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B B E ,ll E H H E 

HacTORll\aR pa6oTa llOCBRll\eHa OllJ.1CaH1110 CTa~apTHblX nporpaMM Ha ~OPl'
PAHe gnR pemeH11R Ha oBM EC-1061 anre6paJ.1qecKon npo6ReMb1 co6cTBeHHblX 
3HaqeH11ti Be~eCTBeHHb!X MaTpHq Ha OCHOBe MO,Il,H~Hq11pOBaHHb!X LR - a.nropHT
MOB, pa3pa60TaHHblX B [1+4, 7+13]. 

Xopomo H3BeCTHo, qTo ,II.RR pemeHHR a.rrre6paJ.1qecKoti npo6ReMhl co6cTBeH
HbTX 3HaqeHl1ll MaTpHq y,Ke 11MeeTCR naKeT EISPACK [61 3~eKTl1BHb!X nporpaMM. 
B nporpaMMax aToro naKeTa peanJ.1aoBaH m11poK11ti KRacc ll;JlropHTMOB, CBR-
38HHbIX C Bb1q11cReHJ.1RMl1 co6CTBeHHb!X 3HaqeHHti J.1 co6CTBeHHb!X BeKTOpOB npo-
113BOnhHb!X getiCTBJ.1TeRbHbIX 11RH KOMIIJieKCHb!X MaTpHq. 

B HacTORll\ee BpeMR, Ka.K OTMeqeHo B C 4, 9+10, 12, 13], C03,I\aHbI 
HOBHe CTa~apT~e nporpa~ ,II.RR BWlHCReHHR co6CTBeHHb!X 3HaqeHHti Be~e
CTBeHHb!X Tpex-, llRTl1-, ceMH,I\HarOHa.JlbHblX l1 xecceH6eprOBb!X MaTpHq. OcH0'.19-

Hble xapaKTepHCTl1KJ.1 3THX nporpaMM He xy,Ke,qeM aHaRorJ.1q~e xapaKTepHc
THKli! y,Ke 11aBeCTHb!X llO,I\06Hb!X cTa~aPTHb!X nporpaMM, a BpeMR cqeTa 6onee 
qeM B ,!\Ba paaa MeHhme. 

B HacTORll\eti pa6oTe .I\aHo on11caHHe HaH60Ree a~eKTli!BHhIX nporpaw J.13 
np11Be,I\eHHblX HaMH paHee a [ 4, 9+10, 12 ] pa6oTaX ,II.RR BWlHCReHHR co6cT
B8HHb!X aHaqeHHti TpeX,IJ,HaroHaRhHb!X 11 xecceH6eproBb!X MaTpHq H co6cTBeHHb!X 
B8KTOpOB TpeX,IJ,HarOHaJlb~X MaTpli!q, 3,IJ,eCb TaIOKe npHBe,IJ,eHO OllHCaH11e HOBb!X 
nporpaMM ,II.RR BHqHcReHHR co6cTBeHHblX 3HaqeHHll CHMMeTpHqHb!X TpeX,IJ,Haro
HaRbHb!X MaTpHQ, a TaKJKe ae~eCTBeHHb!X KaK CHMMeTpaqHbJX, TaK J.1 HeCHMMeT
pli!'!!HblX MaTp11q, 

B 3TOU pa6oTe B ,I\OllOnHeHJ.1e K nporpaMMaM 113 [4, 9+10, 12] CO,IJ,ep
*li!TCR onJ.1caHHe IO HOBbIX no,I\nporpa.MM. Bee no,IJ,nporpaMMH HcnoRb3yIOT apH~ 
MeTHKY C ,I\BOllHOti TQqHQCTbID, B HeKOTOpb!X no,IJ,nporpaMMax HMeeTCR MaIDHH0-
3aBJ.1CJ.1MaR KOHcTaHTa EPS , paauaR I .E-16 ,!\RR oBM cepHH EC. B no,I\nporpa.M
Max neqaTb Bb!XO,Il,HOti HH~OpMaqHH He npe,IJ,yCMOTpeHa. 

I. Ot1J.1CaHJ.1e nporpaMMb! (DTWLR1) BWlHCReHHR co6cTBeHHb!X 
3HaqeHHll 8ei1CTBl1TenbHOti CHMMeTpHqeCKOH Tpe,mHaroHa.nbHOti MaTpRµH 

IlporpaW/la BWlHCRReT Bee co6cTBe~e 3HaqeHJ.1R ,IJ,etiCTBHTenbHOti Cli!M
M8Tp'1qecKOll TpeX,IJ,HaroHI.JlbHOll MaTpHQH Ha OCHOBe noRyqeHHOro B [I 1 AJiWJ.
a.nropHTMa H HeTpll,Il,HQHOHHoro cnoco6a BH6opa ycxopmo~HX C,I\BHroa (cM. 
TeopeMy 2 B Cr J ) . 

06parqettHe K no8nporpa.MMe 

3,IJ,ecb: CALL DTWLR1(M,R,Q,IERR,P,D) 

M - nopR,IJ,OK 31l,IJ,UUIOU. Ml,TpHUJil . 
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R - Bell\eeTBeHHhlli O,IJ,HOMepH1ill1 Maee,rn pa3MepHOCTlr1 M, IlOCJie,IJ,H!r1e 
M - I aJieMeHTOB KOTOporo Ha SXO,IJ,e CO,IJ,eplKaT BHe,IJ,HaroHa.rrb
Hbie 3JleMeHTbl c11MMeTp!r1qecKOH TpeX,IJ,1r1aroHaJibHOH MaTplr14hl, a 
R{1)=0 • Ha BhlXO,Il,8 MaccHB coxpaHR8TCR. 

Q - B8ll\eCTB8HHblli O,IJ,HOMepHb!H Maec1r1s pa3MepHOeTl1 M, eo,IJ,eplKall\HM. 
Ha BXO,IJ,e ,IJ,HaroHaJibHbl8 3Jl8M8HTbl 11CXO,IJ,HOH MaTp114bl, a Ha Sbl
XO,IJ,e - co6eTB8HHhle 3HaqeH!r1R 3TOH MaTp11~I. YnopR,I1,oqeH11e 
co6cTBeHHhIX 3HaqeHl1H He npO!r13BO,Il,11TCR. 

P, D - Bell\eCTB8HHb!e O,IJ,HOMepHb!e pa(foq1,1e Maeclr1Bbl pa3MepHOCTlr1 M. 
IERR - 4eJiaR nepeMeHHaR, xapaKTep!r13YJOll\aR pe3yLbTaT pa60Tbl 

nporpaMMbI. Ecn1r1 np11 Bbrq11eneH1r11r1 HeKoToporo co6cTseHHoro 
3HaqeH!r1R Tpe6yeTcR 6onee 30 1r1Tepa41r1ii, TO pa6oTa nporpaM
MhI 3aKaHq,rnaeTCR, lr1 IERR s~aeTCR paBHb!M HOMepy 3TOro 
co6cTBeHHOro 3HaqeH!r1R. Ilp11 3TOM npaBl1JlbHO BMql1CJ!eHHbIM!r1 
6y,IJ,yT B Maec1r1se Q Jll1Illb co6cTBeHHhle 3HaqeHl1R e HOMepaM!r1 
IERR+1 , IERR+2, ••• , M. ECJI!,1 IERR=O, TO see co6CTBeH
Hhle 3HaqeH!r1R cq11Ta.oTCR SbNlr1CJieHHhIMl1 BepHo,1r1 ,Il,J!R BbN!r1CJ!e
Hl1R K~Oro 1,13 Hlr1X IlOTpe6oBaJIOCb He 6onee 30 lr1Tepa41r1il. 

2. On1r1caH1r1e nporpaMMb! ( DTWLR3) Bm1r1cneH1r1R co6cTBeHHhlX 
3HaqeH!r1H 8eHCTBl1TeJibHOH C11MMeTp1r1qecKOH Tpex,g1r1aroHaJibHOH M2Tplr1µhl 

IlporpaMMa Bhlq!,1CJIReT Bee co6CTBeHHble 3HaqeHl1R ,IJ,ei1CTBlr1T8JlbHOH Cl1MMe
Tp1r1qecKOH TpeX,IJ,1r1aroHa.JibHOi1 MaTp~, Ha oeHoBe nonyqeHHoro B [IJ h1Wd
a.Jirop1r1TMa 1r1 OTMeqeHHOro BbIIIle HeTpa,IJ,1141r10HHoro enoco6a Bhl6opa ycKopmo
ll\11X e,IJ,Blr1~0B. 

06p.ugeH1r1e K no8nporpaMMe 

CALL DTWLRJ(M,R,Q,IERR,P,T) 

B 3TOH nporpaMMe eMbICJ! napaMeTpOB M,R,Q,IERR,P lr1 T O,IJ,!r1HaKos eooT
BeTCTBeHHO C napaMeTpaM11 M,R,Q,IERR, P l1 DB DTWLR1. 

3. On1r1caH1r1e nporpaMMhl (DTWLR2 ) BbN!r1CJieHlr1R Bcex co6cTseH
HhlX 3HaqeH!r1H lr1 eo6CTBeHHhlX BeKTopos 8eilcTB!r1TeJ!bHOH Clr1MMeTpHqeeKOH 
Tpex,nuarOHaJibHOH MaTp!r11..l,bl 

IlporpaMMa BMqlr1CJ!R8T see co6cTseHHhI8 3HaqeH!r1R lr1 co6CTSeHHbl8 BeKTOpbl 
,IJ,ei1cTBlr1T8JlbHOH C11MMeTp11qecKOH TpeX,IJ,11aroHaJibHOH MaTp!r1~I. B nporpaMMe 
lr1CilOJ!b3YJOTCR OTMeqeHHb!e BbTIIle aJ:rropHTMbl Bml1CJieHHR co6CTBeHHhlX sHaqeHHH 
lr1 a.JirOpHTM Bmlr1cJieH!r1R co6cTB8HHhlX BeKTopos, paspa6oT&HH!,lli B [21 (CM. 
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CTp. II [2 1 ) . IlpH Heo6XO,IJ,lr1MOCTlr1 ( T. e. np.t Hey,IJ,OBJ!eTBOp.tTeJibHOH HeBR3-
K8 .l)= "'~ J(d:-.Al)XUi> I.> l) ,IJ,enaeTeR yToqHeH1r1e co6cTBeHHOro BeKTOpa Zvlj) 

no MeTO,Il,Y o6paTHhlX 1r1Tepa4uil l9l. 
06pameH!r18 K Il08nporpaMMe 

CALL DTWLR2(N,R,Q,IERR,D,Z,P,C,ll,NI) 

3,IJ,ecb:N - nopR,IJ,OK sa,rr.aHHOH MaTpIDJ,b!. 
R , Q- Be1J1eCTBeHHhle O,IJ,HOM8pHb!e MaCeHBhl pasMepHoeTH N , co,IJ,eplKa-

ll\He Ha BXO,IJ,8 COOTBeTCTBeHHO BHe,IJ,.tarOHaJibHb!e H ,IJ,11aroHaJibHh18 
aJieMeHThl c11MMeTp11qecKOH TpeX,IJ,HaroH&JlbHOH MaTpIDJ,b!, a R(1)=0. 

Ha BhlXOAe Macc1r1Bhl coxpaHmoTeR. 
D - Bell\eCTBeHHhlli O,IJ,HOMepHhlli MaCCl1B pa3MepHoeTH N, CO,IJ,eplK'-IJ1HH 

, Ha BhlXO,IJ.e co6eTBeHHhle sHaqeHHR HCXO,IJ,HOH MaTpl14hl. 
.>; t Z· - Bell\eCTBeHHhlll ,IJ,ByMepHb!H MaCCHB Z(N,N) , CO,IJ,eplK~>{H s eTOJ16--

4ax Ha BhlXO,IJ,e HOpMaJIH30BaHHble co6cTBeHHble BeKTOphl, COOTBeT-

eTBYJOll\He co6cTBeHHhlM 3HRQeHHRM. 
p ,c - S8ll\8CTBeHHhle O,IJ,HOMepHbte pa6oq1,1e MaecHBbl pasMepHoeTH N • 

:ra, NI - 4enble O,IJ,HOMepHhle pa6oqHe MaeCHBbl pasMepHOCT>i N B 
MeTO,IJ,8 HeMOHOTOHHOH nporOHKH npH oc~eeTBJ!eHHH o6paTHhlX HTe

pa4,ti1 ,IJ,JIR y,roqHeHHR co6cTBeHHhlX BeKTOpoB. 
IERR - 4enaR nepeMeHHaR, xapaKTep11syroll\aR pesyJibTaT pa6oTN npo~ 

rpaMMhl. EcnH npH Bb!QHCJieHHH HeKoToporo eo6cTBeHHoro sHaqe
HHR Tpe6yeTCR 6onee 30 HTepa4.til, TO pa6oTa nporpaMMbl saKaH
q1,1:eaeTcR1H IERR paBHO HOMepy 3Toro co6eTBeHHoro 3HaqeHHR. 
IlpH STOM see co6CTBeHHh!e 3HaQeHHR C HOMepaMH IERR+1, IERR+ 
2, ••• ,M B MaceHBe D H COOTBeTCTBYJO~He l1M co6cTBeHHble 
BeKTOpb! :e M&eCHBe z BepHb!. EeJIH IERR~O , TO see eo6CTBeH
Hble 3HaqeH>{fl H BeKTOpb! CQ.tTaIDTeR Bb!Q>iCJieHHb!MH BepHO H npH 
BbNHeneHHH Ka,K,IJ,Oro co6eTBeHHOrO 3H&QeHHR c,IJ,eJ!&HO He 6onee 

30 HTepa4HH • 

4. OnHcaHHe nporpa.MMb! ( DGAIK ) BbNHcneHHR co6cTBeHHb!X sHa
qeHHH 8eHCTBHTeJibHOH TpeXJ!H&rOHaJ!bHOH MaTpHgb! c HeHyJieBb!MH ~~~-

8HaroH&JlbHblM_H SJieMeHT&MH. 

IlporpaMMa Bb!Q.tCJIReT c Hc_noJibSOl!aHHeM oTMeqeHHoro :eblllle AAW d. -Me
TO,IJ,& BCe co6eTBeHHble 3H&QeHHR ,IJ,eHCTBHTeJibHOH, TpeX,IJ,HaroHaJibHOH M&Tp114bl 
e Heeyne:eb!MH BHe,IJ,H&rOHaJ!bHblMH SJieMeHT&MH e aHaJIH30M Kp&THOeTH co6eT
B8HHb!X aHaqeH,ti1 H cnoco6oa BN6opa C,IJ,BHroB Ha ocHoae pesyJibT&TOB [II H 
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[2] (CM. TeopeMy I J,i TeopeMy 2 B [IJ w TeopeMy 2, J!eMMbl 5, 6 B [31). 
IlporpaMMa npe,n.cTaBnReT co6ol1 Mo,n.w~wKaQIDO nporpaMMb! DGAIM4 [12]. 

06paryeHwe K nognporpaMMe 

3,n.ech: L 

CALL DGAIM(L,P,R,Q,IERR,EPS,INDEX,B) 

- nopRgOK 3agaHHOil MaTpJ.U.V,I. . 
P, R, Q - B8Il\8CTB8HHbJe O,D.HOMepHb!e Maccwm,r pa3M8pHOCTJ,1 L , co

,n.ep,K~Me Ha BXO,D.e COOTBeTCTBeHHo IlOMllaroHaJI.bHhle, Haggllaro
H!il.Jl.bHhie J,1 ,D.llaroHaJI.bHble sneMeHTbl MCXO,D.HOi1 MaTpllqhl. Ilp11 3TOM 
R( 1 )=O=P( 1) • Ha. Bh!XO,D.e MaccWBhl Q w P co,n.ep,KllT co
OTB8TCTBeHHO ,n.eiiiCTBl1T8JI.bHb!e J,1 MHWMbJe lJ:RCTJ,1 co6cTBeHHb!X 
3HalJ:eHlli1, a MaCCllB R coxpaHR8TCR. 

B - BGil\8CTB6HHbill pa60lJ:J,1il O,D.HOM8pHb!l1 MaccwB paaMepHOCTl1 L 
CBR3aHHblil C npoBepKOil IlORBneHMR B MTepaQMOHHh!X npoqeccax 
eyneBb!X Be~wx MWHOpOB. 

INDEX - qenb!l1 O,D.HOMepHhli1 MaCCMB paaMepHOCTJ,1 L ' KOTOpblil 
Ha Bb!XO,D.e co,n.ep,KMT Qenble Hynll J,1 e,n.WHWQhl. 1gHHWQa RBnReTCR 
npJ,13HaKOM npocToro co6cTBeHHoro aHaqeHllH, a Hynh - npwaHa
KOM KpaTHoro. Ecnll BJ - HlJ:ei1Ke MaCCHBa INDEX e,n.wHHqa, 
T.e. INDEX(J)=1 'TO J - co6cTB8HHOe 3HalJ:eHHe B MaccH
Be Q RBnHeTCH npoCTb!M co6CTB8HHh!M 3HalJ:eHHeM. 

IERR - qemm nepeMeHHaR, xapaKTepl13yIOil\aR peaynhTaT pa6oThl 
·nporpaMMhl. Ecnw Ha BhlXO,n.e IERR=1 , TO BbllJ:HCneHMH ClJ:MTaro
TCH Hey,n.oBneTBOpMTen.bHhlMH, T.K. noTpe6o~anoc.b lJ:Mcno MTe
paqwl1 ,n.nR BhNMcneHHR acex co6cTaeHHhIX aHalJ:eHHi1 6on.brue lieM 
5·L, HO Heo6xo,n.MMaR TOlJ:HOCT.b He ,D.OCTHrHyTa. Ecnw IERR=O, 
TO Bee co6cTB8HHhle 3HaqeHMR Hai1geHhl C y,n.oBneTBOpHTenhHOH 
TOlJ:HOCT.b!O. 

EPS - nepeMeHHaR, aagaaaeMaR Ha axo,n.e. ,lvrR 3BM cepMM EC, 
HanpMMep, OHa paBHa Io-16. 

Ecn11 TaKaH MaTpwqa HMeeT A -KpaTHhie, TO OHa HenpocToi1 cTpyKTYPhI (2] . 

5. OnHcaH11e Il.PQ.£12.aMMb! ( DBEKTO ) BhilJ:HcneHHR co6cTBeHHhIX 
B8KTOpOB 88HCTBHTen.bHOll Tp8XfiHaroHan.bHOi1 MaTpl1Ubl C HeHyneBb!MH 
BHe8warottan.bHb!MM sneMeHTaMw. 

IlporpaMMa BhNwcnReT ace co6cTl'leHHhle l1 npHcoe,n.1.rneHHbie BeKTOphr 
,n.el1cTBllT8n.bHOll Tpe~11aroHan.bHOi1 MaTpJ.U.V,I C HeHyne.Bb!MJ,1 BHe,n.uaroHan.bHh!MH 
sneMeHTaMJ,1 Ha OCHOBe anrop¾TMOB, nonyqeHHhlX B (2] (CM. cne,n.CTBJ,18 2, 
cne,n.cTBHe 3). IlporpaMMa y,ite 6b1Jla onwcaHa HaM11 paHee a [9] wee onMca-
H1-1e 3,D.eC.b IlOBTOpHeTCR ,D;llJl nonHOTbl KapTmibl O coa,n.aHHOM HOBOM naKeTe. 
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06paweHwe K nonnporpaMMe 

CALL DBEKTO(M,P,R,Q,AL,BL,U,INDEX,B,C,UI,NI,EPS) 

3,n.ech: 111 - nopRgOK 3a,ri,aHHOi1 MaTp11Qhl. 
P, R, Q - Beil\eCTBeHHhie o,n.HoMepHbie MaccHBhl paaMepHOCTH M, co,n.ep• 

1Kar.qwe !ill. axo,n.e COOTBeTCTBeHHO IlOMV.aroHaJl.bHble' HaggwaroHanb

Hble 11 .n.mo.rOHa.Jl.bHhl8 sneMeHTbl HCXO,IJ,HOH MaTpmv,1. Ilp11 STOM 
R(1)=0=P(1). Ha Bb!XO,D.e STl1 MaCCl1Bbl coxpaHRIOTCH. 

AL, BL - Bell1eCTBeHHble O,D.HOMeplll,le MaCCl1Bbl paaMepHOCTi M, co,n.ep
lKS.II\We H~ .BXO,IJ,e COOTBeTCTBeHHO ,n.ei1CTBWTen.bHble l1 MHl1Mble 
qaCTJ,1 co6CTBeHHh!X 3HaqeHl1i1. 

B' C - Bell1eCTBeHHble O,D,HOMepHble pa6oq11e MaCCl1Bhl paaMepHOCTH M. 
MI, NI - qenble O,D.HOMepHb!e pa6oqJ,1e MaCCMBbl pa3MepHOCTl1 M. 
INDEX ' EPS - qeJJhill O,IJ,HOMepHb!i1 MaCClll! paaMepHOCTH. M l1 nepeMeH

HaH COOTBeTCTBeHHO' CMblCn KOTOpbIX O,D.HHaKOB C INDEX l1 EPS 
a DGAIM. 0Hl1 aa,n.alOTCR Ha BXO,IJ,e. 

u - Beil\eCTBeHHhlH ,D.ByMepHhli1 MaCCl1B paaMepHOCTJ,1 M X M' co,n.ep,K~Wil 
(B CTOn6qax) Ha Bb!XO,D.e 113 no.n.nporpaMMbl co6CTBeHHble J,1 COOT
BeTCTBYlOil\l1e l1M npwcoe,n.11HeHHble aeKTOpb!. Ecn1-1 BJ -Hqei\Ke 
Mll.CC!1Ba INDEX 8,IJ,11HHQa, T.e. INDEX(J)a1 , TO J -CTOn6eQ 
MaccMBa u co.n.ep,Kl1T U( Aj) - co6cTBeHHhli1 aeKTOp, cooTBeT
CTBYlOII\WH Beil\eCTBeHHOMY co~CTBeHHOMY 3HaqeHJ,1!0 Ai . B cnyqae 
KoMTineKcHoro Aj = a.-t, b co6cTBeHHoro 3HalJ:eHWH MHHM&H qacT.b 
Y( Aj ) coeiCTBeHHOrO BeKTOpa U( ..ii; )=X( .Aj )+iY(..il; ) co,n.eplltl1TCH 
B J+1 RlJ:8i1Ke MaCCl1Ba u . Ilp11 STOM conproKeHHhli1 co6cTBeHHb!H 
BeKTOp ucJ, )=XU;)- i, Y(Ai) B Macc11Be_ U He xpaHl1TCR, a 
BbJ6MpaeTCfl caMl1M non.b30BaTeneM B COOTBeTCTBl1J,1 C .n.aHHblM Bblllle 

onpe,n.eneHweM. 

6. OnwcaHMe nporpaMMb!· ( DIM1 ) .BbJqwcneHl1R co6cTBeHHb!X sHaqe
Hl1H 11 co6cTBeHHhlX BeKTOpOB 8ellCTBWTen.bHOll TpeXfiHlaI'OHaJI.bHOll t,,1_aT
p11tµ,1 C HeHyneBb!MH BHe8HaroHaJI.bHb!Ml1 snet.1_eHTaMH 

IlporpaMMa BhllJ:l1CnReT .Bee co6cTBeHHb1e aHaqeHHR 11 coeicTBeHHh!e (npH
coe.n.wHeHHble) BeKTOpb! ,n.eHCTBHTen.bHOll Tpe~11aroHaJI.bHOn MaTpl1L\hl·C HeHyne
Bb!Ml-1 BHe,n.uaroHan.bHhIMH 3neMeHTaM11, 1-1cnonh3YH OTMeqeHHhle Bblllle no.n.nporpaw-

Mhl DGAIM l1 DBEKTO. 
06paryeHl1e K nonnporp&MMe 
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CALL DIU1(U,P,R,AL,BL,U,INDEX,B,C,MI,NI,EPS,IERR) 

B 3TOH nporpaM111e CMbICJI napaMeTpOB O,JJ.HHaKOB COOTBeTCTBeHHO C napa
MeTpaM!i B DBEKTO KpOMe napaMeTpa IERR • IlapaMeTp IERR 11M88T CMbICJI, 

o,1vmaKOBblli C IERR B DGAIM. 

7. OnHcaHHe nporpll.MMbl ( DGI4 ) B~"-lHCJI8Hl1H co6cTB8HHhlX 3HaqeHl1ll 

8eHCTBHTeJibHOH Tpex,gHaroHaJibHOi:1 MaTpl1I.Jpl o6mero Bl18a 

IlporpaMMa BbNHCJIHeT Bee co6cTB8HHble 3HaqeHl1H .n.ei1CTBl1T~JlbHOll Tpex

,n;ttaroHaJibHOM MaTp11q!,I 06I11ero Bl1,IJ;a Ha OCHOBe IlOJiyqeHHbIX B [ 31 anrop11T

MOB (cM. TeopeMy I' JieMMbI 3+6, TeopeMy 2) H cnoco6a BblOOpa yc1wpH!Ol'.\HX 
C,D,BHrOB, noJiyqeHHoro B [I] (CM. ~eopeMy 2 a [IJ ). 

HacTOflll.\aR nporpaMMa npe,n;cTaBJ1ReT co6oi1 MO,D.H~11Kaq1110 nporpaMMbl 

DGI4 [I2J . 
EcJIH HCXO,D,HaR Tpex,n;11aromUibHaH MaTpHQa HMeeT HeICOTOpb!e HyJieBbie 

BHe,n;HaroHa.JlbHbie SJieMeHTbI, TO nporpaMMa DGI4 6blCTpee pa6oTaeT, qeM npo

rpaMMa DGAIU 'TaIC ICaK B 3TOH nporpaMMe yq11TblBaeTCH pesyJibTaT JJeMMbl 4 
B (31 . 

06paffieHH8 IC IlO.D,Ilporpa111Me 

CALL DGI4(M,R,P,Q,IERR,NP,EPS,B) 

3.n.ecb:M, R ' P, Q, IERR ' B 11 EPS HM8IOT COOTBeTCTBeHHO O,IJ;l1HaICOBblll CMbICJI 
C L , R , P, Q, IERR, B 11 EPS B DGAIM, Q NP - qeJiblH O,D.HO
MepHblli pa6oq11}1 Mll.CC,l.B pa1.sMepHOCTl1 1,1. 

3aMeqaH11e I. Ubl He IlOBTOpHeM s.n.ecb on11caH11e paHee onyoJil1ICOBaHHbIX 

HaMH (4] nporpaMM MATLR5 l1 MATLR7 Bb1q11cnemrn cneICTpOB IlRTli- Ii ceMli

,IJ;liaroHaJibHhlX MaTp11q. 0TMeTl1M Jil1illb TOJibICO, 4TO B yICasaHHbIX nporpaMMax 

nep110,n;mi:eCICli OCYll.\eCTBJIHeTCH ICOHTpOJib (c IlOMOll.\hlO C,D.BHroB) 3a .n.uaroHanb
HbIM npeo6na,rr,aHlieM MaTpHq. 

8.0n11caHHe nporpaMMbl ( DBHWLR) BblqlicheHHR co6cTB8HHhlX 3HaqeHHH 

BemecTBeHHOH ICBap,paTHOH MaTpmµ,I B BepxHei1 ¢opMe XecceH6epra 

IlporpaMMa HBJIHeTCR MO,D.li~l1Q11poBaHHblM BapttaHTOM nporpaMMbl DBWLR2 L4] 
11 BhNHCJIHeT Bee COOCTBeHHbie 3HaqeHHR .n.ei1CTBliTeJibHOH ICBa,rr,paTHOi:1 MaTpHQH 
B aepxHei:1 ~OpMe XecceH6epra Ha OCHOBe LR - anropHTMa C HCTIOJib30BaH11eM 
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I 
l 

1. 
) 

nepecTaHOBOIC 11 paspa6oTaHHoro B [41 (cM. TeopeMy I) cnoco6a Bbl6opa yc

ICOpHIOll.\11X C,D.Bl1rOB, 

06paJIJeHHe IC no.u,nporpaMMe 

CALL DBHWLR(N,EPS,A,WR,WI,IERR)· 

3.n.ech: A - B8ll.\eCTB8HHblH ,D.ByMepHblli MaCCHB A(N ,N) , CO,D.ep,Kli.ll.\Hli Ha BXO,D,e 

SJieMeHTbl HCXO,D.HOH BepXHei:1 MaTp~ XecceH6epra. N , EPS , 
WR , WI 11 IERR 11M8IOT COOTBeTCTBeHHO O,IJ;HHaKOBblli CMbICJI C M, 
EPS , AL , BL H IERR B DGI4 • 

9. On11caHTTe Il].Q£;p,aMMbI _ (_IJTRWL_R ) BblqHCJieHHH co6CTBeHHblX 

3HaqeHl1H B8ffi8CTB8HHOH C11MMeTp11qecKOi1 MaTpHI.lpl 

IlporpaMMa Bbl4HCJIHeT ace co6cTB8HHble 3HaqeHHR Bell.\eCTBeHHOi:1 CHMMeT

p11qecKOti MaTp11Qbl. 

IlpH 3TOM, HCTI0Jlh3YR OTpaJKeHHH - OpTOrOHa.JibHble npeo6pasoBaHliR 

no.n.0611.fi (cM.' ttanpHMep, CTp. 190 [5])' 11CXO,D.HyIO MaTp!iqy,Ilp11BO,D.RM cHa• 

qana IC c11MMeTpHwoti Tpex,n;TTaroHaJihHOH MaTp114e, co6cTBeHHble sHaqeHliH 

KOTOpoti ttaxo,n;RTCH C 11CTIOJlh30BaH11eM nporpaMMbl DTWLR1 • 

OoparneHHe K TIOAnporpaMMe 

3.n.ech: 

CALL DTRWLR(N,A,Q,IERR,R,P,D). 

N - nopH,D.OK liCXO,D.HOti MaTpHQbl, 

A - 5ell.\eCT8eHHbiti ,D.ByMepHb!i:1 MaCCHB A(N,N) , co.n.ep-

~li.ll.\11H Ha BXOAe SJieMeHTbl HCXO,IJ;HOti MaTp~. 

Q - Bell.\eCTBeHHblti O,D.HOMepHbltt MaCCHB pasMepHOCTH N 'CO,D.ep,KaI!jHti 
Ha BhlXO,D.e co6cTBeHHble 3HaqeHHH. 

R, p, D - Be~eCTBeHHbie pa6oqHe O,D.HOMepHble MaccHBbl pasMepHOCTl1 

N 
IERR - 4eJiaR nepeMeHH&R, KOTopaR 11MeeT O,D.11HaKOBhlH CMb!CJI c IERR 

B nporpaMMe DTWLR1 • 

IO. On;,icaHHe nporpaMMbl ( DBWLR1 ) BhNHCJieHHR co6cTBeHHblX 

3HaqeHHH BemecTBeHHOi:1 KBa,rtPaTHOH MaTpm.u,I o6mero B\18a 

IlporpaMMa Bbl4HCJIReT Bee co6CTBeHHble 3HaqeHHR Be~eCTBeHHOi:1 KBa,IT,paT
HOti M&Tp~ o6~ero Bl1,IJ;a. IlpH 3TOM BblIIOJIHeHO KOM6HHHpOBaHHe CT&~&PTHOH 
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nporpaMMbl DELMHS 113 6116JH10TeKH ",Dy6Ha" (cM.' Hanp11Mep, [6])' KOTopa,r 

cHaqaJJa npHBO,IJ,HT .n.eilCTBHTeJJbHyID MaTpHey 06!1.\ero Brrga K BepxHeil ¢opMe 

XecceH6epra, c on11caHHott Bbillle Harneil nporpaMMott DBHWLR 

06pameHHe K nonnporpaMMe 

CALL DBWLR1(N,EPS,A,IERR,WR,WI,INT) 

3.n.ech: N - nop,rgoK HCXO,IJ,HOli MaTpHI..J.bl. 
A - BeII\eCTBeHHblli ,IJ,ByMepHb!il M&CCHB A(N,N) 'co.n.epia!l\Hli Ha 

BXO,IJ,e sneMeHTbl l1CXOAH0il Mll.Tp111..J.bl. 

WR, WI - Be!l\eCTBeHHble O,IJ,HOMepHble M!f.CCHBbl pa3MepHCCTl1 N 

CO)l;OplKc\!1.\118 COOTBCTCTBeHHO Ha Bb!XO)l;e )l;CllCTBHTeJibHbJe Yl MH;!Mb!e 

qacTH co6CTBCHHb!X 3HaqeH11il. 

INT - u.eJlblli O,IJ,HOMepHblli Ma~c1rn. pasMepHOCTH N • 

!ERR, EPS - Il!MelOT COOTBeTCTBeHHO O)J,l1HaKOBbll1 CMblCJl C !ERR 11 

EPS B DBHWLR • 
3aMeqaHHe 2. ]i/Jhl He npHBO,IJ,Y!M 3,IJ,eCb Ta6JIHI.l,bl TeCTOBb!X q1-1cJJeHHb!X 

3Kcnep11MeHTOB, CBHgeTeJJbCTByKJII\HX B Il0Jlb3Y HOBb!X nporpaMM B cpaBHeHHH 

11X C aHaJJOI'YJqHb!MH (61 cTattgapTHb!MH nporpaMMaMYJ. MHoroqHCJJeHHble TaKYJe 

Ta6JJl'll..J.bl HaM11 6hIJJl1 YlKe noMeII\eHbI, Hanp11Mep, B [4, 9 ,IO, 12]. B [IO] )l;aHo 

on11caH11e nporpaMM DIM2 11 DGAE2 )];JIB .Bbl1IYJCJJeHYJ.H OT,IJ,8JJ!,Hb!X KOpHeBb!X 

BeKTOpOB. 

II. On11caHYJe nporpaMMbl( . DTBIG ) BbJql1CJJeHYJ.H HeKOTOPhIX co6cTBeH

HbIX BeKTOpOB nettCTBYJTeJJbHOM Cl1MM8Tp11qeCKOli Tpexp,YJarOHl,l..,1bHOll MaTPHW,I 

IlporpaMMa Bbl1IHCJJ.HeT OT,II,CJJbHbie co6cTB8HHble BeKTOpbl ,I.1;el1CTBHTeJJbHOi1 

CHMMeTpaqecKOll TpeX,II,11aroHaJibHOi1: MaTpHI..J.bl. B nporpaMMe HCilOJ!b3YeTC.H TOT 

lKe lilJJI'OpHTM Bbl1Il1CJICHH.!I co6CTBeHHb!X BCKTOpOB, KaK H B nporpaMMe DTWLR2 • 

IlpH Heo6XO)J,HMOCTH )l;eJJaeTCH T&KlKC yToqHeHHe co6CTBeHHb!X BeKTOpOB IlO,I.1;06-

HO nporpaw.-1e DTWLR2 

06pameHY!e K nonnporpaMMe. 

CALL DTBIG(N,?.i:,D,R, Q, Z,P, C,MI,NI) 

3,II,ecb: N nopR,II,OK sa,rr.aHHOll MaTpHI..J.bl. 
M - KOJJJ1qecTBO 3ap,aHHb!X co6CTBeHHb!X 3HaqeHHll, ,IJ,Jl.H KOTOpb!X 

Tpe6yeTCH onpe.n.em1Tb COOTBeTCTByIDII\11e co6cTBeHHble BeKTOpb!. 

D - Bell\eCTBeHHbl¾ MaCCHB pasMepHOCTYJ M ' CO,IJ,eplKail\Hll Ha Bxo.n.e 

M sa,IJ,aHHb!X co6cTBeHHhIX sHaqeH11fi c11MMeTp11qecKOtt TpeX,II,11aro

HaJibHOtt MaTpY!I..J.bl. Co6CTBeHHbie 3HaqeHHR He o6.H3aTeJJbHO ynopH

,Il,OqeHbI. 
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R, Q - B8!.IjeCTBeHHbie O,IJ,HOMepHb!e MlilCCHBbl pasMepHOCTH N ' co

II,epJKal!\118 COOTBeTCTBeHHO Hol. BXO,IJ,t.: BHe,IJ,l-lli.I'OHa.JlbHble 11 ,II,11aro

H&JlbHble SJJeMeHTb! ViCXO,Il,HOfi Mli.TpHI..J.b!, a R( 1) =0 

z - Bell\eCTBeHHbiii'r .II,ByMepHb!tt Macc11B ZSN,M) , co,IJ,eplK&!l\11i1 Ha Eb!XO.II,e 

al opTOI'OHaJibHblX co6CTBeHHb:X BeKTOpOB 11CXO,IJ,HOll MaTpY!I..J.bl' COOT

Bl:TCTBYKlll\l1X 11i co6CTBeHHbJl 3HaqeH11.HM B M.l.CCHBe D • BeKTOpb! 

HOpM11poBaHbl Hli. 1. 

P, C - BCil\eCTBCHHble O.II,HOMepHb!C pa6oq11e Mal.CC11Bbl pasMepHOCTH N • 

MI' NI - 1jCJ;bJe O,II,HOMepHbie pa6oq11e MaCCHBbl pasMepHOCTl1 N • 

Ec:rn .II,JJH yT04H8Hl1.fl HeKOToporo co6cTBCHHOro BeKTOpa Tpe6yeTC.R 

6onee 3 11Tepa1111i'1, TO nporpaMMa Bb1,II,aeT coo6!1.\eH11e(neqw.TaeTcH IER = L ) , 

r.n.e L ecTb nopR.II,KOBb!V. HOMep co6cTBeHHOI'O 3HaqeHY!.H Il Maccm,e D • 

Tioc;;e GToro coo6!1.\eH11.H nporpaMMa npo,rr.on1KaeT BbJqYJcneH11e cne,II,yKJII\11X co6cT

BeHHbIX BeKTOpOB. Ec.n11 JKe Bee co6CTBeHHble BeKTOpbl onpe,II,eJJeHbl He 6on.ee 
qeM 3a 3 YJTepau.1111, TO HHKaKYJX COOOil\eHl1i1 He neqaTaeTCH. ,411H 60JJbilll1HCTBa 

)KC npHKTY!qeCKY!X sa,II,aq B 3TOti nporpaMMe, KaK 11 B nporpaMMe DTWLR2 

6JlOK Y1Tepa11110HHoro yTOqHeHHH pa6oTaeT, KaK npaBHJJO, pe,II,KO. 

3 a K JJ ro q e H H e 

B saKn~qeH11e OTMCTHM, qTQ B pa6oTe .II,aHo KpaTKOe OTIYJCaHl1C Cl1CTeMbl 

HOBbIX sqxpeKTHBHb!X cTattgapTHbIX nporpa.MM Ha ~OPI'PAHe ,II,JJH BbJqYJCJJeHHR cneK
Tpa 11 co6cTBeHHb!X BeKTOpOB MaTpfil1. 

Enaro8!:£HOCT11 

ABTOpb! cq11TaKJT CBOHM ,ll,OJII'OM OTMCTHTb 6JiarorrpHRTHyID pOJJb qneHa

KOppecnottgeHTa AH CCCP, npo¢eccopalH.H.roBopyH~ B ycnemHo BbmonHeHHOM 

I..J.YlKJie pa6oT [l+, 7+I3J. 
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EMeJihJIHeHKO r .A., HM EH CeK, CaJITblKOB A.If.' 
OnttcaHtte CHCTeMbl HOBblX nporpaMM 
Ha <I>OPTPAHe, p;.trn BhPmcneHHH co6cTBeHHblX 
3HaqeHHH H co6cTBeHHb!X BeKTOPOB MaTpHIJ; 

P 11-90-302 · 

IlpttBep;eHo onttcaHtte cttcTeMb1 HOBblX nporpaMM Ha <I>OPTPAHe 
,D;JIH BbltIHCJieHHH .co6CTBeHHblX 3HaqeHHH H co6cTBeHHblX BeKTO
pOB Be~ecTBeHHbJX. MaTpHu; Ha ocHoBe MO,D;Hqimi;ttpoBaHHbIX LR-an
ropHTMOB H HeTpa,D;HIJ;HOHHoro cnoco6a BbJ6opa YCKOpHI0~HX 
C,D;BHrOB • 

Pa6oTa Bb!IlOJIHeHa B Jla6opaTOPHH Bbl'IHCJIHTeJil:,HOH TeXHHKH 
~ aBTOMaTH3aIJ;HH OH~H. 
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