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KHUPHUI (JokTOpJHK qHCCEPTANMICH AHHOTAI[HUSICH)

Juccepraumns MaB3yCHHUHT J10J13ap0,uru Ba 3apypartu. JKaxonna onub
Oopunaérran kymia®d WIMHM-amManuid — TaIKUKOTIAp akcapusT XoJjulapia
TeOpaHyBUYaH UHTETPAJUTAPHUHT TEKUC 0aXOCUHM TAIKUK KUJIUIITa 0JIU0 KeTUHAIH.
by anb6arta, ymly maB3y OVitnua MaBxxy] OYJraH KeHI' KaMpOBIH afabuétiapaa y3
AKCMHM Tomrad. XX AaCpHHMHI  OJTMUIIMHYMA WWUIAPUAA  KUPUTHITAH
TPUTOHOMETPUK WUFUHAWIAD YCyIW Xamaa Oy WUFHMHIWJIAPHUHT aCHUMITOTHK
XapaKTEPUHU TPUTOHOMETPUK MHTErpauiap opkKaiu uMdojanaHuIId TeOpaHyBUYaH
WHTErpajulap Ha3apUSCHHUHT pUBOKIAHMUIIATA acoc Oymmu. TebOpaHyBuaH
UHTETPAJUIADHUHT sTHA OUp MYyXHUM KUXaTjaapuiaH OUpHU YJIapHUHT aHAJIUTHK
COHJIAp Hazapusicura TaTOMFU XHcoOmaHagu. byHmall WHTerpaiapHHUHT
XapaKTEepUHU TaJKUK STUIIHUHT MKKU >KUXATH MaBxXKyna OYynuO, ymapaaH Oupu
TPUTOHOMETPUK MUFUHMIAp OnjiaH, OOIIKACH TPUTOHOMETPUK UHTETpaljIap OuiaH
oornmuk. TeOpaHyBYaH WHTErpAJUIAPHUHT XapaKTePUHU TAIKUK KWJIHUINTa OWJT
TaJKUKOTIIAPHU PUBOKIAHTUPUIL MyXUM Basudanapaan Oupu 6Yiaubd KoIMOKIA.

Kaxonma ¢ynmamentan (aHIapHUHT aMaldid TaTOMKWra osra Oyiran
MaTEeMaTUK aHAIM3HUHT Joi3ap0 HyHaiunuiapura 3bTHOOp Ky4alTHUPHIIIH.
XKymnanan, teOpaHyBUaH MHTErPAUIADHUHT XapaKTEPUHHM YpraHullra aaoxuia
9pTHOOP  KapaTwinu. EBkimma  (pa3oCMHUHT  KaBapuK  TUIMEPCUPTIApHUIA
My’KaccamJlaHTaH CWUIMK bopen ymyoBnapuHuHr @ypbse aaMallTUPUILIAPUHU
TaAKUK KAJIUII —XaMmja runepcupTiapaa @Pypee  anMalITHPULUIAPUHUHT
yerapajaHTaHJIMK MyaMMOCH OYinya calIMOKJIM HaTHKallapra SpuIiiiau. Anredopa
Ba MaTeMaTHK aHalIW3, AUHAMUK THU3UMJIAp HA3apusCH, aMalluid MaTeMaTHKa Ba
MaTEeMaTUK MOJICIIAIITUPUII MaTeMaThKa (aHJIapUHUHT YCTUBOP WYHATUIILIAPH
Oyiinua Xankapo CTaHAapTiap Aapakacuja WIMHUNA TaJAKUKOTIap Oau0 Oopuil
acocwuii Bazudanap Ba paoauaT HyHATUIUTAPU STUO OCITUIIAHUIIN aMalTii-Ha3apui
KUXATIAAH MyXUM HWIMHIA TaJKUKOTIApAaH XUCOOIaHaIu.

PecnyOnukamMu3ia uaMuid Ba amanuid axamusitra sra OyiraH (yHaameHTal
dannapra karra 3pTHOOpP OCPUIMOKIA, XyCyCaH, TApMOHUK aHAIM3 Ha3apHUsCH
MacajaJlapuHy PUBOXKIIAHTUPUIITa ajoxXuja ybTuOop Oepuimokaa. “Anredpa Ba
YHUHT TaTOuKmapu, auddepeHnran TeHTIamanap Ba YIApPHUHT TaTOUKJIAPH,
YU3UKCU3 TU3UMIIAP, JUHAMUK TU3UMIIAP Ba YJIAPHUHT TaTOMKJIAPUHU MaTeMaTHK
MOJEJUIAIITUPUIL, CTOXACTUK TaXJINII, THOOUI-0nonoruk nHdopmaTuka, Xxucooai
MaTeMaTHKacu'”  (aHIapMHMHT yCTYBOp HYyHalIuIuIapy OyiiMua Xalkapo
CTaHJapTiap Japakacuja WIMUH TagKUKOTIap oyu0 Oopulll MaTemMaTHKa
danuHUHT acocuit Bazudanapu Ba GaoauaT HyHamunuIapu 3Tu6 Oenrunanau. by
Kapop WXXPOCHMHU TabMHUHJAIINA TAPMOHUK aHAIM3 MacallaJJapUHUHT CHEKTpal
HA3apUACUHHA PUBOMIIAHTUPULI MYXUM MIIMHUHN aXaMHTIa 3ra XucoOJIaHaIu.

V36exucron PecryGmukacu Ipesunentuaunr 2017 iiun 7 despangaru I1D-
4947-con  «V36ekucTon PecnyONMKACHHM sSHAAa PUBONJIAHTHPHII OYifnya

1 ¥36exucron Pecry6mukacu Ipesunentunnnr 2019 i 9 monnarn I1K-4387-con “MareMaTika TabInMH Ba
(annapuHM  SHATA PUBOXKIAHTHPMIIHM JaBJAaT TOMOHMIAH KyIUIaG-KyBBAT/all, IIYHHHIJEK, Y30€KHCTOH
PecniyOnukacu ®annap AxagemusiciHunr B.J.PomanoBckuii Homuzarn MaremaTHka WHCTUTYTH (DAOTHMSATHHU
TyO/laH TaKOMHJUTAIITHPHII Y0pa-TaA0UpIapy TYFprcHaa’ TH Kapopu
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XapakaTiap crparerusicu Tyrpucuna» Papmonu, 2019 iwn 9 urongaru 11K-4387-
coH «MaremaTka TabIMMH Ba (GaHIApUHU SHAJA PUBOKIAHTUPUIIHU J1aBJIaT
TOMOHM/IAH KyJTab-KyBBaTIIalll, IyHUHTAEK, ¥Y30ekucTon PecryGmikacu danap
AxanemuscuHuHr B.M.PomanoBCckuii HoMuaaru MaremaTuka HUHCTUTYTH
daonusaTHHU TyOJlaH TAaKOMUJUIAIITUPUIL Yopa-Taadupiapu Tyrpucuaa» Ba 2020
vnn 7 wmaiimarn I1K-4708-con «MaTteMaTtnka coxXacuaard TabiuM cu(aTuHU
OIMPHUIIT Ba WIMHUH-TAAKUKOTIAPHU  PUBOXKIAHTHPHUIN  Yopa-Taadupiapu
TYFPUCHIA»TH Kapopiapy Xamja Ma3Kyp (aoyusTra Teruium OOIKa HOpMaTHB-
XYKYyKu# XyjXokariaapja OelrujaHraH BasuQalapHd aMalra OIIUPHIIa Yoy
JTUCCePTAIKs TAAKUKOTH MyaisiH Tapa)xaaa Xu3MaT KUJIa/Iu.

TaaKUKOTHUHT pecnyoJmnka han Ba TEXHOJIOTUSLJIApH
PUBOAJIAHUIIMHUHT YCTYBOpP HYVHAJIMILJIAPUTa MOCJAMIH. YOy TagKUKOT
V36ekucron Pecriybimkacu dan Ba TexHukacuHuHT |V, “MaremMarrka, MeXaHHUKa
Ba nH(pOpMaATHKA” YCTYyBOp HyHAIUIIIapUra MyBOGUK OaKapuiraH.

JluccepTanusi MaB3ycH Oyiin4a XOPH:KHMH WIMHI-TAIKUKOTIAD INAPXHZ,
YMymnamran TeOpaHyBYaH WHTETpajUlap Ba YJIApHUHT TaTOMKIApUra OUJI
TAQIKUKOTIAp Ba WJIMUN HU3JIAHUIUIAD €TaKYM XOPWXKUW JaBJATIApPHUHT OJIUA
TabJIMM MyaccaJlapy Ba HIIMUH-TaJIKMKOT MapKa3iapH, skymianan, Ghent Analysis
& PDE Center (benbrus), School of Mathematical Sciences, Queen Mary University
of London (Anrmus), Christian-Albrechts-Universitit zu Kiel (I'epmanus), Ganja
State University (O3ap6ait:xoH), MockBa maBnat yauBepcutetu (Poccus) na keHr
KaMpOBJIM U3JTUHUIILIAP OJUO OOPUIMOK/IA.

YMymiamradn TeOpaHyBUaH WHTETpaulap Ba YJIApPHUHT TaTOWKJIApHUTa OWI
nyHéna onub OopuiaraH TaAKUKOTIAp HaTWKAacHIa KaTop J0i3apd Macaraiap
SUMJITAH, JKyMJIaJIaH, KyHUJarn WMWK HaTWKallap OJMHTaH: OWp Y3rapyBUMIIHA
yMyMJIalraH TeOpaHyBYaH MHTETpaUIapHUHT O0axonapu onwHran (Ghent Analysis
& PDE Center (benbrus), School of Mathematical Sciences, Queen Mary University
of London (Axrams)); TeOpaHyBYaH HMHTErPA/UIADHWHI HHBApHUAHT Oaxojapu
tormmiran (MockBa naBnar yHuBepcuteTH (Poccus)); daszacu kymxam Oynrax
TeOpaHyBYaH WHTErpaulap YUYyH JKamjall KypcaTKHWiIapd XyCyCHH XoJia
tormmirad Ganja State University (O3ap0aiiykoH)).

Hyn€ mukécuaa OyryHru KyHJia yMymilalrad TeOpaHyBYaH MHTErpauiap Ba
YIIAPHUHT TAaTOMKJIApUHU TAJKUK STUII Oyilmua Oup Karop, >KymjadaH: Qazacu
Kynxaa Oynran TeOpaHyBYaH WHTETPAJUIAPHUHT WHBApPHAHT OaxOJapuHU OJIWII,
dazacu Maxcyc KYpUHUIUIM Ky Kappaiu TeOpaHyBUYaH MHTErPaUIAPHUHT TEKHC
Oaxomapu onutl, pazacu UKKH Y3rapyBUWIA YUUHYH Japakaiiy Oup sKUHCIN KYTIXa
Oynran TeOpaHyBYaH WHTETPAUIAPHUHT HUFUIN KYpCATKUUMHM TONUII, MwuTTar-
Jlepdbnep dyHkumscu Oumad OofFjaHraH TeOpaHyBYaH HHTETpaJIApHUHT
6axonapunu onui, Mutrar-Jlebhdnep byHkumsicu 6mian OofiiaHraH TeOpaHyBUaH
WHTErpAJUTAPHUHT ACUMITTOTUKACHHU TOMHUII KaOW YCTYBOp WYHAIMIIIIAP1a HIMUAN
TaJIKUKOT UIIIapPH OJIUO0 OOpHIMOK/A.

2 Jluccepramus MaB3ycu Oyiinua XOpKKiA WIMHA-TaaKMKoTIap mapxu: https://www.springer/com/gp/mathematics;
https://onlinelibrary.wiley.com/; www.mathnet.ru; www.scholar.google.com; www.elsevier.com/locate/camw Ba
Oomka MaHOaIap acocuaa UIIIA0 YHKHUITaH.
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MyaMMOHMHI YPraHWITaHJIMK Aapakacu. TeOpaHyBYaH (TPUTOHOMETPHK)
uHTerpayiap gactinad 1818 iinn ®dpeHenHUHT EPYFAMKHUHT WHTEHCUBJIMTUHU
ypranuim OwiaH OOFJIMK MUUIapuia BYXKyJra Keinrad. Y OyHJai MHTerpajjiapiaH
doiimanann® dYernmapmard, OKpaHAard, KUYUK TYHHYK JU(Qpakiusiapu
MacajnajgapuHu edrad. 1838 Wuipga OWpu TPUTOHOMETPUK HWHTErpajiapJaH
KayCTHUKAaHUHT aTpoduaa EPyFIMKHUHT UHTEHCUBIUTUHU Ypranuiiaa Goii1ananiu.
Kayctuka — Oy €pyFJIMKHUHT MHTEHCUBJIUTM OOIIKAa OJATAaru HyKTajlapJaruaaH
aHya tokopu Oynran tymiamuaup. Kelinnuanuk, 1887 #unga KensBuH Ba
PuMaHHUHT TagkukKoTiIapuga TeOpaHyBUaH WHTETPAUIAPHUHT  XapaKTEepUHU
ypraHui yayH ctanoHap ($asza ycynu Kysuanuia oouutanau. 1891-1892 itnnnapna
[lyankape wum3naHunuiapuga  €pyFIMKHUHT  WHTEHCUBIMIMHM  YpraHuiia
TeOpaHyBYaH MHTErpajyiapjlad KeHr ¢Qoipamanau. XycycaH, y EpyFIUK

o o T
KayCTUKaaH YyTacTraHaa (ba3an1/1 CHJIKUIITHH E ra CypuuinHH I/IC6OTJIaI[I/I.

Onaunapok Oy Tacauk ['yu TOMOHUAAH TaXpuOaBUil yCys OuilaH aHUKJIAHTaH.
Keitunrun tankukotnapaa Ilupcu, Jlrogsur, Ypcemra, KonHop Ba Ooiika
OIMMJIAPHUHT A, MaxCyClIuKka dra OynraH TteOpaHyBYaH WHTErpAJUIAPHUHT

MaTeMaTuk (Qu3ukKaga Tagoukiapu naigo o6ynnu. 1974 nnna X./rocrepmaTtHuHT
UIIMAa yMymiamrad OWpu GyHKUUSIIApU, aHUKPOFU APHOJIBIHUHT DJUTHUIITHK
MaxCyclukiapu OujiaH OOFNMMK  (QyHKUUSIAp TaAKUK KuiuHaud. 1973 iwnna
B.N.ApHosibg TOMOHHIAH KyHUJIard TUNIOTE3a uirapu cypwian. Papas3 Kujlauuk,
TeOpaHyBUaH UHTETpadHUHT (a3za QyHKUIMSICH Oupop  mMapaMmeTpiiapra OOFIUK
Oyncud.  Ambarra, ¢aza  QyHKUMsICM ~ mapameTpiap  Ba  “acocuit”
y3rapyBuuiap(MHTETpaJl  Y3rapyBUMJIApPH)HUHT  CHJUTMK ~ (XaTTO  aHAJUTHK)
dyHKuMsicu OynuIIM MyMKUH. SbHHU, Ou3 (aza QyHKUMAIApU OWJIacHra sra
Oynainuk. ATailiuk, Oy mapameTpiiap TaluHIaHTaH KUiMaTiIapa HOJI HyKTaHUHT
o6upop arpoduaa yzrapcut. LLlyHunr yuyH ynapau 0ab3aH “KMUMK mapameTpliap
ne6 aramanu. busra TeOpaHyBuaH HHTETpalHUHT (ApHU ¢da3za QyHKUMICH
HapaMETPHUHT HOJI HyKTacuja OVIraH XoJjard Kuimath OWiiaH aHUKJIaHTaH)
TEOpaHMIL KYpCaTKU4YU MabiayM OVIICHH. Y XojJa mapaMerpiap HOJ HYKTaHUHT
eTapiM KWYMK arpoduga Yy3rapraHja mnapameTpiapra OornuK TeOpaHyBYaH
UHTErpaj Iy TeOpaHMIl KYpCATKUYMAAH UXTHUEPUNA KUYUKPOK OYiraH Karra
napaMeTpHUHT Japakacu opkamu OaxornaHanu. bomrkauya aiitranga, TeOpaHHII
KypcaTKuyu (pa3aHUHT KUYUK TapaMEeTpIapUHUHT SpUM Y3IYKCU3 (YHKIHICH
oynanu. by macana “Arnol’d’s Problems” Homin kuTo6/1a Xam kentupuirad (Oy
KUTOOHUHT TYJIIUPUITaH HHrn34a Hampu 2004 dunga 4on KUJIUHTaH).

ApHonpauudr runotezack — B.H.KapnymkuH ToMoHUAaH uCOOTIIaHIH.
AHuKporH, $aza QyHKIMICH aHATIUTHK OYJIraH XO0JIJa UKKW Kappaiu TeOpaHyBYaH
UHTErpautlapHUHr Tekuc ((Ppa3a QyHKIUSACUHUHT €Tapiyd KHYUK «CHIDKUIITUTa»
HucOataH) Oaxonapu  oiuHau. bomkawa  adtranga, B.H.Kapnymkun
B.M.ApHONTBAHUHT TUTIOTE3aCH aHATUTHUK (pa3ainu TeOpaHyBUaH MHTErpajjiap YUyH
Ypuniu 6ynumuHu ucobornaaun. Keitmnyanuk Oy HaTHka CUIUTMK PYHKIUSTAPHUHT
O6ap3um  xycycuid  nedopManusuiapy  yayH ~— XacaHOBHMHT  HOM3OJIJIMK
JuccepTanusicuaa UCOOTIIaH Iu.



TeOpanyBuaH WHTErpajIapHUA YPraHUII YUyH siHa OUp MyXuUM coXajapiaH
OMpH aHAIWTUK COHJIAp Ha3apusicura TagOMFu XucoOnaHaau. MabiayMKH,
W.M.BuHorpa1oBHUHT TaAKUKOTIapHaa TUO(PaHT TEHTIaMalapy €YMMUHUHT COHU
Owmtan Moc kemyBuH uHTerpai (Bunorpanos narerpanu aed atanryByun) MyXyUM YpuH
srajutaiiau. bupox OyHait MHTerpasIapHUHT XapaKTePUHU TAIKUK dTUITHUHT HKKH
KUXATU MaBxKyd OYymuO, ynapaaH OuUpU TPUTOHOMETPUK HUFUHAWIAP OWIIaH,
OoIlIKacH TPUTOHOMETPUK WHTErpayiap Ownan Oornuk. 1949 iwmnga xuroi
MaremMaTuru Xya Jlo I'eH TOMOHUAH TPUTOHOMETPUK UHTErpaaHuHr moc L°(R")

¢azora TeruuuiM OYAraH SHr MUHUMaJ P HU TONHUII MyaMMOCHHHU KyW1u, OyHIa

n—da3amaru kynxaa ko3 durueHTaapy Ga30CHHUHT YIT40BH. YOy Macana Oup
KaTop unuiapaa KapaiaraHn OViamO, BuHOrpajoB TOMOHHMJAH OJIMHTaH OaxoJap
ymyminamrad Ban gep Kopmytr nemmacura acocnmanrad. Maskyp macana Oup
Kappaiin TeOpaHyBYaH wuHTerpawiap yuyH ApxumoB [.M., B.H.UyGapukos,
A.A.Kapanybanapauar 1979 #unpgarm ummaa y3 €YUMUHM TOITAaH Ba yJap
TOMOHUJIAH Ky KappajJii TPUTOHOMETPUK HUHTErpaiap y4YyH IOKOpU 0axo
Tonwirad. bupok 0y Macana ymyMuii XoJijja Xajauraya O4uK TypuOIu.

Juccepranus TAAKUKOTMHUHI JUcCCepTanusa OakapwiaéTran oJIMi
TAbJAUM MYACCACACHHUHI MJIMHUI-TAIKUKOT HIUIAPU pexajgapu OujiaH
oorsmmkaurn. Jucceprauusa tagkukotu Camapkanj JlaBiaT yHMBEPCUTETUHHHT
OT-®4-69 - «"'apMoHUK aHANH3, Japakajdd TEOMETPHS Ba YJIAPHUHT MAaTEMAaTHK
dusrka Macanaiapura TaTOMKIapH» UIMUN-TAAKUKOT UILIAPH peKacura MyBoOUK
OakapuJiras.

TaaKUKOTHUHI MaKcaaW yMyMIIamrad TeOpaHyBYaH WHTETPAJUTAPHUHT
0axoJlapuHU OJIMII Ba XaM/a aHUK >KamJIalll KYpCaTKUYWHU TOMUIILIaH nOopar.

TaaKukoTHUHT Basudaaapu:

aMIUTUTYa QYHKIUSACH Y3UJIMINTA 3ra OYiraH TeOpaHyBYaH HHTErPaUIAPHUHT
TEeKUC 0axOoJIApUHU € AHUKJIUTHU/IA YTUII METOAUHU KYJIJIAI OPKAJIH OJIUIIL;

daza ¢yukmusgcu D,, D; Ba A Maxcyciaukiapra sra Oyiaran Murrar-
Jlebdbnep  PyHkmuscn  Owian  OofaHTaH  yMmMymiamrad  TeOpaHyBYaH
MHTErpajuIapHu 6axoJai;

daza ¢yHKIMACH Kymxan OynraH wWKkW y3rapyBumum Murtrtar-Jledduep
byakuusicu Ounan  OOFfaHTaH yMyMJlalilaH Ba  KIACCUK  TeOpaHyBYaH
WHTETpaJUIAPHUHT TEKUC OaXO0JapuHU OJIMIIL,

dazacu yuuHYM Aapakan Kymxaj OynraH TeOpaHyBYaH MHTErpayljiap y4yH
EBxnna Tekucaurugard KIAcCHK XapakaTiap TpYyNIMacUHUHT WHBapUaHTIApU
OpKaiu 0axoJlapuHU OJIMIII,

daza QyHKIUSICH MKKUHYM Ba YUYMHYM Japakaidu KYmxaj OVYiraH KIacCHK
TeOpaHyBUYaH HHTErpalIapHUHT Kod(dduimeHnTnap ¢a3zocugaru aHuK Kamulall
KYpPCATKMYUHU TOITHIII.

TaakuKoTHUHI 00beKTH dazacu Kymxaa OyiraH yMmymiiamrad TeOpaHnyBYaH
WHTErpajiapja uoopar.

TaakukoTHUHr mnpeaMeTn ¢daza QGYHKIUACUHUHT Kod(dUImeHTIapu
YeKCU3ra WHTWITaHjaard TteOpaHyBUaH WHTETPAUIAPHUHT XOJIaTH  aHMKJIalI,



TeOpaHyBYaH MHTETPALUIAPHUHT HHBAPUAHT KJIACCHK TpyMIanap OpKajan 0aXxOCHHH
OJIMIIIJIaH ubopar.

TaankukoTHUHTr  ycyaapu. Jluccepramms ummaa — auddepeHnman
AKCIAHTUPHUII-TAPHUHT  MaXCYCIUKIAp Ha3apwsCH, aHATUTUK (QyHKIHIIAp
Ha3apusICH, aHAJIM3HUHT aCUMIITOTUK ycyJuiapuaad ¢oigaiaHuiIraH.

TagKMKOTHUHI WIMHMIl SHTWINTY KyHuaruiapaad noopar:

aMIUTUTYa GYHKITUACH Y3WJIMINTA dra OyiraH TeOpaHyBYaH HHTErpaUIApHUHT
TEKHUC 0ax0JIApUHU € AHUKJIUTH/IA YTHUIII METOMHH KYJIJIAIl OPKAIN OJUHTaH;

daza ¢yskmusacu D,, D; Ba A Maxcyclukiapra sra Oynran Mwurrar-
Jlebdnep dynkuusicu Ounan OOFIaHTaH yMyMIIAlITaH TEOpaHyBYaH WHTErpajjiap
0axoJIaHraH;

daza ¢yHKIMACH Kymxan OynaraH uKkA YirapyBumwiaun Muttar-Jledduep
byHkusacu OwraH OOFJlaHraH yMyMJIallllaH Ba KJIACCHK  TeOpaHyBYaH
WHTETpaJUIAPHUHT TEKUC OaxoJiapu OJIMHTaH;

dazacu yuuHUM Aapakan Kymxaj OynraH TeOpaHyBYaH MHTErpayljiap y4yH
EBKIIM TEKUCIMTHIATW KIACCHK XapakaTiiap TpYIITACHHUHT HWHBapHAHTIIAPH
OopKaJIi 0axoJlapy OJMHIaH;

daza QyHKIMACHM UKKMHYM Ba YYMHUM Japa)xkald Kynxaja OYiaraH KIAcCHUK
TeOpaHyBYaH HHTErpajuIapHUHT Kod(pduuueHTiap Qazocugaru aHUK >Kamiiaml
KYpPCAaTKW4U TOIUJITaH.

TagKMKOTHUHT aMaJInil HATHKAJIAPU KyluaaruiaapaaH noopar:

dazacu MKKM Y3rapyBUWIM YYMHUM Japakajdu Kymxaja OyiraH TeOpaHyBuaH
WHTErpaJUTAPHUHT aHUK WAFHIIMII KYPCATKUYUHU TOMUIITAa UMKOH Oepajiu;

(dazacu MKKM Ba YHJAH Kyl Y3rapyBuUWIM Kymxaj OyiaraH yMyMilamliraH
TeOpaHyBUaH UHTETrpasuiap yuyH Ban nep KoprnyT teMMacuHUHT HCOOTHHU OJTUIIIA
dolianaHu MyMKHH;

yMyMIIalliTad TeOpaHyBYaH WHTETPAJUIAPDHUHT Oaxojapu Kacp TapTUOIM
Xycycuih xocwinanu aud@epeHnran TEeHIIaMaJIapHUHT €YUMHUHU OaxoJaliia
KYJUIAaHUJIUIIN MyMKHH.

TaakKuKoT HATHKAJAPUHMHI  WIIOHYWIMJIMIM  MaTeMAaTHK  aHaJu3,
(byHKUIHMOHAT aHAJIU3, MaTeMaTUK pu3nka, quddepeHinan TeHriamMaiap, rapMOHUK
aHAIM3 Ha3apuscu ycyJuapuaan GolgallaHTaHINTd XaMmJla KaThUH MaTeMaTHK
MyJioXa3ajJapHH KyJall OpKajil, MaTeMaTHuK ucOoTianuiap O1IaH acoCIaHraH.

TagKUKOT HATHKAJIAPMHUHI WIMMHA Ba aMaJui axamMusiTH. TaakukoT
HATHKATAPUHUHT WIMHA axaMusTh (a3zacu yYMHUM Japakalu Kymxaa OyiraH
yMyMJamrad  TeOpaHyBYaH  WHTETpajulap  WHBApUAaHT  OaxOJapWHHHT
MaBXXyJIATUHU KYPCATHIITAHINTH OVIIaH U30XJIaHAIH.

TaaKUKOT HATHOKATIAPUHUHT aMajuil axaMusTH, TUNEepOOIMK TeHrjamanap-
HUHT QyHIaMEHTAJI SYMMIIAPUHUAHT XapaKTePUHU TAIKUK KAJTUIIIA acoc cudaTnaa
XU3MAaT KWJIKIIK OWJIaH OelruaaHaIn.

TaakuKOT HATHKAJAPHMHMHI  SKOPHMH  KWIMHMIOH.  YMyMIIamraHd
TeOpaHyBUYaH WHTETPAUIAPHUHT OaxojapW Ba YJIApHUHT TaTOWKJIApWra OW]I
HaTHXKaJlap acoCHa:



dazacu kynxan OynraH TeOpaHyBYaH WHTErpPAJUIADHUHT WHBApUAHT
Oaxosapura oM WIIMUI HaTHKaJapAaH eTak4yu Xoprwkuid xxypHamwtapaa (Nonlinear
Analysis, Volume 207, June 2021, 112292, Analysis and Mathematical Physics
volume 12, Article number: 130 (2022), Journal of Siberian Federal university.
mathematics and physics 15.4 (2022): 459-466.) 6ab3u HOUM3KKIN AudPepeHiina
TEHIrjJaMajapra MOC MacajaJapHH TaJKUuK Kuwidmga doigamanmirad. Mamui
HATWKAJIAPHUHT KYJUTAHUIUIIY Kapala€TraH MacaJlaJlapHUHT CIIEKTPiIapu JUCKPET
OYIMIIMHY UcOOTIAll UMKOHUHU Oepras;

yMyMIlalirad TeOpaHyBUaH WHTErpajUlapHUHT Oaxonapunan benbrus
pecniyonukacu ['eHT YHUBEPCUTETUHUHT MaxcCyc TaJIKUKOT (GOHIUHUHT AHaAIU3 Ba
xycycuii auddepeHiman TeHraaManap xamaa MemycanaMm mporpaMMaciHAHAT Ne
01M01021 conmmu TagkukoT jovuxacuaa (I'ent yauepcuteTuHuHr 2023 iun 18
anpenjgard MabiyMoTHomach) Murrar-Jlepdnep ¢yHkuusacu Ounan OOFIaHraH
yMyMJIalliTaH TeOpaHyBYaH MHTETPAUIAPHUHT XyCcycui xocunanu nuddeperiuan
TEHIJIAMAJIApHUHT e4MMUHU Oaxounaniaa oigananuarad. Unmuil HaTKagapHUHT
KYJUTAaHWIMIIN Kacp Xocuianmu auddepeHnran TeHTIaMaJapHUHT E€YUMUHUHT
anpuop 6axoapyuHU OJIUII UMKOHUHH O€praH;

dazacu kynxan OynaraHn TeOpaHyBYaH WHTETpAJUIAPHUHT Oaxocura Owuj
Hatuxkanap Koszoructon pecnybnmukacu Maremartnka WHCTUTYTH Ba MaT€MAaTHK
MOJETTAIITUPULI WIMUN-TaAKUKOT UHCTUTYTUHUHT NeAP08052046 connu “bab3u
JoKan OyJIMaraH HOYM3HMKIM Xycycuil xocunanu auddepeHiuan TeHriamanap”
maB3ycunaru Jsonuxana (Kozoructon pecnybnumkacu Maremaruka MHCTUTYTH Ba
MaTeMaTUK MOJACIUTAIITHPUII WIMHA-TaIKUKOT WHCTUTYTUHUHT 2023 imn 17
anpengaru 01-06/060 con mabaymoTHoMacu) Mutrtar-Jleddnep dyHkiusicu ounan
OOFJlaHTaH yMyMJIAIlITaH TeOpaHyBUYaH HHTETPAJUIAPHUHT OaxoJIApUHU TaJIKUK
Kuunaa  doigananunrad. MnmMuit HaTKamapHUHT KYJUTAHUJIUIINA Kacp XOCHIalIn
muddepennan Tenrnamanap yuyH Komm macamack €YMMHHHUHT J1acTiIa0Ku
0axoNapyuHU OJMILI UMKOHUHU Oepras.

TaakKuKOT HATHKAJAPMHUHT anpodamusicd. TaJKUKOTHUHT  aCOCHit
HaTwkanapu 14 unMuii Ba wiiMHii-aMaIui aH)XKyMaHaapaa, myiaap/aad 8 Ta Xajakapo
Ba 6 Ta pecnyOnMka MIMUN Ba WIMHH-aMaluil aH)XyMaHJIapHaa MyXoKamajaaH
VTKa3WJITaH.

TagkKMKOT HATHKAJAPUHUHT JBJOH KHJIMHranamru. Jluccepraius
MaB3ycu Oyiinua xamu 28 Ta WIMHM WII 4Om OTWIraH OYiaub, uryjapad,
V36exucron Pecry6mukacu Ommif  arTecTanysi KOMHCCHSCHHHMHT JIOKTOPIHK
JUCCEePTALMSICUIIAPU aCOCUN WJIMUN HATHXKAJIAPUHM YOIl ATUII TaBCHUSl 3TWITAaH
wiMuil Hampiapaa 14 Ta Makoja, KymilagaH, 6 Tacu Xopuxuil Ba 8 Tacu
pecnyOiauKa )XypHajuiapy/ia HallIp STUJTaH.

JluccepTauMsIHMHT TY3WIHIIHN Ba XaxMu. Jluccepranus kupui, Typrra 600,
xyJioca Ba (poiimananwiran anaduérnap pyiixaruaaH umbopar. JluccepTaiusitHUHT
XakMu 167 O€THH TaIlIKWJI STTaH.
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JIUCCEPTALIUSIHUHI ACOCUI MA3ZMYHU

Kupum kucmuga auccepranys MaB3yCHHUHT J0J3apOJiMId Ba 3apyparu
acocllaHraH,  TaJAKUKOTHUHI  pecnyOivka  ¢aH  Ba  TEXHOJOTUsJIAPH
PUBOXJIAHUIIMHUHT YCTYBOp WYHAJIMIUIAPUra MOCIWTA KYpCaTWITaH, MaB3y
Oyiinya XOpWXKUNA WIMHH-TAIKUKOTIAp IIapX{d, MYaMMOHHHT YpraHUJTaHIUK
Japakacu KEeATUPWITaH, TAAKUKOT MaKcaau, Badudanapu, oObeKTH Ba MpPEeIMETH
TaBCU(IIaHTaH, TAJKUKOTHUHT WIMUW SHTUJIUTH Ba aMaluil HaTwkanapu OaéH
KWIMHTaH, OJIMHTaH HATH KaJApHUHT Ha3apuil Ba aMaJIuil axaMusITH 04u0 Oepuiirat,
TaJKUKOT HATUXAJAPUHUHT JKOPUM KWIMHHINM, HaIIp OSTWIraH HWOUIap Ba
JUCCepTalMs TY3WINIIN OYinya MabIiyMOTJIap KEITUPHUIITaH.

Jluccepranus numaEAT “EpaaMun my/1oxasanap” 1e6 HOMIAHTaH GUPUHYH
0o0uma Ou3 kepaknu Tabpudaap, Oenruiaap Ba JgUCCEpTallds JTaBOMHUIA
doiinananunagurad 6ab3u HaTUXKanapHu Oenrwiad Oepamui. lllynunrnex, 6an3u
JACTIa0KU TyIIyHYaIap XaKuJard MabIyMOTJIAPHU XaM TaKJIUM 3TaMu3. XyCycaH,
KOOpAWHATAJapHU YW3UKJIM aJIMAlITUPUII OPKajdud OJIUN MaxCyCIHKIapra ira
Oynrad QyHKIUSIAPHUAT HOpMAJ MAKJIUTa KeATupamMu3. byHmaan tamkapu, gazacu
AHATUTUK (PYHKIMS Ba aMIUIMTYJAcH Y3WIMII HyKTaJlapy TYIUIaMHura sra Oynrax
TeOpaHMIII WHTETpauIapuHu Kypub umkamui. byHma mycbar & >0 aHukauruma
OyHJlaii MHTErpauIap y4yH aHUK 0axoJapHH OJaMus3.

WNxku YT40oBIM XOMHU Kapailiik, sbHU n = 2. CWUTMK aMIUTUTYAaId KOMITaKT
TallyBYUra sra Oyiarad TeOpaHyBUaH UHTETPATHU KapaliuK:

Jo(A,8) = IRza(x, s)e s,

Acocuil mapr:
dapa3 kunaimk, seK Ba (7,7,) yu4yH Kyidugard sHru (asa QyHKIHSHUA
Kapal YuKaImK
®@,(X,8,77) = D(X,S) + X717, + X,17,.
dapa3 Kwiainmk, ®(X,S) aHaAIMTHK QyHKOUA Oymubd, @ (x,s°,7n°)
(GyHKUMAHMAT UXTUEpHIi KpuTUK HyKTacu yayH Oynza (s°,n°) € K X R? pa yuunr
TeOpaHuIll KypcaTkuuu A < B, 0yncun. Kylinnaru Taciuk ypuHiIn.

1-Teopema. Aeap gpasza ¢ynxkyus yuyu acocuti wapm ypuHiu oyica, y xouoa
uxmuépuii ¢ >0 yyyH Kytiuoaeu 6axo ypuHiu
Ca a‘(.! S)||C3

o

3(4,s)| <

Ky#innaru TeOpanyBYaH HHTETPATHA Kapaivik
J ) = o xpis ()alx, $)e 9 dx, )
oynna D(s)- R? paru coxamap ownacu Ba {F,(x,s)>0,F,(x,s)>0}c D(s), OyHman
TaIIKapu 7,,7, < 0D(0) Oyncun, OyHna y; = x: F;(x,0)= 0,j=12
Kyiinnaru teopema ypuHiu.
2-Teopema. O(x,0) @yuxyuanune x=0 Kpumux HyKmaoacu meopaHu
Kypcamxuuu B Oyncun, y xonda Hon uykmamume wynoat U XV € R x R™

ampou masxcyo o6yaud, uxmuéputi mauuHjiaHean mycoam &>0 6a uxmuépui
aeCr(UxV) auniumyoa (ynukyus yuym, Kyuuoacu 6axo ypumiu’
11



A, lall.s
Vi
“Murrar-Jleppaep ¢ynknusicu Ounan OOFJIaHraH TeOpaHYBYAH
HHTerpauiap” 1e6 HOMJIIAHYBYHM IUCCEPTAUMSIHUHT UKKMHYM 000Maa, ¢pa3zacu f Ba

J(4,5)|<

aMIUTATYJacu w OYJraH KyWHaary 1akJijlard UHTerpajHu Kapamus:
|y = [ Eup (T 0O)w ()X, 2
Oynna 0<a <1, >0, U KoopauHanap OOUIMHHUHT €Tapianda KHYUK aTpodu Ba A >0

“Cuink ¢asanu cogga maxcycaumkra sra oyaran Mwurrar-Jledgdoep
pyHkuusaIapHUHT 6axoaapu” HoMiu naparpadaa gaza GyHKIUACH WILTUK 0YI10,
D,, D; Ba A wmaxcyciukiapra sra 0ynran Murrar-Jlebdnep byHKuusuIapHuHT
OaxomapuHu  Kapaiimuz. TeOpaHyBuaH  HMHTETPAUIAPHUHT  SKCIIOHEHIIHAJ
bynkusnapu  ypuura Mutrtar-Jlepdaep GyHKUMSCHUHM — KYWHMII — OpKajau
yMyMJIAIITHPAMU3.

bup XMHCIM yUYWMHYM Hapakaid MKKH Y3rapyBUWIM KYIIXAJIHU KapauJiuK.
Ymby naparpadHUHT acOCHIl HATWXKacu KyWuaruaad uoopar.

3-Teopema. Dapas Kunaiiuxk -owo<a<b<owo 6a aza GyHKYUs UKKU
y3eapyeuunu oup Hcuncau Kynxao oyaud xamoa y € L°[a,b]’, 1< p<oo 6yncun. Aeap

w0 1

O<a<l, >0 6a A>0 6yrca, y xonoa Kyuuoazu 6axo ypuHiu

: cl|

Siaor2 Bap (R3320 (0)lx| < 1L (3)
' 12 2p

: o

Jiapp2 Eap ((ACetx, £ 23 (x)dx| < Zip (4)
A3 3p

- cll

f[a,b]zEa,B(lle)l,l)(x)dx| < W )
A3 3p

byHoa C xoHcmauma gpakameuna p 2a 6021uK.

“@azacu Kynxaja OyJraH yMymjalirad TeOPaHyBYaH MHTEIrPAJJIAPHUHT
0axosapu” Homiu maparpadpaa, dgaszacu Oup >KUHCIM Kymnxan Oyiaran Mwutrar-
Jlebdbnep  PyHkmuscun  Owran  OofiaHTaH  yMymiamrad  TeOpaHyBYaH
WHTErpaJUTAPHUHT TEKUC OaxolapuHu KapanMus.

Pruyun-CreilH TeMMaHUHT aHAJIOTUHU Ba KyHWIard MHTETPATHUHT HHBAPUAHT
0axoCHHU OJIaMU3.

Kylingaru uHTErpasHu Kapainmk

|5 (@) = [ ,E.., (P X))y (x)dx (6)

oyuma O0<a<l, p>0, P(a,x) ¢daza o¢yukuus, P € C*(R™) ammiuryga Ba
Q":=[0,1]" n ymuoBnm KyO/aH ubopar.
4-Teopema. @apaz xunaiiiuxk 0<a<l, >0 6yacun. Illynoati mycoam C,
monuaud, ¢pazacu P(a,X) oyrean (6) unmeepan yuyn Kyuuoacu 6axo ypuuiu
c
lap| = =55, (7)
lalld
oynoa |lall = Xa<a laal.
1-9caarma. 4-meopema Puuuu-Cmeiin remMmacunune aHaio2uoup.
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1-Tacauk. Papa3 kuwnaimuk P:R™ — R odapaoswcacu <d 6ynean kynxao éa
lal=max{|a, |,| A|<d} Oyacun. Illynoau mycoam C,, yseapmac monunud, azap
a’eS" (6y epoa N+2 sme wkopu oapaxcacu d 6ynean kynxaonap ¢azocuoau
ynyoeu) maiiunaanean Hykma éa |D*P(a° x)| = 8§ > 0, vxe[0,1]" (6ynoa a € ZT
xamoa |a| = 2), 6yaca y xonoa Kytiudacu 6axo ypumiu

|Ia,[>’ (Mao) | < Cdi;
||l

oy epoa S" ={|a|=1} 6upaux cghepa sa w1 > 0.

“Mazacu OUpP KHHCJIHM KyNxaja OyJIraH yMmMymialiraH TeOpaHyBYaH
HHTErpPAJUIADHUMHI MHBapHAHT Oaxouapu” HowiM maparpadaa, Ou3 Qazacu
KyHugard  KYPUHHUIJIArd  yMyMJaliraH  TeOpaHyBYaH  WHTErpaUTApHHUHT
0axonapuHu KapaiMu3

P,(a,x,y) = a,x* +3a,x’y + 3a,xy’ + a,y*, (8)
Oy epma a:= (ag,ay,ay, az) € R* xo>dppunuentnap. Kyiiugarn MHTerpaisu
KapalJInK
lop(@) = [i2 Eq p(iP3(a, %, Y)Y (x, y)dxdy, 9)
OyHJIa ¥ KOMIIAKT TallyBYMJIN CUJUIAK (QYHKITHS.

bu3s (9) unterpanuu kodppuUeHTIapy YeKCU3Ta MHTWITAHAard XapaKTepUHU
ypranamu3. OBKJIMA TEKUCIUTHMHHHT Xapakarjap TYPYXUHUHT WHBapUaHTIapU
oyiinua (9) uHTerpan yuyH 0axoiapuHu ojamu3. by KYnXagHuHT JUCKPUMUHAHTH
Kyhnaara popMyia OWIaH aHUKJIaHAIN !

D =3a’a’ +6a,a,a,a, —4a,a; —4aa, —a’a;.

by SL(2,C) rypyxna uHBapuaHT.

5-Teopema. (8) ¢pazanu (9) unmeepan yuyn Kytuoazu 6axo ypuniu

lop(@)] =
ID[6

bynoa ¢ yzeapmac a ea 6oznuk 6a D=0 Py(a,X,Y) KYNXaOHuH2 OUCKPUMUHAHMU.

DOHau Oup YIUOBIM UHTETrpaliHu Kapaimui. Kyitugaru 6axo €pramMun HaTHKa
O6ynun0, keluHry naparpadaa UHBApUAHT OAXOHH OJIUII YIYH MYyXUM XHUCOOJIaHA/IH.
0 <6 <1 6yncun. Kyiiugaru uHTerpaHu Kapaimms

3.5(P,0) = [ E, , (i + px+a))dx, (10)
Ooyuma 0<a <1, >0,
6-Teopema. 1) @apas KuﬂalzﬂUKg <6< % oyncun. Y xonoa uxmuépuii

(»,q) # (0,0) yuyn

Vap@ )| < —255= (11)
(1,22) ¢
27 4

2) @apas Kurauaux % <5<1. Vxonoa

|]0c,ﬁ (P, Q)l < 1 = 2—368’ (12)
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3 2
boynoa D= P90 x4 PX+q  KYHnXaowume Ouckpumunawmu 6a Cz>0

Gdaxkameuna & ea 6ozruk 6ynean Mycoam coH.

“Uxkkm y3rapyBumam Murrar-Jdedpdiaep PyHxkuuscuamHr Oaxosapm”
naparpadpuna Ou3 (dazacu HMKKM Y3rapyBUMJIM CWJUIMK (QYHKUMS OYyirax
yMyMJIalliTaH TeOpaHyBYaH HWHTETPAJUIAPHUHT OaxojiapuHu Kapahmus. da3zacu
AKCIIOHEHIIMAN (PYHKIUS ypHHUra WUKKWA Y3rapyBumin Murrtar-Jleddnep Oynran
GYHKUMSIHA KYHHO yMyMITalITHPaMU3.

Yoy naparpagHUHT acOCHI HATHXKACH KyHHIaru XUcoOIaHaIu.

7-Teopema. Dapa3 kunatiiuk f xoopounamanap 6owunune emapauia KUYUK

ampouoa aHUKIaH2aH UKKU V32apy8uunu CULIUK Qyukyus ea v € Cr(U) 6yacuH.

Aeap 0<a <1, >0, h>18a A > 2 6yrca, y xonda Kyuuoacu 6axo ypuHiu
, ClmA™WYll o
[y Eap (Af Go1, x2) )b () dxe| < — (13)

Ak
oynoa h ¢ynxyuanune 6ananonueu éa m=0,1 Heromon Kynéxnueunune kappaiueu.

Aeap 0<a<l, >0, h=16a A > 2 6yica, y xonoa Kyuuoazu 6axo ypuuiu
: 2 2 Cl ln)l|||1/)||L00(ﬁ)
|fy Ea,p GA(xE + 23 (x)dx| < 7 (14)

8a
_ Clm ARl oy
|y Eap GAGE — x)p(x)dx| s ———2 (15)
oynoa C aza éa amniumyoaea 60&nuK 6yimaean KOHCMAaHma.
2-Tacmuk. @apasz kunaviaux f:Q—R yauoenu ¢pynxyus 6yaub, bapua Honroau

Gdapxnu xakuxuu A > 2 nap éa bapua mycoam S =1 yuyH, Kytuoacu ypuniu 6yica
‘ jﬂe””*)dx‘ <C|A[’|In A", (16)

bynoa m=>0. ¥V xonoa ywby 6axo ypuriu
|x € 2: If ()| < e|< Cse8|Ine|™, 6 <1 yuyn
6a 6 > 1,yuyn |x € Q:|f(x)| < g| < Cs¢l,
0y epoa C; paxameuna § 2a 6o&nux.

1, when|x[< o,

1-HaTtuxa. @ I a(x) = a(x)>0 da a €
apas Kuaiauauk a(x) {O, when| x> 20 6a a(x) =0 xamoa

CS(R?) 6yncun. Y xonoa 6apua nondan gpapxiu A > 2 ea mycbam h yuym,
Kytiuoazu 6axo ypuHiu

1
[ 2" (X)a(x)dx‘ <ClA|"[InA", (17)

oynoa m>=0, f koopounamanap 6owudazu cuniux unum @ynkyus, h sca f
@dyukyusanune oananorueu 6a M Hovromon kynékaueunune xappaiueu.
2-Hartmxa. Dapas kunaiinuk f(x,X,) cuniuk gyukyus 6a Q xoopounamanap
OOWUHUNHE emapauya KUYUK ampoguoazu KOMNakm myniamu 6yica y Xoi0a Hojioau
Gapxiu uxmuépuil xakuxuii € > 2 CoH yuyH Kyuuoacu 6axo ypuriu
1

IxeQ:| f(X)[<el<Cel [Ing|™,

oynoa h f @yuxkyuanune bananonueu 6a m Kappaiueu.
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2-Tacnuk. Uxmuéputl cuniux, komnakm mautysuuea 32a a(x,y) ea h>1 yuyn
Kyuuoazu meHeCu3uK ypuriu

a(x’ y) C | In ﬁvl
——22 _dxdy < : 18
J.{|f(x,y)lzhj}1+/1| f(x, y)| ’ /1% )

6y epoa f(X,y) cuniuk ¢hynkyus.
3-Jcaarma. deap h=1 s6a f(xy) cunurg ¢ynxyusa yuyn Vi(0,0)=0 6yauo.
Mopc nemmacunu kynnab f:x*+y?> ea sea 6yramus. YV xonoa 6us Kytiuoazu ukkuma
myniamaapuu daxonanumusz A=A, +A,, 6ynoa A, ={(x,y)|x* +y*|<MA,|x|<1,|y <1} 6a

A, =06 y) X2 £ Y2 > MA| X [<1,| y <13,

“daszacu kynxaja OyJraH TeOpaHyBYaH HHTErpauIapHUHI Oaxosiapu”
HOMII 060012 hazacu kymxan Oyiran TeOpaHyBYaH HHTETpALIap XaKUIard KamITarl
Macanacu Kapanaau.

dapa3 kunaiauk P(x,a) eR[x], xeR" xakukuii a € R™ ko>ddunneHTIn
kynxan oyncuH. Kyitugaru uHTErpajHu Kapaniank

J(a) = j exp{27P(x, a)}dx,
Q

OyHma Q={xeR":0<x <1,1=1,...,n} n- ymuoBnu Oupiuk ky6. by byHKUUSHUHT
aXaMHATH IMyHAAKW, V KyWHJIard MAKIHAHT MaxcyC WHTerpajiapujia HamMoEH
Oynanu

I, = ij |1J@a)|” da (19)

(19) Teppu myammocuaa, muogaHT CHUCTEMAaCHHUHT OUp Katop OYTyH COHJIH
€YMMIIApU yYyH aCUMIOTOTHK TacBUp Kod(puuueHTH cudartuaa ro3ara Keiaaw.
[yHuHT yuyH (19) MHTErpadHUHT SKUHJIAITYBYM OYJIMIIM YYyH P HapaMeTPHHUHT
MUHUMAJI KHAMATHHH TOMHUII MacajlaCl MyXHUM.

Myammo: Anux kutimamunu monune y =inf{p>1:J eL"(R™)}.

y COHTa TPUTOHOMETPHK HHTErpajjiap ydyH d>Kamyall KypcaTKu4yu Je0
aTanaju.

Ymly 6061a ¢dazacu kynxan OyiaraH TPUTOHOMETPUK MHTErpajuiap yuyH p
COHHM TOIMII MacanacuHu kypamms. Mapas xumaimmk, P(x,s)eR[x] xeR" marm
seR" xoapdurmenTmn kynxan 6yncua. Q opkamu R* nmarm xommakT TymmamMHHM
Oenrunanmus.

“@Pazacm TyJIa KBAAPATHK Kynxaa OyjaMaraH TPUIOHOMETPHK
HHTErpaJUIAPHUHT 6axosapu” HOMIU maparpadaa k = 3 X0J1aru TPUTOHOMETPHK
MHTErpaJUTAPHUHT JKaMJlall MacaJlaCiHU KapaliMU3 Ba sKamilalll KYpPCAaTKUUMHU Q =
[0,1]3 yuyn anuK Tomamus.

P kymxaa Kydujaara KypuHuiiga OyacuH:
P(x, A,b) = (A, X) +(f3, %),
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0 a,
Oy epma A=|q, 0, | XaKUKUi cUMMETpUK MaTpuua, B:=(B.p5,.0) Ba ()
a, a, 0
BEKTOPJAPHUHT CKalsAp Kynautmacu. KyWuaaru TPUTOHOMETPUK HWHTETPAIHU
KapauJink
T(A,L) = f[0’1]3exp(iP(x,A, £))dx. (20)

Ky#nnaru naTerpanim Kapaninuk
0= [IT(AB)I dpde,
RG

Oynna dB=dpdps,dp, Ba da =da,da,da; .

YOy TacauK YpuHIN:

8-Teopema. 0 ummecpanr Pp>4 yuyn AKuHIQUY8YU 6a P<4 yuyH
y3oxnauysuu. Xycycaun 6yHoa sxcamiaw Kypcamkuuu Py = 4 2a mene.

Kyitnaaru mynoxa3a OuiaH TaHUIIAKITHK:

0, = j IT.(A B)|P dpde.

3-Tacauk. 0, unmezpan p >4 oa akunrauyeuu éa P <4 0a y30K1auLy8yu.

®apas kunaiimik Q: = [0,1]° R3 naru ky6 6yicun Ba
h(B) = fps e xg(0e "N dx,
Oynma yo(x) @ TYynIaMHHMHT XapaKTEPHCTUK (DyHKIUSACH.

4-Tacnuk. Hxmuépuu mycbam & coH YYyH, Kyuuoazu macoux YpuHiu
hel,.(R%).

“dazacu KBaJpaTUK (pyHxumsaaan udopar TPUIOHOMETPHUK
HHTErpaJuIapHUHT 6axoJsapu” HomIM naparpadaa KIacCUK KYHWIraH MacallaHd
(azacu P xBaapatuk kymnxan Ba Q =[0,1] oupiuk KyO Oyiaranma Kapaiitmus.

®dapa3 Kunanuk P Kynxaj Kydugard KypuHuuiaa OyicuH

P(x, A)b) = (Ax,x) + (b, x),
Oy epma A=(a,)m1 CHMMETPUK kxk VIaMiId XaKUKAA  MAaTpHIIA,
b:=(b,b,,...b,)eR" Ba () BEKTOpPIAPHHUHT CKamusgp Kynairmacu. Kyimmaru
TPUTOHOMETPHUK MHTETPATHU Kapailsiuk
T(Ab) = [ exp(iP(x, Ab)) 7 (x)dx,
RK

OyHza K KOMMAKT TYIUIaM Ba y, (X) YHUHT XapaKTEPUCTUK (DYHKIIMSICH.
0= j |T(Ab)|” dbda,
RN

MHTETpaTHN Kapaimuk, Oynna db = dbdb,..db, and da= [] da,,

1<l<m<k
Kyiinnaru Tacivk ypyuHIN:
9-Teopema. dapa3 kwmavinmuk K komnakm myniam OyIcun, y Xonoa 6
unmezpan p>2K+2 axunnawyeuu éa azap K uuku X° myxmaea sea 6ynub éa X°

HyKkmaoar ymyeuu | myepu wuzux maexcyo oyauo, {| K} myniam ¢axameuna
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yekIu HyKmaiapuu cakiaca, y xonoa unmezpan p<2k+2 oa ysoxnawaou. Lllynoati
Kuaub, azap K xomnaxm myniam 0yw 0yimazan udku Hykmaoaw ubopam oyica, y
xo210a scamnawl Kypcamxkuuu po = 2k + 2 2a mene.

P MKKHHYM JapasKajyd OMp *KUHCIM KynxaJx 0yJIraH Xo.1

P(x, A) = (AX, x) OVicuH.

10-Teopema. Aeap P(x,A) = (Ax,X) sa Q xynbypuax 6yicun, y xonoa p > 2k oa
0 unmeepan skuniauyeuu. Aeap Q =[0,1]“, 6ynca, y xonoa p<2k da 6 ummezpan
V30KIAULYy84U OY1a0uU.

KynOypuakmap mabHOCHIAa OW3 MaxcycMmac CHUMIUICKCIap OuplianiMacuHU
TYIIyHAMU3.

3-9caarma. by xonna 6us [Jong-Guk Bak, Sanghyuk Lee, 2004, "Restriction
of the Fourier transform to a quadratic surface in R"". Mathematische Zeitschrift
No.247, pp.409-422.] wmHUHT HaTWXKaNapuHu  {xX}.._, CHIMK CHUPT
OynMarannury Tydaiim Kyjiai oaMainMus.

4-Jcnatma. Q Tymuamra OOFIMK X012, p KYpcaTkud 2k gaH KWYUK OYIUIIH
XaM MyMKHUH. Macanas, arap k =2 Ba Q mapkasu (1,1) mykrama 6ynran erapianda
KWYMK aiiaHaman ubopar Oyica, y Xoinmga p>3 nma @ MHTErpai SKUHJIAIITYBYA
Oynasu.

Kytingarn OenrmianuiapHd KUPUTAMU3:

0,= [ IT.(Ab)|" dbda,
RN

OyHaa
_k(k+2)
==
S5-Tacmuk. 6, wummeepan p>2k+2 oa saxunrawysuu 6a p<2k+2 Oa

N

V30KAQULY8YU.

0
11-Teopema. ®apas xunaiinuk D komnaxm coxa RXp € Ly(R*) 6a T(A) =

fD e XX dx Gyncun. YV xonoa p > 6 —s oa T el’(R®). Bynoan mawxkapu, azap

)%D € Ly,o(R?) 6ynca, y xonoa p>4 da T el’(R®) ypunau.

5-9cmarma. [V. V.Lebedev, 2013, "On the Fourier transform of the
characteristic functions of domains with C* boundary". Func. anall. and its appl.
vol. 47, no. 1. pp. 33-46.] uiHUHT HATMKACHIIAH IIYHAAW KYynOyp4yakaaH Gpapkiu

M
myHAai D Tymiam MaBxyaku, ymoy ¥, € Ly40(R?) ypunmm.

3-Hartmxka. Arap DC R? komnakT Tymam Ba 0D < C* 6¥ica, y xonga p > 4.5
yuyH ymoy T eL”(R*) myHocabar ypuHIIn.

“TpuroHomMerpuk HHTerpa/uiap Y4YyH L°-derapajaHratjuk” HOMJIH
naparpaduna Qazacu y4yuHYHM Japaxkaid OWp >KMHCIM Ba YU3UKIM KHUCMIIAP
HuFuHIUCHAaH WOOopar  Kymxaj OYyiraH TPUTOHOMETPHUK WHTErpaiap y4yH
KamJlall Macaiacu Kapajiaau. TpUroHOMETpUK MHTEeTrpaiapHu 06axosab, skaMiall

KYPCAaTKUYMHUHT aHUK KUMMaTH TOTTUIIaIH.
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bu3 ammmryna ¢yHkuusacu y xaM, (aza QyHkouscu F XaMm mapamerpra

OOFNMMK OYynraH Xonar y4yH MacajlaHh KypuO udumkamu3. ABBan ojawii dazamm
TEOpaHMIIl WHTErpajulapyd Yy4YyH >KamJlalll MacallaCMHM Xajd Kwiamu3. byHnan
Talmkapu, OU3 KyTO THUIUJArd MaxXxCyCIUKHHM ¥y3 WYUra OJIFaH aMIUIUTYyJadu Oup
YI4OBJIM TPUTOHOMETPUK UHTETPAJUIAPHUHT XapaKTepjapuHu ypranamus. Huxosr,
Ou3 y3JyKCH3 aMIUIMTYJadu Ba aiareOpauk (JeKuH Kymxaa OyiaMaraH) dazaiu
GYHKIMSUTA  TPUTOHOMETPHK HWHTETPAJUTAPHUHT JKaMJjlalll MacaJlaCHHHU KYpuoO
yrkaMu3. OJIMHraH HaTUXalap WKKU VIIYOBIM TPUTOHOMETPUK HMHTErpaJlJIapHU
JKamulalll MacajJaCuHU €YMIJIa KYJUTaHUIIau.
F(X,y,a) UKKH Y3rapyBUMHHUHT KYTIXaJ QYHKIUACH OYIICHH:

F(x,y,a):= Ry(x,y,a,) + (X, y,a), (21)
6yHHa P3(X! y' a3) = a3OX3 +3a31X2y+3a32Xy2 + a33y3' P]_(Xl y’ ai) = a10x+ aily
a, = (8y, 84y, 85y, 855), & = (3y,8,,) Jap R*, R? maru MocC paBHUIIIArd BEKTOPIIAP.

[TaparpadHuHT acocuil HaTHUXKanapyu KyHujgaru TeopeMaiapup.
12-Teopema. @apa3z xuraiiux y € C;(R?) 6a

Jaw):= j ey, (x, y)dxdy. (22)

oyacun. Y yonoa uxmuépuii p > 8 yuyn J(,w) el’(R®) ypunau. Bynoan mawkapu,
azap y(-) xoopounamanap oowurune emapiau kuwux ampoguoazu P(0,0) # 0
oynean cunnux ynkyus 6yica, y xonoa p < 8 yuyn J(,y) ¢L"(R®).

Onmu ¢asza dynxuuacu (21) Ba w(X,y)xo(x,y) y3WIMIIra sra amIUIATy[a
GYHKIUUH KyHuaara TeOpaHyBUaH HHTETPATHU KYpHUO YUKaAMHU3

J@ . 2q) = [eF "y (x, y)dxdy, (23)
Q

Oy epma y e C;(R?) Ba Q:=[0,1]x[0,1].

13-Teopema. Azcap J(.v,x,) (23) kypunuwoacu unmezpan 6yica, y xonoa
uxmuéput. p >8  yuyn J(.yw, x,)eLl’(R®). bBynoan mawxapu, acap ()
Koopounamanap oowunure emapau kuuux ampoguoazu P (0,0) # 0 6yrean cuniuxg
@ynxyus o6ynca, y xonoa p < 8 yuyn J(y, x,) ¢L°(R®).

4-Harmxka. J(a, xg) = fQ eF:y9) dxdy unterpan yayn p > 8 na J(-, xo) €
LP(R®) myHocabar ypuumu Ba arap p<8 Oyuca, y xomma J(-, xo) € LP(R®).
bomkaya anTrania, >kamJiam KypcaTkKuuuu y = 8.

AMILUIUTYIACH apaMeTpra 00F/JIMK OMp y3rapyBunjiu TeOpaHyBYaH
HHTErpauIapHM KAMJIAII

B — R® mapka3u KoopauHarajgap Oomnaa Oyiaran €nuk Kyo 0yau0, A, opKaiu
KyHUJard mapTiapHiu KaHOATJIAHTUPYBUU ¢ € C“°(R2 X BxR) byHKuusap cuHGUHU
OenrunaimMmus:

* UXTUEPUH ¢ € A, yuyH, IyHIal K, c R? KOMIAKT TYTaaM MaBxys 0yauo,

uxtuépuit (§,b) € B X R yuyH suppg(,&,b) = K, 6ycun;
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o uxtuépuii g A, Ba N>0 yuyn C=C(N,¢)>0 maBxyn O0ymmd (&,b) €

B X R yuyH
o & b)llgngzy < €
Oy cHH.
R*x R® xR ={(ay,a,,n,b):n € R3,ay,a,,b € R},

dasomaru R® na JleGer ¥ymuoBura HucbGaTaH abGCOMIOT Y3JIyKCH3 OYIITaH,
u =bda,da,dndb Ym4oB OunaH TaHMmaMu3. u-ymuoBm X C R? X R3 X R kucm
TYIUIaMJIaTd P -lapa)kacl  OWiIaH WHTETrpauIaHyBUd Oapua 4 -YITYOBIU
bynaknusiap cuabunu L° (X, ) opKanu Oenruiaimms.
¢ € A, YIYH Kylnaaru TeOpanyBYaH HHTETPATHU KapaiiMu3

1 2 ;
J*(ay, az,m, b): = ;fR (v, b3|n3y? + 1,1, b)el @Y gy, (24)
3

OyHna n = (13,,7,,7,), b #0.
Yy TymiaMHu Kapaniauk
X:={(ay,a;,n,b) € R? X R®> x (R\[-1,1]:|a4|, |a,| < |b|,n € B}.
6-Tacmuk. HUxmuépuit g A, 6a p>8 yuyn J' el (X, u) ypuniu.
Knunk aMmiutyaaau Te0panyBYaH MHTErPAJIAPHUHT 0axoJiapu
AS/RY)

bynna
bl7sy* +m

, akjijgard TeOpaHyBYaH WHTETpa/UVIApUHUHT OaXOCHUHU
2
KapaiimMus, OyHma w(y,n,b) cwimmk Ba supy(,n,b) c[-d,d]n{b?|ny° +n, > 1}
IIAPTHU KAHOATIAHTUPYBUM PyHKIMS Xamaa V4 [y ]l Oy epaa d mycOaT XaKUKHM
w(y,1,0)

b|n, y2 +1,

KUYMK aMIUTATYa (DYHKITUS.
Kyiingaru teOpanyBUaH UHTETPAIHU KapaInK

. 3
2 P(y,n,b)el(@zy +a1y)
a,a b):=
] ( 1 2 T” ) fR b|n3y2+n1|

2
coH. TyuryHapiauku, byHKIHS b§|n3y2 + 111| > 1 MabHOCHAAru

dy.

7-Tacauk. Hxmuépuu p>8 yuyn J? eLP(X, 1) ypuriu.
Yiunuimra ara 0yJaran aMImiiMTyAa (yHKUUsid Te0paHyBYaH
HHTETrPAJUIAPHUHT 0axoJ1apu

Yuly TeOpanyBUYaH MHTETPAHA KapaiiMu3
iF2(y,a,1],b)

b ) ,b
JS(ai’aZJLb) = J‘R l//(yla 77 )e 1 dy, (25)
b2 | ny* +m,|*
2
OyHIa supy (-,a,n,b) € [—d,d] N {b3|173y2 +n4.l > 1}, F,(y,a,n,b) =

3 3
—¥b|n1|§|ay2 + 12+ a,y*+a;yBaoc = L,

M1
Arap n,p, <0 Oynca, y xoina y €MUK HYKTAHU CaKJIOBYM aMIUIUTY]a
byskuusiHu caknaiinu. by TeOpaHyBuaH MHTErpajUIapHU YpraHuil Kapa€HHUIaru
HO3UK MacaJla XMCOOJIaHaH.
8-Tacauk. Hxmuépuii p>8 yuyn J° el®(X,u) ypuriu.
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HaTnkaHMHI aHUKJIUTH
|8y, |= max{lay|,i=0,3} Ba |a,|<1, mapriapna p <8 yuyn Jel’(R°) Hu
KaHOATJIAaHTUPYBuH (21) maknmaru KynxajaHud Kapailiuk.
(21) xynxaauu Kyiuaard makijaa udoaanaiMmns

F(XY,2) = 85[0 + &1,y + &Y )+ apx+ayy,
Gynna §, = 2030 gy g, = . xamza | £,1<6, | £ |<6

9-Tacmuk. Koopounamanap 6owunune ampoguoa y(0,0) =0 6y1u6, xap oup
2

__a3ya33+2a3,—30a300310d3;

cunauk y e CLR?) pyuxyus yuyn, wynoai A,,&,8, counap monunub, |&a, < e,
1
la, [< gay, [° wapmaap 6axcapuneanoa Kytiuoazu 6axo ypuHiu

1/3

U@ = C/lasol"?.
“@azacm kynxajg OyJraH TeOpaHyBYaH HHTErPA/LUIADHMHI TEKHC Ba
HHBapHaHT Oaxosiapu” HOMIM O00mma (asacu D, Maxcyciaukra sra Oynrax

CWUTUK QYHKIUSIN TeOpaHyBYaH WHTETPAJUIAPHUHT TEKHUC Oaxoyiapu Ba daszacu
UKKM ~ Y3rapyBUMJId  YYMHYM Japaxkalu Kynxaa Oynaran  TeOpaHyByaH
MHTErpaUIapHUHT UHBapUaHT OaxonapuHu Kapaiimus. [E. M. Stein, D. H. Phong, J.
A. Sturm On the growth and stability of real-analytic functions, Amer. Journal of
Math. 121 (1999), no.3, 519-554.] umaa kuuuk aedopmanusiapaa XaMm HHTErpal
XAaKUKUM QHAIUTUKIIMK Macajacu Kapajirad. bup y3rapyBumiid MHTErpAJLUIADHUHT
6axomnapu TynuK Kapairad. B.H.Kapnymkuaauar ummna daza GyHKIUICH UKKA
y3rapyBUMIM aHAIUTUK (PYHKIUS Oynran xoljija KapajiraH. Y4 VI4OBIU XOJiJa
BapyeHKOHMHT MUCOJIM YMYMUN XOJ11a YPUHIIM SMACITUTUHU KYPCATIU.

“Pazacu CWIMK OyJraH TteOpaHyBYaH HHTErpalIapHUHI OaxoJapu”
Howuin maparpadma Qaszacu D, wMaxcyciaumkra odra OynraH TeOpaHyBuYaH

WHTErpaJUTApHUHT TeKuC 0axocu Kapanaau. Ymoy 6axo anuk Ba B.H.Kapnymkun
UIIMHUHT aHAJIOTU XUCOOIaHaIH.

®apa3 kunaiimuk U cV cR® koopauHaranap OommsuHT arpodu, U(V) sca
U(V) émmru 6yncuH. f:V >R (QyHKUMSHMHI KYpHHUINM Kylingaruda (OyHma

f eCN(\7), (N >8)) 6ycun

f(x,, %)= %X2 + (X, X, ), (26)
e
Oy epra g<C"(V) Gapua a; +a, <3 yuyn D“g(0,0)=0, xamma D”= P 25 a5
Xl X2

a = (o, a,) € Z? myntuuHaeke, Z, ={0}UN HoMaH}wHi1 OYTYH COHIIAp.
Dapas kunaitmix J¢s()(€): = {F € C 8(V), IIFIl c8(v) < €} Oyncun.
Ymly maparpadHUHT acOCHI HaTHKacH KyWnaaruaaH noopar.
14-Teopema. f eC®(V) (26) waxnoan ubopam 6yacun. Y xonda wynoail

mycoam & con 6a U cV Koopounamanap O60uwluHuHe wyHoat ampopu masxncyo

Oynu6 acCi(U) 6a F e CB(\7), IF| c87) <& QYyHKYuANap yuyH Kyiuuoazu 6axo ypuHIu:
: C

J'em(m:)a(x)dx‘ ”a”lc1

412
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“da3zacy TYPTUHYH JAPAKAJIU OUP KUHCIU Kynxax 0yaran reOpanyBuyaH
HHTErpaJUIAPHUHT Tekuc 6axoaapu” Homiu naparpadaa gazacu kynxaa Oyiran
TeOpaHyBUYaH UHTETPAJUIAPHUHT TEKUC 0ax0JIapuHU KapaiMus.

®apaz Kwirainmmk, U cV cR? koopauHaTajgap OONIMHUHI YerapajaHraH
arpopu, U(V) sca U(V) HuHr énurm OyiacuH. f:V >R Kylumard KypHMHHIIA
Oepunran (0y epma f eC® (\7) (N >8)) 6yncun:

f(x,x,)= fﬁ(xl’x2)+g(xl’x2)’ (27)
oynma f_(x,x,) f_(0,0) kappamuru 2 (Macanan f_(X) TYPTUHYM Japakaid KYIxaj
MapKa3u KoopAuHanap Oommuaga OynraH OUpNMK ailllaHaga HMKKUTAJaH OPTHUK
WJIIA3Ta 3ra 3Mac) Oyarad uiaausra sra OyiraH TYPTUHYM Japa)kand OUp KUHCIH
KyIxaJl Ba Qe CN(V) IyHJAWKW, UXTUEPUN @ + @y < 4 yuyH D“g(0,0) =0 xampaa
D% = i,

OX; 10X, 2

[TaparpaduuHr acocuii HaTHXKacu Kyluiaru Teopemaal uoopar.

15-Teopema. f eC®\V) (27) waxnoan ubopam 6yncun. Y xonoa uiyHoai
mycbam & com éa koopounamanap oowuda ampod masdxncyoku U cV , acCiU) 6a

a:=(ay,a,) € Z> myatauHaekc, Z, ={0} UN HoMaHbuit OyTyH COHIap.

Fe CB(\7), ||F ”cB(V) < & Qpyukyuanap yuyn Kyuuoau 6axo Ypumil:
. In(2
U‘Ue"l(f+F)a(X)dX‘ < C”a”Cl n(l + | A |) .

412
“UKKM y3rapyBuYWJIM TeOpPaHYBYaH HHTErPA/UIADHMHI HMHBApPHUAHT
O0axosnapu” wHomum maparpaduma (dasacm Kymxang Oynran TeOpaHyBUYaH
UHTErpAJUIADHUHT WMHBAapUaHT OaxojapuHu Kapaiimu3. OmuHran OGaxonap
[IONOBHUHT TPUTOHOMETPHUK MHTETPAUIAPHUHT Yy3rapmac Oaxojapu Oyiinua
HATHXKATApUHU (Da3acu yUMHYH Japaxaiu KYmxaa OyIarad XoJiaa SXImianiu.
W,'(R") opkaiim CoOoneB ¢azocuHu OenruwiaiiMu3 Ba YyHIAa HOPMAaHU
KyWuaarnya aHuKJIanMus3

Ipllwpny = Jen(Ziaisn ID*¢1)dx, (28)
OyHma D¢ ¢ AaH OJMHTAH YMyMJIAIlITaH MabHOJIATH XOCHUIIA.
P xynxan Kyhuaarnya oepuirad 0yicuH
P(X, X, 8) = Py (X, X,,83) + Py (X, X5, 8,) + B(X, X, 8,),
OyHna P;(x1, X5, a3): = A30X3 + 3a3,x2%, + 3a3,%,%2 + az3x3, Py(x1, X5, 05): =
ApoX? + 2051X1 Xy + Appx2 Ba Py (X1, X2, 1) = A10X; + Q11 %5.
Ky#nnaru nvHTErpaliHy Kapanmus
J= fRz e PrX2® ¢ (x;, x,)dx; dxy, (29)
Oy ypma ¢@eW?(R?). Illybxacus, oxupru wuHTerpail opargaru Jleber
MabHOCH/IA SIKUHJIAIIA]IH.
[TaparpadHuHr acocuii HaTHXKacu Kyluaaruaad uoopar.
16-Teopema. [llynoaii mycbam C mycobam couu MagxHCYOKU, UXMUEDULL
@ eW,*(R?) yuyn yuby 6axo ypuniu
Clld)”W%(Rz)

Jl < —, (30)
|D(P3)|6
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6yH0a D(Ps) = 3a§1a§2 + 6a30331a32a33 _43303??2 _4a§1a33 - a§0a§3 P3 (xlr X2, a3) Kf”lWOHMHZ
OUCKPUMUHAHMUL.

Yoy 16-teopemann Ba [I.A. Ikromov, Invariant estimates of two-dimensional
trigonometric integrals. Math. USSR Sh. Vol. 76 (1990), No. 2: 473-488.] umxusr
4-treopemMacuHu OWIIaH OUpIAaITUPHUO, KyHHUJard HATHKaHU OJIAMU3.

17-Teopema. (29) unmeepan yuyn Kyiuoazcu 6axo ypuniu:

Clioll,, 2/ p2
Ul < ——28 (31)

|D(P3)[6+|H[4+N6

boynoa N :=ai +3a’ +3aj,+a%, H:=al +al —a,a,, —a,a,.

Kyiinparu wMynoxaza J[lioctepmMaaT TEOpPEMACMHUHI YyMyMJlallraH OWpHU
dyHKIEsICHHRET D Maxcycaukiapra GOFmuK OY/IraH derapagaHraHinK XaKuaard
aHaJIOru XMCOOIaHA/IH.

18-Teopema. [llynoaii mycoam C KoHCcmManma monuiuo, uxmuépuii KOMnaKkm
T yubypuax yuyH Kyuuoaeu 6axo ypuiu

UTe‘deldxz‘ < C

.
| D(R,) [°

6-9caarma. [lLA. Ikromov, Invariant estimates of two-dimensional
trigonometric integrals. Math. USSR Sb. Vol. 76 (1990), No. 2: 473-488.] uwmnune

4-meopemacu Kyruoaeu Hamudicanu bepaou
C”d’”W%(RZ)

2
3
[y6xacwus, % MaxpaKHUHT Oommn xaau OynraH BakTAa OusHuHT (31)
O6axoman EmoHpokuru KypuHamu. Omuaran ©Oaxo T yuOypuakra OOFIHK
AMACIIUTUHU dCTIaTaMu3.
7-9caatma. [D. A. Popov, Remarks on uniform combined estimates of
oscillatory integrals with simple singularities Izvestiya: Mathematics (2008),72(4):
793.], 0a ymymutipox 6ynean Kytiuoazu Kypunuws depuniean 6yauo
P(x,a) = By(x,a;) + P,(x,a,) + R (X,a,) + R(X),
oyuma R(x)=0(x|"), xamoa (31) 6axo ypunau smac. By xonoa mebpanysuan

UHMe2PANNAPHUHE XAPAKMEPUHU YP2AHUUL MYPAKKAOPOKOUD.
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XYJI0CA

Huccepraiys nim TedpaHyBYaH HHTETPAIIAPHUHT TEKUC, KJIACCUK Ipynnanap
WHBapUaHTIapu OpKaiu udoaamanrad O0axonapu, ¢azacu yYWHYH Japakaau Oup
AKUHCIIM KYTIXal OYJIraH MKKU Kappajiu TeOpaHyBYaH MHTErPAJUIAPHUHT UHBAPUAHT
Oaxonapu, Oy HHTEerpauiap ydyH HUFHII Macaiacd, Xamja ¢Gazacu y4YUHYU
Japakaayd Ba OWPUHYHM Japa)xkaind KYNXaJIApHUHT WUFUHIUCU OVIraH WKKU
KappaJii TeOpaHyBYaH MHTETpAUIAPHUHI WHBApUAHT OaxoJjlapu Macajajgapura
OaruIIIaHTaH.

Huccepranmsaga OIMHTaH WIMHM HaTHXKaJIap acocuaa KyWHIaru XyJjocajiapra
KEJIMH]IU:

1) D, maxcycaukra sra 6ynran Mutrar-Jlebdnep ¢pyHkuuscu yayn 0axomnap
OJIMHTaH.

2) ®azacu D, Ba A’ MaxcCyclIMKJapra sra OyiraH ymMyMmiIamirad TeOpaHyB4YaH
MHTErpaJUIapHUHT 0axoiapy OJIMHTaH.

3) YMymutamniran reOpanyBYaH HHTErpauiap yayH Puaau-CreitH JeMMacHHUHT
aHaJIOru UCOOTJIaHTaH.

4) dazacu UKKH Y3rapyBUWIN OUp KUHCII YYUHUH Japakalid Kymxaa Oyiaraxn
yMyMJlalrad TeOpanyBYaH MHTETpajjiap YUyH UHBApUAHT 0axoJap OJIMHTaH.

5) ®azacu Oup Y3rapyBUIN YUUHYH JJApaXKad KYIXaJl y9yH HHBaApUAHT 0ax0
OJIMHTaH.

6) Ukku y3rapysunian Mutrar-Jledduep GpyHkiusacu yayH 0aXxo oJuras.

7) ®azacu Tyna KBaapar OynaMaraH WKKW Y3rapyBUYmiIu TeOpaHyBYaH
WHTETPAJUIAPHUHT aHUK KaMJylall KypCaTKU4H TOIHJITaH.

8) daszacu Tyna kBampar OynaraH Kym y3rapyBUMIM TeOpaHyBYaH
WHTETPAJUIAPHUHT aHUK KamJilall KYypCcaTKU4H TOIHJITaH.

9) ®azacu OuWp KUHCIM YYUHYM Japa)kalld Ba YH3UKIH (QYHKIUSIIAP
WUFUHANCHIAH MOOpaT MKKHU Y3rapyBYMJIA TeOpaHyBUaH WHTETPAJUIAPHUHT aHUK
KamJlall KypCcaTKU4M TOIHIITaH.

10) daszacu D, wMmaxcyciMKra sra OyiaraH CWUIMK QYHKIUS Oyiraxn
TeOpaHyBYaH MHTErpajiap y4yH TEKUC 0ax0 OJIMHIaH.

11) ®a3zacu TYpTUHYM napaxaiu OUp >KUHCIU UKKH Y3rapyBUWIM CUIUIUK
byHkuus Oyiran TedpaHyBYaH MHTErpajiap yuyH TEeKUC 0axosap OJIMHTaH.

12) dazacu y4uHUYM Japakalld UKKH Y3rapyBYHIN KYXaj YIyH WHBapHaHT
0axo0 OJIMHIaH.
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ITRODUCTION (abstract of DSc dissertation)

Actuality and demand of the theme of dissertation. Many scientific and
practical researches carried out on a global scale are mostly focused on the study of
uniform estimates for oscillattory integrals. This is certainly reflected in the
extensive literature available on the subject. The method of trigonometric sums
introduced in the twenth of the 20th century and the expression of the asymptotic
character of these sums through trigonometric integrals became the basis for the
development of the theory of oscillatory integrals. Thus, important area for the study
of oscillatory integrals is their application to analytic number theory. There are two
aspects to the study of the nature of such integrals, one of which is related to
trigonometric sums and the other to trigonometric integrals. One of the important
Issue remains the development of research on the behavior of oscillatory integrals.

In world science, attention was paid to the current directions of mathematical
analysis with practical application of fundamental sciences. In particular, special
attention was paid to the study of the character of oscillatory integrals. Remarkable
results were obtained on the study of Fourier transforms of smooth Borel measures
supported to hypersurfaces of Euclidean space and the Restriction problem of
Fourier transforms to hypersurfaces. Algebra and mathematical analysis, theory of
dynamical systems, applied mathematics and mathematical modeling are important
scientific researches from a practical-theoretical point of view.

In our republic, great attention is paid to fundamental sciences of scientific and
practical importance, in particular, special attention is paid to the development of
the theory of harmonic analysis. Conducting scientific research at the level of
international standards in the priority areas of "Algebra and its applications,
differential equations and their applications, mathematical modeling of nonlinear
systems, dynamic systems and their applications, stochastic analysis, medical-
biological informatics, computational mathematics®" are the main tasks of
mathematics and were defined as the directions of activity. The development of the
theory of oscillatory integrals of harmonic analysis issues is considered to be of great
scientific importance in ensuring the implementation of this decision.

Conducting research at the level of international standards in the priority areas
of "Algebra and its applications, differential equations and their applications, linear
systems, dynamic systems and mathematical modeling of their applications,
stochastic analysis, medical-biological informatics, computational mathematics™ is
identified as one of the main tasks of the scientific researches. To ensure the
implementation of the decision, it is important to develop theory of oscillatory
integrals and estimates for convolution operators.

The subject and object of our dissertation are in line with tasks identified in the
Decrees and Resolutions of the President of the Republic of Uzbekistan of February

3 Decision of the President of the Republic of Uzbekistan No. PQ-4387 of July 9, 2019 "On state support for the
further development of mathematics education and sciences, as well as measures to fundamentally improve the
activities of the Institute of Mathematics of the Academy of Sciences of the Republic of Uzbekistan named after V.I.
Romanovsky"
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7, 2017, PF-4947, "On the strategy of action for the further development of the
Republic of Uzbekistan™, PQ-4387 dated July 9, 2019 "On state support for the
further development of mathematics education and science, as well as measures to
radically improve the activities of the Institute of Mathematics named after V.I.
Romanovsky of the Academy of Sciences of the Republic of Uzbekistan™ and PQ-
4708 of May 7, 2020 "On measures to improve the quality of education and research
in the field of mathematics™ as well as in other regulations related to this activity.

Connection of research to priority directions of development of science
and technologies of the Republic. This study was performed in accordance with
the priority areas of science and technology of the Republic of Uzbekistan, 1V,
"Mathematics, Mechanics and Computer Science".

Review of foreign research on the topic of the dissertation.* The scientific
research on generalized oscillatory integrals and their applications in higher
education institutions and scientific research centers of leading foreign countries,
including Ghent Analysis and PDE Center (Belgium), School of Mathematical
Sciences, Queen Mary University of London (England), Christian- Extensive
research is being conducted at Albrechts-Universitat zu Kiel (Germany), Ganja State
University (Azerbaijan), Moscow State University (Russia).

As a result of research conducted in the world on generalized oscillatory
integrals and their applications, a number of topical issues were solved, including
the following scientific results: estimates of one-variable generalized oscillatory
integrals were obtained (Ghent Analysis and PDE Center (Belgium), School of
Mathematical Sciences, Queen Mary University of London (England)); found
invariant estimates of oscillatory integrals (Moscow State University (Russia));
Summation exponents for polynomial phase oscillatory integrals partially were
found (Ganja State University (Azerbaijan)).

Today, there are a number of researches on generalized oscillatory integrals
and their applications, including: obtaining invariant estimates of oscillating
integrals with phase polynomials, obtaining uniform estimates of oscillatory
integrals with special polynomials phase, summation of oscillatory integrals with
homogeneous third-order polynomials with phase two variables scientific research
works are being carried out in the priority areas such as finding the oscillating index,
obtaining estimates of the oscillatory integrals associated with the Mittag-Leffler
function, and finding the asymptotics of the oscillatory integrals associated with the
Mittag-Leffler function.

The degree of scrutiny of the problem. Oscillatory (trigonometric) integrals
first appeared in 1818 in Fresnel’s work related to the study of light intensity. Using
such integrals, he solved the problems of edge, screen, and small-hole diffraction. In
1838, Airy used trigonometric integrals to study the intensity of light around
caustics. A caustic is a collection of light whose intensity is much higher than at
other ordinary points. Later, in 1887, in the studies of Kelvin and Riemann, the

4 Review of foreign research on the topic of the dissertation: https://www.springer/com/gp/mathematics;
https://onlinelibrary.wiley.com/; www.mathnet.ru; www.scholar.google.com; Developed from
www.elsevier.com/locate/camw and other sources.

27



stationary phase method was used to study the character of oscillatory integrals. In
1891-1892, Poincare made extensive use of oscilatory integrals in his research on
the intensity of light. In particular, he proved that when light passes through a

caustic, the phase shifts to % This assertion was previously confirmed

experimentally by Gui. In the later researches, Pearce, Ludwig, Ursell, Connor and
other scientists appeared in mathematical physics applications of oscillatory
integrals with special phases. In 1974, in the work of J. Dustermat, generalized Airy
functions, more precisely, functions related to Arnold’s elliptic singularities, were
studied.

In 1973, V. I. Arnold proposed the following hypothesis. Suppose that the
phase function of the oscillatory integral depends on some parameters. Of course,
the phase function can be a smooth (even analytic) function of parameters and
"basic" variables (integral variables). That is, let us have a family of phase functions.
Let these parameters vary around the zero point at the assigned values. Therefore,
they are sometimes called small parameters. Let us know the oscillation index of the
oscillatory integral (that is, the phase function is determined by the value of the
parameter at the zero point). Then, when the parameters change around the zero
point sufficiently small, the oscillatory integral depending on the parameters is
evaluated by the level of a large parameter arbitrarily smaller than this oscillatory
index. In other words, the oscillation index is a semi-continuous function of the
"subparameters" of the phase. This issue is also covered in Arnold’s Problems (an
expanded English edition of this book was published in 2004).

Arnold’s hypothesis was proved by V. N. Karpushkin. More specifically,
smooth (with respect to a sufficiently small "shift" of the phase function) estimates
of the double oscillatory integrals were obtained, with the phase function being
analytic. In other words, V. N. Karpushkin proved that V. I. Arnold’s hypothesis is
valid for oscillatory integrals with analytic phase. This result was later proved in
Hasanov’s PhD thesis for some special deformations of smooth functions.

The important area for the study of oscillatory integrals is their application to
analytic number theory. It is known that in the studies of .M. Vinogradov, the
integral corresponding to the number of solutions of Diophantine equations (the so-
called Vinogradov integral) occupies an important place. However, there are two
aspects of investigating the behavior of such integrals, one of which is related to
trigonometric sums and the other to trigonometric integrals. In 1949, the Chinese
mathematician Hua Lo Gen posed the problem of finding the minimum exponent of
the trigonometric integral belonging to a suitable space. This issue has been
considered in a number of works, and estimates obtained by Vinogradov are based
on variant of classical Van der Korput lemma. This problem was solved in 1979 by
G.l. Arkhipov, V.N. Chubarikov, and A.A. Karatsuba for one-dimensional
oscillatory integrals, and they found an upper boun for multiple trigonometric
integrals. However, this issue is still open in general.

After the works of J. Mokenhoupt, interest in this issue increased. It turns out
that this problem is related to the Restriction problem of Fourier transforms of
integrable functions. More specifically, it becomes clear that the lower bound for the
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summation exponent is the same as that obtained for the bounded operator. It should
be noted that the estimate obtained by G.l. Arkhipov, V.N.Chubarikov and
A.A Karatsubas allows to obtain the sharp lower estimate for the index of the space
of integrable functions with some degree. In this case, the Restriction problem on
model curves with torsion is considered. However, the boundedness problem for
curves of finite order and the Restriction problem of the Fourier transform in
Euclidean space are still open.

The connection of the topic of the dissertation with the research work of
the higher educational institution, in which the dissertation is carried out. The
dissertation was done in accordance with the planned theme of scientific research of
fundamental project OT-F4-69 "Harmonic analysis, power geometry and their
applications to the problems of mathematical physics" (OT-F4-69, Samarkand State
University, 2017-2020).

The aim of the research is to obtain estimates of generalized oscillatory
integrals and to find an exact summation index.

Research tasks:

obtain smooth estimates for oscillatory integrals with a discontinuity of the
amplitude function using the transition method in accuracy e;

estimation for generalized oscillatory integrals associated with the Mittag-
Leffler function, whose phase function has singularities D,, D; and A ;

obtain smooth estimates for the generalized and classical oscillatory integrals
associated with the two-variable Mittag-Leffler function, the phase function of
which is polynomial;

for oscillating integrals whose phase is a third-order polynomial, obtaining
estimates of the group of classical actions in the Euclidean plane through invariants;

to find the exact summation exponent in the coefficient space of the classical
oscillatory integrals where the phase function is a polynomial of the second and third
order.

The research object. Consists of generalized oscillatory integrals whose phase
is polynomial.

The research subject. State of oscillating integrals when the coefficients of
the phase function tend to infinity, estimation of oscillatory integrals by means of
invariants of classical groups

Research methods. The theory of singularities of differential maps, the theory
of analytic functions, and asymptotic methods of analysis were used in the thesis
work.

The scientific novelty of the research is as follows:

it is obtained smooth estimates for oscillatory integrals with a discontinuity of
the amplitude function using the transition method in accuracy &;

it is estimated for generalized oscillatory integrals associated with the Mittag-
Leffler function, whose phase function has singularities D,, D, and A ;

it is obtained smooth estimates for the generalized and classical oscillatory
integrals associated with the two-variable Mittag-Leffler function, the phase
function of which is polynomial;
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for oscillating integrals whose phase is a third-order polynomial is obtained
estimates of the group of classical actions in the Euclidean plane through invariants;

it is finded the exact summation exponent in the coefficient space of the
classical oscillatory integrals where the phase function is a polynomial of the second
and third order.

The practical results of the research are as follows:

it consists in the fact that the exact summation exponent of the oscillatory
integrals whose phase is a third-order polynomial in two variables is found;

it can be used to obtain the proof of Van der Korput’s lemma for generalized
oscillatory integrals whose phase is a polynomial in two or more variables;

estimates of generalized oscillating integrals can be used to estimate solutions
of partial differential equations of fractional order.

The reliability of the results is based on the use of methods of mathematical
analysis, functional analysis, mathematical physics, differential equations, harmonic
analysis theory, as well as mathematical proofs by applying rigorous mathematical
considerations.

Scientific and practical significance of research results. The scientific
significance of the research results is explained by the fact that the existence of
invariant estimates of the generalized oscillatory integrals, which is a third-order
polynomial phase, is shown.

The practical importance of the research results is determined by the fact that
they serve as a basis for researching the nature of the fundamental solutions of
hyperbolic equations.

Implementation of research results. Based on the estimations of the
generalized oscillatory integrals and the results related to their applications:

scientific results on invariant estimates of oscillatory integrals with polynomial
phase in leading foreign journals (Nonlinear Analysis, Volume 207, June 2021,
112292, Analysis and Mathematical Physics volume 12, Article number: 130 (2022),
Journal of Siberian Federal university. mathematics and physics 15.4 (2022): 459-
466.) have been used in the study of problems corresponding to some nonlinear
differential equations. Application of scientific results made it possible to prove that
the spectra of the considered issues are discrete;

Generalized oscillatory integrals and their applications have been used in the
research project number 01M01021 by the FWO Odysseus 1 grant G.0H94.18N:
Analysis and Partial Differential Equations and by the Methusalem programme of
the Ghent University Special Research Fund (BOF) (reference of Ghent University
dated Aprel 18, 2023). The application of scientific results made aprior solution to
partial differential equations with fractional derivatives;

Results of estimates for generalized oscillatory integrals with polynomial phase
in the project number AP08052046 "Some non-local analogs of non-linear partial
differential equations” (reference number 01-06/060 of Institute of Mathematics and
mathematical modelling dated Aprel 17, 2023) estimates for generalized oscillatory
integrals with Mittag-Leffler functions. Application of scientific results made it
possible to estimated solution to Koshi problem for partial differential equations

with fractional derivatives.
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Approval of research results. The main results of the research were discussed
at 14 scientific and scientific-practical conferences, including 8 international and 6
national scientific and scientific-practical conferences.

Publication of research results. A total of 28 scientific works were published
on the topic of the dissertation, of which 14 articles were published in scientific
publications, including 6 foreign and 8 republic journals, in which the main scientific
results of doctoral dissertations of the Higher Attestation Commission of the
Republic of Uzbekistan were recommended for publication.

The structure and scope of the dissertation. The dissertation consists of an
introduction, four chapters, a conclusion and a list of references. The volume of the
dissertation was 167 pages.
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THE MAIN CONTENT OF THE DISSERTATION

In the introduction is given the actuality and relevance of the thesis topics are
described, the appropriate research priority areas of science and technology of the
Republic are determined. Moreover, we give a review of international research on
the theme of the dissertation and the degree of scrutiny of the problem, formulate
goals and objectives, identify the object and subject of study. The scientific novelty
and practical results of the research, the theoretical and practical importance of the
obtained results, information on the implementation of the research results about the
published works and the structure of dissertation are also presented in this chapter.

In the first chapter of the thesis, titled “Pleminaries”, we define necessary
definitions, notations and some results which will be used through the thesis. Also,
we provide proofs of some preliminary statements. In particular, we reduce normal
form of functions, with respect to linear change of coordinates, having simple
singularities. Further, we consider oscillatory integrals with analytic phase function
and amplitude having set of discontinuity points. We obtain estimates for such
integrals which are sharp up to a positive number ¢ >0.

We will restrict ourselves to the two-dimensional case, i.e. n=2. Let us
consider the corresponding oscillatory integral with a smooth amplitude having a
compact support:

Jy(A,9) = J'Rza(x, s e *x)gix,
The basic condition:
Let se K and for (r,,7,) consider a new phase function
®@,(X,8,17) = D(X,S) + X717, + X,17,.

Main assuption: suppose that ®(x,s) is an analytic function such that for any
critical point of the function ®,(x,s°,7°) where (s°,1°) € K x R?, and its oscillation
exponent g < g,. We have the following statement.

Theorem 1. If the phase function satisfies the main condition, then for any
positive number &> 0 the following estimate is valid

Cs a(',S)” 3

Consider the oscillatory integral
J(A8) = [p2 Xp(sy () alx, s)e**C9dx, (1)
where D(s)-family of regions in R? and {F,(x,s)> 0, F,(x,s)> 0} D(s), furthermore
71,7, <0D(0), where y; = {x:F;(x,0)=0}, j =1,2.
The following theorem is true.

Theorem 2. If the oscillation index of the critical point x=0 of the function
@ (x,0) is g, then there exists a neighborhood of zero U x V ¢ R? x R™ such that,

for any fixed positive number ¢>0, for any amplitude function acC; (U xV) the
following estimate is valid:
A, a|c3

e

3(4,9)|<
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In the second chapter of the thesis, titled “Oscillatory integrals with Mittag-
Leffler functions”, we consider the following integral with phase f and amplitude

w is an integral of the form:

Ly = [ Eup (12F 0O)w (X)dx 2
where 0<a <1, B>0, U is a sufficiently small neighborhood of the origin and
A>0.

In “Estimates for Mittag-Leffler functions with smooth phase having
simple singularities” section we consider the problem on uniform estimates for
Mittag-Leffler functions with the smooth phase functions having singularities D_,
D, and A . The generalisation is that we replace the exponential function with the
Mittag-Leffler-type function, to study oscillatory type integrals.

Let we consider homogenous polynomial third degree with two variables. The
main result of the section is the following.

Theorem 3. Let —w<a<b<w. Let phase function has the a homogenous
polynomial third degree with two variables and let y eL’[a,b]’, 1< p<w. If
0<a<1, p>0and 1>0 then we have following estimates

Jiap aﬁ(llx1x2)lp(x)dx| <C'fi'f, (3)
A2 2p
CI I
flabpe Eap (AT, £ d)p()dx| < 2 (4)
,1 3p
Cly|
Jiaop: Bap (A (0)dx| < 24, (5)
213 3p

where constant C is depend only p.

In “Estimates for generalizated oscillatory integrals with polynomial
phase” section we consider the problem on uniform estimates for generalized
oscillatory integrals given by Mittag- Leffler functions with the homogeneous
polynomial phase.

We obtain a variant of the Ricci-Stein lemma and invariant estimates for
corresponding integrals.

Let

Ls(@) = | ,E. s (P@ X))y (X)alx, (6)

where 0<a<1, B>0, P(a,x) is a phase, ¥ € C*(R™) is an amplitude and
Q":=[0,1]" is n dimensional cube.

Theorem 4. Let 0<a <1, B>0. There exists positive number C, such that for
the integral (6) with phase P(a,x) following inequality holds

lap| = =% (7
IIaIId

where |lall = X3<a laal-

Remark 1. Theorem 4 is an analog of the Ricci-Stein lemma.

Proposition 1. Let P:R™ - R be a polynomial of degree <d and
|al=max{|a, || 1|<d}. There exists a constant C,, such that if a” eS" (where N +2

Is the dimension of space of polynomials of degree at most d) is a fixed point and
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ID*P(a® x)| = 6 > 0, vxe[0,1]" (where a € Z} with |a| = 2), then the following
inequality holds

|1 (ua®)| < L2,

|1l
here S" ={Ja|=1} is the unit sphere and x> 0.
In “Invariant estimates for homogeneous polynomial phase” section, we
consider generalized oscillatory integrals with phase function which is a
homogeneous polynomial of degree three in two variables

P,(a,x,y) = a,x* +3a,x’y + 3a,xy’ + a,y*, (8)
here a: = (ay, a;, a,,asz) € R* are coefficients. Consider
Io,g(@) = [42 Eap(iP3(a,x, ) (x, y)dxdy, 9)

where y is a smooth function of compact support.

We study the behavior of integral (9) in the case when the coefficients of the
polynomial tend to infinity. Let us obtain estimates for integral (9) in terms of the
invariants of the group of motions of the Euclidean plane. Note that, the discriminant
of a polynomial denoted by D is defined by the formula:

D =3a’a’ +6a,a,a,a, — 4a,a; —4a’a, —a’a’.
It is the invariant of the group SL(2,C).

Theorem 5. For the integral (9) with phase (8) following inequality

|Ia’ﬁ (a)| < C”d’”}[}”
|D|e
holds. Here ¢ is a constant independent of a and D=0 is discriminant of the
polynomial P,(a,x,y).

Then we consider one-dimensional integrals. The results of this section will be
used in the next section to get invariant estimates. Now we consider the following
example for d =3.

Let 0< s <1. We consider the integral

3,5(P,0) = [ E, (0 + px+a))adx, (10)

where 0<a <1, f>0.
Theorem 6. 1) Let %< 5<%. Then

9,,5(p.0)| < T (11)

[pP,a%)°

27 4
for any (p,q) = (0,0).
2) Let %<5<1. Then
‘Javﬁ(p’q)‘ < = 2-35 ! (12)
s (1pf  q*) ¢
D 2 L
Dl ( 27 "4
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3

2
where D :%+%¢o Is discriminant of polynomial x*+ px+q and c, >0 a positive

number depending only on 5.

In “Estimates for Mittag-Leffler functions with two variables” section we
consider the problem estimates for Mittag-Leffler functions with two variables. The
generalisation is that we replace the exponential function with the Mittag-Leffler-
type function, to study oscillatory type integrals.

The main result of this section is the following.

Theorem 7. Let f be a smooth finite type function with two variables defined

in a sufficiently small neighborhood of the origin and let v eC ().

If 0<a<1, >0, h>1and A > 2 then we have following estimate
Cl ln/1|m||1/)||Loo(v)

|fyy Eap (iAf (1, 22) )i (x)dx| < - , (13)

Ah
where h is a height of the function also m=0,1 multiplicity of the Newton
polyhedron.
If 0o<a<1, p>0, h=1and A > 2 then we have following estimate

_ Clin Al o
|y Eap GAGEE + x3))p () dx| £ ——— (14)

and

_ Clm ARl o
|y Eap (IA(E = x2)P(x)dx| < ———2, (15)

where constant C is independent of the phase and amplitude.
Proposition 2. Let f :Q—R be a measurable function such that for all real

A > 2 and for any positive § =1, we have
‘ jge”f“)dx‘ <ClA[’|InA]", (16)

with m>0. Then, we have

xe Q| f(X)[<el<Che’ [Ine|" for 5 <1,

and for 6 > 1,|x € 2:|f(x)] < €] < Cs¢l,

where C, depends only on s.
1, when|x[< o,
0, when| x|> 2
for all real A > 2 and for any positive h, we have
IRZe””X)a(x)dx <C|A |‘%| InA|", (17)
where m>0, f isasmooth finite type function at the origin, h is the height of the
function f and m is the multiplicity of the Newton polygon.

Corollary 2. Let (x,x,) be a smooth function and Q is a sufficiently small
compact set of the origin that for all real & > 2 we have

1
IxeQ:| f(X)[Kel<Ce|Ing|",

where h is the height of f and m is a multiple.

Corollary 1. Let a(x) :{ and a(x) >0 with a € C7(R?). Then
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Proposition 2. For any smooth function with compact support a(x,y) and for
h>1 the following inequality holds

a(x,y) ClinA|
——22 dxdy < : 18
S PR TR ™R R , (49)

where f(x,y) is smooth function.

Remark 2. If h=1 and as f(x,y) is smooth function with vf(0,0)=0. Using
Morse lemma we have f:x*+y*. So in this case we estimate two sets A=A, +A,,
where A :={(x,y): | x* £ y*|KMA,|x|<1,|y|<1} and A, ={(x,y)] x> £y*|> MA,|x|<1,| y|<1}.

In “Estimates for oscillatory integrals with polynomial phase” chapter it is
considered the summation problem for trigonometric integrals with polynomial

phase.
Let P(x,a)eR[x], xeR" be a polynomial with real coefficients aecR". We

consider the trigonometric integral given by
J(a) = j exp{ 24P (x, a)}dx,
Q

where Q ={xeR":0<x <1,1=1,...,n} is an n-dimensional unit cube. Importance of
this function is that it appears in the special integrals of the form

I, = Lm 1J(a)|° da (19)
in Tarry’s problem, arising as a coefficient of an asymptotic representation for a

number of integer solutions of a Diophantine system. Therefore, it is important to
find a minimal value of the parameter p such that the integral (19) is convergent.

Problem: Find the number y=inf{p>1:J eL"(R™)}.
The number » is called to be the sharp convergence exponent for the

trigonometric integrals.
In this chapter, we find the number  for trigonometric integrals with

polynomial phase function. Let P(x,s)eR[x] be a polynomial of xeR* with
coefficients seR". By Q we denote the compact set in R*.

In “Estimates for trigonometric integrals with incomplete quadratic
phase” section we consider the summability problem of trigonometric integrals
when k =3 and obtain the exact convergence index p, in the case when Q =[0,1]°.

In the case when P is a homogeneous polynomial of degree two, we obtain the
exact value p,.

Let polynomial P be given by:
P(x, A,b) = (AX, X) + (5, X),

0a a,
where A=|a, 0 «, | IS a real symmetric matrix, g:=(8,5,.5,) and (.) the inner
a, o, 0
product of vectors. The following trigonometric integral
T(AB)= [ exp(iP(x, A B))dx, (20)
0.1

arises in the study of analytic number theory (see [1]).
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We consider the following integral
0= j IT(A B) P dBda,
RG

where dg=dgda,dE, and da =da,da,da,.

The following is true:

Theorem 8. The integral @ converges for p>4 and for p<4 it diverges. In
particular in this case p, = 4.

Let us introduce the following notation:
0,= [ IT.(AB)I dida.

RS

Proposition 3. The integral 6, converges at p>4 and diverges at p<4.

Let K :=[0,1]° be cube in R® and
h(B)= [z (x)e P dx,
R3

where y, (x) is the characteristic function of the set K.

Proposition 4. For any positive number ¢, the following inclusion holds true
hel,, (R%).

In “On estimates for trigonometric integrals with quadratic phase” section
we study the problem by considering the classical setting. In other words, P is a
quadratic polynomial function and Q =[0,1]* is a unit cube. It should be noted that
the condition of Makenhaupt does not hold for this case. When P is a homogeneous
polynomial of degree two, we obtain the exact value of p,.

Let polynomial P be given by
P(x, A b) = (AX, X) + (b, X),
where A=(a,)".n=2 IS asymmetric k xk matrix with real entries, b:= (b,,b,,...,b,) eR"
and () is the inner product of vectors. Consider the trigonometric integral
T(Ab) = [ exp(iP(x, Ab)) 7 (X)dx,

rK

where K is a compact set and y, (x) is its characteristic function.
Consider the trigonometric integral
0= [ IT(Ab)° dbda,
RN

where db =dbdb,..db, and da= [] da,,.

1<l<ms<k

The following is true:
Theorem 9. Let K be a compact set, then the integral @ converges at
p>2k+2 and if K contains an interior point x° and there exists a line 1 passing

through point x° such that the set {I ~K} contains only a finite number of points,
then at p <2k +2 the integral diverges. Thus, if K is a compact set with a non-empty
interior, then p, =2k +2.

The case when P is a homogeneous polynomial of the second degree

37



Now suppose that P(x, A) = (Ax,X) .

Theorem 10. If P(x,A)=(Ax,x) and Q is a polyhedron, then for p>2k the
integral ¢ converges. If Q =[0,1]%, then at p <2k the integral ¢ diverges.

By polyhedron we mean the finite union of nondegenerate simplexes.

Remark 3. In this case, we cannot apply the results of [Jong-Guk Bak,
Sanghyuk Lee, 2004, "Restriction of the Fourier transform to a quadratic surface in
R"". Mathematische Zeitschrift No.247, pp.409-422.] as the corresponding set
{xx;},-, is not a smooth surface.

Remark 4. Depending on the set Q, the exponent p may be smaller than 2k.
For example, if k=2 and Q is a sufficiently small square centered at (1,1), then it
can be proved that for p >3 the integral ¢ converges.
Let us introduce the following notation:

0,= [ IT.(Ab)|" dbda,
RN

where
k(k +2)
=

Proposition 5. The integral o, converges when p>2k+2 and diverges when
p<2k+2.

N =

[]
Theorem 11. Let D be a compact domain such that ¢, € L,(R?) and
T(A) :jDe“AX*X)dx. Then TeL’(R®) at p >6-2. Moreover, if 7p € L;,o(R?), then, for
q

any p >4, the inclusion T eL°(R®) is valid.

Remark 5. From the results [V. V.Lebedev, 2013, "On the Fourier transform
of the characteristic functions of domains with C* boundary". Func. anall. and its
appl. vol. 47, no. 1. pp. 33-46.] given in it follows that there exists a set D other than

a polygon such that ¢, € Ly40(R?).

Corollary 3. If <R? is a compact set such that éD < C*, then for p>4.5 the
relation T eL"(R®) holds.

In “On the L? -bound for trigonometric integrals” section we consider the
summation problem for two-dimensional trigonometrical integrals with a third-order
polynomial phase, which is sum of homogeneous polynomials of degree three and
one. We find the sharp convergence exponent using the estimates for trigonometric
integrals.

We consider the problem for the case when both the amplitude function y and
the phase function F depend on parameter a. First we solve the summation problem
for oscillatory integrals with a simple phase. Further, we investigate the behavior of
the one-dimensional trigonometric integrals with an amplitude containing a pole-
type singularity. Finally, we consider more difficult summation problem of the
trigonometric integrals with a discontinuous amplitude function and with an
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algebraic (but not a polynomial) phase function. The obtained results will be applied
to the solution of the summation problem for two-dimensional trigonometric

integrals.
Let F(x,y,a) be a polynomial function of two variables:
F(x y,a) = RBy(x y,85) + P(x y,a), (21)
where P(X,y,8;) = a30x3 +36131)(2)’4‘3‘332)()’2 +333y3' P(X,y,8,) = a,X+a,Y.

a, = (8,8, 84,,85,), & :=(ay,,a,) are vectors in R*, R respectively.
The main results of the section are the following theorems.
Theorem 12. Let y eC(R?) and

J(@a )= [eFer Dy (x,y)dxdy. (22)

Then J(,y)eL”(R®) forany p>8. Moreover, if (.- isasmooth function supported
in a sufficiently small neighborhood of the origin with (0,0) #0, then J(,y) ¢L°(R®)
for all p<s.

Now we consider the oscillatory integral with the phase function (21) and a
discontinuous amplitude function w(x,y)x,(x,y) so that

@y o) = [y (x, y)day (23)
Q

where y € C;(R*) and Q:=[0,1]x[0,1].

Theorem 13. If J(.y, z,) is the trigonometrical integral given by (23), then
J(w, xo) eL”(R%) forall p>8. Moreover, if () is a smooth function, concentrated
in a neighborhood of the origin with (0,0) #0, then J(.y, x,) ¢L°(R®) for all p<8.

Corollary 4. For the integral

J(a o) = [ dxdy,
Q

the relation J (-, xo) € LP(R®) holds forall p>8, and if p<8 then (-, xo) € L? (R®).
In other words we have y =8.
Summation of the one dimensional oscillatory integrals with amplitude
depending on parameters
We introduce a class of amplitudes and obtain estimates for corresponding one-
dimensional oscillatory integrals which will be used in the proofs of main results in

general case.
Given a closed cube B <R® centered at the origin, denote by A, the class of

functions ¢eC°°(R2 x BxR) satisfying the following conditions:

- for any ¢ e A, there exists a compact set K, = R* such that suppg(. &,b) =K,
for any (&,b) e BxR;

o for any ¢ A, and N >0 there is C =C(N,¢) >0 such that

loC, & D) lengrey < €

for any (¢&,b) e BxR.

We introduce the measure u =b*da,da,dzdb in

R%? x R® xR ={(ay,a,,n,b):n € R3,a,,a,,b € R},
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which is absolutely continuous with respect to Lebesgue measure in R®. Given a u
-measurable subset X c R? x R3 x R we denote by LP(X,u) the class of all x-
measurable functions whose p -th power is u-integrable. For ¢< A, consider the
following oscillatory integral

1 2 ;
J*(ay, az,m, b): = ;IR @, b3|n3y? + 1,1, b)el @Y gy, (24)
3

where n=(.1m;.1;), b=0.

Set
X:={(ay,a;,n,b) € R?* X R®> x (R\[-1,1]):|a4|, |a,| < |b|,n € B}.

Proposition 6. For any ¢ A, and p>8 the inclusion J*eL?(X, x) holds.

Estimates for oscillatory integrals with small amplitude function
We will estimate the oscillatory integral with amplitude of the form
‘”(y’—f'b), where y(y,7,b) be a smooth function satisfying conditions
blmy” +m|

2

supy (-7,b) c[-d,d]~{b? |,y* +n,|>1} and also V4 [w]1, where d is a positive real

number. It is clear that, ‘/’(y’—f’b) is of a small amplitude function in some sense
bl7,y” +m, |
2
for b3|n3y? + 14| > 1.
Consider the oscillatory integral given by

; 3
2 ll)(y'n,b)e"(aZY +aiy)
a,,a-,,n,b):=
JH(ay az,m,b):= ], blnsy?+n:|

dy.

Proposition 7. For any p>8 the inclusion J* eL"(X, ) holds true.
Estimates for oscillatory integrals with discontinuous amplitude function
We consider the oscillatory integral

b |F2(y,a,7],b)
V(@ ab)= [ YRR g, (25)
bzlnsy +a, |t
where sup P (- a,n,b) € [-d,d] n {b§|n3y + 1.l > 1}, F,(y,a,n,b) =

——b|771| loy? + 1|z +a,y3 +a;yand o = n_
If n,7, <0 then the amplitude contains a function, which is discontinuous at

some point and can be big when y close to that point. This is more subtle case in

the investigations of behavior of the oscillatory integrals.
Proposition 8. For any p >8 the inclusion J®eLP(X, «) holds.

The sharpness of the result
Take any polynomial of the form (21) satisfying |a,, |= max{la,|,i =03}, and
|a, |<1, suchthat J ¢ L°(R®) forall p<s.
We represent the polynomial (21) in the form
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F(x,y,a) = 3-30()(13 + §2le12 + §3y13)+ X +a,y,
_an2 2 3 )
where ¢&, = M and ¢&, = a3°a33+2a313 $afnd Notice that | &, [<6, |£, |<6.

30 0
Proposition 9. For every smooth function y <C}(R?*) supported in a

neighborhood of (0,0) with (0,0) =0 there exist positive numbers A,,&,a, such that
2 1
in the region | &,a,, |*|< &, |a, |<<ay, |* the following estimate holds for integral (25):

J(a)| = C/|a30|1/3.

In “Uniform and invariant estimates for oscillatory integrals with
polynomial phases” chapter we consider the uniform estimates of oscillatory
integrals with smooth phase functions in the case when the phase function has
singularity of type D, and in the case when the phase function is a homogeneous
polynomial of degree four in two variables also we obtain invariant estimate for
oscillatory integrals with polynomial phase third degree of two variables. The issue
of whether integrals of real-analytic functions remain finite under small
deformations was considered in [E. M. Stein, D. H. Phong, J. A. Sturm On the
growth and stability of real-analytic functions, Amer. Journal of Math. 121 (1999),
no.3, 519-554.]. An approach based on uniform estimates for certain classes of one-
dimensional integrals is introduced. It is strong enough to recover the stability
properties of real integrals in two dimensions which follow from the work of V. N.
Karpushkin, and to obtain new results in higher dimensions. In dimension three, the
new stability results in general can not be true, as shown by the well-known example
of Varchenko.

In section “Uniform estimates oscillatory integrals with smooth phase” we
consider the problem on uniform estimates for oscillatory integrals with the smooth
phase functions having singularities of type D, . The estimate is sharp and analogy

to estimates of the work by V.N.Karpushkin.
Let U<V <R? be bounded neighborhoods of the origin, U(v) the closure of

U(V), respectively. Suppose that the function f:V >R (where f<C"(V) (N=>8))
has the form

F(x %)= %G +9(x, X, ) (26)
e
where g eC"(v), suchthat D*g(0,0) =0 forall o, +a, <3, where D* is D = - fla =
Xl X2

, a=(ay,a,) € Z? is a multi-index, z, ={0}UN are the non-negative integers.
Let 8. (e)={F <C°W ) [Fla) < 23
The main result of this section is the following.
Theorem 14. Let f ec®V) have the form (26). Then there exists a positive

number ¢ and a neighborhood U Vv of the origin such that for any functions
acCi(U) and FeC*(V) || <2 the following estimate holds:
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Cllal:
=

ei/l(f+F)a x )dx
o st
In section “Uniform estimates for oscillatory integrals with homogeneous
polynomial phases of degree 4” we consider the problem on uniform estimates for
oscillatory integrals with the homogeneous polynomial phases of degree 4.

Let U cV cR? be bounded neighborhoods of the origin, u() the closure of
U(V), respectively. Suppose that the function f:v —»R (where f ec“(\7), (N >8))
has the form:

F(x %)= 1,000, % )+ 9%, %, ) (27)
where f_(x,,x,) is a homogeneous polynomial of degree 4 having the root f_(0,0) of
multiplicity at most 2 (e.g. polynomial f_(x) of order 4 has at most two roots of
multiplicity two on the unit circle in R® centered at the origin), and geC" (V) is such

e
that D“g(0,0) =0 for all &, +a, <4, where D“ is D“ = f —, a=(,a,)eZ isa
OX, 10X,
multi-index, z, ={0}UN are the non-negative integers.

The main result of this section is the following.
Theorem 15. Let f eC®(\V) have the form (27). Then there exists a positive

number ¢ and a neighborhood u v of the origin such that for any functions
acciU) and FecC(V) ||y <é the following estimate holds:

§ Cla].. In@+ 21)
< - .

J.Ue”(””a(x)dx‘ :
A2

In “Invariant estimates of two-dimensional oscillatory integrals” section
we consider invariant estimates of oscillatory integrals with polynomial phase. The
obtained estimates improve Popov’s well-known results on invariant estimates of
trigonometric integrals in the case where the phase function is a third-degree
polynomial.

Let W,"(R") denote the Sobolev space whose norm is defined by

Ipllwpgny = Jen(Ziaisn ID*¢1)dx, (28)
here D“p is the derivative of ¢ In the sense of distributions. It is known that the
Sobolev space can be defined as the completion of the class c;(R") of infinitely
smooth compactly supported functions in the norm (28).

Let P be a polynomial of the form
P(X1, %;, ) = By(X, X, 85) + Py (X, X,,8,) + B (X, X, @y),
where P;(xq, X5, a3): = A30Xx3 + 3a3,x2x, + 3a3,%,%% + az3x3, Py(xq, %5, a;): =
Ap0xZ + 2a51%1 %, + Appx2 and Py (X1, X5, a1): = Q10X + Aq1X5.
Consider the intergal
J= fRz e PC1X 2@ (x;, x,)dx; dxy, (29)
where ¢ eW,’(R?). Obviously, the last integral converges in the usual Lebesgue
sense.
The main result of this section is the following statement.
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Theorem 16. There exists a positive number ¢ such that, for any element
4 e\Nl2 (RZ)

C”({b”W%(RZ)

UVl < ——1= (30)
ID(P3)[6

where D(PR,):=3a’a’ +6a,a,,a,,a,, —4a,,a5, —4a’a,, —a>a IS the discriminant of the
polynomial P,(x,,x,,a,).

Combining this Theorem 16 with Theorem 4 of [I.A. Ikromov, Invariant
estimates of two-dimensional trigonometric integrals. Math. USSR Sh. Vol. 76
(1990), No. 2: 473-488.], we obtain the following result.

Theorem 17. For the integral (29), the following estimate holds:

Clloll,, 2
J| < —ACD (31)

|D(P3)|6+|H|++N6

where N :=aj +3a’, +3a’, +a2, H:=a2+a’, —a,a, —a,a,,.
The following statement is an analog of Duistermaat’s theorem on the
boundedness of generalized Airy functions associated with singularities of type D,.

Theorem 18. There exists a constant ¢ such that, for an arbitrary compact
triangle T

UTe‘deldxz‘ < T
| D(P,)[°

Remark 6. Theorem 4 of [l.A. lkromov, Invariant estimates of two-
dimensional trigonometric integrals. Math. USSR Sb. Vol. 76 (1990), No. 2: 473-
488.] gives the estimate

C”({b”W%(RZ)

Uls—=
|D(P3)|3
N

|D(R,) |

1

X
+N6+|H|4

Obviously, in the case where Is the dominant term of the denominator,

this estimate is much worse than (31). Note that, the estimate does not depend on the
triangle T.

Remark 7. As mentioned in [D. A. Popov, Remarks on uniform combined
estimates of oscillatory integrals with simple singularities lzvestiya: Mathematics
(2008),72(4): 793.], for a more general phase function of the form

P(x,a) = Py(x,a5) + P,(x,8,) + P (x,a) + R(x),
where R(x) =0(|x|*), an estimate of the form (31) does not hold. In this case, the
study of the behavior of oscillatory integrals is substantially more difficult.
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CONCLUSION

Generally the results obtained in the thesis allow us to speak about the
achievement of the goal of the thesis work. All main results are new and together
they make a certain contribution to the theory of oscillatory integrals and harmonic
analysis. This dissertation is devoted to the study of estimates of oscillator integrals
and invariant estimates of oscillator integral with polynomial phase, summability of
oscillator integral with phase, which is a polynomial of the third degree of two
variables. The main results of the study are as follows:

1) It is obtained estimates for Mittag-Leffler functions with singularities of type
D, .

2) It is proved that estimates for generalized oscillatory integrals with
singularities of type D, and A’.

3) It is proved analogous of Ricci-Stein Lemma for generalized oscillatory
integrals.

4) It is given that invariant estimates for generalized oscillatory integrals with
homogeneous phase.

5) We obtained the estimates for one-dimensional oscillatory integrals with
simple phase functions.

6) It is obtained estimates for integrals with Mittag-Leffler functions with two
variables.

7) We found sharp convergent exponent for trigonometric integrals with
incomplete quadratic phase.

8) We found sharp convergent exponent for trigonometrical integrals with
quadratic phase.

9) We proved the problem summation for oscillatory integrals with polynomial
phase third degree and showed sharpness of the obtained estimates.

10) We obtain estimate for oscillatory integrals with smooth phase having
singularities of type D, .

11) We obtain uniform estimates for oscillatory integrals with the phase
function is a smooth perturbation of homogeneous polynomial of degree four in two
variables.

12) We obtain invariant estimates for oscillatory integrals with the polynomial
phase of degree four in two variables.

44



HAYYHBIN COBET DSc.03/30.12.2019.FM.02.01

O NPUCYXKJEHUIO YYEHBIX CTEINIEHEHA MTPU
CAMAPKAHJACKOM I'OCYJAPCTBEHHOM YHUBEPCUTETE

CAMAPKAHICKHNM T'OCYJAPCTBEHHbBI YHUBEPCUTET
NHCTUTYT MATEMATUKHU UM. B.U.POMAHOBCKOI'O

CADPAPOB AKBAP PAXMAHOBHNY

OBOBHIEHHBIE OCIHMIJIATOPHBIE UHTEI'PAJIBI U UX
HNPUJIOKEHUSA

01.01.01 — MaTremMaTH4eCcKHUA aHAJIN3

ABTOPE®EPAT
JUCCEPTALUUA JOKTOPA (DSc) IO PU3UKO-MATEMATUYECKNUM HAYKAM

Camapkanjg — 2023



Tema auccepraumm Jgokropa Hayk (DSC) mo ¢u3nko-MaTeMaTHYeCKUM HayKaMm
3aperucTpupoBaHa B Beicuieil arrecranmonnoil komuccun npu Kadunere Munucrpos Pecny6iukn
V36ekucran 3a B2023.2. DSc/FM

Huccepranus BbinosHeHa B CaMapKaHACKOM TOCYAAapCTBEHHOM YyHHMBepcuTere U MHCTUTyTe
Marematuke um. B.M1.PomanoBckoro.

ABtopedepar auccepran Ha Tpex s3bIKax (y30€KCKWM, PYCCKHMMU, aHTIUHCKUil (pe3tome))
pasmeleH Ha Be6-crpanune Hayunoro coBera (Www.samdu.uz) u na MHbOpMamoHHO-00pa3oBaTeIbHOM
mopTaie «Ziyonet» (Www.ziyonet.uz).

Hay4HbIii KOHCYIBTAHT: HNxpomos Ucpona AkpamoBn4
JOKTOp (PU3MKO-MaTEeMaTHUECKUX HayK, mpodeccop,

OduunanbHbIe ONMOHEHTHI: XanamyxamenoB Anumakad PaxumoBu4
JIOKTOP (PU3UKO-MaTEeMAaTHYECKUX HayK, Ipodeccop

HmamkysioB CeBauép AxkpaMmoBuy
JOKTOp (U3UKO-MaTEeMaTHUECKUX HayK, mpodeccop

MyMuHOB 3aXpUIAUH JUIKOOHIOBHY
JOKTOp (U3UKO-MAaTEMaTHUECKUX HAYK, TOLEHT

Beaymas opranusanus: Yprenuckuii rocyAapCcTBeHHbINH YHHBEPCUTET

3ammra IUCcCepTaIii COCTOUTCS « » 2023 roga B 4acoB Ha 3acelaHUH
Hayunoro coera DSc.03/30.12.2019.FM.02.01 npu CamapkaHICKOM TOCYIapCTBEHHOM YHHBEPCHUTETE.
(Anmpec: 140104, r. Camapkanxa, YuuBepcuterckuii OymeBap, 15. Tem.: (+99866) 231-06-32,
daxc: (+99866) 235-19-38, e-mail: patent@samdu.uz).

C nuccepranueil MOKHO 03HAKOMHTHCS B MHBopManmoHHO-pecypcHOM nieHTpe CaMapKaHICKOTO
rOCYJapCTBEHHOT'O YHHUBEpPCUTETa (3apeructpupoBaHa 3a Ne ). (Ampec: 140104, r. Camapxkang,
VYuusepcurerckuii 6ynpBap, 15. Tem.: (+99866) 231-06-32, dakc: (99866) 235-19-38).

ABTOpedepar AuccepTay pa3ociiaH « » 2023 ropa.
(peecTp MPOTOKOIT pacChUTKH No OT « » 2023 rona).

A.C. CoJeeB
[Ipencenarens  Hayunoro coera 1o
MIPUCYKICHUIO YUYCHBIX CTEMEHEH, TOKTOP
(hM3UKO-MaTEeMaTHUECKUX HAyK, Ipodeccop

A.M. XajnxyxkaeB
VYuennlii cexkperapp Hayunoro cosera 1o
MIPUCYXKICHUIO YYEHBIX CTEINEHEW, TOKTOp
(U3UKO-MaTEMaTHYECKUX HayK

C.H./IakaeB
Ipeacenarens Hay4YHOTO CEMHHApa MpH
Hay4yHOoM coBeTe 10 NpUCYKIECHUIO YUYEHBIX
CTeTeHel, TOKTOp (HU3UKO-MaTeMaTHIeCKUX
HayK, aKaJIeMHUK
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BBEJEHMUE (anHoTamus auccepranun 10kTopa Hayk (DSc))

Leapb ucciaeaoBaHus — MOJIYYUTh OLEHKY JJIs1 0000IIEHHOTO OCIUIIISITOPHOTO
MHTErpajoB U HANTH TOYHYIO MOKa3aTeIb CyMMHUPYEMOCTH.

O0bexkT wucciaenoBanusa. OOOOIICHHBIE OCHUJUISITOPHBIE HMHTETPAIBI C
MOJIMHOMUAIBLHOH (ha3oil.

Hayuynasi HOBU3HA HcCJIeJ0BAHUSA ONPEIEISIETCS CIEIYIOUMMU TyHKTaMU:

NOJIYYEHBI TJaJKUE OLUEHKH OCHWUIMPYIOIIUX HWHTErPAIIOB C Pa3pblBOM
aMIUTUTYTHON (YHKUIHMK METO/I0OM IepeBaja ¢ TOYHOCTBIO &;

OLIEHUBAETCS I 0OOOIEHHBIX OCHMUISITOPHBIX MHTErPajoB, CBSI3aHHBIX C
¢ynkuueid Murrar-Jlepdnepa, pazoBas pyHKIUS KOTOPOl ©UMEET 0COOEHHOCTH D,
D, 1A,

MOJIyYeHBbl TJaJKUE OIEHKA JUIsi OOOOIIEHHOr0 H  KIACCHYECKOTO
OCLIMJIATOPHOT'O MHTErPAJIOB, CBA3aHHBIX ¢ PyHKIued Mutrar-Jleddaepa ot aByx
epeMEeHHBIX, (a3zoBasi QYHKIUS KOTOPOH MOIMHOMOM;

JUIS OCUMJUISITOPHBIX HMHTETpalioB, (a3za KOTOPBIX SBISETCS MOJIMHOMOM
TPETHETO MOPSAKA, OLEHKA MOJIyYaeTcsl Yepe3 NHBAPUAHTHI KIIACCUYECKON TPYIIbI
JIBUKECHUM Ha €BKJIMIOBOM INIOCKOCTH;

HalJIeH TOYHBINA MMOKa3aTe’lb CYMMHUPOBAHUS B MPOCTPAHCTBE KOIPPUIIMEHTOB
KJIACCUUECKUX OCIMIIISTOPHBIX HHTETpasioB, rnae QazoBas (yHKIUS SBISETCS
MOJIMHOMOM BTOPOTO M TPETHETO MOPSAKA.

BHenpenne pe3dyabTaToB HcciaeaoBanus. [lo pesynbratam  OLEHOK
00O0OIIEHHBIX OCIHWIUISTOPHBIX HHTErpajioB M pe3yJbTaTOB, CBA3AHHBIX C MX
IPUIOKEHUSMU:

Hay4yHbIE€ pE3yJbTaThl IO HMHBAPUAHTHBIM OILIEHKaM KoJjeOaTeabHbIX
UHTErpajioB C TMOJMHOMHUAIBHOM (a30oil B BenylMX 3apyOeXHBIX KypHalIax
(Nonlinear Analysis, Tom 207, uronp 2021, 112292, Analysis and Mathematical
Physics, Tom 12, Homep cratem: 130 (2022), XKypuan Cubupckoro dheaepaibHOro
yHuBepcuteTa. pusnka 15.4 (2022): 459-466.) uCnonb30BAIUCh MPU OIECHUTH
pelieHre YacTHhIX Au(depeHnaIbHbIM YPaBHEHUSM.

OLICHKM OOOIIEHHBIX OCIHWIISATOPHBIX HWHTErpajoB ObUIM NPUMEHEHbl B
npoekte NeOIMO01021 «Ananu3 m vactHeli nuddepeHaNbHbI ypaBHEHHE a
Takke MesycalaMcKuM —nporpaMme ['@HTCKOro yHHBEpCHTETa» (CIpaBKa
Ne01MO01021 I'enrckoro yuuepcuteTa ot 18 anpesnst 2023 roga) ObuiH IPUMEHEHBI
B MCCJIEIOBAaHUSIX OCHMIISTOPHBIX MHTETPAJIOB 3aBUCAIINX OT QpyHKuMH MwuTtTar-
Jledpdnepa. [IpumeHeHre Hay4dHBIX pe3yJIbTaTOB MOJYYEHO alPUOPHBIX OIEHKAX
pemieHuit udppepeHanbHbIX YPaBHEHUN ¢ IPOOHBIMH POU3BOIHBIMU;

OLICHKU OCHHIJISTOPHBIX HMHTETPAJIOB C TMOJMHOMHUANIbHOWU (Da3oif, a Takxke
YTBEPKJIEHUE O TOYHOM I0Ka3aTesie CyMMUPYEMOCTH ObUIM MPUMEHEHBI B IPOEKTE
NoeAP08052046 «HekoTopsie HEJIOKAJIbHbIE aHaJIOru HEJINHENHBIX
nudGepeHINaIbHBIX YPABHEHUH B YaCTHBIX MTPOU3BOIHBIX» (cripaBka Ne(Q1-06/060
HNHcTuTyTa MaTeMaTUKA U MaTEMaTUYECKOT0 MojaeaupoBaHus oT 17 anpens 2023
rojga) OBUIM TPUMECHEHBI B HCCICAOBAHHUSX OCHUUISTOPHBIX HHTETPAJIOB
3aBucAmMX oT ¢pyHkuun Mutrar-Jledpduepa. IIpumenenne HayuyHbIX pe3yJIbTaTOB
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NO3BOJIJIO OLEHOYHO pemuTh 3agady Komm mid ypaBHEHHHA B YaCTHBIX
IPOU3BOJHBIX C JPOOHBIMU MPOU3BOJIHBIMHU.

Ctpykrypa M 00beM auccepranmu. Jlucceprauus COCTOMT U3 BBENCHUS,
YyeTpex IJ1aB, 3aKII0YeHHs] U ClUcKa JuTeparypbl. O0beM auccepTaluyd COCTaBUII
167 crpaHulbI.
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