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Huccepranus aBropedeparu 2016 iinn KyHU TapKaTWIJIN.
(2016 tium Jlaru pakaMmiIM peecTp Oa¢HHOMACH)

P.X.Xamnamon
®daH TOKTOpH WIMHUHN AapakacuHU Oepu Oyiinda
WJIMHHA KeHTaIl panucH, T.¢. 1.

M.C.5sIkyooB
®daH AOKTOpU WIMHIA JapakacHU OepuII
Oyifrua WIMHUI KEHTAIl WIMHN KOTHOMH,

T.¢. 1., mpodeccop

H.PaBmaHos
daH TOKTOpU WIMHIA AapaskaclHU Oepull Oyinua
WIMUH KEHIall KOIIUAAru

WIMUI ceMUHap paucu, T.¢. 1.

KWUPHUII (10KTOPJNK JMCCEPTANUACH AHHOTALMSICH)

Juccepranusi MaB3yCHHUHI 10/13ap0sauru Ba 3apyparu. JKaxoH Mukecua
dbaHHUHT MexaHWKa, (Qu3nuKa, TEXHOJOTHS, Omodu3NKa, OMOJIOTHUS, DKOJIOTHS,
THOOMET Ba OOIIKa Typiid coxanapuja ydpalauraH, HOUM3HKIN quddepennnan
TEHIIaMajap opKaiu udomaJaHyBUM XOJIMCAa Ba KApPaCHJIAPHUHI MaTeMaTHK
MOJICJUIAPUHH YpraHulIra KarTa KH3UKHIIL OOpiuru Ky3aTwiMokiaa. byHpai
MOJICJJITAPDHUHT AaCOCHMHU MapaboJIMK THUIAArd XyCyCHH XOCWJIAd YU3UKCHU3
muddepeHnnan TeHrNIaManap Tallkuil 93TUO, ynap yuyH Kywwiaguran Komm
Macajiacu xamja 4erapaBuil MacalalapHUHT €4MMJIIapu XOCCaJapyuHU YpraHuil Ba
COHJIM €YHUII TaKpUOWW euuIn yCy/slapy acocuja amaira omupuiaian. byHna
acocuil YpUHHM TaOWATIIYHOCIIMKAA y4YpaWguraH Typid YHU3UKCU3 KapacHIapHU
MOJICJUTAIITUPYBYM TApaOOJUK TUIIArd Oy3WJIyBYM TEHIJIamManap Ba YJIApHUHT
cUCTeMaapu drajiad KeJIMoKaa.

Mycrakiuiik — Wwiapyuaa  MamjiakaTUMU3/1a aMalidid  MaTeMaTUKaHUHT
non3ap0 HyHanmmapuaan Oupu Oyiaran Typiau (U3UK, OMOJOTHUK, TEXHOJIOTHK
Xamla KUMCBUU >KapacHJIAPHUHT YU3MKCU3 MAaTEMaTHK MOJCIUIAPUHUA TaIKHK
ATUITAa Ba yJapHU aMalMeTra TaTOWK ATUIIra OYiAraH »bTHOOP Ky4dalTUpWIIIU.



[lly HykTam HazaplaH, dHEpreTuka, THOOMET Xamja He]Th Ba ra3 coxajapuja
aMajui TaTOMKKa 9ra OYJIraH UCCUKJIMK YTKAa3yBYaHIUK, (PUIBTpaLus, OMOJIOT UK
MOMYJIALMS KapacHIapuHU UPOJATOBYHM KATOp MAaTEeMaTUK MOJIEIIap YCTHAA
CaJIMOKJIM WIIMHNA-TAAKUKOT UIILIaApU OJTUO OOpUIMOK/IA.

XO03Upru KyHJa KaxOHJa KBa3WYM3HMKIM NapaOoNMK TUIIArd Oy3uiyBUd
TEeHJamajap Ba YIAPHUHT CHCTEMallapu OpKaiu wudoIaJaHyBuUd KapacHIap
MaTeMaThK MOJEJUIAPUHUHT KEHI TapKAJIUILIHU, YIAPHUHT (yHIaMEHTall CaKJIaHMIII
KOHYHUSTJIApUJAH KenuO uukumuy OwinaH uzoxjaHagu. Ly ca®abmm xam Oup
Kapaljga xed KaHjaail yMyMUWIMKKa 3ra OyiamaraH MKKA (U3MK >KapacHJIApHUHT
MaTeMaTHK MOJEIIapy TypJiMya COHJIM TMapameTpiiap OuiiaH Oepuiajuran aiHaH
Ooup xun un3ukcu3 auddy3usi TeHrIaMacu OpKaiu TacBUpiaHaIu. X03UPTry KyHa
OyHJall TEHITIaMaJIapHU YPraHUIl Ba aMaJIMETra TaTOUK ATUII 103aCUJIaH Kyiuaaru
WyHanmuuuiapard WIMHUN-TQIKUKOT H3JAHUIIAPUHUA aMalira OIIMPHIIT MYXUM
Bazudanapaan Oupu XuUcOOMaHAIU: YM3UKCU3 MaTeMaTHUK MOJAEIUIApHUHT cudar
XOCCallapuHU YpraHull yCyJUIapUHM WIUIA0 YWKHII, SYUMIIAPHUHT BakT Oyiinua
aHUK OaxoJapyuHU TOMHUII; YU3UKCHU3 A(h(EeKTIapHu aHUKIAII, TEKaAMKOP COHIN
cxemayap HIad YMKHUIIL, YM3UKCU3 >KapacHIAPHUHT MaTeMaTHK MOJEIUIApUHU
ypranuiira e€paaM OepyBUM aMalvdid JacTypiap MaXKMyWHU SIpaTUII  Ba
KapacHJIApHU BakT OYilM4a KEeUMIIUHM Hazopar Kuwiuil. FOKopuaa KenTupuiiran
WIMHAA-TAIKUKOTIAp WYHaAIMIIMAA Oa)kapuiacTraH WIMHUN H3JaHUILIAP MasKyp
JUccepTalys MaB3yCUHUHT J013apOIUTUHU U30XJIai 1.

V36ekucron PecnyGnukacu Ilpesunentununr 2012 jiunm 21  maprioaru
[1K-1730-con «3amMoHaBuii axOOPOT-KOMMYHHKAIUSI TEXHOJOTHUSIIAPUHU KOPHUH
ATUII Ba SHAJla PUBOXIIAHTUPHIN 4dopa-Taaoupiapu tyrpucugantu, 2010 iun 15
nexabpnarn  IIK-1442-con  «Y36exnucToH  PecnyGIMKACHHMHT — CaHOATHHH
2011-2015 #winapna pUBOXKIAHTUPHUILIHUHT YCTYBOp HYHAIMIUIAPH XAKUAA»TH
Kapopnapu, ¥36ekucron Pecniyonukacu Basupnap Maxkamacunuar 2012 i 1
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deBpanugaru  24-cornu  <«OKolmapma — KOMIBIOTEPJAIITHPUIN Ba  axOopoT
KOMMYHHUKAIIUS ~ TEXHOJIOTHSUIApUHU  OyHJAH  KEWMHITM  PUBOKJIAHTUPUINTa
HIAPOUTIIAp APATUII YUyH 4Opa-Taa0upiiap TYFPUCHIA»TH Kapopu XamJia MaszKyp
daonmusaTra Terumum Oapya MEbCPUN-XYKYyKUH XyxoKariaapiaa OeNruiIaHraH
BazudasapHu amajra omupuiira ymoly JguccepTranus TaAKUKOTH MYyailsH
Japaxana Xu3Mar KWIaIq.

TagKMKOTHUHT pecny0/JuKa (paH Ba TEXHOJIOTUSUIAPH PUBOKIAHUIIN
HHMHI YCTYBOP HYHAJIUILJIAPUTra 0OFIMKIMId. Ma3Kyp quccepranus Ui
pecyonuka (aH Ba TEXHOJOTHsUIAp puBOXKIaHUIIHHUHT [V. «Maremartuka,
MeXaHHKa Ba HH(OOPMATHUKA» YCTUBOP WYHATUIINIAa MyBOGUK OakapuiraH.

Juccepranus MaB3ycH 6yiinua XopmKuii MIMHA-TaIKHKOTIap mapxu'.
Unzukcu3 MaTeMaTK MOJICIUIAPHUHT cU(daT XoccalapuHu TaAKUK 3TUIL Oyiinya
WIMHUI U3JTaHUIUIAP KaXOHHUHT €TaKYM OJIUI TabJIUM Myaccacajlapy Ba HIMHA
Mapkasnapu, xkymiaaas, North Carolina State University, lowa State University of
Science and Technology, University of Central Florida, Louisiana State University,
California State University (AKIII), Universidad de Buenos Aires (Aprentune),



Chile University (Uunm), Sapienza Universita di Roma, Universita degli Studi di
Catania (Mrtanus), Osaka, Nagoya, Hiroshima University (SIlmonust), National
University of Singapore (Cunranyp), Universidad Autdbnoma de Madrid,
Universidad Complutense de Madrid (Mcmanwus), Paderborn University, Aachen
University (I'epmanust), University of Nottingham, University of Sussex (byrox
bputanus), Komen ynusepcureru (CnoBakusi), Tenb-ABUB YHUBEPCUTETH
(Mcpowun), Jilin, Chongqing, Changchun University (Xuroit), Paris Mathematics
Center, Université Paris-Dauphine (®pannus), Poccus @A nHunr Amanuit
MareMaTuka MHCTUTYTH, MockBa aaBnat yHuBepcureruaa (Poccus), Benrpus
dannap akajeMusicura Kapamuii Xyucooan TeEXHUKacH Ba aBTOMaTHUKa HHCTUTYTH
(Benrpust), Ko3ofructon Munii yHUBEpCUTETH, MareMaTnka Ba MaTeMaTUK
moaesamtupuil uHcTuTyTu (Kozoructon), T.IleBuenko Homuaru Jlyran
MWLM yHUBepcuTeTH (YKkpanHa), Maremarnka Ba UHQOpMaTHUKa HHCTUTYTH,
Coous yuusepcutetu (Bonrapus), Y36exucton MuLnii yHUBEPCHTETH,
CaMapKaH/I JIaBJIaT YHHBEPCHUTET, Ypranu jasiar yHuBepcuTeTH (Y30eKHCToH) 1a
onu6 OOpHIMOK/IA.

Uu3uKcnu3 MaTeMaThK MOJACJUIApHU TAAKUK OTUIIA YWU3UKJIA MOAEIIap
xoccanapuaad Qapkiau ynapok (akaT HOUM3MKIM MOjeiapra Xoc siHru cudar
XOCCaJapHM  aHUWKJAIl, COHJIM €YUII YCY/UIApUHU WIUTA0 YWKHWII — Ba
BU3yATAIITUPHUINTa OWJ KaxOoHAa ONuO OopwiraH TaJKUKOTIAp HaTHXKacuia
Karop, KyMjaJaH, KyWHJard WIMHUN HaTKalap OJWHTaH: MapaOosivK THUTIaru
HOYM3HKJIM TEHIVIaMaliapyu OpKajiu MpoaaiaHyBYM UCCUKIIMK TapKaIHUIIN KapacHU
moxeapu yuyH Komum Ba Heliman macamacMHUHT BakT OYyitmya mioOail ednmra
sra Oynum Ba sra OynMaciuk mapmiapu Tonwiran (Universidad Autonoma de
Madrid, Osaka, Nagoya University), HOUU3UKIU TapabOIMK TEHIIaManap yayH

1

— Jluccepranus MaB3ycu Oyinda XOpIKUM WIMHI TaAKUKOTIap mapxu: JKypHaia BEIUMCIUTEIBHON MaTeMaTHKU U

MareMaTudeckoil ¢usuku, Maremarnueckoe MonenupoBanue, Communications on Pure and Applied Analysis,
Journal of the Korean Mathematical Society, http://www.sciencedirect.com/science/jrnlallbooks/sub/mathematics;
http://www.springer.com/mathematics manbanap acocuja unuiad YHKUITaH
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@OymxuTa TUMHAIATH Ba €UMMHHUHT T100al MaBXKYUIMK KPUTHUK SKCIIOHEHTAIapu
kuiimatiapu Tormmwirad (Universidad Complutense de Madrid, Paderborn, Jilin,
Chongqing, Changchun University), FoBak MyXHT TEHIJIaMacH Ba TPaTUCHT
YM3UKCU3JIMKKA 73ra TEHIaMajap YYyH MacajacMHM euulia OOLUIaHFUY
Oepwiranjap y4yH 4erapaHu aHUKiIa0 OepyBUM UKKHHYM TYp KPUTHUK
OKCIIOHEHTAJapHU aHUKJIAl ycy/utapu unuiad yukuiarad (Sapienza Universita di
Roma, Chongqing, Osaka University).

JlyHéna Typiu MareMaTHK MOJEJUTApHU aCOCHHU TaIIKWJI ATYBYH, MapabOIuK
TUNAArd YU3UKCU3 TEHIamanap ydyH Kyuwiaran Komm, Xamaga yerapaBuid
MacajalapHi €Yl Ba aMadueTra TaTOUK JSTHII yCy/UTapu, BOCHUTAIAPUHH HIILIA0
yuKUI Oyinya OMp KaTop YyCTyBOp WYHanIMUUIapAa WIMHUN TaJKUKOT HWIUIAPH
onub OopuaMoKAa, KyMiaJaH: YM3MKCU3 Macajajlapia BakT Oyiimua miobOai
€YMMJIAPHUHT MaBXyJ OYJIMII MIapTiaapuHy Tonuil; OyKuTa TUIIHIATY Ba TI00al
CUUMHUHT MAaBXKYUIMK KPUTUK OKCIIOHEHTAJTapyu KUWMATIApUHU  TOTIHIIL
yerapajaHMaral €4MMJIAPHHUHT JIOKAJUIallyB HIApTIapUHU aHUKJIAI; COHJIA €UMII



YCYJUITADUHUHT CaMapaJopJIMTUHUA  OUIMPHII, YWU3UKCHU3 KapacHJIApHU COHJIU
YypraHuiira UMKOH OepyBYH TaCTypUil BOCUTAIAP MAKMYUHH UIILIA0 YUKHUIII.

MyaMMOHHUHI YPraHwIraHJuk aapaxkacu. ManOa €KW IOTWIMINTA 3ra
YU3UKCU3 MYXWUTIApAa WCCUKIUK YTKA3yBYAHJIUK JKapaCHUHU MaTeMaTUK
MOJICJUTAIITUPHUII  Ha3apusCUia JyHE OJIMMIIAPDH TOMOHHUJAH KAaTop MYXUM
HaATIKAJIap OJWHAM. OHEpPrus y3aTHIl Ha3apusacula HCCUKIUK Y3aTULIIHUHT
YU3UKJIM MojeJIapura xoc OynmaraH Vy3rada cudar xoccajnap OOpiauru
aHUKJIaHIU. Kymnanan, J.L.Vazquez, H.A.Levine A.A.Camapckuid,
A.C.KanamnaukoB, B.A.l'amaktuonoB, A.d.TeneeBnap TOMOHHMIAH CUUMHHHT
yerapajaHMaraHjiurd, 4YekiW Te3lukaa TapKamuil 3¢GGeKTH Ba HUCCUKIHK
TapKAJIUIIUHUHT  (A30BUM  JIOKAJUTAIIMINM,  W3OJSAIUSIIAHTAaH  UCCUKJIUK
CTpPYKTypajlapu, MaHOa €KHU IOTUJIMIITA 3Ta YU3UKCU3 MYXUTJIApJa TabCUPIaHUIIT
YKapaCHUHUHT YEKJIM BaKT MaBXKy/l OYJIUIN KaOuaap aHUKIaH/IH.

Uuznkcn3 Myxumiap/a UCCUKIUK TapKaIUIl Te3MUTHHUHT yekmmink (MTTY)
abpdextun nactnad A.b.3enpmoBuu, A.C.Kommaneiny map, KeMMHYaIUMK dca
["N.bapenbnart, R.Pattle nap ToMoHuaan anukiaanrad. FoBak MyXuT Ba IpaJuEHT
YU3UKCU3 HCCHUKIWK YTKa3yBUAHJIMK TeHIaManapu yuyH Komwm wMacanacuaa
UTTY »ddexkTHHUHT (03ara KeNWIl IIapTiapud Ba KOMIIAKT OPUTYBUMIIU
eUMMIJIApHUHT OaxosnapuHu Ttomum OVinua J.L.Vazquez, M.A.Herrero, M.Fila,
F.Quirds, R.Guillermo, Keng Deng, Julio D. Rossi, P.Groisman, D.Andreucci,
A.Tesei, R.Ferreira, A.D.Pablo, H.Fujita; BakTra xypa eduMIapHUHI aCUMITOTHUK
Typrynauru anukiam OVinua X.Y. Chen, H. Matano, M.Sugimoto, John King,
A.Il.LMuxaitnoB, B.A. TamaktuonoB, E.Kypkuna; KBa3U4M3UKIU Oy3WUIyBUH
napaboJIMK TUIJIard MOJUTPONUK (GUIbTpalus TeHIaManapu yuyH Heliman
YyerapaBuii Macajacu OpKajdu HudOmaNaHyBYM MaTeMaTUK MOJCJUTAPHUHT
xoccanmapuau anuknam Oyiinuya 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 3WUYIMKIN YU3UKCU3 HCCUKIWK YTKA3yBUAHIIMUK, PEAKIMUS
muddy3ust Ba QubTparus TeHnIaMmanapu yayH Kommm mMacanacu eduMIapuHUHT
BaKT KYypa r1o0auIiK Ba ro0ai OYaIMacianK mapTiapuHu TaakKuk Oyinaa Z.Li,

M.Chunlai, W.Du, Guirong Liu, Yuan-Wei Qi, A.®.Tenees, A.B. MapTbiHeHKoO,
H.B. AdanacseBa, C.I1. JlertsipeBnap uamMuii u3nanunuiap oiaud OOpHUIITaH.
Yuzukcus GhunbTpaiys Macajajapu Xxamaa yJIapHUHT CUCTeMalapyu OujiaH
H.M.Myxutausnos, A.b.bermaros, 6.M.X¥Vxaspos, 1.Xyxkae, H.Papmanos Ba
yAQPHUHT MOTUPJIApH IIYFY/UTAHUINTAH. YIAPHUHT UIIIapu HE(T Ba ra3
Macajajgapura KyJuiam MyMKUH OYJIraH HOUYM3HUKIN GUIIbTpalids Macaialiapu
XOCCaJapyuHU COHJIM TaJKHUK ATHUILTA Ba COHJIM euuInra Oarunuianrad. M.Apurmos
Ba yHUHr morupapuHunr (T.Katomos, J[.OmmaroB, A.Xaiinapos,
K.Myxammanuer, ®.Kabumxonosa, I1I.Certues, I1I.CanynnaeBa, A.MaTsiky0OoB,
J.MyxammazaueBa Ba OoIIKaiap) WIMHM UIIJIApKIa aBTOMOJIENb TaXJIUI aCOCH 1A
TaOUATIIYHOCTUKHUHT TYPJIU COXaJlapuJia yupailauran xkapacHiapHu udoaanoBuu
YU3UKCU3 Macayiajiap CUMMIIAPUHUHT STHTU cudar Xxoccanapu aHUKJIaHIU Ba
YMyMJIAIITUPUILIN.

Juccepranusi MAB3yCHHMHT JMCCEPTAIUA 0AKAPWITAH OJIMHA TABJIUM



MYAacCaCaCMHMHI MWJIMHI-TAAKMKOT HIIapU OMJIaH OOFJIMKJIUIH. Ma3Kyp
JMCCEPTAINs TAAKUKOTH ¥Y30eKicToH MUIIHIT YHHBEPCHTETHHHUHT MIMHIA
TaJKMKOT UIIapu peskacura MmyBopuk ED-4-10 «Koamoropos-duiiiep TUMHAATH
OMOJIOTHK MOMYJIALMS CUCTEMaTapyuHu COHIM MonemnamTupunny (2012-2014), A
5-44 «Konamoropos-duiep Tunuaaru YM3UKCU3 OMOJOTUK MOMYIISIIHS
CHUCTEeMaJIApUHU COHJIM MojesutamTupuin (2015-2017) maB3ynapuaaru uiMui
TaJKUKOT JIOMMXaJlapu goupacuja Oa>kapuiras.

TagKUKOTHUHI MaKcaJW KBa3WMUMU3UKIW MAapabOJMK TUIAArd TeHIJIamaliap
Ba YJIapHUHI cucTeMajapu OwiaH udopanaHyBUM HOJOKaJl YyerapaBuil IiapTra sra
OWp >KUHCIM Ba OUp JKUHCIM OYIMaraH MyXuTJIapAa HCCHUKJIMK TapKaJUIIH
KapacHJIApUHU YM3UKCU3 MATeMaTHK MOJECJUIAPUHUHT cU(aT XOccaJapyuHU COHIIU
Ba AHAJIMTUK TAJKUK 3THIL, YU3UKCU3 YErapaBUil MacajajJapHH COHJIM €YWLl YYYyH
JacTypHil BocUTajIap MaXXMYHUHHU SIpaTULAaH HOopar.

TaaKuKOTHUHT Basudasapu:

HOJIOKAJl uerapaBui Macajaiap opkKaidu udojanaHyBuu OUp KUHCIU
OyaMaran MyXHMTIa UCCHUKIMK TAPKAIMIIWMHUHI YM3UKCU3 MaTeMaTHK MOJEIUIapu
yuyH QypKUTa THIIUAATA KPUTUK 3KCIIOHEHTAJIAp KUMMAaTHHH XOCWJT KUJIHILL,

HOJIOKAJI YerapaBHil mapTt OuiaH Oepuiran Oup >KUHCIM OyIMaraH MyXuTIa
UCCUKJIUK TapKaJIWIIM >KapacHU YU3UKCU3 MOJEIM €YUMJIAPUHHUHT BakT OViinya
m100aJuIMK Ba 1100a OYIMaciIuK mapTiIapuHA TOTHIL,

MKKHU Kappa YM3UKCU3 Ba Y3rapyBuaH 3UUJIMKKA 3ra MOJIUTPONUK (PUIIBTpaIus
XKapaCHU MaTeMaTUK MOJCIIMHUHT CEKUH AUPPY3HUIIN X0 YIyH TapKaJIUII
TE3JIMTUHUHT YeKJIWIUTY Ba (Da30BUH JIOKAJJIAIIYB MAPTIAAPUHU TOIHUIIL;

MaHOa Ba y3rapyByaH 3WWIMKKA 3Ta HMKKA Kappa YW3HKCU3 Oy3WITyBUH
UCCUKJIUK TapKajdulM TeHiamacu yuyyH Komwm Ba derapaBuil MacajajdapHHUHT
KOMIIAKT FOPUTYBUMIM yMyMJIAIITaH €UUMJIAPUHUHT ACUMITOTUK H(OIaTapuHU
XOCHJI KUJIMILL;

YU3MKCU3 4YerapaBuMil IIApT Ba y3rapyB4aH 3UWIMKKA 3ra IOJIUTPOIUK
bunbTpanys CUCTEMAacH YHM3WKCU3 MaTeMaTHK MOJAEIM E€YUMIIAPUHUHT BaKT
Oyitnua ro6asn Oynaui Ba OYIMaCIUK MIapTIIAPUHY TOTIIMIIL,

y3rapyBuaH 3WWIMK Ba HOJOKAJ YerapaBuil MIapT OunaH OepuiraH HCCUKJIHUK
YTKa3aBUAHIUK >Kapac¢HJIapd MaTeMaTHUK MOJICJUIAPUHUHT CcHU(aT XoCCaJapuHH
YpraHui y4yH HOYM3UKIM MacajajJlapHd COHJIM XucoOnaml cXxeMajapuHH,
ANTOPUTMUHM Ba JacCTypUd BOCHTAIap MaXKMYWHH WIUIA0 YHKHUII, Xamaa
CUYMMIIAPHU BU3yaJJIAIITHPHILL;

TaaKNKOTHUHI 00beKTH HOJIOKAJ YerapaBuil mapTriapra 3ra napadoIuK
Tungary Oy3uiIyBYM TEHITIaMalap Ba TEHIVIamasap CUCTeMacH OujiaH
udoananyBIM YM3UKCHU3 UCCUKJIMK TapKaiauil (punbrparus, 1uddysus)
XKapacHJIapuaaH noopar.

TagKUKOTHUHI MPeAMEeTH — MYXUTHUHT OWp >KHHCIMJIUTH Ba OUpP JKUHCIIA
AMACJIMTUHUA XHMCOOra OJIraH XOJI]a MKKKM Ba y4 Kappa YM3UKCH3 MacajajapHH
COHJIM-aHATUTHUK KUXaTIaH TaAKUK dTHUII yCYJIapy Ba aMaJIUCTH TAIIKIIT dTa/IH.



Tankukor ycyajaapu. TagkukoT wWIIKMgAa aBTOMOAEIb Ba  TaKpPUOMIA
aBTOMOJZIENIb  yCYJUIapUAaH, COJUIITHUPUIL Teopemaiapu, OAAUA Oy3uiyBUd
yn3uKcu3 JuddepeHnnan TeHmamManap Ba yJapHUHT CUCTEMAIApUHU €YUIl YUYH
ATAJOH TEHIJIaMajlap METOJM, CUNMJIApHU OaxoJall ycyjulapH, COHIIM CXEMaJlapHH
KYpHUILl y4yH alMpMaJIM CXemajiap, UTepauus, XauJall, y3rapyByaH WyHaJIUOuiap
ycyiapuaaH QoiianaHuira.

TaaKUKOTHUHT WIMMI SIHTWJINTH KyHugaruiapaad uoopar:

YU3UKCHU3 YerapaBuid mapT Owiad Oepuirad ManOara sra OyiamMaran Oup
YKUHCIIN MYXUTIA UCCUKIUK TAPKAIUIIY MOJICTTH YUyH BakT Oyinda rimobas Ba
ro0an Oymaran equmsiapra sra OYJIHII MapTiapyu aHUKJIaHTaH;

y3rapyB4yaH 3UWIMKHUHT YA3UKCU3 MacaJapHUHT BaKTra Kypa rio0aj euumra
sra OYJIMIUIMK Ba 3ra OYIMaciMK IIapTiiapura TabCUpy aHuK1anran; Heiiman
Macajiacu makiuaa upoaaJaHyBIl MaTEMaTUK MOJICIUIADHUHT CEKHH Ba TE3
keuyBuH auddy3us xouiapu yayH OymKuTa TUIIHAATH KPUTUK SKCIIOHEHTA
KHIIMaTH TOMWIITaH;

UKKUHYM Typ YerapaBuil mMacaja OuiaH TacBUpJaHyBUM MaTeMaTHK MoJeIIap
Y4yH T€3 Ba cekuH AudPy3ust xoapuaa €YUMHHUHT IJI00aT MaBKYUIMK KPUTUK
HKCIIOHEHTACH TOIHJITaH.

OWp KWHCIIA Ba OWp KUHCIM OyJIMaraH MyXHTJa CEKMH KEUyBUM HCCUKJINK
VTKa3yBUAHIIMK MACaJaCMHUHI yMyMJAlITaH €YUMJIapu y4YyH KyHH Ba IOKOpPH
0axoiap Kypuwiras,

3TaJIOH TEHINIaMaJlap yCyJId €pJaMujia UKKHU Ba Y4 Kappa YH3UKCH3 HCCUKIUK
YTKa3yBUAHIIUK MacaJlaJapUHUHT Typiu aBTOMO/IETIb eanmIiap
ACUMIITOTUKAJIAPUHUHT OOII Xa/IJIapy OJIMHTaH.

y3rapyB4aH 3WWIMKIN HMCCUKIWK YTKa3yBUYAHIWK MOJICJUIADUHUHT cudar
XOCCAJIapUHU YpraHull y4YyH COHJIM XUcOOJjall cXemalapu Takiu@ STUIraH,
ITOPUTMIIAp, JacTypudl BOCHTaJap KOMIUIEKCH WIUIA0 YHKWITaH, Xamja
YM3UKCU3 ~ MacajaidapHuHr — euumiapu  Visual  Studio (C#) wmyxutuaa
BU3yaJUTAIITUPUIITAH.

TaaAKMKOTHHHT aMaJIMil HATHKACH TypJU coxXanap/ia By KyAra KeJaJaurad
YU3UKCU3 MacaJlaJlapHU COHJIM €4MINTa TaTOUK 3THII YUyH KypUJIraH aCUMIITOTHK
dbopmynanap, KOHCEpPBaTUB COHJIU CXeMallap, UTEPAIHOH XKapacH KypuiraH, Xam/a
JacTypilap MaKMyH SIpaTUJITaH.
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TagKUKOT HATHKAJAPUMHUHT WINOHYWIMJUTU. OJMHTaH HaTwxajap Ba
TacIAMKJIAp KarbHil HMCOOTJIAHTaH Ba COHJM TAIKUKOTIAp HaTWXKajapu OuiaH
TacaukjaaHrad. Euyumnap yuyH onuHran Oaxonapaad ¢oliananran Xojjaa
CUMMJIAPHUHT COHJIM TaxXJIMJIM KEITHPWITAH OYnuO, yimap auccepTanus HIInIa
Takau@ STHITaH YCyJUIapUHU XaMJia 3TaJOH TEHIJIaMajlap METOAM Ba aBTOMOJCIb
TaxJIMJra acocJIaHTaH XUCOOJam  METOUIAPUHUHT  TYFPUJIMTHHU — Ba
caMapaJIOpJIUTMHU TaCAUKJIaraHIuryd OulaH U30XJIaHaIu.
TagKUKOT HATHKAJAPUHUHI MJIMHIA Ba aMaJuil axamMusiTH. Tagkukor
HAaTWXKAJAPHUHT WJIMHA axaMUsSITH [apadoJIMK TUIJArd TeHIaMalap Y4YyH
Kyvunaguran Komm Macamacu Ba 4YM3MKCU3 4erapaBHil Macajajap OpKald



udomanaHyBu MareMaTtuk wmojeap yuyH DymkuTa TUNUIATH  KPUTHUK
HKCMIOHEHTA XamJa €YUMJIAPHUHT TJ100ajl MaBXKYMJIWTH KPUTUK SKCIOHEHTalapu
Ha3apUACHHM acociiall OWJIaH U30XJIaHaH.

TaaKUKOT MIIMHUHT aMaliuil axamMusiTU KypWIraH HMTEpPAIlMOH >KapacHiap,
UNUIad YUKWITaH COHJIM CXeMajap Ba JAacTypHil BOCHUTAlIap KOMILUIEKCU TYPIIU
YU3UKCU3 MYXUTIapAa YU3UKCU3 (uiIbTpauus, peakuus-nudys3usi, HCCUKIUK
YTKa3yBYaHJIMK MAacaJaJJapUHUHT CEKUMH Ba Te3 KeuyBuu Auddy3us Xoimapuaa
COHJIM XHCOOJIall 3KCIEPUMEHTIApUHM YTKa3WIra HWMKOH Oepaau Xamja
YypranunaeTral 4YM3WKCU3 Macaiaiap CUH(PHU ydyH SHTH dPdexmiap — eduMHUHT
JIOKaJUIallyBU Ba YEKIIM TaApKaJUII XOAUCATIAPUHNA AHUKJIAIITa XU3MaT KUIaIH.

TagKUKOT HATHKAJAPUHUHT KOPUIl KMJIIMHUIIHK. J[1ccepTanus TaIKUKOTH
KapacHUJa OJIMHTAH HaTWKalap KyWHuJard HyHanuuapaa aMmalderra XOpuil
KWINHTaH:

Oup KUHCIM Ba OMp KMHCITU OYyIMaraH MyXWTJa CEKHMH KEUYBUH HCCUKIUK
VTKa3yBUAHIIMK MacajJlaCHHUHI YMyMJIAIITaH €4uMJapy Y4YyH OJIMHTaH KyWH Ba
okopu  Oaxomap ®D-4-30 «Omneparop tun xodbduumentin auddepeHunan
olepaTop TEHIIaMaJlap YYyH MYKHM Ba YerapaBui Macajiajap» CpaHT JIoHuXxacuaa
MaTeMaTuK (U3UKAHUHT HOKJIACCHK TEHIIAMaJIapyd Y4YyH WYKA YerapaBuit
MacajlaJapHUHT  KOPPEKTIMIMHM  ucOoTnamaa  kKyutanwiran (dan  Ba
TEXHOJOTUSJIAPHU PUBOXKIAHTUPUIIHA MYBOQUKIAMITUPUIT KyMUTaCUHUHT 2016
vun 3 wosOpmaru  DTK-03-13/743-con mMabiaymotrHOomacu).  Mnmuit
HaTWKAJIApHUHT  KyymaHuiumu  KonmoropoB-®umiep  Tunugarn  OHMOJIOTHK
MOMYJISIIUS TEHITIaMalapy Ba CUCTEMaJIApUHU COHJIM €4MIIl MMKOHUHU Oepra;

Oup xKuHCIU OYIMaraH MyXMT/Ia MCCHUKJIMK TapKaJ Wl >KapacHU MaTeMaTHK
MOJIETMHU HU(OJATOBYM MAapadOIUK TUIJATM MKKH Kappa YM3UKCHU3 TEHIJIaMaliap
Y4yH KYHWITraH HOJIOKaJ 4YerapaBMi MacajaJapHUHI aBTOMOJECNb €YUMIIApU
acumnrorukanapu ®-4-30 «Oneparop Tun koddpduimentiu quddepenmman
OIepaTop TEHIIaMaJlap YYyH MYKHM Ba 4YerapaBHil macanajiap» I'paHT JOMHMXacuiaa
WYKA  4YerapaBuil  MacaJaJJapHUHT  €YUMJIApU  XOCCAJapUHHM  aHUKJIAIlIa
kymnanwirad (danH Ba TEXHONOTUSIIAPHU PUBOKIIAHTUPUIITHU MYBOQUKIAIITHPHILL
kymutacuauHr 2016 it 3 HosiOpmaru OTK-03-13/743-coH MabIyMOTHOMACH).
Nnmuii  HaTWKaJapHUHT  KYJUIAHWIWIOM ~ WYKW ~ YEerapBUM  MacajajlapHu
KOPPEKTIIMIMHU acocalira UMKOH OepraH;

y3rapyB4aH 3UWIMKIN MYXUTAa UCCUKIUK TAPKAITUIINHA TaCBUPIOBUU
MaTeMaTUK MOJEJUIAPHUHT cU(aT X0CCaJapuHU COHJIM YpraHuIll yUyH Takinugd
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TWITAH XHUCOONaml cxeMmajapu, HIUiad YUKWITaH aaropuTMiap Ba JacTypHid
Bocutanap komruiekcu P-4-30 «Omepatop tun koddduimentiu nuddepeHiman
orepaTop TEHINIaMallap YYyH MYKHM Ba YerapaBHUil macanajapy» TpaHT Jouuxacuja
MaTeMaTuK (U3UKAHUHT HOKJIACCUK TEHIVIaMaJlapd Y4YyH MWYKH YerapaBuii
MacajiaJapHU COHJIM MOAEJUIAIITUPHILIA KyJUTaHuiarad (PaH Ba TEXHOIOTUSIIAPHU
PUBOXKJIAHTUPUIITHU MYBOGUKIAIITAPUIT KyMUTacuHUHT 2016 iun 3 HosOpmaru
OTK-03-13/743-con mMabiaymoTHOMacH). MaMuil HaTWKaJIApHUHT KYJUTAHWIHIIHA
YU3UKCU3 4YerapaBuil MacajaJapHUHT COHJIM €YUMJIAPUHU BU3yaJUIAIITHPUINTa
XU3Mar KUJITraH.



TagKMKOT HATHKAJAPUHUHT anpodamusicu. TagKUkKOT HaTwxkamapu 14 ta
XallKapo amKyMaHiapja: «AKTyalbHbIE MPOOJEMbI MPUKIATHON MaTeMaTUKU U
nHpopMallMOHHBIX TexHoiorud — anb Xopesmu 2012» (Tomkent, 2012);
«BpraucnutenpHbie 1 WHGOPMAIMOHHBIE TEXHOJOTMM B HayKe, TEXHUKE U
oopazoBanuu — 2013» (Poccus, 2013); «AxryanbHble TpOOIEMBbl MPUKIATHON
MaTeMaTUK1 U UHPOPMAIIMOHHBIX TeXHOJorui — anb Xope3mu 2014y» (Camapkauf,
2014); «Analysis and Applied Mathematics» (Kozorucrton, 2014); 5- Typk nyHecu
marematukiaapu kourpeccu (Kuprusucton, 2014); «Mathematical = Methods,
Mathematical Models and Simulation in Science and Engineering (IlIBeiinapus,
2014); «Applied Mathematics and Computational Methods» (I'peuus, 2014);
«Mathematical, Computational and Statistical Sciences» (BAA, 2015); «Pure
Mathematics, Applied Mathematics and Computational Methods» (I'perus, 2015);
«Heat Transfer, Thermal Engineering and Environment» (HUrtamus, 2015);
«Applied Mathematics and Informatics» (Mcmanus, 2015); «Computational and
Informational Technologies in Science, Engineering and Education» (Ko3oructos,
2015); «/Iuddepennuanpapie ypaBHEHUS W MaTEeMaTHUYECKOE MOJICITUPOBAHHEC)
(Poccus, 2015); «Nonlinear Analysis and Applications» (Camapkann 2016); 7 Ta
pecnyonuka  UIMUNA-TEXHUK  aHXyMaHJapuja: «AKTyallbHbIE  BOIPOCHI
MaTeMaTWK{, MaTeMaTUYeCKOr0  MOJCIHUPOBAHHUS U UH(POPMAITMOHHBIX
texnonoruit» (Tepme3, 2012); «HoBble TeopeMbl MOJOABIX  MaTeMaTHUKOB)
(Hamanran, 2013); «CoBpemenHbIe 1pobiaemMbl U PepeHInanbHbIX YpaBHEHUNH U
ux  npwiokeHus»  (Tomkent, 2013); «llpuknagnas  maremMaTuka W
uHpopmarmonnas OezonacHocTh» (Tomkent, 2014); «Maremarnueckas ¢puznka u
POJICTBEHHBIE MPOOIIeMbI cOBpeMeHHOTo aHanuza» (byxopo, 2015); «CoBpeMeHHbIE
METOJbI MaTeMaTudecko ¢u3uku u ux  npwiokenus» (Tomkent, 2015);
«IIpoGnembl coBpeMeHHOM Tomojaorun U ¢ mnpuiiokeHus» (TomikeHt, 2016) kabu
aHKyMaHjlapla Mabpy3a KypUHMIIWAA OacéH  HJTWIraH Xamja anpoOauusjiaH
YTKa3WIraH. TanknKoTHUHT HaTWXaJlapu V36ekucTon Muiini
YHUBEPCUTETUHUHT «MatemaTuk (U3MKaHUHT 3aMOHaBuil ycymiapw» (ToikeHT,
2016), «Amanuii MareMaTHKa Ba axO0OpOT  TEXHOJOTHSUIAPUHUHT 3aMOHABUU
myammonapu»  (Tomkent, 2012-2016) Ba «Houn3ukiu Ba HOKOPPEKT
MacajajgapHuHT A0a3ap0o myammonapu» (Tomkent, 2012-2016), TomkeHT TeMup
Uyn  MyxaHAHWCIapW  WHCTUTYTHHUHT  «XHCOOJaIn MaTeMaTukacu Ba
uHQOpPMATUKAHUHT  3aMOHaBUW  MyamMMosapu» Ba  TOIIKEHT axoopoT
TEXHOJIOTUSIJIApU YHUBEPCUTETH Xy3ypuaaru Jlactypuii MaxcynoTiap Ba
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anmnapar-1acTypuil MaKMmyaliap spaTuin Mapka3u «Mypakkad TU3UMIIapHU
MoeutamTupun namui ceMuHapiapua (Tomkent, 2016) Myxokama KHIIMHTaH.
TaakuMKOT HATHKAJAPUHMHT IbJIOH KWIMHUIIM. J[ccepTanus MaB3ycu OViinua
>kaMH 37 Ta WIMHMH UII YOI STUIraH 6y1u6, mynapaas, Y36eKiHCToH
PecniyOnukacu Onuit aTTecTarus KOMUCCUSICUHUHT JOKTOPIIMK AUCCEpTalUsIIapu
aCOCH HATWIKAJIAPUHHU YOIl ATUII TaBCHUS ATUJITaH WIMUHN Hampnapaa 13 ta
MakoJa, )KymiiaJiad § Tacu pecnyOnuka Ba 5 TaCH XOPHKHUH KypHaUIapa Halip
STUITAH.



JluccepTallUsIHUHT XA KMHU Ba Ty3Wwjaumu. J[uccepramusi TapkuOu KUAPUII,
TyprTa 000, Xynoca, ¢oWmamaHwiIraH agabueTap pyWxaTd Ba HIOBajapaaH
noopar. {uccepranussHuHr XaxxMu 170 OeTHHM TaIIKWII STraH.

JTUCCEPTALIMUSIHUHT ACOCHU MA3MYHHU

Kupum xucMmmma amccepranusi MaB3yCHHHUHT J0JI3apOJIUTH Ba 3apypUSTH
aCOCIIaHTaH, TaJKHKOTHUHI Y30eKHCTOH Pecry6imkacy (paH Ba TEXHONOTHSIIAPH
TapaKKHUCTUHUHT YCTYBOp WYHAJIMIIJIAPUTa MOCIUTU KYpCaTWIraH, TAAKUKOTHUHT
Makcaj Ba Bazudanapu Oenrunad OJIMHTaH XamJia TaAKUKOT OObEKTH Ba MPEAMETH
aHWKJIaHTaH, TAJKUKOTHUHT WJIMHWW SHTWINTH Ba aMaJMid HaTwxkamapu OacH
KWIMHTaH, OJIMHTaH HATMKAIAPHUHT UIIOHWIWIMTH acociaad OepuiraH, ylIapHUHT
Hazapuil Ba amMaiauil axaMusITH ouu0 OepuiiraH, TaAKUKOT HATHXKAJApUHH amalijia
YKOPUM KWIHII XOJIaTH, HAIIp STWITaH MIJIap Ba JAUCCEPTALMS TY3WIUIIM OYiinua
MabJIyMOTIAp KEITHPUIITAH.

Huccepranussuuar «AKKH Kkappa HOYM3HMKJIM MYXHUTAQ MCCHUKJIHMK
YTKa3yBYAHIMK JKAPAa¢HUHU MATEMATHK MOJAe/UIAIITUPUIDY 1e0 HOMIIAHTaH
OupuHYM 000M MaHOara osra Oup >KUHCIM OYJIMaraH MyXuTAa MCCUKIUK
Tapkajamu TeHlamacu YyuyyH Komm Macamacku Ba HOJOKal —4YerapaBuid
MacajlaJJapHWHT  aBTOMOJENh  CUYUMJIAPH  ACHMIITOTHKAJapWHW  TOIIMINTA
OaruIIUIaHTaH.

bupunun maparpadma manOara sSra HOYM3UKIA HMCCUKIWK TapKaJIWIIN
JKapacHU MaTeMaTWK MOJCIMHHHI XOccajapu Ba Oy coXa/Ja OJMHTaH XalaKapo
WIMHUN TaAKUKOTIAp HaTHXKanapu OaCHU KEeITUPHUIITAH.

Y6y 600HUHT MKKWHYH Maparpaduaa acocuit Tabpudiaap Ba epaamiu
TacIUKJIAp KEITHPUIITAH.

3-maparpadaa Oup >kUHCIM OYiIMaraH MyXUT/AA MCCHUKIMK TapKaJIUIIN
KapaCHUHU MOJICJUTAIITUPYBYM MMapabOIuK THUIJAru TEHIVIamMa Y4YyH KyHujaru
Ko macamacu
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ACUMITOTHKAIAPU OJIHHA]IH.

(7)-(9) uerapaBuif Macajara YM3MKCHU3 MyXHUTAArun AUQQy3ust xKapaCHUHU
MaTeMaThK MOJE/UIAIITUPHINIA, FOBAK MYyXHUTIApJard CYIOKIUKIAD OKHUMHU,
OMOJOTUK MONYJISAIUs JAWHAMUKACH, TMOJUTPONUK (QUIbTpalUs, CHUHEPreTUKa
MacajalapruHu Ba OOIIKa Karop coxajaplard MacajalapHU €4HUINga MyXHUM PO
YHAHAUIN.

Masbnaymku, (7)-(9) macama ednM# COHJIM TapaMeTpPiapHUHT aHUK Oup
mapriaapuga nioban eku derapananmaran OViamu. (7)-(9) macamara HucOaraH
aliHaH 1y caBoi Ounan Wanjuan Du Ba Zhongping Li nap myrynnaHuiirad. Yiap
(7)-(9) macana eYMMIIApMHUHT BakT Oyiimda mnoban Ba mrodan Oyiamaciuk
MIapTIApUHUA aHUKJIAMTaH. FoBak MyXUT TEHIVIaMacd Y4YyH HOJIOKaj YerapaBHii
Macajia e4MMIIApUHUHT BaKT OYiinya roban OYnuin Ba OYJIMaciuk mapTiapH dca
Arturo de Pablo, Fernando Li Quiros Ba Julio D. Rossi nmapHuHr unuiapuaa
YpHaATWITaH.

Kyiinna Wanjuan Du Ba Zhongping Li u3naHunuiapuian keiaud YUKKaH
X0Jja T00an Ba dYerapajaHMaraH aBTOMOJIENb €YUMIIAP ACHMIITOTHKaJIapH
TOTHJIJIH.
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S-maparpadna (1), (2) Komu macanacunu xamza (7)-(9) Hojlokasl MacajdaHd COHJIN
SUHII YIyH COHJIM cXxemasap kentupuiras. [llyauHaraek, urepamnms xapacHu
Kypwirad. MabJIyMKH, YU3UKCH3 MacalalapHA COHJIM €UUIIIa UTepaIus
KapacHJIapy aHUK €YUMTa Te3 SKUHIAMIUIITHNA TAabMUHIAWIUTaH XaM/la HOUYM3HKIIN
KapaCHJIapHUHT cudar XoccarapyuHu cakjaiaurad OONUIaHFUY SKUHIIAITAITHN
TaHJIAIl — aCOCUI MyaMMoJapian oupu xucobmanaau. by Mmyammo coHu
napamMeTpIIApHUHT KHAMaTIapura MyBopUK OONIIaHFUY SKUHJIAIIAII cudarnaa
IOKOpHU/JIa KYpWITaH aCUMIITOTHK (DOpMyTalapHU OJIUMII OPKAIH XA KAJIUHTaH.
Ky#inaa aiipum xucobai SKCIepUMEHTIIapH HaTHKaIapH, OJTMHTaH Tpadukiap,

16
Xam/ia COHJIM CUMMJIIAPHUHT TaXJIWIM KeATHUpuiraH. XucoOmnaml 3KCIepuMeHTIapH
HaTWKAJIapy TAaKIU(G STWITaH YCYJUIAPHUHI camapaJopiIuTUHU KYpcaTAu, COHJIH
eurMIIap 3ca Y3uaa HOUM3UKIIN XyCyCUSATIIApHN aKC dTTUPTaH.

Kyitmga connu mnapaMmeTpiapHuUHr anoxuaa Kuitmatiapuga (1), (2)
MacaJlaHWHT COHJIM €4MMIIapy rpadUKIapy KeITUPUITaH 0YIu0, yaapaa UCCUKIUK
(bunprparus, nuddy3us) TapKATUITUHUHT SHTU XapaKTePUHHU KYPHUII MyMKHH.

[ F 5=




1-pacm. (1), (2) macananunr p=2.7, q=4.2, I=1,5, m=0.5, n=2 naru conjiu
€4YHMH.

t=0.4 b) t=8.6
2-pacwm. (1), (2) macananuur p=2.1, q=4, I=1, m=1.5, n=2 n1aru cCoOHJIA

eunvu(/p(—-- - 110)).

a)

t=0.2 b) t=5
3-pacm. (1), (2) macananmur p=3, q=3, I=1,5, m=0.5, n=2 naru coHIn

eunvu(q [ p=—( 1)).
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1-pacmna (1), (2) MacasaHUHT YEKIM TE3JIMK[a TapKaJIWLl XyCYyCHSTHra sra

OynraH mioban e4uMu, 2-pacMjia 3ca KPUTHUK HYKTa aTpoduiard miodaj euruMu

rpaguru TacBUpJAaHraH. 3-pacM 3ca y3uja JOKaJUIallraH YerapajaHMara €4uM

rpaduruHu My))accamiamituprad. by xonaa xapopar yekiau 77 <®°BaKT JaBOMMJIA
MYXHUTHHMHI YE€TrapajaHraH coXacuia YeKCU3 CypaTaa ycaau.

Juccepranusauar «HoJiokan d4erapaBuii wmaprra 3ra Oup YJI40BJIM
HCCUK/IHUK YTKA3yBYAHJIMK JKAPACHMHH MAaTEeMATHK MOAe/UIAIITHPUID> /1e0
HOMJIAHTaH UKKMHYM 000M OWp >KMHCIM OyIMaraH MyXUTAa HOJIOKaJl yerapaBuid
mrapTra sra OYAraH HUCCUKIMK TapKaJWIIM >KapacHH HOYM3UKIN MaTeMaTHK
MOJIETTM €UUMJIADUHUHT BakT OVyiimdya wmio0aummk Ba mioban OyiIMaciuk
[IAPTIAPUHU YPraHUIIra, aBTOMOJENb €YMMIIAPHUHT ACUMIITOTUKAJIAPUHY OJIUIITra
Ba YMU3HMKCU3 MCCUKJIWK YTKA3yBYAHJIMK >KapaCHUHU COHJIM MOJEJUIAIITHUPUILTa
OaFuIILIaHTaH.

l-maparpadua Kyiingaru MCCUKIUK YTKa3yBYaHINK TEHITIaMacu
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macana Kapanran, 6y epma( ) (1)
pxx=+,np>—(cexun nuddy3ust X0nm).

(17) rearmamaru m >1,12 <#pna P ( x)smamk masxyt

y3rapyBuu
OynraH Xoya HOHBIOTOH MOMUTPOINUK QuibTpanus,m >1, p = 2na sca HproToH
tunuaard nuddysus TeHramacu cudartuaa Kapai MyMKUH Ba X.K. (17) Tenrama
p m > +1 10ynran xonga cexkun qud@ysus renrmamacu, 1 1 1 < <+ p mpaa aca te3
muddysust renrnamacu nernnaan. Cekud keayBun auddysus xonuaa (17)-(19)
MacaJia KJaccuk euumra sra sMmac. Iy cababmu
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CHUH(TA TETHIIUIN YMyMJIAIITaH €YUMHU Kapaiau.

Z.Li, Ch.Mu, L.Xie nuutapuna te3  p ( x) =16yarana

nuddys3usa xonuaa
(17)-(19) macasia e4uMUHUHT TI00ATT MaBXKY/JIUK Ba MaBXYy/l OYJIMAaCIIUK
mapTIapy YpHATUITAH. YIap SYMMHUHT IT00aJI MaBKy/UTHK Ba DyHKATA TUITHIATH
KPUTHUK dKCTIOHeHTaIapuHu anukiamrad. [y kabu Hatuxanap cekuH
muddysus xomu yayn Z.Wang, J.Yin, p (x) =1, m =1
C.Wang nnutapuna,

oynranna sca B.A.I'anaktnonoB Ba X.A.JleBuH unuiapuaa

onuHraH. by maparpadna Kyiugaru reopemanap ucOOTIaHTaH.
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Teopema 7. Arap( (111))()
omnp

< S+63”/J1ca, y xonaa (17)-(19)

qpn

MacaJIaHUHT Xap KaHjal eduMu rimoodan Oyiaau.

Teopema 8. Arap( )1

17

> — ++Ba OonanFuy QyHKIUS ()
0

Clmppn

eTapiauya Kuuuk oyica, (17)-(19) macananuHr xap KaHjai eanMu riobdan 0ynaau.

Teopema 9. @apa3 KHnaﬁnHK(m np(111))()
+ 4 -

q
pn

>+Ba OONUTaHFUY TIApPT

eTapnuya karta 6yicus, y xonaa (17)-(19) macananuur xap Kangai eaumu blow
up xoccacura sra oyiaaau.
mnp ++- 111 |

()

TeopeMaIO.Arap(()) ()<<—+



gmp 1
N +6ynca, y

pnpn
xonga (17)-(19) macananuur HosiaH papkiu Xap KaHJal e4uMHU yerapajaHMaraH
oymamm.
2-maparpad Te3 mudbdysusmu xomma (17)-(19) macana ednmMITApUHUHT
ro0ayuMK Ba mI00an OYiIMaciuK IapTIapUHU YpraHuilira OaruilliaHrad. by
X0JIJ1a XaM oKopuaaru 1-4 tTeopemanap YpUHIN SKaHJIUTU UCOOTIaHTaH.
3-maparpadna (17)-(19) macana aBToMO/I€Ib CUUMITAPUHUHT

ACUMIITOTUKAIApH YpraHUJTraH.
EunM acuMnToTHKacu Kyiujaard aBTOMOJICNIb €UUM €pAaMuia TOMHIIAN
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Cexun quddyszusnu xonp m > +1 1.

Teopema 11. (21), (22) MacaJITaHUHT KOMITAKT FOPUTYBYUIIN €UUMHU — _Ja

KyWHIaru aCUMITOTHK udosara sra:
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Te3 mudpdysusmu xonl 1 1 <<+p
m. Teopema 12. (21), (22) macanaHuHT
€UMMU KyHUIard aCUMITOTHKAra 3ra
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Teopema 13. ®apa3s Kunainuk ¢ — +%°/a Kyiuiaru acCuMITOTHK
0 >0, q>16yncun. Y xomma (21), }/I@Oﬂam ara Oynanu: ,.

(22)

MacCaJlaHUHI' CHUMH

fCeod
mpn

(O yos

oy epnaC,- uxTuepuii Mycoar CoH.

by 0600ma xypunran wmareMaTdK MOJCIUIAPHUHT SIHTM  XOCCAJapUHU
ypranuiiga COHJIM cXeMmajap Taku@ STWIraH Ba acociaHrad. byHunr yuyn (17)
TeHriamMa (a3oBUM KoopJuHaTa OYiiMYa UKKUHYMA TapTUOIM aHUKJIMKIA Ba BAaKT
Oyiinua OuWpWHYM TApTUONIM aHWKJIWKIA anmpokcuMmarus KuiuHan., CoHmm
MOJICJUTAIITUPHUIIIA ~ UTEpAlMs  KapacHU  KypwiuO, UTEpAlMSIHUHT  HUYKH
KaJamiapuaa yseiapaard (GyHKUAS KuWMaTiapu Xajam ycyiau epaaMuaa
xucoOnanran. Kyiuna connu TaxpuOanapHUHT 0ab3yu HaTHXKalapu KEeATUPUITaH
O0ymuO, ymapma Oommmanfuy skuHmamum cudaruga 11-13  Teopemamapaaru
ACUMIMITOTUK (hopMyJiajap OJMHTaH.
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Vo iananunam Wik J\\ 4-pacwm. (17)-(19)

MAacCaJIJaHUHT COHJIM ednMu. m=1.5, p=1.75, q=2.85, 1) n=0, 2)
n=-0.25.

4-pacmaa cekun guddysusau xonaa (17)-(19) yerapaBuii MacagaHUHT YEKIU
TE3JIMKA TApKAIHII XOCCACUTa dTa COHJIM €UUMHU rpaduru TaCBUPJIaHTaH.
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: — 5-pacm. (17)-(19)
MAaCaJIAHMHT COHJIM eunMu m=1.5, p=1.55, q=2.85, a=1.5, 1) n=0.5, 2) n=1.
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S5-pacm V3uma te3 nuddysusim xonma (17)-(19) macanaHuHT COHIM €YUMU
rpapuruan  Mykaccamiamtuprad.  JKapaéH ~— derapajaHMaraH — HCCHUKJIHK
YTKa3yBYaHJIMK KOA((DHUIIMEHTH 5Ba3ura YEKCH3 TE3NMKIa TapKaJuIl Xoccacura
sra Oynran. By xon1a TapKaluin Te3MUTH YeKIH Te3TUKIN TapKaIHII XyCyCUSITUTa
ara Oynran cexuH nuddysusum xongarura Hucbaran anda okopuaup. Juddysus
apacHU OyTyH COXaHHU drajiad, YeKCU3IUKIA CYHAIH.

- 6 -pacm.
17)- (19) MaCAJIAaHUHT COHJIM €4YUMU m—Z p—l 5, ¢q=3, 1) n=0.25,
2) n=0.85.

6-pacmaa (17)-(19) macanaHUHT KPUTHK XO0JIJIard COHJIM €4UMIIapu
udonananrad. by xonga TapKajguil YeKcu3 Te3IUKIa COIUp OYIUII Xoccacura ara.
Huccepraumssaunr «Hosokas yerapaBui apTra 3;ra HCCHUKJIMK
YTKa3yBYAHJIUK KAPACHUHHM MaTeMaTUK Moae/utamTupum. Kyn yagosian
X0JD» 71e0 HOMJIaHTaH YYUHYHM 000U OUp >KMHCIIH OYJIMaraH MyXHUT/la YU3UKCHU3
yerapaBuii mapT OwiaH Oepuiiral Ky YadamMiIn UCCUKIIUK YTKa3yBUAHIIUK
KapaCHU YM3UKCU3 MOJEIUHUHT cudar XoccalapuHu YpraHumira OaruiiiaHraH.

1-maparpadua Kyiuaara HoJIoKajl Macaia KapajiraH:
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(23) TeHmIama TypiiM YM3UKCHU3 KapacHJIapHU TacBupiaigu. Xycyca, (23)
TeHIIaMa OepwiiraH 0OCUMM Jlapakacura Ba IMOJMTPONUK IIAPT OCTUIATM KY4WII
TE3NUIrura OOFJIMK paBUILa HOCTAIIMOHAP CYIOKIMK OKUMHHHUHT FOBAK MyXHUTIaru
xapakatuau udonanaiian. by xonnga (23) TeHraMa NOJUTPONUK (PUIBTPAIIUSHUHT
HOHBIOTOH THUIHMJIArd TEHINIaMacH Je0 aranu0, KynruHa myautddiaap TOMOHHAH
yTran acpjan 0onuiad UHTEHCUB paBUIIAA YpraHuiraH. (24) HOUU3UKIIN YerapaBUil
mapt x = Ouerapa opkKaiau KUPUTHIIACTTaH SHEPrusi OKUMUHHU TacCBUpPJALl YUYyH
KyJutaHwiaau. Macanad, HCCUKJIMK TapKaJIMIIY XKapacHuaa (24) mapT UCCUKIUK
OKMMHUHM uojanaiiii, MIYHUHIJEK Yy Yerapajard HYPJIAHUIIHUHT YWU3UKCHU3
KOHYHHUSTUHU TacBUpJaiau. byHoal KypHMHMIIAAru 4YerapaBuil mapT peaklus
¢dakaT KoHTeWHep uerapacujga coaup OYyIaguran CHHUII Macaiajapuaa  Xam
BY)KyJra KeJIaJIu.
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(23) treamiama p m > +1 lmapr octuna cexun auddy3us TEHIIIaMacura Moc
Kenaau xamja Oy3wiyBuM TeHniama xucooOnanamgu. Iy ca®a®nu yHUHT eduMu
yMyMJIALITaH €4UM MabHOCHUAA TYUIYHUIIA N,

(23)-(25) macana eyuMJapUHUHT TioOan Oynuil Ba [Ioban OYiaMaciauk
mapmiapu p = 2, n = Oga W.Huang, J.Yin Ba Y.Wang nap tomonuaan, m =1, n =
Ona sca W.Du Ba Z.Li nap TomoHuaH ypranuwirad Ba OymxuTa TAOUAArd KPUTHK
DKCIIOHEHTAa Ba EYUMHHUHI TJI00ajdl MaBXY[UIUTH YYyH KPHUTHK DSKCIOHEHTA
KUiMaTiapu TOMWITaH.

Ky#ingarnya GenruianiapHd KUPUTaMU3
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(23)-(25) macananuHr OO eYUMIIApH YIYH KyWHIaru TeopeManap
VPHUHIIN.

Teopema 14. Arap ,0 < < g gbynca, (23)-(25) macanaHuHT Xap KaHJlail e4uMHU
moban Oynagu.

Teopema 15. Arap .q g >Ba 6omnanruy pysakuus ( ) ,u xerapauya KHUUK
oynca, (23)-(25) macanaHuHr Xap KaHJai eauMu riiodan oynanu. Teopema 16.
®dapa3 Kunaninmk ,q g >0YICHH, y X0J1/1a OOLIIaHFUY OepuiiraHiiap erTapinya
karTa Oynranma (23)-(25) macanaHuHT Xap KaHJall eduMH derapajaHMaraH
oymasu.

q q q < <06¥nca, (23)-(25) macayianuHT HOJJIAH (PapKIu

Teopema 17. Arap ,.

Xap KaHjail eduMu yerapajaHMarad Oyiaau.

2-naparpadna (23)-(25) macananusr te3 Auddy3us Xonu TaAKUK dTirad. by
X0JI7a KJIACCUK SUMMIIAPHUHT XOccajapy ypraHuiarad. EdumiiapHuHT BakT Oyitnda
r1o0a MaBXy/UIMK Ba yerapaidanMaraH (blow-up) edumiIapHUHT MaBXya OYIIHII
niapmiapy OJUHTaH Oynuo, ynap yuyH rokopuaaru 14-17 teopeManapHUHT YpUHIIA
OyuIy HCOOTIIaHTaH.

3-maparpad sca (23)-(25) macanaHuHr cekuH Ba Te3 AU Py3ust Xomaapu yuyH
aBTOMOJIENIb CYUMJIAPHUHT AaCHUMMTOTUKAJIApU VpraHwiraH. ABTOMOJIEIb €YUM

KyHMuIaru KypuHUIIAA KAJIUPUIITaH:
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Cexun muddyzus xomup m > +1 1.
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Teopema 18. (26), (27) MacalaHUHT KOMITAKT IOPUTYBUMIIN €UUMHU — _Ja

KyWHIaru aCUMIITOTHK Hdojara sra
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HMuccepranussHUHT «YM3MKCH3 d4erapaBuid mapr OuWiaaH OOFJIaHTaH
HCCHKJIMK  YTKa3yBYAHJIMK  TEHIVIAMAJApH  CHCTEMACH  XO0CCAJApPUHU
ypranuun» 1e0 HOMJAHTaH TYPTUHYM OOOM aBTOMOAENb TaXJIWJI Ba STaJOH
TEHIVIaMaJlap YCYJIM acOCHJla MKKM KOMIIOHEHTAIM MYXHUTIA YHU3UKCU3 UCCUKIMK
YTKa3yBYaHJIMK MOJACIMHUHI XOCCAJapHHU YpraHuiura, XamJa COJUIITHPHII
TeopeManapuian (oigananrad xojijaa miodall eYMMIIApHUHT IOKOpU Oaxojapu Ba
yerapajlaHMarad e4MMJIApHUHT Kyl 0axodapyuHU OJUIIra OaFuIJIaHTaH.

YOy O0OHUHT OMpHHUYM maparpaduia YM3UKCU3 4YerapaBUi MIAPT OpPKaJIH
OOfJaHral Kydujgaru Oup >KUHCIM OYIMaraH MyXUTAa MCCUKIHMK YTKAa3yBYaHIIUK
TEHITIaMaJapd CUCTEMACH KapaJiraH
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IOPUTYBYIIIN Y3IIyKCU3 (DyHKITUSIIAP.

(28) HOUMBHMKJIM MapaOoIUK TEHIJIaMaiap CUCTEMACH TypJid coxajaapaa
OHMOJIOTHK MOMYJISAINS, KAMEBHUNA peaKIusIap, UCCUKINUK TapKaauim, nuddysus Ba
OoIIIKa JKapacHIApPHUHT MOJICITN U ( Xt )
cudarnma kapanaau. Macanas, u x ¢ ( ,

)Ba

GYHKIMSUTAp Y3Wjia MUTpaIus >kapacHUJIard MKKUTa OWOJIOTMK TOMYJISIUSHAHT
SUYINTHHU CKM HUCCHKJIMK TapKaJIWIIM >Kapa¢HUJa HWKKH FOBAK >KMCMHHHT
XapoparuHu udoaamaiam.
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(28)-(30) macana y3rapmac suamuk P P ,(xx ) == () Ixomuna Z.Xiang,



Ch.Mu Ba Y.Wang napuunr wunuiapuaa ypranwirad. F.Quiros Ba J. D.Rossi

napausr unapuga sca Lp p ==2,() () ,,p P x x = =1X0nu TaAKUK STHIraH.
AMMO yNApHUHT WILIApHMAA €YUM ACHMIITOTUKATAapM Ba COHJIM E€4HMIIAp

KapaJMmaras.
Yy naparpadHuUHT acoCuil TeopeManapu Kyiuaaruiap.
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(28)-(30) MmacanaHuHr Xap KaHaail equmu modan oymamu. ppmnmk 1 1

1111
- —++++
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eTapiauya Karta Oonutanruy maptaa (28)-(30) macanaHUHT Xap KaHJal e4uMH

yerapajaHMaras Oynaju.
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MaBXY/JIMK KPUTUK SKCIIOHEHTACH KUIMaTH XUCOOIaHa H.
Kylinnaru oenrmianusiapHi KHpUTaMu3:
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Teopema 22. ®apa3 KAIAMITUK
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minl,10{(nk+-+->)BaBa,,,.() }sa6omranruy Gepunramnap
eTapianya KU4IuK OyicuH, y xonaa (28)-(30) macaanuHT Xap KaHAal equMu
roban 6ynagu. Teopema 23. @apa3 KulaniInuk
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12
max 1,10{(nk+-+-<)BaBa,,,() }6yncun, yxonma (28)-(30)
MacaJaHWHT HOJIaH (papKiau Xap KaHaai euuMHu derapajganmaran 6yia .
minl,10{(nk+-+-=)BaBa,,,,() }xuivar ®ymxura THIHIATH
KPUTHK SKCIIOHEHTA XUCOOIaHa,TH.
2-maparpadia UKKd KOMIOHEHTIH MYXHT/Ia HCCHK/IMK TapKATHIIN
x)apacHuHu udonanosuu (28), (30) cucreMaHuHT KylnIaru
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HOJIOKAJI YerapaBuid mapT OCTUArd e4uMJIapy Xoccalapy yprauuiaras, Oy epaa y

>() (1)
Il,m=211,,pm>+0,,4>0,,
Pxx=+,npi,>—=, 1,2().COHJ’II/I
napaMmeTpiiap y4yH maptiaap oiuHraH 0ynu0, yHma (28), (30), (31) macamaHuHT
eunMIIapu BakT Oyimya mioban OVmaaum ¢ku akcuH4da. lllynuarnek, Dymxura
TUTIQJaTd  KPUTHUK DKCIOHEHTa Ba CYUMHHUHT TI100al MaBXyl KPUTHK
AKCITIOHEHTACH KMMAaTIapy TOTHIITaH.
3-maparpadnaa (28)-(30) Ba (28), (30), (31) macananap aBTOMOAECIb

CUMMJIAPUHUHT ACUMITOTUKAJIAPU YPHATUIJIH.

(28)-(30) macasiaHuHT KyHUaru KYpUHUILJIATd aBTOMOJIENIb €4UMHU
KypHWITaH:
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4-maparpad (28)-(30) cucreMaHu COHJIM MOACIUIAIITHPHUILNTA OaruIllJIaHTaH.
(28)-(30) macana yuyyH COHJIM cXemajap, aJlfOpUTMiIap TY3WIraH Ba JacTypui
BOCUTAJIap MaXMyH HILIa0 yuKwiradH. Jlactyp KOOMFM Ba COHJIM €YMII JIacTyp
ko C# (Visual Studio) Ttunupa sparunrad. ONMHTaH COHJIM HaTHXKaJapHU
BU3YyaJUTAIITUPUII YYyH JacTypuid maxwmyara Chart rpadux kyTtyOxoHacu Ba
MathCad maremaTtuk naketunuHr 3-D Plot rpaduk Moaymiapu OUpUKTHPHUIITAH.
Ky#inaa coHm 3KCIEpUMEHTHUHT allpuM HaTHXKajdapu Kearupuiarad. Typ
KaJlaMH eTapinyda KuuukK Taninanrad #=0.05, tyrynmap conn N=10000 xamza
€10 KaJaM OWiaH amajira OIIMPHUITaH.
=6epwiran. Xucoobnair /=2 rada T=0.02
UTEpAIMs aHUKIUTH cudaruaa ’

7-pacm. (28)-(30)
MacCaJJaHUHT COHJIM eduMu. nl1=0.7, mI=1.5, p1=1.85, q1=3, n2=0.5,
m2=1.3, p2=1.9, g2=3.5.

7-pacmaa (28)-(30) macamanmrr min 1, 1 0{(nk+ -+ ->)BaBa,,,.()

}zla cexun quddysusnu xomu (110 ) m p ,,— — >ydyH COHIN euuMIapyu Tpaduru
kentupwirad. 4.3 maparpaduard acCUMIOTOTUK (opMmynanapAaH Ba rpadukiapiaH
KYpUHUO TypUOAMKH, UCCUKIUK TapKaJIHUIIU YEKIU TE3JIUK OwiaH conup Oymaau.
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8-pacm. (28)-(30)
MAaCaJIAaHUHT COHJIM euuMu. nl1=0.5, mI1=1.5 pI=1.3 qlI=3, n2=0.73,
m2=1.6 p2=1.4 q2=3.5.

8-pacmna sca (28)-(30) macanaHuUHT m,, , PCOHJIM TapaMETPJApHUHT TeE3

keayBur auddysus ( 1 1 0 ) m p ,, — — <xomura (opman MOC KelyBuH
KUAMaTIapuIard COHJM XHCOONaIl HaTkKajlapyd TacBUpPJaHTaH. YOy Xoija
UCCUKJIMK TapKaJWIIN YerapajaHMaral WCCUKIUK YTKa3yBUaHINK Kod3(puiumeHTu
XHCOOUra 4YeKkcu3 Te3NMHK OmiaH conup Oynanu. VICCUKIMK OKUMU KU3IUPUITaH
COXa/IaH COBYK coxara CeKuH Aud@y3us xoiara HucOaTaH xynaa Te3 TapKajiaiu.

XVJIOCA

«Mxxku Kappa HOYM3HKIM MYXHMTJAa WCCUKIWUK TapKaJIHIl >KapacHUHH
MaTeMaTUK MOJCIUIAIITUPHUIID MaB3yCHAArd JOKTOPJIMK AucCcepTanusicu Oyinua
oJi0 OopuIIraH TaIKUKOTIAp HATHKAJIApH KyHuaaruiapaan noopar:

1. Homokan werapaBuii maptra Ba y3rapyB4aH 3WWIMKKA 3ra HOYM3HUKIU
napabouK TUIAArd TeHIIaManap OwiaH H(omasaHyBUM HCCUKIUK TAPKAJIUIIH,
HOHBIOTOH MOJUTPONUK (uiabTpauus, Iud@y3us KapacHIAPUHUHT YH3IUKCH3
MaTeMaTUK MOJeJUIapyd CEUMMJIAPUHUHT BakT OYyiiMua miobaimuk Ba mobdal
OYIMacnuK mapTiapy TONWITaHIUTUHA KEITUPUIL MyMKHH.



2. bup xuHCIM OYynMaraH MyXuTAa HCCUKJIMK TapKaJIWIIN >KapacHUHHHT
HOJIOKaN Macajamapu yuyyH @ymKuTa TUNUIATd KPUTUK OSKCIOHEHTaJap
TOMWITAHIUTUHY KAl 3TUIL JO3UM.

3. V3rapyBuaH 3MwIMK Ba HOJNOKAl YErapaBWil IApTra 3ra HMCCHUKIHK
YTKa3yBYAaHIMKHUHT YU3WKCH3 MaTeMaTHK MOJENIM Iodall Ba dYerapajiaHMarat
CUMMJIAPUHUHT IOKOPH Ba Kyiu 6aX0Jiapy OJMHTaHJIMTUHUA TabKHUJIAIT JIO3UM.

4. HWkkm Kappa 4YM3UKCU3JIMK Ba Y3rapyBuaH 3UWIMKKAa 3ra CEKHUH
T y3usiii YM3UKCU3 MOJUTPONUK (PUIBTpALUsl *KapacHU MaTeMaTUK MOJIENH
y4yH KYUYUIIHUHT YEKJIW TE3NMHKAA coaup Oynum Ba (a3oBUN JTOKaJUIAIIUII
xXoccajgapy YpHATUITAHIUTUHU KEJIITUPUIL MYMKUH.

5. Ukku kappa YM3UKCU3IWK Ba y3rapyByaH 3UWIMKKA 3ra Te3 Au(dy3usin
YU3UKCU3 TOJUTPONMK  (UIBTpAldd KapacHU MaTeMaTUK MOJAEIU YYyH
KYYUIIHUHT  YEKCU3  TE3JuKAa coaup  Oynmum  xoccacu — ucOoOTIaira
SPUIIMITAHIUTUHYA TabKUJJIAIT JIO3UM.

6. Man0a Ba y3rapyBuyaH 3UWIMKKA dra OUp KUHCIH OYIMaraH MyXutTiaa
MCCUKJIUK YTKa3yBUAHJIMKHUHT Oy3WJIyBUYM TeHINIaMacu yuyH Komm macanacuHuHr
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KOMITAKT FOPUTYBYMIIM YMyMIIAIITAaH €UUMIIAPH aCUMIITOTUKAIApH
UCOOTIaHTAHIUTUHYU KAl TUIIT MyMKHH .

7. Hosokan yerapaBuil 1apT Ba y3rapyBuaH 3UWIMKKA 3Ta ITOJIUTPOITUK
buabTpalys TEHINIaMallapy CUCTEMAacH eYMMIIApUHUHT BaKT OYiinya rio0asuiiK Ba
m1o0an OYIMaciIuK mapTiapy Xamaa aCUMITOTUK UdoaalapuHu UcOoTIamra
SPULITIITAHIUTUHU aUTUO YTUII JTO3UM.

8. VisrapyBuan 3MwIMK Ba HONOKAJd dYerapaBWii MIapTra 5ra HMCCHUKIHK
YTKa3yBYaHJIMK >Kapa¢HU MaTeMaTUK MOJCIMHUHT YW3UKCHU3 XOCCaJlapUHU
YpraHuil yuyH T€KaMKOP COHJIM CXeMaJlapHU KAl ATHUII JIO3UM.

9. UM3MKCU3 UCCUKJIMK TApKAJIUII MAacajJaCUHU COHJIM €YMII YUyH XucoOnall
cxemanapu, amroputmiap Ba Visual Studio 2012 (C#) myxutuma pacTypuit
BOCTHUJIAP KOMIUICKCH MIILIA0 YMKUITAHIUTUHU KAl STUIIT JTO3UM.
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HAYYHBINA COBET 14.07.2016.7.29.01 npu TAIIKEHTCKOM
YHUBEPCUTETE HUH®OPMAILIMOHHBIX TEXHOJIOT U u
HAIIMOHAJIBHOM YHUBEPCUTETE Y3BEKUCTAHA no
MPUCYXKJIEHUIO YYEHOM CTENNEHU JJOKTOPA HAYK
HAIIMOHAJIbHBI YHUBEPCHUTET Y3EEKUCTAHA



PAXMOHOB 3A®AP PABIIAHOBHUY

MATEMATUYECKOE MOJEJIUPOBAHHUE MTPOIIECCOB
TEIIVIOIIPOBOJHOCTH B CPEJIE C JBOMHOM
HEJIMHEMHOCTBIO

05.01.07 — Marematunueckoe MozaenupoBaHue. UncieHHble METO b
U KOMILJIEKCHI IPOrpaMm
(pu3uko-mMaTemMaTuyecKue HayKu)

ABTOPE®EPAT JJOKTOPCKOM JIUCCEPTAIINA

Tamxkeunt — 2016
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TeMa TOKTOPCKOIi quccepTanum 3aperucTpuponana 3a Ne30.06.2015/B2015.2.FM226 B Boiciueii
aTTecTalMOHHOI Komuccuu npu Kadunere Munuctpos Pecnydanku Y3oexkucraH.

JlokTopckast auccepTanus BeiloidHeHa B HarmonansHOM yHUBepcuTeTe Y30ekucraHa. ABropedepar



JICCePTAIUK Ha TPeX si3bIkax (Y30eKCKH, pyCCKUH, aHTITUICKHIA) pa3MelleH Ha BeO CTPaHUIE HAy9IHOTO
coBeTa www.tuit.uz u oopaszoBarenbHoN HHGopMarmoHHoU ceTn “ZIYONET” (www.ziyonet.uz)

(Kuprusus)
N JIOKTOP (PU3UKO-MaTEMATHIECKUX HAYK
Hay4ynblii pd YIS
mpoceccop
KOHCYJIBTAHT:

My3adapos Xadus AzuzoBu4
JIOKTOp (PU3HKO-MaTEMaTHYECKUX HayK,
npodeccop

O¢uunanbHbie ONMOHEHTHI:

Xy:xkaépos bBaxTuép Xy:xkaépoBua
JOKTOp (PU3UKO-MaTeMaTHYECKUX HayK,

npodeccop MucTuTyT
Bexymas ceiicMocToiiKkocTu coopyxkennii AH
OpraHu3anusi:
Apunos Mepcaunja

JIOKTOP (PH3MKO-MaTeMaTHUECKUX HayK,
npoeccop

PY3

KepumoexoB Axbli0exk KepumoOekoBu4

3amuTa IUCCEPTalliU COCTOMTCA «__ » 2016 = B 4YacoB Ha 3acelaHWU Hay4HOTO
coseta 14.07.2016.T.29.01 npu TamkeHTCKOM yHHMBEpPCUTETe HH()OPMALMOHHBIX TEXHOIOTUH U
HanmonansHoMm yHuBepcutere Y30ekucrana. (Axpec: 100202, Tamkent, yn.Amupa Temypa, 108. Ten.:
(99871) 238-64-43; daxc: (99871) 238-65-52; e-mail: tuit@tuit.uz).

C JOKTOpCKO# amccepTaneldl MOXXHO O3HAaKOMHTHCS B MHGMOpMalmoHHO-pecypcHOM NEHTpe
TamKeHTCKOro yHHBEpCcUTeTa HMH(OPMAIMOHHBIX TEXHOJOTHH (pErMCTpalMOHHBIM HOMep ). Axpec:
100202, Tamkent, yn. Amupa Temypa, 108. Ten.: (99871) 238-65-44.

ABtopedepar muccepranuy pa3ociaaH «__ » 2016 rona.
(mpotokon paccbutkr Ne  OT « » 2016 1).

P.X.XamnamoB
[Ipencenarens HAyYHOTO COBETA 110 MPHUCYKACHUIO
YYEHOM cTeneHn JOKTOpa Hayk, A.T.H.

M.C.sky6oB
YueHblil cekpeTapb HAy4HOTO COBETA IO MPUCYKICHUIO
YYEHOH CTeneH! TOKTOpa HayK, A.T.H. mpodeccop

H.PaBumianon
IIpencenarens HaydHOro ceMuHapa rpu Hayunom
COBETE M0 MPHUCYKICHUIO

YY€HOI CTeNeH! TOKTOpa HayK, A.T.H.
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BBenenne (AaHHOTALMS JOKTOPCKOM JUCCEPTALIMH)

AKTYaJIbHOCTh W BOCTPe0OBAHHOCTH TeMbl AHCCepTAUHM. B MUPOBBIX
MaciTabax Haykyd HaOIomaeTcss OOJNBIION HMHTEpeC K M3YYCHHIO HEIIMHEWHBIX
MoOJIeJIel CcaMbIX pPa3HOOOpa3HBIX SBICHUM M TMPOILIECCOB, BCTPEUAIONIMXCSA B
MexaHuKe, (hU3UKe, TEXHOJOTHH, OMopU3MKe, OMOJOTHH, IKOJIOTUM, MEIUIIMHE U
IPYTUX O0NacTSIX, OMHMCHIBAIOIIMMUCS HETMHEHHBIME U] QepeHITnaTbHBIMA
ypaBHeHUsIMU.  OCHOBY  Takux  MOHAEJIEM B  YacCTHOCTH  COCTaBISIOT
muddepeHanbHble  ypaBHEHUST B YACTHBIX IMPOU3BOAHBIX MapadOIMueCcKOro
tuna. Ilpy wuccienoBaHUAX CBOMCTB pELICHUW U YUCICHHBIX PELICHUH,
MOCTaBJICHHBIX 3a/1a4 Komm v rpaHuyHbIX 3a7a4, TPUMEHSIIOTCS MPUOTUKEHHBIE
METOABbl. 37€Ch OCHOBHOE€ MECTO 3aHUMAIOT BBIPOXKIAIOIIUMECS YpPaBHEHUS H
CUCTEMBI MapadOJIMYECKOTO THUIIA, KOTOPbIE MOJACIUPYIOT pa3Hble HEJIWHEWHbIe
MPOIIECCHI, BCTPEYAIOIINECS B €CTECTBO3ZHAHUM.

B roasl He3aBUCMMOCTM  Hamed  pecnyOIuMKM  HCCIEAOBAHUIO U
MPAKTUIECKOMY TPUMCHEHHIO HEJIWHEHHBIX MOJCICH pa3IMYHbIX (HU3UYECKHUX,
OMOJOTUYECKUX, TEXHOJOTMUYECKUX W  XHMHUYECKUX, KOTOpPbIE  SIBISIOTCS
aKTyaJbHBIMU HAIPABICHUSMH NPUKIAIHOW MareMaTuku. C 3TOM TOYKH 3peHUs
BElyTCSd HAy4YHO-UCCJIENOBATEIbCKUE pPAOOThl HaA PSAIOM MaTeMaTH4eCKHUX
MOJIeTIEH, KOTOpBhIE€ BBIPAXKAET TMPOIECCHl TETUIOMPOBOAHOCTH, (UIBTPALINH,
OMOJIOTUYECKOM MOMYJSAINUUA, KOTOpble UMEET MPaKTUUEeCKoe MPUMEHEeHUue B cepe
HYHEPreTUKH, METUIIMHBI, HE()THU U Ta3a.

B Hacrosimiee BpeMsl IIMPOKOE PACIpPOCTPAHEHUE B MHUPE MATEMaTHYECKHUX
Mojienen MIPOIIECCOB, MOy YUITU ONHUCHIBAEMbIC BBIPOXKIAFOIITUMHUCS
KBa3WJIMHEHHBIMU TMapabOMYECKUMU YPaBHEHUSIMH, 3TO OOBICHSIETCS TEM, YTO
OHM BBIBOAATCS U3 (DyHJAAMEHTAIbHBIX 3aKOHOB coxpaHeHud. [losTomy Bo3MOXkHA
CUTyalus, Korga ABa (U3MUECKUX IMpoliecca, HE MMEIONIUX Ha TEPBBIA B3IVIS
HUYEro OOIIEero OMHUCHIBAIOTCA OJHUM W TEM K€ HEJIWHEUHBIM YpaBHEHUEM
mudy3un, TOIBKO C pa3IMYHBIMU YUCIOBBIMH TlapameTpamu. B HacTosee Bpems
BBIIIOJIHEHUE HAyYHBIX MCCIEAOBAaHUKA IO H3YUYCHUIDO U IPAKTHYECKOMY
MPUMEHECHUIO TaKUX YPAaBHEHUU SBISIOTCS OJHUM M3 BaXXKHBIX 3ajad, KOTOpBIE
BEAYTCS B HWXKECICAYIOMUX HANpPABICHUIX: pa3paboTka METOAOB HU3YYCHUS
KAYECTBEHHBIX CBOWCTB HEJIIMHEWHBIX MAaTE€MaTHUYECKUX MOJCIEH; HAXO0XKICHUE
TOYHBIX OLEHOK PEHIEHWA B Pa3MYHBIX [POCTPAHCTBAX; OMPEACICHHE
HEIUMHEHHBIX 3 (}EKTOB; pa3padOTKa IKOHOMUYHBIX YUCIEHHBIX CXEM; CO3JaHUE
KOMIUIEKCA MpOrpamMM JJisi U3y4YeHUST MaTeMaTUYEeCKUX MOJENIe HEeIMHEUHBIX
MpOIIECCOB W  KOHTPOJIb JUHAMHUKH TIpolecca 1o BpeMmeHu. HayuHble
UCCIIEOBAHUs, KOTOPbIE BEAYTCS BO BCEX BBIMIENEPEUHMCICHHBIX HANpPaBICHUAX,
OOBSACHSIOT aKTYyaJIbHOCTh TEMbI JJAHHOW JUCCEePTAINU.

JlaHHO€ JuCCepTAllMOHHOE HMCCIIEIOBAHUE B ONPEACICHHON CTETEHU CIYKHUT
BBITIOJIHEHUIO  3a/1a4y, npeaycMoTrpeHHbiX IlocranoBnenusimu  Ilpe3unenrta
Pecny6nuku Y30ekuctan NelIl1-1730 or 21 wmapra 2012 roma «O Mepax 1o
JanbHENIIIEMY BHEIPEHHUIO U PA3BUTUIO COBPEMEHHBIX HH(POPMALIMOHHO
KOMMYHHUKAITMOHHBIX TexHomorui», Nel1l1-1442 ot 15 nexabps 2010 roga «O
NPUOPUTETAX PA3BUTHS MPOMBIIIIEHHOCTH Pecyonuku Y306ekucran B 2011-2015
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ronax» u [locranosnenuem Kabunera Munuctpos Pecniyonuku Y36exuctan No24
ot 1 ¢espans 2012 roga «O Mepax Mo CO3aHUIO YCIOBUM IJIs JaTbHEHIIIETO
Pa3BUTHUSL KOMITIBTEPU3ALMHI U UHPOPMAITMOHHO KOMMYHUKAIIMOHHBIX TEXHOJIOTUN
Ha MECTax», a TAK)XKE B IPYTUX HOPMATUBHO-TIPABOBBIX JTOKYMEHTAX, IPUHSITHIX B
JaHHOU cdepe.

CBsi3b HCCJIEIOBAHUSI ¢ TPUOPUTETHHIMU HANPABJIEHUSIMU PA3BUTHS
HAYKM M TexXHoJoruili pecmy0onuku. Hacrosmias auccepranmonHas pabora
BBINIOJIHEHA B COOTBETCTBUU C MPUOPUTETHHIMU HAIIPABICHUSIMU Pa3BUTHS HAYKU U
texHosorut  PecnyOmuku  Y30ekuctan IV, «Marematuka, MeXaHHKa W
UH(POPMaATHKAY.

O630p 3apyGesKHBIX HAYYHBIX HCCJIEI0BAHMIT 10 TeMe JUccepTaLnn’.
Hayunbie uccneoBaHus o U3y4EHUIO KaY€CTBEHHBIX CBOMCTB Pa3IuYHBIX
HEJIMHEHHBIX MAaTEMaTUYECKUX MOJIEIEH, MPOBOAATCS B BEAYIIUX HAYYHBIX
IIEHTPaX U BBICIIUX 00Pa30BaTEIbHBIX YUPESKICHUIX MUpPa, B TOM ducie, North
Carolina State University, [owa State University of Science and Technology,
University of Central Florida, Louisiana State University, California State
University (CLLIA), Universidad de Buenos Aires (Aprentuna), Chile University
(Uunm), Sapienza Universita di Roma, Universita degli Studi di Catania (Urtanus),
Osaka, Nagoya, Hiroshima University (Almonus), National University of Singapore
(Cunranyp), Universidad Autébnoma de Madrid, Universidad Complutense de
Madrid (Mcnanus), Paderborn University, Aachen University (I'epmanus),
University of Nottingham, University of Sussex (Benukooputanus), B KomeHnckom
yauBepcurete (CinoBakus), B yuusepcutete Tenb-ABuBa (HU3pawmis), Jilin,
Chongqing, Changchun University (Kuraif), Paris Mathematics Center, Université
Paris-Dauphine (®pannus), B uncturyte Marematukud AH Poccun, B MockoBckoM
rocyaapcTBeHHOM yHuBepcutere (Poccus), B MHCTUTYTE BBIYMCIHTEIIBHON
TEXHUKU U aBTOMATUKH akajeMuu Hayk Benrpuu (Benrpus), B mHCTUTYTE
MaTeMaTHK{ U MaTeMaTu4ecKoro MojieIupoBanue, B KazaxckoM HaimoHaibHOM
yHuBepcutete (Kazaxcran), B JlyraHckoM HalluOHaJIbHOM YHUBEPCUTETE UMEHU
T.IIeBuenko (YkpanHa), B MHCTUTYTE MaTeMaTUKu U uH(popmaruku, B Copuiickom
yHuBepcutete (bonrapus), B HAIIMOHAILHOM YHUBEpPCUTETE Y30E€KUCTaHa, B
CamMapkaHJICKOM TOCY/IapCTBEHHOM YHUBEPCUTETE, B YPreHUCKOM
rocyaapcTBeHHOM yHuBepcurere (Y30ekucran). Pe3ynbraroM MUPOBBIX
WCCJICIOBAHUMN 110 COBEPIIICHCTBOBAHUIO HOBBIX KaueCTBEHHBIX CBOHCTB
HEJIMHEWHBIX MOJEIICH, OTIIMYAIOIIUXCS OT CBOWCTB JIMHENHBIX MOJEJIEH SIBISETCS
pa3paboTKa METOJOB YHUCICHHOTO PEUICHUS U BU3YyaJIU3alluU, TOIYYSHBI P
HAyYHBIX PE3yJbTaTOB, B TOM YHUCJIE, Il MOJIEIN TEIUIONPOBOAHOCTH
OMMCHIBAIOUIEICS HETMHENHBIM YPABHEHHEM IMapa0OINYEeCcKOro Thima, ObUIo
HAWJICHO YCJIOBHUE TIO0ATHHOTO CYIIECTBOBAHUS PEIICHUS K HEPA3PEITUMOCTH
pernenus o Bpemenu 3anaun Komm u Heiimana (Universidad Autonoma de
Madrid, Osaka, Nagoya University), HaiiJIeHbI

0630p 33py6€)KHI)IX Hay4YHBIX I/ICCHGHOB&HI/Iﬁ o TeMe Jguccepralru COCTABJICH Ha OCHOBC CJICAYIOIIHNX
HNCTOYHHKOB: )KypHan BBIYMCIIMTEILHONM MaTeMAaTHKHA M MaTeMaTHUICCKOM (1)I/I3I/IKI/I, MaremaTuueckoe MOJCIMPpOBaHUC,



Communications on Pure and Applied Analysis, Journal of the Korean Mathematical Society,
http://www.springer.com/mathematics; http://www.sciencedirect.com/science/jrnlallbooks /sub/mathematics.
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3HAYEHUsSI KPUTHUECKOM AKCIIOHEHTHI INI00ATBLHOTO CYIECTBOBAHUS PEIICHUS THUIIA
Oymxuta I HeNMMHEWHBIX — mapabomuueckux — ypaBHenumii  (Universidad
Complutense de Madrid, Paderborn, Jilin, Chongqing, Changchun University),
pa3paboTaHbl METOJbI OINpPEACICHUS] KPUTUYECKON HKCIOHEHThI BTOPOrO THIIA,
OTpeeAoNMe TPAHUILY JJISI HadaJdbHBIX JaHHBIX 3ada4u Komm 171 ypaBHEHHs
MOPUCTON CpeIpl W JJI ypaBHEHUW C TpaJMeHTHOW HeNMHEHHOCThIO (Sapienza
Universita di Roma, Chongqing, Osaka University).

B mupe, nmo pazpaboTke METOJOB M CPEJCTB MO PEIICHUIO M MPAKTUUECCKOMY
npuUMeHEeHnto 3afauu Kolllu W TpaHWuYHBIX 3ajay, JJIs HEIMHEUHBIX ypaBHEHUUN
ypaBHEHUN MapaOOJMYEeCKOT0 THIA, KOTOPhIE CO3MAl0T OCHOBY pa3HBIX
MaTEMaTUYECKUX MOJENIEH, BEAYTCS HayudHbIE HCCIECIOBAHMS O MPHUOPUTETHBIM
HaAIPaBJICHUSM, B TOM YHCIIE: HAXOXKIACHUE YCIOBUN CYIIECTBOBAHMS ITTI00ATBHOTO
penieHuss N0 BPEMEHUM B HEJIMHEWHBIX 3ajlayax; HaXOXKJIEHUE 3HAuYCHUU
KPUTHUYECKOM DKCIIOHEHTHl CYIIECTBOBAHUS IJI00AJIBHOTO PEIICHUS ¢ THUIIA
QymKUTa; ONPENEIICHUE YCIOBUM JIOKAUIM3ALMM HEOTPAHUYEHHBIX PELICHUM;
noBbIlIeHHEe A()(PEKTUBHOCTU YHUCICHHBIX METOAOB; pa3padoTKa KOMILJIEKCa
nporpamMM, JarolUdX BO3MOXKHOCTb YHCICEHHOMY HW3YYEHHUIO HEIMHEHHBIX
MpoIecCOB  0a3upysiCh  HAa  BBIIICNIEPEUYUCIICHHBIE  CBOWCTB  HEJIHMHEHHBIX
MAaTeMaTUYECKUX MOJICIIEH.

CreneHb M3y4YeHHOCTHM mpodaeMbl. B  Teopuum  MareMaTH4ecKOro
MOJICTTUPOBAHMS  MPOIIECCOB  TEIUIONPOBOJHOCTH B HEIUMHEHHON cpelne ¢
HMCTOUHMKOM WJIM TIOTVIONICHUEM TOJIYYEHBI PsJi BAXKHBIX PE3yJbTaToB. B Teopuu
NepeHoca HHEPruu OOHAPYKEHbI, HEOOBIYHBIE KAUYECTBEHHBIC CBOWMCTBA, HE
MMEIOIINE aHAJIOTOB B JIMHEHHOW Teopuu TeruionepeHoca. B Tom umcie, B paborax
J.L.Vasquez, H.A .Levine, A.A.Camapckoro, A.C.KamaniHukoBa,
B.A.T'anaktnonoBa, A.D.TegeeBa u 1p. oOOHapyX eHbl HEOIPAHMYECHHOCTH
pemeHnii, 3pHEKT KOHEYHOW CKOPOCTH PACIpPOCTPAHCHHUS M TPOCTPAHCTBEHHAS
JIOKanu3anus BO3MYUIEHUW, W30JUPOBAHHBIE TEIIIOBBIE CTPYKTYPBI, O KOHEYHOI
BPEMEHHU CYIIECTBOBAaHUS BO3MYIIEHUW B HEIWHEWHOW cpeAe NpH HaJIUYHUU
HMCTOYHMKA U MOTVIOIICHUS.

B pab6ore f.b.3enpmoBuua, A.C.Kommaneiina, a 3arem B paborax
['U.bapenOmnarra, R. Pattle Obu1 BnepBble OOHapyXeH HeIWHEHHBIH 3(deKT
KOHEYHOM CKOPOCTH PACHpOCTPAHEHHS] TEIUIOBBIX BO3MYIIECHUW B HEJIWHEUHOM
cpene (KCPB). I[lo ompeneneHuto ycioBUsT BO3ZHMKHOBEHHSI 3(d@ekTa KOHEUHOU
CKOPOCTH W OIIEHKM pPELICHUM C KOMIIAKTHBIM HOcuTelleM 3aaauu Komm s
ypaBHEHUS MOPUCTOM Cpelbl U ISl YPAaBHEHUS TEIJIONPOBOJHOCTU C TPATUECHTHOU
HeJTMHEWHOCTRIO 3aHuManuck J.L.Vazquez, M.A.Herrero, M.Fila, F.Quiros,
R.Guillermo, Keng Deng, Julio D. Rossi, P.Groisman, D.Andreucci, A.Tesei,
R.Ferreira, A.D.Pablo, H.Fujita; mno omnpeaeneHuo  acUMOTOTUYECKOU
yctoriunBoctu mo Bpemenn X.Y. Chen, H. Matano, M.Sugimoto, John King,
A.Il.MuxaitnoB, B.A. TamaktnonoB, E.KypkuHa, 1o oOIpeaeseHUI0 CBOWCTB
MAaTEMATUYECKUX MOJICJIEM ONMCHUBAacMble KpacBou 3amayord Hevimana s



BBIPOKTAFOIIINXCS napaboIMIeCKUX KBa3WJIMHEHHBIX ypaBHEHUI
nostpornunueckot guisrpanmu 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 wuccienoBaHuio yciaoBHUM O IOOANbHOM pPa3peliMMOCTH MW HE
pPa3pelIMMOCTH PELIEHNH MO0 BPEMEHHU 3aaaun Komm Juisi HENMMHENHBIX YPaBHEHUN
TEIJIOMPOBOIHOCTA € TMEPEMEHHON  IUIOTHOTHIO, peakuuu-muddysnu  u
dbunerpanuu Z.Li, M.Chunlai, W.Du, Guirong Liu, Yuan-Wei Qi, A.®.Tenees,
A.B. Mapreinenko, H.B. AdanacbeBa, C.I1. Jlertspes.

B V30ekuctane HenMHEHHBIMH 3adadyaMu QUIBTPALMM M MX CHCTEMaMH
3aunManiicb  H.M.Myxutauno, A.b.bermaroB, b.M.Xyxaspos, W.XVyxaes,
PacynoB A. C., H.PaBmanoB u ux ydeHuku. X OCHOBHbIE paOOThI MOCBSIICHBI
YUCJICHHBIM H3YUYCHHMSIM CBOMCTB pEIICHUN 3aja4 HeJWHEWHOW QuibTpanuu,
KOTOpbIE MOXHO TNPHUMEHUTh K 3aJadyaM MOJEIMPOBAHMS IMPOLECCOB B
He(drerazoBoit orpaciu. B paborax M.M.ApunoBa u ero yuenunkoB (T.KaromoB,
J.OmmaroB, A.Xaitnapos, K.MyxammanueB, @.Kabumxkanoa, III.CerTtues,
II.CanynnaeBa, A.Marakybos, J[.MyxammamueBa W Jp.) Ha OCHOBE
aBTOMOJIEIIBHOTO AHAJIN3a MCCIEAOBAaHbl KAaueCTBEHHBIE CBOMCTBA PELICHUM
HEJIMHENHBIX 337a4, MOJEIUPYIOLINE IMPOLECCHl, BCTPEUYAIOIIUXCS B Pa3IMYHBIX
paszenax eCTeCTBO3HAHMSL.

CBs3b TeMBbI JUCCEPTALMM C HAYYHO-HCCJIEN0BATEIbCKUMH padoTaMu
BbICLIET0 00Pa30BATEIbLHOI0 YUPEKACHUS, I71¢ BHIIOJHEHA JHCCePTaIH.
JluccepTanimOHHOE UCCIEA0BAHUE BBIIIOIHEHO B PaMKaxX HAy4YHO
HCCIIeI0BaTeNbCKUX PoekToB HammonansHoro YauBepcutera Y30ekucTaHa mo
TeMbl ED-4-10 — «HucneHHoe MOIeTIMPOBaHUE CHCTEM OMOIOTMYeCcKOil
nonyisiuu Tuna Konmoroposa-®umiepa» (2012-2014 rr), A-5-44 — «HucnenHoe
MOJICITUPOBAHNE HETMHEHHBIX CHUCTEM OMOIOTHYECKOM MOMYIISIIINY TUTIA
Kommoropoa-®umiepa» (2015-2017 ).

Heab0  ucciaenoBaHUsl  SBISACTCS  YUCIEHHOE W aHAJUTHUYECKOE
UCCIIEOBAHNE KAYECTBEHHBIX CBOWCTB HEJIMHEMHBIX MATEMAaTHYECKHX MOZENEH,
ONUCHIBAIOIINECA KBAa3WJIMHEWHBIMU MAapa0OIMYECKUMHU YPAaBHEHUSMH U CHUCTEM,
IIPOLIECCOB PACIPOCTPAHEHUA TEIUla B OAHOPOAHOM M B CpeAe C NEPEMEHHOU
IJIOTHOCTHIO C MCTOYHUKOM W HEJIOKAJbHBIM TPAaHUYHBIM YCJIOBHEM, pa3paboTka
KOMIUIEKCA MPOrpaMM JUIsl YHCICHHOTO WCCIENOBAHUS HEJIMHEWHBIX KpPAECBBIX
3a/1ay.

3agaum ucciae0BaHUA:

YCTAHOBUTh KPUTHUUYECKHE SKCIOHEHTHI Tuma Dymxkura sl MaTeMaTuyecKou
MOJEIIM PACHpOCTPAHEHMs] TEIIA B HEOJAHOPOIHOW Cpele, ONMUCHIBAEMOMU
HEJIOKAJbHOM 3aJa4ueH;

J0Ka3aTh IJI00AJbHYI0 Pa3pelIMMOCTh W HEpPa3pelIMMOCTh MO BPEMEHU
pEelIeHNH HEJIMHEMHONM MOJEIN PacIpOCTPAHEHMs TEIlla B HEOIHOPOIHOM Cpene ¢
HEJIOKaJIbHBIM TPAHUYHBIM YCIOBUEM,;

ONPENENUTh CBOMCTBA KOHEYHON CKOPOCTH PacHpOCTPaHEHHsI BO3MYILCHUS U
IIPOCTPAHCTBEHHYIO JIOKaJIN3alHUIo TUTS MaTeMaTH4€eCKOU MOJIEIIH
MOJTUTPONUYECKON (UIBTPAIUU C JBOWHOM HETWHEHHOCTHIO U C TEPEMEHHOMN



IUIOTHOCTBIO B Cllydae MeasieHHoH nuddys3uu;
UCCIIEZIOBATh ACUMITOTUKY 00OOIEHHBIX PEIIEHUI C KOMIAKTHBIM
HocuTeneM 3a1aun Komm u kpaeBoii 3a1a4u I BBIPOKIAIOLIErOCs YpaBHEHUS
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TETUIONPOBOIHOCTHU C IBOMHON HEIMHEMHOCTBIO C UICTOYHUKOM U C IEPEMEHHOU
IJIOTHOCTBIO;

OTIPENICIUTh yCJIOBHUE TIJI00ANBHON pa3peliuMOCTH W HEPa3pelIMMOCTH B
LEJIOM MO BPEMEHU PEIICHUN HEJIWHEWHOW MAaTeMaTH4eCKON MOIENU JJISi CUCTEM
MOJIMTPONMYECKON (PUIBTpallMM ¢ HEJIOKAJbHBIM TPAHUYHBIM YCJIOBHEM M C
IIEPEMEHHON IIOTHOCTHIO;

MOCTPOUTh  YHWCIEHHBIE CXEMbl JUISI  HCCIEAOBAaHMS  KAau€CTBEHHBIX
HEJIMHEMHBIX  CBOMCTB  MAar€MaTHUYECKUX  MOJEJIEHM  TEIUIONPOBOJHOCTH €
NEPEMEHHOM MJIOTHOCTHIO U C HEJOKAJIbHBIM IPAHUYHBIM YCIOBUEM U pa3padboTarh
BBIUYHCIIUTEIBHBIE CXEMbI, AJITOPUTM M KOMIUIEKC MPOTpaMM JJisl YHCIEHHOIO
pELICHUS] HEJIMHEWHBIX 3a]1a4 U BU3yaJIu3UPOBaTh PEIICHUS.

O0bexTOM HUCCJICA0OBAHUSA SIBIIIIOTCS HEJINHEWHBIE MPOLIECCHI
pacrnpocTpaHeHus Teria (bunpTparnus, nuddysus), OTIMCBhIBAEMbIC
BBIPOXKJIAIOIIIUMUCS ~ MapabOIMYeCKUMU  YPaBHEHUSAMHM M CUCTEMaMH  C
HEJIOKAJIbHBIMU TPAHUYHBIMH YCIIOBUSMU.

IIpeamer ucciaen0BaHust — MOCTPOCHUE TEOPUU U MPAKTUKH YUCIEHHO
AHAJINTUYECKOTO UCCIICIOBAHUS HEJTMHENHBIX 3a/1a4 ¢ IBOWHOM U TPOMHOU
HEJIMHEWUHOCTBIO C YYETOM OJHOPOJHOCTH U HEOJHOPOAHOCTH CPEIBI U UX
BIIMSIHUE HA U3Y4Ya€MbI€ HEIMHENHBIC MPOLIECCHI.

Metonbl ucciaenoBanusi. B pabore HCMNOIB30BAINCHL aBTOMOJIEIBHBIE U
NPUOTMKEHHO aBTOMOJICIbHBIC METObI, alllapaT TEOPEMbl CPABHEHHS PEIICHHIMA
JUISl TIOCTPOEHUS W aHajdu3a Pa3/IMYHbIX THUIOB PEUICHUH, METOIbl ATaJOHHBIX
YpaBHEHUH JUIsl pEIICHUS HEIMHEHHBIX OOBIKHOBEHHBIX JU(depeHIINaTbHbIX
YPAaBHEHHM M CHCTEM, METOIbl OLEHKH PEIIEHUM, PA3HOCTHBIE METOIBI JJIs
IIOCTPOEHUSI YUCICHHBIX CXEM, METOJbl UTEPALMU, IPOTOHKHU, METOJ IIEPEMEHHBIX
HAIpPaBIICHUM.

HayuyHasi HOBM3HA 3aKJIFOYAETCS B CIEIYIOIIEM:

OTpPENICNICHbl YCIOBUSl TIOOANBbHOW Pa3pelIMMOCTH W HEPA3pEHIMMOCTH TI0
BPEMEHHU pPEUICHUNM HEIVMHEWHOW MOJEIN TEIUIONPOBOIAHOCTH B HEOAHOPOLHOMN
cpene 6e3 NCTOYHUKA C HEJIOKAJIbHBIM TPAaHUYHBIM YCIIOBHEM;

OTIPEJICIICHO BJIHMSHUE HEOJHOPOIHOCTH CPEIbl MPH YCIOBUAX TIOOATHHOM
pa3pelIMMOCTA U HEPA3PEIIMMOCTH B ILIEJIOM IO BPEMEHHM PEIICHUN HEIMHEUHBIX
3a/1ay.

HAWJCHO 3HAYCHUE KPUTUYECKOW SKCIOHEHTHI Thna DymxuTa 119 MOAEIH,
onuchIBaroIieit 3anauy Helimana B ciiydae Me/yIeHHOU U ObIcTpolt auddy3uu;
HaNJIEHO 3HAYCHUE KPUTUUECKON IKCITOHEHTHI IMT0OATBHOTO CYIIECTBOBAHUS
pelLIeHUs 11 MOJIENIH, OTIMCHIBAIOIIIECHCS BTOPBIM THIIOM KPAa€BOM 3aJ]a4M B ClIy4ae
MeIJIEHHOU U ObIcTpolt Auddy3uu;

MOCTPOEHBI BEPXHUE W HWKHHUE OLEHKU OOOOIICHHBIX PEIICHUN 3aiadu



MeaneHHO-I1( (y3HON TEIIONPOBOIHOCTH B OAHOPOAHON U HEOAHOPOAHOM CpEE;

IIOJIy4Y€HBbl IVIABHBIE WICHBI ACHUMIITOTUKU pPa3jIMYHbIX aBTOMOJIEIBHBIX
pELIEHN 3a7adyy JABOMHOM M TPOWHOW HENMHEMHOM TEIUIONPOBOIHOCTH IyTEM
IIPUMEHEHUS METOA TAJTOHHBIX YPAaBHCHUM;
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IPEIIOKEHBI BBIYUCIUTENBHBIE CXEMBI JUISl H3yUYEHHs KaYE€CTBEHHBIX CBOMCTB
HEJIMHENHBIX MaTEMaTUYECKUX MOJENEHN TEIIONPOBOAHOCTH C IIEPEMEHHOM
IJIOTHOCTBIO, pa3paboTaHbl aJITOPUTMbI, KOMILIEKCHI TporpamMm B cpene Visual
Studio 2012 (C#) n Bu3yanu3upoBaHbl peUICHUSI HEJIMHEHHBIX 3a/1a4.

IIpakTHYeckne pe3yiabTaTbl UCCJIEJOBAHUS [TOCTPOEHBI ACUMIITOTUYECKUE
dopMyiIbl TpU pPEIIEHWHM HENIMHEWHBIX 3a]ad, BO3HUKAIOUIUX B Pa3IMYHBIX
MPWIOKEHUSIX, TOCTPOEHBI KOHCEPBATUBHBIE PA3HOCTHBIE CXEMbI, UTEPAIMOHHBIC
MPOLIECCHI U pa3paboTaH MPOrpaMMHBIN KOMILIEKC.

JlocTOBEpHOCTh TMOJYYEHHBIX Pe3yJabTaroB. llomydeHHbIE pe3yabTarbl U
YTBEPKJIECHHUSI CTPOro JOKa3aHbl M MOATBEPKIAKOTCA PE3yJabTaTaMH YHCIECHHBIX
pacueToB. lcnonp3ys IOJNydeHHBIE OLICHKM PEIICHUW, NPUBEACH YWCICHHBIN
aHalIM3 PpEIICHUW, pe3yiabTaTbl KOTOPOTO MOATBEPKIAIOT MPaBUIBHOCTH U
3¢ (PEeKTUBHOCTh MPEAJIOKEHHONM B pabOTe METOAMKU pacueTa C MPUMEHEHUEM
METOJa ASTAJOHHBIX YPaBHEHHWHA M aBTOMOJEJIBHOIO aHAJM3a C COXPAaHEHUEM
HEJTMHEWHOTO 3 deKTa.

Hayynass ¥ mnpakTuyeckass 3HAYUMOCTb Pe3yJbTaTOB HCCJIEI0BAHUS.
HayyHasi 3HaUMMOCTb MOJYYEHHBIX pE3YJIbTAaTOB 3aKJIIOYaeTcs B OOOCHOBAaHUU
TEOPUH KPUTHYECKOW SKCIOHEHThl THma DymKuUTa U KPUTHUYECKOM SKCIIOHEHTHI
100abHOTO  CYIIECTBOBAHUS PEUICHMs] MPH HCCIETOBAHUSIX MaTeMaTH4YeCKUX
MoJieNiel onuchIBaronmxcs 3afgadedt Komm nis ypaBHeHU napaboinuecKoro Thia
Y HEJIMHEWHBIE KPACBBIC 3a1a4H.

[IpakTuueckasi 3HAYUMOCTh pPabOThl — KOHCTPYUPOBAHHE HUTEPAIIMOHHBIX
IpOLECCOB, pa3paboTKa YHUCIEHHBIX CXE€M M MPOrpaMMHOI0 obOecrnedeHus
NO3BOJISIET  NPOU3BECTH  PA3yMHBIE  BBIUYHCIUTEIBHBIE  JKCIIEPUMEHTHl B
HEJIMHEHHBIX 3ajayax (QuibTpaluu, peakiuuu-audQys3uu, TEIIONPOBOJHOCTH B
Pa3IMYHBIX HEJIMHEHHBIX Cpelax Uil cilydas MEeIJIEHHON W ObicTpoi auddysumu,
CIIy>)KUTh JUIsl BBISABJICHUS HOBBIX 3(PPEKTOB - SBICHHS KOHEYHOW CKOPOCTU HU
JIOKaJIM3ali1 PEIICHMS IS KJIacca pacCMaTpUBAEMBbIX 3a/1a4.

BHeapeHnue pe3yabTaToB HCCIAEA0BAHUA. Pe3ynbTaThl AUCCEPTAMOHHON
paboThI OBUIM MPUMEHEHBI B CIAEAYIOIINX HAIPABICHUSIX:

MOJIyYeHHbIE BEPXHUE M HUKHUE OLIEHKH OOOOLIEHHBIX PEIICHUN 3a1adu
MeaneHHO-1( Gy3HON TEIUIONPOBOIHOCTH B OAHOPOAHON U HEOAHOPOAHOM cpeje,
ObUIM MCIOJIB30BaHbI JUIsl I0KA3aTEIbCTBA KOPPEKTHOCTH BHYTPEHHEH U KpaeBou
3a/1a4¥ HEKJIACCUYECKUX YPaBHEHUU MaTeMaTH4YecKOoW (M3HKU B paMKax MpOeKTa
rpanta ®-4-30 «BHyTpeHHMEe U KpaeBble 3aa4u 11 JudpepeHnnanibHo
ONEpPaTOPHBIX YPAaBHEHUI C omeparopHbIMH THUHamMu kodpduumreHtor» (Cropaska
[ocymapcTBEHHOr0o  KOMHMTETa IO  Pa3BUTHUI0O HAayKH M TEXHOJOTWU
Ne®dTK-03-13/743 ot 3 Hos16pst 2016 ). [IpuMeHeHrE FTUX HAYUHBIX PE3YIbTaTOB



70 BO3MOYKHOCTb UHCJIEHHO PEIINUTh YpPaBHEHHUS OMOJIOTHYECKOM IOMYISILIUU
tuna Kommoroposa-®duiepa 1 X CUCTEM C HEJTMHENHBIMU KPAaCBbIMU YCIIOBUSIMY;
ACUMIITOTMKM  PEIIEHUH  HEJOKAWIBHOW  3aJadd Il ypaBHEHUU
napaboIMIecKoro THMAa C JBOWHON HEIMHEHHOCTHIO, OMHUCHIBAIOIIUE MOJICIH
IPOLIECCOB PACTIPOCTPAHEHUS TEIUIa B HEOAHOPOAHOM cpene, OblIM MCIIOIb30BAHbI
IIPY yCTAaHOBJICHWM CBOMCTB pEUICHUN BHYTPEHHEH M KpacBOM 3aJayd B paMKax
npoekta rpanta ©-4-30 « BHyTpeHHue u kpaeBble 3a1aun 1 AuQdepeHnaIbHo-
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ONEpPaTOPHBIX YPaBHEHUI C ONEpPAaTOPHBIMU TUIIAMU Ko3pduieHToB» (Crpaska
[ocynapcTBEHHOr0  KOMHUTETa IO  Pa3BUTHUI0O HAyKd M TEXHOJOTUU
NedTK-03-13/743 ot 3 HOs06ps 2016 r.). [IpuMeHeHne 3TUX Hay4YHBIX PE3YJIbTAaTOB
MO3BOJIMJIO 00OCHOBATh KOPPEKTHOCTh BHYTPEHHEN U KpaeBOM 3a/1auu;

IPEIJIOKEHHBIE  BBIUYMCIUTEIBHBIE CXEMbl JUISI YMCIEHHOIO H3Y4YEHUs
Ka4eCTBEHHBIX CBOMCTB MOJIENEH, OMUCHIBAIOUINX PACIPOCTPAHEHUE TEILIa B Cpelie
C TMEPEMEHHOW IUIOTHOCTBIO, pa3pa0OTaHHbIE AJITOPUTMBI M  KOMILJIEKC
IPOrPaMMHBIX CPEACTB, OBUIM HMCHOIb30BAHbl JJII YHCIEHHOTO MOJEIMPOBAHUS
BHYTPEHHEH M KpacBOM 3a/aud HEKJIACCUYECKMX YPaBHEHHUH MAaTeMaTH4eCKOU
¢busuku B pamkax npoekra rpanta ®-4-30 «BHyTpeHHUE U KpaeBble 3aJa4yu IS
mudGepeHINaNbHO-0NEPATOPHBIX ~ YPAaBHEHUH € ONEPaTOpPHBIMU  TUIIAMU
ko3 puumentony (CrnpaBka [ocynapcTBEHHOro KOMUTETA MO Pa3BUTHIO HAYKU U
texHosorud NedTK-03-13/743 ot 3 Hos10ps 2016 1.). [IpumeHeHUEe 3TUX HAYUHBIX
PE3YJIbTAaTOB TMOCTYKUJIM BU3YaJIM3UPOBATh UUCIEHHBIE PEIICHUS HEIMHEHUHBIX
KpaeBbIX 3a7ay.

AnpobGauust pe3yJbTATOB HUCCJAeA0BAHUM. Pe3ynbraTel wHcCcaeqoBaHUS
anpoOupoBaiuch Ha 14 MEXIyHapOOHBIX Hay4yHbIX KOoH(pepeHImsaX: 3-as
MEXIyHapo/iHas HayyHas KOH(pepeHIUs «AKTyaJbHble MPOOIEMBbI MPUKIATHOU

MaTeMaTUKd W HWHQOPMAIMOHHBIX TEeXHONOrud — anp Xopesmu 2012y,
«BpruucnurenbHple 1 MHPOPMAIMOHHBIE TEXHOJIOTMH B HayKe, TEXHHKE U
obpazoBanun — 2013» (Ycrh-Kamenoropck, 2013), «AxTyanbHble MHpOOIEMbI

MPUKIIAJIHOW MaTeMaTUKU U MHOOPMAIIMOHHBIX TEXHOJIOTUM — alib Xope3mu 2014»
(Tamkent, 2014), «Analysis and Applied Mathematics» (Uumkent, 2014), 5-b1it
KOHTpecce MmaremarnkoB Tiopkckoro mmupa (Mccwik-Kymb, 2014), «Mathematical
Methods, Mathematical Models and Simulation in Science and Engineering
(Iseitnapusi, 2014), «Applied Mathematics and Computational Methods»
(Adunsl, 2014), «Mathematical, Computational and Statistical Sciences» (/ly0Oai,
2015), «Pure Mathematics, Applied Mathematics and Computational Methods»
(I'pertus, 2015), «Heat Transfer, Thermal Engineering and Environment» (Utanus,
2015), «Applied Mathematics and Informaticsy» (Mcnanus, 2015), Ha
MEXIYHAPOIHOM Hay4dHO-NpakThuueckod KoHpepenmuun «Computational and
Informational Technologies in Science, Engineering and Education» (Anmartsi,
2015), «duddepennmanbapie ypaBHEHUS U MaTEMaTHYECKOE MOJEIUPOBAHUE
(Vnan-¥Ymp, 2015), Ha 7 pecnyOIMKaHCKUX HAYyYHBIX KOHPEPEHIUAX: «AKTyalbHbIC
BOIIPOCHl MaTEMaTHKH, MaTeMaTHYECKOTO MOJACIUPOBAHUS W WHOOPMAITMOHHBIX
texnonoruit» (Tepme3, 2012), «HoBble TeopemMbl MOJOABIX  MAaTEMATUKOBY
(Hamanran, 2013), «CoBpeMeHHbIe pobaeMbl  nuddepeHInaibHbIX YPaBHEHUN U



ux npunoxkenus» (Tamkent, 2013), «IIpuknagnas maremaruka U
nHpopmanmonHas 6e3omacHocTh» (Tamkent, 2014), «Maremaruueckas Gu3uka u
POICTBEHHbIE  MPOOJIEMBI  COBPEMEHHOIO  aHaJIU3a» (byxapa, 2015),
«CoBpeMEeHHBIE METOBI MaTeMaTHICCKON (U3UKU U UX TNpUIokKeHUs» (TarkeHT,
2015), «IIpoGnembl coBpeMeHHOW Tomojoruu u e¢ npuwiokeHus» (TaimkeHr,
2016). Pesynbrarhl wucciaeAoBaHUA OOCYXKJICHBI Ha HAay4YHBIX CEMHHapax
«CoBpeMeHHbIE MPOOJIEMBbl MaTEMaTHYECKOM (UMK, (Tamkent, 2016),
«CoBpeMeHHBIEC MPOOIEMBI MPUKIIATHON MAaTEMATUKU U
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nHdopmarmonHorr  TexHomoruw»  (Tamkent, 2012-2016), “CoBpeMeHHBIC
npoOJieMbl BBIYUCIUTEIILHOW MaTeMaTHKd W WH()OPMAIMOHHBIX TEXHOJOTUN™
WHCTUTYTa HWHYKECHEPOB JKEJIE3HONOPOKHOIO TpaHcmopra Hu «MoaenrupoBaHue
CJIOXKHBIE CHCTEMBI» IIEHTpa pa3pabOTKH amnmapaTHO-MPOTPAMMHBIE KOMILIEKCHI
npu TamkeHTCKOM yHUBepcuTeTe HWHGOPMAIMOHHBIX TexHonorui (TamikeHr,
2016).

Ony0JMKOBAaHHOCTHL Pe3yJbTAaTOB HccaenoBaHus. [lo Teme nuccepranuu
onmyOnukoBaHbl 37 HayudHbIX PaboOT, U3 HHUX 13 HayuyHBIX CTaTedl B KypHajax
PEKOMEHIOBaHHBIX  BpIcmien aTTeCTAallMOHHOMN komuccue  PecmyOnuku
VY30ekuctan i MyOJUKAIMM OCHOBHBIX HAyYHBIX PE3YJAbTaTOB JOKTOPCKUX
JUCcepTaluii, B TOM 4ucie § B pecryOIMKaHCKUX U 5 B 3apyOeKHBIX KypHaJaX.

CtpykTypa M o0beM aucceprammu. J[ucceprainys COCTOMT W3 BBEICHUS,
YeThIpeX T[JIaB, 3aKJIOYEHUs, CIHCKa JUTepaTypbl H mpujokeHuil. OObeMm
nuccepranuu cocrasiaeT 170 crpanui.

OCHOBHOE COAEP/KAHME JUCCEPTALIUU

Bo BBeneHUM OOOCHOBBIBAETCS AKTYaJbHOCTh W BOCTPEOOBAHHOCTH TEMBI
JUCCepTalii, B COOTBETCTBUHM WCCJIEIOBAHMSIM IPUOPUTETHBIX HAIPABICHUM
pa3BUTHA HAayKH U TexHoioruil PecriyOnuku Y30ekucraH, GopMynupyroTcs LUeib U
3a/laud, a TaKke OOBEKT U MPEAMET UCCIEAOBAHMS, N3JIOKEHA HAyYHasi HOBU3HA U
NpaKTHYECKHe  pe3ylbTaThl  HCCIEAOBaHUsA, OOOCHOBaHAa  JIOCTOBEPHOCTH
NOJIyYEHHBIX PE3YJbTaTOB, PACKPHITA TEOPUTUUECKAS U MPAKTHYECKAsl 3HAYUMOCTb
IIOJIyYCHHBIX  pE3YJIBTaTOB, IIPUBEACH IIEPEYEHb BHEIPEHUUM B  IIPAKTUKY
pE3yJIbTaTOB MCCIIEAOBaHUs, CBEACHUS 00 OIMyOJMKOBAaHHBIX pabOT M CTPYKTypa
JUCCepTaLUU.

IlepBas rmaBa quccepranuu «MareMaTniecKoe MOAeJIMPOBAHHE
MPOLECCOB HEJUHEHHON TEeNJIONPOBOAHOCTH € ABOMHON HEJIUHEHHOCTHIO»
IIOCBSAILEHA UCCIIENOBAHUIO ACUMIITOTUKY aBTOMOJIECIIBHBIX penieHui 3aaadan Komm
Y HEJIOKAJIBHOW 3a/1a4M 711 ypaBHEHUS TEIJIONPOBOJHOCTH B HEOIHOPOIHOM
Cpelle C ICTOYHUKOM.

B mnepBom maparpade wu3maraercs CBOWMCTB MaTeMaTUYECKOW MOIENH
HEJIMHEHHON TEIUIONPOBOAHOCTH C HMCTOYHHMKOM M PE3YJIbTaThl MEXIYHAPOIHBIX
0030pOB.

Bo BTopbIX maparpade 3Toi riaBbl NPUBOASATCS OCHOBHBIE ONPEACIICHUS U
BCIIOMOTaTEJIbHbIE YTBEPKICHHUS.



[Taparpad 1.3 mocCBAIIEH WCCIETOBAHUIO ACHMITOTHKH aABTOMOCIBHBIX
pemenuit 3anaun Ko juist ypaBHEHHS 1apaOOIUYECKOro TUIA, MOACIUPYIOIIETO
pacrpoCcTpaHeHHe TeIJla B HEOTHOPOIHOU cpesie
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apamMeTpoOB SIBISIETCS TI00AIBHO Pa3pelInMOi WK HEOTPAHUYECHHON. DTUMU
Borpocamu Juis 3anauu (7)-(9) sanumanuch Wanjuan Du u Zhongping Li. Onu
TOJTYYHJTA YCJIOBHE TIOOAIBHON Pa3pelIMMOCTH M HEPA3PEIIMMOCTH B IIEJIOM  T10
BpeMeHu pernierue 3aaa4du (7)-(9). Yenoue rio0anbHOM pa3pemuMoCTy U
HEPa3pEIIMMOCTH HEJIOKAJIbHOM 3aJ1au JIJIsl ypaBHEHUS TIOPUCTOM CPeIb
ycTaHoBJIeHO B paboTe Arturo de Pablo, Fernando Li Quiros u Julio D. Rossi.
Crnenys pabotel, Wanjuan Du u Zhongping Li uccienyercs acCUMITOTUKA
100aTbHBIX ¥ HEOTPAHUYCHHBIX aBTOMOJICITBHBIX PEIICHHI.
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B maparpade 1.5 mpuBeneHbl YMCICHHBIC CXEMBI I YUCICHHOTO PEIICHHUS
3amayn  Komm (1), (2) u wHenokampHoU 3anmaun (7)-(9). CxoHCTpyHpOBaH
UTEPAIIMOHHBINA MPOIECC. XOPOIIO U3BECTHO, YTO UTEPAITMOHHBIC METOBI TPeOyeT
HaJU4KMe TOAXOMASIIET0 HayaJdbHOTO MPHUOIMKEHUS, TMPUBOASIINE OBICTPOM
CXOIUMOCTH K TOYHOMY PEIICHUIO M COXPaHSAIOIIME KaueCTBEHHBIC CBOMCTBa
W3y4YaeMbIX HEJIMHEWHBIX MPOIECCOB, 3TO SIBISETCS OCHOBHOM TPYAHOCTBIO MJIS
YUCJIEHHOTO PEIIEHUS HEIMHENHBIX 33/]1a4. DTa TPYAHOCTh B 3aBUCUMOCTH OT
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3HAYEHUsI YMCIOBBIX MapaMeTPOB YpaBHEHUsS MPEOAOJIEBACTCA IMyTEM YAa4yHOTO
BbIOOpAa HAYaJIbHBIX MPUOMMKEHUN, B KAueCTBE KOTOPBIX MPU BBIYMCICHHSIX
MPEeIIoKEHO OpaTh yCTAHOBJICHHBIC BBINIE ACHUMITOTHYECKHE  (DOPMYIIBI.
[IpoBeneHpl BBIUUCIUTEIBHBIC SKCIIEPUMEHTHI U aHAJIU3 YHUCIECHHBIX PE3YJIbTaTOB.
Pesynbrars YUCJICHHBIX HKCIIEPUMEHTOB MOKa3aJu 3¢ (HEeKTUBHOCTH
MPEIJIOKEHHOTO TMO/IX0Aa, B KOTOPBIX UYUCIEHHBIE PEHICHUS OTPa)XaroT CBOMCTBO
HEJIMHEWHOCTH.

Hwxke npuBeaeHsl rpaduk 4YuciaeHHBbIX pemenuit 3amgauu (1), (2) s
3HAYEHUs OTNEIBHBIX YHCJIOBBIX TMAPAMETPOB M3 KOTOPHIX BHUJCH XapaKTep
pacrnpocTtpaneHue Tera (hunsrpanuu, 1uddys3un).

A A

c)
t=0.4 d) t=8.4
Puc. 1. Ynciaennoe pemenue 3axaum (1), (2) npu p=2.7, g=4.2, I=1,5,



m=0.5, n=2.

A A

c)
t=0.4 d) t=8.6
Puc. 2. Yucsennoe pemenue 3agaqu (1), (2) npu p=2.1, g=4, I=1, m=1.5,

n=2.(Ip(---110)).
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A A

©)
t=0.2 d) t=5
Puc. 3. Yncsennoe pemenue 3anauum (1), (2) npu p=3, ¢=3, I=1,5, m=0.5,

n=2.(qlp=-(1)).

Ha puc. 1 npencrasien rpaduk miodanpHOro pemenus 3amauun (1), (2),
MMEIOIINE CBOMCTB KOHEYHOM CKOPOCTU PaCIpOCTPAaHEHUsI BO3MYIICHHE, 4 HA PHC.
2 mo0anbHOE pellleHne BOMU3M KPUTHUECKOM TOUkH. PUCyHOK 3 mpeacTaBisier
co0oil rpauK JOKAJIM30BaHHBIX HEOTPAaHMUYEHHBIX peleHui. B a3Tom ciyuae
TEeMIIepaTypa pacTeT HEOIPAaHUYEHHO 3a BpeMsa I <©°B OrpaHM4eHHOW 0OnacTH
Cpellbl.

Bropas  mmaBa  guccepranun  «MaremMarHueckoe  MoOAeJIMPOBAHHUE
MPOLECCOB TEIUIOMPOBOAHOCTH € HEJIOKAJIbHBIM TIPAHMYHBIM YCJIOBHEM B



O/JHOMEPHOM  cJiy4yae»  TIOCBAIEHA  M3YyYCHUIO  YCJIOBUE  TIOOATBHOM
pa3pelIuMOCTH W HEPa3pelIMMOCTH 10 BpPEMEHH pElICHUE HEeJIMHEHHOM
MaTeMaTH4eCKOM MOJIETM paclpoOCTpaHEHUsl TeIula B HEOJHOPOJHOM cpeae C
HEJIOKaJIbHbIM TPAHUYHBIM YCIOBUEM, MOJYYEHUIO aCUMITOTHKE aBTOMOJEIbHBIX
pElIEHHW W  YHCICHHOMY  MOJECIMPOBAaHUIO  TPOILlECCa  HEJIUHEHMHOMN
TEIJIONMPOBOIHOCTH.

B naparpade 2.1 paccMoTpeHbI cienyroliee ypaBHEHUE TETUIONPOBOIHOCTH
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VYpaBaenue (17) npu m >1, 1 2 < # pMOXKHO paccCMaTpUBaeT Kak
HEHBIOTOHOBCKOW MOIUTPONUYECKON (huabTpanuu, a mpu m >1, p =2
HrrotoroBckoi auddysun u T.a., mpu P ( x).

HaJU4¥e MEPEMEHHON TJIOTHOCTH

VYpasuenue (17) npu npeanonoxkeHusx p m > +1 1Ha3zpiBaeTca ypaBHEHUEM

MeaieHHon quddysuu, anpu 1 1 1 < <+ p m - 6eicTpoit nuddy3un. B ciayydae
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meienHon quddy3un 3agaqa (17)-(19) He MeeT KIIacCUYECKOTO PEIICHHUS.

[TosTomy n3ydaetcsi ee 0000IIEHHOE PeIlIeHHE U3 Kilacca

pmm

- 2

00

uu
< E X 40 uxtCR

0,,0,()(()) oo

+

XX

B pa6ore Z.Li, Ch.Mu, L.Xie uzy4ens! ycioBus riod6aibHOTo
CYILECTBOBAHMS U HECYIIECTBOBAHMUS p(x)=1s
pemenus 3anaun (17)-(19) npu
ciydae ObicTpoir guddy3un. OHU YCTAaHOBUIU KPUTUYECKUE DKCIIOHEHTHI
100aJbHOTO CYIIECTBOBAHHUS PEIICHUS W KPUTUYECKUE HKCIIOHEHTHI THIA
OymxuTa. AHATOTUYHBIC PE3YJIBTATHI IS CiIydasi MeUIeHHON auddy3nn ObLn

nmoJIy4eHsl B padorax Z.Wang, J.Yin,
C.Wang, a npu B.A.I'anaktruoHoBa u
X.A.JleBuHa.

+ + -
Jloka3aHbI CIIENYIOIINE TEOPEMBI.

p (x) =1, m =1B pabore
Teopema 7. ECJII/I( (111) )( ) omnp

< S+, TO BCSIKO€ pEILICHUE 3a1a4u

6]p "
(17)-(19) sBnsgeTcs r100aTBHBIM.

Teopema 8. Ecnu ( )1

1P
> — ++I/I HavaJibHast QyHKIUS ( )
0

qmppn ux

JIOCTATOYHO MaJia, TO BCskoe penienue 3anaun (17)-(19) ssasiercst moOanbHbIM.

Teopema 9. Ilycth (map(111))()



++ -

qpn

>+, TOTIJIa BCAKOE PEIICHUE 3a/1a4u

(17)-(19) sBnsieTCSI HEOTPAHUYCHHBIM TIPH IOCTATOYHO OOJNBINNX HAYATBHBIX

JaHHBIX.

mnp ++- 111
» -

()

TeopeMaIO.ECJH/I(()) ()<<—+

gmp 1
4 TO BCSIKOE

pnpn
HeTpuBHaIbHOE perenue 3aaauu (17)-(19) ssnsercs HeorpanuueHHbIM. [laparpad
2.2 MOCBAIIEH U3YYCHUIO Pa3pelIMMOCTH U HepaspemumMoctu 3anaun (17)-(19) B
ciyvae ObicTpoit tudPy3un. JlokaspiBaeTcs, UTO MPUBEICHHBIE BBIIIE TEOPEMbI
1-4 umeet MECTO U B ITOM ClIydae.
B naparpade 2.3 nzyueHbl aCUMOTOTUKY aBTOMOJICJIbHBIX PEIICHUI 3a1auu

(17)-(19). Ilyctw
g -

utxTefxTe(,,1)()()()(0)

,=H=++ (2000
gmp

t-—++ ()
- 111

a pynkuusf (€ )aBnsercs pemenuem
3a7a4u

gpnpmn
111

() OC0))

nH——_-t <

+-—++

OO Y gpnpmn

= @Y graras s

) 0% Y§
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Cnyuait menennot quddysuu p m > +1 1.

Teopema 11. ®unutHOE pemenue 3anaun (21), (22) mpu( )(’”’” D )ﬁ ab™"?

HMEET aCUMIITOTHYCCKOC - _
IMpCACTaBJICHUC

- 1
p

11
”——111 ()rr,o,,mp,

mp

IR
faboabmpn

teo=-+>=l 1117}

Cnyuyait 6sicTpoit tuddyzun 1
l1<<+pm.
¢ — +ooycuesaromye Ha

Teopema 12. Tpn OECKOHEYHOCTH PEIICHUE 3a/1a4H

(21), (22) umeeT aCUMIITOTUKY

11
11 Ol

p"mp

11
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Conmppnl (]
111mr
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Kpurnuecknii cnygaii m p(——=110) .
Teopema 13. Ilycthb (21), (22) mpu

0 >0, g >1. Torna pemenue 3agauu

¢ — +oouMeeT aCHMITTOTHYECKOE TIPEICTAaBIEHHE

pn
+

P -

(O)yos

rae C- MIpOU3BOJIBHOE ITOJIOKHUTEIBHOE YUCIIO.

B §2.4 na ocHOBe nonmy4eHHbIX B §2.3 pe3yJabTaToB pa3pabOTaHbl YUCICHHBIC
cxembl. Jlns atoro, ypaBHeHue (17) anmpokCUMHpPOBAIOCH CO BTOPBIM HOPSIKOM
TOYHOCTH II0 IPOCTPAHCTBEHHBIM KOOpAMHATaAM M C IEPBBIM MOPSIKOM IIO
BpeMeHHU. JlJIsI YUCIEHHOrO MOJEIMPOBAaHUS CKOHCTPYUPOBAH MTEPALMOHHBIN
IIPOLIECC, BO BHYTPEHHUX IIarax WTEpPalUy 3HAYCHUS Y3JI0B BBIUYHUCIAIOTCA
METOIOM IpPOTrOHKM. Huke npuBeneM HEKOTOpbIE pPE3YJIBTAaThl YUCIECHHBIX
HKCIEPUMEHTOB, KOTOPbIX B KayeCTBE HAYaJIbHbIX NPUOIMKEHUS Opaiuch
ACUMIITOTUYECKON (hOPMYJIbI IOTYYEHHBIX B TeopeMbl 11-13.



A A

Puc 4. YucisenHoe
pemenne 3aaaum (17)-(19) npu m=1.5, p=1.75, g=2.85, 1) n=0, 2)
=-0.25.

Ha puc. 4 nokazano rpaduk 4yucIeHHOTro perieHus kpaepoit 3aaauu (17)-(19)
B ciydae MeIeHHOW auddy3un, HMEIONed CBOMCTB KOHEYHOW CKOPOCTH
pacipoCTpaHCHHS BOSMYIIICHHIA.

46

A A

Puc 5. YUnciiennoe
peumienue 3aaauu (17)-(19) npu m=1.5, p=1.55, g=2.85, a=1.5, 1) n=0.5,
2)n=1.

Puc. 5 nmpexacrasnsier B cebe rpaduk yuciaeHHoro pemienus 3agadu (17)-(19)
uist cimyvasi Obictpodt muddy3un. 3a c4eT HEOrpaHMYeHHOCTH KoddduimeHTa
TEIJIOMPOBOIHOCTA  TPOIIECC  MMEET  CBOMCTBO  OCCKOHEYHOW  CKOPOCTH
pacnpocTpaHeHusi Bo3MmyIlIeHHH. CKOPOCTh PacHpOCTPaHCHHS] BO3MYIIICHUI
ropaszzio 0oJibliie, 4eM B ciiydae MeajieHHON au(dy3uu, Ipu KOTOPHIM UMEET MECTO
KOHEYHAsi CKOPOCTh pacmpocTpaHeHus Bo3mymieHui. [Iponecc auddysnn Temna
OXBaTBIBAET BCIO 001ACTh U MCUE3aET HA OECKOHEYHOCTH.

A A

Puc 6.
Ymncaennoe pemenue 3axaum (17)-(19) npu m=2, p=1.5, g=3, 1)
n=0.25,2) n=0.85.

Puc 6. coorBercTByer umcieHHoOMYy pemeHuto 3amaun  (17)-(19) npng
KpUTHYECKOTO ciydas. OHa SBISETCS aHAJIOTUYHBIM MPOAOJKEHUEM Clydast



obicTpoit quddy3un, Tpu KOTOPOM UMEET MECTO CBOMCTBO OECKOHEUHON CKOPOCTH
pacrpoCTpaHEeHUs] BO3MYIIICHHIA.

Tpetrs mnaBa nuccepranuu «MaTremaTu4eckoe MOIeJTUPOBAHNE TPOLECCOB
TEIUIONPOBOJHOCTH € HEJOKAJbHBIM I'PAHUYHBIM ycJI0BHeM. MHOroMepHbIi
CJIy4ail» MOCBAIIECHA UCCIICOBAHUIO KAU€CTBEHHBIX CBOMCTB HEJIMHEWMHOW MOJAEIN
MHOTOMEPHOM TEIJIONPOBOJIHOCTA B HEOJAHOPOJHON cpele ¢  HEeIHMHEHHBIM
TPaHUYHBIM yCIOBHUEM.

B §3.1 paccmarpuBaetcs cieayroiias HeJIoKaabHas 3a/1a4a
p

mmN
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VYpaBuenue (23) onuckiBaeT (pU3MYECKUE MOJAEIH, JTUHAMHUKU TOIYJISIHM,
XUMUYECKUE PEaKIMH, PacIpOCTpPaHEHUsS TeIUla W T.J. B WacTHOCTH, ypaBHECHHE
(23) omnuchIBaeT HECTAllMOHAPHBIA MOTOK >KUAKOCTEH B MOPUCTOM cpelre co
CTENICHHOW 3aBUCHUMOCTH OT KacaTelIbHBbIX HANpsHKEHWH, OT CKOPOCTH
nepeMenieHusl Mpu MOJUTPOMHBIX yCiIoBUsX. B sTom ciyudae ypaBHenue (23)
HA3bIBACTCSI HECHBIOTOHOBCKUM ypPaBHCHHEM IOJIUTPONUYCCKON (UIBTPAILIAH,
KOTOpbIE HMHTCHCHBHO H3y4aJICs C TMPONIIOTO Beka. HenmuHeliHoe TpaHWYHOE
ycioBue (24) ucnosib3yercsl JJid ONUCAHUS NPUTOKA MOJBOAMMON SHEPrHM Ha
rpanute x = (. Hampumep, B mpoliecce pacnpocTpaHeHus Termia yciaoBue (24)



MpeACTaBIIsIeT cO0OM MOTOK TEIia, CIAeAOBATeIIbHO, OHA ONMUCHIBACT HEIUHCHHBIM
3aKOH M3JIyYCHHS Ha TPaHUIle. DTOT BU TPAHUIHOTO YCIIOBUS TOSBIIICTCS TaK)Ke B
3a/1a9ax TOPEHUS, KOT/Ia PeaKIusl IPOUCXOIUT TOIHKO Ha TpaHUIle KOHTCHHEpA.

VYpaBHenue (23) mpu ycnoBusix p m > +1 1coOTBETCTByeT ypaBHEHHEM
MeuieHHON auddy3un, U OHa SBISETCS BBIpOXKAAomUMcs. M mosToMy perieHme
€ro NOHMMAaeTCcs B 0000IEHHOM CMBICIIE.

VYcnoBue 1mmobanbHOE Pa3pelIMMOCTH M HEPa3pEeIIMMOCTH PEIICHUE 3aadu
(23)-(25) pu p = 2, n = Ouzyuens! aBropamu W.Huang, J.Yin, u Y.Wang, a npu m
=1,n=0W.Duwnu Z.Li.

Brenewm cnenyromiee 0603HaueHUM

mnpll]1
++ -

()0
=, (01

=—4+
quNn +

Jlns TmoGanbHOM pa3pemmMocTH penienue 3aaadn (23)-(25) cupaBeyiuBb
CJIETYIOLIEE TEOPEMBI.
0 < < g g, T0 Bcaxoe penienue 3aaauu (23)-(25) apusercs
Teopema 14. Ecnm
17100aTbHBIM.
Teopema 15. Ecnu .q g >n nadyansHas Gynkuus () o
U XI0CTaTOYHO MaJa, TO

BCsIKO€ petiieHue 3a1auu (23)-(25) sasiercs ro0alibHbIM.

Teopema 16. Ilyctb (g g >, ToTAa BCAKoe penieHue 3anaun (23)-(25) sBusercs
HEOTPAHWYEHHBIM MPU JOCTATOYHO OONBITUX HAYaIbHBIX HJaHHBIX. Teopema 17.
Ecmu ,.q g g < <, TO BCAKOE HETPUBUAIIBHOE pelieHue 3a1a4u (23)-(25) sBnsercs
HEOTPAaHUYCHHBIM.

B §3.2 uccnenoBana 3amaua (23)-(25) nns cinydast Opictpoit nuddysuu. [pu
3TOM H3ydYaeTcsl CBOMCTBa Kiaccudyeckux pemieHuit. [lomydaercs ycnoBue
CYIIECTBOBAaHHME TI00AJBHOTO pEIICHUsT MO BPEMEHH U HEOTPAaHUUYCHHOCTH
pemenue (blow-up), s KOTOPHIX JOKa3aHbI CIPABETIMBOCTh TeopeM 14-17.

§3.3 NOCBAIIEHBI MCCIENOBAHUIO ACUMIITOTUKH ABTOMOZENBHBIX PEIICHUN
3agaun  (23)-(25) B cnywaih mMemieHHow auddy3uum U B clydall OBICTpOM

muddy3un. ABTOMOJEIBHOE PELIEHUE UIIETCS B BUJIE
Y

utxTef(,,)()()
=t €
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Crnyuait mennenHon qudpdy3unp m > +1 1.

Teopema 18. Pemienune 3anaun (26), (27) ¢ KOMIIAKTHBIM HOCUTEJIEM TIPU -

-AMCCT aCUMIITOTHYCCKOC IIPCACTABIICHUC
( )(p np)(1)
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Teopema 19. IlycTtb ()()
11

Nnmm

() 1
ACUMIITOTHYCCKOC
IMpCaACTaBJICHUC

(26), (27) pu
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UerBepTass miaBa JuccepTallMOHHON paboThl «CBOWCTBA CHCTEMBI
YPABHEHMH TeMJIONPOBOAHOCTH CBSI3AHHBLIX € HEJMHEHHBIMU TPAHMYHBIMU
YCIOBHSIMM» TIOCBSIIIEHA HAa OCHOBE AaBTOMOJEIBHOIO aHadu3a MW METola
ATAJOHHBIX YPaBHEHUM M3y4YECHUIO CBOWCTB HEJIMHEMHOU MOZEIN
TEIUIONMPOBOIHOCTH B JIBYXKOMIIOHEHTHBIX CPEIaX U C MCIOJIb30BAHHUEM TEOPEMBI
CpPaBHEHMSI PEIICHUM TMOJTYUYCHHI0 BEPXHUE OIEHKH IJI00AIbHBIX pEIICHUNA U
HIDKHUE OLICHKH HEOTPAaHUYCHHBIX PEIICHUM.

B nepBoMm maparpade 5Toil miaBel pacCMOTpPEHa MapabdoJuYecKas cucTema
HEJIMHEVHBIX YPAaBHEHUW TEIUJIONPOBOAHOCTH B HEOJAHOPOAHOU CpPENE, CBSI3aHHBIX
C HEJIMHEWHBIMHA T'PAHUYHBIMH YCIOBUSAMU
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uxux,00,=2()(),uUuxxx,00,0=2>,(30)

()()o

e Lm211,,pm>+0,g>,(=12),,()(1)pxx=+.()().1"
Pxx=+,

kp>=,()o
np>-,, HeTpepbIBHBIC (QYHKIIUH C
u xu ( ) o U XHCOTPpHUIIATCIIbHBIC
KOMITAKTHBIM HOCHUTEJIEM B R,.

Cucrema HETMHEWHBIX MapaOoIMueCcKuX ypaBHeHuUi (28) BcTpedaercs B
Pa3TMYHBIX MPHIIOKEHUSX KaK MOJICNIb OMOJIOTUIECKON TOMYISAINN, XUMAYECKOU
peaKIiM, PaclpoCTPaHEHUE TEILIA, u(xt,)
mupdysus u .0, Hanpumep, ux ¢ (, Ju
NPEICTABISIIOT COOOW TUIOTHOCTH ABYX OHMOJIOTMYECKHX IMOMYJSIIUA B Ipoliecce
MUTpAIlMd  WIA TEMIEPaTypbl JIByX TMOPHCTHIX MaTepHalioB BO  BpeMs
pacipocTpaHeHHs Teria.

B ciywae ¢ nocrosHHoi miotHoctH, korma ( ) () ,p P x x = =13aaua (28)-
(30) msyuena B pabore Z.Xiang, Ch.Mu u Y.Wang. B pa6ore F.Quiros u J.
D.Rossi. uzyuen ciyuait ,pp==2,() () ,ppxx==1.

OcHOBHBIE TEOPEMBI ITOTO Tlaparpada sSBISIETCs CIETYIOIINE TEOPEMBI.

ppmnmkl11111
——++++

Teopema 20. Ecnn OOCO)O)) qqp npk

1212

<, T

12

()()

12

BCsikoe petienue 3a1aun (28)-(30) sasieTcs 1100alIbHBIM.
ppmnmkl11111
——++++

Teopema 21. HyCTL( )OCO))()) qqp npk

1212
12 12

4 ()()

TOTAa BCAKOE pelreHue 3a1aun (28)-(30) siBnsieTcsi HEOrpaHUYEHHBIM TTPU

JI0CTaTOYHO OOJNBIINX HAaYaTbHBIX JTAHHBIX.
ppmnmkl 11111
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KPUTHYECKOM IKCIIOHCHTOMN ITT00ABHOTO CYIIECTBOBAHUS PEIICHUM.
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ppmnmkl 11111
- —++++

Teopema 22. Ilyctp OOCO)0)) ! qp npk

1212
12 12

T+ ()()

minl,10{(nk+-+->)BaBa,,,,() }uHavancusie nannEIC

JIOCTATOYHO Mallbl, TOIJIa BCsiKoe penieHue 3aaaqu (28)-(30) ssnsercs
171002 IbHBIM.
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ppmnmkl11111
——++++

Teopema 23. IlycTtb OOCO)0)) 4 pnpk

1212
12 12

4 ()()

max 1,10{(nk+-+-<)BaPBa,,,()} torma Bcsaxoe nerpunansHOE
pemenue 3anauu (28)-(30) sBisieTcss HEOTPAaHUYECHHBIM.

Bpavermamin 1,10{(nk+-+-=)Ba B a,,,() }masemaerca
KPUTHYECKOM JKCIIOHEHTOM Tura Dymkura.
B §4.2 wusydyena cBoiictB pemenuii cucrtema (28), (30) omnwuceiBaroiiee

MPOLIECC PACIpPOCTPAHEHUE TeIjla B JIByXKOMIIOHEHTHOUW cpefie ¢ HEeIOKaJIbHBIMU
TPAaHUYHBIMU yCIIOBHSIMHU
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[Tomy4yeHsl ycmoBUM Ha YHCIOBBIE MapaMETPhl, MPH KOTOPBIX PEIICHHUS
3amaun (28), (30), (31) Oymer moOambHO pa3pelIUMON WU HEpa3perImMoi.
CrnenoBareiabHO, YCTAHOBJIEHBl 3HAUEHUW KPUTHMUECKOW HKCIIOHEHTHI THUIA
OymxuTa 1 KPUTHIECKON IKCTIOHEHTHI IMI00aJIbHOTO CYIIIECTBOBAHUS PEIICHHUS.

B §4.3 uzyvaerca acCMMIITOTUYECKUE TOBEAEHUE ABTOMO/IEIIBHBIX PELIEHUN
3anauu (28)-(30) u (28), (30), (31).

[TocTpoeHo cieayrolee aBToMojieNIbHOE perienue 3aaaqn (28)-(30)
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e 0 (1,2), bmpn B bmpk B
() 22
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11 22
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Nwmeet mecto cnepyromas
”||__H>11min,0 ?zp
Teopema 24. Ilyctb
()0)
I -— == It TOTA PEIICHUI
mpmp

1111

1122

. n
¢ KOMIAKTHBIM HOcuTeeM cucTeM ypasHenuii (32) mpu ( )1 € a pP "

r]abpk—
(
p

— "HMeeT aCUMIITOTHKY
22

dEdEonon()=+=+()11,11,00())()()())

() §( ), ¢ r]( )OnpeneneHHHe BBILLIE (PYHKIUH.

e
[Taparpad §4.4 nocesiiieH YUCICHHOMY MOJIEIUPOBaHNIO cucTeMbl (28)-(30).

[TocTpoensl uncneHHble cxembl 11 3amadn (28)-(30), pazpaboTaHbl aNropuT™M U
KOMIUIEKC TporpaMMbl. O00JI0UKa M KOJA MPOTpaMMBbl JIJIsl YUCICHHOTO PEIICHUS
paszpaboransl Ha s3bike C# (Visual Studio 2010). Jlnsa Bu3yanu3anuu nolydeHHBIX
YHUCJIICHHBIX PEIIEHUNA BKJIIOYEHBl B KOMIUIEKC IMporpamMMbl Tpaduueckas
oubnuoreka Chart u rpaduueckue momynb 3-D Plot maremarnueckoro makera
MathCad.

[TpuBeneM HEKOTOpBIE PE3YABTATHI YUCICHHBIX dKcTiepuMeHToB. Illar ceTku



BbIOpaH qoctatouHo MenkuM A=0.05, yucno y3noB N=10000 u B xauectBe € 10~
TOYHOCTH MTEPALMH 33/IAK0TCs °

= . Cyer npoBOAUIICS 10 =2 C IIarom
T=0.02.

A A

A A

Puc 7. YucaenHoe
pewmienne 3aaa4u (28)-(30) npu n1=0.7, mI1=1.5, pI1=1.85, q1=3,
n2=0.5, m2=1.3, p2=1.9, ¢2=3.5.

Ha puc. 7 mpuBeneHbl pe3yiabTaThl YUCICHHOTO pemieHus 3aaa4u (28)-(30)
mpumin1,10{(nk+-+->)BaBa, ()}, xommamp,,(-->110),

52

COOTBETCTBYIONIEH ciaydaro MemienHoi gupdysuu. pu m p ,;( ——>110 ), kax
ClIelyeT W3 acuMOToTh4Yeckod Qopmynsl mnpuBenenHoe B §4.3 u rpadukos,
pacmpoCTpaHeHHe TeIjla MPOUCXOAMT C KOHEYHOM CKOpocThio. [myOuHa
MPOHUKHOBEHHUS TEIUIOBBIX BOJIH 3aBUCUT OT BpEeMEHH U (POHT (TOUKE, B KOTOPOU

uxt ( . ) w» U ( X, ) +06pama}0Tc>1 B HYJ’IB) BOJIHBI JUIS KaK0U Cpeabl HAXOOUTCH B
p - 1 14 - 1
1 B 2, B

=+ < () ()

xoneunoit touke: ( ) ()xab Ttr" =+<o™.

xabTtrF



A A

Puc 8. Ynciennoe
pewienue 3aaa4u (28)-(30) npu n1=0.5, mI1=1.5 pI=1.3 qlI=3, n2=0.75,
m2=1.6 p2=1.4 q2=3.5.

Ha puc. 8 npencraBnensl pe3yabTaThl YHCICHHBIX pacueToB 3aaa4yu (28)-(30)
IIPY 3HAYEHMSAX YHCIOBBIX HapaMeTpoB m,, ;p , (i =1,2), GopmanbHO OTBeyaroIIye

ciyyaro 6bicTpoit auddysuu m p ;; ( — = <110 ). B sTom ciyyas nporece
PACTIPOCTPAHEHHS TEMIa TPOMCXONUT C OECKOHEYHOH CKOPOCTBIO 3a CUeT
HEOrpaHMYEHHOCTH Kod((UIHEeHTa TEIIONPOBOIHOCTH. TerIoBoe BO3MYIIEHHE
pacTpOCTpaHseTCs M3 HArpeToll o0JacTH B XONOHYIO Topasao ObICTpee, 4eM B
ciydae MeJjieHHoU nuddysuu.

3AK/TIOYEHHUE

Ha ocHOBe mnpoOBENEHHBIX HCCIENOBAHUM 110 JOKTOPCKOW JHCCEPTAlUU
«MareMarn4eckoe MOZCIHPOBAHUE IIPOLECCOB TEIIONPOBOAHOCTH B Cpene ¢
JBOMHOW HEJIMHEMHOCTBHIO» MPEICTABIEHBI CIEIYIOIINE BBIBOIBI:

1. HeobxomuMo TMOMYEPKHYTh, UTO HAWICHBI YCIOBHUS [IOOATBHOM
Pa3pelIMMOCTH M HEPAa3pEIIMMOCTH B LIEJIOM IO BPEMEHM PELICHUN HEJIMHEHHON
MaTe€MaTUYeCKOWM  MOJENIHM  PacCIHpOCTPAaHEHHs  TEIla,  HEHBIOTOHOBCKOM
noauTponuieckorn QuubTpauuu, auddy3un, OMUCHIBAIOIINECS HEITMHEHHBIMU
napaboJUYeCKUMU YPaBHEHUSIMU C HEJOKAJIbHBIM TPAHUYHBIM YCIOBHEM H C
IIEPEMEHHOM IIOTHOCTBIO.
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2. Cnemyer OTMETUTb, 4YTO HaWJEHBl KPUTUUECKHE DKCIIOHEHTHI THUIIA

OymkuTa IS HEJIOKAJIbHOM 3aJauyd pacHpoCTpaHEHHUsl TeIula B HEOAHOPOIHOM
cpexne.

3. Cneayer NOMYEPKHYTh, UTO TIOJYUYEHHI BEPXHUE U HHUKHHUE OICHKHU

00ANBHBIX M HEOTPAHUYEHHBIX OOOOIICHHBIX pEIICHUN IS HEJIMHEHHON

MaTEeMaTUYeCKOM MOJIeNId TEIUIONPOBOAHOCTH C IMEPEMEHHON IUIOTHOCTBIO U C



HEJIOKAJIbHBIM IPAHUYHBIM YCIIOBHEM.

4. MOXHO yCTaHOBUTh CBOWCTBA KOHEYHOM CKOPOCTH PACHPOCTPAHEHUS
BO3MYIIEHHI W MPOCTPAHCTBEHHOW JIOKAIM3AIMU PELICHUS JJIi MAaTEeMaTUYECKON
MOJIENIM HEIMHEHHON MOJUTPONMYECKON (PUIIBTpAUU ¢ JBOMHON HETUHEHHOCTHIO
U C TIEPEMEHHOM IJIOTHOCTHIO B CiIyuyae MeyieHHON quddy3un.

5. Crnemyer mNOAYEPKHYTb, YTO JOCTUTHYTHI JOKAa3aHHbBIE CBOICTBa
OECKOHEYHOM CKOpPOCTH PACIPOCTPAHEHUS BO3MYIIEHUH MJIi MaTeMaTH4eCcKOu
MOJIENTM HEJIMHEHHON MOJUTPONMYECKON (PUIIBTpAMU ¢ JBOMHON HETUHEHHOCTHIO
U C TIEPEMEHHOM IJIOTHOCTHIO B CiIydae ObICTpoil nuddy3umn.

6. Cienyer OTMETUTh, YTO JOKAa3aHO AaCUMIITOTHYECKOE IOBEJIECHUE
00OOIIEHHBIX pEHICHUH C KOMIIAKTHBIM HocuteleM 3aaadn  Komu  jis
BBIPOKJIAIOIIETOCS YPABHEHUS TEIUIONPOBOAHOCTH B HEOAHOPOAHOM Cpene ¢
VCTOYHHMKOM H C IIEPEMEHHOM IIJIOTHOCTBIO.

7. Cneayer OTMETUTbh, YTO JOKA3aHO YCJIOBHE MIOOATbHOW pa3peliuMOCTU U
HEpa3pelIMMOCTA B I€JIOM [0 BpPEMEHU pEIICEHWHM H aCUMITOTHUYECKOE
MPEICTABJICHUE PELICHUW CUCTEM YPAaBHEHUM U 3aJa4d  HEJIMHEHHOU
NOJIUTPONMYECKOW (UIBTPALIMM C HEJIOKAJIbHBIM TPAaHUYHBIM YCIOBHEM U C
IIEPEMEHHON TUIOTHOCTHIO.

8. HeoOXoammo mMOMYEpKHYTh, YTO NPEUIOKEHBI UYHCICHHBIE CXEMBI IS
UCCIICOBAHNSI Ka4€CTBEHHBIX HEJIMHEWHBIX CBOMCTB MAT€MaTHYECKHX MOJEIIEH
TEIUTONPOBOIHOCTH C NEPEMEHHOW IUIOTHOCTBIO M C HEJIOKAJIBHBIM I'DAHUYHBIM
YCIOBUEM.

9. CrnemyeT mNOAYEPKHYTb, 4YTO pa3pabOTaHbl BBIUKUCIUTEIBHBIE CXEMBI,
aJITOPUTMBI U TIpOrpaMMHBIE KoMIUiekchl B cpene Visual Studio 2012 (C#) mns
YUCJIEHHOTO PEIIEHUS HEIMHENHBIX 33/1a4 TEIUIONPOBOAHOCTH U BU3YAJIU3ALIAH.
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Introduction (abstract of doctoral dissertation)

The urgency and relevance of the theme of dissertation. There is a great



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

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

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

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

Relevant research priority areas of science and developing technology of
the republic. This work was performed in accordance with the priority areas of
science and technology of the Republic of Uzbekistan IV. "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 Universita di Roma, Universita degli Studi di
Catania (Italy), Osaka, Nagoya, Hiroshima University (Japan), National University
of Singapore (Singapore), Universidad Autonoma 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, Chongqing,
Changchun University (China), Paris mathematics Center, Université
Paris-Dauphine (France), the Institute of mathematics, Academy of Sciences of
Russia, at Moscow state University (Russia), at the Institute of computer
engineering and automation Academy of Sciences of Hungary (Hungary), the
Institute of mathematics and mathematical modeling, Kazakh national University
(Kazakhstan), in the Luhansk national University named after Taras Shevchenko
(Ukraine), the Institute of mathematics and Informatics at Sofia University
(Bulgaria), the National University of Uzbekistan, Samarkand state University,
Urgench state University (Uzbekistan) .

The result of the world's research on the improvement of new qualitative
properties of nonlinear models, which differ from the properties of linear models is
the development of numerical methods and visualization solutions, were obtained a
series of scientific results, including, for the heat conduction model is described by
a nonlinear equation of parabolic type was found the condition of global existence
of solutions and unboundedly solutions on time Cauchy and the Neumann problem
(Universidad 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 , Chongqing, 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 Universitda di Roma, Chongqing, Osaka
University).

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

Review of foreign scientific research on the topic of the thesis is based on following sources: Journal of

Computational Mathematics and Mathematical Physics, Mathematical modeling, Communications on Pure and
Applied Analysis, Journal of the Korean Mathematical Society, http://www.springer.com/mathematics,
http://www.sciencedirect.com/science/jrnlallbooks/sub/mathematics.
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solutions; improving the efficiency of numerical methods; development complex



of programs that enable numerical study of nonlinear processes based on the above
mentioned properties of nonlinear mathematical models.

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

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

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

Communication of the theme of dissertation with the scientific- research
works of higher educational institution, which is the dissertation conducted
in: The dissertation work is done within scientific research projects of the National
University of Uzbekistan named after Mirzo Ulugbek on YoF-4-10 - "Numerical

59
modeling of biological systems, such as the population of the Kolmogorov-Fisher"



(2012-2014 years), A-5-44 - "Numerical From Biological modeling of nonlinear
systems of the population of the Kolmogorov-Fisher "(2015-2017 years).

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

The tasks of research work:

establish critical exponent of Fujita type of mathematical model of heat
propagation in an inhomogeneous medium described by nonlocal problem; to prove
the global solvability and no solvability by time within making non linear model of
heat propagation in an inhomogeneous medium with nonlocal boundary condition;

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

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

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

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

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

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

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

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

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

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

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

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

Practical results of the research are as follows:

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

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

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

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

The practical significance of the thesis — the construction of iterative
processes, the development of numerical schemes and software made it possible to
make a reasonable computational experiments in nonlinear filtering problems,
reaction-diffusion, thermal conductivity in various nonlinear media in the case of
slow and fast diffusion, revealed new phenomena ultimate speed and localization
the solutions the class of problems under consideration.
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Implementation of the research results. The obtained scientific results of
the dissertation work are applied in practice in the following directions: obtained
upper and lower bounds of weak solutions of slow-diffusion heat conduction in
homogeneous and inhomogeneous medium, have been used to prove the
correctness of internal and boundary value problem of non-classical equations of
mathematical physics in the project F-4-30 «Internal and boundary value problems
for operator-differential equations with operator coefficients types» (certificate
No®TK-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 NodTK-03-13/743 of the
State Committee for science and technologies dated 3 November, 2016). The
application of these scientific results allowed to substantiate the correctness of
internal and boundary value problem; suggested computational schemes for the
numerical study of qualitative properties of models describing the propagation of
heat in a medium with variable density, developed algorithms and a complex of
software tools were used for the numerical simulation of internal and boundary
value problem of non-classical equations of mathematical physics in the project
F-4-30 «Internal and boundary value problems for operator-differential equations
with operator coefficients types» (certificate NedTK-03-13/743 of the State
Committee for science and technologies dated 3 November, 2016). The application
of these research results have served to visualize the numerical solution of
nonlinear boundary value problems. Approbation of the research results. The
research results tested in 14 international scientific conferences: 3rd International
Scientific Conference "Actual Problems of Applied Mathematics and Information
Technology - Al Khorezmiy 2012", "Computational and Informational
Technologies in Science, Engineering and Education - 2013" (Ust-Kamenogorsk,
2013), "Actual Problems of Applied Mathematics and Information Technologies -
Al-Khorezmiy 2014 "(Tashkent, 2014), «Analysis and Applied Mathematics»
(Chimkent, 2014), the 5th congress of mathematicians of Turkic world (Issyk-Kul
2014), «Mathematical Methods, Mathematical Models and Simulation in Science
and Engineering» (Switzerland, 2014), «Applied Mathematics and Computational
Methods» (Athens, 2014), «Mathematical, Computational and Statistical Sciences»
(Dubati, 2015), «Pure Mathematics, Applied Mathematics and Computational
Methods» (Greece, 2015) " Heat Transfer, Thermal Engineering and Environment
»(Italy, 2015),« Applied Mathematics and Informatics» (Spain, 2015), at the
international scientific-practical conference« Computational and Informational
Technologies in science, Engineering and Education» (Almaty, 2015) «Differential
equations and mathematical modeling» (Ulan-Ude, 2015), 7 national scientific



conferences:
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«Actual problems of mathematics, mathematical modeling and information
technologies» (Termez, 2012), «New theorems young mathematicians»
(Namangan, 2013) «Modern problems of differential equations and their
applications» (Tashkent, 2013), «Applied mathematics and information security»
(Tashkent, 2014), «Mathematical physics and related problems of modern
analysis» (Bukhara 2015), «Modern methods of mathematical physics and their
application» (Tashkent, 2015), «The problems of modern topology and its
applications» (Tashkent, 2016). Results of the study were discussed at a scientific
seminar "Modern problems of mathematical physics" (Tashkent, 2016), "Modern
Problems of Applied Mathematics and Information Technologies" (Tashkent,
2012-2016), "Modern Problems of Computational Mathematics and Information
Technologies" of the Institute of Railway Engineers ( Tashkent, 2016),
"Mathematical modeling of complex systems" software development center
products and hardware-software complexes at Tashkent University of information
technologies (Tashkent, 2016).

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

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

THE MAIN CONTENT OF THE DISSERTATION

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

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

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

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

Section 1.3 is devoted to the study of the asymptotic behavior of self-similar



solutions of the Cauchy problem for parabolic equations that model the heat
propagation in an inhomogeneous medium
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Further in this section we consider an unbounded self-similar solution of the
problem (1), (2) the following form
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Theorem 3. Let g [ p > = ( 1). Then the solution of problem (5), (6) with
compact support has the asymptotic representation
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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 3 g g
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uxuxxR,00,=2¢€,.(9) The problem (7)-(9) arises in

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

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

Case following global self-similar solution
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()0,
VogT

uxttxt,,,
::(10)
1 --1

b

P B
a

where

problem
=.,0 &( )is the solution of the

-()
Hl |+_+=| |U(11)

dddd
dddg

dddd



§88¢

dd

¢ ¢
- =(12)

dd
&8

3

0
We have the following

Theorem 4. The solution of (11), (12) with compact support
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Case self-similar

<. In this case, the unbounded

solution of the problem (7)-(9) is sought in the form
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The critical casepg p = — 2 1 . ( )This case is a logical continuation of the

second case, when pg p = = 2 1 . ( )In this case the solution of the problem (7)-(9)
is sought in the following exponential form
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Theorem 6. The solution of (15), (16) with compact support when ,

£ | | (] _has an asymptotic representation
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In paragraph 1.5 the numerical schemes for the numerical solution of the
Cauchy problem (1), (2) and non-local problem (7)-(9) is considered. It is designed
iterative process. It is well known that iterative methods require the presence of a
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suitable initial approximation, resulting in a rapid convergence to the exact
solution and preserving qualitative properties of nonlinear processes under study, it
is a major challenge for the numerical solution of nonlinear problems. This
difficulty, depending on the value of the numerical parameters of the equation is
overcome by a successful choice of initial approximations, which are mainly in the
calculations suggested taking asymptotic formula as defined above. Computational
experiments and analysis of the numerical results have shown the efficiency of this
approach, which reflects the numerical solutions of the nonlinear properties.

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



A A

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

t=0.4 f) t=8.6
Fig 2. Numerical solution of the problem (17)-(19): p=2.1, q=4, I=1, m=1.5,
n=2.(Ip(-- - 110)).
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t=0.2 ) t=5



Fig 3. Numerical solution of the problem (17)-(19): p=3, ¢=3, I=1,5, m=0.5,
n=2.(¢p=-(1))

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

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

In Section 2.1, we consider the following heat equation
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where( ) (1 )"
p xx =+, np >—(case of slow diffusion).
Equation (17) at m >1, 1 2 < # p, it can be regarded as a non-Newtonian
polytrophic filtration, and if m >1, p = 2Newtonian diffusion, etc., the presence



of variable p ( x).
density

Equation (17) under the assumptions of 1

1
P

> +is called the equation of

slow diffusion, and at!
I1p
m

< < + - fast diffusion. In the case of slow diffusion of
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the problem (17)-(19) may does not have the classic solutions. Therefore, it is

studied the generalized solution from a class
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In the works of Z.Li, Ch.Mu, L.Xie studied the conditions of global existence
and nonexistence of solutions of the p (x) =1for the case of
problem (17)-(19) at
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)
=1by the V.A.Galaktionov and H.A.Levin.

We prove the following theorem.

Theorem 7.If((111))()
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< S+, then every solution of the
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problem (17)-(19) 1s global.
Theorem 8. If( (111) )()



omnp
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enough, then any solution of the problem (17)-(19) is global.

Theorem 9. Let(m ”p( 111 ) )( )
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(17)-(19) 1s unbounded for large initial data.
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b then every non
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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
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The case of slowly diffusionp m > +1 1.
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Theorem 11. The compactly supported solution of the problem (21), (22) — _
has an asymptotic representation
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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.

A A

Fig 4. Numerical
solution of the problem (17)-(19) when m=1.5, p=1.75, ¢=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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A A

Fig 5. Numerical
solution of the problem (17)-(19) when m=1.5, p=1.55, ¢=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.

A A

Fig 6. Numerical solution
of the problem (17)-(19) when m=2, p=1.5, 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 1s 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
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where{( )} ,,,],0""Rxxx Pxx=+,np>-.
Rx ™1

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

Equation (23) under the conditions p m > +1 lcorresponds 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 casep = 2, n = Oare 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

mnplll1
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()0
=, (N

=—+
quNn +

0 1

4

0 < < g gthen any solution of the consideredproblem
Theorem 14. If there 1s,
(23)-(25) is global.
Theorem 15. If .q ¢ >and the initial function( ) ,
u xis 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,.q 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
%
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The case of slow diffusion.
Theorem 18. The solution of the problem (26), (27) with compact support -
_has the asymptotic representation
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where () )0

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

In the first section of this chapter, the parabolic system of nonlinear heat
equations in an inhomogeneous medium associated with a nonlinear boundary
condition is examined.
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u xu( ) ,U xare nonnegative, continues
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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 u ( x ¢, )represent a density of
xt(,)and
two biological populations in the process of migration or the temperatures of two
porous materials for the period of the heat distribution.

In the case of constant density, when ( ) ( ) ;, p p x x = =1the 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,,pp==2,() () ,p pxx==1.

The main theorems of this section are the following theorems.
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then any solution of the problem (28)-(30) is unbounded for sufficiently large
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minl,10{(nk+-+->)BaBa,,,, () tand initial data are small enough,

then any solution of the problem (28)-(30) 1s global.
Theorem 23. Suppose that
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max1,10{(nk+-+-<)BaBa,,,,()},while every non-trivial solution
of the problem considered problem (28)-(30) have blown up property. The value
minl,10{(nk+-+-=)BaBa,,,,() }is called the critical exponent of
Fujita type.
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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
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where I, m;211,,,pm>+0,,9g>0,,
Pxx=+_,12(),npi>-= 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
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where ¢ &( ), ® n( )the functions

¢§¢§(PH(PT]()=+=+( 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.

A A

A A

Fig 7. Numerical solution
of the problem (17)-(19): n1=0.7, m1=1.5, pI=1.85, ql1=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
minl,10{nk+-+->)PBaBa,,,,()}andmp,,(-——->110 that
corresponding to the case of slow diffusion. If m p ;;,( = = > 11 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

) + environment is at the
pomtatuxt( ,) ,

U (x ¢ ) ,which vanish) waves for each
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A A

Fig 8. Numerical
solution of the problem (17)-(19): n1=0.5, m1=1.5 p1=1.3 qI=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 ,,( — = <110 ). In this case heat distribution process
occurs with infinite velocity due to thermal conductivity is unbounded. Thermal
disturbance propagates from the heated area to could more quickly than in the case
of slow diffusion.

CONCLUSION

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

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

2. The critical exponent type Fujita and a critical exponent of solvability for
nonlocal problem of heat propagation in an inhomogeneous medium are found. 3.
The upper and lower bounds of global and unbouded generalized solutions for
nonlinear mathematical models of thermal conductivity with variable density and



nonlocal boundary condition.

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

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

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

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

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