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1. METDA MATPH4HO~ nHHEAPH3AUHH /MMn/ 

MeTOA MaTp~4Ho~ n~Heap~3a~~~ conoCTaBnReT MHorOMepHOMY non~
H9M~anbHo-Hen~He~HoMY ypaBHeHH~ BeKTopHoe ypaBHeH~et n~He~Hoe 

no He~3BeCTHbIM, HO c MaTp~4HbIM~ K03<!lep~~~eHTaM~ t Ae~cTBYIOU\~M~ 

Ha cooTBeTcTBYIOU\~~ BeKTOp. npOcTe~w~e cnoco6bl MaTp~4Ho~ n~Hea

p~3a~~~, f,1CnOnb3y~U\~e anreõpu KnHepepoPAa t rpaccMaHa ~ Aaep<!l~Ha 
KeMMepa t Hawn~ w~pOKoe np~MeHeH~e np~ on~caH~~ COCTORH~~ 4aCT~~ 

co cn~HoM/l/, B nocneAHeeBpeMR MMn HaXOA~T np~MeHeH~e KaK KOH
CTPYKTf,1BHbl~ MeTOA AnR peureuna ~ ~ccneAOBaH~R C~CTeMbl non~HOM~

ansao- Hen~He~Hblx ypaBHeH~~ /2. 3/. npaKT~4eCKaR ~eHHOCTb MMn CO
CTO~T B TOM, 4TO OH n03BonReT oaanerurr s He~3 aecruue B Hen~He~
HO~ MHorOMepHO~ C~CTeMe. npe~MyU\eCTBO MMn c MeTOA~4eCKO~ T04K~ 

3peH~R HaxOA~T CBoe B~pameH~e B TOM t 4TO MeTOA Ha onpeAeneHHOM 
3Tane CBOA~T ~CXOAHYIO Hen~HeMHYfO 3aAa4Y K n~HeMHOM 3aAa4e OTHO
C~TenbHO MaTp~~ onpeAeneHHO~ CTPYKTYPbl t Ha3blBae,MblX conoosoxnac
U\~Mf,1 MaTp~~aMH. nOCneAHf,1e,YAOBneTBOPRIOT ~CXOAHOM Hen~HeM~O~ 

C~cTeMe ~ n93TOMY MorYT paC~MaTp~BaTbCR KaK o6U\~e peweK~R 3~Aa

4~ B MaTpl-14HOM npeACTaBneH~H. TaK~M 06pa30M t 8 paMKax MM.!l B03
H~KaeT B03MomHoCTb nepexoAa OT non~HOM~anbHO-Hen~HeMHO~ 3aAa4~ 
K n~He~Ho~ C~CTeMe ;'paBHeH~M' AnR onpeneneuua oõute ro peweH~R 
B MaTp~4HoM npeAcTaBneH~H. 3Ta oco6eHHocTb MMn t Ha Haw B3rnRA t 
npeAcTaBnReT orpOMH~M ~HTepec c TeopeT~4eCKO~ T04K~ 3~eHf,1R K~K 

MeToA, n03BonRIOU\~~ B np~H~~ne nepecTpo~Tb Hen~He~HYIO TeOpf,11O 
B TeOp1-11O c nI-1He~H~M~ ypaBHeH~RM~ Ha n~He~H~e onepaTop~. 

PaccMOTp~M C~GTeMY 1-13 M ypaBHeH~~ B M-MepHO~ npOCTpaHCTBe 

fi C ~)' 0, (i == 1,M), /1.1/ 

r ne ~ - T04Ka B l\!I -MepHoM' npocr paucr ae t (i - non~HOMbl nooaaaons 

Horo nopamca , 3aAaHHble B xon sue ,( [x~. x 2' ••• , x M] . nYCTb n - npo

~3BonbHoe oacurnpeuae OCHOBHoro nona C. Ha60p ~3 M 3neMeHTOB
 
~ 1" ••••eMnona n RBnReTCR T04KO~ a<!l<!l~HHoro ncoc'rp aacr aa A MCU).
 
T04Ka e~ YAoBneTBopRIO~aR /1.1~ Ha3~BaeTCR KopHeM,MHorQ4neHoB
 
(i (i ee f;M). MHo»:ecTBo ac ex oõuiux KopHeM /1. 1/ oõp aayerr anre6

pa~4eCKoe MHoroo6pa3~e/41 

YmeepJlCàe'J-tue 1. C~cTeMe ypaBHeHHM /1.1/ MomHO conocr aaar e 6~
n~He~HYIO c~cTeMY BeKTopH~X ypaBHeH~~ c MaTp~4HWM~ K03<!let>~~~eHTa

M~, nf,1He(;1HbIMf,1 OTHOC~TenbHO He~3BeCTHbIX. OH~ ~MeIOT B~A: 

M 
/1.2/[I 'xA +A ]'11 ==0, (i == 1,M). 

k==lk ki Oi i 

ri @(.)'htfl{ii1,;.~""'itC'm'JT\ 
tUA~:~!1t,jX . tllCCJJe110~.unI 

r ~.I.l"'" (1' 1 '7"r-::".' A 

1 



rne (n == O,M; i == 1,M) - MaTpllll..\b1, conepxeuuie r onexo K03$$IIl A n i 
I..\lIleHTbl CIIlCTeMbl /1. 1/, \P i - COOTBeTCT BYlOlllllle aexropu . Pa3Mepbl MaT

pau onpenenaorca creneuao nonanoxoa f i 11I ·lII1lCnOM Helll3BeCTHblX M. 

Ilotcaeame.nb emao YTBep>KAeHlIlfl aurexaer 11I3 cyutecr aoaaaaa XOTR
 

6bl onuoro anropa'raa nocrpoeuas MaTp1ll1..\ A ni 11I BeKTopOB \P i • 3TOT
 

anropa rv 6YAeT 1Il3nO>KeH HIIl>Ke. GYAeT TaK>Ke noxaaauo , lITO aexrocu
 

Wi cOAep>KaT XOTR 6b1 0AIIlH HeTPIllBlIlaIlbHbI~ 3neMeHT.
 

2. AnrOp~TM nOCTPOEH~~ MATP~U-K03~$~U~EHTOB 

C~CTEM~ BEKTOPH~X 5~n~HE~H~X YPABHEH~~ 

MHorOMepHbl~ nOIlIllHOM / MHorollIleH/ 

f(ç): = f(x , x ·, ••• , x )
l 2 M

CTeneHIIl N ~3 M nepeMeHHblX COCTOIllT ~3 CYMMbI ~(M,N) OAHOllneHOB 

a 1 a 2 aS a M
 
xl X X 3 ••• X
2 M 

nplll 3TOM MaKCIIlManbHoe 1I11lcnO OAHOllIleHOB onpeAenfleTCfl no $OPMY
rte /5/:
 

(M + N)!
 
~(M,N) = 

MINI /2.1/ 

AnR 3aAaHHoro MHorOllIleHa COCTaB~M ABa 6a311lCHblX BeKTopa F l 11I F ,o 
MaKCIIlMaIlbHafl pa3MepHOCTb KOTOpblX paBHa L == ~ (M, N - 1). F 1 11I Fo 

AOn>KHbl YAoBneTBopRT b cneAYIOllllllM yCIlOBlIlflM: 
a/ F l COAep>KIIlT cBo6oAHbI~ lIneH MHorOllneHa f 11I COCTOIllT"1Il3 nlll

He~Hblx no Helll3BeCTHblM Bblpa>KeHIIl~; 

6/ F o COAep>KIIlT onuo-ineua TaKO~ CTPYKTYPbl, li roõu IIlMenO MeCTO 

cneAY~lllee paBeHCTBO: 

( F o ' F 1) == f, /2.2/ 

rAe ( ••• , ••• ) 03HallaeT cKaIlRpHoe npolll3BeAeHIIle ABYX B~KTOpOB. 

4T06bl YAoBneTBoplllTb 3TIIlM Tpe60BaHIIlflM B 06UteM cnyvae , AOCTa

TOllHO Bbl6paTb B KalleCTBe KoMnOHeHTbI F o BceB03MO>KHble nIllHe~Ho-He-
a 1 ai - k aM 

3aBIIlCIIlMble OAHOllneHbI CTeneHIIl MeHbwe N: xl'" X i ... X 11I eAIIl-
M 

H11I I..\Y • nplll 3TOM CTPYKTypa F 1 6YAeT onpenenar bCR 11I3 /2.2/ 11I 11I3 

Tpe60BaHIIlfl nIllHe~HOCTIIl no HeIll3BeCTHbIM. Ilanee , 3anlllweM KOMnOHeHTbl 
6a311lca Fo B OAHY CTPOKY B nopRAKe y6b1BaHIIlR cTeneHe~, npoBeAeM 
4'epTY 11I nOA He~ 3anlllweM coor aer cr eyouu-e KOMnOHeHTbl F l . Ha _cIle

AYlOllleM arane nocrpoa» nlllHe'HHo-He3aBlIlclIlMble aekropu Fp + 1(p==1,L-1), 
cocroaume ronsxo 11I3 ABYX HeTplllBlIlaIlbHblX 3neMeHTOB: X i 11I /-1/ 11I 

.11I ynoane'r eopsnouiax ycnoaujo 

(Fo , f p + l ) = o. /2.3/ 

HYMepa411l1O p Bbl6epeM B TOM nopRAKe, lITo6b1 OHa COOTBeTCT80Bana 

MeCTY /-1/ B Fp + 1 ,eCIlIll OTClIlIlTblBaTb CIlesa. 

\2 

HanplllMep: 

p 1; F 2 : (-1,0, •.. , xi"." O) 

/2.4/
p 2;· F 3: (O, -1, .•• , x k , ••• , O). 

P'acnortaraa aecropu F 2 ' F 3"'" F L nOA aexropon F l' nonYlIlIlM Ma
TPlll4Y F n, E / n COOTBeTcTByeT HOMepy aexropa , E - HOMepy KOMnOHeH-

Tbl BeI<TODa/. Ba>KHO, lITO 3neMeHTbl Fn, E COAep>KaT Helll3BeCTHble 
xi (i = 1,M) TonbKÇ> nIllHe~Ho. 

Ha npaxra «e AnR nOCTpoeHIIlR Fo 11I F 1 AOCTaTOllHO Ka>KAbl~ OAHO
lIneH nonlllHOMa f npeAcTaBIIlTb ,B BIIlAe 

al a2 a'M al ai-l aM
 
xl •• 'X M == "'X ••• ) ,
X 2 X i(X l i X M 

nanee , nIllHe~Hbl~ COMHO>KIIlTenb OÔbRBIIlTb KOMnoHeHTo~ F 1 ' a COMHO>KIIl

TeIlb B cxoõkax - KOMnoHeHTo~ Fo • Ilocrpoeaaua TaKIIlM o6pa30M F 1 

11I Fo 3aBeAOMO 6YAYT YAoBIleTBopflTb ycnoBlIl1O /2.2/. ~nfl KOHCTPYK411l1ll 

BeKTopOB Fp + l nocneAOBaTenbHO Ka>KAOMY oAHollneHy B F Heo6xoAIIlMOo 
Ha~TIIl APyrylO KOMnoHeHTY Fo , nplll YMHO>KeHIIlIllKOTOpO~ Ha nIllHe~Hbl~ 
no X i MHO>KIIlTenb nonyuancs 6bl AaHHbll1 OAHOllneH. nOCKonbKY Y F p + 1 

KpOMe ABYX ocrans aae KOMnOHeHTbl paBHbl HYIlIO, TO ycnoaae /2.3/ 
OKa3b1BaeTCR BblnonHeHHblM. 

npoAeMoHcTPIllPyeM 1Il3nO>KeHHbl~ anropwr a Ha KOHKpeTHOM noruo-oae • 

Ilpum e p 1. nYCTb AaH nonlllHOM BlIlga 

3 3 '2 2
!(x,y) == x + y + a x + by + cxy + x + y + d , /2.5/ 

AnR AaHHoro nOIlIllHOMa 6a311lC F IIlMeeT BIIlAo
 

Fo : == (x2 , y2, x , y, 1).
 

üpoaenen -iep-r y 11I 6YAeM CTpOIllT b 6a311lCbl F1 11I F p + 1 • nonYlIlIlM 

F l : = (x y a x + cy by x + y + d) 

F 2: = (-1 O x O O ) 

F 3: == (O -1 O y O ) /2.6/ 
F 4: = (O O -1 O x ) 

F 5: == (O O O -1 y ) 

MaTplll4a Fn,E AIlR nOIlIllHOMa f(x,y) nocrpoeaa. 

T'e op ena , Onpenerurreru, MaTplll4bl W(f): = Fn"E ecr s nonlllHOM 
C, T. e. 

det W(f) = r. /2. 7/ 

/Ioxa s ameno cme o. Cornacuo CBO~CTBY $YHKI..\IIlIll onpenern.rrenn , 
onoenerurr eru, IIlHBaplllaHTeH OTHOCIIlTenbHO 3aMeHbl CTOIl61..\a /CTpOKIIl/ 
MaTpIll4b1, nIllHe~HO~ KOM6I1lHa4I1le~ CTOnÔI..\OB /CTpoK/-BeKTopoB, ecnlll 

B 3TY KOM611lHal..\IIllO .AaHHbli~ c'tonôeu-caexrop BXOAIIlT C K03$g>lIll..\lIleHTOM 
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eA~H~4a. 06pa3yeM ~3 BeKTOpOB-CTOn640B Fk i /i - HOMep cTon64a
BeKTOpa, k - HOMep KOMnOHeHT / , n~Hei1HYIO 'KOM6~Ha4~IO 

f.	 = I, F oi F n i ' /2.8/n . 
1 

~ nOAcTaB~M f.h BMeCTO F n/l • nOCKOIlbKY F 0/l = 1, TO nOcIleAH~i1 CTOIl
6e4 B. /2.8/ B~OA~T c eA~H~4H~M K03~~~4~eHToM ~ detW(f) nOCIle 
TaKoi1 nOACTaHOBK~ He MeH~eTC~. 

CorIlaCHO YCIlOB~~M /2.2/, /2.3/ BeKTOp f. ~MeeT TonbKO OAHY 
HeTp~B~aIlbHYIO KOMnOHeHTY 

f. 1	 = (F ' F1 ) = fo 

Anre6pa~4ecKoe AononHeH~e f. 1 = f eCTb onpeAeIl~Tenb TpeyroIlbHoi1 
MaTp~4~,. Ha A~arOHan~ KOTOPO~ CTO~T 4~CIla -1. n03TOMY TaKo~ onpe
Aen~Tenb paBeH +1 Il~60 -1. Pa3Ilara~ no nocIleAHeMY CTOIl64Y, MaTp~
ua , nonY4~M 

det (W (f)) = f.	 /2.9/ 

On p eô en e nu e , ,lJ,Be c~cTeMbl, 3aAaHHble B OAHOi1 ~ TOi1 >Ke oõnacr a 
onpeAeIleH~~' He~3BecTH~x, 6YAeM Ha3~BaTb paBHoc~IlbH~M~, eCIl~ Bce 
peweH~~ OAHOi1 C~CTeM~ ~BIl~IOTC~ peweH~~M~ APyroi1 C~CTeM~ ~ Hao6o
pOT. 

3IleMeHTbl MaTp~4bl W(f i ) n~Hei1Hbl no He~3BeCTHbIM x m (fi = 1, M ) , 
n03TOMY 3Ta MaTp~4a MomeT 6~Tb npeACTaBIleHa B 6~Ae 

M 

W(f i) = ~ x kA kí + A . ,	 /2 . 10/
k =	 1 1 01 

rne MaTp~4bl A ki ' A oi 3aB~C~T ~CKnI04~TenbHO OT K03~~~4~eHTOB no
Il~HOMOB f i . 

TaK~M o6pa30M, An~ 3aAaHHoi1 C~CTeM~ aIlre6pa~4ecK~x ypaBHeH~~ 

/1. 1/ 6~Il~He~Ha~ BeKTopHa~ C~CTeMa ypaBHeH~i1 /1.2/ nOIly4eHa. 

'I'eo p eno., C~CTeMbl /1.1 / ~ /1. 2/ paBHoc~nbHbl. 

J[07ía3 ame.n b c mao. no nOCTpoeH~1O / anr-opu r a 1/ aexropu ~MeIOT 

XOT~ 6~ 9A~H HeTp~B~aIlbH~i1 3neMeHT, CIleAOBaTenbHO, 

det (W i (fi )) = fi = O, (i = 1, M).	 /2 . 11/ 

TaK~'M o6pa30M, ecnu peureuaa /1-.2/ Hai:1AeHbl" r .e , Hai1AéHbl xi ~'Pi' 
YAOBIleTBop~IO~~e /1.2/, TO B c~ny /2. 11/ OH~ ~BIl~IOTCR peweH~~M~ 

/,..1 . 1/. Haoõopor , ecnv i-lai:1AeHbl peweH~R /1. 1/, TO 

det(.~i(fi)) = O.	 /2.12/ 

Ho An~ peweH~~ /1.2/ 3TO ycnoB~e Tome Heo6xOA~MO. ~3 eA~HCTBeH

HOCT~ peweH~~ C~CTeM~ /2.12/ HaxOA~M, 4TO peweH~R /1.1/ COBnaAa
IOT c ,..a~AeHHbIM~ x i (i = 1 , M) ~3 /1.2/. o 

nOp~AOK MaTp~4bl W(f) paBeH An~He aexrop a. Fo ' KOTOPbl~, B o6~eM 

cnyuae , AO-nmeH coneoxar s ace aoaaoxaue oAHo4IleHbl cr ene-ra MeHbwe 
N, a' 4~CIlO TaK~X onao-rneao a paauo /l(M, N - 1). Ha npaxruxe no-O 
4 

PRAOK MaTp~4b1 W MomeT 6blTb coxp auieu s a C4eT YCIlO>!(HeH~~ CTPYKTY
pbl aIlrop~TMa 1. Hanp~Mep, MaTp~4Y W MomHO nOCTpO~Tb CIleAYIO~~M
 

o(pa30M.
 
npeAcTaB~M MHor04IleH f, B KOTOPOM xl MO>KHO auõpar s B Ka4eCT

Be	 BeAy~ero, B CIleAYIO~eM B~Ae: 

f :	 = xl g 1 + x 2 g 2 + •• + x MgM + ao'o 

rne gi (i = 1, M) ~MeIOT cr eneas Nr l , g 2 - He COAep)f(~T xl' g3 - xl 
~ ~ T.A" a gM ecr s OAHOMepHbli1 nOIl~HOM TOIlbKO OT ao - CBOx 2	 x M-, 
60AH~~ K03~~~4~eHT.
 

~TaK, gi (i = ~) ~ 1 ~BIl~IOTCR M+l 3IleMeHTaM~ 6a3~ca F • OA
o
 
HOM~PHbl~ nOIl~HOM npeACTaB~M B B~Ae
 

gM = xMg 
1 
M + a 1, 

g ~ ~MeeT c r eneus He asaue N -2. B o6~eM cny-iae MHor04IleHbl g k( k = 

= 1, M -1) ~MeIOT B Ka4eCTBe cnaraenux OAHOMepHble nOIl~HoMbl or x M: 
g~cTeneH~ N -1. Pa3AeIl~B ~x Ha g~, nOIlY4~M 

g ~ = EMk g ~ + g ~ , 

rAe - Il~He~H~~ no xi MHor04IleH. 3TOT np04ecc YMeHbmeH~~ ~TeErn k 
neH~ MHor04IleHOB Heo6xOA~MO npoBoA~Tb AO Tex nop, nOKa OCTaT04
Hbli1 4IleH nocne AeIleH~~ He 6YAeT Ilí.1Hel':1Hoi1 ~YHK4~ei1 OT He~3BeCT

HWX. np~ 3TOM BC~ MHor04IleH~ B~Aa ~~ TaK>Ke Boi1AYT B 6a3~c F o 
KaK cooTBeTcTBYIO~~e KOMnOHeHTbl. BamHo, 4TO TaKa~ MOA~~~Ka4~R 

aIlrop~TMa 1 n03BOIl~eT nOIly4aTb np~ BeAy~e~ He~3BeCTHO~ xl A~aro
HanbHYIO MaTp~4Y. 

Sascewa nue . . B cny-rae nOIl~HOMa caMoi1 o6~ei1 et>OpMbl MaTp~4bl A ii 
np~ BeAY~~x xi OKa3bIBaIOTC~ ~BHO BblpO>KAeHHbIM~, paar 3T~X MaTp~4 

paBeH CTeneH~ xi ,a nop~AOK MaTp~4 3aB yAOMO 60Ilbwe paHra. B 3TOM 
OCHOBHOi1 HeAOCTaTOK aIlrop~TMa 1.. OAHaKO 3TO, KaK nOKa3aHO B /3/, 
He np~BOA~T K np~H4~n~anbH~M TPYAHOCT~M. Cy~ecTByeT KIlacc C~
CTeM, AIl~ KOTOP~X aIlrop~TM 1 AaeT HeB~pomAeHH~e MaTp~4~ np~'Be~ 
AY~~X xi. 3TO C~CTeMbl c OAHOpOAHbIM~ nOIl~HOMaM~ /3/, C~CTeMbl, r ne 
He~3BeCTHble, KpOMe BeAY~~x, BXOA~T B ypaBHeH~.ft Il~He~HO. B npau
uune , nYTeM BBeAeH~~ Il~WH~X KopHei1 /IIHYIleBblxll peweH~i1/ MomHO 

.Il106ylO C~CTeMY CBeCT~ K OAHOPOAHblM no BeAy~e~ He~3 BeCTHO~ nOIl~HO-

MaM ~ TeM caMWM Ao6~TbC~ HeB~pomAeHHOCT~ MaTp~4 Aii . 

3.	 PA3,lJ,EnEH~E HE~3BECTH~X B METO,lJ,E MATP~4HOA
 

n~HEAP~3ALl~~. COnpOBO}!{,lJ,AIOl!.lA~ MATP~llA ,lJ,n~
 

MHorOMEPHOA C~CTEM~
 

npaKT~4eCKa~ 4eHHOCTb MMn np~ peweH~~ HeIl~Hei1H~x aIlre6pa~4e

CK~X ~paB~eH~~ COCTO~T B TOM, 4TO np~BeAeHH~e K COBMeCTHOMY B~
AY BeKTopH~e ypaBHeH~~ n03BOIlRIOT npO~3BeCT~ pa3AeIleH~e He~3BeCT

HbIX. Ha 3TY oco6eHHOCTb aetcropnux ypaBHeH~~ B paMKax MeTOAa 
cn~HopHO~ ~~Heap~3a4~~ KBaApaTH~X y~aBHeH~~ BnepBW~ 6~IlO YKa3a

5 
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HO B/2/. ECTb e~e OAHa Ba~HaH OC06eHHOCTb MMn: ~CXOAHa~ Hen~He~
Ha~ 3aAa4a /TeOPH~/ B MMn Ha onpeAeneHHOM 3Tane ee peweH~~, 
a ~MeHHO nocne 3aMeH~ He~3BeCTH~X COOTBeTCTBY~~~M~ MaTp~~aMK, 

npeBpa~aeTC~ B n~He~Hy~ 3aAa4Y ITeop~~/ OTHOC~TenbHO MaTp~~ 
peweH~~. 3T~ MaTp~~bl ~Me~T Te ~e CBO~CTBa, 4TO ~ COnpOBO)KAaIO~~e 
MaTp~~~ /CM/ An~ OAHOMepH~X anre6pa~4eCK~X ypaBHeH~~. 

npo~eàypa npu6eàeHUR K C06MecmHOMY 8uày 

PaCCMOTp~M Cli1CTeMY sexropaux ypaBHeH~i:1 
M 

[ !. xkA k + A ]'1' = O, (m = 1, M). /3.1/k = 1 m o m m 

An~ onpeAeneHHOCT~ 0603Ha4~M -repes L nopanox MaTp~~ Akm' A om . 
np~BeAeM MaTp~~bl 

M 

G m: = r s xkA k + A om /3.2/k=l m 

K B3a~MHo-KOMMYT~py~~eMY B~AY, He Tep~~ np~ 3TOM CBo~cTBa paBHo
c~nbHOCT~ c KCXOAHO~ Hen~He~Ho~ c~cTeMo~. C 3TO~ ~enbID YMHO~~M 

MaTp~~y G1 no npaB~ny TeH30pHoro npo~3BeAeH~~ cneBa, a OCTanb
111. Hble M-1 MaTp~~ Oj (j > 1) cnpaaa Ha eA~HH4HY~ MaTp~~y E L nopanxa 

L. nonY4~~ 

G 11 = E L ~ G t > G J j = G j ~ E L • /? 3/ 

np~ 3TOM
 
L L
det(GJ k) =;= {detG k I = f k ' /3.4/ 

TaK 4TO paBHoc~nbHOCTb npli1 YMHo*eH~~ Gk Ha E L He TepAeTCR. BMe
CTO 3aAaHHblX M-MaTp~~ G k /3.2/ oõpaayea HOBble MaTp~llbl GEk no 
cneAy~~e~ ~opMyne: 

GE = E e ... ~ E ~ G1 L L 1,.. ,.. / 

M-1
 
GE 2 = E L 0 ••• ~ E ~ G 2 ~ E L
L 

.. M'= 2 { 

/3.5/ 
GE M _ 1= E L ~ G M- ~ E ~ ••• ~ E1 L L, '( 

M -.!2 

G EM = GM ~ E L ~ ••• ~ E 
L 

o 

" M-vr--- ------:.:..I 

MmKHo nOKa3aTb, 4TO nony-reuuue MaTp~llbl GE k ' (k = 1, M)KOMMYT~PY~T 

Me~AY cà6o~. KpOMe Toro, OH~ npoc'tue , TaK KaK no noc rpoeuao f1B
n~~TCfI PpOCTblMH MaTp~~bl G m 143' /3.2/. Cneno aarensao , GE k oõnana
~T 06~~M 6a3~coM c06cTBeHH~x ~YHKll~~. YH~TapHY~ MaTp~~y, cTon6
llbl KOTOPO~ COCTO~T ~3 coõcr aeuuux aexropoa <f> n- 0603Ha4~M 4epe3 U. 

e 

CornaCHO COOTHoweH~~M /3.4/ C~CTeMa ypaBHeH~~ 

GEmU = O, (m = 1,M) /3.6/ 

pa auocansua C~CTeMe /3.1/. Baxao , 4TO B /3.6/ ace ypaBHeH~~ co
Aep~aT OAH~ ~ Te ~e 6a3~CH~e BeKTOp~ ~. npe06pa30BaH~e /3.5/ ~e
peBOA~T /3.2/· B MaTp~~~ B~Aa 

M
 
G Em: !=: [ !. xk AEk + A E ]. /3. 7/


k = 1 m om 

nonY4eHHY~ C~CTeMY ypaBHeH~~ /3.6/ no OTHo~eH~~ K /3.1/ 6YAeM
 
Ha3~BaTb c~cTeMo~, np~BeAeHHo~ K COBMeCTHOMY B~AY.
 

Onpenenua MaTp~llY AEX KaK 6n04HY~ MaTp~~y, 3neMeHTaM~-6nOKaM~ 

KOTOpoi:1 ~Bn~eTC~ MaTp~~a AEkm nopanxa L. Ecnu A~arOHanbHble 6no
K~ AEX-MaTp~~bl AE kk - Heoc06ble, TO cyure cr ayer MaTp~~a AEX-1, 06
oa ruaa K AEX. 0603Ha4~M 6noK~ AEX-1, ~Bn~~~~ec~ MaTp~~aM~ Toro 
~e nopanxa , 4TO ~ AE:, 4epe3 BE nm . 

YMHO~~M /3.6/ cneBa Ha MaTp~llY AEX-1. nonY4~M 

X n E~ = x , e , /3.8/ 

M 

Xn =- !. BE nm AEom ..
 
m= 1 /3.9/
 

B cuny Toro, 4TO det(AEX- 1) ~ O, C~CTeMa /3.8/ paBHoc~nbHa /3.6/, 
a cneAOBaTenbHO ~ /3. 1/. YpaBHeH~~ /3.8/ y~e pa3AeneH~ OTHOC~

TenbHO He~3BeCTH~X X n: Ka~Aoe ypaBHeH~e /3.8/ COAep~li1T CBO~ He
~3BeCTHY~· nricKonbKY 'l'm cOAep~~T HeTp~B~anbH~~ jneMeHT, TO ~ 
MO~HO HOpM~pOBaTb ycnoB~eM ~2 = 1. 

TaK~M 06pa30M, /3.8/ MO~HO paCCMaTp~BaTb KaK 3aAa4Y Ha c06

cTBeHH~~ 3Ha4eH~~. nYCTb D(x n) - A~arOHan~Ha~ MaTp~~a ~3 C06CT

BeHHblX 4~cen x n ko Torna /3.8/ aanauie» TaK:
 

~ . 
UD(xn) = XnU. /3.8a/ 

M3 /3. 8a/ ~MeeM, 4TO MaTp~llbl Xn (n = 1:M) ~Me~T 06~~i1 6a3~C c06
CTBeHH~X BeKTopOB, cneAOBaTenbHO /CM., Hanp~Mep,/7//, OH~ B3a~M
HO KOMMYT~PY~T. 

3aMeT~M, 4TO H~CMOTp~ Ha n~HeklHocTb no He~3BeCTHbIM x n > C~CTe

Ma /3.1/ Hen~He~Ha, T04Hee, 6~Jl~He~Ha, nOCKonbKY 'l'm TaK)Ke He~3': 
BeCTHa. CornacHo /2.11/ CTeneHb Hen~He~HOCT~ /3.1/ cOBnaAaeT 
co CTeneHb~ /1. ~/. Tenepb nOCTaB~M B COOTBeTCTB~e C~CTeMe /3.6/ 
n~He~HY~ HeOAHopOAHY~ MaTp~4HY~ C~CTeMY B~Aa 

M ~ :> 
!. AEk X = - AE . /3.10/k = 1 m k om 

PeweH~~ /3. 10/ onpeAen~~TC~ no ~opMyne 13.9/. 
" . 

T'e o p eraa , MaTp~4bl X m(m = 1, M) YAoBneTBop~~T Hen~He~Ho~ C~CTe-

Me ypaBHeH~~ f m = O, (m = i~). T.e. ~Bn~~TC~ 06~~M peweH~eM 

3TO~ C~CTeM~ B MaTp~4HOM npeACTaBneH~~. 
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Iloxae ame.no cme o , ,lJ,onYCTIIIM, 4T9 Xn,k (n = 1, M; k = l,L) aana- < C noxoun.o oõpaayourax y. '(i = 1, L ) MomHO nlllHeaplll30BaTb nonlllHOM 
~TC~ C06CTSeHHWMIII 4111CnaMIII MaTplll4 Xn • TorAa, npOe4111PYfl MaTplll4HWe 1113~ cnaraeMWX BIIIA~ 

1 

ypaBHeHlllfl /3. 10/ Ha npOCTpaHCTBO coõcr aeauux BeKTopOB <l>k (k = 1, L).1 L 

nonY4111M f(p) : L P~ = Ü. /4.2/
M k = 1< 

[ L AE mi X m k + A oi ] <I> k = O, (k = 1, L; i = 1, M). /3. 11/ CornacHo /4.1/ IIIMeeMm=	 1 ' 
L L L 

Ho /3.6/ paBHOClllnbHa /3.1/, a /3.1/ paBHOClllnbHa /1.1/. nOCKonb
KY /3.11/ no $opMe nOBTopReT /3.6/, TO co6CTBeHHwe 3Ha4eHlllfl flB
nfl~TCfl peweHlllflMIII CIllCTeMW /1.1/. 3TO 3Ha4111T, 4TO 

'f i (D (x n)) = O, (i = 1, M).	 13.12/ 

H3	 /3.8a/ IIIMeeM 

UD (x ) U-1 =' X n n • 

n03TOMY 

O = =	 = fi (X ), ,Uf i (D (x n))U-1 fi (UD(x n)U-l) n 

T. e. MaTplll4bl X ynoaner sopruor CIIICTeMe fi = O, (O = 1, M). on 
Ha' OCHOBe 1113nomeHHoro asnue MO}/(HO cneriar s cnenyiouiee a akruove

HIII'e. 
,lJ,nfl CIIICTeMbl HenlllHei1Hblx anr-eõpaauecxax ypaBHeHIIII';1, Anfl KOTOpblX 

B nplllH4111ne AonycTIIIMo npeAcTaBneHllle ~IIIAa /3.6/ c HeBwpomAeHHWMIII 
MaTplll4aMIII AE k m v cyurecr ayor MaTplll4bl X n • o 6naAa~lllllle CBOI1cTBaMIII : 

1. Co6cTBeHHwe 3Ha4eHlllfl ~n flBnfl~TCfl peweHlllflMIII 3aAaHHoi1 Henlll
Hei1Hoi1 cucr exu , 

2.	 MaTplll4w Xn YAOBneTBopfl~T 3aAaHHoi1 CIllCTeMe ypaBHeHIlli1. 
ClllcTeMY /1.1/ B 3TOM cnY4ae MomHO Ha3WBaTb aHHyriIllPY~lllIllMIII 

MHor04neHaMIII IIInlll MIIIHIIIManbHoi1- ClllcTeMoi1 MHor04neHOB no OTHoweHIII~ 

K MaTplll4aM Xn [no auanoru« c OAHOMepHblM cnyvae-i/'. 
3. MaTplll4w Xn HaXOAflTCfl 11I3 peweHlllfl nlllHei1Hwx HeOAHopOAHWX an

re6palll4eCKIIIX ypaBHeHIlli1. 
TaKIIIM 06pa30M, MaTplll4W in 06naAa~T 'TeMIII me CBoi1cTBaMIII, 4!O 

11I conpo aoxnaounie MaTplll4bl /CM/ B OAHOMepHOM cny-rae . n03TOMY X n 

Mbl 6YAe,M Ha3blBaTb conpOBomAa~lllIllMIII' MaTplll4aMIII MHoroMepHoi1 CIllCTeMbl 
/CMMC/. 

B, 06111eM cnyvae , «or'na MaTplll4bl' AE km B CIII CTeMe /3.6/ flBnfllOTCfl 
flBHO, BblpomAeHHblMIII, CMMC 6YAYl' peweHlllflMIII HeoAHopoAHoi1 CItfCTeMbl 
t BwpomAeHHoi1 MaTplll4ei1 AEX. B 3TOM cnY4ae BMeCTO /3.H/ MW nony~ 

4~M o606111eHHY~ 

4.	 MATPH4HAR 
C nOMOmb~ 

~A3HCHOrO 

clIIHrynflpHY~ 3aAa4Y Ha co6CTBeHHwe 3Ha4eHlllfl 16/. 

nHHEAPH3AUHR KBA,lJ,PATHWX YPABHEHHA 
AnrE6PW KnH~~OPAA. METOA KOHCTPYKUKH 
BEKTOPA 

06pa3Y~1ll1lle anre6pw K~III$$OPAa 3aAa~TCfl c nOMOlllb~ COOTHoweHIlli1 
aHTIIIKOMMYTa4111111: 
y.y, + y,y. = 28 .. ( i, j 1, L ). /4.1/1 J J 1 1.1 

8 

[ L Yk P k][k=	 1 k 

n03TOMY $opMa'}: 
L 

[ L Yk P k ] <I> 
k = 1 

2
L Yk P k ] L p	 /4.3/

k = 1 k = 1 

= O	 /4.4/ 

paBHOClllnbHa /4.2/. 
Ecnlll nonlllHOM COAepmlllT CMewaHHwe npOlll3BeAeHlllfl, TO c nOMOlllb~ 

MeTOAa narpaHma / 7 1 Heo6xOAIIIMO nplllBeCTIII ero K KaHOHIII4eCKO~ $opMe, 
c nOMolllb~ o6pa3Y~1lllllx Yi nony4eHHoe BwpameHllle nlllHeaplll30BaTb, 3a
TeM c nOMOlllblO 06paTHoro npeo6pa30BaHlllfl nepei1TIII K npemHIIIM nepe
MeHHbIM. Hanpuxep , paCcMOTplllM npOlll3BonbHbli1 noruu-o« 2-i1 CTeneHIII 
BVlAa 

L L L
 
f( P ):
 =L ~ ppR. + L BnPn+ B o '	 /4.5/

k = 1 i = 1 k i k í n = 1 

MeTOA narpaHma nplllBOAIIIT /4.5/ K KaHOHIII4ecKoi1 $opMe 
L+1 L+1 

f(17):= L A k 17 ~ = L P 
2 
k ' Pk = V A k 17k /4.6/

k = 1 k = 1 

c nOMOlllb~ nlllHei1Horo npeo6pa30BaHlllfl 
L+1 

17k = L Ú)km Prn ' P L + 1 = B o • /4. 7/
m=l 

H3 /4.6/ nplllgeM K $opMyne 

[L Yk Pk]<I> = [L Yk vÃ--;: 17 k]<I> = o.
 
k' k
 

nepeXOAfl K npemHIIIM nepeMeHHWM 

L	 Y VA k L ú) k P = L [ L VA k ú) km ] <I> = O,k	 k m mm mk 

nony4111M 
l 

[L vmPm]<I> O,	 /4.8/ 
m

~ rne 

J
 v [ L vA k Ú)km ].
m
 
I k
 

AnroplIITM nlll Heaplll 3a 411I11I , IIIcnonb3YlOllllII~ rOToBYIO anre6p~ He AaeT 
CTPYKTYPW OCHOBHoro 6a3111ca <1>, KaK 3TO MW IIIMenlll B pe3ynbTaTe nplII
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MeHeH~R a~rop~TMa 1. Qe~b~ HaCTOR~ero p~3Ae~a RB~ReTCR ~3~ome

H~e a~rop~TMa, KOTOPW~ OAHOBpeMeHHO c a~re6po~ K~~$~oPAa noàBo
~~T nO~Y4~Tb ~ CTpYKTYPY 6a3~ca ~. 

An e opumn 2. PaccMoTp~M KBaApaT~4HY~ $YHK~~~ 

f(Pl' P2): == PI + P~ == O. /4.9/ 
Bbl6epeM npO~3BO~bHbl!lt ABYMepHbl~ BeKTOp ~ (Xl! X 2) ~ COCTaB~M ypaa
HeH~R: 

X 1f == O, x2 f == o. /4. 10/ 

B ~eB~~ 4aCTb ypaBHeH~~ /4.10/ Ao6aB~M 3aBeAOMO Hy~eBwe Bwpame
H~R: 

x 1 f X 1 f + x2 P 2 P 1 - X2 P 1 P 2 
/4.11/ 

X2 f x 2 f + x 1P 1 P 2 - x 1 P 2 P 1 • 

OnpeAe~~M B~pameH~R 

S == + , == x P -x 1 P 1 x 2 P 2 M 12 1 2 
x 2 P l 

~ nepen~weM c~cTeMy /4.11/ 

SP 1 + M12 P2 == 0, - SP 2 + M12 Pi == O, /4.12/ 

KOTOPO~ MomHO np~AaTb MaTp~4Hw~ B~A 

1 o o 1

[ P 1 E2 + P2 a ] '11 == O, E 2 == (O 1 ) , a == ( -1
 °) 'I 

/4.13/
S
 

'11 = ( ) .
 
M 12 

3aMeT~M, 4TO C~CTeMY /4.12/ B paBHo~ Mepe MomHO õuno 6bl aannca'r s 
TaK: 

P1 
(SE 2 +M 12 a) <I> == O, ~ == P2 ), /4. 14/ 

~~~, B 6o~ee o6~e~ $opMe, 

[ P 1 E 2 + P 2 'a ] [ S E 2 - a M12] == O. /4. 15/ 

$qpMa 3an~c~ B B~Ae /4.14/ np~B~eKaTe~bHa TeM, 4TO S ~ E 2 , a 
I-VM 12 -Be~~4~Hbl OAHO~ ~ TO~ me np~pOAbl, nockons xy 

Pl ij 
S = (Xl X2 ) (E 2 ) ( P == Xi Pj E 

2 

/4. 16/ 
Pl 

M == ..(x 1 X2 ) (a ) ( Xi p, a ij
12 P J2 

10 

C.lly~aü 4 nepe~eHHWX:
 

f f )" 2 2 2 2

"P . = P 1 + P 2 + P 3 + P 4 = O. /4.17/ 

YMHomlflM f Ha KOMnOHeHTbl B~KTopa X(x l' X X ' X ) ~ np~6aB~M
2' 4K KamAoMy ypaBHeH~~ BWpa}f{eH~R 

3
 

ijk
 
Ôn == [€ P i P j Pk'](n) ,
 

rAe ~HAeKC (o) 03Ha4aeT, 4TO 06~aCTb ~3MeHeH~R HaTypa~bHWX 4~Ce~ 

OT 1 AO 4 He BK~~4aeT o (o = 1,2,3,4). e ijk - nO~HOCTb~ aHT~C~M
MeTp~4Hw~ TeH30p, n03TOMY 

Ôn = o.
 
HTaK, ~MeeM c~eAY~~y~ C~CTeMY:
 

x'n f (p) --- X n f (p) + Ôn • /4. 18/
 
nOCTpOK~ 6a3~c ~ ~3 BwpameH~~ 

4 

S --,~ xp /4. 19/= xiP j - ' -k=l kk' M i j x j P i 

~ : = (S, M21 + M4 3 ' M 3'1 + M42 ' M 41 + M 32 ) 

/4.20/('11 1 , '11 2 ' '113 ' '11 ) . 4 

C Y4eTOM /4.20/, C~CTeMY /4.18/ nepen~weM B B~Ae: 

Pl 'P~ - P2 '112 - P3 '113 - P4 '1'4 == 0, 

P 1 '112 + P2 '111 - P3 '114 + P4 '113 '== 0, 

/4.21/P 1 'P3 +P2-'P4 0,+P 3'P1 -P 4'l'2 

P1 '114 , - P2 '113 + P3 '112 + P 4 '11 O·,1 

/4.21/ nerKO np~AaTb MaTp~4HY~ $OPMY
 

(P 1 T 1 +P 2 T2+ P 3 T + P T ) <I> == 0,
3 4 4
 

rne T == >

1 

E 4
 

T = (-o 0) -E 2 ) , ( O -o

T T

1:'1 2 ° a ' 
3 (°E2 O 4 -a O ) • /4.2.2/ 

I TaK~M o6pa30M,

ti 'Pk == T k 

ij 
xiP 

j
•I 

Ha~6o~ee o6~aR $opMa MaTp~4Ho~ 3an~c~ 6YAeT ~MeTb B~A
 

[P 1 T 1 + P2 T2 + P 3 T 3 + P 4 T4 ][ 'P1 T - '11 T - '11 T - '11 T ] ==' o. /4.23/
1 2 2 3 3 4 4 

11 



C.lZYll.laÜ 8 n eperce n nux 
8 

(p): = ~ 2 /4.24/Pk· 
k = 1 

YMHO>KaR f(p) ua KOMnOHeHTbI 8-MepHOrO BeKTOpa X(X l' X2 ' · . · , X ), ,8
nOllY4101 M 

xnf(p) = O, (o = 1, 2, ... , 8 ) • 

AHallon14HblM 06pa30M npeoõpaaya 3TY CII1CTeMY, npll1AeM K MaTpll14HoMY 
ypaBHeHlI110 

8 (8)
 
[ ~ T P k ] <1> = O, I /4.25/


k = 1 k
 

rne KOMnOHeHTbl <{>( '11 1' ••• ' '11 8 -> ec r s 

'11k =T ~j (8) x i P j , ( k .. j , i = 1, 2 ~ ••. , 8). 

MaTpll1l.lbl T k (8) , (k = 1, ..• ,8) nonyuaorca 1113 Tn (4) , (O = 1, ... ,4), 
clleAYIO~II1M 06pa30M. Kposte 6a3111ca /4. 22/cy~ecTByeT e~e 6a3111C MaT-
PIl1I1 T; (~), (o = 1, .•• , 4), KOMMYTII1PYIO~II1i1 c T n (4). OH nOllY4aeTCR 
B peaynsr a re OTpa>KeHII1R P -+ - P n' X -) - X n (O = 2, 3, 4). To rria 

(-'k (4) O) 
n n 

( o ';(4») 
T k (8): = O T k (4) , T k + 3 (8): = - T k(4) O ' 

/4.26/C -E4
)

T 1 (8): = E 8' T8 (8): = 'E O ' (k = 2,3,4). 
4 

Ha 'CllY43i1 2 n nepeaeuaux et>opMYlla /4.26/ 0606~qeTCR TaK:
 
n-1


T (2n): = (-Tk ( 2 ) ~) ,
k 

O T (2 n 1)

k
 

O T k (2 
n

- 1
) ) 

'p (2"): ~ - (';(2"-1) O /4.27/ 

r n (2"): ~ (E O -E2"~1 ), 
T 1 (2 n

) -. E n > 

2/? 2n- 1 

MaTp~4Hoe ypaBHeHlI1e npll1HII1MaeT BII1A 
2n 

[ ~ T (2 n ) p ]$ = O,
 
~= l'k k
 

/4.28/ 
<1> = <1>('11 " ••• ), 'l'k ij (2 n ) x . p .•

1 T k 1 J 

'l' 
I ,
.1 
:I 
l' 5. onPEnEnEH~E MATP~4Horo n~et>et>EPEHU~AnAI! 

BBeAeHlI1e nOHRTII1R AII1et>et>epeHllll1alla 111 ero WlI1pOKOe npll1MeHeHlI1e OCHO-
BaHO Ra npeAnollomeHII1I11, 4TO c!>YHKIlIl1R y = f(x) Ha 6eCKOHe4HO 
/CKOllb yroAHo/ MallOM II1HTepBalle 3Ha4eHII1i1 aprYMeHTa ~x MO>KeT 6~Tb 

3aMeHeHa npRMo~, T.e. llIl1He~HO~, et>~HKllll1e~. TaKII1M 06pa30M, 3aMeHa 
npll1pa~eHII1R ~ fero AII1et>c!>epeHllll1allOM df ecr s npll16llll1>KeHlI1e BblCOKII1MII1 
CTeneHRMII1 CKOllb yroAHo Malloi1 /HO He TpIl1BlI1anbHo~!/ aenll14l11H~ ~x = 
= dx. TaKoe npll16llll1>KeHlI1e npOAII1KTOBaHO >KellaHlI1eM nOlly4111Tb II1MeHHO 
llll1He~HOe B~pa>KeHlI1e. HCHO, 4TO nYTb 0606~eHII1R nOHRTII1R AII1et>et>epeHllll1a

, lla c Y4eTOM 60llee B~COKII1X cTeneHe~ ~x 6ecnepCneKTII1BeH, 11160 Ha
pywaeT llIl1He~HOCTb. OAHaKo MeTOA MaTpIl14HO~ llll1Heapll13allll1111 n03BonR
eT np~oAolleTb 3TY TPYAHOCTb, nOCKOllbKY B MaTpll14HOM npeACTaBlleHlI1111 
AllR ~ X r eopua CHOBa CTaHOBII1TCR nIl1He~HO~. 

nYCTb II1MeeM c!>YHKIlIl1IO y == f(x), onpeAelleHHYIO B HeKOTopOM npo
Me>KYTKe x 111 HenpepblBHYIO B paCCMaTpll1BaeMOl1 T04Ke x ' Torna npupa

I 

o
 
~eHII1IO ~ x ap ryneara OTBe4aeT npapauieuae
 

~y = L\f(x ) = f(x + ~x) - f(x ) ' /5.1/o o o 

6ecKOHe4Ho Manoe BMeCTe c ~~
 

ECllll1 cy~ecTByeT AllR ~y npeACTaBneHlI1e
 

~y = A~x + O(~x), /5.2/ 

rAe A - nOCTORHHaR, O(~t) - 6eCKoHe4Ho MallaR 60llee B~COKoro, 

4eM A~ nopRAKa, TO A~x Ha3~BaeTCR AII1et>et>epeH4I11anoM et>YHKIlIl1I11 f(x) 
111 0603Ha4aeTcR 4epe3 dy. 

Aallee, npeAnOnO>KII1M, 4TO np0ll13BOAHble AO n-ro nopAAKa AnR f(x) 
TaK>Ke onpeAeneHbI 111 cy~ecTBYIOT. 

PaCCMOTpll1M pa3ll0>KeHlI1e /5.1/ B PRA Te~llopa B T04Ke XO AO ~xn 
BKllI04I11TenbHO: 

~f = f'~x + f"~x2+ •.. + f(n)~xn. /5.3/ 

PaCCMaTpll1BaR /5.3/ KaK ypaBHeHlI1e n-CTeneHII1 OTHOCII1TellbHO ~x, 3a
nll1WeM nll1He~HOe MaTpll14HOe ypaaae aue AnR onpenene-uia Ct1 AllR ~ X : 
F· DX = Df 

f(n-1) f(2) f( 1) \ 

1 O 
F: /5.4/ 

O 1 
O O(f ; ) 

o 
I 

O
1\ 

Df: 1 /5.5/(: :f) 
O 
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BblpameHlI1e Df 6y,qeM Ha3bl.BaTb MaTpll14HblM ,q1l1$$epeHL\lI1aIlOM et>YHKL\1I11;1 
y ::::: f(x), a DX - MaTpll14HblM ,q1l1$$epeHL\lI1anOM apryaeur a x, 3,qecb aax 3. RManeeB P.M. O~R~, Pll-85-815, Ay6Ha, 1985; .
HO, 4TO DX BXO,qIl1T B /5.5/ nIl1He~HO. 0606~eHlI1e /5.5/ Ha MHorOMep

O~R~, P5-86-250, ~y6Ha, 1986. 
H~~ cnY4a~ He npe,qCTaBnReT rpy,qa. B 3TOM cnY4ae 6y,qeM I;1MeTb 4. BaH ,qep Bap,qeH 5.n. Anre6pa. M.: HaYKa, 1979. 
M 

5. MblcOBCKII1X ~. H. ~HTepnonR41110HHble Ky6aTYPHble epopMynbl. '1.: 
k: 1. Fk DX k ::::: Df, /5.6/ 

HaYKa, 1981. 

rne Fk (k ::::: 1, M) 3aBII1CRT OT 4aCTHblX 
«a BKnlO4111TeIl bHO. 

B Ka4eCTBe npll1Mepa onpe,qenlf1M Df 
HblM no ~x 4neHOM. nOIlY4111M 

np01l13Bo,qHb1X f no n-ro nopan

1;1 DX, OrpaHII14111BBRCb KBa,qpaTII14

6. 

7. 

YlI1nKII1HCOH A.X. AIlre6pall14eCKaR npo6neMa 
M.: HaYKa, 1970. 
naHKaCTep n. TeopHR MaTp1l14. M.: HaYKa, 

c06CTBeHH~X 

1978. 

3Ha4eHII1~. 

~ f ::::: f(x + ~ x) - f(x) ::::: f' ~ x + f" ~ x 2. 

nepenll1WeM 3TO ypaBHeHlI1e 

f "dxa . + f' dx - df ::::: O', 

KaK CII1CTeMY 

dx - a ::::: O. 

Buõepe» 6a3111CHbl~ BeKTOp 

( 
f " f') ( Odx'P +
O 1 -1 

'11: ::::: ( 

- df ) 'li
O 

~ ). Tor'na 

::::: O. 

df)O . dx 12) ::::: (O
dx 22 1 

YCTpaHRR 'li 1113 "I11rpbl", nony4l-1M nll1Hei1Hoe 

( 
f " f' ) ( dx 11 

O 1 dx 21 

MaTpll14HOe 

/5.7/ 

COOTHOWeHlI1e 

no aHanorll1111 
HO~ $YHKI~1I1111 

MaTpll1L\Y 
f. 

nepe,q DX MomHO Ha3~BaTb MaTp1l14Hoi1 np0Il13Bo,q

ABTOp B~pa}l(aeT npll13HaTenbHocTb P.ErIl1KRHY 
MO~b B pa60Te 111 CTIf1MYIlI;1PYIO~lI1e 06cY}I(,qeHII1R. 

111 H.XYTOPHOMY 3a no ....",,~. - .~--... 
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TEMATHqECKHE KATErOPHH llYBRHKAUHA 

OBnE~HHEHHOrO HHCTHTYTA H~EPHYX 

HCCRE~OBAHHA 

HH,neKc TeMaTHKa 

1. 3Kcnep~MeHTaflbHaR ~~3~Ka B~COKHX 3HeprHH 

2. TeopeTH4ecKaR ~H3HKa e~coK~x 3Hepr~H 

3. 3Kcnep~MeHTaflbHaR HeHTPOHHaR ~H3HKa 

4. TeopeT~4ecKaR ~~3~Ka H~3K~x 3Hepr~H 

5. MaTeMaT~Ka 

6. R~epHaR cneKTpocKon~R ~ paA~OX~M~R 

]. ~~3~Ka TR*efl~X ~OHOB 

8. Kp~oreH~Ka 

9. YcKop~Ten~ 

10. AeTOMaT~3a~~R o6pa6oTK~ 3Kcnep~MeHTanbH~x 
AaHH~x 

11. B~4~cn~TenbHaR MaTeMaT~Ka ~ TexH~Ka 

12. X~M~R 

13. TexH~Ka ~~3~4ecKoro 3Kcnep~MeHTa 

14. HccneAOBaH~R TBePA~X Ten ~ *~AKOCTeH 
RAePH~M~ MeTOAaM~ 

15. 3Kcnep~MeHTanbHaR ~H3HKa RAePH~x peaK~HH 

npH HH3KHX 3HeprHRX 

16. ~03HMeTpHR H ~H3~Ka 3a~~T~ 

1]. TeopHR KOHAeHCHPOBaHHOrO COCTORHHR 

18. Hcnonb30BaHHe peaynbTaTOB H MeTOAOB 
~YHAaMeHTaflbH~X ~H3H4eCKHX ~ccneAOBaHHH 

B CMe*H~X o6naCTRX HayKH H TeXHHKH 

19. bH~H3HKa 

RManeea .P.M. 
MeTOA peAYK~HH nonHHOMHanbHo-HenHHe~H~X ypaaHeHH~ 
8 nHHe~H~e MaTpH~H~e ypa&HeHHR 

PS-86-833 

C nOMO~b~ MeTOAa MaTpH4HO~ nHHeapH3a~HH nonHHOMHanbHO-HenHHe~HO~ CHCTeMe 
ypa&HeHH~ COnOCTa&nReTCR CHCTeMa nHHe~H~X HeOAHOPOAH~X MaTpH~H~X ypa&HeHH~. 
PeweHHR nHHe~H~x ypaaHeHH~ - conpoao*Aa~He MaTpH~~ - RBnR~TCR o6~HMH pewe
HHRMH HCXOAHO~ HenHHeHHOH 3aAa4H a MaTpH4HOM npeACTa&neHHH. npHBOAHTCR anro
PHTM nOCTpOeHHR CTPYKTYP~ 6a3HCHOro BeKTOpa H MaTpH~-K03¢4M~HeHTOB nHHeHHO~ · 
HeOAHOPOAHOH CHCTe~. W3naraeTCR MeTOA pa3AeneHHR HeH3BeCTH~X B nonHHOMHanb
Ho-HenHHe~HOM 3aAa4e. npeAnO*eH anropHTM nOCTpoeHHR 6a3HCHOrO BeKTopa H YHH
TapHO~ MaTpH~~. CTOn6~~ /cTpOKH/ KOTOpOH COCTORT H3 C06CTBeHH~X BeKTOPOB, 
a MeTOAe nHHeapH3a~HH KBaApaTH~x ypaeHeHH~ c noMO~b~ anre6p~ KnH~~OPAa. Bee
AeH~ nOHRTHR MaTpH~HOrO AH$$epeH~Hana H MaTpH4HO~ npOH3BOAHOH AnA MHOrOMepHOH 
~yHK~HH. 

Pa6oTa B~nonHeHa B fla6opaTOpHH B~4HCnHTenbHOH TeXHHKH H aBTOMaTH3a~HH 
OHRH. 

Coo6meuue 011beAHHeHHoro HHCTHTYTa JIAepHblX uccneAoaauuii . .lly6ua 1986 

nepeBOA O.C.BHHOrpaAOBO~ 

Yamaleev R.M. 
Method of Reduction of Polynomially Nonlinear Equations 
to Linear Matrix Equations 

PS-86-833 

Using the method of matrix linearization of polynomially nonlinear equa
tion system a system of linear nonhomogeneuos matrix equations is compared. 
Solutions of I inear equations-accompanying matrices-are general solutions 
of original non I inear problem in matrix representation. The algorithm of 
constructing the structure of basic vector and matrice-coefficients of linear 
system is given. A method for separating unknowns in polynomially nonli.near 
problem is expounded. The alqorithm of construction of basic vector and uni
tary matrix, the columns of which consist of eigenvectors, in the method of 
I inearization of quadratic equations by means of the Clifford algebra is pro
posed. The concepts of matrix differential and matrix derivative for multi~ 
dimensional function are introduced. 

Th~ investigation has oeen performed at the Laboratory of Computing.Tech
niques and Automation, JINR. 

Communication of the Joint Institute for Nuclear Research. Dubna 1986 




