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KHUPUI (panacada noxkropu (PhD) nuccepranmsicn aHHOTAMACH)

Jducceprauuss MAaB3yCMHMHI JoJ3ap0aurd Ba 3apypatu. JKaxoH
MUKECH A 0JIM0 OopmIaéTrad Kymiad WM Ba aMaJIMii TaJKUKOTIap, U3JIaHUIILIAP
xycycui xocunanu auddepeHnuan TeHraaManap, yiap y4yH TYFpU Ba TECKapu
MacajajJiapHu YypraHumra oju0 kenuHaau. Teckapu Macajanap acTpPOHOMUS,
KBaHTJIAPHUHT TapKAJIUIIHN HAa3apusCcH, reor3nKa, UCCUKJIUK PU3UKacu, THOOUETTa
xamaa DXM maiino 6ynumm OmiaH 3aMOHABUN WIM-(paHHUHT Oapya coxaiapura
kupub 6opau. Marematuk Gu3nKaga TYFPU MacaJlaJJapHIHT SYMMUHU TOTIHII YIYH
TEHTJIaMaHUHT Ko3((uumeHTIapu, coxa derapacu, OONIIaHFUY Ba YerapaBHid
mrapTiapHu  Oepuin j03uM. AMMO aMmanuéTAa TeHriama Kod(QQHUIMeHTIapH,
OolUIaHFUY Ba 4YerapaBWil mIapTiap, coxXa 4Yerapacu xamma BakT XaM MabiIyM
OymaBepmaiiau. bynpait xommapna, TYFpu Macanla edMMHMra HuUcOaTaH KyIIMMYa
MabIyMOT KUPUTHO, TECKApU Macajla €YUMUHU H3Jall, SbHU KO3(PPUUUEHTIAp,
OoluTaHFuy €KM YerapaBuil IIapTiap, cOXa YerapacuH TOMUII 3apypaTH Maino
oynaau. by kabu macanagapHy €4uIll yCYJUIApUHUHT TYJIa MIaKVIaHMaraniauru 6ouc
UHTErpo-auddepeHIman UCCUKINK YTKa3yBUAHIWK TEHIJaMacu Y4yH TecKapu
MacajanapJaH SApOHW aHUKJIAIl Macajlacu MyxuM Basudanapaan Oupu OViud
KOJIMOKJIa.

XO03Upru KyHJa >KaxOH MHUKEcHJIa MaTeMaTUK (GU3UKAHUHT SHI  Te3
pUBOXJIAaHAETTaH COXAaCH — TECKapy MacallaJapHU TaJKWK KWJIHII YCyJUIapura
anoxuaa dTUOOP KapaTwiMokaa. by coxa ¢u3uka Ba TexHuka ¢aHmapAard >HT
MyXHM MaTeMaTHK MyaMMOJapJaH Owpura aimanad. Ymly MyaMMOHHUHT KEHT
Ioupanga KYJUTAHWIWIIN, YHUHT HA3apUACHHWHT SHTWJIUTH Ba MYypPaKKaOJIUTH
cababmu Oy kymiad oJuMIapHUHT 3bTUOOpUHU TopTau. CYHITH mnalTiapnaa
MCCUKJIMK YTKA3UIII )KapaéHIapuHu OOIIKAPHUIII kKaJaall pUBOKIAHMOKIA, IYyHKU Xap
OMp MYXUTHMHT MCCUKJIWK VTKa3yBUAHIWTU Typiuua OYnub, Oy mapamerp
MYXUTHHHT OONUTAHFUY X0JIaTUTa Ba Xoccaliapura yamoapuac 6ornukaup. [lyauHr
y4yH HMHTErpo-nuddepeHiiman UCCUKINK YTKa3yBUAHIWK TEHTJIaMallapyd Y4yH
TYFpPU Ba TECKapU MacajajapHU €UMIll aMajiui-Ha3apuil KUXATIaH MyXUM WIMHUA
TaIKUKOTIIApAaH XUCOOIaHA N,

Mamnakatumusaa GyHgamenTan (GpaHIapHUHT WIMHN Ba aMalnuil TaTOMKUTa
sra Oynran wmaTeMaTUK (PU3MKAHWHT J0N3ap0 HWyHanmumnuiapura 3HTUOOP
Kydaiitupwigu. by Oopama mapaGonwk TuUmmarm  HWHTETpo-auddepeHmman
TEHTJIaMajapAaH XOTHpa SIPOCHHU aHWKJAIl Oyiuda Teckapu macajanapra
ajoxyja HBTUOOpP KapaTWiau. YOy WU3JIaHUIUIAp HATUXKACUla HWHTErpo-
muddepeHnran HCCUKIUK YTKa3yBUaHIMK TEHIJIAMAIapy YYyH TeCKapH Macaliajiap
CYMMHUHUHT MaBXXYyJJIUTH, STOHAIMTUHU ucOoTnamra spunian. Jnddepenmnman
TEHIJIaMaJlap Ba YHHHT TaTOWKJIApPH COXACHIa WIMHUN-TAAKUKOT (HaOTHATHHUHT
caMapaJIopJINTy Ba HATIKAJOPIUTHHH OIIMPUII MaTeMaTHKa (aHUHUHT YCTYBOP
Basudanapu Ba (aoauaAT MyHamMnuIapu >ti0 Oenrmnanau’. By xKapop mKpocuHU

1 ¥36exncron Pecrybnukacu Ipesunenturunar 2019 iun 9 monaaru «MaTteMaTHKa TabIMMU Ba (aHIAPHHM SHAIA
PHMBOXIAHTHPHIIHHE JaBJaT TOMOHHIAH KyIUIaG-KyBBaTjall, IIYHHHIJEK, Y30ekucToH PecryGmukacu Pamiap
AxanemusicunuHr B.1. PomaHoBCckui HOMuarn MaTtemaTnka HHCTUTYTH (DaoIUsITHHY TyOaH TaKOMHJUIAIITHPHII
yopa-tanoupnapu tyrpucuna»ru [1K-4387-con xapopu.



TabMHUHJIALIA MaTeMaTHK (U3UKAaHUHT HUHTEerpo-auddepeHnnan TeHrIamanap
HA3apUACUHU PUBOXIIAHTUPUII MYXUM axamMusiTra ara.

V36ekucron PecryGnukacu Ipesunentununr 2017 #iun 7 despangaru [1D-
4947-con «Y36ekucron Pecrny6nmkacHMHM SHAja PUBOMKIAHTHPHUIN OyiHua
Xapakatjap crparerusicu Tyrpucuaa» dapmonu, 2019 iun 9 urongaru [1K-4387-
coH «Maremartuka TabJIMMH Ba (PaHIApUHU SHA/la PUBOXJIAHTHUPUIIHU JaBiaT
TOMOHHIAH KyIUIab-KyBBaTJIalll, IyHUHTEK, ¥Y30ekucTon Pecry6nukacu dannap
Axkanemusicununr B.M. PomaHoBckuii HomMuparm MaremaTMka HWHCTUTYTH
daomuaTHHN TyOJaH TAaKOMWUIAIITUPHIN Yopa-Taadupnapu Tyrpucuna» Ba 2020
nun 7 wmaiimarm [IK-4708-con «Marematnka coxacuaard TabiuM CcUGaTHHA
OLIUPUII Ba  WJIMHH-TAJAKUKOTIAPHA  PHUBOXJIAHTUPHUIL  YOpa-TagOoupiapu
TYFpUCHIIA»TH Kapopiapu Xama Ma3Kyp (GaoiusTra TeTUIUIM OOIKa HOPMATHB-
XYKYKHI XyxokaTiapaa Oenruwianrad BasudanapHu amaira OIIMpHINAa Yoy
JUCCepTAIMs TAIKUKOTH MYyailsiH Japaxaja Xu3mMaT KUJIaau.

TaakuKOTHUHT pecny0/jMKa (paH Ba TEXHOJIOTMSJIAPH PUBOKJIAHUIIU-
HHMHT YCTYBOP iyHAJTIMIIAPUTa MOCJIUTH. Ma3Kyp TaAKUKOT pecityOnnka ¢aH Ba
TEeXHOJIOTUsIap  puBOoXiIaHummHuHr V. «MaremaTtuka, MexaHUKa Ba
uH(pOpMaTHKa» YCTYBOP UYHAIUIIM JOMpacHia Oakapuiras.

MyaMMOHMHI YpraHMIrawjimk jaapakacu. MareMatuk (QU3UKaAaHUHT
TECKapyu  Macajajapu  HazapusicuHu  puBoxiantupumra  A.C.Anekcees,
AJLbyxreiim, M.M.JlaBpentheB, B.I'.PomanoB Ba Oomikamap y3 XuccalapuHu
kymrannap. [lapabonuk Tunparu TeHriamazap y4yH TecKapu Macajaiap Jactiad
ASuno, JL.B.Boasdepcnopd, A.Jlopenmu, @.A.Komom60, M.E.I'yptun,
A.ClIlunkun, b.J[.Koneman, A.U.Ilpunenko, A.b.Koctun, A.Jl.Mckennapos,
H.A.be3snomenko, M.I'paccenn Ba B.I'.PomanoBnap TomMOHMAaH KyWWiIraH Ba
TaIKUK KWIMHTaH. MacalaHu VypraHuiHUHT Typiu ycyiuiapu S SHHO,
JL.B.Jlopentu, @.A.Konmom6o, M.EI'yptun, A.C.Ilunxun, b.[.Koneman,
P.K.Mumnep, J.K.Jypaues Ba OOIIKaJIapHUHT HWIUIApUJa TakKIu@ STUITaH Ba
PUBOKIIAHTUPHUIITAH.

Kymnagan, PK.Mwmuep’aunar  Makonacupa — uHTErpo-auddepennuan
UCCUKJIMK YTKAa3yBYAHIIMK TEHIJaMacu YYyH OOIUIaHFHUY-uerapaBUil MacaJaHWHT
Oup KUWMATIU EUWIIYBUAHJIUK TeopeMaliapd HWCOOTIIaHTaH Ba EYUMHHUHT
Oepunrannapra y3JayKcu3 OOFIMKIMTMHA WQPONATOBYM TYPFYHJIMK Oaxojapu
omuaran.  A.WIlpunenko, A.B.Koctum®  TagkukoTmapuma — y3rapyBuaH
KOX(POUIIMEHTIIM UCCUKIWK YTKAa3yBYaHIMK TEHIJIAMAcH YYyH OOIIITaHFUY-
YyerapaBuii Macajajap/iaH TeHIVIama Ko3(QQUUMEHTIapUHM aHHUKJIall Oyinua
TECKapy Macajia eYMMUHUHT MaBXXY JINTH, STOHAJIUTH UCOOTIaHTaH Ba TYPFyHIUK
O0axonapu osuHrad. A.J[.MckeHmapoB TankukoTiapuga Oy KaOu TeHrjiama
KOXPOUIIMEHTIIADUHA  aHUKJIAITHUHT AHAIWTAK Ba COHJIM €UUII YCyJJIapu

2 Miller R.K., An integro—differential equation for rigid heat conductors with memory // Journal of mathematical
analysis and applications, 1978, vol. 66, 313-332.

3 Prilepko A.l., Kostin A.B. On inverse problems of determining a coefficient in parabolic equation // Siberian Math.
J., 1993, vol. 34, Ne5, pp. 923-937.
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Ypra"uiras. . SuHo, JI.B.Bomsdepcaopd? 170000701 2] D=
{(x,t)|x € (0;1), t € (0,T]}, T > 0 coxana uHTerpo-auddepeHIral UCCUKINK
YTKa3yBUYaHIIMK TEHTJIaMacH yuyH OOlUIaHFUY-yerapaBuil Macasaia HHTETpall Xaau
AIPOCUHU aHUKJAI OYiinya Oup yiryamiy Teckapu Macaia KapajiraH Ba €UMMHUHT
MAaBXKYIJIUTH, SITOHATUTH UCOOTIIAaHTaH XaM/1a TYPFYHJIUK 0axoJiapy OJIMHTaH.

Ymby  ngumccepranus — MIIMAa — MHTErpo-auddepeHiran  UCCUKIUK
YTKa3yBUaHJIUK TEHIJIAMACH YUyH TYFpPHU Ba TeCKapH MacajalapHUHT Oup KUiimMaTiu
SUMIYBUAHJIMK MyamMmoyapu Ypranuiran O0ymm6, S.Suno, JI.B.Bomnbdepcropd,
P.K.Mumiep, B.I'PomanoB Ba /I.K.JdypaueBaapHUHT WIMHUH TaAKAKOTIApH
MacaJlaJJApHUHT KYHWUIUIIN )KUXATUIAH SKWH Ba TAJIKUK ATULIAA yJap TOMOHUJIaH
TaBCHs TWITaH ycyJulapAaH (oiiiaJaHuiIraH.

JAuccepraumsi TAAKUKOTHHMHI JUCCEpTAlUs OamapwiaérraH oJui
TAbJANM MYACCACACHHUHI WIMMHA-TAAKMKOT MWILIAPH pexajgapu OujiaH
OorsmmKurn. /luccepraius TagkuKoTH byXxopo AaBiaT yHUBEpCUTETUHUHT HIIMHIA-
TaJKUKOT HIuIapu pexacura MmyBohpuk d-4-02-pakamin «MaTtemMaTuk pU3NKaHUHT
XoJaTiap TYIIaMH YeKCu3 Oyiran Mozeiuiapu TepmoauHamukac»(2017-2020 1)
MaB3ycujard pyHaaMeHTan TaAKUKOT JIONUXacu Joupacuaa Oaxapuiiras.

TaagkMKOTHUHT MakKcaau Oup Ba Kyn Viauamiu HHTErpo-auddepenmman
MCCUKJIUK YTKa3yBUaHJIMK TeHr1amanapu yuyH Komm Macanacu xamaa OMpUHYH,
WKKUHYU OOIUIaHFUY-YerapaBuil MacajaiapJaH SIPOHU aHUKJIAIl YCYJUIApUHU
Kypulll Ba Oy TecKapu macaiajap €YUMJIApUHUHT MAaBXYIJIUTH, STOHAJIUTHUHU
ucOoTnamnan uoopar.

TaakukoTHUHT Bazudagapu Kyiuaaruiapjaal noopar:

yerapajaHran coxajia Oup Yymuamiaum HHTErpo-aud@epeHian MUCCUKIUK
TapKaJUII TEHTJaMacu y4yH OMpHHYM OONUIaHFUY-YerapaBuil MacaialaH XOTHpa
(GYyHKUMSICUHY aHUKJIA Oyiinya TecKapu MacajlaHUHT OMp KUHMATIN €UHJIMIIUHU
ncOOTIAal,

KYTI YJI4aMJIi UCCUKJIUK YTKa3yBUAHIMK UHTETpo-IuppepeHirali TeHriaMmacu
yuyH Kyimiran Komm MacanacMHUHT OMp KMIMATIIM €4HITyBYAHIMTUHA KYPCATHILL

TYFpU Macaja €4MMHU XaKuJaru KylnmMmMya [apTra Kypa UHTErpayl XaJHUHT
SIPOCUHU aHHUKJIAII MacajJaCUHU TAJIKUK KUJIUII;

SpUM YerapajaHTaH coxaja Oup Ba Kym yiadamiud y3rapmac Kod(ppuimeHTau
UHTErpo-auddepeHIman UCCUKINK YTKA3yBYAHIMK TEHTJaMacd YYyH HKKHUHYU
OollUTaHFUY-YeTapaBUil MacaiajaH SAPOHM aHMKJIAll Macajlacd EYMMUHHUHT
MaBKYJIUTH Ba ATOHAJIMTUHU UCOOTIIAII.

TagKMKOTHUHT 00BEKTH OUp Ba KYTI YIT4aMIIM UKKUHYH TApTUOIN TapaboIuK
TUIJArY UHTErpo-audpepeHnnan TeHriaManapaad uoopar.

TagKMKOTHUHI NpeaAMeTH ypaMma KYyPUHUIIUAATH UHTErpajl XalJld UKKUHYU
TapTUOIU MHTErpo-auddepeHiian UCCUKINK YTKa3yBYaHIUK TEHIJaMacu Y4YyH
oup, Ky YiryaMiy TYFpU Ba TECKapu MacayiajiapjiaH uoopar.

TaagkuKOTHUHT ycy/uiapu. Juccepranusaga GyHKIMOHAI aHAIN3, MAaTEMaTUK
¢usuka, BonapTeppa TUNUAArd MKKMHYM TYp YM3UKIM OYIMaran €nuK MHTErpal

4 Janno J., Wolfersdorf L.V. Inverse problems for identification of memory kernels in heat flow // 11I-Posed Problem:s,
1996, vol. 4, Nel, pp. 39-66.



TEHrJaMajap CHUCTEMacMHHM €YMI, KEeTMa-KeT SKUHJIAIIMIL, CUKWIyBYaH
aKCIAHTUPUIL IPUHIUIIN yCyJuiapuaaH GhoiiaaniaHuiras.

TaagKMKOTHUHT WIMMI SHTWINTH Kyiuaaruinapaad uoopar:

yerapajaHran coxajaa Oup Yymyamim UHTErpo-audepeHnnan MUCCUKIUK
TapKaJUIl TEHTJaMacu y4yH OMpHHYM OOILIaHFUY-uerapaBuil MacajajaH XOTUpa
GYHKUMSICUHM aHUKJIAI Oyiinya Teckapu Macajla €YMMUHUHT MaBXYJUIMTH Ba
ATOHAJIUTY UCOOTIIAHTaH;

KYT YI49aMIIi HCCUKJIMK YTKa3yBYaHJIMK HHTETpo-auddepeHiuan TeHriamacu
yuyH Kyiriran Ko MacanaciHUHT OMp KMIMATIIM €4HTyBYAHIIUTY UCOOTIIAHT aH;

TYFpPU Macaja €4YMMH XaKuJaru KyluuMmMda [apTra Kypa WHTErpanl XaJIHWHT
SIPOCHHY aHHKJIAII MacaJTACHHUHT OUp KUMMATIIN €YMITYyBYaHIUTH HCOOTIaHTaH;

SpUM YerapajlaHTaH coxaja Oup Ba Kym Yardamiium HWHTETpo-auddepeHIuan
WCCUKJIUK YTKa3yBUAHJWK TEHTJIAMAJIApH Y9yH HKKHHYHM OONUIaHFUY-YeTapaBUi
MacajianapAaH SIpOHU aHUKJIAIl MAacalac €YMMUHUHT MaBXYIJIUTH Ba SITOHAJIUTU
UCOOTIIAHTaH.

TaaKUKOTHHHT aMaJIMii HATHXKAJIApM Kyluaaruiapaad noopar:

MCCHUKJIMK YTKa3yBYM MyXUTJIap/ia YerapajlaHraH coXaJard yprada XapopaTHU
KUPHUTHUII OpPKajdyd XOTUpaIu TEHIJaMa SJIPOCUHUHI MAaBXYMJIMK IIapTJiapu
TOMNWJITaH;

UHTErpo-auddepeHIan UCCUKIMK YTKa3yBUaHIUK TEHIJIaMalapy yuyH Oup
Ba KYII YIYaMJIU SIAPOHM TOTHUII MacalalapuHUHT €UMITYBYAHIIUTY AHUKJIAHTaH.

TagKUKOT HATHKAJAPUHUHT HWIIOHWIMAMIH. OyHKIHOHAN aHalus,
mugdepeHnran TeHraaManap, TeCKapu mMacajiajap Ha3apHsICcH, MaTeMaTHK aHau3
yCyJUlapy KYJJTAHWITAHJIUTH, XaMJa UcOOTIap Ba MAaTeMATHK MYJioXa3ajJapHUHT
KAThUWIUTHY OUJIaH acoCJIaHaIH.

TagKuKOT HATWKAJTAPUHUHI WIMMHA Ba aMajiMi axamMusITH. TaaKuKOT
HATWKATAPUHUHT  WJIMUK  axaMUATH  MaTeMaTUK  (U3UKAHUHT  HUHTETPO-
muddepeHnran TeHrIaMalapd y4yH TECKapu Macajajap Ha3apusCUHU sHajaa
PUBOXIIAHTUPUIIK, OWUp Ba KYm ViouyaMiud SAPOHM aHUKIAIl  yCyJUlapu
KYPWITAHJIUTHU OWIaH U30XJIaHAIH.

TagkuKOT HaTHXKAJIADUHUHT aMaJIMil axaMUSTH celcMOoJIoTHs1a, He)Th Ba ras
KOHJIApUHU KUJIUPUIIAA, UCCUKINK YTKA3yBUM XOTUPAIH MYXHUTIApAA MCCHUKIUK
TapKaJIUII >KapaéHIapUHN TEKIIUPHUIIAA TaJOUK STUIHINN OUTaH U30XJIaHAIH.

TaagKuKoT HATHKAJIAPUHUHT KOPU KMJAnHUmuU. MuTterpo-nuddepenuuan
MCCHUKJIMK YTKa3yBUAHJIIMK TEHIJIaMaJlapd YYyH TECKapu macajajapra Ouji WIMHUN
HaTWKaJlap acocuia:

HCCHUKJIMK YTKa3yBUM MyXUTJIap/ia yerapajaHnrad coxajaru ypradya XxapopaTtHu
KUPUTHII OPKAJIU XOTHUPAIU TEHIJaMa sSIpOCUHU aHUKJIAIHUHT TakiIud STHITaH
yeynunan ®-4-14 «Cyrokiauk OKyBYM €p OCTH 3TPHU YM3UKJIM KyBYPHUHI TallIK{
KyWwIapyu TabCUPHJIArH KywIaHUII—AehopManusuiap XOJaTHHU TaJKUK KUJIHII
HA3apUACUHHA PUBOXKJIAHTHUPUII Ba XHCOONAIl YCYJJITAPUHU WIUIA0 YUKHIID)
MaB3ycuaard (yHIaMEHTAl JIONWXaaa UCCUKIWK YTKAa3yBUAHJIUK TEHTJIAMACH]IaH
SIPOHH AHMKNAII Macananapuaa Qoiinananumiaran (Y36exkucton PecryGmukacu
Onwuit Ba ypra Maxcyc TabauM BazupiauruHuar 2021 imn 23 despangaru 89-03-
1050-con MabaymoTHOMAacH). UnMui HaTHKATAPHUHT KYJJIAHWINIIA WCCUKIIUK
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YTKa3yBUM MyXUTJapJa 4YerapajaHraH COXaJard ypradya XapOpaTHHH KUPHUTHIL
OpKaJIU XOTUPaJIM TEHTJIaMa SPOCUHU aHUKJIALI, SIpUM YerapajaHran coxaja Oup
Ba Kyn yiauamin y3rapmac Kodh@uimeHTIin uHTerpo-auddepeHiman uCCUKINK
TapKaJUII TEHIJIaMa YYyH HMKKUHYM OOIJIaHFUY-YerapaBUil MacajaHUHT Oup
KUMMATIIM C€YWJTyBYAHJIMTUHUA MCOOTIAll, HWCCUKIUK YTKAa3yBUM MyXHUTIapja
COXAHUHT UXTUEPUN HYKTAJard XapOpaTUHU KUPUTHIL OPKAIU XOTUPAIA TEHTIamMa
SAJIPOCUHY aHHKJIalll IMKOHUHM Oepras;

TECKapu MacalalapHU TaJKUK dTHIIHUHT Takiaud >THiIrad ycynuaad AAAA-
A19-119032590069-3 «['eopu3nk Ba MHKEHEPIUK Macajllapujia UCCUKIUK Ba3H
aIMallliIl Ba KAaTTUK MYXHUTIAp MEXAHMKACH MacajalapyuHU COHJIM €4Yull Ba
MaTeMaTUK MOJCIUIAIITUPUID» MAaB3yAaru XOPWIXKUKA TpaHTAAa Kyl YIIdamiv
UHTETpo-AuddepeHnnan UCCUKIUK YTKa3yBUAHJIMK TEHIVIAMAacH YYyH TecKapu
MacajnajmapHd Tangkuk OdTumma  (ovmamanwiradn  (FOxueii MaTtemaTtudeckuid
Nucturyt punuan GI'HBY OHI «BnaaukaBkaszckuit HayuHsiii ientp PAH», 2021
wun 24 despanmaru  16-coH MabiyMOTHOMacH). WMiamuid HaTHKaJIapHUHT
KYJUTaHWINIIY UHTErpo-auddepeHian UCCUKIMK YTKa3yBUaHINK TEHITIaMallapu
yuyH OMp Ba KYTI YII4aMiiu TeCKapu MacajaJlapHUHT €YMITyBUAHJIUTUHU UCOOTIIAI
MMKOHUHH Oepras.

TaagkuKOT  HAaTHAKATAPDHMHHUHI  anpolfaummscH. MasKyp  TagKHUKOT
HaTWKaJlapy, 8 Ta WIMUN-aMalInii aH>)KyMaHIap/a, )KymiaagaH 3 Ta Xajlkapo Ba 5 Ta
pecnyOnuKa UIMUK-aMaauil aHKyMaHJIapuaa MyXxoKkaMaJaH yTraH.

TaagKMKOT HATHKAJTAPUHUHT JIbJOH KWIMHraHJauru. Jluccepranus
MaB3ycH Oyiinua skamu 15 Ta WIMHIl WII YON STHIITAH, NIyIapiaH, Y30eKHCTOH
PecniyOnukacu Onuii ATTectanusi KOMUCCHUSACHHHMHI JHCCEpTalUsIap acoCHUil
WJIMUI HAaTW>KaJapUHU YOIl STUII TABCUS STWITAH WMWK Hampiap pymxaruaa 7 ta
MaKoJia, XKyMmJiaJiaH, 2 TaCu XOPH>KUM Ba 5 Tacu pecryOinKa KypHajulapyuia Halp
ATUIITaH.

JluccepranMsIHUHT TY3WIHIIN Ba XaKMU. J{1ccepranns KUpUII KUCMU, y4Ta
0600, xymoca Ba (¢doHgamaHwiraH agabuétTiap pyiixarugan wuodopar OYyiumoO,
JTUCCEePTAlMSHUHT XaKMH 117 OSTHU TalKKII STraH.

JTACCEPTAIIUSIHUHT ACOCUM MASMYHH

Kupnm kucmmuaa auccepranusi MaB3yCHHUHI JI0JI3apOJIMTM Ba 3apypaTH
acocjaHraH, TaJKUKOTHUHI  pecrnyOonuka  ¢aH  Ba  TEXHOJIOTHSUIapH
PUBOKJIAHUIIMHUHT YCTYBOP HYHATUIILIApUTa MOCIUTH KypCaTUITaH, MyaMMOHUHT
YpraHwIraHIvK Japa)xacy KeNTHPUITaH, TAAKUKOT MaKcaan, Ba3udanapu, 00beKTH
Ba TMpeAMETH TaBcU(IIaHTaH, TATKUKOTHUHT WJIMHAN SHTWINTH Ba aMmalui
HaTWXkanapyu Oa€H KWIMHIAH, OJIMHTaH HATWKAJApHUHT Hazapuil Ba amMaiuil
axaMuATd O4MO OepuiTaH, TAAKUKOT HATH)KAJAPUHUHT JKOPUA KUJIMHUIIH, HAIIIp
STUIITaH UIIUTAP Ba AUCCEPTALNS TYy3WIHINN OVHNYa MabIyMOTIap KEITUPUIITAH.

HuccepramustauHT OMpuH4Yr 6001 «bup yauamiu uaterpo-auddepenualn
HCCUKJIUK YTKAa3yBUAHINK MO/eJ TEHIJIAMAJIapu YYYH TeCcKapu Macajajapy
ne06 HoOMJaHTaH Ba OyHja Ouwp YymuamMiau WHTErpo-auddepeHIman HUCCHKINK
VTKa3yBUAHIMK TEHTJIaMallapy y4yH SIPOHM aHUKJAIl TEeCKapu Macajaiapu



ypranwirad. by 6oOnuHr Oupunum mnaparpaduna ['€npaep ¢daszomapu xaxuaa
nacTia0Ku TylIyHYanap, UCCUKIWK MOTEHIUANIH, HMCCUKIUK MOTEHIUATUHUHT
['€npaep dazocuaaru 6axonapu Oyirda MyXyUM TyITyHYAJIap KEITHPUIITaH.
buprHun 000HUHT UKKMHYM NTaparpadujia yerapajanrad coxaia oup yiaaamim
UHTErpo-nuddepeHIman UCCUKIUK YTKa3yBUAHIMK TEHIJIAMACH YYyH SAPOHU
AHUKJIAITHUHT TeCKapu Macajanapu yprauuirad. Kyiugaru 6onuianruy-uerapaBuit
macanagan u(x, t), x € (0,1), t € (0,T] byHKIUIHE aHUKJIAIITHE KapaiMu3:

t
Uy — AUy, = f k(Du(x,t —t)dt+ h(x,t),x € (0,1),0<t <T, (1)
0

u|t=0 = (p(X), x € [Or l]r (2)
Ulx=0 = 11 (D), Ulx=; = pa(8), 0<t<T,
®(0) = u1(0), (1) = u(0), 3)

Oy epna a y3rapmac coH, [ Ba T uxtuépuit mycoar counnap, k(t), h(x,t), p(x),
Uy (t), Uy (t) 6epunran ¢pynkuusiap. (1)-(3) macanara TYFpu Macaiia JeHUIa M.

Teckapu wmacanmama, (1) marm wHTerpan xamuuuar k(t), t > 0 sapocu
HOMabIyM 7Ae0 (apa3 KWIMHAAW Ba YHU TYFpU MacaJaHWHT €UYMMHUTA KyWHIITaH
KyHUIara KymuMda maptiap EpaaMuia aHUKIaI Tanad KuInHAIH:

l
j u(x, t)dx = f(t), t € (0,T], 4)
0

EKun
u(xg, t) = f(t), xo € (0,1), te(0,T]. (5)
Harwkana, (1)-(4) macananan u(x, t), k(t), x € (0,0), t € (0,T] dynkuusnapau
anukyam 1-teckapu macajara Ba (1)-(3), (5) macananan u(x, t), k(t), x € (0,1),
t € (0, T] dbyHKIUsUTApHU aHUKJTAIT 2-TeCKapH MacaJiara sra 0yiaMus.
(1)-(5) macama kyihumarn TeHriaamanapaan U(x,t), k(t) ¢yHKumMsIapHa
aHUKIaI EpJaMiy Macaaacura YKBUBAJICHT:

9y — a%0y = k(D) + [, k(@D)I(x, t — DdT + he(x,8),  (6)

8lico = a2g"(x), %
19|x=0 = ;ui(t)» 19|x=l = .ué(t)» 0<t<T,
a*¢"(0) = uy"(0), a*¢" (1) = u,'(0). (8)
1-Teckapu macana: fol I(x, t)dx = f'(t), te (0,T], ©)
2-TecKapH Macana: 9(x,,t) = f'(t), t €(0,T], (10)

oy epma 9(x,t) = us(x,t).
(6)-(8) bonutanruu-uerapaBuii Macaiara SKBUBajeHT Oyiran Bosbreppa
TUIUAArd HHTErPal TeHrIaMa OWIaH ajIMalITHPAMMU3:

I(x, t) =YP(x,t) +
t rl T
+f f G(x, &t —1) [k(r)(p(f)+J k(@)9(S, T — a)da|dédr, (11)
0 Y0 0
Oy epna

10



mmm

t rl i l
Y(x, t) = j; j; G(x, & t—1)h (& 1)dédT + ; [%fo go(x)sinTxdx +

2ma’n (* man, man, mn
' ' )7t )t
+ B jo (,u 1(T) ( D™u 2(‘[))8 L dt]e L7 "sin l X,

man
mwa

G(x,¢t—1) ——Zn_ e (T g fSlnTx - Oup Yymuamim

HHTerpo-z[H(bq)epeHuHaﬂ WCCHKJINK yTKa3quaHJIHK TEHIJIAMacH Y9yH OOILIaHFIY-
yerapaBuil MacanacCHHUHT ['puH QyHKIUSACH.

1-nemma. @apas kunainux (@(x), ' (x), " (x)) € C[0,1],
(h(x, 0, he (e, D)) € €O, (0,13 (01200, 1, (0) € CIOTL k(D) €
C[0,T] sa (3), (8) keruwysuaniux wapmaapu daxcapuicun. Y xonoa (6)-(8) myepu
macananune C*Y(Dyp) cungpea mecuwinu secona 9(x,t) Kiaccux evumu mMagicyo
oynaou(Dyr = {(x, [0 <x <[, 0 <t <T}).

(11) uarerpan tenrnamanu (0, l) opanuruaa uHTErpayiad, 1-Teckapu macana
yUYyH KyIuMua maptaas Goiigananunod, Oup HeuTa coaa aaMallTHPHUIIIapaH CYHT
KyHUIara MHTETpall TCHIIIaMaHH OJIAMU3:

1 . l l t l
(e = - [f ) - jo e (x, O)dx — jo jo k(D) jo Go(x,&,t — 1) () dEdrdx —
—Ji [F k()0 (x, ¢ — a)dadx — [} [T [} G,(x, &t —1) X
X jT k(a)9(¢é, T — a)dadfdrdx], (12)
0

6y epna 9o = [, p(x)dx.

1-teopema. f(t) € C%[0,T], ¢@o# 0 6yncun ea l-temma wapmiapu
Gaoicapuncun. Y xonda uxmuéputi masiun 1 > 0 6a T > 0 connap yuyn Dy coxada
1-meckapu macana sieona euumea 3ea 6yaa0u.

Mynmait kb, 1-Teckapu Macana sroHa edummra sra Oynamu Ba k(t) €
C[0,T].

(6)-(8) Ba (10) mkkMHYM Teckapu Macamanu Yypranamus. (11) wuHTEerpan
TEeHITamMara X = x, Hu Kyun6 Ba (10) xymmmua mraptaan ¢oitnananud k(t)
HOMabJIyM (QYHKIUSATA HUCOATaH I/IHTeraJ] TEHTJIaMa OJIaMU3:

k(o) = ( . (f”(t) " (xo,t))
l
— (p(xo)j; G(X(); f; O)L k(a)ﬁ(f, t — a)dad.f _
t rl T
_‘P(xo)jo -[0 el do = T)Jo k(@)9(¢, T — a)dadidr. (13)
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2-Teopema. f(t) € C2[0,T], @(xo) #0 6yncun ea l-remma wapmaapu
6acapuncun. V xonoa uxmuépuii masiun 1 > 0 6a T > 0 connap yuyn Dy coxada

2-mecKapu Macana A20Ha eyumea 32a Oy1aou.

bupunun 600HUHT yuynH4H naparpaduia spuM yerapajanral coxaaa HHTEerpo-
muddepeHan UCCUKINK YTKAa3yBYaHJIMK TEHIVIAMACH YYyH SIAPOHU aHHUKJIAIl
Macanacu ypranwirad. Kyiluaarn uMKkuHYM OOIUIaHFUY-YerapaBuil MacaiallaH
u(x,t), (x,t) €D,, D;={(xt)|lx>0,t>0} (GYHKIHUSIHA — aHHUKJIAII
MacaJaCuHU KapanMus:

t

Uy — A% Uy, = f k(Du(x, t — 1)dr, (x,t) € D,, (14)
0

Ult=o = @(x), x >0, (15)

Ulx=0 = Y(t), t >0, (16)

Oy epna a - y3rapmac coH, [ Ba T - uxtuépuit mycoat connap, k(t), ¢(x), P(t)
oepwiran ¢pyukmusuiap. (14)-(16) macana TyFpu Macaia JeHUIa N,

Teckapu macana Tyrpu Macaia (14)-(16) eunmu xakuaa

Ulx=o = f(t), t>0. (17)

KylmmMya MabiiymoT Oyitnua k(t), t > 0 QyHkusHu aHuKIIamgad ubopar, 0y
epna f (t) — 6epunran erapianya CUIUTHK QYHKIIHS.

2-nemma. (14)-(17) macana kyuuoacu menenamanapoan w(x,t), k(t)
dyHuKyusIapHU Monuw Epoamyu Macalacuea IKeUusaieHm oyiaou.

Wr — Wy = k() Q"' (x) + j k(Dw(x,t —t)dt, t>0, x>0, (18)
0

wle=o = ™M (x), x>0, (19)

Wxlx=0 = P (&) — k()" (0) — j k(@Y (t—1)dr, >0, (20)

Wlx=0 = (&) — k(©)¢(0) — j k@f'(t—7)dr, t>0, (21)

Oy epna w(x,t) = Upyy-
(18)-(20) Oommanruy-verapaBuii Macaja KyHujard MHTErpaj TEHIJIaMaJIaH
w(x, t) TOomHII Macajgacura KeITHPUIIAIN:
w(x,t) =P(x,t) +

+j joo G(x,¢t—1) [k(r)<p"(€) + ftk(a)a)(f,r - a)da'] dédr +

2

_|_ift ! e‘ﬁ [k(r)go’(O) + frk(a)l,b’(r — a)da] dt (22)
Vi lo VE—7 0 ’
Oy epna
0o t x?
P(x,t) = jo G(x, &, t)ap")(§)dE —%fo \/tl_—re_“az(t‘f)lli"(f)df,

1 (-0)? §+x0)?
6(x,8,0) = g 0™ a0t + €™ wait |

(22) muTerpan TeHriaMa e4uMH XaKuJa KyrWuaard JeMMa YpUuHIIu:
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3-nemma. Papasz xunavinux uxmuépuii matiun T > 0 yuyn @(x) € B4(R,),
Y(t) € C3[0,T], k(t) € C[0,T] 6yncun. Y xonda (22) unmezpan menziamanune
s20Ha eyumu maexcyo ea w(x,t) € B¥2(D,) 6ynaou.

By epoa BY(R,) - R, coxaoa i mapma x 6yiiuua y3iyKcus
ougppepenyuannanysuu, i - mapmubdeaya xocunaiapu ouian obupea yesapaniaHeau
ynxyusnap cungu , B¥(D,) - D, coxada i mapma x 6Viiuya ea j mapmat 6ytiuua
V3IyKcu3z ougghepenyuanianysuu, bapua xocunaiapu ouian odupea we2apaiaHeaw
Qdyukyusiap cungu.

(22) wnTerpan tenrmamara x = 0 Hu kyinbO Ba (21) kymmmya mapTaaH
doitnamannd k(t) yqu WHTETPAJI TEHTJIaMa OJIAMU3.

k() = —= [f”(t) P(0,0) - fk(f)f’(t—r)df—

o ©
- j j G(0,€,t — k(D) p(E)dEdT —
0 Y0

_ jt]oo G(0,&,t—1) Jrk(a)w(f,r — a)dadédt —

k(t)dr —

_ap’(0)
f T j k(a)y'(t — a)dadr|, (23)
oy epna ¢ (0) # 0.

3-reopema.  @apas xunatinux f(t) € C3[0,T], ¢(0) = f(0), ¢'(0)=
¥(0), a’@"(0) =¢'(0), ¢ (0) = f"(0)—k(0)p(0), p(0) # 0 Gyncun ea 3-
nemma wapmiapu oaxcapuicun. Y xonoa D, coxaoa (22), (23) ummeepan
MEH2NIAMANAPHUNHE — SI20HA eyumMu maedxcyo oyinaou. Illynoati xkumub, meckapu
macananune C[0,T] cungpea meecuwinu sieona ewumu magaicyo.

JlccepTalMsIHUHT WKKUHYH 000 «MYXHTHHHI MCCHKJIHMK XOTHPACHHH
aHUKJIAII Macajgacu» 1e0 HoMmyaHran 0ynub, Oy 000HUHT OupuHYM naparpaduaa
MacallaHMHT KYHWIIMIIK Ba NACTIA0KH TYIIyHYaIap KeATHPUITaH. YHI TOMOHH
WHTETpaJI XaJI1 UCCUKIUK YTKa3yBYaHJIMK TeHriamacu y4ayH Ko macamacuHu
KapanMus:

.Mt —_

t
—Au = j K(t —1) A u(x,1)dr, x € R™, t>0, (24)
0

Ult=0 = @(x), x € R™. (25)
K(t) Ba ¢@(x) Oepunran ¢Qyukuusmap yayH (24), (25) tenrmamaman u(x,t)
GYHKIMSICMHY TOTIUIIT Macajlacura TYFpu Macaia JeHnmaiam.
Teckapu macana (24)-(25) Tyfpu Macajia €4uMHU XaKuaa
Ulx=0 = f(), t >0, £(0) = ¢(0), (26)
KyImmMua MabiIyMoT O6yiinda k(t), (t > 0) dyHKIusSIHN aHUKTaAad noopat, Oy
epaa f (t) — 6epunran ¢pynkuus, K (0) 6epunran con aed dhapa3 KuiauHaIu.
4-nemma. Dapaz kunatituxk T > 0 matiunnanean con 6ynu6b, K(t) € C1[0,T]
oyncun. Y xonoa (24), (25) myspu macana Kyiuuodaeu menenama 8a (25) wapmuu
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Kanoamaanmupysuu u(x, t) ¢yukyuanu monuwt Epoamdu Macaiacuea dK6UBaieHm
oynaou:

U —Au+R(O0)u=R({t)p(x)— f R'(t —Dulx,7)dt,x e Rt >0  (27)
0

Oy epna R(t) —K(t) sOpOHHHT PE30JIBCHTACH.
5-nemma. Azap {¢, ¢} € B(R™) 6a R(t) € C*[0,T],R(0) =0 6yuca, y
yonoa (27), (25) macananunz sieona ewumu masxcyo ea u(x,t) € B>1(Dr) 6ynaou.

[Tyaccon dopmynacu épmamuna (27), (25) macamara SKBUBaJCHT HHTErpal

TCHIJIaMaHH OJIaMH3:
t

w0 = [ 6a-§00©d + [ RO [ 66— 66 - Do) -

R™ 0 R™

— [ dt [, Gx— &t —1) [ R'(z — Q)u(§, a)dads, (28)
_ 1 -2 G
By epma  G(x,t) = e "O'Go(x,0), Go(xt) = e — S.—A
UCCHUKJIMK YTKa3yBUYAHIINK OMEepaTOPUHUHT GyHIaMmeHTan eanmu, ¢ = (&y,...,¢&,),

dé = dé,...d¢&,, |x|* = xi+... +x2.

WkkuHun maparpadgaa OupuHuM mnaparpadua KyHuiran TYFpu Macajara
HKBUBAJICHT Oyiran €piamMud Macaja OJMHTaH Ba TaJIKUK KWIMHTraH. h(t) opkaiu
R'(t) dyukumsam Oenrwnaiimus, seHu h(t) = R'(t). (27), (25), (26) Teckapu
macanagan (u, h) ¢yHKpsUIap KyQTIMTMHA aHUKJIAIl MacajlacHHH KapaiMus.
bynna 6epunran ¢ (x), f(t) pyHKuusmapHu erapianya CUUIHK €0 XUcoOIaimMus.

6-nmemma. (27), (25), (26) macana xyuuoacu menenamaoan 9(x,t), h(t)
@YHKYUALAPHU MONUWL MACANIACUSA IKBUBAIEHIN .

9 —A 9+ R(0)9 = —h(t) % p(x) — [, h(D)9(x,t — T)d7, x €R",
t>0, (29
Oe=o =A% @(x) — R(0) A% (x), x € R™, (30)
t

Ox=0 = [ () + R(O)f"(¢) — h(t) & ¢(0) - j h(f"(t —dr,  (31)
0

2 —fn
6y epna 9(x, ) =A uy(x,t), R(0) = %
(29), (30) Komu MacanmacMHUHT €UUMU KyHH1ard HHTETpajl TeHIJIaMaHu

KaHOATJIAHTUPAIH:
9(x,t) = [ Gx = §,0)[2° (&) — R(0) 2% @(§)]dE —
— Jy h(D)dr i Gx = &t — T) A% (§)dE —
— [} dt [ G(x — &t — 1) [ h(@)9(E, T — a)dade. (32)

VYly TeHrTaMaHUHT €YUMUTa HUCcOaTaH KyHuaaru JJeMMa YpUHIH:

7-nemma. Papas kunaiinuk @(x) € BS(R™), f(t) € C3[0,T], h(t) € C[0,T],
T>0 Ap0)#0 6yicun ea f"(0) =A% @(0) —R(0) A @(0) menenux
oaxcapuncun. Y xonoa (32) unmeepan menenamanune si20HQA e4umMu Masxicyo 6d
9(x,t) € B>1(D;) 6ynaou.
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WNxxuHun OOOHUHT yuMHYM maparpaduia Teckapu Macana ydyH HHTErpaj
TEHTJIaMa OJIMHIM, CYUMHUHT MAaBXY/UINTH Ba SATOHATUTH HcOoTIaHmu. (32)
uHTEerpan TeHramara x = 0 Hu Kyiuno, xamna (31) maptaan doigamanud h(t) ra
HUCOAaTaH UHTETpall TCHIJIaMaHH OJIAMU3:

h(t) =
{0 + RO = [ G O[82 9(§) = R(O) A2 p(©)]dE} +
A;(O)f [/t =) + [ GGt =) 8% 9(§)dE]R(D)dr +

+ (o)f dt fon Gt — T)f h(a)9(¢, 7 — a)dadé, (33)
F(O) = o {f"(0) + RO = [ 6, 0[8% 9() = R(0) 42 p(£)]dE)

Oenrunan KUpuTuo, K YI/II/II[al“I/I ONEPATOPHU KUPUTAMHU3

H[h(t)]=F(t>+w(0)f (17t =) + fgu Gt =) 8% ()¢ ]R(D)dT +

Ago(O)f At fon G(§, 6 —T) fo h(a)9(§, T — a)dads. (34)
(33) TeHTIaMa KyTaii orepaTop TEHIIaMa IAKIHAA S3MIIH:

h(t) = H[h(t)]. (35)
| Fll= trer%g)T(]lF(t)l oyncun. Taiimpmanran p >0 con yuyn OT(F,p) =

{l(t):1(t) € C[0,T], ||IF —l|| £ p} mapuu Kapaimmus.

4-teopema. Dapas xunaiiaux  f(t) € C3[0,T], T >0, @(x) € B®(R™),
A @(0) # 0 6yncun éa f''(0) =A% @(0) — R(0) A ¢(0) menenux 6axcapuncun. Y
xon0a wynoat T* con monunu6, (0,T], T € (0,T") kecmaoa (31) meneramanune
@T(F, p) wapza mezuwinu 6y12am 220HaA Y3IYKCU3 4UMU MABHCYO.

VYuunun 600 «HuHTerpo-nuddepeHnuags MCCHKIUK YTKAZYBUAHIUK
TEHIJIAMAJIAPH YYYH KyN yJ4amid TYFPM Ba TecKapu macajaanaap» aeo
HOMJIAHHMO, KYT YITYOBIIM TYFPHU Ba TECKApW Macajaiap ypraHuiraH.

Ymby 600 Oupunun mnaparpaduma uHTerpo-guddepeHran MUCCUKIUK
YTKa3yBUaHJIMK TeHIIIamacu yuyH Komm macanacuiad sApOHU aHUKJIAIl MAacaJlacH
ypranuirad. Kyiunnaru tenrinama yuyH Komm macaiacuau KapanMmus:

U —a’? Au= fot k(u(x,t —t)dr, x e R", t > 0, (36)

Uli=o = @(x), x € R™. (37)

by epna ¢ (x) Oepunran erapiuua cuiuuk GyHkius, a (a > 0) — Oepwiiran coH.
Teckapu macana (36)-(37) Tyfpu Macajia €4uMHU XaKujaa

Ulx=0 = f(8), t >0, £(0) = (0). (38)
KyIMMua MabJyMoT Oyiinda k(t), t > 0 QyHKUMSIHYM aHUKJIAIIaH 1oopar.
Kymnaiinuk yuayH, w(x, t) = Au;(x, t) 0enrunam kupuramus. (36)-(38) reckapu
Macananu w(x, t) pynkuusara HucOaTaH €3amMu3:
w; — A%w,, = k()Ap(x) + fot k(Dw(x, t —1)dt,x € R",t >0, (39)
w|i=o = a?A?@(x),x € R", (40)
i 1 1 ,t ’
Oleo = 5 f"(0) = S k(©9(0) = = [i k(DS (t = Ddr,t > 0. (41)
(40) Ba (41) waptnapian Kyiuaaru TEHIJIMK OJIMHAJIN:

A<p(0)
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K(0) = = [£"'(B)le=o = €A% ()=o) (42)
[Tyaccon dopmynacunan ¢oiinananuo  (39), (40) wmacamamm w(x,t)
dbyHKIMATa HUCOAaTaH KyiUaaru HHTErpal TeHriIaMa opKaiu udoaanaiimMms:
w(x,t) =yY(x,t) +
+fy Jan G = 66 = DK@AP(E) + f k(@& 7~ )daldidr,  (43)
Oy epna

Y(xt) = a? j j G(x— &t — DA@(&)dEdr,
Rn

2
1x1=

1
e +a%t- YCCUKJIMK YTKa3yBYAHJIMK ONEPATOpU w; = A’Aw HUHT

G(x,t) = v
byHIaMEHTAl SYHMH.

8-nemma. @apas kunaiinux (@ (x), Ap(x),A2@(x)) € B(R™), k(t) €
C[0,T], ¢(0) # 0 6yacun sa (38), (42) wapmaap 6axcapuncun. ¥ xonoa (39)-(40)
macanawune B**(D7) cungea meeuwnu sieona knaccux w(x,t) evumu magoncyo
(Dr ={(x,)|x e R, 0< t < T}).

(43) maTerpan Tenmiamara x = 0 Hu kyiuO Ba (41) Kymumua IapTaaH
doiinananu0, k(t) HomabayMm QyHKIMSITa HUCOATAaH KyHUAaru HHTETpaj TeHIriIama
OJIVHTH:

k(t) = Fy(t) — Ef k(D)f'(t —t)dt +

(p(o)f Jgn GO = &t = Dk@AQ(E) + [§ k(@)w(§, 7~ a)daldédr, (44)
Oy epna
Fo(t) = (0) ——[f"(t) — a* [ G(§, )A?p()dE].

5-reopema.  @Papas xunainuk f(t) € C?[0,T], @(0)# 0 6yncun 6a
8-remmaoazu wapmnap baxcapuncun. Y xonoa matiunnanean T > 0 yuyn (43), (44)
unmezpan menenamanapruune Dy cunghea meeuwinu sieona equmu magixicyo.

YuyyuHun OOOHUHTI MKKMHYM Tnaparpaduia spUuM YerapajaHraH coxajaa
uHTErpo-auddepeHnuan HCCUKINK YTKA3yBUAHIMK TEHIJAMAaCHIaH SAPOHH

AHUKJIALl Macaaacy YpraHUJIraH.
Wnurterpo-nuddepeHiman  HUCCUKINK  YTKA3yBYAHJIMK TEHTJIAMACH  Y4yH

u(lx,t),x = (x',x,) = (X1, %3,...,Xp_1,X,) OYHKIMAHM  aQHHKJIA  Oyiinya
KyWH1ard UKKUHYY OONIaHFUY-uyerapaBuil MacajaHu KapaMus:
U, — a’Au = fot k(x',Du(x,t —1)dt, (x,t) € Dy, (46)
Ule=o = @(x), x € RY, (47)
uxnlxn=0 = lp(x" t)r (x,r t) € ]R?‘_l (48)

0y epna a — wmycoar con, (RF1={(x"t)]x eR*"L,0<t<T}, D, =
{(,)|x eR™ 1L, x, >0, 0<t<T}, Rt ={(,x,)|x € R* 1, x,>0},),
k(x',t), o(x), Y(x',t) nmap Gepunran ¢yukuusuiap. (46)-(48) Tyrpu Mmacana
neitunany. (47) 6omnanrud Ba (48) yerapapuii mapraap yayH @, (x',0) = y(x',0)
KEJIUIITYBYAHIINK IAPTH YPHUHIIH.

Teckapu macana (46)-(48) Tyrpu Macana e4nMu XakKuaa
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Ul,=0 = f(X', 1), (x,t) € RF (49)
KyIumua MabiayMot Oyitnua k(x',t), t > 0 QyHKIUSHA aHUKJIAIIIaH HOOpaT.
byuna ¢(x), x € R, Y (x',t) Gepuiran, erapnuya cCHUIMK QyHKIUsIIAp, Oy
Teckapu Macanana (46)-(49) rearnmamanan u(x, t), k(x',t) QyHKIUACHHHA TOMHUIII
MacaaCuHH KapajaH.
9-1emmMma. (46)-(49) macana ytiuoazu menenamanapoan w(x,t), k(x',t)
DYHKYUAIAPHU AHUKIAW MACATIACUSA IKEUBALEHN

w; — a?hw = k(x', t)(pxnxn(x) + [, k(x', Dw(x, t —)dr,  (50)

Olio = 0*00s,, (), (51)
Wy liymo = 5 e (¥, 0) = TR 55900, 0) = 5 k(&' D, (¢, 0) -
—;f k(x DY (x', t — 1)dr, (52)
Oleymo = o for (O 0) = Tzt S (2, 6) — k(X D9 (x,0) -
——J, k(@ Df(x,t — 1), (53)

0y epoa w(x,t) = Uy 5 (X, ).
(50)-(52) Gonuranruy-verapaBuii MaCaJTaACHHUHT €YUMH KyHUJard WHTErpaj
TEHIJIAMaH! KaHOATIaHTUPAIH:

w(x,t) = wo(6,t) + [ [rns GOx' —&,0,¢ —7) X

x j M — £t — DK ENpg ¢, ()dEndE dr + f [ oe-¢0c-
0 R

n—-1

X j [(x, — &t — 1) j k(€ Q)w(E T — a)dadE,dEdr +
O2 . 0
+= [y Jgnor GO = & xn, t = DR, D @g, (§,0)dS'dr +

2 [t z
+ ;jo fRn-l G(x'— & x,t—1) .[0 k(&' )Y, (¢, 1 — a)dadé'dr, (54)

Oy epna
Wo(6,t) = fns GO = &,0,6 = 1) [ T(ty — &n, £)a?Appg ¢ () dE,dE —
=2y Jnes GO = &2t — r)wﬁ(sf' 7)dg'dr +
42} fyps G = &0, t ~ D B4TE S €D,

1 _x

G(x,t) = Zaveo)n ce wa?t, x? = ?=1 xl2 — HUCCUKJIMK YTKa3yBYaHJIUK
OTIEPAaTOPUHHUHT (DyHIAMEHTAT CUUMU,

1 (xn—&n)? (xn+&n)?

l"(xn — fn' t) = — e 4?2t +e 2t

(54) unTerpan Tenrinamara x, = 0 Hu Kyin6 Ba (53) maptaan ¢oitnanaHuo,
k(x',t) Homabaym q)yHKuHﬁra HUcOaTaH HHTerpan TEHTrJaMa OJaMu3.

k(x',t) = [ fee (X, ) — T2 16 2 fe (X', 1) — wo (X, )] =

(p(x/ 0) “a2

17



f k(x", Df(x', t —)dr — (xIO)f Jgn-1 G(x" = &,0,t — 1) X
X [0 Tty = &t = D(E, D g, ¢, (§)dE,dE dr —
2 fot Jgn-1 G(X'=¢,0,t = 7) fooo F(xp =t —17) X
N k(f', Q)w (€, T — a)dadé,dé'dr —
_<p(x2 o)ft Jgn—1 GCx" = §7,0,t = Dk(E', D) g, (§',0)dS dT —

Tt O)f Jgn-1 G&x' = €,0, t—T)f k(@' (&, 7 — a)dad'dr. (55)
@(x',0) # 0 6yicun.

6-reopema. DPapas xunatiiux @(x) € B*(RY), |o(x',0)| #0, f(x,t)€
B¥¥(RF™), ¥(x,t) € B¥(RF™), @, (x,0) =9(x,0), a®A¢@,, (x',0)=
Y. (x',0), f(x',0) = p(x',0), f(x',0) = a? A p(x',0) wapmnap 6axcapurcun .y
yonoa emapauva kuyux T > 0 con yuyn (54), (55) unmespan menenamanapnune
seona w(x,t) € B¥2(D,), k(x',t) € B(REF™Y)  euumu masoncyo 6ynaou. Bynoan,
(50)-(53) macanranune scona Knaccuk edumu 32a SKAHAUSU KEIUO YUKAOU.

YuyyuHun OOOHMHTI yuyuHYM Tnaparpaduia HUCCHUKIUK  YTKa3yBUaHJIUK
TEHIJIaMacl YYyH KYI ViIuaMiId HMCCHKJIUK XOTHPAaCHHH aHHUKJAIl Macajacu
VpraHUIITaH. Kyiinnaru TEHIrJIaManapaaH u(x,t), k(x',t), X =
(X1, X0, ooy Xpe1, %) = (X', %) ER™,0 <t <T OGyHKIMIAPHA TOIKII TECKApPH
MacajaCuHHU KapanMus:

<p(x ,0)

 (x1,0)

u —Au= [ k(x,t — ) Au(x,7)dz, (x,t) € RY, (56)
Uult=o = p(x), x ER", (57)
Uly,=0 = f(X',1), 0t <T, f(x',0) = p(x',0), (58)

P={x,tx=0"x) ER", 0<t<T}, T>0 — uxtuépuil TaliMHIaHTaH
COH.
H'(R™)- R™ ¢asona anuknanran | — taprubnu I'énbaep Gynkuusnap cuudwu,

HU/? (]RT?)- ]RT? dazona anukianran (azoBuil y3rapyBuucu Oyitnua | — taptudim,
BaKT Yy3rapyBumcu OVitmua [/2 — taptubmu ['€npuep dyHkuusiiap cuHbu
6yacun. HYM(R™) pa HUFm(+m)/2 (]RT?) GyHKuMsIap cuH(HIa HOpMajap

KyWuJarnya KUpuTHIaIu:

Da xl _ Da x2
||t = z sup [D%¢| + z sup D% 1) > fo( )l, [ €(0,1),
[x1-x2|<p |x —X |

la|sm |a|=m
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1+ 1+ 2
|l ™2 =5 islem SUp |[D7DSu| +

(x,t)ERT

|DTDSu(xt,6)-D"DSu(x?,t)|

|x1_x2”

+ 22r+|s|=m sup

|x1-x2|<p
(x1,t),(x2,t)ERT

D"DSu(x,t1)—D"DSu(x,t?)
+22r+|s|=m sup | 1_¢2(l/2 |
|t1—t2|Sp |t -t |
(x,t1),(x,t?)ERG

—n-1
10-nemma. Papas kunaiinux k(x',t) € H+21+2)/2 ([R;l~ ) oyncun, y xonoa
(56)-(58) macana

U =AU — fot r(x',t — Du.(x,1)dr, (59)
menenama  xamoa (57), (58) Oownaneuu 6a  Kywumua — wapmiapHu
kanoamnanmupysuu  u(x,t), r(x',t) @yukyusiapnu  monuw macanacuea
akeueanenm o6ynaou, 6y epoa r(x',t) —k(x', t) a0po pezorveenmacu.

r:(x', t) dynaxuusau h(x', t) opkanu 6enrmwiaimums, seau h(x', t) = r(x', t).
11-nemma. (59), (57), (58) macara xyiuoaeu époamuu macaradan 9(x,t),
h(x', t) pynxyuanapnu monuw macanacuza sxkeusanenm OyIaou.

9y —AY9 = —1r(x',0)9 — h(x',t) A @y, (x)— ft h(x',t)9(x, t — 1)dr,
nXn 0 (60)

(x,t) € RY,
V=0 =A? <pxnxn(x) —r(x, 0) a Qoxnxn(x)r x € R", (61)
Oly,=0 = feee (X 8) =By fee (X, 8) +1(X, 0) fee (X, 1) +

62
+h(x',t) A p(x',0) — fot h(x', T)ftt(x’ t —1)dr, (x',t) € R} L, (62)
A2 (x1,0)= fre (x1,0)
Oy epma 9(X,t) = Ugex x, (X, 1), Ayy= X2 11 o7 r(x',0) = @ Z<p(x,,é§ x1,0)

(60) Ba (61) Komm wmacamacu 9(x,t) HOMabayM QyHKOHsIra HHcCOATaH
MHTETpaj TeHIJamMa OpKajiu Kyiuaarmnda udomanaHaiu:

9, ) = [on Glx = & D)[A% @g ¢, (8) = 7(E,0) A @g ¢, ()] dE —
— [l dt [, Gx— &t —DR(E,T) A @g ¢, (§)dE —
— [} A i GGx =&t =) [-r(E,009(8,7) — [ h(E, @)9(E 7 — a)da|dE (63)

(63) umHTerpan Ttenrinamara X, =0 Hu KkyiiuO Ba (62) KymmMMmuya mapTIAH
dormananud h(x', t) (byHKum[ Y4yH UHTETpajl TSHTJIaMa OJIMH/IN:

h(x',t) = v 0){ feee G 8) + 85 fee (X, 8) = 7 (X, 0) fie (X, t) +
+ Jgn G(x — & & 0)[A% @g e (§) —7(E,0) A g ¢ (6)]dE} +

X
A<p(x' 0)

x{f h(x',r)ftt(x',t—r)dt+f deRnG(x’—E’,fn;t—T) X

0
X h(§,7) & @g,¢, (§)dS} + Jy AT fgu G = &, &nst —7) X

A<p(x ,0)
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T

x| =r(€, 09,0 - [ hE @97~ adal ds, (64)
6y epaa G(¥' — &, Ex;t — 1) = Gx — &t — Dl o
7-Teopema. Acap ¢(x) € H8(RM), |A o(x',0)|' = const > 0, f(x',t) €

—n-1
HU6W9)/2 (Ry ), 1€ (0,1), f(x,0) = p(x', 0), £ (¥, 0) =A (', 0) wapmaap
baxcapunca, y xonoa emapauua kuyux T >0 con yuyn (63), (64) unmeepan
menenamanaprune aeona 9 (x,t) € H+2(1+2)/2 ([RT?), h(x',t) € HW/? (@) eyumu

maexcyo oynaou. Lllynoau xumu6, (60)-(62) macanranune sieona xknaccux ewumu
Masxcyo 6yraou.

XVYJIOCA

HMuccepraumsiia  UHTErpo-IudPepeHnran  HUCCUKIMK  YTKa3yBUYaHJIUK
TEHIJIaMaJIapAa UHTErpaj XaJHUHT AIPOCHUHH aHUKJIAIl YYyH OUp Ba KYI YI4aMiiu
TECKapu MACAIAIAPHUHT  KOPPEKTIMIM  ypraHWwiraH. leckapu HHTETpo-
muddepeHnran TeHraaMagapHi UKKMHYM Typ Bonpreppa Tunuparu TeHriamanap
CHCTEMAcura KeNTHpHO TajKWK YCYIUIapd OJMHIAH. Ypama KYpHHHIIIATH YHT
TOMOHHUJIAa HWHTErpaj omneparop Oyiaran mnapaboJuk uHTerpo-auddepeHmran
TEHIJIaMaJIApHUHT KEHI CUH(HH Y4yH TecKapu Macanajgap Kypud YMKUIraH.

Acocuil TaIKUKOT HaTWXKalapu Kyluaaruiapaad noopar:

yerapajlaHraH coxaja Oup yiadyaMiaun HHTErpo-nud@epeHnuanr MUCCUKIUK
TapKaJIUII TEHIJIaMacu y4yH OMpHHUYM OOIJIaHFUY-uerapaBUil macajara Teckapu
MacaJlaHUHT Oup KUWMATIM EUYWIUIIM: €YUMHHHI MaBXYIJIUTH Ba STOHAJIMIU
MCcOOTIIaHTaH;

KV YJI4aMJIM UCCUKJIMK YTKa3yBUaHIUK UHTETPO-audPepeHinan TeHriaMmacu
yuyH Kyiuiran Koim MacaiiaciHUHT OMp KMIIMATIIM €4UTyBYAHIIUTY UCOOTIIAHTaH;

TYFpPU Macaja €4MMM XaKuJard KylnimMya IapTra Kypa sIpOHW aHWKJIALI
MacaJaCUHUHUHT 1J100an Oup KMMMaTId €4HITyBYAHIUIA: €YUMHUHT MaBXYJITUTH
Ba SATOHAJIUTU UCOOTJIAHTaH;

SpUM dYerapajlanral coxajaa Oup Ba Kym yiauyamuid uHTErpo-auddepeHiman
UCCUKJIUK YTKa3yBUAHJMK TEHIJIaMaJlapy y4yH MKKMHYM OOUUIAHFUY-YerapaBuUid
MacajanapAaH SAPOHU aHUKJIAIl MacalacH €YMMUHHUHT MaBXKyJIUTH Ba STOHAJIUTH
UCOOTJIaHTaH.
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INTRODUCTION (Annotation of Doctor of Philosophy (PhD) dissertation)

Actuality and demand of the theme of dissertation. In the world, many
scientific and applied researches which are carried out on a global scale, lead to the
study of differential equations with special derivatives, the correct and inverse
problems posed for them. Inverse problems have permeated astronomy, quantum
propagation theory, geophysics, thermal physics, medicine, and all branches of
modern science with the advent of computers. To find the solution to direct problem
In mathematical physics, it is necessary to give the coefficients of the equation, the
boundary of the domain, the initial and boundary conditions. But in practice it is not
always possible to give the coefficients of the equation, the initial and boundary
conditions and the boundary of the domain. In this case, adding additional data
necessity to solve the direct problem and looking for a solution to the inverse
problem, i.e. coefficients, initial or boundary conditions, domain boundary is found.
As the methods of solving such problems are not fully formed, the problem of
determining the kernel from inverse problems for the integro-differential heat
conductivity equation remains one of the important tasks.

Today, special attention is paid to the most rapidly developing field of
mathematical physics in the world - the methods of studying inverse problems. This
field has become one of the most important mathematical problems in physics and
engineering. Due to the very wide application of this problem, the novelty and
complexity of its theory, it has attracted the attention of many scientists. Recently,
the management of heat transfer processes is developing rapidly, because the
thermal conductivity of each medium is different, and this parameter is closely
related to the initial state and properties of the environment. Therefore, the solution
of direct and inverse problems for integro-differential heat conductivity equations is
one of the most important theoretical and practical scientific researches.

In our country, attention has been paid to the current trends in mathematical
physics, which have a scientific and practical application of fundamental sciences.
In this regard, special attention was paid to the identification of the memory kernel
in integral-differential equations of parabolic type. As a result of these studies it was
possible to construct methods for determining the kernel for integro-differential heat
conductivity equations and to prove the existence and uniqueness of the solution of
these inverse problems. The main tasks and areas of activity of mathematical science
are the increase in the efficiency and effectiveness of research in the areas of
differential equations and their applications®. The development of the theory of
integro-differential equations of mathematical physics is important in ensuring the
implementation of this decision.

The subject and object of research of this dissertation are in line with tasks
indentified in the Decrees and Resolutions of the President of the Republic of
Uzbekistan of February 8, 2017, PQ-4947, “On the strategy of action development

! Decree of President of the Republic of Uzbekistan at the “On state support for the further development of
mathematics education and science, as well as measures to radically improve the activities of the Institute of
Mathematics named after V.I.Romanovsky of the Academy of Sciences of the Republic of Uzbekistan” PQ-4387
dated July 9, 2019.
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of the Republic of Uzbekistan™, PQ-4387 date July 9, 2019 “On state support for the
further development of mathematics education and science, as well as measures to
radically improve the activities of the Institute of Mathematics named after
V.l1.Romanovsky of the Academy of Sciences of the Republic of Uzbekistan”, PQ-
4708 of May 7, 2020 “On measures to improve the quality of education and research
in field of mathematics” as well as in other regulations related to basic sciences.

Connection of research to priority directions of development of science and
technologies of the Republic. This work was performed in accordance with the
priority areas of science and technology development in the Republic of Uzbekistan
IV, “Mathematics, Mechanics and Computer Science”.

The degree of scrutiny of the problem. The inverse problems of mathematical
physics were developed by A.S. Alekseev, A.L.Buxgeym, M.M.Lavrentev,
V.G.Romanov and etc. Inverse problems for parabolic-type equation were first
posed and studied by J.Janno, L.V.Wolfersdorf, A.L.Buxgeym, A.Lorenzi,
F.A.Colombo, M.E.Gurtin, A.S.Pipkin, B.D.Coleman, A.l.Prilepko, A.B.Kostin,
A.D.Iskendarov, N.Y.Beznoshchenko, M.Grasselli and V.G.Romanov. Different
ways of studying the issue were proposed and developed in works of J.Janno,
L.V.Lorenzi, F.A.Colombo, M.E.Gurtin, A.S.Pipkin, B.D.Coleman, R.K.Miller,
D.K.Durdiev and others.

In particular, in R.K.Miller’s> work, the initial-boundary problem for the
integro-differential thermal conductivity equation is proved by the one-dimentional
solubility theorems, and the stability estimates representing the continuous
dependence of the given solution are obtained. In A.l.Prilepko, A.B.Kostin’s®
research, the inverse of the initial-boundary problems of the parabolic type equation
with variable coefficients was studied, the theorems on determining the coefficients
of the equation and the existence and uniqueness of the solution were proved, and
stagnation estimates were obtained representing the continuity of the solution. In
A.D.Iskendarov’s researches the problems inverse of the initial-boundary problems
of parabolic type equation with variable coefficients are studied, analytical and
numerical methods of determination of coefficients of equations are studied. In
J.Janno, L.V.Wolffersdorf’s* work, the inverse of the initial-boundary problem for

the integro-differential heat conductivity equation in the domain D = {(x,t) |x €
(0; 1),t € (0,T]}, T > 0isconsidered. That is, one-dimensional inverse problems
are considered to determine memory kernel in the integro-differential thermal
conductivity equation in a bounded domain. For these problems, the theorems on the
existence and unigueness of a solution have been proved, and stagnation estimates
have been obtained that represent a continuous dependence of the solution on the
data. Basically, the problems of solubility in inverse problems for parabolic

Z Miller R.K., An integro—differential equation for rigid heat conductors with memory // Journal of mathematical
analysis and applications, 66 (1978), 313-332.

3 Prilepko A.1., Kostin A.B. On inverse problems of determining a coefficient in parabolic equation // Siberian Math.
J., 1993, vol. 34, Ne5, pp. 923-937.

4 Janno J., Wolfersdorf L.V. Inverse problems for identification of memory kernels in heat flow // 11l-Posed Problems,
1996, vol. 4, Nel, pp. 39-66.
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differential, integro-differential equations have been studied in the bounded domain
only when the determined coefficients depend on one-dimentional.

The dissertation work is close to from the above scientists J.Janno,
L.V.Wolfersdorf, R.K.Miller, V.G.Romanov and D.Q.Durdievs’ research, the
methods recommended by them were used in analysis.

Connection of the theme of the dissertation with the research works of
higher education, where the dissertation is carried out. The dissertation research
Is done in accordance with the planned theme of scientific research Bukhara State
University of the fundamentional project F-4-02-number “Thermodynamics of
models of mathematical physics with infinite set of spins”.

The aim of research work. The main purpose of this dissertation is to construct
methods for determining the kernel from the Cauchy problem and the first and
second initial-boundary value problems for one- and multi-dimensional integral-
differential heat conductivity equations and to proof the existence, uniqueness of
solutions of these inverse problems.

Tasks of the research:

to prove the solution of a one-valued solution of the inverse problem to the first
initial-boundary problem for a one-dimensional integro-differential heat
conductivity equation in a bounded domain;

to show a one-value solubility of the solution of the Cauchy problem for the
integro-differential equation of multi-dimensional heat conductivity ;

to obtain the problem of determining the kernel of an integral term according
to the given additional condition of the direct problem solution;

to prove the theorems of existence and uniqueness of the solution to the
problem of determining the kernel from the second initial-boundary value problem
for the one-dimensional and multi-dimensional integro-differential heat
conductivity equation in a half-bounded domain.

The research object are one- and multi-dimensional inverse problems for
integro-differential equations of the second-order parabolic type.

The research subject are one- and multi-dimensional direct and inverse
problems for the second-order integro-differential heat conductivity equation of
convolution type.

Research methods: The research were used methods of functional analysis,
mathematical physics and solution of differential equations, second type of nonlinear
closed integral equations of the Volterra type, principle of series approximation,
contraction mapping.

The scientific novelty of the research is as follows:

theorems of the existence and uniqueness of the solution of the inverse problem
to the first initial-boundary problem for a one-dimensional integro-differential heat
conduction equation in a bounded domain are proved;

a solution of the Cauchy problem for the integro-differential equation of multi-
dimensional heat conductivity has been obtained and a one-valued solubility has
been proved;

the one-valued solubility of the problem of determining the kernel of an integral
term according to the additional condition of the direct problem solution is proved;
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theorems on the existence and uniqueness of the solution of the problems of
determining the kernel from the second initial-boundary problems for the integro-
differential heat conductivity equation with one- and multi-dimensional constant
coefficients in a half-bounded domain are proved.

Practical results of the research:

the conditions for the existence of the kernel of the equation with memory are
found by introducing the average temperature in the bounded domain of heat-
conduction medium;

determined of the solubility of one- and multi-dimensional kernel finding for
integro-differential heat conductivity equations.

The reliability of the results of the study. Our results have been obtained by
using the methods of functional analysis, theory of differential equations, the theory
of inverse problems, the application of mathematic analysis methods. The obtained
results are mathematically strongly proved.

Scientific and practical significance of research results. The scientific
significance of the research results is explained by the further development of the
theory of inverse problems for the integro-differential equations of mathematical
physics, the construction of methods for determining one- and multidimensional
kernel.

The practical significance of the results of the study is explained by its
application in seismology, exploration of oil and gas fields, the study of heat
dissipation processes in the heat conduction of medium.

Implementation of the research results. On the basis of scientific results on
inverse problems for integro-differential heat conductivity equations:

the proposed method of finding the kernel of the equation with memory by
introducing the average temperature was used in a bounded domain of body-
conducting media in the fundamental project F-4-14 “Development of the theory
and development of methods for studying the dynamic stress-strain state of curved
sections of thin-walled underground pipelines with a flowing liquid under the
influence of dynamic loads” (Certificate No. 89-03-1050 of the Ministry of Higher
and Secondary Specialized Education of the Republic of Uzbekistan dated February
23, 2021). The application of scientific results made it possible to determine the
kernel of the memory equation by introducing the average temperature in a bounded
domain of heat-conducting media, to prove the unique solvability of the second
initial-boundary value problem for one and multidimensional integro-differential
equations of heat conduction with constant coefficients in a half-bounded region, to
determine the kernel of the memory equation by introducing the temperature at any
point in the domain of heat-conduction medium;

the proposed method for studying inverse problems was used in a foreign grant
AAAA-A19-119032590069-3 “Mathematical modeling and numerical solution of
problems of continuum mechanics and heat and mass transfer in geophysical and
engineering problems” (Certificate of the Southern Mathematical Institute of the
branch of the FGNBU FNT “Vladikavkaz Scientific Center of the Russian Academy
of Sciences”, certificate 16 number dated February 24, 2021) to study inverse
problems of the multidimensional integro-differential heat equation. In particular,
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using the results, the solvability of one-dimensional and multidimensional inverse
problems for integro-differential equations of heat conduction was proved.

Approbation of the research results. The main results of the research have
been discussed at 3 international and 5 national scientific conferences.

Publications of the research results. On the topic of the dissertation, 15
research papers have been published in the scientific journals, 7 of them are included
in the list of journals proposed by the Higher Attestation Commission of the
Republic of Uzbekistan for defending the Doctor of Philosophy thesis, in addition 2
of them were published in international journals of mathematics and physics and 5
paper published in national mathematical journal.

The structure and volume of the dissertation. The dissertation consists of
introduction, three chapters, conclusion and references. The volume of the
dissertation is 117 pages.

THE MAIN CONTENT OF THE DISSERTATION

In introduction the motivation of research theme and correspondence to the
priority research areas of science and technology of the Republic are given, we
present a review of international research on the theme of the dissertation and degree
of scrutiny of the problem, formulate our goals and objectives, identify the object
and subject of study, and state scientific novelty and practical results of the research.
Moreover, we give the theoretical and practical importance of the obtained results,
and also give information on the implementation of the research results, the
published works and the structure of dissertation.

The first chapter of the thesis is called “One-dimensional inverse problems
for model integro-differential heat conductivity equations” and it is studied one-
dimensional inverse problems of determining the kernel of the integral-differential
heat equation. In the first section introduces concepts such as necessary information
about Holder spaces, heat potential, estimations of heat potential in Holder space.

The second section of the first chapter is studied one-dimensional inverse
problems of determining the kernel of the integro-differential heat equation in a
bounded domain. Consider the initial-boundary problem of determining a function
u(x,t), x € (0,0),t € (0,T] from the following equations:

t

Uy — AUy, = f k(Du(x,t —t)dt + h(x,t),x € (0,1),0 <t <T, (1)
0
u|t=0 = <P(x);x € [Or l]r (2)

Uly=o = (D) Ulx=; = 2 (D),0 <t < T, 0(0) = 1 (0), () = p(0), 3)

where a is a positive constant, [ and T are arbitrary positive numbers. When
k(t), h(x,t), p(x), uy(t), u, (t) are given functions this problem is called as a direct
problem.

In the inverse problem, it is assumed that the kernel k(t),t > 0 of the integral
termin (1) is unknown and it is required to determine it using additional information
about the solution of the direct problem:
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l
f u(x, t)dx = f(t),t € (0,T], 4)

0

or

u(xy, t) = f(t),xo € (0,0),t € (0,T]. (5)
In the sequel, we will call the problem of determining functions u(x, t), k(t),
x € (0,0), t € (0,T] from equations (1)-(4) as the Inverse problem 1 and the
problem of determining functions wu(x,t), k(t), x € (0,0),t € (0,T] from
equations (1)-(3), (5) as the Inverse problem 2. Problem (1)-(5) is equivalent to the

auxiliary problem of determining the functions 9(x;t), k(t) from the following
equations:

9, — a%0 = k(@) + [ k(D)9(x,t — )dT + he(x,8), ()

O¢=o = a®@" (x), (7)
Olx=0 = U1 (t), Vlx=y = (), 0S¢ <T,
a? "(0) = 1" (0), 29" (D) = p,'(0). (8)
inverse problem 1: fo 9(x, t)dx = f'(t),t € (0,T], 9)
inverse problem 2: I(xo,t) = f'(t), t € (0,T], (10)

where 9(x, t) = u.(x,t).

We replace the initial-boundary problem (6)-(8) with the equivalent Volterra
integral equation:

I(x, t) =Y(x,t) +
t rl T
+j j G(x,&Et—1) [k(r)go(f) +f k(a)9(¢, 1 — a)da|dédr,
0 Jo 0

where

(11)

Yo t) = f) f, 6(xét — Dh(§,1)dédT + X5, [2 [ @(x)sin ™ xdx +

nan n:an

(@ = (CD W ()e ) Fdrle T sin T,

Zna n

2 o man

G §t—1) =7 e 0

initial-boundary problem for one-dlmen3|onal heat equation.
Lemma 1. Let

(9(x), ¢'(x), 9" (x)) € C[0, 1], (h(x, t), he(x, 1)) € C(Dyr),
(1 (), 11 (8), 12 (), 12 (1)) € C[O, T], k() € C[O,T]
and the matching conditions in (3), (8) are met. Then there is the unique classical

solution 9(x, t) to the direct problem (6)-(8) of the class C%1(D;;) .
Integrating equation (11) in the interval (0,1) and using additional condition
for inverse problem 1, we obtain after simple transformations

1 . l l t l
KO = 1" - jo e, t)dx — jo jo k(D) ]0 Go(x,&,t — 1) () dEdrdx —

)t fsme is the Green function of the
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— [ J; k(@9(x, t — a)dadx — [ [ [ Go(x,§,t — 1) X

X [ k(@97 — a)dadédrdx]. (12)
In what follows we denote

l
9o = J, p(x)dx.
Theorem 1. Suppose f(t) € C2[0,T], ¢, # 0 and the conditions of Lemma 1

are fulfilled. Then the inverse problem 1 has a unique solution in domain D,; for
arbitrary fixedl > 0and T > 0.

Thus, the first inverse problem has the unique solution such that k(t) € C[0, T].
We study the second inverse problem from equations (6)-(8) and (10). To obtain the
integral equation for k(t) in this case we use the equation (11) for solution direct
problem and additional condition (10). As result, we have

1
A Te (/@ =w' Go0)) -
1 L t
_<p(x0)j G(%o, 8, 0)f k(a)9(¢,t — a)dadé —
0 0
1 t rl T
_w(xo)j; j(.) G (xo, 6.t — T)JO k(a)9(¢, 7 — a)dadédr. (13)

Theorem 2. Suppose f(t) € C?[0,T], ¢(x,) # 0 and the conditions of
Lemma 1 are fulfilled. Then the inverse problem 2 has a unique solution in domain

D, for arbitrary fixed [ > 0and T > 0.

In the first chapter third section is solved kernel identification problem from
an integro-differential heat equation in a half-bounded domain.We consider the
second initial-boundary problem of determining a function u(x,t), (x,t) € D,,
(D; = {(x,t)|x > 0, t > 0}) from the following equations:

t

Up — AP Uy, = f k(Du(x, t — 1)dr, (x,t) € D,, (14)
0

Ule=o = @(x), x >0, (15)

Uy |x=0 = llj(t)r t >0, (16)

where a is a positive constant. When k(t), ¢(x), ¥ (t) are given functions this
problem is called as a direct problem.

In the inverse problem, it is assumed that the kernel k(t), t > 0 of the integral
term in (14) is unknown and it is required to determine it using additional condition

Ulx=o = f(t), t > 0. (17)

In the sequel, we will call the problem of determining functions
u(x,t), k(t), (xt)e€ D, fromequations (14)-(17) as the inverse problem, where
f(t) is given sufficiently smooth function.

Lemma 2. Problem (14)-(17) is equivalent to the auxiliary problem of
determining the functions w(x, t), k(t) from the following equations:

W — Wer = k()" (X) + [} k(Dw(x,t —7)dr, t>0, x>0, (18)
wle=o = 9" (x), x>0, (19)
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WOrlemo = P'(0) = k(OP'(O) = [} k(DY (t —D)dr, £>0, (20)

Wlmo = f'(0) = k(®O)@(0) — [, k(Df (t—1)dr, t>0, (21)
where w(x,t) = Upyy-
We replace the initial-boundary problem (18)-(20) with the equivalent integral
equation:
w(x,t) =P(x,t) +

+ [0 7 G &t —D)[k(@e" @) + [T k(@w(E, T — a)da]dédr +
e_‘mzjzt‘f) [k(r)go’(O) + fT k(a)Y'(t — a)da] dt, (22)
0

+\/_E o Vi —T1

where

1

x2
o t 1 —_———
P(x,t) = [} G(x,§, 0a’p"()d§ — =[] = e "
(E-x)? (f+x)2]

G(x,&,t) =2a\1/E e 4d?t +e 4aZt |,

With respect to the solution of equation (22) is valid the following statement:

Lemma 3. Let ¢(x) € B*(R,), Y(t) € C3[0,T], k(t) € C[0,T] for
arbitrary fixed T > 0. Then there exists a unique solution to the integral equation
(22) that w(x,t) € B**(D,).

In what follows, by B{(R,) we denote the class of functions that are i times
continuously differentiable and are bounded in R, together with all their derivatives
of order <i, B“(D,) we denote the space of continuous functions that are
bounded in D, together with their partial derivatives with respect to x of order < i
and have bounded continuous j partial derivative with respect to t.

The integral equation for k(t) is obtained from (22) considering it at x = 0 and
using equality (21). We get the following integral equation:

k() = (0)[f”(t) JONE fk(r)f (t — D)dr -

- j j G(0,€,t — Dk(D)p(€)dEdr —

— [ [ G(O £t—1) fT k(oc)w(f T — a)dadédr —

“"”“’) Jy =k@dr == [0 =] k(@y'(c — @)dadr].  (23)
In what follows we assume <p(0) * 0.
Theorem3. Suppose f(t) € C3[0,T], @(0) = f(0), ¢'(0) =(0),
a?¢"(0) =y’'(0), @ (0)=f"(0)—k(0)p(0), ¢(0) # 0 and the conditions
of Lemma 3 are fulfilled. Then the integral equations (22), (23) has a unique solution
in the class D, .Thus, there exists the unique solution to the inverse problem from
the class C[0, T].
In the second chapter is called “The problem of determining the thermal
memory of a medium” and first section is about Problem statement and preliminary
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constructions, Studying the direct problem. Consider the Cauchy problem for the
heat equation with an integral term of convolution type on the right-hand side:
U —A U= fot K(t—1)Au(x,t)dt, x ER"Y, t >0, (24)
ulimo = @(x), x € R, (25)
The problem of determining the function u(x, t), satisfying equations (24), (25)
for known functions K (t) and ¢(x) will be called a direct problem. In the inverse
problem, the kernel K(t) of the integral in (24) is assumed to be unknown, t > 0
and it is required to find it from the following additional information on solution of
the direct problem:
Ulx=o = f(t), t >0, £(0) = ¢(0). (26)
It is assumed that f(t) is given sufficiently smooth function, k(0) is given
number.
Lemma4. LetK(t) € C*[0,T], T > 0 is a fixed number. Then direct problem
(24), (25) is equivalent to the problem of determining a function u(x, t) from the
equation

t
U —Au+R(O)u=R({t)p(x)— f R'(t —Dulx,)dr,x e R",t >0, (27)
0
by condition (25), where R(t) is the resolvent of the kernel K(t).
Lemma5. If {g, ¢,,} € B(R™) and R(t) € C*[0,T],R(0) = 0, then there is
a classical solution to problem (27), (25), which belongs to B#1(Dy).

We note that according to the Poisson formula, problem (27), (25) is equivalent
to solving the integral equation:

u(x,t) = fpn Glx =&, )@()dé + fot R(®At [, G(x — &t —D)p(§)dE —
— [} dt [ Gx — &t —7) [} R'(t — @)u(é, @)dadg, (28)

_ 1 —Ixi? .
where G(x,t) = e ROEG (x, 1), Go(x,t) = G s fundamental solution
of the heat conduction operator%—A, E=(&,...,&), d¢ =d&,...d¢&,, |x|* =

xZ2+... +x2,

The second section is about auxiliary problem and investigation of direct
auxiliary problem. We denote R'(t) by h(t), i.e. h(t) = R'(t). It is conveniently to
interpret the inverse problem as the problem of determining a pair of functions (u,
h) from equalities (27), (25), (26). In what follows, we assume that the given
functions ¢ (x), f(t) are sufficiently smooth.

Lemma 6. Problem (27), (25), (26) is equivalent to the auxiliary problem of
determining the functions 9(x, t), h(t) from the following equations:

t

9, —A 9 + R(0)9 = —h(t) A% p(x) — f h(t)9(x,t — t)dt, x € R", (29)
0

t >0,
9]e=0 =A% @(x) —R(0) A% (x), x €R", (30)
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t

Dx=0 = [ () + ROO)f" (1) — h(t) & ¢(0) - f h(D)f"(t — 1)dr, (31)

R(0) = 2220 f”(O)'

where 9(x,t) =A ug (x,t), 2@ (0)

The solution of the Cauchy problem (29), (30) satisfies the integral equation
9000 = [ 6= £0[8% () = R(O) &7 9()]dE -

Rn
— [} h(@)dt [, G(x — &t — 1) A? @(§)dE —

— fot dt fon G(x =&t — 1) fot h(a)9(¢, T — a)dadé. (32)

With respect to the solution of this equation is valid the following statement:

Lemma 7. Let ¢(x) € BS(R"), f(t) € C3[0,T], h(t) € C[0,T], T > 0,
A ¢(0) # 0 and condition ' (0) =A2 ¢(0) — R(0) A ¢(0) is satisfied. Then there
is a unique solution to the integral equation (32) 9(x, t) € B#1(Dy).

The third section is studied derivation of integral equation for inverse problem
and proved about existence and uniqueness theorem. In equation (32), setting x =
0 and using condition (31), after simple transformations, we obtain the integral
equation with respect to h(t):

h(t) =
117 17} i 3 _ 2
= (p(o) F(0) + RO)F"(®) Rjn GE DA% 9(8) — R(0) 4% p()]dE ! +
A(p(O)f [ flfie—o+ fR” G(E t—1) A’ <P(€)d€]h(r)dr +
+- (O)I dt [ G(E, 6 — 1) [T R(@)I(E, T — a)dadg, (33)
Denoting

F() =~ (0) ——{f""(t) + RO)"'(t) = [z G D[A% 9(§) — R(0) A% p(§)]d¢},
we introduce the operator with the identity
H[h(t)] = F(t) + A(p(o)f [=f"(t =) + [n GE, t —T) A% @(§)dE]h(r)dT +

+— (o)f dr [ G(§,t — T)f h(a)9(, 7 — a)dadé. (34)

Then the equation (33) is written in a more convenient form

h(t) = H[h(t)]. (35)

Letbe || F lI= trerfg}f]lF(t)l' We fix the number p > 0 and consider the ball

®T(F,p) ={l(O):1(t) € C[0,T], IIF — Il < p}.

Theorem 4. Let f(t) € C3[0,T], T > 0, ¢(x) € B®(R"), A ¢(0) # 0 and
condition £ (0) =A? @(0) — R(0) A @(0)is fulfilled. Then there exists T* such
that on the segment [0,T], T € (0,T*) the equation (31) has a unique continuous
solution belonging to the ball @7 (F, p).
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In the third chapter is called “Multidimensional direct and inverse problems
for integro-differential heat conductivity equations” and studied
multidimensional direct and inverse problems.

The first section is solved the problem determining the kernel from the Cauchy
problem for the integral-differential heat equation. Consider the Cauchy problem for
the following equation:

U —a’? Au= fot k(Du(x,t —1)dt, x ER™, t > 0, (36)
with the initial condition
ule=o = p(x), x € R™. 37)

Here ¢ (x) is a given smooth function, a > 0 is a known number.

In the inverse problem, the kernel k(t) of the integral in (36) is assumed to be
unknown, t > 0 and it is required to find it from the following additional information
on solution of the direct problem:

Ulx=0 = f(t), t >0, £(0) = ¢(0). (38)
For convenience, we introduce the notation w(x, t) = Au,(x, t).We rewrite the
inverse problem (36) - (38) in terms of the function w(x, t) .
W, — aPwee = k(OAQ(xX) + [J k(Dw(x,t —1)dr,x ER%,t >0, (39)
w|i=o = a?A?@(x),x € R", (40)
1 . 1 1 ,t ’
Wlx=o = = f(8) = 5 k(®OP0) — = [; k(@ f (¢t —7)dr,t > 0. (41)
From conditions (40) and (41) the following equality is received:
k(0) = = [f"(O)le=0 = a*A29 () |=o]. (42)
The inverse problem (39) - (41) is replaced by integral equation. To do this,

using the Poisson formula from (39), (40) for the function w(x,t) we obtain the
following equation:

w(x,t) =1Y(x,t) +

+f0t Jan G(x = &t = D[k(DDR(E) + [ k() (&, T — a)da]dédr, (43)
where Yo t) =a? [) [in Gx — &t —D)Np(§)dédr;
G(x,t) = ¢ izlzt is fundamental solution to the heat equation w, = a?Aw.

(2avmt)™
Lemma 8. Let (¢(x),4¢(x),4%¢(x)) € B(R™), k(t) € C[0,T],¢(0) = 0
and the matching conditions in (38), (42) are met. Then there is the unique classical
solution w(x, t) to the problem (39)-(41) of the class B>1(D;) (D = {(x,t)|x €
R, 0<t<T}.
Using equalities (41) and (43), at x = 0 for k(t) we obtain the equation with
respect to k(t):

k(t) = Fy(t) — Ef k(D)f'(t —1)dt +

) o G = .6 = DIDAP(E) + [ k(@ (E, T - )daldidz, (44)
where

Fo(t) = [f"(t) a* fpn G(E, O)D*(§)dE].
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Theorem 5. Suppose f(t) € C?[0,T], ¢(0) # 0 and the conditions of Lemma
8 are fulfilled. Then the integral equations (43), (44) has a unique solution in domain
D for arbitrary fixed T > 0.

In the second section is solved Determining the kernel of the integro-
differential heat equation in half space. We consider the second initial-boundary
problem of determining a function u(x, t),x = (X', x,) = (X1, X3, ..., Xp_1, Xp):

u, — a’Au = fot k(x',tu(x,t —t)drt, (x,t) € Dy, (46)
u|t=0 = (p(X),X € Rnr (47)
Uy =0 = W (0, (¥, ) € RFTY, (48)

where a is a positive constant (R* ™1 = {(x",t)|x’ e R*" L, 0<t<T}, D, =
{(x,)]x' €eR™ 1, x,>0,0<t<T}, R ={(x,x,)|x" € R*"1,x, >0}),
k(x',t), o(x), Y(x',t) are given functions. (46)-(48) problem is called as a direct
problem. In the sequel, we assume that the following matching condition between
initial (47) and boundary (48) data is fulfilled: ¢, (x',0) =¥ (x',0).

In the inverse problem, it is assumed that the kernel k(x',t),t > 0 of the
integral term in (46) is unknown and it is required to determine it using additional
information about the solution of the direct problem:

Ul =0 = f(X', 1), (x',£) € REL, (49)

In this case ¢(x),x € R}, y(x’,t) are assumed to be given functions. In the
sequel, we will call the problem of determining functions u(x,t), k(x’,t) from
equations (46)-(49) as the inverse problem.

Lemma 9. Problem (46)-(49) is equivalent to the auxiliary problem of
determining the functions w(x, t), k(t, x") from the following equations:

w, — a’Aw = k(x', t)(pxnxn(x) + fot k(x', Dw(x, t —1)dr, (50)

wlt 0 =a AQDxnxn(X) (51)

Wy, lx,=0 = l/’tt(x t) — Zk 15, 1/’t(x t)——k(x )Py, (x',0) —
—;f k(x DY (x',t — 1)dr,

Oleymo = o for 0 8) = Tzt ST (3, 6) — k(' D9 (¥, 0) -

- Jy k@ Dt — 1),
where w(x, t) = Uy, x, (X, T).

(52)

(53)

The solution of the initial-boundary problem (50)-(52) satisfies the integral
equation:

W0, t) = wo(6,t) + [ fons GO’ —&,0,t = 1) X

x fO [t — Enr £ — DK(E e . (E)dEndE dT + f fR X' —,0,t = 7)

n-1

X f I'(x, —&,t—1) f k(¢ a)w(é, 11— a)dadé,dE dt +
o . 0
+ =y Jgnor GO =& xn, t = DR, Dopg, (€, 0)dS"dT +
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2 t T
+ fo fRn_lc;(x' — &, xp,t — 1) fo k(&' ), (8,7 — a)dadf'dr, (54)
where
Wo (2, 8) = [ins GO = &,0,6 =7) [[7 T = &n, )* Ay, g, (§)dE,dE’ —
= 2[5 fans GO — &2t — r)wﬂ(é’ )d€'dr +
+2f Jan-1 GOX' = &, xn, t — ) X321 652 Ebr(f T)d¢'dr,

%2
(Za\/lﬁ)” e waZt,x? = Y1 x?, is the fundamental solution of the heat

d 2
operator E —a“ A,

G(x,t) =

F(xn — fn’ t) = —— e 2?2t + e 4a?t
The integral equation for k(x’, t) is obtained from (54) considering it at x,, =

0 and using equality (53):
2

! a ! !
K, 6) = = Z th(x,t)—wo(x,w]—

1 [ (xn—&n)? (xn+&n)?

n-—

f k(x", D) fe(x', t — T)dr — (p(x,'o) fo Jgn-1 G(x' = ¢&,0,t — 1) X
X fo [(xn — &t — DR, D Pg e, (§)dEndE dT —

Jy Jgr GG = 8,0, =) [ TGt = st = 7) X
X [T k@ w1 — a)dadé,dE dT —

_<p(x o)ft Jgn—1 GO = &,0,t = DK(E', D, (€', 0)d§ dr +

— i Jo Jana GO = €,0,6 = D) [T k(€ )97 — a)dadE'dr.  (55)
In what follows we denote ¢ (x',0) # 0.

Theorem 6. If the conditions ¢(x) € B*(R%), |p(x',0)| #0, f(x,t) €
B**(R7™), ¢, t) € B¥*(RF™), ¢, (x,0) =9(x,0), a® A ¢, (x',0) =
Y. (x',0), f(x',0) = p(x',0), f;(x',0) = a® A ¢(x',0) are met, then there exists a
sufficiently small number T > 0 that the solution to the integral equations (54), (55)
in the class of functions w(x,t) € B*2(D,), k(x',t) € B(R%™1) exists is unique.
Thus, there is the unique classical solution to the problem (50)-(53).

In the third section is solved problem of determining a multidimensional
thermal memory in a heat conductivity equation. We study an inverse problem of
determining functions u(x,t), k(x',t), x = (xy,Xp, ..., X1, %) = (X', %) €
R™, t > 0 from the following equations:

q0(x ,0)

 9(1,0)

U —Au= fot k(x',t — 1) Au(x,t)dt, (x,t) € RE, (56)
Ult=o = @(x), x € R", (57)
ulxn=0 = f(x,) t), O S t S T' f(x" O) = qo(x,’ 0)’ (58)

35



R} = {(x,t)|x = (x',x,) ER™, 0 <t < T}isastripwiththicknessT,T > 0isan
arbitrary fixed number.

In the sequel, we will use the Holder space H'(R™) with exponent [ for
functions depending on spatial variables and for functions depending on spatial and

time variables - Holder space H"'/? ([R_’;)with exponents [ and /2. In the class of

functions H'+™(R™) and Hm(+m)/2 (R_Zi)the norms are introduced as follows:

Da xl _Da xZ
lp|t™ = 2 sup |[D%¢p| + 2 sup D% ) a )l, L€ (0,1),
[x1

aT=m x€ERN ] -x2|=p |x1 - lel
B x1,x2eR"
l+m,(l+m)/2 _ rns
|u|T - 22r+|5|5m sup |D D ul +
(x,t)ERF
|DTDSu(x,6)-D"DSu(x2,t)|
+ 22r+|s|=m sup |xl—x2]|! +

lx1-x2|<p
(x1,t),(x2,t)ERY

|DTDSu(x,t1)—D"DSu(x,t?)|
+22r+|5|=m sup 1_¢21l/2
t1-t2|/
[t1-t2|<p
(x,t1),(x,t2)eR}

—n-—1

Lemma 10. Letbe k(x',t) € H'+2(+2)/2 (RT ) then the problem (56)-(58)
is equivalent to the problem of finding the functions u(x, t), r(x’, t) from equation
t

U =AU — J r(x',t — Du,(x, 7)dr, (59)
0

the initial and additional conditions (57), (58), respectively, where r(x’,t) is
resolvent of kernel k(x', t).

For simplicity, we denote by h(x',t) the function r.(x',t), i.e. h(x',t) =
re(x', ).

Lemma 11. Problem (59), (57), (58) is equivalent to the following auxiliary
problem of determining functions 9(x, t), h(x',t):

9 —A 0 = —1(x',0)0 — h(x',t) A @y, r, (X) — [J h(x, T)I(x, t — T)dz,

(60)

(x,t) € RY,
V=0 =A? P pxn (x) — T(x,' 0) a Pxpxp (x), x € R, (61)
Oy, =0 = feee (X 8) =By fee (X, 8) +1(X, 0) fee (X', 8) + 62)

+h(x',t) A p(x',0) — fot h(x', D) fee (x',t — T)dT, (X',t) € R} L,
- 62 ! Az(p(xl,O)—f (xl,O)
?=11 a_xl_zr T(X ’ 0) = Aqo(x/,é;
Now we reduce the Cauchy problem (60) and (61) to an integral equation with
respect to the function 9(x,t). For this purpose in accordance with Puasson’s
formula we have

where 9(x, t) = Ugex, x, (X, 1), Ay=

36



9(x,0) = f G — & D[A2 ge ¢ () = r(€,0) A pge (©)]dE —
Rn

- [ dr [ 6= ge-nE 0 8 o O -
0 R
= [} dt i Gx =&t =) [-r (€, 009(¢,7) — [ h(E,@)9(E, 7 — a)dadE. (63)
The integral equation for h(x', t) is obtained from (63 considering it at x,, = 0
and using equality (62):

h(x',t) = A o(x, O){ feee (X, ) Ay, fre (X, 1) —7(X, 0) fee (X, 1) +
+ [ 66 = £1600[82 05,6, = 1(.0) 8 5, (O]} +

RTL
t

t
+;, jh(x’,r)ftt(x’,t—r)dr+f drf Gx'—&,é,;t—1) X
A (x',0) . ; R™

! 1 : ! !
xh(f,r>A<oensn(€)df}++mof dern 6 — &6t =) X

x [—r(f', 0Y9(,7) - j h(E, a)0(E, T — a)da | dE, (64)

0

where G(x" — &, &t —1) = G(x — &t — 1)y, =0

Theorem 7 If the conditions ¢(x) € H*8(R™), |A ¢(x’,0)]' = const > 0,
f(x',t) € Tty (RT ) L€ (0,1), f(x,0)=¢(,0), fi(x',0)=Aa¢p(x"0)
are met, then there exists sufficiently small number T > 0 that the solution to the
integral equations (63, (64) in the class of functions 9(x,t) € H*%(+2)/2 (]RT?)

h(x',t) € HY/? (@) exists is unique. Thus, there is the unique classical solution
to the problem (60)-(62).
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CONCLUSION

In the dissertation is studied the correctness of one- and multi-dimensional
inverse problems for determining the kernel of the integral term in integro-
differential equations of parabolic type. Methods for solving inverse integro-
differential equations are obtained by reducing them to a system of equations of the
second type Voltaire type. Inverse problems are considered for a wide class of
parabolic integro-differential equations with the integral operator on the right side
of the winding view.

The main research results are as follows:

the theorems of the existence and uniqueness of the solution of the inverse
problem to the first initial-boundary problem for a one-dimensional integro-
differential heat conduction equation in a bounded domain are proved,;

a solution of the Cauchy problem for the integro-differential equation of multi-
dimensional heat conductivity has been obtained and a one-valued solubility has
been proved;

the one-valued solubility of the problem of determining the kernel of an integral
term according to the additional condition of the direct problem solution is proved,;

the theorems on the existence and uniqueness of the solution of the problem of
determining the kernel from the second initial-boundary problem for the integro-
differential heat conductivity equation with one- and multi-dimensional constant
coefficients in a half-bounded domain are proved.
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BBEJIEHUE (anHoTaumus aucceprauuu 1oKkropa ¢punocodpuu (PhD))

Heabio uccien0BaHus - TIOCTPOCHUE METOJIOB OIPEIEIICHUS sipa U3 3a/1a4u
Ko, mnepBoii M BTOpOM HayaldbHO-KpaeBbIX 3ajad Il OJHOMEPHBIX U
MHOTOMEPHBIX HHTErpo-au(depeHuanbHbIX ypaBHEHUN TEIUIONPOBOIHOCTH U
JI0KA3aTeNIbCTBO CYIIECTBOBAHUS, E€IMHCTBEHHOCTH pEHICHUN ATUX OOpaTHBIX
3ajay.

O0bekTOM MHCCIEI0BAHUA SIBIAIOTCS OJHOMEpPHBIE W  MHOTOMEpPHBIE
oOpaTHbIe 3a1a4M JJIsl UHTErpo-aupepeHINaTbHBIX YpaBHEHUH MapaboInyecKoro
THUIIa BTOPOTO MOPSIKA.

Hayunasi HOBU3HA McC/IeI0BAHUS ONPECISICTCS CIACIYIOIIMMH MyHKTaMU:

JI0Ka3aHbl TEOPEMBI CYIIECTBOBAHUS U €IMHCTBEHHOCTU PEIICHUS O0OpaTHOM
3aJaud ISl TIEpBOM HayalbHO-KpaeBOW 3ajadydl [JIsl OJHOMEPHOTO HWHTErpo-
¢ depeHnrnanbHOr0 YpaBHEHHSI TEIIONPOBOJHOCTH B OTPAHUYEHHON 00J1aCTH;

J0Ka3aHa OJHO3HayHas pa3pemuMocTh Koiu 11 MHOrOMEpPHOIrO MHTErpo-
IuQdepeHInaIbHOrO YpaBHEHUS TEIUIONPOBOIHOCTH;

J0Ka3aHa OJHO3HAayHas pa3pelluMOCTb 3aJa4d  ONpeJeNieHus  sjapa
MHTETPAJIIBHOTO YIEHA MO JOTIOJHUTEILHOMY YCIIOBHUIO O PEIICHUU NPSIMOM 3a7auu;

JI0Ka3aHbl CYIIECTBOBAHUE U €IMHCTBEHHOCTh PEUICHUS 33JJa4l OIpeIeICHUs
A1pa U3 BTOPOIl HauyaabHO-KPAeBOM 3ajauu JUisi OJJHO U MHOTOMEPHOI'O MHTErpo-
I epeHInaIbHbIX YpPaBHEHUN TEIUIONPOBOJHOCTH B  IOJXYOTPaHHUYEHHOU
o0nacTu.

Buenpenue pe3yabTaToB HcciaeqoBanus. Ha ocHOBe HayYHBIX pE3yJIbTaTOB
mo oOpaTHBIM 3amadaM Uil  HMHTErpO-AU(PEepeHIIMaTbHBIX  YPaBHEHHN
TEIUIONPOBOAHOCTH:

npenjaraéMblii METOJ] HAXOXACHHUS SApa YPaBHEHHUS C TaAMSITBIO IyTeM
BBEJICHUSI CpeIHEH TeMIepaTypbl HCIOJIB30BaH B OTPaHUYEHHOW 00JacTH
TEJIOMPOBOAAIIMX cpell B hyHaameHTabHOM npoekTe Nod-4-14 «Pa3Butue reopun
U pa3paboTKa METOJOB HCCIECIOBaHMUS JUHAMMYECKOTO HAIpPSHKEHHO —
1e(OPMUPOBAHHOTO COCTOSHUSI KPUBOJIMHEHWHBIX YYaCTKOB TOHKOCTEHHBIX
MOJI3EMHBIX TPYOONPOBOJOB C MPOTEKAIOUIEH >XKUIKOCTHIO MpPH BO3AECHCTBUU
JTUHAMUYECKUX HArpy30k» (cBuaerenbcTBo Ne89-03-1050 MunuctepcTBa BhICIIETO
U CPEJIHEro CIenuaabHoro oopa3oBanus Pecryonuku Y36ekuctan ot 23 deBpais
2021 roma). [IpumeHeHUEe HAYUYHBIX PE3YJIHTATOB IO3BOJIMJIO OMPEACIUTH SIPO
yYpaBHEHHS TaMSTH IyTeM BBEIEHUS CpeAHE TemmepaTypbl B OrpaHUYECHHOM
00J1acTH TETUIOMPOBOAIINX CpPel, J0Ka3aTh OJTHO3HAYHYIO Pa3pelIMMOCTh BTOPOH
HAYallbHO-KpaeBOM  3afaud Juis OJAHO M MHOTOMEPHOTO  HMHTErpo-
audepeHnanbHbIX  YpaBHEHUH  TEIUIONPOBOAHOCTH  C  MOCTOSHHBIMU
ko3 puimeHTaMu B MOTYOrpaHUYEHHON 00J1acTH, ONPEAENIUTh PO YPaBHEHUS C
NaMaThl0 IyTEM BBEACHHUS TeMIeparypsl B JI00OW To4yke o0Osactu
TEIUIONPOBOASIIBIX CPE;

npenjaraéMblii METOJ HCCJIeIOBaHUS OOpaTHBIX 3ajad MCIOJNb30BaH B
3apyOeKHOM rpaHTe AAAA-A19-119032590069-3 «MaremaTuueckoe
MOJIETTUPOBAHUE U YMCIEHHOE pEIICHHE 3a/ad MEXAaHWKH CIUIOIIHON Cpeasl U
TEIIOMaccooOMeHa B Te0(hU3HMUECKUX U MHKEHEPHBIX 3a7auax» I UCCIIEeTOBaHUS
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OOpaTHBIX 3a7ad MHOTOMEPHOI0 HMHTErpo-Au(depeHInaIbHOr0  ypaBHEHUS
terionpoBoaHoct (Crnpaska FOxuoro Marematuueckoro Muctutyta dunmnana
OI'HBY ®HT «BnagukaBkasckuid Hayunbid 11eHTp PAH», Nel6 ot 24 deBpans
2021 r.). B yactHOCTH, UCIIONB3Yysl PE3yJbTAThl, OblIa JIOKa3aHa Pa3pelIMMOCTb
OJIHOMEPHBIX 1 MHOTOMEPHBIX 0OpaTHBIX 3a/1a4 JJI UHTErpo- AuddhepeHIuaIbHbIX
ypaBHEHUH TETIOMPOBOIHOCTH.

Crpykrypa u 00bem quccepranmu. Jluccepranys COCTOUT U3 BBEACHUS, TPEX
IJIaB, 3aKJIFOUEHHS U CIIMCKAa MCIOJIb30BaHHOW JTepaTypbl. O0beM auccepTauuu
cocrasisieT 117 cTpaHuusl.
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