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Kupui (10KTOpJIHK AUCCEPTANMICH AHHOTAIUSACH)

Juccepranusi MAaB3yCMHHMHI 10J13ap0Juru Ba 3apyparu. JKaxoH Mukécuaa
Karop (¢yHIZaMeHTan MyamMmollap (U3UK >Kapa€HHUHT IOKOPH aHUKJIUKIATH
MaTeMaTuK MOJCJUIAPUHM  KYPHIIHM, YIApHU TAAKUK KWIMIIHUHT  STHTH
YCYJUIapUHU WIUIA0 YMKUIIHU XaMJa OJIMHTaH HaTWKaJapHU aMajuérra Kopui
STUIIHY Tanad 3TMOKAa. AMaIMET TanadmapuaaH Keaud YuKUO, IOKOPU TapTHOIU
Xycycuit xocwnanu auddepeHnran TeHriaManap Ha3apuscura, XycycaH YYUHYH
TapTUOMM XyCyCcHM Xocujlaau Ba apajaiml TUIUM JuddepeHnnan TeHramanap
Hazapuscura OyiraH 3bTHOOp Kydailau. YUWHYM TapTUOIM TEHIVIamanap opacuaa
Kappalld XapaKTepUCTUKAJIM TEHIVIaMallap Y3ura XOcC JKMxXariapu OujaH ajmoxuia
VpuH sramtaiian. Yeknu amrmuTyaara sra OYiaraH QUCTIEPCUOH MYXHUTIArd KUYUK
TYJIKWHHU TaAKUK Kuidinga, moaen cudaruna Kortevega de Vries Tenriamacu 1€
aTallyBYM  YM3UKCH3  TEHIVIamMa, SbHU  YYMHYM  TapTHOIM  Kappaiu
XapaKkTEepUCTUKAIM BaKT Oyiinmua OMpUHYM XOocwjara ira OyiraH TeHIIamaJaH
doipanannnanu, Oy  TEeHIIaMa  ydyH  spaTWiraH  Hazapus  Kappaiu
XapaKTepUCTUKAIM TEHIVIAMAIAPHUHT OOIlKa CUH(DH, YUMHUU TapTHOIM Kappaiu
XapaKTePUCTUKATU BaKT OyiKMYa WMKKUHYM XOcCwiara sra OViraH TeHIJIaMaH!
TaIKUK KWIMIITa acoc cudatuaa Xu3MaT KWIIW. YYUHYM TapTHOIM Kappaiu
XapaKTepUCTUKAIM BaKT OViWYa MKKMHYM XOCHWJIara ara OyiraH TeHIriama OuiaH
OOFNMK  >Kapa€HJIapHUHT  MYPAKKaOJMWTH, €Tapiu Japaxajard aHaJuTHUK
YCYJUIApHUHT TYJia [IaK/UIaHMaraHjaurd cababmu, ymly TeHIamanap Owuiian
OOFNIMK TaJKUKOTIIADHU PUBOKIAHTHPHUII MYXHUM axaMHUsT KacO Tau.

MamnakaTuMu3  ONMMIIAPM  TOMOHHMJAH YYMHYM TapTUOIM  Kappaiu
XapaKTepUCTUKAIM BakKT OVinya OupuHYM TapTHOIM XOcujara sra Oynrad
TEHIJIaMajiap YYyH CaJIMOKJIM HaTHKajlapra 3pUIIWITrad. by TeHIJIaMaHUHT FOKOPH
TapTuOnu OynraH XoiauM ydyH Maxcyc OQYHKIOHsUIap OpKaiu udomanaHyBuIu
dbyHIaMeHTan edyuM KypwinO, yHH XOocca Ba XyCyCHSTIIapW VpraHwiraH Ba
yerapaBuil mMacanajap €udirad. YUYWHYU TapTUONM Kappajaud XapaKTepUCTUKAIH
BaKT OyiMYa MKKUHYM TapTHOIM XOocwiara sra OyJraH TeHIamajaap Y4YyH
L.Cattabriga TamoHuman Kypuiaran ¢yHIamMeHTan edumaad ¢oiinamanud
YyerapaBuil Macajajap ypraHuirad. Apajiaini TUILTA Ba FOKOPU TapTUOIU KyIiMa Ba
apajaim-Kymma TeHIlamajgap Y4YyH 0Jca Xalkapo MHuKEcHa TaH OJMHTaH
HaTWKajapra SpUIIMITaH. YYUHYU TapTUONM Kappajud XapaKTepUCTUKAIA BaKT
Oyiinya WKKUHYM TapTUOMM Xocujara sra OynraH TeHIIaMajaap YYyH Maxcyc
byHKIMAIAp opKam udoaataHyBun (GpyHIaMEHTaI €4uM KypHIIl Ba YHU XOcCca Ba
XyCyCUSITIIApUHU VpraHuinl Ba y ¢EpaaMuia 4YerapaBuil MacallajlapHU  CUHIIl
MyamMMOTa sSHru4ya €HAallyBHH Tajlad KUJIaIu.

Uu3uKkcu3 aKkyCcTMKa Macajajapd, KOCMHUK IUIa3MaHUHT TUIPOAMHAMUK
HA3apusICH, YHM3WKCHU3 TYJIKMH XamJla FOBaK Karjgam OwujaH uerapajaHTaH
KaHaJJIaru CYIOKJIMKHUHT OKMMH Ba OoIIka >kapa¢Hnap OwmiiaH OOFIMK KYIT COHJIN
TAIKUKOTIAP YYMHYM TapTUONIM Kappaju XapaKTepUCTUKaIM BakT OYyiiuda
MKKUHYM XOcujiara 3ra OVirad xamja apajami napadojio - TUIepOOoSUK TUIIAru
TeHIaManap OwinaH OOFJIMK TaJKUKOTIAPHU sHAJa TaKOMILIAIITUPUIIIHUHT



MYXHMJIUTY OMJIaH U30XJIaHaIH.
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V36exucron Pecny6nukacu Ilpesuaentununr 2006 iiun 7 aBrycriard
[1K-436-con «®aH Ba TEXHOJOTUSJIAPHU PUBOXKIAHTUPUILHA MYBO(DUKIAIITUPHULIL
Ba OOIIKAPUIITHU TaKOMWJUIAIITUPHII YOpa-Taaoupiapu Tyrpucuaa» xamma 2008
vinn 15 uronparu 11K-916-con «MIHHOBaIMOH JoMKUXalap Ba TEXHOJIOTHUS
JapHU  WNUIAad YMKApWIra TAarOWK OTUIIHU parOaTiaaHTUpHUIT Oopacujaru
Kymum4a vopa-tagoupnap Tyrpucuaa» Kapopmapu Ba wmaskyp (¢aonusTra
TEeTULLIM OOIIKa HOPMAaTUB-XYKYKUM XyxoKamiapja Oenrwianrad BasudanapHu
amaira omupuira ymoly IUCCepTanus TaAKUKOTH MyaisH gapaxkana Xu3mar
KWJIQIH.

TaagKMKOTHHHT pecny0JuKa (paH Ba TEXHOJIOTHSVIAPH PUBOKIAHUIIN
HMHI YCTYBOP HyHAJIMILIAPUTa OOFJIMKIUTU. Ma3Kyp TaJKUKOT peciyoiauKa
(daH Ba TexHOJOTHsIIAp pUBOKITaHUIIMHKUAT [V. «MaTtemarnka, MexaHruKa Ba
uH(popMaTHKay yCTYBOp HYHAIMIIN Joupacua OaxkapuiraH.

Jlnccepranus Map3ycH OyiiMua XOpH:KHil WIMMA-TAIKHKOTJIAp IIApXH .
YuuHun TapTHONIM Kappaid XapaKTepUCTUKAIW BaKT OYiiMYa MKKWHYK XOCUJiara
sra Oyiran TeHmiaManapra QyHIaMeHTall €4uM Kypulll, MOTeHIMaIap Ha3apuscu
Ba VYJAPHUHI XYyCYCUATIAPUHU YPraHull, YEKJId Ba YEKCH3 coxajgapaa Typiau
YyerapaBuil MacajajapHd TaJKUK KWIHII OViuda WIMHE W3JaHUNUIAD €TaKIH
XOpWKUK JaBiaTJIapHUHT WIMHUKA Mapkaszjapy Ba OJMH TabiuM Myaccacajapw,
xymnanad, University of Bologna, University of Turinto (HMrtamus), ®darux
yuuBepcutetn (Typkusi), BunbsHioc yHuBepcureru (JIutBa), MockBa naBiat
yHuBepcuteTd, HoBocMOWpCK JaBinaT YHUBEPCUTETH, bamKupaucTOH maBiaT
yauBepcuteTH, [lumonuii - lapkuii penepan ynusepcuter Ba Kabapaun-bankap
nasiar yHuBepcureTd, Poccus @annap akaaieMUsICUHUHT Maremarrka WHCTUTYTH,
Amanuii MaremaTuka Ba aBTOMAamIalITHpUIl HWHCTUTYTH Poccus ®Dannap
akagemusicuHUHT KabGapauH-bonkap nnmuii Mapkasuia oud 00pruiIMOK/Ia.

Apanam tumid quddepeHiran TeHriiaManap Hazapusicura ouj ayHéna onud
Oopwiran TaJAKUKOTIAp HaTWXKAacHIa Karop Joi3ap0d macajanap eduiras,
KymilaJaH Kydujgard WiMHN HaTWKaJIap OJIMHTaH: apajiall 3JUTUITHKO TUIEPOOTUK
TUTITM TEHIJIaMara derapaBuil Macaianap edunn Hazapuscu siparmwirad (University
Turinto, Wtanus); yerapaga Oy3wIyBUH SJUIANTUKO-TUIIEPOOSIMK TEHIJIaMa Y4YyH
yerapaBuii Macananap euwiran (Uppsala University, IlIBenus); apanat
AJUIUNTUKO-TUNIEPOOJIMK ~ TeHIIamMa y4yH TpukoMu wmacajacura 3KCTpEMyM
npuHuunu  ucoOornanran (MockBa pgaBnar yHuBepcuteTH, Poccusi ®annap
akajgeMuscu MaremaTuka MHCTUTYTH); apaiall dJUTMIITUKO-TUIIEPOOTUK TeHIJIaMa
y4yH HOJIOKaJl Macaljiajiap MIuUlaHrad (AMajidii MaTeMaThka Ba aBTOMATJIAIITUPHUII
unctutyt Poccust @annap axkanemusiciHuHr KabGapauH-bonkap unMuili mMmapkasu,
MockBa naBnar yHuBepcutTeTdH, HoBocmOupck naBnar yHuBepcutetu, Camapa
JABJIaT YHUBEPCUTETH ); apaJialll TUILIA TEHIIaMajap YU4yH CIEKTpaa MacajJaHUHT

NMucceprarms map3ycu Oyiimua XOpwkuii MiIMMi-TagkukoTnap mapxu: Arkiv Mathematics Astronomis,
www.springer.com/mathematics/journal/11512; Rendiconti del seminario matimatico della univ di Padava;
Communes Partial Differential Equations; Ycnexu maremaTndeckux Hayk, www.mathnet.ru/umn; MaremaTiuueckue



3ameTkn, www.mathnet.ru/mz, CuGupckuii MareMaTHYecKMH >KypHas, wWww.springer.com; CHOMpCKHH >XypHaI
WMHIyCTpHaIbHOW MareMmarukd, www.math.nsc.ru/publishing/SIBJIM/sibjim.html, Anddepennmansasie ypaBHeHuS,
www.link.springer.com/journal/10625 manbanap acocuaa UIDIa0 YUKUITaH.
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XO0C COH Ba Xoc (QyHkuusuiapu tomwirad (MockBa JaBiar yHUBEPCUTETH,
Maremarrika Ba MaTeMaTHK MOJEUIAIITUPUII HHCTUTYTH, KO30FUCTOH); IOKOpH
TapTUOAM KyIIMa Ba apajall-KyliMa TUIJard TEHIJaMajap Y4yH 4YerapaBuil
MacajajJjapHd CUUINHUHT  ycyiapu wunuiad uwkwiran (Poccusi  ®annap
akagemuscu Cubup OYnumu MaremaTuka WHCTUTYTH, AMaiuii mMareMarvka Ba
ABTOMATNAINTHPHII MHCTUTYTH KaGapauu-Bonkap wimuii Mapkasw, Y30eKHCTOH
Muunii yHUBEpCUTETH KOIMAaru Maremarnka MHCTHTYTH); apajlall JUIMIITHKO
napaboiauK Ba mapadoyio-TUIEpOOSIMK TeHIIaMallap YUyH YerapaBuil MacalajJapHH
eunin ycymwiapu Ttomwirad (Poccuss ®annap axagemusicu Cubup Oynumu
Maremaruka UHCTUTYTH, AMaIuil MaTeMaTHKa Ba aBTOMATIAIITHUPUIN UHCTUTYTH
Kabapauna-bonkap wnmuii mapkasu, MaremaTtnka Ba MaTeMaTUK MOJEUTAITHPHUIIT
uHctutytd  (Ko30orucTon), V36exucron Mummii YHUBEPCUTETU KOLIUIArU
Maremarrika WHCTUTYTH); Y4 VYIUOBIM YEKIM COXaJa apajail 3IUTUITHUKO
runepOoIMK TeHIamMa Y4yyH uerapaBuii Macananap euwirad (University of
California, University of state Merilin (AKIL), Poccust ®anmap axagemusicu
Cubup Oynumu Marematuka WHCTUTYTH); apajail SJUIUITUKO-TUIEPOOIUK
TEHINIaMa YYyH Y4 VYJIYOBJIM YEKCU3 COXaJa 4erapaBuil MacananapHu Dypbe
MHTErpaJl aJIMalITUPUIIM EpraMuia eyum ycynu unuiad uyumkwirad (Poccus
@annap akagemusicu Cubup O6ynumu Maremaruka nnctutytu, Kabapaun-bankap
naBilaT yHuBepcuTeTd, MockBa gaBnar yHuBepcutetd, Camapa naBiar
YHHBEPCHTETH, Y30eKHCTOH MMM yHHBEPCHTETH KOIIMIAard MaremaTuka
UHCTUTYTH).

Jynéna OyryHru KyHAa, Kappaid XapakTEepUCTHKalId Ba apajiail THUILUIU
TEHITIaMajapra KyWwiran uderapaBuil Macanaiap Oyiimua Oup Karop: >KymiliaziaH,
MYyaiisiH )KapaEHHUHT SiHaJla MyTaHOCHO paBUIIA Y3Ua aKC ATTUPYBUYM MaTEMaTHK
MOJICJUTAPUHM SpaTUIl Ba YIapHU M(OAAIOBYM MacalallapHU E€UMIL; YerapaBHil
MacajlaJapHUHT AHAIWTUK €YUMJIAPUHU KYpHUUI; COHJIM MOJEJUIAPHUHT TYPFYH
ANTOPUTMIIAPUHU TY3HWII, KyN Ya4oBau (a3oBUN MacajajdapHH €4YUIN KaOu
YCTUBOP WYHATHUIILIAPAA UIMUN-TAIKUKOT UIILIapH 010 OOpUIMOK/IA.

MyaMMOHMHI YPraHwiraHJuK JAapakacu. YUYWHYU TapTUONIM Kappaiu
XApaKTepUCTUKAIM BaKT OyiiMYa WKKMHYM XOCHJIara »J3ra TeHIJIaMmaliapra
dbyHIaMeHTan eyuM KypHII Ba YIAPHUHT XOCCAJAPUHM YpraHWIl, MOTEHIHaIap
HA3apUSICHUHU PUBOXKIAHTUPUIN, YerapaBUil Macajla eyuinra joup OupuHYU
Hatmxkanap H.Block, E.Del Vecchio nap ummmapuaa onunrasn. KeitmHuamuk Oy
Hatwkanap L.Cattabriga unutapuna puBokinantupuirad. A.A.Jle3uH ToMoHUAaH
Kappalii XapaKTEepUCTUKAIN TeHITIaMaJIapHUHT (PYHKIIMOHAT aHAIU3 YCYIIU TaJKUK
kuwiunarad.  T.JI.JlxypaeB, C.AOmuHazapoB Ba yJIapHUHT YKYBUYHJIAPUHUHT
UIUIapuja 4YerapaBuil Mmacajajap MOTeHIMaap ycyauaaH (QoiganaHuo
L.Cattabriga ToMoHuAaH Kypuirad GyHIaMEeHTAIl €4UM EpaMuia YpraHuiras.

I'mppogmHamuk xkapaéHiiapla MyXUM YPHUH 3TAJUIOBYM YHU3UKCU3 TYJIKHHIAP
Ha3apusiCH, YYWHYU TapTUONM Kappaid XapaKTePUCTUKAIM YU3UKCH3 TEHIIama
Owian wudogaTaHUIIMHN OupuHud MapoTtaba Joseph Bussinisk Tomonuman



onuHran. bupok, xapaéununr Tynuk Taxyuiau Diederik Korteveg Ba Gustav de
Vries TOMOHUaH amaJra omupuiarad. by coxamaru wiMuii n3aaHUILIApHUHT
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aMaJIuu JKUXaTaaH MYXUMIIATU B.H./Iuecniepos, O.C.PoxosB Ba
10.B.3acopunnapHunr wuinuiapuja acocianrad. B. ['aJakTMOHOBHUHI WIUIapuaa
Kappajdyu XapaKepUCTUKAIM YU3UKCH3 TEHIVIAMAHMHT  aBTOMOJIENl  €UYUMH
yprauuwnran.  A.Ashyraliev, N.Aggez, F.Hazenci nap »95ca  kappanu
XapaKTepUCTUKAIN TeHITIaMaJIapHU COHJIM yCyJIIap/ia €4MIll OWJIaH IIyFyJIJIaHTaH.

Kymma tunpmarn Ba Kappaiv XapaKTapUCTUKAIM TEHITIaMallap y4YUHYHU
TapTHONIM TEHINIaMaJJAPHUHT aCOCUN BaKWJIJIapU XUCOOIaHAIU. YUUHYH TapTHOIH
TeHDIamanap HazapuscuHuHr acociapu A.B.bumanze, M.C.CanaxuaanHos,
T.J1.Jxypaes, B.H.Bparos, T.III.KanmenoB, M.T./[>xeHanueB Ba yJIapHUHT
VKyBUMJIapU TOMOHM/IaH UIIA0 YUKUIITaH.

VY4 yr14yoBnM YeKIM coxaja apajainl dJUIMINTUKO-TUIEPOOSIMK TEeHIVIaMa y4yH
yerapaBuii macanamap M.N.Protter, M.Shnaeider, A.B.bumnaaze, A.M.Haxymies
B.I1.lunenko, I'J[.Kaparonpaknues, B.H.Bparos, H.I.Capokunanap TomMoHUAaH
Vyprauunrad. bupuHun Mmaporaba apajai JUIMITHKO - TUIIEPOOIUK TeHITIaMa y4uyH
y4 YIYOBIM 4YeKCU3 coxana DypbeHUHI HWHTErpajl ajiMallTHpUIIM EpaaMuia
yerapaBuid Macananap A.B.bumaaze TOMOHMAAH TaaKUK KWIUMHraH. Yekcus
IWIMHAPUK COXaJa dBJUIMOTHKO-TUNEpOONMK TEeHIIamaiap Y4YyH Oup Karop
Macajanap A.M.Haxy1ues, C.M.IlonomapeB, = M.C.CanoxuTaguHOB  Ba
b.VcnomoBnap Ttomonugan ypranunradH. A.M.ExoB Ba C.ILIIynbKuHHHUHT
UIUTApUa apajanl SJUTMITHKO-TUNEPOONMK THIUIM TEHINIaMa YYyH MaKCUMyM
OPUHIIMIN  acoCuJa U3JIaHAéTraH EYUMHHUHI anpuop ©0axocu TONUITaH Ba
OypbeHUHI TECKapu JIMAIITUPUINN MaBXKYIJIUTH Y4YyH 3apypuil Imapriap
aHukJjanrad. IlapaGomno-runepOoivK TUIUIM TEHIVIaMajap YYyH Y4 YIYOBIHU
¢dazoga derapaBmii macamanap T.J1.JxypaeB, A.Comyes, IO.Il.AnakoB Ba
b.McnomoBnap TOMOHHMIaH KapajraH.

Juccepranusi MAB3yCHHHMHT JUCCEPTALMS 0a:KAPUIAETraH OJIMH TabJIUM
MYyacCaCACMHUHI WIMMH-TAAKMKOT MILIAPH OMJIaH OOFJIMKIMIM. J(uccepranus
Tankukotu HamaHran MyxaHAUCIMK - mnenaroruka MHCTUTYTH 07 - pakamiu
«Xycycuit Xxocuaiau KOpH TapTuOnu auddepeHiman TeHriaManap Ha3apuscu»
MaB3yCUJar WIMHM TAIKUKOT UIIIAPH pekacura MyBO(pUK OaxkapHiiraH.

TagKUKOTHUHI MAaKCAAUW YYUHYM TapTUONM Kappald XapaKTePUCTUKAIH
BakT OyiiMYa WMKKUHYM XOCHJara sra OynraH TeHIlaMajap y4yH aHAJIUTHK Ba
dbyHIaMeHTan eyuMiIap Kypuil xamaa y4d YiadoBiu (a3oja mapadoso-rurnepOoauk
TEHIIaMajap y4yH yerapaBuil MacajajapHy €4HIlIaH noopar.

TagKMKOTHUHT Ba3udaiapu:

aHATUTUK Ba (yHIAMEHTaJl €YUM KYpPUIIHM YYUHUYMA TapTUONM Kappasu
XapaKTEepUCTUKAIM BakKT OyiiMua WKKUHYM XOCWjara sra OYyiraH TeHIIaMalap
y4yH Maxcyc QyHKuusuiap €paMujia aMara ONIupHIIL

@dypbe YCYIUHMHT KOHCTPYKTHUB KYPHUIIl HA3apUSICUHU YYHHYM TapTUOIU
KappaJi XapakTepUCTUKalM BaKT OyiiMYa WKKUHYM XOcujara odra OyiraH
TEHIIaMajap y4yH niuiad YUKHILL;



NOTEHIMAIJIap HAa3apUSCUHU YYMHYU TapTUOIU Kappasid XapaKTEepPUCTUKAIH
BaKT OYiinya MKKMHYY XOCHJIara 3ra Oyjiaran TeHriaMajap y4yH pUBOKIaHTHPUILI,
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YUMHYMA TapTUOIM Kappajid XapaKTepUCTUKAIM BakKT OyiHYa HUKKUHYH
Xxocujara sra OynraH TeHIlIaMmajapra KyHuwirad yerapaBuil Macanajap y4uyH [ pun
GYHKIMAIApUHU KypHIIl Ba Macaiajap euuIia KyJan,

YUYUHYU TapTUOIM Kappajld XapaKTepUCTHKAIM BakT OVyilMya HMKKUHYU
xocwiiara sra OynraH Oy3wiIyBYM TEHIVIAMA Y4yH YerapaBUil MacajlajJapHU €4Hlll
HA3apUSCUHU UILIA0 YUKHUIII,

y4 Yim4oBiu ¢azoja napadosio-runepOouk TeHIiaManap yayH TpukoMu Ba
[ennepcrent MacanagapuHUHT OUp KUWMATIM €4UMTa 3Ta YKAHJIUTHHHU KYPCATHUIIL;
y4 YiruoBiu ¢pazonaru OypbeHUHT TYFPU Ba TECKApU MHTErpaJl aaIMalITUPUIIUHU
YyerapaBuil MacaiajlapHu €UuIla acoCalll.

TagKUKOTHUHI O00BbEKTH YYUMHYM TapTUOIM Kappaldu XapaKTepUCTUKAIU
BakKT OYyiiMua MKKMHYM XOCHJIara sra OyjiraH TEeHIIamajap Ba Y4 YI4oBIM ¢azona
napaboso-runepOoIMK TeHIIaManapaaH noopar.

TagKUKOTHUHT NpeAMeTH YUYNHYU TapTUOIN Kappajiu XapaKTepUCTUKAIA BaKT
Oyiirya UKKMHYM XOCujara ara Oyiarad TeHIiaMaiap y4YyH aHJIUTHK Ba
dbyHIamMeHTan e4uM KypHIIl Ha3apuscH Ba Y4 YI4oBiIH (pazoga mapadboio

runepOoINK TeHINIaMajlap yuyH yerapaBuii Macajiajiap TaJKUKOTHIaH HOoparT.

TagKuKOTHHUHr  ycysuiapu. TaKuKOT HWIOMAa  MareMaTHUK — aHaJu3,
muddepeHunan TeHramaizap Ba MareMaruk (PU3MKAaHMHT MAKCUMYM TPUHIUIIH,
SHEPrus  MHTErpajgd, HWHTErpaJl TEHIamanap Ha3apusicu  yCyJUlapuaaH
(dholimanaHuITaH.

TaaKUKOTHUHT WIMHI SHIWINTHM KyHugaruiapaad nuoopar:

aHAIUTUK Ba (yHIAMEHTan e€YUMMIIAPHU YYUHYU TapTUONM  Kappajiu
XapaKTepUCTUKAIM BakT OyilM4a MKKMHYM XOcujiara sra OyiraH TeHIIaMmaliap
y4yH Maxcyc QyHKIuUsuap EpaamMuaa Kypuiras;

WIK Oopa y4YuMHYM TapTHONM Kappald XapaKTepUCTUKAIM BakT Oyiuya
MKKUHYM XOCHWiiara sra Oyiran TeHramanap yuyH dyerapaBuil Macanaigapau Oypne
YCYJIH/Ia €YUI AJITOPUTMU UILIA0 YMKUJITaH;

NOTEHIMAIJIAD HA3apUsICHM YYMHYU TapTUOIM Kappaju XapaKTepUCTUKAIH
BaKT OyiiMya UWKKMHYM XOCWUJara o3ra OYnaraHn TeHIamalap Y4YyH TYJIHK
ACOCJIAHTaH;

YUYUHYU TapTUOMU Kappajld XapaKTepUCTHKAIM BakT OVilMua HMKKUHYU
Xocujara sra OYyJraH TeHIIamajapra KyHWuwiraH derapaBuil Macajajiap eduIiia
I'puH QyHKIMATApH KypUIITaH;

YUMHYMA TApTUOIM Kappajid XapaKTepUCTUKAIM BaKT OyiH4Ya HWKKUHYH
xocujara sra Oynran Oy3wJyBUM TEHIVIaMa yuyH 4YerapaBuil MacajlalapHU €4MIlra
@dypbe anropuTMH TaJ0UK KUIUHTaH;

y4 ¥14oBiu ¢azona mapaboso - runepOouK TeHIIamManap yayH Tpukomu Ba
['ennepcrent MacanagapyuHUHT OUp KMMMATIIA €4MMIa 3ra 3KaHJIUTHA KYpCaTUIIraH;
y4 YdoBau ¢daszozia yerapaBuil Macanaiapau eduiia OypbeHUHT TYFpU Ba



TE€CKapy MHTETPaJ aJIMAITUPUIIN MaBKYJIMTUHUHT 3apypUi Ba €Tapiv
IapTiIapy aHUKJIaHTaH.
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TaagKMKOTHHHI aMaJiMii HATHKACU XOCWI KWIMHTaH aHAIUTUK €4rMIIap/iad
¢u3uk  kapaémapHuHr  cudar  KYpCaTKMYMHM  aHUKJANa Ba  COHJIU
xucoOnamnmapaa poganaHuIl MyMKHUHIUTAIAH HOOpaT.

TaagKMKOT HATMKAJAPUHUHT HINOHWIWINTY YYUHYU TapTUOIMU Kappayiu
XapaKTepUCTUKAIM BaKT OyiiM4a WKKUHYM XOcCWjiara sra OyiraH TeHriaMmalap
y4yH aHIMTHK Ba (QYyHIAMEHTAl €4uM, MOTEeHUuaiap Hazapusicu, Dypne
YCYJAUHU KOHCTPYKTHUB KypHII Ba y4 Yia4oBinu ¢aszonga apanam mapadboio -
rUNepOOINK TeHITIaManapra KyHWiraH macajajapHd €YuIlla MaTeMaTHK aHaJu3,
muddepeHnran TeHriaMajap Ba MareMaTukK (hU3WKa yCyJJIapuHU KYJiaml OujaH
aCOCJIaHTaH.

TagKMKOT HATHXKAJAPUHMHI MJIMHHA Ba aMajJvMi axaMUATH. TagKuKoT
HaTWKaJIAPUHUHT WIMUN aXaMUATH YYUHYU TapTUOIU Kappaau XapaKTEePUCTUKAIH
BaKT OYyiMYa MKKMHYU XOcujara sra OyiraH TeHIJlamajapra aHaJMTHK Ba Maxcyc
byHKUIMAIAp OpKaiM KypwiraH ¢yHaaMmMeHTan euumiap Ba Dypbe YCYyTUHUHT
aNropuTMH OWJIaH U30XJIAHAH.

TankuKOT HaTWXKaJApUHUHT aMalluid axaMUATH YYUHYM TapTUONIM Kappayiu
XapakTEepUCTUKAIM TEHIIamMa opKanu udomamanyBun ¢(u3mk xapaéH Ba
XOJMCATIAPHUHT MOJIeIIapUTra TaJOUK ATHUIITA XU3MaT KUJIaIH.

TaagKMKOT HATHKAJTAPUHHMHT KOPUIl KHIMHUIIKU. J[UccepTanus TaAKUKOTH
JKapa€HUJa OJMHIaH WIMHAM HaTwkajlap KyWHZard MyHUIMIUIApIa aMmaiauérra
KOPUW KUJIMHTaH:

VYUHYU TapTUOIM KappaJii XapaKTepUCTHKAIW BakKT OViHWYa WKKUHYU
Xocwiara sra OynraH TeHramMara KYWWiraH dYerapaBHuil MacajJaHWHT OIIKOP
XOJIIaTd €4UM KYPHUII YCYJIUJaH «IJacTUKIUK Ba IJIACTUKIMKHUHT (QyHIaMEeHTal
Mmyammonapu» massycuaaru 114030440003 pakamiin XOpHKHM TpaHTUAA YYUHYH
TapTUONM TEHIVIaMara KyWuiIraH sSiHTM KOPPEKT MacajlaHUHT €UMINia KyJIaHUITaH
(Cubup nmaBnat a’spokocMmuk yHuBepcuteTHHHHT 2016 tinun 10 maitmaru 38/1208-
COH MabJIyMmMOTHOMAacH). WIMuil HaTHXKAaHUHT KYJUIAHUIIWA AHAJTUTUK CUYUMHHHU
XOCHJI KWJIUIII UIMKOHUHU Oepras;

I'pun  yHkusacu Kypuin €EpaaMuaa  KYyWWIraH MacajlaHWHT KypHJTraH
CUUMHJIAaH «YUUHYM TapTUONHM TEHIIaMallapra BakT OYyiWYa WHTETPAJLIU MapTiap
Owian yerapaBuii Macananap» Map3ycunaaru 1.3.1 pakamiau Makcaanu ®@eneopan
Hactypuu amainra ommpuiaa «MHHOBaniMon Poccust niMuil Ba HIMHAM-TIEAArOTUK
kanpiap» (2009-2013), xopwkuil TpaHTOa YYMHYM TapTUOIM TEHIVIamara
KYWWIraH SHTU 4YerapaBUil MacallaHUHT €YUMHUHHM Kypulga ¢oiaiaHuIrad
(IMumonmii-1lapxuit dbenepan yauepcutetuHunr 2016 iun 5 mavigaru 71-277-
COH MabJIyMOTHOMacH). IMuil HaTM>KaHUHT KYJUIaHUIIWM MacaJIaHUHT €4UUMUHU
WHTETrpaJ TEHIJIaMara KeJITUPUIITa XU3MaT KAJITaH;

yerapaBuil MacajgaHu €UuIla YYUHYU TApTUOIU Kappaju XapaKTEePUCTUKAIN



BaKT OYyiiMYa WKKMHYM XOcCWjara 3ra OyiraH TEeHINIaMa Y4yH TaKIu( 3THIraH
@dypbe YCYIUHUHI aITOPUTMHJAH «Apajall THUILUIM HOJMOKan JuddepeHuan
TEHIIaMajap Ba YJIApHU JAMHAMHUK CHUCTEMaiapla KYJUIAHWIMIIN) MaB3yCHIaru
(2013-2015) manar pakamu 01201361965, xopwkuil rpaHTAa SHICU YerapaBHid
Macananapuu euuina ¢oiinananwirad (POA Amanuii maremaTuka Ba
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aBTOMATJIAIITUPUIN  WUHCTUTYTHHUHT 2016 #un 4 wmaiigaru  01-12/84-con
MabIyMOTHOMAacH). WMiMuil HaTHKaHUHT KYJUIAHWIIM KYWHJITaH MacajJaHUHT
OLLIKOP XOJIJar €4MMUHU KypHIIra Xu3MaT KUJTaH.

TaagkMKOT HATHKAJTAPUHHUHI anpodamusacu. TaJKUKOTHUHT HaTXKalapu
WIMUH-aMaIMM aH)XXyMaHjlapAa MyxOoKama KWIMHIaH 11y >KymulagaH: «XyCyCuu
xocwianu auddepeHunan TeHIIamMa Ba aHaiu3, WHOOPMATUKAHUHT TYpPAOLI
myammonapu» (Tomkent, 2004), «Marematuk ¢Qusznka Ba uHGOPMAIMOH
TEXHOJIOTUSHUHT 3aMoHaBuii Myammoinapu» (Tomkent, 2005), «/Iuddepenmuan
TEHIIIamanap, oreparopiap Ha3apHsCl Ba KOCMUK TEXHOJIOTHUSJIADHUHT 3aMOHABUM
myammonapu» (Onma-ora, 2006), «Honokan yerapaBuii Macanangap Ba MaTeMaTHK
ouonorus, nHGOpMaTUKa Ba PU3NKAHUHT Typaoul Myammonapm» (Hansuuk, 20006),
«Third Congress of the World Mathematical Society of Turkicsh Countries»
(Almaty, 2009), «AManuii mMaremaruka Ba WH(GOPMAIMOH TEXHOJIOTHUSJIAPHUHT
nomapd myammonapu - An-Xopeamu-2009» (Tomkent, 2009), «Differential
equations and their applications» (Panevezys, Lithuania, 2009), «IV Congress of
the Turkic World Mathematical Society» (Baku, 2011), «Amanuii MaTemaTnka Ba
MH(OPMAITMOH TEXHOJIOTHSUIAPHUHT J0N3ap0  Myammonapu-Au-Xope3smu-2012»
(Tomkent, 2012), «Amanuii MmaTeMaTUkKa Ba HWHQPOPMAIIMOH TEXHOJIOTHUSJIADHUHT
nomapd myammonapu - An-Xopesmu-2014» (Camapkann, 2014), «Maremarux
aHAJIM3HUHT fon3ap0d  Myammonapw»  (Yprend, 2012), «duddepenunan
TEHIJIaMajap Ba YHU TaJIOMKJIAPUHUHT 3aMOHaBuii Myammoinapu» (TornkeHt, 2013)
«Marematuk (HU3MKAHUHT HOKJIACCHK TEHIJIaMajlapy Ba YJIAPHUHT TaJIOUKJIApU»

(Tomkent, 2014), «MaremaTuk (U3UKAHUHT 3aMOHABUM ycy/ulapu Ba
tagouxmnapu» (Tomkent, 2015) kabu amxymaHnapaa Mabpy3a KYypuHUIINMIA O0aéH
TWITaH XamJa ampoOanusian VyTKazunarad. TaAKUKOTHUHT HaTHXalapu

V36exucTon Muumuii yHHBEPCHTETH  KOIIMJArd MarTeMaThka WHCTHTYTHHHHT
«Xycycuil xocunanu audgepeHiman TeHriaMajgap Ha3apUsCMHUHI 3aMOHABH
Myammonapu» PecmyOnmuka wnmuit cemuapuaa (Tomkent, 2006-2011),
V36exucron  Mumit YHUBEPCUTETUHUHT «XucoOmamr MaTeMaTHKacu Ba
MaTeMaTuk (PU3MKaHUHT 3aMOHaBUN Myammonapu» uiamMui cemunapuia (ToikeHt,
2010-2011) Mmyxokama KAJTHUHTaH.

TaagkKMKOT HATHKAJAPUHUHI JIBJOH KWIMHHMINM. Juccepranus maB3ycH
Oyiinua >xamu 45 Ta WIMHH UWII YON OJTWITaH, IIyJapiaH, V36exucton
Pecnybnukacu Onuit arrectanusi KOMUCCUSACUHHUHT JOKTOPJIMK JHUCCEepTalUsIapu
acOCHM MIMHN HAaTWKAJAPUHU YOIl STUII TABCHUS ATWITAH WIMUM Hampnapaa 13 ta
MakoJsa, )KymiazaaH, 7 Ta XOpPWXXHM Ba 6 Ta pecnyOnvKa XypHaulapuaa Hamip
ATUJITaH.

JluccepransiHUHT TY3WIHIIH Ba XaxxMHu. Jucceprauus TapkuOW KUPHILL,
TYypTTa 000, Xynmoca Ba dolganaHuiaraH agabuétiap pyuxartugaH uOOpar.



JluccepTallsTHUHT XaxMu 186 OETHU TaIlIKWII TTaH.

11
JIMCCEPTAIIUSIHUHT ACOCUI MASMYHU

Kupum kucmMuga yTKa3wiraH TaJIKUKOTIAPHUHT J0I3apOUIU Ba 3apyparu
acoCJIaHTaH,  TAJKUKOTHMHT  pecnyOnuka  (GaH  Ba  TEXHOJOTHUSIIAPU
PUBOXJIAHUIIMHUHT yCTYBOp MHYHaIuUUIapUIra MOCIHWIUA KypcaTWiIraH, MaB3y
Oyiinua XOPWXKUM WIMHUM-TaJKUKOTIAp IIapXHd, MYaMMOHUHT YpraHWITaHIUK
Japa)xacll KeITUPWITaH, TAIKUKOT Makcadu, Basudanapu, oObEKTH Ba MPEeIMETH
TaBcuUIaHTaH, TAAKUKOTHUHT WJIMHUN SHTWIWTH Ba aMajiui HaTwkamapu OaéH
KUJIMHTaH, OJMHTaH HaTIKAJIApPHUHT Ha3apuil Ba amajauil axaMusTH O4u0
OepuiraH, TaJKMKOT HATHKAJIAPUHUHT >KOPUM KWIMHHILM, HAIIp ATWITAH UILIap
Ba JMCCEpTAIS TY3WIUIIN OYiinya MabIyMOTIap KENTUPUITAH.

JuccepTalissHUHT «YYMHYHM TapTHOJIM Kappajd XapaKTepHCTHKAJIU
TeHIiaMara (yHIaMeHTaJd eyuM Kypull» 1e0 HOMJIaHyBUM OWUpPUHYH 000U
dbyHnaMmeHTan e4uMm Kypuilira OafunuiaHrad. YW3MKCHU3 aKycTHKa Ba KOCMHK
IUIA3MaHUHT TUAPOAVMHAMUK HA3apUsACH XaMJla FOBAaK YKACMIIAPJA CYIOKJIWKHUHT
CU3MIN Kapa¢HW MOJCIUIAPU Macajajiapyd XyCYCHW XOCWIATW YYUHYH TapTHOIH
muddepenran TeHIIIaMa OpKaly ypraHuiaian.

Ueknu aMmruTygara sra OYiAraH AMCIEPCUOH MYXHUTAa KUYUK TYJIKUHHH
Taakuk Kuaumiga moaen cudaruna Korteveg de Vries tenrnamacu e aranyByu
YU3UKCH3

uuuuconst++==%#B (1)
0, 0.

Vx xx
TeHrmamanan doigananmnanu. FOxopugaru (1) TeHNIaMaHWHT YU3MKIM OYiraH
xonu yuyH Hazapus L.Cattabriga, L.Rodino, T.[.JI)xypaeB, C.AOGnuna3zapoB Ba
VAQPHUHT YKYBYWJIApY TOMOHUJIAH UTLTA0 YMKUJITAH Ba PUBOXIIAHTHPUIITAH.

bazan ku4MK r03aJard OKUM TapamMeTapUHU KECKUH Y3Tapuilu KydJu
TYNKUHHUA XOocusl Oynumra onud kenaau. byHmalt xonjga oKuM mapamerpiapu
rpaJlueHTacH Iy Kajaap ce3uiapiau OYiaauku, OyHJa OKUMHUHT YU3UKCU3IUTUAAH
TalIKapU MYXUTHUHT EMUIIKOKIUTUHUA Ba MCCUKJIUK YTKa3yBUAHJIUTMHU XaMm
XucoOra onumira TYrpu keiaad. byHnail okuM KHCKa TYJIKWMHIap €0 aranaiu.
Kucka TynkuHiap Hazapusicura TpaHCTOBYIIUIM OKUM MUCOJ O0Yna onaau. Keitmnru
naitna, agabuémiapaa OyHJal TPaHCTOBYIIUIM TEHIVIaMallap, KYMUUIUK XOJuiap/a
€NUIIKOK TPAHCTOBYLUUIM TeHmamMa, ¢€xku conna BT-teHmama  (BA3KUM
TPAHC3BYKOBUM ypaBHEHUEM) 71e0 arald KeIMHAETraHUHN TabKUTa0 yTaMus.
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TEHIJIamMara TyXTajauo yTamus.
OyHna p q a const > =, o
by Tenrnmamanu ypranum p g = = 3, 1,26ynran xonna gactiad H. Block Ba E.

Del Vecchio napuunr unmapuaa Oomnanrad. H. Block Tamonupan Oupun4m
O0ynub mMaxcyc TOMWITaH dJeMEHTap edumiiap cymneprno3uimsicu Epaamuaa Oypoe
AIMAIITUPUINUHN  KY/u1ab wmanba KypuHHIIUAArd (QyHIaMEHTaa CYUMIIapHH
KypuIl Hazapusicu unurad yukuirat. L. Cattabriga Tomonuan (2) TeHIIIaMaHu p n
g =+ =21, 20ynran xoauaa IKOpUAAru ycyjin yMyMIAIITAUPWIIN Ba
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dbynnamenTan eaum Kypwiau. Kypwiran dyagamenTan equm n =1 6ynran xonaa
KYWHUJIary KYpUHUIITA 3Tra
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KelinHrun BakTaa y4YMHYM TapTHOIM Kappasid XapakTEPUCTUKAIU TEHITIaMaHU
BakT OyiiMYa WKKMHYM XOCHJara sra OYyJraH XoJd y4yH Karop HIIap a0
oynmu. bymap Ttyrpucumarm mabmymotHu L.Cattabriga, L.Rodino, T.J[.[I>xypaes
A.A.Jle3uHn, B.H.{uecnepos, O.C.PorxoB, 10.B.3acopun Ba
C.AOanHa3apOBIAPHUHT UIIUTAPUAAH TOMMILI MYMKHH.

PecniyOnukamu3ga y4uHUM TapTHOAM Kappajud XapaKTePUCTHKAIU BakT
Oyiinya MKKUHYM Xocwiara sra OynraH TeHmiamanu Yypranum T1.J1.J[xypaes,
C.A0auHa3apoB XaMJa yJIApHUHT YKyBUWJIApH TaMOHHAAaH XX-aCpHHUHT
eTMUIIMHYM  Wwmapuaad Oonwiad, wusnaHunuiap onud Oopwiran. [llyan
TabKUAJAIl JIO3UMKHM, Oy wunuiapga dverapaBuii Macananap (3) QynaameHTan
edyrM/iaH (poriganaHrad XoJiaa, HOTeHIHaIap yCyauaa aMalira OIMPUIITaH.

Arap (3) dynaamenTan eyumra 3bTHOOpP Kaparcak, YHJIa TAKPOPUH KeITyBUU
Mypakkab KYpUHUILIAArd XOCMac HMHTErpajulapHU Kypamu3, OyHOaH 3ca YHJaH
doiinanaHuIIga TAKpOpPUM XOocMac MHTETPAHM XHCOOJam Ba HOBMaIyM
Vy3rapmacnap OwiaH OOFIMK OYiran TaOWMK KUUMHYWIMKIAD KEeJIUO YHMKaIIU.
ByHaaH Tamkapu X-YKHUHT TYpJIH YeTJIapuaa Typiinda 0axo XOCUJl KUJIMHTaH.

TaOunii caBon Tyruinaau: pyHIaMeHTald eUMMHH SIHTU COLIa KYPUHUIIA,
TaxJIMJI KWK Ba (hoMamaHuIl yIyH Kyiai OYiran xoiaa Kypuil MyMKUHME?

13

AnOarTa, SHTM KYpUHUALIAATY GyHIAMEHTaJl €4UMHHU KypHIL YUyH, aBBAJITH
Myaudiapaan Gapkiud, OoIIKa yCy/UIapHH KYJUIalIra TYFpU KeJIaIu.
Jluccepranusga y4MHYY TapTUOIU Kappaiu XapaKTepUCTHUKAIH BaKT Oyiinua
MKKUHYY XOCHJIara sra OyJrad TeHIJIaMaHUHT (yHJaMEHTall €4MMHUHT STHTU
KYPUHUIIY YXIIAIUIMK AJIMAIITUPUIIN, SEHU aBTOMOJIEI €4UM KypHIL yCyauaaH
dolinananu® Kypuiau.

buprnun 600HMHT OMpUHYM naparpuduaa
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TEHIIAMAHUHT (PyHJaMEHTaJl €4UMHU KypHJITaH.
by TeHrmama ** 7 xy”
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TeHramara sra 6ynamus. By sca Oy3uilyBUM runepreoMeTpuK TEHITIAaMaHUHT
CTaHAapT KYpUHUIINUIAH HOOpaT.
By (5) TeHn1aMmaHu YU3UKIIU SPKIU e4uMIIapu
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kypunuiina o6ynaau, oyana ¥ @ (,;), (, ;) a b x a b x- Oy3unyBun
TUIEPreoOMEeTPUK (PyHKIUsIap.
by eunmpaan dorinananuob (4) TeHrmaMaHuHT PyHIaMEHTA eUUMIIapU

KyWUuJaru KypyuHUILJIA Kypuiral
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tt1363 Ttt363
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buprvHun OOOHMHTI WKKMHYM maparpaguaa Oy3WIyBUM THIEPreOMETPUK
GYHKUMSAHUHT  MablyMm ©Oaxonapu Ba auddepenuuamiam  (GopMmynacuian
doiinananud Kyuaaru 6axonap TOMUJITaH:
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V(x, y;€,n)yuyH ¢ —» —o°maru 6aX0 XaM IOKOpUIard KypuHHIiga Oyaaam.

buprHun 600HUHT yunHuM naparpuduaa GyHaaMeHTan eHuMHUHT
yerapaBui Macajajiap €4uIl/la UIUIATWIAAUTaH aipyuM XOCCaJIApU YPraHWITaH.

Teopema 1. Kyitugaru IMMUTUK TEHITIUKIIAD YPUHIIM:
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Teopema 2. Uxtuépuii Oynna ab

(p(xCab)E[,]BaxabOE(,),

Y4yH KyHUJaru TEHIIIMK YPUHIIA:
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Uxydx
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Teopema 3. w(y)eC[0.], 6yrna [ const = < +, yuyH KyWnaara TCHIJIUKIAP [_
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230,
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YPUHIIU: ( ) l y X

lim(,;,)()43(),,Uxydyxgnwnnwg

=<{|=l[<
. i () 0,,
: 2(),,
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X yXx
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lim(,;,)(0), Vxyd
0, . X

g [+ &nwn =1 _
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XX g
buprnun 606HUHT TYpTUHYM naparpuduaa L.Cattabriga ToMoHHIaH Kypuiran

dbyHIaMeHTan eyuM, yHAAa KaTHAIIYyBYM Yy3rapMaclapHUHT ¢akarT alpuM aHUK
KuiiMariapugaruda  (4)  TCHDIAMaHW — KAaHOATJIAHTUPWINWHHA  aHWKJIAHTaH.
ACUMNTOTHK yCynga OJMHTaH (yHIaMEHTadl EYUMHHUHT ¢ — +oomarum 0axocu
Oy3ulyBUM THUIEPreOMETPUK GYHKIMA YYyH MabiayM Oynran OaxomaH ¢dapk
KUJIa/IH.

JuccepTalussHUHT «YUYMHYU TapTHOJM Kappajd XapaKTepPUCTHKAIU



TeHIJIaMa Macajajgapura ®ypbe yCyJuHH KyJJiann 1e0 HOMIaHYBYM UKKUHYU
0001 yerapaBuil macanajapHu euuiira Oypre yCyIuHU KyJamra OarvIUIaHTaH.
buzra wmabnym Oynumnya, y4YuHYM TapTUONM Kappaiud XapaKTepUCTUKAIH
TEHTJIaMaliap YIyH KOPpeKT uerapaBuii macananap Oypbe ycynuaa equiMaras.

Ymly nucceprauusia YYMHYM TAPTUOIM Kappald XapaKTEPUCTHUKAIU BaKT
Oyiinya MKKUHYM XOcwiara sra Oynran xamia OupuHUM Typ Oy3wiHilra sra
Oynran TeHMIaMaliapra KyWWiraH yerapaBuii Macananu euuinga Dypbe ycynu
Kyutanuiarad. by ycyaHWHr Tyna anroputMu kenaTupwiraH. Dypbe yCyIUHUHT
KOHCTPYKTHB Hazapusicu unuiad yukwirad. by ycyngan OuWpwHUYM, UKKMHYU Ba
YUYUHYH Typ YerapaBuil MacanajapHy euuiiga (onjamaHuiIraH.

Wxxnaun 600HUHT OnprHYn naparpaduna typroypuakm Dxyxpyl=<<

<<{(,):0,0 }coxa yuyH Kyhunaru Macananap euunrad. Macana A,. Dcoxana (4)

Tenmiamanunr ( ) ( )
P2 CDCD

Xyxy,,
Ncunpra

TETUIIUIN, KyWHIary YerapaBuil MapTIapHA KAaHOATIIAHTHPYBYHM €IMMHU TOITHJICHH:
uxuxlxp(,0)(,)0,0===x<5,

15
123 L
©0.)0. GO GO0 uyyupyyupyyyl===s
<Yy, Gynma()[]
0,,1,2,,wyCli€=sa()[]
;Y y ClE€ O, -mabnym QyHKumsnap.
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MacanaA,. Dcoxana (4) renrnamarmnr () (1) ***'CDCD,,,, ..
Ncundra

TErMIIIN, KyHHIaru YerapaBuil mapTiapHi KaHOATJIaHTHPYBYH €UUMHU TOIUIICHH

uxuxlxp,,(,0,0,0)==<<(),
456(0,) (), (L) (), (,) (), 0,

uyyupyyupyyyl===ssyyuy,

Gynma () [ ]

0,,45,wyClie=pa()][]

sWy ClEDO, -mabnyMm hyHKIMSIAP.
2

Teopema 4. A Ba A,macananap OUTTaaH OPTUK €4uMTra 3ra 0ya oaManu.
Teopema 4 sHeprust UHTErpaJIuHu Kyiad ucOoTIaHTaH.

A-MacanaHu e4MMUHU KyUUJard Katop KypUHUIINAA KypUITaH = + + [ Zl

|- ()
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Teopema 5. Arap( ) [ ]
sy ClE 0, , xamaa 2

OO0, wwwyw====[1"",i=1,2,3,0y1ca, 4,-MacaTaHUHT €INMHU
MaBXya Ba (7) KypuHHIITa 3ra Oynany.

A,Macaia Xyaau 4,Macaia KaOu eunsIaau.

NxxrHun 600OHWHT MKKUHYH maparpuduia (4) TeHDamMa yayH
Dxyxyl{(,:0,0)}

*=<<o<< Dxyxyl{(,:0,0)}
=0 <<<<<,

coxajapaa KOPpeKT YerapaBuid Macajiajiap YpraHuira.

MacaaB,.* peoxana (4) TeHIIIaMaHWHT ()()=*cpCD

xyxy,,1

AUl

cuH(ra TETHILIH, X — +%°1a XOViinya yerapajgaHraH HKKHHYW XOCHJIara 3ra Ba
KyWWJary 9erapaBuil MapTIapHA KAHOATIIAHTHPYBYH €IMMHU TOITAJICHH:
uxuxlx
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UyyuxyuxyyIly e  ie
0,,lim,lim, 0,0,

===<<(8)

().0)00)

D
6ynna D' =0 —* " coxa uerapacu,( ) [ ]
Yy ClE DO, - MabiayM QyHKIHS.
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coxaja (4) TeHrImaMaHuHT ( ) ( )

MacanaB,. D™ PECDCD,yyy o

"N U [Ncundra



TeruIUIN, X — —°%/a x0yinda yerapajaHrad OMpUHYM Ba MKKUHYM XOCHJIara ara

Ba Kyiiujaru uerapasuii mapTiapHu KaHoaraanTupysun eunmu Toruncus: (0, , 0,

,1imx,0,0,)23()x()()()

uyyuyyuyylyy. .

I
I
I
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oynna, D" = 9 , D coxa uerapacu,( ) [ ]

°0,,2,3,;,Wy Cli€ = -mabayM QyHKIUAIAD.
Teopema 6. BBa B,macananap OUTTaJaH OPTUK €4rMra 3ra Oyia oMaiiiu.
B,macanaHuHTr eduMu
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B,MacanaHuHT e4uMHU
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KYPUHMIITA 3ra.

Teopema 7. Arap () [ ]

€ =
30,91:2931'L|JyCll Ba(O)()iiLlJLIJ==

i =1,2,3, 6ynca, B,BaB,MacajlaJlapHUHT €YUMU MABXKY]I

Wy, (00,)()==
xamaa moc pasumiaa (9) Ba (10) kypurauIIIa 6ynamu.

NkxrHun 600OHUHT YyYMHYH naparpudu 4eKiy Ba YeKCU3 COXalaa YIMHYH
yerapaBuil MacallaH! TaJKUK KHJIUIITa OaFuIIIaHTaH.



MacanaE,. Dcoxana (4) renramanusr () ( ) 221D CD

XYXy,,

Ncundra

TETHIIIIN, KyWHaru YerapaBuil mapTiapHyd KaHOATJIAaHTHPYBYH €UUMH TOITHIICHH:
dBvﬁuxuxuxluxlxp(,0,00,,,0,0,)+=+=55

() O)O)an
123(0,)(), ()OO, 0 uyyupyyupyyyl===<sgyy

OyHna Y O, - uxtuépuii y3rapmac 0,
apB,sa comtap 0yauo, **a B + #
2y +#0,[]

()0,,12,wyCli€e=, ][]
;W () 0,y ClE-mabnym hyHKIHSIIAP.
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coxaza (4) TeHIJIaMaHUHT ( ) ( )

MacanaFE,. D* 22 CDCD

xyxy,,l

"N U Ncundra

TETUIIUIY, X — +%qa x0yiinua yerapajaHrad MKKMHYM Xocuiara sra oOynrax, (11)
Xamja

0,,lim,1lim,0,0.),() (). ()uyyuxyuxyylQ .o ..

===<<
XX

YyerapaBui [APTHU KAHOATIAHTUPYBYH €YMMH TOIHUJICHH.

coxazna (4) TeHrJIaMaHUHT ( ) (

MacanaE;. D™ ) PHCDCD,y,y s

"N U [cundra

TETUIIUIN, X — —°%aa xOyViinya yerapajanrad OMpPUHYM Ba UKKMHYM XOCHJIara ara
oynran, (11) xamaa

uyyuyyuyylwLIJ_.—OO(09>O>91imX>0707)89()x()()()

===<

IA

X

yerapaBuid MApPTJIApHA KAHOATIAHTUPYBYU €UUMU TOMUICUH
Teopema 8. Arap sra 6yna onmaiu. OpPTHUK €4YnMra

aB yd < 20, 00ynca £ \macana OutTaaan

E macananunr eaumuan u x y Xx Yy (, ) () () =xypununiaa uzmnad, Y(y )

A



bynkustau Tonu yuyH Ltypm-JlnyBumnn macanacura kenamus. [lapamerp
HUHT IIYHAAH KUAMaTy TONUJICUHKH:

YYYYYIYI""'+=+=+=AaByd0,000,0,()()()(
) Macana HonaH (GapK/Iu eduMra sra GYICHH.
By macanauu eun6, xoc Kuitmar ( )2,

.o\ € = [Tomuiran Ba {A,}ycyBun
KETMa-KETJIMK TAlTKWJI ATUIIIHA KYypCaTUTaH. YHTa MOC X0C QYHKITUSTIAPHU 3ca

=— adAB AAsincosy ,
YyyyAwmmnn() P )

KYPUHHUIIAA SKaHaury, Oy cucrema [0,/Jxkecmana oproronan 6ynuimy nc6oTianraH.
E\MacaylaHuHT ednMH KyHH1aru KypUHMINIA TOIAIIAN
17

uxyABxABxABxYy

=++HZ|.J.(12) ()112233()()()()mnnnnnn

n = 1

Ky#unaru racauk ypuHiu

Teopema 9. Arap [ ]

()0,,12,wyCliE€=pal]
;WP ()0,yClEe, xamna
2

(0)(0)0,() ()0, 1,2,3,,;;;0p BY yp OY + =+ ==""]] j6ynca E,MacaiaHuur
eunMH MaBxkyq Ba y (12) kypununiga Oynanu.

E,macanaHuHT eyuMu

=Z , (13)

() O "%
uxyCelYy
1
=1
E macananu eunmu 3ca
[
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(,)cos()sin ()
;o nkx
=+ + 14
uxyeCvxCvxYx ||HZ’( )
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336
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KYpHUHUILA TONWIAAN.

Teopema 10. Arap [ | :
()0,,7,89,.wyCli€ =, xamma ay By ,(000,)+= ()
()()0,i7,89,,ypdy!ll+=="0¥yica E,, E;MacaJaHUHT €YNMH MaBXYyJl Ba MOC
paBuia (13) Ba (14) kypununiga Oynanu.

WNkxkrHYM O0OHUHT TYPTUHYM Maparpadguia OUpuHYM Typ Oy3uiIuIira sra
Oyiran TeHINIaMa yuyH yerapaBuil Macajia YpraHuiras.
Dxyxy{(,:0,1)}

"= < <coxana

90
320,04 U,
[ ]32
Luxn
=—-=>
99 (15
xy
TCHIJIaMa Y4YH KYﬁHHaFH Macajia TAAKUK KUJIWHITaH.
coxana (15) redrimamMaHuHT
Macana, B . D, (19) ()()**cpcp,,,,
AUT

cuH(ra Terunuid, x — +eo0ynranga xOyinya yerapajlaHraH MKKUHYM XOcuiara
sra Oynrad, KyHuJarn 4derapaBuil IIAPTIAPDHU KAHOATIAHTHUPYBYH E€UUMHU
TOMMWJICHH:

uxux(,0,10)==(),(16)
):

uyy(0,)=w (), (17)
lim,lim,O,()x()

UXyuxy
== (18)
oyuma’*y () [0,1] y CE -mabayMm QyHKIHS.
15
Macaia,' B . D1+coxaz[a( )TCHFJ'IaMaHI/IHF( ) ()22 D cD.... |
nur

CUH(Tra TEeTuIUIM, X — +eo0ynranaa xOyiinya yerapajaHraH MKKUHYM XOCHJIara

sra Oyaran, (17), (18) Ba u x u x (,0,00)=={(), mapwapnu

Y.y



KaHOATJIAHTUPYBYM ednuMH Tormmicus, Oyuaa Y () [0,1] y CE - mabiaym QyHKIHS.

Teopema 11. ;" Bmacana OuTTaJlaH OPTUK e4yruMra sra 0yJa oimaiau.
Macananunr eaumuan u xy Zx Yy (,) () () =, kypuHuniaa uznad, Kyduaaru
onauii nuddepeHIman TeHrIaManap cucTeMacura sra oyaamMus:

18
(19)
OyHIa ()()o,”

ZxxZx"+=AYy¥y ()+=A()0, A > 0 - y3rapmac coH.

Kentupuiran (15) renniamann (16) mapTHU KaHOATIIAHTUPYBYH €UUMU

=Z , (20)

uxyZxkyt
(,) ()sin

k = 1
KYpuHuIAa 6ynaam, OyHaa | 15233() () () () ZxcFxcFxcFx =1+

mnn

YyyypyO) MO @a)o====
Teopema 12. Arap > () [0,1] y CE , xamzaa

Oyica, ," BMacajdaHUHT e9MMHU MaBxyJl Ba y (20) karop KypuHuUIyaa 6ymaam.

" Bmacaia ," BMacaiia kaOu eumitaau.
2

JluccepTalussHUHT «Y YMHYH TAPTHOIN KapPaJi XapaKTepPUCTHKAIH
TeHI1ama MacaJjajgapura I'pun QyHKIUsAACHH KypPHIII Ba YJIapHHU KyJ1amn 1e0
aramyBud yuuH4YH 000W/a yerapaBuii Macajanap pyHIaMeHTall e9uMIaH
doitnanann®, [prH QyHKIMACH KypHII YCYIU EpaMuia SUniTaH.

YauHur 000HWHT OMpUHYH Maparpu@uaa aKCIAHTHPHUII YCYIUIaH
dorinananu® OMpPUHYY YerapaBUil Macaja eUmJIraH.

Macana K,. Deoxana (4) reurmamammnr () () *22'CD CD

XYyXxXy,,

Ncundpra

TCTHUIIIIH, KYﬁHHaFH qerapaBHﬁ mapTiIapH KaHOATIIAHTUPYBYN CUUMH TOIIUJICUH!

uxxuxlxxp(ao)a(s)a()::SS¢¢12()()7(21) 123(07)()9(9)()9(9)()30

X

uyyupyyupyyyl===ssyyy,
3 = .
OyHa 0,,12,wye=Clj,()[]
d(xCpi)e=[0,,1,2,]()[] sWy ECIO, - MABIYM 2
QyHKIMSAIAD.

Teopema 13. K\-macana OWTTaaH OPTHK €4UMTa dra 0YI1a oMaiian.
Kyitnnaru €épaamMuun MacajaaHud KypaMus.

Macana K,,. Dcoxana (4) renrnamanw, (21) mapTHu KaHOATIAHTHPYBYH U ( x
y, JeduMHU KypUICHH. Epramun Macananu edum yuyH
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" (22)
TxyVxymlVxmlyx(,;,)[(,2:,)(,25,)]1,0.§ngngng

=+---<)
m =

GbyHKIUSATIApHU Ty3U0 0JIaMu3.
Teopema 14. Zxy (,;,)&nBaTxy(,;,) & NPyHKIUIIAp Y apTyMEHTTa
HucOaTaH aaBpuil QyHKIMsIap O0YIuO, ynapHu qaBpu 2/ra TEHT, SbHU

,TxylTxy(,2;,,;,+=¢&n

—o0

ZxylZxy(,2;5,,;,+=&ngn) ()

gn) ().

K.i- €pramMun MacajaHu CUUMHU

00600

xnydexyldUéq)&gﬁq)g&:_"'J’I 23)() .,

22

00
KypuHUIIa OYnaau.

K,- Macana eunMHHH U(, ) x ybyrkrus oca (23)
SUU(xyuxyxy,,(,))=—(), KypuHHIITra 3ra. Y XoJa
KypHHUILIA KHZNpaMus, (x, y)bynkuus yuyn Kyitugaru
Oyumaux y ( , )pysxuus MacajaaHu XOCHII
K,-MacanaHUHT €4UMU,
KHJIAMU3: X X
3990
_===09703103
XXX yy
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JYPyIdYydy
0.y,py,,-
yypyy

()00 0)0)
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X

(24)-macamnanu 5ca 2.1-naparpaduaru 4,macana kabu equIaiu.
(x, y)eunmun xocun Kurag

uxyxyxy(,,,)=+3u()().25
ednmra sra 0ymnamus, Oynaa (23) 9 (xy, JBavxy(, )eaummap moc

KYpUHMIIIA OYIaau. pasuiiza (12) Ba

Kylinnaru Teopema ucOotiasam.

Teopema 15. Arap () [] wyClei=l.2,
¢,(xCpj)e=10,,1.2,]5a()[1°,.,,
sYyCILEOD,,(0)()(0)()0,1,23,,,,,wwwyw=====/];""K,-MacaJaHUHT €4UMU
2

MaBxXyJl Ba y (25) kypunuiiaa 0yiaau.
VurHun 600HUHT UKKUHYK naparpuuaD x yxyl.=—co<<+wo<<{(,:,0)}
coxazia
32
uuLugxy
00

[1()
9 o (26)

32>
Xy
TEHITIaMa YYyH KyHHUJIaru Macajia ypraHuiras.
Macana B,". D.coxana (26) tenrnamanunr () ()
3,22,1

CDCD,,,, 3«.NUTlcundra
TETUNUIA, XOylnya X — —%a yerapajaHraH OMpUHYM XOCwWiara, X — %7a
yerapajaHraH MKKHHYM XOCWiara sra OynraH, KyWuJard 4erapaBuil mapTiapHU
KAaHOAQTJIAHTUPYBYM €4MMHU TONUJICUH

uxxuxIx(,0,,)==06¢,,()()() 27N
lim, lim, 0 () .()
UXyuxy
==,(298)

XX

—Fo0 _, +oo

3355 1,2,,,0xCigxyCDDE -2 +0=€UTIT =0 - ..D.coxa
1

oynza() () () ()

yerapacuaaH uoopar, Oynaas tamkapu,lim im0, 1,2 ,,() () ',
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MyBOGUKJIUK IAPTH OaskapuIaam.
Teopema 16. B, - macana OMTTazaH OPTUK €4uMra 3ra 0yia oJaMaiim.
Jlemma 1. B’ MacalaHuHT YeKcHu3 coxanard [ puH GyHKIUICH
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Gss)[G25,)025,)]
GxyUxmlyUxmlytnénén

=+ -- Z ) (29)
. ora.
KYPUHUIITA =
B, 'MacalaHUHI €4MMH KyWHard KYpUuHuUInaa oyiaau:
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mS$gEeHeel
O0000
12 Gxygdd
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L (30)
- 2 p- ()()
I &ngngn
Jlemma 2. AfiTailiik x — *oJ1a ¢, ( x)Bagxy (, )pynkuusmap yoyiinua

oup >xunHcau 6ynuo,

“PdpaB "=0=>=0>(31)
,L213,“32,()()()

i(xxigxyx)( ) ( ) xypunmmra sra
OyncuH. Y X0Jaa UXTUEPUH X, € — +oo (, )yuyH lim , , lim,

uxyxuxyx®o¢

(010020)()()()

yyl

- -

= =, TEHIJIUK YPUHJIH OYIaiu.
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L,12,,0xCigxyCDE-o+0o=€UT _Ba
Teopema 17. Awraiimak () () () () lim im0, 1,2 ;,() ()



', xamzaa (31) tenruk Ypuriau 6yacun. Y xoiama ¢ ¢ x x i

XX

do 400
B,'Macananusr sirona edumu (30) gpopmyia 6unan Tonunagu BaGxy (,;, &N )-
I'pun Qyukusicu (29) kypunwiira 3ra 6ynaau.
Yyunuyn O0OHUHT yYMHYH aparpaduaa TypTOypUyaKin coxanaa OupuHYH Ba
WMKKUHYY YerapaBuil Macananap Kypuwirad [ pun yHkuuscu EpraMmua equiraH.

Macana A;,. Dcoxana (26) TCHFJ'IaMaHI/IHF( ) ( )
220D CD

XYxXy,,
Ncundra

TETHILIA KyHUIary YerapaBuii mapTapHu Kanoatiantupysan uxxuxlx (,0,,
)==00,:()()().0,<<xpB2) uyyupyyupyy(0,.,,,)===9 Yy,

() () ():() ()0, <<p1(33)0
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MYBO(DMKIIHMK MAPTIapy YpUHIHM OYIaAran e4uMU TOIUICHH.
Macana A,. Deoxana (26) renrmamamunr( ) () *2>'CDCD, -
Ncundra

terumutm, (33)Bauxxuxlx,,(,0,,)==005,()()(),0,<<xp
uerapaBuil MIapTIAPHA KAHOAHIAHTHPYBYH €4MMH TOIMIICHH, OyHIa
0,,34,0,,13,,,,0wxCpiyeE=€=€CljgxyCD.
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Teopema 18. Ay - Macana OMTTagaH OPTHK €UUMTa dra OYI1a oaMaiian. _[

J

A;MacajJaHUHT CYHUMHHHA
11l

2,,,,,,0,
uxyGxypdGxyd
nynnnynn
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g8 &g )
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KYPVHHILJIA XOCHJT KWIAMU3.

A, MacaJlaHWHT aBBAJITH MacajanapiaH GapKiau paBuIlIa, HHTErpal
TEHIIaMa OpKaiau udoaanaHTaH OMKOP XOIAaru €UMMHUHU XOCHI KAJITUK.
[lynnait Kuaub Kyhiuaard TeopeMa ucOoT KHUIUH/IH.

Teopema 19. Aiitaitnuk 1011

by, (xCpiylj)Ee=€=]0,,1,2,0,, 1,3,

gxy CD €, 6ynnan Tamkapu (34) MyBodHKIMK mapTu 6axkapuicu, y xonaa () (

)

0,2

Xy

A, -mMacananuHT eunmu (35) kypunumiga Oynaau, Oyana Gxy (,;,&n) - [pun
byukusicu (29) dopmyrna OunaH TOMHITAH.
Aj,Mmacana xaMm A; Macana Kabu nIIaHaIu.



Huccepranusauar «@®as3ona apajam napadoao-runep0oIMK TeHriamMara
yerapaBuii Macajaanap» ae0 HOMJIAHYBYM TYPTUHUYM OOOWMHUHT OUPUHYH
naparpuduna TpukomMu macanacu yd Yia4oBIM (a3zofa TUN Y3rapuil TEKUCIUTH
XapaKTepUCTUK OYIMara xoJjija ypraHuiras.

HUramusamuk @. TpuxkoMu TOMOHHMIAH acoC COJMHIAH apajall TUILIA
TEHIIaMaJlap  Ha3apusCH, XO3UpPrd JaBpra Keiaud XyCcycwid  XOCHIIalu
auddepeHnran TeHrlaMalap Ha3apUsACHHHUHI KaJajl pUBOXKJIAHAETTaH coxXacura
alIaHIu.

A.B.bunanze ToMoHMAAH apajaml 3JUIMITHKO - TUIIEPOOIMK TEHINIaMa y4uyH
y4 YIYOBIM YeKCu3 coxata DyppeHMHI HMHTErpaJl aJIMAIITUPUIINHU KYJUIAIl
€plaMuJia YerapaBmii Macaya e4uiIraH.

Aiiraiinuk Q- eBkiua pazocuaa x y z , ,y4 Ya4oBid Ha30HUHT TPU3MATHK

coxacH OYIJICHH.

+
[ Q|UUU6,,

xXxyzz +

={|"+Q>l(36)o,,o,

0 0)

m

UxUUsm
vy 2z
TEHITIaMa YYyH KyHUJlard MacallaHu Kypamus.
Macana T .* QBa™ Qcoxanapna (36) TeHIIaMaHMHT KyWUIard Xoccaaapra ra
oynran Uxy z (,, )peryaap euuMu TOMUIICHH:
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yJIaHUIII IIAPTUHUA KAHOATIAaHTUPCHH.
A.B.buniagze TomonnIaH Takiug THITAH YCYJIHA KyJ1ad, Macaia e9uMUHA
dypbe uHTErpanu CHHOUIAH KUIUPAMU3.
V xonma macana 75KBUBAJICHT X0J11a TCKUCINKAaru MacanaZ)ra kenagn. Macana

T, AHAHD CHUMUHHHT ATOHAJIMTU MAKCUMYM IMPUHIUIIA aCOCH A KypcaTI/IJ'IFaH.

02, <<mmm=>
EurMHN MaBXyIIury 5ca Macana 7)ra S5KBUBaJICHT paBUIIAA

2, 2xonnapaa ajnoxuaa U3JIaHUIIHU Tajaad 3TyBUU
Bonbreppa Tunuaaru MKKUHYU

Typ MHTETpaJI TEHIJIaMara KeJITUpuiaTrad. TYpTuHYH O0OHWHT MKKUHYH
naparpuduna [ennepcren Macanacu yd YiIdoBiau (pazona TUI Y3rapuill TEKUCIUTY
XapaKTEepUCTUK OYIraH xomiaa Kapanrad. Q - eBkiug asocugax y z , ,yd
VY14oBIu (pa3oHUHT MPU3MATHK COXACU
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TEHITIaMa YYyH KyHUJIard MacallaHu Kypamus.

1,3, /k
Macana G ., ( )
"Q =coxana (37) TeHIMaMaHUHT KyHHIaru

xoccanapra sra 6yaranUx y z ( , , )perynsp eduMu TOIUICUH:
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KAHOATJIaHTUPCHH.
YIAQHUII IIAPTIAPHU e

Macana Gxam macana 7xabu ypranuiaaiu.

XVIIOCAJIAP



Juccepranusi MK YYUHYM TapTHOIM Kappaldu XapaKTepUCTHUKAIU BaKT
Oyiinua UKKMHYM XOCHJiara sra OyJraH TeHIliaMa y4yH aHaJIUTUK Ba GyHIaMEeHTAaIl
€4MM Ba IMOTEHUHAJUIAp HA3apUsACUHU PHUBOXKJIAHTHUPHUIL, XaMAad y4 YIYOBIH
¢dazona apanam mapaboia0-rUNepOOIUK TEHITIaMa yuyH derapaBuil MacajalapHUHT
OUp KUITMATIIU €4rMra 3Ta SKaHJIUTUHU KYpcaTHIlra OaruijIaHTaH.

TaaKUKOTHUHT acOCUM HaTWXKajlapu KyWuaaruiapaaH noopar. 1. AHaIuTHUK
Ba (hyHAAMEHTAJ €YUMJIap YUYUHYM TapTUOJIU Kappadu XapaKTEePUCTUKAIU BaKT
Oyiin4ya UKKMHYM XOCHIIara sra OyiraH TeHramanap y4yH Maxcyc (pyHKuusap
épraMu/ia KypwIraHIuTHHE TabKupIami jJo3uM. 2. Uk 6opa yanHun TapTHOIN
KappaJid XapaKTepUCTUKAIM BaKT OYiiMua WKKWHYM XOcujiara sra Oyiaran
TEHINIamManap y4yH dyerapaBuil Macananapau Oypbe ycyauaa e4uin aIrOpUTMHU
TYJIWK aCOCTaHTAHIUTUHU YbTUPO(] sTu MymMKuH. 3. [lorenumannap
HA3apUSACUHUHT YYMHYH TAPTUOIU Kappail XapaKTePUCTUKAIH BaKT OyHinya
MKKUHYM XOCUJIara ara Oynrad TeHIliaManap y4yH TYJIMK acocjaapy KeJITHPHUIITaH.

4. YuyuHuyM TapTUONU Kappaid XapaKTEePUCTUKAIH BaKT OViWYa WKKUHYH
Xocujara sra OYyJiraH TeHIIamajapra KyHWuwiradl derapaBuil Macajajap e4duiiia
['pun QyHKIMSAIApU KypUITAHIUTUHA TabKUIAI JIO3HM.

5. YuuHuM TapTHOIU Kappaiu XapaKTepUCTUKAIU BaKT OYilnya UKKUHYA
Xocuiiara 3ra Oyiran Oy3uiyBUM TEHIVIaMa y4yH 4YerapaBuil MacallaJlapHU euuIra
dypbe anropuTMH TaJA0UK KUIUHTAHIUTUHU TabKUAJIAIl MyMKHUH.

6. Yu YymuoBnu ¢azona nmapadoio - runepOoIMK TeHIIaMaliap yuyH TpukomMu
Ba lemmepcten wmacamaJapuHUHT OUp KUHMATiAM €4UMra »dra SKaHJIUTU
UCOOTIIaHTaH.

7. Yu ynuosnu Qazona yerapaBuil Macananapuu euuinga OypbeHUHT TYFpU Ba
TECKapyu HHTETpal aJIMAlITUPUIIM MaBXYyMJIMTUHUHT 3apypuid  Ba €Tapiiu
IapTIapX TOIUIITAH.
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HHCTUTYT

AITAKOB IOCYIIZKOH ITYJIATOBUY

K TEOPUU YPABHEHUM TPETHET'O MOPSJIKA C KPATHBIMU
XAPAKTEPUCTUKAMMUM U HEKOTOPBIE 3AJAYU B TPEXMEPHOM
INPOCTPAHCTBE
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ABTOPE®EPAT JJOKTOPCKOM JJUCCEPTAIIIA

Tamxent — 2016
25

Tema NOKTOPCKOM AMccepTaALMH 3aperucTpupoBana B Boicuieil arrecTanuoHHOI KOMHCCHM
npu Ka6unere Munucrpos PecniyOnuku Yz0exkucran 3a Ne 30.09.2014/B2014.3-4.FM87
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ABTopedepar guccepranyi Ha TpeX s3bIkax (y30€KCKWH, PyCCKWH, aHTIIMHCKWN) pa3MelieH Ha
BeO-cTpanuie Hayunoro cosera (http://ik-fizmat.nuu.uz) u uHPOPMALIMOHHO-00PA30BATEIILHOM TIOPTAJIC

«ZIYONET» (www.ziyonet.uz).

Hay4HbIi KOHCYJIBTAHT:

AOKTOp (1)I/ISI/IKO-MaTeMaTI/ILIGCKI/IX HayK,

Jixypaes Tyxramypan aKaJgeMHUuK
dsxypaeBuu

O¢punuanbubie onmoHeHTHI: kenanues MyBamapxan Tana6aeBu4 A10KTOp
($u3nKO-MaTeMaTHYECKUX HayK, podeccop

YpunoB Axmamxod Kymakosuu
JOKTOpP (PU3HKO-MaTeMaTHUECKUX HayK, podeccop

XacaHnoB AxkHa3ap bekaypaneBuy
JIOKTOP (PU3HKO-MaTEMaTHIECKUX HAYK, Ipodeccop

Benymasi opranuzanusi: « AHCTUTYT NPUKJIATHONH MATeMaTUKH U
aBToMaTu3anumn».denepansbHoe rocyiapcTBeHHOE OIKEeTHOE HAYYHOE YUpeKIeHne
(Poccutickas ®Deneparius).

3amuTa JUicCepTallii COCTOUTCS « » 2016 roma B 4yacoB Ha 3aceaHUM
Hayunoro cosera 14.07.2016.FM.01.01 npu HaunonansHoMm yHuBepcutTeTe Y30ekucraHa. (Axapec:
100174, T. Tamkent, Anma3zapckuil paiion, yin. Yauepcurerckas, 4. Tem.: (99871)227-12-24, dakc:
(99871) 246-53-21,246-02-24, e-mail: nauka@nuu.uz).
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HanmonansHoro yHuBepcurera Y30ekucrtaHa (3apeructpupoBaHa 3a Ne ). (Agpec: 100174,
r.TamkeHT, AIMa3apcKuii paiioH, yi. YHuBepcurerckas, 4. Temn.: (99871)246-02-24).

ABTopedepar muccepraum pa3ociaH « » 2016 rona.
(mpoToKOoIT paccelTkh No OT « » 2016 roma).

A.A. Aopymrykypos
[pencenarens HAYYHOTO COBETA MO MPUCYIKIACHUIO
YYEHOU CTEeNeHH JOKTOpa HaykK, J.(h.-M.H., mpodeccop

I'M. Borupos

YueHslil ceKpeTapb Hay4YHOT'O COBETA 10 IIPUCYKICHUIO
Y4EHOH CTENEeHH AOKTOPa HayK, K.().-M.H.

M.C. CajraxuTanHOB

[Ipencenarens HAyYHOTO CEMHUHApa MPU HAYYHOM
COBETE I10 MPHUCYKICHUIO YICHOU CTENIEHH JOKTOPa
HayK, 1.(.-M.H., mpodeccop, akaaeMuK
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AKTYaJIbHOCTh M BOCTPeO0OBAHHOCTH TeMbl aMccepranuu. Pemenue psna
dbyHIaMEHTAIBHBIX TPOOJEM B 00JaCTH Pa3IUYHBIX MPUKIAAHBIX HAyK Ha
MHPOBOM YpOBHE TpeOyeT CO3[aHus YTOYHCHHBIX MAaTEMaTHYCCKHX MOJeeH
M3y4aeMbIX  (PU3MUYECKUX TMPOIECCOB, pa3pabOTKU HOBBIX METOIOB  HUX
UCCIIEOBAaHUA W BHEAPEHUS TOJYYEHHBIX PE3YyNbTaroB B NpakTuky. Mcxomsa u3
MOTPEOHOCTH TPAKTUKHU, MOBBICUIIOCh BHUMAHUE K TEOPUM YPaBHEHUH BBICOKOTO
MOPSAJIKA, B YACTHOCTH, K TEOPUU YPABHEHUW B YACTHBIX MPOU3BOAHBIX TPETHETO
nopsinka. Cpeaw ypaBHEHHMHM TpPEThEro TOpsAIKa 0CO00€ MECTO 3aHUMAIOT
ypaBHEHUSI C KpPAaTHBIMU XapaKTePUCTUKaMM HWMEHHO Onaromapsi CBOMM
crenu(pUYecKuM XapakTepucTukaMm. J[jis u3ydeHus BOJH Majoil, HO KOHEYHOM
aMIUIUTYAbl B AUCIIEPCUOHHBIX CPEAax B KAU€CTBE MOJCIBHOIO YPaBHEHHUS 4aCTO
HUCTIONB3YI0T ypaBHeHUe Kopreera - ne @pusza, KOTOPOE SBISIETCS HEJIUHEHHBIM
YPAaBHEHHEM TPETHErO MOPSAKA C KParTHbIMM XapaKTEPUCTHUKAMH, COAEPKaIIUM
MEepPBYIO MPOU3BOJIHYIO TIO BpeMeHH. Pa3paboTanHasi Teopus JJis 3TUX YpaBHEHUM
MOCIYXKWJIA HMIYJbCOM JUIA Hayajla MCCIEIOBAHWW W Uil JPYTMX KIIACCOB
YPAaBHEHHM - YPABHEHUU TPETHETO IMOPAJNKA C KPATHBIMU XapPAKTEPUCTUKAMHU,
COJIEpXKAlIMX BTOPBIE MPOU3BOJHBIE MO BPEMEHU. B CBSA3M CO CII0XXHOCTBIO
MPOLIECCOB, CBSI3aHHBIX C BBIIICYKA3aHHBIMUA YPAaBHEHUSIMHU M OTCYTCTBUEM
pa3pabOTaHHBIX B JOCTATOYHOW MEpE aHAJUTUYECKUX METOJIOB, HCCIEIOBaHUE
YPAaBHEHHM TPETHETO IMOpPSAJKA C KParHbIMU XapaKTEPUCTUKAMH, COIACPIKAIINX
BTOpbIE TIPOU3BOAHBIE [0 BPEMEHH, SBISAECTCS OJHUM W3 MPUOPUTETHBIX
HaITpaBJICHUM.

Y4€HbIMU HAIIEH CTPAHBI MOJYYEHBI BECOMBIE PE3YJIBTATHI B UCCIEIOBAHUAX
YPaBHEHHM TPETHETO MOPSAJIKA C KPATHBIMU XapaKTEPUCTUKAMU, COAEPKALINAX
NEPBYIO MPOU3BOJHYIO MO BpeMeHU. 7151 TAKMX YpaBHEHUIN BBICOKOTO MOPSIAKA
MOCTPOCHBI (DyHTAMEHTAIbHBIE PEIICHUS, BHIPAXKEHHbBIC YEPE3 CIECIUATbHYIO
(GYHKINIO, M3YyYEHBI KX CBOMCTBA U TTOBEACHUE, TAKKE PEIICHBI KPAacBbIC 3aa4H.
Ucnonp3ys pyngamentansHoe pemienue, mocrpoeHHoe L.Cattabriga, ncciemnoBanbl
KpaeBbI€ 3aJ1a4M 1JI1 YPAaBHEHUM TPETHETO MOpPAIKA C KPATHBIMU
XapaKTEPUCTUKAMHU, COJIEPKAIIMX BTOPbIE MPOU3BOIHBIE IO BpeMeHU. [1o
YPaBHEHHSIM CMEMIAHHOTO TUIIA U BBICOKOTO MOPSIAKA COCTABHOIO U CMEIIAHHO
COCTABHOIO THUIIA IOCTUTHYTHI ONIPEAEICHHBIE PE3YJIBTATHI, IPU3HAHHBIE BO BCEM
MUpe. YpaBHEHUS TPETHETO MOPAJIKA C KPATHBIMU XapaKTePUCTUKAMU,
coJiep Kaliyie BTOPbI€ MPOU3BOIHBIC 10 BpEeMEHH, TPEOYIOT MOCTPOCHUS
(byHIaMEHTANBHBIX PEIICHUA Yepe3 CIIeUATbHYI0 (PYHKITHIO, U3YICHUS X
CBOVICTB M MOBEJCHUS U PEUICHUS C MX MOMOIIBIO KPAEeBbIX 3a/1a4, a ISl 3TOr0
HE0O0XO/IUM MOUCK HOBBIX MOJXO/IOB K PEHICHUIO 3TOU MPOOIEMBI.

HccnenoBannss MNpoLECcCOB HEIMHEMHOM aKyCTHMKH, THAPOJAWHAMHUYECKOU
TEOPUU KOCMHYECKHUX IJIa3M, HEJITMHEWMHOro KOJeOaHUs, IBUKEHUS >KUJIKOCTH B
KaHalle, OKPYKEHHOM MOPHCTOM CPEAON W T.J. CBA3aHbI C U3YYECHHEM YPaBHCHUS
TPETBErO0 IOpSAJIKA C KPAarHbIMU XapAaKTEPUCTUKAMH, COACPIKAILIETO BTOPbIE
IIPOU3BOJIHBIE IO BPEMEHH, a TAKXKE 3a/1a4 JIJIs1 ypaBHEHUN CMEIIaHHOTO Mapadoio
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ATUX YPaBHEHHUU.

HccenenoBannss NaHHOM NHMCCEPTALMA B OIPEACICHHOM CTEIEHU CIyKar
pEIIeHHI0 3a/1a4, 00O3HAYeHHbIX B mocTaHoBieHMsX [Ipesunenra PecryOnuku
V36ekucran Homep III1-436 or 7 asrycra 2006 roma «O Mepax 10
COBEPILIEHCTBOBAHUIO KOOPJAMHALMKA W  YIpaBI€HUS PAa3BUTHEM HAayKd U
TexHojgorum», a Takxke Homep III1-916 or 15 wmroma 2008 roma «O
JOTOJHUTENBHBIX Mepax MO0 CTHUMYJIMPOBAaHUIO BHEIPEHUS WHHOBALIMOHHBIX
IPOEKTOB M TEXHOJOTMH NPOU3BOJACTBa» M B JPYIrMX HOPMAaTUBHO-IPABOBBIX
aKTax, OTHOCALLIMXCS K JAaHHOW 00J1IacTh AesATEIbHOCTH.

CooTBeTCTBHE HCC/IEI0BAHMA € TPUOPUTETHHIMH HANPABJIECHUSAMU
Pa3BUTHSI HAYKH M TeXHOJOruil pecnyOiamku. JlaHHOe wucciaenOBaHKE
BBINIOJIHEHO B COOTBETCTBHUU C NPHOPUTETHBIM HAIIPABICHUEM PA3BUTHS HAYKU U
texHosorui B PecmyOnuke VY36ekuctan IV. «Maremaruka, MexaHUKa U
UH(pOpMaTHKay.

00630p 3apy0e;KHBIX HAyYHBLIX HCCJIEIOBAHMI 10 TeMe AUcCePTANMH .
Hayunble nccnenoBanusi Mo NOCTPOCHUIO (DYyHIAMEHTAIbHBIX PEUICHUN U Teopuu
NOTEHIIMAJIOB, U3YYEHUIO UX CBOWCTB M PA3JIMYHBIX KPAEBbIX 33/1a4 B KOHEUHBIX U
OECKOHEUHBIX O00JIacTAX /I ypaBHEHUS TPETbEro TMOpsKka C KpaTHbIMU
XapaKTepUCTUKaMH, COAEPKALIEr0 BTOPbIE MPOU3BOIHBIE MO BPEMEHHU, BEAYTCS B
KPYTHBIX HAayYHBIX IIEHTPax M BBICIIUX YYEOHBIX 3aBEICHUSAX MUpPA, B YACTHOCTH:
banonckom ynuBepcrere, TypuHckom yHusepcutere, (WUrtanust), YHuBepcutere
@arux, (Typuusi), BunbHiocckom yHuBepcutere (JIurBa), MockoBCKOM
rOCyIapCTBEHHOM YHUBEPCUTETE, HoBocubupckom rOCyJapCTBEHHOM
YHUBEpCUTETE, ballkupACKOM rocy1apcTBEHHOM yHuBepcurere, CeBepo -
BocTounom denepanbHOM YHUBEPCUTETE u  Kabapnuno-bankapckom
rOCyJapCTBEHHOM yHHUBepcuTeTe, Maremarndyeckom HHcTUTYTE Poccuiickon
akageMus Hayk, HHCTUTyTe mNpUKIagTHON MaTreMaTUKU M aBTOMATU3alluu
Kabapauao - bankapckoro naydnoro meHTpa Poccuiickoil akamemusi Hayk
(Poccus).

B pesynbrare ucciaenoBaHuil ypaBHEHHsI CMELIAHHOTO THUIIA B MUPE NOJyYEH
pSI pe3ysbTaToB, B YACTHOCTH, pa3paboTaHa TEOpHUs PEIICHMs KPAaeBbIX 3a7ay JJis
YpaBHEHHS CMEIIAHHOTO JITUNTHKO-TUniepbonmnyeckoro tuma (TypuHCKOM
yHuBepcutere, Mramus); W3ydeHbl KpaeBble 3aJaud s BBIPOKIAIOLIUXCS
YPaBHEHUN  3JUIMNTUKO-rUNepOoanueckoro Tumna (YHuBepcurere Ymmcana,
[IIBenusi); AOKa3aH NOPUHIMI MakKCUMyMa Ui SJUTMITHKO-TUIEPOOIMYECKOrO
ypaBHeHUs1 (MOCKOBCKMI TOCYJapCTBEHHBI YHHUBEPCUTET, Maremarnieckom
uHctuTyTe Poccuiickoil akageMusi HaykK); UCCIIEIOBaHbl HEJIOKAJIbHBIC 3a/1a4u ISl

o 1
ypaBHEHUH CMEIIAHHOTO JUIMITHKO - Thunepoonnyeckoro tuna (MHCTUTYT - O63op

3apyOe)KHBIX ~ HAay4YHBIX  HCCIeOBaHMH 1o  Teme  auccepramuu:  Arkiv Mathematics  Astronomis,
www.springer.com/mathematics/journal/11512; Rendiconti del seminario matimatico della univ di Padava;
Communes Partial Differential Equations; Ycnexu marematnyeckux Hayk, www.mathnet.ru/umn; Maremaruaeckue
3ameTkn, www.mathnet.ru/mz, CuOupckuii MaremMaTHdyeckuil KypHai, www.springer.com; CHOMpCKHI >XypHal
MHIyCTpHaJbHOW Maremarnky, www.math.nsc.ru/publishing/SIBJIM/sibjim.html, dnddepenimansusle ypaBHeHuS,
www.link.springer.com/journal/10625, Tax>ke ObUTH NCTIOIB30BaHBI M APYTUE NCTOYHUKHI
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nentpa Poccuiickoit akamemus Hayk, MockoBckuii, HoBocubupckmii, Camapckuit
rOCyIapCTBEHHbIE YHUBEPCHUTETHI); HailleHbl COOCTBEHHAs YMCIO M COOCTBEHHAs
(GYHKIMSA CHEKTPAJIbHOW 3aJa4d JJisi CMEIIaHHOTO ypaBHeHUs (MOCKOBCKHIA
rOCYIapCTBEHHBI YHUBEpPCUTET, WHCTUTYT MAareMaTMKH W MaTeMaTH4eCKOTO
MozaenupoBanusi, Kazaxcrtan); pa3paborad crnoco0 pelieHHsl KpaeBbIX 3aaad st
YPaBHEHUH BBICOKOTO MOPSIIKA COCTABHOIO M CMEIIAHHO-COCTaBHOI'O THUIIOB
(Marematuueckom wuHcTUTyTe CuOupckoro otaeneHus Poccuiickoil akamemmus
HayK, WHCTUTYT mNpuKIagHON MareMaruku U aBToMaruzauuu Kabapauno -
bankapckoro HayuHoro ueHtpa Poccuiickor akagemuss Hayk, HWHCTHTYT
Marematuku npu HannonanbHOM yHHUBEpcUTeTa Y30€KHCTaHa); HAalIGHbI CIIOCOObI
MCCIICI0OBAHUsl KPAEBBbIX 3a/1a4 CMELIAHHOIO DJUIMIITUKO

napaboInYecKoro U mnapadono-runepbonnyeckoro ypaBHeHuil (MaremarnueckoM
uHctutyte Cubupckoro otaenenus Poccuiickod akagemus Hayk, HWHCTUTYT
MPUKIIAIHOW MaTeMaThukyd W aBromarusanuu KabapauHo - bankapckoro Hay4yHOTo
neHrpa Poccuiickon akagemus Hayk, IHCTUTYT mMareMaTuku U MareMaTH4eCKOTO
monenupoBanus, Kazaxcran, HWHCTMTYT wMarematuku npu HamnumonansHOM
YHUBEpCUTETE Y30€KHCTaHa); MCCJIENOBAaHbl KpaeBble 3aJadyd JUIsl CMEIIAHHOTO
AIUTUITHKO-TUTIEPOOIMYECKOTO YPaBHEHUS B OTPAHMYEHHOM 00JIaCTH TPEXMEPHOTO
npoctpancTBa (KamudopHuiickom yHUBEpcUTETe, MOIPUICHACKOM YHHBEPCTETE
(CIIA), Maremarnueckom uHctutyTe Cubupckoro otnenenus  Poccuiickoit
aKaJeMHusi HayK); pa3paboTaHbl CIOCOOBI PpEIICHUS KpaeBbIX 3adad A
CMEIIaHHOTO  AJUTUNITUKO-THIIEPOOINUECKOTO YpaBHEHHs] B  HEOTPaHHUYEHHOM
o0lacTd  TPEXMEPHOI0  MPOCTPAHCTBA €  TOMOIIBIO  HMHTErPaIbHOTO
npeoOpazoBanuss Dypre (Maremarnueckom HHCTUTYTE CHOMPCKOTO OTAEICHUS
Poccuiickoii  akagemuss Hayk, KabGapauno-bankapckuili  rocynapCTBEHHOM
yHuBepcuTeTe, MOCKOBCKHMI TOCyAapCTBEHHOM yHHBepcuteTre, (Camapckuit
rocynapctBeHHoM  yHuBepcutete (Poccust), WMHCTUTYT MaremMaruku 1pH
HanuonansHoMm yHUBepcuteTe Y30€KUCTaHA).

Ha MupoBOM ypoOBHE OCYIIECTBIAETCS PAJ HAYYHO - HCCIENOBATEIBCKUX
paboT B MPUOPUTETHBIX HAMPABIEHUSAX MO0 TEOPUH YPABHEHUI CMEIIAHHOIO TUNIA U
YPaBHEHUM C KparHbIMM XAapAKTEPUCTUKAMH, a WMMEHHO: II0 CO3JaHUIO
MaTeMaTU4eCKOM MOJIeH, Oojee aJleKBaTHO OTPaXKaIOLIEH peanbHble MPOLECChl, U
pELIEHNE MOIYYEHHBIX TPAHUYHBIX 3a7a4; NOCTPOEHUIO AHATUTUYECKUX PELICHUN
IPAHUYHBIX 33Ja4; CO3JAHUI0 YCTOMYMBBIX AJITOPUTMOB YHCIIOBBIX  MOJIEJEH;
PELIEHUI0 MHOITOMEPHBIX IPOCTPAHCTBEHHBIX 3a/a4.

Crenenb u3y4eHHOCTH MPpoOJembl. IlepBble pe3ynabTarbl MO U3YYEHHIO
YPaBHEHHUI TPETHErO IMOPSAKAa C KPATHBIMH XapaKTEPUCTHUKAMH, COIEPHKALIUX
BTOpBIE TPOU3BOJHBIE MO BPEMEHH, MOCTPOCHUIO (PyHAAMEHTAJIBHBIX PEIICHU,
TEOPUU NMOTEHIMAIIOB U UX CBOMCTB, MCCIECIOBAHHUIO KPAEBBIX 3a1ad IOJYyYECHBI B
paborax H.Block, E.Del Vecchio. Jlanee aTu pe3ynbrarsl ObUTH pa3BUTHI B paboTax
L.Cattabriga. B pabore A.A. Jle3uHa ypaBHEHUsI C KPaTHBIMU XapaKTEPUCTUKAMU
uccieoBalbl MeTogaMu GyHKIMOHaNpHOTO aHanu3a. B Tpymax T.Jl.Ixypaena,
C.AOanHa3apoBa 1 UX YUYEHUKOB UCCIEIOBAINCH
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KpaeBbIe 3a/1a4¥ METOJIOM MOTEHIIMAJIOB ¢ MPUMEHEHHEM (PyHIaMEeHTaIbHOTO
perieHusi, moctpoeHHoro B pabore L.Cattabriga.

HenunellHoe ypaBHEHHME B YACTHBIX IPOU3BOAHBIX TPETHETO IOPSAKA C
KpPaTHbIMH XapaKTEPUCTUKAMH, UTPAIOIIEE BaXKHYIO POJIb B TEOPUH HEITMHEWHBIX
BOJIH, B OCHOBHOM, THUJPOJUHAMUYECKOTO TMPOUCXOXKIEHUS, BIEPBBIE OBLIO
nonyueHo K. Byckuncom. Opnako mnoapoOHbIi aHanmu3 Obul mposeneH [l
Kopreserom u I. ge ®puzom. C TOYKM 3pEHHs INPUIOKEHUS, BAXKHOCTb ITHX
uccueaoBanuii Obuta o0ocHoBaHa B padorax B.H.uecnepora, O.C.PsoxoBa u
H0.B.3acopuna. A B paborax B. TlamaktuoHoBa u3y4YeHbI aBTOMOJEIbHBIE
pemieHuss Il HEJIWMHEWHBIX YpPaBHEHUH C KpAaTHBIMU XapaKTEPUCTHUKAMHU.
A.Ashyraliev, N.Aggez, F.Hazenci 3aHuManuchb HaxOXICHUEM YHCICHHOIO
perieHusl.

VYpaBHEHHs COCTAaBHOIO THUIIA U C KPAaTHBIMHM XAPAKTEPUCTUKAMH SIBIISIOTCS
OCHOBHBIMM  MPEACTABUTEISIMA YPAaBHEHHMU TPETbEro MOpsSAKa. YCHIUAMHU
A.B.bunansze, M.C.CanaxutauHoBa, T.JI.dxypaena, B.H.Bparoga,
T.II.KansmenoBa, M.T.JI>keHanveBa U UX Y4EHUKOB pa3paO0OTaHbl OCHOBBI TEOPUU
ypaBHEHUH TpeThero nopsiaka. Kpaesble 3a1aun 151 CMEIIaHHBIX AU THKO
runepOoIMYEeCKUX  ypaBHEHUH B  OrPAHUYEHHBIX TPEXMEPHBIX  00JACTAX
ucciaenoBanel B paborax  M.N.Protter, M. Shnaeider, A.B.bumanse,
AM.Haxymesa, B.Il.lunenxo, I'.J[.Kaparonpakmuesa, B.H.Bparosa, H.I'
Copokunoii. BnepBble KpaeBble 3aqauyd JUIsl CMEIIAHHBIX JJUTUITHKO -
runepOOIMYEeCKUX YPAaBHEHHM B HEOTPaHUYEHHBIX TPEXMEPHBIX O00JacTAX C
MOMOIMIBIO HHTErpajbHOr0 mpeodpaszoBanuss Dypbe wHcciaeaoBaHbl B padboTe
A.B.bunanze. [locne atoro mosiBuics psif padoT, TIe paccMaTpUBAIOTCS KPaeBble
3aa4 JUIsl YpaBHEHUW SJUIMIOTHKO - THNEPOOIIMYECKOr0 THUMAa B OECKOHEYHOM
HMIMHApUYEecKorn obmactu. Oto pabotel A.M.Haxymesa, C.M.Ilonomapesa,
M.C.CanaxutaunoBa u b.Mcinomosa. B padore A.M.ExoBa u C.ILIIynbkuna nis
YpPaBHEHUH OJJUIMITUKO - TUNEpPOOJMYECKOr0 THIA HA OCHOBE MpHUHIUIA
MaKCHMyMa HaiiJieHa arnpuopHasi OIEHKA JUIsl UCKOMBIX PEIICHUNH U YCTaHOBJICHBI
HE00XOIMMBbIE YCIOBHSI CYIIECTBOBAHUS 00paTHOTO NpeodpazoBaHusi Pypee.

KpaeBble 3a1aum j1s1 CMEIIaHHBIX YpaBHEHUH 1Mapabosio - runepooIndecKoro
TUNIAa B TPEXMEPHOM TMPOCTPAHCTBE paccMmarpuBaiuch juib B padorax T.[.
JIlxypaeBa, A.Comyesa, lO. I1. Anakosa, b. cnomosa.

CBsi3b TeMbI JUCCEPTAIUM C HAYYHO-UCCJIA0BATEILCKUMH padoTaMu
BbICILIET0 00PAa30BaTeILHOIO YUpesKAeHNs], I1le BHINOJHEHA uccepTanms.
HuccepraimonHas padoTa BBIIOJIHEHA B COOTBETCTBUU C MJIAHOBOM TEMOM HAy4YHO
uccienoBarenbckux padbot 07- « Teopus nuddepeHIrmaIbHbBIX YPAaBHEHHM C
YaCTHBIMH MPOU3BOAHBIMH BBICOKOTO MOpPsiAka» HaMaHraHCKOTO HHXKEHEPHO -
MeAarornueckoro HHCTUTYTA.

Heabio nccjieqoBaHus SABISAIOTCSA pa3pab0TKa aHATMTUYECKON TEOPUU U
MOCTpoeHue PyHIaMEHTAIBHBIX PEIICHUN AJI1 yPaBHEHUN TPETHETO MOPAIKA C
KPaTHBIMH XapaKTEPUCTUKAMH, COEPIKAIIMX BTOPYIO MPOU3BOIHYIO I10 BPEMEHH,
pElIeHUs] KpaeBbIX 3aja4 JJi1 YPaBHEHUN ¢ KPAaTHBIMH XapaKTEPUCTUKAMU U IS
CMEUIaHHOTO MapadoJIo-rUunepOOINYECKOro THIIA.
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3agauu uccie 0BaAHMS:

IOCTPAaGHUE TEOPUU pPa3pabOTKM AHAIUTUYECKUX U (PyHIAMEHTAJIbHBIX
pelIeHnil AJis YpaBHEHHUM TPEThEro Mopsiika C KPaTHBIMH XapaKTepUCTUKAMH,
COJEPKAILMX BTOPYHO MPOU3BOAHYIO MO BPEMEHH, BBIMOJIHSIETCS C IMOMOILIBIO
CHelHaIbHBIX (QyHKIUH;

IIOCTPOCHHE KOHCTPYKTMBHOW Teopun Meronga DPypbe mid ypaBHEHUH
TPETBEr0 TNOpAJKA C KpaTHbIMH XapaKTEPUCTHUKAMH, COAEPXKALIUMX BTOPYIO
MIPOU3BOJIHYIO 110 BPEMEHU;

pa3BUTHE TEOPUU NOTECHLIMAJIOB ISl YPABHEHHI TPETHETO MOPSIIKA C
KpPaTHBIMH XapaKTEPUCTUKAMHU, COJIEP KAIINX BTOPYIO IPOU3BOIHYIO I10 BPEMEHU;
JUIsl YPAaBHEHHUM TPETHETO MOPsIIKa C KPATHBIMU XapaKTEPUCTUKaMU, COAEPKALIUX
BTOPYIO MTPOU3BOJIHYIO [0 BPEMEHU, TOCTPOCHHE U TpUMeHeHne (yHkuuu ['puHa K
PELICHUIO KpaeBbIX 3a/1a4;

pa3zpaboTka TEOpPUM pELIEHUs KpaeBbIX 3aJady i1 BBIPOXKIAIOIIMXCS
YPAaBHEHUI TPETHETO MOPSAAKA C KParHBIMA XapaKTEPUCTUKAMH, COIAEPIKAIINX
BTOPYIO IIPOU3BOJHYIO 110 BPEMEHU;

JIOKa3aTeabCTBO  OJHO3HAYHOM  pa3pellMMOCTH  3afad  [pukoMH U
I'ennepcrenta ajig ypaBHEHUS! CMEIIAHHOTO NapaloIio - TUIepOOINYECKOro TUIIA B
TPEXMEPHOM IPOCTPAHCTBE;

00OCHOBaHHME  METOIOB  MPSAMOTO M OOpaTHOrO  HMHTETPAIbHOTO
npeoOpazoBaHuss @ypbe A8 pelIeHHs KpaeBbIX 337ad B TPEXMEPHOM
MIPOCTPAHCTBE.

O0beKkTOM HCCIETOBAHMS SBJISIOTCA YPaBHEHHUS TPETHEro IOpsJIKa C
KPaTHBIMHM XapaKTEPUCTUKAMHU, COAEPKAILKE BTOPYH MPOU3BOJHYIO IO BPEMEHH,
U CMEIlaHHble Mapaboio - TUMEPOONIMYECKHE YPaBHEHHs BTOPOro MOpsIKa B
TPEXMEPHOM IIPOCTPAHCTBE.

IIpeameToM McCCIeI0BAHMS SBISIOTCS MMOCTPOEHUE TEOPUU AHATMTHYECKUX
U (GyHIAMEHTANbHBIX PEIICHUN JI YpaBHEHHUS TPETHErO MOpsAKa C KPaTHBIMHU
XApaKTEpUCTUKaMH, COJEpXKAIllero BTOPYIO IPOM3BOJHYIO II0 BPEMEHHU, H
UCCIIEZIOBAHUS KPAeBbIX 3a/1a4 JJIs 1apaboyio - TMIEepOOIMUYECKBbIX YpaBHEHUN B
TPEXMEPHOM IIPOCTPAHCTBE.

Meroabl ucciaenoBanus. B guccepranmuu  HCIONB30BaHBI  METOJBI
MaTeMaTU4YeCKoro aHanusza, JuddepeHIuanbHbIX ypaBHEHUH U MPUHIUI
MAaKCHMyMa, HHTErpaJl dJHEPrud M TEOPUS  HMHTEIPAJIBbHOIO  YPaBHEHMS
MaTeMaTH4ecKor (PU3UKH.

HayuyHnasi HOBM3HA HCCJIEOBAHUSA 3aKJIIOYAECTCS B CJIECIYIOMIEM: TOCTPOEHBI
aHAJIUTUYECKUE U PyHIAaMEHTAIbHbBIC PEIICHUs ISl YPaBHEHUI TPETHEro Mopsiika
C KpaTHBIMH XapaKTEPUCTHKAMH, COAEPKAIUX BTOPYIO MPOU3BOAHYIO IO
BPEMEHH, C TIOMOILBIO CIIENUAIBHBIX (DYHKIIHI; BIIEpBbIE pa3padoTaH alropuTM
penieHus KpaeBbix 3a1a4 MeToqoM Dypbe N1 ypaBHEHUI TPETHEro MOpsaKa C
KpaTHBIMH XapaKTEPUCTUKAMHU, COJIEPKAIINX BTOPYIO IPOU3BOIHYIO IO BPEMEHU;
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NOJIHOCThIO OOOCHOBAaHA TEOpHUsl MOTEHIMANOB [UIsl YPaBHEHHUH TPETHEro
MOPSZIKA C KPAaTHBIMHU XapaKTEPUCTUKAMM, CONEPIKAIINUX BTOPYIO IPOU3BOAHYIO 10
BPEMEHU;

Ul YPAaBHEHUH TPETHEro IOpsAKAa C KparHbIMU XapaKTEPUCTUKAMM,
COJIEPIKAILMX BTOPYIO MPOU3BOAHYIO 1O BPEMEHHU, MOCTPOEHbI (QPyHKIMU [puHa K
PELIEHUIO KPAaeBBIX 3aa4;

IIPUMEHEH AJTOPUTM pEIICHUS KpaeBbIX 3amad wmertogom Dypse A
BBIPOKTAIOIIUXCS] YPABHEHUM TPETHETrO MOPSAAKA C KPATHBIMU XapaKTEPUCTUKAMU,
COJEPIKAIUX BTOPYIO IPOU3BOJHYIO 110 BPEMEHU;

IIOKa3aHa OJIHO3HA4YHas pa3pelIMMoCTh 3a1ad Tpukomu u lemneperenra s
CMEIIIaHHOTO MapadoIio - TUNEPOOTUIECKOTO YPAaBHEHHUS B TPEXMEPHOM
IIPOCTPAHCTBE;

YCTaHOBJICHBl HEOOXOAMMBIE M JOCTATOYHBIE YCIOBHS MPSIMOTrO U 0OpaTHOTO
UHTETrpaJIbHOrO MpeoOpasoBanust @Dypbe [ pelieHus KpaeBbIX 3a7ad B
TPEXMEPHOM ITPOCTPAHCTBE.

IIpakTHyeckue pe3yabTarbl HCCIAEAOBAHUSA COCTOSAT B BO3MOXKHOCTHU
IIPUMEHEHUSI AHAJIUTUYECKUX PEIICHUHM MPHU HCCICAOBAHUM Kauye€CTBEHHBIX
CBOMCTB (PU3UUECKHUX MPOLIECCOB U B YMCIECHHBIX BBIUYNCICHUSX.

JlocTOBEpHOCTL PpPe3yJabTATOB HCCJAeA0BAHUA. (11 ypaBHEHHH TPETHETO
MOPSJKA C KPATHBIMU XapaKTEPUCTUKAMHM, CONEPIKAIINUX BTOPYIO IPOU3BOAHYIO IO
BPEMEHH, MOCTPOCHHBIX AHATUTUYECKUX U (YHIAMEHTAIbHBIX PEIICHUH, TEOPHH
IIOTEHLMAJIOB, aJrOpUTMa peElIeHus KpaeBbiX 3amady meronom dDypee, a Takxke
UCCIIEZIOBAHUA 3aJad JUIsl CMEUIaHHBIX Mapabosio - TUIEpOONIMUYECKUX YpaBHEHUMN
JOCTOBEPHOCTH 000CHOBaHa MEeTOAaMU MaTEMaTUYeCKOro aHasnusa,
audepeHInanbHbIX YPaBHEHUN U MaTeMaTHIECKON (PU3UKH.

Hayuynasi 1 npakTHyecKkasi 3HAYMMOCTb Pe3yJIbTATOB UCCIEA0BAHUAA.
HayuyHoe 3HaueHue pe3ysIbTaToOB UCCIIEIOBAHUS 3AKI0YAETCS B TOM, YTO IIOJyYEHBI
aHaJIUTUYEeCKUE U PyHAaMEHTAIbHbIE PEUICHUS, TOCTPOCHHBIE C TTOMOUIBIO
creuuagbHbIX PyHKIMM, anroput™ Metona Oypwe 11l ypaBHEHU TPETHETO
IIOPSZIKA C KPATHBIMU XapaKTEPUCTUKAMHU, COAEPKALIUX BTOPYIO MPOU3BOIHYIO 110
BPEMEHHU.

IIpakTueckoe 3HAYEHHE AUCCEPTALMOHHOIO MCCIENOBAHUSA OIPEHECIAETCS
MPUMEHEHUEM TMOJIYYEHHbIX B pabOTe HAy4yHBIX peE3yJbTaTOB B HW3YYEHUU
(¢u3MYECKUX TMPOILIECCOB, OIMUCHIBAEMBIX MPH TIOMOINM YpPAaBHEHHUS TPETHETO
IOPSJKA C KPATHBIMU XapaKTEPUCTUKAMM.

BHenpenue pe3yabraroB ucciaeaoBaHus. [lonmydeHHble B JIuccepTalvu
pe3yabTaTbl ObUIM HMCIIOJIB30BaHbl B CIEAYIONIMX HAYyYHO-UCCIEI0BATEIbCKUX
MIPOEKTAX:

IIOCTPOCHHBIC SIBHBIE PELICHHsI KPAeBbIX 3ajad I YPAaBHEHUU TPETHETO
MOPSZIKA C KPATHBIMU XapaKTEPUCTUKAMM, CONEPIKALUX BTOPYIO IIPOU3BOAHYIO 110
BPEMEHHM, ObUIM MCIOJIB30BaHBI JUIsl PELICHUS HOBBIX KOPPEKTHBIX KPaeBbIX 3a1a4



Ui ypaBHEHUN TpeThero mopsaka B 3apyOexHbix TpanTtax 114030440003
«DyHIaMeHTaJIbHbIE MPOOJIEMBbl YNPYrocTd M IutacTudHocTU» (Cubupckoro
roCcyJIapCTBEHHOTO a3pokocmuueckoro yuusepcutera 38/1208 ot 10 mast 2016
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rozaa). [IpumeHeHne 3TUX Hay4HbIX PE3yJIbTaTOB IMO3BOJUIIO MOIYYUTh
aHAJIMTUYECKOE PEIICHUE 3a]1a4HU;

pE3yAbTaThl M0 MOCTPOCHHUIO PEIICHUS KPAEBbIX 3aJ1ad C IMOMOIIbI0 (DyHKIIMH
['pyHa ObUIM KCIIONIB30BAHBI ISl MOCTPOEHUSI PEIICHUsS] HOBBIX TPAHWYHBIX 3a/1a4
IUIsl YpaBHEHUS TPETHETO MOPsJIKa, B TeMe 3a HoMepoM 1.3.1 B pamkax peanusanuu
OIII «Hayunsle W HaydHO-IIEIArOrMYECKHE KaApbl WHHOBAUMOHHOM Poccum»
(2009-2013) u mo teme «KpaeBbie 3a71a4u ¢ HHTETPATBHBIM TPAHUYHBIM yCIOBUEM
N0 BpeMEHH [JIsi ypaBHeHUsi TpeTbero mnopsaka» (CeBepo-BocTounsrii
(dbenepanpHbIl yHUBEpCUTET, cripaBka 71-277 ot 5 mas 2016 rona). Ilpumenenue
3TUX HAy4YHBIX pE3yJbTATOB MOCIYXWIA CBEACHUIO pEIICHHs 3aJad K
HMHTETPaJIbHOMY YPaBHEHUIO;

MPEAJIOKEHHBIA aJITOPUTM PEIICHUS] KpaeBbIX 3a1ad MetogoM Dypbe miid
YpPaBHEHUN TPETHEro MOpSAKAa C KPaTHBIMU XapaKTEPUCTUKAMH, COJAEPKAIIUX
BTOPYIO0 MPOU3BOAHYIO IO BPEMEHH, ObLI HMCHOJb30BAH MPHU PELIEHUU HOBBIX
KpaeBbIX 3a7ady B  3apyOexHbIX TpaHTax mo Teme «HemokanpHbie
muddepeHnanbHble  YPaBHEHHMsS] CMEIIAHHOTO THUNA W WX NPUMEHEHUE K
JTUHAMUYECKUM  cucTteMam», rocpeructparus: 01201361965 (2013-2015).
(MuactutyT mpukiagHoii MmareMaTuky U apromarusanuu PAH, cipaBka 01-12/84 ot
4 mas 2016 roma). IlpumeHeHHe STHUX HAYUYHBIX PE3YJIBTATOB CIOCOOCTBOBAJIO
MOCTPOCHMIO SIBHBIX PELICHUI MOCTABIEHHBIX 3a/1a4.

AnpoGanusi  pe3yabTaroB  uccjaegoBaHusi. OCHOBHBIE  PE3yJIbTaThl
UCCJIEI0OBaHUs OOCYKJAJUCh Ha HAYyYHO-IPAKTUYECKUX KOH(PEpPEHUUSAX, B TOM
gucie: «JluddepeHnumanpabie ypaBHEHHS C YaCTHBIMH TIPOU3BOJHBIMU |
pOACTBEHHbIE TpoOnembl aHanmu3a W uHPopMmatukum» (Tamkent, 2004),
«CoBpemMeHHbIE TpOOJNEeMbl MareMaThuyeckod Gu3NKM U UHGOPMAIMOHHBIX
texHonorui» (Tamkent, 2005), «CoBpeMeHHbIe MpoOiemMbl AU depeHIuaTbHBIX
YPAaBHEHUI, TEOPHH OMNEPATOPOB MU KOCMUYECKHUX TeXHosoruin» (Anmarst, 2006),
«HenokanpHble KpaeBble 3a7adyd M POJICTBEHHBIC MPOOIEMBl MaTEeMaTHYECKOU
ouosoruu, uHpopmaruku u usukm» (Hampumk, 2006), «Third Congress of the
World Mathematical Society of Turkic Countries» (Almaty, 2009), «AktyanbHbie
mpoOeMbl MPUKIIATHON MaTeMaTHKA W HWHQPOPMAIMOHHBIX TEXHOJOTHH - AJb
Xopeamu-2009» (Tamkent, 2009), «Differential equations and their applicationsy
(Panevezys, Lithuania. 2009), «IV Congress of the Turkic World Mathematical
Society» (Baku, 2011), «AkryanbHble TpoOIeMBbl MPHUKIAJHON MaTeMaTHKU U

MH(OpMAIIMOHHBIX TexHoJMoru - Aunb-Xopesmu-2012»  (Tawmkent, 2012),
«AKTyanbHBIE TPOOJEMBbI TMPUKIATHON MaTreMaTUKH W WH()OPMAIMOHHBIX
texHonmorui — Anp - Xope3amu-2014», (Camapkana, 2014), «AKTyaJabHBIC

npoOnemMbl  Maremarudyeckoro anaimmza» (Yprewu, 2012), «CoBpeMeHHbIE
npobnemsl nuddepeHmanbHbIX ypaBHeHUH U ux npuinoxkeHus» (Tamxkent, 2013),
«Hexnaccuyeckue ypaBHEHUST MaTeMaTHUYeCKOM (U3MKKM W HUX TPUIOKEHUS



(Tamxkent, 2014), «CoBpeMeHHbIE METOABl MAaTEeMaTHYeCKOW (U3UKH H UX
npunoxenus», (Tamkent, 2015), BbICTYIUIEHUS W JOKJIAAbl MPOIUIH MIHUPOKYIO
anpoOanuio. PesynbraTel HcCleAOBaHUS OOCYXJANUCh Ha PECIyOJMKaHCKOM
ceMuHape 1o nauddepeHnranbHbIM ypaBHEeHUIM « COBpeMEHHbIE TPOOIEMbI
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Teopun nuddepeHInanbHbIX YpaBHEHUH B YaCTHBIX IPOU3BOIHBIX» HCTHUTYTA
Maremaruku npu HarmonansHom Yuupepcurtere Y30ekucrana (Tamrkent, 2006-
2011), na cemunape «CoBpeMeHHbIE TTPOOIEMbl BHIYUCIUTEILHON MaTEeMATUKU U
Marematuiecko ¢puzukm» npu HannonansHoM YHuBepcuTeTe Y30eKucTana
(Tamkent, 2010-2011).

Ony0JMKOBaHHOCTH pe3yJIbTATOB HccjegoBanusi. [lo Tteme aguccepranuu
onmyOnuKkoBaHO 45 HaydHbIX palOOT, M3 HUX 13 BXOIUT B MEpeYEHb HAYYHBIX
U3JIaHUM, TPeUIOKeHHBIX BpIcmieil arrecTallmoHHOW Komuccued PecrnyOnuku
V30ekucTan A 3alUThl JOKTOPCKUX JUCCEpTaldid, B TOM 4YHUCIE€ W3 HHUX 7
OmyOJIMKOBaHbI B 3apyOeKHBIX KypHallax MU 6 B pECIyONMKAHCKUX HAay4YHBIX
U3JIAHUSX.

CrpykTypa m o0bemM auccepramum. Juccepranus COCTOUT M3 BBEICHHS,
4eThIpEX TIJIaB, 3aKIIOUEHUS, CIUCKAa HCIONb30BaHHON muTeparypbl. O0beM
JIYCCepTalMM cocTaBisieT 186 cTpaHuil.

OCHOBHOE COAEPKAHUE JUCCEPTAIIUU

Bo BBegeHMH O0OOCHOBBIBAIOTCS AaKTyalbHOCTh M BOCTPEOOBAHHOCTH TEMBbI
IUCCEpTallMM, B  COOTBETCTBUM C  HMCCICHOBAaHUSAMU B  IPUOPUTETHBIX
HAMpPaBICHUSAX Pa3BUTH HAyKd U TexHoioruil PecmyOmukum Y3Oekucran, maércs
0030p MEXAYHapOAHBIX HAy4yHBIX HCCIEJOBAHUNA IO TeMe JAHucCcepTaluH,
pacKpbIBalOTCA  CTENEHb HM3YyYEHHOCTH NpoOJeMbl M CBA3b C HAy4YHBIM
HalpaBJIeHUEM HWHCTUTYTa, (POPMYJIUPYIOTCS LEIU W 3a7ayd, a TaKkke OOBEKT W
IIPpEAMET HCCIIEIOBAaHMS, HW3JaraloTCsl Hay4dHAas HOBU3HA W IPAKTHYECKHE
pe3yibTaThl  UCCIENOBaHUS, OOOCHOBBIBAETCS JOCTOBEPHOCTb  MOJIYUYEHHBIX
PE3yJbTaTOB, PACKpPBIBACTCS €€ TEOpPEeTHYECKas M INPAKTUYECKas 3HAYUMOCTD,
IIPUBEICH COMCOK BHEAPEHUM B IPAKTUKY pPE3YJbTAaTOB HCCIECIOBAHHUS U
ONMyOJMKOBAaHHBIX pPa0OT, MJarOTCs CBeleHuss 00 anpoOauuyd TMONTYYEHHBIX
pPE3YNIBTATOB U CTPYKTYPE AUCCEPTALIUM.

IlepBas rmaBa nuccepraunu, Ha3BaHHas «IlocTpoeHne QyHIaMEHTAJBHBIX
pelieHuil  1JA YPABHEHHH  TpeTbero  MNOPSAAKAa ¢  KPAaTHBIMH
XapaKTepUCTUKAMM», TIOCBALIEHA TOCTPOCHHIO (DYHIAMEHTAIbHBIX PEIIECHUN.

HMuddepenunanbable ypaBHEHUS! B YaCTHBIX TPOU3BOIHBIX TPETHETO MOpsIIKa
paccMaTpUBarOTCs IPU PELICHUH 3a/1a4 TEOPUU HEIIMHEHHON aKyCTUKU U B
TMAPOJIMHAMHUYECKON TEOPUH KOCMHUUYECKOM IIIa3Mbl, a TAKXKE 3a7a4
MOJIETMPOBAHUS (PUIIBTPALIUU KUJKOCTH B IOPUCTHIX Cpeaax.

Jns u3ydeHus BOJH MaJIOW, HO KOHEYHOW aMIUIUTYAbl B JAUCIEPCUOHHBIX
cpemax B KauyeCTBE MOJEIBHOIO YPAaBHEHMS 4YacTO MCIOJIB3YIOT YPaBHEHUE
Kopresero - ne ®pusa

uuuuconst++==%BB(1)
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B nunelinom ciydae Teopust ypaBHeHul (1) pazpaboTaHa u pa3BuTa B Tpyaax
L.Cattabriga, L.Radino, T./I.Jl>)xypaeBa, C.A6quHa3zapoBa u ux yuyeHukoB. Hacto
JIOBOJIBHO Pe3KHe U3MEHEHUS TapaMeTPOB IMOTOKA MPOUCXOIAT B Y3KUX 0OIACTSIX,
OTHOCSIIIIMXCS K YIapHBIM BOJIHaM. | paeHThl TapaMeTpoB MOTOKA B
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ATy 00JIaCTh MOTYT OBITh HACTOJIBKO 3HAYMTEIbHBIMU, YTO HAPSY C HEIUHEHHBIM
XapaKkTepOM JIBIDKEHUSI CTAHOBUTCS HEOOXOAMMBIM YUYUTHIBATH BIHSIHHE BSI3KOCTH
U TEIUIONPOBONHOCTH. Takue TeyeHUs Ha3bIBAIOTCS KOPOTKUMHU BoidHamu. K
TEOPUU KOPOTKUX BOJIH OTHOCHUTCSI TEOpHUs TPAHC3BYKOBBIX TeueHuid. Crenyer
OTMETHUTh, YTO B MOCJEIHEE BpEMsi B JIUTEpAType STO ypaBHEHHUE Bce Ooubliie
HA3BIBAIOT BSI3KUM TPAHC3BYKOBBIM ypaBHEHHEM, Wi Mpocto BT-ypaBHeHHEM.

OcTaHOBHMCS Ha ypaBHEHU JJis OOIIETO ciydast
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HauaTel uccrneaoBanneM B paborax H. Block m E. Del Vecchio. H. Block
pa3zpaboran crnocod MmocTpoeHus (PyHIAMEHTATbHOTO PEIICHUS C TOMOIIBIO
CYTIEPTIO3HIIMH CIIeIIMAIBHO MOIOOPAHHBIX AIIEMEHTAPHBIX PEIICHUNA M, UCTIONb3YS
npeoOpa3zoBanusd Dypbe, MOCTPOMI pEIICHHE TUla HUCTOoYHUKa. B pabore L.
Cattabriga 3Tu pe3ynbTarsl ObUTH 0000IICHBI 71 ypaBHEHUS (2) B cliydae p n q =
+ =2 1, 2.IloctpoeHnbie GyHIaMEHTAIBHBIC PEIICHUS TIPH 72 =1 UMEIOT BH/I
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Taxxe nnst GyHIaMEHTANBHBIX PEIICHUHN ObUIH MOTYYEHBI CIEAYIOIINE
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B nocnennee Bpems ToOMBWICS psAJ  padOT, B KOTOPBIX HCCIEAYIOTCS
KOPPEKTHBIE KpaeBble 3aJayd ISl YPaBHEHUU TPETHEro MOpPSAKAa C KpPaTHbIMH
XapaKTEepPUCTUKAMHU, COACPKAIIKUX BTOPYIO MPOU3BOAHYIO TT0 BpeMeHHu. O030p 3TUxX
UCClIeIoBaHU MOXKHO HailTu B paborax L. Cattabriga, L.Rodino, T./I.Jl>xypaeBa,
A.A.Jle3una, B.H.[luecnepona, O.C.PsixoBa, FO.B. 3acopuna u C.AGauHazaposa.

W3y4yeHue ypaBHEHUU TpPETHETO MOPSAKA C KPaTHbIMU XapaKTEpPHUCTUKAMHU,
CoZiepalluX BTOPYIO MPOHM3BOIHYIO MO BPEMEHH, B HaIlEH pecrmyOnnKe Hayanaoch
B CeMHUJECAThIe ToAbl XX cTojieTus W pasBuBaioch B pabdorax T.J.J>xypaesa,
C.AbnuHazapoBa U UX y4eHHKOB. OTMETUM, UTO B 3THUX paboTax KpaeBble 3aJaqyu
MCCJIEIOBaHbl METOJIOM TMOTEHIMAJIOB, C HCIOJNb30BaHUEM  (YHIaMEHTAIbHBIX
peuenuii (3).

Ecnu oOparum BHMMaHME Ha (yHIaMEHTalbHblE pemieHus (3), TO yBUIAUM,
YTO OHU COJEPKAT TPOMO3JIKME TBOMHBIE HECOOCTBEHHBIE UHTETPAJIbI, M TOTJA TIPU
UCCJIEIOBAHUSIX  BO3HUKAIOT  CYILIECTBEHHbIE  TPYJHOCTH, CBS3aHHBIE C
BBIYMCIICHHEM KpaTHBIX HWHTErpajioB. IloBeneHue B pas3HbIX KOHI[AX OCH X-OB
pasHoe. Kpome Toro, u3-3a mpou3BOJIbHON KOHCTAHTHI B MPEACTaBICHUU (HOPMYI
BO3HUKAET Macca Hey100CTB.

EcTtecTBEHHO, BO3HHKaeT BOIIPOC: MOXHO JIM TOCTPOUTH HOBOE, YI0OHOE
npeacTaBieHue uisl  (opmyn, TMO3BOJSAIOIIMX YETKO U JIETKO IMPOBECTH
KaueCTBCHHbIN aHanu3 perieHus? YToObl MONYy4YUTh HOBOE MPEACTABICHUE IS



(byHIaMEHTaIBHOTO PEUICHHS, HaJI0 UCIIOIb30BaTh IPYTON METO/ MOCTPOCHUS.

B  nmumccepraumu = MeTrogoM — momoOus, T..  METOAOM  IOCTPOCHHS
aBTOMOJICNIbHBIX PEIICHUM, TMOJYyYeHO HOBOE MpejAcTaBieHue (yHIaMEHTaIbLHOTO
pEelIeHUs] ypaBHEHUS TPEThEro TMOpsAaKa C KpaTHbIMH XapaKTEpUCTUKAMHU,
COJIEPIKAILIETO BTOPYIO MPOU3BOIHYIO 110 BPEMEHHU.

B nepBom naparpade nepBoii raBsl cTposITcs GyHIaMEHTaIbHbIE PEIICHUS
ypaBHEHUS
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Ot10 cTanaapTHasa (popma BBIPOKIEHHOTO THIEPreOMETPUYECKOIO YPaBHEHHUS.
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Bo BTOpOoM naparpade rnepBoii maBbl, ¢ IOMOIIBIO U3BECTHOM OLIEHKU
BBIPOXKJACHHBIX TUIIEPreOMETPUYECKUX (PYHKIIUI, a TaKkKe POpPMYJIbI
muddepeHunpoBaHus, OJTYUYEHBI CIAEAYIOIINE OLEHKH:
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(yHIaMEHTAIBHOTO PEIICHHS
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Jlns pyskuuu V(x, y;&,n)MMEIOTCS aHAJOTMYHBIC OLICHKU NIPU ¢ — —. B TpeTheM
naparpade rnepBoi maBbl H3yY€Hbl HEKOTOPbIE CBOMCTBA (PyHIaMEHTAIbHOIO
pelIeHus1, KOTopble HEOOXOAUMBI IPHU PELIEHUU KPAeBbIX 3a/1ad.

Teopema 1. IMeroT MecTo clieayroniie npeaeiabHbie papenctsa: 3 9 1
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B getBepTrom maparpade nepBoil miaBbl YCTaHOBJIEHO, YTO (hyHIaMEHTaIbHBIC
petieHusi, moctpoeHHsle B pabore L.Cattabriga, ymoBiaeTBOpstOT ypaBHEeHUIO (4)
TOJIKO TIPH OTIPENICTICHHBIX 3HAYCHUAX KOHCTAHT. OICHKN PeIIeHUs, TIOTyYSHHOTO

B OTOW paboTe acCHUMNOTOTHYECKHM METOAOM, TpH [ — +®OTINYAITCS OT
M3BECTHOM OIICHKH BBIPOXKICHHOM TUMIEPTEOMETPUIECKON (PYHKITHH.
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Bropas mmaBa nuccepranuu, Ha3BaHHas «llpumenHenue Merona ®ypbe B
3aga4ax IS YPABHEHUI TpeTbero NOPAAKA c KPaTHBIMH
XapaKTePpUCTUKAMM», TOCBSIIEHA NMPUMEHEHUI0O Metofa Dypbe MpHU pPEIICHUU
KpaeBbIX 3a1a4y. HackonbkO HaM M3BECTHO, KOPPEKTHBIE KpPAeBBIE 3aJadd JUIs
YpPaBHEHUH TPETHETO MOPSAKA C KPATHBIMU XapaKTEPUCTUKAMU MeToioM Dyphe HE
UCCIIEOBAHBI.

B mnHacrosimeit guccepranroHHOM pabore mpu momomu MeTtoga Dypwe
HCCIIEIOBAHbl KPAeBbIE 3aJlay JJisl YPABHEHUU TPETHEro MOpPsAKa C KpPaTHBIMHU
XapaKTEPUCTUKAMU, COJEPKAIIUX BTOPhIE MPOU3BOHBIE IO BPEMEHU U UMEIOIIIETO
BBIPOXKJEHUSI TEepBOro poja. Jlaercss MONMHOE ONUWCAHUE QJITOpUTMa METOAA.
Crpoutcsi koHCTpyKTHMBHasi Teopusi Merona Dypbe. PazpaboraHHbIl crocob
MPUMEHSIETCS MPU PEIICHUH KPAeBbIX 3a/1a4 IEPBOT0, BTOPOrO, TPETHETO POAOB.

B nepBom naparpade Bropoi maBbl B IpIMOYrojibHOM o0nactu Dxyxp y [
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3a0auad,. Haiitu pemenue ypapaenus (4) B obnactu Dus knacca () ( )
221CDCD
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M, yIOBJIETBOPSIOLLEE CIAEAYIOIINUM KPAEBBIM YCIOBUAM
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Teopema 4. 3anaua, 1,2 A i /=He MOXET UMETh 00JIeE€ OHOTO PEIICHHUS.
Teopema 4 nokazaHa METOIOM MHTETPAJIOB YHEPTHUH.

Petienue 3agaun 4,11OoCTpOUM B BUJIE psija
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Teopema 5. Eemu () [ ]
;WPy ClE O, npuuem 2

OOOO0,,;, wypyww====[]""i=1,2,3,T0 pericHne 3a1a4u
A,cyniecTByeT U mpenacrasisgercs psjaom (7).
3amava 4,MccleyeTcs TaK ke, Kak U 3aj1a4a A4,.
BTtopoii naparpad BTopo# r1aBbl MOCBSIIEH UCCIECTOBAHUIO KOPPEKTHBIX
KpaeBbIX 3aJ1a4 /il ypaBHEHUS (4) B 00macTax
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3adauaB,. Haiitn pemenne ypasuenus (4) B oomactu * Dus kmacca () ()
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Yy ClEO, - 3ananublii QyHKITUS.
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3adauaB,. Haiitn pemenne ypasuenus (4) B o6nact D us xacca () ()
PHCDCD sy s
"N U T, umeroriiee orpaHiYCHHBIC TIEPBYIO U BTOPYIO

MPOM3BOAHBIE TIO XIIPH X — —% H YJOBIETBOPAIOIIEE KPACBBIM YCIOBUAM TPH —
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°0,,2,3,;Wy Cli€ = -3anannble QyHKIUH.
Teopema 6. 3agaun B\u B,He MOTYT UMETh Oosiee OMHOTO penieHus. Pemenue
3aJa4M B, UMeeT BU/I
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Teopema 7. Eciu dynxun () [ ]
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cylecTByeT U npeacrasusiercd psaaamu (9) u (10) coorBerctBenHo. Tpetuit

naparpad BTOpOH T71aBbI MOCBSIICH UCCICIOBAHUIO TPEThEH KPaeBOW 3a/1a4d B
KOHEYHBIX U OECKOHEUHBIX 00JIaCTsIX.
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Teopema 8. Ecnmn OIHOTO pemieHus. uMeTh Oonee
ap yo < =0, 0,to 3agaya E,He MOXKET

Pemenue 3anaun Eumem B Buge u x y Xx Yy (,) () () =.
Torna nns Haxoxaenus Gpynkuuu Y('y ) npuxoaum k 3aaade tuna Illtypma

JInyBWILIS: HANTHU T€ 3HAYEHUS 3anan.
rapameTpa HETPUBUAIBHOE PEIICHUE A, TIpH KOTOPBIX CYIIECTBYET

YYYYYIVI" +=+=+=)aBy50,000,0.()()()()
Pemag 9Ty 3aJa4y, HaXO04uM CO6CTB€HHBI€ 3HAYCHUS B BUC ( )2

A& =t {\},

KOTOpBIE 00Pa3yIOT BO3PACTAIONIYIO MOCIIEA0BATEIHLHOCTb.

CoOTBETCTBYIOIME COOCTBEHHBIE (BYHKIMH UMEIOT BUI Y VYV A ,0pwn()

— 0 AN B A A sin cos \ , U I0KAa3aHO, YTO CHCTEMA COOCTBEHHBIX .
( ) byHKIHI

oproroHansHa B cermente [0,1].
Pemienue 3a1a4u £ HaX0UM B BHIE
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Teopema 9. Ecnu dynximu [ ]
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Teopema 10. Eciu [ ] ’ '

()0,,7,89 Wy Cli€ = mpuuem AWPBW(000,)+=()
()()0,7,.89,,,ypdy i+ =="T10 pemenue 3anau E,, E;CylecTByeT u
npeactasisiercs B Bujae ¢popmyin (13), (14) cOOTBETCTBEHHO.

YerBepThiii maparpad BTOPOH TIIaBbl TIOCBSIIECH UCCIETOBAHUIO KPACBBIX
3a/1a4 JiJIsl ypaBHEHUS, HIMEIOIIEro BEIPOKICHHE 1epBoro poga. B obmactu D x y x

yl{(bzoﬂl)}

*= < <jis ypaBHEHUS
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3anaua, ," Bucciienyercst Tak e, Kak v 3aja4a " B .

B Tperbenn maBe auccepraunu, Ha3BaHHOM «llocTpoeHue M mpuUMeHeHHe
¢yukuuu I'pyna B 3aja4ax AJid YyPaBHEHUH TPeThero MOPSAKA ¢ KPATHHLIMHU
XapaKTEePUCTUKAMM», KpaeBble 3aJaud MCCIEAYKOTCA C  HUCIOJIb30BAHUEM
(byHIaMEHTaNbHOTO PeUIeHHs U MoCTpoeHueM (yHKIuu [ puna.

B nmepBoM naparpade TpeTheit riaBbl, HCTIONb3YS METO OTPAXKECHHUS,
NOCTPOEHO PEIICHUE NIEPBOM KPAeBOU 3a/1a4H.
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Torna equHCTBEHHOE penienue 3anaun B, umeet sua (30), tae gpynxuus [puna G x
y(,;,¢&n onpenenserca Gpopmymnoii (29).
B TpetbeM maparpade TpeTheil IIaBbl, C MOMOIIbIO HOCTPOEHHHS (yHKIHHU

[puHa B mpsMOYroibHON 00JaCTH, WCCIENOBAHBI TEpBas M BTOpas KpaeBble
3a/1a4u.
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I/ITaK, MbI ITOJIYUHWJIM PCIICHUC 3ada9n A31 B ABHOM BHJC, B OTIIMYHC OT APYTHUX
3a1a4, B KOTOPBIX PCHICHUC 3a a9 A31CBOI[I/IJ'IOCI> K HHTCTPAJIbHBIM YPABHCHUSAM.
Takum 06p330M, HaMH JOKa3aHa CJIICAYHoIasA TCopeMa.
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3agaua, As,ccileIyeTCs TaK XKe, Kak U 3aj1ada A;,.

Teopus ypaBHEHHMI CMEIIAHHOTO THIMA, OCHOBOIIOJOKHUKOM KOTOpPOM
ABISCTCA  WTaANbsSHCKAM  mareMaruk @.Tpukomu, B HacTosuiee BpeMs
MpEBpATUIaCh B OJMH W3 MHTEHCUBHO PAa3BHUBAIOIIMXCS PA3IEIOB COBPEMEHHOMN
Teopur U PepeHInanbHbIX YPaBHEHUH C YaCTHBIMU IPOU3BOIHBIMHU.

BriepBbie kpaeBble 3a/iauM ISl CMEIIAHHBIX JJUIMITHKO - TUNEPOOTMYECKUX
ypaBHEHUN B OCCKOHEYHBIX TPEXMEPHBIX 00JaCTSIX C MOMOIILI0 MPEeoOpa3oBaHUS
dypwe nccnenoBansl B pabore A.B.bumanse.

B nepBom naparpade uyeTBepTo# maBkl quccepranuu, Ha3BaHHOW «KpaeBble
3aa44 VIS YPABHEHH CMEIIAHHOI0 Mapa0o.J10 - runep0oJIn4ecKoro TuMa B

44
NMPOCTPAHCTBE)», UCCIEAO0BAH TPEXMEPHBINA aHAJIOT 3a/1a4u TPUKOMU C
HEXapaKTEPUCTUYECKUMU IIJIOCKOCTIMU U3MEHEHUS TUIIOB.
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Cnenys uaee A.B.buianse, perienue nocraBieHHON 3a/1a4u Oy/ieM UCKaTh B

KJ1acce (PyHKIMM, mpeacTaBUMbIX HHTErpajioM Dypbe.

Torpa 3agadya 75KBUBAJICHTHO CBEIETCS K IUIOCKO#H 3amaue’). EAMHCTBEHHOCTh

pelIeHus 3a1adn 7, I0Ka3bIBAeTCsl METOIOM TPUHITAIIA MaKCHMyMa.
CymiecTBoOBaHUE STMHCTBEHHOTO PEIIeHUs 3aaui T) SKBUBAICHTHBIM 00pa3oM
CBOJUTCS K MHTETPAIBHOMY YpaBHEHHIO Bonsreppa BTOpOTO poja, KOTOpoe B
ciydae 0 2, < <mm m => 2,2 TpeOyeT OTACIBHOTO HMCCIICIOBAHUA.

Bo BTOpoM naparpade yeTBepToii IaBkl UCCIEI0BaH TPEXMEPHBIIM aHaIoT
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3&1[3‘13 GI/ICCJ'ICI[yeTCH TaK JXC, KaK 1 3aJa4a T.

SAK/IIOYEHHUE

Huccepranmonnas paboTa MOCBAIIEHA PAa3BUTUIO TEOpUHU (yHIAMEHTATbHBIX
pELICHUN U TEOPHUM IOTEHUHAIA, ITOCTPOCHUID KOHCTPYKTUBHOW TEOPHUU METONA
dypre I ypaBHEHHM TPETHETO TMOPSAAKA C KPATHBIMM XapaKTEPUCTUKAMHU,
COIEpKAIIUX BTOPYI0 NPOU3BOAHYK) IO BPEMEHHU, a TaKXKE J0KA3aTEJIbCTBY
OJTHO3HAYHOW Pa3penIMMOCTH KpaeBbIX 3ajad I CMEIIaHHBIX Tmapadoyo -
runepOoIMYECKUX YPAaBHEHU B TPEXMEPHOM MTPOCTPAHCTBE.

OcHOBHBIE pe3ybTaThl UCCIECIOBAHUS COCTOSIT B CIEAYIOIIEM.

1. [TocTpoeHbl aHATUTUYECKKE U (PYyHIAMEHTAJIbHBIC PEIICHUs JJIs1 YpaBHCHUH
TPETBETO0 MOPSAKA C KPAaTHBIMM XapaKTEPUCTUKAMH, COJCPKAIIMX BTOPYIO
MIPOU3BOJIHYIO 110 BPEMEHH, C TIOMOIIBIO CIICIIMAIBHBIX (DYHKITUH.

2. BrniepBole pa3paboTaH aJrOpUTM pEIICHUS KpaeBbIX 3ajad MeToj oM Dypbe
JUISl YPAaBHEHUM TPETHETO MOPSAKA C KPATHBIMU XapaKTEPUCTUKAMU, COACPHKAIINX
BTOPYIO MPOU3BOJHYIO ITO BPEMEHH.

3. TlomHOCThIO OOOCHOBaHAa TEOPHS TMOTEHIMATIOB JJIsI YPaBHEHUM TPETHETO
MOPsJIKA C KPATHBIMHU XapaKTEPUCTUKAMU, COJACPIKALIUX BTOPYIO MTPOU3BOAHYIO IO
BPEMEHH.

4. Jlns ypaBHEHUW TPETHErO TMOPSAKA C KpaTHBIMU XapaKTepHUCTHUKAMH,
coJiepKallux BTOPYIO MPOU3BOJHYIO MO BPEMEHH, MOCTpOoeHbl PyHKiuu ['puHa K
PELICHUIO KPAEBBIX 3a/1a4.

5. IlpumeHeH anropuTM pemeHuss KpaeBbIXx 3amady meroaoM Dypwe s
BBIPOXKJAIOIINXCS YPAaBHEHUN TPETHETO MOPSAJIKA C KPATHBIMU XapaKTEPUCTUKAMM,
CoZiepKalIuX BTOPYIO MPOU3BOAHYIO IO BPEMEHHU.

6. /lokazana oqHO3HA4YHas pa3pelIMMOCTh 3afad Tpukomu u lemepcreara s
CMEINIaHHOTO Tapabojo - TUMEPOOTUYECKOTO YPaBHEHHS B TPEXMEPHOM
IIPOCTPAHCTBE.

7. YcTaHOBIEHbI HEOOXOIUMBIE U IOCTaTOYHBIE YCIOBUS MIPSIMOTO U 0OPaTHOTO
UWHTETpajJbHOro TmpeobOpazoBanus Dypbe Ajisi pelieHus KpaeBbIX 3a7ad B
TPEXMEPHOM ITPOCTPAHCTBE.
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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/umn;
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 1s 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
A .M. 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

uuuuconst++==%BB (1)
0, 0.
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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
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Studying this equation when p g = = 3, 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 n = + 2 1, ¢ = 2. For n =1,
constructed fundamental solutions have the form of
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Also for the fundamental solutions the following estimates were obtained: +
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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: i1s 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

[]32

uulLu
Xy
00
320
.(4
59 @
In equation (4) by introducing a new variable on the formula >’ ¢ xy~
=and
denoting u c t'= ¢ ( ), we have
‘0o
-—=49)(109)0.¢¢
by replacing 43
GGttt Zt==,weobtain
OOy
§8ZZZ"'+--=[1(43760) ()]
This is the standard form of a degenerate hypergeometric equation.
Linearly independent solutions of the equation (5) have the form Z ¢
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where W ®© (,;),(,;)abxabx - are degenerate hypergeometric
functions. Then fundamental solutions of the equation (4) have the

form
11
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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 s s
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There are similar estimates for the function V(x, y;&,n)at ¢ » —<°. 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
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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 1 — +efrom 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 domainD x y x p = < < << {( ,:0,0y1) }: ProblemA,.

To find a solution of the equation (4) in the domainDfrom the class () ( )
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ProblemA,. To find a solution of the equation (4) in the domain Dfrom the

class () ()
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Theorem 4. Problem, 1,2 A i /=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
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OOO)OH0,,;wwyywyw====[]""i=1,2,3,then the solution of Problem
A,exists and is represented by the series (7).
Problem 4,is investigated similar to Problem 4,.
The second paragraph of the second chapter is devoted to study of correct
boundary value problems for the equation (4) in domains
‘=<<w<< Dxyxyl{(,:0,0)}
Dxyxyl{(,:0,0)} = oo<<<<.

ProblemB,. Find a solution of the equation (4) in the domain * Dfrom the class

() ()
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**NUT , having bounded second derivative forx at

x — +wand satisfying the boundary conditions
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ProblemB,. To find a solution of the equation (4) in the domain D from the

class( ) ()
3,22,1 CD Cnyxy,,z
“"NUT , having bounded first and second derivatives

for xat x — —o and satisfying the boundary conditions at = < <x 0(8) and u y
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Theorem 6. Problems B,and B,can not have more than one solution.
The solution of Problem B have the form
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Theorem 7. If functions ( ) [ ]
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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.

ProblemE,. Find a solution of the equation (4) in the domain Dfrom the class(

) ()
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ProblemE,. Find a solution of the equation (4) in the domain D*from the

class( ) ()

3,22,1CD CD

xyxy,,1
"N UT , having bounded second derivative forx at

x — +eand satisfy boundary conditions (11),

anYahmahmaoaOyl()7()()x()
===<X
WYyuxyuxy

XX

>+ _, 40

ProblemE,. Find a solution of the equation (4) in the domainD ™ from the

class( ) ()
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"N UT , having bounded first and second derivatives for

xat x — —and satisfy boundary conditions (11),
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Theorem 8. If ap yd < 20, 0,then Problem E,can not
solution. have more than one

We look for a solution of Problem E|in the formof uxy Xx Yy (,) () () =.
Then to find the function Y y( ), we come to the problem of the Sturm

Liouville type: to find the values of the problem:. .
parameter nontrivial solution of the A for which there exists a
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Solving this problem, we find the eigenvalues in the form ( )

AN =1,{\}
form an increasing sequence.
Corresponding Eigenfunctions have the form

Yyyy A, ()
Eigen

- (G A B A A sin cos ) , and it is proved that the system of

functions is orthogonal in the segment [0,1].

We look for a solution of Problem E|in the following form «
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Problem E exists and has the form of the series (12).
We present the solution of Problem E,in the form of
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Theorem 10. If [ ]

()0,,7.89,yy Cli €=, morcover ay By ,,(000,) += ()
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()()o0,7,89,,,yw dy [ i+ = = "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 [ J*2
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"N UT , having bounded second derivative forxat x — +o

satisfying the following boundary conditions wxux(,0,10)==(),(16) uy

)= ()an

UXYUXY
==,(18)

XX

-+ _, 4o

where* @ () [0,1] y CE - are given function.

Problem ;"B . Find a solution of the equation (15) inD,*from the class ( ) ()
22l CD CD xyxy,1,11

having bounded second derivative for and satisfyin

h .. 17). (1
the boundary conditions (17), (18) and uxux,,(,0,10,)==( )where ()

[0,1] y CE€ - are given function. Theorem 11. Problem ,” Bcan not have more than
one solution.
We look for a solution of the stated problem in the form of

uxyZxYy(,)()()=.
Then we obtain the following system of ordinary differential equations for the

equation (15):
ZxxZxYyYy""+=+=ANAN(19)

()()o.00)()

where number.
A > 0Ois arbitrary

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

<)

=Z (20)

uxyZxkyt
() sins
where | 15533() () () () ZxcFxcFx
CEX =+ . py(01)==()

Theorem 12. If functions * @ () [0,1] y
Ce , and moreover

mnn

===y (010) (), then the solution of Problem ," Bexists and has the form
of the series (20).

Problem ," Bis 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.
ProblemK,. Find a solution of the equation (7) in the domain Dfrom the class

()

3,22,1 CD Cnyxy,,
Nsatisfying the boundary conditions:

<<¢0.,0)().@Duyyupy

uxxuxlxxp(,0,(,),0=

yupyyyl===ssyyy
123(0a)()’(>)()>(’)()90x
where 0,,1,2,wye=Clj,()[]

b.(xCabi)E=],, 12, ]and functions () ;yy €CI0, -
2

[]

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 U ( x y, )satisfying the equation (4) and
condition (21) in D.

To solve the auxiliary problem, the functions

0o

ZxyUxmlyUxmly,;, 25, 2:,,6nenen=+--11]()

OOy

m

=—00 00

(22)
TxynymlUxmlyx,;,,2;,,2;,,O§r]§r]§r]§=+———<H[J()
OO
" constructed.
are e

Theorem 14. Functions Zxy (,;,&n )and Txy (,;, & n )are periodical with
respect to the argument ywith the period 2/, i.e.

ZxylZxy(,2;,,5,+=§ngn) (). TxyiTxy(,25,,;5,
+=¢&N&n) (). The solution of Problem K has the form of
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79;907;7‘

UEOEEEIELxy ZaydZayld==t [ oo
OO0L000
22

00
We look for a solution of Problem K,in the form of

du(xyuxyxy,,,)==()()
where u x y (, )is the solution of Problem K|, U ( x y, )has the form of (23).

Then we obtain the 9 ( Xy, );
following problem for
DEVEVEY)
——
05 ,O 9 O’
()()
07 2999 °
yypyypyy

()00 000)

The problem (24) can be solved as Problem 4,in the paragraph 1.1.

Defining the function uxyxyxy(,,,)=+9u() ()25
3 ( xy, ), we obtain:
where of (12) and (23), respectively.

9 (xy,)and vxy (, )have the form
The following theorem has been proved
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Theorem 15.1f () [] functions () []°0,,1,2,wyCli€=,
¢j(xcpj)€=[039192]aand
Wy CIEO,,yywywy,,;;(000,)====(11) ()()i=1,2,3, thenthe

solution of
2

Problem K, exists and is represented in the form of (25).
In the second paragraph of the third chapter, in the domain Dxyxyl.=—
<<+ <<{(,:,0) }or the equation
32

uuLugxy

00



[10)

32>

d 9 (26)
Xy
the following problem is studied.
ProblemB, . Find a solution of the equation (26) inD.from the class () ()
¥2ACDCD,,,, 3-.-.NUT, with the bounded first derivative with respect toxat
x — —o_ and the seconds derivative at x—» =*°and satisfying the following
boundary conditions
uxxuxlx(,O,,)==¢¢12()()(),(27) hmahm>0()x()
UXyuUxy
==,(29)

XX

400 4o

where () ()
1,12, 0xCi€-0+0=gxyCDD(,,)EUINT =0~ (wns;)is the
boundary ofD.., moreover, matching conditions is performed
lim1im 0, 1,2 ,,( ) ()

dPxxi

XX

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 L 20)00=+--11Y [ 129
GxyUxmlyUxmlyEn€nén(.:,.2

=—o00

A solution of Problem B, has the form of

I]

+00 +00

uxyGxydGxyld,,; 0,;,

mGPEEEPEL]

- 2 ()0
ff ¢ngnégn



Lemma 2. Let the functions following
¢l~( x)andgxy ( 5 )atx — ohave the

representations:
13) 152777’9
32ixxigxyx°B¢GB"””=O=>=O>| l |UU(31)
O0)O0)
homogeneous with respect to y. Then for anyx, € —~ + ( , ), the equalities
qzalim,(ozo)()
(010)()yuxyx(|) q=,h01d.
. ‘”1’2,,i¢xCigxyCD€—°°+°°=€
(1)1m, Ul ., and
yuxyx ¢
Theorem 17. Let () () () () limlimo0, 1,2 ,,( ) ()
', and the conditions (31) are also fulfilled. Then ¢ ¢ x x i
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the unique solution of Problem B, has the form of (30), where the Green function
Gxy(,;,&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

class( ) ()

220D CD

XYXxXy,,

Nsatisfying the boundary conditions:

the

uxxuxz‘x(’()”)::q)q)lZ()()()707<<xp(32)
uyyupyyupyy(0,,,,.)===pwy () ()().()()0, <<y
133)d(xCpi)e=[0,,12,]w yClj)E=]0,,13]1()()
0,2
gxyCDE
where 55 XY
moreover, the following matching
conditions:
ORURORUNORUNORT
00,0,0,0,
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00000000

1 (34)
dbpoy
p l]_? l_g_x_gx [
, 5,0, 0.
000000
Problemh., Find a solution of the equation (26) in the domain D from the
class () () ()

3221

uxyCDCDE€E msatisfying the boundary conditions (33) and

XYXY

uxxuxlxyy(,O,,,)==¢¢34()()()O<<xp
0,,34,0,,13,,,,,0wxCpiyE=€=€CljgxyCD.
0,2

where () [1()[1() ()

Theorem 18. Problem A4,,cannot have more than one solution.

I

The solution of the problem4;,is given in the form
11

2,,,,,,0,
uxyGxypdGxyd
nynnnynn
O0O0O00)
g6 &8 )
1]
Ip .
GxypdGxyld
o nynngegs
(OO0

&n



NS

00

GxydGxygdd
7”03797'

cogceEngngn
()OO )

1 D
So, we obtain the solution of Problem A;,explicitly, unlike other problems, in
which the solution of Problem 45, was reduced to integral equations. Thus, we have
proved the following theorem

Theorem 19. Let vy
oy, (xCpiy)e=€=0,,1,2,0,,13](

0,2

)Cli[1.()()gxyCDeE,

and conditions (34) are also valid. Then solution of Problem A5, has the form of
(35), where the Green function Gxy (, ;, ¢ n)is defined by the formula (29).
Problem A;,1s investigated as well as Problem 4.

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 Qbe an infinite koreunast prismatic domain of the three-dimensional
Euclid space of variablesxy z, , .

For the equation

e

UUUxxyzz
il’l,+

:{l——+Q>l(36)



0
in, 0,

UxUUm
()()
XX yy zz

consider the following
ProblemT . Find a regular solution Ux y z ( , , )of the equation (36) in

domains *Qand ~ Qwith the following properties:

i+-+-e(mQuuQquuQHlJ
'""UxyzCCICIC,,,

Uy

b () ( ) () () () 2) it satisfies the boundary conditions:
zxh z
=Pp<<=

Y
d<<
12’90;3301;

S§S

()0)

UyzyUxyzUxyz

,,012; lim,,lim,, 0;

()OO

Sz
5 z

oo oEXZ

3) it satisfies the adhesion conditions:
UyzUyz
—_ = +
O’ b O) 929

a
()()
UyzyUyzyUyzPyz
-=++++
O”O”O””
B
OOO000
=€ =
constyzIPyz
,,,1lim, 0.

()()

o

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 7is equivalently reduced to the plane problem 7). Uniqueness
of the solution for Problem 7)is proved by the maximum principle. Existence of
the unique solution for Problem 7,is equivalently reduced to the Volterra integral
equation of the second kind, which requires a separate investigation for the cases 0
2, <<mm=2,m>2.

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

Let “Qbe an infinite cylindrical domain of a three-dimensional Euclid space
of variablesx y z, , .

For the equation
-0
UUUin

59
Xxzzy
*

1

=l—-——=4++Q=>

()() xxzyyk
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the following problems are studied.

k

ProblemG . Find a regular solution of the equation (37) in domains , Q (
=1 ,3)with the following properties:

EQOQUUUQUUQUOH[JnyzCCIICICIk

**111

YO000

1122132
NQUQUQ=
Ck
. , 1,3;

()

123

2) for —e0 < < +oo z it satisfies the boundary conditions:

UyzyhiUyzx

=¢SS==LIJS 7909]"29970)
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Problem Gis investigated as well as Problem 7.
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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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