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KHUPHUII (pancada noxropu (PhD) nuccepranusicn aHHOTALMACH)

Juccepranusi MaB3yCHHMHI [0/13ap0JMIu Ba 3apypusiTH. MabiyMKu,
YU3UKCH3 JKapacHIapHU YPTaHUII STHI'M MyaMMOJIApHUHT TyraHMac MaH6au 0ynuo,
Oy ’kaxoH MHUKECHIAa MaTeMaTHK TaxJHJI coXajapuja sHIM YCYJUIApHU >KOpU
3THINra, Xycycudl nauddepeHuman TeHIIamMajgapra acocjaHraH YHU3UKCH3
Macajagapra KelITHpWIagud. 3aMOHaBUM TAaXJWIHUHT SIHTH  YCYJUIApUHUHT
MyBah(HaKuATH MaTeMaTuKara Yu3uKiIu OyiMaraH AyHEAArd MyXuM caBoJulapra
KaTpbui kaBoO Oepuimira UMKOH OepAntu. Pu3MK >KapaHIAPHUHT UYUZHKIH
MaTEeMaTUK MOJICJUIAPUHM YpTaHUIll, YJIapHUA CUULIIHUHT KUCMAaH UIUIA0 YHKUITaH
YMYMUH YCyJJIapu YM3UKIU AU(depeHIran TeHrIaMaJapHd YPpTaHUul y9yH MOC
Kenaau. Amanna 3ca 3Hr A0a3ap0 QUMK MyamMmoJap HOYM3MKIN KYpUHHUIIIA
O6ynu6, Oy kalOu s>xkapaCHIApHM aHUK TacBUpJAll YYyH YM3HKIM OYyiImara
MaTeMaTUK MojesuiapAaH (poigalaHuIl, COHIM €YU alrOpUTMIIApU Ba aMaiHi
JacTypJiap MaKMyUHH sIpaTUII MyXUM Basudanapuaan oupu 6yiaubd KoaMoKaa.

Xo3Upru KyHJa XaxoHJa Kartop (yHIamMeHTan MyamMMoJiap HOYH3UKJIU
KapaCHJIapHU  MaTeMAaTUK MOJCIUIAIITUPUIL, BH3yaJUTAIITUPHUII yCYJUIapu Ba
BOCUTAJIAPUHA TAKOMWUIAIITUPWINIIN, WKKA Kappa HOYM3UKINA (UIbTpaIus,
peakuus-auddy3us Macaiagapu eYMMIAPUHUHT MyXUM HaTIKaJapUHU aMaauérra
KOpUM HTWIMIIM OwinaH wu3oxjaHaaud. JKymimagaH HWKKH Kappa HOYU3HUKIH
TEHIJIaMajap €YMMJIAPUHUHT CH(aT XOCCaJapuHM YpraHHII Ba aManuérra TagouK
STUII [03aCHJAH YHU3UKJIM OYyJIMaraH MOJEJUIApHU VYpraHWIl HaTHXKacuaa
BU3YQJUIAIITHPHILI  YCYJUIADUHU HWOUIA0 YUKHIL;, HOYM3UKIM KapaCHIapHU
Vypranumra ¢&pnam  OepyBUM KOMIUIEKC JacTypiap SpaTull; XHCOOJaIl
HKCIIEPUMEHTH TEXHOJIOTHSICUHH KEeHT KYJUTalll, BaKT OYiin4a 5BOJIIOLIMOH sKapaHHH
Ha30paT KWIUII YCYJIMHM, NapaMeTpJapHUHT JWHAMHUK Y3rapuiiura OOFJIUK
XOCCaJJapUHU AHUKJIAITHUHT KOMIBIOTEPJIAIITUPWITAH TU3UMUHHU UILIA0 YUKW,
IOxopuna kenTupuiral WIMHK-TAAKUKOTIAD HYHAIUIIKUAA OakapuiaéTrad WiIMHUI
M3NIAHUIITIAP Ma3Kyp JUCCEepPTAIUs MaB3yCHHHUHT J0JI3apOJIMTMHHE U30XJIaiIu.

Mamnakatumuszaa ¢yHaaMenTan (GaHIapHUHT WIMHAKA Ba aMajvil TaJg0MKHUra
sra Oynran amanuii MaTEeMaTHKAaHUHT J0Ji3ap0 WyHanmuunuiapura 3bTHOOP
Ky4alTHpWIIH, XyCyCaH, YN3UKCU3 KapaHIapHU MaTeMaTUK MOICIUIAIITUPUII Ba
TaKpuOuil yCyJ/ulap BOCHUTAacCHAa OJMHTAaH HATIKaJapHU KEHI TaTOMK MyXHUM
Basudanapaan o6upu xucobnanaau. byrynru kynaa ‘“MaremaTuk ¢pusnka, aMmanuii
MaTeMaTUKa Ba MaTeMaTWK  MOJACIIAIITUPHUIL”  (aHIAPUHUHT  YCTYBOP
WyHanumapu OVinda Xamkapo CTaHAapTiap Iapaxacuaa WIMHA TaIKUKOTIap
o6 Gopuin acocuii Basudanap Ba haonuaT WyHaaMuuapu” 3THO GenruaaHu’.
Ma3skyp Kapop WWXpPOCHHM TabMUHIALIAA Quibpanus, peakuus-nuddysus
Kapa&HJIapyuHU MOJEIUTAIITUPUII Ba €UMMIIAPHUHT CU(AT XOCCATapUHU aHUKJIAI
yCYJUIApUHU TAKOMHJUTAIITUPHIL MyXHUM aXaMuAT KacO 3Tajiu.

1 V36ekucron Pecriyomikacu Bazupnap Maxkamacuuuar 2017 inn 18 maiinaru BMK 292-con kapopu Y 30eKHCTOH
PecnyOnukacu @annap akaJeMUSICUHUHT SIHTUAAH TalIKUI STWITAH MIMUM-TaAKUKOT Myaccacalapu (aosusiTHHU
TaLIKWI 3TULI TYFpUCHIa”.
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2020 iunauar [aBnar pax6apu Tomonuaan “Unm, mabpudar Ba pakamiu
WUKTUCOIUETHU PUBOKIIAHTUPUII Hunn’ 1e0 3bJI0H Kuniiu PecryOnrka Mukécua
WIMHUN TaJKUKOT WYHAIMIIUHUHT alHUKCA Kapa€¢HJapHU aBTOMATJIAIITHUPUIL Ba
COHNIM ycyulapAaH (ONAANAHUIIHUHT MYXUMIWTHHH —Kypcatub TypuOau.
Ilyanaraex Y36exucton PecryGmukacu omuii Tabaum tusumunn 2030-imrada
puBoxuanTupuil  KoHuenmusicuHu Tacaukiaam  Tyrpucuaarn 2019 imn 8
okT6paaru Y36exucton Pecry6mukacu ITpesuieHTHHUET GapMOHH; Y36eKHCTOH
Pecny6nukacu ITpesunenturuar 2017 iun 7 despangarn ITK-4947 «Y36exucron
PecriyOnukacunn siHaja pUBOXIAHTHUPHIN OYiMda Xapakarjap CTpaTerusicu
tyrpucuaanru; 2017 wmun 17 ¢espangaru I1K-2789 «®Pannap axagemwusicu
daonuaTy, WIMHNA-TAJAKUKOT HWIUIAPUHU  TAIIKWJ OTUII, OOMIKApWII Ba
MOJIMSJIAIITUPUIIHY STHA/Ia TAKOMIIIAIITHPHIL YOpa-TaAOUpIIapu TYFPUCHIANTH;
2017 wmn 20 anpengmarm  I[1K-2909 «Oumwmit  TabauM THU3UMHUHU  sHajAA
PUBOXKJIAHTUPUII YOpa Yyopa-Taadupiapu Tyrpucuganru Ba 2018 iiun 27 anpengaru
[1K-3682 «/HHOBAaIMOH Fosjap, TEXHOJOTWAJIAp Ba JIOMMXAJTapHU aMalMETra
KOpUM  KWIMII THU3UMHHM  SHaJa TaKOMWUIAIITHPUIN  Yopa-Taadupiapu
TYFpUCHIA»TH Kapopiapy, Y30ekucton Pecny6nmkacu Ilpesupentn 1M,
Mup3uéepanar 2019 imn 24 maii kyHn Y36ekncToH Mumimii yHMBEpCHTETHAA
TabIUM Ba wWiM-paH coxacu Bakwlapu OunaH OynuO yTran yupanryBujaaru
Mabpy3acd Xamjaa Mas3Kyp (aoiusaTra TErumuuid OOIIKa HOPMAaTHUB-XYKYKHM
XyxoKatiapa Oenruianrad BazugaiapHy amanra OUMpHIAa yimly JuccepTauus
TaJIKMKOTH MyaiisiH Japa)kaja Xu3MaT KHIaau.

TagkMKOTHUHI pecnyOJnka (aH Ba TEXHOJOTMAJIAPH PHUBOKJIAHUIIN
YCTYBOp iiyHaumuiapura 0oFJIMKJIAMId. Maskyp TaaKukoT peciyOnauka ¢aH Ba
TeXHoJorusnap  puBoxuianmmuHuHr IV,  «Maremaruka, MexaHMkKa Ba
nH(POPMATHKa» YCTYBOp HYHAIUIIH Joupacuaa OaxapuiraH.

MyaMMOHMHI ypraHWIramjJukKk jgapaskacu. Houusukinu maTeMaTtuk
MOJICJUIAPHUHT SHTM XOCCajlapy TapKaJWIl TE3JIUTMHU YEKIWINTH, (a3oBuii
JIOKAJUTAIIUII, YEKJIM BaKTJa CYHWII, JOKaJJIamraH uerapainanmarad (blow up)
ednmiiap Ba OOIIKAa XOJWCAJIApUHHM YpraHuml Aactiad YU3WKCU3 (QUIbTpanus
xapaéuu yuyH [.M.bapeHOnarT, YM3MKCHU3 UCCUKIUK YTKAa3yBUAHIMK Macajlacuaa
A.b.3enpaoBuy, A.C.Komnaneiin, peakuus-nuddysus yayn Pattle umnapuna 6up-
OupuaaH MycTakwi Tap3fa ypranwirad. KelnHuanuk Ma3Kyp MaTeMaTHK
Macajajap Ba HOYM3MKJIM Macajap OWjaH IIyFyJUIaHUII JyHE OJIMMIIApH
TOMOHMJIAH MyHTa3aM VypraHwia Oonuianrad. TaHUKJIM — MaTeMaTUKIAp
A.A.Camapckuii, O.A.Oneitnuk, XK. Jluonc, XK. XKynren, A.C.KanamHukos,
@punman A., X. Backec, 5.Knepp, B. A. I'anakTHOHOB Ba yJapHHUHI HIOTUPAJIAPH,
IIYHUHTJEK KYTu1ab OoIlKa TAaHUKIU JYHE MaTeMaTHKJIApH UIJIapuaa Ypranuiauo
KEJIMOK/1a.

Yusukau OyiMaran yerapaBuil MyaMMOJIapHM €UHII Xap JOUM Ce3ujapiu
KUWMHYWIMKJIAPHU TYFAUpaad, OOMCH yJapHM aHAJIWTUK ycyijaa euunl ¢akar
allpuM  Xycycwil  XoJUlapJariHa MYyMKWH Oynanu, €4YUMIIApHUHT  SIHTU
XYCYCHUSTIIapUHH aHUKJIAII 3ca MypakKad TaaKuKoTaapHu tanad kwiagu. LyHuHr
Y4YH, C€UUMMJIADHUHI XYCYCHUATJIAPDUHU YpPTaHMILJA TypJd XWJJard aHuK Ba
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TakpuOuil ycymnapra mypoxkaaT KwinmHagu. A. A,  Camapckuii, B. A.
l'anakruonoB, A. C. Kanammnukos, JI. K. Mapruncon, P. Kepmnep, I'. N.
Bapen6narr, b. ®. Kuepp, Yen Xundy, Ku M. W., Xonr-Uenr I'yo, KomGe
Ucwmann, Kycano Takacu, Tomoroku Tanurasa, M1.T. Kurypanze, C. H. JlumoBa
Ba OomKalap TOMOHHJAH KEHI WU3JaHunuiap oiaud Oopunrad. Houmsukiu
napaloJIMK Macaiajap eYMMJIApUHU YPraHUIIHUHT MaTeMaTHK Hazapusicu O. A.
Oneiinuk, O. A. Jlanmwxkenckas, A. C. Kanamnukos, K. Jluone, A. A. Camapckuii,
C. II. KypatomoB, A. M. Muxaiinos, B. A. TI'anaktuonos, P. Kepunep, A. H.
Konmoropos, U. I'. Ilerposckuii, H.C. Iluckynos, A. ®@. Tenee, M. Aryasx, A.
bnanme, JIx.A. Kappunro, A. Xo3anos, A. ®punmas, I1. E. Cyranunuc, A. I'mupa,
1. Bepow, Jleiicu, A. ®puaman, b. Makneon. C. My , P. 11331, Yxoy, 1O. JIu, 1O.
Ban, C. B. ITao, JI. I'. Aponcon, JI. Kaddapemnu, B. Autonne, B. Oppepo, B. b.
Jlhu, C. T'yi, X. Kan, C. JI. My, JI. [e6nar, ®.C. JIu, C. H. Ce, I'. Peiiec, A. C.
Amnues, ['anona @., Ckyaccuna M., X. Uxan, X. JI., M. X. Ban, JI. JI. [Tro0, C. A.
Meccaoynu, Butnmnapo E., M. Uynnau, X. Xyeranr, JI. FOxyans, C. 3exuan, Paynb
Deppetipa Ba OomIKazap TOMOHHUIAH UILIA0 YHKUIITaH.

byryuru kynra kemu0, A. bermatoB M. Apwunos, b. Xyxasapos, A. T.
Xaitmapos, Y. A. CanymnaeBa, @. Kabwmxkanosa, 3. PaxmonoB, A. Matsky6o0B,
JI. MyxammanueBa Ba peciyOnuka OOIIKa OJMMIIAPUHUHT TMapaMeTpIapHUHT
MyaiisiH KuiiMaTiapura Moc KeJaJurad aBTOMOJIENl €YUMIIAPHUHT MyXHM aXaMHsIT
kacO stumm kypcatwirad. LyHUHr yayH napaOosiuk TypAard YM3ukiIn OyamMaran
yerapaBuil MacasllaJlapHM TaIKUK KWIHIL, TYypJiH >kapacHIapHU aBTOMOJEN Ba
TakpuOuii aBTOMOIeN EHAITYB acocuia TaBcudialra KaTra axaMusT OepuiIajiu.
Hatmwkana Ttypau cudar xoccamapu Ba SHIM XOJucaiap Y4YyH LIapTiap
ucOOTIaHTaH.

JMuccepranusi TAAKMKOTHHUHT JUcCepTALMS 0aKAPUJITaH OJMI TABJIUM
MYacCACACHMHMHI WIMMHA-TAIKUKOT HILUIAPU peskajapu OWIaH OOFIUKJIMIH.
Juccepranus TagKUKOTH V36exkucTon Mummii yHUBEpCUTETUHUHT D-4-30-coHnu
“Nkky MapTra HOYM3UKIM KpPOCC CHCTEMAaHUHT MaHOa, KOHBEKTHB KY4MII,
y3rapyBuyaH 3WWIMK, MaHOa KU IOTHUII TabCUPUAArU cU(aAT XOCCATAPUHU TaIKUK
KWIAIT Ba MRU-OT-81/2017 “MartemaTu4eckoe MO/JIEJIUPOBAHUE
TEPMOJUHAMHUYECKH COTJIACOBAHHON MAaTeMaTUYECKON MOJAeNnu IBYX (ha3HBIX cpe
B JUCCUIATUBHOM MPUOIIKEHUU C MEPEKPECTHBIMU 3P deKkTaMu’ MaB3ylapuaaru
dbyHIaMmeHTan JoMuxasapu goupacusa oaxxapuiras.

TaagKHKOTHMHI MAKCA/M - Y3rapyBuaH 3U4JIMKKa 3ra Ba KO3 (OULIMEHTH BaKTIra
OOFfNMK OyiraH HOYM3UKIU (uiIbTpauus (MCCUKIMK YTKa3yBUaHIMK, AU(PPU3us)
KapaHJIapUHUHT MaTeMaTHK MOJICJUIAPUHHA aHAJUTUK-COHJIM €YUl Xxamaa cudar
XOcCcalapuHu aHUKJIalaH uoopar.

TaakuKoTHUHT Basudaaapu:

HOYM3UKJIHM Oy3mwnanurad Kod(GpQGUIMEHTH BaKTTa OOFIHMK OYyiraH mapabosiuk
TEHrJIaMajnap OWiIaH TacBUpPJaHYBUU (PU3HK skapaéHinapHu (UIbTpaus, UCCUKIUK
VTKa3yBUaHIUK, MU dy3us) sHru cudar xoccaaapuHy aHUKJIIAIL,



WKKHU Kappa HOYM3UKJIA KO3(P(ULIMEHTH BaKTra OOFiIuK Oyiaran Oy3uiaguran
napaloJIMK TEHIJIaManap edyumiapu 0axoJapUHM OJIMII Ba aBTOMOJEN €UUMIIapH
ACUMNTOTUKAJIAPUHU TOTIMILL;

Oup €KM MKKU KOMIOHEHTJIM MYXUTJAard BakTra OOFfmuK Oynran Oy3uiyBuYaH
MKKH Kappa HOYM3MKJIM MapabOJuK TeHIJIamanap OwiaH TacBUpPJIAHYBUH
¢bunbTpanus xxapa¢Haapua KOHBEKTUB KYUUIIl, Y3rapyByaH 3UUYJIMK, IOTUIIALI EKH
MaHOaa TabCUpPHJIA STHIM HOUM3UKIH 3 exTinap naitno 6yaumuHu ncooTiamn;

napaboJIMK TypJaard Kpocc-cUcTeMmasap (MKKM KOMIOHEHTaId HOYU3UKJIU
MyXuT) OunaH udoganaHyBuu (QUIbTpalMsi, UCCUKIUK TapKaJIMIL, CYIOKJIHK Ba
ra3inapHuHr quddy3uscu MacanaJapyHy SHIH XOCCAJIAPUHU YPHATHUIII,

YpranmwiaéTrad HOUYM3UKIIN sKapacHIapHU KOMIIBIOTEP/1a €YUIITHUHT XUCOOanl
CXeMacH, COHJIM YCyJJlapu, XUCOONall aJrOpuTMIIApUHU Ba  JacTypiap
Ma)XMYaCHHU SIpaTHIL Ba HATHKaJApUHU BU3YaJUIAII THPHUILL.

TaaAKUKOTHHHT 00beKTH J1apaXkajii HOUM3HKJIMKKA 3ra Oy3WIIaJura Typiaru
napa®oJIMK TeHrjamanap Ba cucTeManap OwiaH udoganaHyBUu UYHU3HKCU3
bunbTpanus, UICCUKINK YTKa3yBUaHINK, 11U Py3us sxkapaéunapugad ubopar.

TaagKUKOTHMHI MpeAMeTH BaKT Oyiinya y3rapyBUaHIuK KO3()PUIMEHTH Ba
Japakalnd HOYM3UKIMKKA dra (QUIbTpalus KapaCHIAPUHUHT  HOYU3HMKIH
MaTeMaTHK MOJIeJUIapH, COHJIM aJrOpUTMIIap Ba JaCTypHil BocuTanapaaH uoopar.

TaaKuKOTHHHT ycy/uiapu. Ma3skyp TaJKUKOT WIIUAA YU3UKCU3 aXKpPaTUII
QITOPUTMHU, €YUMIIADHU TaKKOCJAll TeopeMaiapu, aBTOMOJIET Ba TaKpUOMiA
aBTOMOJIEJI €UMMJIAPHU KYPHUII yCYJIapH, COHJIM UTEPALMOH yCyJulap, y3rapyBuaH
HyHanmuuuiap ycynuaad QongaiaHuiim.

TagKMKOTHUHT WJIMHMI AHTWJIMTH KyHugaruiapaad uoopar:

Japakaid HOYM3UKJIMKKA 3ra Oynran Oy3wiyB4yaH mapaOojiMK THUIAAru
TeHrnamanap Ownan wudojanaHyBud GWIBTpAUs Ba MCCUKJIMK —TapKaJUII
MOJIEJUIAPU YUYH YHM3UKCH3 XpaTULl ycynu EplaMujia aBTOMOJENBA TaKpUOMiA
aBTOMOJIEJ €YUMIIap KypUJITaH;

¢bunbTpanus Ba UCCUKIUK TapKAIMIIMHUHT HOYM3MKIM MOJEIUIapU Y4yH
JIOKaJIJIAIraH CTPYKTypajap XOCWI KIINHTaH;

JUBEPreHT TypJard Kywid OTHIAI EKu MaHOa TabCHUpUAArd HOYM3UKIIU
¢unbTpanus Ba MCCUKIMK TApKAJIUII TEHriamajiapu yuyH Komm macamacuHUHT
rio6an ednuMiIapy Kypriral Ba SpKUH dyerapayiap 0axojapy OJIMHTaH;

JUBEPreHT TypJard Kywid OTHWIAI Eku MaHOa TabCUpHUIAru HOUYM3UKIIU
¢bunbpTpanus MacalacHMHM COHJIM €YMII CXEMacH Ba aJrOpUTMH KypWUJITaH Ba
JIacCTypHUil TABMUHOTH SIpaTHIITaH.

TagKUKOTHHHI aMaJMii HATHKAJAPU Hazapui axamusrra sra. OnuHraH
HaTWKajlap YM3HKCU3 MYXUTIA TapKajHIl Ha3apuscd OWIaH IIyFyJUIaHYBUH
MYTaXaCCUCIAPHUHT WIMHH TaaKUKOTIapuja, aOCTpaKT, WYKHW Ba YerapaBHi
Macajajgapra Moc MOJICJUTAPHU COHJIM €UUIIIa KYJITaHUITaH.

TaaKUKOT HATHKAJTAPUHUHI MINOHWIWJIMIM MaTeMaTUK MyJioXas3auap Ba
UCOOTIAPHUHT KATBUWINTH, MaTeMaTHUK (PU3MKAHUHT YU3UKCH3 Macajiajap
HA3apUSCUHUHT yCyJIapuaaH (oiJaiaHuIl, YU3UKCU3 aXpaTull ycyl Epiamuaa
OJIMHTaH OOIUIAHFUY HAaTHXKalap KOMIBIOTEPIN MOJEUIALITUPUII HAaTHKaJlapura
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MYTaHOCHOJIUTH, MacajJaHWHT aHUK €4uM OWIaH TaKKOCJIAHWIIUA Ba XHCOOJaIn
HKCIIEPUMEHTHHU YTKA3UII OUIIaH acOCIaHraH.

TaagKMKOT HATHKAJTAPUHUHT WJIMHI Ba amMaJuil axaMusaTi. Ouibrpanus
kod(pduureHTn BakTra OOFMUK OVIraH HKKH Kappa HOYM3HMKIM MapaboiuK
TEHIJIaMajJapHu MaTEMaTHUK MOJICIUTAIITUPUII CUH(IIApU yUyH Ha3apuil acocliapHU
unuiad uukuimgad wuoopar. OunuHrad sHru 3¢ QexTnap MacalajapHU COHIH
MOJCIUTAIITUPHUIL  MUMKOHUHM Oepaaid Ba MOC JacTypiap MaXKMYWHUHT
ApaTWITAaHJINTY OWJIaH U30XJIaHaIH.

Jluccepranusiga OJIMHIaH HaTHXKaJlapAaH HOUYM3UKIH (QUIbTpanvs, KU3AUPHILL,
mud¢y3us, OHONOTUK TOMYJSIUS Ba BUPYC TapKaJUIIMHUHT MaTeMaTUK
MojeIUlapuHu  ypranumiaa doigananuim  MyMmMKuH. [IyHUHTAEK HOYM3HKIU
napaloJIMK TeHrjaMajaap Ha3apHUsACHHU SHaJa PUBOMIIAHTUPUILAA XaM axaMusTra
sra. @uubTpanys >KapaéHUHUHT HOYM3UKIM TabCUPU UYEKJIAHTaH BAaKT JaBOMUIA
conup Oynarangaru OJMHTaH IIapTiap, JOKaIM3alMsUIaHraH e4YHMIIapHIaH
MaTeMaTUK (PU3UKAHUHT OOIIKAa HOYM3UKJIM MYaMMOJIADUHU Ba  aMajHid
MyaMMOJIApHU XaJl KMJTUII XU3MaT KUJIaaH.

TaaKMKOT HATHKAJTAPUHUHT KOPUHA KUJIHHUIIN:

Jlapaxxanu HOYM3MKJIMKKA 3ra Oynran Oy3uiayBUaH mapaloJiMK TEeHrjamaliap
Owian udonanaHyBYM YM3UKCU3 MOJCIUIAD €YMMIIAPUHU TAIKHK ATUIN OViinya
OJIMHTaH HaTWXaJlap acocuiaa:

MHOWIbTPALMA TabCUPUAATM HOYM3UKIM  (QUIbTpalus MacajJaCHHUHT
aBTOMOJEJ euyuMIapy acuMmnToTukanapuaad EOT-®rex-2018-149 pakamiu
«MareMaTu4yeckoe MOJACIMPOBAHUE HEJIMHEHHBIX MPOLECCOB (QMIbTpAlMU B
JIBYXKOMIIOHEHTHBIX ~ CpEJax, OINUCHIBAEMBIX HEJIMHEHHBIMU TPAHUYHBIMH
YCIOBUSIMI» TPAHT JIOWMXAcuaa MapadOJMK THUINJArM HOYU3UKIM TEHIJIaMmaliap
CHCTEMACHHH COHJIHN eunma poiinananmiran(Y36exucron Pecrry6mikacu Onuii Ba
ypra maxcyc TabiauMm BasupAuruHuHr 2020 iinn 6 wuronmaru 89-03-2436-con
MabJIyMOTHOMAacH). VnMuil HaTWXaJapHUHT KYJUIAHWIMIIM HOJIOKAJl YerapaBHii
mapmiap OowinaH OepuiraH MOJUTPONUK (PUIBTpALMS Macajacu y4yH UTEpalloH
’apaéH KypHIll Ba COHJIM HATHKAJIapHU BU3yaJIAIITUPUII UMKOHUHU Oepras;

HOYM3MKIIM CUCTEMAsIap ydyH IOKOPH €U4MMHM Kypuil ycyauaan EOT-Drex-
2018-149 pakammu «MaTeMaTnyeckoe MOJEIUPOBAHUE HEIUHEHHBIX MPOLECCOB
¢unbTpanuu B JBYXKOMIIOHEHTHBIX CpE€laX, OINHMCHIBAEMbIX HEJIUHEHHBIMU
TPaHUYHBIMU YCIOBUSMIW) TPAHT JIOMUXACH A HOJIOKAJ YerapaBmii mapriap Ouian
OOfJIaHTaH HOYM3UKJIM NapabOJUK CUCTEMAJApHUHT TJI00an  edyuMIIapuHU
6axonampa doinananmiran (Y36exucron Pecry6mukacn Onuii Ba ypra Maxcyc
TabauM Bazupauruaudr 2020 iinn 6 urongaru 89-03-2436-coH MabllyMOTHOMACH).
Wnamuil HaTWXalapHUHT KYJUIAHWJIWIIA HOJIOKAJ YerapaBuil maptiap OwiaH
Oepuirad NOJUTPONHUK (UIBTPALUS MacallaCH YUyH €UMMIIAPHUHT I100an Oy ui
HIapTIapUHU TOMUIITa UMKOH OepraH.

TaaKuKOT HATHKAJAPUMHMHI anpodaumscu. Maskyp auccepTarus
TaJIKMKOT HaTwkajmapu 15 Ta wimuil-amanuidi aHXyMaHiapaa, )kymnanad 11 Ta
XalKapo Ba 4 Ta pecnyOiluKa WIMUN - aMaluil amwKyMaHJIapHuaa MyXoKaMaJaH
YTKa3UJIraH.



TagKMKOT HATH/KAJAPMHMHI JBJOH KWIMHraHJuru. Jlucceprauus
MaB3ycu Oyitmua xamu 21 Ta WIMHMIl MIN YOI STHMIraH, IIyJapAaH, Y30eKHCTOH
PecriyOnukacu Onuil aTTecTaTiiusi KOMUCCUSICHHUHT TOKTOPJIUK JUCCepTalusIapu
acocuii WIMHH HaTWKaJapUHU 4YOM OJTHII OYHWYa TaBCUS OSTUITAaH WIMHNA
Hampiapaa 4 ta makoja, KymiadaH, 1 Tacu XOopwkui Ba 3 Tacu peciyOJiuKa
KypHayapuaa Hamp sTwirad. lyHuHraex, spatuiarad Jactyp yuyH MyauiddIiIuk
I'YBOXHOMAcCH OJIMHTaH.

JluccepTanusiIHUHT TY3HJIMIIM BA Xa:KMHU. J{rccepTanys KUpUILI KUCMHU, yuTa
000, xynoca Ba ¢oiinanaHmwiral agabuériaap pynxaru, WioBaJaH TALIKUI TOTTaH.
HuccepranusHuHT XakMu 112 GeTHU TaIIKWI 3TaIH.

TUCCEPTALIMSHUHT ACOCUI MA3MYHMU

Kupum kucmuna aucceprauusi MaB3yCHMHUHT J0J3apOJIMru Ba 3apypaTu
acoclaHraH,  TaJAKUKOTHUHI  pecnyOnuka  ¢aH  Ba  TEXHOJOTHUsIapU
PUBOXIIAHUIIMHUHT YCTUBOP WYHAIMUIILIAPUTa MOCIIUTY KYpCaTUITaH, My aMMOHHMHT
YypraHwraHiivK Japa)kacu KeJITUPWITaH, TaIKUKOT Makcaiu, Bazudanapu, 00beKTH
Ba TpeAMeTH TaBCU(IaHraH, TAAKUKOTHUHI WJIMUN SIHTWINTH Ba aMallui
HaTWKanapu Oa€H KWIMHTaH, OJIMHTaH HaTWXKAJAPHUHT Ha3apuil Ba aMaiui
axamMusITH 04ub OepwiraH, TaJAKUKOT HATHXKAJAPUHUHT >KOPUN KUJIMHUILH, HALID
STWIITAH UIUIAp Ba AUCCEPTALMS TY3WIUIIH OYiinya MablyMOTIap KEATHPUITaH.

Ma3skyp TaIKUKOT MIIMJIa YMYMUHA YMYMUHA MabHOJA KyHHJAaru TEHIJama
Owian udonanaHaguran Macana YpraHuiaaim:

p—2
ou'|"  ou

L= 125 o |2 L+ e’ =0 (1)
o ox, x| ox

i i

ul,_y=uy(x)>0,xeR"

2)
Oynaa ¢ =+1, k=1, f>0- 6epuiran COHIU apaMeTpJiap
y (t) > 0,c¢,(t), k,(t) > 0 ,t>0 nay3nmykcu3 QyHKIHsIIAp, |x'|3ca /<2
O6ynranga Oup >kuHCIM OYIMaraH MyXuUTHH Udoganaiiu.
(1), (2) macana kaTop OMOJOTUK Ba KUMEBHH >kapaHap, TAapKAJIUII Te3IUTH ¢ (7),
i=1,2,.,N, BakTra OOFJIUK OYJIraH KOHBEKTHUB KYUHII HUINTUPOKUIATH UYU3UKCHU3
peakuus-auddy3us skapacHiapHu Y3 WUMra oiraH Typiau (U3MK >KapaCHIapHH
udonanaign. byana gynkuus y(¢)u” manba kyunnu (¢ =+1) €ku (¢ =—1) Xoaar 3ca
FOTUJIUII MaBXXyIAJIUTUHU U oaananm.
[yxunraex Oup KUHCIM OYIMaraH MyXuTiaa Kpocc-Au(dusus XOIUCaCHHH
n(hoaaTOBHU KyHH/1ard CHCTEMaHUHT XyCYCUSTIApU TaIKUK KUJTUHAIN:

|x[” % = ah'v(k1 @) x| v ‘Vuk‘p_z Vu)

ou p-2 (3)
|x|'—= div(kl(t) | x| u™ ‘Vvk‘ Vv)
ot
Maskyp cucrema KaTop (QU3MK )apaéHiap Iy >KymiiaJaH Ko3()HMIMEHTH BakKTra
OofnMK Oynran Ba ¥y3rapyByaH 3WWIMKKA 3ra OYJIraH HKKM KOMIIOHEHTAJIU
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HOUM3HUKIN MYXHUTIAA MOJUTPONUK (QuibTpanusi, Kpocc Iud@y3usi, HCCUKIUK
VTKa3yBYaHJIUK, OWOJIOTHK MOIMYJALUs XapaCHJIapUHU TacBUpiaiau. XycycaH
(k=L k=Lp=2,1=0) xon xymiad wiMuii unuapna ypranwirad. Hatmwkana
Komm wmacamacuHuHT (yHAaMEHTand EUUMHHMHI MaBXXYMJIUTH Ba STOHAJIUTH,
MCCUKJIMK TapKaJIUII TE3JIUTUHUHT YeKIMIUTY 3P(EKTH Ba aCUMTOTHK XOccallapH
OJIMHTaH. YOy aucceprauus uimaa 0olka uiuiapaan Gpapkiu yiapok HKKU Kappa
HOYM3UKJIWIIMKKA 3ra KpOCC-CUCTEMa Y4YyH y3rapyB4yaH 3WYIMKHUHI TabCUPHU Ba
KPUTHK XOJaTJIap aHUKJIAHTaH Ba YpTaHUJITaH.

bupunun “Jlapaxanu HOYM3UKIW QUIbTpaAlMs >Kapa€HU MOJCITHHUHT
XOCCaJapuHU TagKUK Kuwidmr® Oo0uaa MacalaHUHT KYWHIUIIHN, JHCCEPTaLMs
MaB3yCura OuJi TaAKUKOT MUIUIAPUHUHT KUCKAya II1apXH, IIYHUHIIEK, KEHMHYINK
HaTWKaJIapHU MyXOKaMa KUJIUII y4yH 3apyp Oyaran ailpum €paMyu TacIuKIIap Ba
Tabpudap Oepuiras.

1.1-maparpada Hapaxanu HOUYM3HUKIIMKKA ara bunbTpanus
TEHIJIaMaJapUHUHT alpyuM TaAKUKOTIapy HATHKaJapH XaKuaa KUCKaya MabIyMOT
Oepuiiras.

1.2-maparpadaa umiga KyulaHWIaaural eduMIapHUHT EpIaMdy TaCAUKIapH,
tabpudIapy Ba TEOpEMaapu KEITHPUITaH.
1.3 maparpadna Q= {(t,x):t>0,xe R"} coxana

Lu= % Yk Ou (Vi |7 V) + divie(tu) + ey (u” = 0 )
ul_,=u,(x)>0,xeR" ()

Komm wmacamacu Ounan wudonananrad  ¢uibTpauus, peaxius-nuddysus
Kapa€HJIApUHUHI  YHU3UKCU3 MOJECIUIADUHUHI XOccalapu ypraHwiaad. bynna
=%, m=1,p>0- Gepwiran conmu Kuitmarnap, V()= grad (.), y(t) >0, c(?)-
KOHBEKTUB KYYMII TE3JIMIMHM H(OJaloBUM BEKTOpaap, ¢>0 Oyiaranma k (¢)>0
YPUHIIH.
(4), (5) macana eunmiapububr Kk (f)=cons, y(t)=1 Oyarasgarda Xycycuii
xoiutapunaa m, k, p, B -cornu mapamerpiap yuyH wman6a (& =+1) éku rorummir
(¢ = —1) maBxyn GyaraHgaru TypJid XOCCATAPUHUHT TaIKUKU OWiaH Kyruiad
OJIUMJIAp IIYFYJUIAHUIITAH Ba KaTOp YM3UKCHU3 3 eKTaap KyMmiaaaH KU auian,
¢dazoBuil JOKanM3alUMA, CEUYMMJIAPHUHT YerapaBHil Xoccajapu, KaTTa BakT
OpajJHMFUaru aCCUMITOTUKAJIAPH, TJI00aJl eunMIap Ba X.K.

§1.4 ma Q={(t,x):t>0,xeR"} coxama Kyiumaru Komm wmacamacu Owian
udonananyBun (QuiIbTpauus Kapa€HiIapu YH3UKCH3 MOJEIMHHUHT XOCcallapH

(V)

YpraHujras:

ou 5 m—1 k|P2 /
c(t,x)a—dzv(b(t,x)u ‘Vu ‘ Vu'), ©6)

u(0,x) =u,(x) =0
Paguan-cumMeTpuk KYpUHUIIAArd ymoOy TEHIJIaMaga XaTTOKM IOTWIMII EKH
KOHBEKTHB KYYHMII HMINTHPOK 3TMaraH XxoJlamiapAa Xxam  (uiabTpanus
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KapaHJIApUHUHT  (MCCUKJIMK  TapKaJIMIIMHUHT)  JIOKAUIAUIMII  XOJaTJIapH
Ky3atunaau. VIKku kappa HOYM3HMKJIMKKA 3Ta NapaboJiuK TypAard TEHIJIamalap
euruMIIapy TYJIKUHJIAPU TapKATMIIMHUHT YEKJIWJIWIMK XOJMCAaCH, WKKU Kappa
HOUYM3HUKIN KPUTHUK XOJIJIap YUYH €UMMIIAPHUHT 0axoJjapy, COHJIM KUiMatiaapra Moc
paBMILJa MKKM Kappa HOYM3HMKJIM aBTOMOJIEN €YHMMIIAPHUHI AaCCUMIITOTHKAJIApU
Vprauwnau. 3enbaoBud-bapeHONaTT Typuaaru edumiap acocuaa JIOKalIW3alus
iapTiapy OJIMHIaH.

2-bo06 “KoHBEKTUB KYUYHUIIl UIITUPOKUAATW HOUM3UKIN (PUIBTpaLUs KapaéHu
Macajgacu €4YMMIIapU Ba SPKUH YerapalapuHUHr Oaxonapu” na (uibTpanus
Kapa€HJIapMHUA YpraHWIl Ba KOHBEKTUB KYUYHII MWINTUPOKUIATM HOYU3UKIU
MYXUTJAru TE3JIMTM BAaKT Ba Xa)KMra OOFJIMK, IIYHUHTJCK CYIOKJIMK FOTHIIWIIH,
CYIOKJIMK "OKMMHU'" Ky4d MabJIyM MapameTpiaap/iaH TAIKWI TONTad GyHKuusacH aed
¢dapa3 KuIMHCA JOKAIU3aIMs XOJUCACH XaTTOKU IOTHIIUII MaBXKyJ OYyamaranuja
xam coaup O6ynaau. by skapa€niapHu TaCBUPJIOBYM MaTeMaTHK MOJICITHUA KyWHJaru
Macaia cudaruaa E3ui MyMKHH:

%‘ = div(k, () |x]' [Vu* \”‘2 Au)+é& f(Ou” 7
Tkl (H)dt <o, u(0,x)=u,(x)>0,xeR" (8)

byuna 1) c(1)=0, f(t)=0,; 2) n=0, f(t)=0, 3) n=0, g=1;4) n=0, 0<p<1;5) c(t)=0,
B =1 mapamMerpiapra Moc XoJiaTjiap aJloXuja Kapajiaiu.

2.1 maparpadga S>1 X0JI CEKHMH Ba Ky4WwIH IOTHIMII XoJaTH (0< S <1) y4uyH
r106an eYUMJIAPHUHT MaBXY[JIUK IIAPTIAPUHH, YU3UKIU XKPATHUII aJrOPUTMH
acocuga (pU3MK MabHOTa 3ra OyJIraH yMyMIIallrad eyumiap cuHduaa Kapaiaau Ba
SPKUH yerapajap yuyH 0axoJap XOCH KUIUHIH.

Arap B=1 Oynca y Xoija KOHBEKTUB KYUUITHUHT BaKTTa OOFJIMK TE3JIUK OuiiaH

Xapakatu OWp TOMOHJIAaMa JIOKAJU3ALMSHUHT HOUYM3HMKIN TabCHUPHUIa Ba JPKHUH
gyerapa yqyH “neBop’’ XoAucacura oiaub Keluiy ucOOT KUIMHTaH.
Baktra Oornuk Oynran yTkasyBUaHiuK Kod¢pduuuentura sra QuibTpanus
Oy3WIUIIMHUHT (Da30BUIl JOKAIMU3AIMICH Macalacu KypuO YMKUiIagu ymoy Xosar
napaka Kydura Kypa, CYIOKJIUK TYJIKUHIAPU KY3FATUIINA YEKITU TE3UKa TapKaIHO,
TYJKUHHUHT 0J1]1 (APKUH YerapacuHM) XOCHI KWJITaH/1a 103ara KeJIuIld MyMKHIUTH
KypCaTWIraH.

[ynunraex 1) c(t)=0, f(t)=0. 6ynranna aBroMoaen TaxJmiaaad ¢oinananud
3enpnoBuu-Kommanen-bapenonar-Ilartn  Typumarm Kyduaard e4uM — XOCHII
KWINHAJIN:
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u(t,x) =[T +7 ()] 72D p (g,
(p-1) 9)
f(&) = (a—bEr @™y K21 g (p—2) 4t m—1>0

£ = p(DIT +7,0)7"", o(|x]) = —L— "7,
p—n

n<p,b=k(p-2)+m-11/p)'*"

() =[p+k(p—2)+m—1)s

s=pN/(p-n), (a), =max(0,a),T >0

T+ 2@ " ) = [k (),
0

Ymby eanm acocuaa TYaKuH Tapkamuin te3nurd yexkimwiura, UTTY (FSPD-Finite
speed peturbation distrubution) Ba eunmiapHuHr (Ha30BHI  JIOKATU3AILUSL
XOUcaIapy Mai0 OY NI Ky pcaTUirad Ba YHU XOCHI OY U IapTiiapu p>n, k(p-

2)+m-1>0, I k,(¢)dt < +o0 3KaHIUTU UCOOT KUIUHTaH.
0
Arap (k( p— 2) +m—1=0) 6ynca y xonna (7) TeHrI1aMaHUHT €YMMH KyWuJaruda

TONIWJIAAU I k,(t)dt < o, I c(t)dt <o
0 0

u(t,x) =[T+rO]""™ £(€),7() = [k (y)dy  T>0 (10)
& = p(PIT + (O] "".(af) ==L~ . n < p,

p—n
£(&)= eXp(_pp/(lz—j);pz gy

KyﬁI/Iz[arI/I (I)yHKuI/IHHI/I KHpUTaMHU3.
2(t,x) =[T+z (O] f (&),
(r-1)

f(&)=(a-bge™) 2 ((p=2)+m-1>0
£ = (AT +()] "7 () = —L—|x[ "7,
p—n

n<p, b=(k(p—2)+m—1)1/p)”(p’”

lfa(k(p72)+m71) t
7.(0) :1[_T;(2((t£_z)+m—1) ()= [k()dy, s=pN/(p—n), T >0

1-Teopema. ®apa3 kunamus (11) na Kyiugaru maptiap OaKapuiCuH:

1) ¢()=0, f{)=0:

(1)
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(04
k(p—2)+m—-1>0, <N/p,
(p=2) I—ak(p-2+m-1) 7

T(t) = j k(y))dy <o, ¥t >0, u,(x)<z(0,x),xeR"
0

y xonza (11) MacaiaHMHT yMyMIIalliTaH €4uMH Y9yH Q Ja u(t,x) < z(t,x) 6axo
Vpunnu Oynaau Ba MacaJlaHUHT eyuMu (a30BUI JOKaIu3anusara 3ra 0yaaam.

By Teopema MKKM Kappa HOUM3HKIM MYXUTJA YTKa3yBUAHIUK KOI(PPHUIUEHTH
(mudPysus, nonutponuk GUIBTpanns) BakTra O0FiIuK Oyica, e4UMHUHT (Ha30BHi
JIOKATU3alMsICH XOJUCACH Pyl OEPUIIIUHU KYpCaT/Iu.

2) n=0, f(t)=0 Oynrangaru XxojaTr ypraHwiraHaa arapia k(p-2)+m-1>0,

00

I (k,(2))dt < oo, J. (c(f))dt <o OYCa y X042 BakTra OOFJIMK y3rapyBu4aH MyXUTAaru
0 0

TYJKUH IIAKJIUAAard €YUMHUHT JIOKANU3alus (IUCCUMATHB TYJIKUH CTPYKTYpacu)
XOJMCac TaKKOCIIall MPUHIUIIY acocua nmanao 0ynaam.

bynga 0<p<1 (xkyutn wuHuibTpanus) Oyiaranaara xojaTiap aloxuja
Kapaiaad. YHUHT TabCUpHIA OJKapaHHUHI  BakIra OOFJIMK  paBHIIIA
Jokanu3anusicura cabadb oymaau.
HNactna6 (10) 6up ya4oBnu TeHrnmamMaHuHr f=p—(k(p—2+m))/(p—1) OYynaranma
OWTTa aHUK yMyMJalllraH €4uMU Kypwirad. by eunm nryHucu 6unas 3THOOPIIMKH,
y (10) TeHrnamMaHuHr TYJIKAH IIAKIAAard yMyMJaliraH €YUMJIAPUHUHT
JoKanu3auusicH (SHru 3QQPeKT) MaBKyJIUTUHI KYpcaTaiH.
EunMHaM Kypulll yuayH Kyiugaruia aaMamTapuil oaxapamus:

u(t,x) = o(t,€), &= [c(n)dn—x (12)
0
Cywurpa (12) Tenrnama KS'/pI/IHI/IH_II/IHI/I y3rapTupamus
0w I-N N-1 o*|” ’ 0w
—= k(t — t +1 13
Pl ét(é () oc 6‘f)+€f()w €= (13)

Arapk,(t)= f(t) y xonna (13) Tenrmama Kylugaru pagdan-CHMMETPHUK LIAKJTa

KeJITI/Ip nuiaau.
p—2

6—0))+€a) =11

73 (14)

60)"

B3

1Na

5(5

ow
or =5

Oynma 7() = [k (n)dn

bup ymuoBnu xonma f=p—-(k(p—2+m))/(p—1) (11) TeHrmamaHUHT KyWnmarua
€YUMU TOTTHIIA]IH.

{A@dﬂéh“‘”””ml,§<VN0,é=jdhﬂnx
u(t,x) = o
0 & 2 ve(r) (15)

bynna 4- ammuutyaa Kyugaru anredpavk TeHIIaMaH!
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(ylk)piz}/lA_yAﬂil +eyw=0, y,=(p-D/k(p-2)+m-1
eUMMH OYIMIIM KypcaTuirad. Arap jkl (t)dt < oo, Ic(t)dt <o mapt Oaxapuica y
0 0

X0JIla  JHACCUIIATUB  TYJKUH  IIAKJIWJAard  JIOKaJMU3alMsUIallilaH  €4UM
XYCYCHUSTJIapura 3Ta €4iM Ba y3rapMac TE3JIUK ¢ Ta MOC PPOHT KypUiIaiu.

Arap (1) = jkl (n)dn < +oo OYJIca €4MM KyHUJaru sSSHTH Xoccara sra 6ynaau:
0

V>0 J1a CYyIOKJIHMK TYJIKUHIIApY MIaKIuIard equmiap ¢$a3oBU JOKaJIalaiy.

(7) (8) wmacamanuHr £k (¢#)=f(¢t) Oynranmaru OWp Ba KyN YIYOBIM XOJUIapJaru
SYMMJIAPUHUHT 0aX0JIapy Ba SPKUH Yerapajapy TaIKUK KUIHH]IH.

Kyiiuna erapmuua auddepenuuan pynxmusnap &, (¢) >0, f(£) >0 yuyn t01a
edrMJIap Ba HPKUH Yerapaiap yuyH 0axoJiap OJMHIaH.

k(t)= f(t),vt>0 Oynranaa TaJAKUKOTIAp LIYHU KYpCaTaIUKH, XaTTOKH FOTHIIMII

MaBXKyJn Oynmaran xojaTaa xam (a3oBUU Y3rapyBuM TabCUpUIA €UUMIIAp
JIOKAIA3ALMACU Ky3aTHIIAN.

2=107 .

L= 107

0 | |
-1 -3 { 3 10

p=2,p=05T=0.15 N=50, K =20

I I I I !
"{II}E— - 107 n
1{'[:'5_ - '|-:;||}ﬂ— —
0 I B 0 | | |
-10 -5 0 2 10 -10 -3 0 5 10
p=2,=05T=03N=50,K =20 p=2,5=05T=1N=50,K=20

Pacml: Bup ynuoenu xonda 10Kaiiawiear myaKus CmpyKypaiapu

1-Jlemma. U(t, X) (7) - (8) MacaaHUHT yMyMJIAITaH €4UMH OYIICHH, Ba
z(t,x) z(t,x) € C;2(Q\D)NC(D) na Oynna
15



O={(tx):t>0,xeR"},D={(x,t):t>0,/x|<I(f)} Ba D nmaLz>0 Ba
u(0,x) < z(0,x),x € RYOyncay xonma Q aa u(t,x)<z(t,x) YpuHIu OYynamu.
YU3HKCHU3 aXPaTUIIl AITOPUTMHU acoCuIa OVIFYCH IOKOPH €YUM z, (¢,X) KypHIIH.

Lz (,x)<0 D»KaHIUTMHU ucOoTiaam MyMKuH. KelnHrm O0cKuuga TaKKOCall

TeopeMacuaal ¢oinananuod, 1-Teopemana KENTUPUITaH CUUMIAPHUHT OaX0IapuHU
Ba SPKMH Y€rapaJapuHu XOCUI KUIIAMHU3.
2-Teopema. @apaz xwmmar (11) na &=+Lu,(x)<2(0,x),xeR” Ba
;: ((t)) @O ()¢ (t) pEil wapT YpuHaM OVIICHH, y XOJjla erapiauda KUYMK u,(x)
t p
yuyH (16), (17) macana ro6an eanmra 3ra Ba 6y eunM yuys Q aa U(f,x) < z(t, x)

0axo ypuHIu.
2.2-maparpadpma Kynm YIHOBAM XOJia KyHHAArd UYU3UKCU3 (UIBTpAIHs
Macajacy €4YUMJIAPUHUHT ACCUMITOTUK XOCCAJIapH TaAKUK KHJIMHAIN:

Lu= % — div(k, (" | gradu* \"’2 gradu) +divic(u) +eyu’ =0 (16)

u(0,x) = uy(x) > 0,x,v(t) € R" (17)
bynna kyiiunaru 3-TreopemMaia eUUMHHUHT Oaxoapy Ba SPKHUH yerapayiap OJIMHTaH.
Teopema 3. k(p—2)+m—1>00¥yicuH Ba Kyiugaruiap 6axapuiacuH

7( ) —B—k(p-2)+m) k(p 2)+m-1
(t)u SN/ p,Vt>0,7(¢) = | k,(»)|[u(2)] dt,
k,(2) I '[ (18)

(p-1)
uy(x) < 2,(0,x),x € R", 2, (t,x) = W(r(t) (&), F(&) = (a—bgr @), K
~ [T+T(t)]1—a(k(p—2)+m—l) ~ t
(s v {(l/kl(y»dy,
s=pN/(p-n), T20, (a), =max(0,a)
(k(p-2)+m-1>0

&=p(Plr, (O 0((x) = —p’j ] < p, b= (e(p=2) 4 m =L p)'
VY xomma (16), (17) TeHrmaMaHUHT yMyMJIAIITaH €YUMH YUyH Q Ja u(t,x) <z (t,x)
VpUHIU Ba 3PKUH Yerapajiap Kylujaaruia 6axosiaHaiau:

[eGdy =2 <10 =@/ B)* V" e, 7) = [ k() [ (@)1 di

0
Teopema £k(f) Ba  f(r) (QYHKIMSUIApHUHT TaHJaHTaH KUWMaTiaapuia YpUHIN

DKAHJIUTU UCOOTNIaHmu Ba XycycaH (k(1)=f(t)=1, N=1) na aBBainru umnuiapaa

OJIMHT'aH HATWYKaJApHU TaKpOpJIanIu.
B>1 Ba Kywd IOTUIMII 0< B <1 XOJJIapu YYyH Ba YM3MKCHU3 AXpaTULI YCYJU

éplaMua yMyMJaliraH €4YMMJIAPHUHT Ba JPKUH yerapaiap 0Oaxojiapy XOCHII
KWIMHTaH. f =1 Oynrapga Oup TOMOHIM JIOKAJIM3ALUSHUHT YHU3HKCU3
16



sbdexTnapy Ba SPKUH YerapaJapHUHT “AeBOp” XOCWI KWIHII XOAHCACH
3enpnoBuu-bapentdnarr-Ilartne Typuaarn edumiiap Ba TaKKOCHAIl TeopeMaliapH
épaamMuia aHUKJIaHA A,

u(t,x) =TOT +2(0)] "N £ (1) =exp(-[y(Mdy)  (19)

p __(H
fE)=(@-bg?™) 2 a5 0,k(p-2)+m—-1>0

t

E=nT+7,(O]"", n= I c(y)dy—x,b=(k(p-2)+m-1)(1/ p)""?"

0

p+k(p_2)+m_I)N][T+T(t)]p+k(p72p)+mfl)N’

Tl(t) =[

20 = [ (0[O v, (@), = max(0,),7 > 0

2.3 maparpadna @ Q={(x,1):0<¢t<T,0<x<b} KyHHOArn KypUHULIAATU
buiIbTpaIus TCHIJIAMACHHUHT COHJIM CUMMIIAPU KYPHIAIAH, XUCOONAIl YCyJIapH
TaJKUK KWINHAIIH:

Lu=-u, +E(K ()’ %j —div(C(tu)+& y(t,xu’ =0
ox ox

u(0,x) = l//(x) >0,
{u(t,O) =0, (t)>0
u(t,b)y=¢,(t)=0
OOlJTaHFUY Ba YerapaBuil MIapTiap acOCHUIa COHJIM HATHKalap OJWHTaH:

N =20, M =20,K =20, N =20, M =20,K =20,
T=0,8=02 0=05 7=0.15 8=02 06=0.5

N =20, M = 20,K = 20, N =20, M = 20,K = 20,
T'=05,8=02 6=05 T=1 =02 06=05
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2-Pacm: BakTHUHT TypJ KHiiMaTiapuaa GUATpanms TYIKHHIAPUHUHT XOJIaTIapH

3-600 “DunbTpanus MAEIN YUYyH Kpocc-cucTeManap” y3rapyByaH 3U4YJIUK Ba
IOTWJIMIIKA  TabCUpPUAArd Kpocc-cucremanap yuyH Komm wmacamanusr cudar
XoccaJapuHu ypranumira oarunuianrad. bynnaii macananap OuTra TeHrjaama yuyyH
FOBAaK MYXMTAA 3UWIMK KYPCATKUYMHUHT OpPTHUIIMra Kapad kyruiad ommmiap Jx.
Backec, B. I'anaktuonos, P. Kunr, X. Yasec, V. Erep, C. Jlakxayc, M. Dckobeno,
M. A. Dppepo Ba OoliKaiap TOMOHU/IAH YpraHUITaH.

3.1 maparpadma Q={t.x):r>0,xeR"} coxama 6up >uHCIM GyIMaram
MyXuTaa Kpocc-nud@usus xoaucacuHu HQPOJATOBHU KyHUAArd CHCTEMaHUHT
XYyCYCUATIIApHU TaJAKUK KUIUHAIU:

x| % _ div(kl Olx v vut]” w)

ou -2 (20)

x[! 2= div(kl O] xp u" V| Vv)
u(0,x)=u,(x)=0,  v(0,x)=v,(x)20, xeR" (1)
Oyuma  k>Lnpm,i=l2 - Oepmiran wmycbar  kuiimaraap, V(.)—grad(.),

uy(x), v, (x)20, -pyukumsmapx € RV . By cucrema Karop (u3MK apaéHiap Iy
KyMJlaJaH KOd(ULMEHTH BakTra OOFJIMK OYyiraH Ba y3rapyBuaH 3UWIMKKA 3Ta
OynraH UKKM KOMIIOHEHTAJIN HOUM3UKIIN MyXHUT/Ia TIOJTUTPOTHK (PUIBTpALHs, KPOCC
i y3us, HCCUKIMK YTKa3yBUAHJIMK, OWOJOTUK TMOMYJISIHS >KapaCHIapUHU
tacBupnaau. Xycycan (k=1L k=1Lp=2,1=0) xon kymmad wiMHI uUIUIap]a
YpraHuiras.

(20) cucrema coxama u=v=0 Oynranga Oy3uWiayBUaH Ba OY3WIMII COXacHIa
KJIacCUK eunmra sra Oyiamaciurd MyMkuH. Illynunr yuayn (20) cucreMaHuHT
Kyhugaru Gu3MK XyCycHusaTiapra sra yMyMIIallTrad €4uMH YpraHuiaiu:
0<u,veC(Q) Ba k)|x| v |V Vu, k)| xf u" [V’

HUHTCTPpaJl TCHTJIMKHA KaHOATJIAHTHUPa I

0 1 0
_([g[[‘x‘ lua—\l}+ kl(t)‘x

“VveC(Q) Kyilnmarn

"V Vul” Vuvy = [, Jdxdi =0
Q

‘ B ) (22)
“.[‘x‘_ ek N k,(?) ‘x‘n u™"! ‘Vv‘p_ VwWy — J. W, ldxdt =0
0Q 6t Q
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bynaa w(z,x)- KOMOAKT I0pUTYBUYU cU(pATUAATY CHIUTUK (QYHKIHUS.
Pp>n XoJuHU KypuO unkamus. by xonga Kyiunaru OeiaruiamniapHd aManira
ommpuut opramu w(t, x) = f(&), z(t,x) = w (),

E=(x)(T+7(0)"", T =0, p(|x) = P ; L \x\ﬁ ,n<p,t(t)= j ke, (x)dx
0

(&), w(&),- yayH aBTOMOJIEN cUCcTeMaliapra sra 0yiamus

I‘Si S—-1 . m—1 ikp_zi éi:
e C dé}rpdé .
d dy'[” dy | =
1-S % | gS-1 rmy-1 (M7 | _l// __l//:
d dé s/ dé dcf}rpdi ’
_pWN=D) _
S_p—(n+l)’ p—(n+0)>0,N-1>0

Ky#tunaru pyHkuusiiapHu KapanmMus:

u, (t,%) = 1(£), (&)= A(a=&)

v (6,0 =7 (&), 7(&)=B(a~¢") .

__obkd @Dk =2)=(n =D
[T+z@)]” " q ’

i=1,2, g=[k(p—2)I ~(m ~1)(m, ~1)
4-Teopema. ®apa3 kunaiuk y, >0, v, >0, p>ntl, 1(e0) <o OYiICcHH, y X0J1a

N
M
+

V2

(20) — (21) cucTteMaHUHT €YUMH
A" B ()P, AT BT LU p(vy,)T (24)
uy(x) <u, (0,x), vy(x)<v, (0,x), x e RY

Vpunnu Oynranaa Gpa3zoBuil JoKaIU3aMsl XyCyCUsiTUTa 3ra Oyinaau.

TeopemaS. Arap vy, >0, y,>0 , p>n+t/ Oynca y xonna (23) TeHraaMaHUHT

/(p-1

euumMu 1| —>®© (T] = —ln(a—ip ® )) Ja KyWHJIaru aCCUMIITOTUK KypHHUIITA 3Ta
oynaau:

f(&) = AF(E)(1+0(1)),

~ 25
W(&) =BE)I +o(h) )
bynna A, B- xoaddunuentiap Kyitnnaru anre0pank TeHriaamaiap e4uMu.
A" B" =1/ p(yy)””
(26)

A" BT =1 p(y)”
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6-Teopema.  Yv; <0, s+yy;<0,i=12, p>n+/ 6yncun, y xomma (23)

/(p-1 .
TEHIJIaMaHUHT e4umMu 1 —> O (T] =1n(a+§p ® )) la KyHwiIarua acCUMIITOTHK
KYpuHHILTA 3ra OYnanu.

£©)=A,(a+&")" (1+o()),
w(E)=A,(a+&")" 1+o()

oyuna A4 >0,i=1,2 - xo>dppuuuentnap Kyiimmaru anrebpauk TeHIIaMajap

27)

CUuMHUu

AP AT =[1 9 p(s ) + B )

e _ _ _ 28
A7 AP = [ pls+yy,) b ) @8)

§3.2 na y3rapyBuyaH 3U4YJIMK Ba FOTWIMILI TaAbCUPUAATH KPOCC-CUCTEMAJIAPHUHT
TTTY Ba eynmitap JIOKaJIU3aUMAICH XYCYCHATIAPU Kapalaau:

L(u,v)=- |x|_l Z—L;+ a’iv(k1 (@)]x[ v ‘Vuk‘p_z Vu)— |x|_l v, (Ou=0

~1 OV . n -1 |2 -1 (29)

L,(u,v)= —|x| §+ a’lv(k1 (t)|x| u™ ‘Vv ‘ Vv)— |x| v,y =0
u(0,x)=u,(x)=0,v(0,x)=v,(x)>0, xe R", (30)
oynna k>Lnl, pm,i=12 - MyXUTHUHT YU3UKCU3JIMTUHU KYpCaTyBUH COHJIU
napamerpaap, V(.)—grad(.),  u,(x), v,(x)20 -  ¢ynxkummap xeR",

0<y,(t)eC(0,0),i=1,2.

(29) cucrema karop ¢u3MK xkapaéHnap TYMIaMUHU HdoIaiIaian, KyMmiaaaH
YH3UKCU3 MyXUTIArH CYIOKJIUK Ba ra3JIapHUHT NOTUTPOPUK PUIBTPALIUsLCH, Y3apo
peaxkus-quddysust xKapacHaapu, UICCUKINK TapKaumuaay, (¢)u , y,(¢)v OTUIUII

KY4YWHH MHOOATra ojiraH XoJjatu xucobnanamu. (29) - (30)-macanaHuHT Typau
XyCyCH X0iiapy Kymiaad UIMUN-TaIKUKOT HITapuaa Kypuiran. Xycycan Komu
MacajacH y4yH e4uM Oaxosapu OJIMHTaH.

7-Teopema. ®apa3 Kunanimuk y, >0, p>2,i=1..2,¢>0, n+I<p

A B <1 p(yky),
A" B <1 p(rky,)”
u(0,x) <u,(0,x), v(0,x)<v, (0,x),xeR"

o(0) = [ k7™ (> (pydn = [ k(i ()" () <0, 91> 0 Gyncun
Gynnall(t) = exp(—[ 7,(7)dn. ¥(t) = exp(~[ 7, (n)dn
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y xonzaa (2 9), (30) macananuHT eyumMiapu GpazoBHil TOKATU3AIMS XYCYyCUSITUTA dTa
OYynaau €K YeKJIU TYJIKUH TapKAJIUIIN Ky3aTHIIaIH.
8-teopema. Arap n+/=p Ba 4-Teopema ImaprTiapu Oaxkapuica,

u(0,x) <u,(0,x), v(0,x) < v, (0, x), x € RV \{0} 6yaranna (29), (30) macanaHuur
euuMu yuyH u(t,x) <u,(¢,x), v(t,x) <y, (t,x),t >0,x € RV \{0}
6axo ypunau Ba OyHza,
u,(t,x) = Au (1) (&), v, (t,x) = Bv(O)F (&), &=In(x[z()]"”,
A, B- y3rapmacnap Ba i (¢),v(2), f (&), W(&) -pyHKIMATAp IOKOPHIa AHUKIAHTaH.
9-Teopema. v, >0, v, >0 6yncun Ba y xonga (23) TeHrIaMaHHHT €4UMU
Y4yH KyHHJaru acCUMITOTUKA YpUHIH OYaau

n—o (M=-Ina—&""")
£(&) = AFE)(1+0(1)), w(€) = By (E)(1+0(1)) (31)

Bbynna A, B — xyiiugaru anreOpank TeHIrJIamaaap CHCTEMACHHUHT eUUMITapu

A2 B" T =1/ p(yy)", 4™ BY =1/ p(yy,)"” (32
§3.3 ma comnu xucoOnaml cxemajapu Ba YCyJJlapu XamJla HaTHXaJlapHU
TaxJIMJI KWIMIIHUHT COHJIM TaxpuOamapu kentupwirad. Kyiunaran wacana
y3rapyBuaH HyHaNIHMIUIAPHUHT OIIKOpMac cxemacu (Oyinama-kyHIamdaHT cxema)
épaaMua annpokcumanus KkunuHaau. Jduddepeniuan TeHriaMmanap CuCTeMacHHH
CUMI YUYH UTEpalus yCcyauaan Gponganianuiaim.
bo6 oxupuaa Kapanaérran MacaJlaHWHT COHJIM €YUII YCYJUJIApU KEeATHPUIITaH.
Wkkn xappa HOYM3UKIM peakuus-quddysus xKapaCHIApUHUHT MaTEMaTUK
MOJIEIMHU COHJIM €YMII Y4YyH OyHJail MacajaJlapHU €4YuIl y4yH XOC Oynras
Camapckuii-Co607b CXEMaCUHUHT TaKOMWUIALITUP WITAH HIaKJIUAaH
doitnananmiau: bomanFuy Ba yerapaBuii maptiaap KylWuaarnda OJuHaau

O —_—
vi =uy(x), xead,
yit=¢", arap j=0 Ba j=n,,
ylkj% =", arap i=0 Ba i=n,
kvl k k+)y kY ko k
Yij ’ Yij :Aly/m% +A2yk b yi+1,jz' Yij ’ ok Yijn = Vi n
057 h, h,
k+1 ﬂ
vyt )01 )
k+1 k) k+)y k) k+1 kel
Vi, —=Vi,;” :Alyk% +A2yk“ _ A Vil = Vi _ R Yijn = Vi n
057 h, h,
k+1)P
ey (ta) (V') -

6y epna q—):%<q)k+l+¢k)_£/\2<(0k+l _(01{).
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" "k kP72 kel k+Y,
) (yi+1,j+yi,j) ‘yi+1,j +yi,j‘ (yi+1,; Vi 2)_

(ot )t et () |

A= (s,
1

(s,

)n (yﬁjﬂ + V1 )m_l ‘yﬁjﬂ + Vi ‘p

" o\ ok ko |P2 k k
_<‘x[,j) (y[,j+yi,j—l> ‘y[,j+yi,j—l‘ (yi,j_yi,j—l> ’

i,j=12,un,—1,  a=12.

-2

(yilfﬁl _yilfj>_

Azyk = 2,n+1}122|:<‘x1,j+1

q—):l<q)k+l +(0k)—£A2<(0k+1 _(01{).
2 4

Xucobmam Taxpubanapyu HaTWXKaJlapu IOyHU KypcaTaJuku, Oapya HUTEpaTuB
yCyJulap Kypwiral cxemara Moc Kenaau. Takiaud 3Tuiarad O0NuTaHFUY SIKUHTAIIN LT
TYFpU TaHJAHTAHJIUTW cabaldiau COHJIM HATWKAJTAPHUHT Te3 SKUHJIALIUIINATA

IPULLUTIAIN.

|
TTapamerpmap t=1 t=20 t=30 =40

m=14,
m, =14,
p=3

7, =1.429

7, =1.429

3-pacm: Kpocc-cucmema euumnapunune napamempaapea xoc 6U3yaiusayusacu

Taknud KwiuHraH ycyJulapHUHT Oapua XojarTjapujia HUTepanusiap
opacumaru ¢apk ypraga 107 ammknukna 3 Kagamaad ommaiau. FOxopumaru
pakaMmiapjaH KYypUHUO TYpUOIMKHM, COHJIM XHUCOOJAll HaTWXalapu TYJIKUH
TapKaJMILI TE3JIUTH, CYMMIIAPHUHT (Pa30BU JOKATHU3aLUACH XOAUCaCHIaH uOopar.
Connu Taxkpubanap HaTWXKalapd EUYUMHHUHT SXIIM OOIUIAHFUY SKUHJIAIIUIINA
Tydainu kypub uMKuIa€TraH MacallaHd €YUl YYyH OUIKOPMAc COHJIM CXeMajaH
doiinanaHuI XM HATHKaIap OEpUILIMHU KYpcaTiau.
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*  Solution

System equation Graph

Jou |, . el
X" —=dv|k@)|x]" IT"‘ Vu|
ot
Lou ., s
X[" —=div|k ()| x ,‘..I“,I v
ot .
Parameters: |
m”m, = 1.4, .
m, = 1.4
pP=3
,V; =] 429 ‘-,: =1.429
: | |
Display Cancel ‘

Pacm4: Hamuoicanap susyaruzayusicu oacmypu
XVYJOCA

JluccepTanus UM HOYU3UKIM MYXHUT/IA MTOJUTPOINUK (QUIbTPALUS, UCCUKIUK
VTKa3yBUaHIMK, Tuddy3us xkapa€HIapuHA MaTEMaTUK MOJEIUIApHH  Japaxkaiu
HOUM3HMKIIN XOJaTJapUHU YM3UKCU3 aXpaTUI YCylH €plaMuja TaJAKUK KUJIHUILITa
Oarunuianrad. TagKUKOT WM IIYHU KYpCcaTaauKH, Japa)kald HOUM3UKIMKKA 3Ta
KBa3WYM3UKJIU MapabOIMK TEHITIaMaaap aBTOMO/IENb €UUMIIapH yUyH HT camapaiu
yCyJ Oy-4U3UKCU3 aXPATULI YCYTUIHP.

OnuHran HaTwXanzap Kyduaard maxkiuiapia TaCBUPJIaHUIIN MYMKHH:

1. Komm macanacu e4rMMJIApUHUHT 0axoJiapy Ba SPKUH 4erapajapHUHUHT
MYXUTHUHT ITapaMeTpiiapyura Ba TeHIJIAMaHUHT YI4aMHura OOFIHKJINTY aHUKJIaH]IH.

2. 3enpposuu-Komnonein-bapenonarr-Ilartn Typugarun edumiap KypHIl
acocHJla HOYM3UK MapabOJuK TeHrjaamanap Kod3(QQUICHTIApUHUHT BaKTra OOFIIUK
KuitmMaTiapuaa ¢Gha30BUil JIOKATU3AIUS X0IMCACH Kall( KUIUHIH.

3. Hkkm xKappa HOUM3BHMKJIMKKA »dra Oy3wiIyBUYaH TypJard mapadbouK
TeHramanapHuar Komm macanacu ydyH oTuiuin €kd MaHO6a kodpuuueHTH
BakTra Oofnuk Oynranga @Dyxura Typumard riao0ajl €UUMIAPUHUHT  IIAPTH
onuHAN. Ma3kyp Xycycusriap acocuaa GpazoBuil Jokaau3anus Ba GpoHT Xxoccajaapu
aHUKJIaHa 1.

4. KOHBEKTHB KYy4YMII TE3JUITU BaKITa OOFIMK XoOJjarna EKH YU3UKCHU3
mudoy3us kodpduurenTu BakTra OOFIUK (PYHKIMSIHHU Y3 MUWATra OJraH TEHIJIaMa
makiauaa OynraH xonariaap yuyH (a3oBHM JIOKATM3ALUSHUHT MAaBXKYyIJIUTH
ucobornannu. IllyHuHrAexk TYIKMH  [IAKIWAArd  €YUMJIApHUHT  (Da30BHiA
JOKAJJTAIIUIIY TaAKUK KHITUHIH.

5. DOramoH TeHmIamanap ycyaud €paamuaa  KUMMarJapHUHT  KPUTHK
napaMmeTpiIapyuHy aHUKJIAI yCyJUTapy SPaTUIIH.
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6. Ty3unmma mypakkad makira sra Oynranuaa OONUTAHTAY SKAHJIAITUIITHA
MyBapGakUITIN TaHJIANIA YU3UKCU3 aXKPATUII AJITOPUTMHHUHT CaMapajiiinuru
ucOOTIIaH N,

7. VsrapyBuaH 3MUNMKKA dra  [OTHIMII  MIOTHPOKHZArH  Kpocc-
CUCTEMAJIAPHUHI YMyMJIAILTaH €YMMIIAPY YU4YH aBTOMOAEI TaxXJIWIap YTKa3uiIau.
Yeknu TapKaIMIl TE3NUTH Xojaucacu, (a3oBHM JIOKAIM3alMs, aBTOMOJEI
€YMMJIAPHUHT ACCUMIITOTHK XyCYCUATIApU aHUKJIaHIH.

8. Euumnapuunr ¢QpoHT derapamapuHu Oaxojaml acocuga KyHwiIraH
MacaJaHUHI COHJIM CXeMaJlapH, €4HuIl YCyJIu Ba airopurmiapu Xxamjaa Python
JacTypianl TUINAA JACTYPH SpaTUIIIN.

9. Tenrnama OouutaHFuy NapaMeTpiiapura KUPpUTWITaH KuiMaTiapra Kapad
Xoccajgap eduMIIapuHu cu(aTiIu YpraHUIl aCOCH/IA SIHI'M HOYM3UKIHN XOAUCAIapHH
CaKJIauurad KOHUKApJIA HaTWKaJapHU OJIMII MYMKHHIIUTY KypcaTuirad. by epna
OouutaHfuy KuiMatinap cudaruga UYM3HKCU3 aXpaTHUII Ba 3TAJOH TEHIJIaMajap
yCyau €paaMuia XOCUI KWIMHIaH QyHKIUSIAp KYJIaHUIa .

24



SCIENTIFIC COUNCIL AWARDING SCIENTIFIC DEGREES
DSc.03/30.12.2019.FM.01.02 UNDER THE NATIONAL UNIVERSITY
OF UZBEKISTAN

NATIONAL UNIVERSITY OF UZBEKISTAN

Khojimurodova Madinakhon Bakhromovna

NUMERICAL MODELING OF NONLINEAR FILTRATION PROCESSES UNDER
THE INFLUENCE OF INFILTRATION OR EVAPORATION AND CONVECTIVE
TRANSFER IN INHOMOGENEOUS MEDIA

05.01.07-Mathematical modeling. Numerical methods and software applications

ABSTRACT OF DISSERTATION OF THE DOCTOR OF PHILOSOPHY (PhD) ON
PHYSICAL AND MATHEMATICAL SCIENCES

TASHKENT-2020



The theme of dissertation of doctor of philosophy (PhD) on physical and mathematical sciences
was registered at the Supreme Attestation Commission at the Cabinet of Ministers of the Republic
of Uzbekistan under number B2018.2.PhD/FM268.

Dissertation has been prepared at the National University of Uzbekistan.

The abstract of the dissertation is posted in three languages (Uzbek, English, Russian (resume)) on
the website (www.ik-fizmat.nuu.uz) and the “Ziyonet” Information and educational portal
(www.ziyonet.uz).

Scientific supervisor: Aripov Mersiad Mirsiddikovich
Doctor of Physical and Mathematical Sciences, Professor

Official opponents: Normurodov Chori Begaliyevich
Doctor of Physical and Mathematical Sciences, Professor

Nazirova Elmira Shodmonovna
Doctor of technical Sciences

Leading organization: Samarkand State University

The defense will take place “--” 2020 on 27 84 7% g% 14:00 at the meeting of Scientific Council
number DSc.03/30.12.2019.FM.01.02 at National University of Uzbekistan (Address: University str. 4,
Almazar area, Tashkent, 100174, Uzbekistan, Ph.: (+99871) 227-12-24, fax: (+99871) 246-53-21, e-mail:
nauka@nuu.uz).

Dissertation is possible to review in Information-resource centre at National University of
Uzbekistan (is registered Ne 12 % ) (Address University str. 4, Almazar area, Tashkent, 100174, Uzbekistan,
Ph.: (+99871) 246-02-24).

Abstract of dissertation sent out on ”Mﬁzl 2020 year
(Mailing report No./§ on*“_ £z ” Bt G § r 2020 year)

7 A.R. Marakhimov
Chdjfman of scientific council

n-apvard of scientific degrees,
D.T.S., professor

T T A Z.R. Rakhmonov
“==S¢ientific secretary of scientific council
on award of scientific degrees, D.F.-M.S.

B.F. Abdurakhimov

Deputy Chairman of the Scientific Seminar
Scientific council on award of scientific
degrees, D.F.-M.S., professor

26



INTRODUCTION

Relevance and necessity of the thesis topic. It is known that the study of
nonlinear processes is an inexhaustible source of new problems, which leads to the
implementation of new methods in the field of mathematical analysis on a global
scale, nonlinear problems based on partial differential equations. The success of new
methods of modern analysis allows mathematics to give a strong answer to important
questions of the nonlinear world. The study of linear mathematical models of
physical processes, general methods of partial development of their solution are
suitable for the study of linear differential equations. However, in practice, the most
real-physical problems are nonlinear, and the use of nonlinear mathematical models
for an accurate description of such processes, the creation of numerical algorithms
for solving and a complex of applications remains one of the important problems.

Nowadays, a number of fundamental problems in the world are explained by
the mathematical modeling of nonlinear processes, the improvement of methods and
means of visualization, the introduction into the practice of significant results of two-
dimensional nonlinear filtration, reaction-diffusion solutions. In particular, the
development of methods for visualizing the results of the study of nonlinear models
based on the study and implementation of the qualitative characteristics of solutions
of two-dimensional nonlinear equations; creation of special programs in order to
help in the study of nonlinear processes; creation of a technology for conducting an
experimental process, development of a computerized system for determining the
method of controlling the evolutionary process in time, the characteristics of which
depend on the dynamic change in parameters. Scientific researches carried out
mentioned above in this direction explains the relevance of the topic of this
dissertation.

In our country, major attention is paid to important areas of applied
mathematics that have scientific and practical applications in the fundamental
sciences, in particular, the implementation of results obtained using mathematical
modeling and approximate methods of nonlinear processes is one of the important
tasks. To date, the main tasks and directions of activities for conducting scientific
research at the level of international standards in the priority areas of the disciplines
"Mathematical physics, applied mathematics and mathematical modeling" have
been identified?.

In ensuring the implementation of this resolution, it is of great importance to
improve methods for modeling filtration, reaction-diffusion processes, and to
determine the qualitative characteristics of solutions. Attention has been paid in our
country to the current trends in applied mathematics, which have a scientific and
practical application of fundamental sciences, in particular, the announcement of the
2020 year by the President as the "Year of Science, Enlightenment and Digital
Economy" demonstrate the importance of scientific research in the country in
Republican level, especially the automation of processes and the use of digital

2 Resolution of the Cabinet of Ministers of the Republic of Uzbekistan dated May 18, 207 No. 292 "On the organization
of the activities of scientific research institutions of the Academy of Sciences"
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methods. One of the important tasks in this regard is the extensive implementation
of targeted research results, including mathematical modeling of non-linear
processes and obtained by means of approximate methods.

Therefore, the following important government decisions have been adopted.
Defining priorities for the systemic reform of higher education in the Republic of
Uzbekistan, raising the process of training highly qualified personnel with modern
knowledge and high moral qualities, modernization of higher education,
development of social and economic sectors based on advanced educational
technologies Decree of the President of the Republic of Uzbekistan dated October
8, 2019 on approval of the Concept of development of the higher education system
of the Republic of Uzbekistan until 2030; Presidential Decries of the Republic of
Uzbekistan dated February 7, 2017, PD-4947 "On the action strategy for further
development of the Republic of Uzbekistan"; February 17, 2017, PD-2789 "On
measures to further improve the activities, organization, management and funding
of research activities of the Academy of Sciences"; April 20, 2017, PD-2909 "On
measures to further develop the system of higher education" and April 27,2018, PD-
3682 "On measures to further improve the system of implementation of innovative
ideas, technologies and projects", the speech of the Republic of Uzbekistan Sh.
Mirziyoyev on may 24, 2019 at the National University of Uzbekistan on the
meeting with representatives of the field of education and science, as well as other
normative-legal acts related to this activity, serves to a certain extent in the
implementation of the tasks set out in this dissertation research.

The research is related to the priority areas of development of science and
technology in the Republic. This research was carried out in the scope of the IV
priority direction of development of science and technologies of the Republic -
"Mathematics, mechanics and computer science".

Level of study of the problem. New properties of nonlinear mathematical
models such as the study of finite speed perturbation distribution and other
phenomena were originally developed for the nonlinear filtration process by
[.Barenblatt, for nonlinear heat conductivity B.Zeldovich, A.S.Kompaneys and for
reaction-diffusion by Pattle was studied independently of each other. Later, these
mathematical issues and dealing with nonlinear problems began to be studied
regularly by scientists of the world. Well-known mathematicians A.A.Samarsky,
0O.A.Oleynik, A.S.Kalashnikov, Friedman A. H. Vasques, B.Knerr, and his
apprentices, as well as many other well-known world mathematicians, are being
studied in their work.

Solving non-linear boundary problems always presents significant challenges,
while solving them in an analytical way is only possible in some special cases while
identifying new features of solutions requires a complex research approach.
Therefore, in the study of the properties of solutions, various specific and
approximate methods are used. In the works of A.A. Samarskii, V.A.Galaktionov,
A.S Kalashnikov, L.K. Martinson, R. Kershner, G.I.Barenblatt, B.F.Knerr, Chen
Xinfu, Y.W Qi, Jong-Sheng Guo, Kombe Ismail, Kusano Takasi, Tomoyuki
Tanigava, S.N.Dimova. The mathematical theory of the study of nonlinear parabolic
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problems developed by A.N. Kolmogorov, .G. Petrovskii, N.S. Piskunov, O.A.
Oleynik, A.S. Kalashnikov, A. A. Samarskii, V. A. Galaktionov, S. P. Kurdyumov,
A. P. Mikhailov, Barenblatt, G. 1., Zeldovich, B Zh. L.Lions, A.A. Samarskii, S.P.
Kurdyumov, A.M. Mikhaylov, V.A. Galaktionov, R. Kershner A.F. Tedeev, M.
Agueh, A. Blanchet, J. A. Carrillo, A. F. Tedeev, A. Khozanov, A. Friedman, P.E.
Souganidis, A. Gmira, L. Veron, Lacey, A. Friedman, B. McLeod. C. Mu and R.
Zeng, Zhou, Y. Li, and Y. Wang, C. V. Pao, D. G. Aronson, and L. Caffarelli, V.
Antonce V., Herrero, W.B. Deng, C. Gui, X. Kang, C. L. Mu, L.Debnath, F.C. Li,
C.H. Xie, G. Reyes, A. S.Anchez, Gazzola F., Squassina M., H. Zhan, H.L. Li,
M.X.Wang, L.L. Du, S.A. Messaoudi, Vitillaro E., M. Chunlai, H. Xuegang, L.
Yuhuan, C. Zejian, Ratl Ferreira and others.

Nowadays scientists from the Republic A. Begmatov, M.Aripov, B.
Khujayarov, A.T. Haydarov, Sh.A.Sadullaecva, F. Kabiljanova, Z. Rahmonov,
A.Matyakubov, D.Mukhammadieva, and in other’s works in the Republic have
shown that a very important role played by the self-similar solutions corresponding
to certain values of the parameters. Therefore, studying nonlinear parabolic-type
boundary problems describing various processes based on a self-similar and
approximately self-similar approach is the highest importance. As a result, will be
obtained conditions for different quality properties and new phenomenons.

The relevance of the dissertation research to the plans of the research work
of the higher educational institution where the dissertation was carried out.
The research is carried out in the scope of the following scientific-applied projects:

1. «F-4-30- Investigation of the properties of the double nonlinear cross system
under the influence of convective transfer, variable density, source or
absorption», National University of Uzbekistan named after Mirzo Ulugbek.

2. «MRU-OT-81/2017-Mathematical modeling of a thermo-dynamically
consistent mathematical model of two-phase media in a dissipative
approximation with cross-effects» National University of Uzbekistan named
after Mirzo Ulugbek.

The goal of the work — Analytical-numerical study of the development and
evolution of filtration structures in the described environment for equations and
systems of nonlinear filtration (heat conductivity, diffusion), in which the coefficient
depends on variable density and time. Besides the development and testing of
effective numerical schemes, methods of calculating computational algorithms for
software application for classes of issues of the type under study.

Objectives of the research:

- To investigate the new nonlinear properties of physical processes (filtration,
heat conductivity, diffusion) described by nonlinear degenerate parabolic equations
with time-dependent coefficient;

- Obtaining evaluations and identifying asymptotics of self-similar solutions of
double nonlinear degenerate parabolic equations with time-dependent coefficients;

- To investigate the external impacts on problem solutions, including to prove
the occurrence of the new effects in processes described by degenerate double-
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nonlinear parabolic equations with variable density, absorption or source in a one or

two-component environment;

- To study of new properties of the problem of filtration of liquids and gases,
heat diffusion represented by parabolic type cross-systems;

- To develop numerical methods, computational algorithms and creating
software application to solve the studied nonlinear processes on the computer and
for visualization of solutions.

The object of research - are nonlinear filtration, heat conductivity, diffusion
processes described degenerate parabolic equations with power nonlinearity.

The subject of study — Study and numerical-analitical research of the
qualitative properties of solutions of a double nonlinear degenerate parabolic
equation with the power non-linearity and variable density coefficient of the
filtration process, which depends on time based on convective transfer, with
absorption or source.

Research methods. On the research was used the nonlinear splitting algorithm,
comparison theorems of solutions, methods for constructing self-similar and
approximately self-similar solutions, numerical iteration methods, sweep method
and the method of variable directions.

The scientific novelty of the thesis are as follows:

— For a nonlinear filtration (heat) model represented by degenerate parabolic
equations with double nonlinearity, self-similar and approximate self-similar
solutions which is obtained using the nonlinear splitting algorithm and localized
filtration (heat) structures were formed based on.

— Developed localized structures for nonlinear models of filtration heat
conductivity process;

— Obtained estimates of the solutions and a free boundary, the global solvability
of the Cauchy problem for the nonlinear filtration, heat conductivity equation
with strong absorption, or a source in divergent form.

— Developed numerical schemas, built algorithms and created software for
numerically solving problem of filtration equation with strong absorption, or a
source in divergent form.

— Numerical research of nonlinear filtration process using nonlinear phenomena
based on the established estimates of solutions and fronts (free boundary)

The practical value of the study - is of theoretical importance. The results
obtained were used in scientific research of specialists dealing with the theory of
distribution in nonlinear systems, in the numerical solution of models suitable for
solving abstract, internal, and boundary value problems.

The reliability of the research results is based on the consistancy of
mathematical reasoning and proofs, the use of methods of mathematical physics in
the theory of nonlinear problems, the initial results obtained by the nonlinear
separation method are proportional to the results of computer modeling, comparing
the problem with a specific solution and the result obtained.

Scientific and practical significance of research results. It consists of the
development of the theoretical foundations for the class of mathematical modeling
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of double nonlinear parabolic equations, where the heat coefficient depends on the
time. The results obtained in the thesis can be used to study mathematical models of
nonlinear heat, filtration, and diffusion, biological population, and spread of viruses.
The obtained conditions under which there are the nonlinear propagation effects over
a finite time, localization solutions can be used to solve other nonlinear problems of
mathematical physics.

Implementation of research results:

Based on implementation of self-similar solutions assimptotics on evaluations of
upper solutions for the nonlinear filtration problem on influence the infiltration

- Implemented on fonding assimptotics of the self-similar solutions to the
problem of nonlinear filtration under the influence of infiltration in the project
“YOOT-Ftekh-2018-149 - Mathematical modeling of nonlinear filtration processes
in two-component media described by nonlinear boundary conditions” at the
National University of Uzbekistan (reference of the Ministry of Higher and
Secondary Special Education of the Republic of Uzbekistan dated July 6, 2020 No
89-03-2436). Enhancing of scientific results made it possible to construct an iterative
process and visualize the final results for solving the problem of polytropic filtration
taking into account the non-local boundary conditions.

- From the method of constructing upper solutions for nonlinear systems is used
in the project "BV-Ateh-2018-9 (2018-2020) - Development of models, distributed
computing algorithms and software for solving problems of protecting the
atmosphere and water resources from technogenic factors" implemented at the
Research and Innovation Center of Tashkent University of Information
Technologies (reference of the Ministry of Communications and Information of the
Republic of Uzbekistan dated July 11, 2020 No. 89-03-2741). The implementation
of scientific results has made it possible to find the conditions under which solutions
become global solvability of problem in polytropic filtration, given the non-local
boundary conditions.

Approbation of the work. The main results were presented in at 15 scientific
and practical conferences, including 11 international and 4 national.

Publication of results. The main results of the thesis were published in the
form of scientific articles, conference proceedings. Totally 21 scientific papers have
been published on the topic of the dissertation, including 5 scientific articles,
including 2 in foreign and 3 in national journals recommended by the Higher
Attestation Commission of the Republic of Uzbekistan in the scope of doctoral
dissertation and received certificate for authorization of software application.

The structure and scope of the thesis. The dissertation consists of an
introduction, 3 chapters, a conclusion, a list of references, and appendices. The
volume of the dissertation is 112 pages.

THE MAIN CONTENT OF THE DISSERTATION

In introduction justified the relevance and necessity of the topic of the thesis,
the relevance of the study to the priority areas of development of science and
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technology of the Republic is indicated, given the level of study of the problem,
describes the goal, tasks, object, and subject of the study, described scientific
innovation and practical results of the study, revealed the theoretical and practical
significance of the results obtained, presented information on the implementation of
the research results, published papers and structure of the dissertation.

This thesis studied following equation in overall meaning.

p-2

o | ouy o
ﬁxl.)+8xi (c,(Du) +eyt,x)u” =0 (1)

Lu = x' \——le ox ((k (2, )'"1

ul,_o=u,(x) ZO,xeRN

2)

here ¢ =%1, k>1, > 0- given the numerical parameters
y(t)>0,c.(2), k,(t) >0 - Continuous functions at >0, coefficient |x'| where /<2 -

characterizes the inhomogeneity of the medium.

The problem (1), (2) describes a series of physical, biological and chemical
processes, including processes of nonlinear politrophical infiltration, diffusion
reaction, heat conductivity in the presence of convective transfer with time depended

velocity ¢;(¢), i=1,2,.., N function y()u”- the power of volumetric sources
when (¢ = +1) or absorption in case (g =-1).
Besides, the following system of equation is also considered.

| x| % = ah'v(k1 @) x| v ‘Vz/“lk2 Vu)

) )
I x |71 % - diV(kl(f) | x| ym! ‘V\;k‘l’ 2 Vv)

This system represents a set of physical processes, including polytrophic
filtration of liquids and gases, reaction-diffusion processes, heat conductivity,
bilological population in non-linear media which is coefficient contains variable
density in double nonlinear media. In particular, the case (k,=1,k=1, p=2,/=0) has

been studied in many scientific works. As a result, the conditions for the existence
and unicness of the fundamanetal solutions for the problem Cauchy, the effects of
finite speed perturbation distribution and assimptotial properties of time-dependent
solutions were obtained. In this dissertation work, critical cases for cross-system
with double nonlinearity in the impact of variable density and critical cases studied.
In the first chapter entitled “Study the properties of the model of the filtration

process with a power nonlinearity” are given the formulation of the problem, a brief
review of research works related to the topic of the thesis, as well as some auxiliary
statements and definitions necessary for the further discussion of the results.

In §1.1 provides a brief overview of some of the results of the investigation of
the filtration equation with a power nonlinearity.

Paragraph 1.2 provides auxiliary statements, definitions and theorems of
solutions used in the work.
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In §1.3 in the area Q={(t,x):t>0,xeR"} studied the properties of a nonlinear
model of the filtration, reaction-diffusion process described Cauchy problem

Lu= % —Vk (Ou" [Vt Vay+ divie(u) + ey (o’ =0 “)
u tzozuo(x)ZO,xeRN (5)

here numbers & ==*1, m 21, B > 0 -are the given numerical parameters V(.) = grad.(.)
, 7(t) >0, c(t)>0 —array for the speed of convective transfer, k (tf)>0 when ¢>0.

Investigation of the different qualitative properties of solutions of (4), (5) when
k,(t)=cons, y(t)=1 for particular value of the numerical paramaters m, k, p,  in
the case € =+1 (source), & =-1 (absorption) were studied by many authors and

were obtained a series of nonlinear effects such as a space localization, blow up
properties of solutions, large time asymptotics, a global solvability and so on.

In paragraph 1.4 in the area Q={(t,x):t>0,xe R"} studied the properties of a
nonlinear model of the filtration process described Cauchy problem:

ou . m-1 k|P2 /
c(t,x)g—dzv(b(z‘,x)u ‘Vu ‘ Vu'), (6)

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

Equation so-called radial symmetrical form showed that in the absence of
absorption and convective transfer, localization of thermal perturbation could also
occur. The phenomenon of the finite velocity of propagation of liquid perturbations
for a parabolic equation with double nonlinearity, the estimations of the solution
including the double critical case, asymptotic solution of the double nonlinear self-
similar equation depending on the value of the numerical parameters is studied.
Based on the constructed Zeldovich-Barenblat type solution the condition of the
localization established.

In chapter 2 “Estimation of free boundary and solutions in problems of
nonlinear filtration process with convective transfer” studied of filtration processes,
the speed of which depends on the time and volume in a nonlinear medium with the
interaction of convective transfer, as well as the "flow" power of a liquid, is
considered a function consisting of certain parameters, the phenomenon of
localization occurs even when there is existing absorption. A mathematical model
describing these processes can be written as follows:

Qu_ div(k, (1)
Ot

n

| [V Auy+ e f(en” 7)

Tkl ()dt < oo, u(0,x) =u,(x)>0,x € R" (8)

Separately considered equation (7) in cases 1) c(t)=0, f(t)=0; 2) n=0, {(t)=0; 3)
n=0, f=1;4) n=0, 0<p<1;5) c(t)=0, p=1 depending on different parameters. In
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the case 1) c(t)=0, f(t)=0 using self-similar analysis the following Zeldovich-
Companets-Barenblat-Pattle type solution constructed.

In §2.1 was obtained global solvability conditions in the case of g >1 and for

the case of strong absorption (0 < g <1), estimations have physical meaning of weak
solutions and a free boundary based on the method of nonlinear splitting is
considered. Whenpg=1 proved that action of convective transfer with time-
dependent speed leads to nonlinear effects of one-site localization, and the "wall"
phenomenon for a free boundary.
The problem of a space localization of liquid disturbances with a conductivity
coefficient that depends on the time is considered according to the power law waves
can occur when the disturbance propagates at a finite speed, forming a front (free
boundary) of the filtration wave.

In the case 1) c(t)=0, f(t)=0 using self-similar approach the following
Zeldovich- Companets-Barenblat-Pattle type solution constructed.

u(t, x) =[T +7 ()] 7 He2rm s pg),
(p-1)

f(g) — (a _bgp/(p—l)Jr(k(p—Z)er—l’k(p_2)+m 10

£ = p(xDIT +7,O0]"7 (] = —L—|o 7"
p—(n+q)

n+q<p, b:(k(p—2)+m—1)1/p)l/(”_l)

9
p+k(p—2)+m—1)s] )

[T + T(Z)]p/[p+k(p—2)+m—l)s]

7,(0) =[

o(0) = [/ k (»)dy,

s=p(N-q)/(p—n), (a), =max(0,a),7 >0

Based on this solution the phenomenon finite speed of perturbation (FSP) and
a occurrence of phenomenon a space localization of solutions are established. It is
shown that nessesary condition of a space localization is in following proved.

p-(n+@)>0, k(p-2)+m-1>0, [(1/k (6t <o, [ (c(t)de <
In the case (k(p—2)+m—1=0 the following solution of the equation (7) is found
when j k, (t)dt < oo,Tc(t)dt <o
u(t, ) =[T +z(O]""™ £(&),7(1) = Ikl(y)dy r=0 (10)
0
&= o7 + 17 gl =l <
p _1 pl/(p-1
f(&)= eXP(—W§ S|
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Including the following function

2(t,) =[T +7(O] ™ f(£),

(p-1)

f(©)=(@=bg""), T (k(p=2)+m~1>0 an
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p —n

n<p,b=(k(p-2)+m-11/p)""?"

B [T+T(t)]1—a(k(p—2)+m—l) ~ t B ~
rl(r)—l_a(k(p_z)m_l),r(t)—!kl(y)dy, s=pN/(p=m), T20

Theorem 1. Suppose that in (11) ¢(2)=0, f(1)=0,
(04

k(p-2)+m—-1>0, <N/p,
(p=2)em —atk(p-2+m-1) 7

7(t) = [k ()dy <00, ¥¢>0, uy(x)<2(0,x),x € R"
0

Then for a weak solution of the problem (11) the estimate u(t,x) < z(t,x) in 0 1is
valid and solution of the problem has space localized.

This theorem showed that in double nonlinear medium if coefficient of politrophic
filtration (diffusion, heat conductivity) depends on time then there are phenomenon

of the space localization of solution.
Considered the case 2) n=0, f(t)=0. In this case if k(p-2)+m-1>0,

Ikl(t)dt<oo,jc(t)dt<oo then in moving time dependent medium the phenomena
0 0

localization of a wave type solution (dissipative wave structure) established using
comparison principle.

Separately considered the case0< g <1. In this case shown that the volumetric
absorption of liquid in some cases leads to the effect of localization of liqud
perturbations depending on time.

First, we give one exact weak solution for the one-dimensional equation (10)
at f=p—(k(p—2+m))/(p-1). This solution is interesting because it indicates the
existence of a localization of weak solution of equation (10) having the form-
waves. In order to do that, with replacement

u(t,x) = o(t,£), &= [cndn—x (12)

then transform the equation (12) to the form

ow 0 00*|"” b
R S Y | oo 1 13
o 4 85(5 k,(7) o¢ aéZ)Jrgf(f)w &=1% (13)
Let k,(t)= f(¢) .Then the equation (13) reduced to the radial symmetrical form
bw Ly 0 e N,
YU _ gl-N Y N1 m-l R =41 14
o 4 85(5 @ o a§)+€w & =% (14)
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where 7(1) = jkl (n)dn

In the one dimensional case when g = p—(k(p—2+m))/(p—1)the equation (11) has a
wave type weak solution

A(vr(t) = &) Dk p-2yimt & <vi(h),
u(t,x) :{ . ’ |
0 E>vr(1), gzjc(ﬂ)dn—x

0

(15)

where the amplitude A is defined from the solution of an algebraic equation
(71k)p_271A_7/Aﬂ_1 +eyv=0, y,=(p-D/k(p-2)+m-1

Constructed solution have property localized (solution) wave type structure

(dissipative structure) if Tkl(t)dt<oo,T(c(t))dz<oo then the solutions which has

localized dissipative wave-form and front for invariable ¢ speed are constructed.

If r(t)= .[kl (n)dn <+ the solutions has the following new propertity:
0

When V¢ >0 solutions in type of liquid wave has space localization phenomenon.

Then for estimation of solutions and free boundary for problem (7), (8) in the
multidimensional case when & (¢) = £(¢) > 0,z € (0,00) studied.

Below we obtain estimates of solutions and the free boundary for sufficiently
differential functions &,(¢) >0, f(£) >0 at t>0.

When £, (¢) = f(¢),Vt > 0studies show localizations of solutions in the influence of
space variable even though there absence of absorption process.

I 1
Bl 20T —
15107 15107
E‘. - | |
-0 -3 Em —9 0 5 10
p=2,=05T=0,N=50,K=20 p=2,4=05T=0.15 N=50, K =20
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Picturel : Localized structures of solutions in one-dimensional case.

Lemmal [Kalashnikov]. Let u(t, X)- weak solution of problem (7) - (8),
and z(t,x) z(t,x)eC2(Q\D)nC(D) where
O={(t,x):t>0,xeR"},D={(x,t):t>0,|x|<[(t)}, Lz>0 in D, u(0,x)<z(0,x),xR",
then u(z,x)<z(z,x) 1n Q is valid.

Based on the method of nonlinear splitting the future upper function z, (z,x) is
constructed. Then operator Lz (f,x) calculated and easy to verify that Lz, (¢,x) <0 in
X

the truncated domain D = {(z,x):¢ > 0,|x| < /(¢)} . Then, using the theorem of comparison

we obtain the required estimate of the solution and a free boundary, shown in
theorem 1.
Theorem 2. Suppose that in (11) & =+1,1,(x) < z(0,x),x € R" and
%ﬁﬂ O (1) (t) < N fulfilled then for sufficiently small u,(x) problem (7),
t p

(8) has a global solviability property and the estimation u(?,x) < z(,X) in Qis
valid.

In paragraph 2.2 asymptotic properties of solutions of nonlinear filtration in
the multidimensional case are investigated:

Lu= ‘2—‘; —div(k,(t)u"" | gradu’* \”’2 gradu) +div(c(tu) + ey ()’ =0 (16)

u(0,x) =u,(x)>0,x,v(t) e R" (17)
We get the right estimate of the solution and the free boundary shown in the
formulation of the following theorem 3.
Theorem 3. Let k(p-2)+m—-1>0be,

O L g+ < N p e s 0,2() = j'kl ( y)f[ﬁ(z)]’f“”“m-ldz,
k(1) SR (18)

(p-1)

uy(x) < z,(0,x),x € R,z (t,x) = u(v(t)) f (&), [(&) =(a—b& P ), Hr2mt
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T—i—‘[(t)]l a(k( p-2)+m-1)
1<)—1 ok (pD e 0" f(l/k(y))dy,

s=pN/(p—n), T=0, (a), =max(0,a)
(k(p-2)+m-1>0

&=p(DirO1 " o) =—L=|4" "7 n<p, b=(k(p-2)+m-11/ p)"*"
p—n

then for a weak solution of problem (16) - (17) we have the estimate u(z,x) <z (¢, x)
in Q and to the free boundaries the following estimation is valid:

jc’(y)dy -X

0

<lt)=(a /b)(p—l)/p[z.(t)]l/p’ (t) = j'kl(y)]z[ﬁ(t)]k(p_z)m_ldt

We note that the theorem proved for particular values of the function &,(¢) and f(r)
when (k)= f(t)=1, N=1) follows the results of other works.

In particular for B >1 and strong absorption case 0< g <1, estimations have
physical meaning of weak solutions and the free boundary based on the method of
nonlinear splitting. When g =1 was obtained nonlinear effects of one-sided

localization and the phenomenon of the "wall" for the free boundary due to
Zeldovich- Companets-Barenblat-Pattle type solution and the comparison principle.

u(t,x) =T(OT + ()] Y £(E), (1) = exp(- I y(¥)dy) (19)

P (p-1)

F©)=(a=b&"), M 50, k(p=2)+m-1>0

=nT+7,0O]"", n= IC(y)dy —x,b=(k(p-2)+m-1)(1/p)'*"™"

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

Tl(t):[p (p=2)+m-D
(a), =max(0,a),T 20

In paragraph 2.3 In Q={(x,):0<t<T,0<x<b} area studied and developed

the numerical solutions properties of some nonlinear filtration model given in the
following form:

e - j k (x)dx)j [ dy,

Lu=—u, +8%[K(Z) ij div(C(tu) +¢& y(t,x)u” =0 (25)

u(0,x) =y (x)> 0,
{u(t,O) =9,(1)>0
u(t,b) = @, (1) = 0
here 620, 0 < y(t,x) e C(0,+0 )x RY, g=+1.

Based on intial an boundary solutions are constructed numerical solutions.

38



N =20, M =20,K = 20, N =20, M =20,K =20,
T=0,8=020=05 7=0.15 =02 5=0.5

N =20, M =20,K = 20, N =20, M =20,K =20,
T=05,8=02 6=05 T=18=020=05

Picture2: Liquid behavior (in different values of time)

Chapter 3 “Nonlinear cross-systems for filtrations model” devoted to the
investigation of qualitative properties of the Cauchy problem for cross system with
variable density and apsorption. Such problem in the one equation case for porous
media equation studied by J. Vazquez, V. Galaktionov, R. King, H. Chaves, Y W.
Jager, S. Luckhaus M. Escobedo, M. A. Herrero and others depending on
exponential grows of density.

In paragraph 3.1 in the domain Q = {(¢,x): > 0,x € R" } investigated properties
of the process of a cross diffusion system with inhomogeneous density:

x| % = div(kl @) x|" v \Vuk\”’z w)

du p2 (20)

x| == div(kl(t) [ ™ V] Vv)
u(0,x)=u,(x)=20,  v(0,x)=v,(x)20, xeR" 1)
where  k>Lnpm,i=12 - given positive numbers, V(.)—grad(.)- functions

X

Uy (x), v, (x)=0, x € RY . The system describes set of physical process, for example

process of a polytrophic filtration of a liquid and gas, mutual reaction - diffusions,
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heat conductivity, bilological population in the nonlinear environment wich
coefficient depends on time and variable dencity. Particular cases
(k, =1, k=1,p=2,1=0) of the system were considered in many works.

The system (20) in the domain, where u =v=0 is degenerated, and in the
domain of degeneration it may has not the classical solution. Therefore, here is

studied the weak solutions of the system (20) having physical sense: 0<u,ve C(Q)
and k)| x| v ‘Vuk
integral identity

‘P

TV, k()] x| um ‘Vv"‘p_z VveC(Q) satisfying to follwoing

“.[‘x‘_l u%—\; + kl(t)‘x‘n ym! ‘Vu‘p_z VuVy — J.\uuo]dxdt =0
0Q

Q

(ro 1 Oy ; i (22)
“.[‘x‘ v—+k (t)|x] u"™" ‘Vv‘p VwWy — I yu, |dxdt=0
0Q at Q
here y (¢, x) - a fairly smooth function with compact support.
Considered the case p>n. In this case after the following settings
w(t,x) = (&), 2(6,X) =y (&), &=p(A)T +z(0))"7,
p—n| 2 [ dx
T>0, o(x|) = X|lpn,n<p,t(t)=
= i
for (&), w(&),we have the self-similar system
2 2
51—51 Eyn iﬂ i +§i:0, gl-Si g5 MW d_l// +£d_l//:0
de dg| dc) pds de dg| dg) pdg
(23)
s= PN , p—(n+1)>0, N—I>0
p—(n+l)

Considered the functions

u.(t,0)= (), [(&)=A(a=¢") ",

v (60) = (&), 7(&)=B(a-¢") ",

oD (pDlk(p=2) (-]
[T+z@o]"" ™ q ’
i=1,2, ¢ =[k(p=2)I —(m ~1)(m, ~1)
Theorem 4. Let y, >0, y,>0, , p>ntl, 1(00)<oo then the solutions of the
problem (21)— (22) has property a space localization if

AP B <1 plyy)" AT BT <1 p(1y,)" werevalid — (24)
Theorem S. Let y, >0, v, >0, p>n+/ then the solutions of the problem (23)

N

at N—>© (M=-In(a— @p/(p_l)) has an asymptotic representation
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f(&) = AF(E)(1+0(1)),
w(&)=By(E)1+o(l)

where the coefficients A, B- are the solution of a system of the following algebraic
equations.

(25)

A" B" =1/ p(yy)"”
A" B =1/ p(yy,)"”
Theorem 6. Let ¥; <0, s+7vy;<0,1=1,2, p>n+1, then solutions of (21)

(26)

at N> (m=In(a+ ip/(p_l)) has an asymptotical representation.

£(8) = Ay (a+&")" (1+0(1),

1 27)
w(E) = A, (a+&")" (1+o(1)
where coefficients 4, >0, i=1,2 -are solutions a system of algebraic
A7 A =[=1/ " p(N ) + 51, )T
equations (28)

A" AT =1y p(N +vy,) + 6,1 vva )
In paragraph 3.2 investigated the phenomenon of FSP and localization solution
of cross-system with variable density and absorption:

L(u,v)=- |x|_l Z—b; + a’iv(k1 (@)]x[ v ‘Vuk ‘p_z Vu)— |x|_l v, (Ou=0
L,(u,v)=- |x|_l Z—‘;+ a’iv(k1 ()| u™ ‘Vvk ‘p_z Vv) —~ |x|_l v,(t)v=0 *)
u(O,x):uo(x)ZO,v(O,x)zvo (x)ZO, xeRN, (30)
where k>Lnl p,m,i=12 - given numerical parameters of nonlinear medium,
V(@) —g’”axd(-) , functions u, (x), v,(x)20, x € RY | 0<y,(t)eC(0,0),i=12.

The system (29) describe set of physical process, for example process of a
polytrophic filtration of a liquid and gas, mutual reaction - diffusions, heat
conductivity, in the nonlinear environment which capacity equally y,(#)u, y,(¢)vthe
case of taking into account the power of absoption. Different particular cases of the
problem (29) - (30) considered in many works. Particularly, there were received the
estimations of the solutions of the problem Cauchy.

Theorem 7. Let , >0, p2>2,i=1..2,¢>0, n+/<p

A B <1 p(yky)™, A= B <1/ p(rky,)”,
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If u(0,x)<u (0,x), v(0,x)<v, (O,x) ,

£(t) = [k v ()" () = [ k(i ()" (q)dn < 0, V1 > 0

where (1) = exp(=[ y,(mdn, V(1) = exp(=[ 7, ()

then the solution of the problem (29), (30) has place phenomena of a space
localization of solution else the solution has property of the finite speed of a
propagation.
Theorem 8. Let n+/ = p and the conditions of theorem 6 were valid. When
u(0,x) <u,(0,x), v(0,x) <v, (O,X),x e RV \{0} are true
then for the solution of the problem (29), (30) the estimation
u(t,x) <u,(t,x), v(t,x) <v, (t,x),t >0,xe R\ {0} are valid, where
u (8,x) = Au () £ (§), v (t,x)=BVOF(E), &=n(x[r(O)]",
A, B- Constants and functions #(2),v(¢), (&), (&) were defined above.
Theorem 9. Let vy, >0, y, >0 then the solution of problem (23) has an

asymptotic representation as 11— (1 =—In(a - &p/ (p—l))

£(&) = AFE)(1+0(1), w(&) = BY(E)(1+0(1) @31
Here the coefficients 4, B —are a solution of the system of the algebraic equations
AP BT =1/ plyy,)", A™7 B =1/ pyy,)” (32)

In paragraph 3.3 numerical schemes and methods for solving and analysis of
the results of numerical experiments are presented. The posed problem is
approximated by an implicit scheme of variable directions (longitudinal-transverse
scheme). In order to solve the system of differencial equations, the iteration method
is used. For numerical and of computational experiments used established qualitative
properties such as estimates and asymptotic representation of solutions depending
on value of numerical parameters. As numerical scheme suggested modified version
of Samarskii-Sobol scheme applying for numerical solution of porous medium

equation.
K+ A k+Y, k+Y, k k
Yij"m =i k+Y, ek Yy Vi kY TV k15 \P
T S T (e JO52)
k+l k+Y, k+Y) k+Y, k+l k+1
yi,/’ _yi,j k+Y k+l k+Y, yi+1,j _yi,j k+Y, yi,j+1 _yi,j e+l
e NG . W s Can R RV (Rt AR B (P [ O
057 Y 2 h, h, 7/( k+1)(yw
) 1 n m-1 p—2 1 ]
k+Y, k+), k+),
here A, y** = e [< ist,j ) (v, 25 )" ol +yffj‘ (y[+1§ —y,-’/)—
1
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Picture3. Numerical solutions of the system in different values of time.

Intial and boundary conditions are taking by the following:

ygj:uo(x), Xew,

k+1 k+1 . .
yi. =¢ , arap j=0 Ba j=n,,
L, 2
ket —k+) . .
yl.j.A:go % arap i=0 Ba i=n,
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Calculation experiments showed that all iterative methods are matched to the
constructed schemas. Due to suggested an appropriate initial approximation achived
the quickly convergence of numerical results. . In all the cases proposed approach,
the number of iterations on average no more than three with the accuracy of 1073,
Picture4: Application of solutions visualization
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CONCLUSION
Thesis represents a study of the heat conductivity of modeling problems in
terms of nonlinearity with power splitting and methods of nonlinear standard
equations. In this thesis, it is shown that one of the effective methods of self-similar
solutions for quasilinear parabolic equations with power nonlinearity is the method
of nonlinear splitting and self-similar aproach.

The results obtained can be specifically described as follows:

- Estimates of solution of the Cauchy problem and front (free boundary), depending
on values of the numerical parameters of the environment and space dimension
established.

- For double nonlinear parabolic equation with timedependent, coeficients based on
construction Zeldovich-Companets-Barenblate-Pattle type solution the phenomen
of a space localization established.
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Fujita type global solvability conditions are obtained for problem Cauchy to
degenerate double nonlinear parabolic equation with with timedependent
coefficient on action absorption or source. Based on property a space localization
and behavior of a front established.

It is proved that in the cases when speed of convective transfer or coefficient of
nonlinear diffusion part of equation timedependent function the phenomenon a
space localization have place. The phenomen a space localization for wave type
solution also established

Given method of determining the critical parameter value by applying the

algorithm nonlinear splitting. Result is obtained, which shows the efficiency of

the algorithm for determining the nonlinear splitting edge when it has a

complicated structure.

The approach based on self-similar analisys cross system with variable density,

an absorption the qualitative properties of weak solution is analized. Phenomens

finite speed of perturbation, a space localization, asymptotical behavior self-

similar solutions established.

Developed numerical schemes, algorithms and software for tasks in an
environment MatLab and Python, the analysis of the results based on the
assessments and solutions of fronts.

It is shown that the numerical satisfactory results keeping new nonlinear
phenomens can be obtained based on preliminary qualitative study of solutions of
properties depending on the values included in the original equation parameters.
Here, as the initial values have been taken functions constructed by the method of
nonlinear splitting.
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BBEJIEHME (anHOoTAanus quccepranum 10KkTopa ¢puiocopuun(PhD))

AKTYaJIbHOCTb M BOCTPeOOBAHHOCTH TeMbI AMccepTanuu. B Hactosiuee
BpeMst psii GyHIAMEHTAIBHBIX MPOOJIEM B MHUpPE OOBSICHSAETCS MaTeMaTUYeCKUM
MOJICJIMPOBAHUEM HEJIUHEHUHBIX IIPOLIECCOB, COBEPLICHCTBOBAHUEM METONOB H
CPEACTB BU3YAIM3AlMM, BHEAPEHUEM B IMPAKTUKY 3HAUYUMBIX PE3YyJIbTATOB
JIBYMEpPHOI HeJIMHEHHOW (puimbTpamuu, peakimoHHO-Au(pPy3UOHHBIX perieHuid. B
YaCTHOCTH, pa3pabOTKa METOJOB BH3YyaIM3allMH pPE3YyJIbTAaTOB HCCIEIOBAHUS
HEJIMHENHBIX MOJIENICld OCHOBAaHAa HAa W3YYEHUM U peaju3aldMd KadyeCTBEHHBIX
XapakTEpUCTUK PEIICHUN JBYMEPHBIX HEJIMHEHHBIX yPaBHEHUH; CO3JaHUE
CHEUMAaJIbHBIX  MIpOrpamMmM,  IMOMOTAIIMX B M3YYEHMHM  HEJIMHENHBIX
IIPOLIECCOB;CO3JaHUE TEXHOJOTUM IIPOBEICHUs SKCIEPUMEHTAIBLHOIO IIPOLECCa;
pa3paboTka KOMIBIOTEPU3NPOBAHHON CUCTEMBI OIIPEIEICHHS CII0Co0a yIpaBIeHUs
9BOJIIOLIMOHHBIM IIPOLIECCOM BO BPEMEHM, XaPAKTEPUCTUKU KOTOPOIrO 3aBUCAT OT
JUHAMUYECKOTO HM3MEHEHHsI MapaMeTpoB. AKTYyalbHOCTb TEMBl JAHHOU
JAUccepTaluy  OOBSCHSETCS HAyYHBIMU HCCJIEIOBAHUSIMU, NPOBEICHHBIMU B
YKa3aHHOM BBIIIIE€ HAIPABJICHUH.

O0bekTOM M Ccy0OBEKTOM HCC/IeI0BAHUSI - HEITUHEHHas QuiIbTpanus,
TEIUIONPOBOIHOCTh, AU((Y3UOHHBIE IPOLECCHI, OMUCHIBAEMBIE BBIPOKIECHHBIM
napaboJIMYeCKUM YPaBHEHHUEM CO CTETIEHHOW HETMHEHHOCTHIO.

IIpenmer uccnenoBaHMss -  M3YYEHME W YHCICHHO-aHAIMTUYECKOE
HCCIIEOBAHUE KAUYE€CTBEHHBIX CBOMCTB PELICHUM JBOMHOIO HEJIUMHEWHOTO
BBIPOXKICHHOTO MapaboIMyecKoro ypaBHEHHsSI CO CTENEHHOW HEIMHEHHOCTHIO U
MEPEMEHHBIM KO3 (D(PHUIIMEHTOM IIOTHOCTH Ipoliecca GUIbTpaIii, 3aBUCSIIUM OT
BPEMEHU HAa OCHOBE KOHBEKTUBHOI'O IIEPEHOCA, C MOIVIOIECHUEM UIIA UCTOYHUKOM.

Hayynasi HOBM3HAa HaY4YHO-MCCJIEA0BATEIBCKONH PadoThl 3aKJII0YaeTcs B
caeayIoIeM:

boun  copmMupoBaHbl aBTOMOJIENIHBIE U TNPUOIMKEHHBIE aBTOMOJICIbHBIC
pELIEHNs], TIOJIyYEHHBIE C UCIIOJIb30BaHUEM AJITOPUTMA HEJIMHEUHOTO PACILEIIICHUS
Ui HEIMHEWHOW Mojenu  (QUIbTpalMyd  ONBICUBAIOIIMN  BBIPOKIEHHBIMH
napaboJIMYeCKUMHU YPAaBHEHUSAMH C JBOMHON HETMHEHHOCTHIO.

Pa3paboTanbl JOKaJIM30BaHHBIE CTPYKTYPbl JJsl HEIUHEHHBIX MOJeNei
npouecca GpuiIbTpanuu, peakuusi-1udpdy3u U TeIIonpoOBOIHOCTH;

[TomyyeHbl OIICHKM peEHmICHUH W CBOOOJHOW TpaHUIlBl, TJI00aIbHOM
pazpemmMocTd 3anaun  Komm Ui HeNMMHEWHOTO YypaBHEHUS (UIIbTpaluy,
TEIJIONPOBOHOCTH C CUJIBHBIM IOTJIOIIEHUEM WA HCTOYHUKOM.

Pa3paboTaHbl YHCIEHHBIE CXEMBbI, IMOCTPOEHBl aJTOPUTMBI M  CO3/IaHO
nporpaMMHOE OOecredeHre MJsi YHUCICHHOTO peHIeHUs 3afaud  (UIbTparuu
YPaBHEHHUS C CUIIbHBIM NOTJIOLEHUEM WJIM UCTOYHHKA.

UuclieHHOe WCCIIeIOBAaHNE HEJIMHEWMHOro (UIBTPAIMOHHOTO TIpolecca C
WCIIOJIb30BAHUEM HEJIMHENHBIX SIBJICHUNM Ha OCHOBE YCTAHOBJIEHHBIX OLICHOK
pemieHnid u GpoHTOB (CBOOOTHOM TPAHUIIBI).
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CrpykTypa m o0bem auccepranmu: Jluccepranusi COCTOMT U3 BBEACHMUS,
TpeX TJIaB, 3aKJIIOUEHUS, CIIUCKA JIUTEPATyphl U NpuiiokeHnit. O0beM AuccepTaluu
cocrasisieT 112 crpanum.
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