
OT3bIB oOHumjlbHoro orlrloHeHTa

Ha Al4ccepTaIµIIo I46paxuMa A6IIejlpaxliIMa Kxan@a OMpaHa

«Finite-difference and spectral-Galerkin methods in models, described by
fractional partial differential equations with delay» («Kohc4ho-
pa3HocTHbje I4 cIIeKTpajIbHo-rajlepK]1HcKKe MCTQUbl B MojjcAAx,

orlucbIBaeMbIx APO6HbIMI4 ypaBHeHIIAMK b 4acTHblx IIpomBoAHblx c

3arla3AbIBaHKcM»), IlpeIIcTaBjIeHHylo Ha coIlcKaHue y4eHoii ctciichk

KaHAIUIaTa (mIKo-MaTcMaTI44ecKIi[x HayK iio clleIIII4ajlbHocTI4 1.2.2.

MaTeMaTmeckoe MoAejIKpoBaHHe, 4I4CJICHHblC MCTOAbl i4 KOMI1JICKCbl

IlporpaMM

B Al4ccepTauI4oHHoK pa6oTe A.K.O. K(5paxuMa 14ccjIeAyeTcA aKTyajlbHasl

rIpo6jIeMa pa3pa6oTKI4 4I4CjICHHblX MeToAoB pciiichi4a MoAejleii, oIIIIlcbIBaeMblx

apo(5hfjimk ypaBHeHI4AMI4 b 4acTHblx IIpomBoAHblx c 3arla3AbIBaHHcM. Ochobhfsc

3aIIa411 paccMaTp14BaeMoii pa6oTbl coctoat b tom, Kak 4hcjichho arlrIpoKcI4MHpoBaTb

Apo6Hylo rIpoI43BoAHyTo KallyTo no BpeMcHI4, Apo6Hble rIpoI13BoAHble Pucca iio

IIpocTpaHcTBy Il 3alla3AbIBaHue i1o BpeMeHM iipu co3AaHHI1 IIocjIeAoBaTejlbHoii

414cjleHHoii CXCMbl.

AKTyajlbHocTb pa6oTbl cBA3aHa c Heo6xoIU[MocTblo 4hcjichhow

I4ccjIeIIoBaHm IIPO6HblX MoAejleii c 3arla3AbIBaHHcM, Bo3HHKamuux b CJIO)KHb1X

MaTeMaTmecKI4x moacjiax aHopMajlbHoro rIoBelleHm b ecTccTBo3HaHIII4.

KpaTkasl xapaKTepHcTHKa ochobhoi"o coAep*aHm pa6oTbl

Al4ccepTauus[ coctoiit m BBelleHm, i15iti4 rjlaB, 3aKjIlo4eHm i4 cIµIcKa

uI4TupyeMoii jII'ITepaTypbl.

Bo BBcAeHm o(5ocHoBbIBaeTcA ak1yajlbHocTb i4 AaeTcA o(kop coBpeMcHHoro

coctoahiia I4ccjIeAoBaHIlii no llaHHoii tcmc.

B IlepBoii rjlaBe orlucbIBaeTc51 414cjleHHblu McTojj iijia HejluHaHblx

rIpocTpaHcTBeHHo-BpeMcHHbjx IIPO6HblX ypaBHeHu peaKIml-m00y3HH c
3al11a3AbIBaHI4cM. Pa3HocTHa51 L1-0opMyjla arlrIpoKcYIMHpyeT 3aIIa4y ito BpeMeHHH

Ha paBHoMepHoii cctkc. 3aTcM c 1IOMOIIIblO cooTBeTcTByEoIueii (5a3KcHoii 0yHKIII4II b

TepMMHax iiojii4homob Jle)KaHApa ctpoiitca crleKTpajIbHblu McTojj rajlepK14Ha iijia

III4cKpeTI43auI4H IIpocTpaHcTBcHHoro onepa:ropa. KpoMe TOll), IIpII6jIH)KeHm

Teibiopa I4crlojlb3yIoTcs[ Ajia III4cKpeTI43aulu[ 4jIeHa HejII4HcMHoE1 0yHKUI4I4

I4cTo4HIIKa. B pe3yjlbTaTe aIIIrIpoKcI4Mauu Bo3HIiIKaeT IIOJIHOCTblO IIHcKpeTHasl
cxcMa, KoTopaA mo)kct 6bITb Bblpa)keHa b BKjjc jIKHeKHoii CKCTCMbl b MaTpI44Hoii

0opMe, 'ito iio3bojiact 3(1)0eKTHBHo rIojIy4aTb IIpH6jIH]KeHH6Ie pciiichi1a. Ochobhoc

rlpeHMyluecTBo llpelIjIaraeMoro McToAa 3aKjIlo4aeTcA b tom, 'ito pa3HocTH» cxma

peajII43yeTcA jii4hcKho. O(5ocHoBaHMe ycToK4MBocTI4 pi cxoakmocth iipoboai4tca c

ucrIojIb3oBaHI4cM akckpcth6ix 3HepreTu4ecKHx oiichok, Bblpa)KmjIIIIxcA b
I1pHMeHeHInl I1oAxoMIuer'o BapuaHTa mcKpeTHblx APO6HblX HepaBcHcTB rpoHyojIjIa.

IIoKa3aHbl 6e3ycjloBHasl ycToMI4BocTb yi iiopaaok cxoai4mocti1 2 - B, 0 < B <1



OTHOCI4TCJIbHO uiara III4cKpeTI43aul4u no BpeMcHI4 IIjia I1peAjIo)KeHHoii CXCMbl.

rlojly4eHHbIM TeopeTI44ccKKM pe3yjlbTaTaM cooTBcTcTByIoT 4KCJICHHblC

3KCII@KMCHTbl Ha cIleuuajlbHo IIoAo(5paHHblx TCCTOBblX npmepax.

Bo BTopoii rjlaBe pa3pa6oTaHa clleKTpajlbHa51 cxcMa Ll-rajlepKHHa iljisi

o6o6lueHHblx HejluHeiiHbIx MHOI"O4JICHHblX IIpocTpaHcTBeHHo-BpeMcHHblx APO6HblX

ypaBHeHu peaKIµlumm)y3I4I4 c 3arla3AbIBaHHcM. 3Ta rjlaBa abjiactca o6o6IueHueM

IlepBoii. Awop ctpoi4t nl6pllAHyFo 4kcjichhj'fo cxcMy Ha paBHoMcpHoii cctkc Ha

ochobc KoM6HHaulm pa3HocTHoii Ll-(l?opMyjlbl jjjIA BpcMeHHoro HarlpagjleHm i1

cIIeKTpajlbHoIr) MeTolla I"ajlepKHHa—jle*aHApa Ajia rIpocTpaHcTBcHHoI"o

HallpaRjleHm. IJoaxoa, I4crlojlb3yeMbIK ILjIA AoKa3aTejlbcTBa ycToii4HBocTH pi
TeopeMbl o IIopAAKe cxoaiimocti1, 6jih3ok k tomj', 'ito KCIIOJIb3OBWCA b IlepBoii

I"jIaBe. OAHaKo Bo3HKKaIoT HOBblC TpyAHocTI4 I1pKHIImIlajlbHoI'o xapatcrepa,
cBA3aHHE,Ie c aHajII13oM MHoro4jleHHblx ypaBHeHu b 4acTHblx IIPOI13BOAHblX c

APO6HbIM no BpeMeHH Il 3arla3AbIBaHHcM. IIpeAjIo)KeHa cIleuuajlbHaA 0opMa

HepaBcHcTBa rpoHyojIjIa. IIoKa3aHo, 'ITO I1peILjIo]KeHHblu MCTOA 6e3ycjIoBHo
ycToii4I4B pi i4mcct IIojjMoK cxoai4moctk 2 - Pm, 0 < P, < A < ... < Bm < 1 no BpeMeHH

npu oAHoBpeMcHHoii 3KcIIIIoHeHIII4ajlbHoK ckopocth cxoaiimocth no I]pocTpaHcTBy. B

kohuc rjlaBbl IIpeAcTaBjIeHbl pe3yjlbTaTbl 4ucjleHHoro 3KcIIepHMeHTa,

HjIjIFocTpHpyFoIIIHe AoKa3aHHble TeopeMbl.
B TpeTbeii rjlaBe awop pa3pa6aTbIBaeT Il IlccjIellyeT 300eKTKBHblii jIHHeKHblii

4IIcjIeHHblu McTojj Ajia HejluHeiiHoii Apo(5Hoii moacjii1 peaKummm?(l)y3uu

IIIHakeH6epra, kotopm BKjIFo4aeT bjihahi4c 3alla3AbIBaHm. Hobm 3aIIa4a cB513aHa c

cooTBeTcTByIoIIIeii HejluHeuHoii ci4ctcmoK Am)0epeHuuajlbHblx ypaBHeHmi b

4acTHblx IIPOIL3BOAHblX Apo(5Horo IIopAAKa no BpeMcHI1 Ill IIpocTpaHcTBy. 4hcjichhf>ic

pciiichi4a Ajia 3TOii moacjii4 IIOIYICHbI IlyTcM rIocTpoeHm 300eKTHBHoro
4mcjichhoix) ajlropuTMa, co4eTaloluero L1-IIpH6jIH*eHMe co cIIcKTpajlbHbIM McTojjoM

JIe]KaHApa-rajlepKIIHa. I]pK6jIKKeHHoe pcuichkc CKCTCMbl c 3alla3AbIBaHueM

uccjleAoBaHo Ha CXOAKMOCTb i4 ycToK'UIBocTb. jjjIA klccjleAoBaHm ycToii4uBocTkl i4

cxoai4moctpi 4ucjleHHoii CXCMbl ucrIojIb3oBajlacb cooTBeTcTByFoIum Mom¢uKaum

AIIcKpeTHoro Apo6Horo HepaBcHcTBa rpoHyojIjIa. rIoKa3aHo, 'ito IIpeAjIo)KeHHblii

MCTOA 6e3ycjIoBHo ycToK4KB, 3KCIIOHCHIIKWbHO 6bICTPO CXOAMTCA no IIpocTpaHcTBy

iii cxoai4tca no BpeMeHH c rIopAAKoM 2 - B, 0 < j3 < 1. B KoHIjc I"jlaBbl rlpeAcTaBjleHbl

pe3yjlbTaTbl 4i4cjichhoix) 3KcrlepIIMeHTa, IIoATBep)KAaFoIIII4e AoKa3aHHble TeopeMbl Iii
o6bAcHsUoIIII4e bjii451hi4c BpcMeHHblx Il I1pocTpaHcTBcHHblx APO6HblX iiopaakob Ha

IIKHaMHKy iiobcachita peIIIcHU.

B 4eTBepToii rjlaBe ILjia IIOBbIIIICHHA to4hocth pa3pa6aTbIBaeTcA 4i4cjichhw

cxcMa BblcoKoro r[opsluKa, peIIIaFoIIIa5{ iy jkc 3aIIa4y, 'ito pi b IlepBoii rjlaBe. 3tot

noiixoII (JbIjI peajlmoBaH rlyTeM rIocTpoeHm 3(1)0eKTI4BHoro 4kcjichhoi?o ajlr'opklTMa,

KOTOPblii o6beIII4HAeT 30(l)eKTKBHocTb aIIrIpoKcI4Mauukl Tllrla L2 — lcr Hapmy c

30(l?eKTI4BHocTblo IMjIepKMHcKoro crleKTpajlbHoro MeTolla Jle)KaHApa. TexHHKa

IIoKa3aTejlbcTBa ycToii4I4BocTI4 i4 cxoahmoctm 6jII43Ka k H3jIo)KeHHoii b rlpeAbIAyIIIHx

I"jIaBax; awop I4crlojlb3yeT pa3pa6oTaHHoe L2 — 1ct Apo(5Hoe HepaBcHcTBo Tl4rla

I"poHyojljla b AI4cKpeTHoii 0opMe. 6jIarollapA 3tomj', ouchki1 IlorpeIIIHocTH IIjIa
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IIIpeAjIo)KeHHoii CXCMbl 6bIjII4 rIojIy4eHbl 6e3 KaKKx-jIIM5o orpaHmeHu iio

cpaBHcHI4Io c 6ojicc paHHI4MH uccjleAoBaHILAMIL KpoMe tok), rIoKa3aHo, 'ito

4HcjIeHHblii McTojj 51bjiactcsi 6e3ycjIoBHo ycTou'uIBbIM, co CXOIIHMOCTblO woporo

IIopAIIKa no BpeMcHI4 Il C 3KcI1oHeHUI4ajlbHoK CKOPOCTblO no IIpocTpaHcTBy.
IIpI4BeIIeHHblii 4i4cjichh6iK 3kciicpkmcht IIoIITBep)KAaeT TeopeTmecKue pe3yjlbTaTbl.

B risrroii rjlaBe oI114caH pa3pa6oTaHHblii IIpoIpaMMHblu komi1jickc ajia

4IiICjICHHOID uccjleAoBaHm MoAejleii, xapaKTepmyeMblx APO(5HbIMH ypaBHeHIIAMK b

4acTHblx IIpomBoAHblx c 3alla3AbIBaHueM. rIpIlBelleHbI IIpKMepbl ucrIojIb3oBaHIIA

IlakeTa IlporpaMM Ajia 4i1cjichhow pciiichka Ilm)0epeHuuajIbHbIx ypaBHeHu c

APO6HbIMM IIpocTpaHcTBeHHo-BpcMeHHbIMH IIPOH3BOAHbIMI4 fi HejII4HeiiHbIM

3alla3AbIBaHI4cM.
IIHccepTaIII4oHHa51 pa6oTa rlpeAcTameT co6oii 3aKoH4cHHoc Hay4Hoe

IIccjIeAoBaHI4e.
ABTope(bepaT IµlccepTauI'II4 iiojiho yi rlpaBIulbHo oTpa)KaeT ee coAep)KaHue.

K pa6oTe kmciotca cjIIeIIyIoIIIIle 3aMe4aHm h Borlpocbl:

1. CTaTbl4 no tcmc III4ccepTauI4Il oIIy6jIHKoBaHbl b )KypHajlax c b6icoki4m

KMllaKT-OaKropoM, bmcctc c tcm hct xota 6fj omoii cTaTbu (iijiii cBI4AeTejlbcTBa o

rocyAapcTBeHHoii perI4cTpaIµII4 rlporpaMMbl jjjIA 3BM) 6c3 coaBTopoB.

2. Ha ctp. 61 b Ta6jll4ue 3 abho hc oTpa)KeHbl 3Ha4eHm p,, r = 1,...,m, 'ito

3aTpyAHAcT aHajlkl3 4HCJICHHblX pac4eToB.
3. Pe3yjlbTaTbl 4I4CJICHHblX pac4eToB rIojIy4eHbj c IIOMOIIIblO 0opMyjlbl 1.50

In || e(N,Mj || -
(ctp. 46). Othoiiichi4c Oral" = In J/m, AaeT 6ojicc peajlbHbm iiopaaok

cxommocti4 CXCMbl. jjjI5I aHajII43a )KejlaTejlbHo ucrIojIb3oBaTb o6e 3ti4 0opMyjlbl.

4. 4acTo b pa6oTe ucrIojIb3yeTcsI HepaBcHcTBo Koiiik c e, ho TpaKryeTcA Kak

HepaBcHcTBo 1OHra, a onepurop Apo6Hoii I1poH3BoAHoii repacuMoBa-KarlyTo

TpakTyeTcA Kak KarlyTo.

5. B TCCTOBblX nµmepax to4hoc pcuichhc rIoA(5upaeTcA b ochobhom 6c3

3aBHcMMocTH OT rIopAAKoB APO6HblX 1IPOH3BOAHblX IlO I1pocTpaHcTBy PI BpeMcHIL

6. OAHoii 143 3H¥IKMblX xapaKTepKcTI4K APO6HblX IIPOI43BOAHblX no BpeMeHM

5ibjiactca Ha4ajlbHaA OCO(5CHHOCTb. 4hcjichhfjc CXCMbl IIpeAIIojIaraK)T IjIaAKocTb

pciiichila. B pa6oTe IlpaKTH4ccKK hct 4IiICjICHHblX pac4eToB, rIoKa3blBaFoIIIHx

bjiilahi1ic Ha 4I4CJICHHblC cBoHcTBa pa3pa6oTaHHblx cxcm HapyjljeHue Tpe6yeMoK

I"jIaAKocTI1 pciiichiul
7. 4mcjichhejc CXCMbl rIocTpoeHbl jjjIA oAHoMepHblx no I1pocTpaHcTBy 3aAa4.

Mo)kho jipi pacrIpocTpaHMTb I1OJIJ'4CHHbIC pe3yjlbTaTbl Ha MHoroMcpHble 3aua4u?

3tiyi 3aMe4aHm hc bjikaiot Ha o6uiyro rIojIo)KHTejlbHyFo oIjcHKj' mccepTauIUL

3akjno4eHHe

A c4HTalo, 'ito InlccepTaum L16paxma A.K.O. «Finite-difference and spectral-
Galerkin methods in models, described by fractional partial differential equations
with delay» («KoHe4Ho-pa3HocTHble pi cI]eKTpajlbHo-raj1epKMHcKIle MCTOAbl b

MOACMX, OIIMCbIWCMblX IIPO6HbIMH ypaBHeHmMH b 4acTHblx I1POI43BOAHblX c
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3aIIIa3llbIBaHI4eM»), IIpcAcTaBjIeHHaA Ha coHcKaHHe ctciichk KaHIIIUIaTa ¢m3hko-

MaTeMaTmecKpIx HayK, oTge4aeT bccm Tpe6oBaHI4AM Ill. 9 rlojIo)KeHm o
I1pIlcymeHIm J'4CHblX cTelleHa b yp(oy iijia KaHIIIIIIaTcKKx McccµauU pi

Hay'lHblx crleuuajIbHocTeii 1.2.2. MaTeMaTmeckoe MoAejIHpoBaHHe, 4I1CJICHHbIC

MCTOAbl i4 KOMIIjICKCbI rlporpaMM, a ee awop I46paxIYIM A6AejlbpaxKM Kxarm¢a

OMpaH 3acjly7KKBaeT rIpIlcBoeHm y4eHoH CTCI1CHIiI KaHAIIIIaTa 0m3iiko-

MaTeMaTI44ccKI4x Hayk IlO cI1eullaj1bHocTH 1.2.2. MaTeMaTmeckoe MoAejIHpoBaHHe,

4KCjICHHbIC MCTOAbl yi KOMI1JICKCbl IlporpaN[M.

KaHIIHAaT (IM3HKo-MaTeMaTmecKIlx HayK, AoueHT,

BeAyIIIU Hay4Hblu coTpyAHHK

oTAejla BbI4KcjIHTejlbHblx McTojjoB

I4HcTIITyTa I1pHKjIaAHou MaTeMaTI4KK Il

agToMaTmaum - 0I4jIII4ajla 0I"BFW «(DeAepajlbHblu

Hay'lHblii ueHTp «Ka6apAI4Hoj3ajIKapcKoI'o

Hay4Horo PAH» Bciiitokob Mypa:r XaMMII6KeBIi14

Q¥O3.,IOL3 ¢jkig

rlo4ToBblii aiipec opraHI13aIIIUI: 360000,

Ka6apAMHo-BajIKapcKM Pecrly6jlliIKa, r. Hajlb'uIK,

yjI.IIIopTaHoBa, 89A;

Tejle¢oH: 8(8662) 42-66-61;

e-mail: ipma@.niipma.ru
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