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Pabora mocssiieHa UCCIIEfOBAHAIO B 001acT ) = {(x,1}:0<x<L,0<t<T} TIepBO# Kpae-
BOH 3a/1a4M ISl HEJIMHEWHOTO YPaBHEHUS TETIONPOBOAHOCTH C TIPOM3BOIHBIME JPOOHOTO MOPSIKA.

B crathe oTMEueHO, YTO BOINPOCHI, CBSI3AHHBIE C HCCIEIOBAHHEM HEIMHEHWHBIX MHPOIECCOB
TCIUIOIIPOBOJHOCTH, SABJIAIOTCA aKTyaJIbHBIMU. Kaxk HU3BCCTHO, IS OITMCAHUSA HEJIMHEHHBIX IIpouecCoB
TETUIONPOBOTHOCTH UCTIOIB3YIOT HENMUHEHHbIe ypaBHeHus . Korma peus uaer o ¢ppakTaabHBIX CHCTe-
Max C IMaMAThIO, TO JUIS OIMCAHUS MPOIECCOB TEIUIONPOBOIHOCTH BMECTO OOBIUHBIX Au(QepeHITalb-
HBIX YPaBHEHUH B YaCTHBIX NMPOW3BOIHBIX MCTIOIB3YIOT AU(QepeHInaTbHble YPaBHEHUS C YaCTHBIMH
JIPOOHBIMY TTPOU3BOTHBIMHU.

B pab6ore B obnactu D = {(x,t}:0<x<1,0<¢<T} uccnenosana mnepsasi Kpaepas 3ajaya
JUTSI HEJTMHEWHOTO YpaBHEHUS TETUIONPOBOAHOCTH ¢ ApoOHOM mpom3BoaHor KamyTo mo Bpemenn. Ilo-
CTpOCHA HesBHAs Pa3HOCTHAs cXeMa I YHCIEHHOTO pPelleHus paccMaTpuBaeMoii 3anaun. [lomydeHsr
YCJIOBUSL YCTOMYMBOCTH Pa3HOCTHOM CXEMBI MO HayajdbHBIM JaHHBIM. Jloka3aHa paBHOMEpHas yCTOM-
YUBOCTH PA3HOCTHOW CXEMBI IO HaYaIbHBIM JaHHBIM, a TaK)Ke MPEI0KEeH YUCICHHBIA METOT I pe-
[IeHHUS HETMHEHHOTO ypaBHEHUS TEIUIONPOBOJIHOCTH C IPOOHON TPOU3BOIHOM.

KiroueBsie cnoBa: OpobOras npouzeo0Has, annpoKCUMayus, PAazHOCMHAA cXxemd, YCHOouYu-
80CMb, CXOOUMOCHD.

Beenenune

Ha ceromusimnuii 1eHp uccie0BaHNE HETMHEHHBIX (PU3HMUECKUX MPOIECCOB SABISETCS
OJTHUM W3 OCHOBHBIX HAalpaBJICHUI MaTemaTtndeckoi (usmku. JIMHEiHbIe MaTeMaTH4ecKue
MOJIETTU TO3BOJISIFOT MPHUOIMKEHHO OMHUCHIBATH CTPYKTYPY PA3NUYHBIX MpoieccoB. OHU HC-
MOJIB3YIOTCS TOJIBKO B TEX CIIydyasX, KOrJa uccieayeMble (pu3nyeckue BeTUUUHBI MEHSIOTCS
HECYIIIECTBEHHO B paccMaTpuBaeMoM mpotuecce. [Ipu GonpioM auana3oHe U3MEHEHHs mapa-
METPOB MPOLECCHl OMUCHIBAIOTCA C MOMOIIBIO HENMHEMHBIX Mojenel. [Ipu 3ToM HennHeHo-
CTH U3MEHSIOT HE TOJIBKO KOJIMYECTBEHHBIE XapaKTEPUCTUKHU IIPOLIECCOB, HO U KAUECTBEHHYIO
KapTUHY UX TpoTeKkaHus. [y omrcaHus HeJTMHEHHBIX MOJIENICH CITy»aT HeJuHelHbIe nudde-
pEHLMANbHBIE YPaBHEHUS! B YAaCTHBIX MPOU3BOJHBIX. B Hacrosiee BpeMsi HET 3aBEpLIEHHOM
TEOpPUU M OOILKX METOAOB PEIIECHUS TAKOTO pojia 3a1ad.

B nocneanue pecstunetus nuddepeHranbHble ypaBHEHUs APOOHOTO MOPSIKA BbI-
3bIBAIOT OOJBLIONW MHTEpEC. DTO CBA3aHO C TEM, YTO MHOTHE (PU3NYECKUE SIBICHHUS MOKHO

BectHuk JlarecTaHCcKOTro rocyJapCTBEHHOTO YHUBEPCHUTETA. 47
Cepus 1. EcrectBennbie Hayku. 2021. Tom 36. Bein. 2



beiibanaes B.J[., Hbasos T.U., Omaposa A.I'. UnucineHHOE UCCIENOBAaHUE HEIMHEHHOTO YPaBHEHHUS TEILIONPO-
BOJIHOCTHU C POU3BOHBIM APOOHOTO HOPSIKA

YCHEIIHO OOBSICHUTH MyTeM pa3pabOTKU MOJAENEH C MCTIOIb30BaHUEM TEOPHH TPOOHOTO HC-
yrcnenus. J[poousie muddepeHnnanbapie ypaBHEHUS TaKKe CITy)KaT OTIIMYHBIM UHCTPYMEH-
TOM JUJIsl OTIMCAHUS MPOIIECCOB, MPOTEKAIOUINX BO (paKTaIbHOM cpeie.

CrnemyeT Takke OTMETUTh, 9YTO OOJBIIAsl YaCTh CTATEH U KHUT MO APOOHOMY HCUHUCIIE-
HUIO TOCBSINEHA PEIICHUIO JIMHEHHBIX NU((epeHITMAIBHBIX YpaBHEHUH C MPOW3BOJIHBIMU
IpOOHOTO MOPSIKA.

UncrneHHBIM METOJIaM pELISHUS KPaeBBIX 3aJau TOCBSIIEHBI, HAPUMEP, PaOOTHI
[3—-10]. B Hux uccnegoBaHa KpaeBas 3aja4a JJisi YPaBHEHHsI TEIUIONIPOBOIHOCTH C IPOOHBIMU
MIPOU3BOAHBIMU 0 BPEMEHU M KoopauHate. B [5] uucneHHo uccnegoBaHa KpaeBas 3ajaya
JUIsl ypaBHEHHSI TETUIONPOBOTHOCTH C JIBYCTOPOHHEH MPOU3BOIHOM IpoOHOTO Mopsiika. B pa-
oote [7] uccnenoBana 3amgava [upuxie mans ypaBHeHus [lyaccona ¢ apoOHO# MpOU3BOIHOM.
B [8] mocTpoena pazHOCTHasi cxema PElIeHHs] KpaeBOM 3aJlauu AJis BOJIHOBOTO YPAaBHEHUS C
JIpOOHOW MPOM3BOJHON U JOKa3aHa YCTOWYMBOCTH M CXOJAMMOCTBH TOW Pa3HOCTHOW CXEMBI.
PaGoTsl [9—12] Takke MOCBAIIEHBI UCCIEAOBAHUIO KPAECBBIX 3a/1a4 JIJIsl OJHOMEPHOTO ypaBHE-
HUS TETUTOMPOBOTHOCTH C APOOHBIMH MTPOU3BOTHBIMH.

3agava. B obmactu D = {(x,7}:0< x <1,0 <t < L} HaliTu pelmieHHe ypaBHe-

HHs

p'c-agtT(x,t)zg
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— yacTHas JpoOHas mnpousBoaHas Caputo [1],

3neck 9@ T (x,1) =

1. YncseHHBIH METO/ pellleHUs1 KpPaeBoil 3a1a4u /151 HeJIMHEIHOTr0 YPaBHEeHUA
TEIJIONMPOBOIHOCTH C MPOU3BOAHBIMH IPOOHOI0 MOPSAKA

Jnst ancnenHoro pemenus 3anayau (1), (2) B o0xactu

D={(x,t):0<x<1,05¢t<T}
BBEJICM CETKY:
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cmaroM f o Xu 7 mo [.
s npobnoit mpousBoanoit Caputo B cnmydae 0 < o <1 mmeer MecTo pa3HOCTHas
anmnpokcumanus [13]
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The article is devoted to the research in the field D = {( X, t} 0<x<1,0<t< T} first

boundary value problem for a nonlinear thermal conductivity equation with fractional derivatives.
Issues related to the study of nonlinear thermal conductivity processes are relevant. As it is
known, nonlinear equations are used to describe nonlinear thermal conductivity processes. When it
comes to fractal memory systems, it uses differential equations with private fractional derivatives to
describe the heat conduction processes instead of conventional differential equations in private deriva-

tives. In the work in the field D = {(x,#}:0<x <1,0 < ¢ < T}, the first boundary value prob-

lem for a nonlinear thermal conductivity equation with a fractional derivative of the Caputo in time is
investigated. An implicit difference scheme has been built for the numerical solution of the problem
under consideration. The conditions for the stability of the difference scheme according to the initial
data were obtained. The uniform stability of the difference scheme according to the initial data is
proved, and a numerical method is proposed to solve a nonlinear thermal conductivity equation with a
fractional derivative.

Keywords: Fractional derivative, approximation, difference scheme, stability, convergence.
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