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OPEACTABJIEHHA S, HA HEKOTOPBIX KOPHEBBIX IEPEBbAX
B CBOBOJAHOU INPABO-KOMMYTATHUBHOMU AJITEBPE

b. K. Kaxaen
Yuupepcuret uM. Cyneitmana Jlemupers, Kackenen, Kazaxcran

Kmrouerbie ¢sroBa: cBoOOIHAS anreOpa, My IbTH-THHCHHAS YacTh, TOKICCTBO, HCIIPHBOIHMBIH MOY b, Oa3MHC,
KOpHEBbIC AepeBbs, FOHT cuMMeTpH3aTop, TpyIIa aBTOMOP(QH3MOB, HHUKIOBOH HHACKC, MOy b ICPECTAHOBKA.

Aunoranust, Anre6pa ¢ toxaectsoM (@ - b) - ¢ = (a - ¢) - b HaseBaeTCs MPaBo-KOMMyTATHBHOI. B paGoTe
[2] 6asuc mpaBo-KOMMYTATHBHOH anreOphl MOCTPOSH C MOMOIIBI0 KOPHEBBIX ACPEBBEB. MccmeaoBanne MHOTOOOpa-
3uit CBOGOIHBIX ANre6p MPUBOIAT K HCCIICTOBAHMIO MY IbTH-THHEHOM YaCTH CBOOOTHOM anrebphl Kak S, —MOIYIb.
Hccneaosanue Ha S, —MOoJyJIeH 3T0 eCTh NPEACTABICHHA IPYILIbI IEPECTAHOBOK S,,. B Teopeme Marke cka3aHo,
410 MO0 KOHCYHOMEPHAS J (G-MOyIIb PA3NATACTCA HA HEMPUBOAUMYHO (7 —MOAMOIYICH, Tae J KOHCUHOMEPHOE
BEKTOPHOE MPOCTPaHCTBO, G mobas koneunomepHas rpymma. C.S,, ects rpymmosas anre6pa rpymmst S, u .S, —
moayms. Hempusomuumsie .S, —moamoaymu 8 C.S,, .S, —moaymes Hasssarotcs Momyiem Ilmexta. PasMepHOCTH
moayms IlInexta ams pasouerne A H n s CS,, .S, —moayne paBra komMUecTBY CTaHAAPTHBIX TaObmun FOHra mis
pas6uerme A - 7. Kparnocts momyna IlImexta amsa pasouemme A - n 8 CS,, S, —momyne pasra xommuecTy
craHzapTHeIX Tabmun FOwra ams pasomenme A [ 72, B 3T0#f CTaThe paccMAaTPHBACTCH MyJNbTH-THHCHHAS 4acTh
Fmulti( XY croBommoit mpaso-kommyTtatsroi anreopst F'(X ) kax S, —moayms. TIOTHOCTBIO OMHCHBAIOTCS

HpeACTABICHHS .5, HA HEKOTOPBIX KOPHEBBIX IEPEBbAX. MHBIMH CIOBAMH OMHCBHIBAIOTCA PA3IOKCHHSA HA MOIYIIH
IImexTa.
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ABOUT FOURIER SUBMISSION OF THE STRONG SOLUTION
OF THE TASK OF CAUCHY FOR THE STORM LIOUVILLE EQUATION
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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() = [§ (= Of (©d. (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.

YAK 517.91

O ®YPBE HPEACTABJIEHUU CUWJIBHOI'O PEHIEHUA
3AJJAYH KOHIN JJ151 YPABHEHUA LITYPMA-JINYBUJLJIA

C. T. AxmeroBa, A. b. Umano6aesa, A. I11. Illangauntaes
IOxn0-Kazaxcranckuif rocy1apcTBeHHbIH yHUBEpcuTeT M. M. Ayesosa, [lIemvkent, Kazaxcran

Kiouesnie cioBa: 3amava Konm caMocompsyKeHOCTb, BIIOJHE HEMPEPBIBHOCTH, ypaHeHme llItypma-Jlnmy-
BHJLIIAL

Annoramua.B HacToame# padore momyucHO Dyphe pasaoKCHHC PCHICHHH 3amayvd Komm amd ypaBHCHHS
IMIrypma-JInyBums.

1. Beeaenue.
IMocranoska 3agaun. [Tycts f(x) nenpepriBHas ¢pynkuus Ha cermenre [0,1], T.e. f(x) € C[0,1].
Paccmotpum 3amauy Komu nis npocreiimero ypasaenus rypma-Jlnysums:

Ly = y"(x) = f(x),x € (0,1) (LD
y(0) =y'(0) = 0. (1.2)
Onpeanenenne 1.1. Perymsapueim pemneruem kpacsoit 3agaun (1.1)-(1.2) HaseiBaeTCs ABAXKIBI HE-
npepoiBao uddepenumpyemasn yuxuumst y(x), yaosnersopstomas ypasaerust (1.1) u kpacBeiM ycio-
Busim (1.2).
s mo6oit HenpepsiBHOM GyHKIMHU f(X) CYIIECTBYET CAUHCTBCHHOE PETYISIPHOC PELICHHUE KPAcBOM
samauu (1.1)-(1.2), xotopoe 3azactcs hopmyiioi

y(x) = [, (x — O)f (Dt (13)

Onpenenenne 1.2, @yuxius y(x) Ha3biBacTCs CHIbHBIM pennenuem 3axaun Kommw (1.1)-(1.2), ecnu
CYLIECTBYET TOC/ICAOBATEIBHOCTh PEryspHbIX peucHuit {y,(x)} samau Kowmwm (1.1)«(1.2) Ttakas, uro
Ly, = f(x), ¥, (x) = y(x) B mpoctpanctse L2(0,1).

Onpeaenenne 1.3. 3axaua Kommw (1.1)-(1.2) HazpiBaeTCS CHIBHO PA3PCIIMMOM, €CIU ISl TFOOOTO
f(x) € L?(0,1) cymecTByeT €MHCTBEHHOE CUILHOE PELICHUE.

3amaua Kommu (1.1)-(1.2) cuapHO paspeimmnma U peiicHHe aaetcs Tou ke dopmymnoii (1.3), Ho ams
MPAKTUUCCKOM TICTH 3T0 (hOPMYIIa MANIO MPUTOTHA, TIOCKOIBKY 3a4acTyO MHTCTPANT OKAKETCS HE BBIUHC-
JICMOM B KBaIpaType, MOITOMY TPHUMCEHSAIOTCS TPUOMMKCHHBIC METOABI BEIUMCICHHSA OTIPEACICHHBIX
uHTerpanon. Ho aTi METOMB! Takke HATAJIKUBAIOTCS HA MPETISTCTBHS, ACIO B TOM, YTO B HAINCH CUTYaIHH
BEPXHSS TPAHUIA WHTETPAIA SABISICTCA TICPSMCHHOM BCIMYMHOW M TO OOCTOATEIBCTBO CO3JACT JOTION-
HUTEITBHBIC TPYAHOCTH. Knaccuueckuit meton Oypbe- pasnoskeHue PENICHIS IO COOCTBCHHBIM (DY HKITHSIM
TAKKEC HE TPUMCHUM H3-32 OTCYTCTBHS TIOCICIHHMX, MO0 ,XOPOINO M3BECTHO BOIBTCPPOBOCTH 337a49H
Kormm.
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Ipodaema. Bosmoxuo nu pasmokenue pemenus 3azauun Komm (1.1)-(1.2) B psg ®@ypee mno
HEKOTOPOH OPTOHOPMHPOBAHHOW CHCTEME TaK, YTOOBI HYACTHYHBIC CYMMEBI 3TOTO PsAa HAWIYYLINM
o0pa3oM NpHOTIKATIHN 3TOTO PELICHUS CPEAN BCEX KOHCUHOMEPHBIX MTPUOTMKCHHH.

2. Metoap! uccaenosanuii. [Tycte H = L2(0,1) mpoctparcTtso I'misGepra, A- THHEHHEIH BIOTHE
HETIPEPBIBHBIA ONEpaTop, ONPEACICHHBIN Ha 3TOM MPOCTPAHCTBE, a S- WHBOJIOLMS, ONPEACICHHBIH op-
MYJIOH:

Su(x) = u(l — x). 2.1

HetpyaHo yctaHOBUTB, uTO omeparop S fABISETCS VHHUTAPHBIM U CAMOCOMIPSDKCHHBIM, IMTO3TOMY
HMEET MECTO PABEHCTBO

§7=1 2.2)
Jemma 2.1. Ecau BoSTHE HCOPCPHIBHEIN OTICPATOP A VAOBICTBOPSICT VCIOBHIO
SA = A”S, 23)

TO omeparop SA ABIACTCS BIIOJIHE HEIPEPHIBHBIM M CAMOCONPSDKCHHBIM OICPATOPOM B T'MIBOCPTOBOM
npoctparctee H = L2(0,1).

HMoxazatenncrBo. Bo-miepBeix, umeeT mMecto paBeHCTBO (SA)* = A*S" = A*S = SA. Bo-BrOphIX,
MPOU3BEICHUC OTPAHUUCHHOTO U KOMITAKTHOTO OIIEPaTopa KOMIAKTCH.

Jlemma 2.2. Ecriu A onepaTop UHTCTPHPOBAHIS, OIPEACICHHBIH GopMynon

Ay(x) = f; y(t)dt (2.4)
B runb6epToBoM npoctpanctee H = L2(0,1), To nmeet Mecto dopmyna
SA=A"S,
rae S- onepatop, onpeacacHHbI hopmyoi (2.1).

HokazaTenncTBO.
2) (4y,2) = f, [y y(©dé - 2Ot == [} [; y(©)dé - d [} 2©)dg = — [ y(©)dg - [} 2@)e || +

[ y® - [, 2(@dedt = (v, A'2), = A"z(x) = [, 2()dt;

y@de = |25, | = v - g = [l ya - pag -

1-x

6) SAy(x) = [,
1
f Sy(&)de = A*S,

X
Jlemma 2.3. Ecu A onepaTop HHTETPHPOBAHUS, ONPEACICHHBIH hopMynoit

Af(x) = [} f(B)de (2.4)

TO UMEET MECTO hopmyia
Ay(x) = [ (x — D (Ddt. (2.3)

Jokazareancrso. A2f(x) = A(Af(x)) = A foxf(t)dt = fox fotf(f)dfdt =
Efy FOE |5 — [y F(0) - tdt = x [ F(©)dE — [ F(O)EdE = [ (x — f (£dlt).

Jlemma 2.4. Ecniu A onepaTtop MHTEIpUpOBaHUs, ONpeacacHHBIE Gopmynoii (2.4), TO UMeeT MecTo

dbopmyna
SA? = (AY)*S, (2.6)

rae S - HHBOIIOLMS, ONpeacIcHHbIH hopmynoit (2.1).
JokazatesnbcTBo. SA2 = SAA = A*SA = A*A*S = (A%)*S.

Jlemma 2.5. Eciin A BoIbsTEppOBEIH onepaTop, S- YHUTaPHBIH OTIEpaTop U HMEIOT MECTO PABEHCTBA

SA = A*S,S = S* N(4) = {0}, .7)
TO OIICPATOPHOC YPAaBHCHUC
Au=f (2.3)
HUMCCT B MMPOCTPAHCTBC H CAUHCTBCHHOC PCHICHUC BHUOA
o0 f,5<P j

e Aj- COGCTBEHHOE 3HAUECHUE Oneparopa SA, a - COGCTBEHHBIE BEKTOPBI 3TOTO OTEPATOPA.
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Hokaszatenscrso. [lo ycrnoBuro nemMMel orneparop A KOMIIAKTHBIN, a B CHIY yciaoBuil SA = A4S,
S = §” oneparop SA- camoconpsukeHHBIH u kKommakTHbIi. [1o Teopeme ['mapbepra-Llmunra st aro6oro
BEKTOpPA U MPOCTPaHCTBA H MMEET MECTO PasIoKEHHIE
o0

SAu = E(SAu, ©;) @; + Po
=
rae @y € N(SA). B namewm cayuac N(SA) = {0}, mostomy

- SAu, @;
SAu = 2(514“, ;) 9j = Eﬂj(u» 0,)9),= (SAw o)) = (w95, (v ¢)) = (/1—1)

=1 =1 /
Ecmu (u, (pj) =0, o SAu=0, =u =0, crenoBarenbHO, cHCTeMA {Q;} ABIICTCA TMOTHOH
opToroHaNBEHOU cucTeMol. Ilomaras ee OpTOHOPMHUPOBAHHOH, HIMEEM

u_g(uq,,)% 2(5““"1) 2<5f 0, Z(fsm

3. Pesy.anaTbl Hccaeposanui. Ilycts oneparop A onpeaencH (bopMynon

Af(0) =[5 F(Dat, (3.1)
torga B cuay dopmya (1.3), (2.5) pemenue 3amaun Kommw (1.1)-(1.2) umeer Bua
y(x) = A*f (x). (3.2)
HelicTBys Ha 00€ YacTH 3TOrO PABCHCTBA OMEPATOPOM S, HMEEM
Sy(x) = SA*f(x). (3.3)

B cuny nemmer 2.4 oneparop SA? camoconpspkeH, a B cuny Gopmynsl (1.3) omeparop SA° kowm-
nakteH. Ecmu A%f = 0, o f = 0, B camoM Jene, B 3TOM Ciiydac

f(x —Of(®)dt =0,
0

HBaxkapr mpoauddepeHIMPOBAB 3TO PABCHCTBO M BOCHOIB30BAaBIIHCh Teopemoii Jlebera [1],
nonyuuM [ (x) = 0 mouru Berogy. B cuny teopemsl ['mnsbepra-LlIMuara uveetr MecTo pasnokeHue

SAF() = ) (SHF.02) 00 = ) Inlf.00)0n,
n=1 n=1

rae SA%p, = Ap@,,n = 1,2,... cnexoBatensro, B cuiny dopmyi 2.10, 2.11 pemenne 3agaun Komn nveer
BUJ
y(@) = Xn=1(f, 0n) An - SO = Xi=1(f, 9n) An@n (1 — x). (3.4)
Hawmu nokazana cnexyromas teopeMa.
Teopema 3.2. 3agaua Komu

Ly =y"(x) = f(x),x € (0,1) (3.5)
y(0) =y'(0) = 0. (3.6)
cuIbHO paspernmma B mpoctpanctse L2 (0,1) ¥ 3TO CHIbHOE PELICHHE UMEET BU
y(x) = Xn=1(f, o) Anen (1 — ), (3.7
rae (+,+) — ckanapHoe npousseacHue B npoctpanctee L2(0,1).
SA’Qn = An@n, (3.8)
Ay(x) = [ (x — Of (Dt (3.9)

4. BeiBoabl. Pesynberarel gaHHOH paOOTEI MOTYT OBITh HCHONB30BaHBl B CHCKTPAIBHOU TCOPHH
onepatopos [2-13].
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Abstract. The methodology of “filltered density function” (FDF) is surveyed and implemented for large eddy
simulation (LES) of incompressible chemically reacting turbulent flows. In this methodology the effect of chemical
reactions appears in a closed form and the influences of SGS mixing and convection are modeled. The FDF transport
equation is solved numerically via a Lagrangian Monte Carlo scheme. The consistency of the FDF approach, the
convergence of its Monte Carlo solution and the performance of the closures employed in the FDF transport equa-
tion are assessed by comparisons with results obtained by direct numerical simulation (DNS). The FDF results show
a much closer agreement with filtered DNS results.
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