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nyHEé amanuéruna tabuuii pannap coxacuna peakus-nuddysus xapaéHiapuHUA
OOLIKApUII TU3UMH CaMapaJOpJIUIMHKA OMIMPHUIL YCYJUIApUHM HIIad YuKapuuiaa
YU3UKCU3 MAaTeMaTuK MOJACJUIApMHU YpraHuil [aoi3ap0d MacanajgapiaaH OupH
xucoOmanaau. Elsevier taxyiunuii wmapkasu 0azacu  MabiIyMOTIapura Kypa
YU3UKCU3 peakuusa-auddy3us TeHniaMacu yuyH Kyiwiaauran Komwm macanacunu
YyerapaBuil IapTiapia €4l Ba HaTWXKaJapUHU amMalauérra TarOuMK ATHUILIA
9UM3uKCcU3  QuibTpanus Ba OWOJNOTHK  MOMYJSIUsAra OaFuIUIaHTaH —JTyHE
OJIMMJIAPUHUHT WIMHH UIIUTApU COHU MYHTAa3aM paBHIa omubd 60pMoKia.

V36ekucron PecnyOnukacuaa Oup KUHCIH GYIMaraH MyXWUTAA HKKH Kappa
HOYM3MKJIM TeHIamanap OwiaHn wudonananyBud auddysus xapa€HIapuHU
MareMaTuKk  mogemnamTtupum,  auddy3noH  xapaHIapHH — KOMIIBIOTEpAA
BU3YTAIITUPHUIN YYYH aBTOMATIAIUTUPUITaH THU3UMIIAPUHU SpATHUILIra OWJI
TaOMpIApPHU camapalid TAIKWII KWK F03aCUAaH KEHT KAMPOBIIK Yopa
TagOupnap amanra owwmpwiau. Iy HyKraum HazapaaH, UILIA0 YUKAPUITHUHT
HOYMBHMKJIM JKapa€HJApHUHI MareMaThuK MOJACIUIApUHM YpraHulga MyXHUM
axamusTra 93ra aBTOMATJAIITHPWIraH TU3UMIIAPUHHU  SPaTHIL, HOYU3UKIH
XKapa€HHU MOJEIIAIITUPHIL Ba BU3yaJIAIITUPUIL YCYJJIAPUHN TAKOMUJUIALITH
puinra OaruIIIaHTaH KaTop WIMHNA-TAAKUKOT UIILIaApU OJUO OOpUIMOK/IA.

XO03Upru KyH/1a )KaxoH1a Karop GpyHIaMeHTan MyaMMoJap HOUU3UKIIN
XKapa€HIIapHU MaTEMaTUK MOJIEJUTAIITUPUIIHY, BU3yaJUTAIITUPUIL YCYIIapu Ba
BOCUTAJIAPUHU TAKOMWLIAIITUPWINIIN, UKKW Kappa HOUYU3UKJIIN PEAKIUI
muddy3ust Macananapu eUUMIAPUHUHT MYXUM HaTHXKaJIapUHUA aMalinéTra >KOpHid
STULUINAIIN OWJIaH U30XJIaHaAu. X03UPry KyHJa UKKH Kappa HOUMU3UKIU
TEHIVIaMaJapHH YPraHMIl Ba aMaJuTETra TaI0OMK 3TULI I03aCUAaH Kyiuaaru
HyHanMIapard WIMHN U3IaHUILIAPHU amaira OIIMPUIIl MyXUM Basudanapaan
Oupu xucobaaHaAN: YU3UKIW OYIMaraH MoJIe/NIapHU YpraHUIl HATUXKACK1a
BU3YaJUIAIITUPUII YCY/UTAPUHU MIUTA0 YUKHILL, HOUU3UKJIIH KapaCHIIapHU
ypranuimra épaaM OepyBUM KOMILJIEKC IaCTypiap sSpaTUIl; XucoOmai
HKCIEPUMEHTH YTKA3UII TEXHOJIOTUSCUHHU SIPATUIL, BaKT OViIi4a 3BOJIIOLIMOH
»apaCHHU HA30paT KWIKII YCYJIMHU, TapaMEeTPIIapHUHT TUHAMUK Y3rapuIlura
OOFJIMK XOCCaJIApUHU aHUKJIAUTHUHT KOMITBIOTEPIAIITUPUIITaH TU3UMUHU UILTA0
yukuil. FOkopuaa KeATUpWIrad WIMHI-TaIKUKOTIIap HyHAIUIINAA
OaxkapriiaéTrad WIMHUHN U3JIaHUIIUIAP Ma3Kyp JUCCEPTals MaB3yCUHUHT
JION3apOJIUTUHU U30XJIAMIH.

V36exucron Pecry6nukacu Ilpesunenturunr 2012 jimn 21 mapraaru
[IK-1730-con «3amMoHaBHil axOOPOT-KOMMYHHKAIUSl TEXHOJIOTHSUIAPUHM SHAJIA
KOPHM 3TUII Ba PUBOXKIAHTUPHUII YOpa-Tagoupiapu Tyrpucuna»ru, 2010 iun 15
nexabpnarn  IIK-1442-con  «Y36ekucToHn  PecnyGIMKACHHMHT — CAHOATHHH
2011-2015 #unnapaa pUBOXKIAHTUPHUIIHUHT YCTYBOP HYHANUILIApU XAKUJIa»TH
Kapopnapuna, Y36exucron Pecriybiukacy Basupnap Maxxamacuauar 2012 i 1
deBpanugarn  24-connu  «Koinapaa KOMIBIOTEPIAIITHPUIT  Ba axo6opor
KOMMYHHKAIUS] TEXHOJOTUSITIApUHN OyH/IaH KEUUHTY PUBOKIAHTUPUIITa
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napakazia Xu3MaT Kujaaiau.

TanKUKOTHUHT pecny0iuKa ¢gaH Ba TEXHOJIOTUSIIAPU PUBOKIAHUIIH
HMHI YCTYBOP HyHAJIMILIApUra 0OFJIMKIUrd. Ma3Kyp TaJKUKOT peciyoauka
¢daH Ba TEXHOJOTHUSIAP PUBOKIAHUIIMHUHT [V. « AxOopoTnamTupuill Ba ax00poT
KOMMYHHUKAIIUSI TEXHOJIOTUSIIAPUHHI PUBOXKIIAHTUPHUIID) YCTYBOP HYHAIMIIN
noupacua oaxapuira.

Jluccepranus MaB3ycH 6yiinua XopHKuii MIMHA-TAIKHKOTIap mapxu'.
Nkku kappa HOUM3UKIM Macanaiap yuyH Fujita Tunuaaru modan e4uMIIapHUHT
MaBXYUIUT Y, Xapopar TapKajIuill TE3MUTMHUHT YEKJIUIIUTH, aBTOMOZEI
eUUMIIApHUHT cudaT xoccanapu, yerapajanmarat (blow-up) eunmimapHUHT
dazoBuil JoKamM3anuUACH, PyHKIIMOHAI (Da3osapja e4ruM Ba SpKUH 4derapa 0axocw,
HOUYM3UKJIM MacajajJapHU COHJIM €YMINTra WyHAITUPUIITaH KEHI KaMPOBIIA WIMHUI
U3JaHUIITIAp KAXOHHUHT €TaKYl UJIMUN MapKas3jiapy Ba OJMH TabJIUM
Myaccacaiapu, xxymianad, North Carolina, Berkely, California State University
(AKII), Tokyo, Osaka, Nagoya, Fukuoka University (Anonus), Autonomous
University of Madrid (Mcnanus), Tel Aviv University (Mcpouit), Chongqing,
Changchun University (XwuToii), Paris Mathematics Center, Mathematical Institute
of Leiden (I'omumanaust), Technical University of Budapest (Benrpus), Poccus
Qdannap AkaeMHUsICHHUHT AMaiuii MaTeMaTika MHCTUTYTH, MOCKBa AaBiar
yHuBepcuteTH (Poccust), ['py3us maremaruka Ba amanuii MareMaTuka MUHCTUTYTH,
Bonrapust maremaruka Ba xucoOam MaTeMaTuKacl WHCTUTYTH, JloHemk
MaTeMaTnKa Ba MexaHuka nHeTuTyTH (YkpauHa), ¥Y36ekucton Musmit
yHuBepcuteTH, CaMapkaH]1 JaBjiaT YHUBEPCUTETH, YpraHy J1aBjlaT YHUBEPCUTETU
Ba TomrkeHT axO00POT TEXHOJIOTUSIIAPY YHUBEPCUTETH Xy3ypUAaru NacTypuit
MaxcyJ0TiIap Ba anmnapar-aacTypuil Maxmyasap spaTuil MapKas3jiapuaa
(V36exucton) omub GOPHIMOK/A.

Houmsuknu muddepennuan TeHrmamanap Ba TU3UMIap OwiaH OOFIMK
Oyiran xoccalapHM aHMKJIAIIl YyCy/Ulapd, COHJM €YMIN Ba BHU3YyaJUIAIITHPHUII
yCyJUIApUHU TAKOMIJUIAIITUPHILNTA OHJ JKaxOHJa onu0 OopwiraH TaAKUKOTIAp
HaATIDKAcHIa Karop, KyMiiajaH, KyWuJard WIMHA HaTwkKajgap OJWHTAaH: WKKU
Kappaid HOYM3UKIM  peakuus-nuddy3us xapaCHIApUHA  MOJEUIAIITHPUIII
Macajiajlapu edumiIapuHu Typiu ¢azonapaa 6axonapu onuHrad (North Carolina,
California State University), H. Fujita ukku kappa HOUMBHKIWIWK TUIHAIATH
MacajaJapHUHT To0an euyumiapu Mapxkyumrd ucoorinanran (Tokio University),
UKKM Kappa HOYM3HMKJIM MacajajJapHUHI YerapajaHMaral edumiiapura Xxoc
byHKUMAIap Xoccajlapu ypraHnwirad Ba kinaccudukauusuianrad (Poccust ®annap
aKaJeMISICHHUHT AManuii MaTeMaThKa WHCTUTYTH), SIPUM YHU3UKIW TU3UMIIAp
y4yH KPUTHK DKCIIOHEHTajmapu aHukjiaaHran (Autonomous University of Madrid),
UKKHU Kappa HOUM3UKJIU peakuus-nuddy3ust Macanagapu XyCyCUsTIIApUHA

! Iluccepramms MmaB3ycm Oyifiua XOpHMKMIl WIMHMi-TagKuKoTnap mapxu Department of Physics, University of
California, Berkly, California 94720, USA, Department of Aerospace Engineering, Department of Energy
Engineering and Science, Nagoya University Nagoya, Japan Ba 6omka man6anap acocuna ¢oiigaaaHuiras.
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Changchun University).

Hynéna um3ukcu3 xkapaCHJIapHU MOJICUIAIITUPHUIIIA MMapaOOIUK THUIIATH



muddepeHan TeHIIaMalapHU COHJIM-AaHAIMTHK YpPraHull, XamjJa BU3yaJllall
TUPUII YCYJJIapu Ba BOCUTAJapuWHU HMIUTA0 YMKUII OYiinuya KaTop, *KyMJaJaH,
KyHuJard ycTyBOp WYHamuIuiapia TaaKUKOTIap OO OOPMIMOKIA: HOUYM3UKIIN
Macananap yuyH Fujita Tunmparu mioGan edumiiap TOIMII; MCCUKIIUK TapKaJHIII
TE3JIMTUHUHT ~ YEKJIWJIUTMHU  TOMMIL,  aBTOMOJAE]  €YUMJIAPHM  TOIIMIIL
yerapananmarad (blow-up) eunmiapHuHT (Pa3oBUIl JIOKAIM3ALMSICUHUA TOIIMIIL,
Typnu (yHKIUOHan ¢asonapia €4uM Ba DJpKUH dYerapa OaxXOCHHU TOIIMIIL
HOYM3HKJIM MacajlajlapHd COHJIM €YUII YCYJUIADUHU TAKOMWJUIAIITUPHUIN Ba
HOYM3HKJIM >KapaHHU BU3YaJUIAIITUPUII YYYH JAcTypiap MakKMyaCMHU HILIa0
YUKHIII.

MyaMMOHMHI  YpraHMiraHjuk jgapaxkacu. Houusukiu Oynmaran
UCCUKJIMK Tapkanuii, uneTpanus guddysus wopemnapu ydyyH (a3oBuit
JOKAJUJTALIUII XOCCACH Ba YEKJIM TE3NIMKKA 3Tra UCCUKIUK TapKaiuil 3(dextu
3enboBUY-bapeHONaTT TUNMAArd edumiiap acocuia ojaumiaap MapTHHCOH Ba
[TaBnoB Tomonuaan ypranwiau. llly mnaBpmaH HOYM3HMKIM MaTreMAaTHK MOJAEIUIAP
yCTHJa KEHT KAMpPOBIW W3JIAHHUILIAD OnubO OOpHIl, yIapHU SHTH Mypakkad
HOYM3HKJIM MaTeMaTUK MOZEIUIap y4yH MCOOT KHWIMIN Ba YIAPHUHT TYpId SHTH
XOCCaJapuHU VpraHuil uIUlapura karrta 3bTuOop Kapartwiaud. lyHuHTIEK,
YpPraHwia€Tral MAaTeMaTHuK MOJECJUIAPHUHI Kyl  coXajapla y4pauJauras
HO3WYUKJIM >KapaéHiap/a KYJUIAaHWIIU Ba YM3HKJIM TEHIIaMaiapra Xoc OyiMaraH
siHTY (P eKTaapu TOMUIIN.

Keitnaru 20 wnmga HOUM3UKIM Macaiaigap Oyiinya 3bJIOH KUJIWHTaH KYTi1a0
wiMUd unuiap Oy coxara OYJAraH KU3UKUIIHUHT FOKOPU SKAHJIMTUJIAH J1ajiojar
oepamu. XKymnaman, Fujita tummmarn 1io0ans EYUMIIAPHUHT MaBXKYIJIUTHTA
Oarunuianradn wimuil m3nanunviap Tokyo ynuBepcurernna (H.Fujita, X.Y.Chen,
H.Matano, M.Mimura), Nagoya ynHuBepcuretuaa (M.Sugimoto), Osaka
yuuBepcutetuaa  (Y.Naito), North Carolina ynuBepcutetuga (C.V.Pao,
W.H.Ruan), California State University ga (L.A.Caffarelli, A.Friedman,
B.Mcleod); Lp-Jlaniiac Ba PME tenrnamanapu, ymapHUHT yMyMJaIiran XoJUlapH,
XaMJla KpUTHK SKCHoHeHTanap Oyitmya Autonomous University of Madrid na
(J.L.Vazquez pax6apnurunaru unmuii makrad), Axen University (Gemany) ga (M.
Winkler), Politecnico di Milano ga(G. Grillo, M. Muratori), XuTOWHUHT KyTYHIAK
yHuBepcutemiapuaa, xymianan Chongqing, Changchun University ga (J.Wu,
J.Yin, H.Li, J.Zao, P.Zeng, C.Mu, D.Liu, Sh.Zhou, M.X.Wang, C.H.Xie); sapum
yn3ukiau cuctemanap o6minan Complutense University (Spanish) ga (M.Escobedo,
M.A.Herrero, M.Fila,), Tel Aviv University ma  (H.A.Levine, S.Kamin);
HOYM3HKJIM MMapaboIuK Macaiaiap yuyH Typiu (yHKuuoHan daszonapaa CHUMHUHT
MaBXY/JIMK IApTIapUHKU YpraHull Ba €4MMHU OaxoJiapuHu YpHaTuil Oouiian Paris
Mathematics Center (G.L.Leons Ba yHUHT WIOTHp/Jiapy); HOYU3UKIN MAaTEMaTUK
MOJEIIapHUT SHTH cudar xoccaimapuHu  ypranum Owinan Poccuss @A HuHT
AmManuii MareMaTuka HMHCTUTYTH Ba MockBa paBmar yHuBepcutetuga (A. I1.
Muxaiinos, B. A. TI'anaktuonoB, E. Kypkuna), bonrapusauar Maremaruka Ba
XHCOOIaI MaTeMaTuKacH HHCTUTYTUIA

(C.H.lumona, M.C.Kocremuen, M.2K.KosieBa) KeHI KAMpOBIU WIMHIA
TaIKUKOTIAp 00 OOPUIMOKIA.
Hounsuknu TeHmamanap Ba ynap OujaH OOFIMK >KapacHIapHU TaIdKUK



Kwmmaa, xycycan Kopreer-ge @pu3 TUNMIArd TEHINIAMAJIAP XOCCAJapUuHU
VPraHUIIHUHT SHTW 3aMOHABMM yCyJulapy YpraHd JaBlIaT yHUBEPCHUTETH
marematukiaapu A.XacanoB, [.YpaszboeB, A.SIxmmmMmyparoBiap TOMOHHIAH
Takiu@ >THiraH Ba Oy Makcajia aHaMUTHK Hazapus sipatunrad; A.C. Pacyrnos Ba
YHUHT WIOTHPJJIapy HOUMU3UKIH Kapa€HIapHU CTAaTUCTUK MOZAECJUIAIITHPHUIL YCYIIH
Ownan euum, H.MyxutnunoB, A. bermaroB, b. Xyxaspos, H. Papmano U.
AnumoB, U. X¥yrkaeBnapHUHT WIMHNA M3JIaHUILIApUIA 3ca He(PTh, CYIOKJIMK Ba ras
MacaJapyuHU TaJKUK KUJIUIITa Ba HOYM3HMKIM OYnMmarad (uiabTpanus MacajJapyuHH
YU3UKJIAIITAPUIT YCyJU OWIaH COHJIM €UMINra Kapatwiran, M. ApuroB Ba yHUHT
worupanapu  (T.Karomo, J[.OmmeroB, A.Xaiimapo, X.Myxammanues,
II.Certues, Ul.CanynnaeBa, A.Martsiky0OoB, 3.PaxmanoB, J[.Myxammanuesa)
TOMOHHUJAH HOYM3UKIM MacalaJapHU aBTOMOJEN EHJIONIYB acoCuJa KypWIraH
TypJAd XWIJAard €4YUMJIapu, HOYM3UKJIM MATEMaTUK MOJACIUIAPHUHT  SHTH
XyCycHUsTIIapu, xamaa ymymiiamrad OwmpaeH-Daynep Tunujaru TeHIviamanap Ba
CUCTEeMAaJIApHUHI €YUMJIApU ACUMIITOTHKAacH ypraHwirad. by3unuimra sra 6ynran
napaboiuK TeHINIaMajapra OJu0 KelaguraH y3rapyBuaH 3UYINK, MYXUTHUHT
YTKa3yBUaHJIUK KyBBarH, KOHBEKTMB Ky4uIIra osra OyiraH Xoiap Y4yH
HOYM3HKJIM cHcTeManapra OaFMIUIAHTaH WIMHN H3JaHUIUIAp XO3UPrH KyHJa
eTapiii Japakajia KypuiaMaraH.
J{uccepranusi MAaB3yCHHHMHT JHcCepPTallus 0a:KapWITaH OJMH TAbJIUM
MYaCCACMHUHT WIMHI-TAAKUKOT MILIApH OnjiaH Ooriukauru. Jlucceprauvs
TaIKUKOTH TOIKEHT aX00pOT TEXHOJIOTUSIApU YHUBEPCUTETUHUHT UIIMHIMA
TaAKUKOT uiapu pesxkacuHuHr OT-®1-125 «Knein-T'opioH Tunuaaru peakuus
muddy3us cucremanapu 6wian udoganaHyBuu YM3UKINA OYIMaraH sxapa¢HiapHu
BH3YaJUIAIITUPHIL, KOMIBIOTEPIH MofemnamTupunn (2009-2011), E®-4-10
«Konmoropos-®umiep Tunuaaru OMOJIOruK NONYJSIUs CUCTEMAIAPUHU COHIIN
monemutamtupun (2013-2014), UTH-5-44 «Koamoropos-®uniep TUNHUIaru
y3apo OOFIIMK OMOJIOTHK MOMYJISILUS CUCTEMaJIapUHU COHJIU MOZEIIIAIITUPHILD
(2015-2017) mar3ynapuaaru GyHIaMeHTa JIOHUXajaapu Joupacuaa OaxkapuiraH.

TagKUKOTHHHI MAKCAaAU aBTOMOJIEIIb YCYJUIApU €PAAMU/IA FOTWINLI EKH
MaHOara sra OyJraH MyXuT/Aa UKKHA Kappa HOYM3UKJIM Y3rapyByaH 3M4JIMKKa 3ra
Oy3miTyBYaH MapaboIuK TeHITIaMajiap CHCTeMacH OWIaH aHWKJIAHTaH PeaKITHsI
b dy3ust, ICCUKITHK, CYIOKIUK Ba Ta3JIapHUHT TapKaIHIIN, QUIBTPAIIs
*apaCHJIapHU MaTeMaTHK MOJICJUTAIITUPUIIIAH UOOPAT.

TaaKMKOTHUHT Basudasapu:

MKKH Kappa HOYHM3UKIHW, y3rapyBuaH 3WUWIMKKA dra peaxuus-auddysus
CHUCTEMAaCH y4yH YEKJIM TE3JMKKa 3ra MCCUKIUK Tapkamum >¢gdexkru (MTI) Ba
s dexTuB (ha3oBuil TOKAIIAIIMII XOUCATAPUHHI aCOCIIAL;

MaHOa €KY FOTUIIMIITA 3ra OYIraH MyXUTAa UKKUA Kappa HOYM3UKIH
peakuus-nuddy3us Mmonenu yuyH Koiin MacanacHHUHT 1100al €4MMUHU KypHUI;
MKKH Kappa HOUM3UKIN peakius-nuddy3us TeHI1aManap Ba TEHIIaMasap
cucreManapu yuyH blow-up xoccasiapra sra e4uM aCUMIITOTUKACUHU TOIHUII;
aBTOMOJIEJ TEHITIaMa Ba CUCTEMAJIAPHUHT KOMIIAKT FOPUTYBUHIIUK
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yMyMJIAIITaH CYUMIIAPUHUHT aCUMITTOTUK M(hogaiapuHy TOTHIIL, UKKHA Kappa
HOYHM3HKJIN, MaHOA €KUM IOTHUIITa Ba KOHBEKTUB KYUHIITa 3Ta peakuus-nuddysus
TEHIJIaMaJiap Ba CUCTEMAaNIap YYyH KPUTUK SKCIIOHCHTaHU TOIMUII alTOPUTMHUHA



Kypuul,

MKKWA Kappa HOYM3HMKJIM, MaHOAa Ba KOHBEKTHB KYYMII XyCYCHSTHIa 3ra
y3apo-muddy3ust cuctemanap ydyH 3enbaoBud-bapeHOnaTT TUmMmaru edumiiap
TOMHIN Ba yJIapHUHT €ppamujia (a3oBHM JIOKAIU3alMs Ba WCCUKIUK TapKaJIUII
Te3nuruHUHT yerapananranaura (MTTY) xoccanapunu ucbotnai,

VpraHuiaraH HOYM3HMKIM MaTeMaTUK MOJEJIap Xoccalapu €paamuia
SAKUHJIAIIYBYM WUTEpalMoH XapaéH Ty3ull. Tamku (axTopiapHu Ba KapajaéTra
MYXHUT XOCCaJapuHH (y3rapyByaH 3H4YIMK, MYXHUT YTKa3yBUaHJUIH, KOHBEKTHB
KY4HIIl Ba OOINK.) XMcoOra onajaurad oup €k Oup KaH4a HOYM3HUKJIM TEHITIamajap
CHUCTEMAJIAPH COHJIA MOZEJUIAIITUPHUIL MaCaTaCUHU €YU,

HOUM3HMKJIM XOCMac NapabosiMK TEHIIaMallap Ba CHCTeMayapra acocCjaHraH
BH3YyaJl HOYM3UKJIM JKapaEHIapHH YpraHuiira €pjaM OepyBUH KOMIUIEKC JacTypiiap
UITIa0 YMKHUII Ba XUCOOIIAI SKCIIEPUMEHTHUHHU Y TKA3HIIL

TagKUKOTHUHT 00bEKTH OMp EKM UKKH KOMITIOHEHTAJIUK MyXUTTa X0C
HOUM3UKJIH peakuus-auddy3us xapaéuiapugaH noopar.

TaAKMKOTHUHI TPeAMETHM UKKH Kappa HOYM3HMKIW TEHIJIaMmaniap
CUCTEMACH €YMMJIApUra TallKU MyXUTHHHI TabCUPUHM TAAKUK KUJIMILL, KyMJaJaH
Oup EKM MKKM KOMITIOHEHTAJUK MyXUT/Iard KOHBEKTUB KYUHII, Y3rapyBUYaH 3UYJIUK,
IOTYBUM €KUM MaHOa TabCUPHIA, UKKU Kappa HOUM3UKJIMU Oy3yayBUaH TEHIJIamasap
€ku cucreManap OuWJAH AaHUKIAHYBYM MCCHKJIMK TapKAJWIL, CYIOKJIUK  Ba
ra3iapHuHTr (Qunerpanuscu, aud@ysus, OUOTOTUK MOMyJSAIUS Macajalapuaa
TYJIKUH TApPKAJIMIIWHA YPTraHUWIL, Ha3apusulapuHU aMaliu€Taa  KYyJUIAHWUII
yCIIyONlapuHu SIpaTHill, YpraHuiaéTraH jkapa¢HiiapHU KOMIIbIOTEpAa EYUITHUHT
COHJIM yCYJUIapH, XUCOOJIAl alrOpUTMIIAPH TAIIKUI 3TA]IH.

TanKUKOTHUHT ycyJu1apu. TaAKMKOT UIIMAA aBTOMOJENb yCyJulap, €4UMIIapHU
COJUILTHPHIL TAMOMHIIIapH, €UUMIIApHU OaxoJall yCyJjlapy, COHJIM yCyiiap Ba
xucoOall SKCIePUMEHTIAPUHNA YTKA3UI YCyUIapy Kyutanuwirad. TaqaKuKOTHUHT
WIMMA SIHTHJIMTY KyduJaruiapaad noopar:

UKKU Kappa HOYM3MKIM Y3rapyBUaH 3UWINK MyXUTAArd peaknus-auddy3us
CUCTEMAacCH Ba TEHJaMalapyd yYyH HCCUKJIWK TapKAJIUII TE3TUTMHUHI YEKIMIUTH
(UTTY) Ba ¢azoBuii mokauiamuin xoaucaiapu, blow-up xoccamapra sra e4um
ACHMITOTHUKACU TONWJITaH;

MaHOa Ba IOTUJIMINTA ATa OYJIraH UKKU Kappa HOUM3UKIIN peakuus 1updys3us
Mojienu yuyH Kollim MacanacMHUHT 1100an e4uMU KypUiIral; UKKH Kappa
HOYM3UKJIM TeHIJIaMajap Ba CUCTeMalap CUH(DU yuyH YIapHUHT eunMiiapu Ba
dbpoHTIapuHK Oaxoaml ycyjuiapu, aBTOMOIEINb TEHITIaMajiap Ba CUCTEMAaJIapHUHT
KOMITAKT FOPUTYBUMIMK YMYMJIAIITaH €YUMIAPUHUHT aCUMIITOTHK Udoaanapu
UILIa0 YUKUJITaH;

MKKH Kappa HOYM3UKIN MaHOa €KY IOTUIIra Ba KOHBEKTHUB KYUHUIII
XyCyCHSITHUTA 3Ta peakius-1udpy3ust TeHr1IamMa Ba cucTeManap yuyH 3elbJ0BUY
bapenOnarT THnUAAru e4umIIap TOMUIITaH Ba ynap épaamuaa Gpa3zoBuid
noxkaym3anusa Ba UTTY xoccanapu ypraHwirad, KpUTUK SKCIIOHEHTAHU TOIMILI
AJITOPUTMHM HMILJIA0 YUKUITaH;

YpraHWwJIraH HOYU3UKJIM MAaTEMaTUK MOJIEJUIAp XOccanapu EpaaMuia
SIKMHJIAITyBYM UTEPALMOH )Kapa€Huap KypUJIraH;
TallIKd OMWUIAp Ba Kapaida€TraH MyXuT xoccajdapuHu (Y3rapyBuaH 3U4JIUK,



MYXUTHU YTKa3yBYaHJIUTH, KOHBEKTUB KYUHWIll Ba OOIIK.) XHcoOra ojlafuraH Oup
€k  OuMp  KaH4Ya  HOYM3UKJIM  TEHINIaMajlap  CUCTEMajapyuHU  COHJIM
MOJIeJUTAIITUPUIITaH.

TagKUKOTHUHT aMaIuii HATHKACH Kyiinaruiapaad noopar: HOUYU3UKIH
X0cMac MapaboIuK TeHIJIaMajap Ba CUCTeMallapra acocllaHraH BU3yasl HOYM3UKJIN
KapaéHjapHU ypranuiira épjaamM OepyBUd JACTyll TAbMUHOT MIIA0 YMKUJITAH;

sApaTWIral JacTypiap €paaMuia xucoOmall SKCIIEpUMEHTH YTKa3UIll, BAKT
Oyiinua HBOJIIOIMOH JKapa€HHU HA30paT KWIHIIL, TapaMeTpiiapra OOFIIUK peaKITus
muddy3ust XoccanapuHy YPraHuill UIIUTAPY aMajira ONIUPUIITaH.

TaagKMKOT HATHXKAJTAPUHUHT WIIOHYIMJIMIHA. TaJKUKOT HAaTHKAITAPUHUHT
WIIOHWIWJIUTY OJIMHTaH HaTWKajlap Ba TacAuKJap OWjiaH KaThbui MCOOTIaHAIU Ba
COHJIM TAJAKUKOTIAp HaTwkanapu OuiaH TacaukiaHaau. Euyumnap oJuHras
OaxomapiaH (QoiinanaHrad XoJjla €YUMIIAPHUHT COHJIM TaXJIMJIM KEJITUPUJITaH
Oynu6O, ymap Takiud OSTUIATAH YCYIJIApUHU Xamja OJTajOH TeHIIamMaiap Ba
aBTOMOJICNT TaxXJIWJra acOoCJIaHTaH XucOoOJalll YCYJJIApUHUHT TYFPUJIWTHHU Ba
caMapaJopJINTUHU TaCIUKJIAHTAHIUTH OWIaH N30XJIaHa !,

TagKUKOT HATHKAJAPUHUHI MJIMHIA Ba aMaJuil axamMusTH.TagKuKOT
HATIDKAJIADHUHT WUJIMUNA aXaMHsITH HMKKM Kappa HOUYM3BUKIW peakius-auddy3us
TEHIIaMajapu Ba CUCTeMajap Y4yyH blow-up XoccalapuHM KYJUITAaHWIIUIIH,
peakuus-nuddy3ust Kapa€HIApUHUHT Mojeiuiapy yuyH Komm macamacMHUHT
ro0an €4MMU MaBKyJUINTH, ITYHUHTZICK, OJIMHTAH HaTrKanap EHUII Ha3apusCH,
CYIOKJIMK Ba rasjap (UIbTpAIMsICH, UCCUKIUK YTKA3yBYAHIIUK Macanajapu, Oup
€KM HMKKM KOMIIOHEHTAJUMK HOYM3HMKIM Myxumiapaaru auddysusi, Kommoropon
OuiepHUHr OHOJIOTHK TOMYJSLUMS  Macajlacura TaTOWMK JSTWUIUIIM  OWiaH
V30XJIAHAIU.

TaaKUKOT HWIIUHUHT aMaJiuii axaMusTd HWIUIa0 YUKWITaH JacTyplall
yCIIyoNapyu HOYM3HMKIM (UIBTpALMs], MCCUKIUK YTKa3UIl, HOYUZHKIM MYXHUTIa
muddy3usa, ep OCTH CyBIapUHUHI XapakaTu Macajajapuja XucoOmall
AKCIIEPUMEHTH YTKA3WII OPKATH HOYM3HUKIHM peaknus-auddysus xapaCHiapuHu
Yprasuiira xu3mar Kujaju.

TagKMKOT HATHKAJIADMHUHT  KOpMHM  KuJauHumM. Jluccepranus
TAAKUKOTH Kapa€HHUAa OJIMHTaH HaTWKajlap KyWuJard MyHaIuIUIapaa aMmaauérra
YKOPHUM KUJIMHTaH:

WKKA Kappa HOYM3HMKIM peaknus-nuddys3us TeHnamacu yuyH Ko
MacaJaCUHUHT [100ajl e4uMH y4yH oyiuHraH Hatwkaitap DMS-1401316 rpantu
JOMMXACHIa HOUM3UKIM MacajlaJapHUHT T100ai eduMu Kypuiaa (onganaHuiran
(«California State Universitypaunr 2016 iun 29 okTs0paard MabIiyMOTHOMACH).
Nimuii HaTWXKaHUHT KYJUIAHWIIW HOYM3HUKIIM Kapa€HJIapHU BU3yaJUIAIITUPUILTA
XU3Mar KWJraH;

UKKHU Kappa HOUM3UKJIU peakiuus-nuddy3ust cucteManapy eyumMiiapu
Mocnanrad Man6aiu Kopreser-ne @pus reaniamacu OT-®1-002 «typm-
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JInyBUIIT OMNEpATOPJAPUHUHT KBAJPAaTHK JacTacd Y4YyH TYFpPH Ba TECKapH
CIIEKTpaJI Macajiajap» IpaHT JOUNXAacuaa HOUM3HUKIIM TEHITIamajap Ba cucTemasiap
cuHGU Y4YyH yJapHUHT €YUMIIADUHU KypuO OJUII Ba XOCCAJTAPWHU aHUKJIAIIIA
kyutanwirad (PaH Ba TEXHONOTUSITIAPHU PUBOKIAHTUPHUIIHA MYBOGUKIIAII THPHUIIT



kymutacuauHr 2016 i 3 HosaOpaarm DTK-03-13/744-coH MabIyMOTHOMACH).
Nnvuit  Hatwokanudr kysutanumu  Komwm  macanmacu  mio0al  €UUMHHUHT
MaBKYJIJTMTMHU MCOOTIIalll UMKOHUHU Oeprax;

HOYM3HKJIM TMapyajan Ba GUIbTpAIMs Macallacu yUyH XalJaml yCyJu, equll
anroput™Mu Ba monenu DA-D4-D042 «FoBak MyxuTaa OWp KUHCIM OYyJIMara
CYIOKJIMK (PUIBTPAIUSACH THAPOAMHAMUK MOJACIMHU HILIA0 YUKHUII Ba TaTKUK
KWIKIDY ~ TPaHTU  JIOWMXAcHJa  HOYMBHUKIMU  JKapaCHJIapHU  MaTeMaThk
MOJICJUTAIITUPUII, YJIAPHUHT €UMMIIAPUHU KypuO OJNHII Ba €4UM XOCCaJlapUHU
ypranuima Kyaianuaran (Y36ekucton PecryGnmkacy ax60opoT TEXHONOIUSIAPH
Ba KOMMYHUKAUWSsJIADUHU PUBOXKJIAHTUPUIN BasupiauruHuHr 2016 wwmn 10
HosiOpmaru 33-8/6160-con mabiiymMoTHOMAacH). MnMmuii HaTWKaHWHT KYJUTAHWIIA
TYKWH TapKIMII TE3JIUTM YeKIWIuK 3(dextu, (a3zoBuil jokanuzaius, FOBaK
MyXUTJa OUp KUHCIU OYJIMaran CyHOKIUK (GUIBTPALMICH MacallallapuHu €YUIa,
AKyMJIaJlaH KoJibMalus Ba cyPpdo3us OunaH XxucoOnaHTaH CyClNEeH3UsJIapHU TOMUIII
UMKOHUHU OepraH.

TaagKUKOT HATHKAJIAPUMHUHT anpodamusicu. TaJKuKOT HaTtvxanapu 36 Tta
WIMHI-TEXHUK, 11y )XymuiajnaH 19 xankapo amkyMaHjap/a MyXOKama KHJIMHTaH:
«CoBpeMEHHOE COCTOSIHME€ M MYTH pa3BUTUS HHPOPMALMOHHBIX TEXHOJOTHUI»
(Tomkent, 2008), «Wurterpansubie  ypaBHeHus-2009»  (Kue, 2009),
«CoBpeMeHHbIe MpoOiIeMbl Ta30BOM M BONHOBOM auHamuku» (Mocksa, 2009),
«BblYuCIuTENbHBIE TEXHOJIOTUH M MaTeMaTH4eckoe MoaeiaupoBaHue» (TOUIKEHT,
2009), «Control and Optimization of Dinamical Systems — CODS-2009»
(Tomkent, 2009), «AxkTyanbHble MPOOIEMBbI MPUKIATHON MaTeMaTUKU W
uHbopMaMoOHHbIX TexHonoruii — Anp Xopesmu 2009» (Tomkent, 2009),
«IIpenenbHble TEOPEMBI TEOPUU BEPOSITHOCTEW M HMX MpuiokeHus» (TOMIKEHT,
2011), «Progressin Analysis and its Applications» (London, 2009), IV Xaxoun
Typxk Maremaruknapu XKamusitu Konrpecuna (baky, 2011) «Science and
Technology: step to future» (Anmara, 2012), «AKTyajdbHBIE TIPOOIEMBI
Matemarnueckoro ananuza» (Yprany, 2012), «Muaremnexryansubie CUCTEMBI IS
Nunyctpuanbaoit ABromaruzamuny WCIS — 2012 (Towkent, 2012), « AkryanbHbie
npoOJeMbl MOPUKIATHON MaTeMaTUKUM U HHQPOPMAIIMOHHBIX  TEXHOJOTHM -
Anb-Xopeamu  2012»  (Tomkent, 2012), «CoBpemeHHbIE  MPOOJIEMBI
muddepeHnnanbHpIX ypaBHeHU U ux npuioxeHus» (Tomkent, 2013), «Amanwmii
MaTemaruka Ba axOopor xaBdcuznuru» (Tomkent, 2014), V - XKaxon Typk
Maremaruxinapu Kamustu Konrpecuna (bumikek, 2014), IIpodeccop Cyrumoro
Munypu Xankapo cemuHapuna (Haros ynuBepcutetn, SAnonus, 2013),
Maremaruknapauar Mutepnanunonan Konrpeccuaa (Ceyn, 2014), «AkryanbHble
npoOiieMbl MPUKIATHON MaTeMaTuKd W HWH()OPMAIMOHHBIX TEXHOJIOTHM - AJlb
Xopesmu 2014» (Tomkent, 2014), «Heknaccuueckue ypaBHEHHUs] U (PU3UKU U UX
npwiokenus» (Tomkent, 2014), «PagnorexHrka, TeIEKOMMYHHKAIUS Ba aXOOpOT
TEXHOJOTUSAJIApU: MyaMmoJapu Ba Kenaxak puBoxu» (Tomkent, 2015),
«BprancnurenbHbie 1 UHPOPMAIMOHHBIE TEXHOJIOTUH B HAYKE, TEXHUKE U
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obpazoBanumn» (Anmara, 2015).
TagKMKOT HATHKAJAPUHUHT JYbJOH KWIMHMINM. Juccepranus MaB3ycu
6yiinua xkamu 36 Ta WIMHI MII YOIl STHITaH OYmub, mymapaaH, Y30eKHCTOH
PecniyOnukacu Onuii arTecTanusi KOMUCCUSICHHUHT JTOKTOPJIMK JUCCEpTalusiapu



acoCui WJIMHI HATH>KAJIApUHU YOI ATUII TaBCHUs THIITaH WIMHUI Haupiapaa 14 ta
MaKoJia, JXymliagaH 8§ Tacu pecrmyOnuka Ba 6 Tacu XOPIKUN KypHaiapaa Hamip
ATHUJITaH.

JluccepTalUsIHUHT XA’KMH Ba Ty3WwJnmu. Jluccepramusi TapkuOu KUPHIIL,
Oemra 000, Xynoca, ¢olmamaHwiraH agabuémiap pyWxaTd Ba WIOBAJIApJaH
noopar. JluccepraiiussHUHT XaXMu 197 OeTHH TalIKUJI ATraH.

JTUCCEPTALIMUSIHUHT ACOCHU MA3SMYHHU

Kupum xucMuga yTka3wiran TaJIKUKOTIAPHUHT JO0I3apOSIMTH Ba 3apyparH
acoCJIaHTaH, TAJAKUKOTHUHT MakKcaaud Ba Basudamapu, OOBEKT Ba MpeaMETIapH
TaBcu(iaHraH, pecnyonuka (aH Ba TEXHOJIOTHSIIAPY PUBOKIAHUIIIMHUHT YCTYBOP
WYHAIUIUIAPUra MOCJIUTHA KypCaTWITaH, TAAKUKOTHUHI WJIMHAM SHTWIMIH Ba
aManuii HaTvkanapu 0a€H KWJIMHTaH, OJJMHTaH HaTHKAJapHUHT WIMHUHN Ba amMaliuil
axamMusTH 0o4uO OepwiraH, TaAKUKOT HATWKAIAPWHU aMaTHETTa >KOPUMA KWJIUII,
Hallp OTWITaH WIUIAp Ba JUCCEpPTAllUs TY3WIUIIM Oyiinua MabIyMOTiIap
KEJITUPUIITaH.

Huccepranusuuar «WKkH kappa HO3MKJIM TeHINIaMajaap OpPKAaJIu
upoaalaHyBUl MATEMATHK MOJeJIap Xoccajapw» 1e0 HOMIIAHTaH OWPUHYU
000uga ymMymMuil KYpUHHUIIJIATHW WKKH Kappa HOUYM3HUKIN Oy3WUiyBUM MapabOUK
TEHIIaMajap Yy4YyH MaTeMaruKk MoOJe/lap Kapajad Ba TYIKUH TapKajIull
TE3JIUTMHUHT YEKJIUIUTH d(PPEeKTH, CUUMHUHT (HA30BUM JIOKAIM3ALMICH, CEKUH Ba
Te3kop auddy3us Xonaraapd ydyH KOMIIAKT IOPUTYBYMTA 0dTa euuMIiIap
ACUMIITOTHKACH Ba XucoOnmam mapr-mapoutiapu kenrupunaau. lyHuHTIEK,
y3rapyB4aH 3UWIMK, KOHBEKTHB KYUHII, HOYM3UKIN HCCUKIUK YTKa3yBUWIHK,
muddys3usa, CyrokKIMK Ba Ta3  (QuibTpauusuiapv, €p OCTH CYBJIap XapakaTu
ABOJIIOLIMOH Kapa€HJIapyura TabCUPU TAAKUK KUJIMHAJIN.
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MKKHU Kappa HOYM3UKJIM TeHr1aMa yuyH Koiu Macanacu KYymuuink »apacHiapHu
MaTeMaTHK MOJICJUTAIITUPHUIIIIA, dKYMJIaJlaH, UCCUKIIMK YTKA3UIIl, CYIOKJIHMK Ba ra3 *
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Ba y3rapyB4aH myxutaa muddysus ,( ), ()
qn
P P X x X x = =3U4IIMKKa 3ra OyJraH

*apaHiapyu MacaslaJJapUHUHT aCOCHHH TAlIKWI Kuiaau. (1) TeHmiaMa CeKuH
muddy3us muddysus
(kpm(2)10-+->pna), Te3x0p
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(kp m(2)10-—+-< zla), p-Jlammnac
(mkl===1,1 ga)Ba FoBaK MyXuT
(p1==2,1 na) TeHrnamManapyHy ¥3U1a My)XKaccaMIaIITHPTaH. Arap 6upop
0
coxasia V=u' 6yrca, (1) TEHIIaMa Oy3wuIHIITra sra
u = 0éxu Oynaau Ba YN3UKJIU

TeHIIaMmara ainanaau. byHpail coxanapna QyHKUMsS XOCWiIajlapu Y3WIMIITa ara
0ynuo, (1) TeHmama KJacCMK MabHOAA €4uMmra 3ra Oyimaciurd MyMKuH. byHnai
xonarnapaa (1) TeHrmama ydyH Kydcu3(yMyMmIlalliTaH) e4umiiap H3JaHaad Ba
YpraHuiiain.

b. 3enpnoBuu Ba A. Komnaneen (1) HOUM3UKIN UCCUKIUK YTKa3yBYaHINK
TEHITIAMAaHUHT XYCyCHH X0JIH, OHUI MaHOa
nplxx====2,1,()()1ppyayn
TabCUPUJIATU MACATAHWHT UCCUKJIUK TapKaJuIll Te3MUTUHUHT yekauauru (MTTY)
xoccacura ara 6ynran euumusy, sbHE - 0 () (0, ) < € 0 [ ¢t ChyHkumsicu
IyHJIai

MaBXKYJIKH, arap || ()x[t=6ynca, yana  €UUMHUHH
utx(,)0=06ynaguran

tonuiaau. bynnai adext ynzukiu pkm===21, lyayn ypunnu

XOJI:

oymaiinm. (1) kl==L,pp()()1xx,p()1x=xycycui

TEHIJIAMAaHUHT = =Hu

xonu yuyH Komu macanacu TeneeB A.dD. Ba yHUHT YKyBunJiapu ToMoHugaH 2004-

2013 vnyutap naBomuga  u x( ) o COHJTH

yprauuiuo, yerapasuil QyHKIHS Ba

napamerpiap yuyyH Kaiicu mapmiapaa UTTY Ba 4deknum opanvkaa €4YMMHUHT
oysunmumu (UOEB) sddextnapu comup Oynumuuu YpHarauiap. Kelinnuamuk
(2014 11.) Oy macana G. Grillo Ba M. Muratori Jiap TOMOHUJaH Kapaiano, COHIH
napameTpiapHUHT XyCyCui klp===1,2xon yuyH
KMIMaTJIapua, SbHA
yMyMJIAIIraH €4MMHUHT L, — HOpMaaaru 0axosiapy OJIMHIaH.

Jluccepranusaga aBTOMOJIEN YCYJra aCOCIIaHraH YMyMHUM X0J11a KyHuaaru
3enboBUY-bapeHONATT THNHAATH YMYMYMUN €9UM TOTTUIIAIN:
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Teopema 1. Arap (1) Tenrnmamana
maptiaapu 6axapuica, Xxamaa
kpml(2)20-++—-> nNpn<>

(0,)(0,),"

uxzxxR<€E

Ypurnu 6ynran xonnaa (1)-(2) Mmacana eanMu yayH Kyiuaaru 6axo YpuHIu:

uxzx(t, Q.
) (t,), <B
Teopema 2. Arap (1) TeHrmamana ’
mapmiapu daxapuiica, xamaa
kpml(2)20-++—-> nNpn<>
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(0,)(0,),."

UuxzxxR=se

Yypunnn 6ynran xonga macana UTTY xoccacura sra 6ymnanu.

Teopema 1 €pmammma (1) TeHrmama eYMMUHUHT (HA30BUIM JIOKATU3AIMS
xoccacu Oaxapunuiu kypcatwiand. [IlyHuHriek, 'oTHINIIT Ba KOHBEKTUB KYUHIIT
TabCUpUAA XaMJa TE3JMK BaKITa OOFIMK IIapouTIapuia Xam Oy XOCCAaHHUHT
HaAMOEH OYJuIIM AuccepTanusaa Kypcartuiara. XycycaH, (a30BUN JIOKAIM3ALMS
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mapta B.H.Gilding, L.A.Pelettier nap tomonuaan ypranwiran 6ynu0, ymap s [ =
=lxonma (4-5) MacalaHUHT KOMIAaKT IOPUTYBYM E€UYUMHUHH  MaBXYIJIUK
HIApTIAPUHUA UCOOT KUIITaHTIap.

Huccepramusaga cyct auddysusra sra xxapaéH yayH KyHuaara acocui
Teopema UCOOT KUITMHAIH.
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y X0JIJ1a EYMMHUHT (Pa30BUi JoKaIM3aIus Xxoccacu Oaxapwinaaud. bupunun
0600HuHT sikyHuAa Kpanuk-HUKoIbCOHHUHAT y3rapyByaH WYHATUIUIMK Xai1amn
aJIrOpUTMMIa acoCiaaHTaH, xucolall cxemMacu KeJltupuirad. bynaa, connu
MOJICIIAITUPHUII KAPAEHUHUHT OONUIAHFUY UTEPALUSICUHU TaHJIall,
€UMMJIAPHUHT OJIMHTHY Tlaparpadiapia ncOoTaanrad xoccajiapura TasHaIu.
Xucobani dKCIepUMEHTIIAPU HATKAJIapU TakiIu( KUJIMHTaH OONIIaHFUY
SAKUHJIAIIMII MaTEMATUK MOJIEJTIAPUHUHT HOUU3UKIIM XOCCAJIApUHU Y3Uaa
MYy>KacCaMJIaHTUPTaHUHU Ba TakIu( dTUNIAETTaH YCYTHUHT 3((OEKTUBIUTUHUA
Kypcarau.

Huccepranusanar «MKKH  Kappa HOYM3HKJM MYXHTAA TYJKHH
CYUMJIADHMHUHI MCCHKJUK TAPKAJMII TE3JUTMHUHI YeKJIWIUTH Ba (pa3oBuii
JIOKAJLJIAIIUIINY 10 HOMJIAaHTaH UKKUHYM 000u1a Oup €KUM MKKU KOMIIOHEHTAIUK
MYXHTJa BaKTra OOFJIMK KOHBEKTHB KYUYHWII Ba FOTWIMINTA dra OynraH (a3oBuit
JOKaJUIAITUPWIran eyumiap tomwiaau. Kapanaérran mMacanajga UCCUKJIMKHHHT
¥3ap0 IOTWIMIIM Ba KOHBEKTHMB KYUYUIIM TabCUPHU OCTHAA TEMIIEpaTypa TYJIKUHU
dpoHTHHH TYXTa0 KOiUII 3(PQeKTy ro3ara KeJHUIIM MYMKHHIWTH KypcaTwiiau.
bynman Ttamkapu, WKKM Kappa HOYM3MKIA KomMoropos-®uirep TUNMIArU
OMOJIOTHK MOMYJISAIMS Macajacu YUyH TYJIKUH TapKAJIUII YyKypJIUTH Ba TE3MTUTUHU
Oaxosaiil amanra OUIMPUIITaH.
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Komm macanacura acocinanran KonMoropos-®Oumiep Tunugaru OHOIOTHK
NOMYJISIUS MOAEIH OUp YITHOBIIM PUM YU3HUKJIM TEHIJIaMa y4yH, ibHU (11) ma N p

m====1,2 1,1 B6yaran xon P.®umep sa A.H.Koamoropos, W.I'Ilerposckuii,
H.C.ITuckyHOB TOMOHUJAH YpraHwiraH. MablIyMKW, TYJKWHJIA €UYUM JE€raHjaa
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ABTOMO/JICJI TCHITIAMAHUHT CHUMJIApU
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Npm====1,2,1, 1 Boup yruoiu

0 1 £ < ymaptra 6YiCyHyBYH Ba TYJIKUH TapKaJIUII TE3JIUTH

mnCCnD2=72

MapTUHU ~ KAHOATJIAHTHUPYBYM UYEKCU3 KYI TYJIKWH TUIHWAATA EYUMIIApU
Mapxkynauruan  kypcaran. A .H.Konmoropos, W.I'.IlerpoBckuit Ba H.C.
[Muckynosnap (KIII) ymymuiipox mapt octuga (11) HMHr siroHa eyumra sra
OoynumuHn Ba Oy eunm (13) HUHT aBTOMOJIEN eunuMu opKaiu (12) kypuHuIIaa, ., C
¢ =TE3JIMKKa 3ra TYJIKUH KYPUHUIIKAA OYIUIINHA UCOOTIaraH.

P. ®umep, A.H. Konmmoropos, U. I'. [Terposckuii Ba H.C. ITuckynosnap
(OKIIIT) monenuaa BAKTHUHT KaTTa KMiMariapuaa d x ¢
—KpUTHK (pe30HaHC) X0, sbHU (1)
TEeHIJIaMa1a
kpml(2)20—-++— =06ynaranma

x #( )- Tynxun

=y4yH MOC
TapKaIUIIl y3yHJIUrH-X i( )Ba Te3murn () paBUILIa KyHuaaru

Oaxomnap: ¢l 0 dt
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TapKaJull TC3JIUTY BAKTHUHI" KaTTa KHﬁMaTHapHI[a

dt
o6ynanu Ba y ¥3 HaBOaruaa OKIIII nap Hatwxacu OwiIad ycTMa-ycT TYHIUIITUHA
KypaMus.

[Taparpad 2 ga KOHBEKTHB KYy4uIll, MaHOA Ba FOTUJIUINTA dTa OYJITaH peakius
muddy3us TeHrIIamMa
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UCCHUKJIMK TYJIKUHIIAPU KYPUHUIINUIATH €UUMIIAp YUYH sIHTH Xocca — (ha30Buit
JIOKaJUIAIIUII XOAUCACH TOIMJITaH.
Kapanaérran macanana, arap
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mapTiapy  Oaxkapwiica YHAA TCHIVIAMAHUHT TYJIKUH KYPUHUIIJATH —CYUMH
JoKaJUIamrad Oyiiaayu Ba HCCUKIIMK TapKaJIWIIH (GpOHTH YK Oyiaau Ba TYXTalll
s dexTn Hamo€H OYVmanu. bynaan Tamkapw,
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-~V xypunuiira sra 0yica, FOTUINII BA KOHBEKTUB KYYUIITHHHT
Oop UYKIUTHUIaH KAaThUW HA3ap UCCUKJIMK TAPKATUIIHN (Pa30BUMA JTOKATU3AIUSICH
HaAMOEH OVIUIUINTY UCOOT KUJIMHTaH.

[ynunraek, peakuus-nu@dys3usi, UCCUKIUK TapKaiuil, QUIbTpalus Ba
Oomka kapa€HJIapHU TAacBUPJIOBYM MKKH Kappa HOYM3UKIM TEHIVIamasap
cucTeMajapy Y4YyH XaM IOKOpHJA KEJITUPWITaH XOoccalap YPUHIM SKaHJIUTU
KYypcaTuiiraH Ba aBTOMO/IEJT €4MMIIap aCUMIITOTHUKACH OJIMHTaH. XyCyCaH,
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CUCTEMa y4yH OMp BaKT/Ja KOHBEKTHB KYYHII Ba IOTHUIIHUHI ¥3apo TabCHpHUJA
euUMIIApHUHT (Ha30BUIA JIOKAJUTAMIWIN IMAPTH TOMMJITAaH Ba CHCTEMa TYJIKUH
KYpUHUIIAArK GUHUT SYUMIIAPUHUHT ACUMITTOTUKACH KEJITUPUIITaH.
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Teopema 6. @apa3 KuIanIuKk FOPUTYBYH €UMMIIAPU ACUMITOTUKAra
] I_ J6S'7J'ICI/IH. 3ra
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Ba A, B y3rapmacnap CHCTEMaHHUHT = =anreOpauk

e4nMu OYJajiu.

HMucceprauusHuHr «MaH0a €KH OTWIHIITa 3ra OyJraH HMKKH Kappa
HOUM3MKJHN peakuusi-Tugdy3us >KapaéHJIAPHUHI MATEeMATHK MOJAeJTUHHHT
xoccajapuw» 1e0 HOMJIAHTAH yYWHYM OO0OHWa TE3JUTW BaKTTa OOFJIMK KOHBEKTHB
KY4UIIL, IOTUIUIT €KUM MaHOara sra KK Kappa HOYM3HKIIHU, Oy3uiuira sra Oyiraxn
napabonuk TeHriamMa ydyH Kommm macalacHHUHT OOl €4MMH  MaBXKYUIHTH
ucObot kumHaau. byrma @yxuTta THOUAATH KPUTHK SKCIIOHEHTAHW TOIUII YUyH
SIHTY aropyuT™ unutad ynkmiaau. ONMHTaH HATHKAIap eTapiid Japakaaa yMyMUn
6ynu6, 6omika aBropiapuur (X.dyxuta, A.A.Camapckuii,
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C.I1.Kypatomos, A.Il.Muxaiinos, B.A.I'anakTnoHOB, M.Apumnos) oy
UYyHAaIUMIAard OJIIMH OJIMHFaH MUUIApUHM Y3 wuurd omanu. llyHuHrAek,
eanMHUHT UTTY sddextn Ba (Ha3oBuil JoKAIM3AUACH YIYH MIAPTIAP TOMUIIATN
Ba ApKUH yerapa oynran xonaa Kuepp-Kepinep tununaru 6axonap oiauHaau.
AcCUMNTOTHKAJApP YYyH, YyJapHUHT Ooml KuUCMH KO3 dUIIMEHTH anredpauk



TEHIJIaMa €4MMH OpKalu udomamaHUIIA KaTbuid MCOOT KuinHaau. by (axTHHHT
ucOOTH 1y nAaBprada angabuémiapiaa KearupuwiMmaran sad. McOoT KuiuHraH
HaTWXKajgap acocujaa KapanaéTraH MacajajJapHUHT COHJIM pealu3aliscH amara
OIIUPHUIIAIN Ba e4uMIIap BU3yal (hopmaia TaCBUPIaHAIH.

Yyunun 606HUHT 1-naparpaduaa ymoy
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KYUUIUK (UMK kapaéHIapHUHT acocu OYn0 Xu3Mar KUjaaJural TeHriiaMma
Kapanaau. by epna XapaKTePJIOBYU COHJIN
B>-0,,,,nkp mHOUNZUKIN MYXUTHH

mapamerpuap, (), ()
V-=-grad0()(0,).<E€EwytC

Uccuknuk yTrazum peakuus-auddysus xapa€Hu, CyrOKINK Ba ra3iapHUHT (
)t uP
KyBBaTu HOUYM3HUKIIU MYXUTIAru
yra TeHr OyJraH IOTHUIUIINA MaBXKY/T

nonuTponuk ¢punsrparusicu xxapaéuu, OKIII Gnonoruk nmomynsmus Macanaiapu
HIyJIap KyMJIacuJaHaup.

(14) rerrama u = O€xu oynaau. Illynunr

V = u 0 6ynranna Oy3uiauiira sra
YUyH XaM yHM Kydcu3 (yMyMIIallr'aH) eduMu ypraHwiaau. (14) reHrnmamanu coHiu
MOJICJUTAIITUPUII  MacaJlaCUHUHT KUWMHYWINIUA IIyHJAH uOOpaTku, Oy3yiran
HOYM3UKJIM Macaiaiap y4yH OofaTAard CoHiu cxemanap sipamaiinu. Iy cababnan
(14) TenrnmamMa y4yH COHJM €YMM Ba BH3yall »XapacH YpraHwiranjaa, OJAUH
EUMMHUHI cu(ar xoccajapu, )XKymialaH D00l €YHUMHUHI MaBXYIUIUIH, TYJIKUH
TaKaJIMII  TE3JIMTMHA  YEKJIWJIUTH,  EUYUMHHUHT  JIOKaJIW3alUsIaHTaHIUTH,
aCUMIITOTHKAcH, TEHIIaMa M[apaMerpiapura OOFJIMK paBULIAA JPKUH Yerapa
XyCyCUSTIIapuHU ~ y3rapuimu kabu xoccanapu ypranwnaau. Ily wmakcanga
auccepranusaga ymoly niodajl edMMHMHI MaBXKYIJIUMTH XaKUJaru Teopema UcOOT
KWJIMHAIU. ByHUHT yuyH
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VY xonna (14) macana etapanya KUYUK OONUIaHFUY (PYHKIUsIIAp/a ri100an
euqrmra ara oynaau.

by TeopemanaH, COHJIM MapaMETPIAPHUHI XyCyCH KUHMaTiapuaa nioodal
€UMMJIADHUHT MaBXYMJIUTH XaKuJarn MabiayM Harwkanapra (X.®dyxura, A.A.



Camapckuii, C.II. Kyparomon, A.Il. MuxaiinoB, A.®. TexneeB, M. Apurmos) sra
Oyna onamus.

bo0 oxupuaa kapanaétran MacajlaHUHT COHJIM €UUII YCYJIJIAapU KEITUPHUITaH.
Nkku xappa HOUM3UKIM peakuus-muddysus xapaCHIApUHUHT MaTeMaTHK
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Wrepanust aHUKJIUTY YUYyH KyHUJard mapt Oa)kapuiniiy
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Hucceprauussuuar «UMUKKM  Kappa HOYM3HMKJIUA  pearkuus-auddysus
CHCTEMAJIAPUHU COHJIM-AHAJIMTHK TAAKUK KWINID> 10 HOMIIAHTaH TYPTUHYH
0600maa roTwaumn Ba MaHOara, y3rapyByaH 3HWIMKKa 3ra Ba (Da3oBHl HKKHU
KOMIIOHEHTAJIMK MYXUTJA aHUKJAHTaH WKKH Kappa HOYM3UKIW, Oy3WIyBYH
napaboJIuK TeHraMmanap cucteMacu yuyH eduMHUHT UTTY a¢dextu Ba pazoBuit
JOKaM3alnsg XO0CCacH HaMOEH OYIUIIMTH MIAPTH OJMMHAIWA. ABTOMOAEN TaXJIHII
acocuza Kapana€tran cucrema yuyH Fujita Tunupard miobanl eduM MaBKyUIUTH
XaKyuJara TeopeMa UcOOT KWIMHAAU. SIpUM YM3MKJIHM CUCTEMajap y4uyyH OyHaaun
HaTWXKa OJIMHPOK DckoOen0-Xeppepo TOMOHUIaH UCOOT KWJIMHTaH.

Cyct Ba Tte3kop auddys3uss Xoulapu ydyH, y4uHUM OobOmarura yximial,
ACUMIITOTHKAHUHT OOl KUWMATWHU XHcoOmam yciayOu Takiaud KuwimHuO, Oorr
KuiiMatr kodhduimenTu MyaiisiH anreOpavk TEHIIamanap CHCTEMAaCHHUHT €4UMU
kaOu ndoagaHuIIm UCOOT KUITHUHIH.
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NOtxtx R=> €Ecoxana aHUKJIaHraH Oy3WIaJuras, 3UdINrd Oup

KUHCIIA OYIMaraH, MKKH Kappa HOYM3UKIN apaboJIvK TEeHITIaMajlap CHCTEeMacHuHU
KapaujuK:
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Hucceprauusauar « Hounsukim y3apo peakuusi-nuggysus (kpoce
auddys3usi) cucTeMAJIAPUHUHT €YUMJIAPUHUHT UCCUKJIUK TAPKAJIUIIHN
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Te3JJMTMHUHT YeKJIHJIUTY Ba JOKAUIAIIUIIW 1€0 HOMJIaHTaH OemnHun 6o0uaa
Oy3WiIyBYaH MKKHM Kappa HOYU3UKJIW, 3UWINTU Y3rapyByaH, KOHBEKTHB KyuyBuaH
napabojuK KpOocC CHUCTEeMa Yy4YyH EUMMJIAPHUHI KyHuaaru cudar xoccanapu
ypHaTwiagu: mio0al EYUMHUHI MaBKyuuru, OyxuTa TUNHIATH KPUTHK
AKCIIOHEHTa KuiMatu, QpoHT xycycusatn, UTTY sddextr, KOMMAKT HOPUTYBUU
€YUMJIADHUHI ACUMIOTOTUKAJIAPU, SPKUH Yerapa, aBTOMOJIE] CHUCTEMaJlapHUHI Ba
YEKCU3JIMK/A HONra aijaHyBUYM EYMMIIAPUHUHT XyCYCHATIAPH, YJIAPHUHI COHJIN
napaMeTpiiapiad OOFIUKIUKIapy Ba 0. byH/aH Tamkapu, COHJIM MOAEIUIAILTUPUIL
Ba MTEPALMOH XKApaEHUHUHI MYyXUM MYaMMOCH — HTEpPALMOH >XKapa€H y4yH
OOlUIaHFUY  SKMHJIAIIMIIHK ~ aHUKJAm Macanacu xan KuiuHaad. CoHinu
SKCHEPUMEHTIApAa Takiau( STUITaH UTEPALUOH >KapaCHHM Te3 SKUHJIAIlyBYU
HKAHJIMTY XaM UCOOT KUIIMHA/IH.

VYmby Oy3ynyBuu napaOoyiMK TEHIIaMaiap CUCTEMacu OpKaiu Oepuiran

y3apo peakius-quddy3us MaTeMaTiuK MOJAEIb CUCTEMACUHU Kapailiiuk ()
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bo6 oxupuaa kapana€Tran MacajdaHUHT COHJIA €UHUIN YCY/UIApU KEITUPHUIITAH.
Macananu euunn yuyH xoc 6ynran [Tucmen-Peudopn cxemacunan dorimananmnam.
Xucobmam Taxxpubanapu NIyHH KypcaTaauku, OyHIall KYpUHUIIIArd Xucoomarl



yCyJUIapd HOYM3HKJIM MacaiajlapHH COHJIM CYHIIIA
YU3UKCHU3 @XpaTWIll Ba CTaHJIApPT TEHIVIamajap ycyiaujaaH Qoigananud Kypuod
OJIMHTaH €YUMJIAP AacoCHJa CYMMHHUHT OOILIAHFUY

aBTOMOJIEJI EHJIONIYB,

SKUHJIAIIAILN  OWJIaH

HOYMBHKIHN P PEKTIapHH OJIMIIIA CaMapaii HATHXKa OJIMIIT MYMKHH.

Kylinma ukku Kappa HOYMBUKIM ¥Y3apo peakius-auddy3us MacalacuHU
COHJIM €UHIIJIa TTapaMETPIapHUHT TYp/IM KHHUMaTIapuaard Xucooam HaTHxKanapu

KCJIITHUPHJITaH.
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XVJIOCA

«Mxku Kappa HOYMBHKIN peakius-auddy3us cucTeMaiapy >kapaéHIapuHu
MaTeMaTHK MOJCSIUIAIITUPHUIIDY MaB3yCHIArd IOKTOPJIMK JIuccepTanuscu Oyitnda
onub OopwiraH TaAKUKOTIAp HATMKAcKIa KyHHIary XyJlocaiap TaKIuM dTHIIH:

1. ABTOMO/IEN aHaIU3 Ba COMUIITHUPHIN MTPUHIMILIAPH acCOCUAA OUp KUHCIH Ba
Oup KUHCIM OYIMaraH MyXuT/Ia UCCUKJIUK YTKa3UIll, (UIBTPAIINS Ba PEAKITUS
muddy3us Macaianapu HOYM3HKIA MaTeMaTHK MOJICJUTAPUHY YPTraHUIl Ha3apusICch
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acocujia euulila COHJIM MOJIEN, XMUCOOAIll alrOpUTMIIAp Ba JAacTypilap MaKMyUHU
KYJUTAIIHAHT TaXJIWJIM YJIapHUHT Y3Ura XOC XyCyCHATIapUHU OeNThiaian Ba
PUBOKJIAHMII UCTUKOOJIIADUHY aHUKJ1a0 Oepaau.

2. 3enpaoBud-bapeHONATT TUMHUIATH €UUMIIAPHU KypHUIl €paMuja 3U€INTH
y3rapyBuM MyXHUT/a HMKKA Kappa HOYM3HMKIM peakius auddy3us MoAenu y4yH
HNTTY Ba eunmiiap JIOKaJIM3AUUAICH XOCCAIAPU YPraHUIIAA XU3MaT KUJIa .

3. UTTY Ba eyumiiap JIOKaIU3aMUSACH XOCCaJapy TE3JIUTH BaKTra OOFIIUK
HOYHM3HKJIN XapaKaTIaHyBYM MyXUTAa HAMOEH OYnuimm kypcatunaan. 4. FOtumum
¢xku ManOara 3ra MyxuT/ia peakuusi-nudQy3ust HOUU3UKIN MOENb YUYH JIOKal
TYJIKUH CTPYKTYpacH r03ara YMKUIIM Kypcaruiaad. 5. Ukku kappa HOUYU3ZUKIIH,
3UYJIMTH Y3rapyBuaH, peakuus-nud@ysus maremaruk moaen yuyn UTTY Ba
eunMJIIap JIOKAJTM3AIUSCH XOCCallapy YPUHIIN JKaHJIUTH KYPCATHIIA]IN.

6. Mkku kappa HOUM3UKJIN peakius-1uddy3us aBTOMOEI TeHIIamaiap
CUCTEMacCH eunuMIIapu yuyH blow-up xoccanapu YypuHIN SKaHIUTH KypcaTtuiaaiau. 7.
Wkku xappa HOYM3UKIN aBTOMOEI TeHINIaMa KM TeHIJIaMajap CUCTEeMAaCHUHUHT
KOMITAKT FOPUTYBUMIIMK Ba YEKCU3IIMK/IA HOJTa aiiJlaHyBUM KyUCU3 €UUMIIAPU
ACUMIITOTUKACHU KypHJIaJIH.

8. Ikku Kappa HOUM3HKIN, MaHOA EKH FOTUIIUINTA 3ra OYJIraH peaxkius
nuddy3us xapaéHiapyuHUHT OyHIall Macaanapy 11o0ain equmMra sra OyJIuiim
UCOOT KWJIMHAIMN.

9. Ukkm xappa HOYM3WKJIN, MaHOA EKM IOTHIIMII, XaMJa KOHBEKTUB KYYHIITa
ara Oynran peakius-auddy3us skapaéHIapuHUHT OyHAAl Macaiajapu y4dyH
KPUTHUK SKCIIOHEHTA TOMUIITHUHT YHUBEPCAI aITOPUTMHU KYJIJTAHUIAIH.

10. Houmsuknu xpocc-nuddys3ust cucremacu yuyn WUTTU Ba dazoBuii
JIOKaIu3alus xoccanapura sra 0ynran 3enpaoBud-bapeHOMaTT TUNIUIArK e4umIap
KypHWIaJIH.

11. Nuutab uukwirad 1acTypuil TabMUHOT peakuusi-quddys3ust cuctemManapu
HOYHM3HKJIM MaTeMaTUK MOJIEJUIApUHU cu(aT Xoccaaapy acocuia YpraHuil yuyH
KOMITBIOTEP/1a MOJCIUIAIITUPA/IH.

12. Ukku kappa HOYM3HUKIM MapabOJUK TEHIIamajap CUCTEMacu e4uMIIapu
y4dyH XucoOjamr cxeMmajapH, ajJrOpuTMIIap Ba JACTypiapuil TabMUHOT OyHIai
MacajajapHi Ha3apUsCUHU Ba COHJIM €YHIN >Kapa€HJIapUHHU YPTaHMIIA IOKOpHU
YHYMJIOPJIMKKA OJTUO KEJaJIu.



28
HAYYHBINA COBET npu TAHIKEHTCKOM YHUBEPCUTETE
UH®OPMAIIMOHHBIX TEXHOJIOIUA u HAIIMOHAJIBHOM
YHUBEPCUTETE Y3BEKHCTAHA no IPUCYXKJEHUIO YUYEHOM
CTEIIEHHU TOKTOPA HAYK 14.07.2016.T.29.01

TAIIKEHTCKUHN YHUBEPCUTET HH®OPMAIIMOHHBIX
TEXHOJIOT U

CAAYJIVTAEBA IIAXJIO ABUMBAEBHA

MATEMATUYECKOE MOJAEJIUPOBAHHUE ITPOLIECCOB CUCTEM
PEAKIIUN-TU®PY3NU C IBOMHOMN HEJTMHEWMHOCTHIO

05.01.07 — MareMaruueckoe MojieupoBanue. YncaeHHbIe METObI
Y KOMILIEKCHI TPOrpaMm
(pusuKo-MaTeMaTHYECKUE HAYKH)

ABTOPE®EPAT JOKTOPCKO# TUCCEPTALIMU



Tamxkent — 2016
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Tema J0KTOPCKOI qUCCepTAIMM 3aperucTpupoBana 3a Nel4.07.2016/B2016.3.FM279 B
Beicineii arrectanuonnoii komuccnu npu Kaéunere MunucrpoB Pecny0inuku Y30ekucras.

JlokTopckast auccepTanys BelmodHeHa B HanmonansHoM yHUBepcuTeTe Y30eKucTaHa u
TalmkeHTCKOM yHHBEpCUTETE MH(POPMAIIMOHHBIX TEXHOJOTHIA.
ABtopedepar mucceprauuu Ha Tpex si3blkax (y30eKCKHM, pyCCKWHM, aHTIMHCKHUI) pa3MelieH Ha

BeO-cTpanune Haydnoro cosera mo agpecy (Www.tuit.uz) 1 nHGOPMaMOHHO-00pa30BaTEeILHOM MOpTalie
«ZIYONET» (www.ziyonet.uz).

Hay4Hblif KoHCYJIbTaHT: ApunoB Mepcaun
JOKTOp (pr3HKO-MaTeMaTHUeCKUX HayK, mpodeccop

OdunnanbHblie onmoHeHTHI: AOnypaxumoB baxTuép daiizuesnyu
JOKTOp (pr3HKO-MaTeMaTHUeCKUX HayK, mpodeccop

Hopmyparos Hopu beranuesuu
TOKTOp (hPM3UKO-MaTeMaTHIECKUX HayK, Ipodeccop

HNMmomuazapoB Xoamar XynoiiHa3apoBUu4

JIOKTOp (PU3MKO-MaTeMaTHIECKUX HayK, podeccop (Poccuiickas
Denepanmus)

Beaymas opranusanus: CamapkaHIcKHii rocylapcTBeHHbI YHMBePCUTET

3amuTa AMCCepTalMA COCTOUTCS «_ » Hosops 2016 . B 10 % yacoB Ha 3aceqaHuM Hayunoro
COBETa MO NPUCYXKACHHIO Y4eHON creneHH noktopa Hayk 14.07.2016.T.29.01 mpu TamxeHTCKOM
YHUBEpPCUTETe MH(DOPMAIMOHHBIX TeXHOJMOrui W HarmoHanbHOM yHHBepcuTeTe Y3OekucraHa. (Anpec:

100202, Tamkent, yn. Amupa Temypa, 108. Tem.: (99871) 238-64-43, daxc: (99871) 238-65-52, e-mail:
tuit@tuit.uz

C [OKTOpCKO# auccepranyell MOXHO O3HAaKOMUTHCS B MH(pOpMalmoHHO-pECypCHOM IIEHTpE
TamkeHTCKOTO yHHBEpcUTETa WHQPOPMAIMOHHBIX TEXHOJOTUH (PETUCTPALlMOHHBIH HOMED ).

Anpec: 100202, Tamkenrt, ya. Amupa Temypa, 108. Ten.: (99871) 238-64-43, daxc: (99871) 238-65-52,
e-mail: tuit@tuit.uz

ABtopedepar auccepranuu pa3ociaH « » Hos0ps 2016 rona.
(mpotokon pacceUIkH Ne oT « » HOs0pst 2016 1)

P.X.XamaamoB



IIpencenarens HayuHoro coBeTa 1o npuCyKJIE€HUIO
y4€HOI cTeneHu TOKTopa HayK, A.T.H.,

M.C.5sIkyooB
VYyenslii cekperapb HayuHOro coBera 1o npucyxIeHUI0
y4EHOM CTeneHH JOKTOpa HayK, A.T.H., mpodeccop

H. Papmanos

IIpencenarens Hayunoro cemunapa npu Hayunom
COBETE IO MPUCYKICHHIO

YU€HOM CTENeHU JOKTOpa HayK, J.T.H.,
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BBE/IEHUE (anHOoTAIMSA TOKTOPCKOW AUCCEPTALINHN)

AKTYaJIbHOCTh M BOCTPeOOBAaHHOCTH TeMbl auccepranum. Ha
CerOJHALIHUI JeHb B MHUPOBOM MpakTUKe oOONAaCTH ECTECTBEHHBIX HAayK B
pa3paboTke MeTONOB TOBBIMICHUS A(HOEKTUBHOCTH CHUCTEMBI  YIIpaBICHUS
IPOLIECCOB peaKUMU-TUPPYy3Un U3yUeHUE HEIIMHEHMHBIX MAaTEMaTUYECKUX MOJENeH
CUMTAETCS OAHUM W3 aKkTyalbHbIX 3ama4. [lo manueiM 6a3el Elsevier komudecTBo
Hay4YHbIX pabOT YYEHBIX BO BCEM MHpPE, TMOCBSILEHHBIX HCCIETOBAHUIO
HEJIMHEHHOro ypaBHEeHUs peakuuu-auddy3un, taxxe 3anaud Komm u rpaHudHBIX
3a1a4  JUIi  OTOTO  YPaBHEHUS, NPAKTUYECKOMY NPUMEHEHHUIO pPE3yJbTaTOB
VCCIIEOBAHUS IOCTOSTHHO PACTET.

B PecnyOnuke VY30ekucTaH NpoBEAEHBbI MIMPOKOMACIITAOHBIE PaOOTHI MO
3¢(dEeKTUBHON  OpraHuM3ali  MEpONPUATUH,  MOCBSIICHHBIX  CO3JIaHUIO
ABTOMATU3UPOBAHHBIX CHCTEM JJII KOMIBIOTEPHON BU3yanuzauuu Judy3uoHHBIX
IPOLIECCOB, [0 MareMaTUYeCKOMY MOJAEIMPOBaHUIO IpolueccoB Auddy3uu,
ONMCHIBAEMBIX HEIMHEHHBIMM YPAaBHEHUSMM C JBOMHOW HEJIMHEWHOCTBIO B
HeonHopoaHoW cpene. C  3TOM TOYKM 3pEHMs, IPOBOAUTCA PsAJ HAydHO
UCCIIeIOBaTeNIbCKUE PabOThl, MOCBAIIECHHBIE YCOBEPIICHCTBOBAHUIO METO/IOB
UCCICOBAaHN W BH3YAJIM3alUM HEJIMHEHMHOTO IIPOLEcca, II0  CO3AaHUI0
ABTOMAaTU3UPOBAHHBIX CHUCTEM IPOU3BOACTBA, KOTOPBIE HUIPAIOT BAXKHYIO POJb B
U3y4YEHUM MaT€eMAaTUYECKUX MOJIENICH HEJTMHENHBIX ITPOLIECCOB.

B nacrosimee Bpemss B mMupe psija PyHIAaMEHTaIbHBIX MPOOJIEeM TpeOyroT
MaTEMaTUYECKOE MOEIUPOBAHUE HEJIMHEMHBIX MPOLECCOB, YCOBEPLUIEHCTBOBAHUE
coco0O0B U CPEACTB BU3yaAJIU3aLUH, TAKXKE, IPUMEHEHUE K NMPAKTHKE MOTYyYEHHBIX
BAXXHBIX PE3YJAbTATOB 3aj7ad peakiuu-auddy3un ¢ IBOWHONW HEIMHEWHOCThIO. B
HACTOSINIEE BPEMS IO HM3YYEHHUIO YPABHEHUN C JBOMHONW HEIMHEUHOCTBIO H
IPAKTUYECKOMY MPUMEHEHUIO, NPOBEJICHNUE LIEJIEBbIX HAYYHBIX MCCIEAOBAHUU I10
HWKECJEIYIOIMM HAlpaBJICHUSIM CUUTAETCS OJHUM M3 BaXKHBIX 3a/1a4: pa3padoTKa
CHOCO0OB BHM3yalM3allMM TMpPU HW3YYCHUU HEIMHEWHBIX MOJENEH; co3/laHue
IPOrPaMMHBIX KOMIUIEKCOB, MOMOTAIOIIMX H3YYECHHIO HEIMHEWHBIX MPOLECCOB;
CO3JJaHUE TEXHOJOTHIO MPOBENCHUS BBIYMCIHMTENBHOTO SKCHEPUMEHTA, KOHTPOJIS
SBOJIOLMM TIPOLIECCA N0 BPEMEHU, CO3JaHHE KOMIIBIOTEPU3UPOBAHHOM CHCTEMBI
ONpENEICHUS] CBOMCTB, 3aBUCAIIMX OT JUHAMUKH HW3MEHEHUS NapaMeTpOB.



Hayunble nccnenoBaHusi, BHINOIHSAEMbBIE IO BBILICTIEPEYNCICHHBIM HAITPABICHUSM
HAYYHBIX UCCJIEIOBAaHUMN, YKA3bIBAIOT aKTYaJIbHOCTh TEMbI JaHHON JUCCEpPTaLIUH.

UccnenoBanus naHHOW JuccepTaliuu, B OMNPEIEICHHOW CTENEeHH, CIIy>Kar
JUISl pealu3aliy MOCTaBJICHHBIX 33a/1ad4 BO BCEX HOPMATHMBHO-TPABOBBIX aKTax IO
JTAHHOW NesaTenbHOCTH, noctaHoBieHue [Ipesunenra PecnyOnuku Y30ekucrtan ot
21 mapra 2012 roma Ne IITI-1730 «O mepax 1o JajJbHEWIIEMY BHEAPECHUIO U
Pa3BUTHIO COBPEMEHHBIX MH(POPMAITMOHHO-KOMMYHHUKAITMOHHBIX TEXHOJOTHID», OT
15 nexabps 2010 roma Ne I1I1-1442 «O npuoputeTax pa3BUTHS TPOMBIIICHHOCTH
Pecnybnuku  V3z0ekuctan B 2011-2015 romax», mnocraHoBieHue KaOuHera
MunuctpoB Pecnyonuku Y3z0ekucrtan ot 1 ¢geBpansa 2012 roga Ne 24 «O mepax no
CO3/IaHUIO YCJIOBUH JJIsl NAJIbHEHIIIErO Pa3BUTHS KOMITbIOTEPU3AIUU U
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UHGOPMAITMOHHO-KOMMYHHKAIIMOHHBIX TEXHOJIOTUH Ha MECTaxX», a TAKXKE B
JIPyTUX HOPMATUBHO-TIPABOBBIX JOKYMEHTaX, IPUHATHIX B JaHHOU cdepe.
CooTBeTcTBHE HCC/IEIOBAHNS C IPHOPUTETHBIMM HANIPABJICHUSIMH PA3BUTHA
HAyYKHU U TeXHOJIOTUH pecny0JuKHU. JJaHHOE UCCIeIoBaHUE BBINOIHEHO B
COOTBETCTBUY MPUOPUTETHOTO HATIPABICHUS PA3BUTHUS HAYKU U TEXHOJIOTHMA
pecnyonuku V. «Pazsutne nndopmaruzannu 1 HHPOPMAILIHOHHO
KOMMYHHUKAIIMOHHBIX TEXHOJIOTHID).

0630p 3apy0esKHBIX HAYYHBIX HCCJAeI0BAHMIA 10 TeMe AuccepTanuu’.
Hayunble nccienoBanusi, HalpaBJICHHbIC YUCIEHHOMY PEIICHUIO HEJIMHEHBIX
3aj1a4, UCCEAOBAHHUIO CYIIIECTBOBAaHMS T100ANIbHBIX perieHuid Tuna Fujita nos
Pa3HbIX HEJIMHEMHBIX 3a/1a4, SIBJIEHUIO KOHEYHOW CKOPOCTH PaclpOCTPaHEHHUS
TemriepatypHbix BosmyteHuit (KCPB), uccnenoBannio KauyeCTBEHHBIX CBOMCTB
ABTOMOJICJIbHBIX PEUICHUH, TPOCTPAHCTBEHHOM U A((HEKTUBHOM JIOKAIHU3AIUU
HEOrpaHMYEHHBIX perieHui (blow-up), oleHke perieHuss 1 CBOOOAHON IPaHUIIbI B
pa3IMYHbIX (PYHKIIMOHAIBHBIX TPOCTPAHCTBAX OCYIIECTBISIETCS B BEIYIIUX
HAYYHBIX [IEHTPaX U BBICHIUX 00PAa30BATEIbHBIX YUPEIKICHUSIX MUPA, B TOM YHCIIE,
North Carolina, Berkeley, California State University (CLLIA), Tokyo, Osaka,
Nagoya, Fukuoka University (Anonus), Autonomous University of Madrid
(MUcnanus), Tel Aviv University (M3paunns), Chongqing, Changchun University
(Kurait), Paris Mathematics Center (Opanmusi), Mathematical Institute of Leiden
(Tomnanaus), Technical University of Budapest (Benrpust), UuctutyT
IPUKIaAHOW MaTeMaTuku, MOCKOBCKUI rocyapcTBeHHbI yHuBepcuret (Poccus),
Maremarnuecknii UHCTUTYT U THCTUTYT npukiianHon maremaruku [pysun,
NHCTUTYT MareMaTruKy U BBIYUCIUTEIIBHOM MareMaTuku bosrapuu, B JloHenkoM
WHCTUTYTE MaTeMaTuku U MexaHuku (YkpavHa), HarmoHaibHbIA yHUBEPCUTET
V30ekucrana, CaMapkaHICKUI TOCYAapCTBEHHbI YHUBEPCUTET, YPreHUCKUN
rOCY/IapCTBEHHBINA YHUBEPCUTET, LIECHTP Pa3padOTKU MPOTPAMMHBIX MPOAYKTOB IIPU
TamkeHTCKOM yHUBEpCUTETE MHGOPMAIIMOHHBIX TeXxHoJorui (Y30eKucTaH).

B pesynprare wuccnenoBaHuid, NPOBEACHHBIX B MHUPE, OTHOCSIIUXCS IO
ONPEJEICHUIO0 HOBBIX CBOMCTB, CBA3AHHBIX C HEMIMHEUHBIMU TU(DPepeHIInaTIbHBIMU
YpaBHEHUSIMU M CUCTEMaMU  YpPaBHEHUW, YHUCIEHHOMY  pEUIEHUI0 U
YCOBEPIICHCTBOBAHUIO CIOCOOOB  BHU3yalU3allid, TMOJMYYEHbl pAJl HAyYHBIX
pe3yJbTaToB, B TOM YHCIE: pa3padoTaH ajroOpUTM OICHKUA pelIeHUuN 3aja4
MOJIEJTUPOBAHMS TPOLIECCOB peakuu-aupdy3un ¢ IBONHON HEIMHEWHOCTHIO B
pazueix mpoctpaHcTBax (North Carolina, California State University), oka3zaHo



CYIIIECTBOBaHHME IJI00ANIbHBIX PEIICHUN 3a7ad C JBOMHON HEJIMHEHMHOCTHIO THIIA
H.Fujita  (Tokio  University), knaccupuuupoBaHbl  CBOMCTBa  (PyHKIMIA,
COOTBETCTBYIOIIMX  HEOTPAHMYEHHBIM  PEIIEHHUSIM  33Ja4 C  JBOWHOM
HenuHeHocThi0 (MHcTUTyT mnpukiagHoit maremaruku Poccuiickoit Akanemun
Hayk), ompeneneHa KpuUTHYECKas OKCIOHEHTA Jis TMOMYJIMHEHHBIX CHCTEM

. . . 1
(Autonomous University of Madrid), momy4deHsl pemieHns ¢ MOMOIIBIO - O63op
MEXTyHApPOIHBIX HAayJHBIX HCCIEJOBaHMA MO TEeMe IuccepTannd ocHoBaH paboram Department of Physics,

University of California, Berkly, California 94720, USA, Department of Aerospace Engineering, Department of
Energy Engineering and Science, Nagoya University, Nagoya, Japan u nip.
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aBTOMOJICJIBHOTO METO/Ia, TIPH U3YYEHUN CBOMCTBA JBYXKPATHBIX HEJTUHEHHBIX
3amaq (Chongqging, Changchun University).

B wMupe mnpu MomenupoBaHHM HEJIMHEWHBIX TIPOIECCOB IO YHCICHHO
AHAJMTUYECKOMY H3y4eHUIO TudPepeHIMaIbHBIX ypaBHEHUN MNapaboIMuecKoro
TUIA, pa3paboTke CIOCOOOB M CPEACTB BU3YyaIU3aLMU IO PSAY MPUOPUTETHBIX
HaAIPABJICHUH TPOBEIETCS UCCIEAOBAHMS, B TOM YHCJIC: HAXOXKACHUE ITT0OATEHOTO
pemenus tuna Fujita ans HenMMHENHHBIX 3a7ad4; ONpeneseHHEe KOHEUHOH CKOpPOCTU
pacpoCTpaHEHHUs]  BO3MYIIEHUW; HAXOXKJIEHUE aBTOMOJICIBHBIX  PEIICHUI;
HaxXOXJCHUE IPOCTPAHCTBEHHOM JIOKaIW3alMu JUIsi HeorpaHu4eHHBIX (blow-up)
pelieHuii; OIeHKAa pemieHus W CBOOOMHOW TpPAaHWIBI B PA3TMIHBIX
(GYHKITMOHATBHBIX MPOCTPAHCTBAX; COBEPIIICHCTBOBAHNE METOAOB ISl YUCIEHHOTO
pelieHus HEeMMHEHWHBIX 3aJa4 W pa3padoTka MPOrpaMMHOTO KOMILIEKca IS
BU3YaJIM3allMKi HEJIMHEWHOT O Mpoliecca.

Crenenb u3y4YeHHOCTH mpoOaeMbl. CBoiiCTBA NPOCTPAHCTBEHHOU
JOKaNMM3allid W KOHEYHOW CKOPOCTH PAaCIpOCTPAHEHUS BO3MYIICHUM, IS
MOJIeJIEH TEeTTONMPOBOAHOCTH, GuabTpanuu, AU EGy3un BMECTE C PEHICHUSIMHU THIA
3enbnoBuya-bapentnarra ObuIM M3ydeHbl MaptunconoMm u IlaBnoBbiM. C 3TOTO
nepuoja ObUIO  yaeneHo  OoJyibIIO€  BHUMaHUE  IIUPOKOMACIITAOHBIM
UCCIICTIOBAHUSAM HaJ HEJTMHEHHBIMHU MaTeMaTH4eCKUMU MOJICTISIMU,
JIOKA3aTeIbCTBY JIJISl JPYTUX HEIMHEWHBIX MAaTeMAaTUYECKUX MOJIETIEH U U3YUCHHIO
UX Pa3IUYHBIX HOBBIX CBOMCTB. Takke HaiieHbl TPUMEHEHUE H3yYaeMbIX
MaTeMaTHYeCKUX MOJeJiel B HEIIMHEWHBIC MPOIECCHI, BCTPEUAOIIMXCS B Pa3HBIX
OTpaCysX, U HalIeHbI HOBBIC A(D(PEKThI, HECBOMCTBEHHBIC IMHCHHBIM YPaBHECHUSIM.

KonmnuecTBo omyONMKOBAaHHBIX HAYYHBIX PAOOT MO HETWHEHHBIM 3a/ladaM B
nociennue 20 JET, MOKa3bIBalOT BBICOKUN HMHTEPEC K 3TOMY HaIlpaBJICHUIO.
Hayunble uccienoBaHusi, MOCBSIIEHHbIE CYIIECTBOBAHUIO II00AJBHBIX pPEIICHUN
tuna Fujita npoBonunucek B yHusepcurere Tokyo (H.Fujita, X.Y.Chen, H.Matano,
M.Mimura), B ynmBepcutrere Nagoya (M.Sugimoto), B yHuBepcutere Osaka
(Y.Naito), B ynuBepcuteTe North Carolina (C.V.Pao, W.H.Ruan), B California
State University (L.A.Caffarelli, A.Friedman, B.Mcleod); mo ypaBHenusm Lp
Jlamntac 1 PME, 0000uieHHbIe Cily4yau, TaKKe MO KPUTUYECKUM SKCIIOHEHTaM B
Autonomous University of Madrid (mayynas mkona moJ pPYKOBOJACTBOM
J.L.Vazquez), 8 Axen University (Germany) (M. Winkler), B Politecnico di Milano
(G. Grillo, M. Muratori), BO MHOrux yHuBepcuteTax Kurtas, B TOM uuclie B
Chongqing, Changchun University (J.Wu, J.Yin, H.Li, J.Zao, P.Zeng, C.Mu,
D.Liu, Sh.Zhou, M.X.Wang, C.H.Xie); mNONyIUHEHHBIMA CHUCTEMaMU B
Complutense University (Spanish) (M.Escobedo, M.A.Herrero, M.Fila,), B Tel
Aviv University (H.A.Levine, S.Kamin); wu3yueHHe YCIOBHUM CyIIECTBOBAHUS



penieHuii B pa3iMyYHbIX (YHKIMOHAJIBHBIX MPOCTPAHCTBAX [IJISi HEJTWHEWHBIX
napaboJIMueCKUX 3ajlad U TOJIyYEHHUE OIEHOK pEIIeHUN BBINONHSAIUCH B Paris
Mathematics Center (G.L.Leons u ero yuyeHuKH); H3YYCHHEM HOBBIX
KAYECTBEHHbIX CBOMCTB HEJIIMHEHMHBIX MAaT€MaTUYE€CKUX MOJEJIEH 3aHUMAKOTCA B
WHCTUTYTE TpUKIagHOM Marematuku Poccuiickoi Axagemun Hayk u B
MocKkoBCKOM rOCy/1apCTBEHHOM YHUBEPCUTETE (A.I1.Muxaiinos,
B.A.T'anaktuonos, E.Kypkuna), B UIHCTUTYTE€ MaTEMaTHUKU U BBIYMCIATEIbHON
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mareMatuku bonarapun (C.H./{umoa, M.C.Kocremues, M.)XK.Konesa) Begytcs
HIMPOKOMACIITa0HbIE HAyYHbIE UCCIIEIOBAHUS.

IIpn uccnenoBaHWM HEIWMHEHHBIX YPaBHEHUW W IIPOLIECCOB, CBSI3AHHBIX C
HUMH, COOCTBEHHO, B M3YUY€HUM CBOMCTB ypaBHeHui Tuna Koprtera ne ®pusa
IOPEIJIOKEHbl HOBBIE COBPEMEHHBIE METOAbl MareMaThuKaMu  YPreHUYCKOIro
T'ocynapcTtBeHHOTO YHHUBEPCUTETA A.XacaHOBBIM, I".¥pa3z6oeBbiM u
ASIXmuMypaTtoBbIM M CO37laHa aHanuTHYecKas Teopus; padorel A.C.PacysnoBa u
€r0 YYEHHKOB HAIIPABIICHbI PEIICHUIO HEJIMHEHHBIX IPOLECCOB CTAaTUCTUYECKUM
MonenupoBanueMm, padorel  H.MyxwutnunoBa, A.bermaroBa, b.Xyxasposa,
H.PaBmanoBa, M.Anumosa, W.XykaeBa HampaBiI€Hbl YHUCICHHOMY pEIICHUIO
HEJIMHEWHBIX 3a7a4 (UiIbTpalMd Ha OCHOBE JIMHEApU30BAaHHBIX YpaBHEHUU
OPUMEHUTENBHO K 3a7ayaM HepTu M rasa; a B paborax M.ApumnoBa u e€ro
yueHukoB (T.Karomos, [[.Ommaros, A.Xalgapos, K.Myxammanues, II.Certues,
A.Marsky6oB, 3.Paxmanos, /[.MyxamMmmanueBa) u3ydeHbl pa3Hble BUABI PELICHU,
IOCTPOCHHBbIE HAa OCHOBE AaBTOMOJEIBHOIO U MNPUOIMKEHHO aBTOMOJAEIBHOIO
IIOXO/I0B,  HOBBIC  CBOWCTBA  HEJIMHEWHBIX  MAaTEMaTMYECKUX  MOZCIIEH,
ACUMIITOTHKA peuieHud OO0O0OIIEHHOr0 YpaBHEHUS W CHUCTEM TUIA OMJIEHA
@aynepa. CBOICTBA MaTEMaTUYECKUX MOJIEIEH, OMUCHIBAMBIX BBIPOXKIAFOIIUMUCS
napaboJUYeCKUMHU YPAaBHEHUSIMHU U CUCTEMaMU C YYETOM NEPEMEHHON IIIOTHOCTH,
C KOHBEKTHBHBIM IIEPEHOCOM M MCTOYHUKOM B HACTOSLIEE BpeMs HENOCTATOYHO
U3YYEHBI.

CBsi3b TeMbl JHUCCEPTAIMM C HAYYHO-HCCJIEA0BATEJHCKHMHM padoTaMu
BBINIOJIHEHHBI BbICHIEr0 00pa30BaTeJILHOIO y4Ype:kIeHus. J(uccepranoHHOE
UCCIIEJIOBAHNE BBINIOJIHEHO B paMKax IlJJaHA HAy4YHO-HCCIIEOBATEIbCKUX padoT
(yHIaMEHTAJIbHBIX MPOEKTOB TalIKEHTCKOTO TOCYIapCTBEHHOIO TEXHUYECKOIO
yHuBepcuteta 1o Teme: OT-®1-125 «KommnporepHoe MOIEIMpPOBAHHE,
BU3yaJu3allMsl HEJIMHEWHBIX IPOLECCOB, ONKMCBHIBAEMBIE YPABHEHUSMHU H
cucteMaMu Tuna peakuuu-nuddysun n Kielina-I'opioHa, HEKOPPEKTHBIE 3a/1auu
s abcTpakTHeIX  audepeHIHanbHbIX  ypaBHeHHi»  (2009-2011), Ed-4-10
«HucneHHoe MOAEIUPOBAHUE CHUCTEM  OHMOJIOTMYECKON MOMYJSALMH  THUIIA
Konmoroposa — ®@umepay (2013-2014), UTI 5-44 «UucineHHOe MOAEIUPOBAHUE
B3aMMHOM cucTeM Ouosnormyeckoi nomynasiuuu tuna KommoropoBa — ®Puiiepa»
(2015-2017).

Henabo mucciegoBaHusi  SABIAETCS  MAaT€MAaTUYECKOE  MOJECIMPOBAHUE
npoueccoB (punpTpanuu, peakuuu-1uQPy3un, pacnpocTpaHeHHs TeIa, )KUIKOCTH
U Tras3a, OINpEAeNseMbIX BBIPOXKIAIOLIMMUCA MapabOJIMYECKUMH M CHCTEMaMHU
YPaBHEHUW B CpeAE C JIBOMHOW HEJIMHEWHOCTBIO NPU MEPEMEHHOM IUIOTHOCTH C
Y4E€TOM BIIMSHHUS HUCTOYHUKA WM TONIOUIEHUS C IMOMOIIbIO aBTOMOJEIbHBIX
METOJIOB.



3agaum ucciaen0BaHUA:

o0ocHoBath cymectBoBanne KCPB u mpocTpaHCTBEHHOW JOKanu3aluu B
pamMKax MaTeMaTHYeCKOW MOJENu CHCTeM peakuuu-nuddysun ¢ aBOMHON
HEJIMHEMHOCTBIO U C IEPEMEHHOM IIJIOTHOCTHIO;

MIOCTPOUTH MIOOAIBHOE penieHue 3a1aun Komm 11 MoJienu peakuuu
TP Py3UH ¢ IBOMHON HEJIMHEWHOCTBIO C ICTOUHUKOM WJIH MOITIOLIEHUEM;
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HOJYYUTh ACUMITOTHKY PEIIECHUsI CO CBOMCTBOM blow-up 11 01HOrO U
CUCTEMbI YpPaBHEHHUU peakuu-1u(pQdy3uun ¢ ABOMHON HETUHEHHOCTHIO; YCTAHOBUTD
ACUMITOTHYECKOE TIOBEICHUE OOOOIICHHBIX PEIICHUN C KOMIAKTHBIM HOCUTEIIEM
ABTOMOJIEJIBHOIO YPABHEHUS U CUCTEM C JBOMHOW HEIMHEUHOCTHIO;

pa3paboTarh ajJropuTM OINpPEAeTCHHUS 3HAYEHUS KPUTUUYECKOM SKCIIOHEHTHI
JUI YpaBHEHUS U CUCTEMBl peakuuu-aud@y3un ¢ ABONHON HETUHEHMHOCTHIO C
VICTOYHMKOM WJIN MOIJIOIIEHUEM U KOHBEKTUBHBIM IIEPEHOCOM;

MOCTPOUTHh pElIeHWEe Tuma 3elibjloBuYa-bapeHOnaTTa [ CUCTEMBI
B3aUMHOUN nudPy3un ¢ TBOWHON HEITMHEWHOCTHIO C UCTOYHUKOM U KOHBEKTHBHBIM
IIEPEHOCOM M [JI0Ka3aTb CBOMCTBA KOHEYHOW CKOPOCTH pacCIpOCTPaHEHUs
Bo3my1ieHnss KCPB u npocTpaHCTBEHHOM JIOKaIN3alNH;

Ha OCHOBE CBOMCTB, HM3YYEHHBIX HEIMHEHHBIX MATEMaTUYECKUX MOJECIIEU
HNOCTPOUTh UTEPALIMOHHBIN MPOLECC, KOTOPBIM MPUBOIUTH K OBICTPOI CXOIUMOCTH
UTEpallMOHHOTO  mpouecca. Pa3paborate METOIbl  pEIIEHUS  YHUCICHHOIO
MOJICJINPOBAHNS HEJIIMHEHHBIX 3a7ad, ONMCBHIBAEMBIX OIHUM BBIPOXKIAIOIIUMUC
ypaBHEHUEM MapabOJIMYECKOr0 THUIA M CUCTEMON TaKWX HEJIMHEHHBIX BIUSHUSA
BHEIIHHE (AKTOPOB M  HEIMHEHMHOCTH cpeabl (IepeMEHHas IUIOTHOCTD,
IPOBOJIMMOCTH CpPe/ibl, KOHBEKTUBHBIN IIEPEHOC U JIP.);

pa3zpaboTaTb KOMIUIEKC TpOrpaMM M MPOBECTH  BBIYUCIUTENbHBIH
DKCIIEPUMEHT, TO3BOJISIIOIIAN BHU3YaJIbHO MCCIENOBATh HEIWHEWHBIE ITPOLIECCHI,
ONKCBHIBAEMBIE OAHUM M BBIPOKAAOIUMUCA MApAO0OIMYECKUMH YPaBHEHUAMHU
CHUCTEMAMHU.

O0beKTOM HcCJIeIOBAHNS SABISIIOTCS HEJTMHEWHbBIE MPOLECCHI, CUCTEM
peakuuu-auQQPy3un B OHO- U ABYXKOMIIOHEHTHBIX Cpelax.

IIpeamer wmcciaexo0BaHUsl COCTAaBIAET HCCIECIOBAHUE BIUSHUE BHEIIHUX
Cpel Ha PEUICHUE HEIMHENMHBIX CHCTEM YPAaBHEHUU C IBOWHOW HEJIMHEUHOCTHIO, B
TOM 4YHCIE€, B HW3YYCHHM pACHPOCTPAHEHUS BO3MYLICHMH B  3aJadax
TEIUIONPOBOIHOCTH, (PUIBTpAalMU >KUJIKOCTH U rasza, AUPPy3ur B OOHO- HU
JBYyXKOMIIOHEHTHBIX ~ CpellaX, OWOJOTrMYEeCKOM  MOMYyJSALHMH, OMNHUCHIBAEMbIX
BBIPOKJAIOIIMMUCS YPABHEHUSMU U CUCTEMAaMM C JBOMHOM HEJIIMHEHMHOCTHIO, ITOJ
BO3JICUCTBUM HEJIMHEHHOIO HCTOYHMKA WIM HONIOLIECHHs, KOHBEKTUBHOIO
EPEHOCa, MEPEMEHHOM IIJIOTHOCTH, pa3pabdOTKa METOJUKU IPaKTUYECKON
peann3alud  TEOPHM, YHUCJIEHHBIE METONbl, BBIYUCIUTENBHBIE AJITOPUTMBI
KOMIIBIOTEPHOTO PELICHHS N3y4aeMBIX IPOLIECCOB.

Meronsl ucciaenoBaHus. B nuccepranuyM NpUMEHEHBI aBTOMOZEIBHBIE
METO/bI, IPUHLHUIIBI CPABHEHUS PELICHUN, METOAbI OLIEHKU PELICHUM, YUCICHHBIC
METOBI U METO/bI IPOBEICHUS BBIYUCIIUTEIIBHOIO SKCIIEPUMEHTA.

HayuyHast HOBHM3HA UCCJIE€OBAHUA 3aKJIFOYAECTCS B CIECIYIOLIEM:
orpesieNieHa ACUMIITOTHKA PEIICHHU CO CBOMCTBOM blow-up it ypaBHEHHS U



CHUCTEMBI peakiun-1uddy3un ¢ TBOMHON HEIMHEHHOCTHIO B CpeJie MePEeMEHHOM
10THOCTH cBoricTBa KCPB u mpocTpaHCTBEHHOM JIOKAIU3ALMU; TOCTPOECHO
rmo6anbHOE pemenue 3agaun Komm mist mopenu peakiuu 1uddy3uu ¢ 1BOHHON
HEJIMHEWHOCTBIO C UICTOUHHUKOM WJIH MOITIOUIEHUEM; pa3pab0TaHbl METO/Ibl OLICHKU
peuieHus u (GpOHTOB JIJIs Kiacca CUCTEM U
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YPaBHEHUW C JOBOWHOMW HEJIMHEWHOCTHIO, ACUMITOTUYECKUE BBIPAXKCHUSA
0000IIEHHBIX pelIeHun C KOMITAKTHBEIM HOCHUTEIIEM HEJIMHENHBIX

BBIPOXKJAAOIINXCS aBTOMOJEIBHBIX YPABHEHUUN U CUCTEM;

OTIpEeeNICHBl peIIeHus] Thna 3enbaoBUYa-bapeHOmaTTa W Ha WX OCHOBE
uzyueHnsl cBoiictBa KCPB u mnpoCTpaHCTBEHHOM JIOKalW3alMU Il CUCTEMBbI
B3aUMHOU G y3un ¢ TBOMHONW HEIMHEHHOCTHIO C UCTOYHHUKOM U CO CBOMCTBOM
KOHBEKTHUBHOIO MEPEHOCA, pa3padoTaHbl AJITOPUTMbI KPUTUUECKOM SKCTIOHEHTHI;

Ha OCHOBE CBOMCTB, U3YUYCHHBIX HEJIMHEWMHBIX MAaTEMATHYECKUX MOZEIIEH,
MIOCTPOEHBI CXOASAINUEC UTEPALTUOHHBIE ITPOLECCHI;

OCYULIECTBJIECHO YUCICHHOE MOAECIMPOBAHUE OJHO WJIM CUCTEM HEJIMHEWHBIX
YPaBHEHUH, YYMUTHIBAIOIINX CBOWCTB pacCcMarpyUBAa€MOW CpeAbl W BHEIIHUX
dbakTopoB (MEPEeMEHHON IUIOTHOCTH, MPOIMYCKAaEMOCTh Cpeibl, KOHBEKTHUBHBIN
NEPEHOC U JIp.).

IIpakTH4yeckne pe3yabTaTbl HCCIEI0BAHNS 3aKIIFOUAIOTCS B CIIEYIOIIEM:
Ha 0a3e KaueCTBEHHBIX UCCIIEAOBAHUS CBOMCTB PEeIlIeHU, pa3paboTan
porpaMmMHoOe o0ecredeHue, NO3BOJIAIONINI H3yUeHUE HETMHEHHBIX MPOIIECCOB
BHU3yaJIbHO, OMKUCHIBAEMbIX OJHOM U CUCTEMOMN HEIIMHENHBIX BBIPOKIAFOIIUXCS
napaboMYeCKUX YPaBHCHHUI;

Ha OCHOBE 3JTUX MOPOrpaMM NPOBEICH BBIYMCIUTEIBHBIN JIKCIIEPUMEHT,
MO3BOJISIIOLIMI HAOII0AATh 32 3BOJIOLMEN MPOIEcca M0 BPEMEHH, B 3aBUCUMOCTH
OT 3HAYEHMS YMCIIOBBIX IMAPaMETPOB.

JlocToBepHOCTH pe3yJibTaToB HUCCJICIOBAHUS. JlocToBEpHOCTH
PE3yJBTAaTOB MCCIEAOBAHMS O00OOCHOBBIBACTCS JIOKA3ATEIILCTBAMU U MOIYYCHHBIMU
pe3ynbraraMd M YHUCJIEHHO TMOATBEPXKIAEHBI C IOMOLIBIO BBIYUCIHUTEIBHOTO
JKCriepuMeHTa. [IpuBeneH YNCIEHHBINM aHAIU3 PELICHUN, C TIOMOIIBIO TTOJYYEHHBIX
OLCHOK PpEIIEHHH W ATO TOATBEPKIACTCA YTBEPKICHUEM MNPABWIBHOCTH
BBIUHCIIUTEIBHBIX METOAOB, OCHOBAHHBIX aBTOMOJECIBHOMY AHAJIMU3Y, STAJIOHHBIM
ypaBHEHUSIM, TAK)KE€ METOJIaM, MTPEIJIOKEHHBIM B JUCCEPTAIIMOHHON paboTe.

HayyHass W npakrTuyeckas 3HAYUMOCTb Pe3yJbTATOB HCCJIEI0BAHUSA.
Hayunas 3HaunMOCTH pPE3yNBTAaTOB HCCIEAOBAHMS 3aKIIOYAETCS B TOM, YTO MpHU
pElIeHWH AaHAJIOTMYHBIX 3aJad MOTYT OBbITh MPHUMEHEHBI CBOIicTBa blow-up,
CYILIECTBOBaHHE TJI00ATBHON pa3penmmMocTy 3afaun Koiu Ay HeTuHEHHBIX
MaTeMaTHuyeCKUX MOJeNield, a TakKe IOJydYeHHbIE pe3yJIbTaThl MOTYT OBITh
NPUMEHEHbl B MCCJICAOBAaHUU 3a7ad HeIuHeHoW auddy3um B OIHO- U
JByXKOMIIOHCHTHBIX ~ Cpelax, 3ajad  OWOJOTHYECKOW  TIOMyNSAIHWH  THUIIA
Konmoroposa-®uiiepa, B Teopuu ropeHus, B GUIBTpAIMU KUIKOCTH U Ta3a, B
3a/1a4ax TEMIONPOBOAHOCTH.

[IpakTHueckass 3HAUMMOCTH TIOJIYYCHHBIX B JUCCEPTALMA PE3YyJbTaTOB
3aKJIFOYAETCSI B TOM, UTO MPEMJIOKEHHBIE METOAbl M MPOrpaMMbl MOTYT
IIPUMEHATHCA NPU IMPOBEICHUU BBIYMCIUTEIBHOIO SKCIIEPUMEHTA ISl PELICHUS
3a/1a4 HEJIMHEHHBIX NPOLECcCOB (QUIBTPAIMK, TEIJIONMPOBOIHOCTH, IU(PPy3un B



HEJIMHEHHOM cpefie, NBUKEHUSI OA3EMHbBIX BO/I.

Buenpenne pe3yabTaToB ucciaenoBaHus. l[loimyudeHHblE pe3ynbTaThl B
IpOIECCe  JTUCCEPTALMOHHOTO  UCCIEAOBAaHUSA  IMPAKTUYECKH BHEAPEHBI B
CIEAYIOIINX HAPABICHUSAX:
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[Tomy4yeHHBIC OIEHKH 1715 TII00aTBLHOTO PEIICHUS YPABHEHUS PEAKIINH
muddy3un ¢ TBONHON HEIIMHEMHOCTHIO UCTIONIb30Basics B poekte DMS-1401316
JUISl TOCTPEHUsI TIo0alibHOTO penieHust HenumHernHbIx 3a1a4 (CrpaBka «California
State University» ot 29 okts10psa 2016 rona). [lpumeHeHne HayqHbIX pe3yabTaToOB
CIY>KWJIU JIJIS1 BU3yaJIM3allii HEJTMHEWHBIX TTPOLIECCOB;

pelIeHus] CUCTeMbl peakuuu-aud@dy3un ¢ JTBOWHON HETWHEWHOCTBIO IS
ypaBHenus: Kopreser ne ®@puza ¢ ucrounukoM B rpante OT-®1-002 «IIpsmbie u
oOpaTHbIe CIEKTpalibHbIE 3aJaud JJId KBAJAPAaTUYHBIX IIyYKOB OINEPATOPOB
[ltypma-JInyBusuis» MCHONB30BAINCH I ITOCTPOCHHS] PEIICHUM HEJIMHEHMHBIX
ypaBHEHUW H cuCTeM, mpu ompeneneHun ux couctB (CnpaBka Komurera 1o
KoOpAuHaIKMK pa3BuTHs Hayku U TexHosiorut ®TK-03-13/744 ot 3 Hos16ps 2016
roga). IlpuMeHeHre Hay4yHBIX PE3yJIbTATOB MO3BOJISUIM JI0KA3aTh CYLIECTBOBAaHUE
mo0abHBIX penieHuit 3aaaun Koy,

METOJl  HEIMHEHMHOTO  pacUIeIUICHWs, METOI MPOrOHKHA A 33434
HEJIMHEHHOW (QuiIbTpaliyd, MOJETh W aJITOPUTM PEIICHUS HCIIOJIb30BaHBI B
npoekte DA-D4-O042 «Pa3zpaboTka M UCCIEAOBAaHUE TUIPOJIUHAMUYECKON
MOJIeNU (PUIBTpAIlMM HEOJHOPOAHOM >KUAKOCTH B MOPUCTOM Cpeie» MPUMEHEHBI
JUISI MAaTEMaTUYECKOr0 MOJAEIIMPOBAHUS HEJIMHENHBIX MPOLIECCOB, MMOCTPOCHUS MX
pemieHuit ¥ u3ydeHne ux cBoMCTB (CrnpaBka MuHHCTEpCTBA 1O Pa3BUTHUIO
WH(POPMAIIMOHHBIX TEXHOJOTUA M KOMMYyHUKanui PecnyOonuku VY30ekucran
33-8/6160 ot 10 HOsA0ps 2016 roga). [IpuMeHeHre HAyYHBIX PE3YJIBTaTOB KOHEUHAs
CKOPOCTh PacHpOCTPAaHEHHs] BO3MYILECHHM, IMPOCTPAHCTBEHHAs  JIOKAJIW3aLUs
MO3BOJSUIA peIaTh 3a1a4u (GUIBTPAMN HEOTHOPOAHOU >KUJIKOCTH B TOPUCTOMN
cpelne, B TOM 4HCle, U3ydyeHUE (PUIbTpaluu CyCHEeH3Uld ¢ KoJbMaTaluuend u
cypdoszuei.

AnpobGauusi pe3yjbTAaTOB HCCAeA0BaHUA. Pe3ynbrarsl ucclieI0BaHUA
JIOJIOKEHbI Ha 36 Hay4YHO-TIPAKTUYECKHX KOH(EpeHIHsX, B TOM uucie, Ha 19
MeXAYHapOIHbIX: « COBPEMEHHOE COCTOSIHUE M MyTH Pa3BUTHUSI HHGOPMAIIMOHHBIX
texHosiorui» (Tamkent, 2008), «urerpanbubie ypaBHeHus-2009» (Kues, 2009),
«CoBpemeHHble TpOoOJIeMbl ra30BOM M BOJMHOBOW auHamukw» (Mocksa, 2009),
«BbplYyucauTENbHbIE TEXHOJIOTUH M MaTreMaThdeckoe MozenupoBaHuey» (TamikeHt,
2009), «Control and Optimization in Dynamical Systems — CODS-2009»
(Tamkent, 2009), «AxkryanbHble MpoOJAEMbl MPUKIATHON MareMaTuKd U
uHpopmarmonnbix Texnomormit — Anp Xopesmu 2009» (Tamkent, 2009),
«IIpenenbHble TEOPEMBI TEOPUU BEPOSITHOCTEW M HMX MpuioxkeHus» (TamikeHt,
2011), «Progress in Analysis and its Applications» (London, 2009), «The IV
congress of the Turkish World Mathematical Society» (Baku, 2011), «The V™
World Congress of Engineering and Technology, WCET-2012» (Almaty, 2012),
«AKTyanpHble NpoOJieMbl  MareMaTu4eckoro aHaimuza»  (Yprenu, 2012),
«nTennekryansubie Cucremsl g MuaycrpuansHoit ABromarusanuu, WCIS—
2012» (Tamkent, 2012), «AKTyajabHble MPOOJIEMBbI MPUKIAJTHON MATEMaTHKU M
uHpOpMalIMOHHBIX TeXHOJoruk - Ajb-Xopesmu 2012» (Tamkent, 2012),



«CoBpeMeHHbIe pobieMbl TudQepeHIInaIbHbIX YPAaBHEHUH U UX MPUITOKCHUSD)
(Tamkent, 2013), « AManuit MaTeMaTrka Ba ax0opot xaBcuznurmy (TamkeHT,
2014), The V" Congress of Turkish World Mathematicians (Bishkek, 2014),
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MexayHaponubii cemuHap npod. Cyrumoro Munypy (VauBepcuter Haros,
Anonusa, 2013), The International Congress of Mathematicians (Seoul, 2014),
«AKTyallbHblE MPOOJEMbl MPUKIATHOM MaTreMaTUKU U  UH(OPMAILMOHHBIX
texHosnorut - Aunb-Xopesmu 2014» (Tawmkent, 2014), «Hexnaccuueckue
ypaBHeHus: Gu3ukun u ux npwiokenus» (Tamkent, 2014), «PaamorexHuka,
TEJIEKOMMYHHUKALIMSL Ba axOOpOT TEXHOJOTHSUIApU: MyaMMOJIapu Ba KelaKak
puBoxkn» (Tamkent, 2015), «BruncnurenbHble 1 HTHPOPMALIMOHHBIE TEXHOJIOTUU
B HayKe, TEXHUKE U 0OpazoBanum» (Anmara, 2015).

Ony0IMKOBAaHHOCTH Pe3yJIbTAaTOB HccjenoBaHus. [lo Teme nuccepranuu
OMmyOJIMKOBaHbI Bcero 36 Hay4dHbIX padoT, U3 HUX 14 KypHaJbHBIX CTaTel, B TOM
yucie 6 B MHOCTPAHHBIX, 8 B PecnyOIMKaHCKUX >KypHanaX, PEKOMEHJIOBAHHbBIX
Bricmieli arrecranmonHoi komuccueit PecryOmuku Y30ekucTtan s myOMKaim
OCHOBHBIX HAayYHBIX PE3YJBTATOB JOKTOPCKUX JUCCEPTALU.

Crpykrypa n o0beM auccepraumuu. CTpykTypa IHUCCEPTALMU COCTOUT M3
BBEICHUSA, IISITH [JIaB, 3aKJIIOYEHUS, CHUCKA HCIOJIb30BaHHOM JIMTEPATYPBHI,
npuioxenuit. O0beM nuccepraiuu coctaniser 197 crpanuil.

OCHOBHOE COJEPKAHUE JUCCEPTALIUU

Bo BBegeHMH OOOCHOBBIBA€TCS aKTyaJbHOCTh M BOCTPEOOBAaHHOCTH
IIPOBEACHHOIO HCCICAOBAHUS, LENb W 3a1a4d MCCICHOBAHUs, XapaKTEPU3YHOTCS
OOBEKT U TMpEeIMET, I0Ka3aHO COOTBETCTBUE MCCIEAOBAHUS TPUOPUTETHBIM
HaMpaBJICHUSAM Pa3BUTHUS HAyKU W TEXHOJIOTUN pecmyOJIMKH, U3J1aratoTcsi HayyHas
HOBU3HA M IPAKTUYECKHUE PE3yJbTaTbl MCCIEAOBAHMS, PACKPBIBAIOTCS HAy4dHas U
IIPAKTUYECKAass 3HAYMMOCTh IIOJYYEHHBIX pE3yJIbTaTOB, BHEIPCHUE B IPAKTUKY
PE3yJIbTaTOB MCCIIEIOBAHUS, CBEICHUS 110 ONMyOIMKOBAHHBIM padOTaM U CTPYKTYpe
JTUCCEPTALINH.

B nepBoii maBe auccepranuu «CBOMCTBA MaTeMaTHYeCKHX Mojesei
BbIPAKAIOIIUMHUCH YPAaBHEHUAMH C JABOMHONM HEJIHMHEHHOCTBLIO» PAaCCMOTPEHA
MareMaTH4eckasi MOJEJb, OIKChIBaeMasi BBIPOKIAIOIIMMUCS NapabOIndyeCcKuM
YPaBHEHHUEM C JIBOMHON HEIMHEWHOCTBIO OOIIEro BUJA M JI0KA3aHbl YCIOBHUS IIPU
KOTOpOM wuMeeT wMmecto HenuHenHoe sBienne KCPB, mnpocTpancTBeHHas
JIOKanu3auusl pEUIeHUs, ACUMIITOTMKA PEIIEHUHM C KOMIIAKTHBIM HOCHUTEJIEM B
cllydae MEIUICHHOHM U ObICTpoM Au(Qy3UH NPUBEIACHBI YCIOBUS BBIUMCICHHUS.
Taxxke Hccieq0BaHO BIMSHHAE KOHBEKTHBHOIO IIEPEHOCA NMEPEMEHHOW IIOTHOCTH
Ha DBOJIOLMIO TPOLECCOB HEIUMHEHHON  TEeIIONpOBOAHOCTH, Audy3uu,
GunbTpalMM  KUAKOCTH M Ta3a U DBOJIOLMUMOHHOMY MIPOLECCY JIBHXKEHUS
IPYHTOBBIX BOI.

PaccmarpuBaemas 3anaua Komm 11t ypaBHEHUS C JBOWHON HEJTMHENHOCTBIO
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ACIIPOCTpPAHCHUMA TCIIJIa NIIbTPALIUU )KUJIKOCTHU U I'da3a 51 31U B CpPCIC C pmkl
pacnpoctp , pubTpary i , b dy pen

Pxuuu

qn 1

K03 ULIUEHTOM C 5

JIBOMHOUN HEJIMHEMHOCTHIO 12( ) ’ ( ) ()

"V Vu
MeuIeHHOU Tudy3un

IIEPEMEHHON TUIOTHOCTBIO (k
pm(2)10-+->),

P P xxxx==.VYpaBHenue (1) apusercs

XOPOIINM COYETAHUEM YPaBHEHHUS
ObIcTpoil T dy3un (kpm(2)10-+-<), (mki===1,1)
p-Jlamnac ypaBHEeHUS
u ypaBHeHus nopuctoii cpens (YIIC), p /== 2, 1.OmmuurensHoi
npu
0COOEHHOCTRIO DTOM 3aJ1a4M SBJIACTCS, TO, 4YTO B u = Ouin
obiactu, e V=u0
ypaBHeHue (1) BBIpOXKJaeTcsi B ypaBHEHHUE NEPBOIO MOPsAKa W MpEBpallaeTcs B
JUHENHOEe ypaBHeHUE. B 00macTu BBIPOXKACHUS MPOW3BOAHBIC TEPISAT PAa3pbiB U
ypaBHeHHe (1) MOXET HE HMMETh PEIICHHS B KIACCHYECKOM CMbIcie. B aTux
Clydasix HEOOXOAMMO HCCIIeIoBaTh UMUK (U3NYECKUd CMBICT ciiaboe
(000011IeHHOE) pEeIlICHHUE.
Bnepssie b.3enpnoBuy nu A.Kommaneer, paccMOTPEB 3a/1a4y O MTHOBEHHOM
VCTOYHHMKE JJIsI HETMHEHHOTO YPaBHEHUS TEIIONPOBOAHOCTH (1) B YacTHOM

ciIy4ae, Koraa MOCTPOWIIH 0000IIEHHOE PEIICHHE,
21plxx====2a 19()()1pp9

o01a1aroIee CBOMCTBOM KOHEUHOU CKOPOCU PACNPOCIPAHEHUS B03MY U eHUS
(KCPB): || ()xlt=2,1tae0 () (0,), <mecto B

utx(,)0,=npu € o [t C4TO0 HE UMEET

JTMHEHHOM city4ae ( kl1==1,,,pp()()1xx==n3yqamn

p=2,k=1,m=1). CpoiictBo KCPB s Tenees A.® u
3anayu Komm B

YaCTHOM ciyuae, korja B (1)
ero yueHukd B 2004-2013 romax nmonyduiay yCiaoBUsl HA YHACIOBBIE ITAPAMETPHI U



Ha (PYHKIIHIO U pa3pyllieHre peiieHus 3a

o x('), mpu koTopom rmeeT mecto KCBP

xoreunoe Bpems (PPKB). B nansueiimewm, G.Grillo M.Muratori (2014r.)
pPaccMOTpeIH ATY 3a7a4dy JUIsl YACTHBIX 3HAUCHUH YHCIIOBBIX MTAPAMETPOB, T.€. JUIs
3HAYCHUU ) 0000IIIEHHOTO PeIIeHUs B

klp===1,2u nony4min OUEHKH

L —HOopMax.
B nuccepranuuy, Ha OCHOBE aBTOMOJIEIBHOTO MOAX0/a, HAUACHO CIEAYIOIIEe
peuienue Tuna 3enpaoBuya-bapenonarra
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Teopema 2. ITycts B ypaBHeHuH (1)
kpml(2)20-++-> nNpn<>

Torma pemenue 3anauu (1),(2) obnagaet cBoiicteom KCPB, eciu

(0,)(0,),. "

uxzxxR=<se

C nomMortipo TeopeMbl 1 MoKa3aHO BBITOJTHEHUE CBOMCTBA MPOCTPAHCTBEHHON
Jokanu3anuu pemeHust 3anaun (1), (2). B aguccepranuu Mmoka3zaHO Takxke,
BBITIOJTHEHHWE 3TOTO CBOMCTBA MPH BO3ACHCTBUU MOMIONICHUS W KOHBEKTHBHOTO
NepeHoca, Korma CKOPOCTh 3aBHCHT OT BpeMeHH. Jloka3aHO, YTO YCJIOBHEM
IPOCTPAHCTBCHHOM JIOKATU3AINH SBIISICTCS
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Takue 0600IIEHHBIE PEIICHHs] BIIEPBBIE UCCIICAOBAHbI B ABTOPAMU
B.H.Gilding u L.A.Pelettier, u mosy4eHo yCIOBHUE CYIIIECTBOBAHUS PEIICHUS
3agauu (4), (5) ¢ KOMIIAKTHBIM sl==1.

HOCHUTEJIEM B ClIydae, Korja B (4)

B nuccepranuu puist mporecca MenieHHoN nuddy3un 10Ka3bIBaeTCs
CJIEyIOIIasi OCHOBHAS TEOpEMa:

bepewm crnenyronnyo GyHKIIUIO
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KOMITAKTHBIM HOCHUTCJICM IIPpHU
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TO UMEET MECTO ITPOCTPAHCTBEHHAS JIOKAIM3ALUs PELLICHUS.

B 3akimrodeHMM NIEpBOM INABBl NPUBOAATCS BBIYMCIUTEIBHBIE CXEMBI,
ocHOBaHHbIe Ha cxeMy Kpanka-HukoimbcoHa MeTOna MEpPEMEHHBIX HANpPaBICHUU.
3amaua pemaeTcss METOAOM MPOTOHKHU. BBIOOp HavanbHBIX TPUONKEHUH s
UTEPALlMOHHOIO MPOLECCa IPU YHMCICHHOM MOJEIUPOBAHUM OCHOBBIBAETCS HA
KauE€CTBEHHBIX CBOMCTBAaxX PEUICHHM, MOJYyYEHHBIX B MIPEAbIIyIIUX Maparpadax.
Pe3ynbraThl BBIYMCHUTENBHBIX 3KCHEPUMEHTOB TMOKa3bIBAOT 3(PPEKTUBHOCTD
NPEAJIOKEHHOTO CIOCc00a MCCIEN0OBAHUN HEJIMHEUHBIX MAaTEMaTUUYECKUX MoJenen
Y TIOATBEPKIAOTCS PE3YAbTATAMU BBIUACIUTEIBHOIO SKCIIEPUMEHTA.

Bo Bropoi mmase nuccepranuu «IIpocTpaHcTBeHHasi JIOKAJIM3alUsA U
KOHEYHAs CKOPOCTH PACHPOCTPAHEHHMs BO3MYIICHHH BOJHOBBIX peLICHUIl B
cpeae ¢ ABOMHOM HEJMHEHHOCTHIO» HANJCHBI PEIICHHS B BUJIE IPOCTPAHCTBEHHO
JOKQJIM30BaHHBIX TEMIIEPaTypHbIX BOJIH, MPH BO3JECHCTBUM KOHBEKTHBHOI'O
IIEPEHOCA, CKOPOCTh KOTOPOI0 3aBUCUT OT BPEMEHU U IMONIOLICHHUs, KaK B ClIly4yae
OJITHO- KOMIIOHEHTHOM, TaK U B Clly4ac JABYXKOMIIOHEHTHOM cpensl. [IokazaHo, uTo
B paccMaTpHBaeMbIX 3a/ladyaX COBMECTHOE JEHCTBHE OOBEMHOrO MOMIOMICHUS U



KOHBEKTUBHOIO TMEpeHOCa TeIla MPUBOJUT K SBJICHHIO OCTAaHOBKM (PpoHTa
TemriepaTypHoil BosnHbl. Haiinena riyOumHa pacnpoCTpaHEHHsI BOJHBI U OLEHKA
CKOPOCTH PACIpOCTPAHEHUSI BOJHBI B 3a/1a4e OMOIOTHYECKOW IMOMYJSAIUA THUIIA
KonmoropoBa—®@uiiepa ¢ ABOWHOM HEIMHEWMHOCTHIO. (CBOWCTBA BOJHOBBIX
pelieHui 11 Mojiesiu Ouosiornyeckor nomyssnuu tuna KomMoroposa- duiiepa,
onuceIBaeMoil 3amauei Kommu
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B OJJHOMEPHOM IOJYJIMHEMHOM clly4yae ypaBHeHus, T.e. korma B (11) Npm====
1, 2, 1, 1 Busyuens P.®umepom u A.H.Kommoroposeiv, W.I'TIeTpoBcKuM u
H.C.ITuckynossim (KIIIT).

[Ton BOTHOBBIM perieHuEM TOHUMAaeETCs perienue ypaBuenus (11) B popme
N
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®dumiep, paccmarpuBas ypaBHeHue (11) B omHoMepHOM cirydae, korja B (11)
Npm====1,2,1, 1, mokazan 4To OHO UMeET OECKOHEYHOE YUCIIO PEIIEHHUH

TUTIA OCTYIICH BOJHBI, JIJIST KOTOPBIX 0 1, < < uc BONMHOBLIMH CKOPOCTAMH

mnCcnD2=2.

A.H.Koamoropos, U.I.Ilerporckuit 1 H.C.Iluckynos (KIIIT) B 6omee oOmiem
ciyyae gokazanu, 4to (11) umeeT eAMHCTBEHHOE PEIICHUE, U ITO PEIICHUE Yepe3
pemenue (13) umeet Bua (12) MOHOTOHHOM OeTylel BOJIHBI, 00OIagaroen
CKOPOCTD 1jn C C = .

Hns monenu P.®umiepa, H.Konmoroposa, W.I'Ilerposckoro u H.C.IluckyHoBa
(OKTIIT) B kpuTH4eckoM (pe30HaHCHOM) ciy4ae, korma B (1) dx ¢

kpml(2)20—-++—-=, ()

JUTSL CKOPOCTH cl =u 1yOuHbl dt
0)

pacipoCTPaHEHHSI BOJTHBI HOoJTy4eHa

x #( )upu 1ocTaTouHO GOMBIINX £, HAMH
OIICHKA U

l17n21n()
NIV
xtpnklDt N Tt
()1,
- i
() 02/
4
1y
pdxtppctnDklt
0)
==02.()
dt°

pl==2,1, ckopocTb
Otcrona, B 4aCTHOM CiIy4ae
ypaBHenus (11),

PacipoCTpaHCHUA BOJHBI JJII 1OCTATOYHO OOJIBIIIHNX BpEMCHH, 6y,Z[€T PaBHBIM dxt

0)

=, U 3TO B CBOIO ouepep, coBnaaaet ¢ pesynsrarom OKIIIL. ¢ nD

dt 2 0

B naparpade 2 HaligeHbl pelieHHs B BHJE  JIOKAJIM30BaHHBIX



TEMIIEpaTypHBIX BOJH JUIsl ypaBHEHUs peakuuu-AupQy3ud ¢ KOHBEKTHBHBIM
MIEPEHOCOM, MOTJIOIICHUEM U HCTOYHUKOM
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[Toka3aHo, 9YTO B pacCMaTpPUBACMBIX 3a/1a9aX COBMECTHOE JICUCTBHE OOBEMHOTO
TIOTJIONICHHUS ¥ KOHBEKTHBHOTO TIEPEHOCA TeIlIa IPUBOINT K OCTaHOBKE (PpOHTA
TEMIIepaTyPHOI BOJIHBI, €CJIM BBIITOJHEHBI YCIOBUS
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T.C. BOJIHOBBIC PCIICHHA YpPABHCHHUA IIPOCTPAHCTBCHHO JIOKAJIM30BAHLI. ,Z[aﬂee
YCTAHOBJICHO, YTO JIOKaJIM3allusg TCIIJIOBOIO BO3MYIICHHUS MOKCT BO3HHKATL OAKE

IIpHU OTCYTCTBHUH IIOITIONICHUA WM KOHBCKTHMBHOT'O IICPCHOCA, HAIIPUMEP, B ClIydac
BBIITOJIHCHU L YCHOBI/II\/JI

kpmlbydyt—++—><°°V>J'
(2)20,(),0,

0
1 Korjaa Kod(p(UIMEHT TEMIONPOBOIHOCTH
1"(Pmi'btuuu

-~V3aBucur sSBHO OT
BPCMCHH.

IToka3aHO, YTO BBILIEU3JIOKEHHBIE CBOMCTBA UMEIOT MECTO TAK¥KE JJII CHCTEM
YPaBHEHUH C JBOWHOW HEJIMHEWHOCTHIO, ONIMCHIBAIOIINX ITPOLIECCHI PEAKIIUU
G dy3un, TEI0NPOBOIHOCTH, (PUIBTPALIMH U IPYTUE POLIECCHI U MOJIyYeHa

ACHUMIITOTHKA aBTOMOACJIBHBIX pemeHI/Iﬁ. B HYaCTHOCTH, OJIsA CUCTEMBI 00000 { ]

| 10,

vittu

o T 00

00000
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MO/l COBMECTHBIM BO3JCHCTBUEM OOBEMHOTO TIOIVIONMICHUSI M KOHBEKTHBHOTO
IIEPEHOCAa HAWJIEHO YCJIOBHE MPOCTPAHCTBEHHOW JIOKAIW3AlUHUU PEUICHUW W
pUBEACHA ACUMITOTHKA (PUHUTHBIX BOJIHOBBIX PEIICHUN.

Teopema 6. Jlonmyctum, 4T0
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B Ttperpeli mmaBe pauccepraunu «CBOMCTBA MATEeMATHYECKON MOJeJH
npoueccoB peakuuu-a1u¢pdy3un ¢ ABOHHON HEJUHEHHOCTHH € HCTOYHHKOM
WIN NOIIOLIEeHUAM» J0Ka3zaHa MoOajbHas pa3pemiuMocTh 3anaun Komm ans
BBIPOXKJIAIOIIMXCS TTapaOOJMUECKUX YpPaBHEHUN C JIBOWHOM HEITWHEWHOCTBIO, C
MOIVIOIIEHUEM WJIM UCTOYHUKOM U KOHBEKTHUBHBIM IIEPEHOCOM, CKOPOCTh KOTOPOTO
3aBHUCHUT OT BpeMeHHU. [IpeayioxkeH HOBBIM anropuTM HaXOKICHHUS KPUTHYECKOU

44
skcrioHeHThl Tuna Dymxkura. [lomydeHHbIe pe3yiabTaThl SIBISIOTCS JOCTATOYHO
0oO0IIMMU, U BKJIIOYAIOT B c€0€ M3BECTHBIC paHEE PE3yJIbTaThl JPYTUX aBTOPOB B
3TOM HaIIPABJICHUH (X.DymxwuTa, A.A.Camapckuid, C.IL.KypatomoB,
A.Il.Muxaitnos, B.A.I'anaktuonos, M.Apunos). HaiineHo ycinoBue, nmpu KOTOPOM
umeer Mmecto KCPB u mnpoctpaHcTBeHHas JjOoKajlu3alys PEIICHUs, IOoTydyeHa
ornienka tuna Kueppa-Kepuinepa ajisi cBoOOAHOM IpaHUIbl. YCTAHOBJIEH IVIABHBIM
YIEH aCUMMTOTHUKH aBTOMOJICIBHBIX PEIICHHH U JOKA3aHO, YTO KOA(DPHUIIUEHTHI
[JIJABHOTO  WIEHAa  AaCUMITOTUKM  HAXOOATCS M3  PELIEHUS  HEKOTOPOro
anredpanyeckoro ypaBHeHusi. CTporoe J0Ka3areabCTBO KOTOPOTO JI0 CHX IOp HE
Obp10 M3BecTHO. Ha ocHOBe 3THX (DaKTOB MPOBOMUTCS UYWCICHHAS PeaTU3aIivs
paccMaTpuBaeMbIX 3aJad M PEHICHUE MPEACTABIAECTCS B BU3yaJIU3UPOBAHHOU
dbopwme.
B maparpade 3.1 uzyudaercs cieayroiiee ypaBHEHHE, KOTOPOE CITYKUT

OCHOBaHHEM ISl MHOTHX (PU3UYECKHUX MPOIIECCOB
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f)() ’ uuxxR
0t
()
()"v
t
=2>€-
B>-0,,,,nkp m3ananasie YUCIOBEIE TAPAMETPHI, XapAKTEPU3YIOLINE

rIe

O, ()

HEJIMHEVHYIO Cpeny, oVyt(Cx
V-=:2rad0()(0,). <€
3anauva (14) onuckiBaeT npouecc peakiuu-auPdys3uu, TEmIonpoOBOIHOCTH,
TOMUTPOMMYECKON (PUIBTPALIUH KMAKOCTU U Ta3a B HelMHelHoi cpene mpu ()t uP
HaJIMYUU ITOITIOLIEHUS, MOLIHOCTh nonyssinuu tuna OKIIIL.

KOTOPOTO paBHA OHMOJIOTHYECKOM Y, 3a/1a4u



u = Ouim SIBIIIETCA

B oOmnactu, e V=u OypaBHeHUE (14)

BhIpOXKIatommumcs. Iloatomy wucciaenayrorcs o000meHHbIe peiieHus. bosbiine
3aTpyJlHEHUs] TPU YKUCICHHOM MOJCIMPOBAHUU TMPOIIECCa, OMUCHIBAEMOM
ypaBHeHuEeM (14), BbI3BaHBI TEM, YTO OOBIYHBIC YUCIICHHBIC CXEMbl HETPHUTOHBI
JUISl  WCCIIENOBAaHUS  BBIPOXKIAIOIIMXCA HEIUMHEHWHbIX 3amad. lloatomy miid
YUCJIEHHOTO PpEIICHWS 3aJa4d W BU3yaJM3allud IIpollecca, OIMHCHIBAEMOM
ypaBHenueM (14), mnpemnaraercs, cHayajga H3YyYUTh KAuyE€CTBEHHBIE CBOMCTBA
pelieHuii, Takue Kak [IoOaJbHAs  Pa3pelIMMOCTh, KOHEYHAs CKOPOCTH
pacrnpoCTpaHeHUs: BO3MYLIECHUM, JIOKadu3alus PEUICHUs, aCUMIITOTHKA PELICHUS,
MOBEJIEHUE CBOOOJHON TpaHUIBI B 3aBUCUMOCTH OT 3HAYCHHUM IMapaMeTpoB
ypaBHEHHSI W HadallbHOro pacmnpeaeneHus. Ilpu »TomM gokazaHa Tteopema o
100anbHOM pa3zpemumMocTh. st 3Toro BBOASTCS cienytonue GyHKIUN
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u t( ) — pelIeHne YPaBHEHUS kpm!
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Torpa 3amava (14), npu 10CTaTOYHO MaJIBIX JAHHBIX MIO0ATBLHO pa3penuma.
W3 31011 TEOpEMBI, PU U YACTHBIX 3HAYEHUSX YHUCIOBBIX IAPAMETPOB, BBITEKAIOT
BCE paHee U3BECTHBIC TEOPEMBI O 00aIbHOM pazpemuMocti (X.DymxuTa, A.A.
Camapckuii, C.I1. Kyparomos, A.I1. Muxaiinos, A.®. TeneeB, M. Apunos).

B  koHHe mIaBel  OPUBOAATCS  METOABI  YHMCIEHHOTO  pELICHMS
paccMarpuBaeMbIX 3ajad. [ YMCIEHHOM peanu3aluy MaTeMaTHYeCKOW MOJEIH
cxeMa [lucmena-Peudopna, koropast CBOMCTBEHHA AJI PELIEHUS TAKUX 3a]1a4
npoIieccoB peakuu-auddy3un ¢ TBOWHON HEMMHEHHOCTHIO ObLTA UCTIONB30BaHa |
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Hike npuBeneHbl PE3yabTaThl BHIUUCICHUN IS
mp====-2,25051Bmp====+2,25081P¢:
&n

=0 0.1 t=0.2 t=04 t=0.5

A A A A A

t=0 t=0.1 t=0.2 =04 t=0.5

B derBeproit maBe auccepraunu «YUHcCJIeHHOe W aCHUMIITOTHYECKOE
HCCJIeA0BAHUE CHUCTeMbl peakuuu-TuPdy3um ¢ IBOWHON HEJIMHENHOCTbHIO)»
NOJIyYeHbl yCloBUsA BO3HMKHOBeHUs sBieHus KCPB wu mnpocrpancTBeHHOM
JIOKaIu3aluu, Ui BBIPOXKAAIOMIMUXCS CUCTEM NapabOJMUYECKUX YpPaBHEHUU C
JIBYMsI HEJIMHEMHOCTSAMU IPU HAJIUYUU WCTOYHUKA U MOITIOLIEHUS U NEPEMEHHOMU
IUDIOTHOCTM B JIBYXKOMIIOHEHTHBIX  HEJIMHEMHBIX cpenax. Ha  ocHoBe
ABTOMOJIEJIPHOTO aHaJiM3a JI0Ka3aHbl TEOPEMBI O MIOOAIBHON Pa3pelIMMOCTH THUIA
Oymxuta. Panee, s MONMYIMHEHHOTO Cilydasi, TAaKOM pe3ysbTaT OblUI JI0Ka3aH CO
CTOPOHBI DcKobe10-Xeppepo.

[Ipennoxxen cmoco0, ¢ MOMOIIBI0 KOTOPOTO YCTAHOBJICH TIJIaBHBIN HJIEH
ACUMIITOTHUKM B CJydae MeEJJICHHOW M OblcTpoil auddy3un U 10Ka3aHO, YTO
K03 (DUITMEHTHI TTIABHOTO YJIEHA aCUMITOTUKHU HAXOJSATCS U3 PELICHUS] HEKOTOPOM
CUCTEMBI aJITeOpandeCcKuX YpaBHECHUH.

()0

Paccmotpum B o6nactu
NOtxtx R => Ecnenyromyo

47
BBIPOKTAFOIIYIOCS BBl HETMHEHHYIO TapaOoIMueCKyI0 3a1aqy C
HEOTHOPOJHOM IIJIOTHOCTHIO:
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nkppmi===+—-==teopema 10

B wactHoM ciryuae

0,2,30,1,2,
coniepkuT pesynbrar Eckobeno-Deppepo.

B nsaron miase nuccepraunu «KoHeyHast CKOPOCTh pacnpocTpaHeHu s
BO3MYILIICHUH U JIOKAJIU3ANUSA PEeIICHUH CHCTEM B3aUMHON peaKkiuu
auppy3un (kpocc nuddy3un)» 1t BRIpOXKAAIOIMIUXCS KpOCC napadoandeckon
CHUCTEMBI C IBOMHON HEJIMHEMHOCTBIO, C IIEPEMEHHON TIIOTHOCTHIO, C
KOHBEKTHBHBIM IIEPEHOCOM YCTAaHABIMBAIOTCS CIEAYIOIINE KaUeCTBEHHBIE
CBOMCTBA PEILICHUI: CYIIECTBOBAHUE ITI00AILHOIO PEILICHHUs, 3HAYECHNE

49
KPUTHYECKOM OSKCIOHEHThl Tumna ®Dymkura, noBeaeHHe ¢GpoHTa, KOHEYHAas
CKOpOCTh pacupocTpaHeHust Bo3myiieHuid (KCPB), acumnroTudyeckoe moBeicHNUE
pemeHNuii ¢ KOMIAKTHBIM HOCHUTEJIEM, TIOBEICHHE CBOOOMHOW TpaHUIBI W
HCYC3AIONMMX Ha OCCKOHEYHOCTH PEIICHUH aBTOMOJICIbHOW CHCTEMBbI B
3aBUCHUMOCTH OT 3HAUYCHHS YHMCJIOBBIX IapaMeTpoB. PemieHa miaBHas mpoOnema —
BBIOOp HAYAJIBHOTO MPUONMKEHUsS IS WTepalMoHHOro mpoiecca. IlokazaHa
OBICTpasi CXOAUMOCTh UTEPALIMOHHOTO MPOIIeCcCa MPU YUCIEHHBIX SKCIIEPUMEHTAX.
PaccMoTpum ciieayoly0 MaTeMaru4ecKyl0 MOJIeNIb CHUCTEMBbI B3aWUMHOM
peakuu-nuddy3un, ONUCHIBAEMON CIEIYIONIEH CUCTEMON mapaboiIrmuecKux
YPaBHEHHUI BBIPOXKIAIOIIETOCS THIIA
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OtmeruMm, yto HainenHoe pemeHue (19) obnamaer cpoiicteom KCPB u
MOXKET WCTOJB30BaThCA TIPU JOKA3aTeIhCTBE II00ATBHON Pa3pelmmMOCTH |
HEpa3pEeUIMMOCTA HE TOJIbKO 3aiauu Ko HO M Apyrux 3ajad ¢ HEJIUHEHHBIMHU
TPAaHUYHBIMU YCIOBUSIMH.

B mmaBe V uccnenosana takke aCUMITOTHUKA PEIIEHUN aBTOMOJIEIIbHOU
CUCTEMBI 7151 (DyHKIIAN CHUCTEMY
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Teopema 11. ITycTs 0000IICHHOTO PELICHHS
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[Ipy yucieHHOM pEIlIeHUU 33/a4d ypaBHEHHUE aNMNPOKCUMHUPYETCS HA CETKE
UCTIONIb3YSl HEABHYIO CXEMy TIEPEMEHHBIX HalpaBiIeHU (JJI1 MHOTOMEpPHOTO
ciaydas) B COYETaHMHM C METoJoM Oayanca. lMTepallioHHBIE MPOIECCHl OBLIN
IIOCTPOECHBI Ha OCHOBe Meroaa llukapa, HproToHa u crenquaibHOW METOJE.
Pesynbrarel  BBIYMCIWATENBHBIX ~ SKCIEPUMEHTOB  IOKAa3bIBAKOT, UYTO  BCE
HIePEUYHCIICHHBIC UTEPAIIMOHHBIC METOIbI A((DEKTUBHBI IS PEIICHUS HEIIMHEHHBIX
3a71a4 W MPUBOJIUT K HENMHEHHBIM 3¢ deKTaM, €ciau Mbl OyJeM HCIIOJIb30BaTh B
Ka4eCTBE HA4YaJbHOTO MPHUOIMIKEHUS] PELICHUS] aBTOMOJCIbHBIE  PEIICHUS
MIOCTPOEHHBIX MO METOJY HEJIMHEWHOTO PACHICIUICHUS U METOJIOM CTaHIAPTHBIX
ypaBHeHui. Huxe npuBeAeHbl pe3ysbTrarbl BBIYUCICHUW UL Pa3JIMYHBIX
3HAUCHMSIX apaMETPOB:
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SAKVIFOYEHUE

ITo Teme nokropckoit auccepraunn «MaremMarnueckoe MOIEIIUPOBAHHE
cucteM peakuuu-audpdy3un ¢ IBOMHON HETMHEWHOCTHIOY MPEIACTABICHbI
CJIIEAYIOLIUE BBIBOJBI:

1. Ilpm pemenun 3agady HEIUHEHHOW Moaenu peakuuu-auddysuu,
buiabTpaluy, TEIUIONPOBOJHOCTH, KaK B OJHOPOJHOM, TaKk MU B HEOAHOPOIHOMN
cpene, Ha OCHOBE TEOPETUUECKOTO MCCIEIOBAHUS IIyTEM ABTOMOAEIBHOIO aHAIN3a
Y TPUHIMIIA CPABHEHMS, AHAJIN3a NPUMEHEHHUS BBIYMCIMTENBHBIX AJTOPUTMOB H
KOMIUJIEKCOB MPOTpamMM  BBIJICJEHBI CBOEOOpa3HbIE CBOWCTBA M  OIPEAEICHO
JaJbHEWIIee pa3BUTHE UCCIEAOBAHUN.

2. llpennoxxeHHble MeTOAbI caykar [ u3ydeHus cBorictB KCPB wu
JOKaNu3aluMy pEeUlIeHUsT HEeIMHEHHOW Mopaenu peakuuu-iud@y3uu ¢ ABOMHOM
HEJIMHEUHOCTBIO JUIA CpeX C IEPEMEHHOM IUIOTHOCTBIO IIyTEM IOCTPOCHUS
peuieHus tuna 3enbaoBuya-bapenOnarra.

3. Ilokazano, uto cBoiictBo KCPB u nokanuzainuu nposiBisitoTcs B
JNBWKYILIEHUCS HETMHENHOW CPEE, CKOPOCTh KOTOPOU 3aBUCUT OT BpemeHu. 4. [lns
HEJIMHEWHOM Mozienu peakiuu-1uddy3uu B cpefax ¢ IOIIOMEHUEM HITU
HCTOYHHUKOM O0YyCIJIaBIMBAET BO3HUKHOBEHHE JIOKAIM30BaHHOM BOJIHOBOM

CTPYKTYPBHL.
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5. O6ocHoBeIBaeTcst ymectHoctH cBoiicTB KCPB u mpoctpaHcTBeHHOM
JOKamu3aluyu i1 MaTeMaTH4YeCKOM MOJeNu CHUCTeM peakuuu-auddysuu ¢
JIBOVMHOMN HEJIMHEMHOCTBIO U C MIEPEMEHHOM IIJIOTHOCTBIO.

6. OGOCHOBBIBAETCSI yMECTHOCTH CBOMCTB blow up i pereHuii CUCTEMBI
ABTOMOJICTIbHBIX YPaBHEHUM peakiuu-1u¢dy3un ¢ TBOMHON HETMHEHHOCTBIO. 7.
Crtpoutcst acCHMITOTHKA OOOOIIEHHBIX PEIICHUN C KOMITAKTHBIM HOCHUTEJIEM U
MCYE3a0IINX HA OECKOHEYHOCTH PELIEHNU aBTOMOENIbHBIX YPABHEHHUI WU
CHCTEM C JIBOMHON HEJIMHEUHOCTBIO.

8. JlokaspiBaeTcs TioOaibHAs pa3pelIMMOCTh TaKWX 3a4ad Il CHUCTEM
peakiuu-1uPdy3un ¢ ABOMHOW  HEIMHEMHOCTHIO C  UCTOYHUKOM  WIIH
MOITIOIICHHUEM.

9. Ilpu nony4eHUN KPUTUYECKON IKCIIOHEHTHI JJIS1 TPOLIECCOB PEAKLIUU
muddy3un ¢ TBONHON HEITMHEMHOCTHIO C ICTOYHUKOM WJTU TIOTJIOMICHUEM U
KOHBEKTHUBHBIM IIEPEHOCOM MPHUMEHSETCS YHUBEPCAIBHBIN AJITOPUTM.

10. TlocTposiTca pemieHus Tumna 3eibaoBu4a-bapeHOnarra s HETUHEHHOM



Kpocc cucrembl co cBorcTBOM KCPB u mpoCTpaHCTBEHHOHM JIOKalW3alUU
pelIeHus.

11. Pa3paboTaHHbBIi KOMILIEKC MPOrpaMM JaeT BO3MOXKHOCTh OCYIIIECTBUTh
KOMITBIOTEPHOE MOJCIIMPOBAHKE JJIs1 U3YUYCHUSI HA OCHOBE KAaYECTBEHHBIX CBOMCTB
HEJIMHEHHOM MaTeMaTH4eCcKON MOJIEJIM CUCTEM peakiuu-auddy3uu.

12. Pa3paboraHHblE BBIYUCIUTEIBHBIE CXEMbl, AJTOPUTMBl U KOMILICKCHI
OporpaMm i PELIEHUs CHUCTEMbl NapabONMYEeCKUX YpaBHEHUN C JBOWHOMU
HEJIMHEMHOCTHIO JIAIOT BBICOKYH) MPOU3BOJUTEIBHOCTh HPU HU3YYEHUH TEOPUU U
IIPOLIECCOB YHUCIICHHOIO PELICHUS TaKUX 3a]1a4.
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INTRODUCTION (abstract of doctoral dissertation)

The urgency and relevance of the theme of dissertation. Today in the
world practice of the the natural sciences the development of methods of
efficiency of the reaction-diffusion processes control system, study of nonlinear
mathematical models is considered one of the most urgent tasks. According to the
Elsevier information base the scientific works of scientists around the world
devoted to the study of nonlinear reaction-diffusion equation, as the Cauchy
problem and boundary-value problems to this equation and their practical
applications.

In the Republic of Uzbekistan conducted extensive works on the effective
organization of events dedicated to the development of automated systems for the
computer visualization of diffusion processes, mathematical modeling of diffusion
processes described by nonlinear equations with double nonlinearity in a
heterogeneous environment. At the same time, carried out a series of research
projects dedicated to the improvement of research methods and visualization of
non-linear process, the creation of automated production systems, which play an
important role in the study of mathematical models of nonlinear processes.

Currently, in the world a number of fundamental problems require



mathematical modeling of nonlinear processes, the improvement of the methods
and visualization tools, and applying to the practice of obtaining important results
of the reaction-diffusion problems with double nonlinearity. At present, the study
of equations with double non-linearity and practical application, conducting
targeted research on the following areas is considered one of the most important
tasks: the development of imaging methods in the study of nonlinear models;
creating software systems that help the study of nonlinear processes; creating
technology of computational experiment, monitoring the evolution over time of the
process, the establishment of a computerized system of determining the properties
of which depend on the parameters of the dynamics of change. Research carried
out on the above areas of research, indicate the relevance of the topic of this thesis.

Research of this thesis, to a certain extent, serve to implement the objectives
of all legal acts on this activity, the decree of the President on March 21, 2012 Ne
PP-1730 «On measures for further implementation and development of modern
information and communication technologies», dated December 15, 2010 Ne
PP-1442 «On the priorities of industrial development of Uzbekistan in
2011-2015», Resolution of the Cabinet of Ministers dated February 1, 2012 Ne 24
«On measures to create conditions for further development of computerization and
information and communication field of technology», as well as other legal
documents adopted in this area.

Relevant research priority areas of science and technology of the
republic. This study was performed according to the priority directions of
development of science and technology of the Republic IV. «Development of
information and information and communication technologies.»
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A review of international research on the topic of the dissertation’.
Extensive scientific research aimed to the numerical solution of nonlinear
problems, the study of the existence of global Fujita types of solutions for different
nonlinear problems, the phenomen of finite propagation speed of temperature
disturbations (FPSP), the study of qualitative properties of self-similar solutions,
the space and the effective localization of unbounded solutions (blow-up),
evaluation solutions and the free boundary in a variety of functional spaces are the
subject of research of many foreign scientific centers. In particular, in North
Carolina, Berkeley, California State University (USA), Tokyo, Osaka, Nagoya,
Fukuoka University (Japan), Autonomous University of Madrid (Spain), Tel Aviv
University (Israel), Chongqing, Changchun University (China) , Paris mathematics
Center (France), Mathematical Institute of Leiden (The Netherlands), Technical
University of Budapest (Hungary), Institute of Applied Mathematics, Moscow
State University (Russia), Georgian Mathematical Institute and Institute of
Applied Mathematics, Bulgarian Institute of Mathematics and Computing
Mathematics, in the Donetsk Institute of Mathematics and Mechanics (Ukraine), in
National University of Uzbekistan, Samarkand State University, Urgench State
University,in the Center of software development at the Tashkent University of
Information Technologies(Uzbekistan).
As a result of research in the world, related definition of new properties
associated with non-linear differential equations and systems of equations,
numerical solution and improvement of methods of visualization were obtained a



number of scientific results, such as the algorithm estimates of solutions of
reaction-diffusion process modeling tasks with double nonlinearity in different
spaces (North Carolina, California State University), it is proved the existence of
global solutions of problems with double nonlinearity type H.Fujita (Tokio
University), was classified the properties of the functions corresponding to the
unrestricted solutions of the problems with double nonlinearity (Institute of
Applied Mathematics of Russian Academy of Sciences), built the critical exponent
for semilinear systems (Autonomous University of Madrid), built solutions using
the self-similar method, was studied the properties of non-linear problems
(Chongqing, Changchun University).

The global research in modeling of nonlinear processes for numerical and
analytical study of partial differential equations of parabolic type, the development
of methods and visualization tools, conducting research on the following priority
areas such as: proof of the existence of global Fujita types of solutions for
nonlinear problems; definition of finite speed of propagation of disturbances; study
the asymptotic behavior of solutions of self-similar solutions; finding the spatial
localization for unlimited (blow-up) decisions; assessment decisions and the free
boundary in a variety of functional spaces; improving methods for the numerical
solution of nonlinear problems and the development of software for the
visualization of the nonlinear process.

1
= Review of foreign scientific research on the topic of the thesis is based on: Department of Physics, University

of California, Berkly, California 94720, USA, Department of Aerospace Engineering, Department of Energy
Engineering and Science, Nagoya University, Nagoya, Japan and others.
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The comments of international scientific and researches by the topic of
dissertation. The existence of global solutions as the type of Fujita for various
nonlinear problems nonlinear issues, and the limitance of speed in distribution of
temperature, qualitative properties of avtomodel solutions, the spatial localizations
of unlimited (blow-up) solutions, the solution and estimations of free boundary in
different functional spaces, world's leading scientific research centers and higher
education institutions, including North Carolina, Berkeley, California State
University (USA), Tokyo, Osaka, Nagoya, Fukuoka, Saga University (Japan), the
Autonomous University of Madrid (Spain), Tel Aviv University (Israel),
Chongqging, Changchun University (China), Paris mathematics Center,
Mathematical Institute of leider (the Netherlands), the Technical University of
Budapest (Hungary), the Russian Academy of Sciences Institute of Applied
mathematics, Moscow state University (Russia), Georgia Institute of mathematics
and Applied mathematics, Bulgaria, mathematics and computing mathematics
Institute, the Institute of mathematics and Mechanics of Donetsk (Ukraine), the
National University of Uzbekistan Uzbekistan, Samarkand state University,
Urgench state University and research centers (Uzbekistan) has aimed for the
numerical solutions of the nonlinear problems in different spatial localization, and
functional spaces.

According to the results of scientific researches by solving the nonlinear
differential equations and defining a new properties, numerical solutions and in
improving methods of their visualizations has received more scientific results
including the following results: has built estimations of the solutions of of



nonlinear problems(North Carolina, and California State University), has proved
the existance of the solutions in the type of Masahisa Fijita(Nagoya University),
has made an classifications of accorting to the unlimited solutions of nonlinear
problems(the Russian Academy of Sciences Institute of Applied mathematics), has
built an critical exponential for semi-linear systems(Autonomous University of
Madrid), in study the properties of nonlinear problems to build the solutions by
using the method of self-similaring(Chongqing, Changchun University) their
scientific works is a symbol of effectiveness of the studying field.

According to the development of mathematical models of nonlinear
problems, methods and visualization tools, covering the achievements of modern
information technologies, is conducted research on the following priority areas
such as: proof of the existence of global Fujita types of solutions for nonlinear
problems; definition of finite speed of propagation of disturbances; study the
asymptotic behavior of solutions of self-similar solutions; finding the spatial
localization for unlimited (blow-up) decisions; assessment decisions and the free
boundary in a variety of functional spaces; improving methods for the numerical
solution of nonlinear problems and the development of software for the
visualization of the nonlinear process.

The degree of study of the problem. Nonlinear heat diffusion, filtration
speed of diffusion models for the spatial localization properties and limited heat
dissipation Zeldovich-Barenblat types of solutions are studied by scientists
Martinson and Pavlov. At the same time, has been paid attention to study various
properties on nonlinear mathematical models, to prove them for new mathematical
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models and to study their different new properties. In addition, the study of
mathematical models used in many areas of common nonlinear effects and non
linear equation has been found.

The next 20 years, many published scientific works which declared by
nonlinear problems demonstrated that the interests to this area becames very hight.
For instance, the researches, dedicated to the existence of global solutions type of
Fujita, provided in the University of Tokyo (H.Fujita XYChen H.Matano
M.Mimura), Nagoya University (M.Sugimoto), Osaka University (Y.Naito), in the
University of North Carolina (CV Pao, WHRuan), California State University
(LACaftarelli A.Friedman B.Mcleod); Lp-Laplace equation and the PME, the total
cases, as well as the critical exponents were studed in the Autonomous University
of Madrid (headed by Vazquez school), AXENS University (Germany) (M.
Winkler), Politecnico di Milano (G. Grillo, M . Muratori), the majority of
universities in China, including Chongqing, Changchun University (J.Wu J.Yin
H.Li J.Zao P.Zeng C.Mu D.Li Sh.Zhou MXWang CHXie); on linear systems at
Complutense University (Spanish) (M.Escobedo M.A.Herrero M.Fila), Tel Aviv
University (H.A.Levine S.Kamin); on nonlinear parabolic issues for the study of
the conditions existing in the different functional space solution with installation
and solution assessment at Paris Mathematics Center (G.L.Leons and students);
the study of the properties of new nonlinear mathematical modellarnig quality at
Russian Academy of Sciences and the Institute of Applied Mathematics, Moscow
State University (A. P. Mikhaylov, V. A. Galaktionov, E. Kurkina), Bulgaria,
mathematics and computing at the Institute of Mathematics (S.N.Dimova,



M.S.Kosteshiev M.J.Koleva) is conducted a wide range of scientific research.

Nonlinear equations and the study of the processes associated with them,
including Kortveg de Friz-type equations of new methods of studying the
properties of Urgench State University, mathematician A.Xasanov G.Urazboev
proposed by A.Yaxshimuratovlar and analytical theory was created for this
purpose; N.Muxitdinov A. Begmatov B. Xujayarov I. Alimov, I. Thrashed
scientific research, oil, gas and liquid to study the issues and nonlinear filtration
method chiziglashtirish of the issues to address; M. Ward and his disciples
(T.Kayumov D.Eshmetov A.Xaydarov J.Muxammadiev Sh.Settiev Sh.Sadullaeva
A.Matyakubov Z.Raxmanov D.Muxammadieva) nonlinear avtomodel approach
based on various issues solutions of nonlinear mathematical models of new
features, as well as generalized Emden-fault-type equations and systems solutions
asimptotikasi studied. These complex issues in the form of research, ie leads to a
parabolic equation in different environments (varying density and conductivity of
the environment with the capacity to move convective cases) for nonlinear
systems, scientific research had not seen enough.

Communication of the theme of dissertation with the scientific-research
works of higher educational institution, which is the dissertation conducted in.
The dissertation research was carried out according to the approach plan of
researche works of Tashkent University of Information Technology in the
framework of the grant projects: OT-F1-125 «Expressed Klein-Gordon-type
reaction-diffusion systems with non-linear processes, visualization, and computer
modeling» (2009-2011), YoF 4-10 «Kolmogorov-Fisher type of modeling
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biological systems of the population» (2013-2014), ITD 5-44 «Kolmogorov-Fisher
population depends on the type of biological systems modeling» (2015-2017). The
aim of research work is consists of mathematical modeling of reaction-diffusion,
heat conductivity, luquids and gas distribution, filtration processes described
degenerate parabolic equations and systems of equations with double nonlinearity
with the influence of the source and absorption. The tasks of researche work:

substantiate existence of a finite speed of propagation of the disturbance and
spatial localization within the framework of the mathematical model of reaction
diffusion systems with double nonlinearity and with variable density;

to build a global solution of the Cauchy problem for a model reaction
diffusion equation with double non-linearity with a source or absorption; to define
the asymptotic behavior of blow-up solutions of the solutions of double nonlinear
reaction-diffusion equations and systems;

to establish the asymptotic behavior of generalized solutions with compact
support self-similar equations and systems with double nonlinearity; to develop an
algorithm determining the critical exponent for the values of the equation and
reaction-diffusion system with double non-linearity to the source or absorption and
convective transfer;

to construct a solution of Zeldovich-Barenblatt type of mutual diffusion
system with double nonlinearity with a source and convective transfer and prove
properties of finite speed of speed of distribution of disturbations and spatial
localization,;

based on the properties studied nonlinear mathematical models to build an



iterative process that lead to the rapid convergence of the iterative process. Develop
methods for solving numerical modeling of one or some nonlinear mathematical
models of nonlinear influence of external factors and the nonlinearity of the
medium (variable density, conductivity of media, the convective transfer, etc.);

develop software and conduct a computational experiment to visually
explore nonlinear processes are described by a degenerate parabolic equation
systems.

The object of the research work are nonlinear processes, reaction-diffusion
systems in one- and two-component media.

The subject of the research work are researching new qualitative
properties of nonlinear problems with double nonlinearity taking into account
external factors and their influence on the studied nonlinear processes and the
construction of the theoretical aspects of the use of models in practice, in particular
in the study of the propagation of disturbations in heat transfer problems, liquid
filtration and gas diffusion in single and two-component media, biological
population described degenerate equations with double nonlinearity systems under
the influence of the nonlinear source or absorption, convective transfer, variable
density and numerical methods, computational algorithms for computer modeling
of the studied processes based on them.

Methoda of research work. On thesis is used avtomodel methods,
principles of comparable solutions, the solutions in the evaluation and numerical
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methods and computing experiment methods.

Scientific novelty of the research work is as follows:

the properties of finite speed of distribution of the disturbance and spatial
localization, proof of the asymptotic behavior of blow-up solutions of reaction
diffusion systems with double nonlinearity and with variable density have been
studied;

global solvability of the Cauchy problem for a model reaction-diffusion
equation with double non-linearity to the source or absorption have been proven;
the estimates of the solution, and the front and for the class of systems of equations
with double nonlinearity parabolic, asymptotic expressions of generalized
solutions with compact support for degenerate nonlinear self-similar equations and
systems have been produced;

the solution of type Zeldovich-Barenblatt to the mutual diffusion system
with double nonlinearity with a source and convective transfer have been found,
the properties of finite speed of distribution of disturbations and spatial localization
are shown and an algorithm for determining the value of the critical exponent have
been developed;

on based of the properties studied nonlinear mathematical models, have been
built an iterative process that converges quickly;

nonlinear problem for a system or a degenerate parabolic equation with
double non-linearity, take into account external factors and properties of the
medium (variable density, medium conductivity, convective transfer, etc.) has
numerically solved.

Practical results of the research work are as follows:

on the basis of qualitative studies of the properties of solutions, developed



programs that allows the study of nonlinear processes visually, described by the
system of nonlinear degenerate parabolic equation;

programs based on these computer experiment performed, allowing to
observe the evolution in time of the process, depending on the numerical values of
the parameters.

The reliability of the results of the research work. The reliability of the
results of the research is justified by evidence and results numerically and
confirmed by computational experiment. The numerical analysis of the solutions
obtained using estimates of solutions and this is confirmed by the statement of
correctness of computer-based methods the self-analysis, reference equations and
the methods proposed in the thesis.

Theoretical and practical significance of the study. The scientific
significance of the results of the study lies in the fact that in dealing with similar
problems can be applied to the properties of blow-up, global existence
razreschimosti Cauchy problem for nonlinear mathematical models, as well as the
results can be applied in the study of non-linear diffusion problems in one- and
two-component media, tasks biological population of Kolmogorov-Fischer
combustion theory, filtration and liquid gas in heat transfer problems.

The practical significance of the results obtained in the thesis is that the
proposed methods and the program can be used in conducting the computational
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experiment for solving nonlinear processes of filtration, heat conductivity,
diffusion in a nonlinear medium, groundwater movement.

Implementation of the research results. The results of the dissertation and
the methods applied in practice in the following areas:

The estimates for a global solution to reaction-diffusion equation with
double non-linearity used in the project DMS-1401316 (certificate of «California
State University», October 10, 2016 year) for the construction of a global solution
to nonlinear problems. Application of scientific results were in determining the
properties of solutions of nonlinear processes with double nonlinearity;

solutions of reaction-diffusion systems with double nonlinearity for the
Korteweg-de Vries equation with a source in the project OT- ®1-002 «Direct and
inverse spectral problem for a quadratic pencil of Sturm-Liouville» used to
construct the solutions of nonlinear equations and systems, the determination of
their properties (act of Committee for coordination of science and technology
OTK-03-13/744, November 3, 2016 year). Application of research results enables
us to prove the existence of global solutions of the Cauchy problem;

method of nonlinear splitting, sweep method for nonlinear filtering
problems, model and solution algorithm used in the project ®A-D4-D042
«Development and research of hydrodynamic model of an inhomogeneous liquid
filtration 1n a porous medium» used for mathematical modeling of nonlinear
processes of constructing their solutions and to study their properties of the (act of
Ministry of development of information technologies and communications of the
Republic of Uzbekistan, 33-8/6160, November 10, 2016 year). Application of
scientific results the ultimate speed of propagation of disturbances, spatial
localization allows to solve problems filtering inhomogeneous liquid in a porous



medium, including the study of filtration of suspensions with mudding and
suffusion.

Approbation of the research results. According to the research, 36
scientific-technical, including 19 international conferences has discussed: «Current
state and ways of development of information technologies» (Tashkent, 2008)
«Integral Equation-2009» (Kyiv, 2009), «Modern Problems of Gas and Wave
Dynamics» (Moscow, 2009), «Computational Technologies and Mathematical
Modeling» (Tashkent 2009), «Control and Optimization in Dynamical Systems -
cODS-2009» (Tashkent, 2009), «Actual problems of applied mathematics and
information Technology - Al Khwarizmi 2009» (Tashkent, 2009), «Limit theorems
of probability theory and their applications» (Tashkent, 2011), «Progress in
Analysis and its Applications» (London, 2009), «the IV congress of the Turkish
World Mathematical Society» (Baku, 2011), «the Vth World congress of
Engineering and Technology, WCET-2012» (Almaty, 2012), «Actual problems of
mathematical analysis» (Urgench, 2012), «Intelligent systems for industrial
automation, WCIS-2012» (Tashkent, 2012), «Recent developments in applied
mathematics and information technology - Al-Khwarizmi 2012» ( Tashkent,
2012), «Modern problems of differential equations and their applications»
(Tashkent, 2013), «Amal math wa Akhborot havfsizligi» (Tashkent, 2014), The
Vth Congress of Turkish World Mathematicians (Bishkek, 2014), an international
seminar prof. Sugimoto Mitsuru (Nagoya University, Japan, 2013), The
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International Congress of Mathematicians (Seoul, 2014), «Recent developments in
applied mathematics and information technology - Al-Khwarizmi in 2014»
(Tashkent, 2014), «Non-classical equations of physics and their applications»
(Tashkent, 2014), «Radio engineering, telecommunications and Information
Technologies: problems and future development» (Tashkent, 2015)
«Computational and informational technologies in science, engineering and
education» (Almaty, 2015).

Publication of the research results. According to the thesis topic published
only 36 papers. From the 14 journal articles, including 6 foreign, 8 in national
journals recommended by the Higher Attestation Commission of the Republic of
Uzbekistan for the publication of basic scientific results of doctoral theses.

The structure and volume of the thesis. Structure of the thesis consists of an
introduction, five chapters, conclusion, list of references, applications. The volume
of dissertation is 197 pages.

THE MAIN CONTENT OF THE RESEARCH WORK

In the introduction is proved the urgency and a demand of a theme of the
dissertation, conformity of research to priority directions of development of a
science and technologies of republic is defined, are resulted the review of foreign
scientific researches on a theme of the dissertation and degree of a level of scrutiny
of a problem, formulated the purpose and problems, the object and an object of
research are revealed, scientific novelty and practical results of research are stated,
is opened theoretical and practical value of the results received, data on
introduction of results of research, works published and are given dissertation



structure.

The first chapter of dissertation titled «Properties of mathematic models
which described with double nonlinear equations» carried out the common view
of mathematical models for double nonlinear spoiled parabolic equations and the
effectivity of the final speed of distrubuion of wave, spatial localisation of the
solutions, asymptotics of the solutions with the compact carrier in case of slow and
fast diffusion and has given the conditions of calculations.

In addition, changing the density of the convective movements, nonlinear
heat transfer, diffusion, liquid and gas filtration, the movement of underground
waters will be the impact of evolutionary processes.

The following problem of Cauchy
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qn
P P x x x x = =in volatile dencity media. (1) equation includes the ,,( ), ()

equations of the following cases, slow (k pm(2)10-+-> ), fast
diffusion

diffuzion por((i)}ls u=0orV=u 0 then, (1)
(kpm( 2)10-+-x< ), media . equation

p-Laplasian (pl==2,1).1f in some

(mkl===1,1)andin filed were

will have the voidable property and it will changed into linear equations. In these
cases differencils of the fuctions will have interrupts that’s why (1) equation may
not have solutions in classical maining. In these cases will searched and studied
weak (common) solutions for (1) equation.



The first time B. Zeldovich and A. Kampaneyts having considered a
problem about an instant source for nonlinear the heat conductivity equation (in (1)

aplxx====2,1,()() 1 p p) have constructed the generalized solution

possessing property of final speed utx(,)0,=
distribution of indignation (FSPD):
|| ()xlt=, here Cthat does not take (
0()(0,), <€ [t placein a linear casep = 2,
k=1, m=0). 21PP()()1xx==and
’ »P () 1 x =studied Teddeev A. F and its
Property FSPD for problem Cauchy in  pupils [2004-2013]
that specific case when in (1)

if

kil==1,
which a method excellent, from here offered by us, have received conditions on
numerical parametres and when ou x( )which takes place FSPD and

destruction for final time (SDFT). solution

Later in 2014 this problem has considered in in the specific values of
numerical parametres by G. Grilloand k/p===1,21n

M. Muratori, the case »
L —norm and have established the estimations for generalised solution. On thesis

will be found solutions in type of Zeldovich-Barenblatt for following problems the
basis on self-similarling approach:
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Teorem 1. If in (1) equation has performed these conditions
kpml(2)20—-++— aswellas
> n Np n<>,
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for the solution of the problem (1) - (2) we have the estimate

uxzx(t)Q.
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Teorem 2. If in (1) equation has performed these conditions
kpml(2)20-++—- aswellas
> n Np n<>,
(0,)(0,),"

uxzxxR=<eE

was available then problems will have a property of (SDFT).
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According to theorem 1 basis on the solution (3) has allowed to establish
property of spatial localisation of the solution of a problem (1), (2) as well at
influence of absorption and convective transferwhen speed depends on time has
shown in dissertation work. In particular, it is proved, that a condition of spatial

localisation is
t

<oV >
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(2)20,(),0,
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convective transfering.
where

v t( ) —speed vector of
We consider the following self-similar problems

TR VA

ddfdfdffféagg

SsS

1110
s

dddpdkpm
§ggga



1((2) 1)

fcfdd(O)O,()O,,=>=<°°ff'(0)0,()0,=°°=(5) (4)-(5) are

the compact supported solutions
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Satisfies integral equality which given above. The first time such kind of common
solutions has studied by B.H.Gilding, L.A.Pelletier, they had proved the existence
of compact supported solutions of (4)-(5) problem when s / = =1.

On thesis will be proved the following teorem for slowly diffusion

prosesses:
Take the following function
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Teorem 3. Let’skpm [ (2) 2 0 — + + — >, Then the compactly supported ( )

solutions of (4),(5) problem when was
(Drrn € a - « - ~“will be in the
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following asymptotical form
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The similar variable is 0
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then there is a spatial localization

At the end of the first chapter has given the calculation schedule of Kranic



Nicolson on the basis of suspention algorithm with volatile directions. There, has
used how to choose 1nitial iteration of process on numerical modellng, here
supported pthe properties of solutions which has considered on previos chapters.
The results of calculations shows that suggested initial iteration will include all the
properties of nonlinear mathematical models and shows the effectiveness of
suggested method.

In the second chapter called «The spatial localization and the ultimate
speed of propagation of the wave solutions of disturbations in the environment
with double nonlinearity» found the solution in the form of spatially localized
thermal waves when exposed to convective transport, the speed of which depends
on the time and absorption, as in the case of a single-component, so in the case of
two-component medium. It is shown that in these problems the combined effect of
volume absorption and convective heat transfer leads to the phenomenon of
stopping the temperature wave front. Found depth of wave propagation and
evaluation of the propagation velocity of the waves in the problem of biological
population Fisher-Kolmogorov-type with double nonlinearity. Properties wave
solutions for biological population model type Kolmogorov Fischer described the
Cauchy problem

The following
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Kolmogorov-Fisher-type biological population model for semilinear equation in
one dimention such as when by
Npm====1,2,1,1p(11) has studied
Kolmogorov-Petrovskiy-Piskunov. Usually as the wave solution we know
N
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this kind of solutions of (11) equation, here c-speed of wave. The unknown
function following self-similar equation

/(€ )will be found by solutions of the
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When

§§§§ pm===2_1,1 Bin the case of one
(13) dimention has shown the

existence of more solutions as the form of wave which subordinated the condition
0 1 < < uand spped of the spread was

mnCChnD2=2,

by R. Fisher.

Later Kolmogorov F. N., Petrovskiy I. G. And Piskunov N. S. have proved
that having the once solutions of (11) under the general conditons a nd this solution

will becoming in the form of (12) with i, ¢ ¢ = by (13) self-similar solution.
speed

Furthermore R. Fisher, Kolmogorov A.N., Petrovskiy I. G. And Piskunov N.
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for the case critical -model such as in (1)
when

values of time the x #( ) and parturbation. @)

o =speed of dt
—lengs of wave disribution ot
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velocity for a sufficiently long time,
Hence, in the particular case of the  will be equal to

equation ) = and this, ¢nD
p [ ==2, lwave propagation d x ¢
0)
2
0
dt

in turn, coincides with the result of the FKPP.
On the secont paragraph has founded in the form of localized thermal waves
for reaction-diffusion equation with convective transfer, absorption and the source
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It is shown that in these problems the combined effect of volume absorption
and convective heat transfer leads to a halt of the temperature wave front, if the

conditions
t
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ie wave solutions of the equation are spatially localized. Further it found that
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localization of thermal disturbations can occur even in the absence of convective
transport, and absorption, for example, in the case of the conditions

< ooV >
kpmlbydyt—++—-> I
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and when the thermal conductivity >
1"(Pmi'btuuu

-~ Vdepends explicitly on time.



It has been shown that the above properties hold also for systems with double
nonlinearity of the equations describing the processes of reaction-diffusion, heat
conductivity, filtration and other processes, and obtained the asymptotic behavior
of self-similar solutions. In particular, for a system
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under the joint influence of the volume of absorption and convective transfer found
the condition of the spatial localization of solutions and shows the asymptotic
behavior of the finite wave solutions.

Teorem 6. Suppose
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The third chapter of the dissertation titled «The properties of the
mathematical model of the reaction-diffusion processes with double non
linearity to the source or or absorption» proven global solvability of the Cauchy
problem for a degenerate parabolic equation with double non-linearity, with
absorption or source and convective transport, the speed of which depends on the
time. A new algorithm for finding the critical exponent type Fujita. The results are
fairly common, and include a previously known results of other authors in this
direction (H.Fujita, A.A.Samarsky, S.P.Kurdyumov, A.P.Mihaylov,
V.A.Galaktionov, M.Aripov). A condition in which there is a FSPD and spatial
localization solutions, such as an estimate for Kershner Knerr-free baundary.
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Established the principal term of the asymptotic behavior of self-similar solutions,
and proved that the main term of the asymptotic coefficients are found by solving
an algebraic equation. A strong proof of which still was not known. On the basis of
these facts carried out numerical realization of these problems and the solution is
presented in visualized form.

On paragraph 1 we study the following equation, which is the basis for many
of the physical processes
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parametres which describe the nonlinear
media, ()(0,).<€exy:C

V=().,grad.()0
Problem (14) describes the process of reaction-diffusion, heat conductivity,
polytropic filtration of liquid and gas in a nonlinear medium in the presence of ()¢

1P
absorption, which is equal to the power Y, the problem of biological
populations of type FKPP.
u = Qor degenerate. Therefore,
In the domain where V = u Oequation (14) is

we study the generalized solutions. Great difficulties in the numerical modeling of
the process described by equation (14), due to the fact that the usual numerical
schemes are not suitable for the study of degenerate nonlinear problems. Therefore,
for the numerical solution of the problem and the rendering process described by
equation (14), it is proposed to first examine the qualitative properties of the
solutions, such as the global solvability of the ultimate speed of propagation of
disturbances, localization solutions, asymptotic behavior of solutions, the behavior
of the free boundary, depending on the parameters of the equation of values and
basic distribution. This theorem on global solvability. To do this, the following
functions are introduced
We have included the following functions,
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Then the problem (14), for sufficiently small data globally solvable. From
this theorem, with particular values and numeric parameters, follow all previously
known theorem on global solvability (H.Fujita, A. Samara, SP Kurdyumov, AP
Mikhailov, AF Tedeyev, M. Aripov).

The chapter provides methods for the numerical solution of these problems.
For the numerical implementation of mathematical models of reaction-diffusion
typical for such tasks
processes with double non-linearity circuit of Pismen-Rachford was used, which is
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Below are the results of calculations for
the andmp====+2,2508,1B¢:
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The fourth chapter of the dissertation titled «Numerical and asymptotic
study of reaction-diffusion systems with double nonlinearity» conditions are
obtained FSPD occurrence of the phenomenon and the spatial localization for
degenerate parabolic systems of equations with two non-linearities in the presence
of the source and the absorption and variable density in the two-component
nonlinear media. On the basis of the self-analysis proved the theorem on global
solvability type Fujita. Previously, the semi-linear case, this result was proved by
the Escobedo-Herrero.

A method by which established the principal asymptotic term in the case of slow
and fast diffusion and proved that the main term of the asymptotic coefficients are

: : : : 0,
obtained by solving a system of algebraic equations {( , ) }

We will consider violation
NQ tx t x R = > Edensity of the

identified at the system of double nonlinear parabolic
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344 A > >0, 0Odepending on the numerical parameters of the system (15). From
Teorem 9 we will obtain the following values for critical exponets in Fijita type for
system (15)
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g?se +-=.30,1,2mp i+ — ==this special
3 case is called like
This result will give teorem of 3,1,2;

(resonans case ). In this case system (15) doesn’t reprecent the effects of FSPD and
it will has another characteristics.
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small values in Q area the solution of system equations (15) will had the following
estimations:

Cutx TefvixTef, () O OO,

"<+ <+

pePPE ¢

1212

() ()

OOep’ (Vy
fPewgg==-

X
p

()
()
SO "oy

= XX
pknp



1/9 ¢

00
Ttpkn
+ -+

nkppmi===+—-==Teorem 10

In the particular case of

0,2,30,1,2,,;
contains the result of Escobedo-Ferrero.

The fifth chapter of the dissertation titled «The finite speed of propagation
of disturbations and localization solutions mutual reaction-diffusion systems
(cross diffusion)» investigarted cross parabolic systems with double nonlinearity,
with variable density, convective transport following the qualitative properties of
the solutions set: the existence of a global solution, the critical Fujita exponent
type, edge behavior, the finite speed of propagation of disturbations (FSPD), the
asymptotic behavior of solutions with compact support, the behavior of the free
boundary and vanishing at infinity of solutions of the self system, depending on the
value of numerical parameters. Solved the main problem - the choice of the initial
approximation for the iterative process. It is shown that the rapid convergence of
the iterative process in numerical experiments.

Now consider the following mathematical model of the system of mutual
reaction-diffusion described by the following system of parabolic equations of
degenerate type
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On this capter will be found the solutins of Zeldovichh-Bareblatt type for the
system (18):
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and constants are determined from the system solutions
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Solution (19) has been FSPD property and it can be used at an establishment
of global resolvability and nonsolvability not only problem Cauchy but also for
other problems with nonlinear boundary conditions, too.

In chapter V also studied the asymptotic behavior of solutions of self-similar
system
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In the numerical solution of the problem can be approximated by the
equation on the grid using the unimplicit scheme of variables directions (the



multidimensional case) in conjunction with the balance method. Iterative processes
were built on the basis of the method of Picard, Newton, and a special method. The
results of computational experiments shows that all of these iterative methods are
effective for solving nonlinear problems and leads to nonlinear effects, if we use as
an initial approximation of the solution self-similar solutions constructed by the
method of nonlinear splitting and standard equations. Below are the results of
calculations for different values of the parameters:

Parameter values t=1 t=20 t=40
m
0.2,
m
0.2,
p
3.8
eps 10
=]
y.=>280,
Y.=>280
+0),time2(FRAME + 0) timel1(FRAM . timel(FRAME} +40),time2(FRAME + 40)
m +20),time2(FRAME + 20)
1.4,
m
1.4,
p
3
k=1,
eps 10
y.=>1.4290,
Y.=>14290




k=1,
eps 10

y,=>25810,
V.= > 0,968 0

+0),time2(FRAME + 0)

timel (FRAMH

timel (FRAM|
+20),time2(FRAME + 20)

timel (FRAMI +40),time2(FRAME + 40)
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timel(FRAME + 20),time2(FRAME + 20)

time1(FRAME + 40),time2(FRAME + 40)

timel(FRAME + 0),time2(FRAME + 0)

Parameter values

t=1

t=20

t=40

m

k=1,
eps 10

V.=>4,7370
V,=>34210

b
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timel(FRAME + 0),time2(FRAME + 0)

timel (FRAME + 20),time2(FRAME + 20)

timel (FRAME + 40),time2(FRAME + 40)




On the topic of the doctoral thesis «Mathematical modeling of reaction
diffusion systems with double nonlinearity» presented the following conclusions: 1.
In solving problems of nonlinear models of reaction-diffusion, filtering, heat
conductivity, as in homogeneous and in heterogeneous environments, based on the
theoretical study by the self-analysis and the comparison principle, the analysis of
the use of computational algorithms and software complexes isolated original
properties and defined the further development of research. 2. The proposed
methods are used to study the properties of FSPD and localization solutions of
nonlinear reaction-diffusion model with double nonlinearity for variable density
environments by constraction solutions of type Zeldovich-Barenblatt.

3. It is shown that the property FSPD and localization are shown in moving
nonlinear medium whose velocity depends on time.

4. For non-linear reaction-diffusion model in absorbing media or source
found occurrence of localized wave structure.

5. Established property FSPD and spatial localization of a mathematical
model of reaction-diffusion systems with double nonlinearity and with variable
density.

6. It has been shown that there is a blow up property for the solutions of a
system of self-reaction-diffusion equations with double nonlinearity. 7. Built
asymptotic behavior of generalized solutions with compact support and vanishing
at infinity of solutions of self-similar equations or systems with double
nonlinearity.

8. It is proved the global solvability of such problems for reaction-diffusion
systems with double nonlinearity with the source or absorption. 9. At the critical
exponent for the preparation of reaction-diffusion systems with double
nonlinearity with the source or absorption and convective transfer use a universal
algorithm.

10. A solution of type Zeldovich-Barenblatt for nonlinear systems with cross
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property FSPD and spatial localization solutions.

11. The developed programs allows you to carry out computer simulations to
study on the basis of the qualitative properties of nonlinear mathematical models of
reaction-diffusion systems.

12. The developed computational schemes, algorithms and programm for
solving a system of parabolic equations with double nonlinearity provide high
performance in the study of the theory and process of numerical solution of such
problems.
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