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OEliVIB XAPAKTEPMCTl1K.\ PAEOTL: 

AKTya.JioHOCTI, 

MHorne sanaqn TeopeTR'IeCHOK Il MaTeMaTR'I0CKOTT ipU3UKil, Bll'Il'IC.JITIT8JII,HOii 

I'! IIJ)IlHJia,nuo:li lvlaT8MaTRKI'I' o6pa6oTKil :=mcrrepUM8HTaJH,l!HX .nammx, IIJ)Ol(0CCOB 

I'! Cl'ICT8M yrrpaB.JI8HU.!I I'! T.,n. CBOI(.fITC.!I .r,; pemel!l'!IO a.Jire6pal'I'IeCHOit rrpo6JI0Mll 

co6CTB8HH11x 3HatJeHUfi (A-1E)UdJ=o B o6meM c.rryqae c rrpol'!3BOJioHo!i HDa1\

paTHofi MaTpRu;efi A . l1HTepec JKe H sanaqe HaxoJKiteHU.!I j\ - co6cTBeH-

!111X 3Ha'I8HID! I'! COOTB8TCTBYIOO\l'IX l'IM UCJ) - C00CTB8Hllh!X, T,8,(d:-AE)lJu)=o 
w ~p n 1,1(.;I)- KopHeBHX, T.e.(C-JE)uw=o, r.:i:e P=l,2,··•,K 11: I< - BucoTa 

HJI8THI'I kopnaHa, B8HTOpOB Tpex-, IT.fITI'I- I'! cervmn;naroHa.JII,HUX l.laTpUl( (, (I) 

o6mero mui;a 
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RaH.!tH.ltaT ~H5HKO-MaTeMaTHqecKHX HayR, 

.ltOU8HT K.II.JioB8UKHtt 

Be,Itymee HayqHo-Hccne~oBaTencRoe yqpe!,geJme: 

HayqHo-Hocne.1toBaTen0ORHtt BHtmCJil'IT8ncHHtt neHTP MoCKOBORoro 

rooy.ItapOTB8HHoro ymrnepcHT8Ta, r •. MooKBa. 

ABTope~epaT paaocnaH "-"---- I990r. 

SalllHTa ,ltHOC8PT!lllHH OOOTOHTOR "-"· !990r. 

B - qacoB B Jia6opaTOPHH BwnIOJil'IT8nHott.T8XHHRH H aBTOMaTB-

51lllHH 06~e,IU!H8HHOro HHOTHTyTa M8PHWt HOOn8.ItOBaHHtt, r • .Ir.y6Ha. 

C ,ltH008pTattl{8ft MO!tHO 05HaROMHTcCR B 6H6JIPIOT8K8 Olliilf, 

YqeHHtt ceKPeTapc CoBeTa 

RaHJt3,1taT cpll5HKO-MBT8MBTHqeoRHX HayK l1/ 3;M,HBaHqeHRO (IUPu..._ 
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IIJ)Ol'I3BOJII,HOH CTPYHTYPH B 3Ha'IUT8JibHOii Mepe o6ycJIOB.JI8H {IO] CJI8I(ylOlUI'IMil 

o6CTO.fIT8JII,CTBar.ru. 

Bo-rrepnux, HaxOJKI(8Hl'I0 co6CTB0HHUX 3HatJeimi: U COOTB8TCTBY!OO\l'IX l'IM 

co6CTB8HllliX(KopH8BhlX) B8J<TOPOB MaTpnu; A o6mero BUJla .!IB.JI.fI8TC.!I 0J10lit-

HOH sana'Iefi, pemeHUe HOTopofi Ha 3B,,I 3HatJllT8JII,HO ynpomaeTC.fl B CJIY'Iae 

A - TP8XI\ll:aroHaJII,Hh!X MaTpl'Il( Bl'!I(a c3 ( I) , 
Bo-BTopux, saMeHa arrre6paRtJecKoii sa;:i;a'IR (A-J E) U c..h ::: o sanaqefi 

( 4:3 - J E) UU) = o npl'IBJieKaTeJioHa, B CB.!I3U c oTMetJeHHUM nume rrpeuMymecT

no111, eme I'! IlOTOMY, 'ITO B JII'!TepaType Oill'!CaH p.!IT( M8TO!J;OB, U03BOJI.fIIOO\l'IX 

mmo.JIHI'!TI, ycTOTT'IHBOe rrpeo6pa3oBaHU8 IlOT(OOI'I.!I rrp:11: nepexon;e OT KBanpaTHOit 

111aTpUl(U A K TpeXitl'IaroHa.JioHot1 MaTpRue C3 (I). 
B-TpeToux, Tpex-, [l.fITI'I- U C8Ml'II\UaroHaJII,HhI8 MaTpl'Il(U RrpaIOT I'! ca1v10c

TO.fIT8JibHyJO (BUJ(8JI8HHYIO) poJII, Ilpl'I peme1rnu MHOrl'IX sana'I Bhl'II'ICJII'IT8JibHOH 

MaTeMaTUKU I'! MaTeMaTI'!'IeCHOH ipH3HKU, 

B Hac-ro.fIIUee BpeMJI l'!MeeTC.!I 6oJiomoe HOJII'ItJeCTBO pa6oT (Mouorpaqmii, 

c6opHUKOB, o6sopoB, opl'IrRHaJibHhlX ny6JII'!Ral(l'Ifi) , B HOTopux JIROO paCCMOT

peHU M8TO,nhl pemeHU.!I yr,;asaHHUX san;aq C MaTpl'Il(aMR C, Bn,na (I), JII'IOO 

npl'!Bo,n.fITC.fl pa3.JII'I'IHU8 npl'!Mephl npaHTI'!'IeCKUX sa,na'I, H HilM npl'IBO,n.!IIUI'IX, 

nsneCTHO [IO] , 'ITO Hal'IOOJI88 sqxpeHTI'IBHUMI'I ( C TO'IItl'I 3p8HU.!I 3aTpaT Bpe

MeHI'I I'! naM.fITH 3BM, a TaKJKe TO'IHOCTI'! noJIYtJaeMUX pesy.JioTaTOB) 'Il'!c.JiemrnMR 

MeTo,naMR pemeHU.fl Ha 3Bi1l a.Jire6pal'I'IeCHOH npo6JieMH co6CTBeHHUX 3Ha'I8Hllll 

( d;J : t; )-B811\8CTB8HHUX CI'!MM8Tpl'I'IHUX Tpex,I\11:aI'OHa.JII,HUX MaTpl'Il( (3 ( I) 
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RBJlff.Jilleb MeTO.zt 6HeeKUHll H MeTO.I(ll o6paTHllX(npm.rux) HTepaUHfi, a TaKlKe 

QL ( a R) -MeTo;:o; • EeJm JKe c3 j. C/ , TO B npoueeee HTep~fi B QL( CJR)

a.,1ropHTMax HapymaeTcH[IO] Tpex,ztHaroHa.rrolillfr BH.zt Hexo.ztHOM MaTpHUH C3 (I). 
OTO npHBO,rn!T K ztOITOJIHHTeJibHblM 3aTpaT8lll !IaMHTH H BpeMeHH etJeTa Ha 3BM n 

eJie,I{oBaTeJ!bHO K Hea(pf:eKTl'IBHOeTn (B yKa3aHHOM BllUJe eMlleJie) GL (QR)
aJiropnTMOB B eJIYtJae 6oJiornoro rropm~1m MaTpnu C,3 t:- Cl . MeTo.zt11 6neeKUJ,Ifi 

l'l o6paTH!1X l'!TepaUHH l'!Me!OT, KaK l'l3BeeTHO [IO] , HeKOTOpoe rrpenMYmeeTBO 

rrepe.zt QL(OR)- a.rrropnTMru,ra, eeJIH tJneJio orrpezteAAeMHX eo6eTBeHH!1X sHatJe

Hnfi H BeKTopoB He ooJiee 25% oT rue o6mero tJHeJia. EeJIM lKe MaTpHua C3 (I) 
HMeeT KpaTHlle MIDI otJeHb 0JIH3KHe eo6eTBeHlille 3HatJeHH.II, TO aqx'[JeKTllBHOeTb 

MeTozta o6paTH!1X l'!TepaUHfi errnJKaeTe.lI, KaK ll3BeeTHO[IO], ll3-3a Heo6xo,rni

MOeTH ytJeTa obJiornero tJMeJia rrapaMeTpoB. MeTo.zt 6HeeKUJ,Iii Cn:eJieHHH oTpes

Ka IIOIIOJiaM) • oeHOBaHH111i Ha aHaJIH3e rroeJie.ztoBaTeJibHOeTefi lllTypMa. npH-

MeHHM, KaK M3BeeTHO [IO], .ztAA MaTpIIu cl= CI ll (3 (I) -MaTpHu 

HKo6n. I{poMe Toro, eeJIH y MaTpm:u,r Cg(I) MMeIOTeH OtJeHb 6JIH3KHe eo6eT

BeHH!1e 3HatJeHM.II, TO o6mee qneJIO MTepaUHM .I(JIH BHtJHeJieHHH eo6eTBeHH!1X 

3HatJeHUll TaKoii MaTpl'IIJ;H Ha oeHOBe MeTo.zta 6HeeKUHll OOJibUJe [IOJ tJeM y 

QR ( GL) -MeTOJJ;OB. 

J.u)yroi1 xoporno M3BeeTH!1li MeTOzt BHtJHeJieHHH erreKTpa, T.e. Beex A -eo6-

eTBeHl!HX 3HatJeHHll MaTpm~ a; (I) o6mero BH.zta oeH6BaH Ha HeIIOJib30BaHnn 

LR - aJirOpllTMa. IloJie3HM oeo6eHHOeTb aToro MeTon:a 3aKJIIOtJaeTeH B TJM, 

'ITO OH eoxpaHHeT [IO] JieHTOtJH!1fi BMzt HeXO,I{lillX (B TOM tJHeJie Cl (I)-Tpex

,rniarOHaJibHOii) MaTpllu {. (I) II B rrpoueeee nTepaUH:il, eeJIH Ha KruK,!l;OM rnare 
ttc) CIO CIQ 

nTepaUHOHHoro rrpoueeea eymeeTByeT paMoJKeHne BHn;a C = L R , rn:e 

K= t, 2., ... ; 'C -HMJKHHH TpeyroJioHaH n ';i -BepxHHH TpeyroJibHM (.!J;Byx-

,rniaroHaJibHHe B eJIYtJae (:3 (I)) MaTpllUH. Heo6XO.I(IDlll,ll,J ll n:oeTaTOtJHHM ye-

[ 

C.0 C,0 c.;. Ck) U} lbt) 
JIOBMeM eymeeTBOBaHH.II t= J.. R ... R L=- C,K=M.··J- TaKoro HTepaUHOHHoro 

rrpoueeea .IIBAAeTeH (Kai< H3BeeTHo [IOJ) OTJilPIBe oT HYAA Beex Llf-Be.ztYmnx 

BepXIIBX yrJIOBHX MllHOpOB KaK y HeXO.I(lillX MaTpIIU C, (I) TaK n y rropoJKIJ;a-

eMHX IIMH 'l -nTepaUHOH!illX MaTpIIU. IlpH aToM Ha KaJK.ztOM rnare LR-aJiro-

"" ""'' ( ) pHTMa, T.e. rrpH rrepexon:e OT MaTpHU t K c B eJIYtJae C3 I, Tpeoy-

eTeH BHIIOJIHMTb (m-0-.n:eJieHnfi ll Z( m-4) -yMHOlKe!llii, a TaKJKe m -eJIOJKeHHii 

li m -BlltJHTaHHii. ll3BeeTHO TaKJKe, tJTO B QR. -MeTO.I(e .ztJIH L3 :. er Tpe6y

eTe.lI BHIIOJIHMTb IIOMHMO eJiolKeHHii ll BHtJMTaHHii eme 3 m -YMHOlKeHnfi :II J m -
n:eJieHID1. 0TMeTIIM K TOMY JKe, 'ITO eeJIH y C,3(I) OTJIH'IHH OT HYAA Bee 

{ ii( j. o} :':.t. -BHe.I(IIaroHaJibHHe aJieMeHTH, TO npen:BapHTeJibHO Bll!IOJIHMB .I(ll-

aroHa.JibHO- rro.zto6Hoe npeo6pasoBaHne D-1 Ci D = l 3 , IIOJIYtJMM MaTpHey 

t3 ' y KOTOpoii { i-K= -n:.z.• ll LR-aJirOPHTM Ha KaJK.I(OM mare 6yn:eT Tpe-
6oBaTb yllte (m-1)-n:eJieHHfi ll (m-1) YMHOlKeHniix) IIOMIIMO yKa3aH!illX BHme eJio-

x) TaKoe JKe KOJIHtJeeTBO .zteJieHnn, YMHOlKeHHii H CJiolKeHHii(BHtJMTaHnfi) Tpe-
6yeTeH B JIYtJIIJIDC H3 IIOJIYtJeH!illX HaMH MeTon:ax, HO np:rr 8TOM He Tpe6y
eTeH KaKHX-JIHOO orpaHHtJeHHll Ha 8JieMeHTH MaTpllIJ;H C3(I). 
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lKeHHii H BHtJHTaHHil. On:HaKo, rro.1IBJie1rne (Llf = o) -TO'IHHX HYJieBux Bepx-

HIDC Be.n:ymnx yrJIOBHX MllHOpoB y MaTpllU r, K= 1,.t,··· 03HatJaeT TeopeTHtJeeKll 

HapyrneHHe (npepHBaHHe) LR-npoueeea. IIpaKTntJeeKn JKe npn BUtJHeJieHH.IIX ,., . 
Ha 3BI.J rroHBJie1me ( jj/ ~ f,) -6JIH3KHX K HYJilO MllHOpoB. r,n;e f., -MaJiaH KOHO-

TaHTa. o6yeJIOBJieHHM BeJIHtJHHOll paspan:HOll eeTKll 3Hl1, npllBO.I(HT K ITOTepe 

3HatJamIDC UHifJP H cJie.n:oBaTeJibHO K cHlllKeHHIO TOtJHOCTH c = L '«. - paMoJKe

HH.II • 1-l 8TO HeCMOTPR Ha TO, 'ITO B CJIY'!ae Tpexn:IIarOHa.Jlb!IHX MaTpnu d:3 
(I) peeyppeHTHHe rrpoueccH (5), (I2) .ztAA BlltJUCJieHHH (Zf / h':.,) -OTHorueanfr 

8TllX MHHOPOB (cI,,YHKUH.IIMH KOTOpHX !IO eyTn .IIBJIRIOTCR aJierr.eHTbl MaTpnu l, ll 
R) KaK nsBeCTHOx), yeToiitJHBU. 

0TMetJeHHWi B!Illle He.I(OCTaTOK LR-MeTOI(a He noenT xapaKT8p rrpnHUHIIll-

aJibHOro TeopeTirtJecKoro orpaHHtJ8HHR, ITOCKOJII,KY B03MOlKHO rrpeo6pa3oBaHne 

(A+ d)-C,!l;Bllr crreKTpa, II03BOJIRIOIUee ns6eJKaTb MaJIHX 3HatJeHnii yKa3aHHHX 

MHHOpoB y MaTpIIU ( t + d. E)· O.nHaKo OCTaeTC.II rrpaKTlltJeeKll He peUieHHHM 

Bonpoe o crroco6e OITTHMaJibHOro BU6opa TaKHX d -C,TI;BllrOB. IloaTOMY Ha 

npaKTUKe, KaK naBeCTHO [IOJ, npn rro.lIBJieHHn y 1.iaTpnu c, K= l,X,•·· 6mI3KUX 

K HYJilO ftt -MllHOpoB HCITOJII,3YIOT BMeCTO yHa3aHHHX d -C.I(BllrOB rrepecTa-C!Q • 

HOBKll CTpoK(eTOJIOUOB) MaTpnu 3; , 'ITO HeH36elKHO npliBO.I(HT K HapyrneHHJO 

Bnn:a IIcxon:HHX MaTpIIU C, ( I) B rrpoueece · c -uTepaUHH. TaKaR sarv1ena 

o.n:Horo "He,n;ocTaTKa" LR-MeTo,u;a ,n:pyr:mJJ ero "He,n:ocTaTKOM
11 

.IIBHJiaCb B 

3HatJHTeJibHOll Mepe eJie.I(CTBlleM CTpeMJieHH.II o6ecrretJHTb HeOOXO,.I(IIMy!O TOtJHOC

Tb paMoJKeHHii npll pactJeTax 1I OTKa30M OT orpaHntJeHHli Ha OO'b8M llCITOJ!b-

3yeMOll rraMRTH 3BM. 
B CHJIY M8.I(JI8HHOll CXO,.I(IIMOCTU LR-MeTo,n;a (KaK li QR.-MeTo,u;a) rrpn 6JIIIa-

KllX co6eTBeH!illX 3HatJ8Hli.lIX, Ha npaKTHKe neITOJib3YIOTCH MO.I(llqJHUHpoBaHirue 

(ycKopeHHble) L,R-MeTO,n:H, T. e, 

( 

Cf(J CtQ ) clQ CIQ C~ Ck) {,C.ff) 

di- WE =LR_,,. KL= (f,, 

JIH60 ( 
<'9 ,., ) C'9 <~) ( <kJ <I() r-, ) CICtt) 

i-wE = LR~ RL+wE = d: 

(2) 

(3) 

Ilpn 3TOM OCTaBa.JICR, KaK ll3BeCTHO, TaIOKe He pemeHHHM BOnpOC O crroco6e 

OITTHMaJibHOro BH6opa w -lITepaUHOHHHX yCKOPm<lUIDC C.I(BHrOB. 
B KatJeCTBe w o611tJHO BH6Hpa!OT [IOJ JIHOO JIMHeMHHil, JIHOO KBa,n:paTHtJ-

HHil C.ztBHrn. llsBeeTHo[IOJ, tJTo B LR-MeTon;e c JIHHenHHM c,n;BnroM cpen;Hee 

tJHCJIO RTepaUHii Ha O.I(HO COOCTBeHHOe 3HatJeHlle He MeHome 5. Cxo,ltliMOCTb 

LR -MeTo.zta co CTaH,I(apTHHM KBan:paTHtJHHM C,!l;BHrOM 6HCTpee tJeM C JIHHellHUM, 

HO, KaH ll3BeCTHO, BH'JHCJieHHHe co6CTB8HHHe 3HatJeHH.II MOryT oKa3aTbCH 

KOMIIJieKCHHMH n;aJKe .ztJIH BemecTBeH!illX CllMMeTplltJHHX ~(i)-MaTpHu. 

0TM8TMM HaKOHeu, tJTO LR-MeTo.n: He HCIIOJib3yeTC.II, KaK ll3BeCTHO, .ztJIH 
Haxo]K,.zteHHR co6cTBeH!illX BeKTOpoB MaTpHU C3(I), IIOCKOJibKY, Bo-rrepBllX, 

x)CM., HarrpHMe~, ~5 rJI.2, B.H.CKopo6oraToKo. TeopH.II BeTB.IIIl!MXCR uerr
HHX n:po6eii ll ee npMMeHeHHe B Bl1tJHCJIRTeJibHOfi MaTeMaTHKe,M.,HayKa,I983. 
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nplll!IJIOCb 61,1 xpaHIITb llHq:<>pr.mruno O Bcex llTepau;uOHHhlX MaTpuu;ax L K , ll , 

BO-BTOphlX, cy111ecTByeT onaCHOCTb HaKOITJI8HIDI norpel!IHOCTll npll nepeMHO

JK8Hllll BC ex MaTpuu; LK , T. e. npll ITOJIY'I8Hllll L = ( Lu· Lu-, . . . L f) , r.ne 

G = L ~ /;1 
ll G -6JIOtJHO-TpeyroJibHM (B 06111eM CJIY'Iae) MaTpima. 

HTaK, npuBe,ueHHUfi Bl1lll8 KpaTKUfi amurn3 .ItOCTOUHCTB II H8.IJ;OCTaTKOB, a 

TaKJKe Hepe1!18HH11X npo6JieM, npllCYII1llX (B TOM tJIICJie ll HaII6oJiee ll3B8CTHUM 

ll3 CYII18CTBYIO!llllX B HaCTORIJ188 Bp8M.fI) M8TO.IJ;aM perneHU.fI 8.JII'86paIItJeCKOfl 3a

J(atJll co6CTB8HHhlX 3HatJeHUii ~'!.fl MaTpuu; BH.na C (I), o6ycJIOBUJIU aKTYaJib

HOCTb pa6oT [I+IOJ, ITOJIOlK8HHhlX B OCHOBY HaCTORIJ18ll . .nuccepTau;rru ll BhlITOJI

H8HHhlX B COOTB8TCTBllll C npo6JieMHO-TeMaTUtJ8CKUM ITJiaHOM HaytJHO-llCCJieuo

BaTeJibCKllX pa6oT JIBTA Olliill. 

~a60Thl 

Pe<pepupyer&1.fI .nnccepTau;uoHHM pa6oTa IIOCBRIJ18Ha pa3pa60TK8 II CllCTeMa

TllSaIUIH sqxpeKTllBHhlX M8TO.IJ;OB Haxo~eHll.fI co6CTB8HHhlX 3HatJeHUfi ll COOTB8T

CTBYKlllllX UM co6CTB8HHUX(KopH8BhlX) B8KTOpoB ,nJI.fI Tpex-, Il.fITll- ll C8Mll

rr;,rnroHaJibl!hlX MaTpuu; 06111ero Bll,n;a IJPOll3BOJibHOfi CTPYKTYPH, a TaKJKe C03-

,naHUIO Ha llX OCHOBe CTaH,napTHhlX rrporpaMM Ha cWPTPA!-Ie MR 3Bi1] EC-1061(60). 

Hfil'.'IHM HOBll3Ha 

I. IloJIY'IeHo ( Ha ocHoBe MO.IUl:(!)llKau;ufi LR ( R L 2-aJiropHTMOB, a TaKJKe 

npUM8H8Hll.fI 0606111eHHOfi MYJibTHITJIUKaTHBl!Oll Teop~) B8.nyIIUD{ yrJIOBhlX MllHO

poB) MHOJK8CTBO sqxpeKTllBHhlX M8TO,ll;OB Bl:ltJllCJI8Hll.fI Bcex co6CTB8HH!:lX 3HatJe

Hllfi Tpex-, Il.fITll- ll cer.m.nnaroHaJibHhlX MaTpuu; 06111ero BH,na npOll3BOJibHOi1: 

CTPYKTYPH ll co6CTB8HHhlX(KopH8BHX) B8KTOpoB yKa3aHHhlX BI:ll!le Tpex,nuaro

HaJibHhlX MaTpim. Ilpu 3TOM JIYlfl!lllMll ll3 IlOJIY'I8HHhlX HaMU M8TO.IJ;OB lVI.fI HaxO;K

.IJ;8Hll.fI co6CTB8HH!:lX 3Ha'I8Hllll Tpex,n;:uarOHaJibHhlX MaTp:uu; .fIBJI.fIIOTC.fI T,. Wrl- ll 

TG Wd -MeTo,nH[31, Tpe6ynnne (m-1)-.!(eJieHHe u (m-1) -YMHOJKeHHe B KaJK

.nofi UTeparnm, a TaKJKe He HaILJian;l:lBamme KaKUX-JIH6o orpaHHtJeHUii Ha aJie

MeHTH IICXO.IJ;HOfi MaTpllu;hl. 

2. Ilpe.!(JIOJKeHhl 3cpp8KTUBHhl8 YHHB8pcaJibHhl8 CilOC06hl BH6opa ycKop&mmc 

C;n;BllroB np:u IlOHCKe BCeX co6CTB8HHhlX 3HatJeHHfi Tpex-, Il.fITH- ll C8MH!O'Jaro

HaJibHhlX MaTpllu;. 

IlpaKTlltJ8CKa.fI 3HatJIDJIOCTb pa60T!:l 

Cos,naHa (Ha OCHOBe pa3pa6oTaHHWC aJiropHTMOB) ll OTJiaJKeHa CllCTeMa 

cTaH,napTHWC rrporpaMM Ha <WPTPAHe .nJI.fI 3BM EC-I06I(60), JIYtJlIIlle us KoTohlX 

no OCHOBH!:lM IIapaMeTpaM npeBOCXO.IJ;.fIT H3B8CTHhle H l!lllpOKO pacrrpocTpaHHhle 

B HaCTORIJ1ee BpeMJI cTaH,napTHhle rrporpaMMH no.no6Horo T:una. 

x)r.A.EM:eJibJIHeHKo,T.T.PaxMoHoB,IlpenpuHT Olliill,PII-89-340,,IJy6Ha,I989. 
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Anpo6ag,rn pa60Thl 

OcHOBHhle pe3yJibTaT!:l .nnccepTau;ull .!(OKJia,J;I.rna.JIUCb rra ce1.umape IIO MeTO

,n;aM Bl:l'IllCJIUT8JibHOll ll npllKJia;!l;HOll MaTeMaTl!Kll JIBTA OllHH, 11a C8Mlmape IIO 

CTPYKType aTOMHOro .flI(pa J1TJ? owm, Ha II BcecOI03l!O;l l(OH{f,epeHu;IDI "B11tJUC

JlliT8JlbHM (fJl:3UKa H MaTeMaTHtJ8CKOe MO,ll;8JilIPOBar-me" (r. BoJirorpan;, II-14 

C81!T.fI6p.fI I989r.)' Ha C8Mlrnape Kaq:e,n;pl:l BhI'IllCJ1HTe.m,110;: i\IaTer.-raTl'llm IIxeHb

.fIHCKOro YHUBepcuTeTa (r. IIxeHb.fIH, KHJU') 

11y6JinKagID!. 

Ila T8Me .iurccepTaIUIB orry6JIUKOBaHo IO paO,JT [I+IOJ' BL!Il0.JIH8HIILIX aB

TOpOM COBM8CTHO C HaytJH!:lM PYKOBO;:ul:T8JI8M r .A.EMeJib.fIH81!l{O ll pe3yJII,TaT11 

KOTOphlX { 3a UCKJIIO'I8Hll8M M8TO,ll;OB (u rrporpaMM) IJOIICim co6CTB8HHhlX 3HatJe

Hllll 6JiotJHO-Tpex,n;:uaroHaJibHhIX MaTpHu; 06111ero Bl!n;a l! MaTp1rn: XecceH6epra(8, 

9)) BOl!IJIU B .nnccepTau;uIO. 

CTpyKTypa lI o6'beM )!HCCepTarµrn 

,UuccepTau;lf.fI COCTOl!T !!3 BB8TJ;8HlI.fI, 5-rJiaB ll OCIIOBIIUX pe3yJII,TaTOB. B 
nocJie,TJ;HeH rJiaBe llpl!B8J(8H1l orrncaHUe CUCTCMLl nporpa!il!\l 1m ·WPTP:Ule ::m;,1 II 

pe3yJibTaTH pactJeToB. 06'beM Jll'ICCepwium - I50cTp. IJ1auurnom1cnoro TeKcTa 

(n TOM 'IIICJie II Ta6JIUu;). Cm!COK JIIITCpaTypu BKJIIO'IaeT I50 Halll,181!0DafIIIi-i. 

B ;:ui:ccepTarurn npllHJITa Tpex3HatJ11aJI HyMepau;n.fI (a,6,n) ipopMyJJ, JieV1M, 

TeopeM, 3aM8'IaHIIii, C.,'!8.I:(CTBH}i II rrpe.n:cTaBJierrnll, r,,'48 a-llOMCp r JiaBl:l, 6 -
l!OMep napnrpa((E, B - nor.iep COOTB8TCTBYIOIUHX <topr,iy.'l, JICMl\1, Teopeu, 3m,ie

qaHHil, CJie,n;CTBllfI II npel{CTaDJJ8Hl!ii B OTOM naparpai[Je. 

com;P'£AIDill .!DfCCEPT.\illfrl 

Bo nnerreHl!l! o6cyiK,UaeTc.fI co,n:ep1.iaHHe npe;u.1eTa UCCJ18.L(OBaHUti, o6ocHo

BHBaeTc.fI !IX aKTYaJibHOCTb II apllBOJ(UTC.fI aHa.JIU3 JIHTepaTypu. CipOPMYJIHPO

BaHU TaIOKe u;eJib, HaytJHa.fI HOBl!3Ha ll npaKTl!tJ8CI,aJI 3Ha'Ilil.10CTb pa60Thl. YKa-

3al!ll OCHOBHUe pe3yJibTaT11, BhlHOClIMhl8 Ha 3al!llITY • 

B rrepnoil rJiane, cocToRI11ei1 !!3 Tpex rraparpaq:on, pa3pa6oTaH11[I,2J(Ha 

OCHOBe MO;J;llipl!Kau;ull LR (RL)-MeTO.TI:OB C l!CIIOJib30BaHHeM MYJibTl!IIJillKaTRB

HOl! Teopl!l! B8,IJyl!llIX yrJIOBhlX MllHOpoB, a TamKe CBOHCTB MaTpll'IHO-{flaKTOpll-
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30BaH!lliX npe,n:cTaBJI81Il1Hx) 3THX (II RM o6paTHUX) MaTpm~) M8TO.~ BllqIIcJie

llli.H IIOJIHOro crreRTpa BemeCTB8HHhlX Tpe~aroHaJIT,H!1X MaTPIIU o6mero BII,n:a 

{J3 ( I) co BCeMII pa3Jlllqmn.m 

I ;id:> I Az I> ···:>I.A ... I (4) 

B81l18CTBeHBHMR co6CTB8HHblMH 3Haqe!Il1.HMR, y ROTOPllX (II IIX IITepanROHHllX 

MaTpIIu) BCe Be,n;ymIIe yrJIOBll8 MIIHOpll OTJillqHll OT Hy.JI.H. B § I. 1 IIOCTpoeHO 

[I,2] ua ocHoBe LR-MeTon;a MHOJK8CTBO (Teoper.ru I.I.I, I.I.2) II3 II.fl:TII 

a1rropIITMOB ,n:JIH B11mcJiemrn rroJIHoro crreRTpa C3 -Tpex,u;RaroHa.JIIiHHX MaT

pIIU o6mero BII.n:a, (I), y ROTOPllX ( II me HT8PanROHHllX MaTpIIU) Bee Bepx

HII8 Be.rzymue yrJIOBhle MHHOpll OTJillqHU OT HYJIH, 1IeT11pe II3 yRa3aHHhlX M8TO

,n:OB OCHOBaHhl (COOTB8TCTB8HHO Rffil\I(ll:H) Ha o,n:Hoit II3 CJI8,D;YIOllllIX IITepanROH

HhlX IIOCJie,n;oBaTeJII,HOCT8H 

(JQ '!/ "" (C) <l!I f . 
A.:+i=f- HAi1

; A4=/1.i"' ; 1,=:t,J,•·•,m } 

t,g «<) ~ CO<) 

"'[;.= r;,/0- z,.,); -r.=o; i.=!l.,3,···,'" 

T.:= (~ci)/(i',-1-T.-,); Tf=O; i.=:t.,3,··•,m 
CIQ UQ CIC) OQ (I() Cit) • 

Li::. qi.- P.: t;, I Lt., ; L,= lj,4 ; L=:t.,J, ... ,"' 

(5) 

.n:aBlllliX cpopMa.JibHO Ha3BaHIIe M8TO,IJ;y. 3,n:eco II BCJO,n;y .n:a.Jiee 

QC) OQ (I()~<'!-} , 
(;, = P;, C;, / ( 'l;-,· 'ii) ; (,t = O ; l = .2, 3, ·· ·, m 

(6) 

{ "' n di"' I en }"' .. a TaRlKe q;. = '1-i, -t J i.=I ' (, IJ, , fJ. , l';, ' P.: = t i=i SJieMeHTil lICXO,D;HOl1 

MaTpl!Uhl C3 ( I) II ci -HeRoTopoe BemecTBeHHoe qIIcJio TaROe, qTo {q~ioJ,:. 
lliITHH M8TO,n: OCHOBaH Ha 11CIIOJII,30BaH1!1! ROM6IIHanR11 IIOCJie,n:oBaTeJIIiHOCTeit 

rt} 11 { L;,} , IlpH 3TOM ;ryqllfilM 113 IIOCTpoemrnx[I,2] B § I.I II.fl:Tll 

MeTO,D;OB HBJI.H8TC.fl CJie,IJ;yJOill1!11 

TA cl. =!A8 '!'.Q1! 

'i:'° = o ; i = l, :t, · · ·, m } ... , 
Clftt) Oc) tK) C Cl'-H) '"f'O Cft() 

T;. = [( q, ~ Ti)· TL]~( fl.;-1- r,.,); ~ = o ; i.=2,,, ... , m 

.A i = ~ l -d ; L = 1, J., • • · , rn ' 

CIC,ff) C.IC) Ct() CJCJ 

t.=(q .. -r.)+ "'ft., 
(7) 

r,n:e ~ ( U) I JV Cf) Cl) • • - i I.:= Pl C;,) C<t1_,--r,_,); T,=O; t= J,3, ... , m, K-4, ,···, (8) 

ROTOpllii Tpe6yeT, RaR Bl!IJ;HO, (1n-1) -.n:e;reID1ii, ( ,,._,) -YMHOJKemril:, m -
CJIOlK8!Il1ll I1 m -Bll'I1!Tamrn Ha RaJK,ll;Oll IITepanHII, a TaRlK8 H8 HaRJia,n;HBaeT 

Hl!RaRHX ycJIOBIDI Ha 3JI8M8HT!l l!CXO,n:Hoii MaTpIIUH, B T,.d, -MeTon;e co6cT-

B8HHll8 3HalJeH1!R onpe,n:eJI.fIJOTCH C aBCOJilOTHOll rrorpelliHOCTbJO He xyJKe ~eM 

{ltt.il..l < m ·E. }7:, , a B OCT8.JII,HllX MeTo,n:ax - l/Ll.il.:/(M·l}.':,, r,n:e m -rro-

P.fln:OR l!CXO,n:HOH MaTpllUU, M= m~X('c;,)/M_lfl {J .. ) 11 f., -ROHCTaHTa, orrpe-' ~ . 

x) r.A.EMem,JIHeHRo~T.T.PaxMoHoB. IIpenpIIHT Ollilli,PII-87-533,.I{y6Ha, 
1987; PII-88-59~,.I{y6Ha,I988. 
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,n:eJI.HeMa.H pa3p.fII{HOll ceTRO:l:i 3Bi,1. B CJie,n;cTBllU I. I. I OTMeqeuo, qTo CROpoc

TI, CXOll;IIMOCTl!l a;rropl!TMOB, rro;ryqeHHHX B TeopeMe I. I. 2, onpen;e.JI.HeTCJI c 

Y'l8TOM paBeHCTB 
CC) I( (II) 

""'' [ n,c C L . cd) ,1 Cl) ( '"<IJ [ n ( I.., • w)11 "' ) Tz. = ,.,., ·r;~, )rT. ; P.: = n:1 r,:~·" f H. ; ;_ = .t,J,···,"'· (9) 

Ifa JieMMH I. I. 6 CJie,n;yeT, qTo ,n:JI.H JIJ06oro ;, 113 l!HTepBaJia .: i i.. ~ m 

COOTHOIII8HII.fl 

4ICJ C,O UO (IO UO 00 u,J .CIQ ] 

Ai=o-[ Ai.-1= t.:; .Az,.,z:"'1, Aztt =00 ; ./1.,·.A.:tt= - ¥;, } 
(IQ [ ~ ~ Cf() u:) CIQ Cj() <_") 
L;./1 ➔ 1.;.=00,·1 ... ,.= l;,.,z,4,fl=o; '(•'fz<1=- J.:tt] 
(IC) a<) UQ CIQ UQ lie) f -f tit) ~IO lK) 

"f.➔= q,-1 ..... [ T; = a>, 1i+1= o, T;,..,_= fz,.;_ t.i·t ; T;<t ~ = -r.tltl.,] 

(IO) 

.HBJI.fl:8TC.fl ~OCTaToqH!,lJ\,lli, a 

n<) [ CIQ (if) tlfJ ':I tit} Cl!) l~ CIC} CIQ ] 

LH= o-? L .. =00, L.;-.{P.:.,2;_;'t.,~, Llfl"' 'J.;+,; L,:L.-1=-P.c, ( II) 

Heo6xo,n;m.ruMII 11 mcTaToq!fu'Ml! ycJioBnm.m o6pamemrn B HY.JIIi (i-1) -Bepxrrnro 

Be,n;ymero yr;roBoro MJ'lHopa IITepanROHHoii MaTpIIUll c . 3T11 cooT110111emrn 

MOlKHO oxapaRTep1130BaTii RaR ,n:oorrpe,n;eJieHl!H _11 OHH 11rpa!OT Ba.JKHYJO po.11, B 

o6ecrre%!Il111 RoppeRTHOCTll BhlqllcJieHl!it. B § I. 2 IIOCTpoel!O [2 J ( Ha OCHOBe 

RL -MeTo,n:a) MHolKeCTBO (TeopeMa I.2.I) TaRJKe 113 rurT11 MeTo.n:oB ,n;M B11-

q11cJieID1.a IlOJIHoro crreRTpa Tpe~aroHaJII,Hl1X MaTpl!U, 3TOT pe3yJIIiTaT IIOJIY-
QC). 

qeH TaRlKe rrpll ycJIOBIIll, qTo Bee Ll! -!Il1lKH1!e Be,n;yull!e yrJIOBh!e MRHOpll 
~ -MaTPIIU f., (11 l!X 11T8PanROHHUX MaTpl!U t, 1<=2,3,·•·) OTJiliqH!l OT HYJI.H, B 

3Tl!X MeTo,r_ax COOTB8TCTB8HHO IICIIOJII, 30BaI!bl C.JI8,1:{ylOllllI8 IIOCJie,n:oBaTeJII,HOCTll 

C'K) ftd ~-f C,r) U) 

Gi-• = 1 - f;fl· liJ ; G .. = G .. .., = 1 ; i = m➔ , ••• , -1 

CIC,) CtQ f'9 tfq 

.S1-1= (f/(1- .Si); ,S..,::. 0; i= m, m-1,···,:t. 
(12) 

ctt.> <«J ( no '!9 ':J Fi-1 = ( P; 't;)I C/1 - ,.1 ) , ,-. .. = o; i= '"' ... .:.,, ... ,.i 
(J:} (IQ cl() '!!/ C!9 c,tJ 

l-,;-1= qi➔ - f; C; I J,..i; L .. = f/,.,.; i="'•'"➔,···,.Z 
IlpII 3TOM JIY'!Illl!M 113 IIOCTpoeHHHX[21 B § I. 2 MeTO,ll;OB .HBJI.HeTCH 

T G cl -MeTon; 
(Kit) (IQ CIC) (I() CC) 

qi= C<l; - F;) + Fi-1 ; i;. = o ; i-= ,.., m-f, .. -., ., } 

<'kif) {,O lit') OQ . Cl(.fO (If.ff) out) 

f1-1=[(qH-fj-,)·F;1]/( CJ,- F';); f~=O; i=rn,ne•l,···.,1. 

.k l:. ,..., cl. t = ·~":,. 'li - ; i::. ,., ,..-,., ---> ., , 

(13) 

r,n:e 
~ Cl] U) U) 

l'H = ( P; 'c; ) I (<Ji - F; ) ; F ... = o; i= "', nr.~,---· .z, (14) 

B ROTOPOM TaRJKe Tpe6yJOTC.fI (1'1-1) -,neJiemrli, (1n-1) -YMHOJKeHl!it. "' -CJIOJKeHll:ii 

II m -Buq11Tamrn Ha RaJK.n:Ofi l!TepanRR, a TaRJKe He HaRJia,n:I1Ba8TCR Hl!RaRHX 
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orpaHHtJeHIIll Ha SJieMeHTbI n:cxo,nnoit MaTp~ f,3 (1). CooCTBenHHe SHatJeHil.fI 

B Tc. d. -aJiropHTMe orrpe,ne.JlffiOTC.fI c a6COJilOTHOll rrorpelllHOCT:E,IO He xyxte tJeM 

{ I LI.A. I ( m- l 1 i=t , a B OCTaJII>HHX MeTo.I(ax § I.2 - He xy'/Ke tJeM 

{/.1.J;/(M·d,':1 • B JieMMe I.2.1 OTMetJeHH ,nocTaTotJHHe H neo~xo.I(ID,rue H 

.rcocTaTotJHHe yeJioBH.fI o6pameHH.fI B HYJII> HHJKHHX Be.eynui:x yrJioBmc wrnopoB 

n:TepaUIIOHHOH MaTPHIUl c . 3Tn yeJIOBH.fI MO'JKHO TaKJKe oxapaKTepn:soBan 

KaK ,noorrpe,neJieHil.fI Il OHR n:rpaIOT BaJKHYIO pOJI!, B o6eerretJeHHH 1mppeKTHOeTH 

BHtJHeJieHHH. B § I.3 .noKasanH[2J JieMMa I.3.1 n: Teoper.m I.3.I. B JieMMe 

1.3.1 lIOKaSaHo, tJTO paBeHeTBa 
Ck) 0(,) '}9 C.Q cl() 

'C1=-0; LL+L1,=9,;.;.Z~l~"'-f; J..,_=o, (15) 

r,ne { r'. ! n: { [;,} eeTI> (5) 4 ) n (12) 4), ~JI.fIIOTC.fI Heo6xo.I(Ilr,1ill/Jll n: ,noeTa

TOtJJlliMl'I ycJIOBil.fIMl! B!,IpOJJ(,I(eHHOeTH MaTpill.'( C , y KOTOpbIX Bee Be.I(y!Uile 

yrJIOBHe MilHOPH OTJIIltJHbI OT nyJI.fI. B TeopeMe 1.3.1(21 lIOJIYtJ8HO MHOJKeeTBO 

Il3 tJeTHpex MeTO,nOB B.HtJileJieHH.fI eo6eTBeHHbIX SHatJeHHH Tpex,I(IlaroHaJI!,HbIX 

MaTpnl.'(, y KOTOpbIX (n: RX HTepaUIIOHHbIX MaTplll.'() Bee Be.I(y!Uile yrJIOBHe MilHO

pbI OOOilX TillIOB OTJil'ltJHbI OT nyJI.fI. Ilpn: 3TOM HeIIOJI:E,SOBaHa IlH<IJOPMaUI!.fI O ,I(U

aroHaJI:E,HbIX aJie1v1enTax B = Cj' -MaTpl:!l.'( o6paTHHX K C3 (I). 
Bo BTOpoiJ: rJiaBe, KOTOPM eoeTOilT l:!3 Tpex rraparparpOB, paeeMOTpeHH 

rrpo6JieMl:l IIOBHIJieHH.fI eKopoeTl'I eXO.I(l:!MOCTil, CH.fITil.fI orpaHl'!tJeHilil: Ha nenyJie

Bb!e Be.I(y!Uile yrJIOBHe r,umopH n: Ha paSJIIltJHe Beex c·o6eTBeHHHX snatJeHl'!fi B 

erreKTpe Tpex,I(IlaroHaJI:E,HbIX MaTpHI.'(. Pe!lleHa TaKJKe rrpo6JieMa OIITilMaJI!>HOro 

BbIOopa yeKOPRimlilX e.I(BilrOB. B § 2.1 BbilIOJI~eHH MO.I(IlqlilKal.'(IlU (TeopeMl:l 

2.1.1 n 2.1.2)(31 M8TO,nOB, IIOJIYtJeHHbIX B rrepBofi rJiaBe, Ha oenoBe CTpa

Terllll yeKopeun.fI (2) l'I (3). IIoeJie 'i'aKofi MO.I(IlqJHKaURH, uarrpHMep, T,. d - 11 

Tc. c.l -MeTo,nH eTaHOB.fITe.fI y'/Ke "fAll/d - 11 Tc. Wd. -MeTo,naMII cooTBeTCTBSHHO. 

Ilpl:! aToM ytJTena TpoHHM poJII> e,nBn:roB B LR(RL)-MeTo.rcax. A :mnenno, e 

IIOMOlU!>IO erreUIIaJI!>HbIM o6pa3OM IIO,I(OOpamrux e.I(BHroB .I(OeTn:raeTe.fI ycKopel!Ue 

exo.I(IlMOeT11, pelIIaJOTC.fI rrpo6JieMH nyJieBHX MilHOpoB I:! eoxpaHeHl'l.fI TpeX.I(Ilaro

HaJI:E,HOro BH,I(a IleXO.I(HOll MaTpillUl n: B rrpol.'(ecee HTepaUIIfi. HTaK, B § 2.1 

rro.nytJeno MHOJKeCTBO yeKopeHHHX MeTo,noB BhltJ1!CJieHl'l.fI IIOJIHOro erreKTpa Tpex

.I(IlarOHaJI:E,HbIX MaTpill.'( 06mero BH,na, KOTOpHe HMeIOT paSJIIltJHHe COOeTB8HHHe 

SHatJeHH.fI. B § 2.2 rrpe,I(JIOll{eHH aqxpeKTilBHHe crroeo6H (TeopeMa 2.2.I) [3] 

BH6opa W -yeKOPJllOII1IlX e,nBHrOB 

Ck) c,q ctcJ cl(,) 
W; = CZ i - P; 't1 I 9.;.-1 ; i = "', ,.._,, · · ·, :t ; I<= {,_1.,· .. (I6) 

,nJI.fI MO.I(IlqlilUliPOBaHHHX LR-MeTo,noB Il 
')9 CIC) UC) Uf) 

w i- = CJ.;-, - P1 'c1 I q,i ; j. = .l, 3 •... , ... ; K= I, :t, ... (17) 

,nJI.fI MO.I(Ilipill.'(IlpoBaHlrnx R L -MeTO.I(OB. rro.n:ytJeHHHX B § 2. I • Ilpll 3TOM B 

eJie.I(eTBnn 2.2.2 OTMetJeHo, tJTo ,nJI.fI TtWd-MeTo,na w -ycROp.fIKllllle c,nBHrl'I 

BllOilPaIOTe.fI B BH,ne 

8 

t.~ 

' 

i 

' ] T 

<IC.ft) Cteif) <~ Uc} CIC) CIC) Llffl) U) 

W1= 9-s-(q,- Ws-1n·i· qi~; W;=-o;j= ... ,···,Z;K=1.Z.-·· (13) 

a ,nJI.fI TGWd-MeTo.n;a W; BHOI:!paroTe.fI B BH)J:e 

<!tJ} UH) ( Ck) ~ UQ </!) c,rt1t !'!J • I 

W;.= </.1,- q_1-1-w;-~·-1)·r;-,·q/; wj=o;,=-.'l,··•,"'; K=t,t,··· ,19) 

Ilpll 3TOM IIORasano, tJTO HeIIOJI!,SOBaHHe .eTpaTerl'!Il (2) rrpHBOI(IlT I{ eycln:tJec

ROMY yeRopeHHIO CXO.I(l:!MOCTil MOJU!<PilUlipDBaHHl,IX aJiropHTMOB, a CTpaTerllll (3)

R Irna,.n;paTHtJeeROMY ye1mpeHl'!IO. B § 2.3 IIOJIYtJeHH ( TeopeMa 2.3. I) [61 Ha 

oeHOBe aHaJil'!Sa eBoiieTB exoI(IlMOeTil L R-aJiropHTMa sqx.peI,TilBHh!e crroco611 

BbitJileJieHil.fI IIOJ!HOro erreRTpa BemeeTBeHHllX Tpex;I(IlaroHaJIMillX MaTpn:u o6mero 

BH,na rrpll Ha.Jil1tJilil y Hl'IX KpaTHl,IX IlJIIl (n:) ROMrIJieKCHhlX eo6eTBeHHl1X 3HatJe

Hilll. 

TpeTD.fI rJiaBa coeTOilT Il3 ,nByx rraparparIJOB. :3 3TO:li rJiaBe paeeMOTpeH!,! 

MeTo,nH [4] BlltJHCJieHH.fI eo6eT:seHHHX(RopHeB1i1x) BeI(TopoB Tpex.iwaroHaJII>HhJX 

1v1aTpnl.'( (,3 ( O -oomero Bn:.n;a rrpoHSBOJII>i'!'oiJ: eTpyRTYPH. B § 3. 1 rrpn:ne.11eHH 

MeTO.1\11 ( Teo per.la 3. I. I) [ 4] OTHeRaHil.fI COcle_TBeHHb[X B8RTOpoB rrpll san;aHHl,IX 

eo6CTBeHHbIX SHatJeHH.fIX TpeX.I(IlarOHaJI:E,Hl,IX MaTpill.'( oomero BHn;a, y ROTOPHX 

Bee BHe,I(IlaroHaJI:E,Hl,le 3JleMeHTl1 OTJIIltJHH OT ,nyJI.fI. Ilpu 3TOM He HaK,Jia,nHBaeT

e.fI HHRaRHX orpaHHtJeHHH Ha Be;zy!Uile yr.JIOBLre MilHOphl ( C3-AE)-1,mTpm.iu. Hs 

MHOJKeeTBa rro.nytJeHHl,IX [41 B 3TOM rraparparpe TOtJHUX aJireopan:tJeeRl'!x rrpe,n

eTaBJieHH:li ,nJI.fI eo6eTB8HHbIX BeRTOPOB ( UCJ) =-l uf w 1;:,)' r:ne Ul1)=Uu'a)//1 u'm' 
HMeeM (B e.n:ytJae BemeeTBeHHHX co6eTBeHHHX SHatJel!Ilil) peeyppeHTHHe rrpe,n

eTaBJieHH.fI (cJien;eTBHe 3.1.2)[4] Bn:na 

1.PeeyppeHTHHfi MeTo,n, oeuo

BaHHHll Ha Hil'JKHilX Be.1.zy!UilX yrJio

Bl,IX MilHOpax. 

ECJil'I Ulf> ,j. 0 Il O{ I L._{-1) I ( <XJ , 

TO - !i u: (;j) 
Li.W c-1 

EeJIH u;.,w= 0 JIH6o L,: (,1) = 0 ' 

2.PeeyppeHTHHii MeTO.I(,OeHo

BaHHb!it Ha BepXHilX Be.I(y!UilX 

yrJIOBHX lfil!!Opax. 

EeJIH u;4-1, 1- 0 Il 0( I L.:WI("" ' 

TO - 2;·.tf u: w 
L .. c;i> '" 

EeJIH u;.p, =- O JIIl(JO L;,UJ= 0 , 

TO 

EeJII:! 

- P;-1 u'. c.:o =Ulw= 
TO -

EeJin 

Z'i<,t I (,1) (20) 2:· ,-.t • 
~ 

L;.C~): 00 , TO 

0, r.ne u;c,)::.,f; i= .l,3,···, m 

3,necn: [;~-1) = tflJ - P. t, I Li.CJ) 

L,o, = q;,w- Pie .. I Li~;i> ; 
{ q_n U) = ( IJ.~ - A) J := 1 
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D U,+,t 
f lff 

L;,lA)::. 00 , TO 

0, r.I(e u:..u):4; t.=hl-1,••:,1 

L,f.A> = q,.cu; ,=,.,m-1,···,.:t.} 
L~U)= q,Ul) ; i.=1.,3, .•. , m (21) 



B STOM JKe naparpaif1e Ilpl!BO,W1TCJI MeTO.I( BH'IBCJieHl!ii co6CTBeHlillX BeRTO

poB .Ii,'IR TaimX J.laTpllll; 11 npll HaJilltJifl! y Hl!X ROMTIJieRCHHX c_o6cTBeHHHX 311a

qeHl!fi. HaJillqn:e HYJICBUX BHe):l;llaroHaJII,Hb!X SJieMeHTOB y TpeX):l;llarOHaJII,HHX 

MaTp:mi; f,3 (I) o6mero Bll.n:a cymeCTBeHHHM o6pa30M B.JmJieT Ha CTPYRTYPY 

npocTpaHCTBa co6CTBeHHHX BeRTopoB Tam1x 1.iaTprrri;. B § 3.2 TIO,'!Y'IeH 0606-

memnm Me Ton; ( TcopeMa 3. :~. I)[ 4 J m1q1rcJiemrn co6cTBeHHHX ( RopHCBh!X) Ber,

TopoB BemecTBeHHHX Tpex.n:11aroHaJI01rnx 1,mTpnri; o6mero mrn:a rrpoII3BO.'IoHOM 

CTPYRTypH. noRa3aTeJ!I,CTBO TeopeMH 3.2.I cymecTBeH!lliM o6pa30M OIIl'IpaeTCR 

Ha pa36IIeHIIe IICXO.I(HOJI MaTpIIIJ;H Ha HeCBR3aHHHe Tpex,n;llaroHaJioHHe TIO.JU,laT

pllll;H II CBJI3aHHI1e 6.JIORll, a TaRJKe Ha aHaJill3 CTpyRTypu npocTpaHCTBa l!X 

co6CTBCIIHI1X BeI,TOpoB Ha OCHOBe JieMMLI 3. 2. I ( [ 41) n cJie.I(CTBIUI 3. 2. I [4]. 

qeTBepTaR rJiana cocTonT TaRJKe ll3 .IJ;BYX rraparpacpcrn. B aTo:u rJiane pac

cMoTpeHH cnoco6H nH6opa yc1mpmOOUix c.n:mrroB (1mR o6o6memrn noJIYqemrnx 

MeTOJJ:OB ,IV1H Tpex.n:11aroHaJII,HUX MaTpnri;) Ilpl'I IlOllCRe ncex co6CTBemrnx 3Ha

qe1mii TIRTll- n ceMl'In;llaro11aJioHUX MaTpl'Iri; o6mero BU.rta d:-5 (I) n f.,(I}, a 

TaRJKe l,l8TOJJ;hl B],Iq!'Ic.rreHl!JI nx KpaTHHX II ROMTIJieRCHUX co6CTBeHHblX 3Haqemri1 

Ha ocHoBc LR-MeTOT(a. B § 4.I .noKa3allli Teope~ru 4.I.I[8J n 4.I.2[8]. 

B TeopeMe 4. I. I rrpe,4.JIOJKeH cJie,eylOII1lli1 cnoco6 BH6opa ycKOPJI100UIX C.I(BUrOB 

np11 rroncRe Bcex co6cTBeHHHX 3Haqenufi TIRTU.Il;llaroHaJioHblX Ma.Tpnri; ls(I) 

1
0, eCJill l'Pil ~ 1 

ex) CIO 09 t«) _I 

sWi = qi-( brai)·ll1-1 

c,t - ( at) "" ) • ""-1 
q_ i P; 2'; q, 1-1 

eCJill 

, ecJill 

"" "" IP; I< 1 n 1 > I b; I H 
..., 

IP,1<1 n 
<IQ 

I b;I ~ t, 

(22) 

n .I(ORa3aHa rrpn STOM ey6IIqecKaJI (KB~JU)aTl!~ecKaJI) CXO.I(l!MOCTI, COOTBeTCT

neHHO .IVIJI cTpaTernn (2) n (3) LR-MeTo.n:a. B TeopeMe 4.I.2 noKa3aHo, 

~To ecJill B LR-MeTo.T(e !l;JIJI BHqncJieHl!R co6cTBeH!lliX 3Ha~e1rn:!i ceMn):l;llaro-

HaJII,HHX MaTpnri; C7 (I) nu6npaTo 1Wi -ycrmpmounre c.nBnrn .I(JIJI JII06oro 

f = m, m-t, ... , .Z l'I K=4,t,••· B BU.I(e 

0, ecJill 11}1~1 , lb.I ~i H IZil ~ 1 
CIO tlQ oo I <IO CQ C~ 

"" _ ~ <JrZrfr'l..i-, , ecJill I P; I < 1 ' \bil<1 n E<1Zi1(1 
(23) 

,,W; - oQ '"" ,.., '"'-• - cc> clQ 

l/.i- Pfaf tz, ... , , eCJill I '11< 1 ' 11-IH .. n t<I bil<f 

' C/9 ,., ..., a<>_, 09 "" t<1Pil<1, q,. - P,-·Z.-q , ecJill IZJI' £ , ll>1IH H 
' ' ' I--< 

TO B ycKopeHHOM LR -MeTo.ne MOlKHO TaKJKe .I(OCTH'II, KB~aTINeCKoro (1cy-

6n~ecKoro) ycRopeHIIB cxo.I(l!MOCTH. Cnoco6hl (22) II (23) Bhl6opa ycRopmo

lIUIX c,I(BliroB B LR. -aJirOpl'ITMe coxpaH.RJOT KaK BemecTBeHHOCTI, t TaK ll JieH

Toqmrn Bll.I( ncxo.nHo:i1: C5 (I) H C7 (I)-MaTpnri; n n npori;ecce nTepau;mi. B 

§ 4.2 IlOJIYqeHH TaKJKe sqipeKTllBHHe cnoco6H (TeopeMa 4.2.I)[8J Bhl'IBCJieHl!JI 
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TIOJIHOl'O crreKTpa BemecTBeHHHX TIRTH- l'I ceM0:):l;llaroHaJII,HI1X MaTpl'IIJ; o6mero 

Bn.na U npH HaJil'ItJHU y Hl!X KpaTHHX l'IJ!ll (H) KOMTIJieKC!lliX co6CTBeHHHX 3[Ia

qeHllli. 

llirTaJI rJiana, B ROTOPOH IlpHBe,J~eHH [5, 7, 9] OIIl'ICaHl!e Cl!CTeMhl rrporpa.MM 

Ha OOPrPAHe .I(JIJI 8BM EC-I06I(60) H pe3yJioTaTh! pacqeTon, cocToUT n3 Tpex 

rraparpaqxrn. B § 5.I npnBe.I(eHO OIIl'ICaHl!e CUCTeMU CTa!J:ll;apTHb!X non:nporpm,lM 

Ha OOPrPAHe .l(JUI nuqncJieHl!JI co6cTBeHHHX 3Haqe1rn:ti nemecTneHHHX Tpcx-, 

IIJITn- n ceM:a.n:11aroHaJII,HI1X MaTp:ari;, a iamKe co6cTnemrux(KopneBHX) neRTopoB 

BeIUeCTBeHHUX Tpex,n:11aroHaJII,HUX MaTpUIJ; oomero Bl!,n;a IlpOll3BOJII,HOil CTpyr,Ty

phl. Bee no.nnporpa.MMb! peaJ!ll30BaHH B ap:aipMeTlIKe C .I(BOitHOM TO~HOCTI,IO, B 

no.nnporpaMMax ,l(JUI BHtJHCJieHl!JI co6CTBeHHUX 3Ha~eHllfi TpeX):l;lla.roHaJII,HUX MaT

pHIJ; t3(I) llCTIOJII,30BaHhl aJirOpllTMH, IlOJIYqeuHHe B § 2.I l'I § 2.3, l'I yc

ROPRIOll1lle C.I(BllI'H (I6)+(I9). Kpml[e Toro n OIIl'ICHBaeMHX no.nnporpaMMax .)J;JIJI 

aHaJ!ll3a xapaRTepa cneKTpa TpeX):l;llaroHaJII,Hh!X rro,T(MaTpnri; rropR:rO:<a. He Bh!rne 

4, IIORBJI.fIIOllU'IXCJI Ha .Il;l'IaroHa.Jrn: nTepau,uomrux MaTpnri; c , ncrroJio 30Barru 

He06XO,I(UMb!e n .I(OCTaTogHh!e YCJIOBHJI, IlOJIYqeHHb!e B JieMMax 5, 6 ll3 (6J • 

TaRJKe n STUX rro.nrrporpa.MMax Ha~aJII,HHfi d -c.n:Bnr n d -c.:ri;mrrn ~JIJI CHJITUJI 

IIOJIBJieHUJI HYJieBUX l!Jlll 6Jlll3RUX R HYJIIO ne.nyll{l'IX yrJIOBUX Ml:!l!Opon B MaTpll-
(J(J . , 

ri;ax C, Bh!6UpaIOTCJI CJie,IJ;YIOII1llM o6pa30M. ECJ!ll B COOTBeTCTBYIOOUIX MeTO.I(ax 

(nporpaMMax) noRBJ1HIOTCJI paBeHCTBa { ( %.,-:::a, Lz!::o), (7f.,➔-:::o, <E.:~o), 
('!!J "" ) ('"' <!!> '/9 '"'):t 6 • aQ 'l;,=:-1 ,SL,:, 1 , T;,<::'l.:,r,ott. 'J npu JIIO ~ L n K .ll;JIJI MaTpnri; C, , TO npn 
.naHHOM K HTepaIJ,UOH!illM o6pa.30M B C .rto6aBJIReTCJI e.Il;l'IHI'I'!HaJI MaTpuri;a ,ll;O 

TeX nop IIOKa y MaTpl'IIJ;H r ( Ilpl! BCeX i ) He ORaJKeTCR OTl/leqeHHHX Bhll!Ie 

paneHCTB (CM. IOc. [51). 

B no.nrrporpa.MMax .I(JIJI HaxOl!',,JJ;eHl'IJI co6CTBeHHLIX(KOpHeBux) neI,TOPOB Tpex

):l;llaroHaJII,HhlX MaTpl'IIJ; llCIIOJII,30BaHU aJiropnTMhl, IIOJIYgeH!llie B CJie.IJ;CTBllJIX 

3. I. 2 n 3. I. 3 n n Teoper/[e 3. 2. I .n:11ccepTaIJ;IIH. 

B no,n;nporpaMMax .I(JIJI O.I(HOBpeMeHHOro Bh!qncJieHl!JI co6CTBeHHh!X 3HaqeHl!fr 

l'I COOTBeTCTBYia!1HX llM co6CTBeHHUX(RopHeBh!X) neKTOPOB TpeX):l;llaroHaJII,HIIX 

MaTpUIJ; CJ ( l) HCTIOJII, 30BaHH yRa3aHHH8 Bhlll!e IIO.I(IlporpaMl,lbl • I{poMe STOro B 

STl'IX no.nrrporpaMMaX .IVIJI Bb!'IBCJieHl!JI IlpllCOe.Il;l'IHeHHHX neKTOpOB UCIIOJII,30BaHa 

TaKJKe l'IH~OP1mll;l'IJI O reoMeTpngecRofi RpaTHOCTH KpaTHoro co6CTBeHHOro 3Ha

genuJI. TaKaJI nmpopMaIJ;IIJI HMeeTCJI n rro.nnporpar11Me .I(JIR BH'IBCJieHl!JI co6cTneH

HUX 3Hageirn:fi Ha OCHOBe peeyJioTaTOB TeopeMbl 2.3.I, JieMM 2.3.2 ll 3.2.I u 
CJie~CTBUJI 3.2.I, a TaKJKe JieMM 5 u 6 l'I3 [6J. B rro.nrrporpaMMax .IVIJI BH'IBC

JI8Hl!JI co6CTBeHHUX 3HageHl!fi TIJITH- l! ceMl:!.Il;l'IaroHaJII,HUX MaTpnri; l'ICTIOJio30BaH 

H3BeCTHllli OCHOBHOH LR-aJiropHTM, OTMeqeHHHll B § 4.I .Il;l'ICCepTaIJ;UU, l'I 

YCROP.ffiOOll'le C,Il;Bllrn (22) n (23), a TaKJKe peeyJioTaThl TeopeMH 4.2.I .Il;l'ICCep

Tari;nll l'I JieMi'I[ 3+4 B (81. B OTMegeHHHX n1,nne IIO!l;TipOrpaM111ax .IVIJI Bhlgl'IcJieHl!JI 

co6cTneH!lliX 3HageHI:ti1 Tpex-, TIRTH- n ceM1:I,:ri;naroHaJioHUX MaTpnri; He Tpe6yer

CJI .I(OTIOJIHl!TeJII,HOll naMJITH 8BM KpoMe MaCCHBOB .IVIJI xpaHeHl!JI SJieMeHTOB 

UCXO.I(HHX MaTpl'Ill;. B § 5.2 npnBe.I(eHH[5,8,9J npllMepu TeCTOBUX pacgeTOB 
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u Ta6JIHL\H cpamiemrn pesyJibTaTOB BbltJHCJieHHfi c pesyJ!bTaTaMH OCHOBH1IX 

ll3BeCTHblX y:s.e CTa!{IJ;apTH1lX nporpaMM, 

.JlJm TeCTOBUX pac'IeTOB l1CIIOJ!b30BaH1I pa3.JllitJ!lle Cl1MMeTplltJHHe MaTpmu,r, 

y HeI{OTOpbIX II3 KOTOPl:lX II3BeCTHH TOlfHHe qJOPMYJI!l ,IJ;JIJI BWilICJieHIIJI co6CTBeH

llblX 3HatJeHHi-l li co6CTBeHE1IX BeKTOpoB. HeKOTOpLie li3 TeCTOBh!X CllMMeTpli'I

HUX MaTplll.( HMeIOT rrpll6.Jlli3l1TeJibHO 0,1\IIHaKOBLie co6CTBeHHHe 3HatJeHirn. HeK0-

'.1.'0plrn li3 HeCHMMeTpll'IHh!X TeCTOBh!X MaTpliU HMeIOT BemecTnenHLie JI!16o KOMII

JICIWI!Ue KpaTHl:Je co6CTBCH!l!Je 3HatJeHne. ITop.flJJ;Kll TeCTOBh!X MaTpliU Bbl6llpa

m1cb B .rumrrasoHe OT 3 T(O 500. 
asneCTHLie CTaHT(apTHLJe IIO!(!IporpaMMH, B KOTOpUX pea.illi30BaHbl QL{ QR)'

a.JirOpliTMU, M8TO .'U,! dHCeI,UHli' ll oopaTHUX HTepaUHJ ll T .11;. ll C pesyJibTaTmm 

ctJeTa KOTopux Be.'IOCb cpaB!Ielrne. Bbl6llpa.illiCh ll3 6ll6JII10TeKll ",1Jy6Ha". Pe-

3YJibTaTbl aH!l.Jlli3a TCCTOBUX pactJeTOB ll Ta6m1u n1.mecem,1 B OCHOBHHe pesyJih

TaTU. 

B § 5.3 npnneneH rrpnMep ceMeCTBa rroJIOlKllTeJ!bHO orrpe,n;eJieHHX Tpex.n;llaro

HaJihHblX MaTpllU, ,IJ;JIJI KOTOPHX llTepaI.(llOHHLiil rrpouecc LR-aJiropllTMa 6es 

llCIIOJib30BaHll.FI C,ll;BlilrOB liI rrepecTaHOBOK He ocymecTBllM, T,e. npepunaeTCJI. 

B saRJI!OtJCHllll I{ ,!J;l!CCepTaUHH rI;opl\JY.illiPYIOTCJI pesyJihTaTbl rrpe).(CTaB.JieHHHX 

ncc.Jie u;onaimil. 

0Cl!OBIL12 p;;;SJJI1TAT:1 vi Bi.1BO.IU 

I. IlocTpoeHo (1m ocHoBe MOTITT1T:11KaU11lil LR(RL)-a..,'lropllTMOB) MHOJ;;ecTBO 

KoppeKTHHX ycKope"1mux tleTOJ;OB BHtJliC.Jieirn.FI llO.JIHOrO crreKTpa TpeX,IJ;llaI'OI!aJlb

HhlX MaTpllU, Bee COCJCTB8HHH8 3HatJemm KOTOPHX pa3JllltJHU, Ilpv. 3TOM JIY'l

UlllMll us nocTpoeHHHX .FIIJ.JIRJOTC.fl ( ~ W d-, TG Wd )-MeTo;u,r, y KoTopux TpeGy

eTcR ( m - ,, )-n;eJieHlrn H ( ti/- ,f ) -yMHOJKCHlle Ha KaJ!;u;ofr l!TepaUHU, a T::m;:-:e 

He HaRJI8,IJ;HBaeTC.fl HllRaKllX orpaHHtJCHliii Ha 3.JieMeHTH llCXO ).(H05i MaTpliW,I, 

2. IloJIYtJeHH aqi[;eKTHBHUe y1mnepcaJ!bHHe crrococlu nu6opa ycKop.FIIOl~Hx c .i;-

nuron IIPH ll011CK8 ncex CO(JCTBCHHUX 3HatJeHHfi Ha OCIIOBe LR -MCTOI(a, co-

xpaH.HKIIllie nemecTBeHHOCTh ll Tp8X$iaI'OH8JibHUfi Bll.ll; llCXO,'.J;HOii MaTpHUII H B 

rrpouecce uTepaUHfi, 

3. lTOJIY'leHH aqipeKTllBHH8 cnococlu BH'IliC.JieHH.FI IIOJIHOro crreKTpa BelllCCT

BeHHHX TpexIJ;HaI'OHaJihHHX MaTpllU oclmero Bll).(a rrpu HaJlll'Ilill y HHX KpaTHUX 

ll.Jlli (II) KOMII.JieKCHUX C06CTBeHHHX 3HatJeHHfi, 

4. IlOJIYtJeHO MHOJKeCTBO TO'IHHX MYJibTllllJillKaTllBHHX n peKyppeHTllblX rrpen

CTaBJieHIIfi ,IJ;JIJI KOMIIOHeHT codCTBCHHHX BCKTOpoB 6es orpaH11tJ8Hllll Ha rrone

,n;eHne BeIJ;YJllllX yrJIOBl:lX MHHopoB Tpex.iumroHaJibHofi uaTplil\H ( £ - ;i E), 

5. IlOJIY'IeH o6o6meH!illli MeTO,IJ; BH'lllC~eHll.fl co6CTBeHHHX(KOpHeBbIX) BeK-
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Topon B8JlleCTBeHHHX Tpex,urarOHaJihHHX MaTp.llU odmero Bmi;a !Ipol13B0-7IhHO!! 

CTPYKTYPH, 

6. IlOJIY'leHu acp:IJertTllBHHe CIIOC06H Bbldopa yc1copmoqnx CI{BliroB rrpn II011C

K8 ncex C06CTBeHI:iHX 3HatJeHHl1 Ha OCHOBe LR-MeTon;a, coxpaH.FIIOJllllX ll.flTll

ll ce11111.i:uraroHaJihHHA Bllll; llCXOD;HOfi BeJlleCTB8HHO}i MaTpUI..(h! II B rrpouecce HTe

PaI.J;Hll, 

7. IlOJIY'leHH aqxI;eKTllBHUe CIIOC06H BU'Il!CJieHH.fl llO.JIHOI'O cneKTpa nemecT

BeHi!hIX II.flTII- ll ceMHIJ;HaroHaJihHHX MaTpmi; ocimero mn;a . rrp!I Ha.Til'Ilill y HllX • 

KpaTHHX llJill (n) KOMII.JieKCHHX co6CTB8HH1IX 3HatJeHH11. 

8, l10JIY'l8HH He06XO,IJ;llMOe ll .TJ;OCTaTOtJHOe YCs'IOBH.FI BUpOiKc{eHHOCTll Tpex

IJ;HaroHaJibHHX MaTpllU o6mero Bll_IJ;a c'3 (I). B8IJ;YJllH8 YI'JIOBhle mmopu KOTO-

pux (nopR,.T(Ka Me Hee m) OTJill'IHU OT HYJTJI; 

9. Cosn;aHa CIICTeMa CTaHn;apTHHX rroJ;rrporpa:.rr.1 na -J)()PTP.VJ:e lJIJI 3.i:li.I EC-

I06I (60) BU'IllC.JieHII.fl coclCTBeHHHX 3i-!atJeHH;: BemecTBCHH!IX Tpex-, II.flTll-

ll ceMH,IJ;RaroHaJihHHX MaTpIIU, a TaIOKe codCTBeHHHX(KOpHenux) BeKTopon Be

Jll0CTBeHHUX TpeX,IJ;llaroHaJibHHX MaTpnu odmero BllI{a npoll3BO.JlhHOa CTPYKTYPH, 

ilpn aToM JIY'Ill!lle us co s.n;amrux rron;rrporpar.ll.! xapaKTep11sy10Tc.fl cJieeyJ:JU!IlMll 

OCHOBHb!Mll IIOKa3aTeJIJIMl1: 

a) BpeMR: BbllfIICJieHll.fl Bcex codCTBeHHUX ~matJeHHE C HCllOJih30BaHneM HO

BUX IIO,IJ;rrporpaJ,IM B cpe,IJ;H8M doJiee tJeM B 2 pasa M8HbUie tJeM C llCIIO.Jlb30Ba

HlleM non;o6HHX ll3BeCTHl:lX CTaHnapTHUX llO.IJ;rrporpm1u ll3 6n6v1rn0Tero1 ")Jy6Ha". 

B) .1LIDI cpanHeHll.fl IIOJIHHX SaTpaT BpeMeHH Ha BH'lllCJieHHR llMeeT MeCTO 

COOTHOUieHlle (tA,uu,/tA,UCAJ)=K~~+-; • rne t;i,uu, II £,UC,) - IIOJIHOe 

Bper.tfl BUtJIICJieHH.FI Bcex codCTBCHHHX 3i1atJem1)i ll codCTBeHHHX B8l(TOpon B 

HaUll1X 11 COOTBeTCTBeHHO B Coll.,(QR)-aJiropllT!.1aX. 

c) Cpe,IJ;Hee tJllCJIO llTepauni1 Ha OJ:{HO co6CTBCHHOe 3HatJeHlle B HOBHX Me

TO,c{ax He rrpenocxo~IT 4. 

a) HeBRSKa Ll=(C-AE)UU> ll ILISl==lli..-tr£1, BUtJHCJieHHHe rro pesyJihTaTB.M 

HOBHX no.n;rrporpaMM, KaK ,IJ;JIJI CllMMeTplitJI-IHX MaTpllU TaK ll MaTpnu, KOTopue 

llMeJOT KpaTHHe coclCTBeHHHe 3HatJeHH.FI, JIY'lllie 'lei.I y rron;odHHX ll3BeCTHHX 

CTami;apTHUX nonrrporpm.11.1. 

0IJYEJil1I{OBAHH:lE PAEOTcl no TEI:IE ,4,lCCEPTAmm 

I. r.A.:SMeJih.FIHeHKo,Iu,1 EH CeK. 0 KoMrraKTHHX MOJ:Urc°tIIKau;1rnx MeTo.n;a Eayapa 

~ Haxo~eHIIJI co6CTBeHHHX 3HatJeHIIil TpexIJ;HaroHaJibHHX MaTplII.(, Ilpe

rrpllHT Ollilli, PII-88-451, ,1Jy6Ha, 1988. 

2. r .A. EMe~b.flHeHKo ,IIM EH CeK. CTpaTern.fl cMemeHHil u MHOJKecTBa KoppeKT

HHX M0TO.IJ;OB BH'IliCJieHII.fl C06CTBeHHHX 3HatJeHHfi TpeX,IJ;llaroHaJioHHX MaT-
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