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KHWPHUII (10KTOPJIMK JHCCEPTANUACH AHHOTALMSCH)

Juccepranus MaB3yCHHHUHT 10J13ap0uru Ba 3apypartu. JKaxon Mukécuaa
(haHHUHT MeXaHuKa, (HU3MKa, TEXHOJOTHs, Ouodusuka, OHOJOTHS, SKOJIOTHS,
THOOMET Ba OOIIKA TYypJiM coXajapuja ydpalauraH, HOUM3HKIW auddepeHinan
TEHIJIaMallap OpKaJld HudojanaHyBuud XoJuca Ba KapaCHIAPHUHT MaTEMaTHUK
MOJICJUIAPUHM YpraHuIIra KarTa KU3UKUIL OOpJIMru Ky3aTWiMokna. bynnai
MOJICJUIADHUHT ACOCHHM TMapaOoJIMK TUIJAru XYCYCHH XOCHJIANH YH3UKCHU3
auddepeHnran TEHTIamanap TalKuil 3THO, ynap yuyH Kyhwiaguran Kormm
Macajacu XaMmJla yerapaBuii MacajlaJlapHUHT €YUMJIApH XOCCAJIAPUHU YPraHUII Ba
COHJIM €YMII TaKpUOWIl euyul ycyjulapu acocujaa amaira omupuiaau. byHna
acocuil YpUHHM TaOMATIIYHOCIHKAA y4palJuraH Typid YH3UKCU3 KapaCHIapHU
MOJICJUTAIITUPYBYM MapaboNMK TUMAAru Oy3WIyBYM TEHIJIaMajap Ba yJIapHUHT
cucTeMasapu srajiad KeIMoKaa.

MycTakniuuk ~ WWUlapujla  MamilakaTUMU3/la  aMaiuii  MaTeMaTUKaHUHT
nom3ap0 MyHanmunuiapugaH Oupu OynraH Typiu (GU3HMK, OMOJIOTHK, TEXHOJIOTHK
Xamaa KUMEBUHM >KapaCHJIAPHUHT YU3UKCU3 MaTEMaTUK MOJEIUIAPUHU TaJKUK
ATHUITAa Ba yJApHU aMaluérra TaTOWK STUIITa OYiraH >bTHOOpP Ky4aWTUPHUIIIH.
[y HykTam HazapjaaH, 3HepreTuka, THOOMET xamaa HepTh Ba Ta3 coxajgapuja
amMaiauil TaTOMKKa 3ra OViraH MCCHKJIMK YTKa3yBYAHJIUK, (QUIBTpAIus, OMOJIOTUK
MOMyJIsiUUs SKapa€HaapyuHu U(OAATIOBYM KAaTOp MaTeMaTUK MOJAEIIap yCTHAA
CaJIMOKJIM MIIMUK-TAAKUKOT MIUTIAPU 0JIUO OOPUIMOKAA.

XO03upru KyHJa >KaxXOHJa KBa3HMUM3UKIM MapaOOiIuK TUIMAArd Oy3WIyBUYU
TEHJamMajap Ba YJapHUHI CHUCTEMajapu OpKaiu u(OAATaHyBUM >Kapa€Hiap
MaTeMaTUK MOJICJUIAPUHUHT KEHT TapKAJIUIIU, YIAPHUHT (yHAAMEHTAN CaKJIaHUIII
KOHYHUSITIapuIaH KenuO uyukumu OwnaH uzoxjaHaau. Uy cababmum xam Oup
Kapamiga xe4 KaHaal yMyMHUWIMKKa 3ra OynMaraH UKKA (U3HUK sKapaéHIapHUHT
MaTeMaTUK MOJEIIJIapH TypJuda COHJIM MapaMeTrpiiap OuiaH Oepuiiagurad aiHaH
Ooup xun yu3ukcu3 Auddy3usi TEHTIIaMacu OPKAJId TaCBUPJIAaHAIU. XO3UPTrH KyH/a
OyH/1ail TeHTJIaMaJIapHH YPraHUII Ba aMaIuéTra TaTOMK STHII F03acuIaH KyWHnaaru
WYHAUIMIUIAPJATH WIMUK-TAJAKAKOT W3JIAHULUIAPUHA amaira OLIUPUII MYXHM
Basudanapman OMpu XUCOOIAHAAM: YU3UKCU3 MaTeMaTHK MOJCIUIApHUHT cudat
XOCCaJIapUHU YPraHuill yCyJUIApUHHU WIIA0 YMKHIIL, €YMMIIAPHUHT BakT OYiinda
aHUK 0axoJIApUHM TOMMIN; YM3UKCU3 IDDEKTIApHU aHUKJIAII;, TEKaMKOP COHJIU
cXemMayjap MUuIad YMKHUIL; YU3MKCU3 >KapacHIapHUHI MaTeMaTUK MOJIEJUIAPUHU
Vpranumra ¢&paam OepyBUM amaiuii JacTypiiap MaXMyWHU spaTUII  Ba
*KapaCHJIapHU BaKT OYyilM4a KeuMIIMHU HazopaT Kuiuml. FOkopuaa kentupuiran
WIMUN-TAAKUKOTIap HyHanummaa Oakapuia€TraH WIMHUN HM3JTaHUILIIAD Mas3Kyp
JUCCEPTALMS MAaB3YCUHUHT 1013apOJIMTUHU U30XJIalTu.

V36exucron Pecry6mukacu Ilpesumentunuar 2012 jimn 21 mapraaru
[1K-1730-con «3amoHaBuil axOOPOT-KOMMYHHKAIUS TEXHOJIOTHSUIAPUHU KOPUN
STUII Ba sIHaJA PUBOMJIIAHTUPHUIN dOpa-Tamoupiapu Tyrpucumantu, 2010 i
15 nexaGpmarm IIK-1442-con  «Y30ekucToH PecryGiIMKaCHHHHT CAHOATHHH
2011-2015 ¥wmnnapna pUBOXKIIAHTUPUIITHUHT YCTYBOp WYHANIMIIIAPH XAKUIA»NTH
Kapopnapu, ¥Y36exucron Pecniy6nukacu Basupaap Maxkamacuausar 2012 fimn 1
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deBpanmugaru  24-connmu  «Koiinapna KOMOBIOTEpIAINTHPUII Ba  ax0o0poT
KOMMYHUKALIMSI ~ TEXHOJOTUSUIApUHU  OyHJAH KEWHMHTM  PUBOKJIAHTUPHUILTA
MIAPOUTIIAP SIPATUIL YUYH HOpa-TaaOupiap TYFPUCHIA»TU Kapopu XamJa Ma3Kyp
daonmusaTra TerMuuUM Oapua MEbEPUN-XYKYKUH XyxoKariapaa OenruiiaHraH
BaszudarapHu amajira OIIMpHUIIra ymoy AuccepTainus TaIKUKOTH MYyailsiH
napaxazaa Xu3Mar Kuiaau.

TagKuKOTHUHT pecnyOnka (GaH Ba TEeXHOJOTHSJIAPH PHUBOKJIAHUIIN-
HUHI YCTYBOp HVHAJUULIApUra OOFIMKJIMIM. Ma3skyp auccepranus HIIA
pecniyonuka ¢daH Ba TexHosorusiap puBoxiaHummHuHr V. «Marematuka,
MeXaHMKa Ba MH(POpPMATHKa» YCTUBOP MYHAIUIINTa MyBOPHUK OaKapHiIraH.

JAuccepranus MaB3ycH Oyiu4a XOPHKMHA HIMHUA-TAIKHUKOTIAp mapxul.

Uu3uKcu3 MaTeMaThK MOJEUIAPHUHT cu(daT XoccajJapuHU TaIKUK ODTHII
Oyiinya WIMHUNA M3TaHUIUIAD KAXOHHUHT €TaK4M OJHMH TabJMM MyaccacalapH Ba
WIMuR Mapkasiapu, xymiagan, North Carolina State University, lowa State
University of Science and Technology, University of Central Florida, Louisiana
State University, California State University (AKILI), Universidad de Buenos Aires
(Aprentune), Chile University (Uunu), Sapienza Universita di Roma, Universita
degli Studi di Catania (Mranus), Osaka, Nagoya, Hiroshima University (SImonwust),
National University of Singapore (Cunramyp), Universidad Autonoma de Madrid,
Universidad Complutense de Madrid (Mcnanwust), Paderborn University, Aachen
University (I'epmanus), University of Nottingham, University of Sussex (Byrok
bpuranusi), Komen ynuBepcutetn (CnoBakus), Tenb-ABUB YHUBEPCUTETU
(Ucpommn), Jilin, Chongqing, Changchun University (Xuroit), Paris Mathematics
Center, Université Paris-Dauphine (®panmus), Poccus DA Hunr Awmanui
MaremMaTuka WHCTUTYTH, MockBa paBnaT yHuBepcutetuna (Poccus), Benrpus
(hannap akageMusicura Kapamnuiu Xuco0Jiail TeXHUKACH Ba aBTOMaTUKa WHCTUTYTH
(Benrpust), Ko3zorucTtoH Mwiimii yHuBepcuTeTd, MaTemaTMKka Ba MaTeMaTHK
mozemnamtupuin  uHCTUTYTH  (Koszorucrton), T.IlleBuenko nomumaru Jlyran
MUUHE yHuBepcuTeTn (YkpanHa), MatemaTtuka Ba HH(pOpMATHKA WHCTUTYTH,
Codus ymusepcutern (Bonrapus), Y36exucTon Muumii  yYHHBEPCHTETH,
CaMmapKaH/l 1aBIaT YHHBEPCHTET, YPraHu J1aBiaT yHHBepcHTeTH (Y30eKHCTOH) 1a
o0 GOpHIIMOK/IA.

Uu3nkcu3 MareMaTUK MOJAEIUIAPHUA TAAKUK HTUIIAA YU3UKIUM MOJEIUIap
xoccanapuaan (apkiau ynapok ¢akaT HOYM3UKIM MOJEapra Xoc siHru cugar
XOCCaJlapHU ~ aHUKJAI, COHJIM €YUl YyCY/UIApUHM UNUIad YMKUII — Ba
BU3yaJUIAIITUPUIITA OUJl aXOHJAa onu0 OopuiraH TaJAKUKOTIAp HAaTHXKacuaa
KAaTop, KymulaJlaH, KyWuaaru WiIMHI HaTuKajgap OJIMHraH: MapaOoJIMK THIIard
HOYM3UKJIM TEHIJIaMalapy opKaiu udoanaHyBud UCCUKIUK TapKaIMILIU sKapaéHu
mozemnapu yuyH Komum Ba Heiiman MacanacuHUHT BakT Oyitmua riiobay edumra
sra Oynum Ba sra Oynmacnuk mapmiapu tonwiran (Universidad Autonoma de
Madrid, Osaka, Nagoya University), HOUM3UKIN NapaOOJUK TEHIJIaMajap Y4yH

! HuccepTranus MaB3ycu Oyinda XOprmkuid WIMAN TaaKuKoTiap mapxu: JKypHain BEIYUCIMTENBHON MaTeMaTHKH 1
MareMaTuueckoil ¢usmku, MaTtemarudeckoe moxenupoBanue, Communications on Pure and Applied Analysis,
Journal of the Korean Mathematical Society, http://www.sciencedirect.com/science/jrnlallbooks/sub/mathematics;
http://www.springer.com/mathematics man6anap acocuna unab YHKUITaH
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OymKuTa TUMUAATH Ba €YMMHHUHT T100a71 MaBXKYyIJIUK KPUTHK SKCTIOHEHTAJAPH
kuriMaTiapu tommiran (Universidad Complutense de Madrid, Paderborn, Jilin,
Chongging, Changchun University), foBak MyXHT TEHIJIAaMaCH Ba TIpaJUCHT
YU3UKCU3IMKKA dra TeHrjamajgap Yy4YyH MacallaCMHM e4uliia OOLUIaHFUY
OepuiiraHiiap Y4YyH 4YerapaHu aHUKJIa0 OepyBUM MKKUHYM Typ KPUTUK
AKCIIOHEHTAJApHU aHUKJIall ycyiapu unuiad yukuirad (Sapienza Universita di
Roma, Chongging, Osaka University).

Jlynéna TypJin MaTeMaTUK MOJICIJIAPHU ACOCHHM TAIlIKWJI ATYBYH, [apabOJIUK
TUNJArd YWU3UKCU3 TEHIIaMaap yuyyH Kywwiaran Komm, Xxampga werapaBuit
MacaJlaJlapHU €UUII Ba aMaJIMETra TaTOUK ATUI YCYJUIapH, BOCUTAJIAPUHU UIILIA0
YUKUII Oyinua OWp KaTop yCTyBOp HYHaAIWIUIapAa WIMHA TaaKUKOT HILIapU
om0 OOpWIMOKJIA, >KyMJIaJlaH: YW3WKCU3 Macajajapia BakT Oyiimda riiooan
SUMMIIADHUHT MaBXyJ Oyium mmaptiapuHu tomum; Dymkura TANMHAIATH Ba
rj100an eYMMHHUHT MaBXYJUIMK KPUTHUK DKCIIOHEHTaldapyu KUWMaTIapUHU TOIHUIIL;
yerapajlaHMara €4MMJIapHUHT JIOKAJUIANIYB [apTIapuHU aHUKJIAIl; COHJIM €YMIII
YCYJUIADUHUHT CaMapaJOpJITUHUA OIIMPHIL, YHU3UKCU3 KapacHJIaApHU COHIIU
ypraHuiira UMKOH OepyBUU JACTypUid BOCUTaIap MaXKMYHUHU UILIA0 YUKHUIII.

MyaMMOHHMHI YPraHWIrawjiIuk aapazkacu. ManOa €ku IOTWIMIITA dTa
YU3UKCU3 MYyXHUTJIap/la HCCUKIWMK YTKa3yBUAHIMK JKApaCHUHU MaTeMaTHK
MOJICJUTAIITUPHILl Ha3apusicuia JyHE OJMMIIAPU TOMOHHUJAH KaTop MYyXUM
HaTWKajlap OJIMHAW. ODHEPTUsl y3aTUIIl Ha3zapuscuaa HCCUKJIUK Y3aTUIITHUHT
YM3UKJIM  MOJEIIapura Xoc Oynamaran ¥y3raga cu@ar xoccamap Oopiuru
QHUKJIAHIU. Kymnanan, J.L.Vazquez, H.A.Levine A.A.Camapckuid,
A.C.KanamnaukoB, B.A.I'anaktnonoB, A.®.TeneeBnap TOMOHUJAH E€YMMHUHT
yerapaJlaHMaraHjiuru, 4YeKJIM Te3JMKIa TapKauil 3S()QPekTd Ba HCCUKIUK
TapKAIMIIUHUHT  (a30BUN  JIOKAJUTAIIMINM,  WU3OJSIIUSJIAHTAH — HMCCHUKJIUK
CTpyKTypasiapu, MaHOa €KM IOTHJIMINTa 3ra YU3UKCU3 MYyXHUTJIapAa TabCUPJIAHUIIT
KapaCHUHUHT YEKIIM BaKT MaBXKy/l OYIUIIN KaOWIap aHUKJIaHIH.

Uu3ukcu3 MyxXuTiapJa UCCUKIIUK TapKAIUII Te3MUruHuHT dyekmmk (UTTY)
abdexktn mactnad S.b.3empmouu, A.C.Kommanein mnap, KEHWHMHYAIMK 3ca
I''".bapenbnart, R.Pattle map ToMmonugan anuk;Ianrad. Fopak MyXur Ba rpajgvieHT
YU3UKCH3 HWCCHUKJIWK YTKAa3yBUAHJIMK TeHriaamanapu yuyH Komm wmacanacuia
UTTY »ddexTuHuHr 103ara KeNWIl [IapTjapd Ba KOMIIAKT IOPUTYBUMIIA
CUMMJIAPHUHT OaxoyiapuHu Torumimn Oyihuya J.L.Vazquez, M.A.Herrero, M.Fila,
F.Quirés, R.Guillermo, Keng Deng, Julio D. Rossi, P.Groisman, D.Andreucci,
A.Tesei, R.Ferreira, A.D.Pablo, H.Fujita; Bakrra kypa e4nMIapHUHT aCUMIITOTHK
TypryHiura anuimam Oyiimya X.Y. Chen, H. Matano, M.Sugimoto, John King,
A.Il.Muxaitnos, B.A. TanaktuonoB, E.KypkuHa; KBazuuu3uian Oy3uiIyBUd
napaboJIMK TUIJAArd MOJUTPONUK GUIbTpauus TeHIIamaidapu yuyH Heiiman
yerapaBuii Macajacu OpKagu HudoJaTaHyBYM MaTeMaTHK  MOJEJIApPHUHT
xoccanapunu anukiam Oyiinaa H.A.Levine, M.Chunlai, W.Du, J.Yin, Y.Wang,
M.X.Wang, Z.Xiang, M.Yongsheng, S.N.Zheng, X.F.Song, Z.X.Jiang, Michael
Winkler; y3rapyB4aH 3WYIMKIM YU3UKCH3 HCCHKJIMK YTKa3yBUAHIIMK, PEaKIUs-
mubdy3us Ba GuibTpanus TeHrIamanapu yuyH Kommm macamacw eduMIIapUHHHT
BakT Kypa rio0auiMk Ba riobai OYIMaciuK IIapTIapuHu Taakuk Oyinua Z.Li,
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M.Chunlai, W.Du, Guirong Liu, Yuan-Wei Qi, A.®.Tenees, A.B. MapTbiHeHKO,
H.B. Adanacwena, C.I1. Jlertspennap WM U3JIaHUIILIAP OJUO OOPHUIIITaH.

Uuzukcus GunpTpals Macajajiapd Xamjia yJIapHUHT cHCTeMaapu OuWiaH
H.M.MyxutaunoB, A.b.bermatoB, b.M.XyxasipoB, 1. XVyxaeB, H.PaBuianoB Ba
yIAPHUHT IIOTHPJJIapU IWIyFyJJIaHUIITAaH. YJIapHUHT uOulapu HedT Ba ras
Macajajapura Kyjulam MyMKUH OViraH HOYM3MKIM (QUWIbTpalUs Macaiallapu
XOCCaJlapuHU COHJIM TAJKUK ATHINra Ba COHJIM €4MIlra OaruiuiaHran. M.Apuros
Ba yHuHr worupmiapunuar  (T.KaromoB,  J[.OmmaroB,  A.Xaiinapos,
K.Myxammaaues, ®.Kabmwmkonosa, III.Certues, I1I.CamynnaeBa, A.MaTskyOoB,
J.MyxamMmmaaueBa Ba OolIkanap) WIMHIA WIUTApUAA aBTOMOJIEb TaXJIMJI acOCH]Ia
TaOMATIIYHOCTHKHUHT TYpJIH COXalapuaa yupanauran xapaéHuiapHu ndoaanoBuu
YH3UKCHU3 Macajajap CUYMMIIApUHUHT SHTU cudar Xxoccajapu aHUKJIAHAM Ba
YMYMJIAIITAPUIIIA.

Juccepranmss MaB3yCHHUHI JHUCCepPTalUsl 0a:KapujraH OJMHd TabJuM
MYacCaCACMHMHI MJIMHUI-TAAKHKOT HMILIApU OWJIaH OOFJIMKJIUIrH. Maszkyp
JMCCepTAlHs  TAAKUKOTH Y30eKMCTOH MMM  YHUBEPCUTCTHHUHI  HIIMHIi-
TaJKUKOT MILIApU pexkacura MyBopuk ED-4-10 «Koamoropos-®dumep THUIMAArK
OMOJIOTHK TOMYJIAIUS CHCTEMAJIApUHU COHJIM MojeiutamTupuin (2012-2014), A-
5-44  «Konmoropos-®uimiep TUMNUAATH YU3UKCU3  OHOJOTHUK  MOIYJISIIIUS
cUCTeMaJlapuHd COHIUM Mogeamtupuiny (2015-2017) ma3ynapumard HIMHA
TaJKUKOT JIOMMXaaapu goupacuaa Oaxapuiaras.

TagKUKOTHHHT MaKcaau KBa3WYM3UKIN MapaboMK TUIJArd TEHrIamalap
Ba YJApHUHT CUCTeMallapu OmiaH udoaamaHyBIM HOJIOKAJ YerapaBuil maprTra sra
Oup >KMHCIM Ba OWp >KMHCIM OyaMaraH MyXHUTJapAa HMCCHKIMK TapKaJIWILIN
Kapa&HJIapUHU YM3UKCU3 MAaTEMaTHK MOJCIIAPUHUHT cu(aT XoccadapuHu COHIN
Ba aHAJIMTHUK TAJKHUK JTHUII, YA3UKCHU3 YerapaBuil MacajlalapHU COHJIA €YHII YIYH
JACTypUi BOCUTAIAp MAXXMYHUHU SIPATHUILIIAH HOOpaT.

TaakKuKOTHUHT Ba3udajiapu:

HOJIOKAJl 4YerapaBWii wmacaiaiap opkKaau wudoaasaHyBdd OUp KUHCIU
OynmMaraH MyXHT/Ia UCCUKIUK TapKAJIUIIMHUHT YU3UKCU3 MaTEeMaTUK MOJeIiapu
yayH OyKUTA TUTTUAATH KPUTHK IKCITOHEHTAaIap KUMMATHHU XOCHJT KUJIHIII,

HOJIOKAJl YerapaBuid mapt Ousad Oepuiran Oup >KUHCIU OYIMaraH MyxuTaa
MCCUKJIUK TapKaJUIIA >KapaéHU YM3UKCH3 MOJIEIHM CYMMIIADUHUHT BaKT Oyiinua
rJ100auMK Ba riao0an OyaIMaciauK mapTiaapyuHi TONULI,

MKKH Kappa YU3MKCH3 Ba Y3rapyBYaH 3UWIMKKA 3Ta MOJUTPONUK (QUIbTparus
KapaéHU MaTeMaTWK MOJCIUHUHT CEeKHH TUGQY3UAIN X0 YYyH TapKaJHIl
TE3MUTHHUHT YEKJIWINTH Ba (a30BUH JIOKAUIANTYB ApTIApPUHU TOTIUII,

MaHOa Ba ¥y3rapyBYaH 3WWIMKKAa 3Ta WKKHA Kappa YU3UKCH3 Oy3WIyBYH
WCCUKJIMK TapKaJIHWIIU TeHraamacu ydyH Komm Ba derapaBwii macajaqapHUHT
KOMITAKT FOPUTYBUMJIM YMYMJIAIITAH CUYUMJIAPUHUHT ACUMITOTUK H(DOIaIapuHu
XOCHJT KHJIHUIII,

YU3UKCU3 YerapaBuUil IMapT Ba Yy3rapyBuaH 3WWIMKKA dTra TOJUTPOIHK
bunpTpays CHCTEeMAacH YM3MKCH3 MaTeMaTHK MOJETH CEYUMIIAPUHUHT BaKT
Oyinya riodan 6ynuin Ba OYIMacIuK MIapTIapuHU TOIUII,



y3rapyBuaH 3W4YJIMK Ba HOJIOKAJ YerapaBuil mapT OujaH OepuiraH MCCUKIIUK
YTKa3aBYaHJIUK Kapa€HJIapu MaTeMaTHK MOJCIUIAPUHUHT cUdaT XoccallapuHu
YpraHuim Yy4yH HOYM3MKJIM MacalajlapHd COHJIM XHMcoOdall cXeMajlapuHu,
QITOPUTMHHU Ba JACTypuUd BOCHUTAJIAp MaKMyWHU HILIA0 YUKHUII, XamJa
€UMMIIAPHU BU3YyaJUIAIITUPUI,

TagKMKOTHUHT 00bEeKTH HOJIOKAJ 4YerapaBui IiapTiapra sra napaboiuk
TAngard  Oy3wiIyBuUM —TEHIJIaMajlap Ba TEHIVIaMajap CUCTeMacu OuiiaH
upomanaHyBuUl YM3HKCU3 MCCHUKIMK TapKainuml (puapTpauus, auddysus)
*Kapa€HnapuaaH uoopar.

TagKUKOTHUHT NpeAMeTH — MyXUTHUHT OUpP KUHCIUJIUTH Ba OUp >KUHCIU
AOMACIIMTUHU XUCOOra oJiraH XOJJa MKKM Ba Y4 Kappa UYM3MKCH3 MacalajapHu
COHJIM-aHAJIUTHK XKUXATJAaH TAAKUK 3TUILI YCYJUIAPU Ba aMAJIMETH TAIIKUI 3Ta]IH.

Tagkukor ycyanapu. TaakukKoT WHIIMAA aBTOMOJEIb Ba TaKpUOU
aBTOMOJIENIb  YCYJUIApUAaH, COJIMIUTUPHIL TeopeMajapu, OIIud Oy3WIyBUYU
yu3uKcu3 auddepeHnnan TeHriaManap Ba yIapHUHT CUCTEMaJlapUHU €UMIIl YUyH
ATAJIOH TEHIJIamMaap METOJU, EYMMIIApHU 0axoJialll yCyJulapu, COHIN CXeMalapHU
KYpHUIl YYyH alMpMalid CXemajap, UTepauus, Xauaall, y3rapyBuad WyHaauuuiap
ycyJutapuan GhoigaiaHuiraH.

TagKMKOTHUHT WIMMIA SIHTWJINIM KyHugaruiapaad uoopar:

YU3UKCU3 uerapaBuil mapT OwiaH Oepwiran manOara sra Oyimaran Oup
KUHCIM MYXWUTJA UCCHUKJIHMK TapKaJWIIM MOJENIM YYyH BakT Oyiinya rioban Ba
ryi00an OyiMaraH edrumiiapra ara OyJIuil apTiiapyu aHUKJIaHTaH;

y3rapyBuaH 3UWIMKHUHT YH3UKCU3 MACAJIADHUHT BaKTra Kypa riodajn equmra
sra OYIMIUIMK Ba 3ra OYJIMAaciUK IIapTiapura TabCUpY aHUKJIaHTaH;

Heliman Macanacu maknuaa u@oAalaHyBYM MaTEMAaTUK MOJEIUIAPHUHT
CEKMH Ba Te3 KeuyBud Auddy3us xowiapu yuyyH DymkuTa TUOUAATA KPUTHK
AKCIIOHEHTa KUMMAaTH TOIWJITaH;

UKKUHYH Typ YyerapaBuii Macasa OuiiaH TaCBUPJIAHYBYM MaT€MaTHUK MOJIEIUIap
Y4yH T€3 Ba CeKuH MudPy3usi xoiapuia SUUMHHUHT T100a71 MaBXKYyIJIUK KPUTHK
AKCIIOHEHTACH TONMUJITaH.

Oup >KUHCIIA Ba OWp KUHCIM OyIMaraH MyXHUT/Aa CEKUH KEUyBYH MCCUKJIUK
YTKa3yBUAHJIMK MacCajJaCHHUHT yMyMJIAIITaH €YuMMJIapH y4yH KyWH Ba IOKOpHU
0axonap Kypuiras;

ATaJIOH TEHIJamanap ycyiu €pJaMua UKKU Ba y4 Kappa YU3UKCU3 UCCUKIIUK
YTKa3yBUAHIIUK MacajaJlapuHUHT Typau aBTOMO/IETb eunmIIap
ACUMIITOTUKAJAPUHUHT OOII XaJIapy OJIMHIaH.

y3rapyBuaH 3HYIMKIM HMCCUKIWK YTKa3yBUAHIUK MOJICIUIAPUHUHT cudar
XOCCaJlapUHU YpraHull yYyH COHJIM XHUCOOJall cXemalapu TakiIuQ STUITaH,
QNropuTMIIap, JAcCTypuid BOCHTAJIap KOMIUIEKCHM HIUIA0 YMKWITaH, Xamja
YM3UKCH3 ~ MacamagapHuHr — euumuapu  Visual  Studio  (C#) wmyxuruaa
BU3yaJJIAIITUPUIITAH.

TagKMKOTHUHT aMa/Iuii HATHXKACHU TYPJIM cOoXajlapja BYXKYyJra KeiaJuraH
YU3UKCU3 MacajajlapHy COHJIM €YMINTa TaTOWK STHUII YUYH KypPHUJITaH aCUMIITOTHK
dbopmyrnanap, KOHCEPBATUB COHJIM CXeMaJlap, HTEPAlMOH KapaéH KypwiraH, XxaMm/a
JacTypiap MaXMyH SpaTHIITaH.



TagKuKOT HATHKAJAPUHUHT MINOHWIWIUTK. OJMHraH HaTWXaiap Ba
TacOUKJIAp KaTbUil MCOOTJIAHTaH Ba COHJIM TAJKUKOTJIAp HaTWXKajapu OuliaH
TacaukiaHrad. Euumiap ydyH onmHran OaxojiapaaH —QoifianaHrad XoJjjaa
CUMMJIAPHUHT COHJIM TaxJIMJIM KeITUpWIraH OYnuO, ynap auccepranus UIIuia
TaKJIU(Q STUITAH yCYJUIAPUHU XaMmJia ATaJOH TeHrjamajaap METOJM Ba aBTOMOJIEIb
TaxJIWJIra  acoClaHraH  XUCcoOJall  METOJJIApUHMHT  TYFPWIMITMHUA  Ba
caMapaJIopJIMTMHU TaCAUKJIAraHJIUTU OWJIaH W30XJIaHA/IH.

TagKMKOT HATWKAJTAPUHUHI WJIMMHA Ba aMajMi axamMHMsITH. TaaKuKOT
HATIDKAJIAPHUHT WIMHNA axaMUsTH TapabofuK TUIJArd TEHIJIaMajap Y4yH
Kyvunaguran Komm Macamacu Ba YHM3MKCHA3 YerapaBhil Macajlajiap OpPKAIH
udomanaHyBud MaTeMaTHK Mojemiap yuyH @DyKuTa TUNUIATA KPUTHK
HKCIIOHEHTa Xam/a CYUMIIAPHUHT TJI00al MaBXYUIUTH KPUTHK IKCIIOHEHTaJapu
Ha3apUsACHHM acociall OuiaH U30XJaHAIH.

TagKMKOT WIIMHUHT aMajui axamusTH KypWIraH UTEpaluoH jKapaéHiap,
UnuIad YUKUITaH COHJIM CXeMajlap Ba JACTypUil BOCHTAJIAp KOMIUIEKCH TYpJU
YU3UKCU3 MYXUTJIapja Yu3uKcu3 QuibTpanusi, peakuus-nuddys3us, HCCUKIUK
VYTKa3yBUAHIIMK MacaJlaJJapuHUHT CEKHH Ba Te3 KeduyBuu Auddy3usi xoiuapuua
COHJIM XMCOOJAll H3KCIEPUMEHTIApUHM YTKa3WIlra HMKOH Oepaau xamja
VpranunaéTran 4YM3MKCU3 Macajanap CUMHPU y4yH SHTU 3QdeKTiap — eYuMHUHT
JOKAJIJTAITYBY Ba YEKIIM TAPKAIUII XOAUCATapUHU aHUKIAIIra XU3MaT KWUIaIu.

TagKMKOT HATHKAJTAPUHUHT KOPUIl KWJIMHWIIM. J[uccepTanus TaAKUKOTH
Kapa€HuJla OJMHIaH HaTwKajgap KyMHUJIard WyHaJuIulapaa aMmanuérra >KOpuu
KWJIMHTaH:

Oup >KMHCIIA Ba OUp KUHCIM OYJIMaraH MyXuTAa CEKHMH KEUyBUM HCCHKJIHMK
YTKa3yBUYAHJIMK MacajJaCUHUHI yMyMJIAITaH €4UMMIIApU YUYYH OJIMHTaH KyWH Ba
wkopu Oaxonap ®-4-30 «Omeparop Tun kodhduuuentiu auddepeHma-
ornepaTop TEHrjaMaljlap y4yH MYKU Ba YerapaBHWil Macajajap» TIpaHT JIoMuxacuaa
MareMaTuk (U3UKAHUHT HOKJIACCHK TEHIJIAMAJapu y4yH WYKH 4YerapaBuid
MacajaJlapHUHT  KOPPEeKTIMIMHM  ucOoTnamga  kywianunradn (danm  Ba
TEXHOJIOTUSJIAPHU PUBOKJIAHTUPUIIIHA MYBODUKIAMTUPHUIT KyMUTaCHHUHT 2016
wun 3 wosOpmarm  DTK-03-13/743-con mabiaymoTrHomacu).  Mnmwuii
HaTWXKaMapHUHT  Kyyuanunumu  KonMoropos-®umiep Tunugarn  OMOJIOTHK
MOMYJISIIINAS TEHIJIaMaJIapy Ba CUCTEMaJIapUHK COHJIM €4UIll UMKOHUHU OepraH;

Oup KUHCIM OYJIMaraH MyXuTAa MCCUKIMK TapKaJMII Kapa€HU MaTeMaTHK
MOJEIUHUA U(POIATOBYM NMapabOIMK THUIMIArd UKKUA Kappa YM3UKCHU3 TEHIJIamaliap
YYyH KYWWITaH HOJOKaJl YEerapaBMil MacCaJIAJIApHUHI ABTOMOJEINb €YUMIIApH
acumnroTukanapu ®-4-30 «Omneparop Tun kosdduumeHntiv auddepenma-
OIepaTop TEHrjJaMajap y4yH MYKM Ba YerapaBHil Macajiajap» TpaHT JIOMUXacuaa
WYKM  4YerapaBUil  MacaJlalapHUHT  €YUMJIAPUM  XOCCAJIAPUHM  aHUKJIAIJIa
Kyutaawirad (PaH Ba TEXHOJIOTHSUIAPHU PUBOKIIAHTUPHUIITHI MYBO(PUKIIAIITI THPHUIIT
kymutracuauar 2016 #un 3 Hosiopmarm PTK-03-13/743-coH MabiIyMOTHOMACH).
Nnvuit  HatwkKanapHUHT  KYJUIAHWIMIOM ~ WYKW ~ YEerapBUK  MacajlallapHU
KOPPEKTJIMTUHU acOCJIallra UMKOH OepraH;

y3rapyBuaH 3UWIMKIA MYXHUTAA HWCCHUKIUK TapKAIUIIUNHU TaCBUPJIOBUU
MaTeMaTUK MOJICJUTAPHUHT CcU(aAT XOCCaJapHHU COHJIM YPraHWII YIyH TaKiud

10



STWITAH XUCOOJAIl cxeMajapw, WIUiad YWKWITaH alropuTMiiap Ba JacTypuid
Bocutanap komruiekcu ®-4-30 «Omnepatop tun kodddunmentnu nuddepeHumna-
oreparop TEHrjlamanap y4yH WYKU Ba 4YerapaBuUil Macaiajapy» I'paHT JoMuxacuja
MaTeMaTUK (PU3MKAHUHT HOKJIACCUK TEHTJaMajapu Y4YyH HWYKH YerapaBHid
MacajajJlapHu COHJIM MOJeUTalTUpuIIa Kyinanuirad (Pan Ba TEXHOJOTUSIIAPHU
PUBOXKJIAHTUPUIITHA MYBO(PUKIAIITUPUII KYyMUTACHHUHT 2016 ¥inn 3 HosOpmaru
®TK-03-13/743-con mabiymoTHOMacH). WaMuil HaTHKaJapHUHT KYJUTAHUTHIINA
YH3UKCH3 YerapaBuil MacajlaJapHUHT COHJIM €YMMJIAPUHUA BU3YaJUTAIITUPHUIITa
XU3MaT KUJITaH.

TaagkuKOT HATHKAJTAPUHUHT anpodanusacu. TagkuKOT HaTwkamapu 14 ta
XaJIKapo amKyMaHjapaa: «AKTyanbHbIE TMPOOIEMBbI MPHUKIATHON MATEMaTUKH U
HHOOPMAITMOHHBIX TexHoMoTHiA — anb Xopesmu 2012» (Tomkent, 2012);
«BpraucnuTenpbHble U WH(QOPMAIMOHHBIC TEXHOJIOTMH B HAayKe, TEXHUKE W
obpazoBanuu — 2013» (Poccusa, 2013); «AxryanbHble MpoOOIEMbI MPUKIATHON
MaTeMaTUKd U HWHOOPMAIMOHHBIX TeXHOJOTMM — anb Xopesmu 2014»
(Camapkann, 2014); «Analysis and Applied Mathematics» (Ko3oructon, 2014); 5-
TypK ayHécu Matemarukiapu koHrpeccu (Kuprusucton, 2014); «Mathematical
Methods, Mathematical Models and Simulation in Science and Engineering
(Iseitapus, 2014); «Applied Mathematics and Computational Methods»
(I'perus, 2014); «Mathematical, Computational and Statistical Sciences» (BAA,
2015); «Pure Mathematics, Applied Mathematics and Computational Methods»
(I'pemms, 2015); «Heat Transfer, Thermal Engineering and Environmenty (Mranus,
2015); «Applied Mathematics and Informatics» (Mcmanus, 2015); «Computational
and Informational Technologies in Science, Engineering and Education»
(Kozoructon, 2015); «/Auddepenunanbupie ypaBHEHUS M MaTeMaTHYECKOE
monenupoBanue» (Poccus, 2015); «Nonlinear Analysis and Applicationsy»
(Camapkann 2016); 7 Ta pecnyOnuka WIMHA-TEXHUK aHXyMaHJIapuia:
«AKTyallbHbIE BOIMPOCHl MaTEMaTHKH, MAaTeMaTHYeCKOTO MOJICTUPOBAHUS H
uHpopManoHHbIX TexHomorui» (Tepmes, 2012); «HoBbie TeopeMbl MOJOIBIX
MaTeMaTUKOBY (Hamanram, 2013); «CoBpeMeHHbIE poOIeMbI
mubdepeHnnanbHbIX  ypaBHeHHMH u  ux npuioxkenus» (Tomkent, 2013);
«ITpuxknannas marematuka u uHbopmarronnasi 6ezonacHocTs» (Tomkent, 2014);
«MaremaTuueckass pu3uKa U POJCTBEHHBIC MPOOJIEMBI COBPEMEHHOTO aHAU3a»
(Byxopo, 2015); «CoBpeMeHHbIE METOABl MAaTEeMAaTUYEeCKOH (U3MKH M UX
npunoxenus» (Toumkent, 2015); «IIpoOreMbl COBpeMEHHOW TOMOJOTHH U €€
npunoxenus» (TomkeHT, 2016) kabu aHxymaHiap/a Mabpy3a KypHUHHUIINAIA OaéH
STHITAH Xamjaa anpoOanusgaH YTKa3uWiraH. TagKWKOTHUHT — HaTWKajlapu
V36exucron Mummit YHUBEPCUTETUHUHT «MaTtemMaTuk (PU3UKaHUHT 3aMOHABUU
ycymiapu»  (Tomkent, 2016), «Amamuii  matemMatuka Ba  axOopoT
TEXHOJIOTHSUIADUHUHT 3aMoHaBuii Myammosapu» (Tomxkent, 2012-2016) Ba
«Houun3ukiam Ba HOKOPPEKT MacalajapHUHT a0i3apd myammonapuy» (TormkeHT,
2012-2016), TowmkeHT TeMUp WY1 MyXaHIUCIAPU HHCTUTYTHHHHI «XHcoOJsarl
MaTeMaThKacu Ba HMHGOPMATHKAHWHT 3aMOHABHM MyamMMmoJiapu» Ba TOIIKEHT
ax00pOT TEXHOJIOTHUSIIAPU YHUBEPCUTETH Xy3ypuaaru Jlactypuii MaxcysoTiap Ba
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anmapar-IacTypuid  Maxmyayap spatuam  Mapkasu «Mypakkab THU3MMIIapHU
MOJICJUTAIITUPUIID WiiMul cemuHapiiapua (Tomkent, 2016) MyxokaMa KUJIMHTaH.

TagKuKOT HATHKAJAPUHUHI IbJIOH KWIMHHMINK. Jluccepramus MaB3ycH
6yitnua >xamMu 37 Ta WIMHH MII YOI STHIraH OYIMO, mydapiaH, Y36eKHCTOH
PecniyOnukacu Onuit aTTecTanus KOMUCCUSICHHUHT JTOKTOPJIMK JUCCEPTALMSIIApU
acocHil HATIWKaJapUHU YOI JTHII TaBCHs ATWITAaH WIMHN Hampiapaa 13 Ta
MaKoJIa, KyMJIaJaH 8 Tach peciyOsika Ba 5 Tacw XOpWKui KypHaJIapa Halip
ATHUIITaH.

JldccepTanMsiHUHT XaKMHU Ba TYy3WJMinM. Juccepranus TapkuOW KUAPHII,
TyprTa 600, Xynoca, QoiganaHuiaraH anabueTnap pyWxatu Ba WIIOBajapiaH
noopar. Jluccepranusauar Xaxxmu 170 O€THU TaIIKWI 3TraH.

JACCEPTAIIUSIHUHI ACOCUM MASMYHHA

Kupunm kucmuzaa guccepranusi MaB3yCHHUHI JI0JI3apOJIMTH Ba 3apypHUSTH
ACOCJIAHTaH, TAAKUKOTHHUHT Y30eKHCTOH Pecry6iukach (aH Ba TEXHOJOTHSANAPH
TapaKKUETUHUHT YCTYBOpP WYHAJIUIUIAPUIa MOCIUTH KYpCAaTUITaH, TaAKUKOTHUHT
Makca] Ba Bazuganapu Oenrminad oJIMHIaH XaMm/Ja TaAKUKOT OOBEKTH Ba MPEAMETH
aHUKJIAHTaH, TAJKUKOTHUHT WIMHUH SHTWIWMTH Ba aMaliuid HaTWxkanapu OacH
KWJIMHTaH, OJIMHTaH HATWKAJIAPHUHT UIIOHWIMINIY acociald Oepuiira, ylapHUHT
Hazapuil Ba aMaiuil axamMusATH o4und OepwiiraH, TaAKUKOT HaTWXKaJTapUHHU amalijia
KOpUM KMJIMII XOJIATH, HAIIp TWITAH MIUIAp Ba JUCCEPTAlUs TY3WIHIIN Oyiinya
MabJIyMOTJIap KEJITUPUIITaH.

HucceprauustHuHr  «AKKHM Kappa HOYM3HKJIM MYXHMTAA HMCCHKJIMK
YTKa3yBYAHJIMK KAPAéHMHM MATEMAaTHK MOAeJIAIUTHPUID J1e0 HOMIJIAHTaH
OupuHun 000M MaHOara sra Oup KUHCAM OYyJIMaraH MYyXHUTAA HCCUKIIUK
TapKajlald TeHrjamacu yuyyH Komm wmacasacu Ba HOJIOKall  4derapaBui
MacajaJapHUHT  aBTOMOJEAb  €YMMJIADM  ACUMOTOTHKAJIAPWHM  TOIMIITA
OaruvIIIaHTaH.

bupunun mnaparpadpga maHOara sra HOYM3UKIM HUCCHUKIMK TapKaJWLIHN
Kapa€HU MaTeMaTHK MOJIEIMHHUHI XOccajllapu Ba Oy coxada OJMHIaH XaJKapo
WIMHMHA TaAKUKOTJIap HaTWXanapu 0aéHU KEATUPUIITaH.

Ymby O60oOHMHr WKKMHYM maparpaduma acocuit Tabpudiap Ba EpaamMmyu
TaCIUKJIAp KEATUPUIITAH.

3-maparpadpma Oup JKMHCIM OYJIMaraH MYyXHTAa HWCCUKIUK TapKaJIWAIIH
*KapaCHUHU MOJEJUIAIITUPYBYM NapaOONMK TUIAArd TEHrjJamMa y4yH KyWHjaaru
Komm macanacu

pl(x)aat—u:div(‘Vu"p_ZVu')+p2(x)uq, xeR", t>0,, (1)

u(x,0)=u,(x), xeR", (2)

ABTOMOJCJIb CHUMIIAPUMHUHIT aCUMIITOTHKAJIApWUHHU TAaAKWK IJTHUIIra OaruIILIaHTaH.
by epaa V() =grad, ()=| Sz vz |0 A0 =P ()= G5
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N=m=0 npa uccukimk axpamum KyBBatu U°>0 xapopar u=u(t,x)>0 ra
-2
OOFJIMK Xam/a MCCHKJINK YTKa3yBUaHIUK KO3(PPUIIUCHTH u"l‘Vu"p >0 Oynran

MyXUTAa EHUII KapaHUHUHT MOJIeNn cudaThaa Kapaiau.
(1) renrmama p>1+1/1 na OyswinyBum GYauO, mry cababiM YHHHT €4UMH

Q:{(X,t):XeRN,O<t<T} coxaja O<u(Xt 'l‘Vu‘ eC Q) cuH(ra

terunuid OynraH Ba (1) TeHrJaMaHu TaKCUMOT MabHOCHJIa KaHOATIAHTUPYBUU
yMyMJIAIITaH e4uM cudartuia TynryHuIaIu.
(1) tenrmama p>1+1/1 mapr Gakapuiaranaa CEKUH HMCCUKIMK TapKaJMIL

xomuHu, 1< p<1+1/l na sca Te3 keuyBun X0aMHH U(OAATANIN.
(1) TenraMa yuyH KyWHIard aBTOMOJIENb €9HM XOCCANIApH YpraHWIraH

u=(T+1) " (&), £=X(T+t)”

_ p+n _q-I(p-1)
W G- (m-mi(p-9-9 T pen 1O
(dyHKIUA 3ca Kyluaaru aBTOMO/1e)Ib MaCaJlaHUHT €YUMU
i O [ puadf' df .
& dé{é Y d§] pE 5+occff+5f (3)
f(0)=C>0, f(d)=0, d <+o. (4)

Cexun auddy3usa xonu ( p>1+1/]1 ) . Kylingaru pyHkuusinu KapaiMus:
p-1

f(6)- (a iz 7,

|(p—}3—1 | ( p— 1) R -
Ooyepma a=C " | b= (p+m) ﬂp (i), =max(0,i).
T eopema 1. (3), (4) ™acajgaHMHI KOMIIAKT OPUTYBUMIH €YUMIIAPU
—(a/b)"” Ve f (&)= Af(£)(1+0(1)) acumnroTnkara ora, 6y epaa A

p(1-n)+m+n

(l)plwmpm Mbja) e e p

y (bI(p+m))° (Ib(p+m))” -
(p-1)(1-DH+1 _,
anreOpauK TEHTJIaMaHUHT €UUMH, arap (= o1 oynca Ba A=1, arap
q> ( P _1)(1_|)+1 oyica.
p-1

Te3 auddysust xom (1< p<1+1/1). dapas kunaiinmk

_p1

f(&)= (a+ k\é\pfj e
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Oy epaa k——_l(p 1)ﬂ a=C pp‘ll)l.
l(p+m)

I((N+m)+N
(N +m)+
y xonga (3) TeHIVIAMaHMHI 4YeKCH3JIMKAA CYHyBUM €UMMJIApH Kylujaru
acumnToTnk udomara sra (&)= Mf (& )(1+0(1)), Oy epma M kyituzaru

Teopema 2. ®apa3 kunaiauk —p <m< 0, < p<1+1/1 6yncun,

anre6paI/IK TCHIJIaMaHUHI' CUUMHU

1p Ibl—n(p—l)/(p+m) ﬁ
(- 1(p-1)) "W - =0,
Gi(p+m) " (Io(p+m)
arap n:(q—l)(p+m) oynca, M =1, arap n< (q—l)(p+m) oyica.
1-1(p-1) 1-1(p-1)

[ynunraek, ymoy naparpadia Kyduaard KypuHULIgard
—a -
u(tx)=(T-t)"g(g), S={(T-1) ",
yerapajaHMaral aBTOMOJEb €4YUM KAPAJIraH Ba YHUHI aCUMITOTHMKACH OJIMHIAH,
Oy epna ¢ (f ) KyWHJaru MacajaHuHI €4uMU

1—Ni 1-N dg dg m+1 Mey _ gNed _
4 dg[ﬁ az ng pS 5 —ag"g-¢£"9" =0, (5)
g(0)=C>0, g(d)=0, d<+wx. (6)

Teopema 3. ®apa3 xuiaiauk (> | ( p —l) oyncun. Y xonma (5), (6)
MacaJaHUHT KOMIAKT IOPUTYBYWIM €YUMHU KyHUJar aCUMITOTHUKAra sra

9(£)=Cg(&)(1+0(1).
((1(p-p-1) ) o i1
Oy epaa C—{[—)j ,BJ ,g(&)= (D B|¢] ) , D>0, B>0.

bl(p+m

Hamuowca 1. (1), (2) Komm MacanacMHUHT 4YerapajaHMaraH e4uMIIapu

l(p-1)<g<l(p-1)+ IS ~m na ¢azoBuil Nokamnamrad O6Ynub, SpKUH derapa
+m

yuyH t > T npa Kyiinnaru aCI/IMHTOTI/IKa }“/pHHJII/I oynaau
x.(t)~(D/B)" "™ (T 1) >0,
sTbHM (ha30BUH JIOKATU3AIMS XOIUCACH COIUP OYIIaIu.

4-maparpadaa HOJIOKAN YerapaBwii mapT OujaH OepwiiraH Ba mMaHOara sra
KyHUJard HCCUKJINK YTKAa3yBUAHIUKHIUHT MaTeMAaTUK MOJIETH YpraHwinO, yH/1a

p-2
22 2w, ners(o ) o
|eu|" ou

Ot O’t’ t Ol 8
lex 8x( J=u(0t), t> ®)
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u(x,0)=u,(x)=0, xeR,. (9)
SYNMJIIAPUHUHT ACUMITTOTHKAJIAPH OJTMHAIH.

(7)-(9) uerapaBuii Macajgara YM3MKCH3 MyXHTAArH AU(Qy3us KapaéHUHU
MaTeMaTHK MOJACIUIAIITUPHINAA, FOBAK MYXUTIApAArd CYIOKJIUKIAD OKHUMH,
OMOJIOTHK TIOMYJISAUUS JUHAMHUKACH, TOJUTPONUK (QUIBTpamus, CUHEPreTHKa
MacaJlaJapuH{ Ba OOIIKa KAaTOp coxXaltapAard macajlajapH{ €UdIla MyXUM POl
VUAHAUIU.

Mabnymku, (7)-(9) Macana edyuMu COHJIM IMapaMeTpJIapHUHT aHHWK OwWp
maptiapuaa riaodan €ku yerapamanMaraH Oymamu. (7)-(9) macanara HmcOataH
aitHaH 11y caBoJ 6uad Wanjuan Du Ba Zhongping Li map mryrysuiaHumirad. Yiap
(7)-(9) macama eyMMIIApUHHMHT BakT OYiinya rio0an Ba odam OyiIMaciuk
mapTiapyuHu aHUKJamrad. FoBak MyXuT TEHTJIaMacu Y9yH HOJIOKaJ dYerapaBuil
Macaja eYuMJIAPUHUHT BaKT OViinda rio0an Oyimim Ba OYIMaciIuK IapTiapu dca
Arturo de Pablo, Fernando Li Quiros Ba Julio D. Rossi mapHuHr unuiapuma
YPHATWITaH.

Kyiiuna Wanjuan Du Ba Zhongping Li m3nanunuiapugan keinu® 4YHMKKaH
XoJija rio0ajd Ba uyerapajaHMaraH aBTOMOJICIb €UUMJIAD AaCUMITOTHUKAIAPU
TOTIVJI/TH.

<1 q >2(p—1) xon. (7)-(9) macanmaHMHr KyWWJard KYpUHHIIAArH

aBTOMOJCJIb CUMMHNHU Kapaﬁm/m:

u (x,t)=te(&), E=xt7, (10)
Oy epra a = ﬁ, y= ﬁ, @(&) aca Kylnnars MacalaHUHT e4UMU
d (|do| " do | .do
dgﬂdg dg} Sy E —ap+¢” =0, (11)
+9£p29£ _ (12)
dg| de

Kyiinnaru reopema ypuHiu.

Teopema 4. (11), (12) wmacajdaHUHT KOMIIAKT FOPUTYBYHMJIH CUUMH
p1 1
E—> (ap / ( p— 2)) y? na Kyluaaru aCUMOTOTHK KYpUHUINTA dra

o(&)= (a—pT.ZVZ‘Epl] _2,(1+o(1)), a>0.

B>2p-1 q<2(p-1)/p xon By xomma (7)-(9) macanaHuHr
yerapajaHMaral aBTOMOJIENb €YUMH KyHHIArd KYPUHHUIIIA KHAXPHUIaIH
u,(x,t)=te(&), E=xt7,
p-1 __p-1-g
2(p-0-pa’ " 2(p-1)- pg

MacCaJlaHHMHI' CHUMH

Oy epoa o= , ¢(&) dynxuus sca Kyiiuparn
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d d(p do do 0. 13
5[‘ dég] 75 5 ap = (13)
[do"dol _ o) 14

‘ i 0 (14)

Teopema 5. (13), (14) MacaaHUHT KOMITAKT FOPUTYBYMIIN €UUMHU YuyH & —> @
1a KyWnaard aCUMITTOTHKA YPUHITHANAD

p(£)=C(a=¢)r2(1+0(1), a>0,

Y(p-2)
p-2 p-2
oy epna C = a _—
Y €pa E 1 7} 0—1

Kputuk xon pq:2(p—1). By Xxon rokopugaru HWKKWHYU XOJHHUHT

pq = 2( p —1) Oyirangard MaHTHKUN daBoMu XpcoOmanamau. Yoy xonmga (7)-(9)
MacajJaHUHT €UMMH KYHHIard SKCIIOHCHITHA KYPUHUIIAA KUTUPHIATH
u,(xt)=e""p(&), E=xe7",
P p-2
Oy epna a = , V=
yep 20-1 " " 2p-1

MacaJaHUHT €4UMHU OYJICUH

, T - MycOaT COH, (0(5) byHKIIMA 3ca KyHuaaru

d [|do|" do |, .de_ 0, 15
5( df} 75 5 ap = (15)
o do o) i

‘ i o (16)

Teopema 6. (15), (16) macajmaHUHT KOMIIAKT FOPUTYBYMJIH CUUMH

E—DP? (( p —l) / ( p— 2))p Ja KyWuaaru aCMMITOTHK udoara sra

b1

(%) —C[D“ (p—_llp —ngz (1+0(1)), D>0,

p-2
Y(p-2)
Oy epma C = (S—_l 7/] D.

5-naparpadmaa (1), (2) Komm macanacuaun xamzaa (7)-(9) Homokain macanaHu
COHJIM €YHWIN YYyH COHJHM cxemanap kentupuirad. lllyHuHrOek, wuteparms
X)apa¢Hu Kypwirad. MabIyMKH, YM3UKCU3 MacalajlapHU COHJIM CUMIIIA UTEePaIus
)apaCHJIapy aHUK €YMMTa Te3 SKUHIAMINITHN TabMUHIAHIUTaH XaM/1a HOUYM3UKIIN
KapaCHJIapHUHT cudar XoccalapuHM CaKJIaiaurad OOIUIAHFUY SKUHJTAIIAITHA
TaHJAll — acoCHM MyamMmoJiapfaH Oupu XucoOnaHaau. by myammo coHiu
napamMeTpJIapHUHT KuiiMaTiapura MyBOGUK OONUIAHFUY SKWHJIAMMWII cudaTtuaa
IOKOpUJIa KypWIraH aCUMOTOTHK (OpMYyJIaJIapHU OJIMIN OPKAJIW XaJl KHJIMHTaH.
Ky#inna aiipum xucoOmiamn SKCIEpUMEHTIApU HATIKalapH, OJIMHTaH Tpadukiap,
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Xamia COHJIM CUYUMJIAPHHUHT TaXJUIN KEITUPUITAH. XUCOOJIaI SKCIEPUMEHTIIAPH
HATWKalapyu Takiaug STUITaH YCYJUIAPHUHT CaMapaJopJIMTHHHA KYpCcaTIu, COHJIA
eunMIIap dca Y3u1a HOUU3HKIIN XYCYyCHSTIApPHHA aKC dTTHPTaH.

Kyiinma coHiu mapameTpiiapHUHT — ajoxujaa KukiMmaTmapuna (1), (2)
MacaJJaHUHT COHJIM €UYuMJIapy TpaduKiIapu KeITUpWITad 6Yiuo, ymap/ia HCCUKITIK
(bunprpanus, 1uddy3us) TAPKATUITHHUHT SHIY XapaKTePUHHU KYPHUII MYMKHH.

0.2 02

a) =04 b) t=8.4
1-pacm. (1), (2) macamanmur p=2.7, q=4.2, 1=1,5, m=0.5, n=2 naru consim
€YHMH.

a) t=0.4 " b)t=86
2-pacm. (1), (2) macananunr p=2.1, =4, I=1, m=1.5, n=2 naru coHJm
eYUMU (I( p —1) -1 O).

0.2 iz |

a) t=0.2 b) t=5
3-pacm. (1), (2) macananunr p=3, q=3, I=1,5, m=0.5, n=2 paru conjin

eann(q =I(p —1)).

17



1-pacmaa (1), (2) MacasaHWHT YEKJIM TE3TUKA TAPKAIMII XyCYCHSATHTA 3T
OynraH ryI00an e4nMH, 2-pacMjia 3ca KpUTHK HyKTa arpoduaaru riobdan edyumMu
rpaduru TacBUpIaHTaH. 3-pacM dca y3ujaa JOKaJaliraH uderapajaHMaraH €4uM
rpaduruH  My)kaccamjamTuprad. by Xomma XapopaT 4Yekiam T <oo  Bakr
JTaBOMH/Ia MyXUTHHHT YerapajaHTaH COXacHaa YeKCU3 CypaTaa YCau.

Hucceprauusiiuar «HoJiokan d4erapaBuii maptra 3ra Oup YJI40BJIH
HCCHKJIUK YTKA3YBUAHJIMK KAPAEHHHH MATEeMaTHK MOJe/UIAIITHPHID» 1c0
HOMJIAaHTaH MKKMHYU 000M Oup KMHCIU OYIMaraH MyxuTAa HOJOKaJl yerapaBuil
miapTra sra OYiraH HCCHKJIMK TapKaTUIINA >Kapa€HW HOYM3HKIM MaTeMaTuK
MOJIETM EUYUMIIADUHMHT BakT Oyiimua rio0ammuk Ba mioban OyiMaciuk
[IApTIAPUHU YPTaHUIITa, aBTOMOJIENb SYMMIIAPHUHT aCUMITOTUKATIAPUHU OJIUIITa
Ba YM3HMKCH3 HCCUKIMK YTKAa3yBUAHJIMK >Kapa€HUHH COHJIHM MOJEJUIAIITHPHUIITra
OarvIIUTaHTaH.

1-nmaparpadaa Kyinaara HCCUKINK YTKa3yBYaHJIMK TEHTJIAaMacH yUyH

ou o (leum" au"
p(X)E—& & g ,(X,t)e R+X(O,+OO), (17)
HOYM3HKJIN YeTapaBun
ou™|”” oum
——] —(0,t)=u"(0,t), t>0, 18
OX 8x( ) u( ) g (18)

Ba OONUIaHFUY IIapTra 3ra
u(x,0)=u,(x)=0, xeR,, (19)
macana kapairas, 6y epaa p(X)=(1+x)", n>—p (cexun nuddysus xom).

(17) tenrmamamm mM>1, 1< p=#2 nga ¥y3rapyBuu p(X) 3UYIMK MaBXYJ
OynraH XoJja HOHBIOTOH MOJUTPONUK prubTpamus, M>1, p=2 na sca Heroron
tunuaard 1ugysus TeHrinamacu cudaTuaa Kapam MyMKHAH Ba X.K.

(17) tenwrnmama p>1+1/m Gyaran xomma cexun auddysus TEHITIAMACH,
1< p<1+1l/m pma sca te3 auddysus Tenrnamacu aedmnand. CeKuH KedyBuu
mubdy3us xomuaa (17)-(19) macama knaccuk eummra sra smac. Iy cababmu
YHHUHT

" our
~ eC(R+ x(0,+oo))

cuH(ra TErMIIIM yMyMJIAIIraH e4MMH Kapasajiu.
Z.Li, Ch.Mu, L.Xie nuapuna te3 mupdysus xomuna p(X)=1 Gyaranma

ar

0<u(xt),

(17)-(19) wmacana EYUMHHHHT TJ00all MaBXKYJIUK Ba MaBXKyJ OYJIMac/IHK
mIapTiapyu YpHATWITAH. YJap EUUMHHUHT Tio0al MaBXyanuk Ba Dymkura
TUTIUAATA KPUTUK DKCIIOHEHTaNapuHu aHukiamrad. Iy kabu HaTwxkamap CekuH
mboysus xomu yayn Z.Wang, J.Yin, C.Wang wumuapuma, p(x)=1, m=1
oynranna sca B.A.I'anaktnonos Ba X.A.JIeBuH uliapuaa OJWHTaH.

by maparpada Kyitnnaru TeopeManap UCOOTIaHTaH.
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(m(n+1)+1)(p-1)
p+n

MacaJlaHUHT Xap KaHaai eduMu ri1o0ai Oyiaau.

p-1

p+n

eTapianda knauk o0yica, (17)-(19) macamanuTr Xap KaHIai equMu Ti100a1 0y mam.

(m(n+1)+1)(p-1)
p+n

eTapiauya katTa OyiacuH, y Xoiaa (17)-(19) macananuur xap Kangait edumu blow-
Up xoccacura sra Oymajm.

Teopema 7. Arap 0<(g<

oyaca, y xomma (17)-(19)

Teopema 8. Arap q>m(p-1)+

Ba OonutaHrud (QyHKIUS uo(x)

Teopema 9. ®@apa3 KuIaauk (> Ba OOIIJIaHFUY MIAPT

m(n+1)+1)(p-1 —
Teopema 10. Arap ( ( ) )(p )<q<m(p—1)+ p-1 oynca, y
p+n p+n
xomnaa (17)-(19) macanmanuHr HOJAaH (papKiIu Xap KaHaail e4rMMH derapajiaHMaraH

oynanu.

2-aparpad Te3 muddy3msmm xonga (17)-(19) macama edmMITapUHUHT
00K Ba TJI0Oal OYIMacivK IIapTiIapUHHM YpraHuira OaruiuiaHrad. by
X0JIJ1a XaM oKopuaaru 1-4 Teopemaniap YpUHIM SKaHIUTH UCOOTIIaHTaH.

3-maparpadmaa (17)-(19) Macania aBTOMOJEIb CUMMJIIAPUHUHT
ACUMIITOTHKAJIApU YPraHuiraH.

Eunm acumnToTukacu Kyiugaru aBTOMOICNb €4UM €pJiaMuJia TOTIHII TN

u (t,x)=(T+t)" f(&), E=(1+x)(T+t)”, (20)
ay= p—1 o= q-m(p-1)
Oy epaa y q(p+n)—(p—1)(m(n+1)+1)’ q(p+n)—(p—1)(m(n+1)+1)’

f (§ ) GyHKIUS KyWHIaru HOYM3UKJIM MacaIaHUHT €duMH cudaTuaa Kapajiaau.

d (|dfm|" df U
E{ 0 d§J+G§ %+}/§ f=0, (21)
()] () @=t(). (22)

Cexun mudysusiam xon p>1+1/m.
Teopema 11. (21), (22) w™acamaHMHT KOMIIAKT IOPUTYBYWIH CYHMHU

E— (a/ b)(_p_l)/ " 1a Kyluaaru acCUMITOTHK udoaara sra:

p+n \ 1)
f (&) =(a—b§p‘1j o l(1+ 0(1)), a>0, b= ”‘(Ll)_la“/“’-” .
. m(p+n)
Tes quddysusmm xon 1< p<1+1/m.
Teopema 12. (21), (22) macamanunr & —+00 J1a YEKCH3IUKIA CYHYBYH
SUMMH KyHUIard aCUMITOTHKAra ra
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p-1
p+n

f(&)= Cta + bfpl] e (l+ 0(1)), b= MO_V(M ’
m(p+n)
Oy epna C = (O'((n +1)(m( p _1) _1) +p+ n))l/[l—m(p—l)].
Kputuk X011 m( P —1) —-1=0.
Teopema 13. ®apa3 xkunaimk o >0, q>1 O6ynacun. ¥V xonma (21), (22)
MacaJaHUHT e4ynMU & —> +00 Ja KyHHJIard aCUMITOTUK udoara sra 0yiamu:

pn
f(&)=Ce* (1+0(1)), d =p—_10’/<p-1>,
m(p+n)

Oy epna C, - uxtuépuii mycoar coH.
by 0o0pga xypunran wmareMaTuK MOJICIUIAPHUHT SIHTH  XOCCAJapUHU
YypraHuijga COHJIM CXeMmajlap Taku@ STUITaH Ba acociaHrad. byHunr yuyH (17)
TeHrnama (a3zoBUM KoopauWHATa OyilMua MKKMHYM TapTHUOIM aHMKJIMKIA Ba BakKT
Oyiinua OWpUHYM TaApTUONM AHUKIMKAA annpokcuMauus KwinHau. CoHIH
MOJICJUTAINITUPHUIIIA  UTepanus skapaHu  KypwinO, WTEpAlMSIHUHT  HYKU
KaJamiapuaa yseutapaard (QyHKUuMs KuiMatiapw Xahgam ycyiau Epaamuaa
xucobnanrad. Kyituaa connu TaxpuOaaapHUHT Oab3u HaTHXKaJlapu KEITUPUITaH
O0ynu0O, ynapna Oonutanfud sKuHiammm cudaruga 11-13  teopemanapaaru

W
a
-
I8 34 3 IR IJQ04 B BeOR 12 V6 2 2428 02

4-pacm. (17)-(19) macaiaHMHT COHJIH eqnislail/;: m=15, p:l75,q:285,
1) n=0, 2) n=-0.25.

4-pacmaa cexun auddy3usau xonaa (17)-(19) yerapaBuii MacalaHUHT YEKJIU
TE3NTUK/Ia TAPKATHUII XOCCACUTA AT COHJIM €UUMHU Tpaduri TaCBUPJIAHTaH.

5-pacw. (17)-(19) Macanauuur consn eunmu m=15, p=1.55, q=2.85, a=1.5,
1) n=0.5, 2) n=1.
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5-pacm y3uga te3 muddysusau xonaa (17)-(19) macananuHr COHIIM €YUMU
rpaduruH  MykaccamnamTtuprad.  JKapaéH ~— uerapamaHMaraH ~— WCCHUKJIHMK
YTKa3yBYAHIUK KOIPPUIIMCHTH 3Ba3ura YEKCU3 TE3MKAA TapKAIUII XOCCacura
ara Oynran. By xonaa TapKaguIl Te3IUTH YeKIN TE3TUKIN TaApKATIHUII XyCYCUSITUTA
ara OVnran cekuH aud@y3usnu xonagarura Hucoaran anda roxopuaup. Jdubddysus
*apaéHu OyTyH COXaHU 3rajuiad, YeKCU3IUKAA CYHA/IH.

G-ﬁaéM; (17)-(19) Mééanammr COHJIH eann m:2, p=15, q;3,
1) n=0.25, 2) n=0.85.

6-pacmma (17)-(19) macamaHuHT KPUTHK XOJIZard COHJIM CYMMJIapU
udonananrad. by Xonaa TapkaauI 4YeKCU3 TE3MUKAA COAUP OYIUIIN XOccacura ara.
Hucceprauussauar  «HoJsiokaa 4erapaBud maprra 3ra  HCCHKIIHK
VTKA3yBYAHJIHUK KAPAaéHHUHM MaTeMaTHK MoaeiamTupum. Kym yiadosiau
X0JD» /10 HOMJIAHTaH y4YMHYU 000 Oup KMHCIM OYiIMaraH MyxuTAa YU3UKCU3
yerapaBuili mapt OwunaH OepwiraH Kyo Yia4amiid HMCCHKIMK YTKa3yBUaHJIMK
XKapaCHU YM3UKCU3 MOJEIUHUHT CU(]aT XOCCAIapUHU YpraHUIlIra OaruiIaHTaH.
1-maparpada Kyluaara HoJoKaja Macajia KapaJjraH:

p(x)ut:V(\Vum p_ZVu’“), (x,t)eR" x(0, +o0), (23)
mpfzau”‘ .

~|Vu a(o,t)_u (0,t), t>0, (24)

u(x,0)=u,(x), xeRl, (25)

6y epna R ={(x,X)[xX eR"™",x, >0}, p(x)=(1+[x])", n>—p.

(23) Tenrymama TypaM YM3UKCHU3 >KapaéHJapHU TacBUpJaiau. Xycycal, (23)
TEeHrjaMa OepuiraH OOCHM Japakacura Ba MOJMUTPOINUK IIAPT OCTHJATU KYUMIII
TE3JIUTUra OOFJIUK PaBUIIA HOCTAIIMOHAP CYIOKJIUK OKUMUHUHT FOBAK MyXUTIAaru
xapakaTtunu udopnanaiinu. by xonna (23) TeHrnama noJUTPONUK (PUIBTPATUSHUHT
HOHBIOTOH THUIUJIaTK TEHrJaMacH Ae0 aTanud, KyNnruHa myainudiap TOMOHUIAH
yTran acpjaaH Oompiad HWHTEHCHB paBuIaa YypraHnwirad. (24) HOYH3UKIH
gyerapaBuii mapt X=0 derapa oOpKaJM KUPUTWIAETTAaH DSHEPTHs OKWMHUHU
TacBUpJIAII YUYH KYyJUTaHWIaad. MacallaH, HCCUKIIUK TapKalIuIIK xkapaéauaa (24)
mapT UCCUKINK OKUMUHY UOaIaliIv, ITYHUHTEK Y Yerapajgard HypJIaHUIITHUHT
YU3UKCU3 KOHYHMSITUHM TacBupianaud. byHpall KypuHUIIard 4derapaBui IIapT
peakimsi (pakaT KOHTEHHEp yerapacuja coaup Oynamuran €HUIN Macaiajapuaa
XaM BYXKyJAra Kejaau.
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(23) Tenrnama p>1+1/m mapr ocruna cekun qudPys3us TEHrIAMacura Moc

Kemamu xamja Oy3wiyB4YM TeHriama xucobmanamu. llly ca6abmu yHUHT eunmu
yMyMJIalraH €4uM MabHOCH/IA TYIITYHHUIIA]IH.

(23)-(25) macanma eyuMITApUHUHT TJo0an OYiauIn Ba odam OYyiIMaciuk
mapiapu p=2, n=0 ma W.Huang, J.Yin Ba Y.Wang nap tomonugan, m=1,
N=0 ma sca W.Du Ba Z.Li map ToMonuaaH yprauwiran Ba Oymkura THIUAATHA
KPUTHUK SKCIIOHEHTA Ba €UMMHUHT TJI00a1 MaBXYyJIUTH YUYH KPUTHK SKCIIOHEHTA
KUHMaTIapy TOIWJITaH.

Kylingarnya 6enruianuiapHd KUpUTaMu3

(m(n+1)+1)(p-1) p-1

= y = —1 - .
% p+n 9. =m(p )+N+n

(23)-(25) macanaHuHr T[I00A €YUMIIAPU YUyH KyHHJard Teopemaiap
VPHUHIIN.
Teopema 14. Arap 0<(<(, 6yuca, (23)-(25) MmacamanuHr Xap KaHAai ednmMu

rio0an oynau.
Teopema 15. Arap (>(. Ba OOLUIaHFUY (DYHKIIHS Uo(X) eTapiiiiya KU4YuK

oyca, (23)-(25) MacanaHuHT Xap KaHaai equmu riio0an 0yiau.
Teopema 16. ®apa3 kunaituk (>(Q, OYiICHMH, y XojAa OOUUIAHFUY

Oepunraniap erapiauda karra oynranna (23)-(25) MacanaHuHT Xap KaHAail e4uMu
yerapajaHmaras Oyiau.
Teopema 17. Arap Q,<q<(, 6yuca, (23)-(25) MacalaHUHT HOJAH (apKiIu

Xap KaHJail euuMu derapajanMaras Oyiauu.

2-naparpadua (23)-(25) macananusr te3 AudQy3us X0 TaAKUK 3TUIraH. by
X0J1/1a KITACCUK €YMMIIAPHUHT XOCCalapyu ypraHwirad. EuuMiapHUHT BakT Oyiinua
rioban MaBXy/UIMK Ba yerapaianmarad (DIOw-up) eunmiapHUHT MaBXKyJ OVIIUII
mapTiapu oauHrad 6ynuob, ynap yuyH rokopunaru 14-17 teopeManapHuUHT YpUHIA
Oynuiy ncOOTIaHTaH.

3-maparpad sca (23)-(25) macanaHuHr cekuH Ba Te3 TudPy3ust Xoutapu yayH
aBTOMOJICNTb CUYMMJIAQPHWHT AaCHUMMTOTHUKAIAPU VpraHWiraH. ABTOMOJEIb €YUM
KYWHJIAard KypUHUIIA KAOUPUITAH!

u, (t,x)=(T +t) " f (&),
oy epaa E=|¢], & =1+x)(T+t)”", i=1...,N,
p-1 qg-m(p-1) £ (&)

- g(p+n)—(p-1)(m(n+1)+1)’ o= g(p+n)—(p-1)(m(n+1)+1)’

GyHKIMS 3ca KyWHard MaCaJlaHUHT €YHMHU:

on O [ ua|dfn U
s &[f 0 d§]+0§ &+}/§ f =0, (26)
“(fm)' (W= 1. (27)

Cekun quddysus xomu p>1+1/m.
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Teopema 18. (26), (27) ™macajaHWHT KOMIIAKT IOPUTYBUYWIA CUYUMHU

E— (a/ b)ip+n)/ (°y Ja Kydnaaru aCMMOToTHK udojara sra

p-1

AR _mp=1-1 s
f(é):(a—b;’p j (1+0(1)), b_ma]“ ', a>0.
Tes nuddysus xom 1< p<l+1/m.
(N+n)(m+1)—n
(N+n)m+1

xonaa (26), (27) macananunr eunmu & —> +00 J1a KyHUJIard aCUMITOTHK udoara

Teopema 19. dapa3 Kumaiimk <p <1+l oyiacun. Y
m

ara
pin ’1—mp(_pl—1) m( _1) -1
f(f):C(a+b§ pl) (1+0(1)), p=— NP2 e
m(p+n)
1
oy epna C = [a(( N+n)(m(p-1)-1)+ p+ n)}l’"‘(p’” .

JuccepranustHUHT  «YUM3MKCH3 dYerapaBuid wmapr OWJIaH OOFJIaHraH
HCCHKJIMK  VTKa3yBYAHJIHMK TEHINIAMAJIAPH  CHCTEMACH  XOCCAJAPHHH
ypranumnn» 71e0 HOMIJIaHTaH TYpPTUHYM O0OM aBTOMOJENIb TaXJIMJI Ba ATAJOH
TEHIJIAMAJIAp YCYJIM aCOCHAA MKKHA KOMIIOHEHTAIM MYXMTIAa YM3UKCU3 MCCUKIIUK
YTKa3yBUAHIMK MOJCIMHUHT XOCCAJapUHU YpPraHuiura, Xamaa COJIMILITHPHILI
TeopeMaiapuaad QoianaHrad xoJyijaa riao0an euuMIIapHUHT IOKOpU 0axosiapu Ba
yerapajJlaHMaral e4MMJIApHUHT Kyiu 0aX0IapuHu OJIuIlra OaFruIIaHTaH.

Ymby 600HUHr OMpuHYM naparpadua YM3UKCU3 YerapaBuil IIAPT OPKAIH
OOfJaHraH Kywujaaru Oup *KUHCIM OYyIMaraH MyXHUTJa UCCHKIMK YTKa3yBUAHIIUK
TEHIJIaMaJlapy CUCTEMAcU KapaJirad

ou o (|eum|"" eum ov o (|ev™|* " v
u_ oz ut w_0 x>0, t>0, (28
A0 ml x| | A Tw | e )@
ou™ | au™ . ou™ | ov™
= = =0%(0t), - =u*(0,t 29
OX OX » vt (0) ‘ OX OX . it (01) (29)
u(x,0)=u,(x)=0, v(x,0)=v,(x)=0, x>0, (30)

6y epma m >1, p >1+Um, g >0, (i=12), p(x)=(1+x)", p,(x)=(1+x)",
n>-p, k>-p,, u(x) Ba u,(x) map R, na manduil OyamaraH KOMIAKT
IOPUTYBYHIIH Y3ITYKCU3 QYHKIHsLIAP.

(28) HOuM3MKIM mapabOJIMK TEHIJIamMalap CHCTeMacH TYpJd coxajiapaa
OMOJIOIMK ITOIYJIALKS, KUMEBHMM PeakLUsIap, HCCUKIMK TapKaauiu, 1uddysus Ba
6oLIKa KapaéHIapHUHT Mozenn cudaruia Kapanaau. Macanan, u(X,t) Ba v(X,t)
GyHKIUsAIAp Y3uma MUrpanus sKkapaéHugard UKKATa OWOJOTHMK IIOMYJISAIUSHUHT
SUYINTUHE €KUM HCCHKIIMK TapKAIWIIU >KapaéHuUAa WKKA FOBAK KMCMHMHT
XapopaTuHU UQoaaIaiIn.
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(28)-(30) macana ysrapmac suwmk p,(X)=p,(X)=1 xomuma Z.Xiang,
Ch.Mu Ba Y.Wang napuunr wunuiapuga ypranwirad. F.Quiros Ba J. D.Rossi
JApHUHT MIUIapuaa sca P, =p, =2, pl(x):pz(x)zl XOJIA TAAKHUK STHUIITaH.

AMMO yJIapHHHT MWIUIApUJa €4YMM AaCUMIITOTHKAalapy Ba COHJIA €4HMIIap
KapaJiMaras.
Yoy naparpadHUHT acocuil Teopemanapu KyrHuaaruiap.

(p,—1)(p, ~1)(m,(n+1)+1)(m, (k +1)+1)
(p,+n)(p, +k)

(28)-(30) macaanuHT Xap KaHaaid eunMH T7100ai Oyiramy.
(p,—1)(p, —1)(m,(n+1)+1)(m, (k +1)+1)
(p.+n)(p; +k)

eTapiauya katTa Oonutanrud maptaa (28)-(30) macamaHuHr Xap KaHmad ednMu
yerapajaHmaras Oyiau.

(p,—1)(p, —1)(m,(n+1)+1)(m, (k +1)+1)
(p,+n)(p,+k)

MaBXKYIJIUK KPUTHK SKCTIOHEHTACH KMMMaTH XUCOOJIaHa H.
Ky#innaru 6enruianuiapHu KUPUTaAMU3:

A, (P, +n)(p, ~1)+(p.-1)(p, ~1)(m, (k+1)+1)

Oynca,

Teopema 20. Arap 0,q, <

Teopema 21. Arap 0, > oyca,

€YUMHUHT rjrooal

0.0, =

“ 700, (p.+1)(p, +K)— (P, ~1)(p, ~2)(m (n+1) +1)(m, (k +1)+1)’
o = a,(p, +k)(p,~1)+(p, ~2)(p, ~1)(m,(n+1)+1)
*~ag,(p,+n)(p, +K)=(p. ~D)(p, ~D)(m,(n-+1) +1)(m, (k +1)+1)’

ﬂlqu 2 11(p1_) ﬂz qza ma(pz_).
pl_l P, -1
Teopema 22. ®apa3 Kumaimk
(p,—1)(p, —1)(m,(n+1)+1)(m, (k +1)+1)
(p,+n)(p, +k)
min{(n+1) 3 —a,,(k+1) 8, —a,} >0 Ba Gounanruy Gepuiraniap erapiuya

04, >

Kkn4uuk 0yicuH, y xonaa (28)-(30) MmacamaHuHr Xap KaHaal e4ruMH 1J100ai1 Oyiau.
Teopema 23. ®apa3 Kumanamk

(p,—1)(p, —1)(m,(n+1)+1)(m, (k +1)+1)
(p.+n)(p, +k)
max {(n +1) B —a,,(k+1) 5, — az} <0 6yncun, y xonza (28)-(30) MmacanaHunr
HoJaH (Bapkiu Xap KaH/ail edrMu yerapajnaHMaras 0y iau.
min {( n+1)4 —a,, (k +1) 3, — 0:2} =0 xuiimar DyKUTAa THIOHAATH KPUTUK

0.4, >

DKCIIOHEHTA XUCOOJIaHAIN.
2-maparpadia MKKA KOMIIOHCHTJIM MYXHUTAa HCCHKIUK TapKaJIHIIH
xapaéunnu udoaanosuu (28), (30) cucteMaHuHT Kyituaarn
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p;—2

OX OX . OX OX

HOJIOKAJI YerapaBHii IIAapT OCTHAArM €YMMJIApU XOCCalapH ypraHuirad, Oy epia
m =1 p>1+Ym, g >0, >0, p(X)=(1+x)", n>-p,(i=12). Cowm
mapaMeTpiap ydyH maptiap oiunran oynaumo, yuma (28), (30), (31) macamaHuHTr
euuMJIapu BakT OViinua rioban Oymamu €xku axcunua. [lyaunraek, dymkura
TUNANAard KPUTHK OSKCIIOHCHTa Ba CYMMHHUHT TIJI00Al MaBXKyJd KPHUTHK
HKCIIOHEHTACH KUHMATIapy TOIUIITaH.

3-maparpadpaa (28)-(30) Ba (28), (30), (31) wmacamagap aBTOMOJEIb
CUYMMIIAPUHHUHT aCUMITOTHKAJIAPH YPHATHIIIH.

(28)-(30) macamaHWHTr KyWHJIarm KYpUHUIJArH aBTOMOJCIH CYUMHU
KypHJIraH:

=u”(0,t)u*(0,t), — =u(0,t)o%(0,t), (31)

x=0

{m(x,t) =(T+) " (&), $=1+x)(T+1)",

v, (xt)=(T +t) “$(n), n=L+x)(T +t)",
Oy epna «,, 3 (i =1,2) - 4.1 na aHmKIaHrad KoHcranTanap, 1 >0, (¢(§)¢(77))

(GyHKUMsIIap 3ca Kyuaaru MacajlaHUHT €YUMHU:

d (|de™ " dom .do
— +BEM L+ alp=0,
ac|[de E Bé E as'e
; (32)
d (|dg™ " dg ad k
— + —+ =0,
anl [ dr dn B.n dn a,n ¢
do™ " de™ dg™ |~ dg
_ 1) =% (1), — 1) = 0% (1). 33
0 dg()¢() a7 dn()¢() (33)

DTajoH TEHIJIaMajap METOAM €plaMHjia OJMHTaH Kyhuaaru (QyHKUHsSIIApHU

KapanMus:
@(5):@—@5%1} ,¢(n)=(a2—bznpzlj |

_ _ 1 . _ 1
6y epra a>0(=12), b= P15 oy _Mm(PoD-1 o5
m,(p,+n) m,(p, +k)
Teopema 24. ®apa3 KuIalImK min{ml(sll_ll)1’mz(gj_i)l}>o

OyncuH, y Xomga (32) TeEHIVIAMAaHWHT KOMIAKT IOPUTYBUMIIM  €UUMU
e Pl
& —(a/b)rn, n—(a,/b,)r* ma Kyiinnaru acummroTHkara sra 6ymau:

2(£)=0(¢)(1+0(1)). 4(n)=¢(n)(1+0(1)).

6y epna (&), () 1okopuna annkanran QyHKIHsIAD.
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4-maparpad (28)-(30) cucremanu COHJIM MOJCIUIAITHPHINTA OaFvIITaHTaH.
(28)-(30) macama yuyyH COHJIM CXemajiap, ajiropuTMjap Ty3WJIraH Ba JacTypHil
BOCUTAJIAp MAXKMYHW MILIA0 yuKuirad. J[actyp KOOMFM Ba COHJIM €YMII JACTYp
koqu C# (Visual Studio) tunmpa sipatunrad. ONMHraH COHJIM HaTHOXKaJlapHU
BU3YAJUTAIITUPUII Y4YyH naactypuil maxwmyara Chart rpapuk kyTyOXoHacu Ba
MathCad marematuk naketuHuHr 3-D Plot rpadguk Moayiapyu OUpUKTHPHIITAH.

Kyituga coHau 3KCHEPUMEHTHUHI alpuUM HaTWXallapyd KeaTupuiaras. Typ
Kagamu erapauva kwuuk tamnanran h=0.05, tyrymmap comm N=10000 xamma
urepanus aHuKIUru cudaruga & =107 Gepunran. Xucobmam t=2 raga r=0.02
KaJiaM OuJIaH amalira OlUpHUIITaH.

| (.t} ‘ ‘ vix.1)
o4 11 f — -t - - 4 - -

7-pacM. (28)-(30) MmacaJITaHMHT COHJIM €YHMH. -n-1:0.7, m1=1.5, p1=1.85,
q1=3, n2=0.5, m2=1.3, p2=1.9, q2=3.5.

7-pacmza (28)-(30) macamammar min{(n+1)4 —a,(k+1)f8,-a,} >0 na
cekuH updy3uanum xoam m ( p. —1)—1> O ydyH coHmu euumiapu rpadurua
KenTupuirad. 4.3 maparpadaara acCUMOTOTUK QopMynanapaaH Ba rpadukiapaaH
KYpUHUO TYpUOJMKHU, UCCUKIWK TApKAIMIIW YEKIM TE3JIMK OWiaH coaup Oyaau.
Wccuknuk TYIKUHUHUHT TapKaJulll Y30KJIWTH BakKTra OOFJIMK Ba Xxap OUp MyXHT
yuUyH TYAKUH ¢poHTH (U, (X,t), L, (X,t) HOJITA AaWIaHyBUM HYKTa) YEKIH

p,-1

X, =(a1/bl)gf+'l1(T +t)ﬂl <o, X, =(a,/b, e (T +t)ﬂ2 <00 HyKTaja 6ynau.

08
uix,1) vix.)

N

/4
.

-
-

o

[

26



&N

8-pacwm. (28)—(30) MacaJaHuHr conym eunmu. N1=0.5 m1=15 pl=1.3
g1=3, n2=0.75, m2=1.6 p2=1.4 gq2=3.5.

8-pacmaa aca (28)-(30) macamaHuHr M., P, COHJM IapaMETPJIIAPHUHI TE3
keuyBud  auddy3us mi(pi —1)—1<0 xoqura ¢GopMaa  MOC  KeIyBYH

KUMMaTIapuard COHJIM XUCOOJall HaTKajlapyd TacBUpJaHraH. Yoy xoJijaa
MCCUKJIUK TapKAJIUIIM YerapajlaHMaral UCCUKIMK YTKa3yBUAHIUK KOd(PPUIIMEHTH
XUcoOura 4eKcu3 Te3NuK Ownan coaup Oynmaau. VICCHUKIMK OKUMU KU3TUPHUITaH
COXaJIaH COBYK coxara cekuH nuddy3us xonra HucbaTaH xyJia Te3 TapKajlau.

XVYJIO0CA

«Mkkn Kappa HOYM3UKIN MYXUTAA WCCHUKJIMK TapKaTWII >KapaéHUHH
MaTEeMaTHK MOJCJUIAIITHPHUII MaB3yCHUJaru MOKTOPJIMK AWCCepTalusIcu Oyinmua
0JInO OOpWIIraH TaAKUKOTIAp HaTWXKajJapH KyluaaruiapaaH noopar:

1. Hosokan derapaBuil mapTra Ba y3rapyByaH 3M4YIMKKAa 3ra HOYMU3UKIU
napaOoNIMK TUIJAru TEHIJIaMajap OwiaH udoparaHyBYd MCCUKIMK TapKaJWIIIH,
HOHBIOTOH TOJUTPONUK GuiabTpanus, AUGQyY3us KapaCHIAPUHUHT YU3UKCU3
MaTeMaThK MOJeIUIapy EYUMJIAQPUHUHT BakKT Oyinya Tri100auiuk Ba TiIo0al
OyIMacinuK mapTiapy TOMWITaHIUTUHU KeITUPHUII MyMKHUH.

2. bup xuHciau OyiMaraH MyXUTAa WCCUKIMK TapKaJIMIIU >KapaéHUHUHT
HOJIOKan Macajanapy yuyH @ymkuTa THUOMIATM KPUTHUK SKCIOHEHTANap
TOMWITAHJIMTUHUA KAl STUIL JIO3UM.

3. V3rapyBuaH 3MUNMK Ba HOJOKAl 4YerapaBWii IIAapTra 95ra MCCHKIHK
YTKa3yBYaHIMKHUHT YM3UKCHU3 MaTeMaTHK MOJENM TJI00an Ba dYerapajlaHMarat
SYNMJITAPUHUHT FOKOPY Ba Kyill 0axojapy OJIMHTAHIMTHHA TabKUJIAIT JIO3UM.

4. Ikkn Kappa YM3UKCH3JIMK Ba Y3rapyBuYaH 3UYIMKKA 3ra CEKUH
IuGGy3usI YU3UKCH3 TOJUTPONUK (UIBTpAIUS >KapaCHU MaTeMaTHK MOCIH
YUyH KYUMIIHUHT YEeKJIW TEe3JIMKAAa coaup Oyaum Ba (ha30BHM JIOKAJIAIIMII
Xoccanapu YpHaTWITAHIUTHHHA KEJITUPULI MYMKHH.

5. Ukku kappa 4M3UKCU3IUK Ba y3rapyBuaH 3UWIMKKa 3ra Te3 AUPPy3usum
YU3UKCHU3 TMOJUTPONUK GuibTpanus >KapaHU MaTeMaTHMK MOJAEIU Y4yH
KYYUITHUHT ~ 4YeKCH3  TEe3JMKIa Ccoaup OYIauIm  Xxoccacu  McOoTiamira
SPUILLIMITAHIUTUHY TabKUJIAI JIO3UM.

6. Man6a Ba y3rapyBuaH 3UUWIMKKAa 3ra OMp >KMHCIM OYyIMaraH MyXuTAa
MCCHUKJIMK YTKa3yBUaHJIMKHUHT Oy3MIIyBYM TeHIIamMacu yuyH Koiu macanacuHUHT
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KOMIIAKT IOPUTYBUYWIH yMyMJIaIITaH eunMIIapu ACHMITTOTHKAIapH
UCOOTJIAHTaHJIMTHHU KA1 STHII MYMKHH .

7. Honokan derapaBuii mapT Ba Yy3rapyBYaH 3HWIMKKA 5ra IOJUTPOIHMK
GbuIbTpalus TSHIIIaMaaapy CHCTEMAacH SYMMIIAPUHUHT BaKT Oyinyva riio0aiuK Ba
rioban OyJIMacivK MapTiIapy XamJa acUMITOTHK HQoJalapuHA HcOOTIaIra
SPUIIHITAHIUTHHA alTHO YTHIII JIO3UM.

8. V3rapyBuaH 3MYIMK Ba HOJOKAN 4YerapaBhil IIApTra 95ra HCCHKIHK
VTKa3yBYaHIIMK KapaéHW MaTeMaTHK MOJCIUHUHT YM3HKCU3 XOCCAJIaPHHU
Yprasui yayH TeKaMKOp COHJIA CXeMaJlapHU KAl ATHIII JIO3UM.

9. Un3nKcu3 UCCHKIIMK TapKAJHII MacajJacUHU COHJIM €UUIl YUYH XHUCOOIaml
cxemanapu, anroputviap Ba Visual Studio 2012 (C#) myxutuma mactypwid
BOCTHJIAP KOMITJICKCH MIIIA0 YUKUITAHIUTHHN KAl 3TUI JIO3UM.
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BBeaenue (aHHOTALMS JOKTOPCKOM AUCCEPTALMHU)

AKTYaJIbHOCTh M BOCTPeOOBAHHOCTHb TeMbl aHMccepTanuu. B MHpPOBBIX
MacmTabax Haykd HaOo/aeTcs OOJBbIION HMHTEpPEC K HM3YUYEHHIO HEIMHEHHBIX
MOJIeJIel CaMbIX Pa3HOOOpA3HBIX SIBJICHUH U TMPOILIECCOB, BCTPEHAIONIMXCS B
MeXaHuKe, (pu3ukKe, TeXHOIOruH, Onodusnke, OUOIOTHH, SKOJOTUU, METUIIMHE U
IpYruxX OO0JacTsX, ONHUCHIBAIOIMIMMUCS HETWHEHHbIMU JTudepeHIInaTbHBIMU
ypaBHeHUsIMH.  OCHOBY  TakMx MoJeJed B  YacCTHOCTH  COCTaBJSIOT
auddepeHnraibHble  YpaBHEHUS B YAaCTHBIX TMPOHU3BOAHBIX MapabOIHMuecKoro
tiuna. Ilpm wmccmenoBaHMAX CBOWMCTB PEIIEHUM W YKCIICHHBIX PELICHHM,
MOCTaBJICHHBIX 3a1a4y Kol u rpaHuyHbIX 3a]a4, TPUMEHSIOTCS MpUOIKEHHBIC
METO/Bl. 3/1€Cb OCHOBHOE MECTO 3aHMMAIOT BBIPOXKJIAIOIIMECS YpPaBHEHUS U
CUCTEMbI MapabOJINYEeCKOro THIA, KOTOpPbIE MOJEIHPYIOT pa3Hble HEJIMHEWHbIC
IPOLIECCHI, BCTPEUAIOIIUECS B €CTECTBO3HAHUU.

B roael HE3aBUCMMOCTM  Hamledl  pecnmyOJIMKM — HCCIEOBAaHUIO U
IPAKTUUYECKOMY NPUMEHEHUIO HEJIMHEHWHBIX MOJENEH pa3iNyYHbIX (PU3NYECKUX,
OMOJIOTMYECKUX, TEXHOJOTMYECKUX U  XHUMHUYECKUX, KOTOpbIE  SIBIISIFOTCS
aKTyaJIbHbIMHM HAIIPABJICHUSMH IPUKIAAHOW MareMaThku. C 3TOH TOYKH 3pEHHUS
BEIYTCS Hay4YHO-UCCIIEIOBATENIbCKUE pabOThl HAJ pPSIAOM MaTeMaTUYECKUX
MOJieNie, KOTOpbI€ BBIPAKAET MPOLECCHl TEIJIONPOBOJHOCTH, (QUIbTpALUH,
OMOJIOTUYECKOM MOIYJISIUU, KOTOPbIE UMEET MPAKTUUYECKOE ITPUMEHEHUE B cepe
SHEPreTUKH, MEIULIMHBI, HEPYTHU U Tasa.

B HacTosiiee Bpemsi HIMPOKOE paclpOCTPaHEHHWE B MUPE MaTeMaTHYECKHX
Mozelen MPOLIECCOB, HOJIYYHIIN ONKCHIBAEMbIE BBIPOXKIAIOIIUMUCS
KBa3WJIMHEHHBIMU Mapa0OJIMYEeCKUMHU YPaBHEHUSAMH, 3TO OOBACHSIETCS TEM, YTO
OHM BBIBOJATCA U3 (QYHIAMEHTAIBHBIX 3aKOHOB coxpaHeHud. [loaToMy Bo3MOKHA
CUTyallMs, Korjaa JBa (PU3MYECKUX IpoLecca, HE MMEIOIIMX Ha MEpPBbIM B3I
HUYEro OOIIEro OMMCHIBAIOTCA OJHHMM M TE€M JKE€ HEJIMHEWHBIM YpaBHEHHEM
auQy3un, TOIBKO ¢ pa3IMYHBIMU YUCIOBBIMU NapamMeTpamMu. B HacTosiiee Bpems
BBIIIOJIHEHHE HAYYHBIX HCCIEAOBaHUN 1O M3YYEHMIO U  IPAKTHYECKOMY
IIPUMEHEHUIO TAaKUX YPAaBHEHWM SIBISIIOTCS OJHHMM W3 BaXKHBIX 3a7a4, KOTOPHIE
BEIYTCS B HIDKECIENYIOIMX HalpaBiIeHUsX: pa3paboTka METOJO0B H3y4YeHUs
Ka4EeCTBEHHBIX CBOWCTB HEJIMHEHWHBIX MAaTeMaTHYECKMX MOJEJEH; HAaXO0XKICHUE
TOYHBIX OIEHOK pEUIeHWHA B Pa3jIMYHbIX [POCTPAHCTBAX; OIpPEACIICHUE
HEJIUMHENHBIX A(P(DEKTOB; pa3pabOTKa SKOHOMUYHBIX YHMCICHHBIX CXEM; CO3JaHUE
KOMILJIEKCA MpOTrpaMM JUIsl M3YYEHHS MaTEeMaTHYECKUX MOJEeNed HeTUHEHHBIX
MpOLIECCOB W  KOHTPOJb JMHAMHMKM TIpolecca 1o BpeMeHH. HayuHble
MCCJIEIOBAHMSI, KOTOPBIE BEIYyTCS BO BCEX BBILICIIEPEUYHCICHHBIX HAMPABICHUSAX,
OOBSACHSIIOT aKTyaJIbHOCTb TEMbI IAHHOW JUCCEPTALIMH.

JlaHHOE IHCCEPTAMOHHOE MCCIIEJOBAHUE B ONPEACIICHHON CTENEHU CIYKUT
BBIIIOJIHEHUIO ~ 3a/1ad, npeaycMoTpeHHblx IloctanoBnenusimu  Ilpe3unenra
PecniyOnmuku Y30ekuctan Nelll1-1730 ot 21 mapra 2012 roma «O mepax mo
JallbHEHIIeMY BHEJIPEHHUIO M  Pa3BUTHUIO COBPEMEHHBIX HH(OPMAIIMOHHO-
KOMMYHUKAITMOHHBIX TexHosoruit», Nell[1-1442 ot 15 nmexabps 2010 roma «O
MIPUOPUTETAX PA3BUTHS MpOoMbIUIeHHOCTH PecyOnuku Y36ekuctan B 2011-2015

31



rogax» u [loctanonenuem Kabunera Munuctpos PecriyOnuku Y30ekucran No24
ot 1 despans 2012 roma «O mepax MO CO3MaHUIO YCJIOBHH IJis AaidbHEHIIEro
Pa3BUTHUS KOMIbTEPU3ALUU U UHPOPMAIITMOHHO KOMMYHHUKAITMOHHBIX TEXHOJOTUN
Ha MECTax», a TaKKe B JIPYTUX HOPMATHUBHO-TIPABOBBIX JOKYMEHTaX, MPUHITHIX B
naHHOM cepe.

CBsi3b HCC/IEIOBAHMS C NPUOPUTETHBIMM HANPABJEHUSIMH Pa3BUTHS
HAYKM M TexXHoJorui pecnyoauxku. Hacrosimmas auccepranuonHas pabora
BBITIOJIHEHA B COOTBETCTBUU C MPUOPUTETHBIMU HAMPABICHUSIMU PA3BUTHS HAYKU U
texHomornii PecmyOnmku  V36exkucran V. «Marematuka, MeXaHWKa U
UH(POPMATHKAY.

OG30p 3apyGesKHBIX HAYIHBIX HCCIETOBAHMIT 110 TeMe JHCCePTALMH .

Hayunble uccienoBanus Mo U3yYEHUIO KAYECTBEHHBIX CBOMCTB Pa3IUYHBIX
HEJIMHEWHBIX MATEeMaTUUYECKUX MOJENIe, MNPOBOJATCS B BEAYIIMX HAayYHBIX
IICHTPaX M BBICHIMX OOpa30BaTEIbHBIX YUYPEKJCHUSIX MHUpa, B ToM uucie, North
Carolina State University, lowa State University of Science and Technology,
University of Central Florida, Louisiana State University, California State
University (CILIA), Universidad de Buenos Aires (Aprentuna), Chile University
(Yunm), Sapienza Universita di Roma, Universita degli Studi di Catania (Mtanus),
Osaka, Nagoya, Hiroshima University (SImonwust), National University of Singapore
(Cunramnyp), Universidad Autonoma de Madrid, Universidad Complutense de
Madrid (Mcnanus), Paderborn University, Aachen University (I'epmanus),
University of Nottingham, University of Sussex (Benmukoopuranus), B KomeHckoM
yuuBepcutere (CrnoBakusi), B yHuBepcutere Tenb-ABuBa (M3pawib), Jilin,
Chongqing, Changchun University (Kuraii), Paris Mathematics Center, Université
Paris-Dauphine (®panmusi), B wuHcTUTyTe Matematuku AH Poccun, B
MockoBckoM — rocyaapcTBeHHOM  yHuBepcutere (Poccusi), B MHCTUTYTE
BBIYMCIIUTEILHON TEXHUKW W aBTOMATUKHU akajaeMuu Hayk Benrpum (Benrpus), B
MHCTUTYT€ MaTeMaTUKM W MaTEMaTHYeCKOTro MojeirMpoBaHue, B Kazaxckom
HanmoHanbHOM  yHHBepcutere (Kaszaxcran), B JlyraHckoM HallMOHaTbHOM
yauBepcutete umeHu T.IlleBuenko (YkpamHa), B HMHCTUTYTE MaTEMaTUKU U
undopmatuku, B Coduiickom yuuBepcutere (bonrapusi), B HalmoOHAIBLHOM
yHUBepcuTeTe Y30ekucrana, B CamapKaHICKOM TOCY/IapCTBEHHOM YHHUBEPCUTETE,
B YPreHuCKOM rocyJapcTBEHHOM YHUBepcuTeTe (Y30eKucTan).

Pe3ynbTaToM MHUPOBBIX UCCIAEJOBAHUM MO COBEPIICHCTBOBAHUIO HOBBIX
Ka4ECTBEHHBIX CBOWCTB HEJMHEWHBIX MOJICNICH, OTIWYAIOIIMUXCS OT CBOMCTB
JUHEUHBIX MOJENICH SBJISIETCS pa3padOoTKa METOAOB UUCICHHOTO pelIeHUs U
BU3yaJIM3allNK, MTOJIYUYEHBbl PSJl HAYYHBIX PE3YyJIbTAaTOB, B TOM YHCIIE, IJI1 MOJEIU
TEIJIONPOBOAHOCTHU OIMCHIBAIOLIECHCS HEJINHEHUHBIM ypaBHEHUEM
MapaboJIMYeCKOro THIA, OBLJI0O HAWJEHO YCJIOBHE TJI00ATBHOTO CYIIIECTBOBAHUS
pEIIEHHUsT U HEPa3pPEIIUMOCTH pelieHnss no BpeMmeHu 3anaun Komm m Heinimana
(Universidad Autonoma de Madrid, Osaka, Nagoya University), HaiineHsl

2 (0630p 3apyGeKHBIX HAYYHBIX HCCICIOBAHMII 10 TeMe MCCEpTALMH COCTABICH HA OCHOBE CJIEIIOIIHX
ncTouyHUKOB: JKypHas BBIUMCIHMTENFHONH MaTeMaTMKM M MareMaThHdeckoil  ¢u3uky, Maremarndeckoe
MojenupoBanne, Communications on Pure and Applied Analysis, Journal of the Korean Mathematical Society,
http://www.springer.com/mathematics; http://www.sciencedirect.com/science/jrnlallbooks /sub/mathematics.
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3HAYCHUS KPUTUIECKON IKCIIOHEHTHI TJIOOAIBHOTO CYIIECTBOBAHMS PEIICHHS TUTIA
OymkuTa IS HETWHEWHBIX  Mapabonuueckux  ypaBHeHuit  (Universidad
Complutense de Madrid, Paderborn, Jilin, Chongging, Changchun University),
pa3paboTaHbl METOJbl ONpENIETCHUsI KPUTHUYECKON SKCIOHEHTHI BTOPOTO THIIA,
OTpeNeNsIoNMe TPaHuIly IJIs HadyalbHBIX JaHHBIX 3adaud Komm misi ypaBHEHUs
MOPUCTON cpelibl U Il YpaBHEHUN C TpaJMeHTHOM HENIMHEMHOCThIO (Sapienza
Universita di Roma, Chongqing, Osaka University).

B mupe, o pa3paboTke METOIOB U CPEACTB IO PEIICHUIO M MPAKTHICCKOMY
MPUMEHEHUIO 3aaud Kol W IpaHuyYHbIX 3a7ad4, JUIsl HEJIMHEWHBIX YpaBHEHUM
ypaBHEHUH MapabOJMYECKOTO THUIA, KOTOpPHIE CO3JAI0T OCHOBY pPa3HBIX
MaTeMaTUYECKUX MOJIeNIei, BEAYTCS HAy4YHBIC HCCJIEAOBAHUS MO MPUOPUTETHHIM
HaIpaBJICHUSIM, B TOM YKCJIC: HAX0K/ICHUE YCIOBUHU CYILIECTBOBAHUSI TJI00aIbHOTO
pelieHuss 1O BPEMEHM B HEJIMHEHHBIX 3aJayax; HaXOXJIEHHWE 3HAYCHUU
KPUTUYECKOM OSKCIOHEHTHl CYIIECTBOBAHMS TIJIOOAJIBHOTO PEHICHUS M TUla
@ymKHUTa; ONPEIEICHUE YCIOBUM JIOKAIU3alMUM HEOTPAHUYEHHBIX PEIICHUI;
MOBbINIEHHE A(DPEKTUBHOCTU YHUCICHHBIX METOJIOB; pa3padoTKa KOMIUIEKCa
MporpaMM, JAKOMIUX BO3MOXHOCTh YHCICHHOMY M3YYEHHIO HEJIMHEHHBIX
MpoIlecCOB  0a3upysiCh Ha  BBINICTIEPEUYHUCICHHBIE  CBOWCTB  HEJIMHEHHBIX
MaTeMaTUYECKUX MOJIETIEH.

Crenenbr m3y4YeHHOCTH mpodjembl. B Teopum MaremMaTUyecKkoro
MOJICTUPOBAHUS TMPOIECCOB TEIUIONPOBOAHOCTH B HEIMHEWHOW cpene ¢
HMCTOYHUKOM WJIM TOIJIOIIEHUEM IOJIYUYEHBI PAJl BaXKHBIX pe3yiabTaToB. B Teopuu
MepeHoca JHEPruv OOHApPYKEHbI, HEOObIYHBIC KaueCTBEHHbIC CBOMCTBa, HE
HMMEIOIIME aHAJIOTOB B JIMHEHHOM Teopuu TerionepeHoca. B Tom ducie, B paboTax
J.L.Vasquez, H.A.Levine, A.A.Camapckoro, A.C Kanamnukosa,
B.A.T'anaktuonoa, A.®.TemeeBa u Jap. OOHApY>XEHbl HEOTPAaHUYEHHOCTH
pereHnii, d3p(PeKT KOHEYHOW CKOPOCTH PACTIPOCTPAHECHUS] U TPOCTPAHCTBEHHAs
JOKan3alus BO3MYIIEHHUM, U30JIMPOBAHHBIE TEILJIOBBIE CTPYKTYpPbl, O KOHEUHOMU
BPEMEHHM CYLIECTBOBAHUS BO3MYIICHUW B HEIMHEMHOW CpeAe MpPU HaJIWYUU
HMCTOYHUKA U TOTJIOIICHUSI.

B pa6ore A.b.3empmoBuua, A.C.Kommaneiima, a 3arem B paborax
I'.'.Bapen6Onarra, R. Pattle Obur BrmepBbie OOHapYyXeH HETUHEHHBbIA 3(dekxTt
KOHEYHOM CKOPOCTH PACIpPOCTPAHEHUs TEIUIOBBIX BO3MYIIEHUM B HEJIMHEWHOU
cpeae (KCPB). Ilo onpenenenuio ycioBUs BO3HUKHOBEHHUs 3p(deKTa KOHEUHOU
CKOPOCTH M OIIEHKH PEIICHUH C KOMMIAKTHBIM HocuteleMm 3agaur Komm st
ypaBHEHUS IOPUCTOMN Cpe/bl U JIJIsi YpaBHEHUS TEIUIONPOBOJHOCTH C TPaIUEeHTHON
HeJauHelHocThi0 3anmManuchk J.L.Vazquez, M.A.Herrero, M.Fila, F.Quirds,
R.Guillermo, Keng Deng, Julio D. Rossi, P.Groisman, D.Andreucci, A.Tesel,
R.Ferreira, A.D.Pablo, H.Fujita, 1o omnpeaencHU0  aCUMITOTHYCCKOM
ycroitunBoctn 1o Bpemenn X.Y. Chen, H. Matano, M.Sugimoto, John King,
A.Il.Muxaitno, B.A. TlanaktnonoB, E.KypkuHa; mo ompeneieHuI0 CBOWCTB
MaTeMaTHYECKUX MOJICJIE ONUCHUBAeMble KpaeBoWM 3agauyord Hewmana s
BBIPOXKIAIOIIUXCS napaboIMIecKuX KBa3WJIMHENHBIX YpaBHEHHI
noymtponuueckoit gubrpanuu H.A.Levine, M.Chunlai, W.Du, J.Yin, Y.Wang,
M.X.Wang, Z.Xiang, M.Yongsheng, S.N.Zheng, X.F.Song, Z.X.Jiang, Michael
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Winkler; mo wccnemoBaHWi0 YCIOBHH O TJIOOAJIBHON pa3peliMMOCTH W HE
Pa3peIMMOCTH PELUICHUH IO BpeMEeHH 3a1adn Komm aJisi HEeNMMHENHBIX YpaBHEHUN
TEIJIONPOBOJAHOCTA C  TMEPEMEHHOM  IJIOTHOTHIO, peakuuu-gudPy3uu u
bunprparuu Z.Li, M.Chunlai, W.Du, Guirong Liu, Yuan-Wei Qi, A.®.Texaecs,
A.B. Mapteinenko, H.B. Adanacwsea, C.I1. [ertspes.

B V30ekucrane HenMHEHHBIMHM 3ajayaMu (QWIbTPALMU U UX CHCTEMaMu
3anumanucb H.M.MyxutnunoB, A.b.bermaroB, b.M.Xyxasapos, W.Xyxaes,
PacynoB A. C., H.PaBmanoB u ux yuenuku. VX ocHOBHBIE paOOTHI MOCBAIICHBI
YUCICHHBIM H3YYCHHUSIM CBOWCTB pEIICHUH 3a7ad HEJIMHEHHOW (uipTpanuy,
KOTOpbIE MOYKHO TMPUMEHUTh K 3aJadaM MOJEJIMPOBAaHUSA NPOLECCOB B
He(drerazoBoit orpaciu. B paborax M.M.Apumnosa u ero yueankoB (T.Karomos,
J.OmmaroB, A.Xaiinapos, XK.Myxammanaues, @.Kabumxanosa, III.CeTrTues,
[I.CamynmaeBa, A.Matsky6oB, J[.MyxamMmmamueBa W J1p.) Ha OCHOBE
aBTOMOJICJIPHOTO aHAJIM3a HCCIIEIOBAHbl KAayECTBEHHBIE CBOWCTBA PEMICHUN
HEJIMHEWHBIX 3aJ]1ay, MOJEIHPYIOLIUE MPOLECCHI, BCTPEUAIOIIUXCS B Pa3TUUYHBIX
pazzenax eCTeCTBO3HAHMS.

CBs3b TeMBbI JUCCEPTAIMM € HAYYHO-HCCJIEI0BATEIHLCKHUMH pPadoTamu
BBICIIEI0 00pPa30BaTEJBHOIO Y4YpPEKACHHMs, I¢ BBINOJHEHA JAUCCePTALMS.
JluccepTalUOHHOE ~ UCCIEJOBAHHWE  BBINOJHEHO B paMKax  Hay4Ho-
HCCIIEIOBATENbCKUX TMpoekToB HarumoHansHOro YHHBepcuTeTa Y30eKHuCTaHa 110
Tembl E®-4-10 — «UucneHHOE MOJEIMPOBAHUE CHCTEM OHOJIOTHYECKOMH
nonyssiuu Tuna Konmoroposa-®umiepay (2012-2014 rr.), A-5-44 — «YucnenHoe
MOJCIIUPOBAHUE HEIMHEMHBIX CUCTEM OHMOJOTMYECKOM NOMYJISUMU  TUIa
Koamoroposa-®umepa» (2015-2017 rr.).

Henbo  wucciaenoBaHMsl  SBISIETCS  YUCIEHHOE M AHAJIMTHYECKOE
MCCJIEIOBAHNE KAUYECTBEHHBIX CBOWCTB HEIMHEHHBIX MATEMaTHYECKUX MOEIIEH,
OTHCHIBAIOIINECS KBAa3WJIMHEWHBIMU MapaOOJUYECKUMU YPAaBHEHUSMH U CHUCTEM,
IIPOLIECCOB PACIpPOCTPAHEHUs TEIUIa B OJHOPOJHOM M B Cpele ¢ INEPEMEHHOMN
IJIOTHOCTHIO C UCTOYHUKOM M HEJIOKAJbHBIM TPAHUYHBIM YCJIOBUEM, pa3paboTKa
KOMIUIEKCA NporpaMM ISl YUCJIEHHOTO WCCIENOBaHUS HEIMHEHHBIX KpPaeBbIX
3a/1ay.

3agaum nuccje0BaHusA:

YCTAHOBUTH KPUTUUYECKHUE IKCIIOHEHTHI ThIAa DyKuTa 1isi MaTEMaTHIYECKON
MOJENIA PacHpoCTpaHEHUsi TeIla B HEOJHOPOJHOM cpele, ONUChIBAEMOM
HEJIOKAJILHOM 3a/1auei;

J0Ka3aTh TJIOOANBHYIO pa3peliMMOCTh W HEpPa3pelIMMOCTh IO BpPEMEHU
pELIEHN HETMHEWHOW MOJENH PACIIPOCTPAHEHUS TEIJIa B HEOJIHOPOIHOU CPEAE C
HEJIOKAJIbHBIM TPAHUYHBIM YCJIIOBUEM;

ONPEJEIUTh CBOMCTBA KOHEYHOM CKOPOCTH PacHpOCTPAHEHUS] BO3MYILEHUS U
MIPOCTPAHCTBEHHYIO JOKAJIU3ALUI0 TUTSt MaTeMaTU4eCKOn MOJIENH
MOJIUTPOTIMYECKON (DUIBTpAIlUU C JABOWHON HENMHEWHOCTBIO U C TMEPEMEHHOMN
IJIOTHOCTHIO B Cliyyae MeajieHHOU Au(dy3ui;

UCCJIENOBAaTh ACUMITOTUKY OOOOIIEHHBIX pEHIEHUH C KOMIAKTHBIM
HocuTeneM 3afaun Komm u KpaeBoil 3aj1auu JUisi BBIPOKIAIOMIETOCS YPaBHEHUS
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TETUIONPOBOJAHOCTU C JABOMHOW HEJIMHEUHOCTHIO C MCTOYHUKOM M C MEPEMEHHOMN
IJIOTHOCTBIO;

OMPENEIUTh YCIOBHE TJIOOAIBHONW pPa3pelIMMOCTH U HEPa3peluMOCTd B
LEJIOM IO BPEMEHM PEIIEHUN HEJIMHEMHON MaTeMaTH4eCKOW MOJIEIU ISl CUCTEM
MOJIMTPONIMYECKOW (DUIIBTpAllUU C HEJOKAIbHBIM TPAHUYHBIM YCJIOBHEM U C
NEPEMEHHON IIOTHOCTHIO;

NOCTPOUTH  YHCIICHHBIE CXEMBbI [UJII  HCCIEIOBAHMS  KA4YE€CTBEHHBIX
HEJIMHEWHBIX CBOMCTB MATEMAaTHYECKUX MOJEIEH  TEIJIONPOBOAHOCTA C
MePEMEHHON TUIOTHOCTHIO U C HEJIOKATHHBIM TPAHUYHBIM YCIIOBHEM U pa3padoTaTh
BBIUHMCJIUTEIBHBIE CXEMBI, AJTOPUTM MU KOMIUIEKC OPOTrpaMMm JJii YHCIEHHOIO
pEIICHUS] HEJIMHEWHBIX 3a7]a4 U BU3YaJIU3UPOBATH PELICHUS.

Oo0BexTOM HCCJIeIOBAHUS ABJISTFOTCS HEJINHEWHBIE MPOLIECCHI
pacupocTpaHeHus TerJia (punbTparnms, g dysus), ONKCHIBAEMbIE
BBIPOXKAAIOUIMMUCS ~ MapaOOJIMYeCKUMH  ypaBHEHUSIMA M CHUCTEMaMH  C
HEJIOKAJIbHBIMH TPAHUYHBIMU YCIIOBUSIMH.

IIpeaMer ucciaegoBaHUA — MOCTPOCHUE TEOPUM U IPAKTUKU YHUCIECHHO-
AHAJINTUYECKOTO MCCIICIOBAHUsI HEJIWHEWHBIX 3a7ay C JBOMHOW U TPOMHOMU
HEJIMHEMHOCTBIO C YYETOM OJHOPOJHOCTH W HEOJHOPOIHOCTH CpEIbl U HX
BJIMSTHUE HA U3y4aeMbl€ HEJIMHENHBIE IPOLIECCHI.

Metoabl ucciaenoBanms. B paboTe HCHOIB30BAIUCH ABTOMOJIEIBHBIE U
MPUOIMKEHHO aBTOMOJEIIBHBIE METO/IbI, allapaT TEOPEMbl CPABHEHUS pElICHUN
IUI. TIOCTPOCHUS W aHalli3a PA3JUYHBIX THUIOB PEIICHUN, METOJbl 3TaJOHHBIX
YpaBHEHUHN [JI1 PEIICHUS HEIUMHEHHBIX OOBIKHOBEHHBIX Au(depeHIInaIbHbIX
YPaBHEHHM M CHUCTEM, METOJbl OIEHKHM PEUICHHM, Pa3HOCTHBIE METOIBI IS
MOCTPOCHUS YUCJIEHHBIX CXEM, METOJIbl UTEPALINH, IIPOTOHKHU, METOJ MEPEMEHHBIX
HaIlpaBJICHUM.

HayuyHast HOBM3HA 3aKJIFOYAETCS B CICAYIOLIEM:

oTpeseeHbl YCIOBUS TI00aNbHON Pa3peliMMOCTH U HEPa3peluMOCTH 10
BPEMEHH PELICHUN HEJIMHEMHOW MOJEIN TEIUIONPOBOJHOCTH B HEOAHOPOIHOU
cpene 6e3 UCTOYHHKA C HEJIOKAJIbHBIM TPAHUYHBIM YCIIOBHEM;

OTIPEJIETICHO BIUSHUE HEOJAHOPOJHOCTH CPEIbl MPU YCIOBUAX TIIOOATBHOMN
Pa3pEIMMOCTH ¥ HEPA3PEIIMMOCTH B LIEJIOM I10 BPEMEHU PELICHUN HEJIWHEUHBIX
3a7ad4.

HAaWJECHO 3HAYEHHUE KPUTHUUECKOW AKCIOHEHTHI Thna Dyxuta sl MOAEIH,
onuchiBaronieil 3agauy Helimana B cimydae MeyieHHOW 1 ObIcTpoit tuddy3uu;

HalJICHO 3HAYE€HHE KPUTHUUYECKON SKCIMOHEHTHI I100aIbHOIO CYIIECTBOBAHUS
pelIeHus 111 MOJIEIY, OMMCHIBAIOIIEICS BTOPHIM TUIIOM KPaeBOW 3a1a4uM B CIy4dae
MeJJIeHHOU 1 ObIcTpoit tuddy3uu;

MOCTPOCHBI BEPXHUE U HUKHUE OILEHKH OOOOIICHHBIX PEIICHUHN 3ajauu
MeIeHHO-TUu(G(Py3HONW TEIUTONPOBOJHOCTH B OJHOPOJHONM W HEOJIHOPOIHOMN
cpene;

MOJy4E€Hbl TJIABHBIE WIEHbl ACHUMIITOTUKHA PA3JUYHBIX aBTOMOJIEIBHBIX
pELICHUM 3aJa4d JBOWHOM W TPOMHOW HEJIMHEMHOW TEIUIONPOBOJHOCTH ITyTEM
MIPUMEHEHUS METO/IA 3TAJIOHHBIX YPAaBHECHUM;
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MIPEJIOKEHBI BBIYUCIIUTENIbHBIE CXEMBI JIJISl U3YUEHHUS! KAU€CTBEHHBIX CBOMCTB
HEJIMHEWHBIX MAaTEMAaTHYECKUX MOJENEN TEIUIONPOBOAHOCTH C TEPEMEHHOMN
IUIOTHOCTBIO, pa3pabOTaHbl AJITOPUTMBI, KOMILIEKCHI TporpamMm B cpexae Visual
Studio 2012 (C#) u Bu3yanu3upoBaHbl PEeLICHUS HEIMHCHHBIX 3a/1a4.

IIpakTnyeckune pe3yjbTAThl HCCIACAOBAHMUSA IMOCTPOEHBI ACUMITOTHYECKUE
dbopMybl TpU pEUICHUU HEJIMHEWHBIX 3a/lady, BO3HUKAIONIMX B Pa3IUYHBIX
IPUJIOKEHUSX, TIOCTPOCHBI KOHCEPBATUBHBIE PA3HOCTHBIE CXEMBbI, UTEPALIMOHHbBIC
MIPOLIECCHI U pa3pabOTaH MPOrPaMMHBIN KOMILJIEKC.

JIOCTOBEPHOCTH MOJIyYeHHBIX pe3yJabTaToB. [lodyyeHHble pe3yabTaThl U
YTBEPKJICHUSI CTPOrO JI0KAa3aHbl W MOATBEPKIAIOTCA PE3YJNbTaTAMH YMCIECHHBIX
pacuetoB. Mcnosnb3ysi MOTYyYEHHBIE OLEHKHA PEIICHUM, NPUBEACH YWCICHHBIN
aHaIM3 pELICHHUM, pe3ydabTaTbl KOTOPOrO TOJATBEPKAAIOT MPaBUIBHOCTh H
3¢ (HEeKTUBHOCTh TPEIJIOKEHHOW B paboTe METOAMKH pacueTa C IMPUMEHEHUEM
METOJa JTAJOHHBIX YPAaBHEHUW W aBTOMOJICIBHOIO aHAIN3a C COXPAaHEHHEM
HeJMHeHOro A dekra.

Hayynass M npakruyeckass 3HAYMMOCTb Pe3yJbTATOB HCCJIEI0BAHMA.
Hayuynasi 3HauMMOCTbh MOJYYEHHBIX PE3YJbTAaTOB 3aKJIOYAETCSI B OOOCHOBaHUU
TEOPUH KPUTHUYECKOM HKCIIOHEHTHl THNa Py HKUTa U KPUTHYECKOW 3KCIOHEHTHI
rJI00aJbHOTO CYIIECTBOBAHUS PEIICHUS IPU HUCCIECJOBAHMSIX MaTEMaTHUYECKHUX
Mojieniell onuceiBaromuxcs 3anadeid Komm nis ypaBHeHu# napaboau4ecKoro Tuma
Y HEJIMHEWHBIE KPAEBbIE 3a/1a4N.

[IpakTueckass 3HaYUMOCTb pPabOTBl — KOHCTPYMPOBAHUE HUTEPALMOHHBIX
MPOLIECCOB, pa3padOTKa YHUCIEHHBIX CXEM W MPOrPaMMHOIO OOecredYeHUs
MO3BOJISIET  NPOU3BECTH  pPa3yMHbIE  BBIYUCIUTEIbHBIE  AKCIEPUMEHTHl B
HEJIMHENHBIX 3a7a4ax (QUiIbTpalud, peakiuu-audQy3un, TEMIONPOBOJHOCTH B
Pa3IMYHBIX HEJTMHEHWHBIX Cpelax JUisl ciaydyas MeMJIEHHON u ObicTpor nuddysumu,
CIIY>)KUTb JUJIsl BBISIBJICHHUS HOBBIX 3((PEKTOB - SIBIEHUS KOHEYHOW CKOPOCTH U
JIOKAJIU3alWy PEIICHUS IS KJIacCa PACCMATPUBAEMBIX 3a1a4.

BHeapenue pe3yjabTaToB HMCCAeI0BAHUA. Pe3ynbTaThl JIHCCEPTAMOHHOU
paboThl OBLIM MPUMEHEHBI B CJIEAYIOIIUX HAMIPaBICHUAX:

MOJlyYE€HHBbIE BEPXHHE M HIDKHHUE OIICHKM OOOOIIEHHBIX pELIeHUM 3aaauu
MeIeHHO-TUu(G(Py3HONW TEIIONPOBOJHOCTH B OJHOPOJHONM U  HEOJIHOPOJIHOMN
cpene, ObLIM KCIOJIb30BaHbI JUIsl JOKa3aTelIbCTBa KOPPEKTHOCTU BHYTPEHHEH U
KpaeBOM 3a/1auM HEKJIACCUYECKUX YPaBHEHUI MaTEeMaTUYECKON (PU3HKM B pamMKax
npoekta rpanta ®-4-30 « BHyTpeHHue u KpaeBble 3a1auu 11 AuddhepeHuaibHo-
OMEpPAaTOPHBIX YPABHEHUH C ONEpaTopHbIMH TUNamMu Kod(pduuuento» (CrnpaBka
['ocygapcTBEHHOro  KOMUTETa IO  Pa3BUTUI0O HAYKH U TEXHOJOTUH
NeddTK-03-13/743 ot 3 Hos10pst 2016 1.). [IpMEeHEHUE STUX HAYYHBIX PE3YJIHTATOB
7110 BO3MOKHOCTh YHMCJIEHHO PELIUTh YpaBHEHUS OMOJIOTMYECKOW MOIMyIsuu
tnna Kosmoroposa-®umepa u UX CUCTEM C HETMHEMHBIMUA KPAE€BbIMU YCIOBUSIMHU;

ACHUMIITOTUKH peIICHUN HEJIOKAJILHOM 3aJaun TS YpaBHEHUU
napaboJMYEeCKOTO THUMA C JABOWHOW HEIMHEWHOCTHIO, OMUCHIBAIOIINE MOJICTH
MIPOLIECCOB PACIIPOCTPAHEHUS TeIlIa B HEOAHOPOIHOM cpefie, ObUIM UCTIOIb30BaHbI
IPA YCTAHOBJIEHUM CBOMCTB PELICHWU BHYTPEHHEW M KPacBOW 3aJadyd B pamKax
npoekTa rpanta ®-4-30 « BayTpenHue u kpaeBbie 3anaun 11 auddhepeHimaibHo-
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OTEepaTOPHBIX YPaBHEHUN C OMepaTOpHbIMU THUHamu Kodd¢uiuentor» (Crpaska
['ocymapcTBEHHOr0  KOMHTETa IO  PAa3BUTHUI0O HAyKM W TEXHOJIOTUH
NedTK-03-13/743 ot 3 Hos16pst 2016 r.). [IpuMeHEHHE STUX HAYYHBIX PE3Y/IbTAaTOB
MO3BOJIMIJIO OOOCHOBAaTh KOPPEKTHOCTh BHYTPEHHEHN U KpaeBOM 3a7a4u;

NPEAJIOKEHHBIE BBIUMCIHUTEIBHBIE CXEMbl JUISl YHWCIECHHOIO W3YYEHHUS
KA4E€CTBEHHBIX CBOMCTB MOJIEJIEW, OMMCHIBAIOIIUX PACIPOCTPAHEHUE TEIIA B CPENE
C TMEpPEeMEHHOW TIUIOTHOCTBIO, pa3pabOTaHHbIE AITOPUTMBI U  KOMILIEKC
MIPOTPaMMHBIX CPEJCTB, ObUIM HCIOJIb30BaHbI ISl YUCJIEHHOIO MOJEINPOBAHUS
BHYTPEHHEM M KpaeBOM 3aJa4M HEKJIACCUYECKUX YPAaBHEHUM MAaTeMaTHYECKOU
¢u3uku B pamkax npoekrta rpanta ®-4-30 «BayTpeHHue u kpaeBble 3a1audl AJis
audepeHInaIbHO-0NIepaTOPHBIX ~ ypAaBHEHUH € OMEpPaTOPHBIMU  TUIIAMU
koa¢punmentoB» (Crpaska ['ocynapcTBEeHHOTO KOMUTETa MO Pa3BUTHIO HAYKU U
texHosoruit NedTK-03-13/743 ot 3 HostOpst 2016 r.). [IprMeHeHE TUX HAYYHBIX
pPE3yJAbTAaTOB MOCITYXWIH BU3YaJU3UPOBATh YHCIEHHBIE PELICHHS HEIMHEHHBIX
KpaeBbIX 3a7ad.

AnpofGanusi pe3yabTaTOB HCCAEA0OBAHMU. Pe3ynbpTaThl HCCIIEIOBaHUSA
anpoOupoBaiich Ha 14 MeXAyHapoAHBIX HayudHbIX KOH(pepeHuusax: 3-as
MEXIAyHapoaHass HaydHas KOH(pepeHLHs «AKTyallbHblEe NMPOOJIEMBbl NMPUKIATHON
MaTeMaTUKd W HUHPOPMAIMOHHBIX TEXHOJOTHMH — anb Xopesmu 2012y,
«BpluucnurenbHble M UH(QOPMALIMOHHBIE TEXHOJOIMM B HAyKe, TEXHHUKE WU
oOpazoBanun — 2013» (Ycrb-Kamenoropck, 2013), «AxrTyanbHble OpOoOJIEMBI
MPUKIAAHOW MaTeMaTUKU U HUHPOPMALMOHHBIX TEXHOJOTUN — anb Xope3mu 2014»
(Tamkent, 2014), «Analysis and Applied Mathematics» (Yumkent, 2014), 5-piid
KOHrpecce MaTeMaTukoB Triopkckoro mupa (Mccwik-Kyns, 2014), «Mathematical
Methods, Mathematical Models and Simulation in Science and Engineering
(IIsetinapus, 2014), «Applied Mathematics and Computational Methods»
(Adunsl, 2014), «Mathematical, Computational and Statistical Sciences» (/ly6ai,
2015), «Pure Mathematics, Applied Mathematics and Computational Methods»
(T'perus, 2015), «Heat Transfer, Thermal Engineering and Environmenty (Uranus,
2015), «Applied Mathematics and Informatics» (Mcmanus, 2015), Ha
MEXKIYHApPOAHON Hay4dHO-TIpakTH4Yeckoi koHbepeniuu «Computational and
Informational Technologies in Science, Engineering and Education» (Amnmartsi,
2015), «/Iuddepennmanbapie ypaBHEHUS U MaTEMaTUYECKOE MOJEIUPOBAHUEY
(Ynman-Ymp, 2015), ©Ha 7 pecnyOJIMKaHCKAX HAYYHBIX KOH(EPEHIIHSIX:
«AKTyaJIbHbIE BOINPOCHl MAaTEMaTUKH, MAaTEeMaTH4YeCKOr0 MOJIETUPOBAHUS MU
uHpopmanmonnsix TexHosorui» (Tepmes, 2012), «HoBble TeopeMbl MOJOABIX
MaTeMaTUKOBY (Hamanras, 2013), «CoBpeMeHHbIE npo0IeMbl
muddepeHIanbHbIX  ypaBHEHUH U uXx npwioxeHus» (Tamkent, 2013),
«IIpuknannas mareMatvka u uHdopmaimonHas 0ezonacHocthy» (Tamkent, 2014),
«Maremarnyeckasi (pu3MKa U POJCTBEHHBIE MPOOJIEMBI COBPEMEHHOTO aHAINU3)
(byxapa, 2015), «CoBpemMeHHBIE METOAbl MAaTeMAaTHYECKOW (U3UKU U UX
npwioxeHus» (Tamkent, 2015), «IIpobnembl coBpeMEHHOU TOMOJIOTUU U €€
npwioxeHus» (Tamkent, 2016). PesymbraThl ucciemnoBanus OOCYXKIECHBI Ha
Hay4yHbIX ceMuHapax «CoBpeMEHHbIE MPOOJIEMbl MaTeMaTUYECKOW (UK,
(Tamkent, 2016), «CoBpeMeHHbIE TPOOJEMBI TPUKIATHOW MATEeMATHKU U
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uHpopmanmonHod — TexHosorum»  (Tamkent, 2012-2016), “CoBpemeHHBIC
npo0JieMbl BBIYMCIUTEIBHON MAaTEMAaTUKM M HMH()OPMALMOHHBIX TEXHOJIOTUNA™
MHCTUTYTa HMH)XCHEPOB JKEIE3HOJOPOKHOrO TpaHcnopra M «MoxenupoBaHue
CJIO)KHBIE CHCTEMBD» LIEHTpa pa3pabOoTKU anmnapaTHO-NPOrpaMMHbBIE KOMIUIEKCHI
npu TamKeHTCKOM YyHHMBEpCUTETE HWH(POPMALMOHHBIX TexHosnorui (TamikeHr,
2016).

Ony0JuKOBAaHHOCTH pe3ybTAaTOB HccjaenoBaHusA. llo Teme nuccepranum
onmy0nuKoBaHbl 37 HaydHbIX padoOT, M3 HUX 13 HaydHBIX cTaTeil B KypHajax
PEKOMEHJOBaHHBIX  Brpicmieid  arrecTallmoHHOM — Komuccued — PecnyOnuku
V30ekuctan s MyONMKaMM OCHOBHBIX HAYYHBIX PE3YyJIbTaTOB JOKTOPCKHX
JUCCEPTAIHA, B TOM YHCIIC § B PECITYyOJIMKAHCKHUX U 5 B 3apyOSKHBIX KypHaIax.

Crpykrypa m o0bem auccepramum. Juccepranusi COCTOMT U3 BBEICHUS,
YEeThIpeX TJIaB, 3aKIIOUEHHs, CIHCKAa JUTEepaTypbl M mpwioxkeHud. OO0beM
auccepranuu cocrasiser 170 crpanum.

OCHOBHOE COJEPXAHUE JUCCEPTALIUUA

Bo BBegeHuM 0O0OCHOBBIBACTCS aKTyaJIbHOCTh U BOCTPEOOBAHHOCTH TEMBI
IUCCEepPTallii, B COOTBETCTBUU HCCIENOBAHUSM NPUOPUTETHBIX HANPABICHUN
pa3BUTHS HAyKU U TexHoJorui PecryOnuku Y30ekucran, GopMyIHpyIOTCS 1ENb U
3a/layy, a TaKkKe 0OBEKT U MPEAMET UCCIEAOBaHMS, N3JI0KEHA HAy4YHasi HOBU3HA U
MPAaKTUYECKUE  pe3yJbTaThl  MCCIEOBaHUSA, OOOCHOBAaHAa  JOCTOBEPHOCTh
MOJIYYEHHBIX PE3YJIbTATOB, PACKPHITA TEOPUTUUECKAS U MPAKTHYECKAsi 3HAYMMOCTh
MOJIYYEHHBIX PE3yJIbTAaTOB, NPUBEJACH I€peYeHb BHEAPEHUM B MPAKTUKY
pE3yNbTaTOB HCCIIEOBaHUs, CBEAEHUS 00 OMyOJMKOBAHHBIX padOT U CTPYKTypa
IUCCEPTaLNH.

IlepBas rmaBa  guccepraunn  «MarTreMaruyeckoe  MOJAEJHMPOBAHME
NMPOLECCOB HEJMHEHHON TeIUIONPOBOAHOCTH € [ABOWHOM HEJIUHEHHOCTHIO»
MOCBSIIIIEHA UCCIEAOBAHUIO ACUMIITOTUKY aBTOMO/IETBbHBIX pelieHnit 3aaaun Ko
M HEJIOKAJIbHOW 3aJauu sl ypaBHEHHUS TEIUIONPOBOJHOCTH B HEOJHOPOIHOMN
cpene ¢ ICTOYHUKOM.

B nepBom mnaparpade wu3maraeTcs CBOWCTB MaTEMaTHYECKON MOIENIn
HEJIMHEWHOW TEIUIONPOBOAHOCTH C UCTOYHUKOM U PE3YyJbTaThl MEXKIYHAPOIHBIX
0030pOB.

Bo Brophix maparpade 3ToW I1aBbl MPUBOASTCS OCHOBHBIE OMNpENEICHUS U
BCIIOMOTaTeJIbHbIE YTBEPKICHUS.

[Taparpad 1.3 mMOCBSIIEH HCCIECIOBAHUIO ACUMIITOTUKH aBTOMOJICIIBHBIX
pemenuii 3anaun Ko 1151 ypaBHeHUS apaOOIUYECKOT0 TUIA, MOJAEIHPYIOLIETO
pacrpocTpaHEHHeE TEIIa B HEOHOPOJIHOU cpefie

pl(x)gt_”:div(\w\p‘z VU )+ py (X)u, (1)
u(x,0)=u,(x), xeR", 2)

n
, koTopas mpu N=mM=0 oHa paccMaTpuBaeTCs KaK

m
rae p,(X)=[X", p,(X)=|x
MOJEIb TOPEHUS HEIMHEWHOM TEIUIONPOBOAHOW Cpeabl €  MOIIHOCTBIO
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sHepropuigenenus UY>0, 3aBucsmeit or temmeparypel U=U(t,X)>0, u

-2
koxdunrenta nuddpy3uu u"1|VuI |IO >0.

Vpasuenust (1) mpu p>1+1/l sBusiercss BBIPOKTAIOMIMMCS, W IIO3TOMY
pelnieHue MOHUMAETCS B 000011IeHHOM CMBICIIE B o0nacTu
Q:{(X,t):XeRN,O<t<T} m3  kmacca  O<u(xt), ‘1‘Vu ‘ eC(Q),
YAOBJIETBOPSIONIMM YpaBHEHUIO (1) B cMbICTIe paciipeeieHusI.

[pu ycnoBusix p>1+1/1 ypasuenus (1) COOTBETCTBYET Cillydae MeUIEHHON
nuddysun, a mpu 1< p<1l+1/l caygae 6picTpoit qupdy3um.

PaccMoTpum crienyroniee aBTOMOIEIBHOE pEIIeHHE

=(T+t)“ f(&), &=X(T +t)_ﬁ
p+n ﬂ:q—l(p—l)
(a-1)(p+m)—(m-n)(I(p-1)-1)’ p+n

f (&) sBnseTcs penieHueM Cieyronel aBTOMOIeTILHOM 3a1aun

rne o = a , a GyHKIUsA

Cn d [ df T df _.d '_o
g df{g az dg} BS §+ al"ft + & f (3)
f(0)=C>0, f(d)=0, d <+o. (4)

Crnyuaii MmenieHHOM TudPy3un ( p>1+1/1 ) PaccmoTpum GyHKIHNIO:
p-1

f-o:):(a ol

+

I(p-1)-1
rnea=C "', b= Il((pp-g-)m)

CnpaBe BBl TEOPEMBI.
Teopema 1. Pemenue 3agaun (3), (4) ¢ KOMIAKTHBIM HOCHUTEIEM MpHU

ﬁp‘l (i), =max(0,i).

(p-1)/(p+m)
& —(a/b) MMEET ACUMIITOTHYECKOE IPEACTABICHUE
f(£)=Af(&)(1+0(1)), rae A HaxomuTcs M3 pELICHHS ANreGPaM¥ECKOro

YpaBHCHUA
p(1-n)+m+n

=)
[lJp Wl(p—l 1 (b/a) P - wit— p — -0,
y (bl(p+m)) (Ib(p+m))
(p-1)(1-1)+1 iA=L, o q> (p—l)(1—|)+1.

p-1 p-1
Curyqait 6bictpoit quddysun (1< p<1+1/1). Iycts

ecnu =

p-1

(&)= (a+ ke prf—Tj e
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I(N + m) +N
I(N + m) +1
ucye3arolnee Ha OSCKOHCYHOCTH pElICHUE ypaBHEHHS (3) MMEeT acCHMIITOTHKY

Teopema 2. Tlyctb —p<m<0, <p<1+4l, Torma

f(§):Mf~((§)(l+ o(l)), rie M  HaxoauTcd W3 penIeHHs anrebpamdecKoro

ypaBHEHUS
1-n(p-1 +m
(1_|(p_1))1—p Wl(p_l) -1 Ib )/(p+m) Wq_l_ ﬂ :O,
(bl(p+m))p (Ib(p+m))™
ecnu n:(q—l)(p+m) nu M =1, eciin n<(q_1)(p+m).

1-1(p-1) 1-1(p-1)
Jlanpire B 3To¥ maparpade paccMOTPEHBI HEOTPAHWYCHHOE aBTOMOJCIIBHOE
pemenue 3agauu (1), (2) caemyromiero Buaa

u(tx)=(T-t)"g(¢), =T -1)",

rae g (f ) ABJISIETCS PEUICHUEM 3aJ]a4u

VRN B R dg dg m+1 dg My Enad
S @{5 — ng B ac as'g—-5'9" =0, (5)
g(0)=C>0,g(d)=0, d<+wx. (6)

Teopema 3. Tlycte q>l(p—1). Torma peuenne 3agaun (5), (6) c
KOMITAKTHBIM HOCHTEJIEM UMEET aCHMIITOTHIECKOE MPE/ICTABICHNE

9(£)=Cg(¢)(1+0(1)),
— M‘ e 5 1 (pp—_ll) S S
rneC—[( )j ﬁ’] L g(&)= (D Bl o1 j , D>0, B>0.

bl(p+m

Creocmeue 1. Tlpn I(p-1)<q<Il(p-1)+ IS ~m HEOrPaHUYEHHOE
+m

pemenune 3amgaun Kommwm (1), (2) mpocTpaHCTBEHHO JIOKAJIW30BAaHO, MPUYEM JIs
cBOOOHOI rpaHuibl X, (t) HMEeT MECTO aCHMIITOTHKA

x,(t)~(D/B) PP (T —t)Y 0

npu t > T, T.e. NPOUCXOAUT IPCTPAHCTBEHHAS JIOKATH3AIHS PEIIICHHUS.
[Taparpad 1.4 TOCBAIIEH HW3YYEHHIO ACUMIITOTUKH PEIICHUN YypaBHEHHUE
TEIUIONPOBOJAHOCTA C HEJIOKAJIbHBIM TPAHUYHBIM YCIOBUEM IIPU HAIWYUAU

HNCTOYHHUKA
8u 6 8u
at ax

ax

0
a_i}ruﬁ, (x,t)eR, x(0, + ), (7)
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au 2 ou
Il o —(0,t)=u"(0,t), t>0, (8)
u(x,0)=u,(x)=0, xeR,. (9)

3anaya (7)-(9) BO3HHMKaAET mpU MaTeMaTHYECKOM MOJIeTupoBaHuu nuddy3un
B HEIIMHEHHBIX Cpelax, MpH HCCICIOBAHUM MPOOJIEM TEUYCHHS KHUIKOCTEH uepes
MOPUCTBIC TUTACTHI, JUHAMHKH OWOJIOTHMYECKUX TOMYJSAIUN, MOTUTPOITUIECKON
bunpTpauu, 00pa3oBaHus CTPYKTYp B CHHEPTETHKE U B PSC IPYTHX 00IaCTsIX.

N3BectHO, uro pemenue 3amauu (7)-(9) mpu OmpeAcICHHBIX YCIOBHUIX
YHCIIOBBIX MapaMeTPOB SIBISETCS TII0OATBHO pa3peliMMOi WM HEOTPAaHWYCHHOM.
Otumu Bompocamu 1yt 3anauu (7)-(9) 3anmmanuce Wanjuan Du u Zhongping Li.
OHM NOTYyYUIIH yCIOBHE TI00aIbHON pa3pelIMMOCTH U HEPA3PEIIMMOCTH B LIEJIOM
mo BpeMeHu pemenue 3amadn (7)-(9). YciaoBue moOambHOW pa3pelIMMOCTH U
HEpa3pEIIMMOCTH HEJIOKAJIBHOM 3aJa4d Ul YPAaBHEHHS IIOPUCTOM CpEdbl
ycTaHoBjIeHO B pabote Arturo de Pablo, Fernando Li Quiros u Julio D. Rossi.

Cnenys padoter, Wanjuan Du u Zhongping Li ucciienyercs acHMITOTHKH
rJI00AJTBHBIX M HEOTPAaHUYCHHBIX aBTOMOJICIIBHBIX PEIICHUH.

Cnyuait B<1, q>2(p-1). PaccMOTpuM CIEIYIOLWEro II00aIbHOrO
aBTOMOJICIIEHOTO perieHus 3anaqn (7)-(9)

u (xt)=te(&), E=xt, (10)
re azi, yzu, gp(f) - pelIeHue 3aa4u
-B pa—ﬂ)
d dgp do do p_
5[‘ df} 75 5 —ap+¢" =0, (11)
|do|"" do _0. 12
‘ =l (12)

Nmeer mecta Teopema.
Teopema 4. Pemenune 3amaum (11), (12) ¢ KOMIAKTHBIM HOCHUTEJIEM MpPU
p-1 1
&—(ap/(p—2)) P ¥ MMeeT aCHMITOTHYECKOE IIPEACTABICHHE

p—-1

(0(§)=(a— P- ylgpl]p (L+o(D), a>0.

2(p-1) )
_—

aBTOMOJIeIbHOE peleHue 3aaauu (7)-(9) uiercs B BUae
U, (xt)=t"e(&), §=xt7,

p-1 __p-l-g
2(p-1)-pa ~ 2(p-1)-pg

o

Caywai f>2p-1, Q<

B orom cinyyae HeEOrpaHMYEHHOE

e a = : (o(é‘ ) - peleHue 3a1a4uun
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d [ldol""dp | do_ o, 13
‘fU dgj 75 5 ap= (13)
_dgop_ do o

‘— _d§ . =¢"(0). (14)

Teopema 5. Pemenne 3amaum (13), (14) ¢ KOMITAKTHBIM HOCHTEIEM TMpPH
& — a uMeeT aCUMITOTHKY

-1
p(&)= c(a_g)é (1+0(1)), a>0,
Y(p-2)
rae C = [ P- ay] p_—2
p-1 p-1
Kputnueckunii ciywyaii pg = 2( p —1). DTOT ciiydail SBISIETCS JIOTHYHOM

MPOJIOJKEHWE BTOPOTO Ciiydas, Korga pg= 2( p —1). B sTtoM ciyuae perieHue
3agauu (7)-(9) umercs B CISIYIOMNUM KCIIOHCHITMATILHOM BU/IC

u,(xt) = p(£), £=xe 7,

rae a = Tp—l’ y = pr_—zl’ T - IOJOKHUTENBbHOE YnCI0, GyHKIus @(&) sBisiercs
peleHreM
4 ‘dg’) 01472 —ap-0 (15)
dé dé dg
do|”" d
— _(P _§0 — (pq (0) (16)
dé o

Teopema 6. Pemenue 3amaun (15), (16) ¢ KOMIAKTHBIM HOCHUTEJIEM TIPH

p

_ -1

£—DP? [p—z UMEET ACUMIITOTUYECKOE MPECTABIICHHUE
p —

b1

(P(f)zC[D“(S__;jp _5];,2 (1+ 0(1)), D >0,

0—1 Y(p-2)
rae C = D.
o)

B maparpade 1.5 mpuBeaeHBI YHCICHHBIC CXEMBI I YUCICHHOTO PEIICHUS
3agaun Komm (1), (2) u HenmokambHoU 3amaun (7)-(9). CkoHCTpyupoBaH
UTEPAIMOHHBIN MPOIIECC. XOPOIIO U3BECTHO, YTO UTEPAIIMOHHBIC METOIBI TPEOyeT
HaJU4Me TIOIXOMAIICTO HAYAJIbHOTO TNPUONIKEHHS, TPHUBOISIINE OBICTPON
CXOJUMOCTH K TOYHOMY PEIICHUI0O U COXPAHSIONINE KAYeCTBEHHBIC CBOMCTBA
M3y4aeMbIX HEJIIMHEWHBIX MPOIIECCOB, 3TO SBISIETCS OCHOBHOM TPYIHOCTHIO JIJIS
YUCJICHHOTO PEIIEeHUs HEIWHEWHBIX 3a7ady. JTa TPYIHOCTh B 3aBHCHUMOCTH OT
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3HAYEHHs YUCIIOBBIX MMAPAMETPOB YPaBHEHHUS IPEOJIOJIEBAETCA MYTEM YAA4YHOIO
BbIOOpa HauyaldbHBIX NPUOIMKEHHUH, B KAayeCTBE KOTOPBIX MPU BBIYMCICHUSX
OpeJIoKEHO OpaTb YCTAHOBJIGHHBIE BBIIIE AaCUMITOTUYECKUE  (DOPMYIIBI.
[IpoBeeHbl BBIUNCIUTENBHBIE SKCIIEPUMEHTBI U aHAJIU3 YUCIIEHHBIX PE3YJIbTAaTOB.
Pe3ynbrarbl  4YMCIEHHBIX  OJKCHEPUMEHTOB  MOKa3aiu  3(PPEeKTUBHOCTH
IPEJIOAKEHHOIO MOAX0/a, B KOTOPBIX YHCIEHHBIE PELICHUS OTPa)kaloT CBOWCTBO
HEJIMHEWHOCTH.

Huxe mnpuBenensl rpaduk uvMcineHHBIX pemeHud 3amaun (1), (2) mos
3HAYEHHUS OTHEIBHBIX YHCIOBBIX MAapaMEeTPOB M3 KOTOPBIX BHJIEH XapakTep
pacnpoctpaneHue Tera (pubrparuu, tuddys3un).

0.2 02—

c) t=0.4 d) t=8.4
Puc. 1. YUncaennoe pemenue 3agayuu (1), (2) mpu p=2.7, q=4.2, I=1,5,
m=0.5, n=2.

¢) t=0.4 7 d)t=86
Puc. 2. YUnciaennoe pemenue 3agauu (1), (2) mpu p=2.1, g=4, I=1, m=1.5,
n=2. (I(p-1)-1-0).
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c) t=0.2 d) t=5
Puc. 3. Unciaennoe pemenne 3agaqu (1), (2) mpu p=3, =3, I=1,5, m=0.5,

n=2.(q=1(p-1)).

Ha puc. 1 npencraBnen rpadux riaobanbHoro pemenus 3amgadun (1), (2),
MUMEIOIINE CBOWCTB KOHEYHON CKOPOCTH PACIIPOCTPAHECHMS BO3MYILICHHUE, a HA PUC.
2 rinobanbHOE penieHue BOJIW3M KPUTHYECKOM TOYkH. PUCyHOK 3 mpencraBiser
co00lil TpaduK JOKAIW30BAaHHBIX HEOTPAHWYECHHBIX pelleHuid. B 3Ttom ciydae
TEMIIEpaTypa pacTeT HEOTPAaHHUUEHHO 3a BpeMsi | <oo B OTpaHHYEHHOW o0JacTu
Cpelbl.

Bropas rmaBa guccepranmu  «Maremaruyeckoe  MOAeJIMpPOBaHMeE
NPOLECCOB TEIUVIONPOBOJIHOCTH C HEJOKAJBHBIM I'PAHUYHBLIM YCJIOBHEM B
OJHOMEPHOM  CJy4Yae» TOCBSLIEHA  HW3YYEHUIO  YCIOBHE  TJIOOATBHOMN
pa3pelIMMOCTH W HEpa3pelIMMOCTH [0 BPEMEHM PpEIICHUE HEIMHEHHOU
MaTe€MaTUYeCKOW MOJENHM PpaclpOCTPAHEHUs TeEIUIa B HEOJHOPOJIHOM cCpene ¢
HEJIOKAJIbHBIM I'PAaHUYHBIM YCJIOBHEM, NOJIYYEHUIO ACUMIITOTUKE aBTOMOJIEIBHBIX
pelIeHMI W YHMCIEHHOMY  MOJCIHMPOBAaHUIO  IIpoliecca  HENMHEWHON
TEIJIONPOBOAHOCTH.

B naparpadge 2.1 paccMoTpeHs! cliefyrolee ypaBHEHUE TEMIONPOBOIHOCTH

p-2
ou_Oflou™ ou”

—=——] —1, (Xt)eR 0, , 17
'O(X)at ox| | ox OX (X )e #(040) (17)
C HeHHHef/’IHBIM I‘paHI/I‘lHBIM
ou™|” au™
—— —(0,t)=u%(0,t), t>0, 18
OX ax( ) u( ) g (18)

Y HavaJbHBIM yCIOBHEM
u(x,0)=u,(x)=0, xeR,, (19)
rae p(X)=(1+x)", n>—p (cayuait mepnennoit mupdysnn).

VpaBuenue (17) nmpm m>1, 1<p#2 MOXHO paccMaTpuBaeT Kak
HCHBIOTOHOBCKOM  TIOJIMTPONUYECKON  QuibTpanuu, a mnpu m>1, p=2
HeroToHOBCKOM M Py3un U T.1., IpU HATUUKME TIEPEMEHHOMN TUIOTHOCTH p(X).

Vpasuenue (17) npu npeanonoxenusx P >1+1/m HaseiBaeTcs ypaBHEHHEM
MeieHHoi qudysum, a mpu 1< p<l+1/m - Gbictpoit muddysuu. B ciydae
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memieaHo muddysun 3agada (17)-(19) He mMMeEeT KIIACCHUYECKOTO PEIICHUS.
[ToaTomy n3ydaercs ee 0000IIEHHOE pelIeHUE U3 Kiacca

p-2
ou™ ou™
OX OX

B pabore Z.Li, Ch.Mu, L.Xie wu3y4eHBl yCIIOBHS TJI00aTBHOTO
CYIIIECTBOBAHMS M HecyllecTBoBaHUs perieHus 3aaadu (17)-(19) npu p(X):l B

0<u(xt),

eC(R+><(O,+oo)).

ciyyae ObicTpoit nuddysun. OHU  YCTAaHOBUIM KPUTHYECKHUE SKCIIOHEHTHI
rJI00QJPHOTO CYIIECTBOBAHUSI PEIICHUS W KPUTHYECKHE DKCIIOHEHTHI THUIIA
OymxuTa. AHAJOTUYHBIC PE3YIbTaThI IJIs Cioydas MemiieHHON auddy3um ObLIH
nojydeHsl B paborax Z.Wang, J.Yin, C.Wang, a npu p(x):l, m=1 B pabote

B.A.I'anaktnonosa u X.A.JIeBuHa.
JloKa3aHbl CIEIYIOIINE TEOPEMBI.
(m(n+1)+1)(p-1)
Teopema 7. Ecmm 0<q< , TO BCSAKOE pEIICHHUE 3aa4u
p+n

(17)-(19) sBasieTcs TI00ATBHBIM.
p—
p+n
JI0OCTaTOYHO MaJjia, TO Besikoe perenue 3anaun (17)-(19) sensercs riodanbHBIM.
(m(n+1)+1)(p-1)

Teopema 9. Ilycte (> - , TOTJIa BCAKOE PEIICHUE 3aJauu
(17)-(19) sBaseTcss HEOTPaHWUYCHHBIM IIPH JOCTATOYHO OOJBIINX HAYaIbHBIX
JTAHHBIX.

Teopema 8. Ecnn q>m(p-1)+

U HavaJibHasg (QYyHKIUSA Uo(X)

Teopema 10. Ecnu , TO BCSIKOE

(m(n+1)+1)(p-1) <q<m(p-1)+ p-1
p+n p+n
HeTpuBHUaIbHOE pereHue 3anaun (17)-(19) snsercs HeorpaHUYEHHBIM.
[Taparpad 2.2 mocCBsIEeH HM3YyYEHUIO PA3PEIIUMOCTA U HEPA3PEIIUMOCTH
3agaun (17)-(19) B cimyuae ObicTpoit quddys3uu. JlokazpiBaeTcs, YTO MPUBEICHHbBIC
BBIIIIE TEOPEMBI 1-4 MMEET MECTO U B 3TOM CITydae.

B naparpade 2.3 uzyueHbl aCHMOTOTUKH aBTOMO/ICIIbHBIX PEIICHUH 3a/1auu
(17)-(19). ITycth
U, (6,X)=(T +1)7 £(&), E=1+x)(T+t)7, (20)
e 7 = p-1 e q-m(p-1) |
q(p+n)—(p-1)(m(n+1)+1) q(p+n)—(p-1)(m(n+1)+1)

a Qynkumst f (&) sBisercs peleHnem 3a1aun

d (|df"
dei|dg

)

p-2
df ™ , df
+of"™ —4+9E"f =0, 21
dg}tﬁ E 7e (21)

p-2

(") (@)= (). (22)
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Cryuaii meuterHo# quddysun p>1+1/m.
Teopema 11. ®uantHOE pemenne 3agaun (21), (22) mpu & — ( a /b)(i p-1)/(p+n)

UMEET aCUMITTOTHUYECKOE MPEICTABIICHUE
p-1
P A m(p-1)-1 m(p-1)-1
f(&)=| a—b&P? (L+0(1)), a>0, p=MP=Y =1 o
. m(p+n)
Cuyuaii 6bicTpoii muddys3un 1< p<l+1/m.
Teopema 12. Tlpu & — 400 ucuesaroniyie Ha OECKOHEYHOCTH PEIICHUE 3aaun
(21), (22) umeeT aCUMIITOTHKY
__p1
PN 1-m(p-1) 1-m -1
f(&)=C| a+b&"? (1+0(1)), p-1=mp=1) )a]/(p‘”,
m(p+n)

1-m( p-1
rae C = (a((n +1)(m(p-1)-1)+p+ n))% =
Kpurnueckuii ciydait m(p—1)—1=0.
Teopema 13. Ilycts 0>0, q>1. Torma pemenue 3amauu (21), (22) npwu
& — 400 UMeeT aCHMITOTHYECKOC MPEICTABICHUES

f(&)=Ce™ " (1+0(1)), d= Pl w )
m(p+n)
rae C, - IPOU3BOIBHOE TTOJOKUTEIBHOE TUCIIO.

B §2.4 na ocHOBe mosy4eHHBIX B §2.3 pe3yibTaToB pa3pabOTaHbl YHCICHHbBIE
cxemsbl. J{ns sToro, ypaBHenue (17) anmpoKCHMUPOBAIOCh CO BTOPBIM MOPSIKOM
TOYHOCTU IO IPOCTPAHCTBEHHBIM KOOPAHWHATaM W C IMEPBBIM MOPSAKOM I10
BpeMeHH. JUJI1 YUCIEHHOrO0 MOJEIMPOBAHUS CKOHCTPYUMPOBAH HWTEPALMOHHBIN
IIpoliecC, BO BHYTPEHHUX IIarax HWTEpaluy 3HAYEHUS Y3JIOB BBIYMCIIFOTCS
METOJIOM TPOroHKW. Hiubke mpuBeIEM HEKOTOPbhIE PE3YJbTAaThl UYHCIEHHBIX
AKCIIEPUMEHTOB, KOTOPBIX B KAyeCTBE HAYaJIbHBIX NPUOIMKEHUS Opaiuch
ACUMITOTHYECKON (hOPMYIIBI MOTYyYEHHBIX B Teopembl 11-13.

aw

at

ur

am) %

am i

as /

a

am i oD

ase £

am b % '

Lt {

ast 77 \ " \
0 S

Puc 4. Uncennoe pemenne saxaun (17)-(19) npu m=1.5, p=1.75, q=2.85,
1) n=0, 2) n=-0.25.

Ha puc. 4 noka3zano rpaduk 4MCIEHHOTO pemieHus kpaeBoit 3aaauu (17)-(19)
B ciydae MemieHHoW aud@ys3uu, HMeEromeid CBOWCTB KOHEYHOM CKOPOCTH
PaCIpOCTPAHEHUS BO3MYIIICHU M.
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Puc S..H‘I.nc.JIve'HHl(;e pélﬁem;lé 3agaum (17)-(19) npn m:15, [:;::1..5‘5', 4q=2.85,
a=1.5, 1) n=0.5, 2) n=1.

Puc. 5 npencrasisier B cebe rpaduk unciaeHHoro pemeHus 3anaan (17)-(19)
st cimydas ObicTpoit muddys3uu. 3a cdyeT HEeOrpaHWYEHHOCTH Kod3(duimeHTta
TEIJIOMPOBOAHOCTA ~ TIPOIIECC  MMEET CBOWMCTBO  OCCKOHEYHOW  CKOPOCTH
pacmpocTpaHeHuss Bo3MymieHHd. CKOpOCTh pacmpoCTpaHEHHUS BO3MYIICHHIA
ropa3zo OoJpllie, YeM B CiIy4ae MEIJICHHOW IUQQy3uu, MpU KOTOPHIM HMEET
MECTO KOHEYHAasi CKOPOCTh paclpocTpaHeHusi Bo3mylneHuid. [Ipornecc nuddysnn
TEITa OXBATHIBAET BCIO 00JIaCTh U UCYe3aeT Ha OECKOHEYHOCTH.

!

L0

Puc 6. ‘Incneﬂnoe peiﬁéﬂne 3a/a4u (17)-‘('.19A) HpI/I m:2, .p'='1.’5(,.q=3,
1) n=0.25, 2) n=0.85.

Puc 6. cooTrBercTByeT umciaeHHOMY pemieHuto 3amauu  (17)-(19) s
KpUTHYECKOro ciiy4yasi. OHa SBISETCS AaHAJIOTMYHBIM MPOJOJKEHUEM Ciiydas
obicTpoit mudPy3uu, Npu KOTOPOM UMEET MECTO CBOMCTBO OECKOHEYHON CKOPOCTH
pacnpoCTpaHEHUs] BO3MYLIECHHM.

Tperbss r1imaBa  guccepraunn  «MaremaTrudyeckoe  MoOJeIMpPOBaHHE
NMPOLECCOB TEMJIONMPOBOJIHOCTH € HEJOKAJIbLHBIM TPAHUYHBIM YCJIOBHEM.
MHoOroMepHbI cJIy4ai» IOCBSIIEHA HCCIEAOBAHUIO KAa4ECTBEHHBIX CBOMCTB
HEJIMHEMHOW MOJIEIM MHOTOMEPHOM TEIJIOMPOBOJHOCTH B HEOJHOPOHOM Cpenie €
HEJIMHEUHBIM TPAHUYHBIM YCJIOBUEM.

B §3.1 paccmarpuBaercs cneayomias HeJOKaJIbHas 3a1a4a

p(x)u, :V(‘Vum‘p_z Vum), (x,t)e R} x(0, + ), (23)
mip-2ou™ g

—[vu"| E(o,t)_u (0,t), t>0, (24)

u(x,0)=u,(x), xeRl, (25)

rae R :{()(1,X')|X'eRN_l,X1>O},p(X) (l+|x|)n, n>-p.
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VYpaBuenue (23) omuceiBaeT (PU3NUECKHE MOJAEIH, AUHAMUKH TOMYJISIUM,
XUMHUYECKHUE PEAKIMH, PaclpoCTpaHEHHs Tema U T.J. B wacTHOcTH, ypaBHEHHE
(23) omnuchIBaeT HECTAllMOHAPHBIM IOTOK KHUAKOCTEH B IOPUCTOM Cpele co
CTENEHHON 3aBHCHUMOCTH OT KAacaTelbHBIX HANpsKEHUH, OT CKOPOCTH
HNepeMENICHNs] TIPU HOJUTPONHBIX YCIOBUSX. B 3ToM ciydae ypaBHeHue (23)
Ha3bIBAa€TCSI HEHBIOTOHOBCKUM YpaBHEHUEM IOJMUTPONUYECKON (puipTpanuu,
KOTOpbIE€ HMHTEHCHBHO H3Yy4alICd C MpOLUIOro Beka. HenuHeiiHOoe TpaHUYHOE
ycioBue (24) ucnonb3yeTcs Mg ONUCAaHUS MPUTOKA MOJBOJMMON 3HEPruu Ha
rpanune X =0. Hampumep, B mpoliecce pacnpocTpaHeHUsl Teria ycioBue (24)
MIPEACTABIISIET COO0 MOTOK TEIIa, CIEAOBATEIbHO, OHA ONMKMCHIBAET HEJIMHEWHBIN
3aKOH M3JIy4YEHUS Ha rpaHule. DTOT BHJl I'PAHUYHOTO YCIOBUS MOSBISETCS TaKKe
B 3a/1a4ax rOpEeHMs], KOrJa peakuusi MIPOUCXOIUT TOJIBKO HAa TPaHUIIE KOHTEHHEpA.

Vpasuenne (23) mpu ycioBusix P>1+1/M COOTBETCTBYET ypaBHEHHEM

MeUIeHHON Tudy3un, U OHa SBIISCTCS BBIPOXKIAOIMIMMCS. 1 TO3TOMY peIlIeHHE
€ro IOHUMAaeTCsd B 0000IEHHOM CMBICIIE.

YcaoBue Ti00aMbHOE PA3pPEIIMMOCTA U HEPa3pEIIMMOCTH PEIICHUE 3a/1auu
(23)-(25) mpu p =2, n=0 usyuensr aBTopamu W.Huang, J.Yin, u Y.Wang, a ipu
m=1, n=0 W.Du u Z.Li.

Brenem cnenyromiee 0603HaueHUMA

(m(n+1)+1)(p-1)

p-1
= , =M —1 .
% p+n % =m(p )+N+n

Jlns rimobanbHOM pa3pemmMocTy perieHue 3anaun (23)-(25) crpaBenivBbl
CJIEIYIOLEE TEOPEMBI.
Teopema 14. Ecmn 0 < <(,, To BcsKkoe penieHue 3agaun (23)-(25) ssnaercs

TJI00aTBbHBIM.
Teopema 15. Ecin (>0, 1 HadainbHasi GyHKuus Uy(X) ZOCTATOYHO Mana, To

BCsIKOE penieHue 3aaaun (23)-(25) siBasiercs rio0aibHbIM.
Teopema 16. Tlycte (>(,, Torga Bcsikoe pemeHue 3agadn (23)-(25)

SBJISIETCS] HEOTPAHUYECHHBIM TIPH JIOCTATOYHO OOJBIIMX HAYAIBHBIX IAHHBIX.
Teopema 17. Ecnn (,<(Q<(,, TO BCIKOC HETPUBHAIBLHOE PCILICHUE 3a1a4U

(23)-(25) siBnsieTCst HEOTPAHUYCHHBIM.

B §3.2 uccnenoBana 3amaua (23)-(25) nns ciyvas o6sictpoit quddysuu. Ilpu
3TOM M3Yy4aeTCs CBOWCTBA Kiaccuueckux pemeHuni. Ilonydaercs ycnoBue
CYIIIECTBOBAHHE TJIOOAJIBHOTO PEIICHUS MO BPEMEHHM W HEOTPAHMUYCHHOCTHU
pemerue (blow-up), st KOTOPBIX JOKa3aHbI CIIPaBeIMBOCTh TeopeM 14-17.

§3.3 NOCBAILIEHBI MCCIEAOBAHUIO ACUMOTOTUKH ABTOMOJEIBHBIX PEUICHUN
3amaun  (23)-(25) B cnyuaih MemiueHHoW auddy3mm w B ciydail ObICTpoi
muddy3un. ABTOMOICIIBHOE PELICHUE UIIIETCS B BUJIC

u, (t,x)=(T+t)" f(&),

48



p-1
g(p+n)—(p-1)(m(n+1)+1)’

e £=[¢], & =(1+x)(T+t) 7, i=L..,N, y=

_ q-m(p-1)
o= q( o n)_( . _1)(m(n +1)+1) , bynknus f (f) YAOBJIETBOPSET 3a/1a9y
-l T LR Y
éf Eigg[iéf _EE%: (jéf } 4—(7@? Eig; 4—]45 f=0 (2(3)
()] (Y @)= fo(). (27)

Cryuaii meuterno# tuddysun p>1+1/m.
Teopema 18. Pemenune 3amaum (26), (27) ¢ KOMIIAKTHBIM HOCHUTEJIEM IIPH
-1
é—(af b)(_pm)/ * IMeer acHMITOTHYECKOE IPEACTABCHNE
p—-1

f(f)—(a—bs*jm(p1)1(1+o(1)), b:—mn(]z’;)n‘)lamn, a>0.

+

Cuyuaii 6bicTpoii muddys3un 1< p<l+1/m.
(N+n)(m+1)-n
(N+n)m+1
(26), (27) npu & — +00 UMEET aCUMIITOTHYCSCKOE MPEICTABIICHUEC

Teopema 19. Ilyctb <p <1+£. Torma peuienue 3amadu
m

p—-1

f(f)zc(a_kbgﬁJ 1-m(p-1) (]_+0(1)), b:—%oﬂ/@ﬂ’

1
rae C = |:G(( N+n)(m(p-1)-1)+p+ n)]lfm(Pfl) :

UerBepTas riaBa JauMcCEpTAMOHHON paboThl «CBOMCTBA CHCTEMBI
YPABHEHHH TeIUIONPOBOAHOCTH CBSI3AHHBIX € HEJIMHEHHBIMH I'PAHMYHBIMHU
YCJIOBUSIMW» IIOCBSIIEHA HAa OCHOBE aBTOMOJEIBHOIO aHaJU3a M METOoJa
OTAJOHHBIX  YPABHEHHM  HM3YYECHUIO CBOMCTB  HEIMHEHHOM  MOJENH
TEIUIONPOBOAHOCTHU B JABYXKOMIIOHEHTHBIX CPEAax U C UCIOJIb30BAHUEM TEOPEMBI
CpPaBHEHHUS PELICHUM MOJyYEHHUIO BEPXHUE OLEHKU TJI00ANbHBIX pELICHUH U
HIKHHE OLICHKH HEOIPAHUYEHHBIX PEIICHUM.

B nepBoM maparpade 3Toil rnaBbl paccMOTpeHa Mapabojudeckas cuctema
HEJIMHEWHBIX YPABHEHUU TEIUIONPOBOJHOCTH B HEOJHOPOAHOM CpEE, CBSI3aHHBIX

CHﬁHHHeﬁHBMHIFpaHHqumﬂIYCHOBHHMH
p;—2

au  ofleum|"" au™ v o (lov™|" " o™
X)—=—1| |— — |, X)—=— , XI>-0, t >>(L :28
A5 = ol o 8xj () 8x£ ox | 6x] (28)
ou™ ™ aum . ov™ ™ oo™
—_ :Ul O’t ) — Iqu O,t 29
OX OX . ( ) OX OX ( ) (29)
X= x=0
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u(x,0)=u,(x)=0, v(x,0)=0,(x)=0, x>0, (30)

roe m =1, p>1+1Ym, ¢ >0, (i=12), ,ol(x):(1+x)”, pZ(X):(1+X)k,
n>-p, k>-p,, Uo(x) u UO(X) HEOTPHUIIATEIbHBIC HETPEPhIBHBIC (PYHKIUU C
KOMIIAKTHBIM HOCHUTCIICM B RJr .

Cucrema HeIMHEMHBIX TapaboMUYecKuX ypaBHeHHH (28) BcTpeuaeTcss B
Pa3IMYHBIX MPUIOKEHUAX KaK MOJENIb OMOJOTMYECKON MOMYJIALHNA, XUMUYECKON

peakiuu, paciupocTpaHeHue teria, nuddysus u 1.1. Hanpumep, u(x,t) u u(x,t)

MPEJICTaBISIIOT COOOM TUIOTHOCTH ABYX OHMOJOTHYECKHX MOMYJISIUIl B Ipolecce
MUTPALMM WM TEMIIEpaTypbl JABYX TMOPUCTBIX MaTepHUaTOB BO BpeEMs
pacrpocTpaHeHus TeIIa.

B ciydae ¢ NOCTOSIHHOM IUIOTHOCTH, KOTrAa pl(x): pz(x):l 3agada (28)-

(30) m3yuyena B pabore Z.Xiang, Ch.Mu u Y.Wang. B pa6ore F.Quiros u J.
D.Rossi. u3yuen ciyqaii p,=p, =2, pl(x)zpz(x)zl.
OcCHOBHBIE TEOPEMBI 3TOTO Tlaparpada sBISETCS CICTYIOINE TEOPEMBI.
(p,—1)(p, —1)(m(n+1)+1)(m,(k +1)+1)
(P +n)(p; +k)

BCsiKoe penieHue 3anaun (28)-(30) siBnsieTcst 1100aIbHBIM.

(p,—1)(p, —1)(m,(n+1)+1)(m,(k +1)+1)
(P +n)(p; +k)

Torna Bcesikoe pemienue 3amaun (28)-(30) sBisieTcss HEOTpaHWYEHHBIM TMpU

JI0OCTaTOYHO OOJIBIITUX HAYAJIbHBIX JaHHBIX.

(p,—1)(p, —1)(m,(n+1)+1)(m,(k +1)+1)
(P +n)(p, +k)

KPUTUYECKON HKCIIOHEHTOM rI100aabHOTO CYIIECTBOBAHUSI PEIICHUM.
Beenem o0o3HaueHuit

a (P +n)(p; - ) (1 1)(p, ~1)(m, (k+1)+1)

0d, (P +n)(p, +k)—( )(p, —1)(m (n+1)+1)(m, (k+1)+1)
A (P, +K) (P~ )+(p1 1)(p, ~1)(m(n+1)+1)

0,0, (P, +1)(p, +k)—(p, —1)(p, —1)(m (n+1)+1)(m, (k +1)+1)

Teopema 20. Ecmm ,Q, < , TO

Teopema 21. llycts 0,0, >

3Hauenus  QQ, = SABIIACTCA

o, =

, =

B = 0,2, _mlal(pl_ ) B, = g,o, — I’T'Izal(p2 _]_).
1 = 2= D, —
—1)(p, 1 1)+1)(m, (k +1)+1
Teopema 22. Tlycth q1q2>(pl )(pz )(ml(n+ )+ )(mZ( + )"‘ )’
(P, +n)(p; +K)

min{(n+1) 3, —a,,(k+1) B, — ,} >0 1 HAuANBHBIC JAHHBIC JOCTATOYHO MAJIEL

TOT/1a BCSIKOE pereHue 3a1adn (28)-(30) sBusieTcs r1o0ambHBIM.
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(p,—1)(p, —1)(m (n+1)+1)(m, (k+1)+1)
(P +n)(p, +k)
max{(n+1) B, —a,(k+1) 8, —a,} <0, Toraa BeAkoe HETPHBHAILHOE PELICHUE

Teopema 23. Ilycts 0,0, >

3agauun (28)-(30) siBisieTcss HeOrpaHUYEHHBIM.
3nauerms Min{(n+1) 4 —ay,(k+1) 8, —a,} =0 HasbBaeTcs KpUTHYECKOI

aKcrioHeHTou tuma dykura.

B §4.2 wusyuena cpoiictB pemienuit cuctemMa (28), (30) omucheiBaromiee
MIPOIIECC PACTIPOCTPAHCHHE TEIIa B JBYXKOMIIOHEHTHOHM Cpejie ¢ HEIOKAJTbHBIMU
IPAaHUYHBIMU YCIOBUSIMH

ou™ | au™
OX OX

p2_2 aumz

OX

oo™
OX

=u"(0,t)v*(0,t), —

x=0

=u”2(0,t)v*(0,t), (31)

x=0

n; -
roe m =1, p,>1+1/m;, q,>0, >0, p(X)=(1+x)", n,>—p, (i=12).
[TomydyeHsl yClIOBHIA Ha YHCIOBBIE MapaMeTPhbl, MPH KOTOPBHIX PEIICHUS
3amaun (28), (30), (31) Oymer rio0aiabHO pa3pelIMMON WM HEPa3pelIrMOH.
CrnenoBaTeNbHO, YCTAaHOBJICHBI 3HAYCHUN KPUTUYECKONW OKCIOHEHTHI THUIIA
OyKUTa U KPUTHYECKOM SKCIIOHEHTHI TJI00AIbHOTO CYIIECTBOBAHUS PEIICHUS.

B §4.3 m3ydaeTcss acCHMOTOTHYECKHE TOBEJICHHE aBTOMOJCIBHBIX PCIICHHIMA
3anauu (28)-(30) u (28), (30), (31).
[TocTpoeHo cieayroniee aBToMoiebHOE perenue 3amaun (28)-(30)

{u+<x,t>=<T+t>“wo<f>, £=(1rx)(T+1) ",

v (Xt)=(T+t) “ (n), n=(L+x)(T +t) ",
rie «,, f (i:1,2) - ompexnenenusie B §4.1 koucrantsl, T >0, dyHKIIUN

(@(£),4(n)) pewenne cnenyromeii 3anaun

m, P12 m,
d d¢ d(l’ J+ﬂ1§n+ld_¢+al§n¢:0,

del| de | de dg
< . (32)
d [|dg™ " dg™ wdd o
ol G| ar J%n Gy T e9=0
B d@ml pl—2d¢ml A B d¢m2 Py—2 d¢m2 .

Paccmotpum crenyronie (yHKUIMH, MOJYyYEHHbIE C IOMOIIBIO METOoja
ATAJIOHHBIX YPaBHEHUU

o \m(pd P\l p 1
P(&)=| a —-b&E™ , p(n)=| a,—bn "™ ,
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1

1
) m,(p,-1)-1 -
150, b, =—1 2 > 0.

ﬁl > 2 mz(p2+k) 2 >

m, ( P — 1) -1
m,(p,+n)
HNwmeer mecto cnenyromas

rae 8, >0(1=12), b =

pl_l P, -1
ml( Py _1)_1 mz( P, _1)_1
p -1

C KOMIIAKTHBIM HOCUTENIEM CcHCTeM YypaBHeHud (32) mpu & —)(a1 / bl)ﬁ,
Pl
n— (a2 /b, ) P+k UMEET aCUMIITOTHKY

0($)=g(£)(1+0(1)), ¢(n)=4(n)(1+0(1)),
rae @(&), #(n) onpeneneHusle BIe QYHKIMH.

[Taparpad §4.4 mocBsileH YUCACHHOMY MoAeIUpoBanuio cucteMbl (28)-(30).
[Toctpoens! yucieHHbie cxembl i 3aaa4dn (28)-(30), pazpaboTaHbl alrOpUT™M H
KOMIUTIEKC MporpaMmbl. O00JI0YKa M KOJ MPOTPaMMBI ISl YUCICHHOTO PEIICHUS
paspaboranbl Ha s3bike C# (Visual Studio 2010). [{ns Bu3yanu3auu morydeHHbIX
YUCIICHHBIX PEIICHUH BKIIOYEHBI B KOMIUIEKC IPOTpaMMbl Tpadudeckas
oubmoreka Chart u rpaguueckre momynp 3-D Plot maremarndeckoro makera
MathCad.

[TpuBeneM HEKOTOpBIE PE3yIbTATHI YUCICHHBIX dKCHepuMeHToB. Illar cetku
BbIOpaH noctatouHo MenkuMm h=0.05, gucrmo y3moB N=10000 u B KauecTBe

-3
TOYHOCTH uTeparuu 3anarorcs € =107, Cuer mpoBomwics no t=2 ¢ marom
7=0.02.

Teopema 24. 1lyctb min{ }>O, TOT/1a PEIICHUN

| wix.t) [ vix.0)
o4 044 +- -+ + + 4 4

03

p1=1.85, q1=3, n2=0.5, m2=1.3, p2=1.9, q2=3.5.

Ha puc. 7 npuBeneHbl pe3yibTaThl YMCIACHHOTO pemieHus 3amgaun (28)-(30)
npu min{(n+1) 8 —a,(k+1) 8, —a,} >0, Kor/1a m(p,—1)—1>0,
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COOTBETCTBYIOLIEH cilydaro MeaneHHol nud¢ysuun. Ilpy m, ( p; —1) -1>0, xak

ClieyeT W3 aCUMITOTHYECKON (opmynsl mpuBeneHHoe B §4.3 u rpadukos,
pacrpocTpaHeHHE TeIula MPOMCXOJUT € KOHEUHOW CKOpocThlo. ['myOuHa
MPOHUKHOBEHUS TEIJIOBBIX BOJIH 3aBUCHT OT BPEMEHHU U PPOHT (TOUKE, B KOTOPOI
u,(x,t), v, (xt) obpamaioTcs B Hylb) BOIHBI ISl KXI0H CPeIbl HAXOLUTCS B

-1 Pl
KOHEUHOH TOouKe: X, :(al/bl)tl?l+n (T —H)ﬂl <o, X, :(az/b2)§2+k (T +t)ﬂz <@

Puc 8. Yncsennoe pemenne 3agaun (28)-(30) n;n n1=0.5, m1=1.5 p1=1.3
g1=3, n2=0.75, m2=1.6 p2=1.4 9q2=3.5.

Ha puc. 8 npeacraBieHbl pe3yybTaThl YUCISHHBIX pacueToB 3amxaun (28)-(30)
IIPY 3HAYEHUSIX YUCIIOBBIX TapamMeTpoB M., P, (i =1, 2), (dbopMasbHO OTBEYAIOIIHE

caydato  Geictpoit  auddysun  m(p,—1)—-1<0. B otom caydas mporecc

pacnpocTpaHeHus TeIjia MPOUCXOAUT C OECKOHEYHOW CKOPOCTHIO 3a CUeT
HEOTPAHWYEHHOCTH KOd(PPUITMEHTa TETIONPOBOJHOCTH. TEIIoBoe BO3MYIIEHUE
pactpocTpaHsieTCss U3 HarpeToil o0JacTH B XOJOJHYIO ropas3io OwbicTpee, 4eMm B
cirydae MeasieHHON auddy3um.

3AK/IIOYEHUE

Ha ocHOBe mpoBENEHHBIX HCCIEIOBAHMM MO JOKTOPCKOM JHCCEPTALMHU
«Maremarnueckoe MOJEIUPOBAHUE MPOLECCOB TEIJIONPOBOJHOCTA B CpEAE C
JIBOMHOW HEJIMHEWHOCTBIO» MPEACTABIICHBI CIEIYIOIIUE BHIBOBI:

1. HeoOxomumMo TMOJYEPKHYTh, YTO HAWJEHBI YCIOBUS TJ00aJbHOM
Pa3pEIIMMOCTH M HEPA3PELINMOCTH B LIEJIOM I10 BPEMEHU PELNICHUN HEJIMHEWHOMN
MAaTEMATUYECKOM  MOJEIM  PACOPOCTPAHEHHS  TEIUIa,  HEHBIOTOHOBCKOMU
noymTponudeckort  puibrpanuu, auddy3un, OMUCHIBAIONIUECS HEIMHEHHBIMU
napaboIMYeCKUMU yPaBHEHUSIMA C HEJOKAJIbHBIM TPAHUYHBIM YCJIOBHEM H C
MIEPEMEHHON MIOTHOCTHIO.
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2. Cnenmyer OTMETHTb, YTO HaWAEHbI KPUTHYECKHE OHKCIIOHEHTHI THIIA
QymkuTa 11 HEJIOKAIBHOW 3aJayM PACHpPOCTPAHECHMS TEIla B HEOAHOPOIHOMN
cpene.

3. Cnenyer NOAYEPKHYTb, YTO TOJYYEHBbl BEPXHHE M HUIKHUE OILICHKHU
rJI00aNbHBIX W HEOTPAHMYEHHBIX OOOOIIEHHBIX PEIICHUNW [Jisi HEeJIUHEWHON
MaTeMaTU4YECKOW MOJENIH TEIUIONPOBOJHOCTH C MEPEMEHHOW IUIOTHOCTBEO U C
HEJIOKaJIbHBIM TPAaHUYHBIM YCIIOBHEM.

4. MOXHO YCTaHOBUTH CBOMCTBAa KOHEYHOM CKOPOCTH paclpOCTPaHEHUS
BO3MYILECHUN U MPOCTPAHCTBEHHOM JIOKAIU3alUWKA PEUICHUS 11 MAaTEMAaTHYECKOU
MOJIETT HEJTMHEWHOMN MONUTPONUYECKON (QUIBTPAIIUH C IBOWHOM HEITMHEHHOCTHIO
U C IEpEMEHHOM TUIOTHOCTHIO B ClIyyae MeIJIeHHON AU Py3uH.

5. Crenyer mOAYEPKHYTh, UYTO JOCTUTHYTHI JOKa3aHHbIE CBOMCTBa
OCCKOHEYHOW CKOPOCTH PACIPOCTPAHCHHSI BO3MYIICHUH JII MaTeMaTHYECKOU
MOJICJIM HEIMHEHHOM MOJUTPONMYECKON (GUIBTPAIUUA C ABONHON HEIMHEHHOCTHIO
U C IEpEMEHHOM TUIOTHOCTBIO B ciiyyae ObicTpoil quddy3un.

6. Cnemyer OTMETUTb, YTO [JOKa3aHO AaCHUMIITOTHUYECKOE IOBEJCHHE
OOOOLIEHHBIX pELIEHU ¢ KOMIIAKTHBIM HocutenaeMm 3agaud  Komm s
BBIPOKIAIOLIErOCs YPaBHEHUs TEIUIONPOBOJHOCTH B HEOJHOPOJHOW cpene ¢
HMCTOYHUKOM U C IIEPEMEHHOM IIJIOTHOCTBIO.

7. Cnenyetr OTMETUTbh, UTO J0KA3aHO YCJIOBUE INIO0ATBHON pa3pelIiMOCTy U
HEpa3peIIMMOCTH B ILEJIOM 10 BPEMEHM PENIEHUH MW ACUMIITOTHYECKOE
MPEACTABIICHUE PENICHWA CUCTEM yPaBHEHMM I 3aJadyd  HEJIUMHEHWHOU
MOJIUTPONIMYECKON (PUIIBTpAlMM C HEJNOKAJIbHBIM T'PAHUYHBIM YCIOBHEM U C
IIEPEMEHHON IUIOTHOCTBIO.

8. HeoOxoammo MOAYEPKHYTh, YTO MPEAJIOKEHBI UYHCICHHBIE CXEMBI IS
MCCIICIOBAHNSI KAYECTBEHHBIX HEJIMHEWHBIX CBOWCTB MAaT€MaTHYECKHX MOJEIEH
TEIUIONIPOBOJAHOCTU € IIEPEMEHHOU IIIOTHOCTBIO U C HEJOKAJIbHBIM T'PAHUYHBIM
YCIIOBHUEM.

9. Cnenyer mNOTYEpKHYTh, YTO pa3pabOTaHbl BBIYUCIUTEIBHBIE CXEMBI,
QITOPUTMBI U TIpOTrpaMMHBIE KOMIUIEKCHI B cpene Visual Studio 2012 (C#) ans
YUCJIEHHOT'O PELIEHNs HEJIMHEMHBIX 3aa4 TEIUIONPOBOJHOCTH U BU3YAJIU3ALIAH.
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Introduction (abstract of doctoral dissertation)

The urgency and relevance of the theme of dissertation. There is a great
interest in the study of nonlinear models of a variety of phenomena and processes
occurring in mechanics, physics, technology, biophysics, biology, ecology,
medicine and other fields which are described by nonlinear differential equations
widely in science. The basis of these models in particular constitute are parabolic
type partial differential equations. In research of properties of studies and
numerical solutions of the Cauchy problems and boundary value problems,
approximation methods were applied. Here, the main place get degenerate
equations and systems of parabolic type, which are simulate different nonlinear
processes occurring in the natural sciences.

In the independence years of our Republic research and the practical
application of nonlinear models of a variety of physical, biological, and chemical
processing that are relevant areas of applied mathematics. From this point,
scientific works carrying out on a number of mathematical models, which express
the heat conductivity processes, filtration, biological population that have a
practical application in the fields of energetic, medicine, oil and gas.

Is currently widely spread in the world of mathematical models of processes
described received degenerate quasilinear parabolic equations, it is because they
are derived from the fundamental conservation laws. Therefore, it is possible when
two physical processes that in common do not have seemingly anything are
described by the same nonlinear diffusion equation, only with different numerical
parameters. Currently, the implementation of scientific research and practical
application of these equations is one of the important problems that are carried out
in the following areas: development of methods for the study of qualitative
properties of nonlinear mathematical models; finding accurate estimates of
solutions in different spaces; definition of nonlinear effects; development of
efficient numerical schemes; creating a set of programs for the study of
mathematical models of nonlinear processes and evolution dynamics of the
process in time. Scientific studies, which are conducted in all of these areas,
explain the relevance of the topic of this thesis.

This dissertation research in a certain extent is the implementation of the tasks
provided in the Resolution of the President of the Republic of Uzbekistan PP-1730
«On measures for further implementation and development of modern information
and communication technologies», dated March 21, 2012, PP-1442 «On the
priorities of industrial development of Uzbekistan in 2011-2015» dated December
15, 2010 and the Cabinet of Ministers of the Republic of Uzbekistan No24 «On
measures to create conditions for further development computerizing and
information communication technologies in the field» of 1 February 2012, and also
in other legal instruments adopted in this area.

Relevant research priority areas of science and developing technology of
the republic. This work was performed in accordance with the priority areas of
science and technology of the Republic of Uzbekistan I1V. "Mathematics,
Mechanics and Computer Science".
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A review of international research on the topic of dissertation®.

Scientific researches on studying of qualitative properties of various nonlinear
mathematical models, conducted at leading research centers and higher educational
institutions of the world, including, North Carolina State University, lowa State
University of Science and Technology, University of Central Florida, Louisiana
State University, California State University (USA), Universidad de Buenos Aires
(Argentina), Chile University (Chile), Sapienza Universita di Roma, Universita
degli Studi di Catania (ltaly), Osaka, Nagoya, Hiroshima University (Japan),
National University of Singapore (Singapore), Universidad Autébnoma de Madrid,
Universidad Complutense de Madrid (Spain), Paderborn University, Aachen
University (Germany), University of Nottingham, University of Sussex (UK), at
Comenius University (Slovakia), at the University of Tel Aviv (lzrail), Jilin,
Chongqing, Changchun University (China), Paris mathematics Center, Université
Paris-Dauphine (France), the Institute of mathematics, Academy of Sciences of
Russia, at Moscow state University (Russia), at the Institute of computer
engineering and automation Academy of Sciences of Hungary (Hungary), the
Institute of mathematics and mathematical modeling, Kazakh national University
(Kazakhstan), in the Luhansk national University named after Taras Shevchenko
(Ukraine), the Institute of mathematics and Informatics at Sofia University
(Bulgaria), the National University of Uzbekistan, Samarkand state University,
Urgench state University (Uzbekistan) .

The result of the world's research on the improvement of new qualitative
properties of nonlinear models, which differ from the properties of linear models is
the development of numerical methods and visualization solutions, were obtained a
series of scientific results, including, for the heat conduction model is described by
a nonlinear equation of parabolic type was found the condition of global existence
of solutions and unboundedly solutions on time Cauchy and the Neumann problem
(Universidad Autonoma de Madrid, Osaka, Nagoya University), the value of the
critical exponent of the global existence of the Fujita type solutions are found for
nonlinear parabolic equations (Universidad Complutense de Madrid, Paderborn,
Jilin , Chongging, Changchun University), developed methods for determination of
the critical exponent of the second type, defines the boundaries for the initial data
of the Cauchy problem for the equation of a porous medium, and for equations
with gradient nonlinearity (Sapienza Universita di Roma, Chongging, Osaka
University).

In a world on the development of methods and tools for solving and the
practical application of the Cauchy problem and boundary value problems for non-
linear equations of parabolic type equations, which form the basis of various
mathematical models, conduct research in priority areas, including: finding the
values of the critical exponent of the existence of a global solution and the critical
exponent of Fujita type; to determine the conditions of localization of unbounded

® Review of foreign scientific research on the topic of the thesis is based on following sources: Journal of
Computational Mathematics and Mathematical Physics, Mathematical modeling, Communications on Pure and
Applied Analysis, Journal of the Korean Mathematical Society, http://www.springer.com/mathematics,
http://www.sciencedirect.com/science/jrnlallbooks/sub/mathematics.
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solutions; improving the efficiency of numerical methods; development complex
of programs that enable numerical study of nonlinear processes based on the above
mentioned properties of nonlinear mathematical models.

The degree of study of the problem. In recent years, the theory of
mathematical modeling of the thermal conductivity processes in a nonlinear
medium with the source or the absorption of a number of important results have
been established. For example, in the theory of energy transfer the new qualitative
properties of solutions were found, which have no analogues in the linear heat
transfer theory. In the works J.L.Vasquez, H.A. Levine, A.A.Samarskii,
A.S.Kalashnikov, V.A.Galaktionov, A.F.Tedeev et al. were found unbounded
(blow up) solutions, finite speed of perturbation and the effect of spatial
localization of the perturbation, isolated thermal structure of the finite lifetime of
the perturbations in the nonlinear medium in the presence of the source and
absorption.

In works of Ya.B.Zeldovich, A.S.Kompaneyts and G.l.Barenblatta, later in
works of R.Pattle were first observed nonlinear effect of finite speed of
propagation of thermal perturbations in the nonlinear medium. J.L.Vazquez,
M.A.Herrero, M.Fila, F.Quirés, R.Guillermo, Keng Deng, Julio D. Rossi,
P.Groisman, D.Andreucci, A.Tesei, R.Ferreira, A.D.Pablo and H.Fujita were
engaged by the definition of the conditions of occurrence of the effect of finite
speed and estimates of the solutions with compact support of the Cauchy problem
for a porous medium equation and the heat equation with gradient nonlinearity; by
determine the asymptotic stability with respect to time X.U.Chen, H.Matano,
M.Sugimoto, John King, A.P.Mikhaylov, V.A.Galaktionov, E.Kurkina;
H.A.Levine, M.Chunlai, W.Du, J.Yin, Y.Wang, M.X.Wang, Z.Xiang,
M.Yongsheng, S.N.Zheng, X.F.Song, Z.X.Jiang, Michael Winkler by determine
the properties of mathematical models described by Neumann boundary value
problem for degenerate parabolic quasilinear equations of polytrophic filtration;
Z.Li, M.Chunlai, W.Du, Guirong Liu, Yuan-Wei Qi, A.F.Tedeev,
A.V.Martynenko, N.V.Afanasiev, S.P.Degtyarev. were engaged on the study the
conditions of the global solvability and no solvability in finite time of the Cauchy
problem for the nonlinear heat equations with variable density, reaction-diffusion
and filtration.

In Uzbekistan, the nonlinear problems of filtration and their systems
investigated by N.M.Muhitdinov, A.B.Begmatov, B.M.Huzhayarov, |.Huzhaev,
A.S.Rasulov, N.Ravshanov and their students. In the works M.M.Aripov and his
students  (T.Kayumov, D.Eshmatov, A.Haydarov, @ Zh.Muhammadiev,
F.Kabilzhanova, Sh.Settiev, Sh.Sadullaeva, A.Matyakubov, D.Muhammadieva et
al.) on the basis of the self-analysis investigated the qualitative properties of the
solutions of nonlinear modeling processes occurring in different brunches of
natural sciences.

Communication of the theme of dissertation with the scientific- research
works of higher educational institution, which is the dissertation conducted
in: The dissertation work is done within scientific research projects of the National
University of Uzbekistan named after Mirzo Ulugbek on YoF-4-10 - "Numerical
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modeling of biological systems, such as the population of the Kolmogorov-Fisher"
(2012-2014 years), A-5-44 - "Numerical From Biological modeling of nonlinear
systems of the population of the Kolmogorov-Fisher "(2015-2017 years).

The aim of research work are the numerical and analytical investigation of
qualitative properties of nonlinear mathematical models describing degenerate
quasilinear parabolic equations of heat conduction processes (filtration, diffusion)
in homogenous and in a medium with variable density to the source and the
nonlinear boundary condition, development complex programs for the numerical
investigation of nonlinear boundary value problems.

The tasks of research work:

establish critical exponent of Fujita type of mathematical model of heat
propagation in an inhomogeneous medium described by nonlocal problem;

to prove the global solvability and no solvability by time within making non-
linear model of heat propagation in an inhomogeneous medium with nonlocal
boundary condition;

to study the properties of finite speed of propagation of the disturbance and
spatial localization of a mathematical model of polytrophic filtration with double
non-linearity and with variable density in the case of slow diffusion;

to find the principal term of the asymptotic of solutions of the nonlinear
mathematical model of the non-Newtonian polytrophic filtration with a nonlocal
boundary condition and a source in the case of a single equation and systems;

investigate the condition of the global solvability and no solvability on time
of the solutions of the nonlinear mathematical model of polytrophic filtration
systems with nonlocal boundary condition and with variable density;

to build, numerical schemes for qualitative research of nonlinear thermal
conductivity properties of mathematical models with variable density and nonlocal
boundary condition and develop a computational scheme, algorithm and software
package for the numerical solution of nonlinear problems and visualize solutions.

The object of the research work are nonlinear processes heat conduction
(filtration, diffusion) described degenerate parabolic equations and systems with
nonlocal boundary conditions, with double non-linearity and variable density.

The subject of the research work — the construction of the theory and
practice of numerical and analytical study of nonlinear problems with a double and
a triple nonlinearity in view of the homogeneity and heterogeneity of the
environment and their impact on the studied nonlinear processes.

Research methods. We used self-similar and approximate self-similar
methods, apparatus of theorem of solutions for the compare and analysis of various
types of solutions, methods of standard equations for the solution of ordinary
differential equations and systems, making assessment methods, finite difference
methods for constructing numerical schemes, methods iteration sweep, variable
method directions.

Scientific novelties of the dissertation research are as follows:

the conditions of global solvability and nosolvability of solutions for
nonlinear heat conduction model in a inhomogeneous medium without power with
nonlocal boundary condition are determined;
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determined the effect of heterogeneity of the medium at the conditions of
global solvability and nosolvability for the whole time of the solutions of nonlinear
problems;

it is found the value of the type Fujita critical exponent for the model
describing the Neumann problem in the case of slow and fast diffusion;

it was found the value of the critical exponent of the global existence of the
solution for the model described by the second type of boundary value problem in
the case of slow and fast diffusion;

the upper and lower bounds for the generalized solutions of the problem of
slow-diffusion heat conduction in homogeneous and inhomogeneous medium are
constructed,

were obtained the principal terms of the asymptotic behavior of various self-
similar solutions of double and triple nonlinear heat conduction problem by the
method of standard equations;

computational schemes have been proposed for the study of qualitative
properties of nonlinear mathematical models of thermal conductivity with variable
density, developed algorithms, complex programs in Visual Studio 2012 (C #) and
visualized solutions of nonlinear problems.

Practical results of the research are as follows:

Established the conditions of solvability and no solvability of the problem of
heat conduction with multiple nonlinearities in homogeneous and heterogeneous
environment in the case of slow and fast diffusion; using the method of reference
equations and the self-similar approach asymptotic formula, which is a good
approximation for the initial iteration process in the numerical solution.

Obtained results having qualitative properties: finite and infinite velocity of
the perturbation propagation, identification mode with an aggravation, localization
of unbounded solutions and the application of these approaches can be used to
solve other nonlinear problems arising in various applications

The reliability of obtained results is presented in the thesis in the form of
theorems and approval are strictly proven and confirmed by the results of
numerical calculations. Using these estimates of the solutions, a numerical analysis
of the solutions, the results of which confirm the correctness and effectiveness of
the proposed method of calculation using the method of reference equations and
the self-similar analysis of retaining non-linear effect.

The scientific and practical significance of the study results. The
theoretical significance of the results is the justification of the critical exponent of
the theory of critical exponent of the Fujita type and the critical exponent of global
existence of solutions by mathematical models described with the Cauchy problem
for parabolic equations and nonlinear boundary value problems.

The practical significance of the thesis — the construction of iterative
processes, the development of numerical schemes and software made it possible to
make a reasonable computational experiments in nonlinear filtering problems,
reaction-diffusion, thermal conductivity in various nonlinear media in the case of
slow and fast diffusion, revealed new phenomena ultimate speed and localization
the solutions the class of problems under consideration.
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Implementation of the research results. The obtained scientific results of
the dissertation work are applied in practice in the following directions:

obtained upper and lower bounds of weak solutions of slow-diffusion heat
conduction in homogeneous and inhomogeneous medium, have been used to prove
the correctness of internal and boundary value problem of non-classical equations
of mathematical physics in the project F-4-30 «Internal and boundary value
problems for operator-differential equations with operator coefficients types»
(certificate NedTK-03-13/743 of the State Committee for science and technologies
dated 3 November, 2016). The application of these scientific results made it
possible to numerically solve the equations biological population of the
Kolmogorov-Fisher and their systems with nonlinear boundary conditions;

asymptotic of solutions of nonlocal problems for parabolic equations with
double nonlinearity, describing models of heat propagation processes in a
homogeneous medium, were used in establishing the properties of solutions of the
inner and boundary value problem in the project F-4-30 «Internal and boundary
value problems for operator-differential equations with operator coefficients types»
(certificate NedTK-03-13/743 of the State Committee for science and technologies
dated 3 November, 2016). The application of these scientific results allowed to
substantiate the correctness of internal and boundary value problem;

suggested computational schemes for the numerical study of qualitative
properties of models describing the propagation of heat in a medium with variable
density, developed algorithms and a complex of software tools were used for the
numerical simulation of internal and boundary value problem of non-classical
equations of mathematical physics in the project F-4-30 «Internal and boundary
value problems for operator-differential equations with operator coefficients types»
(certificate NedTK-03-13/743 of the State Committee for science and technologies
dated 3 November, 2016). The application of these research results have served to
visualize the numerical solution of nonlinear boundary value problems.

Approbation of the research results. The research results tested in 14
international scientific conferences: 3rd International Scientific Conference
"Actual Problems of Applied Mathematics and Information Technology - Al-
Khorezmiy 2012", "Computational and Informational Technologies in Science,
Engineering and Education - 2013" (Ust-Kamenogorsk, 2013), "Actual Problems
of Applied Mathematics and Information Technologies - Al-Khorezmiy 2014
"(Tashkent, 2014), «Analysis and Applied Mathematics» (Chimkent, 2014), the
5th congress of mathematicians of Turkic world (Issyk-Kul 2014), «Mathematical
Methods, Mathematical Models and Simulation in Science and Engineering»
(Switzerland, 2014), «Applied Mathematics and Computational Methods» (Athens,
2014), «Mathematical, Computational and Statistical Sciences» (Dubai, 2015),
«Pure Mathematics, Applied Mathematics and Computational Methods» (Greece,
2015) " Heat Transfer, Thermal Engineering and Environment »(Italy, 2015),«
Applied Mathematics and Informatics» (Spain, 2015), at the international
scientific-practical conference« Computational and Informational Technologies in
science, Engineering and Education» (Almaty, 2015) «Differential equations and
mathematical modeling» (Ulan-Ude, 2015), 7 national scientific conferences:
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«Actual problems of mathematics, mathematical modeling and information
technologies» (Termez, 2012), «New theorems young mathematiciansy»
(Namangan, 2013) «Modern problems of differential equations and their
applications» (Tashkent, 2013), «Applied mathematics and information security»
(Tashkent, 2014), «Mathematical physics and related problems of modern
analysis» (Bukhara 2015), «Modern methods of mathematical physics and their
application» (Tashkent, 2015), «The problems of modern topology and its
applications» (Tashkent, 2016). Results of the study were discussed at a scientific
seminar "Modern problems of mathematical physics" (Tashkent, 2016), "Modern
Problems of Applied Mathematics and Information Technologies" (Tashkent,
2012-2016), "Modern Problems of Computational Mathematics and Information
Technologies" of the Institute of Railway Engineers ( Tashkent, 2016),
"Mathematical modeling of complex systems" software development center
products and hardware-software complexes at Tashkent University of information
technologies (Tashkent, 2016).

Publication of the research results. On theme of dissertation 37 scientific
papers have been published, 13 of them are in the list of scientific publications
proposed by the Higher Attestation Commission of the Republic of Uzbekistan for
Protection of doctoral theses, including 5 papers in international scientific journals
and 8 of them published in national scientific journals.

The structure and volume of the thesis. The dissertation consists of the
introduction, four chapters, conclusion, bibliography and appendices. The total
volume of the dissertation is 170 pages.

THE MAIN CONTENT OF THE DISSERTATION

The introduction explains the urgency and relevance of the theme of the
dissertation, according to research priority areas of science and technology of the
Republic of Uzbekistan, there are stated goal and objectives, as well as a subject of
study, set out the scientific novelty and practical results of the study, proved the
accuracy of the results, disclosed theoretical and practical significance of the
results, lists of implementation of the research results in practice, provides
information on publications and dissertation structure.

In the first chapter dissertation «Mathematical modeling of nonlinear
processes of heat conduction with double nonlinearity» is devoted to the study
the asymptotic behavior of self-similar solutions of the Cauchy problem and the
nonlocal problem for the heat equation in an inhomogeneous medium with the
source.

In the first section we describe the properties of the mathematical model with
nonlinear heat source and the results of international surveys.

In the second section of this chapter provides basic definitions and auxiliary
assertions.

Section 1.3 is devoted to the study of the asymptotic behavior of self-similar
solutions of the Cauchy problem for parabolic equations that model the heat
propagation in an inhomogeneous medium
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,Ol(X)gt—u:div(‘Vu"p_ZVu')+pz(x)uq, (1)
u(x,0)=u,(x), xeR", (2)
where p,(x)=|x", p,(x)=|x", which atn=m=0. It is regarded as a model for

combustion of nonlinear heat conducting medium with a capacity of energy u® >0,
depending on the temperature u=u(t,x)>0,and the diffusion coefficient

u'*1|Vu'|p_2 >0.
Equations (1) at p>1+1/l is a degenerate, and therefore the solution is
understood in the generalized sense in the field of Qz{(x,t):XE RY, 0<t<T}

from the class 0<u(x,t), u"*|vu' ‘ C(Q), which satisfies the equation (1) in

the sense of distributions.

Under the conditions p>1+1/1 the equation (1) corresponds to the case of
slow diffusion, and at 1< p <1+1/1to the case of fast diffusion.

Consider the following self-similar solution

=(T+t) " £(&), E=X(T +t)”
p+n q-1(p-1)

Wherea:(q—1)(p+m)—(m—n)(|(p—1)—1)"B: - a , and the
function f (&) is a solution of the self-similar problem
in d [ yadf!] df mea Of _
4 ££§ az dg] pS §+ ag"f+&M 0 = 3)
f(0)=C>0, f(d)=0, d <+o0. (4)

The case of slow diffusion( p >1+1/).Consider the function:
p-1

7(e)=(a-blefs |,

I(p-1)-1 1
where a=C " ,b—uﬂ P (i), =max(0,i).
I(p+m) '

We have the theorems.
Theorem 1. Solution (3), (4) with compact support for & —>(a/b)

)/(p+m)

has an asymptotic representation f (&)= Af (£)(1+0(1)), where Ais the solution
of an algebraic equation

o1 p(1-n)+m+n
(1} WI(P—l 1 (b/a) il 5 wit — p p1 0,
y (bl(p+m)) (Ib(p+m))
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ifqo(PDA-D+L Azt if g» (PZDE=D+T
p-1 p-1
The case of fast diffusion (1< p<1+1/1). Let

-l
16 :(a+ k\g\i_lj =)
_ _ 1 I(p-1)-1
where k:M Pt a=C Pt .
l(p+m)
I(N+m)+N

Theorem 2. Let —p<m<Q0, < p<1+1/1,then the solution of

(N +m)+1
equation (3) which vanishes at infinity has the asymptotic behavior
f (&)=MF (&)(1+0(1)), number M is found by solving an algebraic equation

B NP [pt"(P-D)/(p+m) Wi — B _
(t=1(p-2) (bl(p+m)) (Ib(p+m))™ >
i n=(@D(PEM) M=t if n < AZD(PFm)

1-1(p-1) 1-1(p-1)
Further in this section we consider an unbounded self-similar solution of the
problem (1), (2) the following form

u(tx)=(T-1)"g(¢), £=(T-1)",

where g(&) is the solution of the self-similar problem

1-N i 1-N dg dg m-+1 dg my _ ENNT O 5
S dg{g ng] ps ac” a5 g-¢5 9" =0, ()
g(0)=c>0,g(d)=0, d<+x. (6)

Theorem 3. Let q>I(p—1). Then the solution of problem (5), (6) with
compact support has the asymptotic representation

9(£)=Ca(¢)(1+o(1),

p-1

Pt @ P+M \|(p-1)-1
whereC—&%} ,BJ ,g(eg) (D B\i\H)( ) , D>0, B>0.

bl(p+m

Corollary 1. Atl(p-1)<q<I(p-1)+ EH:] unbounded solution of the
+

Cauchy problem (1), (2) spatially localized, and the free boundary x.(t) is
asymptotically

x,(t)~(D/B) PP (T —t) -0
at t > T, those there is place spatial localization solutions.
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Section 1.4 is devoted to the study of the asymptotic behavior of solutions of
the heat equation with a nonlocal boundary condition in the presence of a source

ou_ Jdf|oul” ou 5 cR x o
- GX[GX 8x}ru ., (xt)eR,x(0, + ), (7)
|oul"” au
Il 2 —(0,t)=u"(0,t), t>0, (8)
u(x,0)=u,(x)=0, xeR,. (9)

The problem (7)-(9) arises in mathematical modeling of diffusion in nonlinear
media, in the study of problems of fluids through porous layers, the dynamics of
biological populations, polytrophic filtration, and education structures in synergy
and in a number of other areas. It is known that the solution of the problem (7)-(9),
under certain conditions of the numerical parameters is globally solvable or
unbounded. These questions for the problem (7)-(9) involved in the works
Wanjuan Du and Zhongping Li. They got the condition of the global solvability
and nosolvability of the solution of the problem (7)-(9) for the whole time the.
Conditions of global solvability and nosolvability of a nonlocal problem for the
equation of a porous medium is established by Arturo de Pablo, Fernando Li
Quiros and Julio D. Rossi.

In the works of Wanjuan Du and Zhongping Li investigated the asymptotic
behavior of global and unbounded self-similar solutions.

Case <1, q>2(p—1).Consider the following global self-similar solution of

problem (7)-(9)

u (x,t)=te(&), &=xt7, (10)

where o = _1ﬂ y= z(‘ll_‘ﬂf; o(£) is the solution of the problem
;_5Ud_(p jg yg 5 —ap+¢’ =0, (12)
_‘di’ _ 3_?“:0' (12)

We have the following
Theorem 4. The solution of (11), (12) with compact support

p1 1
até —(ap/(p- 2))  »? has an asymptotic representation
p-1
p 2 —1 p—l P2
p(&)=|a-—— . rf ,(1+0(1)), a>0.

Case f>2p-1q< . In this case, the unbounded self-similar

2(p-1)
P

solution of the problem (7)-(9) is sought in the form
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u,(x,t)=t"p(&), E=xt7,

p-1 p-1-q : .
where a = Y= , ¢(&) is the solution of the problem
2(p-1)-pa "~ 2(p-1)-pg (€)
d||dp| de do _
il =0, 13
d§Ud dgj Y gz % (13)
dep|” " d
—‘—(p d—‘/’ =¢"(0). (14)
S less

Theorem 5.The solution of (13), (14) with compact support for £ — a has an
asymptotic

-1
p(£)=C(a-¢&)rz(1+0(1), a>0,
Y(p-2)
whereC = (_p ZayJ b=2
p-1 p-1
The critical case pgq=2(p—1). This case is a logical continuation of the

second case, when pg=2(p—1). In this case the solution of the problem (7)-(9) is
sought in the following exponential form
u,(xt) =€ (&), £=xe ),
where o = —P— y= p-2 , T is a positive number, the function ¢(¢&) isa
2p-1 2p-1
solution of the problem

d d(p de do
dg[ déj 7§d§ ap=0 (15)
do["de| _
‘ |, 7(0) (19

Theorem 6. The solution of (15), (16) with compact support when

p
E—DP? (p_—;) has an asymptotic representation
p —

b1

(o(f):C[DpZ(p__;]p —ngz (1+0(1)), D>0,

p —

Y(p-2)

whereC = (p—_l 7/) D
p—2

In paragraph 1.5 the numerical schemes for the numerical solution of the

Cauchy problem (1), (2) and non-local problem (7)-(9) is considered. It is designed

iterative process. It is well known that iterative methods require the presence of a
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suitable initial approximation, resulting in a rapid convergence to the exact
solution and preserving qualitative properties of nonlinear processes under study, it
Is a major challenge for the numerical solution of nonlinear problems. This
difficulty, depending on the value of the numerical parameters of the equation is
overcome by a successful choice of initial approximations, which are mainly in the
calculations suggested taking asymptotic formula as defined above. Computational
experiments and analysis of the numerical results have shown the efficiency of this
approach, which reflects the numerical solutions of the nonlinear properties.

Below is a graph of numerical solutions of the problem (1), (2) for the value
of certain numerical parameters of which can be seen the nature of the propagation
of heat (filtration, diffusion).

0.2 02

e) t=0.4 f) t=8.4
Fig 1. Numerical solution of the problem (17)-(19) p=2.7, q=4.2, I=1.5, m=0.5,
n=2.

ll-
Th

e) t=0.4 7 f) =86
Fig 2. Numerical solution of the problem (17)-(19): p=2.1, g=4, I=1, m=1.5,
n=2.(1(p-1)-1-0).
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e) t=0.2 f) t=5
Fig 3. Numerical solution of the problem (17)-(19): p=3, g=3, I1=1,5, m=0.5,

n=2.(q=I(p-1)).

Fig. 1 is a graph of a global solution to the problem (1), (2) having a finite
velocity of propagation properties of indignation, and Fig. 2 global solution near
the critical point. Figure 3 is a graph of localized unbounded solutions. In this case
the temperature grows without limit over time in a bounded region of the medium.

The second chapter of the thesis «Mathematical modeling of processes of
heat conduction with a nonlocal boundary condition in the one-dimensional
case» is devoted to the study of the condition of the global solvability and no
solvability time solution of the nonlinear mathematical model of heat propagation
in an inhomogeneous medium with nonlocal boundary condition, obtain the
asymptotic behavior of self-similar solutions and numerical simulation of
nonlinear heat conduction process.

In Section 2.1, we consider the following heat equation

ou oflaum"" aum
—=— . (x,t)eR, x(0,+), 17
PG 8x( ox 8x] (xt)R, (0. +20) 17)
with nonlinear boundary
aum [ aum
- 0,t)=u’(0,t), t>0, 18
= o (0=ui(ot), t> (18)

and an initial condition
u(x,0)=u,(x)=0, xeR,, (19)

where p(x)=(1+x)", n>—p (case of slow diffusion).

Equation (17) at m>1, 1< p=#2, it can be regarded as a non-Newtonian
polytrophic filtration, and if m>1, p=2 Newtonian diffusion, etc., the presence
of variable density p(x).

Equation (17) under the assumptions of p >1+i is called the equation of
m

slow diffusion, and atl< p <1+% - fast diffusion. In the case of slow diffusion of
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the problem (17)-(19) may does not have the classic solutions. Therefore, it is
studied the generalized solution from a class

p-2
ou™" ou"™
OX OX

In the works of Z.Li, Ch.Mu, L.Xie studied the conditions of global existence
and nonexistence of solutions of the problem (17)-(19) at p(x)=1 for the case of
fast diffusion. They have established the critical exponent of the global existence
of solutions and the critical exponent of the Fujita type. Similar results in the case
of slow diffusion were obtained in the works Z.Wang, J.Yin, C.Wang, and at
p(x)=1 by the V.A.Galaktionov and H.A.Levin.

We prove the following theorem.

LT TR

(m(n+1)+1)(p-1)
p+n
enough, then any solution of the problem (17)-(19) is global.
(m(n+1)+1)(p-1)
p+n

(17)-(29) is unbounded for large initial data.

Theorem 10. If (m(n+1)+1)(p-1) <g<m(p-1)+
p+n p+n
trivial solution of the problem (17)-(19) is unbounded.

Section 2.2 is devoted to the study of solvability and no solvability of the
problem (17)-(19) in the case of fast diffusion. It is proved that the above theorems
1-4 has place in this case too.

In Section 2.3 examined the asymptotic behavior of the self-similar solutions
of the problem (17)-(19). Let

u, (t,x)=(T+t) 7" £(&), E=(1+x)(T +t) ", (20)
where y = p-1 o= f m(p 1)

q(p+n)—(p-1)(m(n+1)+1)’ a(p+n)—(p-1)(m(n+1)+1)’

and the function f (&) is a solution of problem

)

—\<f”“) (") @)=, @)

The case of slowly diffusion p>1+1/m.

0<u(xt), eC(R, x(0,+x)).

Theorem 7. , then every solution of the
problem (17)-(19) is global.

Theorem 8. If 0<qg< and the initial function is small

Theorem 9. Letq > , then every solution of the problem

, then every non-

} o et 21)
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Theorem 11. The compactly supported solution of the problem (21), (22)

when & — (a/b)(_p_l)/ (**" has an asymptotic representation
p-1
PN Am(p-1)-1 m(p—l)—l
f(&)=|a-bsPt 1+0(1)), a>0, b=—"—L =5¥04
© [ : J (o) m(p+n)
The case of fast diffusion 1< p<1+1/m.
Theorem 12. For & — -+ vanishing at infinity the solution of problem (21),

(22) has an asymptotic
p-1

()= C[a+ bﬁﬁJ e (1+0(1)), b= %Gm—n |

wherec :(a((n +1)(m(p-1)-1)+ p+ n))]/[l_m(p_l)].
The critical case m(p—1)—1=0.
Theorem 13. Let >0, g>1. Then the solution of problem (21), (22) for

& — 400 is an asymptotic representation
p-1

o1 | M(P-1)-1
_ p-1 p
F(S) [a b& J (1+0(1)), a>0, mpem) °
In §2.4 on the basis of the results in §2.3 suggested numerical schemes. For
this purpose, the equation (17) was approximated with second-order accuracy in
the spatial coordinates and the first order with respect to time. For the numerical
simulation of the iterative process is designed, in the inner iteration steps node
values are calculated by the sweep method. Below are some results of numerical
experiments, which were taken as the initial approach the asymptotic formulas
obtained in Theorem 11-13.

wey o)
n» ; %
) )l om
o \ nw J \

/ . \
ey / 1
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Fig 4. Numerical solution of the problem (17)-(19) when m=15, p=1.75,
0=2.85, 1) n=0, 2) n=-0.25.
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Fig. 4 shows a graph of numerical solution of the boundary problem (17)-(19)
in the case of slow diffusion of finite speed of propagation of disturbances
properties.
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Fig 5. N'urhe‘ri'c'alls;olu;[iozn of the problem (17')-.('1:9) .Whéh m=15p:155
0=2.85, a=1.5, 1) n=0.5, 2) n=1.

Fig. 5 is a graph of numerical solution of the problem (17)-(19) in the case of
fast diffusion. Due to the thermal conductivity is unbounded process tends to
infinite velocity of disturbance propagation. The speed of propagation of
disturbances is much higher than in the case of slow diffusion, in which there is a
finite speed of propagation of disturbances. Heat diffusion process covers the
whole region and vanishes at infinity.

Fig 6. Numerical solution of the problem (17)-(19) when m=2, p=1.5, g=3, 1)
n=0.25, 2) n=0.85.

Figure 6 corresponds to the numerical solution of the problem (17)-(19) for
the critical case. It is a continuation of a similar case of fast diffusion, in which
there is a property of infinite velocity of disturbance propagation.

The third chapter of the thesis «Mathematical modeling of processes of heat
conduction with a nonlocal boundary condition. The multidimensional case»
is devoted to the study of qualitative properties of nonlinear multidimensional
model of thermal conductivity in a heterogeneous environment with nonlinear
boundary conditions.

In §3.1 we consider the following non-local problem

p(x)ut:V(‘Vum‘p_ZVum), (x,t)eRY x(0, +00), (23)
a2 ou™ g

—[vu"| a(o,t)_u (0,t), t>0, (24)

u(x,0)=uy,(x), xeRl, (25)

whereR" :{(xl,x') X' e RN, x, >O},p(x) :(1+|x|)n, n>-—p.

Equation (23) describes the mathematical model of different physical
processes, the population dynamics, chemical reactions, heat distribution, etc. In
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particular, the equation (23) describes the unsteady flow of liquids in a porous
medium with power dependence of the shear stresses on the moving speed of
polytropic conditions. In this case, the equation (23) is called non-Newtonian
polytropic filtration equation, which has been intensively studied since the last
century. The non-linear boundary condition (24) is used to describe the energy
supplied to the inflow boundary. For example, in the heat distribution condition
(24) is a flow of heat, therefore, it describes the nonlinear radiation law at the
border. This type of boundary condition also appears in combustion problems
when the reaction takes place only at the boundary of the container.

Equation (23) under the conditions p>1+1/m corresponds to a slow

diffusion, and it is degenerate. And so the decision it is understood in the
generalized sense.

Conditions of a global solvability and no solvability of the solution of the
problem (23)-(25) in the case p =2, n=0are studied by the W. Huang, J.Yin, and

Y. Wang, and if m=1, n=0, W. Du and Z. Li.
Let us introduction notation
(m(n +1)+1)( p-1)

p-1
= y == —1 .
% p+n % =m(p )+N+n

Theorem 14. If there is0<q <qg,then any solution of the consideredproblem
(23)-(25) is global.

Theorem 15. If g > g and the initial function u,(x) is small enough, then any
solution of the problem (23)-(25) is global.

Theorem 16. Suppose q>d,, then any solution of the problem (23)-(25) is
blow up for sufficiently large initial data.

Theorem 17. If there is g,<q<gq, then any non-trivial solution of the
problem (23)-(25) have blown up property.

In §3.2 is researched the problem (23)-(25) for the case of fast diffusion. In
this case the properties of classical solutions are studied. And the condition of the
existence of a global solution in time and blow-up solutions, which proved the
validity of Theorems 14-17, turns out.

§3.3 are devoted to the study of the asymptotic behavior of the self-similar
solutions of the problem (23)-(25) in the case of slow diffusion and fast diffusion.
The self-similar solution is found in the form

u, (t,x)=(T +t) " f(&),

where £=[¢], & =(1+x)(T+t)", i=1...,N,
- e o= G-m(p-1) the
g(p+n)—(p-1)(m(n+1)+1)’ q(p+n)—(p-1)(m(n+1)+1)’

function f (&)satisfied to the solution of the problem
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Nl o LR Y
,p—2 4
—‘(fm) (f") ()= f(1). 27)

The case of slow diffusion.
Theorem 18. The solution of the problem (26), (27) with compact support

when ¢ —(a/ b)(_p+”)/ " has the asymptotic representation
p-1

PN Am(p-1)-1 ~1)—
EN (R A TR = SR

+

The fast diffusion case.

Theorem 19. Let (N+n)(m+1)—n

<p<1+£. Then the solution of
m

(N+n)m+1
problem (26), (27) when & — +oo takes the asymptotic representation
__pd
B2\ e m(p-1)-1 .
f =C b& P 1+0(1)), b=——2 7 Z5¥(1)
) £a+ : J (t+o®) m(p+n)

where C :[a((N +n)(m(p-1)-1)+ p+n)]1—m(lp—1).

In the fourth chapter of the thesis «The properties of the system of the
thermal conductivity equations coupled via nonlinear boundary conditions» is
dedicated to studying on the basis of the self-analysis and the comparison solution
method of the properties of nonlinear heat conduction and model in two
componential media using comparison theorems of solutions getting a top score of
global solutions and lower bounds of unbounded solutions.

In the first section of this chapter, the parabolic system of nonlinear heat
equations in an inhomogeneous medium associated with a nonlinear boundary
condition is examined.

ou o (laum | aum ov o lov™|*" av™
u_o | v_0 x>0, t>0, (28
A% 8x£ X axj P05 ax( x| ax | 7O0E
ou™ | aum q oo™ | o™
- =% (01), - =u® (0t 29
OX OX . vt (o) OX OX y ut(01) (29)
u(x,0)=u,(x)=0, v(x,0)=0,(x)=0, x>0, (30)

where m >1, p, >1+1/m,q >0, (i=12), p(x)=(1+ x)”, P, (x)=(1+ x)k,
n>-p,, k>-p,, the functions u,(x) u v,(x) are nonnegative, continues with
compactly support in R, .
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The system of non-linear parabolic equations (28) comes across in a variety of
applications as a model of biological populations, chemical reactions, heat
distribution, diffusion, etc. For example,u(x,t) andov(x,t)represent a density of

two biological populations in the process of migration or the temperatures of two
porous materials for the period of the heat distribution.
In the case of constant density, when p,(x)= p,(x)=1 the problem (28)-(30)

studied by Z. Xiang, Ch. Mu and Y. Wang. The work of the F. Quiros and J. D.
Rossi is devoted to the case p, = p, =2, p,(x)=p,(x)=1.

The main theorems of this section are the following theorems.
(p,—1)(p, —1)(m,(n+1)+1)(m,(k +1)+1)
(P +n)(p, +k)

then any solution of the problem (28)-(30) is global.
(p,—1)(p, —1)(m,(n+1)+1)(m,(k +1)+1)
(P +n)(p, +k)

then any solution of the problem (28)-(30) is unbounded for sufficiently large
initial data.

Theorem 20. Suppose q,q, <

Theorem 21. Suppose, q,d, >

(p,—1)(p, —1)(m,(n+1)+1)(m,(k +1)+1)

(p+n)(p, +k)

global existence exponent of solutions.
We introduce the notation

Y o, (P, +n)(p, —1)+(p,—1)(p, —1)(m, (k+1)+1)
Coa (e +n)(p,+k)=(p 1) (p, —1)(m(n+1)+1)(m, (k+1)+1)
Y d, (P, +k)(p,—1)+(p,—1)(p, —1)(m (n+1)+1)
© a0, (p+n)(p, +k)=(p,—1)(p, —1)(m(n+1)+1)(m,(k +1)+1)
_ Qa, - m1051( Py _1) Gy — m2a1( P, _1).

The value qq, = is the critical

B = B =
. pl_l ’ pz_l
-1 -1 1)+1 k+1)+1
Theorem 22. Let,q1q2>(p1 (P, )(ml(n+ )+ )(mZ( +1)+ )
(p,+n)(p, +k)

min {(n +1) B, -y, (k+1) B, —az} >0and initial data are small enough, then any

solution of the problem (28)-(30) is global.
Theorem 23. Suppose that

(p,—1)(p, —1)(m,(n+1)+1)(m,(k +1)+1)
(P +n)(p, +k)
max{(n+1) 8 —a,(k+1) 8, —a,} <0, while every non-trivial solution of the

problem considered problem (28)-(30) have blown up property.
The value min{(n+1) 4 —a,(k+1)8,—a,} =0is called the critical exponent of

Fujita type.

0hd, >
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In §4.2 studied the properties of solutions of the system (28), (30) describing
the process of heat propagation in a two componential medium with the following
nonlocal boundary condition

ou™ " aum
| ox OX

p2_2 aUmz

OX

ov™

™ =u”2(0,t)o™(0,t), (31)

=u"(0,t)o*(0,t), -

x=0

x=0
where m; >1, p, >1+1/m;, g, >0, >0, p(x)=(1+x)", n>-p, (i=12). We
obtain conditions on the numerical parameters under which the solution of the
problem (28), (30), (31) is globally solvability or nosolvability. Consequently, the
values of the critical exponent type Fujita critical exponent and the global
existence of solutions are set.

In §4.3 the asymptotic behaviour of the self-similar solutions of the problem
(28)-(30) and (28), (30), (31) is studied.

Consider the following self-similar solution of the problem (28)-(30)

{u L) =(T +1) (&), E=(1+x)(T+t) %,
v, (xt)=(T +t)“ ¢(n), n=(L+x)(T+t)",
where ¢, f (i=12) - are defined above constants, T >0,

functions(¢(&),4(77)), solution of the problem

d [[de™|" " dg" 1 O
izl [z dfj BE g+ as’o=0

) (32)
d [|dg™ " dg™ wdg o
dn| | dn dr J"'ﬂzn dn +a,n ¢=0,
B d@ml pl—Zd¢ml A B d¢m2 Py—2 d¢m2 .

Consider the following functions obtained using the method of standard

equations
p -1 -1

e \(p 00 Pk oo 13
(ﬁ(g):(alblgpl1] ) ¢(77):[a2b277p21} )

1
where a >0 (i=12),b = (p 1) ﬂlpl_l 0,b, = 2(p2 _1)_1 2p2—1>0.

m,(p,+n) m, (p, +k)
We prove the following.
Theorem 24. Suppose that min{ b, —1 — P -1 }>0, while
ml( Py _1)_1 mz( P, _1)_1

solutions with compact support systems of equations (32) with

1 ,—1
4 _)(ai/bl)% 11— (a,/b, )ﬁ pOssess an asymptotic
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#(¢)=0()(L+o(). ¢(n)=4(n)(1+o(1)).
where ¢(&), ¢(n7) the functions defined above.

Paragraph §4.4 is devoted to the numerical modelling of the system (28)-(30).
The numerical schemes for problem (28)-(30), the algorithm, complex the program
are developed. The shell and the program code for the numerical solution
developed in language C # (Visual Studio 2010). For visualization of the numerical
solutions are incorporated into the program graphics library and graphics module
Chart 3-D Plot mathematical package of the Mathcad.
Let’s see results of numerical experiments. Grid spacing is chosen small
enough h = 0.05, N = number of nodes as the 10000 and the accuracy specified
iteration. The score held until t=2 increments.

) | w(x.) [ vex.0)
c4 0414 + . . . -

g1=3, n2=0.5, m2=1.3, p2=1.9, g2=3.5.

Fig. 7 shows the results of numerical solution of the problem (28)-(30) when
min{(n+1) 3, —a,,(k+1) 8, —a,} >0and m,(p, —1)—1>Othat corresponding to
the case of slow diffusion. If mi(pi —1)—1>O it follows from the asymptotic

formula given in §4.3 and graphs that heat propagation occurs at a finite rate. The
depth of perturbation of the thermal wave depends on the time and the front (the
point at u,(x,t) o, (xt)which vanish) waves for each environment is at the

-1 1
endpoint:. x, :(ai/bl)rli+n (T+t)* <eo X, :(az/bz)sz+l< (T +1)* <o,
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wx,t) -~ v(x.0)

/4

Fig 8. Numerical solution of the problem (17)-(19)::r n1=0.5, m1=1.5p1=1.3
q1=3, n2=0.75, m2=1.6 p2=1.4 q2=3.5.

Fig. 8 shows the results of numerical calculations of the problem (28)-(30) in
the values of numerical parameters, m, p, (i=12) formally corresponding to the

case of fast diffusionm, (p, —1)—1<0. In this case heat distribution process occurs

with infinite velocity due to thermal conductivity is unbounded. Thermal
disturbance propagates from the heated area to could more quickly than in the case
of slow diffusion.

CONCLUSION

On the basis of studies on the doctoral thesis "Mathematical modeling of the
heat conduction processes in a medium with double nonlinearity" are presented the
following conclusions:

1. For nonlinear mathematical model of heat propagation, non-Newtonian
polytrophic filtration, diffusion, described by nonlinear parabolic equations with
nonlocal boundary condition and with variable density studied conditions for
global solvability and no solvability solutions in time is established.

2. The critical exponent type Fujita and a critical exponent of solvability for
nonlocal problem of heat propagation in an inhomogeneous medium are found.

3. The upper and lower bounds of global and unbouded generalized
solutions for nonlinear mathematical models of thermal conductivity with variable
density and nonlocal boundary condition.

4. Established properties of finite speed of propagation of disturbances and
spatial localization of solutions for nonlinear mathematical model of polytrophic
filtration with double non-linearity and with variable density in the case of slow
diffusion.
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5. The properties of the infinite speed of propagation of disturbances of the
nonlinear mathematical model for the polytrophic filtration with double non-
linearity and with variable density in the case of fast diffusion.

6. We prove the asymptotic behavior of generalized solutions with compact
support of the Cauchy problem for a degenerate heat equation in an
inhomogeneous medium with the source and with variable density.

7. The condition of the global solvability and no solvability solutions in time
and asymptotic representation of solutions of systems of nonlinear equations for
the modeling of polytrophic filtration with a nonlocal boundary condition with
variable density is proved.

8. Installed above the qualitative properties of solutions and estimates
solution of nonlinear problems with nonlocal boundary conditions allowed to
conduct numerical calculations, giving new nonlinear effects.

9. The computing schemes, algorithms and software systems in the
environment of Visual Studio 2012 (C #) for the numerical simulation of nonlinear
problems of filtration and visualization are developed.
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