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.@ 06DéAHHeHHhIH ~CT}rryT anepnsrx HC~eAOBaH~ ,I(y6H&, 1987, 

BBEAEHHE 

nOCTpoeHHe HTepa~HOHH~X npo~eccoB, BeAY~HX war 3a warOM 
OT 3aAaHHoro Ha4anbHoro npH6n~meH~a K ~CKOMOMY peweH~~ HenHHe~

H~X 3aAa4, TeCHo CBa3aHo c npo~eAYPo~ n~Heap~3a~~H HenHHe~H~x 

ypaBHeHH~. B 4HcneHH~X MeTOAax OCHOBH~M cnoc060M n~Heap~3a~~~ 

HenHHe~H~x ypaBHeH~~ aBnaeTca pa3nomeHHe HenHHe~Horo ~YHK~HoHa

na B paA Te~nopa B OKpeCTHOCT~ peweHHR. npH 3TOM HcxOAHaR He
nHHe~Haa 3aAa4a TpaHc~opMHPyeTca B MHorocTyneH4aT~~ /HnH 380

n~~HOHH~~/ npo~ecc HaxomAeHHa ~eweHH~ nHHe~H~X ypaBHeHH~. Ta
KOBa CYTb MeTOAa Hb~TOHa-KaHTopOBH4a·'1· H ero MHor04HcneHH~x 
MOA~~HKa~~~!V. TaK~M 06pa30M, ~Tepa~HOHH~~ npouecc n03BonaeT 
npHMeHaTb MeTOA~ peweHHa nMHe~H~X ypaBHeHH~ Ana HaxomAeHHa 
npH6nHmeHH~x peweHH~ HenHHe~H~x 3aAa4. OAHHM H3 TaKHX MeToAbB, 
npHMeHaeM~x Ana 4HcneHHoro peweHHa AH~~epeH~HanbH~x ypaBHeHH~ 

s r opor-o noparnca c 3aAaHHblMH KpaeBblMH ycnoBHaMH, aanae r c a Me
TOA nporOHKH /3/. 3TOT MeTOA B paMKax HTepaQHOHHO~ npo~eAYP~ 
c ycnexOM npHMeHanca H Ana 4HcneHHoro peweHHa CHCTeM~ HenHHe~

HblX AH<P4>epeHUHanbHblx ypaBHeHH~ /4/, 

B nocneAHee BpeMa HHTeHc~BHO pa3BHBa~Tca MeTOA~ KOHe4Ho~ep

HO~ nHHeapH3a~HH /5/, OAHHM H3 TaKHX 
MaTpH4HO~ nHHeapH3a~HH, npVlMe-HeHHbl~ 

/6 1
re6paH4ecKHX ypaBHeHH~ '. 

EcnH HenHHe~Hoe AH~~epeHUHanbHoe 

Ly « F(y)==O, y:==y(x), x~ [A,B], 

<1>1 (y)1 x== A== 0, <1>2(y)!X=B=0, 

rAe 
2 

L ( y) == ( yk + 1- 2y k + Yk _ 1 ) / h , h == (B -

MeTOAOB aBnaeTca MeTOA
 
Ana peweHHa HenHHe~Hblx an


ypaBHeH~e ~MeeT BHA 

A) / N, x k = h k , 

F(y) - 3aAaHH~~ nonHHOM, TO Ana HaxomAeHVla peweH~~ TaKo~ 3aAa
4H MomHO npHMeHHTb MeToA MaTp~4Ho~ nHHeapH3aUH~ /MMn/. 

MMn CSOAVlT HCXOAHY~ nonHHoMHanbHo-Hen~He~HY~ 3aAa4Y K nl4
He~Ho~ OTHOCVlTenbHO MaTpHu-peweHH~. TeM caM~M anropHTM nporoH
KVI OKa3~BaeTCa npHMeHHM Ana HaxomAeHHa MaTpMU-peweH~~, a cne
AOBaTenbHo, VI caMHX peweHH~, nocKonbKY nocneAHHe eCTb C06CT
BeHH~e 3Ha 4eHHa Ha~AeHHblx MaTpH~. 

~:::;.. UIi~'i-K.iCTKrYl 1 
um~~BMX ~(C~eiOEaUaU 

I:.Me. ""'jt~Tt::'UA 
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1.	 METOA MATPH4HO~ fiHHEAPH3AUHH IMMn/.
 
AnrOPHTM nOCTPOEHH~ MATPHU-K03~~HUHEHTOB
 

CHCTEMbl BEKTOPHblX DHnHHE~HbIX YPABHEHH~
 

MeTOA MaTp~4Ho~ n~Heap~3a4~~ CTaB~T 8 COOTBeTCTB~e MHOrO
MepHOMY nOn~HOM~anbHo-Hen~He~HOMY ypaBHeH~~ BeKTOpHOe ypaBHe
H~é, n~He~Hoe no He~3BeCTH~M, HO c MaTp~4HWM~ K03~~~4~eHTaM~, 

Ae~CTBY~~~M~ Ha onpeAeneHHW~ BeKTOp. npOCTe~w~e cnoc06w MaT
P~4HO~ n~Heap~3a4~~, ~cnonb3y~~~e anre6pbl Kn~$~OPAa, rpaCCM~

Ha ~ Aa$~~Ha-KeMMepa, Hawn~ w~pOKoe np~MeHeH~e np~ on~caH~~ 

4aCT~4 co cn~HOM/7/. 
PaCCMOTp~M C~CTeMY ~3 M ypaBHeH~~ B M-MepHOM npOCTpaHCTBe 

fi(ç)=O, <i=l,M),	 11 .11 

rge' ç - T04Ka B M-MepHoM npoc r paac r ae , f i - non~HOMbl nponaaons> 
Hora nopanxa , 3aAaHHble B xorisue C[X p x 2' ••• , xM 1• 

nYCTb n - npoaaaonsuoe pacunrpeuae OCHOBHoro nona C. Ha60p 
~3 M 3neMeHTOB ç l' ç2, ••• , ç M nona n aanse r ca T04KO~ a$~~HHOro 

npOCTpaHCTBa AMcn). T04Ka_!S. YAOBneTBopfl~~afl 11.1 I, Ha3blBaeTCfI 
KopHeM MHor04neHOB fi (i = 1, M ). MHo>t<ecTBo acex 06~~x KopHe~ 

11.11	 06pa3yeT anre6pa~4ecKoe MHoro06pa3~e 18~ 
~HoroMepH~~ non~HOM IMHor04neHI 

f ( ç)': = f Cxl' x 2' ••• , XM) 

c reneua N ~3 M 'nepexenaux' COCTo~T ~3 CYMMbl /l (M, N) OAH04neHOB 
a 1 a 2- a 3 a M 

x. 1 x 2 X3 • • • x M ' 

npa 3TOM MaKC~ManbHOe 4~cno OAH04JTeHOB onpenenaerc a no ~OPMY·· 

ne 191 

f1CM,N) CC M + N ) l/C M 1N! )) • 

Anfl 3aAaHHoro MHor04neHa coc~aB~M ABa 6a3~CHWx BeKTo~a F 1 
~ Fo ' MaKC~ManbHafl .pa3MepHoCTb KOTOpblX paeua L = f.L CM, N - 1 ). 
Fi ~ Fo Aon>t<Hw YAoBneTBopflTb cneAY~~~M ycnOB~f1M: 

ai F 1 conepxur CB060AHbl~ 4neH MHor04neHa f ~ COCTO~T ~3 na
He~Hwx nO.He~3BecTHwM Bwpa>t<eH~~; 

·6/ Fo' COAep>t<~T OAH04neHbl TaKo~' CTPYKTYPbl, 4T06bl ~Meno MeCTO 
paae-rchso 

CFO ' F 1) = f,	 11 .21 
rAe I ... , ... 1 - 03Ha4aeT CKanflpHoe npO~3BeAeHHe ABYX BeKTopOB. 

2 

4T06w YAOBneTBop~Tb 3THM Tpe6oBaH~f1M B o6~eM cnY4ae, gocTa
T04HO auõpa r s B Ka4eCTBe KOMnOHeHT Fo BceB03Mo>t<Hble n~He~Ho-He~

Q r Q,- k QM 
3aB~C~Mble onuovneuu creneu« MeHbwe N: xl". Xi 1 ••• X.M ~ eA~

H~4Y· np~ 3TOM CTPYKTypa F 1 6YAeT onpeAenflTbCfI ~3 11.21 ~ ~3 

Tpe6oBaH~f1 n~He~HocT~ no He~3BeCTHWM. Aanee: 3an~weM KOMnOHeH
TW 6a3~ca Fo B OAHY CTPOKY B nopflAKe y6~BaH~f1 cTeneHe~, npOBe
AeM 4epTY ~ nOA He~ 3an~weM cooTBeTcTBy~~~e KOMnOHeHTbl F 

1
• Cne

AY~~~M 3TanOM nOCTpO~M n~HeHHo-He3a8~c~Mble aek rope F + 1 CP = 1,p
 
p = L - 1), coc r oauiae ronsxo ~3 ABYX HeTp~B~anbHbIX 3neMeHTOB:
 
xi	 ~ -1 ~ YAoBneTBopfl~~~e ycnoB~~ 

(FO ' Fp+ 1 ) = O.	 11 .31 
HYMepa4~~ p Bw6epeM B TOM nopflAKe, 4T06w OHa COOTBeTCTBOBa

na MeCTY I-li 8 F ' ecn~ OTC4~TWBaTb cneBa.p + 1 
Hanp~Mep, 

p = 1; F2 := (-1,0, ... , xi' 0,0, ... ,O), 

11.41 
p = 2;, F 3 : = (0, - 1 , ••• , x k ' ••• , O, O) • 

Pacnonaraa aexropu F2,F3,··.,FIl nOA aex r opos- F 1 ) nonY4~M MaT
P~4Y \\ F n,Q I1 In COoTBeTcTsyeT HOt-:'1epy aexropa , r - HOMepy KOM
noue-rru eex'ropa/'. Ba>t<Ho, 4TO 3neMeHTbl F n, e conepxar He~3seCT
Hble xiCi = 1, M) TonbKO n'~He~Ho. 

Ha npaKT~Ke AnA nOCTpOeH~f1 Fo ~ FI AocTaT04Ho Ka>t<A~~ OAHO
4neH nonHHOMa f npeAcTa8~Tb B B~Ae 

Q 1 Q 2 QM a 1 Q i - 1 Q M
 
X1 X2 ••• XM = x i (x 1 ... Xi ... XM ),
 

3aTeM n~He~HW~ COMHom~Tenb 06bflB~Tb KGMnOHeHTo~ F l' a COMHO

>t<~Tenb B cK06Kax - KOMnoHeHTo~ Fo . Iloc r ooeuuue TaK~M 06pa30M
 
Fo ~ Fi 3aseAoMo 6YAYT YAoBneTBOpp.Tb ycnoB~~ 11.2(. Anfl KOHCT

PYK~~~ B}~KTOPOB F'p + 1 nocnenoearens ao Ka>t<AoMY OAH04neHY B Fo
 
Heo6xOA~MO HaHT~ APyry~ KOMnOHeHTY Fo ' np~ YMHO>t<eH~~ KOTOPO~
 

Ha n~He~Hw~ no xi MHO>t<~Tenb nonY4HnCR 6w AaHHW~ OAH04neH. no

CKonbKY Y F p + 1 KpOMe ABYX OCTanbHWC KOMnOHeHTW paBHw Hyn~,
 

TO ycnoB~e 11.31 OKa3WBaeTCfI BwnonHeHHWM.
 
TaK~M 06pa30M, MaTp~4a W( f i ) AnR norniuoua f i Cç) noc r poeua . 

\t1MeeT MecTo 
Te o pe a a Onpenenareru, MaTp~l..\bl W(f):·=IIF C 1\ ec r s non~HOMi	 n 

f,	 T. e. ' 

det ( WCf ) 1 = f.	 11.51 

/ 6 1 I.IAoKa3aTenbcTBo CM. B 

3 



MaTpV14a W( f i ) MO>KeT 6blTb npeacraanexa B BV1Ae
 
M
 

/1 .6/W( f i ): = ~ x k A k i + AO i ' 
k = 1 

rne t-1aTpV14bl A ,A 3aBI-1CflT V1CKIlI04V1TeIlbHo OT K03<t>cPV14V1eHToB
k i Oi 

nOIlV1HOMOB fi. 
~TaK, AIlfl 3aAaHHo~ CI-1CTeMW aIlre6paV1~eCKV1x ypaBHeHV1~ /1.1/ 

M~ nOIlY4V1IlV1 6V1IlV1He~HYIO BeKTopHYIO CV1CTeMY ypaBHeHV1~ BV1Aa 

M 
[ I x A k' + Ao' 1 'lJ. = 0, (i = 1, M ) , /1 . 7/ 

kk== 1 1 1 1 

rne A (n = 0, M: i == 1, M) - MaTpV1UbI J conepxaunre TOIlbKO K03cPcPV1

4V1eHTw
n i 

CV1cTeM~ /1.1/, ~i - cooTBeTcTBYIOIUV1e BeKTOp~. Pa3Mepw 
MaTp V14 onpeAeIlfllOTcfI CTeneHblO noIlV1HOMOB. 

MO>KHO nOKasaTb, /CM., HanpV1Mep,/61/, 4TO CV1CTeM~ /1.1/ 
V1 /1.7/ paBHoCV1IlbH~, T.e. peWeHI-1f1 /1.1/ B T04HOCTV1 cOBnaAalOT 
c peWeHI-1f1MI-1 /1.7/. nOp~AOK MaTpl-1UW W(f) paBeH AIlV1He BeKTopa 
FO ' KOTOpbl~ B 06IUeM cnyuae ecr s "" 11 (M, N - 1). B npV1H~l-1ne, no
PRAOK MaTpV1~ A 

i k 
MO>KeT 6~Tb cOKpalUeH sa C4eT YCIlO>KHeHI-1f1 onV1caH

Horo B~we aIlrOpl-1TMa. 

2.	 PA3aEnEH~E HE~3BECTH~X B METOaE MATP~4HOA
 
n~HEAP~3AU~~. npOUEaYPA np~BEaEH~~ K COBMECTHOMY
 
B~aY. COnpOBO}l{aAlOUlA~ MATP~UA AJ1~ MHorOMEPHO~
 

.. C~CTEMbl 

npaKTV14eCKafl ueHHocTb MMn npV1 peweHV1V1 HeIlV1He~H~x aIlre6pal-1
4eCKI-1X ypaBHeHI-1~ COCTOI-1T B TOM, 4TO npV1BeAeHH~e K COBMeCTHOMY 
BI-1AY BeKTOpH~e ypaBHeHV1f1 n03BOIlR~T np0V13BeCTV1 pa3AeIleHV1e HeV13
BeCTH~X. Ha 3TY OC06eHHOCTb BeKTOpH~X ypaBHeHV1~ B paMKaX MeTO
na CnV1HOpHO~ IlI-1HeapV13a~l-1V1 KBàApaTHblX ypaBHeHV1~ anepaue 6blIlO 
YKa3aHO B /10/. 

EcTb elUe oAHa Ba>KHafl oC06eHHOCTb MMJ1/6/: V1cxoAHafl HeIlV1Hei1
Hafl 3aAa4a !TeOpl-1f1/ B MMn Ha onpeAeIleHHoM 3Tane ee peWeHV1f1, 
a I-1MeHHO nocne 3aMeHbl HeV13BecTH~x cooTBeTCTBYlOmV1MV1 MaTpl-1~aMV1, 

npeBpamaeTCfI B IlV1He~HYIO 3aAa4Y /TeopV1lO/ OTHoCV1TeIlbHo MaTpV1~
p.eweHI-1~. 3TI-1 MaTpl-1~bl I-1MelOT Te >t<e CBO~CTBa, 4TO 1-1 conpoBQ)l(AalO
IUl-1e MaTpl-14W /CM/ AIlfl OAHOMepH~X aIlre6pal-14eCKI-1X ypaBHeHV1~. Pa3
AeIleF'll-1e HeI-13BeCTHbIX, a cIleAOBaTeIlbHO, npV1BeAeHV1e I"CXOAHO~ no
nI-1HOMV1aIlbHO-HeIl~He~HO~ CI-1CTeM~ K TpeyroIlbHOMY BV1AY CTaHOBV1TCR 
B03MO>KHWM noCIle npI-1BeAeH\;1f1 BeKTopH~X ypaBHeHV1~ /1.11/ K COB-

MeCTHOMY 8V1AY. 

4 

PaCCMOTpl-1M CI-1CTeMY BeKTopHWX yPaBHeHI-1~ 

[~ 
M

x k A 1 + A o 1,'P = ° = 1~).	 12.1/J -( mk ==	 1 em m m 

AIlR onpeAeIleHHOCTI-1 0603Ha4V1M 4epe3 L nopRAOK MaTpl-14 A A " k m, 
Om 

npl-1BeAeM MaTpl-1~bl 

M 

Gm : = I ~ X k Akm + /2.2/AOm 1 
k= 1 

K B3al-1MOKoMMYTI-1PYIOlUeMY BI-1AY, He TepRR npl-1 3TOM CBo~cTBa paBHo
CI-1IlbHOCTI-1 c I-1CXOAHO~ HeIlI-1He~HO~ CI-1CTeMOl.1. C 3TO~ 4eIlblO YMHO>KI-1M 
MaTpl-1~Y G 1 no npaB~IlY TeH30pHoro np0I-13SeAeHV1R cIlesa, a OCTaIlb
Hble M- 1 MaTpl-14 G j (j > 1) cnpaaa , Ha eAI-1HI-1\-HiYIO MaTpl-14Y E L 
nooarnca L . 

nOIlY4V1M 

G1	 1 = E L®G 1
, G .T j G. <Zi E L • /2.3/J 

npl-1 3TOM 

L L
det (GJk , ) == I detG k I == f k '	 /2.4/ 

TaK \..ITO paB HOCI-1IlbHOCT b npl-1 YMHO>KeHI-1I-1 G k Ha E L He TepReTCR. 
BMeCTo 3aAaHHblX M-MaTpI-14 G k /3.2/ oôpaayex HoBble MaTpl-1Ubl G Ek 
no cIle~YlOlUe~ 4>opMYIle: 

GE EL<Zi ••• <Zi 
1	 

E L0G 1 

(M - 1 ) 

GE 2 == E L <Zi ••• <ZiEL <ZiG 2 <ZiEL 

(M-2) 
------ /2.5/ 

<Zi EG EM_ 1 == E L <Zi G M- 1 ° E L <Zi L 

(M-2)' 

G EM == GM <Zi E L <Zi... <Zi E L 

(M - 1) 

MO>KHO nOKa3~Tb, 4TO nOIlY4eHH~e MaTpV1~bl GE k , (k= 1,M) KOMMYTV1
PY~T Me>KAY c06o~. 

KpOMe Toro, OHV1 npOCT~e, TaK KaK no nOCTpoeHV1~ RBIlR~TCR 

npOCT~MV1 MaTpV1~~ GM V13 /2.2/. CIleAoBaTeIlbHo, G~k 06IlaAa~T 06
IU V1 M 6a3V1coM c06cTBeHH~x <bYHK~V1~ '~k (n = 1, L ). YHV1TapHY~ MaTpV1

5 



4Y, CTOIl64b~ KOTOPO~ COCTO.AT ,1113 C06CTBeHHblX BeKTOpOB <I> n- 0603Ha
qlllM 4epe3 U. COrIlaCHO COOTHoweHlIl.AM /2.4/, CIIlCTeMa ypaBHeHIIl~ 

GE m <I> = 10, (m = eM) /2.6/ 

paBHOCIIlIlbHa CHCTeMe /2.1/. BamHO, 4TO B /2.6/ Bce ypaBHeHH.A 
conepxar OAHl!I H Te me 6a3HCHble eekropu <1>. flpeoõpeaoaaune /2.5/ 
nepeaonur 12.2/ B MaTpH4bl- BHAa 

M 

G Em: = [~ x k AE km + A EOJ . /2-. 7/ 
k= 1 

nonY4eHHY~ CHCTeMY ypaBHeHH~ /2.6/ no oTHoweHH~ K /2.1/ 6YAeM 
~ Ha3blaaTb cac r exoã, npV1BeAeHHo~ K COBMeCTHOMY BHAY. 

OnpeAenlllM MaTpH4Y AEX KaK 6Il04HY~ MaTpH4Y, 3neMeHTaMw-6no
KaMH KOTOPO~ .ABn.A~TC.A MaTpH4bl AEkmnOp.AAKa L. Ecnu AHaroHanb
Hble 6noKH AEX-MãTPH4bl A~k He ocoõue , TO cyurec r aye r MaTplll4a 
AEX-l, 06paTHa.A K AEX . 0603Ha4HM 6nOKH AEX-1, .ABn.A~Ll.lHeC.A MaTpH
4aMH Toro me nOp.AAKa, 4TO H AEX, 4epe3 BE nm• 
, YMHomlllM /3.6/ cneBa Ha MaTpH4Y AEX-1. nOIlY4HM 

/2.8/xnE'«IJ X <P, 

M 

X n ~ BE nm AE Om· /2.9/ 
m=1 

B CHIlY TOrO, 4TO det (AEX - 1) #- O, CIIlCTeMa /2.8/ paBHOCHnbHa
 
/2.6/~ a cneAOBaTenbHO, H /2.1/. YpaBHeHH.A /2.8/ yme pa3gene

H~ OTHoCHTenbHo HeH3BeCTH~X KamAoe ypaBHeHHe /2.8/ COAep
x n: 
mHT CBO~ HeH3BeCTHY~. nOCKonbKY ~m COAepmHT HeTpHBHanbH~~ 3ne
MeHT, TO <I> MomHO HOpMHpOBaTb ycnoaae-i <I> 2 = J. 

TaKIIlM 06pa30M, /2.8/ MomHO paCCMaTplllBaTb KaK 3aAa4Y Ha c06
CTBeHH~e 3Ha4eHH.A. nYCTb D(xn ) - AHarOHanbHa.A MaTplll4a H3 c06
CTBeHH~X 4Hcen x n•
 

TorAa /2.8/ 3anHweM TaK:
 

U D (x ) = X U. /2. 8a/
n n 

1-13 /2. 8al BHAHO, 4TO MaT Plll4bl Xn (n = 1, M) HMe~T 06Ll.lH~ 6a3Hc
 
c06cTBeHH~x BeKTopoB, cneAoBaTenbHo /CM., HanpHMep, 111//, OHH
 
B3aHMHO KOMMYTHPY~T. 

3aMeTIIlM, 4TO HeCMOTp.A Ha nHHe~HOCTb no HeH3BeCTH~M x n' CH
CTeM~ /2. 1/ HeIlIllHe~Ha, T04Hee, 6HnHHe~Ha, nOCKonbKY ~m r axxe 
HeIll3BeCTHa. CornacHo /1.12/, CTeneHb HenHHe~HocTH'/2.1/ COB
naAaeT co CTeneHb~ /1.1/. Tenepb noCTaBIIlM B cooTBeTCTBHe CH
CTeMe /2.6/ nHHe~HY~ HeoAHopoAHY~ MaTpH4HY~·CHCTeMY BHAa 

6, 

M 

2 AE k X k ::;-AE Om . /2.10/
k= 1 m 

PeWeHH.A /2. 10/ onpege~.A~TC.A no $opMyne /2.9/. 
Te o pe x a . MaTpH4bl X m(m = f;M) YA08neTBOp.A~T HenHHe~HO~ CIIl

CTeMe yp'aBHeHH~ f m = O, (m = r:Jl), T. e . .ABn.A~TC.A 06W.HM peweHHeM 
3TO~ CHCTeMbl B MàTpH4H01>1 npeACTaBneHHH. __ 

LtoKa3aTenbcTBo. ,llonycTIIlM, 4TO ~n,k(n==l,M: k = 1,L) aa
n.A~TC.A c06CTBeHHWMH 4HcnaMH MaTpH4 X n. Torga, npoeKTHPY.A MaT
pH4Hwe ypaBHeHH.A /2.10/ ~a npOCTpaHCTBO c06cTBeHHwx BeKTopOB 
<l>k (k = 1,L), nonY4HM 

M 

[~ A E . x k + A E O' J<!Jk = O. /2. 11/
m = 1 m i m , I 

Ho /2.6/ paBHOCHnbHa /2.1/, a /2.1/ paSHOCIIlIlbHa /1.1/. nOCKonb
KY /2.11/ no $opMe nOBTOp.AeT /2.6/, TO c06CTBeHH~e 3Ma4eHH.A 
.AB~.A~TC.A peWeHH.AMH CHCTeMW /1.1/. 3TO 3Ka4HT, 4TO 

f i (D ( x n )) = o. /2. 12/ 

J..13 l3.8a/ IIlMeeM 
- 1 .

UD(xn)U = X n• 

n03TOMY 

O = U f. (O (x )) U -1= f. (U O(x ) U -1 ) = f. (X n ).
I n I n I 

" T. e. MaTpH4bl Xn YAOBneTBOp.A~T CHCTeMe f i = O, (i = 1, ... , M ). 
Ha ocuoae auureusnoxe auoro MO>KHO cnenar b crrenyouiee 3aKIlI04e

HHe. 
,lln.A CHCTeMW HenlllHe~Hwx anre6paH4ecKHx ypaBHeHH~, An.A KOTO

pWX B nplllH4V1ne AonYCTHMO npegcTaBneHHe BHAa /2.6/ c HeBwpom
AeHHblMH MaTpV1-4aMH A E k ,CYLl.leCTBYICT MaTplt1tJ.bl X ,06naAa~w.He 

u fi n -
CBOlilCTBaMH: 

1. C06CTBeHHble 3Ha4eHM.A X .ABn.A~TC.A peWeHH.AMH 3aAaHHo~ Hen 
nV1He~HO~ CHCTeMW. 

2. MaTP~4w ~n ygoBneT80p.A~T 3aAaHHo~ CHCTeMe ypaBHeHIIl~. 
CIIlCTeMY /1. 1/ B 3TOM cnyuae MOH{HO Ha3blBaTb aHHynV1Py~w.JI1MJI1 

MHoro4neHaMIIl IIln~ MHHHManbHO~ CV1CTeMO~ MHor04neHOB no oTHowe- • 
HH~ K MaTpH4aMAXn/no aHanorHH c OAHOMepHWM cnY4aeM/. 

3. MaTpH4bl X HaXOA.ATC.A H3 peuieuua nHHe~HbIX HeoAHopogHbtXn 
anre6paH4ecKV1x yPaBHeHH~. 

TaKHM 06pa30M, MaTpH4bl x 06naAa~T T,eMH me cBoi4cTBaMIIl, 4~0n 
H conpoBomAa~w.He MaTpH4W /CM/ B OAHOMepHOM cnY4ae. n03TOMY Xn 
M~ 6YAeM Ha3WBaTb conpoBomAa~w.HMH MaTpV14aMH MHorOMepHO~ CH
C,.eMb~ /CMMC!. 
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Ao CI-1X nop npeAn011ara110C b, 4TO MaTpl-14bl AE kk - He ocoõue , MaTpIf14Hbl~· AeTepM\.1HaHT: det (A) onpenenaer ca A11~ 61104HO~ Ma

B Ae~CTBI-1Te11bHOcTI-1, 3To,Tpe60BaHI-1e B paMKax a11rOpl-1TMa 1 OKa3W TPlf14bl c KOMMYTI-1PYIOLl.t\.1MIf1 CTpOKaMI-1 aHa110rlf14HO 06bl4HOMY onpenene

BaeTCfl BwnORHeHHWM TonbKO B Cne4l-1a11bH~X C11Y4a~x. A I-1MeHHO: HI-1IO AeTepMI-1HaH1a, rAe B Ka4eCTBe 311eMeHTOB MaTplf14W BwcTyn~IOT 

a/ eC111-1 AaHHoe ypaBHeHwe CI-1CTeMW He11I-1He~HO no BeAy~e~ He1-13 KOMMYT~PYIOLl.tl-1e 6110KIf1. TaKI-1M 06pa30M, Det(A) ~B11ReTc~ MaTpl-14e~ 

BecTHo~ 1-1 J1I-1He~HO no OCTa11bH~~ HeI-13BeCTHWM; 6/ eC111-1 ypaBHeHI-1~ Toro me nop~AKa, 4TO M MaTpl-1~W B 6110Kax. 

CI-1CTeMW 0611aAa~T CBO~CTBOM OAHOPOAHOCTI-1 /HymHo~ CTeneHI-1 16// 0606Ll.ta~ np04eA~PY If1CK11104eHI-1~ Helf13Bet7Hwx, nplf1BeAeHHYIO Bwwe 
no OTHOWeHl-11O K BeAYLl.tI-1M J-ie1-13 BBCTHbIM. KaK noxa aaso B 16/. B npl-1H A11~ ABYX ypaBHeHIf1~ /2. 13/ Ha c11Y4a~ CIf1CTeMbl /2. 11/, no'11Y41f1Mií
41-1ne ace CI-1CTeMbl MorYT 6blTb caeneuu K C11Y4alO /6/ nYTeM BK11~4e

(U X m '<IJ = R m'<lJ , fi = 1,2, .•• ,M, /2. 15/
HI-1~ 11\.1WHIf1X 11 Hyi1eBblxlI peWeHIf1~. OAHaKo 1f1311o>«eHHa~ Bb!We TeXHI-1Ka ~r 
MomeT 6WTb 0606Ll.teHa 1-1 Ha 06Ll.t1f1~ c11Y4a~ - KorAa MMn AaeT ~BHO BW rne 
pO>KAeHHble MaTplf14bl A E kk • 

Det(AEX LnpoAeMOHCTplf1PyeM 3TY B03MomHoCTb Ha npl-1Mepe CI-1CTeMbl 1-13 ABYX 
(U 

HeI-13BeCTHWX. B 3TOM C11Y4ae C\.1CTeMa 12.11/ I-1MeeT BIf1A: 
M 

( AE 11 x 1 + A E 12 x 2 1'<1J = - AE o 1 <lJ , . R m - I F.k • AEX k • 
k==l m 

/2. 13/ 
( AE 21 x 1 + AE 22 x2 1<IJ = - A Eo 2 '<IJ • MaTpl-1~bl A E X k m- axanoru a11re6palf14eCKI-1X Aono11HeHIf1~ A11~ 311eMeH

TOB-6110KOB AE k m ,MI-1HOPW KOTOpWX onpeAe11~~TC~ 4epe~ MaTpI-14HW~ 

YMHOml-1M nep soe ypaaueuae Ha A E 21 • aropoe - Ha AE 11 • Bb141f1Ta~ AeTepMIf1HaHT' DeL B 06Ll.teM C11Y4ae MaTplf14a (U - .oc06a~. B npOTI-1B

OAHO ypaBHeHl-1e 1f13 APyroro 1-1 I-1Cn011b3Y~ YC110Bl-1e KOMMYTaTI-1BHOCTI-1 HOM c11Y4ae MW I-1Me111-1 6w 

A E 21 AE 11 - == O, x m<IJ = 1 Rm<lJ , fi = 1, 2 •••• , M , /2 . 16/(U AE 11 AE 2 1 
161 

n011Y41-1M 4TO ~BJ1~eTC~ 04eBIf1AHWM 0606Ll.teHl-1eM $OPMY11W KpaMepa c npl-1Me
HeHlf1eM MaTpl-14HOrO AeTepMI-1HaHTa. 

(U x 1<fl == (A E o2 A E 12 - A Eo 1 A E 22 ) '<fl == R 1 e. 0606Ll.teHHa~ aana-ta Ha c06CTBeHHble 3Ha4eHI-1~ /2. 15/ no TO~ me 

/2. 14/ npl-14l-1He, 4TO 1-1 3aAa4a /2. 14/, CIf1HrY11~pHa. 3Aecb BamHO, 4TO 111-1
He~Hwe npe06pa30BaHIf1~ npl-1 nepexoAe OT /2.11/ K /2.15/ He Hapy

(U x2 <lJ ~ (A Eo 1 AE 21 - A E o2 AE 11 ) <fl == R 2 <lJ , 
walOT paBHOCIf111bHOCTIf1. Ae~CTBI-1Te11bHO, c06CTBeHHwe BeKTOpw <IJ 
1-1 c06CTBeHHwe 3Ha4eHIf1~ xm 3aAa4 /2.11/ 1-1 /2.15/ OAHIf1 1-1 Te me. 

(U : = (A E 22 AE 11 - AE 12 A E 21 ). TaKI-1M o6pa30M, I-1MeeT MeCTo 
TeopeMa. 

n011Y4éHH~e 0606Ll.teHH~e 3aAa41-1 Ha c06cTBeHHwe 3Ha4eHI-1~ /2.t4/ C06CTBeHHwe 3Ha4eHIf1~ 3aAa41-1 /2.15/ ~B11~IOTC~ peWeHIf1~MI-1 He
~B11~IOTc~ CI-1HrY11~pHbIM\.1,T.e. He I-1MelOT xapaKTep1-1CT1-14eCK~X MHoro 11If1He~HO~ CI-1CTeMW /1.1/. 
411eHoB.Ae~CTBIf1Te11bHO,B,np04ecceB~BOAa /2. 14/ ~3 /2.13/ ypaB AOKa3aTe11bcTBo cnenyer 11I3 paBHOCl-111bHOCTI-1 /2.15/ lf1 /2.11/, 
HeHI-1~ 6bl11l-1 YMHO>KeHbl Ha MaTpl-14bl / A E 21l-f A E 11 /, AeTepMIf1HaHTbl KO 1-1, KaK 6~110 nOKa3aHO B~we, /2.11/ lf1 /1.1/. TaKIf1M 06pa30M, 

TOpWX paBHW·HY11IO. OTc~Aa'c11eAyeT~ 4TO /2.15/ paBHOCl-111bHa /1.1/. 
BW4If1C11If1Te11bHa~ np04eAypa peWeHIf1~ CIf1HrY11~pHWX 0606Ll.teHHwx 3a

det «(U x i - R i ) = O, (i .= 1. 2 L Aa4 COCTOI-1T B OAHoBp~MeHHo~ AIf1arOHa11lf13a41-11f1 MaTplf1~ (U lf1 R m /TaK 

npl-1 11lO60M 3Ha4eHIf1\.1 xi ~ T.e. 3aAa41-1 Ha c06CTBeHHble 3"Ha4eHI-1~ Ha3blBaeMbl~ QZ -a11rOplf1TM 1121 /. A11~ peWeHIf1~ 3aAa41f1 /2. 15/ MomHO 

/2. 14/ CI-1HrY11~pHbl 112 . npeA110mlf1Tb 1-1 APyro~ nYTb. 
B 06~eM c11Y4ae CIf1CTeMW 1-13 M ypaBHeHI-1A 3aAa4Y pa3Ae11eHIf1~ He nepe$opMI-1PyeM /2.15/ B C11eAY~Ll.teM BIf1Ae: 

1-13BeCTHblX B M'aTp1f14Ho.:1 CI-1CTeMe /2. 11/ c ~BHO BblpomAeHHblMIf1 oco l'
 wX R m • /2. 17/
6blMIf1 MaTplf14aMIf1 AE kn MomHO oCYLl.tecTBI.1Tb nYTeM BBeAeHIf1~ nOH~TIf1~ " m 

....
MaTplf14HOrO AeTePMIf1HaHTa / 6 1 

À m$ x , e , /2. 18-/ 
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TaK~M 06pa30M, /2.15/ M~ pa36~nK Ha ABa 3Tana: Il/ ~3 MaT
p~4Horo ypaBHeH~R /2.17/ onpeAenReTéR MaTp~4a Xm ;/2/ B (2.18/ 
peurae r ca 06bl4HaR 3aAa4a Ha coôc r aeuuue 3Ha4eH/IlR AnR MãTP~4bl 

Xm.AonycT~M, 4TO P eCTb nopRAoK MaTp~4, BXOAR~~X B /2.17/, 
a N - paHr MaTp/ll4~ w. TorAa ~eweH~e /2.17/ 6YAeT Ha~AeHo, ec
1m 6YAeT 3aAaHO 'K = P-fIl CTpOK MaTp~4bl Xm. AnR YA06cTBa MO)l{HO 
3aAaTb K H~)I{H~X CTpOK X HynRM~. KaK ~3BeCTHO / 11/ o TaKaR MaTp~

~ 

m	 
.Iua V1MeeT MHH~MYM K Hynesblx COQCTseHHblX 3Ha4eH~~. nYCTb ~m(m = 4 

'= r~lr} - c06CTBeHHble aexropu X m , COOTBeTCTBYIO~~e 3T~M "n~WH/IlMll {~. 
HyneBblM coõc TBeHHblM 3Ha4eH~RM. Toraa /2. 18/ cnenye r cl!JOPM~PO '. 
BaTb KaK 3aAa4Y Ha c06CTBeHH~e 3Ha4eH~R co CBR3RM~: 

À <fJ= X e . (<11 ,ço)=O, (e = 1, ... ,K). /2. 19/ 
rn,n n m n n t 

3.	 METOA nporOHKH ADR PEWEHHR HEnHHEAH~X
 

KPAEBWX 3AAA4
 

nOKa)l{éM, KaK MeTOA MaTp~4Ho~ n~Heap~3a4~/Il n03BonReT 0606
~~Tb anrop~TM npOrOHK/Il AnR HaXO)l{AeH~R peweH~~ Hen~He~Horo A/Ill!J
$epeH4~anbHoro ypaBHeH~R B KOHe4Ho-pa3HOCTHOM npeACTaBneH~~. 

PaccMoTp~M A~$l!JepeH4~anbHoe ypaBHeH~e BToporo nopRAKa B ~H
repeane (a, b ] 

j 

y'" + p(x)y + F(y) == 0,	 /3.11 I 

,t 
rne F - non~HOM OT y.
 

Tpê6yeTcR Ha~T~ peweH~R /3. 1/ npu 3aAaHHblX «pae asrx yc.noauax
 

y(a)=A, y(b) == B. 

B pe3ynbTaTe KOHe4Ho-pa3HocTHO~ annpOKC~Ma4~~ A~$$epeH4~anbHO

ro	 onepaTopa nonY4~M 

2
 
(Yn-l- 2Yn + Yn+1)/h + PnYn + F(Yn) == 0,
 

/3.2/ 

Yo	 == A, YN == B. 

-[	 C~CTeMa /3.2/ ~3 N YP~8HeH~~ eCTb c~CTeMa Hen~He~H~X anre6
Ipa~4eCK~X ypa8HeH~~ cne4~anbHoro 8/1lAa. B pe3ynbTaTe np~MeHeH~f1 i 

MMn nonY4~M r11 

Y + YnK n + T n 0,
n- 1h n + Y n + 1M n 

14;/3.3/ 
! 

A.E, Y B. E,Yo	 N I 

10 

...
 

rne l'n , x, , M n ,T - 'MaTp~4br, 3aB~CR~~e r onsxo OT K03$<t>~n 
4~eHTOB. c~CTeMbl /J. 2/ ,. nocne .np/llBeAeH~R MaTp~4Ho~ C~CTeMbl 

K cOBMecTHoMY B~AY, E - eA~H/II4HaR MaTp/l14a, Y - MaTp~4bl-peWeH/IIR 

n~He~Ho~ C/llCTeM~ /3.3/ ~ Hen~H~~Ho~ C~CTeM~ /3.2/. AnR peweHHR 
n~He~HO~ MaTp/l14HO~ c~CTeM~ /3.3/ np~MeH/IlM cxeMY 06~4Horo MeTO
Aa nporOHKH. 

nOCKonbKY Yo - ~3BeCTHaR MaTp~4a, TO Y1 MO)l{HO 3an~caTb B B~-
Ae 

Y1 = C 1Y 2 + RI· 
npeAnOnO)l{~M, 4TO Ha n-ware ~MeeM <t>opMyny 

Y n == C n Y n + 1 + R n '	 /3.5/ 

r orria Ha (n + 1) ware: 

Y	 = C Y + R /3~6/n+ 1 n + 1 n + 2 n + 1 . 

Cornacao /3.3/, 8 (n + 1) ware ~MeeT MeCTo CJleAYIO~ee ypaaaeuae : 

/3.7/Y n	 L n+ 1 + Yn + 1 K n + 1 + 'y n + 2 Mn + 1 + T n + 1 == O. 

nOACTaB~B /3.5/ B /3.7/, nonY4~M 

-1
 
Yn+ 1 =-(Kn+ 1 + C nL n+ 1) M n+ 1Yn+2
 

/3.8/ 
- C' n(K n+ 1+ L n+ 1)-1(Tn+ 1+ K nL n+ 1)· 

CpaBH~BaR /3.6/ /li /3.8/, nonY4~M He06xoA~M~e peKyppeHTHwe
 
COOTHOWeH/IlR:
 

-1
 
Cn + 1 = - ( ~+ 1+ C nLn+ 1) M n+ 1
 

/3.9/ 

R n + 1 =-(Kn+1+CnLn+~)-1(Tn+l+ K nL n+ 1)· 

HaAO OTMeT~Tb, 4TO AnR c~CTeMbl B~Aa /3.2/ 06paTHaR MaTp~4a
 

(K 1+ C L + 1)-1 B 06~eM cny-rae cvuec r eyer . 3TO c nenyer ~3
n+ n n
 
T.oro, 4TO MaTp~4a K n /np~ nJ060M n / He. ocoõas , cnenoea r ens ao ,
 
C~CTeMq /3.3/ pa3peW/llMa. B nocneAHe~ T04Ke ~HTepBana 

YN = B.E, 

n03TOMY ~3 

Y - = . B. E 
N 1 

C N + R N
 

MO)l{,HO .onpenenars YN- 1 , ~1 ocyuiec r anaa 06paTHbl~ IlnporoH04Hbl~11
 

xOA, nonY4~M ace Y (n = 1, ... ,N_1).nonY4eHHble MaTp~4Hble pewe
n 
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HMfI Y n npeACTaBJlflJOT coõoü B3aIo1MHO-KOMMYTlo1pYJO~lo1e.npocrue MaTpl1
~~ H, JaK~M 06pa30M, o6JlaAaJOT 06~HM 6a3lo1COM C06CTaeHH~X aeKTO
pOB. Peuraa 3aAa'-'y Ha C06CTBeHHble 3:Ha4eHlIlfl H onpenenaa cnexrp 
101 C06CTBe,HHbH1 6a3HC MaTpH~bl YN _ l' nOJlY4HM ace ,peweHHfI 13.21 
KaK CKaJl~pH~e npOH3Be,o.eH~f1: 

= (\I'k Y, 'Pk ) • 13.2/Yp,k ,p ,p 

npY1nO}f{EHV1E 

OnlllcaHlIle Ta6nlo1~ 1,2,3,4 

B Ta6Jl.1 nplo10eAeH~ 4lo1cneHH~e 3Ha4eHHfI peweHH~ CMCTeM~ ypaB
HeHIo1~ 

k 2 k 2 k 2 k k k
 
A x2 X + A y 2 Y + A z 2 z + A X,Y xy + A xz xz + A y z yz +
 

In. 1I
k k kAk 

+ A x X + Ay Y + z z + Ao ="' O, (k = 1,2,3) 

co cneAYJO~~M~ 3Ha4eH~f1M~ K03$$~~~eHTOB: 

1 1 1 1
 
A x2 = 1, A y 2 = -7,77: A z2 = 1,0; A xy 8,977 ;
 

1 
A xz 3,0 ; Ai 2,0 ; A ~ = - 1,0 ; A ~ = - 2,0; A ~ = - 2,0 ; yz 

2 2 2 2 2
A = 0,004; A 1,0: A =-2,0; A =0, A =-3,0;

X2 y 2= Z2 xy x z 

2 2 2 2 3 
1,0: A = 4,0; A = 3,0; A =-2,0: AA zy x y z x 2=-25,l: 

333 3 3
 
A =0,411: A Z2 =-1,0; A 2,0; A z = 2,0; A xy 1,0 •
 Y2 y 

3 3
3,o.eCb Ax z = 4,0; A zy = 1,0.
 
3Ha4eHHfI Ab, AÕ ,A3 B3RTbl 11I3 YCJlOaIllR, 4T06b1 O,o.HO 11I3 peweHIIIH
a 
CHCTeMbJ 6bIJlO: X = 1, O, y = 2, O, z = 3, o. 

B Ta6Jl.2,3,4 npHBe,o.eH~ 4111CJleHHble 3Ha4eHlllfI peweHlllfI HeJlIIIHeH
Horo ,o.1II~~epeH~lIIaJlbHOrO ypaBHeHIIIR 

v" + V(x)y + y2 = O, In.21 

~ 

r,o.e 

V(x) = 10* exp(-2x), 

B KOHe4Ho-pa3HoCTHOM npe,o.cTaBJleHHH B HHTepBaJle [D,l 1 c KpaeB~

MH ycnoBHflMH Y(O) = 1, O; y(1 ) = 5, o. 

~l
 
B Ta6n.2 npHBe,o.eH~ pe3ynbTaT~, KorAa Io1HTepBan HHTerpHpOBa


HHfI pa36lo1T Ha TpH 4aCTH IN = 3-1 I, B Ta6n.3 - Ha 4eTblpe 4aCTH
 
IN = 4-11 101 B Ta6Jl.4 - Ha nar s 4acTe~ IN = 5-1/. 4Hcno pewe

HH~ CHCTeMbl, nOJlY4eHHo~ H3 In.21 B pe3yn~TaTe KOHe4Ho-pa3HOCT

Horo npe,o.CTaSJleHHfI ~pÓH3BO,o.HO~, eCTb 2 N, r,o.e N - 4Hcno To4eK
 
pa36HeHHfI aHYTpH MHTepaaJla HHTerpHpOBaHHfI. 

Ta6nH~a 1 

N2 

1 

2 

3 

4 

5 

6 

7 

8 

x 
Re 

-O.3II04 

-O.3II04 

-0.05065 

-0.05065 

I 

-0.3'7439 

-0.3'7439 

0.63187 

Im 
0.66706 

-0.66706 

-0.18436 

0.18436 

O 

0.60042 

-0.60042 

O 

Y 
Re 

0.60669 

0.60669 

0.10884 

0.10884 

2 

-2.23406 

-2.23406 

0.68OO? 

Im 
0.14249 

-0.14249 

0.90570 

-0.90570 

O 

0.41638 

-0.41638 

O 

Z 
Re 

-2.73548 

-2.73548 

2.06231 

2.06231 

3 

-3.09865 

-3.09865 

2.30419 

Ta6nH~a 

Im 
-O.7CX>75 

0.7CX>75 

0.51913 

-0.51913 

O 

-0.65489 

0.65489 

O 

2 

I
 

I
 
f 

r" 

i;, 
! 

f 

N2 ReY i ImY 1 ReY2 ImY 2 

1 11.094313346 9.8783645398 12.026203738 10.232666223 

2 11.094313346 -9.8783645399 12.026203738 -10.232666223 

3 1.7715154621 4.4030303504 . 3.3378248809 4.5609513392 

4. 1.7715154620 -4.4030303504 3.3378248808 -4.5609513391 

I 
I 13 

t 
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Ta6J1Hu;a 4 

1\ 

. 

ReYI ImY
1 

ReY 2 
ImY2 

39.683384837 31.302600006 43.929967441 45.163569144 

44.677161368 45.21.0252258 ,41.958438864 31.45204530.5 

39.683384831 -31.302680006 43.929967440 -45.163569145 
44.677161369 -45.210252258 41. 958438864 -31.452045305 
38.394168280 29.280874196 40.824126579 39.226404092 
41.542498'739. 39.361588102 40.684226643 29.4396'17927 
38.394168281 -29.280874"196 40.824126579 -39.226404092 
41.542496739 -39.316588102 40.684226643 -29.4396'17927 
41.477612643 20.07334II49 2.4334612375 20.605450014 
3.1795677634 20.720355609 43.654542350 20.237655020 

41.417612643 -20. 07334II49 2.4334612375 -20.605450014 
3. 1795677634 -20.720355609 43.654542350 -20.237655020 

37•03'7570966 17.982033162 2.2205284508 5.1029277595 
3~1967285018 5.18628'17341 39.139996945 18.248606799 

37•037570966 -17.982033163 2.2205284508 '-5.1029277595 
3.1967285019 -5.18628'17341 39.139996946 -18.248606799 

ReY3 ImY3 ReY4 ImY4 

6.8241551567 23.043807'176 18.135792189 31.843091867 

18.937356206 31.836349686 9.2091460600 23.1940579'72 

6.8241551564 -23.0438079'78 18.135792189 -31.843091867 

18.937356206' -31.336349586 9.2091460596 -23.1940579'71 
9.0666050367 17.077218189 30.196470552 27.328596860 

30.800809088 27.427203934 11.285049491 17.242024167 
. 9.0666050366 -17.077218188 30.196470552 -27.328596860 
30.800809088 27•427203934 II.285049491 -17.242024167 
-0.98589'786163 lI.379552lI8 21.2072II284 22.13827'1736 
23.456164917 17.525432062 4.4549386655 3.318486ô54r 

-0.9858'1786180 -lI. 379552II8 21.2072II284 -22.13827'1737 
23.456164917 -17.525432062 4.4549386655 -3. 318486654~ 

1.6895939873 3.1959154783 23.079283435 17.188952222 
22.161944896 22.II6520893 1.5377996077 II.535545738 
1.6895939874 ...s. 1959154784 23.079283435 -17.188952222 

22.161.944896 -22. II6520893 1.5377996078 -I!. 535545738 
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~~aneeB P.M., XYTOPHOH H.B. P 1 1, r-'8 7 ~7 6 7
 
AnrpPHTM rrporOHKH gnH perneHHH MaTpHqHO

rmneapuayet-rsrx HenHIj'eHHhli( xpae asrx 3ap;aq
 

ITpeAnoEeH MeTOA perneHHH rronHHOMHanhHO-HenHHeHHWX KOHeq
HOI?a3HOCTHhIX ypaBHeHHH s ropo r-o nopanxa c 3aAqHHhlMH' KpaeBhl
MH ycnoBHHMH. IToKa3aHO, qTO rrpHMeHeHHe MeTOAa MaTpHqHOH 
nHHeapH3aIJ;I1H rr03BOJIHeT 0606rn;HTb H3BeCTHhlH anr'opn'rr-r npo ron 
1\11 ,lJ;JIH HaX:O)K,IJ;eHHH 06II~HX pemenaü HenHHeHHhlX ypaBHeHHH B MaT 
'PH~HOM rrpep;cTaBtieHHH. llnH orrpeAeneHHH MaTpHQ-pe~eHHH ~OCTa 

TQqHO pernHTb nHHeHHym 6nOqHO-MaTpHqHym CHCTeMY ypaBHeHHH. 
Goõcr-aennsre 3HaqeHHH rrorryxeaastx MaTpHQ COOTBerrCTBYWT qHC
~eHHWM pemeHHHM HcxOAHoro HenH~eHHoro ypaBHeHHH. ITpHBegeHw 
Ta6JU1~bl 3HaqeHHH pemeunã Mop;enbHOH s anaxa , 

Pa60Ta BhlITOnHeHa B J1a60paTopHH BhIQHCnH'penbHOH Te~HHKH
 

H\aBTOMaTH3a~HH OH~H.
 

Cooõureaae Ü6"be.z:umeHHpro HHCTHTYT8 R:JlepHbIX IIcCJleJloBSHHH.lly6H8 1987 

Ilepeaon O. C. Baaor-panouoü 

Yama'l eev R. M., Khutornoy N. A. P4-87-767 
hlternative Direct Algorithm for Solving 
the ~atrix-Linearity Nbnlinear Boun~ary 

Value Problem
Àme~hod for solving th~ polynomial nonlinear finite 

d i.Ef ar'enc e two order equa t ons with the given boundary va-:í 

l~e ~onditions is proposed. It is shown that the applica
tton of the matrix li~earization permi~s to generalize~ 
t he well known alternative direct a Lgo'r i.tbrn in orde r to 
fínd general solutions of nonlinear equat{ons in matrix 
r~p~ês~ntation. To define matrix-soltltions linear block
ma~ri~ system df equations should be solved. Matrix spect
tum obtained co r r e sponds to the numer í.c-a l solutions of the 
initial nonlinear equation. Tables of values of model pro
bl~~ solutions are presentep. 

The investisatiQn has beeh perfpnne'{:l at the Laboratory 
àfl Computing ~ech~iques~ ano Automation, JINR. 
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