asuce F papubt (1, —6, —4). Vcnosnb3ys mar-
pHUILy IIEepexoia, JIETKO HallTh KOOpJAMHAThI BeKTOpa r B basuce F.

Qaq 1 -1 4 =7 1 3
(6] = TE—>F —6 = —2 5 -9 —6 = 4
Qs —4 2 =7 12 —4 —4

Koopauuarer Bekropa = B 6asuce F pasubl (3, 4, —4).

9 Jluneiinble npeobpa3oBaHUA

Orobpaxkenue ¢ : V — V u3 BekropHoro npocrpanctsa V B V HazbiBa-
eTcst AUNETUHbLM NPeodpadosaruemM, eCJIu BBIIIOJHEHO JIBA CBOWCTBA:
1) Ve, y €V p(z +y) = () + 0(y);

2) Ve e VVa e P p(ax) = ap(z).

Jl1st mpuMepa pacCMOTPUM JIBa MMPeoOpas3s0BaHMs, OIpeIeIeHHbIe JIJIsT JIIO-
6oro BeKTOpHOrO IpocTpancrBa V. Hysesoe mpeobpaszoBaHue 0, 3a/1aBaeMoe
npasmwioM YV € V o(x) = 0, u mootcdecmsentoe peobpasoBanue €, ompe/ie-
nennoe npasuiom Vo € Ve(z) = .

BameTnm, 9TO JIMHEIHOE TTPeobpa30BaHne OOHO3HATHO 33,/ 1aeTCsI YKa3aHU-
eM 00pa30B 0a3MCHBIX BEeKTOPOB. Ha 3TOM CBOIICTBE OCHOBaH MeTOJ, 3a/IaHusd
JINHEITHOTO 1Tpeo0pa30BaHKs IIPU ITOMOIIKM MaTPHUIIbI.

[Iycts B BekTOpHOM TIpocTpancTBe V' 3ajan 6asuc E = {ey, ea,...,¢e,}.
Mampuueti aunetinozo npeobpasosarus @ : V. — V HazbIBaeTCs MaTpHUIA
[¢] = {a;;}, B j-TroM crosnbrie KOTOPOi cTOAT KOOpAMHATHI 0bpasa ¢(e;) B
basuce E. To ectsb p(e;) = ayjer + agjea + -+ - + anjen.

HysteBoe npeobpasoBamnue, ompe ie/IeHHOE BBIIIE, IMeeT HYJIeBYIO MaTPUILY
B JioboM Gasmce. ToxkjpecrBeHHOE peobpa3oBaHue UMeeT eIUHUIHYIO MaT-
puity B Jiiobom Oazuce. HecmoTpd Ha mpuBesieHHBIE IPUMEDPHI, MATPUIIA JTH-
HEIHOrO TTPeodpa30BaHUs BCE TAKW 3aBUCUT OT 0DA3uca W M3MEHSIeTCS PU
mepexo/ie B APYroif ba3uc 1mo mpaBmry

[elr = TELF (le Tp—r.
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JlokazaTesbCTBO 9TOTO CBOMCTBA U JIpDYI'He CBONCTBA JIMHEHHOIO IIpeodbpa3o-
BaHWsI U €ro MAaTPHUIIBI CMOTPH B TU1. 2 §1-2 [4].

IIpumep. Haiitu marpuiy jmneitnor npeodpasosanus ¢ : R3 — R3 B 6azu-
ce e = (1,0,0), e = (1, 1,0), e3 = (1, 1, 1). IIpeobpasoBanue ¢ 3amaHo
npasuioM: ¢(xq, e, x3) = (1 + 2x9 + 3x3, T1 + T3, —T9 + X3).

Pemienne.

Haiiyiem o6pa3bl 0a3MCHBIX BEKTOPOB.

ple1)=(1+2-0+3-0,1+0, =0+0) = (1,1, 0);

plea) =(1+2-143-0,14+1,-14+0) = (3,2, —1);

ples) =(1+2-143-1,14+1, -1+1) = (6, 2, 0).

Koopanaarsl 06pa3oB 0a3uCHBIX BEKTOPOB B Oasuce F OyaeM HaXOIUTh
OJIHOBPEMEHHO. /[Jish 9TOro BBINMIIEM B CTOJIOEI] IO TOPSJIKY Oa3UCHbIE BEK-
TODBI €1, €3, €3, 3aT€M IOJIyUYeHHbIe BEKTODBI ¢(e1), p(e2), p(es).

11111 3 6\mW-@» /1 00(0 1 4
o111 2 2 ]l@2-3»| 0101 3 2
00 1/0 —1 0 00 1}]0 —1 0
0 1 4
Matpuria uHeiHOTO TTPeoOpa30BaHUs (P UMEET BU/I 1 3 2
0 -1 0

10 CobOcTBeHHBIE 3HAYEHUS 1 COOCTBEHHbIE BEK-
TOPBI JINHEITHOTrO npeobpa30oBaHUM

[Iycts ¢ : 'V — V — jmHeitHOe 1mpeobpazoBaHue BEKTOPHOT'O MPOCTPaH-
crBa V maj nosem P. Hemnyseoit BekTop v € V' Ha3bIBaeTcst cob6CmMEeHHbiM
6EKMOPOM JTHHEHHOTO MPEOOPA3OBAHUS (, €CJIM CYNMIECTBYET TAKOW CKaJIAp
A € P, 9410 BBIIOIHSAETCS paBeHCTBO ¢(v) = A - v. Ckangap A Ha3bIBaeTCH
coOCMBEHHBIM 3HAYEHUEM JTTHERHOTO TPE0OPA30BAHUS (0, COOTBETCTBYIOIIIM
BekTopy v. Cmorpu 1. 2 §3.3 [4].

Jl st HaxoyKIeHnsT COOCTBEHHBIX 3HAYEHUN MCIIOIB3YIOT CJIeIY Ol MHO-
roujied. [TycTh JiuHelHOe IpeobpasoBaHue @ UMeeT MaTPHUILy [¢| B HEKOTOPOM
6a3uce BEKTOPHOTO mpocrpancTBa V. Xapaxmepucmuueckum MHO204AEHOM
Ipe0OpPa30BaHus Y HA3BIBAETCS MHOTOWIEH X,(A) pasusil det([¢] — AE). 3a-
MEeTHM, 9TO X,(A) — MHOrouaen naz nosteM P cremenu dim V.

Cite/iyeT OTMETHUTD, ITO XapaKTePUCTUIECKUIT MHOTOYUJIEH JTMHEIHOTO TIpe-
obpa3oBaHWs He 3aBUCUT OT BhIOOpa Oasmca. CrpaBenBa CIeIyiomas Teo-
pema.
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Teopema. MHOXKecTBO COOCTBEHHBIX 3HAYEHUI JTUHEHHOTO TTPEOOpa3OBaHUsd
( COBIIAIAET C MHOZKECTBOM KODHEH XapaKTePUCTHIECKOIO MHOTOUTIEHA X ()
a1 mojeMm P.

ITpumep. Haiitu cobcTBEeHHBIE BEKTOPHI U COOCTBEHHBIE 3HAYEHUA JTUHEHHO-
ro npeobpaszosanns ¢ : R?* — R?, 3amannoro maTpureit

4 -5 2
[p]=15 -7 3
6 —9 4

Peinenne.
CocraBuM XapaKTEPUCTHIECKUIT MHOIOYIEH W HaiJIeM BCe ero KOpHH,
npuHaexKarme moso R.

Xo(\) =det([p] = AE)=| 5 —-7—-X 3

BoraucimTs qaHHbII OIIPEJIe/INTE b MOXKHO PA3HBIMU criocodamu. Mbr Boc-
noJib3yemMcst (hopMyJIoit, CIIpaBe/IJINBOI JIJIsT MaTPHI] padMepa 3 X 3.

det(Agxg — /\ngg) = —)\3 + TT’(A))\Z — (All + A22 + Agg)/\ + det A7

rie Tr(A) — caen marpunbl A, paBHBIH CyMMe JMarOHATHHBIX JIEMEHTOB,
A;; — anrebpandeckoe JIONOJHEHUE K 3JIeMeHTy ¢j Marpuibl A. Ber Moxe-
Te B Ka4eCTBe YIParKHEHUsT CAMOCTOSTELHO JI0Ka3aTh U OOOOIIUTH JTAHHYIO
dopMyILy JjIsT MaTPHUIL IPOU3BOJILHOTO pa3Mepa.

B namewm ciaydae.

Tr(le])) =44+ (-7)+4=1

-7 3 4 2 4 =5
[l +[plaa+ 0l = 9 4 ‘—i—‘ 6 4 ’—F‘ 5 _7'——1+4+(—3)—0
4 =5 2
detlg] =[5 —7 3 |=o0.
6 -9 4

Takum 06pasoM, Y,(A) = =A% + A2
Pemas ypasrenne —\° + \? = 0, maiizeM KOpHH XapaKTepHCTHIECKOTO

MHOTI'OYJICHA.
/\1 = ]_, )\273 = 0.
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s KazK10oro coOOCTBEHHOIO 3HAYEHUS A HaieM COOCTBEHHBIE BEKTOPBDI,
pemast ypasuenne ([¢] — AE)z = 0.
s Ay = 1 ypaBHeHUe npuMeT BU/I:

4—-1 ) 2 1 0
5 —7—-1 3 ro | =10
6 -9 4-1 T 0

JlanHoe ypaBHEHUE MIPeICTaBIsIeT cOO0i cucTeMy JTUHEHHBIX OIHOPOIHBIX
yPaBHEHUIT OTHOCUTEILHO HEU3BECTHBIX X1, To, £3. 1aK KaK MaTpuiia Kodd-
GUIMEHTOB IPU HEM3BECTHBIX UMEET HYJIEBOI OIPeIeUTe/b, TO JaHHas CH-
creMa Bcerjia nMeeT OecKoHedHO MHOro pemrenuii. Hara 3a1a4a naiitu 6asuc
MIPOCTPAHCTBA PEIIeHnii, TO eCTh (DYyHIAMEHTAIBHYIO CHCTeMY pernenuii. Pe-
UM crcreMy MerogoM [aycca.

3 =5 20\ @220 3 -5 2|0 D@ -1 2 -1]0
5 =8 310 (3)—2(1) -1 2 =110 — 3 =5 210
6 -9 3|0 0o 1 -1|0 0 1 -1|0
@+31) (1 =2 1 |0 (o 1 =2 110 Do 10 —-11]0
wen (o1 o —1jo |01 —1fo | " (0] —1]o
0 1 —-1|0 0 0 00 00 010
ITepemennnle x1, o — IVIaBHBIE, T3 — cBoboaHadA. OOIIee perenue
Tr1 = XT3
To = X3

Yucsto cBOOOTHBIX TEPEMEHHBIX PABHO Pa3MEPHOCTH IIPOCTPAHCTBA Pellie-
uuit. B mannom ciryuae ognomy. Takum oOpazom, 9UC/IO JTUHEHHO HE3aBUCH-
MBIX COOCTBEHHBIX BEKTOPOB, ITPUHAJJIEYKAIINX COOCTBEHHOMY 3HAYEHUIO i
paBHO ojtHOMY. J[J1sT TOTO, 9TOOBI HANTH STOT BEKTOP, JOCTATOYHO CBOOOTHOM
nepeMeHHO! TPUJIATh KaKoe-JIn0o HeHyseBoe pemienue, nanpumep 1. Torma
x1 =1, 19 =1, x3 = 1. JIioboit apyroit cOOCTBEHHBII BEKTOP MOJIyYaeTCA U3
HaifiienHoro BekTopa (1, 1, 1) moMHOKeHHeM Ha KOHCTAHTY.

Mg Ay 3 = 0 uMmeem ypaBHenue:

4 -5 2 Ty 0
5 =7 3 2 | =10
6 -9 4 T2 0

Pemmum cucremy metonom [aycca.
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4 =5 2]0\ ®-@ /4 —5 2|0\ W-4@ /0 3 —2]|0
5 7310 le-ml 1 =2 1/0] 61 -2 1]0
6 —9 4]0 1 -2 110 0 0 010

() (2) 3(1)+2(2) 0 -110

AR i 013 —21/0

00 010

[Iepemennsnie x1, xo — raBHBbIE, T3 — cBOOOMHAs. O0IIEe perenne

{ Ty = %Z’g

To = 51’3

[Iepemennoit z3 mpugaauM HeHyJaeBoe perienue pasuoe 3. [logxydmm cob-
CTBEHHBIIT BEKTOp 1 = 1, Ty = 2, x3 = 3. JIwoboit apyroii cobCTBEHHBI
BEKTOD MOJIyYaeTcst U3 HaiiieHHoro BekTopa (1, 2, 3) 1oMHOKeHHeM Ha KOH-
CTaHTY.

Takum obpazom, cOOCTBEHHOMY 3HAYEHHIO Ay = 1 cooTBeTCTByeT COO-
creennble BeKTOpel C1(1, 1, 1), coberBennoMy 3madennio Ag 3 — C(1, 2, 3).
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3aJaHng AJid KOHTPOJIbHOII padoThl Ne 2

Saganue Ne 1
[IpoBepuTh, ABIAIOTCS JIK BEKTOPHI JTUHEHHO 3aBUCHMbBIMU.

(1) {ay = (1, —1,-2,1), as = (2,2, —1,—1), a3 = (1,1, —1, 1),
as = (1,—5,—3 4) = (- 1o, 1, 1)}

(2.) {a1 (0, -1, 2,1), as = (2,1,2,-1), a3 = (1,—1,-1,1),
as = (0, -4, —6, ),a5—(1, —2,~1,1)}.

(3.) {a1 = (=1,0,-1,2), a3 = (—1,3,2,—1), az = (1, -3, —1,2),
as = (2,-9,-5,7), as = (1, —2,1,1)}.

1) {ar = (1,0, -1,2), as = (4, -6, —4, 1), a3 = (2,1,6,2),
ays = (1,8,15,5), a5 = (1,—1,1,0)}.

(5.) {a1 = (1,1,-1,2), az = (3, —6,-2,1), az = (3,2,8,2),
as = (4,11,17,5), a5 = (1,—1,2,0)}.

6.) {ar = (1,3,—1,0), az = (—3,1,-2,1), a3 = (3,2, —1,2),

— (10,6,-1,3), a5 = (—1,-2,1,~1)}.

( Y far = (1,3,—1,0), as = (2,8,~2,1), a5 = (2,2, —1,2),
ay = (3 —1, —1, ), as = (—1, —2, 17 —1)}

(8.) {a = (1,3,—1,1), ap = (10,8, —2,1), a3 = (0,4, —1,12),
as = (—9,3,—1,24), a5 = (1, ~3,1,—6)}.

9.) {ay = (1,3,-2,1), as = (3,1,0,1), a3 = (9,4, —1,4),
as = (16,10, -4,8), a5 = (1, 0,1,0)}

0.) {ar = (1,2,-2,1), as = (3,1,0,1), as = (6,2, —1,2),
as = (10,5, —4,4), as (1,1,1,1)}.

Saganue Ne 2
Haiitn 6a3uc m pa3MepHOCTb JUHEHHON 000JI0YKN CUCTEMbI BEKTOPOB U3
sagtaam Ne 1

Saganue Ne 3
JlokazaTh, YTO KaxKJaas U3 CUCTEM BEKTOPOB F u F gBjIsIIOTCS DAa31COM B
R3, naiiTi MaTpuiy nepexosia or E kK F 1 KoopAnHATBH BeKTopa ¥ B 6a3ucax
EukF.
(1) E={(2,1,2),(3,—-1,4), (2,4, 1)}, F = {(-1,0,1),(2,1,0), (1,2,-1)},
= (8,—4,4).
(2.) E={(3,1,2),(3,1,3),(2,1,0)}, F = {(-1,0,1), (2,1,0), (1,2, —1)},
= (8,—4,4).
(3.) E={(3,5,4),(2,2,3), (1,2, 1)}, F = {(—1,0,1), (1,1,0), (1,1, —1)},
= (2,—4,4).
(4) E={(21,4),(2,2,3), (1,2, 1)}, F={(-1,0,1), (1,1,0), (1,1, =1)},
x=(1,1,2).
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(5 ) FE = {(1,3,4), (2,3,3), (1,2,2)}, F = {(—1,0, 1), (1, 1,0), (1, 1, —1)},

(17— 2)

(6> {<27271) ( 3)7(3717_4)}7F:{<_17071)7<17170>7(1717_1>}7

(17 ) 2)

(7) E = {( o 1 5)7 ( ) 3)7 (_1727_4)}7 F = {(_17071)a (LLO)’
(L1 -1} z=(2,1,-2).

( ) E = {( ;3 ) ( 1,1 _1>? (372?1)}’ F = {(_17071)7 (17170)7
(L,1,-1)}, z=(3,— ,3)

( ) E = {( 1,3, 2)7 ( ) (2 —2 2)} F = {< 17071)7 (171’0)7
(1,1, -1}, z = (2,—4,4).

( ) E = {(172’2)7 ( 1)7 (2a_273)}’ F = {(_17071)7 (1’170)7
(L1, -1} z=(1,2,1).

Saganue Ne 4

BLICHUTD, gBJIdeTca Jin Ipeobpasosanue ¢ : R3S — R? juneiinbiM, naiitu
ero marpuity B 6asuce e; = (1,0,0), e = (1,1,0), e3 = (1, 1, 1) npocrpancrsa
R3. TIpeoGpasoBanue ¢ 3a1aHO0 IPABIIOM:

(1 ) gO(l'l, Xa, x3> ( X1+ To — 3$3, T1 — To + 3.1'3, —T9 + 2333)

(2 ) (ml,xg,xg) (.fCl +22E2 — 31‘3,331 — X2 +3.§L’3,—l’2 +2x3>

(3.) p(x1, T2, 23) = (239 — 43,71 + To — X3, T2 — 273).

(4 ) (,D(Ih Lo, T 3) = (2$2 4:[L‘3,ZE1 + T9 — T3, —I1 + Ty — 3I3)

(5 ) gO([El, To2,X 3) = (Zlfl + QZEQ — 3£E3, —T1+ Lo — 31‘3, 1+ To — 3273)
(6.) p(x1,x2,23) = (—21 + 229 — 5x3, 21 + Do — T3, 229 — 423).
(7.) p(x1, 22, 23) = (—21 + 9 — 323,221 — 49 + 1023, 229 — 423).
(8.) w(x1, 9, x3) = (221 + T, x1 — 49 + 93, 219 — 43).

(9 ) (,O(ZEl, T, T 3) = (2[E1 + T, 21’1 - 4ZL‘2 + 101’3, 31‘2 - 61’3)

(0 ) QO($1, T, ZE3) = (ZEl + 21‘2 — 31’3, 2271 ,—2!E1 + T9 — 4$3)

Saganue Ne 5
Haiitu cobcTBeHHBIE BEKTOPBI M COOCTBEHHBIE 3HAYEHUS JIMTHEHHOTO TIpe-
oOpas3oBaHus, 33/ JAHHOI0 MATPUIIEH.

5 —4 0 5 20 2 8 0 780
@)l -2 3 o]@) —=210]6)[-1-=70]@)l210
0 0 2 0 0 2 0 0 1 00 1
78 0 7 -2 0 2 3 1
G)[ -3 =3 0 |®6)[ -3 2 o |@)| 0 2 o0
0 0 -1 0 0 -1 -2 3 -1
1 21 4 1 6 4 2 6
@) o 20]©@ ([0 -1 0 ]| o 1 0
—2 2 4 1 1 -1 11 -1
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