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KHUPHUIII (10KTOPJIHK JHCCEPTANMSACH AHHOTAIUSICH)

Juccepranusi MaB3YyCHHUHI JoJ3apOaurn  Ba 3apypatu. Kacp Taptubnu
muddepeHan TeHraaManap yuyH TYFpY Ba TECKapU MacallalapHU TaIKUK STUITHUHT KaXOH
MUKECUTIATH JTOJI3apOIMTUHU KYpcaTyBud OeNruiapiaH OupH PEeHTHHTH IOKOPU WIMHIA
KypHaiapaa Oy MyHanuira oua Kyriad u3JaHUIIUIAPHUHT YOIT 3TUIaéTranu O0yica, Oomka
KypCaTKM4 WIMHM HaTW KaJapHU aMaauéTra )KOpUN dTHIITra HYHANTUPWITaH HIMAK-aMalui
JoWMXanap COHMHMHI opTuO Oopummaup. Ep octu cyBmapuHUHr  XapakaTw,
MaTepUAJUTAPHUHT apajiall TapkuOura oujJ KUMEBHM Ba MEXaHHMK KapaéHiap, aHoOMal
b dy3usa xapa€HIApUHUHT MaTeMaTHK MOJE/UIapyd Ba OOLIKAa Typiu aMalluii Macaiajap
Kacp Taptubnu auddepeHiman Ba UHTerpail xucoOra oujl TAAKUKOTIAPHUHT TaTOUK ATHUII
oOBeKTIapuIup. YMYMJIAIITUPUII XapakTepu Xamjaa OyHJal TeHrjIamanap Yy4yH
TU3UMJIAIITHPUIITAH AHAJIUTUK Ba COHJIM XUCOO YCYIJITApDHMHT KaMJIMTU Oy HYHaIuIIHU
muddepeHuan TeHraamazap yMyMUH Ha3apUsACHUHHUHT TaJKUKOT OJMO OopuiaauraH 3HT
noi3ap6 WyHamunuiapuaan oupu oymumnura cabad oynau.

Oxwupru umnapaa kacp Taptudau audy3us-TYIKUH TeHramMalapyd y4yH TYFpU Ba
TeCKapu MacallaJJapHUHI €UUJIMIINra OUJl Macananap, 0y 6opajaru WiIMHI HaTHKaTApPHUHT
aMaJMii MacajajlapHi MaTeMAaTUK MOAEIIAIITUPUIIT MyXUM axaMUsT kacO aTMokaa. L yHuHT
yuyH Oy HyHanmumna Makcajid WIMUAN JIOMMXaJapHU amalira OIIMPHUII J07a3apd Macanaaup.
AHHKpPOK aiTranja, Kyduaara WiMui WyHaaunuiap 6yinda TaaKAKoTIap J013apOiiuK Kaco
ATaAM: Kacp TapTuOnu Xycycuil xocwianu nuddepeHnuan TeHrjiamaaap ydyH HOJIOKal
HIapTJIM YerapaBuil Macananap; TypJM olepaTopiap, XycycaH, Kacp TapTUOJIM orepaTopiap
KaTHAIITaH XyCYCHI XOCHJIaIN TeHTJIaManap yayH MaHOa-()yHKIMSIHI TOMUIITA OUJl TECKApH
MacalaJlapHUHT OMp KMWMATIM €YWIMIINTa OUJl caBoJulap; Kacp TapTUOJIM TEeHIJaMmanap Ba
YIIAPHUHT XyCycHi Xocwianu nuddepeHiman TeHriiamanap yuyyH derapaBuil MacanajaapHu
euuIra TaTOMKUra OOFIUK Maxcyc (QYHKUMSJIAPHUHT XOCCAJAPUHK YPraHWII MacallajJapH.
Oxopuna aittunran #yHamunuiap OVitmua onu® Oopuna€TraH TagKUKOTIAp MasKyp
JMCCepTaIis MaB3yCHUHHUHT J0JI3apOaurura acoc 0ynauu.

TagkMKOTHUHr pecnyOanka ¢GaH Ba TEXHOJOTHSUIADH PHUBONKJIAHUIIMHUHT
YCTYBOp MyHaJuuuiapura OOFJIMKJIMIH. Ma3kyp TaaAKUKOT pecnyOonuka ¢an Ba
TEXHOJOTUsIap pUBOXJIaHUIIMHUHT [V. «MaremaTtuka, MexaHukKa Ba HWH(OpPMaTHKa»
YCTYBOp WYHATIUIIM ToMpacua Oaxkapuiras.

Jluccepranusi MaB3ycH 0yiin4a XOpH:Kuil WIMMIi-TagKUKOTIap mapxul. Xycycuii
XOCWJIANIA TEHIJIaManap, XycycaH, mudy3us-TyIKUH TEHTJIaManapyu y4yH TYpJId TYFpU Ba
TEeCKapu MacajlajlapHU XamJia Kacp TapTHOIuM MHTerpo-auddepeHiuan omnepaTopiap Ba
YIIAPHUHT XOCCalapy, yIapHU YMYMJIAIITAPUII MacajalapuHU TaAKUK KWIKIITa OUJ UIMHI
U3NIAHUNIUIAD JYHEHWHT WUPHK WIMHA MapKas3japd Ba YHUBEpPCUTETNIapuaa oOJub
oopunMokaa. XycycaH, Tokuo yHuBepcutetu (SAmonusi), Texac ynusepcutetn (AKLL),
Cantsaro ne Komnocrena ynuepcuretu (Mcnanus), I'ent ynuBepcureru (benbrus), Jla-
Pomens ynuBepcutetn (@panuus), bepnmun o3on ynuBepcutern, beiT amanmii ¢annap

Muccepramus MaB3ycu Oyiinua xopwkuii uammit-ragxukotnap mapxu Fractional Calculus and Applied Analysis,
https://www.degruyter.com/view/j/fca;  Applied  Mathematics and  Computation,  https://www.journals.el-
sevier.com/locate/amc; Journal of Mathematical analysis and Applications,
https://www.journals.elsevier.com/locate/jmaa; Computers and Mathematics with Applications,
https://www.journals.elsevier.com/locate/camwa Ba Gorka MaHOaIap aCOCH/Ia UILTA0 YUKUIITaH.
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TEXHUKA YHUBEpPCUTETH, bpayHuIBalr texHuka yHuBepcurteru, LlTyrrapr yHuBepcutTeTH,
bepnun Texanka onuii Maktabu (I'epmanus), bononus yausepcurern (Mtanus), MmatemaTuka
Ba uHpopmatuka nHctuTyTH (bomrapus), Ilopro myxannucnap mnctutytu (Ilopryranms),
Kommne Ttexnuka yHuBepcuretu (CnoBakus), benopyck naBinaT  yHMBEPCHUTETH
(benopyccus), Poccusi @A KabGapaun-bankap wiamuii Mapkasw aMainuii MaTeMaTHKa Ba
aBTOMAaTIAITUpUII UHCTUTYTH (Poccust) naru unuiap axaMusitra MOJIHK.

Typnau xacp TapTuOIU omeparopiiap KaTHamraH guddepeHian TeHriaMaiap y4yH
TYFpH Ba TeCKapu Macajajiapra ouja MyXuM UIuiapra Kucka Tyxranub yramus. Xycycas, Oup
Heura Kamnyro, Xundep kacp Taptuliu Xxocunanap KatHamras nudQepeninan TeHragamanap
yuyH Komm MacallacMHMHI eyuMiIapd TONWJTaH, yhaap OwilaH OOFIMK Maxcyc
GyHKUIUsIIapHUHT Xoccanapu ypranuwnrad (bepnuH o3ox yHuBepcurtetd, beilT amanmii
dannap TexHuKa yHUBEpCUTEeTH, ['epMaHus), CUHTYNIsIp OYiaMaran sapoju Kacp TapThOIu
mubdepenman  onepaTopHUHT xoccamapu Yypranwiran (Cantsro ne Kommoctena
yauBepcuretd, Wcnanwms), nuddysus Ba nud@y3us-TYIKUH TEHIIaMaJlapHUHT COHJIU
eunmiiapu Kypuirad (bomonust yHuBepcutetn, Wranus; bpayHmBaiir TexHuka
yauBepcutetd, [epmanus; Kommmna rtexHuka ynuBepcuteT, CnoBakus), Oup Ba Kym
Yy3rapyBUWIM Kacp TapTUOIM TEHrjgamManap Y4YyH OHp TypKyM TYFpU Ba TeCKapu
MacajajapHUHT Oup KuiMaTiau euwnuind ucOornanran (Jla-Pomens yHuMBepcuteTw,
@pannus), kacp TapTudau nuddepeHnman TeHrIaMazap yayH 3KCTPEeMyM MPUHIUILIIApU Ba
ynapauHr Kanyro, Puman-Jlnysuinn xocunanapu kaTHamrad 1udQys3ust TeHraamaiapu yuyH
Teckapu Macajanapra TarOuku wucootnanrad (Tokumo yHuBepcuteTH, SAnonusi; Texac
yauBepcuretu, AKII), Komn macanacununr Paiit Tununaru Gyskius opkanu udoaaiaHrad
dbyHIaMeHTal eduMH TomuiraH Ba y €paamuaa Puman-Jlnysumn, xp6amsa-HepcecsH,
KOHTHHYaJl TapTUOMM XOCWiajap KaTHAIIraH XyCyCHW XOCWJIalyd TEHIJaMmajlap Y4yH
KyHUIaurad acocuil uerapaBui Macananapaur ['pun ¢pyakuusuiapuan Kypuirad (benopyc
nasiat yauBepcutetn, benopyccusi; Poccuss @A Kabapauu-bankap unmuii Mmapkasu amanuii
MaTeMaTuKa Ba aBTOMATJIAITUPHILI MHCTUTYTH, Poccust), cuHrynsip Oyiamaran siApoiiu Kacp
TapTHOIM XOcuia OuiaH OOFJIMK €pOCTH CYBJIApU XapakKaThra OWJ MaTeMaTHK MoJiesuiap
ypranunran (Yankas yHuBepcutetd, Typkusa; Ilopro MyxaHauciap HWHCTUTYTH,
[TopTyranus).

JIyHEHUHT KYNruHa Mamjakatiapuaa aon3ap0 yHamuumumap cudaruga aHaIUTHK
yCyJIIapHU PUBOKJIAHTUPTaH X0J1/1a, COHJIN MozeIap AIrOPUTMIIAPUHUI
MyKaMMaJUTalITUpUO TabuaTaaru pean jkapaCHIapHU aHUKPOK V3uJa akc JTTUPATUTaH
MaTeMaTHK MOJIeIUIap Ty3HI OYiinua WIMHIT-aMaliui JIoHuXanap amaira OmMpuiIMoKa.

MyaMMOHUHT Yprauwiratjiauk aapaxacu. Kacp taptubnu xuco0 Hazapusicura ouJ
nactnabku  Qynmamentan — Taakukoriaap — B.Riemann, J.Liouville, Hj.Holmgren,
A.B.JletnukoB, A.Griinwald, H.f1.Conun, H.Weyl, M.M./lxpOamsia, A.b.Hepcecsin Ba
Oomkaiap TOMOHHAAH OJMHTaH. Typnaum Kacp TapTuOnau uHTErpo-auddepeHiman
orepaTtopiap KaTHamraH ojaui nuddepenunan tenrnamanap yuyyH Kommum wmacanacu
CUMMUHHUHT TONMJIMIIN Kacp TapTUOIM Xycycuid xocuianu AuddepeHuan TeHraamanapra
OynraH KU3UKUIIHU OPTTUpAU. Typium Xwuigard kKacp TapTHONIM XOCHJanap KaTHAIITaH
mubody3ua Ba mudPy3us-TYIKUH TeHIIamanapd ydyH (yHIaMeHTad e4YUMJIApHU TOIUII
macananapu Schneider W.R., Wyss W., Fujita Y., Mainardi F., I'exkkuesa C., [lcxy A.B.,
Jlyuxo O. Ba Gorenflo R. nnmapuna ypranwiras. /[roamens NpUHIUIIMHUHT Kacp TapTHOIH
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aHayiorn, croxactuk nuddepeniman TeHrnamanap OwnaH Oornanran dokkep-IlmaHk-
KonmoropoB TeHrnamagapuHUHT Kacp TapTuOau ananoriapu C.YMapoB TOMOHUIAH TaaKUK
stuwirad. [x.AmanoB, b. K. KoaupkyinoB TomoHugan Tyrpu TYpTOypUaK coxajiapja IOKOpHU
TapTUOJIH, Kacp TapTudau nuddepeHiman onepaTopiaap KaTHaIIraH TEHIJIaMallap Y4yH Oup
KaH4ya TYFpU Ba Teckapu Macajaiap ypraHwiradH. byHnail TeHrmamanap y4yH 3KCTpEMyM
npuHiumiapn HaxymeBa B.A., Jlyuko 0., Yamamoto M., Liu Y. ToMoHHAaH TaaKUK
kunuHrad. A.B.Ilcxy nnnapuna sca ['pun @ysHkumsinapu ycynu épaamuna Puman-JInysumn
orepaTopyd Ba KOHTHMHYaJl XOCHJIAJM UIyHJAl TEHrajiamaiap y4yH acoCHil derapaBuit
Macananap ypraHuiras.

Kacp Ttaptubnu TteHrnamamap cucreMacuHu Yypranum Oopacuaa M.O.Mamuyes,
D.Baleanu unuapuau Kaiig 3tum kepak. Kunbac A.A. Ba Penun O.A. unuiapuaa kacp
TapTHOIN quddy3us TeHrIaMacu KaTHAIITaH apaliall TUIIArd TeHrjamManap y4yH yerapaBuii
Macananap TaJKUK KAJTMHTaH.

Typnu xacp TapTuOnm xocwia KaTHamran Aud@ys3us TeHTIaMalapu YYyH TecKapHu
Macanaizap Yamomoto M., borumapenko A.H. Ba MBamuenko /[.C., Rundell W., Tatar S.,
Malik S.A. wnuapuaa ypranwiran OVyica, Kyn y3rapyBuUMiIM XyCYCHH XOCHIJIANKM Kacp
TapTHOaN AuddepeHnran TeHrnaMmainap yuyH Teckapu Mmacananap Kirane M., Tuan N.H.
TOMOHUJAH TaJAKUK KAJTHUHTaH.

K.b.CabutoB Ba YHUHT HIOTHP/JIapd TOMOHUJIAH OUp TYpKyM OYyTyH TapTHOIU apaiail
TUTJATA TEHrJamMalap y4yH TeCKapu macajanap TaJKuK KwinHraH. bup nHeurta Kamyrto,
Anamap, Xundep xocwianapu KaTHamraH AuddepeHinan TeHriaMainap y4yH TYFpu Ba
teckapu macananap Jlyuxo FO., Gorenflo R., Furati K.M., Malik S.A. unapuaa ypranwiras.

TypmeroB b.X. Ba yHUHT miorupjjiapu TOMOHUJaH Apnamap, Anamap-Mapiio kacp
TapTHOJIM oOmepaTropiiap coxa yerapacuja KaTHAIlllaH 4erapaBMil Macajayiap, YJIapHHUHT
Xoccajapy Ba yJIapHU yMyMJIAIITHPHUII MyaMMOJIapy YpraHUJTaH.

Cunrynsp 6ynmaran sifpora sra OynraH sSHTH Kacp TapTHOJIM XOcCHJanap KaTHAITaH
TEHTJIaMaJlapHu Tagkuk Htum Oyiimua M.Caputo, M.Fabrizio, J.J.Nieto, A.Atangana,
D.Baleanu unuiapunan anoxuaa 3bTupod dTaMus.

Kacp Taptubnu onmuit nmuddepeHiman TeHrimamanap ydyH derapaBuil MacajallapHU
conu eyt ycyiuiapu S.Momani, K.Diethelm TomoHuan unuia yukuinran 6yica, Xxycycui
xocwianu TteHrnamanap yuyH [.Podlubny, O.P. Agrawal, D.Baleanu, A.Ashyralyev
TOMOHUAAH TaJAKUK KAJTUHTaH.

CoboneB Tunuaard TeHriamanap yuyyH Teckapu macananap A.M.KoxxaHoB unutapuia
yprauunran Oyica, M. Yamamoto, C.Kabanuxuna Ba A.LOrenzi TyjaKuH TapKaJIAIIHHUHT
KBaHT Hazapuscu, AU dy3us xkapa€Haapura oul TeCKapu MacajlajJapHH TaJKUK KUJIHILITaH.

Juccepranusi TAAKUKOTHHUHI JUCCepTAlMs Oa’kapujraH oJUH TabJIuM
MYacCACACHHMHI MJIMHH-TAIKUKOT MIUIApH  pekajapd OwjiaH  OOFJIMKJIMIH.
JlvccepTanus TAAKMKOTH Y30EKHCTOH MHJUIMI YHHBEPCHTETH KOIIMmard MaTemaTHka
UHCTUTYTUHUHT P4-OA-D010: «CuHrynspiaukka sra Xycycuid xocunanu auddepenmman
TEHIJIaManap y4yH 4erapaBuil macajajap Ba SpPKUH yerapajd 4YU3MKCH3 Macaiajiap» Ba
V36ekucTon Pecniybnukacu ®@annap akagemusicu B.J.PomanoBckuit Homuaaru Matemaruka
uHctutyTuaaru OT-D4-88 «VkkuHUM Ba IOKOpPU TapTUOIM apajall TUIJAArd TEHrJiaMasap
Y4yH TYFpU Ba TECKapHu Macajajap» MaB3yCHJAard WIMUN TAAKUKOT HIIIApU pexacura
MYyBO(UK Oa’kapHiTaH.



TagKMKOTHHHI MAaKCaAM apajaml coxajapia TYpJd Kacp TapTUOIM HMHTErpo-
muddepeHenan oneparopiap KaTHAIITaH XyCYCUH XOCHJIaId TEHTJIaMaiap y4yH TYFpU Ba
TEeCKapu MacajaJapHu Taiakuk oStuml, Kamyro Ba Xundep kacp TapTubnm Xocuianap
KAaTHAIlITAH apajaill TeHrjaMajap y4yH TecKapu Macajanap OwiaH OOFJUK OYNraH HMKKU
VarapyBumnn Muttar-Jlebdnep tunuparn (GyHKUUSIAPHUHT XOCCATApUHU YpraHuIIIaH
ubopar. Konasepca, ynmapHunr typnu auddy3uoH xapa€Hiap, FOBaK coxalapia €poCTH
CyBJIapH XapakaTH, ra3jiap OKUMHUIa TaTOMKUHU aHUKJIAILL.

TagKUKOTHUHT Ba3udaiapu:

apanmam coxaiapaa kacp Taptuonu Kamyro Ba Puman-JlmyBunn uHTErpo-
mubdepeHman oneparopjapy KaTHAITaH apajiail TeHIJamManap y4yH MHTErpajl yiaml
IapTiv YerapaBuil MacajalapHUHT OUp KUUMATIIM CUUTUITUHN TAJKUK KUIUIIL;

Kanyrto, Puman-JIuyBumn kacp TapTuOiaM Xocujanap Ba THUMep-Oeccen ornepaTopu
KaTHAIITaH XyCycHuil Xocuanu Oy3unaauran auddepeHinan TeHraManap yayH HOMabiyM
MaHOaJIu TECKapy MacallajJapHu TaAKUK KUAJTUII;

Oup HeuTa Kacp TapTUOIIM orepaTopiap KaTHAIITaH apaJialll TUTAArd TeHriiaManap yuayH
TeCKapu MacaJlalapHUHT OMp KMMUMATIN SUUITUIIH [APTIAPHHI aHUKJIAIIT;

beccen omepaTopu KaTHamraH XyCyCHMM XOCWIalld TEHIJIaMajap Y4yH dYerapaBuil
MacajaJapHUHT Peryisp eYWIHIIUHE HCOOTIaI;

Kacp TapTuobau auddy3us TeHrIaMacu KaTHAITaH apajiail TeHrjIaManap y4yH HOJIOKal
yerapaBuil MacallaJJapHH apaJialll coxanapja euuil YCyJIJIapuHA UIUTa0 YMKHUIIL.

TagkukoTHunr o0bexkTn Kanyro, Puman-JluyBumn, Xwundep, runep-Oeccen
MabHOCHUJATH  MHTErpo-AuddepeHnunan oneparopiap, Murrar-Jlebdnep Ttunumaru
byHKIMSUIap, Kacp TapTHOIH XyCycHi Xocumanu auddepeHnnan TeHriamMmanapiad noopar.

TaagKUKOTHHUHI mNpeAMeTH Kacp TapTHOIM Xycycwil xocwianu auddepeHnnan
TEHIJIaMajap y4yH TYFpH Ba TeCKapu Macanajlapaup.

TaaKUKOTHUHT ycyiapu. TagkuKOT UITUAA MAaTEMATHK aHAIM3, MaTeMaTHK (pU3UKa,
YU3UKIW ONEPAaTOPJAPHUHT CIEKTpajl Ha3apusIcu, Maxcyc (QyHKOUsIap, HHTErpall
TEHIJIaMajap Ba KaTopJiiap Ha3apHscu ycyiapuaal (oiaanaHuiIras.

TagKMKOTHUHT WIMHMH STHIMJIMTH KyHuaarmiapaad noopar:

apamam coxanapaa Kanyro Ba Puman-JluyBunmn kacp TapTuOIM  MHTErpan-
mubdepeHman oneparopiap KaTHalTaH —apajall TeHrJlaMajap y4yH MHTerpai yjanml
[IAPTIIM HOJIOKAJ YerapaBuil MacaialapHUHT OUp KHIMATIN €YHIIUIITN HCOOTIIaHTaH;

oup neuta Kamyro omeparopu Ba beccen omeparopu KaTHamraH XyCyCHH XOCHJIAIH
TEHIJIamMaiap y4yH TYFpU Ba T€CKapu MacajajlapHUHT PeryJisap eUWIUIIN UCOOTIaHTaH;

TYFpU TYpTOypUaKk Ba XapaKTEPUCTHUK Y4dOypuakjgapJaH TalllKWJI TOMNTaH apajalil
coxaynapna kacp TaptuOan audQy3us TeHrIaMacu KaTHAIITaH apajanl TEeHrjamanap y4yH
HOJIOKAJT YerapaBuil MacajajJapHUHT €YUl YCYIU UIUTa0 YUKHUIITaH;

TeKUC JJIIUNTUK Ba KamyTo omepaTopiiapu KaTHAIIraH Kacp TapTUOIW apasiail
TEHTJIaMajap y4yH MaHOa-(QyHKIHUSHA aHUKJIAIT XaKUJIard TeCKapy MacalaJlapHHUHT KYy4CH3
CUYMJIUIIN UCOOTIAHTaH;

kacp Taptubaum Kamyro Xxocunacu KaTHalraH apajaml TeHrjiamMa Y4yyH MaHOa-
GYHKIMSTHY aHUKJTAIT XaKUJard HOJIOKaJI TECKapy MacaJIaHUHT OMp KUUMATIIN CUUITUIITN YIyH
IapTiap aHUKJIAHTaH;



Puman-JInyBumn xacp TapTuOIn XocHiaacu KaTHAraH AUQQPy3us-TYIKUH TeHTJIaMacH
Y49yH KYyWWJIraH OMpUHYM 4erapaBuil macana ['puH (yHKOHUSACH Xamaa MKKH Y3TapyBUWIU
Mutrar-Jlepdnep Tunuparn (QYHKUMSATAPHUHT Typiad Kacp TapTUOIM  HHTErpo-
muddepeHan onepaTopiap KaTHaIUraH XyCycuid Xocwianu Aud¢epeHian TeHriaManap
YUyH TYFpH Ba TECKapy Macajiajapra TaTOMK KWJIMHIaH SHTU XOoccallapy UCOOT KWJIMHTaH.

TanKnKOTHUHI aMaJuii HaTWkanapu. Tynpokaarn Moiekyisap aud¢ysusi, FOBak
MyXUTJIapJa €poCTU CyBJIapH XapakaTd, ra3jap OKMMHra OOFJaHraH aHHMK MHCOJIAp
KenTupuirad. TeHrnamaaaru Typiu napaMeTpiIapHUHT )Kapa€Hra TabCUPH TaXJ U KUJIMHTaH.
Mabaym I'pun ¢yHKIMS XoccamapuaaH (oljaliaHraH XoJsiga Y3rapuil YHU3UFU CHIUIMK
OynmaraH apajaml TEHIJlamajgap y4YyH dYerapaBuil macajlajJapHU HHTErpayl TeHIJamanap
CUCTEMAcHUIa KEJITUPHILI yCYIH MoAu(uKauusuianraH. Moc crnekTpajn MacalajJapHUHI XOC
(GyHKIMAIAp CHCTEMAacCHHHUHI TYJAIMK Ba Oa3uCIUK XoccajnapuiaH ¢oiinananubd xacp
TapTUOJIU XyCYCUI XOCHIalu TeHIJIaMallap Y4yH TYFpH Ba TECKapH MacalajJapHUHT TEKUC Ba
a0COIOT SKUHJIAUIYBYM KaTOpJIap KYPUHUILIHUIATH edyuMiapu oluHrad. Mkku y3rapyBuuiu
Murtar-Jlepdnep dyukuusinapu Ba ['puH GYHKIMSACHHUHT UCOOTIIAHTaH SHTU XOccallapy
épaamMma Kacp TapTUOMM apayanl TEHIJamMajlap y4yH SHrH CUH(pIaru macajajiap TaaKuK
ATUIL UMKOHUSATH KEHTaUTUPUIITaH.

TaagKUKOT HATHKAJAPMHHMHI MINOHYWIWJIMIHM Kacp TapTHUOIM XyCYCHUH XOCHJIaIu
muddepeHual TeHriaaManap yuyH TYFpH Ba TeCKapH MacalajapHu eduul, I'puH QyHKIuscH
Ba MKKHU y3rapyBuuiau Muttar-Jledpduep tununaru GyHKIUsUIap XoccalapuHu YpraHuil Ba
yJIlapHU 4YerapaBHil MacajaJapHU €YMINra TaTOMK ATHILJA MaTeMaTHK aHallu3, MaTeMaTUK
¢u3uka, maxcyc QyHKUMAIap HazapuscH, IuddepeHuran TeHIJamanap, YW3HKIN
OIepaTOpPJIAPHUHT CIIEKTpajl Ha3apHsCH, MHTErpal TEHIJIaMajap Ba KaTopjap Ha3zapusicu
yCYJUTApUHU KYIiam OulaH acocjaaHTaH.

TagKUKOT HATHKAJIAPMHMHI WJIMHA Ba aMajJuil axaMuATH. TagKukoT
HATIDKAIAPUHUHT MIMHUN axamMuaTH ymoy HIIAa OJMHITAaH WIMUN HaTWXalaplaH Kacp
tapTrOaN nuddepeHiran Ba MHTErpall TeHTIaMaiap Ha3apusacu Xxamja Maxcyc GyHKIusap
Hazapusicuaa QolanaHuIl MyMKUHIUTYA OuIaH U30XJ1aHA/IH.

TaaKUKOT HATHXKAUTAPUHUHT aMAJIMN aXaMUATH OJMHIAaH WJIMHUN HATHKAUTAPHUHT Kacp
TapTUOIM XYCYCHM XOCWJIAIM TEeHIJIaMajap OpKaId HQOJallaHyBUM TYpJIM XapaKTepaard
mubdy3usa xapa€HiaapH, XycycaH, TYOpOKJIard Mojiekynsap auddysus, FOBak MyxXuTiapia
€pOCTH CYyBJIapH, I'a3 Ba KaM CHUKHWJIyBYaH CYIOKJIMKIAPHUHT XapaKaTIaHMII apaCHIapura
TaTOUK DTHIINIIY OWIaH OeNruiiaHaau.

TaagKUKOT HATHKAJTAPUHMHI JKOPMM KWIMHHINM. Jlucceprauus TaJKUKOTH
J)Kapa€HUZa OJIMHIaH WIMHM HaTwKajlap KyWuaard HyHaauIapiaa aMalueérra >KOpUM
KUJIMHTaH:

Apanam coxanrapaa Kacp TapTHONM apaiail TeHIJIaMajap y4yH TEeCKapu macajaiap
eunmiapuau Oypne-beccens Ba Dypobe-Jlexxanap karopnapura €ind TonuI ycyiapu Xxamia
Murtrar-Jlepdnep tunugaru QyHKUMSUIADHUHT SHTU XoccajapujaH (oiaanaHu® WiMHid
JOMMXa Macajajapu TaJAKUK OSTHITaH (I'enr ynuBepcutetuHuHr (benbprusi) xampaa
MaremaTrka Ba MaTEMaTHK MOJEIIAIITHPUII yHUBEpcUTETUHUHT (Ko3oructon) 2020 iinn 12
utonnaru  01-06/98-con  mabiymoTHOMacu). WiMuil  HaTWKaTapHUHT  KYJUTQHUJIHIIHA
TUMORUIMIITUK Ba cyonud¢y3us TeHrnamalapu y4dyH TeCKapu MacanajapHu OepuiiaH
dyHKUMATapra aHUK MapTiIap acocuaa Oup KMAMaTIN eunil UMKOHUHH OepraH;



Kanyro omneparopu karHamras apajaml TEHIJlaMa Y4YyH VYpraHwiraH TeCcKapu
MacalaJlapHUHT Ky4CH3 Ba PETyYJISAp SUMIUIIUHUHAT TAJKUK STUII YCYJUIApH sTHA OUP XOPHKHIMA
TpaHTAa Kacp TapTHOIU apajiall TeHrjiaMaliap y4yH TypJd HOJIOKaJ TeCKapu MacalajlapHu
tagkuk Kuniaa unviatuirad (Cyntod Kabyc ynusepcuretuHuHr (YMMoH) (YMmon) 2020
iun 15 uronaarn MabiiyMoTHOMAcH ). ImMuii HaTWKalapHUHT KYJUTAHWJIAIIN Kacp TapTHOIu
mubdepeHIuan TeHrIaManap Y4yH HOJOKal MIAPTIM TECKapy MacajajlapHd KYWuIil Ba
YIIAPHUHT €YUMJIApUHU a0COJIIOT Ba TEKUC SIKMHIIAIYBYU KaTopiap KypuHuiuaa udoaanad
€YUl UMKOHUHH OepraH.

WkxuTa y3rapuin yn3urura sra 6yiaran kacp TapTUOIIM apaniail TeHTJIaMa Y9yH HHTerpal
yJIalll MapTJId HOJIOKAJI YerapaBuil MacajJaJlapHUHT TaJKUK 3THII YCYJIM XaM/ia Tumnep-oeccen
oIrepaTopy KaTHAILITaH Kacp TapTuOin nquddepennuan TeHrnamMaiap yuyH TYFpHU Ba TECKapH
MacajlaJlapHi €4MI yCIIyOou Xoprmxkuii miMuii kypHamiapaa (Mathematics, 2020, 8:856;
Mathematical Methods in Applied Sciences, 2019, 42(11), pp. 3865-3876; Journal of
Mathematical Analysis and Applications, 2018, 468(1), pp.473-479; Differ. Equ. Dyn. Syst.,
2017, https://doi.org/10.1007/ s12591-017-0378-2; Electronic Journal of Differential
Equations, 2014, Ne 97, pp. 1-17; Electronic Journal of Differential Equations, 2015, Ne 221,
pp. 1-10) wnuratunran. WMnMmuid HaTWKaJapHU KyJUlall HaTMDKACHIIA YYUHYH TapTHOIU
napaboMUK-TUIIEPOOIUK THUIAArW TEHIJIaMallap y4yH 4YerapaBHil MacajalapHU TaJKUK
stHaa, KamyTo onepatopuiiu AMCKPET MapaboIuK TeHIJIaMalla yuyH dyerapaBuil Macaiaiap
Xamja THurep-Oeccesl OmNepaTopyd KaTHAITAH XYCYyCH XOCHJIajdd TeHrjamaiap y4yH
yerapaBuil MacajajgapHu TaJAKUK 3TUIIA HorJaTaHuITaH.

TaaKUKOT HATHKAJTAPUHUHI anpolauuscu. MasKyp TaJKUKOT HaTwxamapu 15
WIMH-aManuil aHXyMaHlap/aa, KymialaH, § Ta Xalkapo Ba 7 Ta peciyOiiuka WIMHH -
aMaJIMil aHKyMaHJIapU1a MyXOKaMaIaH YTKa3uJraH.

TagKNKOT HATHKAJAPUHUHT IbJIOH KWJIMHTAHIUTU. [{uccepranus maB3ycu Oyiinua
)kaMu 35 Ta WIMUNA MII YOI STUJTaH, UIyJapjAaH, V36exucTon Pecniybnukacu Onuit
aTTeCTaTUUsl KOMUCCUSICUHUHT JOKTOPJUK JAUCCEPTALMSAIAPHA aCOCUI MIMUN HATHXKAJIapUHU
YON 3TUII TABCUSI STWITaH UIMHN Hamipiapaa 18 ta Mmakoina, )kymiaaad, 14 Tacu Xopuxui Ba
4 tacu pecryOyIMKa XypHaJUTapua HaIlp STUJITaH.

JluccepTallUSIHUHT TY3WJIHINKA Ba XaxMH. Jluccepramusi KUPUII KUCMH, TYPT 000,
XyJjoca, uioBa Ba (QoiinanaHwirad agabuérnap pyiixarugan mbopat. JuccepTaluusHUHT
xaxmu 207 O€THHU TAIIKUJI DTraH.
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JTUCCEPTALIMSIHUHT ACOCHUIA MASMYHH

Kupum kucmyuaa VyTKa3wiral TaJKUKOTIAPHUHT JIOJ3apOiurd  Ba 3apypaTu
acocjaHraH, TaJAKUKOTHUHI pecnyOnuka (aH Ba TEXHOJOTUSJIAPU PHUBOXKIAHUIIMHUHT
YCTYBOp HYHalIMIUIapura MOCIWTH KypcaTWiraH, MaB3y OVinYa XOpMKHA WIMMIi-
TaJKUKOTJIAp IIApXU, MYAaMMOHMHI YpPraHWITAHJIMK Japa)kacu KEITUPWITaH, TAJAKUKOT
Makcaau, Basudanapu, OOBEKTH Ba MpeAMETH TaBCU(DIAHTAH, TAJAKUKOTHUHT HWJIMHNA
SHTWIMTY Ba aMaJluid HaTwXKalapu Oa€H KWJIMHIAH, OJIMHIaH HATWKAJapHUHI Ha3apuil Ba
aMaJIuii axaMHUsITH 04MO OepuiiraH, TaJKUKOT HATIDKAJAPUHHUHT KOPUN KUIMHHILK, HAIIp
ATHIITaH MIIJIap Ba JUCCEPTALUS TY3WIUIIN OYiirua MabIyMOTIIap KEATHPUIITaH.

JuccepranusHuHr « bUTTa Ba MKKMTA THI Y3rapuil YM3UFUra 3ra 0y/aran apaJai
TeHIJ1aMAaJiap y4yH HHTerpaJi yJau mapTJi Yerapapui MacaJjaJjap» 1e0 HoMJaHras 1-
6o6una Xundep, Kamyro Ba Puman-JIlyuBuiun kacp TapTuOIM XocHiIaiap KaTHAITaH OWTTa
Ba MKKWTA TUN Y3rapuil YU3UFUTA dTa OYIraH apajall TeHrjamalap y4yH MHTEerpai yjaml
HIApTJIM YerapaBuil Macaianap TaAKUK KWIMHTaH. YJall MapTUHUHT KYPUHUIIUAAH KeIuo
qyuKuO YpraHwmaéTraH Macajajgap SKBUBAJCHT Tap3da € HMKKUHYM Typ BomasTeppa, €ku
uKkuHYM Typ @DpenronpMm uHTErpayl TeHINIamacura kentupuiarad. OXHpru xonaraa sca
Macaja €4MMH SITOHAJIMIM aloxuja ucOoTiaHrad. by sca ynam mapTiapMHHMHT apajanl
TEHIJIaMajap y4YyH KYWWIraH MacajlaJJapHUHI OUp KUMMAaT/Iv EeYWIUIIWIA MYalsH poi
VUAHAIIMHYU KypcaTaJiy.

() coxana KyHuJarv TeHriaMa y4yH

u, —D,“u, t>0,
0= 1)
uxx - utt’ t < 0

WHTETpaJ yJIall MapTiau YerapaBuil Macajanu 0aéH dTaMu3:
1-macana. [Ulynoai U (X,t), Pyuxyus monuncunxu, y 2\ AB coxada yznyxcus

oyncun; U, (X,t) U, (X,t) yocunanap €2, coxada yszayxcus 6yncum; u, (X,t), Dg“u (X,t)
aap Q) coxaoa yszayxcuz 6yacum; €2 ea €, coxanapoa (1) menznamarnu
KAHOQMAAHMUPCUH, KYUUOG2U yezapaeuil u (O,t) =u (1,t) =0,0<t<],
u (X/ 2,—x/ 2) = l//(X), 0 <X <1 xamoa yraw wapmiapunu KaHoamMAGHMUPCUH:
limt“**“u(x,t) =u(x,-0),0< x <1,

t—+0

limt" [t(l"‘)(l“’)u(x,t)]t = yu,(%,-0)+7, Iut (z,-0)P(x,2)dz
0

t—>+0

+7,Ju (2,-0)Q(x,z)dz,0 < x <1.

By epna 2=Q, U Q, U AB - x Bat y3rapyBumrsiapauar 6up OOFIaMIIM COXACH,
AB ={(x,t):0<x<1,t=0}, Q ={(xt)0<x<1,0<t<1},
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d
dt
- 0{(0<0{Sl) TapTUOIN Ba ,u(OS ,uSl) tungara Xuiadep uHTErpo-auddepeHnnan
1t f(z)dz
F(a)’([(t— 7)™
TapTHOJIM HWHTErpaju, F(a) - Diinep raMma-(yHKUHUACH, l//(X), P(X, Z), Q(X, Z) -

1 (1)

2

Q ={(x,t):—t<x<t+1,—%<t<o}, Dz f zlgi(l_a)

oneparopw, | ;; f (t) = a(Rea > 0) tapTOau Puman-JInyBumn kacp

Oepuiiin  coxajmapuaa y3Iykcu3 Oyiran  QyHKUmsuiap,  ¥,,%,, Y, €R, mysnaiikm
7o+, +r %0,

Kylingaru sroHaJIMK TeOpeMacH ypUHIIN:

1-reopema. Azap ¥, >0,7, 20, 7, 20 6a gyiuoazu wapmaap 6axcapuica

PO R R (), 2= 0 (x0.(2), P(x0)20,Q(x 020,

1-macana 6ummaoan opmuk euumea 32a smac.
1-mucou. Yuby ¢hynxyus P(X,t) =sin X cost, Q(X,t) =e” (l+ e )

1-meopemanune b6apua wapmiapunu KaHOAMAAHMUPAOU.
1-mMacajaHMHT €YUMHU MaBXKYAUTH KyHUard TeopeMajia ncOOTIaHraH:
2-TeopeMa. Aeap 1-meopemanune bapya wapmiapu xamoda

P(x,1),Q(x,t) e C([0,1]x[0,1]),(8/ 8t) P(x,1),
(216t)Q(x,t) eC([0,1]x[0,1]),w(0) =0, w(x) eC'[0,1] " C*(0,1),
wapmaap oaxcapuica, l-macaranune s20Ha e4uUMU MABHCYO.
By epna ﬁ(-,-),@(-,-),ai,bi,ci (i =1,_3),0'Z,ﬂ~,77 - myHAal 6epuirad GpyHKIMAIAPKH,
a’+al=#0,a’+a2 =007 +b2#0,b> +0b2 #0,6° + f° +7° # 0,82 +b° +c” #0,i=1,2

Y6y 600HMHT TaBOMHIa KyWHIaru Macalia TaJKUK KHJIMHTaH:
2-macadna. [Ilynoau U (X,t) DYHKYUAHU MONUICUHKU,

1) u(xt)eC(Q)NCH(Q,) NC*(Q,), cDsueC().u, eC(Q);

2) Kyuuoacu meHeiamanu KaHOaAmianmupCum.
1+sgnt DL 1-sgnt

XX 2 Cc ot

u,=0;
3) Kytuoazu HONOKAN Ye2apasuil WapmiapHu KAHOAMIAHMUPCUH.
a (z)u(0,z)+b(z)u(z/2,-2/2)=c(z),0<z<1,
a,(z)u(Lz)+b,(z)u((z+1)/2,(z-1)/2)=c,(z),0<z<1,
a,(z)u(0,2)+by(z)u(Lz)=c,(z),0<z<1;

4) u (X,t) Kyuuoazu yaaui WapmiapuHu Xam KOHaAmAaHmMupCum.:
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limt™“u, (x,t) = au,(x,—0) +,Bju z,—0) (xz dz+;/ju Z, O)Q(x,z)dz,0<x<1.

t—+0

3 1 t f(”)(z)
By epoa D, f :F(n—a)!(t—z)““” ( [Re ]+1 '[>0)

o xacp taprn6iu Kamyro unrerpo-muddepenunan omepatopn, 0<a <1, &@,f,7 -
Oepuiran XakuMKMH COHIIap, |5(X,Z),(§(X,Z), ai(Z),bi(Z),Ci(Z) (iZE) - IyHjai
Oepuinran (b}:HKHI/IﬂJ'IapKI/I,

a’+ [ +7° 20,8/ (z)+a;(z)=0,a'(z)+a;(2)#0,b} () +bj (z) =0,
b’(z)+bi(z)=0,aj(z)+bj(z)+c(2)#0, j=12.

Kyiingaru Teopemanap ypuHiIu:
3-TeopeMa. Aeap Kytiuoaeu wapmaap oaxcapuica

P(xt)=R(x)P(1).Q(x.1) =Q(x)Q, (1),

é_'x+~_x~x~x—~_x~x~x>—’Bl(l) <
5 2( ) :de( )Pl( )Pz( ) 7d2( )Ql( )Qz( )_0’2d_2(1)f>2'(1)_0’
QO _gd ARK) 209 |

oamaiiou, oy epoa
— 1+d,(z) a (z)b,(z)c
d,(z)=—22,d,(2)= AP
:(2) 1-d,(z) :(2) a,(z)a,(2)b,
4-Teopema. Aeap 3-meopemaHune bapya wapmiapu xamoa
a,(z),b(z),c;(z)eC[0,1]nC*(0,1),P(x,2),Q(x,2),

Px2) Q) ¢ (101]x[04])~C*((01)x(0.0).
oz 0z
wapmaaap obadcapuica, y Xon0a 2-macaia oup KuumMamiu eduniaou.

1.3 Ba 1.4 maparpaduapaa UKKATa TUN y3rapuin ynsurura sra, Kamyro Ba Puman-
JInyBuiin kacp TapTUOIM oneparopiiap KaTHAITaH apajall TeHIJIaMa Y4yH MHTErpajl yjaml
IapTiy YerapaBuil Macajnajiap ypranuiarad. TaakuK KUIUHAETraH MacaJlaHu Oup KUMaTIn
CUMJIMILN/IAH TAIKAPHU yJIalll IAPTUHUHT MacajlaHUHT CUUUIIUILINTA TabCUP KYPCATUIITaH.

DOHJIU KyWHIaru TeHriaMaHu

. (X Y)=cDiu(xy), 0<i<l, (x,y)eA,,
9)= { ()0, (1), (y) A, (i=12)

d
a,(2)b,(2);(2) %48, (2)a,(2)b,(2), B (%), Q' () 20,

a 6yna o.

(

(2)
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A=A, VA UA, UAA UBB,. coxana taxkuk xunamus. By epua ¢ (X, y) - Oepuiran
Gynkms, A, - yuiapu A(O, O), B(l, 0), B, (1, 1) A, (0,1) Hykramap Oymran ABB,A,
TYFpUTYpTOYpuaK, A, (A2 ) - X< O(X > 1) na  AA ( BBO) KecMa, (2) TeHrIamMaHuHT
AC ( B, D) xapakrepuctukacu xamaa AC X=-y, ( y)[ BD :x=-y, ( y)] CHJUTHK YH3UK

OuJiaH YerapajaHTaH coXa.
(2) renrmama yayn A coxana Kyinaard MacajaHH TaJKUK KHJIaMU3:
3-macaJa. (2) TeHTJIaMaHHHT

W, ={u(xt):u eC(A)NC'(A), U,  DgueC(A,),ueC?(A,)]
byHKIMsUTap cHH(UTa TETUIUTM Ba Kydnaard oomanFud U (X, 0) =0,0<x<],

verapaBmil (ux —u, )‘ =0, (UX +U, )‘BD =0, mapTiapru xamaa yiai mapTiapuHu

AC
KaHOATJIIAaHTUPYBYHU CUHMH TOIIUJICHUH:

u,(-0,y)=eyu, (0+, y)+,81.y[ux(0+,t)Ql(y,t)dt, 0<y<l1,

u (1+0,y)=a,u,(1-0, y)+ﬂziux(l—o,t)Qz(y,t)dt. O<y<l1.

By epna o,/ (i=12) - Gepwiran mynmaii xakukuii comnapkn, of + /7 #0,
Q(y.t)(i=12) - Gepuiran dpysxumsnap.

Kyitnnaru teopema ypuHiu:
5-teopema. Azap o, #0 (i =1,2) 6a
g(xy)eC(A)nC (A).Q (y.t)eC([0,1]x[0,1])nC*((0,2)x(0,2))
wapmaiaap oaxcapuica, y Xon0a 3-macaia oup KuuMamiu e4uniaou.

OHau 3-macanafaH KyWuJard yiaiml maptiapu OuiaH (apk KuiayBuu 4-macajiaHu
TaJKUK KUJIaMH3:

u, (0+,y)=asu, (0-,y) +ﬂ3jux(0—,t) R (y,t)dt,0<y<1, €)
y

U, (1-0,y) =, (1+0,y)+ A, Ju, (1+0,t)P,(y,t)dt,0< y <1. 4)
y

By epna ¢, B, (i = 3,4) - myHait xakuKuit connapku, o + 37 #0),
P ( y,t)(i =1, 2) - Oepuirat y3iaykceu3 GyHKIUsap.

Yoy macananu (3), (4) ynam maptiapu Ty(daiiii SKBUBAICHT Tap3a UKKHHYH TYP
Bonbreppa unTerpan renrnamacura kentupub 6ynmaiian. Macana ukkuH4uH Typ Opearonsm
MHTErpan TeHrinamacura kentupunaau. [y cababnu macania e4MMUHUHT SITOHAIMTY aJIOXH]1a
ucOoTIaHaIN.
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Kylinaaru siroHanuk TeopeMacy HCOOTIaHTaH:
6-Teopema. Aumatiiux

;20,8 20,R(y,t)=R,(y)-R,(t), R,(1)=0,

Pi,l(y)' Pi,z(y)so’ F;:r (0) ZO’[:Irz((il/))) 2O(i =12,] :3’4)'

Y xonoa, acap 4-macana euumu maeocyo oynca, y aconaoup.

2-mucon. P ( y,t) =e’ (1 —e* ) byHkuss 6-TeopeMaHUHr Oapya IIapTIapUHU

KaHOATJIaHTUPAIH.
4-MacalaHWHT €UMMH MaBXYJIMTH XaKuaa KyHuaara TeopemMa ucoOoTaaHraH:

7-Teopema. Aeap o # O(i = 3,4) 6a Kyuuoazu

g(xy)eC(A)nC (A), R(-)eC([0.1]x[0,1]) nC*((0,1) % (0,1))(i =1,2)
wapmaaap bascapuica, y Xo010a 4-macaniaHure edumu mMasicyo 6yiaou.

Puman-JInyBumn xacp TapTHOMM XOocujla KaTHAIITAH TUI Y3rapuil YW3UFU HMKKHATA
Oyiran apanail TeHIJIaMa y4yH HOJIOKaJl YerapaBuUil Macalia SKBUBAJICHT PaBHUIIIa UKKUHYU
Typ BonbTeppa uHTETpan TeHriamManap CUCTeMacura KenTHPUITaH.

JuccepTanssHUHT «Y4YTa THI y3rapuil YHM3MFUra 3ra OyJraH TeHIJIaMa Y4YyH
HHTErpaJj yJam mapTJd YerapaBuii Macajajgapy» 2-600uaa Tyrpu TYpTOypUaK Ba ydta
XapaKTepucTUK yuOypuakaaH nbopat apanam coxanapaa Kamyro xacp Taptubin uHTErpo-
muddepeHan onepaTopyu KaTHAITAaH apajall TeHTJIaMa YYyH HOJOKAJl IMapTih yd4Ta
Macaja TaJKuK STHITaH.

2.1 maparpada ydtra THN Y3rapuill YU3WFUTA 3Tra OYJraH apanail TeHIJama Y4yH
XapaKTEPUCTUKAHUHT TYPIU KUCMIIApUHH OOFIoBuM DpaHKI TUMUAATH MIAPTIM Macaja
TAJAKUK OTWiIrad. Macama 5SKBHBAJICHT Tap3Aa HWKKUHYM Typ Boabreppa wuHTErpan
TEHIJIaMacura KeJlITUPUIITaH.

Kylinnaru TeHriamanu

0= Uy _CD(?yu’ (X’ y)E(DO, )
Uy — Uy, (X,y)ed,(i=1,3)
D=, VD, VD, UD, UABU AA U AB, apanam coxana Taakuk stamus.. By epna
0<A<1, D, ={(x,y)0<x<10<y<1}, O, 0,,0, - yunmapu
A B,C;A A,,D;B,B,,E HyKTanapaa oynran XapaKTePUCTHK y4Oypuakiap,
A(0,0),A,(0,1), B(1,0),B,(1,1), C(1/2,-1/2),D(-1/2,1/2), E(3/2,1/2).
S5-macaina. (5) menenamanune Kyuuoazu

W, = {u(x, y):U € C(D@), Uy, < Df,u € C(D,),u(X, y) € C*(D;),i =1,_3},

Gyukyusanap cunguea mecuwiny, OUpUHUU MapmuoOIU UX(X, y) xocunacu DP\D; oa

V3YKCU3 Xamoa Kyuuoazu wmapmiapiu KaHoamiaHmupyeuu edumy monuicum:
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a, (Hu(t,—t) +a,(t)u(-t,t) =a,(t),0<t <1/ 2, Uls=d(x), 1/2<x<1,
Ulge= ¢, (y), 0<y<1/2, lim (Dgu(x,y) = limu, (x,-0), 0<x<L,
y—+

y—>-

6y epma & ()@, ()(1 = 1,3,j=1,2) - mynnait 6epuran GyHKIHATAPKH #(1)=¢,(0).
8-Teopema. Aeap kytiudaeu wapmaap oaxcapuica:
a(),4,()eC0,1/2]nC?*(0,1/2) ,¢,()eC'[1/2,1]nC?(1/ 2,1),
¢ (1) =,(0), &(0) #—a,(0), y yoroa 6-macaranune euumu massxicyo ea szona 6ynaou.

3-mucoa. 8-teopema maprnapunu KaHoatnantupysuu & (), #,(-) Pysximsanapra
MHCOJI Tap3U/a Ky IaruiapHyu KeITUPUII MyMKHH:

a,(t) = cost, &, (t) =sint, a,(0) =t*, () =€, 4 (y) =¢”.

2.2 maparpad y4yra THIN Y3rapuil YU3WFWra 3ra OYJAraH apanaml TEHIVIaMa YJyH
XapaKTepUCTUKAJIap/la HOJOKA IapTiap OepwiraH dYerapaBUii MacallaHUHT CYHMMHHH
TonwuIinTra OarunuIaHTad. Maxcyc alroputM EpaaMu/ia Macaiaa €UdiMHU TOTTHJITaH.

6-macasna. (5) MeHeIaMAaHUHe

U(X,y) €C(®) NCHD;)NC* (D), j =1,3; ;. D,u € C(Dy) cuncpea meauwanu, U, (X,y)

yocunacu X =0, X=1 zaua yznykcus xamoa

b, (t)u(t,t —1) +b, (t)u(2—t.1-t)=hy(t), %stsl,

¢, (t)(u, +u, )(t-1,t)+c,(t)(u, —u, )(2-t,t) =c,(t), % <t<l;

HONOKAJ Wapmiap 6a Kyuuoazu yiaul WapmiapuHu KaHOAMIAHMUPYEYU eYUMU MONUICUH.

lim ¢ Dg,u(x, y) = equ, (x,-0) + ﬂljuy(z,—O)H(x, z7)dz, 0<x<1,
y—+0 0
y
u, (+0,y) = a,u,(-0,y) +,82qu(—0, 2)P,(y,z)dz, 0<y <],
0

y
u,(1-0,y) =, (1+0,y) +,83J'ux(1+ 0,2)R,(y,z)dz,0< y <1,
0

By epma R(-7), & (t), b (t), (t)(i = 1,_3) - myHaai 6epuiran GpyHKIMAIAPKH,
5,(0)+2,(0) 0. (1) b, (1) 20,8 (1) (1) > 0,02 (1) +62(1)> O
¢l (t)+c5(t)>0,a(t)+bi(t) >0,4;(t) +b’(t) >0,

a;, [ - myHgai Gepuiran XaKMKHHA COHIAPKH aiz + ,Biz #0.

(6)

16



9-teopema. Aiimaiinux (6) wapm baxcapunzan 6yncun. Aeap P.(,,-) @yuxyus bepurean

coxacuoa y3iyKcu3 6a y3nykcus ouggepenyuanianosuu 6yica xamoa
1 2(N(i —1 A\ F=~
a()b(),c()eCTLINC ()1 =1,3), 6yuca, 6-macaranune seona ewumu magxucyo.

2.3 maparpadua CHWUIMK YM3MKJIAp OWIaH dYerapajaHraH Maxcyc COXaja ydTa THII
Y3rapuill YM3WFUTa 3ra OYJIraH apanaml TEeHTJIamMa Maxcyc yJiaml mapTid HOJOKal macaia
TaIKAK KWIMHTaH. Macajla SKBUBQJICHT paBUIIAA HKKUHYU Typ Ppearoabm WHTETpal
TeHrJaamanap cucremacura kentupwirad. Iy caGabman macana €YUMHHHHT SITOHAJIHUTH
aIOXUa Tap3/ia YHEPT s UHTETPAJUIApU OPKAIH UCOOTIIAHTaH.

- * 2 .
Aditaiimuk @ cR°-  Oup  Gormammm  apamamr  coxa  Oymm6,  OyHma

*

O =d, ud, UABUBC U AD(i =l,_3) , 0y epna A(0,0), B(l,O),C(l,l), D(O,l), D
- coxa ¥, orpu umsuk Ba AB (i=1), BC (i=2), AD(i=3) kecma OGunan yerapananran
coxa. 7 :t==1(X),70)=91)=0, y,:X==p,(t), srpu unsuxnap y,(0) =y,(1) =0,
Vo X==y;(t)+1,7,(0)=y,(1) =0 maprau xKaHOaTNIAHTHMpamu Ba TYJIAIMIAYa MOC

XapaKTEPUCTUK YIOypUaKIap uauaa ETau.
by naparpadaa Kyitugara TeHriiamMa TaJKuK dTHITaH.

Lu = f(xt), @)
u, —.D{u, (x,t) e®,,0< A<,
(x,t) e (i =1,3).
7-macana. (7) menenamanune Kynuuoacu QyHKyusiap cunguea me2uuiiu

W, = {u u(x,t) eC(@"),u,,, .Diu e C(D;),u(x,t) e C* (D)), =173}, GupuHuu

u, —u

XX t?

Oy epma Lu= {

xx!C

mapmubnu xocunanapu sca D, ea @, (1=1,3) coyarapnune vecaparapueaua ysnyxcus ea

Y6y [u,—u](6.(5) =0 [u, +u](6(s)).0<s<1,
[, —u](6,(8)) =, [u, +u](65(5)).0< s <1,
[u, +u,](6:(5)) = 03U, —u,](65(5)).0< s <1;

nonoxan wapmaapnu kanoamaanmupysyu xamoa U(A) =U(B) =0 wapm ea kytiuoazu ynaw
Wapmiapuny KaHOGMAGHMUPYEYU eYUMU MONULCUH.

1

lim ¢ Du(x,t) =, (x,~0) + 4 Ju(s,~0)R(x,5)ds,
1

U,(+0,t) = @,u, (-0,t) + 3, [u, (<0,5)P,(t,5)ds,
t

1
u, (1-0,t) = &,u, (1+0,t) + B3jux(1+ 0,5)P,(t,s)ds.
t

17



by epna O, 07i , ﬁ. - 6epI/IJ'IFaH WIYHJIal XaKUKUKA COHJIAPKH, 07i2 + ﬁiz #0, F?(,) - 6ep1/mraH
dycwnnap, 6,(5),6,(5).6,(8) £, (5).6,(8).65(5) | - moc xomma 7(s)(i=13) orpu

YU3UKHUHT (7) TEHIIaMaHUHT X—t=s, t—Xx=s, X+t=1+s
[X +t=s,X+t=s5t—x=1+ S] XapaKTepUCTUKAJapy OWJlaH KECHINHUII HYKTaJlapu

adpukcaapu.
7-MacajaHuHT OMp KMMMATIN €YMIIMIIN XaKU1ard KyﬁI/II[aFH TeopeMa YpHUHIIA:

10-Teopema. Aumaiiiux |5(t S) = I?’il(t)- ,(8),P,,(1)=0,i= 17’),] =2,3 sa
a2(1+02) >0, ﬂ2(1+02)
1l-o0, 1-o0,
ﬁ2(1+0'2) ) |52'1(O) <0 182(1+O-2) . Isz,l(t) 131(0-1 1) >0,P,(x)-P,(x)>0 IS1,1()() >0
2(1-0,) B, (0)  21-0) (B, oy rp) R P, (X)
wapmaap xamoa Kyuuoazu wapmiap YpuHiu OVicumu.

f(x1), P(x,t) eC([0,1]x[0,1]) " C*((0,1)x (0,1)),

as(o, — 1)<0 ﬂ3(0'3 15 31(,[) P32('[) 0,33(63 1) 31(0)_ ﬂ3(0'3 1)£ 31(t)J
o,+1 o,+1 2(c,+1) P 3'2() 2(03+1) P, (t)

21(t)P22(t) <0

YV xonoa 7-macananune a2o0Ha evumu Masicyo o6yiaou.

Huccepranusaunr «KamyTo kacp TapTHOJIM X0CHJIAJIN apajanl TeHIJaMajiap y4yH
TYFPU TYPTOypUaK coxajapiaa Teckapu macajnajnap» 1e6 HomiaHraH 3-0o0Ouma TYFpu
TYpTOypuak coxana KamyTo kacp tTapTubiau uHTerpo-nudQepenunan onepaTopu KaTHAIITaH
apananl TeHTJiaManap y4yH 4 Ta TeCKapu mMacalia TaAKUK STUJITaH.

3.1 maparpada Bakr Oyiinua Kamyro Xocwianu apanam TeHrjJama y4yH (a3oBHiA
y3rapyBumiiap OViinua HOJIOKAJ MIAPTIM TeCKapu Macalia TaAKUK KuJIuHTaH. Macana edumMu
OMOPTOroHaJ KaTop KYpUHUIIKAA KUAUPWINO, SKYHIa UKKU Y3rapyBumin Mutrar-Jleddnep
GyHKIMSICH opKaH Qo aanaHam.

Kyitngaru kacp Taptubnu apanai TeHrjiaMaHu

Dju—u,,t>0,
f(X):{CD(E ®)
<Dpu—u,,t<0

!
A= {(X,t) 0<x<l-p<t< C]}. TYFpu TYpTOYypUaK coxaja TaIKuUK 3TamMu3. by epaa
a,f,p,qeR", mynpaiiku 0<<1,1< <2, f (X) - HOMabJIyM QYHKIIUS.
8-macana. Kyuuoazu wapmiapuu KaHOAMJIAHMUPYEYU {U(X,t), f (X)} Gdynxyusnap
aHCyhmu monuncumn:

i)u(x,t)eC(K)me(NuA ),CD;;UEC(A*),CDOU eC( ) f(x)eC[0,1];

- + — o «
i) A" sa A” coxanapoa (8) menznamanu 6a Kytiudazu yezapasuii wapmiapHu
KAHOAMIAHMUPaou:
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u(0,t)=u(1,t),u,(0,t)=0, —p<t<qg,u(x,—p)=w(x), u(x,q)=¢(x),0<x<1;
i) lim CDg;u(x,t) =lim CD{Ou(x,t), 0 <x <1, yraw wapmunu xkanoamnanmupaou.
t—>+0 t—>-0

By epna A= A(‘\{t > 0},/\7 = Aﬂ{t < 0}, y =const e (0,1], l,l/(X), ¢(X) - Gepuiran
wyngai Gyaxuusiaapku, ¢(0)=¢(1),w(0)=w(1).

8-macanmaHu TagKWK STUIIIAH OJAWH WUKKH y3rapyBumian Murrtar-Jleddnep tunmuoaru
(GYHKUUSHUHT allpuM XOCCACUHU YpraHWIraH:

E{ V@37 B, IX}
' é‘l’a2’ﬂ2;§2’a3;53’ﬂ3 |y

_ ii (71)alm (Vz)ﬁln X" y" |
nons ['(6, +a,m+ B,n) T (8, +a,m) (5, + 4n)
Kyitngaru semMmma YpuHIu:
1-nemma. Aeap Y=X,y,=0,=1, B, = B,, A= B, 6y1ca, y xonoa

E( 7/1,0!1;7/2 ﬂl |Xj_yE( 7/1,0(1;721ﬂ1 |Xj:Ey1‘a1 (X)
l 51,0(2,ﬂ2;52 3’ 3’ﬂ3 |y ' 51+ﬂ'1a21ﬂ2;52 31 3’ﬂ3 |y “21%%2

menenuk ypuniu 6ynaou. by epna

= (n) X"
. = L
cr s, (X) mZ:()F(5l+a2m)T(52 +a;m)

MacananuHr 6up KUAMATIN SUWIHIIHN KyHHIard TeopeMasia ucOOTIaHTaH:
11-teopema. Aumaiiiux 0 <y <1. Aeap

(%), (x)€C°[0.1], 67 (x),»® (x) € L, (0.1),4(0) = 4(1), #'(0) = O,
#"(0)=¢"(1),¢”(0)= ¢ (1), (0) =¥ (1).4'(0) = 0,p"(0) =y (1), ¥ * (0) = (1),
wapmaap 6asxcapuica, y Xo10a 8-mMacaianune 120Ha evuMu MAagicyo.

y =1 6ynran xonatna ynam mapTu

lim cDgu(xt) = limu, (x.t), 0<x<1

KYpHUHHIITA YTaau Ba Oy XOJI ajloxuaa TaakKuK ITHiaau. MacamaHuHT Oy X0Jaa CUUUIUIIH
Kyiunara reopemMaa uo1aanran:
12-teopema. Acap xyuudazu wapmaap ypuniu o6yica

#(x),w (x)€C°[0,1], 67 (x),»® (x) € L, (0,1),4(0) = ¢(1). '(0) = O,
#"(0)=¢"(2),6°(0)= 4" (1), v (0) =y (1),¥'(0) = 0,y"(0) =y (1), *(0) =™ (1),

g a
A,=p+ P __d #0
rpg+1) I'(a+))

Ak: p ﬁﬁ+l( (2k7T) p )+ pEﬁ,z(_(ZKﬂ')2 pﬁ)_ aa+l( (2'(72') g )

8-macana ewumu y =1 xonoa seona euumea s2a 6y1aou.
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4-mmcoa. Antaiiuk P =( =1, y xonna

1 » 1
[(a+1) T(B+1)

6ymu6, Mmasiym paktaan A, #0, A # 0. 6ynann.

+1 (0<a<11<f4<2) (9)

3.2 maparpadma BakT Oyiimua Kamyro Ba (azoBuii y3rapyBum Oyiinda 3ca TEKHC
JIUMIITAK OTEpaTop KaTHAINTaH apajaml TEHIJIaMa TagKUKOT OoOBeKTura aitnanran. by
TEHIJIaMa y4yH MaHOa (YHKIUSHHM aHUKJIAITra OUJ TeCKapyu Macaiaiap TaJKuK STHIaId Ba
yJAapHUHT Ky4YCH3 SUHIIUIIN UCOOT KHIMHAIN. YIIOY TeHTTIaMaH!

f(x):{CD;u:S*u,bO, (10
u, —£u, t<0,
KyHuJaru maptiap Ouiian Oupra TaJKuK dTaMH3:
u(0,t)=u(L,t)=0,—p<t<q,
u(x,—p) =y (x),u(xq) = #(x),0< x<1, (11)
u(x,+0) =u(x,-0),0< x gl,!im Dgu(x,t) =u (x,-0),0<x<1.

By epna £V = d;"z(f) —g(2)v(2),0<x<1, D(£)={veH?(0,1);v(0) =v(1) =0}

(10)-(11) macanaHUHT Ky4CH3 €YMMHUTa Tabpud Oepamus.
1-rappud. U(X,t) ¢ynxuus (10)-(11) macamaHWHT Kydcu3 €4UMH AEHWIAagH, arap

te[-p,q] yayr f(x)eL’(0.) sa u(,t)e®’(£),

u eC([—p,q];BD*(S*)),g—l:eC([—p,O]u(O,q]; 1°(0,1)),
(12)

DiueC([0.qkL0D), 22 <C(-p 0L O.).

6}“011/16 Kyluaru TeHFJII/IKJIap Vpunnu 6ynca:

(<)~

(<
(D“ )( ) =(

(gt_z,n)+(£*u,77):(f,n),te(—p,O),VneZ)*(S*). (15)

By epna ' (£)=H?*(0,1) nH;(0,1).
O-macana. (10), (12)-(15) aapnu A = {(X,t) 0<x<l-p<t< q} coxaoa
kanoamnanmupyeuu {U(X,t), T (X)} @yuxyuanap scydpmu monuncun.

):o |.mH wuGt-u (.1, =0, (13
=(f,7),te[0,ql,Vned(£), (14)

by Macana y4yH ssroHajauK TGOpeMaCI/I UCOOTIIaHTaH.

13-Teopema. Aeap A, = Ewl —Akq \/_sm\/_p COS\/_p;tO oynca, y xonoa

9-macananune ghopman euumu s12oma.
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By epna A, nap £ CHMMeTPHK ONepaTOPHUHT XOC KUiIMaTIapH.

Kyitngaru Tacauk ypuHiIu:

2-nemma. bapua emapauua xamma K ea 6apua P € Q nap yuyn wynoai O >0
maexncyo oynaouxu, | A, =6 >0, menecusnux ypuniu 6yraou.

3.3 maparpad kacp TapTHOIM KUYHMK XaJjiapra 3ra apajall TeHIJIaMa YYyH TeCKapu
MacajaHd YpraHulira OarullIaHTaH. SV73rapthH/IJIapHH aXpaTull yCyJIuHHU Kyutab macana
SYMMH KaTop KYpUHHUIIKAA W3naHaau. Kym xaumu kacp taptubim auddepeHmnuan TeHriiamMma
eunMuAaan  (QoiganaHu®d TaaKUK OSTUIAETraH Macajla €4YUMHU WKKH Y3rapyBuM KTl
napametpau Murrar-Jleddnep tununaru QyHkius ounas udoaaaaHaam.

Kyitngaru apanam TeHrJIaMaHu

1+Sgn(t)< D%u—i_ﬂch(ﬁlu)—‘_%(cD U+,uchﬁ2u) X:f(x) (16)

A coxana kapaiimuz. By epna 0< B <o, <11< B, <, <2, 4,14, €R.
10-macana. Kyiuoaeu wapmnapuu xanoamaanmupysyu {U(X,t), f (X)}, pyuxyusnap
JCypmaucu monuncun:

py uxt)e C(A)u, eC(A"UA),.DiueC(A*),.D2ueC(A), f(x)eC(0,1).

2) (16) menenamanu A" 6a A~ coxanapoa KanoamianHmupaou,
3) ywby uecapasuii wiapmaapnu kanoamaanmupaou.: U(0,t) =u(1,t) =0,— p<t<q,

u(x,—p) =y (x),0<x<1; Dru(x,—p) = o(x),0< x<1,u(x,q) =4(x), 0<x<1.
By epma A" =An{t>0}, A" =An{t<0}, w(x),p(X) Ba @(X) - mynnait Gepuiran
dynxumsnapku, ¥ (0) =w (1) =4(0) =¢(1) =0, 0<y <1.

10-macananu TaI[KI/IK STHUII YUyH UKKHU Y3rapyBuninu Murrtar-Jledduep tununaru ymoy

iy,n-i

Xy
E(a ﬂa)p X y ggﬂ(n NIT(p+an-pi)

Kyiingaru Tacauk ypuHiu:

(GYHKIUSTHUHT aiipuM XOoccanapy YpraHuIiIu.

3-nemma. 1< f<a <2 6a 0< p<1 nap yuyn gyiiuoaecu meneruxkiap ypuHiu:

c Dt/()) (tE(a—ﬁ,a),z (ml (_t)aiﬂ’ mz (_t)a )) = (_t)lip E(a—ﬂ,a),Z—p (ml (_t)aiﬂi mz (_t)a )1

Dp (E(a —B.a)l (ml (_t)a—ﬂ , m2 (—t)“ )) — (_t)—ﬂ |:E(a—ﬁ,a),1_p (m1 (_t)a—/i , m2 (_t)a ) _ N%_Io):|’

th) ((_t)a E(a—ﬁ,a),aJrl (m1 (_t)aiﬂ ) mz (_t)a )) = (_t)aip E(a-ﬁ,a),a+1—p (m1 (_t)aiﬂ! mz (_t)a )

Macananusr Oup KUIMAaTIN eYIMIINra Oujl KyHuaaru TeopeMa ucOOTIaHTaH:
14-teopema. Acap Kyuudazu wapmuap basxcapuica
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r(l-y)

P?E g (-0-) .
q"E

1 1
Ac=p {szﬁz,azxz("p“){E(azﬂz,azmy("p") _—}_

B e,-5,2-r (..p..) E., ﬁz’az)vl(" p..) — )
(- )2 (O

|:E(a2—ﬁ2,a2),2 ( p) E(az—ﬁz,az),a2+1—7 ( p ) + E(az—ﬂz,az),Z—y ( ' p) E(az—ﬂzyaz),azﬂ ( p):|} s 01

P(9, 90,4/ (%) € O NC(0.1), 0(0) = p(1) = 0,4(0) = $(1) = 0,y(0) =y (1) =0,
PO=¢ D =040)=¢'1)=0y"©0)=p"1)=0,

10-macananune evumu medxcyo 8a si2oHaoup.
By epna xyitnmgaru KuckapTManap UIUTATHIITaH:

(-0.) = (~pa™ ™, ~(kn)q" ), (-p-)=(~a,p™ ", ~(kn)" p*).

Muccepranusauar “Tyrpu TYpTOypuYak coxajapaa Kacp TapTHOMH XyCycHil
XOCWJIAJIM TEHIJIaMAaJIap YYYH TYFPHM Ba TeCKaApU MacaJaJJADHUHT apuM TaTOMKJIapu”
ne6 HoOMIIaHTaH oOXupru OoOujga FOBaK MyxXUTIapAa ra3 €Kd KaM CHUKUIyBYaH
CYIOKJIUKIAPHUHT OKUIIH, Typiu Iud@y3uoH skapaéHiap xamaa €poCTH CYyBIAPUHUHT
XapakaTUHU MOJIe/UIAIITHPUIIAA a0 Oynagurad TYFpu Ba TecKapu macajajap TaIKHK
ATHUIITaH.

4.1 maparpadna runep-6eccen oneparopu Ba Pumana-Jlnysuis, Kanyro masHOCHAarHM
uHTerpo-auddepenman onepaTopiaap KaTHaIIraH Oy3wiagurad TeHIJaMaiaap y4yyH mMaHOa
GyHKIUSHU TOMHUIITA OMJI TECKapu Macajajap TaAKUK STWIraH. by macananap Tynpoxaaru
ra3 nuddysusicu 6unnan 6ornanrad. TanKuKOTHUHT acocuit ycynu @ypre Ba Oypbe-Jlesxxanap
KaTOpJIAPUHHM KYJUIAIlra acoCIaHTaH.

Hactnab nuddy3us kodapduuueHTy BaKTra amac, pakart ¢pazoBuil y3rapyBuura OOFINK
Oynran xomar KapajiraH. byHnan Tamkapu Oy epaa KMCIopoJ MaHOAcH XaM BaKTra OOFJIHK
Oynmacnuru Tanad kwiumHrad. Kyinpma Tympokaard KUCIOPOJ KOICHTPAIUSCH Xamjia
KUCIIOpO MaHOAaCMHU Ky3aTyYBHUHI OOLUIAHFUY Ba  OXHUPUTM MOMEHTUIA Oepuira
MabJIyMOTIapaaH (oiigananu0 TONUII MacalaCuHU 0aéH KUIaMH3:

11-macana. Kyitnnaru tearnmamann . DyU (t,X) = [(1— XZ)UX]X +h(x)

Q= {(t,x):=1<x<10<t<T} coxana KaHOATIGHTHPYBYM Xamaa ymOy

U (0,x) =v(x),-1<x<1,U(T,x)=w(x),-1<x<1],
mwapiapau Kanoatnantupysur mysgait {U (t, X),h(X)} ¢dyaxuusnap sxydrunn tonuarkmy,
U,U, nap X=-1X=1 na uerapananran 6yacun. By epna 0 <a <1, T >0 Ba Vv(X),W(X)

- Oepuiirad QyHKIUsIIAP.
Kylinnaru Teopema ypuHu:

15-teopema. Aeap v,weC’(-11) sa V(4),W(4)€|—2(—1,1) oynca, y xonoa 12-

MACANAHUHE SI20HA eHUMU MABIHCYO 8a Y Kyliuoacu KypuHuuoa ugooaiaaou
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U (tX) = (0~ ) +v(X) + 3

I 1 d 2\, 1 c n__Vn
h(x)= (ij ) (w, - )—&[(1—x W) ]+ 24 )Pn(x).
oy epna A, =n(N+1) Ba

2n+1 2n+1

jv(x)P (X)dx, w =

n

jw(x)P(x)dx n=0,12,.

n

Macana eunMura ouj aHUK MHCOJN KENTHUPWITraH, rpadukiap YU3WINO TETruIuIN

TaXJIWI YTKa3WIraH.
5-mucoa. Aiiraitmuk V(X) =0, w(X) =W, +W, (3X2 -1). V xomma 15-treopemara
acocaH, MacaJjla €4MMH yIOy KypuHHILTa 3ra 0ynaau:
U(x,t) =w, i w, 1-E_(-6t” )(3X 1), h(x) =w, F(a+l)+ 6W2(3X2—1).
T *1-E (-6T%) T 1-E_(-6T7)

Eunmnap rpaduru Kyiunaru kuiiMatiapaa unsmwiran: W, =1L w, =-0.5, T =1.

Taxamna: 4.1.2 rpadukna kacp TapTHOHUHT aHWK OWp KUMMaTHAA BAaKTHUHT TYpJIU
MOMEHTJIapU/ia KHUCIOPOJ KOHIIEHTPAUUsACH Ba MaHOACMHUHI VY3rapuild KypcaTUJTaH.
['paduknan KypuHaAMKH, BaKT YTraH capu KHCIOPOJ KOHIEHTpauuscu ycud Oopanu,
MaHOacu 3ca nespiu y3rapmaiinu. 4.1.3 rpadukna sca xotupa 3¢pheKTHHU (Kacp TapTuo)
KHUCJIOpOJI KOMOMHALMsICUTa MaHOalaH Kypa KaMpoOK TabCUp KWIHIIM KypcaTuiarad. bynaan
TalIKapH, Kacp TapTud ycub GopraHu capu KUCIOpOJ KOH(EHTpauuscu Kamanud OGopaaw.
bynnan kypuHanuku, MaTeMaTHK Mojenia XoTupa 3PpdeKkTu Xxucodra oIrHCa TYNPOKIArH
KHUCTIOPOJI MUKIOPH KYTIPOK OYIaau.

Huddysus kodpduuuentu y3rapmac Oynmd, manOa (QYHKIMSICH BakKIra OOFIMK
Oynmaran xamjaa Xxotupa I(PGEKTUHUHT BaKITa OOFIMK OYIraH XO0JIaTM XaM Kapajras.
Ky3aTyBHUHT 1acTina0Ku Ba OXMPTH MOMEHTIAaru MabJiyMOTra Kapad TYMpOKJIaru KUciIopoa
KOLEHTpalUsACH Ba MaHOACH TOTIHUIIAIHM.

12-macama. = {(X,t) :0<x<m0<t <T*} coxaza mysmaii {u(x,t), f (x)}
dbyskmusmap  kydTuEM  Tormncmnkm, U(,t) € C’[0,7z], u(x-)e Cy [O,T*] Ba
f(x)eC [0, 7[], 6Y110b, yap Kyiuaard TeHriamMa

P B
C(teaj u(x,t)—u_(x,t)=f(x), (xt)eQ’,

Ba ymly uerapaBuil mapTiapHu
u(0,t)=0, u(rt)=0,0<t<T" u(x0)=y(x), u(xT")=¢(x), 0<x<z,

KaHOATJIAHTUPCHUH. By epia @ u W - Gepuiirad myHjaail pyHKIUAIAPKH,

w(0)=y(7)=0, ¢(0)=¢(z)=0.
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%
Byepua 0< <101, [ 5| 90=-0)' 12 (90~ 9(0)
- Kanyro tununaru runep-0eccen oneparopu,

17°g(t) = Lrw(mﬁ(t’” —7°) v g(r)dr, §>0,0>0, 7R

I'(5)
- Opneiin-Kobep oneparopu, C, = {g(x) =x"g(xX);p>u,ge C[O,oo)},,u >0-1
- y3IyKcu3 QYHKIUSITADHUHT Maxcyc IOKIH CUH(H.
12-macanaHuHT OMp KUHMATIIM CUWIHIIINTA OUJ] YIIIOY TeopeMa YpUHIIH:
16-Teopema. Dapas KUNAUIUK, w(X),4(x) e C*[0, 7],
v (0) =y (7)=¢"(0)=4"(7) =0, (i=0,2) 6a y"(x),¢"(x) €L,(0,7),

YV xon0a 12-macananune sieona evumu mMagaicyo.

By xonmarga XxaM aHUK MHCOJ KEATUPUIXO TErMuuiM rpadukiap 4M3WIrad Xamzia
TaxJIMJI YTKA3UIITaH.

6-mucoa. Anraitnuk 7 =0, @(X) =SIinX. V xonga 16-reopemara acocan e4um

yi0y KYpUHUIIIIA TOTTHIIAH:

1
1-E, | -t
”( 1-6) ] . 1 .
1 sinx, T(x)= . sin X.
1-E | ——_T®9 1-E, | ——— T
o™ =

Ipaduxmap T =1 yuyH umsmiras.

u(x,t) =

Taxama. Kacp tapru6 () Ba xoTupa sddexTnHuHT BakTra Maxcyc Gormkmmra (17)
¢ukcupnanrad. 4.1.4 rpapuknan kypuHUO TypuOAMKH, BaKT YTUIIM OWJIAaH KHUCIOPOA
KOHIICHTPALUSICH OPTUO OOpSINTH, YHUHT MaHOAcu 3ca Jesapiu y3rapuiicu3 kousnta. 4.1.5
¢urypa myHu Kypcaramuku, arap BakT (f) Ba XoTwpa 3((EKTHMHUHT BaKTra Maxcyc

oormuxmirun (17 ) pukcupnanca, y xonaa kacp TapTHOHKHT Ycrb GOpUIIH (Kacp TapTHOHHHT
OyTyH TapTuOra sKuHiaamubO OOpUIIM) OWIIaH KHCIOPOJAHUHT KOHIIEHTPAIUSICH Ba MaHOacH
kamaiinb Oopaau. Kaiin sTuin kepakku, Kacp TApTUOHUHT TYpJid KUMMaTIapuia MaHOAHUHT
y3rapuiu cesunapauaup. Arap kacp Taptub 0 ra sKMHIAIICa, KOHICHTPAIUSIHUHT KUUMaTH
KeckuH ¢apk Kunaau. by Tab6uii, uyHku Oy xosataa sxapaéHHu npoaaTIOBYH TEHITTAMAHIHT
Tunu KaTtTa ¢papk Kunaau. 4.1.6 purypana Bakrra Maxcyc 60FIUK XoTupa 3¢ pextu ('[‘9 ) HUHT
BaxT (t) Ba kacp TapTu6 () hukcupIaHran XonaTHAaru KOHIEHTPAIMs Ba MaHOAra TabCUpPH
udona s>twrad. by epna myHn ailT Kepakkd, BaKTra Maxcyc OofiaHraH xotupa dddekTu
KUCJIOPO KoHIeHTpanusicu (U (X,t)) Ba manOacu ( f (X)) ra akc TabCcup Kypcatras. by sca
aifHaH 11y MapaMeTPHUHT MOJIETIA UIITUPOK STUIITH MYXHM.

Cyurpa nuddy3uon koddduimeHT BakTraruda 00FIUK OYiaraH, MaHO6a QyHKIUs 3ca
¢akaTruHa da3oBUil KoopauHaTara OOFIMK OyiraH XonaT ypraHwiau. by Mozienna xam kacp

TapTUOMM XOCWJIAaHM HIIaTUII OminaH xotupa 3Pdextu ypTHdopra omuHmu. Kysatys
naBpujard OONITaHFUY XamJa OXUPTd MOMEHTIApJard KHUCIOPOJ KOHLEHTPALIUsICH
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MUKJOpUra Kapad, TyOpOKJard KHCJIOpOJ KOHLEHTpalMsICH Ba MaHOaJlapu aHUKJIOBYU
TECKapyu Macajla TaIKUK dTUJIIH.
13-macana. Kyiingaru TeHrimaManuHT

D2u(t,x) =t"T, (t,X) +h(x), (17)

= {(t, X):0<x<10<t< 'I_'} coXaJlaru peryysip euuMu OViran xamja ymoy mapTiapHu

KaHOATJIAHTUPYBYH {G(X,t),ﬁ(x)} GyHKIMsIAp KYPTH TOMUICHH:
u(t,0)=0,0(t,1)=00<t<T, I’ “u(t, X)LO =9(x),0<x<1, U(T,x)=w(x),0<x<1.

By epna @, € R, mympaiikn 0< o < 1,3>0, 1:°(-) - Pumana- Jlnysuut kacp TapTHGIm
MHTErPaIH, ?(X), v (X) - Oepuiran IyHaii (YHKLUSIAPKH,
P0)=pQ)=w(0)=y(1)=0.

2-Tappud. (17) rtenrmamanmmHr €2 coxamard pEryasp €YUMH JIeTaHna, YIIOy
byHKUMsUIap CHH(UTA TETUIILTH

W ={tU(t,X) QDU (1, X) €Q Ui (t,%) € 2, () eCl01]}

T RL Ot

Ba (17) Tenrmamanu €2 coxana KaHOATIAHTHPYBYU {G(x,t),ﬁ(x)} GyHKIUAIAp KyPTUHH

TyLIYHaAMU3.
13-macananuHT (hopMa eynMu ymdy KYpHUHHUIITA JTa!

- h o
T _ — ta-1 a+p Kk a 2y a+p
u(t,x)—Z{(okt Ea,hglfal( (km)’t? ) + —F(a+1)t Ea1+ﬂl+£( (k)% ):|Slnk7Z'X,

{l//k 6TE 4, (—(kﬁ)zf(”ﬂ )}sin kzx.

o k-1 i

E_(=1+3]] F(a_(1m+n)+1) x
w o C(a(jm+n+1)+1)

- ymymnammran Mutrar-Jlebpduep ¢yukumsacu, 6y epama a,neC, melR, mynnaiiku

R(a)>0,m>0,a(jm+n)gZ (jeN,).

7-mucour. Aitaitmuk 7(X) =sinzX, ¢(X) =0. ¥V xonna eunm Kylingarnua 6ynamu:

(18)

a 2¢a+p
t Ea 1+§ 1+§( t ) sin X H(X) _ F(O! +1)
T°E B ﬂ( ﬂz-raw) | _-raE B ﬂ( 72-217“+ﬁ)

a1+ 1+ al+ l+

sin X.

u(t,x)=

Taxauna. 4.1.7 purypana xacp taptud (« ) Ba nuddysus k03hHUIHEHTHHHHT BaKTra

oormukyurn () ¢dukcupianraH maWTaa BaKT YTUIIA OWIAH KHCIOPOI KOHICHTPAIMSCH
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Kamaitn0, ManOa y3rapuiicus KoJaéTraHuHu Kypui MyMkuH. 4.1.8 ¢urypana sca Bakr () Ba

mudby3us kodhGUINCHTHHHT BakTra OOFIMKIMK mapakacu (f) ¢dukcupnanran kacp
TapTHOHUHT y3rapu0 OOpHILM KUCIOPOJ KOHIEHTPALUsACH Ba MaHOACHHUHI Y3rapHIlura
KaHJal TabCHp KWIHIIH KYpCaTHJITaH. Kacp taptubuunr 3ycud Oopumm OunaH
KOHIIEHTpanus ycub Oopuinm, MaHOa 3ca akcMHYa kKamaiWuO Oopumm kypcatwmirad. 4.1.9
¢urypama Bakr (t) Ba kacp Taptub () QuxcupiaHuO, BakTra OOFIUK TUPPY3Hs

kodddurmentu () y3rapub Oopuinry OWIaH KOHIEHTpAIlMs Ba MaHOAHMHT KaHiai
V3rapumu kypcatwirad. Oxupru UKk rpadukiapgad kacp Taptud Ba auddysus
KO3 PUIIMEHTUHUHT BaKTTa OOFIMKJINK JIapaKaCUHU KOHIIEHTpAIUsl Ba MaHOara akc TabCup
KUJIUIIMHY KYpUILI MyMKHH TYyNPOKHUHT XO0TUpa 3P(PEKTUHH XUcoOra OIuill, OoIKadya Ko
aifTranzia Kacp TapTUOJM TEHIJIaMa WIUIATULI TYMPOKAArd KUCIOPOJ KOHIIEHTPAIUSICUHU
aHUKPOK XHUCOOIIAIl MMKOHUHH Oepajiu.

4.2 maparpadaa TaaKuKOT OOBEKTH €p OCTH CYBJIApWHUHT XapaKaTWHU H(OJATIOBYH
MaTeMaTHK MoOJeliap/ia WIUIaTUIaJAUraH, TypJad Kacp TapTuOIM HHTErpo-auddepeHuan
orepaTopiap KaTHAIITraH Xycycuid xocunanu nuddepeniman renrinamanap 6ynau. Oypoe Ba
®dypne-becceny karopinapu €paamuiaa Oy TEHIVIamMalap y4yH XaM TYFpU, XaM TecKapu
Macananap TaJKUK KAJIMHTaH.

Kylinnaru TeHriiamanu
2

Dau(xt)+ /1CD0’iu(x,t) =u_(x,t) +%ux(x,t) —%u(x,t) + f(x,t) (19)

Q= {(X,t) 0<x<1,0<t <T}~ coxaza Kapaiiink, 6y epra 0< A< <1,v,T >0, .Dju
- Kanyto oneparopu.
Avitaiimuk T (X,t) - Gepunran Gpynkums 6yncun. (19) TeHrnama ydayH TYrpu macana

Kyhugarnda 6aéH 3TUIaIu:
14-macana. (19) Ttenrmamanum ) coxaga KaHOaTHaHTUpyBuu ImyHmgai U(X,t)

(QyHKIMS TONMIICHHKY, y KyHHAaru
1
1. perymsapmuk maptaapu U,U_, DU e C(Q),j\/; lu(x,t) | dx < -+oo;
0

2. yerapasuit wapriaap limXu, (x,t) =0,u(1,t) =0, u(x,0)=0,0<x<1.
x—0
HU KaHOATJIAHTHPCHH.
Aviraiimak T (X,t) = g(X) - Homabnym ¢pynkuus. Ymby xonaraa (19) tenrnama yuyn
TeCKapy Macana Kyiuaaruaan uoopar:
15-macana. Hlyunait {u(x,t),g (X)} GyHKIMsIAp Ky(PTH TOMUICHHKH, Y

1. kyiunaru perynasipiuk maptiapus U, U

xx!C

Diu e C(Q), [Vx |u(x,t) [ dx < +oo;

2. Q coxana ymly TEHTJIaMaHu
2

; . 1
cDou(x,t)+ A .Diu(x,t) =u (x,t) +;ux(x,t) —%u(x,t) +g(x),
3. ymly yerapaBuii mapTiapHu

26



|ir€1xux(x,t) =0,u(1,t) =0, u(x,0) =w(x), 0<x <1, u(x,T) =@(x), 0 < x <1.

kanoariantupcur. By epaa w(X), #(X) - mynpaii 6epuiran GyHKIUSIapKY,
|y (0) |< +o0,| #(0) |< +o0, (1) =0, 4(1) = 0.

Acocwuil HaTwKanap ymoly TeopemManap KypuHUAIIUAA OepuiiraH:
17-treopema. Azap T (X,t) - X 6yiiuua mypm mapma ougpepenyuanianoeuu;
4 " m 4 " 64 f (X’t)
fO)=10t)=f101t)=1"01)=0f(1t)=f'(1,t)=f"(11)=0; o
X
vecapananzan; T (X,1) - t6yuuua énux coxada ysnyxcus éa ouux coxaoa ysnykcus

ougpepenyuannanosuu 6yaca, y xonoa l4-macanranune evumu mMagicyo 6a 120HA Xamoa

w [t )
ywby kypunuwea s2a: U(X,t) = Z[Izd_lE(dﬁ e (—/Izd‘ﬁ,—yjzd) f(t- Z)dZ}JV (]/nX).
n=l| o e

18-teopema. Azap w(X) u ¢(X) -mypm mapma ougpepernyuannanysuu;
v =¢'0)=y"0)=y"(0) =0y 1) =y' (D) =y"(1)=0;
« 9(0)=¢'(0) = ¢"(0) =¢"(0) = 0,¢(1) =¢'(1) = ¢"(1) = 0;
(X)) u dP(X) - yeeapananzan éa E (—ZT diﬁ,—j/jT&) =0,

wapmaap badxcapuiuca, y xonoa 15-macananune 120Ha e4umu Masicyo.
Hkxuta Xundep onepaTopy KaTHAIITaH yi0y TEeHIIIaMaHH

DZAu(t, x) + iz D u(t, x) —u, (t,X) = §(X) (20)
Q={(t,x):0<t<T,0<x<1} coxama Tagkux stamms. By epma ¢, ,,Ei (1=21,2),uT -

(G-p.,a)1+a

myHgai 0epuirad xakukuii comnapku, 1 >0,0< ¢, <, <1,0< ,5' <1.

16-macana {u (t, X), g (X)} byHKIMATAp KYyPTUHU TOMUIIIAH UOOPATKH, Y

W

2

={u(tx):15 "y eC(Q), Dy #u eC(Q), u, C(Q);g(x) eC[01]]

bynkumsuiap cundura Kapanum 6ynuo, 2 coxana (19) renrnamanu Xxamzaa ymoy mapTiapHu
KaHOATJIAHTUPCHH:

u(t,0)=u(t1)=0,0<t<T, lim G u(t,x)=0,0<x<1 (i=12),
u(T,x) = ¢(x),0<x<1.

By epaa ¢(X) - mynnaii 6epuran gpynxumsxu, ¢(0) = #(1) = 0.
Kyiinmaru Teopema YpuriIu;
19-teopema. Acap

TaE (=T ~(kz)*T* ) %0.

(4-ay,0),04+1

$(x) €C*[0,1],4"(x) € L,(0,1), $(0) = #(1) = #"(0) = #"(1) =0,

wapmaap 6adicapuica, y xonoa l6-macananune ewumu mMasicyo 8a s12oHd.
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4.3 maparpa¢ Pumana-JInyBuit oneparopu KaTHAIITaH TYIKHH-TUPQY3Us Ba TYIKIH
TEHIJIaMaJIapUHU Y3 WYHTra OJraH apayalnl TeHIIaMa TaJKuK KuiuHraH. by macana GeBocuta
FOBaK MyXWTIapAa ra3 €Kd KaM CHKWIyBYaH CYIOKJIMK OKHINWTa OWJA XapaéH Owuian
Oornmanran. ['puH Qyskumscu ycynum xampa Pailt Tummparn ¢GyHKOHS XOccalapuIaH
¢oiimanannd, TanKWK STHITaH Macala SKBHUBAJIEHT Tap3la HMKKMHYM Typ BombTeppa
MHTErpaib TEHIJIaMaCcUTa KeITUPUIITaH.

Ymby TeHrnamanu

u, (t,x) —H(a—-x)D2u(t,x) - [1- H(a—x)| Du(t,x) = f(t,x)  (21)
IT=II, UJ UII, coxana kapaiimus, Oy epna le{(t,x):0<x<a,0<t<T},
HZ:{(t,x):a<x<b,O<t<T}, J:{(t,x):x:a,0<t<T}, 1<y, <2,0<y,<1,

H () - Xesucaiin ¢yukmmsacu, D], - Puman-JIympunn mMabHOCHIAard ) Kacp TapTHOIM

XOCHJIA.
17-macana. (21) renrimamanunr 1 coxamaru nryHmai peryisp e4umMu TOIMHICHHKH, Y
KyWnJard mapTiapHd KaHOATIaHTHPCHH:

u(t,0) = g, (t), u(t,b) =g, (t),0<t <T, !il}]Dg{"u(t,x) =y, (x),k={L2},0<x<a,
limDu(t,x) =y, (x),a<x<b, IZ7u(t,a’)=1;"u(t,a"),0<t<T,

t—0"

u,(t,a)=uta’)+Au(ta’)+ufu(z,a)P(z,a")dz,0<t<T.
0

By epma A,u - Oepwiran XakWMKMid COHJAp, P(t,X),% (t),(pb (t),y/i(x) - Oepwiran
(yHKIUAIap (i :E), D,’u(-)=17u(-), »>0.

3-rabpud. (21) renrnamanuar Il coxamarm perynsp eunMu jgeraHjga Kyiumarua
byHKIUMsIIap CUH(UTa TETUTILTN

W, = {u(t, X) t>7u(t, x) € C(ﬁl),tl‘“u(t, X) € C(ﬁz )
u, (t,x) e C(T1, UIL,),Du(t,x) e C(I1, ),Du(t,x) e C(I1, )},

Ba (21) renrnamanm I1, U I, coxama kanoarnantupysun U(t,X) dQyHKUMSHM TymyHaMus.
20-teopema. Aumatinux, ¥, 21+ y,. Aeap A #0 ea xytiudaeu wapmnap 6asxcapunca
t* "¢, (t) e C[0,T],t™2 ¢, (t) € C[0,T], 0, (t) e C'[0,T], ¢, (t) e C'[O,T],
v, (x) e C[0,a],w,(x) € C[0,a],y, € C[a,Db],
t27 f (t,x) e C(IT),t" f (t, X) € C(I1.)
yamoa T (t,X) @yuxyus X 6yiiuua Ienvoep wapmunu kanoamnanmupca, y xonoa 17-
MACANAHUHE SI20HA Pe2VIAD eHUMU MABHCYO OY1aou.
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XVJOCA
Jluccepraniys UK apaniail coxaiapia Typiu THIIAard kacp Taptudiu nuddepenuman
orepaTopiap KaTHAIIraH Xycycui Xocwiainu nud@epeHunan TeHrjiaMaiap y4yH TYFpH Ba
Teckapu MacanaiapHu xamaa Kamyro Ba Xumndep kacp TapTuOian xocuiia KaTHAIITaH apajanl
TEHTJIaMajiap y4yH TecKapu Macanajnap OwiaH OofjlaHraH wmaxcyc (QYHKIMSUIApHUHT
XOCCaJapyuHu YpraHuira OaruIuiaHraH.
TagKuKOT HaTHXKaIapu Kyhuaaruya:

1.  Puman-JluyBwiis kacp TapTUOIM Xocuiia KaTHAITaH AUPQy3us-TYIKUH TEHTIIaMacu
y4yH OMpUHYHM YerapaBuil Macaja ['puH QYHKUMSICUHMHT alipuM XOccallapH, XaMmja Typiu
TUIJAard XyCyCHM XOCWJIAJW TEHIJIaMajap y4yH TYFpPU Ba TECKapW MacajalapHHM TaJKHK
KUJIUILIa MUIUIATWITaH UKKU y3rapyBuwin Muttar-Jlegpdnep tunugarn QyHKUMSUIApHUHT
SIHTU Xoccayiapu ucbotinanrad. OnuHraH HaTvkanap OyHAai TEeHrJIaMajJapHU MypakKaOpoOK
coxajapja YpraHull XamJia IOKOpU TapTUOJIM TEHIJIamallap y4yH 4YerapaBuil mMacajajiapHu
TaJKUK ATUIIA UILTATATIAIH.

2. bepunran ¢yHkuus Ba mapaMeTpiiapra MabiyM mapTiap acocuaa KamyTto kacp
TapTHOJIM OMEpPaTOPWIM apajialll TeHrJlamallap y4yH HHTerpaj yjall [apTiad HOJOKal
MacalaJlapHUHT OMp KUWMATIM E€UWIMILM XaKuaard teopemanap ucOotianrad. OJuHTaH
HaTWKamap OyTyH TapTUOAM TEHIJamManap Y4YyH OJMHTaH OJJAMHIY HaTWXKalapHU
YyMyMJIAMITHPAAN XaMJa apaiami-Kylmma TUIJArd TEHTJIaManap Y4yH SHTH cuHIaru
MacaiajlapHH TaJKUK KAJIUIIra UMKOH Oepaiu.

3.  Kamyro, Xundep, tekuc s>mumntuk Ba beccen omepaTopiapu KaTHAIITaH TYypJH
TUTIJATY XyCycHii Xocuianu nudQepeninan TeHriiaManap yayH Oup KaTop JIOKajl Ba HOJIOKaJ
TYFpU Ba TECKapH MacallaJJapHUHT KOPpPeKTIuru wucOoTinanau. ONMHraH HaTKalap
b dy3ua-TYIKUH *KapaCHlIapH, FOBAK MYXHUTIarkd €pOCTH CYBJIapU XapaKaTUra ouJl KOHKPET
MaTeMaTHUK MojejUlapja MIUIATWIMIIM MYMKUH. ByHJaH Tamikapu, OJMHTaH HaTWxKaiap
apanall TeHTJIaManap y4yH TeCKapHu mMacajanapra acoc 0Yambd Xu3Mat KW MYMKHH.

4.  Tynpoxnapaaru MoJjekynsp nud@ysusi, FOBaK MyXUTJIapJaru ra3 OKUMH, €p OCTH
CYBJIApUHUHI XapakaTura OOfJIaHraH TeCKapHu Macajanapra sSKKoJI MHUCOJUIAp KEATHPUIAU
MogennamtupunaéTrad  skapa€Hiiapra MOJACIHHMHI aCOCUWM  TEHIJIAMACHUHUHI  TYpJu
napaMeTpJIIApUHUHT TabCUPHU TaXJIUI KWUIUH]IN.

5. Jluccepramus MIIMHMHT yCyJ Ba HaTWXajlapu Kacp TapTtuOnu nuddepeHunan Ba
UHTErpal TEHIJIamMajap, MaTeMaTWK (U3MKa TEHIVIaMalpura Ouj TaJKUKOTIapAaa
UNUIATWINIIA MYMKUH. Xamaa «MaTtemaThka» MyTaxacCUCIUTH Oyiindya TaxCuil oJlaéTraH
tanabanapra Maxcyc Kypceaap Ykuiiaa Qo aTaHiINIITd MyMKUH.

bapua onuHran acocuii HaTWXKamap SHTM Ba Kacp TapTUONM XOCHJIAIM apaail
TEHIJIamMasap Ha3apusicura MyXum Xucca KyIiaiu.
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BBEJIEHUE (anHOTAIMS TOKTOPCKOI JUCCEPTALNN)

AKTYaJIbHOCTh M BOCTPeOOBAHHOCTb TeMbl AuccepTanuu. OIHUM U3 MOKa3aTesen
aKTyaJTbHOCTH HWCCIIECIOBAHUNA TPAMBIX W OOpaTHBIX 3amad uid  AJudQepeHrnanTbHbIX
ypaBHEHUH JpOOHOrO TOpsSAKa B MHPOBOM YPOBHE  SABISETCS  MOSBISIONIMECS
MHOTOYMCIIEHHBIE MyOJUKalUK TI0 3TOW TeMaTHUKE B PEHTHMHIOBBIX HAYUYHBIX KypHalax, a
TaK)K€ BO3pPACTAIOIIEE YMCIO HAYYHO-TIPAKTUYECKUX MPOEKTOB, MOCBSIIEHHBIX H3YUYEHHUIO
pa3NMUYHBIX MPUMEHEHUH B MpakTUKe. MareMaTH4ecKue MOJENN MPOIECCOB MO ABMKECHHUIO
TEYCHUM TMOA3EMHBIX BOJI, XMMHUYECKHME€ W MEXaHWYECKHE TPOLECChl, CBS3aHHBIE CO
CBOICTBaMU KOMIO3UTHBIX MaTepuaioB, aHOMaJIbHbIE AU(PHY3UNOHHBIE TPOLECCHl U APyTHe
NPAaKTUYECKUE 3a/1a4M SBISIOTCS MPEAMETaMU MPUMEHEHUN Pe3ylIbTaTOB HMCCIIEOBAHUN TI0
mubdepeHIMaNbHBIM U UHTErpajbHbIM HMCUUCIECHHUSIM JIpoOHOro mnopsaaka. B cuiy
o0oOmiaromerocss  xapakrtepa, a  TaKXKe  CPaBHUTEIbHO  Majoe  KOJUYECTBO
CUCTEMATU3UPOBAHHBIX AHATUTUYECKUX U YUCIIOBBIX METOJIOB JIJISl TAKUX YPaBHEHH, A€TIAI0T
ATO HAIIPABJICHUE OJHUM W3 IPHOPUTETHBIX IS NCCIICIOBAHNIN HAMIPABJICHUN 00IIeH Teopun
nuddepeHITuaTbHbIX YPaBHCHHM.

B nocienHue rojpl cciae10BaHus BOIIPOCOB Pa3pelIMMOCTH MPSMBIX M 00paTHBIX 337124
s ¢ y3HOHHO-BOTHOBBIX YpPaBHEHHH APOOHOTO TMOpSAIKA, a TakkKe, MPUMEHEHHS
MIOJTyYCHHBIX HAYIHBIX PE3yIbTaTOB B MOJICIMPOBAHNY MIPAKTHYECKUX 33/1a4 UTPAIOT BAXKHYIO
ponb. [ToaToMy peanuzaius 11eIeBbIX HAYUYHBIX HCCIIEAOBAHMIM 110 TAHHOM TEMATHKE SIBIISIETCS
OJIHAM U3 aKTYaJIbHBIX 33/1a4. A UMEHHO, SIBIISIIOTCS aKTYaJIbHBIMU Hay4YHBIE UCCIIEIOBAHUS
0 CJIeYIOIIUM HAMPaBICHUSIM: HCCIEAOBAaHUE TPSMBIX 33719 C HEJIOKAJIbHBIMHU yCIOBHAMHU
JUIs YpaBHEHWM B YACTHBIX MPOU3BOAHBIX JTPOOHOTO TMOpS/IKa; HM3yYE€HHUE BOIPOCOB
OJIHO3HAYHOW Pa3pemnuMOCTH OOpaTHBIX 3ajad UACHTHU(UKAINK (YHKIIMM UCTOYHUKA IS
yYpaBHEHUI B YaCTHBIX MPOU3BOTHBIX C PA3IMYHBIMH OTIEPATOPAMH, B TOM YHCIIE IPOOHOTO
NOpsiIKa; M3ydeHHE CBOWCTB CHENHMAIbHBIX (QYHKIHUH, CBSA3aHHBIX C PEHICHUSIMH
mubdepeHIMaNbHBIX  YPABHEHU APOOHOTO TOpsSAKAa M WX TPUMEHEHUS B pEHICHHU
pa3NIUYHBIX KPaeBbIX 3a]a4 /ISl ypaBHEHUS B YaCTHBIX IPOU3BOAHBIX. [IpOBOMIMBIE HAyUHBIE
WCCIICZIOBAHUS IO BHINICYKA3aHHBIM HAIIPABICHUSIM SBISIFOTCSI 0OOCHOBAHHEM aKTyaJIbHOCTH
TEMBI JAHHOM JUCCEepTaIHH.

CooTBeTCTBHE HCC/IETOBAHUS TPUOPUTETHHIM HANPABJIEHUSIM PA3BUTHS HAYKH U
TEXHOJIOTHM pecny0Juku. JlaHHOE WCCIeIOBaHUE BBIIIOJTHEHO B COOTBETCTBHH C
NIPUOPUTETHBIM HaNpaBJICHUEM Pa3BUTHS HAyKH W TexHoyorud B PecrmybOnmke Y30exucran
IV. «kMatemaTuka, MexaHuka u UHQOpMaTHKaY.

0030p 3apy0esKHBIX HAYYHBIX HCCJIeI0BaHMIi Mo Teme aucceprauuu’ . Hayunsie
UCCIICZIOBAHUS PA3IMYHBIX MPSAMBIX U OOpaTHBIX KPAeBBIX 3a7ad /ISl YPAaBHEHUH B YaCTHBIX
NPOM3BO/IHBIX, BKIItOUYash AU(PQy3HOHHO-BOIHOBBIE YPABHEHUS, a TAKKE U3yUYE€HUE CBOMCTB
CHeNMaTIbHBIX (PYHKIMH, ONepaTopoB IpoOHOro UHTErpo-auddepeHpoBanus U UX
00001IeHNH, BEyTCS B KPYITHBIX HAYYHBIX IIEHTPAX M BHICIINX YYCOHBIX 3aBEIICHUSIX MHpA,
B yacTHOCTHU: yHUBepcuTere Tokno (Anonus), yausepcutere Texaca (CIIA), yauBepcurere

1 O630p 3apyOexHBIX HAy4dHBIX HCcIenoBaHMI mo Teme aucceprauuum: Fractional Calculus and Applied Analysis,
https://www.degruyter.com/view/j/fca;  Applied  Mathematics and  Computation,  https://www.journals.el-
sevier.com/locate/amc; Journal of Mathematical analysis and Applications,
https://www.journals.elsevier.com/locate/jmaa; Computers and Mathematics with Applications,
https://www.journals.elsevier.com/locate/camwa, Taksxe ObIIIM HCIIOIb30BAHBI M IPYTHE HCTOYHUKH.
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Canrbsiro-ne-Kommnocrena (Mcnanwust), ynuBepcuter ['ent (benbrus), ynusepcutete Jla-
Pomens (®pannus), CoOogHOM yHUBepcUTeTe bepiivHa, TEXHHUYECKOM YHUBEPCUTETE
IIpUKIAaAHbIX Hayk beita, bpayHIIBEMICKOM TEXHMYECKOM YHHMBEPCUTETE, YHHBEPCUTETE
[ryrrapra, bepaunckoi Beiciiei mkosie TexHUkU (I'epmanust), boloHckoMm yHUBepcUTETE
(Utamust), nHCTUTYTE MaTeMaTuku W uHpopMatuku (bonrapus), UHCTHTYTE HHXCHEPUH
[Topro (Ilopryranusi), Texuuueckom yHuBepcutrere Kommune (CnoBakus), bernopycckom
rocynapctBeHHoM yHuBepcutete (bemopyccus), MucTuTyTe mpUKIagHON MaTeMaTHUKA M
aBTomaruzanuu, Kabapauno-bankapckom HayduHoM 1eHTpe Poccuiickoil akajgemMuu Hayk
(Poccus).

OtmeTuM HauOoliee BaXkKHbIE PE3yIbTAaThl IO HMCCIEAOBAHMSM MPSIMBIX U OOpaTHBIX
3aja4 Ui AugdepeHInalIbHbIX YPABHEHUN C pa3IMYHBIMU OIlepaTopaMu IpOOHOTr0 MOpsIKa.
B uwactHOoCcTH, mocTpoeHs! pemieHus 3agaun Komm mist quddepeHmanbHbpIX ypaBHEHHH ¢
HECKOJIbKUMU JpoOHBIMU mipou3BoAHbIMU Kamyro, Xwundepa paznudyHOro mopsiika,
HCCIIE0BaHbl CBOMCTBA CTICIIUANTBHBIX (YHKIIMHI, CBSI3aHHBIX ¢ ’TUMU 3a1auaMu (CBOOOTHBIN
YHHUBEpPCUTET bepiimHa, TEeXHUYCCKUH YHHBEPCUTET NMPHUKIAIHBIX Hayk beiira, ['epmanus),
U3YYEHbI CBOMCTBA NU(PEpPEeHIINATBEHOTO orepaTopa APOoOHOTO MOPSAIKAa ¢ HECUHTYIISIPHBIM
anpom (YuuBepcurer Canrtbsro-ge-Kommocrena, HWcmanusi), MOCTPOCHBI YHCIECHHBIE
pemenus s audGy3uoHHBIX U AU y3HOHHO-BOJTHOBBIX ypaBHeHUH (bpayHiBeirckuit
TEXHUYECKUN YHUBEpcUTET, |'epmanusi; bononckuii ynuBepcutrer, Urtanusa; TexHudeckuii
yHuBepcuret B Komune, CnoBakus), To0Ka3aHbl OAHO3HAYHAS Pa3peIIMMOCTb P NPSIMBIX U
oOpaTHBIX 3a7a4 i1 YpaBHEHHH IPOOHOro MOpsAKa C JBYMS MU MHOTMMHU NEPEMEHHBIMU
(YuuBepcuter Jla-Pomens, @pannus), [O0Ka3aHbl NPUHIHUIBI  JKCTpeMyma st
muddepeHInaNbHBIX YPAaBHEHHUH JPOOHOTO MOPSAIKA U IPUMEHEHBI K 00paTHBIM 3a/1ayaM IS
b dy3uoHHBIX ypaBHeHUHM ¢ mpousBogHoi Kamyto m Pumana-JInyBusis (yHUBEpCUTET
Tokuo, SAnonus, ynusepcuter Texaca, CIIIA), mocTpoeHbl (pyHIaMEHTaIbHbIE PELICHUS B
TEPMHHAX CIIeNUaIbHON QyHKIMH TN Paiita, HalineHsl pemenus 3aaa4n Koy, ¢ momMoIsto
dbyHIIaMEeHTaIbHBIX pElIeHU MOCTpoeHbl QyHKIMU [puHA M pPEIICeHBl OCHOBHBIE KpaeBbIe
3a7a4yd s YpaBHEHMH B YACTHBIX NPOM3BOJHBIX C UHTErpo-nuddepeHnnaIbHbIMU
onepatopamu Pumana-JInysumisa, Kanyro, [[xpOamsiHa-HepcecsiHa, TpoOHBIX onepaTopos
KOHTHHYaJdbHOTO mnopsiaka (benopycckuil rocynapcTBeHHbIM yHUBEpcUTeT, WMHCTUTYT
MPUKIATHON MaTeMaTHKd U aBTomaTuzanuu KabapauHo-bamkapckooro Hay4HOro IieHTpa
Poccuiickoil akaieMuu HayK), UCCI€AOBaHbl MATEMAaTUUECKUE MOJICTTU TEUECHUN TT0I3EMHBIX
BOJI, CBSI3aHHBIE C OTlepaTOpaMM JIPOOHOTO MOPSAIKA C HECUHTYJISIPHBIM SIIPOM (YHUBEPCUTET
UYankas, Typuus, uncturyT unxxenepuu [lopro, [lopryranus).

Bo MHoOrux crpaHax Mupa B MOCIEIHHUE TOAbl KAaK IPUOPUTETHBIE HANPABICHUS
peanu3yrTCs HAYYHO-TIPAaKTUIECKHIE MPOEKTHI M0 CO3JJaHUI0 MAaTEeMaTHIeCKON Mo1elH, Ooiee
TOYHO OTPaXAIOIIEW peanbHble MPOLECCHl M HCCIEAOBAHUS JIOKAIbHBIX M HEJIOKAJIbHBIX
IPaHMYHBIX 33/1a4 pa3BUBasl AHAJIUTHYECKUE METO/IBI; 110 CO3JaHUI0 YCTOWUNBBIX AJITOPUTMOB
YHCJICHHBIX MOJEJIEN.

CreneHb uM3y4yeHHOCTH npodsembl. [lepBoHauanpHbie QyHIAaMEHTATBHBIC BKIAIBI B
TeOpHio JpoOHOro wucumciacHus caenanu B.Riemann, J.Liouville, Hj.Holmgren,
A.B.JIetaukoB, A.Grunwald, H.SI.Conun, H.-Weyl, M.M./Ixp6amsia, A.b.Hepcecsu u np.
[Tocne waxoxpeHuw pemeHuid 3amad Komwm 111 0OBIKHOBEHHBIX JU(EpeHIIHaTbHBIX
OPOOHOTO TOPSIKa C PA3IMYHBIMH ONEpaTopaMu HHTErpo-auddHepeHnrpoBaHus, BO3POC
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MHTEPEC K U3YYCHUIO YpaBHEHUW B YaCTHBIX MPOU3BOJHBIX APOOHOTO MOpsIKa.
OyHaaMeHTalbHbIE pelieHus st 1u(@y3MOHHO-BOJHOBBIX YPaBHEHUH C pa3IMYHBIMU
oreparopamMu JpodoHoro muddepeHInpoBaHus HcciaenoBaHbl B padorax Schneider W.R.,
Wyss W., Fujita Y., Mainardi F., I'ekkueBoit C., Ilcxy A.B., Jlyuko FO. u Gorenflo R.
JpoOubrit anamor mpuHIMna /{roamens, a Takke ApoOHBIC aHAIOTH ypaBHeHHH DOKKep-
[Tnank-KonmoropoBa, accoOIMUpOBaHHBIE CO CTOXacTHUYECKUMH JuddepeHnatbHbIMU
ypaBHeHMsIMH uccienoBanbl C.YmapoBeiM. AManHoBbIM JIkx. u Kanupkynoseim b.K.
UCCJIEIOBaHBI pa3InYHbIC MPsIMbIE U OOpaTHbIE 3a1a4uk s qudepeHnanbHbIX ypaBHEHUN
BBICOKOTO TOpsAKa ¢ JIpOoOHBIMU omeparopamu aAuddepeHInpoBaHUs pPa3HOTO TUIA B
NPSMOYTOJIBHBIX 00JacTsaX. M3ydeHuio NPUHIMIOB 3KCTpEMyMa i TaKUX YpaBHEHUU
npoBoaunuchk Haxymesoi B.A., JIyuko [O., Yamamoto M., Liu Y. B pa6orax Ilcxy A.B.
MeTosioM (pyHkumu ['puHa McciaenoBaHbl OCHOBHBIE KpaeBble 3aauu A AU(Py3HOHHOTO
ypaBHEHUs € MPOU3BOIHON Pumana-JInyBwLIA U )11 ypaBHEHUH KOHTUHYAJIbHOTO MOPSIIKA.

[lo m3yueHuIO cHUCTEM ypaBHEHUW C APOOHBIMH TPOU3BOIHBIMU OTMETHM pPabOTHI
MamuyeBa M.O., Baleanu D. B pa6orax Kunbaca A.A. u Penuna O.A. wuccienoBaHsl
KpaeBble 3a]1a4M JIJIsl ypaBHEHUI CMEIIAHHOTO THIIA ¢ TU(Py3UNOHHBIM YpaBHEHHEM APOOHOTO
HopsiIKa.

OOpatHble 3amaun 1 AU(PPY3HOHHBIX YpaBHEHHM C pa3IMYHBIMU IPOU3BOJIHBIMHU
JTpOOHOTO TOPS/IKa MCClIeI0BaHbI B paboTax Yamomoto M., bonnapenko A.H. u Bamnraenko
H.C., Rundell W., Tatar S., Malik S.A. OOparnple 3amaum miaa auddepeHIuaIbHbIX
YpaBHEHUW B YACTHBIX IPOU3BOAHBIX APOOHOTO TMOPSAKA CO MHOTHMH TE€PEMEHHBIMU
ncciaenosanbl Kirane M., Tuan N.H.

CabutoB K.b. u ero yuenmkamu ObUIM HCCIIEIOBaHBI OOpAaTHBIC 3a/aydl ISl CEPHUH
YpaBHEHHMI CMeNIaHHOro Tuna uejaoro mnopsiaka. Ilpsmble w1 oOpaTHble 3anayu IS
muddepeHMaNbHbBIX  YpaBHEHUN C HECKOJbKMMH mpou3BoAHbiMH Kamyto, Anamapa,
Xundepa uccnenonansl JIyuko FO., Gorenflo R., Furati K.M., Malik S.A.

b. TypMeTOBbIM U €10 yUeHHMKaMU U3Y4€HbI BOIPOCHI Pa3pelIMMOCTH KPAaeBhIX 3a7a4 C
TpaHUYHBIMH OIlepaTopaMu JpOOHOro MopsAlKa B cMbiciie Anamapa, Anamapa-Mapiio, a
Tak)Ke UX 0000IIeHHUS.

[To uccnenoBanusiMU HOBBIX JAUQPHEPEHIIMATBHBIX ONEPATOPOB IPOOHOTO TMOPSAKA C
HECHUHTYJISIHBIM SIIPOM Ba)XKHbIC pe3ynbTarhl nonydensl M.Caputo, M.Fabrizio, J.J.Nieto,
A.Atangana, D.Baleanu.

MeTtoapl YHCICHHBIX PEIICHWA 3aaad i OOBIKHOBEHHBIX ypaBHEHUU JpOOHOTO
nopsiika paspaboransl B paborax S.Momani, K.Diethelm, a mist ypaBHeHMiT B 4acTHBIX
NPOM3BOJHBIX JIPOOHOTO Topsiiaka - B padorax [.Podlubny, O.P. Agrawal, D.Baleanu,
A.Ashyralyev.

OOparHble 3ama4u JuUisi ypaBHEHHWI COOOJIEBCKOTO THIIA HKCCIEoBaHa B paboTax
A.U.KoxanoBa, a B paborax M. Yamamoto, C.KaGanuxuna u A.LOrenzi mccrieaoBaHbl
oOpaTHbI€ 33/1a4ll KBAaHTOBOM TEOPUH PAaCHpPOCTPAHEHUS BOJIH, MpolieccoB Tuddy3uu.

CBsi3b TeMbl JMCCEPTALMU € HAYYHO-UCCJIE0BATeIbCKMMH padoTaMi BbICHIErO
0o0pa3oBaTe/IbHOTO Yy4Ype:KIeHHus, IJde BBbINOJHeHAa auccepraums. JluccepranronHas
paboTa BBINOJIHEHA B COOTBETCTBUU C IJIAHOBOW TEMOW Hay4YyHO- MCCJEI0BAaTEIbCKUX padboT
D4-OA-D010: «KpaeBble 3amaum s Aud@epeHnanbHbIX ypaBHEHUH C YaCTHBIMU
MPOU3BOJIHBIMU C CHUHTYJSPHBIMA OCOOCHHOCTSMH M HEJIMHEWHBIE 33/1adyu CO CBOOOTHOM
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rpanunein» UM HYVY3 u OT-04-88 «UccnenoBanus mpsiMbIX U OOpaTHBIX 3ajad Jyist
ypaBHEHUI CMEIIaHHOI'O THIa BTOPOTO M BICOKOTro nopsiakoB» UM AH PVY3.

Heabo uccieqoBaHusi SBISETCS MCCIECJOBAaHUE MPSAMBIX M OOpaTHBIX 3adad s
YpaBHEHHMSI B YACTHBIX MTPOU3BOJHBIX PA3HOIO TUIIA C PA3JIMYHBIMHU ONEpaTOpamMu JpOOHOTrO
mubdepeHIIpoBaHrs B CMEIIAHHBIX O00JACTAX, M3ydyeHHE CBOWCTB (GyHKIUKU MuTtTar-
Jlepdnepa oT nByX MEpeMEHHBIX, CBSI3aHHBIE ¢ OOpPATHBIMH 3a/JadyaMu JJii CMEIIaHHBIX
YpaBHEHHMI C TpPOU3BOJIHBIMH ApoOHoro mnopsaka Kamyro m Xundepa. A Takke, uUX
OpUMEHEHHs] B pa3iudHbIX AUG(GY3UOHHBIX TMpolleccax, MOJEIHUPOBAHUE JIBHXKEHUN
MOA3EMHBIX BOJI, TCUEHUM ra3a B IOPUCTHIX CPElIax.

3agauu uccie10BaHMA:

J0Ka3aTeIbCTBO OJHO3HAYHOM pa3pelIMMOCTH HEJIOKAJIbHBIX 3a/1ad C MHTETPaIbHBIMU
YCIIOBUSIMU ~ COTPSDKEHUsSI JJII CMEIIAHHBIX YpaBHEHWM C oOmepaTopoM JpoOHOTO
muddepenupoBanus B cMmbiciie Kanyro u Pumana- JInyBuiis B cMelaHHBIX 001acTAX;

UCCIIeIOBaHUE OOpaTHBIX 3adad (YHKIMM UCTOYHUKA JJS  BBIPOKIAIOLIUECS
muddepeHIMaNbHBIX YPaBHEHUI B YaCTHBIX MPOU3BOAHBIX C JPOOHBIMU MPOU3BOIHBIMU
Kamnyro, Pumana-JInyBuiiis 1 ¢ oneparopoM rumnep-oeccens;

ONpEJeNICHNE YCIOBHM OJIHO3HAYHOW pa3pelIMMOCTH OOpaTHBIX 3a1a4  (yHKIUU
MCTOYHUKA JUISl CMEILIAHHBIX YPAaBHEHUN ¢ HECKOJIBKMMU OllepaTopaMu APOOHOIO MOPSJIKA;

JTI0Ka3aTeJIbCTBO PErYIAPHOM pa3pelInMOCTH KPAaeBbIX 3a/1a4 1Jis ypaBHEHUN B YACTHBIX
MPOU3BOJIHBIX C APOOHBIMU MPOU3BOJHBIMU U omniepaTopamu beccens;

pa3paboTKa CIOCOOOB PEIICHUS HETOKaIbHBIX KpaeBbIX 3a/ad JJIsi CMEIIaHHBIX
YpaBHEHHI, cofieprKalnx ypaBHeHHe AU dy3un TpoOHOT0 MOpsIKa B CMEIIaHHBIX 00JIacTsIX.

O0beKTOM HCCIeI0BAHUA SIBIISIOTCS OMEPATOPbl HUHTErpo-AuQdepeHIpo-BaHUsS
npobHoro mopsanka B cMmeicie Kamyro, Pumana-JlnyBumng, Xwundepa, rumep-deccens,
¢byukuuu Tuna Mutrar-Jlegdnepa, ypaBHEHUS B YaCTHBIX MPOU3BOAHBIX IPOOHOTO MOPSAIKA.

IIpeaMeToM Hcc/IefOBAHUS SBISIOTCS MPSIMbIE U 0OpaTHBIE 3a]lauM JJIsl ypaBHEHUI B
YAaCTHBIX MPOU3BOJIHBIX PA3IUYHBIMU OIlEpaTOpaMH JPOOHOTO MOpsiIKa.

Metoanbl uccaenoBanus. B nuccepranuu MCmonb30BaHbl METOJIbI MaTEMAaTUYECKOTO
aHanuza, muddepeHITNaNTbHBIX YPABHEHHH, MaTEMaTHYECKON (PU3UKH, CIEKTPAIIBHON TEOPUU
JMHEWHBIX ONIepaTOPOB, TEOPUS CIELUATBHBIX (DYHKIIMHA, UHTErPAIbHBIX YPABHEHUN U PSAIOB.

Hayunasi HOBM3Ha HCCJIeI0BAHUSA 3aKIIOYAETCS B CIEIYIOIIEM:

JI0OKa3aHa OJHO3HAuHas pa3pelIuMOCTh HEJIOKAJbHBIX 33Jad C HHTETrPAIbHBIMU
YCIOBHSIMH COTPSDKEHHSI JUIsl CMEUIAHHBIX YpaBHEHHUI ¢ omepaTopoM JIpOOHOTO HHTErpo-
muddepenupoBanus B cMbiciie Kanyro u Pumana-JInyBuiuist B cMeIIaHHbBIX 00/1aCTsX;

JI0Ka3aHa peryyisgpHasi pa3peliuMOCTh MPSMBIX U OOpaTHBIX 3ajad JUIsl YypaBHEHUH B
YAaCTHBIX TPOU3BOAHBIX C HECKOJIBKUMHU onieparopamu Kamyro u oneparopom beccens;

pa3paboTaH crmocod pemIeHHs HENOKAIbHBIX KpPaeBbIX 3adad Ui CMEIIaHHBIX
ypaBHEHUM, cojiepkaliee ypapHeHue nuddy3un ApoOHOro mopsiika B CMEIIaHHON 00J1acTH,
coJieprKallel IpsIMOYTOJIbHUK U XapaKTePUCTUUECKHE TPEYTOJIbHUKY;

JI0Ka3aHa ciabas pa3pelmMOoCTh OOpaTHBIX 3a1ad MACHTH(PHUKAIUU HWCTOYHHKA IS
CMEIIaHHOTO ypaBHEHUS JApoOHOro mopsaka ¢ omepatopamu KamyTo U paBHOMEpPHO
AIITUNTUYECKUM OIEepaToOpOM;

OTpeNeIeHbl YCIOBHS Pa3pelIMMOCTH HEJOKaJbHOW 0OpaTHOW 3anaud (QyHKIHUU
MCTOYHHMKA JUI CMEIIaHHBIX YpaBHEHUH ¢ IpoOHON pon3BoaHoi KamyTo;
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JIOKa3aHbl HOBBIE CBoOWcTBa (GyHKIMH ['puHa TepBOKM KpaeBOW 3amaydl IS
T Hy3MOHHO-BOJIHOBOTO YPaBHEHUs ¢ ApoOHOM npousBogHoN PuMana-JInyBuinis, a Takxke
¢yakuuit Tuna Murrar-Jledgduepa oT 1ByX nepeMEHHbIX, KOTOPBIE YCIEIIHO TPUMEHEHBI B
UCCIIEIOBAaHUSAX MPSAMBIX U 0OpaTHBIX 3a/1a4 (PYHKIIMN UCTOYHUKA JJIsl YPABHEHUI B YaCTHBIX
IPOU3BO/IHBIX C Pa3IMYHBIMU ONlEpaTOpaMu APOOHOT0 UHTErpo-aud hepeHnpOBaHUS.

IIpakTHyeckne pe3yJbTarbl HcciaefoBaHus. [IpuBencHBI IpUMEpPBl KOHKPETHBIX
3aJ1a4, CBSI3aHHBIE C MOJIEKYJSIpHOW nud@dy3uei B mousax, ABM)KEHHE MOA3EMHBIX BOJ, a
TAaKK€ C TEYEHMEM ras3a B IOPHUCTBIX cpelax. AHAJIM3UPOBAHBI BIMSHHS Pa3IUYHbIX
napaMeTpoB YpaBHEHUs B Iporecc. MoaupuiupoBad METO | pelyKIIUN KPaeBbIX 3a1ad 1Jis
CMCIIAHHBIX YPaBHEHHMM THIIA C HEMIAJKOW JIMHUEW W3MEHEHUs THUIIA K CHCTEME
MHTETPAJIbHBIX YPaBHEHUN C UCTIOJIB30BaHUEM CBOMCTB COOTBETCTBYIOMIUX (DyHKIM ['puHa.
Hcnonp30BaHbl CBOMCTBA MOTHOTHI M 0A3MCTHOCTU KOPHEBBIX (PYHKIMHA COOTBETCTBYIOLIMX
CHEKTPaIbHBIX 3a/1a4, MMO3BOJISAIOLINI MMONYUYNUTh PELIeHUs MPsIMBIX U 0OpaTHBIX 3aj1ad JJis
YpaBHEHHMH B YaCTHBIX MPOU3BOJHBIX JIPOOHOTO MOPsIKa B BUJE PABHOMEPHO U aOCOIIOTHO
cxoasmerocs psaa. C moMoupio T0Ka3aHHBIX HOBBIX CBOMCTB (pyHKuuU ['puHa u GpyHKUMMA
tuna Muttar-Jlepdnepa or aByX HepeMEHHBIX PaCIIUPEH BO3MOXHOCTb PACCMOTPEHHUS
HOBBIX KJIACCOB 33/1a4 JJI1 CMEUIaHHBIX YpaBHEHUN APOOHOIO MOpsJIKa.

JIOCTOBEPHOCTL Pe3yJIbTATOB HCCIAEA0BAHUA. [[OCTOBEPHOCTh PEIICHMS NPSIMBIX U
oOpaTHBIX 3afad A AuQQepeHIaTbHbIX YPaBHEHUH B YACTHBIX HPOM3BOJIHBIX PAa3HOIO
TUNA C pa3iauyHbIMU AuddepeHInaIbHBIMU OnepaTopaMu JPOOHOTO MOPSAJIKA, W3YUECHHUS
cBoiicTB ¢yHkuuu ['puHa u ¢pynkuuit Tuna Murrar-Jledduepa ot 1ByX nepeMeHHBIX U UX
OPUMEHEHHUs] K PpEeHICHUAM KpaeBbIX 3aJad OOOCHOBAHBI METOJAMU MaTeMaTUYECKOIro
aHanmu3a, UG QepeHUuaNnbHbIX  ypaBHEHMH,  TEOpUU  CIEUUANbHBIX  (YHKIMH,
MaTeMaTH4eCKOW (U3HMKH, CINEKTPaIbHOW TEOPUH JMHEHHBIX ONEPATOPOB, MHTETPAIbHBIX
YPaBHEHHUW, TEOPUH PSIIOB.

Hay4yHasi 1 npakTH4YecKasi 3HAYUMOCTb Pe3yJIbTATOB HCCIEA0BAHMSA.

Hay4dHoe 3HaueHHe pe3yapTaTOB UCCIIEN0BAHNS 3AKIFOYAETCS B TOM, UTO [TOJIyYEHHbIE B
paboTe Hay4yHbI€ pe3yibTaThl MOTYT OBITh UCIOJB30BaHbl B TeOpUH TUphepeHuanbHbIX U
UHTETPAJIbHBIX YpaBHEHUI IPOOHOTO MOpPSIKA, B HCCIEAOBAHUSIX CBOWCTB CIEIHMAIBHBIX
byHKIUH.

[IpakTnueckoe  3HA4YE€HHE  JUCCEPTALMOHHOTO  MCCIEAOBAHUS  ONPEAEIIAETCS
NPUMEHEHHEM MOJIYYEHHbIX B pabOTe Hay4HBIX Pe3yJIbTaTOB B M3yueHUU IU(DPy3MOHHBIX
IPOIIECCOB Pa3IMYHOTO XapakTepa, B YACTHOCTH, MOJIEKYJIspHOM auddy3unm B mousax,
JBIKEHUS MOJ3EMHBIX BOJ, ra3a U MaJOC)KMMAEMON MUAKOCTH B IOPHUCTBIX Cpenax,
OMKCHIBAEMBIX MPU MOMOIIM YPaBHEHHUI B YaCTHBIX MMPOU3BOIHBIX JPOOHOTO MOPSAKA.

BHenpenue pe3yJbTaroB HcciaenoBaHus. [lonydeHHbIE B AMccepTaluu PE3YJIbTAThI
OBUIM UCIIOJIB30BAHbI B CIEAYIOIIMX HAYYHO-UCCIIEI0BATENBCKUX MPOEKTAX:

- UCTIOJIB3YS MPEUIOKEHHBIM CIOCO0 MpeICTaBIeHUs pelieHnit oOpaTHBIX 3a/1a4y yepe3
psansl dypoe-beccens, Oypobe-Jlexxanpa, a Takxke HOBble CBOMCTBA PyHKIMM THma Murrar-
Jledpdnepa, mccnenoBanbl 3aaun HAyYHBIX MPOEKTOB (COOTBETCTBYIOMIas cripaBka NeOl-
06/98 ot 12.06.2020 r. U3 MHCTUTYTa MAaTEeMaTUKA U MATEMaTHYECKOTO MOJICIUPOBAHUSA,
Kazaxcran u yHuBepcureta ['eHt, benbrus). IIpuMeHeHHe 3THX Hay4dHBIX PE3yJIbTATOB
MO3BOJIMJIO TIPU OMPEEICHHBIX YCIOBHUSIX HA 3a/JaHHBbIC (PYHKIWH, JOKa3aTh OJHO3HAYHOU
pa3peIMMOoCTH 0OpaTHBIX 3a/1a4 I YpaBHEHUH THIIOSUIMITHYECKON 1 cyOauddy3nn;
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- METOJ| MCCIIeOBaHUs €1a00i M PEryysspHONl pa3pelIMMOCTH OOpPATHBIX 3ahad JUIs
CMENIaHHBIX YpaBHEHUH ¢ onepartopamu KamyTo ObUIM KMCIIONB30BaHBI MIPU UCCIEAOBAHUSIX
00paTHBIX 3a/1au B 3apyOexKHBIX TpaHTax (cmpaBka ot 15 uronsa 2020 rojga u3 yHUBEpCUTETA
Cynran Kabyc (Oman)). [IpumeHeHHEe 3THUX Hay4yHBIX pE3yJIbTATOB a0 BO3MOXXHOCTH
GbOpMyIHUPOBKHU U pPEIICHUs Psijia HETOKAIbHBIX 0OpaTHBIX 3aa4 JIJIsl CMEIIAaHHBIX YpaBHEHUN
JIpOOHOTO TMOPsIIKa, MPEACTABIIAS PEIICHHUS B BUI€ PABHOMEPHO M a0COJIIOTHO CXOISIIHECS
OECKOHEYHBIX PSIJIOB;

- NPEMIOKEHHBI  CIoco0 WCCJIEIOBAHUSI HEJOKAJbHBIX KpaeBbIX 3a7ady C
UHTETPAIbHBIM YCIOBHUEM CONPSKEHUS U CMENIAHHBIX YPaBHEHHI TPOOHOTO MOpsKa C
JBYMS JINHUAMM U3MEHEHUS THUIIA, & TAKXKE CIOCO0 pelIeHHsl IPSMBIX U 00paTHBIX 3a7a4 JJIs
muddepeHIMaIbHBIX YPaBHEHUH JPOOHOTO MOpsiIKa C ONEepaTopoM rumnep-oeccens ObUIH
HCITOJTh30BaHbI B 3apyOeKHBIX HayIHBIX skypHanax (Mathematics, 2020, 8:856; Mathematical
Methods in Applied Sciences, 2019, 42(11), pp. 3865-3876; Journal of Mathematical Analysis
and Applications, 2018, 468(1), pp.473-479; Differ. Equ. Dyn. Syst., 2017,
https://doi.org/10.1007/s12591-017-0378-2; Electronic Journal of Differential Equations,
2014, Ne 97, pp. 1-17; Electronic Journal of Differential Equations, 2015, Ne 221, pp. 1-10).
Hcnonb30BaHne Hay4yHBIX peE3YyIbTATOB IMOCTYKUJIO HMCCIEHOBAHHIO KpPAaeBbIX 3ajad JJisd
napaloJIo-TUNEPOOINUECKUX YPAaBHEHUH TPETHETO MOPSAKA, KPAeBbIX 3a4a4 sl pa3HOCTHOTO
napaboIMYecKOro ypaBHeHus ¢ ornepaTopom KamyTo, a Takyke KpaeBbIX 3a/1a4 Jyisl ypaBHEHUN
B YACTHBIX NMMPOU3BOAHBIX C ONIEPATOPOM THIIEp-Oecces.

Anpofanus pe3yJibTaTOB UCCJIeJ0BaHUsA. Pe3ynbTaThl JaHHOTO UCCIEI0BAaHUS ObLIN
oOcyxJieHbl Ha 15 HaydHO-TIpaKTUYECKUX KOH(EPEHIIUAX, B TOM YHUCIIE Ha 8§ MEKTyHAPOIHBIX
U 7 pecnyOIMKaHCKUX HAYYHO-TIPAKTUYECKUX KOH(PEPECHIIHSIX.

Ony0JMKOBAHHOCTHL Ppe3yJabTAaTOB HccjenoBaHus. [lo Teme auccepraunmn
omyOJIMKOBaHO Bcero 35 HaydHbIX paboT, M3 HUX 18 HayudHbIX cTaTeil, B TOM 4HCIIEe
ormyOnuKoBaHbl 14 B 3apyOeXHBIX U 4 B peclyOJMKAaHCKUX >KypHaIax, PeKOMEHI0BaHHBIX
Briciieii arrectanimoHHON KoMHCcHel PecryOnmkn Y30ekucTan AJIsl IMyOIMKaIMA OCHOBHBIX
HAyYHBIX PE3YJIbTaTOB JOKTOPCKUX JTUCCEPTALIUM.

O0beM u cTpykrypa auccepraunu. CTpyKTypa JTUCCEPTALlUA COCTOUT U3 BBEJICHUS,
YeThIPEX TJIaB, 3AKITIOYCHUS, MPUIIOKEHUS U CIIUCKA UCIIOJIB30BAaHHOUW MuTeparypbl. O0beM
auccepranuu coctasisieT 207 cTpaHuL.
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OCHOBHOE COJAEPKAHUE JUCCEPTAIIU

Bo BBemeHuMH mnpuBEIEHbl O0OOCHOBaHMS AKTyaJlbHOCTH U BOCTPEOOBAHHOCTH TEMBI
JUCCEPTaLliU, OIpPEAEIIEHO COOTBETCTBUE HCCIEIOBAaHUS IPUOPUTETHBIM HAaIpPaBICHUAM
pa3BUTHA HAYKM M TEXHOJIOTMM pecryOJIMKH, MpPUBEIEHBI 0030p 3apyOeikHBIX Hay4dHBIX
UCCIIEZIOBAaHUH 110 TEME IUCCEPTALH U CTETIEHb U3yYE€HHOCTH MPOo0IIeMBbl, C(HOPMYITUPOBAHBI
LIeJIN U 33/1a4U, BBISBICHBI OOBEKTHI U IPEIMET UCCIEOBAHNS, U3I0KEHBI HaydHasi HOBU3HA
U TPaKTUYECKUE DPE3YJIbTAaThl HCCIEIOBaHMS, PACKPHITA TEOpETHYECKass M IpaKTU4ecKas
3HAYMMOCTbh IOJYYEHHBIX pE3yJIbTaTOB, JaHbl CBEIEHUS O BHEIPEHUU pPe3yJbTaTOB
UCclieIoBaHus, 00 OmyOIMKOBaHHBIX padoTax U O CTPYKTYpe AUCCEPTALUH.

B mnepBoii rmaBe amccepranuu, HazBaHHOW «KpaeBble 3aJaum ¢ HMHTerpajbHbBIM
yYCJIOBHEM CONPSIKEHHUS /UI CMEIIAHHBIX YPABHEHUH ¢ OJHOW W JABYMS JIMHHSIMHU
U3MEHEHHsl THIA», UCCIENYeTCs KpaeBble 3aJadd C HMHTErPAIbHBIMU  YCIOBUSMU
COIPSDKEHUS ISl CMEIIaHHBIX YpaBHEHUH ¢ OJHOW M ABYMS JIMHUSMH W3MEHEHHUS TuIa C
ornepaTopaMu ApoOHOro uHTErpo-auddepenupoBanus Xundepa, Kanyro u Pumana-
JInyBuns. [1pu 3ToM B 3aBUCHUMOCTH OT ()OPMBI YCIIOBUS CONPSIKEHUSL, 38141 IKBUBAJIEHTHO
npuBeeHbl MO0 K CHCTEMe MHTErpajlbHbIX ypaBHeHMH BosabTeppa BTOpOoro popaa, nm6o
CBEJICHBl K MHTETpaIbHbIM ypaBHEHUsIM Dpearoiabma BTOPOro pojia, IpUUEM B MOCIEIHEM
cllydyae, OTIENBbHO JIOKa3aHa €IMHCTBEHHOCTh pEIIEHUS 3aJad. OTO IOKa3bIBaeT
OTIpeIeJICHHOE BIMSIHUE YCIOBUM CONPSIKEHUS B UCCIIEOBAHUAX K Pa3pelInMOCTU KPaeBbIX
3aj]1a4 JJIsl CMEIaHHBIX YPaBHEHUH.

B o6nactu () 115 cieyroniero ypaBHEHUS
0= u, — Dy u, t>0, )
u,-u, t<0

chopmMyIIHpyeM KpaeByro 3aJ1auy ¢ HHTETPAIbHBIM YCIIOBUEM COIPSIKCHHUS:

3anaua 1. Haumu ¢yuxyuro U(X,t), KOmopas HenpepvieHa 8 Q\ AB; npouU3800HbLE
u, (x,t),un (X,t) nenpepwignel 6 €2,;U (X,t), D;'”U(X,t) nenpepviena 6 £

1
;yooenemeopsiem ypasuenuto (1) 6 oonacmsax €, u €2, ; yooenemeopsem Kpaesvim ycio6uim

u(O,t):u(l,t)zo,Ostsl, u(X/2,—X/2):l//(X),OSXSl U YCIOBUAM CONDSHCEHUS]
limt““*“u(xt)=u(x,-0),0<x<1,

t—+0
limt [t (x,t) | = 7u,(x,-0)+ 72TUt (z,-0)P(x,z)dz
0

t—>+0

1
+7,Ju, (2,-0)Q(x,2)dz,0 < x <1.
3necy Q=0 UQ, U AB - ogHOCBA3Has 0061aCTh MIOCKOCTU MEPEMEHHBIX X U t, Iie
AB={(x,t):0<x<1,t=0}, Q ={(xt)0<x<1,0<t<1},
,ula d

Qz:{(X,t):—t<x<t+1,—%<t<0} Dy f =1 a|“’<“‘>f(t)

38



- uHTerpo-auddepeHalbHbI  onepaTop Xuidepa MopsaKa a(0<aS1) U TUMA

t
,u(O Su< 1) ,rme I f (t) = T (1a) '([ (I EZZ))?i - UHTETpaIbHbIN oriepatop Pumana-JInyBuss
opsiAKa o ( Rea > O) : r ( a) - U3BECTHAs raMmma-QyHKIUs Ditnepa,
4 (X), P(X, Z), Q(X, Z) - 33/JlaHHbIE HENpepbhIBHbIE (QPYHKIMM B CBOMX O0OJACTAX

ompernenenus, a ¥,,%,,/, € R, rakue uro ¥ +y; +y,° #0
Hmeet MecTo creyromas TeopeMa eIMHCTBEHHOCTH:
Teopema 1. Eciu y, > 0,7, >0, , 20 u cnpasednuswl ycrogus

oP(X,z 0Q(X,z
% = —Pl(X) Pl(z)’% = _Ql(X)Ql(Z)’ P(X1 X) 2 O, Q(X, X) 2 O,
mo 3a0aya 1 He umeem Hoee 00HO20 peuteHus.
Opuwmep 1. Hanpuvep, ~ P(X,t)=sinxcost, Q(x,t)=e™(1+e™)
VO081emMEOPsIOm 8cem YCa08usim meopemol 1.

CymecTBoBaHUe penieHus 3a1auu 1 obecrneueHo cieayomei TeopeMoit:
Teopema 2. Ecnu gvinonnenst ycnogus meopemvl 1 u

P(x.1).Q(x.t) € C([0.1]x[0.1]).(/ at) P(x.t),
(016t)Q(x,t) eC([0,1]x[0,1]),w(0) =0, w(x) eC'[0,1]1 C*(0,1),
moezoa cyujecmayem eOuHcmeenHoe peuteHue 3aoayu 1.
[anee, B 3TOM Ii1aBe Ucciaeq0BaHa CIEAYOIIAs
3anaua 2. Haittu ¢yHkimio u(x t) KOTOpast

1) u(xt)eC(Q)NCH(Q,)NC*(Q,),cDiueC().u, eC(X);

2) yIOBJIETBOPSET YPAaBHCHHIO

1+sgnt _1-—sgnt

o 2 CD((; utt:O;
3) yIOBJIETBOPSET HEIOKAIBHBIM KPAEBbIM YCIOBUSIM
a(z)u(0,z)+b(z)u(z/2,-z/2)=c,(z),0<z<1,
a,(z)u(Lz)+b,(z)u((z+1)/2,(z-1)/2)=c,(z),0<z<1,
a,(2)u(0,2)+by(z)u(Lz)=c,(z), 0<z<1;

4) u (X t) TaKX€ YAOBIICTBOPSACT YCIOBHUIO CONPSKCHUS

limt™u, (x,t)=au,(x,-0) +ﬂju (z,-0)P(x,2) dz+7ju -0)Q(x,z)dz, 0< x <1.

t—>+0

., 1 t f(”) 7
3nece Dp f = F(n—a)'([(t— zg“z” dz (n=[Re(a)]+1 t>0)- murerpo-

muddepeHIanbHbIN onepaTop ApoOHOro nopsaaka & B cMbicie Kamyro,
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O<a<l, q, B - 3aJaHHBIE  JIEMCTBUTEIBbHBIE  4YHCIIA, a F~’(X, Z),Q(X, Z),
Z),C

( )( ) 3aJlaHHbIC HETIPEPBIBHBIC (PYHKITUH, TAKHE YTO
+ﬂ +72#0,a’(z)+a;(2)=0,a7(z)+ai(z)=0,b’(z)+b; (z)=0,
b’ (z)+b;(z)#0,a](z)+bf(z)+c;(z)=0,j=12

CripaBeJIUBBI CIIETYIOLINE TEOPEMBI:
Teopema 3. Ecnu 6vinonnensl yciogus

POt) =R ()P (1).Q(xt)=Q(x)Qu(t),
0,'(0)+ 58, ()R ()P, (x) - 73, (x)G, (1), (x) 2 0L

(
_7,(0) <Og{ () ]>Og[ 70, () ]<O,
2d,(0)Q,'(0) 2d, (x)P,'(x) d,(X)Q,' (%)

u 8 (2)b,(2)c,(2) % +a,(2)a,(2)b(2), B (), Q' (x) #0, & (0)=—b(

2 He modcem umemn 60jiee 00HO20 peuleHusl, 20e
— 1+d z)b,(z)c,(z
T L) 4 o s
1-d,(z)’ a,(z)a,(z)b(2)
Teopema 4. Ecnu gvinonnenst yciogus meopemwvl 3 u YCao8us

ai~(z),bi (z),~ci(z)eC[O,l]mcl(O,l), P(x,2),Q(x,2),
Px2) RX2) _ ¢ (10.4]x[0.4]) ~CH((01)x(0.0))

oz 0z
mo 3a0aua 2 00HO3HAYHO pa3peuumd.

B § 1.3 nu § 1.4 uccnenoBaHbpl KpaeBble 3aJaull C HHTEIPAIBHBIMHU YCIOBHSIMU
COIPSDKEHUS JISl CMELIAaHHBIX YPAaBHEHHH ¢ ABYMS IMHUSIMHU U3MEHEHUS TUIA U ¢ APOOHBIMU
npou3BogHbiMu Kanyto m Pumana-JInyBwuis. Hapsay ¢ noka3aTenbCTBOM OJHO3HAYHOM
pa3penrmMoCcTy, OKa3aHO BIUSHUE YCIIOBUS CONPSDKEHUS HA Pa3pelIuMOCTb HCCIEIyeMOn
3aJ1a4M.

N | R

Paccmorpum ypaBHeHHE
3(xy)= { L (% Y)=cDiu(x,y), O<ﬂ,<1,_(_x,y)eA0, .
U, (xy)=u, (xy). (xy)ea (i=12)
B obmactu A=A, UA UA, UAA UBB,. 3recs g (X, y) - 3ajaHHas QyHKIMA, A, -
npsvoyronshuk  ABByA, ¢ sepumnamu A(0,0),B(1,0),B,(L1)A (0,1), A (4,) -
00J1aCTh, OrpaHUYCHHAS OTPE3KOM AAb(BB ) XapaKTePUCTUKON AbC(B D) ypaBHeHus (2)
npu X < O(X >1) u rnanakoi kpusoir AC 1X = —)/1 |:BD X==7, (y)]

Jns ypaBHenwus (2) B o0mactu A chopMynupyeM CIeAyOIIyO 3a1a4y:
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3agaua 3. Haiitu pemenue ypaBHeHus (2) B ki1acce pyHKIMMA
W, = {u(x,t) Ue C(Z) NC*(A), u,, DiueC(A,),ueC?(A )} ,
YIOBICTBOPSIONICE HAYaIbHOMY yCIIOBHIO U (X, O) =0,0<x<],
KPaeBbIM YCIOBHUAM (ux — uy)‘AC =0, (ux + UY)‘BD =0,

1 ycroBusim conpsikennst ipu 0 <y <1

u (-0,y)=au, (0+y)+ ﬂjux (0+,1)Q,(y,t)dt,

u,(1+0,y)=a,u,(1-0, y)+,82JXUX(1—0,t)Q2(y,t)dt.

3necs ;3 (i=12) - samaunbie neficTBuTenbhble uena, Takue uro o) + B #0,

Q (y,t)(i =1 2) - 3aJlaHHbIe (PYHKIHH.
CnpaseuiuBa Cleayrolas
Teopema 5. Eciu o, #0 (i :1,2) u

g(xy) eC(Z) NCH(4),Q(y.t)eC([01]x[0,2]) nC*((0,2)x(0,1)),
mo 3a0aua 3 0OHO3HAYHO PA3peuuMda.

Tenepp uccnenyem 3agaudy 4, KoTopas OTIMYAETCA OT 3aJa4d 3 TOJBKO C YCIOBHEM
COIIPSDKEHUS, T.€. YCIIOBUS COIPSDKEHUS 3aMEHSIOTCS CO CIIEAYIOIUMH YCIOBUSIMU

u (0+y)=agu, (0-y)+ ﬂ3jux(0—,t) R (y.t)dt,0<y<1, €)
y
u (1-0,y)=e,u,(1+0, y)+,84.[ux(1+ 0,t)P,(y,t)dt,0<y<1. (4)

3necs o, 3 (1 =3,4) - sanannsie neficTuTenbHble uncna, Takue uto of + B #0,
P ( y,t)(i =1, 2) - 3aJIaHHBIC HETIPEPBIBHBIC (DYHKIIUH.

Ota 3amaya B cuiy ycioBuil compsikeHus (3), (4) He MOXeT ObITh SKBUBAJICHTHO pPENy-
LUPOBAHA K CUCTEME MHTETPAIBHBIX ypaBHEHU BonbTeppa Broporo posxa. Bmecro atoro ona
penyuupyercs K CUCTEME MHTErpallbHbIX ypaBHeHUN dpearonsma Broporo poaa. Iloatomy,
CHayasa Mbl JOJDKHBI JJOKa3aTh €AMHCTBEHHOCTh PELICHUS 3a4a4H.

Jloka3sIBaeTCs cieayronas TeopeMa €IMHCTBEHHOCTH:

Teopema 6. Ilycmo

; Zoiﬂj >0, Pi(y’ ): Pll(y) Pi,z(t)’ Pi,z(l)zo'

j 20(i =12, ] :3,4).
OHO eOUHCMEEHHO.
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Ipumep 2. OyHKIUA P( y,t) =g’ (l —e ) YAOBJIETBOPSET YCIOBUSAM TEOPEMBI 6.

Taxxke, 10Ka3aHa TEOPEMA O CYIIECTBOBAHUE PELICHHS 3a1a4uu 4:
Teopema 7. Eciu o # O(i = 3,4) u

g(xy)eC(A)nC'(A), R(-)eC([0.4]x[0,1]) nC*((0,1)x (0,1))(i=1.2),

mo cywjecmgyem peuieHue 3a0aiu 4.

HenokanbHasgs KpaeBas 3ajada cO CHEHUAIBHBIMU HMHTETPAIBHBIMU  YCIOBHIMHU
COIPSDKEHUS JJIsl CMELIAaHHOI'O YpaBHEHHs ¢ JpoOHON mpou3BoaHOM Pumana-JInyBmiis c
JBYMs MapajuleIbHBIMU JIMHUSMU U3MEHEHMsI THUIIA SKBUBAJIEHTHBIM 00pa3oM INpHUBEIEHA K
CHCTEME MHTETPAIIbHBIX YpaBHEHUU BonbTeppa BTroporo poaa.

B rnase 2, ¢ HazBanueM «KpaeBble 3a1a4i ¢ HHTErPaJbHBIM YCJIOBHEM CONPSKECHUS
JAJIsl CMEIIAHHOT0 YPABHEHHMs C TpeMsi JHUHHUSIMH M3MEHEHHMSI THIIA» HCCIEN0BaHbl TPU
3aJ]aud C HEJOKAJIbHBIMU YCIOBUSIMH IS CMELIAHHOTO YPaBHEHHs C OIEpaTOpoOM IpOOHOTO
mubdepeHupoBanrs B cmbiciae KamyTo B cMemaHHOM o01acT, cocTosllas U3 Tpex
XAapaKTEpUCTUYECKUX TPEYTOJBHUKOB U OJHOTO IIPSIMOYTOJIbHUKA.

B § 2.1 paccmorpeHa kpaeBas 3azaya Cc yciaoBueM Tuna OpaHKIs, CBI3bIBAIOLIECE
pa3jauyYHblE YacTH OAHOW XapaKTEPUCTUKH, ISl YPABHEHHS CMEIIAHHOTO THUMNA C TpeMsd
JUHUSAMU U3MEHEHMs TUMNa. 3ajJadya SKBUBAJIEHTHBIM 00pa3oM peaylHMpOBaHa K CHCTEME
MHTETpaJIbHBIX YpaBHEHUH BonbTeppa BToporo poza.

PaccMoTpuM ypaBHEHME

0= )

Uy —cDoyu,  (X,y) € Dy,
Uo—U, (%)) e®,(=13)
B cMmemanHoii obmactu @ =0, VD, VD, VD, UABUAA UAB,. 3gece 0< A<,
d, = {(X, y)0<x<1l0<y< 1} , ©,D,, D, - XapaKTCPUCTHYCCKHE TPEYTOIbHUKH C
BEpIIMHAMU A B,C;A A,,D;B,B,,E, coorserctBenno,  rue A(0,0),A,(0,1),
B(1,0),B,(1,1), C(1/2,-1/2),D(-1/2,1/2), E(3/2,1/2).
3agaua 5. Hatimu pewenue ypasnenus (35) uz knacca yukyuii

W, = {u(x, y):u eC@),uXX, CD(fyu e C(D,),u(x,y) eC*(D,),i :1,_3}, nepeoe

npouseoonoe U, (X, y) nenpepoigno 6 O\ @,, yoosnemsopsrowee ycrosusm

a, (Hu(t,—t) +a, (tu(-t,t) = a,(t),0<t <1/ 2, Ulee=a(x), 1/2<x<1,
Ulge=¢,(y), 0<y<1/2, |imOCD§yu(x,y)= lim u, (x,~0), 0<x<1,
y—+H Y

rae 3 (.4, ()(i = 1,3,j=1,2) - sananusie pynxmn, Takue uto @ (1) = ¢,(0).
Teopema 8. Eciu
a(),4,()eC0,1/2]nC?*(0,1/2),4()eC'[1/ 2,1]]nC?*(1/2,1),
maxue umo @ (1) = ¢,(0), a,(0) = —a,(0), mo cywemceyem edurncmeennoe pewenue 3adauu
6.
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IIpumep 3. B xauectBe mpumepa CyLIeCTBOBaHHs 3aJaHHbIX (yHkuuilt a. (), &, ()
KOTOPBIE YIOBJIETBOPSIOT YCIOBUSIM TEOPEMBI 8, TIPUBEIEM CIIETYIOIIHE:

a, (t) = cost, a,(t) =sint, a,(t) =t*, ¢ (x) =e* 7, ,(y) =¢".

§ 2.2 MOCBSIIEHA HAXOXICHUIO PELICHUS OJHOW KpPaeBOM 3aJayd C HEJIOKAJIbHBIMU
YCJIOBUSIMH, 3aJlaHHbIC HAa XapaKTEPUCTUKAX, JIS YPAaBHEHHUSI CMEIIAHHOTO YpPaBHEHUS C
TpeMsi TUHUAMU U3MeHeHus Tuma. C TOMOIIBI0 CHIEIUAIBHOTO AITOPUTMA CTPOUTCS PEIICHUE
3aJIauu.

3agaua 6. Haimu pewenue ypaswenus (5) 6 obnacmu @, yoosnemeopsarouyo

yenosusm znadkocmu U(X, y) € C(P) mCl(CT)j)mCZ(cDJ.), j=1,3; Doy e C(D,),

UX(X, y) - nenpepwisnwl enioms 00 X =0, X=1; yooeremeopsiem nenoxanvmvim yciosusm

3, (0u(-4)+4,(0)u(t )= & (1), 0<t< 7,

a makotce yCiao6UAM CONPAINCEHUA

lim ¢Dg,u(x, y) = e, (x,~0) + ﬂljuy(z,—O)IDl(x, z)dz, 0 < x<1,
0

y—>+0

y
U, (+0,Y) = U, (<0,Y) + B, [u,(-0,2)P,(y,2)dz, 0< y <1
0

y
u,(1-0,y) =, (1+0,y) +,83'[ux(1+ 0,2)R,(y,z)dz,0<y <1.
0

3mecs P(,), & ('[), b ('[), C, (t) (i = ]j’)) - 3alaHHbIe (PYHKIMHU, TAKKE YTO
A,(0)8,(0)%0,b,(1) +b,(1) 20,8 () +&2(1) > 0,67 t) b2 (1) >0,
¢! (t)+c;(t)>0,a(t) +bi(t) >0, (t) +bi(t) >0,

y 2 p2
o, [, - 3anaHHbIe AeiicTBUTENbHBIC Yncia, Takue uto ¢; + 3 #0.

(6)

Teopema 9.  IIycmo ycnosue (6) cnpaseonuso. Ecnu sadannvie @ynxyuu B(.,-) -
Henpepvi6Hbl 6 3AMKHYMOU 001acmu U HenpepuleHO Oughghepenyupyemsvl 6 OMKPbIMOU
obnacmu 3adanus u &,(),0.(),c. () eC'[1NC*()(i=1,3), mo pewenue 3ad0auu 6
cyujecmeyem.

B § 2.3 uccnemoBana 3ajada C HEJIOKAJbHBIMH YCIOBHSIMH M CO CHEHATbHBIMU
YCIIOBUSIMH COTIPSDKCHUS JUISI CMEIIIAHHOTO YPaBHEHUS C TPEMs JIMHUSIMHA U3MEHEHUS THTIA B
CIeUaIbHONW  00JacCTH, OrPAaHMYCHHOW TJAJKHUMH KPHUBBIMHU. 3ajgadya SKBUBaJICHTHA
peayuMpoBaHa K CUCTEME MHTErpalbHbIX ypaBHeHH Dpenroiasma Broporo pozna. [loaromy
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CANMHCTBCHHOCTL PCHICHUA JOKA3bIBACTCA OTACJIBHO. I[J'ISI O9TOI'0 HCIIOJIB30BaH MCTO[
HHTCI'PpaJIOB OHCPIUU.

* 2
[TycTh b R*- OJHOCBSI3HAS CMeIIaHHas 00J1aCTh, npu4emM

®" =, Ud; UABUBCUAD(i=13), me A(0,0),B(10),C(11),D(0.1), @ -

00J1acTh, orpaHuueHHast KpsIBoit ¥, u otpeskoM AB(i=1), BC (i=2), AD (i=3).

Imagkue kpuesie 't =—%(X),1(0)=7(1)=0, »,:Xx==p,@1), »,00)=y,(1)=0,
Vo X==y,(t)+1,7,(0) =,(1)=0 nmexar crTporo BHYTPH XapaKTCPUCTHYCCKHX

TPEYrOJbHUKOB.
PaccmotpuMm ypaBHeHue

Lu=f(xt), (7)
u, —.D{u, (x,t) e®@,,0< A<,
rie Lu= I
u, —U,, (Xxt)ed,(=1,3).

3anaua 7. Haiimu pewenue ypasnenus (7) uz knacca ¢hynkyuii
W, = {u :u(x,t) e C(@),u,,, .DiU e C(D)),u(x,t) e C2(D)),i :17,}, nepevie
NpPoU3B0OHbLIE HENPePbleHbl 00 epanuy obaacmel q); u CD? (i= ﬁ) ; yoosiemeopsiem
nenoxansneim yenosusm U, —u,](6,(s)) = oy [u, + U, ](91*(5)),0 <s<l,
[u, —u](6,()) =0, [u, +u](65(5)).0< s <1,
[u, +u](6,(8)) =03 u, —u,](£5(5)).0< s <1;

yoosnemesopsiem yciosusm 6 06yx mouxax U(A) =U(B) = 0,yooeremsopsem ycrosusm

1
conpsacenus |im DEU(X,t) = a,u, (X,-0) + Bl'[ut (s,~0)P,(x,s)ds,
t—>+0
—_ 1 —~
u, (+0,t) = a,u (-0,t) + 5, jux(—o, s)P,(t,s)ds,
t

1
u, (1-0,t) = au, (1+0,t) +33jux(1+ 0,5)P,(t,s)ds.
t

3neck O, Q;, B - 3ajaHHBIC JCHCTBUTENIbHBIC YHCJA, TaKUE YTO 07i2 + ,Biz #0, |3|(, J) -
sagannbie Gyakinn, 6 (S),6,(S), 6, (S) [6?1* (s),6,(s),6; (S)} - aUKCHI TOYEK TIEPECCUCHHUS
kpuBbix ¥ (S)(i =1,3) ¢ xapakrepucTukamu X—t=S, t—X=5, X+t=1+S
[X +t=s,X+t=s,t—x=1+ S] ypaBHeHUs (7), COOTBETCTBEHHO.

Jli1d 5TOM 3aaa4M BEPHBI CIECAYIOIINE YTBEPKIACHUS:

Teopema 10. [Tycms P(t,s) = FA’i‘l(t) : Fﬁ’iz(s), |5j2(1) =0,i=1,3,j=2,3
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U 6bINOJIHAIOMCA YCI06UA

L NOLNOR

l1-o0, -0,

o) Pu B2(1+az>,( 21<t)] 0 Ao O,Isll(x)-lﬁz(x)zo,[ AX)J

21-0,) B, (0  21-0) B, (t)) 2o, +1) B, (x)

a maxace f(x,t), P(x,t)eC ([0,1] X [0,1]) NC! ((O,l) X (O,l)),

as(o; — 1)<O 183(63 15 31(t) P32(t) 0ﬁ3(0'3 1) 31(0) ,33(63 l)( 31('[)J
o,+1 o,+1 2(0,+1) p (o) 2(a3+1) P, (t)

Tocoa cywecmeyem eOuHcmeeHHOe peulerue 3a0a4u 7.

B rnase 3, HazBanHoi «OQOpaTHbIe 3a1a4M AJIsl CMEIIAHHBIX YPaBHeHU C ApoOHOit
npousBoaHoii Kanyro B mpsiMoyroibHbIX 00JIaCTAX» HCCIEAOBAHBI YEThIpE OOpaTHBIE
3aJ]auu JUIsl CMEIIaHHBIX YpaBHEHU ¢ onepaTtopamMu qpooHoro quddepenuupoBanus Kamyrto
B IIPSMOYTOJIbHBIX 00JIACTSIX.

B § 3.1 wuccmenyercs oOpatHas 3amada C HEJIOKAJIBHBIMH YCIOBHUSIMH  TIO
NPOCTPAHCTBEHHOW MEPEMEHHOW ISl CMEIIAaHHOTO YpPaBHEHUS C JIpPOOHOU MPOU3BOAHOU
Kamyro no BpemeHHOl nepeMeHHoW. Pemenne 3amaun uieTcst B BUje OMOPTOTOHAIBLHOIO
psaa, B UTOTE SIBHBIM BHJI pELICHMs] MCCIENyeMOW 3aJaud NpelCcTaBieH yepe3 (QyHKUUU
Murttar-Jlegdaepa ot 1ByX nepeMeHHBIX.

PaccmoTpuM ypaBHEHHE CMEIIAHHOTO THUIIA APOOHOTO MOPsIKa

Dju—u,,,t>0,

f(X) — C —ot XX (8)
Diu-u,_,t<0

B IPSIMOYTOJIBHOM 00acTu A = {(X,t) 0<x<l-p<t< q}. 3necy a,f,p,q€R", rakue

yro 0<a<1,1< <2, f (X) - HeM3BeCTHAs (DYHKIHSL.

xx1

3anaua 8. Haiimu napy ¢ynuxyuii {u (X,t), f (X)} V00871emeopAowas
i)u(x,t)eC(K)me(A+ uA’),CDg’tu eC(A*),CDf)u eC(A’), f (x)eC[0,1];
ii) ypasnenuto (8) 6 A* u A” u xpaesvim ycrosusm
u(0,t)=u(1,t),u,(0,t)=0, —p<t<gq,u(x, —p) =p(x), u(x,q)=¢(x),0<x<1;
iii) ycnoguio conpsicenus tILrI(]) CD&U(X,I) ||m D ( ) O0<x<1,
rme A= Aﬂ{t > 0},/\_ = Am{t < 0}, y =const e (0,1], W(X), ¢(X) - 3aJlaHHbIE
bynxuwin, npraem $(0) = @(1) .y (0) =y (1).

Jlnis uccnegoBanus 3a7adu 8, CHavana J0Ka3ajld HeKOTOpble CBOMCTBA (PYHKIIUU THIIA
Murttar-Jlegdaepa oT 1ByX nepeMeHHBIX:
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E|: yl’al;yZ’ﬂl |X:|:
1 6l’a2’ﬂ2;52’a3;63’ﬁ3 |y
ii (71)a1m(72)ﬂl X" y"

mo L(0, +a,m+ B,n) (5, +am)T(s5,+Bn)
Nwmeet MecTo crenyromas
Jemma 1. Eciu Y =X, 7, =0, =1, B, = B,, A= B,, moeoa

El( 7/1’a1;7/2’ﬂ-1 |Xj_yEl( 71;(11;.7/2sﬁ1 - |Xj: Eil’;l;a R (X),
é‘laaziﬂz;é‘ziaayé‘saﬂ3 |y 51_'_ﬂ”az’ﬂz’é‘Z’cxyé;’ﬂ3 |y T
= (n) X"
E71 X)= i .
rac 51(1352( ) mZ::l)l_‘(é'l_i_azm)r‘(é‘z—}—agm)

OpnHo3HauHas pa3pemnMOCThb ATOM 3aJ1a4M JI0Ka3aHa B CIeAYIolel TeopeMe:
Teopema 11. Ilycms 0 < y <1. Ecau umeem mecmo yciosue

$(x),w (x)C*[0,1], 4% (x), ¥ (x) € L, (0.2),6(0) = ¢(2), #(0) = O,
#"(0)=¢"(1), % (0)= ¢ (1), ¥ (0) = (1).¥' (0 = 0.y"(0) =y"(1), ¥ (0) =y (1),

mo peuieHue 3a0aqu 8§ umeem eOUHCMBEHHOE peuternue.
B ciy4dae, korma y = 1 YCIIOBUC COIIPAKCHUA UMCCT BUL

tIirr?J Dgu(x,t)= t|ir_r(1)ut(x,t), 0<x<1

U 3TOT Clly4yail paccMaTpHUBAaeTCsl OTHAENbHO. s pa3pemmmocTy 3aaud 8 B 3TOM cliydae
JI0Ka3aHa cieyrouas Teopema:
Teopema 12. Eciu gvinonnensl yciogus

#(x),w (x)€C°[0.1], 4 (x), ¥ ® (x) € L,(0,1),4(
¢"(0)=¢"(1).¢*(0)=4"(1),w(0) =y (1).¥'(0)=0,p"(0
R N
rg+1) I(a+l)
= p’E, ,.(—(2k7)* p”)+ PE,,(-(2k7)’ p”)-q°E, ., (—(2k7)*q") =0

mo 3(1()&‘1& 8 C YClo8UEM CONPAINCEHUA 6 C)yHae, Ko20a Y= 1, umeem eOUHCmMeeHHoe

(=)

0)=¢(1).4'(0)=

)=y"(1),w?(0)=y® (1),

A,=p+

peuienue.

IMpumep 4. Eciiu p = =1, 10 u3 oueBuaHOrO hakra
1 1
# +1 (0<a<l1<p<2 9
Fary) T p=2) ®

caenyert, uto A, #0, A, #0.

B § 3.2 00beKTOM HCCIeA0BaHUS CTAHOBUTHCS CMEIIAHHOE YPaBHEHUE C ONEepaTOPOM
Kanyro mo BpeMEHHON NEPEMEHHOM W C PABHOMEPHO-IJUIMNTHUYECKUM OIEPaTOpPOM IO
NPOCTPAHCTBEHHOU MepeMeHHOoM. JlJis 3Toro ypaBHEeHUs UCCIEAYIOTCS OOpaTHbIE 3a/1a4u 10
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HAXOXXJICHUIO HEW3BECTHOM IIpaBOM 4YacTU ypaBHEHUsA. JlOKa3bIBaeTCsA CYLIECCTBOBAHHE
CJ1aboro peleHus! MOCTaBIEHHBIX 3a/1a4.
PaccMoTpuM caenyronyro ypaBHEHUIO

f(0) = Diu—£Lu, t>0, (10)
u,—£u, t<0,

BMCCTC C YCIIOBUAMU

u(0,t)=u(1,t)=0,—- p<t<q,

u(x,—p) =y (x),u(xq) = ¢(x),0<x <1, (1)
u(x,+0)=u(x,—0),0§x§1,!imC Dsu(x,t) =u (x,-0),0< x<1.
3necs LV = Z( ) ¢ (€)= {ve H(01);v(0) = (1) =0}

CHauajia MpuBOIUM OmpeesieHue ciadoro pemienus 3agauun (10)-(11).
Onpenenenne 1. Oynkuuro U(X,t) Mbl HasoBeM crabbiv pewenuem 3anaun (10)-(11),

ecm f(X)e?(0,1) u u(,t) e®” ( ) ws te[-p,q], tne © ( ) H?(0,1) nH;(0,1),
¥ €CJIU JUIS

ueC(l-p.ako (£)) 5 eC(-p.ouO.dLLO.)
(12)

2

DL ec([o,q];LZ(o,l)),‘;—‘jec((—p,O);L2(0,1)),

cneﬂy}omne paBEeHCTBA BepHBI

o)

) H U(',t) —U, ('1t)HL2 =0, (13)

(CD;, ) (Su,n) (f ),te[o,q],vneg*(s*), (14)
(Zt_lj’n}r(gu,n):(f,n),te(—p,O),VnGQ*(S*). (15)

Bagaua 9. Eouncmeennvim obpasom onpedenums napy {U(Xt), f(X)} e obracmu
= {(X,t) O<x<l—-p<t< q}, yooenemeopsiowee (10) u (12)-(15).
MMeeT MeCTo Cleayrolas TeopeMa O €IMHCTBEHHOCTH PELIEHHUS 3a1a4H 9.

Teopema 13. Eciu A, = anl(—ﬂkq“)—\/Zsin \/Zp —COS\/Zp #0, moeoa

GopmanvHoe pewrernue 3a0adu 9 eOuHcmeeHHa.
3neck A, -cOOCTBEHHBIC 3HAUCHHU CHMMETPUYECKOr0 oreparopa £ .
Hmeet MecTo TakKe CIeIyrolee yTBepPKICHHE:

Jlemma 2. s 6cex docmamouno 6omvwux K u ons ecex P e Q7 cyuecmeyem makxoe
0 >0, npuuem |A, |26 >0.
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§ 3.3 mocBsiIeH U3y4eHUI0 O0paTHOW 3aJaud Ui CMEIIAHHOTO YpaBHEHHUS JAPOOHOTO
Hopsiika € MIIAJIIAM YICHOM. METOJOM pa3/ielieHus] MEePEeMEHHBIX, peIleHHe 3aJadd
NpeJCTaBUM B BHJE psAga. Mcmonb3ys pemieHrne MHOTOWICHHOTO au(depeHnnaibHOro
ypaBHEHUS APOOHOTO MOPSAKA, PEIICHNE TOCTABICHHON 3a/1a4H PEACTABIACTCS () yHKIHSIMH
MHOTromnapametrpaoro Murrar-Jleddiepa oT 1ByX nepeMeHHBIX.

PaccMotpuM cremyromiee ypaBHEHHE CMEIIAaHHOTO THIIA

1+ sgn(t 1—sgn(t
+O(Coggm 4 Dfu) + 30( DZ2u + 4, Df2u) v, = £ (x) (16)
B obmactn A 3nmech 0< B <, <11< B, <, <2,14, 14, €R.

3anaua 10. Haiimu napy ¢ynxyuii {U(x,t), f (X)}, yoosremesopsiowas
1) u(x,t) e C(A)u, eC(A" UA),.DueC(A*),.D2uecC(A), f(x)eC(O,l);
2) ypaenenue (16) 6 A u A~
3) kpaesvim ycrosusm u(O,t) =u(1,t)=0,— p<t<q,
u(x,—p) =y (x), 0<x<1; Diu(x,—p) = ¢(x),0 < x<L,u(x,q) = #(x), 0<x<1.
Buece A" = AN{t>0}, A =An{t <0}, w(X),0(X) u ¢(X) - 3anannbie GQyHKIMY, TaKUE
aro y(0) =w(1) =4(0) =¢4(1) =0, 0 <y <1.

MsI1 1okazanu HeKOTophlie cBocTBa (hyHKIMU Tunia Mutrtar-Jleddiepa ot 1Byx
MIEPEMEHHBIX

Xiyn—i
E
@ parp (%) nZ;,Zo:u(n ) T(p+an-pi)

U1 JadbHENIeTo UCIOJIL30BaHU B HcciaeqoBaHuy 3agadu 10.
CrnpaBennupa cineayromas
Jemma 3. [na 1< f<a <2 u 0< p <1 credyrowue pagencmesa éepnul:

c Dtl:) (tE(a—ﬁ,a),Z (ml (_t)aiﬁ! m, (_t)a )) = (_t)lip E(a—ﬁ,a),Z—p (m1 (_t)aiﬂ’ m, (_t)a ),

e D5 (Eppgs (M), m, (1)) = (1) {Ew&mvlp (m ), m, (-4)7) - r (11— P) }

th) ((_t)a E(afﬂ,a),aurl (ml(_t)aiﬂ ' m2 (_t)a )) = (_t)aip E(a—ﬁ,a),aJrlfp (ml (_t)aiﬂ ' rT]2 (_t)a )'
Nmeet MecTo crenyromnias
Teopema 14. Eciu umeem mecmo ycnogue

1-y l
Ak =p {E(azﬁz,az),Z ("p")|:E(a2ﬁ2,a2),ly (p) — 1—‘(1_ ):|_

6(

p (le ﬁlal)l( q )

E _(.p.)E (.p.)——
(ay=Py.ap)2-y (ap=By.ay)L
27P2% 27P2:%) (alﬂlal)al+l( q )

[E("‘zfﬁzﬁ‘z)v2 (.p..) E("Z*/”z ity )y ey (-p)+ E(“zfﬂzvaz)vzﬂ (.p..) E(”‘zfﬂz'“z)v”‘z*l(" p)]} 0,
@(X), #(x),y (x) € C’[0,1] N C*(0,1), ¢(0) = p(1) = 0,¢(0) = #(1) = 0,y (0) = (1) =0,

48



¢'(0)=¢"(1)=0,4"0)=¢"(1)=0,"(0) =" (1) =0,

mo peutenue 3adauu 10 cywecmayem u eOUHCMEEHHO.
3n1ech A yaoOCTBa UT€HHsI BBEIU CIEAYIOIINE 0003HAUCHHUS:

(-0.) = (~a0" " ~(ka)q" ), (.p.) = (4,072 ~(kz) p?).

B derBeproii rnase, HazpiBaeMod “HekoTopble NpUMeHEHUs] NPSAMBIX H 00pPaTHBIX
3a/a4 VI YPAaBHEHHH ¢ YacTHbIMH NPOM3BOAHBIMH [pPOOHOr0 MOpPsAAKAa B
NPSIMOYT0JIBHBIX 00JIACTAX ’ UCCIIEAYIOTCS MPsIMbIE U OOpaTHBIE 331a4H, BO3HUKAIOLINE IIpU
MOJICJIMPOBAHNN  Pa3NUyHbIX  AU(PY3MOHHBIX  MPOLECCOB, TEYEHHWM Ta30B  WIH
MaJIOCKUMAEMBIX )KUIKOCTEN B MMOPUCTHIX CPEAAX, A TAK)KE JBUKEHUE MOJ3EMHBIX BOJI.

B § 4.1 uccnenyrorcst oOpatHble 3a7auu 10 ONpeAeTaeHUI0 (YHKIUM UCTOYHMKA JJIS
BBIPO’K/JAIOIINECS YPABHEHUN B YAaCTHBIX MPOU3BOJHBIX C OIEpAaTOpOM Tumep-Oeccens U
ornepaTopaMu JApoOHOro uHTErpo-auddepeHuupoBanuss B cMbicie Pumana-JInysums,
Kanyto. Otu 3anauu cBsizansl ¢ mporeccoM aud@ys3uu raza B nouse. OCHOBHBIM anmapaTom
UCCIIEIOBAaHUH ABIAIOTCA pasioxkeHue no psagam Oypse u Oypoe-Jlexanapa.

Paccmotpum ciyyaii koraa, 1uddy3noHHON KO3PPUIHMEHT He 3aBUCUT OT BPEMEHH, a
3aBUCHUT TOJIBKO OT PACCTOSIHUS. A TakKe, MPENoJiaraeTcs, YTO UCTOUHUKH KUCIIOpOa TOXKE
HE MEHSIOTCS co BpeMeHeM. Hmke cdopmynupyem 3anady OTBICKaHHS KOHIIEHTpAlUU
KHCJIOpO/1a B IOYBE BMECTE C ICTOYHUKOM KHCJIOPOa, KOTOpasi HE MEHAETCS CO BpEMEHEM Ha
OCHOBE MH(OpMaIIMU KOHLEHTPAIMK KUCI0PO/1a B IOUBE B HAYAJIbHBIN U (PUHAIbHBII MOMEHT
paccMaTpuBaceMON BPEMEHHU.

Bagaua 11. Haiiru napy o¢ymxumii {U (t,X),h(X)}, xoropas ymosierBopser

ypasrenne . DjU(t,x) = [(1— XZ)UJX +h(X) B obnactu Q= {t,%):—1<x<10<t<T}
BMecte ¢ HavanbHbIM yeaoBueMU (0,X) =V(X),—1< X <1 u ycnoBueM mepeonpeneseHus
U(T,x)=w(x),-1<x<1],

taxast uto U,U_ - orparmuenst mpn X =—1,X=1.3necs 0<a <1, T >0 u v(X),w(x) -

3a/laHHble PYHKIIUH.
CrnpaBennuBa cineayromas

Teopema 15. Ecuu V,WeC’(-11) u V¥ w®el,(-11), mo cywecmeyem
eouncmeennoe peuteHue 3adayu 11 u npedcmasumo 6 suoe

U (t,x):;—i[(w0 —v0)+v(x)+i 1-F (_Ma) (w, =V )P.(x),

T1-E, (-4T°)
(e +1) d o W —
h(x):a—a(w ~V,))— ™ [(1 X )v(x)]+2/11 e /ﬂ_ K P ().
rie A =n(n+1) un
; 2n+lIV(X)F’(X)dX ; 2n+ljw(x)P(x)dx n=0,12,..

[IpuBeieH KOHKPETHBII NPUMED U TOCTPOCH rpa(bmc PELICHHUS C MTOCIEAYOIIUM aHAIA30M.
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Mpumep 5. ycts V(X) =0, W(x) =w, +W,(3x* —1). Torma cornacuo Teopeme 15,
pelenne OyaeT UMETh BH/T
a 2 J—
U(x.1) =W0t—+W 1-E_(-6t") (3¢ —1), h(x) =w, I'ax+1) N 6w, (3x° —1) .
T 1-E_(-6T%) T 1-E_(-6T¢)
I'paduku mocrpoeHsl B caydae, korna W, =1, w, =-0.5, T =1.

Ananu3: Ha rpaduke 4.1.2 moka3aHo n3MeHEeHUE KOHIICHTPAIIMU U MUCTOYHHUKA KHCIOPOia B
pa3HbIii MOMEHT BPEMEHHU B OIPEICICHHOM 3HAYCHHH JPOOHOTO Topsaka. BumHo, 4To
WCTCUYCHUEM BPEMEHU KOHIICHTpAIMS KHUCIOPOJa YBEIMYHUBACTCS, a UCTOYHHK KHCIIOpOJa
ocraércsi mouTH Hew3sMeHHOW. Taroke, Ha Tpaduke 4.1.3 moka3aHo BIUSHHE JPOOHOTO
MOpsIIKa Ha KOHIEHTPAIMI0 W HMCTOYHHWKA KHUCIOpoAa B TouBe, T.e. AP(dEeKT mamsaru
CPaBHUTEIIFHO 3aMETHO BJIMSICT Ha KOHIEHTPAIMIO KHCIOpoaa, 4eM Ha HCTOYHHK. C
BO3pacTaHHEeM TOpPSIKA, KOHILIEHTpAIUs KHCIOpOAa YMEHbBIIAETCS. DTO IMOKa3bIBAET, UTO,
€CIi B MaTeMaTHYeCKOM MOJCIH Yy4YUThIBaeTCs AS(PQGeKkT maMatu (IpUMEHss IpOoOHOe
IIPOM3BOTHOE BMECTO OOBIYHOTO MPOU3BOJHOTO), B CAMOM JleJie, KOHIIEHTPANUs KUCIOpoaa
Oynet Oomblie.

Paccmotpen Takke ciydaid, korma audQy3uoHHBIH KOA(OUIIMEHT TOCTOSHHBIN,
WUCTOYHUK HE 3aBUCUT OT BPEMCHH M YUUTHIBACTCS APPEKT MaMsITH, 3aBUCAIICH OT BPEMECHH.
Ha ocHOBe NMaHHBIX O KOHIIEHTPAIIMH KHUCJIOPOJa B Ha4YalbHBIH W (DUHATBHBIA MOMEHT
BPEMEHH, HAXOIUTCSI KOHIICHTPAITUS, a TAKKE HCTOYHUKU KUCIIOPO/a B TTOYBE.

Bagawa  12. Haiitru  mapy  GyHKuuii {u(x,t), f (X)} B obmactu
={(xt):0<x<7,0<t<T’} makylo, uro U(,t)eC’[0,7z], u(x,)eC,[0T | n

f(x)eC [0, 7[] , KOTOpast yIOBJIETBOPAET YPABHEHHIO

5
C(tng u(x,t)—u_(x,t)=f(x), (xt)eQ’,
¥ KPaeBbIM YCIIOBHSM
u(0,t)=0, u(z,t)=0,0<t<T", u(x,0)=w(x), u(xT")=¢(x), 0<x<r,
re @ u - 3anannbie Gynxiuu, takue uro W (0) =w(7r) =0, ¢(0)=¢(xz)=0.

B
3necs 0< <1, 0<1, C(te %) g(t)=@A-0)’t " 1.7 (g(t) - g(0))
- oneparop mnep-6eccem1 THIIA KanyTo riue

Iayjﬁg(t)_ ( )t w(y+§)J‘(tw_ 51 w(}/+l) 1g(T)dT 5>0 CO>O ]/ER

- ontepatop Dpxeiin-Kobepa, a C, == {g(x) =x"g(X);p>u,ge C[O,oo)},,u >0-1

- BECOBOE MPOCTPAHCTBO HEMPEPHIBHBIX () YHKIIUHA.
HNmeet mecTo cneayrorias TeopemMa 00 0JJHO3HAYHOUN pa3peIrMoCTH 3a1a4u 12:

Teopema 16. Ecnu w(X),4(x) e C*[0, 7], maxue umo
y" )=y (7)=¢"(0)=¢"(7)=0, (1=0,2) uy"(x),4"(x)eL,(0,7),
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mozaoa cyujecmeyem eOUHCmeeHHoe peuterue 3adavu 12.

B crenmyromeM mnpuMepe MONYYCHHBIH pe3yabTaT HUTFOCTPUPOBAH BU3YAIbHO W
IIPUBEJICH KPATKUM aHAJIU3.

Ipumep 6. IIycts v =0, ¢@(X) =sinX. Toraa cornacHo Teopeme 16, pelienue

npeacTaBuMoO B BUJIC

1
1-E, | - t&
L @1-6) . 1 .
1 sinx, f(x)= 1 sin X.
_ T 0-0) 1-E, |- = T'&9s
O (1-6)° P (1-6)

I'paduk noctpoen mpu T~ =1.
Anamms. Tlpu pukcupoBanuu apoOHOro mopsizka () U CrennaibHy0 3aBHCHMOCTD

u(x,t) =

sddexra mamsaru or Bpemenn (t°), u3 durypsr 4.1.4 BUHO, UTO C TEUECHHEM BPEMEHH
KOHIICHTPAIHS KUCIOPO/a YBEITUINBACTCS, @ UCTOYHUK OCTAETCS MOYTH HE N3MCHCHHBIM. A
durypa 4.1.5 nokassiBaer, uTo eciu QuKcupyercs Bpems (1) U cnenuanbHas 3aBUCUMOCTb
sddexra mamatu (t°), To ¢ Bo3pacTanueM JPoOGHOT0 MOPSIKA, T.C. IO Mepe HPUOIIKEHHS K
HEeJIOMY MOPSAKY (clydaid Koraa ucKirodaeTcs 3pQexT naMaTi) KOHIEHTPAUS | UCTOYHHUK
KHUCTIOpO/Ia yMeHbIaeTcs. Hajmo oTMeTHTh, 94TO pa3HUIla 3HAYCHUH NCTOYHUKOB TIPU Pa3HBIX
JTPOOHBIX TIopsiakax Oosiee 3ameTHO. Korma 3HaueHust ApoOHOTO mopsaKa OJHM3KH K HYIIIO,
3HaYEHUE PEUICHHUS CYIIECTBEHHO OTJIMYAETCSs, YTO BIIOJIHE €CTECTBEHHO, TaK KaK B 3TOM
Clydae THUIl ypaBHEHMS OIHCHIBaKoIIee mpouecc MeHsercs. Purypa 4.1.6 mokasbiBaer
BJIHSIHME CIICLMANBHO# 3aBucHMOCTH S3ddekTa mamsty (17) Ha pernenus mpu GUKCHPOBAHHOI
mMoMmeHT Bpemend () u mpoOHOro mopsinka (). 37ech HAag0 OTMETHT, YTO W3MEHEHUS
CHEIUABHON  3aBHUCHUMOCTH 3¢ (deKTa MmaMsITH MPOTUBOIIOJIOXKHO JICHCTBYeT Ha
KOHLIeHTpauuio (U (X,t)) u ucrounuka ( f (X)) KHUCJIOPOJA, U3 KOTOPOTO CIEAYET BaKHOCTh

paccMOTPEHMS 3TOr0 NapaMeTpa B MOJAEIUPOBAHUN.

Jlanee, Takke paccMOTpeH ciiydaid, korga Jud@dy3uoHHBIH KOAP(GULIHUEHT 3aBUCUT
TOJIBKO OT BPEMEHH, & UCTOYHUK TOJILKO OT MIPOCTPAHCTBA. 3/1€Ch TAKXKe YUUTHIBAETCS dPPEKT
NaMsTH C TOMOIIBIO PACCMOTPEHHUS MTPOU3BOAHYIO ApoOHOTO nopsiaka. Ha ocHOBE JaHHBIX O
KOHIEHTPALUK KHUCIIOpoAa B HauyajdbHbIH M (PUHATBHBI MOMEHT BPEMEHH PacCMOTPEHHUS,
HAXOJUTCS KOHIIEHTpALUs, a TAK)KE HCTOYHUKH KUCIOPO/a B TIOYBE.

3agaua 13. Haiitu napy ¢yHKuumit {G(x,t),ﬁ(x)} ABJIAIOIIUEC  Pe2yAPHbIM

peuwiernuem ypaBHCHUSA

o DU (%) =70, (8, %) + h (x), (17)
B obmactun ()= {(t, X):0<x<10<t< T} , VIIOBJIETBOPSIONICE KPACBHIM ¥ HAYAIbHBIM
yenonsm: U(t,0)=0,0(t,1) =0,0<t<T, 15°T(t,x)| , =@(x),0<x<1,

a Takoke ycnosuto mepeonpenenerms U (T ,X) =(X),0< x<1.
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3nech a,ﬁeﬂ%, TaK{ue 49To O<0{<1,,EZO, I,.() - mpoGubIii mnTerpan Pumana-
Juyuwns  mopsaka l—a, @(X), w(X) - 3amanbble QYHKOMH, Takke YTO
?(0)=01)=w(0) =y (1) =0.

Onpenenenne 2. Ilox peeyuispuviv pewenuem ypaBuenus (17) B obOmactm €2

HIOHUMAETCs napa QyHKIHH {G(x,t),ﬁ(x)} 13 CIIEAYIOIIETO Kinacca (yHKIH

' RL

W ={tu(t,x) Q2 DU(t,X) €, Us (1, X) e, I(x) e Cl01]}

ynoBieTBopsoiee ypasHenue (17) B €2
dopmaibHOE pelIeHue 3a1auu 13 mpeCTaBICHO B CICAYIOIIEM BHIE

- . h -~
— _2 : — pra-1 2¢a+p a 2¢a+p
y (t’ X) - k=1 |:¢kt Ea,l+§,l+ﬂal (_(k”) t ) " HT:-].)t Ea l+ﬂ 1+ﬁ ( (kﬂ.) t ):|Sln kﬂx’
I'a+1)

ATE ( (k) TM)

{Wk -pTE 5 o, (—(kﬂ)sz)}sin K7X.

1+ 2=
" «a

=&t T(a(jm+n)+1
E, () =1 Y] eUme )
” o F(a(jm+n+1)+1)
- 00600mennas ¢yukuus Murrar-Jlepduepa, rome a,neC, mMeR, Ttakme uro
R(a)>0m>0,a(jm+n)eZ (jeN,).
J7is BU3yanm3anuu pe3ynnbTara MpUBeCH CIeIyIOINUN TpuMep:
Ipumep 7. Iycts 7(X) =sSinzX, @(X) =0. Toraa penienne uMeeT BUJL
t'E , (-7t7)

B,.B

al+ 1+

(18)

sin zXx.

: = [Na+1)
ﬁ1+ﬁ (_ﬂ_zfowﬁ')SInﬂ-X’ h(X) _-raEa1+ﬁ ﬂ(_ﬂ_Z-ITzHﬂ)

Anamm3. Qurypa 4.1.7 nokas3piBaeT, KaK MEHSETCSd KOHLIEHTpauus W HCTOYHHK
KHUCIIOpO/Ia B TIOYBE, KOr/aa (PUKCUpyeTcss TPOOHBIA MOPSIOK (&) U MOPSIIOK 3aBUCUMOCTH

U(t’x):T_"E

al+

aubdysrnonnoro koddunuenta ot Bpemenu (). C ucTedeHrneM BPEeMEHU KOHICHTPALIHSI
KHUCJIOPO/Ia YMEHBIIAETCsl, @ HCTOYHHK OCTaéTcsi Hem3MeHHou. [lanee, B urype 4.1.8 nokazan
M3MEHEHHUS KOHIIEHTPAlMU U UCTOYHHMKA KUCIIOPO/1a B TOUBE MPHU Pa3HbIX APOOHBIX MOPSAKAX,
xoraa Bpems () u mopsimok 3aBucuMoct auddysronHoro kodddunuenta or Bpemenu ()
¢ukcupoBanbsl. C Bo3pacTaHMEM MOPAJIKA YpaBHEHMsI KOHLIEHTpAlUs YBEJIMYMUBAETCS, a
HCTOYHUK HA000pOT yMeHbIaeTcs. A B purype 4.1.9 nokazanbl nU3MeHEHHs] KOHLIEHTPAIU U
UCTOYHMKA Korja ¢pukcupyetcs BpeMs (1) u ApoOHBIi MOpSAOK ( ¢ ) ¥ OPSAOK 3aBUCUMOCTH
aubdysnonHoro KoddhduimeHtra ot Bpemenu () mensercsa. M3 mocieanux aByx ¢Guryp,
MOKHO cJielaTh BBIBOJ O IPOTHUBOIOJOKHOM BIHMSHUM APOOHOrO TOpSAAKAa M MOPSJIOK

52



3apucuMocTd MU y3rnoHHOTO KO3 (dUIMEeHTa OT BpeMEHU K KOHIIEHTPAIIMA W UCTOYHHUKA
Kuciopoaa B mouse. Takke, eciaM yduThIBaTh 3@ ¢eKTa MaMaTu MOYBBI, TO MOXHO Oonee
TOYHO U3MEPUTH U3MEHEHNS KOHIICHTPALMHU KACIOPOA.

B § 4.2 oObexTaMu ucciieI0BaHUSI CTAHOBATCS YPABHEHUSI B YACTHBIX ITPOU3BO/I-HBIX C
pa3IMyYHBIMU OIepaTopaMu JApPOOHOro HUHTErpo-aAuddepeHpoBaHmsl, CBsI3aH-HbIE C
MaTEeMaTHYECKUMHU MOJIEISIMU JBHUKEHHUE TIOJ3EMHBIX BOX. Mccnenyrores Kak npsiMble, Tak U
oOpaTHbI€ 337a4u JUIs 3TUX YPABHEHUU C UCIOJb30BAHUEM pPa3IoKeHUH 1o psaaM Dypwe u
Oypre-beccens.

PaccMoTpuM ypaBHEHME

<Dau(x,t) + ACD(ﬁu(x,t) =u_(xt) +%ux(x,t) —%u(x,t) + f(x,t) (19)

B oomacn Q={(x,t):0<x<1,0<t<T}, rze 0<f<a<lv,T>0, .Dju

npousBoaHoe Kamyro mopsiaka « .
Iycte  f(X,t)- 3amanmnmas ¢ynkumsa. Ilpsamas 3amaua s ypasHenus (19)

chOpMyIHpPyEM CIIEMYIOMUM 00Pa3oM:
3anaua 14. Haittu pemenue U(X,t) ypasaenus (19) B O, KoTOpoe ymoBIETBOPSET

1
1. yCIOBHIO PETyJIAPHOCTH uu,, . Diue C(Q),j\/; |u(x,t) | dx < +oo;
0
2. kpaeBbiM yenoBusm |imXu, (X,t) =0,u(1,t) =0, u(x,0) =0, 0< x<1.
x—0

[lycts Tenmeps f(X,t) = g(X) - memsBectnas ynkums. B sTom ciydae, oOGpaTHas
3aiada s ypaBHeHus (19) chopmynupyetcs cneayronmm oopa3om:
3axaua 15. Haiitu napy ¢yHkmuii {U(X,t),g (X)} , KOTOpas

1
1. ynoeneTBopsieT ycnoBusm peryispaoctu U,u_, .Diu e C(Q), J.\/; lu(x,t)] dx < +o0;
0
2. u B obmactu (2 yJIOBJIETBOPSIET ypaBHCHUE
i - 1 Ve
Dau(x,t) + A .Diu(x,t) =u_(x,t) +;ux(x,t) —?u(x,t) +9(x),

3. BMECTE C KpaeBbIMHU YCIOBUSIMU

limxu, (x,t) =0,u(1,t) =0, u(x,0) =w(x),0<x<1, u(x,T)=¢(x), 0<x <1,
31ech v (X), #(x) - 3aJJaHHBIC GyHK1IMY, TaKHe 4To
| (0) |< +o0,| #(0) [< +0, (1) =0, (1) = 0.

OcHOBHBIE pe3ynbTaThl OPOPMUM B BUE CICAYIOIIUX TEOPEM:
Teopema 17. Ecau T (X,1) - vemwipe paza oupgepernyupyema no X;

- f(O,t)=f'(0,t)= f"(0,t)= £"(0,t) =0, f(L,t) = f'(1,t)= f"(1,t) =0;
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o' f (x.t)
ox’

ougpepenyupyema no t; mo cywecmsyem eouncmeennoe pewerue 3aoaqu 14,

npedcmasumoii gpopmynoii u(x,t) = i{JZ“Ew e (—AZ7 =220 ) £ (- z)dZ}Jv(nX)-
n=l| o o

- oepanuuena; T (X,t) - nenpepwvisno u nenpepuieno

Teopema 18. Ecau w(X) u ¢(X) - uemwipe paza oughpepenyupyemol,
v =¢'0)=y"0)=y"(0) =0y 1) =y' (D) =y"(1)=0;
« 9(0)=¢'(0) = ¢"(0) =¢"(0) = 0,¢(1) =¢'(1) = ¢"(1) = 0;
e (X) u ¢V (X) - oepanuuensi u E (—/IT 5[7/}’_]/”21-55) #0,
mo cywecmeyem eduncmeennoe pewenue 3aoayu 135.

Paccmorpum ypaBHenue nuddy3uu ¢ IByMsl MPOU3BOJHBIMU JPOOHOTO TIOPsAKA B
cMmbiciie Xuidepa

(a-f.,a)1+a

DaAu(t, x) + iz Du(t, x) —u (t, X) = §(X) (20)

B obmactu Q={(t,X):0<t<T,0<x<1}. 3mecr ¢, ,,6~’i (1=21,2), 4, T - 3amaunnie
nefcTBuTENbHBIE yKca, Takue yro 1 >0,0<a, <@, <1,0< ,6~’| <1, D;’ﬁ f(t) - apobHoe
npou3BoAHOe mopsiaka @ utuna f ¢ N—1<a<neN.

3agauya 16 cocTOMT B HaXOXICHUU Tapbl (PyHKIUN {u(t,x),g(x)} U3 Kjacca

byHKIHHA
W, = fu(t,x):15 " U eC(Q), Dy u eC(Q), u, £ C(Q);9(x) Cl0.1]}

KOTOpas yoBieTBopsieT ypaBHeHnue (20) B obmactu ) BMecTe C KpaeBbIMH YCIOBUSIMHU

u(t,0)=u(t,1)=0,0<t<T
Y HAYaJIbHBIM YCIOBHIM tlim |c(,%_ﬁ‘)(l_a‘)u (t, X) =0,0<x<1 (i :1,2),

—>+0

a Take gononHuTensHOMy yernosmo U(T,X) = @(X),0< x <1.

3nech G(X) - sanannas pynkuus, akas ato ¢(0) = F(1) =0.
WTax, MbI T0OKa3aIH CIEAYIOIIYIO0 TEOPEMY:
Teopema 19. Ecau gvinonnsaomes yciosus

T E o, s (AT 4%, —~(k7)*T#) £0.
#(x) € C*[0,1],4"(x) € L,(0,1), 4(0) = #(1) = ¢"(0) = ¢"(1) =0,
mo cyujecmgyem eOuHcmeenHoe peuteHu 3a0ayu 16.

§ 4.3 mnocCBAlEH U3YYEHUIO KpaeBOW 3aJaud MJid CMEIIAHHOTO YpaBHEHMS,
COCTaBJICHHBIX M3 ypaBHeHHH MU (y3uu U BOJHOBOTO ypaBHEHUs C omeparopom Pumana-
JInmyBumis. 3afgada cBsi3aHa ¢ TEUEHHEM ras3a WM MajloCKMMaeMOM JKHUJIKOCTH Ha KaHale,
OKpYKeHHOW mopucToii cpenoil. Mcnonp3yst meron ¢yHkiuu ['puHa, a Takke HEKOTOpHIE
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cBoiictBa (¢yHkimu Tuna Paiita, mcciemyemas 3amada SKBHUBAJCHTHA pEAyLMpOBaHA K
MHTETpaJIbHOMY ypaBHEHHIO BoabTeppa BTOporo poja.
Paccmotpum ypaBHEHHE

u, (t,x) - H(@-x)Dzu(t,x) —-[1- H(a—x)]| Dzu(t,x) = f (t,x)  (21)
B obmactu [n=I1, vJ uIl,, rae le{(t,x):0<x<a,0<t<T},
M, ={(t,x):a<x<b,0<t<T| ~J={(tx):x=a,0<t<T}, 1<y, <2,0<y<l,

H(:) - dynkuus Xesucaiina, D], - npousBoanas nqpo6GHoro nopsiika » B cmbicie Pumana-

JlyuBums.
Bamawya 17. Haiitu peeynspuoe pewenue ypaBHenuss (21) B obmactu 11,
YIIOBJIETBOPSIOIIEE CIEAYIONIBIM YCIOBHSIM:

U(t,0) =, (1), u(tb) =g, (.0 <t <T, imDz *u(t,X) =y, (x).k={L. 230 < x<a,
limD;: u(t,x) =y, (x),a<x<b, I;u(t.a”) = 1;u(t,a"),0<t<T,

70+
u,(t,a’)=u,(t,a")+Au,(t.a") + ufu,(z,a")P(z,a")dz,0<t <T.
0

3neck A, (- 3a1aHHbBIE A€HCTBUTEIBHBIE YUCIIA, P(t, X) , @, (t) , @, ('[),l,//i (X) -
3aJlaHHbIC (QYHKIINN (i =1,_3) , ngu(-) = Ig+u(-), y>0.

Onpenenenne 3. Ilox peeyuiapuvim pewenuem ypaBuenus (21) B obOmactu 11
nonumMaetcs takas Gynkiums U(t, X) u3 knacca pynxuuii

W, = {u(t, X) 1*7u(t,x) e C (ﬁl),tl’“u(t, x) eC (ﬁz )
u,, (t,x) e C(IT, UTL,),Diu(t,x)  C(I1,),Dzu(t, x) e C(I1, )},

yaoBieTBopsitomas ypapaenue (21) B obnactax 1L u I1,.

Teopema 20. [Iycmo y, 21+ y,. Eciu A # 0 u evionnenst ycrogus

t* ", (t) eC[0,T],t 0, (t) e C[0, T],¢0,(t) e C'[0, T 1,0, (t) e C'[O, T],
v, (X) € C[0,a],w,(x) € C[0,a],y, € C[a,b],
27 f (t,X) e C(IT),t" f (t,x) e C(I.)

kpome osmozo T (t,X) yoosremeopsem ycnosuro Ienvdepa no X, mozoa cywecmeyem
eouHcmeenHoe pe2ynsapHoe peuienue 3aoaqu 17.
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3AKVIIOYEHHUE

HuccepraninonHas paboTa MOCBALIEHa M3YyYEHHUIO NPSAMBIX U OOpaTHBIX 3a4ay s
YpaBHEHMSI B YACTHBIX MTPOU3BOJHBIX PA3HOIO TUIIA C PA3IMYHBIMHU ONEPATOPAMH JPOOHOTO
mubdepeHIMpOBaHns B CMELIAHHBIX OO0NACTIX, a TAaKKE€ M3YYCHHIO CBOMCTB (DYHKIMU
CHelMaIbHbIX (QYHKIHH, CBSI3aHHBIE C OOpAaTHBIMU 3a/la4aMM JJIsi CMEIIAHHBIX YPaBHEHUH C
IPOU3BOAHBIMU JpoOHOro nopsiika Kamyro u Xungepa.

B 3aknroueHnH MOXKHO CAENIATh CIEAYIOLUUE BBIBOBI 110 PE3yIbTaTaM MCCICIOBAHWMN:

1.  Jloxa3aHbl HOBbIE YTBEP)KIEHHUSI, COAEpKAILUE PsIT CBOMCTB M OLIEHOK (pyHKImU ['puHa
nepBoil kpaeBoi 3aauu 171 11 Hy3MOHHO-BOJTHOBOIO YpaBHEHMSI ¢ JPOOHOM NMPOU3BOJHON
Pumana-JInyBusis, a taxke pyHkuuun Mutrar-Jlegdaepa ot AByX nepeMeHHBIX, KOTOpBIE
UCIIOJIb30BAHbl B MCCIIEIOBAHUAX MPSAMBIX U OOpaTHBIX 3ajad JUlsl YpaBHEHUN B YaCTHBIX
IIPOM3BOIHBIX Pa3IN4YHOrO TUIIOB. [lony4yeHHbIe pe3yabTaThl I03BOJISAIOT UCCIEN0BATh 3aJa4U
JUIA TaKUX YpaBHEHHUH B 0oJjiee KOMIIO3UTHBIX OOJIACTAX, UCXOMS M3 MPAKTUUYECKOH TOUKH
3pEHMs, a TAKXKE MCCIIENOBATh KPACBBIE 3aa4y JJI1 YPABHEHUH B YACTHBIX IPOU3BOJHBIX C
JPOOHBIMH ITPOU3BOJHBIMU BBICOKOTO MOPSIKA.

2. Ilpu ompeneneHHBIX YCIOBUSIX Ha 3aJjaHHbIE HapaMeTpbl U (DYHKIUH, JOKa3aHBI
TeopeMbl 00 OJHO3HAYHOM pa3pellMMOCTH psia HEJIOKaJbHBIX KpaeBbIX 3ajad C
MHTETpaJIbHBIMU YCIIOBUSAMHU CONPSIKEHUS JUISl CMEIIAHHBIX YPaBHEHUM ¢ JPOOHBIM HHTETPO-
muddepeHuanbipiM - oniepatopoM  Kanmyro B cmemaHHbIx  obnactsx. [lomydeHHbie
pe3yabTaThl 0000IIAIOT Pe3ysIbTaTOB paHee HCCIeIOBaHHBIX 3a/1ay Ul YpaBHEHUH II€JI0T0
IOPsI/IKA, a TAaK)KE IMO3BOJINTH HMCCIIEOBATh HOBBIM KJIACC KPAaeBbIX 3a1ad Uil YpPaBHEHUU
CMENIAHHO-COCTaBHOI'O TUIIA.

3. YcraHOBIeHa KOPPEKTHOCTh psiAa JIOKAIbHBIX U HEJIOKAJIBHBIX, MPSIMBIX U 0OpaTHBIX
3amay Uit auddepeHnnanbHbIX YpaBHEHUM B YAaCTHBIX MPOM3BOJHBIX Pa3HOTO THIA C
npousBoaHbIiME Kamyto, Xundepa u paBHOMEPHO 3JUITMITHYECKHM OINEPaTOpPOM, a TaKKe
oneparopoMm beccens. [TomyueHHble pe3yabTaThl MOTYT OBITH UCIIOJIB30BaHbl B KOHKPETHBIX
MaTeMaTUYECKUX MOJIEISX, CBsI3aHHbIE C 1 (Yy3MNOHHO-BOIHOBBIMH MPOLIECCAMHU, a TAKXKE C
TEYEHHUSIMU TOJ3EMHBIX BOJ B MOPHUCTBIX cpenax. Kpome Toro, pe3yiabTaTbl MOTYT OBIThH
OCHOBOM /1715 JAJIbHEHIIIETO Pa3BUTHS UCCIIEAOBAaHU 110 0OpPATHBIM 3aJjauaM JIJIsl CMEIIaHHbIX
YPAaBHEHHUH.

4. TlpuBeneHbl KOHKPETHbIE IPUMEPHI OOPATHBIX 33/1a4 (PYHKIIMU UCTOYHUKA, CBS3aHHbIE
C MoJIeKyJsipHOW aud@y3un B TMOYBax, ABMKEHHHM MOJ3EMHBIX BOJ M TEYEHUHM Tra3a B
NOPUCTBIX Cpelax. AHAIM3UPOBaHbl XapaKTep BIMSHUN Pa3HBIX NAapaMeTpOB ypaBHEHUM
MOJEIUPYIOLIUE IIPOLECCHI.

5. Meroasl U pe3yabTaThl AUCCEPTALIMOHHON pabOThI MOTYT OBITh HCIOJIb30BaHBI B
UCCIICZIOBAHUSAX MO0 JPOOHBIM HCYHUCIEHUSAM, U(G(GEepeHINaNbHbBIX U HHTErPaTbHBIX
ypaBHEHUH, YpaBHEHUN MaTeMaThdeckon (DU3HMKH, a Takke Impu pa3paboTKe CrenuanbHbBIX
KypCOB JUJIsl CTY/IEHTOB, 00y4aroliecs 10 CennuanbHOCTH «MaTteMaTHKa.

B nenom, nonydeHHble Hay4dHbIE PE3YJbTaThl IO3BOJINTh HAM YTBEPXKAATh, UTO LIEJIH
JMCCEPTALIMOHHON paboThl TOCTUTHYTHL. Bce OCHOBHBIE pe3ynbTaThl SBISIOTCS HOBBIMHU U
BHOCSIT 3HAQUMTEJBHBII BKJaJ B TEOPUIO KPAEBBIX 3a7ad Ul CMEIIAHHBIX ypaBHEHUU B
YACTHBIX MPOU3BOAHBIX C MPOU3BOJAHBIMU APOOHOIO MOPSJIKA.
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INTRODUCTION (abstract of DSc thesis)

The urgency and relevance of the dissertation topic. Studying properties of
special functions, related with solutions of fractional differential equations and their
applications in certain investigations of direct and inverse problems for fractional order
partial differential equations are essential. Especially, boundary-value problems for
mixed differential equations involving fractional integral-differential operators is one
of the important problems.

The aim of the research work is to solve direct and inverse source problems for
partial differential equations of different type with integral-differential operators in
mixed domains, to study properties of Mittag-Leffler type functions of two variables,
connected with inverse source problems for mixed equations with Caputo and Hilfer
fractional derivatives.

The tasks of research work:

to prove a unique solvability of nonlocal problems with integral transmitting
conditions for mixed type equations with Caputo, Riemann-Liouville fractional
differential operators in mixed domains;

to study inverse source problems for degenerate partial differential equations
involving Caputo, Riemann-Liouville and hyper-bessel operators;

to define conditions of unique solvability of inverse source problems for mixed
equations with several fractional derivatives;

to prove regular solvability of boundary-value problems for partial differential
equations with Bessel operator;

to develop methods of solving boundary-value problems for mixed equations
consisting of fractional diffusion equation in mixed domains.

The object of the research work is integro-differential operators of fractional
order in the sense of Caputo, Riemann-Liouville, Caputo-Fabrizio, and Hilfer,
fractional order partial differential equations.

Scientific novelty of the research work is as follows:

a unique solvability of nonlocal problems with integral transmitting conditions for
mixed equations with Caputo, Riemann-Liouville fractional differential operators in
mixed domains has been proved;

regular solvability of direct and inverse source problems for partial differential
equations with several Caputo operators and Bessel operator has been proved;

method for solving nonlocal boundary-value problems for mixed type equation
consisting of fractional order diffusion equation in mixed domain which contains a
rectangle and characteristic triangles has been developed,;

weak solvability of inverse source problems for mixed type equation with
fractional order Caputo operator and uniformly elliptic operator has been proved,

solvability conditions for nonlocal inverse source problems for mixed type
equations with Caputo fractional derivative have been defined,;
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new properties of the Green’s function of the first boundary problem for diffusion-
wave equation with the Riemann-Liouville fractional derivative, Mittag-Leffler type
functions of two variables, successfully applied to the studying of direct and inverse
source problems for partial differential equations with different fractional integral-
differential operators.

The outline of the thesis. Dissertation work is devoted to the investigation of direct
and inverse problems for different type of partial differential equation with several
fractional order differential operators in mixed domains and properties of the Mittag-
Leffler function of two variables, connected with inverse problems for mixed equations
with Caputo and Hilfer operators.

In conclusion, we can make the following remarks on results of the investigation:

1. New statements containing several properties of the Green’s function of the first
boundary problem for diffusion-wave equation with the Riemann-Liouville fractional
derivative and two variable Mittag-Leffler type functions, which are used at studying
direct and inverse problems for different type partial differential equations, have been
proved. Obtained results allows to consider problems for such equations in more
composite domains, motivated from practical problems, and also investigate boundary
problems for higher order fractional order partial differential equations.

2. On certain conditions to the given functions and parameters, theorems on unique
solvability of series of nonlocal boundary-value problems with integral transmitting
conditions for mixed type equations with Caputo integral-differential operator in mixed
domains, have been proved. Obtained results generalize results of previous investigated
problems for integer order equations and allows considering new class of boundary-
value problems for mixed-composite type equations.

3. Correctness of some local and nonlocal direct and inverse problems for different
type partial differential equations with Caputo, Hilfer, uniformly elliptic and Bessel
operators, has been established. Obtained results might be used in concrete mathema-
tical models, related with the diffusion-wave processes and groundwater movements in
porous media. Moreover, results might be base for further development of investigation
of inverse problems for mixed equations.

4. Concrete examples of inverse source problems, connected with molecular
diffusion in soils, groundwater movement, gas flow in porous media. Influence
character of parameters of governing equation have been analyzed.

5. Methods and results of the dissertation work might be used in approaches of
fractional calculus, differential and integral equations, equations of mathematical
physics, chapters can be base for content of special courses for students with major
“Mathematics”.
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NJIOBA MNPUJIOXEHHUE APPENDIX
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Ourypa 4.1.2. I3MeHeHus1 KOHIEHTPAIIMU U UCTOUYHUKA KHCIOPO/a B Pa3HbIii MOMEHT BPEMEHU B
OIIpE/IEIEHHOM 3Ha4€HUU APOOHOT0 MOpPsAKa.
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®urypa 4.1.3. Biussaue 1poOHOTo MopsIKa Ha KOHIIEHTPALUIO U HCTOYHHUKA KUCIOPOAa B TIOYBE.
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Qurypa 4.1.4. Cnydaii, puxcrupoBaHus APOOHOTO MOPSIIKA U CIICHUATEHYIO 3aBUCUMOCTh

a¢ddexTa maMaTH OT BpEMEHHU.
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Ourypa 4.1.6. BnusHue cniennaabHON 3aBUCUMOCTH 3P PeKTa maMsTH Ha PeICHUs pu
(UKCUPOBAHHOI MOMEHT BPEMEHH U IPOOHOTO TIOPSIIIKA.
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®urypa 4.1.7. I3MeHeHUs! KOHLEHTpAIMKU U MCTOYHUKA KUCIOpO/a B ITOUBE, KOT/1a (PUKCUpPYyeTCs
JIpOOHBIN MOPSAAOK U MOPSAIOK 3aBUCUMOCTU JU(PPY3HOHHOTO KOIPPUIIMEHTA OT BpEMEHHU.
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@urypa 4.1.8. V3MeHeHNs] KOHIIEHTPALMK U NUCTOYHHMKA KUCIIOPOA B ITOYBE IPHU Pa3HBIX IPOOHBIX
HOps/IKax, KOrjga BpeMst U MOPSAAOK 3aBUCHUMOCTH auddysuonHoro xoddduumenta or BpeMeHH
(UKCUPOBaHBI
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®urypa 4.1.9. I3MeHeHus: KOHLEHTPAIMKU U UCTOYHHUKA, KOT1a GUKCUPYETCs BpeMsl U APOOHBIN
MOPAJIOK, a MOPSAJIOK 3aBUCUMOCTH T Y3NOHHOTO KOOPPUIIMEHTA OT BpEMEHU MEHSIETCS.
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