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OBLIASA XAPAKTEPUCTHUKA PABOTDI

AKTYaJIbHOCTh TeMbl AucCCepTAallMH. MHOTHE BOMPOCHl (PMIBTPAIMH KHUAKOCTU B
TPELMHOBATO-IIOPUCTBIX CPEAax, MEpeaaun Tella B T'€TEpOreHHON Cpelie, BJlaronepeHoca B
MOYBOTPYHTAX MPUBOAAT K M3YUEHHUIO HAYaJbHBIX, HaYaJIbHO-KPAaeBBIX (MPSIMBIX) U OOpPaTHBIX
3a[a4 JJIs TICeB0NApa0OINYECKUX YPAaBHEHUN TPETHETO MOPSAKA.

Hanpumep, nBmxenue ypaBHeHHE QHIBTPALIMU KUAKOCTU B TPEIIUTHOBATO-TIOPUCTON
cpeie ONHUChIBAETCA CIeIYIONIUM ypaBHEHHEM :

5, (3D, p(x,t)—div[% grad p(x,t) + 7(x)/3,()Dgrad p(x,)] =0,
7

rae P(X,t) - uckomas GpyHKIMSA, XapaKTEPU3UPYIOLIAs TABIEHHE KUJKOCTH B TPELINHAX; k(X) -
koo(duurent nporaunaemoctu tpeius; [(X) - koabduiment cxumaemoctu skuakoct; 4(X)
- BA3KOCTb XKUAKOCTH, 77(X) - KO3 PUIMEHT MbE30NPOBOIHOCTH.

A.®. UYynHoBckuiiauH B cBoed MoHorpadum ““Temnodusnka mnouB” paccMOTpen
ypaBHEHUE

w_ 14 Wl LY 7w

It Ixg Ixqtd
KOTOpOE€ OMHUCHIBAET ABMPKEHHE BJIar B KAMJUIIPHO-TIOPUCTHIX Cpeax. ITO ypaBHEHHE HA3bIBACTCS
MOJTM(UITMPOBAHHBIM ypaBHeHHeM b dy3un Wiv ypaBHeHHeM Aiviepa. 3aeck W - BIaKHOCTb, X—

Ty

ryouna, t — Bpemsa, A— Bapeupyembri mapamerp, D(w)= K ﬂ_x k03 purmeHT

mudy3UTHBHOCTH,  SBISIONIMiics  (QyHKIMeH wuckomoii BnaxHocTH, K — Kodddurment
BJIArONIPOHULIAEMOCTH, Y — IOTEHIMAN BIaKHOCTH, f-

BBeneHHbII AJulepoM  JOINOJIHUTENBHBIA  YJIEH aa—( —) OpU3BaH OOBACHUTH
OX

OTBITHBIA (DaKT ABIIKEHHUS BJIArd MPOTHUB TPAJUEHTa BIAKHOCTH. DTO CIaraeéMoe Maylo MpHU
BIIUTHIBAHHH, A MPU UCIAPEHUU OHO BeNHMKO. OTCIOZa MOXKHO CHENaTh BBIBOJ O TOM, YTO TeMa
aKkTyasbHa.

Baxneifmeldi  XapakTepuCTUKOW  JIIOOOM  MaTeMaTHM4eCKOM  MOJIeTH, OMHCHIBAIOIIEH
ompezienieHHOe  (U3MUECKOEe  sBIEHHE, SBISAETCS  BOMPOC  KOPPEKTHOCTH  pEIICHUE
MaTeMaTU4eCKOW MOJIEIH, T.€. B paMKaxX W3y4aeMOW MOJENH SIBIIETCS BOMPOC 00 OAHO3HAYHOM
pa3pemMMoCTH W yCTOMYMBOCTH peEIIeHHs K HeOONbIUM (B TOM HIM HHOM CMBICIE)
W3MEHEHUSM WCXOJHBIX JaHHBIX. Hamuume 3THX CBOWCTB y BBIOpAaHHOW MaTeMaTHYeCKOW
MoJenn  (DU3MUECKOTO  SBIICHUS SIBISIETCA  BaKHEUIIUM  (DAKTOM, MOATBEPIKAAIOIIUM
a7ICKBaTHOCTh (PU3UUYECKOTO SIBJICHHS, ONUCHIBAEMOT'0 ATON MOJIEIIBIO.

OOpatHpiMu 3aadamul 175 AU depeHInanbHbIX YpaBHEHUH MPUHATO HA3bIBATh 3a/1aud
omnpeneneHus Ko3(PpPUIMEHTOB, TPaBbIX YaCTel, a TAK)Ke HaUaJbHBIX WJIM TPAHUYHBIX YCIOBUHN U
pemenuit nuddepeHInaTbHbIX YpaBHEHUH MO0 HEKOTOPOW OIMOJHUTENbHONW HWH(OpMALIUU
(mepeomnpeneneHn) O PENICHUH MPAMOW 3amadu. Takue 3amaddl BO3HUKAIOT B TeX Ciydasx,
KOrJa CTPYKTypa MaT€MaTHYE€CKOM MOJEIH pPacCcMaTpUBAaeMOro Mpoliecca HM3BECTHA, HYKHO
HalTH TapaMeTPOB CaMOW MaTeMaTHYECKOW MOJEIIH.

s nmuHeWHbIX audQepeHIuanbHbIX ypaBHEHUN OOpaTHYIO 3a/ady NPUHATO Ha3bIBATh
JIMHENHOM, €CIU pa3bICKUBAETCA BHEIIHMI HCTOYHUK, a TAKXKE HAdalbHbIE WJIM TpaHUYHBIE
ycnoBusi. OOpatHyto 3amauy s nuddepeHIuanbHbIX ypaBHEHUH B YaCTHBIX MPOHM3BOIHBIX
MIPUHSATO HAa3bIBAaTh KOA(DPHUITMEHTHOM, €CITH Pa3bICKUBACTCS OJMH WJIH HECKOJIBKO



K03 duureHToB ypaBHeHus. TepMuH «oOpaTHast 3a7aday» ObUT MPEII0KEeH BUAHBIMUA PYCCKUMU
mareMmatukamu M.M. JlaBpentbeBbiM (1969) u B.I'. PomanoBbiM (1969).

Jnsi nceBponapabonnyecKnx ypaBHeHHMH 3amgaya Komwm, JIOKanbHbIE M HEJIOKAJIbHBIC
HayvaJbHO-KpacBble 3agaud u3ydanach B paborax Bb.C.A6ma6ekosa (1999-2011), JI.Konrona
(1972-1980), M.X. IlIxanykosa (1982-1985) u ap.

J1. Konton B cBomx pabdorax (1975-1980 rr.) uccnegoBa HEKOppeKTHYIO 3anaqy Ko
JUIS  ypaBHEHHS  TEIUIONPOBOAHOCTH €  OOpaTHBIM  BpeMEHEM H  BBEl  TEPMHH
nceB0NapaboInyecKoe ypaBHEHHE.

OOpaTtHbple 3amauu  JUIsl ICEBAONAapaOOJIMYECKUX YpPAaBHEHUM TPETbEro IOpsiKa
uccienoBaiuch B MoHorpadusx b.C. AbmabexoBa (2001), A.Acanosa, J.P.Atamanosa (1997),
3.P., Aramanos M.III. Mamatocynosa (1990) u Gonee noapoOHY0 HHPOPMALIUIO MOKHO HAWTH
B 3THX MOHOTpausx.

CBs13b TeMbl JUCCEPTAIUU ¢ KPYNHBIMH HAYYHBIMH NpOrpaMMaMu (IPOEKTaMH) M
OCHOBHBIMH HAYYHO-HCCJIEI0BATEILCKUMH PadoTaMu.

JHuccepranionHas padoTa BBIIIOJIHEHA B CBA3M C HAYYHBIMU HAIIpaBICHUSIMH Kaderpbl
«[Ipuknagnas mareMaTuka, HWHGOPMAaTHKA U KOMIIBIOTEPHBIE TEXHOJIOTUM» (aKylIbTeTa
MaTeMaTHKU 1 HHPOPMATHUKH TOCYJapCTBEHHOTO YHHBepcuTeTa M. JK. banacarsiHa.

Hear u 3agauu ucciaenoBanms. lLlenpio uccienoBaHus SBISETCA JI0Ka3aTENbCTBO
TEOpPEM O CYIIECTBOBAHMM U €IUHCTBEHHOCTH pEUIEHMs] OOpaTHBIX 3a/ad ONpe/esIeHus
IPaHUYHBIX YCIOBUN B OJIHOMEPHOM JIMHEHHOM MCeBAONapabOInYECKUX YPaBHEHHI.

JUig nocTHKEHUS YKa3aHHOM eI OBbLIM IMOCTaBJICHbI CIEAYIOLIUE 3a4a4u:

- HallTM JOCTaTOYHble YCJIOBUS CYIIECTBOBAaHMA U EIUHCTBEHHOCTH PpEIICHUs
COOTBETCTBYIOILMX MPSAMBIX 3a]1a4 JUIsl ICEBIONapad0IMuYeCKUX ypaBHEHUIN TPETHET0 MOPSIKa;

- IOCTaTOYHbIE YCIOBHS OJHO3HAYHOHN Pa3pelIMMOCTH TPAHUYHBIX OOpATHBIX 3a/a4 JJIs
TICEB/IONAPa0OIMIECKUX YPAaBHEHHUH C YaCTHBIMU IPOU3BOJHBIMH TPETHETO MOPSIKA.

- NpUMEHEHUE NPSAMBIX U OOpaTHBIX 3ajad s ICeBIONapabOIUYEeCKUX YpaBHEHUH
YAaCTHBIX MPOM3BOJIHBIX TPETHETO TOPSJIKA K MPSAMBIM M OOpaTHBIM 3aqadaM il YpaBHEHHS
TEIUIONPOBOAHOCTH.

Hayunasi HoBu3Ha padoThl. BriepBbie B qucceprammm:

- Hailinensl noctaTouHble yCIOBUS CYIIECTBOBAHMS U €JUHCTBEHHOCTH PELICHUS MPSIMbIX
3a/1a4 JUIs ICeBI0NapadoInYecKX YpaBHEHUH TPEThEro NopsKa ¢ MaJIbIMU ITapaMeTpamu,

- OTIpeJieNIeHbl YCIOBUs, 00ECIeUnBAIOIINE CYIIECTBOBAHNE U €TUHCTBEHHOCTh PEIICHUS
TPaHUYHBIX OOpATHBIX 3a/Jad JUIsl ICEBONapaboIMUYecKUX YpPaBHEHHUH TPEThEro mnopsjaka ¢
MaJIBIMU TTapaMeTPaMHU.

Teopernueckass W NpaKkTH4YecKasi 3HAYMMOCTH IOJYYEHHBIX pPe3yJbTaToOB.
PesynbraThl nuccepTanMM HOCAT TeOpeTHUYeCKHil Xapakrtep. OnHako, €clu TNPHUHATH BO
BHHMaHUe, 4To OOpaTHble 3agaud A AudQepeHuuanbHblX, UHTErpo-auddepeHInanbHbIX U
UHTETPO-(PYHKIIMOHAIBHBIX YPaBHEHHH IIMPOKO MCIONB3YIOTCS, ISl PEIICHHMH KOHKPETHBIX
oOpaTHBIX 3a1a4 (QU3UKHU, TEXHUKHU, HIKOHOMHUKH, TO CIEIyeT, 4YTO pe3yibTaTbl 3TOi pabdoTa
MOYET OBITh MCIIOJIb30BaHAa MIPU PELICHUH HEKOTOPBIX NMPHUKIAAHBIX 3a7a4dax. [TonydeHHble B



JMICCEPTALlMU PE3yJbTaThl CIIOCOOCTBYIOT PAa3BUTHIO TEOPHH TU(PEpEeHIHATBHBIX U WHTETPO-
T epeHanbHbIX YPaBHEHUH BBICOKOTO IOPSIKA.
OcHOBHBIE M0JI0KEHHUs JUCCEPTALMM, BHIHOCUMbIE HA 3aIIUTY:

- JlocTaTouHbIE YCIOBHS CYILECTBOBAHUS U €MHCTBEHHOCTH PELICHUE NEPBOIl HayalbHO-
KpaeBo# 3a/1a4M Il OJHOMEPHOTO MICEBA0NApa0d0IMYECKOr0 YPaBHEHHUS C MAJIBIM ITapaMeTpoM;

- JlocTatouHble yCIOBUs, 00€CIEUNBAIOIINE CYIIECTBOBAHNE U €IMHCTBEHHOCTh PEIlIEHUE
BTOPOW HAYaJIbHO-KPAeBOM 3aJa4yll Uil IICEBIONAapabOIMYecKOr0 YpaBHEHHsS C MallbiM
apaMeTpoM;

- JlocTaTouHbIe YCIIOBHSI CYIIECTBOBAHHS M €IMHCTBEHHOCTH PELICHUE KPAaeBOW 3a/1a4d Ha
HOJIYOCH JJIs TICEBJIONAapabOIMUECKOro ypaBHEHHsI ¢ MalbIM IapaMeTPOM;

- Jlocrarounsie ycnoBHs, OOECIEYMBAIOIINE OJHO3HAYHON pPa3pelIMMOCTH CMEUIaHHOM
KpaeBoH 3a/1auM JJIs IICEBONIAapa00IMUECKOro ypaBHEHUS C MaJIbIM I1apaMeTpoM;

- Paspemmmocts  00paTHOW 3amaun ompeAeseHHs TPaHUYHOW (PYHKIMH B HadaIbHO-
KpaeBoM 3ajade Uil ICeBAONapabOIMYeCcKOro YpaBHEHHUS TPETbEro MOpsiKa € MajbiM
napameTpom,;

- Pa3pemmMocTts rpaHMyHON 0OpaTHOM 3aauM ¢ MHTErpalbHBIM IEepeonpeacIeHUEM i
NICEeBIONAapabOIMIeCKOTO YPaBHEHUS;

- PazpemiumocTth 0/1HOM rpaHMYHON 00paTHON 3a7auM JUIsl ypaBHEHUS TEIIONPOBOAHOCTH;

- OnpeneneHne JOCTATOUYHBIX YCIOBHH CYIIECTBOBAHUS U €IMHCTBEHHOCTH PEIICHUS
IpPaHUYHON 00paTHOM 3a7auul JUIsl ypaBHEHMSI TEILIONPOBOJHOCTH;

- [Ipumenenne MeTo1a KBa3noOpaleHUsI K HEKOPPEKTHO MOCTaBICHHON BTOPOW Ha4aJIbHO-
KpaeBoH 3a/1a4M JJIsl YPaBHEHUS TETJIONPOBOHOCTH ¢ OOPaTHBIM BPEMEHEM.

JInunblii BRI conckartesi. Bce HaydHbBIE pe3ynbTaThl, IPEICTABICHHBIC B IUCCEPTAIIHH,
NPUHAAIEKAT TOJIBKO aBTOPY. 3aJaud MOCTaBIEHbI HAyYHBIM PYKOBOJIUTENEM. B cOBMECTHBIX
pabotax 00CyXJAeHHE Pe3yJbTaTOB MPUHAISKUT 1.0.-M.H., npodeccopy b.C. AbGmabekoBy, a
Hay4HbIE pe3yJIbTaThl IPUHAIIIEKAT aBTOPY.

AnpoGanusi pe3yabTaToB aucceprauuu. OCHOBHBIE pe3yNbTaThl  JTUCCEPTALUU
JIOKJIIBIBAJIUCh U OOCYXJAINCh Ha CIEAYIOUIMX CEMUHApaX M MEeXAyHapOIHBIX Hay4YHbBIX
KOH(EepeHIIUsX
- «Teopus u yMCICHHbIE METO/bI PELIeHUsT OOPATHBIX U HEKOPPEKTHBIX 3aaauy», HoBocuOHpCK,
Axkanemropoiok, 10-13 okts6ps,2018 T;

- CoBpeMeHHbIe Tpo0ieMbl (PU3MKO-MaTeMaTHYECKUX HayK. V

MeXyHapOAHAas HayuyHO-TIpakThyeckas KoHpepenuus, r. Open, 26-29 centsa6ps 2019 r.;
-MexnayHaponHas HayuyHas KoHQepeHuus «CoBpeMeHHbIe MpOoOJeMBbl  MaTEeMaTUKH»,
nocesanieHHas 70-neruto akagemuka A.A.bopyb6aeBa. - bumkek: Uuctutytr matemaruku HAH
KP, 16-18 urons 2021 r.;

- CoBpemMeHHbIe TPoOIeMBbl pU3UKO-MaTeMaTHueckux Hayk. VI mexayHapoaHas Hay4HO-
npakTrdeckas KoHpepenmwus, T. Open, 18-21-Hos60pp,2021T.

- O6patHble u HekoppekTHbIe 3aaun» (bumkex, KIMY, 2018-2022 rr.), pykoBoauTens 1..-
M.H., mpodeccop Abmadbekos b.C.



IMosiHOTA OTpakeHUs1 Pe3yJbTATOB JuccepTanuu B mybaukamusx. [lo pesymbratam
WCCJICIOBAaHMS COMCKaTeneM oIyosmkoBaHbl 11 crareit [2]-[12] W Te3uchl ABYX JOKIIAJIOB
[1],[13]. bonpimHCTBA )KypHAIOB, B KOTOPBIX ormyOnukoBanbl cratbu B PUHI]e nmeer nmnakt-
daxrop Beiie 0,1. Tpu craThu OMyOJIMKOBaHBI Ha KBIPIBI3CKOM s3bike [9,11,12].

CTpykTypa u 06beM auccepranuu. [luccepramnusi COCTOUT U3 BBEJICHUS, YEThIPEX TJIaB,
15 myHKTOB, CIIUCKA IUTEPATYPHI ¢ 92 Ha3BaHUSIMH U 3akitoueHus. OOmuii 00beM auccepTauu
cocraBmsieT 126 crpanun. Hymepamus popmyn, onpeeneHuii, JeMM U TeOpeM 0003HadaeTCs
Tpems nudpamu, T.e. ecnu Gopmyina umeer Homep (1.2.1), To 3T0 03HaUaeT, yTo 3TO hopmya 1
BTOPOT'O pasjieiia NEPBOU IJ1aBbl.

OCHOBHOE COJEP)KAHHUE JUCCEPTALIUU

Bo BBeneHMM aHO 0OOCHOBaHHME AKTYyaJlbHOCTH TEMbI, O0Iasi XapakTEpUCTUKA pabOTHI,
Helb M 3aJauyd MCCIIEJOBAaHUS, Hay4yHas HOBHM3HA, IPAaKTUYeCKas 3HAYUMOCTb, OCHOBHbBIE
MI0JIO’KEHU S, BBIHOCUMBIE Ha 3alIUTY.

[TepBas rnaBa «Ob30OP JIMTEPATYPbI U PE3VYJIbTATOB JUCCEPTALMN» cocrout
u3 aByX nyHkToB. B mynkre 1.1 «O0630p snureparypbl» aaercs 0030p JMTEpaTypbl MO TeMe
aucceprauud. B aHHOM NyHKTE NpPOBEIEH aHajdM3 Hay4HBIX Ppe3yJbTaToB paldoT ApYyrux
aBTOPOB, HamOoJiee ONM3KMX K TeME MpeayiaraeMoi AMccepTanroHHOW paboTel. B mynkTel.2
«O030p pe3yibTaTOB AMCCEPTALMM» MPUBEJEH HOAPOOHBIA 0030p HAy4HBIX pe3yJbTaTOB
JICCepTaLUH.

HccnenoBanuto 3amaun Komu M cMeIIaHHBIX 3a7ad Jjs IICEBIONAPa0OIMYECKOro
ypaBHeHU# nocssmensl padbotel I'.U. bapenbnarra, FO.I1, XKentosa, .H.Kouunoii (1960,1963),
A.I'.CeemnukoBa, M.O. KopmycoBa, lO./[.Ilnetnepa (2007), P.E. Iloyanrep, T.Tunra
(1969,1970,1974), 1. Kontona(1972,1979,1980) . B sTix paborax ObUIH HCCIIEAOBAHBI BOIIPOCHI
paspelMMOCTH JIOKAJIbHBIX KpaeBbIX 3a4ad JUIsd [CeBAONapaboNIMyYecKuX ypaBHeHHH. B
gactHoctd, D.Colton (1975) BmepBbie mocTpows ¢yHKIMH PuMaHa s CHenUalbHOTO
IICEeB/IONapabOIUYEeCKOT0  YpaBHEHMs UM Jl0Ka3aJl CYyIIECTBOBAaHHME U  €IUHCTBEHHOCTh
PETYJISIPHOTO pEUICHHS] XapaKTepUCTUYECKOW 3amaun ['ypca W mepBOoMl HadadibHO-KpPaeBOU
3agaun. B paborax CeemnukoBa A.I'., KopmycoBa M.O., Ilnernepa 10.JI. (2007) Obuu
HCCJIEIOBaHbl BOIIPOCH] Pa3peIIMMOCTH U pa3pyLIEHUs pelIeHnH I 1IeJI0ro Kiacca MOAEIbHBIX
ypaBHEHMH MCeB10MapaboIndecKoro TUIa C HEJTMHEHHBIMU OIlEpaTOpaMM AJIUITUYECKOTO TUIIA
IpU MPOU3BOJHON MO BPEMEHH, a TAaK)K€ BONPOCHI O CYIIECTBOBAHMM M HECYILECTBOBAHUU
rJ100aTbHOTO 110 BPEMEHHU PELICHHUS.

CoBpemeHHass Teopusi OOpaTHBIX 3aaauy Uil AudepeHIHnaTbHbIX YpaBHEHUH Obula
co3maHa ® pa3BuTa pycckumu Matematnkamu A. H. Tuxonoseim (1943,1961, 1986),
M.M.JIaBpentheBbiM (1980,1991) u B.I'. Pomanoseim (1984, 2005. McTtopust pa3BuTHs TCOpUU
0o0paTHBIX 3aj]au, €e COBPEMEHHOE COCTOSHUE W oOmmpHas Oubnuorpadus mpeacTaBieHbl B
MOHOrpadusx yKa3zaHHBIX aBTOpoB. [lozmHee 3TW 3amauM  UCCIIEOBAIUCH M Pa3BUBAINCH
FO.E.AnukonoBeim (1978, 1995), H.A.Kabanuxuueim (1988, 2001, 2009), A.U. Ilpunenko
(1992,1999), B.I'.Pomanossim (2002), B.I'. SIxHo (1990), XK. Kenonom (1987) u psga npyrux
aBTOPOB.



B sTux paboTax u3y4arorcs oOpaTHbIE 331a4H Ul ypaBHEHUH BTOPOTO MOPSIIIKA.

3amaun  Komm, — nokanpHble WM HEJOKaJbHBIE  HAdajdbHO-KpaeBble IS
1ICeBIONapabOINIYeCKUX YPaBHEHUH, JIOKAJbHBIC M HEJOKaJbHbIE HauaJlbHO-KPAaeBbIC 3a/laud
n3ydanuch B paborax b.C.Abnabekosa (2001), I.Konrona (1979), M.X. IlIxanykoBa (1982,
1983, 1985) u ap.

3. P. AtamanoB u M. III. Mamatocymos (1990) MeTogoM HHTETpaIbHBIX YPAaBHEHHU I
Bonbreppa uccnenoBany cieayronpe 0IHOMEPHbIE 0OpaTHbIE 3a/1a4u:

3agaua 1. Haiitu napy dyuxuuit {U(X,t), f (t)} us cnenyromux ycnoswii:

Up (X, ) = Uy (X, 1) + UL (X 1) +a(X,Du(x,t) + f(t),0<x<L0<t<T, (1)

u(x,00=0, 0<x<1, 2)
u(0,t)=u(L,t)=0, 0<t<T, (3)
u(xp,t) =w(t), 0<t<T, (4)

snecw Xg € (0,1) - 3anannoe uncno.

3agaua 2. Haiitu napy yuxuuit {U(X,t), f (X)} us cnenyrommx ycnosuii:
Up (X, 1) = Uy (X, 1) + U (X, ) + (X Du(X, )+ F(X),0<x<], O0<t<T,(4)

u(x,00=0, 0<x<1, (5)
u(o,t)=u,(0,t)=0, O0<t<T, (6)
u(x,T)=w(x), 0<x<1], (7

rae | >0 - pukcuposannoe uncio.

3agaua 3. Haiitu napy yuxuuit {U(X,t),q(X)} u3 crenyrommux ycnosmii:

Uy (%, 1) = Lg (Ug +u)(x,t), 0<x <1, O<t<T, 9)

u(x,00=0, 0<x<1, (10)

uOD =g (), U (O =py(t), 0<t<T, (11)

u(x,T)=w(x), 0<x<1], (12)
2

e Ly =——q(x), T >0 - sanannoe uncio.
OX

Jist TOCTaBIEHHBIX 33/1a4 I0KA3bIBAIOTCS COOTBETCTBYIOIINE TEOPEMBI O CYIIECTBOBAHHH
Y €TUHCTBEHHOCTH PEIICHHS.
W.Rundell 1980- roxy B cBoeii paboTe paccMOTpen 3aaady HaXoKJICHUs napy QyHKIUH

(L + Dug (x,t) + pLu(x,t) = f(x), (x,t) € O, (13)
u(x,0) =ug(x), u(x,T)=uy(x), xe2, (14)
u(x,t)=0,xe00,0<t<T, (15)

rie 17 >0 — nocrosuuoe, | — euAMYHBI omepaTop, a oMepaTop



n
Lu=- > (g (Xuy )x +a(x)u
i, j=1 :

ABJICTCA paBHOMCPHO SJINTMIITUYCCKUM OIIEPAaTOPOM BTOPOTI'O IMOPsAaKa, T.C.

1) 3;(x) =a; (x) eC*(£2), a(x) e C(£2),

2) Z & (X)uxiuxj = 72
i1

ij=1

2, Yu eCZ(QT), y >0,

u %

MeTo10M MONYTPYII JOKa3aHa ClIEAYIolas TeopeMa O pa3pelinuMoCTH 00paTHOM 3a1auu

(13) - (15).
0
Teopema 1. ITycts U, (X), Uy (X) e W, (Q,;) NW2(Q,) . Toraa ans mo6oro T >0
obparnas 3amaua (13) -(15) uMeeT eqMHCTBEHHOE PEIIeHUE, KPOME TOTO
0
U(x,1) eWH (@) NWAQ,) F(X) e Ly(Q).
A. AcanoB, D. P. AramanoB (1995) wuccnenoBan cienyroilyo OOpaTHYIO 3aaady

OIIpEJICTICHHUS SiIpa 3aBHCSIIETO OT BPEMEHHU JISl ONEPATOPHOTO MHTErpo-nudGepeHInaTIBEHOTO
IICEeBIONAPabOIMIECKOTO YpaBHEHUS: TpeOyeTcss HAauTH GyHKIIUN

{u(t), K; ()} e CL([0,T]; D(A)) x C([0,T]) u3 ycnouii

1 1 n t
u (t)=(Au) +B(Au) + Y [Ki(t—s)Bu(s)ds+ f(t), i=12..m (16)
i=10
u(0)=ugy, UugeD(A), (17)
@, (A-1Nu=g;(t), te[0,T], i=12,...,m, (18)
rne 3>0—const.
HNmeer MecTo
Teopema 2. Ilycts 1) A: D(A) = X — X, B; : D(B;) € X — X - nuneiinbie
samknythie oneparops; D(A) < D(B;), 1=12,..m,

2) onepatop A— | obparim, T.e. (A— 1)t e L(X),

3) f(t) eCL(0,T];X), g;(t) eC2[0,T], i=12,...m,
4) nnst oneparopos @, € L(X,R), 1=12,...,m onpenennrens Marpuipl

@, (Byug) @(Byup)... @ (Bpup)

M = @, (Bug) @,(Byug)... D, (Bup)

D (Biug) @ (Bag)... @y (Brplip)

oTauyeH ot Hyis. Toraa cymecTByer T e (0, T] raxoe, uro o6parnas 3anaua (16)- (18) umeer
eaunrctBenHoe pernenne {U(t), K, (t), K, (t),...,K,, (t)} u3 npocrpancrsa

cl([0,T']; D(A) xC,[0,T ].



Kpome Toro, B MoHorpaduu b.C. A6madekosa (2001) uzydarorcs pa3inudHbie 0OpaTHBIC
3agaun s audQepeHuanbHbpIX ypaBHEHU ¢ YaCTHBIMU ITPOM3BOJHBIMU TPETHEro mnopsijaka. B
paboTe HCIOJB30BATUCH B OCHOBHOM METOX [alepkuHa, METOA HMHTETPAIbHBIX YpaBHEHHN
Bonbreppa, meron ¢yHkuuii Pumana, MeToa HarpyKeHHBIX YpaBHEHUW M ammapaThl LIKajbl
0aHaxXOBBIX MPOCTPAHCTB.

Tenepp oOpatuMcsi K paHee MH3YYEHHBIM TPaHUYHBIM OOpAaTHBIM 3ajJayaM Ul
IICEeBIONMapabOIUIecKOro ypaBHEHHs. YUTO KacaeTcss ypaBHEHHS COOOJIEBCKOTO THMA, B
YaCTHOCTH, JUIsS TICEBJONAapaboIMuecKOro ypaBHEHHs, TO TaKUe 3aJadyd Mayuo u3ydeHsl. A. .
Kosxanos
(2016) B cBOECIi paboTe MCCaeI0BAN CICAYIOIINE KPaeBhbIe 3a1auu.

O6patnas 3axa4a 1. Haitru pyaxmma U(X,t) u ((t) Takue, uro

%[U—Au]ﬂmu: f(x,t),xeQ, 0<t<T, (19)
u(x,00=0, xeQ, (20
u(x,t) =q()h(x), (xt)eS, (21)
IN(x)u(x,t)dx =0,0<t<T. 22)

3mech A - oneparop Jlamnaca, eiicTyrommii o nepemennsM 10 (X, Xy, X, ), Q"
orpanuuennas o6nacts, O = Qx (0, T Jects uumunap xoneunoit sricorsr 7, S =0Qx (0,T]
6okoBas rpanuua mwmHapa Q& - 3amanHoe neficteurensroe uncio, T (X,t), N(x), h(x)-
3ajiaHHble (DYHKLHMH, ONPE/IENICHHbIE COOTBETCTBEHHO B o0acTsax (2 u (2.

Onpenenum IMHEHHOE TPOCTPAHCTBO X,
X, ={9(x,1): 9(x,)eL, (0,T;W (), d(xt)eL,(0T:W2 ()}
3agaguM B 3TOM IPOCTPAHCTBO HOPMY:

2 2 2
190, = (191, oz 190 orazian ) -

Onpenemnm pyrxuuio N (X) kak pewenue cnenyromeii 3agaqu:
Ah (x)-h(x)=0,xeQ,
h,(x) = h(x), x € 0Q,

a pynxumio h, (X) onpenennm kak perenue cnexyromnieit 3amaun:

AR (X)—h, (x) =0, x e 0, T2

+o(x)h,(x) =0, x € 0Q.

0
ITycts {W2k (X)}k=1 €CTb CHCTEéMa COOCTBEHHBIX (DYHKIIMH 3aaun

ow(Xx
AW(X) = AW(X), X € Q, (x) +o(X)w=0, x € 02,
1%
oproHopmupoBannsie B mpoctpaeteo L, (Q), 4, ,k=12,..., ecrs coorBercTByromue

COOCTBEHHBIE YUCIIA.



Teopema 3. Ilycts somonnustores yeiosus N(X) € C (S_)), h(x) eW22 (Q),

f(x,t)eL,(€;) u uncnosoii psixa Zj/lkblke_ﬁlkT abcomotro cxoxutes: N; # 0. Torna

k=1
obpatnas 3amada (19)-(22) wumeer perieHue {U( X, 1) ,(} takoe, uro U(X,t)e X,
a(t) eW, ([0.T]).
3nech

N, = [N (wy, (x)dx, by, = [ N OO (x)dx,

akydy By = aky
-4, 7 1-2,

O6patnas 3amaua 2. Haittu pynxmmm  U(X,t) u Q(t) Takwe, uro mns  ¢ynxmmn

Yik =

U(X,t) Bemonnsercs ycnosus (19),(20) , (22) , u BBIIONHAETCS TAKKE YCIOBHS

“gx't) ro(u=qMh(x), (xt)eS (22)
|4

specs V = (V,,V,,...,V,) - BEKTOp BHyTpeHHHe HOpMain k X € 0C), O (X) - 3anannas u3BecTHas

ynxus npu X € 0Q.

Teopema 4. TIlycte semonustores yeiosus  N(X) € C (S_)), h(x) eW22 (Q),
o(xX) eC(0Q), o(x) <0 mpu  x€0Q, f(x,t)el,(Q;) wu wuucnosoit psx

Z }/ZkaKG_ﬂ 2T AGCONIOTHO CXOUTCS: N, # 0. Torna obparnas 3amasa (18), (19), (21), (22)
k=1

MIMeeT peleHne {U(X,t), q(t)}, rakoe, uro U(X,t) € X, q(t) eW,;([0,T]).
31ech
N, = [NOOW,, (X)X, a,, = [ N()Ah, (x)dX, by, = [ N (X)W, (x)dlx,

at,a a
Vou = Gk Lok ﬁzk ﬂ’?k _
1- Azk 1_2’2k

B paznene 1.2 «kpaTkoe coaep:kaHue AUcCCepTaI MPUBEAEH MOAPOOHBIN 0030p HayUHBIX
pE3yJIbTAaTOB IUCCEPTALIUU.

OCHOBHOE COJAEPKAHHUE JUCCEPTALIUU

Bo BBenmeHWHm OOOCHOBBIBACTCS aKTYaIbHOCTH TEMBI HCCIIEAOBaHUS, (HOPMYIHPYETCS
1eJIb PabOoThI, 1aeTcst 0030p JUTEPATYPHI IO TEME UCCIICAOBAHMS.

[epBas rmaBa coctout U3 2 pa3aenos. Pazaen 1.1 comep Ut KpaTkuii 0030p IUTEPATYPHI,
oTHoOcAlIeHca Kk nuccepTauuu. Kpome Toro, B 3ToM paszzene Mbl IPUBOJIUM PE3YJbTaThl IO
3agaue Komm uIsi OMHOMEPHOTO TICEBIOMAapabOIMYecKOTO YpaBHEHHS, a TaKKe HEKOTOPYIO
uHpopManuio, KoTopas OyJeT HCHoJb30BaHa B Juccepranud. B pasnmene 1.2 mpuBeneHs
KpaTKoe Coiep KaHue TUCCEepPTaLUu.

Bropas rnmaBa «MATEPUAJI U METObI NCCIIEAOBAHUS» omnuckiBaeTcst 00BEKT U
MpEeAMET WCCIAEAOBAHUS M COCTOMT W3 JABYX pas3ienoB. B pazgene 2.1 «OOBEKTH M MPEAMETHI
UCCIICIOBAaHMSD» MIPUBEIEHBI O0BEKTHI M IIPEIMETHI HCCIIEJOBAHUS.

10



O0beKkT HMccieoBaHUsl — TpaHWYHas oOpaTHas 3ajaya JUId ICEBAONApabOIMYeCcKHX
YPaBHEHM B YaCTHBIX IPOM3BOIHBIX TPETHEIO MOPSIIKA C MAJIBbIM [1apaMETPOM.

IIpeameT HccaeI0BAHUSA — HAXOXKACHUE JOCTATOUYHBIX YCIOBHUH, 00ECIIEUMBAIOIINX
paspemMMocTb NPSAMbIX M OOpaTHBIX 3a4ad Ul ICEeBIONapaboIndecKux AudQepeHraibHbIX
YPaBHEHUH B YaCTHBIX ITPOU3BOJIHBIX TPETHErO MOPSAAKA C MAJIbIM [IAPAMETPOM.

TpeTbst ri1aBa COCTOMT U3 YETHIPEX PaA3[ENIOB U MOCBSAIIEHA PSAAY NPSAMBIX (HAYaJIbHBIX U
HA4aJIbHO-KPAeBbIX) 3a/1a4 I1CEBAONAPA00INUECKUX YpaBHEHUNH. OCHOBHBIM PE3yJIbTaTOM 3TOM
IJIaBbl SIBJISIETCS JIOKA3aTeJbCTBO KOPPEKTHOCTH PACCMATPUBAEMBIX 3a/ad, YTO BAXXHO IIPH
U3y4eHHH OOpaTHBIX 3a/1a4.

B pasnene 3.1 paccmaTpuBaeTcs nepBasi Ha4aJabHO-KpaeBas 3ajaya.

Pacemorpnm 3anauy Haxoxkaenus Gynkunn U(X,t) e C**(I11,) N C(11,) u3 cnenyrowux
YCIIOBUU:

u—-é&u,—u, =0 0<t<T, O0<x<l (24)
u(x,0)=u,(x), 0<x<1, (25)
u(0,t) = p(t), u(Lt)=w(t), 0<t<T, (26)

rie £ > 0- mansiii napamerp, U, (X), @(t), (t) - sanannsie Gpynxuun.
HyCTI) JUIA 3aJaHHBIX q)yHKHI/Iﬁ BBITIOJHAIOTCA CICAYIOIUC YCIOBUA I'NTAAKOCTU U YCIIOBUA

CcorjiaCoBaHUA:
u,(x) €C[0.1], (1), w(t) eC'IOT], (27)

0,(0) = (0) =0, u, (1) =y (0) =0. (28
BBeneM HOBYIO (DyHKIIHIO

u,(x,t) =v_(x,t) + w(x,t), (29)

rae V, (X,t) - HOBast Hew3BecTHAS (yHKIMS, a

w(x,t) = o(t) + x(w (t) — o(t)),

Torpa 3amaya (24) -(26) cBoauTcs K 3agave:

3 (30)
V. (X,0) =u,(x), 0<x<1, (31)
v,(0,t)=0, v,(Lt)=0,0<t<T. (32)

M3 mpuBeAeHHBIX pacCyXIEHHH CIeayeT, YTO Ul JI0Ka3aTeNbCTBAa TOTO, YTO 3amaya (24) -
(26) uMeeT eNMHCTBEHHOE pElIeHHEe, JOCTATOYHO [0Ka3aTh TEOPEMY O CYIIECTBOBAHHUU U
€/IMHCTBCHHOCTH PEIICHUs HavalbHO-KpaeBoii 3a1aun (30) - (32).

Teopema 5. IlycTs 3ananHble QYHKIIUN YIOBIETBOPSIOT ycioBusaM (27), (28). Toraa ans
mo6oro & >0 pemenne 3anaunm (30) - (32) 3! u BeIpakaercs popmystoit

vg(x,t)=iexp[ (( 7)’ ) tjUOnS"](nﬂ'X)-i—

(D" () - (1)) )sin(nax) - (33)

Zl<1+(enn) )(n7)
p3

2(nzr) | () )2 i _
T ey I[exp[ 1+ (e’ (‘T)][(‘l) W(T)—f/’(T)]deS'n(nﬂX),

rac

1
Ugy = Zjuo(x)sin(nﬁx)dx. (34)
0
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B paznene 3.2 paccMaTpuBaeTcs BTOpasi Ha4aJIbHO-KpaeBasi 3a/1a4a C MajIbIM [1apaMeTPOM:

ou Pu o4

g_aaXZat —yzo, (X,t)EQT, (35)
u(x,0)=uy(x), 0<x<I, (36)
o°u ou do°u ou
- = - = . 3
(aaxat + axj(o,t) o(t), (a Foey aXj(l,t) w(t),0<t<T (37)

3neck o > 0 — manslii mapamerp.
Teopema 6. Iycts U, ( X)e E[0]lpt) C [ OT w(t)e C [OT, kpome
TOrO BBINOJHEHbI YCIOBHUs coriacoBanus U, (0) = u(0), u, (O) =(0), U, (|) =y (0).

Torna pewenue 3agaun (35) -(37) 3!.
B pazmene 3.3 wu3yuaercs HadalbHO-KpaeBas 3ajaya Ha  TMOJYOCH  JUIA
TNICEBIOMAPa0OINIECKOTO YPaBHEHUS C MAJIBIM MTAPaMETPOM.

+
B obGmactu Qf paccMOTpuM HauaNbHO-KPAaeByIO 3a/ady Ui ICEBAONapaboIMYecKoro

ypaBHEHHUs
Lu(x,t) =u,(x,t) —a’u . (x,t) —u_(x,t) = f(x,t), (xt)eQ;, (38)
u(x,0) =u,(x), xe[0,+w0), (39)
u(0,t)=h(t), 0<t<T, (40)

rne & >0 —manblii mapamerp.
3anaua (38) - (40) siBseTCS CHHTY/ISIPHBIM BO3MYIIICHHEM Ha4YaabHO-KpPaeBOM 3ajayud Ha
TIOJTYOCH JIJIsl TTapabOoJInYeCKOTO YPaBHEHUSI:

4(xt) -9, (xt)=f(x1), (Xt)eQ,
3(x,0) =uy(x), xe[0,+00), (41)
F(0,t) =h(t), 0<t<T.

Onpenenenne 3. Pynxmmo U(X,1) € C,f,lz’l) (QT+ ) GyneM Ha3BIBATH KITACCHYECKHM PElICHHEM
4

3agaun (38) - (40), ecnu ona ynosierBopsier ypaBHenuto (38), HauambHOMY ycioBuio (39) u
rpaHngHOMY yci0BuIO (40) B OOBIYHOM CMBICTIE.

Teopema 7. Ecrn U, (X) € C,\ZAV[O,+OO), f(xt)e C,f,ll’yo) ((5;), h(t)eC'[0,T] npu
y<T—amu f(0,t)=0,u,(0)=h(0)=0, 10 B 06mactu Q; Kmaccuueckoe pemenne 3anaun

(38) -(40) 3! u npunamnexur B C,E,i’l) (QTJr ). 310 peleHne UMEET BUL

u(x,t) = T[G(x—s,t) —G(x+s,t)]u,(s)ds +e‘3h(t) +

2t K ~ &2 ~ Esinéx
+;£h(r)£9Xp( 1+ a8 (t T)]—(1+a2§2)2 dgdr+ (42)
+jT[Ga(X—S,t—r)—Ga(x+s,t—r)]f(S,r)dsdr.

Mpriana
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l 0 2
G(x,t) =;Jexp[—lf;—2§2t]cos§xd§, (43)
0

17 & COSEX
Ga(x,t)—ﬂ!‘exp[ 1+a2§2tj(1+a2§2)d<§. (44)

B pasnmene 3.4 wusywaercss BONpOC O pa3pelIMMOCTH CMELIAHHOW KpaeBO 3ajauM Ajs
MICEBAONAapadOIMYECKOT0 YPaBHEHHS C MaJIbIM apaMeTPOM.

B obmacru D, paccmorpum  cmemannyro  HauanbHO-KpaeBywo  3amady s
IICEBI0NAPa0OINIECKOr0 YpaBHEHHS ¢ MaJIbIM TapaMeTpOM

ou Pu Al
—— ——=0, (xt)eD., 45
a ‘ot ok (xBeby 49
u(x,0)=u,(x), 0<x<rx, (46)
o%u ou
u(o,t)=op(t), —_—t — A)=w(t),0<t<T. 47
(09000, [ 2+ 22 (z) -y @)

3necka & > 0 — manblii napamerp.
[Tockonbky ypaBHeHUE (45) comepUT Majblii mapaMeTp &, TO peuieHue 3aaauu (45) -
(47) 3aBHCHT OT 9TOrO IIapaMeTpa U B JalbHeiiueM Oyaer o6o3Hadarses ux U, (X,t).

3amaua (45)-(47) mpenctaBnsier co0Oil CUHTYISPHBIM BO3MYIIEHHEM CMEIIaHHON HayalbHO-
KpaeBo# 3a/1a4u JUIs TapaboIMIecKOro ypaBHEHUS:

ou  ou

E—g—o (X,t)EDT, (48)
u(x,0)=u,(x), 0<x<mx, (49)
u(0,t)=e(t), Z—i(ﬂ,t):t//(t), 0<t<T. (50)

Teopema 8. Iycts U, (X) € C?[0,1], @(t) € C'[0,T], w(t) eC'[0,T], xpome
Toro BhinonHens! yensus cornacosanns Uy (0) =¢(0) =0, ¢ (0) =0, u, (7) =y (0) =0,

w(0)=0. Torna pemenue 3anaun (48)-(50) 3! u umeer Bun
2

u_(x,t) = ZuOnexp( A ]sinﬂnx+

+g/1
2 - h
7Z'n 1+gﬂ -C[ (

n

2n-1
A= .
”‘e”(ZJ

B derBepTOli TnaBe paccMaTpuBalOTCS pa3lIMyHble TPaHUYHbIE OOpaTHBIE 33/Jayu, T. €.
3aJaua O HaXOXKJCHMM peIIeHHe IICEeBI0NapadoIUUYecKoro ypaBHEHHs, Korjaa (yHKIHS
BXOJIasi B I'PaHUYHOE YCIIOBHE HEM3BECTHA. Takyro 3amady MOYKHO MHTEPIPETUPOBATH Kak
3ajady yhpaBieHus, rae TpeOyeTcs HalTH OJHO M3 TPAHWYHBIX YCIOBUH BO BCE MOMEHTHI

spemern t €[0,T ]Bmecte ¢ pemennem.Kpome Toro, oHa TOCBSIIEHO TPAaHHYHBIM OGPATHEIM

“ﬂz (t— z')jz (r)dzsin 4 x,

3ala4yaM TCIUIOMPOBOAHOCTU U  IMPUMCHCHUIO nceBnonapa60quec1<or0 YpPaBHCHUA K OHHOﬁ
HEKOPPEKTHOM 3a/1aue.

13



B paznene 4.1 usydaercs Borpoc 00 pa3permMoCTH OJTHOW IpaHUYHONW 00paTHOU 3a1auul IS
1IceB0NapaboIMUECKOro YpaBHEHNSI.

PaccMOTpuM 06paTHYIO 3a1auy OHpeieleHus naphbl (yHKIHiA {u (x,0), f (t)} s

HCGBI[OHapa6OJ'H/IquKOFO YpaBHCHUA:

u (x,t) =& (x,t)+u_(xt), (xt)eD,, (51)
u(x,0) =uy(x), 0<x<m, (52)
u(0,t)=p(t), 0<t<T, u(rt)=f(), O0<t<T, (53)
u(x,,t)=h(t), 0<t<T, (54)

rae U, (X), @(t), h(t) — sananneie dpynxuun, a X, € (0, 7) —3anannoe uncmno, & >0 —
MaJiblii IIapamMerp.
Hanee, nockoyibky ypaBHeHHe (51) (Kak M ypaBHEHHUs CIIEAYIOIIErO paszelia) COIACPKHT
napaMmetrp &, peuieHue oOpatHoil 3amaun (51)—(54) Takke 3aBUCUT OT 3TOrO MapameTpa.
I[Toatomy 0Go3HauMM peruenue odparHoi 3axaun kak U_(X,t) u f_(t) coorsercreenso.

Onpenenenne 2. [lapa gpynxunn U_(X,t) u f_(t) naseisarores pewennem o6parHoit
samaun (51) - (54), ecma U_(x,t) e C?P(D,) nC(D,), f,(t) €C,[0,T] u ynosrersopsor

ypaBHeHusM (51) - (54) B KJ1acCHYECKOM CMBICTIE.

Teopema 9. ITycts U (X) € C® ([0, 7Z]), o(t) e Cl([O,T]), h(t) e Cl([O,T]) ¥ YCIOBHS
cormacosanus U, (0) = (0) =0, u,(x)=0,u,(0)=0, u,(7) =0, u,(x,) =h(0)
BBINONIHEHEL. Torna s moboro & > 0 pemenue obparuoii 3amaum (51) - (54) 3.

B pazgene 4.2 ns nceBnonapaboIudeckoro ypaBHEHHs pacCMaTPUBAETCsS TPaHUYHAS
oOpaTHas 3a/1a4a ¢ MUHTETPaJIbHBIM EPEONpeeICHUEM.

B o6mactu Dy paccmarpuBaercs mepBas HaudalbHO-KpaeBas 3aj1ada Uil OJHOMEPHOIO
TMICEBAONapabOIMYECKOT0 YPaBHEHHS ¢ MaJIbIM TapaMeTpOM:

u (x,t) =& (x,t)+u_(xt), (xt)eD,, (55)
u(x,0)=u,(x), 0<x<m, (56)
u(0,t) =e(t), u(r,t)="f(), 0<t<T, (57)

rae £ >0 —wmansiit napamerp.
PaccmoTpum o6paTHyto 3aaauy. I1ycTs B HauanbHO-KpaeBoil 3anaue (55) - (57) pyHkmuu
Uy (X), @(t) zamamer,a f(t) —memssectnas dpynkums. TpeGyercs onpenenuTsh GYHKIHIO
f(t), ecm

Ju(xtdx=h(r), o<t<T, (58)
0

rne N(t) —3amammas pymxmms,
VYcnosue (58) Ha3pIBaeTCS HHTErPajbHBIM YCJI0BHEM TepeonpeaeeHusl.
Onpeneaenne 3. Iapa ¢pyuxumit U (X,t) u f_(t) naseBarorcs pemenuem oGpartHO#

saaun (55) - (58), ecmu U (x,t) e C*(D,) nC(D,), f (t) eC,[0,T] u ynosnersopsior
ycioBusM (55) - (58) B Ki1acCHYECKOM CMBICITE.

Teopema 10. Iyers U, (X) € C® ([0, 7]), ¢(t) € C*([0,T]), h(t)eC([0,T]) u

BBITIOJIHCHBI CIICAYIONIUEC YCIIOBHA COTJIACOBAHUS:

U,(0) = 9(0) =0, Uy () = £ (0) =0, Uy(0) =y () =0, [u,(x)dx = h(0).
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Torga ms mo6oro uncna € >0 3! pemenne obparnoii 3anaun (55) - (58).

B pasnene 4.3 uzyqaercs 00 0JJHO3HAYHOW Pa3pelIMMOCTA OOpaTHOM 3aa4yM ONPEACIICHHS
(dbyHKIMY, 3a1laHHOM B MPaBOX YaCTH WHTEpPBaA.

B o6mactu Dy paccmorpum obparnyto 3anauy Haxoxnenus napsl pyakmuii U(X,t) u f (1)
U3 CIEAYIOIIMNX YCIOBUM:

u (x,t) =eu_ (x,t)+u_(xt), (xt)eD,, (59)
u(x,0) =uy(x), 0<x<m, (60)
(eu, +u )(Ot) =), 0<t<T, (eu,+u,)(z,t)="1(), O<t<T, (61)
u(0,t)=h(t), O0<t<T, (62)

rae € >0 —manmiit napamerp, U, (X), @(t) , h(t) — sanannsie Gpynxuuu.

Onpeneaenne 4. Iapa ¢ynxumit U_(X,t) u f_(t) wHaseBarorcs pewennem oGparHoii
sanaun (59) - (62), ecnu U (x,t) eC*?(D,) NC(D,), f (t) €C.[0,T] u ynosnersopsior
ypaBaeHusiM (59) - (62) B KJ1TacCHYECKOM CMBICIIE.

3ameyanme. Ilpu  BemonHennn  ycmosuit  cormacosanus Uy (0) = @(0) =0,

u;) (7)=f_(0)=0 rpannunbie ycnopus (61) MOKHO NepenucaTh B CIEAYIOLEM BUE:

ou ou
—(0,t)=(t), —(I,t)= t),0<t<T,
8)(( )= (t) ax( )=, (1), 0<t< (63)
rac
t 1 t 1
nty=1 [e =" o), )=+ [CRRAGLING
80 E 2

HNmMmeeT mecTo

Teopema 11. Mycrs U, (X) € C3([O,7Z']), o(t) e Cl([O,T]), h(t) e Cl([O,T]) u
semosHenst yenosus cormacosanms Uy (0) = (0) =0, u,(z) = f.(0)=0,  u,(0) =h(0),
Kpome Toro U(") 0)= U; (7) =0. Torna ans mo6oro & >0 pemenue obparHoit 3amaun (59) -
(62) 3!.

B paznene 4.4 B obnactu Q;: paccMaTpuBaeTcs cieAyronas oopaTHas 3a1aya
Haxoxkenus napbl Gynkimii U(X,t) € Cg;’l) (Q)NCQ ) u f(t)e Cé([O,T])

YI[OBHCTBOpHIOH_ICﬁ YPaBHCHHIO U YCIIOBUSM:

LU(X,t) = Ut(X,t) - azuxxt (X,t) - uxx (X,t) = g(X,t), (X,t) € QT+1 (64)
u(x,0) =u,(x), xe[0,+c0), (65)
u(0,t)=f(t), 0<t<T, (66)
u,(0,t) = (t), 0<t<T, (67)

rne o > 0 —mansii napamerp.

Onpenenenne 5. Tapa dyuxmmii U(X,t) u T (1) mnaseaiorcs pemenmem obparHoit
samaun (64)-(67), ecmu u(x,t)e Cﬁ D Qf)NC(Q), f(t)e Cé [0,T] u ynosnersopsior

ypaBueHusiM (64)-(67) B KJ1acCHYECKOM CMBICIIE.
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Teopema 12. Tycts U, (X) ecﬁﬂy[o,+oo), g(x,t) ec:gf’ (Q), ot)eCH[0,T]) u

semonnensi  yeosns  cormacosanms  g(0,t) =0, Uy (0) =0, u,(0) = @(0) =0 .Torza mpu
y <1—T peurenue obparHoii 3anaun (64)-(67) 3!.

B pasgene 4.5 paccMOTPHM CIEAYIONIY0 TPAHUYHYI0 OOPAaTHYIO 3a1a4y: MycTh (QYHKIMS
u(x,t) ynosnersopser ycnoBusm

u, =u,, (xt)ell, (68)
u(x,00=0, 0<x<1, (69)
u@,t)=0, u@t)=¢(), 0<t<T. (70)

[MpenamnonoxuM, 4to (GyHKIHS (0('[) HEU3BECTHA M W3BECTHA CJICAYIOUIAs JOMOIHUTEIbHAS
uHopmanus o pemeHun 3aga4du (68)-(70)
u (0,t)=h(t), 0<t<T, (71)
TpeGyercst onpeaenuTsh GYHKIHIO (p(t) ,tae h (t) - 3a1aHHast QYHKIIHS.

I'panuunast obparHas 3amada (68) - (71) ucciemoBaHa — MpPUBEACHHEM T'PAHUYHYIO
00paTHyIO 3a/ladyy K WHTErpalibHOMYy ypaBHeHHIO BonbTeppa 1-ro poma um metomom A. M..
JleHrcoBa nmonyueHo NpUOIMKEHHOE PELICHHE STOH 3a/1auH.

B paznene 4.6 MbI paccMaTprBaeM CIEIYIOIIYIO Ha4allbHO-KPAeBYIO 3a7a4y: HATH

byHKIHIO U(X,t) YIIOBJIETBOPSIOLIEE B 00JIACTH DT ypaBHEHUE

u-u,=0 0<t<T, O<x<un, (72)
Ha4YaJIbHOMY YCJIOBUIO

u(x,0)=u,(x), 0<x<m, (73)
TpaHUYHBIM YCJIOBHUAM

u0,t) =p(t),u (z,t)=f(t), o<t<T. (74)

[TocraBuM 00paTHYyIO 3amady: B HadadbHO-KpaeBoi 3amade (72) - (74) dymkumm Uy(X), o(t)

3aJaHbl, a f (t) Heu3BecTHO. [lycTh Tpebyercs onpenenauTs GyHKIHIO f (t) , €CIIU
u(x,,t)=h(t),0<t<T, . (75)

rue h(t) — 3amaHHas (QyHKUOM, a Xo € (O,ﬂ' ) —3aJJaHHOE YUCJIO.

B pasnene 4.7 uccnenyercs oHO3HaYHAsI Pa3pelIMMOCTh M yYCIOBHAsI yCTOMYMBOCTh 3aJaul
Komm ¢ o6patHbiM BpeMeHeM. TpeOyeTcst HalTH B MPSIMOYTOJIbHUKE DT (b yHKITIIO U(X,t),
YIOBJIETBOPAIOIIYIO CIEAYIOUIUM YCIOBUAM:

u, —a’u, = f(x1t), (x,t)eD, (76)
u(x,T)=p(x), 0<x<r, (77)
u (0,t)=0,u (7,t)=0, O0<Zt<T. (78)

3nece @(X), f(X,t) - 3amannbre pynxmm.
Jns 3amaqn (76) -(78) BepHO
Teopema 13. Ilycts @(X) € L, (0, 7), f(x,t) € C([0,T];L(0, 7)) u Bomonuens ycnosus

cormacosanns @ (0) =0, @ (1) =0 u nepasencrso

[ee]

.
Z{goke” - jekzs f (s)ds} < +00.
0

k=0
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Torpna pemenue 3anaun (76)-(78) 3! u s1o pemenue naerca Gpopmynoii

© T
u(x,t)=>| @< — Ie‘kz(t‘s) f (s)ds |coskx. (79)
k=0 t

3AK/IIOYMEHUE
B nucceprannoHHONW paboTe HMCCIENOBaHbl BOIPOCH OJHO3HAYHOM Pa3pelIMMOCTU
ITPaHUYHBIX OOPATHBIX 3a/Jay AJi ICEBIONapabOIUYEeCKOr0 YpPaBHEHMSI TPETHEro MOpsKa C
MaJIbIM IapaMeTPOM U MOJIYUYEHbI CIETYIOIINE PE3YIbTAThI:

1) HaiizeHsl 10CTaTOYHBIC YCIOBHUS Ui Pa3pElIMMOCTH PEIICHHUS MPSIMbIX (HaYaIbHOW U
HavyaJIbHO-KPAeBbIX) 3a/1a4 IS TICEBA0NApadOIMYECKOT0 YPaBHEHHUS TPETHETO MOPSIKa C MaJIbIM
napaMeTpoM U MOJTyYEHbI COOTBETCTBYIOIINE SIBHOE PEIICHHUE.

2) Haiifensl 1ocTaTouHbIe YCIOBHUS, 00SCIICUUBAIOIINE CYIICCTBOBAHUE U €JMHCTBCHHOCTD
pellieHus TPaHUYHBIX OOPATHBIX 3aJa4 C Pa3IUYHBIMH JIOTIOTHUTEIbHBIMU YCIOBHUSIMH JUIS
IICEBA0NAapad0INYECKOr0 YPaBHEHHS TPETHETO MOPSIIKA,;

3) mokazaHbl TEOPEMBI CYIIECTBOBAHHS M CIUHCTBEHHOCTH PEIICHUS MPAaHUYHBIX 00OPATHBIX
3a/1a4 JUIsl ICEBI0Napad0INYeCKOro YPaBHEHUS € Pa3JINYHbIMU JOMOJHUTEIbHBIMU YCIOBUSMY;

4) noka3aHbl TEOPEMbI CYIIECTBOBAHHS M CIUHCTBEHHOCTH PEIICHUS MPAHUYHBIX 00PAaTHBIX
3a/1a4 JUIsl ypaBHEHUS! TETJIONPOBOIHOCTH;

5) Meroaom perymspuszanuu A.M.J/IleHncoBa MOCTpOCHA MPUOIMIKEHHOE PEIICHUE OIHON
rpaHUYHON 0OpaTHOM 3a7auu JJis ypaBHEHUS TEIUIONPOBOIHOCTH;

6) MetoaoM KBa3uoOpaIlleHHs UCCIe0BaHa HEKOppeKTHas 3agada Komw ais ypaBHEHHsI
TEIIONPOBOAHOCTH C 0OpAaTHBIM BPEMEHEM.
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MyxkanOeroBa Aiizat TemupOexoBHanbiH «IlceBronmapa0osanbik TeHaeMmesep Y4YYH
YEeKTHK Teckepu Macesiesaep» aered tremaaarbl 01.01.02 - tuddepenunanabik TeHaemesnep,
AUHAMHUKAJIBIK CHCTEMAJIAP KaHa ONTHMAJAbIK OalIKapyy aaucTHMru 00wHYa (uU3HKa-
MATEeMATHKAJIBIK WJIMMACPAUH KaHIMIATHI OKYMYIUTYYJIYK [Japa:kacblH HM3JCHHUII aJyy
Y4YH Ka3blUIT'aH JUCCEPTALUSICHIHBIH

PE3IOMECH

Herusrn ce3gep: Tteckepu Macene, AudQepeHIHaNIbIK TEHIEME, ICEeBI0NapadoIaiblK
TeHaeMe, (YHIAMEHTANJIBIK YbITApbUIBIN, ['pUHIMH  (YHKIHACHL, 9KMHYM TypHery
BonbTeppaHbH MHTETPAIABIK TEHAEMEIIEP CUCTEMACHI.

HN3unnee oObekTHcn: Kuum mnapamerpinyy Y4yHYY TapTUITETH KEKede TYYHAYILYY
ncepionapadonanbik auddepeHnnanblK TeHIeMelep YUYH YeKTUK TeCKepU Maceenep.

HM3niagee mnpeamern: Kunum mnapaMerpiyy Y4YYHUYy TapTUITErM JKEKede TYYHAYIYY
ncepyonapaonanbik JudpdepeHIuanablk TeHIeMelep Y4yH YEeKTHK TECKepu MacelselepaAnH
YBIFaPbIMAYYJIYTYH KaMChI3 KbLIyy4dy >KETUILITYY LIapTTapabl Talyy.

NmTuH MakcaTpl. YYYHUYY TapTUOTErM JKEKede TYYyHAYJyy IceBaonapadoiaibiK
T epeHMaNIbIK TeHIEeMeNIep YYYH YEKTHK TECKEPHU MacelleiepinH YbIrapbUIBIIIBIHBIH
KaIllalIbIH YKaHa KaJITbI3AbIIBIH JAIUIIO0.

HN3unneenyn meroanopy: (yHIaMEHTANJbIK YbIrapbUIblll, BonbTeppAnH HHTETpaibIK
TEHJIeMeJIep bIKMAChl, KBa3UHBEPCHs bIKMAchl, [ puHANH QYHKLHUSACH.

M3naneenyH wiauMmii sKaHbLIbITbL. 1) Kuun mapamerpiyy ydyHYy TapTHITETH JKeKede
TYYHIYJyy ICeBAONapaboiagblk TEHAEMENIep Y4yH TY3 MacelesIepIuH YbIIapbUIbIIITAPbIHbIH
JKaIIalIbIHBIH ’KaHa >KaJITbI3bITbIHBIH KETUIITYY LIapTTapbl TAOBUIIBI.

2) Kuum mapamerpiayy Y4yHUYy TapTUOTETH JKeKeue TYYHAYIyy IceBaonapadoianbiK
TEHJEMENIEp YYYH YEKTHK TECKEPH MAacCeJeJIEpINH YbIIapbUIBIIITAPBIHBIH JKAIlalllblH JKaHa
JKaJITBI3IBITBIH KAMCBI31004Y IIAPTTAp aHBIKTAJIbI.

M3ni1660HYH TEOPHSVIBIK KAaHA MNPAKTHKAJBIK MAaHWJIYYJIYry: AJBIHTaH WINMHAN
HaThIKAJIapAbl JKOIOPKY TapTUITErW KEKeYe TYYHIYJyy TEHIEMeEJIEp YU4YH YEKTHK TECKEpH
MaceJieJIepIuH YbIrapbUIBbILIIBIH U3UJI166/16 jKaHa aHbl TYpPry3yy/Ja KOJIJJOHYYTra CyHYIITanObI3.
XKapakanyy - KYKymayy 4eipeneplery CyIOKTYKTapiabl (QUIbTpIee, TeTeporeHyy udeiipene
KBUTYYJIYK O€pyy ’KaHa TOIypaKTarbl HBIMIYYJIYKTY 6TKOpYY IPOLECCTEPUH MOJIEIACHITHPYY/1O
JIBIHTaH I1CEBJONApa0OIMKaNIBIK TEHAEeMeNep YUYH Ty3 (Oamrankel, OalITankbl YEKTHUK ) KaHa
TECKEpU Macelenepau U3UIAeere KOIJOHYYHY CYHYIUTalOBbI3.
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PE3IOME

JMuccepranuu  MykanOeroBoii Aiizat TemupOexkoBHbl Ha Temy: «I['paHHYHBIE
oOpaTHble 3aJa4W JJIsl 1CEBAONAPA0OJIHYECKUX YPaBHEHUI» HAa COUCKAHUE Y4YeHOH
CTeNeHN KaHAuAaTa (U3NKO-MaTeMaTHYeCKMX HayK mno cnemuajgabHoct 01.01.02 —
au¢pdepeHuNATbHbIC YPABHEHUS, JMHAMHYECKHE CUCTeMbl U ONITHMAJIbHOE YIIPaBJIeHHE

KaroueBblie cJIOBA: obOparHas 3aj1a4a, muddepeHnraibHoe ypaBHEHHE,
niceBonapabomyeckoe ypaBHeHue, (pyHmameHTanpbHoe penieHue, (yHkius ['puHa, cucrema
HMHTETpajbHbIX ypaBHEHUU BoibTeppa BTOporo poaa.

O0bexkT wucciaenoBaHusi: ['paHuyHble OOpaTHBIC 3aJa4Ml JIs IICEBIOMAPAOOTHICCKHX
YpaBHEHUH B YaCTHBIX MTPOU3BOAHBIX TPETHETO MOPSAIKA C MAJIBIM apaMETPOM.

IIpeamer wuccaenoBanusi: HaxoxaeHne OCTaTOYHBIX YCJIOBHM, OOECHEUMBAIOIINX
pa3penMMoCTh TPAaHUYHBIX OOpaTHBIX 33134 AJIs [CEBAONapaboIMUeCKUX ypaBHEHUN TPETHEro
MOpSJKa C MaJIbIM IapaMETPOM.

Heab padorsbl. Jl0ka3aTenbCTBO CYIIECTBOBAHUS U €IMHCTBEHHOCTH PELICHUSI TPAHUYHBIX
o0OpaTHBIX 3amad I TceBaonapadbommueckux audQepeHuaIbHbIX YPaBHCHUNH C YaCTHBIMU
MIPOU3BOAHBIMU TPETHETO MOPSIAKA.

Metoabl ucciaenopanus: OyHaaMEeHTaIbHOE PEUIEHNUE, METOJ UHTETPAIbHBIX YPaBHEHUM
Bonbreppa, meTon kBa3noOpaieHus, pynkuus [puna.

IMonyyeHHble pe3yabTaThl M WX HoBH3HA: 1) Haiinensl mocrarouHbie YCIOBHUS
CYILIECTBOBaHMS W EIUHCTBEHHOCTH pEHICHHUS NPSAMBIX 3ajad JJs ICeBI0MapaboInuecKux
yYpaBHEHHWI TPEThEro TMOpsAAKa C MajibiM mapamerpoMm. 2) OrmpenereHsl  YCIOBHS,
oOecreunBaroIINe CyIIeCTBOBAaHUE U €IMHCTBEHHOCTh PEIICHUs TPAaHUYHBIX OOpaTHBIX 3adad
JUTSL TICEBIOTApa0O0IMueCKUX YPaBHEHUN TPETHETO MOPSJIKA C MAJIBIM TapaMETPOM.

Teopernyeckass ¥ NPAKTHYECKAs 3HAYMMOCTH  MOJYYEHHBIX PpPe3yJbTaTOB:
Pexomenayem ucnonp30BaTh NOJIYYEHHBIE HAYYHbBIEC PE3YJITAThl IPU UCCIICIOBAHUY TPAHUYHBIX
oOpatHbIX 3amad s auddepeHanbHbIX ypaBHEHUN BBICOKOTO TMOpsjka. PekoMeHayem
WCIIOJIH30BATh MPU MCCIICIOBAHUN MPSIMBIX (HAaYaJIbHBIX, HAYAJIbHO-KPACBBIX) U OOpPaTHBIX 3a/1a4
JUISL YpaBHEHUS, TIONyYEHHbIC TIPU MOJEIHPOBAHUHN (PUIBTPALMU KUAKOCTEH B TPEHIMHOBATO-
MOPUCTHIX Cpelax, TETNIO0OOMEHA B HEOJHOPOIHBIX CpPEIax M BIarornepeHoca B pyHTax.
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SUMMARY

Dissertations of Mukanbetova Aizat Temirbekovna on the topic: ""Boundary inverse
problems for pseudoparabolic equations™ for the scientific degree of candidate of physical-
mathematical sciences in the specialty 01.01.02 - differential equations, dynamical systems
and optimal control.

Keywords: inverse problem, differential equation, pseudoparabolic equation, fundamental
solution, Green's function, system of Volterra integral equations of the second kind.

Object of research: Boundary inverse problems for third-order pseudoparabolic partial
differential equations with a small parameter.

Subject of study: Finding sufficient conditions to ensure the solvability of boundary inverse
problems for third-order pseudoparabolic equations with a small parameter.

Purpose of work. Proof of the existence and uniqueness of the solution of boundary inverse
problems for pseudoparabolic partial differential equations of the third order.

Research methods: Fundamental solution, Volterra method of integral equations, quasi-
inversion method, Green's function.

The results obtained and their novelty: 1) Sufficient conditions for the existence and
uniqueness of the solution of direct problems for third-order pseudoparabolic equations with a
small parameter are found. 2) Conditions are determined that ensure the existence and
uniqueness of the solution of boundary inverse problems for third-order pseudoparabolic
equations with a small parameter.

Theoretical and practical significance of the results obtained: We recommend using the
obtained scientific results in the study of boundary inverse problems for high-order differential
equations.

Pseudoparabolic equations obtained by modeling fluid filtration in fractured-granular media,
heat transfer in inhomogeneous media, and moisture transfer in soils are recommended to be
used to study direct (initial, initial-boundary) and inverse problems
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NEPEYEHb OCHOBHBIX OBO3HAYEHUWMI U ONPEJEJIEHUN

Caauaiia BBeJIeM He0OXO0uMbIe 0003HAYCHHUSI U OTIPECIICHUS:

[l ={1,2,3,...} — MHOX€eCTBO HATypalbHbLIX YHCEI,

[ — MHOeCTBO JeHCTBUTENILHBIX YHCEIL;

Q, ={(x,t):xel,te(0,T]} Q ={(x,t):xe(0,+0),t (0, T]} T > 0-duxcuposarHoe
YHCIIO,

11, ={(x,t)|0 <x<1,0<¢<T} T >0- GUKCHPOBAHHOE YHCIIO,

Q, ={(t,x)|0<x<l, 0<t<T}, rue T,| >0~ puxcuposannsie uncna.
D, ={(x,t)] xe(0,7),te(0,T1}, T >0- pukcupoBanHoe UHCIIO.

€ — 03HaYaeT “NPUHAIIICIKUT;

YV — o3Hauaer “mis 10060ro”;

- o3Hayaer “cyuiecTByer”;

31— o3Hagaer “cylllecTByeT €IMHCTBEHHOE™;
= — «CIeayeT»;

C! (), (1=0,1,...)- npocrpanctso | - pa3 HenpepriBHO HuddepeHupyeMbx B obmacTu (2
¢yukuumit, ByactHoctn, C 0 (Q) =C(Q);

CHO.T1={w(t) eCO.T], w(0)=0},
C(n’m)(QT)—- npocrpanctBo  Qynkumii  V(X,t), onpemenenmbix B (), M Takux, 4TO

ak+|v
MEC(QT) mpu 0<k<n, 0<I<m;

Awnanoruaro onpenensercs mpocrparcto C™™ (Q7).
Onpeneaenue 1. Bynem rosoputs, uto gynxius V(X,t) npusaanexur knaccy
M (Qr) , ecnn cymiectByroT BeniecTBenHoe aucio 7 > 0 1 HempeprIBHA MOTOKHUTETbHAs

¢ynxums C(t) Takue, uto Mmeer MecTo oneHka
v(x,H)|<Ct)exp{r|x|}, (x.t) Q..

UYepes Ch(ﬂny'm) (QT) 6ynemM 0603Ha4aTh NpocTpancTBo Gpyukuuii nuz C (nm) (QT) ,
KOTOPBIC BMECTC CO CBOMMHU IPONU3BOJHBIMU BIJIOTH A0 MOpAAKA (n,m) IMpuHaAJICKaT M}/ (QT) ,
re. D{DveM (Q;),0<k<n, 0<l<m

AHAJIOTMYHO OTIPEIENSETCS TIPOCTPAHCTBA C,f,lny’m) Q)), C,fﬂny) ),

C/ 2
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