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Bce 061l\I-1e nOAXOAbl K peWeHl-11O HeJ1I-1He~HbIX ypaBHeHI-1~ OCHOSaHbl 
Ha TOM I-1IlI-1 I-1HOM cnocoõe Ill-1Heapl-13al.\I-11-1 I-1CXOAHblX ypasHeHI-1~ AIlR no
CTpOeHI-1f1 I-1Tepal.\1-10HHWX np04eCCOS nOI-1CKa peWeHI-1~. Ecnl-1 Ha4aIlbHOe 
npl-16IlI-1~eHl-1e HaXOAI-1TCR S OKpeCTHOCTI-1 I-1CKOMOrO peWeHI-1R, TO I-1CXOA
HW~ HeIlI-1HeHHbl~ et>YHKI.\1-10HaIl casner-aer ca B 3TOH OKpeCTHOCTI-1 S PRA 
Teanopa , 1-1, COXpaHRR TOIlbKO nepauã 4IleH pa3IlO>KeHI-1R, nOIlY4aeTCR 

,\ 

1" ypasHeHl-1e 
KOBa CYTb 

AIlR OnpeAeIleHI-1f1 Ao6aSKI-1 K Ha4aIlbHOMY npl-16Ill-1meHI-1IO~ Ta
MeTOAa xaca'tene aux HbfJTOHa 1-1 ero MHOr041-1CIleHHblX MOAI-1

\, 
et>1-1~aI.\I-1H 111. B pa60Te.l21 AIlfl peWeHI-1R 

HeHHblx aIlre6pal-14eCKI-1X ypasHeHI-1H 6blIl 

CI-1CTeMbl nOIlI-1HOMl-1aIlbHO HeIlI-1

I-1CnOIlb30saH MeTOA MaTpI-14HO~ 

IlI-1Heapl-13al.\l-1l-1. Ilp0l.\eAypa MaTpl-14HOH Ill-1Heapl-13al.\I-11-1 06IlaAaeT PRAOM 
3aMe4aTeIlbHblX ocoõeauocrea. Bo-riepaux , OHa n03BOIlfleT HaHTI-1 aHa
Ill-1TI-14eCKOe npeAcTaBIleHI-1e061l\ero peWeHI-1R HeIlI-1HeHHOro ypasHeHI-1R 
8 BI-1Ae MaTpl-1l.\bl onpeneneauoã pa3MepHOCTI-1. AIlR onpeneneuua TaKOH 

.' } 
MaTpl-1UW AOCTaT04HO peWI-1Tb IlI-1HeHHYIO 3aAa4Y. KaK TOIlbKO MaTpl-14HWe 
peWeHI-1f1 CI-1CTeMbl HaHAeHbl, CaMI-1 peureuaa HaXOAflTCR KaK coõcr aeuaue 

" " 
./ 

3Ha4eHI-1f1 COOTBeTCTBY~I-1X. MaTpl-1l.\. KaK 1-13BeCTHO 13~ B 
Me~aHI-1Ke, B KBaHTOBOH TeOp1-11-1 nOIlfl 1-1 8 KaIll-16pOB04HblX 

KBaHTOBOH 
TeOpl-1f1X no

-r-
L. r_ f 

:j 

\ f 

...~ "~ 
IlR AI-1HaMI-14eCKI-1e nepeMeHHble npeACTaSIlfllOTCfI B BI-1Ae onepaTopOB I-1IlI-1 
B BI-1Ae MaTp1-14. npl-1 3TOM c06CTBeHHwe 3Ha4eHI-1R 3TI-1X bnepaTOpos 
/I-1IlI-1 MaTpl-1l.\/ COOTBeTCTBYIOT et>1-131-14eCKI-i HaGIlIDAaeMblM BeIlI-14I-1HaM. Ta

-I 
t 

KI-1M 06pa30M, npeACTaBIleHl-1e Hel-13BeCTHWX B BI-1Ae MaTpl-14 OpraHI-14HO 
f Bnl-1CWBaeTCfl B paMKI-1 COBpeMeHHoro annapaTa TeOpeTI-14eCKOH ~1-13I-1KI-1. 

BTopoe npel-1MYll\eCTBO MaTpl-14HOrO npeACTaBIleHl-1fl peWeHI-1H Henl-1HeH
HblX ypaBHeHI-1H COCTOI-1T B TOM, 4TO nOCTpOeHl-1e MaTpl-14HOrO npeACTaB
IleHI-1R paBHOCI-1IlbHO pa3AeIleHI-11O Hel-13SeCTHblX B HeIlI-1HeHHOH CI-1CTeMe, 

~, a CIleAoBaTeIlbHO peAYK41-11-1 MHorOMepHOH CTpYKTYPbl K OAHOMepHoH. no

I 
CKÓIlbKY KOpHI-1 OAHOMepHoro nOIlI-1HOMa/HIlI-1 OAHOMepHoro HeIlI-1HeHHOro 

l' 

ypaBHeHl-1fl B 3aAaHHOH 06IlaCTI-1/MorYT 6blTb HaHAeHbl I-1C4epnblBalOIl\I-1M
141

06pa30M ,TO I-1CXOAHafl MHorOMepHafl 3aAa4a 6YAeT peweHa Ha TOM me 
ypOBHe nOIlHOTbl. KaK 1-13BeCTHO, nOI-1CK KopHeH B MHorOMepHOM npOCT
paHCTBe, eCIlI-1 HeI-13~eCTHa anpl-10pHafl I-1Het>0pMaI.\I-1R 06 oGIlaCTI-1 IlOKa
Ill-13al.\I-11-1 KopHeH, RBIlfleTCfl np0l.\eCCOM aeCbMa TPYAoeMKI-1M, nOIlHOCTblO 
OCYll\eCTBI-1MWM TOIlbKO B 1-136paHHwx CIlY4aflX. 

'

{ ECIlI-1 f(x) - npl-1BeAeHHwH MHor04IleH, 3aAaHHwH B KOIlbl.\e K, 
f (x) : .= xN + a 1 X N - t + . .. + a N ' /1 . 1/ 

1. COnpOBOlK,lJ,AIOlUAR MATP~UA AJlR OAHOHEPHOrO nOJ1HHOHA 

A 
e OÕ1.eA~elplh'ti 

,( 

HHCTHTyT IItlepHblX RCCneAOB8H1fA ,IIy6Ha, 1980. 
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TO	 cOnpOBO>KAalOU\aH MaTpJ;f~a CM AIlfl f(x) OnpeAeIlHeTCH paBeHCTBOM/5/ 

o	 1 o ... O 

O	 O 1 ••• O 

/1.2/CM: 

O	 O 1 

-a-~ -a _
N 1 1 

J;f o6IlaAaeT CIleAY~J;fMJ;f CBo~CTBaMJ;f: 

a/ xapaxrepacruveciorã MHor04IleH CM paeea f; 
6/ MJ;fHJ;fMaIlbHbl~ MHor04IleH AIlfl CM paaea f; 
B/ J;fHBapJ;faHTHble MHor04IleHbl AIlfl EÀ - CM p aauu 1, •.• , 1, f. 

ECIlJ;f CM AIlR ypasHeHJ;ffl 

f Ix) = O	 /1.3/ 

Ha~AeHa, TO peuieuue /1.3/ COBnaAaeT co cnexrpoa co6CTBeHHblX 3Ha
4eHJ;f~ MaTpJ;f~~ CM; 

EN X 'P = CM'li , 'li 2 = 1.	 / 1• 4/ 

2.	 np~1MEHEI'H1 E CM,L:lJUl np~BE,QEHml C~CTEHbl non~HOM~AJlbHO
 

HEJ1~HE~HbIX YPABHEH~~ /cnHAY / K TPEYfOnbHOMY B~W
 

.PaCCMOTpJ;fM CJ;fCTeMY J;f3 M HeJ;f3BeCTH~X J;f, npOCTOT~ paAJ;f, OrpaHJ;f
4J;fMCfI cny-raen , xorAa ace nOIlJ;fHOM~ J;fMeIOT OAJ;fHaKOSYIO HaJ;fBbICWYIO 
creneu» N: 

/2.1/f m (x i ' x 2 ' ••• , X M ) = O, (m = 1, M ) • 

npJ;fBeAeM ece nOIlJ;fHOMbl CJ;fCTeMbl K cIleAYlOll\e~ oopae :
 

N N·i -  /2.2/x	 + aimxm + ... + ~.im x m + a Nm =,0, (m = 1,M-),m 

rne K03<pcj)J;f~J;feHTbI a (k = l,N, fi = 1,M) HBIlHIOTCfl cj)YHK~J;fflMJ;f OT M-l 
HeJ;f3BeCTH~X: km 

/2.3/akm = akm (Xi' ... , xm-1 ' x m+ 2' ••• , XM) •
 

TorAa AIlfl M-ro ypaBHeHJ;fH CJ;fCTeM~ /2.2/ MO>KHO onpeAeIlJ;fTb CM:=lm

M~TpJ;f~Y NxN,He 3aBJ;fCH~YIO OT HeJ;f3BeCTHO~ x m·
 
~ -,QonycTJ;fM, CM -MaTpJ;f~a AIlH HeJ;f3BeCTHO~ xm J;f3 m- ro ypaBHeHJ;fR 

--ek1Cie-Mbl /2,.2/ onpeaeneua J;f' paBHa Xme GNXN nOACTaBJ;fM XmBO ace 
OCTaIlbH~e ypaBHeHJ;fH CJ;fCTeM~ /2.1/, conOCTaBIlflH Ka>KAOMY MHor04Ile

2 

,.. ;.. 

'HY f~ (x} ••••• X ••••• X M ) MaTpJ;f~Y ,ri (Xl' ···.Xm •...•xM},(i I: rol. npJ;fm
3TOM /5 

fi 'P = foi 'I' = O.	 /2.1.(/ 

cneAoBai"eJlbHO, 

det (fi ) = o. (i.1: m).	 /2.5/ 

nOCKOJlbKY ypaBHeHJ;fH /2.5/ He COAep>KaT HeJ;f3BeCTHOH Xm • TO, npo
AOJl>KaH 3TOT npoQeccM-l pa3, B pe3YJlbTaTe nOJlY4J;fM CJ;fCTeMY, npJ;f
BeAeHHYIO K TpeyrOJlbHOMY BJ;fAY OTHOCJ;fTeIlbHO HeJ;f3BeCTH~X. CTeneHb 
nO~eAHerO 0AHOMepHOrO YPqBHeHJ;fH TpeyrOJlbHOH CJ;fCTeM~ 6YAeT paB~ 

M-l ' 
Ha N2 • 

3.	 METO,n t-1ATPH4iiOA JlHHEAPH3J\UHH CnHAY 

MeTOA MaTpJ;f4HOH JlJ;fHeapJ;f3a~J;fJ;f ~nHAY OnJ;fCaH B/2~ OH COCTOJ;fT 
B OnpeAeJleHJ;fJ;f CJ;fCTeM~ nepe0603Ha4eHJ;fH, c nOMOlqblO KOTOPOH J;fCXOA
HOe nOJlJ;fHOMJ;faJlbHO HeJlJ;fHeHHOe ypaB~eHJ;fe npeBpall\aeTCH B 6J;fIlJ;fHeH
HY~ CJ;fCTeMY ypaBHeHJ;fH. AaJlee, CTP0J;fTCH K~6a3J;fC B ~J;fKJlJ;f4eCKOM 
K[X]-MOAYJle /6/, nocpeACTBOM KOToporo m-ypaBHeHJ;fe CJ;fCTeM~ /2.1/ 
c npJ;fCOeAJ;fHeHH~MJ;f K HeMY L-l ypaBHeHJ;fHMJ;f 3anJ;fC~BaeT~ KaK OAHO 
MaTpJ;f4HOe ypaaaeuae , JlJ;fHeHHOe no HeJ;f3BeCTH~M xi (i = 1.M): 

M 
[ I. + A ]'P =,0,	 /3.1/

k= 1
Xk Ak m om m 

npJ;f4eM 
M 

det [ ~ X + A ] = f m • /3.2/

k= 1 k Ak m om
 

no nOCTpOeHJ;f1O /3.1/ 'Pm COAep>KJ;fT npOJ;f3BOIlbH~H MHO>KJ;fTeJlb,n03TO
MY AOJl>KeH 6~Tb HOpMJ;fpOBaH. nOJlO>KJ;fM,'P:=l. TorAa J;f3 /3.1/ cIleAyeT, 
4TO 

f	 = o. /3.3/m 
003TOMY eCJlJ;f xi(i = 1,M) YAOBJleTBOpHeT /3.1/, TO 3aBeAOMO YAOB
JleTBOpHeT J;f /3.3/, T.e. HBJlHeTCH peWeHJ;feM CnHAY. BTOPblM Ba>KH~M 

warOM B MeTOAe MaTpJ;f4HOH JlJ;fHeapJ;f3a~J;fJ;f HBJlHeTCH npo~eAypa npJ;fBe
AeHJ;fH CJ;fCTeM~ /3.1/ K COBMeCTHOMY BJ;fAY. CYTb 3TOH npo~eAypbl 3a~ 

KIl104aeTCH B npJ;fBeAeHJ;fJ;f MaTpJ;f~ 

M 

(I m : = ~ x k A-k m + A /3.4/
k= 1 

om 

K B3aJ;fMOKOMMYTJ;fPYlOll\eMY BJ;fAY. C 3TOH ~eIlblO YMH9mJ;fM MaTpJ;fqy no 
-----...--

npaBJ;fJlY TeH30pHoro np0J;f3BeAeHJ;fH CJleBa, a OCTaIlbHble M-1 MaIPJ;fQ 
:..npaBa Ha eAJ;fHJ;f~YIO MaTplo1~Y E L nopamca L. nOIlY4J;fM 

,(11	 == EL 0(t1' (ti ee . (ti l8l E L' (i = 2,M). 
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npll1	 3TOM
 
- L L .'
 

det((1m) = {det((lm)\ = f m =,0.	 /3.5/ 

CneAoBaTenbHo~peWeHII1R /3.5/ eCTb peWeHII1R /3.3/ 111 Hao6opoT. Aa
nee, YMHOmIl1M(11 111 (12 no TOMY me npaBlI1ny ~eH30pHoro np0ll13BeAeHlI1R 
Ha E L cneaa , a ocr aneuue M-2 MaTpll14 - cnp aaa, Ilpoqornaaa 3TOT 
npo4ecc AO M-1 MaTpll14bl, MomHO nOKa3aTb, 4TO nOIlY4l11M CII1CTeMY 
B3all1MOKoMMYTlI1PYIOUlll1X MaTp1l14. OÔ03Ha4l11M II1X uepes {AE. 1,(i = 1,M).. 
nOpFlAOK MaTpll14 AEi paaeu L

M
. npll1BOAR CII1CTeMY /3.1/, 1 

K COBMe,CT
HOMY BII1AY, Mbl nepeXOAII1M 1113 /3. 1/ K CII1CTeMe

M	 __ 

[ 2', x k AE km+ AE om] cp == O. (rn = 1.M),	 /3.6/
k= 1 

r Ae	 BeKTOp cp OAII1HaKOB AIlR acex ypaBHeHlI111 CII1CTetY"\bl. 
TpeTII1~ war MaTpIl14HO~ Illl1Heapll13a4111111 COCTOIl1T B conOCTaBneHII1~ 

II1CXOAHO~ HenIl1He~HO~ aanaue IlIl1He~HO~ ÕIlo4HO-MaTpIl14HO~ ClI1çTeMbJ. 
Ae~CTBII1T~nb'Ho, npeAnOIlO>KII1M, 4TO cyU\e'cTBYIOT MaTpll14bl Xk nopamca 
LM,	 KOMMYTlI1pY~lI1e APyr c APyroM, TaKlI1e., 4TO 

~ 

xk cp == X CP.	 /3. 7/,k 
/ / ~ 

KaK	 'nOKa3aHO B 2. MaTpll14bl X k MorYT õsrr e onpeneneau HenocpeAcT
BeHH0 lI1a /3.6/, ecnll1 MaTp1l14~ AEkm - Heoco6~e. 3aMeHRR Xk Ha 
COOTBeTCTBYIOUlll1e MaTp1l14~ corn~CHO /3.71, nonY4l11M CII1CTeMY 

M ~ 

2', AE k . X == - AE ,	 /3.8/m -K om
 
k= 1 ~
 

onpeAenRIOUl.Y1O X k KaK peWeHII1R /3.3/. B o6UleM cnyvae MaTpll14bl AEkm
oco6we. OAH~KO B CII1IlY KOMMYTaTII1BHOCTII1 CTpOK MaTpll14W 

al 

AE 11 ••• AE 1M 

/3.9/ 
AE ..• 

AEX: 

M1 
AE MMu,
 

aaAa4Y /3.6/ YAaeTCR CBeCTII1 K 3aAa4e Ha co6CTseHHwe 3Ha4eHlI1R
 
BII1,qa
 

(V Xk U == UR k •	 /3.10/ 

U - opTorOHanbHaR MaTpll14a co6CTseHHWX seKTopoe. npoAeMoHcTpll1PY
·eM 3TY soaMomHOCTb Ha npll1Mepe CII1CTeMW 1113 ASYX Hell13BeCTHwx; 

[AE ll x 1 + AE 12 x 2]CP = - AEo1CP, 

/3.11/ 

[f1 E 21 xl + A E 22 X2 ] cp = - A E 02cp • 

YMHOmll1M nepsoe yp aaueuae Ha AE21 e ropoe - Ha AE11 . Bbl4l11TaFl OAHO 
ypaBHeHlI1e 1113 APyroro 111 II1CnOnb3YR 

AE21 AE11 - AE11 AE21 = O, 

4 

nonY4l11M 

Ct.l X24> = (AE o1AE2l - .AE )4>.o2AE ll 

/3.12/
Ct.l = AE 22 AEll AE l 2AE 2l 

AHanOrll14HO AnR xl II1MeeM . 

.Ct.lXl 4> = (AE02 AE l2 - A~Ol AE22 )4>. 
/3.13/ 

CorIlaCHO /7/, AnR MaTpH4~ c 6IlO~H~MII1 3neMeHTaMlI1 111 c KOMMYTII1PYIO
UlIl1MII1 cTpoKaM~ MO>KHO onpenenar s tJ>Y,HK41111O AeTepMII1HaHTa Det (A), II1MelO
UlY~ TY >Ke CTPYKTyPY, 4TO 111 06~4H~~ AeTepMII1HaHT, rAe 3neMeHTbJ M~
TPIl14~ aaMeHeH~ Ha 6IlOKII1, a 06bl4Hoe YMHO>KeHlI1e - Ha YMHomeHlI1e Mem
AY MaTp1I14aMII1. TaKII1M o6pa30M,Det(A) RBJlReTCR MaTpll14e~ Toro me 
nopRAKa, 4To 111 MaTp1I14~ B 6JlOKax. PaCCMOTplI1M JlIl1He~HYIO HeOAHopOA
HYIO	 6Il04HO-MaTpII14HYIO CII1CTeMY BII1Aa 

M 

k~l AE km Zk = Fm •	 /3.14/ 

rAe, 

Z k == Xk 4>. Fm = - AE om4> •	 /3. 15/ 

6YAeM II1CKaTb peweHHe /3. 14/ no npaslI1ny KpaMepa. HaXOAII1M 
M 

Det (AE X) . Z m= ~ F k . AE X km •	 /3. 16/
k= 1 

rAe AEXkm - anre6pall14eCKlI1e AonOnHeHII1R, MII1HOpbl KOTOpblX onpenene
H~ 4epea MaTpIl14H~~ AeTepMII1HaHT Det , B03BpaUlaRcb'K npe>KHII1M 0603
Ha4eHlI1RM 111 npll1HRB 

M
 
Ct.l = Det (AEX). Rm = - 2', AE omAEXkm •
 

k=l 

nonY4l11M 

xmcucI> = R m CP.	 /3.17/ 

TaKII1M o6paaoM, BMeCTO Toro, 4ToGbl pewaTb MHorOMepHYIO CII1CTeMY 
/2.1/, AOCTaT04HO peWII1Tb o606UleHHYlO aaAa4Y Ha c06cTseHHble aHa

. 4eHlI1R /3. 17/. Co6cTBeHHbJe JlIl1He~HO-He3aSII1CII1Mble aexropu /3. 17/ 
YAOBIleTBopRIOT ycnOBlI11O IIW-OPTCHOpMlI1pOBaHHOCTII1II; 

(cI>n • w CPk) == •8 nk 

nOCIle Toro KaK 6YAeT peweHa aaAa4a /3.17/, T.e. 6YAYT Ha~AeHbl
 
coôcrae-u-ue 3Héi4eHHR x kon 111 coõcr aeuaue eekropu cP n . ocr ansuue
 
HeIl13BeCTH~e MO>KHO Ha~TII1 no $opMYJle
 

Xkn	 == (cpn. R k cP n) • /3.18/ 
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Coaokynuocr s (x ln ' ' ••• , x Mn ), COOTBeTCTBYIOw.aR KooPAlIlHaTaMX2n 
T04KlIl M-MepHoro acPC1>lIlHHOrO npOCTpaHCTBa eCTb fi-e peweHlIle CnHAY 
/2. 1/. 411lC110 peweHlIll:1 NR, 1 ~ n 'S. NR CnHAY COBnaAaeT c 411lC110M 
c06cTBeHH~x sHa4eHlIll:1 saAa411l /3.17/, KOTopoe, B CBOIO 04epeAb, 
onpeAe11ReTCR paHrOM MaTplll~~ w. B C11Y4ae ClIlCTeM~ lIlS ABYX ypaBHe
HVlIll lIlMeeM I: 

r
r(w) ~ r(A2 2 ) r(A ll ) + r(Pi 12 ) r(A 21 ), • /3.17/ ;1 
rAe r(A) - paHr MaTplll~~ A. B 06w.eM C11Y4ae HepaBeHcTBo,noA06Hoe ~ 
/3.17/, onpeAe11ReT MaKClIlMa11bHoe 4J4C110 peweHlIll:1 CnHAY. ] 

" 

4. 0606LllEHHE METO,UA Cm-1HOPHOÇ't JlMHEAPH3ALV1~1 

B paõor e /8/ 6bl11 npeA110>KeH MeTOA cnlllHOpHOI.1 11lllHeap~Sa~lIllll ClIlCTe
Mbl KBaApaT1Il4HO HeJ1l1lHel:1Hblx a11re6pa1ll4eCKlIl'X ypaBHeHlIll:1. CYTb MeTOAa 
cnlllHopHol:1 11lllHeaplllSa~lIllll COCTOlllT B nplllMeHeHlIlVl a11re6pbi KnlllcPcPOPAa 
A11R J1l1lHeaplllsaLtllllll CYMMbl KBaApaTOB. nOCK011bKY oõpeayiouiae anreõpu 
Km1cPcPOPAa onpeAe11RIOTCR KBaApaT1Il4HblMlIl COOTHoweHlIlRMlIl /8,9/ 

ai aj + aj ai ::= 2 Ôij • f3i f3j + f3j f3i == - 2ôij , 

/4.1/ 
rwf wj + w~ wt::= (i Ô pr (1 - Ôi j i. «( i == ± 1), 

non~TKlIl 0606w.lIlTb AaHH~l:1 MeTOA Ha n011lllHOM~ 6011ee B~COKOl:1 CTeneHlIl 
HenlllHel:1HocTlIl BCTpe4alOTCR C 6011bWlIlMVl TPYAHOCTRMlIl. MeTOA cnlllHopHol:1 
l1~HeaplllSa~lIllll MO>KHO nplllMeHiIITb 6es lIlSMeHeHlIlR, eC11lll npeABaplllTeJ1bHO 
IIICXOAH~l:1 nOJ1VlHOM npeBpaTlIlTb B 611l11lllHel:1HYIO ClIlCTeMY. KaK M~ SHaeM, 
A11.Ao aror-o AOCTi3T04HO npVlMeHlIlTb nepBbll:1 war MeTOAa MaTp1ll4Hol:1 111ll'Hea
plllsa~lIllll. 

4T06bl He sarpOMO>KAaTb TeKCT lIlHAeKCaMVl 06w.lIlx 060SHa4eHlIll:1, npo
AeMOHcTplllPyeM MeTOA Ha nplllMepe CVlCTeM~ lIlS AByX HelllSBeCTH~X: 

3 3 2 2 
X + Y + a 2 x Y + ay Y + a 2 Y + ao == O,

x y y 

/11'.2/ 
3 3 2 2 

X - Y + b 2 Y X + b 2 X + bx X + bo == O. 
y x x 

nplllcoeAVlHRR K nepBOMY lIlS ypaBHeHlIll:1 /4.2/ CVlCTeMY nepe060sHa4e
HlIll:1, n011Y4V1M 

tI
,,

x a 2 + Y,82 + a 2 a 2 Y + ay Y + a 2 Y~ + ao = O, 
x y y 

a 2 - x2 == O, /4.3/ 

f32-y 2 
= O. ,( ',1 

JllllHe~pVlsyeM ClIlCTeMY /4.3/, np~MeHRR 06pasYIO~lIle /4.1/. n011Y411lM 
2 3 Y2 2 1[xw t+ y(w +wt> +a 2 ai) + ,82w1 + a2w 2 + 

1 1 '" Y 

6 

Vz 
+ ay w~ + ao ] 'li 1 = O, 

[-?Cf3 1 + a~wl
1 

+ w2 
1 

]'P 2 = O, /4.4/ 

[ Y f3 1 + f3 2w i + wi ] 'li3 == O. 

nplllBeAeM ClIlCTeMY /4.4/ K COBMeCTt-IOMY BlIlAY 1Il BBeAeM Aon011HlIlTe11b

Hbll:1 lIlHAeKC, YKaSbIBalOU\lIll:1 Ha HOMep CTpOKlIl: a ~ a (i), f3 ~ f3 (i),
 
W ~ w(i) - HOMep ypaBHeHlIl~ B /4.4/. Tenepb lIlCK1110411lM lIlS nep

Boro ypaBHeHlIlR /4.4/ BcnbMoraTe11bH~e nepeMeHH~e a2 1Il f32. Ha nep

Bbll:1 Bsr11RA 3TO HeBOSMO>KHO lIls-sa HlIl11bnOTeHTHOCTlIl 06pasYIOU\lIlx ripa 
a2 1Il f32. 3Ta TPYAHOCTb HeSHa411lTe11bHa, nOCK011bKY MaTplll~~,nplllHaA

nexaunte K paSHblM CTpOKaM, KOMMYTlIlPYIOT, 1Il n03TOMY HeT -reoõxonu
MOCTlIl HaxoAlIlTb oõparaue MaTplll~bl. YMHO>KaR nepaoe ypaBHeHlIle Ha 
w1(2), aropoe - ua w~ (1) 1Il Bbl4WraR aropoe lIlS nepeo ro ypaBHeHlIlR, 
nOIlY411lM 

L[x (w~ (1) w
1 

(2) - f31(2) w; (l)) + 

2 1 3 1 Ih' 1 
+ y(w (1)w1 (2) + + ay2al(1)w1(2)) +1 w 2(1)w 1(2) 

/4.5/
Vz 1 

+ ao w 1 (2)] (f) = O, 

1 1 ][ f3 2 w 1 (3) + w 2 (3) + Y f3 1(3) cp = O. 

06pasYIOU\lIle w ~ (1 ) w 11 (2) 1Il w)l (3) KOMMYTlIlPYIOT Me)l{AY c060l:1, n03ToMY, 
YMHO>KaR nepaoe ypaaueuue 4.5/ Ha w t (3)) aropoe - Ha wI Ü) (i)~ (2) 
1Il BW4VlTaR OAHO ypaBHeHlIle lIlS APyroro, n011Y411lM 11lllHel:1Hoe no x 1Il Y 
MaTp1ll4Hoe ypaBHeHlIle BlIlAa: 

[AxxX+AxyY + Axol<P= 0, /4.6/ 

rAe 
1 1 1 1Axx : = Wl(3)(wl(1)Wl(2) - f31(2)m2(1)), 

A xy: = wl(3)(wI(1) + w~(1)+ aY22al)wl(2)y 

- w i (1) toi (2) f3 1 (3), 

3 1 Y2 1 1 
Axo: = [ay wl (1)wl (2) + ao Wl (2)]Wl (3)

2 1 1 
- w 1 (1 ) wl (2) w 2 (3) • 

AHa11or1ll4Hb1M cnoc060M MO>KHO 11lllHeaplllSOBaTb BTopoe ypaBHeHlIle /4.2/ 
KaK BlIlAHO 1Il3 /4.6/, MaTplll~~ Axx 1Il Axy B 06w.eM C11Y4ae MorYT 

OKa3aTbCR OCOÓbIMlIl, OAHaKO, cor11aCHO peSY11bTaTaM npeAblAYU\lIlX na
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parpa~OB, 3TO He ~Bn~eTC~ npen~TCTB~eM An~ ~CKn~4eH~~ He~3BeCT

H~X B C~CTeMe, np~BeAeHHO~ K CQBMeCTHOMY B~AY. 

B 06~eM CnY4ae C~CTe~ ~3 M ypaBHeH~~ c npO~3BOnbHO~ CTeneH~~ 
Hen~He~HocT~ /2.1/ np~MeHeH~e AaHHoro MeTOAa COCTO~T ~3 cneAY~

~~X 3TanOB: 1/ nYTeM np~coeA~HeH~~ K C~CTeMe /2. 1/ C~CTe~ ne
peo603Ha4eH~~ ~CXOAHa~ 3aAa4a npeBpa~aeTC~ B C~CTeMY c KBaApa ·1T~4HOH Hen~He~HocTb~;2/np~MeHeH~eM MeTOAa cn~HopHO~ n~Heap~3au~~ d
C~CTeMa _np~BoA~TC~ K n~He~HoMyoTHoc~TenbHo He~3BeCTH~X B~AY; 

3/ MaTp~4Ha~ C~CTeMa np~BOA~TC~ K COBMeCTHOMY B~AY, ~ BcnoMO
taTenbH~e nepeMeHH~e, onpeAeneHH~e B C~CTeMe nepeo603Ha4eH~~, :j
~CKn~4a~TC~ ~3 C~CTeM~. 

( 

5. np~t'1EHEH~E METOAA MATP~4HO~ 1l~IiEAP~3AU~H K PEl!JEIUtlO 
- nOJll.1HOMJ.1A1lbHO HEll~HEAHbIX e~eTEI4, eO,aEP)I(AUlHX AJ.1c1K1>E",
 

- PEHUJ.1AI1bHbIE J.1 HHTErpA1lbHblE onEPATOPbl /J.1AO/
 

~aCCMOTp~M CHa4ana OAHOMepHoe ypaBHeH~e, rAe 4neH, cOAepma
~~~ ~AO, BXOA~T KaK n~He~H~~ onepaTOp. nOCKonbKY An~ Hawero 
paCCMOTpeH~~ T~n rpaH~4H~X ycnoB~~ He ~MeeT 3Ha4eH~~, 3AeCb 
~ Aanee ~ He GYAeM 3T~ ycnOB~~ B~Aen~Tb, nonara~, 4TO OH~ 
BKn~4eH~ B onpeAeneH~e HAO. OnpeAen~M eM An~ anre6pa~4ecK~x 
oAHoMepH~xypaBHeH~~ c n~He~H~M HAO: 

v" + a!yn-l+ ••. + (an + D)y + f == o, /5.1/ 

D - C~MBon~3~pyeT ~HTerpanbHbl~ ~n~ A~~~epeHq~anbH~~ oneparop , 
OnpeAen~M eM An~ /5.1/ CneAY~~M o6pa30M: 

Ii 
o 1 o ... o 
0- o 1 ••• o 

CM(y): == /5.2/............ .. ..
 ~ 

- f - (D + an) ••• -81 

3TO onpeAeneH~e YAOBneTBop~eT BceM Tpe6oBaH~RM AnR conpOBO)KAa~
~e~ MaTp~q~. Ae~CTB~TenbHO, nOACTaHOBKa /5.2/ B /5.1/ ABeT HY
neBy~ MaTp~4Y, T.e.CM(y) YAOBneTBop~eT xapaKTep~cT~4ecKoMY 
ypaBHeH~~ /5.1/. PeweH~e /5.1/ MO)KHO onpeAen~Tb KaK co6CTBeH
H~e 3Ha4eH~~ /5.2/: I 
y 'P == --eM (y ) 'P • 

J >1 

/5.3/ 
Hanp~Mep, B cnY4ae KBaApaTHoro ypaBHeH~R d 
y2 + Dy + f == o /5.4/ t; 
1-1 MeêM 

:i 
< ' 

01)
CM: == ~f -D ' 

o 1 
y'P = (-f -D ) 'P . /5.5/ 

nYCTb Yl' Y2 e cr s coõcr eeauue 3Ha4eHI-1f1 /5.5/. Torna 

a 
'li = ( ) /5.6/ 

1,2 aY1,2 

- co6CTBeHH~e $YHK41-11-1. nOACTaBnflfl /5.6/ 1-1 /5.5/" nonY41-1M /5.4/. 
HecMoTpfl Ha HeKOMMYTaTI-1BHOCTb D C APyrl-1MI-1 3neMeHTaMI-1 eM, MomHO 
BBeCTI-1 nOHflTl-1e $YHK41-11-1 onpeAenl-1Tenfl MaTpl-14W 

Y -1 
),

D + Y
L: == (f 

/5.7/ 

Det L: = f· 1 + (D + y) Y• 

BamHO, 4TO npaBl-1nbHOe onpeAeneHl-1e $YHK41-11-1 Det n03BonfleT onpeAe
nl-1Tb MI-1HI-1ManbH~~ MHor04neH /5.4/. 06o~eHl-1e onpeAeneHI-1f1 Det 1-13 
/5.7/ Anfl CM(y) /5.2/ aanaer ca 04eBI-1AHbIM. OA,HaKo OCHOBHblM 06beK
TOM Hawero I-1CCneAOBaHI-1f1 aanaer cs CI-1CTeMa ypaBHeHI-1~. Anfl CI-1CTeMbl 
CMI-1MeeT 60nee cnomHY~ CTPYKTYPY, n03TOMY Heo6xOAI-1MO 0606~I-1Tb 

onpeAeneHl-1e Det Ha cnY4a~ np0I-13BOnbHO~ MaTpl-14bl. 3aMeTI-1M, 4TO 
OCHOBHafl oco6eHHOCTb onpenene-urs Det (CM) COCTOI-1T B TOM, 4TO Det 
He flBnfleTCfI onepaTopOM. CneAOBaTenbHO, Heo6xOAI-1MO, 4T06w ne~Bafl 

I-1nl-1 nocneAHfIfI CTpOKa He COAepmana onepaTopa D. MaTp1-14~ eM YAOB
neTBopfl~T 3TOMY Tpe6oBaHI-1~. BBeAeM cneAy~~ee onpeAeneHl-1e $YHK
41-11-1 onpeAenl-1Tenfl OT A; 

Det A: = all All + a 12 A 12 + ... + l;l.ln A 1n , í5.8/ 
rAe ali - 3neMeHTW nepBO~ CTPOKI-1 A, ecnl-1 D COAepml-1TCfI Ha nepBo~ 

CTpOKe 1-1 ali flBnfl~TCfI 3neMeHTaMI-1 nocneAHe~ CTpOKI-1, ecnl-1 D BXO
AI-1T B nocneAH~~ CTPOKY. MI-1HOPbl, COOTBeTCT8Y~~l-1e anre6pal-14eCKI-1M 
AonOm:leHI-1f1M Aij, onoenenruor cn no TO~ me epopMyne /5,.8/. Bufiop 
CTpOKI-1 Afifl onpeAeneHI-1f1 MI-1HQPOB CTporo COOTBeTcTByeT nepBOHa4anb
HOMY B~6oPY: ecnl-1 B~6paHa nepBafl CTpOKa, TO Anfl Bcex MI-1HOpOB 
pa3nOmeHI-1e AonmHO BeCTI-1Cb I-1MeHHO no nepBO~ CTpOKe, ecnl-1 nocneA
HfIfI - TO no nocneAHe~ CTpOKe. 

BB'eAeHHble onpenene-uia nos aonmor HaÍo1TI-1 CM ~nfl CI-1CTeMbl nOnI-1HO
Ml-1anbHO HenI-1He~H~X ypaBHeHI-1~, nI-1He~HO COAepma~l-1x ~AO. npOl-1nn~CT

pl-1PyeM MeTOA Ha npl-1Mepe ABYX ypaBHeHI-1~ TpeTbe~ CTeneHI-1: 

. 2 3 2F1 . = Y x + x + D(yx ) + Dx + f 1 x = O, 

/5.9/ 
F 2 : = y3 _ x2 y + Dy2 - D(xy) + f 2 y = o; 

.1 
f 1 ,f2 - nocr oauuae .
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:1 
,1 

_ flocne MaTpI-14HO~ nl-1HeapJ.'l3aLtI-1I-1 nOllY41-1M	 I 

A1 '1'1: =[xE S + YA. xy -+ A ox ]'1'1 = <L	 i 
/5. 10/ 

" ~ 'P 2 : = [xAyX + yE s + Ao,; ]'1'2 = O, 

-.........
 

O 1
 o -1 OI 
Axy : =1I~1 O Ayx : = 1 O ° 

O O :/1 · ~O O O 

'11 

/5.11/ 
D D f1 D -D f 2 

O O O O O Ao y : 
Ao. : ~ "-~ 

-1 O OI~;	 O O 

!
I 3Àecb Ba>KHO, 4TO onepaTOpbJ D BXOART TOllbKO B MaTpI-1Lt~, cBo60AHbJe 
I
I 

OT HeI-13BeCTHbJX. CorllacHo onpeAeneHI-1~ Det, I-1MeeM 
I Det A1 =F 1 = O,! 
(

I /5.12/ 
Det A2 =F2 = O. 

/2/tlonsayncs	 MeTOAoM, onl;fCaHHbJM B ,nOllY4HM CM ,qJlR X I;f s :
 
-1
 

CM(x) : = R (Axy ~ Aoy - Aox ~E a ), 

/5.13/
• -1
 

CM (y): = R (A ox ~ Ayx + Ea ~ A oy ) •
 

MaTpll1Lta R	 = Eg - A xy ~ A yx He COAep>KII1T D. 
npl-1Mep AllR 1-11111~CTpaLtI-1I11 Ae~cTBI;fR MeToAa 6bJll BbJ6paH cneLtl-1allbHO

ro BII1Aa: ypaBHeHI;fR /~.9/ OAHOpOAHbJ, 111 n03TOMY npl;fMeHII1M' MeTOA 
1-13 /2/, rne R - Heoco6aR MaTpl;fLta. B 3TOM cny-rae CM. MO>KeT 6bJTb 
Ha~AeHaB RBHOM BI-1Ae. -8 cnY4ae CI-1CTeMbJ np0l-13BOllbHoro BI;fAa Heo6
XOAI;fMO nOllb30BaTbCR MeTOAoM, 1-13110>KeHHbJM B pa3A.3. B pe3yr.bTaTe 
nOllY41-1M 

(
Ct) x'I' = X (D ) 'I' , 

/5. 14/ : I 
J 

i 
Ct) Y'I' = Y(U) 'I' , I i 
rAe Ct) - ocoõaa MaTpll1Lta, He ,Ç0Aep>KaU\aR D. D He COAep>KI;fTCR TaK>Ke 
Ha nocJ,eAHe~ CTpOKe MaTpll1Lt X(D) 1-1 Y(D ) • 

Tenepb paCCMOTpll1M cllY4a~, KorÁa 411eH~ BI-1Aa DYj BXOART B CII1CTe
MY nOlll11HOMlI1allbHO Hell111He~HblM o6pa30M: F k (O Yj ) • MeToA OKa3bJBaeTCR I;f 
B 3TOM cnyvae npll1MeHII1MbIM, ecna CII1CTeMY npenaaparensuo npeoõpa

10 
(

lI

3yeM K llI11He~HOMY no O BII1AY. nYCTb II1MeeM ypaBHeHl;fe
 

Y2 + (Dy ) 2 + a y + f :::: O. /5.15/
 

flepenaurea ero B BII1Ae CII1CTeMbl 1113 ABYX ypaBHeHI;f~: 

y2 + z2 + a y + f = O, 

/5. 16/ 
z - Dy = O. 

npll1MeHRR K Ka>KAOMY 1113 ypaBHeHII1~ MeTOA MaTpIl14HO~ lll11Heapll13aLtI-1I-1,
 
nOllY4111M
 

[y A ly + ZA lz + AlO] 'I' 1 = O,
 

/5.17/ 
[YA 2y + ZA2z + A 20]'1'2 = O, 

1 O OO O O 

, : = O O 1Al y : = UO O O Al z 

1O O OO O 1 

l
o D O O 

Alo = 1 O O", A2y /5. 18/ 
O ~1 O O 1 

Al y >11: ~Il, A20 := t: :11· 
HCK11~4aR BcnOMoraTellbHY~ nepeMeHHY~ z, HaXOAII1M 

Ct) y <I> = Y (D ) <I> , 

co : = (A l y®	 A 2z- A2y IõIAl z)' /5.19/ 

Y: = (A20 ®A l z - Alo ®A 2z)·
 
H3110>KeHHaR cxeMa npll1MeHII1Ma AllR npol;f3BOllbHoro CnHAY c nOllI11HO
MlI1allbHO Hell111He~HblM H,aQ. .
 

B onpeAelleHlI1111 CM /5.2/ onepaTOp O BXOAII1T B MaTpll14Y 111 Ae~cTBY
eT Ha '1'. Tenepb nOnbJTaeMCR npll1MeHII1Tb MeTOA CnIl1HOpHO~ lll11Heapll1
3a4111111 AJlR onpeneneaua CM AJlR /5.4/. nOllY4111M 

y'I' =·-.(a + (U~ )(ú>i O + f(3) '1'.	 /5.20/ 

'TaKII1M o6pa30M, B paMKax MeTOAa CnIl1HOpHO~ lll11Heapl-13a4111111, AllR on
peneneaua CM Heo6xOAII1MO pacutena rs Dy ~ ú>i O + ú>iY. npll1 KBaAPll1pO
BaHlI1111 II1MeeM 
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1 1)2 1 1 1 1((Ul 	 D + (U2 Y (U2 (Ul Dy + (Ul (U2 yD 

Dy 	+ (Ui (Ui(yD - Dy) 1= Dy. 

3TOT npHMep AeMOHcTpHpyeT HenpHrOAHOcTb MeTOAa CnHHOpHO~ nHHea

pH3aLlHH AnR onpeAeneHHR eM y CnBAY, cOAeplKal1le~ HAO. AHanorH4Ho .. 

MOlKHO nOKa3aTb HenpHMeHHMOCTb MeTOAa cseAeHHR K OAHO?OAHOMY no

nHHoMY 121 H MeTOAa pa3A. 2. B TeopeTH4eCK0l1 4lH3HKe 13 3TH MeTOAbi 

nHHeapH3aLlHH COOTseTCTSY~T Teop~RM HeHynesoro cnHHa, H HeKOMMY-

TaTHSHOCTb D: a - eA S 3TOM cnY4ae npHSOAHT K nOne3HOMY 3¢t
4leKTY: nORsneHH~ 4neHa S3a~MOAe~CTBHR MarHHTHoro AHnonR C BHew

HHM noneM. B HaweM cnY4ae 3TO 06CTORTenbCTSO orpaHH4~saeT npH

MeHHMOCTb MeTOAa. 


~lTaK, MeTOA, onHcaHHbll1 S pa3A. 3 HaCTORl1Ie~ paGon" ,no3BonReT: 
1/ pa3AenHTb HeH3seCTHbie CnHAY cHAO; 
2/ Ha~TH MaTpH4Ho-onepaTopHoe npeACTaBneHHe peweHHR CnHAY cHAO; 
3/ AaHHoe npeACTasneHHe RSnReTCR onTHManbHblM no paHry Ha~AeHHo~ 
MaTpH4b1 H cornacosaHO c HCTHHHblM 4HcnOM peweHHH Cn/IAY. 
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Ihtanees P.M. 	 PS-86-2S0 
HaTpH~HWe npeACTaaneHHR ~ero peweHHR nanHHOMManbHO 
HenHHeAHWX ypallHeHHA H HX npHMeHeHHe 

OoHATHe conpoBOlllActlllUleA KaTPH"III ~aeTcR AIlR CHCTItMIII nanHHOMHanbHO He.nH
ttellHWX anreC)PaH~eCKHX ypaIlHeHHi1i. AnR KaJlCAoM HeHaaeCTHOi CTallHTCR II COOT
aeTCTaHe KaTpH"a, aaaHCR~aR TOObKO OT KO~"HeHTOa CHCTItMIII. 3TH MaTpH"1II Ha
X~TCR HI peweHHR nHHei1iHOi CHCTeMill 8I'Ire6paH~ecKHx ypaIlHeHHi1i. TIIKHM 06paaoM, 
HCXQAHOM HenHHei1iHOi aaAa4e conocTaanReTCR nMHei1iHaR CHCTeMI AIlR onPeA8neHHR 
~TPM". Hai1iAeHHlllle MaTPM"1II MMeICJT Te *e clIOi1icTaa, ~TO conpoaa-,qalOlllMe KaTPM"III 
AJlR 0A~PHIIIX nanMHOMQIiI: 

1/ 	YAOaneTlloPRqT aaAIIHHOI CMCTeMe H8nMHei1iKIIIX ypallHeHHA. T.e. R~DTCR 
KaTPH~HIIIM npeACTaaneHMeM '~ero pellleHMR; 

2/ 	aneKTp MaTpH" COsnaAaeT co CneKTpoM HeHlaeCTHIIIX. 
MeToA noaBOnReT HaATH peueHHR MHOrOMepHOi CHCTeMill Mc~epnwllalOlllMM 06paloM. 

OoKaaaHa npHMeHHHOCTb MeTOAa K nanHHOMH8I'IbHO He.nHHei1iHIIIM aaAa...aM, COAeP*8UlHM 
HHTerPQAH~peH"ManbHWA onepaTOp. 

Pa60Ta ...nonHeHa iii na60paToPHM ......HcnMT8nbHOA T8XHHKH H aSTOMaTMaa"HH 
OMAH. 

Coo&ueIoIe ~ IIHCJBIYD qep1DlX ~• .IlyftRa 1986 

nePeSOA aSTopa 

Vamaleev R.M. PS-86-2S0 
Hatrlc. Representations of General Solution 
of Polynomial Nonlinear Equations and TheIr Applications 

Notion of an acc~nylng matrix Is generalized for the system of polyno
.Ial nonlinear algebraic equations. For each unknown II corresponding matrlce 
Is construc~~d, depending only on coefficIents of the system. Elements of the 
matrIx are dlflned from the linear system of algebr.ic equ~tlons. Thus, to 
original nonlinear system a correspondIng linear system for defining the mat
rIces II compared, The found m~trlces have the same properties a.accompanying 
metrlces for one·~lmenslonal polynom: 1) they satisfy the set system of non
linear equations. I.e. are matrix representation of the general sol~tlons; 

2) matrix spectrum coincides with the spectrum of unknowns. The method allows 
QI'Ie to find solutions of multidimensional system In an exhastive way. The 
employabilIty of the ..thad for solving the polynomial nonlinear system, con
taInIng Integrodlfferentlal operator Is shown. 

The Investigation has been performed at the Laboratory of Computing 
Techniques and Automation. JINR. 

Communic:adoa of the loint IDstitute Cpr Nuclear ~. Dublll 1986 

http:algebr.ic

