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I. B B e .n; e II II e 

Hacromnaa paoora nocnamena onacanao MO,Il;l1qmUllpoBaHHOI'O napaaara 

CllCTeMll nporpaan [1] aa lflopTpaHe 3BM EC-I06I (60) JJ:JI.ff BlJlqllCJIeHllR ncex 

A - coocrneaaux. 3HaqeHllM Ii scex (l'IM cooTBeTcTBYIOmllx) lJ(~) - xopnemrx 

BeKTopoB,KBa.n;paTHHx TpeXUIiaI'OHa~bHHx BemeCTB8HHHX MaTpl'IU pasMepHocTll 

m t m oourero BllJJ:a 

~4 ~.t 
~ q~ 2"3 

c= 
e ll3 '4 CC,-A~~U(A)=O} 

(1. I) 

E.-f fJ.._1 2'... (If.'  A,,) U(A H) = 0 ' . 

PI" '1,.. 

8~eMeHTH H'l4, PIC, lte,qlC]€ R}IC:;<OTOPhIX npaaannexar R - rroJIIO ( = MHOJKe-

CTBy C saJJ:aHH&MM orrepaUl'IHMl'I Ha.n; ero 3~eMeHTaMl'I, CM., HarrpHMep, § 8[2]) 
BemeCTBeHHhIX qvrce~, a TaKJKe CpaBHl'ITe~bHoMY aHanHsy TeCTOBHX pac~eToB. 

TIpl'I 3TOM npenno.naraerca, qTO M{3.TPl'IUa. C (1. 1) MMeeT npo11sBo~bHYIO 

CTpyKTypy,H JJ:~ B~l'IC~eHl'IR Bcex ee coocTBeHHHx SHa~8Hl'In l'ICnO~SYIOTCR 

a~I'0pHTMll, rro~~eHHhIe HaMH B [3]. 
B CBRSll C 06cYJKJJ:eH11eM BeKoTopHX .'l'I3 npoonex B~llc~HTe~bHott Jilmel1:

HOn aMe6pH (CM., Harrp11Mep, § I [4]) HaCT0ffiltaR pa60Ta aKTya~bHa H aa

BepwaeT Ul'IK~ [I, 3+5J·v.cc~eJJ:oBaHl'Ill no nO~Hol1: crreKTpaJlbHOH rrp06fl.eMe 

KBa.npaTHhIX MaTpllU rrpOll3Bo~bHOft CTpyKTypll oomero BH.na 11 It (1. 1). B 
ueJIRX Y.n06cTBa 11 KBa~H<pl'Il~11pOBaHHOI'O nozsaoeauaa peayJIbTaTaMH npcrpases 

yMecTHo snecs (rro naWl'IM Ha6JI1On;eH11RM) ll3~OJKHTb OCHOBhIe CBe,neH11R 11a 

TaKOI'O C~O)KHOI'O paane.na mme1tuoH anreopu, KaImM HB~eTCR paane,a 0 

CTpOeHl'Il'I ~vIlIeltHOI'O oneparopa (CM., nanpaaep , I'JIaBU 8 H 9 [2]). 
I1TaK, rrycr s ( RoOI3X::{Xf • .:(J.···.x..} ) - JI11HellHOe npoc rpascrno ITI 

MepHHX sexropos X nan no.nea R (T.e.{::tl€R};:4)K (ttQ'i"=A )
npoasnoxsnaa xnanparnaa MaTp11ua pa aaepaocra m x m HaJJ: R (r ,«, 
a;, € R (, COOTBCTCTByI01uaR Jll'!HetiHOMY orreparopy AB KOHe~HOMepHOM 

"l~-f ~ - ~ A 
rrpOCTpaHCTBe R..; T. e. ( A: R...-+ R ... ) M~ll ( x:: y, r.ne X ~ R,., 3 Y = 
{~.:eR};:4 ). 'Ior-na (CM., aanpnvep , § 64 [2] H~l1 I'~aBY .uorrOJIHeHHe B(6]) 

pasoopancR B ,n;eltcTB1111 ( A: R...- it.) Jll'!HeHHOI'O orieparopa ~paBHo~ 
rr011CKY 6a31-wa B R... , HaHJI;y'tfiJIHM 06paSOM COI'~aCOBaHHoro C A. Iloc.nenaee, 
B CBOIO ovepe.nr., 3KBHBa~eIlTHO BIl60py l1S {P~P.deitp):to}- K~acca ( CM., Ha

npavep , § 64 (21) MaTp11U, I10)~06HhIX A ( T. e. 11M810l1.lHX 0JJ:11HaKOBH8 C A c06

CTBeHHbIe SHaqeHVIR ) MaTpj,fUH [l=F~EdeU~)fDJ I'mK MO:iKHO oo.aee rrpOCTOI'O 

...-+~ 
Gt&}.tr L 

/; ~i"l l 
t'.1!l'tP;~ .. :. 

~1r:.!J. "r"'~ "c: •I j.. .". j. 



Bll,II:a. B CJIY'Iae a.rr-eopaavecxa 3aMlmYTOrO
X) 

rrOJIR R cyUtecTBylOT (cor-

JIaCHO, uarrpaaep , OQHOBlIOll reopeae 73. I §73 [2] llJm ee aJIrec>pall'-IeCKoMY 

8KBllBaJIeHTY - OC~OBHOti reopeue ,IlonOJIHeHllR B [61) H8BbIp0JK,n;eHHhl8 MaTpllIJ;hI 

( F=u/;ill~f'i E R },l1,CJIe,n:oBaTeJIbHo,c>asllchI B R... TaK118, -qTO 11Me8T 

M8CTO npsuaa cyMMa MaTpllU {jl(t(A~)}tS:~ 

J k4( ;lt ) 0]
FA F= [ j"(~,),, . ..i..(~.~: / ..~~~) _ :(J(A)" n (1. 2) 

[ 

JKs(A£) 

rno {1-.Ad:fIAi l , eCJI11 i~i}:i:'4 - S nonapuo paSJ1M'lHlIX COC>CTBeHHlIX SHa

'leHllll MaTpllIJ;hI A, aJIrec>pall'leCKUe KpaTHocT11 K~ 11 Kj KOTOplIX, T.e. 

'lllCJIO o.mnraxonsx KopHei1 rcaxnor'o as MHOPOlIJIeHOB 

-r ~ - -" f(. }.-\, ('t) :::a.. + af ,A -+ ••• + alCi, At.::: (A - At)" ; (1. 3) 
'i" ~ ,.. K. I< 

!P(~)= Do+b..,A-+· .. + b"1 711 
:: (A- Ai)i ~ 

y,IJ;OBJIeTBopmoT paBeHcTBy 1<4 + K.a-t •• , f' 1<$ ::: ", • IIpR STOM xapaKTepllCTll'leC-

KHH MHOrO'IJIeH - de..t(A-AE) MaTpllLU>! A 3aIll1CHBa8TCR: B Bll.I(e 

'" 1<, n:1J n"J 11""
de:L(A-AE) = a.. + a. A ......... a...x =(fA - A~) =(A- A... ) -(A-A.)~ .. (A - A,1.)~}
 

~ #1 n£ll (l.C&) & m '-, (1) (I 4) 
.((~- Ju) =(A - AJr.)-(A - A~):&.•. (A -.:tL)~J··- [(A- A$) = (A-As:f(.~- As)~'" (~-AS)III.J= • 

'1 ) 
1C4( '} '\)~ (~ (A, (PJ (M) , 

~ ( /f-At . .1\-.11.1 ••• A-As) , r.ne n4 -tlZz .···.n.b=K"u, ,II:JIR scex ·Up,S • 

KBa.rwaTHHe [K~,K.J MaTp1iUhl jl(i,(AL) ,y KOTOphIX pasuu HYJllO Bee SJIeMeHThl 

KpOMe. BOSMOJKHO, SJIeMeHTOB ,n;ByX .I~llarOHaJIell, llMelOT Bll,n 

~') 
Jl<l~') ~.lo 

If.aH 0 U -\.1 0
J~(Ai-) ". KI.5)• nne J"J;l..)=jKL(:~J 1:/0 JK.UJ 0 J,/CAi) = , i- I

~ 

0o ") J.'411"o .J.Jl<f~;.) 

COl 

Ksanparuue JKe [ni'~ ntJ .I~BYX.I(llarOHaJIoHhle MaTpID.J;H J::C:A,) npn JllOC>hIX j ll3


(~, r" £;. ) ,I1:,JIH KaIK,n;OrO j, as llHTepBaJIa ( -1 ~ i-' S) HaShlBalOT
 

jD GorJIaCHO, aarrpaaep , § 2. I [71llJI11 § 66+68 [2J nOJIe R HaShrBaeTCR a.neopa
w:reClm saMKlryThIM, ec.nx IWpHll A.. JTIOOoro MHorotJJIeHa' 4'(~) =~.«t~+..·+ctJ 
creneaa 11).1' C Kos<blJllUlleHTHllM11 ! atE R};:o TalOKe rrpllrro,nJIeJKaT STOMY 
noJllO. T. e. {A..e kJ::. i • 'lhaK, B aJIreOpaH'leCKll saMRHYTOM rrOJI8 R_ KaJR,1J;lllll 
MHOrO'lJIeH f#I(~) KMeeT XOTR C>hl O,nRH IwpeHb 11 OH rrpllHa,n;JIeJII.1-iT R • B 
CMHCJIe SToro OIIpe,n;eJIelIllR R - nOJIe BeUl8CTBeHHhlX 'tJRceJI aJIreopaKtIe-
CKll He3aMKHYTo, a R - nOJIe KOMnJIeKCHhIX 'lHCeJI aJIrec>paw:recKH saMR-
BYTO) H rrpll STOM R c R 

2 

x) 
OOlflHO BepxHell KaHOfrn'leCKOll KJIeTKOll [6J (.mrc>o KaHOHWI8CK11M ffil.\ll-

KOM [2]) ][{op,naHa. COOTB8TCTBYlOlltetl' coc>cTBeHHOMY SIIa'leHlllO Ai' 3TO R 

oOyCJIOBllJIO B oC>lI.{eM cJIY'lae HaSBaHMe ] (1.-2) Hal( MaTpllIJ;hI Eop,n;aHa. a 

npeoopasoaaaae BH.n;a (1.2). (1.5)KaR JKOp.IJ:aHOBOno,n;oC>Horo. ECJIll xe B pe

syJIbTaTe yxasaaacro npeoopaaoaauaa OKaJKeTCR, 'ITO {:K.c~Oj,)}. ={d.agCA'>\, T. e. 
nU" ~ '.d 'I.. 

Bce 'KJI8TKll Nop,naHa JI(~~;.)(I.5)3) RB~TCR ~llarOHanbHhlMll MaTplluaMM. TO 

MaTplluy A HaSUnaIDT dlllarOHanb syeM011:, II J (1. 2) aanacsaaor B Bll.n;e 
-~J;;: U:4 U=d.i.atj(,A) • CJqeBll,II:HO_ llMeeT' MeCTO BJIOiKeHlle MHOJKeCTB 

A
mIA.~J.;};:/:, C 

~ 
ml~} C 

~ 
1flJ , 

r'ne 
A

1TiJ 
A ,mU } H 

A
'l1I/~i'j~;}~;4 MHOJKeCTBa xaanpamax MaTpllU A oonero nzna 

COOTBeTCTBeHHO iKOP~aHOBOllb~oOHHX, ~llarOHaJIbsyeMhlX ( HO llMelOmHX RpaT

aue ooocmennae 3Ha'leHllR ) II naaronaxs syeMbix ( HO co BC8~vrn pa3JI11'tJHNMM 

coC>CTBeHHbIMR SHa'leHllRMll ). MaTpll.IJ,1:l, npanaunesaunre MHOJKeCTBy 1n111 , OT

HOCRT K TaK Ha3UBaeMUM MaTplluaM rrpOCTOU CTpyKTypH, a mJ -~-
CTOn CTpyKTyphl (llJIR.~e~eKTHhlM, CM., HanpllMep, § 7.41 [31). 

n.(1) 

3aMe'IaHlle I.C TOtJHOCTblO ~o nepecTaHoBKll KJIeTOK JKtCA;.) (I.5)3) B 

(1.5)n ,3) sopnaaosa HOpMaJIbHaJI <popMa ]CA) (1.2) MaTpllUhI A 8,nllIHCTBeHHa. 

o.aaaxo HeBHp0JK,~eHHaR Ma'rpllua F ,0cymeCTBJIffiOmaR npeoopaaonanae 
nonocaa (1.2) naxe rrpa HOpMRpoBKe de.t(;;J=~ , orrpenexaerca ( CM., narrpa-
Mep, rJIaBy ,llonOJIHeHlle B (61) He e,nllHCTBeHHhTM oC>paSOM. nOCJIe~H8e OC>YC

JIOBJIeHO TeM OC>CTORTeJInCTBOM, 'ITO rrpa <pllKCllpOBallIIllX MaTplln:ax A II J (A) 

paaeacrao (1.2) npe,n;CTaBJIReT coooa o,unoPOlP-!y1O MaTpll'lHylO C1:I.CTeMY JI11Hell 

HUX ypaBHeHll.fi OTHOCllTeJIbHO F , T. e. 

FJ (A) - A F =0 - Marpnua , (1. 6) 

peureaae KOTOpUll sarracuaaerca B OOlI.{eM mute I\aK 

F: 1... F~ + ~t F.t + . '. i" 1~ Fr , del ( ~) to. (1.7) 

3~ecb {Fs , ···~ F~l - epYH.!taMeTaJIbHaR Cl1CT8Ma MaTpl1u-p8111efIllll CllCTeMl:1(I.6) , 

HeKoTophle ll3 KOTOp~x,Booc>me rOBopR. MoryT C>HTb II BllpO~eHH1lMll, HO 
- t 

'lllCJIa (~I( E R )K~f B 0C>1ll8M cJIY'lae npOll3BOJIbHHe ~ O,IJ;HOBpeMeHHO He oo
pamaIDTCR B HYJIb. TaKllM oc>paSOM, cymecTBOBaHl1e paSJIlltJHhlX MeTo,n;OB CBe

neuaa A K 1(A) RBJIReTCR, O'leBll.IJ;HO, CJIe.n;CTBlleM Hee,nVIHCTB8HHOCTll F • 
B ,naJIbHefuneM. He aapyiuaa OC>UIHOCTll, c>y~eM npennoxarars , 'ITO .H1J.U'iKR 

Jl{op,IJ;aHa ynopanoveuu B snue 0.2) .cr.si,» rrpeoopasosauae no~0611R (1.2) 

BlllnOJIHeHO RaKllM-JIllC>O 113 Me'To,n;OB, T. e. F - <pllKCHpOBaHa. Toruta, oxe

BR.I(HO, llJI.18eT MeCTO paanoxenae A B npHMYlO cYMMY l1l:l.IlYUllpOBaHHhIX MaTpRl~ 

J(;j~ (At) F-4.J s , nopoxnaeeux MaTpHuell (oneparopaa) A. r ;e ,t t 2'=4 

x) CymeCTBYlOT TaKJKe npe,nCTaBJIeHllR J (1. 2) B ~opMe HllJKHllX KaHomrtJec
KllX .fill{llKOB 11{op.IJ:alfa, T. e. I\Or~a y MaTpllU J::(~..) e~llHlITiiI"CTORT nOli; rJIaB
HOn ~llarOHa71blO. 

3 



A= [F1ICt CA,} F ' j e ... e[Fj~(·As)F-'l· (1.8) 

B CBD.IO oxepena, Ka.JK.naR HS {F-j"t(AtJF-'}~, HH.TI:YlU'IpOBamllix MaTpH~ C y"tJeToM 

0.5) npe,nCTaBJIReT COC>OH onarr.-raxa rrpRMYIO cYMMY MaTpH~, aanamnzx nan 

R H .n;enCTBYIOmnx B R. , T.e. 

(I:; jlCt(At)f;-'j:; [F JIC~(~~) F'] ~,. .. e [F J~1:(;.tt) [;-c] • 0.9) 

Pa3JIOJKeHllH 0.2), (1.8) II (1. 9) e,nllHCTBeHHbl npa ~HKcHpoBaHltoH'MaTpll~e F. 

3aMe"tJaH1l8 2. ITpe.ncTaBJIReTCR YMeCTHllM B:BeCTH HaSBaUlle CJIaraeM1IX 

B rrpRMOH cyMMe (1.8) KaK KOpHeBllX llany~llpoBaHIllix MaTpll~, a B rrpRMOH 

cyMMe 0.9) - KaK 8JIeMeHTapIllix HJIll ~KJIH"tJeCKHX llH,ICYlU'IpOBaHlI1lX MaTpll~, 

COCTaBJIRIOmHX CBOIO nopnesyn MaTpll~. 'I'axae HaSBaHRR no CYTH He npOTHBO

pesar oC>lIlenpwmTO-'! TepMHHOJIOrHH ~OpMaJIlJHOn r eopaa HHTJ;y~HpoBaHlmx orre

paTopoB (CM., HarrpHMep, § 70+74 llS [2]). 
EcJll'I .n;JIR moooro ~ A~~ 0, TO HeTpy,nHO y6e,nHTliCR C y"tJeTOM (1. 5) ; 

QTO panra KOpHeBllX H ~llKJllflIeCKHX MH,rr,y~poBaHHllX MaTpHU; pasas coorae'r-

CTBeHHO ~ 
A ., J . [n -41 (~)?tUU< [ FJK't(A~)F ::: Kt H ?tz.n.1< F14Ch)r = nj • (1.10) 

CJIe.n;oBaTeJIbHO, C>asHcIllie MHHOpll H orrpe.n;eJIReM1Ie RMH 6aSHCH1le (T.e. JIH-, 
. . ,. lie.) 

HettHo HeSaBHCRM1le) CTpOKH (cTOJI6~) JII06wc. MaTpHU FJ4;t,JF-4 H r;J"I(At)f,i 
B (1.8),(1.9) B COOTBeTCTBllH C § 4. 32+§ 4. 35 [8J orrpe.neJIRIDTCR MeC-' 

TOM paCnOJIOJKeHHR H paSMepaMH COOTBeTcTByromnx KJIeTOK NOp.n;aHa B (1.2), 
(1.5). ITPH STOM CJIe~eT HMeTlJ B BH.ny, 'ITO CTOJI6Ull KaK HCXO.n;HOH MaTpHU1l 

A.TaK H H:H,n;y~HJlOBaml1lX' MaTpHti FjlC})I) r;-' H F1:r(~t)r~ JIBJIRIOTCR rrp.HM1lMH 
.. n.'t) 

cyMMaMH CBOHX COOTB:,TCTBYIOIl{HX oopasca {Ae",[~JtC~h)r·']e;ll[F1,!/(At)FiJ~};' 
6aSHCH1lX aexropos e. yHH:BepCaJIlJHOrO oasaca l ~ J ~T= o,o•...•oJ.o•...• o}~ B =1, 

rrpOCTpaHCTBe R. . l1s cxasanaoro mnue CJIe.nyeT, 'ITO paSJIOJKeHHRM (T. 8) 
1'1 (1. 9) OTBe"tJaIOT cooTBeTcTBYlOuiHe pas6He'HHR oasaca B npocrpancrne oopa

SOB (Xc R. -- (AX) E Rill ) aa rrO,I{MHOJKeCTBa JIHHeHHO He3aBHCHM1l-X BeKTopOB. 

l1TaK, rrepexo.n; OT rrpe.n;CTaBJIeHHR rrp01l3BOJIlJHOn MaTpHU1l ( orrepaTopa ) A B 

cTaH,TI:apTHoM B R.. oasace 1~ };=, ' m - MepH1le aexrops {~T=a···.4t~>.o}:. 
KOToporo JIBJIRIDTCR co6cTBeH~ BeKTOpaMH .n;HarOHaJIlJHllX orrepaTopoB (MaT-

PMn) d~D~) , T.e'{~~('h)~.:A t: ~h:f ' K BH.ICY J(A):]", 0.2),0,5) , 
paBHOCHJIeH saaeae oasaoa {~} ~f 6a3HcoM {r j } ;: 1 B Ron , cocra- . 

BJIeHH1lM as r;4 - m :- MepHhlx aexrop - CTOJI6UOB MaTpHU1l F (1.2). 
]MHeMHaR HesaBllcHMOCTlJ STHX BeKTOp-CTOJI6UOB o6yCJIOBJIeHa Tpe60BaHHeM 

del (F) =I:- 0 • IIpH STOM B COOTB~TCTBllH C BllrrOJIHeHH1lM BhIlI!e aHaJI1l30M 6aSHC 

{Fj} ;:/ B R., OKaSllBaeTCR B Oc>meM c;ry-qae pas6HTIlM aa CJIe.nyromlle He

rrepeCeKaIOmHeCR JIHHeHHO He3aBHCHM1le 6a3HCH1le rrO.IJ;MHOXeCTBa m - MepH1lX 

BeKTOp - CTOJIC>UOB 

4 

lF~ 1;f:: [{ Fs} ~,. i Fj}i:"IC'i"~' .... {F, It:~.ff 1 ' rne I
J (1. II) 

et,l ~ - 5 e 
net)

• r; .K~ = .~ Ke-t+n~t) I<'ttlli +n~t) t-"E~ t 

{ S }1:Kt_t4 [tr;l }i:Kt~1' {f1dJ"Kl.ftn:t~, •...• {Fi}.="t i"lkt~J 
,MR JII06hIX ... ~ t , S • J ;.c to'. t 4 

CJIe.n;OBaTeJIlJHO,CTOJI6nnr KOpHeBllX HH.n;y~HpOBaHHllX MaTpH~ B rrpRMO:M 

cyMMe (1.8) RBJIRIOTCR JIHHeMHUMll KOM6HH~MRMM cooTBeTCTByromMx 6aSHCH1lX 

aexropos (1.11)2)' TaKHM oopasoa;» COOTBeTCTBHM C 0.8) H (1.9), a 

TaKJKe § 70+74 (2J rrpocTpaHcTBo R~ , B KOTOpOM sa.n;aH(a) A,paCCJIaHBa

eTCR B ITP.BMYIO CyMMY KopHeB~X H .naJIee UHKJIH"tJeCKHX rronrrpOCTpaHCTB COOT-

BeTcTByIOmHX paSMepHOCTeH {Kd:", ' l n;u }::1 
.... (ICd (J<&) (~)


R.:: R"A4 il RJ.c. If) '" fJ R~b ' rne
 0.12)
eKe) ~t) ~t) n'}J

R"t = RAt I) R~t f) ". B R:~/ J -1 ~ 2: 4 S , 

T. e. ·MR JII060ro BeKTOpa X€ R... HMeeT MeCTO paSJIOJKeHMe 
./1 1.. 

X::: 2.. /3,. X" , r,n;e X.. ::.'£ ""Yd. , a TaI<JKe (1. 13)1&-1 ~t 

CI( ) " .., X.. €. R;t.... , Yri. e RollO H fl... i'ot € R 
CKe)

He~py.n;HO TaKJKe y6e.n;HTlJCR C y"tJeToM dd(~)*o , 'ITO KOpHeBlle R~t rro.nrrpOCT

paHCTBa RHBapHaHTH1l OTHOCHTeJIlJHO neMCTBHR Ha HX BeKTOpll COOTBeTcTBy

,IOmnX xopueaux HH.nyUHPOBaHHUX oneparopos ( MaTpHU ) (1. 8), T. e. eCJrn 

X"E R~«:) ,. TO [[~.Jj(J;\ ..)F-IJX..]c R~:) , qTO TaK)Ke <pOPMaJIlJHO coraacy

eTCR C reopaez HHBapHaHTH~X rro,nrrpOCTpaHC'fB ( CM., H·arrpHMep, §70-74[2]). 

SaMe"tJaHHe 3. He BC.HKH~ BeKTop JII060ro 6asHcHoro rro.IJ;MHO~eCTBa B 

(I .II) I) RBJm:eTcR c06CTBeHH1lM sexropcx COOTBeTC TBylDOJ,ero xopaescro HH


nYUHPoBaHHoro orrepaTopa ( MaTpHU1l ),H,CJIe.n;oBaTeJIlJHO,B COOTBeTCTBHH C .
 

§ 70 [21 nopo~alOmero onepaTopa A.
 

Ha CaMOM .n;eJIe. ]MilllJ .n;HarOHaJIlJayeM1le ( rrpOCTOn CTpyKTypll ) MaTpH~ 

A , r .«. {U-'A 11=- d~(A;.)J-[AU =U c;l~( Ai)] RMeIOT (OM., aanpzaep , 

§ 7.41 [8.D m. mmeHHo HesaBHCHMbIX Iu~ };:, - c06CTBeHHHX BeKTopOB 

(cTOJI6UOB MaTpHU1l U ). TOJIlJKO B qTOM c;ry"tJae 6aSHCll KopHeBhIX npocTpaH

CTB COCTORT HS cooTBeTcTByIOmHX c06CTBe;IH1lX BeKTopOB A ( T. e. CTOJI6

UOB U ) C y"tJeTOM ~ - aJIre6paHQeCKOM KpaTHocTH At • ECJrn xe one

paTop ( MaTpH~a) A He rrpOCTOH CTpyKTypll, TO JIHIIllJ "tJaCTh 6asHCH1lX BeK
• (K 

TOpOB JII060ro KopHeBoro rro.n;rrpOCTpaHOTBa, HarrpHMePi RA:)' 6ynyT cOC>CTBeH

ffilMH, a TaKJKe ax llliCJIO paBHO ( Ii 'K;. ) - "tJHC;ry ~HKOB Eop.n;aHa 

'(1.5)3) ncex pasMepHocTeii rt..iJ• -.-.n'}.) , OTBe-qarouwx .n;aHHoMY )c.- anre

6paH"tJeCKOH KpaTHocTH Kt • ~CJIO 4 rrpHHRTO ( CM., HarrpHMep, § 7.20 
(81) Ha31lBaTlJreOMeTpKtJeCKot1 KpaTHocTbIO .naHHoro A, . ,UeHcTBHTeJIlJHO, 

JII06a.H KJIeTKa mop.n;aHa.J~(~~) (1.5) HMeeT JIHIIllJ O.n;HH HeTpHBHaJIDHlln C06CT~ 

BeHH1ln BeKTop, rrOCKOJIlJKY 
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{[J:!t~~)x: ~l.x] .... [(JK7j()~d':' Ai,E)X == O]}
{ O ·X4 +"·X..= O. O·X4 .... O·X..r.+-f·X'.=- O. "'J O·Xf + · · · +.1. X - 0 . ~ ~-r ~ (I, 14) 

O·X4 +.•.+ O· XIt.r~ t -f•XIII '= o} - X:; [ 1, o, ...• 0] . 

Cne~oBaTenbHo,R~~oe HS Mff~YnHpOBaHllliX UHKnHqeCRHX no~npOCTpaHCTB 
(1.II)2)' (LI2)2) lfMeeT He oo.nee ouaoro cooc meuaor-o sexropa , a KffiK
~oe lfS RH~~poBaHHHx KopHeBHx no~npocTpaHcTB (I.II)I),(I.I2)I)- He 
oonee ~eM ero reOMeTpHqeCKaR KpaTHOCTb. 

I1TaK, ec.na OTMeqelUrue coOCTBeHH1Ie BeKTopH aananu, T•e. <pHKCHpOBaHlJ 
cooTBeTcTBYIDmHe cTono~ MaTplfnhl F (1.2) H nonaraeTcR, ~TO (J~)= J ) 
HMeeT Blf~ (1.2), (I.5), TO: 

Bo - nepBHX,npH lfSBeCTHOn MaTpHue F (T.e. rrplf BHnO~HeHHOM y~e 
npeoopasoBaHlfH (1.2)) cne~OM sa R~~M lfS TaRHt1 oopasoM <pHRCHPoBaHHUx 
ee CTO~OUOB - coocTBeHHhlx BeKTopoB OY~T CTORTb He~ocTaIDmlfe oaslfcHHe 
BeKTopH nopo~uaeMux HMH UMRnHqeCRlfX rrpocTpaHcTB (I.II)2),(I.I2)2)' 
OO'1e,nlfHeHlfR KOTOplDC co CBOlfrvrn cooCTBeHIIHMlf BeKTOpaMli oopasYIDT oa3lfcbI 
cooTBeTcTBYJOml1X xopuenax nontmocrpaacra (I. II) I) , cr. 12) I) • 

Bo - BTophlX,eCnl1 ~e KaKHM-nlfOO crrocooOM Han~eHbI ~llib coocTBeHHbIe 
BeKTopH A, T.e. <pI1KCMpOBallli AMlib cooTBeTcTBYIDmlfe CTO~OnH F ,TO unR 
B~Rc~eHlfR cne~YIDll~X sa HHMlf CTonOUOB F (T.e. HeUOCTaJO~X oa3lfCHbIX 
BeKTopOB, COOTB8TCTBYIDmlfX UlfKAMqeCKI1X rro~npOCTpaHCTB ). OO'1e~HHeHHe 

KOTOphlX C COOCTBeHHHMI1 BeKTopaMM. raxse oopaSYIDT oasaca RopHeBbIX non
npOCTpaHCTB, rrpHMeHflIDJ c~e.UYID~I1H ( CM., HarrpHMep, § 74 [2] ~lfOO Teope
MY 5. 32 [9] ) MeTo~ : 

A·'J~o = At( !p~IJ, K= -I. 1.. · ..• l } 
(1. 15)

(A-AI(E)Y';")=!ft«fl-f>. K=-i.%..... l: n:.t.3.···.n.. , 

r-ne L - oouiee lJlfCnO scex RIlllfKOB :lKop'~aHa BceBOSMO~HI:lX nopanxoa fll( I 

raxax , lJTO fl.4.n,t.···.n': 171 ~~J.I scex ( S'~ L ) nonapao paanaxnsx COOCT
B.eHHbIX SHa1.JeHHtl {Act}:~: • ITPlf aTOM m AMHetlHo HeSaBlfClfMhlX HI

MepHbIX BeKTopOB {~:~} oopaSYJOT oasao B Rift H 1 ns BTHX BeKTopOB. 
a lfMeHHO {~:O}~I_ RB~RIDTCR COOCTBeHHHMH ( B COOTBeTCTBlfH C (I.I5)I) 
BeKToparvrn MRTpHUU A. . , 

J ,..,}IZ., )
3aMe~aHlfe 4.KopHeBIle sexropa IP" II:L (I,I5 2)' HOpMll KOTOphIX OT

mflHbI OT HyJIR, yMeCTHO .UM ~ooro f( H3 H J( ~ 1 aasaaars IUtR~eCKlfMli 

BeKTopaMM B COOTBeTCTBlfH C TepMHHonorHetl,nplfHRTotl, HanpHMep, B [2] 
( CM., § 74 ). I1x HaShlBaIDT TaR~8 rrplfC08.UlflleHHIDrn sexropavaoneparopa 
A B COOTB8TCTBHM C T8PMHHo~orHetl, rrpHHRTO~. HaQPHMep, B (9J{ CM •• § 8 

x) Mhl BocnO~bSOBaJIOeb anecs . - M8pm~m: aexropasm f !P:~} BMeCTO B~e
,n8HHhlX paaee B8KTOPOB Iii,;} , ~TOOhl He saOOTlfTbCR <popMaJIbHO 0 eCTeCTB8H
HOn HYM8pauHH BeKTopOB l r;;} B COOTB8TC'l'BlUi C ~aHHbIrvrn nane nORCHeHRmm:. 
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r~. 5 ). RaK BH~HM HS (i.i5)2),OHH He RBAHIDTCR C06CTB8HHHMH BeKTOpaMJiI 
MaTplf-Ua A, OTBelJaJO~ coocTBelIHoMY 3HaqeHlflO :AI(. O~HaKo B conoxyrr
HOCTlf {1;'),9':II)J::,f, C COOCTBeHHbIMl'I BeKTopOM P:' 06pa3YIDT ~a3lfc nlfKJrnq8C
Koro no,nnpOCTpaHCTBa 

- 'lot ~ 

~(~K):: { !P€ R", .. (A-AIeE)!j>= o}, PCAI() C R.... 

Ilense HeOTPMnaTe~bHhIe lJHCna l n;}}:-c HaShlBaIDT npa aTOM BbICOTOH ( CM •• 
narrpanep, § 74 [2] ) xopaesoro , 'a {n.d}~=4nOpR,UI\OM npacoenaneuaoro B8K
TOpOB ( CM •• HarrpMMep. § 8 r.n, 5 (9]). Ha caMOM .ueJI8. ec.na BOCnOJIb30':" 
BaTbCR onpene.nexaea (L 15). TO nOJIY''tJHM ' 

[CA- All E)y.>~£):: .YJ~f) J- ((A - A"E) [(A - AI(E)y>~3)= y>~t)J =YJ:'J ~_ .. 
"',,-i) ) e4-1) (L 16)

~aA-.AICE) 1:"" =- ~:)J~ lCA - AICE) ~~'" }::.t = fj~1) JI 

(Ail Cltl 

T. e. B8KTOPhl {(A-~K E) .Y>IC JUM BC8X .t ~ II ~11Jc cOBna~aJOT C cOOCTBeHHHMl1 B8KTO
pOM ~:Q . OqeBn,nHO. qTO ~:)- COOCTB8HHhln BeKTOp eCTb Kop~eBOH B8KTOp 
BhlCOThl e~lfHHna. H Bee KopH8Bhle B8KTOPhl,COOTBeTCTBYIDI~8 COOCTB8HHOMY 
3Ha1.JeHHID. AIC, HMeIDT BhlCOTH, He npeaocxo.aamae ero anr-eopaavecxof xpar
HOCTH. 11s (I. 16) cnenyer , qTO (A - At E)m5P:"~ 0 • ec.mt m ~ Ilt tlf B ~aCT
HOC Tlf)J;M ITt: Kt • 

OTM8THM. HaKOHen. B SaKnID~eHHe 3Toro rraparpa~a. ~TO BCe CKa3aHHoe 
BbI1II8 00 oneparope ( MaTpHue ) A obuiero BH.ua cnpaaehaaso II ~ MaTpMn 
C (LI). 

2. OnHcaHM8 rro.n;rrporpaMM fIa ~OPTRAHe 3BM EC-I06I(60) 

,1J,JIR BH1.JHCJI8HHR coocTBeHHWC 3HalJeHlftl If KOpH8BIDC BeKTopoB 

Be~eC~BeHHbIX Tp8XAlfarOHaJIbIlliX MaTplfg oo~ero BHga. 

B HaCTo~eM naparpa~e rrpHBO~lfTC~ orrlfcaHlf8 MO~lf<pHUHpoBaIIHOI'O ( B 
CpaBHeHHH C [Il ) BaplfaHTa CHCTeMH nporpaMM ~M Bhl1.JHCneHHR coocTBeHHhlx 
8Ha'tJelI~ n KopHeBhlx neKTopoB B c~1.Jae C (I.I) nPOR3BO~bijan CTpyKTypbI. 
TIPH 3TOM Bce coocTBeHlille SHaqeHlfH'BemecTBeHHhlx Tp8~HarOHaJIbHUX MaTpHU 
oouiero nana C (L I) H8saBlfClfMO OT lfX cTpYK'ryphl HaXO.URTCR nonnporpax
MaMM DGIi. D(;I~. DG13. DGI4. DGI5. DIG'1. DIGt. 01G3, DIG/f.
Dr G5 • VGrBG H OLBL . C acno.rs soaauuea aJII'OpHTMOB [~1. OTMeTMM 
rrpenaapare.m.ao , ~TO ace onacuaaevue HH~e IIo.unpOI'paMMU peamrsonamr B 
apmpMeTHKe C ~Bot1Hon TOqHOCTblO. 

Ilonrrpor-pasesa .DGH BhlqHCMeT see COOCTBeHHhle 3HalJeHHH no a~ropHTMY 

(2.2)+(2.3). rx;I'z -(2.4)+(2.5). DGI3 -(2. 9)+{2.IO), DGI4 -(2.II)+(2.12) 
DG15 -(2.6)+(2.8). D161 -(2.13)+(2.14), DIGZ -(2.15)+(2.16), DIe3
(2.20);.(2.2I), OIG-4 -(2.22)+(2.23). Dl(iq -(2.17)+(2.19), J~~6G 
(2.24)+(2.25) H DlBL -(2.26)+(2.27). rne acnonssoaaas CChlJIKR H!' <pop
MY~J:l as [3]. 
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3T.H nonrrporpasesa BHqHCJl.HIOT see C'OOCTBeHHbIe 8HaqeHlUI, BRJllO'tJa.fI xpar
HhIe (.n;o 5 RpaTHocTH B c.JIY'tJae BellleCTBeHHhIX H.nO 2 xpasaocra B cJry

'tJae ROMITAeRCHHX coocTBeHHhIx 3Ha'tJeHMM ). 
3aMe'tJaHHe I. TaRoe orpaHH'tJeHHe Ha RpaTHOCTH He .fIBnff8TC.fI c~e.n;CTBHeM 

oome:tt r eopna [3J, a. xapaxrepno ~I1Ib .n;JI.fI OIlHC!:JBaeMOrO napaaara rronnpo
rpaMM H oy.n;eT CH.fITO HaMH 1I03,IJ;Hee B OOJIee 06J.UHX sapaaarax nonnporpaea. 

Ilonnpor-paiess DIM1 H OGAE1 BlflUiCJIffiOT nee coccraeaaae 3Ha'tJeHH.fI Ii 

Bce KopHeBHe BeKTophI. TIo.n;rrporpaMMa DLM~ Hcrro~b3yeTC.fI TOJIbRO .n;JIR Beme

CTBeHHHX TpeX.n;RarOHaJIbHbIX MaTpH~ C HeIGJleBaMH BHe.n;HarOHaJIbHUMH 8~eMeH

TaMH,a P'GAE~ - ~.fI JIIDOHX BemeCTBeHHUX Tpex.n;HarOHaJIbHbIX MaTpH~. 

B nonnporparere OltwH peaJU1l80BaH a~ropHTM (2.11)+(2.12) (3] .n;~.fI BhT

-qHc~elm.fI scex coocTBeHHUX 3Ha-qeHHll H RCrrOJIb:;30BaHa nonnporpsssa DBEino Hl 
.n;JIH BuqHc~eHH.fI RopHeB~ BeRTopoB. B rro.n;rrporpaMMe DGAE1 HcrrO~b30BaHbI 

nonnporpaaaa DGI4 H CBEJ(TO [n. 

OopgmeHHe R rr08rrporpaMMaM 
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IERR. uenaa nepeaeaaaa, CJIy~maH ,nJI.fI coooIuem1:.fI 00 oumoRax. ECJIM 
sa saxone IERR:t:O, TO BI:fqMCJIe'HM.fI Hey.n;OBJIeTBOpHTeJIbHHe (CM. [l] .. 

CALL DHH (M~ P. R. Q. Al. Bl. U. IUDEX. B. C. MI. III) 

CA.LL DG4fHItt. P. R. a. Al, BL. U. HlvEX. 8. US, NP) 

8.n;eCb lPoPMaJIbHhIe nepeaeuaae M, P , R., Q, AL, Bt- , U, IUVEX, 
8 ' C, MI , UI, WS H liP HMeIOT CMhICJI TaRofi JKe, RaR H B non

nporpaaaax DBEKTO H CBEKTO [IJ. 
HMJKe rrpMBo.n;HTC.fI TaRJKe orrHcaHHe .n;ByX no.n;rrporpa~) DIM~H DQAEZ , 

xoropae rr03BOJI.ffiOT BH'tJMC~.fITb xopaeaae senropa ~HI1Ib .n;~H HeRO'l'OpHX H3 coo-

CTBeHHhIX 8Ha'tJeHHH • 
CALL DIJHI (M~ Jlt UZ. AL. BL. J./) 

CA LL DIMl (M. IJ, III. Alt. p, R.a,AL, 8 L, U. UIOEX, 8. C,MI, WI) 

CA L L PGA E2 (M, /.I. All, )it, P; R, Q, AL, sr, U. IJJOEX. 6. NS, NP) 

B.n;eCb: NI, /II.t - uexse 'tJHCJIa, YKa3hfBaIOIllMe eCTeCTBeHHHe nopanxoase HO... 

Mepa COOT~eTCTBeHHO nepBoro H rroC~e.n;He~o H3 coocTBeHH¥x 
3Ha-qeHHn B cnexrpe A:(A~.,-,~",), .n;nff BWl'HCJIeHH.fI KopHeBhfx BeKTO:

POB, cooTBeTcTByI01llHX BceM cOOCTBeHHhIM 3Ha-qeHHHM, HOMepa 
KOTOpHXl rrpHHa.n;JIeJKaT HFITepBaJry [HMUj. N1 11 sa 3a.n;aIOTC.fI aa 

axone. 
Ue~H rrepeMeHHa..aXX) N sanaerca aa axone H HMeeT CJIe-!JYI01llH~ CMH:C~: 
A). EoJII.! [AUf - .n;enCTBHTe~bHoe H~ ( AUf::: ~AH"f ) - KOMITAeRcHbIel H [:i\u

.n;e~CTBIiTe~bHoe HJlli (A#!rf=~U1.) - ROMrr~eKCHble] ,TO 

II=- III - Wi +.oj. 

B).	 ECJIH {[IlN~ - ROMITAeKCHOe H ANHI - .n;e~cTBHTe~bHoe HJIH (ilNf:f:. ~Ufff ) 

KOMII~eRcHHe] H [~- .n;e~cTBHTeJIbHOe MJIH (AN:t = ~_f)-KOMMeKcHhIel} 
HJm aaooopor {[.~Ilf - .n;e~cTBliTeJIbHOe H~ ( Altf = ~"f~f ) - KOMITAeRC-
HHe] H [AAa-f - .n;e~cTBHTe~bHoe H AU! - ROMMeKCHoe HJII.! (·.A~-f1 jAl.L )~ 
KOMMeKcHbIeJ} , TO
 

/tI= IJt-Ni t.t
 
C). EcJII.! [;\114 - ROMrr~eRCHoe H Allft-i -.n;e~cTBHTeJIbHOe HJIH ( AUf * ~Kft1 j., 
x) IIpli aTOM rrpe.n;rro~araeTCH, ~TO crreKTp MaTpH~ rrpe.n;napHTeJIbHO BH'tJHC
~eH oas .n;orrO~HHTe~bHoro yrrop~nO-qeHHR, T.e. c COXpaHeHl1eM t eCTeCTBe~
HO~ HyMepaIJ;HH COOCTBeH~ 3Ha-qeHl1M B crreRTpe. OTOMY TpeOOBaHIi~ (KaK 
'npaBH~o)'y.n;OB~eTBop.moT CTaH,D;apTHbIe rrporpaxser L.R R QR - aJIrOPl1T.
MOB H eCTeCTBeHHO HOBHe (HalliH) no.n;rrporp8.MMH. ,

xx)3aMe~aHHe 2.ECJIl1 rrOJIb30BaTeJIIO rro KaKOn·~MOO rrp~HHe 3aTpy.n;HHTeJIbHO 
caMOMY BHrrO~HMTb aaanas A), B), C) t D) .n;JI.fI no.n:y-qeHHR W, TO nepen 
oopameHMeM K rro.n;rrporpaMMaM DlHL HJlli DGAE~ OR .n;OJIJKeH rrpe.n;napl1TeJIbHO 
OOpaTliTbCR K nonrrporpazze Dfolul' ,13!l9'l'IClIfIJOIuel1 11 R B KOTOpOn <pop
M8.JIbHble nepeaeaase HMeIOT TaKOn :lICe CMhICJI,KaK Ii B IIo.n;nporpaMMax DII1.! 
H DGAE.t • 
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KOMIlJIeKCHhle1 11 [AoU-i - .n:eMCTB11TeJIbHOe 11 AIl.t - KOMrrJIeKCHOe 11Jlli 

(AN.t-f~ ~N.t ) - KOMrrJIeKCHhle1 , TO 

tJ=tJt-IJ/+3 

D). ECJI11 [AlI::1 11 IJt: "'1] , TO 

1/= M 

U - .IU3YM6pHID1 Bell\eCTBeHHhIM MaCC11B paSMepHOCT11 J4 HI ,CO,n;epJKall\lltf 

B CB011X CTOJICl~aX Ha BhIXO,IJ;e IWpHeBhIe sexropa, Ilon KaiK,n;hIM ROpHeBOH 

BeKTOp OTBe,JJ;eHO,I<aK 11 B D8EKTO 11 CBEKTO (I1 ,rro ,IJ;Ba ncnpan ~IDC CTOJI

ona MaTpM~ U ,eCJIll A - ROMrrJIeKCHoe. IIP11 STOM ,IJ;JlfI COrrpJDKeH

acre ~ coC5CTBeHHhlfi BeKTOp U~) B MaCC11Be U He xpanarcs, a BhfCI11C

JIJIeTCJI,KaK C5hlJIO yKasaHo B (ll, rrOJIb30BaTeJIeM. ECJI11 A - .n:eficTB11

TeJIbHOe, TO B U BeKTOp U~) xpaHHTCH B O.n:HOM cToJIC5~e. KpOMe Toro, 

eCJIH ANt - KOMrrJI8IWHOe, T. e. UC~Mf) c Re[ UC:Atif)] .... t 1", ( UC:4"f» ,TO 

uco~Re(U(~IH)] 11 Wt)=L.[UCA"lJl ,a UU)= U{~"f.') ,eCJIH AIfHf 

.n:eMcTBMTeJIbHOe, rne UW M UC1.) - rrepBhlfi ·11 BTOPOM CTOJIClrm U 
ECJIH JKe Allft4 - KOMrrJIeKCHOe, TO U(3)= Re[ue~"f-H)] 11 U(4)= I ...[WAN,...,)] 
eCJIH AUftf*~"f • A eCJIH AMf'ti= ~/lf ,TO UlAlI4ti) - He xpaHMTCJI. 

3.neCb ~ - COJIPJIJKemIOe c06CTBeHHoe suaveaae. 
INDEX - OAHOM6PHllH ~eJillfi MaCCMB pasaepnocra fJ ,CMhlCJI xoroporo 
o,JJ;llHaRoB C INDEX B 01'" 1 llJIM DGAE~ (11 • Ocrans HUe cpopMaJIbHhle rrepe-

MeHHhle M, p, R, Q, AL, BL, B, C, 141, «i , «s M up 
llMe~T TaKofi JKe CMhlCJI,KaK B rro,JJ;rrporpaMMax PBEKTO 11 CBEKro (I] 11JI11 

01111 11 DGAE i 
HHJKe, B rrpMJIOJKeHllHX, HaMM rrpe,JJ;cTaBJIellli pesYJIbTBThl Bh[qMCJIeHllfi ,JJ;JlfI 

nexoropux TeCTOBblX aeuiecrneauux TpeXAllarOHaJIDHhlX MaTpLm. B rrpencraanea

HhIX radnnnax nOMl1MO riauHix nporpaaa llcrrOJIb30BaHhl PHQ.R 11 DHQR.t - CTaH

naprase no.anporpassor [10]. VIs HllX - OHQ.R B~llCJIHeT coocrnemnre 3Ha1l6

HllH a DHQR~ - c06cTBeHHhle 3HaqeHllJI 11 c06cTBeHHhle BeRTophl .neficTBllTeJIb

HhlX MaTpll~ B BepxHefi <PoPMe XecceH6epra nocpe.ncTBoM QR - aJIrOpllTMa, 

nOCROJIbRY TeCTOBhle MaTpllUhI C (1.1) HecllMMeTp"qeCR"e. 

IIo.n:IIporpaMMhl PBSECT II DINVIT nO] llCrrOJIb3Y~T MeTO,JJ;H 6llceKrurtl 11 06paT

:IhIX llTepa~fi .I(JIH Bhlll11CJI8HllJI COClCTBeHHIDC 3HaqeHllfi II c06CTBeHHhlX BeRTO

POB CllMMeTpWleCKllX Bell\eCTBeHHHX TpeX.I(llarOHaJI:DHhlX MaTpll~~ no.nrrporpa~ 

DMTQLi ,DMTOLt no] BWIMCJUIIOT coC5CTBeHHhle SHaqeH11H H COOTBeTCTBeHHO 

ooccraeaaae anaseaaa II xopuenae searops CllMMeTp11QeCKOM BerQeCTBeHHo!1 

TpeX,JJ;llarOHaJI:DHOfi MaTp~ Ha OCHOBe QL- aJIrOp11TMa. 

KOMMeHTapllH K T&~ 

CBepxy B K~n;OH H3 Ta6JIR~ YKaShlBaIDTCH SJIeMeHTH MaTp~ C (I.I), 
ee rrOpJIJ(OK m H BeKTOp .A: ( '-', ) ee TOqHhlX coC5CTBeHHhlX SHaqeHH1f. B 
Cro.nouax KaJK,I{ofi ll3 TaOJIHU I + 6 yxa ShlBa~TCH: B nepaox - llIVIJI COOTBeT

cTBYIDll\efi rro,JJ;rrporpaMMhl, .n:aJIee llnyT CTOJI(i~ C peaJI:DHOH ( cBepxy ) H MHll 
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50.000000000025 

90. 000493425~588 

M =72 

19.999506574412 

39.999999999998 

60.000000000000 

80.000000827096 

100.099505746624 

19.999506566342 

39.999999993130 

59.999999963416 

80.000000821020 

100.099505762064 

60.000000000000 70.000000000691 

100.099505746625 

dS =0.22737368.10-11 

-0.197092891034 9.900494253376 

20.000496623253 29.999999172904 

80.000000827096 

t~ =0.02559 

10.096595438598 

30.000000828492 

50.000000000000 

70.000000000691 

90.000493425588 

t~ =0.0353546 

10.096595440091 

30.000000811370 

49.999999990264 

69.999999960550 

90.000493399329 

til =0.0875702 
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nporpaMMU 'inono' OJlO1KO Imn liHOJIO yMHO- 'iXOJJO ,nOJIO- 0011.\ee QllCJIO 

(BJII'°PXTMLI) H nlillHTalm~ n J1tOIlH'1 B ltBJlt- lm~ n xax- onepaUlIIll B I\8JK-

1(nm.ltO~ Wl'Opo.l.tHH ,uo-'t l1TAPfLU~1-1 ,1~O~ w!'opaUI-m )(011 lIITepB1U1H: 

DG% f . Jim-:t 5"'-4 z(m-i) Nm-8 
-- --

DOL! 4 m-t 4m-3 J (m- r ) 1-# m - 8 

- --
DGI3 L, m -1 2 (m-1) 2, ( In--l) 8m-5 

DGI4 Lr m - 2 l (111-1) 2. (m-1) 8 m - 6 

DGI5 "", -1 m-i m-1 6", - 3 

DIG1 '-1m -1 5 m-4 .2 ( m-i) -11",-8 

DIGZ L,m-:l, L, m-3 3(m-1) 1-1111-8 

I DIG3 L,m-1 :lim-of) 1. ( 111- 1) 8m -5 

DIGIf 4m-Z Z(m-f) 2, ( m : i) 8m-6 

DIG5 ,4111 -1 rn-1 m-1 6m -3 
-

DG8G 6 m - L., 4 m-3 6", -3 16 111 - 10 

DL8L 6m-4 4 177 - 3 5m-3 16 m -10 

£-4 Cz (;3 C" (;6 , (;6 

-e

l1S .53.10-14 .71.10-14 . :53.10-14 .73.IO-I tl .19.10-13 .16. 10-1~ 

Re(A) .16.10-14 .89.10-13 . 9LL 10-12 .98.10-14 .44.10-14 .92.10-14 

Im(4 ) .73.10--15 .0 .93.10-12 .0 .0 .21. 10-14 
~ 
H 
a h .00401 .00336 .00525 .00377 .00523 .00289 

b,u .0054~ .00467 .00638 .00468 .006'78 .003_~ 

AS . '/8. IO- D AI. 10-13 .70.10-13 .36.10-13 .35.10-13 .22.10-15 

~ 
Re(Ll ) . II. 10-4 .22.10-9 .21. 10-8 .19.10-3 .15.10-2 .3'7.10-14 

Cl 
C5 
:r 
a 

1--

1", (Ll ) .0 .37.10-7 .82.10-5 . II. 10-8 .15.10-8 .70.10-14 

b .01765 .00718 .01656 .01068 .01674 .00813 
b.u .02:212 .00~!09 .02087 .01341 .02063 .01001 

'l'uu.lulua9 

: ' M: NI tiS tI t,: tu 0 
I . . ji[x;AE1 I 0.0 0.3J.l0-lc~ 0.010 

q;' :'L;L=~""'6] "DHQRt. 
_ (1.7= ~ . ,--' i(DIiQR) 0.16.10-12 -0.13.10-9 0.041 

,- flj=f;r=8,· ...to I [u !DB5ECTt~ [ P.. : ~; 11=2:.., (0 ' il_D::.::Ul Tt-= Vl:..!..l, _-+-_ 
t .. : 0; /f.=2·--,10 , IDMTQL2. 

i I(D~1TQL-f) 

06AE1 0.009 
tl;. : ;, ; i.:4,--. 6 ]i 

DHGRtf/.1 = 6 I 0.0 O.OC7(D~tGlR)'C = 'li=i;j=i,···,/o I TL~ ID8SE<:r+ 
9 f',,=o, It::t.- -,10 

DlJIVIT 
I---tt ...=,/. n= ~, ..-, /01 IDMTtoll.l 

!(DMTBL1)! ' I 

10- 12 10 3c3'1DGAE1 309 0 9; '4 10- 11 J In~ I .7 1 . ~. I .,) . I • J'J .,) ,)I· U I~. -i -f 0 ]1 ;OH ~R t 0 ~." 10- 10 0 10-~ I IT T4 10 ") 30 qE InY'1[ ·1 t-4 
C10 = --

o -{ 2-4 
-f! 

"CO ilDHQR) .10. .'~ r , I -,- • .L .t:'~. • v:-JoJI 
1. IIDBSfCH 0 '"\1 10-[; 0 0' 10- 0 "'" Tr' I' 1 ~ 'r, '02 IPU/VIi • G • • .".,1-, • • -, G. 01 ( L. 

r-"
(C,~) , ( • If. ~, 

IDI1T9U -II _C) I I I !
DMT~i) 0.10.10 0.31.10 10.880110.~II.II Iv 

B aToll TaOJIMue nOMemeH rro~c~eT KOJIHQeCTBa PBSJIHqHHX onepaunH B 
HOBI:IX ( OIDICBHHHX BlIDJe ) rronnporpaaaax. ' 

MOM ( CHMsy ) ~aCTHMM COOTBeTcTByromnx B~lIICJIeHHHX A - coOCTBeHHHX 
3Ha~eHl'IiL 

~ee CTOJIOeu 4S:~~t-tq4. 3aTeM lII,IJ;eT CTOJIOeu. yRBsHBBroml'IU BpeMR, " 
saTpalIeHHoe aa B~liCJIeHlIIe Bcex coOCTBeHHhlX SHaqeHlIIit. 11 HBKOHeu, B noc
JIe,IJ;HeM CTOJIOue yRasaHo oOmee qllICJIO lIITepa~, saTpalIeHHoe Ha B~lIICJIeHHe 

TaRJKe ncex A • 
B TaO.mme 7 npHBo.J:(RTCR OCHOBHhle P8sYJIbTaTH cxera ITO yItaSBHHb!M B eEl 

nepBOn ROJIOHK8 rrporpMMaM.J:(JIR TecToBoH MaTpHUH, BSRTOn 1II8 [11]( CM., 
§ 7 t'JI. 11.6 ), y KOTOpOn lIIMeroTcR HeCKOJIbI\O OJIH9RlIIX 7 HO He COBrIa.J:(aIOlI~lIIX 
coOCTBeHHHX SHa~eHH~. ITpH STOM rrpllIBO~RTCR ~MCJIeHHHe 9HaqeHlIIR Ecex 21 
BbItIlIICJIeHHhIX coocraeaaax SHaQelU1tt, a t~ , AS H #/ UMeroT TaIwll JKe CMblCJI, 
Ita~t l'I B TaOJIlIIu:ax I + 6 . B TaOJUrn;ax 7+9 MOl nOMeCTlIIJill 1II9 HBIlIHX pe
syJIhTaTOB TOJIhItO pesyJIIlTaTbI ClIeTB ITO O,IJ;HOU X9 HOBbIX nonnporpaaa, noc

1918 



IWJI1KY BCe OCTaJI1HbIe Hal!H1 no,n;rrporpaMMbI )J;aroT rrpllOJlliSllTeJThHO raxae xe 

peSYJI1TaThI.. .J 
"'1 

B TaOJIlllle 8: t1 =m~[C-.A.E)ue~~_ HeBRSKa II Re{L1)- ,,n;eMcTBllTeJI:DHaR.a. 
1...(4 ) - MHllMaR lIaCT1 HeBRSKH, fA,U - rrOJIHOe BpeMR BhI'lllCJIeHllR scex coo-
CTBeHHbIX sHalIeHllM II scex xopnenux aexropos £",T' £s - MaTpmJ; aa TaOJIllU;' 
I + 6	 a W ,~S II ~ llMeIOT TOT >Ke CMHCJI, liTO II B TaOJIllu;aX I + 6 . 

B TaOJllille 9, B .n;orrOJIHem:te K yJKe BhlrrOJIHeHHlIM rrOJiCHeHllRM, rrplloaBJIR
eTCR CTOJIOeu; t. - BpeMH BhIlIllCJIeHllR Bcex KopHeBhIX BeKTopOB. Bo Bcex 
TaOJIllllax npovepx 03HalIaeT rronropeuae pe3YJIbTaTa rrpe.n;hI,!JYmet1 CTpOKll 

B aTOM o-ro.none , 
3'A K ] ID ~ E H ME 

B SaKJIIOlIeHlle OTMeTllM, qTO B paOOTe On~CaHH CllCTeMa HOBhlX a~eKTllB
HIDe no.arrpor-pares ,n;JIR BhIl.fMCJIeHllR ncex COOCTBeHIillX sHalIeHllll, a TaKJKe MO.n;ll
<pkmllpOBaHHHe aapaaaru [Il nonnporpares ,n;JIR BlPIllCJIeHllR KopHeBIDC BeKTopOB 
BemeCTBeHHhlX Tpex,~llarOHaJI1HIlX MaTpllU; oomero sana rrpOll3BOJI:DHOll CTpyKTy 

phI. ITPll aTOM ( KaK CJIeAYeT llS aHaJIll3a TaOJIMll ) BpeMR, 3aTpalIKBaeMoe Ha 
BWIllCJIeHlle ncex COOCTB8HllIlX SHalIeHllt1, rro JlIOooii as HOBhlX nonrrporpaaa 
rrpllOJIll3llTeJIbHO B Jl:Ba pa3a JIYtIwe, lIeM rro WllpOKO aKcrrJIYaTllpyeMhlM ll3BeCT~ 

HhlM CTaH.n;apTHHIM nonrrporpareaaa ( npn YCJIOBllH O,n;HHaKOBOM B cpe,n:HeM TOlI
HOCTll BhIlIllCJIeHMM ). M3 aHa.7[H sa TaOJIllU; 8 II 9 c.ne.nye'r , liTO naxe npn Ma.JIPIX 

nopanxax 1Tl MaTpHU; C (1. I) HeBR3I\a II BpeMR BhllIllCJIeHHR xopaesax '\ 
sexropos rro HOBHM rro,n;rrporpawJlaM TaI\JKe JIYlJWe, lJeM rro ll3BeCTHhIM. ~ 

ABTOphI MCKpeHHe npasnare.nsua lJJfeHY - xoppecnouneury AH CCCP rrpo \ 
<peccopy H. H. I'oaopytry sa MHTepec K HaCTOffillllM MCCJIe,n:OBaHllRM n rrpenocra r 

BJIeHHYIO B03M01KHOCT1 pacoru nan HMMI!. 
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EMOJTbRHeHI<:O r.A., 11M EH CeK	 P 11-88-921 
o CHc't'eMe rrporpaMM ua cPopTpane 3BM
 
EC-l 061 (60) AJH! BbI'tIHCJIeHIUI co6CTBeHHbIX
 
3HatIeHHH H KopHeBbIX BeKTopOB BemeCTBeHHbIX
 
Tpexp;HarOHaJIbHbIX MaTPH~ o6m,ero BH,lJ;a
 
npOH3BOJIbHOH c-rpyxr-ypsr
 

IIOJIy'tleHbI HOBbIe 3<PcPeKTHBHble rroztrrp or-p at-n-rst AJIR BbI'tIHCJIe
HHH co6CTBeHHbIX 3Ha'tlelIHH , a TaKJKe KopHeBbIX BeKTopOB 
ne~ecTBeHH~X TpeX,lJ;HarOHaJIbH~X MaTpH~ o6m,ero BH,lJ;a npOH3

nOJlblIO~ C TpYKTypbI. 

PllOOTO DhlnOJTIIOHO n Jlacop a ropaa BbIQHCJIHTeJIbHOH TeXHHKH 

1'f lllJ'l'OM£lTH r Hll \HH mUU1. 

npanpKltT Oe,.OAHllolllloro HIIC11ITYTB MOpHbIX HccnOAoBllHJdi. ,Uy6HR 1988 

TIepOlltl)\ O. C .lhtltot'pnp,ono~ 

Emo l YI1I1t1nKll (} .1\. t Im Yon Sec P 11-88-921
 
On prllHrnm nYfJtom Written in ES-1061(60)
 
Comput (,r t~nrL'r"n rot Calculation
 
of EfH(ll1vnlutln nnd Radical Real Tridiagonal
 

GenoT/ll Arll I trn ry Rtructurc Motrix Vectors 

gllp('llv(l(unknnwn until)prograrns for eigenvalue calcu
lnl'IOlHl III ron1 Rl'nl'rnl. arbitrary structure tridiagonal 
mn t t rf ('Pt) nlld rndirn1 vcc t o r s of real general arbitrary 
FJt:ru('(un\ t r l d i ngonn l rnat r i c e s are obtained. 

'l'lu: Invl1fll'IHutinn hnA been performed at the Laboratory 
of r.ompul IIlK Torhniquos and Automation, JINR. 

Praprlnt or tho Joln~ InaLltuto for Nuclear Research. Dubna 1988 


