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Kupum (TOKTOPJIHK THCCEPTAIASICH AHHOTAIUSICH)

Juccepranus MaB3yCHHUHT 10J13ap0Juru Ba 3apyparu. JKaxoH Mukécuaa
Karop dyHAaMeHTal MyamMMoyiap (PU3UK >Kapa€HHUHT IOKOpU aHUKJIMKAArud
MaTeMaTUK MOJCIUIAPUHA KYpPUILIHHW, VYJIAPHU TaJKUK KWIMIIHUHT  SIHTH
yCYJUIAQpUHM HILIA0 YMKUIITHU XamJa OJMHTAaH HATIDKaJapHU aMaliuérra »opui
ATUITHU Tajad 3TMOKIA. AMaIMET TaiabaapuaaH Keaud YukuO, IOKOpH TapTHOIU
Xxycycuit xocunanu aud@epeHiman TeHriaManap Ha3zapusicura, XyCycaH y4MHYU
TapTUONM XyCYyCHH XOCHJAIM Ba apanaml TUIUM auddepeHiuan TeHriaManap
Hazapuscura O0yiaran 3pTHOOP Ky4ailau. YUuHYM TapTHOIM TEHTJaManap opacuia
Kappajid XapaKkTepUCTUKAIU TEHIJIaMallap y3ura Xoc Kuxariapu OWiaH anoxuja
YpuH sramnaian. Yekiau aMmiuTyaara sra Oyiarad IUCrepcuoH MyXUTIArn KUYUK
TYJIKUHHU TaAKUK Kuaiaa, moaen cudaruaa Kortevega de Vries Tenrinamacu ne6
aTallyBUd  YU3MKCH3  TEHrjJama, SIbHM  YYMHYH  TapTUOIM  Kappaiu
XapaKTEepPUCTUKAIM BaKT OYiinua OUpWMHYM XOocwuijara sra OYiaraH TeHIJIamMaliaH
doitnananunaan, Oy  TeHriIamMa ydyH  sApaTWiraH  Hazapus  Kappaiu
XapaKTEPUCTUKAIM TEHTJIAMAJIApHUHT OOIIKA CUH(OU, YYUHYN TapTHUOIN Kappaiu
XapaKTEepPUCTUKAIM BakKT OYHWYa MKKUHYM XOCWiara sra OyiraH TeHrJamMaHu
TaIKUK KWIMIIra acoc cudaruja Xu3maT KWIIW. YUYUHYU TapTUOIH Kappaiu
XapaKTEepPUCTUKAIHM BaKT OVHHWYa MKKMHYM XOCHUJara 3ra OyiraH TeHrjiama OuiaH
OOFIMK  JKapa€HJIApHUHT  MYpaKKaOJWIW, €Tapiu JlapakaJard AaHaJIUTHUK
YCYJUIAPHUHT TYJa IMIaKUIaHMaraHjiura cababmnu, ymly TeHriamanap OwiiaH
OOFIIMK TAAKUKOTJIAPHU PUBOXKIAHTHUPHUII MyXHM aXaMUsT KacO 3Tau.

MamiakaTuMu3 ~ ONUMIIApDH  TOMOHHJAH yYWHYM TapTHOIM  Kappaiu
XapaKTEePUCTUKAIM BakT Oyinya OWpUHYM TapTHOIM Xocuiara ira  Oyirax
TEHTJIaMalap Y4yH CaJIMOKJIN HaTHXajlapra SpUIIWiIrad. by TeHraMaHUHT I0KOpU
TapTUOIM OYiAraH XoJdu Y4YyH Maxcyc (yHKOusiap opkaiu udoganaHyBuu
dbyHIaMeHTa)l e4uM Kypuiub, YHH Xocca Ba XYyCYCHSATIApW YpraHujirad Ba
yerapaBuii Macajajap euuirad. YUUHYM TapTHOIM Kappajau XapaKTepUCTHUKAIU
BaKT OyiiMua WKKWHYU TapTHOIM Xocujara sra OYyiraH TeEHTJIamajiap Y4yH
L.Cattabriga Ttamonuman Kypwiran ¢QyHIaMeHTan ednMmaaH  (oiinaaanuo
yerapaBuil Macanaigap ypraHwirad. Apajanl THUIUIA Ba IOKOpU TapTUOIM KyliMa
Ba apajami-KymmMa TeHrjamanap Y4YyH 53ca XalKapo MHUKECAA TaH OJIMHTaH
HATWXKalapra SpUIIITaH. YUYUHYA TapTHOIM Kappald XapaKTePUCTUKAIH BaKT
OyliMya MKKMHYM TapTUOIM Xocwiara sra OyiraH TeHIjaMajgap y4yH Maxcyc
byHKUMsIIap opKainu udoaanaHyBud (pyHIaMEHTal €4uM KypHII Ba YHM XOcca Ba
XYCYCHSTIApHHA YpraHwiml Ba y €EpAaMua dYerapaBWii MacallaJJapHd UMl
MyaMMOTa SSHTU4a EHAANTYBHU Talad KUIaiu.

UM3nKCcH3 aKkyCTHKa Macajajapd, KOCMHUK ITUTa3MaHUHT TUIPOIMHAMHK
Ha3apusICH, YM3WKCHU3 TYJIKWH XamjJa FOBaK KaTjiaM OwWiaH uerapajaHraH
KaHAJIJIaTW CYIOKJIMKHUHT OKUMH Ba 0oIKa s>kapaéuiap OuinaH OOFJIMK Ky COHJTU
TQIKUKOTIAD YYMHYM TapTUONM Kappaid XapaKTEPUCTHKAIM BakKT Oyiinua
WKKUHYM XOCHJIara sra OyJiraH Xxamja apajami rnapadojio - TUIEepOOIUK TUIAAru
TEHIJIaMayiap OujiaH OOFNIMK TAJAKUKOTIAPHU SHAJAa TaKOMHUJUIAMITHPUIITHUHT
MYXHUMJIATH OWJIaH W30XJTaHAIH.



V36exucron Pecny6nukacu Ilpesunentunuar 2006 iiunm 7 aBrycTiaaru
[1K-436-con «®aH Ba TEXHOJIOTHSUIAPHU PUBOKIAHTUPUILIHUA MYBO(DUKIAIITHPHIILL
Ba OONIKapUIIHK TaKOMWJUIAIITUPHUII YOpa-TaaOupiapu TYFpUCHIA» Xamza
2008 imn 15 wmronmaru [1K-916-con «MHHOBaNMOH JIOWHUXajdap Ba TEXHOJOTHS-
JapHM UWOUIA0 YMKapuilra TaTOMK OTUIIHM parOaTiaHTUpHIN Oopacuaaru
KylmumuM4a 4opa-tagoupiap Ttyrpucuna» Kapopimapu Ba wmaskyp ¢aonusTra
TErunuid OOIIKAa HOPMAaTUB-XYKYKHH XyxkKaTiapja OedruiiaHran BasudaiapHu
amajira OIIMpUIIra ymoy AuccepTalus TaJKUKOTH MyalsH Japa)kaga Xh3MmaT
KHJIaU.

TagkukKoTHUHT pecny0janka GaH Ba TeXHOJOTHSJIADUH PUBOKIAHUIIN-
HHMHI YCTYBOp HyHaJuUILIapura OOFJMKJIUIH. Ma3Kkyp TaaKUKOT pecIyOJIHKa
daH Ba TexHONOTHsUIAp pUBOXUIAaHWIMMHUHT V. «MartemaTnka, MexaHWKa Ba
uHbOpMaTUKa» YCTYBOp MYHAIHIIHN Joupacuaa OaxapuiraH.

JAuccepranust MaB3ycu Oyin4a XOPHKHUN WIMHN-TAAKUKOTIAP mapxnl.
YyuHuK TapTUOIM Kappalld XapaKTepUCTUKAIM BaKT OyilM4a MKKUHYM XOcCuiara
ara OYnraH TeHriaMmanapra GyHJIaMeHTall €4uM KypHIll, MOTEHIMaUIap Ha3apuscu
Ba YJApHUHT XYCYCUATIAPUHU VPTraHWI, YEKIM Ba YEKCH3 coXajlapja Typiu
yerapaBuili MacajlaJapHU TaJKUK KWJIUII Oyinda WIMUNA HW3JaHUNUIAp €TaK4du
XOPWKUM NTaBlaTJIAPHUHT WIMHN MapKazjapu Ba OJUW TablUM Myaccacajlapi,
xymnanad, University of Bologna, University of Turinto (Mramus), darux
yauBepcutetd (Typkus), BunbHioc yHuBepcutetn (JIutBa), MockBa naBiat
yHUBepcuTeTH, HOBOCMOMpCK JaBiaT yHUBEpPCUTETH, balIKupaMCTOH aBiiat
yauBepcuteTH, [lnmonuit - apkuii ¢penepan ynuepcurer Ba Kabapnun-bankap
naBiaT yHuBepcurtetH, Poccust @annap akaaeMusiCMHUHT MaTeMaTuka HHCTUTYTH,
Amanuii MareMaTuka Ba aBTOMaTJamTUpuil WHCTUTYTH  Poccus Dannap
akagemuscuHuHr KaGapauH-bonkap unmuil Mmapkasuaa onud O0puiaIMoKaa.

Apanam turin  tuddepeHiran TeHriaMaiap Hazapuscura ouj AyHéna oo
Oopwiran TaJKUKOTJIAp HaTWKacuaa KaTop J[oi3apd wmacaianap e4Wiras,
KymiaZaH KyWHaard WIMHA HaTWKajlap OJIMHTAH: apajaml  SJUIMITHUKO-
rUnepOOoJIMK TUIUIM TEHTJIaMara 4YerapaBmii Macajajgap €YUl Ha3apusicu sipaTHiral
(University Turinto, Wranus),; derapamga Oy3uiyBYHM DIUTUNTHUKO-THIEPOOIHK
TEHIJIaMa y4dyH uerapaBuii macananap euwirad (Uppsala University, IlIBenus);
apasani UM TAKO-TUIEPOOJIMK TEHTJIaMa YayH TpUKOMHU Macajlacura SKCTPEMYM
npuHuunu ucOotianran (MockBa nmaBmatr yHuBepcutretd, Poccus Dannap
akageMuscu MareMaTrvka UHCTUTYTH); apajiall 3JUTMITUKO-TUIEPOOJIMK TeHrIama
y4yH HOJIOKaJI Macaiajap uiuianrad (AMaauii MaTeMaThKa Ba aBTOMATJIAIITHPHILL
uHctutytu Poccust @annap akagemusicunudr Kabapaun-bonkap wimuii Mapkasu,
MockBa nasnatr ynuBepcuteTH, HoBocuOupck paBiar yHuBepcutetru, Camapa
JaBJaT YHUBEPCUTETH); apajiall TUILTM TEHTJIaMajlap YYyH CHEKTpal MacaJlaHUHT

Yluccepramms maB3ycu Gyitmua xopikuii HnMuii-TagkukoTmap mapxu:  Arkiv Mathematics Astronomis,
www.springer.com/mathematics/journal/11512; Rendiconti del seminario matimatico della univ di Padava;
Communes Partial Differential Equations; Ycnexu matematndeckux Hayk, Www.mathnet.ru/umn; Martematuueckue
3ametkr, Www.mathnet.ru/mz, Cubupckuii mMareMaTHUecKuil KypHai, WWW.Springer.com; CuOupCKHil KypHa
HHJyCTpHaIbHOM MaTemaruku, Www.math.nsc.ru/publishing/SIBJIM/sibjim.html, Tudbdepennnansusie ypaBaeHusl,
www. link.springer.com/journal/10625 mau6anap acocuia uiniab YUKHITaH.
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X0C COH Ba xoc¢ ¢yHkmusuiapu tonwiran (MockBa JaBnaT YHUBEPCUTETH,
Marematuka Ba MaTeMaTHK MOJEUIAIITUPHUIN HUHCTUTYTH, KO30FUCTOH); 10KOpH
TapTUOIM KYIlIMa Ba apajam-KylmiMa THUIard TEHTJaManap Y4YyH 4erapaBuid
MacajajapHd EUUINHUHT ycyiulapu wunuiad uukwirad (Poccus ®annap
akagemuscu Cubup Oynumu MaremaTtnka MHCTUTYTH, AMalvii MareMaThka Ba
aBTOMaTNaITHpUII MHCTUTYTH KaGapmuu-bonkap wniamuii Mapkasu, Y30eKHCTOH
Muuinii yHUBEpCUTETH KOIIMAaru MaremMaTrka HHCTUTYTH); apajalll JUTUITHKO-
napaloyiuK Ba napabosio-TurepOoIMK TEHTIaManap yayH derapaBuil MacanajapHu
eunin ycyuiapu tomwiran (Poccus ®annmap akagemusicu Cubup Oymumu
MaremaTuka MHCTUTYTH, AMaJIuii MaTEMaTHKa Ba aBTOMATJIAIITUPHUILI UHCTUTYTH
Kabapnun-bonkap wiamuii mapkasu, MaTteMaTtnka Ba MaTeMaTUK MOJIEIIAIITHPUIIL
uHcTuTyTH (KO30FHCTOH), V36ekncron Mt YHUBEPCUTETH KOLIUJIATU
MaremaTuka HWHCTUTYTH); y4 VIYOBIM YEKIM COXaJa apajail >SJUTUITUKO-
rurnepOOJIMK TeHIJlaMa ydyH derapaBuii macanamap euwiran (University of
California, University of state Merilin (AKII), Poccus ®annap akamemusicu
Cubup OynumMu MaTtemMaTuka HMHCTUTYTH); apajiall JIUTUITUKO-THIEPOOIUK
TEHrJaMa Y4YyH y4 YIYOBJIM YEKCH3 coxada derapaBuii MacananapHu Dypwe
WHTErpall aJIMAIITUPUINM EpAamMuaa euun ycynau unuiad yukuiarad (Poccus
®dannap akanemuscu Cubup 6ynumu Maremaruka HHCTUTYTH, Kabapaun-bankap
JaBlaT yHUBepcuTeTH, MockBa ngaBnar yHuBepcuretd, Camapa [naBiar
VHHBEPCHTETH, Y30eKMCTOH MMM yHHBEPCHUTETH KONIMAard MareMaTHka
UHCTUTYTH).

Jynéna OyryHru KyHJa, Kappajud XapakTEepUCTHKaId Ba apajiall THUILIA
TEeHrjJaMajapra KyHuiaraH derapaBuil macanaiap Oyiinua Oup KaTtop: *KymulaJiaH,
MyalsH kapa€HHUHT sSHaJla MyTaHOCUO paBHUIla Y31/1a aKC STTUPYBYM MAaTEMaTHK
MOJICJIJIApUHM SIpaTUIl Ba yiapHU U(GOAAIOBYM MacajlaJapHU €4HIll; YerapaBuid
MacaJlaJlApHUHT aHAJIUTUK €YMMIIADUHU KYpHUII; COHJIM MOJIEUIAPHUHT TYpPFYH
QITOPUTMIIAPUHU TY3WII; KYI VI40BIM (a30BUM MacajajlapHU €uuIl Kaou
YCTUBOP WYHATHIILIAPAA UIMUAN-TAAKAKOT UIIUTApU 0JIUO OOPUIIMOK/A.

MyaMMOHMHI YPraHWIraHJIWK [apaskacd. YUYMHUM TapTUONM Kappaiu
XapaKTEPUCTHKAIM BaKT OyiM4Ya WKKUHYM XOCWJlara Jra TeHIJIaMmalapra
dbyHIaMEHTaJI €4rM KYpHIIl Ba YJApHUHT XOCCaJapUHHU YpPraHUIl, MOTEHIIHAIAP
HA3apUACUHM PUBOXJIAHTHPUIN, YeTrapaBUil Macajla €uullra Joup OWpUHYHU
Hatwxanap H.Block, E.Del Vecchio nap nmmapupa onunran. KelinHuanuk Oy
Hatwkanap L.Cattabriga unuapuga puBoxsiantTupwirad. A.A.Jle3uH TOMOHUaH
KappaJii XapaKTepUCTUKAIN TEHTJIAaMAJIAPHUHT (PYHKIIMOHAJ aHATIU3 YCYJIUA TaJIKUK
kuiudrad.  T.J0.JxypaeB, C.AOGauHa3apoB Ba VYJIAPHUHT YKYBUMJIAPUHUHT
WIUIapuia 4YerapaBMil Macanajap TNOTeHUMAIap ycyiauaad (doigananuo
L.Cattabriga ToMoHuAaH Kypuirad pyHIaMeHTall €4uM EpJaMuia YpraHuiraH.

['mpponrHaMuk kapa€HiiapJla MyXUM YPUH 3TAJUIOBYM YM3UKCHU3 TYJIKUHIIAP
HA3apUACH, YUYUHYM TapTHOIU Kappaid XapaKTEPUCTHKAIM YW3UKCU3 TEHIrIama
Owian wudoamaHUMHN OupuHuM MapoTaba Joseph Bussinisk  ToMonuman
onuHraH. bupok, skapaéununr tynuk taxmwm Diederik Korteveg Ba Gustav de
Vries ToMoHHMIaH amanra omupwirad. by coxamarm unMui HW3JaHUIUIAPHUHT
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amanuu KUXATIAH MYXUMJIIUTH B.H./luecniepos, O.C.PorxoB Ba
1O0.B.3acopunnapHuHr unmapuga acociiaHrad. B. ['anakTMOHOBHUHI MIUIApW[A
Kappajid XapakepUCTUKAIM YM3WKCU3 TEHIJIAMAHUHT  aBTOMOJEN €YUMHU
Vpranwiran.  A.Ashyraliev, N.Aggez, F.Hazenci map »3ca  kappaimu
XapaKTEepUCTUKAIH TeHIIaMallapHU COHJIM yCyJulap/ia €4uIll OWilaH IIyFyJUIaHTaH.

Kymma Ttunparn Ba Kappad XapakTapUCTHKalWd TEHIJIamanap YYUHYU
TapTUOJIM TEHTJIAMAJIAPHUHT aCOCUI BaKWJUIapu XUCOOJaHAAW. Y YUHYHM TapTUOIU
TeHrjaaManap HazapusicuHuHT acociapu A.B.bumanze, M.C.CanaxunavHos,
T. 4. Axypaes, B.H.Bparos, T.IlI.KanmenoB, M.T./[>keHanueB Ba yJIapHUHT
VKyBUMJIap¥ TOMOHUJIAH UIIA0 YMKUJITaH.

VY4 yIIqoBNIM YEKIHM COXaJa apayall 3JUIMITHKO-TUIEPOOIUK TEHIJaMa Y4yH
yerapaBuii Macanaimap M.N.Protter, M.Shnaeider, A.B.bumnanze, A.M.Haxymies
B.IL. Iunenko, I'.JI.Kaparonpaknues, B.H.Bparos, H.I'.Capokunanap ToMOHHIaH
Yypranunrad. bupuHum MapoTtaba apajaml SJUIMITHKO - TUIEPOOJUK TEHTJIaMa
YUYH Y4 YITYOBJIM Y€KCU3 coxaga OypbeHUHT MUHTETpajl alIMAlITUPHUINN €pJaMu/ia
yerapaBuii Macananap A.B.bumaaze TOMOHHMIAH TaAKWMK KWIMHTaH. Yekcus
HWIMHAPUK — coXaJa dIUIMNTHUKO-TUIEPOOJIMK TEeHrjamaigap y4yH Oup Karop
Macanaidap  A.M.Haxymes, C.M.IlonomapeB,  M.C.CaloXUTIMHOB  Ba
b.McnomoBnap tomonugaH Vypranwiran. A.M.ExoB Ba C.ILIIynbKuHHUHT
UIUIapua apajanl SJUIMITUKO-TUNIEPOOIUK THUIUIM TEHrjamMa YYyH MaKCUMyM
NPUHIUNKM acoCUJla U3JIaHAa€TraH EYUMHHUHT anpuop 0axocu TOMWJraH Ba
OypbeHUHT TECKapU aJIMAlITUPUINN MaBXYMJIUTU Y4yH 3apypui Imiaptiap
aHukjanrad. [lapabono-runepOoiavK TUIUIM TEHIJIaManap y4yH Y4 VYI4OBIU
dazona derapaBuit macanamap T.J.IxypaeB, A.ComyeB, HO.Il.AnakoB Ba
b.McnoMoBiap TOMOHUJAH KapajraH.

JAuccepranuss MaAaB3yCHHMHI JUCCEPTANUA 0aKapPUIAETIaH 0JIMA TabJIUM
MYacCaCACHHMHI WIMMA-TAAKMKOT HILJIAPU OUJIaH OOFJIMKIMIU. [uccepraius
TaJKMKOTH HamaHran MyxaHIuCIuK - mefgaroruka uHctutytd 07 - pakamin
«Xycycuit Xocuiiaiau IOKopu TapTuomm auddepeHiman TeHriaMmanap Ha3apuscu
MaB3yCHJIard WJIMHM TaJIKUKOT HIILJIApPH pexacura MyBo(hUK OakapuiraH.

TaagKMKOTHUHT MAKCAJAUW YUYUHYU TapTUOIM Kappaiu XapaKTEepUCTHKAIU
BaKT OyiHWYa WKKWHYM XOCWJara sra OYnraH TeHrjamanap Y4yH aHalluTUK Ba
byHIaMeHTaNI eurMIIap KypHIll XaMmjia y4d yimdoBid (a3ojia mapadosio-runepOonK
TEHIJIaMaJlap YYyH YerapaBuil MacaiajlapHu eduigad noopar.

TankKukoTHUHT Basudasiapu:

aHAJTUTUK Ba (yHIaMEHTaJl €4YUM KYypHUIIHU YYUHYU TapTUOIU Kappaiu
XapaKTEePUCTUKAIM BaKT OYVHWMYa WMKKMHYM XOCHiIara 3ra OVYiraH TeHrjamasiap
Y4YyH Maxcyc pyHKuusuiap €paMujia amaira OIIMpHIIl;

dypbe YCYIUHUHT KOHCTPYKTHUB KYpHII HA3apUSICUHU YUYUHYH TapTHOIH
KappaJi XapaKTEepUCTUKAIM BaKT OYyiM4a WKKUHYM XOCWjara odra OyiraH
TEHTJIaMaJIap YYyH UIIa0 YUKHIIL;

MOTCHIIMAIIAD HA3apUSICHHU YYMHYU TApTUOIM Kappajau XapaKTEepPUCTHKAIU
BaKT OYiinya MKKWHYM XOCHUJIara sra OyJraH TeHrjiaManap y4yH pUBOKJIAHTHPHILL;



YYUHYNA TApTUOIM Kappadul XapaKTepUCTUKAIM BaKT OyiMYa WKKHHYA
Xocwiiara sra OYJraH TeHrjamMajgapra Kyuuiran yerapaBuii Macananap yuyH ['puH
GyHKUMSIITapUHU KypHUIII Ba Macajiajgap e4uIlia KyJulall;

YYUHUMA TapTUOIM Kappajdud XapaKTepUCTUKAIM BaKT OYHWYa UKKUHYU
xocujiara sra OynraH Oy3wiIyBUM TEHIJIaMa YYyH 4erapaBHil MacajalapHU €UuIll
HA3apUACUHU UIIUTA0 YUKHUIIL;

y4 yrm4yoBiu ¢azoja napadboyao-runepOoIuK TeHriaamaizap yuyH Tpukomu Ba
['ennepcrent MacanaJapuHUHT OUp KMAMATIM €4MMIa 3ra SKaHJIUTMHUA KYpCaTull;

ya ymuoBnu (azomarm  DypheHUHT TYFpU Ba TECKapud HMHTErpaj
ANIMAIITUPHUIIMHY YETAPABUM MacaJlaJlApHU €4MIIa ACOCIIALLL

TaagKMKOTHUHI 00BbEKTH YYMHYM TapTHOIM Kappald XapaKTEPUCTHKAIU
BaKT OViiM4ya MKKMHYM XOCHJIara sra OyiraH TEHTJIaMalap Ba y4 ymdoBmu (azona
napaboio-rTunepOOoIMK TEHTIaManapAan noopar.

TaagKMKOTHUHT MpeAMeTH YYMHYM TapTUOIU Kappaiud XapaKTepUCTHKAIU
BaKT OyiMYa WMKKWHYM XOCWJara sra OYiraH TeHrjamanap y4yH aHallMTUK Ba
dbyHIaMeHTal e4uM KypHIl Hazapuscd Ba y4 YiuoBiaw (azona mapadoiio-
runepOoJIMK TEeHTIaMasap yayH 4erapaBuil Macaiagap TaJKUKOTHIaH H0opar.

TagkuKOTHHHT  ycysiapu. TaAKUKOT HIIWIA MAaTeMaTUK  aHAJIN3,
muddepeHnran TeHraaMagap Ba MaTeMaTHK (PU3MKAHUHT MAaKCUMYM TMPUHIIUIH,
SHEpPrusl HMHTErpajid, MHTErpajl TEHINIaMalap  Ha3apusCcu  YCyJUIApUJIaH
dbolnananuaraH.

TagKNKOTHUHT MJIMUI SHTWIMTY Kydugaruiapiad uoopar:

aHAIMTHK Ba (PyHJaMEHTal €YUMJIAPHU YYMHYM TapTUONIM Kappaiu
XapaKTEPUCTUKAIM BAaKT OYViMYa WMKKMHYM XOCHiara 3ra OYiraH TeHrjamaiap
Y4yH Maxcyc (pyHKIusnap €épaamMuaa Kypuiras;

WIK Oopa yYMHUM TapTUOJIM Kappaldu XapaKTepUCTUKAIM BakKT Oyiinua
WKKWHYM XOCHJIara sra Oyiaran TeHrjiamanap ydyH derapaBuii Mmacananapaun Oypne
yCyJUJa €YUl AITOPUTMH UIIA0 YNKHUIITaH;

NOTEHIIMAIIAD HAa3apUsCH YUYUHYM TapTHOIU Kappaid XapaKTEepUCTHKAIU
BaKT OyiiMya WKKWHYM XOCWJara odra OyiraH TeHrjamMaiap YYyH TYIHUK
aCOCJIaHTaH;

YUYUHUMA TapTUOJIM Kappajdud XapaKTepUCTUKAIM BaKT OyiM4a HMKKHUHYA
Xocuiiara sra OyiraH TeHTJIaMajiapra KyWWJTaH 4yerapaBHil Macajajap eduIjia
['pun QpyHKUMSIApU KypUIITaH;

YUYMHUMA TapTUOJIM Kappajiud XapaKTepUCTUKAIM BaKT OYilM4a HMKKUHYU
xocuiiara sra Oynarad Oy3wJIyBYM TEHIJIaMa yYyH YerapaBHil MacajalapHU €4uIIra
®ypbe anropuTMH TaI0MK KUJIHHIaH;

y4 YiyoBiau (azona napadbosio - TUIepOoIMK TeHr1amanap yuyH TpHUKoMH Ba
['ennepcrent MacanagsapuHUHT OUP KUUMATIIM €UUMTa 3ra SKAHJIUTU KYPCATUIITaH;

y4 ym4oBiu ¢azofa yerapaBuil mMacananapHu euunina OypseHUHT TYFpHU Ba
TECKapu HHTErpajl  ajIMalITUPUIIM MAaBXYMJIUTUHUHT 3apypuil Ba eTapiiu
mapTJiapyu aHUKJIAHTaH.



TagKNUKOTHUHT aMaJIuil HATHKACH XOCWI KUJIMHTaH aHAJIMTUK e4uMIlapaaH
bu3uk  ckapaénapHuHr  cudar  KYpPCATKUYMHU  aHMKJAIIJa Ba  COHJIU
xucobamnapaa ¢oiganaHuI MyMKHHIUTHIaH HOOparT.

TaakuKOT HATHKAJTAPUHMHI WINOHWIWINIM YYUHYM TapTHOIU Kappaiu
XapaKTEepUCTUKAIM BaKT OYyilM4a WKKUHYM XOcWjara sra OyiaraH TeHrjiamanap
y4yH aHaIUTHK Ba ¢QyHAAMEHTal €4uM, M[OTEeHUUaulap Hazapusicu, Dypbe
YCYJIMHUA KOHCTPYKTHB KypWII Ba y4 YI4oBIM (aszofa apanam mnapadoyo -
TUNEepOONUK TEHTJaManapra KyWnuiaran MacaiajlapHd €4HIlja MaTeMaTUK aHalu3,
mudepeHnran TeHrIaMaiap Ba MaTeMaTuk (hU3WKa yCyJUIApUHU KYJam OwiaH
ACOCJIAQHTaH.

TagKUKOT HATWKAJTAPUHUHI WJIMMHA Ba aMajiMil axaMMsTH. TaakukoT
HATIKAJAPUHUHT WJIMUN aXaMUsATH YYUHYH TapTUOIM Kappasid XapaKTepUCTUKAIIN
BaKT OYyiiM4ya MKKMHYM XOCHJIara 3ra OyJraH TEeHIJIaMallapra aHaJIMTUK Ba Maxcyc
byHKUMsIIap OpKalu Kypuiarad (yHaameHTtan euumiap Ba Dypbe yCYJIUHUHT
QITOPUTMHU OWJIAH U30XJIaHATH.

TaaKUKOT HATIKATAPUHUHT aMaMi aXamMusTH YYMHYMA TapTUOIM Kappayd
XapaKTEepUCTUKAIM TEHIJIaMa OpKajdu wudonananyBun (Qu3Mk >kapaéH Ba
XOJIMCATIAPHUHT MOJieJIapura TaAOUK STHUIITA XU3MaT KUJIaIH.

TagKuKOT HATHKAJIAPUHUHT KOPUIl KWINHUIIM. J[uccepTanus TaAKUKOTH
Kapa€HUJla OJMHTaH WIMUNA HaTWXKanap Kylujard HyHanuuuiapia amanauérra
YKOPHUM KWJIMHTaH:

YYMHUYMA TapTUOJIM Kappajdud XapaKTEepUCTUKAIM BaKT OYyilM4a HKKUHYU
Xocujlara sra OyiraH TeHrjamara KyWWiraH uerapaBudl MacaJlaHUHI OLIKOP
XOJIJard €4YUM KypUIl yCyIuAaH «DNACTHKIMK Ba MIIACTUKIMKHUHT (QyHIaMEHTAI
Myammoutapu» Map3ycuaaru 114030440003 pakamiid XOpH>KHIM TPaHTUIA YYUHYU
TapTUOJIM TEHrjIamara KyWuiraH sSsHr'M KOPPEKT MacajlaHWHT €UUIIJIa KYJJTaHUITaH
(Cubup maBnat a’pokocMuk yHUBepcUTeTHHHHT 2016 inn 10 maiigaru 38/1208-
COH MabJIyMOTHOMAacH). MnMuil HaTWXKaHUHT KYJUIAHWIIH AHAIUTHUK €YUMHUHU
XOCHJI KWJTUIIT UMKOHUHU OepraH;

['pun  ¢yHKIMACH Kypuill EpaamMuia KyWWIraH MacallaHWHT KypUJTraH
CUMMUIAH «YUYUHYM TapTUOJIM TeHrJamanapra BakT OViinda MHTETrpajliv mapTiiap
Owsian yerapaBuii Macamanapy» maizycunaru 1.3.1 pakamuu Makcannu ®@eneopant
Hactypuu amanra omupuiiga «MHHOBanMoH Poccust umMui Ba MIIMHAM-TIEIarOTUK
kagpaap» (2009-2013), xopwkuil TpaHTHa YYMHYMA TapTUOIM TEHIJIaMara
KYWWUITaH SIHTM YerapaBud MacajJlaHUHT €YMMHHHM Kypuiujga (oiganaHuirad
(IInmonmit-1lapkuii dhenepan yauBepcuretuHuHr 2016 imn 5 maigarn 71-277-
COH MabllyMOTHOMAacH). MnMuil HaTH>KaHMHT KYJUIAHWIIKA MAacajJlaHUHT €YUMHHHU
MHTErpajl TeHTJlaMara KeJITUPUILTa XU3MaT KUJITraH;

yerapaBuil MacajaHH €4HuIlla YYUHYM TapTHOJM Kappalu XapaKTepUCTUKAIU
BaKT OyiiMua MKKMHYM XOCWiara sra OyiraH TeHIJIamMa y4yH TakiauQ >3TUjraH
dypbe YCYIMHUHT aNTOPUTMHUJAH «Apanaml TUIUIM HoJokan auddepennman
TEHrJaMajiap Ba yJapHU JMHAMUK CUCTEMallapia KYJUIAaHWIMIINY) MaB3yCHUJIaru
(2013-2015) nmaBnat pakamu 01201361965, Xopwkuii rpaHTaa SHIH YerapaBhit
Macanamapuu eumimga (Qoivgananwiran  (POA  Amanuit  matemaTuka  Ba
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aBTOMATJIAIITUPHUIN WHCTUTYTHHUHT 2016 #wun 4 wmaiimarm  01-12/84-con
MabJIyMOTHOMacH). MiaMuUN HaTWKaHUHT KYJUIAHWIIM KYWWITaH MacajJaHUHT
OLLIKOP XOJIJIaT¥ €YUMHUHH KypHIITa XU3MaT KUIITaH.

TagKuKoOT HATHKAJTAPUMHUHI anpodauusicu. TagKMKOTHUHI HaTWKallapu
WIMHK-aMaJIuil aH)KyMaHJIapJla MyXOKaMa KWIMHTaH IIy >KyMIIaJaH: «XyCycui
xocunanu auddepeHman TEHIJIaMa Ba aHaliu3, WHGOPMATHUKAHUHT TYpJOII
myammodiapu» (Tomkent, 2004), «Marematuk ¢usuka Ba HHGOPMAIIUOH
TEXHOJIOTUSIHUHT 3aMoHaBuii Myammodapu» (Tomkent, 2005), «/Iuddepernman
TEHIJIaMaJ1ap, orepaTopiap Ha3apHsCH Ba KOCMUK TEXHOJIOTHSUIAPHUHT 3aMOHABU
Myammoutapm» (Onma-orta, 2006), «Homnokan yerapaBuii Mmacanajap Ba MaTeMaTHK
ouonorusi, uHPopMaTuka Ba (UIMKAHUHT Typaom wmyammonapw» (Hampuuk,
2006), «Third Congress of the World Mathematical Society of Turkicsh
Countries» (Almaty, 2009), «Amamuii MaremMatuka Ba HWH(OPMALMOH
TEXHOJIOTHUSJIADHUHT J1013ap0 Myammoiiapu - Aj-Xopeamu-2009» (TormkeHT,
2009), «Differential equations and their applications» (PaneveZys, Lithuania,
2009), «IV Congress of the Turkic World Mathematical Society» (Baku, 2011),
«AManuii  MaremaThMka Ba MH(DOpPMAIMOH  TEXHOJIOTHSUIAPHUHT  J0J3ap0
myammouapu-An-Xopeamu-2012» (Tomkent, 2012), «Amanuii maremaThka Ba
MH(OPMAITMOH TEXHOJIOTHSUIAPHUHT J1013ap0 Myammosnapu - An-Xopeamu-2014»
(Camapkann, 2014), «MaremaTuk aHaTU3HUHT J0J13ap0 Myammosapu» (Yprexd,
2012), «uddepennuan TeHrmamanap Ba YHH TaJOUKIAPUHUHT 3aMOHaBUUI
myammoiniapu»  (Tomkent, 2013) «MareMaTuk (U3HKAHUHT  HOKJIACCHK
TEeHrjaaMajgapu Ba yiaapHuHr Tanoukiaapu» (Tomkent, 2014), «Martematuk
(U3MKaHUHT 3aMOHaBHi ycymapu Ba Tanoukiaapw» (Tomkent, 2015) kabu
aHwKyMaHjiapJa Mabpy3a KypuHUIIMAAa OaéH HTWIraH Xxamjaa anpoOanusaaH
yTkasunrad. TaIKUKOTHUHT HATWKAJaph Y30eKMCTOH MMM yHUBEPCHUTETH
Kommaaru Maremathnka HWHCTUTYTHHUHT «Xycycui xocwinanu auddepeninan
TEHIJIAaMaJIap HA3apHsCUHUHT 3aMOHaBUW Myammodapw» PecryOnuka wuiMuii
cemunapuna (Toukent, 2006-2011), V36exucton MuIMii YHUBEPCHTETUHHUHT
«XwucoOam MaTeMaTUKAcH Ba MaTeMaTHK (PU3UKAHUHT 3aMOHABHI MyaMMOJIaph»
unmuit cemunapuaa (Tomkent, 2010-2011) myxokama KUJIHHTaH.

TagKuKOT HATHMKAJTAPUMHUHI IBJOH KWIMHMIIM. Jlucceprauus MaB3ycu
Oyiinua >xamu 45 Ta WIMHNA WII YON OTWITaH, IIyJapJaH, V36exucTon
PecniyOnukacu Onuil aTTecTanusi KOMUCCHUSICUHUHT JTOKTOPJIMK JUCCEPTALMSIIAPU
acOCUM MIMHN HATW>KAJIAPUHU YOII STUIL TaBCHUS dTUJITaH WMWK Hampaapaa 13 ta
MakoJjia, KymiajaaH, 7 Ta XOpwkui Ba 6 Ta pecnyOiuKa XypHajulapuja Hailp
STHUIITaH.

JluccepTanMSIHMHT TY3WJIMIIM Ba Xa:kMH. /[uccepramust TapkuOW KUPHIILL,
TyprTa 000, Xylnoca Ba QoinanaHuiaran anabuérnap pyiixarugadn wubopar.
JuccepranussHUHT XakMu 186 OSTHU TaITKKUIT STraH.
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JIACCEPTAIIUSIHUHI ACOCUM MASMYHH

Kupum xucMuna yTkazwiraH TaJAKUKOTIAPHUHT 1013apOJIMTU Ba 3apypaTu
acocllaHraH,  TaJKUKOTHUHT  pecnyOnuka  ¢gaH  Ba  TEXHOJOTHUsJIApH
PUBOKJIAHUILIMHUHT YCTYBOP MYHaNMIUIApUra MOCHUIH KypCaTWITaH, MaB3y
Oyiinya XOpMXKUW WIMHU-TQAKUKOTIAp IapXyd, MYaMMOHUHT YPraHWUJITaHJIHK
Japakacu KeNTUPUWITaH, TAJKUKOT Makcalu, Bazudaiiapu, 0ObeKTH Ba MpEeIMETU
TaBCU(JIaHTaH, TAJKUKOTHUHI WJIMUW SHTUJIUTH Ba aMaliuid HaTwkaigapu OaéH
KWIMHIaH, OJIMHTaH HAaTWKaJapHUHI Ha3apuil Ba aMalluid axaMHsiITH OYHO
OepuiraH, TaAKUKOT HATWKATAPUHUHT KOPUWA KWJIMHUIIM, HAIIp 3TUJTaH UILUIAp
Ba JHCCepTALMs] TY3WIHIIN OYHHNYa MabIyMOTap KEITUPUIITAH.

JluccepTalMsTHUHT «YYMHYM TapTHOJIH KAppaJd XapaKTepPUCTHKAJIH
TeHrjamMara (yHJaMeHTaJl e4yuM Kypuun» ae0 HOMJIaHyBYM OupHHYU 000U
dbyHIaMeHTan eyuM Kypuiura OaruimiiaHrad. YW3HKCU3 aKyCTHKa Ba KOCMHK
IJIa3MaHUHT TUJIPOJMHAMUK HA3apUsCH XaMmJia FOBAK KUCMIIApAa CYHOKJIUKHUHT
CU3ULI kapaéHU MOJeIIapy Macajlajapyd XYCyCHH XOCWJIAIM YYUHYHU TapTHOIH
muddepenan TeHr1aMa OpKaji YpraHuiaiu.

Ueknu ammudtyaara sra OYiaraH AUCHEPCUOH MYXHUTAA KUYHUK TYIKAHHU
TaAKUK Kuinniaa Moaen cudatuna Korteveg de Vries Tenrnamacu ne6 aramyBuu
YU3UKCU3

u, +uu, +pu, =0, B=const=0. (1)

TeHramanan doinananunaan. FOxopunaru (1) TeHraamMaHUHT YU3UKIA OYiraH
xomu yayH Hazapus L.Cattabriga, L.Rodino, T.J[./I>)xypaeB, C.AGnuna3zapoB Ba
YJIAPHUHT YKYBUMJIAPH TOMOHUJAH UIIIA0 YMKUJITaH Ba PUBOKIIAHTUPHUIITAH.
bazan ku4uK 103a7ard OKUM MapamMeTiIapyuHU KECKUH VY3rapuilyd Kydlu
TYAKUHHU Xocwi Oynuiira onub® kenamu. ByHmail xonijga OKUM MmapameTpiiapu
rpaJIMeHTAacH Iy Kajap ce3wiapiu OVinaauku, OyHIa OKUMHUHT YA3UKCU3IIUTUIAH
TalllKapy  MYXUTHUHT EMUIIKOKIUTUHU Ba HCCHUKJIUK YTKa3yBUAHJIWUTUHU XaM
XyucoOra oyiMira TYFpu kenaau. ByHnall oKMM KUCKa TYJIKUHJAp 1e0 aTtajiajiu.
Kucka TynkuHIap Hazapusicura TpaHCTOBYIUIM OKUM MHCOJ OYia onaau. Keliunru
naitna, agabuétinapaa OyHaail TpaHCTOBYILIM TEHIIaManap, KYMUUIUK XOJuiap/a
ENUIIKOK TPaHCTOBYIUIM TeHriama, ¢xku comna BT-tenrnama (Bsi3KuM
TPaHC3BYKOBUM YpaBHEHHEM) J1e0 aTad KeNMMHAETTaHUHU TabKUIa0 yTamMus.
YmyMun xongaru
o°u o ou ou  o"u oY
—+a——=F| Xx,y,u,—,—,..., = =)
oxP oy ox 0y oxP oy*

OyHma p>(, a=Const, TeHriamara TyXTaaud yTamus.

XXX

: ()

by tenrnmamanu ypramum p=3, =12 6ynran xonga nactiad H. Block Ba

E. Del Vecchio mapaunr unutapuna 6ommanrad. H. Block Tamonuman OupuH4H
O0y10 Maxcyc TONWJIraH 3JIEMEHTap eyumiiap cyrnepnosunusicu épaamuaa Oypbe
AIMAIITUPUIINHN  Ky/u1ad MaHOa KYpuUHUIIHMAArd (QyHIaMEHTAl CUYUMIIapHU
Kypuil Hazapusich nuuiad yukwirad. L. Cattabriga Tomonuaan (2) TeHrjiamManu
p=2n+1 q=2 OynraH Xonuaa IOKOPUAArd YCyl yMYMJAIITHPUIAN Ba
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dbynnamenTan euum Kypuiau. Kypunran gyngamentan eaum N=1 Oynran xonna
KyWMUJIaru KypUHHUILTA 3Ta

1/3

U y;Em=ly—n["f@t), VvV y&En=ly—n" e, (3)

OyHJ1a
[j 3/2f*(r)dr+c+], t>0;
t

|t|”2@j| % £ *(r)dr+c ] t<0;
t

N | W

f(t) =

t
go(t):|t|]/2(gJ|T|_3/2¢*(r)dr+cj, t<0;
f*(t):Texp(—i}ﬂzjcos[iﬂﬂz+lt)dﬁ, — 00 <t < 400,
> J2 V2

o0

@ (t)= I[exp(ﬂt— A%%)+ exp(—%l”ﬂsin (%;ﬁ/z + /Itjd/l, t<0,

0
-2/3 —
t=(x=<&)|y—n ’® ¢ c,c—const.
dyHIaMEeHTaJl €4UM yqu Kyhugara 0axo TOMUJITaH:

8h+kU 1 ) 3 _g

ox" oy <aly-nl 7 pe-e 2 00 Gyna (x-)ly -5 o,
htk 2h+3k-1 2

Sy <aly =l ep(-et’). Gy (x=g)ly s o0

KeilirHru BakTAa yYMHUM TapTHOIM Kappajau XapaKTepUCTUKAIN TEHIJIaMaH!
BaKT OYyiiMya WMKKWHYM XOcCujara sra OViraH XOJju ydyH KaTop HILIap Maiio
oynau. bymap Tyrpucunaru mabiaymotu L.Cattabriga, L.Rodino, T.Jl.J[>)xypaes
A.A.Jle3un, B.H.1uecnepos, O.C.PbxKoOB, 1O0.B.3acopun Ba
C.AOauHa3apoOBIaApPHUHT UIIUIAPUAAH TOMUII MYMKHH.

PecnyOnvkamusia y4uHYM TapTUONM Kappaiud XapaKTepUCTUKAIA BakT
OyliMya WKKMHYM Xocujara 3ra OynraH TteHrnamanu Yypranum T.J0.J[xypaes,
C.AOGquHa3apoB  XamJa VYJIAPHUHT YKyBUWJIApU TaMOHHAaH XX-aCpHHUHT
eTMUIIMHYM Hwuiapuaan Oonwiad, wus3nanunuiap osnmd Oopuirad. [lyHu
TabKUIJAII JIO3UMKH, Oy HuIIapaa dverapaBuii Macanamap (3) dyHmameHTal
eunMIaH (porimanaHran XoJja, MOTeHIHauIap yCyauaa aMmara OmupUIraH.

Arap (3) dbynmameHTan equmra 3bTHUOOp Kaparcak, YHJa TaKpOpUM KeITyBUd
Mypakkad KYpPUHHUIIIATA XOCMac WHTErpajulapHU Kypamu3, OyHAaH 3ca YHJaH
doiipananuga TakKpopuid XocMac MHTETpajHM XHCOOJall Ba HOBMaIyM
Vy3rapMaciap OusiaH OOFNMMK OyiaraH TaOUMM KUWMHUWIUKIAD KeIu0 YWKaiu.
byHaan Tamkapu X-YKHUHT TYpJIMd YeTiapuaa Typiarda 6axo XOCHUJl KUJIUHTaH.

Tabuuii caBon Tyrunaau: QyHIaMEHTand €YUMHHU SHTH COAJAa KYpPUHUIIA,
TaxJIMJI KAJTUII Ba oijanaHuIl y4yH Kyjdall OyiraH Xoiaa Kypulil MyMKHUHMU?
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AnbGaTTa, AHTM KYpUHHUIIIATH (QYHIAMEHTA €YMMHH KypHUIl Y4YyH, aBBaJITH
myamumduapaan hapkiu, O0IIKa yCyUIapHH KyJUTalira TYFpH KeJau.
Juccepranusiga yauHYN TapTHOIN Kappaid XapaKTepUCTHKAIN BaKT OyHnda
WUKKMHYM XOCWiara sra OYnraH TEHIIaMaHWHT (QyHIaMEHTal €YHMMHHHT SHTU
KYPUHHIIN YXIIANUIUK aJIMAIITHPUIIH, SbHA aBTOMOJEN €4UM KypHI yCYJIHUIaH
dolnanannb KypuiIm.
bupuaun 606HUHT OMpUHYM naparpuduIa
ou o4
[u]=22 -T2 =0 @)
oy*

TCHIJIAMAHUHT (QYHIaMEHTAI €YMMHU KYPHJITaH.
By tenrmama t=xy ?* anmamrupum, cyHrpa U =ce(t) Oearmmam Epaamuga

KYWHJIard KypUHUILHY OJIaan
¢"— (4/9)t°¢’ — (10/9)te = 0.
IOxopunaru Tearnamana  @(t) =tZ(£), &=(4/27)t*, anmamTupnm 6axaput
E2"+|(4/3)-¢12'-(7/6)Z =0, (5)
TeHryamara sra Oymamu3. By sca Oy3WiyBUM THMIIEPreOMETPUK TEHIJIAMAHWHT

CTaHJApT KYPUHUIIKIAH HOOpaT.
By (5) TeHrnmamaHu YU3UKJIN SPKIINA €UUMIIApU

zl<5)=cb(g,§;§>, Zz(§)=‘1’(g,g;§),

kypunuimiga Oymamu, oyunma W(a,b;x)P & b - Oy3suayBunm rumepreoMeTpuK

byHKUMATIAP.
by euumpan ¢oiinananu0® (4) TeHIIaMaHUHT (QyHIAMEHTal e4YuMIIapu
KyWHIard KypUHHILIA KypUJIraH

U(x,y;g,n):|y—77|;f(t), —oo<t <o, V(x,y;é,n)=|y—77|$q)(t), t<0, (6)
OyH1a

232 36t 14 A X=¢
f(t)= N 6 3 '7) (D(t)—wtq)(gg 7), 27t t_|y_77|2/3'

bupvHun OOOHMHT WKKMHYM maparpaduna Oy3uIyBUM THUIEPTEOMETPHUK
GyHKUUSSHUHT ~ MabliymM  Oaxonmapu Ba 1uddepennmannam  dopMynacuaa
doiinananu6 Kyluaaru 6axoJap TOMUITaH:

<ol 27, > o (O]<CLl[ 77, t> =0, v=012...

1
[F@|<C 2" >, o (1) <C, {27, t—> 0, v=012,..
(yHIaMEHTaJ €4UM y4yH
ah+k
oo
V(x,y;&,77) yayH t — —oo maru 6ax0 XaM IOKOPUIArd KYpUHHUIILIA OYIau.

1-(-1)¥ _7{2h+3k—1+z[ ~(-1)f ]}

(XY§U)(<Chk|y 2 [x=¢|2 , OyHma |t|—>oo.
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bupunun OGOOHMHT yuumH4YM maparpuduga  PyHIAMEHTATl EUYUMHHUHT
yerapaBuil Macajajiap €4uIlia HIUTaTUIaIUrad aipuM Xoccalapy YpraHuiras.
Teopema 1. Kyiunara TUMUTHK TEHTJIUKIIAP YPUHIIN:

2
O = T M =0, fimp e ()= i
Iimt‘ﬂzf(t):i, lim|t™* £ (t)=0, lim|t["*p(t)=- 12

t—+x \/; t—>— t——0 5§/§J3_
Teopema 2. NUxtnépuii ¢(x)eC[a,b] Ba x,e(a,b), Gynna —o<a<b<+oo
Y4YH KyMUJaru TEHIJINK YPHUHIIN:

b
Tm U, (0y:6.m)p(£)05 = (x).
n—y+0a
Teopema 3. w(y)eCl[0,1] , 6yrma | =const <400, ydyH KyWHIard TEHIIHKIAP
YPUHIN:
! —(2/3)(y), x>¢,
lim [U,, (%, y;:&ma(n)dn =1 (4/3)a(y), x<&,
T 0,  x=¢&

| 2 , )
'anQ!V“(X’ y; & ma(n)dn :{ ch)(y) ;(;f

bupunun 600HuHT TYpTUHYM naparpuduga L.Cattabriga ToMoHMIaH Kypuiran
dbyHIaMeHTa)l e4uM, YHJIa KaTHAIIyBYM Yy3rapMaclapHUHT (axkaT alpuM aHHUK
KuiiMaTiapugarnia  (4) TeHTJIamMaHu — KAHOATJIAHTUPWINWUHU  aHUKJIAHTaH.
ACHMNOTOTUK yCylJa OJMHTaH (QyHAAMEHTaI €YUMHUHI ! — 400 nmarm Oaxocu
Oy3WJIyBUM THUIIEPreOMETPUK (PYHKIMS YYyH Mabiaym OynraH OaxomaH (apk
KUJIQ/IH.

JluccepTallMsIHUHT «YYMHYM TapTHOIM Kappajud XapaKTepHCTHKAJIU
TeHIrJ1amMa Macajnajapura @ypbe ycyJauHu KyJuiann 1e0 HOMIaHYBYM WKKUHYA
0600u yerapaBuii Macanaigapuu euyuinra DOypbe YCyIHHM KyJuiamra OaruIuIaHTaH.
busra wmabnym Oynummnya, YYUHYM TapTUONM Kappajaud XapaKTepUCTUKAIN
TEHIJIaMaJlap YYyH KOPPEKT yerapaBuii macananap Oypbe ycynuia equiMaraH.

Ymly nuccepranusia yYMHYM TapTHOIM Kappaiud XapaKTEPUCTUKAIH BaKT
Oyiinya WKKHMHYM XOcwjara sra OynraH Xxamjaa OupvHUM Typ Oy3wiuiira sra
Oynran TeHrjaamasiapra KyWWiraH derapaBuii MacanaHu euuiina dypbe ycynu
KYJUIaHWITaH. by yCyJIHUHI Tyja alrOpuTMH KeITupuiaraH. @ypbe yCyJIUHUHT
KOHCTPYKTHB Hazapuscu Hiad uukwirad. by ycynnan OWpHHYM, UKKWHYHM Ba
YUMHYH Typ YerapaBuil MacalaiapHH euuniia (hoiinamaHuIras.

Nxkunun OOOHUHT OMpUHYU naparpaduaa TYpTOYpUaKIU
D= {(X, y): 0<x<p, O<y< I} COXa YYYyH KyHuJaru macainajiap e4uiraH.

Macana A. D coxaga (4) TeHIIaMaHMHT Cf”i(D)ﬁCf"i (5) cuH(pra

TCTUIIIN, KyﬁH}IaFH qerapaBHIZ mapTiIapHd KaHOATJIaHTHUPYBYM CUMMU TOIMUJICHUH!

u(x,0)=u(x,1)=0, 0<x<p,
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u@,y)=wi(y), u(p.y) =w,(y), up.y)=ws(y), 0<y<l,
OyHma Wi(y)eC3[O,|], 1=1,2, Ba l//3(y)€C2[O,|]-Ma"bJIYM byHKIIHSIAP.

Macana A,. D coxaga (4) TeHIIIaMaHUHT ij(D)me”i (5) cuH(ra

TCIUIIIN, KYﬁHHaFH qerapaBI/Iﬁ mapTiIapHd KaHOATJIAHTUPYBYN CHUMHA TOITUJICUH

u,(x,0)=u,(x1)=0, 0<x<p,

u@,y) =w,(y), u(p,y)=ws(y), u,(p,y)=we(y), 0<y<lI,
oynna y;(y)eC’[0,1], i=4,5,Ba y,(y)eC?[0,I]-Mabnaym dynkumsinap.
Teopema 4. A Ba A, macananap OUTTafaH OPTUK €4UMra dra 0yya onManau.

Teopema 4 sHeprus MHTErpATUHU KYJ1ab UCOOTIaHTaH.
A -MacaJlaHu €YMMHMHHU KyWHJard KaTop KYpUHUIIKMIA KypHIITaH

u(x,y)= i[clne"‘“x +e¥?%(C,, cosv,x + Cy, sin vnx)}sin ”I—n y. (7)

n=1

Teopema 5. Arap . (y)eC3[O,I], i=12, Ba 1/13(y)eC2[0,|], Xama
v.(0)=w.()=y/(0)=y/(1)=0, 1=12,3, 6ynca, A -MacaJaHHHI €UYUMH MaBXY/]
Ba (7) kypuHuira sra 0yiaau.

A,Macana Xyaau A, Macaja KaOu eymIaau.

WxkuHYM O0OHMHT MKKWHYM Taparpuduaa (4) TeHriama yayH
D" ={(xy): 0<x<ow, O<y<l}, D ={(xy): —o<x<0, 0<y<l},
coxajap/ia KOPpEeKT YerapaBuii Macaiajgap ypraHuiras.

MacanaB,. D* coxama (4) Temrmamammar C32(D*)nCly(D"uT))
cuH(ra TeTUILIM, X —> +00 JAa X Oyinya yerapajaHraH UKKWHYM XOCHjIara sra Ba
KyWHard 4erapaBuil mapTiapHi KaHOATJAHTUPYBYHM €YMMHU TOITUJICHH:

u(x,0)=u(x1)=0, 0<x<oo,
u(0,y)=w(y), limu(xy)=limu,(xy)=0 0<y<l,

X—>+o0 X—>+00

(8)

oyama ', =0D" — D" ¢coxa yerapacu, l//l(y) eC? [O, I ] - MabJIYM (PYHKITHS.
MacanaB,. D™ coxana (4) TeHIIIaMaHUHT iji ( D~ ) N Cfi ( D~ v Fz) cuH(ra

TErunuid, X —>—o0 na X Oyilmya yerapanaHraH OMpPUHYM Ba MKKUHYM XOCHUJara
ora Ba KyWMHJaru 4erapaBuid MapTIapHU KAHOATIAHTUPYBYM €YUMH TOIUJICHH:

u(0,y)=v,(y), u(0.y)=vs(y), limu(xy)=0, 0<y<l,

oynnal’, =0D", D™ coxa uerapacu, ¥, (y) eC? [0, I ] | =2,3-MabayM QyHKIHsIAP.
Teopema 6.B, Ba B, macananap OuTTasaH OpTUK €4MMra 3ra 6yia oiaMaiau.

B, MacanaHuHT eqynuMu

o0

u(x,y)=> Cue *sin

n
IS
n=1

9)

B, macanaHuHT eynmu

16



u(x,y)= Z[Czne(m)""X cosv, X +C, e sin vnx]sin ﬁTn y, (10)
n=1
KYPUHHILTA 3Ta.

Teopema 7. Arap y,(y)eC’[0l], i=123 Ba y;(0)=y;(l)=

= 1//i" (O) = wi" (I ) =0, 1=1,2,3, 6ynca, B, Ba B, MacanajJapHUHT €UUMHU MABKY/]

xamzaa moc pasuiaa (9) sa (10) kypununiga 6ynagu.
WMxknHYM OOOHWHT yYMHYHM maparpudu 4YeKiaum Ba YEKCH3 COXala yUYHHYH
YyerapaBUil MacaJlaH! TAIKUK KAJIUINTa OaFuIIJIaHTaH.

MacanaE,. D coxana (4) rteurmamanmnr C}7(D)NCPy (5) cunpra
TETHUIILTH, KyHUIard YerapaByil MapTIapHUd KAHOATIaHTHPYBYHM €UUMH TOIUIICHH:
au(x,0)+ Bu,(x,0)=0, yu(xl)+déu,(x1)=0, 0<x<np, (11)
u@,y)=wi(y), u(p,y)=y(y), ulpy)=ws(y), 0<y<l,
6ynma o, B Ba ¥, 0 - NXTUépHil y3rapmac commap Oymub, a’+ f°#0,
y2+6°#0, w,(y)eC?[0,1], i=12, y,(y) eC?[0,1]- mabaym pyuKuusitap.

MacanaE,. D' coxana (4) renrmamannsr C; ( D+) NC}y ( D" U Fl) cuHbra
TEruluid, X —+o0 na X Oyinuya yerapajaHraH MKKMHYM XOCWJlara sra Oyiras,
(11) xamma

u(0,y)=w-(y), limu(xy)=limu,(xy)=0, 0<y<I
YyerapaBHii IAPTHU KAHOATIIAHTUPYBYH €YUMU TOTUIICHH.

MacanaE;. D™ coxana (4) TeHrJ1TaMaHUHT ny‘i ( D~ ) N Cfi ( D~ v Fz) cuH(pra
TETHIIUTH, X —>—00 na X OYyiinya yerapaiaHraH OMPHHYM Ba MKKMHYM XOCHJIara
ara Oyuran, (11) xamaa

u(0,y)=ws(y), U (0.y)=ws(y), limu(xy)=0, 0<y<l,
YerapaBuii MIapTJIApHU KAHOATIAHTHPYBYM €IMMH TOMHIICHH
Teopema 8. Arap af <0, y5>0 Oynca E, macana OuTragaH opTUK €4MMra

sra Oyma oJMaiiu.
E, macamanmnar eunmuHm U(X,Y) = X(X)Y(Y) xypunumpa m3mad, Y(Y)

bynkuusan Tonum yuyH Ltypm-JInyBunnm macanacura kemamu3. [lapamerp A
HUHT IIYHJAal KUAMaTH TONWJICUHKU:
Y"+AY =0, aY (0)+4Y'(0)=0, »Y(I)+6Y'(1)=0,
Macajia HoJijiaH (hapKJiv eunumra sra OyJICHH.
By macamann eun®, xoc kuitmar A, =(&,/ I)Z, TONMWITaH Ba {kn} ycyBun

KETMa-KETJIMK TAlTKWI STUIIN KYpCcaTWIraH. Y Hra MOC X0C (PYHKIMSUTApHU 3¢a

Yn(y):(asin\/Zy—,B\/Zcos\/Zy)A],

KYpUHHUILJIA DKAHJIWTH, Oy cucrema [O,I] KecMaja OpTOrOHAl OYJIuIlN
UCOOT/IaHTaH.
E, MacanaHMHI €4uMU KyWHIard KypuHUILLA TOIUIa 1
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Z[Ain 1n +A2n 2n( +A3n 3n :|Y (12)

Kyitnaaru Tacauk ypuHiIu

Teopema 9. Arap w;(y)eC’[0l], i=12 Ba y,(y)eC?[0l], xamuma
ay.(0)+ Ly (0)=0, yy.(1)+oyw/(1)=0, 1=12,3, 6ynca E, MacanaHuHI e4yuMH
MaBxya Ba y (12) xypunuiiga 6ynaam.

E, MacanaHuHr e4nMHu

u(x,y)=> C,e ™Y, (y), (13)
n=1
E, macananu eunmu sca
u(x,y) = ie;knx C,, icos(vnx +4+c _2_in v.x Y (%), (14)
n=1 \/§ 6 \/§kn

KYPVHHILJIA TONUIIAIH.

Teopema 10. Arap . (Yy) eCa[O,I], 1=7,89, xamma ay;(0)+By/(0)=0,
ry;()+oy/(1)=0, i=7,89, 6ynca E,, E, mMacamaHMHT e4uMM MaBXKyjA Ba MOC
paBumga (13) Ba (14) xypunuiiga 6ymaam.

WkxkyuHyun OOOHUHT TYPTHUHYM maparpaduaa OupuHYM Typ Oy3wiuiira sra
OynraH TeHr1amMa y4yH YerapaBuii Macaia ypraHuiTaH.

D" = {(X, y) 0<Xx,y <1} coxaza

2
L[u —a—li—x a—‘jzo, n>0 (15)
OX oy
TEHIJIaMa y4yH KyHHIarn Macajia TaaKuK KHIWHTaH.
Macana B/ .D," coxama  (15)  temrmamanmar — C? ( D+) NC}y ( D" U Fl)

cuH(ra Terunud, X — +oo Oynranga X Oyiinua yerapajaHraH UKKUHYU XOCHJIara
sra OynraH, KyWuJgard 4erapaBuid IIApPTIApHU KAHOATIAHTUPYBUM  €UYUMU
TONMWJICHH:

u(x,0)=u(x,1)=0, (16)
u(0.y)=w(y), (17)
XILTOU(X’ y)= XILTOUX (x,y)=0, (18)

oyama w(y) e C’[0,1]-mabnym QyHKIHL.

MacanaB; .D," coxama  (15)  rtenrmamanmar — CJ? ( D*) NCZy ( D" U Fl)
cuH(ra Terunuid, X — +oo Oynranga X Oyiinua yerapajaHraH UKKUHYU XOCHJIara
sra Gynran, (17), (18) Ba u,(x,0)=u,(x,1)=0, mapriapan KaHOATIAHTHPYBUH
eunmu TormmiicuH, 6yana v (y) € C°[0,1]- Mabiym QyHKIHS.

Teopema 11. B macana GuTTaman OPTUK e4nmra sra OyJia oJMai .

Macananunr eanmuan - U(X,Y) =Z(X)Y(Y), kypuHuiga uzaad, Kydiuaara
onnuit nuddepeHnnan TeHriaManap CucTeMacura sra 0yiamMmus:
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Z"(x)+AX"Z(x)=0, Y'(y)+AY (y)=0, (19)
oyuma A >0 - y3rapmac coH.
Kentupuiran (15) tenrnamanu (16) mapTHA KaHOATIAHTUPYBYHM €UUMHU

u(x,y) =32, ()sin zky (20)

kypunuiaa 6ynagy, 0ynna Z, (X) =c, F, (X) +c, F, (X)+c, F, (X) .
Teopema 12. Arap w(y) € C°[0,1], xamna w(0) =y () =y"(0) =y"(1) =0,
6ysca, B MacamanuHr eunmu MaBKy Ba 'y (20) KaTop KYpHHUIIKIA OY1a1.

B, macana B]'macana kabu eunnamm.

JluccepTalsiHUHT «YYMHYM TapTUOJIUM Kappaju XapaKTepHCTUKAIN
TeHrJ1amMa macajajapura I['puH QyHKUUSICHM KYpPHUII Ba YJIapHH KyJIalD
ned atanyBuM yuymHYM OoOuaa dyerapaBuil Macajanap (yHZaMeHTan eYyuMIaH
doitnananuO, 'pun QyHKUIMACH Kypyll YCYJIH €paMuia €UUIIraH.

YuyuHun OOOHMHr OWpuHYM naparpuduaa axCIAHTUPUIL YCYJIHUJIaH
doitnananu0® OMpUHYN YerapaBUil Macasia CUHJIraH.

Macana K,. D coxaga (4) TeHIIaMaHUHT Cf;i ( D) M Cfi (5) cuHpra
TETUIUINA, KyHUAard 4erapaBuid MapTIapHu KAaHOATIAHTHPYBYN CUUMH TOITUJICHH:
u(x,0) =g, (x), u(x,)=¢,(x), 0<x<p, (21)
u@,y) =1 (y), u(p.y)=w,(y), u(p,y)=ws(y), 0<y=<lI,
oynma ¢ (x)eC[0,p], i=12, w,(y)eC’[0,/], j=12, w,(y)eC?[0,] - mMabmym
byHKUIHAIAP.
Teopema 13. K, -macana OMTTazaH OPTHK €4MMra 3ra 0yia olMaiau.

Kylnnarn épapaMun MacajlaHu Kypamus.
Macana K,,. D coxana (4) tenrnamanu, (21) mapTHH KaHOATJIAHTHPYBYH

v(X,y) e4MMH KypuiicuH. Eppamuu macananu eduin yayH

0

Z(x,y;&m= D U 2ml+y;&m) -U(x2ml -y; & n)]
e (22)

TOyEm = Y IV y+2mlEm) -V (2ml -y, &), & <O0.

byHKUIUSIIapHU TY3U0 OamMu3.
Teopema 14. Z(x,y;&,m) Ba T(x,y;&,n) GyHKIMsIAp y apryMeHTra HUCOaTaH

naBpuii pyHKIusIap 0yauo, yiaapuu gaBpu 2| ra TeHT, AbHU
Z(xy+2:&m)=2(xyi&m), T(xy+2L5m)=T(xy:&n).

K,,- épramMun MacanaHu €4UMH

0(xY) =2 |2,y £ 00(OdE 4 2, (i N (ee, (23)

KypuHULIIa OYynaau.
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K,- macana eaumunn  9(X,y)=U(X y)—0(X,y), KypunHuIIa Kuaupamus,
OyHaa u(X,y) dyskums K, -macamanunr eunmu, U(X,Y) o¢yHkmus sca (23)

KypuHUIIra sra. Y XxoJjijaa S(X, y) byHKUIMS YYyH KyHugard macallaHd XOCHII
KWJIAMU3:

9o =8, =0, 9(x,0)=9(x1)=0,
8(0,y)=v(y), 9(P.y)=v2(¥), %(p.Y)=ws(y).

(24)-macananm 3ca 2.1-maparpadaaru A, Macana Kabu eunIaiu.

(24)

(X, y) edrMHn XOCH KuiIrad
u(x,y)=9(x,y)+ov(xy), (25)

eyuMmra sra Oyiamus, OyHaa H(X, y) Ba V(X, y) euumiap Moc pasuiaa (12) Ba
(23) xypuHuIga 6YIaIu.
Ky#unaru Teopema ucOoTIaHN.

Teopema 15. Arap ¢,;(x)eC[0,p], j=12, Ba w,(y)eC’[01],i=12,
v, (y)eC?[01], v (0)=y,(1)=y(0)=y/(1)=0, =123 K, -MacanaHur eunmu
MaBxXyJl Ba y (25) kypunuiiia 6ynaau.

VYyuHun OOOHMHI WMKKUMHYM maparppuna D, = {(x y): —o<x<+p, 0<y< I}
coxaja

L[u]ET——:g(x,y) (26)

TEHIJIaMa Y9yH KyMuJaru Macaja ypraHuiras.
Macana B[ .D, coxana (26) TeHIIIaMaHHHT ij ( Dw) M Cf; ( D, u F3) cuHpra
TErunuid, X Oyinya X —>—o0 Ja yerapajlaHraH OMpUHYM Xocuiara, X —>1oo na

yerapajaHraH MKKMHYM XOCHJiara 3ra OyiraH, KyHuJaru 4yerapaBuil IIapTIapHU
KAHOATJIAHTUPYBYH €UUMH TOTUIICUH

u(x,0)=e (x), u(x1)=g,(x), (27)
JL@OU(X,V)ZJLTOUX(XJ):O, (28)

oynna ¢ (x)eCl(—o0,4+0), i=12, g(x,y)eC(D,ul,), I';=0D, — D, coxa
derapacuan nbopar, 6yngan Tamkapy, lim ¢ (x)= lim ¢/(x)=0, i=1,2,

X—>Fo0 X—>+00

MYBO(UKJIMK MAPTH OaXKapuiaiu.
Teopema 16. B[ - macana GWTTaaH OPTUK €4rMra 3ra 0yJia oJMaii .

Jlemma 1. B] macamaHuHr yekcu3 coxaaard [ puH QyHKIHACH

G y;ém =Y [Ux.2ml+y;é,n) -U(x 2ml -y &)l (29)

KYPUHHILTA 3Ta.
B, MacajaHWHT e4nMH KyHUIard KypuHHAIIIa Oy iaau:
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u(xy) =—%TGU(X, Y:é,O)(pl(é‘)d&TGn(x, y;& )@, (£)dé - (30)

—%!)!G(x, y:&,17)9(&,m)dédn,

Jlemma 2. AnTtainuk |x| —> 0 5a @, (X) Ba O (X, y) byukusaap Yy Oyiinua
Ooup >XuHCIH OVIH0,
o (x):o(\x\“"), i=12, (a>13), g(x, y):o(\x\‘ﬁ), (B>3/2), (31)
KYPUHUILTa 3ra OYIcHH. Y X012 UXTHEPUHA X, € (—0,+0) ydyH
IyiLTg u(X,¥) = (%), Iylm U(X,Y)=0,(X,), Tenrmmk ypurmm 6ynany.
Teopema 17. Aiitaiimuk ¢ (x) e C*(—o0,+0),i=12, g(x,y)eC(D,ur) Ba
lim ¢ (x)= lim ¢/(x)=0, i=1,2, xamna (31) Tenrmuk ypurau 6yicuu. Y xomia

X—>Fo0 X—>+00

B, macanmanunr srona eunmu (30) dopmyna OWIaH TONMHIAIN Ba G(X,y;f,n)-

['pun dyukuusicu (29) kypuHuiira sra 6yiaaau.
Yyunun 600HUHT yuuHYM naparpaduna TYpTOypuakiu coxajga OWpPHUHYHU Ba
WKKWHYM YerapaBuil Macanaiap Kypwirad ['puH ¢pyHKusacu épaamuaa equiraH.

Macana A,. D coxaga (26) TeHrIaMaHUHT Cfi ( D) M Cfi (5) cuH(ra
TETHIIUIM KyHUIard YerapaBiil mapTiapHd KaHOATIAaHTHPYBYH
u(x,0)=g¢(x), u(xl)=gp,(x), 0<x<np, (32)
u(0,y)=wy(y), u(p,y)=w,(y), u(p.y)=ws(y), 0<y<l, (33)
6ynna ¢ (x)eC[0,pi=12 w,(y)eC[0,1], j=13,g(xy)eC2(D),
oynraH, Xxamaa
(01(0) :l/jl(o)’ (pl( p) =V, (O)’ (01'( p) :W3(0)’ 2 (O):‘//l(l)’
(02(p):§”2(|)v (p;(p):%(l), g(x,0)= g(x,l):O,
MYBO(MHKIIHK IAPTIApH YPUHIN OYIaaraH e4MMH TOIHIICHH.
Macana A,,. D coxama (26) rtenrmamamunr C7(D)NCPy (5) cundra

(34)

terunuy, (33) Ba u, (X, O) = @, (X), u, (X, I) =, (X) , 0<X<p, wuerapaBwmii
mIapTiapHU KAaHOAHJIAHTUPYBYHM €UUMH TONMUIICHH, OyH/1a
o, (X) eC[O, p],i =34, y, (y) = C[O,l], j=13 ,g(x,y) eij(E)
Teopema 18. A, - Macana OMTTafaH OPTHK €4uMra dra Oyia oaMaiau.
A,, MaCaJJaHUHI €YUMHUHHU

2u(x,y) =jG¢§(X, Y, P.)w, (17)dn —IIG&;(X, y,0.77)y,(n7)dn -

| p

~[G.(xy, p.0)ws(n)dn+ [G, (%, y,E1)p, (&) dE -

0

(35)
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_JHGU(X’ y,5,0)¢1(§)d§—”6(x, y,&,1)9(&,n)d&d.

KYPUHHILIA XOCUJ KUJIaMU3.
A,, MAacaJaHuHI  aBBAITM Macanajnapiad (apKid paBulla, HHTErpal

TEHrJIaMa OpKaiu U(oJaaHTaH OLIKOP XOJIJaru SUNMUHH XOCHIT KUJITUK.
Mynnait kuaub Kyiugara TeopeMa ucOOT KHIMHIH.
Teopema 19. Aifraitmuk ¢, (x)eC[0,p], i=12  y,;(y)e[0l], j=13

g(x,y)eCyy (5), Oynnan Tamkapu (34) MyBoQHUKIMK mapTu 0aXapwuJICHH, y X0J11a
A, -MacajaHuHr edyuMu (35) xypunumpga Oynanu, Oynma G(x,y;&,n) - I'pun

bynkmuscu (29) dopmyna 6unaH TOMUITau.
A,, Macana XaM A, Macaja KaOu UILIaHa/Iy.

HuccepranussHuar «@a3ona apaJjam napadoso-runepooJimK TeHIJiamMara
yerapaBuii Macajajnap» J1e0 HOMJIAHYBUM TYPTUHYHM OOOMHUHT OUPUHYUU
naparpuduna Tpukomu macanacu y4 Yia4oBiu (a3oja THUI Y3rapuil TEKUCITUTU
XapaKTEepUCTUK OYJMaran xoJija YpraHuiraH.

Uranusuk  @d. TpukoMu TOMOHHMIAH acoC COJIMHTAH apajail TUILTH
TEHIJIaMaJlap  Ha3apusiCH, XO3UPTH JaBpra Keiaud XyCycuil — XOocuiaiid
mudepeHnran TeHrIaMaliap Ha3apUsICHHUHT JKalajdl PUBOXKIAHAETraH COXacura
anaHIu.

A.B.buiiaaze ToMOHUAaH apajaill JUIMITHKO - TUIEPOOJIMK TeHIJlaMa y4yH
yq9 VI4OBIM dYeKkcu3 coxana DypbeHWHT WHTETpall aJMAaIlTHPUINTAHU KyJUTarl
EpraMuia YerapaBuii Macajia CUHITaH.

Avitaiimuk  Q2- eBking pazocuaa X,Y,Z yd Ya4oBIU (Pa30OHUHT NPHU3MATHK

coxacu OYJICuH.

Uxx_Uy+Uzz’ 6 Q+’
0= . (36)
Uy,—(-x)"(U,+U,), ¢ @, m>0,

TEHIJIaMa YYyH KyHHJaru MacaJaHu Kypamus.

Macana T . € Ba Q coxamapaa (36) TeHrnamMaHuHr  Kylugard
xoccanapra sra o0ynran U (X, Y, Z) peryJisp €4uMH TONHJICHH:

D U(xy.2)eC(Q)n[C (@ uI)uci(Q ul)]nc? (e uva),
U‘Slztbl(x,z), 0<x<h; U‘SZ=CI>2(y,z), 0<y<l
U‘SS:‘P(y,z), 0<y<V2; ZILrEOU(X,y,z):IimUZ(x,y,z):O;

Z—>t0

yerapaBuil apTiapHu

U(-0,y,z)=aU(+0,y,2),

3)  U,(-0,y,2)=8(y)U,(+0,y,2)+5(y)U (+0,y,2)+P(y,2),
a=const, (y,z)el, limP(y,z)=0,

Z—*to0
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yJIaHUII MApTUHU KAaHOATIAHTUPCUH.

A.B.buniaaze ToMmoHuaH TakIuQ 3THITaH yCYJHU KYIJ1a0, Macajga €4YMMUHU
dypbe uHTErpai CUHGUIAH KUAUPAMU3.

V xonnma macana T 5KBHBaJEHT X0JjJ1a TEKUCIMKIATK Macajia |, ra Kelaau.

Macana T, HHMHI €YMMHUHHHI ATOHAJIMIHM MAaKCUMyM IPUHIUIN acoCHIa
Kypcarwirad. E4nMMHM MaBKXy[UIMTH 5ca Macajga |, Ia SKBHBAJICHT pPaBHIIIA
O<m<2, m=2,m> XoJUlap/la ajoxXuja W3JAHHUIIHM Tanad JTyBUH

BonbTeppa Tunugaru UKKMHYM Typ UHTErpajl TeHrjiaMara KeITUPUIITaH.
TypruHun OOOHMHI WKKMHYM Tnaparpuduna [emnepcren wmacamacu yu
YimuoBaM ¢azoa TUM Y3rapuill TEKUCIUTY XapaKTEPUCTUK OYIITraH X0Ji1a KapajiraH.

Q- ey ¢asocuga X,Y,Z yd4 Ya4oBiam (HA30HHHI MPHU3MATHK COXACH
OYJICHH.

Uy+tU,-U,, ¢ Q,
0= . 37)
—(—y) (UXX +UZZ)+UW’ ¢ O, k=23, m>0,
TEHIJIaMa y4yH KyHHIard MacajlaHu KypaMus.
Macana G. Q' (k = _1), coxama (37) TeHrIaMaHUHI KyHugarud
xoccanapra sra oyiaran U (X, Y, z) pETYIISP €Y4MMH TOIUJICHH:
)Y (x, y,z)eC(Q;)m[cl(Q; UlLul)uc (@ ul)uct(Qsul,)]n
mCZ(Q’{ uQ; uQZ), k=13
2) —0<Z<+© na uerapaBmii

Ul =®,(y,2), 0<y<h, i=12, Ul =¥,(y,z), 0<x<¢/2,
Ul

=¥,(y,z), e<x<(1l+¢)/2, ZIiﬁrﬂou(x,y,z):Zliﬁr;rlouz(x,y,z):o,
U (x,-0,2)=U (x,+0,2) _

U, (x,-0,z)=b (x)U,(x,+0,z)+c (x)U (x,+0,2)+ P (x,2),

a=const, (x,z)el,, ZIiﬁrEOPk(x,z), k=12,

yJIaHUIII TTAPTIAPHU KAHOATIAHTUPCHUH.
Macana G xam macana T kabu ypranunaau.
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XVYJIOCAJIAP

Juccepranus HIIM YYUMHYM TapTUOIM Kappajiud XapaKTEpUCTHUKAIM BaKT
Oyin4a UKKMHYM XOCHUJIara 3ra OyiraH TeHrjama y4yH aHaJUTHK Ba (QyHIaMeHTal
€4MM Ba NOTCHUHMAUIAP HA3apUsACHHM PHUBOXIIAHTHPUII, XaMJa yd YIIYOBIH
¢dazona apanam napaboao-runepOOIUK TEHIJIaMa yUyH YerapaBuil MacajgaJapHUHT
OMp KUMMaTJIM €4MMra 3ra SKaHJIUTUHU KypcaTHUIlra OaFruIIaHTaH.

TaaKUKOTHUHT aCOCHA HAaTWKajJapu KyWuaarmwiapaaH noopar.

1. AnanuTuk Ba (QyHAaMEHTan e4YMMJIap YYUHYM TapTUONM Kappaju
XapaKTepUCTHKANM BakT OyilMua MKKWHYM XOCWjara sra OYnraH TeHIJaManap
yUyH Maxcyc pyHKuusanap épaaMuaa KypuiraHiuruHu TabKUAJAI JO3HM.

2. Unk O6opa yyuHYM TapTHOIU Kappajld XapaKTEpUCTHKAIM BakT Oyiinua
WKKUHYM XOCHUJiara sra OyiraH TeHrjiamanap yuyH derapaBui Macananapau Oypee
yCyJAHa €YUII AITOPUTMH TYJIUK aCOCIIaHTaHJIUTMHUA YbTUPO] STUII MYMKHUH.

3. lloreHumannap Ha3apUsACUHUHT YYUHYN TapTUOIN Kappaju
XapaKTepUCTUKAIM BakKT OyiMuya MKKMHYM XOCWiara sra OyiraH TeHIjamanap
YUYH TYJIMK acOCIapy KEITUPUJIITAH.

4. YupuHuu TapTUONIM Kappald XapaKTePUCTHKAIW BaKT OVilMua WKKUHYU
Xocuiara sra OynraH TeHIJamanapra KyHwiraH yerapaBuil Macajanap €4yullja
['puH QyHKUMsIIapH KypPHWITaHIUTHHYA TabKUJIAI JIO3UM.

5. YuuHuM TapTHOIM Kappalid XapaKTEPUCTHKAIM BaKT OYHMYa UKKUHYH
XocuJiara sra Oyiarad Oy3wJIyBYM TEHIVIAMA YYYH YerapaBUil MacalajlapHU €4uIIra
®dypbe aNropuTMH TaI0MK KWIMHTAHJIUTHHA TabKUJIAll MyMKHH.

6. Yu ymyonu (azona napadoso - runepOoIHuK TeHraamanap yuyH Tpuxkomu
Ba [‘emnepcren wmacanajgapyHUHT OUp KUWMATIM €UYUMra »Jra HKAHJINUTU
UCOOTIIAHTaH.

7. Yu ynuoBnu (azona yerapaBuil Macananapuu euuinga OypeeHUHT TYFpU Ba
TECKapu MHTErpal  aJMalITUPHUINNA MaBXYyJUIMTMHUHT 3apypuil Ba €Tapiu
iapTiaapyu TONUITaH.
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HAYYHBINA COBET 14.07.2016.FM.01.01 IO TPUCYKAEHUIO
YUYEHOH CTENEHU JJOKTOPA HAYK
ITPU HAIIMOHAJIBHOM YHUBEPCUTETE Y3BEKNCTAHA

HAMAHT AHCKW MTHXKEHEPHO-IIEJJAT OTMUECKHUI
HHCTUTYT

AITAKOB IOCYII’)KOH IIYJATOBHUY

K TEOPUU YPABHEHUM TPETBET'O MNOPAJIKA C KPATHBIMHA
XAPAKTEPUCTUKAMMUM U HEKOTOPBIE 3AJIAYHU B TPEXMEPHOM
INPOCTPAHCTBE

01.01.02 — IndpdepenunaibHble ypaBHeHHs M MaTeMaTH4yeckasi pu3uKa
(pu3nko-MaTeMaTHYECKHE HAYKH)

ABTOPE®EPAT JJOKTOPCKOM JUCCEPTAIIUA

Tamkent — 2016



Tema I0KTOPCKOIi qUCCEPTAIIMM 3aperucTPUpoOBaHa B Bpicuieil aTTecTAlMOHHONH KOMHUCCHH
npu Kaounere MunuctpoB Pecny6anku Y36exkucran 3a Ne 30.09.2014/B2014.3-4.FM87

I[OKTOpCKa}I AuccepTalus BbIIIOJIHCHA B Hamanranckom HWHXCHCPHO-TICAATrOTHYE€CKOM UHCTUTYTC.

ABTOpedepar auccepTanud Ha TpeX s3bIKax (y30€KCKHM, PYCCKHMM, aHTIIMHACKHN) pasMeIleH Ha
BeO-ctpanuiie Hayunoro cosera (http://ik-fizmat.nuu.uz) u uadopmannoHHO-00pa3oBaTEIHLHOM MMOPTAIIE
«ZIYONET» (www.ziyonet.uz).

HayuHblii KOHCYJIBTAHT: U[mypaen Tyxramypaa IblcypaeBnql
JOKTOp (PU3UKO-MaTEMaTHIECKUX HAYK, aKaJeMHK

OdunuanbHbie ONMOHEHTHI: xenanueB MyBamapxan TanaGaeBuu
TOKTOP (PH3UKO-MaTeMaTHIEeCKHX HayK, podeccop

YpunoB Axmamkon KymakoBu4
TOKTOp (pr3HKO-MaTeMaTHYECKUX HayK, podeccop

XacanoB AxkHazap bexkaypauesuny
JIOKTOP (pH3MKO-MaTeMaTHYECKUX HaYK, podeccop

Benywmas opranuszanusi: «WHCTUTYT NPUKJIATHON MATEMATUKH U
apToMaTu3anum». @enepaibHoe roCyIapCcTBEHHOE
O101:KeTHOE HAyYHOe yupexnenue (Poccuiickas
Deneparrus).

3amura auccepTalui COCTOUTCS « » 2016 roma B 4acoB Ha 3aCEIaHUU
Hayunoro cosera 14.07.2016.FM.01.01 npu HamnmonamsHOM yHHBepcuTeTe Y30ekucrtana. (Axpec:
100174, r. TamkenT, Anma3apckuil paiioH, yiu. YHuepcuterckas, 4. Tem.: (99871)227-12-24, daxc:
(99871) 246-53-21,246-02-24, e-mail: nauka@nuu.uz).

C JOKTOpCKOW JuccepTalyedl MOXHO O3HAKOMHUTHCS B MH(MOpMannoHHO-pECypCHOM ILIEHTpE
HanmonanpHoro yHuBepcurera Y30ekucTtana (3apeructpupoBaHa 3a No ). (Ampec: 100174,
r.TamkenT, Anmasapckuii paito, yi. Yuusepcurerckas, 4. Ten.: (99871)246-02-24).

ABTopedepat auccepTanuy pa3ociaH « » 2016 rona.
(mpoTokoun pacchutku Ne OT « » 2016 roza).

A.A. AOyIyKypoB
Ipencenaresnb HAYYHOrO COBETA MO MPUCYKICHHUIO
YYEHOW CTENeHH JOKTOpa HayK, .(].-M.H., mpodeccop

I'.'A. Borupos
YueHslil ceKpeTapb HAyYHOT'O COBETA 10 IIPUCYKACHHUIO
YUEHOH CTENEeHU TOKTOpa HayK, K.(.-M.H.

M.C. CajqaxuTaiuHoOB

[pencenarens HAy4HOTO CEMHHApa TIPU HAYYHOM
COBETE I10 MPUCYKICHUIO YUEHOH CTENICHU IOKTOPa
HayK, A.¢.-M.H., mpodeccop, akageMHK


http://www.ziyonet.uz/
mailto:nauka@nuu.uz

BBE/IEHUE (anHOTAIMS TOKTOPCKO JUCCEPTAIMHI)

AKTYaJlbHOCTHh U BOCTPe0OOBAaHHOCTH TeMbI AuccepTanuu. Pemenue psaaa
(yHIaMEHTaJIBbHBIX TPOoOJEM B O00JaCTH pa3IMYHbIX MPUKIAJHBIX HAayK Ha
MHUPOBOM YypOBHE TpeOyeT CO3AaHHMS YTOYHEHHBIX MaTeMaTUYECKUX MOJIenen
U3ydaeMbIX (U3NYECKUX TPOIECCOB, pa3pabOTKU HOBBIX METOAOB  HX
VCCJIEIOBAHMSI U BHEAPEHHS MOITYYEHHBIX pPE3yJIbTaTOB B MpakTUKy. Mcxonas u3
NOTPEOHOCTH MPAKTUKH, MOBBICHJIOCH BHUMAHUE K TEOPHUH YPaBHEHUH BBICOKOTO
NOpsJIKa, B YaCTHOCTH, K TEOPUHU YPABHEHHMI B YAaCTHBIX IPOU3BOJHBIX TPETHETO
nopsnka. Cpeau  ypaBHEHHMM TpPETBEro IMOpsAKa 0C000€ MECTO 3aHMMAroT
YpPaBHEHUS C KpPAaTHbIMH XapaKTEpUCTUKAMU HUMEHHO Omarojmapsi CBOUM
CHelM(PUUECKUM XapaKTepUCTHKaM. [l u3ydyeHus BOJIH Maylod, HO KOHEYHOM
aMIUIMTY/bl B TUCIIEPCUOHHBIX CPENax B Ka4E€CTBE MOJECIBHOIO YPaBHEHHs 4acTO
ucrosb3yroT ypasHenue Kopresera - ne ®pusa, KOTOpoe SABISAETCA HEIMHEWHBIM
YPAaBHEHUEM TPETHETO MOPSJAKA C KPAaTHBIMU XAPAKTEPUCTHUKAMH, COIAEPKALIUM
NEPBYIO POU3BOAHYIO MO BpeMeHU. Pa3zpaboTaHHast TEOpHs Ui 3TUX YpaBHEHUN
NOCIIY)KWIa HMMITYJIbCOM JUI Hayaja HCCIEAOBaHUM M I APYIMX KIJIacCOB
YpaBHEHUN - YpPaBHEHHMI TPETHEro IMOpSIKAa C KPAaTHBIMH XapaKTEpUCTUKAMM,
COJIepKalllUX BTOpbIE IPOU3BOJHBIE IO BpEeMEHU. B CBS3M €O CIOKHOCTBIO
IPOLIECCOB, CBSI3AHHBIX C BBIIIEYKA3aHHBIMA YPAaBHEHUSIMU U OTCYTCTBHUEM
pa3pabOTaHHBIX B JOCTAaTOYHOM MeEpe aHAIMTUYECKHX METOJO0B, UCCIEIOBAHUE
YpaBHEHUN TPETHErO MOPSIKA C KPAaTHBIMU XapaKTEPUCTHUKAMHU, COAEPKaLIUX
BTOpbIE TPOU3BOJHBIE [0 BPEMEHH, SBIAECTCS OJHHM U3 MPUOPUTETHBIX
HaIpaBJICHUMU.

Y4EéHpIMM Halllel CTPaHbI ITOJIYYEHBI BECOMBIE PE3YJIbTAaThl B UCCIEAOBAHUAX
YPaBHEHUN TPETBETO IMOPSAKA C KPAaTHBIMU XapaKTEPUCTHKAMU, COAEPIKAIIUX
NIEPBYIO MPOU3BOJAHYIO IO BpEMEHHU. /[ TakMX ypaBHEHHUI BBICOKOI'O MOPSIKA
NOCTPOEHBbI (PyHAAMEHTaJbHbIE PELICHMS], BBIPAXKEHHBIE YEpe3 CIEHUATbHYIO
(GYHKIMIO, U3yYEHbl UX CBOICTBA M MOBEICHHUE, TAK)KE PEIICHbl KpPaeBble 3aJayuH.
Hcnone3ys ¢yHIaMeHTanbHOE peieHue, mocrpoennoe L.Cattabriga, nccnemoBansl
KpaeBble 3aJauyd Il  yYpaBHEHUH  TPEThEro TMopsAKa C  KpaTHbIMU
XapaKTEPUCTHUKAMHU, COJAEpXAIIMX BTOpPblE MPOU3BOJAHBIE MO BpeMmeHu. Ilo
YpaBHEHUSIM CMELIAHHOTO THUMAa M BBICOKOTO MOPSAJKA COCTAaBHOIO M CMELIAHHO-
COCTABHOT'O THUIA JOCTUTHYTHI ONpPEACICHHbIE PE3yIbTaThl, IPU3HAHHBIE BO BCEM
MUpE. YpaBHEHUS TPETbEro TMOpsAKAa C KPAaTHBIMH  XapaKTEPUCTHKAMHU,
coJlepKalllue BTOpbIE NPOW3BOJHBIE MO BpPEMEHH, TpeOyIOT MOCTPOEHUS
(GyHIaMEHTAJIbHBIX pEIICHUH Yepe3 CHEeHHATbHYI0 (PYHKIUIO, HM3yYEHUs HX
CBOMCTB M MOBENECHUS M PEUIEHUS C MX MOMOIIBIO KPAEBBIX 3a1ay, a JUIsl 3TOTO
HEOOXOIUM MOUCK HOBBIX MOJXO0B K PEHICHUIO 3TOM MPOOIEMBbI.

HccenmenoBanns NpOLECCOB  HEIIMHEMHOM aKyCTUKH, TMAPOAUHAMHYECKOMN
TEOPUU KOCMHUYECKUX IIa3M, HEJIMHEHMHOro KoJieOaHMsl, JTBUKEHUS KUIKOCTU B
KaHaJle, OKPY’KEHHOM IOPUCTON CPEAOW M T.JI. CBSI3aHBI C U3YYEHUEM YPABHEHUS
TPEThEro TMOpSAKAa C KPaTHBIMH XapaKTEpUCTUKAMH, COJEPXKAIIEro BTOPHIC
MIPOU3BOIHBIE 110 BPEMEHHM, a TAKXKe 3ajay JJi1 YPAaBHEHUI CMEIIAHHOTO NapadoIio
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- TUNEpPOOIMYECKOTO THUIA, YEM U OOBSICHAECTCS HEOOXOAMMOCTh HCCIEIOBAHUI
ATUX YPABHEHUM.

UccnenoBanuss JaHHOM AMCCEpPTAllMA B OINPEICICHHOM CTEIEHH CIyXkaT
pelieHuio 3aaady, 0003HauYeHHbIX B nocTaHoBieHUsX I[IpesugenTta PecnyOnumku
V36ekuctan nHomep III1-436 ot 7 asrycta 2006 roma «O wmepax 1o
COBEPUICHCTBOBAHUIO KOOPJWHALIMM M YIPABICHUS Pa3BUTUEM HAYKH U
TexHoJiorun», a Takke Homep IIII-916 or 15 wrwona 2008 roma «O
JOTOJHUTENBHBIX MEpax IO CTUMYJHUPOBAHUIO BHEAPEHHS WHHOBALMOHHBIX
IIPOEKTOB M TEXHOJOTMH MPOU3BOACTBA» M B APYIMX HOPMATHUBHO-IIPaBOBBIX
aKTax, OTHOCSIIMXCA K JaHHOM 00JIaCTH EATEIbHOCTH.

CooTBeTcTBME HCCICAOBAHUS C NPUHOPUTETHBIMH HANPaBJICHUSIMH
Pa3BUTHSI HAYKM M TeXHOJOruid pecmyOguku. J(aHHOe wucclenoBaHHE
BBIIIOJIHEHO B COOTBETCTBUM C MPUOPUTETHHIM HAIMPABICHUEM Pa3BUTHUSL HAYKH U
texHosoruii B PecnyOmuke VY3b6ekuctan V. «Maremartuka, MexaHWKa U
uH(pOpMaATHKAY.

0630p 3apyGesKHBIX HAYUHBIX MCCJICIOBAHMII 1O TeMe JMCCEPTALMH .
HayuHble nccnenoBanusi 0 MOCTPOCHUIO (QyHIaMEHTAIbHBIX PEIICHUH U TEOPUU
MOTEHIIUAJIOB, U3YYEHUIO UX CBOMCTB U PA3JIUYHBIX KPAaEBBIX 3a/1a4 B KOHEYHBIX U
OCCKOHEUHBIX OOJACTAX JUIsl ypaBHEHHS TPEThEro TMOpsAKa C KpPaTHBIMU
XapaKTEpPUCTUKaMH, COJIEPIKAILEro BTOPHIE ITPOU3BOAHBIE 110 BPEMEHH, BEAYTCS B
KPYITHBIX HAYYHBIX LIEHTPAaX U BBICHIMX YYCOHBIX 3aBEJECHUAX MHUpPA, B YACTHOCTH:
banonckom ynuBepcrere, TypuHckom yHuepcutetre, (HMrtanus), YHuBepcurere
®artux, (Typuwms), BunbHiocckom yHuBepcutere (JlutBa), MocKoBckoM
rocyJapCTBEHHOM YHUBEPCUTETE, HoBocubupckom rocyapCTBEHHOM
YHUBEpCUTETE, ballkupJacKoM rocygapcTBeHHOM yHuBepcurere, CeBepo -
Bocrounom  QenepansHoM  yHuBepcutete u  Kabapnumno-bamkapckom
roCy1apCTBEHHOM YyHUBepcuTeTe, MaremMaTnueckoM HHCTUTYyTe Poccuiickoun
akajzemusi HaykK, MHcTUTyTe mpUKIaAHOWM MaTEeMAaTHKW W aBTOMaTU3alUuU
KabGapauno - bankapckoro HaydHOro IieHTpa Poccuiickoil akajemusi Hayk
(Poccus).

B pe3ynbrare uccienoBaHuil YpaBHEHUSI CMEIIAHHOTO TUIA B MUPE MOJIYyYEH
psia pe3yabTaTOB, B YaCTHOCTH, pa3paboTaHa TeOpUsl peIIeHUs KPAaeBbIX 3a/1a4 IS
YpaBHEHUS CMEIIAHHOTO 3JUIMNTUKO-TUnepoonnueckoro Ttuna (Typunckom
yHuBepcuteTe, Wranus); uW3ydeHbl KpaeBble 3aJaud ISl BBIPOXKIAIOIIMUXCS
YpaBHEHUHN AJUIMNTUKO-runepOonnueckoro Tuna (YHuBepcutere Ymrcana,
[IBerus); nOKa3aH MNPUHLMII MaKCUMyma JJsl  SJUIMOTHKO-TUIEPOOIMYECKOTO
ypaBHeHUs1 (MOCKOBCKHMI TOCYJapCTBEHHBIH YHHMBEPCUTET, MareMaTH4ecKOM
uHCcTUTYTE POoccuiickoil akajieMus HayK); UCCJIE0OBaHbl HEJIOKAJIbHbBIC 3aJlauu JIJIs
yYpaBHEHUN CMEMIAHHOTO OJIUIMNTUKO - runepOonuueckoro Ttuna (MHCTUTYT

! OGs0p 3apyGexHbIX HaydHBIX HCCIeoBaHmii mo Teme amcceprammm: Arkiv Mathematics Astronomis,
www.springer.com/mathematics/journal/11512; Rendiconti del seminario matimatico della univ di Padava;
Communes Partial Differential Equations; Ycnexu Mmatematndyeckux Hayk, Www.mathnet.ru/umn; Martemaruueckue
3ameTKH, WWW.mathnet.ru/mz, Cubupckuit MatemaTnueckuil >kypHam, WWW.Springer.com; CuOupckuil »KypHa
HHJyCTpHaIbHOM MaTemaruku, WWw.math.nsc.ru/publishing/SIBJIM/sibjim.html, Tudbdepennnanbhsie ypaBHeHwS,
www. link.springer.com/journal/10625, Takke GbLTH UCIIONB30BAHBI M APYTHE HCTOYHUKH
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NPUKIATHON MaTeMaTuku 1 apToMatu3auun Kabapauno - bankapckoro HayqyHOTro
nentpa Poccuiickoii akanemus Hayk, MockoBckuid, HoBocubupckuii, Camapckuii
roCyJapCTBEHHbIE YHUBEPCHUTETHI); HAMJIEHbI COOCTBEHHAs YMCIO U COOCTBEHHAs
GyHKUMST  CIEKTpaJIbHOM 3ajladyu JJig CMeIIaHHOro ypaBHeHUsi (MOCKOBCKHIA
rOCYJapCTBEHHBIN yHUBEPCUTET, MHCTUTYT MAaTeMaTUKH MU MaTEMATHYECKOIO
MozenupoBaHusi, Kazaxcran); pazpaboTan crnoco0 pelieHus KpaeBbIX 3a7ad s
YPaBHEHUI BBICOKOTO MOPSAAKA COCTABHOTO U CMEIIAHHO-COCTABHOTO THUIIOB
(MatemaTideckoM WHCTUTYTe CHOUpCKOro oTaenacHUsS Poccuiickod akaaemmus
HayKk, WHCTUTYT mnpukiagHOil MareMaTuku U aBTomaTu3auumu KabapauHo -
bankapckoro nHayuHoro ueHTtpa Poccuiickol akanemuss Hayk, HWHCTHATYT
MaTteMaTuku mpu HanuoHansHOM yHUBepcuTeTa Y30€KHCTaHa); HailIeHbl
COCcOObI  UCCIIEIOBAaHMSI ~ KpaeBBbIX  3ajad CMEIIAaHHOTO  JJUIMITHKO-
napaboIMYecKoro M napadoso-runepooaudeckoro ypasHenuii (MareMaTuaeckoM
uHctutyre Cubupckoro otneneHusi Poccuiickoit akanemust Hayk, WHCTUTYT
IPUKIaJHOW MaTeMaTHKU U aBToMatuzauuu Kabapauno - bankapckoro HaydHOro
neHnrpa Poccuiickon akaneMus Hayk, IHCTUTYT MaTeMaTUKA U MaTEMAaTUYECKOIO
MozaenupoBanus,  Kaszaxcran, HMHcrutyr Maremarnku npu HanuonaibHOM
YHHUBEpCUTETE Y30EKUCTaHa); HUCCIENOBaHbl KpaeBble 3ajaud Uil CMELIAHHOIO
AIUTMITUKO-TUNEPOOIMYECKOIO  YpaBHEHMsI B OrpaHMYEHHOW  obnactu
TpexmepHoro mnpocrpancta (Kamudopuuiickom yHuBepcutere, M3puiieHICKOM
yauBepcrere (CILIA), MartemarnueckoM WHCTHTYTe CHOMPCKOTO OTICIICHUS
Poccuiickoit akamemusi Hayk); pa3pa0OTaHbl CIIOCOOBI PEIICHUS KPAeBBIX 3aj1ay
JUISl CMELIAHHOTO 3JUIMIITUKO-TUNIEPOOIMYECKOT0 YpaBHEHUSI B HEOTPAHUUYEHHOU
0o0JacCTM  TPEXMEPHOIO  MPOCTPAHCTBA €  TOMOLIBIO  HHTErPajbHOro
npeodpazoBanust Dypre (MartematnueckoM HHCTUTYTE CHOMPCKOTrO OTACICHUS
Poccuiickoii  akagemuss Hayk, KabOapauHo-bankapckuii rocynapCcTBEHHOM
yHUBepcUTeTe, MOCKOBCKHI TOCYyIapCTBEHHOM yHUBepcuteTe, (Camapckuii
rocynapctBeHHOM  yHuBepcutere (Poccusi), WHCTHUTYT MaremMaTWkd —TIpH
HannonansHOM yHUBEpcUTETE Y30€KHCTaHA).

Ha MupoBOM ypOBHE OCYIIECTBISETCA PsJ] HAYy4YHO - MCCIIENOBATEIIBCKUX
pa®oT B MPUOPUTETHBIX HANPABICHUSX MO TEOPUHU YPABHEHHMH CMEIIAHHOTO THIIA
U YpPaBHEHUU C KpPAaTHBIMM XapakTEpUCTUKAMM, a WMMEHHO: II0 CO3JaHUIO
MaTeMaTHYeCcKOl Mozenu, OoJiee aleKBaTHO OTPa)Karolell peabHbIe MPOLECCHI,
U pELICHUE TMOJYyYEHHBIX  TPAHUYHBIX 33a7a4; MOCTPOCHUIO AHAIMTHYECKHUX
pElIEHN TPaHWYHBIX 3a7a4; CO3JaHHUI0 YCTOMYMBBIX AJTOPUTMOB YHMCIOBBIX
MOJENEN; PEIIEHUIO MHOTOMEPHBIX IPOCTPAHCTBEHHBIX 3a/1a4.

Crenedb H3y4YeHHOCTH mpolJieMbl. llepBble pe3ysnbTaTel MO M3YYEHHIO
YPAaBHEHUN TPETHErO NOPSAKA C KPATHBIMH XApAaKTEPUCTUKAMH, COAEp KaIUX
BTOPbI€ MPOU3BOJIHBIE 1O BPEMEHH, MOCTPOCHUIO (PYHJIAMEHTAJbHBIX PEIICHUM,
TEOPUH NOTEHLIMAIOB U UX CBOMCTB, HCCIIEIOBAHUIO KPAEBbIX 3a1a4 ITOJIy4YECHBI B
paborax H.Block, E.Del Vecchio. [lamee 3t pe3ysibrarhl ObLIM pa3BUTHI B
paboTrax L.Cattabriga. B pabore A.A. [lesmHa ypaBHEHUS C KpPaTHBIMH
XapaKTepUCTHUKAaMHU HCCIENOBaHbl MeToAaMH (YHKIMOHAJIBHOTO aHaiuza. B
tpyaaX  T.JI.JlxypaeBa, C.AOauHazapoBa U HUX YYEHHKOB HCCJIEIOBAINUCH

29



KpaeBble 3a/Ja4yd METOJOM IOTEHIIMAJIOB C NpUMEHEHHEM (yHIaMEHTAIBHOTO
pelieHus, mocrpoenHoro B padore L.Cattabriga.

HenuneltHoe ypaBHEHHME B YaCTHBIX IPOM3BOJHBIX TPETHErO MOpSJIKa C
KpaTHBIMHU XapaKTEPUCTUKAMU, UTPAIOIIEE BAXKHYIO POJb B TEOPUH HEITUHEHHBIX
BOJIH, B OCHOBHOM, THJIPOJIMHAMUYECKOTO TPOUCXOXKIACHUS, BIEPBbIE OBLIO
nonyyeHo JK. Byckuncom. Opnako mnoapoOHbId aHanu3 Obll mpoBedeH /.
Kopteserom u I'. ne ®@puzom. C TOYKHU 3peHUS NPHUIOKEHUS, BaXKHOCTh ITHUX
uccienoBanuii Obia obocHoBana B paborax B.H./luecmeposa, O.C.PepkoBa u
F0.B.3acopuna. A B pabotax B. l'anakToHOBa u3y4Y€HBl aBTOMOJICJIbHbBIC
pelieHrs [Ji1 HEJIMHEHHBIX YpPaBHEHUN C KpPAaTHBIMM XapaKTEPUCTHUKAMU.
A.Ashyraliev, N.Aggez, F.Hazenci 3aHmMamuch HaxOXICHHEM YHCICHHOTO
pEILICHMS.

VYpaBHEHUSI COCTAaBHOTO THIIA M C KPATHBIMU XapaKTEPUCTUKAMHU SIBIISIOTCS
OCHOBHBIMU TPEJICTABUTENSIMU yYPAaBHEHHM TPEThEro MOpsaKa. Y CHIUAMHU
A.B.bunaaze, M.C.CanaxuTauHoBa, T.[4.dxypaesa, B.H.Bparosa,
T.11.KanemenoBa, M.T.J[>)keHanueBa U UX Y4EHUKOB pa3pabOTaHbl OCHOBBI TEOPUHU
ypaBHeHU#N TpeThero mopsiaka. KpaeBbie 3amaum st CMENIAHHBIX SJUIANTUKO-
rUNepOOIMYECKUX YPAaBHEHMM B  OTPAHMYCHHBIX TPEXMEPHBIX  00JACTSIX
uccienoBanbl B paborax  M.N.Protter, M. Shnaeider, A.B.bumanze,
A.M.Haxymesa, B.Il.Jlunenko, I'.JI.Kapatonpaknuea, B.H.Bparosa, H.I'
CopokuHoil. BmepBble KkpaeBble 3aJadyd JJIsl CMEMIAHHBIX OJUIMITHKO -
TUTIEPOOIMUECKUX YPAaBHEHUNW B HEOTPAHUYEHHBIX TPEXMEPHBIX 00JacTIX C
MOMOILbI0 MHTETpajibHOro mpeoOpazoBaHuss Dypbe HccaeqoBaHbl B padoOTe
A.B.buniaaze. [locne sToro mosiBuicCs psii paboT, IJie¢ pacCMaTPUBAIOTCSI KPaeBbIe
3alayu i1 YpaBHEHUN SJUIMNTUKO - TUNEpOOIMYECKOro Thna B OECKOHEHYHOU
UUIMHApUYEecKorM obnactu. Ot1o pabotel A.M.Haxymesa, C.M.Ilonomapesa,
M.C.CanaxutaunoBa u b.Mcrnomosa. B padore A.M.Exosa u C.ILIlynskuna nms
YpaBHEHUN DJUIMNTUKO - THUNEPOOJMYECKOr0 THMA Ha OCHOBE MPHUHIIUIA
MaKCUMyMa HalJieHa anpuopHas OIIEHKA JIJIi HICKOMBIX PEIICHUN M yCTaHOBJICHBI
HE0OXOIMMbIE YCIIOBUS CYIIECTBOBAHUSI 0OpaTHOTro nmpeodpazoBanus Oypne.

KpaeBbie 3a1aun [j1s1 CMEIIaHHBIX YpaBHEHUH 1apabosio - TUIepOOITNIECKOTO
TUMIAa B TPEXMEPHOM NIPOCTPAHCTBE paccMaTpUBAIKMCh Juilb B padorax T.JI.
HxypaeBa, A.Conyesa, lO. Il. Anakosa, b. McnomoBa.

CBsi3b TeMBbI JHMCCEPTAIMM C HAYYHO-HUCCJIEA0BATENbCKMMHM padoTamMu
BbICIIET0 00PAa30BaTEJbHOIO Y4YpeKJAeHHs, Ile BBINOJHEHA JUCCepTALMS.
HuccepTanrionHast paboTa BBIIIOJIHEHA B COOTBETCTBUU C TUIAHOBOM TEMOW HAYYHO
uccienoparenbckux pabor 07- «Teopus auddepeHuuanbHbIX YpaBHEHHH C
YaCTHBIMU TPOU3BOJHBIMU BBICOKOTO TOpsiKa» HaMaHraHCKOro WHXKEHEPHO -
MeJarornuecKoro HHCTUTYTA.

Heabo uccjieqoBaHusl SIBISIIOTCA pa3pad0TKa aHAIUTUYECKOW TEOpUU U
nocTpoeHue (yHIAMEHTAIBHBIX PEIICHUHN NJIi YPAaBHCHHM TPETHETO TOPSIKA C
KPaTHBIMH XapaKTEPUCTUKAMHU, COACPKAIIUX BTOPYIO MPOU3BOAHYIO 10 BPEMEHH,
pEIIeHus] KPaeBbIX 3a/1au /Il YPABHEHHUM C KPaTHBIMHM XapaKTEPUCTUKAMU U IS
CMENIAaHHOTO MapadoI0-TUMIEPOOTUIECKOTO THTIA.
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3agaum uccJIeI0BaHUA:

MOCTpacHWE TEOPUH pa3pabOTKH aHAIMTHYECKHX U (yHIAMEHTAIbHBIX
pelIeHu ISl YpaBHEHHM TPEThEro IMOpsAAKa C KpaTHBIMH XapaKTepUCTHKAMH,
COJIEpIKaIllMX BTOPYIO MPOU3BOJHYIO IO BPEMEHH, BBIMOJHICTCS C TMOMOIIBIO
CHIeIUAIBHBIX (DYHKITUH;

MOCTPOCHUE KOHCTPYKTUBHOM Teopun wmerona Dypse s ypaBHEHUM
TPEThEr0 TMOpsJIKAa C KPaTHBIMU XapaKTePUCTHKAMH, COJEp)KaIlluX BTOPYIO
MIPOU3BOJIHYIO IO BPEMEHHU;

pa3BUTHE TEOPUM TMOTEHIUAIIOB JUIsi YpPaBHEHUH TPEThEro Mopsaka ¢
KPaTHBIMH XapaKTEPUCTUKAMU, COJICPKAIUX BTOPYIO MTPOU3BOJIHYIO 0 BPEMEHHU;

JUISl  YpaBHEHUW TPEThEro TMOps/iIka C KpaTHBIMU XapaKTEPUCTUKAMU,
COJIEp KalllUX BTOPYIO MPOU3BOJHYIO MO BPEMEHM, MOCTPOCHHE U TMPUMEHEHUE
dbyaknun ['prHa K pereHnto KpaeBbIx 3a/1a4;

pa3paboTka TEOpUU pEIICHUS KpPaeBbIX 3aJad IS BBIPOXKIAIOIIMXCS
YpPaBHEHUM TPETHEro MOpsJKa C KPAaTHBIMU XapaKTEPUCTUKAMHU, COJACPHKAIIUX
BTOPYIO IPOU3BOJAHYIO MO BPEMEHHU;

JI0Ka3aTeIbCTBO  OJHO3HAYHOM  pa3pelIUMOCTH  3aja4  TpukoMU U
['ennmepcrenra mis ypaBHEHHS CMEIIAHHOTO Mapabosio - TUIIEPOOIMUECKOTO THUIIA
B TPEXMEPHOM IMPOCTPAHCTBE;

00OCHOBaHHE  METO/IOB OpsIMOTO M OOpaTHOTO  MHTErPajibHOTO
npeoOpa3zoBanus Dypbe [0 pelIeHHs KpaeBbIX 3aJad B TPEXMEPHOM
POCTPAHCTBE.

O0bekTOM HCCJIEOBAHMS SIBISIIOTCS YPAaBHEHHS TPETHETO MOPSAKA C
KPaTHBIMH XapaKTEPUCTUKAMHU, COJACPIKAIIUE BTOPYIO MPOU3BOJIHYIO TIO BPEMEHHU,
M CMEIaHHbIe Mapaboyio - TUNEPOOTUYECKHE YpPaBHEHHUSI BTOPOTO MOpsAKa B
TPEXMEPHOM MIPOCTPAHCTRE.

IIpeameTom McciIeIOBAaHUA SBIISIIOTCS MOCTPOEHUE TEOPUU AHATUTHYECKHUX
¥ (yHIAMEHTAIBHBIX PEIICHUM JUIsi ypaBHEHHUS TPETHEro MOps/iKa ¢ KpaTHBIMHU
XapaKTepUCTUKAMH, COJIEPKAIIEr0  BTOPYIO MPOU3BOAHYID IO BPEMEHH, U
MCCJIEIOBAHMS KPAeBBIX 3a]a4 Ui MapadoJio - TUIEepOOTUYECKbIX YPAaBHEHHUM B
TPEXMEPHOM MTPOCTPAHCTRBE.

MeTtoasl ucciaenoBanusi. B guccepranMu  MCIOJIB30BaHbl  METOJbI
MaTEMaTUYeCKOro aHaiuza, Au(depeHIMaNbHbIX ypaBHEHUN W MPUHIUI
MaKCMMyMa, HWHTETpajl »dSHEPrud W TEOpHUs HMHTErPAIIbHOTO  YpaBHEHUS
MaTeMaTU4YeCcKon (PU3UKHU.

Hay4ynasi HOBU3HA MCCJIeIOBAHUSA 3aKITI0YAETCS B CJICIYIONIEM:

MOCTPOCHBI AHAIUTHYECKUE U (yHIAAMEHTAJIbHbIC PELICHUs NJis YpaBHEHUI
TPEThEr0 TMOpsJIKa C KPaTHBIMU XapaKTePUCTHKAMH, COJEpKaIIuX BTOPYIO
MPOU3BOJIHYIO 10 BPEMEHH, C TTIOMOIIIBIO CIICIUATBHBIX (PYHKIIHIHA,

BIIEPBBIE pa3padOTaH AJITOPUTM PEIICHUS KPaeBbIX 3amad MeTtogoM Dypne
JUISl ypaBHEHUN TPETHETO MOPAJIKA C KPATHBIMU XapaKTePUCTUKAMHU, COAEPKAIINX
BTOPYIO ITPOU3BOJIHYIO MO BPEMEHHU;
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MOJIHOCThIO OOOCHOBaHA TEOPHUS TOTEHIHUAIOB ISl YpPaBHEHHH TPETHETO
MOpsiAKA C KPaTHBIMU XapaKTEPUCTUKAMHU, COAEPKAIIMX BTOPYIO MPOU3BOAHYIO
10 BPEMEHH,

Ul ypaBHEHUW TPEThErO TOpsiAKa C KpaTHBIMU XapaKTEPUCTUKAMU,
coJiep KalluX BTOPYIO MPOU3BOAHYIO 110 BPEMEHH, MOCTPOCHBI (PYyHKIMU ['puHa K
PELIECHUIO KPAaeBbIX 33/1a4;

MPUMEHEH QJITOPUTM pEIICHUS KpaeBbIX 3amad MetogoM @ypbe s
BBIPOKIAIOLIUXCS ypaBHEHUI TPETHETO nopsiiKa c KpaTHBIMH
XapaKTEPUCTUKAMU, COJIEPKAIIMX BTOPYIO POU3BOJHYIO IO BPEMEHH;

MOKa3aHa OJHO3HA4yHas pa3pelMMOocTh 3afady Tpukomu u [emnepcreara
JUISl CMEIIaHHOTO Napaloyio - runepOONMYEcKOro YpaBHEHUS B TPEXMEPHOM
IPOCTPAHCTBE;

YCTaHOBJICHBI HEOOXOUMBIE U JOCTATOUHBIE YCJIOBUSA TMPSMOTO M OOPaTHOTO
UHTErpajbHOTO TMpeoOpa3zoBanus @Dypse UIsl pelIeHUs KpaeBbIX 3a7ady B
TPEXMEPHOM IIPOCTPAHCTBE.

IIpakTHyeckne pe3yJbTaThbl MCCIACAOBAHUS COCTOST B BO3MOYKHOCTH
MPUMEHEHUSI AHAIMTUYECKUX PEIICHUH NpPU MCCIEAOBAaHUU KAaYECTBEHHBIX
CBOMCTB (hU3MYECKUX MPOIECCOB U B YHUCICHHBIX BHIYMCIICHUSX.

JIOCTOBEPHOCTh Pe3yJbTATOB HcCaeA0BaHUusA. JIsi ypaBHEHUH TpPETHETO
MOPSAKA C KPaTHBIMH XapAaKTEPUCTUKAMU, COJEPKAIIUX BTOPYIO MPOU3BOAHYIO 1O
BPEMEHH, MOCTPOCHHBIX AHAIIMTUYECKUX U (DYHIaMEHTAIbHBIX PEIICHUHN, TEOPUHU
NOTEHIMAJIOB, aJrOpPUTMa PELICHUA KpaeBbIX 3aaad MeroaoM Dypbe, a Takxke
UCCJIEIOBAHMS 3a/1ay ISl CMEIIaHHBIX Napaloso - TUnepOoIMYEeCKUX YpaBHEHUN
JIOCTOBEPHOCTh 000CHOBaHa METO/IaMH MaTEeMaTUYECKOIro aHanu3a,
i pepeHInanbHbIX YpaBHEHUN U MAaTEMAaTUUECKON (PU3UKHU.

HayuyHasi 1 npakTHuyecKasi 3HAYMMOCTD Pe3yJbTATOB HCCJIeJ0BAHUSA.

HaydHoe 3HaueHHE pe3ysNbTaTOB MCCIENOBAHUS 3AKIKOYAETCS B TOM, 4YTO
MOJIYYCHBI aHAJTUTUYECKMEe W (yHIaMEHTAJIbHBIC PEIICHHS, TOCTPOCHHBIE C
MOMOIIBIO CIENUANIBHBIX (QYHKIMKA, anroputM Metoga Dypbe sl ypaBHEHUN
TPETHETO MOpSAJKA C KPATHBIMU XapaKTepUCTHKAMH, COJEpKalluX BTOPYIO
IIPOU3BOJIHYIO 110 BPEMEHU.

[IpakTyeckoe 3HAYEHUE IUCCEPTALMOHHOIO HCCIEIOBAHUS ONPEAECISAETCS
MPUMEHEHUEM TIOJYyUYEeHHBIX B pPab0Te HAay4YHBIX pe3yJbTaTOB B H3yYCHUU
(Gu3MYEeCKUX MPOLECCOB, OMHUCHIBAEMBIX NPH TMOMOIIM YpPaBHEHUS TPETHETO
NOpsJIKa C KPAaTHBIMU XapaKTEPUCTHUKAMHU.

BHenpenne pe3yJbTaroB HccienoBaHusi. [lonydeHHble B AuccepTalMM
pe3ynbTaThl OBbUIM HKCIOJB30BAHBI B CIEAYIOIIUX HAay4YHO-HCCIEAOBATEIbCKUX
MPOEKTaX:

NOCTPOEHHBIEC SIBHBbIE PEIICHUS KPAaeBbIX 3ajad i YPABHEHHUM TPEThEro
MOPSAKA C KPAaTHBIMH XapaKTEPUCTUKAMU, COJIEPKAITUX BTOPYIO MPOU3BOAHYIO 10
BpEMEHU, OBLITM MCIIOJIH30BAHBI JIJIs1 PEIICHHUSI HOBBIX KOPPEKTHBIX KPAEBBIX 3a]1a4
JUIsL YpaBHEHUW TpPEThero Topsaka B 3apyOexHbix Tpantax 114030440003
«DyHaamMeHTanbHbIe TPOOJIEMBbI yOPYrocTd W TuiacTudHoCcTH»  (CHUOHMpPCKOTo
roCyIapCTBEHHOTO a’pokocmudeckoro yHuBepcuteta 38/1208 ot 10 mas 2016
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rona). IlpuMeHeHne S3THX HAay4YHBIX pE3YyJbTaTOB IO3BOJWIO MOJYYUTH
aHAJIMTUYECKOE PEIICHHE 3aa4H;

pe3ynbTaThl O MOCTPOCHUIO PEIICHHS KPAEeBBIX 3a7a4 ¢ TOMOUIbI0 (DYHKIIUH
['prHa OBLTM MCHOIB30BAHBI ISl IOCTPOCHUS PEIICHHS] HOBBIX TPaHMYHBIX 3a/1a4
JUTsl YypAaBHEHMSI TPETHETro MOpPsiAKa, B TeMe 3a HomepoM 1.3.1 B paMkax peanauzanuu
OIII «Hayynble m Hay4yHO-TIEIArOTMYECKUE KaJpbl MHHOBAIMOHHOW Poccum»
(2009-2013) u mo Teme «KpaeBble 3a1auul ¢ HHTETPAIbHBIM TPAHUYHBIM YCIOBHEM
0 BpPEMEHU i1 ypaBHEHUs TpeTbero nopsanka» (Ceepo-Bocrounslii
dbeneparbHBIN YHUBEPCUTET, cipaBka 71-277 ot 5 mas 2016 roma). [lpumenenue
TUX HAYYHBIX PE3YJbTaTOB IMOCIYXWJIM CBEACHUIO pEIICHUs 3a1ad K
UHTErPaJIbHOMY YPAaBHEHUIO;

NPEMIOKEHHBI aJITOPUTM PEIIEHUsT KpaeBbIX 3a1ad MmeTonoM Dypbe s
YPaBHEHUN TPETHErO MOPs/KA C KPAaTHBIMU XapaKTEPUCTHUKAMH, COJEpIKaIIUX
BTOPYIO TNMPOU3BOJHYIO MO BPEMEHH, ObUI HCIOJIb30BAaH MpPHU PEHICHUH HOBBIX
KpaeBbIX 3a7ad B  3apyOexxHbIX rpaHTtax 1o Teme «HenokanbHbie
muddepeHnranbuble  YpaBHEHHs] CMENIAaHHOTO THUMAa M WX MPUMEHEHHE K
JTMHAMHUYECKMM  CHUCTeMam», rocpeructpamus: 01201361965 (2013-2015).
(MHCTUTYT TpUKIAAHON MaTeMaTuku W aBTomaTm3anmu PAH, crnpaska 01-12/84
ot 4 mas 2016 rona). [I[puMeHeHHe 3TUX HAYYHBIX PE3YJIbTATOB CIIOCOOCTBOBAIIO
MIOCTPOCHUIO SIBHBIX PELICHUN MMOCTABIEHHBIX 3a7a4.

AnpobGauust pe3yJbTaroB uccjeaoBaHus. (OCHOBHbIE PE3YyJIbTaThI
UCCJENOBAHUS  OOCYXIAJMCh HAa HAYYHO-NIPAKTHYECKUX KOH(EpeHUHsSX, B TOM
yucne: «JuddepeHunanbuple ypaBHEHHS C YaCTHBIMH IPOU3BOAHBIMH U
pOJICTBEHHbIE MpoOsieMbl aHanmu3a W uHpopmartuku» (Tamkent, 2004),
«CoBpeMeHHBIE TPOOJIEMBl MaTeMaTH4YeCKOW (U3MKH U HHOOPMAUMOHHBIX
texHosorui» (Tamkent, 2005), «CoBpemeHHble TpoOiemMbl AU depeHInaTbHBIX
YpaBHEHUI, TEOPUU ONEPATOPOB U KOCMHUECKUX TexHosorui» (Anmarsi, 2006),
«HenokanpHble KpaeBble 3aJaudl M POJCTBEHHBIE MPOOJIEMBbI MaTeMaTHYECKOM
ouosoruu, napopmatuku u ¢usukn» (Hampumk, 2006), «Third Congress of the
World Mathematical Society of Turkic Countries» (Almaty, 2009), «AkTyajbHbIe
mpoOIeMbl MPUKIAIHON MaTeMaTUKUd U WH()OPMAIMOHHBIX TEXHOJOTHUN - AJb-
Xope3mu-2009» (Tamkent, 2009), «Differential equations and their applications»
(Panevezys, Lithuania. 2009), «IV Congress of the Turkic World Mathematical
Society» (Baku, 2011), «AxryanbHble MPOOJIEMBbI MPHUKIATHON MAaTEMATUKHA U
uH(pOpMaMOHHBIX TexHoyorui - Anb-Xopeamu-2012» (Tamkent, 2012),
«AKTyallbHble TpOOJIEMBbl  MPUKIAJAHOM MATEMAaTUKH U HWHOOPMAIMOHHBIX
texHomornii — Anb - Xopesmu-2014», (Camapkann, 2014), «AKTyaiabHBIC
npoOiemMbl  MaTemMaTudeckoro ananuza» (Yprenu, 2012), «CoBpemeHHbIE
npo0iembl 1uddepeHInanbHbIX ypaBHEeHUH U ux npuioxeHus» (Tamkent, 2013),
«Heknaccudeckue ypaBHEHHSI MaTEMaTUYECKOW (U3UKM U HUX TPUIOKEHUS)
(Tamkent, 2014), «CoBpeMeHHbIE METOABl MaTEMaTUYECKOW (GU3UKA W HX
npuinoxeHus», (Tamkent, 2015), BbICTyIJIEHUS W AOKJIAAbl MPOIUIA HIUPOKYIO
anpobanuio. Pe3ynpTaThl HCCIEAOBaHHA OOCYXAAINCh Ha pecnyOIMKaHCKOM
cemuHape 1o AuddepeHmanbHeM - ypaBHEHUSIM «COBpEeMEHHbIE MPOOJIEMBI
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Teopuu auddepeHInaIbHbIX YPaBHEHUH B YAaCTHBIX MPOM3BOAHBIX» WHCTUTyTa
Marematuku nipu HarmonansHom YHuBepcutere Y30ekucrana (Tamxent, 2006-
2011), Ha cemmuHape «CoBpeMeHHbIE MTPOOJIEMbl BHIYUCIUTEILHON MaTEeMAaTUKU U
MateMatuyeckor Qusuku» npu HamuonansHoM YHuBepcutere Y30ekucTaHa
(Tamkent, 2010-2011).

Ony0JuKOBAHHOCTH Pe3yJbTAaTOB McciieqoBanus. [lo Teme nuccepranuum
onmyONMKOBaHO 45 HayudHbIX palbOT, U3 HUX 13 BXOJUT B MepeueHb HAYYHBIX
W3JIaHUW, TPEUIOKEHHBIX BrpIclield aTTecTalMOHHOM Komuccueil PecrnyOnnku
VY36ekucTan sl 3aIIUTHl JOKTOPCKUX TUCCEpTalluii, B TOM 4YHUCJIE€ U3 HUX 7
ONMyOJMKOBAaHBl B 3apyOEKHBIX JKypHajaXx U 6 B pecrmyOJMKAaHCKUX HayIHBIX
U3JIaHUSX.

Crpykrypa u 00beM auccepranum. Jluccepranus COCTOMT W3 BBEICHUS,
YeThIpEX TIJ1aB, 3aKIIOUYECHUS, CIHUCKAa HWCMOJIb30BaHHOM muTepaTypbl. OO0beM
JquccepTaiuu cocrapisier 186 ctpanuil.

OCHOBHOE COJEPXAHUE JUCCEPTALIUUA

Bo BBegeHMM O0OOCHOBBIBAIOTCS AaKTyaJIbHOCTh U BOCTPEOOBAaHHOCTH TEMBI
IUCCEepTalliM, B COOTBETCTBUM C HCCICIOBAaHUIMU B IIPUOPUTETHBIX
HAIpaBJICHUSX PAa3BUTHUS HAyKU M TexHonoruil PecnyOnuku Y3Oekucran, naércs
0030p MEXAYHapOAHBIX HAay4HbIX HCCIEIOBAaHUM 1O TeMe JucCepTalui,
PacKpbIBAIOTCSI CTENEHb M3YyYEHHOCTH IMpOoOJEeMbl U CBSI3b € HAy4YHBIM
HaIlpaBJICHUEM WHCTUTYTAa, (OPMYIUPYIOTCS LEIM U 337a4d, & TAKXKE OOBEKT U
IIpEeAMET HCCIENOBAHUSA, W3JIAralOTCd HaydHAas HOBH3HA W IPaKTHYECKHUE
pe3ynbTaThl UCCIEAOBaHUS, OOOCHOBBIBAETCS JIOCTOBEPHOCTh IMOJYYEHHBIX
pPE3yJbTAaTOB, PACKPBIBAECTCS €€ TEOpPETUYECKas W MNPAKTUYECKAas 3HAYUMOCTb,
NIPUBEICH  CIIMCOK BHEIPEHHW B MNPAKTUKY pE3YyJbTATOB MCCIEAOBAHUA U
OMMyOJIMKOBAaHHBIX ~ paboOT, [alTCcs CBeleHHs 00 ampoOanuu MOJYyYEHHBIX
pPE3yIbTaTOB U CTPYKTYPE JUCCEPTALUM.

IlepBas rnaBa nuccepranuu, Ha3BaHHasd «llocTtpoenue ¢pyHIaMeHTATBHBIX
pelieHuii  NJA  YPaBHEHUMHM  TpeTbero  nopsaka ¢ KpPaTHbIMH
XapPaKTEePUCTUKAMM»,  IIOCBSAIICHA IIOCTPOCHUIO (byH1aMEHTaIbHbIX
PELICHUM.

Huddepenunanbible ypaBHEHUS B YAaCTHBIX  IMPOU3BOJHBIX TPETHETO
IOPsZIKa PACCMATPUBAIOTCA IIPU PEILIEHUH 3aa4 TECOPUH HEJIMHEWHOW aKyCTUKU U
B THUAPOJWHAMHYECKOM TEOPUHU KOCMHYECKOM IUIa3Mbl, a TaKke 3a1a4
MOJEIUPOBaHUS (PUIBTPAIIMH )KUIKOCTH B IOPUCTHIX Cpeiax.

JIns m3yyeHus BOJIH MajioM, HO KOHEYHOW aMIUIUTYAbl B JHCIEPCUOHHBIX
cpenax B KAauyeCTBE MOJEIBHOIO YPaBHEHHUS YacTO HCMOJB3YIOT YpPaBHEHUE
Kopregero - ne ®pusa

u, +uu, +Bu,, =0, B=const=0. (1)

B nuneliHoM citydae Teopust ypaBHenui (1) paspaboTaHa u pa3BuTa B Tpyaax

L.Cattabriga, L.Radino, T.J]./bxypaeBa, C.A01nHa3apoBa ¥ UX YYCHHKOB.
YacTo 10BOJIBHO PE3KUE U3MEHEHUS IapaMeTPOB MOTOKA IPOUCXOIAT B Y3KUX
00JacTsX, OTHOCAIIMXCS K YJAapHBIM BOJIHAM. ['paaueHThl mapameTpoB MOTOKa B
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9Ty 001acTh MOTI'YyT OBITH HACTOJIBKO S3HAYUTCIbHBIMHA, 9YTO HApAAY C HEJIMHEHHBIM

XapaKTCpOM ABUIKCHHUS CTAHOBHUTCA HCO6XOI[I/IMBIM YUUTBIBATDh BJIMUSAHHUE BA3KOCTHU

H TCIUIOIIPOBOIHOCTH. Takue TeueHUS HA3BIBAIOTCS KOPOTKHMHU BOJIHAMMU. K

TCOPHUHN KOPOTKHUX BOJH OTHOCHUTCA TCOPHUA TPAaHC3BYKOBBIX TCUCHUMH. CneﬂyeT

OTMCTHUTb, YTO B IOCIICAHCC BpPCM:A B JIUTCPATYPC OTO YPABHCHHUC BCC OoubIIIe

Ha3bIBAIOT BA3KHUM TPAHC3BYKOBBLIM YPABHCHHUCM, UJIHU IIPOCTO BT-ypaBHGHI/IGM.
OcranoBuMcs Ha YPaBHCHU OJIA O6HI€FO cily4das

oPu & ou ou 8" 8"
—+a—:F X’ ’ul_7 10t -1 -1 !
ox' oy’ ox" oy"

2
oxP oy @)
rae p>q, a=const. Oto ypaBHeHue mis caydae P=3, =12 Bmepsbie ObuH

HavaThl uccienoBanuem B paborax H. Block w E. Del Vecchio. H. Block
paspabotan crnoco® mocTpoeHUs (GYHIAMEHTAIBHOTO PEIICHUS C IOMOIIBIO
CYIIEPTIO3HIIMH CTICIIMATBLHO TIOJJOOPAHHBIX 3JIEMEHTAPHBIX PEIICHUNA H, UCTIOIb3YSI
npeoOpazoBanus Dypre, mocTpows pelieHue Tuna uctoyHuka. B pabore L.
Cattabriga stu pesynpTarhl ObLTHM 000OIICHBI I ypaBHeHHs (2) B ciydae
p=2n+1 q=2. [loctpoeHHble (yHIaMEHTAIbHBIE PEIICHUS MPU N=1 HMEIOT

BUJ]

U yi&m=ly-n"t®, Vxy&n=ly-n" o) 3)

34CCh

t

t”{%jr‘”f *(T)dT+C+j, t>0;
f(t) =

it Gﬂrr” f *(z)dr + c‘j, t<O0;
t

w

t
co(t)=|tl”2[§ J Irl‘”w*mdwc}, t<o;

fr(t)= exp(—%/ﬁz)cos(%l” + ltjd/l, — 00 <t < +o0,

1 ] 1
exp(At—A1%¥?) +ex (——i”j sm(—ﬂﬁ/%/lt)dl, t <0,
{ d J+ee - 7 J2

t=(x-&)y—-n[?*, ¢",c",c—const.

Taxke mna GyHAAMEHTAIbHBIX PEHIEHUH ObUIM TMOJIyYEeHbI CIEIYIOUIUe

OLCHKU.
h-+k

axhayk
ah+kU

axhayk

1-(-1) 1

3 k _E
<cly-n[ 2 |x=¢ 2[2“+3k‘1+5(1‘(‘1) )J npu (x—cf)\y—;;‘ 3 —>—o,

_2h+3k-1

2
<Cly-n| 3 exp(-ct®), mTpH (x=&)|ly—n[2 -+
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B mocnennee Bpems mosiBWiICS — psii paOOT, B KOTOPBIX HCCIETYIOTCS
KOPPEKTHBIE KpaeBble 3aJlayd JUIsl YpPaBHEHUN TPEThEro MOpsiika C KpaTHBIMU
XapaKTEepPUCTUKAMU, COJIEPKAIUX BTOPYIO MPOU3BOIHYIO IO BpeMeHu. O030p 3THX
HCCIIeIOBaHM MOXKHO HaiiTk B paborax L. Cattabriga, L.Rodino, T.JI.IxypaeBa,
A.A.Jlezuna, B.H./IuecniepoBa, O.C.PeixoBa, FO.B. 3acopuna u C.A6aunazaposna.

W3yyenue ypaBHEHMI TPEThEro MOpsJIKa C KPATHBIMU XapaKTEPUCTUKAMH,
coJiep KallluX BTOPYIO MPOU3BOHYIO 110 BPEMEHH, B Hallle pecyOIrKe Ha4yaaoch
B cemujecsaTeie roasl XX crojietus U pas3BuBasiock B padorax T.JI.Jlxypaesa,
C.Ab6nuHa3zapoBa M uX y4eHHKOB. OTMETHUM, YTO B 3TUX  paboTax  KpaeBble
3alayd  MUCCJIEOBAaHbl ~ METOJOM  NOTEHIMAJIOB, C  HUCIOJIb30BAaHUEM
dbyHIaMeHTaNbHbBIX peneHui (3).

Ecnu oOpatum BHHMaHue Ha QyHIaMeHTaldbHbIC pemieHus (3), ToO yBUAMNM,
YTO OHU COJIEpPKAT I'POMO3/KUE ABOIHBIE HECOOCTBEHHBIE MHTETPAIbI, U TOTAA NPU
UCCJIEIOBAHMUSIX  BO3HMKAIOT  CYIIECTBEHHBbIE  TPYAHOCTHU, CBSI3aHHBIE C
BBIYMCIICHUEM KpAaTHBIX HHTErpaiioB. [loBeneHWe B pa3HbIX KOHLAX OCU X-OB
pasnoe. Kpome Toro, u3-3a npou3BOJIbHOM KOHCTAHTHI B MPEACTABICHUHN (HOPMYII
BO3HUKAET Macca HeyJA0OCTB.

EctecTBeHHO, BO3HMKAeT BOIPOC: MOKHO JIM IOCTPOUTH HOBOE, yJI00HOE
npejacTaBieHue a8 (opMys, TMO3BOJSIOIIMX UYETKO M JIETKO IPOBECTH
KayeCTBEHHBIM aHanu3 pemieHus? YToObl MOSyYUTh HOBOE MPEACTABIICHUE IS
(GyHIaMEHTAIBHOTO PEIIEHMS], HA/I0 UCII0JIb30BaTh IPYTrOi METOJI MOCTPOEHUSI.

B  nuccepranmm  MerogoM — mogoOus, T.6.  METOJAOM  IOCTPOEHUS
aBTOMOJIENIbHBIX PEIICHUI, MOTYyYEHO HOBOE MPEICTaBICHHUE (PYyHIAMEHTaIbHOTO
pEelICHUs] ypaBHEHUS TPEThEro TMOPSAAKa C KpPAaTHBIMU XapaKTEPUCTHUKAMU,
COJIep>Kalllero BTOPYIO MPOU3BOAHYIO 110 BPEMEHHU.

B nepBom naparpade nepBoii ri1aBbl  CTpOATCA PyHIaMEHTAIbHBIE PEIICHUS
yYpaBHEHUS

3
Lu=24_2u_q 4)
ox® oy

B ypaBHenue (4), BBOS HOBYIO IIEPEMEHHYIO 110 popmyie t=xy %°

1 0003HAYUB
u'=cp(t), nMeeM

9" - (4/9)t°¢" - (10/9)tp =0.
[MpousBons 3ameny  o(t) =tZ (&), &= its, HOJTyYHM
E2"+((4/3)-¢12'-(7/6)Z = o (5)

OT0 cTanmapTHas Gopma BEIPOKICHHOTO THIEPTEOMETPUUECKOTO YPABHEHUS.
JIuHEeHO HEe3aBHCHUMBIE PEIICHUS ypaBHEHUS (5) UMEIOT BUT

7 4 7 4
Z =D(—, —; &), Z =¥(=, = $),
163 (6 3 <) 2(£) (6 3 <)
rae W(a,b;x), ®(a,b;X) - BEIpoKACHHBIE THIIEPTEOMETPHUCCKUE (PYHKITUH.

Torna pyHnamMeHTallbHbIE pellieHUs ypaBHEHUS (4) UMEIOT BU]L
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U(X,y;f,n):‘y—n‘;f(t), —o0<t <o, V(x,y;g,n):‘y—n‘;(p(t), t<O0, (6)
e

232 367(Y) 14 4 5 x=¢&
fO="7 3 )0 o) =—F OG0, Tt e

Bo BTOopom maparpade mepBOl TJaBbl, C IMOMOIIBIO HM3BECTHOW OIEHKH
BBIPOXKJCHHBIX ~ TUNEPTeOMETPUYCCKUX  QYHKIMHA, a  Takke  (QopMyIsl
nudepeHnpoBanus, MOJYyYEHbI CIEIYIOUUE OLICHKU:
* —(5/2)—1/ *
f(”)(t)‘sclv|t| >, \¢< )‘<cz it

(5/2)-

, t—>-o, v=012,...,

O] <Co ], [ >o0, [ (D] <C l *7, t>—e0, v=0,12,..,

(byHIaMEHTAIBHOTO PELICHHUS
h+k

oxMoy*
JUts GyHkun V (X, y;&,77) IMEIOTCS aHAJIOTHYHBIE OLIEHKH TpH t —> —o0,

B Ttperbem mnaparpadge mnepBOil TJaBbl H3Y4YEHbl HEKOTOpBIE CBOMCTBA
(yHIAMEHTAIBHOTO PEUIeHUsl, KOTOpble HEOOXOAMMBI NPH PEUIEHUU KpPaeBbIX
3aj1ay.

Teopema 1. IMeroT MECTO CIEIyIOIINE NPEIEIbHBIE PABEHCTBA!

: . 3 52 ¢ 52 9F2(]/3)
limt2 £ (t)=——, lim|t —0, limlt __ T3
t—I>+oo ( ) 4 /ﬂ t—l>—oo‘ ‘ ( ) t—l>—oo‘ ‘ ( ) 272'3/51_‘(]/6)

im 1 (6) ==, lim[t* £(1)=0, lim|t[**p(t) =——=

t—+o0 \/;’ t—>—o0 t>-o0 5%@

Teopema 2. s V(x) e C[a;b] H X, € [a,b], rme —oo < a<b <+, umeer

__1k
(xym*cww e kel

_7{2h+3k—1+ [1 ]} , TIpH |t| —> 0,

MCCTO PaBCHCTBO!

fim (U (% Y:6,1m)$(&)dE =+4(x,).

X—>Xo
n—yt0a

Teopema 3. Tlpu  w(y)< C[0,1], te | =const < 400, HUMEIOT MECTO paBEHCTRA:
. ~(2/3)0(y). x>,
lim [U,, ( yi&mo(mdn =1 (4/3)a(y), x<¢&,
0 0 X=¢&

| 2 : ,
lxigglex(X’ y;&,ma(n)dn ={ Ocj)(y) ;:5

B gerBepTom naparpade nepBoii riiaBbl YCTaHOBJICHO, YTO (PyHAaMEHTAJIbHbBIC
perienus, nocrpoeHnbsie B padote L.Cattabriga, ymosnerBopsitoT ypaBHeHHIO (4)
TOJIBLKO MPH ONPEICIICHHBIX 3HAYEHUSAX KOHCTAHT. OIEHKH PEeIIeHUs, TOTy4YEHHOTO
B ATOM paboTe aCUMITOTHYECKUM METOAOM, Ipu t— 400 OTIMYAIOTCS OT
W3BECTHOM OIEHKH BBIPOXKJICHHOUN THIIEPTeOMETPUUIECKON (DYHKITHH.
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Bropas rnmaBa nuccepranuu, HasBaHHas «IIpumenenue merona dypbe B
3ajayax  JAJds  yYPaBHEHUHl  TpeTbero nopsAKa c KPaTHBIMHU
XapaKTepUCTHKAMW», TOCBALICHA NPUMEHEHHIO MeTona Pypbe IpU pelIeHUU
KpaeBbIX 3ajad. HackosbkO HamM M3BECTHO, KOPPEKTHBIE KPACBBIE 3alaud IS
YPaBHEHUH TPETHETO MOPSAKA C KPAaTHBIMU XapaKTepUCTHUKaMu MeTonoM dDypee
HE UCCIICI0BaHBI.

B Hacrosmeir auccepraniioHHOW pabore mpu moMomu Metona dDypbe
WCCIICIOBAHbl KPAeBbIe 3aa4d JUIsl YPABHEHUM TPETHETO NOPSAKA C KPaTHBIMU
XapaKTEpUCTUKAMM, COJIEPKAIIUX BTOPBIEC MPOU3BOIHBIE 110 BPEMEHU U UMEIOILETO
BBIPOXKJICHUSI IIEpBOro poja. Jlaercss IONHOE ONMCaHue AIropuTMa METOJA.
CrpouTcsi KOHCTpYKTHMBHasg Tteopuss MmeTtomga Dypne. PazpabortaHHbIil crocod
IIPUMEHSIETCS MIPU PELLIEHUN KPAEBBIX 3a7a4 IEPBOT0, BTOPOT0, TPETHETO POJIOB.

B mepBom maparpage BTOpOW TIaBbl B MPSMOYTOJBHOM  00JacTH

D= {(X, y) 0<x<p, O<y< I} MCCJICIOBAHBI CIEAYIONINE 3a1a4H.
3a0aua A. Haiitn pemenue ypaBHeHus (4) B obmactu D M3 Kiacca
Cf§ ( D) N Cfi (5) , VJIOBJICTBOPSIIOIIEE CISIYIONIUM KPaeBbIM YCIOBHUSIM
u(x,0)=u(x,1)=0, 0<x<p,
u(0,y) =y, (y), u(p,y)=w,(y), u,(p,y)=w,(y), 0<y<I,
rae v, (y) S C?’[O,I], i=12, a l//3(y) e C? [O,I] - 3aJJaHHBIC (DYHKIIHH,
3a0oaya A,. Haiitu pemenue ypaBHeHus (4) B obmactu D  u3 Kiacca
Cl2(D)nCyy (5) , YIOBJIETBOPSIONIEE CIIETYIOIIMM KPaeBbIM YCIOBHAM
u,(x,0)=u,(x1)=0, 0<x<p,
u(0,y) =w,(y), u(p,y)=ws(y), u,(p,y)=ws(y), 0<y<I,
e v, (y) eC? [O,I], i=45,a We()’) e C? [O,I]- 3a/1aHHbIE (PYHKIINM.
Teopema 4. 3anaua A, 1=1,2 He MOXET UMETh O0JIe€ OHOTO PELICHMUSL.

Teopema 4 moxkazaHa METOJIOM MHTETPAJIOB SHEPTHH.
Pemenne 3amaun A mocTpouM B BUJIE pAa

u(x,y)= i[clne""x +e¥?%(C, cosv,x+C,,sin vnx)]sin ”Tn y. (@)

n=1
Teopema 5. Ecim vy, (y) eCS[O,I], =12, a 1//3(y) eCZ[O,I], npuYeM
v.(0)=w.()=y/(0)=y/(1)=0, 1=12,3, To pemenue 3agaun A, CyLIECTBYET U
npezacTasisercs psaom (7).
3agaya A, HCCIIEAYETCs TaK XKe, Kak v 3a7a4da A, .

BTtopoii naparpad BTOpoii riaBbl MOCBSIIEH UCCIEA0OBAHUIO KOPPEKTHBIX
KpaeBbIX 3a/a4 JiJisl ypaBHEHUs (4) B 00y1acTsIX

D+:{(x,y):0<x<oo, 0<y<|}, D‘={(x,y):—oo<x<0, O<y<|}.
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3adaua B,. Haiitu perienne ypasuenus (4) B obmactu D' wm3 kmacca
Cf"i(D+)mel‘$(D+ uFl), UMEIOIIee OTPAaHMUYEHHYIO BTOPYIO MPOU3BOJIHYIO II0

X IIpu X—>+0 U YAOBJICTBOPAIOUICTO CICAYIOINUM KpAaCBbIM YCIIOBHAM
u(x,0)=u(x,1)=0, 0<x<oo , (8)

u(0,y)=wy(y), limu(xy)=limu,xy)=0, 0<y<l,
riae [, =0D" — rpanuna o6mactu D , '//1(Y) IS C3[0,|]— 3aIaHHBIN  QYHKIIHS.
3a0aua B,. Haiitu pemenue ypaBHenus (4) B obmactu D~ u3 kmacca
Cf; ( D‘) N Cf; ( D urT, ) , UMECIONIEEe OrpaHWYCHHBIC TICPBYIO W  BTOPYIO

MPOU3BOAHBIC IO X MPU X—>—00 U YAOBIECTBOPSIONICE KPACBBIM YCIOBHUSIM
mpu —0<X<0 (8) m

u(0,y)=w,(y), u, (0,y)=w,(y), Xliqlu(x, y)=0, 0<y<I,
rae I', = 0D -rpanuna obnactu D™y, (y) eC? [O,I], I =2,3-3a1aHHbBIC PYHKIIHH.
Teopema 6. 3agaun B, m B, He Moryr mmerh Oojee OAHOTO PEIICHUS.
Pemenue 3anaun B, umeer Bun

- kx_. N7
U(x ) =2 Cppe™"sin==y. 9)
n=1

Pemenue 3aJa4un 82 HUMCCT BU

u(x,y)= i[czne(m)knx cosv, X +C, e sin vnx}sin ﬂTn y. (10)

n=1
Teopema 7. Ecmun ¢ynkunun  y;(y)eC’[0,1], i=123, npuuem
v 0)=w;(N)=v,"(0)=y; (1)=0, i=12,3, 1o pemenue 3amaa B, u B,
cyliecTByeT u npeactanisiercst psajgamu (9) u (10) cooTBETCTBEHHO.
Tpertwnit naparpad BTOpOI TJIaBbl MOCBSIIEH HUCCIECTOBAHUIO TPEThEH KpaeBoi

3aJlayu B KOHEYHBIX U OECKOHEUHBIX 00JIaCTAX.
3a0aua E,. Haiitn pemenne ypaBHeHus (4) B obmactu D w3 kmacca

Ci2(D)NCsy (5), Y/IOBIIETBOPAIONIEE CIEAYIOIINM KPAeBbIM YCIOBUAM
au(x,0)+ Bu,(x,0)=0, yu(xI)+du,(x1)=0, 0<x<np, (11)
u@,y) =y (y), u(p.y)=w,(y), u(p,y)=ws(y), 0<y<l,
3mech &, S W ¥y, O - IPOU3BOJIbHBIC TMOCTOSHHBIC, TIPUYEM a’+ ,BZ #0,
Y’ +8°#0, dynxmuu w,(y) eCs[O,I], 1=12, y,(y) eCZ[O,I]- 3aJlaHHbBIC

GbyHKIUH.
3adaua E,. Haiitn pemenue ypaBuenus (4) B obmactu D™ wu3 kmacca

Cf; (D+ ) N Cf; (D+ U Fl) , UMEIOIIIee OTPAaHNYEHHYIO BTOPYIO MPOU3BOIHYIO II0

X TpU X —> 400 U yAOBJIETBOPSIOIIEE KpaeBbIM yciaoBusiM (11),
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u(0,y)=w;(y), limu(xy)=Ilimu,xy)=0, 0<y<I.
3aoaua E,. Haiitn pemenue ypaBHeHus (4) B obmactu D~ m3 kiacca
Cfi ( D’) N Cf; ( D™ urT, ) , HMeIoIee OrpPaHUYECHHYIO TII€pBYI0 U BTOPYIO
IPOU3BOJHBIE MO X MPU X —>—00 U YJOBJIETBOPAIOIIEE KpaeBbIM yciaoBusaM (11),
U(O,Y):V/S(Y), UX(O,Y):V/Q(Y); )(lLI’EOU(X, y):O, o<y<lI.
Teopema 8. Ecim a4 <0, 6 >0, To 3amada E, He moxer mmers Ooiee

OJTHOTO PEIICHUSI.
Pemenue 3agaun E, mmem B Buge U(X,Y)= X(X)Y (y).

Torma mist HaxoxxaeHus GyHkiuu Y (Y ) mnpuxoaum K 3agade tumna ltypma-
JImyBWIIA: HaWTH TE 3HAYCHHS TapamMeTpa A, TPH KOTOPBIX CYIIECTBYET
HETPUBUAIBHOE PEIICHHUE 3a/Jauu:

Y"+AY =0, aY(0)+AY'(0)=0, #¥(1)+5Y'(1)=0.
2
Pemas oty 3anady, Haxo1uM COOCTBEHHBIE 3HAYCHUS B BUIE A, = (cfn / I) u { ﬂn} ,

KOTOpBIE 00pa3yroT BO3PACTAIOLIYIO TOCIEI0BATEIHOCTD.
CooTBeTCTBYIOILINE cOOCTBEHHbBIC byHKIIUN UMEIOT BU/I

Y, (y)= (asin \/Z,_n y— ﬂ\/z oS \/Z y) A, , ¥ JI0Ka3aHO, YTO CHCTEMa COOCTBEHHBIX

(GyHKIIUH OpTOrOHAJIbHA B CETMEHTE [O,I].
Pemenue 3anaun E, Haxoaum B BUJE

(% Y) = 2] AnBiy () AonBon (X)+ Ay (x) Y, (¥): (12)
Jlokazana cnemyromas
Teopema 9. Ecim ¢ynxumu y;(Y) eCs[O,I], 1=12, a w,(y) eCZ[O,I],
npuueM oy, (0)+ Sy (0)=0, »w.(I)+oyw/(1)=0, 1=1,2,3, T0 peumenue 3agaun
E, cymectByer u npeacrasnsercs paaom (12).
Pemenue 3anaun E, npeacraBum B Buze

u(x,y) = Cre ™Y, () (13)

n=1
a3anauu E; B BUzE

3 J3K,
Teopema 10. Eciu y,(y) eC°[0,1], 1=7,8,9, npuuem ay,(0)+ By/(0)=0,
r, (1) +6y{(1)=0, =789, 10 pemienne 3amau E,, E, cymecryer u

o 1,
u(x, )’)=Z:ean {CZnicos(vnx+%)+CnLsinvnx}Yn(x). (14)
n=1

npenacrasisgercs B Buzae ¢dopmyin (13), (14) cooTBETCTBEHHO.
UeTBepThlii maparpad BTOPOW TJIaBbl TOCBSIINECH HCCICAOBAHUIO KPAeBBIX
3a/1a4 JIsl ypaBHEHHUSI, UMEIOIIETO BBIPOKIECHHUE MEPBOTO PO/Ia.

B o6nactu D = {(X, y) 0<x,y< 1} JUI ypaBHEHHUS
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3 2
L[u sa—g—x”a—g:
OX oy

HCCIICAYCM CIICAYIOIINUC 3a1a4U.

0, n>0 (15)

3adaua B]'. Haiitu pemenue ypasuenus (15) B obmactu D, wu3 macca
ij(Df)me”;(Df uFl), UMEIOIIee OTPAaHUICHHYIO BTOPYIO MPOU3BOIHYIO TI0

X IpA X —> +00 M YIOOBJICTBOPSIOMICC CICAYIOINUM KPACBbIM YCIIOBUAM

u(x,0)=u(x1)=0, (16)
u(0,y)=w(y), (17)
limu(x,y) = limu,(x,y) =0, (18)

rne v (y) e C’[0,1]- 3ananHble GyHKIHL.

3adaua B, . Haiitu pemenne ypaBuenus (15) B obmactu D, wu3 macca
Cff/ ( Df) N Cf; ( D, u Fl) , UMEIOIIIee OTPAaHUYCHHYIO BTOPYIO MPOU3BOJIHYIO TI0
X Opu X—>+c0 U yJOBIETBoOpswoliee kpaeBbiM ycioBusMm (17), (18) wu
u,(x,0)=u,(x1)=0, rae w(y)eC’0,1]-3anaunsie pyuxums.

Teopema 11. 3anaua B He MoxeT UMeTh GOJIee OHOTO PEIIICHUSI.

Pemenue nocTaBieHHON 3a/1a4 UIIEM B BUJIE

u(x,y)=Z(x)Y(y).

Torpa nst ypaBHeHus (15) monmyyum cieAyrouyro CUCTEMY OOBIKHOBEHHBIX
U pepeHInATbHBIX YPABHEHUN:

Z"(x)+AX"Z(x)=0, Y"(y)+AY(y)=0, (19)
rne A >0 - mpou3BOJIBHOE YHCIIO.
Pemienne ypaBaenus (15), ymoierBopsitoiiee yciaoButo (16), umeer Buj

u(x,y) =37, (x)sinky (20)

rae Z, (X) =cy Fy (X) + €y Fyy (X) + Gy Fyy (%) -
Teopema 12. Ecnu gynkums () € C°[0,1], kpome Toro, (0)=y (1) =

=y"(0)=y"(1)=0, To peurenne 3axaun B, cymecTByeT u mpeacTaBISCTCS PAAOM
(20).
3amaua, B, wccmemyercs Tak xe, Kak v 3aqa4da B .

B Tperbein rnmaBe nmccepranuu, HazBaHHOM «llocTpoeHne M mpuUMeHeHHe
¢pynkuuu I'pyHa B 3aa4ax 1Jisl ypaBHEHUH TPeTbero MOPSAKa ¢ KPATHBIMU
XapaKTePUCTUKAMMW», KpPaeBble 3aJayd MCCIEOYIOTCA C HCHOJIb30BAaHUEM
byHIaMEHTAIBHOTO PEIICHHs] W TMOoCcTpoeHueM GyHkimu [ puna.

B mnepBoMm maparpade TpeTbeil TiaBbl, HCIOIB3YS METOJ OTPAXKECHUS,
IIOCTPOEHO PELICHUE NIEPBOM KPaeBOM 3a1a4H.

41



3aoaua K,. Haiitu pemenue ypaBHeHus (4) B oOmactu D wu3 Kiacca

Cf; ( D) M Cfi (5) , VJIOBJICTBOPSIIOIIEE CISTYIOIIUM KPAeBbIM YCIOBUSM

u(x,0) =g (x), u(x,1)=p,(x), 0<x<p, (21)
u@,y) =wi(y), u(p.y)=w,(y), ulp,y)=ws(y), 0<y<l,
rae ¢ (x)eCla,b],i=12, a pynkuun v, (y)eC’[0,/], j=12, w,(y)eC?[0,/]-

3aJIaHHbIC (QYHKIINH.
Teopema 13. 3agaqya K, HE MOKET UMETH OOJIEE OJHOTO PEIICHHUS.

PaccMoTpuMm ciieiyroniyro BCIOMOraTeabHyo 3a1aqy.
3aoaua K, . Iloctponts QyHKIMIO v(X,Y), yIOBIETBOPsIONIYI0 B oOnactu D

ypaBHeHUIO (4) 1 yciaoBusm (21).
J1Jis peteHust BCOMOTaTelbHOM 3a/1a4H MOCTPOCHBI (yHKITUH

Z(x,y:ém = 3 U 2ml+y: &) -U(x,2ml - y; &, )],
m:‘” (22)
TCy:Em =D IV y+2ml & n) =V (x.2ml—y;&nm)], x—¢ <0,

Teopema 14. O)%21910501 Z(x,y;¢,n) m T(x,y;E,m)  ABIAIOTCA
IEPUOIUIECKUMU OTHOCUTEIILHO apryMenTa Y ¢ mepuogom 21, T.e.

Z(xy+2L¢m)=2(xYy:&m), T(xy+2L&n)=T(xy:&n).
Pemenue BcriomoratenbHoM 3anaun K, umeer Bun

0(0Y)== [ 2, 0REdE +2 2,00 viE D, )¢ (23)

Pemenue 3amaun K, mmem B Buge  F(X, ¥)=u(X,y)—v(xy),

roe U (X, Y) — peutenue 3amaun K, 0(X, Y) u umeer sug (23).
Torma mis 9(x,y) MOIYYMM CIIEAYIONIYIO 3a/1a4y:
939, =0, 9(x0)=9(x1)=0,

8(0.y)=w(y), 9(P.y)=v,(y) (P y)=vs(y)

3anauy (24) MOXKHO pEelINTb, Kak 3a1auy A, B maparpade 2.1.

(24)

Onpenenus QyHKIHIO 19(X, y), HAXOJIUM:
u(xy)=8(xy)+o(xy), (25)
rae 19(X, y) u V(X, Y) COOTBETCTBEHHO UMEIOT B (12) u (24).

JlokaszaHa cinegyronas
Teopema 15. Ecin ¢;(x)eC[0,p], j=12, u dynkuun w;(y)eC’[0,1],
i=12, w,(y)eC*[0,1], w;(0)=y;(I)=y(0)=y/(I)=0, i=12,3, 10 pemenue
3agaun K, cymecTByer u npenctaBumo B Buze (25).
Bo BropoMm naparpade TpeTheii rinaBbl B 007IaCTH
D, = {(X' y): —o0<x<+o, 0<y< |} 71 ypPaBHEHUS
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o°u o
Ljul|=—-—=—=09(X, 26
u3yJaercs
3aoaua B. Haiitu perienue ypaBHenust (26) B obmactu D, w3 Kiacca
C) (D,)NC;y(D,uT,), wuMeomee 00 X  OIPAHHYCHHYIO  IEPBYIO

MPOU3BOJHYIO NP X —>—00, BTOPYIO MPOU3BOAHYIO  MpPU X —>F00 U YJOBJIET-
BOPSIOILEE CIELYIOIIUM KPAeBbIM YCIOBUSM

u(x,0)=g¢,(x), u(xl)=g,(x), (27)
JL@OU(X’V):X'LTOUX(X’ y)=0, (28)

e @ (X) € Cl(—oo,-l-oO), i=12, g(x,y)eC(D,uT,;), I';=0D, — rpanuua
obnacTu D, , KpOME TOTO, BBINONHSAIOTCS YCIOBUS COTIACOBAHMS
lim ¢, (x) = lim ¢/(x) =0, i=12.

Jloka3zaHa ciemyromas
Teopema 16. 3amaua B He MOXeT UMeTh 6OJIeE OTHOTO PEIIICHHSL.

Jlemma 1. ®yukuus ['pyunHa 3a1aun Bl* JUTsT OECKOHEYHOM 00JIacTH UMEET BUJL

G Y& =S U 2ml+y: &) -U(x2ml—y: & )] (29)

m=—w

Pemenue 3amaun B, nmeer Bua

u(x) =1 [, (xV:E0)A(E)dE + [ G, (x i )pu(£)de -
= = (30)

—%QG(X, yi&,)g(&,m)dédn.

Jlemma 2. Ilyctb QyHKUIMH @, (X) u g(X, y) pu |X| —> 00  UMEKT
peCTaBICHHUS
2 ()=0(X"), i=12, (@>¥3), g(xy)=0O(x") (8>3/2), (31)
OTHOPOAHBIE OTHOCUTENBHO Y . Torma 1 modoro X, € (—oo,+0) IMEET MECTO
PAaBEHCTBO IyiLrgu(xO,y):gol(xo), Iyimu(xo,y):(pz(xo).
Teopema 17. Tlycts ¢ (X)€C'(—o0,+0),i=12, g(x,y)eC(D,uI') u
lim ¢, (X): lim ¢/(x)=0, i=12, a Taxxe Bbmonnstorcss ycuous (31).

X—>to0 X—>+00
Torma eTMHCTBEHHOE pENICHUE 3a7ayu Bl* umeet Buj (30), tne ¢pynkiusa ['puna
G(x,y;&,n) onpenensiercs Gpopmyioii (29).

B tperbem maparpade TpeThel TJIaBbl, C TOMOIIBIO MOCTPOCHHUS (DYHKIIUU

['puHa B mpsSIMOYroJIbHOW  OOJACTH, MCCIENOBAHbI IMEpBas U BTOpas KpaeBble
3a/1a4u.
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3aoaua A, . Haiitn pemenue ypaBHeHusa (26) B obOmactm D w3 Kiacca
Cf; ( D) M Cfi (5) , VJIOBJICTBOPSIIOIIEE CIETYIOIUM KPAaeBbIM YCIOBUSIM
u(x,0)=g¢,(x), u(xl)=gp,(x), 0<x<p, (32)
u(0,y)=wi(y), u(p.y)=vw,(y), u(p,y)=ws(y), 0<y<l,  (33)
rae ¢ (x)eC[0,pli=12 w,(y)eC[0], jzl,_:%,g(x,y)ecfj(ﬁ),KpOMe TOTO,

BBIITOJIHAKOTCSA CHeHyIOHIHe YCHOBI/DI corjjaCoBaHUMA .
(pl(o) :‘//1(0)’ (pl( p) =W, (0)’ ¢1( p) =Y; (0)1 ?, (0) :Wl(l)’

2 (P)=v2(1), @:(p)=y:(l), 9(x0)=g(xI)=0.
3aoaua A,,. Haiitu pemenue ypaBHeHus (26) B obmacth D mu3 Kiacca

(34)

Cf; ( D) M Cfi (5) . YAOBJIETBOPSIOILEE KpacBbIM yclIoBusAM (33) u

u, (x,0)=¢,(x), u,(x1)=¢,(x), 0<x<p,
rie ¢ (x)eC[0,pl.i=34, v;(y)eC[0,1], j=13,g(x,y)eC(D)
Teopema 18. 3amauya A, He MOXET UMETH 00JIEE€ OHOTO PEIICHHUS.
Pemienue 3anaun A, Jaercs B BUJE:

20(x, ¥) = [ G (%Y, P (1)l [ G (.0 () -
0 0 (35)

_jeé(x’ Y, p,77)1/13(77)d77+ij,7(x, y.E0) 0, (£)dé -

_JQGU(X’ y,§,0)(p1(§)d§—HG(x, y,&,1)9(&,n)d&dn.

I/ITaK, MBI IIOJIYUMJIK PCIICHUC 3aJa4n A31 B ABHOM BHAC, B OTIIMYHUC OT APYIUX
3aJla4, B KOTOPBIX PCIICHUC 3a1a4Yr A31 CBOJHJIOCH K MHTCTPAJIbHBIM YPAaBHCHUSM.

TakxuMm oOpa3om, HaMU JI0Ka3aHa CIeAyIoas Teopema.
Teopema 19. Ilycts ¢ (x)eC[0,p],i=1,2, w,(y)eC[0,/], j=13

g(x,y)eCyy (5), a Tak)Ke BBIMOJIHAIOTCA yciaoBus (35). Toraa pelienue 3a1a4u

A, umeet BUn (35), ynkuus I'puna G(x,y;&,77) onpenensercs Gopmynoit (29).
3anaya, A,, UCCIEMyeTCs TaK jKe, Kak U 3ajaya A, .

Teopuss ypaBHEHHMM CMELIAHHOTO THWIA, OCHOBOIIOJOXHUKOM KOTOPOH
ABJISACTCS  WTANbAHCKMM MareMatuk @.TpukomMu, B HACTOSLIEE BpEMs
IIPEBpATUIaCh B OJWH U3 MUHTECHCHBHO DPAa3BUBAIOIIMXCS Pa3leiIOB COBPEMEHHOU
Teopuu AudPepeHnanbHbIX YPaBHEHUN C YaCTHBIMU MTPOU3BOTHBIMHU.

BriepBbie kpaeBble 3a7aud ISl CMEIIAHHBIX AJUIUITUKO - TUIEPOOIMUYECKUX
ypaBHEHUN B OECKOHEUHBIX TPEXMEPHBIX 00JIACTAX C MOMOILBIO MPeoOpa3zoBaHus
dypbe uccienoBansl B padbore A.B.bumanze.

B nepBom naparpade yeTBepToil Ti1aBbl quccepTaluu, Ha3BaHHOU «KpaeBbie
3aJa4M AJIs1 YPABHEHHUH CMEILIAHHOIO0 NMapafdoJio - THNepOoJINYeCcKOro TUIA B
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NPOCTPAHCTBE», HCCIENOBAH TPEXMEPHBIM AaHAJIOr 3aJayud  [puUKOMH C
HEXapaKTEPUCTHYECKUMH IUIOCKOCTSAMHU U3MEHEHUS TUIIOB.
ITycte Q) - OeckoHeuHas MpU3Mo0o0pa3Hast 00J1aCTh TPEXMEPHOTO €BKIHMI0BA
IIPOCTPAHCTBA IIEPEMEHHBIX X, Y, Z.
JIns ypaBHEHUSA
U,-U,+U,, 6 QF,
0= ., (36)
U, —(-x)"(U,+U,), ¢ @, m>0,
pPacCMOTPUM CIEAYIOLIYIO 3a/1a4y.
3aoaua T . Haittu perynspHoe peumenue U (X, Y, Z) ypaBHenus (36) B

obmactsax Q" u Q, obamaroniee CiIeayOIMMHA CBOMCTBAMHU
DU (xy.z)ec(Qf)n[ci(@ ur)uci(a ul)]nci (@ ua),
2) yIOBIETBOPSET KPACBbIM YCIOBUSM
U‘Slz®l(x,z), 0<x<h; U‘SZ:CDZ(y,z), 0<y<i

U‘Ssz‘P(y,z), 0<y=<¥2; limU(xy,z)=limU,(xy,2)=0;
3) yAOBIETBOPSIET YCIOBUSIM CKIICHBAHHS
U(-0,y,z)=aU (+0,y,2),
U,(-0,y,2)=B(y)U,(+0,y,2)+ 5(y)U (+0,y,2)+ P(y,2),
a=const, (y,z)el, limP(y,z)=0.

Z—>*o0

Cnenys unee A.B.bunianze, perieHue nocTaBieHHON 3a1aun OyJieM UCKaTh B
KJ1acce QyHKIMH, npeacTaBUMbIX nHTErpasiom dypre.

Torna 3amaya T 5KBMBalICHTHO CBEAETCA K IUIOCKOM 3ajaueT, .

EIUMHCTBEHHOCTh pelleHusl 3aiadd |, JOKa3bIBAETCS METOJOM IpPHUHIMIIA
MakcuMyMa. CyllleCTBOBaHME  €IMHCTBEHHOTO  PEIICHUs 3agaun T,
HKBUBAJICHTHHIM 00pa3OoM CBOJMTCS K HHTETpAIbHOMY ypaBHEHHIO BombTeppa
BTOPOTO pojia, KoTopoe B ciydae 0<m<2, m=2, m>2 tpeldyeT OTAECTLHOTO

UCCIICTOBAHMSI.
Bo BTOpoM maparpade ueTBepTOil TNaBBI MCCIEAOBAH TPEXMEPHBIA aHAJIOT
3anmayu ['enepcerenTa ¢ XapakTePUCTUISCKUMHU TIIIOCKOCTSIMU M3MEHEHHSI THIIOB.
ITycth Q'- OeckoHeyHas mpU3MOOOpa3Has 00JacTh  TPEXMEPHOTO
€BKJIUJIOBA IPOCTPAHCTBA IEPEMEHHBIX X, Y, Z.
[ns ypaBHEHUs

0 Uxx+Uzz_Uy’ 6 QI’ (37)
C=(=y)"(U. +U )+U. 6 Q, k=23, m>0,
( ) ( XX zz) vy, k

WCCJICIOBAHBI CIICIYIONTNE 3a/1a4H.
3aoaua G . Haittu perynsapHoe pemieHue ypaBaenus: (37) B obmacTsax

Q. (k :]73), oOJajarolee CBOHCTBAMM:
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1)u(x,y,z)ec(gT;)m[cl(Q;ullu|2)ucl(Q;u|1)ucl(Q;u|2)]m
mCz(quQ;uQ;), k=13

2) yIOBIETBOPSIET KPACBBIM YCIOBUSM MPU  —00 < Z < +00

U‘Slzd)i(y,z), 0<y<h, i=12, U‘34=‘I’1(y,z), 0<x<¢g/2,

U‘Sﬁ =W¥,(y.2), e<x<(1+¢)/2, Iir+nU(x, y.z)= lim U,(x,y,z)=0,

3) yIOBIETBOPSET YCIOBHUSAM CKICHBAHUS
U(x,-0,z)=aU (x,+0,2),

U,(x,-0,z)=h, (x)U,(x,+0,z)+c (x)U (x,+0,2)+ B (x,2),

a=const, (x,z)el,, limP(xz), k=12

Z—>to

3agaya G umcciemayeTcs Tak ke, Kak U 3a7a4a T .

3AK/IIOYEHUE

JuccepranonHas paboTa MOCBSIIEHA PA3BUTHIO TEOPUH (PyHAAMEHTAIbHBIX
pPELIEHU U TEOpUHU IOTEHLMANIA, IIOCTPOCHUIO KOHCTPYKTUBHOM TEOPUHM METOJA
@ypbe I YpaBHEHUN TPETHETO IOPSAAKA C KPAaTHBIMU XapaKTEPUCTUKAMU,
COJIEpKAIUX BTOPYIO IPOM3BOAHYIO II0 BpPEMEHHM, a TaKXKe JOKa3aTeJIbCTBY
OJIHO3HAYHON pa3pelIMMOCTH KpaeBbIX 3aJad JJisi CMEIIAHHBIX [apadojo -
runepO0IMYEeCKUX YPABHEHUH B TPEXMEPHOM MPOCTPAHCTBE.

OCHOBHBIE PE3yJIbTATHI UCCIECAOBAHUS COCTOAT B CIAEAYIOLIEM.

1. ITocTpoensl aHanuTHYECKUE U (PyHAAMEHTAIbHBIE PEIIECHUS JJI1 YPABHEHUM
TPETHETO MOpANKAa C KPAaTHBIMHA XapaKTEPUCTHUKAMM, COJEPKaIUX BTOPYIO
MPOU3BOIHYIO 110 BPEMEHH, C TOMOUIBIO CIIEHUATBHBIX (DYHKIIHIA.

2. Brnepsble pa3zpaOoTaH aJIrOPUTM PELLIEHUS KpaeBbIX 3a1a4y MetogoM Dypbe
JUISl YPAaBHEHUW TPETHErO MOPAJKA C KPATHBIMU XapaKTEpUCTUKAMHU, COAEPKALINX
BTOPYIO IIPOU3BOJIHYIO I10 BPEMEHHU.

3. [onHOCTHIO OOOCHOBaHA TEOPHUS MOTEHIMAIOB JJII YPaBHEHUW TPETHETO
IOpsiZIKa C KPAaTHBIMU XapaKTEPUCTUKAMHU, COAECPKAIIMX BTOPYIO IIPOU3BOAHYIO
110 BPEMEHHU.

4. Jlns ypaBHEHMI TpPETHETO IMOPSAKA C KPaTHBIMM XapaKTEPHUCTUKAMH,
coJiepKallliuX BTOPYIO MPOU3BOAHYIO 10 BPEMEHH, MOCTPOCHbI (PYyHKIMU ['puHa K
PELIEHUIO KPAeBbIX 3a]1a4.

5. IlpumeHeH anropuTM peleHHs KpaeBbIX 3amad MetogoM Dypbe A
BBIPOKIAOIIMXCS YPABHEHNUN TPETHETO MOPSAAKA C KPATHBIMHA XapaKTEPUCTUKAMH,
COJZIEpIKAIMX BTOPYIO MTPOU3BOIHYIO 0 BPEMEHMU.

6. JlokazaHa oJlHO3HAayHasl pa3pemMMocTh 3agad Tpukomu u ['emnepcrenra
JUI. CMEIIaHHOTO Mapaloyio - TunepOOJMYecKOr0 ypaBHEHUS B TPEXMEPHOM
IIPOCTPAHCTBE.

7. VYcrtaHOoBIEHbl HEOOXOOUMBIE W JOCTATOYHBIE YCIOBUS NPSIMOTO U
0OpaTHOTO MHTErpajibHOro mpeodpazoBanusi Dypbe A pelIeHUs KPaeBbIX 3a1au
B TPEXMEPHOM IIPOCTPAHCTBE.
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INTRODUCTION (abstract of doctoral dissertation)

The urgency and relevance of the theme of dissertation. The solution of a
number of fundamental problems in the field of various applications on a global
level requires the establishment of science refined mathematical models of
physical processes under study, the development of new methods of research and
implementation of the results into practice. Based on the needs of practice,
increased attention to the theory of equations of high order, in particular, to the
theory of partial differential equations of the third order. Among the third-order
equations occupy a special place of the equation with multiple characteristics
thanks to its specific characteristics. To study the small but finite amplitude waves
in dispersive media as a model equation is often used Korteweg - de Vries
equation, which is a nonlinear equation of the third order with multiple
characteristics, comprising a first derivative with respect to time. The developed
theory for these equations was the impetus for starting research and for other
classes of equations - third-order equations with multiple characteristics,
containing the second derivatives with respect to time. Due to the complexity of
the processes associated with the above equations and the lack of sufficiently
developed analytical methods, the study of third-order equations with multiple
characteristics, containing the second derivatives with respect to time, is one of the
priority areas.

The scientists of our country obtained significant results in studies of third-
order equations with multiple characteristics, comprising a first derivative with
respect to time. For such high-order equations constructed fundamental solutions,
expressed in terms of special functions, studied their properties and behavior, also
solved the boundary value problems. Using the fundamental solution built
L.Cattabriga, we investigated boundary value problems for a third order equations
with multiple characteristics, containing the second derivatives with respect to
time. According to the equations of the mixed type and the composite high-order
and mixed-composite type achieved certain results recognized in the world. The
equations of the third order with multiple characteristics, containing the second
derivatives with respect to time, require the construction of fundamental solutions
through a special function, the study of their properties and behavior and decisions
with their help, boundary value problems, and this requires a search for new
approaches to solving this problem.

Research processes of nonlinear acoustics, the hydrodynamic theory of
cosmic plasmas, nonlinear vibrations, fluid flow in the channel, surrounded by a
porous medium, etc. associated with the study of a third-order equation with
multiple characteristics, containing the second derivatives with respect to time, as
well as problems for equations of mixed parabolic - hyperbolic type, which
explains the need to study these equations.

Research in this thesis to some extent are the challenges identified in the
Republic of Uzbekistan Presidential Decree nubmer. PR-436 of 7 August 2006
"On measures to improve the coordination and management of the development of
science and technology”, the number PP-916 from July 15, 2008 "On additional
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measures to stimulate innovative projects and technologies” and other normative-
legal acts of fundamental sciences.

Relevant research priority areas of science and developing technology of the
republic. This work was performed in accordance with the priority areas of science
and technology of theRepublic of Uzbekistan andl. IV.”Mathematiks, Mechanics and
Informatics™.

A review of international research on the topic of dissertation*. On
construction of the fundamental solutions of the third order equations with multiple
characteristics which have second time derivative, on study of the theory of
potentials and their properties, and on investigation of various boundary value
problems in baunded and unbaunded domains wide researches is carred out in
scientific centers and universities of the leading countries, in particular, Bologna
University, Turino University (Italy), Fatih University (Turkey), Vilnius
University (Lithuania), Moscow state University, Novosibirsk state University,
Bashkiria state University, North - Eastern Federal University and Kabardino -
Balkar state University, Mathematical Institute of the Russian Academy of
Sciences, Institute of applied mathematics and automation of Kabardin - Balkar
scientific centre of the Russian Academy of Sciences (Russia).

As a result of the study of mixed type equations in the world, a number of
results have been obtained, including the following scientific results: the theory of
boundary value problems for equations of mixed elliptic-hyperbolic type is created
(Turino University, Italy); the boundary value problems for degenerate equations
of elliptic - hyperbolic type are solved (Uppsala University, Sweden); the
maximum principle for elliptic-hyperbolic equations is proved (Moscow State
University, Mathematical Institute of the Russian Academy of Sciences); nonlocal
problems for the mixed elliptic - hyperbolic type equations are worked out
(Institute of applied mathematics and automation of Kabardin - Balkar scientific
center of the Russian Academy of Sciences, Moscow state University, Novosibirsk
state University, Samara state University); eigenvalues and eigenfunctions of the
spectral problem for mixed elliptic-hyperbolic equations are found (Moscow state
University, Institute of mathematics and mathematical modeling, Kazakhstan);
methods of solutions of the boundary value problems for high order mixed and
mixed-composite type equations are worked out (Institute of mathematics, Siberian
branch of the Russian Academy of Sciences, Institute of applied mathematics and
automation of Kabardin - Balkar scientific centre of the Russian Academy of
Sciences, Institute of mathematics at National University of Uzbekistan); the
methods of solution of the boundary value problem of mixed elliptic-parabolic and
parabola-hyperbolic equations are obtained (Institute of mathematics, Siberian
branch of the Russian Academy of Sciences, Institute of applied mathematics and

! Review of foreign scientific research on the theme of the dissertation is worked out based on the sources: Arkiv
Mathematics Astronomis, www.springer.com/mathematics/journal/11512; Rendiconti del seminario matimatico
della univ di Padava; Communes Partial Differential Equations; Uspekhi matematicheskikh nauk,
www.mathnet.ru/lumn;  Mathematical  notes,  www.mathnet.ru/mz,  Siberian = mathematical  journal,
www.springer.com; Siberian ournal of industrial mathematics, www.math.nsc.ru/publishing/SIBJIM/sibjim.html,
Differential equations, www.link.springer.com/journal/10625.
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automation of Kabardin - Balkar scientific centre of the Russian Academy of
Sciences, Institute of mathematics and mathematical modeling (Kazakhstan),
Institute of mathematics at the National University of Uzbekistan); the boundary
value problems for mixed elliptic-hyperbolic equation in a bounded region of
three-dimensional space are solved (University of California, University of
Meryland, United States, Institute of mathematics, Siberian branch of the Russian
Academy of Sciences); the method of solution of the boundary value problems for
mixed elliptic-hyperbolic equation in an unbounded region of three-dimensional
space is worked out by using the integral Fourier transforms (Institute of
mathematics, Siberian branch of the Russian Academy of Sciences, Kabardino-
Balkaria state University, Moscow state University, Samara state University,
Russia, Institute of mathematics at National University of Uzbekistan).

Nowadays in the world a number of priority scientific research have been
carried out on the theory of boundary value problems for mixed type equations and
equations with multiple characteristics: namely, research on main directions such
as creation of more adequate mathematical models of certain process and solution
of problems describing them; construction of analytical solutions of the boundary
value problems; creation of stable algorithms of numerical models; solution of
multi-dimensional problems.

The degree of stady of the problem. The first results on construction of
fundamental solutions of third order equations with multiple characteristics,
containing second derivatives with respect to time and investigation of their
properties, development of the potential theory and on solution of the boundary
problems were obtained in works by H. Block and E. Del Vecchio. Later these
results were developed in the works of L. Cattabriga. In the work of A.A.Dezin,
equations with multiple characteristics are analyzed by the methods of functional
analysis. In the works of T.D. Dzhuraev and S. Abdinazarov and their followers,
the boundary value problems are investigated by the potential method and using
the fundamental solution which constructed in the work of L. Cattabriga.

Nonlinear equations of third order with multiple characteristics, which play an
important role in the theory of nonlinear waves, mainly in hydrodynamic
processes, was first obtained by Joseph Bussinisk. However, a detailed analysis
was conducted Diederik Korteveg and Gustav de Vries. The importance of these
studies from the practical point of view were based on the works of V.N.
Diesperov, O. S. Ryzhov and V. Zasorin. And auto model solutions of the
nonlinear problem with multiple characteristics were investigated in the works of
V. Galaktionov. A. Ashyraliev, N. Aggez and F. Hazenci have engaged in finding
numerical solutions of equations with multiple characteristics.

The equations of composite type with multiple characteristics are the main
representatives of third order equations. The foundation of the theory of third order
equations are worked out by A.V. Bitsadze, M.S. Salakhitdinov, T.D. Dzhuraev,
V.N. Vragov, T.Sh. Kalmenov, M.T.Dzhenaliev and their followers.

Boundary value problems for mixed elliptic -hyperbolic equations of three -
dimensional domains have been investigated by N.M.Protter, M.Shnaeider,
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A.V.Bitsadze, A.M.Nakhushev, V.P.Didenko, G.D. Karatoprakliev, V.N.Vragova,
N.G Sorokina. Firstly, the boundary value problems for mixed elliptic - hyperbolic
equations in infinite three - dimensional domains, with the help of the Fourier
transform, were studied in the work of A.V. Bitsadze. A series of problems for
elliptic-hyperbolic equations in an infinite cylindrical domain were considered by
AM. Nakhushev, A.M. Ezhov and S.P. Pulkin, S.M. Ponomarev, M.S.
Salakhitdinov and B. Islomov. In the works of A. M. Ezhova and S. P.Pulkin a
priori estimate of searching solution for elliptic - hyperbolic type equation on the
basis of the maximum principle was obtained and the necessary conditions for the
existence of the inverse Fourier transform was determined. Boundary value
problems for mixed parabolic - hyperbolic equations in a three - dimensional space
were considered in the works of T.D. Dzhuraev, A. Sopuev, Yu.P. Apakov and B.
Islomov.

Communacation of the theme of dissertation with the scientific- research
works of higher educational institution, which is the dissertation conducted in:

The dissertation work was performed in accordance with the plan of scientific
research number 07 entitled “The theory of high order partial differential
equations” of Namangan engineering pedagogical institute.

The aim ofresearch workis to construct the fundamental and analytic
solutions for the third order equations with multiple characteristics which have
second order derivative in time and in three dimensional space to solve the
boundary value problems for parabola hyperbolic equations.

The tasks of research work:

to construct the analytical and fundamental solutions for equations of third
order with multiple characteristics containing the second derivative in time with
the help of special functions;

to work out the constructive construction theory of Fourier method for the
third order equations with multiple characteristics containing the second derivative
in time;

to develop the potential theory for equations of the third order with multiple
characteristics containing the second derivative with respect to time;

to construct the Green functions for equations of the third order with multiple
characteristics containing the second derivative in time and to apply them for
solution of problems;

to elaborate the theory of solution of boundary value problems for degenerate
equations of the third order with multiple characteristics containing the second
derivative with respect to time;

to prove uniquely solvability of Tricomi and Gellerstedt's problems
for mixed parabolic - hyperbolic equation in the three - dimensional space;

the necessary and sufficient conditions for the existence of the direct and
inverse Fourier transform for solution of the boundary value problems in three-
dimensional space are found
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The object of the researchworkis third order equations with multiple
characteristics containing the second derivative in time and parabolic-hyperbolic
equations in the three-dimensional space.

The subject of the research workis to study the theory of construction of
fundamental and analytic solutions for the third order equations with multiple
characteristics containing the second derivative in time and investigation of the
boundary value problems for parabolic-hyperbolic equations in three-dimensional
space.

Methods of research work. In the dissertation methods of mathematical
analysis, differential equations and maximum principle of mathematical physics,
energy integral and the theory of integral equations are used.

Scientific novelty of the research workis as follows:

the theory of analytical and fundamental solutions for equations of third order
with multiple characteristics containing the second derivative in time has been
constructed with the help of special functions;

for the first time the algorithm of solution for the boundary value problems by
the Fourier method is worked out for the third order equations with multiple
characteristics containing the second derivative in time;

the potential theory for equations of third order with multiple characteristics
containing the second derivative with respect to time is developed,;

in the solution of the boundary value problems, stated for equations of third
order with multiple characteristics containing the second derivative in time, the
Green functions are constructed;

the Fourier algorithm is applied to the solution of the boundary value
problems for equations of third order with multiple characteristics containing the
second derivative in time;

the unique solvability of Tricomi and Gellerstedt’s problems
for mixed parabolic - hyperbolic equation in three-dimensional space is showen;

the necessary and sufficient conditions of existence of the direct and inverse
Fourier integral transforms in solution of the boundary value problems in three -
dimensional space are justified.

Practical results of the work consist of the possibility of applying analytical
solutions in the study of qualitative properties of physical processes and numerical
experiments.

The reliability of the results in the constructive construction of analytic and
fundamental solutions, potential theory and Fourier method for the third-order
differential equations with multiple characteristics containing the second derivative
with respect to time and in the solution of the boundary value problems stated for
mixed parabolic-hyperbolic equations in three dimensional space is justified by
application of the methods of mathematical analysis, differential equations and
mathematical physics.

Theoretical and practical significance of the study. The scientific
significance of the research results consists in that the scientific results obtained in
the research can be used in the theory of third-order equations with multiple
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characteristics containing the second derivative with respect to time, in
hydrodynamics, and plasma physics.

The practical significance of the dissertation research is determined by using
the obtained scientific results in the study of physical processes expressed in terms
of a third-order equation with multiple characteristics.

Implementation of the research results. The obtained scientific results of
the dissertation work are applied in practice in the following directions:

the methods of solving boundary value problems for third-order equations
with multiple characteristics containing the second derivative with respect to time
was used to solve the new correct problem stated for third order equation in the
project number 114030440003 entitled “Fundamental problems of elasticity and
plasticity” (the Siberian State Aerospace University, reference No. 38/1208 issued
on the of May 10, 2016). This result allowed to obtain an analytical solution, a
new well-posed problem;

the results obtained in the thesis on the construction of the Green's function
and the solutions obtained using the Green's function for third order equations with
multiple characteristics, containing the second derivative with respect to time, were
used for a number of theme 1.3.1 as part of the Federal Target Program "Research
and scientific-pedagogical personnel innovative Russia "for 2009-2013. on
"Boundary problem with integral boundary condition in time for the third-order
equation” (North-Eastern Federal University, reference number 71- 277 of May 5,
2016). This result allowed to obtain a new solution to the boundary problem has
been reduced to an integral equation;

the proposed algorithm for solving the correct boundary-value problems using
the Fourier method for third order equations with multiple characteristics
containing the second derivative in time, were used to solve similar boundary value
problems on “Nonlocal differential equations of mixed type and their application to
dynamical systems” Ne state reg.: 01201361965 for 2013-2015 years. (Institute of
applied mathematics and automation, Russian Academy of Sciences, reference No.
01-12/84 issued on the of May 4, 2016). This result allowed to obtain explicit
solution of the posted problem.

Approbation ofthe research results. The main results of the dissertation
were presented and discussed at the following scientific and practical conferences:
“Partial differential equations and related problems of analysis and informatics”
(Tashkent, 2004), “Modern problems of mathematical physics and information
technology” (Tashkent, 2005), “Modern problems of differential equations,
operator theory and space technologies” (Almaty, 2006), «Nonlocal boundary
value problems and related problems of mathematical biology, informatics and
physics” (Nalchik, 2006), «Third Congress of the World Mathematical Society of
Turkic Countries» (Almaty, 2009), “Actual problems of applied mathematics and
information technology — Al Khorezmi-2009” (Tashkent, 2009), «Differential
equations and their applications» (Panevezys, Lithuania. 2009), «IV Congress of
the Turkic World Mathematical Society» (Baku, 2011), “Actual problems of
applied mathematics and information technology — Al Khorezmi-2012” (Tashkent,
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2012), “Actual problems of mathematical analysis” (Urgench, 2012), “Modern
problems of differential equations and their applications” (Tashkent, 2013), “Non-
classical equations of mathematical physics and their applications” (Tashkent,
2014). The present work was discussed at the Republic seminar on “Modern
problems of the theory of partial differential equations” of the Institute of
Mathematics at the National University of Uzbekistan (Tashkent, 2006-2011), at
the seminar “Modern Problems of Computational Mathematics and Mathematical
Physics” of the National University of Uzbekistan (Tashkent, 2010-2011).

Publication of the research results. On theme of dissertation 45 scientific
papers have been published, 13 of them are in the list of scientific publications
proposed by the Higher Attestation Commission of the Republic of Uzbekistan for
Protection of doctoral theses, including 7 papers in international scientific journals
and 6 of them published in national scientific journals.

The structure and volume of the thesis. The dissertation consists of the
introduction, four chapters, conclusion and bibliography. The total volume of the
dissertation is 186 pages.

THE MAIN CONTENT OF THE RESEARCH PAPER

In the introduction substantiates the importance and relevance of the thesis
theme in accordance with research in the priority directions of development of
science and technology of the Republic of Uzbekistan, provides an overview of
international research on the topic of the thesis, reveals the degree of knowledge of
the problem and relations with the scientific direction of the Institute, formulates
goals and objectives, as well as the object and subject of the study, described
scientific novelty and practical results of the study substantiates the validity of the
results, reveals its theoretical and practical significance, given a list of applications
in practice of results of research and published works, information about the testing
of the obtained results and structure of the thesis are given.

The First chapter of the thesis, entitled «Construction of the fundamental
solutions for third-order equations with multiple characteristics», dedicated to
the construction of the fundamental solutions.

Partial differential equations of the third order are considered in the solution
of problems of theory of nonlinear acoustics and hydrodynamic theory of cosmic
plasma, as well as modeling of fluid filtration in porous media.

The Korteweg - de Vries equation

u, +uu, +Bu,, =0, B=const=0. (1)

is often used as a model equation to study the small waves, but finite
amplitude in a dispersion medium. In the linear case, the theory of equations of the
form (1) has been elaborated and developed in the works by L.Cattabriga, T.D.
Dzhuraev, S. Abdinazarov and their followers.
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Often rather drastic changes of flow parameters occur in narrow areas
relevant to shock waves. Gradients of flow parameters in this area can be so
significant that, along with the non-linear nature of the movement becomes
necessary to consider the influence of viscosity and thermal conductivity. Such
flows are called short waves. The theory of short waves belongs to the theory of
transonic flows. It should be noted that in the recent literature this equation more
often has been called viscous transonic equation, or just the VT-equation.

In general case, let us consider the equation

ot o _ F( ou ou o™l aq-lu]
oxP oy v ‘ox oy axPt oyt )’

when p>q, a=const.
Studying this equation when p=3, q=1,2 were started in the works of H.

Block and E. Del Vecchio. In this connection, H. Block has developed a method
for constructing the fundamental solution with the help of superposition of
specially selected elementary solutions, and, using the Fourier transform, he has
found a solution of the source type. In a work by L. Cattabriga, these results were
generalized for the equation (2) in the case of p=2n+1, q=2. For n=1,

constructed fundamental solutions have the form of
U yiém=ly-n t@®, Vxyé&m=y-n o), 3)

()

here

{42 [%J}”f *(r)dr+C+J, t>0;
f(t)=1 t

|t|]/2[§j|r|3/2 f *(r)dr+c], t<0;
o(t)= |”2( j||3/ *(T)dT+C] t<0;

je ( i”)cos( 1 /13/2+/1tjd2, — o0 <t <400,
, J2
!

1 i 1
exp Zt /13/2 +exp£——/13/2 sin| —=A¥2+ At |d4, t<0,
J2 J2

t=(x-&)ly-n["*, c*,c’,c—const.
Also for the fundamental solutions the following estimates were obtained:
ah+ku ( 1
~¢f
x'oy*
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S ﬂ when (x—§)|y—77|§ —> —o0,

J<cly-n
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h+k 2h+3k-1 2
58)((’;; 3 exp(_cst?’), when (x—§)|y—77| 3 — 400,

In recent years, a number of papers appeared, where the well - posed
boundary value problems for third-order equations with multiple characteristics are
studied, containing the second derivative with respect to time. An overview of
these studies can be found in the works of L. Cattabriga, L. Rodino, T. D.
Dzhuraev, A. A. Dezin, V. N. Diesperov, O. S. Ryzhov, Y. V. Zasorin and S.
Abdunazarova.

The systematic study of third-order equations with multiple characteristics
containing the second derivative with respect to time in our country began in the
seventies of the twentieth century and developed intensively in the works of T. D.
Dzhuraev, S. Abdunazarova and their followers. Note that in these works the
boundary value problem were investigated by the method of potentials using the
fundamental solution (3).

If one pays attention to the fundamental solution (3), we can see that they
contain cumbersome double improper integrals, and therefore significant
difficulties have arisen in their study related to the calculation of multiple integrals.
Behavior in different parts of the axis Ox is different. In addition, owing to the
arbitrary constants in the representation of formulas there is a lot of inconvenience.

Naturally, the following question arises: is it possible to build a new,
convenient idea for formulas that could clearly and easily give a qualitative
analysis of the solutions? To obtain a new representation for fundamental
solutions, it is necessary to use a different method of construction.

In the dissertation, using the method of similarity, i.e. with the help of
constructing automodel solutions, a new representation is constructed for the
fundamental solution of a third-order equation with multiple characteristics
containing the second derivative with respect to time.

In the first paragraph of the first chapter, fundamental solutions are
constructed for the equation

<C2|y 77|

L[u]= 27‘272 0. (4)

In equation (4) by introducing a new variable on the formula t=xy?® and
denoting u'=cp(t), we have

9" - (4/9)t°¢" - (10/9)tp =0.
by replacing  ¢o(t) =tZ(&), & :it?’, we obtain

E2"+[(4/3)-¢2' - 7/62 0. (5)

This is the standard form of a degenerate hypergeometric equation.
Linearly independent solutions of the equation (5) have the form

21(5)=c1>(%,§;§), zmw%é;f),
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where W(a,b;x), ®(a,b;x) - are degenerate hypergeometric functions.
Then fundamental solutions of the equation (4) have the form

U(x,y;g,n):\y—n\;f(t), —0<t<oo, V(x,y;i,n):\y—n\;go(t), t<0, (6)
where

232 36r(Y) 14 4 X—¢&
f(t - t)=—=2tD(Z,—;7), r7=—1° t= :

(t)= NS 6 3 ;7)oM) N (6 ), T >7 |y_77|§
The second paragraph of the first chapter is devoted to obtaining estimates of

the fundamental solution. Using known estimates of degenerate hypergeometric
functions and the differentiation formula, we obtain the following estimates

f*<v><t>\sch\tr3-h fl>e o (O] <G+ 1o v=012..,

1
(5 o (3 t 2", t—>-w, v=012,..,

for the fundamental solution

h+k
WU(X, yiéﬂ)‘ < Chk|y—77
There are similar estimates for the function V(x,y;&,7) at t — —o.
In the third paragraph of the first chapter, some properties of the fundamental
solution are studied, which are necessary for solving boundary value problems.
Theorem 1. The following limit equalities

" e \co t<C.,

é‘HMk N ]}, when [t|—oo.

: . 3 52 ¢ 52 ., 9F2(]/3)
limt¥2f*(t)=——, limlt t)=0, limlt N Al
I =g M =0 i e ()= o we)
L 2 2 2 192
limt J/Zf(t):ﬁ, lim [t ™ £ (t)=0, limlt] (o(t):—m
take place.

Theorem 2. For V¢(x)e C[a;b] and x, €[a,b], where —o <a<b<+o0, the
equality

b

lim U, (% y:€,m)9(£)d =9 (x,)
n—yx0a
holds.
Theorem 3. For w(y)eC[0,I] where | =const <+, the following equalities

take place:

—(2/3)(y), x>¢,
/

lim [U,, (x,y:& me(mdn =1 (4/3)ey), x<¢&,
0 0, X=¢,
| 2 ’ ’

i [V, (% y: et ={ N
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In the fourth paragraph of the first chapter it is established that fundamental
solutions, constructed in the work by L.Cattabriga, satisfy the equation only for
certain values of the constants. Estimates of the solution obtained in this work with
the help of the asymptotic method differ at t — +oo from the well-known estimate
of the degenerate hypergeometric function.

The second chapter of the dissertation entitled «Application of the Fourier
method in problems for third-order equations with multiple characteristics»
consists of four paragraphs. As far as we know, the well - posed boundary value
problems for the equations of the third order with multiple characteristics have not
been studied by the Fourier method.

In the present dissertation, boundary problem for third-order equations with
multiple characteristics containing second derivatives with respect to time are first
investigated with the help of the Fourier method. A complete description of the
algorithm method is given. The constructive theory of the Fourier method is
constructed.

The developed method is used for solving boundary value problems of the
first, second, and third kinds.

In the dissertation, the well - posed boundary value problems in an infinite
domain are posed and studied for third-order equations with multiple
characteristics having degenerations of the first kind.

In the first paragraph of the second chapter, the following problems are

studied in the rectangular domain D ={(x,y): 0<x<p,0<y<I}:
Problem A . To find a solution of the equation (4) in the domain D from the
class C}7(D)NC;y (5) satisfy the following boundary conditions
u(x,0)=u(x,1)=0, 0<x<p
u(G,y) =wi(y), u(p.y)=w,(y), u(p,y)=ws(y), 0<y<l,
where ,(y)eC?®[0,1], i=12, and w,(y)eC?[0,] - are given functions.
Problem A,. To find a solution of the equation (4) in the domain D from the
class C2(D)NCy (5) , satisfying the following boundary conditions
u,(x,0)=u,(x1)=0, 0<x<p,
u(0,y) =w,(y), u(p.y)=ws(y), u(p,y)=we(y), 0<y<lI,
where ,(y)eC’[0,1], i=4,5, and y,(y)eC?[0,1] - are given functions.
Theorem 4. Problem A, i =1,2 can not have more than one solution.

Theorem 4 is proved by the method of energy integrals.
We will construct the solution of Problem A in the form of the series
o 1,
u(x,y)= Z{Cme"nx re? (C,, cosv,x+Cy,sinv,x) [sin ﬂTn y. (7)

n=1
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Theorem 5. If w,(y)eC?®[0,1], i=12, and w,(y)eC?[0,1], in addition
w.(0)=w.(1)=y/(0)=y/(1)=0, 1=1,2,3, then the solution of Problem A exists

and is represented by the series (7).
Problem A, is investigated similar to Problem A, .

The second paragraph of the second chapter is devoted to study of correct
boundary value problems for the equation (4) in domains

D+:{(x,y):0<x<oo, 0<y<|}, D‘={(x,y):—oo<x<0, 0< y<|}.
Problem B,. Find a solution of the equation (4) in the domain D™ from the

class ny’i(D*)ﬁny'i(D*L)Fl), having bounded second derivative for x at

X — +oo and satisfying the boundary conditions
u(x,0)=u(x,1)=0, 0<x<oo , (8)
u(0,y)=wy(y), limu(xy)=limu,(xy)=0, 0<y<I,

where I'; = D" — domain boundary D y,(y)eC*[0,1]- are given function.
Problem B,. To find a solution of the equation (4) in the domain D~ from

the class ij(D*)meﬁ(D* qu), having bounded first and second derivatives

for x at x——o and satisfying the boundary conditions at —eo < x <0 (8) and
u(0.y)=w,(y), u(0.y)=ws(y), limu(xy)=0, 0<y<l,

where T', = 0D - domain boundary D™, y,(y)eC®[0,1], i=2,3- are given

functions.
Theorem 6. Problems B, and B, can not have more than one solution.

The solution of Problem B, have the form
u(x,y) = i“Cme"‘"X sin nl—”y : )
n=1

The solution of Problem B, have the form
1

@ 1, 1,
u(x,y):Z{CZHezk” cosv, X +C, 62" sinvnx}sinﬂl—ny. (10)

=1
Theorem 7. If functions y;(y)eC®[01], i=1,2,3, and in addition

v, (0)=w;()=v," (0)=y;" (1)=0, i=12,3, then solutions of problems B, and B,
exist and have the form of series (9) and (10), respectively.

The third section of the second chapter is devoted to the study of the third
boundary value problem in finite and infinite domains.

Problem E,. Find a solution of the equation (4) in the domain D from the

class C;7(D)NC;y (5) satisfying the following boundary conditions
au(x,0)+ Bu,(x,0)=0, yu(xI)+du,(x1)=0, 0<x<p, (11)
u@,y)=v1(y), u(p,y)=w,(y), u(p,y)=wsly), 0<y<lI
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here a, #,and y, & are arbitrary constants, in addition a® + 8% #0, y* +5° %0,
and y;(y) eC°[0,1], i=12, y,(y) eC?[0,1] - are given functions.

ProblemE, . Find a solution of the equation (4) in the domain D" from the
class Cf"i(D*)meji(D* ul“l), having bounded second derivative for x at
X — +oo and satisfy boundary conditions (11),

u(0,y)=w,(y), XILTOU(X y):xlirlwwux(x, y)=0, 0<y<I.

Problem E,. Find a solution of the equation (4) in the domain D~ from the
class ij(D*)mev'i(D* ul“z), having bounded first and second derivatives for
X at X ——oo and satisfy boundary conditions (11),

u(0,y)=y5(y), u(0.¥)=w5(y), limu(xy)=0, 0<y<L
Theorem 8. If a8 <0, 0 >0, then Problem E, can not have more than one

solution.
We look for a solution of Problem E, in the form of u(x,y) = X(x)Y(y).

Then to find the function Y(y), we come to the problem of the Sturm-
Liouville type: to find the values of the parameter A, for which there exists a
nontrivial solution of the problem:

Y+ Y =0, aY(0)+AY'(0)=0, yY(1)+8Y'(1)=0.
Solving this problem, we find the eigenvalues in the form A, :(gk/l)z, {2}

form an increasing sequence.
Corresponding Eigenfunctions have the form

Y, (y)= (asin \/ﬂ,_ny —ﬂ\/Zcos\/Zy)A1 , and it is proved that the system of Eigen
functions is orthogonal in the segment [0,1].
We look for a solution of Problem E, in the following form

Z[Ain 1n +A2n 2n +A3n 3n :|Y (12)

It is proved the followmg
Theorem 9. If y;(y)eC?[0,1], i=12, and w,(y)eC?[0,1], in addition
ay.(0)+ Sy (0)=0, »w.(1)+ow(1)=0, i=123, then the solution of Problem
E, exists and has the form of the series (12).
We present the solution of Problem E, in the form of
06 Y) = 3 Cye Y, () (13)

=1

and the solution of Problem E, —in the form of

Zky 2 2 .
& Tyv.ic 2 . (14
u(x,y) n§=1 e {CZH i cos(V. X + 6) +C, N sin VnX}Yn (x). (14)
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Theorem 10. If y;(y)eC®[0,1], i=7,89, moreover ay;(0)+ By{(0)=0,
yw, (1) +6y!(1)=0, i=7,89, then solutions of problems E,, E, exist and have
the form of (13), (14) respectively.

The fourth paragraph of the second chapter is devoted to the study of
boundary value problems for equations having degeneration of the first kind.
We study the following problems in the domain D™ for the equation
3 2
Lu]=2Y x%U_0 nso (15)
OX oy
Problem B/'. Find a solution of the equation (15) in the domain D,” from the
class ij(Df)meﬁ(Df ul“l), having bounded second derivative for x at

X — +oo and satisfying the following boundary conditions

u(x,0)=u(x21)=0, (16)
u(0,y)=w(y). (17)
limu(x y) = lim u,(x,y) =0, (18)

where y(y) e C*[0,1]- are given function.
Problem B;. Find a solution of the equation (15) in D, from the class
ny’i(Dj)meﬁ(D{ ul“l), having bounded second derivative for x at x — +oo

and  satisfying  the  boundary  conditions  (17), (18) and
u,(x,0)=u,(x,1)=0,where w(y)eC’[0,1]- are given function.

Theorem 11. Problem B’ can not have more than one solution.

We look for a solution of the stated problem in the form of

u(x,y)=Z(x)Y(y).

Then we obtain the following system of ordinary differential equations for the

equation (15):
Z"(X)+AX"Z(x)=0, Y"(y)+AY(y)=0 (19)

where A4 >0 is arbitrary number.

The solution of the equation (15), satisfying the condition (16), has the form
of

u(x,y) =3 Z, (x)sinzky (20)

where Z, (X) =c¢, F, (X) + ¢, F, (X) +¢5 Fyy (X) -
Theorem 12. If functions y(y)eC°[0,1], and moreover y(0)=y(1)=

=y"(0)=y"(1)=0, then the solution of Problem B/ exists and has the form of the
series (20).
Problem B, is studied similar to Problem B/.

In the third chapter of the dissertation, entitled «Construction and
application of the Green's function in problems for third-order equations with
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multiple characteristics», boundary value problems have been studied using the
fundamental solutions and the construction of the Green's function.

In the first paragraph of the third Chapter, using the reflection method, a
solution of the first boundary value problem is constructed.

Problem K,. Find a solution of the equation (7) in the domain D from the

class ny’i(D)mey@(B) satisfying the boundary conditions:

u(x,0) = ¢, (x), u(x,l)=¢,(x), 0<x<p, (21)
u(O,y) =y4(y), ulp,y) =y, (y), u(p.y)=ws(y), 0O<y=<lI
where ¢ (x)eC[a,b],i=1,2, and functions w,(y)eC’[0,/], j=12, w,(y)eC?[0,/] -
are given functions.
Theorem 13. Problem K, cannot have more than one solution.

Theorem 13 is proved by the method of energy integrals.
Consider the following auxiliary

Problem K,,. Construct a function v(x,y) satisfying the equation (4) and
condition (21) in D.

To solve the auxiliary problem, the functions

Z(x,y;En)= 2@[U (x,2ml+y;&,17)-U (x,2ml —y; &£,77) |, (22)

T(X,y;En)= i [V(x.y+2ml;&n7)-U(x,.2ml—y;&7)], x-£<0

are constructed.
Theorem 14. Functions Z(x,y;&,n) and T(x,y;&,n7) are periodical with

respect to the argument y with the period 21, i.e.

Z(xy+2LEm)=2(%Y:&n), T(%y+2L5,n)=T(x,y;&n).
The solution of Problem K, has the form of

o(xy) =52, (xyE0A(E)dE -3 [Z, (cieNe()os @

We look for a solution of Problem K; in the form of
J(x,y)=u(x,y)-v(xy)
where u(x,y) is the solution of Problem K, v(x,y) has the form of (23).
Then we obtain the following problem for 9(x,y):
3o — 9, =0, 3(x,0)=9(x,1)=0,
8(0.y)=w(y). 8(p.y)=w.(y). 9(p.y)=w(Y).
The problem (24) can be solved as Problem A, in the paragraph 1.1.

(24)

Defining the function 9(x,y), we obtain:
u(x,y)=9(x,y)+o(xy) (25)
where 9(x,y) and v(x,y) have the form of (12) and (23), respectively.

The following theorem has been proved
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Theorem 15. If ¢, (x)eC[0, p], j=1,2, and functions y,(y)eC®[0,1],i=12,
w,(y)eC?[01], w;(0)=w;(1)=w{(0)=y/(1)=0, i=12,3, then the solution of
Problem K, exists and is represented in the form of (25).

In the second paragraph of the third chapter, in the domain
D, ={(x,y):—o< X<+, 0<y<I} for the equation

ou o
Llul=——-—=09(X, 26
[ul=5e 57 =9(xY) (26)
the following problem is studied.

Problem B;. Find a solution of the equation (26) in D, from the class

C;7(D,)nC:y (D, wIy), with the bounded first derivative with respect to x at

X ——0, and the seconds derivative at x —4oo and satisfying the following
boundary conditions

u(x,0)=g¢,(x), u(xl)=g,(x), (27)
Jirlzou(x, y):JLrEoux(x,y):O, (28)

where ¢ (x)eC'(—oo,+), =12, g(x,y)eC(D,uly), [;=0D,— is the
boundary of D,_, moreover, matching conditions is performed
Iirp @ (x)=lim¢/(x)=0, i=12

Theorem 16. Problem B, can not have more than one solution.

Lemma 1. For an infinite domain, the Green's function of Problem B, has the
form of

G(x,y;&m)= i: [U(x.2ml+y;&,7)-U(x,2ml —y;&,7) | (29)

A solution of Problem B, has the form of

U(X, y) :_%TGU(X’ y;§,0)¢1(§)d§+TGU(X, y;§,|)¢2(§)d§— (30)

_%QG(X' y:&,1m)9(&n)dédn.

Lemma 2. Let the functions ¢,(x) and g(x,y) at |x| — «ohave the following
representations:

2.()=0(x "), i=12 @»%), 9(x.y)=0(jx ). (ﬂ%j, (31)
homogeneous with respect to y. Then for any x, e(—«,+w»), the equalities
Iyiggu(xo,y):qpl(xo), Iyimu(xo,y):goz(xo), hold.

Theorem 17. Let ¢ (x)eC'(—0,+0),i=12, g(x,y)eC(D,uI), and
lim ¢ (x) = lim ¢/(x)=0, i=12, and the conditions (31) are also fulfilled. Then

X—>Fo0 X—>+00
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the unique solution of Problem B, has the form of (30), where the Green function
G(x,y;&,n) is defined by the formula (29).

In the third paragraph of the third chapter, using the constructed Green's
functions, the first and second boundary value problems are investigated in a
rectangular domain.

Problem A,,. Find a solution of the equation (26) in the domain D from the

class Cf"i(D)meji(B) satisfying the boundary conditions:
u(x,0)=g¢(x), u(xl)=g¢,(x), 0<x<p, (32)
u(0,y)=wi(y), u(p.y)=v,(y), u(p.y)=ws(y), 0O<y<l,  (33)
where ¢,(x)€C[0,p],i=12, y,(y)eC[0l], j=13, g(x,y)eij(B),
moreover, the following matching conditions:
¢1(O):W1(0)1 (pl(p):‘r”z(o)’ §0£(p):V/3(O),§02(0)=V/1(|),

2 (P)=w. (1), #(P)=y5(1), 9(x,0)=g(x1)=0.
Problem A,,. Find a solution of the equation (26) in the domain D from the

class u(x,y) ECf,’i(D)ﬁiji(B) satisfying the boundary conditions (33) and
u, (x,0)=¢,(x), u,(x,1)=¢,(x), 0<x<p
where ¢,(x)€C[0,p].i=34, w,(y)eC[0,], j=13 ,g(x,y)eny’j(E).

Theorem 18. Problem A,, cannot have more than one solution.
The solution of the problem A, is given in the form

20(xy) =[G (x.y. Pon)w (m)n [ B, (x.y. 0. () -

(34)

- [G.(xy. p.)ws (n)dn +TG,7(X, y,&.1)g,(£)dS - (35)

0

_,TGU(X’ y,§,0)(01(c§)d§—HG(x, y,&,n)a(&,n)dédn.

So, we obtain the solution of Problem A, explicitly, unlike other problems,
in which the solution of Problem A,, was reduced to integral equations.

Thus, we have proved the following theorem

Theorem 19. Let ¢,(x)eC[0,p],i=12, y,(y)eC[0,1], j=13, g(xy)eCi;(D),
and conditions (34) are also valid. Then solution of Problem A, has the form of

(35), where the Green function G(x,y;&,77) is defined by the formula (29).
Problem A,, is investigated as well as Problem A,, .

In the first paragraph of the fourth chapter of the dissertation, entitled
«Boundary value problems for mixed parabolo — hyperbolic equations in the
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space», the three-dimensional analog of the Tricomi problem with
recharacterizations change planes types is studied.

The theory of equations of mixed type, which is initiated by the Italian
mathematician F.Trikomi, has now grown into one of the rapidly developing fields
of modern theory of partial differential equations.

At first, boundary value problems for mixed elliptic - hyperbolic equations in
infinite three-dimensional domains with the help of the Fourier transform were
studied in the work by A.V. Bitsadze.

Let Q be an infinite koneunas prismatic domain of the three-dimensional
Euclid space of variables x,y,z.

For the equation
u, -u, +U in QF,
0= XX . y + b4 In (36)
U,—(-x)"(U,, +U,) in Q" m>0,
consider the following
Problem T . Find a regular solution U (x,y,z) of the equation (36) in domains

Q" and Q" with the following properties:
1) U(x,y,2)eC(Q)n[ci (@ ul)uc (@ ul)]nc? (@ ua),
2) it satisfies the boundary conditions:
U‘SI:CDl(x,z), 0<x<h; U‘Szzd)z(y,z), o<y<i
U‘Ssz‘lf(y,z), 0<y<1/2; IimU(x,y,z):IierZ(x,y,z)zo;

Z—+0

3) it satisfies the adhesion conditions:
U(-0,y,z)=aU(+0,y,2),

U,(-0,y,2)=B(y)U,(+0,y,2)+5(y)U (+0,y,2)+ P(y,z),
a=const, (y,z)el, limP(y,z)=0.

Z—>*o0

Following the idea by A.V.Bitsadze, we look for a solution of this problem in
the class of functions representable by the Fourier integral.

Then Problem T is equivalently reduced to the plane problem T, .

Uniqueness of the solution for Problem T, is proved by the maximum
principle. Existence of the unique solution for Problem T, is equivalently reduced

to the Volterra integral equation of the second kind, which requires a separate
investigation for the cases 0<m<2, m=2, m>2.

In the second paragraph of the fourth chapter, the three-dimensional analogue
of the Gellerstedt problem is investigated.

Let Q" be an infinite cylindrical domain of a three-dimensional Euclid space
of variables x,y,z.

For the equation
O_{uxx+uzz—uy, in Q,

(37)
—(=y)" (U +U,)+U, in Q;, k=23 m>0,
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the following problems are studied.
Problem G. Find a regular solution of the equation (37) in domains Q,

(k :1_3) with the following properties:
N U] (x,y,z)eC(STf;)m[Cl(Qj Ul U Iz)ucl(Q’; U Il)ucl(QZ U Iz)]m
mCZ(Qj uQ; uQ;), k=13
2) for —o <z <+oo | it satisfies the boundary conditions:

U‘Slzd)i(y,z), 0<y<h, i=12 U‘54=\I’l(y,z), nggg,

U‘Se =Y¥,(y,2), gSXSHTg, limU(x,y,z)=limU,(x,y,z)=0,

Z—>to0 Z—>to0

U

S,l:CI)i(y,z), 0<y<h, i=12, U‘S4:\I’1(y,z), nggg,

1+¢

Uls, =¥s(y.2), e<xs limU (xy.2)= limU, (xy.2)=0,

Z—>+o0

3) it satisfies the gluing conditions:
U(x,-0,z)=aU (x,+0,2),
U, (x,-0,z)=b (x)U,(x,+0,z)+c (x)U (x,+0,2) + P (x,2),
a=const, (x,z)el,, limB(xz), k=12

Z—>*o0

Problem G is investigated as well as Problem T .
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CONCLUSION

The dissertation work is devoted to development of the theory of fundamental
solutions and theory of potential, construction of the constructive theory of the
Fourier method for third-order equations with multiple characteristics containing
the second derivative with respect to time, as well as proof of the unique
solvability of boundary value problems for mixed parabolic-hyperbolic equations
in a three-dimensional space

The main results of the resarch are the following.

1. The theory of analytical and fundamental solutions for equations of third
order with multiple characteristics containing the second derivative in time are
constructed with the help of special functions.

2. For the first time the algorithm of solution for the boundary value problems
by the Fourier method is worked out for the third order equations with multiple
characteristics containing the second derivative in time.

3. The potential theory for equations of the third order with multiple
characteristics containing the second derivative with respect to time is fully
justified.

4. The Green functions are constructed to solution of boundary value problems
for equations of the third order with multiple characteristics containing the second
derivative in time.

5. The Fourier algorithm is applied to solution of the boundary value problems,
for degenerate equations of third order with multiple characteristics containing the
second derivative with respect to time.

6. The uniquely solvability of Tricomi and Gellerstedt’s problems
for mixed parabolic - hyperbolic equation in three-dimensional space is proved.

7. The necessary and sufficient conditions for the existence of the direct and
inverse Fourier transform for solution of the boundary value problems in three-
dimensional space are found.
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