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1 Bceryn

Tema “2Kopjanosa HopMaJibHa (popMa MATpuUIlll”’ BUBYAETHCS HA MEXaHi-
Ko-mareMarnaHomy dakysbreri Kuiscbkoro ynisepecurery imeni Tapaca
[llepuenka B Kypcl JiHIHHOT ajrebpu CTyJeHTaMu nepioro Kypey. 7k
NPABUIIO, CepeJl IHIINX TeM KypCy JIHIAHOI anreOpu 1s TeMa HafcKaa-
HiIa JJist CHPUAHSATA, 0COOIMBO 3 NOIIs/ly HAOyBaHHSI IPAKTHYHUX HABH-
YOK T3 3HAXO/[>KEHHsI }KOp,ZLaHOBOI dopmu. Bpak yacy He J103BOJISIE€ JJOBTO
BYIMHATUCH Ha PO3B’A3aHHL OJHOTHMITHUX 3a]1a4 Ha NPAKTUIHUX 3aHAT-
TAX, OaraTo 3aJau 3aJUIMACThCA JJId CaMOCTIHOrO OmpallloBaHHs CTY-
JIEHTaMH.

Hanwnit MmeTojnaHuil TOCIOHUK Ma€ 3a METY MOBHICTIO OXOIUTH OCHOBHY
HACTUHY MPAKTHYHUX 3aJ0a1, sIKl MPOTIOHYIOTHCA JI0 PO3B A3aHHST MiJT 9ac
BUBYCHHS TEMH “}KopﬂaHOBa HopMaJibHa opma’. Jlo Beix Tunosux sasaq
HABEJIEHO aNTOPUTMHU DO3B’SI3aHHA Ta MOBHICTIO pO3iOpano mpuHaiMmi 1o
OJTHIM 381841 KOXHOT'O THILY. SHauHy KIIbKICTH 33189 3aIIPOIIOHOBAHO JIJIs
CAMOCTIHOTO PO3B’d3aHHs.

MarepiaJji nocibHuka repejdoadac 03HaliOMJIEHHS 3 yCiMa TeMaMu Kyp-
Cy JIHIIHOT aJiredpH, 1110 BUBYAETHCS B TepiioMy cemectpi. Js jomaTko-
BUX TEOPETUIHUX BiOMOCTEH MU BijcuiaaeMo uutada o [2]. fk ocroshe
AZKepeJIo 33/1a1 BUKOPUCTOBYBaJIUCh KJIACUYH1 361pKI/I 1, 3, 4], xou ceper
3aIPOIIOHOBAHNX 3a/1a4 3yCTPiYaloThCs i OpUriHaJbHi.

Koxna riasa (aneMa) NOCIOHUKA CKJIAJAETHCS 3 KOPOTKUX Teope-
THHHIX BIJIOMOCTEH], CITUCKY OCHOBHMX THIIB 3a/1a4, aJTOPUTMIB X PO-

3B H3&HHH, HpI/IKJIa,ILlB pPO3B ‘SI3aHHs Ta 3a,/Ja4q JOJId CaMOCTIITHOT'O OIIpalllo-
BaHHA.



2 XapaKTepUCTUIHUII MHOTOYJI€H MATPHIIi

2.1 TeoperuyHi BisioMOCTi

Hexait K nosnavae posinbne nose. Hanani wepes Fj, My nosnauaTumMeMo
OJIMHUYHY MaTPHIIO po3mipy 1 X n. Haragaemo, mo ouHIIHOI0 HA3UBa-
I0Th KBaJIpaTHY MaTPUIO, yci JllaroHajibHi eJIeMeHTH KOl JIOPIBHIOIThH
OJIMHHUIIL, a BCl 033 1arOHAJILHI €JIEMEHTH — HYJIHOBI.

gj

I
oo coor
oo coro
oo o—oo
o cooo
—o. oo O

{ oo mooco

Akio po3mip marpuill £ Oy/jie 3p03yMiJinM 3 KOHTEKCTY, MU 4acTo Oy/1eMO
MOro OMyCKaTH.

Posrisinemo jiesiky kpajparhny marpuiio A € Mat,, .., (K).

Oszumagenns 2.1. Xapaxmepucmuunum mHo20uAeHOM Mampuyi A na-
3UBAEMBCA MHO20UNEH

YA(\) = det(A — \E).

Hapani My gacto OysieMo BUKODUCTOBYBATH IHTEPIPETAIII0 MATPHUILH
y TepMiHax JiHiiiHux oneparopis. Hexait K" nosnavae apudpmernunnii
BEKTOpHUIT IpocTip posmipHocTi n Has nojgeM K. SadikcyemMo cranpapr-
"y Gasy mpocropy K", mo ckiajgaerbesi 3 Bekropis ¢; = (0, 0,...,0,
1, 0,...,0) (ogqunuuka croith Ha i-my Micti). Toxi goBlIBHY MaTpHIO
A € Mat,x,(K), A = (aj;)} ;= MoxKHa iHTEPIPETYBATH AK MATDUIIO
€IMHOIO JIHIfIHOrO onmepaTopa 4 : K™ — K™, 1110 BUBHAYAETHCST YMOBa-
MU

n
e):Zaijei, j:1,2,...,n
1=1

Y Takuit crocid BCTaHOBJIIOETHCS IPUPOIHA B3AEMHO-0/IHOZHAYHA, B1IIIOBI/L
HicTh MK MHOXKMHOIO L(K™) niniitaux oneparopis y npoctopi K" Ta
MHOKHHOIO Matnxn(K ). Binbuie Toro, sl BIANOBLIHICTD y3rOJUKEHA 3
NPUPOJHAMY JIiFIMH JIOJIABAH s ONEPATOPIB, MHOKEHHs OllepaTopa Ha 11c-
JIO Ta CyIeprosulii omepaTopis. A came, JOJaBaHHIO ONEPaTOPIB BiJ-
TOBiJa€ JIoaBaHHs MaTPHIb, MHOMKEHHIO onepaTopa Ha, YHCJIO BiJoBinae
MHOXKEHHsl MaTPHUIl Ha YUC/IO0, a CyNeplosullil onepaTopis BijoBijae
MHOXKEHHSI MaTPUILh. Hara,uaeMo TaKOXK, 1110 Npu 3aMini bazucy B K", 1110
3a/JA€THCA MATPULEIO [IEPEXOLY S (3BMan/IHo, HEBUPOJKECHOIO ), ManHuﬂ

6



A niniitHOrO OnEpaTOpa NepeTBOPIOETHCs Y MATPUIO S~ LAS. 3rinno 3 ra-
KOIO TPAKTOBKOIO YCi 3a1a4, 10 CbOpMyJHOIOTbCH MOBOIO MaTPHIlb, MOXKHA,
epedOpMyII0BATH MOBOIO JIIHIHHUX OmepaTopiB, 1 Hapnaku. Mu Hamasi
JIOTPUMYBATHMEMOCH B OLIBIIOCTI MATPUIHUX (DOPMYJIIOBAHD.

OcCHOBHI BJIACTHBOCTI XapaKTEpUCTHIHOTO MHOTOUJIEeHa 310paHo B Ha-
CTYIIHIH TeopeMmi:

Teopema 2.1. 1. Jlaa dosiavroi obopomnoi keadpammoi mampuuyi S €
Mat, xn(K) cnpasedausa pisnicmov xs-145(A) = xa(A).

2. deg xa(A\) =

3. xa(A) = ( )n>\n_|_d (=N - dd,, ded) = ap+am -+ Fanm
ma d, =

4. xa(A) =0.

3 Tepmioi BJIaCTMBOCTI OJIpa3y BUILIMBAE, IO MOXKHA BUSHATUTH Xa-
PAKTEPUCTUYHUN MHOIOYJIEH JIHIAHOIO onepaTopa K XapaKTepUucThd-
HUI MHOrOWIeH fioro Marpuul B Oyap-sikiit 6asl. lle susHavenns Oyne

KOpPEeKTHUM, 00, HacIpaB/li, He 3aJexKUTh BiJl BUOOPY 0a3u, B sSIKiil BUIIN-
CYETBCS MATPUILS ONEPATODA.

XapakTepuCTHIHAN MHOIOYIEH Mag Jlyzke 0arato HIKaBUX Ta KODU-
CHUX BJacTupocreil. Bin Oyjle OCHOBHMM HAlIMM TEXHIMHMM 3HADAJISAM
HMPOTSATOM BCHOTO Kypcy JiiHiitHOT ajrebpu. Toxk perTy morTpiOHUX HaM
O3HaYeHDb Ta BJIACTUBOCTEH MU HABOJUTEMO 33 HEOOXITHICTIO Ta JOped-
HICTIO.

2.2 OcHOBHI Tum 3aaa4

Mu mosnafioMmusuch snie 3 (CyTo TEXHIYHMM) BU3HAYEHHSM XapakTe-
PUCTHYHOTO MHOrOYJIeHa MaTpulii (JiniiiHoro omeparopa). Tox moku 1o

MO2KHa BUSHAQYUTHU G,ZLI/IHI/H/UI THII 3ada4: BHaXO,IL}KeHHH XapPaKTEPUCTUIHOT'O
MHOT'O4YJIEHA MaTpHWI].

2.3 Asaropurmu po3B’dA3aHHsI OCHOBHUX TUIIB 33124

Anroputm 2.1. 3uaxodoicenmna raparmepucmunozo Muo2044eH0 Ma-
mpul.

JL1st 3HAXOPKEHHST XapaKTEePUCTUUYHOIO MHOTOYJICHA MaTPHIL HEOOX1/1-
HO:

e Jlo BCIX JlaroHaJIbHUX €JeMEeHTIB MaTpHUIIl JIOMUCATH BUPa3 — .

o O0UMCIMTH BU3HATHUK OTpUMaHnoi MaTpuii. s nboro BUKopucTo-
BYIOTHCHA aJrOPUTMHU, 1O BUBYAJUCH Y TEMI 3HAXOJKCHH BU3HAY-
HAKA MaTPUIILL.



2.4 Ilpuknanm

ITpuknam 2.1. 3naiidims rapaxmepucmuunut MHO20MAEH MAMPUL
1 2
Hosedenna.

xa() = det(A = AB) =det (13N, %) =

—(1=MN4—-X)—2-3=4—-4X- A+ X —6=X\—5\-2.
[]

ITpuknam 2.2. 3naiidims rapaxmepucmuunut MHO20MAEH MAMPUL

o 2 =3
A= 45 -4 ].
6 4 —4

5—\ 2 -3
Xa(A\) = det(A — AE) = det 4 5-—\ —4 —
6 4 -4 -\

= (5-=NB=AN)(-4—-N)+2-6-(—4)+4-4-(=3) -
—6-(=3)-5=N—=(B=X)-4-(—4)—4-2-(=4—)\) =
= —(25—10A+)A?)(44+)) —48—48+18(5—N) +16(5—\) —8(—4—\) =
= — N +6A2+15A—100—96+90—18A+112—8X = —\3+6A%—11)\+6.

Hosedenna.

]
IIpukaang 2.3. 3uatidimv vapaxmepucmuynut MHO20YUAEH MATPULL
2 3 -1 =2
A={o 0 5 4
0 0 1 -1
Hosedenna.
2—A 3 -1 —2

FRANS Y 3
0

0 1 —1—-A



Jutst 3HAXO/PKEHHS [IbOTO BU3HAYHUKA CKOPUCTAEMOCH (HOPMYJION 004nC-
JIEHHsI BU3HAYHUKA OJIOYHO-TPUKYTHOI MaTPHIILL:

2\ 3 1 9
47 9 a9 3

det | 0 —3-A 4 =
0 0 11—

:det<22A —23—A>det<_31_A —14—>\):

= ((2=MN)(=2=XN)=12)((=3=N)(—=1=X)—4) = (N2=16)(N>+41—1) =
=\ 4N — 1702 — 64\ + 16.
]

2.5 3aja4i TEOPETUIHOI0 XapaKTepy

X04 11 OYaTKOBA TEMa He JIy>Ke HACMYeHa PISHOMAaHITHUMU TEeXHIYHUMU
3ajladaMu, TpoTe B Hiif YuMaJjo 3aja4 TeOPETUIHOIro XapakTepy. Po3s’s-
3aHHs JEeTKUX 3 HUX MU ITPOMOHYEMO JI0 Balllol yBard B IIbOMY maparpadi.

pukman 2.4. Josedimo, 40 keadpammna MATMPULA, € GUPOIIAHCEI010 MO-
di ma miavku modi, KoAU i TaPaKmMepucmuUNHUtl MHOZ0UAECH HE MIC-
mums 61AH020 YAEHG.

Mosedenns. Mu 3HaeM0, 1110 yMOBa, HEBUPOJ2KEHOCTI MaTpuli A ekBiBa-
neaTHa yMoBi det A # 0. 3 Tperhoro myHkTy Teopemu 2.1 BUILIMBAE, 110
BlibHuit wien x4(A) 36iraerbest 3 det A. e i goBogurh norpibue Ham
TBEPKEHIA. ]

BayBaXKeHHs. 3ayGaicuMo, U0 NOACHUMU 32A0AHY BAACTIUGICING MHO-
eounena X A(N\) documw npocmo. Hacnpasdi, sirvhuti uaen dociavhozo
noainoma f(x) dopiemroe f(0) sa meopemoro Besy. Omorce, sinvhuti waen
Xa(A) dopisnroe, 3a osnanennam xa(N), ocv womy:

xA(0) = det(A — OF) = det(A).

IMpuknaan 2.5. Josedims, wo dosinvrut mruozounren f(X) € CIA] cme-
nena n, 3i crmapuum koedivienmom (—1)", € rapaxmepucmuunum MHO-

2ounenom dearoi mampuuyi A € Mat, ., (C).

Josedenns. 3a 0OCHOBHOIO TeopeMolo ajrebpu Muorouiet f(A) Mae piBHO
N KOMIIJIEKCHUX KODEHIB (3 ypaxyBaHHsIM KPATHOCT ), CKaXXiMO A1, Ag . . ., Ay,
Lle o3nauae, 1110

FO) == N2 —A) .. O — V).

Posryisinemo piaronasnbuy marpuio A € Mat,«,(C), na aiaronasi sikol
CTOSITH €JIEMEHTH A1, Ag ..., A,. Toui, 3a Busnadenusim, x4(A) = (A —

A2 =A) . (A = A) = f(A).



IMpuknan 2.6. Josedimsv, wo das dosinvnuxr A, B € Mat,«,(K) eu-
Konyemoca pishicms X ap(A) = xpa(A).

osedenna. Baarami KaxXyum, Is 3ajada ckjaajgHa. [Ipore mpu nesHoMmy
PUITYIIEHH] 1070 MATPHUILD A ta B Bona crae 1ocuth npocron. Orxe, Mu
CIOYATKy PO3B’AKeMo mpocTuii i1 Bapiant. Ilpumnycrumo, mo npunaiivmi
oJiHa 3 MaTpuilh A a6o Be O60pOTHOIO Hexait e 6yﬂe CKaXKIMO, MaTpPHIIsI
A. Toni BA = A7Y(AB)A, i Teepakenns 3ajadi BUILIEBAE 3 TIEPIIOTO
NyHKTY Teopemu 2.1.

Y 3araJbHOMY BHUIAJIKY Tpeda JOCATH CHJIBHO CXHTDYBATH. Jlapaii-
Te ySBHMO, IO eqeMeHTaMu Marpuib A ta B e “HeBimomi’ aj Ta bij,
1,7 = 1,2...,n. e O3HAYAE, mo MU PO3LJISJIAEMO TOJIE pamOHaﬂbHHX
dbyukuiin L = K(aw,bw) = 1,2...,n. Y upoMy 1oji BUSHATHUKU
000X MaTpuIlb € MPOCTO MHoroqﬂeHaMH BiJl CBOTX €JIEMEHTIB, &, OTXKe,
He piBHI HYJIIO. SaCTocyBaBLHH HonepeHiil pe3ysibTaT, MU OTpI/IMyGMO
o x4s(A) = xpa(A) B nom L. Ajie ne npocro ozuauae, mo xap(A)
Ta XpA(A) 36iratorses, ax byHkiii B a;; Ta by, Ocrande o3Hauae, 10
piBaicTb Xap(A) = XBA(A) BUKOHYETBHCS Jist JIOBUIBHUX @;; Ta b;;, Ha-
HPUKJIAM JIJs1 JOBLIbHUX (PIKCOBAHUX eJeMeHTIB 1moJs K. [

2.6 3agadi ajisg caMOCTiiHOTO PO3B’si3aHHSI

ama4a 2.1. 3natidimv Tapaxmepucmuyti MHO20MAEHU HACTYNHUL
MAMPUUD

2 4 —1 123
<Zf3), (g—12), 10 2 ), [456),
3 -2 1 789

1 20 0 71 3 -2 3311
210 0 42 -1 -1 331 2
3121 {120 9] {oo0o11]
110 3 00 0 3 0011

2 2 21 1010
1112 0101
0011 ])]°1010
0033 0101
Baga4a 2.2. /losedimb, wo cymma dia20HAADHUT EACMERIIE MAMPUL]

A € Mat,«,(K) (max seanut “caid” mampuyi A) 36izaemovcea i3 cymoro

diazonarvrux esemenmic mampuyi S—LAS das 6ydv-akoi o6opomnoi ma-
mpui S € Mat, «,(K).

Bagaua 2.3. /losedimv, wo xapaxmepucmuynud MHO20UAECH MATPUL]
doPIeHIOE TAPAKMEPUCTIUNHOMY MHO20UAECHY MPAHCIONOBANOT MAMPULL.
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Baga4da 2.4. Jlosedimo, wo dosiavrud muozousen f(N) € R[A] eme-
news noma 3i cmapuwum Koediviernmom (—1)" e xapaxmepucmunnum
MHo20uAeHOM dearoil mampuuyi A € Mat, ., (R).
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3 Buachi uncaa Ta BjJacHI BEKTOPHU

3.1 TeoperuyHi BisioMOCTi

[TonATTs BAACHOTO YMC/IA Ta BIACHOTO BEKTOPA € NEepPITO/ZKEePeNoM KOop-
JaHOBOT hOpMIL, KPIM TOTO, L HOHATTS 3MICTOBHE HaJl Oy 1b-AKUM 10/eM
i TO3BOJIAE PO3B’A3YBATH 3HAUHY KiMbKICTD 3a/a4 fK TEOPETHIHOTO, TaK
i npakTUIHOrO xapakrepy. Tox po3risiHeMo jioBiabHe noje K i joBiabHy
marpuiio A € Mat, ., (K).

Oznadenns 3.1. Yucao A € K wnasusacmoca saacnum (abo xapak-
MEPUCTNUNHUM,) HUCAOM MAMPUYT A, AKULO TCHYE HEHYALOBUT GEKMOP
v € K" maxud, wo Av = \v. YV uyvomy sunadxy 6exmop v HA3UBAEMbCA
BAACHUM GEKMOPOM MAMPUYi A 3 8AGCHUM YUCAOM .

3ayBakKnuMo, 110 32 O3HAYCHHSIM BJIACHUN BEKTOP MATPHIN 0DOB’sI3KO-
BO HEHYJIHOBUH, X0U HYJHOBUM BEKTOP 3PYIHO JIEKOIU BBAXKATU BJIACHUM
3 Oy/Ib-SIKUM BJIQCHUM YHUCJIOM.

OCHOBHI BJIACTUBOCTI BJIACHUX YUCEJ Ta BEKTOPIB 310paHO B HACTYIIHI
TeopeMi:

Teopema 3.1. 1. Baacrumu wucsamu mompuyi A e xopeni ii xapax-
MEPUCTNUNHO20 MHO20UACHA T MIAVKL GONU.

2. Mwnootcuna V(A A) ycixz saachux eexmopie mampuui A 3 Pirco-
BAMUM GAGCHUM YUCAOM N (6PATOCYI0ONU NYALOGUT 6eKmop, Axul
MOHCHA BBANCAMNU BAACHUM BEKMOPOM 3 0Ydb-AKUM BAGCHUM YUC-
aom) ymeoproe nionpocmip 6 K", posmipnicmo axoz20 36ieacmvca 3
depexmom mampuui A — \E.

3. Basucom nionpocmopy V (A, A) € dyndamenmanvha cucmema pos-
6¢’asxie (D.C.P.) odnopionoi cucmemu ainidinux pisnans (C.JLP.)
3 mampuuero A — \E.

4. dim V(A A) ne nepesuwyye kxpammocmi A AK KOPEHA TaAPAKMEPU-
CMUNH020 MHO20UAEHGE.

5. Josiavnutd nabip eaacHux Ge%mopw mampuyi A 3 nonapHo praHu-
MU BAAGCHUMU 3HAYEHHAMU € AHITHO HE3AACHCHUM.

Mu OJIpa3y 3ayBaKUMO, IO BJIACTUBICTE MATH BJIACHI YHCIIA CYTTEBO
saJiexkuTh Bijl nosst K. Opua it ta cama marpuig A, 1o PO3TIISIAETHCS
HaJ| p13HI/IMI/I MOJIAMU, MOXKE B OJIHOMY BUIAJIKY MATH BJIACH qucaa, a
B lHmomy ix He Martu. Tak, HANpUK/IaJl, JETKO MEPEKOHATUCh, IO JIJIst

MaTPUITL
0 1
A=(10)

maemo xa(A) = A2+ 1. dkmo K = R, Toxi muorounen y4()\) ne mae
KoperiB B K, a orxke, marpuiig A He mae BiacHux uuces (i BjacHuUX

12



BekTOpiB). 3 iHmoro 6oky, sk K = C, Mu MaeMo JBa KOpeHi ¢ Ta —i
XapaKTEePUCTUIHOIO MHOTOUJIEHA, 1 MaTpHIld A Mae HeTpuBiaJbHI i Ipo-
cropu V (i, A) ta V(—i, A).

Y BUINAJIKY, KOJIX BJIaCHE YUC/IO0 [t MATPUIl A € KpaTHUM KOpPeHeM MHO-
rousiera Y 4(A) kparuocti k, KaxyTh, M0 (4 — BJACHE YUCIO KPATHOCTI

3.2 OcHoBHI TUIU 33034

Tenep y:ke nounHae 3’ABJATUCH IIEBHA, PI3BHOMaHITHICT. MoOXKHa BUI1LIH-
TH TaKl OCHOBHI THIHN 3aJa4 3 1€l TeMU:

1. BHaxo/PKeHHST BJIACHUX UNCET MATPHIIL.
2. BHaxo/KeHHS BJIACHOTO MJIMTPOCTOPY MATPHIL.

3. 3Haxo/KeHHsI BCIX BJIACHUX BEKTOPIB MaTPHILL.

3.3 AJaropurmu po3B’dA3aHHsI OCHOBHUX TUIIB 33124
AaropurMm 3.1. Buazodocenns 6AGCHUT YUCEN MATNMPULL.

Juist 3HAXOKEHHsT BAacHUX duces mMarpuili A HeoOxigHo:

e OOUYHCINTH XapaKTepUCTHIHUE MHOTOUWIEH X A(A) MaTpuii A.

e 3HailTu BCl pi3HI KOpeHl A1, A9, ..., A\p XapaKTepUCTUIHOIO MHOI'O-
yiaena. Came BOHH 1 OyIyTh HMIYKAHUMU BJIACHUME UHCJIAMU.

Anropurm 3.2. 3naxodocenns sracnur sexmopie mampuuyi A, xompi
610N.0610a10Mb BAGCHOMY YUCAY [ (3HATOONHCEHHA BAACHO20 NIONPOCTOPY
mampuyi A).

st 3HaXO0JPKeHHsT BJAACHUX BEKTOPIB MaTpuill A, 1m0 BiAIOBiZAIOTH
BJIACHOMY YMCJIY [, HEOOXIIHO:

e O6uuciuru marpuio A(pu) = A — pkF.

e 3HaliTu PyHIAMEHTAJIbHY CUCTEMY PO3B’sI3KIB OJHOPIIHOT CHCTEMU
AiHiHUX piBHsAHBL 3 Marpunelo A(p). Orpumana dyHgaMeHTaIbHA
cucreMa po3B’A3KiB € 6a3ucoM BacHOro manpocropy V(u, A).

Anropurm 3.3. 3naxodocenna 6cix eaacHuxr exmopis mampuui A.
Huist 3HAXOKEHHsT BCIX BJIACHUX BEKTOPiB Marpuili A nHeobxigHo:

e BukopucroByioun ajaropuTM 3.1, 3HaliTH BCl BJAACHI YMC/Ia MaTPHUILL

e st KOXKHOTO BJIACHOTO YMCHIA (4 MATPUI A, BUKOPUCTOBYIOUW aJ-
ropurm 3.2, 3uaiitn 6asuc Biacnoro mignpocropy V (i, A).

13



3.4 Ilpuknanm

IIpuknan 3.1. 3natidims 6aacHi wucsa Mmampuus

(27)

Hosederna. 3HARIEMO CIIOUATKY XaPAKTEePUCTUIHII MHOTOYIEH MATPHUI
A:
XA()\):det< boA 1%) — (1= A)?—4=X—2\—3

Posp’sizkemo kBagparhe piBHaAHHA A2 — 2\ — 3 = 0. OTpumMyemo \; = 3,
Ay = —1. le i 6yayTh BaacHi uncia maTpuii A.

IIpuknan 3.2. 3natidimsv eaacHi wucaa Mampuul

101
A=1011].
1 01

Josederna. 3HaiieMo CIOUYaTKY XapaKTepPUCTUIHII MHOIOYIeH MaTPUILL

A:

I—-X 0 1

e - — (1= N3 — (11—,
XA(A)dt( 0 10/\11>\> (1= AP —(1—))

Ha npomy Bapro symunutuce. Hac, nacnpapni, mikaBuTh He caM ABHUH
BUTJISA], XapAKTEPUCTUIHOrO MHOTOUJIEHa, a HOro Kopesi. 3a TEOPEMOIO
Besy, kopeni XapaKTepUCTHIHOTO MHOTO'/ICHA BIAIOBIAAIOTH HOTO JIiHif-
HAM JlibHrKaM. OTKe, HaM HOTPIOHO came 3HalTH po3kia] XA(A) Ha
JHIAHT MHOXKHWKW. Y JTaHOMY BHWTAJKy MW JIETKO MOYKEMO BXKe 3apa3
oTpuMaTH JiHIHHUNE MHOXKHUK 1 — A. OTxKe,

XaA) =1 =2 =1 =X =1 =21 =X1)*=1) = (1= X)X —2)).
BuHocs4n 3 Ipyroro MHOXKHUKa, A, MU OTPUMYEMO
xa(A) = (1 =X (A2 =2)\) = (1 = A\ (A = 2)\.

Otke, 3a TeopeMmoio besy, Mu MaeMo TpH pi3HI BJacHI duciaa: A = 1,

Ao =2ma A3 =0. ]
IIpuknan 3.3. 3natidimsd 6aacHT YUCAG MAMPULL
11 1 -1
a=(b4 33
00 —2 4

14



Jlosedenns. 3HaX0INMO XapaKTepUCTUIHANR MHOTOUYIeH Mmarpuii A, oj-
HOYACHO PO3KJIQIAI0YN MO0 Ha MHOXKHUKWA:

1-x 1 1 -1
171y 2

xaA)=det | o “g7 32\ 1 | =
0 0 -2 4-)

= (=X =D(B=-NE-X)—-2) =
= (N =20) (N =7A=10) = AA=2)(A=5)(A=2) = A\(A—2)*(A=5).

OTke, MI MaEMO TPH PI3HI KOPEH1 XapaKTepUCTHIHOIO MHOIOWJIeHa, TOO-
TO, TpH pi3ni BiacHl yncaa A\; = 0, dy = 2 ta A3 = 5. [Ipu upomy Bapro
3ayBarkKUTH, 110 BJIACHE THCI0 Ay = 2 Ma€ KPaTHICTH 2.

ITpuknan 3.4. 3natidims 6asuc 6.4acH020 NIONPOCMOPY 3 BAACHUM HUC-
AOM 3 ONA MATNDULL
1 2

Hosederns. Crnodarky 3ayBakKUMO, IO BJaCHE UNCIO HaM YKa3aHO B
YMOBI 3aja4i, a oTxKe, IMyKaTh #oro He norpibno. IlepmmM KpokoM Mu
BUnucyemMo marpumio A — 3E:

B=A-35=(73 %),

Terep Tpeba po3B’d3aTu OJHOPINHY CUCTEMY JIHIAHUX PIBHAHb, MaTpH-
eI KOl € MaTpulld B. Jlis 1boro 3801MMO Hallly MATPHUILO JIO HOPMaJlb-
HOI TpameneBUIHOT POPMU eJIeMEHTAPHUMU TTIePETBOPEHHAMY PSIKIB:

(35 )iy me (3 Z3) {2+ (=3« 1)}~
L ( 1 -1 )
0 O

TyT BapTO 3yMMHUTHCH Ta OSICHUTH YMOBHI no3HadeHHst. [lepiie eemen-
Tapie nepersopennd, mo 6y/1o 3pobJeHo, e MHOKeHHs Meplioro paka
marpuui na —1/2. Binnosigne ymosne nosnavenns {(—1/2)«[1]} su-
MUCAHO 3J1iBa Bl [EPETBOPIOBAHOT MATPHI. Y HACTYNHIH MaTpuIi [0
JPYTOro psijika MU JI0JaJii epLinii, noMHoXKenuit Ha —3. Bignosiine mne-
persopens nostaveno {[2] + (=3) = [1]}.

Hast roro, mo6 snaittn ©.C.P. namoi cucremu, Mu Bubupaemo neprry

3M1Hy 3aJIEXKHOIO, & JIPYTY — BLILHOIO. HpI/IHI/IcaBLHI/I JIO cucTeMu (PIKTHB-
HUM PSAIOK 3 BLTLHOIO 3MIHHOIO, MATUMEMO

r1 = X9
To — X9 7

—
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abo K Yy BEKTOPHOMY BUIJISIJIL:

1 o 1

9 = 1 ZI9.
3eincn My 3uaxoanmo, 1mo P.C.P. mel ongnopinnol C.JI.P. cknagaerhes 3
OJIHOI'O BEKTOPA, HAIPUKJIAJ,

w=(1).

Bekrop v1 1 yrBopioe 6azuc Biaachoro migupocropy V (3, A). O

BayBaxxeHHd. Te, wo Mu cnpomozauca 3natimu Henyabosut po3e’ asox
HAWOl cucmemu, celduuUms NPo me, o “ucso 3 Jditicho € GAGCHUM HUC-
aom mampuui A. Hxou, pose’asyrouu 3adany, MU OMPUMAIY, WO HAULG
cucmema mae auute HYavbosul pose’azox (sidnosidna @.C.P. — nopooic-
MA), MU 6 MO2AU CMBEPONHCYBAMU, WO YUCAO 3 HE € BAACHUM HUCAOM A,
mobmo 6 ymosi 3adai NPUNYUEHo NOMUNKY.

Mu ne paxysaru Tapaxmepucmuunutd mnozouaen xa(A), a omoice, e
MOHCEMO HIMO20 MEGHO20 CKA3AMU NPO KPATIHICTG 3 AKX KODEHA TAPAKME-
pucmuun020 mrozousenda. Xioa uo MoscHa Cmeepodicycamu, uo 6ona ne
menwa 3a 0dunuyro. Cmeepiocysamu, wo us KPaHiCmy 80pzemoe 00u-
UYL, HA OCHOBL MO20, WO MU OMPUMAAY €QUHUT BAGCHUT GEKMOP, HE
mootcna. Jlani mu no6a%um0 wo docums 4aACmo PO3SMIPHICTNG BAACHO20
niONPOCOpPY MAMPUYL, U0 sidnosidae dearomy PrrcosaHomy 8AACHOMY
YUCAY, MEHULE 34 KPATVHICTIL Ub020 BAGCHO20 YUCAA.

Ilpuknam 3.5. 3natidims basuc 6.4acH020 NIONPOCTNOPY 3 BAACHUM HUC-
AOM 2 OAA MATPULL

0 10
A= 440
-2 1 2

Jlosedenna. 3HOBY BjacHe YUCJIO HaM 3aJaHo B yMoOBI 3ajadi. Tox, BU-
ncyemo marpuiio B = A — 2F i 3BoanMo 11 10 HOpMAJIBLHOTO Tparere-
BUJIHOT'O BUIVISIIY €/IEMEHTAPHUMU [T€PETBOPEHHSAMMN:

210
B=A-2b=| -2 20 | {21+ (=2)+ [IHE + (-1« 1]} —
210
— 000 )—=(-210).
0 00

BI/IHI/ICyGMO OTpI/IMaHy CUCTEMY, BI/I6paBIHI/I I1 Ta I3 BLIIbHUMU SMIHHI/IMI/I
Ta IIEPEINCYEMO 11 Y BEKTOPHOMY BMIJIfAIL:

rT = X I 1 0
To = 2$1 , ) = 2 T+ 0 xs.
T3 — I3 XT3 1

16



Omrxke, @.C.P. namoi cucremu, a 3 Heto 1 6azuc V(2, A) cknajgarorbes 3
JIBOX BEKTOPIB, HAIPUKJIA/I,

1 0
V1 = 2 , Vo = 0 .
0 1
[]

ITpuknamg 3.6. 3natidims yci 6AGCHT YUCAAG MG BAACHT BEKMOPU M-

mpus
4 -5 2

A= 5 =7 3 |.

6 —9 4

Hosedenna. Cnogarky Tpeda 3HAUTHU BiacHl umciaa. Jnsg nporo obuumc-
J10eMO X A(A):

4—X =5 2
xa(A) = det 5 —=T7—-X 3 =
6 —9  4-A
= (4 =N (=7T=X) =90 =90+ 12(7T+ ) +27(4 —A\) +25(4 — \) =
= —(16 —=8A+A)(T+ ) —40A + 112 = =N + \? = = X*(A = 1).

Omxke, Mu MaeMO ABa BjaacHl uucna: Ay = 0 xparHocti 2 1a A9 = 1
KparHocT 1.

Buaxonnmo 6asuc V (A, A) = V(0,A). Jag uporo BUMMCyeMO Ma-
tpuiio By = A — ME = A ta 3BoguMo 11 10 HEOOXIZHOrO BUTJISIAY
(uepes {[1]«>[2]} mosnaueno enemenTapHe NEPETBOPEHHS NEPECTAHOBKU
MEPIOro Ta IPYTOTO PSAIKIB):

3 7 3 .y
(6 -7 4>{[21+<—1>*[11}{[11H[21}H (6 -5 4>

0 3 -2
~ (0 3 Jo )13« -

= (0 7 ) @zeiy e (51 33 )

BubupaeMo T3 BIILHOIO 3MIHHOIO 1 TIEPENUCYEMO CHCTEMY:

T 1/3x3 xq 1
) 2/35[73 ) (372 ) = 2 $3/3
X3 T3 T3 3

17
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Omxke, 6azuc Biaachoro mignpocropy V (0, A) ckiagaeTbes 3 0JHOIO BEK-

TOpPa, HAIPUKJIIA/I,
1

V1 = 2 .
3

Buaxogumo basuc V(Ag, A) = V(1,A). Iasi uporo BUIKCYEMO Ma-
tpumio By = A — M E = A — E ta 380auMo 11 10 HEOOXIJHOIO BULJISILY:

3 08 3 3 78 3
<6_93>{m+<D*MHH%&MF+<3_52>

1 -10 1 -1 0
“2]“5’*“”“3“(3)*[”“(8 -3 g>~>(0 3 %)
()« (g 77 ) H+2+2me (g O1)

BubupaeMo T3 BIIBHOIO 3MIHHOIO 1 TIEPENUCYEMO CHCTEMY:

T T3 T 1
{ i) s , ( i) ) — 1 xTs.
T3 T3 T3 1

Orxke, 6asuc BaacHoro nignpocropy V (1, A) TakoxK CKIAZAEThCsI 3 OIHO-

ro BEKTOpa, HallpUKJIa/l,
1
Vo = 1 .
1
[]

ITpuknam 3.7. 3natidims yci 6AGCHIT YUCAG MG BAACHT GEXKMOPU M-

mpuy
4 =57

A= 1 -4 9 .
-4 0 5

Hosederna. Cnogarky Tpeda 3HaiTHU BjiacHi umciaa. i nporo obuumc-
J10eMO X A(A):

4—-XN =5 7

XA()\):det< 1 —4O—>\58)\>:(4)\)(4/\)(5/\)+

+180+28(—4 — A\ +5(5 —A) = —(16 = A*)(5— ) =33\ + 93 =
= N4+ —1TA+13 = —(\ — 1)(\? — 4\ + 13).

18



Tyt BapTo 3ynuanTrich. Mu BxXKe oTpuMaJii OJiHE BJacHE IUCIO A\ = 1.

Pemta Bnacuux umcesn — 1e KopeHi muorowiera A2 — 4\ + 13. Ase neii
KBaJIpaTHU{l TpUIeH Mae Bl 'emuuil guckpuminant —36. Ile osmauae,
1[0 HASIBHICTH KOPEHIB I[LOI'0 MHOTOUJIEHA ICTOTHO 3aJIEXKUTh Bl TTOJIsI K.
dkuo K = R, muorounen A2 — 4\ + 13 ne mae kopesis. ko K = C,
MHOTOUJIeH )\2 4\ 4 13 mae 1Ba Koperi Ay = 2+ 31 ta A3 = 2 — 3. MI/I
PO3B’sX)KeMO 3aja41y B 000X BUIIA/KAX.

Crouarky — npocrimmuit Bunajok K = R. Mu maemo enune Biache
aucio Ay = 1. Snaxonumo Gasuc V(A, A) = V(1, A). Jns uporo sunu-

cyemo marpuiio By = A — M E = A — E, ta 3801uMo0 11 10 HEOOXiHOTO
BULJISILY:

- 3 37
(_4 - 4){[1]421%(_4 - 4){[2]+(—3)*[1]}

1 =5 9 1 -5 9
{H+4*H}H<O 10 4%0>H(0 10 —20)
(0«2 (g 37 S ){0+s+2he (61 Zo)

Bubupaemo T3 BLILHOIO 3MIHHOIO 1 IIEPENUCYEMO CUCTEMY:

I T3 I 1
{ i) 2$3 , < ) ) = 2 xs3.
T3 T3 X3 1

Orxe, basnc BiaacHoro nijgnpocropy V (1, A) ckiagaeThest 3 OJHOTO BEK-

TOpa, HAIPUKJIa/I,
1
V1 = 2 .
1

Y Bunaaky K = R po3p’3anns 3akiHYeHO.

Posrasinemo tenep sunagok K = C. 3puuaiino, Biache yuciao A\p = 1
3aJIMIIAETHCS, 1 3aauiaeTbest basuc V (1, A), mo ckiajaeThest 3 BUIeHa-
BEJIEHOTO BeKTOpa v1. Mu kK mepexoanmo 10 Ao = 2 + 3i. Bunmcyemo
marpuiio By = A — A E = A — (24 3i) F ta 380auMo0 Ti 10 HEOOX11HOrO
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BUTJVIAOY:
230 5 T 1, 073
( S 0 33¢>{[1]H[2]}H< 0 33@)
| —6-3i 9
{12] + (=2 + 3i)  [1{[3] + 4 [1]} > (8 16120 —§§+32i7i>
1 —6-3 9 |
{(1/3) * [3]} (8 16 -~ 12 —1113t%7z){[2]+(1—2z)*[3]}H
1 —6-3 9 1 —6-3 9
<8 s 13O_¢>H<0 i a3 ) (0 (30 < )
—343i —3+3i
H((l) s gTji){(_S_‘”)_l*m}H((l) ? @)

BubupaeMo T3 BITBHOIO 3MIHHOIO 1 TIEPENTUCYEMO CHCTEMY:

1 3—3i)/4)x3 T 3 — 3i
i) 5— 3 /4 T3 (562): 5 — 31 563/4
T3 T3 I3 4

Orxke, 6azuc BaacHoro mignpocropy V(2 + 3i, A) cKIagaeThCsi 3 OJHOIO

BEKTOpPa, HAIIPUKJIAJL,
3—3
Vg = 5— 3 .
Z!

Hapemrri posrasinemo A3 = 2 — 3i. Bummcyemo marpumio By = A —
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ME =A— (2—3i)E, ta 3801uMo0 1T j10 HEOOXIJHOIO BUIJIsILY:

243 -5 7 1 —6+43 9
17 643 9 |{1e2— | 2+3 -5 7
4 0 343 4 0 3+3i
0 e —11o7
O (—2 — 3i) + [11M[3] + 4 [1]} 4+ 127 —11— 27
{2+ (20— 30« HE + 45y~ (0 1812 —11-2
1 —6+3i 9

{(1/3) 3]} — ( 016 121 —11- 27 ) {121+ (1 +20) 3]}

1 —6+3i 9 |
1 —6+3i 9
0 0 0 H( . ) 14 (—3/4) % [2
<0—8+M B+i> 0 —8+4i 13+ ) W+ (=3/4) =2}

1 0 —3-3i B N 10 —34—3i

Bubupaemo T3 BUIBHOIO 3MIHHOIO 1 IEPENUCYEMO CUCTEMY:

r1 = ((3+43i)/4)z3 T 3+ 3i
xo = ((b+3i)/4)z3 , <$2)= 5431 | x3/4.
I3 = X3 T3 4

Omrxe, 6asuc Biaacuoro migmpocropy V(2 — 3i, A) cKIagaeThest 3 0JJHOTO

BEKTOPa, HAIPUKJIAJL,
3+ 3
V3 = 5) 1 .

3.5 3ajadi TeOpeTUIHOTO XapaKTepy

3
3

N

Teopernunux 3ajad Ha IO TeMy Jyxe Oararo. Mu HaBeleMoO PO3B’si-
3aHHS TUX 3aJlad, 1110, HA Halll MOIJIdAJl, HAHOLIbII CYTTEBO MOSICHIOIOTH
BJIACTHBOCT1 BJACHUX YMCEJT Ta BEKTOPIB 1 HANIIKPIIE 3aCTOCOBYIOTHCS B
MOJ/TAJIBIIIOMY KYPCi.

IIpuknaang 3.8. Hexati A ma B nosnauaroms dei dosiavhi KoMymyowi
mampuyi (moomo AB = BA). I[Ipunycmumo, wo deaxe A € C e eaac-
num wucaom mampuui A. Josedimo, wo npocmip V (A, A) ineapianmmudi

gidnocno B (moomo BV (A, A) C V(N A)).
Josedenns. Hexaii v € V(A A), v # 0. e oznauae, mo Av = . Toxi
A(Bv) = (AB)v = (BA)v = B(Av) = B(Av) = ABuw.
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Tobro Bv € BIacHUM BEKTOPOM oneparopa A 3 BaacHUM 9uciaoM A\, 3BiIKn

Bv € V(A A). Ocrarouno BV (A, A) C V() A). O

IMpukman 3.9. Hexati A € Mat,«,(K) — nesupodocena mampuis.

Tosedimov, wo mampuyi A ma A™1 maromo 0dwi G mi cami saacri eex-
mopu.

Jlosedenna. Bpaxosyioun cumerpito (A™1)™1 = A, nam mocurs nosecru,
1110 JIOBLIbHUI BJAACHUH BEKTOD ¥ Marpulll A € TaKOXK BJACHUM BEKTOPOM
marpuii A7L Hexait Av = Av. Ockinbkun A — HEBUPOIZKEHA MATPHUIL,
mu Maemo A # 0. Orxe,

Ao =A" A1) = 2x1A1 ) =
=\ TA N Av) = A HA T A = N TEu = 2o,

TobT0 v AiiicHO € BIACHUM BeKTOpOM omeparopa A~! 3 BiacHIM duciioM

AL []

IIpukmaam 3.10. 3uatidims 6ci 64GCHT YUCAG A BAGCHT GEKMOPU Ma-

mpuui A € Matgys(C), A = (ay); =1, dan akoi aj; = 0, axwo i + j

nenapre ma a;; = 1, axwo © + J napwe.

Mosedenna. lykatn xapakKTepuCTUIHUN MHOTOUICH Y IILOMY BUMAJKY
He Jy’Ke Bxke it xoderhcs. Ilo-mepire, 1me nHeaOusk BaXXKO — paxyBaTh
BU3HAYHUK BOCHMOTO nopstiky. Ilo-jpyre, napith obuncmuimm fioro, mu
He MaeMO BIEBHEHOCT, IO 3MOXKEMO 3HaMTH BJacHl duciaa, 60 (bopMyJI
JUTst OOYMCICHHST KOPEHIB PiBHAHHS BOCHMOIO MOpsaKy He icHye. OTxe,
po3B’ga3yBaTn 3aja4y Tpeba sikoch inakie. Hafikpaie — qu He crpoOy-
BaTW TTPOCTO BraJIaTh BJIACHI BEKTOPH.

[lojuBumoch croYaTky Ha paHr MaTpPHIL. OerMo napui 1 OKpemo
HEMAPHI PAJIKM HAIIOI MATPUI OJIHAKOBI, & MEPIIUi Ta JPYTuil DAIKE —
JUHIAHO He3asIexKHl. 3BIICH JIETKO OTPUMYEMO, MO pair A nopishioe 2,
T00TO AP0 BIOBLIHOTO JIHIKHOrO OnepaTopa Mae po3MipHicTh 8 — 2 =
6. Tobro, Mu MOXKeMO oj1pa3y 3HaiTH 1ianx 6 JIHITHO He3aJeXKHUX BJIAC-
HUX BEKTOPIB 13 BiaacHuM 3HadenusaM (. Snaiigemo ix. ng mporo Ham
tpeda snaiitn O.C.P. ognopinnoi C.JI.P. 3 marpuiero

1010101O0
01010101/

Bubepemo 3a BiJibHI 3MiHHI X3, ..., Tg Ta BUPA3UMO DEIITY Yepe3 HUX:
(T1 = —X3—T5 — 7
L2 = —x4— Te — Iy
r3 = L3
Ty = L4
\ Ly = L5
L = L6
Ly = L7
\ I8 = g
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Tenep IepenumemMo CuCTeMY Y BEKTOPHOMY BI/IFJI?{,ILi:
0 —1
o]
/ T2 —1 \ /

X3
Ty +

|
—_

Xyq
Ty
Lg

\z/)

T3+ Ty +

|
coococoro
coorooo

1)

xs.

OO O | )

0
0
0
+ 0 Te + xr7 +
1
0
0

\o ) No ) A1)

3Bijcu 3uaxomumo takuii 6azuc V (0, A) (s ekoHOMIT MicIst MU 3ari-
eMo 3HaijieH] O0a3uCHI BEKTOPH B PSIJIOK ):

v; = (-1,0,1,0,0,0,0,0);v2 = (0,—1,0,1,0,0,0,0);

OO DODODOO

v3 =(—1,0,0,0,1,0,0,0);v4 = (0,—1,0,0,0,1,0,0);

vs = (—1,0,0,0,0,0,1,0);v6 = (0,—1,0,0,0,0,0,1).

Mu BxKe 3HAMIIM [ICTH BIACHAX BEKTOPIB (JIHIHO HE3aTekKHHX).
fIKII0 HaM HOMIACTUTD, 1 MU 3MOXKEMO BrajlaTh Iie JBa, MU CTBEP/KYBa-
TUMeMO, 1110 Oifble iX OyTn 1 He MoxKe. Aje Ti JBa BEKTOPH, 10 3aJIU-
MIMJINCH, BraJaTu Jly?Ke JICrKO: 1ie Oy/1yTh BEKTOPH

—(1,1,1,1,1,1,1,1) ta vs = (1,0,1,0,1,0, 1,0),

MO € BIACHUMH BEKTODAMN A 3 BaacunM umnciaom 4. Ix ninifina wesa-
JIEXKHICTh OUeBUJIHA, a JIHIIHA HGSaJIe}KHICTb 3 MOTIEPETHIMA BUIIMBAE 3
Teopemu 3.1. OCTaHHe 1 3aBepIIye O3B sI3aHHsI 33,181, ]

Ipukaan 3.11. 3uaiidimv eaacui wucaa mampuyi A = B'B, de B =
(b1, ba, ..., by) — mampuus-padosk.

Josedenna. Y 1iit 3aadi BiacHl BEKTOPH TaKoK Tpeba crpodyBaTH Bra-
naru. [To-nepme, ockinbku marpuni B ta BT maiors panr < 1 (B —
MaTPHIISI-PSIJIOK ), MU OTPUMYEMO, 1110 panr A e nepesutiye 1. 3posymiso,
0 y BUMaAKY, Ko b; = 0 mrst Beix ¢, MaTpuisa A HyJIL0Ba, 1 M MagMo
enune Biache ducsio 0 (kparnocri n). ko xk xoua 6 ojHe 3 b; Biaminue
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BiJl HyJisl, MaTpuIsd A € HeHyJILOBOIO, & TOMy Mae panr 1. 3 oCcTaHHBOrO
O/Ipa3y BUILIUBAE, 0 Ipu 1 > 1 umesno 0 € BJACHUM YHUCJOM MaTpPHII
(kparrocTi, monaimeniie, n — 1). Jaaiite nojguBUMOCh, Yd € y MATPHULIL

A iami BnacHi yucna. ' S .
Mu 3H2€MO, IO CyMa BCIX BIACHUX YUCes MATPHIL JIOPIBHIOE CIILY Ma-

Tpuni (Teopema 2.1), TobTo cymi Beix i1 piaronanbuux esementis. OcranHe
O3HAYAE, [0 B HAIIOMY BUIIAJIKy CYMMa BCIX BjacHUX duces Mmarpuii A
nopinioe S = af+aj+- -+ a?. Ane mu maemo npunaiivui n — 1 Bracue
qucyio 0. Orxe, sgkio S # 0, Baacue anciao 0 Mae KpaTHiCTb pIBHO 1 — 1,
1 € me oxne BjaacHe unciao — S kparnocri 1. Axmo x S = 0, Tomi 0 —
€JMHe BJIacHE YMCIO HAIIOl MAaTPUIl KPATHOCTI N. ]

Ipuknang 3.12. Hexati mampuus A mae eaacue wucao N2. Josedimo,
wo mampuus A mae saacnum wuciom X abo —\.

Jlosedenna. Hexait v # 0 — Biacuuii BeKTop MaTpuil A 3 BIACHAM YHC-

nom A2 Tomi (A2 — M2E)v = (A% — X2E*)v = 0. Ane
(A2 = N2E?) = (A — AE)(A + \E),

i Mu MoxkeMmo zanucati (A — AE)(A+ AE)v = 0. dkmo (A+ AE)v =0,
Toji v — Bracuuii BekTop A 3 Bracaum duciom —A. Axiio xk (A+AE)v =

w # 0, ropi (A—AE)w = 0,1 w — Baacuuii BekTop A 3 BJACHUM YUCJIOM
]

3.6 3amadi Jjg caMOCTIHOro po3B’dA3aHHS

3amada 3.1. 3Suatidimsv eaacHi YUCAG MAMPULD

(28). (A4 (5 =s3) (11 1),
-1 0 2 -2 =2 =2

12 3 111
246 |, [222].
48 12 333

Bama4a 3.2. 3uatidimv 6a3uc 64acH020 NIONPOCNOPY 3 BAACHUM YUC-
AOM T OAA MAMPULL
(43
A=(31).

Baga4a 3.3. 3uatidimv 6a3uc 64acH020 NIONPOCNOPY 3 BAACHUM YUC-

aom 0 das mampuiyi
4 5
A= 7T 8 |.
10 11
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Baga4a 3.4. 3uatidime 6a3uc 64acH020 NIONPOCTNOPY 3 BAACHUM UC-
AOM 3 OAA MATPULL

211 A
A=1005 -2
00 1

3amada 3.5. 3uaiidimo yci 6AGCHE YUCAA MA BAGCHT GEKMOPU MAMPULD

. 7 —12 6 12 1
(1{) (_11 _11), 0 -1910), [212],
12 —24 13 2 42

3 =10 O 11 1 1 1 0 1 -1
11 0 0 -1 -1 -1 -1 0 -1 0 2
3 0 5 =3 |~ 2 2 2 2 ’ 1 0 1 3
4 -1 3 -1 -2 =2 =2 =2 0 0 0 4

Baga4a 3.6. 3nadimb Yci 6AGCHT YUCAG MG BAGCHT BEKMOPU MAMPULL
A € Matgy,s(C), A = (aij)f’jzl, daa axoi a;; = 1, axwo i + j nenapne,
ma a;; = 0, axwo 1 + J napne.

Bama4a 3.7. 3nadimb Yci 6AGCHT YUCAG MG BAGCHT BEKMOPU MAMPULL
onepamopa dugepenyirosanna 6 K|x),.

Bagada 3.8. 3nadimv yci esacni wucaa mampuyi onepamopa f(x) —
flax +0b) ¢ K[x], (a,b — dircosani wucaa).

Bama4a 3.9. Jlosedimv, wo daa do06iAbHO20 HAOOPY NONGPHO KOMYMY-
0UUT ONEPAMOPIE ichye cniabhutl eaachutl 6exmop.

Bamaua 3.10. Jlosedimv, wo eaacui wucaa mampuui A" dopienioromo
(3 YparysanmuaMm KPAMHOCMI) N-M CMENEHAM GAGCHUT HUCEA MAMPUL]

Bamaua 3.11. Josedimo, wo eaachi wucaa mampuys A ma AT 36iea-
10MbCA (3 YPATYSAMHAM KPATHOCTN).
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4 JliaroHaJi30BHI MaTpHuIli Ta JiaroHajJbHa (opma

4.1 Teoperudni BiJIoMOCTi

Hexait A nosnauae jesky KBaJpaTHy MaTPUIO PO3MIDY 1 X 1 HAJL [TOJIEM
K.

Oszumagenns 4.1. Tosopams, wo mampuus A 360dumuvca do diazonans-
1ot opmu (€ diazonarizosnonn), AKWO ICHYE MAKG NeGUPOIANCENT Ma-

mpuua S € Mat,x,(K), wo mampuus STLAS € diazonarvnorn. ¥ yvomy
BUNAOKY MAMPUYI0 S HAZUBAOMH MAMPULEN nepexody 0o Jia20HaAbHOT
popmu.

Mogoto minlifHEX OMepaTopiB MArOHAMIZ0BHICTD MATPHIL MPOCTO O3HA-
dae, M0 BINOBLAHUI JIHIHHII orepaTop MaTuMe JIaroHaJIbHy MaTpHUILO
micnst geakol saminn 6asu B mpocropi K. Kpim Toro, Tpeba 3ayBaxku-
TH, IO MAaTPHUI S, PO Ky 3rayBasocs y BUSHAUEHH], B3araji KayKydu,
BU3Ha4YeHa He ojHO3Ha4YHO. OCHOBHI BJACTMBOCTI JiarOHaJi3OBHUX Ma-
TPHUIIb T YMOBH JIiaroHaji30BHOCTI 310paHo B HACTYMHIH TeopeMi:

Teopema 4.1. 1. Jliazonaavra opma xeadpammnoi diazonariso6noi ma-
MPUYL BUSHAUENHA 00HO3NAYHO 3 MOYHICMIO D0 NEPECMANo8kU Jia-
2OHANDHUL EAEMEHMIE.

2. Sxuwo xa(N) posmadaembc,ﬂ HG MHIGHT MHOJICHUKY MG He Mae
Kpamnux xopenis, modi mampuua A e diazonanizosno.

3. [as moeo, wob mampuus A byaa diazonanizosnoro, neobxidno i do-
CMamHvo u406 no-nepue, mnozousen X A(N) poskaadascs na ainii-
ML MHOACHUKU 1, N0-0py2e, 0ai J0BIADHOZ0 6AGCHO20 “UCAQ [b KPATN-
Hicmo [ A% Kopena muozousena X A(N) dopieniosana poamiprocmi
nidnpocmopy V (p, A).

3rigHo 3 ocTaHHIM TMYHKTOM Teopemn 4.1 giaroHasi30BHICTH MaTPWIL
CYTTEBO 3aJICKUTH BiJI MOXKJIMBOCTI PO3KJIAy XapaKTEePUCTUIHOIO MHOTO-
uyjaeHa Ha JIHIHHI MHOXKHUKKA. Mu BxKe n1oOpe 3HAEMO, 10 PO3KJIA MHO-
roujieHa Ha MHOXKHMKHM CyTTEBO 3ajexKuTh Bij moias K. Otxe, jgiaro-
HAJII30BHICTb MaTPHIl TaK caMO CYTTEBO 3aJiexKuThb Bij noss K. Tobro
OJIHA I Ta caMa MaTpulld, PO3LJISIHYTa HaJl PI3HUMH IOJIIMU, MOXKe OyTu
JIIarOHaJII30BHOIO B OJTHOMY BUIIQJIKY Ta HeQlaroHaJJ i30BHOIO B 1HITIOMY.

Jlerko 6auuTH, 10 BJIACTUBICTH OYTH J1arOHAJI30BHOIO HE 3aJIeXKUTh
BiJI mepeBubopy O6asucy B nmpoctopi. OTxKe, Mae CeHC FOBOPUTH IIPO Jiaro-
HaJII30BHI JIIHI#THI onlepaTopu, TOOTO olnepaTopu, 1O MAITh JarOHAJbHY
MATPHUIO B AesskoMmy Oasuci. [HimmMu cioBamu, e onepaTopu, JLis STKUX
icHye Da3uc, 110 CKJIANAETHC 3 BJACHUX BEKTOPIB.

4.2 (OcHOBHI TUIIN 33724

IcHye gekisbKa OCHOBHMX THIIB 3ajad PO jAiarOHAJI30BHI MaTpuIl, a
came:
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1. Tlepesipuru, au Oyae gana mMaTpuisg A AiaroHaJi30BHOIO.
2. 3uaiitu giaronaibHy Gopmy MaTpuii A.

3. 3BecTu MaTpuiio A 10 1iaroHaJbHOIO BUIJISLY, TOOTO 3HaATH 11 /mia-
roHaJbHy (HOPMY Ta BIANOBIIHY MATPHUIIO IEPEXOLY.

4.3 AxaroputMu po3B’d3aHHSA OCHOBHHX THIIIB 33aJad

Anropurm 4.1. Ilepesipra mampuuyi A na dia20manizo6HicMb.
st nepesipku marpuni A na niaronasizoBHICTH HEOOXIIHO:

e OOUYNCINTH XapaKTepUCTHIHUE MHOTOUWIEH X A(A) MaTpuii A.

e CrpobyBaru poskIacTh X 4(A) Ha JiHIH MHOXKHUKH. FKIIO 16 HEMOXK-
JINBO, 3pOOUTH BUCHOBOK, IO MaTpulist A He € aiaronajizoBHOIO.

e JIysl KOXKHOTO BJIACHOTO YUCJA (4, KPATHICTL AKOro Olabmia 1, 3Haii-
™ jnedpext marpunl A — pFE. SIKIIO 17151 KOXKHOTO TAKOTO BJIACHOTO
auciaa orpumanuii jedexr 36iraeThest 3 KparHicTio p B x4(A), ma-
Tpung A € mlaronanizopnoro. SIKimo xoga 6 11 OZHOTO [ OTPUMAHMIIL
nedekT Oye Menie KparHocTi p B x4(A), Marpuns A He € jiaro-
HAJTI30BHOIO.

Anropurm 4.2. Buarodoicennsa diazonarvroi dopmu mampuui A.
st 3Hax0/KeHHd JiaroHaJbHol (popmu MaTpuil A HeoOXIIHO:

e [lepesipuTu Mmarpuiio A Ha AiaroHaIi30BHICTH, BAKOPUCTOBYIOUHN aJl-
roput™m 4.1

e ko Mmarpuis A € jiaronasizoBHOIO, To,ui BUTTUCATH 11 IIarOHAJTHLHY
dbopmy nacrynnum umnom: Bunmcatn giaroHasibHy MaTpUIO, IO
MICTHUTH Ha JiaroHasi BjacHi wucaa marpuri A, mpudomy Koxhe
BJIACHE YHCJIO 3yCTPIUa€ThCsl CTIIBKK Pa3iB, sIKa, HOTo KPaTHICTD.

Anropurm 4.3. 3sedenns mampuui A do diazonanvrozo euzandy.
Huist 3Beennst MmaTpuii A 10 JiaroHaJ bHOrO BULJISLY HEOOXIIHO:

e [lepesipuTu Mmarpuiio A Ha A1aroHAII30BHICTH, BAKOPUCTOBYIOUHN aJl-
roputMm 4.1

o Slkiio marpuig A € jiaronajsizosHo0, TOII 3HaUTH BCl BjlaCHi Bek-
TOpH MaTpuill A, BAKOPUCTOBYIOUN aJrOPUTM 3.3,

o [liaronanbua cdopmy Ag marpuni A ta marpuus S BUIACYIOTHCsE
YBTOJPKEHO B Takuil crnocib: NouMHalouu 3 JIIBOIO BEPXHBOIO KyT-
Ka 110 JiiaroHaji B MaTpuifio Ay BUIMCYEThCA MEpIIe BacHe YUCIo
CTLIBKHU PasiB, sKa foro KparHicTb. OJHOYACHO, MOYUHAIOUH 3J11Ba,
B MaTPUILIO B 110 CTOBIYUKAX BUIUCYIOTHCs KOODJMHATH 3HANICHUX
BEKTODIB, AKi € 6a3ucoM BIACHOrO MiIpOcTOpY MaTpuli A, mo Bij-
MoBiJa€ MepImomMy BiaacHoMy duciy. IoTim yce nponosxKyeTbes it
JIPYTOTO BJIACHOTO YUCJIA, JJIs1 TPEThOrO BJIACHOTO YUC/IA 1 TaK JIaJIi.
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4.4 Ilpuxknanm

ITpuknam 4.1. Ilepesipme 1a dia20HaAIZ306HICTID MAMPULIO

A:<_24 _12).

osederna. 3HAXOAUMO XapaKTePUCTUIHUN MHOTOUJIEH:

) =det (P20 oL ) =@-n2- A=

Orxke, xA(A) poskiagaeTbes Ha JiHIHHI MHOXKHUKE 1 MU MaEMO €UHe
ByiacHe ucyio A\p = 0 kparHocti 2.
ITpore maTpuris

acom (2 1,),

O4YeBUJIHO, Ma€ JiepeKT He OLIbIINI 33 OJIMHUIIO, OCKIJIbKU € HEHYJIbOBOIO
1 Mae po3mip 2 X 2. 3Bijick MU OTPUMYEMO, IO JeMDEKT IET MATPUTI MEHTIIE
3a kparHicTh 0 gk Kopens x4(A). Ormxe, A He € JaroHa i30BHOIO. O

ITpuknamn 4.2. Ilepesipme Ha dia20HaAI306HICTD MAMPULIO

12 2
A= 21 2 ].
2 21

Hosederna. 3HAXOAUMO XapaKTePUCTUIHUN MHOT'OUJIEH:

1—X 2 2
xaA\) =det[ 2 1—-X 2 = (1=A\)?+84+8-3-4-(1-)) =
2 2 1-=A
=1-3A+3\ =N +4+ 122 = =N’ +3X* + 9\ + 5.
Jlerko Gaduru, mo —1 € KopeHeM 1ILOI0 MHOI'OUJIEHA, OTKe
Xa(A) = =X 43N+ 9N+ 5= —(A+ 1)(\* — 4\ - 5).

Posp’s3aBiim KBajpaTHe PIBHAHHS, 3HAXOJAUMO #oro kopeni —1 rTa b.
3imen x4(A) = —(A+1)*(A=5). Orxe, xa()\) poskmagaeThes Ha miniitni

MHOXKHIKY 1 M MA€MO JIBa BJIACHI YHUcaa: Ay = —1 KpaTHoCTl 2 Ta Ay = 5
KparHocTi 1.
Tenep Ham HeoOxinHO 3HafiT gedext Marpuni A — (—1)F. Maemo

2 2 2
A+E=(222]—(222).
2 2 2

Omxe, panr marpuii A+ E gopisrioe 1, a 11 gedext gopishioe 3—1 = 2.
Mu 6auumo, 1110 BiH 3bira€ThCst 3 KPATHICTIO BJacHOro yucaa —1 B x 4(A).
[le oznauae, o marpuist A € jiaroHa i30BHOW. O
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ITpuknan 4.3. 3nadime diazonarvhy popmy mampui

12 2 1
2 1 211
A=100 2 1
00 4 2

osederna. 3HAXOAUMO XapaKTePUCTUIHUN MHOTOUJIEH:

1—X 2 2 1
xa(A) = det 3 ! 6 A 2__1/\ % =
0 0 42—
=(L=2)" =4 x(2-X)°"—4) =
=AM =22 =3)AN =4\ = A+ 1)(A=3)(A —4)\.

Orxe, XA(A\) pO3KIAIAETHCSA Ha JIHIAHI MHOXKHUKH 1 MH MAa€MO YOTHPU
pisHi BjacHl uncia Ay = —1 kparaocti 1, Ay = 3 kparnocti 1, A3 = 4
kpaTHocTi 1 Ta Ay = 0 kpaTHocTi 1. 3riHO 3 JOCTATHHOIO YMOBOIO Jia-
roxaJiizoBHOCTi (ipyruii nyHkT Teopemu 4.1) Marpuis A e giaronasizos-
HOIO.

Hst Toro, o6 sunucatu jgiaronasibiy dhopmy B marpuui A, mu npo-
CTO BI/IHI/IcyGMO AITOHAJIBHY MATDPHIIO PO3MIPY 4 x 4, Ha ,ZLlaI‘OHaJIb SIKOT
10 9ep3i BIUCYeMO BJIacHi dnciaa marpuini A (TyT He Tpe6a BPAXOBYBATH
KPaTHICT, TOMY 110 KPATHICTb YCIX BJIACHUX YUCEJ HALIOI MATPULL] 1).
Orxe, Mu mumiemo yncio —1 y jiaronaibHy KIITUHKY TIEpIIoOro psijKa,
THCTO 3 y JlaroHajbHy KJITHHKY APYTOro psijiKa, YucI0 4 y JiaroHaibHy
KJITUHKY TPETHOTO paAjKa 1 1ncio 0y JlaronaabHy KIITHHKY OCTAHHBOTO,
4eTBepToro psijka. MaeMo Taky BiJIMOBIIb:

0300
B=110 040
0 000
[
IIpukmaam 4.4. 3uatidims diazonarviy Gopmy mampuiy
-1 -1 0 O
-1 -1 0 O
A=1_-1 -1 21 2
-1 -1 -1 -1
Hosedenns. SHAXOANMO XapPaKTEPUCTHIHUN MHOTOUJICH:
—1-X -1 0 0
-1 —-1-2A 0 0
xa@)y=det | 1 47 4T\ 3 |=
—1 -1 -1 —-1-A

= ((—1 =2 =1)"= (N +20)> =N\ +2)%
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Orke, x4(A) po3kIasaeThCs Ha JiHITHI MHOXKHUKK 1 MU MAEMO JIB BJIAC-
al ancia: Ay = 0 kparHocTi 2 Ta Ay = —2 Kparnocrti 2. ObugBa BIacHI
YucIa MaloTh KPaTHICTh, OLIbily 3a 1, a ToMy HEOOXijiHO mijipaxyBaTu
nedexTrn BiAnoBlIHNX MaTpuih. Jius A = 0 maemo:

110 0 ;
1 -1 0 1 -1 0

A-0E=4A=1 1 1 1 -1 H<—1 1 -1 —1>-
11 -1 -1

Panr orpuMaHol MATpHIll, 04eBUIHO, JOPIBHIOE 2, TOOTO 11 1edeKkT 1opiB-
Hioe 4 — 2 = 2. e 36iraerbes 3 kparHicTio A; B xa(\).
Hutst Ao = —2 maemo:

1 —1 0 0
Avee= 71 4 0 Y @ +enp
-1 -1 -1 1
1 -1 0 0
W+t +1mp— 9 % ¢ 9 ]e
0o —2 —1 1
05 1% 02 100
H(O = L >{[3]+(1)*[2]}*—><0 2L )

Panr orpuvanol Marpuni, ouesu/ino, jopisiioe 3, To61o i gedexr nopis-
moe 4 —3 = 1. Ile menme nix kparuicTs A2 B XA()\) 3rigno 3 KpuTepieM
JiaronadizoBrocti (rperiii nmyHkr reopemit 4.1) marpuns A we e miaro-

HaJ1i30BHOIO. OT2Ke, roBopuTH IO 11 AlaroHaJbHy dpopMmy He MOoxKHa. [To-
CTAaHOBKa 3aJ1a4dl He € KOPPEKTHOIO. [

Ilpukaam 4.5. 3uatidims diazonarviy opmy mampuiyi

3211
A:

OO N
OOW
[ N =
RO — —

Hosederms. 3HAXOAUMO XapPaKTEePUCTHIHUN MHOTOUJICH:

33— 2 1 1
2 3= 1 1
o 0 1 2-

A
((2=XN)*=1) = (/\2—6)\ +5) (A2 —4X+3) =
=A=DA=5)A-1DA=3)=A-1)’(A=5)(A—3).
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Orxke, x4(A) PO3KJIa/IA€ThCs Ha JIHITHI MHOXKHUKHA 1 MW MaEMO TPH BJIac-
Hi uncaa: Ay = 1 kparHocTi 2, A9 = 5 KpaTHOCTI 1 Ta A3 = 3 KpaTHOCTI
1. Ilep1ire BiacHe 9ucio Mag KPaTHICTh 2, & TOMY HEOOXIIHO TipaxyBaTu
nedekt marpumi A — M E

1

1 2211
A-FE= 1 H<0011>-
1

Panr orpuMaHnol MATpHIl, OYEBUIHO, JOPIBHIOE 2, TOOTO 11 edeKT 1opiB-
Hioe 4 — 2 = 2. [le 36iraerbest 3 kparnicrio Ay B x4(A). O1xke, Marpuis
A e piaronaJiizoBHOIO.

Hnst Toro, mob sunucaTu giaronanby dopmy B marpuni A, mu npo-
CTO BHHHcyeMo JIrOHAIbLHY MaTPHIIO po3Mipy 4 X 4 Ha, ;uaPOHaJIb SIKOT
0 4ep3i BUIMUCYEMO BJACHI YMCIa MaTpuili A, maMm siTajodu [Ipo Te, 110
BJIACHE YHCJIO A1 = 1 Mae KpaTHICTH 2, a TOMYy #oro Tpeba IOBTOPUTH
JBidi. Maemo Taky BiAIOBiib:

oD
[enXan) (W) \V]
—

0100
B=10050
0003
]

IIpukaam 4.6. 3sedimv do diazonarvrozo suzaady mMampuuso
1 21 —1
211 —1
A=1003 4
004 3

Hosedernns. 3HAXOAUMO XapPaKTEPUCTHIHUN MHOTOUJICH:

1—-Xx 2 1 -1
2 1—-X 1 -1

0 0 4 3-A
((B=X)2*=16)= (A2 =2X = 3)(A2—=6A —T7) =
=A+DA=3A+DA=7)=A+1)*A=3)(A=T7).
Orxe, X 4(A\) PO3KIATAETHCA Ha JIHIHI MHOXKHUKH 1 MU MAEMO TPH BJIAC-
Hi ancia: A\; = —1 kparHocTi 2, Ay = 3 kparHocTi 1 Ta A3 = 7 KpaTHOCTI

1. Ilepiire BiacHe 9UCIO Ma€ KPaATHICTD 2, & TOMY HEODXIJHO MigpaxyBarTu
pedexkr marpuni A — A\ E

221 -1
221 -1 2921 —1
A+E=A={004 4 H<004 4)~
004 4
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Panr orpuMaHoi MaTpuill, 09eBU IHO, JOPIBHIOE 2, TOOTO 11 jlepeKT JopiB-
mioe 4 — 2 = 2. lle 36iraeTbest 3 kpaTHicTIO A1 B Y 4(A). OTke, MaTpuis
A € JiaronaJiizoBHOIO.

Tenep mam Tpeba 3uaiiTu Bl Biachi Bekropu MaTpuii A. [Tounnaemo
3 A\ = —1. Mu Bxxe obuncann, 1o

AvE= (551 ) my- (351 1)
M+ (561 1)102m=(0011)

Bubnpaemo xg Ta T3 BITLHUMM 3MIHHMMM, BUPAXKAEMO DEINTy 3MIHHAX
gyepes BuibHI Ta 3amucyemo C.JI.P. y BekTopHOMY BUTIISIL:

1T = —T9 — T3 1 —1 —1
T9 = i) ) o 1 0
T3 = T3 x| = 0 To + 1 3.
Ty = —T3 Xy 0 —1

Orxke, 6aza V(—1, A) ckaagaerbes 3 IBOX BEKTOPIB (CTIIbKY, siKa KpaT-
nictb —1 sk Kopens x4(A)), HATPUKIAT,

~1 ~1
_ 1 0
V1 — O Vo — 1
0 —1



Bubupaemo xy BUIBHOIO 3MIHHOIO, BUPAKAEMO PEIITY 3MIHHUX Yepe3 Hei
ta 3anucyemo C.JI.P. y BeKTopHOMY BUTJISI:

r1 = T2 I 1
To = X9 i) o 1
r3 = 0 X3 - 0 L2
ry = 0 Ty 0

Orxke, 6aza V (3, A) cknagaerbes 3 0JIHOTO BEKTOPa (CTLIBKHU, sKa KpaT-
HicTh 3 1K KopeHst Y 4(\)), HanpUKIa,

1
|1
V3 = 0
0
I, napemri, A3 = 7. Maemo:

2 %1 D

— —1

A7E—( TR F RS R
6

Bubupaemo x4 BUIBHOIO 3MIHHOIO, BUPAKAEMO PEIITY 3MIHHUX Yepe3 Hei
ta 3anucyemo C.JI.P. y BeKTOpHOMY BUTJISI:

Tr1 = 0 T 0
o = 0 X2 _ 0
T3 = T4 X3 - 1 L4
Ty = T4 Xyq 1
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Orxke, 6aza V (7, A) cknagaerhes 3 0JHOTO BeKTOpa (CTLIBLKH, sKa KpaT-
HicTb 7 gK KopeHst Y 4(A)), HanpuKIa,

V4 =

——0 O

Hiaronannna dpopma B marpuii A Ta MaTpuis nepexony S 0y1yoThes
TaK: B MATPUIO B 10 jiaroHaJi, MoYMHaYH 3 JIIBOI'O BEPXHBOI'O KyTKa,
BUIUACYIOTHCs BiacHl anciaa —1, —1, 3, 7. Y Mmarpuno S 10 CTOBIYNKAX
BUTIMCYIOTHCS 3JIiBa HapaBO KOOPAMHATH 3HAUACHUX HaMHM BEKTOPIB V1,
Vo, V3, V4. [Ipn IbOMY y3TO2KEHICTD MOJSTae B TOMY, 1110 BEKTOP V] € BJIac-
HUM BEKTOPOM 3 BJIACHUM 4uCJIOM —1 (BEKTOD U] BUITUCAHUIT y TIEepIIOMY
CTOBITYMKY Marpuili S, a B HePIIOMY CTOBIYKUKY MarTpuil B ¢roith fioro
BacHe ynucyio —1). BekTop v9 € BJIacHUM BEKTOPOM 3 BIACHUM UHUCIOM
—1, ninHiifHo He3aJIEKHUM 3 U1 (BEKTOD Uy BUIMCAHWH y JPYrOMY CTOBII-
YUKy MATPHUIL S, a B JJPYTOMY CTOBITUMKY MaTpuill B cToiTh Oro BiacHe
anciao —1). Bektop vs € BiracHuMm BEKTOPOM 3 BJIACHUM YHUCIOM 3, BIH
BUMUCAHUN Y TPETHOMY CTOBIYUKY MATDPHIL S, & B TPETHOMY CTOBITIUKY
maTpuili B cToiTh #fioro BjacHe 4ucjio 3. HapeLHTl BEKTOP V4 € BJIACHUM
BEKTOPOM 3 BJIACHUM IHCJIOM 7, BIH BUIIMCAHUI y I€TBEPTOMY CTOBIYHUKY
MaTpHUIll S, & B YETBEPTOMY CTOBIYMKY MaTpull B cToiTh iforo Biacue
qcio 7. OCTaToTHO MH OTPUMYEMO TaKy BiJIIOBIIb:

-1 0 00 —1 -1 10

0O -1 00 1 0 10

B=1 90 o030 5=l 0 101

O 0 07 0 -1 01

]
Ilpuknam 4.7. 3eedimv do diazonarvrozo 6u2aady MampuysO

4 -5 7
A= 1 —4 9
-4 0 5

Hosedenna. g maTpuiist BxKe Tpallistiack HaM y npukiaami 3.7. Orxe,
MU CKOPUCTAEMOCS Pe3yIbTaTaMy I[boro npukiany. [lo-nepiie, 3ragaimo,

mo xa(A) = —(A - 1) (A% — 44X + 13). Poskia/inicTh 1b0ro MHOIOU/IEH:
Ha JIHIAHI MHOXKHUKM 3aJiexkuTh Biji Bubopy nosist K. Ao K = R,
Tomi KBamapaTHuit AinbHIK A2 — 4\ + 13 muorodsena y4(\) He Mae Ko-
periB y R, a orxe, muorousien y 4(A) ne poskJajaeThes Ha R na ginifini
muoxkHUKH. Le osnaudae, mo marpung A He € alaronasizosHoio Haj R.
Tenep posrasinemo punagok K = C. Tomi xa(A) = —(A—1)(A — (2+
3i))(A — (2 — 3i)). Muorouien poskjaBcs Ha JiHiifiHI MHOXKHUKHK, 1 BC
BJIACHI 4ncsia MaioTh KparHictb 1. Orke, marpuis A € niaroHasisoBHOO

34



na); C. Mu Bxxe obuncaioBain, mo BiaacHi duciaa \1 = 1, Ay = 2 4 3¢ Ta
A3 = 2 — 3¢ MalOTh BJIACHI BEKTOPHU

1

1

1 3 — 3 3
n=21, w=[5-3], vy=|{5
1 4

BijmosigHo. OTKe, mlaronaabia ¢popma B marpunl A ta MaTpuis mnepe-
X0y S MaTUMyTh BUIJISII;

1 0 0 1 3—3t 3+ 3
B=|02+3 0 , S=[25—-3 5+31 |.
0 0 2-3 1 4 4

3
3

A e

4.5 3agadi TEOPEeTUIHOTO XapaKTepy

ITpuknan 4.8. /losedimv, wo dobymor deox dosisvhuxr dia20HaNI306-
HUL Mampuyd He 00606 4a3%060 6yde JiazonaNi306H010 MAMPULETO.

Hosedenna. Hexait

(0 h) (L) e-(1 )

Ouesugno AB = C' Tta marpuns A e giaronasizossolo. Iligpaxyemo xa-
pakTepucTUYHi MHOrowienu marpuinb B Ta C:

) =det (120 TH ) =-P-1=2 - =0 -2

Orxe, marpung B e miaronanizopnoio, 60 i1 XapaKTepUCTHIHEI MHOTO-
YJIeH PO3KJIAIaE€ThCd Ha JIHIHI MHOXKHUKHK Ta, HE Ma€ KPATHUX KOPEHIB.

Xc(/\):det<11)‘ _fi)\>::/\2_1+1:)\2,

Kpim Toro, panr marpuni C', ouesnjno, nenyibosuit. Omxe, C ne € jia-
TOHAJI130BHOI0 MaTPUIIEIO. [l

Ilpukaan 4.9. Mampuuﬂ A ¢ diazonanizosnono. Josedimn, w0 mampuusa
obMmedcenna AMHitino20 onepamopa, wo eidnosidae A wa dosiavrull iH-
sapianmmut nidnpocmip, € 0ia20Ma.M1306H010.

Hosedenna. Hexait 4 — mimiiinuit omeparop, 1o Bigmnosigae marpuii A.
Bubepemo gesikuii 6a3uc B iHBapiaHTOHOMY IiJIITPOCTOPI Ta ITPOJIOBXKU-
MO fioro 110 6azncy Behoro npocropy. Tom marpuus ¢4 Habyne 6.;109HO-
TPUKYTOHOrO BUIJIsLY, IPUYOMY MO JlaroHasi OyjiyTh CTOSTH: MATPHUILA
Ay obmekenns Ta MmaTpuild As 1HIYKOBaAHOIO oniepaTopa y pakTop-IpocTopi.
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OueBuiro, 10 X A(A) € 106yTKOM XapaKTepPUCTUIHUX MHOIOUJIEHIB 1UX
ABOX omnepatopis. ITpumycTumo, mo MaTpuis oOMexeHnns He € Jiaro-
HajizoBHolo. e o3nauae, 1o JJIs IESTKOTO BJIACHOTO HMCTa [4 nedekr
marpuii Ay — pFE gopirioe k 1 cTporo Memine 3a KpaTHICTH [ 9uCIa [
sk Kopenst Y 4, (A). Hexaii t — nosua kparnicrs p sik kopensi X 4(\). Toui
nedext marpuii Ay — puF ne moxe nepesurysatu t — [, ToOTO mederT
marpuil A — uF e moxke [IePEBUIILY BATH k+(t—1) <t. OT}KG MaTPHIIS
A He Moxe OyTH [1aroHaJi30BHOIO. O]

IMpukian 4.10. Hewai A ma B nosnauaroms dei diazonanizosni ma-
Mpul. Hpunycmumo 0 AB = BA. Jlosedimo, wo wi Mampuii ma-
10mo cniavhul eaactut basuc, mobmo 1CHye HEGUPOIAHCEHE MAMPUUA S
maxa, wo S™TAS ma ST'BS (%CLZOHa,/me.

osederna. PosrisineMo BiacHMii MLIPOCTIP V(NA), 1e A — JlesiKe
BiacHe dncio marpumi A. Ockinbku A — miaronasizoBHA, PO3MIPHICTD
V (A, A) nopiBHIOE KPAaTHOCTI A $K KOPEHsI XapaKTePUCTUIHOIO MHOIO-
agena marpuini A. Ockinbku AB = BA, 1o BV (A, A) C B(A, A) (npu-
kiag 3.8). Posrusinemo obmexennst B ua V(A, A). 3rigro 3 nonepegxim
IPUKJIAJIOM IIe OOMEeXKeHHsI € JiaroHai30BHUM oreparopoM. OTxKe, icHye
BiacHuil Gasuc jyist oomexxennsi 8 V (A, A). Bubpasiim rakuii 6asuc B
yCIX BJACHUX MIJIITPOCTOPAX MaTPHIL A, MU OTPUMAEMO CIJILHUAM BJIAC-
Huit Gasuc g Marpuilb A Ta B, ocKiNbKM cyma KpaTHOCTe BJIaCHUX
YUCEN B XaPAKTEPUCTUIHOMY MHOTOUJIeH marpuii A jopisHioe cymi pos-
MipHOCTell BIANOBIHUX BJIACHUX MiJANPOCTOPIB, TOMY MO Marpuia A e
JIIarOHaJII30BHOIO.

Mpuknanx 4.11. Hexatd vapaxmepucmurnud mrozoaen mampuyi A pos-
KAGOACTLCA 1a AINEING MHONCHUKY Ta 1e Mmac kpamnus Kopenis. o-
sedimo, wo icnye eexkmop v € K" makud, wo MHoNCUNA SEKMOPIG
{A*v | k > 0} nopodocye K. Cnpocmytime ye meepdotcenna y sunadxy,
Koau A 0iazonani3061a, aae MAE 6AGCHT wucaa Kpammocmi Gisvwe 3a 1.

Hosedenna. Hexalt A1, ..., A, — BracHl uucaa marpuul A. Ba yMOBOIO
IX PIBHO N WITYK 1 BCl BOHK pisni. Bubepemo s nosinbroro 1 <4 < n
Bacnuit BekTop v; 3 Biaacuum anciom i. Topi {v; [1 <i < n}e 6az010 K",
OCKIJIbKY 11¢ HAOIP BJIACHUX BEKTODIB 3 PI3HUMHU BJIACHUME SHaquHﬂMH
a OTXKe, BIH JIHIHHO He3aJeXKHUI. SaﬂHHH/LHOCb 3ayBazKUTH, 10 X plBHO
n mTyK. Posrasuemo BeKTop v =01 + v + -+ v, g 0 <1 <n—1
MaEMO

A'v = Nuop + Mg + -+ + Alwy,.
Tenep niniiina vesanexuicts cucremu {A'v |0 < i < n — 1} Buniusae 3
BJACTUBOCTI Bu3HauHuKa Bamgepmonga. Orxe, BEKTOPH {Av]0 < i <

n— 1} yTBOPIOIOTHL 6a3y npocropy K", ocKijibKM BOHM JITHIHO He3aJ ek Hi
1 7x piBHO n mTyK. e q0BOIUTD Hepme TBEPJIZKEHHS.
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Hust nosepennst jpyroro subepemo 6asy B = {v;|1 < i < n} npo-
cropy K", B akiit marpuisg A 3B0JUTHCSA 0 JIaroHAJLHOIO BUTJISILY.
YMOBH 3aJadl, MOYKHa, BBajKaTH, 110 BEKTOPHU VU1 Ta, U2 MalOTh CHiJIbHE
BJIACHE YUCJIO ,u Hexait v € K". To,zu v = a1v1 + agvs + - - - + a,vy,. Kpim
toro, Alv = playvy + it agvp + -+ + [y, G Uy BOEpeMo nOBLTBHI 1 HATY-
PAJILHUX HUCEJI 11, . . ., iy 1 POLAAHEMO MaTPUIO KoepilieHTiB PO3KJIa Ly
Aip, 1< j<n3a 6a30}0 B (Bunucanux, siK 3aBXKJiM, B CTOBIYKK). Y Il
ManI/Iui Hepii J1Ba PsAKUA OyAyTh HMPONIOPLIHI, a TOMY caMa MaTpPHIs
6yue Bupozkenoro. Orske, xxoani n enementis 3 muokunu { Afv |, k > 0}
He yTBOPIOThL 6a3y npocropy K. fkbu sikuiich ix HabIp OYB CHCTEMOIO
TBIPHUX I[bOI'O IIPOCTOPY, TO 3 HHOI'O 3aBXK1 MOXKHa, OyJ10 6 BUubparu 6asy
(MiniMasbHy cucremu TBipHUX). OCKigbKH 6a3y BHOpATH HE MOXHA, TO

sech Habip {A*v |, k > 0} ne € cucremoro teipanx K™, O

4.6 3agadi g CAMOCTIHHOTO PO3B’sI3aHHS

Baga4a 4.1. Ilepesipme na 0ia20HaA1308HICTG MAMPUL

(33). (2 2) 5i2). (5293
33) (-1 -1) - )
1 21 6 —9 4

111 1111 14 1 -1
1 23 2 22 2 41 =2 2
946/’ 0011/ 00 —1 =2

00 2 2 00 -2 —1

Baga4a 4.2. 3uatidime diazonasvny Gopmy mampuyb

(11). (171) 7o T35 1)
11) (1-1) - T W R
11 -1 33 1

111 -1 2100 1234
115 -1 2100 0234
003 1 ’ 1201 ) 0024
001 3 1410 0012

3amaua 4.3. 3sedimv do diazonanvrozo suzaady mMampuii

<22> (4 1) %%% 44%05
3 3)" -1 4 ) >
3 3 3 1 9 —4

11 1 1 12 3 4 4 4 00
11 -1 -1 04 3 2 1 1 00
1 -1 1 -1 > 00 2 4 ’ -2 1 01
1 -1 -1 1 00 —1 =2 4 -3 10



Sanaua 4.4. Bidomo, Wo TaparmepucmuHul, MHO2OUAEH MAMPUL A
POSKAGOGEMBCA HaA AIMITHT MHONCHUKY A HE MAE KPAMHUL KOPEHIG.
Bidomo maxoorc, wo AB = BA. Hosedimv, wo B — diazonanizosna.

3amaqa 4.5. Jlosedimnv, wo dosiavruill mrozousen 610 dia2oHa.ni306H0T
MaMmpPut € diaz2onaNi306H0N0 MAMPULEN.

Sa,uaqa 4.6. Jlosedimv, wo cyma 060xr 01a20HANM306HUT MAMPUUDL He
0006°43K060 € JA20HANIZ08HON0 MAMPULEND.

Bamaqa 4.7. fxy aneebpaivny cmpyxmypy ymeoprromos yci dia20Harl-
30611 Mampuui?

Bagaua 4.8. fky arzebpainny cmpykmypy ymeoprooms yci dia2onani-
3068HT MAMPUYL, U0 KOMYMYOMD 13 PiKco6anoto diazonai306H1010 Ma-
MPUYeo

Bagaua 4.9. fxy aszebpainny cmpyxkmypy ymeopiowoms yci d1a2onani-
3061 MAMPUYL, WO KOMYMYIOML 3 HiKCo6an010 Jia20NAAI306H010 Ma-
mpuuero A, rapaxmepucmuuHul, MHO20UAEH AKOT HEe MAE KPAMHUL KO-
penie?
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5 2KopaanoBa ¢popma marpuiii

5.1 TeoperuyHi BisioMOCTi

YIposoBK BUBUEHHA KOpAanoBol (opMu depes K MU mosHataThMe-
Mo moje C KOMIIEKCHUX YHCeJI, X04a BCl pesyIbTaTH CIPAaBEeJIUBL Ha
JIOBLJIbHUM aJjiredpaiqyHo 3aMKHEHUM I10JIEeM HYJIHOBOI XapaKTEPUCTUKH.

Oznavenns 5.1. Jaa k € N ma A € C, xaitmunoro 2Kopdana Ji(N) mu
nazusamumemo esemenm 3 Matyyr(K), wo mae nacmynnud euzano:

( )

COoO0O: OyROOO
cCoOoM Coo0o0oO
COoMH CO0COOO
O>HO CO00OO
OO o000 OoO

 OOOO: OO OO

Osna4denns 5.2. Kopenesum nidnpocmopom mampuyi A, wo 6idnoci-
dae BAACHOMY YUCAY N, HA3UBAEMBCA MHONCUNA BCIT MUT GEKMOPIE U 3
K", dasa axur (A — )\E) v=0.

OznauenHsda 5.3. Jlanuoockosum 6a3ucom KopeHeso20 nionpocmopy Ma-
mpuuyt A, wo sidnosidaec 6AacHOMY HUCAY N, HA3UBAEMBCA Makul 1020
basuc vij, 1 < i <p, 1 <j < p; daa akoeo (A — AE)v;j = v;j_1 ma
(A — )\E)Uil = 0.

Biactusocrti KOpeHeBI/IX Hl,ILHpOCTOplB Ta JIaHIIOZKKOBUX 0a3 OIIUCYy-
IOTBCA B IIa,CTYHHlI/I TeOpeMl

Teopema 5.1. 1. Posmipnicmo xopenesozo nidnpocmopy mampuui A,
wo 610N0610a€ BAACHOMY YUCAY N, 30120EMBCA 3 KPAMHICTIIO A

2.V Kooicnomy Kopenesomy nidnpocmopi ichye AGHUI0ACKOsUT ba3uc.

3. Kiavkicmo aanuroockie ikcosanoi dosotcun 6 dosIAbHULT 080T NAH-
UHOHCKOBUT Ha3ucar 00H020 i MO020 HC CAMO20 KOPEHEB020 NIONPO-
cmopy 00nakosa.

4. Kiavkicmo aanurooickis y dosIADHOMY AGHUIOHCKOBOMY Da3UCE KO-
peHEB020 nidnpocmopy mampuyi A, wo 6idnosidae eaacromy wucy
A, dopisrroe posmiprocmi nidnpocmopy V (A, A).

39



5. Kiavkicmo aAanupoockie 006oHcunYy, He menwe Hioe © 1y Jd06LabHo-

MY AGHUOIICKOGOMY Da3UCT KOpenecozo nidnpocmopy mampuui A,
wo 610n0610ae GAUCHOMY wucay A, dopisnioe pisnuyi dedexmic ma-

mpuys (A — AE)" ma (A — )\E)Z U (mym X° = E daa dosinvnoi

keadpammoi mampuyi X ).

Ocnosuuit pesysbrar npo 2Kopganosy nopmasibhy dhopmy (2K.H.D.)
MaTPHUIl OMKUCYETHhC HACTYNHOIO Teopemoro 2Kopiana;

Teopema 5.2. /s dosiavnoi mampuui A € Mat, ., (K) ichye nesupo-
dorcerna mampuus S € Mat, ., (K) mawa, wo mampuys Ay = STLAS ¢
npamoto cymoro kaimur 2Kopdana (mobmo € 6.404H0-01a20HAADHOI0 Ma-
mpuyero 3 xaimunamu Hopdana no diazonani), npuvomy mampuys B

BU3HAMEHE 0OHO3HANHO, 3 MOUHICMIO D0 NEPECManosky Kaimun 2Kopda-
Ha, 3 AKUL 60HA CKAGIGEMBCA.

5.2 OcHOBHI Tum 3aa1a4

Y it TeMi IPUPOLHO BUALIMTH TPU OCHOBHI THUIIN 3aJ1a1:

1.
2.

Buaiit 2K.H.®. marpumi A.

SHAWTH JAHIFOXKKOBH 0a3uc KOPEHEBOTO IiANPOCTOPY MaTpuill A,
110 BiATOBIIA€ BIACHOMY YHCIY .

3pecru Marpuiio A go 2KLH.®., 1obTo 3naiitu i1 2K.H.®. Ta Big-
MOBIJTHY MATPHUITIO TTEPEXO]TY.

5.3 AunaroputMu po3B’d3aHHA OCHOBHUX THIIIB 33aJa4

Anropurm 5.1. Buaxodocennsa 2K.H.@. mampuui A.

st snaxomkennst 2K .H.®. marpumi A HeodbxigHo:

o ObUMCINTH XapaKTepUCTUIHUI MHOrOwIeH Marpuil A, sHaiiTu BCi

i1 BiracHl gmcdia Ta X KparHocTi (asropurm 3.1).

st KoyKHOro BjracHOro uncia A Marpuii A rta jjs koxknoro ¢ € N
sHaiitu Kijbkicrs s;(A) kaitun 2Koppana J;(A), wo Bxogsars 1o
KH.®. marpumi A. st iboro obuucnntu uncia ro(A) = n, r1(\) =
rank(A — AE), 72(\) = (A — AE)? i Tax jani 10 TEX 0ip, IOKK J1/1st
JesKOro § He Oyjie BUKOHAHO piBHOCTI 7;(A) = 7541 (\). Tlicast mporo
ckopucTaTich Gopmyson s;(A) = ri—1(A) — 2r;(A) + rip1(A).

HO6y,I[yBaTI/I K.H.O. ManI/Im A 1K 67109HO-I1arOHAJIBHY MaTPHIIIO,
aiaronadb sikoi ckianators kiirunu 2Kopiana Jx(A), te A npoGirae
BCl BiacHi uncia marpuii A, i koxkua 3 kuitud Ji () 3ycrpivaernbest
piBHO Si(\) pasis.
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3ayBaxkeHHs1. Bapmo saysascumu, wo 6 pesyavmyrowid mampuyi, uyo
¢ 2K.H.@. mampuui A, erache wucio A Mampuw A mycumo sycmpiva-
muca na 0ia20Mant PieHoO CMIALKY Pa3ie, AKG 1020 KPamHicmb.

Anroputm 5.2. 3uaxodoicenmna Aanu00cko6020 6a3ucy Kopenesoz2o nid-
npocmopy mampuui A, wo sidnosidae saacHOMY HUCAY A

JJist 3HAXOIZKEHHsT JIAHIIOKKOBOTO 0a3ucy KOPEHEBOro MHiJIPOCTOPY
marpuii A, 1mo BiANoBigae BIacHOMY YHCIy A, HEOOXIIHO:

1. BualiTu KILKICTD $;(A) JAHIIOXKKIB JJOBXKUHU 1, 110 BXOJASTH JIO 11y~
kanoro Gasucy. ust nboro obuncautu uncia ro(A) = n, ri(A) =
rank(A — AE), r2(A\) = (A — AE)? i Tax gani 10 TUX 0ip, TOKK J/1s1
Jiestkoro ¢ He Oyjie BUKOHaHO piBHOCTI 73(A) = 7401(A). Iicast mporo
ckopucrariuck Gopmysnoo S;(A) = ri_1(A) — 2r;(A) + rip1(N).

2. 3adikcysaTu Te Hafimere ¥, s Koo 7 () = i1 ().

3. Bmaiitu 6azuc aapa marpuii (A — AE)" PO3B’A3aBIIN OJTHOPI/IHY
C.JI.P., marpuneio gkoi € Marpung (A — AE)"

4. Jlyist KO>KHOIO OTPUMAHOI0 0A3MCHOIO BEKTOpa U MOOYyBaTH JIaH-

ook v; = (A — AE)

D. BI/I6paTI/I Si+ () JIAHIIOKKIB HAROLIBIIOT JIOBXKUHY, K1 CKJIAJIAI0THCSE
3 JiHIIHO He3aseXXHux ejemeHTiB. Le Oyje dacTuHa HIyKaHol Oa3u.

6. TIpopoburi anasoriuni Aii jyisi HACTYITHOTO (38 CnajanHsiM) @, s
gakoro $;(A) # 0, cigkyoun 3a JiHITHOI HE3aJeXKHICTIO BEKTODIB,
110 BI/I6I/IpaIOTbCH, 3 BUOpaHUMU paHiIe.

7. IIpojgomkyBaT TAKUM YMHOM, TIOKH He Oy/IyTh BUOPaHI BC1 JIAHIIOXK-
KH.

Hacrynnnii AJIFOPUTM € 3aIAJIBHUM AJIIOPUTMOM PO3B 'sdi3aHHS OCHOB-
HOT 3aj1a4i, ska noB’sizana 3 Teopicio 2K.H.®. Mwu napojgumo iioro B ca-
MOMY 3araJjibHOMy BUNaJIKY. [Ipore TexHiuHe BTLIEHS IbOI'O AJIOPUTMY
JUTs MATDHILL BETHKOTO PO3Mipy HAJITO CKJIaJHe, 1 peajibHl MPUKJIAIN, TI0
IX JIOBEJIEThCsI PO3B A3YBATU HA NPAKTUYHUX 3aHATTSAX, HE NIEPEBUILYIOThH
marpunb posmipy 4 X 4. Mu ne Oynemo posOupaTy NpUKIaIIB 3araabHO-
I'0 3aCTOCYBaHHS I[HOT'O AJTOPUTMY. YCI MOXKJIMBI BUTIAIKNA 3HAXOI>KEHH 51
2K .H.®. marpunp po3mipis 2X 2, 3 X 3 ta 4 X4 0y1yTh JeTajbHO po3ibpaHi
3 TPUKJ/IaJaMu B HACTYITHUX PO3/ILIax.

Anropurm 5.3. 3eedenna mampuui A do K. H. .
st seenenns marpuii A 1o 2K.H.®. neobxinno:

e ObuncaVTH XapaKTepUCTUIHUNA MHOTOYIeH Marpuill A, swaiitn Bci
i1 BitacHl ymcdia Ta X Kparuocti (asropurm 3.1).
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e /Iyis1 KOXKHOIO BJIacHOrO 4nciaa A Marpuii A Ta st KokHOro i €
N zaaiitn KinbkicTs S;(A) kaitun 2Kopmana J, (A O BXOIATH JO
7 1 9
2K H.®. marpuni A Tak camo, sk 11e 3podseHo B ajaropurmi 5.1.

e /Iy1s1 KOXKHOTO BJIACHOTO YMCJIa, A 3HAWTH 0Oa3y BiJITOBIIHOTO KOpEHe-
BOTO TITPOCTOPY, sIK i€ OTMMCAHO B aJropuTMmi 5.2.

e Vsrojzkeno nobyysaru pesysbrytouy 2K.H.®. B marpuni A ta ma-
TpHUIIO nepexoay S. st 1poro CIOYATKY BICTABUTH KOXKHIN KIITHHI
?Koppana, 1m0 Mae BXoguTu 10 Marpuii B (3 ypaxyBaHHsIM Kpar-
HOCT1), JIAHITIOXKOK BLIMOBIIHOT JIOBXKUHH 3 BIMOBIIHOTO KOPEHEBOTO
IIIPOCTOPY, TCIst 40ro BUnucaTu nepiy kiiruny zZKopnana na jia-
rona/ib Marpuii B. IIoTiM, 3/1iBa HanpaBo B MATPUILL .S 110 CTOBIYH-
Kax BUIIMCATH KOOPJMHATU BLANOBLHUX OA3UCHUX BEKTOPIB y TaKii
NOC/IJIOBHOCTL: CHIOYATKY — BJIACHUH BEKTOD, OTIM — HACTYIHUI 32
HUM BEKTOp JIAHIIOXKKa 1 Tak JaJi. Te came mpopobuTu ajs japyrol
kJjiTunu 2Kopjiana, TpeTboi 1 Tak Jadi.

3ayBaxKeHHHA. 3ay6aicumo, U0 npu npaxmusHur niodparymxax ors Ma-
MPULD HEGEAUKOZ0 POSMIPY “ucAa S;(N) Modcha 3nazodumu besnoceped-
Hbo 36 JONOMO2010 OCMANHBO20 NYHKMY Mmeopemu 5.1,

5.4 Ilpuknaamnu
ITpuknan 5.1. 3natidime XK. H. @. mampu

s

I
OO OH—
[eslenXanlanl \V) N0}
OO
SO DO DO DO
OO
DO DO DO DO DN DO

osedenns. CriodaTky Mu 3HAXOTUMO XapaKTepHCTHqHHﬁ MHOTOYJICH. y
Hac Marpuis jiaromanbia, a tomy x4(A) = (1 = A)*(2 — A)?, omxe,
MAEMO JiBa BiacHi uncaa: A\p = 1 kparnocti 3 ta Ay = 2 kparnocri 3. ﬂﬂﬂ
KOXKHOTO 3 HUX Tpeda 3HAWTH POMIPH Ta KLJIBKICTHh BIAMOBIIHUX KJIITHH
Xopnana.

[Tounnaemo 3 \; = 1. Maemo:

AN
|
I
coocococo
coocoRN
cCooOR—
CORNNN
coococoo
NI
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BijiasBiimg Biji epiioro psijika JAPyruii, MU OTPUMYEMO MATPHUILIO

SOOOoOO
[eslevieniani__}
oo OoOo+—O
OO—NNO
SO OO
oo O

paHr s1Koi oueBnHO JopiBHioe 4. Orxe, nedexkr marpuii A— E nopisHioe
2. Tyr mam Oinbiie ne Tpeba HivOro paxysar. 3riiHo 3 TeopeMoro 5.1
KlbKicTh KiiTud 2Kopaana 3 siaacium qucaom 1 jropisuioe 2. Kpim toro,
iX cymMapHa PO3MIPHICTH JOPIBHIOE KPATHOCTI A1, TOOTO 3. € nuawmii croci6
PO3KJIACTH 3 y CYMY JIBOX HATypaJbHUX duces, e 14 2. OTxke, ME Ma€MO
onny kaituny Ji(1) Ta onny kiaituny Jo(1).

ITepexogumo 1o Ao = 2. Maemo:

SO OoOoND
OOOIHH
[alenYanl \VR VY \V)
OIOOOO
(@) \OR VY (RN V)

Hopapiim 10 TpeThoro psijka ApPyruil, MU OTPUMYEMO MaTPUILIO

1 0
0
0

coococo!
cococoow
oo
COOE NN
=TT NI

0
-1
0

pamr sIkol ouesuiHo fopisuioe 5. Orxe, gedext MaTpui A—FE nopiBHIOE
1, Tobro icHye €/IHa KJIITUHA, }Kopﬂaﬂa 3 BJIACHUM YUCJIOM 2. BpOSyMlﬂo
o ne J3(2), ockinbku i1 posmiphicTs Mae 30irarucst 3 KparHicTio Ao B
Xa(A). _ _

Omrxe, 2K.H.®. marpiiti A nopisaioe B = J1(1) @ Ja(1) & J3(2), abo

y BUTJISJI] MATPWTIL:

100000
011000
g_|001000
=loo0o0210
000021
00000 2
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ITpuknam 5.2. Obuucaime aanuockosutl bazuc Kopeneso2o nidnpo-
CmopPY Mampuu

AN

I
SO
SO OoOo—O
SO OWH—HF
OO == =
OO OOO
===

wo sidnosidae saacromy wucay 1.

Aosedenna. CnovaTky 3ayBazkuMo, MO KPATHICTD BIACHOTO 9uCIa 1 10pis-

HIOE D, OCKiJIbKM MaTpulist A € TPUKyTHOIO, a uucio 1 3ycrpiuaerbes Ha

i1 miaronasti 5 paziB. OTxke, Hatra 6a3a MYCUTH CKJIAJATUCST 3 D BEKTOPIB.
Bunucyemo MaTpuiiio

001101
001101
002101

A-E=100000 1
00000 1
000000

[i panr mopiBHIOE TPHOM, OTXKE MU MATHMEMO TPHU JAHIIOKKY B HAIIH
6azi. Ilporo 1ie He BucTadae jijisi OOUMCIICHHs JIOBXKUH YCIX JIAHIFOXKKIB.
[Tignocumo A — E 0 kBajipara:

(A—E)* =

(eslerlenJenRanlan)
SO IOO
SOOI
SO OoON—H—
(e>eslenJenRenlan)
SO WhNND

Panr niel maTpuni nopisaioe 2, Too6to i1 nedext nopisaioe 4. OTKe, icHye
4 — 3 =1 knituna 2Kopgana Ji(1) 3 k£ > 1. 3Bijgcu Mu oTprMyeEMO, 1110,
HACIIPaB/Il, Y HAC MA€ BUUTH TPU JIAHIIOXKKHU: OJMH JIOBXKWHK 3 Ta, JBA —
gosxkuay 1. o6 snaiitu ix, mignecemo A — E 1o KyOy:

008 40 6
00 1580 1

3
A=E)=1000 00 0
00000 0
00000 0

Posp’sizkemo Bignosigay omuopiany C.JI.P.) Bubpapmm, sk 3aBX)ju, T4
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3aJICKHOI0 3MIHHOIO:

ry = I
To = T2
Tr3 = T3
< Ty = —2[133—(3/2)376 ’
Ty — Iy
L L6 — T6
1 1 0 0 0 0
AN AR A A
o I I T I ECR R P I B R
T5 0 0 0 1 0
X6 0 0 0 0 2

Hawm norpidno nobyjyBarTu JIaHIIOXKOK jloBxKUHU 3. MoxkHa nepebparu
BCi Gasuchi BekTopu. Ajie Mu cripobyemMo modaTu 3

0

0

B 0

V1 = _3

0

2

Maemo:
—1 1
—1 1
A—Ep=| 3' | =w, A-Bwm=|7 |=wu0

2 0
0 0

OcranHiit BEKTOP He € HYJIbOBHUM, a OTKe JIAHIIOXKOK JIOBXKUHU 3 100y 10-
BAHO. 3aJUIINIOCH JOOPATH 10 HHOTO J[BA JAHIFOXKKI JH0BXKUHN 1 (BiacHi

BEKTODH ), 110 MAIOTh OyTH JIHIHO He3akdexKHi 3 v3. TakuMu MOXKHA B3si-
TH, HAIPUKJIA/I,

Vg = U5 =

OO OoO
OO OOO

Orxke, mykaHa 0aza: Vi, Vs, U3, Uy, Us, IPUIOMY V] — Uy — v3 — 0,
Vg — 0, V5 — 0.
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5.5 3ajaadi TeOPeTUIHOro XapaKTepy
Mpukaaz 5.3. 3uatidimy XK. H.@. mampuyi A = (Jp(\))2.

Hosedenna. Obuancanmo mMaTpuio A:

(A L 0 0 0 .. 0 0
0O X 1 0 0 ... 0 0
0 0 X 1 0O ... 0 0
>l o o o x 1 ... 0 o | _
@) =10 0 0 0 x .. 0 0|~
D S
\o 0 0 0 0 0 i/
/v 20 1 0 0 0 o\
0 A2 2\ 1 0 0 0
0 0 A 2\ 1 0 0
o 0o 0o A 2x 0 0
0 0 0 0 A 0 0
SRR S
\0 0 0 0 o0 0 A

O4eBHUIHO, IO €IMHAM BJIAcCHUM ducioM marpuii A 6yme A2 kparHocTi
k. O6uncnumo marpuiio A — N2 E:

[0 20 1 0 0 0 0\
0 0 20 1 0 0 0
0 0 0 2\ 1 0 0
o | 0 0 0 0 2 0 0
A=XNE=| 49 o 0o 0 0 0 0
G e e = ﬁ)
\ 0o 0 0 0 0 0 0

Ternep Bryke aDCOMOTHO OUEBUIHO, 10 Tpr A # 0 paHT oTpUMaHOl MaTPHIL

A — \2E jnopisnaioe k — 1. Lle o3nauae, mo i1 gedexr gopisHIoe 1, 1 Mu

Maemo oany kaitumy 2Koppana. Tooro 2K.H.@. matpuni A e Ji(A\?).
Posrasnemo Bunagok A = 0. Toml

(

N

|

5

I
oo cococo
oo cocoo
co: cooco~
oo cooro
oo coroo
oo cococo
co: coooco
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aJie paHr miei marpuri gopisaioe k — 2. Ie osnagae, mo 2K.H.®. marpumi
A mictuth a8l kiaituan 2Kopaana, ockinbku k — (K — 2) = 2. OTxke, HaM
Tpeba 3HaiTn posmipn nwx kiitwd. Jlerko Gauntn, mo Ae; = e;_o amas
Beix 2 < ¢ < k Ta Aey = 0. TobT0, BekTopu €; mist 2 < i < k yTBOPIOIOTH
JAHIIOXKOK jogkuuu n — 1. Ile o3nauvae, 1mo npunaiiMui ojiHa 3 KJIITHH
Kopnana B 2K.H.®. marpuii A mycurs matn posmip ve Menire 3a k — 1.
Yucno k MoXKHa PO3KJIACTH B CyMy JBOX HaTypaJbHUX JHCEJ, OIHE 3
gkux He Menmie k — 1 exuanm anrom: k = 1 + (K — 1). Orxke, 2K.H.D.

marpuii A e J1(0) & Jx—1(0). O

IIpuknan 5.4. /losedimv, w0 das d06iAbHOI HEGUPOIAHCEHOT MAMPULL
A icnye maxa mampuua X, wo X? = A.

Josedenns. Hexait 2(.H.®. marpuni A gopisuioe B, ta S — Taka HeBu-
POJIKEHA MATPHI, L0 B = S71A4S. HOKJIaﬂ;eMO Y = S71XS. Momuo-
YKUBIIN piBHsAHHA X2 = A 3iiBa na S~! Ta cnpasa nHa S, MU OTpHMaeMo

Y2 = B. Ockinbku S — obeprosua, 10 pisusnnd X2 = A ra Y? = B
MalOTh PO3B’sI3KK OJHOYACHO. TOMY JOCHTH JOBECTH, 110 MAE PO3B SI30K
PIBHAHHST Y?=B.

3 IHIIOro OOKY, MU 3HAEMO, IO Y BUMAJKY, KOJTU MATpUIA T’ € IpAMOIo
cymoro marpuip 11 ta 1o, 1oBLIbHKA MHOrOWIEH B 1 € TIPSIMOIO CyMOIO
TaKUX caMo MHOrowieHiB Bijg 17 ta Th. 3rigHo 3 Teopemoro 5.2 MaTpuis
B € npsimoro cymoro kiitua 2Kopaana Ji (M) mis geskux k ta A # 0 (60
MaTpuilg B € HeBUPOIKEHOIO 32 yMOBOW). OTKe, HAM JIOCUTH JIOBECTH,
mo pisusanusg Y2 = B Mae poss’szok y npunymenti, mo B = Ji(A),
A #£ 0.

Hexait 1 € C Bubpano taxuM uunoM, mo p2 = \. Take [, OUeBUIHO,
icnye. 3rigno 3 npuxaagom 5.3 2K . H.O. marpuni P = (J;(1))? nopismioe
Ji(A) = B. Ile osnauae, mo icnye nesupopkena marpuus T, taka, 10
T-'PT = B, a orxe,

T (Ik())’T = (T 3x(1)T)* = B.

3Bijgcn BUILIMBAE, 10 PiBHsHHSA Y2 = B, a 3 HuM i piBusanus X2 = A
MalOTh PO3B’SI3KH. ]

5.6 3agadi ajiss caMOCTiiHOTO PO3B’si3aHHSI

3amaua 5.1. 3Suaiidime X .H.O. mampuuw

11 1 1 0 2

9 9 1 1211 0O -11 2 -1 2
131 1211 o 0 1 2 1 2
199/’ 0012/ 0O 0 0 -1 0 2 ’
0012 o 0 0 0 1 2

0O 0 0 0 0 -1
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20020 2 101312
02020 2 012103
00220 2 001251
000202/ 00010 2
000020 000010
00000 2 000O0¢O0T1

Baga4da 5.2. Obuucsimbsb AaHUI0AHCKOBUT 6A3UC KOPEHEG20 NIINPOCTNO-
PY MAMPULD

110110

9 1 1 3 1 1 1 010110

1 921 -4 -1 1 1 001110

112/ 0 0 4 1 ’ 000200 |

0o 0 -9 -2 000010

000O0¢O0T1
1222 2 2 201010
012222 010101
001000 001010
000222/ 0001O0T1 /|-
00001 2 000010
00000 2 000O0O0T1

wo 61dnosidae 8AACHOMY YUCAY 1.
Bamaua 5.3. 3uatidime 2K.H. .. mampuyi (Jp(A))", n € N,

Bamaua 5.4. Josedimv, wo das do6iavHoi Hesupodrcenoi mampuyi A
ma dasn dosisvnozo k € N icnye maka mampuya X, wo X¥ = A.

Bagada 5.5. Jlosedimo, wo daa dosisvroi mampuuyi A € Mat, ., (C)
paney 1 icnye t € C maxe, wo A% = tA.
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6 2KoppamoBa popma maTpunp 2 X 2

6.1 Kuacudikaliis >(KOp/IAaHOBUX MATPUIlb PO3MIPYy 2 X 2

JJ1s1 KOMIIIEKCHUX MATPHILL PO3MIPY 2 X 2 JIETKO NIEPeJIiIUTH YCi MOXKJIMB
BapiaHTH KOPJAaHOBUX HOpMaabHux ¢gopM. Crpasii, KIIbKICTb KJITHH
2Koppana, 3 SIKUX Ma€ CKJIaJaTUCh MOII0HA MaTPUIs, He MoxKe OyTH O11b-
ma 3a 2. Ao kiaitun 2Koppana 2, Toji 00u Bl KJAITUHE MalOTh PO3MIp
1 x 11 xkoppanoBa gopma € jiaronajbHo0. KpiM Toro, B Hammx KJiTU-
nax 2Kopjana BJacHi 9uc/ia MOXKYTDh 30iTaTUCh, & MOXKYTD 1 He 30iraTHCh.
Axmo Xk kuitTuHa 2Kopjana €IuHa, TO XKOPJaHOBa (popMa Mae BUTJISI
Jo(N). Lle MmoxKHA IEPETBOPUTH B HACTYIIHY TEOPEMY:

Teopema 6.1. Hexaii A € Matoyo(C). Todi 2K.H.@. mampuui A mae
00uM 13 HACMYNHUL 6UAANIG:

1. Jo(X) dasa desrozo A € C;
2. J1(A) @ J1 () dan dearux X # p € C;
3. J1(A) @ J1(N) daa dearozo X € C.

Mu naszusarumemo Bignopigni 2K.H.®D. dpopmamu mnepiioro, apyroro
Ta Tperboro TuniB. Haitnpocrimum € jpocnimxenns 2K.H.D. ocranuboro,
TPeThOro THUIy. A caMe, CIIpaBeIMBa TaKa TeopeMa:

Teopema 6.2. Hexati XX.H. @. mampuui A ¢ B=J1(A)@Ji(N)®--- P
Ji(N\). Todi A= B.

Teopema 6.2 nokasye, mo 2K.H.D. maTpuil € ckajgsgpHOO MaTPUIEIO
(Tobro MaTpunero Burisay AE) Tozi it smiie Tofi, Koga caMa MaTpPHIIs
e ckajgaproio. Leit Bunagok tpusiagbnuit. OTxKe, HajaJi MU PO3TJIAHe-
Mo asiropuTmu 3uaxopkerHs 2K . H.D. inmux marpuiis. s mouarky mu
HABEJIEMO TeopeMy, 1o Jae Kiacudikanifini osnaku tumy 2ZK.H.@. dik-
COBaHOI MaTPHIIL.

Teopema 6.3. 1. Mampuuya A € Matoxo(C) mae 2K.H.@. nepuiozo
muny modi i misvku modi, Koau XA(N) mae edunud wopino [ i
Mampuua A He € CKaAAAPHOIO.

2. Mampuusa A € Matous(C) mae 2K.H.@. dpyzozo muny modi 1
miavku modi, koau X 4(A) mae dsa pisni Kopewi.

3. Mampuus A € Matyyo(C) mae 2K.H.@. mpemvozo muny modi
MIALKU Modi, KOAU 80HA CKANAPHA.
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6.2 Augaropurmu 3Benenns g0 2K.H.®. marpumi 2 X 2

Teopema 6.3 nae edexrupnnit anropurm s Lienrudlkanii Ty Kopja-
nosoi hopmm marpuii A. Jani mu nmponoryemo Bamiit ysasi anrropurmn
3HAXO/PKEHHS BIJIMOBIIHAX MATPUIL TEPEXOLY.

AaroputMm 6.1. Snazodocenns mampuui nepexody odaa 2K.H.@. ma-
mpuyt A nepuozo muny.

Huist snaxomkennst maTpuri nepexogy s AK.H.D. marpuri A mep-
IIOI'0 TUILY, BJACHUM YHCJIOM KO € A\, HeOOXiJIHO:

o O6umcautu Biaacuuit Bekrop vi, sk ®.C.P. ognopignoi C.JI.P. 3 ma-
rpureio A — \E.

o OGuncinry qpyruit 6asucHuil BEKTOD Vg, K JIedKHil PO3B’A30K HEO/I-
nopignoi C.JLP., marpuneio saxoi € A — AE, a cToBIUMK BibHUX
YJICHIB 361Fa€TbCH 3 V1.

e Kopuanosow dopmoio A 6yae Jo(N). dust sanucy marpuni S, Bu-
IMIITh Y CTOBIYUK CIHOYATKY KOOPAMHATH BEKTOpa U1, & MOTIM —
KOOPJMHATH BEKTOPA V3.

AaropurMm 6.2. Snazodocenns mampuui nepexody s 2K.H.D. ma-
mpuuyt A dpyzozo muny.

Hist sHaxo/pKenns Marpuil nepexony anst 2K .H.®. marpuni A npy-
roro TUIY, BJACHUME 9HUCIAME SIKOI € A Ta 4, HEOOX1HO:

e OOUMCIUTH BJACHUI BeKTOp v1 3 BjacHUM ducioMm A, gk O.C.P.
onnopinnoi C.JI.P. 3 marpuneio A — \E.

e OOUMCIUTH BJACHUI BEKTOP Vo 3 BjacHuM uuciom u, gk O.C.P.
oauopignol C.JI.P. 3 marpuneo A — uF.

e Koppmanosoro dhopmoro A 6ye Jy (A)DJ1(p). dst sanucy Marpui S

BUTHUIIITD Y CTOBITYUK CIOYATKY KOODJIMHATH BEKTOPA V1, & TMOTIM —
KOOD/IMHATHU BEKTOPa V2.

6.3 Ilpuknammu
IIpuknan 6.1. 3secmu do 2K.H.@. mampuuro

a=(49)

Hosedenna. Crnouarky susnaunmo tun 2K.H.®. Ockinbku marpuis A

HE € CKaJIAPHOIO, Ie He Oyje Tperiil Tum. 3HailjeMo XapaKTepuCTHIHUR
MHOTO'JIEH:

Ya(A) = dt(41A‘ﬂ):-@-AyA+4=v—4A+4:u—aﬁ
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Maemo oxme Biactae uncio 2 kparnocti 2. Ockinbku A He cKansipHa,
BoHa Mae 2K.H.D. nepmoro tumy. CiouaTky 3HaHIEMO BIACHUN BEKTOP:

<_21 _42>'—>(1 2).

3amucyemMo BLATNOBIIHY cucTemMy Ta 11 BEKTOPHY (OpMYy, BUOUPAIOIN Ty
BUILHOIO 3M1HHOIO:

T = —2 r1\ _ [ —2
{mZa (B)-(7)=
-(7")

V1 = 1 .

J171s1 3HaXOMKEHHSI BEKTOPa Vo MOTPIOHO pO3B’3aTH TAKy HEOMHOPIIHY

C.JLP.:
(_21 _42‘ _12)'_>(1 2] —1).

3amucyemMo BLATOBIIHY cucTemy Ta 11 BEKTOPHY (OpMy, BUOUPAIOIN Ty
BUILHOIO 3M1HHOIO:

ry = —2$2— 1 1 - —1 —2
tn=wh (B)=(0 ) ()
Orke, BEKTOP V9 MOYKHA BUOpATH, HANPUKJIAJL, TAKUM GUHOM:
(o)
Vo — 0 .

Ocrarouno suaxogumo 2K.H.®. B marpumi A ta marpuiio mepexony S:
2 1 -2 1
B=(02) s=(710)

ITpuknam 6.2. 3eecmu do 2K.H.D. mampuuo

a=(53).

Hosedenna. Cnouarky susHaunmo tun 2K.H.®. Ockinbku marpums A

HE € CKaJIPHOIO, 1e He Oyje Tperiit tun. 3HailjeMo XapaKTepucTuIHui
MHOTO'JIEH:

Or:xke,

xa) =det (15 5%
=(1-=XN)2-AN)—=6=X=3x—4=(\+1)(A—4).

ol



Maemo nBa Bracui uncna: —1 1a 4. Orxke, A mae 2K.H.®. apyroro
tuny. CrovaTKy 3Ha#IeMO BAACHUN BEKTOD 3 BJIACHUM YUCJIOM — 1:

(% %)H(Q 3).

3ammcyeMo BLITIOBIIHY cUCTeMy Ta 11 BEKTOPHY (opMy, BUOUPAIOUN Ty

BLJILHOIO 3MIHHOIO:
—3/2)x x -3
52/)2’ <$§)2<2>$2/2'

Iy
)
(=3
V1 — 2 .
Tenep 3nalijiemMo BjacHUt BEKTOD 3 BJIACHUM 4YnCIOM 4:

(2 %) =1 -1),

3anucyemMo BLINOBIIHY cucTeMy Ta 11 BEKTOpHY (OpMy, BUOUPAIOUN Ty
BUILHOIO 3M1HHOIO:

(225 (3)-(1)-
To = T9 ? i) 1 2
=(1)

Vo — 1 .

Ocrarouno sunaxogumo 2K.H.®. B marpumi A Ta marpuiio nepexony S:

(3 9) 5= (1)

Orxe,

OTr:xe,

6.4 3amadi Jjg caMOCTIHOro po3B’dA3aHHS

Bagayga 6.1. 3sedimo do 2K.H.D. mampuuyi
5 2 6 3 8 2 2 6 1 2
-2 1) —12 -6 /- -8 0 ) 13 ) ( 2 4 ) ’
01 0 1 3 2 6 4 -1 —1
0 1) 1 0)> -1 0 ) 2 4 ) 1 -3 )
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7 2KopmasoBa popma marpurb 3 X 3

7.1 Kuaacudikaliis >KOpJaHOBUX MAaTPUIb PO3MIPY 3 X 3

Knacndikania xopaanopux (hopM J1a KOMIUIGKCHEX MaTPHIb PO3MIDY
3 X 3 cyTTeBO CKIaHIIIA 38 HONEPEHIN BUIAJ0K MATPULL PO3MIDY 2 X 2.
[Tpote 11 minkoMm moxkHa ocarnyTu. Crnpasii, KUTbKicTh Kaitun 2Kopmga-
Ha, 3 IKUX Ma€ CKJAJIaTHUCh MOAI0HA MaTPHIIs, He MOXKE MTePEBUIILYBATH 3.
HKmo kiitrH 2Kopiana 3, Tol Bci BOHA MaioTh po3mip 1 X 11 kopjaHosa
dopma € piaronaspHol0. Brachi uucia B HAIMUX KJIITHHAX MOYXKYTH OyTH
SIKUMW 3aBIOJIHO, 1110 JIa€ PiBHO TpW pisHi Bunajaku. Ao kiaitun 2Kop-
Jlana 2, Toji ojHa 3 HUX Mae po3mip 1 X 1, a inma — 2 X 2. 3ayBaKuBIIu,
[0 BJIACHI YMCJIa MOXKYTh OYyTH OJIHAKOBUMMU 1 PIZHUMHU, MaTUMEMO IIIe
JIBa, BUNIQJIKK. fIKINO K KaiTuna 2KopiaHa €InHa, To XKopjaHoBa (Gopma
mae suriisiz J3(A). Tonepeani mipkyBanHst MOXKHA 310paTu B HACTYIIHY
TeOpeMY:

Teopema 7.1. Hexatii A € Matsy3(C). Todi 2K.H.@. mampuuyi A mae
00UH 3 HACMYNHUT 6UAANE:

1. J3(N\) daa dearozo A € C;

2. Jo(A) @ J1(N) daa dearozo A € C;

3. Jo(N) @ J1(p) das deaxux A # p € C;

4. TN @ J1(p) @ J1(v) das deaxux X # p# v € C;
5. J1(N) @ Ji(w) @ Ji(p) daa dearux X # p e C;

6. J1(N) & J1(A) @ J1(N) daa dearozo X € C.

Mu nasuarumenmo simnosigni dbopmu 2K.H.O. dopmamu neproro,
JIpyroro . .. moctoro Tunis. Haiinpocrimmwm € gociijzkenns: K. H.D. ocran-
HBOTO, TOCTOTO THITY. 3 TeopeMH 6.2 BunmBae, mo 2K.H.®. mocroro tu-
1y MaloTh CKaJIsIPHI MATPUILL i JIUIIE BOHHU. Haﬂam MU 30CEPEJUMO CBOIO
yBary Ha 3naxojpkenni 2K.H.@. inmux marpuns. s nouyarky napeje-
MO TeopeMmy, 1o Jae kJjacudikarmiitni oznaku tuny 2K.H.D. dikcoranoi
MAaTPHIIL.

Teopema 7.2. 1. Mampuuya A € Matsx3(C) mae 2K.H.@. nepuiozo

muny modi i mirvku modi, koau XA(N) mae edunud wopino [ i
mampuua A — pE mae degperxm 1.

2. Mampuus A € Matgy3(C) mae 2K .H.@. dpyzozo muny modi
miavku modi, Koau X A(N) mae edunut xopinw [ i mampuus A—pE
mae deghexm 2.

3. Mampuusa A € Matsyu3(C) mae 2K.H.@. mpemvozo muny modi
miavku modi, koau X A(N) mae dea piswi Kopewi v # [, 3 AKUT [
Mae Kpamuicms 2, npuromy mampuus A — pE mae deperm 1.
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4. Mampuus A € Matz«3(C) mae 2K.H.D. vemsepmozo muny modi T
miavku modi, koau X A(N\) mae mpu pisni xopemni.

5. Mampuua A € Matsy3(C) wmae 2K.H.@. n’amozo muny modi
miavku modi, Koau XA(N\) mae dea pisni kopewi Vv #£ [, 3 AKUT
[ MaE Kpamuicmo 2, npuromy mampuus A — uE mae depexm 2.

6. Mampuus A € Matsy3(C) mae 2K.H.@. wocmozo muny modi
MIALKU MOdi, KOAU 80HA CKANADPHA.

7.2 Anaropurmu 3Benents g0 2K.H.®. marpumi 3 X 3

Teopewma 6.3 ae epekTuBHMI ajaropuT™m Juid ienTudikanii Tuny Kopa-
rHoBol dpopmu marpuii A. Jdami mu npononyemo Barmiit ysasi agropurvmn
3HAXO/PKEHHS BIJIMOBIIHAX MaTPHUIh TEPEXOLY.

Aaroputm 7.1. Snaxodoicenns mampuui nepexody ora 2K.H.D. ma-
mpuuyt A nepuwozo muny.

Huist snaxomkentst marpuri nepexoay s 2AK.H.D. marpuri A mep-
IIOI'0 THUILY, BJACHUM YUCIOM SKOI € A\, HeOOXiJIHO:

e O6umcnmTn Baacumnii Bexkrop vy 9k O.C.P. ogropignoi C.JI.P. 3 ma-
rpuneio A — A\E.

o OOuucauTH Jpyruil 0a3ucHUM BEKTOD Vg K JESKUIl PO3B 130K HEO/I-
nopignol C.JI.P., marpuneo saxoi € A — AE, a CTOBIYMK BLILHUX
YIEHIB 301ra€ThCs 3 V1.

e OGumcimTu TpeTiit 6a3UCHNI BEKTOP V3 K JICSKUl PO3B 30K HEO/I-
nopijgnol C.JI.P., marpuneo gaxkol € A — A\E, a cTOBIYUK BLIbHUX
YJICHIB 30IMA€THCS 3 V9.

e Kopuanosow dopmow A 6yne J3(N). Hdus sanucy marpuni S Bu-
IMIITH Y CTOBIYUK CHOYATKY KOOPJAMHATH BEKTOPA U1, MOTIM — KO-
OPJINHATH BEKTOPA Vs, 1 HAPEITI, KOOPAWHATH BEKTOPA V3.

AaroputMm 7.2. Suaxodocenns mampuui nepexody oaa 2K.H.D. ma-
mpuuyt A dpyzozo muny.

Hust snaxomkennst marpuii nepexony mist 2K.H.®D. marpuni A apy-
Ioro THUILY, BJACHUM YUCJIOM sIKOI € \, HeOOX1JIHO:

e ObGumcamTu BiracHi BekTopn U1 Ta Vs sik O.C.P. onnopignoi C.JI.P. 3
marpuneio A — \E.

e 3a BeKTOp V3 BUOPATH JIOBLILHUI HEHYTHOBUI BEKTOD 3 C3, axwit ne
€ BJIACHUM BEKTOPOM MaTpuil A, T06TO He € JIHIHHOIO KOM61H6LIL1€IO
BEKTODIB U1 Ta Us. HaHpMKﬂag:L, marpuig A — AFE 000B’13K0BO Hety-
apoBa. Hexali 11 ¢-if cTOBIMMK HE JOPIBHIOE Hy.T0. Toal 38 U3 MOXKHA
B3ATH BEKTOD, i-Ta KOODAMHATA sIKOTO JOPIBHIOE 1, a immi Koop/iu-
HaTU HYJIHOBI.
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o [loknact v9 = (A — AE)vs.

e Bubparu v; 3 BekTOpiB U] Ta Uy Tak, 100 BiH OYB JIHIHHO HE3aIEK-
HUM 3 V3.

o 2Kopaanosoro dopmoro A Gyje J1(A) @ J2(A) (nopsok kaitun Bax-
JIMBUH, caMe 3 HUM OyJIe Y3TOJIZKEeHO MaTpHUIo nepexoy ). st sanu-
cy MaTpuii S BUIUIITL Y CTOBIYHUK CIOYATKY KOOPAHHATH BEKTODA
V1, IOTIM — KOOPAMHATH BEKTOPA U2, 1 HAPEIITI, KOOPIMHATH BEKTO-
pa vs.

AaroputMm 7.3. Suaxodocenns mampuui nepexody ora 2K.H.D. ma-
mpuyt A mpemvozo muny.

Hust snaxomkentst matpuili nepexony miast 2K.H.®@. marpuni A Tpe-
THOT'O THITY, BJACHUME YHUCIAMU sIKOI € A KpaTHOCTI 2 Ta, (4, HeoOXiIHo:

e O6umcnmTn Baacumnii Bexkrop vy 9k O.C.P. ogropignoi C.JI.P. 3 ma-
rpuneio A — pk.

e O6uuciautu BiacHuit BekTop v9 sk ®.C.P. ognopignoil C.JI.P. 3 ma-
rpuneio A — AE.

o OOumcanTy Tpertiit OasnucHuit BEKTOP U3 4K JeAKNH PO3B'A30K HEOJI-
nopianoi C.JLP., marpuneio axoi € A — AE, a CToBIYUK BiIbHUX
YJICHIB 361Fa€TbCH 3 Vs,

e Kopnanosotwo dhopmoio A oyze Ji (1) BJ2(A) (mopsimok KaiTuH Baxk-
JMBUH, came 3 HUM OyJie y3rozkeHo MaTpuiio nepexosy). s saru-
cy MaTpuii S BUNUIITEL y CTOBIUHUK CIIOUATKY KOOPJMHATH BEKTODA
U1, OTIM — KOOPJMHATH BEKTOPA Vg, 1 HAPEIITI, KOOPJAUHATH BEKTO-
pa v3.

Aaroputm 7.4. Snaxodoicenns mampuui nepexody ora 2K.H.D. ma-
mpuuyt A wemeepmozo muny.

Huist snaxomkentst matpuili nepexony miast 2K.H.®. marpuni A ger-
BEPTOI'O THUITY, BJACHUMU YHUCTAMHU SIKOI € A, (4 Ta ¥, HeoOXiTHO:

e Ob6umcimTu Biaacunii Bekrop vy g9k O.C.P. ogropignoi C.JI.P. 3 ma-
rpuneio A — A\E.

e OGuucinTu Biaacunii Bekrop vy gk O.C.P. oguopignoi C.JI.P. 3 ma-
rpuneo A — puk.

o O6unciauru Biaacauit Bekrop vz sik O.C.P. ognopignol C.JI.P. 3 ma-
rpuneio A — vE.

e 2Kopnanosoio dopmoio A Gyne Ji(A) & Ji(p) & Ji(v) (nopamok
KJIITHH BaxK/IWBUil, camMe 3 HUM OyJie y3rojzKeHo MaTPUILI0 HEePexo-
ay). dng samacy MaTpuii S BUIUIIITL Y CTOBIYHK CIIOYATKY KOOP-

JUHATU BEKTOpPa VU1, IMOTIM — KOODAWHATU BEKTOPa V2, 1 HAPEIITL,
KOODP/IMHATU BEKTOpa V3.
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AaropurMm 7.5. Buaxodocenns mampuui nepexody das 2K.H.D. ma-
mpuyt A n’amozo muny.

Huist snaxomkentst maTputli nepexoay mist 2K.H.®. marpuni A n’siroro
TUIY, BJACHUMH YHUCIAMK sIKOI € A KpaTHOCT1 2 Ta, ft, HeoOXiIHO:

e O6umcinTn Baacumnii Bexkrop vy 9k O.C.P. ogropignoi C.JI.P. 3 ma-
rpuneio A — pk.

e ObOumncanTH BaacHl BeKTOpH vy Ta vy 9K ©.C.P. onnopignoi C.JI.P. 3
marpuneio A — \E.

e “Koppanosoo dopmoto A Oyze Ji(u) & J1(A) & J1(A) (nopanox
KJITHH BaX</TUBHIL, came 3 HUM Oy/ie Y3rojPKeHO MATPHUILO Nepexo-
ay). st sammcy marpuii S BATHITTE y CTOBIYHK CHOYATKY KOOD-

,I];I/IHaTI/I BEKTOpa v1, MOTIM — KOOPJMHATHU BEKTOpa Vs, 1 HApeIITI,
KOODJUHATH BEKTOPA, V3.

7.3 llpukjaamu
Ilpuknan 7.1. 3sedimv do XK. H.D. mampuuro

3 1 1
A= —4 -1 2 |.
0 0 1

Tosedennsa. Crnoaarky sBuznaunmo tun 2K.H.®. Ile Bxe ne Tak mpocro,
K y BUNAJIKY MaTpuils 2 X 2. OTKe, crepiny 00YHCII0EMO XapaKTepu-
CTUYHUI MHOPOUJICH (3ayBasKUBIIIH, 110 HAILIA MATPUILS OJIOTHO-TPUKYTHA):

3—A 1 1
Xa(A)=det| -4 —-1-X 2 =
0 0 1—A

=(B=N1=-N+4H)A =N =N =22+D1 =X =—-(\—1)

Maemo ogne BiactHe unciao 1 kparnocti 3. ILlporo [e HeJIOCTaTHBO JIJIst
BusHadeHHst Tumy. Orxe, oduncanmo gederT marpuii A —

2 1 1
A-FE=| —4 -2 2 |.
0O 0 0

[lissKoM OY€BHIHO, 10 15t MATPUIls Mae paHr 2, To6To i1 jedekT JOpIBHIOE
1. Orxe, marpung A mae 2K.H.®. neproro tumy.
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Cripobyemo 3HAWTH MATPUINIO TIEPEXO/Ty, BUKOPUCTOBYIOUN HABEICHUI
Bue aaroputm 7.1. CriouaTky 3Ha#igeMo BJIACHUHE BEKTOD:

2 1 1
A_B=| 21 222 H<_24 5 %)
0 0 0

[ +2x e (5o 4 ) (/9«2 (§

BamucyemMo BLANOBIHY cucTeMy Ta 11 BEKTOPHY (OpMy, BUOUPAIOUN X1

BLJIbHOIO 3MIHHOIO:
Ty T 1
) = —2 I.
0 3 0

L1
U
L3
1
V1 = —2 .
0

J171s1 3HAXOIXKEHHSI BEKTOPa V9 MOTPIOHO PO3B’si3aTH TaKy HEOIHOPIIHY

C.JLP.:

1
I
DO
8
S

Orxe,

3anucyemMo BLINOBIHY cucTeMy Ta 11 BEKTOpHY (OpMy, BUOUPAIOUN X1
BUILHOIO 3M1HHOIO:

T = I 1 0 1
{ To = 1— 21’1 , < xT9o ) = 1 + —2 x1.
r3 = 0 T3 0 0

OTKe, BEKTOP V2 MOYKHA BHOpATH, HATPUKJIAJI, TAKUM YUHOM:

(1)
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Haperri, g 3HaxXo/»KeHHS BEKTOpa v3 MOTPIOHO pPO3B’s3aTH TaKy
nHeognopiany C.JI.P.:

[+20b- (§ g 4] 1) (@ «R}-
— (60 1| 14 )+ D«

L 21 0] —1 /4
0 01 1 /4 ’
Banucyemo BIATIOBLIHY cucTeMy Ta 11 BeKTOpHY (hopMmy, BHOMpaiounm xq
BLJILHOIO 3MIHHOIO:

I I T 0 1
) —1/4—2561 , (33‘2) = —1/4 -+ —2 1.
rs = 1/4 T3 1/4 0

OrKe, BEKTOP ¥3 MOYKHA BHOpATH, HATPUKJIAJI, TAKUM YUHOM:

04
Vg = —1 .
()

Ocrarouno snaxoaumo 2K.H.®. B marpuni A ta MaTpuiio mnepexomry

110 1 0 0
B=(011), s=(-21-1/4].
001 0 0 1/4

Ilpuknan 7.2. 3eedimv do K. H.D. mampuiuro

4 -1 0
A=(1 2 0 ].
1 -1 3

Hosederna. Cnouarky puzHaummo tun 2K.H.®. g nporo odumciio-
€MO XapaKTepUCTHIHUI MHOIOUJICH (3ayBasKWMBIIHK, 10 HAIIA MATPHUII
OJIOYHO-TPUKYTHA):

4-X -1 0
XA(A):det< 1 2-X 0 >:
1 -1 3-=X
= ((4=NR=-N+DB=N) =N =6A+9)3 - =-(A~3)".

S
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Maemo Bsacue umnciao 3 kparHocti 3. [ljast BusHaveHns tumny Tpeda
obuncauTu gedexkr Marpuii A — 3K

1 -1 0
A-3E=(1 -1 0 |.
1 =10

L{i1KOM OYeBHUIHO, IO 15T MATPHUIlT Mae panr 1, To06To 1T 1edhekT JopiBHIOE
2. Orxe, marpunsa A mae 2K.H.®. apyroro tumy.

Cnpo6yeMo BHAUTH MaTPHUIIO TEPeXoiy, BUKOPUCTOBYIOTH OMUCAHUIA
Buie aaroputM 7.2. CriouarTky 3HafigemMo BJIacHI BEKTOPH:

1 -1 0
A-3E=(1-10)—(1 -1 0).
1 -1 0

3anmucyeMo BIIIOBIIHY CUCTEMY Ta, 11 BEKTOpHY (opMy, BUOMpAIOUN To Ta
X3 BLUIBHUMU 3MIHHUMU:

I I9 I 1 0
{ To Ty < To ) = I Yoo+ O | as.
X3 0 1

L3 T3
Orxe,
1 0
=1 11|, 0=10
0 1

BayBaxkKuMO, 110 Hepinit psjgok Marpuil A — 3E HeHyIbOBHil, OTXKe,
MOXKHa BUOpaTH

va=1 0
Lo

Tenep nogiemo na vy marpuieo A — 3E, obuncaondn vy:

%
UQ(ASE)U3<1>.

Jlerko GaunTu, 1mo obuaBa 3Hall1eH] HAMU BEKTOPH U7 Ta Uy JIHIAHO He3a-
JeXKHI 3 vy, OTKe, 9K U1 MOXKHa BUOpaTy OyIb-IKUil 3 HUX, HAIIPUKJIA

U1:UAQ: 0
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Ocrarouno snaxoaumo 2K.H.®. B marpuni A ta MaTpuiio mnepexory

300
B=(031], s= .
00 3

Ilpuknan 7.3. 3eedimv do XK. H.D. mampuuno

-2 1 3
0 0 -1

Mosedenns. Crnouarky uzaaaumo tun 2K.H.D. [Tis mporo obuawmciiio-
EMO XapaKTePUCTUYHWI MHOTOUIEH (3ayBaKUBIIHU, [0 HAIla MaTPHIIS
OJIOYHO-TPUKYTHA):

—2-X 1 3
xa(A) = det -4 3-X =2 =

S

—_OoO
===
OO

0 0 —1-A
= (2= NB=N+)(-1-X) =N -A=2)(-1-)) =
=2-N)(-1=-X)’=-A-2)(A+1)*.

Maemo Bsiache uncjio —1 kparHocTi 2 Ta BjaacHe ducjo 2 kparuocti 1.
Huist Busnadentst Tumy obuncanmo gaedexkt marpuii A + E:

-1 1 3
A+E=| —4 4 -2 |.
0 0 O

LlinKkoM OYeBHIHO, TTIO I MATPHUIld Ma€e paHT 2, TOOTO i1 1epeKT JOPiBHIOE
1. Orxke, marpuns A mae 2K.H.®. tpernoro rtumy.

CripobyeMo 3HAUTH MATPHIIO TEPEeXO/y, BAKOPUCTOBYIOUN OMMCAHUI
BUIIIE aJIQI‘OpI/ITM 7.3. CriouaTKy 3HaWIeMO BJIACHWI BEKTOD 3 BJIACHUM
YUCJIOM 2:

L5 o0

0 _3>{[2]+(1)*[1]}H< 0 0 _3>~>
41 3

{(1/3)*[3]}H< 8 8 5>{[1]+(3)*[3]}{[2]+5*[3]}*—>

410
—~( o 00 H<—4(1)(1)).
0 0 1



BamucyemMo BLANOBIHY cucTeMy Ta 11 BEKTOPHY (OpMYy, BUOMPAIOUN X1

B1JILHOIO 3M1HHOIO.
1 T 1
4z, | ro | = 4 | .
0 r3 0

x1
(3
T3
1
V1 = 4 .
0
Tenep znaitzeMo BIacHUI BEKTOP 3 BJACHAM YUCIOM —1:
-1 1 3
-1 1 3
A+E=| -4 4 22 H<_ _)
-1 1 3
{2+« (3 ¢ g ) {-1/19 £ [2}

(D En - (58 D)

BamucyemMo BLATOBIHY cucTeMy Ta 11 BEKTOPHY (OpMYy, BUOUPAIOUN X1

BIJIBHOIO 3MIHHOIO:
1 I 1
xry i) = 1 xI.
0 3 0

Iy
{
T3
1
Vo = 1 .
0

J15 3HAXOIKEHHS BEKTODA V3 TOTPIOHO PO3B’ A3aTH TaKy HEOTHODIIH
3 AHY

OTr:xe,

OTr:xe,

C.JI.P.
-1 1 3 1 11 3 ]
<_04 00 6>H<—4 4 —2‘ 1)
{[2]+(—4)*[1]}H<—01 L3 _13) (—1/14) % 2]}
H(_Ol (1) ?‘ 3/114){[1]+(—3 * 2]} —
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BamucyemMo BLANOBIHY cucTeMy Ta 11 BEKTOPHY (OpMYy, BUOMPAIOUN X1
BLJIbHOIO 3MIHHOIO:

I I T O 1
X9 $1+5/14 , < o > = 5/14 + 1 x.
v3 = 3/14 3 3/14 0

Ot2Ke, BEKTOP Uy MOXKHa BHOpaTH, HAIIPUKJIA] TAKUM THHOM:

04
V3 = 5/1 .
(251)

Ocrarouno snaxogumo K. H.®. B marpuii A Ta MaTpHIio mepexoy

2 0 0 11 0
B=10-1 11|, S=[(415/14].
0 0 -1 00 3/14
Ilpuknan 7.4. 3eedimv do XK. H.D. mampuiro

1 1 0
A=195 -3 0 |.
2 =1 3

Hosederna. Cnouarky puzHaummo tun 2K.H.®. [Ixsg nporo odumciio-
€MO XapaKTEpUCTHUIHUI MHOIOUJICH (3ayBasKWBIIHU, 110 HAIIA MATPHUII
OJIOYHO-TPUKYTHA):

1—A 1 0
Xa(A) = det 5 =3-X 0 =
2 -1 3-A

= (1=MN(=3=-XN)=5B=-N)=N+22-8)(3-)\) =
=2-N)(-4-MB-)) =
=—(A=2)(A+4)(A=3).

Maemo Biacui uncia 2, —4 ta 3. OTxke, Mmarpuiist A € MATPHUIIEIO TeT-
BEPTOI'O THITY.

3HaifjIeMO MaTPHUIIO MEPEXO/Ly, BUKOPUCTOBYIOUYHN ajiroputm 7.4. Crio-
JaTKY 3HalijIeMO BJIACHUN BEKTOP 3 BJIACHUM YUCTIOM 2:

S:

A—?E(ﬁ :1§ ?)H(J BRI RN
(o' 1 D) tsm—-(g 7 %)
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3anucyemMo BLAMOBIIHY cucTemMy Ta 11 BEKTOPHY (OopMy, BUOUPAIOIN Ty

BIJIbHOIO 3MIHHOIO:

1
)

L3

Orxe,

) I 1
I9 , < I9 ) = 1 ZI9.
—2 T3 —1

1
1
—1

Tenep 3uaiijiemMo BjacHUil BEKTOD 3 BJACHUM YuCIOM —4:

A+4E:<§ jl §>H(§ PR+ e
~ (28 D) amxr— (55 ))

Banucyemo BiATIOBIIHY
BLJILHOIO 3MIHHOIO:

{

T
)
xs3

Orxe,

cucreMmy Ta i1 BeKTOpPHY (popMmy, BUOMpaioun Tq

T 1 1
—HT1 , < ) > == -5 €.
—T T3 —1

1
)
—1

Hapertri, 3HaxoiuMo BjIaCHUN BEKTOP 3 BJACHUM YKUCJIOM 3

2 1
A-3E=( 5 —6
2 1

210
H(—? 0 0>{(—

3amucyeMo BLITIOBLIHY
BLIBHOIO 3MIHHOIO:

{

T
)
T3

8>|—><52 _16 8){[2]+6*[1]}+—>
D« (7 g o) {1+ 22}

010

H(1 0 0)-

cucreMmy Ta i1 BeKTOpHY (hopMy, BHOMpaOUnd T3

=0 I 0
=0 ( ) ) = 0 | x.
= I3 xr3 1
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Orxe,

(1)

Ocrarouno snaxoaumo 2K.H.®. B marpuni A ta MaTpuio mnepexojy

2 0 0 1 1 0
B={0-40), S= 1 =50].
0 0 3 —1 1 1

Ilpuknan 7.5. 3eedimv do XK. H.D. mampuuno

6 11
A=1161].
005

JMosedennsa. Crnouarky uzaagumo tun 2K.H.D. [dns 1mporo obuawmciiio-
EMO XapaKTePUCTUYHWH MHOTOUJIEH (3ayBasKWBIIHU, 1[0 HAIla MATPHIS
OJIOUHO-TPUKYTHA,):

6—-A 1 1
xa(A) = det 16— 1 =
0 0 5—-2A

=((6=XN06-XN)—=1D(B=X) =N\ —=12A+35)(5 - \) =
=(7T-N6-X6E-N)=-\-7(\-5)72%

Maemo BiacHe dmcna H KpaTHOCTI 2 Ta BJIACHE YHCIO 7 KpaTrHocTi 1.
st BusHadenns Tumy sHaiigemo gedexkt matpunl A — HE:

111
A-bFE=(111|.
000

Panr 1miel maTpumi gopiBaioe 1, oTxKe, 11 gedexT gopisuioe 2. [le o3nauae,
0 MaTpHUIT A € MaTpHIeo ' aToro TUITY.

3HaifeMo MaTpHUIIo MePexoLy, BUKOPUCTORYOUYN ajgroputm 7.5. Cro-
JaTKy 3Hal/IeMO BJIACHUN BEKTOP 3 BJIACHUM UUCIIOM T

S

FUE
A—7E< b 2>{[2]+1*[1]}H
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BamucyemMo BLANOBIHY cucTeMy Ta 11 BEKTOPHY (OpMYy, BUOMPAIOUN X1

BIJILHOIO 3MI1HHOIO:
1 I 1
Ty, To | =1 1 | .
0 3 0

Iy
&
T3
1
V1 = 1 .
0

Tenep 3naiiiemMo BJIacHI BEKTOPU 3 BJIACHUM YUCJIOM :

111
A-BE={111]—(111)

Or:xe,

000

3anmucyeMo BIIIOBIHY CUCTEMY Ta 11 BEKTOpHY (opMy, BUOMpPAIOIN To Ta
X3 BLIbHUMU 3MIHHUMM:

T —To — T3 T —1 —1
{ X9 X9 , ( X9 ) = 1 To + 0 xs3.
x3 x3 x3 0 1
Or:xe,
—1 —1
Vo = 1 , Ug = 0 .
0 1

Ocrarouno snaxogumo K. H.®. B marpuni A Ta MATPHIO IEPEXOLy

S:
700 1 -1 -1
B=|050], S=(1 1 0 .
0 0 5 0 0 1

7.4 3azgadvi Ojist caMOCTITHOTO pPO3B’si3aHHSI

Bama4a 7.1. 3sedimv do 2K.H.D. mampuus

2 72 0 3 2 2
50, [ -8 -10]), [-21 -2,
2 1 2 3 0 0 1
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_45

ANMNO
MANNO

SOAN

0 2 5
2 3 10
-1 -2 —6

[

-

!)

-1 -1
3 -1
-1 -1

)

4
8
7

3 2 =3 1
4 10 —12 4
3 6 =7 6

)

— — N
—MNO
M — O
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8 2KoppanoBa ¢popma marpunb 4 X 4

8.1 Kuacudikaliisi >(KOp/IAaHOBUX MaTpPUIlb po3Mipy 4 X 4

Knacudikamis >xkopnanoBux (hopM A KOMILIEKCHUX MaTPHUIb PO3MIpY
4 x 4 3navHOo OLAbIIA HABITH 3a BUIIAJIO0K 3 X 3 marpuilb. IIpore crpo-
oyemo ocsirayTu 1 11. Crnpasjl, KiIbKICTh KMiTuH 2KopiaHa, 3 SKAX Mae
CKJIJIATUCH TOMIOHA MaTpuId, He MOxke nepesuinyBaty 4. ZKio kairun
Koppana 4, Toal yci Bonu maorh posmip 1 X 11 koppanosa dopma €
JliarOHAJILHOIO. BﬂaCHl YUCTa B HANIMX KJITHHAX MOXKYTh OyTh dKuMmM
3aBrOJIHO, IO JA€ I ITh PISHUX BUIIA/IKIB. Axmo xkmitur 2Kopnana 3, To
OJIHA 3 HUX Ma€ po3mip 2 X 2, a iami — 1 X 1. BayBarkusiim, 110 BJacHi
qUCIa MOXKYTh OyTH AKHME 3a,Bro;LHo MATUMEMO IIe YOTHPH BUIAJKH.
K10 KJTHH }KopﬂaHa 2, TOJI BOHM OOHMJIBI MAOTh Po3Mip 2 X 2, abo
OJIHa 3 HUX Ma€ Po3Mip 3 x 3, aiami — 1 x 1. Ile nae me ‘{OTI/IpI/I BU-
nagku. HapemTi, ko kjiiTuna }KopﬂaHa €JIMHA, TO »KOPJaHOBa (hopMa
mae Buriisizy Jg(A). Tlonepeani mipkyBatHst MOXKHA 310paTu B HACTYIIHY
Teopemy:

Teopema 8.1. Hexati A € Matsy3(C). Todi 2K.H.@. mampuuyi A mae
00UH 3 HACMYNHUT 6UAAE:

1. J4(X) daa deaxozo A € C;

2. J3(A) @ J1(N\) daa dearozo A € C;

3. J3(N) @ J1(p) daa deaxux N\ # p € C;

4. Jo(N) ® J2(A) das desrozo N € C;

5. Jo(\) @ Jo(p) dan dearuz X\ # p € C;

6. Jo(N) @ J1(N) @ J1(N) daa deaxozo X € C;

7. Jo(N) @ J1(A) @ J1(p) 0aa deaxux A # u € C;

8. Jo(N) @ J1 (1) © Ji(p) daa deaxux A # p € C;

9. Jo(N) @ J1(p) ® J1(v) daa dearux N # u # v € C;
10. Ji(N) @ J1(A) @ Ji(A) @ J1(X) dasa dearozo A € C.
11. 1) @ J1(A) @ J1(A) @ J1(p) dan dearuz X # p € C;
12. J1(N) @ J1(\) @ Ji(p) © Ji(p) dan dearur X # p € C;
18 Ji(AN) @ J1(N) @ J1(p) @ J1(v) daa deaxuz N # p # v € C;
1. JiN) @ Ji(p) @ J1(v) & Ji(k) das deaxur X # p# v # k € C.
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Mu nasupatumemo signosinni dopmu 2ZK.H.®. dopmamu neproro,
JIPYTOrO . .. , YoTupHaauAToro TrmiB. HalimpocTimum e gocnimxkennsg 2K.H.D.
JIECATOTO TI/IHy 3 Teopemu 6.2 osipazy urinsae, o noiony AK.H.O. ma-
IOTh CKaJIApHI MaTpuIl i smme Bonu. Hanan Mu 30cepeluMo CBOIO yBa-
ry #na snaxojpkenns 2K .H.@. inmmx marpuup. Kpim roro, 2K.H.®. mia-
rOHAJII30BHUX MaTPHUIb MOXKHA 3HAUTH, BUKOPHUCTOBYIOUH aJIFopI/ITM 4.3.
J1st noYaTKy MU HaBeJeMO Teopemy, 0 Jae Kiacudikaliiini O3HaKK TH-
ny 2K.-H.®. dpikcoBanoi marpuii.

Teopema 8.2. 1. Mampuusa A € Matyuy(C) mae XK. H.@. nepwoeo
muny modi 1 miavku modi, xoau Xa(A\) mae edunutd Kopinv [ i
mampuua A — uE mae depexm 1.

2. Mampuua A € Matyy4(C) mae 2K.H. @. dpyzoz0 muny modi i mia-
kU modi, koau X A(N) mae edunuti kopins i, mampuuys A — pE mae
decperxm 2 ma mampuya (A — pE)? nenyavosa.

3. Mampuua A € Matyxs(C) mae 2K.H. @. mpemvozo muny modi i
miavku modi, koau XA(N) mae dea pisni wopeni v # W, 3 AKUT [
Mae kpamuicms 3, npuromy mampuus A — pE mae depexm 1.

4. Mampuus A € Matyy4(C) mae 2K.H.@. wemeepmozo muny modi i
miavku modi, koau X A(A) mae edunud xopine p, mampuus A — pkE
mae depexm 2 ma mampuua (A — pE)? nyavosa.

5. Mampuus A € Matyuy(C) mae 2K.H.@. n’amozo muny modi i
miavku modi, koau XA(X) mae dea piswi wopewi v # u, 0budsa

kpammocmi 2, npuwomy mampuui A — uFE ma A — vE maromo de-
pexm 1.

6. Mampuuys A € Matyys(C) mae 2K.H.D. wocmozo muny modi i
miavky modi, Koau X A(N) mae edunut xopinw 1 i mampuus A—pkE
mae depexm 3.

7. Mampuus A € Matyxa(C) mae 2.H.@. cvomozo muny modi i
miavku modi, xoau xa(A) mae dsa piswi kopewi v F# |, 3 AKUT
[ Mmae Kpammuicmo 3, npuromy mampuus A — uE mae depexm 2.

8. Mampuus A € Matyyy(C) mae 2 .H.@. socomozo muny modi i
miavku modi, xoau X4(X) mae dea piswi wopewi v # u, 0budsa
kpamuocmi 2, npuvomy mampuus A — uFE mae depexm 1, a ma-
mpuuya A — VE mae dedperm 2.

9. Mampuus A € Matyus(C) mae 2K.H.@. des’amozo muny modi i
miavku modi, xoau xA(A) mae mpu pisni Kopeni p # v # K, 3
AKUT L Ma€E Kpamuicms 2, npuvomy mampuus A— pE mae dederm
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10.

11.

12.

15.

14.

8.2

Mampuuys A € Matyxs(C) mae 2K.H.D. decamozo muny modi i
MIALKU Modi, KOAU 80HA CKANAPHA.

Mampuus A € Matyy4(C) mae 2K.H. @. odunadusmozo muny modi
i miavku modi, kKoau X A(\) mae dea pisni Kopeni v £ [, 3 AKUL [t
mae kpamuicms 3, npuromy mampuus A — pE mae depexm 3.

Mampuusa A € Matyxy(C) mac 2K.H. O. 06aHa0ngﬂm020 muny modi
i minvku modi, Koau Xa(N\) mae dea piswi wopewi v # i, 0bud-

604 KPATMHOCING 2 npuwomy mampuyi A — pE ma A — vE marwomo
depexm 2.

Mampuus A € Matyx4(C) mae 2K. H. @. mpuraduyamozo muny modi
i miavku modi, koau X A(X) mae mpu pisni kopeni pp # v # K, 3

AKUT (L MGE KPAMHICMo 2, npuvomy mampuua A — puE mae degperm
2.

Mampuus A € Matyx4(C) mae 2K.H.@. womupradusamozo muny
modi i miavku modi, Koau X A(N) mMae womupu pisni Kopeni.

Anaropurmu 3Begennsa 1o 2K.H.®. marpuiii 4 x 4

Teopema 6.3 nae edpekTUBHUI aJrOPUTM JIJIsi 1JIeHTU(IKALIT TUITY KOP1a-
rHoBol popmu marpuiii A. Jaai mu npononyemo Barmiit ysasi agropurvu
3HAXO/I2KEHHST MATPUIlh MEpPexojly s HeJlarOHaJi30BHUX YKOPJAHOBUX
dbopm. ¥V BUIAJKY AlArOHAJIZ0BHUX MaTpHIlb (THIK 3 JECATOrO M0 YO0-

TUPHUISITHI ) MOXKHA 3BEPTATUCH JI0 aJrOpuTMy 4.3.

AaroputMm 8.1. Buazxodocenns mampuui nepexody ora 2K.H.@. ma-
mpuyt A nepuozo muny.

st sHaxomkennst marputi mnepexony s 2K.H.®. marpuni A nep-
IIIOr0 THUITY, BJACHUM UUCIOM AKOI € A\, HeOOX1THO:

o Obuumcautu Biaacuuit Bekrop v1 sik ®.C.P. ognopignotl C.JI.P. 3 ma-

rpuneio A — \E.

O6uncauTy apyruit 6asucHuit BeKTOp Uz sIK JesIKUi PO3B 30K HEOJI-
nopignoi C.JLP., marpuneio saxoi € A — AE, a CroBIYUK BibHUX
4JICHIB 361Fa€TbCH 3 V1.

Ob6uuciauTy TpeTiit 6a3UCHUN BEKTOD V3 AK JIesiKHA PO3B’ 30K HEOJI-
nopignol C.JI.P., marpuneo sxoi € A — AE, a CTOBIYMK BLILHUX
YIEHIB 30Ira€ThCs 3 Ug.

Ob6uuciauTn TpeTiit 6a3UCHUN BEKTOD V4 AK JEsIKHN PO3B’sI30K HEOJI-
nopijgnol C.JI.P., marpuneo gxkol € A — A\E, a cTOBIYUK BLIbHUX
WICHIB 30ITa€ThCs 3 V3.
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e 2Koppanosoio dopmoio A 6yze Ju(A). Hdna sanucy marpuri S su-
MAIMITH Y CTOBITYHK CIOYATKY KOOPIMHATH BEKTOPA V1, NOTIM — KO-

OpPJUHATHA BEKTOpA Vg2, JaJl — KOOPAUHATU BEKTOPA Vs 1 HAPEIITI —
KOODJIMHATHU BEKTOPA 4.

AaropurMm 8.2. Buaxodocenns mampuui nepexody das 2K.H.D. ma-
mpuui A dpyzozo muny.

Hust snaxomkennst Marpuii nepexony st 2K H.®@. marpuni A apy-
roro THUILY, BJACHUM YUCIOM SIKOI € A\, HeOOX1JIHO:

e OOuncanTu BiacHi Bekropu U Ta Uy sik O.C.P. ognopignoi C.JL.P. 3
marpuieio A — \E.

o Jlyist KOKHOIO Ga3UCHOTO BEKTOpa €; (OJMHUYKA Ha i-My MICI[) 1o-
oynysaru nanmioxkok (A — AE)e;. Bubparu Taxe 7, aus axoro (A —
AE)e; ta (A—\E)%e; nenynnosi. [loknactu vy = e;, v3 = (A—AE)e;
Ta v = (A — AE)%e

e Bubparu v; 3 BeKTOpPiB U1 Ta Uz Tak, 1100 BiH OyB JIIHIINHO He3aJ1exK-
HUM 3 V3.

e 2Kopnanosoro dopmoro A Gyze J1(A) @ J3(A) (nopsaok kmiTuH BaxK-
JmBuii, came 3 HuM Oy/1e y3roJIzKEeHO MaTpPUILO nepexoy ). st 3anu-
cy MaTpuIll S BAMUIIITH y CTOBITYAK CIIOYATKY KOOPJAMHATH BEKTOPA
V1, OTIM — KOODJMHATH BEKTOPA U, Al — KOOPAMHATH BEKTODA
v3 1, HAPEIITI, KOOPJMHATH BEKTOPa 4.

AaroputMm 8.3. Suazxodocenns mampuui nepexody oaa 2K.H. .. ma-
mpuyt A mpemvozo muny,.

Hust snaxomxkentst maTpuili nepexony mast 2K.H.®@. marpuni A Tpe-
THOT'O THIY, BJACHUMH YUCIAMU sIKOI € A KpaTHOCT1 3 Ta, (t, HeoOXiIHO:

e O6umcimtu Biaacunii Bekrop vy g9k O.C.P. ognopignoi C.JI.P. 3 ma-
rpuneo A — puk.

e OGumcimTu Biaacunii Bektop vy g9k O.C.P. ogropignoi C.JI.P. 3 ma-
rpuneio A — \E.

o OGuncsnTy TpeTiit 6asucHUN BEKTOD V3 AK JesdKUi PO3B’A30K HEOJI-
nopignoi C.JLP., marpuneio saxoi € A — AE, a CToBIYUK BibHUX
YJICHIB 361F&€TI)CH 3 V9.

e O0umcIMTH OCTaHHIH ODA3UCHIH BEKTOD VU4 K JESTKHUIT PO3B’SI30K HEO/I-
nopijgnol C.JI.P., marpuneo gaxkol € A — A\E, a cTOBIYUK BLILHUX
WICHIB 30ITa€ThCs 3 V3.

e Kopnanosoto dhopmoio A Oyze Ji (1) BJs(A) (mopsimok KIiTuH Baxk-
JMBUH, came 3 HUM OyJie y3rojlzkeHo MaTpuiio nepexosy ). s saru-
cy MaTpuii S BUNUIITEL y CTOBIUHUK CIOUATKY KOOPJMHATU BEKTODA
U1, TIOTIM — KOOD/JMHATH BEKTODA Vg, JIAJl — KOODJMHATH BEKTODA
V3 1, HAPEIIT], KOOPJIMHATU BEKTOPA V4.
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Aaropurm 8.4. Buaxodocenns mampuui nepexody das 2K.H.D. ma-
mpuyt A wemeepmozo muny.

st sHaxomkenns marpuii nepexony st 2K.H.®. marpumi A ger-
BEPTOrO THUILY, BJACHUM YHUCIOM SKOI € A, HEOOX1IHO:

o /1151 KOXKHOTO HA3UCHOTO BEKTOPA €; (OJMHNYKa Ha i-My MICIIi) o0y~
nayBaru JaHIoKOK (A — AE)’e;. Bubparn Taki nBa pisHi i1 Ta is JJisI
gxkux (A — AE)e;, ta (A — \FE)e;, HeHYJIbOBI Ta JIHIHHO HE3aJIEXKHI.

o [oknactu vy = €;,, v3 = (A — AE)vy, v9 = €;, Ta v1 = (A — AE)v,.

12
o Kopnanosoio Gpopmoto A 6yse Ja(A) @ Ja(A). st sanucy marpuri
S BUNNIIITH ¥ CTOBIYUK CHOYATKY KOOPAMHATU BEKTOPA U1, TOTIM —

KOOPJIMHATHU BEKTOPA V2, JaJl — KOOPJIMHATH BEKTOPA U3 1, HAPEIIITI,
KOODJIMHATHU BEKTOPA 4.

AaropurMm 8.5. Buaxodocenns mampuui nepexody das 2K.H.D. ma-
mpuyt A n’amozo muny.

Huist snaxopkentst maTpuii nepexoy st 2K.H.®. marpuni A n’siroro
TUTY, BJACHUME 9UCJIAMU sIKOI € A Ta [ KPATHOCTI 2, HEOOX1IHO:

o Obuncautu Biaacuuit Bekrop v; sik ®.C.P. ognopignoil C.JI.P. 3 ma-
rpuneo A — pF.

o OGuncanry JApyruil 6asucHUit BEKTOD Ug K JEAKUI PO3B 30K HEO/I-
nopignoi C.JL.P., marpunero skol e A — pFE, a cTOBIYUK BLIBHUX
YJIEeH1B 361Fa€TbCH 3 V1.

e OGuucintu Biaacunii Bekrop vy gk O.C.P. oguopignoi C.JI.P. 3 ma-
rpuneio A — \E.

o OGuucanTy ocTaHHiit 6asuCHUil BEKTOD Vg 5K JIesKNil O3B A30K HEO/1-
nopignoi C.JLP., marpuneio axoi € A — AE, a CTOBIYUK BibHUX
YJIeHIB 36IraeTbCs 3 V3.

e Kopnanosotw dhopmoio A oyze Jo(p) BJ2(A) (mopsimok KaiTuH Baxk-
JMBHL, caMe 3 HUM Oyjie y3rOJ[XKeHO MaTpHIlo rnepexoy ). s samnu-
cy MaTpuii S BUNUIITEL y CTOBIUHMK CIIOUATKY KOOPJMHATU BEKTODA
U1, TOTIM — KOOD/IMHATH BEKTODA Vg, JIAJl — KOODJMHATH BEKTODA
U3 1, HAPEIITl, KOOPJINHATH BEKTOPA V4.

AaroputMm 8.6. Snazodoicenns mampuui nepexody ora 2K.H.D. ma-
mpuuyt A wocmoz0 muny.

Hist sHaxojKenHs MaTpuul nepexoay jist 2K H.D. marpumi A mocro-
IO THUITy, BJACHUM YNCJIOM SIKOT € A\, HeOOX1THO:

o OOUMCIUTH BJIACHI BEKTOPH V1, Vs Ta U3 sik P.C.P. onnopignoi C.JI.P.
3 marpuneo A — AF.
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e [lokyact v4 = e€;, Jie © BUOpPAHO Tak, IO ¢-fl CTOBIYUK MaTPHII
A — AE HeHyJIbOBUI.

o [loknact v3 = (A — AE)vy.

e Bubparu v| Ta vy 3 BEKTOPIB U1, U Ta U3 TaK, 1100 BOHU OyJIu JIHIHO
HE3aJIEXKHUMU 3 V3.

e 2Kopnanosowo dopmoio A byne Ji(A) @ J1(N) @& J2(A) (nopsimok
KJIITUH BasKJIMBUI, caMe 3 HUM Oyj1e Y3roJIZKeHO MaTPHUILIO IIEPEXOLY ).
Huist 3anmacy matpuiii S BUIMIITH Y CTOBIYKMK CIIOYATKY KOODJAMHATH
BEKTODA V1, HOTIM — KOOPJMHATH BEKTOPA V2, JaJji — KOOPAMHATH
BEKTOpA U3 1, HAPEIITI, KOOPJANHATH BEKTOPA V4.

AaropurMm 8.7. Buaxodocenns mampuui nepexody das 2K.H.D. ma-
mpuyt A cbomoz0 muny.

Huist smaxomxkents maTpull nepexony mist 2. H.@. marpuni A chbomo-
ro TUIY, BJACHUMH YHACTaMU sIKOI € A KpaTHOCT1 3 Ta f, HeoOXiIHO:

o O6uunciautu Biaacuuit Bekrop v1 sik ©.C.P. ognopignoil C.JI.P. 3 ma-
tpureo A — pF.

e OOumncanTH BaacHl BeKTOpH Uy Ta U3 K ©.C.P. onnopignoi C.JI.P. 3
marpuneio A — AE.

o Iliznectn marpumio A — AE o xsagpary B = (A — AE)2.

o O6uncauru O.C.P. wy, we, ws ognopignowo C.JI.P. 3 marpuneo B.
e 3uaiitu w;, g sikoro (A — AE)w; # 0.

e [loknacTu vy = w;, Je w; 3HANIEHO BHIIIE.

o [lokunactu v3 = (A — AE)vy.

e Bubparu v9 3 BeKTOpPiB Uy Ta U3 TakK, 100 BiH OYB JIHIHHO HE3aAJIEK-
HUMU 3 V3.

e 2Kopaanosoo dopmoio A oymne Ji(p) @ Ji(A) @& J2(A) (nopsimok
KJTITHH BasKJIUBH, caMe 3 HUM Oy/Ie y3TOI2KEHO MATPHINO TTePEXO.LY ).
Jost 3amucy MaTpuii S BUIHMIIITE ¥ CTOBITYHK CIOYATKY KOOPIAMHATH
BEKTOPA V1, HOTIM — KOOPAMHATH BEKTOPA V2, JAJl — KOODAMHATH
BEKTOPa V3 1, HAPEIITi, KOOPAMHATH BEKTOPA V4.

AaropurMm 8.8. Buaxodocenns mampuui nepexody das 2K.H.D. ma-
mpuyt A 6ocvmozo muny.

Hutst sraxomkenns Marpui nepexony s 2K H.®O. marpuni A Boch-
MOTO THITY, BJIACHUMHU GUCJIAMU KO € A Ta, [t KPATHOCTI 2, He0OX1THO:

e ObGumcimTu BiracHi BekTopn v1 Ta V9 sik O.C.P. onnopignoi C.JI.P. 3
marpuneio A — pk.
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e O6unciautu Biaacauit Bekrop vz sik O.C.P. ognopignol C.JI.P. 3 ma-
rputeio A — \E.

o O0umcnTy OCTaHHIN GA3UCHUI BEKTOD V4 5K JICSKUiT O3B’ 30K HEOJL-
nopignoi C.JL.P., marpunewo akoi € A — AE, a CTOBIUMK BULILHAX
YJIEeHIB 3GIraeThC 3 V3.

e 2Kopaamnosoio dopmoio A oyne Ji(p) @ Ji(p) & J2(X) (mopsmok
KJIITHH BaXKJIUBU, caMe 3 HUM OYJI€ Y3TO/[XKEHO MATPHITIO TIEPEXO/LY ).
Jnst 3anucy MaTpuni S BUNUITITEL Y CTOBIYUK CHOYATKY KOOD/MHATH
BEKTOPA U1, TOTIM — KOOPJMHATH BEKTOPA U2, JiaJli — KOODMHATH
BEKTOPA U3 1, HAPEIIT], KOODJUHATH BEKTOPA V4.

AaropurMm 8.9. Buaxodocenns mampuui nepexody das 2K.H.D. ma-
mpuui A des’amozo muny.

JL7st 3HAXO/PKEHHST MATPHII NEepexoJLy Jijist K H.O. marpuni A jges’s-
TOI'O THUILY, BJACHUMU YUCTAMU sIKOI € A, [t Ta V, cepejl AKX A\ KPaTHOCTI
2, HEOOX1THO:

o Obumcautu Biaacuuit Bekrop v1 sik ®.C.P. ognopignotl C.JI.P. 3 ma-
tpureo A — pF.

e OGumcinTu Biaacunii Bekrop vy Kk O.C.P. ogropignoi C.JI.P. 3 ma-
rpuneio A — vE.

e Ob6uuciautu Biacuuii BekTop vy ik O.C.P. ognopignoi C.JI.P. 3 ma-
rpuneio A — AE.

e O0YMCINTH OCTAHHIN Oa3uCHMH BEKTOp Uy 5K JeAKHiT pO3B 'SI30K HEOJI-
nopignoi C.JI.P., marpunero gkoi e A — ME, a CTOBIUNK BLILHUX
YJICHIB 361FaeTbCﬂ 3 V3.

e 2Koppnanosowo dopmoro A 6yme Ji(p) @ Ji(v) @ J2(A) (nopsimok
KJITUH BasKJIMBUI, caMe 3 HUM Oy 1€ Y3TrOJIZKeHO MATPHUILIO [IEPEXOLY ).
st 3amacy maTpuni S BUIMIINTE Y CTOBITYKUK CIOYATKY KOODJANHATH
BEKTOpA U1, MOTIM — KOODJUHATH BEKTOPA Vg, JaJi — KOODJAUHATH
BEKTOPa U3 1, HAPEIITI, KOOPJNHATH BEKTOPA V4.

8.3 Ilpuknamu
ITpuknan 8.1. 3sedimv do XK. H.D. mampuuro

1 111
A=

OO
SO
O
— ==
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JTosedennsa. Crnouarky suzHadumo tun 2K.H.®. dna 1poro obauciioe-
MO XapaKTePUCTUIHUI MHOTOUIEH (3BAXKUBIIK HA T€, 10 HAIA, MATPHIIS
TPUKYTHA,):

1—X 1 1 1
0O 1-Xx 1 1
0 0 0 1—-A

Maewmo onne Bnacue uncao 1 kparnocri 4. Lporo ime HeﬂOCTaTHbO JLTST
BusHaderds Tumy. OTxke, 009rCaANMO JedEeKT MATPUILL

0111
A—FE =

SO O
[esNanlan]
OO
O

3po3yMiJIo, 10 I MaTpuild Mae paHr 3, TooTo 11 pedekT JopiBHIOE 1.
Omxe, marpurs A mae 2K.H.®. nepuroro tumy.

CripobyemMo 3HAUTH MATPHUIIO TEPeXo/y, BAKOPUCTOBYIOUN OMMCAHUII
sutie ajaroputm 8.1. Criouarky 3HafigeMo BJIaCHWUH BEKTOP:

0111
0011
A-E= 0001'—>( )
0000
10
10
0 1

{12+ (=1) = BIH[ + (=1) * 3]} = (
0
{1+ (=1) % 2]} == < 0

SO O
SO
O ==
— ==

OO
[esNawl

OO
OO
—OoOO

) |

3anmucyeMo BLITIOBLIHY CUCTeMY Ta 11 BEKTOPHY (opMy, BUOMPAIOUN X1
BIIBHOIO 3MIHHOIO:

rr = I T 1
Ty9 = 0 i) . 0
r3 = 0 > X3 o 0 X1
re = 0 Ty 0
Or:xe,

1
1O
V1 = 0
0
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JIsl BHAXO/I2KEHHS BEKTOPA Vg TTOTPIOHO PO3B A3aTH TaKy HEOJHOPIHY

o
JI.P.:
011111 01 1
0011] 0 — [ 0 0 O)
(88868 (00
01
« 3 H[1] + [3}H< 01
0
{[1]—|— |—><0 )

3amucyemMo BLINOBIHY cucTeMy Ta 11 BEKTOPHY (OpMy, BUOUPAIOUN X1
BUILHOIO 3M1HHOIO:

C.

11
11
01

OO
SO

)

0
0
1

oo —mwoo
OO

ry = 5151 T 0 1
Ty = X9 L 1 0
x3 = 0 > s | =Vlo]T1|o]%
ry = 0 Ty 0 0

Orxke, BEKTOP V9 MOYKHA BUOpATH, HANPUKJIAJL, TAKUM GUHOM:

0

1
Vo — 0

0

J11s1 3HAXOMKEHHSI BEKTOPa U3 MOTPIOHO PO3B’si3aTH TaKy HEOIHOPIIHY

C.JLP.:
01110
0011]1 8(1) (1)
0001]0]~{D¢ L
0000]|0

0110
{2+ (=1) « BIH[ + (=1) % [3]} = (8 3y

11
11
01

{1+ (=1) * 2]} = (

3anucyemMo BiJNOBiAHY cucremy Ta i1 BeKTOpHY (opmy, BUOMpaloun I
BLJIbHOIO 3MIHHOIO:

ry = xll 1 01 (1)

To = — ) _ -

r3 = 1 ) X3 o 1 + 0 L1
re = 0 Ty 0 0

)



Orxe, BEKTOP ¥3 MOYKHA BUOpATH, HATIPUKJIAJL, TAKWUM GUHOM:

0
s
V3 = 1

0

Haperri, nis 3Haxo/»KeHHsT BEKTOpa ¥4 MOTPIOHO pPO3B’sA3aTU TaKy
HeogHopiany C.JI.P.:

85%% 91 0111 0
R S R !

3anucyemMo BLINOBIHY cucTeMy Ta 11 BEKTOPHY (OpMy, BUOUPAIOUN X1
BUILHOIO 3M1HHOIO:

Ty = %1 T1 0 (1)

To = 9 _ 1

T3 = —2 zs | = =2 T o|*
re = 1 Ty 1 0

Ot2Ke, BEKTOP U4 MOXKHa BHOpaTH, HAIIPUKJIA], TAKUM THHOM:

0

1
V4 — -9

1

Ocrarouno 3naxoanmo 2K.H.®. B marpumi A ta MaTpuio mepexory

é % 00 10 0 O
10 01 —1 1
B={oo11) “={00 1 -2
0001 00 0 1
]
ITpuknan 8.2. 3eedimv do XK. H.D. mampuuro

44 1 1 1

—4 0 1 1

A=100 3 1

0 0 —11
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JTosedennsa. Crnouarky suzHadumo tun 2K.H.®. dna 1poro obauciioe-
MO XapaKTePUCTUIHUI MHOTOUIEH (3BAXKUBIIK HA T€, 10 HAIA, MATPHIIS
OJIOUHO-TPUKYTHA,):

A-x 1 1 1
4 a1 1
xa\) =det [ o g7 5y

0 0 -1 1-2X\
= (A4 =N +DHB-NI =N+ =N —4r+4)?>=N-2)"

Maemo Biacue umciio 2 kparnocti 4. [lns BusHaueHHsi Tuny Tpeda
obuncauTu pedexkr marpuii A — 2K:

_24 _12 % % 2 1 1 1
A_9F — | 24 2211
0 0 —1 —1

st maTpuis mae panr 2, Tobro 11 gedekt gopisuioe 4 —2 = 2. ITinrnecemo
marpuio A — 2E 10 kBagpary:

2 L 1 ? 00 3 3

o _[-4-21 1) _[00-6-6

A=2E=1 9 o 1 1] =000 o |70
0 0 —1 —1 00 0 0

Omxe, marpurs A mae 2K.H.®. apyroro tumy.
3HaiIeMO MaTPHUIIIO MePexoj1y, BUKOPUCTOBYIOUN ajaroputm 8.2. Cro-
4aTKy 3Hali/IeMO BJIaCHI BEKTOPHU:

2 1 1 1
42 11 2100
A= 0" 1 1= (6011)
0 0 —1 —1

3anucyemMo BIMOBIAHY crcTeMy Ta, 11 BEKTOpHY (GopMy, BUOMpaodn T Ta
24 BUIbHUMU 3MIHHUMU:

T = I 1 12 8

To — —2.%1 i) o —

T3 = —Tyg4 T3 o 0 T1+ —1 Lq.
Ty = X4 X4 0 1
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Orxe,

1 0
. —2 . 0
V1 = 0 ) U2 = _1
0 1

Tenep nam tpeba giatu marpunero A — 2F na Gasucui BeKTOpH €,
npruIOMy Tpeba IIyKaTw Take ¢, mob sKOMora JOBIIE MU HE OTPUMAJIH
Hysib. [laBaiite mounemo 3 OCTaHHLOTO €y, OCK].HbKI/I 9eTBEPTHH PsIJIOK
Marpuii A — 2F “maitbinsm BiaMinaui B Hysist'. e Higoro e o3naqae,
IPOTEe MOXKHA, CIIOMIBATUCE, III0 TaK MU IIBUJIIE JOCATHEMO YCIIXY.

2 1 1 1 0 1
-4 -2 1 1 0 1
A=2B)ea=1 0 o 1 1 o=\ 1 |=w
0O 0 -1 -1 1 —1
Hauri:
2 1 1 1 1 3
-4 -2 1 1 1 —6
A=2B)jw=1 o ¢ 1 1 1= o |=u®
0O 0 -1 —1 —1 0
Mu orpumanu, mo u # 0. OTKe, MI MOXKEMO MOKJIACTH
0 1 3
_ . _190 |1 _ . _ | -6
Vg = €4 = 0 s Vg =W — 1 s Vo = U = 0
1 —1 0

Terep My 6aunMMO, 1O BEKTOP Vs JIHIAHO He3aJeXKHUH 3 V9. OTKe, AK Uy
MOXKHa, BUOPATH Vs:

Ocrarouno, saaxogumo 2K.H.®@. B marpumi A Ta MATPHUILO IEPEXOLY
S

1
6 1

1

0
0
0 0
0 —-11

e
B=1o021] 5=
000 2
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ITpuknan 8.3. 3eedimv do XK. H.D. mampuuro

1 2 2 1
5 9 1 1
A=10 o 3 -1
00 0 3

Hosederna. Cnouarky susnaunmo tun 2K.H.®. [dng nporo obuuciioe-
MO XapaKTePUCTUIHUH MHOTOUJICH (3Ba’KUBIIM HA Te, 0 HAITa MATPHUII
OJIOYHO-TPUKYTHA):

1—A 2 2 1
5 —2-X -1 1

xa(A) =det | 0 3-x -1 |~
0 0 0 3—2X\

= ((1=XA)(—=2=X2)—=10)(3—=X)? = (A2+A—=12)(3—N)? = (A +4)(A—3).

Maemo Bitache unciio 3 KpaTHOCTI 3 Ta, BjaacHe ducyio —4 kparuocti 1.
LIporo 11e He JOCTaTHLO JIJISI TOrO, 11100 BU3HAIUTH TUIT. OTXKe, 00TUCTUMO
nedekr marpuni A — 3E:

2 2 2 1
5 5 21 1
A=3E=1 g 0o 0o -1
0 0 0

LlinKkoM OYeBU/IHO, IO I8 MATPUILA Ma€ panr 3, ToOTo, i1 gedekT Jopis-
mroe 1. Ormxke, marpuis A mae 2K.H.®. tpervoro tumy.

Cripobyemo 3HAWTH MATPUIO TIEPEXOLy, BUKOPUCTOBYIOUN HaBECHWI
BUILIE aﬂF(ZLpMTM 8.3. CrnouarTky 3HaW/eMO BJIACHUIT BEKTOD 3 BJIACHUM
quciaom —4:

5 2 2 1 5 2 2 1
AvaE= 05 7 L - {05 7 4
00 O 7 00 O 1
52 2 0
(1) + (= 1) % [4H[2) + (=1) # [4]H{[3] + 1+ [4]} — (8 s o
00 O 1

2
1
0
2200 5200
21+ 1 % |3|} — — i
HONEG
000 1 0001



BamucyemMo BLANOBIHY cucTeMy Ta 11 BEKTOPHY (OpMYy, BUOMPAIOUN X1
BLJIbHOIO 3MIHHOIO:

ry = 1715 ) T 25
ry = 0 Ty 0
Orxe,
2
)
V1 = 0
0
Tenep 3naiiieMo BAaCHU BEKTOP 3 BJACHAM YUCTIOM 3:
2o A 2 2 2 1
A—3FE = - — 5 —5H —1 1
0O 0 0 O B
-2 2 21 1
—1) % 3|} — 5 =5 —11 1+ (—=1) % (3
{(=1) = 3]} o7 o {[1] + (=1) = 3]}
(@ —52 25 21 0
2l + (=1) % 3|} — -5 —1 0
(DBl 5 5 10
( 5510
1) *x 2/t — | —
)+ [2]} S o
8 —8 0 0
{1+ (=2)« 2]} R {(=1/8) « [1]} —

EERE oo
Fﬁ<0 001>Hﬂ+(a*mpﬁ<o 0 o).

3anmmcyeMo BUITIOBLIHY cUCTeMY Ta 11 BEKTOPHY (opMy, BUOMpPAIOUN X1
BLJIBHOIO 3MIHHOIO:

rn = I 1 1
To = I ro | [ 1
r3 = 0 > X3 - 0 L1
g = 0 x4 0
Orxe,

1
(1
Vo = 0
0
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14 3HAXOKEHHS BEKTODA V3 MOTPIOHO PO3B A3aTH TAKY HEOTHODIIH
3 AHY

C.JL.P.
2 %4 4 | 9 92 2 11
0 0 0 0 0 0O 0 0 —-11]0

-2 2 2 1
{(—1)*[3]}H( HEEIEI

0

EIHE 18] o

(0 0 01 0>{(_1/8)*[1]}H<0 00 1 _01>
2 S
{H+(5)*[1]}H<0 010 7(/)8)

3anucyemMo BLINIOBIHY cucTeMy Ta 11 BEKTOPHY (OpMy, BUOUPAIOUN X1
BUILHOIO 3M1HHOIO:

T = I 3/ T §/8 1
Tro = X1 — I9 o — 0
z3 = 7/8 s [T 78 T o
Ty = 0 Xy 0 0

Orxe, BEKTOP U3 MOYKHA BUOpATH, HATTPUKJIAJL, TAKWUM IUHOM:

0

o | —3/8

3= 7/8
0

JIST 3HAXO/PKEHHS BEKTOPa U4 TTOTPIOHO PO3B’SI3aTH TAKY HEOILHOPIIH
ARy

C.JLP.:

-2 2 2 1 0

5 -5 —1 1 | —3/8

0 0 0 —1| 7/8 —
0 0 0 0 0

2521 o
H( I —7/{3 >{(1)*[3]}'—>
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2 2 2 1| 0
( 8 —05 —01 1 :%g){[1]+(—1)*[3]}{[2]+(—1)*[3]}'—>
(52 5 40 I/g ){(—1)*[2]}._>(—§ 270 —71/§2>
0 0 0 1| _%8 000 1| _7/8
8 80 0] 15/8
{[1]+(—2)*[2]}H<—05 > 10 :7@
((=1/8) + [1]} — (-é 590 _—1??34>
0O 001 —~7/8
“1100]| —15/64
{[2]+(—5)*[1]}H< 0040 o )
3anucyemMo BLINOBIHY cucTeMy Ta 11 BEKTOpHY (OpMy, BUOUPAIOUN X1

BLJIbHOI 3MIHHOIO:

r = I 1 0 1
ro = w1 — 15/64 xe | [ —15/64 0
x3 = 43/64 | ez | T 43/64 )T 0 )%
T4 = —7/8 oz —7/8 0
Orke, BEKTOP U4 MOXKHa BUOpATH, HATIPUKJIA], TAKAM THHOM:
0
| —15/64
Y= | 43/64
—7/8
Ocrarouno snaxogumo K. H.®. B marpuii A Ta MATPHIO EPEXOLy
S’
4000 2 1 0 0
- 0 310 [ =5 1 -3/8 —15/64
B=1 90031 “={ 0 0 7/8 43/64
0 003 00 0 -7/8
O
Ilpuknan 8.4. 3sedimv do XK. H.D. mampuuro
31 1 1
-1 1 -1 -1
A=1 0 0 3 1

0 0 -1 1
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JTosedennsa. Crnouarky suzHadumo tun 2K.H.®. dna 1poro obauciioe-
MO XapaKTePUCTUIHUI MHOTOUIEH (3BAXKUBIIK HA T€, 10 HAIA, MATPHIIS
OJIOUHO-TPUKYTHA,):

3-x 1 1 1
1 1-x -1 -1
X4(A) = det 0 0 3—Xx 1 =

0 0 1 1=
= (B=NA=N+D(B=N1=N)+1)= (N —4r+4)*=A-2)"

Maemo BiachHe umcio 2 kparaocti 4. [is BusHadeHHsi TUy Tpebda
obuncauTu pedexkr marpuni A — 2K:

1 1 1 1
1 S1 -1 -1
A=2E=1 o o 1 1
0 0 —1 —1

st maTpuist Mae panr 2, TooTo 11 gedekt gopisuioe 4 —2 = 2. ITinnecemo
marpuiio A — 2F 1o kBajgpary:

1 1 1 1 \? 8000
o [ -1 -1 -1 -1\ _ 000)
A=2E)={ o o 1 1 | =loo0oo0oo0]=0
0 0 —1 —1 0000

Omrxe, marpunst A mae ZK.H.®. uerseproro Tury.
SFIILHO 3 anropurMoM 8.4 Ham Tpeba niaTH mMarpuuneio A — 2E Ha
Oa3ucHI BeKTOpH €;. Bubepemo mepinii Ta, TpeTiii:

11 1 1 1 1
-1 -1 -1 —1 0 —1
(A=2B)er=1{ ¢ ¢ 1 1 0]=| o |=w
0O 0 -1 -1 0 0
11 1 1 0 1
-1 -1 -1 —1 0 —1
(A=2B)es=| o o 1 1 =11 |=u
0O 0 -1 -1 0 —1
Mwu 6agmmo, 1o u Ta w JiHiiHO He3agexHi. OTX)e, MOXKHA, BUOpATH:
1 1
—1 0
0 0
1 0
| -1 0
V3 = U = 1 y U4 = €3 = 1
—1 0
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Ocrarouno snaxoaumo 2K.H.®. B marpuni A ta MaTpuiio mnepexory

S

2100 1 1 1 0
0200 -1 0 -1 0
B=looz21] 5= 00 11
000 2 0O 0 -1 0
]
Ilpuknan 8.5. 3sedimv do XK. H.D. mampuuro
3112
1 331
A=100141
000 2

Mosedenns. Cnovarky suzHadumo tun 2K.H.®. s 1poro obauciioe-
MO XapaKTEePUCTUIHUI MHOTOUJICH (3BaXKUBIIK HA T€, 110 HAI MATPHIIS
OJIOYHO-TPUKYTHA):

3-x 1 1 2
17320 31

xa(A)=det | o o7 42N 1 |7
0 0 0 2-2)

= (B=NB=AN=1DA=-N2=N)=N=6A+8)(4—N)(2—-)) =
= (A —4)*)(A—2)%

Maemo Byacui umcna 4 ta 2, obunsa KparHocTi 2. g BU3HaUEHHS
tuny 2K.H.®. tpeba suaiitn nedpexrn marpuir A — 4F ta A — 2F.

11 1 2
1 —13 1
A-4E=1| g 0o 0 1
0 0 0 —2

HedekT 1iei maTpuiii, 3po3ymijio, jopisaioe 4 — 3 = 1.

1 112
11
00

I B miel maTpuii jedekT Takox JopisHioe 4 — 3 = 1. OTxke, MU MaeMO
cupany 3 2K.H.®. n’groro Tuiy.

CrpobyemMo 3HAWTH MATPUINIO TEPEXO/Ty, BUKOPUCTOBYIOUN HABEICHUI
Buitie ajaroputM 8.5. CrouaTKy 3HaWIeMO BIACHUN BEKTOP 3 BJIACHUM
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1112 1112
FYoR B S S N R (SSVC RS/ RS I B O
0 0 0 —2 0 0 01
RS
'—>< b 1){[1]+(—2)*[3]}{[2]+(—1)*[3]}'—>
T80 D0
( 0 0 0 1>{[1]+1*[2]}H<o 00 1)

3amucyemMo BLANOBIIHY cucTeMy Ta 11 BEKTOPHY (opMy, BUOUPAIOUN Ty
BUILHOIO 3M1HHOIO:

T, = X9 1 1
To = X9 ) . 1
r3 = 0 > X3 o 0 X2
gy = 0 i 0
Orxe,
1
1
V1 — O
0

JIST 3HAXO/PKEHH BEKTOPa Uy TTOTPIOHO PO3B’SI3aTH TAKY HEOIHOPIIH
JHY

C.JLP.:

-1 1 1 2 1

1 -1 3 1 1

0 0 0 1|0 |{=1/2)«4}—

0O 0 0 =210
S S TR
0 0 0110 O 0 0110
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3amucyeMo BUITIOBIIHY cUcTeMy Ta 11 BEKTOpHY (opMy, BUOUPAIOUN To
BIJILHOIO 3MIHHOIO:

T = —1/2—|—ZCQ I —1/2 1
To2 — XT9 i) - 0 + 1
T3 = 1/2 ) 3 | T 1/2 0 |tz
Ty = 0 Lq 0 0
OTr:xe,
~1/2
Vg = 9
N 1/2
0

Tenep 3naiiemMo BIaCHUN BEKTOP 3 BJIACHAM YUCTIOM 2:

111 2 1100
—1 002 -1 |]—---—=(0010].
002 1 0001

3anmucyeMo BLITIOBIIHY cUcTeMy Ta 11 BEKTOPHY (opMy, BUOUPAIOUN Ty
BLJIBHOIO 3MIHHOTO:

Xy = —T2 X1 —1
Ty = Ty T2 | _ 1
rg = 0 ’ X3 o 0 X2
e = 0 x4 0
Orxe,

—1
. 1
V3 = 0
0
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JIsl BHAXO/I2KEHHs BEKTOPA U4 TOTPIOHO PO3B d3aTH TaKy HEOJHOPIIHY

C

P.:
1
1
0
0

f

3amucyemMo BLATOBIIHY cucTeMy Ta 11 BEKTOPHY (OpMy, BUOUPAIOIN Ty
BUILHOIO 3M1HHOIO:

Tr1 = 1/2—$2 I 1/2 —1
Ty = To ro | 0 i 1 .
ry = 1/2 ’ T3 | T | 1/2 0 2
Ot2Ke, BEKTOP U4 MOXKHa BHOpaTH, HAIPUKJIA, TAKUM THHOM:
1/2
Vy4 = (/)
| 1/2
—1
Ocrarouno snaxoaumo 2AK.H.®@. B marpuni A ta Marpuiio nepexoiy
S
4100 1 —-1/2 -1 1/2
B— 0400 g — 1 0 1 0
— 10021 | — 10 1/2 0 1/2
000 2 0 0 0 -1
]
Ilpuknam 8.6. 3eedimv do XK. H.D. mampuuro
-1 0 1 1
0o -1 -1 -1
A=110 0 -1 0
0O 0 0 -1
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JTosedennsa. Crnouarky suzHadumo tun 2K.H.®. dna 1poro obauciioe-
MO XapaKTePUCTUIHUI MHOTOUIEH (3BAXKUBIIK HA T€, 10 HAIA, MATPHIIS
TPUKYTHA,):

—1-A 0 1 1
0 —1—-A —1 —1
0 0 0 —1—-A

Maemo Bracue umcio —1 kparnocti 4. s BusHaueHHs: TUmy Tpebda
obuncauTu pedexr marpumi A + E:

1 1
-1 -1
0 0
0 0

OO Oo

0
A+E=|}
0

Orpumana maTpuiiss Mae panr 1, TooTo i1 gedext jgopishioe 4 — 1 = 3.
Omxe, marpurs A mae 2K.H.®. mocroro tumy.
3rigno 3 anropuTMom 8.6 COYaTKy MU OOUMCIIOEMO BJIACHI BEKTOPH:

00 1 1
A+E=80 b =001 1)
00 0 0

3anucyeMo BIINOBLIHY CHUCTEMY Ta 11 BeKTOpPHY (hopMy, BUOMpPAIOUH T1,
X9 Ta T3 BUILHUMM 3MIHHUMMN:

AN A A

To = X2 T2 _

T3 = I3 , T3 = 0 xl—l— 0 IQ‘I‘ 1 xIs3.
Ty = —X3 T4 0 0 —1

Orke, MOYKHA MOKJIACTH

1 0 0
N A 1 .
V1 = 8 ) Vg = 0 ) U3 = g)
0 0 —1

Hami My 3ayBaxKyemo, o TpeTiit psiaok Marpuili A + F HeHyInoBHil.
Orxe, TTOKJIAJIEMO

0 00 1 1 0 1

_ . _19 _ [ 00 -1 -1 0 _ [ -1
i=a=111]> =100 0 0 1]~ 0
0 00 0 O 0 0

Ockinbku HabIp U1, U3 Ta V3 € JIHIHHO He3aJeXKHUM, MU MOXKEMO II0-
KJlaCTu U1 = U1, Uy = Us.
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Ocrarouno, snaxogumo 2K.H.@. B marpuni A ta MaTpUIO IePEXOLy

S

-1 0 0 0 1 0 1 0
0O -1 0 0 0 0 =10
B={ 909 0o -1 1] 5={01 01
o 0 0 -1 0 -1 0 0
[]
Ilpuknan 8.7. 3eedimv do XK.H.D. mampuuro
211 1
1 21 1
A=1001 -1
000 1

Hosedenns. Cnouarky suznaunmo tun 2K .H.®. i nporo obuumciioe-
MO XapaKTEPUCTUIHIH MHOTOUJICH (3BasKUBIIHN HA T, IO HAITA MATPHUII
OJIOTHO-TPUKYTHA):

-2 1 1 1
Xa(A) = det (1J 0 1-Xx -1 |~
0 0 0 1-2X
=(2-N2-N)-DA-N1-X) =
= (AN —4X+3) 1 =M1 =N =\N=3)(A=1).

Maemo Bnacui uncia 1 Ta 3, nepiuie 3 gKkux KparaocTi 2. [1a Bu3Ha-
gennsi Tuny K. H.®. Tpeda snaiitun nedexkr marpumi A — F:

111 1
111 1
A-E=1|¢9 00 -1
000 0

HedexkT 1iel MmaTpuii, 3po3ymiso, gopiBaioe 4 — 2 = 2. OTKe, MU MaEMO
cupaBy 3 2K.H.®. cbomoro Tumy.

CrpobyeMo 3HAATH MaTPUIO NePexXo/ly, BUKOPUCTOBYIOUN HaBe eHuit
pumie ajgroputM 8.7. CrouaTky 3HaWIEMO BJIACHUI BEKTODP 3 BJIACHUM
YUCIOM 3:

11 1 1
1 -1 1 1
A=3E=1| o o 22 21
0 0 0 -2

st janol cucreMu HEHyJIbOBUM PO3B 430K JIy2Ke JIerKO MijidparTu, Ha-
MPUKJIa]

1

(1
V1 = 0
0
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Tenep 3naiijiemMo BJacHI BEKTOPU 3 BJIACHUM YUCIOM 1:

111 1

A=B=| 5090 -1 ]=(000 1) D=L
000 O
~ (000 1)+~ (0001)

3anmucyeMo BIIIOBIIHY CUCTEMY Ta 11 BEKTOpHY (opMy, BUOMpAIOUN T Ta
X9 BLUIBHUMU 3MIHHUMU:

rT = I I (% (1)
Ty = T x
:1:? _ _2331_332 ) x; = 1 x|+ 1 X9.
Ty = T4 0 0
OTr:xe,
1 0
. 0 « 1
Vo = —1 ) U3 = —1
0 0
Tenep nam tpeba nignectn marpuiio A — E 10 kBajipara:
111 1\°? 2 221
2 (1 11 1 22 21
(A=Ey=l000-1] =(0000
000 O 0000

Posp’sizyemo Bignosiany ogropijany C.JI.P.:

222 1
— (222 1).

[enXan) \V]
[@nXen) \V)
[esXen) \V)
OO

3amucyemMo BiNOBIIHY cucTeMy Ta i1 BeKTOpHY (hopmy, BUOUpAOIH X1,
T9 Ta T3 BUIbHUMU 3MIHHUMU:

1 = I

To — X9

T3 — I3 )

Ty = —2I1 — 2$2 — 2%3
ANEATNEANNE
g; = 0 T+ 0 To + 1 xs.
Ty —2 —2 —2
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Orxe,

1 0 0
- - 1 -
V2 = 8 ) U3 = 0 ) U3 = (1)

—2 —2 —2

Bapas wam tpebda gistTu marpuieio A — F Ha orpuMani BEKTOpHU, TOKK
He OTPUMAEMO HEHYJIbOBUI BEKTOP:

111 1 1 —1
- 111 1 0 —1
(A-E)iz=1¢ 00 -1 o |=( 2 |#0
000 O —2 0
Tenep Mu MOXKEMO HOKJIACTH
1 —1
- —1
Vg = U = 8 , n=(A-Eu=| 5
—2 0

SaInmuIoCh BUOPATH V9. MU TOMITHMO, 110 OOUJBA Uy Ta U3 JIHIAHO
HE3aJIEXKHL 3 U3, OTXKe, sIK Uy MOXKHA B3ATH OYIb-IKUI 3 HUX, HAIIPUKJIA,T
Vg = 1}\2.

Ocrarouno snaxoaumo 2K.H.®. B marpuni A ta MaTpuio mnepexory

S

3000 1 1 -1 1
0100 1 0 -1 0
B=loo11] “={0-1 2 o0
0001 0O 0 0 =2
[
Ilpuknan 8.8. 3sedimv do XK. H.D. mampuuro
3 2 2 2
2 3 2 2
A=10011
0005

Hosedennsa. Crnouarky suzHadumo tun 2K.H.®. dia 1poro obauciioe-
MO XapaKTePUCTUIHUI MHOTOUICH (3BAXKUBIIK HA T€, 10 HAI, MATPHIIS
OJIOUHO-TPUKYTHA,):

3—\ 2 ) )
2 3—-\ 2 2
0 0 1—-X\ 1
0 0 0 5—2\

= (B3=NB=AN) =41 =N5E-A)=N=6A+5)(1-XN(B-)N) =

= (A—=1)*(\ =52

xa(A) = det
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Maemo Bnacui umcia 1 ta 5, obujsa kparHocti 2. g BusHaveHHs
tuny 2K.H.®. Tpeba suaiitu nedexkru marpunp A — F ta A — 5E.

2 2 2 2
2 2 2 2
A-E=10001
0004
HedekT niel MmaTpuiii, 3po3ymijo, jopipHioe 4 — 2 = 2.
-2 2 2 2
2 =2 2 2
A=BE=1| 10 o0 241
0O 0 0 O

Hedext miel marpuii, odeBuHo, jgopiBHioe 4 — 3 = 1. O1xe, MU Ma€MO
cupaBy 3 2K.H.®. BocbMoro Tumy.

Cnpobyemo 3HAATH MATPHINO TIEPEXOY, BAKOPUCTOBYIOUN HABECHUH
Buire aaroputm 8.8. CrnodarKy 3Hall/1eMO BJIACHI BEKTOPHU 3 BJACHAM UNC-
JoM 1:

2 22 2
222 2 222 9
A-E=10001 H(0001)ﬂ”+Fﬁ*m“*
000 4
H

3anmucyemMo BINMOBIHY crCTeMy Ta, 11 BEKTOpHY (opMy, BUOMpaodn T Ta
L9 BUIBHUMU 3MIHHUMM:

rT = 1 T é (1)
To — X9 X
T3 = —T1—Tg > x? = -1 |t o |22
Ty = X4 0 0
Orxe,
1 0
0 1
v1=1-11> 2= -1
0 0
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Tenep 3nalijieMo BjacHUl BEKTOD 3 BJIACHUM YKUCJIOM D:

-2 2 2 2
— 2 =2 2 2
0 0 —41

-2 2 2
2
1
0
00 1
{[21+1*m}~< 00 1){(1/2>*[1]}

2 =2
0 0

ol o
W

3anmucyeMo BLITIOBLIHY CUCTeMY Ta 11 BEKTOPHY (opMy, BUOMPAIOUN X1
BLJIbHOIO 3MIHHOIO:

rn = a1 T 1
Ty = I ro | [ 1
r3 = 0 > T3 o 0 X1
ry = 0 Ly 0
Or:xe,

1
|1
V3 = 0
0

JIsI 3HAXO/PKEHHS BEKTOPA U4 OTPIOHO PO3B 34T TAKY HEOIHOPIIH
A0y
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C.JLP.:

R 2 2 2 2|1

3 %10 0
14+ (—=2) % 3]} |2]| + (—2) % |3|} — —
{[1] 4+ (=2) = BIH[2] + (=2) = 3]} 2 2 oot

—2 2 10 0
{[2]+1*[1]}H< 0 0 20 0

0 0 —41
-2 2 10 O
— 0 0 1 O
0 0 1

1
(2)> {(1/20) * 2]}

1

1/10 ) {11+ (=10) * [2]3{[3] + 4+ [2]}

4 0
010 1010 R 1010
H(o )1 2//5>{<1/2>*[11}H<0 010 2//5).

3anucyemMo BLINOBIHY cucTeMy Ta 11 BEKTOPHY (OpMy, BUOUPAIOUN X1
BUILHOIO 3M1HHOIO:

T = 21 T 0 1
T2 = 11 To | 0 1
w3 = 1/10 > | @ | = | 110 | T | 0 |0
ry = 2/5 Ty 2/5 0
Orke, BEKTOP U4 MOXKHa BHOpaTH, HAIPUKJIA], TAKAM THHOM:
0
- 0
4= 1 1/10
2/5
Ocrarouno snaxoanmo 2K.H.®. B MmaTpumi A ta MaTpuiio mepexomsy
S
1000 1 0 1 O
0100 0O 1 1 0
B=10051] S=| -1 -10 1/10
0005 0O 0 0 2/5
]
Ilpuknan 8.9. 3sedimv do XK. H.D. mampuuro
121 2
2 4 21
A=10012
0005



JTosedennsa. Crnouarky suzHadumo tun 2K.H.®. dna 1poro obauciioe-
MO XapaKTePUCTUIHUI MHOTOUIEH (3BAXKUBIIK HA T€, 10 HAIA, MATPHIIS
OJIOUHO-TPUKYTHA,):

1—XA 2 1 2
4—-X 2 1
2

) =det [ g FpN 2y =
0 0 0 33—\
= (1=XNA=XN) =41 =XNGE-=XN) =N =5))1-N3B -\ =

= AA—1)(A—=5)%

Maemo Bnacui unciaa 0, 1 ta 5, ocranne 3 akux Mae KpaTHITh 2. [ls
pusHavdenust Tuny 2K.H.®. Tpeba snaiitu nedext marpum A — E:

4 2 1 2
2 12 1
A=SE=110 0 -4 2
0 0 0

Jlerko GagwmTu, mo gpedext 1iel marpurni jopisaioe 4 — 3 = 1. OTxke,
marpuiist A mae 2K.H.®. nep’sitoro Tumy.

CripobyeMo 3HAUTH MATPUITIO TepexXo/ly, BUKOPUCTOBYIOUN HaBeCHUH
putie ajgroputM 8.9. CriouaTky 3HaHIEMO BJIACHUI BEKTOD 3 BJIACHUM
qucgom 0:

A:

[efan) ()
SO
O DN =
QTN — DO

Po3B’s130K 11i€1 cucremu JIerKo HijI0UPaEThCs, HAIIPUKJIAI,

2
—1
V1 = 0

0
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Tenep 3nalijieMo BjacHUil BEKTOD 3 BJIACHUM 4YKUCIOM 1:

3anmucyeMo BLITIOBLIHY CUCTeMY Ta 11 BEKTOPHY (opMy, BUOMPAIOUN X1
BLJILHOIO 3MIHHOIO:

rT = I T 1
To = 21‘1 i) . 2
r3 = —4x; > T3 - —4 L1
ze = 0 T4 0
Orxe,

1
- 2
Vo = —4
0

Tenep 3naiijieMo BAaCHU BEKTOP 3 BJACHAM YUCTIOM O:

—4 2 1 2
A-se=| 3 20 H<24 2 %)
I 0 0 —42
—4 2 1 2
{(1/2) [3]}H< 8 —01 2 %>{[1]+(—2)*[3]}{[2]+(—1)*[3]}
H<24 23 8){[1]+2*[2]}H<(2) R 8)
0 0 -2 1 00 -2 1
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00 1 0
1(1/13) « [1]} — (% o4 (1)>{[2]+(—4)*[1]}{[3]+2*[1]}
(0 0 10) (o o10>
— 2 -100]—(-2100].
0 0 01 0 00 1

BanucyemMo BLANOBIHY cucTeMy Ta 11 BEKTOPHY (OpMYy, BUOUPAIOUN X1
BUILHOIO 3MIHHOIO:

r1T = I 1 1
T9 = 2$1 ) - 2
r3 = 0 ’ X3 o 0 L1-
re = 0 Ty 0
Orxe,
1
2
V3 = 0
0

J11s1 3HAXOMKEHHSI BEKTOpa ¥4 MOTPIOHO PO3B’si3aTH TaKy HEOIHOPIIHY

C.JLP.:

-4 2 1 2|1
2 -1 2 1[2] | _24 _21 % % %>{(1/2)*[3]}
EEHDRCEEY
21 1))
H( I 0){[1]+<—2>*[3}}{[21+<—1>*[3]}
521 0]
H(O ad 0){[11+2*[2]}H
(oo 13 0 5) (oo 1 0| 5/13
2 1 4 0|2)=(2=1 4 0|7
00 —21|0 000 —21| 0
{121 + (—4) = [1]H{[3] + *H}H<0 0 01 10//13>
Dalo %06 0] 2
{(_)*H}H<o 00 1 10/13)

3anmucyeMo BLATIOBLIHY CUCTEMY Ta 11 BEKTOPHY (opMy, BUOMPAIOUN X1
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BLJIbHOIO 3MIHHOIO:

T = I T 0 1
xy = 211 —6/13 | [ —6/13 2
z3 = 5/13 x| = 5/13 )T o )%
vy = 10/13 T4 10/13 0

OtKe, BEKTOP U4 MOXKHa BHOpaTH, HAIPUKJIA, TAKAM THHOM:

0
[ —6/13
1= | 5/13
10/13

Ocrarouno snaxoaumo 2K.H.®. B marpuni A ta MaTpuio mnepexojy

0000 2 1 1 0
B— 0100 g -1 2 2 —6/13
— 10051 ) - 0 —4 0 5/13

00035 0O 0 0 10/13

8.4 3ajadvi ajiss caMOCTiiHOTO PO3B’si3aHHSI

Baga4a 8.1. 3sedimv do 2K.H.D. mampuus

14 3 2 5 1 1 —1 8 2 2 2
0143 -4 11 -1 -8 0 2 2
0014 ] 0 03 2 ’ 0 0 6 2|
0001 0O 00 3 0 0 -2 2
123 —1 1 -3 0 3 3 =10 0
021 2 -2 —6 0 13 1 1 0 0
001 3 ’ 0o -3 1 3 | 3 0 5 =3 |
000 1 -1 -4 0 8 4 -1 3 —1
3 =4 0 2 3 -1 1 -7 53 6 6
4 =5 =2 4 9 =3 =7 1 35 6 6
0O 0 3 =2 | 0O 0 4 =8 | 0023 ]
0 0 2 -1 0O 0 2 -4 000 2
4100 1 21 2 41 4 2
1400 1234 41 2 3
1130 ) 0012/ 0031
1123 0012 0013
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9 MiniMaJbHIIT MHOTOYJIEH MaTPUILi

9.1 TeoperuyHi BisioMOCTi

2Koppanosa HopMmasbHa (opMa J03BOJISIE JOCUTDH JIETKO PO3B’SI3yBaTH
3HAYHY KIJbKICTh 33184, IOB sI3aHUX 3 BJACTUBOCTIMU MATPUIB. Y IIHOMY
po3Jilyii po30epeMo BJACTUBOCTI TaK 3BAHOI'O MiHIMaJIbHOIO MHOI'OYJICHA
MAaTPHIIL.

Osnadenns 9.1. Hewxaid A € Mat,«,(K). Muozounen 0 # f(x) € K|x]

HA3UBAEMBCA MIHIMAAOHUM MHO20YNAEHOM Mampuuz A, AKUO BUKOHY-
romuvca Hacmynm Yymoeu.:

1. f(A) =
2. f(x) ynimapruii, mobmo tiozo cmapwut xoegivicnm dopisnioe 1.

3. Jas dosiavrozo mmoeouaena g(x) € Klx|, emenine axozo menwa
sa cmeniney f(x), euronyemves g(A) # 0.

OcHOBHI BJIACTHBOCTI MIHIMAJILHOTO MHOTOWJIEHA MaTpuIll A, sakuil, sik
IPABUJIO, MO3HAYAETHCsT M 4 (), 316pano B HACTYHHIN TeopeMi:

Teopema 9.1. 1. Minimarvrutd mmuozousen icuye i edunud.

2. JTas dosiavrol nesupodocenoi mampuui S € Mat,w,(K) cnpaseo-
2u60 mA(x) = mg-145(x).

3. ma(z)|xa(@).

4. ma(x) e dinvnurom 006iAbH020 NENYALOGO20 MH020uACHE §(T) €
K(x], das axoeo g(A) = 0.

5. Mampuua A € diazonanizosnoro modi i miavku modi, xKosu ma(x)

poskaadaemoca ¢ K(x) Ha AiHitini MHOMCHUKY T He MAE KPAMHUL
KOPENi6.

6. as K = C ropensamu ma(x) € eaacni wucaa mampuui A i auwe
GOHU.

7. Ina K = C ma daa eaacnozo wucaa X mampuui A kpammicmo X ax
kopens ma(x) dopienioe natibisvuwomy posmipy waimunu 2Kopdana
3 BAACHUM HUCAOM N, wo 3ycmpiuaemves 6 . H.D. mampuuyi A.

Ocranns 3 BJI&CTI/IBOCTGI/I OIMIMCaHUX B HaBG,ZLeHII/I BHUIIIE TeOpeMl ,ZLa€
ereKTI/IBHI/H/I AJITOPUTM 3H&XOIL)K€HH?[ MI1HIMaJILHOT'O MHOT'OYJIEeHA, ManI/ILLl
Inpo AKHUHA Hl,I];e MOBa ,Z];aJIl
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9.2 OcHOBHI T 337134

. - s
IUCHye OJIMH TIPUPOJIHUI THII 33,124 3 11iei TemaTuku. IIpore, Mu posib’emo
floro Ha aBa Pi3HI MiATAIIN:

1. BuaiigiTh MiniMaabHKU MEHOrOYIEH MaTpull A, 1m0 3a1ana B 3BUYaii-
HOMY BUTJISIII.

2. BuaiiTu miniMaabauil Muorodien marpuii A, mo 3agana csoero 2K H.D.

KOpeKTHICTh TOCTAHOBKH OCTAHHLOI 3aJIadi 3a0e3MeTyeThCsd JIPYTUM
IyHKTOM HaBejieHol Bullle Teopemu 9.1.
9.3 AJaropurmu po3B’dA3aHHsI OCHOBHUX TUIIB 33124

AaroputMm 9.1. Buazodocenns MIHIMAALHOR0 MHO204NAEHA KEAIPATIHOT
mampuyi A, wo 3adana y 36unatiHomy 6u2AA0L.

st 3HAXOMKEnHs MiHIMAJILHONO MHOTrOYIeHa MaTpuli A, o 3agana
y 3BUYAHOMY BUIJIsi]II, HEOOX1THO:

e Snajitu 2K.H.®. marpuni A, BukopucroByioun ajaroputm 5.1.

e JIJ1s1 KO?KHOI'O BJIACHOT'O YMCJIa A 3HAUTH MaKCUMaJIbHY PO3MIPHICTD
k) xmituna 2Koprana 3 1M BJIACHUM YKUCJIOM, 1110 BXOAITE 10 2K.H.®.
maTpuii A.

e 3amucarTy MiHIMAJIbHUANI MHOT'OWIEH MaTPHII, 1K JOOYTOK MHOXKHUKIB
(z — \)™ 3a Bcima BracnuMu wnciamm A MaTpuii A.

AaroputMm 9.2. Bnazodocenns MIHIMAALHOR0 MHO204NAEHA KEAOPATHOT
mampuui A, wo 3adana ceoecro 2K.H. .

Huist 3HaX0MKEeHHsT MiHIMAJILHOIO MHOroO4YIeHa MaTpuli A, mo 3ajana
ceoero 2K.H.D., neobxijHo:

e JIJ1s1 KO>KHOI'O BJIACHOT'O YKCJIa, A 3HAUTH MaKCUMaJIbHY PO3MIPHICTD
ky kiitun 2Kopana 3 UM BJIACHUM YKUCJIOM, 1110 BXOASTH 10 2K.H.@.
maTpuil A.

e 3anucaru MiHIMAJbHUI MHOTOYJICH MATPHIIL, K JJOOYTOK MHOXKHUKIB
(z — A\)* 3a Beima BracHumu umciamu \ mMarpuni A.

9.4 Ilpuknanau

Ilpuknam 9.1. 3natidimv MiHIMaALHUT MHO20UAEH MAMPULL

3 —1 —1
A=10 2 0
1 1 1
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Jlosedenna. CriodaTky 3HAXOIMMO XapaKTEPUCTHIHUI MHOTOYUJIEH MaTPHILL

A:

33—\ -1 —1

XA(A)—det( 0" 22 10/\)—(2>\)((3)\)(1/\)+1)—

= 2= AN\ —4r+4)=—-(A—-2*\+2).
Orxke, MU MaEMO JBa BJACHI UHCIa: A\ = 2 KPATHOCTI 2 Ta \g = —2

kparnocti 1. s snaxopkenns 2K.H.@. marpuni A norpibHo BUSHAUATH
nedext matrpuii A — 2K

HE—(? 9 Ol)H(l o)
R+ 0= (o 5 0 )

Panr ocranubol MaTpuIll IOpiBHIOE 2, 0TKe, 11 gedexT gopismioe 3—2 = 1.
Maewmo OJIHY KJITUHY Kopnana 3 BITACHIM HHCIOM 2. Orxe, 2KLH.O.
marpuii A mae Burisg Ji(—2) @ Jo(2).

Jauti 151 KOXKHOT'O BJACHOIO Ync/ia Tpeba 3HailTn MaKCUMaJIbHUNE PO3-
Mip KjaiTuan 2KopgaHa 3 UM BJIACHUM YHCIOM, 10 BXOAUTH JI0 0DYuUCIe-
ol 2K.H.@. marpumi A. g —2 e, ogesugmo, 1. dna 2 1e, 3po3ywmio,
2. OT:xke,

ma(z) = (z + 2)(z — 2)%

ITpuknam 9.2. 3natidimv MiHIMAADHUT MHO20UAEH MATMPUL
A=1Js3) & J3(3) & Ja(2) & J3(—1) & J3(3).

Aosedenna. Marpuns sanana csoeio 2AK.H.@. Orxe, qna poss’szanus
3371441 HaM TPOCTO HEOOXIJTHO M/t KOPKHOTO BJIACHOTO TUC/IA 3HARTH MaK-
CUMAaJILHIHA po3Mip KiaiTuau 2KopaaHa 3 UM BIACHUM UHUCIOM, IO BXO-
qnth 10 2K.H.®. marpuni A. Mu mMaeMo Tpu BJIACHI YHCTIA: —1 2 Ta
3. Biamosimai MakcuMaJibHI cTerneni BopiBHIOOTL: k1 = 3, ko = 2 Ta

ks = 3. Orxe,
ma(z) = (z + 1) (z — 2)*(z — 3)°.

IIpuknam 9.3. 3natidimv MIHIMAADHUT MHO20UAEH MATPULL

A=T5(1) ®J5(—2) & Jk(1) & J3(—2) ® Ju(2).
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Aosedenna. Marpuns sanana csoeio 2AK.H.@. Orxe, qnga poss’szanus
3871441 HaM TPOCTO HEOOXITHO JIJTsT KOPKHOTO BJIACHOTO TUC/IA 3HARTH MaK-
CUMaJIbHUM PO3Mip KuiTuau 2KOpjaHa 3 HUM BJIACHUM YHCIOM, IO BXO-
qnth 10 2K.H.®. marpuni A. Mu MaeMo Tpu BJIACHI YHcIIa; —2 1 Ta 2.
st BnacHux ducyiaen —2 Ta, 2 BIIMOBIIHI MaKCUMaJIbHI CTeneHi ,ZLOpiBHIO—
10Th: k_9 = 5 Ta ko = 4. s BiacHoro uucia 1 pe3yjibTar 3ajeXKUTh
Bijg k. Ilpu k < 5 maemo ky = 5. Ilpu £ > 5 maemo ki = k. e moxua
3alMCATH B TAKOMY KOMIAKTHOMY BUK/IsA1: k1 = max(5, k). Orxe,

ma(z) = (x4 2)°(x — 1)2BH (7 — 2)4,

9.5 3ajadi TeOPeTUIHOr0o XapaKTepy

puknang 9.4. IIpo mampuyio A sidomo, wo A> = E. Josedimv, wo
A diazonanizosna.

Josedenna. 3a ymoBoro, MaTpniis A anymoeThes MHOTOUIeHOM T2 — 1 =
(x — 1)(x + 1), sixuii ne mae kparaux Kopenis. Ockijabku ma(x) € jijib-
HIKOM 22 — 1, 3rij[HO 3 4eTBepTiM MYHKTOM TeopeMu 9.1 MU OTPUMYeMO,
o mA(T) TakoXK He MAE€ KPATHUX KOPEHIB. 3TiHO 3 1'SITiM IyHKTOM
3ra1yBaHol TeopemMu Marpuisd A € jiaronasizoBHOIO. [l

IMpuknam 9.5. IIpo mampuyi A ma B sidomo, wo XA()\) XB()\) ma
ma(x) = mp(x). u moocna cmeepdocysamu, wo Ui MAMPUYi MM

odnaxosy 2K.H.D.7

ocedenna. Bzaram KazKy M, ni. Koarpnpuknan HaiMEHIIIOTO MayKJIu-
BOI'O PO3MIPY OCb TaKMii:

1100 1100
0100 0100
A=loo011) B=loo1o
0001 000 1

Jlerko nepesiputi, mo xa(A) = xz(\) = (A —1)* ta ma(z) = mp(z) =
(z — 1)% Tpore A = Jo(1) ® Jo(1) a B = Jo(1) ® J

oszHavae, mo 2K.H.P. nux marpuis pisHi.

3ayBakeHHsi. Bapmo saysasicumu, uo meepdocenna 3adani cnpaceo-

auee 0Af MAmpuys posmipy 1 x 1,2 X2 ma 3 X 3. Ilepesipra yvozo
dyorce npocma i MU i ONYCKAEMO.

IMpukaan 9.6. Josedimsv, wo das dosiavhoi mampuuyi A € Mat,, sy, (C)

icnye k € N maxe, wo xa(z)|(ma(x)).

Hosedenns. 3rigno 3 mocrim myHkToM Teopemu 9.1 kopeni ma(x) Ta
x4(x) sbiratorhea (6e3 ypaxyBaHHsi KpaTHOCTI). 3BIJACH BHILIMBAE, 10

Xa()](ma(w))deexa. O

102



9.6 3amadvi aJjisg caMOCTiiHOTO PO3B’si3aHHSI

Baga4a 9.1. 3natidimo MIHIMAALHE MHO2ZOYAEHU MAMPUUD:

4 —2 9 121 112 1
22 1 2
2 7 5 21 2
6 6 -4/ \333) V03 3 |
00 —3 -3
2121 12 -1 1
212 2 21 2 2
0021 (00 5 —2
0030 00 -2 5

Baga4a 9.2. 3natidimo MIHIMAADHE MHO2ZOYAEHU MAMPUUD:
o Jo(1) ® J3(4) @ Js(1);
o Ji(2) ® J2(2) ® J4(2) ® J5(2);
o Ji(1) ® Jao(—2) @ J3(3) & Ja(—4);
o Jo(—=1) @ Ji(~1) @ J3(2) @ Ja(-2).
3amaua 9.3. 3uatidimv MIHIMAAHT MHO20OYACHYU MATPULD !
o J4(2) @ Jr(4) @ Js(6);
o Ji(=2) @ Jo(—2) ® J5(—2) @ J3(—2);
o J3(1) @ Jx(1) ® J2(4) @ Jin(4);
o Jo(—1) @ J3(1) & J5(—1) & Ju(1).

Bagaga 9.4. Jlosedimo, wo idemnomenmna mampus (mobmo mampuyi
A, wo sadocoavnae piehnanna A2 = A) e diazonanizosnoro.

Banma4a 9.5. Josedimov, wo minimasvnud muozouien 6ydv-axoi k6ao-
pamnoi 6.40410-dia2onarvoi Mampuyi JopieHIoe natMENULOMY CTIALHO-
MY KDAMHOMY MIHIMAADHUL MHO20UAEHIE i1 DiG20HAALHUT OAOKIG.

Bagaua 9.6. Hexad aimidinud onepamop, Mampuyern axoeo € mampu-
U A, mae HemPUGZCLJLbHUU imeapianmuud nidnpocmip. /losedimo, wo
MIHIMAALHUT MHO20MAEH MaAMPUYl obmesicenna onepamopa A wma et
ineapianmmut nionpocmip diaumo ma(x).
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10 ImBapiaHTHI OiAIIPOCTOPH

10.1 TeoperuyHi BimoMOCTi

AC.H.@. marpuni gae py»Ke nOTyKHUI IHCTPYMEHT 1719 BUBIEHHST Ta 3Ha-
XOJIKEHH# IHBaplaHTHUX minpocropis marpuni y sunanky K = C. IIpo-
TsaroM 11i€l rasn Mu Baxkarumemo K = C. Harajaemo o3nauenns:

Ozuauenns 10.1. Insapianmprum nidnpocmopom xeadpammuoi mampu-
ui A € Mat,«,(K) nasusaemvea maxut nionpocmip U C K", wo
Av € U daa dosiavrozo v € U.

LlinkoM oueBHIHO, IO ,I];OBiJH)Ha MaTPHIIA Ma€ iHBapiaHTHI/IMI/I 1 IIPO-
CTOpaMM HyJbOBHil NiANpocTip Ta Bech npocrip K. LI mignpocropu na-
3UBAIOThHCS TpI/IBla.HbHI/IMI/I Ha,qam Hl,zL lHBaplaHTHI/IM Hl,ZLHpOCTOpOM MU
PO3yMITHMEMO HeTpHBiaJdbHUIl iHBapianTHUil miaIpocTip (TOOTO BijMiH-
ruii B 0 ta K™). OcHoBHI BioMOCTI Tpo iHBapiaHTHI miAmpocTopn 3i6pa-
HO B HACTYIIHI TEOPEMI:

Teopema 10.1. 1. Kiavkicmo tHeapiaHmHuT nionpocmopie Mampuui
A e cxinuennoro modi ma auwe modi, xoau 6 2K.H.@. mampuui A
KOJCHOMY BAGCHOMY “UCAY 6i0nosidac cduna kaimuna 2Kopdana.
Inwumu caosamu, xoau X a(x) = ma(z).

2. Koowcen eaacnuti nidnpocmip mampuui A € npamor cymor ceoix
NEPEMUHIE 3 KOPEHEBUMU NIONPOCTOPAMU MaAMpPpuYy: A

10.2 OcHoBHI TUNN 3aJa4

Moxna BUIMATH OIUH TPUPOJHUI TUT 3a/1a9 3 1€l TeMaTHKH:
1. 3uaiiTn yci inBapianThi mignpocropu marpui A.

3MICTOBHOIO Ta, IPHUJIATHOIO 10 PO3B ‘d3aHHS 1 3a/1a9a CTaE y JBOX
BHUIAJIKAX: KOJN MaTPHILSA A maFOHamBOBHa abo koau Mmarpuis A mae
CKIHYEHHY KlﬂbKiCTb inBapianTHUX MmignpocropiB. Hmxkue mu Hapegemo
AJITOPUTMU PO3B’si3aHHsI 3a/1a4 caMe B X Bunajkax. Hivoro inmoro na
NpaKTUIHAX 3aHATTAX HEe 3yCTPIUAEThCS.

10.3 AxaropurMu po3B’si3aHHS OCHOBHUX THIIB 33124

Agropurm 10.1. 3naxodocena ycix imeapianmuur nidnpocmopic dia-
20HANI306H0T Mampui A:

st 3HaxX0/PKeHHs YCiX 1HBapiaHTHUX MiJIITPOCTOPIB J1aroHaJi30BHOT
marpuii A #HeobXimHO:

e 3pectu marpunio A 10 miaroHasbHOrO BUIVIsLY (HANDPUKJIAJ, BHU-
KopucroBytoun aaroputm 4.3). 3adikcyBaTn BEKTOPH U1, Vg, . . ., Uy
BJIACHOT'O Das3ucy.
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e lnBapianTHuil NiANPOCTIP BUNNCYETHCS 3a TAKUM IpaBuiom: B kox-
HoMmy 3 V(A, A) BubmpaeThest neskuii MIAIPOCTIP, 1 yTBOPIOETHCH
IpsiMa CyMa. 30KpeMa, SIKIIO MATPULLA A Mae Bcl pi3HI BJIACHI 9HCIa
(mpocruii criekTp), To BAACHUH TATPOCTIp A OJHO3HATHO 3a7a€Th-
s TMHOXKUHOIO BEKTODIB 3 Uy, Vg, ..., U, (MOPOXKHS IHIMHOKIHA
Bl,ZLHOBl,ZLaG 0, a Bech Ha61p — K™). Y upomy Bunajxky marumemo 2"
IHBapilaHTHUX IIiIIPOCTOPIB.

AaropurMm 10.2. 3naxodocenms ycix tH8apIaHMHUT NIONPOCMOPIE Ma-
mpuwi A, daa aroi x a(N) = ma(AN):

Huist 3HAXOMKEHHsT yCiX iHBapiaHTHUX TiATPOcTOpiB Marpumi A, s
kol Xa(A) = my (), HeoOxiaHO:

e 3pectu mMarpuio A jo 2K H.®. (nanpukiaja, BAKOPUCTOBYIOUN aJl-
roputm 5.2). 3adikcyBaT BEKTOPH V1, Vg, . . . , Uy BJIACHOIO Ha3uCy.

e [HBapianTHHUI TiANPOCTIp BUIUCYETLCA 3a TaKuM TpaBuyiom: Jlia
KO>KHOI KjiTunu 2Kopaana, mo sxoantb B 2K . H.D. MaTPHILL A, 1 skiit
BIJIMOBIIAE JIAHIIOKOK U, Vit 1, - - - , Vi) OABMCHUX BEKTODIB, BI/I6I/Ipa—
I0THCsI JEK1JIbKa TTOIaTKOBUX GA3HCHIIX BEKTODIB, IOUMHAIOYY 3 BJIaC-
HOIO BEKTODA. O06’ennanis 1o BCIX KJITHHAX Kopgana nae basuc
1HBapiaHTHOI'O MiJIITPOCTOPY. BOerMa SIKIIIO PO3MipH KJiTun 2Kop-

nana ki, ko, ..., ks, MaTHMEMO H(l@ + 1) BIaCHUX MiANPOCTOPIB.
i=1

10.4 Ilpuknanu

IIpuknan 10.1. 3Snatidime yci nidnpocmopu, wo iH6apianmmi 610HOCHO

MAMPULL
4 =2 2

A= 2 0 2

-1 1 1

Josedenna. Crnouarky ssogumo A no 2K.H.O. st mporo crepury Mu
ODYUCTIOEMO XapaKTEPUCTUIHNI MHOIMOUIEH HAIIOI MaTPHIL:

4-XN =2 2
xa(A) = det 2 =X 2 =
-1 1 1-A

=A-XNN1 =) +44+4—-2)—
—2(4 =N +4(1 =N ==X +5N -8 +4=—-(A—2)*(A—1).
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Maemo BiracHe ancsio Ay = 2 KpaTHOCTI 2 Ta BJaCHE IGO0 Ay = 1 Kpat-
Hocti 1. s obumcnennsa tuny 2K.H.®. namoi marpuii Tpeda 3HalTH
nedext Mmarpuii A — 2K

2 -2 2
A-2E=( 2 -2 2 | (-11 —1).
-1 1 -1

Maewmo, mo gedext marpuni A —2FE popisaioe 2. Orxe, maTpuiig A mae
KHO. Ji(1) @ J:1(2) @ J1(2) i € niaronanizosHoio.
BHAXO0INMO BJIACHWH BEKTOP 3 BIACHUM YHCIOM 1:

3 —2 2 1
AE:< 212)Hﬂ+1H$HM+2*BHF»<j

-1 1 0
(DR (g Y 3

Bubupaemo T3 BLJIBHOIO 3MiHHOIO:

1 —2[63 T1 —2
{ i) —21’3 , < ) > = —2 x3.
X3 I3 T3 1

Omxke, MU MOXKEMO BUOpaTH
—2
U1 = —2 .
1

SHaAXO0IUMO BJIACHI BEKTOPHU 3 BJIACHUM YUCJIOM 2:

2 -2 2
A-—2=( 2 -2 2 |—(-11 -1).
-1 1 -1

Bubupaemo x1 Tta T3 BIAbHUMHA 3MIHHUMU:

Irn = X1 I 1 0
{:1:2 = x1+T3 <I2) = I oo+ 1 | as.
xr3 = I3 3 0 1

OrKe, MM MOXKeMO BHOpaTu

Vo = (
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Maemo 2K.H.®. B marpuri A Ta MaTpuIlio mepexomy S:

100 —2 10
B=(020], s=(-211].
00 2 1 01

Marpuns A € giaronaJsizoBHOIO, IPOTE Ma€ BJACHE YUCJIO 2 KPATHOCTI
Olsbie 3a opmHWINO. 3a ajroputmom 10.1 Bummcyemo yci iHBapiaHTHI

nignpocropu marpuri A: 0; C3; Cvy; Cug; Clavy +v3), a € C; Cvy @ Cus;
Cv; @ Cuy; Cvy @ C(avs + v3), a € C.
]

IIpuknan 10.2. Snatidimy yci nidnpocmopu, wo iH6apianmmi 610HOCHO

MAMPULL
1 2 3

A= 02 3 ].

003

Hosedenna. Crnouarky 3ogumo A go 2K.H.®. [l mporo obuncroemo
XapaKTePUCTUIHAN MHOTOUJICH:

1—X 2 3

XA(A)—det( 0" 22 33A> — (1= N)(2=M)(E— ).

Maewmo Biacui uncia Ay = 1, Ay = 2 ta A3 = 3 xparnocti 1.
SHAXOIUMO BJIACHUI BEKTOP 3 BJACHUM IHCIOM 1:

023
A-FE=[101 3
00 2

Posp’s130K 11i€1 cucremu, 1110 Mae paHr 1, oueBuIHWH:

)-(4)-

Orxke, MU MOXKEMO BUOpaTu
1
V1 = 0 .
0

SHaX0IUMO BJIACHUI BEKTOpP 3 BJIACHUM YUCJIOM 2:

192 3
A—28=( 0 0 3 H(—lgi’)
0 0 1

0
W+ (33 O (5 2 Y)



Bubupaemo 9 BLJIBHOIO 3MIHHOIO:

T 229 1 2
{ i) ) , < ) > = 1 ZTo.
X3 0 X3 0

OrKe, ME MOXKeMO BHOpaTu
2
Vo = 1 .
0

SHaAXOAUMO BJIACHUI BEKTOD 3 BIACHUM YHCJIOM 3:

0O 0 O
= (20 ) ey <y - (59 9Y2).

Bubupaemo T3 BLJIBHOIO 3MiHHOIO:

x] —9/2x3 T -9
X9 313 : < T2 ) = 6 | x3/2.
X3 3 T3 2

Orxke, MU MOXKEMO BUOpaTu
-9
V3 = 6 .
2

Maemo 2K.H.®. B maTpuni A Ta MaTpuilio mnepexony S:

100 11 -9
B=(020]), s={02 -6]).
00 3 00 2

Matpurs A giaronanizosra i Mae npoctuit ciekTp. OTKe, MU MaTHME-
Mo piBHO 8 inBapianThux mignpocropis: 0; C3: Cvy; Cvg; Cus, Cvy @ Cus;

A3E—<02 —21 g)H(OQ _21 g){[1]+2*[2]}l—>

Cuv1 @ Cuy; Cvy @ Cus. ]
ITpuknam 10.3. 3natidimov yci nidnpocmopu, wo 1HEapLarmMHi 610HOCHO
MAMPULYL
1 11
A=1011].
00 2



Hoesedennsa. Cnouarky sogumo A go 2KLH.®. Jlnsa 15010 004ncroemo
XapaKTePUCTUYHUI MHOIOUJIEH:

1—-Xx 1 1
xa(\) = det 0 1-Xx 1 = (1-X)?%*2-)\).
0 0 2—A
Maemo BacHe aucio A\; = 1 KpaTHOCTI 2 Ta BJaCHE UUCIO A9 = 2 KpaT-

Hocri 1.
SHaX0IMMO BJIACHUI BEKTOD 3 BJACHUM UUCIOM 2:

0O 0 0
- (9 ) e ey <y (5 9 0F).

Bubupaemo 3 BLJIbHOIO 3MIHHOIO:

1 2373 1 2
{ i) xr3 < 9 > = 1 xrs.
x3 X3 x3 1

OrKe, MM MOXKeMO BHOpaTu
2
V1 — 1 .
1

SHaXO0JUMO BJIACHHI BEKTOpP 3 BJIACHUM YUCJIOM 1:

011
A—-FE=10 01
001

Po3p’s130k 11i€1 curemu oueBuanunii. Morxkna Bubparu, HAIIPUKJIAI,

(1)

SHaXO0JUMO OCTaHHI# Da3MCHUI BEKTOP:

01 1)1
001|0].
001} 0

Po3p’s130K 11i€l cutemun TakoxK odeBuaauil. MoxkHa BUOpaTh, HAIPUKJIA,

(1)

109

-1 1 1
z%dE(O —11)H(0131%NﬁH1*MM%




Koxxnomy BiacHomy umciy marpuii A Bignosigae piBHO ojHa KJiTH-
Ha 2Kopnana. OT:xke, 3a jgonomorown ajaroputMy 10.2 BUIHCYyeMO BCi iH-

sapianThi mignpocropu: 0; C3; Cuy; Cug; Cvg @ Cug; Coy @ Cos. O]
10.5 3ajgadi TeopeTUIHOro XapaKTepy

ITpuknam 10.4. Josedimv, wo 008iavHA KOMNAEKCHE MAMPUUA PO3-
MIDY T X N MAE THEAPIAHMHULT nionpocmip posmipy n — 1

Hosedenns. 3segemo A no K .H.®@. Hexait vy, v9,...,v, — BIOBLHM{
2Koppanis 6azuc. 3 surssany 2K.H.®. jgerko OTpI/IMyGMO IO JIPOCTID,
HOPOJ?)KEHUIT BEKTOpPaMu V1, Vg, ..., Up_1 € IHBAPIaHTHUM BIJIHOCHO A.

]

IMpukman 10.5. JTas mampuys A ma B 3 Mat, ., (C) cnpasedauea pis-

nicmv A = B2 = I, ﬂoee&zmb wo 6 C" ichye 0dno- abo dsosumiprud
nidnpocmip, tneapianmuud sidnocno A ma B odnouacro.

Hosederna. CrnodyarkKy BapTO 3ayBarKUTH, 110 OOMJIBI MaTpPUIl MAaIOTh

aryoodrit Miorodsen 22 — 1, sixuii ne Mae kparnunx Kopenis. Kopemnsyu
IILOI'0 MHOTOYJICHA, € TUCIIA +1. Orxe, maTpuni A Ta B aiaronanizosmi,
KpIM TOrO, E€IMHUMU HEHYJIbOBHMH BJACHUMHU MiIIPOCTOPAMH [UX Ma-
Tpuilh MOXKYyTh GyTn Jmie nianpocropu V (1, A), V(—1,A), V(1, B) ta
V (-1, B). Haui, 3 1iaronaizoBHOCTI MATPHUIhL OJpa3y BUILIKBAE, [0

K'=V(1,A)eV(-1,4), K"=V(,B)®V(-1,B).

Hexait m, mosHadae MakCHMyM cepeji PO3MIpHOCTeH BJIACHUX ITiIIPO-
CTOPIB V(l A) Ta V( 1,A), a my no3HaYaE MAKCUMyM Cepeji pO3Mip-
HOCTEH T NIpOCTOPiB V(l B) ra V(—1, B). dkmo my + my > n, To-
Al BIANOBIAHI MIANPOCTOPU MAKCHMAJIBHUX POSMIPHOCTEH NepeTHHAIOTD-
cd 1 MU JIETKO MOXXEMO 3HA#WTH B I[bOMY MEPETHHI OJHOBUMIPHUH TIijI-
npoctip, inpapianthuit Bignocno A ra B oanouacHo. OTiKe, IPUILyCTUMO,
o My + Mg < . 3BlACK BUIIMBAE, 1O N — NAPHE, & PO3MIPHOCTI yCix
BJIACHUX MINPOCTOPIB JIOPIBHIOIOTE 1/ 2.

Posriisiremo marpuni AB ta BA. 3a yMoB 3aj1a4l BUKOHYETHCST PiB-
nicts (AB)(BA) = AB?A = AEA = A? = E. Ananoriuno (BA)(AB) =
E. Orxe, (AB) (BA) = (BA) (AB). 3rinno 3 npukiajgoMm 3.8 icHye
BekTOp v # 0, 110 € BaacHUM oJHOuYacHO 10 Marpullb AB ta BA. Pos-
TJISTHEMO Hi,zmpOCTlp U, nopomxenuit Bekropamu v, Av Ta Bv. Ockiabku
A(Av) = A*v = Ev = v, A(Bv) = (AB)v = M, B(Bv) = v ma
B(A)v = Nv, nignpocrip U inBapianTuuii Bi,ZLHOCHO A rta B. dkmo Bin
Ma€ PO3MIPHICTH MEHIIY 3a 3, IOBEJACHHs 3aKiH4IeHO. AKIo Hi, TOAl Horo
PO3MIPHICTH piBHA 3, 10 € HemapHUM 4ducaoMm. OTKe, 3riJIHO 3 MEpIIolo
YaCTUHOIO JioBejieHHsT U MICTUTh OJIHOBUMIpPHMI TiANpPOCTIp, iHBapiaHT-
nuit Bijiocno A ra B oanodacho.
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10.6 3agadi ajiss caMOCTiiiHOTO pO3B’si3aHHSI

Baga4a 10.1. 3naiidimos yci nidnpocmopu, w0 iHeapiaHmHi 610HOCHO
MAMPULD

2 2 1 21 1 2 11 %%%%
01 2 |, [121 022), |43

Bagada 10.2. 3wuatidimos yci ineapianmmi nidnpocmopu oas Ji(N).
3ama4a 10.3. ﬂoeedzmb wo C" ne moorcna Po3KAGCIU 6 NPAMY CY-

My nidnpocmopie, ineapianmuur do mampuyi A, axwo A mae eduny
IHEAPLAHIHY NDAMY.
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11 ®ysKOil Big MaTpuiib

11.1 TeoperuyHi BimoMOCTi

2Koppanosa HopMaJsbHa (popMa MaTPHIlL Ta€ TyKe CUIbHE TeXHITHe 3Ha-
psijst st obumciienHs GyHKIINR Big Mmarpuni. PyHKIis Big mMaTpuil
BU3HAYAETHCS Jly2Ke NPOCTO: CIOYATKY OYEBMJHMM YMHOM BU3HAUAETH-
CsL MHOTO'WIEH BlJl MaTpuIi, JaJl yuKIis PO3KJIAJA€ThCH B PsijL TeMﬂopa
(pOSFJIH,Z];aIOTbCH TIIbKE Taki QYHKIIT), micast 9oro (byHKIE Big Ma-
TPUI BBAXKAETHCSI TPAHUIST YACTKOBUX cyM psity Teiisiopa (ski € MHOTO-
WICHAMH ), SKIIO TaKa ICHy€e B TOMOJOrT TOKOOprHATHOT 301k HOCTI. [litst
npocrorr My BBaxkarumemo K = C.

Ocnosna siactubicts 2K.H.®. crocoBro obuunciiennst pyHKIii Biji Ma-
TPHUIb ONKUCAHA B HACTYIIHIII Teopemi:

Teopema 11.1. Hexati A € Mat,«,(C) ma f(x) maxa $pynruyis, dan
axoi icnye f(A). Todi

1. /s dosiavhoi obopomnoi mampuyi S 8UKOHYEMBCA PIGHICMD

f(SAS™) = Sf(A)S™

2. Hxwo A = Ji(N\), modi

[y L0 00 )

i 2r o k=1

T

JEGA =10 0 yoy ... —JE:_—?)):E,)A!)
o o o .. IO

Lo o0 o0 .. f%!A) )

3 HaBeIeHOl BUIIE TEOPEMH JIEMKO BUILIMBAE AJTOPUTM 3HAXOIXKEHHST
hyHKII#H BiJ JOBIIBHUX MaTpPUIlb, 110 OyJe HaBeJeHUI HUXKIe:

11.2 OcHoBHI TN 3aJa4

Tax camo, K 1 B monepenii YacTUHi, MOYKHA, BUALIUTH OIWH PUPOIHHUI
il 3aa4 3 niel remarukn: ObumciuTy 3agany GyHKIO [ Bijg 3a1aHOT
maTpuil A.
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11.3 AxaropurMu po3B’si3aHHS OCHOBHUX THIIB 33124

AaropurMm 11.1. Obuucaenna sadanoi ynxuii f 610 3adarnoi mampuui
Hutst Toro, mob obumcanTy 3ajany (GpyHKIio f Bl 3a/JaHOT MATPHI
A, HeoOXiIHO:

e 3pectu marpuiio A go 2K.H.®. B ta 3naiitu MaTpuIfio nepexony S
(BUKOPHCTOBYIOUH, HATPUKJIAJ], AJrOPUTM 5.3).

e O6unciuru f(B), BAKOPUCTOBYIOUN (HOPMYJIY 3 JPYTOl YACTHUHHU Te-
opemu 11.1.

e O6unciutu f(A) 3a dopmymnoo f(A) = Sf(B)S™L.

11.4 Ilpuknaau
IMpukaam 11.1. Ob6uucaime exp(A), de

A:(% ﬁ)

osedenna. Bukopucraemo aaroputm 11.1. Crnepury Ham Tpeda 3BeCTH

sagany marpuiio A po 2K .H.®. O6uncinioeMo xapakTepucTUIHni MHO-
TrOYJIeH:

Xﬂmzda(lgk4EA):@—Axm—m—4:A%%»:AQ—5)

Maewmo mBa Biracui gncia: Ay = 0 ta Ay = 5, obuasa xkparrocti 1. O1xe,
A H.®. marpuni A MaTrMme BUTJIS;

5=(05)

SHaX0IUMO BJIACHUI BEKTOpP 3 BAaCHUM ducjaoMm (:

A:(%Z)H(12y

Bubupaemo T BLJIBHOIO 3MiHHOIO:

T, = —ZIQ T . —2
To = XT9 ’ To ) 1 L2-

Orxe, MOYKHA BHOpATH
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3HaX0/IMMO BJIACHWH BEKTOP 3 BJACHUM THCJIOM D:
A-sE=(7 )= (-21).

Bubupaemo 1 BLJIBHOIO 3MIHHOIO:

Orxke, MOYKHA BHOpaTH

w= (1)

Matpuiist mepexojy MaTuMe BUTJISIT:
—2 1
Jiist obumciiens HaM e Oyje norpibna marpuig S L
-2 1 1 2|01
(2|0 D) ey (L 7|9 ¢)@+2:m-

D3t (6 5] s o5)

W+ 2 (§ 9] 20 58 )

OTr:xe,

1_ ( —2/5 1/5
5 —( 1/5 2/5)'
Cnouatky obuuncioemo exp(B):

oot =esn (§4) =

Tenep mMoxkna suaiiTu 1 exp(A):

1 0
0 65)'

et =5(§ 5)s = (P E)(5 3 (4 -
() (30 4 - (s )
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IMpukman 11.2. O6uyucaime exp(A), de

21 1
A=|(12 -1 ].
00 1

osederna. Bukopucraemo aaroputm 11.1. Crnepuiy Ham Tpeda 3BeCTH

sagany marpuiio A go 2K.H.®. Ob6unciioeMo XapaKTepUCTHIHANR MHO-
I'OYJIeH:

2—X 1 1
xa(A) = det 1 2—X\ -1 =
0 0 1-—X

=(2=N2-A)=1(1=X) = (N =4r+3)(1-X) = =(A=1)*(A=3).

Maemo jgBa ByiacHl uncia: Ay = 1 kparHocTi 2 Ta Ay = 3 KparHocTi 1.
st Busnadenns tuny 2K.H.®. norpibno suaittn gedext marpumi A— F:

11 1
A-FE={111 -1 |.
00 O

OueBnIHO, IO PAHT II€] MATPUI JOPIBHIOE 2, TOOTO 11 AedeKT JOPIBHIOE
3—2=1. Orxe, 2K.LH.®. B marpuni A marnve BUTIISII:

300
B=(011]|.
001

SHaAXOIMMO BJIACHUI BEKTOP 3 BJIACHUM YUCJIOM 3:

-1 1 1
A—-3E = 1 -1 -1 ].
0o 0 -2

Posp’s130k 1i€l ognopignol C.JI.P. jierko Brajgyernbesi, HalpuKJIa,

—(})

3HaX0/IMMO BJIACHWH BEKTOP 3 BJIACHUM THCJIOM 1:

11 1
A—-1E=( 11 -1 |.
00 O

Posp’s130k 1iel ogunopignol C.JI.P. TakoxK J1erko Bragyernhest, HAIPUKJIAI,

()
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3HaxoMMo ocTanHii OasucHuit BekTop vy. st mboro po3s’sizyemo Ta-

Ky neognopigny C.JI.P.:
11 1
11 -1 .
00 0

Po3B’a30K 11i€1 cucreMu TexK AyKEe NPOCTO BraJaTh, HAIIPUKJIIA,
) )

()

OT}KG, MaTpHULsA MIEPEXOY MaTUME BUIJIAL:

1 1 0
S=11-10].
0 0 1

Tlns obumciaens HaM e 6ye notpibua MaTpurg S L

1
—1
0

11 0[100
1 —1 0[]0 10 |{[2+(=1)=[1]}
L oo o R+ (=)« 1}
1 1. 0] 1 00 110/ 1 0 0
—(0—=20[-110)—=(010]1/2 -1/20
00 1| 0 01 001 0 0 1
(1)081/21/20
1]+ (1) * [2]} — 1 1/2 —1/2 0 |.
{[1]+ (=1) = [21} 0016 O/1

Orxe,

Crouarky obuucioemo exp(B):

128) (50
exp(B) = ex =1 0 e e |].
p(B) pl 01 0 ce
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Haranaemo, mo (expz)’ = exp x. Tenep moxkna suaiitu i exp(A):

(A) = Sexp(B)S'=5 0 0 St % 11 8
exX = ex = e e — — .
b b 00 e 0 0 1

<e300><1/2 1/2 0) <e3 e e)
| 0 e e 1/2 =1/2 0 )| = &3 —e —e
0 0 e 0 0 1 0 0 e
(1 25 3)- (B3 £33 =)
S E N (e —06)/ (e +0€)/ e

Mpukaan 11.3. O6wucaims A0 de

a=(%3).

Tosedenna. 3sopnmo marpuiio A o 2K.H.®. Obunciaioemo xapakrepu-
CTUYHUIT MHOT'OYJIEH:

XA(A):det(:g‘ 53/\>:—>\(5—)\)+6:)\2—5>\+6:(A—2)(>\—3).

Maewmo jgBa Biachi ancia Ay = 2 ta A9 = 3, obuasa kparnocti 1. Orxe,
AKH.O. marpuni A marvme Burjsi;

5-(39)
3HAXOUMO BJIACHUI BEKTOP 3 BJACHUM IHCIOM 2:
A—2E:(:§ %)HU ~1).
BubupaeMo To BIILHOIO 3MIHHOIO:
Tl = To9 r1\ _ (1
in=n (B)=(1)=

Omxe, MOYKHA BUOpaATH
(1)
V1 — 1 .

BHAXOIUMO BJIACHUI BEKTOP 3 BJIACHUM UHCIOM 3:
A—BE:(:g %) —~(—=3/2 1),

117



Bubupaemo 1 BLJIBHOIO 3MIHHOO:

Orxe, MOYKHA BHOpATH

w=(3),

Matpuiist mepexoly MaTume BUTJISIL:
1 2
Jist obumciiens HaM e Oyje norpibna marpuig S L

(%g‘é ?)Hﬂ+&—U*UﬁFﬁ(é%)_} 0

Orxe,

Crnouarky obuncioemo B0
BlOO B 2 0 100 B 2100 0
_ 0 3 - 0 3100 .
Tenep moxxua 3uaiitu i A
100 2100 1 (1 2 2100 3 =2\ _
A _S(o ym)s _(13)<0 3100 (4-1)_
B ( 2100 2. 3100 ) 3 -2 B
=\ 910 g101 ( 1 1 ) =

3. 2100 —92. 3100 _2101 1+ 2. 3100
( 3. 2100 _ 3101 _9l01 i 3101 )

Ipuknan 11.4. O6uucaims sin A, de
m—1 1
AZ(-& w+1)
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Mosedenna. 3soaumo marpuiio A o 2K.H.®. Obunciioemo xapakrepu-
CTUYHUIT MHOI'OYJICH:

—1- 1
XMMZd%<W_4 W+1—A):Q_Wﬂ

MaeMmo BiacHe ancyio Ay = m kKparnocti 2. OueBugHO, M0 MaTpuis A —
mFE nenyanosa. Omke, 2.H.®. marpuii A maTume BUTJISI;

T 1
BHaXOﬂHMO BJIaACHU BGKTOp 3 BJIaCHUM YUCJIOM TT.
-1 1
A—WE:(_ll)H(1—1y

Bubupaemo o BLJIbHOIO 3MIHHOO:

Ty T2 r1\ _ (1
) To ) o 1 x2-
Orke, MOXKHa BUOpaTH
1
V1 = ( 1 > .
SHaAXOIUMO BEKTOD Vs:
-1 1] 1
(11| 1)—C-1111)

Bubupaemo 1 BLJIBHOIO 3MiHHOIO:

I I X . 0 1
{IQ 1+ 1> (xé)_<1)+(1>x2'

Orxe, MOYKHA BUOpaTH
=(1)
Vo = 1 .

MaTpuig nepexomay MaTMe BUTJIAT:

s=(19).

Jist obumciienb HaM e Oyje norpibna marpuig S

(11]01) @+ (51| 1 1)
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Orxe,
st=(4 1)

Cnouatky obuncmioemo sin B (maragaemo, mo sin’ z = cos z):

sinB:sin(g 71T>:(8 _01)

Tenep Moxkna 3HaiiTu 1 sin A:

exp(4)=5(9 o )5 = (1

11.5 3amadi TeopeTUIHOro XapaKTepy

Ipukimaan 11.5. 3natidime eusnaunur mampuuyi exp(A).

Hosedennsa. Hexait B nosnadae 2K.H.@. marpumi A, a A, 1 <@ < n
O3HAYAIOTH BJIACHI qncta marpuii A 3 yPaxyBaHHAM KPATHOCTI. 3Po-

3yMiJio, o det A = H A; ta det exp(A H exp(A;). 3Bigcu det exp(A) =

=1
n

eXp(Z Ai). Ajte cyma BCiX BIaCHUX 9HCes MaTpuili A JIOPIBHIOE CJIiLy
i=1

s(A) marpuni A, To6To cymi 11 giaronaabHux eaementis. OTxe, poOUMO

BUCHOBOK, 1110 det exp(A) = exp(s(A)). O

ITpuknam 11.6. Josedimv mampuuny mpuzoHOMeMPUYHY MomoHcHICMD
sin 24 = 2sin A cos A.

Hosederna. TBepuzkeHHs 11€T 3a4a41 JIeT'KO BUILIMBAE 3 HACTYITHOT'O OLIbIII
3araJibHOTO 3ayBaxkeHHst: Ao s marpuri A Busnaueno Gyukiii f(z)
ta g(x), To mas A Busnaseno dyukuio h(z) = f(x)g(x), npuaomy
B(A) = F(A)g(A)

Jlerko 3posymitu, 1o 3rizino 3 Teopemoio 11.1 cdhopmysiboBaHe TBep-
JoKeHHst jlocuTh jlosect st kiituan 2Koppana Ji(A). Bukopucrasiim
dopmyJly 3 Apyroi yacTUHU TEOPEMU Jijisd JIIBOI Ta NPABOI 4aCTUH PiB-
nocti h(A) = f(A)g(A) Ta npupisBHaBmd BiAnoBiAHI KOedIiEHTH KX
MaTpHUIlb, MU OTPUMAEMO Bijtomy opmysty JleiiOnina obuuncienns moxiji-
HOT JIOOYTKY:

DalzN® I FE) () gk (o
(f( )i(! ) :Zf .()g _;i)?-

Orxke, HeoOxiHe TBEPIXKEHHSI BUILJINBAE 3 IpaBuia JleitOnima. [

120



11.6 3agadi ajiss caMOCTiiHOTO pO3B’si3aHHSI

Samgadua 11.1.

Samgaua 11.2.

Samaua 11.3.

Samgadua 11.4.

Samada 11.5.

Samgaua 11.6.

Sama4ua 11.7.

Samgada 11.8.

Samadua 11.9.

O6wucaims exp(A), de
21

O6ywucaimo exp(A), de

Obwucaimy A333, de

a=(371).

O6uucaims A*, de
2 1
Obwucaimy AYY, de
1+ 1
A= ( 1 1+ > -
Obwucaims VA, de

1-(33)

O6uucaims In A, de

4 —15 6
A= 1 -4 2 |.
1 -5 3

O6wucaimy exp(A

~—
(8
aQ
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Bamada 11.10. Mampuyi A ma B nodiowi, npuvomy B = T AT daa
dearoi mesupodocernoi mampuui T. Bidomo, wo f(A) icnye. Hdosedimo,

wo f(B) icnye ma f(B) =T 1f(A)T

Bagaga 11.11. Josedimo, wo mampuus exp(A) icnye das dosiavrol
mampuyi A. Kpim mozo, dosedimv, wo mampuus exp(A) szasorcdu e
HEBUPOOIHCEHOT0.

Bamaua 11.12. Bidomo, wo f(A) ma g(A) icnyroms ma h(z) = f(z)+
g(x). Hosedimon, wo h(A) icnye ma h(A) = f(A) + g(A).

Bagaua 11.13. Jlosedimov, wo dynruiro f(x) = 1/x moocna paxysamu
610 Yciz HesUPodAHCEnUT MAMPUYDL, 1, kpim mozo, f(A) = AL,

Bagaga 11.14. Hexal dynxyis f(T) 6usnauena na MHONCUNT 6AGCHUT
yucea mampuyi A (cnekmp mampuui). Hpunycmumo WO ICHYE MHO20-
YNCH, SHAYEHHA AK020 HA 3200YBAHOMY CNEKMPL 3012a10MbCA 31 3HAYEH-
namu pynxyii f. Jocedimo, wo makur mrozouaenic neckinuenno baza-
mo, KpiM mozo, ceped HULT € 00un Ma MIALKY 00U, Wo MAE CMENIND,
MEHULY 34 CMENTHD MIHIMAADHO020 MHO20UAEHG Mampuui A (yeld mHozo-
YNeH HAZUBAEMDCA THMEPNOAAULTHUM MHo20YAeHOM Jlazpanorca - Ciab-

secmpa pynruii f(x)).

Banaua 11.15. Hexati ¢ynruin f(x) mae cenc npu v = A. Hosedimo,
wo susnavwnur mampuyi f(A) sadososvhae pisnicmo

det f(A) = fF(M)f(A2) ... F( ),

de {\;} — saacni wucaa A 3 yparysannam Kpammocmi.

122



JlitepaTypa
[1] Coopruk 3amau o anredpe Ilog pen. AWM. Kocrpukuna.- M., 1987,

|2] Kocrpukun A.U., Beegenue B anrebpy.- M., 1977,

[3] MIpockypsikos N.B., Cbopuuk samaq 1o Juueiinoit asredbpe.- M.,
1978.

[4] @annees K., Comwmnuckuit W.C., COopHuK 3a1ad 1O BBICIIeEi
aJsirebpe.- M., 1977.

123



