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ASYMPTOTIC DECOMPOSITION THE DECISION IS SINGULAR
THE INDIGNANT TASK OF CAUCHY FOR THE SYSTEM
OF THE ORDINARY DIFFERENTIAL EQUATIONS
WITH CONSTANT COEFFICIENTS

Abstract: In the real work, the spectral method, has received frontier layer decomposition the decision is
singular the indignant task of Cauchy for linear system ordinary differential the equation with constant coefficients:

L% = e¥ + A% = f (D).
Keywords: singulyarny, sclf-conjugate operator, spectral method, Gilbert-Schmidt's theorem, spectral
decomposition, interface, asymptotic decomposition.

YJK 517.94
A.B.Umaunbaena, A.A Komkacaposa, A. Il Ianxan6aes

FO>xHO-Ka3axXCTAaHCKUI TOCY AApCTBEHHBIN yHUBEpcUTET MM. M.O Ayesosa, r.11IsiMKkeHT

ACHMIOTOTHYECKOE PA3JIOKEHUE PellleHUs] CHHTYJISIPHO
BO3MYyHLIeHHO# 3a1a4u Ko nyis cucremsl
00bIKHOBEHHBIX TU((PepeHINATbHBIX YPABHEHUI
¢ MOCTOSIHHBIMHU KO3 dpuueHTaMu

Annorammusa: B HacTosmieH paboTe, CICKTPATBHBIM METOIOM, MOJYYCHO IOTPAHCIOWHOS PA3IOKCHHC
PCIICHUH CHHTYLIPHO BOSMYIICHHOHM 3amaun Komm mid THHEHHOH CHCTEMBI OOBIKHOBCHHBIX TH()()CPCHIIHATHHBIX
- S - Ry
VPABHCHHH C MOCTOSHHBIME KOd(putmentamu: L. X = eX + A% = f(¢).
Kimo1ueBbie c10Ba: CHHTYJUIPHBIN, CAMOCOIIPSDKCHHBIN ONEpaTop, CIEKTPAIBHBIN MeToA, TeopeMa I mipbepra-
IMMuaTa, CHEKTPAIBHOE PA3I0KECHAE, TOTPAHWYHBINA CIIOH, ACHMITOTHYECKOE PA3IOKEHUE.

1.Beenenne.llycte A — xBagpaTtHasd Marpuma NOpsSAKA 7, JJIEMEHTAMH KOTOPOHM CIy’Kar
KOMIUTCKCHBIE yrcna. JInHenasa cucrema

% = Ax, t € [0,1] (1.1)

HA3BIBAETCA TUHEUHON OJHOPOJHOM CUCTEMOM NOpsAaKa 1.
HssecTHO, uto misa moboro ¢ u mis T € [0,1] cymecTByeT equHCTBEHHOE perneHue @ cuctemsr (1.1)
na unrepsane [0,1], ynosnersopsromee @ (1) = €.
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Jlemma 1.1.MuoxecTBO Beex pemenmii cuctembl (1.1) ma matepsane [0,1] o6pasyrorn - mepHoe
BCKTOPHOC MPOCTPAHCTBO HAJ MONEM KOMIUICKCHBIX YHCEL.

Onpenenenne 1.1. Beskoe MHOXKECTBO @, 0y, ..., ¢, THHCHHO HE3aBUCHMBIX PCIICHHI CHCTECMEI
(1.1) HazeiBacTcs GazrcoM WK GYHAAMEHTATBHBIM MHOJKECTBOM perueHui cuctemsl (1.1).

Onpegenenne 1.2. Eciu @ - matpuia, 1 CTONOLOB KOTOPOH SBISIOTCS N IMHCHHO HE3aBUCHMBIMHU
pemenusamu Ha [0,1], To @ HasmBacTca (ynaamentanbHOM Matpuueil cuctembl (1.1). Ouepugno, @
VAOBJICTBOPICT MATPUIHOMY YPABHEHUIO

@ (t) = Ad(t),t € [0,1]. (1.2)

IMox matpuunbiM AuddEpeHINATEHEIM YPAaBHEHHEM, cOOTBETCTBYomuM cucteme (1.1) me [0,1],
MOJAPA3yMEBacM 3aa9y OTBICKAHMS KBAAPATHOW MaTpHibl PTOPIIKa 7, CTONOIBI KOTOPOH ABISIOTCS
pemenusmu cuctemsl (1.1) ma [0,1]. Dra 3amaua o6o3zHavaeTCs Tak:

x(t) = Ax(t), (t € [0,1]). (1.3)

Jlemma 1.2. Jlng Toro, uroOwl pemeHue-marpuna vpasHenus (1.3) Opuia (yHaameHTambHOU
MaTpHLEH, HEOOXOJUMO B TOCTATOUHO, uToOh det®(t) # 0 nmat € [0,1].

Jemma 1.3. Eciu @ - dyngamentanpHas Matpuna cuctemsl (1.1) u € - (KOMIICKCHAS) MOCTOSIHHAS
Heocobag marpuua, To @ - € Tawke gBmaeTcd QyHAaMeHTadbHOW Marpuueid cuctemsl (1.1). Kaxkmas
dbyHmameHtampHas marpuna cuctemsl (1.1) MoxeT ObiTh MpeaCTaBACHA B TAakOH (GOpPME OPU MOMOIIU
HEKOTOpOH Heocoboi Marpuis C.

3ameTuM, uto ecnu ¢ - dyHmameHTanpHad Marpuua cucteMsl (1.1) m € - mocTosHHAas HeocoOas
Marpuia, To € - @, Boobie roBops, He sSBisieTcs (yHIAMEHTATBHOH MaTPHULICH.

JBe pasnudHbIC OTHOPOIHBIC CHCTEMBI HE MOTYT HMETh OJHY U TY K¢ (YHIAMCHTATBHYIO MATPHLLY,
u60 u3 ypasaenus (1.1) cneayer, uto A = ()P~ 1(b).

Conpsizxennble cucrembl. Ecnn @ - pyanamenranpnas Matpuna ams cuctemsl (1.1), To

(@) = -0 1dp~1 = —p714,
WU IICPCXOAA K COIPAKCHHBIM MAaTpULIaM,
(@ 1) = —A"(a")L.

[Mostomy @ *~1 - hyHaaMeHTaTbHAS MATPHUIA IS CHCTEMBI

x=—A"x,t € [0,1]. 1.4
Cucrema (1.4) HazpiBacTes conpskeHHOU qs cucteMsl (1.1) u maTpuyHOE ypaBHEHHE
x=—-A"x,(t €[0,1]) (1.5)

HA3BIBACTCS COMPSDKCHHOU A ypasHeHus (1.3).
Jlemma 1.4. Ecniu @ - dyHaamenTaneHas matpuna 1t cucremsl (1.1), To Y(t) - ecte dpyHaameH-
TaNbHAS MAaTPULIA AN CONPSDKCHHOU cucTeMBl (1.4) B TOM U TOIBKO B TOM CIyvae, KOrjaa

Ve =C, (1.6)

rae C — mMOCTOSIHHAS HEOCO0ast MaTPHIA.
Ecm A = —A*, 10 @ * ™1, Gyayum dyHIaMEHTATBHON MaTpHIeH Ans cucteMsl (1.4), BIseTCs TakKe
¢dbvHIamMeHTaIbHOM MarpueH a1g cucremsl (1.1). Tlostomy B ey nemmer 1.3

=0+ 1Cumd'd =C, (1.7)

rae € — moctosHHAs Heocobas marpuna. M3 ypasrenus (1.7), B 4aCTHOCTH, CICAYET, UTO CBKIHIOBA
JUTHHA KKI0TO BeKTopa-pemeHus cucteMsl (1.1) mocrosuna.

Onpenenenne 1.3.I1ycte A - Heocobas kKBaapaTHAd MATPULA MOPSIKA 7L U3 KOMIUICKCHBIX YHCENT U f
- HenipephIBHBIHA BekTop Ha [0,1], He paBHbIif ToKACCTBEHHO Hy 0. CHCTEMA yPaBHCHUIMA

x = Ax + f(), (t € [0,1]) (1.8)

HA3BIBAETCA TUHEUHON HEOAHOPOAHOU CUCTEMOI NopsaaKa n.
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Ecmu koopaunats f(t) menpepoiBHa Ha [0,1], TO CyImECTBYET €IMHCTBEHHOE PEMICHHE () CHCTEMBI
(1.8), mast koTOpPOTO

p(t) =,
rae 7 € [0,1] u [§| < oo, [§| = /E2 + &2 4 - + &2

Ecmu w3BecTHa dynaamenrtanpHas matpuna ¢ cucremsr (1.1), To 1erko HaHTH PELICHUE CHCTEMBI

(1.8).

Jlemma 1.5. dynnamentansHas Marpuua ¢ cuctemsl (1.1) maetea dpopmynoit

@(t) = et(|t] < ) (1.9)
u petneHne cucteMsl (1.1) ya0BIETBOPSOIIEE VCIOBUIO
(1) =&(|t] <o, ] <o)

@) = e“P4E(|t] < ).

Pemenne @ cuctemsl (1.8) yaosnersopsromee yenosuro @ (1) = &, tae T € [0,1], |¢] < oo mveeT Bua:

HMCET B

Q(t) = e DAL + [F @4 f(s)ds, (t € [0,1]). (1.10)
Onpenenenue 1.4, Psig
eA=E+30,0, (1.11)

HA3BIBACTCS SKCIIOHCHTOW MATPHLEL 4.
Onpenenenne 1.5. ®yHaaMEHTATBHYIO MATPHILY, HOPMHPOBAHHOH VCIOBHUI

o) =1 (1.12)

MPUHATO HA3BIBATh MATPULAHTOM wau martpuiei Kormw, Hampumep et=DA _ gngercs MaTPULIAHTOM
cuctemsr (1.1).

ITocTanoBka 3aga4n.

PaccMoTpuM B MPOCTPAHCTBE CHHTYJISIPHO BO3MYIICHHY 1O 3aaa4y Koruw:

L% =¥+ A% = f(Ot € [0,1], (1.12)

%(0) = 0,(1.13)

rae
x1 () a1, Qg - Qan [
— ., a —
x@ =W | a= (02 G2 - %) ey o | LO)
Xn ) an1, Gpz, = 9an fn ®)

a;;(i,j =1,n) - pemectsennbie Kodbdumuente, £ >0 - Mambli mapamerp, L? - mpocTpaHCTBO
['unpGepTa BekTOpO3HAYHBIX (PYHKLHHA CO CKATSIPHBIM MPOU3BECICHUEM

5,2 = Yoy fy (2, (Ddt (1.14)

1
w - 1 2
H HOpMOii 15911 = (Sitoa fy i (O 2de ) (1.15)
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CrpammBaeTes, P KAaKUX YCIOBUAX HA MATpULy A, U mpaByro 4acte f(t) UMEET MECTO MPEACTBHOC
COOTHOIICHHE, B TOM WA HHOM CMBICTIC

limg_,o X(¢, &) = %g(1), (1.16)

€ X () - €CTh PEUICHUE HEBOZMYIIEHHOTO YPABHEHHUS

A% (1) = f(©). (1.17)
Yepes W, - 0603maumm mpoctpanctBo Co6oeBa BEKTOPO3HAYHBIX (BYHKITHI ¢ HOPMOA:
1

1ZCOl = {31 [Jy b (O 2de + [ b (0 2ae]

rae (+) - osHauacT AUPPEPCHIMPOBAHUC MO TIEPEMCHHOM £.

CyIIeCTBYIOT PA3UYHBIC METOABI HCCIICAOBAHMS CHHTYISIPHO BO3MYINCHHBIX 3axad [1-15].cpeaun
HHX B MOCICAHCH paboTe caenaHa MOMbITKAa MOCTPOCHHs OOMmEeH Teopud TakuxX 3axad.OCHOBHBIM
HEJOCTATKOM 3THUX paloT SBSICTCS OTCYCTBHEC SIBHOW OLICHKH OCTATOYHOTIO HYICHA ACHMIITOTHUCCKOTO
pasnoxxeHus udepe3 kod3(hEUUMEHTH cucTeMbl ypaBHeHHH.B Hactosme#l padore mnpeamoKeH HOBBIH
METOJ,0CHOBAHHBIH HA CIICKTPATBHY 0 TCOPHIO (PYHKIHOHATBHO —auddepeHINANBHBIX VpaBHeHHH [ 15].

2.MeToabI HCCJIEA0BAHUSA
Jlemma 2.1. [{nst mro6oii menpepeiBHO# dyukumn f () 3agaua Koum

L% =e¥+ A% =fF(D), Q2.1)
%(0) =0, (22)
x1 () 11, G2, = Gn f(®
x@ =20 ) a=| G G2 Gn) gy | LO) 23)
1 (8) Guts Gngs s G £
HUMCCT CAUHCTBCHHOC PCHICHUC
=1[ K.t - Df (D)dr, 2.4)

rac K. (t — 7) - €CTb MATPHULAHT CHCTECMBI YPABHCHHI

ez(t) + Az(t) = 0,
{ z(0) = I

Hokazarenscrso. [Iponuddepenunposas popmyny (2.4), umeem

#(O) = 2K (0)f®) +1 [y S5 (¢t — ) f(D)ar,

06t

(2.5), (2.6)

£2(6) = K(0)F(0) + f ¢ -0 f@dr = F©) + f e—(t —0) f@dr = F©) -

—% f AK.(t —Df (D)dt = f(t) — AZ(), => X(t) + AR(t) = f(b).
0

Onpegesnenne 2.1. MaterpaapHOro oneparopa
2 1 ¢t 2 1 01 2
Kf(®) =2 [ K.(t - Df (Ddr =2 [} 0t = DK (t = Df 1)z

Ha30BEéM oneparopom Kormm.
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Jlemma 2.2. Eciu Su(x) = u(1 — x), 10 umeeT mecto hopmyaa
SK, = KS,
rae K7 - conpstkeHHbii oneparopa Koy,

Hokazarenscto. ConpspkeHHBIH oneparop K, uMeeT BUA:

1y , 1 ]
K25 = ¢ [ 06— DK@ - Of @dr =2 [ K = Df e,
0 t
MOSTOMY 1 ) 1 )
KzSf(O) = ;f K (r = OSf(@)dr = ;f K@-0fa-odr ="~ Td;if_;; —8 =
t 1 0 t 11—t
=—2 [ ka-g-0f@as =2 [ Ka-¢-0f©ds =
1-t 0

1-t

1 - =
=< Kka-c-oi@as = skfo.
0
Cneacrsue 2.1.0neparop SK cuMMETpUYECKHH B POCTpaHCTBE L2

JHoxkazarenasctBo.(SK,)* = K;S* = K}S = SK..

Cneacrsue 2.2.0neparop SK BHOTHE HEMPEPHIBEH H CAMOCOMPSKEH B MPOCTPaHCTBE L2

Ecmu SK.f(t) =0, 10 K. f(t) = if(f Kt -Df@dr=0,=> [[K(t-Df@dr=0,=>f(x) =
0, MOCKOJIBKY OJHOPOIHOE BOJIBTCPPOBOC YPABHCHHE UMECT JIUIIb TPHBHATBHOC PEILICHHC.

Teopema 2.1. Ecu Su(x) = u(1 — x), T0

(a) omeparop SK, BIONHE HCOPEPBIBCH U CAMOCOTIPSIKEH;

(6) opToHOPMUpPOBaHHbIE COOCTBEHHBIE BEKTOPHI oneparopa SK, o6pasyroT 6asuc npoctpaHcTsa L2

Jemma 2.3.
Ecmm mmeeT MeCcTO HEPaBCHCTBO

(A4, ) = a- ||d)|?,a >0,
TO
_ 1
s =< -,
re oneparop onpeacncH GopMmyaaMu
L% = e% + A%,
D(L,) = {9? € 1(0,1) n €[0,1], x(0) = 0}.
Hokasateanctso. [lycts X € D(L,), Toraa
eX + A% = f(b) € L.
VMHOKHB 00€ 4acTH 3TOTO YPABHEHHUS CKATAPHO HA X, HMEEM

(Lex, %) = e(¥, %) + (4%, %) = (f, %),

n 1 noo, 1 n
k=19 k=1 0 k=1
a- %12 < Lk %) = (F.2) < ||f||- 1%L, => a- 12 < ||f]| = IL:XIl, =>
) F B f B 1
%] < ”f;—”,=> L1 f ]| < |£—”,=> It <,

YTO U TPeOOBAIOCH AOKA3ATb.
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