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KUPHUII (noxTOpIHK AHCCEPTAHACH AHHOTALHSCH)

Juccepranus MaB3ycHHMHI A03ap6aurn Ba sapyparn. Xaxon MukEcHaa
tannuar Mexanuka, Qusuka, TexHonorus, 6uodusmuka, Guonorus, KonOTHA,
THE66MET Ba GolwKa TYp/nH coXanapuaa ydpaiaurad, HOUM3HKIM nuddepennnan
TeHriamanap opkanu HQoAATaHYBYH XOZHCA Ba Kapa€HAAPHMHI MaTeMaTHK
MOZIE/UIApMHH  YPraHHIIra KaTTa KU3HKMLI Gopaurn Kysatunmoxna. Bynpai
MOIe/UIADHAHI aCOCMHM NapaboJMK THOAArH XyCYCHH XOCHnanmd 9H3UKCH3
nuddepennpan Tewrnavanap Tawkun 3Te6, yaap yuyH Kyiunaguran Kown
MacajacH Xam/la yerapasuii MacajianapHHHI €iHMIIapH XOCCA/lapHMHH YpraHuIio Ba
COHJM euuml Takpubuii eud ycyuiapu acocMia amanra ommupuiagu. Bynna
acocuii ypuHHH TabHaTuiyHOCNMKAA y4paiANraH Typ;M 9H3HKCH3 KapaéHyapHH
MOZE/IAlITHPYBYM napaGoiuk Tungard Oy3uayBuM TEHINIAMANap Ba YJIApHHHT
cucremManapH 3ranial KejaMoKaa.

Mycrakumnuk  ddiapufa  MamnakaTHMH3[a aMajiMd  MaTeMaTHKaHHHT
gon3ap6 HyHamuminapupad 6upu 6ynran Typau ¢usuk, GHONOTHK, TEXHOJOrMK
xaMaa KUMEBHH >Kapa€HIapHHHI YM3MKCH3 MaTeMaTHK MOJC/UTApHHH TaIKHK
3THLIra Ba yAapHH amanuérra Tarbuk stdwra 6ynran s>vTebop KywaHTHpHIAH.
Uly wykrau Hasappan, sHepreTHka, TH66uér xamua HedTh Ba ras coxasapuaa
amannii Tatbukka sra Gy;iraH MCCHKIMK YTKasyBYAHAMK, QUIbTPaLus, OHONOTHK
nomyasauus apaéHnapuHn HGOJAIOBYM KATOp MaTeMaTHK MOAE/Iap yCTHAa
CANIMOKIN HAMAR-TaAKMKOT HIL1apH 046 Gopmwimokzaa.

X03upru KyHAa XaxOHAa KBasHUH3MKIM napaGonuk THogarn Sy3wiyBYH
TeHNamManap Ba YJIapHMHT CHCTEManapH OpKaaH udojanaHysuH xapa€unap
MAaTEMaTHK MOAC/UIADHHHHT KEHI TAPKAIHMIIH, YIAPHHHT QYHAAMEHTAT CaK/aHHLI
KOHyHUATIaphuaaH Kesiub uukumu Onnad usoxianaau. Ly caGabmm xam 6up
Kapalia Xe4 Kasjaai yMyMuitinkia sra 6§nmaran Mxku Gu3uk xapagHaapHHHT
MaTeMaTHK MOJEIUIADH TypJH4a COHJIH mapamerpinap Gunan GepuianuraH aiina
6up xau1 yn3ukeus auddysus TeHrIaMacy OPKATH TaCBUpIaHaaH. X03HMPrH KyHAa
OyHaaii TeHrnaMasnapuy YpraHum sa aManuérra TaToOMK THII 103aCHAaH Kyiuaara
Aynanmunapaary MAMMH-TAOKHKOT H3NAaHUUUTAPHHH aMaNra OIUMPHID MYXHM
pazudanapian Gupu xucoOaaHAZH: UH3IUKCH3 MATEMAaTHMK MOZEJLIApHHHr cudar
XOCCaNapHHH Yprasum ycCy/UIapHHH H1unab 4HKHIO; equMIapHHHT BakT OyHuuya
aHuK 6axo0japHHM TONHIL; YH3MKCH3 3QQEKTIAPHH aHUKAAIL; TEKAMKOP COHIIH
cxeManap Mual YMKMLI; YH3MKCH3 JKAPaEHNApPHMHI MATEMaTHK MOAEIapHHH
yprannwra &pgam OepyBuH amanui  JacTypaap MaXMyHMHH SpaTMII  Ba
Wapa€Hnaphiu BakT O6yiMua KeYUWMIUHN HasopaT KMAHm. HOKopHAa KeNTHpHIraH
HIMHH-TaIKHKOTAD HYHATHIIMAA OaxapuNarraH HAMMH H3NAHAILNAD MAa3Kyp
AuccepTaliuA MaB3yCHHHHT A0N13aPONHIMHA H30XIAA M.

Vi6exucron Pecnybauxacn Ilpesupewtuuuur 2012 #un 21 maptaaru
MK-1730-con «3aMoHaBHH axOOPOT-KOMMYHHKALUA TEXHONOTWSIADHHH >KOPHii
STHII Ba SHAJa PHBONUIAHTHPHIN Yopa-tranbupnapu Tyrpucuigarrs, 2010 iiun
15 nexabpaaru [1K-1442-con «V36exucron PecnybnukaCHHHHI CaHOATHHH
2011-2015 #unnapna pHBOXCIAHTHPHUIHHHI YCTYBOp HYHAIHLLIAPH XaKHAA»TH
Kapopnapn, Y36exucron Pecny6auxacu Basupnap Maxxamacununr 2012 #iun 1
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Gespamnarn  24-comm  «XKoiinapaa xommbioTepnamTHpWm Ba  ax6opoT
KOMMYHHKAIH  TEXHONOrHsIapMHH  OyHIaH KefuHrd pHBOXIAHTHDHILra
IIapOMTIap APaTHIN YYyH 4Yopa-TaabHpiap TYFpUCHAa»TH KapopH Xamaa Maskyp
daomuaTra Tervmum 6Gapua MenEpM-XYKyKui XyjXokaThnapaa Gearmnanras
BasudaTapHH amanra OwWHpHmTa YmOY AuccepTauMs TaAKWKOTH MyaisaH
Zapaxcafia XM3MaT KWJIamH.

TapgkukoTHAHr pecnyGmuka daH Ba TexHONOTHAJAPH PHBOAIAHHIIH-
HHAT ycTyBop HyRanmmnapara Gormukanrd. Maskyp aMccepraums = WINH
pecybnuka ¢aH Ba TEXHONOTHsUIap PUBOXNAHMINHHMHT [V. «MaremarHka,
MeXaHuKa Ba HH(OpMaTHKa» YCTHBOP HyHammmura MyBoduk GakapuiraH.

JHccepranns MaB3ych GYiHTa XopRAHii IIMRI-TaIKHKOTAAp MAPXA .

Yusukeus MaTeMaTWK MOAEIUIAPHUHT cu(aT XoccanapHHM TaIKMK 3THIN
6¥iiuua WIMHH M3INAHWILNED XAXOHHMHI €TAKyM O;IHi TAhIWM Myaccacatapy Ba
WIMHit MapkasnapH, skymnanal, 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
(AprenTure), Chile University (Unsm), Sapienza Universita di Roma, Universita
degli Studi di Catania (Mtanus), Osaka, Nagoya, Hiroshima University (SInoxus),
National University of Singapore (Cuuramyp), Universidad Auténoma de Madrid,
Universidad Complutense de Madrid (Mcnanus), Paderborn University, Aachen
University (T'epmanus), University of Nottingham, University of Sussex (Byrox
Bputanns), Komen ynmeepcutetd (Cnosakws), Tenb-ABME YHHBEPCHUTETH
(Hcpoun), Jilin, Chongqing, Changchun University (Xuroit), Paris Mathematics
Center, Université Paris-Dauphine (®panuus), Poccus ®A HuHr Amanuil
MaTeMaTHKa WHCTHTYTH, Mocksa aasnar yHusepchterHaa (Poccus), Beurpus
tarnap akanemmsicura Kapamny Xucobnal TeXHHKAcH Ba aBTOMAaTHKa WHCTHTYTH
(Benrpra), Ko3orucron mummii YHHBEPCHUTETH, MaTemarHka Ba MareMmaTHK
MopemnawTupuit  MHCTHTYTH (Ko3soructon), T.lleBuenko Homuparu Jlyran
MHLUHH yHuBepcuTeTH (YkpauHa), Maremaruka Ba WHGOpMAaTHKa MHCTHUTYTH,
Codus ynusepcutern (Bonrapus), V3abexucron Munmii yHusepcurerH,
Camapxanj naBnat ynuBepcuTeT, Ypraud AaBiatT yHHBEPCHTETH (V36ekucron) na
onnb Gopumvokaa.

Un3nKCH3 MaTeMaTHK MONCIJApHW TAQKMK 3THUIAA YH3WKTH MoAennap
Xoccanapuaan ¢apkin ynapok (akar HOYHM3HKIH MoOJemiapra Xoc siHru cudat
XOCCanapHH aHMKJIall, COHJH e€4ull YCyanapuHu puab yMkHID  Ba
BH3yaIIAWITHPHINIa OMJ jaxoHAa OMMG Gopuiran TaaKHKOTIAp HaTHXacHla
Karop, xymnajgaH, KyWupars miMMii HaTHKajiap OJIMHraH: nmapabosiMK THIRArd
HOYHM3AKIIM TEHrIaManapH opkanyu HdoaanaHyByl HCCHKINK TapKATHIIK XapatHH
monennapy yayH Kown Ba HeitmMan MacajiacHHHHT BakT G¥iinya rioban eunmra
ara 6§mui Ba sra Gynmacnux waptnapu tonuarad (Universidad Auténoma de
Madrid, Osaka, Nagoya University), Houu3HKIM napaGonMK TeHT/Iamanap y4yH

‘I yen Gyimata xop WINHA TAIKHROTNHAp mapxm: XypHan BLMACTHTCNEHOR MATCMATHKK H
saTeMATIECKOT drmin, Maremarmaecroe monermposanre, Communications on Pure and Applied Analysis,
Journal of the Korean Mathematical Society, http://www.sci direct. com/sci /irnlallbooks/sub/mathematics;
http:’wrww.springer.com/mathematics manGanap acocuna mmna6 ymmnran
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DyKUTa THMHAArH Ba eUUMHHMHT rnobast MaBKyATHK KPHTHK IKCIOHEHTaNapH
KuiMAT/Iapy TOMHIraH (Universidad Complutense de Madrid, Paderborn, Jilin,
Chongqing, Changchun University), FOBaK MyXMT TEHI1amacu Ba IPaIHEHT
YU3HKCH3JIMKKA 3ra TEeHrnaMajnap Yy4yH MacajJaCHHH e€4yuniga Oolnanruy
GepusraHnap yuyyH uerapaHy anuinab GepyBuu HKKHHYH  Typ  KPHTHK
3KCMOHEHTANApHA AHHKNANI YCyUIapH uinnab unkwirad (Sapienza Universita di
Roma, Chongqing, Osaka University).

Jlynéna Typ/iu MareMaTHK MOJCIIapHH aCOCHHH TALIKUI STYBUH, napaﬁonmf
THNZArM YM3HKCH3 TeHrnamanap ydyH Kyiunran Kowm, xampa uerapabuii
MacananapHu eduil Ba aMaNKETra TATOHK STHII YCYJUTapH, BOCHTANAPHHH HILUT20
ynkuw GYiikua Gup Katop yCTyBOp HyHAanMUUIapAa WIMHA TaiKMKOT HULIApH
onub GOpUAMOKAa, KyMiIanaH: HHM3HKCH3 Macananapia Bakr Gyiiuua ryoban
€YUMNAPHMHT MaBxyx OYjmil WIApTAApUHH  TOMHII, (Dy113|<u'ra THOMAArH Ba
rno6a eUUMHUHT MaBXyAJAUK KPUTHK KCIOHEHTanapd KMHMAaTNapHHWU TOIMMIL;
yerapaJaHMaraH e4MMIapHHHT JIOKA/UIAIIYB MAPTIAPUHH AHHKJIAL; COHNH eyHLl
YCY/INaDMHMHT CaMapafOp/IMTHHA OLUIMDHLL; UYH3HKCH3 )KAPAEHJIAPHH COHJH
yprauumira uMxon GepyBuu IacTypHii BOCHTANAP MOKMYHHH MULIAG0 YHKHIL.

MyaMMOHMHT YPranuiraljudK Aapazac. Manba €xu oTWwMmra sra
YM3MKCH3 MYyXHTAapA@ MCCHIIMK YTKa3yBYAHIHK JKApaCHMHM MaTeMaTHK
MOAC/UIALITHPHII HA3apusAcuaa AYHE OJMMIADH TOMOHMZAH KaTOp MYXHM
HATIOKANAD ONIMMAW. ODHEPrHA Y3aTHLI HA3apHACHAA HCCHKITMK y3aTHIIHUHT
yu3NKAM MoJeanapura xoc Oyamaran ¥sraya cudar xoccamap Gopauru
aumkanay.  OKymnapan, J.L.Vazquez, H.A.Levine  A.A.Camapckuii,
A.C.Kanamuuxos, B.A.lanakrHonop, A.®.Teaeesnap TOMOHMAAH E4YWMHHHT
yerapaaHMarauiury, 4YeKiIH TeMKAZ TapKaiuin 3¢dektn Ba HCCHKIHMK
TAPKANMIIMHUHT  (asoBMii  NOKWLIAMMINM,  H3ONALMANAHrAaH  MCCHKMMK
CTPYKTYpanapH, MaHOa €Ki IOTHNMIUrA 3ra YH3MKCH3 MyXMTIapa TabCUpMaHHIL
XapaHMHUMT YeIUIH BaKT MaBxya 6¥nuiuv kabunap anuknangu.

Yu3KKCeH3 MyXHTIGpAA HCCHKIMK TapKalHul TE3NHIHHMHT yeknwink (MTTY)
apdextn pactnab S.b.3enbnoBuy, A.C.Komnaneify nap, Keiimnuanuk 3ca
[".W.bapen6narr, R.Pattle nap ToMonunan anuxnanran. Fopak MyXdT Ba rpaqueHT
YH3MKCH3 HMCCHKAMK YTKasyBYaHAMK TeHrnamanapu yuyH Komm Macanacuna
HUTTY 3dpekTHHMHr 103ara KeAMnl 1WAapTAapH Ba KOMMAKT IOPHTYBYHAH
eunmnapuuHr Gaxonapuuu Tonum Gyiimua J.L.Vazquez, M.A Herrero, M.Fila,
F.Quir6s, R.Guillermo, Keng Deng, Julio D. Rossi, P.Groisman, D.Andreucci,
A.Tesei, R.Ferreira, A.D.Pablo, H.Fujita; BaKrra kjpa eunmiapausr acHMOTOTHK
TypryHnurd aHuknam 6yiiuya X.Y. Chen, H. Matano, M.Sugimoto, John King,
AllLMnuxaiinos, B.A. [anakthonoB, E.KypkuHa; KkBasH4M3MK/M Oy3unyB4u
napalonuK THNAArH MONMTPONMK QUILTPauMs TeHrnamanapun yuyn Heiiman
yerapaBuii MacanacH opxanu MQopanaHyByM MAaT€MAaTHK MOAEJUIAPHHHT
xoccanapuui auuknam 6yinya 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; y3rapyBuaH 3MuUNMKIM YH3HKCU3 MCCHKIHK YTKa3yB4YaHNMK, peakuus-
Juddy3us Ba GuibTpauna TeHrnamanapu ydyH Konm macanacu euMmnapuHHHT
Bakr kypa rnobannuk sa raoban 6yi1MaciMk wapTinapHHH Taakuk 6yduqa Z.Li,
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M.Chunlai, W.Du, Guirong Liu, Yuan-Wei Qi, A.®.Teaees, A.B. MapTeinenxko,
H.B. Adanacsesa, C.I1. Jlerrspesnap uaMuii u3naHHwsap onub Gopuiuran.

Unsakcus QunbTpauns macananapu Xama YIapHUHT cHCTeManapu Onnan
H.MMyxurmuaos, A.B.Bermaros, B.M.Xjxkaapos, M. Xyxaes, H.Paswanos Ba
YNapHHHT TIOTHPANApH MIYFy/UIAHWINFaH. YJIapHUHr WiOnapd HedT Ba ra3
Macalanapura Kywlam MyMKrH 6yaran HOWHM3MKIM GUIBTpalUWs Macananapy
XOCCaNapHH¥ COHNM TaIKHK THINrA BA COHIM equmira Sariuianran. M.Apunos
Ba ymuar morupiiapurwar  (T.Karomos, J[.Dmmatos,  A.Xaiizapos,
XK Myxammammes, ®.Kabumkonosa, I11.Certues, 1l1.Cagynnaesa, A .Marsky6os,
J.MyxamManveBa Ba Gomkanap) UIMUi MIUTADHAA aBTOMOJEHL TAXJIMIT acocHza
TabHaTUIYROCIHKHHHT TYDJIH COXajlapHlia yupaiiura xkapa€HiapHu wgoaaioBun
TH3HKCH3 Macalanap eYWMIApHHHHT SHrH cudaT Xoccaiapy aHWUKIaHAM Ba
YMYMJTAHITHPHIIEH.

JduccepranAs MaB3yCAHHHI JHCCEPTANMSA 6GaxapuaraH OMHI TALJIAM
MYacCacCacCHHHHT WIMHH-TAXKAKOT HINJIapn 6mnan Gormmkiauru. Maskyp
IUCCepTaliA TaAKMKOTH Y3Gekucton Mummii YHUBEPCHTETHHUHT WJIMHi-
TaJAKHKOT HULIAapH pexacura Mysoduk ED-4-10 «Komvoropos-duuep tunugaru
Guonoruk nomynAUMA CHCTEManapHHH COHIM MoZennawrupuin» (2012-2014), A-
5-44 «KonMoropop-Quiiep THMHAArH YH3NKCA3 GHONOrHK  MOMyALKA
CHCTEMANlapHH¥ COHJIH MoaennawTupuumn (2015-2017) massynapumaru wnmuii
TaJKHKOT JOoHMXanapH Aoupachia Oaxapu:ran.

Tamcm(omm!r MaKcaaH KBAa3WIHU3IHKIIH napaﬁonm( TAMAArW TEHrjaManap
Ba YNapHHHT cHcTeManapu 6unan ngoaasaHyBuw HOJNOKAN Yerapasuii wapTra ara
6np #mHcoM Ba OWMp kuHCAM 6yaMaran MyXuTnapia HCCUKIHK TapKalHWH
)Kapaélmapuﬂn YU3HKCH3 MaTeMaTHK MOXETIapHHHUHT CH(baT Xoccajapuiii COHJIH
Ba aHAMTHAK TAAKHK 3THIN, TH3UKCH3 4e€rapaBuif MacananapHu COHIIM €YUl YUyH
IacTypHil BOCHTaap MaKMYHWHH ApaTHIIAAH HGopar.

TagKukoTREAT Bazndanapn:

HONOKal dYerapaBuii Macananap opkanun uoAanaHyBYH OHp KUHCIH
GynMaran MyXuTaa MCCHKJIHK TAPKATHINMHHHN YH3MKCH3 MaTeMaTHK MOZEJaph
yIyn ®ypkuaTa THIHAATH KPATHK 3KCTIOHERTAIap KWMATHHM XOCKI KAJIHIL;

HONOKan uerapaBuif wapt Gunan Gepunran 6up *uHCIM 6YMaran MyxuTaa
HCCHIJIHK TapKATHIOA Japat¥ TH3MKCH3 MOLENH eYWMIIapUHMHT BakT Gyituua
rnoGammk Ba rno6an 6yamacauk wapriapuHu Tonuu;

MKKH Kappa MM3WKCH3 Ba ¥3rapyB4aH 3MUIMKKA 3ra NOJMTPONUK (uabTpauvs
HApacHW MaTeMaTHK MONCITHHHHT CekHH AWU(GQy3usTH XONM YUyH TapKaTHIL
TESMIHHART JEKIMIATH Ba (a3s0BHif IoKannanTys WapTAapUHH TOMAIL;

Manba Ba ¥3rapyBuaH 3MWIMKKAa dra MKKH Kappa YM3WKCH3 Oy3u;TyBUH
HMCCHIUIHK TapKaIIIN TEHrNamMack ydyn Kowm Ba 4erapaBuif MacamaniapHHHC
KOMNAKT IOpATYBYHIIH YMYMNIAIraH €4UMNapHHUHT aCHMITOTHK ndonanapuin
XOCHJI KAJIAT;

AH3UKCH3 9CTapaBHii WapT Ba Y3rapyBuad 3WwimMKka 3ra NONUTPONHK
dunsTpauns cucreMacH umsMKCcH3 MaTEMaTHK MOZEH €YHUMIIADHHMHT BaKT
6¥inua rnoban 6ynum Ba 6YMacuk WapTAapHHH TOTHLL;



y3rapyByYaH 3WWIHK Ba HONOKan 4erapaBuii wapTt 6unan Gepuiran UCCHKIIUK
yTKa3aBuYAHIMK JKapaéHiapH MATeMaTHK MOAELIAPHHUHI CHQAT XOCCanapuHH
ypraHuil y4YyH HOMM3MK/AM MacalanapHd COHMM Xucofnaml cxemanapuHy,
AIrOPUTMHHH Ba JacTypuii BOCHTanap MaXMYHHH Hiab 4MKHW, Xamnaa
eUUMNAPHH BU3yaJINAIITAPHIL

TagKHKOTHHHr O06BLEKTH HONOKAN yerapaBuii wapTiapra Sra napaGosuk
tunpard Oy3swilyBuM TeHrjamanap Ba TeHIaMmajgap cAcTeMacH Omiau
uponanaHyBuM UM3MKCM3 MCCHKNMK Tapkanyvw (Gwistpamms, auddysus)
x®apaéHnapuaaH néopar.

TagKHKOTHHHI DPeAMETH — MyXUTHHHI OHD JKMHCIIMIHTH Ba OMp KHHCAH
3MaC/TUTHHY XMCOOra onraH XoNia WKKM Ba Y4 Kappa YH3MKCH3 MacalanapHH
COHJIH-aHAIMTHK XKUXATAAH TAAKMK ITHIU yCYJLTapy Ba aMaAMETH TALIKHII 3TaH.

TagkukoT ycyanapn. TalkMKOT MIIHA2 aBTOMOAENs Ba TaKpHOuii
aBTOMOJENb YCY/LIapuaaH, COJMINTHPHIL TeopemanapH, oaaui Oy3umysBum
yn3uKcu3 AMpdepenyHan TeHrIaManap Ba yJIapHUHT CHCTEMANlaDHMHH €4HII yuyH
3TAIOH TEHrMiamanap MeTOAH, eydMIapHH 6axonam ycyanapH, COHIM cXeMalapHH
KypHl Y4yH aMpManH cXemanap, HTepauus, Xainau, ysrapys4aH dynamawnap
ycysnapHuaH GolaanaHuiran.

TaaAKHKOTHHHI HIMHH AHTHIHIH KyRuaarwiapaan ubopar:

uM3MKCH3 YerapaBHii wapt Gwian Oepuiaran mauGara sra GynmaraH Gup
JKHHCAM MYXMTAAQ MCCHMK/IMK TapKajiHi¥ MOJENH Y4yH BakT Gyiuua rnoban Ba
rno6an 6ynmaran eyumnapra sra 6YIMIN IIAPTAApH SHHKJIAHTAH;

y3rapyBuaH 3UWIMKHHHI YU3HKCH3 MACANApHUHI BaKTra Kypa rnobain eaumra
ara Gyauinuk Ba sra 6¥AMAaciMK WAPTAapUra TAbCUPH aHHKJTAHTAH;

Heiiman Macanacy wakmga AgonanaHyBun MaTeMaTHK MOJEUIADHUHT
CexuH Ba Te3 kedypud Anddysust Xowiapu ydyH DymxHTa THNHAArH KPHTHK
JIKCNOHEHTA KUHMAaTH TONWITaH;

HKKHHYH Typ uerapasuii macana GHi1aH TaCBHpPJaHyBYM MaTEeMaTHK MoAesLIap
yuyH Te3 Ba cekun auddysus xomnapuga equMHUHT rnoban MaBXyANHK KPUTHK
JKCNIOHEHTACH TONMMU/IraH.

6up *HHCIM Ba OGHp XuHCAKM GyAMaraH MyXHMTAA CEKHH KEUyBYH MCCHKIIHMK
YTKa3yBUAHIHK MAcaNaCHHHHI YMyMJIAIIraH e4MMiapd y4yH KyHiM Ba 10KopH
6axonap Kypuiras;

3TAI0H TCHIIaMalap ycynH €paaMuaa MKKH Ba y4 Kappa YH3UKCH3 HCCUKJIHK
yTKa3yBYaHINK MacajlaJlapuHHMHT Typau aBTOMOJZENb eumnmuiap
aCUMNTOTHKAJIADUHHHI Gowx XaasapH OJIHHIraH.

y3rapyBuaH 3MMIHKIH MCCHKJINK YTKa3yBYaHIMK MOJEUIAPHHHHT cudat
XOCCANlADHHH Ypramuill y4yyH COHMH XucoOnam cxemanapy Takmdd STHarau,
aNropyTMNIap, AACTYPHH BOCHTANap KOMIUIEKCH HULIa0 wMKuiraH, xamza
YM3KKCH3 MacananapHHHr eunmmapu  Visual Studio (C#) Myxamuma
BU3Y&INAITHPUIraH.

TagKHKOTHHHI aMAJHI HATHXKACH TYP:IH COXanapja BYXYAra KenaauraH
YH3UKCH3 MacanajlapHH COH/AM €HUIIra TaTGHK STHIL YHYH KypPWJIraH aCHMITOTHK
topmy.ianap, KOHCEPBATHB COHJIH CXEGMANap, HTEPAUHOH JKapaéH KyphiraH, XamMmzaa
JacTypaap MaxXMyH ApaTHsIraH.



Tamcmm'r HATHARAUIADHHMATI HOOHWIHIHIH. Ominran HaTHXalap Ba
TacMKNap KaTbMH MCOOTNaHraH Ba COHNM TAOKHKOTIAp HaTHXanapu Ounad
TacAMKnanraH. EuuMnap ydyH onuHraH GOaxonapnan d¢oiinananraH xonga
CUMMITAPHHAT COHJIM TaXNHIM KeJITHpWiraH Oymu6, ynap AWccepTauMs HiuMaa
TaknH¢ 3TANTaH YCyINapHHN XaMiia 3TalloH TEHTIamManap METOAH Ba aBTOMOZEND
TaxXJWJTa  acoCiaHTral  Xucobmamr  METOIIaPHHMHr  TYFPWIMTHHH  Ba
€aMapaJIOPTHTHHK TaCAUKNAraHIMIK OHIaH W30XJIaHaau. ’

TagKUKOT HATHXKANADHHHHY WIMA Ba amanuii axamMmaTH. TaakuxoT
HaTHXANapHUHT WIMHA aXamMuATH napaGoAMK THMMAark TeHTHaMaliap y4yH
kyiunaguran KomW MacanmacH Ba YH3WKCH3 uerapasuii Macananap opKa
HpOJaNaHyBuUM MareMaTHK Mojeinap yuyH @yMKHTa THIHAATH KPHTHK
9KCNOHEHTa XaMJla CYAMIIAPHHHT TNIo6aT MaBXyUINFH KPHTHK DKCMOHEHTasapH
Ha3apHACHHM acochail OWiian U30X;1aHaIN.

TagkuKOT WOIMHWHT amMaymii axaMHSTH KypHJITaH MTEpalMOH XapagHmap,
Hmiab 9uKMITaH COHNM CXeMalap Ba JAacTypHif BOCHTaNap KOMINEKCH TypiH
IH3HKCH3 MYXUTHApAa YH3WKCHM3 OQUIbTpauns, peakuus-auddysus, HCCHKINK
JTkasypqanIMK MacananapuHHHT CeXHH Ba Te3 kedypud nudysus Xomiapuia
COHMH xucobnall IKCNEPHMEHTNApHHM YTKasulira WMKOH Oepaau Xamaa
ypranuna€rran uM3HKCU3 Macananap cuuHM yuyH SHTH dddekTiap — eSUMHHHT
JIOKANNAIYBH B2 YEKIIH TAPKAMWIN XOAWCANIAPHHE aHUKTIAIIra XW3MaT KHIaIu.

TagKuKoT HATHAANAPHAAAT FopHil KIIAHWIA. JliccepTauns TaaKHKOTH

xapa€Huaa OMWHTaH HaTWXallap Kyluaars iyHanumnapaa aManauérra xopuit
KHJIMHraH:

6up xuHCcIM Ba GHp KMHCIM 6YIMaran MyXWTHa CEKHH KEYYBUH WCCHKIMK
JTKasyBYaHIHK MaCaNacCHHUHI yMyMIalllaH e4HMNapu yd4yH OJMHIaH Kyiid Ba
tokopn Gaxonap ®-4-30 «Onepatop THn koabduimentn mHUbpeperunan-
OnepaTop TEAriamMatap y9yH WYKH Ba YerapasHif Macananap» rpaHT noifuxacuia
MaTeMaTHK (H3HKAHHHT HOKIACCHK TEHINaMajapH Y4yH HYKH uerapaBHil
MacajanapHHHr  KOpPPEKTIMrMHM  ucbotinamaa kynnanwirad (Pas  sa
TEXHOJIOTAANAPHA PHBOXIAHTHPUMUIHN MYBOQUKIAIITAPHID KyMuTacuHunr 2016
it 3 Hosbpaarm  ®TK-03-13/743-con MabrymoTHOMacu).  Mmvuii
HaTHXAIAPAWAT  KYJUTaHWITHIIK Komoropos-®umep TvmHOarn 6HOIOTHK
TIOMyNALWs TEHTIAMaNapy Ba CHCTEMaNapHHU COHJIW EYHIl MMKOHHHM Geprar;

6mp xuHCIM 6Ynmaran MYXMTAa WCCHKIMK TapKaJlHIl >XKapa€HH maTeMaTHK
Mofien i UOAATIOBYH TapabONMK THIAMM HKKH Kappa YH3WKCH3 TeHrjlamanap
Y9YH KyianraH Honmoxam derapaBuii MacananapHWHI aBTOMOIENL eYHMJIIapH
acumnToTHkanapi ®-4-30 «Onepatop Tvm xo3dduunenTin  Auddepentman-
ONEpaTop TEHTNAMANap YYyH W4KK Ba yerapaBuii Macatanap» FPaHT JoHMXacuia
WHKH  GCTApaBHH  MaCalaNapHWHT  equwmmepM — XOCCANAPWHH  aHMKIAIIA
Kyinauunrad (®an Ba TEXHOIIOTUsLIApHH PHBOXK;IAHTHPHILHK MYBOGUKIALLTUPHL
kymuracuanar 2016 iun 3 Hos6pnarn TK-03-13/743-con MabIlyMOTHOMACH).
Wnmwii  HaTwkanaprunr

KyInaHwmmK®  wqkm  uerapBHii  MacananapHu
KOPPEKTIHIWHY acoCiiamra HMKOH Gepran;

yarapyBuaH SWMTHINM MyxXMTHa HMCCHKMMK TapKAMIIMHK  TaCBUPIIOBYH
MaTeMaTHk MOACIUIAPHUHT CUIaT XOCCANlapuHM COHNM YPramuin yuyH Takidd
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3TUAraH Xucobnam cxemanapd, iWIad uMKUIraH anropuT™MNap Ba JacTypuid
BocuTanap komiuiekcn @-4-30 «Oneparop THn koaddunuentiu auddepennnan-
OnepaTop TEHrnamanap y4yH M4KH Ba ue€rapaBuii Macananap» rpauT noiiuxacuaa
MaTeMaTUK (H3UKAHWHT HOKIACCHK TEHIJIAMAIapM YYyH HuYKM yerapasuit
MacananapHi COHHM MOAEIAITHPHINAA KyanaHunrad (Pau sa TEXHONOTHANAPHU
PHBOMIAHTHPUIIHH MyBOQHKIAWTHPULI KYMHTAcUuMHT 2016 iinn 3 HOAOpaaru
®TK-03-13/743-con mabnymoTHOMacH). WnMuii Hatwxanapuuur KYJUIaHHUJTHIIH
YM3MKCH3 Yerapasuii MacananapHUHr COHNH EYHMIAPHHU BH3yannaluTHpHIUra
XHM3MAT KYAraH.

TaaKHKOT HATHXKANAPHHHHI anpobauuacu. TaakukoT HaTHxaiapy 14 Ta
XaNKapo amKymaHnapaa: «AKTyalbHBIE NpoOneMbl NpHIUIaaHON MaTeMaTHKH #
uHpopMauHonnbix TexHonorui#t — amb Xopesmu 2012» (Tomikewr, 2012);
«BeruucautensHsle M MHQOPMAUMOHHBIE TEXHONOTMM B HAyKe, TEXHHKE H
obpaszosanun — 2013» (Poccus, 2013); «Akryanbubie npoGnemel npuxianHoii
MareMaTHky W HHO)OPMAUMOHHBIX TeXHONOrMH — am Xopeamu 2014»
(Camapxanz, 2014); «Analysis and Applied Mathematics» (Kosorncron, 2014); 5-
TYpK Ayu€cu mareMaruknapu kourpeccu (Kuprusucron, 2014); «Mathematical
Methods, Mathematical Models and Simulation in Science and Engineering
(UIsefinapus, 2014); «Applied Mathematics and Computational Methods»
(Cpeuus, 2014); «Mathematical, Computational and Statistical Sciences» (FAA,
2015); «Pure Mathematics, Applied Mathematics and Computational Methods»
(T'penns, 2015); «Heat Transfer, Thermal Engineering and Environment» (Utanus,
2015); «Applied Mathematics and Informatics» (Mcnaunus, 2015); «Computational
and Informational Technologies in Science, Engineering and Education»
(Kosorucron, 2015); «/luddepenunansible ypaBHEHHS H MaTeMaTHYECKOE
mogeauposanue» (Poccus, 2015); «Nonlinear Analysis and Applications»
(Camapxana 2016); 7 Ta pecniyOnuka HAMHI-TEXHMK —aHXyMaHIapuaa:
«AKTyanbHble BOTPOCH MATEMATMKHM, MATEMAaTHYECKOTO MOJETHPOBAHUS M
HHbopMaunoHHbIX Texuonoruii» (Tepmes, 2012); «Hosble TeopeMul MOOABIX
MaTeMaTHKOBY (Hamanrau, 2013); «CoBpeMeHHBlE npobaemb
nuddepeHIMANLHBIX  ypaBHEHHH H  ux npunoxenus» (Towxedt, 2013);
«[Ipuknannaa maremaruxa ¥ HHgopmaluonHas 6ezonacHocTs» (Towmkent, 2014);
«Maremaruieckass Gu3Mka ¥ pOACTBEHHbIE NPOGNAEMbI COBDEMEHHOIO AHANH3A»
{Byxopo, 2015); «CoBpeMeHHbIE METOABI MAarcMaTHYecKOH GHU3MKM M HX
npuioxenus» (Towuxenr, 2015); «[IpoGnemsl coBpeMeHHOH TOHMONOrMH M €€
npuioxenun» (TouixeHT, 2016) xabu amxymannapaa Mabpy3a KypuHHUMaa Gaéx
JTHAraH Xxamia anpobammanan yrTkasunrad. TaAKMKOTHHHT — HATHXAnapu
V36exucron Musnuii yHHBEpCHTETHHHHET «MaTemMaTHK (bH3HUKaHMHI 3aMOHaBUH
ycynanapu»  (Towkent, 2016), «Amamuii Matematuka Ba  axbopor
TEXHOMOrMUIADHHUHr 3aMOHaBuii Myammonapu» (Towmxenr, 2012-2016) sa
«Ho4M3HKIM Ba HOKOPPEXT MacajalapHHUHr R0;13ap6 Myammosnapu» (Tomkent,
2012-2016), TomkeHT TemMMp #yn MyXaHmgMciapu HHCTHTYTHHMHr «Xucobnam
MaTemaTHkacH Ba WHGOPMATHKAHHHI 3aMOHaBHii Myammounapu» Ba TolkeHT
ax60pOoT TeXHOIOrUANAPH YHHBEpPCUTETH Xy3ypuaard JlacTypuit maxcynornap Ba
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anmapar-gactypuii MakMyanap sApaTiul MapkasH «Mypakkab TH3WMIIapHH
MOAENNAWTHPHINY WIMHH ceMunapnapuaa (TowkeHT, 2016) MyXokama KHIMHTaH.

TaakAKoT HATHAKAJIADHHHHT 3BJ0OH KAJIAHMIMH. J[HccepTauMs MaB3ycH
O¥itnua wavu 37 Ta WIMMIE WII HOM STHAraH 6ymu6, mryTapaan, Y3GekucToH
Pecry6:miaci Onmit aTTecTais KOMHCCHACHHHHT JOKTOPNUK AHMCCEPTaUUAIapy
acocuii HaTHXamapWHW 9ON JTHII TaBCHA 3THITAH WM Hawpnapaa 13 Ta
Makora, xymnagaH 8 tach pecrny6imka Ba 5 TacH XOpHXHil JKypHaJUIapa Hawup
STAITaH. ’

HuccepTanasHERr Xa&MBA Ba Ty3Hawmwu. J{uccepTauus TapkuOW KHpHIL,
TyprTa 606, Xynoca, doiinananunran agabuérnap pyiixaTH Ba unoBanapiaH
uGopar. JiuccepraumsaHunr Xaxevy 170 GeTHH Taukua 3Tras.

JACCEPTAIUAHUHI ACOCUHM MA3ZMYHHU

Kapum kucMuaa muccepralus MaB3yCHHHHT N03apOnwurd Ba 3apypHATH
acoCNanTaH, TAAKAKOTHUHT Yabexwcton PecmyGnukacy daH Ba TEXHONOTHSUIAPH
TapaKKHETHHUAT YCTYBOP #iyHaNIMmINapira MOCITHIH KYpcaTHIIraH, TAIKMKOTHHHT
Makcan Ba Basidanapn Genrunab oMHraH XaMAa TaIKMKOT OOBEKTH Ba NpeaMeTH
aHMKJIAHTaH, T3AKMKOTHHHI HMIMHA SHIWIMIY Ba aManuil HaTwxanaph 6aéH
KHIMHIaH, ONTMHIaH HATWAKATAPHUHT MIIOHWIKINTH acocnad GepuiraH, ynapHUHT
Ha3apHil Ba amanuil axamMuATH oun® Gepuiran, TAOKHKOT HaTHXalapHHH amanaa
OPHit KMJIHID X01aTH, HAUIP 3TWITAH WILap Ba AMCCEpTauMs TY3HIMIHK 6yiiuda
MabIyMOTIap KeATHPUITaH,

Aucceprauusunr «MKKE Kappa HOYM3HKIH MyXHTAAa MCCHIUTHK
YrkasyBuaHmImMK RapaEHHHH MaTeMaTHK MOJe/IAITHPHID» 1e6 HoMmaHraH
6upunyl Go6u MawGara sra 6up xuHCIIM 6yiMaraH MyXuTA2a HCCHKIMK
TapKamamy TeHrIamMack yayn Komw MacamacH Ba HOJNOKan —yerapasuid
MacalanapHuHr - aBTOMONENbL  €YMMNiapH  acHMNTOTHKAIAPHHW  TOMMIIra
Garnmnanran.

BupuHun naparpagna manGara sra  HOUMIMKIM MCCHKTHK TapKaMuM
Mapachi MaTeMaTHK MOACNMHUHT Xoccanapu Ba Gy COXaja OMMHFaH Xamkapo
WIMHH TAKHKOTIIAp HaTHKanapy Ga&HH KeNTHPHITaH.

Ywby Gobmunr maarmun naparpajuaa acocwii Tappuduiap Ba EpaaMyu
TacCAKKJIap KeJNTUPHiraH.

3-naparpajna 6up wuucau 6¥nmaran MyXuTAQ MCCHKIMK TapKalHLIH

ApacHIHH MORENITAMTHDPYBYH nmapaboMK THNAArd TeHriaMa y4yH Ky#iupard
Koum macanacu

Ou
Aol Vo) (e R 150, ()

u(x,0)=u,(x), xeR", @
ABTOMOJICNE CIMMIAPHHAHT aCHMNITOTHKANAPHEA TANKHK JTHINFA GarWijanraH.

B epre V”=g’“”"("s(%’%’"-’%)(-), 2 (X)=H" s 2i()=bF 63,
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n=m=0 aa uccuKiMK @xpaimm KyssaTH u'2>0 xapopar u=u(f,x)20 ra
GOFUK XaMa MCCHIUIMK YTKasyBYaHIUK koddduuuentn u'” |Vu'|"—2 >0 6yaran
MYXMTAQ EHUII KAPAEHUHHHT MoaenH cutpaTnaa Kapanaam.

(1) Teurnama p>1+1/l na GyswiyBuu 6ynmu6, nry cababanm yHuur euumu
O={(xt):xeR",0<t<T} coxama 0< u(x,r), u" |Vu‘|"—z eC(Q) cundra
Terpiny 6yaran Ba (1) TeHrsaMaHH TaKCHMOT MAabHOCHAA KAHOATAAHTHPYBYH

yYMyMJIaliran e4num cudatuaa TyILyHHIaau.
(1) tenrnama p>1+1/! wapt GaxkapwsraHaa CeKHH HMCCHKIMK TapKAMHIL

xonuuH, 1< p<1+1/] pasca Tes kedyuu xonuHu udoganainm.
(1) Tenrnama yuys Kyiuaard aBToMoe b €4HM XOCCaIapH YpraHmirad

u=(T+t)" f(£). E=X(T+1)”

_ p+n _q-1(p-1)
6yepﬂaa (q—l)(p+m)—(m—n)(1(p—l)—l)’ ﬂ" p+n aa f(f)
¢yHKuMA 3ca KyHHAArH aBTOMOJIETb MaCATTaHHHT EHHMH
1-N d N f’ - uu] " q _
4 5[5 dE ng +p +a¢f f+Ef"= 3
f(0)=C>O,f(d)=0, d <+0o. @

Cexun mudpdysus xomu (p>1+1/1). Kylinnaru dynxuusny kapaiimus:

7(@)= (a el Y,

) D-1
6y epna a=C ™ IEEJ +) ) ,3‘” (#). = max(0,7).
p+m
Teopema [. (3), (4) MacajaHMHr KOMNAKT IOPHTYBUHIH €YHMIIApU

£ > (af6)"™"" pa 1 (&)= 47 (£)(1+0(1)) acumnrornxara sra, 6y epaa A

-t pln)smen
[l} ‘(P-I)" + l(b/a) o q-l - ﬁ

y (61(p+m)Y (B(p+ m))‘v-l -

(p=1)(1-1)+1
p-1

anrebpavk TEHrnaMaHUHI e4HMH, arap q = 6ynca Ba A=1, arap

>(,;-1)(1-1)+1
p-1

6ynca.

Tes audbysus xomm (1< p <1+1/1). dapas kunaiimuk

f(§)=(a+k|§|ﬁ’)ﬁﬁl—is ’
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l-l(p—l) ! Kot

=——_JBH g=C 7 .
6y epna & 1(p+m)ﬂ ,a

I(N+m)+N
I(N+m)+1
Yy Xonma (3) TeHrNaMaHMHC YEKCHINMKAA CyHYBYH eyuMilapu KyHunarn
acuMmroTrk ndomara sra f(&)=Mf(£)(1+0(1)), 6y epra M xyitupary

anreGpauK TeHrIaMaRMHT eMHMH

(1=1(p-1))" Wl

Teopema 2. dapa3 kunafinuk —p < m <0, < p<1+1/l 6yacun,

Jpirieleem) -t B

(B1(p+ m))p * (to(p+ m))"'
%ppj{)ﬂ) 6ynca, M =1, arap n <(_q]%i)n_) Gynca.
Wynwnraex, ym6y naparpadaa Kyitunark KYpUHHLIAATH
u(t,x)=(T~1)" g(¢). £=A(T-0)",
‘lerapanaHMarai aBTOMOJIENb €4UM KapanraH Ba YHWHI aCUMITOTHKACH ONHHIAH,
Oy epna g(¢&) xyitunarn Macananuur eunmu

b4

arap n=

"Ni 1-N dg’ V"d;gl _ mug_ "g—-&g? =0, (5)
3 d§(§ dE df] Bé e ai"g-45"g
g(0)=C>0, g(d)=0, d<+wx. (6)

Teopema 3. ®apas xunaiizuk g>1(p-1) 6yncun. Y xomma (5), (6)
MACATaHHHT KOMNAKT IODHTYBYHIIM €UHMK Ky iHAArH 2CHMITOTHKAra 3ra

g(£)=cg(£)(1+0(1)),

p-1

I(p-1)-1 r':i): £ \icpoiy-
6y epna C{(b(llzTr)m)] p] ,§(§)=(D_B|§|H)( H, D>0, B>0.

Hamuxca 1. (1), (2) Koumn MacaJlaCHHHHI yerapajiaHMarad euumiapH

I(p-1)<g<! (p-1)+ ]1:/+ 2 aa bazosnit noxannawran 6ynu6, spkun derapa
+m

Y9YH 1 =T~ na kyitunaru acumnroThka VpuHan 6ynaau
x(O~(D/B)" (T - 1) >0,
allns XoAKcacH coaup 6ynami.

NOKaN Yerapasuii wapr 6unan 6epunran Ba manOara sra
YTxasyBuaHnukHuLT MaremaTHK MOJieNy Ypranunu6, ynna

ABHY GazoBHil Tokamy3

4-naparpadna no
KyRHaars uccukmuk

ou_ 9|oul

ot =5ﬂ% %}*’u", (x,£) e R, x(0, +), @
oul”” ou

A2 0w 0), 10, @



u(x,0)=u,(x)20, xeR,. &)
CUHMJIAPHHKHT aCUMIITOTHKANAPH OJIMHAH.

(7)-(9) uerapaBuii Macanara 4M3WKCH3 MyXuTaaru auddysus >kapaBHHHH
MaTeMaTvK MOACIANTHPHLIAA, FOBAK MYXMTIApHard CYOKIMKIap OKMMH,
GHONOTMK nONy/sAUMs IMHAMHKACH, MOJHTPONHK (HIILTPALUS, CHHEPreTHKa
MacasasapHHy Ba OOIIK2 KATOp COXanapAard MacalaNiapHH e4HIUfa MYyXHM pos
yiinatiau.

Mawnymks, (7)-(9) Macana cyMMH COHIIM NapameTpiapHMHT aHMK Oup
wapTinapuga rnoban €xu uerapananMaras 6ynamu. (7)-(9) macanara nucGaran
aifnan w1y cason 6unan Wanjuan Du Ba Zhongping Li siap wyrynnanumran. Ynap
(7)-(9) wacana euumnapuHuHr BakT OViuya rnobanm sa rmofan 6yamacnuk
[IAPTAApHHKM aHuKIamran. FoBak MyXHMT TeHrjiaMacd ydyH HOJIOKJI YerapaBuif
macajna euMMMIapHHHHT BaKT 6¥iivya rnoban 6¥nuu Ba 6¥nmacnuk wapriaapy 3ca
Arturo de Pablo, Fernando Li Quiros Ba Julio D. Rossi snapuuur uounapuga
YpHaTHIraH.

Kyiinga Wanjuan Du Ba Zhongping Li usnannmnapuaan xenu6 umkxau
xoi1a r;iofam Ba uerapanaHMaraH aBTOMOZE]b €UMMAAp ACHMITTOTHKANapH
TONUAH,

B<L, ¢>2(p-1) xon. (7)-(9) Macanamumur Kyiimmars KypHHHILIAru
aBTOMO/IESIb €YHMHKHH KapaiIuK:

u(x,t)=1r°p(&), E=xt, 10)
6y epaa a = - /3, 7= p(ll ﬂ), @(&) aca Kyiuparu Macananuur eaumMu
do|” dp P _ ~
f(l T3 df)”’f 2 ap+¢’ =0, (63))
_ d¢ d(o
pT: df 12) .

Ky#ugarn teopema ypuuin.
Teopema 4. (11), (12) macanaHMHr KOMNAKT IOPHTYBMWIH €UMMH

TR
o (ap/ ( pP- 2))‘: 7° ha Ky#uiary aCHMNTOTHK KYpHHHMIIra 3ra

o(&)= (a—pr "'{'*') ,(1+0()), a>0.

B>2p-1, q<2(p-1)/p xon. By xomaa (7)-(9) Mmacanauusr
qerapajaHMmarad aBTOMOJENb €YHMH KyHHAArH KypHHUILAA KUAUPHAAAH
u,(x0)='0(&), E=xt,
p-1 p-1-gq .
s Y= ,» 9(£) dyukuus sca Kyliuparm
2(p-1)-pq 2(p-1)-pq ©)
MacanaHuur eMuMH

6y epma a=
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dfldef"do|, . do_, _ a3)
dfudé‘ dé]ﬂ’;dé =0

|de" del _ o). (14)
|d§ ‘EL ¢'(0)

Teopema 5. (13), (14) Macananisr KOMNAKT IOPHTYBUUH EUUMH yIyR £ —> a
Jia KyHHAArH aCHMIITOTHKA YPRHANAND

-’;]
o(§)=C(a=¢)2(1+0(1)), a>0,
(p-2)
6}' €paa C=(p—2ay) p_—z.
p-1 p-1
Kputuk xonm pg=2(p—1). By xXon ioKopMAarM HKKHHYM XOTHMHT
pPq =2(P"1) Gy:ranaark ManTHKMI gaBOMM XHCOGRaHAIM. Yoy xonma (7)-(9)

MaCANaHUHT €THMH KyHHIaru SKCIIOHEHHMAN KYPHHHIIAA KHAUPH:IaA
u, (X,t) = eﬂ'(l-r](o(g)’ g = xe-y(l-:),

6y epna a=L, =P=<
P 2p-1 ¥ 2p-1
MaCalaHWHT eduME 6YcHH

» T - MycBar con, ¢(£) dyukuus sca Kyitnaarn

d(|de["do), ,do_ 15)

dg[d; dg]”‘fdg ap=0, (
-Q‘H@ =o'(0). (16)
\d«: 2, =)

Teopema 6. (15), (16) macanammnr KkommaxT IOPUTYBUMIM  €TUMH
D «P -1)/(p- 2))" Ia Kyliuaary acHMNTOTHK Hdoaara 3ra

¢(§)=C[D”"[l’:~:l]’ -g];z (1+0(1)), D>0,

2

-1 1f(p-2)
6y epna C=(L7J D.
p-2

S-naparpagna (1), (2) Koum macanacuny xamza (7)-(9) Homokan macanaHu
COHI €M yuyH cOMMM cxemanap Kenupwiran. LLyHMHrIex, WTepauus
Xapa€Hu Kypumran. Maniyakn, YH3HKCH3 MacanalapHH COHITH €UHILa HTepalms
aPAEHIIAPH AWK €YHMra Tes AKHHNIAMMIIHY TALMUH AN ATAN XaMIa HOTUIHIUTH
KapaCHnapuaur cudar XOccatapuHu caxiaitanraH GownaHFuy sKUHJIALIHIIHH
TaHjall — acocwii MyamMMonapnan 6upu xucobnanagu. By Myammo conmm
fapamMeTpiapHunr KHliMaTiiapura myBouK Oomnanruy sKMHJamuw cudarHiaa
TOKOpHAa KypHITaH acHMNTOTHK (opmynanapu omwm OpKaTH Xl KHJIMHIaH.
Ky#uaa alipum xuco6mam IKCTEPUMEHTIApH HaTHXaNapH, OjMHraH rpaduknap,
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Xamaa CORTH EYMMIIAPHUHT TAX/AMIM KeATHDUAraH. XucoGnau 3KCnepHMenT:iapu

HaTHXanapu Iaxnmb STHATAH yCy/UIAPHUHT CaMapafOpJIMIUHH KYPCaTAH, COHIH

€UHMAAP 3CA y3HNA HOUM3HKIM XYCYCUATNAPHHU aKC STTHpras.

Macaﬁ)’" ':’":‘am:ﬁ:ﬂ; NapameTpnapHUHr  ajOXHAa Ku?mamapuna ),

(manpatin 'umnapu rpaduKiapy KenTHpHAraH 6Yim6, yiapaa HCCHIGTHK
TP » A1 dy3ua) TapranuumnEKr aury XapPaKTEePUHU KYPHLI MyMKMH.

a) t=0.4 b) t=8.4
(2) macananuyr pP=2.7, q=4.2, I=1,5, n=0.5, n=2 parn con.m
€9HMH.

1-pacm. (1),

a) =04 B b) t=8.6
2-pacm. (1), (2) macanannnar P=2.1, 44, I=1, m=1.5, n=2 paru comm
eHMH (l(p—l)—l-—)O).

a) t=0.2 b) t=5
3-pacm. (1), (2) macananunr p=3, ¢=3, I=1,5, m=0.5, n=2 naru connn
eanmu (g =1(p-1)).



1-pacmpa (1), (2) Macananmunr yeknn TesmmMKIa TapKaIHLI XyCyCUATHIa 3Ta

6ynran rnoBan €YHMH, 2-pacMJa 3ca KPHUTHK HyKTa aTpoduiard rioban eunmu
rpaduru Taceupnanray. 3-pacm sca ¥3uaa nokaniamrad yerapanaHMaraH euuM
rpadurann MyxaccamnamThprad. By xomma Xapopat udekim T <o BakT
AaBOMHIA MYXHTHHHT Y€rapaianrai coxacula 9ekCHus cyparaa ycanu.
JucceprammusaHuAr «Honokan qerapaBHii maprra 3ra 6mp yadoran
HCCHKITAK YTKa3YBYAHTAK KAPaEHWAH MaTeMATHK MOAe/IANITHPHIDN ne6
HOMJIaHTaH WKKHHYH 606y Gup swmucnn GynMaran MyXHTIa HONOKANl werapaBwii
WapTra sra 6YnraH HCCHKAMK TapKamMuIk *apaHH HOYM3HKTH MaTeMaTHK
MOJETH CYHAMIApHHUHT BakT GOYitnga raoGammk Ba rmioGan  6Yamack
IapT/IapHHA JPraHHINra, aBTOMOAES eTMMIAPHUHT ACHMITTOTHKAIaPHHY OJHILTA

Ba YH3MKCH3 HCCHKIMK YTKa3yBYaHmMK KapaEHUHH COHJTH MOAC/INAWITHpHINTE
Garuimanrax.

1-naparpada Kyinaarn uccHimK JTkasyBYaHTHK TeHTIaMack yuyH

all a aun P_zaun
v Il mean — 0, » (]7)
p(x at ax( ox ax]’ (x,t) € R, x(0,+c)
HOYM3HKIIH derapaniii
aum "'zaun
== —(0,0)=u°{0,1), t>0, (18)
2" 2 )= 0

Ba GommanFua mrapTTa 3ra
u(0)=2(x)20, xeR, %)
Macana kapairan, 6y epa p(x)=(1+x)", n>—p (cexuu nuddysus xomn).

(17) tenrnamamm m>1, 1<p=2 na yarapysun p(x) swamix masxyx
6ysran Xonma HoHBIOTOR nomutponuk GueTpaums, m>1, p=2 aa sca Helotou
THMMIArM Tddysas Tenrnamacy cudatiaa Kapais MyMKHH Ba X.K.

(17) Temrnama p>1+1/m 6ynran xomma cexun audy3ns TeHramac,

I<p<l+i/m na 3ca Tes nuddysus Tenrnamacn neiiunany. CekuH KeuyBuM

nuddysns xomna (17)-(19) macana xnaccuk ewmmra sra smac. Uly ca6abnu
YHHET

-~ P2

% € C(R, x(0,+x))

CHH{ra TETHILIA yMyMAalTan eyumu Kapanasu.

Z.Li, ChMu, L.Xie nmnapnaa tes magdysus xomapa p(x)=1 6yaranaa
(17)-(19) macana eunmmuunnr rnoban MaBXyAnMK Ba Mapkya 6ynamaciuk
WapTnapy YpHatanraH. VYnap euwMHunr rio6an MaBxylUmMk Ba Dymxuta
THITHIATA KPUTHK 3KCTIOHCHTANAPHHY aHMKNALICaH. Iy xabu HaTMxanap cekuH
mnbdysns xoms yuyn Z.Wang, J.Yin, C.Wang wmnapuza, p(x)=1, m=1
6§:ranna sca B.A.lanaxruonos pa X.A.JleBuH RmIapuKa olHHraN.

By naparpadaa Kyiiunarn Teopemanap ucboTiaanras.

0<u(x,),

U
ox
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(m(n+1)+1)(p-1)
p+n
MACaNaHHHI Xap KaHAa#i eunmu raoban 6ynanu.

Teopema 7. Arap 0<g< 6¥ynca, y xomma (17)-(19)

Teopema 8. Arap g>m(p-1)+ p _:1 Ba Gouwwtanrny dymxums u,(x)
p+n

erapnnua kiuak 6ynca, (17)-(19) macarauunr xap xanaait equmu raoban 6ynanu.
(m(n+1)+ 1)(p-1)
p+n
erapauya karra 6yncun, y xonaa (17)-(19) Macananuur xap kasaaii eurnvu blow-
up xoccacura ra 6ynanu.
(m(n+l)+ ])(p—l)

p+n

xo:1aa (17)-(19) macanaHuur HongaH (Gapkid Xap Kauaai e4sMH uerapanaHMaraH
6ynagu.

2-naparpa¢ Te3 auddysuanun xonza (17)-(19) macana euummapuHHHT
rnofamink Ba rnoban 6yaMacnuMk wapTnapHHu ypranvmra Garunutaxras. By
X0;11a XaM loKopuaary 1-4 TeopeManap YpHHIH 3KaHIUrH HCOOTIAHTaH.

3-naparpagna (17)-(19) Mmacana aBTOMOZENb €4UMIaDHHUHT
acCMMNTOTUKANAPH YPraHUiraH.

E4ynM acMMNTOTHKACH KyHuAard aBToMOLeAb eduM EpAamMuaa TOnuAnu

u (t,x)=(T+t)" f(&), E=(1+x)(T+1)", (20)
p-1 g-m(p-1)
q(p+n)-(p- l)(m(n+l)+l) q(p+n) (p-1)(m(n+1)+1)°
S(£) dynxuns Kyiinaars HOUM3KKIK MacanaHUHT e4uMH cU(ATHAA Kapananu:

Teopema 9. dapa3 kunaiinuk q > Ba GolnaHryu wapt

Teopema 10. Arap <q<m(p—l)+£l 6yaca, y
p+n

6y epra y =

ar|” dr w &
5( dE dé] o5 §+7§f 0, 2n
A -0, @)

Cexun nuddysuanu xon p >1+1/m.
Teopema 11. (21), (22) wMacanaHHHI KOMMAKT IODHTYBYHIIHM E€YHMH

& —(a/b)*™*™ pa xylinnarn acumnroTuk udonara sra:

(R m(p=1)=1 vpy.
f(:)—(a b¢ ) (1+o(1)), a>0, b= m(p+)

Tes auddysusian xon 1< p<1+1/m.
Teopema 12. (21), (22) macanaHuur & —> -+ J[a YEKCHIIMKAA CYHYBYM
euuMH KyHuaara aCMMNTOTHKara ara
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Pl
241 \"ia(p-1) l—-m(p— 1) Yo
= e 1 1 =\ J (P-)’
§103) C(a+b ] (1+0(1)), & p e o
6y epna C= (o-((n+ 1)(m(p-1)- l) +p+ n))l"[l_m(rl)i )
Kputuk xon m(p-1)-1=0.
Teopema 13. ®apas xunmaiimuxk >0, g>1 6yncun. 'V xonaa (21), (22)
MacanaHuHr eduMu £ —> 400 Jia Ky#inary acuMnToTHk Hdonara sra 6yaamu:

s
S©=Ce*” (1+o(1)), d=—L=L g,
m(p+n)
Oy epna C, - mxTugpuii Mycbar co.

By 6ofma xypmiran MaTeMaTHK MOJE/UIADHHHT SHIYM  XOCCANapHHH
YpranAmaa coMMM cxeMamap Takud STHITAH Ba AcCOCTAHTaH. Bynuur yuyn (17)
TeArnama ¢asosuif koopAHHaTa G¥iuua HKKMHYKR TapTHOAH AHMKIWKIA Ba BaKT
Gyiinua Gupunum TapTMONM aHHKIMKAA annpokcuMauus KunuHAH. CoHam
MOJenNaWTHPHIIAA HTEPAlNA  Kapa€Hu  KypH:iIMO, WTEpPaUMAHHHT  WYKH
Kajammapuna ysemnapiard ¢yHkuus KuiiMaTnapu Xalimam ycynu &paavuaa
xucoSnaura. Kyiiuaa connu TaxkpubanapuuRr 6ab3M HaTHXKANAPU KEITHPHIraH
6yn6, ynapaa Gowmawrmy scMEMAmm@m cudaruga 11-13 Teopemanapaaru
ACHMIITOTHK q)opMyna.uap OJIUHIaH.

d AT :
. ETS er \ %,
py : P d 3

RALX LI 06 P Tean VIIRICT TFAIAA A MaNI 1P L P S4TE DY

4-pacm. (17)-(19) macanammur conm esumn. m=1.5, p=175, q=2.85,
1) n=0, 2) n=0.25.

Verrar

18 evee

4-pacmzia cexun maddysnam xonna (17)-(19) werapasuii MacanaHUHT qekIu
2 TAPKATHIN XOCCACHTA 3ra COHIH CTUMH rpaurn TacBupaaHraH.

- y . o e~

€2 . 3 : : -
Tin i PRI

ol LA

~

L5 T2
c ,[\
i

‘A—-;—._..__;____ “ -A

S-pacm. (17)(19) macanamanr conmm p—— m=]5,p=155, FZ.&S, a=1.5,
1) n=0.5,2) n=1.

PAAR
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5-pacm y3uza te3 auddysuanu xonga (17)-(19) macananuHr COHJIH €4HMR
rpaguruHM  Myxaccamnamrrapran. JKapaéH = uerapajaumarad  HCCHIJIMK
yTkasyB4aHAMK KO3((HIMEeHTH 3Ba3ura ueKcu3 Te3NMKJa TApKAIMII XOCCAacHra
sra Gynrau. By xonna tapkanHil Te3MUrk YeKNH TeTHKIM TApKATHII XyCYCHSATHra
ara 6ynran cexun auddysuanu xonaarnra HucbaraH anya oxopuaup. Auddysus
)apaénu OyTyH COXaHH 3rannab, YekCH3MKaa CYHaau.

| o (TR RS
“

M A r - ’ LI LR I B LR B

) G-pacm. a 7)-(i 9') Mz;éanauuur conIM eﬁ;l;\;r; m=2, :i.S, =3,
1) n=0.25, 2) n=0.85.

6-pacmaa (17)-(19) MacanaHuHr KpPHTMK XOJZAru COHJM e4HMIIapu
ndonananran. by X0/1a TapkanHil 4eKCH3 TETHKAA COAMP OYImIN XoccacHra ara.
HOucceprauuanuar «Homoxan werapaBHii Imaprra 3ra  HCCHKIHK
yTKa3lyBUaH/INK JRapaéHAHH MAaTeMaTHK Mozeanawrnpum. Kym yagosam
x0>» 7e0 HOMNaHraH yuuHun 606u Oup XHMHCIM OYnMaraH MyXHTa YH3HKCH3
yerapaBuif 1wapr Ounan GepuaraH Kyn VI4amiIM MCCHKIMK YTKasyBUaHIMK
ykapaéHH YN3HKCH3 MOJIGTIHHHHI CHGAT XoccanapuHu ypranuumra Garunuianras.
1-naparpadaa Ky#naars HoJ0Kan Macana Kapairas;

p(x)u, = V(qu"r-z Vu" ), (x.)e R (0, +), (23)
-|vu"|"“’zxi(o,r)=u' (0,1), >0, (24)
u(x,0)=u,(x), xeR", 25)

6y epaa R’ ={(x,,x')|x'e R*,x, >0}, p(x)= (l+|x|)", n>-p.

(23) Tenrnama TYpAM 4M3HKCH3 >apa€HaapHH TacBHpaaian. Xycycan, (23)
TenrnaMa Gepuwirad 60CMM AapaxcacHra Ba HOJMTPONMK WIAPT OCTHAArH KydWIl
Te3nurara GOFNMK PaBHINA HOCTALMOHAD CYIOKIMK OKHMHHHHT FOBaK MYXHTJAaru
xapakxaTiHH Hdonanadiau. By xonna (23) TeHrnama nonHTponuk GUALTPALHTHHHT
HOHBIOTOH THMHAArd TeHrnamacu ne6 aranub, KynruHa Myannudsiap TOMOHHIAH
yrran acpaan Gomab MHTeHcHB papuma ypraunmaran. (24) HOUMBHKIH
yerapasuii wmapt x=0 wuyerapa opkann KUPHTWIAEITAH 3HEPrHs OKHUMHUHU
TacBHp/Iall y4yH Kyinauunaad. MacanaH, MCCUKIIMK TapKANHIUH kapatHuaa (24)
UApT MCCHKJIMK OKMMHHH Hihonanaiiy, yHHHIAEK Y YErapafar HypJaHAITHHHT
YW3UKCH3 KOHYHHATHHM TacBHpnaiinu. Bynnall KypHHHMIUAarH uerapasMd mapr
peakuus ¢akar xoHTeiiHep uerapacuna comnp Oymamuran éuum Macamanapuna
XaM BY)KYATra KeJiaaH.
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(23) Tenrnama p>1+1/m wapt octuaa cekun muddysnus TeHrnamacura Moc

kenanm xampa 6y3mnyB4yn Tenrnama Xucobmanaau. Ly ca6abmn yHMHT eunMu
yMyMiamraH eqHM MabHOCHAR TYINYHHIAIH.

(23)~(25) Macana esmmnapmuwnr rmobai 6ynamm Ba raoban Gymmacnuk
waptinapd p=2, n=0 ga W.Huang, J.Yin sa Y.Wang nap tomonuznas, m=1,
n=0 xa 3ca W.Du sa Z.Li nap TomoHuaan yprasuaran Ba Oymkuta THIWAAH
KPHTHK 3KCIIOHEHTA Ba €HMMHHHT r100ai MaBXyIIHIH YYyH KPUTHK OKCTIOHEHTa
KHMaTiapy Tomuiras.

Kylinaarnua Geirunamnapuu kupiramus
m(n+1)+1){ p—1 -1
. (23)-(25) macanawunr rnoban euMmnapm yuyH KyHuaars Teopemanap
Ypwam.

Teopema 14. Arap 0< g < g, 6¥nca, (23)-(25) MacaslaHRHT Xap Kanaai eauMu
rno6an 6ynamm.

Teopema I5. Arap q>q, Ba Gomnanrud GyHKUHS U, (x) eTapiMya KH4HK
6¥nca, (23)-(25) Macananmnnr xap Kanxai eurmu rno6an 6ynamm.

Teopema 16. ®apas wunaiinvk q>gq, 6Yacun, y xomza GowmaHFud
Geprirannap erapmiua karta 6¥nrasna (23)-(25) MacanaHuHr Xap KaHpjai equmu
qerapanaiMarad 6ynamu.

Teopema 17. Arap g, <q<gq, 6¥nca, (23)-(25) Macananuur Honaan GapkIH
Xap KaHpaal eyuMH derapanaHMara 6¥nanu.

2-naparpatna (23)-(25) macananuHr Te3 fuddy3us Xoau TAAKHK ITHATaH. By
X022 KJIacCHK eIWMIIapDHAHT XoccaiapH ypraun:arad. ExuMnapansr sakr Gyiinua
r;106an MaBxymmk Ba yerapananmaras (blow-up) evuMIIapHHHT MaBKyA 6.uII
lapTnapw onuxran 6¥au6, ynap ywyH roxopunar 14-17 Teopemariapuunr ypunm
6ymn ucbornanran.

3-naparpa¢ sca (23)-(25) MacanaHuHr cexnH Ba Te3 AUDY3US XOLIAPH YHYH
ABTOMOACHL EUHMIIAPHHHT ACHMIITOTHKAIApW YpraHmiaraH. ABTOMOJENh €4HM
KyAuaarn KypuHumaa KWANPUTaH:

u, (6,x)=(T+1)" £(£),
6y epna =<, ¢ =(1+x)(T+1)", i=1,..,N,
_ p-1 oo g-m(p-1)
g (I(P+")‘(P—l)(m(n+1)+l)’ g(p+n)—(p-1)(m(n+1)+1) 7(¢)

byniuns sca Kyiunaru Macananmur €UHMH:

o A ld ") adr .
¢ dg(f dE df]w—; agt S0 0
A o=ro. @7

Cexun anpdysus xonn p>1+1/m.
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Teopema 18. (26), (27) MacanaHuHr KOMNAKT IOPHTYBYHIH euuMH
E—(a/ b)(_'"')/ ") 7a kyfiuaarn acumnroTuk uoaara sra

(&)= (a bf"‘) (l+o(l)) b—mrfl(Lp-il-)n_)l o' a>0.
Tes auddysus xom 1< p<1+1/m.
(N+n)(m+l)-n

(N+n)m+1
xomaa (26), (27) MacanaHuur eunmu & — -+ jJa KyAHAArH aCHMITOTHK udonara
ara

1 _.
Teopema 19. dapa3s Kxunalauk < p<1+’—n- 6yncuH. Y

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

f(g)=c(a+b575]' (1+0(1)), b

1
6y epaa C =[o-((N +n)(m(p—-l)—l)+p+n)]""""" .

Juccepranuauunr «Yusukens werapasuii mapr OGunan Gornamran
MCCHK/MK  JTKA3yBYaHJHK TCHIIaMaJiapn  CHCTEMACH  XOCCAJapHHH
ypraumm» 1e6 HommaHraH TypruHuM 6o6M aBTOMOZENb TAXAMN Ba STANOH
TEHT/1AMaNap YCYAH acoCHAa HMKKM KOMIIOHEHTAM MYXUTAa YH3MKCH3 HCCHKIHMK
YTKa3yBUAHIMK MOJENHHMHI XOCCAJapHHH yprauvinra, Xamia COJMHMINTHPHII
Teopemaiapuaan Qoiinananras xonna raoban edumnapHuHr lokopy 6axonapu sa
yerapanaHMaras e4MMAApHUHT Kyiin Gaxonapuuu onuuira Garuiunanray.

Ymby 606Hunr Gupunus naparpaduia UM3MKCH3 YErapasuil WApT OpKanH
GornaHran Kyiiuaaru 6up sxuHCAM 6yAMaraH MyXMTA2 HCCHIIMK JTKa3yBHaHJIMK
TEHrn1amMalapi CHCTEMAacH Kapajlra

- n-1
p(2=2| 2 3“ o (x )a_”_i T s0, 150, 28)
ot ox|| ax x|
ou " oun v avm|
I (-t i = 29
| a o (0.), il (0,6) 29)
u(x,0)=u,(x)20, v(x,0)=0,(x)20, x>0 30)

6y epna m 21, p>1+Ym, ¢,>0, (i=L2), p(x)=(1+x)", p,(x)=(1+x)’,
n>-p,, k>-p,, u(x) sa u(x) nap R 1a manduii 6ynvaran kxoMnakt
IOPUTYBUMIIM Y3TyKCcH3 yHKIHANAD.

(28) HoumsHknM napabOAMK TEHrnamalap CHCTEMacH TYpJH coxanapia
OHMOIOrHK NONYJIILMA, KUMEBUH peaKLMsLIap, MCCHKIMK TapKaluiiy, Augdysus sa
GoLuKa KapaEHIapHKHT MoaeH cudaTnia kapanann. Macanan, u(x,t) sa v(x,t)
dysxunsinap y3uaa murpanus xapasHunary MKKHTa GHOMOTMK MONYJ/IAHSHHHE
IUWIMITHHY EKM HCCHKJIMK TapKaiuIuM JkapaHMAa MKKH FOBaK JKHCMHHHT
xapoparusu ndionanaiiny.
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(28)-(30) macana Jarapmac swwmk p,(x)=p,(x)=1 xommuma Z.Xiang,
Ch.Mu Ba Y.Wang napumusr mwnapuna yprawmnran. F.Quiros Ba J. D.Rossi
MapHEHr Mmnapuaa 3ca p,=p,=2, p,(x)=p,(x)=1 xomm TaakuK >THAran.

AMMO yNapHWHr HUUIApUIA €4YUM aCHMNTOTHKaNlapH Ba COHIM CuMM:ap
KapaiMaras.
Y6y naparpadauar acocuii Teopemanapu Kyiugarinap.

(a1 (2~ 1)(m (n+ 1) +1)(m, (k +1)+1)
(p,+n)(p,+k)

(28)-(30) Macananmnr Xap kaunaii eanmu rnoban 6ynanu.

(p, 1)(p, = 1)(m,(n+1)+1)(m,(k +1)+1)
(p.+n)(p.+k)

eTapnuda Karta Gomutanruy maptaa (28)-(30) mMacananuur xap kanmai eunvu
uerapanasmaraH Gjnaau.

ad.= _ (2 =1)(p. = 1)(m (n+1)+1)(m, (k+1)+1)
2 (p|+n)(pz+k)

MaBXy UK KPATHK SKCIIOHEHTAacH KuitMaTi Xvucob.1anamu.
Kyitnaary GenrunaniiapHu KMpHTaMH3:

- 9 (P. +”)(Pz —])+(pl -1)(pz _])(mz (k+l)+])
q,qz(p|+n)(p2+k)—(p,—1)(pz—l)(m,(n+l)+1)(mz(k+l)+l)’
_ qz(pz+k)(p,-—l)+(p|—l)(p,—l)(m, (”'”)"'])
a09:(p.+n)(p,+ k)= (p, ~1) (.= 1)(m (n+1) +1)(m, (k +1)+1)’
g =2%=ma(p-1) p, =BG =ma (=)
' p -1 ’ p,—1
Teopema 22. ®apa3 kusaaux
(2. =1)(p, = 1)(m, (n+1)+1)(m, (k+1)+1)
(p.+n)(p,+k) ’
min{(n+1)8 ~a,,(k+1) B, —a,} >0 Ba Gournanruu Gepuarannap erapauya

KW4HK 6§ncun, y xonaa (28)-(30) macanaHuHr Xap Kanaai euumi rio6an Gyaaau.
Teopema 23. Dapa3 kuaiIMK

(p,—1)(p,-1)(m,(n+1)+1)( ,(k+1)+1)
(P +n)(p, +£)
max{(n+1) 5, - &,(k+1) 8, - @,} <0 6ycun, y xonza (28)-(30) macananmur
HoayaH Gapkii Xap Kanzaii edMH yerapananMaran 6§anu.
min{(n+1) B, - a,,(k+1) 8, - @,}=0 xuiiMar QyIKUTa TUIHAGTH KPHTHK
3KCTIOREHTA XHUCOONaHaIu.

2-naparpada HKKM KOMMOHEHTIIH MyXMTIA MCCHKIHK TapKaauilK
xapa€HUHH Hdonanosun (28), (30) cucreMaHuHr Kyiinaarn

Teopema 20. Arap qg, < 6Gynca,

Teopema 21. Arap qgq, >

CYUMHUHT rinooan

9. >

9, >

b
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ou " Gu" ™ qom
ox ox Ox
x=0 r=0

HONoKan 4erapaBHii HmIapT OCTHAArd €4MM1IapH Xoccanapu ypranwirad, Oy epaa
mz21, p>1+lm, q,>0, >0, p(x)=(1+x)*, n>-p,(i=12). Conm
napaMeTpnap yuyH luaprnap onuHrad 6yau6, ynna (28), (30), (31) macananuur
eudmnapu BakT Oyiunua rnobGan Oynagm €xm akcunua. lllynuuraex, ®ymxura
THNAJard KPMTHK OKCMNOHEHTa Ba EYUMHHUHT [JI0Gan MaBXyd KpUTHK
IKCNOHEHTACH KHIMATAAPH TONHU ITaH.

3-naparpagna (28)-(30) Ba (28), (30), (31) macanamap aBTOMOAEND
CYUMJIADHHUHT aCHMIITOTHKA1aDH YPHATHIZH.
(28)-(30) MacanauuHr Kyliugarn KYpPHHHLIZArH aBTOMOAENb E€YHUMH

KYpHArau:
u,(x,0)=(T+1)" o(&), E=(1+x)(T +1)?,
{U, (x0)=(T+0)" ¢(n), m=Q+x) (T +1)*,
6y epaa ,, B (i=1,2) - 4.1 na annknanran koucrantanap, T >0, (9(£).4(7))
(yHKuusnap ca Kyiiuaarn Macanammr CUUMH:

=u"(0,/)o*(0,¢), - =u"(0,¢)v* (0,¢), (31)

d (|den|" do e £
{‘—12 i d§]+/3§ 7 rase=0, (
32)
d (|ag™|"" dg™ vn A9
Ldrz[ dn dﬂ) Bin ﬂ+aﬁ¢ 0,
L4 ) ). 2] - g0, 63

StanoH Teumama.nap MeToan epzla\mua OJIMHraH KyHAMAar# ¢yHKuMsIapHH

KapaiMmus:
(n-l)l [l *j‘i;-‘l;i
ma=@ u»j L $(n)= [-grj ,

m{p-1)-1 .5 my(p,=1)=1 k5
6eaa,>01-126—ﬂ ——*“’>0
vepn @00 A () m (P, F)
o . p -1 p,—1
Teopema 24. apa3 KuHAQAHWIMK mm{ }
m{(p,~1)=1 m,(p,—1)-1

6yacun, y xomma (32) TEHraMaHMHI KOMNAKT IOPHTYBYHIH  €YHMH

pt ik
£ (a,/b,)f‘:*" , n—>(a,/b,)»* na kyiinaars acHMNTOTHKAra 3ra 6ynamu:

o(£)=0(5)(1+0(1)), (n)=(n)(1+0(1)).

6y epaa @(£), ¢(7) 1oxopuna anuknanran GyHKuManap.



4-naparpad (28)-(30) cucTeManH COHIH MoAeNalTHpHinra Garviunanran.
(28)-(30) macana yayn comnm cxemanap, airopuTMiap TY3MIraH Ba JacTypuid
BOCHTaIap Maxcavyd MIDNa® wHkwirad. Jlactyp koOGHFM Ba COMJIM €4HIN IacTyp
kogu C# (Visual Studio) Tumvpa sparuaral. OIMHT2H COHIHM HATHXAIapHH
BU3yannamTHpHIl y4yH AacTypHid Maxwmyara Chart rpaduk kytybxoHacH Ba
MathCad maremarnk naxeturunr 3-D Plot rpaduk MOy napH GHPUKTHPU:IFaH.

Kyiiuna coHnys sKCnepUMERTHHHT aiipuM HaTIKaNnapy KeJTHPHITaH. Typ
KallaMu etapiya KM9HK TaHaaHraH A=0.05, tyrymnap conn N=10000 xamaa
WTepauus arukmurya cudatuaa £=10" Gepunran. Xucobnam =2 raua 7 =0.02
kajiam Ginan amalra olMpHITaH. '

i | | W) ! : a1

EX) _— Lt

Iy

2

ot

7-pacm. (28)-(30) MacanaHENT coRma eqamu. n1=0.7, mI=1.5, pI=1.85,
q1=3, n2=0.5, m2=1.3, p2=1.9, q2=3.5.

7-pacna (28)-(30) macananunr min{(n+1)4 -a;,(k+1)4,-2,}>0 na
cekuH uipdysusm xoms m(p,~1)—1>0 yayn comnu edummapu rpauru
KenTHpunirad. 4.3 naparpadard aCHMNTOTHK ¢opMynanapian sa rpadukiapaaH
KYPHHHO TypHOAMKH, HCCHKITHK TAPKATHIUHN YeKNH TeIHK OuiaH conup Gynaau.
Hccuimk TYMKMHRHAHT TAPKATMII Y30KIHIH BakTra GOFIMK Ba Xap G6Hp MyXuT
yayn tymon ¢dponta (u,(x,t), v, (x.f) momra aiimamysun wykra) uenm

2l -

%, =(a/b)p (T +1)* <, x, =(a,/b,)2% (T +1)* < nyraza 65namn.

a5t : el 1

J//M\
728\
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I
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8-pacm. (28)-(30) macanauuur connu euumn. nl=0.5, m1=1.5 pl=1.3
q1=3, n2=0.75, m2=1.6 p2=1.4 q2=3.5.

8-pacmna aca (28)-(30) macanauuHr m,, p, COHJH NAapamMeTPNApPHUHI Te3
keqyBun  audiy3ns m,,(p‘ —l)—1<0 xojqura ¢opMan MOC  KejlyBuM
KuiiMaTiapnjary COHNM XucoOnam natmkanapd TacBHpnaurad. Yumby xosnza
HCCHK/IMK TapKATHIIH YerapajlaHMarad MCCHKIHK YTKasyBUaHIHK Ko3QPHUHEHTH
Xucobura uexcHs Teanuk Gunan coaup 6ynanu. MCCHKIMK OKMMM KH3AMpUIIraH
coxanaH coByK coxara cekutl Auddysus xosnra HucbataH KyAa Te3 TapKAnaau.

XVJOCA

«MkkH Kkappa HOYM3HKIH MYXHTAQ HCCHKIMK TapKalHil KapaEHUHH
MaTEeMaTUK MOACTALITHPHIL) MAaB3yCHAArH HOKTOPJIIMK AHCCEpPTalUACH Gi'rﬁuqa
0116 GopuaraH TaAKMKOTIAp HaTHXanapH Kyiuaaruaapaad séopar:

1. Honoxan werapaBuii wapTra Ba y3rapyBYaH 3HYJIHKKA 3ra HOYM3HK/IM
napabosuk Tunaard TeHrnavanap GuinaH ugoAanaHyBHM HCCHKJIMK TapKaJMHIY,
HOHBIOTOH HOJWTPONHMK (uiabTpanusa, AnGysus xapaSHIAPUHHHT UWIMKCH3
MaTEeMaTUK MOAELIAPH €YMMIIAPHHHHI BakT OyHHua rnobanauk Ba rnoban
6ynmacnuk WwapTnapu TONMArAHIHIHHA KEITHPHIL MyMKHH.

2. Bup xuHciu 6yiIMaraH MyXdTOa MCCHK/IMK TapKATHIIM XapaSHUHHHT
HOmokan Macananapu yduyH @ymKMTa THNMIArM KPHTHK 3KCIOHEHTanap
TONKITAHAMIHHY KAHA 3THUIL JIO3UM.

3. V3rapyBuan 3mwIMK Ba HOMOK&N YerapaBHil WIADTra 3ra  MCCHKAMK
YTka3yBUaHIWKHHHT YH3HKCH3 MaTeMaTHK MoAeNH rinoban Ba uerapanaHmaraH
CYUMIIADHUHHHT IOKOPH Ba l(yﬁl‘l 6ax.o.napu OJIMHTaHJINTHHH TAbKHAJALI TIO3UM.

4. Ukkn xappa YM3HKCH3/IMK Ba ¥3rapyByaH 3HYJIMKKAa 3ra CEKHH
Anddy3usay YM3UKCH3 MONMTPONUK (HIbTPALHS >KAPAaEHM MATEMATUK MOIENH
YUYH KyUMIIHKHI 4YeKiM Te3nukna coaup 6yiuw Ba ¢azosuii Nokamnammm
XOCCaJIapH YPHATHATAHIHTHHH KEITHPHII MYMKHH.

5. Mkkn kappa YM3HKCHM3/HK Ba y3rapyBuyaH 3HWIHKKA 3ra Te3 Auddy3usmn
YH3UKCH3 MONMTPONMK (UIbTPalLHa IKkapa€H¥ MaTeMaTHK MOAend YuyH
KYYUMHMIHMHT  4YeKkcH3 Te3nMkaa cogup Oynum  xoccacm  ucGotnamra
SPHILHAraHIMIMHY TABKHUANAL JIO3HM.

6. Manba Bsa y3rapyBuyaH 3WwWIHKKa 3ra OHp xuHCaM GYnmMaraH MyxuTaa
HCCUK/IHK YTKa3yB4aHIHKHUHT Oy3iTyBuH Tenrnamacu yuys Komu macanacuHuHr
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KOMIIaKkT FOPUTYBIHIH yMyMJIamraH eyuMiapu acCUMMTOTHKAIAPH
MCOOTNAHTaHAWTHHY Kaity 3THII MYMKHH .

7. Honokan yerapasuii WapT Ba y3rapyByaH 3HYIMKKA Sra AONMTPONHK
(]mns'rpamu TEHTIaMaNapyu CHCTeMacH eTHMITapUHUHT BakT O6¥itnua rio6aunk sa
rinoban 6ymvacimk MapTAapy XamJa acUMNTOTHK HdomalapHHH wcGoTiamra
SPHIITHITAHIIHHA aHTHG YTHI no3KM.

8. S’lar'apynqan SHYNMK Ba HOJIOKAN 4YerapaBuil 1MApTra 3ra HCCHKIRK
YTKasyBHaHNMK sxapadHW MaTeMaTHK MOREJIHHHHT YH3HKCH3 XOCCAIapHHH
yprauum yayu TEXAMKOD COHJIH CXeMaNapHK Kaiij THII JO3HM.

9. UN3MKCH3 HCCHKITHK TapKanuil MacaJaCHHH COHJIH €44l YIyH xucoﬁnal{l
CXEManaph, anroputmuap Ba Visual Studio 2012 (C#) Myxutnma nacrypuii
BOCTHNAp KOMILTICKCH HINAG YHKMITaHIMIMHY Kaiia 3THIN JIO3HM,
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BRegeHHe (AHHOTAIHA AOKTOPCKOH AHCCEPTALHHA)

AXTyalLHOCTL M BOCTPeGOBAHHOCTL TeMbl JUCCEPTALMM. B MHPOBLIX
maciutabax Haykn Habmopaercs Gonbmwoid HHTEpEC X M3YHdEHHIO HENMHEHHRIX
Mojeneil caMbix pa3sHooOpa3sHbIX ABJIEHHH ¥ NPOLECCOB, BCTPEYAIOIIHXCHA B
MeXaHuKe, (PU3NKE, TEXHOJOTHH, Ouodu3KKe, GHONOrHH, SKOJIOMHH, MEJHIMHE H
Apyrux o0nactax, onucbiBalOIMMHUCH HenuHedHsMHM  audepenunansHbIMHU
ypaBuenuamu. OcHoBy Takux Mogeneli B 4YacTHOCTH  COCTABJIAIOT
JudepeHIHaNbHbIE ypaBHEHHS B HacTHBIX NPOM3BOIHEIX MapabomMueckoro
tuna. Ilpy uccnegopaHusAx CBOHCTB pelleHMH M YMCNEHHBIX pelLIeHH,
NocTaBAeHHbIX 32024 Kamy M rpaHduHbIX 33734, NPHMEHSIOTCA NMPUOIMKEHHbIE
MeToasbl. 34ech OCHOBHOE MECTO 3aHMMAIOT BHIPOXKAAIOIIHECA YPABHEHHS H
cucrembl napabonuveckoro THMa, KOTOphie MOZEIMPYIOT pasHble HeSHHeHHbIe
NPOLECCHE, BCTPEYAlONiMecs B €CTECTBO3SHAHHHU.

B roaml He3aBuCMMOCTH Haweil pecnyOnMKH  HMCCIENOBaHHIO H
NpaKTHYECKOMY MPHMEHEHHIO HENMHEHHbIX MOAeNeH pPasiH4HBIX (PH3UTUECKHX,
GHOIOrHYECKHX, TEXHOJNOTHYECKMX M XHMHAECKHMX, KOTOpBIE SIBISIOTCH
aKTyalbHLIMH HanpaBneHUsIMH NPUKNaaHOH MaTeMmaTHkH. C 3Tol TOUKM 3pedus
BEAYTCA HAY4HO-UCCIeAoBaTesibcKHe paboThl HajJl pPAAOM MaTEMaTHYECKHX
MOJ€ene, KOTOPLIC - BHIPAXAeT MPOLECCH TENNOMPOBOAHOCTH, (QMIBTPAIHH,
6uo0rugeckoil nonynsauMM, KOTOPhie HMEET NPAKTHYECKOE NMPUMEHeHUe B cdepe
JHEPreTHKH, MEULHHEL, He(pTH U rasa.

B Hacrosmee BpeMs wIMPOKOE pacnpoOCTPaHEHHE B MHPE MaTEMAaTHHECKHX
MmoaeneH NpOoLECCOB, NOTYyYHIH ONHCLIBAEMBIE  BBIPOXAAIOLNMHCS
KBa3WIMHEHHbIMY NapabonuyecKMMH YPaBHCHHAMH, 3TO OOBLACHACTCA TeM, YTO
OHH BBIBOAATCA H3 QyHAAMEHTaNbHbIX 3aKOHOB CoxpaHeHus. [loaToMy BO3MOXHA
CHTyallHs1, Koraa Asa ¢musHueckux npouecca, HE MMEIOIMMX HA MEPBHIH B3rIAN
HH4ero o0lLero ONMCHIBAIOTCA OAHHM M TEM K€ HEJMHEHHBIM YpaBHEHHEM
Au¢dy3uu, TOIbKO C pa3IMMHbIMHA YHCIOBBIMH NapaMeTpamu. B HacTosiuee Bpems
BbIMOJHEHHE HAYYHBIX HCCACAOBAHHH 10 HM3YYEHHI0O H IPAKTHYECKOMY
NPHMEHEHHIO TAKHX YPaBHEHHH fABJAIOTCA OJHHM M3 BRXKHBIX 3a1a4, KOTOphIE
BEAYTCS B HHXECICAYIOUHX HaNpaBneHusX: pa3spaboTka METOAOB H3ydeHHs
Kau€CTBEHHBIX CBOHCTB HEIMHEHHBIX MaTeMaTHYeCKHX Mojeneif; HaxoxzaeHue
TOYHbIX OLUEHOK pelleHMH B pPasIM4HEIX NPOCTPAHCTBAX; ONpeAccHHE
HEeJIMHEHHBbIX 3¢)peKToB; paspaGoTka IKOHOMHHHBIX YHC/IECHHBIX CXEM; CO3AaHMeE
KOMILIEKCa NpOrpaMM Ajs H3y4EHHs MAaTEMAaTHYECKHX MOJEJEH HENMHEeHHEBIX
NPOLECCOB M KOHTPO/Ah JHHAMHKH npouecca no BpemeHH. Hayusbie
MCCNEl0BAHHS, KOTOPHIE BEAYTCA BO BCEX BLILIENEPEUMCIEHHBLIX HANMPABNECHHAX,
0OBACHAIOT aKTYaNnbHOCTh TEMbI JAHHOH AUCCEPTALHH.

JlalHoe guccepTauMoOHHOe MCCASNOBAaHHE B ONPEACACHHOH CTENEHH CIYIKHT
BBIIOJIHEHUIO 3aja4, npeaycMmoTpeHHblx [locranoBnenmamn [Ipesupenta
Pecny6nuku Y3Gexucran Nelll1-1730 or 21 mapra 2012 rogpa «O mepax mno
JanbHeHIieMy BHEADEHHI0O H  PasBUTHIO COBPEMEHHBIX HHQOpPMalMOHHO-
KOMMYHHMKALIHOHHBIX TexHosoruiy, Nel[1[1-1442 ot 15 pgexabps 2010 roga «O
NPUOPHTETAX Pa3BUTHA NpoMsilbieHHOCTH Pecmy6nukn Y3bexucran B 2011-2015
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rofax» u INocranosnenuem Kabunera Munncrpos Peciyormxu V3bekncran Ne24
ot 1 despamn 2012 roga «O Mepax MO CO3NaHHIO YCNOBHWit AJs AaibHeifuero
Pa3BUTHA KOMNLTEPH3ALHA K HH(GOPMALMOHHO KOMMYHHKALMOHHBIX TEXHONOrHH
Ha MECTax», a TaKXe B APYTHX ROPMaTHBHO-NPABOBBIX AOKYMEHTAX, IPUHSTEIX B
naHHO#M chepe.

CeBfi3b HCCIEI0BAHHA C NPHAOPHTETHLIMH HANpPABJEHHAMH pa3BHTHS
Aaykd H TeXHOJOrWil pecmybumxn. Hacroswas auccepraumonHas patora
BRITOJIHEHA B CCOTBETCTBUH C IPHOPKRTETHLIMK HANIPABJICHHSAMY Pa3BUTHS HAyKu H
TexHONOTHA Pecriybmuxu  V3bexucran 1V. «Marematuka, MexaHuka H
HHGOpPMaTHKaY.

0630p 3apyGexAbIX BAYTHBIX HCCIEX0BAHHIA 110 TeMe AUCCEPTAIHEZ.

HaygHile WccnenoBasmis 10 M3Y4eHHIO KAYECTBEHHBIX CBOWHCTB PasiHIHBIX
HEJIIMHEHHBIX MareMaTHYeckHX MoJelieil, NpOBOASTCA B BEAYHMIMX HAy4HBIX
UEHTpaX ¥ BEICIOMX 06pa3oBaTellbHEIX YYPEXACHHAX MHpa. B ToM uHc:e, North
Carolina State University, Iowa State University of Science and Technology,
University of Central Florida, Louisiana State University, California State
University (CIIIA), Universidad de Buenos Aires (Aprentina), Chile University
(Unmm), Sapienza Universita di Roma, Universita degli Studi di Catania (Mtanus),
Osaka, Nagoya, Hiroshima University (Inonms), National University of Singapore
(Cuxranyp), Universidad Auténoma de Madrid, Universidad Complutense de
Madrid (Mcnanus), Paderborn University, Aachen University (Tepmanus),
University of Nottingham, University of Sussex (Benuko6putanus), B KomenckoM
ynusepcutere (CnoBakus), B yHuBepcuTere Tens-Asusa (Uspauns), Jilin,
Chongging, Changchun University (Kuraii), Paris Mathematics Center, Université
Paris-Dauphine (®panuus), B wuucrutytre MatreMatuku AH Poccuu, B
MockoBckoM  rocymapctBerHOM  ymuBepcutete  (Poccus), B MHCTHTYTE
BEITHCITHTENLHON TEXHHKH Y ABTOMATHKH akageMHH Hayk Beurpuu (Benrpus), B
HHCTHTYTE MAaTEMaTHKH M MareMaTHdeckoro Mozaenuposanue, B Kasaxckom
HallHOHaNbHOM yHuBepcuTere (Kasaxcran), B JlyranckoM HalUHOHabHOM
yuusepcutere umeHn T.lleByenko (YkpauHa), B MHCTHTYTE MaTeMaTHKH H
nHdopmatHikn, B Codmitckom ynmsepcutere (Bonrapas), B HaUMOHATBEHOM
YRUBEpCHTETe V36ekucrana, B CamapkaHICKOM I'OCYAapCTBEHHOM YHUBEPCHTETE,
B YDPreH4ckoM rocyaapcreeHHOM yHuBepeuTete (Y36ekucran).

P&ynmeOM MHPOBBIX HCCﬂeﬂOBaﬂﬂﬁ No COBEPLICHCTBOBAHHIO HOBBLIX
KayeCTBEHHBIX CBOHCTB HEJNMHEHHBIX MOAENei, OTIHYaloMMXCd OT CBOWCTB
NMHEHHEIX Mojeneli sBnserca paspaGoTka METOAOB HYMCIEHHOTO PEINEHUA M
BH3yallH3alHH, NMONYYEHE! PAN HAYYHBIX pe3yNbTaToB, B TOM WHCIE, IS MOACIH
TEMIONPOBOAHOCTH ONHUCHIBatomeHcA HETHHEHHBIM YpaBHEHHEM
napaoudeckoro THNA, GLUI0 HalieHO ycNOBHE TMOGATLHOMO CYIIECTBOBAHHS
PCIICHNA H HEpaspeliMMOCTH pellieHus no Bpemeny 3anayd Koum u Heiimana
(Universidad Auténoma de Madrid, Osaka, Nagoya University), uaiizenst

? Ofsop sapybemmmmx Ray<HBX HCCNEAOBIMMA Mo ToMe JIMCCCPTAIPIH  COCTAaBNICH Ha OCHOBC CRCAYIOIIHX
Berounmkon: JKypHan DPHTHCHATCALHOR MaTemaTMK @ mMarcMaTWdeckoli  QusemE, Martemarwdeckoe
mozenupoanne, Communications on Pure and Applied Analysis, Journal of the Korcan Mathematical Society,
http://www.springer.com/mathematics; http://www.sciencedirect.com/science/jmlallbocks /sub/mathematics.
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3HA4Y€HHS KPHTHYECKOH 3KCMOHEHTHI rN0OaNEHONO CYLECTBOBAHUA PEIIEHHA THNA
®yixura A9 HenuHelinpix  napabonuueckux —ypasuenuit  (Universidad
Complutense de Madrid, Paderborn, Jilin, Chongqing, Changchun University),
paspaGoTaHbl METOAbl ONPEACSICHHS KPHUTHYECKON SKCIIOHEHThl BTOPOFO THIA,
onpeagendaiomie rpaHuny A HayallbHbIX AAHHBIX 3aJayH Ko Ansg YpaBHCHHA
NMOpHCTOH Cpeabl H 719 YPaBHEHHH C rpagueHTHOH HenuHeliHocTslo (Sapienza
Universita di Roma, Chongqing, Osaka University).

B Mupe, ne paspaboTke METOAOB U CPEACTB M0 PELIEHHIO U NPAKTHYECKOMY
npuMeHeHuio 3anaun Koy v rpaHH4HbIX 3a7a4, A1 HEHHEHHBIX ypaBHEHHH
ypaBHeHuii napaGonnuyeckoro THIa, KOTOPBE CO3JAlOT OCHOBY Pa3sHBIX
MaTEeMaTHYECKHX MOje:1eH, BEAYTCA HAY4HBIC MCCJENOBAHHA 10 IPHOPUTETHBIM
HanpasiCHHAM, B TOM YHCNE: HAXOXAEHHE YCIOBUi CyllecTBOBaHHA rnobansHOro
peclieHHsT MO BpeMeHH B HEJIMHEHHBIX 3alayax; HaxoxeHue 3HA4YCHHUH
KPHTM4ECKOH 3KCIIOHEHTbl CYLIECIBOBAaHHA r106anbHOrO pelleHHs MW THNA
®ynxHTa; ONpENCNEHHEe YCIOBHH JIOKAaNU3aluK HeOrpaHMYeHHBIX peELICHHH;
noseiiene  3QEKTHBHOCTH YHCNEHHBIX MeTofoB; pa3pafoTka KOMILIEKca
OporpamMM, AJalolHX  BOSMOMHOCTb YUCACHHOMY HM3YYEHHI0 HENHHEHHBIX
npoueccog  6asupysach Ha  BblLIENEPEYUCIEHHBIE CBOMCTB  HEMHHEHHBIX
MAaTeMaTHYEeCKUX Mojeneii.

Crenedb M3y49eHHOCTH npoGaembl. B  Teopuu MaTeMaTH4ecKoro
MOZEIHPOBAHHA MpOLECCOB TEIUIONPOBOAHOCTH B HeJMHeHHOH cpeae C
HCTOYHHMKOM MJIM MOrJIOMEHHEM NOJMYYEHb! PAll BAKHBIX PE3yAbTaToB. B Teopun
nepeHcca 3HepruH oOHapyxceHbl, HEOObIMHBIE KadecTBEHHBIE CBOMCTBA, He
HMEloLIHEe aHaNnoros B IMHEHHOH TEOpHH TennonepeHoca. B Tom uucne, B paborax
J.L.Vasquez, H.A.Levine, A.A.Camapckoro, A.C.Kanaunukosa,
B.A.I'anaktnonosa, A.D.Tegeesa u ap. o6HapyxeHn HEOrpaHHYEHHOCTD
petueHHi, 3¢dexT KOHEUHOH CKOPOCTH pacmpocTpaHeHus H MPOCTPAaHCTBEHHAs
JIOKaNH3alKsA BO3MYILIEHHH, H30;IHPOBAHHbIE TEILNOBbIE CTPYKTYPhl, O KOHEYHO
BpEMEHY CYHMIECTBOBaNMs BO3MYLICHMH B HeNMHEHHOH cpefe NP HAMTHIMH
HCTOYHMKA H IOIMOLIEHUS.

B pabore S.B.3enbmosuua, A.C.Komnameiina, a 3areMm B paborax
I"'N.bapenbnarra, R. Pattle 6pi1 BnepBbie o6Hapyxen HenuHedusii 3ddexr
KOHEYHO! CKOPOCTH PpacrnpOCTPaHEHHS TEMJIOBBIX BO3MYLIEHHH B HeIMHEHHOMH
cpeae (KCPB). Ilo onpegencHuio ycnoBHA BO3HHKHOBEHMA 3¢dexTa KOHEHHOM
CKOPOCTH M OLICHKM pelleHMH C KOMMAaKTHLIM HOCHTeleM 3aiaud Kowm ans
yPaBHEHMsI NOPHCTOH CPEABl H ANA YPABHEHHS TENIONPOBOLHOCTH C rPaJjHEHTHON
HESTHHEHHOCThIO 3aHuMmanuch 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, no onpegeneHu:o acCHMITOTHYECKO#
ycroiiunoctd no BpeMenu X.Y. Chen, H. Matano, M.Sugimoto, John King,
A.Il.Muxaiinos, B.A. T'anaktuonos, E.Kypkuna; no onpenenenuio cBoicTs
MaTeMaTH4YeCKHX MOJeNe OonucHBaeMble KpaeBo# 3ajgauoii Hefimana pna
BEIPOXKIRIOIHXCA napabonuteckux KBa3HJIMHEHHBIX YPaBHEHHH
nosurponuyeckoid unstpauun 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 wWcclieZoBaHHIO YCIOBHI 0 TiofambHOH pa3speliyMoOCTH H HE
paspemmMMOocTH pelneHuii no BpeMeny 3anauy Koww ans HEJIMHEWHDBIX YPaBHEHHI
TEIUIONPOBOAHOCTH C  MNEPEMEHHOH  MIIOTHOTHIO, peakuuu-anpdysun  #
dunsTpawmu Z.Li, M.Chunlai, W.Du, Guirong Liu, Yuan-Wei Qi, A.®.Tezees,
A B. Mapturenko, H.B. Adanacsesa, C.I1. lertapes.

B V36ekucraHe HeMMHEHHBIMU 3afadaMH (HIBTpPaUMH M HX CHCTEMaMH
saaumMamcs H.M.Myxutaunos, A.JB.Bermatos, B.M.Xyxaspos, H.Xixkaes.
Pacynos A. C., H.PaBmanos ¥ uX yueHHKH. UX OCHOBHEIC paboTh! MOCBSUICHB
THCIIEHHRIM H3y9eHWsM CBOJCTB peEmEHHH 3ajna4 HeMHeHHoH (UALTPaLMK,
KOTOpBIE MOXHO FNPHAMEHHTh K 3aga4aM MOJCTHpPOBaHHA MpOLECCOB B
HedTerasosoit otpaci. B pa6otax M.M.Apwmosa u ero ydennkos (T.Kaiomos,
J.Dumaros, A.Xaiinapoe, JX.Myxammanues, ®.Kabuipkanosa, [1.CerrHes,
Il.Camynnaesa, A.MarskyGos, J.Myxammanuesa W Jp.) Ha OCHOBC
aBTOMOJENBHOr0 aHANMH3a WCCHEAOBARL! KaueCTBEHHBIE CBOWCTBA PpelleHHH
HEJINHEHHBIX 3aa4Y, MOAEMPYIOMHE TTPOLECCH], BCTPEIAIOMMXCA B PasiUyHbIX
pasfiefiax ecTecTBO3HaHHA.

CBa3b TeMbl AHCCEPTANMH ¢ HAYIHO-HCCENOBATE/IbCKAMA paboTaMu
BEIcMiero o0pa3oBaTeJILHOT0 YYpexAeHHES, I'le BLINOJHEHa JHCCEPTARASL.
JlucceprauMOHHOE  HCCIEAOBAaHME  BLIMOJHEHO B paMKaXx  Hay4Ho-
MccreI0BaTeNbCKAX npoekToB HaunonatbHoro Vuusepcutera Y3bexucraHa ro
TeMsl E®-4-10 - «UucnenHoe MOJZICIMPOBAaHHE CUCTEM OHoJOrwdecko
nonmynsnun Tena Komvoroposa-®umepa» (2012-2014 rr.), A-5-44 — «Uncnennoe
MOJENHPOBAHHE HeEAWHEHHBIX cHcTeM OHOIOrMYeckod TmonynAuHH THNA
Konmoroposa-®uwepay (2015-2017 rr.).

[Heani0  HCCHENOBAHHE  SBNAETCA  YMCAEHHOE W  aHAIHTHYECKOE
HCCIEeA0BaHHE KAYECTBEHHEIX CBOWCTB HEJIMHEHHBIX MaTEeMaTHYECKUX MoJcHeH,
ONHCLIBAIOMIAECH KBa3HAMHEHHRIMH MapaGonuyeckiMyu YpaBHEHHAMHM H CHCTEM,
NpoLECCOB PacnpoCTpaHeHHs Tenla B OJHOPOAHON M B CpPeAe C MEpEMEHHOMN
TLIIOTHOCTBIO C MCTOYHHKOM M HENOKAIBLHBIM I'PaHHYHBLIM YCNOBHEM, paspaboTka

KOMIUIEKCA MpOrpaMM AJis YHMCJIEHHOrO MCCIeJ0oBaHHsd HeNMnHEHHbIX KpaeBbixX
3agav.

3axa9n AccnexoBanns:
YCTaHOBHTE KPHTHYECKHE IKCNOHEHTHI THNa PDykuTa [l MaTeMaTHYecKoiH

MOACNH PpacnpOCTpaHEHUs Temna B HEOAHOPOAHOH cpene, OMHChIBaEMOH
HeJIoKaNbHOM 3anaveif;

A0Ka3aTe IMOGATEHYI0 paspemmMOCTh W Hepa3pellMMOCTL 110 BPEMEHH
petenuii HeNMHEHOR MoaeM pacpocTpaHeHts Tenna B HEOTHOPOAHOH cpelie ¢
HENOKATEHBIM IPaHHYHEIM YCIOBHEM;

ONPENCINTh CBOHCTBAa KOHETHOH CKOPOCTH PaclpoCTPaHEHHs BO3MYIIEHUA H
NPOCTPaHCTBEHHYIO JIOKaNTH3auUIo ans MaTeMaTHYECKOii MOJIEIH
MOMTPOUMIECKOH (UALTPALMH ¢ HBOMHON HETHHEHHOCTBIO H C NepeMerHOi
NIOTHOCTLIO B CTydae MeulenHo#H nudidyammy;

HCCNIe0BaTE  aCAMIITOTHKY  0606mennsix pelueHHiH ¢ KOMMNAaKTHBIM
HocHTeNleM 3agayu Ko w kpaesoit 3amaan mas BBIPOXIAIOMErocs ypaBHEHHA
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TEMIONPOBOAKOCTH C ABOHHOH HENHHEHHOCTBIO C MCTOYHHKOM H C nepeMeHHoH
NNOTHOCTBIO;

onpefenuTs ycnobue rnobansHOH paspelunMOCTH M HEpPaspelMMOCTH B
1(eI0M 110 BpeMEHH pelieHHH HennHeHHoN mareMaTHyeckol MoaefnH A CHCTEM
MONMUTPONAYECKOH (HIBTPAUMH C HENOKAIBHBIM FPAHUYHEIM YCJIOBHEM H C
nepeMeHHOH NJIOTHOCTbIO;

NOCTPOMTH  YHCIIEHHBIE CXeMBl AUl HCCNEAOBAHMA  KaYECTBEHHEBIX
HeIMHEHHBIX CBOMCTB  MareMaTHYECKHMX Mojened TEIUIONPOBOAHOCTH €
nepeMeHHOH IIOTHOCTBIO H C HEMOKATLHBIM FPaHUYHEIM YCIIOBHEM H pa3paboTats
BBIYHCAHTENbHBIE CXEMbI, aNTOPUTM H KOMIJAEKC ApOrpamMM Aff HHCICHHOro
pelLeHus HeMUHEeHHBIX 337184 H BU3YJIH3UPOBATh PELICHHA.

O6bexkToM  HccleA0BaHHS ABJIAIOTCA He/IMHElHple  NPOLIECCH
pacnpoctpaHenus  Tenna  (¢uabtpaums,  Auddysus),  OnMCHIBacMbie
BLIPOMAAOIUMHCA  NapabojMuecKuMH  YpaBHEHMSIMM M CHCTEMaMH C
HEJIOKANBHBIMH [PaHHYHBIMH YCIOBHAMH.

Ipeamer HccjieJOBaHHS — IOCTPOCHHE TEOPHM H NPAKTHKH HHCICHHO-
AHAIMTHYECKOTO HCCACHOBAHMS HEMMHEHHBIX 33mau C [ABOHHOH H TpPOHHOIH
HEJIHHEHHOCTEI0O C YYETOM OZHOPOAHOCTH M HEOAHOPOJZHOCTH Cpedbl U HX
BJIMAHKE HA H3yYaeMble HeIMHEHHbIE IPOLECCHL.

Metoanl nccaenoanua. B pabore ucnosb3oBanHMch aBTOMOJENbHBIE H
npubHXKEHHO aBTOMO/ENBHBEIE METOBI, anapaT TEOPeMbl CPABHEHHs PEIIEHHH
JUiA MMOCTPOGHHMA M aHanNu3a pasiMuHbIX THMNOB PEIICHHH, METOMbl 3TANOHHBIX
ypaBHEHMH [Ais pelleHus HeNHHEeHHbIX OOBIKHOBEHHBIX AH(depeHUIHaTLHBIX
ypaBHEeHHH M CUCTEM, METOAbl OLCHKH pelleHMH, DasHOCTHBIC METOAL! Ui
[IOCTPOEHHA YMCACHHBIX CXEM, METOABI HTEPAUHH, TPOrOHKH, METO, NEPEMEHHBIX
HanpasliCHNH.

Hayunas HOBH3HA 3aKJIOYAETCS B CIEAYIOLIEM:

onpegeneHbl YCIOBHA N00ansHOH paspellHMOCTH H HEPaspelIHMOCTH 1O
BpeMEHH DelleHHH HEeJMHeHHOH MOJend TemwloNpOBOAHOCTH B HEOJHODOAHOH
cpene Ge3 HCTOUHHKA C HENOKAIBHLIM IPAHHYHBIM YCNOBHEM;

Onpe/eneHo BNMSHHE HEOAHOPOAHOCTH Cpedbl NPH YCIOBHAX riaobanbHOH
Pa3peliMMOCTH B HEPA3PEIIMMOCTH B LIENIOM N0 BPEMEHH PEHICHHH HENHHEHHBIX
3agay.

HaiiJeHo 3HAaYCHHE KPHUTHYECKOH S3KCIOHEHTh THna MVymxuTa A1 MOJEINH,
onuceiBatolleii 3anauy Heitmana B ciryuae MeaneHHo# H ObicTpoii anddysun;

HalleHO 3HaYeHHe KPUTHYECKO} 3KCMOHEHTH I10GanbHOro CymecTBOBaHHA
PeLICHHA AJ1 MOREJIH, ONMCHIBAIOLLEHCS BTOPLIM THIIOM KPaeBoii 3aja4uu B Clly4ae
MeyieHHOH U BbicTpoii auddysnn;

NOCTPOEHbl BEPXHHE M HIDKHHE OLEHKM 0000IeHHBIX peineHHH 3amauy
MenieHHO-Audipy3HOM TElwonpoBOAHOCTH B OJHOPOAHOM H HEOAHOPOAHOH
cpeae;

NONy4eHsbl [JIaBHblE YJEHBI ACHMIITOTHKM Pa3jIHGHBIX AaBTOMOAEJIBHAIX
pellieHnii 3aaun JBOHHON M TpPOHHOH HenMHEeHHOH TENIONPOBOAHOCTH MyTEM
NPUMEHEHNA METOAA 3TAJIOHHBIX ypaBHEHHIH;
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NPEIUTOXEHB! BEMMUCIRTENBHBIE CXEMBI [N H3YUEHHs KaueCTBEHHBIX CBOMCTB
HENHHEHHBIX MaTeMaTH4YeCKuX Mojeeii TEMJIOTIPOBOAHOCTH C MEpeMEHHOM
TUIOTHOCTBIO, pa3paboTaHbl alrOPUTMBI, KOMMJEKChl nporpaMMm B cpeae Visual
Studio 2012 (C#) u Bu3yanu3upoBaHE! peleHHs HEMHERHBIX 3a1ad.

l'lpalcnmecime Pe3yiabTaThl HCCAEAOBAHHSA IOCTPOCHLI ACHMNTOTHYIECKHE
GOpMYNTH TIpH pemeHMM HeNMHEHHBIX 3aad, BOHMKAOMUX B PasIUYHBIX
TIPUIIOKEHNUAX, IOCTPOCHE! KOHCEPBATHBHbIE PA3HOCTHLIE, CXEMBI, HTEPALUHOHHbIE
Npouecck! U pa3paboTaH NporpaMMHEI KOMITIEKC.

HAocToBepRocTs MOMyYeHHBIX pe3ynbTaToB. TT0IydEHHBIC PE3yNbTATH H
YTBEPXAEHHA CTPOrO HOKa3aHHl ¥ MOATBEPXKAAIOTCS pPe3yNbTaTaMH UYHMCIEHHBIX
pacueToB. Hcmonk3ys nosiydeHHsie OUEHKH pEWIEHM, TPHBEACH YHCIEHHBIHK
AHAM3 penleHud, pesymbTaThl KOTOPOro WOATBEPXAAIOT MpABHALHOCTL M
addexTnBHOCTE TIDEMIONKEHHON B paboTe METOOMKH pacyeTa ¢ TPHMEHEHHEM
MCTOJla 3TANOHHBIX YpPAaBHEBHHf M aBTOMONENBLHOTO aHATH3A C COXPAHEHHEM
Hennnelroro s¢gdexra.

Hay'man H NPaKTHYeCKas 3HAYHAMOCTH pe3yJbTaTOB HCCICAOBAHHAA.
Haywnas snaumMocts momyuennsix pe3yJLTaTOB 3akodaercs B 0OOCHOBaHMH
TCOPHA KPATHIECKOH IKCTOHEHTH! THNA MYMIKATA U KPUTHYECKOH SKCTIOHEHTbH!
FI00aIBHOrO CyIIECTBOBAaHUA pElLICHUS MpPH MCCNEAOBAHHUAX MaTeMaTHYECKHX
Mojlenelf onuceIBatomuxcs 3anageii Koww s ypaBHeHU# NapabonuuecKoro THIa
H HENMHEHHbIE Kpaeskle 3aaqn.

IpakTuueckas 3HasuMocTs paboTsl — KOHCTPYHpOBaHHe HWTEPaliOHHBIX
Ipoueccos, paspaﬁorka YHCIIEHHBIX CXEM H nporpaMMHoOro obecneuenus
TO3BOJAET NPOU3BECTH  pasyMHble  BEIYUCIHTEIbHBLIE 3KCMEPUMEHTHl B
HEMMHEHNBIX 3a1a4ax ¢uiLTpanuy, peakunK-auddy3nn, TenIonpoBOAHOCTH B
Pa3IVMHBIX HEMHEHHBIX cpeiax Mis Ciydas MEANCHHOH W 6uictpoii maddysnu,
CITYXHTb JUIS BLISABICHHS HOBGLIX 3((EKTOB - SBIEHHA KOHEUHON CKOPOCTH M
JIOKATH3AUKH DEIICHHS AN KNacca PaccMaTpHBaeMEIX 3a1ay.

BHelpenne pelyanTaToB HccleAoBaHnsA. Pesynbrarsl AMCCEpTaUHOHHOM
paboTbl 6LTH NPHMEHEHE! B ClEAYIOMUX HarpaBlIEHUIX:

TOJTy4EHHEIE BEPXHHE H HUXHHME OLCHKH 0GOOIIEHHBIX pelleHuii 3agaun
MeueHRo-AnGdysnoii TENJIONPOBOAHOCTH B OAHOPOAHON W HECOAHOPOLHO#
cpezie, GBIUTH HCIONB3OBAHE AMA JIOKa3aTelsCTBA KOpPEKTHOCTH BHYTPEHHEH W
KpaeBo# 3aa4M HEKIACCHYECKMX ypaBHEHHH MaTeMaTHdeckoil ¢u3nKH B pamkax
npoekta rpanTta ©-4-30 «BHyTpeHHue U KpaeBsie 3aauu Ans JddepeHumnanbHo-
ONEPATOPHEIX YPaBHEHUHK C ONepaTOpHHIMM THNavH ko3hduumnentos» (Cnpaska
locynapcTBeHHOrO  KOMHTeTa mo Pa3sBUTHIO HAyKH M  TEXHOJIOrHi
Ne®TK-03-13/743 ot 3 noa6ps 2016 r.). TIpHMeHEHME STUX HAay4HBIX PE3yNBTATOB
Zafo BO3MOXHOCTb THCICHHO PCINHMTL ypaBHEHUS GHONOrHdeckol MOMyNsumH
tuna Kosmoroposa-@uillepa U HX CHCTEM C HETMHEHHBIMK KpaeBbIMH YCIIOBHAMH;

acUMITOTHKH  pEWICHWH  HeNoKaTbHOW  3amauw  MI8  ypaBHeHwii
N1apaGoNMueckoro THNAa C JBOMHON HENMHERHOCTHIO, ONMCHIBAIOIME MOLCIH
TIPOLICCCOB pacHpOCTPaHEeHNs TEMa B HOOAHOPORHON cpeje, GbinH HCIOMb30BAHEL
APH YCTaHOBJICHWH CBOHCTB pelIcHHii BHyTpeHHell u KpaeBoii 3a1a4yH B paMKax
npoexra rpanta ®-4-30 «BHyTpeHHUe 1 KpaeBbie 3anaun AA AnddepenunansHo-
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ONEpaTOpHLIX YPaBHEHHH C ONEepaTOpHbIMA THNamu koddunnentos» (Crnpaska
locynapctensoro  komurera mo  pasBMTMIO HAyKH M TEXHONOIHik
Ne®TK-03-13/743 ot 3 Hos6pa 2016 r.). [IpuMeHenHne ITHX HAYHHBIX pe3ynbTaToB
[O3BOJIMIO 060CHOBATH KOPPEKTHOCTL BHYTPEHHEH H Kpaesoii 3anauu;

NPEJNIOKEHHBIE BLIYHCIUTENLHBIE CXEMbl [N  YHCIEHHOTO H3y4eHHs
Ka4eCTBEHHBIX CBOHCTB MOZE1€H, OMHCHIBAIOLIHX PACIPOCTPAHEHHE TeMa B cpee
C INEPEeMEHHOH NNOTHOCTbIO, pa3paGoTaHHble ICODHTMBI M KOMILIEKC
NPOTPaMMHBLIX CPeACTB, GEUIM MCHOMNL30BAHBI AN YHCIACHHOTO MOAETHPOBAHHA
BHYTPEHHEH M KpaeBol 3aja4H HEKIACCHUYECKMX YPaBHEHHH MaTeMaTHueckoil
¢usnxu B pamkax npoekrta rpanta ®-4-30 «BHyTpeHHHE H KpaeBhle 33aauu ans
AupepennnanbHo-0nepaTopHBIX  ypaBHEHMA C  ONEPAaTOPHBIMM  THNAMH
xoa¢duunentos» (Cripaska ['ocyaapcTBEHHOr0 KOMHTETa O PAa3sBHTHIO HAYKH H
TexHonoruit Ne®TK-03-13/743 ot 3 nos6ps 2016 r.). [IpuMeHEHHE STHX HAYUHBIX
PE3Y/NbTATOB MOCAYXHIH BU3YaNu3UPOBAaTh YMC/IEHHBIE PELICHHA HETHHEHHBIX
KpaeBbIX 33j1a4.

AnpoGanMa Pe3yJbTATOB HCCICAOBaHAMN. Pe3ynsTaThl HCCIEHOBaHMS
anpobupoBanuce Ha 14 MexAyHAapOAHBIX HAayuHBIX KOHQepeHumax: 3-as
MEXIYHAPOAHAA HayuHas KOH(epeHUHAs (AKTyanbHble NpoGiemMbl NPUKAATHO!
MaTeMaTHKM M HMHQOPMANMOHHBIX TexHoJoruf — an, Xopeamu 2012»,
«Bobluncnutenphble ¥ MHGOPMALMOHHbIE TEXHONOTMM B HayKe, TEXHMKE H
obpazoanuu — 2013» (Vers-Kamenoropek, 2013), «AxTyansnbie npoGnemsi
NPHKTafHOA MaTeMaTHKH U HHPOPMALHOHHEIX TeXHONOrHil — anp Xopesmu 2014»
(Tamkenrt, 2014), «Analysis and Applied Mathematics» (UumxenT, 2014), 5-5iii
KOHrpecce MareMaTHKOB Tiopkckoro mupa (HMcceik-Kyne, 2014), «Mathematical
Methods, Mathematical Models and Simulation in Science and Engineering
(Llisetinapua, 2014), «Applied Mathematics and Computational Methods»
(Adunwi, 2014), «<Mathematical, Computational and Statistical Sciences» (Jy6ai,
2015), «Pure Mathematics, Applied Mathematics and Computational Methods»
(Cpeuns, 2015), «Heat Transfer, Thermal Engineering and Environment» (Uranmns,
2015), «Applied Mathematics and Informatics» (Mcnanua, 2015), na
MEXIyHapoaHoii HayuHo-npakTH4eckod koHdepeHunH «Computational and
Informational Technologies in Science, Engineering and Education» (Ammartel,
2015), «dndipepenipancieie ypaBHEHHS M MaT€MAaTHYeCKOE MOJEMPOBAHHE)
(Ynan-Ym3, 2015), Ha 7 pecnyGAHMKaHCKHX Hay4HbIX KOHQEpEHLMSX:
«AKTyalpHbl€ BOIPOCH MaTeMaTHKH, MaTEMaTHYECKOTO MOJEIUPOBaHHA H
unopmausonusix Texuonorni» (Tepmes, 2012), «HoBble TeOpeMBl MOJNOARIX
MaTeMaTHKOBY (Hamanran, 2013), «CoBpeMeHHEbIE npobnemsr
auddepenunansieix  ypasHeHui M ux  npunoxenus» (Tawkent, 2013),
«Ipuknannas Matematuka ¥ nHgopmannonHas 6ezonacnocts» (Taukenr, 2014),
«MaremaTnueckan ¢u3uKa W POLCTBEHHbIE NPOOJIEMEI COBPEMEHHOIO AHAIN3A»
(Byxapa, 2015), «CoBpemeHHbIC METOABI MAaTEMAaTH4UECKOH (QH3MKH M HX
npunoxenus» (Tamkent, 2015), «[IpobnemMbl coBpeMeHHOH TOMOJOTHH M e
npuaoxkenus» (Tamkent, 2016). PesynntaTel HccnepoBaHusa obcykaeHsl Ha
HayuHbIX cemuHapax «CoBpeMeHHble NpobsjieMbl MaTeMatHdeckoll (u3MKHy»,
(Tawkenr, 2016), «CospeMeHHbie npobaeMbl NPHKIAZHON MAaTEMaTHKH H
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nHiopMauHonHO#i TexHodoruw» (Tammxenr, 2012-2016), “CoBpemeHHbIE
npo6eMbl BBIUHCIHTEILHON MaTeMaTHKH H MHGOOPMaUMOHHBIX TEXHOJOTHIi™
HHCTHTYT2 WHXEHEPOB JKEJIE3HOMOPOXKHOrO TpaHcnopra M «MoaespoBaHue
CIIOXHBIE CHCTEMEI» LeHTpa pa3paloTkH anmapaTHO-NPOrpaMMHEIE KOMITICKCH
npu TamkeHTCKOM YyHMBepCHTeTe WH(QOPMALMOHHBIX TexHojoruil (TamxeHrt,
2016).

Omry6maKkoBaBHOCTL Pe3y/ILTATOB HccaenoBanud. [lo Teme anccepranuy
omy6inkoBaHn 37 wayyHsix pa6oT, m3 HHX 13 HayuyHmIX cTareil B XypHanax
pexkoMeHnoBaHHEIX  Beiciedf  atrecralMonHOW  koMmuccHed  Pecnybnuku
V3bexucran ana myGiaMKaUMM OCHOBHEIX HAy4HBIX Pe3yNbTaTOB JOKTOPCKHX
AuccepTanwii, B ToM yicne 8 B pecrmy6IMKaHCKAX B 5 B.3apyOexXHBIX XKypHanax.

Crpykrypa B o6bemM auccepTamud. J{rccepTalus COCTOMT M3 BBEACHHS,
YETRPEX IJIaB, 3aKMIOYCHMA, CMHCKA JIMTEpaTypel W npuiokeHuii. OobeM
Juccepraumu cocrasnser 170 crpaHnil.

OCHOBHOE COJAEPXXAHME JUCCEPTALIUU

Bo BBefeHHEB OOOCHOBBIBAETCH aKTYaNbHOCTh M BOCTPEGOBAHHOCTH TEMBI
AHCCEPTalNM, B COOTBETCTBMM HCCIEROBAHMAM NPHOPUTETHBIX HaNpasleHHH
Pa3sBHTHA HAYKH M TexHoNnoruil PecnyGnuiu Y36ekucran, GopMyaupyoTes 1eb ¥
3aa4¥, a Taroke OOBEKT U MpeAMeT HCCIEAOBAHHS, H3NO0KEH2 HAYYHAS HOBH3HA U
MpaKTHIEeCKHE  pe3yikTaThl  WCCNEAOBaHWA, OOOCHOBaHa  JOCTOBCPHOCTD
TIOJTy4EHHBIX pe3yNbTaTOB, PaCKPLITA TEOPHTHUECKAsA H NpaKTHUYeCkas 3HAYUMOCTE
TOJly4€HHBIX Pe3YNIbTaTOB, NPHBEACH MEpPE4EHb BHEAPEHHH B  TPAKTHKY
PE3ybTaTOB HCCNENOBAHUA, CBENEHHA 06 ony6iauKkoBaHHLIX paboT M CTPYKTYpa
JIHCCEPTANHH.

Tlepsas rnaBa muccepraumn  «MaTemaTH4YecKoe MOAEJHPOBAHHE
OpPOIeCcCcoB HEIMHEHHOH TEIUIONPOBOAHOCTA ¢ ABOHHOH HeJINHEHHOCTLIO»
[IOCBAIIEHA HCCIIE0BAHMIO aCHMITTOTHKH aBTOMOAEIbHLIX peleHui 3aaauu Kown
M HENOKAILHOA 3aiayd ANsl YPaBHEHHs TEIIONPOBOAHOCTH B HEOAHOPOAHOf
Cpelie C HCTOYHMKOM.

B nepsoM mnaparpade wu3naraeTcsi CBOWCTB MaTeMaTHYECKOH MOMETH
HENHHEHROH TEILIONPOBOAHOCTH C HCTOYHWKOM M PE3YJBTAaThl MEKIYHAPOMHbIX
0630poB.

Bo BTOphIX Naparpade 3Tol riaBbl NPHBOAATCA OCHOBHBIC ONPCHENEHHS
BCHOMOTaTELHEIC YTBEPHICHUS.

Taparpad 1.3 nocBAmeH WCCNENOBARUI0O ACHMITOTHKH ABTOMOAETBHBIX
pewrennii 3agaun Koy 1iis ypasHenus napaGoiMgeckoro THNA, MOIEMPYIOLIETO
pacnpocTpanenHe Teia B HeORHOPOAHOI cpeae

A (x)%=div(|Vu‘|P—2 Vu‘)+p2 (x)u?, (1)
u(x,0)=u,(x), xeR", )

m n
rae p(x)=|d", p(x)=|x", xoTopas npu n=m=0 ona paccmarpusaercs xax
MOAENb FOPEHHS HENWHEHHOH TemnonmpoBomuoli Cpeiibl C  MOUIHOCTBIO
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sHeproeiaenenua u? >0, 3asucameii or Temnepatypsl u=u(t,x)>0, u
xo3¢duuuenta auddysuu ' [Vu""'2 >0.

Ypasreuns (1) npn p>1+1/l sBnserca BHIPOXKAAIOIMMCS, M NOITOMY
pelleHye NOHMMaETCA B o6o61enHom CMBICTIe B obnactun
Q={(x,t):xe R¥,0 <t<T} w3 knacca  0<u(x,(t), u™ qu’lp-z eC(Q),
YAOBNETBOPAIOMNM YpasHeHHio (1) B cMbIcne pacopeneneHus.

Ipu ycnosusix p>1+1/1 ypasuenus (1) coOTBETCTBYET Cilyuae Me/IEHHOH
anddysuu, a npu 1< p<1+1/! cnyuae Guicrpoii anddysun.

PaccmoTpum cnejyloniee aBTOMOAENLHOE PEILiEHHE

u=(T+1)" £(&), £=(T+1)”
p+n p=2-1p=1)
(g-1)(p+m)=(m-n)(I(p~1)-1) p+n
S (&) sABnsercs pelieHHeM cneaylolleil aBTOMOIENbHOM 3aaun

rae @ = @, a pyHKunA

o d (a7 A et @ m s e
3 dg[ﬁ dE dg] yii3 d§+a§ f+&Ef1= 3
f(0)=C>0, f(d)=0, d <+o. 4)

Cityuaii meanenHoi audysun ( p>1 +1/1) PaCCMOTpHM dyHKuMIO:

76)=( a-blel )"""*‘

+

l!p—l!—l
rae a=C *' I(p D-1
1(p+m)

CrnipaBeniuBbl TEOPEMbI.
Teopema 1. Pewenue 3agaun (3), (4) ¢ KOMNAKTHBIM HOCHTENEM IpH

ﬂ’“' (1), =max(0,7).

£ —>(a/b)(P' Wp=m) HMCET aCHMITOTHYECKOE npeacTaBneHue

F(&)=4f(£)(1+0(1)), rae A naxonurcs mu3 pewenns amreGpanueckoro

YpaBHEHHA
1 p!l-n!unn
(_1.)’— WP U (b/a) e Wi — B =0,
Y (ti(p+m)” — (B(p+m))
ecnm qr=-(—‘”ﬁ_—-llil u A=1, ecnu q>_(£_l)(_1;l)j_
p-1 p-1

Cryuaii 6eictpoit anddysuu (1< p <1+YI). lycts

p-1

f(¢)= (a+k|§| = ) (1)

-
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i{p-1)-1

rae k—;u P'l a=C P .
o+m)
I(N+m)+N
Te 2 I - 0, —V—————
opema ycThb p<m< I(N+m)+1
nctiesaiomee Ha GecKOHEUHOCTH pemleHue ypaBHeHHs (3) HMEET acHMITTOTHKY
F(E)=M(¢ )(1+o(1)), rne M naxomutcs w3 pewenus anreGpauyeckoro

ypaBHEHuUs

<p<l+1l, Toraa

I-n(p-1)/(p+m)
(I—I(p—l))'-p W il it Wi — B

(Gi(p+m)  ((p+m)”
-1 -
€CITH n=*“(q )(p+m) uM=1,ecm n<—————(q ])(p+m) .
1-1(p-1) 1-i(p-1)
Hansme B 570# maparpade paccMOTpEHE! HEOTPaHHHEHHOE ABTOMOIENBHOE
penrenue sanauu (1), (2) cnexytowero suaa

u(tx)=(T-1)" g(¢). £=lA(T-1)”,

rae g(£) mmnsercs pemenmem 3anatu

2

-v d| n dg 4 dg Mo Ehg? =)
¢ dg(‘f < dé] b E g0 =0, ©
g(0)=C>0,g(d)=0, d < +o. 6)

Teopema 3. Tiyere g¢>I(p-1). Toraa pewenue 3amauu (5), (6) ¢
KOMIIZKTHLIM HOCHTENIeM HMeeT aCHMITOTHYECKOE NIPEACTABNICHHE

g(¢)=Ca(&)(1+o(1)),
rae C= ((1(”;1)‘1]’” ﬂJI(HH L B(8)= (D Bl ]"’i " b 0, B>0.

bl(p+m)

Credcmeue |. Ipu I(P_l)<q<1(p—l)+1$-:-::

HEOrpaHHYCHHOE

peumlenme 3anagu Komu (1), (2) NpocTpaHCTBEHHO IOKANTH30BaHO, NpHYEM JUIs
cBoGonHo# rpanmue x, (7) umeer mecro acumnToTHKA

x(O~(D/BY Y (T - 1) 0

TpH £ =T~ T.€. IPOMCXOANT MPCTPAHCTBEHHAN JIOKATH3ANS PEIEHNS.
Tlaparpaq) 1.4 nocswed H3yYeHHIO ACHMNTOTHKH pelICHHA ypaBHeHue

TEIUIONIPOBOAHOCTH ¢ HENOKAIBHBIM TIPaHU4YHLIM YCTOBHEM IIPH  HATHYMH
HCTOYHMKA

p-2 au

Oul "oul. g
6xJ+u s (x,t)eR,x(0,+oo), )
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oul”?

%(O,z)—_-u"(ﬂ,t), 1>0, ®)

u(x,0)=u,(x)20, xeR,. ()

3agaya (7)-(9) Bo3HHKaeT NpH MATEMATHUECKOM MOAEIHpoBauny auddysuu
B HEMMHEHHBIX cpenax, nNpH uccaeaOBaHUH NpOOIEeM TEHCHHA XKuAKOCTel yepes
MIOPHUCTbIE TIACThI, AMHAMuKK OHOIOrMYECKHX nonyJAAUNH, NOMHTPONHYECKO
¢dunsTpauns, o6pazosanus CTpYKTYp B CHHEPreTHKE U B pAlie Apyrux obnacrsx.

UssectHo, uto pemenne 3agadd (7)-(9) NPH ONPEAENEHHBIX YCNOBHAX
YHCNIOBLIX MAPAMETPOB ABASETCA r0GANLHO PA3PCIUUMOH KK HEOTPaHHUYEHHOI.
DruMu BOMpocaMu iy 3anauy (7)-(9) sanumanuck Wanjuan Du u Zhongping Li.
OHH NOJTYYHIH YCIOBHC FI0GANEHON Pa3peIlMMOCTH H HEPaspPElUAMOCTH B LIENOM
no BpeMeHH pewehue 3agaun (7)-(9). Ycnosue rnobanbHoii paspemmmoctn
HEPa3pelLIMMOCTH  HeloKanbHOH 3ajauM [J1f  YPaBHEHHMsA [OPHCTOH Ccpeabl
ycTanoBsieHo B pabote Arturo de Pablo, Fernando Li Quiros u Julio D. Rossi.

Cneays pabotsi, Wanjuan Du 1 Zhongping Li uccneayerca acumnroTuxu
rn06abHbIX ¥ HEOTPAHHYEHHBIX ABTOMOMIE/bHBIX PELICHHH.

Cnywaii <1, g¢>2(p-1). PaccmorpuM caeayiomero rnobansHoro

aBTOMOZAENLHOIO pelienus 3anayu (7)-(9)

u(x,t)=1°p(£), E=xt7, (10)
rae a = l—lﬂ’ y=2 (‘1‘;; , 9(£) - pemenue 3anaun
d dy dy 0,

d:[ aE d:} Koo = an

- QIH dol o, (12)
dg| dg|

Hmeer mecTa Teopema.
Teopema 4. Pewenune 3agaun (11), (12) ¢ KOMNaKTHbIM HOCHTeEJIEM Npu

p1 1
E> (ap/ (p- 2)) 7 P WMeeT acCHMIITOTHYECKOE [IPEACTABICHHE

2
2_\p-2
¢’(f)—[a— r""f”"] ,(1+0(1)), a>0.
p +
C i 2(17_])
JIy4an ﬂ > 2p- L qg<—— B 3tom Cjlyyae HeorpaHH4eHHOe
p

aBTOMO/IENIbHOE penieHue 3aaa4u (7)-(9) Hiuerca B BHAE

u,(x,t)=t"p(£), £ =%t

p-1 p-l1-g
roe a = , 7= , @(£) - pewenne 3anaun
2p-0)-pg" " 2p-1)-
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p-2

daz ag | T ar
ol do| _ 0 (14)
|dc§ ag, ="

Teopema 5. Pewenne 3apaun (13), (14) ¢ KOMNAKTHBIM HOCHTENEM npu
¢ — a umeer acummroTHKY '

1
¢(§)=C(a—§)ﬁ(l+o(l)), a>0,
Y(p-2)
rae C=(p-207) P2
p-1 p-1
Kputwuecknit cnyuait pg=2(p—1). Oror cnyuaii seiserca rormumoM

TIPOROJIKEHUE BTOPOro Ciyyas, KOTAa pg= 2(p-1). B atoM cilydae pemenue
322w (7)-(9) wmercs B cneIyIomEM SKCIOHEHIHALHOM BHAE

u, (x, t) = ea(!-r) (D( é), f = xe-r(r-r)’

roe a = P ,7=L—2

» T - TIONIOXKHTEIIbHOE THCIO, PyHKuns (&) seasercs
2p-1" T2
pellleHnem
d (|dol” do do
| e P L (15)
ded: az | ag =
-2
dol”™ dg .
S e s Y (16)
a| dg| a

Teopema 6. Pemenue 3anaun (15), (16) ¢ xoMmmaxTHLIM HOCHTENEM MpH

14
-1
s DH(LZJ HMEET aCHMITTOTHYECKOE NpeACTaBleHHE
p -—

p-1

?(¢)= C(D’”’(;’—Z;)P —¢’JE (1+0(1)), D>0,

V(p-2
rae C=(L—1yJ )D.
p-2

B naparpage 1.5 npuseaens mcnennte cxemir ANl YMCEHHOTO pPelleHHs
3amaim Komm (1), (2) w Henokamenolt sanam (M)-(9)-  Ckonctpymposan
WTCPALMORHLIH npouecc. XOpOIIO H3BECTHO, YTO HTepALHOHHEIE METOMbI TpeGyer
HAIHIKRE  TONXONAWEr0 HaYaIbHOro NpUGMIKeHUA, TIPUBOASILUE 6bicTpoit
CXOIMMOCTH K TOYHOMY DENICHWIO M COXDaHSIONME KAYECTBCHHBIC CBOHCTBA
M3y4aeMbIX HENTMHEHHEIX mpOleccoB, 3TO sBNiseTcss ocHOBHOM TPYAHOCTBIO st
TMCIICHHOTO pelenns HEMMHElHEX 3a%a9. DTa TpygHOCTE B 3aBUCHMOCTH OT
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3HAYEHHUS YMCIIOBEIX [APAMETPOB YPaBHEHMS MPEONONEBaETCA NMyTEM yIa4HOro
BbI6Opa HauanbHBIX NpHOMMKEHHH, B KAuECTBE KOTOPHIX NPH BBIYMCICHHAX
npeanoxeHo  Opars yCTAHOBACHHBIE BLULUE ACHMITOTHYECKUE (FOPMYJbI.
IIpoBeneHb! BLIMHCIMTENLHbBIE IKCIEPHMEHTD! M aHANH3 YHCIICHHBIX PedyIbTATOB.
Pe3ynb'ra1‘m YHCJICHHBIX 3KCNIEPUMEHTOB noxKasaym 34)[1)3]([‘}{5“00‘[‘5
NPEAIONEHHOTO NOAX04a, B KOTOPBIX YHCJACHHBIC PEIEHHA OTPAXKAlOT CBONCTBO
HEJIHHEHHOCTH.

Humxe npusenensl rpaduk YMCIAEHHBIX PEIICHUH 3anayy (1), (2) ana
3HAa4EHMs OTAEMbHBIX HHCNOBLIX MapaveTpoB U3 KOTOPBIX BHieH XapakTep
pacnpocTpaHenue Temia (dunstpauun, augdysun).

c) =04 d) =84
Puc. 1. Yncnennoe pemenne 3aga4n (1), (2) upn p=2, 7, q=4.2, I=1,5
m=0.5, n=2. U

|
1
sedd
(

c) =04 d) t=8.6
Puc. 2. Yncennoe pemrenne 3agaqu (1), (2) opu p=2.1, q=4, I=1, m=1.5,
n=2. (I(p-1)-1-0).
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©) =02 d) t=5
3. Hnenenoe Pemenne 3apaun (1), (2) npu p=3, ¢=3, I=1,5, m=0.5,
n=2.(¢=1(p-1)).
rpaguk raobGaibHOro pemenus 3agawu (1), (2),
Oli CKOpPOCTH pacnpOCTpaHeHHs BO3MYIIEHHE, & Ha PUC.
2 rnobankHoe pemenne By KpHUTHYECKOH TOUKH. PHcyHok 3 mpexcrasnser

coboii rpaduk A0Kanu3oRaHkkK HEeOTPaHWUCHHBIX peulenHii. B sToM ciydae

TEMTIEpaTypa pacTeT Heorpammyenpo 3a Bpems 7 <oo B OrpaHudeHHO# obnactu
Cpes.

Bropas rnama

Pnc.

Ha puc. 1 npencrasey
WMEIOUIHE CBOHCTB koneyy

Aucceprayun  «MaTemaTHueckoe MoJeIHPOBaHHe
TPONECCOB  TEMIONPOBOAROCTH ¢ HeTOKATBHLIM TPaHHTHEIM YCIOBHEM B
OHOMEPHOM  cirygaey NOCBAINEHA  WM3YYEHHIO  YCJIOBHE I‘IIOﬁ&HfHOtI
pa3peiMMOCTH | HEpaspemmMocTH 1O BPEMEHH pCHICHHE HSHHHeHHOH
MareMaTHIecko Monemm pacnpoctpaHeHHs TeMmia B HEOAHOPOAHON cpede c
HENIOKATLHBIM MPaHHYHEIM YCnoBreM, MOMYYEHHIO ACHMITTOTHKE aBTOMOIICJll:HBIi(
pewennii  u YHCIICHHOMY  MOAENHpOBAHHMIO  npouecca  HENMHERHOM
TEIIONPOBOAHOCTH.

B naparpage 2.1 PaccMoTpeHs! crieylowice ypaBHEHHE TEMIONPOBOAHOCTH
p—2

ou_of|ou|" oum 17
_—] _, x,’ ER‘_X O,M)s
PV~ a|[a| B (IR
C HENMHHEHHBIM MpaHruREM
alP2 o m
o i”_(o,t)=u" (0,), £>0, (18)
ox ox

¥ HaYaTLHEIM YCIIOBHEM
u(x,0)=u(x)20, xeR, (19)
rae p(x)=(1+x)", n>-p (caywait MeanerHoli muddysun).
Ypasuerne (17) npn m>1, 1<p#2 MOXHO paccMaTpMBacT Kak
HEHLIOTOHOBCKOH  monuTponuuyeckoif ¢wibrpamun, a npn m>1, p=2
HelotoHoBcKo# Audidyaun u T.4., npu Hanwuse nepemeniol NIOTHOCTH p(x).

Ypasnenue (17) npu NIPEANONOKEHUAX p>1+1/m naspiBaerca ypasHeHHEM
MepenHod nddysun, a npr 1< p<l+1/m - Guictpoli anddysnn. B ciyuae
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MeaneHHoi auddysan 3amaua (17)-(19) He WMeeT KIACCHYECKOrO DCIICHMS.
[ToaToMy H3yuaeTcs ee oGobLieHHOE peweHye U3 kiacca

o u™
0<u(x,),[— %-EC(;QX(O,‘HD)).

B pabore Z.Li, ChMu, L.Xie wusydensl ycnosus raobansHoro
CyILECTBOBaHHS M HECYINECTBOBaHMs pemenus 3anasu (17)-(19) mpr p(x)=1 s
ciyyae OwicTpoii Auddysun. OHH yCTaHOBHIM KPUTHYECKHE 3KCMIOHEHTHI
TOGANBHOTO CyMIECTBOBaHHS pElIEHHS M KPATHIECKHE OJKCIOHEHTH TANa
®yIKATa. AHATOTHYHBIE Pe3yNBTaThl NN Ciyyad MeATeHHOH mH@dy3un Guim
nonydenst B paGorax Z.Wang, J.Yin, C.Wang, a npi p(x)=1, m=1 B paGore
B.A I'anakruonosa u X.A.JleBuna.

JlokazaHb! cilelyIoIHE TEOPEMEI.

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

p+n

Teopema 7. Eciu 0<g < , TO BCAKOE pEUICHHE 3alaqu

(17)-(19) aBnsercs rnoGanbHLIM.

Teopema 8. Ecin q>m(p-1)+ P71 . wauannas dynxums  u,(x)
p+n

AOCTaTOYHO Maila, TO BeAkoe pelieHne 3anauu (17)-(19) sBnseTca rinoGambHbIM.
(m(n+1)+1)(p-1)
p+n
(17)-(19) sBngercs HeOrpaHWYEHHEIM MpPH ACCTATOYHO GONBIIMX HAYaNBHBIX

JaHHBIX.
(m(n+1)+1)(p-1)
p+n
HETPUBHANBHOE pelleHne 3anaqu (17)-(19) asnseTca HeOrpaHHYEHHBIM.

IMaparpad 2.2 nocesleH H3YYEHHIO Pa3pPEHIAMOCTH H HEpa3spellAMOCTH
3agauu (17)-(19) B c:ryuae 6rictpoit audrdysun. JokasbiBaeTcs, YTO NPHBEACHHbBIE
BhIIIE TeOpeMbl 1-4 HMEeT MECTO H B 3TOM CITyuae.

B naparpadie 2.3 u3ydensl aCUMNTOTHKH aBTOMOJIENBHbIX peLICHHI 3a1a4n
(17)-(19). Tlycrs

u (t,x)=(T+8)7 (&), E=(1+x)(T+1)", 20)
p-1 g-m(p-1)
q(p+n)-(p- 1)(m(n+l)+]) q(p+n) (p-1)(m(n+1)+1)’

a ynxuus £ (£) sBnsercs pemennem 3anatn

Teopema 9. Tlycts g > , TOTZia BCAKOE PEIIEHHE 3ala4H

Teopema 10. Ec:m <q<m(p—l)+£:—l,1'oacm<oe
p+n

rae y=

dfm " zd.f n+l d.f
d{( dZ dé] + O d§+7§ =0, @2n
-I(f‘")'| (7Y =7 (). (22)

4s



Criyuaii MeqieHHO aupdysun p>1+1/m.

Teopema 11. dunutroe pewenue 3anauu (21), (22) npu & — (a/b)(_""m" )
HMCET aCUMIITOTUYECKOE npeacraBjaeHue

p N D=1y
f@:)—(a bfl’“] (1+0(])) a>o, b’—!—n”(,Tpp:lJ V(P-)

Cryuaii 6eicTpoii audbyzuu 1< p<1+1/m.
Teopema 12. Tlpu & — 400 ucyesarowye Ha 6eCKOHEUHOCTH pellIeHHE 3ana4u
(21), (22) umeer acumnroTHKy

pin

f(§)=c[a+b§ﬁ)lm( (1+0(1)), & ﬂ.l_) Ve

m(p+n)
rae C= (o-((n + 1)(m( p-1)-1)+p+ n)) (el .
Kpuruyeckuii cywaii m(p-1)-1=0.
Teopema I3. Tlyets >0, g>1. Torna pemenue 3anaun (21), (22) npy
& — +0 HMeeT acuMITOTHYECKOE NPEACTABICHHE

2
F&O=Ce*™ (1+0(1)), d=—L=L oV,
m(p+n)
rae C; - IPOH3BOILHOE MONOXKHUTENLHOE HHCIO.

B §2.4 na ocnoBe nomyuennsix B §2.3 pesynbTaToB Pa3paboTaHbl 4MCIEHHBIC
cxemel. Jlast atoro, ypassenue (17) annpoKCHMUPOBANOCEH CO BTOPbIM MOPAAKOM
TOYHOCTH 110 NPOCTPAHCTBEHHBIM KOOPAHHATAM H C TNEPBBIM TNODPAAKOM IO
BpeMeHH. Jisl 4HCIEHHOrO MOJENMPOBAHHS CKOHCTPYMPOBAH HTEPALMOHHBIH
[IpOLECC, BO BHYTPEeHHHMX INAaraX WTEPAllAM 3HA4YCHHA Y3/0B BHIYHCISAIOTCA
M€ToAoM mporoikd. Huxce mnpHBeneM HEKOTOpBIE PE3YALTAaThl YHCICHHBIX
SKCNEPHMEHTOB, KOTOPbIX B KauecrTBe HayalbHpix NpuOmDKeHus Opammch
ACHMITOTHYECKO#H q)opMym,l nonyqeuublx B Teopems! 11-13.

4083 M4SN TS 8 2 48 e )

sitasd i

Puc4. ‘Inc.uenuoe pemelme 3apaun (17)- (19) npu m=1. 5 p ], 75 q=2.85,
1) n=0, 2) n=-0.25.

Ha puc. 4 nokasano rpaduk uncrentoro pewenns kpaesoii 3anaqn (17)-(19)

B ciayyae MeAneHHo# auddysun, wumelomeit cBOHCIB KOHEUHOM CKOpOCTH
pacnpocTpaHeHus BO3MYIIEHRIA.
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!
e e e ki e

B!

Prc 5. Uncennoe pemenue sanan (17)-(19) npu m=1.5, p=1.55, g=2.85,
a=1.5,1)n=0.5,2) n=1.

Puc. 5 npeacras:ser B cebe rpaduk TncnerHoro peuenns 3agagm (17)-(19)
ans ciyyas Osictpoii audipysmu. 3a cuer HeorpaHWdeHHocTH koadduunenta
TEMIONPOBONHOCTH  MpPOLECC WMeeT CBOHCTBO  GeckOHEYHOM CKOpOCTH
pacnpocTpaHcHHs Bo3MymieHuid. CKOPOCTB pPAacNpOCTPAaHEHus BO3MYHMIEHHI
ropasgo Goaswe, ueM B cayuae MemneHHON muddysuu, TpH KOTOpHIM HMeeT
MECTO KOHEYHas CKOpPOCTh pacripocTpaHeHHs BosMyuueHuid. ITponecc anddysun
TElJ1a OXBaThIBAET BCIO 06NACTh U HCUe3aeT Ha 6eCKOHEYHOCTH.

war on -

......... K

Pm: 6 ‘luc.nemloe pemenne 3aiaqH (17)-(19) npn m—2 p =]. 5 q—3
1) n=0.25,2) n=0.85.

Puc 6. cooTBercrByer uuclieHHOMY pemeHHio 3ajawH (17)-(19) mna
KpHTH4ecKoro ciyvas. Oua sBAfAeTCSs aHANOTHYHEIM TNPONO/DKEHHEM crydas
OstcTpoii Imdidy3un, npH kKOTOpoM HMeEET MecTo CBOKCTBO 6ECKOHEUHOM CKOPOCTH
pacnpocTpaHCHUS BO3MYILIIEHHIA.

Tperbs rnaBa auccepraunn  «MaTemaTHdeckoe MoJeJIHpoBaHHE
nmpomneccos TC“JIOII[IOBO}“IO(‘.TII € HEJOKAJBHBIM TPAaHHYHBIM YCIOBHEM.
MHAoromepHblii  elrygaii» MocBAlliCHa HCCIENOBAaHHIO Ka4eCTBEHHHIX CBOWCTB
HeTMHEHHOHR MOZE;TH MHOrOMepHOH TEMIONPOBOAHOCTH B HEONHOPOAHOH cpente ¢
HEMHEHHBIM TPAHHYHEBIM YCIIOBHEM.

B §3.1 paccmartpuBaercs ciaenyioulan HelloKajibHast 3a1ava

(%), =v(|v,,m|’”2 Vu"'), (x.1)€ RY x(0, + ), @3)
—|vu" |’ 2o —(0,)=u"(0,1), ¢ (24)
u(x,O)— u,(x), xeRY, (25)

rae R = {(x,,x')lx' €R" x> 0} p(x)=(1 +|x|)". n>-p.
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Vpasuenue (23) onuchiBaeT (pu3MyecKkHe MOAENH, AUMHAMHKH MOMYJISIKH,
XMMHUYECKHE PEaKuuH, PacHpoCTPaHEHMs Temna M T.J. B 4acTHOCTH, ypaBHeHue
(23) omuchiBaeT HeCTALMOHApHBIA MOTOK XHAKOCTEH B MOPHCTOH cpege co
CTenmeHHO#i 3aBUCHMOCTH OT KacaTe/bHLIX HaNpKeHHH. OT  CKOPOCTH
NEepEMEILCHNs MPH MOJHTPONHBIX YCIOBHAX. B 3ToM cayuyae ypasHenue (23)
Ha3BIBAETCA HEHBIOTOHOBCKMM YpPaBHEHHeM nosuTponuueckoil ¢uiasTpauun,
KOTOpBIE HHTEHCHBHO M3y4ancA ¢ mpouuloro Beka. HeamHeliHoe rpanuunoe
yciaosue (24) ucnose3yercs A ONMCAHHA OPUTOKA IOABOAMUMOH OHEpPruM Ha
rpanuie x=0. Hanpumep, B mpouecce pacnpocTpaHeHHs Temjia ycnoeue (24)
OpeACTaBIAeT CO00H I0TOK Temna, CAeA0BaTEALHO, OHA ONKCLIBAET HEIMHEHHBIH
3aKOH M3NYYEHHs Ha FPaHuLie. DTOT BUA MPAHUYHOTO YCIOBHS NMOABIIAETCA TAKOKe
B 32/1a4aX MOpPEHH, KOra peakuus NPOMCXOAHUT TOJIbKO Ha IPpaHHLe KOHTeHHepa.

Vpapuenue (23) npu ycioBusx p>1+1/m coorsercTByer ypamneuHem
MeznneHHoR auddysnu, n oHa ABaseTca BeIpoXAalomumMc. M noaToMy petenue
€ro noHyMaercs B 060611eHHOM cMBICTE.

Ycnosue rnobansHoe paspelivMOCTH M HEPa3PEIIMMOCTH DEIICHHE 3a[ayuu
(23)-(25) npn p=2, n=0 usyuenst asropamn W.Huang, J.Yin, 1 Y.Wang, a npu
m=1, n=0 W.Duu ZLi.

Baenem cnemyomee 0603HaueH i

_(m(n+1)+])(p—1) _ p-1
g = Py »q.=m(p 1)+N+n-

Jns rnoGansHoH paspemmumocTH pewenne sapadu (23)-(25) cnpasennusbi
crefyiomiee TeopeMEl.

Teopema 14. Ecin 0< g <q,, T0 BCAKoe pemenue 3anaqu (23)-(25) ssnserca
rinobanbHbM.

Teopema 15. Ecnu q>q, u Havanbuas GyHKuMs u, (x) JOCTaTOYHO Masia, TO

BCAKOC pelieHHe 3anauu (23)-(25) asnsercs raobanbHpM.

Teopema 16. Ilycte g>gq,, Toraa BCakoe pewicHue 3amaun (23)-(25)
ABJIACTCA HEOTPAHHY4CHHBLIM NpH AOCTATO4YHO 0ONbIIMX HAYaIbHbIX JAaHHBIX.

Teopema 17. Ecnu g,<q <gq,, T0 BCAKOE HETPHBUANLHOE PELICHHE 3a]auu
(23)-(25) aBnseTCA HEOrPAHHYEHHDIM.

B §3.2 uccnenosana sanaua (23)-(25) gus cimyyas 6bicrpoit auddysun. IMpu
9TOM M3Y4aeTCs CBONCTBAa KiAaCCHYeCKUX peweHnuii. [Homyuaercs yciloBHE
CYIIECTBOBaHHE TOGANLHOTO pEIEHHsi N0 BPEMEHH M HEOFPARHHYEHHOCTH
pewenue (blow-up), st KOTOpLIX J0Ka3aHkI cnpaBejIMBOCTb TeopeM 14-17.

§3.3 noCBAILEHBI MCCNENOBAHMIO ACHMNTOTHKM ABTOMOAEIBHBIX peLieHniH
3agaun (23)-(25) 8 cnyuait Memnenmoii auddysuu u B cayuail Guicrpoil
Au¢dy3nu. ABTOMOLENLHOE PELlEHHE HILETCH B BUAE

u(6x)=(T+6)7 £(£),
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N,y p-l

e =il & =(en)(T ) 1= N Y= o e )+ 1)”

g-m(p-1)
q(P+”) (p=1)(m(n+1)+1)’ dyniums f($) ynosnersopser sanagy
l'”i N"ﬂp i n+l df
4 df[f 7 dg} o I =0 26)
-] Y O=r. @n

Cryuaii MennieHtoil auddysnn p>1+1/m.
Teopema 18. Pewmenue 3amaum (26), (27) ¢ KOMNAKTHBLIM HOCHTENEM NpH

+ {
&—(af b)(_‘"")/ ) pveer acumnToTHueckoe NpeAcTaB/ieHHe

pin

f(§)=[a-b§”"J (l+o(1)) b= mn(fp:)n)l /™), a>0.

Ciryuaii 6ictpoii auddysun 1< p<1+1/m.

V+n)(m+1)—n _
(N+n)m+1

(26), (27) npu & —> +© UMeEET aCHMITOTHYECKOE IPEACTABNEHHE

f(¢)=c(a+b;,k.] T v ot), b= e

Teopema 19. [Tycts )/ <1+l. Toraa peieHue 3aKadu
m

rae C=[0'((N+n)(m(p—l)—1)+ p+n)]ml"_‘) .

UerepTas riaBa auccepTauuoHHod  paGotel  «CBoiicTBa  cHCTEMBI
YpaBHeHHii TEIUIONPOBOAHOCTH CBH3AHHLIX ¢ HEIHHEHHLIMH TPAHHIHLIME
YciuoBHAMMID> TIOCBALIIEHA Ha OCHOBE dBTOMOACIBHOIO aHaJiM3a H METoAa
3TaNOHHBIX YPaBHEHMIH HU3YUCHHIO CBOHCTB HEJMHEHHOK MOAEIH
TEN10MPOBOAHOCTH B ABYXKOMITOHEHTHBIX Cp€Aax H C HCNOJb30BAHHEM TCOPEMBL
CPaBHEHHA PEIICHHH NOJNyYeHHIO BCPXHHE OLEHKH TN00aTbHEIX DEWIEHHH W
HWXHHE OLICHKH HEOTPAHWYEHHEIX PELICHHIA.

B nepeoM naparpade 3Toif rmaBel paccMOTpEHa napafonudeckas CHCTEMa
HETAHEHHBIX ypaBHCHUH TennoNpPOBOAHOCTH B HEOAHOPOAHOH Cpede, CBA3aHHBIX
C HETMHEHHLIMH TPAHHYHBIMH YCJIOBHSIMH

ou ofloum"" aum v o flav™]™" 6u™
Ba Pl [} hkadiill B ZZol )l = 28
A a( - = ] P () a( > — | ¥>0.1>0,(28)
aum "7 au™ av™ | au™
_l—_ = =v‘h(0’t), = =u"’(0,1) 29
x=0 x=0

49



u(x,0)=1,(x) 20, v(x,0)=0,(x)20, x>0, (30)

rae m 21, p>1+lm, ¢,>0, (i=12), p(x)=(1+x)", pz(x)=(1+x)k,
n>-p,, k>=p,, u,(x) u v,(x) HeoTpuuaTensuble HenpepiBHbE GYHKUHH C
KOMIIaKTHBIM HOCHTENEM B R, .

Cucrema Henuueiinbix napaGonuueckux ypaBHenuii (28) BcTpeuaercss B
Pa3IHIHBIX OPHIOKEHHAX Kak Mojesh OHonorudeckoil nomysnsumii, XMMHYECKOH

PEaKLEH, pacnpocTpaneHue Temna, Audgysua u 1.2. Hanpuwmep, u(x,t) H v(x,t)
NpEACTAaBAIOT COBOi NNOTHOCTH ABYX OMOJIOrMuecKMX NOMyJsiuuii B mpouecce
MMIpalMH HAHM TEMOEPaTyph! JBYX MOPHCTHIX MAaTEpPUaNOB BO  BpeMs
PpacnpocTpaHeHus Temna,

B ciyuae ¢ noctosmHoOl [UIOTHOCTH, KOraa A (x)= 2 (x)=l 3agaya (28)-
(30) msyuena B pabore Z.Xiang, Ch.Mu u Y.Wang. B pa6ore F.Quiros u J.
D.Rossi. nsyuen cyuait p, = p, =2, p(x)=p,(x)=1.

OcHOBHbIE TeopeMs! 3TOT0 naparpada ABNAETCA CHeAYIOIUE TEOPEMB.
(pl —1)(172 —1)(ml (r«+l)+l)(m2 (k+l)+l)

(P +n)(p, +k)
BCskoe peitenye 3ana4u (28)-(30) sensercs r106anbHEBIM.

(2= (p, = 1)(m,(n+1) +1)(m, (K +1) +1)

(£ +n)(p,+k)
TOFAa BCAKOe peweHue 3agaud (28)-(30) sBisercs HeorpaHUHEHHbIM NpH
JOCTaTOo4HO GONBUIMX HAYANbHbLIX JAaHHbIX.

_ (Pl "l)(Pz '1)(’”1 (n+l)+l)(mz (k+1)+l) ABNAETCA
SnaseukA i = (p+ )P, +4)

KPHTHYECKOH 3KCNIOHEHTOH r06aTbHOro CyLIeCTBOBaHHS peLleHuUi .
Baenem o6o3uavennii

@ = a(p +n)(p,-D)+(p,-1)(p, _1)(”'2 (k+])+l)
' ag:(p +n)(p, + k)= (2, - 1)(2, ~ Y(m (n+1)+1)(m, (k +1)+1)
o = % (. +k)(p, 1) +(p —1)(p, = 1)(m (n+1)+1)
9 (p+n)(p, +k)—(p —1)(P, ~1)(m (n+1) +1)(m, (k +1)+1)
_ 9% —-ma, (Px - ]) _ 4,0 —ma, (Pz _l)
ﬂl_ Pl—l :ﬂz"‘ Pz—l .
(2 =1)(p, =1)(m; (n+1) +1)(m, (K +1) +1)
(p+n)(p, +k)
min{(n+ 1) —a,(k+1)5, —az} >0 u HaYanbHbIE AAHHBIE JOCTATOYHO Mabl,
TOrAa Besikoe pewieHue 3aga4n (28)-(30) apasercs riobanbHbIM.

Teopema 20. Ecau qq,<

9

Teopema 21. Tlycts gqg,>

2

Teopema 22. Ilycte q,q, >

3
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(.= 1)(p, = 1)(rm (n+1) +1)(m, (k+1)+1)
(i +n)(p, +k) ’
max{(n +1)/Z —a'l,(k +])‘Bz —az} <0, Toraa BciAKoe HETPHBHAIILHOE PELIEHHE

Teopema 23. ITycrs q,q, >

3apaqu (28)-(30) s;Basercs HEOTPaHHYCHHBIM.
3naverns min{(n+1)4 -, (k+1)f,—a,} =0 Hasbisaercs kpuTHyecKoi

3KcrnoHeHTOl THNA ypKHTa.

B §4.2 usyueHa cBoiicTB pewenni cucrema (28), (30) onuchiBatomee
Npolecc pacnpoCcTpaHeHKe Temnia B ABYXKOMIIOHEHTHOM cpelic C HElOKaNbHEIMH
TPaHHYHBIMH YCIOBHAMH
-2 ou™

o

ou™ su™ [ sum
x| ox

ox

- =u" (O,I)Uql (0,1), - =u" (OJ)U']: (031)’ (3 1)

x=0

=0
rae m 21, p,>1+ifm, q,>0, y,>0, p,(x)=(1+x)*, n,>-p, (i=1,2).

IMosryaeHsl yciioBHif Ha WHCNOBHIE MAapaMeTPHl, NPH KOTOPHIX DelIEHHA
3agaun (28), (30), (31) Gymer rnoGanbHO paspemHMOH HIM HEPa3PEHIUMOIA.
CneaoBaTensHo, yCTaHOB/EHBI 3HAUEHHH KPHTHYECKOH OSKCMOHEHTHl THIMA
DyIHKUTA B KPHTHYECKOM 3KCMOHEHTEI I5106EHOM0 CYIECTBOBAHHA PEUICHHS.

B §4.3 u3yuaercs acCHMNTOTHYeCkHe MOBEAEHHE ABTOMOMCIBHEIX pEIICHHH
3anaww (28)-(30) u (28), (30), (31).

[TocTpoeHo ciiefyionee aBTOMOAETBHOE pemeHue 3aaaqn (28)-(30)

{u, (5.0)=(T +1)" p(&), E=(1+x)(T+1)5,

v, (x:)=(T+¢) " ¢(n), n=(1+x)(T+ 0,
rae «a,, f, (i = 1,2) - onpegenennbie B §4.1 xoHcraHTthl, 7 >0, ¢yHkuuu

(#(£).6(n)) pewenne creayomeii sanaum

d (|ldo™ " ag™ .d .,
( ; ? +ﬂl§"l’_¢+alg @=0,

af\[dae| “de d¢ 32)
d (|dg=|"" ag 148 ot
dﬂ( dn| dp ]H?ﬂ T I=0
do™ ? do™ do™ |7 dgm
o op0 ] Eo-e0 o

PaccmotpuM  clienytoutie ¢iyHKUMH, TONYYEHHEIC C TOMOMBIO METOAa
3TaNIOHHBIX ypaBHEHUH

oo [ ﬂ:_'l' m_(%:lﬁ ooy [ %;_‘; na(h_-ll)-'
P(£)=|a,-b¢ , #(n)=| a,~ b1 ,
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e 0.50-12), 5= D o g (Do g

g = yh=—11 7 b= ; '
'n'(pl+n) ' 2 mz(pz'f'k)

Hmeet mMecto crenyromasn

Teopema 24. Tlycts mm{ Pl P~

, >0, Torga pelueHui
m(p,—1)-1 mz(Pz""l)"l}

‘ At
C KOMIDAKTHHM HocuteneM cucteM ypasuemuii (32) npu & —(a,/b ),

2L
1 —>(a,/b, )+ umeer acumnroTHKY

o(£)=¢(£)1+0(1),  #(n)=@(n)(1+0(1)),
rae $(£), #(n) onpenenennsie Bbine GyHKIMH.

Maparpad §4.4 nocssinen yncnennoMy Mojennposaiuio cucrems (28)-(30).
Iloctpoens! uucaennbie cxembl aas 3agaun (28)-(30), paspaboraubl anropuT™ H
KOoMIUIeKe mporpamMsl. O6onoyka M KOj NporpaMMbl Al YHCIEHHOTO pelIEHHs
paspaboraust Ha s3wike C# (Visual Studio 2010). [na pu3yanu3aluy NoTy4€HHBIX
YHCIEHHLIX pEIIEeHHH BICLHOYEHEI B KOMIIEKC nNporpamMmsl rpaduyeckas
Gubmuotexa Chart u rpaduueckue moayns 3-D Plot mMaremaruueckoro nakera
MathCad.

IpuBenem HekoTopbie pe3yabTaTbl YMCJAEHHBIX IKCEepuMenToB. Llar cetku
Boibpan nocratouno Memkum A=0.05, uucno y3noB N=10000 u B xayectse

TOYHOCTH HTEPALMM 3a4aI0TCA £=10". Cuer NPOBOJHIICA A0 (=2 C Iarom
7=0.02.

i : | “xy M

3

Puc 7. Yncaennoe pemenne 3agayy (28)-(36) npu n1=0.7, mI=1.5,
PI=1.85, q1=3, n2=0.5, m2=1.3, p2=1.9, q2=3.5.

Ha puc. 7 npuBenenbl pe3yibTaThl YHCHEHHOrO pewenus 3agaun (28)-(30)
npu min{(”"'l)ﬂl—al’(k+1)ﬂz‘az}>0, KOrja m(p,-1)-1>0,
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COOTBETCTBYIOmEH ciy4ato Me;icHHo# auddysmn. Tipn m, ( p- 1) -1>0, xak

cilenyer w3 acumnroTH4yeckod dopMynsl nprBeaeHHoe B §4.3 u rpaduxos,
pacnpocTpaHeHHE Tenja MPOMCXOAHT C KOHEYHO#H ckopoctbio. [iybmHa
TIPOHHUKHOBEHHS TEIUIOBLIX BOTH 3aBHCHT OT BpeMeHH U (poHT (TodKe, B KOTOpOH

u,(x,1), v,(x,f) oSpamaiotcs B HyNlb) BONHBI LIS KaXI0H Cpelbl HAXOAWTCA B

-1 -1
koHeuHo# Touke: x, =(a,/b, )f,'?.. (T+1)* <o, x, =(q, /bz)ﬁ'r_k (T+2)* <.

(333 -t

34l i -
! w0 Wy

T
§
i
¢

[

Pac 8. Ynciennoe pemenne 3agaan (28)-(30) npu n1=0.5, mI=1.5 p1=1.3
q1=3, n2=0.75, m2=1.6 p2=1.4 q2=3.5.

Ha puc. 8 npeacrasnensl pesynsTaThl YHCAEHHBIX pac4eToB 3agauu (28)-(30)

NpH 3HAYEHHUAX YHCIIOBRIX NapaMeETpoOB m,, P, (i = 1,2), ¢opMaIbHO OTBEYAIOLIHE

ciayyaio Gerctpoit  muddysun  m, ( p- 1)—1 <0. B »3tom chywas Impouecc

pacrpoctpaHeHust Tenjia NPOHCXOAMT C OECKOHEUHOH CKOPOCTBHIO 3a cuer

HEOrpaHHYEeHHOCTH Koa(puiMeHTa TennonpoBoAHOCTH. Temiosoe BO3MYIIEHAE

pacnpocTpaHsercs W3 Harperoi o61acTH B XOJNOAHYIO Topasfo OnicTpee, HeM B
cnyyae Mennernol auddysun.

3AKJIIOYEHHE

Ha ocHOBe NpoBeNEHHBIX HCCHEAOBaHWN MO JOKTOPCKOH AMCCEpTalyH
«Martemarndeckoe MOIENUPOBaHHE NPOLECCOB TEIIONPOBOAHOCTH B cpele ¢
JABOWHOH HENMHEHHOCTBION» NPEACTABJICHB! CIEAYIOIMHE BEIBOJBI:

1. HeobXxoauMo mNOAYMEpKHYTh, HTO HalIeHBl yCIOBHA riao6GansHoM
PaspeliMMOCTH H HEPa3pEelIMMOCTH B 11EI0M 0 BPEMEHH PEIICHHH HENTMHEHHOH
MareMaTHYecko  MOJeNM  pacnpocTpaHEHHs  TEnna,  HEHBIOTOHOBCKOH
NONATPOTIHYECKOH  (uIbTpawny, ARGQY3HH, ONMHUCHIBAIOUMECS HETHHEHHBIMH
napa6oJif4ecKHMH YpPaBHEHHAMH C HENOKATBHBIM I'PAaHWYHBIM YCNOBHEM H C
repeMeHHoH MIIOTHOCTBIO.
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2. Cnenyer OTMeTHTb, YTO Haii/leHbl KPHTHYECKHE DJKCIIOHEHTHl THNA
DymxuTa IUIA HENOKAILHOM 3amaun pPacnpocTpaHeHHus TeIla B HEOLHOPOAHOM
cpene.

3. Cneayer nomvepkHyTs, YTO nONy4eHbl BEPXHHE M HHXKHHE OLIEHKH
TIOGAIBHEIX M HEOTPAaHUYEHHBLIX OGOGIIEHHBIX pelleHHi IS HeNMHEeHHOM
MAaTeMaTHIECKOH MOZEH TENMMONPOBOJHOCTH C NEPEMEHHOH NNOTHOCTHIO H C
HENOKANBHLIM PAHHYHbBIM YCIIOBHEM.

4. MOXHO YCTaHOBHTbL CBOMCTBA KOHEUHOH CKOPOCTH pacnpocTpaHeHus
BO3MYINEHHH M NPOCTPRHCTBEHHOH JOKANU3AUMM PELICHUS ANA MATEMATHUECKOM
MOJenH HeNMHEHHON noMuTponHyeckoii GUALTPALMH C ABOHHOHN HENMHEHHOCTLIO
¥ C NEPEMEHHOH NIOTHOCTHIO B CHy4ae MeLIeHHOH Auddy3un.

5. Caenpyer NOAYEPKHYTb, YTO MOCTHTHYTHl JOKa3aHHbIE CBOHCTBa
GeckoneuHol CKOPOCTH pacnpoCTpPaHEHHs BO3MYIUIEHHH JAMI1 MaTeMaTH4ECKOMH
MOJE/H HEIHHEHHOH NoMTponKueckoii GUILTPALMH C ABOHHOM HENMHEHHOCTHIO
H C NEPEMEHHOH IUIOTHOCTEIO B City4ae GuicTpoii quddysun.

6. Crenyer OTMETHTh, 4TO J[0Ka3aHO aCHMNTOTHYECKOE [OBEAEHHE
OGOOIIeHHbIX pemennii C KOMOakTHHIM HOcHTeneM 3ajawd Komm ans
BRIPOACAAIOLIETOCH ypPaBHEHHs TEMJIONPOBOAHOCTH B HEOZHOPOAHOH cpeae ¢
HCTOYHHKOM H C EPEMEHHOM IUIOTHOCTHIO.

7. Caepyer OTMETHTb, YTO 10KA3aHO YC/IOBHE I106ATBHOM Pa3pelunMOCTH U
HEpaspelKHMOCTH B LENOM N0 BpPEMEHHM pelleHUi M aCHMIITOTHYECKOE
NPEACTABJICHHE pelleHUil CHCTeM ypaBHEHMit [ii 3ajaud  HenuHeliHo
NOMTPONKYECKOH (UIBTPAMH C HENOKANLHBIM IPAHHYHBIM YCJIOBMEM H C
NEPEMEHHOM NAIOTHOCTBIO.

8. HeolxoauMo noguepxHyTh, YTO NpEMIOKEHDI MMCIEHHBIE CXEMbI Al
HCCJIENOBAHHA Kau€CTBEHHBIX HENMHEHHBIX CBOWCTB MaTEMaTHYECKHMX Moaeineit
TEIIONPOBOAHOCTH C NMEPEMEHHOH IOTHOCTBIO M C HETOKAILHBIM [PAHHYHBIM
YCII0BHEM.

9. Cnepyer momguepknyTh, uTO pa3paboTaHbl BBIYHC/MTEILHBLIE CXEMBI,
2/IrOpUTMBb! H NPOTPaMMHBEIE KOMILIEKCH B cpeae Visual Studio 2012 (CH#) ams
HC/ICHHOTO PeMEHNs HeNHHEeHHBIX 3314 TEeIIONPOBOAHOCTH U BU3YAHN3ALHH.
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Intreduction (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 Ne24 «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 1V. "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, [owa 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 Universitad di Roma, Universita
degli Studi di Catania (ltaly), Osaka, Nagoya, Hiroshima University (Japan),
National University of Singapore (Singapore), Universidad Auténoma 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 (Izrail), Jilin,
Chonggqing, 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 Auténoma 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 , Chonggqing, 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, Chongqging, 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

3 Rcvww of fumgn scientific research on the topic of the thesis |s based on following sources: Journal of
Com ics and Mathematical Physics, Matk ical mg g, Communications on Pure and
Apphed Analysis, Journal of the Korean Mathematical Society, hitp:/www.springer.com/mathcmatics,
hutp://www.sciencedirect.com/science/jrnlallbooks/sub/mathcmatics.
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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.1.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, ZXiang,
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;
ZLi, 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 stow 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 heterogencity 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 giobal
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 NeTK-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 Ne®TK-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 sofiware 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 Net®@TK-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 Engineeringy»
(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 Enviropment »(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) «Dj erential 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 mathematicians»
(Namangan, 2013) «Modem 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 modem topology and its
applications» (Tashkent, 2016). Results of the study were discussed at a scientific
seminar "Modern problems of mathematical physics" (Tashkent, 2016), "Modem
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" sofiware 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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A (x)%t"— = div(qu’ I‘p_2 Vi ) +p,(x)u?, m
u(x,0)=u,(x), xeR", 2)
where p,(x)=|d{", 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 %’ ?0 s
depending on the temperature u=u(t,x)>0,and the diffusion coefficient

u! IVu'IP_z >0.
Equations (1) at p>1+1// is a degenerate, and therefore the solution is
understood in the generalized sense in the field of Q={(x,t) xeRY,0<t <T}

from the class 0<u(x,f), u" IVu'IP-2 €C(Q), which satisfies the equation (1) in
the sense of distributions.

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

Consider the following self-similar solution

u=(T+6)" (). £=pI(T+1)”

p+n g-1(p-1)
5 ﬂ = (249 a.nd the
(9-1)(p+m)—(m-n)(i(p-1)-1) p+n
function f(£) is a solution of the self-similar problem

where a =

o d [ alal! dr wn @ om o 3
4 dcj{f dE df] B éﬂlf f+&f ®
F(0)=C>0, f(d)=0, d <+x. @
The case of slow diffusion(p > 1+1/I) .Consider the function:
7&)={a-okf5 |,
where a= C,(p’:'?-] , 1(p_l)__1pl’“ (i), = max(0,i).
! ( p+ m)

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

has an asymptotic representation f(£)=Af (£)(1+0(1)), where 4is the solution
of an algebraic equation

(D e -,
y @lp+m) ~  ((p+m))”



if‘]=waﬂd A=1, ifq>w.
p-1 p-1
The case of fast diffusion (t<p<1+1/I). Let

p-t
- 2+m \15(p-)
7 =(a+ k|g[7 J =,
1 Hp-1)-1
where g 1=H(p=1) i 2R
I(p+m)

I(N+m)+N
I(N+m)+1
quation (3) \yhich vanishes at infinity has the asymptotic behavior

7(€)=m7 (&)(1+0(1)), number M is found by solving an algebraic equation
1=n(p-1)/(p-m)
Ib - B =
Wlem) . @(om)
0=l prm) e, @D m),
1-i(p-1) 1-/(p-1)

Further in this section we consider an unbounded self-similar solution of the

problem (1), (2) the following form
u(tox)= (T -0 2(€). E=Bl(T=1)".

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

Theorem 2. Let —p<m<0, < p<1+1/l,then the solution of

s

(1=1(p-1) 7w+

I-N_i I-N égip-z_‘iﬁl_ _ n+lig__ m_ _ gn q_:o 5
¢ d§[¢ e dg]ﬁé’ g =0, ®)
g(0)=c>0, g(d)=0, d<+x. 6)

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

g(¢)=Cg(£)(1+0(1)),

whereC = # B , g(;):(D—BIﬂ%) ,D>0, B>0.
bi(p+m)

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

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

x(0~(D/B)TV™ (T =) >0
at > 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

p-2
%—%(g %)+up, (x,0) e R, x(0, +), N
p-Z '\
—— —(0 )=u(0,t), 1 - ®)
u(x,0)=u0(x)20, xeR,. ®

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, Fermando 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 B<1, ¢>2(p~1).Consider the following global self-similar solution of
problem (7)-(9)

u(x,0)=1"p(&), E=xt7, (10)
where a = 5 y= 1; (11 ﬂp) » @(£) is the solution of the problem
;’;Udtp Z?) ¢'——a¢+(a” 0, a1n
We have the following

Theorem 4. The solution of (11), (12) with compact support

gt L
at¢ —(ap/(p- 2)) # 7’ has an asymptotic representation

£l

ne
¢(¢)=[a—p7j27’*'§ﬁ]ﬁ ,(1+0(1)), a>0.

Case B>2p-lg< 2(p-1)
p
solution of the problem (7)-(9) is sought in the form
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w(x0)=1"0(¢), £ =217,

p-1 __P-1-4 is the solution of the problem
where a = ¥ = , 9(&) isthe so p
2(p-1)-pq 2(p—1)-
4 do ap=0 (13)
-ap=0,

df(df de e
do|"” do| _ , (14)
= = =¢(0).
" se v

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

p(£)=Cla-&)F(1+0(1)), a>0,

Y(-2)
whereC=[ 2224, P2
p-1 p-1

The critical case pg=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, (x’ t) - ea(r-r) Q’( g)’ E= xe-r(!-r),

where @ = —2— ,¥= p-2 , T is a positive number, the function ¢(§) isa
2p-1"" 2p-1
solution of the problem

d 49 |, £ _ap=0 (15)
df(d-f de Gl
_Qp_zd“’ =07 (0). (16)
dE EL v'(0)

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

P
&— D (p_—;) has an asymptotic representation
p —

o(£)= c[ Dp-z( 5:;)’ _g]” (1+0(1)), D>0,

1 Y(7-2)
whereC = ( Lo > 7) D.
p B -
In paragraph 1.5 the numerical schemes for the numerical solut'non of the
Cauchy problem (1), (2) and non-local problem (7)-(9) is cons!dered. 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 exa(‘:t
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).

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

e) t=0.4
Fig 2. Numerical solution of the problem (17)-(19): p=2;1, q=4, =1, m=1.5,
n=2.(I(p-1)-1 —)0).

f) 1=8.6
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. . e) t=02 . f t=5
Fig 3. Numerical solution of the problem (17)-(19): p=3, q=3, I=1,5, m=0.5,

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

1,7 ig. 1is a graph of o global solution to the problem (1), (2) having a finite
velocnvt)" 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 withoyt limit over time in a bounded region of the medium.

The seco-nd chapter of the thesis «Mathematical modeling of processes of
heat c9nductlon With a nonlocal boundary condition in the one-dimensional
case» is devoted to the study of the condition of the global solvability and no
§olvab1!1ty time Solution of the nonlinear mathematical model of heat propagation
in an inhomogeneous medijum 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 F) ou™ P-2 ou™
px)—==| & | o R, x(0,40), 17)
()a’ ax(ax e , (%) € R, x(0,+0) (
with nonlinear boundary
ou™ -2 . m
5 Ex-(o”)= u?(0,t), t>0, (18

and an initial condition
u(x,0)=u,(x)20, xeR,, a9

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+—l— is called the equation of
m

slow diffusion, and atl< p <1+ L fast diffusion. In the case of slow diffusion of
m
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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

-2 ou™

_GTEC(R*X(O’M))'

m

0<u(x,1), %

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.

Theorem 7. If Oqu("'(””)”)(P"‘)
p+n

, then every solution of the

problem (17)-(19) is global.

Theorem 8. If 0<g< (m(n+l)+l)(p ) and the initial function is small
p+n

enough, then any solution of the problem (17)-(19) is global.
Theorem 9. Letq (m(n+])+ l)(p 1)
P +n
(17)-(19) is unbounded for large initial data.
Theorem 10. If (m(n+ l) T l)(p— l)
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, (£,x)=(T+1)7 £ (&), E=(1+x)(T+1)~, (20)
wherey = p-l q_m(p_])
4(p+n)=(p=1)(m(n+1)+1)* * " q(prn)-(p—1)(m(n+1)+1)’
and the function f(£) is a solution of problem

, then every solution of the problem

<q <m(p-—1)+;;:-:—z, then every non-

df"""zd n+ldf
5[ T df] o g+ 1S =0, @
l(f“ I ()Y O=10). @2)

The case of slowly diffusion p>1+1/m.
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Theorem 11. The compactly supported solution of the problem (21), (22)
when £ —)(a/b)(_"' "2*") has an asymptotic representation

p-l
e 1)-1
f(ff)—(a bgp-*] (1+o(1)), a>0, b-% YN

The case of fast diffusion 1< p<1+1/m.
Theorem 12. For £ —>+w vanishing at infinity the solution of problem (21),

(22) has an asymptotic

= ) _1=m(p=1) v,
@)= C[a+b§ J (o) b= o

wherec =(0'((n+1)(m(p—])—l)+ p+ n))'/[l_m(rl)].

The critical case m(p—1)—1=0.

Theorem 13. Let >0, g>1. Then the solution of problem (21), (22) for
¢ =+ is an asymptotic representation

= (p=1)-1
m{p~1)-| m
=| g—p&?! 1 i), a>0, =_—L & ity
1@~ a7 [ (140t0), avo. 2

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.
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Fig 4. Numerlcal solutlon of the problem (17)-(19) when m=1.35, p—I 75,
q=2.85, 1) n=0, 2) n=0.25.

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. Numerical solution of the problem (17)-(19) when m=L5, p=1.55,
4=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.
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Fig 6. Numerical solution of the problem (17)-(19) when m=2, p=L1.5, q=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)u, = V(IVu’" |p_2 Vu”'), (x.) e RY x(0, +), (23)
—IVu"IH%(OJ)w“(o,r), 1>0, 24)

1
u(x,0)=u,(x), xeR", (25)

where RY = {(x,,x’)lx’ eR" x >0},p(x) =(1+}x])", n>-p.

Equation (23) d_escribes the mathematical model of different physical
processes, the population dynamics, chemical reactions, heat distribution, etc. In
72



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
9= p+n ,qc-m(P l)+N+n'

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

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

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

Theorem 17. If there is g,<g<g, 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, (6x)=(T+1)" 1 (£),

where £=|¢], & =(1+x)(T+4)”, i=1,...,N,
p-1 B q-m(p-1) the
y= yO= ]
q(p+n)-(p=1)(m(n+1)+1) q(p+n)—(p—l)(m(n+l)+l)
function f'(¢£)satisfied to the solution of the problem
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p-2
- d | ona £ af" it df
¢ d.f[f dE d.f] o¢ §+ 'f=0 (26)
- Y W=r1). @7
The case of slow diffusion.

Theorem 18. The solution of the problem (26), (27) with compact support
when £ - (a/b)(_‘p *M2) has the asymptotic representation

(6= (a-bf i ) (1+0(1)), & ———"’”(1‘(”1’ +)n) ', aso0.
The fast diffusion case.
(N+n)(m+1)-n

<p<1+l. Then the solution of
(N+n)m+1 m

problem (26), (27) when £ —> +oo takes the asymptotic representation

Theorem 19. Let

p+n

= e e + _ m(p=1)-1 yo,
f(§)—C(a bE ) ! o(1)), b=- mi’pﬂ) PRt

where C = [cr((N +n)(m(p-1)-1)+p .,.,,)]T-m(;p—ﬁ .

In the fourth chapter of the thesis «The properties of the system of the
thermal conductivity equations coupled via nonlinear boundary conditiens» 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.

au™ " gum e
p -—-=— —=—.,
l( ) { . ] 2( ax[ . | = | x>0,1>0, (28)
o T Bv™ ™ o™
Tal w00 5] F| e e
x=0 x=0
u(x,0)=u,(x)>0, v(x,0)=0v,(x)20, x>0, (30)

where m, 21, p, >1+1/m, q,>0, (i=12), p(x)=(1+x), p(x)=(1+x),

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,#) andu(x,f)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 g (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.

(Pl - 1)(.”2 - 1)(”‘1 (’H' l) + 1)(”’2 (k + 1) + 1)
(p,+n)(p,+k)

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

initial data.
(2 =1)(p, ~1)(m (n+1)+1)(m, (k+1)+1) < the critica
(2 +n)(p, +k) the critical

global existence exponent of solutions.
We introduce the notation

q,(p+n)(p,-1)+(p, - 1)(Pz_l)(”’2(k+1)+l)
q,qz(p,+n)(pz+k) (2 =) (p,—1)(m (n+1)+1)(m, (k+1)+1)°
_ g, (p: + k) (2 =1)+(p =1)(p, = 1) (m(n+1) +1)
_qlqz(pl+n)(p2+k)—(p,—I)(pz—l)(m,(n+])+l)(mz(k+])+l)

B = 9,2, —mQ, (pl —1)’ B, = 9,2, — M, (pz —1).

Theorem 20. Suppose ¢,q, <

Theorem 21. Suppose, g,q, >

The value ¢,9,=

p-1 : P -1
(P =)(p, - 1)(m, (n+l)+1)(mz(k+l)+l)
Theorem 22. Let, q,q, > (Px " n) (Pz . k)

min{(n+1) 4 —a,(k +1) 8, - ,} >0and initial data are small enough, then any

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

ads > (2 =0)(p, = 1)(m, (n+1)+1)(m, (k+1)+1)
(p+m)(p,+k)

max {(rn+1) 4, - e,,(k+1) 4, —a,} <0, while every non-trivial solution of the

problem considered problem (28)-(30) have blown up property.

The value min{(n+1)f, -, (k+1)B,-a,} =0is called the critical exponent of

Fujita type.

k4
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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

am "
ax

ox

7 aum

=yt 0,t ¢l
u” (0,1)v p

=0
where m >1, p,>1+1/m,q,>0,7,>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)

{m (50)=(T+1)* (&), £=(1+x)(T+1)?,

v, (%0)=(T+1Y™ (1), n=+x)(T+e)*,
where @, f (i=1,2) - are defined above constants, 7>0,
functions(¢(£),4(7)), solution of the problem

d (|de™ "™ do™ d .,
_d?[ (D (0 } ﬁ.gmﬂl (p+alé‘¢ 0

=u"(0,1)v% (0,1), 31)

x=0

d¢ dé d¢&
d (|ae= " >
d [|dg™|"" dg e d9
dﬂ[ dn dﬂ] B n+azn¢ =0,
PO P S

Consider the following functions obtained using the method of standard

equations
—m-1 7l
_ _l m(p-)-1 L’z:_‘; my(pa-1)-1
#(&)=| a-bg" » 6(n)=|a,—bn*" ,

where a,>0 (i=1,2),5, = Mp} 50,5 —Mﬂz Pl 0.

m(p,+ n) my(p; +k)
We prove the following.
Theorem 24. Suppose that min{ ol —2 -1 }> 0, while
m(p—1)-1"m(p,~1)~

solutions with compact support systems of equations (32) with

Al youl
& —»(a, /)= ,n—(a,/b,)r* possess an asymptotic
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o(£)=@()(1+0(1)),  #(n)=F(m)(1+0(1)),

where 3(£), ¢(n) 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 £
Fig 7. Numerical solution of the problem (17)-(19): n1=0.7, mi1=1.5, pI1=1.85,
q1=3, n2=0.5, m2=1.3, p2=1.9, q2=3.5.

Fig. 7 shows the results of numerical solution of the problem (28)-(30) when
min{(n+1) 4 -,,(k+1) 8, -a,} >0and m,(p,—1)-1>0that corresponding to
the case of slow diffusion. If m,(p,—1)—1>0 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,(xf) v, (x¢)which vanish) waves for each environment is at the

~ =1
endpoint:. x, =(al/bl)f‘—'lv (T+1)P <o x, =(a2/b2)£7k (T +1)* <.
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Fig 8. Numerical solution of the problem (17)-(19)? nl1=0.5, mI=1.5 pI=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=1,2) 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 dis'turbanc&s 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 heaf equation in an
inhomogeneous medium with the source and with variable der]s.lty. o

7. The condition of the global solvability and no solvability solutions in time
and asymptotic representation of solutions of systems of nonlinear equ.aEJons t.‘or
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 sot’m.'are 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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