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KHWPUILI (danacada noxkropu (PhD) nuccepraumsicu aHHOTAUUSICH)

JAuccepranus MaB3yCHHHMHI [10J13ap0Jauru Ba 3apypartu. JyHé mukecuaa
onu0® Oopwraétran kymiad wiMHE, XamMJa aMaluil TaJAKUKOTIAp aKcapusT
XOJUTapJila HOMAbJIyM derapajid THIEepOOJIMK MacajlalapHU TaaKWK KWIALITHA
Tako30 dTaau. Homabirym yerapanu Macananap - Oy UCCUKIWK YTKa3yBYaHJINTH Ba
SAIIAPUH HWCCUKJIWK DHEPTUACH aJIMAIIMHYBH Ty(daimu cod MaTepruamiapHUHT
dazaBuili anMalIMIIIAPUHA MOJCIUTAIITHUPAAUTaH XapaKaTJaHyBYM dYerapayiu
Macajanapaup. XapakaTIaHyBUM YeTapaHWUHT >KOWIANTYBU OJIIMHIAH MablyM
OynMaraHu Ba yHU TemIleparypa OwsiaH Oupra TONUII Kepakiuru cababmu, Oy
Macajaiap Yu3uKcu3 Oynaau. Yoy MacajgaJapHu €YUl Mypakkad aManuéTiapHu
Oakapuin OwnaH OOFMUK OYnuO, KYymiad sHru Ha3apuil HaTHXKajgapra Ba MaBxXy/l
MyaMMoJiap Oyiinda SHrM UCTUKOOJIIM MIIaHMaiapra, Xamaa (Gu3nka, OMoJorus
Ba TEXHHMKaJa KEHT KYJIJIaHWIQIUTaH aHUK HaTWKanapra o0 Kelau.

XO03Upru BaKTAa TaOWWN ‘KkapaHJIApHU sHaTa aJCeKBaT TaBCH(IIOBUU
rUNepOOJIMK TEHIJamMajgap Ba TEHIJIamMajgap CHCTEMallapd y4yH HOMabiIyM
gyerapajay MaTeMaTHK MOJIe/UIap KypHUIll MyXUM aXaMusT KacO 3TMokaa. Harmxkana
VpranwjaéTradn WyHaJIMII 3aMOHABUM  aMaliMd  MaTEeMaTHMKaAaHWUHT  Kajaall
pUBOXKIIaHAETraH KUCMHra aiyanuO yinrypad. [IyHuHT ydyH BaKTHUHT OepuiraH
KAWMaTIapyia HOMabJIyM derapa TaOMaTHHH YpraHWIl Ba YHUHT acoCHJa Macaja
CUMMHHWHT MaBXY/UINTH Ba STOHAJIMIMHHM KYpCAaTUII MaKCaJd WIMHH
TaJKUKOTIap/IaH XUCOOIaHaIH.

MamitakaTuMu3a UHHOBAIIMOH XapakTepaaru ¢GyHaaMeHTal TaJKUKOTIIapra
KarTa bTHOOp KapaTwiMmokiaa. MnMm-daH onguna ¢pyHIaMeHTand TaaKUKOTIapHU
aMaMéTra SKUHJIAINTUpUIN Basudacu Typubau. by Basudanu Oaxapuiiga
rUnepOoIMK TeHTJIaMaiap YI4yH HOMAabJIYM uderapaiu macajajgap Ha3apusicH y4yH
MYXHM POJI apaTuiraH. MaremaTtnka (paHMHHHT YCTYBOp WYHaIWIUIaApH, SBHU
muddepeHran TeHriaManaap Ba MaTeMaTUK (H3MKa, aMaiuili MaTeMaTHKa Ba
MaTeMaTHK MOJCIUIAIITHPUIN OVHHYa XaIKapo CTaHAapTIIap Japa)kachaa HIMHM
TaIKUKOTIap oJin0O Oopuin MaTeMaThka MHCTUTYTHHUHT acocHil BasudaiapuaaH
61/1p1/m1/1p1.

V36ekucron Pecny6mukacu Ipesuaenturunr 2017 iinn 7 despanmaru [1D-
4947-con  «Y36ekucToH PecnyOiamKacHHH sHAga PUBOXIIAHTHPHUIN —Oyiinua
Xapakatiap crpareruscu Tyrpucugantu @apmonu, 2017 vinn 17 depanmaru T1K-
2789-con «®anmap akageMuscu (paonusATH, WIMHN TaIKUKOT WILJIAPUHHU TAIIKHII
ATUII, OOIIKApWUII Ba MOJMSJIAINTUPHUINHN sSHaJAa TAaKOMUUIAIITHPHII dYOopa
tapoupiapu tyrpucugant, 2017 wmn 20 anpenmaru NelIK-2909 «Onwmii Tabiaum
TU3UMUHU SHAJIa PUBOMKIIAHTHPHUII Yopa-Taadupiaapu Tyrpucuaa» ru Ba 2019 wun
9 wronmarn I1K-4387-con «MaremaTtuka TablIuMH Ba (aHmapuHU SHaAIA
PUBOXJIAHTUPHUIITHN ~ JIaBIaT TOMOHHAAH  KYJUIaO-KyBBaTJAlll, IITYHHHTJEK,
V36exncron Pecny6mukacn Pamnmap  akageMmuscHHMHAT  B.M.PoMaHOBCKWit

Ys6exucron Pecniy6mukacu Ipesumentnanar 2019 i 9 momar 1TK-4387-con kapopn «MaTteMaTika TabIuMH
Ba (aHJApHHH SHAJA PUBOIAHTHPHINHM JaBIaT TOMOHMIAH KyJUIaG-KyBBATIAIIL, IIYHHHIJEK, Y30eKHCTOH
Pecrryonukacn ®awnnap akamemuscuHuHr B.M. PomanoBckmii Homumarm MaTtemaTWka WHCTHTYTH (aolUSTHHU
TyO/laH TaKOMIJUIAIITHPHII YOpa-TaA0NpIIapy TYFPUCHIA»
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HOMU/JIaTd MaTeMaTUKa MHCTUTYTU (PAOJIUSITUHU TyOaH TAKOMHJUIAIITHPHUII Yopa-
TaaOupJIapy TYFPUCUIANTH Kapopiapu Xamaa Ma3Kyp GaoiusiTra Teruiuui 00nka
HOPMAaTUB-XyKYKHH XyXKaTiaapaa OenruwiaHrad BasudaiapHu aMalra OIIUpHUIIIa
yii0y auccepranus TAAKUKOTH MyailsiH Japaxaaa Xu3Mat KWIaiu.

TagKUKOTHUHT pecny0uka paun Ba TEeXHOJOIr UsITTAPHH
PUBOAKJAHTUPUIIHUHT YCTYBOp WyHaquunuiapura OOFJIUKIAMIrH. Maskyp
JUccepTanus UIIM pecnyOiauka (aH Ba TEXHOJIOTHUSJIADHU PUBOKIAHTUPUIITHUHT
IV. «Matematrka, MexaHuKa Ba MH(GOpPMATUKa» YCTYBOp HYHAIUIIU JOUpacUja
OakapuiraH.

MyaMMOHUHI  YpraHwIratjuk  jgapaskacu. @Daszamap  aJMmamuinm
JMHAMHUKACUHM Hazapuil >xuxataad kypud uukum CredaH macasacCHHUHT Typiu
Xw1 KypuHunuiapura onu6 kemaau. CreaH mMacadaCHHUHT KJIACCUK KYPUHUIIA
spull KM KOTHIN KalOu (azanap amMalvHUIN Kapa€HIapu Y4yH YTraH acpja
unuiad yukwirad OynuO, Oy macajna HOMabiIyM 4Yerapajiu, KailCMKM KaTTHUK Ba
cyloK (azanmapHu axpaTuOd TYpyBUM Ba XapakaTlaHyBuUd, COXaJa HCCUKJIHUK
YTKa3yBYaHJIMK TeHriamacura kentupwiaan. dazanmap opacujgard dYerapajna
Credan mapTi KaHOATIAHTUPHUIIAIH.

Homabnym uerapanu macanaiap HazapusiCu acociiapu (acocaH mapaboJiuK Ba
SITMOTHK TeHrmamanap yuyH) A.Friedman, L.Rubinstein, J.Cannon, J.Hill,
W.Kyner (USA), A.Fasano, M.Primecerio (Italy), A. Meiipmanos, W. Jlanumrok
(Poccust) Ba  OomIKanapHUHT  TAAKUKOT  HIUIApUIa  Kypwirad  Ba
puBoxyantupwirad. Credan Macanmacura JoMp Kymiaad Mmakojaiap mapaboiuK
TEHTJIaMajiap y4yH yMyMJIalllTaH e4uMIIapHU YpraHuinra Oarunuianrad. by epna
O.Oumnetinuk, C.Kamennomoctckas, W.Jlanmmiok, A.Metipmanos, A. Friedman,
L.Caffarelli, L.Evans, E.Hanzawa, G.Duvant, A.Visintin Ba OOIIKaJIapHHHT
HATIDKAJIApUHU allioXua Tabkuiam xou3. 1980-iinmnap 6onuiapugan HOMabiaym
yerapajau TUIEPOOJSMK THUIAArd macauajap XaMmM VYpraHwiud kenuHMokna. by
Macajajap pellakCallioH XyCyCcHusiTra ara 0ynraH MyxXuTjiapaa UCCUKINK TapKaIuIIl
xapaéunapuau TaBcuduariau. Homabiym derapanu rumnepOoiuK Macaiaiapra
noup myxum Hatmxaimap A.Friedman, L.Caffarelli, L.Evans, C.Hill, A.Terracina,
A.Mpimikuc, B.Kupunny, P. Xyoues, T. XKypaes, K.TaxupoB Ba GomkaiapHUHT
UILIApUIa OJMHTaH.

Cyurru  yH #wmukinapaa Ou3  ymlOy HYHAIMIIHUHT  OOIIKA  Typiu
coxajapJard HOMAabJIyM dYerapajd Macajajapra OojJu0 KelyBYH KapaCHIapHU
VpraHuild HaTWXKacuJa Te3 CypbhaTaa KEeHras€TraHuHU KypMmokaamui.Macanan,
MaTeMaTuK Ouosiorwsiia Ba  OumoTHOOWMETHA ynmap monmymsnusuiap — EKd
VCUMTANapHUHT XapakaTh (POHT YHM3UFUHU KypcaTaad;, CYIOKJIHNK Ba ra3
MEXaHHWKacH coxacuja Kyrmrad sSHru Macananap manmgo OViamau. XO03Wprd BaKTa
QYHEHUHT KYNITMHA €TaKYu WIMHUM MapKazjiapuJa HOMAablyM uderapajiud YM3UKCHU3
Macananap Oyitmua ¢aos WIMHI TaAKUKOTIAp OJUO OOpMIMOKIA Ba ylap Typiu
¢usuk, OwmoTMOOMK  Ba  mIyHra  yXmam  JkapaCHJIapHU  MaTeMaTHK
MOJICIIIAIITUPHUIIIA KEHT KyJmaHuiaMmokaa. by epma A.Friedman, C.Pao, Y. Du,
X.Chen, Z. Lin, C. Li Ba Oomka my coxajia €Tak4d OYyJaraH OJIMMJIAPJIapHUHT
WIMUNA HaTUXKaJapUHU alOXUJa TAbKUIJANIMMHU3 MYMKUH. DHIU Ou3 Xxam Oy
KYyWIH UJIMHH OKUMTa KYIIUIIUK.
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Juccepranus MaB3yCUHUHT JUCCePTALNS 0aKAPUITaH WIMHH TAAKUKOT
MYacCaCAaCHHUHI WIMHH-TAAKUKOT HULIAPH pexaaapu OuiaaH OOFIHKJIUIH.
Hucceprauua tagkukotu PA-Atex-2018-149 «Ep yctu atmocdepacu Ba Kym
KAaTjJaMJId MYyXUTJIapAa 3apapid MOJAaNapHUHT Iu(d@y3uscu Ba KOHBEKTHUB
KYYUIIMHA TaAKUK KWJIWII Y4yH caMmapajop XucoOall ajJropuTMiiapu Ba
nactypuii Maxmyanapau sipatuin (2018-2020) amanwuii oitnxacu 6yiinua Ba OT-
@®-4-85 «buonorust Ba 3KOJIOTHUSHUHT 3aMOHABUI MyaMMOJIADUHU YpraHUIl y4yH
YU3UKCHU3 MaTeMaTUK MOJeJjIap Ba caMapaiy XUcoOJaml aJropuTMIApUHN UILTa0
yukuiny (2017-2020) ¢pyHaamMeHTan JTOHUXacH, MIYHUHTACK, «MeIuKo-OHOI0THK
Ba (UMK >KapaHJApHUHI MaTeMaTUK MOJCJUIApUHU WIIIa0 YUKW Ba
TaKOMUJUTAIITUPHUIL, TAAKUKOT, MOHHMTOPUHI Ba MPOTHO3JIAIIHUHT MaTEMaTHK
yCyJUIapUHU KypulD» Marematuka HWHCTUTYTM WIMHAM TaJKUKOT WYHaJIUIIN
Joupacua TaAKUKOT pexkacura MyBOQUK aMmalira OLupHIIIN.

TaagKMKOTHUHI MaKcaaM peakCalloH XyCyCHUsTra 3ra Oyiaran Myxumiapaa
XKapaCHJIAPHUHT MAaTEMATUK MOJCIUIAPUHU KypHI, PUBOKIIAHTUPUII Ba HOMABIIYM
yerapaiau TUNEPOOJUK MacalajlapHd €4YUIl METOJJIApUHU HMUUIad YUKHILJAH
noopar.

TaaKMKOTHUHT Ba3udagapu:

KYYUITHUHT pEJaKCcalMOH TEHIJIaMacH y4yH HOMAabJIyM 4erapajiv MacalaHu
TaJKUK TUII Ba YHUHT TYJIKHHCUMOH €UUMJIAPUHY KYPHIIL,

CYIOKJIMK OKUMH Yy4YyH MakcBe/Ul MacajaCMHU TaJKUK OSTHUI, SHA €YUl
yCYJUIApUHU HMIIIA0 YUKUII, KUAUPWIAETTaH QYHKIUSIAp y4yH anpuop Oaxoiap
YpHATUII Ba EYMMHUHT MaBXY/UITUTY Ba ATOHAIMIY TeOpeMallapuHu UCOOTIIAIIL;

EMUIIKOK-TUTACTUK AedopMalinsi MacalaCHHU TAKUK dTHIII,

ra3o - JAMHAMUKAHUHT OWUp Ba HMKKH (a3aid TUMEepOOIUK MOJEUIapUHU
TaAKUK OTHUII, SbHU BaKTHUHI MabiIyM KHMaTIapuia HOMAbIyM derapa
TaOMATHUHHU YpraHWII Ba €YMMHUHI MaBXYJIMTH Ba STOHAIWTH TEOpeMallapyuHU
ucoOoTaIll.

Tagkukor o00bexkTH. TyTalml MyXUTIap MEXaHUKACH Ba peJlakCalloH
XyCyCHUATIra sra MyXWTIapAard >Kapa€HJIapHUHT Typiaud HOMAbIyM 4erapaiu
MaTeMaTUK MOJIeJUIapuaad uoopar.

Taagkukor npeameru. [unepboauk Ba mapabOJMUK Teryiamanap Y4YyH
HOMABJIYM Yerapaiy Macajajap HazapuscH,MaTeMaTHK (pu3uKa TeHTIaMajapu Ba
MaTeMaTUK MOJIEUIAIITUPHII (DaHTIAPH.

TaaKuKOAHUHT yCyJL1apHu. Juccepranusna MaTeMaTHUK TaxJINI
aeMeHTIapH, TudepeHiran TeHriaManap Ba MaTeMaTHK (U3MKa Ba MaTeMaTHUK
MOJICIIAIIITUPHUII METOIapuaH (hoigaIaHuiITaH.

TagKMKOTHUHT MIIMHUIA SHTWJIMTH KyHugaruiapaad noopar:

KYYUIIHUHT YYUHYM TapTUONM pelaKkcalMoOH TEeHIJIaMacu y4yH Oup KaTop
MYXHM MaxCyCJIMKJIapra sra HOMabJIyM 4Yerapail MaTeMaTHK MOJEN KypuJiraH Ba
TEHIJIAMAHUHT TYJIKUHCUMOH €YMMUHUHT MaBXYyJIUTU UCOOTIaHTaH;

HOMAbJIyM dYerapa cudatuga JOUMUKA OOCMM  TpagWeHTH OwiaH
OOoIIKapuiIaIuraH KaHATHWHT HWYKH SAPOCH Ba TallKW KATJIAMUHHA aXpaTuo
TYpPYBYM CUPT Kapajagurad, MakCBEJUTHUHT TUIIEpOOJIMK Tesnerpad TeHrjiaMmacu Ba
Ongpoia-b TeHriamacuHu y3 Muura OJdyBUYM Macaja ArOHA €4MMra 3ra SKaHJIWTH

;



HUCOOTJIAaHTaH,;

ENMUIIKOK-TUIACTUK nedopmarnus KapacHu MO/JIEJIN oynraH,
Ko3(ppULIMEHTIIapU HOMAbJIYM Yerapa yCTUa y3WIyBUUd rUnepOoIuK TeHIIaManap
CUCTEMAaCUHU YHU3UKIM AuddepeHnuan omnepatop OYiraH Xojl y4yH €UYMMHHUHT
MaB)XYJIJTUTH Ba ATOHAJIUTH UCOOTIIAaHTaH;

razo - JMHaMHUKaHUHT OMp Ba UKKHU (a3aau runepOoUK MoJeiapu TaaKUK
STWIIM, SSTbHU BAaKTHUHT OepuiraH Ba YeKCH3 KUHWMATIIapuja HOMabJIyM 4erapa
TaOMaTUHU YPraHWIAW Ba €YMMHHUHI MAaBXYMJIWTA Ba SITOHAIWTHA TeopeMalliapu
UCOOTIAHIN.

TagKNKOTHUHT aMaJInil HATWKAJIAPU KyHuIaruiapaad noopar:

runepOoSIMK TEHIJIamMasap Ba TEHIVIaMajap CHUCTeMalapd YYyH HOMAabiIyM
yerapajlid Macajajiap KYpUHUIIUJArd MOAUUKAIMS KUJIMHTaH MaTeMaTHK
MoOJeJUIap, UIYHUHTJEK TaBCHUsl DJTHJITaH TaJKUKOT METOJjIapu peJlakCalluoH
XyCyCHUSITra sra MyXHUTAaru Typau QUMK xkapa€Hiapra KYJUIAHWIAIIA OWjaH
W30XJIaHAIH,

HOMAbJIyM derapaid TUNEpOOJUK Macajiajap ra3-TUApOAMHAMUKA Ba
ENMUIIKOK-TUTACTUK AedopMalus Macaiajiapyujia Macca KY4dulllu >kapaéHiapura
KYJUIAHWJIALIA MYMKUH.

TagkKuKOT HATHXKAJTAPUHUHT MINOHWIWIMIA (QYHKIMOHA  aHaJu3,
nuddepeHiman TeHrIaManap Ba MaTeMaTuK (GU3MKa, MaTeMaTHUK MOJICIIIAIITH PUIILI
METOJJIapd Ba aMajguid MaTeMaTUKAaHWHT OOIKa SHTU  HATWXaJlapuJaH
doiinananran xoJija MaTeMaTUK (PUKPIANIHUHAT KATHUUAIUTH OUJIaH acoCaHaIu.

TagKUKOT HATH/KAJIAPUMHHUHI WIMHHA Ba aMajJuMl axaMuATH. TagKuKOT
HATIDKAJIADUHUHT  WIMHH  axaMusiTd  Xycycuil  xocwinanu — auddepeHiual
TEHTJIaMajlap Ba MaTeMaTUK (uU3MKaga, HOMAabIyM derapaid Macajajiap
Ha3apusACH/a Ba Typiau QUMK KapaCHIAPHUHT MaTeMaTHK MOJICIUIApUHMA KypHUIIIAa
doiinanaHuIl MyMKHH.

TagKUKOT HATWXKAJIADHUHT aMalliid axaMusTH (U3MKa Ba OHOTHOOMETHATM
xapa€Hiiap MOJIeJUTApUHU KyPHIIJIa KyJUIalll MyMKUHIIUTH OUJIaH aCOCIIaHaIH.

TagKuKOT HATHKAJAPUHUHI JKOPUH KWIMHMIIK. bupuHum TapTuOiu
rUnepOoIMK TEHTJIaMallap CUCTEMAcd YYyH HOMAabJIyM 4derapalid macaiaiap
OyiirJa oJMHTaH HaTHXKajdap acocHa:

KYYUIITHUHT YYUHYU TApTUOJIM pPENaKCallMOH TEHTJIaMacu y4yH Oup KaTop
MyXHM MaxCyCJIHKJIapra sra HOMabJIyM uerapaiud maTeMaTuk moxaenuaaH MJI-
758.2022.1.1 pakammm «TeOpanuin Ba TYWHHTaHIWK >KapaCHIApUHU YpraHUII
Makcaauaa Kacp TapTHONM JUHAMUKACMHMHT MATeMAaTHK  MOJCIUIAPUHU
PUBOXJIAHTUPHUII» MaB3yCUAAru XOPUKUN TPAHT JIONMXACKIa HOMAbJIyM Yerapajiu
Macca aJManiMHyBU MacananapuHu eunmiaa (oigamanwiran (Kamuarka [laBmat
yauBepcuTeTHHUHT 2022 Hiun 28 nHosOpmarn Ned42-12-coHau MabyMOTHOMACH,
Poccust). Mnmuit HaTH)XKaHUHT KYJUTAHHWINW TYMPOK-aTMOC(epa TH3UMHA PaJoH
y3aTHUII )Kapa8HUHU TaXJIAJI KWW UMKOHUHA OepraH;

HOMAbJIyM dYerapa cudatuga JOMMHUH OOCHMM  TpaaWeHTH  OwuiaH
OoITKapuIaIural KaHATHUHT WYKH SAPOCH Ba TAIIKU KATIAMHH aKPaTUO TypyBUYH
CUPT KapajiaguraH MakCBEJUTHUHT TUIIEPOOJIMK Teaerpad TeHrIaMacuHu Y3 Uuura
onyBun Mmacana eunmugad BEOT-Dtex-2018-149 pakammu «Unsukcus yerapasuii
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maptiaap OwinaH OepwiraH UWKKM KOMIIOHEHTIM MyXuTiaapaa (uibTtpanus
XKapa€HUHU MaTeMaTHUK MOJEUIAIITUPUI» MaB3ycujaard (GyHaaMeHTal Joinxana
UKKUM KOMIOHEHTIIM MyXHTiapAa (QuibTpauus CUCTEMaJapUHUHI aBTOMOJEIb
euMMIIApMHY KypHuIaa (oiinananuiran (Y36ekucTod MUIIHil yHUBEPCUTETHHIHT
2022 #mn 8 oxrabpmaru  Ne04/11-6174-connu MabiymoTHOMacu). Mnmuit
HATWKaHUHT KYJUTAaHWIWIIY YM3UKCHU3 YerapaBuil maptiap OwiaH OepuiiraH MKKU
KOMIIOHEHTJIM ~ MyXHUTiapaa  (QuibTpalus  CHUCTEMaJapUHUHI  aBTOMOJIENb
€UMMJIADHUHT BaKTHUHI YE€KJAHMaraH KuilMaTiapuja TaOUMaTMHU aHUKJIAII
MMKOHUHU OepraH.

TaakuKoT HaTWKAJaAapUHUHI anpolaumscu. Jlucceprauus WIIMHAHT
acocuil HaTWXKajmapu 5 Ta xaukapo Ba 1 Ta pecnyOnuka HIMUK-aMaIui
aH)KyMaHJIapuaa MyxoKkamajaH YTKa3uiraH.

TaagKMKOT HATHKAJIAPUHUHT JbJOH KWIMHraHauru. Jluccepranus
MaB3ycu OVitmua >xamu 12 Ta WiIMHUI Uil 4om STWiIraH 0ynu0, mrynapaad, 6 tacu
V36exucron Pecniy6imkacy Ouuit aTTecTalus KOMUCCHSICHHUHET (ascada JOKTOpH
nucceprauusiapu (PhD) acocuii unMuii HaTHKanapyuHUA YOM STUIL TaBCHUsI ATUITaH
WIMHIM Hampiapaa, xymiagad 1 Tacu XOoprkuii Ba 5 Tacu pecnyOiiMKa MIMHUN
KypHaJIapuaa Hallp dTUITaH.

JluccepTauMsIHUHT TY3WJIMIIM Ba XakMmHu. Jluccepranus Kupwuil, TYpTTa
0600, xymoca Ba (QoiganaHwiraH anabuérinap pyWxaTuIaH TalIKUI TOITaH.
HNuccepranusauar XaxxmMu 105 6€THU TalIKuiI ATraH.

JTACCEPTAIIUSITHUHI ACOCHUI MASMYHHA

Kupum xucmupa aumccepranys MaB3yCHHUHT JOJI3apOJMTd Ba 3apyparu
AaCOCJIAHIraH, TaJAKUKOTHHHT Y36eKucToH Pecry6imkacu (aH Ba TEXHONOTHSIIAP
PUBOXKJIAHUIIMHUHT YCTYBOp HYHalIUIUIapUura MyBOGUKIUIY KYpcaTWiraH, ymoy
JUCccepTalds MaB3ycu OYHMYa XOPWXKHH WIMHN TaIKUKOTIApra YMYMHUNH TaxJIHII
Oepuirad, MyaMMOHUHT YpraHWITaHJIUK Japa)acu KypcaTHIITaH, TaIKUKOTHUHT
Makcaad Ba Basudanapu KEITHUPUITAH, TAJIKUKOT OOBEKTH Ba MPEAMETH
KypcaTW/IraH, WJIMHNW SHTWJIATH Ba TaJKUKOTHUHI aMaJIMMd  HaTWXallapu
TACBUPJIAHTAH, OJWHTAH HATWKAJIAPHUHT Ha3apvil Ba aMajauil axaMusiTH O4Yu0
Oepuiras, TaIKUKOT HaTHOKAJIADUHU aMaluérra TaTOUK ATHIIL, YO STUIITaH UIILIap
Ba JUCCEPTAIHs TY3WINIIN XaKuIa MabIyMOTJIap OepuiraH.

HMuccepranusg UWIMHUHT «['HIepOOJMK TeHIIaMajlap CHCTeMacH Ba
HOMABbJYM Yerapaju macajajap Ha3apusicujiaH 0ab3d MabJayMoTiap» 1ed
HOMJIAHTaH OWpHHYM O000WJa TAIKUKOT HATWIXKAJAPUHHU TaKJIWM OTHIIJIA
doitnananunaauran 6ab3u MabiIyM (pakTiIap KeITUPHUITaH.

Kypunanuran HOMabayMm derapaiu Oapua macajanap YU3MKCU3 XapakKTepra
ara Oynrannuru cababiu, UITHUHT aCOCHM MaKcaJu anpuop 0axoJapHU OJIUIN, Ba
ylap acocuaa Oup KUAMATIU €YWITYBUAHIMK XaKUJard TeopeMalapHH MCOOTIAII
(OyTyH BakT maBOMWHa), BAaKTHUHT dYerapajaHMaraH KuWMatriapuia HOMablyM
gyerapajnap TaOWMAaTHHM Ba EUYUMIIADHUHT alpUM XOCCAJApUHHU YPraHUIIIaH
noopaTaup.



JluccepTauussHUHT UKKUHYM 000M  «PeakcanMoH XycycHMATra 3ra
MYXUTJIapAaru macajanap» 10 HOMJIAaHUO, KYYMIIHUHT  peJaKkCcaluoH
TEHIJIAMacH Y4yH Macajaiap ypraHuiira OaruiiaHraH.

Nxxnnyu 000HUHT OMpUHYM nmaparpaguaa Ou3 KYYHUIIHUHT peJaKkCaluoH
TEHIJ1IaMacu yuyH PIOpUH TUIUAATM HOMAbJIyM Yerapaid MacallaHd YpraHaMus.

Makcemn-Karraneo-Bepnortu (MKB) TeHriaMacMHUHT 3HT OJIUNA YMYMUN
kypunuimy ['roep—Kpymxancn (IK) momenu 6yiaub, y 7q, +q+kVT —k’Aq=0
KypuHHIIra sra Oymamu, Oy epaa r-pelnakcamus BakTh, K’-muccumarms
napameTpu Ba T -Temneparypa, (-OKuM.

'K tunuparu tenrnama k> =0 6ynranga MKB tenrnamacunu Ba 7=K* =0
oynranna @ypbe TeHrnmamacuHu ¥y3 wuuura onagu. ['K TenrimamacuHuHr Oy
XYCYCUSITU TEMIIEpAaTypaHUHI TYJIKMHCUMOH TaOuatuHu Xam, Juddy3roH
TaOMaTUHU XaM MOJEJUIAIITUPUII UMKOHMHM Oepamu. By ( HM HyKoTHUIn ydyH
WYKUM OSHeprus OamaHcu TEHIJIaMacu KYJUIAaHWITaHAa aHUK  KYpUHAAM:
pCl.+V-q=0, p 3uwiMKHM Ba C UCCUKIMK CUFUMUHU XHCOOra oJicak

7T, + T, =aAT + k*AT, TeHrnukau Ttomamus, Oy epaa a=-— - TeMmmeparypa
C

YTKa3yBUaHINK KO3 PUITMEHTH.
k?=ra Oyaran xonmat ®ypbeHUHTr pe30HAHC WapTH Aehmnanu, K’ <rza
Oynaranma sxapaéHga TYJIKUHCMMOH Tabuart, K°>ra 6ymranma sca muddysuon

Tabuar YCTYHJIMK KHWJIAOH.
2

Huccepramusina a=— Oynranga D, = {(X,t) ‘0<x<s(t),0<t<H } coxana
T

Kyiugaru (1) Tenriama yuyH Oouutanfuy maptcu3 Ba S(0)=0 Oynamuran
HOMabJIyM derapanu OIopuH TUUIAru KOPPEKT YerapaBuil MacajaHu ypraHaMu3
T+7T, =a(T +7T ). 1)

Hactnadb o6m3 O<t<H opamukmga y3nykcus auddepeHnnaniaHyBud Ba

s(0)=0, s(t)>0,0<t<H maprmapan xKanoarnmantupyBun S(t) (yHKIUSHM Ba

D, \(0,0) coxana xocunamapu 6uan oupra ysmykcus Oynran Ba Gapua O<t<H

Japja Kydugaru mapTiapHd KaHoaTIaHTHUPYBYM (1) TEHrIaMaHUHT €YMMUHHU

TOTIAMH3

T.(0,t) —aT(0,t) =w(t),

T.(s(t),1) =0,

T, (s(t),t) =0, (2)

T(s).t) = [dy [ q(s(&). £)de,

Oy epma a, 7, o«a(uccukauk anMamum Kodbdummentu), H - wmycOar
y3rapmacnap, v (t), J(x,t)-6epunran dyukusiap, oyuaan tamkapu y(0) =0, Ba
q(x,t)  oyakoms  {(x,t): O<x<X,, t=0} coxama y3nykcuz Ba (x,t) <0
TEHICU3IMKHHA KAHOATJIaHTHPAIH.
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Mynan Tabkujnam kepakkd, (1) kypuHumgaru TteHrinama ydyyH DiopuH
TUNUAArd Macajia OMpUHYM MapTa KYpUIMOK/IA.

Kapanaértran @®nopuH wacamacu Oup KaTop Maxcyc XycCycUsTIapu
MaBKyaaurn Ownan TtaBcuduanagu: t=0 OYynranma coxa S(0)=0 nykrara

ailaHaau, SbHU HOMabiayM derapa X =0 man Oonutananu; kugupuiaérran T (X,t)

(GyHKIMS Ba YHUHI XOCHJalapyd KOOpJMHAaTa OolIMJa Y3WIMIITra 3ra; HOMabiyM
yerapa y4yH LIapTJiap OMIKOpMAc KYpUHUIAa OepuiraH; yerapajaHMaral BakT
OpaJMFU]Ia HOMAbJIyM YeTapaHUHT TaOUATH HOMABIIYM.

Sarn T (X,t) + 7T (X,t) =u(x,t) pynkums kuputuo, (1) Ba (2) mapman T (X,t)

Y4YH KyHHJIard MacajlaHu OJIaMU3
T(X,t)+ 7T (x,t)=u(x,t), (xt)eD,,
T(s(t),t) =o(t), O<t<H,

6y epra (t) = [dy [ T(s(£). E)dE .

by wmacananunar euumu  (S(t),u(x,t) JapHM ToNraHMMHU3OAH  CYHT)
Kyhugaruda 0ynanu

T=e (s )+ 2 [ e utxnan, ©
Oy epaa S (X) dynkuus X = S(t) HuHr Teckapu QyHKIUSICH.

Kyiinnarn macananun onamu3: Illynmain  dyskmusuiapan — u(X,t),  s(t)
toruurku , S(t) ysnaykceus nquddepennnamianysun Ba 0 <t<H O6yaranma s(t) >0
Ba S(0)=0, u(xt) d¢yskums y3uHmHr U (X,t) Xocwiacu OwiaH Oupraniukia
D, \(0,0) coxana ysnykcus Ba Kyiuaaru mapTiIapHu KAHOATIAHTUPAIH
u=u_(xt), (xt)yeb,,

u (0,t)—au(0,t) = f(t), O<t<H,

u(s).t) = [a(s(n). m)dr,  O<t<H,

u,(s(t),t) =0, O<t<H,

6y epma f(t)=7y/'()+w(t), a=l, Q(S(t),t)=TC_1(S(t)7t)+tfq(3(cf),5)d§- by

MacaJlaHMHT e4uMH X YKumard | HykoayBum kecmama Oepwiran OOIUIaHFHY
MIAPTIM HOMAbJIYM YeTapalii Macajla CY4MMUHUHT JIMMUTH KYPUHUIIUIA KypHIaau.

TagkukoT Kyhumaru cxema Oyinuya onmO Oopuiamu. Jlactina® Oepunran
Macajla WKKMHYM TapTHOJHM TEHIJIaMa Yy9yH Macajara YTKaswiaah. [puH
byHkumscu €paaMua €YMMHUHT KYpHMHHIOA Tommmamd. U(X,t) yuyn Oab3u

(4)

anpuop Oaxonap YpHaTWiaaW, Ba My Oaxonapaan QoiiganaHn®d EeYUMHHHT
ATOHAIUTY UCOOTIaHAIH.

Keitunrn kagamaa OonaHFud MapTid macaia Kypuiaaau, CYHrpa y macala
Crepan Tummaarm wacamara KENITHPWUIAAW Ba YJIAPHUHT OSKBUBAJICHTIUTH
ucootnanaau. Credan macanacu euumu yuyH llayaep tunugaru anpuop 0axosap
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VpHaTUIAAM Ba yjap acocuja MaBXyMJIuK Teopemacu ucOotinanagu. [y Ounan
Oupra, HOMabBIyM Yerapa yd4yH MablIyM OIpH YM3UKIAp &EpaaMuaa HWKKU
TOMOHJamMa Oaxonap YypHaTtwiaaw, Oy eca HOMabiaym yerapanunr t—0 naru
TaOMaTUHU YpraHuil UMKOHUHU Oepaju.

Ba HuX04T, BaKT 4ekcu3ra ycraHuja HOMAbJIyM 4Yerapa MabyM y3rapmac
COHT'a MHTWJIMIIHA UCOOTIaHAH.

1-nemma. f(t) sa q(X,t) zap yzaykcus ouppepenyuannanysuu gynkyusiap
oymo, f({t)>0, f'(t)>0, O<t<H, q(xt)<0, 0<xLx,, t=0, a=0

meHecusuKIapuu  Kanoamaawmupcun. Y xonoa D, coxada Uu(X,t)<0 ea

H
u (x,t) >0 menecuznuxnap 6axcapunaou.

1-teopema. Aeap 1l-nemmanune wapmaapu 6a Q (X,t) <0 menecuziux
basxcapunca, y xonoa (4) macanranune evumu s120HAOUp.

2-teopema. Yoy f (t) >0 menecuznux Oadxcapunub, f'(t) >0 xocuna
(O,H] oparuxoa [énvoep mavunocuoa yzaykcuz 6yncun, Q(X,t) @yukyus sca
V3uHune — (, (X,t), ad, (X,t), q, (X,t) Xocunanapu  6unanw  OupeanuKkoa
{(X,t) 0<x<x,0<t<H } mypmoypuaxkoa  yzuykcuz  o6yaub,  q(X,t) <0,
q,(xt)<0, q, (xt)<0, q,(x,t)>0 menecusnuxnap basxcapuncumn, y xonoa (4)
MACANAHUHE eYUMU MABIHCYOOUD.

bynman Ttamkapu X:S(t) HoMmawiayMm derapa (0,T] muTepBanma y3mykcus

muddepeHnramIaHyBuu Ba S(t) >0 xocuna ['€npaep mapTHHU KaHOATIAHTHPAIH,

u, U, uump osca D,\(0,0) nma ysykcus Ba  uXTUEpHMIL
{(X,t) 0<x< S(t), 0<o<t<H } TyIiamaa ['€npnep HIapTUHU
KaHOATIaHTUPAIH.

2-1eMMma. (U '(x,1),5, (t)) Qyukyusiap sHcypmu Kyuuoazu Macaianune edumu

OyICUH

UL (xt)-U!(xt)=0, (xt)eD,,

U'(x,0)=¢/(x)=0, 0<x<I,

U!(0,t)—alU'(0,t) = f/t), O0<t<H,, (5)
U'(s (t),t) =q(s (t),1), O<t<H,,

U5 ().1) = —a(s,(). D8, (1), O<t<H,.

YV xonoa (u'(X,t),S| (t)) 6y epoa

u'(x,t) = f,(t)x + Tdfiu '(y,t)dy +(ax +1)jU '(0,7m)dn +(ax+1)¢,(0),

Kyuuoasu Macaianuxe euumu 6yiaou
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(t)=f(t)+e(l),0<t<H, (6)

t
UI(5|(t)’t):IQ(5|(77) 77)d77+(o|(|), 0<t<H,
0
oy epoa @, (X)—qekcus’ mapma oughghepenyuannanysuu ynkyus 6yauo, (pl'(X) >0,

(pl"'(x) >0, (pl'(l) =0, go,”(l) = q(I,O) , 1,(0)=¢/(0)—ap (0) rap ypuriu, 8(') aca
| 6yuuua monomon ycysuu ¢pynrxyus sa | —0 oa e(l ) — 0 6ynaou.

Keitun, Oup xarop nemMMmanap wucOOTIaHaAW, yiapaa  KUJIUpWIAETraH
Gyukuusutapauar | OVitnua Oup ymyamiau anpuop 6axoiapu YpHATUIIATH.

Ba oxupuma, cranmapt EHmamyBHU KYyJIiga0d MaBXyMJIUK TEOPEMAaCHUHHHT
ucOOTHHU sikyHnaiimu3. (5) Ba (6) macanamapaunr uxtuépuit [0,H,] opamukna

eYUMHU MaBKYIUrd ucboTnananu. ONUHraH HaTHxanapaasn goiinananu6, U'(x,t)
Ba U!(x,t) ¢ynxmusnap [énpnep wopmacu yuyn | <| 6¥yiimua Gup yauamum
Oaxonap onamu3. bynnan | <l OYyiinua 6up ymuammm $ (t) GyHKIUSHUHT [O, H]

kecmaza ['énpaep MmApTHHU KAHOATIAHTHUPHINU KEIuO YMKaId, Ba MapabOoJIUK
TeHrnamanap ednmu ydyH Illaymep tunmaarn 6axonapra acocnanu6 U'(X,t) Ba

U!(x,t) xocunanapuunr | 6yitnua Gup Ymuamum ['énpaep HOpManapu UXTUEPHI
{(x,1): 0<S<t<T, 0<5<x<5s (1)} TYIIaMaa YyerapajgaHraHIUTHHH

TONMIIMMA3 MYyMKHUH. Jlemmamapga §ypHatwiran OaxonapmaH Ba — Apien
TeopemacuiaH (oiinanmann® MaBKyIJIMK TeoeMacu HCOOTHHHU TyraTaMu3.
Homabnym derapa acHMMNTOTHKACH XaKHIArd TEOPEMaHW KEITHPaMU3.
XakukataH, Oepwiran ¢pyukuusiap 6apya t >0 nmap yuyn anuknanrad ne6 dapas
K MyMkuH. KOKopuaa onuHran HaTwkanapaaH Qoimananub, S(t) ¢dyHkuus

t >0 nma karpuii yCyBUM Ba YerapajaHTAHIUTH TOMUIAIH.

f(t
3-Teopema. t—>o Jda ¥—>+oo ypuHau — Oyiacum, 'y  Xo010a

tIimS(t) = S(+0) = X, meHenux badxcapunaou.

WNxxkuaun OOOHMHT MKKMHYHM nmaparpaduia penakcanus TEHTJIAMacH Y4YyH
TYJTKUHCUMOH €4UMJIap YPTraHUITraH.

TYIKMHCUMOH e4yuMilap Maxcyc Typra TEeruiuiu Oynu0, yjnap oaarna yTUIn
Kapa€HJIApWHU  TacBUpPJAWAW. XapakaTJaHyBUM TYJKAHIIAD HA3apUSICUHHUHT
acocWii Macamamapy Kartopunaa Ou3 TYJIKUHIAPHUHT MAaBXKYUIUTH, KHIAK
TeOpaHUIIapra HUCOaTaH TYJIKUHIAPHUHT 0apKapopIury Ba riiodan GapKapopiiuk
Ba TYJIKUH TE3JIUTMHU aHUKJIAIl MacalalapUHH KeITUPUIIUMHA3 MYMKHH.

Bynnaii eunumnap ycyBuu €k kamaroBuM OYiauO, pa30BUIl MyXUTIA JOUMUN
TE3JIMK/A TapKaJIaJIu.
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Ymby Tagkukorna OuW3 penakcaloH MOJEIHU YpraHuiml Ba KyHduaarua
TCHIJAMAHUHT TYJIKAH €UYUMIIADUHU KypUII Y4yH SIHTM EHIAITYBHH TaKIH(}
KWJIaMU3:

cT +T +7T, =a(T, +7T,)—[F(T)].. (7)
(7) Hu Kyuaaru KypuHuIaa €3aMmmus
a(T, +7T,)—7T, =cT +T +[F(T)],, (8)
Oy epna C- kyuum kodpdunuentu (teznurn), F(T) - ynsukcus GpyHKIus.
T=T(%), &=x-ct 9)

KYPUHUIIKUJATKH €4YMMJIap XapaKaTIaHyBuW TYJIKuHiap Oymaau. (9) wu (8) ra
Kyicak & aprymeHT (Y3rapyBuM) Oyilnua yduH4M TapTUOIM oaauil nuddepeniman
TEHIJIamara Kejaamu3

(@a—zc*)T"+arc’T" =c’[F(T)]". (10)

T(&) =const ¢pyukius (10) HUHT TpUBHAT €YUMHU OYIaau, IIYHUHT YUyH
imT(©)=T", lmT(&)=T", (11)
TEHTJIMKIIAp YpuHIU OYiacuH neiimu3, Oy epaa T~ =T Ba T~ Ba T map mabiaym

y3rapmaciuiap.

busnuHr  acocuii  BazupaMM3  XapakaTiIaHyBYM  TYJKWH  CUUMHHHT
MaBXXyJTATMHY KadoaTIaiIurad MapTHA TOTHIIIND.

1-tabpud. (8) menenamanune xapaxkamiamyeuu myaKuH eyumu o0ed Oup
yauamau  gaszooaeu R coxa oyunab6 C€>0 Ooumuii myakum me3nuxoa
mapkanaouean T (X,t) =T (x—ct) =T (&) xypunuwoacu maxcyc ewumea aumunaou.

BU3HUHT XoNlaT/aa TapKaJIyBYM TYJIKHHIAPHUHT MaBxkymiuk macanacu (10)
TeHrnamanur (11) Ba
& — oo 6ymranma T'(&), T"(£)— 0. (12)
mapmiapau kanoatiaantupyBur (T (£),C) euynMuHH TOMUIIAAaH HOOpaT.
(10)-(12) macananu e4nIra KUpUIIaMm3.
(10) au & nman +oo rava wHTepBajma wHTerpamwiad , (11) sa (12) napuu
xpcoOra oub, KyHuaaruay ToramMu3

(a—7c®)T'(&) +arc’T (&) =c’[F(T)]". (13)
Cynr, (13) vu £ man —oo rava Ba £ JaH +00 Tada MHTErpasuiao,
(@a—7C®)T (&) +arcT (&) —c’[F(T)]-(a—7zc®)T +c’[F(T)]=0, (14)

(@a—7c*)T (&) - c’[F(T)]-(a—7c*)T () —arc’T (&) + ¢’ [F(T)]=0. (15)

udonanapuu tomamus. Lllyngan cyHr

cl= a(T T 7)
(T -T)+F(T)-F(T)
(a—7c)T(E)+arc’T'(E)=c’F(T)+H, (16)
TEHIJIMKJIapra ara Ooynammus, Oy epaa

1
H ZE{(a—rCZ)(I" +T)-c’[F(T)+F(T"]}. Uynmait xuamb,  TYIKHH
TE3MUTMHUHT  KBaJpaTH  MKKATA  MabAyM  XOJATHHHT  YEKCH3JIHKIArH
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KuitmaTinapuaad (Qoiinananu® Ttommnanu. (16) nman HaBOatmarum nuddepennman
TEHTJIAMaHU TOTIAMU3

T (M), (a7)

6y epa ()= Loyt cry,

Tabkuamam Kepaxkkw, (17) HUHT MKKHTa MyBo3aHaT Hyktacu T =T Ba T =T map
oynamu, spau (T )= f(T")=0. (17) Hu uHTErpa/Iad, CYNMHHUHI OIIKOPMAC

KYpUHUIIVMHU TOIIaMHU3

T ods
5—950—%%’ (18)

Oy epna &, - noummii con Ba T (&) =T,.

HucceprauusHuHr  «l'a3-rugpoAMHAMUKAHMHI  0ab3u  Macajajgapu
Xakuaa» 7e0 HOMJIAHYBYM Y4YUHYM O00M  Tra3-ruJpoJUHAMUKa 0ab3u
MYyaMMOJIAPUHUHT MaTeMaTHK MOJIeJUIApUHM YpraHuilra OaruiIaHraH.

YyuHun OoOHMHr OupuHYM naparpaguaa Ou3 HOMAbIyM uYerapaiu
runepOoIMK Macaja KYPUHMIIUIATH Te3 OKYBUM CYIOKIMK OKUMH MOJIEITUHU
Yypranamus. Mojen Oup ymyamiu CylOKJIUK OKUMHUHM TacBUpiaiau. by okum arap
KyWIaHUII MabliyM OWp uyerapajaH IOKOpH Oyiica, YM3MKCU3 EMUIIKOK-IIaCTHK
CYIOKJIMK KaOu Ba arap Ky4yJlaHWIl ymoOy uerapajaH mact Oyica, HOKOpH
TE3JUKJIard CYIOKJIUK Kabu XapakaTr KUjau.

by xonaTtna HOMabJIyM derapa KaHAJIHWHI WYKU SIIPOCH Ba TAlIKU KATJIaMHU
aXpaTyBuu CUpT Oynaau. YMyMHIl MacaJaHUHT MypakKaOJUIMHU XUcOOra ojiraH
XO0J1/1a COAAAIAIITUPUIITaH BapUAHT Kapajlaln

0, +2w0, =0+ B, xe(st)l), t>0,

0(x,0)=6,(x), 6(x,00=0, s,<x<lI, s(0)=s,, 0<s, <l,

6(1,t)=0, t>0, (19)
o(s(t),t)=V,, t>0,

0,(s(t),t) +80.(s(t),t)=-p4%, t>0

Oy epma f3°, 2W::—e,te = L\/E , 1l - MycOar mapamerpiap, 6(X,t) - EmUIIKOK-
7]

r

9JIaCTHK COXa MaﬁI[OH TCSHI/IFI/I,VO - HYKU AP0 TC3JIUI'H.

MabiaymMku, Ta3 THUIPOJWHAMUKACHHUHT KYIIad MAaTeMaTWK MOJeIapu
CakJaHUII KOHYHJApH acocura KypuiraH Ba TaOuuil >kapaHIapHH aJIeKBaT
TaBCcU()IIOBYM OMPUHYHN TApTUOIN TEHIIamajap cucteManapuaal noopar.

Ymby wynoxazamapgaH kenud 4YWMKAO MacajaHW OSKBUBAJCHT IIAKIIA
OMpUHYYM TapTUOIN TUTIEPOOTUK TEHTJIaManap CUCTEMACH yUyH KaiTa €3amMu3
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col, +q, =4 st)<x<l, t>0,

7q, +q+KkT =0, s(t)<x<l, t>0,

T(x,0)=T,(x), q(x,0)=0q,(x), s,<x<I, (20)
T(,t)=0, T(s(t),t)=T, t=0,

T (s(t),t) + ()T, (s(t),t) =-p°, t>0

Xakukara, arap (20) macanana q(X,t) Hu HiyKoTCak, y X012 TEHIIIaMa MOC

OoluTaHFHY-YerapaBuii mapTim | (X,t) ¢ynkuus yuayH (19) macanara yraau. Arap
cpo=1, B*=p Ba r=k=1 nmap ypumnm Oyncun ne6 ¢apa3 KuimuO, SHTH
GyHKUUMSATIAp KUPUTCAK

T(x,t):“—;", q(x,t):%(u—v), (21)
HaTmwkaaa U(X,t) Ba v(X,t) dyHKIMsIap y9yH KyHuaard macaiara sra OyiaMus3

ut+ux+%(u—v):p, s(t)<x<l, t>0, (22)

vt—vx—%(u—v):p, st)<x<l, t>0, (23)

u(x,0)=®d,(x), v(x,0)=d,(x), s, <x<l, (24)

u(l,t)+v(l,t)=0, t>0, (25)

u(s(t),t) +v(s(t),t)=2T, t>0, (26)

(u, (s(t),t) + v, (s(t),t))L-s%(t)) =-p°, t>0, (27)

(S+D(v (s(t),t)+ p)=—p, t>0. (28)

by epma @, (x)(1=1,2) ¢yskuusmap ysnykcus auddepeHIuaIanyBud Ba
p>0, T >0 renrcusnukiap 6axxapuiaiu.

OHu KunupwiaéTrad QyHKIUSUIAP YUYH anprop 0axosap ONUHAIH.

(22) Ba (23) TeHrnaMajmapHUHI  XapakTepucTukaizapu X+t =const
KYypUHUIIAA OYNTaHIUTH Y4YyH, Macajia KOPPEKTIUTM Ba TJ00al EYUMHHHT
MaB)KyJUIMTUHA TabMUHIIAIIA, aBBalo, |S(t) |[<1 6aXxoHM YpHATHIIMMU3 KEpak.

Arap (27) maptaan ¢oiinanaHcak, y X011a UKKATa X0JaaT OYIUII MyMKIUH
a) (u (s(t),t)+v,(s(t),t) >0, (L-s°(t))<0;
6) (u (s(t),t)+v (s(t),t)<0, (1-3$*(t))>0.

busra 6) xomat moc kemamm. Arap (U (s(t),t)+v (s(t),t) <0 Tenrcuszmuk
Oaxapuica, y xonna |S(t)|<1l 6ymamu. busaunr xomatma —1<$(t) <0 Oaxonm
Yypuatuin 3apyp, 0y asca |S(t)|<1l wuHr xycycuit xommmup. (28) man kypuHuO
1< P

v, (s(t). )+ p
VPHATHUIINMU3 KEPAK.

(22) Ba (23) tenrmamanapuunr (S,,0) Ba (1,0) HykTamapman yTyBum Moc

TypuOJIHUKH, Ou3 <0 (éxm v (s(t),t)+ p<0) TeHrcu3mUKHU

X—t=s, Ba X+t=I| xapakrepucrukanapunan ¢oinaranud D coxanu D,,i =14

16



TyprTa Kucmra Oymamus. D ,uD,, D uD, D,uD,, D,uD, coxamapna

XapakTepucTuka OYinad wuHTerpaanviap EpaamMuga €YUMHHUHT HOAACUHU

TOMAMM3 Ba ylapAaH Kyiuaaru seMmmaigapHu ucOotiamia gpoiganaHnaMus.
3-nemma. @apaz gunauaux U,V, S(t) @yuxkyusiap (22)-(28) macanranumne

eyumu oyacun 6a @, (X)<-2p 6a D,(X)<-2p wapmnap baxcapuicun, y xonoa
V. (X,t) <—2p 6a —1<(t) <0 nap ypunau 6yraou.

4-nemma.  Aeap  |u(x,0)[<M, 6a |V(X,0)|<M,  menecuzruxnap
{(x,t):s(t)<x<1,0<t<t} coxaoa ypunau 6yaca, y xoroa |U(X,t)|<N sa
|V(X,t) [ N menecuzruxnap xam ypuniu 6ynaou.

5-nemma. @apaz gunawaux  Uu(x,t), v(x,t), s(t)@yuxkyusiap (22)-(28)
macananune euumu  oyacun  eéa —1<S$(t)<0, |u(Xt)IKN, |v(Xt)|EN,
lu (X) I N,, [vi(X)|I<N,, 0<t<t  nap  6asxcapuicun. VY xonoa
lu |, v |, lul,|v,|[£C, 6y epoa C bepuncannapea 6oenux yzeapmac com.

4-teopeMa. Aeap 3-5 nemmanapnune wapmaapu 6asxcapuica, y xonoa (22) -
(28) macananune U(x,t), v(x,t), s(t) euumu masocyo sa sconaoup.

4-TeopeMaHMHT HMCOOTH JaBOMHUJA Ky3raimac HyKra Xakunaru [llaynep
IpUHIMIHAaH (QoiiiasaHaMus.

YyuHun 00OHMHI MKKUHYH naparpaduaa OupuHYM TapTHOJIU TUNEpOOTHK
TCHrIamMajiap CHCTEMAacH Y4yH HOMabayM Yerapajiy Macajia ypraHuiaiau.

Kyitnmaru o(x,t), n(x,t), s(t) ¢yuxkuumsnapau tommmn Tanabd STHICUH, Oy
epla WMKKH Mapra y3iaykcu3 auddepeHnuamianyBun S(t) dynkmus t>0 na
anukianrad Ba S(0) =1, $(0)= g mnap ypunnu, o(x,t), n(x,t) byskumsiap sca
D (D={(x,t):0<x<s(t),t >0}) coxana anuknanran 6ynmmo, t >0, 0<x<s(t) na
Ky#HHIard TeHrjiaMmajaap CHCTEMAcH Ba IIapTIapHU KaHOATIaHTHPAIH

{at +an, +cn =0, (29)
n, +ao +co =0,
o(X,0)=0,(x),  n(x,0)=n,(x), xe[0,l], (30)
n(s(t),t)=s(t), »(0,t) +axo(0,t)=1(t), t>0, (31)
§+vs=Ao(s(t),t)—AF(s(t),t), s(0) =1 s(0)=n,(1) =2, (32)

oy epra a>0,c>0, a>0, >0 Ba v>0-y3rapmac comnap, F(X,t) byHnkuus

sca OMPUHYM YOpaKaa aHUKJIAHTaH Oepurad QyHKITHUSI.
Saru QyHKIMSIIap KUPUTAMU3!

u(x,t) =o(x,t) + n(x,t), (33)
v(x,t) = o(x,t) —n(x,t),
Ba HaTmkazaa (29) - (32) macana KyWnaara KypuHHIITA YTaJIH:
u,(x,t) +au (x,t)+cu =0,
(34)
v, (x,t)—av (x,t) —cv=0,

U(%,0) = $(X) = 3, (X) +7,(%), V(X,0) =y (X) =5, () ~7,(x), 0<x<l,  (35)
L+ au(0,t) —(@-Dv(0,1)=2f(t), t>0, (36)
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§(t) = u(s(t),t) ;V(S(t),t)  iso (37)

§+VS:ﬂu@aL0;V®a%0—lF@GLD, t>0, (38)

(37) Ba (38) mapHUHT KOMOMHALMSCHIAH TOITAMU3
§+(A+v)S=2eg(s(t) —at) — AF (s(t),1), t>0, (39)

dx
(34) cucremaHMHr  XapakTepucTHKamapu —==ta  auddepeHman

dt
TEHTJIAMaHWHT UHTETPaJl YN3UKIapu cu(aTHIa aHuKIaHa .

Hactna® KyWuiaraH MacaJlaHMHI KOPPEKTJIMTM Ba T1j00ail  €YMMHHUHT
MaBXY/UIMTUHA TabMUHJIAIl MaKcaauaa, HOMablIyM derapa yayH UKKH TOMOHJIaMa
0axomap ojJaMus.

dapa3 kwmaiauk, F(X,t) dyskiuus y3nykcu3z Ba X Oyinmya Jlummmwig
IMIAPTUHU KaHOATIaHTUpamu, ¢, ¢ Ba [ ¢yHkuusuiap sca Jlummmi mapTuHu
F(x,t)|<F, Ba AF_ <a(i+v) nap

a(A+v)—AF_

KaHOATJIaHTHUPAIH. NisuHr JaBOMMKJA,

Ypunnu OyiacuH ned onamui. Y xonga M = MycOar €ku HoJra

TEHT OYnaau.
5-teopema. Aeap |¢(X)| <M 6ascapunca, y xoroa |$(t)|<a, t>0.

6-Teopema. Aeap S-meopema wapmaapu 6axcapunca, y xonoa (34)-(39)
MACANAHUHE eqYUMU MABHCYO 84 A20HAOUD.

Huccepranus umuHUHT «TyTam MyxXuT/iaap MeXxaHMKacu Macajiajapu
ne0 HOMJIaHTaH TYPTUHUYM OO0OM »dIACTUK-TUIACTHK jAedopmalds Ba Ta3
JTUHAMUKACUHUHT HOMAbJIyM uerapajyd UKKHA (a3zalud MacajlajlapuHU YpraHMIITa
OaruIIUTaHTaH.

Typruaun  GOOHMHT  OMpUMHYM  maparpaduaa  2JIACTHK-TIACTUK
nedopmanustauHT [Ipanari-Peiicc TeHrmamanap cucreMac Kypuiaim.

Mabiaymku, 3JIaCTUK-TIJIACTUK nedopMausSHUHT [IpanaTn-Peycce
TEHIJIaMAJIap CUCTEMACH KyWHAarnda KypUHUIITa 3ra

p(u,+uu,)+(p-s), =0, (40)

p.+(pu), =0, (41)

st+usx—%yuxzo, (42)

Msvngﬁ, (43)

Oy epma p ( X, t) , u ( X, t) -MYXUTHUHI 3UYJIATA Ba TE3JUTH, S ( X, t) -Ky4JIaHUIII,
p=p ( ,0) -6ocum, uxtuépuii 0< p<oo mapma 0< p'( p) <oo Yypunnu, Y,-Muzec
noumwiicu, 1> 0-Jlame nouMuiicy.

(42) Tenrnama 3JIaCTUK MyXHTHA Oaxapmiaau. [lmacTuk MyxuTia Tabpudra
Kypa |S|:Y oynanu. (40)-(43) tenrmamanap cucremacu ydyH Komm macanacu

Kyiujarnya Kyuuiiaan
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P(%,0)=p,(x),u(x,0)=u,(x),5(x,0)=s5,(X),—0 < X <0 (44)

busnan (40)-(44) macanamarn (GuU3MK KaTTaTHKJIAPHH 3nacm1<(|s| <Y) Ba

mactu(|s| =Y ) coxanapaa Ba Oy cOXanapHu axpaTib TypyBdH HOMAbIyM 4Yerapa
yCTHU/Ia XaM TOIHIII Tajaad ITUIICHH.

Macana eunMu (QuU3MK MabHOra »ra OYIMIIM YYyH, IJJACTUK MYXHUTIA

1<w(x,t)<e™" (6y epma w(x,t)= £o ) renrensmik Gaxkapuicun 1e6 onamus.
P
MasbityMKH, p( X, t) >0 YYyH Kapayia€Trax CUCTEMAaHUHT

4

XapaKTepUCTUKAIApU XAaKUKUKM Ba Typauaup: A =U, A4,,=uUx p'(p)+3—'u. v
| P

XoNja Tabpudra Kypa cHCTeMa KaThUil TrHnepOomuK 6ymaam. YsrapyBuumap

yctyaa  anMamutupuinn - OakapranummsnaH  cyHr  (40)-(44)  cuctema

u+(p-s), =0, (Inp),=—pu,, s = gypux, |s| <Y xypunmumra kenamu.

dapaz KunaWnauk, OyTyH jAedopManusIaHyBYM coxajga S ( X, t) >0 Ba
0<s,(x)<Y, s,(0)=Y, §,(0)<0 maprnap 6axapuicus.

baw3u commamamtupunuiapaan  cyar, (40)-(44) cucrema yuyn Koru
Macaiacu Kod((PUIMEHTIapu HOMAbJIyM YHM3UK YCTHAA y3WIMINra sra OyiraH
runepOoIMK TeHrIamanap cucreMacu yuyH Kol Macanacura KelnTUpUIaIH.
Homabnym werapanu macana: U (X,t) , V(X,t) Ba X=h, (t) GyHKIMSUTApHA
TOMHUIII Tajaabd KWIMHCHH, Oy QyHKIwsaap h, (t) eC (t > O) NC'(t>0), h', (t) >0,
h' (t)<0, h (0)=0, uveC(t=0)nC'(t>0,x=h(t)) wapmapun Ba
KyHuJaru TeHriiaMaiapHi KaHOATJIIaHTUPCUH
u +a(v)v, = f(x),
v, —u =0, (x,t)eD,uD, (|s|<Y coxaoa),
1<v(x,t)<e ™,

u, +b(v)v, =0,
vV.—u =0, (X,t) e D, (‘S‘ =Y coxaoa),

O<%sv(x,t)s A< o,

v(h, (t),t)=e "™ u(x,0)=u,(x), v(x,0)=1, —0<x <00,
6y epma D ={(xt):—o<x<h (t),t>0}, D,={(xt):h (t)<x<oo,t>0},
DO={(X,t):h_(t)<X<h+(t),t>O} Ba a(v), b(v) Jap HUXTUEPHM V(X,t) yayH
y3nykcu3 QyHkmusinap, A-mycOaT y3rapmac CoH.

Yusukian macaja. bupuaun tTaptubnm y3rapmac KodhOUIHEHTIN YU3UKIN
TEHIJIaMajap CUCTEMACH YUyH Kylujarnya Macajia Kapanaau
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T, +a,0, +b,T, +¢,0, = fl(x)’
Q, + a12T1x + blZTl +C,Q, = gl(x)’ (X’t) € Dl U Dz ' (45)
1<q,(x,t)<e™v.

T, +a,0,, + blez +C,u0, = T, (X)7

0, + a22T2x + bzsz +C,0, =9, (X)’ (X’t) eD (46)

0!

O<%Sq2(x,t)£A<oo.

q,(h.(t).t) :exp{—so(hi (t))} g (h, (t),t)=a,(h,(t).t), (47)

T.(x.0)=T,(x), 6,(x,0)=0,(X), —0 <X <0, (48)

oy epaa a;, b, c, (i, J =1,2)-Ma’bJIyM y3rapMac COHJIAp,
f (X) . 0, (X) T, (X) , d, (X) -Oepunran QyHKIUSTIAPAUD.

2-u30X.  Ketiuneu  xadamaapoa,  maviym  oughghepenyuaniianysyu

dyuryusinapuu. (%), 9,(x)(i=34), a(t).b(t)(i=12) ap opxamu
Oeneunatimus, 6a MYpPAKKAO — AHUKIAHEAHAUSU  YUVH  YIAPHU — KYPUHULLUHU
KeTMUupMaimu3, 1eKux yiap ycmuoa 0av3u YeKkiosiap YypHamamus.

8-Teopema. f.(x),0,(x)(1=12), T, (x),q(x),s,(X)  @yuryusirap
V3IapUHUHE AHUKIAHUWL coxanapuoa UKKU mapma V3AYKCU3
ougpgepenyuannanysuu  o6yacun, Oymoan mawkapu b, =c,, b,=c, sa
-Y SSO(X)SO, 50(0)20, X<0 oa S'O(X)>O éa X>0 oa S'O(X)<0. YV xonoa
(45)-(48) macananune scona euumu Masxicyo.

TypruHun OOOHMHT MKKWHYM maparpagu ra3 IWHAMUKACHHUHT WKKH
¢dazany HoOMabJIyM Yerapalid Macajgacura OarviIaHTaH.

Macaia mMareMaTuk HyKTaW HaszapJaH KyHujaruda Kypuiaad: Oepuirad

(b,9,v,,¢,,vv,) bynxkumsnapra moc o, (X,t), 7,(x,t), 1=12, s(t) dyskumsapau
torum Tanad stuiacuH. S(t) ¢yumkumsa t>0, na aHWKIAaHTaH Ba WMKKH Kappa
muddepennmannanysun 6ynmu6 S(0)=0, $(0)=Db Ttenrnmukiap ypuunu OYyicuH,
o, (x,t), n(xt) dyskumsmap aca D, (i=12, D,={(x,t):—0<x<s(t),t>0},
D, ={(x,t):s(t) < Xx<+oo,t >0}) coxamapga aHuKIaHraH OYIMO KyHuaaru
TCHIJIaMaJIap CHCTEMACHHU Ba MAPTIAPHA KAHOATIAHTUPCUH

(x,t)e D, (49)

(50)

,(x0)=4(x), 7,(x0)=y,(x), -<x<0,
{cnl(s(t),t) =$(t), t>0,
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Oy, + C772x - % = O’
(x,t) e D,, (51)

My +CO,, _O-ZT_UZ =0,

0,(X,0)=a,, 17,(X0)=w,(x), 0<Xx<oo,
cn, (s(t),t) =s(t), t>0,

us(t) =o,(s(t),t) —o,(s(t),t), t>0. (53)
SHru pyHKIMsAIap KUPUTCAK:

(52)

{ui (xt) =o,(x,) +7,(x.), (54)
V(1) = o,(X,1) = 17,(X, 1),
{ f;(X) =4 (x) + vy, (x), (55)
g, (X) = ¢| (X) —V, (X)
VY xonzaa (49) — (53) macana Kyiugars KypuHHUILIHA OJIaIH
{ult (x,t) +cu, (x,t) =0, (xt)D, (56)
v, (X, t) —cv, (X,1) —u,(x,t) =0,
(57)
{UZt(X,t) +cu,, (X,t) =V, (x,t) =0, (xt)<D, (58)
v, (X, t) —cv, (x,1) =0,
u,(x,0)=f,(x), v,(x,0)=9,(x), —oo<x<0,
c . (59)
“[LOH-V60.01=50, 20
(54) uu xucobra oncak (53) nan
(50,0 - (50, = 28(0) + 2415() (60)

HH TOIIaMH3

dapa3s kunaimmk 6 = SUp %| f.(x)— gz(y)| TCHIJIUK YPUHIIA OYJICHH.

—0<X<L 0Ly <+
Macana KOpPpeKTIuIrH Ba TIa00ajd CYMMHUHT MAaBXKYIJIMTHHHA TabMHHIIALIL
yuayH, oupuHud HaBOatda, | $(t) |< C GaxoHM YpHATHUIIUMHU3 3apyp.

9-teopema. U (X,t), V.(X,t), s(t)(i=1,2) ¢@yuxuusap (56)-(60) macaranune
eyumu 6yau6, 0<6<1, |b|IKc(l—0) menecusnuxnapnu xamnoamianmupcut, y
xonoa |$(t)|<c, t>0.

10-Treopema. Azap 9-meopemanune wapmaapu ypuniu o6yica, y xonoa (56)-
(60) macananune ewumu masicyo 6a 120Haoup.
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XYJIOCA

auccepranys OUpUHYM TapTHOAM TUNEpPOOJMK TEHIVIaMallap CHCTeMallapu
Y4yH HOMAabJyM uerapajiud macajajapra Oarunuianran Oynu0, y3uga Dypbe
¢ dexTn 6yamaraH HOOJATUH Kapa€HIApHU AXIIUPOK TYIIYHUIITa UMKOH Oepaau
Ba KyMUJaru aCoCUM HaTHKaJIapra SpULLIAJITAH:

KYYUIIHUHT YYUHYU TapTUOIM PEJaKCAlMOH TEHIJIAMACH YYYH HOMAablIyM
gyerapaiud MaTeMaTHK MOJeN Takiug KWIMHrad. Y Oup Kartop MyXuM
MaxcycluKiapra osra, SbHM OOLJAHFUY BaKT/Aa cOXa HYyKTara ailliaHany,
KUIUpUIAETTal (QYHKIMA Ba YHUHI XOCHJalapyu KOOpJuHaTa OOIMIMAa y3WJIMILTra
Ara Ba HOMabJIyM Yerapa y4yH IIapT OIIKOPMAac KYpuHUIIAa Oepuiiaiu;

pelakcalMoH XyCycusiTra dra MyXHMTAa [OTEHUHAJJIAp TapKaJIUIIU
Kapa€HUHU TAaCBUPJOBYM XAPAKATIAHYBUYM TYJIKWH TEHIVIAMACH E€YUMUHHUHT
XOCCaJIapu YPTraHWITaH;

JOUMHIM OOCHM TpaJueHTH OusaH OOIlIKApWUJIaJAWraH KaHajljaru OKUM
XapakaTH HOMAabJIyM yerapaiu Macaja XucoOsianuO, MaKCBEUIHUHT TUIEPOOIHK
Tenerpad TeHTJIaMacu Ba y4uMHUM Jgapaxanu Onapoia-b tenriamacunu y3 mumra
onagu. Homabnym derapa - Oy UKKM COXaHM aXKpaTHO TYpyBUM CUPTAHDP, SbHU Y
KaHaJTHUHT UYKH SAPOCHU Ba TAIIKU KAaTJIaMHU aXTapud Typaju;

oup ¢azanu Credan TUNUIArd Macaja ra3 OWIaH TYJIIUPUWITrad Oup YI4oBIu
Oup yuu MaxkKamMJIaHTaH HUJIUHAP y4yH OepuiiraH BakT[a MOPIICHHUHT XapakaTu
Ba WYKAPUJAry Fa3HUHI XOJIaTUHU YPraHWITaH;

EMUIIKOK-TUIACTUK nepopmanus xKapaéHu MOZEIIH OynraH,
K03 puieHTIapu HOMAabJIyM derapa YCTHAAa Y3WIYBUM THUIEPOOIHK
TEHIJamMajlap CUCTEMacu Y4YyH YHM3UKIN AuddepeHunnan oneparop OYiaran xoi
yUyH Macaja eY4UMUHUHT MaBXY/UIMTY Ba SITOHAJIMTY TeOpeMalapy UCOOTIaHIaH;

MakxkcBemi-KartaHeOHUHT peiakcaioH (GopMysiacyu acocuia OJIMHIaH ra30-
JMHAMMKaHUHT UKKH (pa3any runepOoIuK MOJIEIN YpraHuIraH.
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HAYYHBIN COBET DSc.02/30.12.2019.FM.86.01

O NPUCYXKJEHUIO YYEHBIX CTEINEHEN ITPU
NHCTUTYTE MATEMATUKHW UMEHHU B.U.POMAHOBCKOI'O

HHCTUTYT MATEMATHUKH

YMHUPXOHOB MACBYJIXOH TYPAXOH YIJIN XACAH30A

3AJIAYH CO CBOBOJHOM 'PAHUILIEN 1JI51 CUCTEM
THIEPBOJIMYECKUX YPABHEHUI TEPBOI'O MOPSIKA

01.01.02 — MuddepenunanbHbie ypaBHEeHUsI 1 MaTeMaTHUYeCKas (PU3MKa
(pusuko-MmaTeMaTHYECKHE HAYKH)

ABTOPE®EPAT JUCCEPTALIUU JOKTOPA ®NJIOCOPUU (PHD)
IO PU3UKO-MATEMATHYECKHUM HAYKAM

Tamxkenr—2022



Tema puccepraumu nokropa d¢uaocopun (PhD) no ¢usnko-maremarudecKum HayKam
3aperucrpupoBaHa B Bbicmiedl arrecraumonHoii komuccun npu  KaGunere MuHucTpOB
Pecny6auku Y36ekucran 3a NeB2021.4.PhD/FM306.

Hucceprauus BeinonHeHa B MHeTuTyTe MaTtemaruku umenu B.M.PoMaHOBCKOTrO.

ABTopeepaT auccepTauMM Ha Tpex s3bikax (y30ekckuif, pycckui, anrauiickuil (pestome))
pasmelueH Ha BeO-cTpanuue mno azapecy http://kengash.mathinstuz/ u wa WudopmauuonHo-
obpasoBateibHOM noprane «Ziyonet» 1o aapecy http://www.ziyonet.uz.

HayuHnblii pykoBoguTe/Ib: Taxupos XKo3ua OcranoBuu
JOKTOP (PU3MKO-MaTeMaTHYECKUX HayK, podeccop

OdunnanbHble ONNOHEHTDI: Amypos Pasman PagxaboBuy
JOKTOp (PM3HKO-MATEMATUUYECKUX HayK, Mpodeccop

baban:xanos bazap Atapxanosuy
JOKTOp (hU3MKO-MAaTeMaTHUECKUX HAYK, JOLEHT

Benymas opranusanus: Camapkanjckuii rocy1apcTBeHHbI YHHBEPCHTET

3awuTa auccepranuu coctoutes « 27 » nexabps 2022 ropa B 16:00 yacos Ha 3acenanuu HayuHoro
cosera Dsc.02/30.12.2019.FM.86.01 npu Mucturyre maremarnku mmenn B.U.Pomanosckoro (Ampec:
100174, r. Tawkent, Anmaszapckuii paiioH, yin. Yuusepcurerckas, 9.Ten.: (+99871)207-91-40, e-mail:
kengash@mathinst.uz).

C nmuccepraumell MOMXKHO O3HAaKOMHThCA B MH(pOpMaLMOHHO-pecypcHOM HeHTpe HHCTHTyTa
Marematuki umeHu B.M.Pomanosckoro (3apeructpuposana 3a Ne 154). (Ampec: 100174, r. TaiukeHT,
‘AnMasapckuii patio, yn. Yausepcuterckas, 9.Ten.: (+99871) 207-91-40).

ABTOpedepaT nuccepranuy pasocnas « 7 » aexabps 2022 roga.
(npotokon pacchliku Ne 2 oT « 7 » nekabps 2022 rona).

Y.A. Po3zukoB
- Ilpencenarens Hayunoro cosera mo
TIPUCYKICHHIO YHEHBIX CTEleHeH, a.d.-
~ M.H., mpodeccop

K.K. Aqames
Vuenslii cekperaps Hayunoro cosera no
NPUCYKIACHUIO YYEHBIX CTeTeHe, a.¢.-
M.H., CTapLUMH Ay YHbIH COTPYIHUK

7 A.A. AzamoB
IIpencenarefis HayuHOro cemuHapa npy

Hayunom coBere mno mnpucyxaeHuro
YUYEHBIX CTENEHEeH, A.().-M.H., aKaJIeMHUK




BBE/IEHUE (anHOTAUIMS AMCCEPTALIMH)

AKTYaJIbHOCTh M BOCTPeOOBAHHOCTH TeMbl JauccepTauuu. MHorue
Hay4YHble ¥ TIPAKTUYECKUE HCCIEIOBaHMs, IPOBOJUMBIE BO BCEM MHUpPE, B
OOJIBIIMHCTBE CJIy4yaeB TPEeOYIOT HCCIEAOBaHUSA TUNEPOOTUYECKUX 3a7ad Co
CBOOOJIHBIMHM TpaHUIIAMHU. 3aJlayd CO CBOOOJHBIMHU T'paHUIIAMH - 3TO 3aJayd C
MOABMKHBIMU TPAaHUIIAMHU, KOTOpPbIE MOJACIUPYIOT (Ha30BbIE MEPEXOAbl YHCTHIX
MaTepualioB M3-3a TEIUIONPOBOJHOCTH M OOMEHA CKPBITOM TEIJIOBOM SHEPrUeu.
[TockonbKy MOJIOKEHUE JBIKYIIEHUCS TPaHUIIBI 3apaHee HEU3BECTHO W Oyner
HalJICHO BMECTE C TEMIIEPATypOH, 3alaul CO CBOOOTHBIMU TpaHUIIAMU SIBIISTFOTCS
HeJIMHeWHbIMU. Pelienust 3THX 3aiad MOTYT JEMOHCTPUPOBATH OYEHBH CIIOKHOE
MOBEJIEHWEe, TMPUBOMSIIEE KO MHOTMM TEOPETUYECKUM pesyibratam (U
MHOT'000EMIAIUM pa3padoTKaM MO0 MHOTUM €Ill€ HEPEIICHHBIM MpodiemMaM), a
TaK)K€ K TOYHBIM pe3yjbTaTaM JJIsl IIUPOKOTO CIEKTpa MPUI0KEHUN B (hU3UKE U
TEXHUKE.

B nHacTosimiee BpeMsi CTaHOBUTCSI aKTyaJbHBIM MOCTPOCHUE MATEMaTUYECKUX
MOJIeJIe CO CBOOOHBIMH TPAHUIIAMU JIJISI TUTIEPOOTMYECKUX YPAaBHEHUN U CHCTEM
ypaBHEHUM, 0oyiee aJeKBAaTHO OMHUCHIBAIOIIUX MPUPOJHBIE Mpolecchl. B urore,
UCCJIEyeMOE HaIpaBiIeHUE NPEBPAaTUIOCh B OYpHO pa3BUBAIOIIMICS pa3ien
COBPEMEHHOW TpUKIATHOW MaTeMaTtwku. [lodToMy u3ydeHHe TMOBEACHUS
CBOOOJIHOM TPaHHUIIBI B OTpE/IeIEHHBIE MOMEHTHI BPEMEHU M YCTAaHOBJIEHHUE HA €T0
OCHOBE CYIIECTBOBAHUS U €IMHCTBEHHOCTH PEILICHHS 3aJadM SIBJIAETCS OJHUM U3
[EJIEBBIX HAYYHBIX UCClenoBaHuil. B Hamell cTpaHe OombIoe BHUMaHUE
ynensiercss (pyHIaMEHTaJbHBIM HCCIEAOBAHUSIM HHHOBAIIMOHHOTO XapakTepa.
[lepen Haykod cTOMT 3amadya NpUOIU3UTH (PyHIAMEHTAJIbHBIE HCCIENOBAHUA K
npaktuke. [Ipu pemiennu 3Toi 3aa4u BEAYLIYIO POJib MPU3BAaHA ChITPaTh TEOPUS
3a/lady co CBOOOJIHOM TpaHuULeH Uil runepboiudeckux ypaBHeHuil. [IpoBenenue
HAay4YHbIX MCCJIEAOBAaHUW HA ypPOBHE MEXKIYHAPOIAHBIX CTAHIAPTOB IO
OPUOPUTETHBIM  HANpABICHUSM  MaTeMaTH4YeCKMX  HAyK, a  HMEHHO,
muddepeHaTbHbIM - YPaBHCHUSIM W MaTEeMaTHYeCKOW (H3UKe, TPHUKIATHON
MaTE€MaTHKE U MaTEMAaTUYECKOMY MOJIETUPOBAHUIO, SIBIIIETCS OJTHOW M3 OCHOBHBIX
3a/[a4 M HAIIPABJICHHEM IESTEIbHOCTH VHCTHTYTa MaTEMATHKH .

Tema u OOBEKT HCCIEIOBAHUS HACTOAIICH JHUCCEPTALIMM COOTBETCTBYIOT
Mopy4eHusiM, 0003HaueHHBIM B Ykazax [Ipesunenta PecnyOnuku Y30ekucran No
VI1-4947 ot 7 despans 2017 roga «O crpaTreruu AEUCTBUS MO JadbHEHIIEMY
pasBututo PecriyOomuku Y36ekuctan», Noe VII-2789 ot 17 deBpans 2017 roma «O
Mepax MO JaJIbHEHIIEMY COBEPUICHCTBOBAHUIO JACSATEIBHOCTH AKAJAEMUU HAYK,
OpraHu3alliy, YNpaBlieHUs W (UHAHCHUPOBAHHUS HAYYHO-HCCIIEIOBATEIHCKOMN
nestenbHocTh», Ne T1I1-2909 ot 20 anpens 2017 roga «O mepax 1o gajbHEHIIEeMy
pa3BUTHIO cucTeMbl Bbicuiero odpazoBanus» u Nelll1-4387 ot 09 utons 2019 rona
«O  Mepax = TroCylapCTBEHHON  MOJIJAEPKKA  JaJIbHEHMIIEro  pa3BUTHUS

’[Tocranoienne IIpesnnenta Pecryomukn V36ekncran, ot 09.07.2019 r. Ne TIT-4387 «O Mepax rocyIapCTBEHHOM
NOMJCPXKKH ~ JANbHEHIIEro pa3sBUTHA MaTeMaTHYeCKOro oO0pa3oBaHUs W HayKd, a TaKKe KOPEHHOTO
COBEPIIEHCTBOBAHMS JIESITENFHOCTH MHCTUTYTa Martematnku umeHn B.J. PomaHoBckoro AxkameMun Hayk
Peciybnuku Y36ekucTan
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MaTeMaTU4ecKoro o0pa3oBaHMs U HAYKH, a TAK)KE KOPEHHOTO COBEPILIEHCTBOBAHMS
nearenbHocth MHcTuTyTa Marematukn umeHu B.JM. PomanoBckoro Axanemun
Hayk PecniyOnnku Y30ekucTany, a Takke B IPYruX HOPMATUBHO-TPABOBBIX aKTaX.

CooTBeTcTBHE HCCJIEIOBAHUS IPHOPUTETHBIM HANPABJICHUSIM PA3BUTHS
HAYKH M TeXHoJorui pecmyOauku. JlaHHOe wucciegoBaHHE BBIIOJHEHO B
COOTBETCTBUM C MIPUOPUTETHBIM HAIPABICHUEM Pa3BUTHUSI HAYKU U TEXHOJIOTHM B
Pecny6nuke Y36ekucran V. «Marematrka, MexaHuka U HHQOPMaTHKAY.

CreneHb M3y4YeHHOCTH MpolJeMbl. TeopeTHYECKOE PacCMOTPEHHE
TuHaMHUKW (a30BBIX MPEBpaIleHU MPUBOJUT K Pa3IMUHBIM BapuUaHTaM 3aJayu
Credana. Knaccuueckuit Bapuant 3anaun Credana, chopMyaupoBaHHbIN emé B
IPOIIJIOM Beke sl (pa30BBIX MEPEXOJOB THUIA TIJIABJICHHS WJIM 3aTBEpICBaHMUS,
CBOJMTCS K YPaBHEHUIO TEIUIONPOBOJHOCTU B OOJACTH C 3apaHee HEU3BECTHOU
MOJBUKHOW TpaHUIleH, KoTopas pas3ieiseT TBEpAyr U kuikyro ¢asel. Ha
Mex(da3HON IpaHUIIe BBITIOJIHAETCS TaK Ha3biBaeMoe ycioBue Credana.

OcHOBBI TeopuM 3a7ad co CBOOOAHOW rpaHUIled (B OCHOBHOM JUIs
napaboJMYeCcKuX U JUTUNITUYECKUX YpaBHEHUN) ObUTH pa3paboTaHbl U Pa3BUTHI B
tpynax A.Friedman, L.Rubinstein, J.Cannon, J.Hill, W.Kyner (USA), A.Fasano,
M.Primecerio (Italy), A.Meiipmanosa, W.lanmmoka (Poccus) u npyrux.bosnbiioe
yuciio pabor no 3aaade CredaHa MOCBAIMIEHO U3YYEHHIO OOOOIIEHHBIX pEHICHUIN
JUTS TIapaboJIMUEeCKUX ypaBHEHUM. 3/1ech HAJ0 OTMETUTh pe3ynbTaThl O.OnelHuKa,
C.Kamenomoctkoii, U. Jlanmnroka, A. MeiipmanoBa, A. Friedman, L.Caffarelli,
L.Evans, E.Hanzawa, G.Duvant, A.Visintin u apyrux. Haunnas ¢ 1980-x romos
NOSIBWJIMCH PalbOThl, B KOTOPBIX HCCIEIOBAINCH TUIEPOOIUYECKHE 3a7adyd CO
cBOOOHOM rpanuiieil. OOOCHOBaHO, YTO ATH 3aJa4d OMHCHIBAIOT IMPOIECCHI
NEpPEeHoca B CpPelie C pelaKCallMOHHBIMH CBOMCTBaMU.3HAUUTENbHBIE PE3yJbTAThI
no runepOoIMYecKUM 3ajJadaM CcO CBOOOJIHOM TrpaHULIel MOJIydeHbl B paboTax
A.Friedman, L.Caffarelli, L.Evans, C.Hill, A.Terracina, A.Mslmkuca,
B.Kupunuua, P. Xybuena, T.J[xypaesa, K. TaxupoBa u 1pyrux.

B nmocnennue necatunetuss Mbl  HabOmomaeM  OBICTpOE  pacIIMpeHHe
NpeIMETHONM 00JlacTh 32 CYET BKIIOUECHHS BaXHBIX TEM CO CBOOOJHBIMHU
IpaHUIIaMH, TTPOUCXOIAIIMMHU U3 Pa3HbIX 00JacTeil: B MaTeMaTUueCKoi OMOJIOTUN
U OMOMEIUIIMHCKHX TpOlleccaX OHM YKa3bIBAIOT HA JIBUXKYIIHUECS (PPOHTHI
MONYJISIIIUN WM OIYXOJIeH; MOSIBUJIOCh MHOT'O HOBBIX 3a7a4 B 00JACTU MEXaHUKU
KUJKOCTU U raza. B Hacrosiee BpeMsi BO MHOTMX BEAYIIMX HAay4YHBIX LIEHTPaxX
MHUpa aKTUBHO BEAYTCA Hay4YHBIC UCCIEAOBAHUS MO TUNIEPOOTMUECKUM 3a/1adyaM CO
CBOOOJHOW TpaHUIIEW W OHU IIUPOKO TMPUMEHSIOTCS TMPH MaTeMaTHYECKOM
MOJICIIMPOBAHUH PA3TUYHBIX (PU3HMUECKUX, MEIUKO-OMOJIOTUYECKUX M CXOJHBIX C
HUMH TIPOIECCOB. 371eCh MOXKHO yKa3zaTth Ha pe3ynbTarbl A.Friedman, C.Pao, Y.
Du, X.Chen, Z. Lin, C. Li u apyrux. Tenepb ¥ Mbl NPUCOCIHMHHINCH K 3TOMY
OypHOMY TTOTOKY.

CBsi3b TeMBbI IHCCEPTANMM C HAYYHO-HMCCJIE0BATEIbCKUMH padoTamMu
yupe:xKIeHusl BbICIIEr0 00pa30BaHUsl, IJe BbINOJHIACH JIHCCEPTALMS.
HuccepranmonHas paboTa BBIMNOJHEHA B COOTBETCTBMM C IUIAHOM HAy4HBIX
UCCJIeIOBaHUA TI0 TpHUKIaAHOMY mpoekTy DA-Atex-2018-149 «Iloctpoenue
3(PEKTUBHBIX BBIUUCIUTEIBHBIX AITOPUTMOB U MPOrPAMMHBIX KOMILJIEKCOB JIJIsi
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uccnenoBanust AMG(Py3MOHHOTO U KOHBEKTHUBHOTO MEPEHOCA BPEAHBIX BELIESCTB B
MIPU3EMHOM MOTPAaHUYHOM CJIO€ aTMOC(HEpPbl 1 MHOTOCIOMHBIX MOPUCTHIX CPeaax»
(2018-2020) wu  ¢dynmamenranbHOMy Tpoekty OT-D-4-85  «Paspaborka
HEJIMHEWHBIX MaTeMaTUYeCKuxX Mojened u A(OPEKTUBHBIX BBIYUCIUTEIIBHBIX
aJITOPUTMOB JJISl UCCJIEAOBAHUS COBPEMEHHBIX MPOOJeM OHOJOTHUU U DKOJIOTHUM
(2017-2020 1r.), a TaKkKe MO HAyYHOMY HANpaBICHHUIO «Pa3paboTka W pa3BUTHE
MaTeMaTU4YeCKUX MOJENIEH MEIMKO-OMOJIOTHYECKUX U (U3UYECKUX MPOIIECCOB,
MIOCTPOEHUE MATEMaTUYECKUX METOJOB  MCCIEIOBaHUS, MOHUTOPUHIA W
MpOrHO3upoBaHusa» MHCTUTYTa MAaTEMATUKH .

eabo uccae0BaHUsA SBISETCS MOCTPOECHUE U PA3BUTHE MATEMAaTUUYECKUX
MOJIEJIEN TMPOIIECCOB B Cpelax C pejaKCallMOHHBIMU CBOMCTBAMHU M pa3paboTKa
METOJ0OB UCCJIEOBaHUs TUTIEPOOIMUECKUX 3a/1au CO CBOOOITHON TPaHUIICH.

3agaum ucciae0BaHMS:

UCCJICIOBAaHUE 3aa4H CO CBOOOIHOM T'paHUIIEH ISl PeJIaKCalluOHHOTO
YpaBHEHUS MEPEHOCA U MOCTPOCHUE €€ BOJTHOBBIX PEIICHUN;

uccre0BaHue 3aa4u MakcBesuia ik TeUeHUs )KUJIKOCTH, T.€. pa3padoTKa
METOJIOB PEIICHUS, YCTAHOBJICHUE alPUOPHBIX OI[EHOK UCKOMBIX (DYHKIIUN U
JI0KA3aTeJIbCTBO TEOPEM €AMHCTBEHHOCTH U CYILIECTBOBAHUS PEIICHUS;

UCCJIEIOBAaHNE 3aa4H BA3KOIIJIACTUYECKOTO Je(hOPMUPOBAHUS;

U3y4YeHUe OJHO- H JBYX(a3HBIX THUNEPOOTUYECKUX MOJeNeld Ta30BOM
JWHAMUKHU, T.€. W3YyUYCHHUE TOBEJCHUS HEU3BECTHOM TI'paHUIlbl B OMNpPEIACICHHBIC
MOMEHTBl BpPEMEHHM M JI0Ka3aTeJIbCTBO CYIIECTBOBAHUS M €JIUHCTBEHHOCTHU
peueHus.

O0bekT uccjeqoBanus. Paznuunbie MaTeMaTHUECKHE MOJIEIN CO CBOOOTHOM
IpaHULEN TPOLIECCOB B CpeAax C PENAKCAIMOHHBIMM CBOMCTBAMU W MEXaHHUKHU
CIUIOLIHBIX CPEJ.

Ilpeamer wucciaenoBanusi. Teopus 3amad co CBOOOAHOM TpaHMICH IS
TUNepOOIMYECKUX U MapadOJMYeCKUX YpaBHEHUH ,HAYYHBIC JAUCITUTUIHMHBI
YpaBHEHHSI MATEMaTHYECKON (U3UKU U MATEMATHYECKOE MOJICITUPOBAHHUE.

MeTtoasl HccieaoBaHus. B ucciaeIoBaHUIX HCIIOIB30BAHBI DJIEMEHTHI
MaTEMaTUYECKOTO  aHajau3a, MeToAbl audQepeHnnanbHbIX YpaBHEHUH W
MaTEMaTUYECKON PU3HUKHU, METOJIbI MATEMATHIECKOTO MOJIETUPOBAHHS.

HayuyHasi HOBH3HA HCCJI€I0BAHUA COCTOUT B CIEAYIOLIEM:

MOCTpOEHAa MaTeMaTHYecKass MOJIeIb CO CBOOOJHOM TrpaHULCH A
pEeNIaKCallMOHHOTO yYpaBHEHHUs MEPEHOCa TPEThEero Mopsiaka, o0Jajgaromas psaoM
O0COOEHHOCTEW U JIOKA3aHO CYIIECTBOBAHKME BOJHOBOTO PEIICHUS YPaBHEHUS,

JI0OKa3aHa OAHO3HAYHAs Pa3pelIMMOCTh 3aJa41 O JBMYKCHUU IOTOKA B KaHAJIE,
VIPABISIEMOM MOCTOSTHHBIM TPAJIMEHTOM JIAaBJICHHS, KOTOpas MPeICTaBIsET cO00i
3a/a4y €O CBOOOJHON TpaHUIEH, pa3Aessiolled BHYTpPEHHEE SApO KaHajda u
BHEITHUW CJIOW, BKJIIOYAIONIYI0 THUNepOoiIndeckoe TenerpadHoe ypaBHEHHUE
Makcgemna u ypaBaenue Onapoiina-b ;

JI0KAa3aHa TEOpEMa CYIIECTBOBAHUS U €IMHCTBEHHOCTU PELICHUS 3aJa4dd IS
JUHEWHOW  TUNEepOOIMYECKOM  CUCTEMbl  YpaBHEHUHM € pa3pbhIBHBIMU
Ko3(ppuuMeHTaMu W HEU3BECTHON KpUBOW pa3pbiBa, SBISIONICICS MOJIENbIO
BSI3KOILIACTHUYECKOTO Je(hOpPMUPOBAHUS,
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UCCIIEIOBAHbl OJIHO- W JBYX(a3Hble THUNEPOOIUYECKUE MOJEIH Ta30BOMU
JUHAMHKHU, T. €. HU3YyYCHO IMOBEJACHUE HEU3BECTHOUN TpaHUIBI B OMpPEACIICHHBIC
MOMEHTBl BPEMEHH, JI0Ka3aHbl TEOPEMBbI CYIIECTBOBAaHUS M E€JUHCTBEHHOCTHU
peLIEeHUN.

IIpakTHyeckue pe3yJbTAThl HCCIAEA0BAHUSA COCTOUT B CIICAYIOIIEM:

MoaudunpoBaHHble MaTEeMaTHYECKUE MOJICNIA B BUJE 3a/1a4 CO CBOOOIHOM
TpaHuIed aJig TUNEPOOTUYECKUX YPAaBHEHHUN U CHUCTEM, a TaKXe MPEISI0KEHHBIE
METOJbl HCCJICOBAaHUSA MOTYT OBITh MPUMEHEHbl MPU HW3YUYECHUH PA3TUYHBIX
(bU3UYECKUX MTPOIIECCOB B CPeJiax C PEIaKCaIIMOHHBIMU CBOMCTBAMU,

I'unepbonuyeckue 3agadyd co  CBOOOJHOM  rpaHuUlled MOTYT  OBITh
UCIIOJIb30BaHbI TIPU M3YUYEHUHU MAcCCONEPeHoca B MpolaeMax razo-TuaApoJuHaMUKN
U BA3KOIUIACTUYECKOTO Ae()OPMUPOBAHUSL.

JlocTOBepHOCTH Pe3yJbTATOB HCCJAeI0BaHUS OOOCHOBaHA MPU TMOMOIIU
MAaTeMAaTHYECKUX PACCYXKJICHUM C MPUMEHEHUEM METOJIOB MaTeMaTH4YeCKOro u
(GyHKIIMOHAIBHOTO aHaln3a, TuddepeHnanbHbIX YPaBHEHUM U MaTeMaTHUYeCKOM
bu3MKH, METOJOB MATEeMaTHYECKOr0 MOJICTUPOBAHUS W JAPYTHX HOBBIX
PEe3yIbTATOB MPUKIAJHON MAaTEMATHUKH.

Hayynasi U npakTuyeckass 3HAYUMOCTH Pe3yJbTATOB HCCIeT0BAHUS.
Hayynoe 3HaueHue pe3yabTaTOB HWCCIEIOBAHUS 3aKIIOYACTCS B TOM, YTO OHU
MOTYT OBITh HCIIOJIb30BaHbl B Teopuu JUPGEPESHIMAIBHBIX YpPaBHEHUUN C
YaCTHBIMU TIPOM3BOJHBIMM M MaTeMaTUUYeCKOW (Qu3MKe, B TEOPUU 3aJad CO
CBOOOJTHOM T'paHMIIEW W TIPU MOCTPOECHUU MATEMATHUYECKUX MOJENICH Pa3IuuHbIX
(bu3MUECKUX MPOLIECCOB.

[IpakTryeckas 3HAYMMOCTb PE3YJIHTATOB OOOCHOBBIBAETCS BO3MOMXHOCTHIO
NPUMEHEHHS TIPU MOCTPOECHUU U UCCIEIOBAHUM MOJENe (QU3HMUEeCKUX U MEIUKO-
OMOJOTUYECKUX MPOIIECCOB.

Bueapenue pe3yabTratoB HcciaenoBanusi. [loaydeHHbIE pe3ynbTaThl IO
3aj1a4aM CO CBOOOJHOW TpaHUIEH IS CHCTEM THNEpPOOJUUYECKUX YpaBHEHUU
NIEPBOTO MOPsAKA OB BHEIPEHBI B IPAKTHKY IO CJIEAYIONIUM HAMIPABICHUIM:

MaTeMaTU4ecKass MOJIeTb CO CBOOOJHOW TpaHUIEH [JIs PeTaKCalmOHHOTO
YpaBHEHHsI TIEpEHOCAa TPEThEro TMOpsaKa, o0JanamImas psaoM OCOOCHHOCTEH,
UCIIONIB30BAJIach B paMKax 3apyoOexHoro rpanta MJI[-758.2022.1.1. «PazButue
MaTeMaTUYeCKUX MoOJeJel JIpoOHON JWHAMHKKA C [EJIbI0  HCCIECIOBAHMS
KoJ1e0aTeNbHbIX TPOIECCOB W TMPOIECCOB C HachimeHuem» (crpaBka Ne 42-12
KamuaTckoro rocymapcTBeHHOTO yHHBepcuteTra OT 28 HosOps 2022 r.) npum
HCCIIEIOBAHUM 3a/1a4 MAacCONEPEHOCa C HEW3BECTHOM rpaHunei. [Ipumenenue
Hay4YHOTr'0 pe3yJibTaTa MO3BOJIWIIO MPOAHAIU3UPOBATh MPOLIECC MEpeHoca pajgoHa B
cucTteme nouBa-atMocgepa;

pelieHre 3aJadyd O TEUYEHMM B KaHalle, YMOpPaBISIEMOM MOCTOSHHBIM
IPaJIMCHTOM JIaBJICHHMS, MIPEJICTABIISIIONICH COOOM 3a1a9y cO CBOOOTHOM TpaHUIIEH,
pasfensroned BHYTPEHHEE SApO KaHajda W BHEIIHWUW CJIOM, BKIJIIOYAIOUIEE
runepOonnueckoe tenerpadproe ypaBHenne MakcBenna u ypaBHeHue Onaporiaa-
b, ucronb3oBancs B paMkax rpanta BEOT-®Dtex-2018-149 «MartemaTudeckoe
MOJIeIMpOBaHue Tpoliecca GUIbTPALMKM B ABYXKOMIOHEHTHBIX CpellaX, 3aJlaHHbIX
HEJINHENHBIMHA IrPaHUYHBIMH YCHOBUSIMI, (cripaBka Ne04/11-6174
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HarrioHanbHoro yHHMBEpCUTETa Y30ekucTaHa, oT 8 oktsaOps 2022 r1.) mpu
MOCTPOEHUU ABTOMOJIENIbHBIX pelIeHuit CUCTEM bunbTpauuu B
JIBYXKOMIIOHEHTHBIX cpeaax. llpuMeHeHue Hay4dHOro pe3yibTara MO3BOJIWIO
ONpEJENUTh IOBEJECHUE aBTOMOJEIBHBIX PEIICHUI CHUCTeM (QUIbTpalUUd B
JBYXKOMIIOHEHTHBIX Cpe/ax, 3aJaHHbIX HEITMHEHHBIMU FPAHUYHBIMU YCJIOBHUSIMH,
JUIsl HEOTPAHUYEHHBIX 3HAUEHUI BPEMEHH.

Anpodanusi  pe3yJbTaToB  Hccaea0oBaHuss. OCHOBHBIE  PE3yJIbTAThI
auccepTaluuu ObUTM OOCYX AEHBI HAa 5 MEXAyHapoIHbIX W 1 pecnyOIMKaHCKHUX
HAyYHO-TIPAKTUYECKUX KOHPEPEHIUAX.

[yoaukanust pe3yJbTaToB HccjaenoBanusa. [lo Teme nuccepranuu
onmyOnMKoBaHO 12 Hay4yHBIX pa0boT, U3 HUX 6 cTaTel OMyOJIMKOBaHBI B KypHajax,
BXOJSAIIMX B IMEpEYeHb HAyYHbIX U3JAaHUN, MpeAJIOKEHHbIX  Bricmieit
aTTeCTallMOHHON Komuccued PecriyOnuku Y30ekuctan Juist 3alIUThl JUCCEPTALUM
Ha COMCKaHUN ydeHou crenenu nokrtopa ¢punocoduu (PhD), B ToM uncie 1 crarbs
onmyOJMKOBaHA B 3apyOeKHOM U3JIaHUM U 5 B pecnyOJUMKAHCKUX HayYHbBIX
U3JIaHUSX.

CtpykTypa m o0bem auccepramum. Jluccepranusi COCTOMT U3 BBEICHUS,
YeThIpEX TIJ1aB, 3aKIIOYEHUS U CIHCKA HCIOJb30BAaHHOW auTepatypbl. O0ObeM
nuccepranuu coctaiseT 105 cTpanui.

OCHOBHOE COIEPKAHUME JUCCEPTALIUN

Bo BBegennu 1aHo 000CHOBaHUE AKTYaJIbHOCTH U BOCTPEOOBAHHOCTH TEMBI
JUCCepTallid,  OTMEYEHO  COOTBETCTBUE  HUCCJIEAOBAaHUA  MPUOPUTETHBIM
HANPaBJIICHUSIM Pa3BUTUSA HAyKu U TexHosnoruil PecmyOnuku VY30ekucraH,
npuUBeeH 0030p 3apyOeKHBIX HAyYHBIX HCCIEIOBAHHUI MO TEeMe IuCCepTaluu,
OMKMCAaHA CTENEeHb W3YYEHHOCTHU MpoOJeMbl, cHOpPMYITUPOBAHBI LIETU W 3a/auH,
yKa3aHbl OOBEKT M TMPEAMET HCCIECAOBAHMS, HW3JIOKEHbl Hay4yHass HOBHM3HA H
NpPaKTUYECKUE  pe3yJbTaTbl KCCIENOBAHUS, pPAaCKpbiTa TEOpPETHYECKas] U
IpakTU4YecKass 3HAYMMOCTb I[IOJYYEHHBIX pPE3YyJIbTaTOB, JaHbl CBEACHUSA O
BHEJIPEHUHU PE3yIbTaTOB HKCCIENIOBaHUsA, 00 ONMyOJWKOBAaHHBIX paboTax U O
CTPYKTYpE IUCCEPTALIHH.

B nepBoii rimaBe guccepranuu noja HazBaHueM «HekoTropwle cBegeHusi U3
TEOPUM CHCTEeM THUNepOoJIMYecKUX YPaBHEHHMH M 3aJa4 CcO CBOOOAHOM
rpaHmueii», TPUBEICHBI HEKOTOphbIE W3BECTHBIE (DAKThl, KOTOphIE OYyIyT
WCIIOJIb30BaHbl MPU U3JI0KEHUU PE3YIbTATOB JUCCEPTALIUH.

[TockombKy paccMaTpuBaeMble B JAHCCEpTAllMM 3aladyd CcO CBOOOTHOM
TPaHULICH SIBISIOTCS HETWHEHWHBIMH, OCHOBHAs IIEJIb COCTOUT B TOM, YTOOBI
MOJIYYHTh AaNpUOPHBIE OIICHKH, J0Ka3aTh (Ha WX OCHOBE) TEOpEeMBl 00
OJIHO3HAYHOM pa3pelrMoCcTd B 1EIOM (BO BPEMEHHU), H3YUUTh HEKOTOPbIE
CBOMCTBAa pEIICHHN M MOBEJAEHUWE CBOOOJHON TpaHUIbl MPU HEOTPAHHUUYECHHOM
BO3PAaCTaHUU BPEMEHH.

Bropas rmaBa aucceprauuu «3agadyd B cpedax € peaKCAIMOHHBIMH
CBOMCTBAMMW», TMOCBAIICHA M3YYEHUIO 3aJlad ISl PEJIaKCAllUOHHOTO YpaBHEHHS
repeHoca.
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B mepsoM mnaparpadge BTOpPOM IJjiaBbl HCCIECIOBaHA KpaeBas 3ajJada co
cBOOOHOM rpanuiieil Tuna daoprHa Juisl pelaKCallMOHHOTO YpaBHEHUS IEPEHOCA.

CaMmbIM mpocTeIM 00001IEHNEM ypaBHeHUs MakcBenna—KaTraneo—BepHoTTH
(MKB) sBnsetrcs wmonenb [aitepa—Kpymxancna (I'K), kotopas wumeer Bua
7q, +q+ kT —k*q, =0, rue 7-Bpems penakcaiuu, K*-napamerp guccunanuu, T -
TEMIIEpaTypa, (-MOTOK.

Vpasuenue tuna 'K Bximrouaror ypasuenre MKB npu k®> =0 u ypaBHeHue
®ypoe npu 7 =k*=0. D1a ocobennocTs ypasHeHus I'K 1mM03BoaseT MOAEIMPOBATE
KaK BOJIHOOOpPa3HYyIO0 NPHUPOAY TemIeparyp, Tak ¥ AUP(Y3HMOHHYIO. DTO SIBHO
NPOSIBIIIETCS, KOTJa MPUMEHSETCA ypaBHEHHE OallaHca BHYTPEHHEH 3HEpruu s
ucknoueHus q: pCT, +( =0, c yueToM JIOTHOCTH O M YAEIbHOHN TENIOEMKOCTH

k

riue a=— - ko3¢ duimeHT

c nomywaem 7T, +T =aT, +k°T
pC

xxt

TEMIIEPATyPONPOBOAHOCTH.
Cnyuaii k*=ra HaswbiBaeTcs ycinoBueM pe3oHanca ®Dypre, mpu K’ <ra
HaOMIoaeTcss  BOJNHOOOpasHOe moBeleHue, a npu K’ >ra npeobnagaer

muddy3uoHHOE TTOBEICHHUE.
2

B nacrosimieit pabore B ciyyae a=-— Mbl cHOPMYJIUPYEM U HCCIEIyEM
T

KOPPEKTHYIO KpaeBylO 3amady co CBOOOAHON rpanmueii tuma diopuHa s
ypaBHEHUS
T+l =a(T +7T ) 1)

B 00nactu 0e3 HavanpHOTO ycnoBusi D, = {(X,t) ‘0<x<s(t),0<t<H }, s(0)=0.

Haiinem na Hexotopom otpeske 0<t<H uenpepbiBHO nuddepenumpyemyro
dynkmuo  S(t), s(0)=0, s(t)>0,0<t<H, wu pemenne ypaBuenus (1),

menpepeieioe B D, \(0,0) BMmecte ¢ mpousBomHeiMH H auis Beex O<t<H
YIOBJIETBOPSIOIIEE YCIOBHAM

T (0,t) —aT (0,t) =y (1),

T.(s(t),t) =0,

T (s(t),t) =0, (2)

T(s().t) = [dy [ q(s(&). £)de,

rae  a,7,a (kodpdunueHT TteriooomMeHa), H - TOJ0XHUTEIbHBIC ITOCTOSHHBIC,
w(t),q(x,t) - 3amanssie ¢yHknuu, npudeM w(0)=0, dyakmus  J(X,t)
omnpeziesieHa 1 HernpepbiBHA B noymnoioce {(X,t) : 0<x<x,,t=0} u g(x,t) <O0.

[To-Buaumomy, 3agaua daopuna mus ypaBHenus Buaa (1) paccMaTpuBaeTcs
BIICPBBIC.
Beens HoByro ¢ynkuuio T(Xt)+7T.(x,t)=u(xt), w3 (1), (2) mis T(x,t)
MoJIydaeM 3a7ady
T(x,t)+ 7T (x,t)=u(x,t), (x,t)eD,,
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T(s()) = t), O<t<H
re o(t) = [dn [q(s(2), £)dé .

Pemrenune sToii 3amaum (mocie uccieoBanus u Haxokaenus S(t), u(x,t))
UMEET BUJI

1 1 1 1
T =e " Yot 0+ [ e ©)
rae S (X) - oOpartHas, k X = S(t) GpyHKIusL.

[Monydaem cnenywoomlyto 3amady: Haita U(X,t), S(t) Takme, uro S(t)
HenpepbiBHO auddepenimpyema u S(t) >0 na 0<t<H, s(0)=0, a ¢yHkuus
u(x,t) menpepniBHa BMecTe ¢ npoussoanoii U (X,t) B D, \(0,0) u ymosnersopser
YCIIOBUSAM
u =u_(xt), (xt)yeb,,

u (0,t) —au(0,t) = f(t), O<t<H,

u(s).t) = [a(s(n). m)dr,  O<t<H,

u (s(t),t)=0, O<t<H,

rne  f(t)=zw'(t)+w(t), a=1 q(s(t),t) =zq(s(t),t) + jq(s(f), £)dE.  Pemenus

OTHX 3aJad CTPOATCS Kak Mpelell pPEMICHHH COOTBETCTBYIOIIUX 3a1ad Co
CBOOOIHOM TpaHHUIICH MPH HAJIMYUH HAYAILHOTO YCIOBHS HA MCUYE3AIOIIEM OTPE3KE
| ocu X.

HccnemoBanust POBOASTCS MO cleAyromiei cxeme. IlepBoHavanbHas 3amada
CBOJHTCS K 3ajaue JIJIs ypaBHEHHs BTOPOro mopsaka. Haxomurcs mpencraBieHue
IS perieHus npud momom (yHKuud ['puHa. YCTaHaBIMBAIOTCS HEKOTOPHIC
TIepBOHAYAIbHBIC allPHOPHBIC OIEHKU I U(X,t), a 3aTeM JoKa3bIBacTCs TeopeMa

(4)

€JIMHCTBEHHOCTH PEIICHHUS.

Jlanee paccMmaTpuBaeTCsl 3ajaya ¢ HAayaJbHBIM YCJIOBHUEM, OHA CBOJUTCS K
3amade tuna Credana. Jloka3piBaeTcs UX YKBUBAJIGHTHOCTD. JIJIsI peIeHus 3a1auu
tumna CredaHa yCcTaHOBJICHBI allpHOPHBIC OIIEHKU THNa olieHOoK [llaymepa, u Ha ux
OCHOBE J0OKa3aHa Teopema CylecTBOBaHUsA. [Ipy 3TOM 111 HEU3BECTHOM T'PAHULIBI
YCTAHOBJICHBI JIBYCTOPOHHHUE OLICHKHU MPU MOMOIIM U3BECTHBIX KPUBBIX, KOTOPHIE
JAI0T MOBEICHUE HEen3BeCTHOU rpaHullbl mpu t — 0.

B 3aknroueHne noka3zaHo, 4TO MPU HEOrPAHWYEHHOM BO3pPACTAHUM BPEMEHU
CBOOO/THAS TPAHMIIA CTPEMHUTCS K HEKOTOPOU TTOCTOSTHHOM.

Jlemma 1. ITycmo nenpepuieno oupgpepenyupyemoie Gpynuxyuu f(t) u q(x,t)

yoosnemsopsiiom Hepasencmeam  f(t)>0, f'(t)>0, O<t<H, q(xt)<0,
0<X<X,, 120, a=0. Toeda u(x,t) <0, u (x,t)>0 ¢ D
Teopema 1. [Tycmo ewvinoanensvt yciosus nemmur 1 u Q, (X,t) <0. Tocoa

H -

pewenue 3a0auu (2.4) eouncmeerHo.
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Teopema 2. [llycmo f(t)>0, npou3600HAsL f'(t)>0 Henpepviena no
Iénwoepy mna ompeske (0,H], a ¢yukyus q(X,t) u ee npoussoonvie
qx(x,t), qxx(x,t), qt(x,t) HenpepbvleHbl 8 NPAMOY20JIbHUKE
{(x1):0<x<x,0<t<H}|, nmpuven q(xt)<0, g, (xt)<0, g, (xt)<0,
q,(X,t)>0. Tocoa pewenue 3adauu (4) cywecmsyem. Ilpu >TOM HeU3BECTHas
rpanuna X =5(t) HenpepsiBHa auddepennupyema Ha unrepsane (0,T], §(t)>0
yaoBieTBOpseT yciosuio I['€apaepa, mpousBomgHbie U, U, U HEIPEpBHIBHBI B
D,\(0,0) u ynoBnerBOpsioT ycioBHIO Iénbiepa Ha JMI00OM MHOKECTBE

{(xt):0<x<s(t),0<5<t<H}.
Jlemma 2. Ilycmv napa ¢ynxyuil (U'(X,'[),SI (t)) - sA6IsIemCs peuleHuem

3a0aqu

UL (xt)-U!(x,t)=0, (xt)eD,,

U'(x,0)=¢/(x)=0, 0<xl,

U!(0,t)—alU'(0,t) = f/t), O0<t<H,, (5)
U'(s (t),1) =a(s (t),1), O<t<H,,

U, (s, (1),t) =—a(s(t),)s,(t), O<t<H,,

mozoa (u'(x,t),sl (t)), 20e

u'(x,t) = f (t)x+ jdfju '(y,t)dy +(ax +1)jU '(0,7m)dn +(ax+1)¢,(0),

AsjiAAemcs peuileHuem 3a0ayu

=f,_(t)=f(t)+g(|),0<t3H|, (6)

20e @, (X)-6eckoneuno ougppepenyupyemas  gynkyus, npuuem @, (x)=0,

" (X) >0, ¢ (I ) =0, ¢" (I) = q(I,O), f (0) =@ (O) —ag, (O) , (1) -monomonno
sospacmaiowas pynxyusno | u (1) >0 npu | -0,

Jlanee moka3bIBaeTCS Psijl JIEMM, B KOTOPBIX YCTAHABIUBAIOTCS PaBHOMEPHbBIC
1o | anpuopHbIe OICHKH HCKOMBIX (DYHKITHIA.

W HakoHell, MPUMEHSsS CTaHAAPTHBIA IMOAXO, 3aBEpIIacM JI0Ka3aTeIbCTBO
TEOPEMBI CYIICCTBOBAHHU. YCTaHOBIIEHO, 4TO 3amaun (5) u (6) paspemumbl Ha
arobom orpeske Bpemenu [0,H,]. M3 ycTaHOBIEHHBIX pE3yabTaTOB, MOIyYacM
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paBromepnbie 10 | <1, onenxn mopm I'énbaepa mus pyrxumii U'(x,t) u Ul (x,t).

Orcrona cleayer, 4To ki §,(t) pasHOMepHOo mo | <| ymoBmerBopsIoT
y yH (M p P oY P

yenosuto I'énbnepa Ha orpeske [0,H |, u Ha ocHoBe u3BecTHbIX onerok [laynepa

I pElIeHUl MapaboaMUYecKuX ypaBHEHMH MOKHO YTBEPKIATh, YTO PABHOMEPHO
no | wopmer 'énsaepa npoussoaueix U'(x,t) u U!(X,t) orpanndens Ha no6oM

MHOKECTBE {(X,t) : 0<o<t<T, 0<d<x<s (t)} . Hcnomp3ys  omeHkw,

YCTAHOBJIEHHBIE B JIEMMax M TeopeMe Apliena, 3aBepliacM J0Ka3aTEIbCTBO
TEOPEMBI CYLIECTBOBAHUS.

[IpuBenem Teopemy 00 aCMMITOTHUKE HEM3BECTHOM rpaHullbl. EcTecTBeHHO
NPENONIOKUTh, UTO 3aJJaHHbIe (PYHKIIUHU onpeeraeHbl Juis 1o0bix 1> 0.

B cuny ykazaHHBIX BbIIIE PE3YJILTATOB Mbl MOKEM 3aKJIFOUUTh, UTO (PYHKIIHS
S(t) crporo monotonHa u orpanuycHa npu t>0. [losToMy cymiecTByeT mpeaen

Itims(t) =5(00) < X, <+00,

Teopema 3. ITycme @ — 40 npu t — 0. Toeoa t|LrL]JS('[) = S(+0) = X, .

Bo BTOpOoM maparpade BTOPOil r1aBbl UCCIIEIYETCSI BOJHOBBIE PELICHUS J1JIsI
pEeNaKCalMOHHOTO YPaBHEHHS.

BonHoBbIE pelieHusi OTHOCSATCSA K crielanbHOMY TUIY. OOBIYHO WX MOXKHO
XapakTepU30BaTh KaK pEIICHUS, WHBApUAHTHBIE OTHOCHUTEIBHO TIEPEHOCA B
IPOCTPAHCTBE.

C ¢usmyeckoil TOukM 3peHUs Oeryude BOJHBI OOBIYHO OMHCHIBAIOT
nepexojHbie mporecchl. Cpeau OCHOBHBIX BOMPOCOB TEOPUH OErylux BOJH
OTMETUM MPOOJIEMY CYIIECTBOBAHHUS BOJIH, YCTOMYHUBOCTH BOJIH TIO OTHOIIEHUIO K
MajbiM BO3MYIIEHHUSIM U TJ00aJbHOM YCTOWYUBOCTH, ONPEIEICHUE CKOPOCTH
BOJIH.

Takue pelieHuss pacnupoCTPaHSIOTCS MO MPOCTPAHCTBEHHOM cpelne Ha
MOCTOSIHHOM ~ CKOPOCTH,  PACHpPOCTpAHSIONIMECs  WIM  yOBIBaiol[ue IO
IIPOCTPAHCTBEHHOM CpEJIE.

31ech MpeaaraeTcss HOBBIM MOAX0]l UCCIAEAOBAHUS PENAKCALIMOHHON MOJEIN
Y IOCTPOEHHIO BOJTHOBBIX PELICHUM I

CTx + Tt + TTtt = a(Txx + TTxtt) - [F (T)]tt ' (7)
[lepenumem (7) B BUzIE
a(T, +7T

xtt) o TTI’[ = CTx +Tt + [F (T)]tt ! (8)
rae c- koadouiment (ckopocts) mnepenoca, F(T)- HemuHeiHas QyHKIHS.
berymiue BoHBI - 3TO pelieHus: BUaa

T=T(%), &=x-ct, 9)
I7Ie CKOPOCTh PAcCIpOCTPaHEHUs BOJHBI -TIOCTOSIHHAs BEJIMYMHA, KOTOpas Oyner
onpeneneHa Hke. [Togcranorka (9) B (8) mpuBoauT k ypaBHeHuo OJlY TpeThero

MopsJIKa o TepeMeHHoi &, 3agaBaeMomy Gopmyoi
(@a—zc®))T"+arc’T" =c’[F(T)]", (10)
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riae cuMmBos ' oOo3HauaeT auddepeHnpoBaHue. B ocTaBieicss 4acTH 3TOTo
WCCIICIOBAHUSI MBI COCPEIOTOYHMMCS Ha PEHICHUSX Oeryiiell BOJIHBI YpaBHEHUS
(10), xoTOpBIE COOTBETCTBYIOT T'€TEPOKIUHHYECKHM CBSI3IM MEXAY ABYMS
NOCTOSSHHBIMU ~ cocTosiHUsIMA.  OueBuanHo, 9to  T(&)=const  sBisercs

TPUBUAIBHBIM pemieHreM ypaBHenus (10), modToMy MbI pemnoiaraeM, 4To
imT(&)=T", lmT(£)=T" (11)

T #2T°,tne T" u T - u3BeCTHBIE KOHCTAHTHI.

Hama ocHoBHas 3amada - HaWTH OTpaHWYCHHS, KOTOpas TapaHTUPYET
CYILIECTBOBAHUE TAKOTO PEIIEHUs ¢ OETyIei BOJHOM.

Onpenenenue 1. Pewenuem ypasuenus (8) ¢ 6ecyweil 60noll Hazvieaemcs
cneyuanvnoe pewenue euda 1(X,1)=T(X—ct)=T(E) pacnpocmpansroweiics

yepe3 0OHOMepHAs. npocmpancmeennas obracms R npu nocmosnnoii ckopocmu
gonHvl €>0.

B namem ciydae npoOsema CyIIecTBOBaHUSI OCTYIIMX BOJIH COCTOUT B TOM,
o0kl HatiTh pemienus (T (&),C) ypaBuenus (10) ¢ ycnoBusimu (11) u

T'(), T"(¢) >0 npu & — +w. (12)
[Mpuctymnaem k perrennto 3amaun (10), (11), (12).
Wnrerpupys (10) B npenenax ot & 1o +oo ¢ yuerom (11) u (12), nHaxogum

(@a—7c®)T'(&) +arcT (&) =c’[F(T)]'. (13)
Hanee, unrerpupys (13) nmo & 10 —o u ot £ 10 +00, HAXOUM
(@—7c*)T (&) +arc’T (&) —c’[F(T)]-(a—zc*)T +c’[F(T)]=0, (14)
(a—7c)T7(5) -’ [F(T)]-(a—zc)T(§) —arc’T (&) + c*[F(T)]=0. (15)
Jlanee HaxoquM C° = ?(T+ -T) —,
(T T )+F(T)—F(T)
(@—7c))T (&) +arc’T(E)=c*F(T)+H, (16)

e H =%{(a—rcz)(|' +T7)=Cc’[F(T)+F(T")]}. Takum oGpasom, KBagpar

CKOPOCTH BOJHBI IIOJIy9aeTCs B TEPMHUHAX JBYX HW3BECTHBIX COCTOSHHUW Ha
o6eckoneunoctu. U3 (16) momygaem nuddepeHinanbHoe ypaBHEHHE

T'=1(T), (17)

Ile f(l')——{(a— c)(T i )—CZ[FG_);F(T+)—CZF(I')]}. OrMeTHM,

9TO JIBE O4YeBHIHBIC TOYKH paBHOBecHs (17) - ato T=T wu T=T", 10 ectpb
f(T)=f(T")=0. Uarerpupys (17) M0JTy9aeM HESIBHOE PEIICHUE B BUJIE

ds
18
5 50 TO f( ) ( )

rae &, - koncranta u 1 (&) =T,.

Tpetbst rnaBa auccepTanuu 1noJ Ha3BaHueM «O HEKOTOPBIX 3a/1a4ax raso-
TUAPOAMHAMUKMWY» TOCBSIIEHA HCCIEIOBAHUIO MaTEMAaTHUYECKUX MOJeel
HEKOTOPBIX MPOOJIEM Ta30-TUIPOAMHAMUKH.
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B mepBom mnaparpade TpeThel TIJIaBbl HCCIEAYETCAd MOJEIb TEUYEHUS
AKHUJKOCTH CKOPOCTHOTO THIA C MOPOrOM HAINpPSKEHUH B BUIE THIEPOOIHYECKOU
3a7ayd co CBOOOAHOM TIpaHuieil. Mopenb ONHUCHIBAET OJHOMEPHBIM IMOTOK
AKUJKOCTH, KOTOPBIM BeAET ce0sl KaKk HEeJIUMHEHHas BS3KOYNpyras >KHJIKOCTb, €CIIU
HaIIpSKEHHUE BBIIIE ONPEAECIEHHOIO MOPOra, U Kak JKMIKOCTh CKOPOCTHOI'O THIIA,
€CJIM HaIPSHKEHNE HUKE 3TOTO MOpOora.

CBoOonHasi TpaHMIA-ITO TMOBEPXHOCTh, paslelsmoiias JBe 00JacTu:
BHYTPEHHEE PO KaHaja W BHEIIHWM cioi. BBUIY BBICOKOH CIOKHOCTH O0IIEH
po0IeMBbl pACCMATPUBAETCS YIPOIICHHBIA BApUAHT

0,+2w0, =0+ p*, xe(s(t),l), t>0,

0(x,0)=6,(x), 6(x,00=0, s,<x<I, s(0)=s,, 0<s,<l,

o(1,t)=0, t>0, (19)
o(s(t),t)=V,, t>0,

6,(s(t),t) +30,(s(t),t)=-p°, t>0

t

r

t
e B, 2w==, t =L E, [ - TIOJOXWTENbHBIE mapamerhl, O(X,t) - mone
\/ u

CKOpPOCTEN BA3KOYNpPYroi 06sacty,V,- CKOpOCTh BHYTPEHHETO s1/Ipa.

N3BecTHO, YTO MHOTME MaTEMaTUYECKHWE MOJCIHM Ta30BOM THAPOAUHAMUKU
MOCTPOSHBI HAa OCHOBE 3aKOHOB COXPAHEHHUS U COCTOST U3 CHCTEM YpaBHEHUM
NEPBOro MOpsiAKa, 6ojee aleKBaTHO OMUCHIBAIOIINX MTPUPOHBIE MPOIIECCHI.

Hcxons u3 3Tux cooOpakeHH, IepenuiieM 3aady B SKBUBAJICHTHON (popme
JUTS TUTIEPOOIMYECKOM CUCTEMbl YPaBHEHHM TIEPBOTO MOPSIAKA

col, +q, =% s(t)<x<l, t>0,

7q, +q+KT =0, s(t)<x<l, t>0,

T(x,0)=T,(x), q(x,0)=q,(x), s,<x<I, (20)
T(,t)=0, T(s(t),t)=T, t=>0,

T, (s(t),t) + (T, (s(t),t)=-p%, t>0

JIeiCTBUTENBHO, €CIIU UCKITIOUUTH q(x,t) B 3a1a4de (20), To ypaBHEHUS s

N

T(X,t) nosyyarorcsi kak B (19) ¢ cOOTBETCTBYIOIIMMH HayajabHO-KPaeBbIMU

ycnosusamu. Ipeanonoras, uto Co=1, f°=p u r =K =1u BBeng HOBBIE QYHKIUHK

T(x,t):u—;rv, q(x,t):%(u—v). (21)
s u(x,t) u v(X,t) momyunm 3agaay
ut+ux+%(u—v):p, s(t)<x<lI, t>0, (22)
vt—vx—%(u—v):p, s(t)<x<lI, t>0, (23)
u(x,0) =®d,(x), Vv(x,0)=d,(x), s, <x<l, (24)
u(l,t) +v(l,t)=0, t>0, (25)
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u(s(t),t) +v(s(),t)=2T, t>0, (26)

(u (s(t),t) +v (s(t),t)@-s(t) =-p°, t>0, (27)
(S+D(v (s(t),t)+ p)=—p, t>0. (28)
[Ipenmonaraercs, 4TO byHKIUN d. (x)(1=12) HETMPEPHIBHO

muddepennupyemer u p>0, T >0.
Jlanee ycTaHaBIMBAIOTCS allPUOPHBIC OLICHKH JIJI HCKOMBIX ()YHKITHH.
[TockoabKy XapaKTepUCTHKH cHCTeMBI (22), (23) umetor Bua X £t =const, o
JUIL  JI0KA3aTelIbCTBA KOPPEKTHOCTH M IJIO0ANBHON pa3pelIuMOCTH  3aJ1auyu
HEO0OX0aMMO ycTaHOBUTH orieHKY | $(t) [<1.

Ecnu Bocnonib3oBaThest yenoBusiMu (27), TO BO3MOXKHBI CIIEYIONINE CIyYan
a) (u (s(t),t)+v (s(t),t)>0, (@-3*(t))<0;
6) (u (s(t),t) +v (s(t),t) <0, (1—s°(t))>0.

Cnyuyaii 0) wHac yctpamBaer. Ecnmum Oyaer  yCTaHOBIEHO,  YTO
(u (s(t),t)+v (s(t),t) <0, Torma |S(t)|<1l. B mHamem cinyyae HEOOXOIUMO
ycTaHOBUTH onleHKy —1<$(t) <0, sro uwactHelii ciaydait onenku|S(t) |[<1. U3 (28)

p

v, (s(t),t) + p

BUJITHO, 4YTO HEOOXOJWMO JO0Ka3aTh HEpaBEeHCTBO —1< <0 wm

v, (s(t),t)+ p<O.

O6macte D pasgenmum Ha detbipe uactu D,,i =1,_4, C MOMOIILIO
xapakrepuctuk  X—t=s,, X+t=| cucrempr (22), (23) BBIXOAAIINX
cooTBeTcTBeHHO U3 Touek (S,,0) u (1,0).

Hanee B obnactax D, uD, D uD, ,D,uD,, D,uD, unrerpupys mo

XapaKTEpPUCTHKAaM, HAaXOJHM TPEICTABICHUSA I PEIICHUs, KOTOphle OYIyT
HCITOJIb30BaHBI TIPH JIOKA3aTEIbCTBE HIDKE CICIYIONIMX JICMM.
Jlemma 3. I1ycmo ¢pynrxyuu U,V,S(t) sersiomes pewenuem 3adauu (22) - (28)

u evinoanenvt ycaosus D (X)<-2p, D,(X)<-2p, mozoa V (Xt)<-2p u
-1<3(t)< 0.

Jlemmad. Ilycmo |U(X,0)|<M_, [v(X,0)|<M, 6 {(X,t):s(t) <x<I,0<t<t},
moeda gvinonnsiiomest ciedyroujue nepasencmaa |U(X,t) |< N, |v(x,t) [< N.

Jlemma 5. ITycmo ¢hynxyuu u(x,t), v(x,t), s(t) sewaromes pewenuem 3aoauu
(22)-(28) u —-1<s(t)<0, Ju(x,t)[KN, |Vv(Xt)IEN, Ju/(X)I€N,, [v.(X)|<N

0<t<t. Toeoa |u ||V |u, ||V, [£C, c0e C nocmosnnas, 3asucsiwas om oannwix

0!

3a0avu.

Teopema 4. IIycmob evinonnensvt yeaosus nemm 3-5. Toeoa pewenue Uu(X,t),
v(X,t), s(t) zaoauu (22) - (28) cywecmsyem u eduncmeenmo.

IIpn nokazarenpcTBE TEOpEMBI 4. MBI HCTIOJIB3YeM npuHUKN [laynepa.

Bo BTOopomM maparpade TpeThell TIaBbl paccCMAaTpUBACTCA 3aJada Co

CBOOOJHOW TpaHUIEH IS TUMEPOOTUYECKUX CHUCTEM YpPaBHEHH TIEPBOTO
MOpsJIKA.
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TpeOyercs waiitu ¢ynkmmu o (X,t), 7(x,t), s(t) rtakme, uyTo ABaKIBI
HenpepbiBHO auddepenimpyemast pynkuus S(t) ompenensercs aus t >0, s(0)=l,
$SO)=pL, wu oyskuuun o (X,t), n(x,t) B o0Omactu D, rne
D ={(x,t):0<x<s(t),t >0}, ynorieTBOpsICT CICAYIONINEC CHCTEMbl ypaBHECHUHN U
ycioui ipu t > 0; 0 < x < s(t)

{Gt +an, +cn =0, 29)
n, +aoc, +co =0,
o(x,0)=0,(x),  n(x0)=7,(x), xe[0l], (30)
n(s(t),t)=s(), 7n(0,t)+ac(0,t)="f(), t>0, (31)
§+vs=Ao(s(t),t) - AF(s(t),t), s(0) =1, s(0) =n,(1)=p, (32)

rne a>0, c>0, >0, >0 u v>0- koucrautsl, a pynkuus F(X,t) onpenencuHa

B [IEPBOM KBaJIpaHTE.
[Ipencrapisiem HOBbIE (DYHKIIMH:

{u(x,t) =o(x,t) +71(x,1), (33)
v(X,t) = a(x,t) —n(x,t),
Torna 3agaua (29) - (32) mpuHMMaeT BU/:
{ut (x,t) +au, (x,t)+cu =0, (34
Vv.(x,t)—av (x,t)—cv=0,
u(x,0) = g(x) = 0,(X) +1,(X), V(X,0) =y (X) = 7,(X) —17,(x), 0<x<I, (35)
1+ )u(0,t) — (¢ —Dv(0,t) =21 (1), t>0, (36)
S(t) _ U(S(t),t) ;V(S(t),t) ’ t> O, (37)
§+vs= 2 1C0OY ;V(S(t)’t) CAF(s().0),  t>0, (38)
N3 (37) u (38) Haxoaum
§+(A+v)S=2eg(s(t) —at) — AF(s(t),1), t>0, (39)

dx
XapaKTepUCTHKH IJ1s1 CUCTEMBI (34) UMEIOT BHT Py =ta.

CHayana yCTaHOBUM JIByCTOPOHHIOIO OLIEHKY [Jii HEU3BECTHOW TI'paHULIbI,
KoTopas HeoOXoauma JUisi KOPPEKTHOCTH U TJIOOANbHON  pa3peniuMOCTH
MIOCTaBJICHHOU 3aJa4H.

Teopema 5. Ilycmv @winonnsemcs Hepagencmea |¢(X)|S M, moeoa
5(t)|<a, t>0.

Teopema 6. [lycmo gvinonnenwvl yciogus meopemol 5. Toeoa peweHue 3adauu
(34)-(39) cywecmsyem u eouncmeento.

YerBepTasi riaBa JAuCCEpPTAllMU TMOJA Ha3BaHUEeM «3aJayd MEXaHHKHU

CIUIOIIHBIX CpPea» TOCBAIIEHA MCCIICIOBAHUIO 3aJaydl  YIPYTO-TIACTHYSCKOTO
nedopMupoBaHus U AByX(pa3HOU 3a1a4M ra30JMHAMUKH CO CBOOOTHON IpaHUIICH.
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B mnepBom mnaparpage uerBepTON IUVIaBBl pacCMAaTpUBACICs CUCTEMa
ypaBHeHuu IIpannrn-Pelicca ynpyro-miactTudaeckoro 1eopMupoBaHus.

N3BecTHO, 4TO cuctema ypaBHenuu [Ipanami-Pelicca ynpyro-miacTu4eckoro
nedopMUpOBaHUS UMEET BUJT

p(u +uu,)+(p-s),=0, (40)
p.+(pu), =0 (41)
S, +US, —g,uux =0 (42)
sl<Y =2 (43)

snech  p(Xt), u(Xt)-motHocts M cKopocTs cpemsl, S(X,t)-HampspkeHue,
p=p(p)-nasnenne, mnpuuem O0<p'(p)<oo mpu mobbix 0<p<oo, Y-
nocrostHHasg Museca, > 0-nocrosHHas Jlame.

VpaBuenue (42) wMeeT MeCTO B 30HE YIPYroro TEYEHUS, B 30HE
IUTACTUYHOCTH IO OINPEACTUHUIO |S|:Y. s cuctemsl (40)-(43) uccienoBana

3anaya Komm ¢ HayaabHBIMU YCIOBHUSIMU
P(%,0)=p,(X),u(x,0)=u,(x),5(x,0) =5, (X),—0 < X <0 (44)
TpeOyercs HaliTu pacmpenesieHue GU3NUCCKUX BeIHYMH, BXoasimux B (40)-
(44), B obmactsx pryFOCTH(|S|<Y) u HJIaCTHqHOCTI/I(|S|=Y) U KpUBYIO,
ABJIIOLIYIOCST TpaHULEH pas3zjena 3THUX 30H, TaK 4TOObI Ha HEW BBINOJHAJIOCH
YCIIOBUE HEIIPEPHIBHOCTU HAIIPSKEHHUS.
JUis  Toro, 4ToOBl pelieHne umeno (U3NUeCKUid CMbICI, NOTpedyem

BBINIOJIHEHUS B 30HE YIIPYTOCTH HEPABEHCTB 1< W(X,t) < e_s"(x), W(X,t) _fo :
Yo,

Jls p(x,t)>0 XapaKTEPUCTUYECKUE 3HAYECHUS HCCIEIYEMOM CHUCTEMBI

, 4
BEIIECTBEHHBl M pasiamubbl. A =U, 4,,=ut [p ( p)+—'u. Torma 1o

ONpEJICICHUI0 cucTemMa cTporo runepobonuueckas. Ilocne mnpeoOpasoBaHus
HE3aBHCHUMBIX IEPEeMEHHBIX 10 pemieHno  cuctema (40)-(44) mpumer BuI

u+(p-s) =0, (Inp),=—pu, s = %ypux, |S| <Y. Ilpeanonaraercs, 4TO

S(X,t) >0 Bcromy B obOmactm  gedopmupoBaHuss U 0<S) (X) <Y,
SO(O):Y, 'S'O(O)<0.

[locne HEKOTOpBIX YHPOILIAIOMIMX MPEANOJIOKEHNUNW, HE OrpaHHUYHMBAIOIINE,
OJTHAKO, OOITHOCTH PACCYKIACHHH W ONpeNeICHUIX BBIKIaA0K 3anaun Ko (40)-
(44) cmemercs k 3amade Komm i THIEpOOTHYECKHX CHCTEM YpaBHCHHMA C
pa3phIBHBIMHA Ha HEU3BECTHOW JIMHUU KOA( PUITUEHTAMHU.

bynem mckath pemieHne 3aadd cO CBOOOJHOM TpaHUIICH: HAWTH (yHKITHMA
u(x,t), V(X,t) u X=h, (t) (Heu3BecTHass KpuBas pa3pbiBa KOA()PUIHUEHTOB),
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TakuX, Yro h, ( )eC(t>0)ﬁC (t>0)), h'+(t)>0, h'_(t)<0, hi(0)=0,
uveC(t=0)NC'({t>0,x=h,(t)), yroBieTBopsiowne ypaBHEHUAM H YCIOBHSIM

ut+a( Jv, = f(x )
v.—u =0, (X,t)e D,uD,, (s 30H€‘S‘<Y),
klsv(x,t)ge‘sf’(x),

-

.

u, +b(v)v, =0,
v.—u =0, (X,t)e D,, (6 30ne ‘S‘zY),

S

O<%£v(x,t)£ A< 0,

v(h, (t),t)=e "™ u(x,0)=u,(x), v(x,0)=1, —0<x <00
rIe D, ={(x,t):—o<x<h (t),t>0}, D, ={(x.t):h, (t)<x <o, t>0},
D, ={(x.t):h (t)<x<h (t),t>0}; a(v), b(v) wenpepsiBHb yHKIMH 1A
m06oro V(X,t), A-NON0KHATENBHOE TOCTOSHHOE.

JIuHeapu3oBaHHas 3aga4a. PaccMaTpuBaeTcs 3aava JJis JIMHEWHBIX CUCTEM
YPaBHEHH C MOCTOSTHHBIMH KO3 PUIIMEHTaMH TTEPBOTO MOPAIKA

Tlt +a,q, + b11T1 +C,0, = fl(x)’
Q, + a'12T + b12T1 +C.0, = gl(x)’ (X’t) € Dl U Dz 1 (45)
1<q,(x,t)<e™v.

th +ayq,, + b,,T, + C,0, = fz (X)7

21°2

0, + a22T2x + bzsz +C,0, =9, (X)’ (X't) = Do | (46)

0<1Asq2(x,t)gA<oo.

g, (h. (1), t):exp{—s (h, (t))} a,(h, (t).t)=a,(h,(t).t), (47)

T(x 0)=T,(x), 6,(x,0)=0,(x), —o <X <0, (48)

snecs 8, by, C, (i, j =1,2)-n3Bectunie mocrosubie,  f(X), g, (), T, (%), 0,(x)-
3aJlaHHble (YHKITUH.

3ameuanme 2. B OanvHeliwem uzeecmuvie 2naokue QyuKyuu Oyoym

obosnauenvt uepes f(x), 9,(x)(i=34), a(t),b(t)(i=L2)-u ¢ yuvemom ux

2POMO30KOCIU He npusedem ux NpedcmasieHus, Ho Oydem Noayuamv HA HUX
onpeoeieHHble 02PAHUYEHUSL.

Teopema 8. Ilycmov pyukyuu fi(x),gi(x)(izl,Z), To(x),qo(x),so(x)
08adicObl  HenpepvigHo  Oupgepenyupyemvie QyHKYuu 6 CB0UX 00AACMAX
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onpedenenus, kpome mozo b, =c,, b, =c, u =Y <s(x)<0, s,(0)=0, $(x)>0
npu X<0 u S'O(X)<0 npu X>0. Tozoa cywecmeyem eounHcmeeHHoe peuieHue
3a0auu (45)-(48).

Bropoii mnaparpad uerBepToil TriaBbl MOCBSAIIEH JAByX(a3zHas 3amaya
ra3o/IMHAMUKU €O CBOOOHOM rpaHUIIeH.

MaremaTudecku 3agadyy MOXXHO CGhOPMYJIHPOBATH CIEAYIOUIUM O00pa3oM:
COOTBETCTBYIOLIMH Uil 3aJaHHBIX naHHbIX (D,4,¥,,4,,,), Tpebyercs HaiTH

dynxmmm - o, (X,t), n(xt), 1=12, s(t) Takme, 4YTO IBaKABI HETMPEPBHIBHO
auddepennupyemas ¢pynkuus S(t) ompenenena mpu t>0, s(0)=0, $(0)=b, a
GyHKIAN o, (X,t), n,(x,t) B obactu D, (i=12), rie
D, ={(x,t):—o<x<5s(t),t >0}, D,={(x,t):s(t) <Xx<+0o,t>0}, ynosmerBopser
CJICYIOIIUM CUCTEMaM YPaBHEHUU U yCIOBHSIM

(x,t)e D, (49)

01(X10)2¢1(X)’ 771()(’0):‘//1()()1 —00<X<0, (50)
cn, (s(t),t) =s(t), t>0,
o, tCn,, — (72—_772 = O,
2 (xt)eD, (51)
n, +Co,, — GZT_UZ =0,
{GZ(X’ 0) = ¢(x)i 772(X10) = l//Z(X), 0<x< 0, (52)
cn,(s(t),t) =s(t), t>0,

©5(1) = 0,(sO.D) -0, (1), 20, (53)

Brenem HOBBIN QyHKIIUH:

{ui (xt) =0, (x,) +7,(x.), (54)
v,(x,t) = 0, (x,t) -7, (X, ),
{ f,00 =400+, (x). )
g, (X) = ¢| (X) —V, (X)
Torna 3anmaga (49)-(53) npumer BuA
{ult (x,t) +cu, (x,t) =0, (xt)D, (56)
v, (x,t) —cv,, (x,t) —u,(x,t) =0,
u,(x,0)=f,(x), v,(x,0)=0,(x), —oo<x<0,
(57)

SLEOH -UEON=50, 120
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{ua(x,t) Fe, D=L =0 e, (58)

v, (X, t) —cv, (x,1) =0,
u,(x,0)=f,(x), v,(x,0)0=9g,(x), —o<x<0,

c . (59)
E[UZ(S(t),t) —v,(s(t),t)]=s(t), t>0.
U3 (53) ¢ yuetom (54) nonaydum
(50D V(50,0 = 250 + 2u500), (60)

[Tycts 6= sSup %|f1(x)—g2(y)|. YcranoBuMm omnenky |$(t)|<c, xoropas

—a0< X< 0Ly <+
HEOOXO0IUMO JIUISI KOPPEKTHOCTH M TII00aIbHOM pa3peluMOCTH 3aa4H.

Teopema 9. Ilycmv U (X,t), V.(X1), s(t)(i=1,2) seraromca pewenuem
3adauu (56)-(60) u ewinoanenvr nepasencmsea 0<06<1, |b|<c(l—0), moeoa
|s(t)|<c, t>0.

Teopema 10. Ilycms ewvinoanenvt ycinosus meopemvi 9. Tozcoa pewenue
3adauu (56)-(60) cywecmeyem u eduncmeenno.
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SAKVIIOYEHUE

JHuccepranys NocBsIIeHa UCCAEA0BAHUIO 3a7a4 CO CBOOOAHON rpaHULEH s
CUCTEM TUIEepOOINUYECKUX YPaBHEHUU NMEPBOT0 MOPSAIKA, YTO MO3BOJIMIO U3YUYUTh
HeKoTopbie He-Dypbe 3PDHEKTHI U ObLITU MOIYUYEHBI CICAYIOMINE PE3YIbTAThI:

MpeaJIoKeHa MaTeMaThyeckas MoOJelb CO CBOOOJHOM TpaHuIed A
pENAaKCAllMOHHOTO0 YpaBHEHHUS IMEPEHOCAa TPEThEro Mopsijaka, oOjajarouas psaoM
O0COOEHHOCTEW: B HavalbHbII MOMEHT 00JIaCTh BBIPOXKJIAETCA B TOUKY; MCKOMas
(GyHKIUS U ee MPOU3BOJHBIE MMEIOT TOYKY pa3pblBa MPU HAYaIO KOOPAMHAT;
yCIIOBUE ISl CBOOOAHOM IPaHMIIBI 33]JaHO B HESIBHOM ISl 3TOM TpaHuUlbl popMe;

J0OKa3aHa CyIIEeCTBOBAaHME  peuleHust Oerymieil  BOJHBI  ypaBHEHUS,
OMMCHIBAIOIIETO IMPOLECCH MEPEHOCA MOTEHUHANA B CPENE C PEIAKCALMOHHBIMHU
CBOMCTBaMH;

HCCIIEJOBAaHA [BH)KCHUE IIOTOKAa B KaHajle, YINPAaBIIEMOM IOCTOSHHBIM
IPaJMEHTOM JIaBJIEHUs, YTO SBISAETCS 3ajadyel co CBOOOAHBIMM T'paHHUIAMHU,
BKJIIOUaoIed  runepbosnvueckoe TenerpagHoe ypaBHeHHe MakcBenna U
ypaBuenne Omnpoiina-b Tperbero mnopsanka. CBoOojmHas rpaHua - 3TO
MOBEPXHOCTh, Pa3Aesonas JBe 00JacTH: BHYTPEHHIOI CEpAIEBUHY KaHalla U
BHEIIIHUI CJIOM;

uccienoBaHa onHodaszHas 3amadya Ttuna Credana. PaccmarpuBaetcs
OJTHOMEPHBIN LIWINHAP, 3aII0JHEHHBIA Ta30M U OAWH KOHELl [IWINHAPA 3aKPEIJIEH.
3amaya COCTOMT B TOM, YTOOBI OMUCATh JIBUKEHUE TOPIIHS U COCTOSIHHE Ta3a B
JNAHHBI MOMEHT BPEMEHU;

UCCIIeIOBaHa 3ajlaya JUId TUNEepOOJTUYECKO CHUCTEMBbl ypaBHEHUH C
pa3phIBHBIMU KO3 (GUIIMEHTaMH W HEU3BECTHOM KpPHUBOM pa3pbiBa, KOTOpas
ompenensaercss B IpOLEcCe  PEHIeHus  3aJadyd  BS3KOIJIACTUYECKOTO
nedopmupoBanus. JlokazaHa TeopeMa CYIIECTBOBAaHUA U E€JUHCTBEHHOCTH
pELIeHH 3a]]a4H C TMHEAPU30BaHHBIM U] epeHITNAIBHBIM OTIEPaTOPOM;

uccienoBana aByxdaszHas runepOonnueckass MOENb Ta30BOM JTUHAMUKH,
MoJTyueHHasi Ha OCHOBE pellakcaninoHHoi opmMynnel Makcepeiia-Karraneo.
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INTRODUCTION (abstract of the PhD thesis)

The aim of the research work is to build and develop mathematical models
of processes in media with relaxation properties and to develop methods for
studying hyperbolic problems with a free boundary.

The object of the research work are various mathematical models with a
free boundary of processes in media with relaxation properties and continuum
mechanics.

Scientific novelty of the research work consists of the following:

a free boundary mathematical model with a number of important features was
built for the third-order relaxation transfer equation, and the existence of a wave
solution of the equation was proved,;

the problem involving Maxwell's hyperbolic telegraph equation and the
Oldroyd-B equation, where the surface separating the inner core and the outer layer
of a channel controlled by a constant pressure gradient is considered as an free
boundary, is proved to have a unique solution;

the existence and uniqueness of the solution for the case where the system of
hyperbolic equations, which is a model of the visco-plastic deformation process,
and whose coefficients are discontinuous over a free boundary, is a linear
differential operator, is proved;

one- and two-phase hyperbolic models of gaso-dynamics were studied, that is,
the behavior of the free boundary at given and infinite values of time was studied,
and the theorems of the existence and uniqueness of the solution were proved;

Implementations of the research results. The scientific results obtained for
free boundary problems for the system of hyperbolic equations of the first order are
implemented in the following research projects :

a mathematical model with a free boundary for a third-order relaxation
transfer equation, which has a number of features, was used in the grant MD-
758.2022.1.1. “Development of mathematical models of fractional dynamics in
order to study oscillatory processes and processes with saturation” in the study of
mass transfer problems with a free boundary (reference No. 42-12 of Kamchatka
State University, dated November 28, 2022). The application of the scientific result
made it possible to analyze the process of radon transfer in the soil-atmosphere
system;

from the solution of the problem containing Maxwell's hyperbolic telegraph
equation, in which the inner core of the channel controlled by a constant pressure
gradient and the surface separating the outer layer are considered as a free
boundary, YoOT-Ftex-2018-149 on the topic "Mathematical modeling of the
filtration process in two-component media given by nonlinear boundary
conditions" in the fundamental project, it was used to build automodel solutions of
filtration systems in two-component media (reference No. 04/11-6174 of the
National University of Uzbekistan dated October 8, 2022). The application of the
scientific result made it possible to determine the behavior of automodel solutions
of filtration systems in two-component media given by nonlinear boundary
conditions at unbounded values of time.
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Approbation of the research results. The main results of the research have
been discussed at 5 international and 1 national scientific conferences.

Publications of the research results. On the topic of the dissertation 12
research papers have been published, 6 of them are included in the list of journals
proposed by the Higher Attestation Commission of the Republic of Uzbekistan for
defending the PhD thesis, in addition 1 of them were published in international
journals and 5 papers published in national mathematical journals and 6 abstracts.

The structure and volume of the thesis. The thesis consists of the
introduction, four chapters, conclusion and bibliography. The total volume of the
thesis is 105 pages.
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