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KHUPULI (pancapa noxropu (PhD) nuccepraumsicu aHHOTALUSICH)

JAuccepranmsi MaB3YCMHUHI [J0J13apOJIMrH Ba 3apypusiTH. XyCyCHUM
xocunianu nuddepeHnran TeHrJaManap Ha3apusICcl MAaTeMATHUKAHUHT MYXUM
Oynumitapugan Oupu OYnuO, Y CYIOKIUK OKHMH, HUCCHUKJIWK EKHM TOBYIIHHUHT
TapKaJUIIN, DJACTUKIUK, DJIEKTPOCTaTUKA, JJIEKTPOJMHAMHMKA KaOu  Kym
y3rapyBUmiIM (PyHKIMsuIap OusiaH OOFiMK (U3MKaBUM Ba OOIIKa MacaylajlapHU
MaTeMaTUK Tap3la 0a€H KWiIMIl Ba xan Kwmmiga doigananunaaun. Yerapa
KUiiMaT, OONUIaHFWY KUKMMaT Ba OOIUTaHFUY-YerapaBUil Macaiajap XyCycuid
xocuianu auddepeHnnan TeHriIaManap yuyH KyWWiIaauraH acocuil yd Typaaru
macananapaup. llyHunrnek, spTHOOp OEpUIIUMU3 KEPaKKH, XyCYCHUH XOCHIATU
auddepeHnran TeHTIaManap TUNepOoNTuK, MapaboiuK, JIUIMNTHK Ba apajalil
TUTIJIAaTH TEHTJIamMaiap, XyCycaH, apaiam napabonuK-TUNepOONUK, MapadoInK-
AITUOTHK Ba apajiail 3JUIMNTUK-TUIEPOOTUK CHH(IApra aXpaTWIHUIIN MYyMKHUH
(mabymot yuyH A.B.bunianaze Ba XK.PaccuacnapHuHr kuToOJapuHu KapaHr).

Xycyeuit xocwnanu guddepeHnnan TEHTJaManap Y4YyH —uerapaBuil
MacajaJapHy YpTraHMIIA YJIapHU UKKUTA KaTTa CUH(ra akpaTUIIMMHU3 MYMKHH,
SbHU TYFPU Ba TecKapu Macajanap. TYFpu Macaianapaa ojaria e4uMIIapHU
TONUII Ha3zapja TYTWIaaAW, JIEKWH arap wu3jaHaéTraH e4yuMm OusaH Oupra
TeHr1amMaaaru koepduuueHtaap €Kd TEHIJIaMaHUHT YHT TOMOHHM (MaHOaa Xaau
MCCUKJIUK TapKaJIUII TEHTJIaMach MHUCOJHJIA), OONUIaHFUY €KW YerapaBHil mapT,
TEHIJIAMaHUHT TapTHOM aHMKJIAHUIIK Tanad KWIMHCA, OyHAal Macaiaiap TecKapu
Macananap aeiunanu. B. McakoB kenTupub YyTranuaek, TeCKapu Macajiajiap HHCOH
Xa€TUHUHT KYOTWHA >Kka0xamapujaa ydpamd MyMKuH. MacanaH, Ouoorus,
THOOUET, doiimanu KazwiMalapHH KHIWPHIL, CaHOAT ToBapiapu CUpaTHHH
Hazopar Kuiuil Ba Ootmkanap. by 6opana kacp Taptudiu unterpo-auddepeHiman
orepaTopyiap KaTHAIITaH XyCycwil xocwnanu audepeHiran TeHriaManap yJyH
TYFpU Ba TeCKapu MacalajmapHu euuin auddepeHian  TeHriamaiap
HA3apUSACUHUHT MaKCaJIM TAAKUKOT WYHAIMIIITIApUIaH OUpH XucoOIaHau.

Kelinarn nnimapaa V36exucronna wiM-GaHHU, XyCycaH, MaTeMaTHKa,
¢u3uKa, OMOJIOTHUS Ba TEOJOTUSHU PUBOXKIIAHTUPHUIN Oopacuaa 3apyp Ba MyXHUM
MCJIOXOTJIap aMajra omupuiIMoKaa. MacanaH, MaTeMaTuk Gu3nKa MyaMMOJIApUHA
yprauuii, xycycaH, kacp Taptubnu nuddepennnan omneparopiap Ouiad apanaril
TUTIJIATH XyCycui xocwnanu nuddepeHiuan TeHriaManap yuyH TYFpU Ba TecKapu
MacaialapHd TaxJIM Ba TAAKUK KHJIWITHH JKaJaUIAIITHPHINTa alI0OXHUaa YBTHOOD
KapaTHJIMOKIa. byHnaH Tamkapu, MaTreMaTukaHuHT AuQQepeHian TeHriaManap
Ba MaTeMaTWK (U3MKa, JTUHAMHUK CHCTEMajap Ba ONTHMall OOIIKapyB, amaiui
MaTeMaTHKa Ba MaTeMaTUK MOJCIUIAIITHPHII, MaTEMaTHK aHalM3 Ba (QyHKIUsIAp
HA3apusICH, JXTUMOJUIAp Ha3apHsICH Ba MaTeMaTHK CTaTHCTHKa, anrebpa Ba
reoMeTpus (paHIApUHUHT YCTYBOp HyHanmuuuiapu OVinmya Xajakapo cTaHaaptiap
Japakacujia UMUK TAIKUKOTIAp OJMO OOpHUIT MaTeMaTHUK OJUMIIAPHHHT acOCHM



Basudanapu Ba (aonMAT HyHanMuuiapy 5THO Oenrmnab Oepunran®.  Ymoby
BazudanapHu Oaxkapuil yuyyH Xycycuid xocwianu auddepeHnnan TeHriamanap,
XyCycaH, Kacp TapTuOnu xycycuil xocwnanu auddepeHiyan TeHriaMmaiap yayH
HOJIOKAJl MacajaiapHu (TYFpH) Ba TECKapu MacajalapHu KYWHII Ba TaJKUK KUIJIMII
KyJla MyXUMIHP.

V36exucron PecnyGimkacu Ilpesunentununr 2017 iimn 17 despanmaru
IIK-2789-con “®annap akamemusicd GaoausiTH, WIMUH-TAIKUKOT HIIUIAPUHA
TaITKWJI JTHUI, OOIMIKAPUIN Ba MOJFSUTAMITHPHUIIHKA SHAAQ TaKOMUJUIAIITHPHIIL
qyopa-taaoupnapu tyrpucuma’, 2017 wun 20 ampenmaru [1K-2909-con “Omnuii
TabJIUM TU3UMHUHU SHAJa PUBOKIIAHTHPHUIN 4HOpa-Tanoupiapu tyrpucuaa”’, 2019
un 9 wmronmarm [1K-4387-con “Maremartnka TabiuMH Ba (paHIApUHU SHAIA
PUBOMUIAHTHPHUIITHU ~ JaBiIaT TOMOHHWAAH  KYyJUIaO0-KyBBaTjiaml, [IyHUHTJIEK,
V36exucron Pecny6mmkacu ®anmap akajemusacuHMHr  B.J.PomaHOBCKWHit
HOMUZAru MaremaTika HMHCTUTYTH (AOTUSATHHU TyOJaH TaKOMWJUIAIITHPHUIILL
yopa-taabupiapu Tyrpucuga” Ba 2020 wwmn 7 wmadgarn  [1K-4708-con
“MatemaTuKa coOXacuJiard TabjiuM CHU(pATUHU OUIUPHUII Ba WIMHK-TAAKUKOTIApHU
PUBOXIIAHTUPHUII YOpa-TaJAOUpiapyd TYFpUCHIIA TH Kapopiiapy Xamjaa MasKyp
daonusaTra TErumUIM OOIIKA HOPMATHUB-XYKYKHUM XyXKaTiapja OenruianraHn
Bazu(amapH amajira OIIUpHINIa YOy [auccepTanus TaJIKUKOTH MyaisiH
Japaxkaja Xu3MaT KUiaau.

TaakuKOTHUHT pecny0auKka ¢GaH Ba TEXHOJOTHSJIAPH PHUBOKJIAHUIIN
YCTYBOp HyHaJIMILIApUra 0oFrJIMKJINTd. Ma3kyp TaAKUKOT peciyOnuka (aH Ba
TEXHOJIOTHsUIap  puBOkiIaHUmMHUHT  [V. «MaremaTtuka, MexaHHWKa  Ba
MH(pOpMaATHKa» YCTYBOP MYHAIUIIN JoMpacKia OaxapuiraH.

MyaMMOHMHI YpPraHwJIranjuk aapaxacu. CyHrru Hwuiapaa Kacp
TapTHOJIM apajall TUMAArd XyCcycuil Xxocumnanu auddepeHnnan TeHriamManap yayH
YyerapaBuili MacajlajlapHUA YpraHUWII YJIApHUHT MaTeMaTHK (U3UKAHUHT KYT1a0
coxajmapuua  KyJmaHwinmu — cabaOujgaH  Karra  KU3UKUII — YHFOTMOKJA.
XaétuMmu3agard KyNruHa XOAHMCAJTIAapHU MOJICJUTAIITUPHUIN  HYKTau-Ha3apuiaH
YMYMHUUPOK Kacp Taptubnu muddepenuuan omneparopiapaan (oimamaHul
TaJIKUKOT CHU(pATUHU OIITUPHUIN UMKOHHATHHU Oepamu. I.M.I'enbbhana ToMoHUIaH
apajamn TUIMIArd Xycycui xocwianu auddepeHnnan TeHriaamanap Epaamuia
FOBAKJIM MYXHUT OWJIaH ypairaH KaHaJJard Ta3HUHT JTUHAMUKACH Ba XapaKaTHHU
TeKIMPUII Takmug KuauHTad. lllyHWHTACK, KEeWWHYAIUK MYypakKKkad JJIeKTp
TapMOKJIapua TEOpaHUIUIAPHUHT TAPKAIWIIMHYA YPTaHWIIHA apajiaml TypAard
xycycud xocwnanu auddepeHuuan TeHraamanap €paamuga  TYLITYHTHPHIL
MYMKHHJIATUHU KYPCATHIIIH.

Apanam TUngard Xycycui xocuianu auddepeHnuan TeHriaManap oyinda
camapaliid TEKIIUPYBIAPHUHT OOLUIAHUIIK YTraH acpra Tyfpu kenaau. Myxum Ba
KU3UKapau Hatwkanap Yammrun, Tpukomu, I'ensdana Ba Oomkazap TOMOHUIAH
onuurad. KelimHyanuk, nmapaboauk-runepOoIuK TeHTIaManap yayH GyHIaMeHTal

! V36exucton Pecny6nukacu Basupnap Maxxamacuauar 2017 #iun 18 maiimaru “Y36exucton Pecny6rmmkacu
(DaHnap AKAACMUSACHHUHI SHIHAaH TAIllKWI 3THUJITaH HHMHﬁ-Ta}IKHKOT Myaccacajiapu q)aOJ'[I/IHTI/IHI/I TAIIKWJI 3THUII
qopa-Tanoupiaapu Tyrpucuaa’ tu 292-coH Kapopu
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Hatwxkanap M.C.Canoxunnuuos, T.K.Kypaes, A.M.Haxymes, B.H.Bparos Ba
H.IO.Kanyctunnap TOMOHMJAH UNUIA0 YMKWITaH. XO3UPrHM BakTAa Kacp
TapTUOJIM, WKKWUHYM Ba YYUHYU TapTUOIM TapabOIMK-TUNEpOOINK XYCyCHM
xocuianu auddepeHian TeHriaMantap yuyH xKya Ky uiuiap oiub 60pruiMoK/ia.
Xycycan, . Anumos, P. Amypos, X. Toxupos, A. bepaumes, A. Ilcxy, K.
CaburtoB, M. Cagubekos, D. Kapumos, A. S"pHHOB, 1O. Anakos, A. HaropHuii Ba
OolIKanap TUNHU Y3rapyBuaH, YU3UKIN NapaOoIUK-TUIEPOOIMK TEHIJIaMallap y4yH
JIOKaJI Ba HOJIOKAJ YerapaBuil MacajalapHu TaJIKUK ATHIITaH 0ynub, OyHaa ymoy
TEHrJaMajlap y4yH TypJid YerapaBuil MacajlaJlapHUHT CHEKTpall XOoccallapu Xam
Vpranunrad. byHaaan Tamkapu, kacp Taptudim auddepeHIuan onepaTopaapHu 3
WYUTa OJTraH Xycycud xocwianu auddepeHiman TeHriaMaiap ydyH Xap-Xuil
TypJlaTd MacajaJapHd TaKiu( KWIWII Ba YPraHWIl MaTeMaTHKIapja KarTa
KU3UKUII YUFOTMOKIa. JKymiaman, OyHaall TeHrnamanap ycruna M.Smamoto,
P.AmypoB, M.Cnognuka, [O.JIyuko, B.Kupsakosa, b.Typmeros, b.Kanupkymnos,
H.Toxkmaram6eroB, X.M.CpuBacraBa, M.Kupane, 3.Kapumo, H.Cantu, /.
Hypnues, M. Pyxxanckuii Ba 6omikanap TaKUKOT HIILIAPUHHU 0710 O0pMOKaa.
Kacp taptubnu muddepenuuan oneparopiapHu ¥3 MUMra OJIraH XyCycHil
xocuiianu auddepeHian TeHraaMaiap yayH Teckapyu MacalallapHu YpraHuill Xam
MareMatukaaa onud OOpHiIauraH TAIKUKOTIAPHUHT MYXUM KUCMUIUDP, YYHKH
OyHnai TeHriamanap ¢aH Ba TEXHUKaJa Kyn KyJulaHwiaad. Teckapu Macananap
Oopacuya xycycul xocuwinanu auddepeHian TeHriiaMaiap TapTUOMHU aHUKJIAI
Oyiinua P.AurypoB TOMOHHMIaH MyXUM HaTH>Kajlap OJIMHraH Oyiica, BaKTra OOFIIMK
MaHOa Tomuil Y4yyH Teckapu ManOaa Mmyammocu M.Cnomuuka, C.Manuk,
A.Xazann Ba Oomkagap TOMOHHMAAH TEKIIUPUITaH. YOy TaJKUKOTIapra
Kapamai, Xalld XaM KU3UKApJu TaTOMKJapra sra OynaraH O0ab3u OUYMK Macajanap
MaBxyn. OnuHran Hatwxkanap karra wimuii xoqum J. T. Kapumos (Martemartuka
Wucturytn, Y36ekucton) Ba mpodeccop M. Pyxaxckuii (TeHT YHHBEpCHTETH,
benrus)mapHuHr wiMuii MaciaxaTiiapy Ba TaBCUSIIAPU aCOCH/IA OJIMHTaH.

JAuccepranusi TAAKUKOTHHUHT JUCCEPTANMS 0aKAPWITaH OJHIl TabJAUM
MYacCaCACMHMHI WIMMIA — TAAKMKOT MILJIAPH pexKaaapu OMJIaH OOFIUKIUTHU.
Hucceprauus tankukotu B. Y. Pomanosckuit Homunarun Maremarnka UHCTUTYTH
WIMUR-TAAKUKOT HILIapu pexkacura myBoduk “luddepennnan tenrmamanap Ba
yHTa TYpAOIl MAaTeMaTHK COXQJIApHUHT J0J3ap0d Myammoyiapu” JacTypu
noupacuaa Oaxkapuiras.

TagKUKOTHHUHI  MAaKcaauM Kacp TapTuOnu  uHTerpo-auddepenunan
omiepaTopjap KaTHAITaH CHHTYJSIp Xycycud Xocwianu  auddepeHunan
TEHTrJaMaJiap y4yH TYFpU Ba TECKapU Macajiajiap e4uiigaH noopar.

TaakukoTHUHT Bazudaaapu Kyluaaruwiapjaad noopar:

perynapinanran  Kamyto wmabHOcuparu rumnep-beccen kacp TapTHOIH
mubdepennian  omepaTopud  KaTHAITaH  XyCyCHM — XOCWJIAdM  apajarl
muddepennran TeHrnama yayH TpuKoMH Macajgacy aHaJOTHHUHT STOHA €YUMUHU
KypHIIL

Iy apajam TeHrjama ydyH OpaHkia TUNOUAArd MacallaHd XapaKTEePUCTHK
yaOypuak Ba TYpTOypuUakiapjgaH uOopar coxaga OWp KUWMATIN EUYWIHMIIWHA
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HCcOOTIIAIL;

perynspianran  Kamyto MabHOcuparu runep-beccen kacp TapTuOIM
muddepeHian onepaTopu KaTHamrad cyoaud@ysus Ba Ky TapTuoiam Xuidep
XOCHUJIACH KaTHAITaH Kacp TapTUOJM TYJIKWH TEHIJIaMalapuHU Y3 WuYWra oJiraH
cUHTYJIsIp KoddduuumenTiu(cuz) Xycycuit xocwnanu apanam auddepeHuan
TEHIJIaMa Y4yH HOJIOKaJI MacajlajJapHU KOPPEKT KYHUHUII Ba TaAKUK JTHUIIL;

Ky taptuOmm  Xundep Xocuiaacu OuiaH XOCWJI KuiuHraH JlaHreBuH
TUTIAJIATH XyCYCUU XOcuanu Oy3wiaaurad auddepeHiman TeHriiaMa yayH TYFpu
Ba TECKApU MACAIAJIAPHU YPTaHMUILI,

2D Jlanpay I'amwiton Ba Kymr TaptuOmm Xwidep Kacp TapTUOIM XOCHUTIacH
KaTHaIIraH TCEeBAONapaboMK TEHIJIaMa yYyH TYFpU Ba TecKapu MacaiajlapHu
TaKHUK DTHIIL

TaakMKOTHUHT 00beKTH peryispianran  Kamyto wMabHOCHIAru Kacp
TapTuOIu nuddepeHmnuan onepaTop Ba Kym Taptudianm Xuidep Kacp TapTHOIU
mubdepeHnan  omepatopiap — KaTHAIITaH  apajam  XyCyCud  XOCWiIald
muddepeHnran TeHraamazap Ba rncepao-napadboiauk auddepeHiman TeHraiamanap
XucoOJIaHaIu.

TaagkMKOTHUHT npeaMeTH peryisipianrad KamyTo MabHOCHAAaru Kacp
TapTuOIu nuddepeHiuan onepaTop Ba Kym Taptudianm Xuidep Kacp TapTHOIU
mubdepeHnan  omeparopiap — KaTHAIITaH  apajaml  XyCyCcHud — XOocuialld
muddepeHran TEHINIaMallap Y4YyH HOJIOKajd Macajajap Ba ICEBIO-NapadOuK
muddepeHnran TeHraamanap yayH TYFpU Ba TECKapu MacaiaiapiaH uoopar.

TankukoTHHHT  ycyanapu. Jluccepranusga Oup Hedtra  ycyiap
KYJUTaHWITaH. MUCOJI YYyH, CUMMHHUHT STOHAJTUTHHN KYpPCAaTHIN y9yH UKKHHUN
000aru mMacananap/a SHeprusi HHTerpajuiapy yCeyiau KyJutlaHuiran 0yca, KoJiraH
O0oOnapaaru Macanajgapaa Xoc (yHKIUsIap CUCTEMACUHUHT TYJIAJIMK XOCCacura
TassHWIAAW. EYMMHUHT MaBXyUIMTHMHU KYpPCaTHUII Y4YyH YpraHWJraH macanianiap
acocad UKKWHYM Typ Dpenaroabm MHTErpana TEHrjamMacura SKBUBAJICHT pPaBHIINA
kentupwianu. bynnan tamkapu, Mutrtar-Jlegpdnep dynknuscu Ba Oypoe-beccen,
Oypre-Jlexxanip KaTopJapuHUHT Xoccallapuaad XaM (horgamaHuiam.

TagKUKOTHUHT WJIMHI SIHTHJIMIH KyHuaaruiapaad noopar:

uXTUEpUN OOILIAaHFUY HYKTaIW peryispianran Kamyrto wmabHOcHIaru
runep-beccen kacp Taptubiam auddepeHman ONepaTOPUHUHT SHTU Tabpudu
KHUPUTUIAM Ba Moc Koln MacamacHHUHT €4UMHU TOTIHIITaH;

cyonuddy3us TeHrnamacu Ba TYJIKUH TEHIJIAMAaCMHU Y3 HMUYMra OJIraH
apanam nuddepeHnuan TeHraama yuyH Tpukomu macanacu aHajgord Ba OpaHKI
TUTIAIATH MacaTaJJApHUHT OUp KUHMATIIN CUMITUIITN HCOOTIaHTaH;

YHT TOMOHJIM KYII TapTuOan Xuidep kacp TapTHOIM XOCUIACH KaTHAITaH
omnuii kacpiau Taptuoiu auddepeHunan TeHriama yuyyH Komm Tunugaru
MacajJaHUHT SATOHAa €YUMHU OIIKOP KYPUHUIIA TOMWITaH Ba apajall TUIAard
Xycycuit xocunanu nud@epeHnran TeHrIaManap Y4yH HOJOKal MacajlajJapHUHT
SUMMIIAPUHU STOHAJIUTH UCOOTIAHTaH;

Kym Taptubnu Xwundep Kacp TapTHONM XOCHWJIa KAaTHAITaH TICEeBO-
napaboJauK TEHrJaMa Y4yH TYFpH Ba TEeCKapW MacajaJlapHUHT OUp KUWMATIN
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SUIJIAIITN UCOOTIAHTaH.

TagKUKOTHUHT aMaJIMii HATHXKAJIApH KyHuaaruiapaad uoopar:

OnuHran HaTwXanap Ba JUCCEpTAlMAAa KyJUIAHWITaH yCyJUlap OJUN YKYB
IOpTJIapuJia MarucTparypa Tanadajapy Ba JOKTOPAHTIAp YYyH YKYB Kypc
cudaruga YKUTUIUIIN MyMKUH. byHnan tamkapu, kacp Taptu0iau nuddepenmman
oreparopyiap MINTUPOKUAArM XyCycwil xocwianu auddepeHiuan TeHriaManap
yUyH YerapaBHil Macajajiap Ba TeCcKapu MaHOaa MacajlaJapUHUHT Oup KUMMATIv
SUIJIAIITUTA OWJ AWCCEepTalus HaTWKalapuaaHn (Qusnka Ba amanuii Qanmapaa
XKapa€HJIApHUHT MaTeMaTUK MOJCIUIApUHU HIUIA0 YUKW HYKTau-Ha3apuiaH
doiinamaHuI MyMKHH.

TagkukoT HATHKAJTAPUHUHT UIIIOHYJIMJINTH. Huccepranusiga
KeNTUpUITaH HaTmwkaigap rioban dypbe aHanmms, CHEKTpal HazapHs, SHEPTUs
MHTETPaJIM Ba MHTETpaJl TEHTNIaManap ycyimapuaad goiigananub Tonuiarad 6yimo,
JNEAYKTUB Xyjocajnap KaOyjd KWJIMHTAHIUTH XaMJla TeopeMaJapHUHI KAaThUU Ba
TYJIHMK UCOOTIAHTAHJIUTU OUJIaH aCOCJIaHTaH.

TaagKUKOT HATHKAJAPUHMHI WIMHMH Ba aMajimil axaMHMATH. TaIKAKOT
HAaTIWKAJIADUHUHT WIMHAM axXaMmMusiTA apajanl TUIAArd XyCyCHUH XOCHIIANU
muddepeHnan TEHIVIaMallap Y4YyH Xap XWwi TypJard MacajajlapHU TaJaKuK
KWwinHaa Qoiinananwiand. byHman Tamkapu, ymly TypJard MacajajlapHu
YyMyMJIAIITUPHILA MYXUM poJl  YiHaiiauran wmaxcyc Kacp  TapTHOIu
nuddepennman oneparopiaapaad GoiiganaHuIra.

JluccepTauMsiHUHT aMaiuil axaMHUSITH (PU3UKAaBUNA XOJUCaTapHUHT OUp HEdTa
MOJCIJITAPUHUHT Maxcyc ajoxXuja XoJlaTiapura Moc Oyiviuu OuiaH M30XJIaHA/Iu.
Macanan, foBakiii MyXWUT OuWiIaH VpairaH KaHaJJaru ra3 XapakaTd apalaill
napaboIMK-TUNIEPOOSIMK THUIJArd TEHIJIaMa OwilaH TYIIYHTUPUIIAIU, YYHKHU
KaHAJTHUHT MYKWA XapakaTh TYJIKUH TEHIJIaMacu FOBaKIM MyxuTiaa auddysus
TeHr1aMacu Ousian TaBcu(ianaau Ba ymly mojesuiap Owian 0oFnuK Oy Typaaru
MacaJlaJlapHd YMyMJIAIITUPUII MYMKUH. ByHJaH Talukapu, OJMHraH HaTHXaiap
JOMUMHUI MArHUT MaWJOH TabCUPHUIA KBAHT 3appPaCMHUHI MKKH Yiyamaard
XapakaTUHU TaBCU(MIOBYN MOJEITHH UIILIA0 YUKHUIIT YIYH UIUTATHIAIINA MyMKHH.

TaagkuKOT HATHXKAJIAPUHUHT Kopuil KuiuHumu. Kacp taptubnu unrerpo-
muddepennian  onepaTopiap KaTHAITaH XyCYCUW  XOCWJIIM  CHHTYJISIP
muddepeHnran TeHrIaManap yayH TYFpHU Ba TeCKapu Macajanap OViiuda OJIMHTaH
HaTWXanap acocuaa:

cyonuddy3us TeHriaMac Ba TYJIKUH TEHIJIaMacHHU Y3 MUKTa OJITaH apajiall
muddepeniman TenriaMa yayH TpukoMu Macaiacu aHajgoru Ba @paHkII TUMIHIATU
MacanaidapHuHr — euwnuin  ycyimapuaan NeAP(09259394 pakamnu  «MycOar
oreparopyiap KAaTHAILTaH SBOJIOLNMOH TEHIVIAMAllap YYyH TecKapHu Macajanap
MaB3yCHJard XOpPWXKUM TPAHT JOMMXacula Y4YMHYM TapTuOnu nuddepenuman
TEHIJIaMaJIap YYyH YerapaBuil MacajajlapHu €UYMMUHU KypHijga ¢oiiaaaHuiIran
(MaTemarrika Ba MaTe€MaTHUK MOJACIUIAIITHPUII UHCTUTYTHHUHT 2022 inn 10
oktsiopmarn  Ne01-06/130-connin  mabiaymoTHoMacu, KoszoructoH). Wamwid
HAaTWKAHU KYJJIAHWINIIA Kacp TapTtuOnu auddepeHnuan TeHrIaManap ydyH
TeCKapu MacaJlaJJapHUHT Oup KUWMATIM EYWJIWIIUHU HWCOOTIAIl WMKOHUHU
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Oepraw;

runep-beccen kacp Ttaptubnu auddepeHuman omneparopu xamja Kyl
tapTuOan Xundep xkacp Taptudnu auddepeHian oneparopyu KaTHAIITaH apajall
TEHIJaMa Y4YyH  HOJOKal  MacaJlaJIJApHUHT CUWINII  yCyJulapuaaH
ORG/SQU/CB13/030 pakamiau «Bucko-371acTUKINKIa MyXUTiaapaa JesIpiau TEKUC
TYpFyH (DYHKIUSIIapU» MaB3yCHUIAru XOpUKUN TpaHT JoMMXacua Kacp TapTuoiu
xycycuit xocunaiu auddepeHnran TeHrlamanap Y4YyH HOJOKal TecKapu
Mmacananapuu euunina organanuiran (Cynron KoOyc ynuBepcutetnHunr 2022
Hun 6 okTaOpaaru mMabiaymMoTHoMacu, OmaH). Mnmuil HaTHXKaHU KYJUIAaHUIHILIN
Oepwiran MablyMOTJIapra MabJIyM IIapTiap KyWWITaHga KaTop KYpUHHUIIHMIA
aHUKJIAHTaH €YUMHUHT a0COJIIOT Ba TEKHUC SIKUHJIAIIMIINHA UCOOTIAIl UMKOHUHU
OepraH.

TaagkMKOT HaTHKAJaAapUHUHI anpolOaumsicu. [luccepTalMsHUHT acocuid
HaTWXanapyu 4 Ta Xalkapo Ba 3 Ta pecnyOiuKa WIMUNA Ba WIMHA — amMaliuid
aH)KyMaHJIapuJa MyXoKaMaJlaH YTKa3WJIraH.

TagkuKoT HATHKAJAPUMHM HAmIP KWaum. Jluccepranus maB3ycu Oyiinua
kaMi 13 Ta WIMMIi MIIUIap YOI STHIraH, IyJapiaH, Y30eKkucToH Pecrny6ankacu
Onuii ATTectanys KOMUCCUSCUHHUHT ¢ancada JOKTOPHU JUCCepTaLUsIapu acoCHUil
WIMHUNA HATHKAJTapUHU YOI ATUII TABCHS STUITaH WIMHUK Halipiapaa 6 Ta MakoJa,
KyMIlaJiaH, 4 Tacu XOpWKUN Ba 2 Tacu peciyOIMKa KypHaJllapu/ia Halllp STUJITaH
Ba 7 Tacu KOH(EpEHIs MaTepUATIIapUInp.

JucceprauMsHUHI TY3WJIMIIM Ba XaKMM. [[uccepranms Kupui, TypTTa
000, xyinoca Ba anabuériap pyixatuaaH TallKWwi TomraH. JluccepTranusiHUuHT
ymymuil Xxaxkmu 135 6etnan nbopar.

JIMCCEPTAIIUSIHUHT ACOCUM MA3ZMYHHU

Kupum kucmuaa amccepranys MaB3yCHHUHT J0J3apOJIMTH Ba 3apypaTu
acoCJIaHTaH, TQJIKUKOTHUHT  pecrmyOnumka  ¢aH  Ba  TEXHOJOTHSIIApH
PUBOXJIAHUIIMHUHT  YCTUBOP  WYHAIMIUIAPUIAa  MOCIWTH  KYpCAaTWITaH,
MYaMMOHHMHT YpraHWJITaHJIUK Japakacl KeITUPWITaH, TaIKUKOT MaKCaJH,
Bazudamapu, OOBCKTHM Ba NPEAMETH TaBCU(pIAHTaH, TAIKMKOTHUHT WIMHUN
SHTWJINTA Ba aMajui HaTwkajlapd OaéH KWIMHTAaH, OJIMHTaH HaTH)KaJTapHUHT
Hazapuil Ba amMajauil axaMHUATH 09M0 OepuiIraH, TaJAKUKOT HATH)KAJIADUHUHT KOPUH
KWIMHUIIK, Hamp OJSTWITaH WIUIAp Ba JWCCEpTaIUs TY3WIMIIM Oyinda
MabJIyMOTJIap KEITHPHUIITaH.

JuccepTrauustHUHT OUpUHYM O000M TYpTTa maparpadaan ubopar OViuo,
KeluHru OoOnapaa KYJUIaHWIAJUraH Kacp TapTuOau uHTerpo-auddepeHiman
omiepaToOpJapUHUHT 3apyp Tabpudaapy Ba acOCUN Xoccalapu KHCKada KeJITUpUO
Vrunran. lllynunraek, Ou3 ymly auccepranusaa QoljallaHWIraH acocHuit
OenrmnanuiapuHd  Ba kKacp TaptuOau guddepeHunan XUCOOHHMHI KHUCKaya
MyKagaumacuau 0aéH kuiamu3. Jlemak, kacp Taptubmum auddepenmman
XUCOOHUHT TapUXUW TaAKUKK Ba (GyHKIHMOHAN (a30JapHUHT TabpuQiapy Xakuaa
KHCKa4ya MabJIyMOT OEpHIIIaH OommainmMus.

1-tabpud. DPapas xunainux Q=[a,b] ea meN, ={0,1,2,3,....} 6yacun.
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[a,b] oa anuxnanezan o @ynxkyuanapnune Cy[a,b] 8azHIU pazocu Kyuuoazuua

KUpumuiaou
c [ab]=fo):Jol. =[-ay 9@, <=}
avuu (t—a)" g(t) eCla,b].

[a,0] oa anuxnanean gynkyusnapnune Clla,b] sasumu gasocu sca gyiudazuua
AHUKAAHAOU
C[a,b]={g:[0,T1>R,g"*(t) C[a,b]; g"(t) C,[a,b]}

OyHJ1a HOpMa

(n)
Cla,b] + Hg

n-1 ‘
lgler =2 ]0®)
7 k=0

[lynunraek, 6wz JumoBcku ToMoHumaH 1966 iunga OWpUHYM MapTa
runep-beccen nuddepenunan onepaTopu y4yH OIEpalMOH XUCOO-KUTOOJIapra
Oarunutanrad Makojanapupaa kuputwiran Cla,b](neN;) ¢a3zocunusr BasHIM

C,[ab] '

MoauduKanusIcuaad QoiiaaaHaMus:
CV:={f(®)=t"f,t), f,(t)eC”[0,)}, C,:=C?,veR
Oynna p2>-1 yayn P> u mamxyn ne6 papas kumnaau. Papmanxu, C, Bekrop
dbazonup Ba C, dasomap Tymmamu KyHujparuya KUPUTHUILIAD OPKAIH
TapTUOJIaHTaH
C,cCiouzo.

2-Tanpud. Attmaiinux | 9P £ (t) e AC"[a,b] 6a
|90P f(t) e AC"[a,b] 6ymcun. V xonoa a(N—-1<a<n) ea B(N-1<F<n)
mapmubau 1 €[0,1] muniu wan momon 6a yne momon xyuw mapmubau Xuigpep
Kacp mapmub.iu Xocuna Kyuuoasuia aHuKIaHaou:

D ()= 120 ] 180010,

DM () = 140 (—%) 0D 1 (),

Ym0y mMacanaHu Kapaniank
aD*P#u(t) +bu(t) = f(t),
Iimlé]:ﬂ)(l—ﬁ)u(t) — UO.
t—>0+
by macana eunmu KyWnaru JieMMa KeITHPUJITaH:
1-nemma. Arap f eC_J[0,T], y xomnna (1) macananunr ueC,_[0,T]

(1)

€YMMHM KyHHaaruda aHuKjIaHaIu

u(t) =ut’ 'Es, (—gtfjj + i_t[(t ~8)" " Ey 5 [—g(t — 5)5} f (s)ds,
0
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Oy epnad = f+ pu(a—p), y = f+u(l-p).

PoGepto I'appa Ba Oomikanap cTaHaapT MyBO3aHaTra KaWTHIN >KapaEHUHU
Ky4-KOHYH TYPUHHHT XOTHpa TAbCHUPWHU Ba XapakTepid KoeHPUITMESHTHUHT BaKT
Y3rapyBYaHJIUTUHU XUCOOTa OJraH Xojja YMyMJIAIITHPHUII Y4yH MOC OYirax
MAaxCycC ONEpaTOpHU ypranawiap. Ynap beccen tunuaaru onepaTtopIapHUHT Kacp
napaxanapuHUHT MaxkOpaiin-JlaM0 HazapusicuHM KyJUlaguiap Ba HaTHKazaa
Opneiin-Kobep Ba Apjamap WHTerpaulapy KYpUHHMIIUAAQ Kacp TapTuOu
OTIEPATOPUHUHT aHUK U(POTACHHU OJIAUTIAP.

3-tabpud. O-K wummecpanu éxu Xxocunacu KypUHUWUOA AHUKIAHEAH
0<a<l mapmubru mavaym 6up eunep-beccen onepamopu Kyuuoacuua
AHUKAAHAOU

1-0)“t™ &2, (1), if 6<1,
(tg j (1) = (1-0)" (t),
O@-1)* 15D 1 (1), if 6>1.
Mlyan rtapkupmaidmuskn, 177" :=Dg“ - 6y wmandumii Tapu6 yuyn O3-K

HHTCTPAJIMHUHI TAJIKUHH, AbHHU

= —a+ IR () +% |+ (t% i (t)j.

4-tabpud. Pecynapnancan  Kanymo mavnocuoaeu ['unep-beccen
ouppepenyuan onepamopu 6 <1 yuyn 3-K kacp mapmubiu onepamopu opxaiu
Kyuuoazuua aHUKIaHaou

C(tf’%ja f(t) = (1-0)“t 0% [f(t) - £ (0)]

éxu eunep-beccen oughgepenyuan onepamop mavrocuda sca

, d dY ... O
(t tj o= ( dtj "o raca

oynoa f(0) - 6ownanzuy wapm.

JlucceprauustHuHT «I'mnep-beccen aupdepenumnan oneparopu
KATHAIITaH apajalml TeHIJIaMaJjap y4YyH 4YerapaBuii MacajajJJapHUHT Oup
KMHMAT/IM eYnJuIM» Je0 HOMJIAHTaH WKKMHYM 000M WKKuTa maparpadaaH
ubopar. bynna perynapnanran Kamyro manocuparu runep-beccen omeparopu
KaTHAIIITaH apayall TeHIr1aMa yuyyH TpUKOMH MacajJaCMHUHT aHaJlord Ba DpaHKII
TUNUJArd Macajajgap TaJKUK KAJTUHTaH.

Q=0 uQ, U AB coxana Kyiuaaru apaiall TEHIJIAMAHU KapalJIuK

0= C(t"%j u(x,t)—u,(xt),t>0, 2)

utt(x’t)_uxx(x’t)at<o
Oy epna o, 0, T nap myHnait xakukuii connapku, 0<a <1, <1, T >0,
le{(x,t):0<x<1,0<t<T}, AB={(X,t):t:O,0<x<1},
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Qz:{(x,t):—t<x<t+1,—%<t<0}.

T wmacana. Q coxama (2) TeHrJIamMaHWHT TIyHJAW u(x,t) SYNMUHU

TONMHIKH, y () Ja y3IyKCH3, YHHUHT runep-beccen kacp taprudim xocunacu €
Ja y3IyKcu3 Ba X OyHnya MKKMHYM TapTHOJIM Xycycuil xocunamapu Q, Ba Q,

coxajap/ia y3JIyKcu3 OYJICcMH Ba mly OwiaH Oupra y Kyluaaru uerapaBuid
HIapTIapHU

u(0,t)=0, u(1,t)=0, 0<t<T, 3)
u(x/2,—x/2)=w(x), 0<x<1, (4)

xamaa AB nma Kyliuparu yiamn mapTHHH KaHOATJIaHTHPCHH:

t—>+0

|imt1_(l_‘9)"‘ut (x.t)=yu (x,-0)+ y/zj.ut (z,-0)P(x,z)dz,0<x<1. (5)
0

Kyinaaru tacauk T MacanaHuHT OUp KMUMATIN SUMIIHIITMHN TabMUHIIAN .
1-teopema. Arap y, <0,

0
EP(X,Z):Pl(x)Pl(z), (6)
wapmaap oadxcapuica, y xonda T macana bummaoan opmur edumea 32a

OyIMauou.
2-Teopema. Aumaiiiuk [-meopemaHune oapua wapmiapu OAHCAPUIICUH.

Aeap w(X)eC'0,1] sa P(x,2) ¢yuxyus [0,1]1x[0,1] coxada yznykcus xycycui
xocunanapea 3ea o6yaca, y xonoa T macananume euumu masxicyo 0y1aou 6a
Kyuuoazu KypuHuuoa aHUKIAHAoU:

u(xt)= 2®(t)j{F(§)+jF(z)R(f,z)dz}iEml[— (kﬂg)) t(l9)”]sin(k7z§)sin(k7zx)d§

0 0

+#{F X+1t)+ jF (&) R(x+t,E)+R(x-1,&)]d& +
+T{ .f de 2y'(z )},dz} (7)

6y epraA=yl(a)(1-6)", t>0 yuyn O(t)=1 Ba t<0 yuayn O(t)=0,

R(x,£) aca supo pesonsentacu

P(fz)
K (%,¢) —Aysz x,&) ~ dz,

F(x)= —2ij@0 (&) (£)dE - 2A72jGO (x,g)dgjy/(g) P(£,2)dz,
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_ 1 (1-e)(1-e"), 0= =x
) T e oe) e

By 600HUHT nKKMHYM maparpaduaa rokopuaard (2) Tedriama yuyH OpaHki
TUTIAJIATH MaCaJIAHWHT OMp €YUMHUHU SATOHAJIUTH Ba MaBXKYJIUTH YPraHWITaH.

Macana ®D. (2) TeHIVIaMaHMHI ILIyHAAM u(x,t) €YUMUHHA TOIMWHIKH, Yy
KyHUJaru peryJsipivK MapTaapuH

1) u(x,t)ec(ﬁ)mcl(ﬁz)mCZ(Qz), C[w%)au eC(Q,), u, eC(Q);

2) Ba HOJIOKAJI IIIAPTIIAPHU

a(z)u(0,2)+b(z)u(z/2,-z/12)=c(z),0<z<1, (8)
a,(z)u(L,z)+b,(z)u((z+1)/2,(z-1)/2)=c,(z), 0<z<1, (9)
a,(2)u(0,2)+b,(z)u(l,z)=c,(z), 0<z<1; (10)

3) xamza Kyiuuard yJiaii MapTHHA KaHOATIAHTHPCUH:
t|_i)rﬂ)tl‘0‘(1“9)ut(x,t)=t|LrnOut(x,t). (11)

By epna 0O<a<l1, 0<1, ai(z),bl(z),c.(z)(i=1,_3) Gepunrad  (GpyHKIMAIAD

06ynu6, ymly mapTiapHu KaHOATIAHTUPAIN
a’(z)+a;(z)=0, a/(z)+a;(z)=0, b’(z)+b;(z)=0,
b’(z)+b;(z)=0, aj(z)+bj(z)+c;(z)=0, j=1,2,

Acocuiil HaTHXa KyHu1aru TeopemMaza y3 TaCAuFuHU TONaIu.

3-Teopema. Azap d;(z) >0, dz(Z)i 0 6a a (Z), b (Z), C (Z) eC(O,l)
mCl[O,l], oynu6 a,(z) #0, b(z) =0, z€[0,1], a,(0) = —b,(0) 6y1ca, y xonda @
MACANAHUHE S20HA e4UMU MA8xCy0 Oynaou, oy epoa

-1
d, (2) = (a,(2)b; (2)bs(2))- (2, (2)as (2)by(2))

by wkkm Macamanapjga C€YMMHHMHT STOHAJUTHHH HWCOOTIAINIa DHEPTUs
WHTETpaJlIapy yCyauaaH GoimanaHIuk.

HMuccepranussiuar  «Kacp TapTu0am  apajgam  XycycMid  XOCHJIAJIHM
nuddepeHunan TeHIrIaMajJap yY4YyH HOJIOKAJ 4YerapaBuil macanaanaap» 1e0
HOMJIAHTaH y4uMH4YM 000M yuta maparpadman ubopar O0ymulb, cyoauddysus Ba
Kacp TapTHOJIW TYJIKWH TEHTJIAMaJlapWJIaH TalTKWJ TOINTaH apajall TeHTriamayiap
YV4yH YerapajaHraH coxXajap/a HOJIOKAJ YerapaBuil MacajajiapHu 0a¢H KWIHII Ba
Ypranuiira OaruIIaHTaH.

XycycaH, OupuHunm maparpapra Q=0Q UQ,UQ coxasza Kyiunaru
TEHIJIaMa YIyH HOJIOKaJI MacajlaHu KapanMu3:

C Ha ¢
(1) = (t aj u(x,t)—uy(xt), (x,t)eQ, 12)

DV P#u(x,t)—ug (x,t),  (x1) e,
14



0y epma Q ={(xt):0<x<l,a<t<b}, Q,={(xt):0<x<l,0<t<a},
={(x,t):0<x<lt=a}, a,beR" apunm a<b, 0<a<l, 6<1, 1<y, <2,
0<u<l, f(xt) 6bepunran GyHKIHs.
Macana. € coxanga (12) TeHrIaMaHUHT IIyHAAW €4UMU TOMUJICUHKH, Y
Kyluiaru pyryJisipivK mapTiapyuHu

u(-,t) e C[0,1]~C*(0,1), C(t“’ %}a u(x,-) e C[a,b],

2%, t2%, e C(Q2), 2D u(x,t) eC(Q2), u, eC(Q)
Ba OOLIJTAHFUY-YEerapaByii apTIapHU

u(0,t)=0, 0<t<b, u(L,t)=0, 0<t<h, (13)
limI &% Pu(x,t) = p(x), 0< x <1, (14)
t—0+
xamJa yuily yJaiil mapTiapyuHu KaHOATIaHTUPCHH:
lim 1@ Pu(x,t) = limu(x,t), 0<x<1, (15)
t—>a- t—a+
t||m 3 | EEAy(x,t) = t|im t—a)" 7y (x,t), 0<x<1, (16)
—a- —a+

oynna @(x) - 6epwiran Gpyakuus, = G+ u(2—- ).

by maparpadna, O6u3 uxTuépuil OOUUIAHFUY HYKTAJIH pYyTyJspiaHraH
Kanyro MavHOCHaaru runep-beccen kacp taptubdiu nuddepeHiuan onepaTopHu
Kymiab €0, coxaga Komm MacamacuHu eduMMHH aHukiaimus. Kyinnaru
Teopemana y3 akcuHu tonrad (12)-(16) macanaHUHT €YMMHHHUHT SITOHAJIUTH Ba
MaBXyJUIUTH TeopeMasiapy UCOOTIIaHTaH.

4-teopema. Kylinnaru maptiap 0akapuicuH

1) A, #0, k=1,23, .. 2) pC[0,1] Ba ¢’ € L*(0,1),
3) f(.t)eC’[01] Ba f(x,)eC'(0,a), f(x)eC,(ab), 6yuna

84
fOt)=f@t)=0, f (0,t)=f (1,t)=0 Ba yf(-,t)e L'(0,1), y xomma (12)-
(16) macaianuHT €4MMH MaBXYy]l Ba AroHa OYianu, Oy epaa
=E (A& ¢ A,
Keitnnru naparpagaa, Q=0Q, UQ, UQ coxaga KyHuaaru perysspiiaHrad
Kanyrto manocunaru runep-beccen oneparopruau Ba Kyl TapTuoiu Xuidep kacp

TapTuOu  auddepeHuuan  onepaTopiapuHA Y3 MYMra OJraH  CHHTYJISAP
KO3 PUIIMEeHTIN apanalll TeHIJIaMaHu KapaiiMus:

C(t‘g %Tlu(x,t)—iux(x,t) —Uy(x,t), (x1) e,

f(x,t)= (17)

Défz‘ﬂz)”u(x,t)—iux(x,t) —Uy (X 1), (x,t)eQ,,
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oynga € ={(x,t):0<x<1,0<t<T}, Q, ={(x,1):0<x<1,-T <t<0},
Q={(x,t):0<x<1t=0}, O0<eg <1, 60<1l, 1<ea,p,<2, 0<u<l,

Défz’ﬂz)“ aca YHT TOMOH Kyl TapTuOmm Xwidep xkacp taptubdau muddepenmman

OTepaTopH.
Macana. Q coxaga (17) TeHrJlaMaHUHT IIyHAAW €YUMUHU TONMHIKH, Y

KyWUJaru pyryJspivK apTIapuHA
u(x,t) eC(Q\Q), u(,t)eC?*(Q,uQ,),

il
C(tf’%) u(x,t) eC(Q,), D272"u(x,t) e C(Q,)

yerapaBuil MapTiapHu

limxu,(x,t)=0, u(L,t)=0, -T <t<T, (18)
Ba HOJIOKAJI ITaPpTHHU o
i@j |5y (x,£) =u(x,T), 0< x <1, (19)
Ba XaMJa yJiall HlapTJIaIl)HHI/I KaHOATJIaHTUPCHUH!
lim | Dy (x 1) = limu(x,t), 0<x<1, (20)
tILr(D % Iéf_” - 2)u(x,t) = t|Lrglt1_(1_9)0‘lut (x,t), 0<x<1, (21)

Oy epma —T <& <&, <...<& <0, f(xt) - Oepunran pyHKIus.
MacamanuHr acocuil TaAKUKOTJIAPWra YTUINJAAH aBBajl YHI TOMOH KYyIII
TapTuOIu Xundep kacp Taptubnu oanui auddepennuman teHriama yuyH Ko

MacajacuHU ypraHuo YuKamus.
HuxosaTr kapanaérran acocuii Macajga €UUMHUHMHT ATOHAIWTH — Ba

MaBXyIJIUTHU 0aéu KHJIIMHAaIUTaH TCOPEMAHU KCIITUPAMM3.

S5-teopema. A, =0 6a Z fi >0 basxcapuncun 6a
i=1 r(al) p 11-*(2 - 52)

wynuneoexk, f(X,t) e C(Q) yuyn kyuudaeu wapmaap ypuriu Oyicun:
« fO0)=f0O1)=..=1"0,1t)=0; < f(1t)=1f/(1t)=1f1(1t)=0;
84
ox*
Y Xon0a Kapanaémeaw MACANaHUHe edumMu Maedxcyo 6a s2ouma 0ynaou ea y
Kyuuoazsuia aHUKIaHaou:

f (X,t) wecapananean;

() = YU, (0 Jo(49),
Oy epna
— N 2 ﬂ'kzé:i 2 sz oyp
A= i| Bs,a(—A (=4 —r B2 (—A(=G) ) - B T
S enlaia) i e (aca) e - )
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ﬂ'kz
AE 1 (-2 t7) 1 G (D), t>0,
p

U(®) =4 ()2 "By, a2 ()21 -p (02, | [-A2(-) 2]+

0
+ I(Z _t)52_1 E52,52 [-23(z —t)éz] f (z)dz, t <0,

Oynma p=1-6 Ba

_ 1 tap _pyal Py _
GO= @ [ @) (D) (")
_ ;;2 ! (t"-")“"E, . {— ikz (t —rp)“l} £ ()d(").

Yuyunun  OOOHMHr  oxupru naparpadpuga OW3  aBBAITM  HKKUTA
naparpaduiapia ypraHwirad MacajlalapHUHT 0ab3u dJIEMEHTIApUAaH 0Iu0 TuOpHL
HIAKJIJIary HOJIOKAJl YyerapaBuil Macayianu Taxjui Kuwiamu3. Cyoanddysus Ba kacp
TapTUONM TYJIKUH TEHIJIaMalapu Kym Taptubnau Xuidep Kacp TapTHOIU
XOCWalapuJiaH  TallKWil  TONraH  KyHuJaru  apajaml  TEHIVIaMaHu
Q=0 uQ, U AB coxana Kapanmus

u= DMy (x. 1) —u. (x,t), t>0,
f(x,t):{u () ~ U (1)

Lu =Dy (x t)—u_(xt), t<0 *9)
27— F0- ’ XX 1Y) )

Oy epma f(x,t) Oepwiran ¢ynkmms, i-1<eg;,pf <i, 0<pu <1, i=1,2,
Q ={(x1):0<x<1,0<t<T}, Q,={(xt):0<x<l,-T<t<0}, T>0,
AB={(x,t): 0<x<I,t=0}.

() coxana (23) TeHrnmama ydyH HOJIOKajJ 4erapaBWid Macana Kyhujgarmda
0aéH KUJIMHAIH.
b macana. (23) tennamaHuHT myHAa U(X,{) €YUMH TONWICHHKH, Y

peryaspauK MMapTIapuHU
t7u(x,t), tTIDI P (x,t) eC(u), (—1)°72u(x,t) e C(Q),
(1) 72D 2y (x,t) e C(Q2), U, eC(Q,UQ,),
Ba YerapaBuil MapTIApHU

u0,t)=0, u(l,t)=0, te[-T,0)n(0,T] (23)
XaMJia HOJIOKAJI IIapTHU KaHOATIAHTUPCHUH
u(x,—T)=u(x,T) +w(x),0<x<I, (24)

Ba NIyHUHTIEK, YHUHT AB na Kydmmaru ymam maptiapura XaMm OYHCHHUIIN
Tajgad KWINHAIN

limlg,2u(x,t) = liml,"2u(x,t),0 < x <1, (25)
t—+0 t—-0
. 1—51 é 1—}/1 - g 1—72
limt I, u(x,t) [= lim—1, 2u(x,t)0 < x <. (26)
t—+0 at t—>—08t
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By epna =B +u(i-B) o6=F+ula-p£), ((=12), y(x) Gepurran
bynkiusa 6ymmo, v (0) =y (l) =0 6yucun.

Huxosit, 60y naparpagHuHr acocuii HaTW>Xacu OYaraH KyMujgard TeopeMaHu
KEJITUPaAMU3.

6-Teopema. Dapas Kunaiux Kyuuoazu wapmiap 0axcapuicun.

A, #0; w(x)eC[0,1]nC*(0,1) 6ynoa w(©0)=w(1)=0, v"(0)=y"()=0,
v (0) =y (1)=08a y(x)eL(0,1);

f (x,t) eC[0,11x[-T, T]NnC*(O,Dx(-T,T) 6ynoa  f(0,t)= f(I,t)=0,
f.Ot="f@0t)=0, fOC)el?0l); y xyorda xaparaémean macananune
euuMu Masxcyo 8a si2ona bynaou, 0y epaa
AT
['(4)

AWTHII XKOU3KHM, YUMHUM 000/1a KENTHPWIraH MacallaJJapHUHT €4UMIIapU
ATOHAJIUTU UcOOTH Oy Macananap/a KeJITpHIradH Xoc QyHKIUsIap CUCTEMAaCHHUHT
TYJAJIUK XOCcallapura acociaHa/Iu.

JluccepranMsIHUHT TYPTHHYM O00M Typsu TatOUKIapra sra OyJiraH Kacp

TapTHOIM NICEBIO-NAPa0OIMK TEHIIaMalIap Y4yH TYFPH Ba T€CKapu MacalajJapHU
ypranumra OarunuiaHrad. YmoOy OOOHUHT OupuHuM naparpaduga Kyiuaarua

A=T2E, o (-4T7)+ Ey,.,, (~4T7)-T"E,, (-AT*).

Oy3wiiaauran XyCyCHI XOCHJIAIIH g depeHuuman TEHIJIaMaH!
Q={(x,t):-1<x<1,0<t<T} coxana kapaitmu3
Do(fl':ﬂl),ul (Défzvﬂz)ﬂzu(x’t) _ aﬁ[(l_ XZ)UX(X,t)}j = f(x1), (27)
X

Oy epna Défl s/t Kym Taptubnu Xuidep kacp TaptuOan auddepeHuman
oneparopu Oyana N=1Ba O0<e, f, <1, 0<p <1, S =Zr2.
A wmacana. (27) TeHrnamaHuHT myHmad U(X,t) e4yuMH TONMICHHKH, Y
KyWHard PeryisipiivK MapTiIapruHu
t72u, t72u, eC(Q), DAV4D2 2"y eC(Q), u, eC(Q)
Ba OollIaFvy apTHU
yqugﬂﬂi@hmxi):ydx)—lsxsl, (28)

XaMJa HOJIOKaJI IapTHH KaHoaTJ'IaHTI/IpCI/IH

u(x,T) = Zp,lq' 2y(x, 1), —1< X <1, (29)

Oy epma w(X), f(xt) - 6epunran pynkumsnap Ba ¢ >0, &, =B, + u,(a; — B;)
i =B +tu;(1-5,), ] =1,2, peR, 0<7<7,<..<7,<T, Ba LIyHUHIIEK
0<y,—y <0, neb dpapas Kuinamus.

Ymby macamaHuHr OuMp KUHMATIM €YWIMIIMHU YpraHamu3 Ba KyWHJaru
TeopeMaZa KeNTUupuwiranujaek euuMan Oypoe-Jlexxanap KaTtopinapu KypUHHUIIUAA
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AHUKJIANMU3.
m q;-1
7-Teopema. Arap A, #0, Z% >0, w(x)eC'[-11], w"(x) e L*(-1,1),
iz1 1 (0
f(x,)eC[0,T] 6a f(,t)eC[-1,1], f (-t)el’(-1,1),y yoroa A macana scona
euumea 32a Oy1aou 8a Kyuudazuya aHukIaHaou

u(x.) = YU, OR(X), (30)

Oy epna
1 s Sotys—1 s
U () =y, (<AL )+ Ct 2 TE, L (FAL

S CORSCRECERNOE

A, = T 52+y1_1E52,52+71 (_ﬂ'kT 2 ) + ﬂ'k Z:piriﬁfqi _1E52,52+qi (_ﬂkfiaz ) ,
i=1

A =k(k+1), k=0,1,2,..., v, Ba f (t) map sca moc pasumza (X) Ba f(Xt)
bynkuusuiapauar Oypue-Jlexxanap kodgduiueHTiapu.

Jlexxanap  MOTMHOMIJIAPHM  CHCTEMACHUHHMHI  TYJIaJdWrura  acociaHuO
MacaJaHUHT €UMMUHU ATOHAIUTH UCOOTIaHAIH.

WNkxunun maparpadpaa (27) Tenriama BakTra OOFJIMK MaHOAHU aHMKJIAINTa
KapaTWiraH TecKapu MacajaHu KypuO uYMKaMu3 Ba OyHIAa XUCOO-KHUTOOIapHU
coaapoK OYynuimu yuyH (29) HoJloKan mapT YypHHUTa KyJalpoK IIapT OJIAMU3.
dapa3 xwnaimk ¥, <y,—06, Ba [ >0 wnxtuépuii ¢ukcupnanran OYiICHH.
Q={(x1):-1<x<1,0<t<T} coxama {u(xt),a(t)} dyukuusaap xyprauru
TOTHUINTA KapaTUITaH KyWHIard TeCKapyu MaHOa MacalaCHHH KypruO YMKaMu3

Défl‘ﬂl"‘l(Déi’Z"’Z’”Zu(x,t) —%[(1— x2>ux(x,t)]] =h(x)a(t),

liml 2200t =w(x),-1<x<1, (31)

t—0+

|imléj1_52u(x,t) =p(Xx),-1<x<1,

t—0+
Teckapu MacanaHUHT OMp KUWMATIM €UWJIMIIN YUYH KyllIUMua mapt cudaruaa

ju(x,t)dx = E(t), (32)

mapTHH onamus, 6y epaa E(t) e AC*([0,T],R).
[ynunraexk (31), (32) MacaJlaHMHT €YUMU YYyH KyWHAAru peryssipiauk
mapTiaapuHu OaKapWIMIIUHA Tajdad KUIiaMu3

t 27y eC(Q), t27u, eC(Q), t 2 7a(t) eC[0,T],
Dy pleriey e C(Q), u, eC(Q).
8-Teopema. Kyuuoacu wapmaap oasxcapuicun y, <y, —0,,
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0< Uh(x)dxj <M Gyroa h(x) e L2(-1,1), "(x) € B(=1,1), ¢"(x) € L(~1,1),

E"(t)e L'(0,T), yxonoa (31)-(32) meckapu macana sicona ewumea s2a 6ynau.

Maskyp OoOHuHr yumHuM Tmaparpadaa sca 2D Jlammay I'amuiabToH
ONEPATOPUHHU ¥3 WYMTra OJITaH IICEBO-TIAapabOIMK TCHIIaMa YYyH TYFpU Ba
TECKapy MacaJjlaJIapHU ypraHamMmus.

Hactmab Q={(t,x):te(0,T),xe Rz} coxama Kykmmarn Komm macamacuam
KapauJinK

D A#u(t, x) + (@D * + q)Hu(t, x) = f (t,x), (t,X) e,

{ im0 = 0y (), X R, (39
by epma a,qeR", 0<¢a,<1, 0<u<1Ba Dt(“’ﬂ)” Ky TapTudan Xuidep xacp
TapTHOIM AuddepeHnuan omnepaTopu O0ynud, o 6(0,1) Ba fe (0,1) Xamja

ue [0,1], H sca L2 (RZ) anuKTanran Jlangay ['aMuIsTOH omepatopu

_1(. 0 > (8 ’
H_E[(I&_Byj +(|5—ij ] (34)

‘H HuHT CIICKTPH XHJIMa-XHUJI YCKCHU3 KSJ’H CcoHaarun Xxoc COHJIapHH 5'13 nayura

onagu (B. ok Ba JI. JlanmaynapHUHT MaKojanapura KapaHr)
A,=(@2n+1)B,n=01,2,...,

Ba yia xoc connap Epkina Jlanaay napaxanapu qJednIaif.
A (R?) opkamu A, Xoc connapra Gormuk 6ynran H HuHr Xoc (a3ocHHH
OeNTUIIaMK3, SHbHA
A, (B ={p e X(R?), He = 4,4},
A, napra Moc 0ynran xoc QyHKIUsUIApHU Kyluaarnda €3u onamus
eg'i = ejfn for £=(j,n), j,n=0,1,2,...; k=1,2. (35)

A. Xanvm, H. Henenmanw, JI. A6pey Ba 6omkanapausT mmtapuga A (R?)
Y4yH OpTOHOpPMAJI 6a3UC TAIIKKII 3TYBYU QYHKIUSIIAPDHU KEATUPUO YTHUINTaH.

M. Pyxanckuit Ba H. ToxmaramberoBnap ['amunbTOH omeparopu ydyH
rio6an dypre aHATU3MHM TaKIUM STUIITAH Ba YIIa HaTWXanapjaaH (ornanaHuo
H ra OGormanran H, (G) CobGonep dazocunn kupuramus. Illynmail kummu6

uxtuépuii S € R yuyn Hf
H: (G):= {f e D, (R?): Hf e LZ(RZ)}, (36)

[Inanmepen aitHusTUAAH Qoiinananud, ymoyHu €3amus

s =[]0 f ||L2 HOpMa OuIad OyJITHIIANMU3KU
H

12

A 2 A
I £l =720 2= (1o @ T I | 2| Y B2BE) Y F@); P
j=1

£eN?
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2
:{ Z (B+ZB§2)SZ J‘sz (x)eg(x)dxr] : (37)
j=1

£eN?

Bynman Ttamkapu Baswiu ysnykens Qymxmmsmap  C ([0,T]; L*(R?))

(azocuHU Kyinaarn HopMa OpKaJld KUPHTaMU3
191, gy = R I (38)

(33) TYFpu MacalaHWHT acOCHI HATHKAJIApU Ma3Kyp TeopeMajia KEJITUPUIITaH.

9-Teopema. Dapaz  KUIAUIUK u, € L*(R*) n H;, (R?) 6a
feC, (0.TLL®R))NC,, (0.TLH, (R "H;(R?))  Gmcun. YV xonoa
ncesdo-napaboiux — menenama  yuyn  Kyuunean Koww  macanracu - seona
ueC_ ([0, T]; L*(R?)) euuma vea oynaou OyHOa
Hu, D“"*u e C_ (0TI L?(R?)) 6ymub 6y ewum Kyiiudacuua é3unadu:

Ut = YAt e.(0)= 3 (0t Oy €0+t ) (X)) (39)

£eN? £eN?
Oy epna
. _ y-1 _0B(1+25) s
u(tié)mm - uo(é)mmt E&,y[ 1+aB(1+2§2)t ]+
1 t 5-1 QB(1+25,) . _\sl¢ ~71
1+0B(1+ 2§Z)Io(t_f) E5’5[_1+aB(1+ 26y 70 jf(f’g)m”‘dr’ m=t2

by maparpadgma mIyHUHTIEK KyWHIard ICeBAO-TapaboMK TEHTJIaMaHU
kaHoartinantupyBun  {U(t,X), f (xX)}  dbyskmmsmap  xydTamruHEM - TOmMMIITA

KapaTWJraH TeCKapyu MacajlaHu ypraHuIl OujiaH IIyFyJulaHaMu3

D P#u(t, x) + (@D P* + q)Hu(t,x) = f(x), (t,x)e(0,T)xR?, (40)
1y Omnad Oupra Oy QpyHKIusaap OONUIAHFUY MMAPTHH KAHOATIAHTUPCUH
limI &4 Pu(t, x) = uy(x), x e R?, (41)
t—0+
6ynma D“P* kyur rapru6mm Xundep kacp TapTubmu xocuta 6ym6, 0<a, B <1

Ba 0< <1, 'H sca Jlanmay ['amMmunbTOH oniepaTopH.

Macananu Oup KMMaTid eddil y4yH OW3 KyHuJard Kymumya IiapTaaH
(dolinananamus

u(T,x) =w(x), xeR?, (42)
Oy epna U, (X), w(x) - 6epunran QyHKImsIap.
OunMHraH acoCHil HaTHKajaap KyWnaard TeopeMasa sKaMIaHraH.
10-teopema. Papas xunaiinuk U, € Hi,, w e H;.. V yonoa (40),(41), (42)
meckapu macana seona {U(t,X), f (X)} euumea sea 6ynaou ea y xyiuodazuua

é3unaou
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ut,x)= > Tr(a(t, &) e.(x)), (43)

£eN?
Oy epna
) - o (wee.) s o —(Upe:) , o TE; (-2.0.T°)
u(t,f)ZUO(f)ty 1E5,y (—ﬂgegté)+th5,5+1(_/1§€§t5) e T‘SIOE&;ZZ?ZQ?T‘S)M = ,
f(x) = ZzTr(f (£)e.(0), (44)
EeN
OyHJ1a

: a(H y/,eg)Lz(Rz) ) Q(Huo,eg)LZ(RZ)T“E(;J(—@@J&)
zgegTﬁEW(—zéegTﬁ) ﬂ,geéTﬁEW(—zgegTﬁ)
spin A, = B(1+24,) and 6, = (1+aB(1+24,))™.

f(&)

XVYJOCA

Yumby nuccepramnusaga kacp TapTuOIM Xycycui xocuianu auddepeHiman
TEHIJIaMajap y4YyH 4YerapaBuid MacallaJlapHU YpraHwiraH Ba KyWujaruiaap
OJIMHTaH:

Perynapnanran Kamyro wmabHOcumaru runep-beccen nuddepenmman
oreparopu KaTHamran cyoaudysus Ba TYIKUH TEHTJIaMaJapUHU Y3 WYUTa OJIraH
apaJiaiil TeHrjlamMajiap y4yH macajajap KapajiraH Ba €YUMUHUHT MaBXYJUIHTH Ba
ATOHAJIMTUHU UWCOOTHAIAa apajanl coxajaplaH OJMHAIUTaH (QYHKIIMOHAI
MyHoca0aTiap/iaH XOCWJI KWJIWII Ba ylapiaaH onanuid  auddepenmman
TeHTamanapra €xku  OpearosibM HMHTETpan TEHrJamMacura oOJjaud KeIuIgaH
(dolinananuaraH.

V3arapyBummapHu — axpaTdm  yCylIuaH — (ONIANAHUIN,  CUMMHUHT
ATOHAUTUHU UCOOTNIAII YUyH XOC (PYHKIHsUIAp CUCTEMACHHHUHT TYJIAJUK XO0CCacH
MyXUM VpUH TyTaau. YmOy wmacanajiap yjiapja KaTHAllraH Kacp TapTHOIu
mubddepeHuran omneparopiap, 4YerapaBuid IMIapTiap, KapajiraH coxajap Ba
TeopeMajlapHu ncOoTIIall yCyJuiapy OuiaH Oup-oupuaan gakjiaHaau.
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INTRODUCTION (abstract of PhD dissertation)

Actuality and demand of the theme of the dissertation. The theory of partial
differential equations (PDES) is one of the important branches of mathematics which
can be used to mathematically formulate and solve the physical and other problems
involving functions of several variables, such as the fluid flow, propagation of heat or
sound, elasticity, electrostatics, electrodynamics, etc. Boundary-value, initial-value
and initial-boundary value problems are 3 major types of problems for PDEs. We also
note that PDEs can be categorized according to the type as hyperbolic, parabolic and
elliptic, and mixed type PDE such as parabolic-hyperbolic, hyperbolic-elliptic or
parabolic-elliptic, we refer papers by A. V. Bitsadze, J. M. Rassias.

In terms of considering the boundary-value problems for PDEs, we can also
divide them into two big classes, i.e. direct and inverse problems. The direct problems
are usually specialized in finding solutions, however if it is required to determine the
coefficients or right-hand side (the source term, in the case of the heat equation, for
example), initial or boundary condition, order of the equation (in fractional order case)
in a differential equation additionally to the sought solution based on some additional
given data, then such problems are known as inverse problems. V. Isakov presented
the information on inverse problems may appear in various areas of human activity,
for instance, biology, medicine, mineral exploration, quality control of industrial
goods and others. In this case, studying direct and inverse problems for partial
differential equations involving fractional integral —differential operators is one of the
target directions of the theory of differential equations.

In recent years, the necessary and important reforms have been carried out in
Uzbekistan to develop science, particularly, mathematics, physics, biology and
geology. For instance, studying the problems in mathematical physics, in
particular, analysying the direct and inverse problems for mixed PDEs with
fractional order differential operators are being encouraged. Moreover,
investigating and involving the problems at the level of international scientific
standards in the research areas of mathematics such as, mathematical physics,
dynamic systems and optimal control, applied mathematics and mathematical
modeling, mathematical analysis and theory of functions, theory of probability and
mathematical statistics, algebra and geometry are identified! as a main tasks and
activities for mathematicians. In order to fulfill those tasks it is crucial to formulate
and investigate nonlocal problems for partial differential equations especially,
mixed type PDEs with farctional order differential operators.

We note that the subject and object of research carried out in this dissertation
are in line with tasks identified in the Decrees of the President of the Republic of
Uzbekistan UP-4947 of February 7, 2017 “On the strategy of action for the further
development of the Republic of Uzbekistan”, UP-2789 dated February 17, 2017 “On
measures to further improvement of the activities of the Academy of Sciences,

! Decree of Cabinet of Ministers of the Republic of Uzbekistan at the 2017-year 18 May « On measures on the
organization of activities of the first created scientific research institutions of the Academy of Sciences of the
Republic of Uzbekistan» Ne 292 dated May 17, 2017
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organization, management and financing of research activities”, PP-3682 from April
27, 2018 “On measures to further improve the system of practical implementation of
innovative ideas, technologies and projects” and PP-4387 from July 9, 2019 “On
measures to further development of mathematical education and science, and also root
improvement of the activity of the Uzbekistan Academy of Sciences
V.1.Romanovskiy Institute of Mathematics”, as well as in other regulations related to
basic science

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

The degree of scrutiny of the problem: In recent years studying boundary
value problems for mixed FPDEs become of interest in connection with their
applications in many branches of mathematical physics. Using more general fractional
differential operators gives us a chance to improve the quality of research in terms of
modeling real-life phenomena. Investigating the dynamics and movements of gas in
the channel surrounded by a porous medium with the help of the mixed-type partial
differential equations was proposed by I.M. Gelfand. He also showed that studying
the propagation of vibrations in complicated electrical networks can be explained by
means of mixed-type PDEs.

The beginning of effective investigations on mixed PDEs dates back to years in
the last century. The interesting results were taken by Chaplygin, Tricomi, Gelfand
and others. Later, the fundamental results for parabolic-hyperbolic equations were
developed by Salahitdinov, Juraev, Nakhushev, Vragov, and Kapustin. Currently, a
huge number of works have been carrying out for fractional order, second, and third-
order parabolic-hyperbolic PDEs. In particular, Sh. Alimov, R. Ashurov, J. Tokhirov,
A. Berdyshev, A. Pskhu, K. Sabitov, M. Sadybekov, E. Karimov, A.Urinov, Y.
Apakov, A. Nagornyy and others studied local and nonlocal boundary value
problems for parabolic-hyperbolic equations with a characteristic line of type
changing and investigated the spectral properties of various boundary value problems
for such equations. In addition, proposing and studying various types of problems for
PDEs involving the fractional order differential operators are being gained a great
interest for mathematicians. In particular, M. Yamamoto, R. Ashurov, M. Slodicka, Y.
Luchko, V. Kiryakova, B. Turmetov, B. Kadirkulov, N. Tokmagambetov,
H.M.Srivastava, M. Kirane, E. Karimov, N. Salte, D. Durdiev, M. Ruzhansky and
others are working on such equations.

Investigating inverse problems for PDEs involving fractional order differential
operators is also important part of research carried out in mathematics because of its
applications in science and engineering. While essential results have been obtained by
R. Ashurov on determining the order of the PDEs in the inverse problems, the inverse
source problem for finding time dependent source are investigated by M. Slodicka, S.
Malik, A. Hazanee and others. Despite of those investigations, there are still some
open problems which have interesting applications. The obtained results came out
from discussions between associative professor E.T. Karimov (Institute of
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Mathematics, Uzbekistan) and professor M. Ruzhansky (Ghent University, Belgium)
during my visits for studying joint-PhD program in 2021-2022.

Connection of the theme of the dissertation with the research works of
higher education, where the dissertation is carried out. This PhD thesis was
carried out as part of the program "Current problems of differential equations and
related mathematical fields" in accordance with the research plan of V. I
Romanovskiy Institute of Mathematics.

The aim of research work: is to study direct and inverse problems for singular
partial differential equations involving fractional order integral-differential operators.

Research problems: Construct unique solution for analogue of Tricomi
problem for mixed PDE involving the regularized Caputo-like counterpart of hyper-
Bessel fractional differential operator;

Studying inque solvability of the solution to the Frankl-type problem for that
mixed equation in a domain consists of characteristic traingle and rectangle;

Proposing and investigating the nonlocal problems for mixed PDE
with/without singular coefficient which involves the subdiffusion with hyper-Bessel
fractional differential operator and fractional wave equation generated by the bi-
ordinal Hilfer derivative;

Studying direct and inverse problems for Langevin-type PDE involving the bi-
ordinal Hilfer derivative;

Analysing forward and backward problems for the pseudo-parabolic equation
with 2D Landau Hamiltonian and the bi-ordinal Hilfer fractional derivative;

The research object: mixed PDEs involving regularized Caputo-like
counterpart hyper-Bessel fractional operators and bi-ordinal Hilfer fractional
derivative; pseudo-parabolic PDE generated by 2D Landau Hamiltonian operator and
bi-ordinal Hilfer fractional derivative

The research subject: Boundary-value and nonlocal problems for mixed
PDEs and direct and inverse problems for pseudo-parabolic equations

Research methods. In the dissertation several methods have been applied. For
example, in order to show the uniqueness of the result, we mainly address the
completeness property of the system of eigenfunctions while the method of energy
integrals is applicable. To show the existence of the result we mostly analyze the
second kind of Fredholm integral equation. Furthermore, properties of Mittag-Leffler
function and Fourier-Bessel, Fourier-Legendre series are applied, as well.

Scientific novelty of the research work is presented as follows:

a new definition of a regularized Caputo-like counterpart of hyper-Bessel
fractional differential operator with arbitrary starting point is introduced and the
solution of Cauchy problem is presented;

the unique solvability of an analogy of the Tricomi problem and Frankl type
problem for the mixed equation involving subdiffusion equation and wave equation
are proved;

the unique solution of the Cauchy-type problem for ordinary fractional
differential equation with the right hand-sided bi-ordinal Hilfer fractional derivative is
found explicitly and the uniqueness and existence results for a non-local boundary
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value problem which is formulated for mixed fractional PDEs are proved;

direct and inverse problems are investigated for the pseudo-parabolic equation
involving with the bi-ordinal Hilfer fractional derivative and unique solvability of
considered problems is proved.

Practical results of the research. The obtained results and applied methods in
the dissertation can be taught as a graduate course for master and PhD students of
higher education institutions. In addition, the results of the dissertation concerning the
solvability of the boundary value problems and inverse source problems for PDEs
involving fractional order differential operators can be used in terms of developing the
mathematical models of processes in physics and applied sciences.

The reliability of the results of the study. The results presented in this thesis
have been obtained by using the spectral theory, global Fourier analysis and other
known methods of investigations to the problems for PDEs, fundamental results of the
theory of calculus. The proofs of obtained results are mathematically correct.

Scientific and practical significance of the research results. The results of
this thesis are mainly of theoretical significance. The results have a scientific impact
to improve the quality of research in studying the different types of problems for
mixed PDEs. Moreover, we have used specific fractional differential operators which
play an essential role to generalize these kinds of problems.

When it comes to the practical significance of the thesis, it can be a
particular cases of several models of physical phenomena. For example, a gas
movement in a channel surrounded by porous medium will be governed by the
mixed parabolic-hyperbolic type equation, because inside of the channel
movement will be described by the wave equation, in porous media by diffusion
equation. Our results can be an example in terms of generalizing these types of
problems related to these models. Moreover, the results can be used to develop the
model which describes the behaviour of a quantum particle in two dimensions
under the influence of a constant magnetic field.

Implementation of the research results. The obtained results were used in the
following scientific investigations:

from the methods of finding the solutions of the analogue of Tricomi
problem and Frankl-type problem for mixed equation involving subdiffusion and
wave equations, it is used to construct the solutions of the boundary value problem
for the third order differential equations in the research project “Verification of the
well-posedness of boundary value problems for non-classical equations of
mathematical physics” No. AP09259394  (Reference of the Institute of
Mathematics and Mathematical Modeling, dated October 10, 2022, Ne 01-06/130,
Kazakhstan). The scientific results allowed to prove the existence of strong
solution in functional spaces for second and third order hyperbolic-parabolic type
equations;

from the methods of finding the solutions of nonlocal problems for the
mixed equation involving hyper-Bessel fractional differential operator and the bi-
ordinal Hilfer fractional differential operators it is used to state the nonlocal
inverse problems for fractional partial differential equations and to prove unique
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solvability of the problems in the project namely “Almost flat Relaxation
Functions in Visco-elasticity”, numbered by ORG/SQU/CB13/030 (Reference
from Sultan Qaboos University, Sultanate Oman, dated October 6, 2022).
Implementation of the results allowed to represent solutions in a series form and
prove absolute and uniform convergence of these series imposing certain
conditions to the given data.

Approbation of the research results. The main results of the research have
been discussed at 4 international and 3 national scientific conferences.

Publications of the research results. On the topic of the dissertation, 13
scientific papers were published, 6 of which are included in the list of scientific
publications proposed by the Higher Attestation Commission of the Republic of
Uzbekistan for the defense of theses of the Doctor of Philosophy, including 4 of them
were published in foreign journals and 2 in national scientific journals and 7 abstracts.

The structure and volume of the dissertation. The dissertation consists of
the introduction, 4 chapters, summary and bibliography. The total volume of the
thesis is 135 pages.

MAIN CONTENT OF THE DISSERTATION

In introduction section, the motivation of research theme and correspondence to
the priority research areas of science and technology of the Republic are given, we
have also presented the 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 have given 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.

In the first chapter, we briefly give the necessary definitions, main properties of
the fractional integral-differential operators which are used in further chapters. Also,
we give main notations of this dissertation and a brief introduction to the fractional
calculus, as well. We have started with giving a brief information about historical
survey of fractional calculus and definitions of functional spaces.

Definition 1. Let Q=[a,b] and meN, ={0,1,2,3,...,}. We introduce the

weighted space C [a,b] of functions g on [a,b] such that (t—a)”g(t) € C[a,b] in
the similar meaning:

C,lab]={g®): 115k, =l t-a) g0) o< .
The weighted space C’[a,b] of functions g on [a, b] is defined by

C[ab]={g:[0,T]>R,g""(t) C[a,b];g"(t) C,[a,b]}

with the norm
n-1

g ch = Z g™ ”C[a,b] +[lg™ HC}/[a,b] .

Y k=0
We also use a weighted modification of the space C[a,b](neN,) which was
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introduced for the first time by Dimovski in his papers devoted to the operational
calculus for the hyper-Bessel differential operator for the first time in 1966:

C”={f®)=t"f,(t), f,(t)eC™[0,0)}, C,:=CP with veR
if there exists p > u for fixed x>-1. Clearly, C, is a vector space and the set of
spaces C, is ordered by inclusion according to
C,cCiouzo.

Definition 2. Let 18 f (t) e AC"[a,b] and 187 f (t) € AC"[a,b].
Then the left-sided and right-sided bi-ordinal Hilfer fractional derivative of orders
a(h-1<a<n)and g(n—1< £ <n) type u<[0,1] are defined as follows:

(a Blu f (t) I /1+(n—a) (%)n Eﬁ—#)(n B) f ('[)

D 1) =100 -

| 05 £ (1)
dtj b (t)

Let us consider the following problem
{a D PHy(t) +bu(t) = f(t),

)1 1
limlo”"*7u(t) = u,. @

t—0+
which have a solution stated in the following lemma:
Lemma 1. If f eC_[0,T], then the solution ue C_ [0,T] of the problem (1)

can be found uniquely as follows

t
u(t) = ut’ 'Es, (—gtgj + i.([(t —5)° " Ey 5 [—g(t —~ 5)5} f (s)ds,
where 6 = S+ u(a—f), y =+ u(l-p4).

Roberto Garra et.al. considered a particular operator that is suitable to
generalize the standard process of relaxation considering both memory effects of
power law type and time variability of the characteristic coefficient. They applied the
McBride-Lamb theory of the fractional powers of Bessel-type operators and as a
result, they obtained an explicit representation of the fractional order operator in terms
of Erdelyi-Kober and Hadamard integrals.

Definition 3. A particular hyper-Bessel operator of order 0 < « <1 identified
in terms of E-K integral or derivative can be represented as follows

(tg d j‘” f = {(1—9)“t"’(1‘9)lo'“f(t), if <1,

dt (0 -D)* 17D £ (1), if 9>1.

We note that 1,7 := D™ is the interpretation of E-K integral for negative order
such that

- . 7l-a 1 7l-a d
17 = (y—a+D)I} f(t)+EIﬂ1 [taf(t)).

Definition 4. A regularized Caputo-like counterpart of the hyper-Bessel
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operator is defined for 8 <1 in terms of E-K fractional order operator such that
C(t"%) f(t)=(1-0)"t““212*[f(t)- f(0)]

or in terms of the hyper-Bessel differential operator
a a -a(1-0
C[tgij f(t):[tﬁij f(t)— f(O?t 7 ,
dt dt 1-60)T(l-a)
where f(0) is the initial condition.
The second chapter, titled “Solvability of boundary value problems for
mixed equations involving hyper-Bessel fractional differential operator” is

devoted to investigate the analogue of Tricomi problem and Frankl-type problem for
the mixed equation with regularized Caputo-like counterpart of hyper-Bessel

fractional differential operator.
In a domain Q=0Q, UQ, UAB let us consider the following mixed type

equation
a o
0= C(tgaj u(x,t)—uy(xt), t>0, @)

utt(x’t)_uxx(xit)’ t<0
where «a, 0, T are real numbers such that 0<a <1, <1, T >0 conditions,
le{(x,t):0<x<1,0<t<T}, AB={(x,t):t:0,o<x<1},

92:{(x,t):—t<x<t+1,—%<t<0}.

Problem T. To find a function u(x,t) which is continuous in Q, its hyper-
Bessel derivative is continuous in €, and it has continuous second order partial
derivatives in Q,, and it satisfies Eq.(2) in Q together with boundary conditions

u(0,t)=0, u(1,t)=0, O<I<T, 3)
u(x/2,—x/2)=y(x), 0<x<l, (4)
conjugation condition on AB
1
limt™ 70, (x,t) = 7u, (x,~0) + 7 Ju,(2,-0)P(x,2)dz, 0 < x <1. (5)
0

t—+0

The following statements provide the unique solvability of the Problem T.
Theorem 1. If »,>0,

= P(x2)=R(0R(2) Q

are fulfilled, then Problem T has a unique solution.
Theorem 2. Let all conditions of the Theorem 1 be valid. If w(x) e C'[0,1]

and P(x,z) has continuous partial derivatives in [0,1]x[0,1], then there exist a
unique solution of the Problem T represented as
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u(x,t)= 2®(t)j.{F(/;)+_l[F(z)R(/,‘,z)dz}x

0

in;Ea ( (gkﬁg) £ 9)“J3|n(kn§)5|n(knx)d§+

+#{F X+1)+ jF (E)R(x+t.E)+R(x—t,&)]dé+

o b sl o

where A=y I'()(1-6)", O(t)=1for t>0 and ©(t)=0 for t<0, R(x,) is
the resolvent-kernel of

P(ﬁz)
K(x.£) —Aysz X,&) pe dz,

F(X)=—2A7 |Gy (x.&)y' (£)dé - 2A7/2J.G X,& dgjy/ P(£,2)dz,

1 (1—eA‘f)(1—e )),O<§<x,
Al —et | (1-e)(1-e"7), x<e<t.

Gy (%)=

In this chapter we consider Frankl-type problem for the equation (2) and proved
the theorem about uniqueness and existence of solution.

Problem F. To find a solution u(x,t) of the equation (2), which is

1) U(X,t)eC(ﬁ)mCl(ﬁz)ﬂCZ(Qz)’ C(tegjau eC(Q), u, eC(Q);

2) and satisfies non-local conditions

a(z)u(0,2)+b (z)u(z/2,-z/2)=c,(z),0<z<1, (8)
a,(z)u(L,z)+b,(z)u((z+1)/2,(z-1)/2)=c,(z), 0<z<1, (9)
a,(z)u(0,z)+by(z)u(l,z)=c¢,(z), 0<z<1; (10)

4) u(x,t) is subject to the following conjugating condition
t|| otl (- g)ut(x t) = ||mut(X t) (11)

Here 0<a <1, 6<1, a(z)b(z).c(z )( —1,3) are given continuous functions
such that
a’(z)+a;(z)=0, a;(z)+a;(z)#0, b’(z)+b;(z)=0,
b’(z)+b;(z)=0, af(z)+bj2(z)+cf(z)¢0, j=1,2,
It is known that Frankl problem has a specific nonlocal condition which connects
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parts of boundary of the mixed domain.
The main result we formulate as the following statement:

Theorem 3. If d;(z)>0, d,(z)#0 and
a(z)b(z).c(z)eC(0,1)nC*[0,1],suchthat a;(z) =0, b(z) =0, z<[0,1],
a,(0) = —b, (0), then a unique solution of the Problem F exists, where
d, (2) = (a,(2)b, (2)b;(2)) (2, (2) a5 (2)by (2))
In both problems, the energy integrals method is applied to show the
uniqueness of a solution.
In the third chapter, we deal with studying the nonlocal boundary value
problems for mixed equation consisted of fractional sub-diffusion and fractional wave

equation. In particular, in section 3.1 we consider the nonlocal problem for the
equation

C 68 ¢
(1) = (t aj u(x,t)—uy (xt), (x,t)ey, 12)
DV A#u(x,t) —u (xt),  (x1) e,
inadomain Q=Q wuQ,uQ.Here Q ={(x,t):0<x<1l,a<t<b},
Q, ={(x,t):0<x<l,0<t<a}, Q={(x,t):0<x<1t=a}, abeR" such
that a<b, O0<a <1, <1, 1<y,f<2, 0<u<l, f(xt) isagiven function.
Problem. Find a solution of (12) in Q, satisfying regularity conditions

u(-,t) e C[0,1]1~C*(0,1), C(tg %Ja u(x,-) e C[a,b],

2%, t2 %, e C(Q2), t2DYP“u(x,t) eC(Q2), u, €C(Q)
and the boundary-initial conditions

u(0,t)=0, 0<t<h, u(d,t)=0, 0<t<h, (13)
limI & Pu(x,t) = p(x), 0< x <1, (14)
t—0+
as well as the gluing conditions
lim 1% Pu(x,t) = limu(x,t), 0<x<1, (15)
t—a— t—a+
lim d | APy (x,1) = [im (t—a)"E Dy, (x,t), 0<x<1, (16)
ta— dt t—a+

where ¢(x) is a given function, g = £+ u(2- ).

In this section, we have applied the regularized Caputo-like counterpart of the
hyper-Bessel operator with arbitrary starting point t =a >0 and we have obtained the
solution of the Cauchy problem in Q.

The intention of this paper was to prove the uniqueness and existence of the
solution to the problem (12)-(16), as we summarize in the following theorem.

Theorem 4. If the following conditions

1) A, =0, forall k=1,23,.. 2)¢eC[0,1]and ¢ €L?(0,1),
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3) f(.t)eC’[01] and f(x,)eC'(0,a), f(x,)eC,(ab), such that
4
fo¢t)=f@t)=0, f, Ot)=f (1,t)=0 and % f (-.t) e L'(0,1) hold, then there
X
exists a unique solution of the considered problem (12)-(17),
a
where A, = E;,(-42°) +#E5’2(—ﬂka5).
In the next section, we investigate the following fractional order mixed

differential equation involving the regularized Caputo-like counterpart of the hyper-
Bessel operator and the bi-ordinal Hilfer derivative:

C(tggj 1u(x,t)—lux(x,t)—uxx(x,t), (x,t) e,

f(x,t) = ot X (17)
Défz’ﬂz)“u(x,t)—%ux(x,t)—uXX(x,t), (x,t) e Q,,

in  Q=QuQ,uQ domain, where Q ={(x,1):0<x<1,0<t<T},

Q, ={(x,t):0<x<1-T<t<0}, Q={(x,1):0<x<1t=0}, 0<g<=<1l, 0<1

, 1<a,, 3,52, 0<u<l,

Défz’ﬂ 2 s the right-sided bi-ordinal Hilfer fractional derivative defined in

Definition 2.
Problem. Find a solution of Eq.(17) in Q, which satisfies the following
regularity conditions

u(x,t) eC(Q\Q), u(,t) eC*(UQ,),
C(teﬁj% U(x.t) € C(Q), D22Mu(x. 1) € C(Q,)
81: ’ 177 0— ' 2

along with the boundary conditions

tILrJlXUX(X’t):O’ u(l,t)=0, -T <t<T, (18)
non-local condition
i;i |5y (x, &) = u(x,T), 0< x <1, (19)
and the gluing condition:;
lim |72y (%, 1) = limu(x,1), 0<x<1, (20)
tIL rg] % Iéf’” - 2)u(x,t) = t|Lr31tl(19)%ut(x,t), 0<x<1, (21)

where —T <& <&, <...<¢&, <0, f(xt) isagiven function.

Finally, we have proved the uniqueness and existence of the solution to the
considered problem as stated in the following theorem.

Theorem5. Let A, =0 and ) fi >0, and also the following
= I(a) pT(2-5,)
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conditions hold for f(x,t) € C(€2) such that
- fO,)=f01)=..= 0,)=0; - f(L1)=f(L1)=f(Lt)=0;

4

then, there exist the unique solution of the

considered problem which is represented by

u(x ) = YU, O340
where _

2

U ® =30 (02 "By, a- R (02T -y, (-2 E, , [-22 (021 +

0

+ @027, , [-42(z 1211, (2)dz, <0,
t

here p=1-6 and

G,(t) = [ ") £, ()d (") -

P ()
—;‘k J(t -y M{—‘k (tp—rp)"“}fk(r)d(rp),

0 ) pal
A=Z§{ (R R+, (&(5))} (piT}

In the last section of the third chapter, we analyze the hybrid nonlocal
boundary-value problem made by combining two different elements of the problems
considered in the sections 3.1 and 3.2. In the present section, we consider the
following mixed PDE with fractional subdiffusion and fractional wave equation in
both parts of the domain involving bi-ordinal Hilfer derivative:

Fixty=) U= Dy u(x,t) —u,, (x,1),t >0
| Lu = D222y (x,t) —u,, (x,t),t <0
in mixed domain Q=Q, U Q, U AB.

(22)

Where f(xt) is a given function, i-1<a, B <i, 0<u <1, i=12,
={(x1):0<x<l,0<t<T}, Q,={(xt):0<x<l,-T<t<0}, T>0,
={(xt): 0<x<l,t=0}.

Nonlocal BVP for Eq.(22) in Q can be formulated as follows:
Problem B. Find a solution u(x,t) of equation (22) which is subject to the
following regularity conditions

t7u(x,t), tTDS P u(x,t) eC(u), (-1)°72u(x,t) e C(Q),
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(-t)72Df2 "2y (x,t) e C(Q2), Uy, €C(Q,UQ,),
submitted to the boundary conditions

u(0,t) =0,u(l,t)=0,t €[-T,0) n(0,T] (23)
and non-local condition
u(x,—=T)=u(x,T) +w(x),0<x<I, (24)
and also it satisfies the conjugation conditions on AB
t|mglo+1u(x t) = ||ml “T2y(x,t),0< x <1, (25)
imt 51(6 I 2u(x t)J‘ lim < 1272u(x, )0 < x<1. (26)
t—>+0 ot t—>-0 Ot

where 7, = B +u(i—-B) & =B +mla—-pB), (=12), w(x) isagiven
function such that w(0) =y (l) =0.

All in all, we have just proved the following theorem.
Theorem 6. Assume that the following conditions hold:

A, #0; w(x) eC[0,I]~C*(0,1) such  that w(0)=w()=0,
p"(0)=y"1)=0, y?0)=y“(1)=0and y®(x) e (0,1);

f (x,t) eC[0,I]x[-T, T]NC*(0,)x(-T,T) such that f(0,t)= f(l,t)=0,
f .(0,t)="f_(,t)=0, fP(,t)el?(0,); then, there exists the unique solution of the

considered problem,

where

-1
21 (~477%)-TE,,, (-4T%)
(5, 5977 n QN '

The uniqueness of solutions of the problems proposed in the third chapter is
based on the completeness of the system of eigenfunctions.

The last chapter is devoted to studying of some direct and inverse problems for
the fractional pseudo-parabolic equations which have various applications. In section
4.1, we are interested in investigating the following space-degenerate PDE

Dew A (D(“Z Ay (x,1) ——[(1 X*)u, (X, t)]) = f(x,t) (27)

in the domain Q={(x,t):—1< x<1,0<t<T}. Here D\s"s"s is a bi-ordinal Hilfer
fractional derivative defined in definition 2 when n=1and O<«,, 5, <1, 0< g, <1,
s=1,2.

Problem A. Find a solution u(x,t) of the equation (27) satisfying regularity
conditions

A=T27E, o (-4T%)+

t72u, t72u, e C(Q),
DDl e C(Q), U, eC(Q)
and initial condition
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lim1 &2 2u(x,t) = w(x), 1< x <1, (28)

t—0+

and subject to the nonlocal condition
u(x,T) = Zp,lq' 27y (x,7,), —1< x <1, (29)

where y(x), f(xt) are given functions and @, >0, o,=p5;+u(a;—-p;),
yi =B +m(1-B)), i=12, peR, 0<7,<r,<..<7,<T, and also we assume
that 0<y, —y, <9,.

We investigate a unique solvability of this problem and present the solution in
the form of Fourier-Legendre series as stated in the following theorem.

qi—l
Theorem 7. If Z ?(' > 0, w(x)eC[-11], w"(x)el’(-11),
f(x,)eC,[0,T]and f(,t)eC[-1,1], f_(,t)eLl’(-1,1), then the Problem A has
a unique solution which can be represented as

U0 = S0, (OR (). (30)

Here A4, =k(k+1), k=0,1,2,..., w, and f (t) are Fourier-Legendre coefficients of
functions y(x) and f (x,t), respectively,

,1 Ont7,—-1 0.
U () =y, (<AL )+ Ct 2 TE, L (AL

+ j (t=5)"" " By 0 | A (1=5) | T (),

Ak =T §2+71_1E52,52+71 (_ﬂkT 2 ) + /11< Zpi Ti52+qi _1E52,52+qi (_Akz'ig2 ) .
i=1

Using the fact of completeness property of system of Legendre polynomials we have
proved the uniqueness of solution of the Problem A.

In section 4.2, we are also concerning with studying the time dependent inverse
source problem for the equation (27) and we will take another more favorable
condition in order to facilitate calculations instead of non-local condition (29).

Let Y <Vy—0,, T>0 arbitrary fixed time and

Q={(x,t):-1<x<1,0<t<T}.
The inverse source problem (ISP) here is to find a pair {u(x,t),a(t)} functions
for given h(x), w(x), ¢(x) such that

D4 (Dé?"’ﬂ@u(x,t) - %[(1— xz)ux<x,t>]) =h(a(),

liml (1_”2)(1_ﬁ2)u(x,t) =y (X),—1<x<1, (31)

t—0

lim ., 2u(x,t) = p(x), —1< x <1,
We provide the over-determlnatlon condition as a way to make the inverse problem
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uniquely solved:

j'u(x,t)dx = E(t), (32)

where E(t) e AC*([0,T],R).
We also consider the following regularity conditions for the solution of inverse
source problem (31), (32)

72y eC(Q), t72 7, eC(Q), t™2a(t) eC[0,T],
Dy Dy 22U € C(QY), U, €C(Q).

1 -1
Theorem 8. Let y, <y,—0,, 0< Uh(x)dx] < M such that
-1

h®(x) e P(-1,1), " (X) e L’(-1,1), ¢"(x) e L’(-1,1), E"(t) € L'(0,T), then the
unique solution of the inverse source problem (31)-(32) exists.

In section 4.3, we dealt with studying direct and inverse source problem for the
pseudo-parabolic equation with 2D Landau Hamiltonian operator.

In Q={(t,x):te(0,T),xeR?*}, we consider the following Cauchy-type

problem for the fractional pseudo-parabolic equation involving the bi-ordinal Hilfer's
derivative and a Landau Hamiltonian operator with initial-type conditions

{Dt(a,ﬁ)uu (t, X) 4 (aDt(aﬁ)ﬂ + q)’}—(u(t’ X) =f (t, X), (t, X) e Q),

33
Iimléi—ﬂ)(l—ﬂ)u(t’ X) — UO(X), X € Rz. ( )
t—0+

where a,qeR*, 0<q,f<1, 0<u<l and D“P* is the bi-ordinal Hilfer's
fractional derivative of orders « and S of type u, H is a Landau Hamiltonian
operator acting on the L*(RR?) defined by

H:%((ig—Byjzjt(i%—ijZ]. (34)

The spectrum of H contains the infinite number of eigenvalues with the
infinite multiplicity of the form (see the papers by Fock V and Landau L)
A, =@n+1)B,n=0,1,2,..,
and those eigenvalues are called the Euclidean Landau levels.
Let us denote the eigenspace of H corresponding to the eigenvalue A, by

A (R?), i.e.
AR ={p e L'(R*), Hp = 2,4}
The eigenfunctions corresponding A, can be designated by
ei:=ef for £=(j,n), jn=01,2,..; k=1,2. (35)
In the papers of Haimi, A., Hedenmalm, H and Abreu L.D. et. al., showed
functions presented as the orthonormal basis for A (R?).
M. Ruzhansky and N. Tokmagambetov presented global Fourier analysis for
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Landau Hamiltonian operator and using those results we define Sobolev space
H,,(G) associated to H . Thus, forany s R, we set

H;(G)::{f e D, (R?) H"*f e LZ(]RZ)}, (36)
with the norm || f HHS =|| P f |- - Using the Plancherel's identity, we can write
H

2
If 1y =126 2= (1[0 (72 F @) s )" { > (B+2B5)" > | F(2); IZJ =

feNz |

12
:( > (B+2B&) Y || of (x)e;;(x)dxm . (37)
j=1

£eN?

We define the space of the weighted continuous functions C,_ ([0, T]; L*(R?))
furnished with the maximum norm

— 1
H u ‘|C1_y([O’T];L2(R2))-_ {Q%t 4 H u(t,) HLz(Rz) . (38)

Here is the main result of the forward problem (33).
Theorem 9. Assume that

feC_ ([0.TLL(R*))NC,, ([0.T];H, (R*) " H;,(R?)) and
U, € L(R?*) " H,,(IR?). Then the Cauchy type problem for the time-fractional
pseudo-parabolic equation (4.3.2) has a unique solution ue C_ ([0, T]; L*(R?)) such

that Hu, D{“”“ueC_ ([0, T];L*(R?)) in the following form:
ut,x)= Y Tr(at&)e.(x))= Y (Gt &), e:(x) +0(t, &), e2(X)) (39)
£eN? EeN?

In this section, we are also concerned with an inverse source problem of finding
a pair of functions {u(t,x), f (x)} for the following fractional pseudo-parabolic

equation

D A#u(t, x) + (@D + g)Hu(t,x) = f(x), (t,x) (0, T)xR?, (40)
subject to the weighted initial condition
lim! &9 Pu(t, x) = Uy (X), x e R?, (41)

t—0+
where D{*”* stands for the bi-ordinal Hilfer's fractional derivative in time variable

of orders 0<ea,f <1 and type 0< <1, H denotes the Landau Hamiltonian in
space variable in the form of (34).

In order to solve the problem uniquely, we use the following over-
determination condition

u(T,x) =y (x), xeR?, (42)
where u,(X), w(x) are given functions.
The main result for this section can be summarized in the following theorem.
Theorem 10. Assume that U, € H;,, w € H,,. Then, the problem (40),(41),
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(42) has a unique pair of solutions {u(t,x), f (x)} determined by
u(t,x) = ZZTr(G(t,cf) e.(x)), (43)

&eN
where

(l//’ € )LZ(IRZ) B (Uo,e§ )LZ(IRZ) T HEM (_/15651-5)

0(1.8) = 0Oy, (208" +UE, 5 (-401") TE,,. (20T
5,641 (4

and

f(x) = ZzTr( f(&)e.(9), (44)
eN
where 5
fA(f) _ q(Hl//’ef)Lz(Rz) _ q(Huo’eé)LZ(JRZ)T}/_lE&V(_ﬂ’ieéTg)
- zgegTﬁE&M(—zg@Tﬁ) zfegT""Eml(—zfeéTﬁ)

here 1. =qB(1+24,) and 6, = (1+aB(1+25,))™.

CONCLUSION

In this thesis, we are concerned with studying the boundary value problems
for fractional PDEs, particularly, mixed equations involving the subdiffusion
involving hyper-Bessel fractional operator in Caputo sense and classical wave
equation or sometimes wave with fractional order.

We investigate the existence and uniqueness of a solution in every case. Our
main technique is to find the main functional relations from both domains and
come to the ordinary differential equations and Fredholm integral equations.
Moreover, the method of separation of variables is mostly used and using the
completeness property of the system of eigenfunctions is applied in many cases.

The problems we have solved have differences from each other in the type
of fractional differential operator, boundary conditions, domains on which the
problems are considered, and the methods for proving the uniqueness result.
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BBEJIEHUE (anHoTaums aucceprauuu 10Kropa ¢puinocodpuu (PhD))

Heabio ucciieoBaHuA SBISIETCA PEIICHUE MPABWIBHOW U 00paTHOM 3aj1ady
JUISL  CUHTYJSIpHBIX  Au(depeHuanbHbIX ypaBHEHUH C ydacTHUEM HMHTErpo-
nuddepeHnanbHbIX ONIEPATOPOB IPOOHOTO MOPSIKA.

OO0beKkT McciaegoBaHusi: cMellaHHble TudQepeHnnanbHble ypaBHEHUS B
YaCTHBIX MPOU3BOAHBIX, BKIIIOYAIONINE PETYJISIPU30BaHHBIC JPOOHBIE ONEPATOPHI
runep-beccenst, mogo6usie Kanyto M IBYNmoOpsiAKOBYIO JPOOHYIO MPOU3BOIAHYIO
Xunbdepa; nceBaonapadonnyeckuil quddepeHInanTbHoe ypaBHEHHE B YaCTHBIX
ITPOM3BOJIHBIX, MOPOXKACHHBIM JIBYMEpPHBIM orepatopoMm ['amunberona Jlanmay u
ABYTIOPSIIKOBOM 1poOHOI nmpou3BoaHOM Xumbdepa.

HayuyHasi HOBU3HA HCCJIEIOBAHMS 3AKIIOYAECTCS B CIEIYIOLIEM:

BBOJIUTCA HOBOE OIPEACIICHUE PEryJIpU30BAHHOIO B cMbicie KamyTo
npoOHo-audepeHmanpHOro  oneparopa rumnep-beccenss ¢ MPOU3BOJIBHOM
HayaJbHOM TOYKOM M MPUBEIEHO perieHue 3anaun Komwy;

JI0OKa3aHa OJHO3HAYHAsI Pa3pelIMMOCTh aHayora 3ajgayd TpukoMH W 3a1ada
tuna @paHKIS Uil CMEIIAHHOTO YPaBHEHMS, BKIIOYAIOUIETO YypaBHEHUE
cyonuddy3un 1 BOITHOBOE YpaBHEHUE;

B SIBHOM BHUJIE€ HAJIEHO €AMHCTBEHHOE pelieHue 3afgaur tuna Komm s
OOBIKHOBEHHOTO  JU((EepeHNaTIbHOr0  ypaBHEHUs JApPOOHOTO HopsaKa ¢
MIPaBOCTOPOHHEH ABYMOPSAKOBON ApOOHON MpOou3BOaHON Xuibdepa U J0oKa3aHbI
pe3ynbTaThl €AMHCTBEHHOCTH W CYLIECTBOBAaHHS HEJIOKAJIbHOW KpaeBOM 3aJayd,
c(hOpMyYITUPOBAHHOM /ISl CMEIIAHHBIX APOOHBIX AU((depeHInaIbHbIX YPaBHEHUHN B
YaCTHBIX MPOU3BOHBIX;

UCCIEeI0OBaHbl IpsiMas M oOpaTHasl 3aJadd JJid ICeBI0NapadoaryecKoro
ypaBHEHUSI C JBYMNOPSAJIKOBON JIpoOHOW mMpou3BOAHON Xuibdepa U JI0Ka3aHa
OJIHO3HAYHAas Pa3pelIMMOCTh paCCMaTPUBAEMBbIX 3a/au.

BHeapenue pe3yJbTaToB HCCJIeI0BAHMAA. Pesynbratsl ObLIH
HCIIOJIb30BaHbI B CIEAYIONIUX HAYYHBIX UCCIEIOBAHUSIX:

U3 METOJIOB HAXOXKJEHHUS PEILICHUI aHaiora 3a1aud TpUKOMU U 33/1a4d TUIMA
@paHkias A7 CMENIAaHHOTO YpaBHEHUS C ydacThueMm cyoaud@dy3uoHHOTO U
BOJIHOBOTO YPaBHEHHUM HCHOJIB3YETCS Il OCTPOEHUSI PELICHUM KpAacBOW 3a1auu
st mudpepeHnnanbHbIX ypaBHEHUN JPOOHOTO TOpPSIKAa B HMCCIEI0BATEIHLCKOM
npoekTe «OO0paTHbIE 3aa4u JJI IBOJIIOIIMOHHBIX YPABHEHUH C MOJOKUTEIbHBIMU
omepatopamu» Ne AP 09259394 (CnpaBka WMHcTUTyTa MaTeMaTHKH U
MaTeMaTHUecKoro MojaeaupoBanusi oT 10 oxtsOps 2022 roma Ne 01-16/130,
Kazaxcran). Hayunble pe3ynbTarhl O3BOJIMIN J10KAa3aTh CYIIECTBOBAHUE CUIIBHBIX
pemieHnit B (QYHKUMOHAIBHBIX MpOCTpaHCTBax s auddepeHnnanbHbIX
ypaBHEHUHN APOOHOTO MOPSIKA;

U3 METOAOB HAXOKJIECHMSI PEUICHUN HEJOKAJIbHBIX 3aJad sl CMEIIAaHHOTO
ypaBHEHUS, BKIIOYAIONIETO TuUrep-becceneBckuii apooHO-aMb dEepeHITnaTbHbIHI
oTepaTop M ABYMOPSIKOBBIE NpoOHO-IubdepeHInansHbie onepaTtopbl Xuibdepa,
OH HUCIOJIB3YETCsI JIJIsl TIOCTAHOBKHM HEJIOKAIBHBIX OOpPATHBIX 3a/ay JJisi TPOOHBIX
muddepeHnuanbHbIX ypaBHEHUN B YaCTHBIX MPOU3BOJIHBIX U JUISl T0KA3aTEIhCTBA
OJIHO3HAYHOM  pa3pelmiMMOCTH  3aJad B NPOEKTe, MIPOHYMEPOBAHHbBIE
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ORG/SQU/CB13/030 (cnpaska u3 Yuusepcurera Cynrana Kabyca ot 6 oktsa0ps
2022 rona, Cynranatr Oman). Peanuzanusi pe3ysibTaToOB MO3BOJIUIIA MPEACTABUTH
pelieHuss B BUJIE PSAJOB U J0OKa3aTh aOCOJIIOTHYIO M PaBHOMEPHYIO CXOJMMOCTb
ATUX PSAIOB, HAJIOKUB ONPE/ICICHHBIC YCIOBUS Ha 3aJJaHHbIC JJAHHBIE.

CTpykrypa n 00bem auccepramuu. {uccepTaius cOCTOUT U3 BBeaeHMUs, 4
riaB, pestome u Oubnmorpaduu. OO6mumii 00beM auccepTaluu coctabisger 135
CTpaHHMII.
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