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KHWPHUII (IoKTOPJMK TUCCEPTANMACH AHHOTAIUSICH)

Juccepranusi MaB3yCHHHUHT 10J13ap0Juru Ba 3apypatu. byrynru kyHnaa
nyHé amanuéruna Tabumit annap coxacuaa peakuus-auddysus skapaéHiapuHu
OOIIKAPHUIIT TU3UMH CaMapaJOpJIMTHHA OIITUPHI YCYJUIAPUHU WMIUTa0 YUKApHIIIa
YU3UKCU3 MaTEeMaTUK MOJEIUIApUHM YpraHuml Joji3ap0 macajianapian Oupu
xucobOnanaau. Elsevier Ttaxjawimii Mapka3zu 0Oa3zacu MablymMoOTiapura Kypa
YU3UKCHU3 peakius-qudy3ust TeHrmamacu yayH Kyhuinaaurad Komm Macamacuau
YyerapaBuil IapTiapJa €YHIll Ba HATWKAJIApUHU aMaluéTra TaTOWK OJTHINIA
YU3UKCU3 (uUIbTpalss Ba OWOJIOTMK TOMyJsiuusara OaFWIUIaHraH JIyHE
OJIMMJIAPUHUHT WJIMHUH UIIUIAPU COHM MYHTa3aM paBHUIIAa omud O0pMOKIa.

V36exucton Pecriy6nukacnia Gup XMHCIH OyIMaran MyXHTIa MKKH Kappa
HOUM3HUKJIM TeHramanap OunaH udojananyBun auddy3us xapaCHIapUHU
MaTreMaTuK  MojeamTupuil, audgdy3uoH  Kapa€HJIapHU  KOMIIbIOTEp.Ia
BU3YAJUTAIITUPUILL YYYH aBTOMATJAIUITUPWITAH TU3UMIIAPUHM SIpaTUIITa OW/L
TaAOUpIApHU caMapalid TalIKWI KWJUII I03acHJaH KEHI KaMpOBJIM 4Opa-
TanOoupnap amanra ommpwinu. Iy Hykram Hazapaad, unuiad YUKAPUIITHUHT
HOYMBHUKJIM Kapa€HJIapHUHT MaTEMAaTHUK MOJCJUIApUHU YpraHUIljga MyXuUM
axamMHusATra 9ra apTOMATJIAIITUPWITAH TU3UMIIAPUHU  SpPATUII, HOYU3HKIH
*Kapa€HHU MOJCJUIAIITUPHUIN Ba BU3YAJIAIITUPUII YCYJUIAPUHU TaKOMUJUIAIITH-
pulra OaruilIaHTaH KaTop WIMUNA-TAIKUKOT UILIapU OJIM0 OOpUIMOKIA.

XO03Upru KyHJa »axoHJa KaTop (yHIaMeHTanl MyaMMoOJap HOYU3HUKIH
*KapaCHJIapHU MaTeMaTHUK MOJEIUIAIITUPHIIHN, BU3YAUTAIITUPHIN YCYJJIapy Ba
BOCUTAJIAPMHU TAKOMWUIAIITUPWINIIK,  MKKH Kappa HOYM3HUKIM pPEaKIus-
muddy3us Macananapu €YMMIIAPUHUHT MYXUM HaTWIKaJapUHU aMaaueéTra xOopui
STULUIMIIM OWIaH W30XJaHaau. XO3UPrM KyHJla HMKKH Kappa HOUYMU3UKIU
TEHrJIaMajlapHu YpraHuill Ba aMaauTérra TaJAOWK OJTUII 03acHIaH Kyuuaaru
HyHanuIIapaard WiMUN U3JaHUIUIAPHU aMajira OLIMPUII MyXUM Basudanap/aH
Oupu XucoOJlaHaW: YU3UKIW OYiamaraH MOJE/UIapHU YpraHuil HaTHXKacula
BU3yAUTAIITUPHUIN  yCYJUIApUHU UNUIa0 YUKUII; HOYM3UKIM >KapaéHJapHU
Vpranumra ¢&paam OepyBUM KOMIUIEKC JacTypjiap spaTUII;  XucoOJall
AKCIIEPUMEHTU YTKA3WIIl TEXHOJOTHSICHHU SIPATHIN, BaKT OYiin4ya SBOJIOIMOH
*KapaCHHM Ha30paT KWINII YCYJIWHH, TapaMeTpJapHUHT JWUHAMHK Y3TapuIlnra
OOFJIMK XOCCaJapWHHU AHWKJIAITHUHT KOMIBIOTEPJIAIITHPUITAH TU3UMUHU UIILIA0
YUKW, FOkopuia KEJITUPUITaH WIMUKA-TAJKUKOTIAP WYHAINIIUAA
Oaxapuia€TraH WIMHH HW3JIaHUILIAP Ma3Kyp JAHUCCEepTalds MaB3yCUHHUHT
J0JI3apOUTHA W30XJTa TN,

V36exucron PecnyGmukacu Ilpesunentununr 2012 iimn 21 mapriaaru
[1K-1730-corn «3amoHaBUli axOOPOT-KOMMYHHKAIUS TEXHOJIOTHSUIAPUHU SHAJA
KOPUU DTUIIl Ba PUBOXIIAHTHPHUII YOpa-Tamoupiapu Tyrpucuiantu, 2010 v
15 nexabpmarun  I1K-1442-con «VY36ekncTon PeciyGIMKAaCHHHUHT CAaHOATHHH
2011-2015 ¥winapia pUBOXKIAHTUPUIIHUHT YCTYBOp HYHANMIIAPU XAKUIA»TH
Kapopnapuna, VY30ekucton PecnyGmukacu — Basupiap MaxkaMacCUHUHT
2012 #mn 1 deBpanunarn 24-comnmm <«OKoinapia KOMIBbIOTEPIAIITHPHIT Ba
ax00pOT KOMMYHHUKaIIUS TEXHOJOTUSJIAPUHN OyH/IaH KEMMHIYM PUBOKIAHTUPHUILTA



HMIAPOUTIIAP SIPATUIL YUYH HOpa-TaaOupiap TYFpUCHIA»TH KApOpU Xamzia MaszKyp
daonusaTra TeruuuM Oapya MEbEPUN-XYKYKHH XyxoKariapaa Oenruianra
Bau(alapHi amaira OIIUpHINra ymly JAuccepTanus TaIKUKOTH MyaisH
Japakaaa Xu3MaT KHIaau.

TaagkMKOTHUHT pecny0/MKa (paH Ba TEXHOJOTHSJIAPH PHUBOKJIAHUILN-
HUHI YCTYBOP HyHaJuNLIapura OOFJIMKJIUIU. Maskyp TaIKUKOT peciyOinka
(aH Ba TEXHONOTHIAP PUBOAIIAHUIIMHUHT [V. «AxOGopoTiamTupuil Ba ax60poT-
KOMMYHHKAIMSI TEXHOJOTHSUIADUHU  PHUBOXJIAHTUPHUIIDY YCTYBOp HYHAIUIIN
noupacua Oaxkapuiras.

Jluccepranusi MaB3ycH 0ViiMya XOpHKHA HIMHA-TAIKHKOTIAp MAapxu’,

Wkxku Kappa HOUMBMKIM Macajanap yuyH Fujita Tunumpmaru rio6an
CUMMIIADHUHT MAaBXYMJIMTH, XapopaT TapKAJIMII TE3JIUTMHUHT YEeKJIWJINTH,
aBTOMOJIC]T CUMMJIAPDHMHT cHdar xoccajgapu, derapamranmaran (blow-up)
eYUMJIapHUHT (pa30BUH JIOKaIM3auusIcy, pyHKIHOHAN (pa3ojapja €4uM Ba IPKHUH
yerapa 0axocu, HOUM3MKJIM MacajalapHU COHJIM €YHINra WYHANTUPWITaH KEHT
KaMpOBJIM WJIMHN H3JaHUIIAP JKaXOHHUHI €TaKud WIMHN MapKasjiapu Ba OJUN
TabIUM Myaccacajapu, skymiagad, North Carolina, Berkely, California State
University (AKII), Tokyo, Osaka, Nagoya, Fukuoka University (SAnonus),
Autonomous University of Madrid (Ucnanusi), Tel Aviv University (Mcpoun),
Chongqing, Changchun University (Xwutoii), Paris Mathematics Center,
Mathematical Institute of Leiden (I'omnanmus), Technical University of Budapest
(Benrpust), Poccus ®@annap AxageMUSCHHMHI AMalluii MaTeMaTHUKa UHCTUTYTH,
MockBa paBnar ynuBepcutetn (Poccus), I'py3us maTemaTuka Ba amaidid
MareMaThKa WHCTUTYTH, bonrapus matemaTuka Ba XucoOyaml maTeMaTHKacu
uHCTUTYTH, JIOHEIIK MaTeMaTHKa Ba MEXaHUKa HHCTUTYTH (YKpanHa), Y36eKnucToH
Munnuii  yauBepcutetd, CamapKaHI [aBjiaT yHUBEPCHUTETH, YpraHd JaBiiar
YHHUBEpPCUTETH Ba TOIIKEHT axOOPOT TEXHOJIOTUSAJIAPU YHUBEPCUTETH Xy3ypuaaru
JacTypHil MaxcyJIoTJIap Ba amnmapaT-AacTypuil MaxMyalap sipaTHIl MapKas3iapuaa
(V36exucTon) 0nud GOpHIMOKIA.

Houmsukiu nuddepennman TeHrmamanap Ba TU3UMIAp OwWiaH OOFJIHK
Oyiaran XxoccajJlapHM aHUKJAIl YCyJJapu, COHJM €YUIl Ba BU3yaJIAIITHPHIL
yCYJUIApUHM TAKOMWIJIAIITUPHUILITA OUJl KaXOHJa oJuO OopwiiraH TaaKUKOTJIap
HaTIKacuJa KaTop, >KymJaJaH, KyHuJaru WIMHANA HaTWKajap OJIMHTAH: HKKHU
Kappajli HOYMBHMKIN peakuus-Tugdy3us sxkapa€HIapuHU  MOJCIUIAIITUPHIL
Macayiajapy edumiiapuHu Typau (aszosapaa 6axomnapu ommurad (North Carolina,
California State University), H. Fujita ukku kappa HOYMBUKIWIUK THUIHIATH
MacaJlaJJapHUHT 1J100a1 edruMiiapy MaBxyaaura ucootiaanran (Tokio University),
UKKU Kappa HOYM3MKJIM MacajaJapHUHT 4YerapajaHMaraH eyumjapura Xoc
GyHKUMsTIap Xoccalapu ypranuirad Ba kinaccuduxanusnanrad (Poccust ®annap
aKaJeMISICUHUHT AMalluii MaTeMaThKa WHCTUTYTH), SpPUM YHU3UKIW THU3UMIIAP
yUyH KpPUTHK SKCHOHEHTajnapu aHukjaHraH (Autonomous University of Madrid),
UKKUM Kappa HOYM3UKIUA peakuus-aud@ys3us macanajliapy XyCyCHUSITIApUHU

1 Muccepramus mas3ycu Gyiiuua xopwkuii wimuii-ragkukornap 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 6omika man6anap acocuzaa (GoigaaHAITaH.
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ypranumga aBTOMOAeN ycynuaaH ¢oiigananu6 ednmuap onuurad (Chongqing,
Changchun University).

JyHéna 4u3ukcu3 s>kapaHiIapHU MOCIUIAIITHUPUILIA MapabouK TUIIATH
muddepeHnran TeHIrIaMajJapHU COHJIU-aHAIMTUK YpraHuIl, XamJa BU3yaJulalll-
TUPHIL yCyJJIapy Ba BOCHUTAJIAPUHHM HIUIA0 YMKHUII OYinYa KaTop, >KymiadaH,
KyHuJaru ycTyBop WYHaNMILIapAa TaaKUKOTIAp OJUO OOpPWIMOKAA: HOYU3HKIH
Macananap yuyH Fujita Tunuaarud rimo6an edumiiap TONMUI; UCCUKIMK TapKaJIMII
TE3JIMTUHUHT  YCKJIWJIUTHMHU  TOIMWII;  aBTOMOJENT  CYMMJIAPDHU  TOIIWIIL;
yerapasianmarad (blow-up) ednmitapHuHr Ha30BUN JIOKATM3AIUSICUHN TOIIHUIIL;
Typau QyHKIMoHan ¢aszojap/ia €4uM Ba HPKUH uerapa OaxXOCHHU TOIUII;
HOYM3UKJIM MacajaJapHd COHJM €UYUII YCYJUIAPMHMA TaKOMWUIAIITHPUII Ba
HOUM3HUKIIU >Kapa€HHU BU3YAUIAIITUPUIN YYYH JACTypjap MaKMyacHUHU HIILIA0
YUKHUIII.

MyaMMOHHMHI YPraHwiIranJuk jaapaxacu. Houwmsukiaum Oynmaran
UCCUKJIMK TapKaium, Quibtpauusa auddy3us wmoaemiapu ydyH (a3oBui
JIOKAJUTAIIUII XOCCAaCH Ba YEKIW TE3JMKKa 9ra HCCUKIUK TapKaauil 3(Qextu
3enpaoBUY-bapeHOMAaTT TUOMAArM eyumiap acocuia ojaumiap MapTUHCOH Ba
[TaBnoB Tomonuaan ypranwiau. Ly naBpaH HOUM3HMKIM MAaTeMaTUK MOJIEILIAP
yCTH/Ia KEHI KaMpOBJIM H3JIaHMILIAP OJUO OOpHIl, yJIapHU SHTU Mypakkad
HOUM3HUKJIM MaTEeMaTHK MOJENJIap y4YyH MCOOT KWJIHIN Ba YJIAPHUHT TYpJIH SHTU
XOCCaJlapUHU YpraHWIll HWIUIapura Karra 3bTuOOp Kapatwinu. LllyHuHrzaexk,
ypranunaéTran MaTeMaTUK MOJCJUIApHUHT Ky — coxajapja yupaiaurax
HO3WYUKJIN kKapaCHlapaa KYJJIaHWIIA Ba YA3UKJIM TEHIJIaMajapra xoc OyimaraHn
aHrY 3G (eKTnapyu TOMUIIH.

Ketinaru 20 irina HOUM3UKIIM Macaiajap OVinda 3bJI0OH KUJIMHTaH KYyT1ad
uaMui uniap Oy coxara OYiraH KU3UKUIIHUHT FOKOPH SKaHJIUTHAAH JajoJiat
Ooepagu. XKymnaman, Fujita Tunupgaru mio0aib €UUMIIADHUHT MaBXYAJIUTUTA
Oarunuianran unmui usnanunuiap Tokyo yauBepcutetnaa (H.Fujita, X.Y.Chen,
H.Matano, M.Mimura), Nagoya ynuBepcutetnna (M.Sugimoto), Osaka
yuuBepcutetuaa (Y.Naito), North Carolina ynuBepcutetuna (C.V.Pao,
W.H.Ruan), California State University ga (L.A.Caffarelli, A.Friedman,
B.Mcleod); Lp-Jlanmmlac Ba PME TeHrnamanapu,  yJapHHHT yMyMJIaIlraH
XO0JJIapu, XamJia KPUTHK OSKCHoHeHTanap OYyiumuya Autonomous University of
Madrid na (J.L.Vazquez paxOapiaurumarm wuimuii Maktad), Axen University
(Gemany) ma (M. Winkler), Politecnico di Milano ma(G. Grillo, M. Muratori),
XWUTOMHUHT KYMUUIUK yHUBepcuTeTinapuaa, kymnagad Chongqing, Changchun
University ma (J.Wu, J.Yin, H.Li, J.Zao, P.Zeng, C.Mu, D.Liu, Sh.Zhou,
M.X.Wang, C.H.Xie); sspum un3ukiu cucremanap omnan Complutense University
(Spanish) na (M.Escobedo, M.A.Herrero, M.Fila,), Tel Aviv University na
(H.A.Levine, S.Kamin); HOYM3UKJM TMapaboJMK Macajlajap Y4YyH TYypJu
dbyHKIIMOHAN (hazonap/ia CYUMHUHT MaBXyIJIMK IIAPTIAPUHA YPTAHUII Ba CUUMHH
O0axonapunu ypHatuin Ounan Paris Mathematics Center (G.L.Leons Ba yHUHT
MIOTUPAJIAPH); HOYMBHMKIM MATEMATUK MOJICJUIAPHUT SHTH cudaT XoccallapuHu
Vyprauum 6mnan Poccuss @A HUHT AManuii MareMaTuka MHCTHUTYTH Ba MoOckBa
naBnat yHuBepcutetuna (A. I1. Muxaiinos, B. A. I'amaktuonos, E. Kypkuna),
bonrapusaunr Marematuka Ba  XucoOjaml MaTE€MaTUKACH  WHCTUTYTH]IA
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(C.H.AumoBa, M.C.KocremmeB, M.K.KoneBa) KeHr KaMpoOBIM  HIJIMHUIA-
TaJKUKOTJIap OO OOpUIMOKIA.

Houmzukiu TeHrnmamanap Ba yiap OwiaH OOFIMK >Kapa&HJIapHU TaJKUK
kwmiaa, xycycan Koprteer-ne ®pu3 Tunmmard TeHINIamMalap XOCCaJlapUHU
YPTaHUIIHUHT SIHTM  3aMOHABUM yCyJUlapd Yprand JaBjaT YHUBEPCHUTETH
mateMatukiapu A.XacanoB, [.YpazboeB, A.fxmmmypaToBiap TOMOHUIAH
Takiu( dTUirad Ba Oy Makcaaja aHanUTHK Hazapus sipatwirad; A.C. PacynoB Ba
YHUHT IIOTUPJJIapU HOUM3UKIIHN SKapaCHIApHU CTATUCTUK MOJACIUIAIITUPHUII YCYIIU
ownan euum, H.MyxutnunoB, A. bermaros, b. Xyxaspos, H. PaBmanos M.
Amumos, U. X¥rkaeBIapHUHT WIMUHN W3JIaHUILLIApUIA 3ca HePTh, CYIOKJIMK Ba ras
MacaJapuHU TAAKWK KWIWIITAa Ba HOUYM3HKIN OYaMaraH (puibTparus MacalapuHu
YU3UKJIAIITAPUII YCYIU OWIaH COHJIM €YMIlra Kapatuirad; M. ApUrnoB Ba YHUHT
morupgnapu  (T.KatomoB, JI.OmmeroB, A.Xaitgapos, K.Myxammanues,
[I.Certue, II.CanymnaeBa, A.Matsaky6oB, 3.PaxmanoB, J[.MyxammaaueBa)
TOMOHHJIaH HOYM3HMKJIM MacajlaJapHU aBTOMOJEN EHJIONIYB acoCHAa KypHJIraH
TypJid XWIAard €YUMIIApW, HOYM3UKJIM MAaTEeMAaTUK MOJICIUIAPHUHT  SHIU
XycycusiTiapu, xamja ymymiamran OmaeH-Daynep TUnuaard TEHrjaMmajiap Ba
CUCTEMaJIApHUHI €YUMJIAPU aCUMITOTUKACH YpraHwirad. bysunuiira sra Oyiraxn
napaboiuK TeHrjamansapra oiu0 KelaJuraH Y3rapyB4yaH 3UUIUK, MYXUTHUHT
VTKa3yBUaHJIMK KyBBAaTH, KOHBEKTHUB Ky4uIIra 3ra Oyiran Xxojuap Y4yH
HOYMBHKJIM CHUCTeMajiapra OarulUIaHTaH WIMUM HW3JIaHUIUIAp XO3UPTrU KyHJa
eTapJiy Japakaja KypuiMaras.

Juccepraumusi MaB3yCMHHHI JUCCEPTAlUA Oa’KapWiraH OJMH TabJIUM
MYACCACMHMHI WJIMHI-TAAKUKOT UILJIApH OuiaaH Ooraukamru. Jlucceprauus
TaAKUKOTU TOIIKEHT axOopoT TEXHOJOTUSIapU YHUBEPCUTCTUHUHT HIIMHIA-
TagKUKOT unuiapu pexxacuHuHr OT-D1-125 «Knein-I'opaon Tunuaaru peaxims-
mubdy3us cucremanapu Ouinad ndoganaHyBuUd YU3UKIM OyJIMaraH >kapacHiapHU
BU3Ya/UIAIITHPHULI, KOMIBIOTEPIH Mozeanamrupunn» (2009-2011), Ed-4-10
«Konmoropo-®uiiep TUNUAArd OHOJOTUK TMOMYJSIUS CHUCTEMAJApUHU COHIIU
monermamtupuiny  (2013-2014), UT/-5-44 «Konmoropos-®uiiep TUMUAATH
¥3apo OOFJIMK OWOJOTMK MOMYJSLUUS CUCTEMAJIAPUHU COHJIM MOJEIUIAIITAPHUII
(2015-2017) maB3ynapuaaru ¢pyHIaMEHTAN JOWHUXAJIapH JOUpacuaa OakapuiraH.

TagKUKOTHUHI MaKCaau aBTOMOJENIb YCYJUIapU €paaMua FOTWIMI EKU
MaHOara sra OyJIraH MyXWTJa UKKHA Kappa HOUM3HKJIM y3rapyBuaH 3WUYJIMKKA ATa
Oy3wiyBYaH MMapabOIUK TEHrJaMajgap CHCTeMach OWIaH aHWKJIAHTaH pPEaKITusi-
muddy3usi, HUCCUKIWK, CYIOKIMK Ba Ta3JapHUHT TapKalIuild, QuibTpanus
*KapaCHJIapHU MaTEMaTHUK MOJSIUIAIITUPHIIIIAH HOOpaT.

TaagkuKoTHUHT Bazudasapu:

WKKA Kappa HOYM3HMKJM, y3rapyBuaH 3WUIHUKKa dra peakius-nuddysus
CUCTEMACH YYYH YCKJIM TE3JIMKKAa dra MCCUKIMK TapkKamum 3¢dextn (UTI) Ba
addexkTuB Ha3z0BU JTOKAIIAIITUII X0 IMCATaPUHN acOCIalll;

MaHOa €k IOTWIMINTa d9ra OYiaraH MyXUTAa HKKM Kappa HOYMU3UKIU
peakius-nuddysus moaenu yuyH Korm macanacHHUHT ri100a1 €4UMUHM KypPHIIL,

WKKU Kappa HOYM3UKJINA peakuus-nuddys3us TeHTIaMmanap Ba TEHramanap
cucteMaiapu yayH blow-up xoccanapra sra €4uM aCUMIOTOTUKACUHU TOTIMIIL;

aBTOMOJIE]I TEHIVIaMa Ba CUCTEMAJIAPHUHT KOMIAKT HOPUTYBUYUIUK



YMyMJIAIITaH €YUMIIAPUHUHT ACUMIITOTUK U(OTaTapUHA TOIIHUIIT;

WMKKHA Kappa HOYM3MKJIW, MaHOa €KUM IOTHINra Ba KOHBEKTHMB Ky4uIITa 3ra
peakuus-nuddys3uss TeHrIaMagap Ba CHUCTEMallap YYyH KPUTUK SKCIOHEHTAaHU
TONUII AITOPUTMUHU KYPHIII;

WKKHA Kappa HOYM3HWKJIM, MaHOa Ba KOHBEKTHB KYUHWII XyCYCHSTHTa 3ra
y3apo-nudy3ust cuctemanap ydyH 3elbloBUY-bapeHONaTT TUNUIAru edyumiap
TOMMII Ba yJIapHUHT €paamujia (a3oBUM JOKAIMU3AIUs Ba MCCUKIMK TapKaJIUII
Te3MUTruHUHT yerapananranaura (MTTY) xoccanapunu ucOotnan;

YpraHwiraH HOYM3HKIM MaTeMaTHK MOJeuiap Xoccajiapu EpaamMuaa
SAKUHJIAITYBYM UTEPALMOH KapaéH Ty3uml. Tamku (akTopiapHd Ba KapanaéTraH
MYXUT xoccanapuHu (Y3rapyB4aH 3UWIMK, MYXUT YTKa3yBUaHJIUTH, KOHBEKTHUB
KY4HII Ba OOIIIK.) XUcoOra ojlaguran Oup €ku OMp KaHda HOYM3HMKJIM TEHIaMaliap
CUCTEMAJIAPU COHJIM MOJEJUIAIITUPHUIL MACAIACUHU €YU,

HOYM3UKJIM XOCMAacC MapaboJiMK TEHIJIaMalap Ba CUCTeMaiapra acocjiaHTaH
BU3yal HOYM3UKIM Kapa€HJapHU Vpranumra ¢&paaMm OepyBUM  KOMIUIEKC
JacTypiap “iutad YMKUIN Ba XUCOOJIaIl SKCIIEPUMEHTUHH YTKA3UIIL.

TagKUKOTHUHI 00BbEeKTH Oup €KU HMKKM KOMIIOHEHTAJMK MYXHUTra XOC
HOYMBUKJIU peakuus-audy3us kapaéunapugan noopar.

TagKUKOTHUHI TpeIMeTH UWKKM Kappa HOYM3UKIHM TEHIJIamaiap
CHUCTEMAaCHu €UMMJIApUTa TAIllKd MyXUTHUHT TAbCUPUHU TAJKUK KUIIUIIL, KyMJIaJlaH
Oup €KM HKKM KOMIOHEHTaJWK MYXUTJard KOHBEKTHUB KY4HII, Y3rapyB4yaH
WYUK, IOTYBYM €KM MaHOa TabCUpHUIA, UKKUM Kappa HOYM3UKIW Oy3ylyBuaH
TeHrjamMajnap €Ki cucteMasnap OWiaH aHUKJIaHYBUU UCCUKJIUK TapKaJUII, CYFOKJIUK
Ba razjnapHUHr Quibtpauusicu, Tud@y3usi, OMOJOTMK MOMYJSIIUS Macajlagapua
TYJIKUH TApKAJWIIMHU  YPraHWIL, Ha3apUsUIApUHU  aMainuéraa  KyJUIaHMII
ycinyOnapuHu sipaTull, VpraHwiaéTraH >kapaéHJIapHU KOMITbIOTEpJla CYUIITHUHT
COHJIM YCYJUTapH, XUCOOIaIll AJITOPUTMIIAPU TAIIKUI TN,

TagKuKOTHUHT ycyaiaapu. TaJKuKOT wuIIMAa aBTOMOJENb ycCyJuiap,
€YMMJIAPHU COJIMIITHPUII TaMOWHIITIApH, €YUMIIApHUA Oaxosail yCcyJapu, COHIIA
yCyJuiap Ba XMco01all 3KCIepUMEHTIIApUHN YTKa3UIIl YCYJUIapy KYJJTAHUJITaH.

TagKUKOTHUHT WJIMHI SIHTHJIMIH KyHuaaruiapaad noopar:

MKKHU Kappa HOYM3HKJIM Y3rapyBuaH 3UUINK MYXUTAArd peaxius-quddysus
CHUCTEMAacu Ba TEHJaMajiapu YYyH MCCHUKJIMK TapKaJIUII TE3IUTHHUHT YEKJIUIIUTU
(UTTY) Ba asoBuii JokaIamuin xoaucanapu, blow-up xoccamapra sra eunm
ACUMITOTUKACH TOIWJITaH;

MaHOa Ba IOTWJWINTa 2ra OYiIraH HMKKUM Kappa HOYM3UKIM pPEaKIus-
g dys3us moaenu yayH Ko macaiacHHUHT 17100aJ1 €4MMU KypUJITaH;

WKKU Kappa HOYM3WKJIA TEHrIamaiap Ba CUCTeMasap CHH(GU ydyH YJIapHUHT
euuMiiapu Ba (pOHTIApUHU OaxoJiall yCyJUlapu, aBTOMOJENbL TEHIamajap Ba
CUCTeMAJIADHUHT  KOMIMAaKT  IOPUTYBUWIMK  yMyMJIAIITaH  €YUMJIAPUHUHT
acHMMNTOTHK Hdoaanapu unurad YuKuIraH,

UKKA Kappa HOYHM3HMKJIM MaHOa €KW OTUIIra Ba KOHBEKTHB KYUMII
XycycusiTura sra peakuus-audys3us TeHrliama Ba cUCTeMaslap Y4yH 3eJbJI0BUY-
bapenOnarr Ttummmarm eummiiap TomWiITaH Ba ynap Epmamuma  (azoBuit
nmokanmu3amua Ba UTTY xoccanapu ypraHwiraH, KpUTUK SKCIIOHEHTAHU TOIIUIILI
ANITOPUTMH MIILIA0 YMKHUIITaH;



VpraHwjiraH HOYM3HUKIM MAaTEMATUK MOJEIIAp Xoccanapu EpaaMmuaa
SAKWAHJIAIyBYM UTEPALMOH XKapaéHiap KypwWIras;

TalIKd OMUJIJIap Ba KapalaéTraH MYXHUT XOccalapuHu (Y3rapyBuaH 3UUIHK,
MYXUTHU YTKa3yBUaHJIMIY, KOHBEKTUB KY4YHUII Ba OOIIK.) XMCOOTa ojajuran oup
€ku OMp KaHya  HOYM3UKJIA  TEHIJaMajgap  CUCTEMAaJapuHA  COHJIU
MOJEJUIAIITUPUIITAH.

TagKUKOTHUHT aMaJIMii HATHXKACH KyWuIaruiapan noopar:

HOYM3UKJN XOCMac napaboJIMK TEHIVIamMallap Ba CHCTeMallapra acoCIaHraH
BHU3yaJl HOUM3UKJIU Kapa€HJIApHU YpraHuiura €paaM OepyBUM JACTyil TabMHHOT
WINLTA0 YUKUJITaH,

ApaTWIraH JacTypiap €paamMuaa XHUCoOJall HKCIEPUMEHTH YTKA3HII, BaKT
Oyiinua 3BOJIIOIMOH Kapa€HHU Ha30paT KUJIHII, TapaMmeTpiapra OOFINK peakIlus -
muddy3us xoccanapuHy YpraHuil UILIApH amaira OIUPUIITraH.

TagKUKOT HATHKAJAPUHUHT MIHOHWIWJIUTH. TaIKUKOT HaTHKAaTapUHUHT
UIIOHWIMJIUTH OJIMHTAaH HATKajap Ba TacauKJap OWsiaH KaTbUil UCOOTIIaHAIU Ba
COHJIM TAAKUKOTIAp HaTWXajlapu OwWwiaH TacaukiaHaad. Euumiap oymHrax
Oaxomnapjan ¢oiganaHral XoJjja €YUMIIAPHUHT COHJIM TaXJWIM KEITHUPUITaH
O0ynu0, ymap Takiud OSTUIATaH YCYJJIApUHU Xamja OJTajJoH TEHIJIamaiaap Ba
aBTOMOJIENl TaxXJIWIra acoclaHraH XucoOJjaml yCYJUIAPUHHMHT TYFPWJIMTUHU Ba
caMapaJopJIMTMHU TaCAUKIAHTAHJIMTH OWJIaH U30XJIaHAIH.

TagKMKOT HATHKAJAPUHMHI MJIMHIA Ba aMajuid axamMMsITH.TaJIKuKOT
HaTIKAJIAPHUHT WIMHM axaMUATH UKKA Kappa HOYM3HUKIN peakius-muddys3us
TEHIJIaMaJlapd Ba CHUCTeMajap Yy4dyH blow-up XoccallapuHu KYJJTAHUIMILH,
peakums-nuddys3ust kapaéHIapuHUHT Mozeiapu yuyH Kommm wmacanmacuHUHT
rJ100a e4uMH MaBXXYJIJTUTH, IIIYHUHT/ICK, OJIMHTAaH HaTwKajgap EHUII Ha3apusCH,
CYIOKJIMK Ba rasiap (uibTPalUsICH, UCCUKJIUK YTKa3yBUAHJIMK Macaialiapu, Oup
€KM MKKH KOMIIOHEHTAJUK HOYM3HKIN Myxutiapaaru nuddysus, Kommoropos-
OumepHUHr OWOJOTHUK TIOMYJIAIMS Macajlacura TaTOWK OTWIMIIK  OujiaH
U30XJIaHAIH.

TaaKUKOT WIMMHUHT aMaluid axamMusTH unuiad YUKWITaH JacTypiiaml
yCiyOapyu HOYM3UKIN (UIBTPALMS, HUCCUKIUK YTKA3WII, HOUM3HKIM MYXHUTIA
muddy3us, e€p OCTH CYBJIAPUHUHT XapakaTd Macajlajapujia XucooOall
AKCIIEPUMEHTH YTKAa3UIl OPKaJIM HOYM3HMKIM peakuus-nuddysus xkapa€HiapuHu
YpraHullra Xu3mMaTr Kuiaaau.

TagKuKoT HATHKAJAPUHUHI  KOPUM  KUJIMHUIMM. J[uccepranus
TAIKUKOTH Xapa€HUJa OJIMHIaH HaTWXKajlap KyuuJaaru WyHaIMIuiapaa aMajinueéTra
YKOPUU KUJIMHIaH:

WKKA Kappa HOUYMBHMKIU peakius-quddys3us TteHrmamacu yuyH Komm
MacaJaCMHUHT rjo0ail eduMH Y4YyH ojuHraH HaTmkanap DMS-1401316 rpantu
JoMrxacuia HOYM3UKIA MacajJaJlapHUHT TJI00a eunMu Kypuiaa Gpoigananuirad
(«California State Universitypuunr 2016 itun 29 oktsiOpaaru MabJIyMOTHOMACH).
NiMuii HATVOKAHUHT KYJUIAHWIIA HOYM3UKJIIU KAapa€HIIAPHU BU3YaJUIALUITUPUIITA
XU3MaT KWJITaH;

UKKM Kappa HOYM3UKIU peakuus-auddy3us cuctemMaiapu edyumiiapu
mocianran wmaHOanmu Kopreer-ne ®pus tenrnamacu OT-®1-002 «Illtypm-

10



JImyBWIIT OmEpaTOpIApMHUHT KBAAPATUK JacTacH YYyH TYFpPH Ba TecKapu
CHEKTpaj Macajajapy rpaHT JOUHXAcUa HOUN3UKIM TEHIJIaMallap Ba CUCTEMaJIap
cuH(U Y4YyH YJApHUHT €YMMIIAPUHU KypuO OJMII Ba XOCCAJIAPUHU aHUKJIAIIIA
kyuianunrad (dan Ba TEXHOJOTUSIIAPHU PUBOKIAHTUPUIIIHA MYBODUKIAIITUPUII
kymutracuHuHr 2016 #imn 3 HosiOpmarm ®TK-03-13/744-coH MabIyMOTHOMACH).
Nnmuit  HaTwkanudr kywianuimd — Komm  Macamacu  1io0an  €UUMHHHHT
MaBXXyJIMTUHU UCOOTIall UMKOHUHU Oepras;

HOYM3UKJIM Tapyajiam Ba GUIbTpalys Macaiacu yayH XalJaml yCyau, CUul
anroput™Mu Ba Mozenun PA-D4-D042 «FoBak myxutaa Oup KuUHCIU OYIMaraH
CYIOKJIUMK (UIbTpAlUsCH TUIPOJMHAMUK MOJEIMHM MIUIa0 YMKUII Ba TaTKUK
KWIMID)  TPaHTH  JIOMUXAcuJa  HOYM3UKJIM  JKapaHJIapHU  MaTeMaTHK
MOJICJUIAIITUPHUII, YJIAPHUHT €YUMJIAPUHU KypuO OJIMII Ba €YUM XOCCAJIapUHU
ypranuua KyaiaHwiran (Y30ekucton Pecry6imkacH ax6opoT TEXHOJIOTHSIIAPH
Bad KOMMYHMKALMSUIADWUHU PUBOXKIAHTUPUII BasupsuruauHr 2016 wwmn 10
HostOpaaru 33-8/6160-con mMabaymoTHOMacH). VMIMui HaTWOKAHUHT KYJTAHHUIINA
TYKAH TapKajull TE3NIUrd YeKTWIMK 3¢hdexTH, (a3oBUil JTOKaIU3alus, FOBAaK
MyXHTIa OUp KUHCIH OYIMaran CyrOKIUK (pUIbTPaLUsICH MacalallapuHy €4UIa,
AKyMJIaJlaH KoJIbMalus Ba cyPpdo3us OuiiaH XUCOOIAHTaH CYCIEH3USUIAPHUA TOIHUII
UMKOHUHU Oepras.

TanKukoT HATHXKAJAPUHUHT anpoldanusicu. TankukoT HaTxkanapu 36 Ta
WIMHA-TEXHUK, Iy )Xymiagad 19 xankapo amkymaHiapaa Myxokama KUJIUHTaH:
«CoBpeMEHHOE COCTOSTHUE M IYTH Pa3BUTHUS HHPOPMAIMOHHBIX TEXHOJOTHUI
(Tomkent, 2008), «Wurerpansuble  ypaBHeHus-2009»  (Kumes, 2009),
«CoBpeMeHHbIC MPOOJEMBbI Ta30BOM M BOJHOBOW auHamMukm» (Mockea, 2009),
«BpraucnuTeIbHBIE TEXHOJIOTUU U MaTeMaTudeckoe mojaenupoBanue» (TorkeHr,
2009), «Control and Optimization of Dinamical Systems — CODS-2009»
(Tomkent, 2009), «AxTyainbHble TMPOOJEMBI NPHUKIATHOW MATEMATHKH M
UHPOPMAIIMOHHBIX TexHojoruid — Anp Xopeamu 2009» (Tomkent, 2009),
«[IpenenbHbIC TEOPEMBI TEOPUH BEPOSTHOCTEH W MX mpuiiokeHus» (TomikeHT,
2011), «Progressin Analysis and its Applications» (London, 2009), 1V Xaxon
Typk Maremarukinapu Xammsatu  Konrpecunma (baky, 2011) «Science and
Technology: step to future» (Anmara, 2012), «AkTyaibHbIe MPOOIEMBI
MaTemaTHueckoro ananmuza» (Yprand, 2012), «utemiekryanbabie CUCTEMBI IS
NunycTtpuanbHolt  ABTOMaTH3AIIMN WCIS - 2012 (Tomkent, 2012),
«AKTyaJIbHBIE TIPOOJIEMBI TPUKIAAHOW MaTEeMaTUKH U WHOOPMAIMOHHBIX
TexHoJyioruit - Anb-Xopesmu 2012» (Tomkent, 2012), «CoBpeMeHHbIE MPOOIEMBI
nuddepeHIraTbHbIX YpaBHeHNH 1 uX npuinokenus» (Tomkent, 2013), «Amanuit
MaTematuka Ba axOopoT xaBdcusmurn» (Tomkent, 2014), V - XKaxon Typk
Matematuknapu Xamustn Konrpecuna (bumkek, 2014), ITpodeccop Cyrumoto
Munypu Xankapo cemuHapuaa (Haros yuuBepcuret, Snonums, 2013),
Marematuknapauar Muatepranuonan Konrpeccuna (Ceyn, 2014), «AxTyasibHbIC
npoOIeMbl TIPUKIAAHOW MaTeMAaTHKU M WH(GOPMAIMOHHBIX TEXHOJOTHH - AJlb-
Xopeamu 2014» (Tomkent, 2014), «Heknaccnyeckue ypaBHeHUS U (DU3HKH U UX
npuioxkenusd» (Tomkent, 2014), «PaguoTexHuKa, TEICKOMMYHUKAIIUS Ba aX00pOT
TEXHOJIOTHSIapH: MyaMMoyiapu Ba kejakak puBokn» (Tomkent, 2015),
«BpruncnurenbHble U MH(QOPMALMOHHBIE TEXHOJIOTMM B HayKe, TEXHUKE H
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obpaszoBanum» (Anmarta, 2015).

TaagKMKOT HATHXKAJIAPUHUHT IbJOH KWIMHMIIM. J[MccepTanus MaB3ycH
Oyitua xamMu 36 Ta WIMHIl HII 4OI STHIraH OYiuO, mryrapiaH, Y36eKHCTOH
PecniyOnukacu Onuit aTTecTanus KOMUCCUSICHHUHT JOKTOPJIMK JUCCEPTALMSIIApU
acOCHIl WIIMMI HaTHKaJapHUHH YOI 3THIL TaBCHsI STUJITaH WIMHAN Hawpiapaa 14 ta
MakoJja, )KymJjiagaH 8 Tacu pecnyOiuka Ba 6 Tacu XOPWXKUU KypHaJljap/ia Haiip
ATUJITaH.

JldccepTanMsIHUHT XaKMHU Ba TY3WIHIIHU. Jluccepramnusi TapKUOW KUPHIIL,
Ooemra 000, Xynoca, doHmanaHuiIraH amgabuétinap pyixaTd Ba WIOBajapiaH
noopar. JlucceprauustHUHT XakMu 197 GeTHU TallIKWII 3TTaH.

JTNCCEPTAIIMSTHUHT ACOCHUN MA3ZMYHHU

Kupum kucMmuaa yTkazwiral TaIKUKOTIAPHUHT JOJI3apOJurd Ba 3apypaTu
acocjaHrad, TaAKUKOTHUHI Makcaaud Ba Basudaiapu, O0OBEKT Ba MpeaMeTiiapu
TaBcu(IaHraH, pecrnyoirka ¢paH Ba TEXHOJOTUSIIAPU PUBOKIIAHUIIIMHUHT YCTYBOP
WYHUIMIUIAPUTa MOCIWTH KYpCATWITaH, TAJAKAKOTHUHI WJIMHW SIHTWINTH Ba
amManuil HaTuxkanapy 0a€H KWJIMHIAH, OJMHTaH HAaTWXKAJapHUHT UMUK Ba aMajiuil
axamMusaTH ouuO OepwiiraH, TaAKUKOT HATWIXKAJApPUHU aMallu€Tra »OpUH KHJIMIILL,
HalIp OTWITaH WIUIAp Ba JUCCepTalus TY3WIUIIM OVindya MablyMOTiap
KEJITUPUJITAH.

HMucceprauussHuHr «AKKH Kappa HO3HUKJHN TEHIJAMaaap OpKaJIu
udoaajaHyBYd MATEeMATHK MOJAeIApP Xoccajdapuw» /€0 HOMJIaHTaH OMPUHYHU
600uga yMyMud KYpUHHINJATH UKKA Kappa HOYM3MKIM Oy3WIyBUM TMapaboIuK
TEHIJIaMajap Y4YyH MaTEeMaTHK MOJEIap KapalJd Ba  TYJKUH TapKaJIHII
TE3JIMTUHUHT YeKJIWIUTH 3G PEeKTH, edMMHUHT (Ha30BUN JOKATU3AIUIACH, CEKUH Ba
Te3kop auddy3us xonaTiapd YYyH KOMIIAKT HOPUTYBUMIa dra  edumiiap
aCHMITOTHKACU Ba XucoOyaml mapT-mapoutiapu kentupuiagu. llyHuHrAek,
y3rapyByaH 3UWINK, KOHBEKTHUB KYYMII, HOYU3UKIW HCCHUKIUK YTKa3yBUWIIHK,
muddys3us, CYHOKIMK Ba ra3 (uibTpauusuiapu, €p OCTH CyBJIap Xapakaru
ABOJIFOIIUOH JKapa€HIapura TabCUPH TAAKUK KUJIMHAIH.

Yoy
ou m-1 o, kP2 o,
AuE—p1(|x|)E+V(p2(|x|)u Vu'|" " vu ):O, (1)
Ul_,=U,(X)=0, xeR"“, N>1 (2)

MKKM Kappa HOYM3MKIM TeHIJIaMa yuyH Komm macanacy KyNmuuivK skapa€HiIapHU
MaTeMaTUK MOJEJIAIITUPHUIIAA, )KYMJIAJaH, UCCUKIVK YTKa3ulll, CYIOKJIHUK Ba Ta3

(GUIBTpaIsICH, UKKH Kappa HOYU3UKIU ,oz(x)um‘l‘Vuk‘p_2 Vu' kospdunmenTIH
Ba ysrapysuan p,(|X|)=|x", p,(|x)=|x" 3uummKka sra 6ynran myxutaa uddysus

)apa€Hjaapu MacajaJapuHUHT acOCHMHHU Tamkwi Kwiaad. (1) TeHrjiama CeKuH
muddy3us (k( p—2)+m-1>0 ,ua) , TE3KOP o dy3us
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(k(p —-2)+m-1<0 na), p-Jlamac (m=1 k=I=1 na) Ba FOBAaK MYXHUT
( p=2,1=1 I[a) TEHTJIAMAJIapUHK Y3WIa MysKaccamuaiTuprad. Arap Gupop

coxana U=0 éxu Vu=0 06¥nca, (1) Tearnama Oy3unuiira sra 6ynaan Ba YU3UKIN
TeHIIamara aimananu. byHpal coxamapaa (QyHKIMS XOCWIajapy y3WJIUIINTa 3ra
6ymu0, (1) TeHrmama Ki1accuK MabHOJA eyuMra sra OynmMaciura MyMKuH. byHaait
xonarnapaa (1) Tenrnmama yuyH Kydcu3(yMyMIIalliTaH) €YMMJIAp H3JaHaAu Ba

YpraHuiiain.
b. 3enpnoBuu Ba A. Kommnaneen (1) HOUM3MKIN MCCUKIWK YTKa3yBUAHIHUK
TeHIIaMaHUHT Xycycuid xomu, P=2, | =1 p,(X)=p,(X)=1 yuyH oHmii manba

TabCUPUIATH MAacaJaHUHT UCCHUKJIMK TApKAJIMII TE3TMTMHUHT dekamtura (MTTY)
xoccacura sra Oymran eumMunu, seHd myHgaii 0<I(t) € C(0,0) dyaknusacu

MaBxkyaku, arap |X[>1(t) oOyaca, ymma u(t,x)=0 Oymaguran CUYNMHHH
tornuinagd. byngait sbdexr umsukan xoum: P=2, k=1, m=1 yuyn ypunam
oynmaiinn. (1) temrmamanmar K=1=1 p,(X)=p(X)=1 u p,(X)=1 xycycuit
xoyn yuyH Komu macanacu TeneeB A.D. Ba yHUHT YKyBUWiiapu ToMoHuaH 2004-
2013 #mmnmap maBomuna ypraHwiauO, U,(X) derapaBuil (yHKIMS Ba COHIH
napamerpiap yuyH Kaucu mapriaapaa UTTYU Ba deknm opanmukiga €4MMHHHT
oyswmmu (HOEB) »sddektnapu coaup Oynumumuu ypHaraunap. Keitmnuaiuk
(2014 i#1.) 6y macana G. Grillo Ba M. Muratori 1ap TOMOHMJIaH KapaiuO, COHJIH
napaMeTpPJIApHUHT XYCYCHH KuiiMarinapuna, seHu  K=I1=1 p=2 xon yuyH
YyMyMJIAIlraH €4MMHUHT L, —HOpManaru 6axosapu OJMHIaH.

Jucceprauusiga aBTOMOJEN yCylra acOCIIaHTaH YMYMHUW XO0J1a KyHHJIaru
3enbaoBUY-bapeHOIATT THUAATY YMYMYMHUM €4UM TOTIHIIA TN

7

U(t,X) =[T +t]peG a2 (a-be”) *, T >0, @)
P
1 ot
a>0, b:(k(p—2)+m+l—2)(5j :

P(X) N-n
gz[z_(t)]]_/p1 S:pﬂ, n+q< p, n<N

Teopema 1. Arap (1) tenrmamama K(p—-2)+m+1-2>0, n<N, p>n
maptiaapu Oaxxapuica, xamaa

u(0, x) < z(0,x), xeR"
ypuniam 6ynran xonaa (1)-(2) macana eunMu ydyH Kyduaara 6axo ypyHIIH:
u(t,x) <z(t,x), B Q.

Teopema 2. Arap (1) tenmrmamama kK(p—2)+m+1-2>0, n<N, p>n.
mapTiapu Oaxxapuica, xamia
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u(0,x) <z(0,x), xeR".

Ypunnu 6yarad xonaa macaina UTTY xoccacura sra 6Viaau.

Teopema 1 é&pmammma (1) TeHrnmamMa eYMMUHUHT (Pa30BUN JIOKATH3AIUS
xoccacu Oakapunuiy Kypcatuiaan. [IIlyHUHTAeK, FOTHIMIT Ba KOHBEKTUB KYUHIII
TabCUpUIA XaMJa TE3IMK BaKIra OOFIMK IMIApOMTIapuaa XaM Oy XOCCAaHUHT
HaMOE€H OYIUIM auccepTanusaga Kypcatuirad. XycycaH, (ha30BHIA JTOKaTU3AIHS
XOCCACHHMHI OaXKapuiIull MAapTH Kyiiuaarnya oynaau

t
(k(p—2)+m+1-2)>0, jv(y)dy<oo vt >0,
0

6sz[a V(t) — KOHBCKTHB KS'/LII/IHIHI/IHF TC3JINTH.
Kyﬁnz{am dBTOMO/JCJI MaCajlaHU KapaﬁMHB

pe dd {élfmldfk df} s, p (Lo, @
g dgf d&) pd¢ = a(k(p-2)+m-1)
f(0)=c>0, f(d)=0, d<ow, f'(0)=0, f(x0)=0, (5)
(4),(5) macagaHUHT KOMITAKT IOPUTYBUMIA CYMMHU
1 gma|df <] df! .
0<f(5), &°f de| e €C(0,0) (6)
cuH(ra TeTUIIN Ba
crema|df A (s o i B
R Y. I£B+1—a(k(p—2)+m—l)jy HOKy=6 0

WHTETpaJl TCHIJIMKHU KaHOATJIAHTUPaAH. byHmail yMmymiamran edumiiap OupuHIA
mapta B.H.Gilding, L.A.Pelettier map Tomonuman Vypranunran OYnuO, ymap
s=1=1 xonga (4-5) MacaJaHUHT KOMIIAKT IOPUTYBYM CUMMHHH MAaBXYIJIHK
HIapTAAPUHA UCOOT KUJITaHIIap.

Huccepranusina cyct auddysusra sra sxapaéH y4dyH Kylumaru acocuit
TeopeMa UCOOT KUIIMHAJIH.

Ky#innarn GyHKIIMSHA KapailMu3:

(A _ g7 " _L _ ~ln _ p_l
fi(&)=(a-¢) r=sop = e e ©

Teopema 3. ®apa3 kwraink K(p—2)+m+1-2>0 oyncun. VY xonna

(4),(5) macamaHuHT 7] —> 00 (cf — a(p_l)p) Jla KOMITaKT FOPUTYBYH €UUMIIApH

f(&)=cfi(&)(1+o(),

aCHMIITOTUK KypuHUILTa 3ra 0Viaau. by epna
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[p_lﬂ (p-1) }“1 R
C = = .
p (k(p—2)+m+1-2)) P

Kyitnaaru GyHKIUSHE O1aMu3:

g p p-1
f = N, y=——, = :
(O=(a+8") L = AT 2
Teopema 4. dapa3 KWIaMIUK k(C p 29 m+ |1-2 <0
Y

S+ <0 (resxop guddysmsa) Oyacun. Y xomma (4), (5)
k(p—2)+m+1-2

MacajaHUHT & — o0 J1a KyWHJlard aCUMITOTHKara ara

f(&)=c, fz(ég)(l'*‘o(l)),

Oy epaa C, Kylnaaru aireOpavk TEHIJIamMa e4uMu Oyiaau:

|k(p—2)+m+|—2| pZCk(p-z)+m+|-2_1 p-1 o (p_1)2 s a 0
| p-1 I pl p pP(k(p-2)+m+1-2) L1-a(k(p-2)+m+l-2)

2 maparpadaa Kyiuaaru mMacaia Kapajiu:

% — v(um‘l‘Vuk‘p_z vu' ) —div(v(t)u), u(0,x)=0as(x), )

(9) MmacanaHUHT €YUMHU KyHUJard KypUHHUILTA 3ra

N

U(t, X) —t p+(k(p—2)+m+l-2)N (a B b1777 )+n | (10)
P
p p-1 1)t
=, 7= , b=(k(p-2)+m-1)] =
5o TR ima2 ™ (k(p=2)+ )(pj

(10) na aBTOMOAEN Y3rapyBuu 7] =

x| v(y)dy‘/[r(t)]”p .

Teopema 5. ®dapa3 KWIAMJINK k(p—2)+m+1-2>0,

N a N
= <0 Ba  U(0,x)<z(0,x), xeR mapTriia
0 I—a(k(p—2)+m+1-2) (0.39=2(0.%) PP

OaxapwicuH, Oy epma  z(t,x)=[T + t]_“(a—bgf )+ ,  b,y, 7 - roxopuna
aHvKanran Kuiivariap. Y xonna (9),(10) macananmnr u(t,X) eunmu Ba X, (t)

(GpoHT yuyH Kyitnaaru 6axonap YpuHIH:

u(t,x) <z(t,x), Q ma, <(a/b)®P*Ir()]'" .

X, (1) = [v(y)dy
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Arap Kyituaaru mapt ypunian 0yica
t
[v(y)dy =[(]° +v,(t), vt >0 Ba v,(t) <on,
0

y X0J171a €YMMHUHT (Da30BUM JTIOKAJIU3AIUS XOCCacu OakapuyiaIu.

bupuaun  6006HUHT  skyHuna — Kpanuk-HukoiabCOHHUHT — y3rapyBuaH
WVHAIMIUIMK ~ Xaigam — aJIrOpuTMHUIa  acoCJIaHTaH, XHCOOJall  cxeMacu
KeITUpUITaH. byHJa, COHJIM MOJE/UIAIITHPHUIN JKapaéHUHUHT  OOIUIaHFUY
UTEpallMsSICUHU TaHJAIl, EYMMJIAPHUHT OJIMHIYA naparpaduapaa ucOOTIaHTaH
Xoccajmapura TasHagu. X#coOiamr AKCIEPUMEHTIApH HaTwKajlapu TakiIud
KWIMHTaH OOUUIaHFUY SIKMUHJIAIIWIIL MAaTeMaTUK MOJCIUIAPUHUHT  HOYU3UKJIU
XOCCaJlapuHM y3ujaa My’)KacCaMJIaHTUPTaHUHU Ba TakJIU( STWIAETTaH yCYJIHUHT
3¢ (PEeKTUBIUTHHU KypcaTaau.

JluccepraunstHUHT «Akkn Kappa HOYM3HMK/IM MYXHTAA TYJKHH
CUNMMJIAPUHUHT UCCHKJIMK TAPKAJUII TEe3JIMTMHUHI YeKJUJIUTd Ba (asoBuii
JIOKAJJIAIIMIIN 160 HOMJIAHTaH UKKUHYU 000112 OUp €KY UKKH KOMIIOHEHTAIUK
MYXHT/Ja BaKTra OOFJMK KOHBEKTHB KYUHWIIl Ba IOTHIIMINTa 3ra Oyiaran ¢ha3oBUi
JOKaJUTAIITUPWITal eyumiiap tonwiaau. Kapamaérran macaniajia MCCUKIMKHUHT
¥3apo IOTUJIMIINA Ba KOHBEKTHUB KYUHUIINA TabCUPHU OCTHIA TeMIepaTypa TYJIKUHU
bporTHHU TYyXTa® Koyuil A(DPEeKTH ro3ara KEIHWIIM MYMKHHIWTH KYpCaTUJIaJIu.
bynaaHn Tamikapu, HWKKM Kappa HOYM3MKIM KoiaMoropo-®uiiep TUNUIArd
OMOJIOTHK TOMYJISILIMS Macajlack YUyH TYJIKWH TapKaJIuIl YyKypJIUTH Ba TE3ITUTHHU
OaxoJall aMmanra OmMpPUIITaH.

Yoy

ou

a=V(D0u“”‘Vu""O2Vu)+nu(l—uﬂ), (11)

u(x,0)=u,(x), xeR", N>1,

Kommu wmacanacura acocnanran Konmoropos-®uiep Tunuaaru OUOJIOTHK
MOMYJISIUS MOJACIU OUp YIYOBIU SPUM YM3UKIW TEHTJIama yuyH, sipHU (11) nma
N=1 p=2,m=1 =1 06ynmran xoi P.®umep Ba A.H.Konmoropos,

N.I".ITerpoBckuii, H.C.IIuckyHOB TOMOHMAAH ypraHwiradH. MabiayMKH, TYJIKUHIH
eunM neradga omataa (11) TeHrmamaHuUHT

N
u(x,t)="f(&), &= x+ct, (12)
1
KYPUHUILIATH SYUMU TYIIMHUIAIM, OyHIa C—TyiakuH Te3nurd. Homabiym  f (f)
GyHKUMS Kydniaru

p-2
d DOme—li i—cimf(l—fﬂ):o, (13)

dé de|  |de de

ABTOMO/ICJI TCHINIAMAHWHIT CUUMJIaApH épz[aMH,ua TOoImuJagu.
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P.®umep N =1, p=2, m=1 =1 6up ymyomu xonna (11) TeHrmamanuHr
0 <u <1 maprra 6YiCyHyBUH Ba TYJIKUH TapKAIMII TE3JTUTH

c>c,, =2vnD

MIAPTUHUA KAHOATJIAHTUPYBYM YEKCU3  KYI TYJIKUH TUIUAJATH €YUMIIapU
Mapxkyauruan — kypcatau. A H.Kommoropos, W.I'.Iletposckuit Ba H.C.
[Muckynosnap (KIIIT) ymymwuiipox mapt octuga (11) HMHr sAroHa e4yumra sra
OyaumuHu Ba Oy euuM (13) HMHr aBTOMOJCHI e4yuMH OpKaiau (12) KypuHHILIIA,

C=C,;, TE3IMKKa 3ra TYJIKUH KypUHUINKNIA OYIUIIMHU HCOOTIaraH.

P. ®umep, A.H. Kommoropos, U. I'. Ilerposckuit Ba H.C. IluckyHoBnap
(OKIIT) wMomenupma — KpUTHK (pe3oHaHC) XoJ, sbHH (1) TeHrmamana
kK(p—2)+m+1—-2=0 Oynranga BaKTHHHT KaTTa KHWMaTiapuia X(t) - TYJIKUH

d |X(t)| .
TapKaJIUII Y3YHIUTH X(t) Ba Te3nuru C(t) = T Y4yH MOC paBUIIIa KyHuaaru
Oaxomnap:
— _]jp
(InZ—NIn(I' +t)j
x(@®)| - p(nk?2ID,) " t2°| 1+ b
p 0 £2/P ’
d|x(t)| ] Up _
c(t) =——A=2(nD,k" ) "t*",
() === =2(nDyk"1)
omuaran. bynnma (11) TenrimamanmHr xycycudt xonmu P=2, |=1 na tynkun

djx(t)]

TapKaJIHII TC3JIMTU BAKTHHUHIT KaTTa KI/IﬁMaTJIapHI[a c~2 nDO ra TCHI

o6ynanu Ba y ¥3 HaBOaruma OKIIII nap naTtuxacu OWiIaH ycTMa-yCcT TYIIMIIAHA
Kypamus.

[Taparpad 2 n1a KOHBEKTHB Kyuuiil, MaHOA Ba FOTHIJIMINTA 3ra OYJIraH peaxkius-
muddy3us TeHraama

aat_u = div(uml‘Vu"‘p2 vu' ) +div(vtu)+ ey’ &=+1,

UCCUKJIMK TYJIKUHIApU KYPUHUIIUAATA €YUMIIap y4YyH SIHTH Xocca — (pa3oBuit
JOKAJIJIAIUII XOAUCACH TOIUIITaH.
Kapanaérran macanana, arap

t
K(p—2)+m+1-2>0, cr(t)—jv(y)dy<oo, Vi >0,
0

maptTiapu Oakapuica yHAAa TEHIJIAMAHWUHT TYJIKWH KYPUHUIIATH CYUMHU
JoKayamrad Oyaaay Ba UCCUKIIMK TapKATHIIH (PPOHTH YEKJIM OYIaau Ba TYyXTalll
s dexktn HamoéH Oynaau. bynaan Tamkapu,
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t
k(p—2)+m+1-2>0, J.b(y)dy<oo, vt >0,
0

mapTiaapAa, arap HCCHKIMK YTKa3uIl KOI(PGUIMEHTH BakTra OOFIUK OYynud
. P2 | o < o
b(t)u™ 1‘Vuk‘ u'™"  xypuHMImTa dra 6yIca, IOTMIMII BAa KOHBEKTHB Ky UMITHUHT

O0op HUYKIWTHIAH KaThUH Ha3ap MCCHUKJIMK TapKaauImy (a30BHH JIOKATA3AIUSICH
HaMOEH OYIUIIIATH UCOOT KUITMHTaH.

Mynunraex, peakuus-nud@y3us, HCCUKIWK TapKadull, (QuibTpanus Ba
Oomka Jkapa€HJIapHM TaCBUPJIOBYM HWKKH Kappa HOYU3UKIM TEHTJIaMasiap
CHUCTeMaJlapi Y4YyH XaM IOKOpHJa KEJITHPHWITaH XOoccanap YpPHUHIN SKaHIUTH
KYypcaThiral Ba aBTOMOJEI eUnMiIap aCHMITOTHKACH OJIMHTaH. XyCycaH,

au o aul”? au au
St E E S -y,
ot ox v vl Qv A0
ov o . .lov]Pev v
= M= — = l(t)— - t)v.
ot ox ox|  ox ()8x 72(0)

CUCTCMA Y4YYH 6I/Ip BaKTJa KOHBCKTHUB KS'/LII/IIH Ba IOTHIIHHUHT }”lsapo TabCUPpHUOA
CUNMJIAPHHUHI (1)330BI/I171 JIOKaJUIaIWIO IMapTH TOIIMIaH Ba CHCTCMA TS’/J'IKI/IH
KSI’pI/IHHIHI[aFI/I (1)HHI/IT CUNMMJIAPpUHUHI ACUMIITOTHUKACHU KCITHUPUIIT'aH.

Teopema 6. dapaz kumainmuk p>2+ [(m1 ~-1)(m, —1)] oyncun. YHpaa
IOKOpMJard CHCTEMAHMHI KOMIIAKT IOPUTYBYM euuMIapud & —>a_ Ja Kyiujaru
aCHMIITOTHKAra 3ra

f (&) =Af(5)A+0(QD) . w () =Bf,(5)A+0o@)).
bynna

((£)=(a-8),", =12, (b). =max(0,b), cr(t)—x, 7(t) = [V(y)dy,

_ p—2)" ~(m,~1)(m, ~1)

(p=Y(p-(m+D) . _(P-Y)(P—(m+1) n—(

n =
! n n

Ba A, B ysrapmacnap (nl)'ml A™BP =, (nz)pfl A™BPT =c  anreGpank
CUCTEMaHUHT €4UMH OYIIau.

HMucceprauussHuHr «MaH0a €KM HOTHWJIMIIra 3ra OyJraH HMKKH Kappa
HOUYM3UKJIU peakuus-aIud@y3us KapaéHJIapHUHI MATEeMATHK MOJeJIHHUHT
xoccajapuw» 10 HOMJIAaHTaH YYUHYM OOOHUJIa TE3JUTH BaKTra OOFJIMK KOHBEKTHB
KY4MIl, FOTUIWII €KW MaHOara sra WKKH Kappa HOYHM3WKIW, OYy3WJIWINra dra
Oynran mapabonuk TeHrjama ydyyH Koimm wmacamacMHUHT — rjo0all e4uMH
MaBXyJIUTH UcOOT KrumHaau. byaga ®Dyxurta THNUAArd KPUTHUK SKCIIOHCHTAHH
TOTHINI YY9yH SHTH aIrOpUTM WNUIad uwkuiaau. OJWMHTaH HATIKaIap eTapiu
napaxana ymymui 0ynu6, 6omka aBTopiapauHT (X.Dyxurta, A.A.Camapckwii,
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C.ILKypaiomoB,  A.l.Muxaiino, B.A.I'anmaktnonoB, = M.ApumoB) Oy
WYHAIMIIIATU OJIIMH OJIMHIAH WUUIApUHU Y3 Wuyura ojamu.  [IyHWHrIek,
euuMHUHT UTTY addextu Ba dhazoBuil JoKaau3ausacu yIyH MIapTiap TOMHIAIN
Ba 3pKUH uerapa Oynran xonga Kuepp-Kepunep tunuparu OGaxonap OJMHAIU.
ACHUMITOTHKAJIAp Yy4YyH, YJapHUHT OOl KHUCMH KOA(DPUIMEHTH alredpaunk
TEHIJIaMa €YMMHU OpKajdu U(oJajaHUIIN KaTbUil UcOOT KuiuHaau. by dbakTHUHT
ucboTH 11y AaBpraya agabuétiapaa KenaTupuwiMaraH sau. McOor KuivHraxn
HATWXKajJap acocujia Kapajna€TraH MacajajJapHUHT COHJIM Pealn3alUsCH amanira
OIIMPHUIIAIA Ba e4uMIIap BU3yasl (hopmaja TaCBUpIIaHA Y.
VYaunum 600HuMHT 1-maparpaduna ymoy

Au= _% " v(um-l\wk\“ vu' ) ~ div(v{tyu) - y(tu’ =0, (14)

Ul_,=U,(x)>0, xeR",

KYMYWIMK (UMK >Kapa€HJIapHUHT acocu OYnuO Xu3MaT KWIaauraH TEHrjIama
Kapanaau. by epma >0, n, K, p, M —HOYM3HUKIN MYXUTHU XapaKTEPIOBYU COHIIH

napamerpiap, V() =grad(-), 0< y(t) e C(0,).

Uccuxnuk yTkazuin peakuus-auddysus sxapaéHu, CYIOKIUK Ba razlapHUHT
kyBBatu (1)U’ Ta TeHr OYNraH IOTWIMIIM MaBKy[d HOUYM3MKIM MYXHTIArd

noJauTponuk guistpauuscu xapaéuu, OKIIIT Ouonoruk nomyisuus mMacaiaiapu
nryJap >KyMJIacHIaHIup.

(14) renrnama U =0 €éxu VU =0 Oynranga Oy3wiuiira sra 6ynaau. [llynunr
Y4YH XaM YHH Ky4cu3 (YMyMJIallraH) e4uMHu ypranuiaau. (14) TeHrnamanu COHIU
MOJICJUTAIITUPUII MAacCaJlaCUHUHI KUUMHUWINTK WIyHAaH uOopaTku, Oy3yirad
HOYM3MKJIM Macajlajgap Y4yH oJlaTAaru COHiM cxemanap spamaiinu. lly cababnan
(14) Tenrmama y4yyH COHJIM €YMM Ba BH3yall KapaeH YpraHWIraHaa, OJAUH
SYMMHUHT cudaT xoccanapy, KyMjaJaH 1J100al eYMMHUHT MaBXYUIUTH, TYJIKIH
TaKaJWIl  TE3JIMTHHH  YCKIWJIUTH, EeYUMHHHT  JIOKaJIW3alMsIaHTaHJIUTH,
ACUMIITOTHKACH, TEHIJIaMa MapaMeTpiapura OOFIMK paBHIIJa SPKUH Yerapa
XYCyCUSITIApUHM Yy3rapuiid Kabu xoccamapu ypranwiaau. Iy wmakcanna
auccepTanusaa ymoy riodan edMMHUHT MaBXyIJIUTH XaKuJard Teopema ucOoT

KWINHAAW. DyHUHT yuyH
z(t,x)=0(t) F (&), &= x|/ [=(OF",

) (p-D/(k(p—2)+m+I-2)

(a—b|§|(p/(p_l) . , arap Kk(p—2)+m+1-2=0,

f(5)=1 b
exp(—lki_2 (ij : arap K(p—2)+m-+l-2=0,

(GyHKIUSIIap KUPUTUIIA]IN.
Teopema 7. dapa3 KuJIaUIuK
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y(t)r(t)[u(t)] o2yt s% t>0,

Ba U,(X) <2(0,x), xeR"6yacun. Bynna

_k(p-2)+m+l-2

O =—y(MT’(t), a z®=[loE] 7 dt

VY xonna (14) macana erapiMya KMYMK OolUIaHFUY (QyHKIUsIapaa riodant
eurmra sra Oynaiu.

by TeopeManaH, COHIM MapaMETPIAPHUHI XyCYCHW KHMMaTiapuaa riodan
€YMMIIAPHUHT MAaBXYyIJIUTH XaKuJaru mabiiyM Hatwxkanapra (X.Dyxura, A.A.
Camapckuii, C.I1. Kypaiomos, A.Il. Muxaiinos, A.®. TeneeB, M. Apumnos) sra
Oyna onamus.

bo6 oxupuaa KapaiaéTraH MacaJJaHUHT COHJIM €4MII YCYJUIapu KEITHPUJIITaH.
Nkxku xappa HOUMBUKIM peakuus-aiuddy3ust xKapa€HIApUHUHT MaTeMaTHK
MOJICJIMHU COHJIM €uUMIll Y4yH OyHJal MacajajapHu €4YUIl Y4yH XOC OyiraH
[Tucmen-Peudopn cxemacunan Qoitnananuiam

k+}/ _ vk k+% k+}/ ko ko
y : yl,] :Alyk+}/2 +A2yk k yH—lj y Vk y|,1+1 yl,j +
5T h, h,
+‘C’7/( k+}/)(yk+}/)
SN Ay Ay K G N (i (i
05.c M ? h h
' 2
+67/( k+1)(y|kj+l) )

Oy epna

Yik+1, it Yik, i ‘D*Z (yuké% yk+}/)

i+1, ] )n (yl+1j + yl J)mil
() (oI v () |
) (vt ys ) ety (Ve v)-

n
_(‘Xu

Ay Zmihl [(

1
2y = 2m+1h2 |:(‘ i, j+1

) (yik,j + yik,j—l)m_l‘yik,j + Yik,j—l‘piz (yik,j - yik,j—l)j|’
i,j=12...n -1 a=12

bonutanruy Ba yerapaBuil mapTiap Kyiuaaruaya OjauHaIu
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Vii=U(x), xea,
k+1 k+1

Yii =, arap J=0 Ba j=n,,

yik'}% =@, arap i=0 Ba i=n,

_ 1/ . T N
6yepﬂa (DZE( kl+¢k)_ZA2(¢k 1_¢k).
repalys aHUKJIUTH Y9yH KyWUIard mapt 6aXkapyiMIid JO3HM

s+l S
max yi'j—yi,j <é&.
0<i<n
0<j<n,

Kyiinga aca m=2, p=25, =05 ¢=-1 Ba m=2, p=25 =023,
& =41 6ynranaaru xucoOail HaTWKalapyu KeJITUPUIITaH:

e,

s

e T
R

= :
ST
=IANGE
o e,
S
o5 LA
s . e
e
R
2

I
ST
ST
S ]
R T
R vt
Sl
LE

.-,’J’i"’:

o
S
T
e
PR
SR
e
5-'.-#.-
17257
oz

S =
R &
T TA I >
;:‘-"3:5'?3.'-'4"':'.'0'."#’6
N N
'.‘.4;’.:5::.:.::‘.:.' T
EL

s

SR TR
O
P iy
e =
B s S W s s
ey s e
R
T
<3

S

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

HMucceprauussHuHr  «UKKM  Kappa HOYM3UKJIM  peakuus-auddysus
CHUCTEMAJIAPUHM COHJIM-AHAJIUTUK TAAKUK KHJIMID) 1e0 HOMJIAHTaH TYPTUHYU
000upa roTwiMil Ba MaHOara, y3rapyBuaH 3WWIMKKA 3ra Ba (ha30BHIl HKKHU
KOMIIOHEHTAJIMK MYXHUT/AA aHUKJIAHTaH WKKA Kappa HOUYM3MKIH, Oy3WIyBUH
napabonuk TeHrnamanap cucremMacu yuyH eduMHuHT UTTY sdpdextu Ba dazoBwmii
JOKaJIM3alKs X0CccacH HaMOEH OVIMIIUIMIY LIapTH OJIMHAIU. ABTOMOJEN TaXJIUII
acocujia Kapanaérran cuctema yuyH Fujita Tunugaru rio0an eduM MaBXKyJIUTH
XaKuJara TeopemMa UcOOT KWIMHAIM. SIpuM UYM3HKIMA cHUCTeMallap Y4YyH OyHpail
HaTHXa OJAUHPOK Dckobeno-Xeppepo TOMOHHUIAH NCOOT KUJIMHTaH.

Cyct Ba Te3kop mubdy3us xoiapu ydyH, y4uHUM OoOparura yximiaO,
ACHUMNTOTUKAHUHT OOI KUMMATHHU XucooOsam yciayOou Takiaud KuauHuO, Ooril
KUiMaT Kod(PPUIIUEHTH MyailsiH ajire0pauk TEHrjaMajap CUCTEMAaCHHUHT €UUMHU
kabu udoganaHUIIM UCOOT KUITUH/IH.

Q= {(t,X): t>0, xe RN} coxaja aHWKJIaHraH Oy3WJIaauraH, 3UWIUTH Oup

KUHCIIA OYIMaraH, UKKY Kappa HOUM3UKJIA NapaboIuK TEHIJIaMaiap CUCTEMACUHU
Kapauivk:
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R M div{[xf um Vel vu )+ 7O v =0,

(15)
|x|n = div(|x|k vty Vv) +y()[x["u” =0,
u(0,x)=uy(x)=0,v(0,x)=Vy(x)>0, xeR",
oymma n,keR, m,m,>1 A, B, 21 p=2 Oepurran commap, V(.)—grad(.),
0 < y(t) e C(0,+x). X

Kylingaru comumrupyBYd GyHKIHUIIAPHU KUPUTANIHK

u, (t,X)=(T +t)* F (&), v, (t,x)=(T +t)?@ (&), T =0,

OyHIa

ai:—ﬁ, r(t)z%l(nt)%, A =l—a(m +p—3), i=12

F@)=(a-e"o")", ple=(a-£02)", a>0,

p-1 p-1
=) =—— (b), = 0,b).
ql m1+p—3 q2 m2+p_3 ( )+ maX( )

Teopema 8. (dyxurta TMNUAATH r7100a7 euuM xakuaa). Papas KUIaIuK

k+n<p, n<N, m+p-3>0, ﬂi>w, i=12,
m+p-3
A+l -(m+p-2) _ N 5, +1 (e p-2) N
T RETANAY e , 09120 A I .
Bip, — p_(n+k) B, -1 p—(n+Kk)

Ba U, (0,X)=Uy(x), v, (0,x)2Vy(x), xeR"

OyncuH. Y xonmga erapiuya KU4YuK U ( ) ( ) nap yuyH (15) macananunr
eunmMu Q coxazja Kyhugaruya OaxoJjaiira 3ra:

u(t,x)< Au, (t,x), v(t,x)<Av, (t,x), (16)
6ynna U, (t,x), v, (t,x) map roxopuna aHuknanran gysxuusuiap, A >0,A, >0

-y3rapmac Kamumarsiap.

(16) Tenrcuznuknapaan eunmiiap yuyH UTTY spdextn Hamo€n Oynummru
KeJn0 YuKaau.

Teopema 9. ®apa3 kunaimk (15) na y(t) =1, m +p-3>0,
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JPrmy =3, a{ ,31+11+aq2ﬂ1q1]<ﬂ’
P

m+p- 3 ﬂlﬁZ_
[ ﬂZ +1 +aqlﬁz_qlJ<L, p>n+k, n<N,a1£M+aq2ﬂ1—q1]<ﬂ’
B~ p—(n+Kk) BB, -1 0
ﬂ2+1 WBr—q N \
a,|l ——+a"* ™" - 0,x)> | 0.x)> | .
z(ﬁlﬂz —1+ < p_(n+k) u+( X) UO(X) V+( X) VO(X) Xe

oyncun. VY xonma (15) cucremanunr Q coxajga KydycHu3 €4YMMHU YYyH eTapiuya

KUYHK U, (X), VO(X) Japla Kydugaru 0axomjamnuiap YpuHIUAMD:

u(t,x) < Au, (t,x), v(t,x)<Av, (t,x) (17)
OyHma U, (t, X), A (t, X) Jap OKOpHAAa aHWUKJIaHTaH (QyHKOmsuiap Oyiuo,
A, >0,A, >0 map daxar (15) cucTreMaHMHI COHJIM IapaMeTpiaapuIaH OOFIMK

y3rapmac COoHJIap.
Teopema 9 gan (15) cuctemanunr Fujita TUmMmar# KpUTHUK SKIOHEHTaJIapu
Y4YH KyHuJaru KHiMaTIapHU OJIaMH3

B+l N
ﬂiﬂ3—i_1 p+(p+mi_3)N’
by matmxa p+m —3=0, i=12 xycycuit xomma Ockobdeno-Deppepo

=12 .

HaTwkacuHu Oepagn. M+ p—3=0, i=12 xycycuii xonra mMaxcyc (pe3oHaHC)
xon aevnianu. by xonmga (15) cucrema UTTY addextnrr HaMOEH KuIMaian Ba
eurM OOIIIKa XapakTepra 3ra 0ynaau.
Teopema 10. ®apa3 xwmaitmuk k+n<p, m+p—-3=0, i=12, n<N Ba
p+1 - N B, +1 - N
BB -1 p-(k+n)' BB-1 p-(k+n)

Xola etapiuya Kuauk Uy (X), Vo(X) map yuyn Q coxama (15) TeHrnamanap

TEHICU3NIUKIIAp OaxapuicuH. Y

CUCTEMAacCH €4MMHU Kyiiuaaru 6axoJsamira sra 0ymnaau:
pi+l ol

u(t,x)<(T +t) 221 F(E), v(t,x)<(T +t) 221 F(g),
(&) =w(&) =exp(~(£1p)’),

e= 2 o=

(T +t)"° p— (k+n)

Xycycuir n=k=0, p=2, p+m —3=0, i=1,2 xonma Teopema 10 nan
Dckobeno-deppepo TeopeMacu Keaud YUKaIH.

Hucceprauusiiuar  «Houm3ukiau y3apo peakuus-gudpdysuss (Kpocc

Au(pPy3usi) CUCTEMAJAPUHMHI E€YUMMJIAPMHMHI HCCHKJIMK TapKaJUIIH

|X|(pf(k+n))/p .
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TE3JIMTHHUHT YeKJIUJIUTH Ba JIOKAJUIAIIMIIWY 1e0 HOMIaHTaH OermuHYn 000m1a
Oy3WIyBUaH UKKU Kappa HOUM3UKJIU, 3UWINTH Y3rapyBuaH, KOHBEKTHB KYy4yBuUaH
napaboiMK KpOCC CHCTeMa YYYH EUUMJIAPHMHT KyHujaru cudar xoccaniapu
YpHaTUIaau: 1JI00aN EUYUMHHUHT MaBXyqiauru, @Dyxuta TUNUIATH KPUTHUK
dKCIOHEeHTa KukiMaTH, PpoHT xycycusaru, UTTY sddexkTn, KoMIakT OpUTyBUU
€UMMJIAPHUHT aCUMNTOTUKAIAPHU, SPKUH yerapa, aBTOMOJIe]l CUCTEMaJapHUHT Ba
YEKCU3JIMKAA HOJTa ailllaHyBYM €YMMIIAPUHUHT XYCYCHUSITIapU, YJIAPHUHT COHJIU
napamMmeTpiaapaaH OoFauKIUKIapyu Ba 0. ByHaan Tamkapu, COHIM MOJIETIAIITHPUII
Ba WTEpPALMOH >KapaCHUHUHI MYXHM MYaMMOCH — UTEpallMOH >XapatH y4yH
OONUTaHFUY  SKUHJIANIMINHYA ~ aHWKJIAI Macaidack Xan KwinHaan., CoHmmn
AKCIIEpUMEHTIIApa TakKJIu(] STUITaH HTEPAlMOH >KapaéHHU Te3 SKWHJIAITYBUYN
AKAHJIUTU XaM UCOOT KWJIMHAJIH.

Yoy Oy3ynayBuu mnapaboJIMK TEHIVIaMaiap CHUCTEeMacu OpKajau Oepuiiran
y3apo peakuus-nud@ys3us MaTeMaTUK MOJIETh CHUCTEMAacHUHU Kapailink

w _ div(pz(x)vml‘1|VU|p_2 Vu) +div(v(t)u)+ p,()u?,
(18)
W _ O|i\,(,02(x)umz—1|Vv|'°_2 Vv)+ div(v(t)u)+ py(x)v*,

u(0,x) =u,(x) >0,v(0,x) =V, (x) >0, xe R".

Huccepratmstauar Vo 6o6uma  (18) cucremanuHr 3enbaoBud-bapenonar
THUIU/IATH €9MMHU TOTIJIA/IH:

u(t,x)=A(T +t) ™ £(&), v(t,x)=B(T +t) “ (&), &= [T(‘t);‘]ﬂp , T>0, (19

OyHma
T +t)™
z(t) :(—)’ p=1-(m -1e, - (p-2)e, >0,

1

f@)=(a-&)", w@=(a-¢")", a>0, y=pi_l, (c), =max(0,c),

o - (PR rd) o DR 4 (o2 - (m -1, -

0yuo,

n,N nN
0!1 = y az = y
nn, +n,(m, -1)N nn, +n,(m, -1)N

n=k(p-2)+(m -1),n,=k(p-2)+(m, -1), n;=(p+k(p-2)N

COHJIapH
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o, N

1- (ml —1)052 _(p - 2)0!1 B p ’
(m -De, - (p-2)a, =(M, Do, —(p-2)a,
anreOpanik TEHTJIaMajap CHCTEeMAacHHH eunMiiapuaad Ba A, B y3rapmac conmap
1

(Wl)p—l Ak(p—Z)Bml—l :%’ (Wz)p_l Aml—lBk(p—Z) :E’

b, p-1 ) - p-1
p-1" "' k(p-2)+m+1-2""% k(p-2)+m,+1-2

7/:

MyHocabOatnapaan Tonwiagu. (19) eumm UTTY xoccacura sra Oynud, yHIaH
Komm wmacanacupan Tamkapu OOIIKAa HOYM3HMKIM YeErapaBUil MacallajlapHUHT
ro0an eyumra 3ra oynummuaa GoigaiaHmiaam.

beumuun  0obma Oymman Ttamkapu (&), w(E) xoc  ymkumsiap

ACHMITTOTHKAJIAPY YPraHWIaIu. Yap Kyiuaaru

k [P~2
gl_N d [gNll//mll i iJ—Féi—}_llf :O’

dg

dé d¢ | pd¢

2 (20)
dw} $ dy

E E E +=—+Ly =0,

Oy3HTyBYM aBTOMO/IEN TEHIJIaMasiap CUCTEMACHHUHT YIIIOY YeTrapaBHid
f'(0)=0, f(x0)=0, ¥'(0)=0, w(x)=0,
f(0)=c¢, >0, f(d)=0,w(0)=c,>0, w(d)=0,d <o, (21)

mapTIapUHU KaHOATIAHTUPYBYW euuMiiapu 0yiuo0, OyHaa

gl—N i[é:lemzl M i

o a,

e (m —De, —k(p-2)e,’ = 1-(m, ~Dey —k(p-2)er,

®dapa3 KWIanIuK

T no _ 2\ X
f&)=(a-¢), w©)=(a-¢) ,5=$,

-Dip-(m +1
yo_P ,%:(p )[p—(m +1)]
p-1 q
OyJICHH.
Teopema 11.  y, >0, y, >0 mapraap Oaxapunranza, (20), (21) macananuar

1=12, q=[k(p-2)+I-1 - (m, ~1)(m, -1)

CYCT €UMMH yUyH YyIIOy Oaxosanuiap YpUuHIUIUD:
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U6 U0 =T+ T, V)<V 60 =T +) (&), E=—b
[ (1)

6yrna f (&), () rokopuna aHUKNaHraH (yHKIHUSIAP.
Teopema 11 gan eunmnap MTTY xoccacura sra 6yaunig Keaubd YuKaau.
Teopema 12. y, >0, y, >0 maprnap 6axapuiaranna, (20), (21) MmacananuHr

KyUYCH3 €4MMHU 7] —> 00 (77 =—In (a — greD )) Ja ymoy acHMMITOTHKAra sra

F(&)=Af(E)(2+0@), w(&)=Aw(S)(1+0@D)),

oyuma A >0, i=12, xospdumuentiap Kyiimgarum anreOpauk TEHIJIamanap
CUCTEMAaCHHUHT CUUMUJIHP:

APZ AN b, b= 5

p(Wz)p_l ’

1

— . AMIAPIb, b=
p(r)*™ B

ABbHU

p-2
Al = [blAz—(mrl) ]U(P—Z) A2 — [blbz_(mz_l)/(p_z)](p_z)z—((”h—l))(mz—l) .

bo6 oxupuna Kapana€rran MacajlaHUHT COHJIM €YU YCYJJIapU KEITUPUIITaH.
Macanaunu eunin  yuyyH Xxoc Oynran Ilucmen-Peudopn cxemacuman
doimananunan. XucobOnam — Taxpubamapu WIYHH KypcaTajuku, OyHAai
KYPUHUIIIATK XUCOOJall yCyJ/Ulapd HOYM3HMKIM MacajalapHU COHJIM €YMINJa
aBTOMOJIeNl €HJIONIYB, YM3UMKCH3 QKpaTUII Ba CTaHAApT TEHIJamMasnap ycyiauaaH
dolimananu® KypuO OJIMHTaH e€4YUMJIAp acoCHJla EYUMHUHI  OOILIaHFUY
AKUHJIAIIUIIYA OWIaH HOYM3UKIU (D PEeKTiaapHu OJuIIAa camapalid HATHKa OJUII
MYMKHUH.

Kylinga WKKM Kappa HOYM3HKIM Yy3apo peakuus-nud@ys3uss macanacuHH
COHJI €UUIIIJIa TApaMETPIIAPHUHT TYPJIH KUUMATIapUaard XucoOal HaTKalapu
KEJITUPUJITAH:

Kuiimatnap t=1 t=20 t=40
m =02,
m, =0.2,
p=3.8
eps =107,
k=1
y,=2.8>0,
y,=2.8>0
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Kuiimatnap t=1 t=20 t=40
m =14,
m, =1.4,
p=3
k=1,
eps =10~
7, =1.429>0
7, =1.429>0
m =04,
m, =1.4,
p=3
k=1,
eps =10~
7, =2,581>0,
7, =0,968>0
m =0.2,
m,=0.7,
p=3
k=1,
eps =10~
7, =4,737>0,
7,=3,421>0

XVJIOCA

«MKkKk1 Kappa HOYM3UKIN peakuus-nuddysust cucremanapu kapaéHiapuHu
MaTeMaTHK MOJEJUIAITHPUIID MaB3yCHUJAru TOKTOPJIMK AMccepTanusicu Oyitnua
0110 GOpUITraH TaJKUKOTIAp HATWXKAcKH1a KyHuaaru XyJjocanap TaKIuM 3TUIIN:

1. ABTOMOAEN aHANIM3 Ba COJIMILTUPUIL MPUHIUILIAPH acocUa OUp >KUHCIH
Ba OWp KHUHCIM OyIMaraH MyXuT/Aa UCCUKJIMK YTKa3uIl, GUIbTpAIMs Ba peaKius-
auddy3us Macanazapu HOUYM3UKIA MAaTEMAaTUK MOJIEIUIAPUHU YPraHUII Ha3apusCH
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acocH/ia euuIlga COHJIM MOJIEN, XUCOOJIAIll aaTOpUTMIIAp Ba AACTypJiap MaXKMYHUHU
KYJUIAIIHUHT TaxXJWIM YJIApHUHT Y3Ura XoC XYCYCHSTJIApUHU Oenruiaiiiu Ba
PHBOKJIAHHUII UCTUKOOJIJIAPUHU aHUK1a0 Oepasy.

2. 3enbaoBUY-bapeHOIATT TUNHIATH €YUMIIAPHU KypHI EpJlaMu/ia 3UUIIUTH
y3rapyBuM MYXUTJa UKKUA Kappa HOUYM3HKIM peakius Auddy3us Moaenu y4yH
NTTY Ba eyumiap JOKAIM3ALUACH XOCCAIAPU YPTaHUIILAA XU3MAT KUJIA .

3. UTTY Ba eunmiap JOKJIM3AIUICH XOCCaJapu TE3JIMTH BaKTra OOFJIMK
HOYM3UKJIN XapaKaTIaHyBYN MyXUT/JIa HAMOEH OVIHINN KYpCaTUIIa IH.

4, KOtmmmm €xku ManOara sra MyxXutTiaa peakuus-nuddy3us HOUYUZHKIH
MOJIENb YUYH JIOKaJ TYJIKUH CTPYKTYPACH H03ara YMKUILIN KypCaTUIIA IH.

5. Ukkm xappa HOUM3BWKIW, 3WUWIMTH Y3rapyBuaH, peakius-auddy3us
mareMatuk moaen yuyH WTTY Ba eunmiap JoOKamv3alMsCH XOccalapu YpPUHIU
DKAHJIUTH KYypCaTUIIA/IN.

6. Wkku kappa HOUYMBHMKIM peakius-auddy3us aBTOMOJEN TEHIrIamanap
cUCTEMacHu e4rumiIapu yuyH blow-up xoccanapu YpuHIM SKaHIIUTH KYpCaTHIIa Iu.

/. Wkxku Kkappa HOYM3MKJIM aBTOMOJIE] TEHIJaMa €KW TEeHIJiamaiap
CUCTEMACHHUHT KOMIIAKT IOPUTYBUMIIUMK Ba YEKCU3IIMK/IA HOJTA aiiJlaHyBYM KyUCH3
€UMMIIApYU aCUMITOTUKACU KypHJIaJIu.

8. MHkxu xappa HOUM3UKJIW, MaHOAa €KM IOTWIMINTA dra OYiIraH peakiius-
mubdy3us kapaéHmapuHUHT OyHAAM Macananapu Tiioball edyumra sra OYJIHIId
UCOOT KWIMHAIH.

9. Hkku kappa HOUM3UKJIM, MaHOA €KH FOTHIIHII, XamMJIa KOHBEKTHB KYJIHIITa
sra Oynran peakuus-quddy3us xapaCHaapyuHUHT OyHAAM Macananapu y4yH
KPUTHUK SKCIIOHEHTA TOMUIITHUHT YHUBEPCAT aAITOPUTMHU KYJIJTAHUIIA U,

10. Houmsukim xkpocc-auddys3us cuctemacu yuyn HUTTU Ba  daszoBwmii
JOKamu3alusa  Xoccajiapura sra OynraH — 3enbAoBUY-bapeHOnaTT TuUnuaaru
eurMIIap KypHIau.

11. Mmna6 yukuiarad AacTypuil TAabMUHOT peakuus-nuddysust cucremanapu
HOUM3HUKJIU MaTEeMaTHUK MOJEIIapUHHU cudaT Xoccallapyu acocujia YpraHull Y4yH
KOMITBIOTEP/1a MOICIIIAIITUPATH.

12. Ikku kappa HOYM3UKJIM MapabOJUK TEHIJIaMallap CUCTEMAacu €YMMIIapu
y4yH XUCOOJall cxemajapu, ajJropuTMiap Ba JacTypiiapuil TabMUHOT OyHail
MacajajapHd Ha3apUsSCHUHU Ba COHJIM CYHIN >KapaHJIApUHU VpraHUIlga FOKOPH
YHYMJIOPJIUKKA 0JIUO KeJlau.
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BBE/IEHUE (aHHOTALMS AOKTOPCKOM JUCCEPTALMHI)

AKTYaJlbHOCTH M  BOCTPeOOBAHHOCTH TeMmbl auccepranmu. Ha
CETOAHSIIHUN JIeHb B MHPOBOM IHPAKTUKE OOJACTH E€CTECTBEHHBIX HAyK B
pa3paboOTKe METOJOB MOBBILIEHUS 3(PPEKTUBHOCTH CUCTEMBI YIIpPaBICHUSA
IPOLECCOB peakuuu-IupPy3un u3ydyeHne HEITMHEHHBIX MAaTEMaTHYECKUX MOJIENE
CUMTAETCSl OJIHUM M3 aKTyaJbHbIX 331a4. [lo manHbM 6a3bl Elsevier koaumuecTBo
Hay4HbIX pabOT YYEHbIX BO BCEM MHpPE, MOCBSAUIEHHBIX HCCIEAOBAHUIO
HEJIMHEWHOTO ypaBHEHUS peakimnu-auddy3uu, Takke 3aaauu Koim u rpaHIYHBIX
3ajady 1 3TOrO YpaBHEHHUSA, NPAKTUYECKOMY IPUMEHEHHUIO pEe3yJIbTaTOB
UCCIIENOBAHNS IIOCTOSIHHO PacCTeT.

B PecnyOnuke Y30ekucTaH NMpOBEAEHBI MIMPOKOMACIITAOHBIE pabOTHI MO
3¢ (PEeKTUBHOM  OpraHM3aluud  MEpPONPHSITHI,  MOCBSALIEHHBIX  CO3JIAHMIO
aBTOMATHU3UPOBAHHBIX CUCTEM ]ISl KOMIIBIOTEPHOHN BU3yanu3auu 1ud@y3MOoHHBIX
IPOLECCOB, IO MAaTeMaTUYEeCKOMY MOJIEIMPOBaHUIO TnpoueccoB auddysun,
ONKCHIBAEMBIX HEIUHEHHBIMM YPAaBHEHUSIMH C JIBOWHOM HEJIMHEHHOCTBIO B
HEONHOPOAHON cpene. C 3TOM TOYKH 3pEHHs, IPOBOIUTCA PSJ  HAYyYHO-
UCCIIEZIOBATENbCKUE pPaOOThl, TOCBSILEHHBIE YCOBEPIICHCTBOBAHUIO METOJIOB
UCCIIEIOBAHNAS M BH3yalM3allMM HEIMHEHHOro Ipolecca, IO  CO3/aHHUI0
ABTOMAaTU3MPOBAHHBIX CHCTEM IPOU3BOJCTBA, KOTOPBHIE UTPAIOT BAKHYIO POJIb B
M3YYEHUU MaTEMATUYECKUX MOJIENIEH HEIMHEMHBIX MPOLECCOB.

B Hacrosmee Bpemss B MuUpe P (PYyHIAaMEHTAIBHBIX MPOOJeM TpeOyroT
MAaTeMaTUYECKOE MOJEIMPOBAHNE HEJIMHEWHBIX MPOLIECCOB, YCOBEPUIEHCTBOBAHNE
CIIOCOOOB U CPEACTB BU3YAIU3ALMH, TAKXKE, IPUMEHEHHE K MPAKTUKE MOJIYYCHHBIX
BaXXHBIX PE3YJNbTATOB 33Jad peakuuu-aud@Py3uu ¢ IBOWHOM HENMHEHHOCThIO. B
HACTOAIEE BpEMS II0 M3YYEHUIO YPABHEHWW C JBOWHOW HEIMHEMHOCTBIO U
IPAKTUYECKOMY ITPUMEHEHUIO, IPOBEICHUE LIEJIEBBIX HAYYHBIX MCCIEAOBAHMI 110
HIDKECIIAYIOUIMM HANpaBICHUSIM CUUTAETCS OAHUM U3 BaXKHBIX 3aJa4: pa3paboTka
CHOoCcOO0B BH3yalM3allMM MpPU M3YyYEHUU HEIUHEHHBIX MOJeNel; co3/laHue
IPOrPAMMHBIX KOMIIJIEKCOB, IMOMOTAMOIINX W3YYEHUIO HEJIMHEHHBIX IPOLIECCOB;
CO3JaHUE TEXHOJIOTHIO IPOBEIEHUS BBIYMCIHUTEIBHOTO IKCIIEPUMEHTA, KOHTPOJIS
SBOJIFOLIMM TIpOIECCa M0 BPEMEHH, CO3/1aHHE KOMIIBIOTEPU3UPOBAHHOM CHCTEMBI
ONpENEIEHUS] CBOWCTB, 3aBUCALIMX OT JUHAMUKH HW3MEHEHHS NapameTpOB.

Hayunbie UCCIICIOBAHHS, BBIMOJTHSIEMBIC 1o BBIIIICTIEPEUNCIICHHBIM
HaIpaBJICHUSAM HAYYHBIX MCCJICIOBAaHUH, YKa3bIBAIOT aKTyaJbHOCTh TEMbI JaHHOM
JMCCEPTAIUH.

HccnenoBanus TaHHOW AUCCEPTALIMM, B OINPEACICHHOM CTEIECHU, CIIY»KaT
JUTS peajn3alii MOCTaBIEHHBIX 33]a4 BO BCEX HOPMATHUBHO-TIPABOBBIX aKTax IO
TaHHOW JesTeNbHOCTH, ocTaHoBleHue [Ipesunenta Pecny6nuku Y36ekuctan ot
21 mapra 2012 roma Ne III1-1730 «O mepax mo nanpHEHIIEMY BHEAPEHUIO U
Pa3BUTHIO COBPEMEHHBIX UH()OPMALIMOHHO-KOMMYHHUKAIIMOHHBIX TEXHOJIOTUIY, OT
15 nexabps 2010 roma Ne T111-1442 «O npuoputerax pa3BUTHs TPOMBIIIUICHHOCTH
PecriyOnmuku  VY36ekuctan B 2011-2015 romax», mnocranoBnenue KaOunera
MunuctpoB Pecniy6nuku Y36ekuctan ot 1 ¢eBpans 2012 rona Ne 24 «O mepax no
CO3JaHHI0 yCJIOBUM JUIsl JAJIBHEHMIIErO pPa3BUTHA KOMIIBIOTEPU3ALUU U
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MH(POPMALMOHHO-KOMMYHUKAIIMOHHBIX TEXHOJOTUH Ha MecTax», a TaKxke B
JIPYTrUX HOPMATUBHO-TIPABOBBIX IOKYMEHTAaX, MPUHSATHIX B TaHHOU cdepe.

CooTBercTBHE HCCICAOBAHUS € TPUOPUTETHHIMH HANPABJICHUSIMU
pa3BUTHS HAayYKH M TeXHOJOruil pecnyOamku. JlaHHOe wuccleq0BaHNe
BBIIIOJTHEHO B COOTBETCTBHUM IIPUOPUTETHOTO HANPABICHUS DPa3BUTUSA HAYKH U
TexHojoruil pecnyonuku V. «Pa3Butne mHbopMaTuzanmu U MHPOPMAIIMOHHO-
KOMMYHUKAIIMOHHBIX TEXHOJIOTUID.

00630p 3apy0esKHBIX HAYYHBIX HCCIE0BAHMIA 110 TeMe AuccepTanuu’.

Hayuynbpie  WccnenoBaHusi,  HAlpaBICHHbIE  YUCIEHHOMY  PELICHHIO
HEJIMHEHHBIX 3a/1a4, UCCIIEIOBAHUIO CYIIECTBOBAHUS TI00ANBHBIX PEIICHUH TUIIA
Fujita s pasHeIX HENWHEHHBIX 3a/1a4, SBJICHUIO KOHEYHOH CKOpPOCTH
pacripoctpaHeHuss TemreparypHbix Bosmyiienuidt (KCPB), wuccnenoBanuto
Ka4eCTBEHHBIX CBOWCTB aBTOMOJIEIBHBIX PEUICHUM, NPOCTPAHCTBEHHOW W
3¢ (GEeKTHBHON JIOKANMM3alMK HeorpaHudeHHbIX pemrennid  (blow-up), onenke
penieHuss ¥ CBOOOJHOM rpaHUIlbl B Pa3IMYHBIX (DYHKIIMOHAJIBHBIX MPOCTPAHCTBAX
OCYUIECTBJISIETCS B BEAYIIMX HAYYHBIX IEHTPAX M BBICIIUX 0O0pa30BaTEIbHBIX
yupexaeHusax mupa, B Tom uuciie, North Carolina, Berkeley, California State
University (CIA), Tokyo, Osaka, Nagoya, Fukuoka University (SImonus),
Autonomous University of Madrid (Mcnanus), Tel Aviv University (M3pawis),
Chongging, Changchun University (Kuraii), Paris Mathematics Center (®panius),
Mathematical Institute of Leiden (I'ommanmust), Technical University of Budapest
(Benrpust), UHCTUTYT mpuKIIagHOil MaTeMaTUKi, MOCKOBCKHI TOCY/1apCTBEHHBIN
yauBepcuteT (Poccust), Maremarnueckuii uHCTUTYT ¥ WHCTUTYT NpUKIaTHON
MareMatuku ['py3un, MHCTUTYT MaTeMaTUKH W BBIYUCIUTEIBHOW MaTEMaTUKU
bonrapun, B JIOHEIKOM HWHCTUTYT€ MAaTEMAaTHUKH U MeXaHWku (YKpauHa),
HauuonanbHelii yHUBepcuTeT Y30ekucraHa, CamapKaHACKUN TOCYIapCTBEHHBIN
YHUBEPCUTET, YPreHYCKU TOCYJapCTBEHHBI YHUBEPCHUTET, LEHTP pa3pabOTKu
MPOTrPaMMHBIX MPOAYKTOB MpH TalIKEHTCKOM YHUBEPCUTETE HWH(POPMALMOHHBIX
TexHosorui (Y30eKkucTaH).

B pesynbrare wHccienoBaHUM, NPOBEICHHBIX B MHUpPE, OTHOCALIUXCA I10
OTIpe/ICNICHUIO HOBBIX CBOWCTB, CBA3aHHBIX C HEJIMHEWHBIMU U} pepeHInaIbHBIMU
YPaBHEHUSIMH M CHCTEMaMd  YPaBHEHHMH, YHCICHHOMY  pELIEHUIO U
YCOBEPIICHCTBOBAHUIO CIIOCOOOB  BHU3yalM3allUM, TMOJYYEHBl pAJ HAYYHBIX
pe3yNbTaTOB, B TOM 4YHUCIE: pa3paboTaH ajroOpUTM OILIEHKH pelIeHud 3a1ad
MOJICIIUPOBAHUS TIPOIIECCOB peaKuu-Tu(dy3un ¢ TBOWHON HETMHEHHOCTHIO B
pasubix npoctpanctBax (North Carolina, California State University), nokaszano
CYIIIECTBOBAHHUE TJIO0AJBHBIX PEIICHUN 3a7ay ¢ JABOMHON HEJIMHEHMHOCTBIO THUIIA
H.Fuyjita (Tokio University), knaccuduumpoBanbl cBoicTBa  (yHKUHUH,
COOTBETCTBYIOIIIMX  HEOTPAHUYCHHBIM  PEIICHUSAM  3a1ad C  JBOMHOMN
HenuHeHocThio (MHCTUTYT mnpukiagHod MareMatuku Poccuiickoil Axamemun
Hayk), omnpeneneHa KpuThueckash HKCIIOHEHTA JUIsl MOJYJIMHEHHBIX CHUCTEM
(Autonomous University of Madrid), mnoaydeHsl pemeHuss ¢ OMOIIBIO

1 0630p MeskayHAPOIHBIX HAYYHBIX MCCIIEN0BAHH 10 TeMe JuccepTauy ocHoBan 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 mp.
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aBTOMOJIEJILHOTO METO/Ia, MPU H3YYEHHH CBOWCTBA JIBYXKPATHBIX HEJIMHEHHBIX
3anau (Chongqing, Changchun University).

B Mupe mnpu MoaenupoBaHUM HEIMHEWHBIX MPOLECCOB MO YUCIECHHO-
AHATUTUYECKOMY H3Y4YeHUIO0 TudPepeHInaTbHbIX YpaBHEHUN MapaboIMdecKoro
TUIIA, pa3pabOTKe CIOCOOOB U CPEJCTB BU3YAIM3ALUU MO Py MPUOPUTETHBIX
HaIpaBJICHUIN IPOBEIETCSA UCCIIEIOBAHUS, B TOM YHCIIE: HAX0XKIEHHUE TI100aIbHOTO
pemenus tuna Fujita nis HenMHENHHBIX 3a/1a4; onpeaesieHne KOHEYHOM CKOPOCTU
pacOpoCTpaHEHHUs] BO3MYIIECHHM; HAXO0XJICHHE AaBTOMOJECIBHBIX  PEIICHUN;
HAXOXXJCHHE TPOCTPAHCTBEHHOW JIOKAIM3AIUK i HeorpaHWmdeHHBIX (blow-up)
pEelIeHWil; OLEHKa pElIeHHss W  CBOOOJHOM TpaHMIBl B  Pa3IMYHBIX
(YHKIIMOHAJIBHBIX MPOCTPAHCTBAX; COBEPILICHCTBOBAHUE METO/IOB JI1 YUCICHHOTO
pelieHus] HEeNMHEHHBIX 3a7ady U pa3paboTka MPOrpaMMHOIO KOMIUIEKCAa IS
BHU3yaJIM3allMi HEJIMHEWHOTO Mpoliecca.

Crenedb uM3y4YeHHOCTHM mpoOJiembl. CBoOlCTBa MOPOCTPAHCTBEHHOMN
JOKAJIM3allMd M KOHEYHOM CKOPOCTH pacClIpOCTPaHEHUs] BO3MYIICHHH, I
MoOjieJIel TeTJIONPOBOAHOCTH, GuibTpaiuu, 1M dy3un BMECTe ¢ PEIICHUSIMU TUTIA
3enbaoBuya-bapenbnarra 6 M3ydeHsl MaptuHconoM u [laBnoBeiM. C 3TOTO
nepuoja  ObUIO  yAeleHO  OoJbIlIo€  BHUMAHUE  IIMPOKOMACIITAOHBIM
UCCIIEOBAaHUSIM HaJl HEJIMHEHHBIMU MaTEeMaTUYECKUMHU MOJIEIISIMU,
JIOKa3aTEIbCTBY Ui APYTUX HEIMHEHMHBIX MATEMATHUYECKUX MOJIENICH U U3yYECHUIO
UX Pa3IM4YHbIX HOBBIX CBOWCTB. Takke HaiJeHbl TNPUMEHEHUE H3y4aeMbIX
MaTeMaTUYECKUX MOJIEJIEH B HEIMHEIHBIE NMPOLECCHI, BCTPEYAIOUIUXCS B PA3HBIX
OTpaCIIsSIX, U HalJIeHbl HOBBIE (D (PEKThI, HECBOMCTBEHHBIC TUHEUHBIM YPABHEHUSIM.

KonuvecTBOo 0nmyOIMKOBAHHBIX HAYYHBIX paOOT MO HEJIMHEHHBIM 3a/1adyaM B
nocinennue 20 JneT, MOKa3bIBalOT BBICOKMI HHTEpPEC K ASTOMY HaIpaBJICHUIO.
HayuHble uccienoBaHusi, MOCBSIIEHHBIE CYIIECTBOBAHUIO TJIOOAIBHBIX pPELICHUMN
tuna Fujita mpoBoannucek B yausepcutete Tokyo (H.Fujita, X.Y.Chen, H.Matano,
M.Mimura), B yuuBepcutere Nagoya (M.Sugimoto), B ynuBepcutere Osaka
(Y.Naito), B ynmBepcurere North Carolina (C.V.Pao, W.H.Ruan), B California
State University (L.A.Caffarelli, A.Friedman, B.Mcleod); mo ypaBuenusm Lp-
Jlartac u PME, 00600m1ieHHbie ciiy4au, TakKe MO0 KPUTUYECKUM DKCIIOHEHTaM B
Autonomous University of Madrid (mayunas 1mikoia 1o0j PYKOBOJCTBOM
J.L.Vazquez), B8 Axen University (Germany) (M. Winkler), B Politecnico di Milano
(G. Grillo, M. Muratori), BO MHOTMX YHHBepcuTeTax Kutas, B TOM uucie B
Chongging, Changchun University (J.Wu, J.Yin, H.Li, J.Zao, P.Zeng, C.Mu,
D.Liu, Sh.Zhou, M.X.Wang, C.H.Xie); mnonyJiuHEHHbIMU CHCTEMaMH B
Complutense University (Spanish) (M.Escobedo, M.A.Herrero, M.Fila,), B Tel
Aviv University (H.A.Levine, S.Kamin); u3yuyeHue ycCIOBHIl CyIECTBOBaHUS
pelieHuii B PazIMUHBIX (PYHKIMOHAJIBHBIX MPOCTPAHCTBAX JJIi HEJIUHEHHBIX
napaboIMYeCKUX 3a7ad U TOJyYCHHE OIICHOK DEIICHWH BBIMOJIHSIINCH B Paris
Mathematics Center (G.L.Leons u ero y4eHHKH); H3YYEHHEM HOBBIX
KAaYECTBEHHBIX CBOWCTB HEJIMHEMHBIX MAaT€MaTHUUYECKUX MOJIECJICW 3aHMUMAaKOTCA B
WHCTUTYTE TMPHUKIAIHOW MaremaTukun Poccuiickon Axkagemnun Hayk u B
MockoBCKOM roCy1apCTBEHHOM YHUBEPCUTETE (A.I1.Muxaiinos,
B.A.T'anaktuonos, E.Kypkuna), B UHCTUTyTE MaTe€MaTUKU M BBIYUCIUTEIBHON
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marematuku bonrapum (C.H.Iumosa, M.C.Kocremue, M.JK.KoneBa) Benyrcs
MIMPOKOMACIITAOHbIE HAYYHbBIE UCCIICTIOBAHMUS.

[Ipy uccrnenoBaHWM HEJIWHEWHBIX YPABHEHUN U MPOLIECCOB, CBS3AHHBIX C
HUMH, COOCTBEHHO, B M3y4Y€HUU CBOMCTB YypaBHeHuil Tumna KoptBera ne ®pusa
INPEAJIOKEHBl HOBBIE COBPEMEHHBIE METOABl MAaTEMAaTHUKAMH Y PreHYCKOro
['ocymapcTBeHHOTO YHUBEPCUTETA A.XacaHOBBIM, I".Vpa36oeBbiM 51
A SIXmuMypaToBBIM U CO3/1aHa aHanuThueckas teopusi; padbotel A.C.PacynoBa u
€ro y4eHUKOB HAIPABIICHBbI PEIICHUIO HEJIIMHEHWHBIX MPOLIECCOB CTATUCTUYECKUM
MOJIEJIMPOBAHUEM, pabotst H.MyxutnunoBa, A.bermaroBa, b.Xyxasposa,
H.PaBmianoBa, N.AmmmoBa, N.XyxaeBa HampaBlICHbl YHUCICHHOMY PEIICHUIO
HEJIMHEHHBIX 3amad  (QUIbTpalid Ha OCHOBE JIMHEAPU30BAHHBIX YpaBHEHUI
MPUMEHUTENBHO K 3ajadyaM HedTH M ra3a; a B paborax M.ApumoBa u €ro
yuenukoB (T.Karomos, [[.DmmatoB, A.Xaiinapos, K.Myxammanues, LII.Certues,
A.Martsiky6oB, 3.PaxmanoB, J[.MyxammanneBa) u3ydeHbl pa3Hble BUbI PEIICHUIA,
MIOCTPOCHHBIE HA OCHOBE AaBTOMOJIEIBHOTO W MPUOIMKEHHO aBTOMOJIEIBHOTO
IIOAXOJ0B, HOBBIC CBOWCTBA HEJIMHEWHBIX MAaTEMaTUYECKUX  MOJIEIIEH,
ACUMIITOTHKA perieHril 000OIIEHHOTO0 YpPaBHEHHUS UM CUCTEM THIa OMJICHa-
@aynepa. CBOIICTBa MaTEMaTUYECKUX MOJEINIEH, OMUCHIBAMBIX BBIPOKIAIOIIUMUCS
napaboIMUYecKUMU YPaBHEHUSIMUA U CUCTEMaMU C Y4€TOM MEePEMEHHOM MJIOTHOCTH,
C KOHBEKTHUBHBIM IEPEHOCOM M MCTOYHUKOM B HACTOSIIEE BPEMS HEIOCTATOYHO
V3YYCHBI.

CBs3b TeMbl JMCCEPTALUM ¢ HAYYHO-MCCJIEA0BATEILCKUMH PadoTamMu
BbINOJIHEHHBIH BBICHIEr0 00pa30BaTe/IbHOIO yupexaeHus. /[uccepTaunoHHOE
MCCJIEIOBAHKME BBIMOJIHEHO B paMKaxX IUIaHA HAay4YHO-MCCIEAOBATENIbCKUX padoT
byHIaMEHTAJIBHBIX MPOEKTOB TalllKEeHTCKOTO0 TOCYAapCTBEHHOI'O0 TEXHUYECKOTO
yauBepcutreta 1o Teme: OT-D1-125 «KommbioTepHoe MOAETMPOBAHUE,
BU3yaJM3allsl HEJIMHEUHBIX IPOLECCOB, ONUCHIBAEMbIC YPAaBHEHUSMU U
cucteMaMu Tumna peakuuu-nudaoysun u Kneitna-I'opaona, HeKOppeKTHbIE 3a1a4u
ans abeTpakTHBIX  auddepeHIManbHeIX  ypaBHeHui»  (2009-2011), Ed-4-10
«HucneHHoe MOJEIMPOBAHUE CHUCTEM OHOJOTUYECKOW TMOMyJAIlHMH  THUMa
Konmoroposa — ®@umiepa» (2013-2014), UT]/] 5-44 «HucneHHOE MOJCIUPOBAHKE
B3aMMHOM cucTeM Ouosiorudeckoil momymsiniuu tuna Kommoropoa — ®umepay
(2015-2017).

Leabo mucciieqoBaHUsl SBISETCS MAaTEMAaTHYECKOE  MOJEIMPOBAHUE
npoueccoB puibTpanuu, peakuuu-auddy3un, pacpocTpaHeHHUs TeIUIa, KUIKOCTH
U Ta3a, OMNPEIEISEMbIX BBIPOKIAIOIMMHUCS MNapabOJIMYECKUMU U CUCTEMaMu
YPaBHEHUU B CpPEAEC C JABOWHOM HEJIMHEHMHOCTBHIO NPU MEPEMEHHOW IJIOTHOCTH C
YYETOM BJIUSIHUS HWCTOYHMKA WJIM TMOTJIOMIEHUS C TIOMOIIBI) aBTOMOJEIBHBIX
METOZOB.

3agaum uccjie0BaHUA:

obocHoBaTh cymectBoBanue KCPB u mpocTpaHCTBEHHOHN JOKaIu3alud B
paMKax MaTeMaTHUYeCKOW MOJCIH CHUCTeM peaknuu-nuddy3uun ¢ JABOMHON
HEJIMHEWHOCTBIO U C IIEPEMEHHOM IUNIOTHOCTHIO;

MOCTPOUTH TJIOOAIBHOE perieHue 3amayn Kommw mis Mojenu peakiuu-
mubdy3un ¢ TBOWHON HEMHEWHOCTHIO C UICTOYHUKOM WJIH TTOTJIOIICHUEM;
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MOJyYUTh ACHUMIITOTHKY PEIIeHUs CO CBOMCTBOM blow-up ans oxHoro u
CHUCTEMBI YPaBHEHHM peakiuu-1udhy3un ¢ TBOMHON HEMMHEHHOCTHIO;

YCTAaHOBUTh ACHUMMTOTUYECKOE TIOBEJACHHE OOOONICHHBIX pEHICHUN C
KOMITAaKTHBIM HOCHTEJIEM AaBTOMOJEIIBHOTO YpPaBHEHUS M CHCTEM C JBOMHOMN
HEJIMHEUHOCTHIO;

pa3paboTarh AJrOPUTM OMNPENETICHUS 3HAYEHUS KPUTUYECKOW HKCIIOHEHTHI
JUISl YpaBHEHUS U CUCTEMbI peakiuu-aud@dy3un ¢ JBOHHON HEIMHEWHOCTHIO C
WCTOYHUKOM WJIM MOTJIOIIEHUEM U KOHBEKTUBHBIM ITEPEHOCOM;

MOCTPOUTh pEIICHWEe THMa 3elbJoBHUYa-bapeHOmaTTa Uisl  CHUCTEMBI
B3aUMHOU Mu(dy3un ¢ JBONHON HEIIMHEHHOCTHIO C HCTOYHUKOM U KOHBEKTHBHBIM
IIEPEHOCOM W JIOKa3aThb CBOWCTBA KOHEYHOM CKOPOCTH PaCHpPOCTPAHCHHUS
Bo3mytieHuss KCPB u npocTpaHCTBEHHOM JIOKAIN3ALNH;

HAa OCHOBE CBOMCTB, M3YYCHHBIX HEJIMHEWHBIX MAaTEeMaTHYECKHX MOJENEH
MOCTPOUTH UTEPAIIMOHHBIN MPOIIECC, KOTOPBIM MPUBOIUTH K OBICTPOM CXOIUMOCTH
UTEPAIIMOHHOTO  Tpoliecca. Pa3paboraTh METOJIBI  pEHICHUS  YUCICHHOTO
MOJICJIMPOBAHUSL HEJIMHEWHBIX 3aJ]1a4, OINKUCBIBAEMBIX OJHHUM BBIPOXKIAFOIIMMUCS
ypaBHEHUEM MapaOOJIMUYEeCKOr0 TUIA U CHUCTEMOW TaKMX HEJIMHEHHBIX BIIHSHUS
BHeIIHUE (AKTOPOB W  HEJIMHEHMHOCTH cpenbl (MepeMeHHas IIJIOTHOCTD,
IPOBOJIUMOCTH CPeJIbl, KOHBEKTUBHBIN MEPEHOC U JIP.);

pa3paboTtarhb KOMIUIEKC MpOorpaMM ©  TPOBECTH  BBIYUCIUTEIIbHBIN
SKCIIEPUMEHT, TO3BOJISIIOIIMN BU3YaJIbHO HCCIEIOBATh HEJIMHEWHBIE MPOLECCHI,
OTNHUCHIBAEMbIC OJHUM M BBIPOKIAIOMIUMUCS TapaOdOJIUYECKUMU ypaBHEHUSIMU
CHUCTEMaMH.

O0bekTOM MHCCIAeI0BAHUSA SBISIIOTCS HEJIWHEHMHBIE MPOLECCHl, CHUCTEM
peakiuu-a1udPy3nuu B 0JJHO- U ABYXKOMITIOHEHTHBIX Cpeiax.

IIpeaMer wucc/eI0BaHUS COCTABIISIET HCCIECAOBAHHME BIIMSHUE BHEIIHUX
Cpell Ha PEIIECHUE HEIIMHEWHBIX CUCTEM YPABHEHUN C JIBOMHOW HEJIIMHEWHOCTBIO, B
TOM UHCJIE, B HW3Y4YECHUHM PACHPOCTPAHECHUS BO3MYIUEHUMM B  3aJadax
TEIJIONPOBOIHOCTH, (DUIBTPAIIMU JKUJAKOCTH W rasza, auddysun B OIHO- U
JIBYXKOMIIOHEHTHBIX ~ CpelaX, OHOJIOTMUECKOW TMOMYJSAIHUHA, OMHCHIBAEMBIX
BBIPOKIAOIIMMHUCS YPABHEHUSIMU U CUCTEMAaMHU C JIBOMHOM HEJIIMHEHWHOCTBIO, IO
BO3JCMCTBUHA HEJIMHEMHOIO HWCTOYHUKA WJIA IIOIVIOLIEHUS, KOHBEKTHBHOIO
MepeHoca, TMEePEeMEHHOW IUIOTHOCTH, pa3pabOoTKa METOAWKHA TMPAKTHUYECKOU
pealn3alii  T€OPUW, YHWCICHHBIE METOJIbl, BBIYHCIUTEIbHBIC AJTOPUTMBbI
KOMIIBIOTEPHOT'O PEIIEHUS] U3YYaeMbIX MPOIIECCOB.

MeTtoabl ucciaenoBaHus. B gucceprauuy TPUMEHEHBI ABTOMOJAEIBHBIC
METO/Ibl, IPUHIIUITBI CPABHEHUS PEIICHUM, METOAbI OIIEHKH PEIICHHI, YMCIICHHbIE
METO/Ibl U METO/bI MPOBEJACHUS BHIYUCIUTEIBHOIO SKCIIEPUMEHTA.

Hay4Hasi HOBU3HA MCCJIeIOBAHUSA 3aKJII0YAETCS B CIEIYIOLIEM:

orpe/iesieHa aCHMITOTHKA PelIeHH co cBoicTBOM DIOW-Up 1yt ypaBHEHMS
U CUCTEMBI peakiuuu-1udPy3un ¢ ABOMHON HETMHEHHOCTHIO B CpeJie IEPEMEHHON
mnotHocTH cBoicTBa KCPB 1 npocTpaHCTBEHHOM JOKAINU3aIINH;

MOCTPOEHO TJo0anbHOE pemeHne 3amadn Kommwm s Mojenw peakiuu-
mubdy3un ¢ TBOWHON HETMHEWHOCTHIO C UICTOYHUKOM WJIH TTOTJIOIICHUEM;

pa3paboTaHbl METOJIbI OIEHKH peIieHus U (PPOHTOB JII KJIacca CUCTEM U
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YPAaBHEHHM C JIBOMHOM HEJIWHEMHOCTBIO, ACHMIITOTHYECKHE  BBIPAKECHHUS
O00OOIIIEHHBIX ~ pEMIeHHMH ¢  KOMIAKTHBIM  HOCHUTEJIEM  HEJIIMHEWHBIX
BBIPOK/IAFOIINXCSI AaBTOMOJIEIIBHBIX YPABHEHUH U CUCTEM,;

OTpeJieNieHbl pellleHus] Tuna 3enbaoBuua-bapeHOnarra U Ha HUX OCHOBE
uzyueHbl cBorictBa KCPB u mpoCTpaHCTBEHHOW JOKalW3alUy [JIs CHUCTEMBI
B3aUMHOU TudPy3un ¢ ABONHON HEIMHEHHOCTHIO C HICTOUHUKOM M CO CBOMCTBOM
KOHBEKTHUBHOT'O MIEPEHOCa, pa3paboTaHbl aITOPUTMbBI KPUTHUYECKOM SKCITOHEHTHI;

Ha OCHOBE CBOMCTB, MU3YYEHHBIX HEJIMHEUHBIX MATEMATUYECKUX MOJEIEH,
MMOCTPOEHBI CXOJAIINECS UTEPALUOHHBIE IPOLIECCHI;

OCYIIECTBIICHO YUCJIECHHOE MOAEIUPOBAHUE OJHO WIIA CUCTEM HEJIMHEMHBIX
YPaBHEHUH, YYMUTBHIBAIOIIMX CBOMCTB pPAaCcCMAaTPUBAEMOM CpEIbl M BHEIIHUX
dbakTOpoB (MEPEMEHHON IIJIOTHOCTH, MPOMYCKAEMOCTh CpE/bl, KOHBEKTHUBHBIM
MIepEeHOC U Ip.).

IIpakTuyeckue pe3yibTaThbl HCCIAEAOBAHUS 3aKIIOYAIOTCS B CIEAYIOLIEM:

Ha 0a3e KayeCTBEHHBIX MCCIIEJIOBAaHUSI CBOWCTB pEIICHUN, pa3paboTaH
IporpaMMHOe oOecredeHue, MO3BOISIONUN H3YyYEeHUE HETUHEHHBIX IMPOIIECCOB
BHU3yaJIbHO, OIMCHIBAEMBIX OJHOM M CHUCTEMOW HEJIMHEWHBIX BBIPOKIAIOIIUXCS
napaboIMuecKuX ypaBHEHUI;

Ha OCHOBE JTHUX IMPOrpaMM IPOBEACH BBIYMCIUTEIBHBIN JIKCIEPUMEHT,
MO3BOJISIONIMN HAOMIOAATH 32 HBOJIIOIMEN Tpoliecca M0 BPEMEHHU, B 3aBUCUMOCTH
OT 3HAYEHUSI YHCIIOBBIX IaPaMETPOB.

JlocTOBEpHOCTH pe3yJIbTaToB HCCJIeIOBAHMS. JloCcTOBEPHOCTH
pe3yJbTaTOB MCCIIEI0BaHUSI 0OOCHOBBIBAETCS JI0KA3aTEIbCTBAMU U MOJTYYEHHBIMU
pe3ysibTaTaMU M YHCIEHHO TMOJATBEPKICHBI C TIOMOIIbIO BBIYUCIUTEILHOTO
skcriepuMeHnTa. [I[puBeieH YMCIEeHHbBINM aHATU3 PEIIEHN, C TOMOIIBIO TOJTYYEHHBIX
OLICHOK PEIICHUA ¢ O3TO TNOATBEPKIACTCA YTBEPKICHUEM MPABUILHOCTHU
BBIUHCIIUTEIBHBIX METOJ0B, OCHOBAHHBIX ABTOMOJICJIBHOMY aHAJIU3Y, 3TAaJOHHBIM
ypaBHEHUSIM, TaK)K€ METO/IaM, MPEAJIOKEHHBIM B IUCCEPTAIMOHHON padoTe.

HayuyHass u mpakruyeckass 3HAYMMOCTb Pe3yJIbTATOB HCCJIeI0BAHMS.
Hayunast 3Ha4uuMOCTh Pe3yJIbTaTOB HMCCIEAOBAHUS 3AKIIKOYAETCS B TOM, YTO IPH
pEeIIeHNN aHAJIOTHYHBIX 3aJlad MOTYT OBITh NpPHUMEHEHBI CBoicTBa blow-up,
CYILIECTBOBAHHE TJIOOAIBHOW pa3peluMOCTH 3amaund Komm s HeTMHEHHBIX
MaTeMaTUYeCKNX MOJIeJIel, a TaKXkKe IMOJyYeHHBIE pE3yJbTaTbl MOTYT OBITh
NPUMEHEHBl B HCCIEIOBAaHUM 3a/lad HEJIMHEeWHOW muddy3un B OJIHO- U
JBYXKOMIIOHEHTHBIX ~ CpeJax, 3ajJad  OWOJIOTMYECKOW  MOMyJSIUA  THUIla
Konmoroposa-®duiiepa, B Teopun ropeHus, B GUIBTPALMK KUIKOCTU U Tras3a, B
3a7ja4ax TEIJIONPOBOIHOCTH.

[IpakTHueckass 3HAYUMOCTh TMOJYYEHHBIX B JUCCEPTAIlMA PE3YJIbTATOB
3aKJIFOYAETCsT B TOM, UTO MPEAJIOKEHHBIE METOAbI W MPOTrpaMMbl MOTYT
MPUMEHATHCA MPU MPOBEACHUHU BBIYMCIUTEIBHOIO IKCHEPUMEHTA ISl PEIICHUSA
3a/1ad HEJIMHEWHBIX MPOIECCOB (MIBTPALNU, TEIIOMPOBOAHOCTH, MUbdy3nn B
HEJIMHEWHOW CpeJie, IBMKECHUS MMOI3EMHBIX BOJI.

Bueapenue pesyabTaroB uccieaoBaHus. [lomydeHHble pe3ynbTaThl B
MpOLIECCE  AUCCEPTAMOHHOTO  HWCCIENOBAaHHUS  INPAKTUYECKM  BHEIPEHBI B
CIEAYIOIINX HAITPABJICHUAX
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[TomyueHHble OLEHKH JUIsI TI00ANBHOTO pEIIeHUs YPaBHEHUS PEaKIMH-
g y3un ¢ TBONHONW HETMHEWHOCTHIO MCIONB30Bajcs B npoekte DMS-1401316
JUI TIOCTPEHHUs II00ATBHOTO pellieHus HenuHeHHbIx 3amad (CnpaBka «California
State University» ot 29 oktsi0ps 2016 rona). [IpuMeHeHre HaydHBIX PE3yJIHTATOB
CILYKWJIM JIJIS1 BU3YyaJM3allMi HEJIMHEWHBIX MPOIIECCOB;

pelIeHusl CUCTeMbl peakuuu-TudPy3un ¢ TBOMHON HETMHEHHOCTBIO IS
ypaBHeHus: Kopreser ne ®pusza ¢ ucrounukom B rpante OT-®1-002 «Ipsimbie u
oOpaTHbBIE CIEKTPAJIbHBIE 33Jayd i1 KBaJApaTHUYHBIX IIyYKOB OIEPATOPOB
[Itypma-JInyBHIUID» KCHOJB30BATUCH Ui TOCTPOEHUSI PEIICHUN HEIWHEWMHBIX
ypaBHEHUH W cHUCTeM, Ipu ompeneyneHun ux cBoicTB (CropaBka KomwurteTa 10
KoopauHanuu pa3Butus Hayku U Texnonornii ®TK-03-13/744 ot 3 HosOpsa 2016
roga). [IpuMeHeHre HaydHBIX Pe3yJIbTaTOB MO3BOJSUIM JIOKA3aTh CYIICCTBOBAHHE
r100anbHbBIX penieHuit 3anaun Komy;

METOJI HEIMHEHHOI0 pacLICIUICHUs, METOJ MPOrOHKM Ui 3a7ad
HEJIMHEHMHOW (UIbTpaIMi, MOJENb W aJrOPUTM pEHICHUS KCIOJIb30BaHbl B
npoekte DA-O4-D042 «Pa3paboTka u HCCIEIOBAHUE THUAPOIMHAMUYECKON
Mozienu (pUIbTPALMU HEOJAHOPOAHON JKUIKOCTH B IMOPHUCTON Cpene» MPUMEHEHBI
JUISI MaTEMaTUYECKOr0 MOJIEIUPOBAHNS HEIMHENHBIX MPOLECCOB, OCTPOEHUS HX
pemieHud U u3ydyeHue ux cBoicTB (CrnpaBka MuHMCTEpPCTBA MO Pa3BUTHUIO
MH(POPMAIIMOHHBIX TEXHOJIOTMA M KOMMyHHKanui PecnyOmukn —Y30ekucran
33-8/6160 ot 10 HosiOps 2016 roma). IlpuMeHeHHE HAy4YHBIX PE3YJIBTATOB
KOHEYHasi CKOpPOCTb  pacHpoOCTpaHEHUsT BO3MYUIEHUH, MPOCTPAHCTBEHHAs
JIOKaJIU3alus NO3BOJISUIM peniaTh 3a/1a4u (PUiIbTpauuy HEOAHOPOIHOM KUIKOCTH B
MIOPHUCTOM Cpesie, B TOM YHUCIIe, U3yUyeHUE (PUIbTpaluu CyCIIEH3UI ¢ KOJIbMaTaluen
u cyhdosueil.

AnpobGauusi pe3yabTAaTOB HCCJAeA0BaHMs. Pe3ynbTaTbl HMCCIEI0BAHUSA
JIOJIOKEHBI Ha 36 HayYHO-TIPAKTHYECKUX KOHGEpeHIusX, B TOM uwucie, Ha 19
MEXTyHapoaAHbIX: «COBpEMEHHOE COCTOSIHUE U MMYTH Pa3BUTUS HH)OPMALIMOHHBIX
texuosoruit» (Tamkent, 2008), «Murterpansubie ypaBaeHus-2009» (Kues, 2009),
«CoBpeMeHHbIC MPOOJIeMBbl Ta30BOM M BOJHOBOW muHamuku» (Mocksa, 2009),
«BpluucnurenbHble TEXHOJIOTMM U MaTeMaTH4eckoe MozenupoBanue» (TalikeHr,
2009), «Control and Optimization in Dynamical Systems — CODS-2009»
(Tamkent, 2009), «AkTyaabHble TNPOOJIEMBI MNPHUKIATHON MaTeMaTHKH U
uHpopMarmoHHbIX Texuomoruii — Aab Xopesmu 2009» (Tamkent, 2009),
«[IpenenbHbIC TEOPEMBI TCOPUU BEPOSATHOCTEH M uX mnpuitoxkeHus» (TamikeHr,
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),
«AKTyallbHble ~ TIpOOJIeMBbl ~ MareMaruyeckoro anaiamza» (Yprenu, 2012),
«MuTemnexryansabie Cuctemsl st MHayctpuanbHoi ABromaTtuzanuu, WCIS—
2012» (Tamxkent, 2012), «AxTyanbHbIe TPOOJIEMBI MPUKIATHON MATEMATHKU H
uHDOpMaAIMOHHBIX TexHoJoruir - Anb-Xopesmu 2012» (Tamxkent, 2012),
«CoBpeMeHHbIe TTpoOeMbl MU pepeHIINaTbHBIX YPAaBHEHUN U WX MPUIOKCHUS

(Tamkent, 2013), «AManuii marematuka Ba axOopot xaBdcuznurn» (TaiikeHr,
2014), The V™ Congress of Turkish World Mathematicians (Bishkek, 2014),
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MexayHapoaHbli cemuHap npod. Cyrumoro Munypy (Yuusepcuter Haros,
Snonus, 2013), The International Congress of Mathematicians (Seoul, 2014),
«AKTyallbHbIE TIPOOJIEMBbl TPUKIAAHOW MaTEMaTUKM U WHOOPMAIMOHHBIX
TexHomoruii - Ajb-Xopesmu 2014» (Tamxkent, 2014), «Heknaccuueckue
ypaBHeHHs  (pusuku U ux npwioxeHus» (Tamxent, 2014), «PamuorexHuka,
TEJICKOMMYHHUKAIUsI Ba axOOpOT TEXHOJOTUSJIApU: MyaMMOJapy Ba KeJa)ak
puBoxu» (Tamkent, 2015), «Beraucnurensubie 1 UHPOPMAIIMOHHBIE TEXHOJIOTUN
B HayKe, TeXHHUKE 1 00pa3oBanum» (Anmara, 2015).

Ony0JuKOBAHHOCTH pPe3yJbTATOB HcciaenoBanus. [lo TemMe auccepranuu
OnmyOJIMKOBaHbI Bcero 36 Hay4HbIX padoT, U3 HUX 14 XKypHanbHBIX CTaTed, B TOM
yycie 6 B MHOCTPAHHBIX, 8 B PECHYOIMKAHCKUX JKypHAJIAX, PEKOMEHIOBAHHBIX
Bricmieit arrectanmonHoi komuccued PecryOnuku Y30ekucrtan sl myOauKauu
OCHOBHBIX HAYYHBIX PE3YJIbTATOB JOKTOPCKUX IUCCEPTALUN.

Crpykrypa n 00bem auccepranmu. CTpyKkTypa AMCCEpTallUd COCTOUT U3
BBEACHUSA, MSATHU TJIAB, 3aKJIIOYCHHMS, CIHCKA HCIOJIb30BAaHHON JIUTEPATYPHI,
npusnoxxeHuil. O0beM nucceprauuu coctapiseT 197 ctpanun.

OCHOBHOE COJEPXAHUE JUCCEPTALIUUA

Bo BBegeHum OOOCHOBBIBACTCS AaKTyaJIbHOCTh U BOCTPEOOBAHHOCTH
IIPOBEJICHHOI'O HMCCIIEIOBAHUs, LEJIb U 3aa4d HUCCIEHOBAHUSA, XAPAKTEPU3YIOTCS
OOBEKT W TMPEaMET, IOKa3aHO COOTBETCTBUE MCCICIOBAHUS MPUOPUTETHHIM
HAIPaBJICHUSAM Pa3BUTHUS HAYKU U TEXHOJOTUN PECITyOJIMKH, U3JIaraloTCsl HayqHast
HOBHM3HA M NPAKTUYECKUE PE3YJbTATHI UCCIEAOBAHUS, PACKPBIBAIOTCS Hay4yHas U
IIPAKTUYECKass 3HAYMMOCTh IOJYYEHHBIX PE3yJIbTaTOB, BHEAPEHHUE B NPAKTUKY
pe3yJbTAaTOB MCCIIEI0BaHUs, CBEICHUS 10 OMYOJIMKOBAaHHBIM paboTaM U CTPYKTYype
TUCCEPTALINH.

B mnepBoit rmaBe muccepraiuu «CBOMCTBA MAaTeMATHYECKHX MOJeJei
BBIPAKAIIUMHUCH YPABHCHUSAMHU C JABOMHON HEJMHEHMHOCTBIO» PACCMOTPEHA
MaTeMaTU4YecKass MOJIeb, OIKCHIBAEMasi BBIPOXKIAIOIIMMHUCS TapabOoTHIeCKUM
ypaBHEHHEM C JBOMHON HEITWHEWHOCTHIO OOIETO BHJIA M JIOKa3aHBI YCIOBUS MPHU
KOTOpOM HMeeT MecTo HenuHeiHoe sBieHue KCPB, mnpoctpaHcTBeHHas
JIOKANU3alusl PELUICHUs, ACUMIITOTHUKA PEIUICHUA C KOMIAKTHBIM HOCHUTEJIIEM B
ciydae MeIJieHHOW u ObicTpoit mudPy3um NpUBENEHBI YCIOBHUS BBIUYMCICHUSI.
Takxe HCCIeN0BAHO BIIUSIHUE KOHBEKTMBHOTO IEPEHOCA MEPEMEHHON IJIOTHOCTHU
Ha DHBOJIIOIUIO TMPOIECCOB  HEIMHEHMHOW  TEemIonpoBOAHOCTH, auddy3um,
bunpTpalui KUJAKOCTU W Tra3a U DBOJIOUUOHHOMY MPOLECCY JABUIKCHUS
TPYHTOBBIX BOJI.

PaccmarpuBaemas 3amada Ko 11 ypaBHEHUs ¢ ABOMHOW HEJTMHEWMHOCTHIO

Au=— ,ol(|x|)%+V(,oz(|x|)um‘1‘Vu"‘p_2 vu' ) =0, (1)

Ul_,=U,(xX)>0, xeR", N>1, (2)
KOTOpasa SABJIACTCA OCHOBOM AL MOACIIMPOBAHUS MHOI'MX IMTPOHCCCOB, HAIIPUMCEDP,

38



pacnpocTpaHeHHs Teruia, (pUIbTpaluu KXUAKOCTA U rasza, nupdysuun B cpeme ¢

G . -~ p-2
KOOQPUIUEHTOM C  JABOWHON  HEIMHEWHOCTBIO pz(x)uml‘Vuk‘ vu' wm

NEPEMEHHOM TJIOTHOCTHIO pl(‘x‘) = ‘X‘q o (‘XD = ‘X‘n. VYpaBuenue (1) sBusercs
XOpOIIIUM COYETaHUEM ypaBHEHHS MeieHHOW muddy3uu (k( p—-2)+m-1> O) ,
6sicTpoii muddysun (k(p—2)+m—1<0), p-Jlamac ypashenus (m=1Lk =1=1)
u ypaBHeHust nopucroit cpeapl (VIIC), mpu p=2,1=1. OrauuurenbHO

0COOEHHOCTBIO ATOH 3aJauu SABJIAETCS, TO, YTO B oOnacTu, rae U=0 mwim Vu=0
ypaBHeHue (1) BBIpOXKIaeTcs B ypaBHEHHE TIEPBOTO IMOPSIKA M MPEBpaIlaeTcs B
JTUHEWHOe ypaBHEHHE. B 00y1acTé BBIPOXKICHUS MPOW3BOJHBIC TEPIAT Pa3pbiB U
ypaBHeHHe (1) MOXET HE WMETh pEIIeHHs B KIACCHYECKOM CMbIcie. B aTmx
clydyasXx HeoOXOAUMO HCCIENOBaTh UMEIOMUA (U3NYECKUl CMBICT ciiaboe
(00061IEHHOE) pEellICHHE.

Bnepseie b.3enpnouu u A.KoMmaneer, pacCMOTpEB 3ajjayy O MTHOBEHHOM
WMCTOYHUKE [JIs1 HEJIMHEWHOTO YypaBHEHHUs TermionpoBogHoctd (1) B yacTHOM
ciydae, korma p=2, 1=1 p,(x)=,,(X) =1, noctpounu o600LUIEHHOE pELICHHUE,
oOnagaroniee CBONUCTBOM KOHEYHOU CKOPOCMU PACNPOCMPAHEHUsT B03MYWeHUs
(KCPB): u(t,x)=0, mpu |x[>1(t), rme 0<I(t) € C(0, ®0),ur0 HE MMeEET MECTO B
auHeriHoM ciydae (p=2, k=1, m=1). Csoiicteo KCPB mist 3amaun Komm B
gacTHOM ciyuae, korna B (1) K=1=1 p,(X) = p,(x) =1 nzydanu TeneeB A.® u
ero yueHuku B 2004-2013 romax monayduiav yciaoBHUs Ha YUCIIOBBIE ITapaMETPbl U
Ha QyHKIUIO Uy(X), mpu kotopoM uMmeeT mecto KCBP u paspymenune pemenus 3a
koneuHoe Bpemsi (PPKB). B nameneitmmem, G.Grillo M.Muratori (2014r.)
pPacCMOTpENH 3Ty 3a7a4y JIJIsl YaCTHBIX 3HAUYCHUN YHCIIOBBIX MAapaMeTpoB, T.€. IS
sHaueHnd K=1=1,p=2 W momy4wium OICHKH OOOOIIEHHOTO pEIICHUS B

L? —Hopmax.
B amccepranuu, Ha OCHOBE aBTOMOJIEIBHOTO TOIX0/1a, HallIEHO CIIENYIONIEe
peienue tuna 3enbaoBuya-bapenonarra

7
1

u(t,x)=[T +th+<k(p72_)+m+lfz>s (a—bé”)+ T >0, (3)

p

a>0, b=(k(p—2)+m+|—2)(%jp_l,

§—ﬂ s—pu, n+q<p, n<N,

Ce®FT T T pen
Teopema 1. Ilycts B ypaBHenue (1) k(p—2)+m+1-2>0 n<N, p>n.

Ecmn
u(0,x) <z(0,x), xeR",
TO JJis pemenue 3ana4u (1)-(2) umeet MecTo orieHKa
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u(t,x) < z(t,x), B Q.

Teopema 2. Ilycts B ypaBHeHuu (1) K(p—2)+m+1-2>0, n<N, p>n.
Torna pemenue 3amaqn (1),(2) o6namaer cBoiictBom KCPB, ecnu

u(0,x) <z(0,x), xeR".

C noMomnibto TeopeMsl | TOKa3aHO BBITOJIHEHHE CBOMCTBA TPOCTPAHCTBEHHOM
nokanuzanuu pemeHus 3amaun (1), (2). B aguccepranmu mokazaHO Takxke,
BBIITOJIHEHHE 3TOr0 CBOMCTBA MpPU BO3ACHCTBUU IOIIONIEHUS U KOHBEKTHBHOIO
IIEpEHOCa, KOrJga CKOPOCTh 3aBUCUT OT BpPEMEHH. J[0Ka3aHO, 4YTO yCIOBHEM
IIPOCTPAHCTBEHHOW JIOKAJIN3ALUHN SABJISIETCS

t
(k(p—2)+m+1-2)>0, Iv(y)dy<w vt >0,
0

rac V(t) — BCKTOP CKOPOCTHU KOHBCKTHUBHOI'O IICPCHOCA.
PaCCMOTpI/IM CICAYIOIIYIO aBTOMOACIIbHYIO 3a1a4y:

élsi[gslfmlﬁ ‘ i}gdf . o (Lo @
d& dé| d&| pdé 1-ak(p-2)+m-1)

f(0)=c>0, f(d)=0, d<oo, f'(0)=0, f(e)=0, (5)

O6o0Omennoe pemenue 3amaun (4),(5) ¢ KOMIAKTHBIM  HOCHUTETIEM
CYIIECTBYET B KJacce

p-2

df " '
o< f), &S e, 6
@ &1 gz=C0m) ©
Y YAOBJIETBOPSIET UHTETPAIIBHOMY TOXKAECTBY
di " df' (s o
T —— || =+ *1f (y)dy =0. 7
o e ) R

Takue 000OIICHHBIE pEIICHUs BIEPBBIE MCCIEAOBAaHBI B  aBTOPAMHU
B.H.Gilding u L.A.Pelettier, u monyueHo ycioBHe CYIIECTBOBAHUS PEILCHUS
3anaun (4), (5) ¢ KOMIIAKTHBIM HOCHTEJIEM B citydae, korma B (4) s=1=1,

B nuccepranmm gna  mpouecca MemiieHHOW nuddy3um  1okxazbIBaeTCs
clIeyIollias OCHOBHAsl TeopeMa!

bepem cnenyromryto GyHKIHIO

" P 1 p-1
f =la-¢&") , y=——, a=c", y, = .
1(5) ( é: )+ V4 0 71 k(p—2)+m+|—2

(8)

Teopema 3. ITycte k(p—2)+m+1-2>0. Toraa pemenune 3anaun (4), (5) ¢
KOMITAKTHBIM HOCHUTENIEM TMPH 7] —> o0 (é‘ —alP p) UMEET AaCHMMTOTUYECKOEe
MPECTaBICHHE
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f(&)=cf(S(1+0@)),

rae ¢ynkuus f, (&) - onpenenénnas Boie GyHKIM, a

1

_ [pl]‘[ (p-1) Tl | |G
C, = 1 |
p )| (k(p=2)+m+1-2))| p

PaccmoTpum dyHKIIHIO

_ N o, P p-1
LO=(a+¢) . r= T A eme

Y <0
k(p—-2)+m+1-2
(opicTpas  muddys3us). Torma ucuesaroniee Ha OECKOHEUHOCTH PEIICHUE 3a/1aud
(7) mpu & — 0 UMEET aCUMIITOTUYECKOE MPE/ICTABICHUE

f(&)=c, fz(ég)(l"‘o(l)),

'€ NIOCTOsIHHAA  C, OHPCACIIACTCS U3 PCUICHUN anre6pquGCKoro YpaBHCHUA

p-2 (p-1) 2
|k(p—2)+m+|—2| Ck(p—2)+m+|—2_1 p-1 (p_]-) s a -0
-1 | 7 ol p ) p(k(p-2+m+1-2) 1-a(k(p-2)+m+I-2)

B maparpade 2 paccmaTtpuBaeTcs cienyromas 3aiada

Teopema 4. Ilycte k(p—2)+m+1-2<0, p>n, s+

% - V(um‘l‘Vuk‘p_z vu' ) —div(v(t)u), u(0,x)=a5(x), 9)

Pemenue sToi 3agaun nMeeT BUL

N

U(t,X) —t p+(k(p—-2)+m+l-2)N (a—blny):l’ (10)
P
p p-1 1
:—’ = ) = k —2 —1 —_—
"S- TR (p-2)+m+l-2 b =(k(p-2)+m )(p]

HpI/I 9TOM 3J1€Cb aBTOMOJCJIbHAaA IICPEMCHHAA 7] =

x=] v(y)dy‘/[r(t)]”p .

Teopema 5. IlycTb BBINOJHEHBI  YCIOBUS k(p—2)+m+1-2>0,

_N, a <0 u u(0,x)<z(0,x), xeR" rIe
p l-ak(p-2)+m+1-2)

z(t,x) =[T +t]™* (a—bgﬂ ) , b,y, y, -onpenenennslie Bbime uucnaa. Torga ams
pewenus U(t,X) 3amauu (9),(10) n pponTa X, (t) cnpasennusbl oneHkn
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u(t,x) <z(t,x), 8Q;, Xp (t) - jv(y)dy <(al bl)(p_l)"o[r(t)]”p
Ecnu xe
Jt.v(y)dy =[z(1)]"? +v,(t), Vt >0 u v,(t) <oo,

TO UMEET MECTO MTPOCTPAHCTBEHHAS JIOKAIN3ALUS PEIICHUS.

B 3akmroyeHnn mniepBOM TJIaBbl NPUBOIATCS BBIYMCIUTEIBHBIE CXEMBI,
OCHOBaHHbIE Ha cxeMy Kpanka-HukonbCcoHa MeTO/1a NMEPEMEHHBIX HAINPABICHUM.
3amavya pemiaeTcsi METOJOM MPOTOHKU. BBIOOp HavanbHBIX MPUOMMKEHUN IS
WUTEPALMOHHOTO TPOIECCA TMPH UYHUCIEHHOM MOJCIMPOBAHUM OCHOBBIBACTCA HA
KaueCTBEHHBIX CBOMCTBAX PEIICHUH, MOIYYEHHBIX B MPEIbIAyHINX THaparpadax.
Pe3ynbTaThl BBIYUCIHUTENBHBIX HAKCIIEPUMEHTOB TOKa3bIBAlOT A((PEKTUBHOCTH
MPEIJIOKEHHOTO CI0c00a MCCIIeIOBAaHUN HEJTMHEHHBIX MAaTEeMAaTUYECKUX MOJIEIeH
Y TIOJATBEPKAAIOTCSA PE3YyJIbTaTaAMU BBIYMCIUTEIBHOIO SKCIIEPUMEHTA.

Bo Bropon rnase muccepranuu «IIpocTpaHCTBeHHAs JIOKAJAM3aUUs U
KOHEYHASl CKOPOCTH PACHPOCTPAHEHHMS BO3MYLIEHUH BOJHOBBIX pPelICHUN B
cpele ¢ ABOMHON HEJIMHENHOCTHIO» HAWICHbI PEUICHUS B BUJIE IIPOCTPAHCTBEHHO
JIOKAJIM30BAaHHBIX TEMIIEPATYPHBIX BOJIH, IPU BO3JECUCTBUM KOHBEKTHUBHOIO
MEPEHOCa, CKOPOCTh KOTOPOTO 3aBUCHUT OT BPEMEHM M MOTJIOLICHUS, KAK B ClIy4yae
OJIHO- KOMIIOHEHTHOW, TaK U B ClIydae JBYXKOMIIOHEHTHOU cpexsbl. [lokazaHo, 4yTo
B paccMaTpPUBAEMbBIX 3ajadyaX COBMECTHOE JEHCTBHE OOBEMHOTO IMOTJIOMICHUS U
KOHBEKTHUBHOI'O TME€pEeHOCa Terja MNPUBOAUT K SBICHUIO OCTAaHOBKU (PpOHTA
TemriepaTypHoil BosiHbl. Haiinena riiyOuMHa pacnpocTpaHEHHs BOJHBI U OILICHKA
CKOPOCTH PACTIPOCTPAHEHMsI BOJHBI B 3ajade OMOJIOTHYECKOW MOMYJSIUUA THUMa
KonmoropoBa—®@uiiepa ¢ JABOWHONW HEIMHEWHOCThIO. (CBOWCTBA BOJHOBBIX
perieHuit 1 Mojaenu ouosoruueckor nmomyssinuu tuna Kommoroposa- ®duiiepa,
onuvchiBaeMou 3anauen Komu

g—uzv(Doum‘l‘Vu"‘p_ZVu)+ nu(l—uﬂ), (11)

u(x,0)=u,(x), xeR", N>1,

B OJHOMEPHOM TIOJYJIMHEHHOM Cjy4yae ypaBHeHus, T.. korma B (11)
N=1 p=2,m=1 f=1 wu3yduennt P.Oumepom u A.H.Konmoropossim,

N.I".ITerposckum u H.C.ITuckynossim (KIIIT).
[Toq BOTHOBBIM pellICHUEM MTOHUMAETCs perieHue ypasuenus (11) B hopme

U(xt)= (&), E=Yxct (12)

r7Ie c-CKOpoCTh BOJIHBI. HeusBecTHast (QpyHKIus f(cf) HAXOJIUTCA W3 peLIeHUs
aBTOMOJIEJIbHOTO YPAaBHEHUS
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p-2

(gt
dg dé

duep, paccmarpuBas ypaBuenue (11) B omHomMepHoM citydae, koraa B (11)
N=1 p=2 m=1 F=1, nokazai 4To OHO UMeeT OECKOHEYHOE YHCJIO PEIICHUM

df df e
e cd§+nf(1 t/)=0. (13)

Tuna 6erymei BoaHbl, 1uid KoTopbix 0<U <1, ¢ BOJHOBBIMH CKOPOCTSIMU

>, =2nD.

A.H.Konamoropos, W.I".Ilerposckuii u H.C.Iluckynos (KIIIT) B 6osee obmem
ciy4ae Jokasanu, 4yto (11) mmeeT eIMHCTBEHHOE PEIICHHE, U ATO PEIICHHUE YEPE3
pemenne (13) mmeer Bun (12) MOHOTOHHOW Oe€rymie BOJHBI, 00JamaOIICH
CKOPOCTb C=C,, .

Hns momemm  P.®umepa, H.Kommoroposa, W.I'.IlerpoBckoro wu
H.C.ITuckynoBa (®KIIII) B xputudyeckom (pe3oHaHCHOM) ciy4ae, korjma B (1)

d[x(t
k(p—-2)+m+1-2=0, s ckopoctu  C(t) = | t()| U [IyOWHBI
pacnpocTpaHEHUsl BOJIHBI X(t) IpH JOCTAaTOYHO Ooybmmx t,  HaMW moiydeHa
OIICHKA

— _1/p
(InZ—NIn(T +t)j
2 l/p 2/ p
[X(®)] ~ p(nk "D, ) t7P| 1+ 7 ,
d|x ] )
(t)— | ()| ( D kp ZI) t2/p_1.
Otrctoma, B dacTtHOM ciydae ypaBHenus (11), p=2, =1, ckopocts

pacnpoCTpaHEHUsl BOJIHBI ISl TOCTATOYHO OOJIBIIMX BPEMEHH, OYJIEeT paBHBIM
d |x(t)|

” =C~ 2,/nD, , u 310 B cBOIO OYepenp, coBmanaet ¢ pesynprarom OKIIIL.

B maparpade 2 mHaiimensl pemieHHss B BHAC  JIOKAJTM30BaHHBIX
TEMIIEPATypHBIX BOJH JJisi ypaBHEHHUS peakiuu-aud@dy3un ¢ KOHBEKTHBHBIM
[IEPEHOCOM, TTOTJIOIEHUEM U UCTOYHUKOM

ou . _ p-2 .
e dlv(um 1‘Vu"‘ vu' ) —div(v(tu)+ey(tiu”, e==+1.
[TokazaHo, 4YTO B pPACCMATPUBAEMBIX 3aJauaX COBMECTHOE JEHCTBUE

00BEMHOI0 TOTJIOIIEHUSI M KOHBEKTUBHOTO TMEpEeHOca TeIula TMPUBOAUT K
OCTaHOBKE ()pOHTA TEMIIEPATypHOUH BOJIHBI, €CJIA BBIITOJIHEHBI YCIOBUS

t
k(p—2)+m+1-2>0, cz(r)- [v(y)dy <o0, V>0,
0
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T.. BOJIHOBBIC PEIICHMsS YpPAaBHEHMS IPOCTPAHCTBEHHO JIOKaNIU30BaHbl. Jlamee
YCTAHOBJICHO, YTO JIOKAJIM3ALHsl TEIUIOBOTO BO3MYILECHUSA MOKET BO3HHUKATH J1aKe
IIPY OTCYTCTBHUH IOIJIOIICHUSA YU KOHBEKTUBHOIO IIEPEHOCA, HAIIPUMEp, B Clly4yae
BBIIIOJIHEHUSA YCIIOBUI

t
kK(p=2)+m+1-2>0, Jb(y)dy<oo, vt >0,
0

. P2 |
¥ Koraa ko3 HuIueHT TerronpoogHocta b(t)u™ 1‘Vuk‘ u'! 3aBucuT ABHO OT

BPEMEHU.

[lokazaHo, 4TO BBIIEHU3IOKEHHBIE CBOMCTBA MMEIOT MECTO TaKKe JJIsI CUCTEM
YpaBHEHUII C JBOMHONW HEIMHEWHOCTHIO, OIMCHIBAIOIIUX IPOIECCHl PEAKINUU-
mubdy3un, TEmIonpoBOAHOCTH, (GUIBTPAIIMK U JPYrUe MPOLECChl M IMOJy4YeHa
ACHMIITOTHKA aBTOMO/IECTIbHBIX pelIeHH. B 4acTHOCTH, AJIsI CHCTEMBI

au o aul’? au au
—=—| V"= = |=I(t)— -y (t)u,
ot ox x| 'O 10
o o . .lov|ev ov
T_Zlumt ) E i mZE -y )y,
ot ox v el Ul A0

MOJi COBMECTHBIM BO3JICMCTBHEM OOBEMHOIO TOTJOMIEHUS U KOHBEKTHBHOTO
[IEpEHOCa HAWJCHO YCJIOBHE IPOCTPAHCTBEHHOM JIOKAIM3ALMM PELICHUN U
npuBeAeHa ACUMNTOTUKA (PMHUTHBIX BOJHOBBIX PEIICHUIA.

Teopema 6. Jlomyctum, uto P > 2 + [(m1 —1)(m, —1)]ﬂ2 . Torya peruenve Bbiie

IIPUBEICHHON CUCTEMBI C KOMITAKTHBIM HOCUTEJIEM, IIPU & —> 8_ UMEET aCUMIITOTUKY

(&) =Af(5)A+0(d) , w(S) = Bf,(S)(1+0(D)).

31echb

fi(&)=(@-2%)." 1=12 (b), =max(0,b), cz(t)-x, r(t)=_[v(y)dy,

(p=)(p=m+D) \ (P=H(P=(M*D) "\ (o 50 (m _1)(m, 1),

n, =
! n n

a TMoCTOsiHHbIE A, B SBJISIIOTCS.  PEIICHUSIMUA ~ alreOpandecKol  CHUCTEMBI

p-1 _ _ p-1 _ _

(n) A™BP*=c, (n,)" A™'BF'=c.

B Tpetseli rnaBe nauccepranuu «CBoiicTBA MaTreMaTH4eCKOH Mo/eJId
npoueccoB peakuuu-au¢pdy3un ¢ IBOMHOM HEJIMHEHHOCTHI) € UCTOYHUKOM
WIN TOTJIONMIEHUIM) J0Ka3aHa rio0aibHas pa3pemuMocTs 3amauu Komm st
BBIPOXKAAIOUIMXCS MAapabOIMYECKUX ypaBHEHUH C JABOWHOW HEJIMHEWHOCTBIO, C
IIOIVIOLIEHUEM WJIM UCTOYHUKOM U KOHBEKTUBHBIM [IEPEHOCOM, CKOPOCTH KOTOPOTO
3aBUCUT OT BpeMeHHU. [IpemyiokeH HOBBIM aITOPUTM HAXOXKIACHUS KPUTUYECKOU
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SKCHOHEHTHl Tuna Pymxuta. [lomydeHHble pe3ysibTaThl SIBISIIOTCS JOCTATOYHO
oOILIMMH, ¥ BKJIIOYAIOT B ce0€ M3BECTHBIC paHEE Pe3ysbTaThl APYIMX aBTOPOB B
3TOM  HAallpaBJICHUHU (X.®dymxura,  A.A.CaMapckui, C.I1.Kyparomos,
A.Il.Muxaiinos, B.A.I'anaktnono, M.Apunog). HaiiieHo ycioBue, Ipu KOTOPOM
uMmeer Mecto KCPB u mpocTpaHCTBEHHas JIOKaNIM3alMs PEUICHUs, IOJIy4YeHa
orienka tuna Kueppa-Kepiinepa asist cBOOOIHOM rpaHUIbl. Y CTAaHOBJIEH TJIaBHBIM
YJIeH aCUMNOTOTHUKHM aBTOMOJIETBHBIX PEHICHUN M J0Ka3aHO, 4TO KO3 OUIIMEHTHI
[JIABHOTO  4WJIEHA AaCUMIITOTUKU  HAaXOJSATCA M3  PEIICHUS  HEKOTOPOro
anredpandeckoro ypaBHeHus. CTporoe JA0Ka3aTeabCTBO KOTOPOrO O CHX MOp HE
o010 m3BecTHO. Ha ocHOBe 3TuX (PaKkTOB MPOBOIWTCS YHCIICHHAS pPeaTu3aIius
paccMaTpUBaeMbIX 3aJlad M PEIICHHUE MPEJCTaBISIETCS B BHU3yaIM3UPOBAHHOU
dbopwme.

B mnaparpade 3.1 wusywaerca cieayrwollee ypaBHEHHE, KOTOPOE CIIYKHUT
OCHOBAaHHMEM JIJI1 MHOTHX (DU3UYECKUX MPOIECCOB

Au = —% + V(um‘l‘Vuk‘p_z vu' ) —div(v(t)u) - y(t)u” =0, (14)

Ul_,=U,(x)>0, xeR",

rnie >0, n, K, p, M— 3agaHHBIC YMCJIOBBIC IMapaMETPhl, XapaKTCPU3YIOIIHE
HenuHeiinyio cpexy, V()=grad(-), 0<y(t) € C(0,).

3amaya (14) omuceiBaeT mpoiecc peakuuu-aud@ys3uu, TEemIonpoBOIHOCTH,
MOJIUTPONIMYECKON (PUIbTpALUK KUIKOCTH W Ta3a B HEIMHEHHON cpele Mpu

HAJIMYMM  TIOTJIOIIEHMS, MOIMHOCTH KoToporo pasHa  y(t)u”, 3amaum

ouonornueckou momyssiiuu tuna OKIIIL.

B ob6mactm, rtme U=0 wmm Vu=0 ypaBHenue (14) sBuseTcs
BeIpoxaatoummcs. Iloatomy wuccnenyrorcss 0000meHHble pemieHus. bomnbiime
3aTpyAHEHUS] TP YUCJICHHOM MOJETUMPOBAHUM IMPOLIECCa, ONUCHIBAEMOMN
ypaBHeHUEM (14), BbI3BaHbI TE€M, YTO OOBIYHBIE YUCIEHHBIE CXEMBbI HENPUTOHBI
JUISL  UCCJIEIOBAHUS BBIPOKIAIOMIMXCA HENMHEWHbIX 3amad. [losromy nms
YUCJIEHHOIO pEelIeHUsl 3aJayd M BU3yalu3allUM MpOIEecca, OMNUCHIBAEMOMN
ypaBHeHueM (14), mpemyaraercsi, cHayajga HW3YyYWTh KAue€CTBEHHBIE CBOMCTBA
pelleHni, Takue Kak Tio0ajbHas pa3peliMMOCTb, KOHEYHAash CKOPOCTb
pacupocTpaHEHUs1 BO3MYILEHHH, JIOKAJIM3ALMS PELICHNS, aCUMIITOTUKA PELIEHUS,
MOBE/JICHWE CBOOOJHOW TpaHMIBI B 3aBUCHMOCTH OT 3HAUYEHUN MapamMeTpoB
YpaBHEHUSI W HadaJbHOro pacnpeneneHuss. Ilpm sTom 1okazaHa Teopema o
III00TEHOM pa3permMMocTi. JI71st 3TOro BBOJSTCS ClIeMyroIHe (PyHKIMU

2(t,)=0(t) (), &=[X|/[z(OI"",
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( (pi(p-1\ (PD/(k(p-2)+m+l-2)
(a—b|§ | )+

f(ég): 1 (

, ecma K(p—2)+m+1-2>0,

exp| —
Pl 712 p

g p
j : ecmu K(p—2)+m+1-2=0.

Teopema 7. IlyCTb BBITIOJIHEHO YCIIOBUE

Arun ] T < T

u Uy, (X)<2(0,x), xeR".3neck pynxkuus U(t) — pemenue ypaHeHus

_k(p-2)+m+l-2

O =—yMT’®), a r®=[[o®] 7 dt

Torna 3agayva (14), mpu 1O0CTAaTOYHO MAJIBIX JAHHBIX INI00AIBHO pa3pelirma.

N3 »TOif TeopeMbl, MPU W YACTHBIX 3HAYCHUSX YHUCIIOBBIX MapaMeTpPOB,
BBITEKAIOT BCE pPAaHEE M3BECTHBIE TEOPEMBbl O TJO0ATBHOM pa3pelIMMOCTH
(X.dymxuta, A.A. Camapckuii, C.I1. Kypatomos, A.Il. Muxaiinos, A.®. Texees,
M. Apunos).

B  koHme T1yaBel  NOPUBOAATCS  METOABl  YHUCJIEHHOIO  pELIEHUs
paccMaTpuBaeMbIX 3anad. s YuCIeHHOW peanu3aluy MaTeMaTUYeCKOH MOJAENN
MpOIECCOB peakuuu-auddy3uu ¢ JBOMHON HEIMHEHHOCThIO Obljla MCMOJIb30BaHA
cxema [Iucmena-Peudopaa, koTopasi CBOMCTBEHHA JJIsl pEIIEHUS TAKUX 3a]1a4

k+% k k+% k+y k k

i yij lyk+}/ +A2y k y|+lj y Vk yi,j+1_ yi,j n

057 h h,

+57/( k+}/)(yk+}/)
yik}—1 B ylkj—}é _ k+% k+1 k+y y|k++1y yk+y k+y y|k;—J1rl ylkj—1
ST A YAy SAL MR AN BV AN L R AN
057 h, h,
+‘97/( k+1)(y|k]rl) !

34€Ch

Ay Zmihl [(

B R (R B

AR

~(Pal) (o + v ) s v (- kfj)}

Azyk zzm%hzz[(‘ i, j+1

i+1,

) (y| ]+1+ylj) 71‘yik,j+1+yik,j‘p72 (yik,j+1_yik,j)_

al

xal) (v +vi) " v (- ,-_1)},
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i,j=12,..,n,-1  a=12

HauvanpHoe u I'PAaHUYHBIC YCIIOBUA 6Cp}’TCH B CJICAYIOIICM BHUJC

Xew,

iy =Uo(X),
=0, ecm j=0 u j=n,

yik}%:(ﬁ“%, ecmi i=0 u i=n

k+1+¢k)_£A2(¢k+l_¢k).

ILJISI TOYHOCTH UTCPpALIUH Tpe6yeTc;1 BBITIOJTHCHHUC CICAYIOUICTO YCIIOBUA

3necy @ = %(

Huxe IIPUBCACHBI

s+1 S
max yi’j—yi’j <é&.
0<i<n
0<j<n,

PE3YJIbTaThl BBIYHCJICHUI JJIsA

m=2,p=25 =05 c=-1 um=2, p=25, =08, e¢=+1:

o
o
e

<y
R
TR

— o
SRR A <
1 s | S S,
o e o RS RO ]
T & o A SRl o R
S e B A A b e a e R e T e ot
S e e FRn > X > Lo, i
e S st s e g P e e e
At s P ay S e L Py ) e o o o
L b g A N T e B g Ay - o LA A
TR A R Y A v i sy o o
e Ly Sy =
L7 b g A oy oV N LA Vo i e Lo
B s W ELRE AT e
= A
Y

S
2T b
S
R

2

o,
e
T

< =
< e —
s ] s
e O - Ty
e G P - e
& L T G e <5
= P 2 ST %5 =
LB o s . s P e s L et e
R | = 2 7 NS S e e e e e
LTSI TG, e st 25 L7 T A Ay e S G T A R
L e L A A S s P " s Sl o 0 . Comas
o o E e P e e s 2o B Y, T S AT
VR e PR e e e T, e B N W A L e Sy BT EAl T AT AT 7
S T E R T e e e Ay Ly S e o s N e o X Y A ey W e o oo
e e e ey LA A R TR R
o A e e A S A A T e i
T A o e e A
P e R P P s
=3t el e ] AT
1< q 1

t=0.1

t=04 t=0.5

B d4erBeproii rnaBe auccepraunn «YucJIeHHOEe W ACHMNTOTHYECKOE
HCCIEeA0BAHME CHUCTeMbl peakuuu-audpdysun ¢ ABOMHONH HEJIUHEHHOCTHIO»
MOJIy4eHbl yclIoBUA BO3HHMKHOBeHUs sBieHus KCPB wu mpoctpaHcTBEHHON
JOKaJIM3alluM, IS BBIPOXKAAIOIIMXCS CHCTEM MapabOoNMYEeCKUX YpaBHEHHH ¢
JIBYMsI HEJIMHEMHOCTSAMM IIPY HAJW4YUU MCTOYHUKA U IOIVIOLIECHUS U NEPEMEHHOU

IIJIOTHOCTH B

ABYXKOMIIOHCHTHBIX

HEJIMHEMHBIX  cpenax. Ha  ocHose

aBTOMOJICJIBHOTO aHaIM3a JOKa3aHbl TEOPEMBI O TJI00aIbHON pa3pelIMMOCTH TUIIA
Oymxura. Panee, Ui MONyJIMHEHHOTO ciiyyasi, TAKOW pe3yapTaT OblI JOKa3aH CO

CTOpOHBI Jck00e0-Xeppepo.

[Ipensioxken cmnocod, ¢ MOMOLIBI0 KOTOPOrO YCTAaHOBJIEH IJIaBHBIM YJieH
ACUMIITOTUKW B CJIydae MeEIJIEHHOW W ObIcTpoi nuddy3uu u aoKazaHo, 4YTO
KO3 (UIIMEHTHI TJIABHOTO YJ€HA aCUMITOTUKHM HAXOSATCS U3 PEIICHUS HEKOTOPOH
CUCTEMBI aNireOpandecKux ypaBHEHUM.

Paccmorpum B

oOJlactu

Q:{(t,x): t>0, XeRN} CIIE/LYIOLIY IO
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BBIPOXKIAIONIYIOCS ~ JBAXIbl  HETWHEHHYI0  TapabOIMYecKyr0  3amady ¢

HCOI[HOpO,ZIHOﬁ IINIOTHOCTBIO:

X" %u div(|x|k um vl Vu) +y(t)|x[ vA =0,

(15)

X' % div(|x|k vt vy Vv) +y(0)[x v =0,

u(0,x)=u,(x)=0,v(0,x)=v,(x)=0, xeR",
rne nkeR, m,m,>1 f,5,>1 p=2 3amannsle umcna, V(.)-—grad(.),

0<y(t) e C(0,+) .
BBenem cnenyroiye cpaBHUBaeMble PYHKIINU:

u, (t,X)=(T +t)“ F(&), v, (tx)=T +t)2@ (), T =0,

rac
_ B+l _1 A1 _3) i
o = Bp 1 7(t) 21(T+t), A =1-a(m +p-3), =12,
(&) =(a-g"™)", g(&=(a=¢")", a>0,
6.=—L2 q,=—P (), ~max(o.b).
m+p-3 m,+p-3

Teopema 8 (rnobanpHas pazpemmmocTs Tuna Oymxuta). [lycTh

k+n<p, n<N, m+p-3>0, ,Bi>w i=1,2,

m+p-3"°
B+l (M4 p-2) N B, +1 oMy p-2) N
———y(t)z(t)u < : P00 12 () A AL R
BB, -1 p—-(n+k) Bp,-1 p—(n+k)

u U, (0,X)=uy(x), v, (0,x)=2v,(x), xeR".
Torna nns tocraTo4HO MaibIX U, (X), v, (X) pemenue 3aauu (15) gomyckaet
CJIEYIOIINE OIICHKH
u(t,x)<Au, (t,x), v(t,x)<Av,(t,x) B Q, (16)
roe U, (t,X), A (t, X) ompeneneHHsle  Belme  QyHkumu, A >0,A, >0 -

MOCTOSTHHBIE.
OtMmetum, uto U3 oueHku (16) BeiTekaet cBoiictBo KCPB.

Teopema 9. Ilycrs B (15) y(t)=1, m + p—-3>0,

p+m,,; -3 i=12 31[ i+l +aqzﬂ1q1)<ﬂ’

ﬂi>mi+p—3’ -1 p

1772
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az( 182"'1 +aQ1ﬂZQlJ< N ’ p>n+k, n<N,a1( :Bl"'l +aqzﬁlqu<ﬁ
ﬂlﬂZ -1 P— (n + k) 131:82 -1 Y

az[ﬂ,f22+}l+aqlﬂz—qu<%, u+(0,x)2u0(x), V+(O,X)2VO(X), xeRN.

Torma mns cnaboro pemieHuss 3amgaun (15), mpu  AOCTATOYHO MalbIX
HayYaJbHBIX JAHHBIX U, (X), v, (X) , CIIPABEJIUBBI CJICTYIOIINE OLICHKU

u(t,x)< Ay, (t,x), v(t,x)<Av,(t,x) B Q, (17)

rae u, (t, X), A (t, X) onpezeneHHsle Boiue Gynkuuu, A, >0, A, >0 NoCTOsSHHBIE,

3aBUCSLIME OT YUCIOBBIX MTAPAMETPOB CUCTEMBI (15).
N3 teopembl 9 nsi KPUTHUECKON SKCITOHEHTHI TUIA DyaKUTa JJISI CUCTEMBI
(15) mosyyum creayromue 3Ha4YEHUsI

i+l = N , 1=1,2 .
BBi-1 p+(p+m—3)N
B uactHOoM cimywae p+m —3=0, i=12 310 maer pe3ymbraT Eckobeno-
®eppepo.  Coyuait m+ pP3- G ,i OygeM Ha3plBaThb  OCOOBIM

(pe3onancHbIM) ciydaeM. B atom cimydae cuctema (15) He oOnamaer cBOHCTBOM
KCPB u nosenenue peuieHnii uMeeT nHou xapakrep. CrpaBeinBa
Teopema 10. Ilycts K+n<p, m+p—-3=0,i=L2,n<N U BBIIOIHEHSHI

1 N 1 N
HEpABEHCTBA At < B+ < . Torma A

ﬁlﬂz_l p_(k"'n)’ ﬂlﬂZ_l p_(k+n)

JIOCTATOYHO MAaJIbIX uO(X), VO(X) B Q cmpaBemuBBI CICAYIOMINAE OIEHKH IS

peuenus 3agauu (15)
P+l Lo+l

u(t,x) (T +t) A2 F(E), v(t,x)<(T +t) #1F(g),
&) =& =exp(-(¢/ p)°)

= 200 )

(T +t)"° p— (k +n)

B wactHom cmywae n=k=0, p=2, p+m —-3=0, i=12 Tteopema 10
coaepxkut pesynbratr Eckobeno-deppepo.

B maToit rmaBe nuccepranmu «KoHedHasi CKOPOCTH PacnpoCTpaHEHMs
BO3MYIEHUMA W JIOKAJM3alMsl PelIeHUuil CUCTeM B3aMMHON peaKkuuu-
nuddy3un (kpocc 1uddy3un)» s BBIPOXKIAIOIIMXCA KPOCC MapadoIMIecKon
CHCTEMbl C JIBOWHOM HEJIMHEWHOCTBHIO, C TEPEMEHHOM IIJIOTHOCTHIO, C
KOHBEKTHBHBIM IIEPEHOCOM  YCTAHABIIMBAKOTCA  CJICAYIOIIME KAaYE€CTBECHHbBIC
CBOWCTBAa pENICHWI: CYIIECTBOBAHWE TJIOOQAIBHOTO  PEHICHUS, 3HAYCHUE

‘X‘(pf(km))/p '
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KPUTUYECKONW OKCIOHEHTH Tuma Dymkura, moBeAeHUE (QPOHTA, KOHEYHAs
CKOpoCTh pactipoctpanenus Bo3myinenuit (KCPB), acumnroTuueckoe noBeaeHue
pelIeHnid ¢ KOMIIAKTHBIM HOCHTENIEM, IIOBEJCHHE CBOOOJHON TpaHMIBI U
UCYC3AIONIMX Ha OECKOHEYHOCTH pEUICHUH aBTOMOJEIHHOM CHCTEMBI B
3aBHCHMOCTH OT 3HAU€HUS YHCIOBBIX MapaMeTpoB. PemieHa rmaBHas mpoOiema —
BHIOOp HAYaIbHOTO MPHUONMKEHHS [JIsI HWTEpaIioHHOro mporecca. Iloka3ana
OBICTpast CXOUMOCTh UTEPALMOHHOTO MPOIecca MPU YUCICHHBIX SKCIIEPUMEHTAX.

PaccMoTpuM crenyronryro MaTeMaTHYecKyl0 MOJENIb CHUCTEMBl B3aWMHOM
peakmmu-1udPy3un, OMHUCHIBAEMON CIEAYIOMIEH CHUCTEMOW MapaboIMuecKuX
YpaBHEHUH BBIPOXKTAFOIIETOCS TUTIA

5(/01T(X)U) =div( 0, 0V Vul"* Vu )+ div(v(tu) + o (u”,
(18)
w - div('oz(x)umz_l|VV|IO_2 VV)+ div(v(t)u)+ o, (X)V*,

u(0,x) =u,(x) >0,v(0,x) =V,(x) >0, xe R".

B raBe V muccepranu HaiieHO pelieHue Tumna 3enbaoBuda-Kommaneiina s
cuctembl (18) B BuE

X

[

ut,x)=A(T +t) ™ F(&), vt,x)=B(T +t) (&), &= T>0, (19)

(T+t)™

1

fO=(a-& ) w©=(a-&)*. a>0, 7=ﬁ, (c). =max(0,c),

q - (p—l)(pq—(ml +1))’ q, - (p—l)(pq—(mz +1))’ q=(p—2)° —(m ~1)(m, —1).

rae 7(t) = , p=1-(m -Da, -(p-2)a, >0,

Yucna

B n,N o = n,N
an,+n,(m-)N’ 2 nn,+n,(m,-1)N’
n=k(p-2)+(m -1, n, =k(p-2)+(m,-1), n,=(p+k(p-2)N

SIBJISIFOTCSI PEIIICHUEM alITeOpandecKOi CUCTEMBI

@,

a, N P
(D, —(p-2)eq p’ % (PmAm=(m D ~(p-2)e;

u ocTosiHHbIe A, B onpenensitorest U3 pernieHus CUCTEMBI

(7/7/1) p-1 pk(p-2)gmi-1 :%’ (Wz)p_l AMigk(p-2) :%,
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P p-1 _ p-1
=L h ' (p=2)+m+1-2

p-1 " k(p-2)+m +1-2

OtmeruM, uto HaiinenHoe pemieHue (19) ob6mamaer cpoiictBom KCPB u
MOXKET HCIIOBh30BAThCA TIPH JTOKA3aTEeNbCTBE TJIO0ATBHOW pPa3pelmMOCTd |
HEpa3pelIMMOCTH HE TOJIbKO 3a1aun Ko HO W Apyrux 3ajad ¢ HEJIMHEHHBIMU
TPAaHUYHBIMU YCIOBUSIMHU.

B rnaBe V wuccienoBaHa Takke aCUMIITOTHKA PEIIEHUM aBTOMOJIEIbHON
cuctembl s ¢yakmuin - f(£), w(£). Hmeem  crnenyromyo — cUCTEMY

BBIPOKAAOIINXCA aBTOMOACIIBHBIX ypaBHeHHﬁ.

k|P~2
af dfJ+€’Z£+Ilf:0,

dé| de ) pdg

1-N d N-1 -1
g E{f y™

(20)

k|P—2
gon i gNLf e dl d_l// +éd—l//+|zl//=0,
de d¢| d&) pdé
* )

rne |, =

, C TPAaHUYHBIMHA

1-(m, ~L)er, ~k(p -2, " “1-(m, Doy —k(p-2)a,
YCIOBUSIMU
f'(0)=0, f(0)=0, ¥'(0)=0, w()=0,

f(0)=c, >0, f(d)=0,¥(0)=c,>0, w(d)=0,d <oo. (21)
IIycts
s n _ y 72 X
f©=(a-¢), w(©)=(a-¢) ,cf:ﬁ,
7=5%1Je=“*4”p;““+”1i=L2,q=n«p—a+4—n2—my—nmy—n.

Teopema 11. Ilycte  », >0, ,>0. Torma n1sg 00OOIIEHHOIO pPELICHUS

3agaun (20), (21) B o6mactu Q crpaBeayiMBa olieHKa
U X) <UL ()= (T +87 F(9), V(EX) <V, 6X) =T +1)“@(8), &= ‘[T(‘S‘]v—p ,

rae f (&), w(&) onpenenennble BITE (yHKIHH.
N3 teopewmnl 11 BoiTekaer cBorictBo KCPB.
Teopema 12. Tlpemmonoxum, uro ¥, >0, 7, >0. Torma pemenne 3amaun

(20), (21) ipu n — © (77 =—In (a — g )) HUMEET aCUMITTOTHKY
f(&)=Af(&)(1+0Q), w(&)=Aw(&)(1+o@)),
rae ko3¢ punuentsr A >0, 1=12 ABJISIFOTCS pelIeHnemM CUCTEMBI
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anredpanvyecKkux ypaBHEHUN

APZ AP b, b=

P(7) P

1

A1m2—1A2p72:b’ b — —
v p(Wz)pl

T.C.

p-2
Al = [blAz—(ml—l) ]1/(P—2) A2 — [blbz_(mz_l)/(p_z)](p_z)z—((n'h—l))(mz—l) -

[Ipy 4MCIEHHOM pELIEHUU 3a/layll ypaBHEHUE allpPOKCUMHUPYETCS] Ha CETKE
UCIIOJIb3ysl HESIBHYIO CXEMy II€pEMEHHBIX HANpaBiIeHUN (i1 MHOTOMEPHOIO
cillydas) B COYETAaHMHM C METOAOM OayaHca. MTepanmoHHbIE TpoOLECCHl ObLIU
NOCTpOEHbl Ha ocHOBe Mertona Ilmkapa, HprOTOHa M crenuanbHOM METOJE.
Pe3ynbTaThl  BBIYMCIMTENBHBIX  JKCIIEPUMEHTOB  IMOKA3bIBAIOT, YTO  BCE
MEPEUYHCIICHHBIE UTEPAIMOHHBIE METOIbI 3(PPEKTUBHBI ISl PEIICHHS] HETUHEHHBIX
3a/1a4 ¥ NPHUBOJUT K HEIMHEWHBIM 3((deKTam, eciii Mbl OyJeM HCIOJIb30BaTh B
KaueCTBE HA4YaJbHOrO MNPUOIMKEHHS] PpELIEHUST aBTOMOJIENbHBIE PpELIEHUs
MIOCTPOEHHBIX MO METOJly HEJIMHEWHOIO PAaCHICIIEHUs U METOAOM CTaHJIAPTHBIX
ypaBHeHuH. Huke npuBeneHBl pPe3yNbTaThl BBIUKUCICHUN I  Pa3IMYHBIX
3HAYEHUSX [1apaMETPOB:

SHANCHHS t=1 t = 20 t = 40
rapamMeTpoB
m =0.2,
m, =0.2,
p=3.8
eps =107,
k=1
y,=2.8>0,
y,=2.8>0
m =14,
m, =14,
p=3
k=1,
eps =10~
7,=1.429>0,
7, =1429>0
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3HaueHus -1 t =20 t 40
rapamMmeTpoB
m =0.4,
m, =1.4,
p=3
k=1,
eps =10~
7,=2,581>0,
7,=0,968>0
m =0.2,
m, =0.7,
p=3
k=1,
eps =10~
7, =4,737>0,
y,=3,421>0

3AK/IIOYEHUE

[To Teme nokTopckoM auccepranuu «MaTeMaTH4ecKoe MOJICIUPOBAHUE
cucteM peakuuu-nupdy3un ¢ ABOWHONW HETMHEWHOCTHIO»  MPECTABIICHBI
CIEAYIOIINE BBIBOJBI:

1. [lpu pemieHMH 3a7ad  HEJIMHEWMHOW MOJENM  peakuuu-nuddysumu,
(GuabTpalMK, TEMJIONPOBOAHOCTH, KaK B OJHOPOJHON, TaK M B HEOJHOPOJIHOMN
cpene, Ha OCHOBE TEOPETUYECKOI0 UCCIEA0BAHUS IIyTEM aBTOMOEIBHOTO aHAJIN3a
Y NPUHLHWIIA CPAaBHEHUSI, aHAJIW3a IPUMEHEHHS BBIUYHUCIHUTEIBHBIX aJTOPUTMOB U
KOMIUIEKCOB TPOTpamMM BbIIENEHBl CBOEOOpa3HbIE CBOWCTBA U  OMNPEIEIICHO
JAJbHENIIee Pa3BUTHE UCCIIEIOBAHUMN.

2. IlpenmokeHHnle MeTOmbl ciyxat s u3ydeHust cBorictB KCPB wu
JIOKAJIN3allid PEIICHUs HEIMHEWHOW MoJenu peaknuu-auddy3ud ¢ JTBONHON
HEJIMHEWHOCTBIO JUIsl Cpel € IEPEMEHHOW IUIOTHOCTBIO IIyTEM IOCTPOEHUS
pemienus Tuna 3enpaosuya-bapendnarra.

3. Ilokazano, uro cBoiictBo KCPB wu nokanuzauuu mposiBASIOTCS B
JIBWKYILENCS HEIMHEWHOM Cpelie, CKOPOCTh KOTOPOM 3aBUCUT OT BPEMEHHU.

4. JIns "HenuHEWHOM Monenu peakuuu-auddy3uu B cpefax ¢ MOrjioleHueM
WIM UCTOYHHUKOM OOYCIIaBIMBAET BO3HUKHOBEHME JIOKAJIIM30BAHHOW BOJIHOBOM

CTPYKTYDBHI.
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5. Ob6ocHoBbiBaeTcss ymectHoctu cBoMcTB KCPB u mpoctpancTBeHHOIM
JOKaJIU3allud JJIi MaTeMaTH4YeCKOM MOJAeNu CHUCTeM peakuuu-nuddysuu ¢
JBOWHOM HEJIMHEMHOCTBHIO U C IEPEMEHHOM IIJIOTHOCTHIO.

6. OOOCHOBBIBAECTCS YMECTHOCTH CBOMCTB blow up sl penieHuil cucTeMbl
ABTOMO/JIENIbHBIX YpaBHEHUHN peakiuu-auddy3un ¢ TBOHHON HETMHEWHOCTHIO.

7. CrpouTcsi acUMITOTHKAa OOOOIIEHHBIX pEIIEHUH ¢ KOMIAKTHBIM
HOCHUTEJIEM M MCYE3aI0lMX Ha OECKOHEYHOCTH pEIICHUNH aBTOMOJEIbHBIX
YPABHEHHU WM CUCTEM C IBOMHON HEJIMHENHOCTBIO.

8. JlokaspiBaeTcsi TiioOanmbHas Pa3pelIMMOCTh TaKUX 3a1ad JJsl CUCTEM
peakmmu-TuPy3un ¢ JBOMHOW  HENMHEWHOCTHIO C  WCTOYHHUKOM  WIIU
ITOTJIOLIEHUEM.

9. Ilpu momydeHHMM KPUTHYECKON SKCIIOHEHTHI ISl MPOIECCOB PEaKIUH-
mubdy3un ¢ IBOWHOW HEIMHEHHOCTHIO C HCTOYHHKOM WM MOIJIOUIEHUEM U
KOHBEKTHUBHBIM IIEPEHOCOM ITPUMEHSETCS YHUBEPCAIBHBIN aJITOPUTM.

10. Tloctpositcs pemieHusi Tuna 3eibaoBuya-bapenOnarra st HeTUHEHHOM
Kpocc cucteMbl co cBoiictBoM KCPB u mnpocTpaHCTBEHHOU JOKalu3aluu
peLeHus.

11. Pa3paboTaHHBII KOMIUIEKC MPOTrpamMM JaeT BO3MOXKHOCTb OCYILECTBUTH
KOMIIBIOTEPHOE MOJCIIMPOBAHUE JUIA U3YUYEHUs Ha OCHOBE KaUYE€CTBECHHBIX CBOWCTB
HEJIMHEHHOM MaTeMaTH4eCKOH MOJIEHN CUCTEM peakiMu-Tuddy3uu.

12. Pa3paboTaHHbIE BBIYUCIUTEIBHBIC CXEMBI, AITOPUTMBI M KOMILIEKCHI
porpaMMm JUisl pPELIEHHUS CHUCTEMbl MNapa0OJIMYECKHX YpPaBHEHUH C JIBOMHOMN
HEJIMHEWHOCTBIO JTaI0T BBICOKYIO IPOM3BOJAWTENIBHOCTh MPHU U3YYEHUU TEOPUU U
MTPOLECCOB YUCJIEHHOTO PELIECHUS TAKUX 33/1a4.
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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 technologiesy,
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), Chongging, 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 (Chongging, 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.

! 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 (lIsrael),
Chongging, 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(Chongging, 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
(LACaffarelli 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 Chongging, 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 populationy» (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
®TK-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 in 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
Modelingy (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 applicationsy
(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 applicationsy»
(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

Au=— ,ol(|x|)%+V(,oz(|x|)um‘1‘Vu"‘p_2 vu' ) =0, (1)

Ul,=U,(x)>0, xeR“, N>1 (2)

represents modelling some processes for double nonlinear equation such as heat
conductivity, liquid and gas filtrations, consists of the basis of diffusion

processesbwith  double nonlinear coefficient pz(x)umfl\Vuk\p_ZVu' and
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p.(x) =[x, p,(|x)=|x" in volatile dencity media. (1) equation includes the
equations of the following cases, slow diffusion (k(p—2)+m-1>0), fast
diffuzion (k(p-2)+m-1<0), p-Laplasian (m=1, k=I=1) and in porous
media (p=2, I =1) . If in some filed were u=0 or Vu=0 then, (1) equation

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)

p=2, 1=1 p,(X)=p,(x)=1) have constructed the generalized solution
possessing property of final speed distribution of indignation (FSPD): u(t,x) =0,
if | x[>1(t), here 0<I(t) e C(0, «), that does not take place in a linear case (p=2,
k=1 m=1).

Property FSPD for problem Cauchy in that specific case when in (1) k =1=1,
2,(X)=p(X)=1 and p,(x)=1 studied Teddeev A. F and its pupils [2004-2013]

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

destruction for final time (SDFT).
Later in 2014 this problem has considered in in the specific values of
numerical parametres by G. Grillo and M. Muratori, the case k=1=1, p=2 in

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:

ut,x)=[T +th+(k(p72_)S+m+le)s (a—bgy )f, T >0, (3)
P
1)t
a>0, b:(k(p—2)+m+l —2)(—} ,
p
¢(X) N-n
§= , S=p , n+g<p, n<N.
[=(0)]"" p—n
Teorem 1. If in (1) equation has performed these conditions

k(p—=2)+m+1-2>0, n<N, p>n aswell as
u(0, x) < z(0,x), xeR"

for the solution of the problem (1) - (2) we have the estimate
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u(t,x) < z(t,x), in

Teorem 2. If in (1) equation has performed these conditions
k(p—2)+m+1-2>0, n<N, p>n aswell as

u(0, x) < z(0,x), xeR"

was available then problems will have a property of (SDFT).

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
(k(p—2)+m+1-2)>0, jv(y)dy<oo, vt >0,
0

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

p-2

glsi{gslfml ik j é df + a IO, (4)

d& dé| d&] pdé 1-ak(p-2)+m-1)
f(0)=c>0, f(d)=0, d<ow, f'(0)=0, f(0)=0, (5)

(4)-(5) are the compact supported solutions
c1gnadf| df
0<f(5), & f E EeC(OOO) (6)
And belongs to

cremaldf T dE F(s o ot B

JRNFT df-(ﬁ+rawm—a+m—§% =0

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=1I1=1.

On thesis will be proved the following teorem for slowly diffusion
prosesses:

Take the following function

(a e\ P p-1
f(&)=(a fx,y—p A= s =2 ©

Teorem 3. Let’s k(p—2)+ m+1-2 >. Then the compactly supported
solutions of (4),(5) problem when was 7 — o (§—>a(p‘”p) will be in the
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following asymptotical form
f (&) =c.f,(5)(1+0()), -

here function f, (&)- the function and defined above

1

(p_lﬂ (p-1) }“1 K
C = = .
p (k(p—2)+m+1-2)) P

Consider the function

_ p-1
S k(p-2)+m+1-2

fE)=(a+&) 7=pi_l, %

Y <0
k(p—-2)+m+1-2
(fast diffusion). Then vanishes at infinity the solution of problem (7) has the
asymptotic representation at £ — o

f(&)=c, f2(§)(1+0(1)),

where the constant c, is determined from the solution of algebraic equations

[|k(p_2) +m+| _2|]pzc K(p-2)ml-2 _1[ p‘lj(pl) (p_l)z X @ -0
2 pZ(k(

Teorem 4. Let k(p-2)+m+I1-2<0, p>n, s+

p-1 \ pl p p-2)+m+l-2) 1-a(k(p-2)+m+I-2)
In paragraph 2, the following problem is considered

% = v(um‘l‘Vuk‘p_z vu' ) —div(v(t)u), u(0,x)=0q5(x), ©)

The solution of this problem is given by

N

U(t,X) —t p+(k(p—2)+m+I-2)N (a—b1777)+n’ (10)
P
p p-1 1e
=—, = , =(k(p-2)+m-1)| — .
ot "k ma 2 2 k(P2 )(pj
t
The similar variable is 77 =[x — j v(y)dy|/ [z(O)]V" .
0
Teorem 5. Let the conditions ki(p—2)+m+1-2>0,
N a and u(0,x) < z(0,x), xeR" where

— <0

p l-ak(p-2)+m+1-2)

2(t, ) =[T +t]“"(a—b1777)f, b.7, 7 - defined above numbers. Then the
solution u(t, x) of problem (9), (10) and front x,,(t) the estimates were valid
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u(t,x) < z(t,x), in Q, xq](t)—j‘v(y)dy <(a/b)" Pl ()" .

Jt'v(y)dy =[z(O)]"P +v,(t), vt >0 and v,(t) <o,

then there is a spatial localization solutions.

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 initial 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

g—uzv(Doum‘l‘Vu"‘p_ZVu)+ nu(l—uﬂ), (11)

u(x,0)=u,(x), xeR", N>1,

Kolmogorov-Fisher-type biological population model for semilinear equation in
one dimention such as when N =1, p=2,m=1 =1 (11) has studied by

Kolmogorov-Petrovskiy-Piskunov. Usually as the wave solution we know
N
u(x,t)="f(&), &= x+ct, (12)
1

this kind of solutions of (11) equation, here c-speed of wave. The unknown
function f (5) will be found by solutions of the following self-similar equation
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p-2
1[D0meﬂ )i_cim(l_fﬂ):o. )
dg

dé d¢g
When p=2,m=1 B=1 in the case of one dimention has shown the

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

c>c,,, =2/nD.

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 speed c=c_., by (13) self-similar solution.

Furthermore R. Fisher, Kolmogorov A.N., Petrovskiy I. G. And Piskunov N.
S.P. has received the following estimations

(InZ—NIn(T +t)j
p

2/ !
tp

x(®)| - p(nk® 2D, ) 17| 1+

(t)_M (Dk“l) £2/pt,

for the case critical —model such as in (1) when k(p—2)+m+1-2=0 in large

values of time the x(t)-lengs of wave disribution and c(t):@Speed of

parturbation.
Hence, in the particular case of the equation p=2, I =1 wave propagation

I()I

velocity for a sufficiently long time, will be equal to nD, and this,

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

Zt_u = div(um‘l‘Vu"‘p_2 vu' ) —div(v(tu) + ey (tu”, e==+1.
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
kK(p=2)+m+1-2>0, cr(t)—jv(y)dy<oo, Vi >0,
0

ile 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

t
K(p=2)+m+1-2>0, Jb(y)dy<oo, vt >0,
0

and when the thermal conductivity b(t)um‘l‘Vuk‘p_2 u'* depends 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

au o aul’? au au
—=—| V"= = |=I(t)— —(t)u,
ot 8x[ ox axj 7 7O
o o . .lov]ev ov
FT_Zlumt ) i mZE -y )y,
ot ax( ox axj 5 7=

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 p>2+[(m —1)(m,-1)]"* . Then the compact carrier

solutions of system that given in above will has the following asymptotic when
< —>a_

f(&) =Af(5)A+0(@)) , w(S) =Bf,(S)A+0o(D)).
Here f(&)=(a-¢).,", i=12, (b), =max(0,b), cz(t)-x, z(t) = jv(y)dy,

(P=2)(p=(m+1)) n, (P=2)(p=(m, +1)) n—(

n = p-2)° —(m,~1)(m, -1),

and constants 4, B are the solutions of algebraic  eaquation
(n)"" A™'BPt =c, (n,)"" A™'BPt=c,

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.

70



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

Au E—@—FV(Um_l
ot

Vi ! ) ~ div(v({t)u) - y(t)u’ =0, (14)

ul_,=Uu,(x)>0, xeR".

Here 4>0, nk,p,m— are numerical parametres which describe the nonlinear
media, V(.)=grad, (.), 0<y(t) € C(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

absorption, which is equal to the power y(t)u”, the problem of biological

populations of type FKPP.

In the domain where u=0 or Vu =0 equation (14) is degenerate. Therefore,
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,

2(t,)=0(t) F(£), &=[x|/[=(OF",

(p-D/(k(p-2)+m+I-2)
(p/(p-1)
(bl ™),

-

, ecm K(p—2)+m+1-2>0,

&)= L (e
eXp{_lk“(pJ J ecmu K(p—2)+m+1-2=0.
Teorem 7. Let condition
0o ] T s

p

and u,(x)<z(0,x), xeR". Here the function solution T(t) -of the equation
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_k(p-2)+m+I-2

G=—®u’®), a ) =[lo@®] 7" dt

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
processes with double non-linearity circuit of Pismen-Rachford was used, which is
typical for such tasks

k+% k k+% k+% k K
Yi, 6 5_ Yij =Alyk+% +A2yk k Vil hlylj VK yi,j+1h_ Yij N
0T 2
+g7/( k+}/)(y|k-;}/) )
ylk]rl ylk]ry k+% k+1 k+y yII:I—.}j/ y|k]r}/ k+}/ ylk]:lrl ylk]rl
o5, MY + Ay —hl —
' 2
k+1
+‘97/( k+l)(ylj ) '

here

Ay zmihl (x

V(i + 9" s+ (M- -
() O ) o (o) |

1
Azyk =2T1h§|:(‘ i, j+l

i+1,

) (yl j+1 + yl J) _1‘yik,j+1 + yik,j‘p_z (yikvj*'l o yik'j)_

() (0 ) o+l (=)
Lj=12..n,-1  a=12

The initial and boundary conditions are taken as follows

yloj_ 0( )’ XeCT)h
k+1 k+1

yit =9, if j=0 and j=n,
yi e = W, if i=0 and i=n,

_ 1/ .. T N
Here go:E((pk L4 ot ) 4/\ (gok ) )
For accuracy iteration requires the following:
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s+1 S
max yi’j—yi’j <é&.
0<i<n,
0<j<n,

Below are the results of calculations for the m=2, p=25, =05, e=-1
and m=2, p=2.5, f=0.8, ¢=+1:

ooy L
L, R
e e ST ) pores
s B e S L A, e
oz R L e s L e AT
52 e P e LR e gl
= = S R T R ST R ey e
ST Fs TR 7 B i e SRR e s e Wt e
B et LR Z e e e e e R e o R e
P s P TS o 1 e S e T ey o e O e e R s R
SR SR NN S o Wa..ﬁ@y;.-%-‘.*-: S N R L R R R
S T e T By e s e A AT A e Ry o P e A Ay Y Ry 8 e
R e o Pt e e P A s L e A 2 A o A o I R S e L T s PR
o 7 e o e Py R i e s Lty Yty T a7 4 e s o e el A gy M Y
R e n ey STt o e S L e e
e R > R 7 7 S
A by, AV oy S Yy LW gy g
R g 5 PR
407 L5
e drly
-1

=
= - P
< = s o
= o = T T o
3 e e ST e
R LT o e et o) o G o s e
e A A e e v e ST - R < % = S
s S R e A . AT P SRS — = = e
P {\w 5% o.,-v.._,o.gr." I e A2 ,..." \\s.v..-v...,a-.. P Crap o e P LI S
""‘-"““ﬁ'b"’ "“""-' s R T L "" “*""""‘-’ G -:.0.’.65.'- 0
= O e R el e L e Y e T T e e e el LRI T A P SR
B e e e e e e R e e R o R e T2 T S W O o s g Ay A o
T e R 2 e R R i oo S e e Y b o R e e - o g
e R T ¥ g A i . - T A ey e ] R e e LY o A 0y S R 4 A
P S T e T R e L A T e e S s e e
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Raae ey P PR e or et R PR et s
<% 25 255 e ez

230 I <

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 obtained by solving a system of algebraic equations

We will consider Q={(t,x): t>0, xeR"} density of the violation
identified at the system of double nonlinear parabolic equations:

x| —:div(|x|ku”‘1‘1|Vu|p2 Vu)+;/(t)|x|nv/’1 =0,
x (15)
X' == div(|x|k v Wy P Vv) +y()[x v’ =0,
u(0,x)=u,(x)=0,v(0,x)=Vv,(x)=0, xeR",
here nkeR, m,m,>1 f,53,2>1 p=2 are given numbers, V(.)—grad(.),
0<y(t) e C(0,+) .
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We introduce the following comparable functions:
u (tX) =T+ F(&), v, (t,X)=T +t)=@ (&), T=0,

where

__ﬂ zi % 11— (m _ i—
a, = B 1 7(t) /%(T+t)’ A=1l-a(m+p-3), i=12,

(@) =(a=&"M)", p(g=(a-¢")", a>0,

-1 -1
G =—P— g=—P = (b), =max(0,b).

“m+p-3 7 m+p-3
Teorem 8. (About global solvabiality of Fijita type) Suppose k+n<p,
n<N, m+p-3>0, 3 >%TO—_33 i=12,
N N

B+l — (M +p-2) b5, +1 < fy—(my+p-2)
s, 1O ommen s (k)

and u, (0,x)=uy(x), v, (0,x)>v,(x), xeR".

Then for enough small u,(x), v,(x) values the solution of (15) equation in
area Q will has the folling type estimation:

u(t,x)<Au, (t,x), v(t,x)<Av,(t,x) B Q, (16)

here  u,(t,x), v.(t,x) functions have defined above, A >0,A >0- are

constants.
Note that the estimate (16) follows the property FSPD.
Teorem 9. Let’s suppose in (15) was y(t)=1, m + p-3>0,

ﬂi >w’ i:1’2, al[ﬂ+a%ﬂ1%j<ﬁ’
m +p-3 pp, -1 p

az( ﬁz"‘l +aqlﬂZQl\]< N ’ p>n+k, n<N,a1( 131"'1 +aqzﬁ1qu<ﬂ’

ﬂlﬁZ -1 P- (n + k) ﬂlﬂz -1 p

B, +1 Wb N N

Q| ——+av " |[<———, U (0,x)=u,(x), v,(0,x)=v,(x), xeR".
[ fhvavn oot 000200, v 02w, xe

Then for weak solutions of system (15) in Q area and for enoght small
Uy (X), Vo (X) the following estimations are true:

u(t,x)< Ay, (t,x), v(t,x)<Av, (t,x) B Q, (17)

here  u,(t,x), v,(t,x) are previously defined functions, constants
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A, >0, A, >0 depending 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)
g+l N
BBi-1 p+(p+m-3)N ’
This result will give teorem of Escobedo-Ferrero in the particular
casep+m —3, i=L2.m+p—-3=0,i=12 this special case is called like
(resonans case ). In this case system (15) doesn’t reprecent the effects of FSPD
and it will has another characteristics.
Teorem  10. Let k+n<p, m+p-3=0,n<N, i=12, and
B +1 - N S, +1 - N
BB -1 p-(k+n)' BB-1 p-(k+n)
small values in Q area the solution of system equations (15) will had the following
estimations:

1=12.

Then for u,(x), v,(x) - enough

S+l B Lo+l

U(t,X) <(T +1) A2 F(8), v(t,X)<(T +t) #71F(9),
(&) =w(&) =exp(~(£1p)),
o(X)

P (p=(k+n)/p
ST ¢(\X\)=m\x\ -

In the particular case of n=k=0, p=2, p+m —-3=0, i=12, Teorem 10
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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8(p1T(x)u) - ou\/(loz(x)\/mrl\w\""2 Vu) +div(v(t)u)+ p,()u?,

(18)

AL _giv( gy ™ 9] o) div(u(u) + (",

u(0,x) =u,(x) >0,v(0,x) =V,(x) >0, xe R".

On this capter will be found the solutins of Zeldovichh-Bareblatt type for the
system (18):
X

——— T>0, 19
ropr 0 @)

ut,x)=A(T +t) ™ £(&), vt,x)=B(T +t) “y (&), &=

(T+t)™

1

f©O=(a-¢)" w©=(a-¢)" a>0, y=—E (@), =max(0,c),

where 7(t) =

, p=1-(m -Da, - (p-2)a, >0,

-D(p- 1 -D(p- 1
qlz(p )(pq (m1+ ))’qzz(p )(p (m2+))’ q=(p—2)2—(ml—l)(m2—1).
The numbers
_ n,N o = NN
nn+n,(m,-HN" > nn,+n,(m, ~)N’
n=k(p—-2)+(m—1),n,=k(p-2)+(m,-1), n,=(p+k(p-2)N
are the solution of the algebraic system

o

a N o
1—(m1—1)a2—(p_2)a1_ p’ (m —Da, =(p=2ey =(M, ~Der, ~(p-2)er

and constants are determined from the system solutions

(7/7/1) -1 Ak(p-2)gm-1 :%’ (Wz)p_l Am1gk(p-2) :%’
P p-1 p-1

Y 7 e,

-1t k(p-2)+m+1-2""2 K(p-2)+m,+1-2°

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

76



i O [ owa maldf ) gl o
: de&[é " fae dij pdz
L (20)
in O [ vagmaldyt | dy | Edy
¢ dg[é f d§J+pd§+I2l// 0,
a (04
where |, = 1 , = 2 ,
1-(m, ~De, —k(p-2)ey 1-(m, ~De, ~k(p-2)a,
with boundary conditions
f'(0)=0, f(x)=0, ¥'(0)=0, w(x)=0,
f(0)=c,>0, f(d)=0,(0)=c,>0, w(d)=0,d <. (21)
Let
ra S 7,72 X
f©=(a-¢), vy =(a-¢)", =(T‘+t‘)up,
yoP o, (e=DIp=(m+D] ;_,5
p-1 g

q=[k(p—2)+1-1J° - (m,~1)(m, -2).
Teorem 11. Let », >0, y,>0. Then for the weak solution of (20), (21)
problems the following estimations are true:

ut,x) <u, (t,x) = (T +t)™ f (&),

. _ I
V(t,X) SV, (£, x) =(T +t) 2@(&), &= P

here f(&), (&) functions has defined above .

From teorem 11 will be found that solutions will had FSPD.

Teorem 12. Let »,>0, ,>0. Then as n—ow (p=—Im-E” 1 a
weak solution of (20), (21) will have the following asymtotic

f(&)=AF()(1+o@®), w(&)=Aw(&)(1+0@),
here A >0, i=12, are the solutions of the following algebraic equations:

1 1

S ATAPESb, b=
p( 1)p1 © p(Wz)pl

APPAT =, b =———r

p-2

Al = [blAz—(mrl) ]U(P*Z) A2 — [blbz—(mz—l)/(p_z)](p_z)z_((mi_l»(mz_l).
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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
m =0.2,
m, =0.2,
p=3.8
eps =107,
k=1
y,=2.8>0,
y,=2.8>0
m =14,
m, =14,
p=3
k=1,
eps =10~
7, =1.429>0,
7, =1.429>0
m =04,
m, =1.4,
p=3
k=1,
eps =10~
y,=2,581>0,
7, =0,968>0
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Parameter values t=1 t=20 t =40
m =0.2,
m,=0.7,
p=3
k=1,
eps =10~
y,=4,737>0,
y,=3,421>0

CONCLUSION

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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