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Tnasa 10. JUHEVMHBI METO/JI HAUMEHBIIINX KBAJIPATOB

10.1. CuHryasipHble 4ucja U CUHTYJSIDHbIE 0a3MChl MaTPUIbI

IMycrs A — maTpuna pasmepa m X n. Kak uzBecTHO, OHA TOPOXKIAET JIMHENHBIN oneparop © — Az, neficTByoommit
u3 C* 8 C™.

Omneparop y — A*y, nopoxgaembrii conpsizkennoit Kk A marpuneit A*, neiicrsyer uz C™ B C".

Paccmorpum marpuupt Ipava P =G4 = A*Au Q = Ga» = (A*)*A* = AA*. Kak u3BeCTHO, OHM 3PMUTOBBI U
HEOTPUIIATENIEHO OMPEIESIEHbI.

IIycTh A, ..., A, — cobcrBennbte uncaa marpumst P, oD . (") — coorBeTcTByIOmue MM OpTOHOPMUPOBAHHbIE
cobcTBeHHbIE BeKTOPHI B TpocTpaHcTBe C". PaccmorpuMm cBoiicTBa 06pa3oB 3Tux BekTOpoB B C™.

Teopema. 1. Bexropsr Av(® u Av(¥) oproronamsuer mpu i # j.

2. Ec A\; = 0, To Av() = 6,,.

3. Henynesoe cobcrBentoe uucio marpunst P (A; > 0), siBiasieTcst Tak»Ke COOCTBEHHBIM YUCIOM MATPULBL (), a
Av — cooTBercTBYIOMMIT €My COGCTBEHHBIA BEKTOP ITOM MATPHIIBL.

JokasarenscTro. O6o3naunm hlH) = Av(d.

(R hDYy = (A | AvDy = (A* AvD (D) =
= (Pv® o)) = \; (v o). (10.1.1)

Tomaras B (10.1.1) i # j, mony9aem mOKa3aTENBLCTBO yTBEpKAeHUs (1).

Ilomaras tam ke ¢ = j, moJIydaem . .
IR = Millv@ 1> = Aa. (10.1.2)

Crnenosaremsro, mpu A; =0 ||h(D]|? = 0, re. A) = 0,,. Toxazano yreepxaenue (2).
Hanee . . ' .
QLY = (AA*)(AvD) = A(A*A)oD = A(Pv) =

= AN\ ®) = \(Av@D) = A\n0. (10.1.3)
13 (10.1.2) cremyer yreepxaenne (3) (mpu A; # 0 A £6,,).

IMomensiB mectamu maTpuibl P v () ¥ IOBTOPUB I0KA3ATEIHCTBO, TTOJLY YAM

Crencreue. Henysesnle cobcTBeHHBIE uncia MaTpul P u () monapHO COBIAIAOT.

B nasnbreiimmem OyaemM cauTaTh, 9TO 7 — 00IIEe KOJTUYECTBO HEHYJIEBBIX COOCTBEHHBIX YUCESI ITUX MaTpwull . Toraa
KPATHOCTH HYJIEBOTO COOCTBEHHOTO 4ncjia y Marpul; P u () OyayT COOTBETCTBEHHO PABHBI 7 — 1 ¥ M — 1. IIpu pasHbIx
nopsizikax MaTpuil y "Menbineit'" MoxkeT BOOOIIE HE ObITh HYJIEBBIX COOCTBEHHBIX YUCEJI.

YuopsimouuM Tenephb NOJ0XKUATEIbHBIE COOCTBEHHBIE YUC/Ia O YOBIBAHUIO

AM>A > > >0

Beenem Bexkroper ul?),  j=1,...,m:

. 1 . :
Tpuj <r u) = —=h9 (8 cuny (10.1.2) [[uP|| = 1.)
J

Opu 7 > j <m u) — opronopMupoBaHHbe COGCTBEHHBIE BEKTOPHI MATPHUILBI (), COOTBETCTBYIOIIHE HYJIEBOMY
COOCTBEHHOMY YHCJIY.

U3 dopmynsr (10.1.1) BuAHO, YTO BEKTOPHI ul@, j =1,...,m 00pa3yoT OPTOHOPMUPOBAHHBINA COOCTBEHHBI
6a3uc marpunbt (). Janee, no noCTpoOeHUIO
Av() = /,\ju(j) (j <r); (10.1.4)
Ao =, (r<j<mn). "
Ananoruaso , _
A*um(j) = 0, (r<j<m). o

Onpenenenne. KBaaparubie KOpHU U3 O0IIMX HEHYJIEBBIX COOCTBEHHBIX ymcesa mMarpun, P = A*A u Q = AA*
(oj = \/)\_J , § = 1,...,r) naswearomces cunyasproimy wucaamy Marpunsl A . OpTOHOPMUPOBaHHBIE GA3UCHI, CO-
crosimue u3 cobCTBeHHbIX BeKTOpOB Marpuubl P (B mpocrpancrse C*) u u3 coOCTBEHHBIX BEKTOPOB Marpuupbl () (B
upocrpancrBe C™) HA3BIBAIOTCH CUHYAAPHOMUY basucamy MATPUIBL A (COOTBETCTBEHHO NPAGHIM U AEEBIM).
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CBezieM BEKTODBI CUHTYJISPHBIX 0a3MCOB B YHUTAPHBIE MATPUIIBI

U=[ub,. u™uav=[pY. o™

Teopema.
Yrxr @rx(nfr)
N=U AV = | , (10.1.6)
©(m—r)><r (O)(m—r)x(n—r)
rae Ypxpr = diagloi,...,0r], a O - nyseBble Mmarpuubl. Pa3zmepsr Marpun 0603HAYEHbI B BUIE HHAEKCOB.

Hoxazarenncrso. 13 (10.1.4) nveem

AV = Ao, o™ oD ] = (40D A0 A 4™ =

= [alu(l), o™ b, ,0m].
———
(n—r)
ITosromy
U*AV = U* -[o1uV, ..., 00u b, ..., 0] =
~————
(n—r)
= [u(l), o u™ Y ,u(m)]* . [alu(l), RGN N 0] = X
———

(n—r)

PagenctBo U* AV = ¥ moxuOo nepermcars B Buge A = UXV*. Takoe mpecTaBieHne MaTPUIILI HA3BIBAETCS €€
CUHYAADHBIM PASAOHCEHUEM.

CepnesHoe npenynpexkaerre. CHHTYISIPHOE PA3JIOKEHE MATPUIIBI HECKOJIHKO HATIOMIHAET CIIEKTPAJIHHOE Pa3-
JIOyKeHUe 5pMUTOBO#N Marpuipl. OTHAKO B 00IIEM CJIyYae MPABbIi U JIEBbIH CUHTYJISIPHBIE 0A3KUCHI HE COBHAIAOT. Jlaxke
€CJI MATPUIE, SPMUTOBA, MOXKHO yTBEPKIATH JIAIIb, YTO €€ CUHTYJISPHBIE YUCIa PABHBI MOJYAAM HEHYJIEBBIX COO-
CTBEHHBIX 4ncest. TOIBKO 71 HEOTPUIATEIHHO ONPENeIeHHBIX SPMATOBBIX MATPHUI] CHHTYJISIPHBIE YHC/IA COBHOAIAIOT C
HEHYJIEBbIMH COOCTBEHHBIMU YHMCIAMM, TIPABBIN 1 JIEBBIY CUHTYJISIPHBIE 6A3UCHI OJMHAKOBBI M COBIIAAAIOT C COOCTBEHHBIM
6a31COM MATPULIBI.

ITpumep.
11 2 2 0
A= 1 1,A*=i}_i,A*A=E’ ;] Ad =2 2 ol;
1 -1 001
det(A*A—X) =X —6A+8 A\ =4, \o=2.
1 1
01 = \//\_1: 2, o2=VA= \/§; v® = 75[131]Ta v® = %[la_l]T'

JIBa cOOCTBEHHBIX YuCIa MATpUlbl AA* COBIAAAIOT C HEHYJIEBBIMU COOCTBEHHBIMU YucIaMu Marpunbl A*A; a
TpeTbe 00s3aHO ObITH HYyJIEM.

MT&K,M1=A1=4, 'LL2=A2=2, /,L3=0

CobcTBeHHbIE BEKTOPBI MaTpulbl AA*| COOTBETCTBYIOIIME €6 HEHYJIEBBIM COOCTBEHHBIM YHCIAM, HAWAEM MO
dopmyne (10.1.4):
u® = Lapm = L g o= gy = Ly o g,
g1 \/§ (2] \/§

Tperuit cOOCTBEHHBIN BEKTOD HaiiAeM U3 COOTBETCTBYIOIIEH OJHOPOIHON CUCTEMBI U YCIOBUS HOPMHUPOBKM:

Az =0 \ ||zl =1 <= u® -1,0]".

y_ L
_\/5[17
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CBenem cobGCTBEHHBIE BEKTOPHI B MATPHIIBI

1, L
1 1 V2 V2
Vx/ix/iUl .
11 vz ' v
V2 V2

01 0

1 4 L
1 1 9 2
1 1| =1 o —L|.-]o v2|-
1 -1 V2 v2| o o |L _L
V2 V2
0

10.2. IlceBaoperiienne cucTeMbl JUHEHHBIX aJaredopamdeckKmx
ypaBHeHmii. MeTon HaMMeHBIITNX KBa/IPaTOB

Paccmorpum cucremy ypaBHeHuit
Az =10 (10.1)

¢ marpureii A pasmepa m X n, cronbuoMm cBobomHbIX 4neHoB b € C™ u nepemenubiM BekTOopoM x € C™.
HazoBem sexmopom nesasor cucremsr (10.2.1) BekTOp

d(z) =b— Ax.

Torma, ouesnzno, pemenuem cuctembr (10.2.1) 6yzer taxoit Bextop (%) € C*, uro d(z(?)) = 4,,,.

IIpu pemeHnn COAEPKATETHHBIX MPUKJIITHBIX 3389 YACTO BCTPEYAIOTCS CATYAIMH, B KOTOPBIX CHCTEMA JIM-
HEMHBIX ypaBHEHWI HECOBMECTHA, XOTs 1m0 "dusmyeckoMmy cMmbiciy'pernenue H0/KHO CymecTBOBaTh. OQObsICHSIETCS
9TO, KaK MPABUJIO, T€M, 9TO K03 UIHUEHTH 1 CBOOOJHBIE YIEHBI CHCTEMBI, ITOJyY€HHbIE U3 HKCIEPUMEHTA, COIEPIKAT
[IOrPEITHOCTH.

B Takux cuTyainusix pasyMHO BHIOMpATH mepeMeHHbIi BekTop B cucreme (10.2.1) Tak, 4To0BI HOPMa HEBSI3KH,
KOTOPYIO MBI HE MOXKEM CZeJIaTh PABHOMN HYJII0, OKA3aJ1aCh Obl MUHUMAJIBLHO BO3MOXKHOM.

Onpegenenue. IlceBnoperienremM CUCTEMBI JUHEHHBIX anrebpandeckux ypasuenuii (10.2.1) HasbiBaercsi Takoit
BekTop T € C", uro ||d(Z)|| < ||d(z)|| anst Bcex € C, T.e. BEKTOpP, MUHUMM3UPYIOUINI €6K4u006Y HOPMY HEBSI3KM.

OTwmernwm, 9TO B CITyHae COBMECTHOI CHCTEMBI ee TiceBiopernenue ¥ cosmaaer ¢ permennem z(0) | tax xax d(z(?)) =
B, m, cnenoBazensuo, 0 = [|d(z(9)|| < ||d(x)|| ars Beex x € CP.
Ha BOIpOC O CyIIeCTBOBAHWY TICEBIOPEIIEHUs TAET OTBET CIeIyI0mast

Teopewma. Besikast cucrema jimHeHbIX aireOpanvdecKux ypPaBHEHUN MMEET IICEBIOPEIIEHNE.

Hoxazarenscrso. Ilycre A = UXV* — cunrysnsipHoe pas3jiokeHne MaTPUIbl KOIDMUIMEHTOB CUCTEMbI (HANO-
muuM, 9T0 U u V' — yHUTApHBIE MATPUIIBI CUHTYJ/ISPHBIX 0a3UCOB — UMEIOT NOPSIZKHA 110 U 1 COOTBETCTBEHHO, a (M X n)-
marpuna ¥ umeer suj (10.1.6)).

Pazsioxkum BekTOp ¢BOGOHBIX 4ieHOB b 110 cunrysisippomy 6a3ucy B C™:

b=cu® + .. +epu™ wm b=Uec (10.2.2)
BekTop-niceBnoperenvie Z Oy1eM UCKATh B BUE PA3JIOKEHUsI 110 CUHTY IsipHOMY 6a3ucy B C":
F=awW+.. . +a,w™ wm F=Va, (10.2.3)

rjie @ — HOBbIM MCKOMBIN BEKTOD.
IMoxncrasus (10.2.2) u (10.2.3) B ypasuenue (10.2.1), moaydnm

AVa =Uc.
YumuOX)as 370 ypasHerne Ha U* = U~! cieBa u yunTsBas, urto U*AV = X, umeem:

Sa=c. (10.2.4)
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TTokaxkeM, uro HOpMBI HeBsA30K cucTeM (10.2.1) u (10.2.4) paBHBI, T.e. 33/ja9a CBEJACh K OTHICKAHUIO TICEBIODE-
menus cucremsl (10.2.4). HeficrurensHo, u3 (10.2.3) umeem a = V*ZT u, cremnoBarenbHo,

b—Az=Uc—-UXV*Z2=U " (c — Za).
Ho yMHOXKeHUe Ha YHUTAPHYIO MATDPUILYy COXPaHSeT HOPMY BEKTOpa, U
Ib—Az|| = |U - (¢ = Za)|| = [lc - Zal|.

Beoinummem moapobHO BEKTOP X
T
[o1a1,...,0000,0,...,0]
—

(m—r)

M KBaJpaT HOPMBI HEBSI3KM yisi cucreMbl (10.2.4)
lle=%a|? = |1 —oraa]® + ...+ |er — orar|* + |erp1|* + .o + || (10.2.5)

(mo-npexkHEMY, T — KOJTUYECTBO CHHTYJISPHBIX IHCEN).
U3 (10.2.5) BUmHO, 9TO MUHUMYM HOPMBI HEBSI3KHU JOCTUTACTCS TIPH

aj=—, j=1,...,r (10.2.6)

u paseH (|c,41]? + ...+ |cm|2)1/2. Teopema joKa3aHa.

Paccmorpum gacTHBbIE Coiydan.

1. r = n. Pasencra (10.2.6) 0mHO3HAYHO ONMPEIEJISIOT BCE KOMIOHEHTHI BeKTOpa . Ilo dopmyne (10.2.3)
nony4daeM ¥ = Vo — enuHCTBEHHOE TIceBopeienne cucreMbl (10.2.1).

2. r < n. U3 (10.2.6) onpeensitoTcsi TONBKO TIEPBBIE ' KOMIOHEHT BekTopa «. Omuako paccmorpenue (10.2.5)
MOKA3BIBAET, YTO OCTABINMECS KOMIOHEHTHI HE BJIMSIIOT HA BEJIMYUHY HEBSI3KM M MOTYT OBITh BBIOPAHBI TPOU3BOJIBHO.
B sTom ciayuae nceBmopertienvie e eduncmeento. Obbiuto TPUPABHUBAIOT TH KOMIIOHEHTBI HYJIFO W HA3BIBAIOT MOJIY-
YEHHOE TICEBJIOPEIEHUE HOPMAAbHLIM Ncesdopewenuem. HopMaabHOE MICEBIOPEITeHNe MMEET HAMMEHBIIYIO CPEI BCEX
NICEBIOPEMEeHn HOPMY.

3. r = m. B aTtom ciyuae sr000e miceBopelnenre 06eCIeYnBaeT HyJIEBYI0 HOPMY HEBSI3KU, T.€. SIBJISETCS PeIle-
HUEM B OOBIYHOM CMBICJIE ITOTO CJIOBA.

Cepnesnoe nmpenymnpexaenne. He cienyer mnyrars mnoHaTHs "mcepiopemenue'u "mpubmKkeHHOe —perie-
Hue'"cucTeMbl JTMHEHHBIX ajrebpandeckux ypasHeHui. O NMprONMIKEHHOM PEIIEHUH MOXXHO OBOPHUTH TOJIBKO B CIIY-
9ae COBMECTHOMH CHCTEMBI (BEKTOP MPUOJIMKEHHOIO PEIIeHNs] B KAKOM-TO CMBIC/IE OJIM30K K CYIIECTBYIOMEMY "TOYHO-
My "pewmenuio). Ho B 3TOM Ciiydae nceBmopeleHne COBIAJAET C PEIIEHUEM.

B omsmume ot perieHusi nceBOpEIIEHNE CYIIECTBYET W Y HECOBMECTHOW CHCTEMbI, KOTJa TOBOPUTH O NMPUOJIU-
2KEHHOM DeIeHnn OECMBICTIEHHO, TAK KaK PEIeHne OTCYTCTBYeT M IMPUOINKATHCS He K deMy!

[IceBmoperenne 9acTO HABBIBAKT PEWEHUEM N0 MEMOJY HAUMEHDWUT K8aIPAMOE. ITO NCTOPUIECKOE HABBAHIE
O0'bSICHSIETCS TEM, YTO MUHUMHU3UPYETCS KBA,IPAT €BKJIUI0BON HOPMbI HEBSI3KU, KOTOPBIM CBOAUTCS K CYMME KBAIPATOB
MO/IyJieil HEBSI30K BCEX YPABHEHUN CHUCTEMBI.

IMoyemy u3 BCEBO3MOXKHBIX Mep OJU30CTH BHIOpAHA MMEHHO e6KAuJ06a HOpMa?! A Wb MOTOMY, 9TO TAKON
BBIOOp TIPUBOIUT K MPOCTOMY AJITOPUTMY TOCTPOeHUs mceBnopernenus. Hukakux "Gosee riiybokux"obocHoBaumit y
9TOrO METOJA HET. 3aMETHM, YTO WHOTIA TONB3YIOTCS U JPYTUMUA HOPMAMU.

Sameuanue. [eomerpuyueckasi MHTEPIIPETALMS] TICEBIOPEIIEHNsT CUCTeMbI AX = b BeCbMa IIPOCTA: ITO TAKON BEK-
TOp T, KOTOPBIH Npu yMHOXKeHUM Ha MaTpuiy A mepexoaur B BekTop npocrpancrsa C™, "Ommwxkaiimuit"k BekTOpy b.
TIpu 3TOM paccTosiHre MEXKIy BEKTOPAMU ONpeessieTcs o Teopeme [Tudaropa.

IIpumep. Haiinem HOpMAIBHOE MICEBIOPEIIEHNE CUMTEMbI JIMHEHHBIX ypaBHEHUH
r1+22=1

1 +x0=2.
£B1—$3=3

njinu, B MAaTPUIHOM BHUIE,

11 1
11 [$1]= 2
1 —1| L*2 3
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CuHryJIsipHOE PA3JI0XKEHNE MATPUIIBI KOIPDUIIMEHTOB 3T cucTeMbl 66110 moyueHo B 1m.10.1. Vcnons3ys ero,
MIEPENUIIEM CACTEMY

1, L

v2 ﬁ20 7 I 1

4ol o vl V2 V2 [5”1]:2

V2 vzl o o] |L _1| ™ |3
V2 o V2

o 1 0

VuuOXuB paseHcTBO c1eBa Ha U* = U ™1, nomyuanm

Sl

> 01 [5 7 20 = %
V2 V2 2
0 \/i . . |::1:1:| = 3 NJIn \/5042 = 3 .
0 O 1 1 T2 Oas = _1
V2 V2 V2

N

S

U3 nmepBbIX ABYX ypaBHEHUI nMeeM
. Z1 = 2
) 3

HE
V2

Yuuoxus 06e wactu paserctsa Ha V = (V*) ™1, nonyunm HOpMasbHOE MCEBAOPENIeHe CHCTEMbI

S-Sk

9
_ 1
Tr=
_3
1
PaccMOTprM reoMeTpuyuecKyr0 MHTEPIPETALMIO ITOrO PUMEPA.
Ecm y = [y1,y2,y3]T — 06pa3 sexropa z = [r1,z2)T npu orobpaskennn y = AT, NOPOXKJIEHHOM MaTPHUUEIT

K03 DULUMEHTOB CUCTEMBI, TO Y1 = L1 + T2 = Y2, T-€. MHOXKECTBO 3HAYEHUIN ITOr0 OTOOPAKEHUSI €CTh ILJIOCKOCTH
y1 = y2 B R3. Toura ¢ xoopauratamu (1, 2, 3) — KOHeI| HAPABICHHOTO OTPE3Ka _b> B 9TOH NJIOCKOCTU HE JIEXKWUT, T.C.
CUCTEMa yPaBHEHWI He UMEEeT pelleHus . Bimxkaiiias K 3TOil TOYKe TOYKA, TUIOCKOCTHU €CTh 00pa3 IceBoperierust (CM.
3aMevaHue):

i
1o1] [ 3
Az= |1 1 = % (.10.1).
- 3
1 -1 -3
3
Ys
Y1 =192
Y2
R
b
Y

Puc.10.1



69

,0]7, a ero nopma ||d(Z)|| = %

N =

Bekrop neBsizku d(T) = [%,

10.3 IlceBmoobpaTHas marpuna. HopMmasibHbIe ypaBHeHUS

B npeapigymem nyrkTe 66110 TIOCTPOEHO TiceBaopemntenne cucrembr (10.2.1). 3anumem Hopmymbr ast Bbrauce-
HUSI [ICEBJOPEIeHust B Marpu4aHOil (popme. [list 3T0ro BBEAEM Marpuily

E;‘i_xr (O)rx(nfr)
St = ,
(O)(mfr)xr (D)(mfr)x(nfr)
rae E;"Xr = diag[all, RN U%], a O - mynesbie Mmarpunbl. Pazmepsl Marpui; 0003HAYEHBI B BUJIE UHIEKCOB.

Hetpynano y6enuTthest B Tom, ato (popmyast (10.2.6) u (10.2.7) MmoxHO TlepencaTh B Buae a = L1 ¢ (npojenafite
9TO MOJIe3HOe ymparkHenue). Torga HopMasbHOe TiceBmopenenue cucrembr (10.2.1) 3anmumercs B Buze

T=Va=VEte=VItU*.

Ecau marpuna koadgunmentor cucrembl A x6adpammas v 00pamumas, TO PEIIEHNE ITOW CUCTEMbI MOy YaeTCS,
KaK M3BECTHO, YMHOXKeHHeM CBOOOIHOTO WeHa CJIeBa Ha 00paTHyo Marpumy: £ = A~ 1h.

Hazosem marpurny AT = VITU* ncesdoobpammoti. Torna mncesnopernenue GyeT MOMy4aThCs YMHOXKEHUEM
cBOOOTHOTO HJIEHA CJIEBA HA TICEBIO0OPATHYIO MATPHUILY:

7 =A"b. (10.3.1)
Bameuanwe. Ecmu r = m = n, marpuma ¥, ogesnano, obpatuva u L1 = L1, Tlostomy
At =VStUr=ve iU~ = (UEV_I)_1 = (UEV*)_1 =AY
T.e. €CJIM MATPUI@A 00paTHUMa, TO ee ICEeBA000paTHAsI COBIAJAET C ee 00paTHOM. DTO COrIACyercsi C yTBEPKIEHUEM

(cm.1m.10.2), 9TO B 9TOM CJIy9ae TICeBIOPEIIEHNE eIUHCTBEHHO (T = N) U ABJSETCS PEIeHUEM CUCTEeMBI (1 = m).

Cepnesnoe npeaynpexaenne. @opmysia (10.3.1) ects He 6onee, yem ynobuas dpopma sanucu pesyivmama. Tak
JKe KaK JIJIsi HAXOXKJIEHUsI PEIIeHNs] CUCTEMBI He CJIeAYeT BBIYUCISITH OOPATHYIO MATPHUILY U MOJB30BATHCS 3aTeM (hop-
Mysoit ¢ = A7lb, aa HAXOXKIAEHUSA HOPMATILHOTO IICEBIOPENIeHNs He (JIEIyeT BLIYUCIATE HCeBI00OPATHYIO MATPHUILY
U TOJIb30BaTLCA 3aTeM dopmyoit T = ATb.

okazkem Temepb, uto A*AAT = A*.

Yorxr ®T><(n—7‘) Eq—!—xT (O)TX(m—T)
DXt = | =
(O)(m—r)xr @(m—r)x(n—r) @(n—r)xr (O)(n—r)x(m—r)
I, @rx(m—r)
(O)(m—r)xr ®(m—T)X(m—r)
Yrxr (O)rx(n—r) I, ©T><(m—7‘)
)TNt = | =¥

©(m—r)><T (O)(m—T)x(n—r) (O)(m—T)XT‘ (O)(m—r)x(m—r)

ITosTomy
A*AAT = (UZVH* - (USV*) - (VETU*) =

=V (UrD)S(V*V)STU* =V - (2*581) . U* = VE*U* = 4*.
VYwmuoxus Tenepsb 06e yactu (10.3.1) ciea Ha A* A, mosydum
A*AT = (A*AAT)b = A*D.
Orcona wouemes cleaamsd 6bi600, 910 HOpMasvHoe neesdopewenue cucrembr (10.2.1) Gyaer peweruem CUCTEMbI

(A*A)z = A*D, (10.3.2)
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nosydasommeiica u3 (10.2.1) ymuOXKeHneMm obenx dacreil ciesa ua marpury A*. Ypasuenus (10.3.2) nHasbiBaioTcss Hop-
MAADHOMY YDABHEHUAMU METOIA HAMMEHBIINX KBAIPATOB.

CepbesHoe npeaynpexaenne. Bo3HUKaeT BOMPOC: JJist 9€ro e ObLIO MyYUThCsI CTOJIBKO BPEMEHHU, BBOJIUTH HO-
Bbie oHsiTUsi "cunryssipHoe " pazoxkenue u "ncesnopernenue"? He mporie /v mOCTPOUTH CUCTEMY HOPMAJIbHBIX YPaB-
HEHWi U penmTh ee?

Oka3bIBaeTCst, BCE HE TaK MPOCTO.

Bo-nepBbIX, HUKTO HE TaPaHTUPYET HaM HEBLIPOXKAeHHOCTH MaTpulbl G4 = A* A, (kOTOpasi pABHOCUIIbHA, KAK
U3BECTHO, JIMHENRHO He3aBucuMOCTH CToONoB Marpunpbl A). Eciu marpuna I'pama okarkercs: BBIPOXKIEHHOI, TO HAM
BCE PABHO NPUJIETCs UCKATD IICEBIOpelIeHne, Ho yxe cucrembl (10.3.2)!

Bo-Bropsix, eciiu gaxe marpuna cucremsr (10.3.2) He BBIPOXK/IEHA, TO IIPU MEPEXOE K HOPMAJIbHBIM YPABHEHUAM
PE3KO BO3PACTAIOT BBIYUCIUTENbHBIE TPYAHOCTH (CM. rmaBy 13).

ITo3TOMY MBI HACTOSITEIEHO PEKOMEHIIYEM HE NO0Ab308AMNbCA HOPMAALHULMUY Ypashenusmy (Tem Bomee, 9TO Iuc-
JIEHHO YCTOMYUBbBIE AJITOPUTMBbI CUHIYJISIPHOI'O PA3JIOKEHUSI U IOCTPOEHUSI HOPMAJIBLHOIO [ICEBJOPEIIEeHNUS] PeATN30BAHbI
U B CPeJax KOHEYHOrO II0JIb30BaTeis u B bubinorekax Poprpana).

Sameuanus. 1. Ormerum onuH Cry4ail, KOrga BCe-TAKU MOXKHO IIEPEXOIUTh K HOPMAJIbHBIM ypaBHeHusM. Ecin
CTOJIOIBI MATPHUIBI TIONAPHO OPTOrOHAJIbHBL, TO MAaTpuLa ['paMa OKaxKeTcs quaroHaIbHOM, u pemmenue cucteMb (10.3.2)
— HOpMaJIbHOE TiceBoperenne cucteMbl (10.2.1) — BBIMUCHIBAETCS B SIBHOM BUJE:

_ (A*D) _ (b,a®)
Ty = = , k=1,...,n. 10.3.3
SN PICIEEONE (103:3)

2. YucjieHHO yCTONYUBBIE AJITOPUTMBI CUHTYJISIPHOTO PA3JIOKEHUS IPSIMOYTOJIHHOM MATPHUIIBI U TOCTPOEHUST HOP-
MaJIbHOTO TICEBJIOPEIIEHNsI CUCTEMbI JIMHEWHBIX ypaBHeHuil peajm3oBanbl B Oubsmorekax ®OPTPAHA u B cpemax
KOHEYHOTO MOJTh30BATEIS.



