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BBenenue

[TocoOue cocTaBieHO Ha OCHOBE Kypca JIEKUUW MO0 MaTpUYHOMY aHaJuU3Yy,
KOTOPBIA YUTAETCS IS CTYAEHTOB clienuaibHOCcTen «lIpukiiagHas maremaru-
Ka» U «IDKOHOMHUYECKas KHOCpHETHKa» MareMaTrndeckoro (QakynbpTeTa. Bech
MaTepuan pa30UT Ha HECKOJBKO Pa3fesioB, COTJacHO y4eOHOHM MporpamMme Mo
nucuuIuinHe «MaTpuuHblid aHanu3y. Kaxaslid pa3ies CONEPKUT CIPABOYHBIN
MaTepuai Mo TeMme, 3aJaHusl JJIs ayJUTOPHOU W JOMalrHed paldoThl, a TaKxKe
MIpUMEPHI pelIeHn TUMOBBIX 3a1a4. [locoOue MoKeT ObITh UCIIOIB30BAHO IpE-
ITOJABATENIEM IS NPOBENCHUS MTPAKTUYECKUX 3aHATHM, a CTYACHTAMH JJIs BBI-
MOJIHEHUS JOMAIIHUX 3aJaHHUM, YTO MO3BOJMUT YCIIEIIHO MOATOTOBUTHCS K K-
3aMEHY IO MAaTPUYHOMY aHaJU3Y.

[Ipu monmbope 3ajauy aBTOpamMu HUCIOJIL30BaHbl «3aayd MO MATPUUYHOMY
anamu3y» A. K. [lemenuyk, I'. I1. PazmbicioBuy, B. M. Illupsie (Munck, bI'Y,
2004), «CoopHuk 3amau mo quHeiHOU anreope» U. B. TlpockypsikoB (Mockaa,
Hayka, 1984), u npyrue. [TosroMy MHOTHE 3a/1aui MOCOOUS HE MPETEHAYIOT Ha
OPUTMHAIIBHOCTD, XOTS CPEAU HUX €CTh LEIbIM P/l HOBBIX.



1 JInHeHbIE IPEoOpPa30BaAHUA

3anaHus 1J1s1 AyAUTOPHOM PadoThI

1 IIpoctpanctBo V 00pa3oBaHO MHOTOUYJICHAMH OT A CTENEHU HE BhIIIE N.
2 n
ITokazate, 4yro Muorowrensl 1,4 —1,(/1 —l) ,...,(/1 —1) oOpa3yroT 0asuc

npoctpanctBa V. Haiitm B 3TOM 0a3uce KOOPIAMHATHI MHOTOWICHOB
2-31+2% A"

2 Kakyio Marpuily MMeeT HyJeBO€ M €IMHHYHOE Mpeodpa3oBaHUE MPO-
ctpanctBa V ?

3 Kak u3MeHuTCsl MaTpuIla JUHEHHOTO TIpeoOpa3oBanus A, eciii B KOOPIU-
HATHOU cucrteme €,...,€, IepecTaBUTh Kakue-HuOy b 1Ba BeKTopa?

4 Tlycts V mpOCTpaHCTBO BCEX KOOPAWHATHBIX MATPHI] BTOPOTO IMOPSIKA.

[Tokasarp, uTo mpeoOpazoBanue A, COCTOSIICE B YMHOXCHUH BCEX MATPHII U3

1 2
V cmpaBa Ha MaTpuIry (3 1

1 0 01 00 0 0
e = , €, = , 8= , €, = .
o of %o o) =7z of « o 1)

5 CocTaBHUTh XapaKTEPUCTUICCKOE YPaBHEHHE JIJISI MATPULIBI A

J Oyner iuHeHHbIM. HaliTn maTpuiy npeoopaso-

BaHMS, €CIIU

1 -3 2
A= 2 3. A=12 3 0
D a) 977
2 0 -1
6 Halitu ciekTp JuHEeHHOro npeodpazoBanus A, eciu
4 5 7
A= L2), A=| 1 4 9
) %3 o) O77 |
-1 0 5
SBnsieTcs 1M OH NPOCTHIM?
7 SIBNsitOTCS I IOIOOHBIMUA MATPUITBI
1 1 3 1 -3 -1
A=11 5 1|uB=|-3 1 1]/
311 -1 1 5

8 Haiitu )x0p1aHOBY HOpMAIIbHYIO ()OPMY MaTPHULIBI



1 -1 1 3

-1 1 3 -1
-1 -3 -1 -1}
3 1 -1 -1

a) B TMOJIE PAIIMOHAIILHBIX YHCETT;
0) B moJie IeUCTBUTEIbHBIX YUCENT;
B) B I10JI€ KOMIUIEKCHBIX YUCET.

9 Hcnonb3ys )opAaHOBY HOpMaJIbHYIO (DOpMY MAaTpHIlbl, Y3HATh KaKue W3
CIEAYIOIIUX MATPHII ABISIOTCS MOJOOHBIMM M KaKHe W3 HHUX MOAOOHBI JUaro-
HaJIbHOM Matpuriie?

3 1 3 42 130 25 2 1 -1
A=|-4 -2 6 |;B={-8 24 5|:C=|7 4 22|
-1 -1 5 -23 73 4 2 1 -5
8 -12 16 20 -89 -32 2 0 0
D= -8 18 -22|;F=/11 -51 20, M=|1 1 1|
-11 22 -27 20 95 -36 1 -1 3

3ajanus s 10MalIHed padoThI

1 Iloka3arh, 4TO MaTPHUIIbI A"A u AAT HMEIOT OJHO U TOXE MHOKECTBO
HEHYJICBBIX COOCTBEHHBIX 3HAUCHUH, €CITN

1 1 1 1
A=-1 1 -1 1
1 -1 -1 -1
2 Havitu ciekTp JIuHeHHOro npeodpazoBanus A, eciu
1 00O
5 6 -3
_ 0 00O
a) A=|-1 0 1 6)A=OOOO'
1 2 1
1 0 01

SBnsiercs 11 OH TPOCTHIM?
3 SIBNSIOTCS M IOTOOHBIMUA MATPHITBI



2 -1 2 /7 -2 0
A=-1 5 1 |uB=|-2 6 =27
-2 1 2 0 -2 5

4 Tloka3aTh, 9To MaTpuna A momo6Ha cBoei 06paTHOH, ecu

2 -4 -3
A=1 -2 -1|.
0 1 -1

5 Ina tpéx marpurr A, B,C moka3are, 4To CymecTByeT oOnmii coOCTBEH-
HBIW BEKTOP, €CIIU

0 -5 -10 1 0 -5 1 -5 -15
A=0 1 3|, B=11 1|C=1 2 =2
1 2 5 01 3 1 3 8

6 Jlokazarb, 4TO COOCTBEHHBIMH 3HAUCHHUSIMHU JMATOHAIBHOM MaTpHUIIbI SB-
JIAIOTCA €€ TUaroHaJbHBIE DJIEMEHTHI.
7 Haiitu >)x0p1aHOBY HOPMAJIBHYIO ()OPMY MaTPHUIIBI

-1 1 -1 4
1 -1 4 1
-1 4 1 1}
4 1 1 1

a) B MOJIE PAlIMOHAJIbHBIX YHCETT;
0) B 1oJie JeUCTBUTEIBHBIX YUCEIT,
B) B I0OJIe KOMIUIEKCHBIX YUCET



2 IlceBnooOpaTHast MaTpHUIlA

3ajanus 1 ayAMTOPHO PadoThI

1 Haiitu riceBmoo0paTHyro Matpuiy A’ Ul CIEAYIOMINX MaTPHIL:

2 0 -11 1 0 -2 -1 2 0
a)A=|1 21 2 ;6)A=|2 0 4;A={3 1 -1].
0 4 -3 3 1 3 -1 5 4 -2
2 Haiitu ckeneTHOE pasioKeHue MaTpHUIlsl A
-1 2 3
A= 3 -1 2|
1 3 8

3 Haiitu HOpMaJIbHOE TICEBIOPEIICHUE CUCTEMBbI JIMHEHMHBIX ypaBHEHUU U
JUTMHY €r0 HEBSI3KHU:

(%, +2x, =1
X, =X, + %X =1
X +X =3 2% +4x, =2
a ; 0) 1—X, +2%, =4 ; B) 1 :
—2X, —2X, =4 3X, +6X, =3
2X, — X, +4X, =1
X, +2X, =0

3amanus 15 JoManIHen padoThl

1 Haiitui niceBaooOparHyro Matpuity A” JUIst CJEAYIOIMX MATPHIL;

1 -1 0 2 1 2 3
a)A=|0 2 3 -2|:6)A=|-2 -4 -6 ;B)A:@ :;]
3 -1 3 4 0 1 -1
2 HaiiTu ckejeTHOE pa3ioKeHUe MaTpuIlsl A
21 6 3
A=|5 -6 -1 7]
1 6 10 2

3 Haiitn HOpMaibHOE IICEBIOPEIICHNE CHUCTEMbl JIMHEHMHBIX YpaBHEHUM U
JUIMHY €r0 HEBSI3KHU:



X +2X, —X; =1 X +X, =1
X =% =1
a) ;0) 9%, +2% =1 ;B) 12X +X,=3
—3X, +3X, =2
X, —9X%; =3 —2% —2X,=0



3 Kanonnueckue ¢gopmMbl MaTPHUIL

3amanus 1J1s1 ayAUTOPHOM PadOThI

1 TlpuBecTu 3ymeMEeHTapHBIMU TTPeoOpa30BaHUSIMU K KAaHOHMYECKOW Iuaro-
HaJbHOU (POpMeE MaTPUILHI:

A1 A 0 A% -1 A+1
a) , 0) , B) , :
0 A 0 A+5 A+l A°+214+1

A+l A% +1 A2 1-4 A2 A
r)|34-1 32*-1 A+2Am| 4 A -4 |
A-1 1*-1 A2 A+l A% )P

2 Ilonb3ysick HAaUOOJIBIIUMU OOIIUMH JETUTEISIMA MUHOPOB, HAWTH KaHO-
HUYECKYIO THaroHAIbHYIO (hOPMY MATPHIL:

210 0
AA-) 0 0
0 A1-2) 0 o240
V 0 0 (/11)(12)’)00/11’
000 A
, , 210 0
242120416 2-1 242-122+17
; 2 ; S loa1 o
2 , 2 Do o 4 1
J2-BA+T 2-A  2P—6A+8
5 4 3 442
3 ﬂBJ’I}HOTCﬂ JIN SKBUBAJICHTHBIMHU ManI/IHI)I:
3041 4 42-1 A+l A-2 A2-22
A=| 1-22  A-1 A-2* |uB=| 24 24-3 22-22?
Ryi-2 A Ar+22 2 1 1

3ananus A9 q[oManiHei padoTsl

1 IlpuBectu 3neMeHTApHBIMU NPEOOPA30BaHUSAMU K KAaHOHMYECKOW aMaro-
HaJIbHOUN (popMe MaTpPHULIbL:



2 2 2
v 0 2/1 ,12 A | 312
a) 16) | A2=A4 322—1 A*+412-31|;

0 (A1) | 2e1 244 32243
B)
(2-1)(2-2)(2-3) 0 0 0
0 (2-1)(1-2)(2-4) 0 0
0 0 (2-1)(A-3)(2-4) 0
0 0 0 (4-2)(24=3)(2-4)

) A=A 247
r :
A*+54 31
2 Tlonb3ysich HaUOONBITUMU OOIIUMH JETUTEIIMU MHUHOPOB, HAUTH KaHO-
HUYECKYIO IMaroHajJbHyI0 (OpMy MaTpHIL:

AA+D) 0 0 AA-1) 0 0
a 0o 2 0o || o -2 o |
0 0 (A+1) 0 0 A(4-3)
A -1 0 0 0 A1 1 .. 1
A1 0 O
0O 24 1 O 0 o 42 1 .. 1
0 4 00} O 0 A4 -1 0 ¢
B) 00 4 1 , T) V) | e e e e
O 0 0 42 -1 O 0 0 .. 1
0O 0 0 A
1 2 3 4 A+5 0O 0 O
3 SIBNAIOTCS TN DKBUBAJIEHTHHIMU ManI/I]_IBI:
A2+ A+l 31-4% 22%2+0 A° 3 A1%+1 317 22
AP+A 3= 2%+ A° 2 A*+1 31% A?
A: 2 2 2 2 uB: 2 2 2 ?
A=A 2A—A° 24°+A4 A 0 A Ky )
A2 12 212 A2 A% Q% 3% )8



3.2 MaTpuiHble MHOTO4JI€HbI

3ananus 1Js ayJUTOPHOM PadoThI

1 Ipencrasuts A(A) B Bujie MATPHYHOTO MHOrOYIEHA. SIBISETCS JIU OH pe-
TYJISIPHBIM?
A :(13 +24% 45 2° —1}
~A*+24-3 3
2 Jlokasath mogobue matpur, A u B, ucnoib3ys oCHOBHYIO T€opemy O I10-
n06un MaTpuil. HaiiTi Takyio HeBbIpoX/IeHHYI0 MaTpuiy R, uto B=RAR.

18 24 20 8 -2 -11
A:i 24 32 -15], B=E 10 2 2
25 9
-20 15 O -5 -10 8
3 Marpuny A pazmenuts Ha MaTpuily B crpasa.

21°+51+43 -A1*+31+2 -1+6 2 1 -1
A=| -31°+71+11 -31°+94+1 -21+8|, B=[2 1 2
A2 +21+8 —21*°+51+3 -1+4 2 -1 3

3aganus s [oMalIHe padoThl

1 IIpencrasuts A(A) B BHIe MAaTPUYHOIO MHOrOYIeHa. SIBJIAETCS JIU OH pe-

TYJISIPHBIM?
A =2 3
A(A)=| A° 0 3
52° 1 4

2 JloxazaTh mogobue Matpuil A u B, ncronb3ys oCHOBHYIO TeopeMy O To-
no6un Marpur. HaiiTi Takyio HeBBIpOXKIeHHYIO MaTpuiy R, uto B=R'AR.

1 1 -1 1 0 -3
A=-1 -2 -1, B=|0 0 -1].
1 2 0 1 1 2

3 Matpuity A pa3aenuth Ha MaTpuily B ciesa.



21> +51+3 -21*+31+2 -1+6 2 1 -1
A=| -31%+741+11 -31*+91+1 -21+8|, B=[2 1 2|
A2 4+21+8 21*°+51+3 -1+4 2 -1 3



3.3 /Kopnanosa u ¢ppodeHnycoBa HopMaJIbHbIE (POPMBI
3amanus 1151 ayAUTOPHOM PadOThI

1 Haiitu >xOpAaHOBY HOPMaJIbHYIO (OPMY MATPHUIIBI, €CIH JaHbl UHBApPH-
AHTHBIC MHOXKUTENH €€ XapaKTePUCTUUECKON MaTPUILIBI.

a) g(1)=e,(1)=1 e,(A)=¢,(1)=1-1 (1) =¢e,(1)=(A-1)(1+2);
e(l)=e,(1)=6,(1)=1 e, (1)=1+1]
e (1) =(A+1)7, e, (1) =(A+1)*(A-5).

2 Haiitu XOpJaHOBY HOPMaJbHYIO (DOpMY CIEAYIOMMX MaTpuIl (TOPsI0K
MAaTpHII B TYHKTaX B) U T') paBeH N):

0 10 4 6 -15
a)|-4 4 0f;6)|1 3 —5|;

21 2 1 2 4

1 -1 0 0 0 0
00 ..0

01 -1 0 ..0 0
00 .. 0

00 1 -1..0 0
B) o) 30 0

o 0o 0o 0 .. 1 1
o 0 0 0 .. 0 1

B nmyHkTax a) u 0) HalWTU MaTpully Hepexoja K >KOPJAAHOBOW HOPMaIbHOM
dbopme.

1 2 3 4 .. n

3ananus 144 JoManiHel padoThl

1 Haiiti >x0pAaHOBY HOpMaJIbHYIO (OpPMY MAaTpHUILbI, €CIH JaHbl UHBApU-
AHTHBIC MHOKUTENH €€ XapaKTepUCTUUECKON MATPHUIIBL.
a) g(A)=4+4, e,(1)=(A+4)(1+3),
0) el(ﬂ“) =1 &, (A)=1-2, 63(/1) =(A-2)(1-3), 64(1) =(4-2)(4 _3)2-
2 Haiitu xopJaHOBY HOpMaJbHYIO (QOpMy CIEAYIOMIMX MaTpull (MOPsI0K
MaTpHUII B ITYHKTaX B) ¥ T') paBeH N):



3 4 0 2
-3 -1 3
2 9 27lg|t > 24
a — y ’
) ) O 0 3 2
5 2 -6
O 0 2 -1
1 1 1 1
1 4 n
0O 1 1 1
0 2 3 n-1
0O 0 1 1
B) ;r) 0 2 n-2

0O 00 .. 11
0 00 .. 01

B nmyHkTax a) u 0) HalTU MaTpully Mepexojia K KOPAaHOBOM HOPMalbHOMN
dbopme.

0o 00 0 .. 1




33[[3HHH JAJIS UTOIrOBOIro KOHTPOJIdA 3HAHUU
(Bo écex 3a0anusnx K — nomep eapuanma).

1 BbIsiICHUTD, IPUBOIUTCS JIM MaTpulia A K AuaroHanbHOMY BHIy. B ciydae
YTBEPAUTEIBHOTO OTBETA, HAUTH MATPUILy, MPUBOIANIYI0 A K ITHAroHAJILHOMY

BH]TY.

k 0 k+1
A=|0 k+1 0
0 k+2 k+3

2 [lpuBecT K KaHOHWYECKOW AuaroHambHOU (hopme matpuny A(A) nByms
criocobamu:

a) ¢ IOMOLIBIO AEMEHTAPHBIX MPE0OPa30BAHMUIA;

0) ¢ MOMOIIbIO MHBAPUAHTHBIX MHOXKHUTEIECH.

ki 0 1
AA)=| A+k 24 -4 |
A2 A0

3 Haiitu xopnaHoBy HOpMalibHYIO (DOPMY MATPUIBI U HAWTU MATPHUILY,
MIPUBOISIYIO €€ K 9TOMY BULY:

k 0 k+1
0 k+1 O
0 k+2 k+1
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