
8P .-{3 

E 

r .A.EMeJlbBHeHKO, HM 

o METO~AX HAXOI~EHHH 
COBCTBEHHUX BEKTOPOB 
BEmECTBEHHYX 

HanpaBneHO B II)I{YPHan 
MaTeMaTI-1KI-1 1-1 MaTeMa Tl-14ecKoi1 

Ofi lJ 8AMH 8HHbiM 
MHC TMTYT 
RA8PHbrx 

MCC I 8AOBaHMM 

AYfiHa 

PII-88-736 

.. 
EH CeK 

TPEX~HArOHAnbHYX MATPHU 

Bbl4l-1CIlIHenbHoi1 

$1-13I-1KI-1" 


1988 



I. B B e~ e H H e 

HaCTORlIlaR pa60Ta nOCBRIIleHa HeKoTopHM rrpa6.rreMaM H ;raJIoHemneMY pa3

BHTHlO MeTO.!!OB HaxOlP'JlemUI co6cTBeHiDDC BeKTopoB ( B 06meM c..rry'lae) ~ 

MeTpH'leCKv,x TpeXlQlaroHaJThHHX MaTp!ll. T.e. HaXOl!UteHKD HeTPlmlla.,ThHHX 

U(~)- pememtA O;rROpo~ CRCTeM ~He~HHX anre6paHqeCKHX ypaBHeHM~ 

{C tL{A) = IlI1(A») __UC -liE) tie},} == 0] ~I. I) 
B 'Tn - MepHOM JIl'IHeAHOM BeKTopHOM rrpoCTpaHCTBe R",:3 [U(JJ)=f !L,,{~¥JHM 
no~eM ~ • ITPH aTOM no~raeTCR no~e K BemeCTBeH~) ( T.e.- COB

ITMamtiflIl C MHOJKeCTBOM BemecTBeHHIiX <mce~) H X::;/~;'I.-'l.1!. ~J( (J()'.)-li(A.),l""
~, .. 1 ~' ., 1 oJ , I( .J ~A"'=.t 

r;re )I=f)l.L,~.z,~.l - co6cTBellHHe 3Ra'ieHHJf. a 19,-~-p z~ r"'" ..:~ ,J 
3~eMeHTH TpeXJrHarOHaJThHOA MaTpJUlIi 

't-J. t.z. 
~ 4~ ~a 

J?~ If! ~"c = 
p....s tJ",..t /", 

p.4111 
ITpe;r:aapHTeJII,HO O'l'MeTHM ,OllKaxo; 

(Bcex) c06CTBeHIlliX 3H8'leHHl )I PI 

BeKTOpoB 1t('II) MaTpKIlN C (1. 2) B 

IV 
If' 

(I. I) B
-

H.Ira 
.... ,,,,1( ) - J(-l 

(1. 2 ) 

'iTO P1HTepeC K 3a,ll;aqe HaxollUIefmR 

COOTBeTCTBYIIQIIX HM c06CTBeHHIiX 

3Ra'IY.Te~ROA "Mepe odYMOB..'!eH 

c~e~DWHMH 06cToHTe~CTBaMB. Bo-nepBHX. B~C~TeJII,lllie (HTepauHoRHHe 

no cYTH. HanpHMep. [I~]) ue!OJai. JlB..IDlD!Il!eCR OCKOBIlliMJ! npPl " pememm 

CneKTpaJThHIiX _3a.n8'i AU =~ It • r;re A - ~e.ux(B4 aanOJDietmaJi -

ReCHMMeTplf'leCKaH M8.TpHIlB. SHaVTeJILKO npome pe8JIH3YIl'I'CR H8 3BM B c.ny

'lae MaTPIll rums C (1. 2). Ha aTO. B 'iaCTHOCTH. 06pamaJIH eme BlmMaHHe 

B CBoeM WH.IlSMeHTaJIbROM o630pe (4J .11. K. ~eeB It B. H. ~eeBa. 

Bo-BTOPHX. 3aMeHa cneKTpaRLHol sana'iH C ~THOI MaTpzneA A ~6mero 
B~B CneKTpanDHOA 3a,ll;a'leA (1.1).(1.2) npPlBneKaT~bHa (B CBR3R C OTMe

'letnIIiM BlilIIe npeHMylIteCTBOM) eme III noTOM:y, 'ITO B ~TepaType OlIHcaH prur 

MeTo~oB. n03BO~ BYnOnHBT~ YCTaA'iRBoe rrpe06pa30BaHHe n0806I11H (T.e. 

C coxpaHeHHeM II ,~Me.llOB8TeJILRO~ 'fJIIC~ 06YC~OBneHHOCTPI - (CbuL(A)=-. 

:- ConJ(C) ) Ilplll nepexo;re !l TP8~roRaJII,Holl MaTplilIJ;e d; ( 1.2). Y'fJII"ni

BaH IIIC~TeJILayD BaZHOCT~ K8R TeopeTB'ieCKoro,TaK W oco6eRHo rrpaKTB

'1ecJtoro 3HB'leHHR Taxoro npeo6pa30BaHIDl. Mli lIpHBOlOIM HHlle (B UeJIJDC 

nO~HOTU -113JIOIellllJl H YllOOOTBS) p~ CCWIOJt (III ItOMMeRTaplllH K IIHM B OCROB

HOM H 3 (4J) Ha MOHOrpa4lim III pa60Tli, B JtOTOpHX paccvaTpeamCl> MeTO.ltIi 

Xl ------ _ 
ITpe;rnOMl!eRHe 0 BemeC'l'BeHHOCTH nOM K He orpaflH'mBaeT o6IllHOC'l'lJ 
pe3Y~TaTOB RBCTORIIlel pa6oTli. nOCKO~KY OHK JIerKO MOryT 6uTb rrepe
IllIcalfl,[ ]I B KOMtIJreJtcHoll ap$eTlllKe. B oltHol 1113 Me.llYDlllIIX pa60T MN 
Buno~ BTa 0606~eRHe. 

Ta}<01'O CBe,neHHR ( B 06111eM c~ae HeCHMMeTpmeCKHX Ma TpHU A:t AT) PI 

06cy~anMco B03Hl1KaEmHe rrpH STOM np06JIer~. B 'iaCTHOCTPI. B r~8Be 6 Pl3 

MaccWlecKo~ MOHOrpa¢lIIH l I] .n. K. <l>a,rmeeBa H B. H. <l>a..n.neeBol H B WH

,naMeHTaJIbHOM CITpaBOQHOM noc06HH [5] B. B. BoeBO,LtHHa PI ~. A. KY3He

UOBa OOMcaH 6HopTOrOHaJIoHHA ~pV.TM ]aHuoma. HeKOTOp&e aCneKTH KOTO

poro OCBemeHH B pa60Te HMaMoTo [12] • BonpocaM CBe,neRHR nOCBRllleHa H 

6 rJIaBa .IrPyrol WH.IraMeHTaJThHOfi MOHorpaq,HH [3J .!IlK. X. YHJOOIHCoHa. 

a TaKlK6 H3BeCTHaR pa60Ta [I3J B. H. Ky6JIaHOBCKoM (c .IrBYXKpaTHIlM TIpH

MeHeHM'leM MeTo,na XecceH6epra) PI pa60Ta PeHHlI [II] • ~TMaH M'l ]aM 

6epT (14] npeo6pa30BaHHe no;r06M'lJf OCYlI1eCTBn~T Ha K~OM mare H8.Ir 

.IrByMfl CTPOKaMH H .IrBYMR CTo~6UaMH MaTpHUH A ITpH nOMoIItH MaTpl'lU 60JIee 

06mero BH,na, QeM MaTpM'lUU BpamemtJf. Bell1eCTBeHHaR MaTpHtl8 A 06mero 

Bl'llla MOJKeT 6&To TaK~e no,n06HO npeo6pa30BaHa B HeCI'lMMeTpmeCKYD Tpex

,LtHarOHaJIbHyIO C 0. 2) c HcnO~30BaHHeM trpouecca Eayspa (B MO~Ka
UHH PefiHll H Xa6eT~ep [I5J ). 

06cy~eHHe 'lEC~eHHHX npo6JIeM CBe,neHHJf npoH3BO~bHOI HeCHMMeTpl'l

'leCKO~ MaTp~ A K C (1.2) HMeeT MeCTO H B § I. 7 cneURaJIHSHPO-

BaHHol MOHorpa¢HH [6J B. IT. ~M'lHa H ~. H. Ky3ReuoBa, a TaKlKe B 

H3BecTHoA MOHO~~HH [2] B. B. BoeBO.IrHHa. B c~ae JKe CKMMeTpH
= C

T 
'IeCKHX MaTpKU A,: AT I'lHq,oPMaumo 0 MeTo,nax CBe,neHHR A K C MO~HO 
HrutTl'l, HanpHMep, B [I+6J , a TaKlKe B MOHOrpacflHH [ 7 J x. .n. HKpaMOBa 

H CnpaBO'IHOM noco6HH [8] YI'lJIKHHCOHa p. a TaKlKe B WH.IraMeHT8.lThHOI 

MOHorpaiPHH [9] H. C. EaXBaJIOBa H B .IrPyrHx pa6oTax. 

CJIe.llYeT OTMeTHTb TaKlIte, B-TpeTbPlX, 'ITO MaTpPlUU a; (1.2) I'lrpam 

PI CaMOcToRTe~HyID (BH;re~eHHyD) po~ npH pemeffim MHOI'l!X sa,na'i Bli'mCJIH

TeJIoHOI MaTeMaTHKH PI MaTeMaTPlQeCKOD q,H3HKH (CM •• HanpHMep, ~YH.IraMeH
TaJThHyIO MOHorpaqnm [IOJ A. A. CaMaPCKOro H E. C. HHKo~aeBa, a TaKllte 

YJKe OTMeQeHHyD MOHorpa$UO [6J I'l T.;r.). 

OTMeTHM Tenepb P.<f.rt 06cToRTe~cTB. n03BO~X TBKMe ~'lme nOliRTb 

Bli'mC~Te~HHe acneKTH npo6JIeM I'l MeTO;rOB Haxo~eHHR co6cTBeHHHX 3Ra'le

~ H c06cTBeHHHx BeJtTopoB M8TpKUH C (1. 2). 
Bo-nepBIiX. ~ Bli'mC~eHHR c06cTBeHHHx 3HaQetrnl (B TOM 'ilIIc~e nOJI-

T 
Horo cneKTpa - " ) MaTPHU(A=Ar~[JJ, (C =C )] IllHpoKO (CM., H8rrplllMep. 

[I, 5, 6 J ) Hcno~ 3YIDTC1iI L R - ,Q R - anrOpHTMI:l. MeTOll 6"HceKUl!1t, a 

raue MeTOJrH npJlMliX PI 06paTHHX HTepa.uIDl: (CM •• HanpHMep,[5, 6, 2, 8J). 
ITpl'! aTOM JIJl601 Pl3 YKa3aHIDlX MeTO;rOB He HapyruBeT Tpex,ztHaroH8.lThHyD 

CTPYKTYPY IIIcxo;rHol MaTPHUll {. = {I' III B K8l!Utol H3 I'!TepaIlHA. Ec~ 
lite C~ C1' • TO B PlTepaul'lOHHol npoue.llYpe G R - aJII'OPKTMB HapymaeTcR 

TpeXllHaroH8.lThRaR CTPYKTypa HCXOltHOtt MaTpHUU C (1. 2), 'ITO lle~BeT 
STOT ~PHTM MeHee 3<fx{leKTHBHliM (no 3aTpaTaM naMJITPI 3BM) ITpR 6o~1IIHX 

\j 
pa3MepHOCTRX MaTpHU C (CM •• HBnpHMep. § 3. II [6J KJIH § 47 [2] ). 



I. B B e ~ e H R e 

HaCTORmaR pa60Ta nOCBRmeHa HeKoTop~l rrpod~eMaM H nanbHe~eMY pa3

BWTHD MeTOnOB Haxo~~eHHR codcTBeHHHX BeKTopoB (B odmeM c~qae) HeCID,~ 

MeTp~{tJeCKv.x TpeX1Qlaro HaJID HIDe MaTPW, '1'. e. HaxOl!tlle mill HeTpHBHa.'Th HhlX 

U(~)- perueHHH onHo.po~ux CHCTeM AHHe~HHX anre6~ecKwx ypaBHeHHH 

(C U(A) = IlLL(;'»)~[(C -liE) U(I)) == 0] ~I. I) 
B 7TJ - MepHOM JIlIHeAHOM BeK'l'OpHOM npoC'I'paHC'I'Be R#I 3 [U(IJ)=i !L,,(),~}Han 
no~eM X . ITPH aTOM no~raeTcR no~e X BemeC'I'BeH~X) (T.e. - COB

nananttaM C MHOllecTBOM BemeC'l'BeHHblX 'iHce~) H X~/~;'l.l-~ l?- S 11(/I.)-II(1),}''', 
, KI ... , "'J 1 ,J I I( ..J ~r-.t 

rne )=Pl,;\~·,-).l- codcTBeRHble 3H8'1e~R, a 19J;'}I(,~,~"!"",=< ..:: 
3~eMeHTbI Tpex.n;HaI'OHanbHOA MaTpiIUIi q; (1. I) BlU1a 

tJ. tL 

c 
~ ~.I.~4 

J?~ 'fa ~It (1. 2 ) 

P""11",-1 ~,., 
p.. cJ.", 

ITpeJ!38pHTem.Ho OTMeTiIM ,0.l{HaKO; 'ITO HHTepec K sana'le HaxOJlUteHHR 

(Bcex) codCTBeHHhlX 3HB'leRHI ~ H COOTBeTCTBY~ lIM c06CTBeHHhlX 

BeKTopoB 1.tC})) MaTpKtlbl l (1. 2) B 3Hatw.TeJIl>HOAMepe o6YMOB.iIeH 

c~eltYDl!HMH OdCTOHTeJIbC'l'BaMH. Bo-nepBHX, BII'mCJIHTeJILHhle ( HTepamIOHHble 

no CYTH, HanpHMep, [I~]) Me!O.lltl, JmJIJmI[IIeCHOCHOBHllMH npH . pemefnm 

cneKTpam.HYX _98JtIl'l AU =~U ,r~ A - It8JDlltC* 3aII0JIH9HBaR 

ReCHMMerpB'leCK8Jl MIlTpHIta. SR8....'l'eJn>HO npollle peaJDI3YIl'l'CR: Ha 3BM B c~

'lae MaTPIlDl BHJ(a C (I.2). Ha 3TO. B 'laCTROC'l'll, 06P8III8JIH eme BHKMaHHe 

B CBoeM <rorllJl8MeHTM1>ROM 0630pe [4] .11. K. ~eeB If B. H. %!ureeBa. 

Bo-B'l'0PUX, 3aMeHa CneKTpaxLHol 3a.I{81JH C ~'l'HoA MBTPHneA A ~6mero 
BH,ll8 cneKTPBmHol!: 3aJl;a'l'eA CLI) .(1.2) npHBJIeKat'eJI1>Ha (B CBR3H C OTMe

'letnUiM BlillIe ITpeHMYlllecTBOM) ellle liI noTOMY, 'ITO B JtIl[TepaTYpe OITHCaH PHn 

Met'O~OB, n03BO,rumnmt BblnOJIHHT1> yCTO~e rrpeo6pa30BBHHe no,nodHH(l'.e. 

C COxp8HelmeM 7'1 ,~Me.llOB8l'em.Ro..J! 1JHCeJI 06YC~OMeHHOC'l'H - (CO(flL(A)=--. 

= Co,,;I(e) ) nplil nepexo~e ,~ orpex.J(HBI'ORa.JIl)Bol Ma!'PHIle It: (1.2). Y1JHTli

~ HC~Te~HYD Ba3HOC'l'1> R8X Teope~ecRoro.TaK H oc06eHHO llpaKTH

'{eCKoro 3Ha'leHHR TaKOro npe06pa30BaHHH, MbI npKBOltHM HHlle (B ueJlHX 

nO~HOTH-aanoxeHHR H y~odci'B8) p~ CC~R (H KOMMeHTapHlil K HHM B OCHOD

HOM H3 [4J) H8 MOHOrpa4Jo II! pado'l'H, B KOTOPWC paCcuaTPJiIB8.DCL MeTOltIi 

X'IT A IpennO~lleHHe 0 BemeCTBeHHOCTH nOAA K Re orpaHH'JlIBaeT OulllHOCTH 
pe3YJIl>TaroB RaCTOHlllel paOO'I'H, nOCKOJILKY OHR ~erKO MOryT 61lT}, nepe
lDlC8JIH II! B KOMIJJJ:eKCHOI apmfMeTHKe. B OllHol H3 Me.nyIlllHX paOOT MH 
BHnOJlHll!ll 9TO ooo6meRJIe. 

TaKOro CBe.n;eIDIR ( B ' 06meM C~'Iae HeCHMMeTpmeCKHX MaTPHU A*,4 T) R 

06CY~anHCL B03HHKaDWne rrpR 3TOM npo~eMbl. B 'IaCTHOCTR, B r~aBe 6 H3 

~accmecKott MOHOrp8lfJIDI [ I] .11. K. ~eeBa H B. H. ~eeBoi\ R B WH

.n;ardeHTM1>HOM cnpaBO'IHOM nocodIDI [5] B. B. BoeBOnHHa H 10. A. Ky3He

UOBa OOHcaH 6RopTOrOHanDH~~ anropZTM ]aHUorua, HeKoToplle acneKTIl KOTO

poro OCBemeHH B padoTe fiMaMOTO [12] • BonpocaM CBe.n;eRHR nOCBRllleHa H 

6 r~aBa npyro~ WH,Il;aMeHTM1>HO~ MOHOrpac'(iIDr [3] .lJJK. X. YHJIKHHCOHa, 

a T~e R3BeCTHaR padoTa [13] B. H. Ky~aHoBcKoR (c nBYXKPBTHHM npR

MeHeFmeM MeTo.n;a XecceHdepra) H pa60Ta Pe~HH [IIJ • Ba.m,TMaH H ]aM 

6epT (I4] npeodpa30BaHHe rro.n;odWR ocymeCTBn~T Ha K~OM mare H~ 
.n;ByMR CTpoKaMH H nBYMH CTo~dUaMH MaTPWLUi A npR noMOIUH MaTpRU do~ee 
odmero BH.n:a, 'IeM MaTpHLUi BpameHHR. BemeCTBeHHaR MaTpKUa A odmero 

BH.n:a MOlleT 6b1TL TaKlle rro~odHO npeodpa30BaHa B Hecm~eTpmeCKYD Tpex

nHarOHaJIDHYD C (1. 2 ) C Hcnom.30BaHHeM rrpouecca Eayapa (B MO.ItH¢HKa

UHR Pe~KH R XadeT~ep [I5J ). 
OdcYllJJ;eKHe tJHC~eHHbIX npo~eM CBe~eHHR npoH3BO~1>HOA HecHMMeTpH

'lecRoR MaTpHUH A K C (1.2) RMeeT MeCTO H B § I. 7 CrreUKanH3Hpo

BaHHo~ MOHorpac'(iIDr [6J B. IT. HnbHHa H 10. W. KY3HeuoBa, a TaKlle B 

H3BecTHott MOHOP~ [ 2J B. B. BoeBOnHHa. B c.nytfae lie CKMMeTpH

= C
T 

'l'eCKHX MaTpHIJ; A= AT HH\floPMalllm 0 MeTO.n;ax CBe~eKHR A K C MOlKHO 

HruiTH, HBnpHMep, B [1+6] , a T~e B MOHorpa4iHw [ 7] X. n. WRpaMOBa 

H CnpaBO'IHOM nocodIDI [ 8 J YHJll{HHCOHB P , a TaKlle B ipyH,Il;aMeHTaJIDHott 

MOHorpaqiIDI [9J H. C. EaXBa.nOBa H B npyrRx pa60Tax. 

CJreltYeT OTMeTHTD TaKlte, B-TpeT.DHX, 'ITO MaTpHU!i a; (1.2) HrpaJOT 

H CaMOCTORTeJILHYIO (B1:me~eHHYXl) po~ npH pemefnm MHOI'HX sana'i BIi'mCJIH

Te~1>Hott MaTeMaTHKH H MaTeMaTH'IeCKOa ~3HKH (CM., HarrpRMep, ~YH,Il;aMeH

TanDHYIO MOHorpa~ [IOJ A. A. CaMapcKoro H E. C. HwKo~aeBa, a TaKlle 

Ylle oTMe'{eHHYIO MOHOrp8lfJHlO (6] H T • .n;.). 

OTMeTKM Tenep1> PR:n 06cToHTe~cTB, rr03BO~X TaKlle ~~e nORRTL 

BIi'mC~Tem.Hble acneRTbi npod~eM H MeTOnOB H8xoJlUteKHR codcTBeHHHX 3Ha'le

HHtt H codcTBemIHx BeKTOpoB MaTpHLUi C (1. 2). 
Bo-nepBllX, ~ Bwntc~eHRR codcTBeHHhlx 3Ha'IeFmtt CB TOM 1JHc~e no)[-

HOro cneKTpa - " ) MaTPKU(A=Ar~-{A, (£ =I:T)] urnPOKO (CM., HBnpHMep, 

[I. 5, 6] ) Hcno~3YJJTCIilL·R- ,QR - anrOpHTMbI, MeTO~ 611£ceKIIIDt, a 

TaKlle MeTO.lVi npRMHX H 06paTHHX II£Tepa.mrlt (CM., HanpHMep,[5, 6, 2, 8]). 
ITPR aTOM Jll)60tt H3 YKa3aHHHX MeTO~OB He HapymBeT Tpe~aroHanDHYIl 

CTPYKTYPY HCXO.n;HOA MaTPHUH 4: = (.7' H B K8.lK.nott H3 HTe~l!:. ECJIH 

lite C# C'" , TO B HTepam!OHHott npoue.llYpe G. R - ~opHTMa HapymaeTcR 

Tpe~aroHanDHaR CTpYKTypa HCXO.n;Hol!: MaTpHUH C (1.2), '{TO ~e~aeT 
aTOT MI'OpHTM MefIee sqxpeKTHBHhIM (no 38TpaTaM nawITH 313M) npH do~1IIRX 

pa3MepHocTRX MaTpKU C (CM., H8rrpHMep, § 3. II [6J RnH § 47 [ 2J ). 

http:Me.llOB8l'em.Ro
http:ITpeJ!38pHTem.Ho


MeTO.u lKe CiliC8KUHtt ,IT)l.fI HeCHMMeTpwteCImX MaTpliU i' -I cr rrpKMeHHM JllnDb 


rrOCJIe orrpe.ueJIeHHhlX MO.l(H([JHKamrtt (CM., HarrpHMep,[ 8J). MeTOllH rrpRMblX Ii 


OCipaTHblX I'lTep_ Ii 1. R - aJIrOpl'lTM rrpKMeHUMH KaK B cJIY'l"ae C=C'r. TaK I'l 

r 

B cJIY'l"ae (ito C , HO 1. P. - MeTO.u yCTO~B .mHDb (<{JOPMaJIbHO) .l(JIR rrOJIOlKli-

TeJIbHO orrpe.ueJIeHHI:IX MaTpHU (CM., HarrpKMep. § 3. 10 [6]). /, 

Bo-BTOPI:IX, rrpHcTyrraR K pa3pacloTKe HOBHX MeTo.uOB BH'l'HCJIeHHR COCiCT

BeHHblX 3Ha'l"eHHtt H coCicTBeHHHX BeKTopoB MaTpml CO. 2) Bcerlla CJIe.ll.YeT 

~MeTb B BH.uy (a rrepeql'lCJIeHHHe BHllie MeTOllH YlKe Y'l"I'lTblBaIDT 3TY OCOcleH

HOCTb) HeycTOH'l"illlYID rrpl'lpo.uy fl K B03MYlI1eHH.FIM caMoil MaTpHIlbI A->C , 
KOTOPaR (KaK crrpaBe~BO OTMe'l"eHO, HarrpKMep,B rJI.I § 6, 7 [IJ H § 89 

[I8J) He OclR3aTeJIbHO CBR3aHa C HaJIHtrneM Kpal'HhlX co6CTBeHHHX 3Ha'l"eHHH 

I'l TeM CioJIee ~op.uaHOBblX KJIeTOK. 3Ta HeYCTotMRBOCTb (B CHJIY ~HenHOH 
3aBI'lCIDtlOCTH [A U(;) ="h U(f,)] ->[(UtA) = Il tL(>.)] ) rrpHBO)mT Hel'l3CielKHO 

R HeycTotttrnBocTH B BH'l'HCJIemrn coCicTBeHHoro BeKTopa [ia~)}-+[tt.(~)J. EOJIee 

Toro, KaK CiY.lleT RCHO H3 rrpHMepoB, KOTopble MH rrpl'lBelleM B O.uHOH li! 

CJIellYKllUix ny~d, 3Ta HeycTott'l'HBOCTb MOlKeT rrpHBO~Tb He TOJIbKO K 

B03MYmeHl'110 [tl(~)]-->[ ti(),)] ,HO H K l'l3MeHeHHIO 'l'HCJIa coCiCTBeHHHX BeK

TOPOB, OTBe'l"aXIUHX .uaHHOMY ~<'->)) , 'ITO TeOpeTH'ieCKH B03MOlKHO TOJIbKO rrpH 

HaJIK'l'I'lH KpaTHHX coCiCTBeHHHX 3Ha'ieHHtt. M3 Tex lKe rrpHMepOB CiY.lleT RCHO, 

'ITO pa3Jllf'l'HaR CTerreHb YCTOj:t1mBOCTR pa3HI:IX MeTO.llOB rrpl'l BbftIHCJIemrn /l 
MOlKeT rrpHBO,IWTb .llalKe "K 3aMeHe" q'HCTO BemeCTBeHHoro cneKTpa 1\ Ha 

KOMIIJIeKcHWt. 

B-TpeTbHX, .llalKe Cie3 Y'ieTa aHaJIH3a ITpoCiJIeM YCTOH'l'l'lBOCTH CJIenyeT 

HMeTb B BH.uy, 'l:TO rrepetrnCJIeHHhle Bb!IIIe MeTO.llH rro pa3MOMY " peaTIrpYIDT" Ha 

rrpaRTH'ieCKOe onpe.lleJIeHl'le BHYTpeHHett CTPYKTYPblX ) MaTpl'lU A4-> {" T. e. 

Ha rrpaKTR'l:eCKoe BH'iI'lCJIeHHe Bcex HX JIHHettHo He3aBHC~mx coCiCTBeHHhlX 

BeKTopoB. TaR,~ R - a.rrroPHTM ifJaKTR'l:eCIm He lipHMeHRDT (CM., HarrpHMep. 

§ 15[20],[1]), a rvreTO.ll CiHceKrnrli BooCime HeJIb3H (CM., HarrpHMep,§ 47[::!]) 

rrpHMeIDfTb.llJIR BII'rnCJIeHHR coCicTBeHHhlx BeKTopoB[A-->4:] - MaTpWU. QR
anropHTM rrpHMeHBM KaK .llJIR MaTpHU rrpoCTOn (T.e. KOr.lla Bce coCicTBeHHhle 

3Ha'ieHHHp,_;; nJ H cooTBeTcTBy~e HM coCicTBeHHble BeKTopbl pa3JIH'l:HbI H 

HX oCimee trnCJIO COBrra.naeT C pa3MepHocTblO MaTpliU) CTpYKTYPbl ( B TOM 

'l'HCJIe C CiblCTpo cmaJ!l!!\HMCH crreKTpOM). TaK H .llJIR MaTpwu He rrpoCTott 

X} 3aMe'l:alrne I. EcJIH A - MaTpHua rrpoCTOn CTPYKTYPbI, ToA=IiAtl,P..'t ~-1, 
r.lle A",ZiI('A '" ~)t a - YHHTapHaR (OpTOroHaJIbHaR) MaTPHIla, CTOJ1CiL\bI 
KOTOPO~ ec'Tb ·coCiCTBeliHhle BeKTopH A. TeopeMa [.l,s] • .iI.rrJI TOro, 'l:ToCibi 
M8.TPHU8 A-£ Ciwra Cibl rrpoPTO! CTPYK'l'YPbI. HeoCixo.llHMo H .llOCT8TO'fHO, 
'l:ToCibl .llJIR Kallf,Itoro KOpHH ", reOMeTpR'l:eCKo! ltpaTHOCTH 'I,. H aJIreCipaH'fec
Kott KpaTHOCTH /(, paRr (=~. ) M8TPHI:l (A..;),.£) (5wr Cibl paBeHJ,-=m- K,' , rJte 
m - nopJU(OK MaTpHU A • HanoMKHM, 'fTO (CM., HarrpHMep. \} 7. 30 [5J) 
reOMeTpR'l:eCKaR KpaTHOCTb cOCiCTBeRHOrO 3Ha'l'eHHH COBrra.llaeT C MaKCH
MaJIbRbIM 'fRCJIOM JIHHeHHO He3aBHCHMHX coCicTBeHHbIX BeKTopoB, OTHOCH
mHXCH K .ll8HHOMY cOCicTBeHHOMY 3Ha'feHHIl. B TO lite BpeMSI KpaTHOCTb Ki 
~OCiC'l'BeHHoro 3Ha'ieHHH 7\ KElK KOPHH X8paKTepHCTK'reCKOro MHoro'fJIeHa 
cui(A-JE):=O HalliBaeTCH aJIreCipalPJeCRo1i KpaTHOC'I'bIl. IIPH STOM 9-. ~ K,- • 
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CTpyKTYPH (Harrp~1ep, JRop~OBono~o6HHX. Korna m~e~TCH KpaTHbie (B TOM 

'l'HCJIe KOMrrJIeKCHO conpHlKeHHbIe) coCiCTBeHHbIe 3Ha'ieHHR H 'fHCJIO ( reOMeTpH

'ieCKaR KpaTHOCTb) OTBe'fanmHX HM JIHHenHO-He3aBHCHMbIX coCiCTBeHHHX BeKTO

POB He rrpeBOCXO.llHT aJIreCipaR'l:eCKO~ KpaTHOCTH .llaHHoro coCiCTBeHHoro 3Ha

'!eHHH). O.llHaKO rrpHMeHeHHe Q R - aJIropHTMa sq.peRTHBHO TOJIbKO rrpH O.llHO

BpeMeHHOM HaxOlK,ll;eHrul KaK coCiCTBeHHbIX 3Ha'feHIDt,TaK :If COOTBeTCTBYKllI\l!X 

KM coCiCTBeHHbIX BeKTopoB,H 3TOT MeTO.ll, KaK rrpaBHJIO, He rrpHMeHHlOT .l(JI.f! 

Haxo~~eHHH TOJIbKO coCiCTBeHHbIX BeKTopoB no H3BeCT~f coCiCTBeHHbIM 3Ha

'ieHHHM. KpoMe TOro, Q R - aJIropHTM, KaK yllte OTMe'faJIH Bb!IIIe, He coxpa

HHeT IIlI'lpHHY JIeHTbI B HTepaUlwHHoit IIpouellYpe B cJIY'fae l'-i:C T 
TIepe

'l'HCJIeHHIle TOJIbKO 'iTO OCiCTORTeJIbCTBa CIrnJKalOT .llOCTOliHCTBa QR -aJIrOPHTMa. 

R n03TOMY 'iaCTO rrpe.llnO'iTeHHe B rrpaKTR'l:ecKoA paCiOTe Ha 3BM OT.llaJOT MeTO

nOM rrpHMOn:lf OCip8THOn HTepaIlHn (CM .• , HarrpHMep.§ 47[2], § 3 • 12[6], 

§ 3.rJI. 9 [3]; § I 8 .'iaCTb II [8]). OnHaKO Mero.llH rrpHMOn H OCipaTHOn 

HTepa~. BeCbMa ~eKTHBHbIe B cJIY'fae MaTpHU rrpoCTOn CTPYKTYpbI, He~

KOJIbKO TepHlOT aTO .llOCTOHHCTBO B cJIY'fae, HarrpHMep, lKOpJtB.HOBOnO~oCiHIiX 

MaTpRU C HeCKOJIbKHMH KJIeTKaMH ~Op.llaHa .llJIR OnHoro H TOro lKe coCicTBeH-

Horo 3Ha'l:eHHH. 3'1'0 oCiYCJIOBneHO B 3Ha~ATeJIbHott Mepe lKeJIaTeJIbHOCTbll 

BblCiopa xoporuero Ha'faJIbHOrO rrpHCiJIHlReHHH .llJIH YMeHbmeHHH 'l'HCJIa HTepaL\Hn 

rrpH pemeHHH CHCTeM YPaBHeHHn C MaTpwuaMH C 0.2) .llaJlte rrpH H3BeCTlfHX 

coCiCTBeHHblX 3Ha'ieHHRX. 

3aMe'iaHHe 2. OTMe'l'eHHaR BblWe HeycTo~BOCTb B~CJIeHHH coCicTBeH

HHX BeKTopoB rrpH 3a.naHHHX coCicTBeHHIiX 3Ha'le1rnRX HBJIHeTCH IIcrremr([JH

'ieCKOn H YCTpaHHMOn". 'fTO H no 3BOJll'IJIO rrOCTpoHTb YKa3aHHhle Y7!e BbIIlIe. a 

Tat<JRe rrp:lfBO,IlHMHe HaMH HIDlte HOBbie peKYPpeHTHbie MeTO.ItH HX YCToittmBoro 

B~CJIeHHR. TeOpeTH'l'eCKOn OCHOBott, OCiYCJIOBHBWen ycneruHocTb TaImX 

nOCTpoeHHn, HBJIHeTCH COBMeCTHOCTb O.llHOPO.llHhlX CHCTeM ypaBHemrtt (€-~E)It(~)::O 
B CRJIY H3BeCTHott TeOpeMbl KpoHeKepa-KaneJIJIH (CM., HarrpRMep,[I8],[I9]), 

a TaKlKe HerrOJIHOTa paHra MaTpHU (C - A£ ) (TaK KaK UtJllk (C-AE)J< m) .llJIH 

JIlO6oro c06CTBeHHOro 3Ha'ieHHH ~ (C Y'l'eTOM ero aJIre6paHqeCKo}l KpaTHOCTH). 

Ho, KaK H3BeCTHO (CM., Harrpm.lep.§26,27[5L~36+4I[2]), COBMeCTHOCTb 

R HerrOJIHOTa paHra oCieCrre'l'HBaJOT rrOI'lCK YCTO~BHX pewemrtt KaK YKa3aH

HbIX OnHoponHbIX CHCTeM,TaK (B oCimeM cJIY'l'ae) H HeO.llHOpo.llHbIX CHCTeM ypaa

HeHHA C T8KKMH MaTPHL\aMH. 

IIpellf,Ite 'ieM nepenTH Terrepb K HaITOllteHHIl HamHX peayJIbTaTOB,Mb1 rrpH

Be.lleM .llJIR nOJIHOTbI KapTHHbI pn.n HeoCixo,llKMblx CBe.lleHHn H8 paHee BblnOJIHeH-

HIiX HaMH pa60T. ~3 [I6J CJIellYeT, 'iTO eCJIH MaTPHUR C (1.2)- He-

B&pQlIf,IteHHaR H HMeeT HeHYJIeBble Bce rJIaBHble yrJIOBble MRHOPH, a TaKXe He

HYJIeBHe nHaroHaJIbHhle 3JIeMeHTbI tq..*O J.'" , TO .l(JI.f! 3JIeMeHTOB OCiP8THOlt K 
-.1. ' .=.1. 

HeA MaTpHL\bI Ib =11: crrpaBe,llJIHBO CJIe.IlYl!lI1ee aJIre6paH"l'eCROe rrpe,nCTaBJIeHHe 
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{ 
- , 

_ -1 f!,,~, IJ.P~ • eCJIH J ~J~t'~Q1, 
(8J..=1~.l8..) = 1-.' - J1! • (1.3) 

'J • (J I i!J •• ' f ~.P" • eCJm i~!~J~117 , I'~e 
" 1::t ·..l ' 

if, 	 =(.11 +f. _1)-.l K=J,t" . m • eCJm AK,*O H 6;*0
1(1<. K1J. (-.1 , ", 	 , TOl 

- -.1 - -J' - -.1 - _$.
j-../.= -<41:.AK.,J,PK•.l=~'1·~K ; 'K+1.= -(~'i't), ~K'1.=~l·~/M J0.4) 

tr.."..J=:l-"'''l ' ~·-.1) trf1/=6-i1l:1==J, /=m-l,d1-.<.,.",.i ] 
(1.5).Ai+i =1. - is..,A./) ,Ar=,A,L = 1 J /=.I~ &, ... , 117 


rK=.p,,·iKI(~.J·~K); di.=rm-J=o; K=.t,3, ... )71l 


IIPH 9ToM[17] eCJm HeKoTopHe H3 I'JIB.B!ru.X YI'JIOBIIX MHHOPOB MaTPIDlli 

C (1.2) 06pamaDTCff B HYJID. TO RMeDT MeCTO paBeHCTBa 

(Aj('=O)-> [.A.:-.l= OK-1 ,AK•i =~ Am=J; A.,AK+1.=-IKJ ] (1.6) 

(fil( =0) ->[~t.J=t~;.) ~-.I.=-oo, q-K-/l==i ;~'4:-1.:=:: -/;1.1] . 
B [17] OTMeTHJm. 'fTO B cJIY'lae Bcex HeHyJI8BliX rJIaBflliX yrJIOBHX MHHO

POB CrrpaBe~BH TaKlKe CJIeltYxmze.1ml! PaB8H9TBa 

17. ~+L =[i.:.l(A q.)== /6;::/+,1 _,,-1)17= rl ~-J 	 (1. 7)
1=, ... ~ I" l', J"t+ 'J~"J ""'5 • 

M, HaKOH8U. HanOMHHM. ~TO B [17] MH RCrrOJIb30BaJIR TaKlKe cJIeltYDmHe 


nOCJIe~OBaTeJIDHOCTH ITpR BHqn~eHHH co6cTBeHHHX SHa'le~ Tpe~aI'OHaJID-


HHX MaTpHU C (1.2) , 


t: = ;:/(1-(;-,) . -r ==0' :-.. . m }~ t ,-.) V.J } "'-~~iJ, · .. , (1.8) 
(Z'....1i) -> [Z;= OQ, Z:"".I.:'O; t;.?~ ==--i'~J 


.s<:'J=~';(l-'!J ;..1" =0 j '-=''',m-.1" " ,z } 

(1. 9)

(~=1) ->[$11-.1.= 00, SI>-,z=O; ,s#'J;JI1",t= -cYn-.1 

'[. =: p. . ~"/(o. -"'-) . 7' -0' "- /Tl}
( t t ~ol 'i-1. , ,L- ) t-.l,3, ... , 

(1.10)(T"...J= 'lrr-.1) -> [7;. = 00, ~=O; 7,;.7;.~ =_~.~_ 

t:?.J ::. 1}.~. !ftc-E) ; Ii,,:::0; ,':= 117, ~-.I,.. , .t 1 
(Ion)(Fn =fI,,) -> [F,,"J =CD, ~=O; F"...J" Fn-~ = -4-.J·~n-~ 

1..... = rtr~' {'/"i-.J; /../:::~ ; /=.2,~, ... , m } 
(1. 12)(~Q ...t"O)->[L.,,= 00, L.".J=fi/1>1; 1.o-J '£1/ == -.p" ·In 

1...'~J=~t"-.I.-p"··~·/t:.; l",=fJ.f7I j t"=m,m-i, .. ,~:t} 
(1. 13)(l"=o)--'>[l~~= ""', Z;~=f/I1"J ~ l" ·l"ol =-1:,-2/1 

~TaR. 6y~eM npe~OJIaI'aTD B ~ReftmeM, ~~o co6cTBeHHHe SR8~eHHR M8T

pHnIi C (1.2) (He5aBHCHMO OT ee 'CTPYKTYPH) HalD;eli!;l O,ItHKM HS YKa88H

X} 	 3~ecb - BBe,neRli CHMBoJIli 1.. III l BMeCTO 71 III), • KOToplie 6wm: 
IIICnOJll>80BaHH HaMI! B U7J • 
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lThIX BhllIIe MeTO~OB mr60 C HCrrOJID 30Bafrn 8M peayJIbTaTOB LI7] • (HarrOMIDIM, 

'tjTO B c;ry'tjae KpaTHliX C06CTBeHHHX 3Ha'feHIDi P8SYJIbTaTli [I7] 6YltYT 0606

meHH HaMil B O~HO~ H3 CJI8ltYnmHX pa60T). 

2. MeTollli Haxo~efrnff co6cTBeHHHx B8KTOPOB B8m8CTB8HHHX 

Tp8warOHaJIbHHX MaTPHH. OCHOBaHflli8 Ha ffBHOM y'tj8Te HH¢op

Mawm 06 HX rJIaBflliX YI'JIOBHX MHHOpaX H HYJIeBHX 3JI8MeHTax 

B 3TOM rraparpaip8 MbI rrOJI"J<mM M8TOJnl OTliCRaHHff co6cTBeHHlix B8RTOPOB 

MaTPIDlli ~ (1.2) rrpoH3BOJIbHO~ CTPYRTypH. OTJIH't!HHe OT paHee H3BeCT

HliX. ECJllll Y'f8CTb COOTHOlUeH'Hff (1.3)+(1.13). TO MOlKHO rrOKa3an Crrpa

BeAJIHBOCTb CJIeltYDmero ~e3YJIDTaTa. 
X

TeopeMa I. IIYCTb A- JID60e To'tjHoe (HeKpaTHoe) co6cTBeHHoe 3Ha

'tj8fH1:e TpewaroHa.1ThHO~ MaTp~ q:; (1.2) C HeHYJIeBliMH BHe~arOHaJIbHliMH 

::lJIeillefiTaMH, T.e. {Z~1 O,PK10}:,J.. Tor~a HeSaBHCHMO OT Bcex OCTaJIbHli! 

coccTBemllix 3Ha'lefrn~ SJIeMeHTHI co6cTBeHHOI'O BeRTopa (UO)={ U~(';Uh=i ) , 
cooTBeTcTBYKII(eI'O YKasaHHoMY c06cTBeHHOMY SHa'tjefUlIO A ,MOryT 6liTb 

oITp8~eJIeHH B BH~e 

U~P.)=u,n5i}.. U; (A) I'~e 
m -! , (2.1) 

Col1st" ""{ ~ (U~C~.)ty} i:: 1, :t, .. " , m }. 
3~el:b {Ui(jU}:~orrpe~e.rumTcff O~HKM R3 CJIeltYDIlHX m8CTH~aTH crroc060B: 

I. 	IIpRMHe rrpoY8CCli: 

. t ~ (~)lt.} ~ n~ ( fu ~-l .1] U'U.(J):: Il-~j\..v\) = -awy"L~)J' /W
~ no,z~' oU~ 1.~ 

U: (;IJ =( ~ (- !~) 'Z'.-iW) = t1 (-~. 'S.I;!))] U; W 
" n~.l l',. IIs"4 "'ft.H 

(2.2)U~(A)=[ fl~(- iw):: il:(- ~:~»)]-ll(~) 
. L'~1 i. f, /

l.1~(~)=ul(- 'eft.... )= [l.;(-r1»)1·U~w;i=.f,3>"·>"'J.I'~e 
U;CA) - JID60e (B 'l8CTHOCTlJ. paBHoe 1). 

xJ 	B 8!OI TeopeMe MY He o6cy~aeM BOapoCli B~CJIeHll!ff C06CTB8HHliX 
BeK~opoB rrplll KpaTIIIiX co6CTBeHHWC SHa~eHHRX A • no nplII'Jll!He Toro • 
~!O 8TIII BOnpoCIi TeCHO CRR38HH C aHanR30M CTPYKTYP~ rrpoCTpaSCTB6 
co6c~BeRHIiX BeKTOpoB M8TP~ t 0.2) H Ha STBX BOr.pOCax Ml> OCT8
HOBHMCR RHEe. 3~ecb H BC~ ~ee, eCJIB ~ - 3~5~ C ~~JXO~ 
!o'lHOC~DD, T.e. nOJIY'lem.l 6e3 HCrrOJID30BaHll!fl, Har;i~,·E:;:·. peS:;.T.l~a'i:'D 
[17], !O HCIIOJID3j'eTCSl 06I:NHaSl apoU8ltYpa[5J VoX y'j'O-;;E~fillff. 
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II 


II. 	06paTHHe rrpogeccH: 


. [m (t. -f () '" ( ~,,(~) £' ~j /
Vl«(.~) = n - Q~)A" l) :: n --e .y • ../AJ .U (II)
n::K.-H 1,.,,4 n:l<t'" If *' 
'" (W) ", W _f

U·.d~)::: (I] - D . Z.(.~):: n c- '> .s:.~.l»)ll. U~ (II)
".. ".., e" ,,~k+f '-" J 

I ". Tnw ", (~ 1 I (2.3)
U~(~)::UI)- p" ) ::.£1'"/ - ~A»)lu... cn 

, ('" ~ m t.~ , 
UI«(A,) = 17,J-L.W) =}J) - p.. )} ZI..(;j) j, r.ue 

V:(;j) - JIJ060e (B 'iaCTHOCTH. paBHOe 1). K= "'-1, !fI-", ..., -1 • 

3.uecI> rj, (}.) -:; Pi- -ej( q.~~' . q.W) ; r, OJ::. 0 ; ~:.z,3, ·, m; l q,,(:l)::.( 'l,,- J)}:::1 (2.4) 
A~ .. ~-r.W/A.(,l); A,I:l)=A"IIl)=1; i:;t.,3,· ·· ,m. } 

(2.5)
(Ail): o)"'rAi~:: 00, A!~l == -I ; ,A,.C;l) ·A..Ji!J:: -1,,(~)] 

'a'= -I-"Ii.+lWGj.CX); q.. O)=(f-t(:'U=-1; i=M-I,,,,-1, .. .,~ 

(4nW= 0)" [G'.fi!)= 00. (M~): ~ ; Q,,(A) 'GI1-i(II) = - t..~~{A)] } (2.6) 


7:j,W:: 1.(A)/(1- 7i~(;j») ; 1i (A) = 0 ; i.-::. t. 3, .. ·~ m 

(1'~)=1)--[ 'l~W-:; 00, 'Z.... pJ:O; 1:A(;j)'Z"JI)",-1~)J } (2.7) 

$.·P)= 1;,W/(I-S~(il); S",c;t):: 0 ; i= m.m-f, "', ~ 
(2.8)(S~(~)=I)- [Sa>: 00 I ,s4--Cj)= 0; .5P)·S.f;l)=-r'''-4W] } 

T~)=p. ~;'/(~i.-t(~)- T.-IW); 71w=o;i.=:,t1, .... ", } 
(2.9)

( T..-(~) = q,,~~»)~[ t:W= 0:), 't,P': 0; Til (;;j).T.f;')= - P.-.H ~"'i] 

FJt>:: e 't'/('l ..()- F.. W); ~"'())=- 0; i::HI, 1'J1-(, ... ,.t. } 
(2.10)

(F,.ClJ::. q.C;lJ) ~[F,,~): 00, F.5t): 0; F.~(l)·F.!:)::. -P..:/t,••a 
L. ..m =- 1:.0) -l?~ td LR) ; Lo1C~)= 'l1l~), ;'=1,3, " ','" } 

(2.II)(L 01::. O)~(L ..(l)::. co, 1..£:,':= 'l2> ;U'::·U,;ll = - P. 2.1 . 

(,.., ,a, ......Z../L . (~); f. ".W::'l.W;~=""I1I_I, .. ,~}l.·(~)::q(l)-P· 
(2.12)(L~l)= 0) ~ [[c.il]:: 04, LIJl:: q.14) ;I~)· L~ ==-P... zJ 

IIpH 3TOM HMeDT MeCTO cJIe.uylOO\He COOTHomeHHR 

At~~> -t G;.!?> -1 = 0 ; i.'" t. %" "', m 

'r..(~H- F.~) - 'l.W::. 0; ;'::1,;', .. ·,'" 

(2.13)L. t(:l) of L;,w - q;.{)::.o; i= 1, tr"-' ", },
7,(;1) -t5.:w - ~ =0; i= 1,~, .. ·> ". 

a nOCJIe.uOBaTeJIbHOCTH {Ad, {GJ, {T;} , {Sa • [~} • {F'd , {Ld II 
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[Lo} CBR3aHH CJIe.uyDl(l1:M 06pa30M: 

Jl.(A):;; 1'&(A) · Gi:~(A) ; i= 2,3, "', m 1 

'Z:c~):: Y. (A) 'A-fCA) " i =- x, 3, .. . , "' (2.14) 


Si (A):;; fi ...l:\)· bJII) .; i:: /i. 3, . . . , '" 

'nO) :: CUll) .7t(~) ; L=- 1,:t. " ', '" ] 

L",~)= q.. (A)- T.(~); ~=1, ~, .. , m (2.15)
F;'cA) =q~()J •,s.P) ; ~:. 1,~ ,. ,III 

Lj, (;\):: cUll) - F.(A); i:: 1, t, " ' , Itt 

-/ 
'[;.(').)::. Y;.(il) -Sl_P> ; l.=-:t, 8, ." , ... ) 

'1.r~)::. P. · l;. · F;'~(:A) ; i.-= .f,3,. ·· , n1 (2.16) 

1../j) -:::. Pi' C;. . L-1.:(~) ; i..:::t. 3 . .. ·, ", 


.I!oRaaaTeJIbCTBO (s rrpoBepRa). ECJm MR MaTpHUl:l ( (, - AE ) rrOCJIe.uo-

BaTeJII>HOCTH {Ad, {GJ • {So} ,[ Fd • {Lo.} H {Ld orrpe.n;eJmTI> B BH.ue 

(2.5)1)+(2.12)1)' 'iTO ~PMaJIbHO COBrra.uaeT C (1.5)+(1.6) H (1.8)+(I.I3). 
.uorrOJIHRTI> HX paBeHCTBaMR (2.5)2)+(2.12)2) H 06pa30BaTI> B~eHRR 
(2 .1)+(2.3). TO HeTpy~Ho rrpoBepHTb. ~TO MR K~OrO H3 rrOJIY~eHHHX 
TaKl1!X 06pa30M BeRTOpoB U(A) BHIIOJIHReTCR TOl!,JteCTBO (IC-lE)UWeO. AHaJIOI'H

'iHHM 06pa30M (nyTeM IIO.uCTaHOBKH) rrpoBepRDTCR paBeHCTBa (2.13)+(2.16). 
OTMeTHM. ~TO TaKO!!: MeTO.u rrpOBepKH pe3YJIbTaTa BMeCTO era .uOKa3aTeJII>CTBa 

MIl H36paJIH, ytiHTHBa.R: pa3MepH (o6'beM) ny6JIHK8.l\HH. 

CJIenCTBHe I. ~3 meCTHa.n;uaTII TO~HHX aJIre6p~eCKHx rrpe.ucTaBJIe~ 

TeOpeMll I MR C06CTBeHHHX BeKTopoB Ui.lJ MOryT 6HTI> nOJIY~eHH CJle.uylOO\He 

~ peKYPpeHTHHX rrpe~CTaBJIeRKl!:: 

I. IIpaBaR ..Mo~BaHHaq" 2. ~ ..MO.llHiflHUl'IPOBaHHM" 

(c HelmHHM y~eToM o6pa.meHHR 11 (C HelmHliM y~eToM 06pa.meHHR B 

HYJII> BepXHRX rJIaBllliX 'yrJIOBHX HYJIb ~ rJIaBHHX yrJIOBHX 

MHHOPOB) KJIaCC~eCKaq MOHOTOH MHHOPOB) KJIaCC~eCKM MOHOTOH

HaR rrpo raHKa. HaR rrporOHKa. 

7i..-j(~'" 0 II 0<1 Q"/<,,, , TOECJIH u.:.)~J*o HO<ld«I<'" ,TO 

bl( U~(~)bl( U~+lm 

ECJIH leLd="" ,TO :1J~W= IECJlH IQ"l= tid , TO (2.17) 

o o 

ECJm lkJA): 0 JIHOO ~=o ,TO ECJIl1I U;-i(i\): 0 JmOO S2.rs 0, TO 

' , _ ~U~'}i ui:u: f ; /is_I, ..•• i RIt-I U (~) 	 ; UI{~) =1; K=.l. 5,···, ..,-z:; NPc.I 9 I( 
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3. IIpaBaR "KOMCiHfrnPOBaHHaR" 

(c HeHE IrnM Y'IeTOM 0 CipaIllBlllltlfXCR 

B Hym. ~ rJIaBHblX yrJIOBblX 

MHHOPOB) rrporOHKa. 

ECJm U;oJ:f 0 1II 0<1 .R..1<<<l , TO II 

--j ,

6"+1 Ula/~) 
ECJIJ/I /52_/:: <III , TO =W~)= 

o 
ECJIJ/I uJ/) :: 0 JIJ/lCio.Q..= 0, TO 

Z"nr' ,-- u.. ['J, " ""d, /t:, ,,-/,. ··,1P>UI ~,~... , 

5. IIpaBaR "Mo~<PHllHPOBaHHaR" 

(c HEHHM Y'IeToM oCipamanmKXcR B 

HyJIi> BepxHlIIx rJIaBfillX yrJIOBHX 

MHHOPOB) KJIaCC~eCKaR MOHOTOH

HaR rrporoHKa. 

ECJIJ/I U;W10 Ho<I4>.I<" , TO 

- (lP!'~. )·UtJ.:A) 

ECJmUjr)::O JIJ/lCio ~;.::O, TO I -u: _ 
_ ?....t.U: (A) > - .W
p~ ~'Z 

&JIH I~d;: "" ,TO 

o ~ /J.~C~):, 1. i,= ..-~ • .. , 1 

7. IIpaBaJi ..KOMCiHHlIIpoBaHHaR" 

(c ~ Y'IeroM Oelpam~CR B 

RYJIi> ill!!!!!! rJIaBfillX yrJIOBHX 

Ml!HOPOB) rrporoHKa. 

ECJm zUf)1 0 H O<IlJ{H/<"", TO 

-(t)U~(J,) 
ECJm ll.. = 0 ,TO =U:W= 

< 
o 

EcJm lL:J~)= 0 JIJ/leiO 11&1=00, TO j 
- ~U/~);u:..£tI)=1,i.=OC-I,.-,1-


4. JIeBaR "KOM(\J/IHl11poBaHHaR" 

(c HeRBHHM yqeToM oCipamaDUlHxcR 

R HYJIb BepxHlIIX rJIaBHHX yrJIOBHX 

MRHOpoB) rrporoHKa. 

CJIJ/I U~(~)~O l{o(./kl<td , TO 

bJl./ U:..;W 

ECJm IJ" I = <III , TO (2.18) 

o 
ECJlJ/I U~l;t):: 0 JIH(\o rk =0 , TO 

-!i; U~_~';t) ; U '/(tI):.1 ; 1(,02. 1. ·· ,,", 

6. JIeBaR "MO~~BaHHaR" 

(c ~ yqeToM oCipamaKlIllllXcR B 

HyJIi> ~ rJIaBIillX yrJIOBHX 

MHHOPOB) KJIaCCJ/I'{eCKaR MOHOTOH

HaR rrporoHRa. 

JlJ/I U:,,'~HO H 0< Ilft/<.. , TO 

-(ff) ·u'.(;t)
~;, I-I 

EcJm u;..;(~):: 0 nCio 1l.= 0, TO (2.19) 
_.1'G. U'J:A)

Z' <-1'• 
EcJIJ/I IIf./;oo ,TO 

o ; U-;w={ j i'.t.), "" "'_ 

8. JIeBaR "KOMCiHHlIIpoBaHHaR" 

(c ~ y~eTOM OCipa!11ElllllRXCR B 

HYm. BepXRKX rJIaBlillX yrJIOBHX 

MIIHOPOB) rrporoHRa. 

lih~)# H 0< I~~I<"', TO 
~o-/ I 

- ( T)Ui.'(~) 

EcJlJ/l ~i_/::'O • TO (2.20) 

o 
tEcJm Ujil): 0 JIJ/lCIoJ4>;,tJ."", TO 

-tu;-.tW; ~('):1; c..:L.J. · ·"", 

4>, =- 'i.lAJ - p.( q,;_~-CJ ; cp~: q./W ; i::~ , 3, · " "" j (2. 24) 

ift=- 1.w ·r;,;,./J) ; tFiJ:l):: q.fA)ALf,~) ; i.:i . .t,..., '" . (2.25) 

nOKasaTem.CTBO Crrpa5e~BOCTlII rrpoueccoB (2.17)+( 2.20) HeITOCpe~

CTBeHHO CJIe~eT 1II3 orrpe~eJIeHlllR nOCJIe~OBaTeJIi>HOCT en : b~J ,["b.} , l?f.,} H 

{rli«} (2.21)+(2.25) 1II TeOpeMl:l 1. 
3aMe'!aHllle 3. Bll1lIe MI:l BBeJIH nOHRTHR rrpaBOn (JIeBo~) MOJll{IPHUHpoBaH

HHX KJIaCC~eCKHX MOHOTOHHblX rrporoHOK, nocKom.KY B HHX (B OTJIH'!He OT 

HM c ooTBeTcTBYDUHX KJIaCCH'feCKJ/lX aHaJIoroB ) HEHO 3a.n;alill "aJIrOpHTMIi nepe

rnarHBaHHR", cox-paHRlIlJ(lIIe nOCJIe~OBaTeJIblill~ nopR.l\ol< BbNJ/lCJIeHHR KOMnOHeHT 

coCiCTBeHHoro BeKTopa {U; w} B cJIJ"Iae HEHOrO (HeHBHoro) oCipameHHR B 

HyJIb cooTBeTcTBYDmRX BepxHHx ( ~frnx) yrJIOBblX MHHOpOB. AHaJIOr~HO 

HaMH BBe~efru Ta~e ITOHRTlIIR rrpaBo~ (JIeBO~) KOMelHHHpoBaHlillx rrporoHoK 

( c HEIillM (HeHBHHM) yqeToM lIIH<PoPMau;IDI oCi OCipaIl\alOUlHxCR B HyJIi> COOTBeT

CTBYKIIlHX rJIaBHHX yrJIOBHX MldHOPax). KTIacCH'IeCKHe aHaJIOrH nOCJIe~ero 

TlIIITa rrporoHoK aBTOpaM He H3BeCTIill. IIpH STOM TepMHHaM KOMCiHHHpOBaHlilltt 

MH CTpeMlIIJlJ/ICb IIO.IrJepKHyT:b saB1'.cnMOCTb OT {Gel KOMnOHeHT BeKTopoB{W~)} 
B cxeMax rrpB.BblX nporOHOK 1'. HaoCiopOT 3aBllCHMOCTb OT l.l\;} B Cxe~1aX 

JIeBJ,IX rrporoHOK, B TO BpeMR KaK B KJIaCCH'feCKHX cxeMax OCibNHO rrpHHRT 0 Ci

paTlilltt xapaKTep 3aBlIIClIIMOCTlII. 

CJIe,n;cTBHe 2. IIyCTb .A. - JIl)CIoe HeKpaTHOe BemeCTBeHHoe coCiCTBeH-

Hoe 3Ha'leHllle BemeCTBeHHott Tpe~arOHaJIi>HOH MaTp~ C (1.2 ) C He

HyJIeBHMJ/I BHe~aroHaJIi>HHMlII 3JIeMeHTaMH. Tor~a(He3aBJ/lcKMO OT Bcex OCTaJIi>

HHX coCiCTseHI:{IDC 3Ha'leHHiQ BeKTOp, 

B (2 .1) MOlKeT CiIiTb Ha~eH o~ 

I. PeKYPpeHTIilltt MeTO~ 

o(\mero BJ/I~a Ha OCHOBe ~ 

rJIaBIillX yrJIOBHX MHHOPOB. 

ECJIJ/I U;PJ1 0 1II 0<1L. ..0>1(00, TO 
P. •-.¥ U',f(t:I)
r.lU) , 

ECJIJ/I U;·.P)=0 JIJ/lCio Li(~):O, TO 

-
.!tt U;_.zW ~ =U:(J): 

ECJm Li{;J)= co ,TO 

o ,r~e 
..... Ww" -I , L= ~, 3, . ' " '" 

eM'j cooTBeTcTBYl!llll'!~, U'CA>={ U;W},:I 

J/I3 8!!il! CJIe~KlIllIIX cnocoCloB: 

2 •. PeKYppeHTHHA MeTO~ 

oCimero BH~a Ha OCHOBe BepXHlIIX 

rJIaBIillX yrJIOBHX MJ/IHOPOB. 

CJIH uj,/'J)"l 0 Ho</L.:(~)I<"", TO 

':+4 )/' _ -'- tAi+lO)
L.tW 

ECJIJ/I U;';~): 0 JIJ/lCio L;.f~)= 0, TO 
~ . _ .:itA U· .(~)o ,,* 
c.~ 

ECJIJ/I /..i.(~) :: co , TO 

(2. 26) 

.0 ,r~e U~{..j)= -I , i =,,1-1, ..,•.t, . ", -I 

~ ~ 
3lteclo: blC::-'(I(~/(d,,=('i/«(~)+PIC·br4)]; bf:-t.. q,~(:~); /(,,2.3" " ,"'-1 . (2.21) 3lteCb L~(~) ecn (2.12) 1II J..;:(~) - (2 . II). 

1loKaaaTeJThcTBO rrpoueccoB (2.26) JIerKO IIOJIY'ilITb C y~eToM npaBblXb.=--P,,/(S2,,:=.{'lIC(:'I)-t z...lbl<H)]; b.= - P... 'I-~{f;f) ; K=Iit-f, ".,.t, (2.22) 
-I ~acTea B (2.2) 4 ) H (2.12), a Ta~e JIeBHX ~acTen B (2 . 3)4) H (2 .11 ) . 

(7Ft = ~i(') - ?i~ IJI.~ ' P;+I) ; If.. : 9.w ; i..= ",-I, " ',1. (2.23) 
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OTMeTHM Ta~e, ~TO YKa3aHHHe rrpo~eCCH RRnRDTCR OCHOBHHMH B rrpaK-

TH~eCKOA pe8JIH3amm Ha 3BM, eCJIH A :i'll3BeCTI:IN C xopomeB TO~OCTbll, 
HanpHMep, B~c~eHH C HcnO~b30BaHHeM peay~TaToB [17]. 

JIerKo BH.n;eTb, ~TO eCJIH ). - ROMMeKCHOe, TO nOCJle.n;OBaTeJTh-

HOCT» {L.:I~)}:a {L.:£A>\ -KOM~eKCHHe H HMeeT MeCTO Me.JJ;Y~ peay~TaT. 
CJre.n;cTBHe 3. ECJIH A - HeRpBTHoe KOMMeKCHoe c06CTBeHHoe 3Ha

~eHHe, T.e. 
:>t=a+bi 	 (2.27) 

BemeCTBeHHoft TpeX.D:HarOH~Hoft MaTpH~ C (1.2) C ReHY~eBHMH BHe

~aroH~HHMH a~eMeHTaMH, TO B (2.1) c06cTBeH~ BeRTop KMeeT BH.n; 

do) = { U~w = (X.W + Y. (;I) -i)}:1 , r,!{e: 

ECJIHo<rIL(~)I,IL(~)IJ<~, TO 

- - -I. -I.X.(iI):- P. [A"(.~)X.!f)+ B,.{~) y". ({1I1/(A.(.v+B~W) 1I 
y,(~)=.P..[A.(A) Y•.,m- B.(.l)Y....oJJ/(.4:clI).. 8~m) ,r,!{e 

)(4111)= L YI (l):d , It:,t , 3, - - -, m 

XI((~)=-2:k+4[A~mXo/ff(iI)+ eIC(II)Y,JII)J/(./.:C-l>+B!"'»wm 
YIC(;!); -?..i (A,,(~)YIltfU) - 8,,(11) -XofJ)] /(A:(~)+ B~('v) , 

X'" (11):.-1, Y~(J)::L 1<= m-L ",-t, - - -,-1 

EcJfi'I IL.(AJ/=O , IL.,,(~)I:.O , TO 

_ ~" X(~l = X (') - - B... X(-1) }P. "U • ,,- 2; -A 

- ~ Y,.W :. Y. (~):: - ~ Y,/f 
.... ~ 	 c:,. 

Ec~ I L"IA~::/!O , I L ..wl:. .... , TO 

X.CiI)= 0, V"W = 0 

IIpH aTOM 	 L..(J) H L..U) B (2.26) eCTb 

f..(:!l:' A. (..I) + 8,. (:J) - i ./1 = .f~ !" . . . ~ Nt 

L.cn= A.(iI). 8,.(~l - ~ ) n=LJtF --, '" , 

_ = - / -I. -.a)-

1 

r,!{e 

r,!{e 

A~) Ul•.;a)- e c.. A.(.1} (A.(~)+ 8.()!) ; n="',I1I-I, -

BoW =- (b - e. c. 8.t;Jl/(..l(IIJ-+ 8:(11))] ; It:.-., ",-1, ,,t"j 
A~(;j) =9... - a H 8,.m =- b 

A.(l)=(fi ..- a )- p. 't. A.~J)/(liJl. Bj~) ; IId,J,-- , '" 

.t .c 
8.(~)=-(b-P' 'C. B.!l)/(A.!'~)+B.~~»)J ; n:.f, ', -, m )

A,(~):. flr a H B,(JI) -= - b 

(2.28) 

(2.29) 

(2.30) 

(2.31) 

(2.32) 

(2.33) 

(Ii"WI=o)~[I[~~I=~, ~j(_P)= _q,I(;-;,a .. BIC_.t.(;!)o;;-b :} 
(A_C~)+ 8.(J)-,,)(A ...((~)-I- 8K-f(~) - ~)::- P.. '?:.. J 

(I uO(~~ 1= 0) - (I L,,(.1) I= OD, A".,(.;1) :. 1".:; a, 8••,0):: - b ; } 
(At\1W -I- B~.,()l) - i)(A,,(~) -I- 8,,(~) - i)= - PK'C.J 

(2.34) 

CrrpaBe,MHBoCTb STOro peay~bTaTa Henocpe.n;CTBeHHO BHTeKaeT '113 c~e,!{-

CTBHR 2 C 	y~eToM oc06eHHocTeft KOMMeKcHoft apHlPMeTHKH. IIpH STOM c~e.JJ;YeT 

HMeTb B BH.JJ;Y, 'ITO rrpH Ha..JIHlmJII .l{Byx ROMMeKCHo-corrp.RllteHInOt c06CTBeHHIDC 

3Ha-qeHID\ A=a+ b-" H A:. a- b i -COOTBeTCTBYDl\He KM co6CTBeHlme BeKTOpH 

HMellT BH.n; 	 UW::.X(JI)+Y(~li H U(l)=X{:l) - Y(~i • 
3aMe~aHHe 4. JiTaK, BblllJe B TeopeMe I 6wm: nOJIY'Ielm MeTO,ll;ll Btl'mC

~eHHR Bcex c06cTBeHlmx BeKTopoB, cooTBeTcTBYmmzX pa~HHM c06cTBeH

HHM 3Ha-qeHHRM {A.1 ~i}'~'f MaTpH~ C (1.2) ,Y ROTOpoft Bce BHelnIaro-

HMblme a~eMeHTH fp.~o H 2".~o},~1. OTJIH~ 0'1' HYM. YKaaaHRae MaTpHlUi, 

KaK H3BecTHo, COCTaRnRllT nO,!{MHOXeCTBO MHO~eCTBa MaTp~ rrpoCTOft CTPYK

TYPH. IIpRMepoM TaKHX MaTPHU .I1BJIJmTCR CaMOcorrpHXeHHHe Cit: C (~60 
COOTBeTCTBeRHO CHMMeTpK'leCKHe C"'::. C ) MaTpHlUi. O.n;HaKO UP}! yC~OBWIX 
{p.:#; 0 H ~.~o} ~ B_ce MaTPHlUi C (1.2) RMellT Bce pa~HHe 
c06CTBeHHHe 3HaqeHHR }! cooTBeTcTBymmze HM pa~HHe c06cTBeHlme BeR

TOPH, 06paayDI!Ae no.1IIDdt 6a3HC rrpoCTpaHCTB £... ( ~60 COOTBeTCTBeHRO 

R", ), B KOTOPIiX .n;eAcTByeT onepaTOp q: (1.2). IIpH Tex ~e yC~OBIDDt 
[ p':lO}! ;:-.1: o }::.c MaTpHUH C 0.2) MOryT HMeTb TaRXe RaK npoCTYIl 

CTpYRTYPY (T.e. KpaTRHe c06cTBeHHHe 3Ha'leHRR, HO cOOTBeTCrBY~ HM 

DOJIRHA 6a3Hc HS c06cTBeHHHX BeKTOpoB),TaK H He rrpoCTYIl CTPYKTYPY (T.e. 

KpaTRHe co6CTBeHlme 3Ha'leHHR }! Ha60p H3 COOTBeTCTBYI!lIlHX HM c06

CTBeHHHX BeKTopoB, He 06pa3YIW!HX 1I0~HHft 6a3Hc B YKa3aHHIDC rrpo-

CTpaHcTBax £". ( R", ». HanpHMep, eCJIH MaTpH~ C (1.2) 
HMe~T .D:BY~aroH~HHA B}!,!{ 

.. 
IJ' 2'£ - 0 	 1p" ", 	 ,TO (1£)lfi" 0 ~60 C '" ' , ':, '2:',.f .. = [ 0' " ' f,,'J. .. [ 0 , ft. 

B cJIY'l8e Bcex pa3JIl!'lRHX lnI8roHaJIbRWt a~eMeHTOB {(~.:1 il; )-(Ai"l )..)~omr 
JmJIJDJTCJ! MaTPHUaMH npocTOA CTPYKTYPH, a npH RaJIl!lDIIII KpaTHHX ,ItH8I'OHaJIb

HWt SJreMeHTOB {'ITO TO lite 08)408 - KpaTHIiX C06CTBElBHHX lIH8.'IeiDrlt) OD pe
.( 

1 
Re RBJIJDJ'l'CR MaTpHuaMH npocToi CTPYKTypH a, HanpHMep,ZOlWUlOBOnO)l;o6

1m. EcJm A - xop,ItaHo~no)l;o6JUUl MaTP~, TO cymeCTByeT HeB!i'pOX

,!{eHHaJI MaTPHIla U ,TaKaJI, 'ITO 1111/).:,4 ,r,!{e H - M8TPJ!llB. lKop~aHa. 
EcJm Y .n;BYX.D:HarOH~HHX MaTPUll c. ~ CA (~) Bce ,ItH8roHaJIbRHe 
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aJIeMeHTH fq;, =q];1 O~HaKOBHe, TO TaKHe MaTpl'lIlbl rrpl'lIUlTO HaaUEaTD 

Rll1RKaMl'l If-op.n;aHa. Ilpl'l aTOM K~ Rll1RK lKop.n:aHa (He38BlrcmJ!O OT ero pas

MepHOCTl'l) HMeeT JIl'lmo O.n;HH c06CTBeHaua BeKTOp,KaR B c~ae KaHo~ec-

Koro [3,18J BlUta {f",='!: JIl'l60 Pc: P};:.t, TaK ll: B 06111eM (3J He 

KaHOHW1eCKOM CJIY'1ae { 'C,,;f.t JIH60 PI(; p }:::~ OTcxma CJIe.n:yeT, 'iTO 

paBeHCTBO HYJIlO OT.n;em,HhlX (l'l:lOJIllfpoBaHHhlX) (P. = 0 ) Jll'l60 (ll:) (?;. = 0 ) 

rrpl'l iPHKCl'lpoBaHHbIX K 1'13 l'lHTepBaJIa 1. ~ K' m TalOlte cymecTBeHHHM 06pa30M 

BJIl'lReT Ha CTPYKTYPY rrpoCTpaHCTBa C06C'J'BeHHHX BeKTopoB MaTplU\H C (1. 2 ) •. 

CJIe.n:ymmHe JIeMMa l'l TeOpeMa .n;aIDT OTBeTH Ha BOrrpoCH CTPYKTYPH rrpoCTpaH

CTBa, a T~e cnoc06H B~CJIeHll:R c06cTBeHHhlX BeKTopoB MaTp~ t (1.2) 
B 3aBHCl'lMOCTll: OT 3Ha'!eHl'lit BHe.n;l'larOHaJIoHhlX aJIeMeHTOB l R. ~};:.t, • 

]emJ!a I. IlycTb ~ (1.2)-BemecTBeHHBR TpeX.n;HaroHanoHBR Ma'J'pll:Ua, 

cpe.IJ:l'l fAIC}:':/ BCex c06CTBeHHhlX 3Hal{eHll:~ KOTOPO~ m~eJOTCR {:A;;. ';Ai+IC} 
o.n;Ha rpyrma (Jll'lOO COOTBeTCTBeHHO HeCKom,KO pa3JIHl{HliX rpynn) KPaTHHX 

BemeCTBeHHliX (JIl'l60 KOMTIJIeKcHlix) c06cTBeHHHx 3Ha'!eHll:~. Tor.n;a: 

I. ECJIH 8JIeMeHTH TaROH MaTpHIJ;hl y.n;OBJIeTBopmoT O)l;HOMY Jll3 cJIe.n:y~ 

YCJIOBl'li!: 

A) 	 (L~( ~o J: • .t ,a £P,,=o}:;.t J JII'l60 UP.. ; 0 };:.e , a p.. =o}; • .t]; 
{,,,~o};: .. , a HeKoTopHe HS p. =0 IIPH JII06lDC i H3 l'lHTepBaJIa 

B) 	 H i, ~'" JIl'lOO {P.c~~};'.r. , a HeKOTopHe Jll3 (:i =0 rrpH JIlJ6lDC j H S 

RHTepBaJIa Z ~ J ~ 111r 
C) 	 1{z.;to};:t.!! [Pit 1 OJ ;:.&) 

TO TaRM MaTpll:Ua: 

a) He RBJIHeTCR MaTpll:ue~ npocTol CTPYRTypH, 

B) Ra1!.D:M 113 YKa38HHIU rpynn ee RpaTIIHX c06CTBeHHliX 3Hal{eHl'lit rrpJll

HB,ltJIeDT JIl'lml> O,l[!!OMY (CBOeMY) !!!!!!!S.'l. Eop.n;aea. 

II.ECJm 1!e BHe.n:HarollaJThHlie 3JIeMeHTH MaTPHilbi C (1.2) 

0) (tIC:: 0 = PIC ) 

06PWII8IlTCR B 1IYm, O.n;HoBpeMeHHo npH JID6lDC K HS ll:HTepBaJIa 1.( K('" , 

T. e. MaTPuua C (1. 2) pacna.n;aeTcR Ha Cl'ICTeMY He CBR98HHHX MelfiItY 

co60A TpeXJtRaroHaJThHHX nO,ItMaTpmr MeHDme~ paSMepHOCTII. !2. CTpYKTYpa 

npoCTpaHCTBa co6cTBeHHHX BeKTopoB TaRO! MaTpl'IUH 0.n;H03Hal{H0 onpe.n;anR

eTCR CTPYKrypoA no.n;npoCTpaHCTB co6cTBeHHHX BeKTopoB Tpex.n:uaroHaJThHHX 

nO,ItMaTp~, npJIMol CYMID! KOTOPWC OHa RBJIReTCR. 

J(oKasaTem,CTBO JIemJ!H Ha'iHeM C .ItORa98TeJIbCTBa ee II - BTOPOro 

nyHK'l'a. Ha CSMOM ~eJIe. YCJIOBlUl (~=o=p,,) IIpH JIDOOM K HS HIITepBaJIa 

.t ~ K ~ In n08BOmmT pa3JIODTD MliTPJlIlY C (1.2) B npRMYIl cYMMY Tpex

.1P181'OHaJThHHX nO.n;MaTplUl C. MeHl>meA paSMepHOO!'H , T.e. 
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OTClJ.n;a CJIe.n:yeT, 'ITO rrpoCTpaHCTBO R," ,B KOTOPOM orrpe.n;eJIeH onepaTOp 

(MaTPll:U8-) C (1.2), pacna.n:aeTcR B rrpRMYIO CYMMY 

Rrn = R. + R£ + ." + R~ 
no.n;rrpocTpaHCTB, CTpYKTypa KaJK,noro l'I3 KOTOPlDC O.n;H03Ha'iHO orrpe.n;e.rureTcR 

CTPYKTypoi! no.n;rrpocTpaHCTBa c06cTBeHHhlX BenopoB KaJI!,JlO~ 1'13 nO.n;MaTpJllU 

Ci • i~i' i , 'ITO l'l .n;OKaSUBaeT YTBe~eHll:e nyHKTa II: nOKa38Tem,CTBO 

YTBepl£,Jl;e~ nyHKTa r JIeMMhl Ha'iHeM C 1A) • Ha CaMOM .n;eJIe. ECJIH 3JIe

MeHTH MaTPBUhI C (1.2) y.n;oBJIeTBopJmT O.n;HOMY 1'13 YCJIOBl'li! 1A), TO 

TaKHe MB.T~ (KaR yxe OTMe'!aJIOCb BliUle) RBJI.RlOTCR .n:BYX.IJ:l'laroH8JThHWJ!l'l. 

C .n:pyroi! CTOPOHli, HaJIW.rne Y .n:BYXllRaroH8JThHbIX MaTpll:U rpynn 0.n;l'lH8KOBlDC 

co6CTBeHHaX 3Ha'!e~ (OURTo-TaRR, KaK y~e OTMe'!aJIOCb BHIDe) 3KBKBaJIeH

THO H~lJ rpynn O.n;HHaKOBlDC .n:HaroHaJIoHliX 3JIeMeHTOB. CJIe.n;OBaTeJIDHO, 

BHnOJIHJm Q.:.p~p-I JIl'l60 ~.= pC.p-' - rrpeo6pa:lOBallllR no.n;o6l'IR (nepe

CTaHOBKl'I CTpoK H CTOJI6UOB) Y .n:ByXJtRaroH8JThHliX MaTpl'IU C~ l'IJIl'l l~ 
HX Bcer.n;a MOlIHO dy.n;eT rrpnecTIi K .D:ByXJtRaroHaJThHoMY lI.e BH.n:y. B pe sym,

TaTe Bce O.n;HHaROBHe .n:HarOHaJIl>Hlie 3JIeMeHTii 6y.n:yT 06M.n:HHeHbl no rpynnaM , 

T. e. CTORTl> no.n:psm Ha .n:HarOHaJIlI! .D:BYX.D:JllarOHaJThHHX MaTpl'IU Q,. RJlH Q. • 
EaJIee, YlJl!THBaR: YCJIOBHR {[{10J::.c JIl'lOO I er ;:ol,,~.t , MoxeM Ha.n; .D:Byx.n:uaro

HaJThKIiMH Ma'l'pm::\aMH Q... JIl'lOO Q.. BHnOJlHlITl> .n;am.lIeitame npe06pa80BaH1J. 

no.n;06u no "YHlJ'IT01!eHKl)" Ha.n;(no.n;).n:HaroHaJThHliX 3JIeMeH'1'OB -( Pic JII'lOO Z'.. ), 
pas.n;e~ rpynDH O.IJ:l'lHaKOBlDC .n:HaroHaJThHliX 3JIeMeHTOB, nOCKOm,RY YKa- , 
98HHlie IIYJIlI Ha no.n:(Ha.n;).n:HaroHa.n:JIX B .n:BYX.D:JllaroHaJThH/:DC MaTPmuu JmJIRXJ'l'CR 

cBoe06paSHHMH ftHH.n;HKaTOPaMH" coce.n;lIll:x nmRKOB Eop.n;aHa., B pesym,TaTe 

Dpo,ieJIaHHIlX onepaud .D:BYX.IJ:l'laroHaJThHHe MaTPl'IUH C... JIl'lOO CJJ o6pe

TaIlT BlI,1t HeRaHOHlf'leCKOl Ma'l'pl'IUH lKop.n;aHa. TaKHM 06pa:lOM.nOKaS8JIH, 'ITO 

MaTPHilbi C (1.2) rrpll: yCJIOBHJDt 1A)no.n;06HH MaTpHI{8.M Eop.n;aHa, KOTopHe 

COCTORT ll:3 RmRKOB Eop.n;aHa, K~ Jll3 KOTOPlDC,B CBO~ o'lepe.n:o,He RBJIR

eTCR MaTpznei! DpoCTO~ CTpYKTYpH. MnOKasaJIK TaK1!e, 'ITO KaJI!,Jloe C06CT

BelIHoe 3HaQeHl'Ie Ma'l'pl'IU C (1.2) npl'l YCJIOBRRX 1A) rrpRHa,nJIelKl'lT O.n;HOMY 

JlHII!I, (cBOeMY) HIIlHKY lKop.n;aHa. 

- J(oKasaTeJIDCrnO YTBep1!.IteHd JIeMMH npl'l YCJIOBHRX Ie) Olll'lPaeTcR Ha 

TpH cJIe,llJ'DllRX lflaKTa. Bo-nepBlDC, Z:CC-l6) - palIT MaTpl'IUH (C -AE ) 
)I)lJ! JIIl6oro A ~ MoxeT 6HTb ~,QeM "'-~ ,T.e. 'CC-)f) ~ tn- I 
e CB { pll'~O H t •• o};•.c. :3'1'0 CBR38HO (CM. § 1.3.10 [61 ) C Hepa3JIO

m!MOCTl>1l MaTpHU C (1.2) iIplI T8Kl'!X YCJIOBJUIX Ha ee 8JIeMeHTH, T.e. 

HeBO SMO:mOCTD~ (CM. § 1.5.2. [61 ) CBe.n;eHl'lR C 0. 2 ) K 6 • .7IO'iHO-Tpe
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yro.'lbHOMY BH.D:Y nyTeM ~ lIepeCTaHOBRM ee CTPOR H CTOJICiUOB. BO-BTO

ill!!, MlI TOrO 'ITOCibi a; (1.2) Cil:UIa Cibl rrpoCTOn cTPyRTYPbl,HeoCixo~o 

U .nOCTaTO'IHO (RaR CJIe.n:yeT H3 TeOpeMlli, rrpHBeneHHoJ;\ B 3aMe<raHl'IH 1) BlmO~'1-

HeHHe paBeHcTB Z"(('-~E)="'- K" MlI Bcex A, rne Klt - aJIreCipaM

'IeCRalI RpaTHOCTb coCiCTBeHHoro 3Ha'IeHHlI ~ B-TpeTbKX,~ MaTpHU 

JIlOCiott CTPYRTypbI (CM. § 7.31 [5) ) HMeeT MeCTO paBeHcTBo t(C-Af)=m-1'~~ 
Bcex- A ,I'ne 'JA - reOMeTpH'IeCRaH RpaTHOCTb coCiCTBeHHoro 3Ha<reHHR 

A H 9., K}. 
TIOCROm.RY c/el(C--lE)=O , TO C y<reTOM "BO - nepBIiX" B :3TOM c;ry'Iae 

Bcerna HMeeM ((~;\E)""'-4 • OTCIOna, a TaKJKe H3 .. B - TpeTbKX" H YCJIOBHlI 

JIeMMH 0 RpaTHOCTH J. CJIe.n:yeT, 'ITO ~,,"1 ,T.e. ~ naHHoro !\paTHoro 

A cymecTByeT JIIDlJb O.I(MH RIIll'IR }RopnaHa.H CJIenOBaTem.HO, C (1.2) 
>!MeeT He rrpOCTYJO CTPYRTYPY. I1TaR, YTBeplK,IleHHe JIeMMH lIpH YCJIOBHffiC Ie) 

I B)nORasaHo. nnlI nORasaTeJIbCTBa YTBePlK.Ile~ JIeMMH rrpH YCJIOBHRX lIO 

CY'J'U CJIe.n:yeT lIOBTOPHTb Bce paCCYlK,IleHHlI lIpeJJ:bl.JlYmero :3 TalIa , IDilelI B BH.JlY 

CJIe.n:ylWlee. 

ECJIH, HalIpHMep, [P~10 };:.e H .7IH1llb HeROTopble H3 24r= 0 ,TO, y'ffiThlBaH, 

'ITO A - coCiCTBeHHoe 3Ha'IeHHe, T.e. de.i(C-~E)= 0 , HMeeM ((C-lE)'" m-I • 

B :3TOM HeTpynHO yCieJJ:HTbClI, BuqepRHYB nepBYJO CTPOl\Y H lIOCJIenHH~ cToJICieu 

y MaTpHUhl (C - ~ IE ). AHaJIOrH'l'HO nORasaTem.CTBO R lIpH {'t~1 O};'..t H 

HeROTopblX paBHhlX HYJDO Be = 0 • JIeMMa nORasaHa. 

CJIe,gcTBRe 4. TIPR YCJIOBHffiC IA,B,C) Ha 3JIeMeHTbI MaTpmra £ 0.2): 

1. l1MeeT rrpoCTYJO CTPYRTYPY Torna H TOm.RO .Torna, eGJm Bce ee coCi

CTBeHHhle SHaqeHHR pa3JIH1JHbI. 

2. ECJm B ee cneRTpe >!MeJOTClI RpaTHbie coCicTBeHHhle 3Ha<reHHR, TO 


£ (1.2) Bcerna HelIpOCTo~ CTPYRTYPbl. 


3ru~e'IaHHe 5. TIPM TeOpeTH'l'eCKOM aHaAE3e CTpYRTYPEI rrpocTpaHcTBa 

coCicTBeHHhIX BeRTopoB lIpH pa3JlH1j'Hblx YCJIOBMffiC Ha 3JIeMeHTbI MaTpHUhI t (1. 2) 

B ~'1eMMe I MbI He BK.JIIO'.rnJIH (1I0 rrpH'ffiHe CJIOlmOCTH aHaJIHsa) B paCCMOTpeHHe 

YCJIOBHlI Ha BHeJJ:HaroHam.Hble 3JIeMeHTbI {PK' 2;,,} ;:.8 BRJJ:a 

E)[(t"j=OHP~,~O), HO (Poa=O H2i<.~O)] JIH60(!kt=O H~.~O), 
HO ( ~:: 0 R p~ 1- 0 )] lIpl1 JIlOCihIX .t 4 /Cj i ~ 4 m , ynOBJIeTBOpRXIInIX 

YCJIOBHRM K, < k~ • MaTpMUbI C (1. 2) lIpH TaKHX YCJIOBHF!X Ha BHe.I(RarO

HaJIbHble 3JIeMeHTbI MOryT UMeTb B cJIY'fae KpaTHbix coCicTBeHHblX 3Ha<re~ RaR 

rrpocTYJO,TaK H He npoCTYIO CTPYRTYPY. 

3aMe'IaHHe 6. YCJIOBHR A, B, E Ha 3JIeMeHTbI MaTpRUbI C (1.2) RBJI.R:

DTCH CJIenCTBJIleM 06l1\RX YCJIOB~ 

( 2"",= 0 M p", l' 0 JIPI60 ( Pre, = 0 H -;;"," 0 )1, 
F ) ( ( tIC;, =0 H P"'A ~ 0 JIH60 ( p... " 0 »), ••• ,

{	 R '".. *0[( r~: 0 H PK.*O JIH60 ( PK,,:: 0 H tc..t 0 )J, rne 
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:t, £ K, ~ K.. , 1<. ~ ". ~ K" , hi • CJrenoBaTem.Ho,MaTpHUhl q; (1.2) 

C YCJIOBH.flMH C, D H r:; Ha HX :3JIeMeHTbI OXBaTblBalOT TpeXJJ:HarOHaJIbHble 

MaTpRUhl CaMoro oCimero BHJJ:a. CJIe.JlY~ TeopeMa lI03TOMY naeT 'fRCJIeH~ 

(ROJlli'feCTBeH~) OTBeT Ha BOrrpoCbI Bbl'fRCJIeHHlI coCicTBeHHhIX BeKTopoB 

MaTpRu C (1.2) CaMoro oCimero BR.ll;a. 

TeopeMa 2. IIYCTb C 0.2) - BemeCTBeHHaH Tpex,nnaroHam.HaH MaT-

PRUa oCimero BR.ll;a, T.e. ee 3JIeMeHTbI ynOBJIeTBopmoT JIJ060MY Ha YCJIOB~ C, 
D F JIeMMbl 1. Torna, 1I0CTPOHB C Y'1eTOM aHaJIHsa yCJIOB~ D R 

F ueJI01JHCJIeHHhle HHTepB~) 
.	(1.S.-q,[S4.S..-iJ , ... .[s.:.Si~/L ·.[5..... 5.-11.[.5.,"'1 H (2.35) 

[S.,Kd], [I<'j, 1<'..-1), ... , (Kt. K'01IL···, (KII-/, Ku-I] 
, 
[KII

I 
oS,,,I-1] ,rne (2.36) 

{zOICS.. '· ·. iS.4 m J H tSi"HKd···~,si;,I} 
coCiCTBeHHHe BeRTopbl TaRott MaTpRUhl, COOTBeTCTBYDmHe JID6hIM (B TOM 'll'lCJIe 

RpaTIlliM) coCiCTBeHHhIM 3Ha'IeHHRM Ai C HOMepru.m j H3 HHTepBaJIOB 

i =[S•• Si~ll ,a TaRlKe COOTBeTCTBYDIlHe HM lIpHCOe.I(RHeHHHe (=URKJIH<re

cKHe) (CM., HalIpIDilep, § 74 [181 HJIH § 8 rJ!. 5 LI91 ) BeRTopbl MOZRO 

aa2TK RaR pemeHHR CHCTeM ypaBHe~ B OCimeM c;ry<rae C TpeX.I(RarOHaJIbHHMH 

MaTpHUaMH MeHbmeJ;! pa3MepHOCTR,QeM pa3MepHocTH HCXOJJ:HO~ MaTpHUhlC(I.2): 

I~ ilyCTo SneCL H BCIO.JlY .I(aJIee J.j - JIJ060e coCicTBeHHoe aHa'IeHHe 

MaTpHUhl C (1. 2) lIpH JlJ)CiHX itO (KJ, Kt+i~JC (5., Si~ 1] ~ JID6hIX L • 
Torna, eCJIH ~ t",,=o BblOO.1IHmDTCR YCJIOBIDI K,j <1<, R {2"l*O}~~/( .... , H-	 /(-~ - ... 
~ PKt..'" 0 BEinOJIHRIlTCR YCJIOBHR KIf4 (Ki.I. H {1'. ~o1.:~~ ,a TaKllte Snecb. 

H BCJO.nY naJIee cYIIlecTBYilT TaIOle i' # i ~ JlJ)CihIX l' i' $" ,'ITO ~i" AI' ' 
TO I. ECJm i'~ (Ku, K[ll H V~ ( KJ.~, Ku -11 , TO 

-1' U 11<,;·1 d'9 (~ ",:0 ecJll'l i'tt (KJ.t-O•- 11<~~4 IIC~;,ICCJ.)Ull) ~ ::W~J') 1(1 ;"e(Kl,HJ
0 ,ecJIH' (2.37)

Cclj)WAi)I~I-I:: [-~-u~(it)) 

A IK<£/ [- P/(hi U-,cl-!i~ ]
C(;.;)UOj) "l<i :: - -0- ~fl. 

1 C 
x) 3neCb So _ HOMep oapbl (~s,:: 0 =& )-BHe.I(RarOHaJIbHliX 3JIeMeHTOB l 

MaTPJ!UhI C (I.2), 06PB.D\8DIIIIXCR B HYm. OnHOBpe1leHHO (YCJIOBRe D ) 
a K. -HOMepa JID6hIX (Han) OO,JUHarOH8.JIbHbIX :3JIeMeHTOBC MaTPKll C (IJ) 
B HHTe:pBaJIe (8,+# ) ( /(. ~ (S,n-1 ), oCipamaJlllHXCR B HYJIt). HO He O)tHOBpe
MeHHO lYCJIOBlle F ). TaKm.! 06pa30M HHTepBaJIaMH [1.$.-IJ.[Si.S.-;,IJi~,(p•• "'J 
HCXOnRaJi MaTpRUa C (1.2) pas61maeTCH Ha cRcTeMY (11+1) He CMQIT
HHM MeJU(y coC50J;! TpeXJJ:HarOHam,HliX MaTPim. K.aJimM H3 TaKlDC MaT~, B 
CBOJO oqepenb, RFrTepBaJIaMH (S•• /(rIJ, (1<'I,K,iiIJZi' .lKJI.S.;,1J paa6HBaeTCR 
Hll. CBlIsaHHhle CiJIOKH (TaKlKe TpeX.I(RarOHam.Hhle MaTpHUhI, HO eme MeHLmeit 
pa3MepHOCTH) • 
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2. ECJm 	 j' €(KiI,k'rIJ H j't1[I<i",KOt·~J ,TO 
-- 1"1;'/ '1/ IJ(~( 	 

{OJ) W);) "41 : (..<';!j') /(1' ,rlle Aj':: Ai. j'4F (Kid-I]} 

C(~i) U(~i)I::.:'= r~"",.l4~Jl (2.38) 


3. ~ 	i'6(Kttl,Ki.C-~1 ~ i'~(Kil,KdJ(HJllir€rKi,.l<r~J ), a 

i'E [Kil, K../~ll R /~ [K'/+I,K.£41 rIpR K~,~ R.,( Ki,.. </(i£, .'.tQ. 

~ Itt t " 1urn /1<.-;' 0 
- U( 	 IK,";;(
((II;) Ai) 	 Kit :: 0 (2.39) 

• 	 Ki .-/ _ -PIl,.,,, U~;i~/) 
CCAi) U(~i) k.~, -[ . - -0 - . . J 


It. IIyc Tb K.-/ = Kl H Kb« Ku ,Tor;n;a: 


1. ECJlli i'f(iti/, i-4JH i'~ (J(JII , 1<,;.(11 , r,ne 311eCb H BCIOm' ,naJIee B nyHKTe 
- --	 "«

II" 1\, < (1<., = Kt) TaKoe, '-lTO CYlllecTByeT I:~l/ -I- 0 a I 2$:: o}s=K,l' , 1:2. 
/(["1 

/'LI~i) 1If" :: 	 0 )-	 1/(,;'1
C(~j) U(lIi) 	/(J :: 0 _ (,1,-) (2.40) 
• Ku-I PKI., Ul<r I 
CCilj) w)/) IKt./ :: [ •. o· ." ] 

2. ECJI}d~[KlI,HJ 1'1 i'6~" . KI;.I)(e(J(l"' . Ka-1J ) rIpH ( KIII'KIt(K.·.~< Ka ), TO 

- U('I) Iti :":: 0. ) 

• U 	 /Ki;i[(~;) (li) 	R... = 0
vi -p- Up·) (2.41 ) 

, _ _ If{. K;;.1 
C(;I/) UlAI)/lCitS - [ . . '0 .. . ] ... 

K./ _ 

{}3. ~i~(j(iI ,i-IJ H t ",= 0 H 'Cs * 0 .s~ K~"1 (S[ ( K'/: <K,1 ).1:2. 

OA;}. UI:l;) I"aIt" l =1J.(~i') ~, }1/(41 

.. Il. -I 0 (2.42) 
C(;1/) U(:lJJ/ ~' = (:i~/iJ~~(~i)l 

JI: IIycTb 	 Kil (, Kt H Ktt{:: 1<.." , Torlla 

1. 	~ j'~(KiI.i-IJ, TO 


(Pi) U(~/) Itt :: 0
_ 	 /k:~f } 
(2.43)

C(~I)liOi) I:;:': f- ~~/O~('j)1. 
2. ~	 i'E[k';I.j-IJ ,1:2. 

(2.44)t (;Ii) UC",,) 1:,;,1: UCl.3J) II(I(';;~
u l4 

IV~ ~ K.f= Kt H I<l..,= /(u , a 'l'aDe CYDleC'l'BYe'l' 'l'aROe KSf ( (/(l::Kil) , 
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'ITO 2:~"/'0 • HO {ti::O}~:~1 , TO £';n;a 

I. ECJm j' 6 [I<.$/.j -IJ ,1:2. 

- . /1<,.. ,. U ·, I",·i f (2 .45)Cr~j) lICAj) 	~ - (!lj ) Kt 

2. 	ECJlli j' f [ Ks, ,i-II ,1:2. 

- /1(,-1

[(!lj) U(",,) '<J": 0 	 (2.46) 

BClO.n:y Bl:IlIIe HCrrOJTh30Ba.IlR 0603Ha'-leHHR 

'lim ~.• / ) Up) 
Pi" f...r_J~ ~~'... u~~~" 

C(~) Um H :: 
~" ~i~~) 'tj Uj-<l') 

1'J 1/,) I U,lJ) (2.47) 

UP) I! ; 	(u,m , u.-,P), . . , , Ul~»)'f'

h:; ~u;wJ ;(0, 	0, "' ,0, c- 2"; U/~»)r 

(-P'!)I..[·)] 	 (( 0 U ) )'1'. ' ,," ; 	 -11 ..,0), 0, .' - , 0, 0 J, rlle 

T - 3HaK TpaHClIOHHpOBalmSi, a TaKlite rrOJIaramCR P8.BlillMlI HyJlJl Bce He

YKa3aHHIle B COOTBeTCTBY~ HHTepBaJIax K8JI!,I(0rO H3 llOCTpoeHHllX MaTIM'I

HllX rrpoueCCOB KOMlIOHeHTU KaK c06cTBeHHUX,TaR 1'1 rrpHcoe~HeHHUX BeKTO

poB. HarrpHMep, llJlR rrpoueCCOB It nyHKTa nOJlaraeTCR 

} ~;;f { }_
{ 1,l;Oj)::o i:1 H U;(~I)=O i=Ki8 

,goxa3aTeJThCTBO TeOpeMll OCHOBaHO Ha JIeMMe I, a TaKlKe Ha rpoM03.JllO)M 

JIOr~eCROM aH8JlHSe ( c Y'IeTOM yCJIOB~ D H F B o6~eM c;ryqae Ha 8JIe -

MeHTU MaTP~),ROTOPuA MU 3~eCb onycRaeM B CHJIy orp8ffKqeRHOCTH 06~eMa 
ny6JmR~ • OTMeTRM JmlIIb, 'ITO llOKa3a'l'eJThCTBO CYllleCTBeHHllM 06paOOM 

ormpaeTCSI Ha pa36HeEme MaTPHUbl C (1.2) B COOTBeTCTBHH C (2.35) R 

(2.36) Ra HeCBSl3aHHIle 'l'peX,ItHaroHB.JThHlle llO,w,laTpHUbl H CBSl3aHHIle MORZ. 

.IJ:oRa3aT9JIbCTBO Talate CT8JIO BOawOZHHM 6Jr.arO.n.aPR qiaRT8M del CU) =0 PI 

del to) t 0 '1= d~C(:.j) ,rlle C(;I) - TpeX,ItHaroHaJThHlle MaTpHtni pa 3Mep

HOCTel (/(1.,- KJ ) B COOTBeTCTBY~ OllHOHMeHHIDt HHTepBaJIax, a TaRXe 

eel) PI C(~) - TPeX,ItHaroHaJThHlle MBTPHUH COOTBeTCTBYDmRX pa3MepHOCTe~. 
Ha llORa3aTeJThCTBe ~i(~)= 0 H[det;(")1o~de:tC(;l)] (OI1SlTb-TaKH B CHJIY orpaHH

qeHHOCTH 06'.beMa ,naHHoA paOOT!i) MIl OCTaHOBHMCSI B CJIe.n:ylll\eJ:!: ny6JlHKauHH. 

HeTpyllHO BHlleTb, 'ITO .D,.1ISI [lOCTpoeHHSI ttpHcoe~HeHHIlX ( =UilRJnNecl\HX) 

x) norRRa Bcero llOKaaaTeJIbCTBaBOcnpoH3Be~eHa B COOTBeTCTB~ 
rrporpaMMaX . KOTopue 6y;rr;yT TaR!l:e orry6JmROBaHll. HeCMOTpSl Ra BHeOlHKllO 
r poM0 3.llROCTI> rrpHBe~eHHHX peSYJIbTaTOB, rrporp8MMli,HX peaJIH3YDItHe, 06
~auaDT OOJIee BHCOROI ~eRTKBHOCTb~ B cpaBHeHHH C H3BeCT~m. , 
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BeKTopOB, ,norrOJIHRlO!IlHx C0 6CTBeHHble BeKTOpH ,no rrOJIHOrO 6a3HCa B R", B 

cJr~ae KpaTHHX C06CTBeHHbIX 3HaqeHHn H MaTpKU HerrpoCTO~ CTPYKTYPH, tru 
BOCrrO~b30BanHCb,KaK BH,nHO, HarrpllMep, H3 (2.37) 2 ) H3BeCTHW~ rrpoueccaMK 

lI8 ,I 191. TeopeMa Y CTaHOB~eHa. 
3aMe'IaHl1e 7.HeTpy,nHo BH,neTb, 'ITO rryHKT lV TeOpeMH 2 COOTBeTCT-

By eT y~OBI1~ C) ~eMMH I. OTMeTHM Ta~e , 'ITO: I). PeweHHe Bcex O,nHO-

po,nHbIX CI1CTeM ypaBHeHH~ i(~) /J(1)::: 0 (.wm JJ1060ro A B TOM 'rnc~e KpaTHOrO) 

CO CBOen, KaK Bl'r,neJIH, MaTpHUen to) ocymeCTB~HeTCH MeTC,naMH ( 2 .26) 

JIH60 (2.27)+ (2 .34) Teope~ru I. 2) .PemeHHe ~e cooTBeTcTBY~ Heo,nHO

po,nHbIX CI1CTeM C HeBHpOlIUleHHllMH MaTpKuar.1l1 ll~ ) 11 b~) ocymeCTBJUleTCH 

JJ106l:lMl1 H3BeCTHHMH Me To,naMH , B qaCTHOCTH HeMOHOTOHHOn rrporOHKH. HIDKe 

MH OCTaHOBHMCH Ha rrpOBepKe H3seCTHHX Tpe60BaHIDiX ) K CBOnCTBOM 6a311COB 

113 c06CTBeHHbIX BeKTopoB H .wm rrO~HOTH KapTHHbI rrpoBepHM aTH CBOaCTBa 

.wm HamHX rrpe,nCTaB~eHH~. 

JIeMMa 2.ITyCTb t(I.2) - BelIleCTBeHHM HeCKMMeTpH'IeCKM TpeXJI.Haro

HaJThHM MaTpID.\a, y,nOBJIeTBOpffiOIUM yC~OBHRM TeOpeMH I, T.e. Bce ee co6

CTBeHHble 3Ha'IeHHH pa3JIH'IHbI 11 Bce BHe.I\l1arOH~bHble a~eMeHTH OT~ OT 
HY~. ITYCTb T~e ,~ - MaTpHua ,TpaHCrroHHpOBaHHaR K Hen. Tor,na co6

CTCTBeHHble BeKTCpH MaTpHU (. H ,38.IDICaHHble B BI1,ne JJ1060ro Ha rrpe,n

CTaBJIeHHn TeopeMH I, JIHHenHO He3aBHCHMH, HO He 06paaYIDT rrO~HHe opToro

Ha~bHHe CI1CTeMbi B R... 
(C-AE)~o) ~ 0 

T{(~(J;). ~ I "J» ,,0 

AOKa3aTenbCTBO. 

{nl-UAIA•w 1 . n[-1;'0> r.hJJ . fl [- r)~)] H n[- C~-/1)Jr r,ne:= ' tts-t • ;t ~ 'U{ , 

n[. J ~ 1. ,a LAP), T.(A) , T.w 11 L,cC~)} orrp e,ne.rreHbl B TeopeMe I, HHBapHaH
~ 

THH OTHOCHTe~HO rrpoue.nypH TpaHcrroHHpoBaHHH MaTpl1Uhl C (1.2). ~3 

YKa3aHHoro CBOnCTBa cpa3y c~e.nyeT, 'ITO eCJIH B COOTBeTCTBKH C TeopeMoH 

I Bhl6paTb, HarrpHMep, c06cTBeHHHe BeKTopH MaTpl1UH C (I.2) B BH,ne 

{tt,(J):: p. ~ (.1)J:1 ,n~R JU060ro J. ,TO c06CTB eHHble BeKTopH TpaHcrrOHHpo-

CT
BaHHOn MaTpHUH 3amrury TCH B BH,ne 

{1f.(,u)::: R. 'f.CIi) }:., , r,ne 

" 	 {~
Uw.r IX) = n (- T.t-ta:) J " =~ , t, ... . >PI; ci :::TI it_,l, ~ (2.49) 

P.. : lip.. Ii R" ; Ll2;.. ,r,ne P1 =1 = RI ; It.: 2, 3, . ,,., • 

AH~O!'WIHO MOlKHO rrOCTYIDITb H C .npyt'HMH rrpe,nCTaBJIeHHHMH TeOpeMH I, BH-

xl ~aBeCTIfO, 'ITO co6cTBeHHble 3Ha'IeHHH BemeCTBeHHliX MaTPKU £ H C
T 

COBna,n8!JT. C06CTBeHHble lIIe BeKTopH K8Jt,ItOt! H3 MaTpHU ,,' ltm! C 
JIHHeftHo He 3aBHCHMH, HO He 06paayllT opTOrOHaJll.HHX CHCTeM • O,nHaKO 
aTH CHCTeMH 06paaYIDT 6HopTorOH~bHble 6aaRCH. 
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,a 06pa3YIDT .JIlfllJb 6110pTOrOHaJThHble CHCTeMH! 


H (C\,uE)7jW:O} 

HO t1a),7f( =0. (2.48)

11 	 (If(lIj), 7jOil) =1 0 ( .v) 
ITpellUle Bcer o 3aMeTHM, 'ITO rroc~e,nOBaTe~HOCTH 

6paB JIlllilb B .npyroM BR,ne rro c~e,nOBaTeJIbHOC TH {P • . Rn} MCnOJIb3YH 
Te nepb ( 2 . 49 ) , ~erKO rrOKa 3aTb (2 .48). 

3 a ' K ~ ~ 'I e H H e 

B 3aKJIlO'ieIDle HaCTORll\e.a pa60TH OTMeTHM, 'ITO rrOJIY'IeHH HOBl:re aqxpeK
THllHlie MeTO)Ul ( TeopeMli I H 2) HaxOl!t,Ue fllIR co 6cTBeHHblX BeKTopoB ~!:IX 
BeUjeCTBeHH!:IX TpeXJD!arOH~bH!:IX MaTpm~ 6e3 Bcmrnx OrpaHH'Iefllll'1 Ha !1X a~e
MeHTH H aOBe.n:eHHe rJIaBHbIX yr~OBbIX MMHOpoB. 

ABTOPH I1cKpeHHe rrpHaHaTe~bHH 'I~eHY-Koppecrro H,neHTY AH CCCP ~ec
copy H. H. r ClBOPYHy 3a HHTep ec K HaCTORlIlHM HCCJIe,ItOBaHHRM H rrpe.n:O CTCl.B
JIeHHYID B03MO* HOCTb pa 60TH Ha,n HHMH • 
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IIOn)"leHbI HOBbie 3¢xlJeKTHBHble MeTop;bl HaXOJK,Z:\eHHH co6cTBeH
HbIX BeKTopOB mo6blX Bew;ecTBeHHbIX Tpexp;HarOHanbHbIX MaTpHIl;. 

Pa60Ta BblTIOnHeHa B na60paTopHH Bb~HcnHTenbROH TeXHHKH 
H aBTOMaTH3a~HH OMHM. 
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Effective (unknown until) methods for eigenvalue vec
tor calculation for any real tridiagonal matrices are ob
tained. 
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