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OBIIAS XAPAKTEPUCTHUKA PABOTbBI

AKTYaJIbHOCTh TE€MbI IMCCEPTANUM. ACUMIITOTUYECKHUE METOJbl 3aHUMAIOT
BOKHOE MECTO B Teopun nuepeHINaTbHBIX YPABHEHUN. ITO OOBSICHICTCS TEM, UTO
3a/1ayu, paccMaTpruBaeMbie B Teopun TudPpepeHIMaTbHBIX YPaBHEHUH, B TTOIABIISIFOIIEM
OOJIBILIMHCTBE HE UMEIOT SIBHOTO PEIICHUS B BUJY CI0KHOW 3aBUCUMOCTH OT YHCJIOBBIX
¥ (DYHKIIMOHAIBHBIX MAapaMeTPOB, BXOMAIMMX B 3TH 3amaud. OIHAKO MPaBHILHOE
OTIMICAaHUE PEIICHUS WIN HAaXOXKJIECHUE TMPUOIMKECHHOTO PEIICHHUS] MOYKHO CYIIECTBEHHO
YOPOCTUTh, €CJIIM HW3BECTHO, YTO HEKOTOpbIE M3 MapaMeTpoB OYEHb Mallbl JIMOO,
HAo0OpOT, BeNMKHU. [l pemieHuss Takux 3a4ad MPUBJICKAIOTCS ACUMIITOTHYECKUE
METO/bl. DT METOJbl, KakK IMpaBUJIO, CBSI3aHbl CO cHenudUKoil paccMarpuBaeMoi
3agaur. OOHUM M3 KJIACCOB 3aJlay, KOTOPBIE YCHEUIHO PEMIAIOTCS C NMPUMEHEHUEM
ACUMIITOTUYECKUX METOJIOB, SIBISIFOTCS CHUHTYJSIPHO BO3MYLICHHbIE 3aqauu. Takue
3a7laudl OMNKCHIBAIOT MHOTHE PEAJIbHbIE MOJEIH OKPYXAKIIErT0 MHpa. IDTHM OHH
WHTEPECHBI IS UccieaoBaTeei-(hU3nuKOB.

Hauunast Cc COpPOKOBBIX TOJOB, BEIyTCS HWHTEHCUBHBIC UCCIEIOBAHUS,
HalleJICHHbIC Ha pa3pab0TKy METOJ0B aCUMITOTHYECKOTO MHTETPUPOBAHUS CUHTYJISIPHO
BO3MYIIICHHBIX YPaBHEHUM, ONMUCHIBAIOIIMX SIBJICHUS MOTPAHUYHOrO ciosi. B pa3Butue
STOrO0 HAMNpAaBJICHHMS 3HAUYUTENbHbIA Bkiaj BHecin A.H.Tuxonos, B.Ba3zos,
JI.C.Iloutpsarun, H.H.boromto6oB, F0.A . Murpononsckuii, B.Il.Macinos, M.U.Buuk,
JLA.JIroctepank, A.b.BacuibeBa, M.WU.Nmanamues, C.A.JlomoB, B.®.byty30B,
K.A.KacbiMOB U Jp. YCHIHSIMU 3THUX YYEHBIX U MX YYEHUKOB CO3JaHbl Pa3IMYHbIC
ACUMIITOTUYECKUE METOJIbl PEIICHUS] CUHTYJIIPHO BO3MYIIEHHBIX ypaBHeHHil. [lo Mepe
pa3BUTHS AITOPUTMOB aCUMITOTHYECKOTO MHTEIPUPOBAHUS BO3ZHUKAIM U HEKOTOPBIE
npoOIeMbl UX MTPUMEHUMOCTH. [109TOMYy acCMMOTOTHYECKHE METOJbI pa3padaThIBAIHChH
IpU pEelIeHUH CIeM(PUIECKUX 3a7ad. Tak IMHMPOKOU3BECTHBIA METOJ MOTPaHUYHBIX
dbynkuumii, paspadorannbii A.b.BacunbeBoit u M.M.MmananueBbiM, NMPUMEHUM K
3a/layaM C SKCIIOHEHIIMAJIbHBIM MOTPaHUYHBIM clioeM. Metogom ycpeanenus Kpouioa-
boromo0oBa-MUTPONONBCKOTO  M3Y4alOTCsl yYpaBHEHMs, KOIJa TMpaBbleé YacTH
JIOTTYCKAIOT CYIIECTBOBAaHME KOHEUHOTO CPEIHEro Mo BpeMeHU. B mecTuiecsaThix rogax
npouwioro  croietuss C.A.JloMOBbIM  pa3paboTaH METOJ, KOTOpbI CHUMAeT
OTPAHUYEHHE HA PACIOJOXKEHUE CIEKTpa MPEAEIbHOIO0 ONepaTopa OTHOCHTEIBHO
MHHUMOM OCH. ACHUMITOTUYECKUE PsIibl, TOJydaeMble 3THUM METOJIOM, SIBIISIOTCS
CIMHCTBECHHBIMU B OMPENEICHHOM Kjacce (yHKIMM, AOMYCKAIOMMX MNPUMEHEHUE K
3a1ayaM KoJjebaTebHOTO U HEK0J1e0aTeTbHOTO THIA, MPU HEKOTOPBIX OTPAHUYCHUSX
Ha MCKOMBIC (YHKIIUU 33Ja4l MOTYT CXOJHUTHCS HE TOJBKO aCHMITOTUYECKH, HO U B
00bIYHOM cMBICHe. TeopeTruueckass OCHOBAa METO/1a PETYJISIPU3AIIUU COCTOUT B TOM, YTO
pElICHNE CHUHTYJSAPHO BO3MYILIEHHOW 3aJlaud 3aBUCUT OT BO3MYILUEHHS JIBOSIKUM
o0OpazoM: peryisipHO U cuHTYsipHO. OCHOBHAS MJEsl METOA PETyJIIpU3aIlii COCTOUT B
nepexoie B MPOCTPAHCTBO OOJBIIEH pPa3MEpPHOCTH C TIOMOIIBIO  BBEACHUS
JOTIOJITHUTENIPHBIX ~ HE3aBUCUMBIX IEPEMEHHBIX. JlOTIOJHUTENIbHBIE TEPEMEHHBIE,
BBEJICHHBIC C TIOMOIIBIO CIEKTpa MPEACIbHOTO ONepaTopa, ONMUCHIBAIOT CUHTYJISPHYIO
3aBUCUMOCTH pelIeHus oT napamerpa. Jlo HacTosIero BpeMeH METO pa3BUBAJICS IS
OOBIKHOBEHHBIX  Au(depeHInaIbHbIX YpPaBHEHUH, U1l HEKOTOPBIX  KJIACCOB
CUHTYJISIPHO BO3MYILIEHHBIX YPaBHEHUW B YaCTHBIX IPOU3BOJHBIX. Pa3zBuTme mertona
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OCHOBBIBAJIOCh Ha HCIIOJIb30BAHUU CIEKTpa MPEAENbHOro omeparopa. B m3ydeHHbIX
paHee 3agadax uepe3 CIEKTP OMNKCHIBAIACH CHHTYJSIPHOCTb PELICHHS [0 MajoMy
napameTpy.

B maremaTtnyeckoll MOJENM pacHpeleTCHHbIX KMHETHUYECKUX CHUCTEM KaxIas
NPOCTPAHCTBEHHAS TOYKA MPEACTABISIET COOOW TeHepaTrop KoieOaHWi, a CBSI3b MEXIY
3TUMU  TEHEpaTopaMH  OCYLIECTBISiETCS  mocpeAcTBoM  auddysun (Wi
TETUIONPOBOAHOCTH). [IpuMepamMu Takoro ponaa pacmpeleseHHBIX CHUCTEM MOTYT
CIY’)KHUTb ~ XUMHUYECKHE  pEakUWH,  OKOJOTUYECKHE  CHCTEMBbI,  HEKOTOpHIC
MOJyTIPOBOJTHUKOBBIE KOHCTPYKIMH M JAp. OTH TPOILECCHI OIHCHIBAIOTCS B
napaboMYeCKUX YPAaBHEHUSAX, COACPKAIIUX MAJIBIA TapaMeTp.

B cnydae, xorga B uccieayeMoM Mpoliecce OMUCHIBAOTCS auddepeHIranbHbIe
ypaBHEHHA C MaJbIMH T[apaMeTpaMd IMpH CTapIIUX TPOU3BOJAHBIX, YpPaBHEHUS
MOJMyYMJIM HA3BaHWE CHHTYJSIPHO BO3MYIIEHHBIX ypaBHeHHMU. J[is mporeccos,

OITMCBIBACMBIX CUHTYJIAAPHO BO3MYIIICHHBIMHU YPaBHCHUSAMU, XapaKTCPHLBI
HCPAaBHOMCPHBIC IICPCXOJAbI, HAJIXMYNC B HHX (<6I>ICTpI)IX)> n «MCIJICHHBIX»
COCTaBJLAIOIIUX, qTo 06YCJ'IOBJ'II/IBa€T (GKCCTKOCTB» paCCManHBaGMOﬁ

mupdepeHInanbHol cucTteMbl. JIIsl JKECTKUX CHCTEM TPaJAMLMOHHBIE aJITOPUTMBI
pacdera NpUOJIMKEHHBIX PELICHUN TEpsIIOT CBOIO A(P(EKTUBHOCTh. DTO OIIYIIAETCS B
30HE€ IOIPAHUYHOTO CJOsI, BOSHUKAIOLIETO IIPU 3HAYEHUSX HE3aBUCUMOUN NEPEMEHHOM,
HaXOJAIIEHCS B OKPECTHOCTH TPAHUYHBIX TOYEK.

BosHukaromuye TpyaHOCTH MOYKHO IIPEOJOJIETH C NMOMOIIBIO MPEABAPUTEIBHOIO
ACUMIITOTHYECKOTO aHaIU3a MCCIEAyeMOM 3aJayy, MPOBOJMMOrO Ha OCHOBE METOIOB
ACUMIITOTHYECKOTO MHTETPUPOBAHUS TU(PPEpeHIINATBHBIX YPAaBHEHU.

Hean uccaenoBanus. CoBEpIIEHHO HOBBIE U CI0XHbBIE IP(EKTHI TOSBISIOTCS B
pEelIeHUsIX CHUHTYJISIPHO BO3MYILEHHBIX 337a4, €CJIM MpeJeibHBIA ONepaTop HMEET
KPaTHYIO HYJIEBYIO TOUKY cnekTpa. [loaTomy mpencraBisieT HaydHbId U MPAKTUYECKAN
UHTEpPEC  MOCTPOCHHE  ACMMOTOTHYECKOTO0  pEeleHus  TakuxX  3agady  Juid
muddepeHnnanbHbIX ypaBHEHUM MapaboIMvecKoro TUIa C MajibiM IapameTpoM. B
JUCCEPTALMOHHOM paboTe U3y4yaroTcs KpaeBble 3a/1auMl JJil CHHTYJISIPHO BO3MYIICHHBIX
napaboJIMYeCKUX YpaBHEHUI B pa3IMYHbIX TOCTAHOBKAX, KOTJa MpeAeIbHbIA OnepaTrop
MMeEET KPaTHYI0 TOUKY CIIEKTpa.

Hayunas HoBu3Ha. B nuccepranmonHoi paboTe Jyisl IEpBOMl KpaeBoil 3aade
JUISl CUHTYJIIPHO BO3MYIIIEHHOTO Iu((epeHnanbHOTO YpaBHEHHS MapaboIudecKOTo
THUIIA, IOJYYEHBI CIECAYIOIINE HOBBIE PE3YJIbTATHI:

® T[IOCTPOEH aJIrOpPUTM PETYJISAPU30BAHHOW ACHUMMTOTUKH PEIICHUS] CUHTYISPHO
BO3MYUIEHHBIX KpaeBBIX  3a4ay JUisl JIMHEWHBIX AUQdepeHIraIbHbIX ypaBHEHUN
napaboIMYecKoro TUIa, Korja MpeAesibHbINA OnepaTop UMEET KPaTHYIO HYJIEBYIO TOUKY
CIIEKTpa;

® T[IOJly4E€Hbl PEryJIIpU30BaHHBIE ACHUMIITOTHYECKHE PEIICHHUS CHHTYJISIPHO
BO3MYILIEHHBIX KpPaeBbIX 3a/ay I JIMHEHHBIX CUCTEM YpaBHEHUH MapaboMdYecKoro
TUIIa C MajblM NApaMEeTPOM MPU BCEX MPOU3BOAHBIX, KOTAa MOTEHIMAIbHAS MaTpULa
UMeeT KpaTHOE COOCTBEHHOE 3HAYECHUE;

® YCTaHOBJICHBI IpaBUja BHIOOpA PETYISIPU3YIOMIMX NMEPEMEHHBIX, KOTJa OJHA W3
TOYEK CIEKTpa NpPEeIbHOTO Ooneparopa HECTaOWIbHBIM, a YacTh KOHEUHBIX YHCEll
TOYEK CIEKTpa TOXKJIECTBEHHO HYJIO, HalJIeHbl Kiacchl (PYHKIUN MpeAcTaBICHUS
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pelIeHnd IPOMEXYTOYHBIX 3a4a4 M IOCTPOEHA PETYJIAPU30BaHHAs ACHUMITOTHKA
peleHus;

® T[IOCTPOCHA  pEryJSIpU30BaHHAsT  ACHMITOTHKA  PEHIEHUS  CHUHTYJISIPHO
BO3MYIIECHHBIX MapaboIMvecKuX 3a7ad, B caydyae, KOT/ia mpeaelbHbIi orepaTop uMeeT
KPaTHYIO HYJIEBYIO TOUKY CIIEKTPA M 3KBUBAJIEHTEH XKOPIAHOBOU CTPYKTYpE.

Teopernueckassi M nNpakTHYecKasd 3HAYMMOCTb. JlaHHas pabora wumeer
TEOPETUYECKYIO HANPABICHHOCTh. /JOCTUTHYTBIE PE3yJIBTaThl MOXKHO MCIIOIb30BATH JJIS
WCCJICMOBAaHUSA  CHHTYISIPHO  BO3MYIICHHBIX  AuddepeHIuaibHbiX,  HWHTErPO-
muddepeHnnanbHbIX  YpaBHEHUW, TPUMEHSATH MPH KA4ECTBEHHOM HCCIICTOBAHUHU
HEKOTOPBIX CHHTYJSIPHO BO3MYILICHHBIX YPAaBHEHHI, UCIIOJIb30BaTh NPU KA4€CTBEHHOM
UCCJIEI0BAaHUN MPOLECCOB B NPHUKIAJAHBIX HAyKax: (PU3MKE, 3KOJIOTMH, XHUMHYECKUX
peaKkiusaX, B HAYYHBIX HCCIEIOBAHUAX MO UHTErpo-AuddhepeHIuaIbHbIM YpaBHEHUSIM
HalMoHaNbHOU akajemuu Hayk Kwipreickoit PecriyOmuku, KHY um. XK. banacareina,
KTY “Manac”, a Takxke npu pa3zpaboTke CIEUKYpPCOB i MPOPMIbHBIX U JAPYTUX
€CTECTBEHHO-TEXHUUECKUX HarpapieHul B By3ax Keipreisckoit PecriyOnuku.

OcCHOBHBIE N0JIOKEHHS JUCCEPTAIMU BLIHOCUMbIE HA 3aIINUTY:

® [IOCTPOCHA ACHUMITOTHKA pEHICHUS MMapabOJUYECKOTO YpaBHEHUS C HYJIEBOM
KPAaTHOW TOYKOM CIEKTpa, KOTJA MAaJbli IapaMeTp CTOUT Iepel MPOU3BOAHOM I10
BPEMEHHY;

® HaWJCHA pETyJApU30BaHHAS ACHUMNTOTHKA pPELIEHWs 3aJadd, KOTJa MaJblid
[apaMeTp NPUCYTCTBYET IPU BCEX MNPOU3BOAHBIX W MPEACIbHBIA OIEPATOpP HMEET
HYJIEBYKO KPAaTHYI0 TOYKY CIIEKTpa H I[OCTPO€HAa aCUMIITOTHKA pELICHUs
napaboIMYeCcKOT0 YPaBHEHUSI C HYJIEBOW KPaTHOW W HECTAOMJIHLHONW TOUKAMU CIIEKTPa;

e 0000IIeH METOJ PpEeryispu3alii JJs CHHTYJSIPHO BO3MYIICHHBIX 3a7a4 Ha
CHUCTEMY CHUHYJSPHO BO3MYIICHHBIX MapaOOIMYeCKUX YpPaBHEHHH B KPUTHYECKOM
ciydae;

® HaiiJleHa aCUMIITOTHKA PEeLIECHUs NapadoIMYecKon 3aJjauM B Cllydae ¢ HEHYJIEBOM
KpPaTHOM TOYKOM CHEKTpAa W NPEAECIBbHBIM ONEPATOPOM 3KBUBAIEHTHBIM KOPIAHOBOMU
CTPYKTYpE.

MeTtoauka ucciaenoBanus. [Ipu nocrpoeHun peryiasipu3oOBaHHON aCUMIITOTUKU
pereHust 3agad, W3y4aeMbIX B JUCCEPTAIMOHHON palboTe, HCIOJB3YETCS METOJ
C.AJlomoBa, wmomuduimpoBanasli  npodeccopom  OmypanueBbiM  A.C.  1is
WCCJICIOBAHMSI CHHTYJISIPHO BO3MYITICHHBIX TTapaboIMYecKuX 3a1ad.

AnpoGauuss padorhl. Pe3ynbrarel paOOThl JOKIAABIBAIMUCH HA HAYYHBIX
cemuHapax Ksipreizcko-Typenkoro ynuBepcutera "Manac", Ha MexayHapoaHoOM
Hay4YHO-TIPaKTUYECKOW KoHpepeHnH "OyHKIIMOHATBHBIN aHAIN3 U €r0 MPUIIOKEeHUS ",
MPOBEJICHHOM B YecTh akajaemuka HarumoHansHON akagemuu Hayk PecryOnmku
Kazaxcran, mpodeccopa MyxTtapbass Orendaesa, 1o ciiyqato ero 70-j1eTust B I. AcTaHe
B 2012 r., Ha cumnosuyme «MartemaTuka M rio0anbHbie BbI30BBI XXI| Bekay,
MOCBAIIEHHOM  CTOJIeTHr0  [lepMckoro  rocygapCTBEHHOTO HallMOHAJIBHOTO
uccieaoBarenbckoro yuusepeurera r. [lepms, 16-21 mast 2016 roaa.

IlonHoTa OTpakeHHs Ppe3yabTaTOB Auccepranuu B nyOaukanusax. [lo teme
muccepranuu  onyonukoBano 10 pabor [1-10] B Hayunbix m3nanusx. B cemu [1-4, 8-
10] coBMecTHBIX paboTax TOCTAHOBKA 3aJadud H OOCYXJCHHE WX pe3yJIbTaToOB



2)

NPUHALIEKAT HAYYHOMY PYKOBOJHUTENIO, @ PEUICHUE 33/a4, IIOJyYEHHE PE3YJIbTATOB —
aBTOpY.

O0beM u cTpykTypa aumccepramum. Jluccepranuss COCTOMT U3 TIEpEyHs
YCIIOBHBIX 0003HAYEHUIN U YCIOBUM, BBEJICHUS, TPEX IJIaB, pa3OUTHIX HA maparpadsl u
NYHKTHI, 3aKIIOYEHUsT K KaXJIOW TrjaBe, BBIBOJAOB U CIIMCKA HCIOJIb30BAaHHON
auteparypsl U3 98 wucrtouHukoB. JluccepranmonHas paborta uznokeHa Ha 118
CTpaHMIIaX KOMITBIOTEPHOTO TEKCTA.

KPATKOE COIEP)KAHUE PABOTbI

Bo BBemeHnu 1aHO 000CHOBAaHHUE aKTYaILHOCTH TEMBI, 00IIast XapaKTePUCTHKA
paboOThI ¥ BCIOMOTATEILHBIA MaTepHal KOTOPBIA HCIIOJIB3YETCS B JUCCEPTAIIUH.

1 rmaBa conmepKuT 0030p JIUTEPATYphl MO TEME IWCCEPTAIU, MPHBOISATCS
HEKOTOPBIC PE3yJIbTATHI U3 3aKIIOYCHUN APYTUX aBTOPOB, MHOTOKPATHO HCIOJIB3YEMBIX
B JIaHHOMW paboTe 1Mo TeMe UCCIIEIOBaHM.

2 raaBa, COCTOSIIAs W3 Tpex MmaparpadoB, MOCBSIIEHA PEIICHHUI0 CMEIIaHHOW
3a/1a4u JIJIsl YpaBHCHHSI
Lsu = ¢ 0w — L(x, t)u =f(x1), (x,b) €Q, 1)

u | =0=n(X), U | 2—0
npu £—0, rne Q= Q X (0,T), ob1acte  orpaHnveHa U UMEET IIIATKYIO TPAHUILY OL2;
L(X,t) - muHEeHHBIH caMmoconpskeHHBIN npu KaxaoM t€[0,T] smmunTudeckuii onepatop.
3amaqy OyzeM pemarh MpH CISAYIONUX MPEAOI0KCHHSIX:
1) Oneparop L(X,t) stBisleTcss omepaTopoM MPOCTOW CTPYKTYpPhl U TPHU KaKIOM
t € [0, T] umeer cuektp {/«(t)}, yIOBIETBOPSIONINI YCIOBHSIM:
M) =0, Yk=1,2,...p, Au1(t) <A,02(1)< ...<O0;
Cuctema cooctBennbix ¢Gyukmmid { ¢ (X,t) } k=1,2,....p,p+1,p+2,..., npu kaxaom t
o0pa3yeT TMOJHYI0 OPTOHOPMHPOBAHHYIO CHCTEMY (YHKIHIA B HEKOTOPOM
TUIL0EPTOBOM MpocTpaHcTBe H.
Jns perymnsipusanuu 3anaun (1) BBegeM peryisipu3yroime nepeMeHHbIe 1o GopMyam

=1 dp(ds =D k=123 2

1 BMecTo (pyHKIUU U(X,t, €) BBEAEM B pPaCMOTpPEHHE pacimupeHnyio GpyHkuuio i(M, €),
M = (x,t,7),T = (Tp41,Tp+2, -+ ) TAKYIO, UTO

ﬁ(M' S) | T=0(t)/e = u(x' t, 8)' (p(t) = (‘pp+1 (t)' (pp+2(t)' ) (3)
Jlnst paciimpeHHONM (PyHKIIMY OCTaBUM 3a7auy
L0 = £0,4i(M, &) + Dyii(M, ) — L(x, )& (M, e) = f(x,t), M € P, (4)

irmg =h(x), UM, |0 =0, P=Q x(-,0),

DA = Z Ap+k (t)arp+k;
k=1

Pemenue 3anauu (4) Oynem UCKaTh B BUJIC
[0.0]

(M, €) = z sl (M) (5)
i=—1
Jlnst k03 UIMEHTOB TOMYYHM HWTEPAIMOHHBIE 33aJadd, KOTOPhIE PEIIAoTCs B
Kjacce GyHKIMH



)

(00]
U= i = ) OVl ) + ) puja(Oexp(tp)ibps; (6,0}
k=1 Lj

B »TOM KJ1acce uTepanroHHBIC 337]a9d UMEIOT OJJHO3HAUHBIC PEIICHUs, CY)KCHHE
JaCTUYHOW CYMMBI psiia TOCPEICTBOM peryispu3yromeid (yHKIHUW, YTO SBISETCS
ACHMIITOTHYECKUM penieHneM 3anaun (1), T.e. Joka3aHa ciaeayromias Teopema.

Teopema 1. Ilycmo evinonnenvt ycnosusi 1)-2). Tocoa cyscenue uacmuuHou
cymmol psioa (5), npu T = @(t) /& angsemes acumnmomudeckum peuteruem npu € = 0
3a0auu (1), m.e. Ona docmamouno manvix € >0 u V i =-1,0,1,..,n cnpaseorusa
OYeHKa

|u(x, t,€) — uen (x, ¢, 0(t/€) | < ce™.

IMaparpad 2.2 TmOCBAIICH IOCTPOSHUIO PETYISIPU30BAaHHOW ACUMITOTHKH
pEIICHUS 3a/1a4uu
Lou(x,y, t,&) = edu — e2a(x)02u— L(tu = f(x,y,t),(x,y,t) €Q (6)

u|t=0=h(x,y), U|aﬂ=0
3aeck € > 0 —maneii mapamerp, Q = Q X (0,7), Q={(x,y):x,y € (0,1)}, 0Q—
rpaHuia o6aactu Q.
3amaya (6) uzydaeTcs npu CASAYIOMMUX MPEATOI0KESHUSIX:

1) @ynxums a(x)>0 wst moboro x € [0,1]

2) a(x) € C*[0,1], f(x,y,t) € C*(Q);

3) CamocomnpsiKeHHBIN orepatop mpoctor cTpykrypsl L(t) mpu xaxmom t € [0, T]
MMEET JUCKPETHBIN CIIEKTP

L(t)l/)k(yi t) = Ak (t)lljk(yi t), l,bk(y; t) |y=0 = wk(y' t)|y=1 = O;

YIIOBJIETBOPSIOLINI YCIOBUAM

Apri(0) <0, (@) =0, Vk=12,..,p, Apyi(t) # Apy; (), VI #J,
vtel0,T]ij=1;

4) BBIMONHSETCS YCIIOBUE COTIACOBaHMS HAYaIbHBIX U TPAHUYHBIX YCIOBHI:

h(0,y) =h(Ly) =0.
BBonuMm perymnspusyroniue GyHKIMU o GopMynam

t 1

1 (¢ .
Np+i = Ejo Apri(8)ds, i=12,.., 7= e §j = \/T_Bgoj(x),
.—i . i — . — (_1\j-1 ¥ ds
(] - \/E(P](x),] - 112! QDJ(.X) - ( 1) fj—l a(s)’ (7)

HYCTB 0 = (f; (: T, 7)); f = (51' 52)'( = ((1' (2)1 n= (np+1' 77p+2' ') ABJIAKOTCA
HE3aBUCHMBIMH IIepeMeHHBIMU HOBOM Gyukuuu G(M, ), M = (x,y,t, 8) Takoii, 4To ee
Cy>KEHHUE COBIIAJIAET C PEIICHHEM UCXOAHOU 3aaaud (1), T.e.

ﬁ(M, S) |9=9(x,t,8) = U(X, Yt S), (8)

t

1t
O(x,t, &) = (%’\/%_3’8_2’_.{0 A(S)ds),go = (91, 92), 1= (Ap11,Aps2, )

&

C yuerom (7), orciona Haiigem J,uu 0Zu, Torma Ha ocHoBaHuu (8), s
pacimpentoi ¢pyukimu (M, €) TOCTaBUM CIIEAYIONIYIO 3a1a4y:
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L.a(M,¢) = %Tlﬁ + Tyfi + VeLgti + Tl + Vel i + 2L, il = f(x,y,£), M EW
ﬁ(M)|T=t=O = h(x, y)! ﬁ(M)|aW = 0, M = (x»y' t' 9)» (9)

W = Q X (0, OO) X (O, OO) X (0,00) X (_OO: O):
rac

Ty =0~ g Ty = ) dpii(©dy,, — L), L = —a()d},

2 2
T3 = at — A(, L{ = —a(x)ZLg,], L( = —a(x)ch,],
=1

Lej = 20;(x)05, + <p],"(x)6(' Lej = 2<p](x)6x5 + @} (x)0¢
2 2

2
p=| ) DIy |, A= Z(—nf—la{j
=1 =1

Pemenue pacmmpennoit 3agaun (9) vieM B BUIE Pa3I0KCHUS
(00]

N K
u(M,¢) = Z € /Zuk(M). (10)
k=—1
Jns kodpUIMEHTOB 3TOro psja  MOJYy4YMM HWTEpPALMOHHbIC 3aJayd, KOTOphIE
peiarTcs B kiacce QyHKITUH:

U = fu(M): u(M) =< v(x, t) + Z w(N), Wy, t) > +
=

+<

2
C(x,t) + Z Wi(x, t)erfc (i exp(n),Y(y,t) >,

e

2
erfc exp(—s?)ds, |u;(N)| < cexp <%>, i,j =1}

2\/— \/— j
\/f

u, (V) = (uu(Nz) u; 2 (N)), ) C(x,t) = (Ci,p+j(xr t))»Nz = (x,y,t,&,1),

Wix,t) = (@l (% t)),w(y, £) = (13, ),1%. (1), ),

n= (77p+1;77p+2; ):Sz‘: ($1, &) 0,) =1,

< v(x, t), 1/)(3/1 t) > = Z Up+i(x' t)lljp+i(yi t)r U(X, t) = (Ul(x' t), Uy (.X, t), )

i=1
< CELO DM, PO >= D Cpuipss (€0 exD(ps) Ypri (. 6)
ij=1



[IpousBeneM B pacHIMpPEHHOW 3a7ade CYKEHHE MOCPEICTBOM PETYJISIPU3YIOIINX
byHKIuH, T.e. mojoxuM 8 = 0(x,t, &) B 0benx vacTsax ypaBHeHHs. [lanee, yauThiBas
toxaecTBo (10), 1y ocTaroyHOTO WieHa

Re,Zn(xJ Y, t) = Re,Zn(xJ Y, t, Q(X, L, 8)) = u(x, Y, t, 8) - us,n(x: Y t, 8)
I[NOJIYYUM 3aaavy

LsRe,Zn(x: Y, t) = an(xf vt 9()6, L, 8), E)JRS,ZTL |t=0 = Rs,Zn |an =0 (11)

B cumiy Hammx MOCTPOSGHUM WM CHCIAaHHBIX MPEANONoKeHUH 1) -4) QyHKIusa
Gon(x,¥,t,0(x,t,€),€) paBHOMEPHO OIpaHMYCHA IO & W HENpephiBHA MO X,Y,I B
u3ydaemoit oomactu s iodoro Homepa n=0,1,2,....

Teopema 2. [lycmo evinonnenst ycaosus 1)-4). Toeoa ons docmamouno manvix € > 0
UMeem mMecmo OYeHKd

|u(x, Y, t,€) — U (x,y,t, £)| <ce™, n=0,1,2,.. me uacmuunas cymma psoa (10)
A6718emcs acumMnmomuyeckum peuteruem 3aoauu (6) npu € - +0 u smo pasznoscenue
edurncmeeHno 8 npocmparncmee U.

n+1

B maparpade 2.3 usyuaercs nepBas KpaeBas 3ajada il CUCTEM CHUHTYJISIPHO
BO3MYIIICHHBIX apaOOIMYECKUX YpaBHEHUI
Lou(x, t,e) = cd,u — 2a(x)0u — A()u = f(x,t), (x,t) € Q,
u|t=0=Oru|x=0=u|x=1=0» (12)
rae € > 0-mansiit mapametp, Q = x{(x,t):x € (0,1),t € (0,T)}.
3agava (12) uzyqaeTcs pHu CACAYIONTUX TPEANOI0KCHUIX:
1. 0 < a(x) € €*[0,1], A(t) € C*([0,T],C™), f € C*(Q,C™);
2. m X m matpuna A(t) umeeT M mpocThIX COOCTBEHHBIX 3HaucHM {A; (t)}
yIOBJICTBOPSIOLINX YCIOBUSM:
a) 1,t)=0(i=12,..,k),
b) Red;(t) <0(i=k+1,..,m),
c) L) #=A4@®),Vi*j, i,j=(k+1m);
3. ;(t) =0(i = 1,2, ..., k) coorBercTBYeT K NMMHEHHO HE3aBUCHMBIX COOCTBEHHBIX
Bektopos {b;(t)}, i = 1,k.
[TpousBenem perynspuzanuio 3anauu (12), s yero BBeAEM pETyIsPU3YIONINE

IIEpEMECHHEBIE
t 1t _ i@ P1(x)
T—g_z: ﬂi—ELli(s)ds= - , i=k+1,..,m &= N
@1(x) X ds
m = () = (—1)“‘”[ , 1=1,2 (13)
RS l -1/ a(s)

u paciupennyo pyuakuio (M, e), M = (x,t,n,&, 1, 1), &€ = (£, &),
n = 112), &= (Hies1s Hies2 -+ » M) TAKYIO, UTO

00,9y =utce0, r0c0 = (.52 5 20),

0 = (77' fi T, [,l), (p(X) = (‘pl(x)r ‘Pz(x)); llj(t) = (l/}k+1(t)' l/}k+2(t)i :l/}m(t))
9
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Torna, Ha ocHoBanuu (12), (13), (14), OTHOCUTENHHO pacIIMPEHHON QYHKIIMU MOTYyYUM
3ajauy

¥ o _1. N N N N L2y
L.ii(M,e) = ETOu + Dyii — Vel + €Ty i — eVeleli — %L, il = f(x,t), M€EQ

~

| tmrmpmo = 0, | xeo,6,2n,20 = B | x=16,29,20 = 0, (15)
2

L, = a(X)Z[Z(PZ(X)ag?ZI + Qol”(x)azl]; TO = a1: - An:Tl = a15 - Af;

D, = z 403, — A®), Ly = a()dZ, Q(0,1) X (0,T) x (0, )

j=k+1
Pemienus 3anauu (15) Oynem onpenenars B BUIE psiaa
(00

k
4(M, &) = Z 2w, (M). (16)
k=—2
I[.TIH KOB(b(I)I/IHI/IeHTOB HOHyLII/IM HTepauHOHHbIe 3aladiu, KOTOpBIG pema}OTC;I B

caeayromeM Kiacce QyHKITU:
m

= { (5, D1, (0, ) = E[vk,xx, )+ Yoi(N) +

+ z (cl,(x t)+Zw (x, t)erfc( Sif)> exp(u;)1b;(0),

j=k+1

v, 8) € C2(Q), 1Y(N)] < cexp< gr) e (68, wl(xt) € c=(Q))

N=(xt11),1=0,n), & =(&,&), bj(t), i =1, m —coOCTBEHHDIIi BEKTOP
matpuilbl A(t) oTBedarolit COOCTBEHHOMY 3Ha4YeHHUO A; (t).

[lokazaHo, 4TO cCyXeHHME 4YacTHYHOW cyMMbl psga (16), mnocpeacTBom
peryaspusyonmx QyHKIUNA, SBISeTCS (POPMaIbHBIM ACUMOTOTHYECKHM pEIICHUEM
ucxoHou 3anaun (12), T.e. moKa3aHa

Teopema 3. Ilycmv swvinonnenvt yciosus 1)-3). Toeoa cyscenue yacmuyHol
cymmol npu 0 = y(x,t, €), a61aemcsa acumnmomuyeckum peuteruem 3aoaqu (12), m.e.

npu docmamouno manvix € uN=-2,-1,0,1,...cnpaseonrusa oyenka
n+1

||u(x, t,e) —ucn(x, t,y(xt, e))|| <cez.
K maparpady 2.3. mocTpoeH WuTIOCTpaTUBHBIN TTPUMED, TIPU
0O 0 O
A(t) = (0 0 0 )
0 0 -2
a(x) =1+ x, flx,t) = col((l + x)t, 0, x(1+ t));
B Tperneii rjaBe wu3ydaeTcs aCHUMNTOTHKA pelIeHUs] MapaboIudecKoro
YpaBHEHHUS C KpaTHOM U HECTAOMJIBHOM TOYKAMU CITEKTpa.
B maparpade 3.1. paccmaTpuBaeTcs 3a1ada
L.ou=edu—e?a(x)02u—Lu=f(x,y,t), xt€A, (17)
10



u |t=0 =h(x,y), u |aQ =0, (18)
re ) ={(x,y,t): x,y€(0,1), t € (0,T)}, €> 0— manslit mapameTp.
3amauy (17), (18) Oyaem n3ydaTh Mpu CIASAYIOMIUX MPEIMTOI0KEHHSIX:
1) a(x) € C*[0,1], f(x,t) € C*(Q),
2) a(x) >0, Vx €[0,1]
3) {4;(t)} cmekTp caMOCOMPSHKEHHOTO oOmepaTopa MpocToi cTpykTyphl L(t), mpwu
kaxaoMm t € [0, T] ynoBIeTBOPSAET YCIOBHUSIM

L) =2,@) = = 2,(1) <Appr(®) < Apya() < < A1) <+ <0
rne A;(t) #0, Vi=p+ 2,n, a HECTaOMIbHBIA DJEMEHT CICKTpa oIepaTopa
NPEJICTABUMO B BH/IC

Ap+1(t) = tq(0), q(t) <0, v tel[0,T]

[TpousBenem pacmmpeHusi omneparopa L., I 4ero BBemeM peTyISpU3YIOIIHE

byHKIUU
1,

t
1 @;(t) 1 1
T = Eflj(s)ds = ]T T T —2J1p+1(5)d5 = $¢p+1(t);
0 0
t
=7 = ) + 21 + 31
n NE J]=DbDp p

_(=nF 1f ¢z(x) . (%)
i NeoN Ver
U BMECTO I/ICKOMOI/I q)yHKL[HH u(x,y,t,e) paccMoTpuM pacIIUPEHHYIO (DYHKIIHIO
u(M,e),M = (x,,t,$,7,1), § = (§1,$2), T = (71, T3), TaKyIo, 4ro

AM,€) lgmyierey = Uy, t,8), (20)

t t X X
6=,  giote) = (<P( ),<Pp+1( )’1/)( ),w( )>’
£ Ve Ve e
(P(t) = (<,01» @2, ---,(Pp, (pp+2! )' l/)(X) = (1,01(.76), ¢2(x))
Haxons, Ha ocHoBanuu (19), mpoussognsie 0,u, 02u, uz (17), (18), (20) cnenyer
pacimpeHHas 3ajayva:

(19)

3 1 1

L.ti(M,e) = €0,u + Eana + Dyt — eAgu — pyi(M, ) — EA(ﬁ —

—VED T+ Ve@py1 (8) |0, 11| — VETDsit — €2L,2(M, €) = f(x,y,6),M € Q (1)
i |ieo = h(2), 8,8 |y = 0,

D= Y 4O, 4=0%+3
J=p(j#p+1)

Dag, = €291, + W], 12 = ) A Oy,

j=1
=a(0)d2, Dyg = a(®)[29;(0)0e, + P ()],
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A,@), Vj=12,..,p
Adpij(®), YV jZp+ 1.
r/ie pj cOOCTBEHHbIE IPOEKTOPHI oTBeuaromue A;(t).
Pemenue pacmupenHoi 3agauun (21) OyzneM onpeaenuTs B BUIE

(00]

(e 2
ﬁ(M, ‘g) = Z gl/z Z bk(}’, t) (vi,k(xJ t) + z u%,k(Nl) +
k=1 =1

i=-1

L©) = ) HOp,®, K© = {
=1

(0]

Ci{k (x,t) + 22: Z ll,]( (x,t)erfc (;—\k)

exp(7;) +

+ [qix(x, t) + Z ‘Uzk(x t)erfc( i—)] V(Tp+1) =+, + 15

e ¥ (Tp41) PELICHUE 3a/1a4H.
B 3.2 paccmarpuBaetcs 3agada
L, = e0,u(x, t, &) — e2a(x)0zu(x, t, &) — A(t)u(x, t, &) = f(x,t), V(x, t) €EQ  (22)
Uli=g = h(x), Ulx=o = Ulx=1 =0
3nech u = col(uq,uy), f =col(fi, f2) € C*(Q),
0<a(x) € C*[0,1], € > 0 —mablif mapameTp,
Q=(0,1)x(0,T), h(x)=col(hy(x) hy(x)) € C[0,1];
[Ipeamnonoxum, 4To
1) Omeparop A(t) mpu kaxmom t € [O,T] uMeeT CHEKTp YIOBICTBOPSIIOIINIA
YCITOBUSIM:
() = 2,(t) < A3(t) < -
2) CoOctBennoe 3Hauenue A;(t) = A;(t), i = 1,2 TakoBbI, 4YTO
ReA(t) <0,vVte [0,T] i=1,2;
3) CoOCTBEHHBIE U MPUCOESTUHCHHBIEC BEKTOPHI OPTOHOPMUPOBAHEI, T.C
(W, ;) =of, kj=12,..
4) BBIMOIHSAETCS YCIOBHS COrTIACOBAHKME HAYAIbHBIX TPAHUYHBIX YCIOBHUIA.
BBeaem perynaspusyionie nepeMeHHbIC

£ = oi(x)  @i(x) ot

l '\/_ ,(l B '\/8_3 ! T - 82,

n =2 (1A + Ve @las = a(e.0), =12
0

t

1
Nk = _fAk(S)dS = O, k=3,

1/a(s 50

OObsIBUM WX, Hapsay C MEPEMEHHBIMH X U t, HE3aBUCHMBIMH U BMECTO HCKOMOWM
GyHkImn u(X,t, €) pacCMOTPUM PACIIUPEHHYIO (QYHKIIHIO

9100 = (=) j
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ﬁ(M, 8)1 M = (.X', S); M = (X, ¢, Zr fr T, 3)r ( = (fp 52)75 = (51' EZ)J n= (771; 772)

Takyo, 9ro (M, €) |9=p(xts) = u(x,t, ¢),

0= @&, Pt = (S2,52.L 0(te), @ = (102),0 = (01,,).

st paCHII/IpCHHOI/I q)yHKuHI/I (M, €) MOXXKHO MTOCTABUTH 3a/1a4y

L.ii(M,¢) = —T(u + z A(t) + \/_qk(t) Z A (£) 0y, T — A(t) T — \/_L(u +

+eTeill — eveLlell + €2L,01 = f(x, 1), MeR, u |t=f:n=o =h(),  dler =0,
rAc

’ 2
T; =0, — D, Te = 0, — D¢, D; = a(x) Z(gol(x)) 0z,

L; = a(x)Z[zwx)axgl + ol 0], Ly = (0?3,

R={M:x,t € Q,,&n,1,€ (0,+0)};
Pemenue PACILHPEHHOrO ypaBHEHI OyJeM ONPENENATh B BUJIE

(M, ) = Z (\/—) u; (M) +zgfvj(x t). (23)

j=-1 j=0
Hteparnmonnsie ypaBHeHHS OyieM pemiaTh B Kiiacce PyHKITUi
o 2

U = {u; (M): (M) = Z Z (NP Cx, ) +

{Z [ck](x t) +Zwk](x t)erfc( i/_>

+q(0) [ck, (60 + Zwk, s e terfe ff)] 2 (5, + By (O (6, ) +

[ij (x,t) + Z wy, (x t)erfc( Si/_)] Y; (x, t)} e’k }.
i,k=3

Ob6ecneunBas paBPCHJI/IMOCTB UTEpAIlMOHHBIX YpaBHeHUW B kiacce U, ompemenum
(GyHKIIUUA BXOSIINE B PEIICHUIO.

YcraHaBaMBaeM, 4YTO Cy)KEHHE YacTHYHOH cymmbl psga (23) mpu 0 = p(x,t,€)
SBJISIETCS aCUMITOTUYECKUM PEILICHUEM 3a/1auu (22), T.e. CIIpaBeIJiiBa OlICHKa

|U(x, t, 8) - Uen(M)|9=p(x,t,g) < Cl(—\/g)n"'l _|_ ngn—l (24)

ITonmy4yeHHBIN pe3ysbTaT PE3IOMUPYETCS B CICAYIOLIEH TEOpEME.

Teopema 5. Ilycmo 3a0anuvie gpynxyuu 0 < a(x), h(x) € c™*1[0,1], A(x, t), f(x,t) €
c® () u umerom mecmo ycnosue 1)-4). Tozoa cyacenue wacmuunoii cymmul psaoa (23)
AGNAEMCA ACUMNIMOMUYECKUM peutenueM 3a0aqu (22) u éepna oyenka (24).

XY (x,t) +
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BbBIBO/IbI

B nmuccepranuonnoit pabore paccmarpuBarotcs AuddepeHuaibHble YpaBHEHHUS
napaboIMYecKOro TUMa, KOTJa Majblii MapaMeTp BXOJIUT B YPaBHEHUE COMHOKUTEIEM
BPEMEHHOW MPOM3BOJAHOM M KOrJa OH CTOUT MpPH BCEX MPOU3BOJIHBIX. BriepBbie
MIOCTPOCHA PEryJSIPU30BaHHAs ACHUMITOTHUKA PELICHHUS CHUHTYJSPHO BO3MYIIEHHBIX
napaboIMYecKuX ypaBHEHHM, KOrja MpeleibHbIM ONepaTop MMEET KPATHYI0 TOYKY
criektpa. B cnydae, korga Hyib SIBISIETCS KPaTHOM TOYKOM CHEKTpa, MPEAEIbHBIN
OIEpaToOp CUMUTAECTCSA OIEPATOPOM NPOCTOM CTPYKTYphbl. IIpm Takux xe ycCraoBuUAX
paccMaTpHUBaETCs 3aJ1a4M, KOTJ1a CIIEKTP COAEPKUT KPATHYIO HYJIEBYIO U HECTAOUIIbHYIO
TOYKY CIEeKTpa. M3ydeH ciydald ¢ HEHYJEBOW TOYKOW CIIEKTpa M KOrja 3TOMY
HEHYJIECBOMY KpAaTHOMY COOCTBEHHOMY  3HAQU€HUIO COOTBETCTBYET  KpAaTHBIE
DJIIEMEHTAPHBIE ACIUTEINH.

/I BceX W3y4dEHHBIX 33/adax DOCTPOCHA pETryJSIpU30BaHHAs ACHMIITOTHKA
peLlIeHNs, KOorja Maylblidi IlapaMeTp BXOIUT COMHOXHUTEIEM I[PU BPEMEHHOMU
IIPOM3BOJHOM W  IIOIPAHCIIOMHAs  COCTaBJIAIOIIAs  ACUMIITOTHKM  ONKCBIBACTCS
HKCIIOHEHLIMAJIbHONU (yHKuMeld. B ciydae, ecau Manblii mapaMerp CTOMT — Iepen
IPOCTPAHCTBEHHOW MPOU3BOJHOM, TO ACUMOTOTHUKA COACPKHUT M MapabOIMUECKyIO
NOTPAHCIIONHbBIE, a TaKXe YIJIOBbIE MOTpaHCioiHble (yHKUMU. CHekTp, Hapsay c
HYJICBOM KpaTHOW TOYKOW, COAEPKUT M HECTAaOWUJIBbHYIO TOYKY, TO JOMOJIHUTEIHHO
BO3HUKAeT BHYTPEHHUI CTEIIEHHOM IOIPaHUYHBIN CIIOM. B ciydae, korna npenenbHbli
OIepaTop UMEET HEHYJIEBYIO KPATHYIO TOUKY CIIEKTpa MU 3KBHBAJIEHTEH >KOPJAHOBOU
KJIIETKE, TO AaCHMNTOTHMKA PEHIEHUs TONOJHUTEIBHO COIEPKHUT MOTPAHCIONHYIO
(GYHKIUIO UMEIOITYIO 00JIee CIOKHYIO CTPYKTYPY.

Ha ocHOBe mpumHOMOA MakCHMMyMa JOKa3aH aCHUMITOTHYECKHM XapakTep
ITOCTPOECHHBIX PELIEHUMN.
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KyamanOeroBa Carbin0y0y MycekoBHaHBIH “CHEeKTPHHHUH YEeKHUTH 3Cesyy
CHHIYJISIPAYY KO3I'0JITOH napadoJiaJjbIK MaceJesepan YbITAPYYHYH
acumnrorukacel” 01.01.02 — auddepeHunanapik TeHAeMeJep, TMHAMHUKAJIBIK
cucTeMajiap JKaHa ONTHMAJIbIK Oamkapyy agucTuru OOWH4Ya (u3MKa-
MATEeMATHKAJIBIK MJIMMJACPUHMH KaHAWAATbl WIMMHMH [JapaacbhblH ajlyy Y4YYH
Ka3bLITaH IMCCePTANMACHIHBIH

PE3IOMECH

Ypynmmyy ce3dep: acumnroruka, mapaOoJialblk TEHAEME, YeK KatMap (QyHKIusiap,
napaloJaibIKk YeK KaTMap GyHKIUSIIAP, CHHTYISPIBIK KO3TOJITOH Maceselep.
H3unooonyn o0vekmucu: CHEKTpU dScCeilyy OOIroOH CHHIYJISApAYY KO3TOJITOH
napa0oiaybIk Macesenep.

H3unoeenyn  makcamol: KHUYHUHE napameTpiayy ~— mapabosia  TUOWHJIETH
nuddepeHnnan bk TEeHJIeMeIep Y4YH MacesenepanH ACUMIITOTUKAJIBIK
YBITAPBUIBIIIBIH TYPry3yy.

H3unoeonyn wvikmacwr: JluccepTalysiblk HWIITE  U3WJJICHTEH MaceJenepau

YBITAPBUIBIIIBIHBIH ~ PETYSpIaHTaH  aCUMITOTUKACBIH  TYPry3yyda, CHHTYIAPAYY
KO3TOJITOH Mapabojanblk Macenelepan u3uigee yuyH mpodeccop OmypamueB A.C.
TapabbiHan Moaudukanusuianrad C.A.JIoMOBIyH METOY KOJJAOHYIITY.

ANbIHZAH HCBLUBIHMBIKMAP HCAHA ANAPObIH HCAHBLIBICHL: VI3WII00HYH HETU3UH[Ie
NpeAeINK ONEPaTOPYHYH CIEKTPU ICETYY HOJI YEKUTHUH KaMThITaH j>KaHa KUYWHE
napaMeTpu yOakbpIT OOOHYA TYYHAY AQJJIbIHIA, OIIOHAOW 3Ji¢ OapJbIK TYyHIyJap
anabplHIa Typran mnapabosia Ttubunaeru auddepeHInanablKk TeHIeMeIep Y4yH
YBITAPBUIBIIIBIHBIH ~ PETYJISIPJIAHTaH  aCUMITOTHKAChl  Typry3yiraH. llpenenmuk
OTNEpPaTOPYHYH CHEKTPU HOJ YEKUTH MEHEH KaTtap cTabuiayy O0J00roH YeKUTU
KaMThITaH yuypiiap W3WiAeHTeH. bynapman ceIpTKapbsl NpEeiIuK OINepaToOpyHYH
CIEKTpHU 3cenyy Henre Oapabap OGOJOOTOH YEKUTTEPIM KaMThITaH KaHa ajl OMp raHa
KOpJJaH  TOPUYOCYHAa  DKBUBAJICHTTYY OOJrOH  MaceleHWH  aCUMITOTUKAIIBIK
YBITAPBUIBIIIBIHBIH TY3YMY aHBIKTAJITAH jKaHa TYPry3yJraH.



PE3IOME

«ACHMIITOTHKA PelIeHUs CHHIYJISIPHO BO3MYLICHHBIX NMapadoJM4YecKuX 3a4a4 C
KPATHON TOYKOHM CIEKTPa» HA COMCKAHUE YYEHOM CTelmeHM KaHAuAara (Pu3uKo-
MareMaTH4yecKuX Hayk mno cneuuajgbHoctu 01.01.02 — nuddepeHuuanbHbie
YPABHEHMUSI, JUHAMHUYECKHE CHCTEMbI H ONITUMAJIbHOE YIIPaBJICHUE

Kntoueevle cnosa: acumMnToTHKA, MapabOIUYECKOE YpaBHEHHE, IOTPAHCIONHBIC
byHkuMHu, napaOOIUUYECKUE TMOTPAHCIONWHBIE (QYHKIMUCUHTYASIPHO BO3MYIICHHBIC
3a/1a4HU.

Oovexm uccnedoganusn: CUHTYIIPHO BO3MYIICHHBbIE NapaOOIMYECKUE 3alaq C
KPaTHOM TOYKOM CIIEKTpa MPEAEIBHOTO OIleparopa.

Ilenv uccneooeanua: TOCTPOCHUE ACHMITOTHYECKOTO pEIICHHS 3aaad Ui
g depeHINaIbHBIX YPaBHEHUH MapaboIMyecKoro TUIa ¢ MaJIbIM apaMeTPOM.
Memoouxka uccnedosanua: 1lpu TOCTPOECHUU PETYISPU3OBAHHON ACUMIITOTHKH
pelleHus 3ajad, M3y4yaeMbIX B JIUCCEPTALMOHHOW padoTe, MCIONb3YeTCs METO[
C.A.JlomoBa, xkoTopelii MomupunupoBan mnpodeccop OmypanmeB A.C. s
UCCJIEJOBAaHUM CUHTYJISIPHO BO3MYILIEHHBIX Mapa0dOINUecKHX 3ajau.

Ilonyuennvie pesynomamor u ux Hoeéusna: IlocTtpoeHa peryisipu3oBaHHas
aCUMITOTHKA pEIIEHUS MNapa0dOJMYecKOro ypaBHEHHUS C HYJIEBOM KpaTHOM TOYKOH
CIIEKTpa, KOT/1a MAJIBIA IIapaMeTp CTOUT Iepe]l MPOU3BOJIHON IO BPEMEHH U TIPU BCEX
IIPOU3BOJHBIX M KOTJa IMpPEACIbHBIA ONEepaToOp HMMEET KPATHYI HYJIEBYIO TOUYKY
criekTpa. M3ydensl ciyyaun, Korja npeaesibHbI ONepaTop, HapsSay ¢ KpaTHOM HYJIEBOU
TOYKOM CIEKTpa, COACPKUT U HECTAOMIIbHYIO TOUKY cliekTpa. PaccmaTpuBaeTcs 3aaada
C KpAaTHOM HEHYJIEBOM TOYKOW CHEKTpA MPENEIBHOTO ONepaTropa, KOTOPBIH
DKBUBAJIECHTEH OJHOM OPJAHOBOW KIIETKE, HM3y4Y€HAa ACHUMIITOTHYECKas CTPYKTypa
PELIEHUs U IIOCTPOEHA €r0 aCUMIITOTHKA.



RESUME

Kulmanbetova Sagunbyby Musekovna "Asymptotics of solutions of singularly
perturbed parabolic equations with a multiple point of the spectrum' The thesis is
submitted to confer the Scholarly Degree of Candidate of Physical and
Mathematical sciences on the specialty 01.01.02 - differential equations, dynamical
systems and optimal control

Keywords: asymptotics, parabolic equation, boundary layer functions, parabolic
boundary layer functions, singularly perturbed problems.
Object of research: singularly perturbed parabolic problems with a multiple point of
the spectrum of the limit operator.
The aim of the research: constructing an asymptotic solution of problems for
differential equations of parabolic type with a small parameter.
Method of the research: in the research in constructing of the regularized asymptotic
solutions of problems S.A. Lomov’s method which was modified by A.S Omuraliev for
the study of singularly perturbed parabolic problems with a multiple point of the
spectrum is used.
The results and their novelty: The asymptotics of the solution of a parabolic equation
with a zero multiple point of the spectrum is constructed even when the small parameter
stands 1n front of the time derivative and for all derivatives when the limit operator has a
multiple zero point of the spectrum. The cases when the limit operator with a multiple
zero point of the spectrum which contains an unstable point of the spectrum is studied.
The task with a multiple zero point of the spectrum of the limit operator which is
equivalent to one Jordan cell is studied. Asymptotic structure of the solution is learned
and its asymptotics is constructed
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