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ABOUT FOURIER SUBMISSION OF THE STRONG SOLUTION
OF THE TASK OF CAUCHY FOR THE STORM LIOUVILLE EQUATION

S. T. Ahmetova, A. B. Imanbaeva, A. Sh. Shaldanbaev

M. Auezov South-Kazakhstan State University, Shymkent, Kazakhstan.
E-mail: shaldanbaev51@mail.ru

Keywords: Cauchy's task self-conjugacy, quite continuity, Storm Liouville equation.
Abstract. Problem definition. Let continuous function on a segment [0,1], i.e. We will consider Cauchy's task
for the simplest equation of Storm Liouville:

Ly =y"(x) = f(x),x € (0,1) (1.1
y(0) =y'(0) = 0. (1.2)

DEFINITION 1.1. (1.1)-(1.2) twice continuously differentiable function satisfying the equations (1.1) and to
regional conditions (1.2) is called as the regular solution of a regional task.

For any continuous function there is the only regular solution of a regional task (1.1)-(1.2) which is set by a
formula

y(x) = [(x — Of (B)dt. (13)
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DEFINITION 1.2. Function is called as the strong solution of a task of Cauchy (1.1)-(1.2) if there is a sequence
of regular solutions of tasks of Cauchy (1.1)-(1.2) such that in space.

DEFINITION 1.3. Cauchy's task (1.1)-(1.2) is called strongly solvable if for any there is the only strong
decision.

Cauchy's task (1.1)-(1.2) is strongly solvable and the decision is given by the same formula (1.3), but for the
practical purpose it is a formula is a little suitable as often the integral will be not calculated in a quadrature therefore
approximate methods of calculation of certain integrals are applied. But these methods also encounter obstacles the
matter is that in our situation the upper bound of integral is a variable and this circumstance creates additional
difficulties. The classical method of Fourier - decomposition of the decision on own functions is also not applicable
because of the absence of the last because, it is well known a volterrovost of a task of Cauchy.

PROBLEM. Whether decomposition of the solution of a task of Cauchy (1.1)-(1.2) in a row of Fourier on some
orthonormalized system is possible so that the partial sums of this row in the best way approached this decision
among all finite-dimensional approximations.

VIIK 517.91

O ®YPLHE ITPEACTABJIEHUU CHJIBHOI'O PEHHTEHUSA
SAZJAYA KO JIUIAA YPABHEHMUS IHTYPMA-JINYBUJIJIA

C.T. AxmeroBa, A. b. Hman6aeBa, A. I11. Illanxanoaes
IOxH0-KazaxcraHCKuit rocyIapCcTBEHHBIN yHIBEepcuTeT uM. M. Ayesosa, llIsiMkenT, Kazaxcran

KuroueBsble cioBa: 3anada Komu caMoCOIpsKEHOCTh, BIOJHE HENPEPBIBHOCTb, ypaBHeHue LlItypma-Jlny-
BUJIIISL.

AnHoTauua.B Hactosmed pabore momydeHo Dypbe pa3iokeHHE pemeHHH 3amadd Komw ans ypaBHEHHS
IItypma-JInyBusis.

1. Benenne.
IMocranoBka 3amaun. [lycts f(x) HempepsiBHas Gyukuus Ha cermente [0,1], T.e. f(x) € C[0,1].
PaccmoTpum 3agauy Komu nnst npocreitiiero ypasaenus HItypma-JlnyBumis:

Ly =y"(x) = f(x),x € (0,1) (1.1)

y(0) =y'(0) = 0. (1.2)

Omnpenenenue 1.1. PerymsipabiM pemenueM kpaeoi 3amaun (1.1)-(1.2) HaszpiBaeTcs MBaXKIBI HE-

npepsiBHO quddepennupyemast Gpyukums y(x), ymosierBopsiomas ypaBaerus (1.1) U KpaeBsIM yciio-
BusiM (1.2).

Jlotst 1060 HenpepsIBHOM GyHKINK f (X) CYIIECTBYET €ANHCTBEHHOE PETYIPHOE PEIICHHE KpaeBOi
3agaun (1.1)-(1.2), koropoe 3anaercs HopMyIioi

y(x) = [ (x = O)f (Ddt. (1.3)

Onpenenenne 1.2. @yukiws y(x) Ha3pIBaeTCs CHIBHBIM periernemM 3amaun Komm (1.1)-(1.2), eciu
CYILECTBYET TIOCIIEN0OBATENLHOCTh peryysapHbIx pemenuii {y,(x)} samay Komm (1.1)-(1.2) takas, yro
Ly, = f(x),y,(x) = y(x) B npoctpanctse L?(0,1).

Omnpeneaenne 1.3. 3agaya Komm (1.1)-(1.2) Ha3piBaeTcs CHIBHO pa3peIInMOil, eciu st Jr000To
f(x) € L2(0,1) cymecTByeT eIMHCTBEHHOE CUIILHOE PEIIeHHUE.

3amava Komm (1.1)-(1.2) cunbHO paspemviMa U penieHne naetcs Tou ke dopmynoit (1.3), HO mns
MPaKTUYECKON LeNH 3T0 (GOopMyJia MaJIO IPUTO/IHA, IIOCKOJIBKY 3a4acTyl0 MHTETPal OKaXXETCSl HE BBIUMC-
JSIEMO B KBaIpaType, MO3TOMY MPUMEHSIOTCS MPUOIMKEHHBIE METOJbl BBIYHMCICHUS OIpPEeICHHBIX
uHTerpanos. Ho 3Tu MeTobI Takke HATAIKUBAIOTCS Ha MPEMATCTBHS, A€JI0 B TOM, YTO B HAIllEH CUTyalluu
BEPXHsII TPAaHUIIA MHTErpana sSBJSIETCS MEPEMEHHOH BEIMYMHOM M 3TO OOCTOATENBCTBO CO3JAET JOIOJ-
HUTENbHBIE TpynHOCTH. Kitaccrueckuii Mmeton @ypbe- pa3iioKeHne peleHus o COOCTBEHHBIM (PYHKIHSIM
TaKKe He NMPUMEHUM HU3-3a OTCYTCTBHS MOCIEAHUX, MO0 ,XOPOIIO M3BECTHO BOJBTEPPOBOCTH 3aJa4H
Komm.
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IIpo6aema. Bo3moxkHo nu pasnoxenwe pemeHus 3amaun Komm (1.1)-(1.2) B psag Pypse mo
HEKOTOPOH OPTOHOPMHMPOBAHHOM CHUCTEME TaK, YTOOBl YaCTHYHBIE CYMMBI 3TOTO Psfa HAWITYYIINM
00pa3oM MpUOIHMKAIK 3TOTO PEUIeHHUs CPeIu BCeX KOHEUHOMEPHBIX MPHOIMKEHHI.

2. Metoapl uccaenopanmii. [Tycts H = L?(0,1) npoctpanctso ['mnbbepra, A- nmuHeiHbIH BroTHE
HETIPEPBIBHBINA OIIEpaTop, ONpelleICHHbI Ha 3TOM MPOCTPAHCTBE, a S- WHBOJIIOLHMS, ONpeNesIeHHbIH (op-
MYJIOM:

Su(x) = u(l —x). (2.1)

HerpynHo ycraHOBUTH, 4TO omeparop S SBJISETCS YHUTapHBIM M CaMOCONPSDKEHHBIM, MO3TOMY
UMEET MECTO PaBEHCTBO

§?=1 (2.2)
JlemMma 2.1. Ecnu BrioJiHE HENPEPBIBHBIN ornepaTop A yJIOBIETBOPSET YCIOBHUIO
SA = A*S, (2.3)

TO omepaTop SA ABISETCS BIOJIHE HEMPEPHIBHBIM M CaMOCOIPSIKEHHBIM ONEPAaTOPOM B THIBOEPTOBOM
npoctpanctee H = L2(0,1).

JlokazaTeabcTBO. Bo-nepBhIX, MMeEeT MecTo paBeHCTBO (SA)* = A*S* = A*S = SA. Bo-BTOpBIX,
MPOU3BECHIE OTPAaHUYEHHOTO M KOMITAKTHOTO OTlepaTopa KOMITaKTEeH.

Jlemma 2.2. Eciiu A onepaTop HHTEIpUPOBaHUS, OTIPeIeIEHHBIN HopMyIIoi

Ay(x) = [ y(©)dt (2.4)
B THiIbOepTOBOM npocTpancTse H = L2(0,1), To umeeT MecTo opMyna
SA =A"S,
rae S- onepaTop, onpeaeaeHHbIN Gpopmydoi (2.1).

I[OKEBaTeJ'II)CTBO.

2 (y,2) = [} [y y©dg - 20t == [ [y y(©)dé - d [} 2)dg = - [ y©dg - [ 2 | +
[y y(© - f z@dedt = (7,A°2), = A°z(x) = [ z(D)d;
65y = J; y@de = |13 k] = - [ ya- ag = £l ya - pag -

1
f Sy(§)dE = A*S.

X
Jlemma 2.3. Ecnin A oniepaTop HHTErpUPOBAHMS, OTPEACIICHHBIN (POpMyIIon

Af(x) = [ f(©)dt (2.4)
TO UMEET MecTo hopmya
Ay(x) = [ (x — Of(B)dt. (2.5)

Tlokasatenncrio. A% f(x) = A(Af(x)) = A f;‘f(t)dt = fgc fotf(f)dfdt =
tfy F©)ag [§ = J3 £(0) - tdt = x [} £()dg = [} f(O)eat = [} (x — )f (¢dt).

Jlemma 2.4. Ecmu A omepatop WHTETPUPOBAHUSA, ONpeaeiacHHbINH Gopmymoit (2.4), To ©MEeT MeCcTo

dbopmyna
SA? = (AY)’S, (2.6)

r7ie S - MHBOJIIOINHS, ONpeaeTIcHHBIN popmymnoit (2.1).
JlokazaTeabeTBo. SA> = SAA = A*SA = A*A*S = (A?)*S.

Jlemma 2.5. Ecniu A BOJIBTEpPOBBIA 0NEPATOP, S- YHUTAPHBIM ONEepaTop U UMEIOT MECTO PABEHCTBA

SA = A*S,S = S*, N(4) = {0}, 2.7)
TO OIEPATOPHOE YPABHEHHUE
Au = f (2.8)
HUMCECT B MIPOCTPAHCTBE H CANMHCTBCHHOC PCIICHUEC BU A
0 (f,S(p )
u=37, L, 2.9)

rae /1]- COOCTBEHHOE 3HAUCHUE oreparopa SA, a (p]- COOCTBEHHBIE BCKTOPHBI 3TOT'O Orieparopa.
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JoxazarenbcTBo. [1o ycrnoBuio JieMMbl onepaTop A KOMIAKTHBIN, a B cuiy ycioBuid SA = A*S,
S = §* oneparop SA- camoconpsbKeHHbINA U KoMmakTHeIN. [1o Teopeme 'unpbepra-IlImuara mis 1o60ro
BEKTOpa U MPOCTPAHCTBA H MMeeT MecTo pasioKeHue
0

SAu = Z(SAu, @) ®; + Po
=1
rae @ € N (SA) B namem ciyuae N(SA) = {0}, mosromy

SAu = Z(SAu ®;)p; = 2/1 (w0))e)= (SAw 0;) = 4(w.9)), (w9;) =

Ecmm (u, (pj) =0, 10 SAu =0, >u =0, cremoBarenbHO, cUCTEMA {Q;} SBISETCS MOIHOM
opToroHaibHoOU cucteMoit. [lonaras ee opTOHopMHpOBaHHoﬁ nMeeM

u= 2(” 9;)p; = 2 (SAu 2, z (. (p’) j = i—(f'i(pj)%

3. Pe3yﬂbTaTbl ucciaegosanmid. [Tycts oneparop A ompeneneH Gopmyoi

(SAu goj)

Af () = [; f(©dt, 3.
toraa B cuity dopmyi (1.3), (2.5) pemenue 3agauu Komwu (1.1)-(1.2) umeet Bua
y(x) = A°f (). (3.2)
JlelicTBys Ha 00€ YacTH 3TOrO PABEHCTBA OMEPATOPOM S, HMEEM
Sy(x) = SA%f(x). (3.3)

B cuny nemmer 2.4 omeparop SA? camocompsikeH, a B cmry dopmyisl (1.3) omepatop SA? xom-
nakteH. Ecu A%f = 0, to f = 0, B caMmom Jenie, B 3TOM Cirydae

j(x —t)f(t)dt = 0.
0

JBaxnael mpoaudQepeHIMpoOBaR 3TO PaBEHCTBO M BOCIOJL30BaBIIMCH Teopemoi JleGera [1],
nonyuuM f (x) = 0 moutu Bcroay. B cunmy teopemsl ['mnpbepra-IlIMuara nmeer MecTo paznokeHHe

SAF() = ) SAL,0) P = ) 2nlf, 00)0n,
n=1 n=1

rae SA%p, = A, = 1,2, ... ciegoBarenbHo, B cuity dopmyi 2.10, 2.11 pemenue 3agauu Koin nmeet
BU/J

y(x) = X50=1(f, ) A - Sn = X=1(f, @) Anpn (1 — X). (3.4)
Hamu nokasana crienyromias Teopema.
Teopema 3.2. 3amaua Komm

Ly =y"(x) = f(x),x € (0,1) (3.5)
y(0) =y'(0) = 0. (3.6)
cunbHO paspernma B ipoctpanctse L2(0,1) u 3To cHIbHOE pelIeHe UMEeT BUJT
y(x) = Xn=1(f, o) Anpn (1 — 2, (3.7
rze () — ckanspHoe npousBeneHue B npocrpancTse L2(0,1).
SA%p, = A0, (3.8)
Ay(x) = [ (x = O)f (Ddt. (3.9)

4. BpiBoabl. Pe3ynpraTel IaHHOM paOOTBI MOTYT OBITH HCIIOJIB30BaHBI B CIIEKTPAJIbHON TeopHU
oneparopos [2-13].
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