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daxpuii paucaap:
Aronos [IlaBkat

Maxknnos aomkoH

Ab6aypaxmanoB Onuin
XamunoB OOUKOH
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PosukoB YTkup

Apunos Mupcaun
[TagumeToB XoaMaTBai

HAypaues dypaumypon

Pauc ypunoocapaapu:
Xaéro AOmymio

XynoiibepranoB Mup3oanu
DIIaHKyI0B Xam3a

TAIIKAJAN KYMUTA

B.M.Pomanosckuii Homuaaru Maremaruka MHCTHTYTH
JUPEKTOPH, aKaJEMUK

M.ViyrGex HoMumarn Y36ekucton Mummuii  YHuBepeuTeTr
peKkTopu

ToukeHT 1aBaaT TPaHCHIOPT YHUBEPCUTETU PEKTOPU

byxopo naBiaT yHUBEpCUTETH PEKTOPU

V3®A Maremaruka MHcTHTYTH MIM-(aH GYiiuua TupeKTop
Vpunb0capu, mpodeccop

V3MY, npodeccop

ToukeHT AaBIaT TPAHCHIOPT YHUBEPCUTETH, ITpodeccop
V3®A Maremaruxa MuctutyTn Byxopo 6mmmu

MYJHpH, Tpodeccop

B.1.PomanoBckuit Homugaru Marematuka MHCTUTYTH,
npodeccop

VMYV, d.-m..1.

byxJ1V, dakynbrer nexkanwu, T.d.d.1. (PhD)

TAIIKAJANA KYMUTA AB30JAPH

Kypaes A.T.
Kymaes P.I.
3apumos I'.T.
Kymaes K.
Pacynos T.X.
Kanonos O.1.
[Ma¢pues T.P.
bab6aes C.C.
Axwmenos JI.M
bontae A.K
Hypnues Y. /1.
Hunmyponos O.b.
Kymaes K.OK.
3apumnosa ['.K.
Canunona H.C.
bakaes U.U.

[MTagmanos N.Y.
XasroB X.VY.
XazpatoB @.X.
Oprames A.A.
ABe30B A.A

byx/lY, mpopekTop

byx/1Y, npopekrop

byx/1Y, noueHt

byxlY, nouenr

byxJ1Y, npodeccop

byx 1Y, xadenpa MmyaupH, JOLEHT

byx/1V, xapenpa mynupu, T.¢.¢.1.(PhD)

byx1VY, .-m.¢b.¢b.a.(PhD)

B.N.PomanoBckuit Homuaaru Maremaruka uHCTUTYTH, (PhD)
B.N.PomanoBckuit HoMmugaru Martemaruka uHcTuTyTH, (PhD)
byx 1Y, nouent

byx/1VY, nouent

V3®A Maremaruka Unctutyru Byxopo 6ynuamacu, (PhD)
byx1Y, nouent

byx 1Y, nouent

Pakamiu TexHOIOTUsAIAp Ba CyHBUN UHTEIUICKTHU
PUBOMUIIAHTHPHUII WIMHH-TaIKUKOT HHCTUTYTH, (PhD)
Maremaruka Mactutytn byxopo 6ynuamacu, (PhD)
byx/lY, katTa YyKUTYBYH

byx 1Y, katTa yKUTYBUH

byx/lY, katTa YyKUTYBUH

byx /1Y, katTa yKUTYBUYH



I'acumoB FOcyd
3arnxopon bascranan
Hobparumos Fodypxon

NmomHazapoB XoaMaTxKoH
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JIn Yaur-Oxk

Mapek Muroiu
MyxamenoB @appyx
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XKanyowuit Kopes

Ilonbmia

bupnamran Apab
AMupIMKIapH

I'epmanus
Poccus
XUHAUCTOH
Poccus
Maaiizus
AKIII
I'epmanus
V36ekucron
V36ekucron
V36ekucron

V30exkucTon

V36ekucton
V36ekucron
V36ekucron
V36ekucTon
V36ekucton
V36ekucron
V36ekucron
V36exucron
V36ekucron
V36ekucron
V36ekucron
V36ekucron
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XajkueB JlxaBBat
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XonxyxaeB Axman

V36ekucTon
V36ekucron
V36exucron
V36ekucTon
V36ekucTon
V36exucron
V36ekucTon
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Xyxaépo baxtuép
XaéroB AOmyIIio
XakumoB Pycram
XacaHoB AHBap)KOH
Xycan6aeB Exy0xon
IMagumeros Xonmarsai
[HapunoB OnuMxKoH
adues Typcyn
[MToumkynos baxoaup
[ITopaxmeros [oTypryH
OmaHKynoB XaMm3a
Omikadunos FOcyn
OmmatoB Dapxon

V306eKkucToH

V36exucron
V36ekucTon
V36ekucron
V36ekucTon
V36ekucTon
V36ekucron
V36ekucron
V36ekucTon
V36exncTon
V36ekucron
V36ekucron
V36exncTon
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bowm myxappup:
Houent Kanonor O.1.

Taxpupusr ab3oJ1apu:
Axagemux Aronos 1. A.
Axanemuk CanyiiaeB A.
IIpodeccop Apuro M.M.
[Tpodeccop llanumeror X.M.
ITpodeccop Anoes P.2K.
[Tpodeccop Amrypos P.P.
IIpodeccop Aypaues J.K.
[Tpodeccop XaétoB A.P.
IIpodeccop Pacyrnos T.X.
Houent XKymaen K.
Jouent bontaes T.b.
Houent Axmenos /.M.
(PhD) ladues T.P.
(PhD) Bonraes A.K.
(PhD) PaxmoHoB A.
(PhD) Iunmyponos O
(PhD) Bab6aes C.C.

Kondepenuns korudaapu
XazparoB @.X., Oprames A.A., Ape30oB A.A., 3apunoB H.H., Kooumos K.X

TexHuk MyxappupJap:
Xasro X.Y, Xasparos ®@.X, Xaiipues Y.H

Tymiam Y36exucton Pecniy6iukacu Basuprmap Maxkamacuuuur 2022 iiun 7 MapTaaru
101-p-connu (apmoiiuu GUIAH TACAMKIAHTAH Y30ekucToH Pecry6nmkacuma 2022 itumna
XalKapo Ba pecmyOinka MUKECHIA YTKa3WIaguraH WIMHH Ba WIMHH-TEXHUK TaaOupiap
pexacuna OenruiaaHral TaIOUpIapHUHT OaKapWIHINIUHU TabMUHIAm Makcaauna 2022 v 11-
12 wmaii kymmapu — Y3Gekucton Pecmy6imkacn ®anmap Axamemuscn B.J. PomanoBckwmii
HOMHIATM MATEeMATHKa MHCTHTYTH, Y30€KHCTOH MWLM yHHUBepcuTeTH, TOIIKEHT IaBIaT
TPAHCTIOPT YHUBEPCUTETH Xamja byxopo JaBiiaT YyHUBEPCUTETH XaMKOpJWUTruaa “Amanuii
MaTeMaTHKa Ba aXO0OPOT TEXHOJOTHUSIIAPUHUHT 3aMOHABHI MyaMMOJIapy”™ MaB3yCHJIATH XaJTKapo
WIMHIi-aManuii aH)KyMaH MaTepHallapy acoCcHia Ty3HIIIH.



KHPHII CY3HU
XamuaoB Ooumxon Xaguzosuy
Byxopo oaénam ynugepcumemu pexkmopu

Byryn ¥3 nmman 6onmaérran « AMajuii MaTeMaTHKa Ba aX00POT TeXHOJIOTUSIJIAPUHUHT
3aMOHaBMii MyamMMoJapw» MaB3ycura OaFHIIUIaHTaH XaJKapo WJIMHHA aMaluid amKyMaHU
V36exucron PecryGmukacu Basupmap Maxkamacuamar 2022 iiun 7 mapraarn 101-D-connu
dapmolinmy GuIaH TacAuKIaHTaH Y36ekucTon Pecy6mukacuauar 2022 iinnna pecrny6iuka Ba
XaJKapo MHUKECAArd WIMHH Ba MIMMH-TEXHUK TaaOupiap pexacd acocuaa YTKa3WIMOKIA.
Kondepenuust xkyn taptuOura KUpUTWITaH Macajanap Aoia3apd Oynub, mMaTeMaTuk aHalu3,
anreOpa Ba rTeoMmerpus, auddepeHIHan TEHrIamMalap Ba MaTeMaTWK (QU3WKa, XHCOOJIaIn
MaTeMaTHUKacd Ba MAaTEMaTUK MOJEIUIAIITUPUIL, AJIrOpPUTMIIAp Ha3apusACcH Ba JacTypJall
TEXHOJIOTHSIIApU, CYHBMA  HHTEIUIEKT, axO0opoT XaB(CH3IUIW, TabIUMIa pakaMiind
TEXHOJIOTHSUTAPHUHT KYJUTAaHWIMIIM KaOW mIybpOanapiaH TamKwil Tonrad. MamiiakaTUMH3/aa
paKamiIi UKTHCOAUETHH (paos1 pUBOKIAHTUPHIL, Oapya TAapMOKJIap Ba coxajaap/a, 1y xKyMiIaJaH
JaBiaT OOIIKApYBH, TabJIUM, COFIIMKHM Cakjall Ba KUIUIOK XY>Kaluruia 3aMOHaBUil ax0opoT-
KOMMYHHKAITUS TEXHOJOTHSUIAPUHU KCHT JKOPUW 3THIN OYin4a KOMIUICKC TAcTypJiap WIuIad
YUKUINO, amalra OoLMpUIMOKAA. YOy KOH(EpeHINsIHN FOKOpUIa KeITUPUITraH BazudalapHu
OaXkapuIlJard OJIMH TabIMM MyaccacaJapUHHHI HMINTHPOKH, MXKPOCH XaKUJaru OpayukK Oup
XUCOOOT JeduIm XaM MYMKMH. AHa 11y JacTypiap WXpocu cudaTuaa YTradn Hui
YHHUBEPCHUTETHMHU3/1A “AXOOPOT TeXHONMOTHsUIapu” (HaKyIbTETH TAIKWI STHIAH, 1Ty COXaaa SHTU
TabJIMM HyHAJIMIUIApU Ba Marucrparypa MyTaxaccUciaukiaapyu ouniaau. 2022 HWIHUHT y3una 2
MWIUIHApA CYMJAH OPTUK cTapran Jjoiuxamapu onuHau, 2021-22 #hwwiapga 6 ta PhD
JyccepTalysuiapy Xumostiaapu 6ynu6 YTau Ba Xxo3upru Baktaa 10 Ta YKUTYBYM TOKTOpPaHTypajaa
taxcwi onMmokaa. Moparumor Camanmap “On-1opT yMHIU KaMFapMacu TPaHTHHU I0THO, TyHE
perituaruaa Tom 300 Tanmkka kupyBuM @DpanHuusHuHT ['peHOON-anm  yHUBEPCUTETHTA
nokTopaHtypara kKaOyn xkwimHau.  Uly ¢akynsrer 6utupyBuncu @®apmonoBa Pobust nyné
peiiTuHruaa ton 24 Ttanukka kKupyBunm CHHranyp MWIUIMH YHUBEPCUTETHAA Marucrparypaja
Taxcwil onMoKaa. PakynpTeT poOOTEXHMKA COXACHAA XaM KYM IOTYyKJapra 3pUIINO KeIMOKAA.
XOpWXKIIMK MyTaxaccuciaap TOMOHUAAaH byxopo gaBnaT yHUBepCUTETHAA POOOTEXHUKA COXaCH/1a
onu0 60puIaéTral uIap 3bTUPOQ STUIAETTAHINTY KyBOHAPIUAND.

Ymby xankapo koHdepenuus byxopo dapzanau, bepynunii Homunaru JlaBmat mykodoTu
Jaypeat, Kymuial € u3MaHyBUMIAPHUHT V3 HYIMHHU TOMUO OJUIITHAA PaXHAMOJIUK KUJITaH €TYK
omuM, (usuka-mMatemaruka ¢annapu noktopu FaitOymma Haspymmaesnu CanuxoBHUHT 90
WK ro0uieinapura GaruiiaHralInry Omiial XaM ybpTudopauaup. FaitGymna HazpymiaeBuu
Kyaa oprta, 47 €mpa Oy TyHEHM TapK dTraH Oyicanapna, KYNruHA LIOTHUPUIap KOJAWPHILTa
spunirannap. byxopo nasnat ynusepcureruna xam Tommynot Hlapunos, Mcomunnun XKanomnos,
AOGnynno Tyinues, Xakum AxMen0B KaOU y KHIIMHUHT IMOTUPIJIAPH, JOLCHTIAP KYI WUJLIap
MexXHaT KwinO, énuiapra TabJIUM-TapOusi Oepubd Kenawiap, XO3Upru naBpaa xam Faitbysia
HaspynnaeBuunu kypras, 1apciiapyia HIITHPOK 3TTaH OUp KaH4a OIMMJIap YHUBEPCUTETUMU3IA
¢daomuaT kypcatud kenmoxnamap, ykaimapu Ilykpymio CanuxoB Oup Heua Hwmap onui
MaTeMaTHKaJaH Tajabanapra TabiuM Oepiaunap, HeBapa kenuniuapu Xans CanumxoBa y30K
Hunnapaan 6epu ax00poT-pecypc MapKa3HHUHT pax0apu cudaTuia camapanu GaoausT Kypcatud
KEJIMOKZA.

XypMaTin KOHGEpPEHIHs] MINTHPOKYHIapH. Ymby amKkyMmaH Y30eKHCTOH MHUJIITHIL
yHuBepcHuTeTH, Y30ekucTon Pecry6nukacu dannap akazemusicu B.M. PomanoBcKuii HOMUIaru
MaTeMaTHKa WHCTUTYTH, TOIIKEHT JaBiaT TPaHCIOPT YHUBEPCHTETH XaMmJa byxopo masiar
YHHUBEPCUTETH XaMKOPJIMIU/1a TAILKUII STUITaHJINTY OMIaH XaM axamua iy, 0ynaa 200 nan opTuk
MamiakaTuMu3 Ba 50 1aH OPTHK XOPIMKUHA OJIMM Ba TAJKUKOTUYMJIAP MIUTHUPOK STAaETTaHIMIU
KoH(pepeHIMs HY(y3uHH sHaga omupagu. WIIOHYMM KOMMWIKH, KOH(EpeHIHs ITaBOMHUA
OaXkapuiIral Ba pexalallTUPUIAETraH JIoHuxanap Xakuna KeHrpoK axooporiap Oepuiany, KyH
TapTUOWJAryd KYypuiiaauraH Macanajap WIMUN HyHaIUIIIapHU sHaJa pUBOXKJIAHTUpHUIITa, (aH,
TabJUM Ba MIUIA0 YMKAPUII HMHTErPAlMSICHHU KEHTaWTHpUINra Ba XalKapo XaMKOPJIMKHU
PUBOXIIAHTHPHUINTA ¥3 XUccacuHu Kymaau. Kondepennus umura myBadhakusTiap TUIaiiMaH.



3AMEYATEJIbHBIF MATEMATHK U IIEJATOT
TAWBYJLIA HA3PYJIJIAEBUY CAJINXOB

W3BecTHBIN y4€HBIN, AOKTOp (U3NKO-MAaTEMaTHYECKUX
Hayk . H.CanuxoB poauncs 15 mapra 1932 r. B byxape. Ycnemno
OKOHYMB cpefHioo Mmkoay B 1953r. mocrymun B Cpenne-
A3suarckuii I'ocynapcTBeHHBIN YHusepcurer (HbIHE
Hanmonansueiii YHuBepcurer Y30ekuctana um M. Yioyroeka) Ha
¢usuko-mMaTemarnueckuit ¢pakynpret. B 1958 1. mocie okoHuaHUs
CATY 6wt HanpaBiieH B MuctutyT Mmatematuku AH PY3. B 1960
I. 3a4UCIEH B ACHUPAHTYypy M OTKOMaHAUpoBaH B HWHcTUTyT
marematuku CO PAH, rme nox pyKoOBOACTBOM —akKaJIeMHUKa
C.JL.CoboneBa 3aHHMMalCs BOIPOCAMHU TEOPUHU IMPUOIMKEHHOTO
uHTerpupoBanus. Hayunsie paboter I'.H. CanmxoBa mocBsIeHbI
TEOpPUH TPYNI BpalICHUM MPABUIbHBIX MHOTOIPAHHUKOB U
WHBAapUAHTHBIX  KyOaTypHbIX  ¢GopMyl Ha  IMOBEPXHOCTHU
MHOTOMEpHBIX cep. B 1964 r. ycreniHo 3amuTiiI KaHIUAATCKYIO
nuccepranuio Ha teMmy «Hekoropeie kyGaTypHble (GOpMyINbl Ha
MOBEPXHOCTH C(Pepbl YETHIPEXMEPHOTO MTPOCTPAHCTBAY.

C 1964 no 1966 r. paboTan cTapiiuM Hay9HBIM COTPYIHUKOM MHCTUTYTAa KHOSPHETUKH C
BIl AH PV3, a ¢ 1966 no 1976 r. Bo3rmaBisun Jabopatopuio «Teopuio MpUOIHKEHHOTO
UHTErpupoBaHus». OTHOBPEMEHHO OH Bell nenaroruyeckyro padory B Taml'yY. B 1967-1972 rr.
paboTan 3aBenyromuii kadeapoil BBEYUCIUTEILHOW MaTreMaTHkd, a ¢ 1972 mo 1976 r. Obut
norieHTOM Kadenpel. C 1976 1. no koHIa >xu3HU padotan aekaHoMm (¢ 1979 r. u 3aBenyronum
Kaeapoil BRIYUCIUTEIBLHON MaTeMaTuku) (pakyibpTeTa MPHUKIATHON MaTeMAaTUKU M MEXaHUKHU
Taml'V.

HezaypsinHbplii TanaHT W pa3HOCTOPOHHSISI MaTeMaTudeckass IMOATrOTOBKAa I103BOJIMIN
['H.CanuxoBy pemmmTh OTACIBHYIO CIOXHYIO M[poOJeMy TEOpUU  HPUOIHKEHHOTO
UHTETPUPOBAHUS — pa3paboTaTh KyOaTypHble (OPMYNBI ISl MHOTOMEPHBIX cdep. ITo
3aKOHYEHHOE MAaTeMaTH4YecKoe HCCleoBaHne — OJecTsiie 3allulieHHas UM JOKTOpCKas
muccepramus Ha Temy «K Teopum KyOaTypHBIX (Gopmyn MHOromepHbeIx chep» B 1979 1. B
HoBocubupcke. JlokTopckas quccepraius Jiersia B ocHoBy MoHorpaduu «Kybarypusie popmyssi
IUIsT MHOTOMEpHBIX cdepy». MM omybnmukoBaHo Ooree WISCTUACCSITH HAYIHBIX CTaTe B
pecnyOnukaHcKux U 3apyOexHbix xkypHanax. [.H.CanuxoB BHec 60b110#1 BKIIaJ B MOATOTOBKY
BBICOKOKBAIM()UIIMPOBAHHBIX MaTeMaTHYECKUX KaapoB Y30ekuctana. OH OBUT OJHUM U3
JIOOMMBIX HACTABHUKOB MOJIO/ICKH, 00YJYaBIIMXCSl B HAYYHBIX LIEHTpax Poccuun 1 B ocoOeHHOCTH
B HoBocubupcke, Mockse u Jlenunrpasne.

I''H.CanuxoB  MOCTOSHHO  codeTal  y4yeOHO-BOCHHMTATEIbHYIO M HAy4yHO-
UCCJICTIOBATEILCKYIO paboTy ¢ oOmecTBeHHOW. Ha mpoTshkeHHH MHOTHX JIET OH OBUT WICHOM
penkosuierun xypHana «3Bectust AH PY3y, cepust pusnko-maTeMaTuuecKux HayK — HBIHEIIHUN
VY30eKkcKkuil MaTeMaTH4ecKuii KypHajl, cOOpHHKa «BOMPOCH BBHIYMCIUTENBHON W MPUKIIAJIHON
MaTeMaTHKH», MaTeMaTHYeCKOro pasfena Y30eKCKOW HAaIlMOHANbHOW SHIUKIONEINH, CEKIUil
«xubepHeTHKa» U «MaTeMaTuka» MunBy3a PY3, nmpaBnenus 610po ob1iectBa «3HaHHE», HAYYHO-
MeToanueckoro u Yuenoro coseroB Taml'yY u mpeacemareneM YUeHOro coBeTa (akyabTeTa
MPUKIIATHON MaTeMaTHKU U MexaHuku. [Tox ero pykoBoacTBoM B TamikeHTe ObLTH MHOTOKPATHO
OpPraHM30BaHbI U MPOBEIEHBI MEXIYHAPOIHbIE KOJUIOKBUYMBI [0 TEOPUHU KyOaTypHBIX (OpMYII.
I'me aktuBHO yuactBoBanu akagemuku: C.JI. Cobones, H.C. baxsanos, H.I1. Kopneituyk, T.A.
CapumcakoB, C.X. CwupaxmaunoB, B.K. Ka6ymoB, M.C. Camaxutmunos, T.J. xypaeB u
npodeccopa: W.II. MsicoBckux, I'.'A. Muxaiinos, B.1. Jle6enoB, M.J[. Pamazonos, B.U.
[Tonosunkun, C.M. EpmoxoB, ®.M.MansmeB, C.C. PeokkoB, M.B. Hockos, B.JI. BackeBuu,
M.U. Ucpaunos, H.M. Myxutaunos, C.111. Hlymo6aes u ap.




M3BecTHO, 4YTO HayyHass IIKoJa NPUOJMKEHHOTO HMHTEIPUPOBAHMSA — aKaJeMHUKa
C.JI.CoGoneBa 3aHsu1a Beayllee MOJI0XKEHUE B MUpE Oiiaroapsi HIMPOKOMY MIPUMEHEHHIO METOI0B
COBpeMeHHOI MaTeMaTuku. CienyeT OTMETHTb, YTO BUIAHBIM IPEICTABUTEIEM ITOM IIKOJIBI ObLI
3aMeuaTeNibHbI MaTematuk M nexparor 'aitOymna Hazpymnaesnu Canuxos. I'H. CanuxoBbiM
OocHOBaHa Yy30ekckas Imkosa «Teopun NPUOTIIKEHHOTO HMHTETPUPOBAHUS», KOTOpas HIpPaeT
CYLIECTBEHHYIO POJIb B MUpE.

JlaGopatopus «Teopus npuOIMIKEHHOTO WHTETPUPOBAHUS», CO3/aHHAs MO MHUIUATHBE
akanemuka C.JI. CoboneBa, Bo3riaBmwin: ¢ 1966 r. mo 1976 r. mpodeccop I'.H. Canuxos, a B 1976

1995 rr. mpodeccop M.U. Ucpaunos. B 1990 roxy sta mabGoparopusi neperMeHOBaHA Ha
«Hucnennsie Metons». B 1995 — 2019 rr. a1y nmabopatopuio Bo3riaBmi mpodeccop X.M.
HlagumeroB. A HaumHast c¢ 2020 roma 3aBeayromuM Jabopatopun «BbIYHCIUTETHHOM
MareMatuka sieisieTcst mpodeccop A.P. Xaéros.

B nayunoii mxone «Teopust mpuOIMKEHHOTO HHTETPUPOBAHUS M CMEXHBIE BOTIPOCHD) B
HaCTOSIIEEe BpeMs BEIyTCs HayuHbIe UCCIIEA0BAHMUS MO CIEAYIOUIUM HAMPaBICHUSIM:

1. mo NOCTpOEHMIO ONTUMANBHBIX KyOATypHBIX W KBaJpaTypHbIX (GOpMyT Ui
NPUOIMKEHHOTO BBIYMCICHHUS PETYISPHBIX, CHUHTYISPHBIX M OCHUJUIMPYIOLIUX
MHTETPajoB B (YHKLIMOHAIBHBIX POCTPAHCTBAX.

2. TO TIOJYYEHHUIO MHTEPIIOIAIMOHHBIX (HOPMYT U CIUTAMH (YHKIUHA B THILOEPTOBBIX
IIPOCTPAHCTBAX.

3. 0 CO3[IaHWI0 ONTUMAJBHBIX PA3HOCTHBIX (HOPMYJ IJisi TMPHUOJMKEHHOTO PEIICHUS
muddepeHIMaIbHbIX ypaBHeHUH B mpocTpancTBax Cobosesa.

4. mo pa3paboTKe ONTUMAJIBHBIX AaNTOPUTMOB i MPUOIMMKEHHOTO peIlIeHUs
CUHTYJIIPHBIX UHTETPAJIBHBIX YPaBHEHUI.

5. MO CO3/aHUI0 ONTUMAJBHBIX AJITOPUTMOB AIMMPOKCHUMALIUU APOOHBIX WHTETPAIOB U
JPOOHBIX MPOU3BOIAHBIX B (DYHKIIMOHATIBHBIX TPOCTPAHCTBAX.

6. mo pa3paboTKe ONTUMANbHBIX ANTOPUTMOB ISl MPUOIMKEHHOTO BOCCTAHOBICHUS
n300paKeHHI KOMITBIOTEPHOI TOMOTpadu.

[TpencraBuTenu Hay4yHOU HIKOIBI « Teopus MpUOINKEHHOTO HHTETPUPOBAHUS U CMEXKHbBIE
BOIIPOCKD» UMEIOT TECHBIE HAyYHBIE CBS3U C MPOQeccopaMy U YICHBIMHU BeIyIIIUX YHUBEPCUTETOB
U Hay4HBIX HCCIIEJIOBATEILCKUX WHCTUTYTOB MHpa, Takue Kak VHCTUTYT MaTeMaTWKH HUM.
C.JL.CoboneBa (HoBocubupck, Poccus), WHCTUTYT BBIUMCIUTENFHOW MaTEeMAaTUKA U
MatemaTtuueckoi  reodpusuku  (HoBocubupck, Poccus), WHCTUTYyT  MaTeMaTukud ¢
BBIUMCIUTENBHBIM 1IeHTpoM (Yda, Poccus), Cubupckmii denepanbHblii  YHUBEPCHUTET
(Kpacuosipck, Poccus), Marematnueckuii MHCTHUTYT AKaaeMHUd HAyK H _HCKYCCTB CepOun
(Benrpax, Cep6usi), Yumpepcurer Mena um. Ppunpuxa-lllunnepa (Mena, I'epmanmus),
VYuusepcurer Cantbsiro e Kommocrena (Canrtbsiro ae Kommocrena, Mcnanus), Kopeickuit
MHCTUTYT NepeaoBbiX TexHonorui (Trmxon, KOxuas Kopes).

X.M.IlIaguMeTOB,

3aBenyrommii kapeapol «HGOpMaTHKH U KOMIIBIOTEPHOM
rpadpuxku» TalIKeHTCKOr0 rocy1apcTBEHHOT0 TPAHCIIOPTHOTO
YHUBepcHuTeTa, A.¢p.-M.H., npodeccop



| IIYBBA. MATEMATHUK AHAJIN3. MATHEMATICAL ANALYSIS.

ON THE LOCATION OF AN EIGENVALUE OF THE SCHRODINGER OPERATOR
ON THE THREE DIMENSIONAL LATTICE
L2Abdullaev J.1., 21 Khalkhuzhaev A.M.
! Samarkand State University, Samarkand, Uzbekistan
2 Institute of Mathematics of the Academy of Sciences of the Republic of Uzbekistan
In this work we consider Hamiltonian H,,, for a system of three quantum particles, two fermions

with mass 1 and another particle with mass m = 13/ > (0 with zero range pair potentials u > 0 on three

dimensional lattice Z3. In the momentum representation the total three-body Hamiltonian appears to be
decomposable

Hyuy = J;T ®H,, (K)dK.

The fiber Hamiltonian H,, (K) = Hg, (K) — uV depends parametrically on the total
quasimomentum K € T3 = R3/(2nZ3).

Let T3 be a three-dimensional torus, L%°[(T3)?] c L,[(T3)?] be the Hilbert space of square-
integrable functions, defined on (T3)? and antisymmetric with respect to the coordinates. The three-
particle Schrédinger operator

Hu,y(K) = HO,y(K) —u(y + V),
acts in L§*[(T3)?], where
(Hoy (K)f)(0, @) = Ex,y (0. )f (0, Q)
Ex,®.q) =) +e(q@ +ye(K—p—q), e(p)=3-3X,cosp;,
VN, @ = [ f0,8)ds, (V2f)@,q) = [1= f(s,q)ds.
For any K € T3 we put
Emin,y (K) :pl};ei,lﬁg EK,y (p' Q), Emax,y (K):pfgei,l{rg EK,y (p; Q)-
Tmin,y(li; K) = Ir,rel,}rral{zu,y(K -p)+ g(p)},
Tmax,y (u,K) = LI}%?{Z#‘V(K -p)+ g(p)},
where z,,, (K — p) — is the eigenvalue of the two-particle operator h,,,(K — p) on the lattice.
The essential spectrum o5 (H,,,, (K)) of H,,,(K) is
Oess (H[J.,]/ (K)) = [Tmin,y (.u: K), Tmax,y (P" K)] U [Emin,y (K)' Emax,y (K)]
The main results of the work are the following theorems:
Theorem. Lety > y,. Then there exist x, > 0 and § > 0 such that, for any u > u,, the operator
H, . (0) has a unique triple eigenvalue in the y — neighborhood of 7,,;,, ,, (, 0).
REFERENCES
1. Lakaev S. N., Dell'Antonio G. F. and Khalkhuzhaev A. M. 2016. Existence of an isolated band
of a system of three particles in an optical lattice J. Phys. A: Math. Theor. 49 145204—15.

2. Khalkhuzhaev A. M. 2017. The essential spectrum of the three-particle discrete operator
corresponding to a system of three fermions on a lattice, Russian Mathematics. 61, p. 67-78.

THE DYNAMICAL SYSTEM ON THE INVARIANT CURVE OF A NONLINEAR
OPERATOR
Absalamov A.T., Ziyadinov B.A.
Samarkand State University, Samarkand, Uzbekistan
Consider the following nonlinear operator
a' =a+f+af
V: { . af
T 1+ta+p
where ¢ = 0, § = 0 — an initial condition.

The main problem for a given operator V and arbitrarily initial point s(©) € R? is to describe the

limit points of the trajectory {S(m)}::l:o' where



s =ym(s@O) =y (.V(s®)..)

m
It is not hard to see that s = («; 0) is the non-hyperbolic fixed point of the operator V with the
eigenvalues 1, =1 and 4, = 1% € [0,1). Since V is a continuous operator, its trajectories have as a
limit fixed points. Thus for any initial point s(®) = (@, 8) € R% , we have always that
g™ 0.
Lemma. The following sets
M, ={(a,B): a=0, p=0, af=1}
and
M, ={(a,f): «a20, p=0, af<1}
are invariant sets with respect to the operator V.
The curve g = % is invariant with respect to ¥V and the trajectory on this curve has limit (+oo, 0).

The following set

vo = {(@ ) €10, 400y p= )

1+@2+0)a
is a one-parametric family of invariant curve respect to the operator V, where 8 = ;_T’i =>0,pe
(1,2].

Theorem.
0] For any initial point t = (a, B) € M; we have

lim a™(t) = 4o

m-oo
(i) For any initial point t = (a, ) € M, we have

nlliirgo a™(t) = finite.
Summary, we have showed that operator IV has infinitely many fixed points and for each such
fixed point there is a nonintersected trajectories which converge to the fixed points.
REFERENCES
1. Devaney R.L. An introduction to chaotic dynamical system.Westview Press.(2003).
2. Ganikhodzhaev R.N., Mukhamedov F.M., and Rozikov U.A. Quadratic stochastic operators
and processes: results and open problems. Inf. Dim. Anal. Quant. Prob. Rel. Fields. 14(2), 279-
335. (2011).
3. Absalamov A.T., Rozikov U.A. The Dynamics of Gonosomal Evolution Operators. Jour.
Applied Nonlinear Dynamics. 9(2), 247-257. (2020).
4. Absalamov A.T. The Global attractiveness of the Fixed Point of a Gonosomal Evolution
Operator. Jour. Discontinuity, Nonlinearity and Complexity. 10(1), 143-149. (2021).

ON ESTIMATES FOR CONVOLUTION OPERATORS RELATED TO STRICTLY
HYPERBOLIC EQUATIONS
Akramova D.I, Ikromov |.A.
Samarkand State University and Institute of Mathematics named after V.l. Romanovsky
Consider the Cauchy problem (C.P.):
0 0 0
POLDIU =0, Dyi=z D= (G, woss). DiVleno = g
k=0,..,m—1, and gi, k =1,...,m — 1 belongs to the LP (R™) space, where 1 < p < 2. Here P(t,¢)
is a homogeneous polynomial of degree m, for which the characteristic equation P(t,&é) = 0 hasm
distinct real smooth solutions ¢4 (£), ..., ¢, (§) with respect to = for any £éeR™ \ {0}.
Then any solution, in then sense of distribution, to the (C.P.) can be written as a sum of
convolution operators (see [2]) of the following form:
My (t) = F1e®*®q, (OF,
where, F is the Fourier transform operator and F~1 its inverse, a, is a smooth and homogeneous function
of degree -k, for large |¢| and @eC*(R™ \ {0}) is homogeneous function of order 1, which coincides one
of the solutions ¢;($), j =1,..,m. Further, we will assume that ¢;($), j =1,..,m everywhere
preserves sign, e.g. it is everywhere positive or negative. The operator M (t) acts in the space of initial
dates.



Note that the LP (R™) — LP'(R™) (where 1 <p < 2, %+§ =1, e.g. p, p’ are conjugate

exponents) boundedness of M, (t) is closely related the geometric properties of the hypersurface
I ={SeR™ @(§) =1} or X = {§eR™: @(§) = -1},
provided @(&) > 0or () < 0, respectively, forany éeR™.

Since (&) is a smooth function in R™ \ {0} and homogeneous of degree one, then the classical
Euler’s homogeneity relation yields that X is a smooth hypersurface.

In the paper [1] it was defined the class of type I order i at any point. The main result of our paper
is the following:

Theoreml. If for any &€X the hypersurface has type I of order at most u then the operator M, is
LP(R™) - LP'(R™) bounded, for% <p <2, provided k >+ i

Note that, if X is a smooth hypersurface having only type I at every point, then order y is an upper
semi-continuous function of points. Hence, there exists a maximal order u on a compact hypersurface.
Therefore Theorem 1 yields the following corollary

Corollary 1. If ¥ is a compact smooth hypersurface then there exists g > 2 such that the
convolution operator M, LP (R™) — LP'(R™) is bounded for qZqu < p < 2, provided k > "T“ —%

Theoreml yields the following estimate for the solution operator M (t).
Theorem 2. If for any éeX the hypersurface has type I of order at most u then for the solution
operator My (t) the following estimate
1 1
Mgl < 6 Dgls, @)
holds true, provided —£— < p < 2 and k > = + —,
3u+1 2 2u

The estimate (1) can be used to obtain a-priori estimates for the time-space mixed norm for
solutions to strictly hyperbolic equations.

REFERENCES
1. Akramova D.I. and Ikromov I.A. Randol maximal functions and the integrability of the
Fourier transform of measures. Mat zametki, 2021, 109(5), pp. 643-663.
2. Sugumoto M. estimates for hyperbolic equations of space dimension Journal of functional

analysis 160, 382-407 (1998).

A SEPARABILITY CRITERION FOR IDEALS OF COMPACT OPERATORS
Alimov A A.
(Tashkent, Uzbekistan) E-mail: alimovakrom63@yandex.ru

Let ((H, (-)) be an infinite-dimensional complex Hilbert space and let (B(H),||.) be the C" -
algebra of all bounded linear operators in H . Denote by K(H) (F(H)) the two-sided ideal of compact
(respectively, finite rank) linear operators in B(H) . It is well known that, for any proper two-sided ideal
| cB(H),wehave F(H) < | , and if H is separable, then | < K(H). At the same time, if H is a non-
separable Hilbert space, then there exists a proper two-sided ideal 1 < B(H) such that K(H)EI :

Denote B+(H)={Xx =xeB(H):x>0} and let r:B+(H)—[0,00] be the canonical trace on

B(H), thatisz(X) = Z(Xgoj,goj) ,XeB+(H), where {p;},_, isan orthonormal basisin H .
jed

Let P(H) :{eje B(H):e=e”* =€} be the lattice of projectors inB(H). If 1 is the identity of
B(H) and ceP(H) , we writee™ =1—¢.

Letxe B(H), and let {e, (|X|)},120 be the spectral family of projections for the absolute value
X = (x*x)"? of x, that is, €, (|X) ={|x| < A}. Ift >0, then the t-th generalized singular number of X , or
the nonincreasing rearrangement of X, is defined as 2 (X) =inf{A>0:7(e,(|x))") <t}.

A non-zero linear subspace X < B(H) with a Banach norm || is called symmetric if the
conditions X € X, y e B(H), z4(y) <z (x) forall t>0 imply that y e X and ||y|, <[x|, [2]. The
spaces  (B(H),|-|.) and (K(H),[{.) as well as the classical Banach two-sided ideals
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CP ={xeK(H) :||X||p =7(|x|")"? <oc} 1< p<oo, are examples of symmetric spaces. It should be
noted that for every symmetric space (X, |, ) and all xe X ,a,beB(H), we have axbe X, and
laxb,, <]fall, [|bll, [IX], - In addition, X =B(H) or X = K(H). In particular, if H is non-separable,
then there exists a proper two-sided ideal | < B(H) such that K(H)SI and (1,]|{,) is a Banach space

which is not a symmetric subspace of B(H).
It is known that every symmetric sequence space (E,||.) =C, generates a symmetric space

(CE,||-||CE) — K(H) by the following rule: C. ={xe K(H):{s,(X)}<E}, ||x||CE = s, 00}

where

{s, (X)}"% is the set of eigenvalues of the compact operator |X| [1].

Theorem. The symmetric space (Cc,||. ) is separable if and only if (H,(;-)) and (E,[{.) are

separable spaces.
REFERENCES
1. Rubshtein B.A., Grabarnik G.Ya., Muratov M.A. Pashkova and Yu.S., Foundations of Symmetric
Spaces of Measurable Functions. Lorentz, Marcinkiewicz and Orlicz Spaces, Springer International
Publishing, Switzerland, 2016.
2. Simon B., Trace Ideals and Their Applications, 120, Second edition, Mathematical Surveys and
Monographs, American Mathematical Society, Providence, RI, 2005.

HAUSDORFF DIMENSION OF INVARIANT MEASURE OF PIECEWISE LINEAR
CIRCLE MAPS WITH TWO BREAKS
L Aliyev A F., ?Tirkasheva G.D.
v.1.Romanovsky Institute of mathematics AS RUz, Tashkent, Uzbekistan;
aliyev95.uz@mail.ru
2National university of Uzbekistan named after Mirzo Ulugbek, Tashkent, Uzbekistan;
gulasaltirkasheva96@mail.ru

Let « be a probability measure on a space X. For any set E < X, we define the d —
dimensional Hausdorff content of E as

HY(E):=inf {irid E cDB(xi,ri),ri < r}.

The d —dimensional Hausdorff measure of E is given by
H(E) :=supH/ (E).

r>0

First we define the Hausdorf dimension of the set E as
dimyE :=inf{d : H*(E) = 0}.
Next define the Hausdorff dimension of the measure z::
dimuz = inf{dimuE : 1(E) =1}. (1)
Let T be acircle map with irrational rotation number p.. The irrational number o, can be uniquely
represented as a continued fraction ie. o =1/(k +1/(k,+...)):=[k,K,,...,K,,...). Denote by
p./a, =[k.kK,,....k,], n=1, its n-th- convergent. The numbers ¢,,n>1 are also called the first

return times of T and satisfy the recurrence relations ¢,,, =K,.,0,+0,, N=1, where g, =1 and
G =K

Let define S = Sexp NS, (the labels exp and sl stand for exponential and super-linear, respectively),
where S, is the set of irrational p € (0,1) for which there exists C,(p) >0 and v €(0,1) such that
q,(p) <Cyp"and S, =S US®, where S© and S are sets of irrational o € (0,1) for which, there
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exist N, € N and a sequence A(m) >0 diverges to infinity as m — oo, and the series Z <o

m= A(m)m
such that for all n>n,, k,, >(2n-1)A(2n—-1) and K,,,, =2nA(2n) respectively. In [1], it has been

proven that the set S has Lebesgue measure 1.
K.Khanin and S.KociC' in [1] studied the Hausdorff dimension of circle maps with a break point.
They proved that if rotation number o, € S, then Hausdorff dimension of T — invariant measure zz:= g

equal to zero i.e. dimpu =0.

The class of piecewise linear circle maps with two breaks first were studied by M.Herman in [2].
A.Aliyev proved in [3] that this statement is also correct for the case T is piecewise linear circle
homeomorphism with irrational rotation number o, €S and two break points b, and b, on different orbits

which z([b,,b,]) eG. Where G is a full set w.r.t. Lebesgue measure on [0,1].

Now we formulate our main theorem.
Theorem. Let T is piecewise linear circle homeomorphism with irrational rotation number o, €S

and two break points b and b, on different orbits which ([b,b,]) € G. Then Hausdorff dimension of

T — invariant measure g := g more than zeroi.e. dimyx > 0.

REFERENCES
1. K.Khanin, S.Koci¢, Hausdorf dimension of invariant measure of circle diffeomorphisms with a
break point, Ergodic theory and dynamical systems, 2017,39(5), pp.1331-1339.
2. M. Herman, Sur la conjugaison différentiable des difféomorphismes du cercle 4 des rotations. Inst.
Hautes Etudes Sci. Publ. Math., 49, 225-234(1979).
3. A Aliyev, Invariant probability measure of circle maps with breaks and Hausdorff dimension,
Uzbek Mathematical Journal, 2018, No 4, pp.1-12.

C\N- PARABOLIK KO‘PXILLIKDA POLINOMLAR FAZOSI.
Allaberganov O.
Urganch Davlat universiteti
E-mail: allaberganovolimboyl@gmail.com

Agarda n o‘lchamli X Shteyn ko‘pxilligida aniglangan chegaralangan plyurisubgarmonik
funksiyalar fagat o‘zgarmas funksiyalardan iborat bo‘lsa, u holda bu ko‘pxillikka parabolik deyiladi.

Bu X fazoning parabolikligi quyidagiga ekvivalent. Agar shunday p(z) € psh(X) va p(z) < C
bo‘lsa, uholda X da p(z) = const bo‘ladi.

1-ta’rif. Agar n o‘lchamli X Shteyn ko‘pxilligida shunday p(z) plyurisubgarmonik funksiya topilib,

1.VceR, D.={z€eX:p(z)<c}cclk;

2. p(z) funksiya biror K c X kompaktdan tashgarida maksimal bo‘lsin. Ya’ni, X\K da (dd°p)™ =
0 bo‘lsa, u holda bu ko‘pxillikka S —parabolik deyiladi.

Agar yuqoridagi ta’rifga qo‘shimcha ravishda p € C(X) uzluksiz funksiya bo‘lsa, u holda
ko‘pxilligimiz $* —parabolik deyiladi

2-ta’rif. Agar (X,p) — Shteyn ko‘pxilligi S*- parabolik ko‘pxillik bo‘lib, f € O(X) golomorf
funksiya uchun shunday d va ¢ musbat sonlar topilib, X da

In|f(2)| < dp™(2) +c @
baholashni ganoatlantirsa, u holda f (z) funksiyaga p — polinom deyiladi.

d ning (1) tengsizlikni ganoatlantiruvchi eng kichik butun giymatiga f polinomning darajasi deyiladi
va d natural son uchun X dagi barcha darajasi d dan oshmaydigan p —polinomlar to‘plami de (X) orqali
belgilaymiz.

Parabolik ko‘pxilliklar ko‘pgina olimlar tomonidan o‘rganilgan. Bir o‘lchamli kompleks
ko‘pxilliklar (Riman sirtlari) klassifikatsiyasi Sario. L. va Nakai. M. [5] monografiyasida batafsil yoritiladi.
W.Stoll[6] ishlarida parabolik ko‘pxilliklarda Nevanlinna nazariyasi asoslari ishlab chiqilgan. [1], [2],
ishlarda parabolik ko‘pxilliklarga aniq misollar va ularning xususiyatlari o‘rganiladi.

Biz uchbu ishda kompleks tekislikdan natural sonlarga mos nugtalarni chigarib tashlash orgali hosil
gilingan ushbu X = C\N bir o‘lchamli kompleks ko‘pxillikni ko‘rib chigamiz. Ishning magsadi ushbu
ko‘pxillikning parabolikligini ko‘rsatish va bu parabolik ko‘pxillikda polinomlar fazosini tadqiq etishdan
iborat.
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X = C\N ko‘pxillikda aniqlangan ushbu

p(z) = 2In|z| + Z —-In|z —n|

funksiyani garaymiz. Bu funksiya X da amqlangan va subgarmonik bo‘lib, X\{0} to‘plamda
garmonik funksiya bo‘ladi. Ya’ni (X, p) ko‘pxillik S* —parabolik.
Ushbu ishda quyidagi asosiy natijalar isbot gilinadi.
1-teorema. (X, p) ko ‘pxillikda har ganday d- darajali p —polinom quyidagicha
a

1 1
(-1l (z—myh

p(2) = Z Ciojr.njnZ®
Jo+2j1+4j+..42Mj,=0
chekli yoyilmaga ega bo ‘ladi. Bu yerda m = [log,d]
2-teorema. de (X) chizigli fazoning o ‘Ichami uchun quyidagi tengsizlik o ‘rinli
dimP#(X) < 2d
3-teorema. Barcha p —polinomlar fazosi B, (X) barcha analitik funksiyalar fazosi O(X) da zich
bo ‘ladi.
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REGULARITY OF A NON-VOLTERRA QUADRATIC STOCHATIC OPERATOR ON
THE 2D SIMPLEX
Mamurov B.J.
Bukhara State University, Bukhara, Uzbekistan
E-mail: bmamurov.51@mail.ru

Abstract. In the present paper we consider a non-Volterra quadratic stochastic operator defined on
the two-dimensional simplex. We showed that the center of the simplex is a unique fixed point of this
operator and it has attracting type. We constructed a Lyapunov function and using it we showed that for
any initial point the trajectory of this operator approaches to the center of the simplex.

The notion of quadratic stochastic operator was introduced by S. Bernstein in [1]. Such quadratic
operators arise in many models of mathematical genetics, namely, in the theory of heredity (see e.g. [3, 5,
6, 7]).

Let

s™t = {x = (X Xgree e Xy) €R™ X 20, DX, :1}
i=1

be the (m—1) -dimensional simplex. A map V of S™ into itself is called a quadratic stochastic
operator (QSO) if

(Vx), = zpij,kxixj 1)
i,j=1
forany x e S™* and forall k =1,...,m, where
Pk 20, Py =Py 2Pk =L Viijk=1...m. (2)
k=1
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Assume {x™ €S™:n=0,1,2,..} is the trajectory of the initial point X € S™*, where
XM =V (x™) forall n=0,1,2,..., with xX? =x.

Definition 1. A point X € S™* is called a fixed point of a QSO V if V(X) = X.

Definition 2. A QSO V is called regular if for any initial point x € S™*, the limit

limv (x™)

n—o0

exists.
Definition 3. A continuous function ¢: intS™" — R for an operator V if the limit |im¢(V”(x))

N0
exists and finite for all xeS™".
Definition 4.[2] A fixed point X is called hyperbolic if its Jacobian D,V (X) has no eigenvalues
on the unit circle.
Definition 5.[2] A hyperbolic fixed point X" is called:
i) attracting if all the eigenvalues of the Jacobian D,V (X") are less than 1 in absolute value;
i) repelling if all the eigenvalues of the Jacobian D,V (X") are greater than 1 in absolute value;

iii) asaddle otherwise.
Consider the following two strictly non-Volterra QSOs on the two-dimensional simplex

xl’:%xf+3x§+ X2 +2X X,
1,1, 1
V: x2:§xf+§x§+§x32+2x2x3, A3)
,_1 1
x3:§xf+ x22+§x§+2x3x1

Lemma 1. The center X is a unique and attracting point of the QSO (3).
Lemma 2. The function @(X) =| X, —X, |-| X, =X, |-| X; —X, | is @ Lyapunov function for the

operator (3).
Lemma 3. [imV" (X(O’) = ¢ for any initial point X e S2.

n—o0

Theorem. a) The QSO (3) has a unique fixed point ¢ =(1/3,1/3,1/3);
b) The fixed point C is an attracting point;
c) For any x© e S?, the trajectory {x™} tends to the fixed point C;
d) The QSO (3) is a regular transformation.
REFERENCES
1. Bernstein S 1942 The Annals of Math. Stat. 13 53.
2. Devaney R L 2003 An introduction to chaotic dynamical systems, (New York: Westview Press).
3. Ganikhodzhaev R N 1992 Sh. Math. 183 489.
4. Jamilov U and Ladra M 2020 Qual.Theory Dyn. Syst. 19 95.
5. Lyubich Yu 1 1992 Mathematical Structures in Population Genetics (Berlin: Sprenger).
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EXISTENCE OF THE EIGENVALUES OF A TENSOR SUM OF THE FRIEDRICHS
MODELS WITH RANK 2 PERTURBATION
1Bahronov B.1., 12Rasulov T.H.
1Bukhara State University
2Bukhara branch of the Institute of Mathematics

Let T* be the one-dimensional torus. In the Hilbert space Lsz(l' 2) of square-integrable symmetric

(complex) functions defined on T2, we consider the model operator:
H, 2= Hoo =My +Vip) + AVy +Vop),  11,4>0, @)
where Hy 4 is the multiplication operator:
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(Hoo )X, y) =(U(x) +u(y) T (x,y),

and Vij , 1, J=1,2 are non-local interaction operators:
V)XY =00 u®FE Y VX y) =) [u®f (kb
Here, f € L5(T ?), the functions u(-) and v (-), i=212 are real-valued continuous functions on
Th

Under these assumptions, the operator H ) is bounded and self- adjoint.
To study the spectral properties of the model operator H i We introduce a Friedrichs model hﬂ’ 1

with rank 2 perturbation, acting on L,(T™") by the rule:

hys =hoo = stk + Ak,
where the operators hy, and k;(-), i =1,2 are defined as

(F0@)(¥) =u(x)a(x), (k9))=v,(N) [, D9yt i=12.
From the definitions of H  , and h, ; we obtain the representation
H,,=h,,®I+1®h, ;,
where | is an identity operator on L,(T*).

Therefore, by theorem on the spectrum of the tensor sum of two operators the equality
G(H,u,ﬂ.) = U(hﬂ,z) +G(h/1,/l)
holds.
Let supp{v, ()} be the support of the function v, (-) and mes(€2) be the Lebesgue measure of the

measurable set Q—T? and

m:=min u(x), M :=max u(x).
xeTl xeTt
Assume that the function u(-) has the non-degenerate global minimum at the points

Xy Xo ey Xy eT*! and the non-degenerate global maximum at the points y,, Y,,..., ¥, eTh

Main result of the note is the following theorem.
Theorem. Suppose that

mes (supp{v; ()} supp{v;, ()}) =0

and v (%) =0, U,(Y;) =0 forsome i e{l,....m}, jefl,...,n}.

(@) For all values of x,A>0 the operator h/M has a two simple eigenvalues E/(ll’ <m and
E®>M.

(b) For any 4,4 >0 the numbers 2EY and 2E? are simple eigenvalues of H, ;- Moreover

Oess(H, ) =[EY +mEP + MJU[2m;2M]U[EP +m;E? + M]
app(HM) :{ZES); El(}) +E®;2EPY.

(c) For any fixed . and b > M, there are two numbers £z, = z2,(a) >0 and 4, =4, (b) >0
, respectively, such that the numbers 2@, a + D and 2D are eigenvalues of Hyo, e
(d) For any C €[2m;2M] there exist two numbers £4 = £¢,(C) >0 and A = A, (C) > Osuch

that the number C is an eigenvalue of Hﬂ1 A
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KILLING VEKTOR MAYDONLAR GEOMETRIYASI
Boysunova M.Y.
O zbekiston Milliy Universiteti

Ta’rif-1. Agar G to’plamga tegishli har bir p nuqtaga bitta X(p) vektor mos qo’yilsa , bu moslik
vektor maydon deb ataladi.

Ta’rif-2 Birorta G sohada X vektor maydon berilgan bo’lib va shu sohada p=p(t)
tenglama bilan aniglangan differensiallanuvchi y chiziq ham berilgan bo’lsin. Agar har bir t uchun
p'(1)=X(y(t)) bo’lsa y chizig X vektor maydonning integral chizig’i deyiladi.

Ta’rif 3. Berilgan X vektor maydonning t=0 da p nuqtadan o’tuvchi chizigni y (t,p) bilan
belgilasak, p — X¢(p) aksalntirishlar oilasi X vektor maydonning ogimi deyiladi.

Ta’rif 4. Agar har bir t nugta uchun

x - y(t,x)
akslantirish izometrik akslantirish bo’lsa, X vektor maydon Killing vektor maydoni deb ataladi.
Boshgacha qilib aytganda M ko’pxillikda berilgan X vektor maydon hosil gilgan bir parametrli
diffeomorfizmlar oilasi M ko’pxillikda izometrik akslantirishdan iborat bo’Isa X vektor maydon Killing
vektor maydoni deb ataladi.
Uch o’Ichovli Yevklid R3(x,y,z) fazosida oltita chizigli erkli Killing vektor maydonlari bor.
d

X = X, = g X—a

V7ox " T2 oy’ T oz’
[ N R AL L
4_Zay Yoz 75T o T X970 T Yoy xay

vektor maydonlardan quyida Keltirilgan almashtirish gruppalari, mos o, ,0, va o, o’qlari yo’nalishi
bo’yicha parallel ko’chirish gruppalari bo’ladi, oxirgi uchtasi esa mos oy,0, va o, o’qglar atrofida
aylanish gruppalari bo’ladi.
Biz to’rt o’lchamli R*( xy,x, ,x3,x4) evklid fazosida
X2+ 2,2 + 232 + x42=1
tenglamani uch o’lchamli S3 sferada garaymiz. Bu fazoda berilgan
0

X = +x

Xa dxq Lox,
vektor maydon sferaga urinadi.
Teorema. Uch o’lchamli sferada X vektor maydonning maxsus nuqtalari
x1 =0
{X4 =0
tenglamalar sistemasi bilan berilgan tekislikda yotuvchi x,2 + x32=1 aylana nuqtalaridan iborat,
maxsus bo’lmagan nuqtalar uchun uning integral chiziqlari
{xz = ¢, = const
X3 = c3 = const
tekislikda yotuvchi
x21 + x42=1-(c,%+¢c5?)
aylanalardan iborat.
ADABIYOTLAR
1. ASl.HapmanoB. [duddepenuman reomerpusi. Tomkent: YHBepcutet. 2003.
2. Onsep Il Ilpunoxenus rpymna Jlu K nuddepeHunanbHuM ypaBHEHUSIM.

FINITENESS OF THE DISCRETE SPECTRUM OF THE LATTICE SPIN-BOSON
HAMILTONIAN WITH AT MOST TWO PHOTONS
L2Djlmurodov E.B., 2Rasulov T.H.
L2Bykhara State University, Bukhara, Uzbekistan
L2Bukhara branch of the Institute of Mathematics, Bukhara, Uzbekistan
E-mail: elyor.dilmurodov@mail.ru, rth@mail.ru
Block operator matrices are matrices where the entries are linear operators between Banach or Hilbert
spaces [1]. One special class of block operator matrices are Hamiltonians associated with systems of non-
conserved number of quasi-particles on a lattice. Their number can be unbounded as in the case of spin-
boson models or bounded as in the case of “truncated” spin-boson models. In this note we consider a lattice
spin-boson Hamiltonian with at most two photons. The standard spin-boson Hamiltonian with at most two
photons was completely studied in [2] for small values of the coupling constant.
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Let T* be the three-dimensional torus, 7, := C be the set of all complex numbers, H, = L,(T*)
be the Hilbert space of square integrable (complex) functions defined on T2, 7, = LY™((T®)?) be the

Hilbert space of square integrable (complex) symmetric functions defined on ('|'3)2 and
H=H, ®H, ®H,.

We consider a lattice spin-boson Hamiltonian A, with most two photons. Then [3] the operator A,
acton C*®7H and has the 3x3 tridiagonal block operator matrix representation

Ao A O
A=A A A
O A;Z A22

where the matrix entries A, I,]=0,1,2 i< ], are defined by
Avo 1:o(s) = 5Sfo(s)' Aot fl(s) = aIT3V(t) f1(_s) (t)dt,
(AL £)(k) = (ss+w(k)) 2 (k) (AL F2)(k) = O!J.Tsv(t) £ (k,, tdt,
(A 1) (ki ,) = (s +W(k) +w(k,)) 22 (k;, k).

Here s=+ and f ={f®, f¥, f;s=4}eC*®H.

We make the following assumptions: & > 0; the dispersion W(:) is a non negative analytic function
on T? and has the non-degenerate minimum at the points (Xl(i), XS), XS)) eT? i=1,.,n, n<ow; V()
is a real-valued analytic function on T?; the coupling constant « > 0 is an arbitrary.

Recall that the location of the essential spectrum of A, for 1D case was described in [3]. The results

were obtained by considering a more general model H for which the lower bound of its essential spectrum
is estimated. Conditions which guarantee the finiteness of the number of eigenvalues of H below the
bottom of its essential spectrum were found. It was shown that the discrete spectrum might be infinite if the
parameter functions are chosen in a special form.

Let E;, = min o (A,).

Theorem. For all values of the coupling constant o >0 the operator A, has a finitely many

eigenvalues smaller than E;, .
REFERENCES.

1. C. Tretter. Spectral theory of block operator matrices and applications. Imperial College Press,
2008.
2. R.A. Minlos, H. Spohn. The three-body problem in radioactive decay: the case of one atom and at
most two photons. Topics in Statistical and Theoretical Physics. Amer. Math. Soc. Transl., Ser. 2,
177, AMS, Providence, RI, 1996, 159-193.
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ON AN EXAMPLE OF A SEMIRING WHICH IS NOT IDEMPOTENT
Eshimbetov M.R.
Institute of Mathematics named after V.I.Romanovskiy, Tashkent, Uzbekistan
mr.eshimbetov@gmail.com
Let [a,b] be a closed subinterval of [—oo,+0] (in some cases we will aslo take semiclosed

subintervals). The full order on [a,b] will be denoted by <.

Definition 1. The operation @ (pseudo-addition) is a function @:[a,b]x[a,b] —[a,b] which is
commutative, nondecreasing (with respect to <), associative and with a zero element, denoted by 0, i. e.
0 @x =X foreach x €[a,b] (usually O is either a or b).

Let [a,b], ={x:xe[a,b],x>0}.
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Definition 2. The operation ® (pseudo-multiplication) is a function ©:[a,b]x[a,b] —[a,b]
which is commutative, positively nondecreasing, i.e., X<Y implies XOz<yQ®z, Z e[a, b]+,
associative and for which there exist a unit element 1 [a,b], i. e., for each x e[a,b], 1 ©x=X.

We suppose, further, 0 ©@X =1 and that © is a distributive pseudo-multiplication with respect to
D, ie. XO(YyD2z)=(XOY)D(XO®2). The structure ([a,b],®,®) is called a semiring.

Semirings with pseudo-operations defined by monotone and continuous generator g . In this case,
we will consider only strict pseudo-addition, i.e., such that the function @ is continuous and strictly
increasing in (a,b)x(a,b) .

By Aczel’s representation theorem for each strict pseudo-addition @ there exist a strictly monotone
surjective function g (generator for @), g:[a,b]—>[0,+o] such that g(0)=0 and

x®y=g"(g()+9(y)).
Using a generator g of sitrict pseudo-addition @ , we can define pseudo-multiplication ©
XOYy=9"(9(x)-9(y)
with the convention 0® (+o0) =0. This is the only way to define pseudo-multiplication ©® , which
is distributive with respect to © generated by ¢ .
If the generator g is increasing (decreasing), then the operation @ , through its generator g, incudes
the usual order (opposite to the usual order) on the interval [a,b] in the following way: X <Yy if and only

if g(x)=<g(y).
Example 1. Let g [—%%} —>[—o0,+00] be given by g(x) =tgx. Then

x®y=g"(g(x)+g(y)) =arctg(tgx+tay),
XOY=07"(9(x)-g(y)) = arctg (tox-tgy)

are operations defined on [—%,%} We have 0 =0 and 1 :%. Indeed, for each ye[—%,%}: 0

@y =arctg(tg0+tgy) =y, 1 Oy =%® y= arctg(tg%'tQY) =Y.

We now check the distributive property, i. e., XO(Yy®@z2)=(XQYy)D®(xO12):
X0(y®2)=9"(9(9)-9(y®2)=9"(909-9(9™ (9(») +9(2))))=
=g (g()-(9()+9(2))) =97 (9(x)-9(¥)+9(x)-9(2)) =

=97 (9(x)-9()®@97(9(x)-9(2)) = (xOy)®(xO2)
So, we obtain the following result.

Theorem 1. The structure ([— 2’2

},@,@j is a semiring with the zero 0 =0 and 1 :%. It is

not idempotent.
REFERENCES
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A NEW EQUIVALENT CONDITION FOR BOUNDEDNESS OF HARDY-VOLTERRA
OPERATOR
Eshimova M.K.
Institute of mathematics named after V.I.Romanovsky AS RUz
E-mail: eshimova_math@mail.ru

Let (a,b) c R and u(x),v(x) be weight functions on (a,b), i.e., are nonnegative measurable
functions defined on (a, b). Let 1 < p,q < o and introduce weighted Lebesgue space Ly, ,,(a, b) of all
measurable functions on (a, b) such that

1

b D
||f||p,v=(f If(x)IPV(x)dx) <o,

and similarly L, ,,(a, b). Consider the following Hardy-Volterra operator

H:Lyo(a,b) > Lou(@b),  (HF)() = f k(x, O (©)dt, )

where k(x, t) is a kernel — non-negative measurable function defined (a, b) X (a, b).

In this paper we study boundedness of operator (1) with the so-called Oinarov’s kernel — that is
continuous, non-negative and increasing in the first argument, decreasing in the second argument and there
exists a constant h > 1, such that for all x,t,s :a <s <t < x < b the inequality holds: k(x,s) <
h(k(x, t) + k(t, s)), see [1-4]. This problem is equivalent to the validity of the Hardy-type integral

inequality:
1 1

b/ rx q q b D
<f <f k(x,t)f(t)dt) u(x)dx) SC(f fp(x)v(x)dx> (2)

where constant C does not depend on the function f and parameters p, q. We give new necessary and
sufficient conditions for satisfying of (2), i.e., the boundedness of the (1) in the case 1 < g < p < oo with
the Oinarov’s kernel.

Let us make some notations concerning to our theorem:
/ p q bq

pr=——,qd="71r=""7

p—1 q-—1 p—q

)

4

P
kS(x, t)u(x)dx) ,

b
Ves(©) = w27 (1) < f
t

1
r =

11 r
Dy = f b< f kaq(t)dt>pq< f tvl‘p'(s)ds> . pq)vl‘p'(f)dt '

1
r r >
o T

b/ b b "
D, = f <f Vkl(t)dt>p (ft u(s)ds) b u(s)ds

Then our main result reads.
Theorem. Let 1 < q <p <o and k(x,t) be Oinarov’s kernel. Then inequality (2) holds for all
f = 0ifand only if
Dy < o0 and D; < oo,
Moreover, the best constant of the inequality, the least constant for which the inequality holds,
satisfies C ~ max{Dg, D, }.
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ESTIMATES FOR TWO-DIMENSIONAL INTEGRALS WITH MITTAG-LEFFLER
FUNCTIONS
Ikromov I.A., Safarov A.R.
Institute of Mathematics named after V.I.Romanovsky
The function E, (z) is named after the great Swedish mathematician Gosta Magnus Mittag-Leffler
(1846-1927) who defined it by a power series [1]. Further, the two-parametric Mittag-Leffler function is
defined by [2-3]:

k
Eqp(z) = Z;;;Om, a,f €C, Rea >0, (1)
In this paper we consider natural generalization of “standards” oscillatory integrals given by Mittag-
Leffler function defined in (1) for @« > 0, B € R. More precisely, we consider the following integral with
phase f and amplitude ¢ is an integral of the form:

Ia,ﬁ = fRz Ea,ﬁ(i/lf(x)%o(x)dx (2)
where0<a <1, f>0,1€R and f is a smooth real-valued function with £(0,0) = 0,Vf(0,0) =0

also ¢ is a function concentrated in a sufficiently small neighborhood of the origin in R?.

Let’s consider the associated Taylor series: f(xq,x2)~ ka:o c]-,kx{ x¥
of f centered at the origin. The set
1

T(F) = {(j, k) € N2: ¢y = T

will be called the Taylor support of f centered at the origin. We shall always assume that T(f) # @, i.e.,
that the function £ is of finite type at the origin. If f is real analytic, so that the Taylor series converges to
f near the origin, this just means that f # 0. The Newton polyhedron N(f) of at the origin is defined to be
the convex hull of the union of all the quadrants (j, k) + R%, with (j, k) € T(f).

The distance (or Newton distance) d = d(f) between the Newton polyhedron and the origin in the
sense of Varchenko [4] is given by the coordinate d of the point (d,d) at which the bisectrix x; = x,
intersects the boundary of the Newton polyhedron.

The height of the analytic (respectively smooth) function f is defined by

h(f) = sup{dy},

where the supremum is taken over all local analytic (respectively smooth) coordinate systems x at the origin
and d,, is the corresponding Newton distance.

The main result of the work is the following.

Theorem. Let phase function has a smooth function with two variables. There exists a neighborhood
U of the origin such that for any @eL*(U)and 0 < a <1, > 0 then the following estimate holds

oo Fap (AF (1)) p(x) x| < SOn2 M0N0

where h is height and constant C is depend only p also m multiplicity of the Newton polyhedron [4].
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THE DYNAMICS OF SUPERPOSITION OF NON-VOLTERRA QUADRATIC
STOCHASTIC OPERATORS
Jamilov U. U., Aralova K. A.
V.I.Romanovskiy Institute of Mathematics
e-mail:kamolaaralova96@gmail.com
We consider discrete-time dynamical systems generated by quadratic stochastic operators. The
motivations for such investigations can be seen e.g. in [1,2] and references therein.
Let

S™ ={x=(X,%,,....X )eR™: foranyi, x >0, and in =1}
i=1
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be the (m-1) -dimensional simplex. A map V:i§Tt s is called a quadratic stochastic operator
(QSO) if

(VX), = Z Bij kX X;

b= D
for any xeS™ and for all k:l“"m, where
I, k; P =1
Py« =0, Pik = Pik  for all |2_:1 : @)

()= _
The trajectory Xk of an operator V' for an initial point x?es™ is defined by
XM =y (x™) =v"™(x?), n=0,12,...

(0) (N
Denote by @, (X7) the set of limit points of the trajectory { n=0,

A Volterra QSO (see [1]) is defined by (1), (2) and with the additional assumption
Pk =0, kefi, j} i,j,keE 3)
Definition 1. A point X € s™ is called a fixed point of Vit V(x) = X Denote the set of all fixed
points by Fix(\/)_
Let us consider the following nonlinear operator W' defined by superposition of the non-Volterra
operators in s :
X =L+a)’ X% +2(L+ a)1— 1+ o)X (L— X)) X5 X,
W ix, = (L+a)® Xix2 + 21+ a)(L— (L+ @)X, (1— X3)) XX, ,
X) = (L= L+ )X, (L— X)) +2(L+ a)* X X, X
where ¢ €71 penote

t, = (e +D(a—2) +/6a? —32a +43),

* 1 ta a—-?)
X, == +—+1].
3 1+a t,

Theorem 1. For the operator W , the following statements are true:
2. 2.
i the sets M1 ={Xx€S .xlzxz}, M, ={xeS“:x >x%,}

are invariant sets of W ;

, for any

ang Ma={XeS%ix <%}

Fix(W) = {63};, if a<-1/2, (1% 1o .
.. {e3’xa}7 if a>—1/2, Xy = 2 ) 5 » X,
if) where

0y — (0) _ 2.y _
ii) W (x )_e3,foranyx eE, ={xeS .x3_0};

(o) it as-1/2
%(X(O))_{{x’;}, it a>-1/2
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RETURN TIMES FOR CIRCLE HOMEOMORPHISMS WITH SOME IRRATIONAL
ROTATION NUMBER
IKarimov J.J., ’Ibodullayeva H.F.
Turin Polytechnic University in Tashkent, Uzbekistan
L2National University of Uzbekistan, Tashkent, Uzbekistan
jkarimov0702@gmail.com; husniya9194@umail.uz
This abstract is devoted to study return times for circle homeomorphisms with some irrational
rotation number in dynamical partitions. One of the important problems of ergodic theory is to study the
behavior of return times. D.H.Kim and B.K.Seo in [1] investigated return time and waiting time for partition

Q, of same first n digits in binary expansion, i.e. Q, ={[0,2™"),...,[1—-27",1)}. We consider return time
in more general partition, which is called dynamical partition [2]. Let (X,IB, &) be a probability measure
spaceand T : X > X be an orientation preserving homeomorphism of the circle S* =R/ 7! = [0,1) with
irrational rotation number 6. Let x be the unique invariant probability measure of T. Consider the
measurable subset E < X, #(E)>0 and a point X € X which returns to E under iterations by T , we
define return time R_ on E by the following way: R (x) =min{j>1:T'x e E}.

By A.Dzhalilov and J.Karimov was studied [3] the entrance times for circle homeomorphisms with

J5-1

one break point and “golden mean” rotation number (pZ[LL...,l,...]ZT) and universal

renormalization properties.
It is known that the first return time R of an irrational rotation T has at most three values if
E =[0,b) is an interval [1]. Formulate main result.

Theorem. Let T (X) ={x+ &} be linear rotation and b € (O;Il @1I]. Let i >0 be an integer such that
Il g@ll<b<ll g @1l and K an integer which satisfies
K=max{k>0:kll g@ll +I q.,0l<b},

Qi 0<x<b-Ilgdl,

If i iseven: Ry, (X) =40, —(K-1)q, b-lIgol<x<Klgol+Ig,ol,
g, — Kg;, Kllgéll+1 g.,601<x<b.
0., — Kg;, 0<x<b-Klgéll-Iq,Aal,

If i isodd: Ry, (X) =10, —(K-1q;, b-Klgoll-lg,0l<x<lgal
Qi I gol<x<h.

Now we compute return time of circle homeomorphisms using above theorem for exact irrational
rotation number 6 =+~/2 —1. For given & number K can be 0 or 1. Let consider case K =0. Then
bell gél;lg.,01+1qgel].

Qi 0<x<b-lgal,

If i iseven: Ry, (X) =10, +0q;, b-lgol<x<lq,ol,
s Il g,01<x<b.
(VP 0<x<b-Ig,0al,

If i isodd: Ry (X) =10, +6;, b-Ig.,0l<x<lqgol,
Qi Il g@ll<x<h.

Let K =1. Then be (I g,.,01 +1 gol;ll g_01].
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a;, 0<x<b-Ig@l,
If i iseven: Ry, (X) =140, b—llgol<x<lgdll+Ig.el,
G..—q, lgol+lg, Il<x<hb.

G~ 0<x<b-lgol-lg,0l,
If i is odd: Ry (X) =10y, b—llgoll -1l g, 0l<x <l gl

0. I g@l<x<b.
REFERENCES

1. D.H. Kim, B.K. Seo, The waiting time for irrational rotations, Nonlinearity 16 (5), 2003,
1861-1868.
2. Cornfeld I. P., Fomin S. V., Sinai Ya. G. Ergodic theory. New York: Springer, 1982.
3. Dzhalilov A., Karimov J. The entrance times for circle maps with a break, Bulletin of
National University of Uzbekistan: Mathematics and Natural Sciences: Vol. 3: Iss. 2, 2020, Article
10.

EXISTENCE OF EIGENVALUES OF THE SCHRODINGER OPERATOR ON A
LATTICE
!Khalkhuzhaev A.M., ?2Boymurodov J.H.
! Institute of Mathematics named after V.I.Romanovsky, Uzbekistan
2 Navoi state pedagogical institute, Navoi, Uzbekistan
e-mail: ahmad x@mail.ru,

In models of solid state physics and also in lattice quantum field theory discrete lattice operators are
considered which are lattice analogs of the three-particle Schrodinger operator in the continuum. The
existence of eigenvalue of the three-particle Schrodinger operator H,, = Ho, — uV (u is arbitrary) for
dimensions d = 1,2 is shown in the works [5], [6], the proofs of which are based on unboundedness of the
norm of the Faddeev type operator T(K, z) for z spectral parameter close to the lower bound of the essential
spectrum, i.e., when d = 3 the methods for d = 1,2 are not applicable.

In this paper, we consider a model operator corresponding to the three-particle Schrédinger operator
on a three-dimensional lattice interacting potential through zero range pairwise on the three-dimensional
lattice Z3.

Let T3 be a three-dimensional torus, L3 ((T2)?) be Hilbert space of square-integrable on (T3)? and
symmetric with respect to permutation of variables.

Consider the operator H, , acts in L ((T*)?) according to the formula:

Hpt,)/ = HO,y - .U(Vl + VZ);

where
(Hoyf) . q) = (¢(p) + (@) + ve(p + @) f (0. @), p.q € T3,

@+ voN@a = [ @i+ | 1o

and &(p) =3 — X3_, cosp;, u> 0 is the energy of interaction of two particles, y > 0 ratio of masses of
the bozon and the different particle.

Two-particle operator h,,, (k), k € T3, corresponding to the two-particle interaction of the three-
particle system H,, ,,, has the form:

(hy OF) @) = Exy @)F ) — i jT fsas,
where &, (p) = e(p) +ve(k — p).

-1
Lemmal. Letu > po(y), uo(y) = (fT3 m) > 0. Then the operator h,,,, (k) has unique simple

eigenvalue z, , (k), below the essential spectrum.

Let E/,Ly(p) = Zuy(p) + &(p),
Tmin(Wy) = mln E, y(p) Tmax (W Y) = maXE y(p)

Emm,y pr'{]lel,lﬁ% EO,y (»,9)=0, Emax,y_prjgg,ﬁ% EO,y (@, @)=6(1 +7y).

23


mailto:ahmad_x@mail.ru
mailto:boymurodovj@mail.ru

Lemma 2. Essential spectrum of the operator H,,,, consists of the following set:
Uess(Hu,y) = [Tmin (0 V) Trmax (1, )1 U [0,6(1 + )]
Denote
1 c0s?s; — c05s;€05S,)ds
N == (cos7s, 100552) ]t ~ 5,3985.
(2m)3 Jps e(s)

Theorem. Let y > y;. Then there exists such u,, > 0 that for all u > u, operator H,, has four

eigenvalues, taking into account the multiplicity, lying to the left of the essential spectrum of the operator

Hyy.
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ON THE EXISTENCE OF EIGENVALUES OF THE ONE PARTICLE DISCRETE
SCHRODINGER OPERATOR
!Khalkhuzhaev A.M., ! Khamidov Sh.1., 2Mahmudov H.Sh.
!Samarkand Branch of the Institute of Mathematics, 2Samarkand State University
ahmad x@mail.ru, shoh.hamidov1990@mail.ru
Let Z be the one dimensional lattice and #2(Z) be the Hilbert space of square-summable functions
and #1(Z) be the Banach space of summable functions on Z. In the coordinate space representation, the
one-particle Schrodinger operator H := H(€) under a potential field © € £1(Z) is defined as
A=Hy+7V,
where the operator H, is a Laurent-Toeplitz-type operator
(Aof) o) = Y B =9)f (), e @,
SEZ
the function € € £1(Z) sarisfies €(s) = €(—s), and the operator ¥ is the multiplication in £1(Z) by ¥ .
Note that A is a self-adjoint bounded operator.

Let T:= (—m, ] be the one dimensional torus, the dual group to Z, equipped with Haar measure

n= dp , and let L?(T,n) be the Hilbert space of square-integrable functions on T. In the momentum

2T

representation, the operator acts in L?(T, n) by
H=FHAF ' =FHF ' +FVF 1 =H,+V,

where

Fil2@) — P, (FH@ =) f e
XEZL
is the standard Fourier transform with the inverse

FLL(Ty) — @), (F ) = j ) e Pndp
T

The operator H, is the multiplication operator in L?(T,n) by the continuous function € := F€ €
C(T) and the operator V acts on L2(T,n) as a convolution-type integral operator

V@) = [ vl - Of ©nde
T
with the kernel distribution v := F7.

Hypothesis 1. a) The function € has a unique non-degenerate minimum at p = 0;
b) there exists y € (0,1),suchthat 0 < Y,czlx|** |9(x)| < oo, where |x]| := Z?=1|xl~| .
The operator H, is the multiplication operator by the function €(-), therefore, it has only the essential
spectrum, i.e.,
U(ﬁo) = 0(Hp) = 05s(Hp) = [minpe'ﬂ‘g(p)'maxpe’lrs(p)]-
Since the perturbation operator V is compact, by the Weyl Theorem,
O-ess(ﬁ) = Gess(ﬁo) = [minpeTS(p):maxpe'H‘E(p)]-
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As expected, for any nonzero potential ¥ € £1(Z) , the operator H has eigenvalues and they lie to the
left or to the right of the essential spectrum o, (ﬁ) [1]. The following results are related to the existence

or non-existence and also the uniqueness of eigenvalues of .
Theorem. Assume Hypothesis 1. Then:
a) if the inequality ¥,z ¥ (x) > 0 holds, then then the operator A has an eigenvalue in the interval

(Emaxr +OO)1 .
b) if the inequality Y.,.cz ¥ (x) < 0 holds, then then the operator H has an eigenvalue in the interval

(—oo, Smin)-
REFERENCES:
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2-LOCAL *-ANTIAUTOMORPHISM OF M ((C) IS AN INNER *-

ANTIAUTOMORPHISM.
Kholbekova S.M.
Fergana Polytechnic Institute, Fergana, Uzbekistan.

Given an *-algebra A a linear operator 8: A — A is called an *-antiautomorphism, if
Q(A*):G(A)* and (AB)=6(B)d(A), forall ABe A. Amap ©: A > A (not linear in
general) is called a 2-local *-antiautomorphism, if for every A,B e A, there exists an *-antiautomorphism
O A — Asuchthat ©(A)=6,,(A) and O(B)=6,,(B).

In the paper [1] P.Semrl introduced the notions of 2-local automorphisms and described 2-local
automorphisms on the algebra B ( H ) of all bounded linear operators on the infinite-dimensional separable

(complex) Hilbert space H. A similar description for the finite-dimensional case appeared later in [2]. In
the present paper, in the finite-dimensional case, it is proved analogous result for 2-local *-
antiautomorphisms.

Let B(H ) be the algebra of all bounded linear operators on a complex Hilbert space H. A weakly

closed *-subalgebra M containing the identity operator 1 in B(H) is called a W*-algebra. If B is a *-
antiautomorphism of M, we say B is inner if B leaves the center of M element wise fixed and if there exists
a conjugate linear isometry V of M onto itself such that V2 € M and H(A) =VAV forall AcM . If
U is a unitary operator in M, and J is a conjugation (i.e. a conjugate linear isometry of H onto itself with
J?=1) such that JA*J =A, for all A in the center of M and JMJ =M , then clearly the *-

antiautomorphism A—>U"JA"JU of M is inner. It is known [3, Theorem 4.4] that every inner *-
antiautomorphism is of this form. In the type | case every *-automorphism of M leaving the center element
wise fixed is inner. The analogous result holds for

*-antiautomorphisms.

Theorem 1. [3, Lemma 4.3] Let M be a W*-algebra of type | acting on a Hilbert space H. Let € be
a *-antiautomorphism of M leaving the center element wise fixed. Then there exist a conjugation J of H

such that JMJ =M and such that JA"J = A, for all A in the center of M, and a unitary operator U in M,
such that @(A)=U"JA"JU , for all A in M. In particular, @ is inner.

Hence every *-antiautomorphism of an algebra B(H ) is inner.
Let us to consider a finite-dimensional case, i.e. let dim( H ) =Nn<oo. Then it is known that
B(H)=M,(C). The main result of the paper is the following theorem.

Theorem 2. Every 2-local *-antiautomorphism of M, ((C) is a *-antiauto- morphism, and hence is

an inner *-antiautomorphism.
REFERENCES
1. P.Semrl. Local automorphisms and derivations on B(H). Proceedings of the American
Mathematical Society. VVol.125, N9, (1997), 2677-2680.

25



2. S.0.Kim, J.S.Kim, Local automorphisms and derivations on M. Proc. Amer. Math. Soc., 132,
(2004), 1389-1392.

3. E.Stormer. On anti-automorphisms of von Neumann algebras. Pacific Journal of Mathematics.
Vol. 21, N2, (1967), 349-370.

ESTIMATES FOR THE NORM OF AN INTEGRAL OPERATOR WITH OINAROV’S
KERNEL
Kuliev K.
Let (a,b) < R and u, v be weight functions in (a, b), i.e., positive measurable functions defined a.e.
in (a, b). Let p,q > 1 and introduce weighted Lebesgue spaces

b
= {f: 171 = [ 1@ v(de < oo}
a
and similarly L, ,,. In this paper we consider the integral operator

Hilpy = Low — (HPGO):= [ k(x, 0)f(t)dt, (1)
where k(x,t) is called kernel of the operator, which is nonnegative measurable function defined a.e. in
(a,b) % (a,b). Further, we consider operator (1) with the Oinarov’s kernel, i.e., k(x, t) is a continuous
nonnegative function increasing in the first argument, decreasing in the second argument and satisfying the
condition: there exists a number h = 1 such that

k(x,s) < h(k(x,t) + k(t,s))
foralla <s <t <x<b,see[l] and [2].

Let us denote
1 1

i 1
A1(5)=<f kq(t,s)u(t)dt>q (f 1-p (t)dt) ;
1 a
b
Az(s)=< f u(t)dt) ( f k' (£, 5) v p(t)dt) ,
s 1

p' r’q s 77
B,(s) = f 1v(t)<f kq(x,t)u(x)dx> dt <f vl-v’(t)dt>pq ;

= 1
' P’ 1

b b b -7
B,(s) = j vl—p'(t) (f k(x, t)u(x)dx) dt <j u(t)dt) ! ;
S t S

Our main result reads:
Theorem 1. Let 1 < p < q < o and k(x, t) be Oinarov’s kernel. Then operator (1) is bounded if
and only if

T

Bi:= sup By(s) <o and Byi:= sup Bi(s) < oo.
se(ab) s€(a,b)

Moreover, its norm satisfies

1 1
max{ sup [Af 1(s) + qB? q(s)]p a ,S:g‘iﬁ)) [A’;’ (s) + BY (S)]p } <|Hl =X,

s€(a,b)
where X is a positive solution of the nonlinear equation
1 _piH1 "+1 1
X9 — h(qBy)T1X = hq?’ @D (¢')?" BY .
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SOME COMPLEMENTARIES NOTES TO MULTI-INDEX GENERALIZED
CALCULUS
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1UNNE, FaCENA Ave. Libertad 5450, Corrientes 3400, Argentina,
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2Universidad Nacional del Nordeste FaCENA, Corrientes Capital, 3400, Argentina,
Email: jnapoles@exa.unne.edu.ar
and
SUniversidad T ecnologica Nacional FRRE, Resistencia, Chaco 3500, Argentina
*Pontificia Universidad Catdlica del Ecuador (PUCE), Facultad de Ciencias Exactas y Naturales,
Escuela de Ciencias Fisicas y Matematica, Sede Quito, Ecuador,
Email: mjvivas@puce.edu.ec

Although local fractional derivatives have been used since the 1960s, it was not until 2014 when they
were formalized with the work [3], where a local derivative, called conformable, is defined.

Later, in 1918, the authors in [1] presented a fractional local derivative of a new type called non
conformable (also see [6, 8] and some applications can be consulted in [2, 5, 7, 10, 11, 12]).
In [9] a generalized local derivative was defined. This operator contains as particular cases both
conformable and non-conformable derivatives.
In [4] we present the following generalized opetaror:

Definition. Let f:[0,+%0) > R, 0i € (0,1] fori=1;2; ...; n and F(t,a) be some absolutly continuous
function on [0,+0)x(0,1]. Then, the N generalized derivative multi-index of f of order a=oa+ ozt...+ on IS
defined by

(@1} gy oo FEHEF (601,00 =F (©)
N} f(® = lim : 0.

integer order.

In this paper we present an extension of the multi index generalized derivative recently defined. We
present several results that generalize those known from classical Calculus, a multi-index Laplace
Transform is obtained and the results obtained are applied to various problems related to generalized
differential equations.

A novel detail of this operator is that by having several subkernels, within the general F kernel, it can
have conformable and non-conformable subkernels at the same time. The advantages that this offers, for
modeling and simulation, are very encouraging.
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QUARTIC NUMERICAL RANGE OF A TRIDIAGONAL 4x 4 OPERATOR
MATRICES
Latipov H.M., Rasulov T.H.
Bukhara State University

A block operator matrix is a matrix the entries of which are linear operators [1]. If the Hilbert space
H is the product of four Hilbert spaces Hy, H,, H; and H,, that is, H = H; @& H,@® H; @ H,, then every
bounded linear operator A € L(H) has a block operator matrix representation
A11 A12 A13 A14
A21 A22 A23 A24- (1)
A31 A32 A33 A34
_A41 A42 A4-3 A4-4-
with bounded linear operators A;; € L(H;,H;), i,/ = 1,4.

The operator A is a self-adjoint if and only if A;; = Aj; forall i,j = 1,4. The following generalization
of the numerical range of A takes into account the block structure (1) of A with respect to the decomposition
H=H; ®H,®H;® H,. o

Let Sy, == {x € Hy:||x|| = 1}, k = 1,4 be the unit sphere in Hy and

SH = SH1 X SH2 X SH3 X SH4'

Definition. For f = (f, f;, f5,f,) € Sy we define 4x 4 matrix
(Allflr fl) (A12f2l fl) (A13f3' fl) (A14f4r fl)
(A21f1:f2) (AZZfZIfZ) (A23f3'f2) (A24f4-: fZ)
(Az1fi,f3)  (Asafzf3)  (Assfsf3)  (Asafsfs)
(Aarfi fa)  (Asafafs)  (Agsfsfa)  (Asafsfs)

A=

Af = € M4((C)

Then the set
wh@ = | ] o a0
feSy

is called the quartic numerical range of A (with respect to the block operator matrix representation (1)).

The block numerical range for n x n operator matrices was introduced in [2] for bounded entries
and in [3] for unbounded entries.

In this note we consider the case where A;; = 0if [{ — j| # 1and A;; = Ay if [i — j| = 1 fori,j =
1,4. Our main results include a new formula for W*(A) and an estimate for the bounds of A in terms of
the quartic numerical range.

Let us introduce the following notations:

P(f) = [(Ar2f2 £) 1% + [(Azsfs, £2) | + [(Azafs, £3) %
QD) = [(Ar2fz, f)1? + |(Asafs, £3)17;

Ey() = =2 [P(D) +/(P(D) — 4Q(D) : Ez (D) = =2 [P() — /(P(D)? — 4Q(D ;
Ea() =2 [P0~ JPD)? — 400D
£, =2 [P0 + P — 400 -

The main result of this note is the following theorem.
Theorem. For the quartic numerical range W*(A) of A we have

W*(A) = U=y Uses, {Ex (D}
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Moreover, for the lower and upper bounds of A the following estimates are holds:

mino(A) = infW*(A) = inf U {E1(D};

feSy

maxo(A) < supW*(A) = sup U {E.(D}.
feSy
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THE GENERALIZED FRACTIONAL DIFFERENTIAL EQUATION OF LAGUERRE
TYPE
Luciano M. Lugo Motta Bittencurt
Universidad Nacional del Nordeste Facultad de Ciencias Exactas y Naturales y Agrimensura
Corrientes Capital, 3400, Argentina, E-mail: ImImb@yahoo.com.ar

Abstract: In this paper, we present the Generalized Differential Equation of Laguerre Type writing
with the generalized N-derivative and its associated Generalized Differential Equation, and we solve that
using the generalized Laplace Transform and the power series method.

Key words: Generalized derivatives and integral, Laguerre Equation, Associated Laguerre
Equation.

THE SPECTRUM OF THE DISCRETE SCHRODINGER OPERATOR WITH TWO-
RANK PERTURBATION
Madatova F.A.
National University of Uzbekistan, E-mail: fotimamadatova2@gmail.com

The discrete Schrodinger operators have attracted considerable attention for both combinatorial
Laplacians and quantum graphs; for some recent summaries refer to [1], [2] and the references therein.
Particularly, eigenvalue behavior of discrete Schrodinger operators with small rank potentials are discussed
in [3], [4], [5]-

The one-particle discrete Schrodinger operator hy,, in the momentum representation is defined by

h/lu =hy — V/Ipu )

where the non-perturbed operator h, acts on L?(T) as multiplication operator by the function e(p):

(ho () =e@)f (), fEL*(T), pET,

where
e(p) =1—cosp, p€T, T=(-mmn].
The potential operator of the form

A .
(V) @) = - l Fl@)dq+ l e Df(q)dg, fELX(T), pET, xo€L.

Forany A, u € C, we define Fredholm determinant as a analytic function in
zE€ (C\[eminr emax] as

Hw=2-y@)(p-v@)-£&(2)

where
) - PO
"=z -re 7 (a%(2) - b2(2))"
and
) 1 1 el¥od
a(z)=§le(q)—_qu' b(z)zﬁle(q)—qu'

Lemma. The number z € C\[emn, emax] is an eigenvalue of hy, ifonly if H(4, u, z) = 0.
We introduce the continuation of the function H(4, u, z) at the point z = 0 as follows
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0= (o2 o)

2%, 2xy)  4xZ

The left branch I} and right branch T} of hyperbola H (4, u, z) = 0 split the space RZinto three open

sets
Go={(Lu) ERZHAu,0) >0}, A <1, G ={Ap €R%HAu0) <0}, G, =
{A,pw) € R®:H(A,1u,0) >0}, A > 1.

Hence G, = I¢ and G, = I follow from the definition of G, and G, respectively.

Theorem 1. (&) (4, u) € GL or (A, u) € GI, z € (—,0), then z is an eigenvalue of the operator
hayu

(b1) (4, ) € G or (4, 1) € GJ, then 0 is neither eigenvalue nor resonance.

(b2) For any (1, 1) € R?, hy,, has no threshold resonance and super-threshold resonance.

Theorem 2. a) If (4, 1) € Gy UT{, then ay4(hy,) N (—0,0) = @

b) If (4, 1) € Gy U Iy, then the operator hy,, a simple eigenvalue in the interval (—oo, 0).

c) If (4, 1) € G, then the operator hy,, has a two eigenvalue in the interval (—, 0).
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ERDOSH TIPIDAGI MAXSUSLIKLAR HAQIDA
Mahmudov B.E.
Samargand Davlat Universiteti
e(p) R3 yoki T3 = [—m, ] da aniglangan hagiqiy, sillig, davriy funksiya va

2a ={e(p1,p2,p3) = a}
ixtiyoriy a € R uchun a — sath sirti bo’lsin. I € R —to’plamning asli D = e~1(I), bunda I e(p)
funksiyaning kritik bo’lmagan qiymatlaridan tuzilgan chekli sondagi yopiq oraliglarning birlashmasidan
iborat. U holda Y, har bir a € I uchun ikki 0’lchamli silliq sirt bo’ladi.

2q —Sirtdaaniglangan f (p, w) = (p, )|y, , funksiyani garaymiz, bunda w € $2, ya’ni bu funksiya
(p, ) ning 3., dagi toraytmasi.

Faraz gilaylik @ = w® € S? tayinlangan birlik vektor bo’lsin. Vf(p,w®) =0 shartni
ganoatlantiruvchi p € Y, nugtalarga maxsus nugtalar deyiladi. ( [1] ga garang )

L. Erdosh va M. Salmhofer [2] magolada f(p, w) funksiya maxsusliklarini tekshirish uchun .,
sirtga to’rtta shart qo’ygan. Erdoshining birinchi sharti a nugtaning kritik giymat emasligini bildiradi. L.
Erdosh va M. Salmhoferning uchinchi sharti esa normal akslantirish asllarining to’plami chekli ekanligini
anglatadi. Biz bu funksiyani (p°, 0°) nugtaning yetarli kichik atrofida tekshiramiz, shuning uchun ularning
4-sharti bizga muhim emas.

K(p) p € Xq nhugtadagi Y., sirtning Gauss egriligi bo’lsin. Biz shuningdek Gauss egriligi
nollarining to’plami (3., )qe; gatlamni transversal ravishda kesadi deb faraz gilamiz, ya’ni:

1-shart. G = {p € D: K(p) = 0} bo’lsin. U holda

Co = min{|Ve(p) X VK(p)|:p € G} > 0.

Bu G da VK nolga teng bo’Imasligini anglatadi, shuningdek G D ning ikki 0’lchovli gism fazosi va
Y. sirtning bosh egriliklari k4, k-, lar bir vagtda nolga aylanmaydi.

I, = G NY, belgilashni kiritamiz. Bu to’plam ixtiyoriy a € I uchun Y, sirtdagi o’zaro
kesishmaydigan chekli sondagi silliq egri chiziqlarning birlashmasidan iborat bo’ladi. w(p) I}, ga urinma
birlik vektor maydon bo’lIsin. I, egri chiziglarda bosh egriliklardan fagat bittasi nolga teng, shu sababli
nol egrilikning bosh yo’nalishi silliq vektor maydonni aniqlaydi. Bu esa ), sirtning urinma tekisligida I,
bo’ylab birlik vektor maydon Z € T Y, ni aniglaydi. Ayni vagtda Z I, da nol bo’ladigan va kichik bosh
egrilikning yo’nalishi sifatida I, ning biror kichik atrofida aniglanadi.
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2-shart. Ixtiyoriy a € I uchun musbat C;, C, o’zgarmaslar mavjud bo’lsinki, urinma nuqtalarining

to’plami
Ty ={p €lp:Z(p) X w(p) = 0}

chekli, ya’ni N, = |¥,| < C;. Bundan tashqari barcha p € I}, uchun

|Z(p) X w(p)| = C; - dy(p) tengsizlik o’rinli bo’lsin, bu yerda d, (p) = dist(p, To).

Teorema [1]. Quyidagi tasdiglar o’zaro ekvivalent:

(i) p = p° € Y, sillig sirtning urinma nugtasida 1-, 2-shartlar bajariladi;

(ii) f(p, ) funksiya biror w® € S? uchun (p° w®) nugtaning yetarli kichik atrofida A5 tipidagi
maxsuslikning R, —versal deformatsiyasi bo’ladi.
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TASHQI INVESTITSIYALAR HAIJMI UCHUN STATISTIK TAHLIL ASOSIDA
BASHORAT MODELI
Mamadiyev F.R.
Tahlilda rivojlanayotgan mamlakatlarga kirib kelayotgan tahgi investitsiyalar hajmi uchun
regression model qurilgan.
Tahlil uchun Jahon banki ma’lumotlar bazasidan tashqi investitsiyalar hajmi va unga ta’sir etuvchi
12 ta omil tanlab olindi va tashqi investitsiyalar hajmi uchun regression model quyidagi ko’rinishda izlandi:
Y = by + b Xy + byXy + b3X5 + -+ + b Xy (1)
Tashqi inestitsiyalar va ularga ta’sir etuvchi tanlangan omillar orasidagi korrelatsion matritsa
quyidagi formula orqali topilgan:

> (% ~X3) (% %)
rjk — - i=1 = - =
\/Z(Xij _XJ')2 '\/Z(Xik —Xk)2

buyerda j va K lar o’zgaruvchilarning tartib ragami, I - giymat j— va K — o’zgaruvchilar elementining
tartib ragami. Korrelatsion matritsa tahliliga ko’ra rivojlanayotgan mamlakatlarda tashqi investitsiyalar
hakmi bilar sezilarli korrelatsiyaga ega bo’lgan o’zgaruvchilar X, — real foiz stavfkalari(birligi %), X, —

)

mamlakatdagi ishchi kuchi soni(birligi 1000 kishi), X, — oltin va valyuta zaxiralari(birligi min dollar).
Korrelatsion tahlil xulosasiga va regressiya koefitsentlarini hisoblash formulalariga ko’ra bashorat model
quyidagi ko’rinishga ega bo’ldi:
Y =—4655+458- X +0,222- X, +0,0549- X,
Regressiya koefitsentlarining ahamiyatliligi uchun T sinov o’tkazildi va quridagi natijalarga
erishildi. T sinov uchun statistika giymati quyidagi formula orgali aniglandi:

b. S
T=— 3); S, =

_ L 4)
Sb] J \/Z(in_xj)

bu yerda bj —regressiya koefitsenti va Sbj — regressiya koefitsentining standart xatoligi. T sinov orgali

gyuidagi natijaga erishildi:
T sinov uchun natijalar

. . Styudent
Prediktorlar | Koefitsentlar Standgrt T Glpo'te_zgnl_ng kritik Qaro_r_
xatolik qo'yilishi . . gabul qilish
giymati
Ho :ﬂo =0
Constanta -4655 1662 -2,80 2,03
H,:5,#0 Hl
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Hy,:8,=0

Xe 458 158,8 2,88 H,: B, #0 2,03 H,
Hy,: 5, =0

Xo 0,222 0,04518 4,89 H,: B, #0 2,03 H,
Hy: B, =0

X1o 0,0549 0,01682 3,26 H, : B, #0 2,03 H,

Jadvaldagi ma’lumotlarga barcha koefitsentlar uchun H; gipoteza o’rinli ya’ni barcha regressiya

koefitsentlari bashorat modelida gatnashadi.

Bashorat modeli uchun xulosalar:

- 95% ishonchlilik bilan boshga o’zgaruvchilar o’zgarmay qolganda real foiz stavflalarining 1% ga
0’zgarishi tashqi investitsiya hajmining $458mln ga o’zgarishiga sabab bo’ladi;

- 95% ishonchlilik bilan boshqa o’zgaruvchilar o’zgarmay qolganda ishchi kuchi soning 1000
kishiga ozgarishi tashqi investitsiyalar hajmining $222ming ga o’zgarishiga sabab bo’lar ekan;

- 95% ishonchlilik bilan boshqa o’zgaruvchilar o’zgarmay qolganda oltin va valyuta zaxiralarining
$1mln ga o’zgarishi tashqi investitsiyalar hajmining $54900 ga o’zgarishiga sabab bo’lar ekan.
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CONNECTION OF BISTOCHASTIC MATRICES WITH QUADRATIC OPERATORS
Masharipov S.
National University of Uzbekistan, Tashkent, Uzbekistan
Definition 1. A = (a;;) matrix called bistochastic if all entries are nonnegative and each column
each row sums to one:

Definition 2. The nonlinear stochastic operators are defined on a simplex S, and the dimensional of
the simplex is (m — 1), as

S™l = {x; = (x4, X3, .., Xp) € Rm,in =1, and x; = 0}
i=1
Definition 3. The simplex interior is a set where int S™~1 = {x € S™~1: x; > 0}, while the simplex
vertices (extreme points) is a set where x;, = (0,0, ..., 1, ..., 0), (k = 1, m). However, the simplex center is

asetx = (l,i, )
smom . . .
Definition 4. The evaluation of the nonlinear stochastlc operators as

(Vx)k - z PU kXiXj

Where the P;; . is the transaction matrix under the condition:

Pl]k_ ]lk>OZPl]k_1

Theorem. Let n square B matrix B = (b;;) and A (a;;) skew-symmetric matrix a;; = —a;;.
B + A is stochastic matrix if only if
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CONVERGENCE OF KERNEL ESTIMATORS OF ADENSITY FUNCTION FROM
STATIONARY SEQUENCE OF STRONGLY LINEARLY POSITIVE QUADRANT
DEPENDENT RANDOM VARIABLES
Muhamedov A.

National University of Uzbekistan, Tashkent, Uzbekistan
muhamedov1955@mail.ru
We will consider convergence of an estimator of density of stationary sequence of strongly linearly
positive quadrant dependent random variables.

Definition 1. A sequence {Xn, n 21} of random variables is said to be pairwise positive quadrant
dependent  (PPQD), if for any r,r eR I # ] the  following  inequality
P(X,>1,X;>1,)=P(X;>r)P(X;>r) hold.

Definition 2. A sequence {X,, N>1} of random variables is said to be linearly positive quadrant

dependent (LPQD), if for any disjoint A,B < N and positive I, € R the random variables ZriXi and

ieA

Z I, X, are PPQD.

ieB
Definition 3. A sequence {Xn, n= 1} of random variables is said to be strongly linearly positive
quadrant dependent (SLPQD), if for each non decreasing function g () the sequence {g(Xn), n 21}

is LPQD.
For SLPQD random variables we use the following coefficient of dependence

r(k):f‘;ﬁ[P(xi >%, Xy >Y)=P(X; >X)P(X,s >y)],  keN.
ieN

Let {Xn, n Zl} be a stationary sequence of random variables with the density function f (X) . Let

K be a kernel function and h, is the sequence of positive real numbers tending to zero. Kernel estimators

of density function of {Xl,..., X[ngl} and {X[n9]+l,..., Xn}, 0<8<1 are defined as follows:

1 M (x=X. . 1 3 X=X,
f _ EK Lt = - K J
[n6] (X) [ng] hn = ( h j n~[nd] (X) (n —[nﬁ]) hn j—[%?:]-#l [ hn ]

n

Based on this, when f, (X)#0, we define

dn(6’1)():[fn(nhn ] [nﬁ][n—[ne]](f[ng](x)_fn*_[ng](x)), T, (x)=sup

x)”K”z n n 0<6<1

d, (6,x)|

where ||K||§ = j K?(x)dx <o, when f,(x)=0, d, (8,x) is defined to be zero.

Let introduce the following assumptions:
(A1) forall ne N, > 'r(j) =O(n7(m72)/2) holds for somem > 2.

j=n
(A2) K () is a density function with bounded variation on R satisfying
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0 I|m|u|K( )=0; (II)Iu K(u)du <oo.

(A3) K(u) is differentiable and J. K'(u)du <oo.

(A4) {h }and {m } are sequences, such that,h, >0, m, —o0, mh’ ™ —ow as Nn—>o0 and

> mn ™2 M < o0 for some v =0, m>2.

n>1

Theorem. Let {Xn, n21} be a stationary sequence of SLPQD random variables. Let
Xyeemy X, M>1 be  distinct  real numbers  contained in C(f), where

C(f)= {x eR:f (x)iscontinousat x, f (x) = O}. We assume that conditions (A1) - (A4) hold. Then
as N — oo the following weak convergence holds:

(dy (6.0, (6,%,)) = (W2 (8).... Wi (8)),
where W,°(.),...,W,? (.) are independent Brownian bridges. Moreover,
Tom =maxT, (X ):>maxsupW (9).

nm 1<i<m 1<i<m g9

ON THE NUMBER OF EIGENVALUES OF A TWO-PARTICLE HAMILTONIAN ON
THREE-DIMENSIONAL LATTICE
Muminov M.I., Khurramov A.M., Bozorov I.N.
Samarkand State University, islomnb@mail.ru

A two particle Schrodinger operator h,(k), K € T2, 1> 0 associated to Hamiltonian h for a

system of two particles on the lattice Z> interacting through attractive short range potential, is a self-adjoint
operator and acts in L, (T?) as

h, (K) = hy(K)— v, k = (Ky Ky kp) € T2, >0,
Here h,(K) is an operator multiplication by &£, (p), where £, (p) is real-valued, continuous, even with
respect to P and k, 7 -periodic with respect to each variables p; and k;, {i, j}€{1,2,3}. v is an
integral operator with kernel

3 3 3
V(p—S) :1+zcos(pa _Sa)+zcos(pa _Sa)cos(pﬂ _Sﬂ)+HCOS(pa _Sa)1
a=1 r=1 a=1

Please note that the Weyl theorem on the essential spectrum [4] implies that the essential spectrum
(h,(K)) of the operator h, (k) coincides with the spectrum of the unperturbed operator h,(K):

Oes (D, (K)) = o(hy (k) = [m(k), M (k)],
where m(k) = mlng (p),M (k) = max5 (p).

pe’]I‘ pe’]l‘

since v=0 sup (h, (k) f, F)<sup (h, (k) f, ) = M(K)(f, f),  feL,(T®).

PfP=1 PfP=1

ess

Hence h, (k) does not have eigenvalues lying to the right the essential spectrum, i.e.
o(h, (k) N(M(k),) = 2.
We describe some existence properties of eigenvalues of h (k).
Denote by N(x) the number of eigenvalues (with the multiplicity taken into account) lying to the
outside the essential spectrum of the operator h, (k).

Theorem 2.1. For any #>0 and keT® the operator h,(k) has exactly O<n(z)<27
eigenvalues lying to the left of the essential spectrum.
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We denote the subspaces H, I = 1,27 of functions even or odd and 7 -even or 7 -odd with respect

to each variables p;,i =1,2,3 inthespace L,(T?). Forexample > denotes aspace of functions f ()

Ozx

such that even with respect to each variables p,, p,, odd with respect to p, and 7z -even with respect to
p,, and 7 -odd with respect to each variables p,, p,.

Remark that the operator h, (K) is invariant with respect to #,, | =1,27. We denote by h (k) the
restriction of h,, (k) |, of h, (k) to L, (T?).
Let the functions ¢, € H,, |=1,27 be defined as
» () =li_[f7.(pa), {n(p,)}ef{l,cosp,.sinp,}, 1,23}
The operator hﬂ:{(_;), | =127 acts in H, as h, (k) =hy(k) — v, where

VP =@, Do(p), ¢ eH,, 1=127
Then we have o(h, (k)) = sza(hﬂ,I (k)).

Further we study the operator h , (k), 1 =1,27.

We set
2
Zj(k;Z):J.M, o eH, 1=127 zeC\[mK),MK)]. o)
3 E(s)-z
Assumption 2.1. Assume that m(0) = min3 Ey,(p)=0 and
peT

M={peT®:m@©0)=0}={p,,...,p,},n <.
If the Assumption 2.1 is not fulfilled then the integral (1) converges as z = m(K).
1
& (k;m(k))’
Theorem 2.2. Let the Assumption 2.1 be fulfilled. Then the following statements are true
1. For any 0< u< 2 (K) the operator h, (k) has not an eigenvalue lying to the left of the

We set 2’ (m(K)) = =1,27.

essential spectrum.
2.Let 0< =g’ (M(0)). If ¢ (0)#0, then h,, (0) has avirtual level at z =0, if ¢ (0) =0,

then the number z = 0 is eigenvalue of h, (0).

3.Forany k e T® and x> 1 (K) >0 the operator h,; (k) has a unique eigenvalue lying to the

left of the essential spectrum.
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ON THE BRANCHES OF THE ESSENTIAL SPECTRUM OF OPERATOR MATRIX IN
BOSONIC FOCK SPACE
IMuminov M.E., 2Jurakulova F.M.
'Samarkand State University
2Bukhara State University

Let us introduce some notations used in this work. Let T be the one -dimensional torus, H, :=C
be the field of complex numbers, H,:=L,(T ) be the Hilbert space of square integrable (complex)
functions definedon T and H, = LZ(T 2) be the Hilbert space of square-integrable symmetric (complex)

functions defined on T?. We denote by H the direct sum of spaces H,, H, and H,, that is,

H=H,®&H, ®H,.
In the Hilbert space H we consider the operator matrix of the form:
Ao A O
A;z L= 'Agl A, A, | 1>0. 1)
0 ,UAL*Z Ay,

The matrix entries A; 1 H; —H;, i<j,i,j=0,1,2 aregiven by:
Aofo=afy,  Ayfi=[ o@®f®dt, (A 1)X=1(),
(A F)0) =, f060dt, (A, )6 Y) =0(x V) f,(xY),

@(X,y) =3—C0S X—C0S y—C0S (X+Y), f.eH,, 1=012.
Here a € R ; the function () is a real-valued continuous functionon T .

We remark that the operators A, and A, resp. A, and A, are called annihilation resp. creation
operators, respectively. A trivial verification shows that

Ab*l ‘H, —>H;, (At;l f))=v(x)f,, f,eH;

A, H, —H,, (A.szl)(xl WZM, f,eH,.

Under these assumptions, the operator Ay is bounded and self- adjoint.

For any fixed £>0 and XeT letus consider the quations
2

1-z- i =0, z<0; 1)
\/(3—cosx—z)2 —4c052;
2
1-z+ il =0, z>g. 2
2

\/(3—005 X—1)° —4c052;
It is easy to check that for large values of 4> 0 the equation (1) has an unique solution E{(x) in
(—o0;0) and the equation (2) has an unique solution Eff)(x) in (g;oo).

One can see that for any fixed >0 the functions E/(}) () and E/(f) (-) are continuous on its domain.

Thus, the image of these functions are closed bounded intervals.
Main result of this work is the following theorem.

Theorem. For the essential spectrum o, (Aﬂ) of Aﬂ the equality

SS

0 (A,)=IMEP (x) V[0, g] UIME? (x)
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holds. Moreover, for the large values of x>0 we have max ImE(x) <0 and min ImE(x) >% that

is, there are gaps in the essential spectrum of Aﬂ :

We note that the sets IMES () UIMEP () and [0; g] are called two-particle and three-particle

ess

branches of o (A,), respectively.

ABOUT ONE EQUALITY WITH EXPONENTIAL MATRIX
Qushagov H., Muhammadjonov A., Ismoilova M.
Andijan state university, Andijan, Uzbekistan
The aim of this paper is to prove

* ty _a* * 2
Now; (t)ng = fo |e ASno| ds €Y)

equality, where 7, is nonzero vector (71, # 0), w;(t) is 3 X 3 symmetric matrix with

011(8)  @12(t)  @13(0) -2 1 0

wi(t) = 921(8)  @22(t) @23(0) |, and A=(0 -1 1

®31(8)  @32(0) @33(0) 0 0 -2
where
$11(t) = fot e (1+s%+ i54)d5, P12(t) = @21 () = fotem(_s _%Sz)d&
$13(t) = @31(t) = foteuS%SZdSv $22(t) = fotens(l +5%)ds,

P23(0) = @3,(8) = fot —e?*sds, P33(t) = foteusds’ and 1>0.
It is not difficult to show that

1 0 O
oAt — gt 7t 10
—t? —t 1

2
Hereby, it will help to motivate us to keep up our work on w;(t). Let’s prove (1) problem. First of

all, we expand the left side of (1). We have w;(t) and a nonzero vector with constant elements, so n, =
(x0; Yo; 20). Where at least one of n, element is not 0.
011(0)  @12(8)  @13(D)\ /%o
Now; (g = (xo;¥0; Z20) | 921(8)  922(8)  923(0) <y0> =
©31(t)  @32(8) @33(t)) \20
= (%0011 () + Y0921 () + 2931 (£); XoP12(£) + Yo @22 (£) + 20932 (£); X013 (t) + Yo@23(t)

Xo
+ Zo‘P33(t)) (3’0) =

Zo

t 1 1 1
= f (xg (1 +s2+ ZS4> + 2x0Y0 (—s - §s3> + 2x020 Esz + 2y02o(—s) + y&(1 + s2) + Zé) e?As
0
By simplifying we obtain:

t 1 2
f [(xo . e’ls)2 + (xose’ls — yoe’ls)2 + (xozszels — yose’ls + Zoels) ]ds
0

There we can easily see that

2
2 2 1
(xo . e’ls) + (xosels - yoels) + (xo Esze’ls — yose’s + zoels) =
2
e’s 0 0\ ,x
_opAs els 0 0 " 2
= ie Yo || =|e™*Sng
_Ee/ls _Se/ls e/ls Zy

Thus,

t
* —A* * 2
now; (M5 =f |e Aono| ds
0

This completes the proof.
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ON G?-PERIODIC p-ADIC GENERALIZED GIBBS MEASURE FOR ISING MODEL

THE CAYLEY TREE
'Rahmatullaev M.M., Tukhtabaev A.M.
YInstitut of mathematics, academy of science, Tashkent, Uzbekistan,
12Namangan state university, Namangan, Uzbekistan.

In this paper, we study p -adic non translation-invariant Glﬁz) -periodic generalized Gibbs measure

for I1sing model on the Cayley tree of order three.
Q is the field of rational number. The completion of (Q with respect to the p -adic norm defines

the p -adic field Q , (see [1]).

Cayley tree 1 of order k >1 is an infinite a graph without cycles. Such that exactly k +1 edges

originate from each vertex, we denote by V is the set of vertices, L is the set of edges of 7'*. The X and
y vertices are called nearest neighbor, if there exist an edge | € L connecting them. We denote by

I =(x,y) (see [2]).
We consider a p -adic Ising model where the spin values take in the set @ = {—L‘l}. We define a
configuration o on V by the function o:xeV —>o(X)e®. Q is the set if all configuration on V

and denote Q=®" .
The Hamiltonian for p -adic Ising model on V, is defined by

H,(o,)=3 Y. o(X)a(y) (1)

(x.y)el,
Let h:xeV —h, e, be function. We define p -adic probability generalized Gibbs measure Ly

on Q, by w1 =Z"exp,{H,(0,)} [ [ho(X), where Z ™ is corresponding normalizing factor. The
XeW,

compatibility conditions for (o), N >1 are given by the equality

Y. (o, vo") = (o,,). )
a"eQy,

In this case, by the p -adic analogue of Kolmogorov theorem there exists a unique measure £4, on
the set €3 such that 14, ({G h,= Gn}) =" (o,,) forall n o, eQ, .(see[3])

Theorem 2.[4] The measures g4 (o) satisfy the compatibility condition (2), if and only if for any
X €V \{X,} the following equation holds:

oh, +1
ho= ]2,
yes(x) hy+0

®3)

where 8 =exp(2J).

We are going to find non translation-invariant Glfz) -periodic solutions of (3) on the Cayley tree of
order three. Let

6h +1jk

0= 2

(4)
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To find non translation-invariant Glfz) -periodic measures is equivalent to solve the following
equation:
Fr)-h_g,
f(h)—h
For the sake of simplicity we consider k =3. In [4] studied translation-invariant and Glfz’ -periodic

generalized Gibbs measures for Ising on the Cayley tree of order two. In [5] studied translation-invariant
generalized Gibbs measures on the Cayley tree of order three.

Theorem 3. Let k =3. For Ising model the maximal number of non translation-invariant G -
periodic generalized Gibbs measures equal to six.

()
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PROPAGATION THEOREM FOR THE PROBLEM OF FINDING THE ORIGINAL
FUNCTION IN MATRIX ARGUMENT FUNCTIONS.
Rajabov Sh.Sh.
Tashkent State Technical University, Tashkent, Uzbekistan.
E-mail: sh rajabov@inbox.ru.

Definition 1. Let f(A) be a function of A>O(AeR[mxm]) and Z=X+iY, be a

(Z e C[mx m]) complex symmetric matrix. The Laplace transform F(Z) of f(A) defined as

F(2)= j exp(~ZA)f (A)dA (1)

A>0
Where the integral is assumed to be absolutely convergent in the right half plane
Re(Z) = X > X, >0. Determined by formula (1) the function f (A) is the matrix image function of the

matrix original function f(A).The original and image are defined as: f(A)«——F(Z)or
F(Z)—— f(A). (The "«——"sign is always oriented to the original.)

The Laplace transform F (Z) of f(A) defined above is an analytic function of Z in the right half
plane Re(Z) = X > X, > 0. In addition, if

[F(X+iY)dY <o )
—o0<Y =Y '<o0

forall X > X, >0,and
lim|F (X +iY)|dY =0
X—0

then the unique inverse Laplace transform f (A) of F(Z) is

1m(m—l)

2
F(A) = —2— exp(ZA)F (2)dZ 3)
@27i)2" " Re2)Xox050

The function f (A) defined by formula (3) is a matrix original function of the matrix F (Z) image
function.

39


mailto:sh_rajabov@inbox.ru

Theorem 1 (The propagation theorem). If the function f (A) can be propagated to ordinary power
series by the Z™ levels of the F(Z) image, i.e.

F(Z)=C,-Z"+C,-Z7%+..+C -2+ .. (4)
as, if it approaches F (Z) at {Z eC[mxm] : ‘Z‘l‘ <RI } , then the original is found by the following

formula:
A A’ A"
f(A)=CO+CIE+CZE+...CHH+... 5)
This series approaches for values A>0 andat A<O istakenas f (A) =0
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BOUNDS OF THE ESSENTIAL SPECTRUM OF A THREE-PARTICLE MODEL
HAMILTONIAN ON A 1D LATTICE
Rasulov T.H., Umirkulova G.H.
Bukhara State University, Bukhara, Uzbekistan

Let T be the one-dimensional torus and L3™(T 2) be the Hilbert space of square-integrable
symmetric (complex) functions with domain T 2. We study the model Hamiltonian Hm defined by
H,, = H,—uM,+V,)— A, u#,A>0, (1)
in LY™(T?), where H, is a non perturbed operator, i.e. the multiplication operator:

(Ho )6 y) =ulx y) F(x y);

the operators V, o =1,2,3 are the partial integral operators of the form:
(VL HY) =V VO F (x b,
V, 1) y) =) [ vt F (L, y)at,
Vo) y) = [t x+y—tydt

Here f e LY™(T?), the function v(-) is areal-valued analytic function on T and the function w(:,-)

is a real-valued symmetric analytic function on T2,
Under these assumptions the operator Hm is bounded and self-adjoint.

Throughout this note we assume that there exists a finite subset A T such that the function u(-,-)
has non-degenerate minima at the points of A xA. Set
m:=minu(x,y) and M :=maxu(x,Yy).
X,yeTl X,yeT

One can easily seen that [1] if v(x") =0 forall X' € A, then the integral
I V2 (t)dt
Tu(x,t)—m
is positive and finite for any X € T. Under this assumption we define
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B V(H)dt )
Ho-= [rrxlngIT u(x,t)—mj

We introduce two bounded and self-adjoint operators Hf,l’ and Hf) (so-called channel operators).

They actin L,(T?) by
Hf}) =H,-&,, HP=H -V,
Set
E,,=min{¢:Seo(H,,)}
Then E, , o, (H, ;) is called the lower bound of the essential spectrumof H , .

The main result of the present note is the following theorem.
Theorem 1. For the essential spectrum of H  , we have

Ous(H,,) = (T(H/(ll)) wuo(H?).
For the lower bound E, ; the following assertions hold:
(i) If v(x') =0 for some X' € A, then forall 4,4 >0 we have E, , <m;
(ii) Let v(x') =0 forall X' e A.
(i) Forany u> gy and 4 >0 we have E, , <m;
(iiz) Forany < g, and >0 we have E,, =mino(H).
Moreover, max(o(H,, ;)) =M forany x, 1 >0.
This result plays a key role in the analysis of the discrete spectrum of H ;. In [1] the discrete

spectrum of H , , was discussed.
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CUBIC NUMERICAL RANGE OF 3 x 3 BLOCK OPERATOR MATRICES
Rasulov T.H., Sharipova M.Sh.
Bukhara State University

Block operator matrices are matrices the entries of which are linear operators between Banach or
Hilbert spaces. They arise in various areas of mathematics and its applications. Let H, H,, H; be complex
Hilbert spaces, and consider
H:=H, @ H, @ H;. With respect to this decomposition, every bounded linear operator A € L(H) has
a 3 X 3 block operator matrix representation

All A12 A13
A:=| A1, Az Az 1
A;3 A;S A33
with bounded linear entries 4;; € L(#;,3;),i,j = 1,2,3 such that Aj; = A;,i = 1,2,3. In the following
we denote by
Sy, @100 = Sag, X Sae, X Sae, = {(fifof3) € H:fill = 1,i = 1,2,3}

the product of the unit spheres Sy, in 3{;; we also write S3 or Sy instead of Sy, @, 1F the
decomposition H = H; @ H, € H; is clear (note the slight difference in notation between Sy, g, @7,
and the unit sphere Sy, @3¢, @2, in Hy @ H, @ H3). In this case SB={f=fifa ) eEHNfI=11i=
1,2,3}.

Definition 1. For f = (fi f2 f3)" € Ssr,@7,07, We introduce the 3 X 3 matrix

(Aunfi f1) (Anfaf) (Asfsfi)
Ar = (A12f1, )  (A22f2 f2)  (Az23fa f3) | € M5(C).

(Aisfi. f3) (A%sf2.13) (Assfs f3)
Then the set
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Wit gs,000, () = | ] o)

fes3
is called cubic numerical range of A (with respect to the block operator matrix representation (1)). For a
fixed decomposition of H, we also write

W3 (A) = Wi, @m,@; (A
Let al-j(f) = (Aljfijl) for i,j =123 and

1
Ex(f) = g(all(f) + az(f) + ass(f))' if a;1(f) = az(f) = azs(f),
a2 (f) = az3(f) = a3(f) = 0;

Be(f) = 2 @a(f) + @z () + azs (1) + 2, | "L cos P2 opherwise,

where

1

P(f) = —g((an(f) — a, ()% + (an(f) - a33(f))2 + (a2(f)—azz(f))? —la(HI?
2— |az3(f)|2 - |a13(f)|2;

QU= == (a1 () + an(f) + ass(N)’

1
+ §(a11(f) + ax(f) + a33(f))(a11(f)azz(f) + az,(f)ass(f) + a1 (fass(f)

- |a12(f)|2 - |az3(f)|2 - |a13(f)|2) + a1 (fazz (fHass(f)
+ 2Re(a12(Nazz(Naizs(N) + lar(HI%azs () + lazz (HI2ai1(f)
+ lais(F)Paz (f);

) 300 [ 3
d(f) = arccos( 2P() P(f)>'

The main result of this note is the following theorem.
Theorem 1. For the cubic numerical range of A we have
3
wien = | @
k=1 fes3
This theorem plays a key role in the estimate of the bounds of A in terms of cubic numerical range.
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A SET OF FIXED POINTS OF A COVID-19 SPREADING MODEL WITH
VACCINATED CASE
Rozikov U. A., Shoyimardonov S. K.
V.1.Romanovskiy Institute of Mathematics, Tashkent, Uzbekistan
shoyimardonov@inbox.ru
In the work [1] authors proposed SIARD epidemic model and based on this model we consider the
following discrete-time SAIRVD model:

SO =S(1-v.) - (Bl +B,a*A)S +wR+ pV
AD = A(l-p—y,—d,—v,)+ B,a’AS
W= I(l):I(l—;/,—dl)+ﬂ|aIS+,uA M
RO =R(1-w—vy)+7,A+y 1 + 1V
VO =V(@1-p-d, =5, ) +V, A+ S+V.R
DY =D+d,A+d,l +d,V

This model describes the interaction of susceptible population S, asymptomatic (unreported)
infected population A, symptomatic (reported) infected population |, recovered population R,
vaccinated population V' and death population D. This system also closed system as many other systems,
so for simplicity if we assume S+A+1+R+V +D=1 then S®™ + A™ + 1™ +RM Ly®™ L DM =1
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for any n e N. The coefficient « is the rate of susceptible and asymptomatic population who do not obey
to lockdown rules, S, (resp. £, ) is a contact rate of infected person which infects on average S,aS (resp.

B,aS) of susceptible population. We assume that COVID-19 epidemic immunity can be do not exist or
very low, so recovered population becomes susceptible with a rate @. Similarly, vaccinated population
also can be susceptible with a rate p. In addition, y,,7,,% are recovery rates of asymptomatic,

symptomatic, vaccinated population respectively. Moreover, v,,v,,V, are vaccination rates, d,,d,,d,
are death rates. The coefficient x is a rate of asymptomatic people who become symptomatic. For
epidemiological reasons [1], d, <d,, the symptomatic population die more than asymptomatic one,
7, <y the asymptomatic population recovered more than the symptomatic. In addition,
O<upu+y,+d,+v,<land 0<y, +d, <1.

Remark-1. All coefficients of the operator (1.1) are from [0,1] and they satisfy the conditions
d,<d,, , <yn O<u+y,+d,+v,<land 0<y, +d, <1.

From this remark it is clear that for any n e N each compartment of S, A™ 1™ RM v® DM

is between 0 and 1.
Recall that fixed point of the operator F is a solution of equation F(X) = X.

Theorem. Let Fix(W) be set of fixed points of the operator W and & =0. Then

4 =(0;0;0;0;0;1),

4 =(0;0;0;0;0;1), if d, >0,w+v, >0,v, >0,

A, =(S;0;0;0;0;D), if d, >0,w+v, >0,v, =0,

2, =(0;0;0;R;0; D), if d, >0,w+v, =0,v >0,

2, = (S;0;0;R;0; D), if d, >0,m+v, =0,v, =0,

Jg = (w7v +wp+ pvy V:0:0: W \VAVE (0+ve)(vs —,0\7)—(a)+V5)7/V\7)
(o+vR)vs O+Vy (w+vg)vs

if d,=0,0+v;>0,v; >0,

FXW) =15 = 5:0,0./4V:V:D), if d, =0,m+v, >0,v, =0,0=0,v>0, p=0,
V,

R
2, =(S;0;0;0;V; D), if d, =0,0+v,>0,v,=0,0>0,p+% =0,
A, =(S;0;0;0;0;D), if d, =0,0+v; >0,v,=0,0>0, p+%, >0,
2, =(S;0;0;R;0; D), if d, =0,@+v,=0,v5=0, p+y >0,
2 =(S;0;0;R;V;D), if d, =0,w+v,=0,vs=0,p+y =0,
2, = (0;0;0;R;0; D), if d, =0,0+v, =0,v3 >0, >0

A :(V£\7;0;0;§;\7;B), if d, =0,0+v,=0,v>0,% =0.

S
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STRONG LAW OF LARGE NUMBERS FOR RANDOM FIELDS WITH VALUES IN
HILBERT SPACE.
Ruzieva D.S.
National University of Uzbekistan named after Mirzo Ulugbek, Tashkent, Uzbekistan,
E-mail: dilnura.saidovna@gmail.com

Assume that {(f(t),tezz}is a random field of independent random variables and

{X (t), te ZZ} be a random field with values in a separable Hilbert space H (with inner product (" )

and a norm ”” N () ).

{e,,i >1} -isan orthonormal basis of H .
Thus we can write

Xt)=> XOt)e , tez?
i=1
Assume that the following representations hold

XOM)=g,(£(t—-s), seZ®) i=12,.. (1)
where (; is a measurable function.
Let {&£!(t), t € Z2} be an independent copy of {f(t), te ZZ} and

X"®)=g/( -9, sez?)
where

X ) =0,(& (t-s), sez?)
. ), iIf j#0
5(1):{5(1) if j=

£(0), if j=0
A=)5.

ZJHZ
tez?

Denote S, =S, = Z X(t), here {Fn, n=1, 2,...} — is a sequence of finite sets from Z 2\We

tel,

8 :(E‘X“’“)—Y“)(t)

establish the moment inequality and the strong law of large numbers for {X(t), teZZ}.

Now we formulate our results.
Theorem 1. Suppose that {X 1), te ZZ} is a random field with values in H defined by

equation (1) that satisfies the following conditions:
EX(t)=0, E[X@®)[ <.
Then there exists a constant C >0 such that the following inequality holds:

ElS, I < c | Y (a0
i=1

where |F|=cardf<oo .

Theorem 2. Suppose that {X ), te ZZ} is a random field with valuesin H defined by

equation (1) that satisfies the following conditions:

A :Zé}(t)<oo

tez?
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E|X®)| <o

then
(|Fn |)]j4 SFn
(Log| 7" {| 7|

In [1] a central limit theorem for real-valued random fields {X (t), te ZZ} was proved.
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GILBERT FAZOSIDA QIYMAT QABUL QILUVCHI U-STATISTIKALAR UCHUN
KUCHAYTIRILGAN KATTA SONLAR QONUNI
Sharipov O.Sh. Hamdamov A.H.
Mirzo Ulug ‘bek nomidagi O ‘zbekiston Milliy Universiteti, Toshkent, O zbekiston,
E-mail: osharipov@yahoo.com, lahadhamdamov2396@mail.com

Faraz qilaylik qat’iy statsionar (f, )izl tasodifiy miqdorlar ketma-ketligi berilgan bo‘lib, bu ketma-

ketlikning marginal tagsimot funksiyasi F(X) bo‘lsin. Ushbu tasodifiy miqdorlardan tuzilgan U-

statistikani ko‘raylik.

23 (h(4.4)-En(zm)

n(n-1) 5%,
Bu yerda h:R?> — H Gilbert fazosida qiymat qabul giluvchi o‘Ichovli, simmetrik funksiya bo‘lib,

U,(h)=

& va 17 lar tagsimot funksiyasi F (X) bo‘lgan o‘zaro bog‘ligsiz tasodifiy miqdorlar.
(éi )iZl tasodifiy migorlar uchun absolyut regulyarlik koeffitsentlarini Kiritamiz.

Tarif. (k) absolyut regulyarlik koeffitsenti quyidagicha aniglanadi

1 n n
ﬁ(k):zzsup{;;\P(A nB;)-P(A)P(B, )\}
i=1 j=
Bu yerda supremum barcha to‘la gruppani hosil giladigan {Ai, vy A]} va {Bl, vy Bn}lar bo‘yicha
olingan hamda barcha 1 >1 uchun A € F!, B, € 7, o‘rinli. Bunda F/, {&: k <i<I} tasodifiy
miqdorlar hosil gilgan ~ algebra. (& )., absolyut regulyar jarayon deyiladi, agar l|(im,8(k) =0

o‘rinli bo‘lsa.
Yadro funksiyasi xosmas bo‘lgan yuqoridagi U-statistikani Hoeffding yoyilmasiga yoyamiz.
2 n

Un ZHZ(hl(é)_H(F))_" n(n2—1) Z hZ(é:i’éj)’

i=1 I<i<j<n

Bu yerda
h(x)=[h(x y)dF (y),
0(F)=Ih(x, y)dF (x)dF (y),
h,(x,y)=h(x,y)=h (x)=h(y)+6(F)

Haqiqiy giymat gabul giluvchi U-statistikalar uchun katta sonlar gonuni [1]-[2] da o‘rganilgan.
Ma’ruzada Gilbert fazosida qiymat qabul giluvchi U-statistikalar uchun kuchaytirilgan katta sonlar gonuni
keltiriladi.
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MARCINKIEWICZ-ZYGMUND LAW OF LARGE NUMBERS FOR
AUTOREGRESSIVE PROCESESS IN BANACH SPACES
Sharipov O.Sh. Kushmurodov A.A.
National University of Uzbekistan named after Mirzo Ulugbek, Tashkent, Uzbekistan,
E-mail: osharipov@yahoo.com , kushmurodov85@mail.ru
We consider an autoregressive process in a separable Banach space B defined as

Xn_ﬂ:p(xn—l_ﬂ)+gn
where neZ, p:B— B isbounded and linear operator, |p||<1, xeB and {¢,,neZ}isan

innovation process.
Such an autoregressive processes play an important role in functional data analysis [1].

We assume that Bis type p (1< p <2)space.
Definition 1. Let (B,||||) be a separable Banach space and 1< p<2.We say thatBis type p, if
there exists a constant ¢( p, B) such that for every finite sequence (X;) of centered independent random

variables with values in B E||X; ||p <o, the foIIowing inequality holds

EZXi <c¢(p.B ZEIIXII
i=1

Definition 2. For a sequence of B -valued random variables {gn, n _1} , the mixing coefficients
w — are defined as follows:

l//(k)zsupﬂp AE( )((E);)P( )aiAeFl”,Banfk,neN}

where F? - o —field generated by the r.v. &,,&,.,,..
Without loss of generality we suppose that z2=0.
Theorem. Let {gn, nz l} a sequence of identically distributed random variables with values in type

p (1< p<2) Banach space B - Assume that the following conditions hold:
& =0, E|g]’ <o, k=12,...

il//(k) <o, y(1)<L.

k=1

0y -

Thenas n _ o,
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ALIMIT THEOREM FOR BRANCHING PROCESSES WITH IMMIGRATION
Sharipov S.
V.1.Romanovskiy Institute of Mathematics, Academy Sciences of Uzbekistan, Tashkent, Uzbekistan
sadi.sharipov@yahoo.com

Let for each neN {féf‘j),k, J EN} and {g&”),keN}— be the two independent families of
independent identically distributed random variables with nonnegative integer values. The sequence of
branching processes with immigration Xﬁ”), ne N, is defined by recursion:
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Xé”)=0, xé"):_ gif?j)+g|£”), k,neN. (1)

Intuitively, for afixed Ne N, Xé”) represents the size of K — th generation of a population and rféf'j)
is the number of offspring of the j— th individual in the (k —1) —st generation and 5&") is the number of

immigrants contributing to the K —th generation. Note that the assumption Xé") =0 indicates that the
population starts with the offspring of the immigrants in the initial generation.

Assume that foreach neN, a, = Eé‘l(’z) < 00, The cases when the offspring mean is less, equal or
larger than one are referred to subcritical, critical or supercritical, respectively. The process (1) is called
nearly critical if a, —1as n— .

In this paper we discuss on validity of functional limit theorem for process defined by (1) in case

when {g@, ke N} is a stationary process and satisfies y —mixing condition.

Assume that for each n € N, the variables
=&Y, 62 =DE&Y, A, =E&", b? = De!"
are finite. Define random process
X, (t)=X{. teR,, neN.
We refer readers to the recent survey of Rahimov [1] where one can find historical overview of this
subject.
Our result reads as follows.

Theorem. Let {gén),keN}—be a sequence of stationary y —mixing random variables with

00

ZI//(H) < oo. Furthermore, assume that the following conditions are satisfied:

n=1

1) a, :1+an’1+0(n’l), N — ooforsome a eR;

2) 62 —0, n—>o;

3) nE((fl(E) ~a, )2 I {‘9‘1@ ~a,
4) A, —>A>0,b7 —>b*>0as n— ow;
5) E((el(”)—/in)z I {‘gl(”)—ln ZGJH})—)O as N — oo forall >0.
Then, we have weak convergence

X ( j‘ tSdM (s), n—>o

0

in Skorokhod space D[0,%0), where M() is defined by M(t)=W(T(t)), teR,, and
{W (t),teR, } is a standard Wiener process,

20«/5})—)0 as Nn—oo forall 8>0;

t t
= jp(u)du . p(t)=b’ +iazje““du ,teR,.
0 0
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DARAXTSIMON METRIK GRAFLARDA ISSIQLIK TARQALISH TENGLAMASI
UCHUN 6’ ULANISH SHARTLI MASALA
Shomalikova M.Sh.
Mirzo Ulug ‘bek nomidagi O ‘zbekiston Milliy Universiteti,
E-mail: shomalikovamohinur1997@mail.ru

n
I'=U+V —bog‘lamli metrik graf bo‘lsin, bu yerda E = {bj } 1 to‘plam grafning girralari,

V= {VJ— }T=l — to‘plam esa grafning uchlari. Har bir bog‘lamga (0, L; ), J =1,n intervallarni mos
qo‘yamiz va har bir bog‘lamda X; koordinatani aniglaymiz.
Agar b; qgirraning oxiri V uchdan iborat bo‘lsa, u holda b; girra v uch bilan uchrashadi deymiz va
buni bj ~v kabi belgilaymiz. {b:b~v,be E} to‘plamning elementlari sonini V uchning valentligi

deymiz. Agar uning valentligi 1 ga teng bo‘lsa, u holda uni chegaraviy uchlari deyiladi.
{7117/2 ..... j/ml} =0l V' — grafning chegraviy uchlari to‘plami bo‘lsin. Umumiylikka zarar yetkazmaslik

uchun Xx; ni X deb qabul gilamiz.
Grafning har bir bog‘lamida issiqlik tenglamasini qaraymiz [1]-[3]:

uP (x,t) =uld (xt), xeb;, t>0. )
(1) tenglama quyidagicha boshlang‘ich shartlarni ganoatlantirsin deb talab gilamiz:
uD(x,0)=uf?(x), j=Ln )

Qirralarni birlashtiruvchi nuqtalarda (ya’ni chegaraviy uchlarda emas) graftning uchlari quyidagi
shartlarni ganoatlantirsin:

8u(J)(x,t)
OX
bj ~V uch bilan bir xil;

i. Barcha funksiyalarning V uchdan chiquvchi yo‘nalish bo‘yicha hosilalari qiymatlari

ii. Barcha ut) funksiyalarning har bir V uchdagi qiymatlari yig‘indisi bj ~ V uchun nolga teng:

Zu(j)(x,t)|V:O,VEV/8F, te[0,T]. (3)
bj~v

Bu shartlardan birinchisi, uchdagi yechimning uzluksizligi, ikkinchisi esa ogimning saglash sharti
deb ataladi. Bu shartlarni yana Kirxgoff shartlari ham deyiladi.
Grafning chegaraviy uchlarda quyidagicha:

uD (x,t)], =a§? agar x; =0 Vv uchda (4)
u? (x.1)], =hi(t), agar x; =L, v,b; ~V uchda

shartlarni ganoatlantiruvchi u(J)(x,t) yechimlari topilsin.

Lemma. (1) — (4) masala ko‘pi bilan bitta regulyar yechimga ega.

Yagonalik lemmasi energiya integrallari usuli yordamida isbotlanadi [2]-[4]. Umumlashgan
almashtirish usuli (Fokas usuli) yordamida berilganlarga nisbatan yagona yechimi topiladi [3]-[5].
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REPRESENTATION OF A MAX-PLUS-POLAR OF THE SET OF IDEMPOTENT
PROBABILITY MEASURES BY THE POLAR OF THE SET OF PROBABILITY
MEASURES
Tagaymurotov A.O.

Chirchik State Pedagogical Institute, Tashkent, Uzbekistan
e-mail: tagaymurotov93@gmail.com

A function k on R™ is called a gauge or Minkowski functional of a set C if k is [1] a non-negative
positively homogeneous convex function such that k(0) = 0. Gauges are thus the functions k such that

k(x) = y(x|C) =inf{t = 0: x € tC}
for some non-empty convex set C.
The polar of a gauge k is the function k° defined by
k°(x*) =inf{t* = 0: (x,x") < t"k(x),V x € R"}.

Let R, = R U {—o0} equip with two new operations @ and ©, which are definedas u @ v =
max{u, v}, u O v = u+v,u,v € R,y Then 0: = —oo is the zero of R,,,, accordingto @, and 1: =
0 isthe unit of R,,,, according to ©. It is well-known [2] that (R,,,4.,D,©, 0, 1) is idempotent semifield
(sinceu @ u = uforall € R,y )-

For vectors x = (xq1, X3, ..., xp) andy = (y1, ¥2, .., Yn) € R}, their max-plus dot product
defines by the rule

(X, V) =B, (x; © ¥p).

Note that a set A is called max-plus-convex if the inclusiona, b € Aimplya © a @ O b € A for
every pair of a, f € R4, SUChthata @ f = 1.

We define a max-plus-gauge @k of a max-plus-convex subset F of R%,,, as following

Ok(x) = ®y(x|F) = inf{t > 0:x € t Q F}, x € R ..

Let X be a compact Hausdorff space, C(X) the algebra of all continuous maps on X with respect to
usual algebraic operation. Define on C(X) operations @ and O by ¢ @ ¥ = max{p, ¥} and ¢ O Y =
¢ +y forall g, € C(X).

The set of all probability measures on X denotes by P(X). The set of all idempotent probability
measures on X denotes by I(X).

Theorem 1. Let |X| = n. Then for the polar k° of the gauge k of P(X) and the max-plus-gauge
Ok(x) of I(X) the following equality holds:

k*(w) = Pk ) @0, i€ R
Or, more precisely,
y(w|(P))) = Sy @0, u e R™.
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A CLOSED FORM OF INTEGRAL TRANSFORMS IN TERMS OF LAURICELLA
FUNCTION AND THEIR NUMERICAL SIMULATIONS
TALHA USMAN
Department of General Requirements, University of Technology and Applied Sciences-Sur,
Sultanate of Oman, E-mail: talha.sur@cas.edu.om

Abstract. The main object of this paper is to investigate integral transforms involving the product of
two Bessel functions and Whittaker function. These integral transforms are given in terms of the Lauricella
function of three variables and four variables. Interesting special cases of our main results are deduced by
taking suitable values of the index of the Whittaker function. We also perform some numerical simulations
using Laguerre-Gauss Quadrature method and it is found that there is a good agreement between the
numerical and theoretical evaluations. These results can be used in the Fresnel diffraction by a helical
axicon of many laser fields, such as Laguerre Bessel-Gaussian beams.
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FINITENESS OF THE NUMBER OF EIGENVALUES OF THE FAMILY OF 3x3
OPERATOR MATRICES: 1D CASE
Tosheva N.A.
Bukhara State University, Bukhara, Uzbekistan

Let T be the one-dimensional torus, C be the field of complex numbers, LZ(T) be the Hilbert space
of square integrable (complex) functions defined on T and I_SZ(TZ) be the Hilbert space of square
integrable (complex) symmetric functions defined on T2. Denote by H the direct sum of spaces H,=C
, H=L,(T) and H, =L5(T?), thatis, H=H, ®H, ®H,

Let us consider the following family of 3x3 operator matrices H(K), K €T acting in the Hilbert
space H as

Hoo(K) Ho1 0
H(K) = H;l Hn(K) H12
0 Hy,  Hy(K)

with the entries
Hoo (K) fo =y (K) o, H, f, = Ivo (t) f,(Odt, (H, (K)f)(X) =a(K;x) f,(x),

(Hi )00 = [V, (0) £,0608t, (Hy, (K) )% Y) =, (K %, y) (. ),

where H;(i < J) denotes the adjoint operator to Hij and f,eH,, 1=012.

Here @y () and V,(-) are real-valued bounded functions on T, the function V;(*) is a real-valued
analytic function on T, the functions @,(:;-) and @, (:;-,-) are defined by the equalities

W, (K; x) =Le(X) +Le(K—x)+1, w,(K; X, y) =Le(X)+1le(y) +L,e(K—-x-y),
respectively, with 1,1, >0 and
£(X):=1-cos(nx), neN

Under these assumptions the operator H(K) is bounded and self-adjoint.

To study the spectral properties of H(K) we introduce a family of bounded self-adjoint operators
(Friedrichs models) h(k), k € T, which actsin H, ®H, as

h(k) — hOO(k) hOl
Uy k)

where
1
Moo=, +D i hufi=— j v, (1) f,(Odt
(K )Y =E(y) f.(y), E(y)=ke(y)+lek-y).

According to the Weyl theorem, for the essential spectrum of h(k) we have
o (h(K)) =[E,;, (K); E, (K)], where the numbers E, .. (k) and E., (K) are defined by
(= MINE(y) and Ey,,():=maxE, (y).
€ ye
Forany kK € T we define an analytic function A(K;-) (the Fredholm determinant associated with the
operator h(K) in C\[E,;,(K); E...(K)] by
1 ¢ V2(s) ds
AK;2) =Le(k)+1-z—= | 21—
(2) = o) +1-2—2 [ 2 0=
Then [1] for the discrete spectrum of h(k) we obtain
O-disc (h(k)) :{Z eC \[Emin (k)’ Emax (k)] : A(k’ Z) = O}
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The following theorem [1] describes the location of the essential spectrum of the operator H(K) by
the spectrum of the family of Friedrichs models h(k) .
Theorem 1. For the essential spectrum of H(K) the equality

s (H(K)) = H{ogse (MK = X)) + Le()}0[m ;M ]

xeT

holds, where the numbers m, and M, are defined by
My =£ny|ErT1 @,(K;X,y) and M ::Tyae¥m2(K;x, y)
Let A be asubset of T given by
2 4 n’
AN=0t—mt—m..;x—7m VIl
n

n n
where
, n-2, if n is even - {z}, if n iseven
= an =
n—1, if n is odd "1, if nis odd

Direct calculation shows that the cardinality of A is equal to n. It is easy to check that for any
K e A the function WZ(K;-, ) has non-degenerate zero minimum at the points of AxA, thatis, m, = 0
for KeT.

The main result of the present paper as follows.
Theorem 2. Let K €T be a fixed and one of the following assumptions hold:

(i) V,(x) =0 for some xe A ;
(ii) v;(x) =0 forall xe A and miTnA(x; m,)<O0;

(iii) v,(X) =0 for all xe A and miTnA(x; m,)>0.

Then the operator H(K) has finitely many negative eigenvalues.
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ANALYTIC DISCRIPTION OF THE ESSENSIAL SPECTRUM OF A OPERATOR
MATRIX IN FERMIONIC FOCK SPACE
IXalxujayev A.M., 2’Khayitova K.G.
!Samarkand branch of the Institute of Mathematics, Samarkand, Uzbekistan
2Bukhara State University, Bukhara, Uzbekistan
For d € N denote by T¢ the d-dimensional torus. Let C be the set of all complex numbers, and

Ly (’]1“’1)2 be the Hilbert space of square integrable (complex) antisymmetric functions defined on T<.
Set H; = L,(T%), H, = 195(T%)*, H := H, @ H,.
In the present work we consider the operator matrix A, 4 (y) acting in the Hilbert space H given by
A= (0 1
# A1, AR(Y) —pv
The entries of A, ; (y) are defined as

),u,/1>0.

A fD@ = u@f1(),  Araf2)() = j v(Of 2 (x, D),
Td
AYQ (N f2 = wy, (XY f2(x, ), V=Vi+V,

Vif2)(®xy) = f f2000dt, (V1f2)(xy) = j f2(t y)dt.
']I‘d Td
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Here u(-) and v(-) are real-valued continuous functions on T¢, and the function w, (-, has form
wy(x,y) = &(x) + &(y) + ye(x + ),

d
e(x) = (1 — cosx;).

Under these assumptions the operator Jlu,,l_(y) is a linear, bounded and self-adjoint in H. It is easy
to see that

1
(A2fD(xy) = 2 (v f1(x) —v(x)f1(»)).f1 € Hy.

Let H be the direct sum of Hilbert spaces Hy = L,(T¢) and H, = L, ((’H‘d)z), that is, H =
H;®H,. In order to study the essential spectrum of A, ;(¥), we introduce so called the channel operator:
A

A \/—Et‘hz

—A4;, A —uv
NG 12 22(¥) — vV,

Here, the matrix elements are defined as follows.

AL ()=

(A fO)(0) = u@fi (), (Arafo) () = f v(©)f (o Ddt,

Td
Angz(x'}’) = Wy(x'Y)fZ(x'Y): (Nif2)(x,y) = J f2(x, t)dt.
Td
We introduce the operator h, ; (y, x) acting in the € @ L,(T¢) as

/ hoo (x) \/%hm \
hu,l(y' .X)I = | |

1
\ﬁ hyy h3(v,x) — uk /

The matrix elements are defined as follows:

hooCOfo =u@fo,  hofi= [ VOM©OdL  Ginf)®) = vOfo

Td

(B0 0)0) = wy s NHG) KD = [ f©de
Td
Theorem 1. For the spectrum of channel operator we have

o (HHW)) = 0ess (HEAD)) = | ] 0 (Rpar ).
xeTd

Theorem 2. The equality o (H!M(y)) = Opgs (Hﬁ,’}(y)) holds.

ON INVARIANT SETS OF A QUADRATIC NON-STOCHASTIC OPERATOR.
Xudayarov S.S.
Bukhara Branch of the Institute of Mathematics named after
V.1.Romanovsky, Bukhara, Uzbekistan.
E-mail: xsanat83@mail.ru

Non-linear dynamical systems arise in many problems of biology, physics and other sciences. In
particular, quadratic dynamical systems describe the behavior of populations of different species with
population models [1, 2, 3].

Let E = {1,2, ..., m}. A distribution on the set E is a probability measure x = (x4, ..., X;), 1.€., @n
element of the simplex:

sm-1 = {x€ER: xX; = O,Zﬁlxi =1}.
In general, a quadratic operator V, V:x € R™ — x' = V(x) € R™ is defined by:
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Vixe = Xi=1 Pijexix;,  k=1,..,m (1)
In this talk we are interested to a non-stochastic quadratic mapping of simplex to itself, i.e.

y:smot 5 smol,
Definition. [3] A quadratic operator (1), preserving a simplex, is called non-stochastic (QnSO) if at

least one of its coefficients P;; ,i # j is negative.
Consider the following example of QnSO on the two-dimensional simplex 52,

1 3
(x] = = (3 = 22)% + 21 (2 + x3)

1 3
! x3 = 5(351 —x3)* + > %2 (X1 + x3) (2)

1 3
X3 = 5(952 —x1)% + §x3(x1 + x3)

1. Fixed points. The fixed points are solutions to the system
1 3
(x1 =5 (x3 —x2)% + Exl(xZ + x3)

1 , 3
X2 :E(x1—x3) +§x2(x1+x3)

1 , 3
\xs = E(xz —x1)° + §x3(x1 +x2)

By full analysis this system one obtains the following family of fixed points:

4x3 —1++/48x2 —40x3 +9 5 — 8x5 — /48x2 — 40x3 + 9
( 4 ' 4 %3

where x5 € [0, %)

2. Invariant sets. Recall that a set M is called invariant with respect to an operator V if
V(M) c M.

Introduce the following sets:
1
Ml = {(xl,xZ,X3) € SZ:X3 > X1 > X > _}

6
M, = {(xl,xz,xg) € S?%: x3>x, > x> g}
M; = {(xl,xz,x3) € S%ix, > x3>x > %}
M, = {(xl,xz,x3) €S2 x> x> x3> %}
Ms = {(xl,xz,x3) €S2 x; > xp > x3 > %}
Mg = {(xl,xz,x3) €S2 x; >x3>x, > %}

Theorem. The sets M;,i = 1,2,3,4,5,6 are invariant with respect to the operator V,,. Moreover, each

median of the simplex S is an invariant.
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s —d MODELGA MOS SCHRODINGER TIPLI OPERATORNING SPEKTRAL
XOSSALARI
Xurramov Y.S.
O zMU Jizzax filiali, Jizzax, O ‘zbekiston
E-mail: yxurramov94@mail.ru
Faraz qilaylik L,(T1)-bir o‘lchamli tor T! = (—m,m] da kvadrati bilan (Lebeg ma’nosida)

integrallanuvchi funksiyalar fazosi bo‘lsin. Bu fazoda quydagicha aniqlangan H,(k),k € T operatorni
garaymiz.
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Ha(k) = Ho(k) + 5V (1)
bunda A > 0 va Hy(k)-operator E,s(k;-): = E(k;-) funksiyaga ko‘paytirish operatori:
(Ho()f)(p) = E(k,p)f (0), f € Lo(T")
bunda S > 0 va
E(k;p) = e(g—p) +£(§+p) —AS = 2(1 - cos%cosp) —AS
bunda e(p) = 1 — cosp. V — ikki o‘lchamli integral operator:
VH®) = [ cos(p — @) f (@)da, f € Lo (T),

(1) formula bilan aniglangan Hy (k),k € T? operator chizigli chegaralangan, o‘z-0°‘ziga qo‘shma

operator, V operator nomanfiy, ya’ni f € H uchun (Vf, f) = 0 va V kompakt operator bo‘ladi. Operator
1

¥V = 0 ning nomanfiyligidan uning musbat kvadrat ildizi V2 ham mavjudligi kelib chigadi.V chekli
o‘lchamli(ikki o‘lchamli) operator bo‘lganligi uchun u kompakt operator bo‘ladi. H,(k) operator oz-
o°‘ziga qo‘shma operator bo‘lganligi uchun uning qoldiq spektri bo‘sh to‘plam bo‘lib, spektri haqiqiy sonlar
to‘plamining qismidan iborat, ya’'ni
o(Hy(k)) c R.
(Ho(k)f)(p) = E(k; ) f (), f € L,(TY) operatorning spektri fagat muhim spektrdan iborat va
uning uchun quydagi tenglik o‘rinli, ya’ni
Tess(Ho(K)) = [m(k), M (k)]. )
bunda

. k
m(k) = minE (k;p) = E(k; 0) = 2 (1-cosz) - 4s,
k
M(k) = maxE (k; p) = E(k ) = 2 (1+ cos%) - 4s.

Hy(k) operatorning o‘z-o‘ziga qo‘shma operator va V operatorning kompakt (ikki o‘lchamli
operatorligidan) ekanligidan muhim spektr turg‘unligi haqidagi G.Veyl teoremasi ( qarang [2]) va (2)
tenglikga ko‘ra

Oess(Ha(k)) = Tess(Ho (k) = [m(k), M (k)]

tenglik o‘rinli bo‘ladi.

LemmalA,S > 0 bo Isin. U holda ixtiyoriy k € (—m, m) larda quydagi tengsizlik barcha
(—oo,m(k))lar uchun o’rinli bo’ladi,ya ni:

A(k;z) >0

Lemma 2 Ixtiyoriy A,S > 0va k € (—m, ) bolsin. U holda z € C\[m(k), M (k)] soni Hy (k)
operatorning xos qiymati bo ‘lishi uchun A(k; z) = 0 bo ‘lishi zarur va yetarli.

Teorema 1 A,S > 0 bo‘lsin. U holda barcha k € (—m, ) larda H, (k) operator (—oo, m(k))
oraligda xos giymatga ega bo‘lmaydi.

Teorema 2 A,S > 0 bo‘lsin. U holda barcha k € (—m, m) larda H, (k) operator (M (k), +)

oraligda ikkita z; (4, k) va z, (4, k) xos giymatlarga ega va ularga mos xos funksiyalar
A Cqicosp+Cyisinp

i) =5 o raen =12
ko‘rinishda bo‘ladi.
Faraz gilaylik k = m bo‘lsin. U holda H, () operatorning spektri o(Hy (1)) = {ATH —AS+ 22—

AS} dan iborat.
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-\nh-1

a=(l2j zajk(z)dz[j]/\dz[k]’ajk(z)ECl(D),da:O’
jk=1

rac

dZ[j]:d21/\.“Ade_lAdzjﬂ/\m/\dz”’ dj[k]:dfl AN AOZ,  AZ A ADZ, .

Omnpenenenne 1. (cM.[1]) Heaoxcowr enaokas 6 obracmu D C" ¢yuxyus U(Z)GCZ(D)

nasvieaemesn o — cybeapmonuuecxot, eciu ddUna>0¢ D.

Omnpenenenune 2. (cMm.[2]) Dymxyus U(Z) € L}OC(D) Hazvleaemcs O — CyOeapMOHU4ec-Kol 8

obracmu D C", eciu

1) ona nonynenpepwigna ceepxy ¢ D, m. e. U(ZO) 2> Wﬂn U(Z), vz’ eD ;
Z—Z

2) onepamop dd°U A @ nonoscumenen 6 0606wennom cmvicae, mo ecnmv 015 0606ueHHON YHKYULU
ddu (Z) A Ot(Z) (@) BLINONHACMCS

dd°u(z) A a(2)(@) = ju(z)a(z) Addp(2)>0,Vpe F(D),p>0.
D
Knace @ —cy6rapmonndeckux (ynkimii o6o3nagaercs uepes & —Sh(D), npuaem ms yno6ersa,
n-1
BKJIIOYaEM B OTOT Kiacc U QyHKumio U (Z) =—o0, Jlta a=p"" :(ddc |Z|2) MBI OylleM HMMETh

KJIaccuueckue cyorapmonnueckue Gpynxiun. 3amerum, uto dd°u A A" = (n=D'AudV. Tpu N=1 ua
yorap YH p

KOMILJIEKCHOH TUIOCKOCTH ¢ — CyOrapMOHHYHOCTH ()YHKLIMH SKBUBAJIEHTHA OOBIYHON CyOrapMOHHMYHOCTH.
Teneps npuBeéM OCHOBHYIO TeopeMy, KoTopas 00o0imaeT Teopemy bnanmiera (cm. [3], ctp. 312)
00 yCTpaHUMBIX 0COOEHHOCTSX CyOrapMOHHYECKUX (DYHKITHH.

Teopema 2. ITycms D o6nacms 6 C", N>2 u S eunepnosepxnocme u3 knacca C' komopas
pazoensem D na ose nodooracmu D, u D,, a gyncyus ueC(D)W,*(D, UD,) sesemes o —

cybeapmonuveckori na D, u D,. Eciu na S ona gymxyuu u1£U|D1 u UZEU|D2 noumu 6crooy

oy, (2)
ov-

eL(S) (k,l =1 2) U BLINOHACCA NOYMU 6CIO0Y

Cyuecmsyom HoOpMAaibHble NPOU3BOOHbIE

HepaeeHcmeo

u,(2) _au(z)  auy(z) _ au(2)
1 - 1 unu 2 = 2
ov ov ov ov

20e VK = (Vi VE, .. VE ) - eounuunas enewnss nopmans k epanuye D, (k =1, 2), mozoa ¢hynkyus

),

u(z) sensemes a —cybeapmonuueckoii 6 D .
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NPUHIAIIT PABHOMEPHOM OTPAHUYEHHOCTH MAX-PLUS-TMHEWHBIX
OIIEPATOPOB
AxkramoB D.C.
Yupuuxcxui I'ocydapcmeennviii nedacoeudeckus uncmumym, Yupuux, Yzbexucman
E-mail: feruzaktamov28@gmail.com

N3BecTtHO, uro TeopeMa banaxa-llITeiiHrayza sBisieTCSI OAHUM W3 OCHOBHBIX ITPUHIIUIIOB
(yHKIMOHAIBLHOTO aHaU3a. B HacTosmIel 3aMeTke MPUBOAUM BapHaHT TeopeMbl banaxa-1lITeiiHray3a mst
max-plus-TMHEHHBIX OMEPaTOPOB HA MPOCTPAHCTBAX C MOPSIIKOBON €ANHHULICH.
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PaccMoTpuM yacTHUHO yropsgoueHHsle BekTopHbie npoctpanctBa (E,<), (F,<). Onpenenum
omepatmn © u O no mpaBuiam: X@Y=max{x, Yy} u XOQy=X+y, AQy=4-+Y, X, yeE,
AeR,rme A =A4-1;,al, —nopsakosas equuuia npocrpasctsa E .

Orobpaxenue | | E — F naseisaercs max-plus-nuneitnpiv, ecim uist POM3BONIBHBIX JIEMEHTOB
X, Y € E umeem

T(aOx®, BOY)=aOT(X)®: BOT(Y).
Mpennoxenne 1. Ecou E u F — npoctpanctea ¢ mopsimkoBoit exunuiieit, To Beskuii max-plus-
nunelnei oneparop 1 : E — F memnpeprisen.
Jdemma 1. Ecim max-plus-nuneiinsiit onepatop T :E —F menpepsisen B myne Oz, To oH

HeTpepsIBEeH Ha BceM F .
Jlemma 2. Jlna mo6Goro max-plus-nureiinoro omeparopa | :E —F wma npocrpancteax c
MOpsLIKOBOH exuHuLel umeet Mecto T (1) <oo.

Mpennoxenne 2. Besxuii max-plus-nuneitnbii oneparop T :E —F npocrpancte E u F ¢
MOPSIAKOBOM €TMHULIEH OTPaHUYCH.

CaencrBue 1. Beskuit max-plus-nuHeiiHbiil oriepatop Ha MPOCTPAHCTBAX C MOPSIIKOBOH €ANHUIICH
HENpPEepbIBEH (UJIH, TO XKe caMoe, OTpaHUYEH).

Iycts E u F — npoctpancrsa ¢ nopsiaxoseivu enuannamu 1o u 1, coorBercrBenno, a H —

HEKOTOpOe ceMelcTBO  Max-plus-nmuneiinbix  omepatopos | :E — F . Hasosem cemeiicteo H
PaBHOCTENEHHO HEMPEPBIBHBIM, €CIH JUTs JTH000# okpectroctu Hyns V B F cymectsyer okpectrocts U
uynst B E takas, uro T(U) cV mmsasecex T € H . Eciu cemetictBo H cocrout b ognoro max-plus-

JMHERHOro omepaTopa | , To ceMeiictBo H paBHOCTENEHHO HENpPEpPHIBHO, TaK Kak Henpepwisen | ,u H
PaBHOMEPHO OTPAHUYEHO B CUITy OrpaHuueHHocTd | . Cleayroliee yTBepKIeHHE MOKA3BIBAET, YTO JIFO0E
PaBHOCTENEHHO HEMPEPHIBHOE CeMEMCTBO Max-plus-IMHEMHBIX OMEpaTopoB Ha IMPOCTPAHCTBAX C
MOPSAIKOBOM eIMHUIIEH PABHOMEPHO OTPaHUYEHO.

Ipenaosxkenne 3. [Tycte E u F — npocrpancrsa ¢ nmopsaakosoit eqununeii, H — pasrocrenenno
HenpephIBHOE cemeiicTBo Max-plus-nuneiineix  oneparopos | :E—>F, a A — orpannuennoe
noamuoxkectso B E . Torna B F cymectByer Takoe orpannuennoe muoxectso B, uro T(A) B s

moboro T e H.

Crenyromias TeopeMa sIBIISICTCS BapuaHToM TeopeMbl banaxa-IlITeiinraysa st max-plus-nuHeitHbIx
OIIEpPaToOpOB.

Teopema 1. IIycts E u F — npoctpancrsa ¢ nopsaxosoit exununeit, H — nekoropoe cemeiictBo
max-plus-nureiinsix oneparopos: 1 :E —F,a A — MuoxkectBo Beex Takux Touek X € E , opOurs

H(X)={T(x):T eH}

KOTOpbIX orpanuyensl B F . Ecmu A — mHO)ecTBO Bropoii kateropun, o A= E u cemeiicteo H

PaBHOCTEIIEHHO HEMPEPHIBHO.
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MHOKECTBO OCOBEHHOCTEN CENNAPATHO-AHAJIMTUYECKHUX d)YHKHI/Iﬁ
'Aramyparos A.A., *Pacynos K.K.
lI/IHcmumym Mamemamuxu um. B.1. Pomanosckoco AH PY3,
2V peenuckuii 20Cy0apCmEeHHbIIL YHUEEPCUmMeE
UzBectHas Teopema Xaprorca[l] yrBepkaaer, uto ecnu GyHkuus f rosomopdHa B Jr000H TOUKE
obnmactu D © C" no kaxaoMy U3 IEPEMEHHBIX Z,,, TO OHa ToJIoMopdHa B D 10 COBOKYITHOCTH ITEPEMEHHBIX.
OrtoT (yHAAMEHTAJIbHBIH Pe3yJbTaT TOJIOKWI OCHOBY TEOPHUH CelapaTHO-aHATUTUYEeCKUX (QyHKIHH.
CenapaTHo-aHaIUTHYECKHE (QYHKIMHM HMCCIEOBaHbl MHOTMMH aBTOpaMu. B wacTHOCcTH, paborax
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M. Xyxkyxapa[2], U.IHumonsi[3], T.Tepana[4], A.C.CanynnaeBa u C.A.lMmomkynosa[5], A.C.Canynnaesa
u T.T.TyituneBa[ 6] moxydeHsl 3aMedaTeIbHbIC PE3YIBTATHI.

XyKkyxapa TOCTaBUI CIeAyrouyo 3anady: yakuus f(z,w) romomopdHa WM HET B 00JacCTH
UXxV cC, xC,, xoraa f (z,w) ronomMopdHa 1o w Jyist Kaxaoro GpukcupoBantoro z € U u rojomopgHa
o Z JUIsl KaXIoW (PUKCHUPOBAHHON TOYKU W, W3 CUETHOIO MHOXecTBa E, MMeroliee XOTs Obl OAHY
TIpeenbHYI0 TOUKY Wy € V.

B 1957 rony lllumona[3] gan cienyroriee perieHue mpooIeMEl.

Teopema 1. [3]. Ilycmo f(z,w) pyuxyus onpederena na noauxpyee U XV = {|z| < 1} X {|w] <
1} € C? u nyemv E CV cuemnoe noommodcecmso umerowuii xoms 6bl 0OHYy NPEOEIbHYI0 MOUKY
npunaonexcawee V. Ecau

1. 028 kaxcoozo uxcuposannozo z° € U, f(z°,w) € O(V),

2.0n5 kaxcoozo Gukcuposannozo w® € E, f(z,w®) € 0(U),

mo cywecmeyem Hueoe He NIomHoe 3amKnymoe MHodcecmeo S C U makoe, umo f(z,w) €
O((U\S) x V).

B nmanHOl pa®oTe MBI MOCTPOMM Ba)KHBIE MPUMEPHI, OMUCHIBAIONIUE BEPOSTHBIE CTPYKTYPHI
0COOBIX (MUCKJIFOUUTEIILHOTO MHOXECTBAa S) MHOXKECTB Ui (DYHKIUH YHOBICTBOPSIOIINE YCIOBHSIMH
cenapaTHO-aHAIMTHYHOCTH B 3a7jaue XyKyXaphl.

Kpome Toro Mbl 1oKaxkeM cieayroliee OCHOBHOE yTBEPKICHHE.

Teopema 2. ITycmo f(z,w) onpedeneno 6 oonacmu U XV = {|z| <1} x {lw| <1} c C} X C,, u
nycmo {W;} nocredosamenvrnocms movex us V xomopvle cmpemamcsa x wymo. Ecnu cywecmeyem
nonynenpepuisnas chusy na U ¢ynkyus v(z), (r(z) > 0), u svinoansemes credyiowue yciosus,

1. 015 kasxcoozo gurcuposannozo z° € U, f(z° w) € 0(|W| < r(ZO)),

2.0na kavwcdozo uxcuposannozo j = 1,2,..., f(z, Wj) e 0(U).

Toeoa cywecmeyem nuzoe He niaomuoe muodxcecmso S na U u nonynenpepuvisnas cnuzy na U\S
dyuxyus R, (z) maxas, umo f(z,w) € O((U\S) x {Iw| < R.(2)}).
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KPUTEPUM IUKJINYECKO KOMIIAKTHOCTHU MHOKECTB B BAHAXOBBIX
MOAYJAX
bernxonos U. U.
Hayuonanvuwiti ynueepcumem Yzoexucmana, Tawkenm, Y30exucman

Iycts X — 6anaxoB mMoxynb Haj L° [2-4] (cumraem, uro L° = LO(Q,Y,u), rne 4 — KoHeuHas
MTOJTHAsI CYETHO aJUINTHBHAS Mepa Ha -anredpe Y.), B()) — monnas Oynesa anrebpa BceX HIEMITOTEHTOB
us L0,

IMon pazbuenuem equHUIBI OyneBol anreOpbl B({)) moHumaroTcs HaOOPBI {€,4}qe 4 € B(Q) ans

KOTOpBIX Supe, =1 u egAeg = 0 npu a # B, npu 31oM, He TpebyeTes, uTo eq # 0 st Beex @ € A
aEA

(3mech: 1 — enununa B B((1)).

Mycts {eg}qe.s — pa3buenue emuHuil B OyneBoi anrebpe B((l) Bcex HAEMIIOTEHTOB B
L%, {xq}ac.q C X. Dnement x € X Ha3pIBaeTCs NepeMELIMBAHMEM ceMelcTBa {X,} oTHOCHTENbHO {e,},
eCIN €,X = eyX, M BceX a € A ([1], nm. 1.1.2). IlepememmBanue emmactBerHo ([1], m 1.1.2) u

obo3Havaetcs yepes sup(eqyXxy) -
a€E A

Ucnonwzys (bo)-nonuory 6anaxosa L°-monyns X, momydum, 4to mix(egX,) CYIIECTBYeT s
aEA
00X {X4}ae 4 € X W pazOuenus equaunpl {e,} € B(Q).
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MHOXeCTBO Bcex mnepeMmemmuBanuid mix(eqyx,), tne {x,} € E C X, Ha3pIBaeTCs IHMKINYECKON
aEA

obonoukoi moaMHoxkecTBa E n3 X u obo3navaercs yepe3d mix(E). Ecnu E = mix(E), To roBopsT, uto E
— IUKJINYecKoe MmoaAMHOXKecTBO ([1], m. 1.1.2).

Scno, uro X = mix(X). Kpome Toro, ecntu U(r) ={x € X:||[x <7}, tne 0<r €L’ o
mixU(r) = U(r).

[lockonbky Y — xoHeuHast Mepa Ha )., To B(()) — momnHas OyneBa anreOpa CYETHOTO THMA, U
MI03TOMY MHOKECTBO HEHYJIEBBIX JIEMEHTOB JI000T0 pa3ouenus exuHuIs! B B () He Gomee 4eM cYETHO.

HammoMH#M, 9TO 9acTHYHO yMOpPsIOUYEHHOE MHOXKECTBO (A, <) Ha3bIBacTCS HAINPABICHUEM, €CIIU
Juist mo0bIX &, B € A cymectByer Takoe Y € A,uroa < yu f§ < y. O603nauum yepe3 P(N) mHOk’ecTBO
BCEX CUETHBIX pa3Ouenuii enuHuIp B B (()), 3aHyMepoBaHHBIX HaTypaibHbIME ynciamu n € N, 1. e.

P(N) = {a: N - B(Q) | a(m)Aa(m) =0,n #+ m,supa(n) =1 }
neN
Beenem B P(N) yactuunbii mopsiiok, monaras it a,b € P(N), uto a <b & Vn,m € Nu3

a(n)Aa(m) # 0 cnenyer n < m. B [1] mokaszaHo, 4TO BBEICHHOE OTHOIICHHE A < b eCTh OTHOIICHHUE
yacTuyHoro nopsaka Ha P(N).

B [1] nokazano, yactuuHo yrnopsinoueHHoe MHOKecTBO (P (N), <) siBysiercst HanpaBieHUEM.

Ham monanoOuTcs mnoHsTHe NOACETH {Xglgep C€TH {Xg}qe . IlommuoxkectBo B C (A, <)
Ha3bIBAETCS KOH(PHHAIBHBIM B A, €CITH T JTF000T0 & € A cymectByeT Takoe f € B ,uto a < f§ . SlcHo,
9T0 KOH(MHAIbHOE TOIMHOXKECTBO B B (A,<) caMo ABISETCS HAIlPaBICHHBIM MHOKECTBOM
OTHOCHMTEJILHO YaCTUYHOTO MOps/Ka, UHAYnupoBaHHOro u3 A. CeTh {Xg}ge p, OOBIYHO, HA3BIBAKOT
MOJICETHIO CeTH {X 4 }ye 4, WM KOHPHUHATBHOU TOJCETHIO CETH { X4 }oe 4 -

ycts (X, ||']|lx) — 6anaxos LO-Moxynb, {x, }nen — HOCIEN0BATENLHOCTE M3 X . JIs Kaska0ro a €
P(N) nonoxum x, = mig(a(n)xn). HosnsteTest ceTh {Xq}aepn)- Besakyro nomcets cetn {Xg}qep(n)

ne

HA3bIBAIOT IUKJINYECKOMN TOJICETHIO HCXOHOM MOCIEI0BATSIBHOCTH { X, Iney -
Onpenenenne. I[loomnoocecmeo K C X nasvisaemces yuxnuyecku komnakmuwvim, eciu K = mix(K)
u ecsakas nociredogamenvHocmv uz K obradaem yuxnuueckoii noocemuvio, (bO) -cxooswelcss K

nexomopomy anemenmy u3 K.
[MonmHuo)ecTBO K C X Ha3pIBaeTCsI OTHOCUTENHFHO NUKITNYECKH KOMIAKTHBIM, ecliid K COIepKUTCS

B HEKOTOPOM LIMKJIMYECKH KOMIIAKTHOM MHOXecTBe u3 X [6].
(bo)
[TopmuoxkectBo F S X HasbiBaetcs (D0)-3amxuymeim, ecim u3 ycnoBuit x, — x, {x,} € F

cienyet, uro xeF . Ecnu OyneBa anreOpa V siBisieTcst c4eTHOI, To moamuoxkectBo F € X (bo)-3amkHyTO
(bo)
TOT/Ia ¥ TOJBKO TOT/IA, KOTAa IS TF0O0M MOCIIe0BATEIBHOCTH { Xy }ne v € F, X, —— X MOXKHO caenarhb

BEIBOM, uTO X € F [5]. CenoBarenbHO, MHOXKECTBO K C X ABIISIETCS MUKJIMYECKA KOMITAKTHBIM TOT[A U
TOJIBKO TOT/Ia, KOrJa K OTHOCHTENBHO MUKINYeCKH KoMakTHO u (D0)-3amMKHyTO.

Teopema. [Tycmo (X, ||*||) — smo xoneunomepnwiii (coomeemcmeento, -KoneuHoMepHbiil) 6AHAX08
L%-mo0ynv, a K — yuxauveckoe muoscecmso 6 (X, ||-||) Credyrowue ycnosus senaromes sxeusanrenmuvimu:

1) K — ommnocumenvho yurkiuvecku KOMRAKMHOE MHOXNCeCmEo (COOmeemcmeenHo, YuKiudecku
KOMRAKMHOE MHOMICECMB0);

2) K — L°-ozpanuuennoe mmoacecmso (coomsemcmeenno, L°-oepanuuennoe u (b0)-3amxnymoe
MHONCECMEB0).
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MPUBJIWKEHUSA ®YHKIIAN CYMMAMHA ®YPHE-YEBHIIIEBA B
MPOCTPAHCTBE L, ,

bexna3zapos JI:x.X.
Xyoorcanockuii eocyoapcmeennulil yHusepcumem umenu axademuxa b.Fagyposa, Tadxcuxucman
B pabote HaliieHbI TOYHBIE 3HAUCHHUS BEPXHHUX I'paHEll OTKIIOHEHUS! HEKOTOPHIX KIaccoB (QDYHKIMI OT UX
JaCTHBIX CYyMM psLIOB dypbre—YeObIména B THIbOEPTOBOM MPOCTPAHCTBE

Ly [-1,1] i= Ly (#(X);[-1,1]) ¢ Becom YeGnnména w1(x) =1V1- x° CYMMHPYEMBIX C KBaJpaToM

GyHKLMit f :[-1;,1] > R:= (—o0,40) u xoneunoi HOPMOH
1/2

1
I, ran=| JaO)F209dx
-1

Breném o6osmadenus: N — MHOXECTBO HATypPaIBHBIX HHCEII, Z+ :NU{O}, R+ = (01 OO) -

MHOXECTBO BCEX IMOJOXKUTENbHBIX uucen. Cnenys pabotel [1-4 ], B mpocTpaHCTBe Lz,#[—l,l] c

TIOMOIIIBIO onepamopa 0000WénH020 cosuza
F,f(x)= %[ f (xcosh ++4/1—x2 sin hj+ f(xcosh —vJ1-x2sin hﬂ

onpeeuM 0606wénnbitl Mooy nenpepvisnocmu 11 -20 nopsdka paBencTBOM

O, (£, 11 =SUpIAL(F;) I, aa DIt

e AR (F3%) = A (AT (F5);%) = (F, - I)’“f(x):ZT:(—l)m‘k T: FXf (),

Fho f(x) = f(x), Fhk f(x)= Fh(Fhk_lf (X)), k=12,...mimeN y | _ caunpunsii onepatop B

IIPOCTPAHCTBE |—2 .
IlycTe nanee

T,(x) = % T (x) = \/%cos(k arccosx), k =1,2,..,.K

— OPTOHOPMHPOBAaHHAsA CHCTEMa MHOTOWIEHOB YeObIéBa MEepBOro pojia B MPOCTPAHCTBE |—2, 1 [-1.1] .

Torna
JOEDIACHIAC) o
k=0
paBeHCTBO ecTh psig Pypre—UeObméBa GyHKINN fe |—2, y [_1,1] ,a

1
e (F) = [(x) F ()T, (x)dx
-1

— k03 unmenter Gypoe-UeObimépa. PaBeHcTBO B (1) MOHUMAETCSI B CMBICIIE CXOJTUMOCTH B IIPOCTPAHCTBE

L2,,u [_1’1] .
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2
D=(@1-x )Ol——xd

[Iycts Tenmepn dx IuQQepeHInanbHBIi  OllepaTop BTOPOTO IMOPsIKA.

OnepaTopLI BBICHINX TMMOPAAKOB orpeacaImm IIOCJICA0BATCIIbHO, mojiarast

=D(D"*f),(r=23,..).
2
Teopema 1. ITyems MNeNreZ ,f e L(g 2 u 0 <t <7IN. Toz0a cnpaseoruen pasencmsa

n? | f =Sy 4(F)] =(1_Si(nh>j"“,

sup h
el ( Igl/m(D . h)dhj n )
f(r);tconst
SInU
20e I( ) .[
— unmezpanvhbuii cunyc. Cywjecmeyem Qynkyus 1:0 € I—2 3 1 peanusyiowas 6 (2) 6epxmioro epamb.
Teopema 2. /[na npousgonbhoii te (Oa 7 n] CHPAaseou8o HepaseHCcmeo
o E. . (f) (1 1Y
2r 2m < sup ; 1r 'S = 2r 2 "o | 3
n“" (nt) feL(er) Q.. (D f;t)2,ﬂ n“{ (nt)® 2

U3 (3), 6 yacmrnocmu, 01 koncmanmol owcexcona—Cmeykuna umeem mecmo 08y CmopOHHSA OYeHKA

2\" 1 _ 2m (1 1)"
(?j °ﬁgzn’m’r(gm’7dn)2’/‘SF[?—FEJ .

JIUTEPATYPA
1. Illa6oszos M.II., Tyxmuen K. K-dyHkimonamsl um Tounble 3HadeHus [l -momepeunmkoB

HEKOTOPHIX Ki1accoB m3 Ly (1-x*)Y2[-1,1]). // Uz TynI'VY. Ecrect. Hayku. -2014. - e 1. u. 1.

-C. 83-97.
2. bexnazapor [Ix.X. BepxHue rpaHu OTKJIOHEHHS HEKOTOPHIX KJIACCOB (PYHKIMH OT MX YaCTHBIX

cymm psiioB Dypbe-Uebbnuésa B npocrpanctee L, . // 3. AH PT. Ota. ¢us.-Mar., XuM., reoit. u
TexH. H. -2015. -1(158). -C. 20-32.

C-CBOMCTBO a —CYBI'APMOHMWYECKHUX ® YHKIIUM
I'apaes C.
Ypeenuckuii 2ocyoapcmeennulii yrusepcumem
A.Kapranom (cm. [1]) nokasan éEmkoctHuii anamor C-coiictBa Jlysmna (cm. [2]) s
CcyOTapMOHHYECKHX (PYHKIMIA: mycTh U(X) cybrapmonudeckas (yHKius B obmact G € R™, 1o mis
m000ro € > 0 cylecTByeT OTKpbITOe MHOXKECTBO U, C G C HIOTOHOBCKOHW (JIorap(huMHUECKOi pu m =
2) émkocTthio Cap,,_,(0,) < € Takoe, uto u(x) HenpepbiBHa B pononHeHHd G\O,.
ITycth o —IpOM3BONIbHAS 3aMKHYTas, CTPOrO MOJIOXKHUTeIbHAs muddepennuansuas ¢opma
oucrenenu (n — 1, n— 1) B odbmactu D < C™:
s on-1 1
= (%) Z a;(2)dzlj] Adzlk], aj(z) € C'(D), da =0,
jk=1
rie
dz[j] = dzy A..ANdzj_y Ndzjq A .ANdzy,
dzlk]l =dzy A.. . NdZy_1 NdZgeq A...ANd2Zy,.
Onpenenenne. (cM. [3]) @yuxyus u(z) € L}, (D) nasvieaemcsa a —cybeapmonuyeckoii 6 obnacmu
D c C", eciu
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1) ona nonynenpepwiéna ceéepxy ¢ D, m. e. u(z%) = Fmou(z), vz0 € D;
VARA

2) onepamop dd u A a norodxcumenen 6 0606WEHHOM CMbLCIE, MO echib 0Jisl 0000WEeHHOU DYHKYUU
ddu(z) A a(z) (@) svinonnsemes

dd‘u(z) A a(z)(p) = Ju(z)a(z) ANddCe(z) =0, Vo € F(D), @ =0.

D
Knacec a —cybrapmonndeckux QyHkimidi obo3Havdaercs uepes a — sh(D), npuuem st yno0OcTBa,
BKJIIOYaeM B 9TOT knacc U (yHkuuio u(z) = —oo. Ina a = 1 = (dd®|z|*)™ ! mbl OGymem umeTsh

KIlaccuueckue cyorapmonuueckue pynkiuu. 3ametuM, uto ddu A B 1 = (n— 1)/ AudV. llpu n = 1
Ha  KOMIUIEKCHOM  IUIOCKOCTH & —CyOrapMOHMYHOCTh  (YHKIMHM  3KBHBAJCHTHO  OOBIYHOMN
CyOrapMOHHUYHOCTH.

31eck MBI IOTYYHIIN CIEAYIONINA Pe3yabTaT Ui Kjlacca @ —CyOrapMOHUYECKUX ()yHKIIUH.

Teopema. Ilyctb u(z) @ —cybrapmonmnyeckas Gpynkuus B oonactu D € C*, n > 1, o mis no60ro
& > 0 cyImecTByeT OTKPBITOE MHOKECTBO Oy C D C HIOTOHOBCKOM EMKOCTBIO Cap,,_,(0,) < € Takoe, 4TO
u(z) sBnsercs HenpepbiBHOW B pononHeHnn D\ ;.

JIUTEPATYPA

1. Jlanokog) H.C. OcHOBBI COBpeMEHHOM Teopuu nmoteHnuana. — M.: Hayka, 1966.-515c.

2. Konmoeopos A.H., Domun C.b. DnemeHTs! Teopuu GyHKIHA 1 QYHKIIMOHAIBHOTO aHANH3a. — M:
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633.

JANHAMMUKA KBAJIPATHYHBIX OTOBPAKEHUM JIOTKU-BOJIBTEPPA,
I[EFICTBYIO[HHX B YETBIPEXMEPHOM CUMILJIIEKCE C BLIPO)ICI[EHHOﬁ
KOCOCHUMMETPUYECKON MATPULIEN
I'anuxomxkaen P.H., Jmmamarona JI.b, TagxueBa M.A.

TI'TY, Tawkenm, Y36exucman,; 24dil@mail.ru.

m
Mycrs  S™* :{x: (Xyees Xy ) 0 X ZO,ZXi 21} CTaHJApTHBI cuMmiuekc B R', u
=)

A=(a,), ki= 1,_m — KOCOCUMMETpHUECKasl MaTpulla PH YCIOBUHU |aki| <1. Orob6paxenue

. -1 -1
V:S™ — S™ onpenensemoe paBeHCTBOM

m
Vix =X [1+Zakixi} k=1..,m, 1)
i=1
Ha3bIBaeTCSA AUCKPETHON NMHaMHuUeckod cucremoit Jlotku-BombsTeppa [1]. OToOpakenue Buna (1)
BO3HHUKAIOT B 33/1a4aX MOMYJSIIUOHHOW T€HETHUKH, OMMCHIBAIOIINE 3BOIIOIMI0 HEKOTOPOU MOMYISIIUN BO
BPEMEHH, TIPUYEM BpeMsl CUHMTaeTCsl JUCKpeTHbIM. Kaxmoe oroOpaxkenue Jlotku-Bonbreppa cBsizaHO
HEKOTOPBIM TTOJIHBEIM HJIM YaCTHYHO OPUEHTHUPOBAHHEIM Tpadom [2].
Omnpenenenue. Ecimm XoTs OBl OMWH TIABHBIM MHHOP YETHOTO IOPSAKAa KOCOCHMMETPHYCCKOM
MaTpPHIIbl TUHAMHYECKOM cucTeMbl (1) paBeH HYIIO, TO Takas MaTPHUIlA HA3bIBACTCS BBIPOXKICHHOM.
Paccmotpum 0TOOpakeHue Jlotku-Bonbteppa, JedCTBYIOLIEE B

5
S*={x= (X X5, X5, Xy, %) €R™, %, >0, ZXi =1}, ¢ coOTBETCTBYIOMM OHOPOHBIM TYPHHPOM I .
i1
1

4 3
Otob6paxkenne JloTku-BombTeppa, COOTBETCTBYIOIEE 3TOMY TYPHHPY  IIPEICTaBISETCS

paBEHCTBAMHU:
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Xi = X1(1_312X2 —aX3 — X, +315X5)’
Xlz =% (1+ Byp X —8yX3 — 8y X, _azsxs)'
V. X'3 = X3(1+313X1 TaxuX, — 8%, _assxs)' 2
Xy = %y (180 + 850X, +85,% —845Xs),
Xé = Xs(l_a15X1 T 8K, + 855X +a45X4)-

Koaddunmentsl nunamuueckoir cuctemsl (2) moadepeM Tak, YTO BCE TIaBHBIE MUHOPBI BTOPOTO
MOPSAKAa KOCOCUMMETPHYECKON MaTPHIIBI OTJIMYHEI OT HyJIA, @ BCE TNIABHbIE MUHOPHI YETBEPTOTO MOPSAKA

paBHBI HYJIIO, IPU BCEX ay; # 0. B Takom ciyyae Ha Tpex IpaHsX CYIIECTBYET MO OIHOH BHyTpeHHeil

HETIOJBIKHOI TouKe 3T0, rpaHu — [, '3, I')4s, 1 TOrmA MBI MOMy9aeM moaTypHUp ¢ BepiIMHAMH B

O9TUX HCIIOABMKHBIX TOYKAX.
Hamu 6BI.HO HU3YYCHO MPEACIBHOC IMOBECICHUEC Op6I/IT BHYTPECHHUX TOYCK OTHOCHUTCJIBHO J3TOI'O
MOATYPHHUPA.
JUTEPATYPA
1. Ganikhodzhaev R.N. Quadratic stochastic operators, Lyapunov function and tournaments, Acad.
Sci. Sh. Math., 76(2), (1993) pp.489-506.
2. Ganikhodzhaev R.N., Tadzieva M.A., Eshmamatova D.B. Dynamical Proporties of Quadratic
Homeomorphisms of a Finite-Dimensional Simplex. Journal of Mathematical Sciences, 245(3).
P.398-402.

Ob OTPAHUYEHHOCTHU MAKCUMAJIBHBIX OITEPATOPOB B ITPOCTPAHCTBE
LZ(R?).
"Mkpomos U.A, ’bapakaeB A.M.
1HHcmumym mamemamuxu um. B.M. Pomanosckuil,
2Camapranockuii 20cyoapcmeennbvlil Yuueepcumen.
E-mail: ikromovli@rambler.ru, azamatl 9@mail.ru
B pabore Oymem paccMarpuBaTh IMpoOieMy 00 OTrpaHHMYCHHOCTH MaKCHMAaJBLHBIX OIEPaTOpPOB,
CBSI3aHHBIX C THIIEPIIOBEPXHOCTSIMH B MPOCTPAHCTBE KBAIPATHUHO CYMMHPYEMbIX (GyHKIHH. B oaHOM
YaCTHOM KJIacCEe TMITEPIIOBEPXHOCTEH MPHUBEICH KPUTEPHA OIPAHUICHHOCTH MaKCHMAITLHBIX OMIEpaToOpoB
B ipocTpanctse L2 (R3).
IMycts S rnagkas runeprosepxHocts B R u du = ydo, rae do- ungyuuposannas Jleberosa
Mepa Ha S U 1)- GeCKOHEUHO-TTIaIKask HeoTpHUIaTeNbHas (GyHKIUS ¢ KOMIAKTHBIM HocuTeneMm B R™1(T.e.
Y € CP(R™1)). Uepes §; 00603HauMM OOBIMHYIO TIOMOTETHIO(IUIMTALMIO) 3aJaHHYI0  (DOpMYIoit
5.h(§) = h(t&). PaccMOTpUM ClIeTyIONHii MAKCHMABHBII OIepaTop

MEG) =sup [ fG - epIdo)|. @)
t>0 |Js

Omnpenenenne 1. ['oBOpAT, YTO MaKkCHMalIbHBINA onepatop M orpaHuveH B LP, ecimu cyiiecTByer
TIOJI0XKHUTENbHOE YHco ), Takoe, 4To st moboit dynkuuu f € Cp° (R™1), BBINONHSAETCS HEPABEHCTBO:
IMfllr < Cpllfllee, (2)
rre ||| .» -ecTBecTBeHHas HOpMa mpocTpaHcTBa LP.
B pa6ote [1] moka3aHo 4To, eciii S BBIMYKJIAs TUIIEPIIOBEPXHOCTH KOHEYHOT'O JIMHEHHOTO TUMA U
p = 2, TO YCIOBHE

1
Ao H) P ELL(S) (3

ABIISIETCS. HEOOXOIMMBIM M JOCTaTOYHOM JJIsi OTPaHMYEHHOCTH MaKCHMAaJbHOTO oreparopa B
LP (R™*1) T.e. ynOBIETBOPAIOT HEPABEHCTBY (2), TJI€ -M00as THIIEPHOBEPXHOCTh HE TPOXO/IAIIAACS Yepe3
Hauano koopauHat u d(x, H)-paccrosaus ot x € S 10 H. B paborte [2] nmokaszaHo, uTo ecimu S € R3
rNIajikas THIEPIOBEPXHOCTh, TO TpH p > h(S) = 2 (rtae h(S) BbIcOTa T'MIEPIOBEPXHOCTH, BBEICHHS B
knaccuueckoit padore A.H. Bapuenko[3]) To MakcuManbHbIH onepaTop orpannieH. M3 pesynsraros C./.
Corru [4] crnemyer, 4To MakCUMaJbHBIA omepaTop orpanuydeH B LP npu p > 2. Oxpnako, Bompoc 00
OrPaHMYEHHOCTH MAKCHUMAaJbHOTO OIlEpaTopa MpH P = 2 ocTaeTcst OTKPbITUM. [lomydeHHBIN pe3ynbTar
00001maroT pe3ynbpTaT paboThl [1] i BHITYKIBIX (YHKIMNA, HMEIOMINX W30JUPOBAHHBIA HYIIb B Hadaje
KOOPIUHAT.
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[ycts Ham pana nosepxHocTh S = {(x,y,z(x,¥))} € R® u H eé xacarenbHas IJIOCKOCTh B TOUKE
(0,0,0). O6oznauum uepe3 d(Y,H) paccrosHue ot Touku Y = (x,y,Z(x,y)) MOBEpXHOCTH JO €€
KacaTelbHOI mockocti H. Boinee Toro mycTh B HEKOTOPOW OKPECHOCTH Havalla KOOPAWHAT MOBEPXHOCTb
S 3amana cnenyromieit popmyoii:

z=F(x,y)=x*b(x) + () +1, (4)

rae b(0) # 0 u () ecTb BhITyKIIas QYHKIHS, U IPOU3BOIHBIC BCEX MOPSAKOB OOPAIAIOTCS B HYIb
B Touke0, To ecth 0 = @(0) = ¢'(0) = -+ = @™(0) = ---. Kpome toro myctb ¢"'(y) = 0 mis Bcex y €
U. Eciu cymectByet y; > 0 takoe, uro @' (y;) = 0, ro npu y € [0, y;]| Mot umeem: @' (y) = 0 u mosromy
@(¥) = 0 na orpeske [0,y;]. Toraa, nerko mokasarh, 4T0 MaKCUMalbHBIN omepatop (1) HeorpaHWUUYCH B
L?. AHanoruyHo eciu s HekoToporo y, < 0 ¢’ (y,) = 0 To MakcuMasbHBIA OHepaTop, OIpeaeNeHHbIil
kak (1) Heorpanuuen B L?. TToaToMy, MOXKHO cuntath, uto ipuy > 0 ¢'(y) > 0u¢@'(y) < 0 npuy < 0.
Orcroma cuexyer, uro ¢ Ha otpeske [0,5](rme § > OHEKOTOPOE MOJIOKUTEILHOE YHCIO0) CTPOro
BO3pacraet u Ha otpeske [- &, 0] crporo yosiBaet, B yactHOCTH @ (y) > 0 npu y # 0.Takum oOpazom st
a1 Kaskaoro u > OumeeM @~ 1 (u) = {zy,2,} rae z, > 0 u z; < 0. Onpenenum GyHKIMIO ¥ 1O GopMyIie
y(w) =z, — z; = |z,| + |z4|. Manee, mycTh MakCHMaITbHBIN OTIepaTop onpeeneH kak B (1), rae supp Y C
U c S. llonyyeHHbli pe3ynbTaT Mbl cQOpMyIHpYyeEM B BUIE CIEAYIOMINI TeopeMe.

Teopema 1. Ecimu GpyHKIUS ¢ BBINYKIas U IPHU JIIOOOM Y, OTIIMYHOM OT HYJISL, MTOJOKUTEIbHA; TO
ectb @(y) >0 mpu y # 0 u ecin, kpome storo ¢U)(0) = 0 mist Mm0GOro HEOTPUIATEIBHOTO IEIIOT0
YKCIIO j, TO ISl TOTO YTOObI MaKCMMAJIbHBIN onepaTop M ObLT orpaHHyYeHHBIM B TpocTpancTse L2 (R3)
HEOOXOIUMO M JOCTATOYHO BBIIOJIHEHUE YCIOBHSL:

- € LX(SNU).
(d(Y,H))2
JUTEPATYPBI
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P.119--187.
2. lkromov I. A., Kempe M., M\"{u}ller D. Estimates for maximal functions assosiated to
hypersurfaces in R® and related problems of harmonic analysis// Acta Math.,--2010.-204.--P.151-
271
3. Bapuenko AH. MHoOrorpaHHuKH HeroToHa 5 OLICHKU OCLUUIUP YIOIIUX
uHTErpasoB.//OyHKIMOHAIBHBIN aHaNu3 U ero npui.,--1976.10, No3.--Ctp.13--38.
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Ob OHEHKAX TPEOBPA30OBAHUSA ®YPBE MEP, COCPEAJOTOYEHHBIX HA
HOBEPXHOCTAX, UMEIOIINX OCOBEHHOCTD THUIIA Eg.
Hxpomosa /1. U.
Camapranockuii eocyoapcmeennvli yrusepcumem, Camaprarno, Yzbexucman

Iycts S € R®  rnankas runeprnoBepXHOCTh U @ € C3°(S) rnamkas GyHKIUS ¢ KOMIAKTHBIM
HocuteneMm. Paccmorpum 3apsn  du(X):= @(X)dS, thoe -uHAynupoBaHHas JeberoBa Mepa Ha
runeproBepxHocTd S. B wacTHOCTH, eci ¢ HeoTpUIaTenbHAs (QYHKIUS, TO MBI MMEEM JeJ0 C
6openesckoit mepoii. [IpeoOpazoBanue Oypbe 3apsaa dy onpenenseTcs CICAYIONMM HHTEIPAIOM:

qu(©: = [ entaucn
s

UYrto cooTBETCTBYET IIpeodpazoBanmio Oypbe 0000IIeHHOM () YHKIIMH, 3aIaHHOM 3apsiaoM di, Tae x *
& — ckajspHOE Tpou3BeIACHHE BEKTOPOB y u &. B Hacrosmiel pabore paccMoTpuM 3amauy: Haiimu
MOYHYIO HUICHIOI 2PAHD Ps CLE0YIOue20 MHONCeCEd

{pe[1, 0): ons 06020 PeC (S) umeem mecmo sxmovenue: dueLP (R™1)},

20e LP (R™Y)-npocmpancmeo unmezpupyemvix ¢pyuxyuii co cmenenvio p(1 < p < o).

Yucno ps Ha3bIBaeTCsS TOYHBIM TOKa3aTelieM CYMMHpyeMOCTH mpeobpazoBanus Dypwe 3apsia
(Mepel) dy, cocpedoTOYCHHOHW Ha TrumeproBepxHocTd S. B 310l paboTe MbI paccMOTpUM Clydait
runeproBepxHocTeit B R3, 3amannbix B Buje rpaduka Gynkuun ¢ T.e. S = {x€R>: x5 = P(xq,%2)},
KOTOpasi UMeeT 0COOEHHOCTh Tuna Eg B Hauane koopAuHAT R?, mpu 5TOM HOCHTENb (yHKIUH MIOTHOCTH
(0 HAXOJUTCA B JOCTATOYHO MAJIOW OKPECTHOCTH HyJs. OTMETHM, YTO M3BECTHBIC PABHOMEPHBIC OICHKH
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nony4yeHnHsle padore J[x.Jx. Jelicrepmarta [1] gatot ouenku ps < 3h(¢), rue h(¢) Bricota pyHKINH ¢

15
BBesicHHas A.H. Bapuenko [2]. B cnmydae ocobenHocTh THma Eg cripaBe/yIMBO paBEHCTBO: h; = 5

Otmernm, 4to olieHKa ps < 3h(¢) maneka oT TouHOW. M3 KIacCHYECKUX pe3yNbTaToOB CIEAYET, UTO
paBeHCTBO ps = 3h(¢) wumeer Mecro Torma W ToiNbko Torma korma h(¢p) =1, T.e. ¢ wumeer
HEBBIPOXKACHHYIO KPUTHUYCCKYIO TOYKY B Ha4daJIC KOOpAWHAT. HpI/I 9TOM HOCHUTECIIb (p HaAaXO0JUTCA B
JIOCTATOYHO MaJIOi OKPECTHOCTH HYJIS.

79
MBI oKkakeM, CIIpaBeNINBOCTh HEPABEHCTBA Pg < 22 B CITyHasx, Koria ¢ nmeer 0COOEHHOCTh
tuna Eg B Hauane KoopAWHAT. A Takke CylecTByeT QyHKIUs ¢ uMeromas ocooeHHocTs Tuna Eg Takas,
79
4T0 Ps = o Onnako, nMeeTcs QyHKLUS UMEIOIIas 0COOCHHOCTh THIa Eg Takas, 4to pg = 3.

B 3101 paboTe MBI NPEION0KUM, YTO HOCUTEIh MJIOTHOCTH ¢ HAXOAWTCS B AOCTATOYHO MAJION
OKPECTHOCTH Hayalo koopauHaT R3 a Takxke, IIpeNonoraeTcs, 4To MOBEPXHOCTh S, B 10CTATOYHO MajIoi
OKPECTHOCTH  HayajJo KOOpIWHAT, 3ajJaHa B BHUAE TIpaduka Tiaakod GyHKIMHA: X3 = P(xq,x5),
ynosnerBopsitoreir yenousim: ¢p(0) =0 u Vgp(0) = 0. B manHO# cTaThe paccMaTpHBaeTCsl CIydaid
h(¢) < 2. B stom cimyuae 3ta ¢yHKums muddeomMopdHa SKBHUBaJCHTHA K (YHKIHSIM, HUMEIOIINM
0Cc0O6EeHHOCTH MpocToro tuna ApHonpaa [3]. OueBUIHO, YTO MOKA3aTeNb CYMMHPYEMOCTH HE 3aBUCHUT OT
JIMHEHHOTO Mpeobpa3oBaHus IMpocTpancTsa R2. [T03ToMy cHayasa NpUBEIEM YIOOHBIHA BUJI 9THX (yHKIIHIA
OTHOCUTEIBHO JTUHEHHOU 3aMEHON MEePEMEHHBIX.

Ipeonooicenue. Ilycmo ¢ enadxas hynxyus, y0oeiemeopsaowas YCio8usim:

2
$(0,0) = 0,7¢(0,0) = 0,220 — 0, npu (ay, az)eZf cay + ay = 2, a maxoce h(p) < 2.

a a
O0x " 0x,
Toz0a cywecmayem nunelinas cucmema koopounam R? maxas, umo sma pynxyus ¢ 3anucviéaemcs 6
suoe:

3
P (xy,x) = b(xpxz)(xz - ¢(x1)) + x2b1(x1) + bo(x1),
20e b, by, Y enaokue gynxyuu, npuuem P(0) =P’ (0) = 0, a makace b(0,0) # 0, u b;(x1) =
xf 1B1(x1), bo(x1) = xf °Bo(x1). 30ecy By, By 2naokue ¢ynxyuu, yoosremsopsrowue 00HOMY U3
B3AUMOUCKIIOUAIOWUE YCILOBUSM.

(i) ko =4, ky = 4, a maxoce By(0) # 0 (ocobennocms muna Eg);
(i) ko > 5,k = 3 a maxoce B1(0) # 0 (ocobennocms muna E;);
(iii) ko = 5,k; =5, a maxoce $,(0) # 0 (ocobennocms muna Eg).

OCHOBHBIE pe3yIbTaThl PAO0OTHI COAEPKATCS B CICTYIOIICH TeOpeMe.

Teopema. ITycmv S © R3 2nadkas zunepnosepxnocmo, 3a0annas 6 éuoe 2paguxa GyHKyuu Xz =
P (xq,x3), 20e P enaoxkas Gpynxyus yoosremesopsuowas ycnosusm: (1)¢(0,0) = 0, V¢p(0,0) = 0; (i)
¢ umeem ocobennocmo muna Eg; Toeoa cywecmeyem okpecmnocmo U Hauano koopounam maxas,

79
umo npu ecex PeCy° (U) cnpasedruso exuouenue: dueLz(R3).
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MagJionoB M., 2XacaHoB A.
YTepmesckuii F'ocyoapcmeennviii Ynusepcumem, Tepmes, Y3bexucman
mansurmavlonov2709@gmail.com
2Hhtcmumym mamemamuru, Tawkenm, Tawxenm, Y36exucman
anvarhasanov@yahoo.com
l'unepreomerpudyeckne (QYHKIIUH 3aHUMAIOT BAXHOE MECTO B PANY CHCHHANBHBIX (YHKIIAN
MaTeMaTHdecKol (M3WKW. B HACTOSIIMI MOMEHT CYIIECTBYET, IO KpaifHell mepe, 4eThIpe Moaxona K
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H3YYCHHIO CBOICTB THIIEPreOMETPUYECKOW (DYHKIMHM MHOTMX NEpEeMEHHBIX. Takue (YHKIHUH MOTYT
ONpeiensaThCsl KaK CyMMBI CTEHNEHHBIX pSAJOB  OMNpENENeHHOro BUAa (TaK  HAa3bIBAEMBIX
THIIEpreoMeTpUYeckre psabl), Kak uHTerpan Tumna MemnHa-bapca, Kak pemeHuss cucrteM
G hepeHITHaTbHBIX YPaBHEHHN.

PaccMOTpUM ClieTyroITyto THIIepreoMeTpuieckyro gpyukmuto [1-4]:

FZ(O4) (avaz’bl'bz.' bs; X, Y, Z’tj
€1, Gy, Cy5

5 (@ (@), ), (), () y o
_m'”%=° CYRRCINCIA min! plg! @

ﬂ+ ﬂ<1, 7] <1, |t|<1,¢,
1-|z] \1-|]

rae (a)m =0 (a+ m)/ F(a) cumBon Iloxrammepa [5], F(a) raMMa-QyHKIua Oinepa

a,,4d,, bu b21 b3, C;,Cy,C3 TIOCTOSIHHBIE [TAPAMETPBHI.

Teopema. Eciu a,a,,b,b,b,c,c,,ceC,
€, ¢y, 6 € C\Z, (ZB =70 {O} = {O, -1,-2, }) To  runepreomerpuueckas  pynkuus (1)
YJIOBJIETBOPSIET CIIEAYIONIYIO CHCTEMY AU(D(PEPEHINANBHBIX yPABHEHUH B YACTHBIX TPOM3BOIHBIX
X(1=X) U, — 2Xyu,, —XzU,, +tu, — y*u,, —yzu,

+[c,—(a,+b +1)x]u, —(a +b +1)yu, —~bzu, —abu =0
y(1-y)u,, —x%u, —2xyu,, —xzu,, —yzu,

—(a,+b, +1)xu, +[ ¢, —(a,+b +1) y Ju, —bzu, —abu =0 )
z(1-2)u,, —xzu,, — yzu,,

—b,xu, —b,yu, +[ ¢, —(a, +b, +1)z Ju, —abu =0

t(1-t)u, +xu, +[ ¢, —(a, +by +1)t |u, —abu =0,

1 b ’b ) ;
e u:Fz(O“)(a1 a0 2_b3 X Y,2,t|.
G, Gy Gy
Jlns mokazaTenbCcTBa TeOpeMBbl HCTONb3yeTcst hopmyna nuddepeHnupoBaHus

o' E (ai’az’bl’b”t%; X, Y,Z t} = (ai)i+j+k (a2)| (bl)i+j (b2 )k (b3)'
oyt P e V)T (a)a(@) (@),

><|:2((;‘)[a1+|+J+k,z_32+l,lol+|.+ J,b2+k,b3+I,X1 ,z,t).

c,+i+k,C,+j,c,+k;
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Vol. I, McGraw-Hill Book Company, New York, Toronto and London, 1953.

®3)

65



O HAWJIYYIIIEM NPUBJNKEHUU ®YHKIIUHN B CPEJTHEM HA BCEH OCH
AJTEBPAMYECKHMM IOJJUHOMAMM C BECOM YEBBIIIIEBA-OPMHUTA
MaJsukos A.M.

Xyoorcanockuii cocydapcmeentulii ynugepcumem um. b.Iapyposa

B aT01i pabote ncronb3yemM 0603Ha4eHUS, TTIPUCYIHE B padoTe [ 1] 1 BRIYHCINM TOYHBIE 3HAUCHHE
pasiIMYHBIX TIOmepedHuKoB. Bemwuunsl b, (M, Ly ,), d" (M, Ly ), dn(M, Ly ), 6, (I, Ly ), TI(N, Ly )
Ha3bIBAIOT COOTBETCTBCHHO OCPHIITEHHOBCKHM, Telb()aHJOBCKHM, KOJIMOTOPOBCKUM, JIMHEHHBIM,
MPOEKIMOHHBIM T-TIONIEPEYHUKAMH TIOIMHOKECTBA I B MPOCTpaHCTBE Ly ).

IMycte h€(0,1), 0<p <2 mneN,r €Z,. O603HaunM dYepe3 W{f(@m, h) — xiacc

Q)

¢byHakumi f € L2' p» Y KOTOPBIX NPOM3BOJIHBIC 7"-TO MOPAIKA f ™) IpU N > 1, YAOBIETBOPAIOT YCIOBHIO
h n-r p
~ —1
((n —r)f Do (fT, )2 pt (1 — t2)72 dt) <1
0

CrpaBeuinBa ClieIyroras
Teopema 1. Ilyeme m,n €N, r €Z,,0<p < 2,0< h < 1. Tozoa

In(WS 2 @y )i L) = Enca (WS @y )i L), =

1 mp +1 1/p )

- 1/2ran;{[1 —(1- hZ)(n—ﬂ/Z]mPH} ’ M
20e En_1 (M) = sup{En_l(f)z,p: fe ‘R}, a 1, (+) — w060l ux svluenepeuUcieHHbIX N-NONEPeUHUKOS.
B uacmnocmu, uz (1) npup = %, meN, h=,/2/(n—r),n>r,r € Z,, nonyyaem

ri/m | ~ 2\, _ ri/m | ~ 2 _
An <Wz.p (wm' E) ; Lz,p> =En (Wz,p (“’m' r)) =
2,p
om=r/2 o \=1)/217FM omery2
- la 1_<1_n—r> ] - (1_6_1)_2m.
n,r

Teopema 2. Ilyems mneN,r€zZ,,0<p<20<h<1 u nz=r. Tozda cnpasediuo
Pasencmeo

Unr

. s m) = 1 mp + 1 p
Sup{lcn(f)l-f € VVz,p (@Om, )} = m{[l —(1- hZ)(n—r)/z]mp+1}

JUTEPATYPA
1. Tyxmues K., ManukoB A.M. O npubnmxenny GyHKIUNA B CpeTHEM Ha BCeil OCH

anreOpandecKuMU oJTuHOMaMu ¢ BecoM Uebrmména-Opmuta. — JJAH PT. 2015, 1.59, 7-8, c. 284-
291.

COBCTBEHHBIE 3HAYEHUA IBYXYACTUYHOI'O OIIEPATOPA HIPEJIUHI'EPA
HA PEHIETKE
MamupoB b, AoauBoxuaos A., berumkyJsos /1.
Camapranockuii cocyoapcmeennvii ynugepcumem, Camapxano, Y3oexucman

JIByx ()epMHOHOB Ha IBYMEPHOH pemieTke Z° OMHCHIBACTCS TraMuIbToHMaHOM H  KOTOpBIil
neiictByer B runs6eprosom npoctpanctse (3 (72 x 7)) ={f e 0,(Z* x7?) : T (x,y) = —f (y,X)} no
thopmyre

. 1 1 .
H=-— A®I——— 1 ®A-V,.
2m 2m

B3aumozeiicTBIe ABYX YaCTHI] ONKCHIBAETCS orepaTopom V, :

(Va)Y) = VXYW XY), p e 15(Z8 xZ2)

BC}OL[y B ,I[aJ'ILHCfIIHeM OTHOCHUTCIIBHO (byHKL[I/II/I \Y npeamnojaracTcsd, 4ro

66



v,, eciu X=0
(3 = V,, ecmu |X|=1 (1)
V;, ecau |X|=2
0, ecwm |x|=3.
3nech V, >V, >V, >0 u XeZ2, | X|=] X, | +] X, |.

HccnenoBanue CBA3aHHBIX COCTOSHUM TaMUJIbTOHHAHA H CBOOUTCA K M3YYCHUIO COOCTBEHHBIX

snauennii cemeiicra oneparopos H(K) K eT?, (~7, 7]° neiictBytomux B runs6eproBom
npocrpancrse LY (T?) = {f e L,(T?): f(~q) = —f ()} no popmyxne (cm.[1-2])
(Hk) 1)@= &) f (@) 21 [V@-9)f@)ds.  3amaram, uro L3(T?) = ;" (T) ®L; (T°), rae

T 72
L, (T%) = L(T*) ® L(T*) ={f e L(T*): = (p,, p,) = f (=pu, P,) = T (=Pr.—P,)}:
Ly (T%) = L(T) ® L(T°) ={f e L,(T*):~f(p, P,) = F(p.—p2) = f (-p.—P.)}-
Jdemma 1. Ioonpocmpancmea L, (T?) u Ly (T?) sseasiomes uneapuanmmusiymu omnocumensno
onepamopa H (K).
O6o3uaunm uepes H ™ (K, k,) u H™ (K, K,) cyxenue oneparopa H (K, k,)
COOTBETCTBEHHO B MHBAPHAHTHBIX MOATpOCTpancTBax L, (T?) u L (T?). JeiictBre oneparopa
H™(k,,K,) naonement f €L’ (T?) umeer sux:
H™ (k) f(p) = &) f (P) - (V7)(P).

VvV f)p) = 2—71[2T[ [v,sin p,sing, +Vv,sin2p,2sin g, +2v, cos p, cosg, sin p;sing,] f (g)da.
st kaxaoro N €N o6o3Haunum yepes
H, Gk, 7)=[21 + Ho(k) -V, 3 1®1%,  H; (k,7)=[21 +H,(k) -V, I®I1"
cyxenue oneparopa H ™ (k;,7) u H" (K, 7) coorsercrpenno B unpapuantHbix
noxmpoctparcteax R, = L(T?)@Ly(n—1) u R =L(T*)®L,(n—1). 3mecs |7(17)-
emuamanbii onepatop 8 L'(N—1)(L"(n)). H. (k) =21+H,(k)-V., ects omomepnsiit

nByxuacthunblil oneparop, aeiicryrommii B L, (T) 1o dopmyne

(Hiu(k) F)(p)=(4-2cos p) F(p)-(V, . F)(p), T ely(T).

3aMeTuM, 4To Vn:1 :Vn+ =0, ectm N>3. IMosToMy MBI OyMM JaBaTh AEHCTBHS OIIEPATOPA
V, f)(p) = l.[[v2 sin psinq+v,sin2psin 29] f (q)da.
T T

Oneparop H, (k) =21 + H, (k) -V, umeer nBe HEBBIPOKACHHBIX COOCTBEHHbIC 3HAUCHHIT

7z, =2—-fBu z,=2—y. Scuo,uro H_ (k) =H_ ,(k,), nosromy moxmno, cuurars K, €[0, 7].
OG6o3HaYMM Yepes3 k1 € T —2&, Torna u3 ycioBus k1 €[0, 7], Brrtexaer uro ¢ €[0, %]

Teopema 1. Cywecmsyem & >0 makoe umo, npu ecex & € (0,0) onepamop Hy (7 —2¢)

umeem 08a Pa3nuUdHbIX HeGblpODfC()eHHblx COOCMBEHNHBIX 3HAUCHUS:

E () =7 -

240", £50, E(6)=2-—21_240(), £—0.

2 3 3\V3 ™ 2)

JUTEPATYPA
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2. )K.U. A6oynnaes, K.JI. Kyaues, b.Y. Mamupog. BeCKOHEYHOCTh YHCIIa CBS3aHHBIX COCTOSTHHUN
cucTeMbl NIByX (pepMHOHOB Ha IByMEpHOW pemieTke. Y30ekckuii Matematnueckuii JKypHai,
4(2016), 3-15.

IroJOMOP®HBIE ABTOMOP®U3MbI OI[HOI?I MATPHUYHOM OBJIACTH B C™™
'Hapekees B.M., Mpip3anosa /I.E., ’ZHapekeesa A.b.
YHykycckuii 2ocyoapcmeennviii nedazouyeckuti uncmumym umenu Axcunussa,
2Hayuonanvnwiii Yuusepcumem Y3zbexucmana umenu Mupzo Ynyebexa

Iycte  p>(Qq>0 - nemvle uncna. Bynem paccmarpuBate Z Z(Zl,ZZ,---,Zn) KaK BEKTOp,
COCTABJICHHBIA W3 MPSAMOYTOJBHBIX MAaTPHUIL Zk nopsiaka PX(Q Hax nojgeM KomriekcHbix uucen C.

MoxHo CUuTaTh, 4YTO Z - QJICMCHT IPOCTPAHCTBA C pan . BBegem B 3TOM MHOKECTBE BCKTOPOB MATPUIHOC

«ckansproe» npomssegenne: <Z,W >=ZW" +Z W, +,---,+Z W,", rne Wj* €CTh MaTpuIla

COTPS)KEHHAs U TPAHCIIOHUPOBAHHASL U1l MaTPULIbL Wj .

Paccmotpum B ipoctpanctee CP" o6macts D
D={Z:E®P-<Z,Z>>0}.
OcCTOBOM 3TO¥ 00J1aCTH HA30BEM MHOTO00pa3Ke BU/IA:
Ap={2:<Z,2>=EP}.

O6nacte D o6mnamaer creayromumMu CBOMCTBAMI: OTPaHUYCHA, MOJHAS KPYroBasi, HHBAPHAHTHBI
OTHOCHTEJIHFHO YHUTAPHBIX IPe0Opa3zoBaHUM.

Hac untepecyer aBromopdusmel obiacti D, mepeBomsiiue npoussonbayto Touky B e D B
HayaJI0 KOOPJAUHAT.

Hycts Ay =A . Ax=An. Ajo =A?g, AJ-k = A?f, j,k=12,...,n . Bamucs A=AM
o3Hadaet, yTo MaTpua A cocTouT u3 P - CTpoK U ( - CTONOIIOB.
Teopema. OtobOpaxenne

Z, > W, =a)gla)k = (Ay +ZZjAjO)_l(A)k +zZiAik)
j=1 j=1

siBasieTes aBromopdusmom obmactn D, e koodppuumentsr Ay, I, j=0,1,...,n ynosnersopser

YCIIOBHIO
Ao _ZA)SA{;S =E", AjoAjo :ZAjsAjs Cj=k, jk=0,n
s=1 s=1

n
AgAo— D AA =—E@, j=1.
s=1
Teopema . ITycte B € D . Otobpaxkenue

w, =RY(EP-<z,B>)"> (z,-B)Qy.k=12,...,n

s=1
sBasiercst aBTomopdusmoM obnmactu D, nmepesomsmme B B myms. 3necs R,Q,,sk=12,...,n,
HEKOTOPbIE HEBBIPOKIEHHBIE KBAIPATHBIE MATPULIBI TIOPsiIKA P W ( COOTBETCTBEHHO.

JUTEPATYPA
1. Xya Jio-Ken. I'apMoHuueckuii aHanmn3 QyHKIMHA MHOTMX KOMIUIEKCHBIX MEpeMEeHHBIX. M. Mup,
1959r. 163c.
2. Kocoepeenos C. T'onomopdubie aBTOMOpGU3MBI M HHTErpai beprmana Uit MaTpUYHOIO Imapa.
Hoxin. AH. PVY3. 1998. Nel. C.7.
3. Kocbepeenos C., HapekeeB b. O HexkoToprix cBoicTBax mHTerpana [lyaccoHa ans MaTpuyHOTO
mapa. Y30ekckuil MaTeMaTndeckui xxypHai. 1999. Nel
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TEOPEMA MUTTAT - JIE®®JIEPA J1JIsA A(Z) - AHAJIMTHYECKHUX @ YHKIIUU

Hebmatninaesa M./
Hayuonanvuwiti ynusepcumem Yzoexucmana, Tawkenm, Y30exucman
muhayyo.rn@gmail.com
Hacrosmas padoTa mocssieHa aHATUTHYECKON TEOPUH pellieHus1 ypaBHeHHs benbrpamu

f,(z)=A(2)f,(z2), (1)
MMEIOIIETO HEMOCPEJICTBEHHOE OTHOIIEHUE K KBa3MKOH(OPMHBIM OTOOpaxkeHHAM. OTHOCHUTENHHO

¢$byHKINN A(Z), B 00I1IEeM clly4yae MpearonaraeTcsi, YTo OHa U3MEepUMa 1 ‘A(Z)‘ < C <1 mouru Bcroay B

paccmarpuBaemoii oonactu D < C. B nureparype pemenuns ypasuenus (1) mpunsro rosoputs A-—
ananumuyeckumu ynkyusmu. B HacTosmel paboTe npeanonaraeTcs, 4ro A(Z)— aHTMAHAIUTHYECKAs,
0A=0 B oonacru D c C,

Teopema 1 (cMm. [3]) (Ananoe meopemvr Koww). Ecnu f €0, ( D) ﬂC([_)), 20eDcC—

obracmoe co cnpsamasiemou epanuyett. 0D, mo
j f(z)(dz+A(z)dZ)=
a
Teopema 2 (cm. [4]) (@opmyna Koww). Iycms D < C—ewinyknas  obnacmv u G D—
npouseonbnas nodobnacms ¢ Kycouno anaokoti epamuyeii 0G. Toz0a  Ona noboii  pynKyuu

f (Z) €O, (G) NC (G) umeem mecmo popmyna

1 f (&) _
f(z)=—— dé+A(E)dE), zeG. 2
) 27“5£2—§+ | A(T)df( SHAE)dE). 7 @
7(£.2)

Onpenenenne 1. Touxa Z=a Hasvieaemcs Hyniem A(Z) - aHanumuyeckoll QyHKyuu f(Z)

nopsoka N, eciu 8 HeKOMOPOU OKPeCmHOCHU L(a, I‘) 2mMotl MouKU
f(2)=p"(2:2) () @
20e g(z)€0,(L(ar)) « g(a)=0.
Yepes @, (N=12,...) mbI Gynem 0603Ha9aTh momrocsl MepoMopduoii ¢pyrxiun f , a yepes
n (ﬂ)

9,(2) = ;W o) (A4)

I'aBHy0 4acThb €€ JJOPaHOBCKOTO Pa3lioKeHHUs B IoJoce a, .

Teopema (anaroz meopema Mummae-Jlepgprepa). KakoBbl ObI HM OBUTH TOCIIETOBATEIBHOCTE
touek @, € C, lima, =c0 u nocnegosarensrocts Gynkumii g, Buxa (A), cymecTByer MepoMopdHas
n—oo

q)YHKHI/Iﬂ f , KOTOpass UMECT IMOJIOCHI BO BCEX TOUYKAX all U TOJIBKO 3THUX TOYKaXx, IIPHUYCM IJIaBHasd 4aCTb

f B xaxmom momtoce &, cosmagaer ¢ g, .

JUTEPATYPA
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2. Bexya U .H. O60061ieHHble aHanutuaeckue pyukuuu, M., «Hayka», 1988, 512 c.

3. XKabbopoe H.M., Omaboes T.Y. Teopema Komm s A(Z)-aHaﬂnTquCKHx ¢byHKUMi,

Y30ekckuil MaTemaTndeckuii xyprai, 2014, Nel, ctp. 15-18.
4. JKabbopos H.M. Omaboes T.Y. Amnanor wunterpanbHor ¢Gopmynasl Kommum mms A-
aHAINTUYECKUX PYHKINH, Y30eKCKuii MaTeMarnueckuil sxypHai, 2016, Ned, ctp. 50-59.
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HNHTEI'PAJIBHBIE HPEI[CTABJIEHI/IH THUIIA DIJIEPA
THIIEPTEOMETPUYECKOMN ® YHKIIUH F20 (X Y, Z t) OT YETBIPEX

HEPEMEHHBIX BTOPOT'O NIOPAAKA
Hoproxuena H.
Tepmescxuii 2ocyoapcmeaennuiii ynusepcumem, Tepmes, ¥Y3oexucman
nortojiyevanilufar96@gmail.com

Kak n3BecTHO, MHOTHE 33J]aull COBPEMEHHOW MaTEMAaTHKH W TEOPETHYECKOH (H3MKH MPUBOIAT K
UCCIIEIOBAHUIO TUIIEPreOMETPUIECKUX (PYHKIMHA MHOTHX KOMIUIEKCHBIX MepeMeHHbIX. K HUM oTHOCATCS,
HanpuMep, 3a/1a4u TEOpUH Cymnep CTpyH [1], aHanmuTHYecKoro NpoJoKEHHUS HHTETPAIoOB THIIA MeJunHa-
Bepuca [2] wu anreOpamueckoit reomerpuu [3]. Cucremsl auddepeHIMATBHBIX  YpaBHEHUH
THUIEPreoMETPUUYECKOT0 TUIA IIHUPOKO HCIIOJIB3YIOTCS B KaUECTBE HETPUBHAIBHBIX MOAEIBHBIX IPUMEPOB
IIPY peau3alyy U OTIAJKe aJrOPUTMOB JJISi CHMBOJIBHBIX BBIYMCIIEHHUM, HCIIONb3YEMbIX B COBPEMEHHBIX
CHUCTEMaX KOMIIBIOTEPHON anreOpsl [4].

'unepreomerpudeckrne QyHKINKM MHOTHX TIEPEMEHHBIX BOSHUKAIOT B KBAHTOBOM TEOPHUH IOJISI KaKk
pemieHus ypaBHeHuM KHmxHHMKa-3amonmomuukoBa [5]. OTH ypaBHEHHMsS MOTYT paccMaTpUBaThCs Kak
0000IIIEHHbIE YPAaBHEHMS T'MIIEPreOMETPHUYECKOrO THIIA, 4 MX PEIICHHA [OIYCKAIOT HHTEIrpajbHbIE
npezcTaBiIeHus], 0000IaloNe KIaCCHUECKHe WHTETpalbl Diiepa JUisk THIIEPreOMETPHYUECKIX (HYHKITHHA
oIHOHM mepeMeHHOH. Takoil moaxox Mo3BOJSET CBA3aTh CHeUUAIbHBIE PYHKIMH THIIEPreOMETPUIECKOTO
THIA U aKTyaJlbHbIC 3a/Ia4d TEOPHHU MpeacTaBieHuii anreop JIu u kBaHTOBBIX rpymi. B paborax [6] — [7]
U3y4YeHbl CBOMCTBAa THIIEPreOMETPUYECKMX (PYHKIHMH W STH CBOMCTBA HCIIOJNB30BaHbI TPU PEHICHUH
KpaeBbIX 3a/1a4 ISl BBIPOXKIAFOIINXCS TP PepeHINANBHBIX YPAaBHEHUH.

B »TOM [noknaze ompemereHbl HEKOTOpBIE HMHTETpajbHbIC MPEACTaBICHUS TUMa Oinepa ams

THUIEPreOMETPUIECKON (YHKIINN Fz(; ) (X, v, Z, t)

(AN ) S (el O BL0Lr

G, C;, G5 m,n, p.g=0 (Cl)mq (Cz)n(cg)p m' n! p! Q' 0
1
\/ X \/ 4 <1 |7|<q |t| <1,
—lz] \1-
e (a), = [(a+k) =a(a+l)(a+2)..(a+k-1), aeC, keN,={0,1,..} - o6o3nauenue

r'(a)

IToxrammepa [8]. IMeeT MecTO HECKOJIBKO HHTETPANIbHEIE TIPEICTaBICHUS THITa Jitepa. Hampumep:

P’ (31:2,0,0,,8:10,,€,, G0 Y, 2 1) = r(b ;F(Ez)‘b )

i b, -1 C3—b,-1 al X y
!é‘ (1= (1-z8) ga[aiblazbg,cl, S eyt jdg ©

Rec, > Reb, >0,

R (88,00, 058, +6,,€,,C5: %, ¥, 2,t)

- r(bz)igzz)_rb(j&gf))r( 52)£ ! £ (18" (L) (L 26) ™

®3)

y y CS (1
F. (ai b; 51’C2’1 28" 1- ij (azlbs'é‘z’t(l ﬂ))dﬁdﬂ,

Rec, >Reb, >0, Re 6, >0, Red, >0,

rae
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Fga(ai,az,ag,a;Q,CZ;X’y’Z)z i (ai)m+n(a2)m+n(a3)p(a4)p Ly p’

mieo (G)y(C),,, mintp! ’e (@)
{\/M+\/M<1,|z|<l},
F4(a,b;c1,cz:x,y>=i (ij)m(gf)br;:”n. SR VEENTR

m,n=0

F(a,b;c;x) Z X", {|x <1}. (6)
m=0
HOJ’Iy‘IeHHLIe HWHTCTPAJIbHBIC TPEACTABJICHUA JOKA3bIBAIOTCA Pa3JIOKCHUCM IOABIHTCTPAJIbHBIX
THUIEPreOMETPUIECKIX (PYHKIIHU.
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YCKOPEHHUE CXOANMOCTU UHTEPBAJIBHOT'O UTEPAIIMOHHOI'O METOJJA
THUIIA PYHT'E
IIynarosa M.HU., Xampaesa 3.
byxapcruil unoceneprno-mexnonoeuweckuti uncmumym, byxapa, Yz6exucman.
pulatovamanzural954@gmail.com

[[lupokoe NpUMEHEHHEe KOMITBIOTEPHBIX TEXHOJOTHH B PA3IHYHBIX 00JACTAX HAYKH U TEXHUKH
3HAYUTEIFHO U3MEHWIIO BOIIPOC O TOYHOCTH pacyera.

MpbI BBIHYKIEHBI CUMTATHCS C ONPEICICHHON JUIMHOM CJIOBA, HEM3MEHHBIM KOJIMYECTBOM HU(DP B
HaIINX pe3yabTaTaxX | HE MOXKEM BO BPEMS CUETAa TIOJITOHATH KOHYCHBIC IECATUIHBIC 3HAUCHIS K YCIOBUSIM
Ha TpaKTHKe.

[IpoOyroT mpeo1oeTh 3Ty TPYAHOCTD MYTEM BBOJA JIOCTATOYHO OOJBIIONO KOJIMYECTBA 3allaCHBIX
1u¢p, HO U 3TO HE BCEra MPUBOIUT K JKEIaeMbIM pe3yiibTaTaM. Vcronb30BaHne HHTEPBAILHOTO aHAIM3a
IIOMOTAaeT HaM B PEIICHUU dTOU TPYJHOCTHU.

CrnemyeT MOCTPOHUTH WHTEPBAJIbHBIN aHAIOT UTEPAIIOHHOTO MeToja THuia PyHre, aBTOMaTHYECKH
YYUTBHIBAIOIINI 1 OIICHUBAOIINI BCE IMOTPEITHOCTH TPU Pearn3alid METO1a Ha KOMIIbIOTepe.

. 1
JanbHeliniee ynydieHue METoAa, COCTOMT B clenyroneM. Bmecto naTepBanoB by = [—1,51 by =

MO>KHO B3SITh YHCIIa by b2 = Z

o 1., 3 _ _
Jj(xx) = ZF,(xk) + ZF (X — §(K1(xk: b) N xj — X))
Kopobxky k; (x, b) BeIMHCISIEM TaK:
K (%, b) = xi = BycF (i) + (E — BF' (i) ) (e — %)
Jlnst orpaHUYeHusI OMIMOOK BCE BBIYMCICHUS NMPOBOAMM B HHTEpBalbHOM apudmetuke. [Ipu stom
CKOPOCTh CXOJIMMOCTH METO/Ia BO3pAcTacT He MEHEe, YeM Ha JIBa MOPSIIKA.
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Jnd HaxoXOeHWsI BCeX MACHCTBUTENBHBIX PEIIEHHH CHCTEMBl HEIMHEWHBIX YPaBHEHHU IIpU
HEYObIBAHWM IIMPUHBI HMHTEpBaja XOTA OBl 1O OJHOW KOOpAWHATE TMPOU3BOJIUM JICJICHUE
COOTBETCTBYIOIIMX MPOMEXYTOUYHBIX HWHTEPBAJIOB C TOCIEAYIOIIMM aHAJU30M KaXIOro TaKoro
MIOINHTEPBAJa.

D¢ dexTuBHOCTH METOAA e1ie 0oJiee BO3PACTAET, €CIIU BEIUUCIEHHE [ (X)) TPOBOAUTH TaK:

1 3 2
jGa) = ZF,(xk) + ZF, <>_<k + 3 Xk — ik))-

COOTBGTCTBGHHO MCHJICTCA U HpO]_[eI[ypa BBIYUCJICHUS ManI/H_IBI Ck'

3HaquHe 06paTHLIX ManI/H_I Bk' Ck MOXXHO y,I[ep)KI/IBaTB IIOCTOAHHBIM Ha l'IpOT}DKeHI/II/I pﬂ,[[a
UTEpalrii ¥ 1a’ke Ha NPOTSHKEHUH BCeX BhuMcaeHnil. OHAKO, 5TO YMEHBIIAET CKOPOCTh CXOAUMOCTH.

I[H;I OHpeﬂeHeHI/IH KOMIIJICKCHBIX peHleHI/Iﬁ paCCManI/IBaeM Hpe,uCTaBJIeHI/Ie 3TOro MertoJga B
KOMIUIEKCHOM MHTEPBAILHON apu(MeETHKE.
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TEOMETPHUYECKHUE CBOMCTBA R-AHAJIMTUYECKUX ®YHKIIWMH.
Canyaiaes A.

Hayuonanouwsiii ynusepcumem Y3bexucmana
(Onybnukosana B Ann.Pol.Math, V. 128:1 (2022), pp. 87-97)

Jloknax Tocamaercs R —amanuTHuecknM (BEIIECTBEHHO- AHANMTHUECKHAM) (YHKIHAM B
n n
HPOCTPAHCTBE R". Hanomuum, uto ¢pynkmus f (X), orpenesieHHas: B 00J1acTh D cR" nassisaercs
R ; ; ; "eD f
— aHAIMTUYECKOH, €ClM B HEKOTOPOH OKpecTHOcTH Kaxiaoi Touku X € U pynxius

HPEJICTABISIETCS KaK CyMMa CXOJISIIErocs CTENEeHHOro psiaa. OTCioa ClIeayer, 4To eciu RT( BIIOYKCHO B
KOMIUIEKCHOE TIPOCTPAHCTBO Cg, Z=X+ Iy, o f (X) rOJIOMOP(HO MPOIOIKAETCS B HEKOTOPYIO
okpectrocts D C Cg, DoD, re 3 f (Z) € O(D) : f (X) =f (X) VX e D.

Takum obpazom R —amanuTiueckue (yHKIMH TECHO CBSA3aHBI C TOTOMOP(HBIME (YHKIHUAMH B

n
npoctpanctee C .
OpHako, BO MHOTHX BOIIPOCaxX CHIBHO oTiudatorca. K mpumepy, ans ronoMopdHBIX (yHKIHNA

umeercs Teopema @opemnu [1], uto ecnu f (Z) — GeckoHeuHo riankas Gyskums B touke 0 € C", re.

IUISL Hee ecTh (DOPMaTBHBIN OTHOPOIHBIA CTEIIEHHOM Psif

f =2 oCn(2), M

me  C,(2)= Z‘k‘:mckz", K| = (ki Kyyen Ky ), [K| =Ky + K, +o 4 K, 25 = 202220 —
OAHOPOAHBIC TOJIMHOMBI, U CYKCHUSA f || - FOHOMOp(l)HBI B Kpyre U (0,1) = I n B(O,l) JJIA BCEX

KOMIUIEKCHBIX IPSIMBIX = 0, TO f roJ0MOP(HO MPOJIOHKASTCS B LIAp B(O,l) C Cn.
k+1

X
X + (X, —1)2

0eR? f
aHaJUTHYeCKass B OKPECTHOCTH € R, CY)XKEHHUE | Ha JOOyI0  TIPAMYIO

[lpumep  dyHKIMM f (Xl’ XZ) =

IIOKa3bIBa€T, YTO OHa BCIICCTBCHHO-

| X1 = ﬂ.lt, X2 = ﬂzt, te R, BEIIIECTBEHHO aHAJIMTHUECKasl Ha BCEH MPsIMOI R. Onnako f ue

SIBIISICTCS BEILIECTBECHHO-aHAIMTUYSCKON B TOUKE (0, 1) .

TeM He MeHE UMeET MECTO CIICAYIOIINI OCHOBHOH pe3ynbTaT paOoTHL.
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Teopema A. [lycmv pynxyus f (X), X= (Xl’ Xoyey X, ), OecKoHeuHo 2nadkas 6 mouke
OeR", f (X) eC” {O} u nycmo ons n0bot 8eUjeCmBenHOl npamou
l:x= ﬂt, A Z(ﬂi,ﬂQ,...,ﬂh) € S(O,l) C Rn, t € R —napamemp, cyoicernue f ||= f (/lt)
aesiemes eewecmeenno-ananumuyecxoi (R -ananumuuecxoii) ¢ unmepsane 1€ (—l, 1) Tozoa

cywecmeyem 3aMKHYmoe NiopPUnOJIAPHOE MHONCECTBO Pc B(O,l) marxoe, umo T (X) a67151emcs
R -ananumuueckoii & B(O,l)\ P, 2oe B(O,l) (- Rn —  eOuHuuHblll  wap, a
S (0,1) = 88(0,1) — edunuunas cepa.

n n :

Hwke MBI HEOJHOKPATHO HCIOJB3YEM BIIOKEHHE ]Rx C(CZ, nonaras Z=X-+1Y wu
PCR"

UCTIONBb3ysl TEPMMHOJIOTHIO, YTO MHOYXKECTBO - IRX SABJIAETCS TLTFOPHUIIOIAPHBIM, €CJIM OHO

n n
IUTIOPIIONSPHOE B C ;+ 3aMETHM, YTO €CIIU Pc Rx — IITIOPHIIONIAPHOE, TO mesP =0.

OTMeTHM, YTO I0Ka3aTeNbCTBO TeopeMbl Dopein U JanpHeimme ee 00001meHNs] OCHOBBIBAETCS
Ha CBOWCTBAX CXOAMMOCTH OJHOPOAHOro cremeHHoro psga (1) B KpyroBeix obmactsax. OmHako,
JI0Ka3aTeNbCTBO TeopeMbl A. CYIECTBEHHO OTJIMYAETCS OT JIOKA3aTeIbCTBA TOJIOMOP(HOCTH (YHKLIUH

KOMILJIEKCHOTO aprymenTta. Ecnu B ciaydae roaomoppHOCTH (yHKIIUH f (Z) KOMIUIEKCHOTO apryMeHTa
n
Z € C" MBI cMOrIH HCTIONB30BATE CXOAMMOCTBIO cyxeHus: popManbHOro crenenHoro paga (1)

F1(6)=2poCn(W)E™, Sl

B KpyTe |§ | <1, o B cnyuae R - anamurianocTy Takoe cBoiicTBa hopMatbHOTrO psiza

© n
f ~Zm=ocm(x), XxeR", 3)
HEC HMCECT MCECCTO. HOSTOMy B J0Ka3aTcJIbCTBC TeOpeMBI A I/ICHOJ'H:3yeTC$I ,Z[pyFI/IC METOABI: BJIOXHUM

MIPOCTPAHCTBO R" (X) B TIPOCTPAHCTBO Cc" (Z), mojarast Z =X+ iy; 3aTe€M HCIIOJIBb3Ysl OECKOHEUHO
TJIaKOCTh (QYHKITAN f(X) B OKPECTHOCTH 0cR" u ncnone3ys 0606menue Teopemsr Dopemm
(pabota aBTopa [2]), MBI JOKaKEeM, 4TO f (X) —T0JIOMOP(HO IPOI0IDKACTCS B HEKOTOPYIO OKPECTHOCTh
OeU CC”, 3f (Z) EO(U )Z f (Z)lk”ﬂU: f (X); nanee, u3 R - ananuiasocTy CYXEHHI f |I
B MHTEpBAJIC (—l, +1) MbI HaX0/IUM Oorathiii Habop syunmcos € i X+ jy <1 j =12,...,8 KOTOpBIS
f (Z) roJIOMOP(HO TMPOIODKAETCS; MCIOJIB3Ys OIMSATh OJHY TeopeMmy aBTopa [2] O MpomOLKEHHH

f. f
OJHOPOAHBIX PSOB, Mbl MOCTPOUM OTKPBITOE MHOKECTBO G : f(Z)EO(G ) U Takoe, 4To

G'=>B"(0,1). B T
Y y . JOKA3aTCJIILCTBC eopeMH Cy]l[eCTBeHHO HCHOJ‘IIBy}OTCH TAKXXEC MCTOAbI TeOpI/II/I

IUTIOPUIIOTEHIIMANA, HEPAaBEHCTBO bepHInTelHa-Yoima 1 CBOHCTBA HENPEPHIBHOCTH ClieBa (PYHKIINU
I'puna.

Oynkiun, R - aHanuTHaeckie Ha mydKax IpSAMBIX [OKaIyii, BIepBble u3ydeHs! M. Cuaakom. B

pabotax [5-7] (cM. Taroke [8]) mM moka3zaHa, uTO eciu BYHKITHS f (X) , OECKOHEYHO IIajKasi B 00JacTH

D CRH f ECOO D 00jamaeT TEM CBOMCTBOM, YTO JJs JrO00M BEIIECTBEHOH NPSIMOM
1 1 p
|: x= X0 + /’Lt, X0 eD, Ae Rn, A= 1LtelR, CY)KEHHUE f || —semecrsenna-
|

aHanuTHYHA 10 L B HEKOTOPOl OKPECTHOCTH HYJIS, TO f (X) aemsercs R - anamumuueckoit 8 D. B
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paborte [9] mocTpoeH HHTEPECHBIH PUMEDP HYHKIIUH f (Xl’ X2 ),Z[ByX MIEPEMEHHBIX, CYXXEHHE KOTOPOU

Ha JIFOOYI0 aHAIUTHYECKYIO KPHUBYIO SIBJISICTCS aHATUTHYCCKOW, OJIHAKO f (X) HE SBIISETCS JaXke

HETPepPBIBHOW (QYHKIIUEH B 00JIACTH.
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HAWJIYYIIUE TPUBJINKEHUSA ®YHKINUN YACTUYHBIMU CYMMAMM
PAJIOB ®YPHE-UEBBIIIEBA
Tyitunes A.M.
Xyoorcanockuii 20cy0apcmeeHblil YHUSepCumem
umenu axademuxa b.Fagyposa, Tadxcuxucman
IIpuBemeM psnm HEOOXOAUMBIX OOO3HAYCHHW W BCIOMoraTenbHble (akTel u3 pador [1]. Ilycts

L, =L, [-11] f

MHOXKECTBO HM3MEPUMBIX Ha OTpe3Ke [-11] byHKUIMI C BECOM
(X)) =1/\1-%*

' UMEIOLIUX KOHEYHON HOpMOM

1, =[ Juoros]

B [1; 2] u3yuena 3aga4a oTbICKaHHs TOUHOW KOHCTAHTHI B HepaBeHCTBE THNA JlkekcoHa-CTeuknHa MEeXKIY

. . S
BCJIIMYMHOU HAWIYYIICTO CPCAHCKBAAPATUYCCKOI'O HpI/I6J'H/I)KeHI/I}l (I)yHKL[I/II/I Lz’ﬂ nu 0606H.ICHHOI‘ ()

MOJYJIS HEIPEPHIBHOCTH, IIOPOXKIACHHOIO OIIepaTopoM 000OIIEHHOTO CABUIa
1 . .
F f(x)= E[1‘ (xcosh++/1—x?sin h) + f (xcosh—+/1—x? sin h)]

1 UMEIOIIETO B/
Q7 (D";t),, = sup{Z(l—cos kh)>"k*c?(f):|h|< t},
k=1

2
D=(1-x )Ol——xi
dx?

rue dx muddepeHnanbHpIil  onepaTop BTOporo mnopsiaka YeOblmesa,
D'f = D(Dr_lf),I’ZZ,I’eN, MHOXECTBO anreOpanyecKux IOJMHOMOB CTEIeHH He Ooiee n,
ea(F)=inf{|f —p|: p,ueP}

el

pn—l

oboznaumm " Ilycth

# 37IeMEHTaMHM MOANpocTpancTea "1

Spa(F1)= D G (FT(0)

— HawmTydIiee npuoImkeHne QyaKinm

M3BectHO [1], yTO cpenm BceX DIEMEHTOB ‘1 YaCTUYHAS CyMMa

(%) :kick(f)n(x), 6.(1) = [ T (T, (¥

psana ®ypne-UebbreBa
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T.(x) = /E cos(k arccosx), k =1,2,...
T
&na(F)y, =] =Spa(F],, = QC2(F)™
k=n

JIOCTABIISICT MUHUMYM Bemauae (2). [Tpu atom

(2r) — L(2r)[ 1 ] c I_2
Yepes 2” 0003HaUNM MHOXECTBO (YHKIUH #’ 'y KOTOPBIX IIPOMU3BOJIHASL
r
D'fel,,
m,neN

Teopema 1. Ilpu 1106bix CNPABedIUB0 IKCMPEMAIbHOE PABEHCNEO

nzm .Qm( f ’rz]j
sup 2.4

fely {:Z:l:[(k +1)4m _ k4m]. Ekz(f)z,y}

[_11 1]

=2"

W(Zr)l_2 — W(ZI’)L
e

2,1

f el¥)[-1,1]

0003HaYMM Kjacc (YHKIUH : , Y KOTOpBIX

5n—1(\N(2r) L2,,u)2,;1 = Sup{gn—l(f)z,,u few® LZ,y}'
neNreZ, ,n>r

Yepes
[or .., <

ITonoxxum

Teopema 2. [{1a 1100vix , CNPABeOdIUBbl PABEHCMBA

E.W®L,,),, =4,WeL,,.L,)=n",

2,07

n -nonepeunuxos [1-3].
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3. TyxmueB K., Tyitunes A.M. CpennekBaaparnueckoe NpubIKeHne QyHKIMH Ha BCEH OCH C
BecoM YeOrmmeBa-OpMurta anreOpandecKuMu moimHoMamu. //Tpynsl MHCTHTYTAa MaTeMaTHUKA H
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20e ﬂ“ () — PA3IUYHBIX

TOYHBIE HEPABEHCTBA THUIA JKEKCOHA-CTEYKHHA B IPOCTPAHCTBE
Ly,[—1,1]
Tyxaues K.
Xyoorcandckuii cocyoapcmeenublil ynusepcumem um. b.Iaghyposa
Oyers Ly, [—1,1]:= Ly(u(x); [-1,1]),u(x) = (1 — x2)~Y2 _ mpocTpaHCTBO BEIECTBEHHBIX
dynkumii f, onpenenéHupX Ha oTpeske [—1,1], ans kotopsix u/? f cymmupyeMo ¢ KBaapaTom

1 1/2

W flle,,= f u(x)f2(x)dx < oo.

1
PaccmoTpum onepatop
1
Fnf(x) = > [f (xcosh ++1—- xzsinh) +f (xcosh —v1- xzsinh)]
¥ BBEJIEM KOHECYHBIC PA3HOCTH TIEPBOTO H BBICIIHX TTOPSAKOB PABCHCTBAMH:

Bu(f3%) = Fuf (2) = () = (Fa ~ EYf (%),
RO 2) = B (AR (f5); %) = (F - E)mf(x)—Z( )"k () Rl o),

e FOf(x) = f(x), FFf(x) = Fo(FFf (%), k = 1,m;me N n E — enuHW4HBIM omepatop B
npoctpancTse Ly ,[—1,1]. [lns npou3BonbHOM
f € Ly ,[—1,1] BBe1EM 000OIIEHHBIN MOYJIb HENPEPBIBHOCTU TM-TO MOPSJIKA:

75



U (f56) = sup AR (f) . k] < t},
da? d
—_— x_
dx? dx
OrnepaTopsl BBICHIMX ITIOPSAAKOB PEKYpPpPeHTHO ompenenum, nojnaras D' f = D(DT™1f), (r =2,3,..).

[ycts Temeps D = (1 — x?) — muddepeHranbHBI ONepaTop BTOPOro IMOPsIKA.
CumMBosIOM L(zrll)l[—l,l],r € N oGosnaunm knacc ¢ynkuuit f € L, ,[—1,1], KOTOpbIE UMEIOT JIOKATLHO

abCOMIOTHO HENpephIBHEIE MPOU3BOAHBIE (27 — 1)-ro mopsaka, Takux, ans kotopsix D' f € L, ,[—1,1].
PaBenctBOM

€ no1(Faw:= (I f = Puoy iy, Pros € Paca}
OnpeJieuM HawTydniee npuommwkenne pynkunn f € Ly ,[—1,1] MuoxecTBoM Pp,_; — anrebpanyeckux
MMOJIMHOMOB cTerneHu n — 1.
J1s1 KOMIIAKTHOTO M3JIOKEHHSI TIOy4aeMbIX PE3YJIbTaTOB BBEAEM CIEAYIONMIYIO dKCTPEMATbHYIO
ANMPOKCUMAIIHOHHYIO XapaKTEPUCTHKY
gn—l(f ) 2,u

Mn,m,r,p ((pl h') = Sup 1’

(2r) =
Tebau ([ QB.(D7F; )5 0(0)dt )P
rme nmeN; reZ,; peER,; 0<h<m ¢@(t)=0 — cymmnupyemas Ha otpeske [0,h] He
SKBUBAJICHTHAS HYJIO (QYHKIIHUS.
Teopema. [Ilyemv nnm€eN,r€Z,,0<p<2,0<h<m ¢@t)=0 — cymmupyemasn wue
oksusanenmuas nyno xva [0, h] ¢ynxyus. Toeoa cnpasednusvr nepasencmea

-1 . -1
{an,m,r,p (¢; h)} < Mn,m,r,p (p;h) < {nsllgliooak,m,r,p (¢; h)} ,

20e
h 1/p
Aemrp (@3 ) = kzrpf (1 — coskt)™ (t)dt

0

Ilpu smom, ecau
infnsk<ooak,m,r,p (p;h) = Anmrp (p; h),

mo umeem Mecmo pageHcmeo

h -1/p

My mrp(@; h) = n72" f (1 — cosnt)™P p(t)dt
0

U3 Teopemsl cpasy BhITEKaeT
CaencrBue. [lycmov 6ecosas pyukyus @(t), sadannas ua ompeske [0,h], sersemcs
HeompuyamenbHou u HenpepuleHo oupgepenyupyemoti na ném. Eciunpu ecext € [0,hju0 <p < 2,r €
N @winoaneno nepaserncmeo
2rp— Do) —te'() 20,
Mo cnpaseonugo pageHcmeo

inf apmrp(@h) = Apmrp(@;h)

n<k<oo
u umeem mecmo COoOmHoutlerHue

-1
My p(@; h) = {an,m,r,p (@; h)} .
Hcronb3ys MONYydSHHBIX PE3Y/IbTATOB, HAlICHBI TOUHBIC 3HAYCHHS PA3IUYHbBIX N-TONEPSUYHUKOB
KJ1accoB (DYHKIIHIA, OIpeesIeMbIX MOYJIEM HempepbiBHOCTH (1, cM.[1-3]).

JIUTEPATYPA

1. lllabos0e M. 111, Tyxnues K. HepaBencta JIxekcoHa - CTeukrHa ¢ 0000MEHHBIMH MOIYJISIMU
HETPEPHIBHOCTH U MOMEPEYHUKN HEKOTOPBIX KIaccoB (QYHKIMHA. TpyIbl HHCTUTYTa MAaTeMaTHKH U
mexanuku YpO PAH, 2015, 1.21, 4, C. 292-308.

2. Tyxnues K. TouHble BepXHHE IPaHU OTKIOHEHHS HEKOTOPBIX KJIAcCOB (DYHKIHMH OT MX YaCTHBIX
cymm psna Oypee-Uebsrména B npoctpanctse Ly. I1. U3B. AH PT. Ota. ¢uz.-mat., XuMm., T€OIL. U
TexH. H., 2014, 1(154), C.22-32.

3. llaboz06 M. 111, Tyxnues K. K-pyHKINOHATBI M TOYHBIE 3HAUYEHUS N-TIOTIEPEYHUKOB HEKOTOPHIX

kiaccoB u3 L, (V1 — x2)™1; [—1,1]). Ussectus Tyal'V, 2014, Beim. 1, U.1, C. 83-97.
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HEKOTOPBIE TOYHbIE KOHCTAHTBI B SKCTPEMAJIBHBIX 3AJAYAX
AHAJIMTHYECKUX B KPYT'E ®YHKIIUNU
Tyxaues /1.K., Myponos K.H.

Xyoacanockuii 2ocyoapcmeennulil ynusepcumem um. b.lagyposa
B, =B,(U) f
ByneM paccmaTpuBaTh MPOCTPAHCTBO GyHKIMN AHAJIMTUYECKUX B JAUHUYHOM Kpyre

U={zeCz|<1}

TaKUuX IJIs1 KOTOPBIX HOpMa
1/2

1
[f]=1f,, =| = [[1 f@F do | <
)

rZie UHTerpaj oHuMaeTcs B cMbicie Jlebera, do . 3JIEMEHT IJIOMIA M.

Yepes = N 0603HauMM COBOKYIHOCTL KOMIUIEKCHBIX aIre0panuecKuX MOJUHOMOB CTENEHH HE BBIIIE n,
Ph-1€Pha

Xoporo u3zBectHo [1, ¢.201-202], yTo cpeau BceX MOIMHOMOB Haujyuliee KBaJpaTUqHOe

f eB, U (n-1)
IpUOIIKeHNe (YHKITAN B oOyactu JIOCTABJISICT YaCTUYHAS CyMMa -TO TIOpSIKA

n-1
Tn—l( f ’ Z) = chzk
k=0

00
— k
£(2) f(z)=>¢cz .
pasnoxxeHus GyHKIUH B cTerneHHo psan Teinopa k=0
[lpr 5TOM JUIS BENUYWHBI HAWIIYYIIed MOJMHOMHUAIBHONH ANNpPOKCUMAIIMK IMPOM3BOJIBHON (QYHKIUH

112
SICAN
. f-T (), = —
£, (), =i {f o], 2 9oy Py = 1T Tl {Z 1
rae Ck ( f ) N koadduirentsl Teinopa Gpyukuun — * Jlanee BBeneM 0003HaYCHHUE

Lor ) 1/2
iol, =4[] Z(—l)m-kc:qf(pe“ﬂ dodt |
2 T o lk=0

Y PaBEHCTBOM

o0 2
@, (f;1)g, = 2" sup Z% -(1—coskh)™.

<t =g K+
m-— (S BZ .
OTIPENETNM MOJY/Ib HEMPEPHIBHOCTH ro nopsaka GpyHKIUH
B pa6oTe cHayasa 10Ka3bIBACTCA CIEIyIOmas
. eB
Jdemma. [{na npoussonvHoii pyHKyuL 2 ooy THNE N uMeem Mecmo pasencmeo

1 Gyen 6P ole®PF 2 1 &
- . kZm. k + k — . k+1 2m_k2m 'E2 f )
n%" kZ;‘ k+1 ,g;l k+1 n2m ,;‘[( ) ] ()
OCHOBHBIMH pe3yJIbTaTaMH JTAHHOHN paOOTHI SBISIOTCS CICAYIONINE TEOPEMEL.
Teopema 1. /[na npousseonvuou Gyuxyuu € 2, npu aroobIx m,n €N Cnpaseoiuso MmMoyHoe

HepaeeHcmeo

AP .
w;(f;ﬁJgnW-kZ(;[(k+l)z ~k2" | EX(f)g .
: 1)

Cywecmayem ynxyus fo € BZ, 0151 komopoti Hepagencmeo (1) obpawaemces 6 pagerncmso.

Teopema 2. /s m0601 ¢hynkyuu fe BZ u nio6ozo N E N umeem Mecmo mo4Hoe HepaseHCmeo
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1 n”/n 1/2

Ena(fs, <7515 ij(f,t)B2 sin ntdt

22 |

Koncmanma 1/ v 2 npu Kascoom n YMervlULERA ObImb He Modicem.

Teopema 3. /[ns moboil gpynxyuu € BZ u mo6ozo N € N uMerom Mecmo mounsle OYeHKU

E“u>s%{§}%enE@u{}=4H—0Hum<%?{iyazu»}

=1
Koncmaumeor 1 u Vv 2 He Mo2ym Oblb YMEHbUIEHDL.

JIUTEPATYPA:
1. CmupnoB B.1., Jlebenes H.A. KorcTpykTrBHAs Teopust PyHKITUH KOMITJIEKCHOTO TIEPEMEHHOTO.
- M.- JI.: Hayka, 1964, c.201-202.

HAWJIYUYHINE KBAJIPATYPHBIE ®OPMYJIbI JISI UHTEI'PAJIOB C BECOM
SKOBHU
Xamaamos III. T:x.
Xyoorcanockuil 2ocyoapcmeentulil yHugepcume umenu akademuxa b.faghyposa, Tadscuxucman
PaccmarpuBaem KBaapaTypHyro GopMyny BUaa

[l900 T 0= D p, F(x)+R(T), .
k=0 1

B KOTOpOii BecoBas ¢pyHkums ((X) HeoTpHlaTenbHa Ha HHTepBaje (a,0) u naterpupyema no Pumany, X =

J— i
{X:a =% < X1... <Xn-1< Xn= b} — HEKOTOpBIil BEKTOp y370B, =~ Pkyk=0 — HEKOTOPBIA BEKTOP
k03¢ dunnenTos, a Rn(f) := Rn(f;q,X,P) — norpemnaocts kBaaparyproii popmyss (1) Ha dyrkimn f(Xx).
Ecmn M— wmekoropeiii kmace ¢ymxumii  {f(X)}, ompememenneix Ha otpeske [a,b], To uyepes

R,(M:q, X, P)=sup{|R,(T;0,X,P)|- T €M} 0603HaYMM TIOTPENIHOCTh KBa/[PATypHOL
thopmymer (1) Ha Ki1acce GpyHKIMA M, U mycTh P — MHOXECTBO BEKTOPOB KO DUITCHTOB P = A{petizg
, 1 BEKTOPOB Y3JIOB = 1Lk S k=0, nna KOTOPBIX KBagpaTypHas popmymna (1) UMeeT cMBbIC.

Tpebyetcs npu 3aJaHHOM MOJIOKHUTENEHON BecoBoM GyHKIMK ((X) Haittu Benmuuuny [1; 2]: £n(M;0,X) =

inf{Rn(M;q;X,P) : P c 7D} Ecnu cymectByet Bektop k03hdurmentos P °= {p’} € P takoi, anst
KOTOPOTO B (4) JOCTHraeTcs HIKHASA TPaHb, To ecTh eciu £n(M;(,X) = Rn(M;q;X,P ), To kBagparypHas
¢dopmyna (1) Ha3pIBaeTCsA HaMy4dLIel Mo ko3 uIrenTaM KBaapaTypHoi GopMyIoi npu

X = {I.k}n P° = {pO}n

(hMKCHPOBaHHBIX y37IaX k=0, a BeKTOp kJ k=0 — nawnydmii BEKTOp
ko3ddurmentos ans kiacca Gynxmumit M. W OLg[a,b] (1 <p <oo; W OLg[a,b] = Ly[a,b]) — knace
dynkuuii f(X), 3a1aHHBIX ¥ onpeieeHHBIX Ha oTpeske [a,b], y kotopeix npoussoaunas f(x)
a0COJIIOTHO-HEeNpepbIBHA Ha 0Tpe3ke [a,b], cymecTByer Kycquo-FHenpemeHaﬂ npoussoznas fO(x) €

o

1/p
L = 112, = ( / f“(a:)wx) <1
Lo[a,b], ms xoTopoii a

Hacrosimast pabota mocBsiiieHa OTHICKaHUIO HAMITy4IIUX KBaAPaTYpHBIX (GopMyi BUaa

flqa,ﬁ(X) f(x)dx = ipk f(x)+R, (f).

¢ BecoM Sko6u 0, 4(X) = (1-X)*(1+X)’, o, > —1 nnsa xknaccos Gpynxuumii manoit rnagkoctu WOL[-1;1], To
1

17 oo = / 1 (2)|dz < 1

€CTb, 11 KOTOPBIX
HNmeer MecTo cienyromas
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Teopema. Ilycmo o, > —1. Tozoa cpeou écex keadpamypuwix ghopmyn euoa (7) nauryuuieli 0ns
knacca W OL[—1,1] aeraemcs keadpamypuas popmyna, eexmop ko3 uyuenmos komopoii umeen 6uo

wpa L@+ DI +1) 1]
MNa+p+2) nj_
20e I'(U) — eamma ¢ynryus Dilnepa, a y3ivl Onpeoessiomcst u3 CUCmemMbvl PAGEHCME
J-l A, (X )dx= sarpil | I (a+1)-7'(f+1) 2n—-2k+1
X INa+ fp+2) 2n
JIns nozpewinocmu Hautyyuieti kéaopamypHoti popmynvl Ha ecem knacce WVL[—1,1]
£,(WOL[-1,1]5q, ,(x)=2or e I eD)
’ [Na+pf+2) n
CHpaseousa OyeHKa

U3 TCOPEMBI BBITCKAIOT P CJ'IeI[CTBPIfI.

P=9pP,P=2

k=1,n.

JIUTEPATYPA

1. Xampamos, I11.JI. O6 oleHKe NOrPETHOCTH HAMTYUIIHX KBaAPaTyPHBIX GOPMYIT Ha HEKOTOPBIX
kiaccax ¢ynkuuid. / Xammamor H1.JIx. / JAH PT,. -2010. -T. 53. - Ne5. -C. 333-337.

2. 111a6030B, M.III. OnTUMH3aIHs HEKOTOPHIX BECOBBIX KBAAPATYPHBIX (DOPMYIT B IPOCTPAHCTBE. /
[lIa6o308 M.I11., Ca6oues P.C., Xammamos L. [Ix. / JAH PT. -2009. -T. 52. -Nel. -C. 5-9.

COBMECTHASI IPEJEJBHAS TEOPEMA JJIS1 ®YHKIIMOHAJIOB BBIITYKJIOM
OBOJIOYKHA
Xamaamos .M.
Hayuonanousiii ynusepcumem Yzbexucmana,
E-mail:khamdamov.isakjan@gmail.com

Hactosimast pabota siBisiercss mpoponkeHueM paboTel [1,2] ¥ MOCBSIIEHAa WU3YYEHHIO CBOWCTB
BBIITYKJIBIX 000JI0YEK, MOPOXKICHHBIX PABHOMEPHOM BBIOOPKON Ha IUIOCKOCTH B  MHOTOYI'OJIBHHUKE.
HanomumM, uyto B pabote [1,2] mokazaHbl COBMECTHbIE NpeAeTbHBIE TEOPEMBI Ul YKCIa BEpPLIWH,
IUIOINAAX U TIEpUMETpa BBIMYKIOH OOOJOYKH B Cilydyae, KOTJa, BBITYKJIas 00OJI0YKa MOPOXKICHA OT
peanu3anuy OJHOPOAHOTO IYaCCOHOBCKOI'O TOYEYHOTO IPOLECCa HA IUIOCKOCTH B MHOTOYIOJIBbHHKE.
[Iponecc uccnenoBanus (GyHKIHMOHAIOB BBITYKJIBIX 000JI0YEK YCIOBHO pa3[elieH Ha [Ba Mepuoja: 10 U
nociie pabotsl Groeneboom P.[3].

B pa6orax Reny A. and Sulanke R [4], Efron B. [5] u Carnal H. [6] (mo pabotsr Groeneboom P.)
OCHOBHBIM ITPOI'PECCOM B 3TOH 00IaCTH COCTOSUL JIMILb B U3yUEHUHU CBONCTB CPEIHUX 3HAYEHUH OCHOBHBIX
(hYHKIIOHAIOB, TaKWX KaK YHCJIO BEPIIHH, IUIOMIAJb U TEPUMETP BBITYKION OOOJNOYKH B Pa3NUUHBIX
clyJasix B MCXOJHOM pacnpenenenun. OcHoBHoe noctikenue Groeneboom P. B [3] coctout B TOM, 4TO
OH JIOTaJiajicsl UCIOJIb30BaTh U3BECTHOE CBOMCTBO OJHOPOAHBIX OMHOMMAIBHBIX TOYEYHBIX MPOLECCOB,
cocToslIee B TOM, YTO BOJM3M TPAaHHUIIBI HOCHUTENS TaKOW MPOIECC MOYTH HEOTIWYHM OT OJHOPOTHOTO
ITyacCOHOBCKOTO TOYEYHOI'O IpoLecca.

Merton [OKa3aTesNbCTBA LIEHTPAIBHOW IPENeNbHOM TEOpEeMbl Ul YHMCIA BEPUIMH BbITYKIOH
o0omnoukn, npeanoxenHsiii Groeneboom P., monyunn passutue B paborax yueHukoB Groeneboom P. u B
ToM uncie B [1,2].

ITycts Pj, J=12,...,N— He3aBuCHMbIE HaONIOAECHUS HAJX CIYy4aliHBIM BEKTOPOM, HMEIONIIUM
PaBHOMEpHOE pacIpe/ielieHie B BBIMYKIOM I _yrompHuke A ¢ miomamsio S;. OGo3HaumM depes
C,=C,(P,) semyknyio obomouxy, mopoxnennyio Bextopamu P, j=12,..,n. Hac unrepecyer
COBMECTHOE IIPe/IeiIbHOE pacipe/erieHue cieayommx yuxiuonanos or C, : obwee uncno Bepuud V,,

mwiomans S, u mepumerp | . OGo3HaumM depes @ BEKTOp, UMEIOLMH IBYMEPHOE HOPMAIbHOE

N
pacrpe/ielieHie ¢ HyJIEBBIM BEKTOPOM CPEHUX 3HAUYCHHUN, CAMHUYHBIMU JUCIICPCUSIMH B KOI(QPUITMEHTOM

xoppensun /5/14 .

B Hamux ycnoBUsIX MOJTyYEHBbI CAEAYIOUIME PE3YIbTATHI :

d
1) (b, (v, —a,).b; (S, =5, - &) )= @ mpn " > oo;
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2) ciyuaiinas Bemuunta (/N/SylY mpu N — 00 acumnroTHuecku HesaBucHMa OT (Vn,Sn).

Bosee TOro, OHa CXOMHUTCS TI0 BEPOSITHOCTH K CITyYaifHOM BeJIWYUHE § , IPEACTaBUMOI B BHAC CyMMBI I
HE3aBHCHMBIX CITy4ailHBIX BEJTUYHH,
rae a,,0,,a u b, onpexseneHHbIM 06pa3oM BO3pacTAIOLIME OCIEOBATEILHOCTH.

JUTEPATYPA
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®OPMY.JIA PA3JOKEHUE TMIIEPTEOMETPHUYECKOM ®YHKIIMUA KAMIIE JE
®EPUET F3}'[x,y] OT ABYX NEPEMEHHBIX TPETBEI'O IOPSIJIKA

Xacanos A., 2Xonuépos II.
YUncmumym mamemamuxu, Tawxenm, anvarhasanov@yahoo.com
2Tepmesckuii 2ocyoapcmeennbviii yuusepcumem, Tepmes
sharofiddinxoliyorov311@gmail.com

[TpusHaHo, 4TO MHOTHE TPOOIIEMBI TEOPETHUECKOH (U3UKH U COBPEMEHHOI MaTeMaTHKH IPUBOJAST
K M3yYeHHE Pa3IMYHBIX THIEPTeOMETPUIECKIX (PYHKIINH HECKOJIBKIUX KOMIUIEKCHBIX TepeMeHHbIX. K HuM
OTHOCSITCS, HAIIpUMED; MPOOITIEMBI

TEOpUU CyTIep CTPYH [2], aHAIUTUYECKOTO MPOJOHKEHNSI KOHTYPHBIX MHTETPaJIoB THNA MeuinHa-
BapHuca [3, 4] u anrebpandeckoid reomeTpui [S].

l'umepreomerprueckre GpyHKIIMN MHOTHX EPEMEHHBIX BOSHUKAIOT B KBAHTOBOM TEOPHH TONS KaK
pemienns ypaBHeHHMs KHIWKHUKa-3aMOJIOMYMKOBA, B TEOPHUH IIOJII W OIMCHIBAIOIINE TIOBEJCHHE
KOppeSIIMOHHBIX yHKUMH B Mogenu Becca-3ymuno-Butrena. pundens [6] moaTBepan, 4To OAMH U3
MOHOAPOMHH ypaBHeHUs (acconmarop JpwHbenbna) yaoBIETBOPSIET MEHTAarOHAILHOMY YPaBHEHHIO U
SBIISIETCSl TIPOM3BOIAIICH (QYHKIMEH Ui 3HAUCHHS TUIEPreoMeTpUdYecKuX (YHKIUH C HECKOJIbKUMH
apryMeHTaMH B IeNbIX TOYKaX. TakoW TMOIXOA TO3BOJSET CBsA3aTh CHELUANbHbIE (YHKIUH
THUIEPreOMETPUIECKOTO THIA K aKTyaJdbHBIM 3aJadaM TEOpPHH MpeAcTaBieHuid anreOp JIm m KBaHTOBBIX
TPYII, a TaKkKe Apyrue MNpuKIamHaeie 3agaun [6 - 8]. I'mmepreoMerpudeckue (YHKIUHA TaroKe
UCTIOJIB3YIOTCS IIPH PEIICHUH KPAeBBIX 3a/1a4 UTA BRIpOXKAarouxcs auddepeHnuaibHbIx ypaBHeHu . [10-
11]. HexoTopsle (hopMyIbl pa3fioKeHHs AJsl THIIEpreoMeTpryecKux (PyHKIMHM JToKa3aHsel B padoTax [13-
16]. B aToM mokiaze goka3aHbl HEKOTOPHIE (DOPMYIIBI PA3IIOKECHUS TSI THIICPTEOMETPUICCKON () YHKITHH

F2rx y] 2, 12]
211 ai’aQ;b; C; _ S (ai)m+n(a2)m+n(b)m(c)n m,,n
F{ d:e:f:x’y}m;o (@), (@), (F),mint "~ 7 ?

rre (a), :F(%;)k) =a(a+1)(a+2)..(a+k-1), aeC, keN,={01,..}-

o0o3nauenue [loxrammepa [1, 9, 12]. Umeer mecto creayromiue GopMylisl pa3inoxenus. Hanpumep:
] &, a:b;c = () (8,) (e=b). , i i pou@+i,a,+i;—cC
Faie| A% X,y |= LA L(-1) X'REo xyl, @
. { d:e; f: Y i:0 (d). (e), ! (1) XFo; d+i; — f; Y @)
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()" (e-b),(f-0), ()., (2, ®

B R Y AN CINNTH

a,,a,;b; c;
| M x,y}
b), (
f

X'yYIF (a,+i+j,a,+i+j;d+i+j;x+y).
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CYHECTBOBAHUS NMPEAEJBLHBIX 3HAYEHUMN A(z) - AHAJJUTUYECKHUX

O YHKIUN
XyceHnos b.
byxapcruii I'ocyoapcmeennwiii Yuugepcumem

[ycts A(Z) — anTHananuTHYECKAS, T. €. i 0, B obnmacru D < C rakas, uto | A|KC <1, C=
Z

const, Vz e D.
Omnpenenenne 1. [3] Hycts f(z2) — auddepenumpyemas dynkuus B obmactu D. Ecnm mns
mo6oro Z € D ona ynosnerBopsier ypasuenue benrspamu:

= of of
aAf(Z):E—AEZO, (1)
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to f(2) maswBaerca A(Z)— ananumuueckoii gynxyueii B odomacrm  D. Kmace A(2)—
ananuTHdeckux Qpyrkimit o6osnaunm yepes O, (D).

IIycts  BBIIyKJIass ~ 0ONacTb DcC. Paccmotpum  stom  obmactu  QyHKuMA

w(z,a)=z—a+ I A(7)dt smnsercs A(Z) —ananuruueckoit dynkuuei, rae y(a;z) — rmaakas
7(a:2)
KpUBas WM KacaTeNbHast MyTh, CoeauHsommas Touku @;Z € D. Muoxectso

Lar) =y (za)l=z—a+ | AfD)ded<rt,
7(a;2)
npeacTaBisieT coboil oTkpeIToe MHOXKecTBO B D. Jlns nocratouno mambix I OHO KOMITAKTHO
npunaiexuts L(a;r) CC D u comep ut Touky d. D10 MHOXKeCTBO HasbiBaetcs A(Z) —azemnuckamotl,
C LEHTpOM B TOYKe d W obosHauaercs kak L(a;r). Dras nemHuWCKara SBISETCS OJHOCBS3HBIM

MHOYKECTBOM.
Paccmorpum  dynkimio  f(z), A(z) —amanmuruueckyro Buyrpu snemnuckata L(a;r), wu

MIPEAIOIOKNM €€ OTpaHIMIEHHOM; IPH ATOM MBI HE IeJIaeM a IPUOPH HUKAKOM THITOTE3BI O CYIECTBOBAHUN
NpEeNeNbHBIX 3HaueHni (QyHkiuu 11 touek rpanuna OL(a;r). Tpemnoxenne I1. ®ary cocrout B

CIIEIYIOLIEMY YTBEPIKICHHUIO:
Mpennoxenne. A(Z)—ananmutnyeckas ¢ynkuus f(z) orpannuena B nemuuckara L(a;r),
CTPEMUTCsI TOYTH BCIOJY Ha |l//(§ ;a)|=r K onpenenéunpiv 3Hauenusm T (£), xorma Touka Z

HpUOIMKAeTCs K TOUKe § 110 I00oMy KacarenbHomy ytd ¥(@;4) :
f($)= Iir? f(2), tne £ edl(a;r), ze y(a;0).
z—
Tak xak mobol HekacaTenbHbl K rpanuna OL(a;r) myTs ¥, TIpUHaIeKAMEN JIEMHHCKATY
L(a;7) u 3akanuuBarowmiics B TOUKE &, |l//(§ 01 a| =TI, MOXHO 3aKJIIOYUTHh BHYTPHU yIJIa C BEPIIUHON

é’ o» COACPKAIECTOCA B 3TOM JEMHHUCKATC, TO 'PAHNYHBIC 3HAYCHHA 110 BCEM HCKACATCIIbHBIM K I'DAHHIIbI

nytsm nemauckara L(a;7) MOKHO XapakTepu3oBarh Kak yriiOBbIE TPAHUYHbIE 3HAYEHUS.
Kitaccudeckast yrBep kIeHUS MPUBEICHO B padoTa [2].
JIMTEPATYPBI
1. Ilpueanose U. U. Integral Cauchy, Caparos, Cos. rpadus, 1919, 96 c.
2. Ilpusanoe H. M. Tpaununbie CBONCTBAa aHAIUTHYECKUX (GYHKIMA, Mocksa-JIleHuHrpa,
lNocynapcTBenHast U31aTeNbCTBO TEXHUKO-TEOPUTHUYECKON JTuTepaTypshl, 1950, 338 c.
3. Sadullayev A., Jabborov N. M. On a class of A-analytic functions. J. Sib. Fed. Univ. Math. Phys.,
Volume 9. Issue 3. 2016, 374-383 p.

O PACHPEJIEJIEHAY SKCTPEMAJIbHBIX 3HAUEHUM CTPOI'O
MOJIO)KUTEJIBHO 3ABUCUMBIX B KBAIIPAHTE CJAYYAWUHBIX BEJTUYHH.
IMapunos O.11. Kooumnos Y.X.

Hayuonanwvnvui Ynueepcumem Yzoexucmana um. Mupzo Ynyzoexa
E-mail: osharipov@yahoo.com, kobilov.utkir25@gmail.com

X nz} 5
HYCTI) { n? ABJIMAECTCA ITOCJACA0OBATCJIBHOCTHIO CJ'[y‘laHHbIX BECJINYUH. 0603Ha‘lHM

- p.=1-p X, <X, X, >X

yepes Pi " P Pi HHIMKATOPHbIE (PYHKUUH COOBITHI { ) '} " { ] '}
X. eR Pa= H'O J

COOTBETCTBEHHO, rae . lIyctb JA , AC{:L ’n}.

CemeiicTBO e n) caydailHbIX BeJIMYMH HA3bIBAETCS CTPOTO MOJIOKUTENBHO 3aBUCUMBIM B

X. eR
kBagpantre (cMm.[1]-[2]), ecimm mns JrOOBIX HETEPECEKAIOIIMXCS A,BC{:L,I’]} " J
BBITIOJIHAIOTCS HEPABEHCTBA
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oov(p,,2,)20 605, 5,)20. corlp, 5, )<0

5 5 X nzﬁ

Becxoneqﬂoe CEMEUCTBO CJ'[y'laHHI)IX BECJINYUH { n? Ha3bIBaeTCA CTpOFO
ITIOJIOKUTCIBHO 3aBUCHUMBIM B KBaHpaHTe, €CJIN KaXKao0e OrpaHH‘IeHHOE HOHCQMEﬁCTBO 6yz[eT CTpOl"O
TIOJIOKUTCIBHO 3aBUCUMBIM B KBaI[paHTe.

CeMeiicTBO cay4yaliHbIX BeJUYMH { 1o ”} Ha3bIBACTCA AaCCOLMHUPOBAHHBIM, €CIIU
BBINOJIHAETCS HEPABEHCTBO

Cov(f (X X, ),9(Xps0n X)) 20
AJA JIOObIX NMOKOOPAMHATHO HeyObIBalOIMX (yHKIMA f’g: R" —R JJIsi KOTOPbIX

y {X,, n=1}

CYIIECTBYET KoBapuanusi. BeckoHeuHoe CeMEeucCTBoO C.B. n Ha3bIBA€TCHA
aCCOLMUPOBAHHBIM, €CJIU KaK/10€ OTPAHNYEHHOE MoAceMeiicTBO OyIeT acCOUMPOBAHHBIM. Y CJIOBHE
CTPOTO IMOJIOXKHUTCIBHO 3aBUCUMOCTH B KBAAPAHTC ciaadee yeM yciaoBue acCouMMpoOBaAHHOCTH.

B JOKJIa1e 6y[lyT NPUBEACHBI PE3YJbTATHI 0 NPEACIABHLIX PACIPEACTCHUAX IKCTPEMAJIbHBIX
3HAYEeHUuH mocjIeA0BaTEJAbHOCTHU CTPOI'O IMOJIOXKUTECIIBHO 3aBUCUMBIX B KBaJApPaHTC CﬂyqaleI)IX BCJINYHH.

JUAUTEPATYPbBI

1. K. Joag-Dev. Independence via uncorrelatedness under certain dependence structures, Ann.

Probab., 1983,11, 1037-1041.

2. C.M.Newman. Asymptotic independence and limit theorems for positively and negatively

dependent random variables. In :lnequalities in Statistics and Probability, Tong, Y.L. (ed.),

1984,127-140, IMS, Hayward California.

JTUHAMHUKA KOMIIO3UIIUY KBAJIPATHYHBIX OTOBPAKEHUN JTOTKH-
BOJIBTEPPA, JIENCTBYIOIIUX B JIBYMEPHOM CUMILJIEKCE,
COOTBETCTBYIOHIUX CUJIBHBIM TYPHUPAM
9mmamarona /1.b.

TI'TY, Tawxenm, Y3b6exucman,
24dil@mail.ru.

m
Iycrs S™* :{X =Xy Xy ) 1% 2 O,in 21} (m—l)f mepHbii cummiexc 8 R, B paGote
i=1

[1] 6b110 BBEIEHO OTOOpaxenue Jlorku-Bonbrepa V ! §™t g™ OTIpeIeIIieMOe PaBEHCTBAMHU
m
V:xk:xk(1+2akixij, k=1..,m, (1)
i=1
rne A= (ak,) — KOCOCUMMETpUYECKAs MaTPULA, IPY YCIOBUU d; = —a&, |ak,| <1.
Teopema. Ortobpaxenue V . s™ Smfl, onpenensemoe (1) susercs romeoMophrU3MOM, a TIPH
YCIIOBUH |ak,| <1 g Beex K,i=1,m Gyner mudpdeomopdusmom cumrmiexca S

[Tycts orobpaxenus Jlorku—BomasTeppa V1 OV2 , IENCTBYIOIIIUE B S? umeror CIEAYIOUINI BUI:

Xil = Xi(l_a12x2 +313X3), X1 = X1(1+b12xz _bISXS)’
Vi Xlz =X (L+a,X —a,X,), V! Xlz = X%, (1=by, %, +byyX,), 2)
X\;, = X3(1_a13X1 + azsxz)f XI3 = X3(1+b13X1 _bzsxz)-

Tak kak 000paxxeHHS V1 u V2 €CTh aBTOMOp(DH3M S? B cebs [1], [2] Torma oueBUAHO, YTO UX

KOMITIO3HIIHU Vl 0V2 TAKKC ABJISACTCA aBTOMOp(bI/ISMOM, OpruieM OHa NpeaACTaBUMa B BUJAC!
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Xi =X (1+ b12X2 - b13X3 ) (1_ a, X%, (1_ b12X1 + b23X3 ) +a;X%; (1+ b13x1 - b23X2 )) )
V1 0V2 . Xlz =X (1_ b12X1 + bzsxs)(1+ A, X (1+ b12X2 - b13X3 ) —AyXy (1"' b13X1 - b23X2 )) )
Xls =X (1+ b13X1 - bzsxz )(1_ a3 (1+ b12)(2 - b13X3 ) +ayX, (1_ b12X1 + bzsxs ))
Komnosuuus oroGpakennit V, oV, umeer ciieayromue HemoABUKHbIE TOUKK:
1. lnn xaxmoro orobpaxenus V; m V, BepUIMHBI CHMILUIEKCOB SIBISIOTCS HETIOABHKHBIMH
TOYKaMH, B KOMIosuuun otobpaxenuii V) oV, Bepumus € (1; 0; 0) , €, (0;1; 0), e, (0; 0;1) TaKxKe

COXPAHSIOTCS KaK HETOIBHKHBIC TOUKH.
2. Ha kaxmom peOpe CyIIecTByeT HelOABHKHASL TOUKA:

b12 + 2 a:I.Z b12 a12b12 + 4 \/a blZ a12b12 +4

M,
20,2, 20,2,
M a13(b13_2)_\/a13b13(313b13+4) -0: 3 (b13+2)_\/313b13 (a13b13+4) cT
i 2a,:h; 2a,:h; ’
M bzs +2 \/_ 23 azsbzs + 4 O' (bzs B 2) o \/ bzs (azsbzs + 4) cT
’ 2b23 A ’ 2b23 CPE “

IIpuBeneHO MONHOE U3YYEHHE MPENEIBHOTO IIOBEJCHHUS BHYTPEHHHX TOYEK KOMIIO3HIIMH
0T06pa>1<eHm Vl OVZ , & TAKXKE CIICKTpa €0 HEIIOABUKHBIX TOYCK.
JUTEPATYPA
1. Ganikhodzhaev R.N., Eshmamatova D.B. Quadratic automorphisms of a simplex and the asymptotic
behavior of their trajectories. Vladikavkaz. Mat. Zh., 2006, Volume 8, Number 2, 12-28.
2. Ganikhodzhaev R.N., Tadzieva M.A., Eshmamatova D.B. Dynamical Proporties of Quadratic
Homeomorphisms of a Finite-Dimensional Simplex. Journal of Mathematical Sciences, 245(3).

P.398-402.
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|, R8T;: E=?;Jd: <: =?HF?LJABBEBRA AND
GEOMETRY .

RIMANNING DZETA FUNKSIYASINING NOLLARI HAQIDA
Abduraimov Y.
7THUPL] GDYODW XQLYHUVLWHWL 7HUPL] 2Y]JEHNLYV
ODTOXIREL V 1bhuOJD QG D(Getrg Brigrix Berngard Riman (1826866)nemis
matematigiping dzeta funksiyasi b:Q L Ag@,,§D aoOL é E E Renglik yordamida aniglanadi. Bu
W D T U J(55mn@ Res ! 1 yarim tekislikda analitik ekanligi kelib chigadi. Shuning uchun hagkts)

WHNLV \DTLQODVKXYFKL TDWRUQLQJ \LJpULQGRYLQULKIDWLGD\ bhQD®L
s 2, 4, &..nollarigatrivial nollari deyiladi 4ROJDQ EDUFKD QROODUL HVD WUL)

deb yuritiladi.
5LPDQ hpl]LQLQJ \LOGD \R]JDQ PDVKKXU PHPXDULGD > @ WX

uchun /s IXQNVL\DQL NRPSOBNYVY HUJQDQXYFXQNVL\DVL VLIDWLGD h

HNDQOLJLQL XTWLULE hpyWJDQ HGL
Riman isbotlagan ikki asosiy natijasi quyidagidan iborat: /ap funksiyani butun kompleks

tekislikga analitik davom ettirish mumkin; bj S ushbu funksional tenglama

s ) 11s .
ss=%v; vg 29 v/1
@ -1 20 ’
ni ganoatlantiradi. Bu yerda =  Eylerning gamma funksiyasi.

Bu funksional tenglama/ S ning V11 dagi xossalaridan /' O dagi xossalarini keltirib
chigarish imkoniyatini beradi.
Agar V11 EhuON® z0 va agar V 0 EhpON¥® IXQNVL\DVL WULYLDO EF

QROODUJD HJD HPDV HNDQOLJL LVERWO MQ Jib ®ga™NHNIWIONHSDQUAINT R
ataladi.Bulardan tashgari Riman/ S W biisida bir necha gipotezalarni ilgari suradi. Ulardan biri

]s QLQJ EDUFKD WULYLDWJZEFNJLOJLF\/DUIKDQNQR]Q[ODRHQQMlgl'DcBeDasiRWDGL

KRJLUJDFKD WhpOD LVERWODQJD(Q%HN’?D;MMUL FIsQ RO@D FIKWGIV L] Nhp

nollarining yotishini isbotladi. 1942 yilda A. Selberg esa bu nollarnjng ning barcha nollari orasida
musbat zichlikka ega ekanligini isbadli [2]. Valle-Pussen va Adamarlar 1898 vyilda-l&rL ULJD ERJpuOLT
EhpOPDJDS) Kda @ G Dz0 ekanligini isbotladilar. Anigroq gilib aytganda ValRussen agar
V11T 3 tt2 1)
Int
EhpOVD X KROGINDQOLJILQL NhpUV B Wdandaydd @usBatxdoimiyserb 1948
yilda A. Sdberg va P. Erdyoshlar bu natijaning elementar isbotini ber@lanndan keyin N. Chudakov

agar
C:2

V1
In%t InInt %4

bhuOVY D z0 ekanligini isbot gildi. 1958 yilda I. M. Vinogradov va N. M. Korobovlar agar
co 2
Int 3

bhuOVD X/ §RZ0 GRanligini khpyUVDWLVKG L

'
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Hozirgi vaqtda / S ning eng kichik ordinatali noli £ % i 14, 13472% ekanligi isbotlangan.

Shuninglek, kompyuterlar yordamida ordinatasi O t d33 10 shartni ganoatlantiruvchi barcha
nollari V/ % thuJpUL FKL]LT XVWLGD \RWLVKL LVERWODQJDQ 6KXQL

aktual hisoblanadi.
8VKEX LVKGD EL] GIJHWD IXQNVL\DQLQJ QROODUL KDTLGDJL N

usul yordamida (1) da ishtirok etuvclg, son giymatini aniglashtiribc, 0,010¢deb olish mumkin
HNDQOLJL NRfUVDWLOJDQ

ADABIYOTLAR
1. Karatsuba A.AOsnovi analiticheskoy teorii chiseM.:Nauka,1983240 s.
2. Montgomery H.L., Vaughan R.®ultiplicative number theory: I. Classical theory. Cambridge
studies in advanced math. Cambridge. 2007. 552p.
3.Allakov]. 6RQODU QD]DUL\D YV Lwrod3dhldEim §ridlitikE bsullad Go@aln Wechish.
7TRVKNHQW ©7Df@LP? EH

ROBOTOTEXNIK MEXANIZMLARNING MAXSUSLIKLARINI IZLASHDA
0$75,76%$9,< 868/1,1* 421//%$1,6+,
Barotov A. S., Abdullayev S. A.
6DPDUTDQG 'DYODW 8QYHUVEMhAHWL 6DPDUTDQG 27
S5RERWRWH[QLNDQLQJ NRYSJLQD PH[DQL]JPODUL \XTRUL HUN
QDYEDWLGD PH[DQL]PQLQJ KDUDNDWODQLVKL QDWLMDVLGD PD]
2TMUJDQLOD\RWJIDQ PH[DQL]PODUQLQHIar trigi@nialati) Igu@dddl hdehiiuL  E
DOJHEUDLN WHQJODPDODU VLVWIHPDVL NRJULQLVKLGD LIRGDODAC
(678, (T8 &l aly 58 dly-4; LTAEL §4%50 Q1 (1)
Bunda, 7 L :T;alg& &l ;va 8 L Ty »5& &l »4; mos holda holat va boshgaruv koordinataldg,
HVD NRYSKDGODU [7,HhQal ®dorRiDealariso i@ mos keladi,J esa mexanizmning
erkinlik darajasi deb ataladi.Umumiy holda mexanizmning erkinlik darajaki GF | tenglik bilan
topiladi, bu yerdaGWHQJODPDODU VLVWHPDYVL G D38hos@arevDkh@dinata@dnihgy R Q L
giymatlariga : s;sistemani ganoatlantiruvch? ning chekli sondagi giymatlari mos keladr.:8; NR S
TL\PDWOL YHFWRU IXQNVWL\I; GH&8 &WJBODGL \DIQL
Misol. 7TRTUWEXUFKDNOL JLGURVLOLQGLULN PH[DQL]JLPQLQJ PD
garaylik. Bunda#al & &#uqtalar quyidagi koordinatalarga edi:r & ;a#:Tsdd;a$: o a, &6 Tgdl; a
val#L s 1%L >4%3%. 2(>0=0? RT]JDUPDV NDPXWBDDWNRIMUDUXYFKL NDWMW

A

A(*11)
Qaralayotgan mexanizmning holat
L IXQNVL\DODULQLQJ ERJTODQL"

~G TEVL=
- TFT5EUWSL .6
> tuzamiz: G >
0(0,0) < > ~G TeF T°EQL P
b : 656G TEWL>®
(2)

Crar) Teorema 7RJYUWEXUFKDNOL JLG
mexanizm ikkinchi tur maxsuslikka

B(x3,0)

erishmaydi.
Isbot. 6KDUWJD NRYUD PH[DQL]P LNNLQFKL B&at Uchem/[ VIXrV-ELL$&$D HULV
sharti bajarilishi zarur. Lekin bunday hald \X] EHUPD\GL FKXQNLBMQRETODQLVKLJID
ADABIYOTLAR
1.;Zjhlh\ : Ke]hjblf \ugbke_gby hkh[_gghkl_c Ze]_[jZbq_kdbo djb\u
\ jh[hlhl_ogbMa[_dkdbc fZI_fZlbq_kdbhZrdmgyZeR 1-K -20.
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2.;jxgh : > Khe_ _EhdZevgZy mgbnhjfbazZpby \ I\ _c¢ ijhkljZgkl\_gghc
fghlhjZggbdb GexlbyZ[jZ bZgZeba L \ui  -102. K

3.;jxgh : > Khe DezZkkbnbdZpbghkdihg amgdpbb iheh _gbyof oZgbafh
ljh[e_fu fZrbghkljh_gby bgz”_"gRklb fZrk g109.

TOPOLOGIK FAZOLARNING NASLIY XOSSALARI
Beshimov R.B., Husenova D.
Mirzo Ulug'bek nomidagi O'zbekiston Milliy universiteti, Toshke ;] EHNLVWR Q

h « (X)= sup{f(Y): Y ?X} topologik fazolarning nasliy xossasi.
e={d,wd, VAN YW «~ QDVOL\ [RVVDJD HJD

7DYUMN, R topologik fazo, 17?2 RL< a ? = 8 RFKLT REéRTISODP
< & 3 PR=L RF‘<Zf"da topologiya hosil giladi.
(

T R Ftopologik fazoda indusirlangan (nasliy) topologik fazo deyiladi.
(oUy1e "L1PHRa & "L fpR
(oU) fa 1pR e 0L fe ;4 3L fie 4

EA QL( ﬁé 5;é:~é ezﬁé: ée,DFi]
(0U) "?Roce, pea "= , pew "€ ;L "€ g PR

7 D § U4=J0,1) yarim mtervaldé topologiya klrltamlzL{aU,, 0Q U O U Q s topologiyaning bazasini
tashkil giladi. Berilgan topologik fazo Ybilan belgilanadi.: Y P.S.Aleksandrov strelkasi deyiladi
va quyidagi xossalarga ega.

1) :VF & fazo;

2) : UF regulyar fazo;

3) :E’F sanoglilikning birinchi aksiom#s
4) : YF separabel fazo;

5) : YF nasliy finalniy kampak;

6) : UF normal fazo.

6L :0H.UF nasliy Lindelof emas.
i={(x 1x): xbx&} ? :UH:V
¢ = Ekontinum.
A={(r,1-nN: rb x&},
B={(i, 1-i): iD >x&}.
Aés$L TaABF\RSLT WRYSODP
1(A) é 1(B) MTaYPra
¢ F flnalnly kampakt emas, normal fazo emas, separable fazo emas.
Teorema. 16 L : YH: YF normal fazoni, final kompaktni, separabel fazoni saglamaydi.
ADABIYOTLAR
1.: < :joZg]_evkdbc h&«&ZB HKGH<U H;S?C LHIHEH=BB < A:>:Q:0 B
MIJ:@G?GBYRhkd\Z
2.J Wg]_evddgky Ihiheh]by Fhkd\z
3. X < KZ*h\gbgbc J ; ;_rbfh\ LBlNhi@ehbw LZrd_gl

DERIVATIONS OF SOME SIX -DIMENSIONAL 4-LIE ALGEBRAS
Beshimova Sh.X.
e-mail: sh.beshimova96.@gmail.com
National University of Uzbekistan, Tashkent, Uzbekistan

In this thesis, the derivation spaces ofdimensional4 -Lie algebras are studied.

The study ofn-Lie algebras has developed a new chapter in the study of Lie theory, attracting
many researchers in diffent areas due largely to the close connections betwiekie algebras and
dynamics, geometries as well as string theory.

Filippov [1] introduced the concept di-Lie algebra and classifien 1)-dimensionaln-Lie
algebras over an algebraicallyclosed field of characteristic zero. The structOr&iefalgebras is very
different from that of Liealgebras due to theéh-ary multilinear operation. For example, up to
isomorphism there is a unique finitlimensional simplen-Lie algebra forn ! 2 over an algebraically
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closed field of characteristic zero [3], which is t{@ 1)- dimensional n-Lie algebra with a
multiplication table

[e,...€0...e,.] (1'e, 1di e 1
in a basisg,...,& ,, where symbokl means thag is omitted in the bracket.
An n-Lie algebra is a vector spade over a fieldF (char (F) z2) equipped with ann-
multilinear operatiofix, ..., X, ] satisfying

[Xll-"!)ﬂ-.] sign( W[ Xy %(n)]v 1)

and

n

4] Yo WD | D[ X0 Yooy Y1 X (2)

il
forany X,....X,, ¥, ,...,}, ®* Aand any permutationl/= S .
A derivation of ann -Lie algebraAis a linear ma of A into itself satisfying

DX+ %)) _:1[>$,---,D(>.<),---,>s]
forany Xx,...,%, * A Let Der(A) be the set of all derivations of A. Thdder(A) is a Lie subalgebra
of the general linear Lie algebrg)l(A) and is called the derivation algebra of A. The map
ad(%,....% ,): Ao £ givenby ad(X,...%,)(%X) [X%.., %] forx <A
is referred to as a left multiplication defined by elemexts..,x, ; * A. It follows from identity (2), that
ad(Xx,...,X ;) is a derivation. The set of all finite linear combinations of left multiplications is an ideal
of Der(A), which we denote byd( A . Every derivation irad( A is by definition an inner derivation.

If a subspaceB of an n-Lie algebra A satisfyingx,...,%,] ® B for any x,...,X, * B, thenB is
called a subalgebra oA. Let A, A,...,A be subalgebras of am-Lie algebra A. Denote by
[A, A,..., A] the subspace oA generated by all vectorsX,,...,x, |, wherex * A for i 1,2,..n.
The subalgebra&” A A ..., A(is called the derived algebra di. If Al 0, then A is called an
Abelian n-Lie algebra.

The subsetZ A {x A X VY,...y¥,@Q V.. y,* WAis called the center ofA. It is clear

that Z(A) is an Abelian ideal ofA.

6-dimension4 -Lie algebras are classified in the following theorem.
Theorem [2]. Let A be a sixdimensional4 -Lie algebra oveF with a basis{g,..., &} . Then one

and only one of the following possibilities holds up to isomorphism:
(@ If dmA 0, Ais Abelian.
(b) If dmA landletA' Fg. Thenwe have

(b): inthe case thal\' ZZ A, X%,¢, ¢ @ g
(b?): in the case thaf\" is not contained inZ A, X,¢, ¢, ¢@ i
(c) 1fdmA 2andA Fg Fe,thenwe have

-B,6,8¢@¢
e.e6¢6 ¢ , .°B.e,8,.60@ ¢ °2.6,6 6@ ¢ Es
ch): : 3 .
©) seed & - smeeac@e - heec@e
26,6, 60 ¢
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-2.8,6¢6Q¢ £g
¢’ @8 6¢@¢
26,860 ¢

‘2.6.6¢6@¢ £g
;. °B.88¢6@¢

c .
%,%,%,%@ 6
2.6,¢,.¢60@ ¢
E*F and £20.

-2,8,6¢60@¢
s °B.e.6¢0 s
%0660 ¢
26,660 ¢

[}

|o

.. 228,660 ¢
%.e0¢0 e

c

Proposition. Any derivations of the algebras

b, ,c,¢,c, ¢,

have the following matrix forms.

¢ 0 O O
G 8y 8y Gy
De,. (bl) . aSl a32 a33 a;A
41 a42 a43 a44
8 8 & &y
a, 0 0 O
a, O 0
Q1 8p Ay
Da (b2) . aSl a’IQ %3
Ay 8y Ay
0 0 0
0 0 0
a, a, 0 0
a, & 0 0
Der(cl) . a31 a32 a33 a34
a‘41 a42 a43 a'44
8 8 853 8
0 0 0 0
a, a, 0 0
a, & 0 0
a41 a'42 a43 a44
aSl a52 a53 a54
8, 8y 8 O

¢, ¢ and ¢’

0 08§
Ay Ay
Qs g,
, where
. 2 G a
&s e
0 axe
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¢ :

Az Gy

o :%%,a,@@@
%.e6c@e¢

-2,6,8 60 ¢
& 6 ¢ ¢0 ¢
2,6,8¢0 ¢

where

35,



a, a, 0 0 0 @

a G O 0 0 0
A Ay 8y a, Ay A g,

Der (c®): , where a, Ga,
g a42 a43 a44 a45 a4€5: 2 1 2
&, Ay Qa5 Agy 83 Ay a5c§:
0O O 0 0 0 35 ©

Ga 00 0 G
a, G 0 0 0 0

Der(c“)' Ay 83 Qg Qg Ay Agg
8 4, 9 8y Q5 A

% G A3 &, G5 asg
% G 0 0 0 a4e

where & a; a8, &g 85 8, 4 Ga, a,fFa; a, a;

a, a, 0 0 0 0 §

3, g; 0 0 0 0
Derc): S e 0 0 a,; &,
- ay a, Q3 d Qs s -

85, & & & & g .
@ By & & 0 0 Ay 8g1
where ¢ &, a; 8, a5 Ga,
¢ O 0O 0 O 0__§
a, G O O 0 O-
% B By Ay B Ay
"a41 Ap 3 Gy A 9 ’
8, & A By A B
3, a 0 0 0 agp
where ¢ 6!_22 Q3 8y AgG; Ay Ay Ags A
r

Der(c®):

u r r r r

c65 66 T r r e

o a= r = r r Mo
&AN ;575 7 *. where a .
F=35 =86 =87 =88 -89 =8:F ¢ % A& A 3

795 T96 97 T98 99 T9:_

E=5 =5 =. 1
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DIFFERENTIAL EQUATIONS FOR PATHS, WHICH ARE EQUIVALENT WITH
RESPECT TO THE ACTION OF THE GALILEAN -SYMPLECTIC GROUP
Chilin V.1., Muminov K.K.

National University of Uzbekistan, Tashkent, Uzbekistan

Let R*" be the2n-dimensional real linear space and®®n,R) be the group of all invertible linear
transformations of R*". Let

SH2nR) {ge G2 nR): €y 2 dk gyforall ~,x yR*} be the symplectic subgroup in
GL(2n,R), where %, Y& X% %y } % % % % -
Denote by & (0,...0,10,...,C the -canonical basis in R*,i 1, ,%, and put

2n 1

U, {08 V,, { 08, OR, W, | %D, R i D},2n & Consider the

i 2
subgroup *g,(2n,R) in GL(2nR) of all such g (g)7, GL2nR) for which
9Ux) Uy 0 1L g(Van) VouOonzn B O(W,) W, and the reStriCtiongL\&n of g to
the subspacd\,, is an element of theymplecticgroup SH2(n 1),R). The group *s,(2n,R) is is
calledGalileansymplectic group
Denote byl the interval(a,b) ZRR. An | -pathis a vectorfunction X(t) {x( 0} J-an R te I,
such that the coordinate functions(t), j 1, , 2, are C' -differentiable.The r -th derivative of the

| -path X(t) {x(}}:", is the vectofunction X*(t) {X}”(t)}f“l, where X" (t) is the r-th

derivative of the coordinate functiox ®,j L ,Z,r 12,

Let M(R)(t) (respectively, M®P(X)(t)) be the matrix (X" U(1)), ; (respectively, the matrix
xPO), 1), where xO(t) x(t), i 1, ,n. A path X(f) is called strongly regularif the
determinatedetM (X)) is not equal to zero for all * | . We say that the strongly regular-path
X(t) {x(9} 7", is aGalilean I -pathif |x ()| [X) ()| CanddetM,, ,®(¢)) zOforallt«l,
where M, ,(X(t) X" (1) Com m s 3 8 1,)éo)(t) %(9. | -paths X(t) and y(t) are called
*sp(2n,R)-equivalentif there existsg * *5,(2n,R) such thaty(t) gx(9) for all t «| . Denote by
J the matrix(.]i’j)i”'j psuchthatd;; 1, J; 1ifj 1} ,XH 1 andJ;; O, forthe rest of
index numbers. The following theorem gives a criterion for ﬂg@(Zn,R)-equivalence of Galilear -

paths.
Theorem 1. Two Galilean | -paths X(t) and y(t) are *g(2n,R) - equivalent if and only if

(M) *OMOG0)  (M(9) MU
MTR)(®)IMR(D  MT(N() I, MY()
forall t « |, whereMT (X)(1) is the transposed matrix to the matiig (X)(t) .
Let A) M(X) “(HMPR(D (q(i))i”’j 1+ A direct calculation of the element, (t) of
the matrix A(t) shows that
{a;(9}]. {0,0,0, },0,a,(9}{ af & | . {1.0,0,} ,0, af ¥,
{a(9}], {010, },0,a,(D}.} {a(®.{000} .1 a()

wherea,, (t) are infinitely differentiable functiond,* 1, j 1, n}.

(1)

In addition, B(t) MT(X(t)) IM(X D), is an invertible symmetri€ un-matrix for which we have

BOM) A(HBD BYAD forall te | )

Consider the following system of matrix differential equations
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- XOM) X AY -
T()IX(H Y,
where the matrixX (t) (X, (1))}, ; is unknown, XO(t)  (xP(1))}, ., in addition, the matrixA(t)
has the form (1), and the matrB(t) is an invertible symmetric matrix satisfying equation (2). A
solution X(t) of the system (3) will be callesbndegeneraté the determinant of the matriX (t) does
not vanish for allt * 1. We say that two solutionX(t) and Y(t) of the system (3) are*s,(2n,RR)-

equivalent if there exists an elemegite *g (2n,IR) such thatY(t) gX(9 forallt el .

Theorem 2. Let the matrix A(t) have the form (1), and let the matrB(t) be an invertible
symmetricn UN-matrix satisfying equation (2). Then

The system (3) has a nondegenerate solu¥d) . In addition, if Y(t) is another solution of the
system (3), then X (t) and Y(t) are *g(2n,R))-equivalent;

There is only one Galileah -path X(t), up to *5(2n,R)-equivalence, such that the matrix
M (X(t)) is a solution of the system (3).

GIPERBOLOIDNING EGRILIK CHIZIQLARI
Ergashova M. M.
29]EHNLVWRQ OLOOL\ 8QLYHUVLWHWL 7RVKNHQW =
Biz kanonik tenglamasi S
o W o
E=g FT/&L u

N¢

ES

NRYULQLVKGD EROJDQ ELU SDOODOL JLSHUERORLGQL
TL =@ K CRDR
JUL >RGO E RDR,Fe QQO0 e F» OROE»,
VL ?@DR
SDUDPHWULN NRYULQLVKGD \R]JLE RODPL] YD XQLQJ HJULOLN FK
7 D 1 U &itt ustida yotgan chizigning har bir nuqtasidagi urinmasi sirtning shu nugtadagi bosh
\RTQDOLVKODUGDQ ELUL ERT\LFKD \R Y QDribk) BOLEHRid D EXQGD\ F

Malumki egrilik chiziglari
@R @R
1) F(0,—= E:.) F'O;—=E:.(F/" ;L
- ) POg ) FOrgh Pl ik .
Differensial tenglama yordamida aniglanadi. Bu tenglamada& @  birinchi kvadratik forma
koeffitsientlari, .& & lar esa ikkinchi kvadratiforma koeffitsientlaridir.
Hisoblash natijasiddirinchi kvadratik formani koeffitsientlarni topamiz.

"LTEEYEV L 2PR=SPOEQE >52 KA
(LT.TREUWEWV L—tSOE(D[Rm>6F=6;
YLTBEYWEVM L @MR=F?2KQE>0EQ E PFR

Endi ikkinchikvadratik formani topishi uchun uning koeffitsientlarini topamiz.

L F=>7¥R
¥=>6 P RE =500 EQ?IFRE > %2 K\Q?DP R

/ LO
Bu ifodalarni
@R @R
1) F(0,—= E:.) F'O0;—=E:.(F/";Lr
) FOgg ) P 0gg Pl | |
tenglamaga quyib guyidagi differensial tenglamani olaviz.

(—20&@mm>ﬁ F :6;:>,'2§éé;6 E:F=>2PR=5? K\Q@PRE >0 EQOPRE PR F
WRLOEQE 2 K'Q=>2 EF=>PROBEQORBR F =5 L 1
tenglamani olamiz
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Bu yerda a , b , ¢ ni teng deb oIsakFt:9CDR:—ZLr KRVLO ERTODGL EX
=&&A&PR DR H =Mdan fargli shu uchun
QL Q @LQQ(;@ERP
@Qr >K~1H@|%{LR4EP @Rr>@H®9RLR4

Natijada biz koordinata chiziglari egrilik chiziglari ekanlini korsatdik.

36(9'25,0%1 .213;,//,./1$5,'$ /25(16 $/0%$6+7,5,6+/%5,
Homidov A.R.
OLUJR 8OXJTEHN QRPLGDJL 2Y]JEHNLVWRQ OLOOL\ 8QLYHUVLYV

Agar A:R'* o R'* chizigli akslantirishda /~*R"* YHNWRUQLQJ VNDO\DU NRYSD\W

\DTQL EBUR'K Dektorlar uchun & A F2  ¢F shart bajarilsa, bu chizigli akslantirishga
Lorens akslantirishi deyiladi.
1-lemma. Agar A /RUHQV DNVODQWLU IAV K&, &R ROveKiorlaxning RiQIgD

NFSD\WPDVLQL VDI BeGL @ BIQL
2lemma. AR K /RUHQV DNVODQW L URVdagHR J Qortbr@rmal taRsaeG D

~ _ kKr Mgl
. matritsa " NRYULQLVKGD ERA@GDRE]JDPXRBVGD

sh r kKo

Bundan tashqari, agadetA ! Ova _ YHNWRU \XUXJJOLN NRRUGLQDWDVL ERYOI
vektorlar orasidagi burchath7 JD WHQJ ERJODGL

- & & &€ &
Teorema. Ushbu dagi -, ———— \RUXJYJYOLN NRRUGLQDW
{6 @ R dagi & % 8 5 Q
T
WDVKNLO WRSJD®, & DbpzivdaERMIDALIRD 0 R Lorens akslantirishi ra 0 T_§

r_e
.

NRYULQLVKJID HJD HRdip@baBKburihsk burthaGiD
C

yoki

T

1-miso. 5 R¥ YDTW NRRUGLQDWQLFJ/DHERIERIQLEDUD], ¥ JODPL]NL
tekislikda £ ortogonal vektorga{l ,F} RUWRQRUPDOODQJDQ ED]LVtelRdky MXG OC
nugtalari fazoviy. Bizda &\ £ 2 AC A, F 2,,0, A 21,2 munosabdar mavjud. Bundan
NRIULQDGLNL,va 5, £ ,Fbazisda: PDWULWVD TX\LGDJL NRYULQLVKGD &
1 O O 8§
0 kRN sin-M M.
0 sin  kR\§
Shundayqilib,A akslantiishL At RTTL D W gipethokurchakka burishdan iborat ekan.
2-misol. Bizda R’ fazoda :_ ,|Jef 1 PXQRVDEDWODU R {Wék@OHeri§aRT1ODGLJL
ERYOVLQ 4DUDPBPWRUIDIMUJID RUWRJIJRQDO ERYOJDQ Y@J}W NRRUGL(

bazisda : matritsa quyidagicha

kK r 7VI<O"§
rVK r 7k KO.
0 0 e

NRYULQLVKGD ERYTODGL
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Natija: R’ dagi ,-+—=%—2=1" bazisda : matritsa

2 ' J2 ¢

§ 0 0 - ®r 7 0
-0 r_ 0° \RNk7 0 0
0 0 1. g 0 1
NRJULQLVKJID HJD ERTJODGL
ADABIYOT

1.J.0. Aslonov, A.R. Homidoy.NNL RTOFKRYOL SVHYGRULPDQ NRYS[LOOL.
S =DPRQDYL\ PDWHPDWLNDQLQJ QD]DUL\ DVRVODUL YD DPDOL\
Andijon. 2022.330-333.

2. A.Ya. Narmano\Differensial geometrya. Universitétoshkent 2003.

3.X > ;mjzZlh < : AzZzedizee gb_ \ jbfZgh\m ]J_hf_Iljbx JhkkbckdZy Zc
1994.

4. < F Fbdexdh\ : : Deygbg <FZdkdyfdleggu_ ih\_joghklb \-ijhkljZ
\j_f_gbbgdh\kdh]h <he]h]jz?

RELATION BETWEEN GEODESIC MAPPING AND DUAL MAPPING IN ISOTROPIC
SPACE
Ismoilov Sh. Sh.
National University of Uzbekistaiashkent, Uzbekistan
E-mail: ismoilovsh94@mail.ru
When studying the geometry of psetifoclidean spaces, singularities arise associated with
isotropic vectors of a space. Often these features form a whole subspace. One such subspace is the

isotropic spaceRf. An isotropic space ishe subspaceM (X, Y, z 2 o R. But the geometry of such

subspaces has been little studied.
In this paper, we determine and study the properties of a shortest curve on a surface and in its dual
image. It is proved that the dual mapping is geodasitalso that it is conformal.

Let there be given a thraimensional affine spacéy, set by an affine coordinate Systédxyz.
Definition 1. If the dot scalar product of vectorX{ %, ¥, z and Y{X, Y, Z is given by the
formula

(X,Y) x%  yy if ( XY,20
X,Y), 3z it (XY, 0

then the space is said to be an isotropic space and denotEfj[}/.

Let the regular surfac& , given by the equatioz  f(X }), be contained inside the sphere, and
its boundary is the intersection of the sphere with a plane

Definition 2. The surfaceF is said to be the surface dual to the surf&eewith respect to the
isotropic sphergl].

When F is regular and belongs to the clabs, the duakurface has the following equation

po MUY, MUY fMY Y e
W w uw uw
Theorem 1 If F is a minimal surface, then the dual mapping will be conformal.
Corollary 1. If the translation surface satisfies the conditifyp fyy, then its dual mapping will

(1)

(2)

be conformal.

The shortest curve on the surface of an isotropic space has some properties of the Euclidean
shortest curve on the surface, but it also has its own characteristics. For exanghertést curve on a
convex polyhedron can pass through its vertex. It is known that the shortest curve on a polyhedron of the
Euclidean space does not pass through the vertex of the polyhedron [].

This can be seen from the fact that through the vertexpaflyhedral angle, which is uniquely
projected onto the plane , one can always draw a plane parallel to the axis. Obviously, for points on the
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section lying on different sides of the vertices of the polyhedral angle, the shortest path passes through the
vertex.

Definition 3. A geodesic curve on a surface is a continuous curve that is shortest on any
sufficiently small segment of itself.

The curvature of a shortest curve is equal to zero.

Theorem 2. If a surfaceF is convex, theiits dual mapping is a geodesic mapping.
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5, OLNHYV - '"LUHUHQWLDO JHRPHWU\ RI VSHFLDO PDSSLQJV 3DO

MUHANDISLIK VA KOMPYUTER GRAFIKASI FANI O UV
MASHG ULOTLARIDA TO RT POG PNALI TA £IM USULINI QO fILASHNING
AXAMIYATI .
Kayumov X. A.
7TRVKNHQW GDYODW WUDQVSRUW XQLYHUVLWHWL 7RV
20L\ RITXY \XUuwoODULGD WDODEDODU RY]JL WDQODJDQ \RT
NRYIQLNPDODULQL VKDNOODQWLULVK LPNRQL\DWLJD HJD ERTOLYV
samarali usullardan biri deb hisoblaymada7 RuUW SRJIJURQDODRD OAHWER®LP NRUQLNF
PDODNDODUQL RpuJODVKWLULVK MDUD\RQLQLQJ WRpUW SRJIJURQD GF
%X PHWRG WDYOLP ROXYFKLODUJD ELU [LOGD WDNURUODQDGL.
WH] YD PXNDPPDO RUUJDQLHEURGLVKOROLIRURQWBE@POEDQGD WDTO
RGGL\ WDODEODU ELODQ WDQLVKWLULODGL VRpQJ XQL WDNURU
TLODGL )DQ RYTLWXYFKLVL WDODEDODUJD DYYDQUUEBGMZMRODGLJ
TDQGD\ WDUWLEGD EDMDULOLQKWPDOPED]LFKINRDQVDMWRIGLY DW LOJL
(immitatsiya) K UDN 7DODED FKL]PDQL TD\WDULE FKL]D\RWJDQ SD\WGD L
WRTJILUODE WXUDGL 7D¢h®mdpotxbd KaytdrishCkWVIKN QLLEROYW QVDULTDVLGD
\ XUWLLQLQJ XPXPNDVEL\ IDQODULQL EDUFKD WDYOLP \RYQDOLVKC
PRGXOL ERY\LFKD PDVKIJTXORWODULQLQJ RYTWND]JLOLVKLQL NRYULE
3S7TRUUW SRJUR @gbashichRiHawWRI&atdan iborat:

STXVKXQWLULVK® ERVTLFKLGD RYTLWXYFKL WDJOLP ROXYFKL
oddiy detalning loyihalash bosgichini tushuntirib beradi. Detallarning unsurlari turli konstruktiv usulda
bajarilishi mMXPNLQ OHNLQ XQLQJ WX]LOLVKL TDQGD\ ERpOVD VKXC
mukammallik tizimi tushunchasi gismlarning bir biri bilan tabiiy tutashib, yaxlitlik taassurotini
EHOJLOD\GL EXQGD TLVPODUQLQJ RpO F K DardagddétallatkiogbisikshiQ J P X W L
hisobga olinadi.

31LPD TLOLVK NHUDNOLJLQL NRpuyUVDWLE EHULVK® ERVTLFKLC
EDMDULVK NHUDNOLJLQL DPDOGD NRuUVDWLE EHUDGL

B8FKLQFKL ERVTLFKGD W D 4$H ® DR GAtysiFRghUtafakhtiBrixikKdiQriaydV
MuhandisSHGDJRJ WDYOLP ROXYFKLODU EDMDUD\RWJDQ KDUDNDWOD
bajarilishi chuqur va har tomonlama [RPDNL \HFKLPGDQ WRUWLE D\ULP TLVP Y]
chizmalarini bajat VKJDFKD QD]J]RUDW TLOLE [DWRODULQL WRuJuUULODE WX

S0DVKT TLOLVK™ ERVTLFKLGD -Nri2akad inPhaRdipedsdol totonidénl QJ KD\
QD]JRUDW TLOLE ERULODGL 7DYOLP ROXYFKLODU LVK DPDOODUI
mustagil ajaradilar.
3S7TRPUUW SRIJURQDOL”™ WDYOLP WBWRIGH RIOXIY BKIRVD VU @ H@daddFLU D N D W C
NRpuUVDWLE EHUJDQ KDUDNDWODU GRLUDVL ELODQ FKHNODQJDQOL
37RpPUW SRJIJuURQDOL" PHWRGQLQJ DIIDOOLNODUL WDTOLP ROXYF|
yordam berishi, vaqtdan unumli foydalanish imkoniyatining mavjudligi, oddiy ish bosgichlarini
RU]JODVKWLULVK GDUDMDVL \ XTRUL ERpuOLVKLGDQ VKDNOODQDGL
STRURIPRQDOL” PHWRGQLQJ NDPFKLOLNODULJD HVD WDYOLP R
NRpUVDWLE EHUJDQ KDUDNDWODU GRLUDVL ELODQ FKHNODQLE TF
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\RUQDOWLULODGLODU OHNLQ PXNWDULODKQNUD EWRK ALPNRQ LL\D KV E
RVKLULVKGD KHFK TDQGD\ \DQJLFKD \RQGDVKXYODUJD \RpO TRp\
7DYOLP ROXYFKLQLQJ L]JODQXYFKDQOLN TRELOL\DWL XQLQJ
PDGDQL\DW L ¢alkoninvi@ fapch#® bdddichlarida samaradorlik va sifatni oshirishdagi istigbolli
QDWLMDODUQL TRuOJD NLULWLVKQL NDIRODWOD\GL %XQLQJ XF
HWLVKJD WRpJpUL NHODGL YD XQLQJ QOQDWMKLVILGE PXRFPOILMDPDEA |
WDTOLP VKDURLWLGD RuJODVKWLULOJDQ ELOLP YD KDUDNDW XV
WXUOL LVKODE FKLTDULVK YD]JL\DWODULGD TRuOODQLVKJD \DU
shunday faol DfOLP XVXOODULGDQ ELULQLQJ YDNLOL VLIDWLGD QDPR\

ACTING OF COVARIANT FUNCTORS ON SOME CLASSES OF CONTINUOUS
MAPPINGS
Mamadaliyev N.K.,Toshbuvayev B.M.
National Unversity of Uzbekistan named after Mirzo Ulugbek
nodir_-88@bk.ry toshbuvayevboburmirzo@gmail.com
In this thesis we discuss the action of the hyperspace functor to some classes of continuous

mappings.

The set of lknon-empty closet subsets of a topological spaces denoted byexpX . This family of all

sets of the form

\

O(U,,..U,) @&:FeexpX FeUU FNU z$i 1,2.n
il

whereU,,U,,...U, are open subsets ok, generates a base of the topology on theesgtX . This
topology is called th&ietoris topology The setexpX with the Vietoris topology is calledxponential
spaceor thehyperspace of a spac¥ . Put AT, L < BATL&( Q J=for a naturalJ.
For compact spacesand ; define a mappingA T4B3A T \ A T4 with thefollowing way:
ATYB; 1% L B:%
for every %D A T4:. Clearly, this mapping is well defined and continuous.
Definition. [1] A mapping f is called almosbpen, if for eachy * Y there existsx » f *(y)
such thatf (U) is a neighborhood ofy for each neighborhood) of X.
Theorem. The mappingexp, f is almostopen for every almost open mappirfig X o Y
Definition. [2] A mapping f is called pseudopen if for eachy Y and each neighborhodd
of X« f }(y) in X, f(U) is a neighborhood o¥ in ; &
Theorem:If f:X 0 Y is a pseud@pen mappingexp, f is a pseud@pen mapping.
REFERENCES
1. Fedorchuk V.V., Filippov V.\General topology. The basic constructions. Mascow, 2014.

2.Ge Y.Weak forms of open mappings and strong formssefuenceovering mappings
ODWHPDW L RIORDOBPHNBQ L N

729*Y5, &+,=,4/, 6,/,1'5,. 6,57/$51,1* 785/%$5, 9% 81,1* =$585/
HOLLARI
Mamurov |., Mamurova F., Adilov Sh.
7TRVKNHQW GDYODW WUDQVSRUW XQLYHUVLWHWL 7F

Silindrik sirtlar KDTLGD XPXPL\ WDfULI

%HULOJDQ WRYJTUL FKL]JLTJD SDUDOOHO FKL]JLTODUQL PDTY
E R 1 O J D @lindtik sW delyish mumkin.

%HULOJDQ \RTQDOWLUXYFKL FKL]JLT D\ODQD HGpralb¥a JLSHI
boshqgalari berilishi mumkin.

,VKODE FKLTDULVKGD WXUOL VLOLQGURLG VLUWODU NDWWD
[ XVXVL\DWL ERJOLE PDYOXP LVKODUGD LVKODWLVK PXPNLQ Ol
\RTQDOWIQLIDRINGDV XQXTWDVLJID TX\RVK QXUL \LJJLOLE WXUOL LV
TXYYDWL \RNL [DMPL VLOLQGULN VLUW SDUDERODQL NDWWDOLJL
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,NNL SDUDOOHO FKL]JLTQL PDWHPDWLN ERJTODQLVKL TX\LGDJLF
ax hy gz d 0
®
ax by ¢z 4 0
8VKEX FKL]LTODU SDUDOOHO ERYOLVKL XFKXQ TX\LGDJL VKDUW
i H & $JDU XODU RY]DUR WHQJ ERYOVD KDMPL VLOLQGUL!

a b g
X]XQOLJLID ERJJOLTGLU

6LOLQGU \DVRYFEKgVax WRIFHFUL OFKQL \RTQDOWLUXYFKLVL WR'

ax by ¢z d Olarorasidanisbiyliki % S ERJYOLT ERYOLVK VKDUW
&, G
+DUTDQGD\ \DVRYFKL WRYJJUL FKL]JLT WHQJODPDVL

X% (% 9t X
® (Y, Wt ¥%
zZ (z 2t 2
6KX NRTULQ LA((IXZG)@, @)R\‘RGX B OW LIB,J(XY)E, Ig)_IaYIDsobIanadi.

6LOLQGULN VLUWOD UR\a BDHdsie@ruMchidRfaflk @ Imatématik munosalmtig

ERJTOLTGLU
ObvDODQ $U[LPHG VSLUDO FKL]JLJYL ROLQVD JUDILNDYL\ NRTU
VLOLQGUQL [XVXVL\DWODUL EHKLVRE ERYfODGL 6LUWODU PDWHPD
olinmoqda.
ADABIYOTLAR
1.A.B.Pogorelovi$QDOLWLFKHVNRH JHRPHWUL\D" O

A SYSTEM OF d -GENERATORS OF THE d -FIELD OF INVARIANT d-RATIONAL
FUNCTIONS WITH RESPECT TO THE ACTION OF UNITARY -SYMPLECTIC
GROUP

"Muminov K.K., 2Juraboyev S. S.
INational university of Uzbekistan, Tashkent, Uzbekistan
’Fergana State University, Fergana, Uzbekistan

Let V C* be a & dimensional linear space over the field of complex numbers. We obtain the
elements of the spadé as rowvectors of the formx /X Iznl wherex ¢ C. Denoted byGL 2n,C
the group of 2n u2n matrices with a complex element corresponding to all invertible linear
transformations of the spadé. Also, we consider the action of the subgrddpe GL 2n,C on the
spaceV as the multiplication of the matrixg e G by the vector X *V (from the right), i.e.

g,X 0 Xg.

Let Hermitic :, X,y and symmetric:; X,y bilinear forms inV be given in the forms
2n

DAY : Xy, 1 %Y : XY, X.¥ | 13..,2 ;whereX, VeV, ¥ isacomplex
conjugate ofy .
It is well known that set of the linear transformatiodéV 0 V that invariantly preserve the
bilinear forms 1, X,y and :; X,y is a group under the operation of superposition and is called

unitary symplectic grouplt is easy to check that for the matrig * GL 2n,C corresponding to

unitary-symplectic transformations of the spadé, satisfies the conditionsgg’ T g E,
glg" g'lg |, where @' is the complex conjugate transposed of maigx E is unity matrix
2n u2n, also matrix| defined in the following form:
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Usually such a group is denoteddSp 2 nC .

We fix a natural numbe2n ¢ N and consider the ring of polynomials of countable number of
variables

of the form
a

C Xio ’XZO ’---’ng ’)Sl 1&1 a---1)§: 1---1){ a); 1---’& =

with coefficients from the field of complex numbe®s; we denote this ring byt{% (we assume that
X )go i 1,2n). We setd %' X '.dc 0 cC,forali Ln,r * Z, . The mapping
can be uniquely extended to a differentiati@rin the ring (C{X» . Then this ring becomesdifferential
ring, its elements are called-polynomials denote them asf %", where X *V. Also, the
differentiation V can be naturally extended from the riﬁ]g()?). Then this field becomes @ -field, and
elements of thel -field C(X) are calledd -rational functions denote them ad (X).

Let G be subgroup of the gropL 2n,C .

Definition. A d -polynomial f /X~ (respectively, ad -rational function f (X)) is said to be
G invariantif f %g" ™% (f(xg) f(X))forall g+G.

The set of allG invariant d -polynomials (respectively invariant d -rational functions) is
denoted by C’X® (respectively, (C<>?>G). It is known that C’X® «C /X", (respectively,

C(X)° » C(X)). Let the set 6 { A, is consisted from elements & /X, where L is a set in
finite number, the oreted of natural number. A subs&of C /X © is calleda generating systewf the

d -field (C(T()G if an arbitrary elementf (X) of (C()”()G can be generating by applying a finite number
of operations of the fieIcC(T()G to the elements of6, and the elements of are calledd -generators
of the d -field (C(X)G. We consider the followingroblem constructing a finite system efenerators

of the dfield C(X)° in caseG USp2nC .

Theorem 1. Any USp 2nC invariant d -polynomial is expressed an integrally rational
manner by the elements of the system, X', X", Defl,j},lmeZ,.

Theorem 2.A system ofd-generators of the fieIdI()?)USpmC is formed be polynomials

XX, XX XX o on 1
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ON THE GEOMETRY OF THE ORBITS OF KILLING VECTOR FIELDS
Narmanov A., Aslonov J.
National University of Uzbekistan,Tashkent, Uzbekistan
jasurbekO5@mail.ru
In this paper full classification of the foliation generated Hyitsra family of Killing vector fields
on three dimensional Euclidean space is obtained.

Let M be a smooth connected Riemannian manifold of dimenElonX a smooth vector field and

X'(X) an integral curve passing throughfor t 0.

Theorem 1. Each integral curve of a smooth Killing vector fields on the-tivoensional circular
cylinder isgeodesic.

Let M be a smooth manifold of dimensian, D a family of smooth vector fields defined on the
manifold M . The family D can contain a finite or an infinite number of smooth vector fields.
Theorem 2. Let D be a family of smooth Killing vector fields okl. We assume that the

dimension of the orbit familyD smaller tham. Then the decomposition of the manifold to the orbit is a
singular Riemannian foliation.

The following theorem gives a complete classification of geometries of orbits of Killing vector fields in
threedimensional Euclidean space.

Theorem 3. Let D is a family of Killing vector fields in R®. Then the orbits of this family
generate a foliatioR, which is one of the following seven types:
1) the foliation F consists of parallel straight lines;

2) the foliation F consists of concentric circles, lying on the parallel planes and centers of these
concentric circles.

3) the foliation F corsists of a helical, lines lying on concentric circular cylinders, one of which is the
axis of these cylinders;

4) the foliation F consists of parallel planes;

5) the foliation F consists of concentric sptes and a point (the center of spheres);

6) the foliation F consists of concentric circular cylinders and straight line (the axis of cylinders);

7) the foliation F has only one leaR’.

In the proof of the theorem 4, we will use the following lemma, which was proved in the paper [4].

It is known that on the twdimensional torusl ? every constant vector field is a Killing vector field.
Theorem4. Let M be a smooth complete Riemannian manifold with Riemannian m@gtriand

for each vector fieldX ¢ A(D)

X9, dIXY, ¥ 60X XK

where Y, Z ¢ V/( M). Then, if some orbit isompact, then all orbits are mutually diffeomorphic. In
particular, all orbits are compact.
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MUNTAZAM IKOSAEDR HAMDA DODEKAEDRLARNING SFERIK TASVIRLARI.
1Qurbonov E.Q.,?Pardayeva Z.A.
1113, -L]ID[ 2T]EHNLVWRQ
2.3, -L]ID[ 29Y]EHNLVWRQ

1. Ikosaedrning sferik tasviri.

,NRVDHGU PXQWD]DP NRYS\RTOL VLUW ERYOJDQOLJL XFKXQ
ERTOJDQ PDVRIDODU RY]JDUR WHQJ ERTODGL %XQGDQ HVD LNF
chigadi. lkosaedrning sferik taswir aniglashda markaziy proyeksiyalash usulidan foydalanamiz.
Proyeksiyalash markazi sifatida birlik sfera markazini olamiz. Ikosaedr yoglari 20 ta muntazam
XFKEXUFKDNODUGDQ LERUDW ERYOJDQOLJL XFKXQ XQLQJ TLUU
aylanalariga akislanadi va sferani 20 ta muntazam sferik uchburchaklarga ajratadi.

1 - chizma.
1-teorema. Ikosaedrning sferik tasviridagi sferik uchburchaklar ichki burchaklarining har biri

0,4 £ ga va yuzasD, 2 Ega teng.
Isbot. Sfera sirtining yuzasd 4 Sga, sferik uchburchak yuzass D E J ga teng ekanligini

etiborga olsak,0 E JO,4 ’% 0,2 kelib chigadi.

2. Dodekaedrning sferik tasviri.

'RGHNDHGU KDP PXQWD]DP NRYS\RTOL VLUW ERTOJDQOLJL X
DoGHNDHGU \RTODUL WD PXQWD]DP EHVKEXUFKDNODUGDQ
proyeksiyalashda muntazam beshburchaklar sferik beshburchakalarga akslanadi. Chizmada ulardan biri

(B,B,BB.B) NRTUVDWLOJDQ

2- chizma.
2- teorema. Dodekaedrning sferik tasviridagi muntazam sferik beshburchaklar ichki

25
burchaklarining har biri? gava yuzasig ga teng.

100



Ishot. Markaziy proyeksiyalashda sfera sirtining yuzasi 12 ta muntazaKleX UFKDNODUJD ER ¢

S
Bundan hamda beshburchaklarni uchburchaklarga ajratish usulidan foydalans]% 5

p D D ,D . %Skelib chigadi.
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ABELIANITY OF RICKART C* -ALGEBRA.
Raxmonova N. V.
$QGLMRQ 'DYODW XQLYHUVLWHWL $QGLMRQ 2T]EH
rahmonovanilufar406 @gmail.com
Definition 1 [1]. A C*-algebrais a complex Banach-dlgebra whose norm satisfies the identity

[Ix* x| [1x .
Let A be a *ring with unity. Recall that, an elemegt® A is called gprojectionif it is selfadjoint

(e* =e) and idempotent@  €). Letw be a partial isometry i, i.e. W WW* W. If € W* Wit
results fromWw WwW* Wthat wy O iff ey Oiff (1 ey yiff y (& €)A thus the

elements that rigkénnihilatew form a principal right ideal generated by a projection. The idea of a
Rickart *ring (defined below) is that such a projection exists for every elemdnot just the partial
isometries).

Definition 2 [2]. Let Abe aring and let S be a nonempty subset of A. The sets

R(9 {x A sx0, forall s ¥

and

L(S) {x* A xsO, foral 3 E

are called theight-annihilator of S (theleft-annihilator of S respectively).
Definition 3 [2]. A Rickart *ring is a *ring Asuch that, foreacix * A, R{ ¥ eFfwithea

projection. Note that such a projectione is  unique. It follows  that

LR (KR *¥)* ( WA  Alfora suitable projectioh.

Definition 4 [2]. A C*-algebraA that is a Rickart #ing will be called aRickart C*algebra A is
said to beabelianif every projection in A is central.
The main result of the paper is ttidlowing theorem.

Theorem. Let A be a Rickart Cfalgebra. Then the following conditions are equivalent:
(a)Ais abelian;
(b) every idempotent iA is central,
(c) all idempotents oA commute with each other.
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ON THE PROPERTIES OF CYLINDRICAL IMAGE
'Sharipov A.S.,? Topvoldiyev F.F.
! National University of Uzbekistan, Tashkent, Uzbekistan
asharipov@inbox.ru
2 Fergana State University, Fergana, Uzbekistan
ftopvoldiev87 @mail.ru
In modern differential geometry, one of the main problems is the restoratiorfaxfesiaccording
to given geometric characteristics. The geometric characteristics can be intrinsic curvature, extrinsic or
Gaussian curvatures, and other features associated with the surface. The problem of restoring the surface
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by geometric characterigiV Rl WKH JHRPHWU\ 3LQ ODUJH LV FRQVLGHUHG
A.V.Pogorelov and their studerty.

$V D UHVXOW RI VHPLQDO VWXGLHV RQ JHRPHWU\ 3LQ ODUJ
solved in recent years, in particular, the following series of results has been obtained: the existence and
uniqueness theorems for pointwise slant immersionseh&nian manifolddVl" into a complex space

form M" ¢ of constant holomorphic sectional curvature have been established, new invariants such as

arclength, curvature and torsion with a fracticoatler have ben introduced, and the problem of
reconstruction of the curve in terms of the new invariants has been solved, the geometric invariant
properties of a normal curve on a smooth immersed surface under conformal transformation have been
established [2].

In this paper we are studied the linear transformation of the space is considered invariant group. The
transformation matrix is neither symmetric nor orthogonal. However, the determinant is equal to one.

In threedimensional EuclideaiR® space, consider the surfaée and the notzero vectoré, the
surface F is intersected by all possible pIaneS' perpendicular to the vectce. The set of cross
section points is denoted by! F J!. The class of surfaces for which the sectiah is

homeomorphic to a segment, a straight line or a circle, we dendé @ [3].

Definition. Let some setM be selected on a convex surfake. Let's take the unit sphere, the

centerwhich is at the origin. Let's draw through each point of theMetll possible reference planes to
the surfaceF , we will postpone the unit vectors of the outer normals to these planes from the center of
the sphere. The locus of ends of these normals is called the spherical imdde. de@€note by the
spherical image of the séfl throughM .
Consider a cylinder whose guide circle is

X ¥ 71

- x 0

and the generators are parallel to the vedtoWith the help of central projection, we will project area

M onto a cylinder. The central projection of the 84t on the cylinder is called the cylindrical image

of the setM and denoted b (5].

We give the following property of the cylinidal image of the surface:
Theorem 1.Cylindrical image of the surface monotonically increasing function with respétt to
Theorem 2.The area of a cylindrical image is a completely additive function of a set on a convex

surfaceF W ’TE‘ , defined for all Boral sets.
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CHEBISHEV FUNKSIYALARI 8&+81 %$7 =, %$+2/%$5
Shodmonova Sh.
7THUPL] GDYODW XQLYHUVLWHWL 7HUPL] 2Y]EHN
Faraz gilaylikp-tub son vaXx-KDTLTL\ VRQODUL BBYQRBNQ EROMOIXURO TDV

VRQODU VRQL FKHNVL] NR<«S 6 KERdrgall XX 6H>XQQ NKCDNWPWIDI ER (EFORDJD Q
VRQLQL EHOJLSO(DVP]Ndeth@,Lu holda of da So of ekanligi kelib chigadi.
d

S X funksiya bilan birga

X Inp- x! Inp
p ok p™ dx
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tengliklar bilan aniglanuvchi va- 0 funksiyalarisonlar nazariyasida muhim ahamiyatga ega
[1]. Bu funksiyalar birinchi marta rus matematigi RChebishev 1821 +£1894c ¢ tomonidan fanga

kiritilgan. Shuning uchun ham ular@hebishev funksiglari deb ataladi [2]. | X nll InNnp \LJuLQGL
p™dx
barchap™ dx shartni ganoatlantiruvchiva | ODU ERY\LFMaBaROLQDGL
-10 !Inp In2 N3 In5 In7 In 2357 In21(
p(|10
| 10 : Inp In2 In2 N2 In3 In3 In5 In7
p™do

3In2 2In3 In5 In7 In 8957 .

Biz ushbu ishd&Chebishev funksiglari orasidagi munosabatlar va ular yordamida funksiyalardan
biri uchun olingan bahodan foydalanib boshgalari uchun ham bdhv & PXPNLQ HNDQOLJLQL NR

Ma'lumki,[3] Mangoldt funksiyasi / n ushbu

inp, n
n dnp P
, nzp
tenglik bilan aniglanadi. 5 0 va / n funksiyalari WD { U L | QupitiagiGridigpsabatlarning
RTULQOL HNDQOLJL NHOLE FKLTDGL
:Inp inp
| X : n,e”* e-* n e’ de p WDMB34,.., ,d
n dx pd)( pmdx

1
Tushunarliki agarp™ dx ER<«Oy®x™ ER<ODGL YD DNVLQFKD 8 KROGD

[ X 'Inp:lnp:Inp...-x->é/2->{2
p"‘ldx p o p B2

YD EX TDWRU DOEDWWD FRBNBPR«BRBD AL A@dI(Q(lQHNbupBJBjUpml

: - In x2
RUDOLTGDI BR <OWVID pformuladagiln p  m-marta olinadi. Bu holdan o< ER«<OJDQL
np5

p"jdx

a
uchun | x ! :nx«lnpNRuULQLVKGD \R]D RODENA] T g Budid Gimi

p dx

—

belgilangan. Sx , 5 O funksiyalari WDTJULIODULGDQ TX\LGDJL PXQRVDED
d o ,

x d Ir]—Xlnp Inlx 11 Ino .

lenp I;njx
Keyingi ikki munosabatdan- X | xd S xInxJD HJD ER«<ODPL] (QGL

- X
L Ilng —— 4In 2 tengsizlikni isbotlaymiz. Ushbu binomial koeffitsenti
X0 X

N nln 2..2n
K 1

2n ~ ~
12°3..n

1) Obutun va :s E s;%ning yoyilmasidagi eng katta had. Bu yoyimatdEs WD KDG ERpOJDQL XF

N 2 \Zz ® n N (1)
2) N n p 2nshartni ganoatlantiruvchi barcha tbVRQODULJD ERpPOLQDGL FKXQI
ning suratiga kiradi, lekin maxrajiga kirmaydi.

guyidagi xossalarga ega:
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2) + ossdan Nt — p va demak NNt —Inp 2n - n. (1) dan

n p2nd np2d
INN 2nin2. % XQL HYWLERUJD ROVDN
2n - n 2nin2 2
Agar biz (2) da n 1,2,2?,...,211 GHE ROLE KRVLO ERpOJDQ WHQJVL]OL
2nt 2

2" -1 2 Z-...2 In2 N2 2' In.Buyerdag -1 O ERuOJDQL XFKX

-2" 2"'In2JD HJD ER<ODPL]
Faraz etayik TP s ushbu 2™' > 2™ shartni ganoatlantirsin. U holda- X RuVXYFKL
NDPD\PD\GLJDQ ERXOdDZ'L XEHXMX In 2.Bundan isbotlanishi talab etilgan
tengsizlik kelib chigadi:

— 4In2  \Z " _fzd _f'—o&;@

o
Ishda/ lim
xof X

In 2 tengsizlik ham isbotlangan.
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BEHAVIORS OF SOUSLIN AND SHANIN NUMBERS UNDER CONTINUOUS
MAPPINGS
Sodikkhujaeva Sh.Kh.
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Definition 1.[1]. Let (X, 2 and (Y, 2 be two topological spaces; a mappi&y X to Y is called
continuous if Bg U) B2for any UD 2 i.e., if the inverse image of any open subset of Y is open in X. The
fact that Bis a continuous mapping of X to Y will be often written in symbolBas: Y.

Definition 2.[2]. %? i:: d sis called a cellular family if the members &are pairvise disjoint.

2, L e—%a?AHHQH=ENSA

?.. ;is called the cellularity of..

Definition 3. [3].A cardinal i R Er is said to be a caliber of the spacef for any family &L
<7 &U b #=of nonempty open in sets such that# L i, thereexists $ ? # for which $ L i, and &
<7 aUP$=MI1.SetG: ;L 48 E©?=HEKBEDAOL=?A

Definition 4.[3]. The cardinal number << &~ E ©? = H EK B Ns called the Shanin number of
: and is denoted byD:: ; wherei” is the least cardinal number from all cardinals strictly greaterithat

Theorem 1.Let B& \ ; continuous mapping topological space®nto topological space. Then
?2,,Q7?0

Theorem 2.Let B& \ ; continuous mapping topological spacento topological space. Then
@:;L@;;a

Example 1. LetB&5 \ 4is continuous, wherés FSorgenfrey line and4 Freal line with standard
topology

As standard topology on the real line metrizable the cardinal invariants of it are remained the same,
?24;L 4, L Es

The cardinal invariants of Sorgenfrey line afe5; L E,&D:5; L E4a

Since the Bis continuous mapping from Sorgenfrey line to standapdltmy, then we have the
following results:

a) ?.5; L 7244

b) @5 L 4.
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GORIZONTAL CONFORMAL SUBMERSIYA
Temirova M.
21]JEHNLVWRQ OLOOL\ 8QLYHUVLWHWL 7RVKNHQW 2¢
7DYULYV &;va :$&; PRV UDYLVKGD P YDYWQ+BRIPPRDWRISY[DOOLN ER
Suryektiv 949 +akslantirish/ QLQJ LVWDOJDQ QXTWDVLGD PHONW. BEA/UDQNJID
J @ E 13l akslantirish submersiya deyiladi.

2VKNRUPDV IXQNVL\D KDTLGDJL WHBRILENBD VLID: TWRA Wibg KDU TDQ
yopig NLI FIRJOFKRYOL TLVP NRYS[LIOBD LuchurEiR ff GRéydeb #+ Dadi & L U
akslantirish bilan berilgan gatlamaga mos keladigamintegrallanuvchi tagsimotni olamiz, bu yerda har
bir iz &7°:T;ning &:L; L Tdagi urinma fazosiga mos keladi. Bu yerégF &ning differensiali.

Undaig L 6,€7%:T;, mos ravishdagning 6/ GDJL RUWRJRQ D O AMdébipelgiayhiX.icF KLV L QL
va * glarning elementlarini mos ravishda vertikal va gorizontal vektorlardir .

Tarif 2. e&/ &; 7 :$&", Fsubmersiya Riman submersiyasi deyiladi, agar &g ning har
bir Lnugtastda gorizontal vektorlarning uzunligini saglab golsa:

G:QR L C 5 keg Qég Roa BRD* ;4L D/ Q)

Bizga d&/ * &, 7 :0%&, \DULP 5LPDQ NRYS[LOOLNODUL RYUWDVLGDJL
ERTOWLIQ<ITD/ a&N=J@g OJ= hamda 6 QLQJ UHJXO\DU QXTIVDodd U WRYS
EHOJLOD\P/LYL ADMWE Har bir regulyarT B/ nugtasi uchun vertikal va gorizontalgsimotlar
mos ravishdais L G AI® &va * L :ix;Pbilan aniglanadi.

Tarif 3. & akslantirish gorizontal konformal submersiya deyiladi, agarb/ nuqgtada: @ & M
rva igxosmas,:@ &ning *s JD WRUD\WPDVL NRQIR&rdD®D: \DTQL

Dk@ & ;4@ &, ;oL & T,C: § ;4E: & D*, (2)
shartlar bajarilsa.

Kengaytirilgana+/ 7 4funksiya uchun:@ & L ryoki is [RVPDV BRIONVBDRYOLE
QLQJ NHQJD\LVKL GH\A\LODGL 6KXQL WDITNLGODhENn BEWaK NHUDN
ERTOPDJDQ IXQNVL\DGLU OHNLQ \DULP 5LPDQ NRYS[LOOLN XFKXQ

7DJUL®E/ 2&; 7 0248 P J Rt gorizontal konformal submersiya gravatatsiya bilan
juftliashgan deyiladi, agaéva Clar ¢é F—6 cL 3)

shartni ganoatlantirsa. Bu yerda, FRicci-tenzor maydoni;i F :/ &C; ning skalyar egriligi; UM r
ulanish doimiyligi; 5 Fkuchlanish energiyasi tenzori.

M. Mustafo [1] ixcham Riman manifoldlarida va ayrim yarim Riman kollektorlarida tortishish
NXFKLJD TRYVKLOJDQ JRUL]JRQWDO NRQIRUgh&atlavhkierdt. UV L\D TXULV!

Teorema.Kosmologik modelda gravitatsiya bilan juftlashgan [2] §anday gorizontal konformal
VXEPHUVL\D JDUPRQLN PRUIL]P ERYODGL
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%%7=, %,5 1,/327(17 =,1%,(/ $/*(%5%$/%$5,BAXPERS
OPERATORLARI
Tojiboyev E.
$QGLMRQ GDYODW XQLYHUVLWHWL $QGLMRQ 2f]E
Rotat% D[ WHU DOJHEUDVL HKWLPROODU QD]DUL\DVLGDJL EDTY]L
ERTOLE PDWHPDWLND YD ILILNDQLQJ NRYSODE VRKDODULGD RT]
kvazisimmetrik funksiyalar, Li algebralari va Yadggxter teiglamalari. RotaBaxter operatorlari Baxter
tomonidan ehtimollar nazariyasidagi [3] analitik formulani yechish uchun kiritlgan. Bu operatorlar,
matematika va matematik fizikaning boshga sohalariga ham alogador [4]. [1] iSRIBGFKDPOL QLO SR\
assotsiav algebralar uchun RotBakster, Reynold va Nijenhuis operatorlari tasnif gilingan.
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( maydon ustida # assotsiativ algebraning Rota Baxter operatori deb quyidagi tenglikni
ganoatlantiruvchi2a# \  chizigli akslantirishga aytiladi:
2:T;2:UL2:T2UE2: TJUEATIAETAJD #4 D (
7DNLGODE RTWL\2KF B MU RaXnga eg® B@&% D[WHU RSHUDWREP ZRJOVD
vazni 1 gateng RotaBaxter operatori.
Ushbu ishda biz 4+ RTOFKDPOL QLOSRWH @aW biridaQRotaBaRterDaperaidlakiniO D U L
tasnifladik.
=55 756 57 58
2 operatorning matritsask n 05 T°6 767 708
=75 76 =77 ~78
=85 Y86 87 88
ERTOJDT[RWOL 2:T2U, E2:T; U,
Quyida 4+tRYOFKDPOL QLOSRWHQW =LQELHO DOJHEUDODULGDQ ELUL
Ua AUALAAUALAKUALIAGAUNL AEAUAL UAA
AUALUAAE
Teorema. 4 + R YO F K D Pndpbtent Zinbiel algebrasida RotaBaxter operatori matritsalari
TX\LGDJLFKD ERYJODGL

Algebra Rota Baxter operatorlari ERJOJDQ [RO Cheklovlar
) a=5L 6L 7L gL =55L 6L 7L gL ra sl ra
U | =gl Ssgl r = cb b pofeds; F ODU FKHNORYOD| =Lra

ihtiyoriy. =gl ra
2d=5L 6L 7L gL 5L 6L 7L gl ra sl ra
:75L:76L:77L_8Lr =85é.:86é.:87é.:87FODU FKHNORYOUL =65Lré.
ihtiyoriy. =agMra
278=5L =6l 7L =gl %6l 7L sl 7L ra el ra
:78L=88Lré.:87|_:65é :65é.:75é.:76é.=85é=86FODU FKHNORY :65Mré.
holda ihtiyoriy.
%3%sL Sel 7L Tal sk 7L Fal 1 a 56 Mr a
=7sL =76l =77L =7gL 7L ra gl 5660 =_77ll__ra
= sfasisgF ODU FKHNORYODUJD ERJJOL] 7T®s5-'72@
~ N 70» —
%85k el 7L gl Z7L gL 7L Zrgl réa =sL F5= a :Bﬁtﬂra
; . 5_ 4 a —7-ra
=76l FuUSsa=g7L USssaggl Ssea s Mra
= b iea s F ODU FKHNORYODUJD ERJYO
0 2:51:56|—:57|—:58L:65|—:67L:68L:75|g:76|—ré 56 Mr a
=7gL 6L 7L ra=sLl u=7a5gL 6l _77:\_/”‘?
= 6057 7655 F ODU FKHNORYODUJD ERJJOL] ‘_65er:
—75
2;é=seL=s7L=53L=esL=e77L=esL=7%L=78L=87Lré=55Lu=77é %sMr a
6L 7587l 66l f77:\_/”a
= 6857 565, 7655 F ODU FKHNORYODUJD ERJYO _—65|v|rr:
—75
2.8=6L 7L gL 7L gL 5L =rgL gL ra 56 Mr a
5L U=77a=76L =57L Ssdgsl 66l _77mr‘?
= 560 6057 7655 F ODU FKHNORYODUJD ERJYO ‘_65er2
—75
28=6L 7L gL 7L gL =gl ra ssL u=7a e Mr a
ool ozl i L o A LD o Ame cde cBe e | =.Mr a
=76 L Zg7L Zs587g6 L =758 L =6 6876 56 657 57 7arg s Flar, :77Mré

FKHNORYODUJD ERJYOLT KROGD 65
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VON NEYMANN ALGEBRALARI MARKAZIY KENGAYTMALARI
IZOMORFIZMLARI
Turdibaeva N. M.
Qoragalpoq davlat universiteti, Nukus, Uzbekistan

Mayli M von Neumann algebrasya S M (mos holdaLS M ) Mda aniglangan barcha

o’'Ichamli (mos holda lokal o’lchamli) operatorlarnih@lgebrasi bo’Isin (qarang-f]).
Mayli X,y * S M bo’lsin. Bizga ma’lum,X Yy va Xy operatorlar zich aniglangan

operatorlar .Shuningdeksx Yy, xy va X operatorlari S M ning ichida joylashgan. Bunday

amallar aniglangars M C kompleks sonlar maydonida unital * algebra bo’laél. ning S M
ga * gism algebra ekanligi ma’lum. Agak von Neuman algebrasi chegaralangan boish,da
aniglangan barcha o’lchamli operatorlar algebr&si M M da aniglangan Murrayon Neumann
algebrasi deyiladi.

Mayli M von Neumann algebrasi bo’lsin. S M  ning * gism algebrasid regulyar

deyiladi, agar von Neuman ma'nosida regulyar xalga bo'lsa, ya'ni harid element uchun ,

b A elementi mavjud bo'libaba atenglik bajarilsa.

Agar A va B *-algebralar bo’lib, :.4 B bieksiya
" DGGLWLY YD PXOWLSOLNDWLY ERCOVD X KROGD [DOTD L]F
" KDTLTL\ [DOTD L]JRPRUIL]JPL ERCOVD KDTLTL\ DOJHEUD L]RP
" DOJHEUD L]J]RPRUIL]JPL ERCOVD NRPSOHNV FKL]JLTOL [DOTD L

K D T L Titomorfizm hagiqiy algebra izomorfizmi va barcha® Auchun ) X ) X ’

tenglik bajariladi
" -izomorfizm kompleks chizigli hagigiy -fzomorfizm deyiladi.
1-Teorema.Mayli M va N tipi Il, von Neumann algebralarE M va E N ularning

markaziy kengaytmalari bo’lsitl holda E M ni  E AN ga o'tkazuvchi xalga izomorfizmi

haqigiy algebra izomorfizmi boladi.
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ISOMORPHISMS OF COMMUTATIVE REGULAR ALGEBRAS
Turdibaeva N.M., 2Maxmudova D.M.
IKarakalpak State University, Nukus. Uzbekistan
2Urgench StatéJniversity, Urgench, Uzbekistan
$ ULQJ LV VDLG WR EH UHJXODU LQ W KH 'ViHeYudtidghlaXxaR® 1HXPD
KDV D VROXWLRQ LQ $Q DOJHEUD LV VDLG WR EH UHJXODU LI
/HW  EH Dtaive Brital regular algebra with a unity 1 over an algebraically closed field F of
characteristic 0 and letL I:' ; GHQRWH WKH VHW RI LGHPSRWithQatiaHo@etPHQW V |
is defined as follows: @f if and only if ef = e. Thenl becomesa Boolean algebra with the greatest
element 1; where the complement Ce of an element-e.i#\lInonzero element &1 is called an atom if
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the relationsr MAQ Mand eP | imply the equality e = q. Forevery® OHW L D GHQRWH W
inverse of a, i.e., i(a) is the solution of the equations axa = a and xax = x: It is clear that i(ab) = i(a)i(b),
i(i(@) = a, i(e) =e foralla,® D Q ® iHThe element s(a) = ai(a) is called the support of a. As is
known, s(a) is the least idempotenbd with ea = a (see [1]).

Anelementab LV FDOOHG
finitely valued, if )

a
=Ll &A
. P@b
where&d D(& PI,AALT kMM N M « Q
n B 0; countably valued, if .
=Ll &A
. P@b

whered, D(&A DI,LAALT kMM N M « Q

n B 0; (in the second case the convergence of series is understood with respect to the metric p)

Denote by F{) (respectively, E(1)) the set of all nitely valued (respectively, countably valued)
elementsin  7KHQ
1 2F(T) ?2F: (1)
and F(); -(I DUH UHJXODU VXEDOJHEUDV WUQV DHHXE D@D J HE D DAVOP H W
u

Recall that two elements ;% DUH VDLG WR EH RUMKRBRKRABO QRWDWLRQ |

A linear mapping J 3\ 'is said to be band preserving, if
xeyeeld [coy
(see for details [2,3]). Sincect-s(x), we see thaflis band preservingu
s [; Q s(x 1)
forall x b

Theorem 1.1/ HW EH D FRPPXWDWLYH XQLWDO UHJXODU DOJHEUD
characteristic zero such that
1. there exists a finite strictly positive countalléditive measure on the Boolean algelbraf
DOO LGHPSRWHQWYV LQ
2. LV D FRPSOHWH ZLWK U(HWSHFW((¢BKambBWULF
Let UEH D VXEDOJHE U D @Il ThanXoF &hywaadpesergimonomorphism
U\ UWKHUH H[LVWV D EDQG SUHVHUYW.QRKPRBERWRUSKLVP
Theorem 1.2 Let A be a commutative unital regular algebra as in Theorem 1.1.
7KHQ WKHUH LV D QRQ WULYLDO EDQ GtsSfufldndietifLQJ PRQRPRUSKL
F() M /HW * EH D PD[LPDO DOJHEUDLFDOO\ LQGHSHQGHQW VXEVH!'
V1 <Q=&Ebg =714
and forebs(M) set M= < D¢ &80= L A8  'soeartale | g G g
We denote by G ¢ WKH VHW RI DOO PDSEL @QIKDW V J D b¢;¥9(dP) IRU D
= 9%S; S Pb¢ =J LV DOVR D PD[LPDO DOJHEUDLFDOO\ LQGHSHaQGHQW
bijection from ¢ onto ¢ : A group of all permutations of
¢ denoted by Sym¢ ): Let R( 1) be the group of all invertible elements frogt F:
JRU D FRPPXWDWLYH XQLWDO UHXIXODWKBOJUHEXSD RIGBQGWED EG
DXWRPRUSKLVPV RI
Theorem1.3/HW EH D FRPPXWDWLYH XQLWDO UMenXODU DOJHEUD
there is an injective mapping
gbG(¢c \ ¥yb —- (2)
In particular, the group—— FRQWDLQV D VXEJURXS LVRPRUSK
Zopeee :5ULC g 7 (A&
Now using Theorem 1.3 we obtain the followisigengthening of Theorem2L.Corollary 1.4 / HW EH D
commutative unital regular algebra as in Theorem 1.1. Then
WKHUH DUH QRQ WULYLDO EDQG SUHVHUYYLMJ DXWRPRUSKLVPV R
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GEOMETRIK MASALANI TURLI YECHISH USULLARI YORDAMIDA
2u489&+,/$51,130DIY FIKRLASH FAOLIYATINI RIVOJLANTIRISH
Xusanov J.,'Shamsiddinov N.B.2ShoimqulovaD., ?Norqulova Z.
17'78 DNDGHPLN OLWVH\L 7RVKNHQW 2T]EHNLVWR(
21DY'3, 1DYRL\ 2Y]EHNLVWRQ

ODWHPDWLND RODPQL GXQ\RQL ELOLVKQLQJ DVRVL ERuUOLE W
RuJLID [RV TRQXQL\DWODULQL RFKLE EHULVKGD MXGD NDWWD D!
FKLTDULVK YD IDQQLQJ ULYRM O DSghuning uchiin Wam vhst@matkunadar®/atE ERPOF
umuminsoniy madaniyatning tarkibiy gismi hisoblanadi.

OD OXPNL PDWHPDWLND IDQL LQVRQ DTOLQL FKDU[OD\GL GLT
HULVKLVK XFKXQ TDWY{L\DW YD L UR&BrGL QWL RPO®IOCON\GN D RUUR D MY
muhimi mulohaza yuritishga chorlaydi hamda tafakkurni kengaytiradi.

Hisoblashga doir geometrik masalalarga berilgan geometrik shaklning yoki shakllar
MDPODQPDVLQLQJ ED]JL HOHPHQWODGDLJLRQO¥EDWODWRDU NMRBRBQD
VKDNOODU RUDVLGDJL QLVEDW DQLT ERpOJDQGD TD\WLGLU HOH
QLVEDWLQL WRSLVK NHUDN ERpOJDQ PDVDODODU NLUDGL O0DVDO
shu jumladan WVDOD RE\HNWLQL FKL]DPL] 6RpQJUD NHUDN ERpOJDQ H(
IRUPXODODUQL \R]DPL] YD NRpuUDPL]NL EL]JD PDYOXP QDUVDODU R
WRSLVK PXPNLQPL \RNL \RTPL $JDU dgRgniamDyuldburEHakldrridtedstgB QL ED
KDUDNDW TLODPL] %XQGD\ KROGD XVKEX TLGLULOD\RWJDQ HOHP
NLULVKLQL WDYPLQODVK NHUDN

$JDU EXQGD\ ERpOPDVD PDTVDGLPL]JD \HWLVKJD \REGDP EHL
shakllarni kiritamiz.

%XQL WXVKXQLVK XFKXQ PDVDODQL \HFKLVK MDUD\RQLQL \DT!
PDVDODODUQLQJ \HFKLPODULQL NRpULE FKLTDPL] YD VKX ELODQ
yozamiz.

Masala. ABCD trapetsiyaningAB yon tomoni, BC asosi vaBD diagonali 5 ga teng,CD yon
WRPRQL JD WatH@agonalRitdpid
Masalaning tahlili:

1) Masala obyektini trapetsiya tashkil etadi: trapetsiyaning diagonali ikkita teng yonli
uchburchakka ajratadi;

B C
2) Berilganelementlar: trapetsiyaning uchta tomc
va bir diagonali;
3) Topish kerak: trapetsiyaning diagonalini;
4) Berilgan nisbat: teng yonli uchnurchak. D E
A l-rasm

Masalaning sxematik yozuvi-(asm):

Berilgan: AB BC BD 5;CD 2.

Topish kerak:AC diagonal.

Yechish: | usul. MasaladaAC diagonalni topish uchun BDC uchburchakning D uchining balandligi
tushurib, Pifagor teoramasidan foydalanamiz;

Il usul. Masala yechimi kosinuslar teoremasida foydalanib topamiz. BBRauchburchakda cosB ni
topamiz va ‘ABC 18Q) LERpOJDQL XFKXQ NRVLQXVODWCWiagarialHiPDV LG D (
uzunligini aniglagmiz;

Il usul. Masalani Dekart koordinatalar sistemasi yordamida hal etamiz. Buning uchun trapetsiyaning A
uchini koordinata boshiga joylashtiramiz. Kesma uzunligini toppish formulasi yordamida C uchining
kordinatalarini topamiz;

109



IV usul. Masalani vektor yordamida halttaeniz. Buning uchun trapetsiyaning A uchini koordinata
boshiga joylashtiramiz# $«L % %L 6 &L w &L t giymatlardan foydalanib # % vektorni
hisoblaymiz.

*HRPHWUL\DJD RLG LMRGL\ PDVDODODUGDQ IR\GDODQLVK R
anigaVKJD \DTYQL RuUTXYFKL WXVKXQLVK HVGD VDTODVK WDQLVK
IRUPXOD ERU\LFKD ELOLPODUQL TRpuOOD\ ELOLVK YD QLKR\DW \L
\RNL TRuOOD\ ROPDVOLJLQL DQLTODVK LPNRQLQL EHUDGL

*HRPHWUL\D GDUVODULGD RUTXYFKLODUQL PDTOXP VRQGDJL
PXVWDTLO L]JODVK YD XODUQL WXVKXQWLULVK \RpuoOODULQL WRSI
Ru]l] ELOLPODULJD WD\DQJDQJRRRIGDI DM IDUKQ IP XNDL\PK | O DMOH./IXW L N |
TLOLVKGD RUTXYFKLODUJD WD\WRU RuTXY PDWHULDOODULQL EH!
YR] NHFKLVK WDODE TLOLQDGL 2uTXYFKLODUGD NLFKLN WDGTL
WDMULED RpOFKDVKODU DQDOL] WDKOLO YD VLQWH] LQGXNV
LIODQLVK PHWRGODULGDQ RuUQLGD IR\GDODQLVK WDODE HWLOI
shakllantirib golmasdan, ularni hayotiy vaZd W ODUGD TRuOOD\ ROLVK NRPSHWHQVL
muhim ahamiyat kasb etadi.

+XORVD TLOLE D\WJDQGD RuTXYFKLJD ELU QHFKWD PDVDOD(
PDVDODQL ELU QHFKD X]XO ELODQ \H Ftiét, vhiiahDndRiphtl EisWing duldy p T X Y |
X]XOODUL WRSLVK NRUQLNPDVLQL ULYRMODQWLUDGL
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LOCAL DERIVATIONS ON MAXIMAL SOLVABLE LIE ALGEBRAS WHOSE
NILRADICAL IS A FILIFORM LIE ALGEBRAS
L2Yusupov B. B.,°Nurullayeva M.M.
1V.I.Romanovskiy Institute of Mathematics, Uzbekistan Academy of Sciences,
Tashkent, Uzbekistan,
baxtiyor_yusupov_93@mail.ru;
2 Department of Physics and Mathematics, Urgench State University, Urgench, Uzbekistan

Investigation of local derivations on Lie algebras was initiated in paper in [1]. Sh.A.Ayupov and
K.K.Kudaybergenov have proved that every local derivation on-senple Lie algebras is a derivation
and gave examples of nilpotent finilémensional Lie algelas with local derivations which are not
derivations. In [2] local derivations and automorphism of complex fofiteensional simple Leibniz
algebras are investigated, and it is proved that all local derivations on adfmgasional complex
simple Leibriz algebras are automatically derivations and it is shown that filiform Leibniz algebras admit
local derivations which are not derivations.

Definition 1. An algebra(L,[ , ]) over a field is called Lie algebra if for any, y,z * L the
following identities

[x[y. 2l [v.[zX] [z[xy]]=0
[x,X]=0
hold.
A derivation on a Leibniz algebr& is a linear mapD: $ 0 $ which satisfies the Leibniz rule:
D([x y]) =[D(x),y] [xD(y)] forany xye &
Definition 2. A linear operator ' is called a local derivation if for anx ¢ $ there exists a

derivationD, : $ 0 $ (depending orX) such that' (X) = D, (X).
For an arbitrary Lie algebrh we define thelerivedandcentral seriesas follows:
W =L, s 9 =[109 119], s 11,
=L, Lt =[5 L], k t1.
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An n-dimensional Lie algebrd is calledsolvable (nilpotentjf there existss * N (k ¢ N) such

that L' =0 (L* =0). Such minimal number is calléadex of solvabilitynilpotency.
The maximal nilpotent ideal of a Lie algebra is said to be the nilradical of the algebra.

An n-dimensional Lie algebrd is said to bdiliform if dimlL.=n i, for 2 di dn.

It is well known that there are two types of naturally graded filiform Lie algebras. In fact, the second type
will appear only in the case when the dimension of the algebra is even.

Any naturally graded filiform Lie algebra is isonpbric to one of the following non isomorphic algebras:

n,{leeg=4gd=¢g, 2< i< n-1L
fe.al=e &= g, 2< i<2n-2,
e, =18 . fl=(-D'g, 2< i< n

All solvable Lie algebras whose nilradical is the naturally graded filiform Lie algehiaare

Q

classified in [4]. Further solvable Lie algebras whose nilradical is the naturally graded filiform Lie
algebra Q,,, are classified in [3]. It is proved that the dimension of a solvable Lie algebra whose

nilradical is isomorphic to am -dimensional naturally graded filiform Lie algebra is not greater than
n 2. Here we give the list of such solvable Lie algebras. We deno& pyolvable Lie algebras with

nilradical n,, and codimension two. Similarly, for the solvable Lie algebras with nilrad@zalwe use

notations K, :

yCICTCRY 2.di d2n 2
{e.e] ¢, 2didn 1 {66011 (D'ey, 2 di dn,
s %eux} &, | ", q,x] ie, 1di d2n 1,
" J{e,x] (i 2e, 3di dn, “ {e,,,X] (2n e,
fe.yl e, 2 di dn. fe.vl e, 1di d2n 1

Tyl [yenl 28,
The following theorem is the main result of thiste.
Theorem 1.Let S, and U, be solvable Lie algebras. Then any local derivation spf and

Y, is a derivation.
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GEOMETRY OF CONFORMAL SUBMERSIONS
Zoyidov A.N.
National University of Uzbekistan named after Mirzo Ulugbek, Tashkent 1001 7kistab.
e-mail: a.zoyidov@nuu.uz
Submersions play important role in modern mathematics. A submersion is a differentiable map
between differentiable manifolds whose differential is everywhere surjective. This is a basic concept in
differentialtopology. The notion of a submersion is dual to the notion of an immersion.

Let (M,Q),(B,g;) be smooth Riemannian manifolds of dimensibn M correspondingly, and let
S(M,Qg) o (B, g;) be a smooth mapping of maximal rank.

111



Definition 1[1] Differentiable mappingS M 0 B of maximal rank is called submersion if
n>m.
Definition 2[2] Let (M, ¢ ™) (B, , ) be smooth Riemannian manifolds. A differentiable

mapping S(M, ¢ )" 2 (B, , ¢)is called a conformal (or: horizontally conformal) submersion if:
1. Sis asubmersion,i.e. it is surjective and hasimal rank,
2. S restricted to horizontal distribution of is a conformal mapping.
With the notation introduced earlier on, the second condition in the above definition can be written in a
following way:
f -Cf(M) p M XY 7-,% X ¥= éf¢* X, Y2
The function f will be called thedilation of submersion S or the associated function of the conformal

submersion &
A conformal submersion witH = 0 is called aRiemannian submersigf)].

Let S(M,G/) o (B, g) be conformal submersion.
Lemma 1[2] S (M, Q) o (B, g;) is a conformal submersion if and only if there exists a

function f «C' (M), uniquely associated tcS, such that for everx * M and for every horizontal
vectors X, Y ¢ T M one has:

G (X, V)=8&"g(, X5, V.
One easily deduces:
Lemma 2[2] If f isthe associated function of, then the metrids
G — er Gf
is the unique metric oM , conformal withG , with the property that
p:(M,G) o (B 9g),
where p is defined byp(X) = §X), X * M, is a Riemannian submersion.

Lemma 3 Let S(M,g) o (B, g,) be a submersion andimB=1. Then Sis a conformal
mapping.
REFERENCES
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L8 JB QBAB D?”KF:KBGBG= : B BC MAMGEB=BGB :GB E:R
ebfh\' N O JZofzZlh\ F B W]Zfrmdmjh\ I K
Lhrd_gl ~2Z\lgZgkihjl mgb\_jkbl_Ib Lhrd_gl 8a[_dbklhg

Qbafz ]_hf_ljby fZkZeZeZjb”"Z ZkhkZg ihabpbtag gbfibdgjbdhiZRBe Zp 2
;m fZkZezZezj"2bt [Pgbgbab kfZkbgbg] Z b bc mamgeb]lbgb Zgb eZr
D_kfZgbg] Z b bc mambdtdbbgm [ZZhbZWkly] bk Z fZkhnzZ~bj
Qbafz ]1_hf_Iljby~rZ bddb gm IZ hjZkb”~Z]b wg]mlrk eZe Z ¥ ZZgdb elzrjdmfdk
;m mkmeeZj
- It jb [mjgZdeb mq[mjgZd mkmeb
- Fhg mkmeb
- gbafzZgb ZclZ Imahbuijihi debyeZj | _dbkebdeZjbgb ZefZrlbjbr mkmet
- ZceZglbjbr mkmeilzj2Zeeleke dtgbjbr mkmeb \Z [hr ZeZ]j

Lt jb [mjgZdeb mg[mjgZd mkmeb”~Z It jb qbab d_kfia&bgydb]boZ b
Zgb eZdZ{bkf
< d_kfZkb \Z mgbg] G |_dbkeb]b]Z : < ijh_dpbykb [_jbelZg D _kf
ijh_dplzyl]iZzjzee_e :K qgbab tldZabezZ”"b GzZlb z~z It jb [mjgzZd
mqg[mjqZdgbg] :K dzZl_Ib : < ijh_dpbykb]zZz I_g]
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<K dzZl_Ib wkz < \Z : gmZZBBZABgbgds. :< £]bihl_gmaz d_kfzZgbg] Z b b
mamgeb]b

B AI!

L K<sr:'<<x  f
A'B'=AC
BC=B'B. K
<l </ X

N <

LASAB"=90°
<h AIBI=A!BI
1-j Z k.f A=Al A"B=/AB/

2-jZkf
mANMmr[mmqg[mjgqZdgb : < ijh_dpby]Z ZkhkeZgb[ mjdfdlalbgbg]Nbjb< $&
% % <K-bddbggb dZllbihl<gmaZz :< d_kfZgbg] Z b bc dZllZeb]b
Fhg mkmeb”~Z fZkhnZ fZkZeZkb bddb ijh_dpby | _dbkebjlbkZg nhc"Ze
;mgnZ :< d_Kfgghhgliyke dplbldzZz]l]b mamgeb]lb : < bddbggb ijh_dpby |I_dbk
T b]Zz iZjZee_e_e \Z@PYPyN\VZZ . €<¢]bihl_gmaz gbabezZ”b Mr[m ]bihl_gmse
d _kfzZgbg] Z b bc mamgeb]b I_g] [teZ”Db

Y
<
1</l W
H AVi 4 - h
i AIBY=/: </ \ <
N N
4-jZkf

3jZkf
QbafzZzgB¢zZ Imabr mkmeeZjb”Zg ijh_dpbyeZj |I_dbkebdeZjbgyg]bBefZrlbjb
njhglzZe ijh_dpbyezj M:dihkledhlylZze ijh_dpbyeZzZj |I_dbkeb]b]Z A/)ji_g~bdme
:< It jb gbab b]Z wkZ iZjZee_e \ZYapppl"iZhhdphEE&BjbabfbrZ :< d_kfZ
njhglZe gbab b \Zabylbgh<wlZgbzZgbhb bgbd]m® ijh_dpbykb wkz :< d_Kkf.
mamgeb]b]zZ |_g]ljZkfz™b
:1Z2j~*Z qbafzZzgb ZclZ Imabr mkmeeZ]j
ygZ |[bjb ZceZglbjbr mkmebgb df
gb kzd m he”r"Z :< d_kfZgb [bjhj
B" Bi Zljhnbnz ZceZglbjb] njhglze zd
X |0 ]hjbahglZzZe ijh_dpbyeZj | dbkeb]l
N iZjZee_e \Zabyl]zZ d_elZjkfeZz™b
L dbkx iZjZee e 0ZjZlb4dbeZg
mkmeb”Z :< It jb gbab d_kfZkbgb |
ijh_dpbykbgb ijh_dpby T ®]Z izjze
A A B; \ZabylrZz “hceZrlbjkzd bddbgq
ij_dpbykb rm It jb gbab d_kfZkbgl
5 jZ kf 0Z b bc mamgeb]b]zZ &-jdkftez"b

A" Al
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Qbafz ]_hf_ljby~rZ bklze]lzg It jb gbab d_kfZkbgbg] Z b bc mamgeb]l
mkmeeZjrZg [bjbgb teeZ[ Zgb eZr fmfdbg
:>::B,LE:J
1.R Fmjh~h\ E OzZdbfh\ F @mfz_tQEafl&r"AhéZljjby iddmjkbéf abz
2008.
2.J Ohjm#g@bafz J_hf_Iljby+xdmjBbbIm\qgb

HDHEBQ?KL<? =HEV>,;:0H<UO QBK?E < :JBNF?LBQ?KDHC
IJH=J?KKBB
eeZdh\ B KzZnZjh\ : R
L_jf_adbc ]hkmgbl\L jkblal Ma[_dbklZg
ImkIvwX ~hklZlhgdevrh_ A _ckl\bl_evghn quZdaItijevg),h%,pZ

ijhklu_ gbl#£X) dhebqg_kl\h gq_lguo gZImjZred¥uahdbku e \hafh'gh g_

ij_~klZ\bfu \ \b”A_ kmffu "\mo ijhkluo | _ \ \b~_

n g p. )
>Ze__ imKDyX) fgh _kl\h g_lguo gZImjZewngdg dbkhje_ \hafh gh g_
ij_~klZ\bfu \ \EMmfé ~\mo ijhkluo qgqbk_e dh]~Z iphkpu _[_firb keyz
khhi\_IkI\_ggh ba Zjbnf_Ilbq_kdb ¢l (imodD kkp,c{l,(modD) | _ \ \b"_

n p P pl{ Il(mod D),p2{ I 2(modD) (2
A™_kl bl, ijhbal\hevgu_ nbdkbjh\Zggu_ p_eu_ qgqbkeZ m~h\e_I\hjyx
11,ldD,(,D) ,(,D) 1 H[hagzgB(D,X) cardM(D,X); R(nD) gbkeh

ij_~klZ\e_gbc \b~_ ¢ ( L2,..) g_dhlhju_ iheh'bl_evgu_ ibihyggu_
nmgdpby Wce_jZ

Qbke&hlhj_ ij _~klzZ\bfu \ \b"_ [mA_f gZau\Zlv Jheva[@oh\&Zfb g
gbkez dhlhju_ ij_"klZ\bfu \ \b~_ [mA f gZau\Zlv Jhev~[Zol
Zibnf_Ibqg_kdhc ijh]j_kkbb

Ilhke_ ba\_klguo jZ[hl B F <bgh]jZz"h\Z b OmzZ Eh D_gZ <Zg "~_j |
L Wkl _jfggf_gbeb djm]h\hc f_IHBbI0&\imBz@ dr jgbx [bgZjghc ijh[e_fu
=hev”~[ZoZ b "hdZaZeb qlh ihglb \k_ gq_Igu_ gbkeZz ij_~klz\bfu \ \b~"
ijhkluo gbk_e Lhqgg__ ]lh\hjy hgb "hdZazZeb qlB(X)ketbkdhagZlighlor q
gbk rendX dhlhju_ \hafh gh g_ ij_~klZ\bfu \ \bA_ kmffu “\mo ijhklu
E(X)< X/IN®X : N EZ\jbd ihemgbe Zkbfilhlbgq_kdnR(nmhjfrdahhjZgy
kijZ\_"~eb\Z "ewn hkdX aZ bkdequ@Ib,z()«X/lnAX agZq_gbc bdgnrgbo
A O g_dhlhjh_ adk&ibfl\he <bgh]jz h\zZ f edjbkvagzqz_If|alg | _
wlh kbf®hé I _ihklhyggh_ gbkeh

AZl_f J <hg = Fhgl]lbf_jmemqrbeb wim hp_g4dm glhihdZaZz
E(X) Xexp( ¢InX) b E(X) X' ¢ khhI\_IkI\_ggh XA~IKkkIZIhgqgh [hevrh_
G fZeh_ ~_ckl\bl_evguk ghke&xlgh_ ihklhggekezZdh\ j_Zebamy b”_x ;
;j_"bobgZ ihemqgbe hp_gRMm),kigihpam Ve mx ~ery NkiXoazZ bkdexq_gb_f
E(X) X' €©agzZq_gbc ba gtlRfn Anbkez ij ~klzZ\e _gby ~Zgghlh gZhmjZevgh
\ \b~ < gZklhys_c jzZ[hl_ ~hdZaZgh

L_hj_fZjb ~hklZlhggh [hé&vrbf AhklZlhgqgh fz@'HWf ijb D X¢
(10, G) kijz\_"eb\u hpE(®d¥) dg X °M(D

e
n8

breyn M(D,X), m X R(n D) Q‘W

G
rft 1§.
©
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AZf_qzZdbljb "hdZaXxKkl\el _hj ufu bkdexqzZ_f ba jZkkfhlj_gbyQ_dhlhju_
a dhlhju_ g_ fh _f ihemqgblv bkihevamy gZrb f_Ih~u ih”oh”ysbo hp_gh
wlbo bkdexqd KhbklzZ\ey | 1Zd gZaul\Z_fh_ bkdexgbl_evgh_ fgh  _kl\h jZ
azZ"Zqb

AZf_qzZ@bKeh\hkhq_Il@gbafh gh g_ij_"klZ\bfu_ &aA\bRv 4fagZqZ_1 qlh
Ney |1zdbdzd _ fhlml kms_klI\h\ZIlv 1Zdb_ ij_"klZ\e_gbR(ndh ey dhebq_}

NZgghlhm™ . g [m~_| m~h\e I\hjylv g _jZ\_gkl\h mdZazZggh_\
1l 6 G
Ah\ehj i | B lg—" _ 7 F
m~Ah\ehjylv h[jZlgh Z\ n\ B —_— .
hiy [iZlgh_ g_jZ\_d&X D)7 n S
EBL?J:LMJ

1. :eeZdh\HBhev”~[Zoh\uo fQkédo \kdbc k[HIU3d7(2008.
2. Vaughan R.CThe HardiLittlewood method. Second edition. Cambridge University Press. 232

(1997.
M F GH?<DEB>
jlbd[Z _\.:
LZrd_glkdbc ]Thkm~Zjkl\_gguc ljZgkihjlguc mgb\_jkbl_| LZrd_gl M

E-mail: aartykbaev@mail.ru

FZtemfdb gh_\deb” ]_hf_IljbyezZzjrZg bkh[eZg]lZg JbfzZg ]_hf_Iljbkb
d\Zgl f_ozZgbdzkb \Z [hZ@ezZjglx ta 1Z~[b bgb Ihi]lJZzg \Z dtiezZ[ fZkZeZz
bebr*z zZ Zfbyl]l]Z w]Z mkme bkh[eZgZ”"b MfimfzZg ZcllZg™Z Zj Zg"Zc
dz11Z teqh\]Z w]Z [te]Zg _\deb” nZahkb”Z]k(kbjl ~_[ ZjzZr fmfdbg

AZfhgzZ\bc ]_MfZljilky \*h_\deb”™ ytgb fmk[Z] Zgb ezZgfz]zZg f_ljbdZeb
bkf nZaheZjb kbnZlb~Z Zgb eZgZ”b]Zg yjbf \deb” nZahezj fZ\"'m~"

Yibf _\deb” nZaheZjgb gh_\deb” nZaheZzZjgbg] kh*""Z \Zdbeb ~_[ bkh
nZahezZj~"Z bddb gm |IZ hjZzkb"ZelZzddhk hmEZmbgZypbg] _\deb” heb”Zg Im[~Z
bez"b Rmgbg]®_d [m dbjblbe]zZzg fZkhnz f _ljbd nZahezZj~Z]b fZkhnzZ 1Z
:ffh [m dbjblbe]zg fZkhnz zj~rzfb~Z _\deb” ]_hf_Iljbykb mgmg yglbqZz
tcbr \Z mezZjrZg mfmEeZy'mlZZig bgbfeZjgb helRr. fmfdbg

Yijbf _\deb” nZaheZjgb om”~”b _\deb” nzZahkb kbg]Zjb Znnbg nZa
kdZeyj dfizclfzkb zjr"zZfb~"Z Zgb eZr fmfdbg Rmgbg]®_d 3=_hf_Iljbd nf
nhcrZeZgb[ _\deb” \Z yjbf \deb” nZah ]_hf _ljbd rZdeeZjb hjZkb”~Z]b
ZgkezZr fmfdB¢

Mg teghleb yjbf \deb” nZaheZjb [m bahljhi \Z ]Zebe_c¢c nZaheZjb"I
[tfe]Zg heeZj”"Z wkZ yjbf \deb” nZaheZjb teqh\edjd]Z @b he”Z obe

‘keb”zZ yjbf _\dabhgbnZhk teghleb _\deb” nZahkb”Z]b Zlezfezj "_
fmfdbg ;mg~r"Zg vyjbf _\deb” nZah ]_hf_ljbykbgb tjJZgbrgb ZleZ
]_hf_ljbyeZjbgb tjl]Zgbr]Z | _g] [te]Zg baeZgbr*bj®f [ bkh[eZkZ [teZ"Db

Yijbf _\deb” nZahgZh[bbZ[Te]Zg [Ztab befbc fmZffheZjgb d_elbjZfba

1. Yjbf _\deb” nzZaheZzZj ]_hf_ljbykb [bezg jbfzg ]_hf_Iljbykb hjzkb~"
Zgb eZr

2. Yjbf _\deb” nzahkb]z ijh_dIb\ +trfZz nzZah 2zZf yjbf _\deb” nZzZat
nhc"ZeZgb]| trfZebdbifejbdqZz fhk d_em\gb +trfZ fZkZeZeZjgb Zgb eZr \
tilZgbr

3. X hjb tegh\eb yjbf \deb” nZahezZjrZ 3LteZ ]_hf _Iljby  fZkZeZeZjgk

:>.:B,LE:J

1.: < Ih]hj_etg_rgyy ]_hf_Iljby \uimdeuo ih\_joghkl_c¢c F GZmdzZ k

2. :jlbd[Z_\ H \hkklZglgbe \uimdeuo ih\_joghkl_c ih \g_rg_c djb\t

]Zebe__\hf ijhkljzZzgkl\_ FZl _fZlbg_kdbc k[hjgbd :G KKKJ - I

204-222.
3. :jlbd[Z_\ : Khdhem_hf _¥jby \ p_ehf \ iehkdhf iph\kljfZgkl\_
LZrd_gl 3NZg~ ]
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4. Artikbaye A.Sultanov B.MResearch of parabolic Surface points in Galilean spaéetin of

National University of Uzbekistan: Mathematics and Natural Scient@sme 2. Issue . 122-

2019, pp. 23245

5.Gzjfzgh\ : Y RZjbib\]jmKii_ “bnn_hfhjnbafh\ keh_guo fghlhh[jZal
gZmdb b I _og K_j Kh\j_f fzlI b __ ijbe L_fZ83.h[a [hf

J?ADHQ?JQ?GGU? I:1JR[X), K(X)) DHFI:DLH< <B>F(X)
:xih\ R : @mjZ_\L N
sh_ayupov@mail.rutursunzhuraev@mail.ru
< N"Zgghc jZ[hl_ bamqZy jZkiheh  _gghklb dhfiZzdlh\ Ajm] \-Ajm]_ |j
hg_ja_gguiZjluk iZjiP(X), £(X)) ~ey nmgdPh€ompo Com-\_jhylghklguo f_]j
\'dZl_]hjbb dhfizdlh\ b g_ij_ju\lguo hlh[jZz  _gbc \ k_J[y
>hdzZaul\Z _I|ky glh  "ey ex[h]h azZfdgmlhpfhe XihNfigebqkhh Xl
ih~ijhkljZzgklI\z R’()@,Z/gf(X) b /gn(X) khklZ\eyx!l j_adh hq_jg_gguo iZj dh

P(X) I _ iZR(X), K (X)) b(P(X), & (X)) yleyxlky j-hedhiq_ggufb dhihldh kk
iZzjzb dhfizd®@X) Djhf_ Ih]lh \u”_e_gh ]Jhfhlhibqg_kdb iehlgWP(Xph?ijhkljz
\k_o \_jhylghklguo f_j hij_~_e_gguo \ [_k&Xhg_:bhhf dhihiddldZgh qlh "e
ex[h]lh [_kdhg_qgh]h \uimdef]h idh@PeX),Z (X)) y\ey_Ilky jhadhg_gghc
iZjhcljhkljZgkI\P§X) \k_o \_jhylghklguo f_j XMhdizZadi¥Z |ky fgh _kl\h \k_
j_Imeyjguo [hj_e_\kdbo \_jhylgKk*g@o kgjZ§Z ggh_ keZ[_cr_c ba lhihel
dhlhjuo g_ij_ju\_g dZ " ~uc nipddKblogRei_j_\h~ysbc £ jmRU) (U
hidjulh_ X\ fgh™ _klI\h Ba\_klgh qglh ijRKX)Zykjihglghklguo f_j ex[h]h
[ kdhg_qgghlh f_ljbg_kdhph JhHfiEfthjzhgh ]bev[_jlh\h®m ldm[Ba\_kligh

Izd °_ glh ey gxkﬁgi_gb g_ h”rghlhqg_qgghKhipghklijZzdglzl\h \ _jhylghklguo

f _jP(K®) 1hf_hfhjngh Ibohgh\kdhfmR{Kfn#l *, 1 hlj_ahd > @ HIf_Ibf
gZklghklb qglh \k_ wlb ijhkljzgkl\zZ y\eyxkghjhttgafpbq: Kely ijhkljzgkl
P(K*) ijb W kbimZpby bgZy

ImkIWX Thiheh]bg_kdh_ ijhkljAgkXh_ Jh g _dhlhjh_ ih”ijhKGizZgkl\h
(X,A) gZau\Z Clkgnrcut j_adly_jg_gguf dhjhildjhckk @ X kebhbam_fh_
azfdgmIX,\: y\ey |lky kbevguf ~ nhjfZpbhgguf XIjEZ&X\NA ey Iky
Z[khexlguf hdj_klghklguf j IjZdIANRdpklj@gkI\hf

Lhiheh]bg_kdh_ ijhkXzgklau\Zz Iky fghlhh[jzab_f > @ fh” _ebjh\
ijhkljZgkM_ bev fghlhh[jZzab_f _keb \kydZy IhgXzZ bifhkljhdklkdghklv
]hf_hfhjngmx hldjulhfm ih~fgh  _kkIZWijAkIfdgmlIh_ fgh! ikhkdjzZzgkl\z
X gZaulzZ dkfygh™ kIVhfX\_keb Ih"‘_kl\_ggh_grblld&jZijnklngkIXth‘_l
[ulv kdhev m]h~rgh [edlkhfbjhiiZiyh hih[jZz" gbfyf¥ o X\ A[8]. Fgh  _kl\h
Ae X gZaulZ lky Jhfhlhibg_kdb ieXlguf _kab kms_kl\m_| Jhfhlhil
h(xt): X [0,1p X 1zdZy h{x{0) id, bh(X (0,2Ju A[3].

L hj fZ >ey ex[h]h [_kdhg_qgh]X dhfexfhZh azfdgmlh]h ih~fgh  _k
A+ X hlebgghlh hl KZfHh§*Z i@P(X),P(A) y\ey_ lkyiZjkc

L _hj_fz >ey ex[h]h [_kdhg_qgh]hX dbfi@d[Zlh g_ima@fldgmih]h
ih~"fgh _kIAZ X hlebggh]h hl kZfh]hXdhfiZj@LA, K A) _kIK-iZjhc

L_hifz >ey [_kdhg_qgghlh f_IANRdHNZdIX iZjZ(P.(X), GX))

yley_ lkyiZgkc
?kebuf jZkkfZIjb\Z_f ihAnkhgdl@ nmg®hjZhylghklguo f_j Ih bf__1 f_Kk

ke "mxsZy

EBL?J:LMJ:
116



1.N_"hjgmd < < NbeH[sZly dhdiheh]by Hkgh\gu_ dhgkl\imdpb® F Ba
1988.252 k
2. Kruse A.H., Leibniz P.WAn application of family homotopy extension theorem to the spaces

3DFLILF - ODWK 9336. « SS
3.Banakh T., Radul T., Zarichny Mbsorbing sets in infinitet dimensional Manifolds, Math

Studies Monogh. SeY.1. VNTL Publishers1996.
4. @pZ_\ L §_dhlhju_ hkgh\gu_ k\hcklIPZ nmd&kdghjz F=M «Zj f_o

< k -33.

J?R?GB? F?LIJBQ?KDBO B IHABPBHGGUO A:>:Q G:Q?JL:L?EVGFH
=?HF?LJBB
@Z[[Zjh\ : Mf_~h\ G H of _~h\Z A H
LZrd_glkdbkm~ZjklI\_gguc ljZgkihjlguc mgb\_jkbl_I
e-mail: : nuraliakhmedo¥974@mail.com

IhklZgh\dZ az”~Zqgb
GZc”™bl_ ]hjbahglZevgu_ b njhglZevgu_ ke_7Nb¥edkdhklb aZz*Zggu_

Lzrd gl Ma[_db

>Zgh 3 ' $%& GZclb 3 3+ 39
;e]lhjblf \uiheg_gby wixju ke_"mxs_f ihjy~rd_
ljyfzy :< i_j_k_dzZ_1| iehkdhklv JhjbahglZevguo ijh_dpbc G b h[jZs

Lhgdz 0+ 2$%hjbahglZevguc ke_» iyfhhgb&hglZevgZy ijh_dpPbyw ke _"Z

njhglZevgZy ijh_dpby ke _"Z
1. ljyfZzZy $% $% i_j k_dZ_ | iehkdhklv njhglZevguo ijh_dpbc 9 b t

19 LhqdZ 1% #phglZevguc ke " ijyfibjb@QNglZevgZy ijh_dpby ke _"~Z Q
njhglZevgzZy ijh_dpby ke "Z

’b“ b I

Nv'ini/

X _m )fh.// o m;{‘é/ ] nv, | 0
|
|
|
e
M=ng/ M=yl
2. ljyfZy <K <K i_j ilehkaihklv JhjbahglZevguo ijh_dpbc G b h[jZzam_

F G Lhqdz 0 ® %8 bahglZevguc ke_” ijyfhc 22 BhjbahglZevgZy b

njhglZevgZy ijh_dpbb ke "Z
3. Kh_~bgb\ Thgdb 0+ b 0 + yleyxsb_ky ]Jhjbahp[amufdyk d %&fb

iehkdibk!$% & kha”zZ”bf JhjbahglZevguc ke_" 3+ iehkdhklb 0O+ 8 0 + hJt
4, Kha~rz f IWgdmjhglZevguc ke " ijyfhc $% 19 8 19 njhglZevg
iehkdhklb
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1. (AB @ = MH (mH,mH) 2. $ % \@: NV (nV, Q/)—

3. % & @ *lH(naﬂ,rnlﬁ) 4. My U M1y = PB4
5. @ >2; x 3 6. B UNv =R
EBL?J:LMJ:
1. X : :kdzZjh\ : W @2Z[[Zjh\ : : B[jZ]bfh\ O F RZAbf_IhQbafZ KZc

] _hf_ljby \Z dhfivxl_j ]jZMgZgbd ]

2.)J O Ohjm@wafz ]_hf_ljby~rZg fzkZeZeZjqbZ mkdjmdZjb

Ma_[g
ihkh[b_ ]

=HFHLHIBQ?KDB IEHLGU?IJHKLJ:GKL<zBI?JIJHKLJ:GKL<:
exp[0,1].
@m\hgb\d ;Zjzdz \Z F B :1Zfmjh~h\Z > J
e-mail: gamariddin.j@mail.ru
< n"Zgghc klZlvb jzkkfzljb\Z_lky Jhfllhihgfédb kéhWaglbi_jijhkljZzgkIl\
exp[0,1] "ey hlj_adZ>hdd@ _|ky glh ~ey ex[h]lh g_imklh]h hheigthhhkl\h

kzfh]lhhlj_adz > @ ih~fgh™ _kI\h \k_oSejp(lﬁ)fghjh_ldd]\ZgkI\eZ(p[O,l]
i_j_k_ddoky k fgh _kiwhdy Iky JThfhlhibg_kdbeedguf:\1Zd _ \u”_e_gu
jy~ ih~fgh” _kI\ ijhkljzel0Z] y\eyxsbokAN)R ih2ijhkljZzgkI\Zfb b
[ _ kdhg _qglifbjgfgh]hh[jZabyfb Ke_ _"h\Zl_evgh Ney ex[h]h g_imkl
ihrfgh™ _kI\Z : dh[(D,ZL]diHZ’ijhkljZkg\rSeXp(A) yley Iky ]Jbev[_jlh\uf ijhkljZgkI\hf
ImkI®Olhiheh]lbqg_kdh_ ijhkljZzgkl\h =bi eXpKkljERKRAKkIOXhkIhbI
bak @ _imkluo aZfdgmluo dhfiZzdlguo ih~fgh K\ Ihjiimkdhdigkt\Z <u_|hjbkZ
n
[1], [Zam dhlhjmx khklzZ\eyxl fgh _WIVZ} \DNZ {A expX AUi\l b
i1

ANV z ney dzZ AhlhrexpX {AZX: - $ $z 3.

?keld _klv f_IjbdZ gZ ijhkipzdki\gZ ]bi_jijhkljZokO <u_lhjbkh\kdhc
lhiheh]b_c \\h~blky f_ljbdZdQRenk™hksZf h[jZahf> @

d,(AQ inf{ #0: As B(G bKe % )]~ B,C {x*X (xQ U.
1LF.(X) FOOVK(X), K,:X oexpX _kl_kI\_ggh_\eh' _gb_ > @
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>ey gZIlmjZevgmhlghebzbexp (X) {F<expX |Fdn}

Lhiheh]bgq_kdh_ ijhkiQZgkawWz Iky fghlhhpZ@b _fh~_ebjh\Zgguf gz
ijhkljZgkX_ bewfgh]hh[jZzab f _keb \kydZy lhqdZbiihkijBEdklkZghklv
Jhf_hfhjngmx hidjulhfm ih~Afgh' _kI\nY.ijhkljZgkI\Z
AZfdgmlh_ fgh® ilihWljZgkl®ZyZau\Z Ztkgh' _kI\hfO\> @ _keb Ih ~_kI\_ggh_
hih[jZ _ghbd, ijhkljZgki\@ fh _1 [ulv kdhev m]h~gh [ebadh Ziijhdkbfb]
hih[jZ  _gbytX o X\ A.

ImkI®lhiheh]bq_kdh_ ijhkljZgkI\hARghgzZduhZ Iky Jhfhlhibg_kdb iehlguf
O >@ _keb kms_ki\m_I hpp®hMi®yh X 1Zdzy  dix0) id, b

h(X (0u A A fgh'_kI\PA+ X Jhfhlhibg_kdb ij_g_[j_ ®fh_Re®:
Jhfhlhibq_kdb ie®lgh \

lj_~eh  _gb>ey dhfizdIBA« X, AzX bf__I f_klh
exp(X \A) expX \S,, (A1), expX \expA §,, (X\A (2)

1" So(A {Beexp: B Az 3}.
lj_"eh _gb_ >ey ex[h]h [_kdhghlggadll] b ex[h]h _]lh g_imklh]h
ihrfgh' _kIi\Blebgghlh hl kZjfhgd [0Z] ih’\ijthngSeLé(iA) \kx"m iehlgh \ _o0j

[0,1].

lj_"eh’_gh >ey ex[h]h azfdgmlh]h ihAPGA] hkjl\A[0ZI] hlebggh]h hl
kZfh]6,1] ih’\ijthngSeL‘;(IA ]hfhlhibg_kdb ieh[@H.\ _oj

L_hj fz >ey ex[h]l]h azZfdgmlh]h ih”*AgHOlklVWebggh]lh hl > @
ih’\ijthngkSe;Ft(A yley Iky ]Jbev[_jlh\uf fghlhh[jZab f

L_hj_fz >ey ex[hpheN ijhkljZgkl\éxp[O,1]\exp [O,1 yley 1KY
fghl]hh[jZab _f

EBL?J:LMJ:
1.N_"hjgmd < < NbeHisZly dhdiheh]by Hkgh\gu_ dhgkl\imdpb®M F Ba
1988.252 k

2.Banakh, T. Radul T, Zarichny MAbsorbing sets in infinitedimensional Manifolds, Math
Studies Monogh. Se¥.1. VNTL Publishers1996,p.232.

DHFI:DLU >M=MG>@B B =JMHIHEH=BQ?KDBO I1J?H;J:AH<:GBC
I JHKLJ:GKL<: <?JHYLGHKLGUO F?J
lomfz_\ >2AZblh\ :
1LZrd _glkdbc Zjobl-Kdlimhghevguc bgklblml
2Gmdmkkdbc Jhkm~ZjkI\_gguc i_~Z]lh]bg_kdbc bgklbIml
< jZ[hl_ > @ [ueh mklZgh\e_gh qlh JjmiiZz IthhZedjbqgqdkdEadlZ h[jZ:
bg"mpbjm_1I| ]jmiim Ihiheh]bg_kdbo ij_h[jZah\Zgbt_jhyjlgklyEgkd\ f_j
ImkIB& \ ; £g _ij_julgh_ hlh[jZ  _gb_ d&dBRZdlh*ey dZ'"B®&:;iheh]Zy
2:B;:&;:T;Lai U hij_~_ ey |ky g_ij_julgh_ RIBEZ ;,\gR:,; ?keB& \
; xwd\b\ZjbzZglgh_ hlh[jzZz _ybjhkl}ggkth\zZz \ ~jm2hB.&21h \ 2:;;1Zd %
wd\b\ZjbZglgh_ hih[§&)-gbkljZgkl\ > @ O0QAj lHhagzZqzxl > @mkbk
hlidjuluo hdj_klghkl_c g_cljZevahpniiwe\ fhogi&h]bb ijhkljXgkjbZwlhf
_kebbOy:A IHTL < T,&CH1=
lj_"eh _gb _?keb hlh[jz ' Bgb_; hidjulh@hldjulh 2:8; 1Zd"_ hldjulh
(&hldjulh
E_ffZz ?kebL B8 a#=tkhlezZkh\ZggzZy kbkl_fzZ g_ijhjjglo gwc Ih
_f_cklVh.;L <:B;&:BU;a#=+ 1Zd _ kh]eZkh\ZggzZy kbkl_fZ g2ij:julguo g
lh[jZz  _gbc
E_ffz ?kebhldjul@hldjulz 2ih hidjul@hldjulZz
E_ffz ?kebwd\b\Zjbzgl8Z;llldd”_ wd\b\ZjbzZglgZz
E_ffz ?kebSfmevibiebdZlb\®yzZ SitmevibiebdZlb\gZ
E_ffz ?kebzxéakbkl_fz2ilh+td&kbkl_fZz
E_ffz ?kebzK@ijhkljZzgkl\h2:1hxtK@®ijhkljZzgkl\h
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lj_ "eh” _gb_>e®@ijhkljZgkR@jhkljZgklty, OB5 kmffZ 2:: 5 y\ey |®@y
b

ijhkljZzgkl\Vhf khhiI\_IK®jlglglhZgklI\hf
Imklv A _ckUhmiiy) gz keZ[@hldjulh Z k_f éckOyhA IZdh\h qlh
#,"ey ex[G& Dékms_kI\eDElZdh_ &Phl é 7,
:$;hey ex[M]Pékms_kI\mDEIZdh_ #IR1b77°? 1
% ey ex[@®ébCH) kms_klI\mbPélzdh_ @8F°>? L
lj_"eh” _gb_Imktvzx)-ijhkljZgkl\h kh @eldjuluf » _ckl\b_f m~h\e_I\hjyxstk
ke "mxs_fm k\hckl\m

Ney ex[uo IAgdb _ hdj_kl@hkmbs kl\m_| 1Zdh_ kqg_lghtsp X04£: A
(s) m~hle_I\hjyxs__ mk#&gh$py¥% ~ey dhlhjh]h kmd Ekdidgn b5 PTAL; é

039 ;LI
Lh]~rZ 72edy;, wd\b\ZjbZglguo nZdlhjhlx[jZ fgle&l\h

2:.;L[2:B D2:a;a2kgoR:B;&:D, b2:a;&2:B, R2:Da2:a;_

yley Iky khleZkh\Zgghc keZ[h fmevibiebdZlb\ghc wd\b\ZjbZgéghc kbk
kbkl_fhc hlh[jZ b gZ
K\hcklI\h V jzZkkfzljb\Z _Iky k mkeh\b_f kq_lghklb

L_hj_fZ Imklvy\ley IkyjhkljZgkl\hf k hldjuluf ~_ckl\b_f m~h\e_I\hj
k\hckl\m V 2bth]lyp\ey_ IK@jhkljZzgkl\hf k kh]l]ezZkh\Zgghc keZ[h fmevibie
wd\b\ZjbZglghc hl@Ekbkicfhc hlh[jZz"  _gbc ?keb #hhwilhdl 2h; *
dhfizdl >m]mg”~ b

EBL?J:LMJ:

1.F FZAbjbfh\A.:AZbIh\Wd\b\ZjbZglgu_ hlh[jZ  _gbyZijhkH¥Zlgkikliguo

f j :xee bgk fzl < |kl 6674,

2 DE Dhaeh\: ©@Zlujdh Lhiheh]bg_kdb_ ]jmiiu ij_h[jZah\Zgbc b [b
>Smimg~'b FZzZI_f K[ | hk1j -128.

BKKE?>H<:GB? > BHNHGLH<H=H IJB;EB@?GB? K ><MFY IJHKL/!
QBKE:FB B D<:>J:L: IJHKLH=H QBKE:
BfZfh\ H R ;Zojbr"bgh\Z X ;
L_jf_akdb&m”Zjkl\_gogic\_jkbl_| L_jfba Ma[_dbklzg

< klzZlv_ bkke_~m_f ~“bhnzZglh\zZz az~zZgm k ~\mfy ijhkluf gbkehf
gbk_e P_ev khklhbl \Nhéklgqbhdev gbKepb[ebablv k hij_~_e_gghc lhqgl
agZq_gb_f \ujzthab P, 3p?g]"_pl, P, R ijhklu_ gbkez Z dhwn@b@®h_glu
g_gme_\u_ " _ckl\bl_evgh_ gbkezZz m~h\e _I\hjyxsb_ g_dKhjjafhlazZ”"Zgog
"hdZazZgh ke_"mxsZy |_hj_fz

L_hj_faj_~iheh bf qh,O,-g_gme_\u_ ~_ckl\bl_evgu_ qgbkeZ dhlhjl

h~rghlh agzdz Ninekdph_ ~_ ckl\bl_evgh_ qbkehJ%h]U‘Zex\[éng!O
g_jZ\_gkl\h

| @ @ Ndmax{p) “ (i 123 )
bf__I [_kdhg_qgh fghlh j_r_gbc \ ijhkpu@,ip,j &fZgighiloy" _gbb \k_c klZIvk
bkihevam _ f klZg”~Zjlgu_ h[hagZqg_gby \ | _hjbb igbkverhklglrkdghkfEeh

iheh bl _evgh_ ck&hexlgZy dhgklZglZz g_ h[yaZl _evgh h~bgZdh\mx \h
m~Ah[kI\Z bkihepMeaagZfg HgblogX ]~ X -~hklZlhggh [hevrhc gb&léhb Ijb

sin SKP
SD®

Lh]AZ bfK D k<min 2K |D 1mkkOt, K - ij_h[jzah\Zgb_ Kmfv_ |

Dz0 hij_~ _ebf nmgHphy K b ba g_ij_julghklb &zZ@®h" K.

Ktk K D&t O ]~e D €&° Ba\ klgh Agy 1Zdbo ij_h[jZah\Zgbc bf

R
KOp K max 0, AKt| kf > @ Hij_"~_ebf dgl,j\Zeho gqlh \k_ BT\
| _ iheh bf
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1 a

ax ° gi %«

|1 —E’X«’ll/i §©»X1«'
Djhf_ Ih]lh h[halfAagbf

S llogpe P . S | logpe @ , S | logpe @ .
pel P2 elz P3el3
>ey ex[h]h baf _jbfh]h fgh  RRI\Z imKklv k f[2]).

| KNR [ 08 ,09, BOQ e K dih]rz

| KN,R : logplogplogp 3K D & ,® ,P© ,AON dIL

P Poely R
Psely

| logplogp,logp,max 0K | @ .8 . N.

P Pely
P3ely

1
HIf_Ibf gkhX 2 bmaxp dX, (j 123)
J
Ke ~h\Zl_evgh ful bfNNF KN X, ] N X - h[hagZgZ_ | dhebqg_kI\Z
j r_gbc g_jz\_gkl\zJ %bjm,pz l,p |, LZdbf h[jzahf ~hklZlhqgh mkiZgh)

iheh bl_evgmx gb'gxx hp_bddiN,Rrey Qlh[u hp_gblv bgl_]jZe jZa™_e
\ s _kI\_ggmxmixy§Z [hevimMrniZremx Mmbmjb\bZevgmk ~hijm” _ey f

ap po .8 P .- B8 s o
M _,Y’Y«’l/r‘? f@, X zﬁo JX’C(g”t F\)l\(M %b1),

2
1~ P x3 ' f K°X?' Lzdbf h[jzalgph kf >

| KN,R | ANLM 1 Km | Kt )
>Ze _ hp_gu\Zy dz'~h_ kez]z_fh_ ijZ\hc qZklb jZ\_kI\Z ihemqgbf
EBL?J:LMJ:

1l.:eeZzdh\ B Hp_gdZ Iljb]Jzghf_Iljbg_kdbo kmff b bo ijbeh _gby d j_r
Z ""blb\guo azZz"Zq | _RrrhjoB&rke 1160 K 1j

2.Cook R.J, Fox A. The values of ternary quadratic forms at prime arguments, Mathematika 48
(2003) 137449

3. Harman G., Kumchev A.V. On sums of squares of primes Il, J. Number Theory 130 (9) (2010)
19692002.

2-EHD:EVGUXLHFHJIJNBAFU :E=7?;J :J?GK:
DZeZg"ZjHK\ L
DzjzdZeiZzdkdbc Jhkm~ZjklI\_gguc mgb\_jkbl_I|I bf_gb ;_j*ZozZz Gmd

< ]h~ m R _fjehf > @ [ueh \\_2ebdZidygghbh Z\IhfhjnbafZ b hg ihdZ
glh dZ"~uehdZevguc Z\lhfhjnbaf Ze]l]ljldgbyk gaup ebg _cguo hi_jZlhjh\
[ _ kdhg_qghf_jghf k_iZjzZ[_evghf ]Jbev[_jlh\hf ijhkljZgkI\_ y\ey_ Iky Z\Ihft
> @ [ueh ihdZazZzgh gqgéhd&Zzvaguwe Z\lhfhjnbaf gz Ze]_[j_ \k_o hl]jZg
ebg_cguo hi_jZlhjh\ gZ ijhba\hévghfijjlokdyZgldI\_ y\ey Iky Z\Ihfhjnbafhf
jZ[hl_ > @ [ueb jZkkf@hidZavgu_ Z\IhfhjnbAW*-g2] [jZo Ijb wlhf
bkihevamy |_ogbdm fZljbgqguo Ze]_[j 9gZ” mgblZevgufb [ZgZoh\ufb Ze]_|
qlh ijhba\hev@hdZevguc Z\Ihf\WMFaZe] [ju [_a ijyfuo keZ]Z fuo dhg_qg
Ibiz , y\ey Iky Z\lhfhjnbafhf

Hrgbfab\Z ' guo deZkkh\ g _h]jZgbg _gguo hi_jZlhjguo Ze] [j y\eyxlky
dhlhju_ \i_j\u_ \ dhffmlzZlb\ghf kemqgzZ_ [ueb jZkkfhlj_gu :j_gkhf > @
Ze] _[ju :j_gkZ [ueb bamqgq_gu Bghmb \ jZ[hl_ > @

Imkly g _dhlhjZae] [jZ
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Hij_~ e _gbb_dlb\guc ebg_cguc HiA4AZIbd ZzZe] [j¥l gZau\Z Iky
Z\lhfhjnbafhf Axkgh AXNAY b (X)) /(R* ijb \k 20y A

HIh[jZ‘_g))_ba Ze] AW k [y gZau®RZeHdyevguzAlhfhjnbafhkeb ~ey
dz'~hxyeA, kms_ki\mzZNhfhjnbaf A4 0A 1zdhc qlh(X)=/ (X) b

(= (Y).
ImkIS(M, M £Ze]_[jZ \k-baf_jbfuo hi_jZlhjh\ ijbkh_~bg_gguo d Ze].

G _cfzhk .
>eyp t1 iheh bEP(M, )W X e S(M, Y| X f .

Lh]1*"E°(M, W £[ZgZoh\h ijhkljZgkl\h highkbl_evgh ghjfu

Up
Ix1,  (x7) ,x L MW,
JZkkfhljbf fgh ™ _kl\h

LAM, ) (L°(M .

ptl
< jZ[hl_ :["meeZ_ \Z > @ ilh%(IX/Ia,Z%ry\eQ/I_hlky iheghc ehdZevgh \uim
f_ljbam_f+zce] _[jhc hlghkbl_evght,hitj@hlblgghc kbkl_ﬂ(kc"]bhpjdﬂ

e]_[JE5 M, M gzau\z gkghffmIZIb\gék [jhc :j_gkzZ
Bf | f klh ke_~mxrzZy |I_hj_fz
L_hj_mekIM Ze] [jZ nhg G_cfZgZ k lhqguf ghjfZevguf ihdmdhg_q
Lh]~Z \kydkebdZegdeh~ghjhrguz\lhfhjnbaf ze] [jL (M, )M vyley_lky
\gmlj_gguf Z\Itffjmf | _ kms_kl\m_|I mgblnghﬂM,eﬂlfl_nghc qlh
(X) axa*

ijb\k_X LM, DI
EBL?J:LMJ:
1. 3 aHR&d automorphisms and derivations B(H) Proc. AmerMath. Soc. 125, 2677
2680 (1997).
2. Sh. Ayupov, K. Kudaybergenalocal derivations and automorphisms (B(H) J. Math.
Anal. Appl. 395, no. 1, 188 (2012).

3. Sh. Ayupov, K. Kudaybergenov, T. Kalandarddocal Automorphisms oMWUalgebras, in
book Positivity and Noncommutative Analysis, Springer Nature Switzerland AG,(2019)

4R. ArensThe spaceLZ and convex topological rings, Bull. Amer. Math. Sad.946. £V. 92.
+P.931935.

5. A. Inoug On a class of unbounded operator algebras Il. Pacific J.Mdt®76. +V. 66. £2. +
P.411431.

6. J A ["meeZjhkljZzgkl\Z khijy ' _ggu_ d dhfzelZl[hXdufj _gkZ
Ma[ fZl "mjgZe -7. k

MGB<?JK:EVG:Y B WDABKL?GPB:EVG:Y HIJ?>?EBFHKLV
G?=:LB<GUO KBKL?F
DzZjbfh\D G J
GZpbhgZevguc mgb\_jkbl_| Ma[_dbklZgZz LZrd_gl Ma[_dbkl
nodirakarimova@bk.ru
Ih~ kljmdlmjhc ~Zgguo ihgbfzZz_Iky fgh]lhkhjlgZzy fh”_ev h[ezZ"Z
j_ZebazZpb_c WIh ihgylb_ y\ey |ky nmg~zZf_glZevguf \ |_hj_Ibg_khc bg
2]).
Kg_hij_"_ey_fufb ihgylbyfb fh 'gh hagZdhfblvky \ dgb]Zo > @
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Hij_ ~ e gb_:e]lhjblfbgq_kdbf ij ~klZ\e_gb _f gmf _jZpb_c kg _lghc
M ®; € wnn_dlb\ghc fghlhkhjlghc &bddZuhZulky \kydhk flZakH\h

|JP o kxjt_dlb\guo hih[jZ _gx FoM ( Q)
ol

ey dhlhjh]lh kms_kI\m_I wnn_dIRghl\ugbkedkhd nmgdpbc ij_"klZ\eyxsb
6-hi_jZpbb kbkM fu gmf_jZpkb | _ \kydZy hiVpZpbyiz¢Q }, b 2
ij_"klzZz\ey Iky khhiI\_IklI\mxs_c¢ _c¢c IZdhc \ugbkebfhc nmgdpb_c
freFom: ZUIU 20 Z
glhbf__1 f_klh ke_~mxsZy dhffmlZlb\gZy ~"bzZ]jzffz
ez X% Zd VA . R 8%, %)l

Hij_~ e _gb?kebF £Ze]hjblfbg_kdh_ ij_~klZ\e_&b_ KbkE(NMy A
gZau\Z_Ilky gmf_jh\Zgghc kbkl _fhc Z k _f_ ckl\h gmf_jZpbhgguo
ker(A (J{& yI? Px oA tyrjhf ij_~kiZ\e_gby

Gl

<k_ jZkkfzZljb\Z_fu_ gzZfb ]hfhfhjnbafu gmf_jh\Zgguo kbkl_f yleyxlky \t
ihA™ _j"b\Zxlky \ugbkebfufb gz ghfyfizd khenddpxs_f kfuke_ > @
ImkIM +kbkl_fZ kb]lg®Blmfuxr__ gmf_jZpby

Hij_~_e_gbKbkl_M . gZaulZ_lky mgb\_jkZevgh wdabhkl-dpbZevgh
hij_~ _ebfhc _keb kms_kI\m_1I IZdh_ \ugbkebfh i_)_abgte\bfikkZefwgguo kl\h

wdabkl _gpbZewvgueb I » ij_"eh’ _gbc kbdd@&IngiM ,F) b ey \kydhc
)-kbkl_fu __ ih~kbkl_fZ ihjh *_ggZy dhgklZgMifb e[th[ly byhély)ig¥
kbkl_fhc

lj_~eh _gb_<kydzZy \ugbkebfh ij_~klz\bfzy fh"_ev mgb\_jkZevgh wd
hij_~_ebfz

lj_~eh” _gb_ Kms_klI\m_| wdabkl_gpbZevgh hij_"~ ebfZy g _]Zlb\gh
kbkl_fZz g_ bf_xsZy ihablb\guo ij_"~klZ\e_gbc
lj_"eh ' _gb Kms_klI\m_| wdabkl_gpbZevgh hij_~_ebfzy ihablb\gh ij_"klz\
bf xsZy g_]Zlb\guo ij_~klZ\e_ghbc
L_hj fz >ey ex[hc ZgbNgh ij_"klZ\bfhc kbkl_fu kms_kl\m_I| __ wdabk
hij_~_ebfh_ h[h]Zs_gb_

EBL?J:LMJ:

1.DZkufh\ G O Fhjh&m]bgKkdb_ Zki_dlu I_hjbb Z[kljZzdlguo Ibih\

<ugbkebl_evgu_ kbkl_fu BF KH :66KLR&)

2.DZkufh\ GJOdmjkb\gh bHW _egmf_jh\Zggu_ Ze]_[ju Mki_ob fzZl gz

(3) 145476 (1996)

3.=hgqZjh\ K K ?jrbhgkEmdlb\gu_ fh”"_eb Gh\hkb[bjkd GZmqgZy d:

4. FZevp_\ :eB_[jZbqg_kdb_ kbkl_fu F GZmdz

5.KhZj B<Jdugbkebfh i_j_gbkebfu_ fgh _kI\Z b kl_i_gb DZazZgkdh_ |

h[s_kl\h DZaZgv

6. ?2jrh\ X B _hjby gmf_jZpbc F GZmdZ

IJHKLJ:GKL<H IHEM:>>BLB<GUO NMGDPBHG:EH< B DHFI:DLU
>M=MG>@B
Dmj[Zzgh\ O O
:dZ™ _fby <hhjm  _gguo Kbe J_bikhZgbdlzMalgld Ma[_dbklZg
<k_ ihgylby \klj_qZxsb_ky \ azf_Id_ fh gh gZclb \ > @
L_hj_fz?keB& \ ; +twd\b\ZjbZglgh_ hlh[jZz _-gphklhZghk]lhz \ Ajm]h_ Ih
15Bal5:;\ 15;;1Zd twd\b\Zjbzglgh_ hlhlj®)4,gighkljZgkl\
lj_~eh  _gb > cklI\U5U;4a15)4:;H15:;\ 15:;hldjulh@hldjulh keZ[h
hidjulh
>ey M _cklUBW;a5)4:;H15:;\ 15:; b ihemZ~*blb\ghlh nmg®ddlhgzez
hij_~_ebf hlh[jZ15db &15)a:;\ 15:;, ab15:;klzg~zZjlguf h[jZzahf |

123



15U; :0;L0:48, 0P15)a:,;

lj_~eh _gb_HIldjulhkl@hldjulhklv g _ij_julgh]h 25uKd\Bya:;H
15:;\ 15:; wd\b\Ze _glgZ hidj@nhHHdjolhklb hih[jZ15Wc+15)a:;\
15:;, abls: ;.

lj_"eh” _gb_ >ey hldjulh@hldjulh]h hih[jZz " BgBy; hlh[jZ _gb_
15Bal5:;\ 15;;1Zd _ hldju@hldjulh

L_hj fZz ImklvL [BAB &#_x kbkl_fZ g_ij_julgudlglgz _ghd&.;L
[15B;415%B oa#_t+bg mpbjh\ZggZy kbkl_fZ g_ij_ju\guol&lh[jizhlgbc gZ
Z _kebh [BaB a#_ t*khlJeZkh\ZggZy kbkb.f4 [1&8B;415%B oa#_ +1Z2d" _
khlezkh\ZggZy kbkl_fz
[ _kelldjulZ@hldjulz 1B ;1Zd _ hudZ@hldjulz
\ _kelwd\b\ZjbzglgZ.;lllZd _ wd\b\ZjbZglgZz
] _kekeZ[h fmevibiebdZlb\gkeZlih fmevibiebdZlb\gZ
N kethdkbkl_fzZ1bh;1Zd t&kbkl_fZ
_ _keb\ey_ HiphkljzgkI\t@ijhkljZzgklI\hf 15h;1Z2d" _ y\eyK&®py kljzgkl\hf
(@ijhkljZzgkl\hf
Imklv ~_ckOpimiiu) gZ ijhkljZgklkeZFmldjulh Z k_f éRIOR:A |Zdh\h
glh
#,Ney ex[Wa7 D ékms_klI\Dlé 1Zdh_ &Phlé 7
'$; ey ex[H]P ékms_kI\ihbDlél1Zdh_ #fiAa 1b7752 1,
% ey ex[Ud®éDbCP) kms_kI\gbDEI1Zdh_ Q8K°? 1

lj_~eh _gb_ Imklv: % )-ijhkljZzgkl\h kh kékdjpuluf ~_ckl\b_f
m~h\e_I\hjyxsbf ke_~mxs_fm k\hckl\m
:Q "ey ex[uo IAgdb  hdj_kl@hkms kI\m_ | 1Zdh_ kg _lghsp X04f:Ackl\h
mAh\e_I\hjyxs__ mk#h\®yf% ~ey dhlhjh]lh kmslBlégy |b —TdE;é
U9 LI

Lhlrz ~"dywa; wd\b\ZjbZglguo nzZdlhjhlhlIpz; &bé ckl\h5.; L
[15Bal %kl ypoal5Bal15B, R15D4al5a;_ + khlezkh\ZggZy keZ[h fmevibiebdz
wd\b\ZjbzZglgZy kbkl_fZ khhbkllkilX_ddh[jZ _gbc
K\hcklt@jzkkfzljb\Z_Iky k mkdbghtklb kq

L_hj fZ Imklv y\ey_ IkiyhkljZzgkl\hf k hildjuluf ~_ckl\b_f m~h\e_I\hj
k\hcklt@ Lh]A&:;y\ey IK@jhkljZzgkl\hf k kh]l]ezZzkh\Zgghc keZ[h fmevibie
wd\b\ZjbzZglghc hbBdjbkicfhc hlh[jZz _gbc ?keb: djbhfwZki 1B&:; £
dhfizdl >m]mg”~ b

EBL?J:LMJ:

1. A. A. Zaitov, Kh. X. Kurbangwn a normal subgroup of the group of homeomorphisms of the

space of semmadditive functionals, Uzbek Mathematical Journal, 2022 (Submitted).

2.D E Dhaeh\ < : @Zhejd)bqg_kdb_ ]jmiiu ij_h[jZah\Zgbc b [bc

>m]lmg”'b FzZI_f K] Ihf -128h f_j

I JH?DPBY DIMG? H<:EVG:Y EBGBY : F:L?F:LBQ?KD:Y EBGBY
WEEBIK:
FZfmjh\ B of_"~h\ G
LZrd_glkdbc ]hkm~ZjkI\_gguc IMgkihjkdpucl LZrd_gl Ma[_dbklZg
~-mail: nuraliakhmedo%974@mail.com
Bg ' g _ju bkihevamxl hq_gv keh gu_ f Ih”u ihkljh_gby Zdkhghf |
N 1Ze_c :dkhghf_Iljbg_kdb_ baf_g_gby | kkk[_fghdhehbgtz ihkljhblv
dim]h\hc ijh_dpbb >pbf_ljby beb dhkhm]Jhevgu_ m]Jeu kha”zZxl k
Zdkhghf_ljbg_kdhc ijh_dpbb
< bg _g jghf ~ e kim”_gl beb ki_pbzZebklu IjzZIbl fgh]lh \j_f gb g:
ijb ihkljh_gbb Zdkhghf_IljbgZkdhably bagm]eh§l]” _1Zeb
lhkljh_gb_ ijh_dpbbfdijmHfZjZz OZcyfZ hq_gv ihe_a_g \ ijhkl_cr_c
ijb[eb” _gghc nhjf_ ihkljh_gby weebikZ < wlhf kemqgqzZ_ hk\h_gb_f_
bkihevah\zZgb_ _]h \©jAdkhgaf ljbgq_kdb_ ijh_dpbb? ij_~f_1Z ©GZq_
]_hf_ljby b bg _g_jgZy ]jZnbdz?2 kwdhghfbl fZkkm \j_f_gb
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M HfzZjz OZcyfzZz _klv q_luj_ dgb]b ih fzl _fzZlbd_  h”gZ ba dhlhjuo k!
hibkZgb _

©LhgdZ : ~Zgghlh dém’}ﬂZ’]DgElev H< d\z~jz1Z ijh\_~_gghlh \g_ wlh]h dj
Ke "h\Z| K ©BgAB+2*AB = 3AB

>hdz bf fu q_jlbf _"bgbggmx hdjm ' ghklv jZ\gmx 2$ Blzd 2'
b khlezkgh |_hj_f_ P00 x2DEY%
Wlh ~Z | "% 2. GZ hkgh\_

OB?= 12+ 12= 2 OB=+/2 |14142

>79gZy hdjm ghklv *_ebl “bZ]hgZev \g_rg_]h d\zZ”jzlZz gZ |ljb jZ\gu_ q.
\lThjmx hlghkbl_evgh p_gljZz

lh keh\Zf HfZjZ O@Ay%*Z %*2 094281
lib wihf hrb[dZ Ihihfm @kF1H: H

< jZa”_e_ Zdkhghf_Ijbb ij_~f_lZzheGZigqf jljpblb eovdg _g_jghc ]jZnbdb?
| _hjby hqgq_gv ihe_agZ ”"ey jbkh\Zgby ijb[ebabl_evgh]h ihkljh_gby we¢
ke "mxsmx ko_fm

Qlh[u gZclb $ ~_ebf 2% gZ qZklb gZ ]JeZa b ihemqgqzZ_f ; Kr_eZ_
2) b 2/ b gZz45,6.f
LZdbf h[jzahf ~hklZlhggh kh_~bgblv i_j oh*gmx gqZklv hdjm ghklb k we
WIlh wdhghfbl fgh]lh \j_f_gb hkh[_ggh ijb q_Jl_"b wkdbaz ~_IZeb >
EBL?J:LMJ:
2.J O Ohjmgh\ Qbafz ] _hfLhbd dhmjk¥Mdblim\gb”’ ]

3.B JZofhgh\ 3QbafZeZjgb gbabr \Z mdbr~

MKEH<BY :KKHPB:LB<GHKLB B :EVL?JG:LB<GHKLB =?7G?LBQ?K
E=7;J
Fmfbgh\ M J
N j=M N _jlZzgZ Ma[_dbklZg
< ihimeypbhgguc ] _g Ibd_qgZklh Ihgdb kbfie_ dkZ

"X % il x Lxt@®e R
il
jZkkfz1jb\Z_Iky dzd khklihygb_ g_dhlhjhc [bheh]bg_kdhc kbkl_fu
> L, M m~h\e jyxl mke y
P,k 1 h\e_I\hjyxl mkeh\byf
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R, P, Ob_:lx 1. (1)
Lh]~Z w\hexpbhgguc WiSjZohf'"* hij ~ ey | azdhg w\hexpbb kbkl_
nhjfmeZzZf

3

X 1Rk Lm ©)
ij1
1"V(X  X,..X , | _  _KebX,..,% ~Zggh_lknkb_ kbkl_¥M(X)IhX,..., X,
ke "mxs__ khklhygb_kbkl_fu Hg_\b”gh jZ\_gkl\h
1
Xoy ZV(X y Mx Y 3)

hij_~_ey_| azZdhg mfgh _gby Ke_~h\Zl_evgh ithemqgzZ_f ]_g_Ibqg_kd
l_g_Ilbg_kdb_ Ze]_[ju \ kbeR, kBff _yjlelyxlky dhffmlZib\guf Ij_"klZ\ey

bgl_j_k gZoh ~_gby mkeh\bc ijb dhlhjuo ]_g_Ibq_kkkkhybzéh\djhzc y\
Zevl _jgZlb\ghc b | »

L_hj_fz=_g_Ibqg_kdZy Ze]_[jZ \k_]"Z ~bkljb[mlb\gZ highkbl_evgh \_
mfgh  _gby

n m m §
- i | : i
L_hj_fz?keb mkeh\lp, 7| Ry XY ){ R, ¥Z 0, k1 1\uiheg_gh
ij 1 fq 1 fq 1 ©

ney \k Xpy,ze St Ih] g Ilbg kdzZy RLe] ypNey |ky ZkkhpbZlib\ghc Ze] [jhc

L_hj_fz?keb mkehibg, yv! mux%x 3 R, x(yé 0, k1 \uiheg_gh
i1 f!ql ' q 1 ©

lh 1 g Ibg_kdzZy REJ] [KZgh\blky Zevl_jgZlb\ghc Ze]_ [jhc GZfb ihem
hibkZgb_ wlbo mkeh\bc \ kemqgzZ_ fZeuo jZaf_jghkl_c
Imklv®,e [Zabk R bx ., 0,6 y ., P, 1°& 10,6 Olb
Q@ OLF R

Fgh' _kl\h we_f_glh\ m"h\e_l\hjyxs)(%o'Oj(Z\]_’Q)_kI\gﬂ‘1 0,6 y\ey_lky
hrghf_jghec ihrzZe] [jhec Hlkx"Z ihemgbf ke _"mxs_
@L 2@2 a':IZ.CZbl 2OCd2 QO]' ai 2]0b 1 2 10@22 % tl@ t2'
Hlkx"Z
a® 2bgx’? @, O
e®1a@21b ag0lc ? @,
J_rZy wlm kbkl_fm hlgikbIGeviblemqZz_f |jb jZaebgguo deZkkh\ izZjzf_
haghf_jguo ih~ZA](X).

EBL?J:LMJ:
1. =Zgboh”"Z_\Bkke_"h\zZghyhjbb d\zZ”*jZlbgqguo klhoZklbq_kdbo hi_

>bkk gZ khbk mqg kI ~hdl gZmd LZrd_gl
2. =ZglfZo_j N Jhjby fZI@EZmdE? 67.

<?S?KL<?GGUI2N:DLHJU
JZobfh\: Jbah M J
GZpbhgZemgbt_jkbMd[_dbklZfgE Mem][LAardl gl Ma[_dbklzg
rakhimov@ktu.edutr, umidjonrizoevs5@gmail.com
Lljmiiu \i_j\u_ [ueb jZkkfhlj_gu \ jZ[h[L]. & ®ZgZ2g-D]h" h\ \
jZ[hl_ : DhggZ b <[2jEkkZhlj _gu hi_jZlhjgu_-ZjgZielh]mAadIhjkh
k\VhckI\hf
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ImkKkIVG - ehdZevdhfizdlg4dymiiZ>mZevgujfhkljZgkI\NfmiiuG
gau\Z_Ifgyh " _klvhgblZjggoijb\h~"bfijo "klZ\e_ gblkcEjmiiukhij_"e gghc
lhiheh]b_c¢ Hibr_f wlm lhiheh]bx Imklv ~Zghy ij TkjZ\eelmd cghf
ijhkljZgkl\, ImkIw> 0 b\u[_j_f\_dlhj PL, dhfizdd ? A KdZ f qlh
ij_~klZ\e ggbT® ~_ckl\mxs__ \ ijhklLjZ2gkbl_\K, 0- hdj_klghlkbth
_kebms_klI\in dilhjbL®Zdhqlh

+6:C;ade F :61:C;R&;+O Y ECDP- &

H[hagt q_ja®fgh’ _kih\k owmblZjguij _~KZ\e ghl&hc Ihiheh]b_c

Hij_~_e_gb]Jl]. =h\hjyl qglh ]jegihgez~Z_| k\hcklI\hf L _keb Ijb\bZev
ij_~"kZ\e_gpleykihldjulufgh  _kI\h¥d&

ImklvH - dhfie_dkgh_ =bev[_jlh\h ijB)Zgkire] [jZ \k_o
hl]jZgbg_gguo ebg_cguo hi_jZlhjh\ H K&Z\[mxaBbdgimtZe] M2
B(H), kh”_j ZsZy'bgbdmgZaul\Z _WvyZe]_ [jh&Zihfgbfglhihehbl_evgu
ebg_cguungdpbBgiZeM k AxTY = ZTV) (& PM) b 21) =1 gZau\RydhfZevdu
ke Hf gZW*-Ze] [M. | nkIW- Ze] [jkhjy _ggZy
d Ze] Mj_ 1 _ hgZ kh\MxzZd éhevph Z hi)[FZptyZf gy dERy )= a8

BC,x BM. =bev[_jlh\uf[Bfh"megZaul\Z_Ilky ]bevijhjkh\agkHh\ dhlhjhf

N _ckl\nghljfZevgiy_"klZ\e_pbyvtZe] M

bM khhi\ Ilkglgijbgf h[jZawlbi_ ~kZz\e gdeffmlibjhaM-[bfhnev

(+ !9!gzZau\Z ljlkbpybZevguf kdb lhggh_ ij _"klZ\e_gb_  h[eZ”Zxs__ pbdeb
p_gljZevgwufdlhjhfbH, | _ebg_cgihhkljZzgkl{M) iehlg\iH b!(x) = '¥x9,
Xx DM G _Ijm~gh ijh\_jblv glh \ wihf kenfgZ (!(xm Y &kEM)gP\ey |ky
Ilhqgu@hjfZzevgdiig qglkid " Hgfaa.

LZdbf h[jZzahf kms_klI\m_I| _~bgkl\_gguc k IhgghklvxghklimgblZjgh
l[jb\bZevdu¢bfh*mev X
E,@L:*4é4ékj;
az"zZ\z_dud i

*,L .5/ 4,4 é: T, LTAa&'T,L,TA TbH/
]1*"J- mgblZjdgyhexpby(M, 3, khhI\_Tkl\m xkseZy2m

GZgh _kldezZkkhgblZjguad\b\Ze_glgh kblbh*mefhc gh\\_kllthiheh]bx

_kebij_"ebi/ e dZ AhM-[bfhney :*,&,87, ij_~[Za Jhkikl_fuhdj_klghkl_c

- -&&Yalap-a
U0 {..5% V.. = P:&:TgeYU;a&; F é:TgéeY:Yade O YA
SQEBFQJAEYPra eb* a Tpdhb/

Hij_~_e_gbJ2]. =h\hjyl qlh zZ&_hjf2z~zZk\lhckl\hif _keb kmsIkl\m
hdj_klghklpp\bZevgwmlbfh"mE@ zdzy qlM-\bfh"meW kh"_j El@\
dZq_kijpyfhltkez]Z_fhlh
<_s_klI\_gyZy*"Ze] _RZB(H gZaul\zZ\lly kI\_gyWcZe] [jhkelhgkeZ[Z
azZfdgmRABR={0}, 18R :gZeh]lbdggh ~_ ey _ ihgyllk\hckl\th*eW_s_klI\_gguo
Wx-Ze]l [jim~_flh\hjblvglhR-[bfh "mdh, ! !y keZ[kh”_j blljb\bZevgRic
[bfh"mexebms_kl\mZiljZz\e_gghklv_@&lhjib\dd |ZdZglh

2T eY:8eée; L RSTY 4 x BR.
Hkgh\gufamevijdiihly\ey_ I|kg_"mxs$Zlyj fZ

L hj fzZiImkIwR - \_s_ klI\ _gguc nZdlhj; IbLB]NZ ke _"mxsb_ mkeh\b
wd\b\Ze glgu
1. Rhlez"&\hcklI\hf
2. dzZz "ZR¢[bfh"mekeZ[Rh"_j ZsZyp\bZevgkdh”™_j bl _kbevgh _\
dZzq_kijpyfhltkez]zZ_fhlh

EBL?J:LMJ:

1.Dz"~Zg > : H klyab “mZevghlh ijhkljZgkI\Z ]Jjmiiu Kbhokljh_gb_

ih~ ]ljmii NmgdpbhgZevguc ZgZeba b _]h ijbeh -®by 1 <ui

2.Connes A., Jones V. Property T for von Neumann algeBuals. London Math. Sod?7,

1985,57-62.
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HKE:;H IHQLB KH<?JR?GGUO HLH;J.:@?GBYO
KMI?JI1:J:DHFI:DLGUO IJHKLJ:GKL<
LbeezZ[Z \ B G
GZzZfzglZgkdbc Jhkm~Zjkl\_gguc mgb\_jkbl_|I GZfzZgl]Zg Ma[_d
<kx”"m gb" _ ih~ ijhkljzgkl\hf ihgbfzZ_lky Ilhiheh]bq_kdh_
Njhebd[if b ;mj[z[@p *hdZazZgh \Z gh_ mI\_j°~ _gb_ dhlhjh_ ~_fhgk
kh\_jr_ggu_ hlh[jZ _gby kj_~b \k_o g_ij_ju\guo hlh[jZ _gbc b]jzZxl jhe
[bdhfizdlh\ kj_~b \k_o Ilhiheh]bg_kdbo ijhklj43ki\qlh GgZiljfghfgh_
hih[jz  _gb:X 0Y gzZau\Z |ky kh\_jr_gg0ft oZkek*hjnh\h ijhkljZgkl\h
azZfdgmlh_ hlh[jZz _gb_ b \k_f WihhhjZameY y\eyxlky [bdhfiZzdlgufb
ih~fgh _kINZf® V\hfbfh kh\_jr_gguo hlh[jZ _gbc jZkkfZljb\Z_Ilky b [he__
ihglb kh\_jr_§Judh[jZz  _gbc dhlhju_ hij_~_eyxlky ke_~mxsbf h[jZahf
Hij ~ e gb G _ij_jul\gh_ hlh[jZ Xg®dY gZau\Z |ky ihglb kh\_jr_ggu

_keb azfdgmlh b \k_ ijhAyjrraqu WeY- [bdhfizdigu_ ih~fgh _kI\Z ijhkljZgk
O

Ke_"h\Zl_evgh kh\hjih[ggu gbwlh \ Ihgghklb ihqlb kh\_jr_ggu_ hlh[jZ
hij_~_e_ggu_ gZ oZmk”hjnh\uo ijhkljZgkl\Zo

Hij_~_e_gbZ hldjulh_ ihdjulb_ ijhildgZawN\Z_Iky dhg_qghdhfihg_gl
_keb \k_ _]h dhfihg_glu kp_ie_gghklb dhg_qgu
[ ijhkljzgkObzZw\Z_|ky kmi_jizjzdhfizdlguf > @ _keb \ ex[h_ _]h hld
fh gh \ibkzZlv dhg_qgqghdhfihg_glgh_ ihdjulb_

Hij_~ e _gbZ G _ij_ju\gh_ hih[jZX®bY gZzau\Z _Iky keZ[h kh\_jr_ggi
_keB®+ozZmk~ hjnh\h ijhkljZgkdZfdgmlih_ hlh[jZ  _gb_ b \kf yijhthdjZau
yeY yleyxlky-KH#lhg_qgufi® \ [ G_ij_julgh_ hih[fzX @b¥ gZau\Z_lky
kezZ[h ihqglb kh\_jr_ggfuf azkdgmlh_ hIih[jZ  _gb_ b \K_'yijhgjfaY
yleyxlky K+l hg qgguf®5\

L hj fz z 2?keb:X0Y -  kez[hihglb kh\_jr_ggh_ hlh[jZ _gb
kmi_jizjzdhfizdlghlh ijhlQjZ§kipMZkljZgkI\X |h hih[jZ _fb_ihqlb
kh\_jr_ggh [ f2XebY - keZ[h kh\_jr_ggh_ hlh[jZ  _gb_ kmi_jiZjzZdh

ijhkljZgkQ¥T-ijhkljZgkNXZ Ih hih[jz" fgbkh\_jr_ggh

L_hj_fz?2keh:X 0Y _klv keZ[h kihglhr_ggh_ hlh[jZ _gb_ ij@gdzgkl\Z
kmi_jizjzdhfizdlgh_ ijh¥XljZgM\hZ klv keZ[h ihqglb kh\_jr_ggh_ hlh[jZ
ijhkljZzgkIWYZgZ T-ijhkljZgkl\A lh hih[jz ' _dbgf:X 0Z kez[h ihglb
kh\_jr_ggh

Ke_"kl\b_ ?kebf _klv kezZ[h kh\_jr_ggh_ hlh[jZ  _gb_ kmi_jizjzd
ijhkljzgkl@gZd,-ijhkljZgkMh Ih ~ey dZ ~h]lh [bdhfiZdlgh]lh iB‘¢+YkljEgkI\Z
ijhh[jzB'B y\ey Iky [bdhfiZzdIhf

EBL?J:LMJ:
1. | Wg]_evdhb§$Zy Ihiheh]by F 6.Fbj
2. D.KMusaev.6 LEHULDQ ODWKHPDWLFDO -R>»8B0QDO Y < S
3. D.K.MusaevSiberian Advances in Mathemati@Q06,v.16,p.108-120.
4. FmkzZ_ \ >LbeezZ[h \ B G Kmi_jiZjZzdhfizdlgu_ i_jbklu_ ijhkljZ¢

DJKM Ihf 3234

5. LN. TillaboevOn some characterization of superparacompactness, strong paracompactness
and complete paracompactne$fie 4th Congress of the Turkic World Mathematical Society
(TWMS) Baku, Azerbaijan,-B July, 2011.
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K<HCKL<: LBIJH>MDLB<GHKLB
Oh~r"Zfmjzlh\Z B :
GZpbhgZevguc mgb\ _jkbl_ | Ma[_dbklZgZ bf _gb Fbjah Mem][_dZ LZrc
DZd h[uggh \kx”m hij_~_e_ggZy nmgdpby "_ckl\mxszZy ba fgh _klI\
A\AgZaulZ _|ky \ugbkebfhc _keb kms_kiI\m de\hgblkkeyxgdc Ih~fgh  _kl\h

UCA gZau\Z_Iky \ugbkebfuf \ugbkebfh i_j gbkebfuf dhi_j _gbkebfuf
0ZjzZdl_jbklbg_kdZy nmgdpby \klybkegleizklv agZq_gbc ih”“oh”ys_c \uqgbl
nmgdpbg\ey lky “hiheg_gb_f \ugbkebfh i_j &bWkebfh]h fgh

Hij _~ e gbFgh  _kIWCA gZau\Z |ky ihemijh~mdib\guf _keb kms_kl\n
\ugbkebfZy qZklbqgZyd rghlydyelyy \k9dB8lhagZq_@bT; hij "~ e g ©
9 .5 CUE9 439 MT Ohjhrh ba\_klgh dlrerdghRindib\guo fgh _kI\ yley_lk
kh[kI\_gguf jZkrbj_gb_f dezZkkZ ijhmdlb\guo fgh ' _kI\ > @
DzZd h[uqgh 9 (ps@« h[hagZqZ_Iky i_j_qbkebfh_ fgh _klI\h jZaj_rbfh_ 1
dhg_qgh_ fgh _kiI\h R\ghfklihkdhc gmf_jZpbb wojfgbkelli debgb_\kdhc
gmf_jZpbb qgZklbgguo \ugbkebfuo nmgdpbc klZg”Zjlghc gmf_jZpbb d
HIf Ibf qglh *"Ze_dh g_ Merym\kdmdayhn\ey Iky oZjZdl_jbklbg_kdhc ey g _dh
fgh™ _klI\Z

Hij ~ e gbFgh  _klthgZau\Z I|ky eabffbjlh~mdlib\guf _keb kms_klI\m_| IZc
\ugbkebfZy qZklbqgZyd mhlydyelyy \kydh]h jZaj_rbfh]hs €gh akNZggh]h
k\hbf 0Zjzdl_jbklbg_kdbT bagg'Z ql Bditk hij ~ e d@hTob U34,
Nmgdpdka hij ~ e _gby gZadhffijhtgbkib\ghdlrey

lj_"eh _gb<kydh_ ihemijhAmdlb\gh_ fgh _klI\h yteph~irkdIblghbkebfh

lj_"eh _gb_<kydh_ i_j_qgqbkebfh_ g_jzZaj_rbfh_ fgh _kl\h -y\ey_ Iky
ijh~mdlb\guf

Ke "~kl\b_ DezZkk \uqgbkgh¥imdlib\guo fgh _klI\ kyy\eyh[kI\ _gguf
jZkrbj_gb_f dezZkkzZ ihemijh"mdlb\guo fgh  _KklI\
GZihfgbf qlh fgh' _kl\h gZaulZ |Iky wnn_dlb\gh [_kdhg_qguf _keb hg
bffmggh
H[hagzZqgbf g _PNeKIEA IE2NKEBKIE2NKA@BF +JB deZkku ijh"mdlb\guo
ihemijh~mdlb\guo \ug prkeb dthb\gu o b wnn_dlb\gh [ _kdhg_gguo fg
khhi\_IkI\_ggh

L _hj fz 2NKB5AIE2NKB@% KIIE2NK® BBF +JB <k _ \dexqg_ghby
kh[kI\_ggu_
EBL?J:LMJ:
1.KhzZj J Bugbkebfh i _j gbkebfu_ fgh  _kI\Z b kl_i_gb Bamg_gb_
nmgdpbc b \ugbkebfh i_j qgbkebfuo fgh _kI\ [|I_j \h® k Zg]Jebckdh]l
:jkezZzgh\Zz DZzZazgkdh_ fzl_fzlbg_kdh_ h[s_klI\h DZaZzZgv k
2.Jh" _jk @Q_hjby j_dmjkb\guo nmgddlbbédgBy wwurgbkebfhklv | _j \h~ Kk
Zglebckdh]lh ih~ j_ ~ < : Mki_gkdh]lh F Fbj k
3.?2jrh\ X E L_hjby gmf_jZpbc F GZmdZ k
4. =hgqzZjh\ K K ?jrh\ X E Dhgkljmdlb\gu_ fh”_eb Gh\hkb[bjkd GZ
k
5. DZkufh\ G Omjkbdgh hi~_ebfu_ gmf_jh\Zggu_ Ze]_[ju Mki_ob fzl
gZmd 1-R76.

DHFI:DLU >M=MG>@B B IJHKLJ:GKL<H B>?FIHL?GLGUO
<?JHYLGHKLGUO F?J
1OhelmjZX_N2Brf_Ih\ : Y
!GZpbhgZevguc bkke_"h\Zl_evkdbc mgb\_jkbllml©ddgrdg gH\db gk glplbb
b f oZgbazZpbb k_evkdh]h ohayckl\z® LZrd_gl Ma[_dbklZg
2LZrd_glkdbc Zjobl-kdifmpyhevguc bgklblml LZrd_gl Ma[_dbklzZg
< jZ[hl_ > @ [ueh mklZgh\le _gh gqglh ]jmiiZz Ihiheh]bgq_kadXo ij _h[jZa
bg”mpbjm_I J]jmiim Ilhiheh]bqg_kdbo ij_h[jZah\ZId¥E B _ifhHllj5 gdkuo_
\_jhylghklguo f_j ftkdw £g_ij_julgh_ hlh[jZ _gb_ dRfi@gdIhVheh]Zy

IO M (R hij_~_ey_lky g_ij_julgh_ hitf)iz(X)gol(Y) ?keb
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f:XoY + wd\b\ZjbZglgh_ hlh[jZ  _gbG-ifimMdhZhkli\Z \ ~jm]h_ I'h
I(f):1(X) oI(Y) 1Zd  +wd\b\Zjplgh_ hlih[jZ1(@bijhkljZgkl\ > @ N@&j_a
h[hagZqgbf kbkl_fm hldjuluo hdj_klghkl_c g_eljZmvigh]h Wwe he hdhb
ijhkl1jZgkBZ Ijb wihf OkeMy(e 10, {d}: g @.

lj_~eh _gb_?keb hih[jZ fg&X oY hldjulhd-hldjulh II(f) 1Zd _
hidjultd-hidjulh

E_ffz ?keh {f,f A *khleZkh\ZggZy kbkl_fZ g_ij_julguoXhlh[jZ _g
Ih k_f_ckiW {I(f)I(f ;A *1Zd _ khleZkh\ZggZy kbkl_fZ g_ij_julguo hl
ga(X).

E_ffZ ?keb hidjul@-hidjulz 1Y hidjuld-hidjulz

E_ffZ.?keb wd\b\Zjbzgl(E) 15d"_ wd\b\ZjbZglgZ

E_ffZz ?keh keZ[h fmevibiebdzZI@)glZzdlh 1ZzdZzy

E_ffz ?keh = FkbkI_fZI(Lh £ Fkbkl_fZz

E_ffz >ewd(d)-ijhkljZzgkXzl(X) zod(d)-ijhkljZgkI\h

lj_~eh _gb_ >eyd(od)-ijhkljzgkIX,, s*S kmffgl'sl(Xs) yley lidy

khhi\_IkI\odyhjhkljZgkI\hf
Imklv ~_ck\K_k@Z[h-hidjulh k_f_EkkN;(6 1Zdh\h qlh
(A) "ey ex[OoU «O kms_kI\Vhe® 1Zdh_ \gkhONU;
(B) ey ex[QmO kms_ki\theO 1Zdh_ WiRO bU* «0O;
(C) "ey ex[@cO bg+*G kms_klI\Yhe® 1zdh_ gMhp* « C.
lj_~eh  _gb_ ImklvX £ G-ijhkljZgkl\h kh H®eZ[hjuluf ~ ckl\b_f
m~h\e_I\hjyxsbf ke_~mxs_fm k\hckl\m
(s) "eyxg¢uo lhgdbb __ hdj_kldhiiims_kI\m_I 1Zdh_ kq_lghQ, «NEi(e&kl\h
m~h\e _I\hjyxs__ mk@\byB), (C) ~ey dhlhjh]lh kmsOlel®@m _Ib

St(x JHN(X\W 1.
Lh]rz "ey k_f_¢@H)Z wd\b\ZjbZglguo nZdlhjhlh][{X)_gkcf_ckl\h

L(L) {I(F) <I(F)l(pa)s I(F)Ib)tE)IE)tI )l E) yleylky khleZkh\Zgghc keZ
fmevibiebdZlb\ghc wd\b\ZjbZglghc kbkl_fhe khdhhfhdklhlgpZ  _gbc gZ
1(X).

K\hckl\h V jzZkkfzZljb\Z |ky k mkeh\b_f kq_Ighklb

L _hj fZ ImkIWX *=G-ijhkljZzgkl\hf k hidjuluf ~_ckl\b_f m~h\e_I\hjyx:
Lh]~Z(X) *od-ijhkljZzgkl\h k kh]lezZkh\Zgghc kezZ[h fmevibiebdZlb\ghc
hidjulhé&kbkl_fhc hih[jZ" _gbc ?keb tjhfwzdfl 1(K) tdhfiZzdl >m]Img”'b

EBL?J:LMJ:

1. Kh.Kholturaev and Kh.KurbangvEquivalence of spaces of idempotent probability measures,

Siberian electronic mathematical reports, 2022 (Submitted).

2.D E Dhaeh\ < : QZlbjdkeh]bq_kdb_ Jjmiiu -igbk[jBaHbdlhfiZzdlu

>m]lmg”'b FzZI_f K] < 11a03128.

.;?E DHK:WJFBL BKFEB : B WG:E=?;J:E:JGBG=
BAHFHIJNEBD R:JLE:JB
RZjbih\Z K :
;mohjh "Z\eZl mgb\ ; pkohpip dbklhg
Niso_9696@mail.ru
B(H) tH =bev[_jl nZahkb”~Z Zgb eZg]Zg gbab eb gq_]ZjZeZglZg hi_
[fekbgl\ZB(H) gbg] [bjebd we_Mg+B(MJ gbg} bkf Ze]_[jZkb [tekbg
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Mec{asBH:ba=ab b N
ITiezM gbg¥hffmlZgtb cbez”"b MZMc@®1 =¢M )) [tfekZ m Mefdhg
G cfzg Ze] [jZkibeZ~b FZtemfdb [bdhffmlZgl |_Hyl fZkb}hZ Gltj#Zzg
Ze]_[jZkb [tebrtM mowigZe] _[jZ yYWghkdmgkba ziheMZ[tebrb azjmj \zZ
_1ZjeM gbg] Zffz we_f_gleZjb [bezZg THM)ZleHiziaildbZe] [jZgbg]
fZjdZabcbeZ”b LZtjbn]z dtjZz
Z(M) {x*M[xy yx y M.

M Ze]_[jZgbg] Zffz fZjdZabc Wi, IO elijjogbrrzZ [tekZ M he~Z
nzdlhjf _cbez~BzZjDM oM qgbab eb ZdkeZglbpy \M mgmdX) D (X
\vzOxy) N (B) fhk jz\brd@xy) ) (B)1_glebdezj [Z°ZjbekZ m he’z

ZdkeZglbjbr
*Z\Ihfhjnbaffhk jzZ\br2Zglb Z\Ihfhjnb&fcbezZ”b rmgbg]*xdMZihgmg
D(X) DO@) x l_glebd tjbgeb [tekZ m bBebdy\prgMiccbeZ gZ]
ReBH) + Z b bre bkf Ze]_[jZ [tekZRmZhkHZmIZgl dhfie_dk herZ]b]Z tor
Zgb ezZzgz”b \Z [mgRgJRigRgiR | _glebd tjbgeb [teRHR"]Zjekz m
heR £Z™bAthgcG_c#&d [jZkb " _cbeZ”b

R+ Z b bw*-Ze]_[jZ [tekbgb tab”"Z kZ eh\qb WrgZedb fitiR), R
gbg™Zfjh\Wb Ze]_[jZkbcbezZMb het”AR) R iR ;mg”~Zg |1Zr Zjb bd&bzjbc
Z b be*-Ze]_[jZzZfjh\qW*-Ze]_[jZgh@]bg\hexIbAZglbZ\Ihfhjnbafhigbe
bezrb ytghR(x iy) X iy [m _jx2iy UR®, xy*R \zZ zZdkbgqz Z]Zj
W+-Ze] [UZ ~ZL-bg\hexlbZglbZ\lhfhjnbaf [_jbe]zg [tdkzU:nP¥hedZ

Itiezf Z b bc W-Ze] [jZ [tez”Db 1 Rj - Z b bc
W+-Ze] [jZgbg] fZRZ@ahb O R} [beZg mhkikZ ImrkZ mR B&™Zbzhdd hj
N_cbeZRbze]_[jZgbg] zZfjh\ad]:[JZ 1., I, I, zdbll Ibieb [fTekZ m he”Z fhk

jZ\brr"zZ [m IRedjg] Zf Ibib [tez”b

NZjZa bezMehd _deb nZddhM Ze] [jZgbg] bg\h&xglb\Z\Ihfhjnbafb
\ZV M Ze] [jZ"Z ylhodaZjbZgleb Zgb ghjfZe q_de&i{M)ah] iZeed g
Zel_[izgbd], KKXR"> ghjfz]Z gbk[ZlZg Iterbjm\gbkbgb [_elbeZcfba

Om~~b rmgAZM, D hj ZebM,) Z b bc nZdlhjgbg] Iterbjm\gbkbg
[ _ e]beZcfba M h¥MJI =bev[_jl nZahkb [feZ”b \Z [mgbg]
>’(M) L*(M, ) iL’(MD) 1_glebd tjbgeb Om~~b B*(MJ[bzZe]_[jz
B(L’(M)) B(L’(M, )) iB(’(MP)) I_glebddz w]z ZXpMbjmgmg mcb”Z]b
ZdkeZglbjbrgb Zj@ekbaxy, y M. Ay A xAl &, |_glkbabddz WtjZz
ZdkeZglbl%M) ~Z gbab eb q_]Zjzezg]Zg hi_jzZlhj [teZ~b]Zg ylhgZ ~Z\hf]
@) hj Zeb [_elbeZcfba MMZ&eNIZgb@F(M)) Zgb :1Zk\bjb]Z w]Z [teZfba
Om~AYng~rZ€ ZdkeZglbjb@dy xy( xy (M, &) 1_glebd [beZg ZWh B Z]
Ze] [iZgbgl?(MO)) Zgb :1Zk\bjbgb hkbe [hé&Zlfba
Eb ;bg] ggbg] /ER&ALQIBAZg mcb~z]b |_hj_fZgb bk[h[Rba d_elbjzfba

L _hj _fZ[2,250[@R Z b bc k_iZjz[_ev ]bev[_jl nZahkb”Z [_jbe]Zg Z bt
Ze]l [iZ [t®kbcb~Z [_jbelZg Ze]_[jZeZjgbg] It jbrZg It jb cb]lbgrbkb]Z b

i Li(:, @
i) LL(:, @,

\Z [m Ze]_[jZeZj [bibfhjbigwiZk [mY-jNZ~hg tegh\eb ]bi_jklhmg dhfizdI"|

131



m A2, @ zLL(:, Q1 zel_[jze%j~z fhk jZ\brrZ q_]ZjzezglZg Z
\Z dhfie_dkgh\eb nmgdpbyeZj Ze]_[jZkb"bj

FZtemfdb 5 ~Z]b dhkhwjfbl We_f_EﬁleZ/\X'Rcﬁ’\Z]b( Itiezf hj Zeb

[_elbezgZ”b XZy¥m XY SQ‘ dzffmlZlhjlZ gbk[ZlZg Eb Ze]_[jZkb bkh[e:
mcbrZlbhj_fz~rZ Z[_e dhkhwjfbR bkieeZfelR + Z b bc -Ze]_[jZgb
|Zk\bjeZcfba ytgb XYyZfyrzmgm¥ ), O [tez~ b

L_hj_fz R+R Z[_e dhkhwjfbl ItieZfeb -Zej ffZ:[tekbg R he”Z

mcbfZjbelZg Ze]l_[jZeZjgbg] IT jb~rZg It jb cb]l]bg”bkb]Z bahfhjn [tezZ"I
M Ly(:, @

iy LLC:, Q;
i) Ly o (10 ) LG @) My(R),
[m _iM,(R) + 7 Z b biZljbpZezj Ze]_[jZkb"b]

:>::B,LE:J
1. Albeverio S., Ayupov Sh. A., Rakhimov A. A., Dadakhodjaev®h Jones' Index for Real W*
algebras. Eurasian Math. J., 1:4 (2010).9%
2. Li Bing-Ren.Introduction to Operator Algebrad/orld Sci. Singapore., 1992. pp. 2336.

>BHNHGLH<: IJB;EB@?GB? K IJHKLUF QBKEHF D<:-HIL: B
KL?I?GBIJHKLUO QBK?E
Wjrhgh\O
L_jf_akdb&m”Zjkl\_gogic\_jkbl_|I L_jfba Ma[_dbklZg
< klZlv_ bkke_~m_f “bhnhglh\Z az~"Zgm k ijhkhef kybkedbh ighkhnjd!Zz
gbk_e P_ev khklhbl \ Ihf qlh[u ~_ckij\lbleleabhy_ \gbXxehgb f \b~Z
> P
1"_p.P,Pp- ijhklu_ gbkezZ Z dhwn@bgb-glgme_\u_ "_ckl\bl_evgh_ ql
m~h\e_I\hjyxsb_ g_dhlhjuf aZz*Zgguf mkeh\byf Fu "hdzZ _f ke_"mxsmx
L_hj_faj_~iheh bf qh,O,-g_gme_\u_ ~_ckl\bl_evgu_ qgbkeZ dhlhjl

h~rghlh agZzdz7 émkKlv » _ckl\bl _evgh _ qbkeh%Lm]ef‘ﬂH‘]HyO g _jZ\_gkl\h
| @ ) [d@max{p) | 123 )
bf__I [_kdhg_qggh fghlh j_r_gbc \ ijhkpym,ip,j &fZ giglily _gbb \k_c klZIvk

bkihevam _ f klzZg”~Zjlgu_ h[hagZqg_gby \ | _hjbb igbkhverhklglrkdghkfEeh
iheh bl _evgh_ ock&hexlgZy dhgklZglZ g_ h[yazZl_evgh h*bgZdh\mx \h
mAh[kI\Z bkihghamZf hgblogX 12 X -~hklZlhggh [hevrhc gbkeh

lib K10 b Dz0 hij_~_ebf nmgdkpbg k SNSKD g_ij_julghklb
SD®©
gZoh~Kf0, K2 Lh]~Z b _B K«min 4 |D 1mkKkX, K - ij_h[jzah\Zgb_
Nmjivk O 1 KoK X D&t & ]~e D €° Ba\ kigh qlh Arey 1Zd

R
ij_h[jzah\Zgbc bKOQ K max 0, K| kf > @ Hij_~_ebf Hgl,j)Z2&dbo
qlh \k_ e [HIM | _ iheh bf
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a 1 o a

[N
Xl

L Xx o, «Bixiog By
3 «1/3 «30” 1 » 8 ® 1
Dihflh]h h[hagZqbf
S 'log pe p I'logpe @ I'log pe ®
pel Py ely Ps*ls
Fu ijblebabfS D(kf> @ >ey ex[h]h baf_jbfh]lh Righimkl¥zZ

Il K R J§ 09 , &DO, KD eD KdIh]rz
R

| K R | logplogplogp 3K D & g0 ,B0 ;4 O dT

pely R

| logp.logp,logp,max 0K | @ .8 .0 |.

pely
P2y
P3el3

1
o
HIf _Ibf qgkh X 2 bmaxp, dX, j 1,2,3
J
Ke ~h\Zl _evgh fu W Rf &N X, ]~ N X - h[hagZgqZ | dhebq_kI\Z j r_gl
g_jz\_gkI\z Ji%bb pel,p,*l,pse |; LZdbf h[jZahf ~hklZlhggh mklZgh)

iheh bl_evgmx gb'gxx hp_td&K,R"eyQlh[u hp_gblv bgl_]jZe jZa™_e
\_s_kI\_ggmx ijyfmx gZ [heMdrnfxem{mmbmjb\bZevgmk ~rhijm”_ey f

ap po § _P O'B “ o
M xR f© < 2@])(,@6,; R\(M %),

2
1~ P x3 "R KX Lzdbf hijzalh kf >

Il K R | KM | |, &7 , tA (2)

>Ze__  hp_gb\Zx ijZ\mx qZklu bkihevamy ko_fu jZ[hlu > @
mi\_j"~ _gb_|_hj_fu
EBL?J:LMJ:
1. The values of ternarguadratic forms at prime arguments, Mathematika 48 (20031437
2.:eeZdh\ B Hp_gdZ Ijb]Jzghf_Iljbg_kdbo kmff b bo ijbeh  _gby d j_r
Z""blb\guo azZz"Zq | _kRromhjoB&re ] 160 k1j

H GH<HC KBKL?F? IK?<>HF?LJBD IHIH@>:XS?C JGHXHN?
G: =BI?JIJHKLJ:GKL<?
Wrdh[beh\Z > L
L _jf_akdbc JThkm~Zjkl\_gguc mgb\_jkbl | L_jf_a Ma[_dbklZg
Imklve = k_f_ckl\h ik_\"hfg¥bidgh _ki\_>ey@bé b NPr hij_"_ebf
fgh  _kI\h7,:N L <TaJ;, b: H: 8@Td); ONr K _f_cklI\K7.:Na@béaPr= h[jZam_|I
ij_"[Zam g_dhlhjhc jzZz\ghf._jdhklhggdgZy jZ\ghf_jghklv h[hiaddqgzZx!| q_j_
>ey azZ”zZgghc ihke_~h\&lalDArhikkdpm ghklb ~bZ]lhgZe_c 8 ZdKcb qlh
8.5C8& ey \klJ ofh gh gZclb ik_\"h@qgbl&mmelh
7.:t78; C 8§ C<TA4Ja@UAT, Qt?a=
Ney dZ "hlhzZdbf h[jZzahf dzZ ~Zy jz\ghf_jgZy kljmdImjzZ fh™ _| [ulv hij_"_e
ik_\"hf_Iljbd K_f_ckl\h \k_o i@ 1Zdbdjbglh ey NPZr'Rimjh_klI\@adZy
glh7.:N BT h[hagZqgZg |lkya K_f cké&\m~h\e I\hjy | ke_~"mxsbf mkeh\byf
(P _kedADE then @ ADé&;;
(P _kebrik_\*"hf_ljbdZ b ey YWZrkmis_kI\n@Bé& bUPr lzdb_ qlh
\kydbc jz@LBMOU\ul_dZAL&M OV IWMDE,.
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K_f_ckl\B; ik_\*hf_ljbd k wlbfb k\hcklI\Zfb gZaulZ_Ilky ik_\~h
jZ\ghf_jghklvx hgZ m~h\e_I\hjg ILj&\_gkl\h
JZkkfhljbf f_Iljbgq_kdh_ ijhkij@gkG\ahijhba\_~_gbb ]Jbi_jijhklfsgkl\z
dhfizdlguo ihr"fgh hkl\* _ebf > @ nmgdpbx
6o (8D; L <o —<:TALETAL D/ A 2 :%&5:/ ;L (&:/ ;L O
1 (, 0Pts:, &6\ :yxijh_dlbjh\ZglEycgAfgh bl_Elvs 2.
HIf _Ibf qglh nmésipdyHES" \ 9 yley |Rlyf Ijbdhc & Ijb wlhf km  _gb_
e fu kh\iz~rz | k f_1§ga@h®jhf_ IhMey f_Ijbg_kdh]h ijhkitj&@gfkIND d&
gZts: ihjh™~Z | > @ lhidehlhjbkzZ S’
Kihblv hif_Iblv qglh &_¢j&&dZ hlebgZ_I|ky hl dledlk&bfgljédbgZaulZ_fhc
f _Iljbdhc OZmk” hjnz
< "Zgghc azf_Id_ h[tyley_ f ihemq_ggu_ gZfb ke_~mxsb_ ~hklb _gby

L hj fZ >ey ik_\"hf ljbg_kdh]h ijhk#Zagklddpéats= H¥S: \ 9
yley_Ilky ik_\*hf_ljb8'hc gZ )

L_hj fzZ?keb k_f_ckK¥\hk_\*hf_ljbd: §Za~_ey | Lhqtdb k_f_ckddh
ik_\*"hf_ljbd®ZjZza”_ey_I| Hsjgdb

L _hj fzZ?2keb k_f_ckKP\kik_\*hf_ljbd: g&Zjh ~Z_| jZ\ghf_jghklvhgZ
k_f cklp8_ihjh >~z | jZ\ghf_jghR&lv gZ

EBL?J:LMJ:

1.K. P.Hart, J.Nagata and JE.Vaughan, editors Uniform Spaces, |, in: Encyclopedia of

General Topology, Elsevier Science Ltd., Z58(2004).

2. A A Zaitov, On a metric on the space of idempotent probability measures, Appéadral

Topology, 2020, VoR1, Nol, p.3551.

EHD:EVGU? >BNN?J?GPBJH<:GBY F?L:;?E?<UO NBEBNHJFGU
E=?7;J EB
XerZr_\ B =
Gmdmk Jhkm~ZjklI\_gguc i_"~Z]lh]l]bg_kdbc bgklblml Gmdmk
i.yuldashe990@mail.ru

ImklvA-Ze] [jZ g_ hlyazZl_evgh ZkkhpbzZlb\gzy GZihfgbf
hih[jz'_gb_ D:A o Agzau\Z_lky Abnn_j_gpbjh\zZgb _f
D(xy)=D(Xy XOy~ey \k %Y*A.Ebg_cgh_ hlh[jZz'_gbau\Z_lky
ehdZevguf "bnn_j _gpbjh\Zgb_f _Keh4dremsdZIAMmlhl “bnn_j _gpbjh\Zg
D, gzA az\bkys X Hzdh_ '@+ D(X).

WIlh ihgylb_ [ueh \\_*_gh b bkke_"h\Zgh g_aZ\bkbfh J < D\
EZjkhghf b : J Kmjmjhf > @ WIb jZ[hlu ihjh~beb k_jbx jZ[hl ihk
hih[jZz" _gbc [ebadbo d zZ\lhfhjnbafzf b "brk-Zephphjb\Bobyfihjguo
Zel [] J < Dw”bkhg baeh'be ijh]jzffm bamqg_gby ehdZevguo dZj
ehdZevgu_ Abnn_j_gpbjh\zZgbb fhliml hdzazlvky ihe_agufb
A"bnn_j _gpbjh\Zgby k hij_~ e ggufb kihdbokihgfb >J <L bj fZ :@ "hd
glh dz"~h_ g_ij_jul\gh_ ehdZevgh_ “bnn_j gpbjh\Zgb M ZA4e]_[ju
"mZevguc [M-4bhi*mev y\ey_|ky “bnn_j_gpbjh\Zgb_f WIZ |I_hj_fZ
bkke_~h\Zgbyf \u\h”"K\-ZgEZ [jZomedfbgZpb_c dhlhjuo klZe j_an
; 2 > hgkhgZ dhlhjuc mI\_j°~Z | qlh dZ°'*h_ ehdZeWXglZe]*dhn _j_ gr
A \ [ZgZoA\[bfh"mev Z\IhfZlbq_kdb g_ij_julgh b ke_"h\Zl_ev
Abnn_j_gpbjh\zZgb_f > |_hj_fz @

:e]_[ju Eb k nbebnhjfguf gbevjz*bdzZehf Z bf_ggh k 1Zd gZau\
nbeb ba jZ"bdZeZ Eb

G Z[_e \Z Ze] £igz&b\Z Iky f 1Z[_e \BL (hgEbZ[_e \Z |
£ 0.

Fu [m~_f jZkkfZljb\ZIv f_1Z[_e_\m nbebnhffghat Zgehklph Eb
k 1zdbf [zakkhfe qlh
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B.e@e, 2didn 1,
2,e@e, e, 3didn3,

2.6.0¢
Ilh > Ij_~eh” _gb_ @ ebk[gz b)U\hAN kljh]h gblgxm]hevgmx
fZljbpr,; 1Zdmx qlh
d,, O
d, d, 3di n

dij qu,z qjl,l dj,l 3dj i1 n
H[jZIbl_ \gbfZgb_ qkjp’j @bk¢dzn iheghklvx hij_»_eayxtky
k 3, ,n} Z ijhkljZgkl\h \k_o ijhPanEf "@ptio | jZaf_jdmk K
L_hj fZbg_cgh_ hlh[jzlggby\ey |Iky ehdZevguf ~bnn_j gpbjh\Zg
Ih]~Z b lhevdh Ih]*Z dh]*Z hgh bf__I kljh]h gb gxx3ljk G]1h@vgmx fZI]

EBL?J:LMJ:
1.R.V. Kadison, Local derivations, J. Algebra, 130 (1990)-804.
2.D. R. Larson, A. R. Sourour, Local derivations andB(X ), Proc. Sympos. Pure Math.,51 (1990)
187194.
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I[1, R8T:: >BNN?J?GPB:E L?G=E:F:E:J <: F:L?F:LBD
N B AB D DIFFERENTIAL EQUATIONS AND MATHEMATICAL
PHYSICS.

.8&+/, 7T$u6,5/$6+89'$ %2u/*$1 8&+ =$55%$&+%/, 6,67(0%1,1*
%2*u/$1*3$1 +2/3$7/%$5,
tAbdullayev J.1., ToshturdiyevA.M.
L2Sharof Rashidov Nomidagi Samargand davlat universiteti
e-mail*: jabdullaev@mail.ruy  email’: atoshturdiyev@mail.ru

.YDQW PH[DQLNDYVLG D Qzdrrbcfi®o spiriNFlank d@imisinihgy yarim butun soniga
WHQJ ERpOVD EXQGD\ |DUUDFKDODU KRODWL DQWLVLPPHWULI
funksiyalar bilan tavsiflangan zarrachalar Fefdieak tagsimotiga buysunadi va fermionlar deb
yuritiladi.

%X LVKGD ELU RuOFKDPOL SDQMDUDGD KDUDNDWODQD\RW
massalarini 1 deb, boshqa tabiatli zarracha uning massasiri dsa Udeb faraz gilamiz) sistemaga
mos energiya operator® Hilbert fazosi o0& 7. GD -BuJLIJD TRuVKPD RSHUDWRU VLII
%XQGD IHUPLRQODU ERVKTD WDELDWOL ]DUUDFKD ELODQ NRQWI
EXQGD IHUPLRQODU NRQWDNW WDYVLUODVKXYJD HJD HPDV

A& operatorning koordinat tasviridan impuls tasvirig@@guWLVK VWDQGDUW )XUT\H DC
amalga oshiriladi. Uch zarrachali sistema energiyasiga mos opératmpuls tasvirda* :- ;4- B{ L
F+eaé?RSHUDWRUODUQLQJ WRpulpUL LQWHJUDOLJD \R\LODGL >

Demak,® RSHUDWRUQLQJ ERJuODQ JD:Q; dp&&dWgOxDddiy@at VR pasJ D Q L
IXQNVL\DODULQL RpUJD QYL V-K JperatbH @ R{ E;UHIIDeR Ghzosida@quyidagicha
aniglanadi:

* -3 L*s-; FA&GES;

bu yerda A
*,-5BLaM L ' iLAMBLAMA i LM L YL, EYMEUY- FLFMa
YL LsF..1l :85B;:Léi\/lL‘|{ B:LéO@éD:BGB;:Léi\/ILi{ B:GM @&

Uch zarrachali sistemaning ikki zarrachali gism (fermion va boshga tabiatli zarracha) sistemasiga
mos energiya operatol : G esa. g:{ ;fazoda quyidagi formula orgali beriladi:

kD:GBolL; L :Y:L; EUYGFL;;BL; Fa+ BQ@®
- { -
1-lemma. Barcha & P r&JP r&D{ lar uchun D : G operator yagona oddiyv :G L s E UF
¥sE tU.. GE (F E &xos giymatga ega.
Bu yerdaV : G xos giymatD : G operatorga mos Fredholm determinantiGd, L s F

a) —4
I{ Ry a;?2i

ning noli sifatidaaniglanadi.
* .- operatorning muhim spektri' 4:L& va &i:L; L V:- FL; E Y:-L; funksiyalarning
TL\PDWODU VRKDVLGDQ &ERUDW +H'R £CG DagaMuhi® $62ktrning birinchi
gismi +1' 44 * :-;operator muhim spektrining uch zarrachali shoxchasi deyiladi égarametrdan
ERJUOLT HPDV LNIB&3& K L- ;Top&fd&dr muhim spektrining ikki zarrachali shoxchasi
deyiladi va u&parametrning ortishi bilarF » ga garab siljiydi.
Teorema. Agar UP J ERpOVD X KR@G®D RKXQG® \ER UG IPE,vE D BFKD
larda * :-; RSHUDWRU PXKLP VSHNWUGDQ FKDSGD \DJRQD RGGL\ [RV
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IKKI FERMIONLI SISTEMAGA MOS DISKRET 6&+59',1*(5PERATORI XOS
QIYMATLARINING MAVJUDLIGI
!Abduxakimov S.X., 'Vahobov M.A., > Samatov B.A.
1Samargand davlat universiteti, Samargand, O zbekiston
2Jizzax davlat pedagogika inistituti, Jizzax, O zbekiston

abduxakimov93@mail.ru
8VKEX LVKLGD ELU RYOFKDPOL WRUGD LNNL TDGDPGD W

gamiltonianiga mosD :Ga Gb{ F ikki zarrachali diskret Schdinger operatoriuchun kRTSD\WLULVK
IXQNVL\DVL D\QLPDJDQ PLQLPXPJD HJD ERifBIHAPQ XRONED]|IDLPSXPH N
Gb{ GDQ ERJY®@LT gpdraioting muim spektrdan chapda yagona xos giymatga ega yoki ega

HPDVOLJL NRYfUVDWLOJDQ
6 {;F {L:Fé&?ELU RuOFKDPOL WRUGD DQLTODQJDQ NYDGUDWL

Hilbert fazosi.

£ {:;LBb.sg:{;8BFPLFBP=
orqgali, .:{; ning toq funksiyalardan iborat fazosini belgilaymiZ:{ ; Hilbert fazosida quyidagicha
aniglanganD : G, Gb { operatorni garaymiz.
D:GLDi:GFaRra
4Rﬂ]JﬂD@:mpérator\’(pIXQNVL\DJD NRYSD\WLULVK RSHUDWRULGLU
'D:GB;:M L %.:MBMaBb.§:{; a

\D

bunda
; G .
YMLtFt.. —t- ... '®tMa

7DYVLU RSHUDWRUL THF.EI{Y; BibérMazoRdadlyiDayich & dniglanadi:

‘RBML +ectMecst PBP@ &

AFPXVEDW VRQ ERTOLE ]D{UUDFKDODU WDTVLU HQHUJL\DVLQL LIRG
Ravshanki RFLQWHJUDO RSHUDWRU ERpOLE UDQJL ELUGDQ RVKPD\GL
WHRUHP DYV DJ G oNdrgudthing muhim spektréy kb : GoberiiganaPr SDUDPHWUGDQ ERJ|
emas vaDy : G operatorning spektri bilan ustrsst tushadiShunday gilib
8pkD GOL Gpi:G; L &D:G; L MysGahousG?
D:G RSHUDWRUQLQJ VSHNWULQL NYD]JLLPSXOYV TL\PDWODULJD E
WRuUSODPODUQL NLULWDPL]
G

5:& L\Gb:Fe&;a~ ..-»04a a

)

v o
o
08

T

G
Sgd L\GD Fe@ a—- .. oL&

G

n @

Teorema 1. =Agar GD5g:a;, yoki GDJ§,:a; ER @MV G operatorning muhim spektrdan

chapda xos giymati mavjud emas.
> Gb5 4 ER Y0 JMDQG Dperatorning muhim spektrdan chapda yagdhaG xos
giymatga ega.
Teorema 2.
7 < -—V G L Fe
\>1 a
\DT®L E»daV:Gning F» JD LQWLOLVK WH]J]OLNODUL ELU [LO ERTJODGL
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REDUCTIONAL METHOD IN PERTURBATION THEORY OF SPECTRAL
PROBLEM
Ahmadjonova D.D.
National University of Uzbekistan, Tashkent, Uzbekistan
e-mail: durdona98@yandex.ru
Let E, E, be Banach spacds, Es Hwith dense embedding$i be a Hilbert space and

% SESSM H- |, 0 $8 5 M

$ @ %©@ /'/s1|11t $|j 0©*©H
BeL E,E  be closed linear operator. LetQ)s R-be n multiple Fredholmian point of the

B A Q0 <{

following E. Schmidt unperturbed spectral problem, analytically dependent on E. Schmidt spectral
parameter C» R, with relevant E. Schmidt eigenelementsf//; I

BYM A O, 1)
Bl, A Q Kk (2)
Here it is considered the following peW XUEHG ( 6 FKPLGWYV VSHFWUDO SUREOHF
BM A OH 3)
BI A QH, 4
where P O , O IR1| | K small parameter, andA @ H | ' A "'P tit is required to
i j ot
determine the perturbed eigenvalues with relevant eigenvectbts £ /T-» in the form of series on

small parameterfdegreesin the direct sum+ H TH with scalar product

§1 '
), < p )
o) (30 ) (e
the stated problem can be rewritten in the foIIowmg matrix form
% $¢@ M H
©% @ % 1pH:
I pi HO $J§ M§
i]llt $|j O@ , @
E. Schmidts eigenelements of the adjoint perturbation problem corresponding to the same
eigenvalues are determined analogously

B A QO <{

()

% $ Q8 “MEF
$ Q@ %o | H
0 $ 8§ M S
I pPIH (6)
e $ O0g | @
In this article at the usage of the reduction method suggested in the articles [1,2] the investigation
of perturbation of multiple eigenvalues is reduced to the investigation of pwrturtof simple ones.
As application of the obtained results the problem about boundary perturbation for the system of
two SturmLiouville problem with E. Schmidts spectral parameter is considered.
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DYNAMICS OF PT-SYMMETRIC SOLITONS IN DISCRETE NETWORKS
tAkramov M., 2Matrasulov D.
! National University of Uzbekistan, Tashkent, Uzbekistan
2 Turin Polytechnic University in Tashkent, Uzbekistan

PT-symmetric nonlocal nonlinear Schrodinger (NNLS) equation was introduced first by Ablowitz
and Muslimani in [1]. In [2] discrete version of NNLS equation has been considered and its integrability
wasshown.

Consider the following discrete nonlocal nonlinear Schrodinger (DNNLS) equation which is
written on the each bond of the star graph with six bonds:

(1)

S} cea

—Zz L }ea>0F O gs E} gearu E §YaYa. }Gé}m K} cea>0E } gea 200
We denote individual lattice sites a&Fal;, where GFL Gs&Gt &uare the bond's number ad
corresponds to a Iattice site on each bond. For the left haﬁd‘eld Fs&té&u bonds Jb>yL

Using the aboveBGYa, at the virtual sites we can write the Eq (1) at the vertex and nearest points of the

vertex. The solution of DNNLS equation on a line is solved in the Ref.[2], and the solution in the case of
the star graph can be construct as follows

L FU: o8 G ot vt @
Ged ¥T UE «*:Po>8; (0+00?G;$ au$j
where, \{ P r& O\80 sé&is L— a¥g L 57 .g and 1s548% are arbitrary constantdNumerical

results are obtained by using the f|n|te dlfference method. Initial conditions are chosen from the analytic
solution. In Fig.1 contour plot of breathing soliton solution is shown.We studied dynamics of solitons

described by P-Bymmetric discretaonlocal nonlinear Schrodinger equation on networks by

b, 1
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Fig.1. Numerical solution of Eq.(1). The nonlinearity coefﬂments are chosen the followigg: sa
ULsavaUgLtas{alLsftal, Ltatal Lta{
modeling these latter in terms of thectiete metric graphs. The model proposed in the paper can be used
for describing soliton dynamics in discrete waveguide networks such as, e.g., branched Hirota lattices,
discrete optical fiber arrays networks, where each branch hdadeted gaidoss.
REFERENCES
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ASYMPTOTICS OF EIGENVALUES OF THE THREE -PARTICLE HAMILTONIAN
ON A ONE-DIMENSIONAL LATTICE
Aliev N.M.
National University of Uzbekistan, Uzbd&rael Joint Faculty, 100174, University street 4,
Tashkent, Uzbekistan

Introduction. In [1], [2] the authors considered a system of three arbitrary particles on-a one
dimensional lattice and they showed teXx PEHU Rl HLJHQYDOXHV RI WKH 6FKU|GLQJ
the masses of two particles in a thpagticle system are infinite. In the present article, we establish
asymptotics for these eigenvalues.

To our best knowledge, such a result is not ghieldl yet in the continuous case.
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1. Three SDUWLFOH GLVFUHWH 6FKU|GL@1JHU RSHUDWRU RQ WKH
The operatorH (K), K ¢ T has form

HK)=H,(K) V, V, V,
Here, the operatorbl,(K) andV  are defined on the Hilbert spatg((T)*) by
(Ho(K))(pd=EK pgf(pq, fe L(TY) (1)

E(Kipd=Hp O (K p g

with

and
VAP =5 f(p9ds (V3 9=—3 s (shd
: 2)
(P —2i53r<sx s res b

T
The realvalued continuous function

HP)=— (), (@=L cosp, p T

is called thedispersion relation of theC-th normal modassociated with the free particleD =2,2,3)

Under these conditions the operatd{K) is a bounded selidjoint operator in its domain.
2. The discrete spectrum ofH(K) for m=m = f If we assumem =f, m,=f, m;< f,

then
EK:p Q= oK p 9 Fp(K=mifh(K p §=0
and
Erax(K) =maxAK p 0Q=—
p.qeT
Set
1 g 42
d(2)=— 3——ds k Z,»z C\ 00—
D= T r® K B7C 0
and
a C
=1 239 acvod, p=12
2 S,(s) # M-

The following assertion is proven by elementary methods, as in [3].
Theorem 4.2(a) Let ( ,/P,) */5,.

(@) If | 22,. Then

l 1 8
z 11 5 = u7, (3)
2 U, ©
where
—_ FZ ml
u in 4
“ um (umin H( P ZP 2 1 FZ(ND l) min ()
(a1) If ,=P,.Then
1 1 8
l - - Pry
z | 2 w©, (5)

where
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u

U = Ui 2k 1) (6)
(b) Let ( 1P2) 0/@2.
(b1) If |, <P,.Then
11 8
11 > u_k uké’ (7)
where
-
uk - umax PZ max (8)

(b1)If ,=P,.Then

11 §
z 11 2w l&@, (9)
where
U = Uy 2 (10)
20k 1)
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KASR DIFFUZIYA TENGLAMASI UCHUN TESKARI MASALA
Amrilloyeva K.S., Subhonova Z.A., EImurodova H.B.
%X[RUR GDYODW XQLYHUVLWHW %X[RUR 2T]EHN

Klassik issiglik almashinish tenglamasiga garaganda kasr diffuziya tenglamasi anomal jarayonni
DQLTURT LIRGDOD\GL > @ 6KXQL Qubrilxyetgax ®niy EzMnisitf @BtémMatikk GD R O
ROLPODU YD PXKDQGLVODUQLQJ TL]JLTLVKLJD VDEDE ERYOPRTGD

8VKEX LVK \XTRULGDJL \RTQDOLVKQLQJ ELU TLVPL ERYOLE >
IXQNVL\DODUQL DQLTODVK \DYQL WHVNDUL PDVDOD RYfUJDQLOJDQ

AL <T&®R& OTOs& OPQ6=VRKDGD TX\LGDJL ELU MLQVOL ERYOPDJDQ

\Q:TéP, E0 QTR FGQEMPQTR L B T&R
; . 1)
PPr AT 6r&?

kasrtartibli differensial tenglamani va

QTa;,L=T, & To&&? 2
QréP L QsdRaQ:s@P L ra Pe &% (3)

E RV K O EcigegSira\mshartlarni, hamda
i, QTR@T CP @)

integral shartni ganoatlantiruvchiQ T&, &V P, =funksiyalarni vaGR f]JDUPDVQL DQLTODVK LVK
magsadi hisoblanadi. Bu yerdg - r O U O startibli Gerasimov.DSXWR PDYQRVLGDJL NDVU |
R P, B # %r &7ar uchun quyidagicha aniglangan [2]:
¢ R:p
+
'skF= 4, PFQ
Undan tashqariB: TaP, &: T; &: P, Foerilgan funksiyalar.
(1)-(4) teskari masalaning yechimga ega bo'lishligptiogonal sistema qurishga asoslanadi.
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ON THE CAUCHY PROBLEM FOR A BOUSSINESQ TYPE TIME-FRACTIONAL
EQUATIONS WITH HILFER DERIVATIVE
!Ashurov R.R.,2Fayziev Yu.E.,3Tokhtaeva N.,*Kenjaeva G.
linstitute of Mathematics, the Academy of Sciences of the Uzbekistan, University street, 4, Tashkent,
100174, Uzbekistan
234National University of Uzbekistan, Tashkent, Student Town str. 100%Békistan
E-mail: tfashurovr@gmail.cont fayziev.yusuf@mail.rpy*nozimatoxtayeva3715@gmail.com
“4gulnigorkenjayeva0419@gmail.com
Let H be a separable Hilbert space afsi H 0 H be an arbitrary unbounded positive
selfadjoint operator irH .
Let De(0,1), E£+[0,1] and a functionh(t) be defined orf0, f).Thethe RiemannLiouville fractional

integrals [1]of order J function h(t) has the form

l t
J — ).
a N(0) 7 Eafﬁt W)

The Hilfer derivative [2] defined as
D2&(@t) J® )QJ(l ED) 124,
dt
Consider the followingroblem
D7 () D °(AUY) AUY=f, 0<tdT,
@ HAE) 2
$m 9t e 2 p

where M/f ¢ H . These problems are also calted forward problems

In this paper, we prove the existence and uniqueness of a solution to the direct problem (1). Moreover,
inverse problem of finding the functiofi is studied, and the solution of the inverse problem is also the

existence and uniquess is shown.

(1)

REFERENCES
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2. R. Hilfer, Applications of Fractional Calculus in Physics. Singapore: World Scientific (2000).
3. R. Hilfer, Yu. Luchko, Z. TomovsKiperational method for the solution of fractional differential
eqguations with generalized Riemahiouville fractional derivativeskractional Calculus and
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INITIAL -BOUNDARY VALUE PROBLEM FOR A TIME -FRACTIONAL
SUBDIFFUSION EQUATION WITH AN ARBITRARY ELLIPTIC DIFFERENTIAL
OPERATOR
!Ashurov.R.R. ?’Mukhiddinova O.T.
Lnstitute of Mathematics named after V.. Romanovsky, the Academy of Sciences of the Republic of
Uzbekistan, University street, 4, Tashkent, 100174, Uzbekistan
E-mail: tfashurovr@gmail.contoqilal992@mail.ru

Let A(x, D)= : afX D’ be an arbitrary positive formally selfadjoint (symmetric) elliptic

| Bdn
differential operator of ordem= 2| with sufficiently smooth coefficientsa{X) in :, where

w
D=( P 2., y§- multi-index andD = (Dy,D,,...,.Dy ), D; =——. The fractional integration
W.
]
of order (X0 of a function f defined on[O, f) in the Riemann Liouville sense is defined by the
formula

t
W (t) = (1 Q’Os(t f(/)/)Uld[a t>0,
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provided the rightand side exists. Heré( Y LV (XOHUTV JDPPD IXQFWLRQ 8VLQJ WK
define the RiemannLiouville fractional derivative of order{, 0 < Udl, as

FO =S )

Problem. Let (~ (0,1] be a constant number. Consider the differential equation

Wh(xt) AxDuUxd= f(x) xe: t>0; (1.1)
with initial
!ingvl\//lu(x,t): MY), X ¢ (1.2)
and boundary
Biuxf= ! by(®D°Ux)=0, 0Odm dm1, [=1,2,..1; x*w(L3)
| g,

j
conditions, wheref (x,t), %) and coefficientd 5;(X) are given functions

Uniqueness and existence of the classical solution of the((L3))problem are proved by the classical
Fourier method. Sufficient conditions for the initial functioi’k) and righthand side f (x,t) of the
equdion are indicated, under which the corresponding Fourier series converge absolutely and uniformly.
These results are published in paperg2]] A similar problem, in the case when the fractional derivative

is taken in the sence of Caputo, is considéneithe paper of the author [3]. But it should be noted, that
the conditions on functionris(x,t)and M) found in this talk is less restrictive than the analogous

condition found in [3]. This is due to the fact thia¢ estimate for the Mittageffler function E ,,( f),

t >0 is much better than the estimate for the Mitagfler function E 4( t), t>0.
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TIME -DEPENDENT SOURCE IDENTIFICATION PROBLEM FOR A FRACT IONAL
6&+59',1*(5 (48%$7,21 :,7+ 7+( 5,(041QUVILLE DERIVATIVE
!Ashurov.R.R.,2Shakarova.M.D.
linstitute of Mathematics named after V.I. Romanovsky, the Academy of Sciences of the Republic of
Uzbekistan, University street, 4, Tashkent, 100Uzbekistan
2National University of Uzbekistan named after Mirzo Ulugbek, Tashkent, Student Town
str.100174,Uzbekistan
E-mail: tashurovr@gmail.corfshakarova2104@gmail.com

Let wh(t) be the Riemanhiouville fractional derivative of order (10, and J,“*h the
fractional integral of functionh(t) defined on[O, f).

Problem. Let (~(0,1) be a fixed number and =(0, § (0,T ]. Consider the following initial
ERXQGDU\ YDOXH SUREOHP IRU WKH 6KU|GLQJHU HTXDWLRQ
o W) u(x)=pOdR  f(xd, (x) e
® uO,t)=u(St)=0, 0 d T;d (1)

- Im3“ux9= (¥, 0 XM, d
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where t* Yp(t), t* % (x,t) and MKK),q(X) are continuous functions in the closed domain The
purpose of this paper is not only to find a solutiafx, t) , but also to determine the tirdependenpart

p(t) of the source function. To solve this tirdependent source identification problem one needs an
extra condition. Following the papers of A. Ashyralyev et al. [1] we consider the additional condition in a

rather general form:
Blu(;Hl=1(9), O d d, )
where B: /O, § o Ris a given bounded linear functional.
We call the initialboundary value problem (1) together with additional conditioth@)nverse problem
,Q WKLV WDON ZH SURYH WKH XQLTXHQHVY DQG H[LVWDQF
We also note that the similar inverse problem for the equati@t) with the Caputo fractional derivative
was considered in [2].
REFERENCES
1. A. Ashyralyev, M. Urur,7LPBIHSHQGHQW VRXUFH LGHQWLILFDWLRQ SL
HTXDWLRQ ZLWK QRQORFDO ERXQGDU\ FRQGLVORRV ",Q $,3 ¢
2.R. R. Ashurov, M. D. Shakarovay L Rldpendent source identification problem for fractional
6FKU|GLQJHU W\ISbadHev3kbhJIpirmal@Mathematics,Vol.43,No.5,pp 10684
,2022.

ISSIQLIK TARQALISHI TENGLAMASI UCHUN NOLOKAL CHEGARA  VIY
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IAshurov.R.R.2Fayziyev Yu. E ,*Maxmasoatov M.G
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8VKEX WH]JLVGD LVVLTOLN WDUTDOLVKL WHQJODPDVL XFKXQ
Aytaylk, H VHSDUDEO +L O E HU)Walllj J& Yhos EaRshaeLsBu fazoda aniglangan

VNDO\DU NRYTSD\WPD YB:I)R WP opeaterfOE8 DQDQLTODQJD QR IPXMED W
TRIVKPD FKHIJDUDODQPDJDQ L[WHRNDURWIHUNRW KDNER RGIHE DXR_U

Aytaylik, H fazodagi %  WRuOD RUW D @Rp¢RDOINY I} warbBlIDmusbat xos sonlariga
PRV [RV IXQNVL\DODUL ERYWOxX6k §pnlat kenbxki@tlighl linitFrikita@a ega emas va

gayta nomerlash orgali0 |, dD,.. 0@ NRpULQLVKGD \R] loferabO fuyitidgicha

f
aniglanadi: Ah : ¢h v, buyerdah (h\) lar h * H elementning Furye koeffisiyentlari.
k1
Quyidagi masalani garaylik:
uf@) Aut) f(Y), O tdT;
%) 2o v o g,
buyerda, D kh( f, MH, [ iksirlangan nugta.
8VKEX LVKGD PDVDODQLQJ \HFKLPL PDYMXGO¢alLva D \DJR
AN ODUQL WRSLVK ERY\LFKD WHVNDUL PDVDODODU KDP RTUJDQL
\DJRQDOLJL NRTUVDWLOJDQ %XQGDQ WDVKTDUL FRHUFLYHWLY V
(VODWLE shhwhiagalap ®va / T ERfOVD TD\WLVK EDFNZDUG PD
9DTW ERT\LFKD KR¥DSRWR UDALPRWLGDJIJL NDVU WDUWLEOL KRVL
RiemanA/LRXYLOOH PDYQRVLGDJL NDVU WDUWLEOL KRNUOEREAGDQJID
KRO XFKXQ > @ LVKGD RYfUJDQLOJDQ
ADABIYOTLAR
1. Sakamoto K.Yamamoto M, QLWLDO YDOXH ERXQGDU\ YDOXHwWaWWREOHP
eguations and applications to some inverse problems, J. Math. Anal. pp., 382, 26447426

2. Alimov Sh.A., Ashurov R.Rn the backward problems in time fortim& DFWLRQDO VXEGI
equations, 2020, https://www.researchgate.net/ publication /351575279
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3. Ashyralyev A. O., Hanalyev A. Sobolevskii P.CBercive solvability of nothocal boundary
value problem for parabolic equations, Abstract and Applied Analysis 6 (1), 20681.5h ] h
IbiZ FhghljZnb¥rd_@021] k176.

ON THE NON-LOCAL PROBLEMS FOR A BOUSSINESQ TYPE TIME -FRACTIONAL
SUBDIFFUSION EQUATIONS
Ashurov R.R ., FayzievYu.E.?, Nosirova D3, Amrullaeva D.4, Latipova Sh?
linstitute of Mathematics, the Academy of Sciences of the Uzbekistan, University street, 4,
Tashkent, 100174, Uzbekistan
234National University of Uzbekistan, Tashkent, Student TowaGd74,Uzbekistan
Let H be a separable Hilbert space with the scalar prodyct and the norm|| ]| and

A:H o H be an arbitrary unbounded positive selfadjoint operatoHin Suppose thatA has a
complete inH system of orthonormal eigenfunctiofig} and a countable sef positive eigenvalues

¢. It is convenient to assume that the eigenvalues do not decrease as their number increases, i.e.
0< , d, """@ . Let C((a b); H)stand for a set of continuous functiouft) of t ¢ (a,b) with

values inH .
Consider the following problem

g@i un d'(ALY) A= f 0<udT
u()=mo) M 0< /[T
where Mf «H and L is a constant,/ +fixed point, d “ +the GerasimoxCaputo derivative or

the RiemanrLiouville derivative of order {, O U 1[1]. These problems are also caltbé forward
problems

(1)

Note,in the case of the Riemaniiiouville derivatives, the notocal boundary condition
has the following form:J, lu(t)‘t = tlimo‘f W) D.
o
Definition 1.1 A function  u(t) « C((O,T]; H) with  the  properties
D, u(t), Y (Au(t)), AU D% Q(O, T); H) and satisfying conditiongl) is calledthe solution of the

non-local problem(1).
In this paper, we prove the existence and uniqueness of a solution to the direct problem (1).
Moreover, inverse problems of finding the functiohsand A are studied, and the solution of the inverse

problemis also the existence and unigueness is shown. In addition, an estimate of the coercive type is
obtained.
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o, 1% %8=,/,6+ &+,=,*u,*$ (*$ %2pu/*$1 $TBDAGHTENGLAMA
UCHUN CHEGARAVIY MASALA
Axmedov O.S.
Bworo davlat univeristetiBuxorg 2Zu]EHNLVWRQ
axmedov.olimjon70@gmail.com
Ushbu maqoladac VRKDVLGD LNNLWD SHUSHQGLNXO\DU EX]JLOLVK FKL]
TU :7:6EOCJIJYTEtMJZELtLT,; Lra
t MOs& L Osd L?KIOP
WHQJODPD XFKXQ TX\LGDJL FKHJIDWR ¥Ixy ERR Yuhdal;sehakl UPQLOJDQ
MR\ODVKJIDQ aE Rp®lvE #X&EKOXTWDODUGD RARhiz M Q T\RIT Q QIEQ J
kesmasi, xgsohasiUOr GD MR\ODVKI1&keésntas, T8 UE r (1 &ning tenglamasi);y QT Q
rdwa TF UL s(& #ning tenglamasiy & Q TQ s 3;sohasiUO rda joylashgan R p OLEETF UL
s (% &ning tenglamasi)r QTQr& FKL]JLJTLURI TL GlIDWKesmasi Fs QUQr bilan
chegaralangan.
Chegaraviy masala (1) tenglamani quyidagi shartlarni ganoatlantiruvchi regulyar yechimini
toping:
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7. LT:Q&4 QO0Q.4a
.+ "HJUL FKL]JLJULQLQJ $ QXTWDGDQ ERVKODE RuOFKDQJDQ X]XQ
birikish shartlari:
7:TéEr; L 7:TéFr;a QTQsaH | ET6"5‘7\ L =T, HEtFT'65‘7i

E>T & OTOsaHETaeiS L#B I\-|EI78&5(S E$ R:a

o)
'\_|°§1_|()_aé: ‘aeF P? 7:PR@P %R, HE—l—+ aFPRP? 7P @P&RA
?

buyerdaseL TEUY BRL TF UAr OROsa O&a0sé&: Ta> T, &:3,8:3a
% 13, &&: [3; Fyopiq oraligdabirinchi tartibli uzluksiz hosilaga ega funksiyalar.

Chegaraviy masala birikistshartlaridan foydalanilib[1-2], singulyar integral tenglamalar
sistemasiga keltiriladi. Karlemaviekua usuli yordamida integral tenglamalar sistemasi regulyarizasiya
gilinib,  Fredgol'm integral tenglamalar sistemasiga olib  kelinadi. Berilgah:Q&
1Q&ET,& T8 3,8 3,8R,8: R IXQNVL\DODUJD DQLT VKDUWODU TRu\LOL!
\HFKLPJD HJD ERadJ*A.KL LVERWOD

ADABIYOTLAR

1.JZkmeh\ O J of _Mi\ hMhrghc djZz_\hc azZz~Zq_ "ey g_ebg_cghl]t

weebilbg_kdh]lh 1biz k #H¥imfwugbdbgbyFzl_fZlbglZg] azZfhgzZ\bc

fZzkZeZezjb fmZzZffhezj \Z _qbfezZj j_kim[ebdZ fb zkb”Z]b befbc
fZl_jbzeezZjb Itiezfb L _kfbal53.

2.KZehobl~bgh\ F K JZKIagssh\ADr"ZgZ Dhrb "eydhZalhébbg cgh]h

\ujh " *"Zxs_lhky mjzZ\g_gby ]bi_j[hebq>k@&h]h kKibmZebdb Ma[_dbklZg

k -7.

3.JZkmeh\ O J AZ"ZgZ >bjboe_ "ey d\Zabebg cgh]h mjZ\g_gby w

k "\mfy ebgbyfb \ujh " _gby >:G J_kim[ebdb -Ma[_dbklZg <« k

4. Rasulov HBoundary value problem for a quasilinear elliptic equation with two perpendicular

line of degeneratiol P_glj gZmqguo im[ebdZplhd 2BE29[G X X]
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29=*$589&+3%1 .2()),76,<(17/, (/$6YDRPISHQOQ TENGLAMASI
UCHUN TESKARI MASALA
Bozorov Z.R.,%?Davlatova D. S.
2u])$ 9, 5RPDQRYVNL\ QRPLGDJL ODWHPDWLND LQVWLW
%X['8 %X[RUR 2T]EHNLVWRQ
*RULIRQWDO RYT ERY\LFKD NXFKVL] PD[VXMOLUNNDH®YDDBR W
WHQJODPDVLGDQ LQWHJUDO KDGLQLQJ \DGURVLQL DQLTODVK ER
86 ¢
oFﬁQL QE+GTa .QTaAPFI;@ 'S;
Q¢ 4 ré QialL UT, &P 't
bu yerda: TAMR 64 <TABRAT D44&P r&/P r=4J) T, 4): B Fmos ravishda Dirakning delta
funksiyasi va uning hosilasi,
.QL &V.:Q:EQ; EQ ;&
a:V;, P r FLame koeffitsiyenti.
Dastlab (1) tenglamani
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almashtirish yordamida gayta yozib,
QTa&HU B Lar:TdJk a auy L aHy;
belgilashlar kiritamiz: bu yerd&lU; funksiya Wa VRITUWDVLGDJL ERJJODQLVK
$OPDVKWLULVKODUQL WHQJODPDJD NHOWLULE TRY\LVK QDW

- Fr-E& sU—L F=US LLISGTA; @l E&UL F=UTA@1 (5)

bu yerda = L Gae'a—> ga teng.
)DUD] TLOD\OLNSAGQYRIPBRAKIMUXYFKLID NXFKVL] ERJTOLT ERTOVL
GTRP LG PEYGP « (6)
bu yerdaBFichik parametr.
Ushbu ishda bizG:RIXQNVL\DQL WRSLVK ELODQ VKXJ{XOODQDPL] %
yechimini
Séas L 4528 EB5:S@a E® @)
va C: TadJP ni
C:TadkP L G:TdJR E YG:TdJPR E® (8)
NRYULQLVKGD \R]DPL]
Ishning asosiy magsadi TRIYVKLPFKD VK-RYUMasddadaV,lve B, funksiyalarni
topish talab etiladi.
sva ¢4funksiyaningBERJ\LFKD \R\LOPDODULQL WHQJODPDODUJEL
darajali Blar oldidagi koeffitsiyentlarni tenglashtirish nasida 7, G funksiyalarga nisbatan quyidagi
masalaga kelamiz:

L@—F&nu - E=U—ABLEI/G!;7,: TARPF1;@C (9)

74r4 r, ) (10)
741#@4L¥iatr;UT;@D“:P, (11)
Tpian L G:TaR (12)

(9)-(12) masalani& L <TdJARar b4ar Q UQ PQ 6 F Ussohada qaraymiz.
4X\LGDJL WHRUHPD RTULQOL

Teorema. Faraz qilaylik, G:P L F¥&r;UP EaPRG,4P ERYQIUHYW B%Csinfdan
ERTOVLQ GXPOWUGRFPDJOXP IXQ&\IN’EX@Vi%\WeKQNVL\DVGtER%EZDLE

U holda ixtiyoriy tayinlangan6 P r lar uchun (9)F(12) teskari masalaningz P, 6%6 > & %infga tegishli
yagona yechimi mavjud, bu yerda
>
GPLx TG :TR@3 | Lr&d& a
21

2u=*$589 & + KOFFITSIYENTLI ELASTIK YOPISHQOQLIK
TENGLAMASIDAGI INTEGRAL HAD YADROSINI ANIQLASH.
1Bozorov Z.R.,2Avezov B.A.
9, 5RPDQRYVNL\ QRPLGDJL ODWHPDWLND LQVWLWXWL 7
%X[RUR GDYODW XQLYHUVLWHWL %X[RUR 2fY]JEHNL
*RUL]RQWEIR@\RFERD NXFKVL] PD[VXVOLNND H3ID|HRBHQYRQ OP X\KR|

WHQJOPDVLGDQ LQWHJUDO KDGLQLQJ \DGURVLQL DQLTODVK ERp\L
¢ 6

éG?Lé'VH—667EO67IE+GTa“'é"'H—O7E667I'Té\/éPF"@a'\ s
oF -~ T v T &b s B ov b S
7T¢4 TA& 7 @ L UT, P 't

7ia L BT Su;

bu yerda: TAMR647; <TAZRATDA4& P r&/P r=a U T, 4P F Dirakning delta funksiyasi va
XQLQJ KRVLODVL )DUDGT:RYaddDRN]JQBRDERXPD NXFKVL] ERJUOLT EI
GT&® L GPEYG:PE®a 1V
bu yerda Y Fkichik parametr. Ushbu ishda Hifz &= XQNVL\DODUQL WRSLVK ELODQ VKXJ
uchun (1), (2) yechimni
7:TAER L 7, TAMR E Y75: TAR E ® W,
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ko pinishdayozamiz 7 va Gunksyalarning Yoo pichayoyilmalarini (1), (5)tenglamalargajo piladi va
bir xil darajali Yiar oldidagikoeffisiyentlarnitenglashtirishnatijasida 7 funksiyalarganisbatan

007, ry 067éE067é|E
op - Ve B
¢ a N N
0 P e e aag QY A .
E+l Gy.PFI,>a.V:FT,T T a9ve; Ea.\/:gvT T-4ovi:;7@& IX;
4 Yt
Taga T8 Y;
7é|'|'@|_ Lé4UT, @.PP, VZ,

masalalar olinadi, bu yerdali, FKroneker simvoli (L s EL FyL & EME (6)F9)
tenglamalarning har ikkala tomonifii® JD NeRtiils, natijani TERP\LFKD PLQXV FKHNVL]O
FKHNVL]OLNJDFKD RUDOLTGD LQWHJUDOODE TX\LGDJL WHQJOLN
k7ééi OQCL a:Vvid I Fs;74526 E:745 ;i1 9E
A
¢
E+ | G:sFPI|:l EFF S;740va>v6 E 8k740va>viii 0@ 1 :sr;

4 vau
(10) da 744 orqgali 74 funksiyaning | -momentlari belgilanadi.
>
Taa VR L + TP7,.TAR@J 'ss
?
(10) tenglamani olishda ixtiyoriy cheMilar uchun7; Q funksiyalar chekli tartibli singulyar

XPXPODVKJDQ YD UHJXO\DU IXQNVL\DODUQLQJ \LJpPLQGLVL NRpUL
75 ning tashuvchisi chegaralanganligidan foydalanildiza TX\LGDJL ERVKODQJuLFK YL
shartlarni gano&intiradi. o
Taa ¢4 Ta Tsa1 i@ L LaW 4UTR& 'St
>
Tsai i L t TPRITAR@T B:PA& sy

Faraz gilaylik

21
ERpOVLQ BER HU G D kerilgan yetarlicha sillig funksiyalar.
Ishning asosiy magsadi, funksiyani topishdan iborat. Buning uchunL | L r holni
garaymiz. U holda (18)12) lar yordamidaG, 47,larni aniglash uchun quyidagi tenglamalar

<6 6 6
0°744, .. . ,0°744 N VN
L &V— E+ G:PFi; - Na SV,
5P a 5P : G ;& 5P Va,@i SV,
va )
Taaga TA 744 i@ L UR& SwW
Tasiam L B:T&R & JLr&d& 'SX

ERVKODQJpuLFK F K Hghbdadtntituvcti knadalsnianasil dildmiz.
<DQJL Rp]JIhipMpdadCormula bilan Kiritamiz.

i @%

UL + ——

4 ¥a.ee
HU orgali Wa VRu]JDUXYFKLODU RU D UG CABHU,BdRIGilachDi ®ilitafidz 1 B(15)
masalani& <UR& QUQPQ6FUVRKDGD TDUD\PL] 4X\LGDJL WHRUHPD Ry
Teorema 1B:P L FUP Ea:PB,P ERpu@UB%W I}é—GCVLQIGDQ ERpoa/4LFQSO/9E3)é%(§:HUGD

a: P, FHevisayde funksiyasi vl P, L%g. U holda ixtiyoriy tayinlangars P rlar uchun (13H16)
teskari masalanings P, 6% > & %infga tegishli yechimi mavjud.

SY,
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Cabada A
CITMAga, 15782 Santiago de Compostela, Galicia, Sm.
'"HSDUWDPHQWR GH (VWDWtVWLFD $QiOLVH ODWHPIWL
)DEXOWDGH GH ODWHPiIWLFDV 8QLYHUVLGDGH GH 6DQ\
Galicia, Spain.

In the study of nonlinear boundary value problems, a classical and fruitful method to ensure the
existene of solutions consists on the construction of a related integral operator, whose fixed points
coincide with the solutions of the considered problem. The kernel of the integral operator is known as the
*UHHQYV IXQFWLRQ UHODW H @GtioN. Ho \éhikufle (hd €Xisténte & BdllWonKRthat\hevd H T X
WKH VDPH RU RSSRVLWH VLJQ WKDQ WKH H[WHUQDO IRUFH ZH
constant sign on its square of definition. Such property is equivalent to warrant comparisonegranaipl
to develop monotone iterative techniques, lower and upper solutions method or to ensure the existence of
solutions in suitable cones.

,Q WKLV WDON ZH ZLOO PDNH D VXUYH\ FRQFHUQLQJ WKH PDLC
parameter dependence. Moreover, we present some results in which it is proven a spectral
FKDUDFWHUL]DWLRQ RI WKH RSWLPDO YDOXHVY RQ WKH SDUDPHWH
Thus, some results proven in [1,2,3] and references themeshawed.
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3. A. Cabada, L. Saavedra 8 KDUDFWHUL]DWLRQ RI FRQVWDQWINWLJQ *UH

boundaryvalue problem by means of spectral theory. Electron. J. Differential Equations 2017,

Paper No. 146, 96m

INVERSE PROBLEM FOR VISCOELASTIC SYSTEM IN A VERTICALLY LAYERED
MEDIUM
Durdiev D. K. Boltaev A. A.
V.I.Romanovskiy Institute of Mathematics, Tashkent, Uzbekistan
E-mail: d.durdiev@mathinst.yasliddinboltayev@mail.ru

A perfectly elastic material does not exist in nature; in fact, inelasticity is always present. This
inelasticity results in energy dissipation or damping. Therefore, for a wide class of materialg, is
not enough to use an elastic model to study their mechanical behavior. Therefordscoelastic
foundational models have often been used to model the behavior of polgric materials with
respect to time variable. )

Let be L : papay D~Y4a.et us denote by &;¢he projection onto the Tyéxis of the
stress acting on the area with the normal parallel to thelvaxis, and Qgare the projection onto the Ty
axis of the vector particle GLVSODFHPHQW $FFRUGLQJ WR +RRNHfV ODZ IRU
and deformations are related by the formulas ([1], ch.3):

&v &L alﬁJE—Q{GE W ét <~
ofy 0Ty
¢
0Q_ 0Q - L
E+-yvPFi; Hal‘—_l_ E—_I_GELbaT |:T4;@a BFL sdaa
Y 0
4
here 4L &T;;44L &T;; are Lame coefficients, Uy is Kronecker symbol, : & L

kQ: &R &y: & &y: & ois displacement vector,- P, are functions responsible for the viscosity
of the medium and - yL -v @EFL sd aia
In this work, it is required to unique determine the relaxation kernels, if some components on the
lateral boundaries of the region under consideration are given.
REFERENCES
1. Galin L. A. Contact problems of the theory of elasticity and viscoelasticity // Moscow: Nauka,
1980, (In Russian).
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INVERSE PROBLEM OF DETERMINING THE KERNEL IN AN INTEGRO -
DIFFERENTIAL EQUATION OF PARABOLIC TYPE WITH NONLOCAL
CONDITION
Durdiev D.K., * Jumaev J.J.2 Atoev D.D.
V.l.Romanovskiy Institute of Mathematics, Tashkent, Uzbekistan
2Bukhara State University, Bukhara, Uzbekistan
Let 6 Pr be fixed number and & L <TaR +r OTO Hr O PQ 63
Consider the inverse problem of determining of function@ T&dRa&G P, such that it
satisfies the equation

QFQsL i/GPFiI;QT4;@4 (TR D &4 's;
with the nonlocal initial condition
QTa;EWQT&H; LT :T;aThbxafaUL ?KJIOP 't
the boundary conditions
Qean L QsgrlL ra T1:r;LT:HLréPBbx&2 Tu;
and the additional condition
i, 1:T,QT?@T DPa v

Here UR ris given number] : T;afi: T;AD: P are given functions off B > &%and PD > &6 %

Let 96 :rd8H be the class of m times continuously differentiable with all
derivatives up to thel F th order (inclusive) in :rd&4 functions. In the casel L
this space coincides with the classohtinuous functions.

Theorem. Let conditions TT&T,, DY rHOP DYx&H%A
ifﬁ:T;:T;@t Dr;EUD6G;aT:r;LT:HLra D LDr;MraURraf:r;LA:HLr be
satisfied. Then there exists sufficiently small numeeD :r & ;that the solution to the problems; F
1V, in _the class of functions QTR b
9% :&;0;AG P, B 9% > 86Y2xist and unique, wher&jo L <T&, TD:rdHaPb &Y= %8 ®:& ;;
is the class ofl times continuously differentiable with respeckndk times continuously differentiable
with respect toRall derivatives in the domai&; function3

In this work, the solvability of a nonlinear inverse problem for intetjfi@rential heat equation
with nonlocal conditions was studied. Firstly we investigated solvability direct problem, Thessfér
:u;problem replaced equivalent of integral equatiynFourier method. Then used to approximation
series method, existence and uniqueness theorem of direct problem solution is proven. The inverse
problem was considered for determining the kerk(® included in the equations; with integral
observation :v; of the solution of this system with the initial and boundary conditiohs&u;a
Conditions for given functions are obtained, under which the inverse problem have unique solutions for a
sufficiently small time interval.

REFERENCES
1. Z. S. Aliev, Y. Mehraliev,An inverse boundary value problem for a secondier hyperbolic
eqguation with nonclassical boundary conditions, Dokl. Math. 90(2014), No. 1, {81513
2.E. I. Azizbayov , Y. T. Mehraliyeésolvability of nonlocal inverse boundary value probior a
secondorder parabolic equation with integral conditions, Electron. J. Differential Equations 2017,
No. 125, pp. 114.
3.D. G. Gordeziani, G. A. Avalishvilpn the constructing of solutions of the
nonlocal initial boundary value problems for esienensional medium oscillation
eguations (in Russian), Mat. Model. 12(2000), No. 1;198.

A MULTI -DIMENSIONAL DIFFUSION COEFFICIENT DETERMINATION
PROBLEM FOR THE TIME -FRACTIONAL EQUATION
Durdiev D.K., 2Rahmonov A.A.,*Mirzaev B.R.
1BukharaBranch of the Institute of Mathematics at the Academy of Sciences of the Republic of
Uzbekistan, Bukhara, Uzbekistan,
2v.1. Romanovskiy Institute of Mathematics, Tashkent, Uzbekistan
3Jizzakh State Pedagogical Institute, Jizzakh, Uzbekistan.
In this paper, we consider a mutlimensional inverse problem for a fractional diffusion equation.
The inverse problem is reduced to the equivalent integral equation. For solving this equation, the
Schauder principle is applied. The local existence and uniquersests are obtained.
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Consider theJ R tidimensional fractional diffusion equation defined by
1/“&@Q T&R F ¢;QEMT;QL B:T&R4 in 4f Q)
wherer OUO s& &Q Q :T&is the Gerasimoaputo fractlonal derivative, defined by:

QTa
FU PFi;

FLaplacian respect to the variableL kTsslg&8 &l oa4a L <T&RATDP4%& OPQ6=and B:T&is
given function.
It is natural from the physical point of view to consider a usual Cauchy problem, with the initial
condition

x

18 QTR L

QTa; L O:T;a ‘o 42 2)
where O: T;is given.
Our main problem is formulated as follows:
Inverse problem.Find the functionM T; &T B 42in (1), if the solution to
Cauchy problem (1), (2) satisfies )
i, QTRI:R@P CT,a TD4%4 3)
where i : P &C: T;are given.

In the present paper, we establish sufficient condition under which the solution of the inverse
problem (1) (3) exists and is unique. For the cadé. s closely related results were obtained in [1].
REFERENCES
1. V.L. KamyninThe inverse problem dfetermining the loweorder coefficient in parabolic

equations with integral observatipMathematical Notes, 2013, vol. 94, 2, pp. -205.

AN EXISTENCE THEOREM FOR AN INITIAL -BOUNDARY VALUE PROBLEM FOR
THE EQUATION OF FORCED VIBRATIONS OF ABEAM WITH A  BASE STIFFNESS

COEFFICIENT

Durdiev U.D.
Bukhara State University, Bukhara, Uzbekistan
We consider the following beam oscillation equation:
QQE QeeeE T;QL ) : TaPa (1)

where . : T; Fbad coefficient,) : TaP Fexternal force,Q TaR, D° &’0

Equation (1) is considered in the rectangular domain & L <T&Rar OTO Har OPO 63
where Hs beam lengthgis time interval, with initial

Quasn LT:Tla Qe L 0:T,&a THDx&? 2)

and boundary conditions
QréP LQ:r&P Lra et fd 3
QsaHPLQssHP LIra :""ffet r QPQ6a (3)

The purpose of this paper is to prove the existence of a sol@ididP, b %% &; &satisfying
equalities (1X4) for given numberss H6and sufficiently smooth functions:T;, ) :T&, 1 :T;, 0:T,
Lemma 1.If the functionsi : T;, 6:T, ) :TéP, satisfy conditions

T:T; D% > &% T:r;LTﬁ:r;L|”"‘HLT’~‘~”~’P-ILTAH[ Li':r;Lra
o:T, D9%>a®a d:r; Lo%r; LO"HL"YHL ra
Y TR D% & 6 %f:&;9 : raPL)“raPL)”“I-di3 )””rHP,LrérQPQG
then the following representations hold:
.2, :0; .05, .
TaL—9a d;L—a G:PLL 4 (4)
x0 *0 alv]
where
A5 (Baio R R ,
e 4 I 4 .T,I—é?D@@TF—GAE>é-<@@TF—6Ap@a' JL tGF sa
T2 L A5 B R . R .
a ,.ae\b PRI ;I?éCD@@F%AFa...@@F%Ap@a’ JLtG
0

8.5 L1, 6%, T@d GY:RLi, ) ®: TR T.@F
Theorem 1.If the functions1 :T; 8:T, ) :TaP satisfy the conditions of the lemma 1, then there
exists a unique solution to the problem£B) and it is determined by the sum of the series:
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1
et T,

1
) B4 )
QT& L | FTé...‘J@PE_éwc@FG;é:T;EI G
4@ - ags -
) 3 1T T 3
+ ece@:PFQz ) &@0Q@ @O ’i'@’i c«c@:PFQt .:2Q&EQ@ 4@ O
4 a@ o a4 4
where
[+ K
TaLx1T:T;s:T;@8 03L = 0:T;;5:T,@d
4 4
A= D@ @ FAE >+ <@@F.A4 JLtGFsa
@ Tl D@ @FLAER.. @@FiAA  JLtGA
o
where @L-@F E:Fsii#p8 #, L 1@ M

= L a® @EBAFEI > L .. % @gﬁﬁé?é L F?2D¥° @ggAé B Lecd @éi“pé
Normalizing the system of functions: T; we gets
AP P@AA JLtGFsa

R N:g; . - _ .
ai T lged & T gm@aa  JLt@
0

Note that system;4:T; is orthonormal and full in the spacg;> a&Pand forms an orthonormal basis

therein.
REFERENCES
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MULTIDIMENSIONAL KERNEL DETERMINATION PROBLEMS FROM HEAT
EQUATIONS WITH MEMORY

Durdiyev D.K., 2Nuriddinov J.Z., 3Qarshiboyeva Sh.Q.
v.1. Romanovskiy Institute dMathematics, Tashkent, Uzbekistan

2 Bukhara State University, Bukhara, Uzbeksitan

3 Jizzakh State Pedagogical Institute, Jizzakh, Uzbekistan
inverse problem to determine a time and spatially varying kernel

In the work we study
governing the heat flow in

k(xt, X R,«4 0in a parabolic integrdifferential equations
materials with memory. Problems of identification of memory kernels in parabolic and hyperbolic

equations have been intensively studied starting at the end of the last cenf8ty [1]
Consider Cauchy problem for the dimensional parabolic integidifferential equation with a

time-variable coefficient of thermal conductivity
t
W '
— ), u HKxt M(xy)d, X (X %...%)*R, t (OT] 1)
0
ul, /(xYy)), 2)
where C(t)is an enough smooth positive functioh, is Laplacian on the variablex (X, %,..., X ),

Y (M Yo ) R' is a parameter of problent, is a fixed positive number.

We investigate the following problem:
Inverse problem: when c(t) 1 find a kernelk(X t) of the integral term in (1), if a solutido

the Cauchy problem (1) and (2) is knownx®n Yy for all y « R" andt *[0,T]:
uty, .9 I(y 9, L(%0) /(v ¥ (3)
We assume that the functioki(X t) with derivatives kx,»xj’ I,j 12,..n. k belongs to
B(D;), (B;) {(x?:xeR",0dt dl} for any fixed T !0 and the function /(X Yy)is in
B*(R" UR"). Here B™(Q)be the class ofm times continuously differentiable with respect to all
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variables and bounded together with all derivatives up to the order ai the domainQ functions.

When B°(Q) : B(Q and this is usualpace of continuous and bounded functions.
Besides, let the functiok(X, t) have the separable form, i.e. it can be expressed as the sum of a
finite numberN of terms, each of which is the product of a functiorkainly and a function of only:

k(x 1) : a(3b(),  a(y- B(R), iy QR 4)

where C'(R) is the class of continuously differentiable R functions. The functiong, (X) can be

assumed to be linearly independent, otherwise the number of terms in relation (4) can be reduced.
Theorem. Suppose that the all assumptions about functiffi, y) are fulfilled. Besides, the

function |(y,t) together with derivatives i 1,2,...n belong to the class
B(D;) foranyfixed T !0 and

ol and lw,

EJBO:UR LaPR&aPT (5)
i BEY

where £ is a known numbers, then any functik(X, t) having the form (4) is uniquely determined by

the information (3) in domainD; .

We proved the uniqueness theorems for dbénition of the convolution kernel in a parabolic
integrodifferential equation describing thermal processes with memory.
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3. M. Grassellj An identification problem for a linear integdifferential equation occurring in
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KASR TARTIBLI DIFFUZIYA TENGLAMASIDAN MANBANI ANIQLASH TESKARI
MASALASI MASALASI
Durdiyev D.K., 2lsayev S.U.
v/.1. Romanovskiy nomidagi Matematikatituti, Toshkent, O*zbekiston
“Buxoro davlat universiteti, Buxoro, O zbekiston
8VKEX PDTRODGD YDTW RY]JJDUXYFKLVL ERYJ\LFKD NDVU WDUWL|

&>5QF *Qs L B:T;L:Pa TD44PPr (1)
GLIIX]L\D WHQJODPDVL XFKXQ TRY\LOJDQ
7§ Rea L1:T;,4 TH4 (2)
(1)va(2)PDVDODQLQJ \HFKLPL PDYOXP ERT0OJDQGD
Qs L CP u;

TRIYVKLPFKD VK DIPWNk&yarstDish @dkari masalasini garaymiz. Bu yegdazva
42?3@ Fmos ravishd&imannLiuvill kasr differensial operatori va kasr integrali [1].

A4X\LGDJL WHRUHPD RfULQOL

Teorema.Agar :T; D9%:4;8B: T, D%:4;, CP D#% &?ERTBLEMrvaCP RGP
ERYOVD X-(¥ Rsk&iDnasalaning yagona uzluksiz yechimi mavjud.

ADABIYOTLAR
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KERNEL DETERMINATION PROBLEM FOR A PARABOLIC INTEGRO  --
DIFFERENTIAL EQUATION WITH A VARIABLE THERMAL CONDUCTIVITY
Durdiyev D.K., 2Nuriddinov J.Z., ?Ochilova Z.Sh.
1V.I. Romanovsky at the Academy of sciences of the Republic of Uzbekistan, Tashkent, Uzbekistan
2 Bukhara State University, Bukhara, Uzbekistan
The constitutive relations for a linear nRbomogeneous heat propagation and diffusion processes
in medium with memory contain a timand spac&lependent kernel in an integral term of time variable
convolution type [1}[2]. Often, in practical applications these kernels are unknown functions and it is
required to determine them. Kernel determination inverse problems in parabolic integro differential
equations were the object of studying since the endsbtentury. In literature are most often found the
linear inverse source and nonlinear inverse coefficient problems with different type of over determination
conditions (see, for example {}4] and references there).
Consider the problem of determiningnfitions u(X,t), K(x,t), x (X,x,) (X,%,..-.X,),

t 1 Ofrom the equations

QL =P QFi/G:Té&Fi;=i; QTa;@a :T& D9fa 1)
QTa; L 1:T,aTP9%a ) ' ()
QTa& L BT@®R4 TéR D 97?54 (3)

Where is the Laplace operator with respect to spatial variable$ (Xl,Xz,...,Xn), 9% L
<T& TL :TaT;; D9%4& O PQ 65s a strip with thicknes$& P r
is an arbitrary fixed number:P, D% > &2 O =, Q=P Q =5 O » i=;,and Ssare given numbers.

In these works authors discussed the unique solvability for possed problem. Our main result of this

work is following theorem:
Theorem. Suppose =B P ris a sufficiently smooth function T:T; B* ®<-94:. BT D
x:af:; 6:9475: pelongs to the class of functions, B:T&; L T :T'&; and Tegey: T L
%4; B:T%; F A%S By,  T'é ;@matching  conditions hold, and letB:T%&; PB L ?KJ®P .
Then, there is a sufficiently small positive numiggrP r such that6 D :r &, ?the inverse probler(i)-
(3) has only one solutionQ T&R B * 6436 6 @ psfor HD 1 &:,

To provethis theorem, the considering problem reduces to an auxiliary problem which is more
convenient for further consideration. Then the auxiliary problem is replaced by an equivalent system of
Volterratype integral equations with respect to unknown fiemst Finally, applying the method of
contraction mappings to this system in the Holder class of functions, it is proved the main result of the
work representing a local existence and unigueness theorem.
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INTEGRO -DIFFERENSIAL ISSIQLIK TARQALISH TENGLAMASIDAN YADRONI
ANIQLASH TESKARI MASALASI
Ergasheva NSh.
Buxoro davlat universiteti, Buxoro, O zbekiston
TAKP, L 99 <TAUP, TAJD9%& Q PO 6=sohada quyidagi masalada€. TAJP, afunksiyani
aniglash masalasini garaymiz [1]:
QF QEDT;QTadkP L ifG:Ta" 'QTAKPF |, @aTdkP bo%a(l)
Qeas L T:TdJa:Td; p9%a (2)
bu yerda éL"—e E% - Laplas operatori.
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Teskari maslada TaJa, funksiyadan fargli ravishda (1) integdifferensial tenglamadai@ T&R,
IXQNVL\DQL WRSLVK PDVDODVL TDUDPL] %XQLQJ XFKXQ TX\LGDJL
Qa L BT&RA (3)
bu yerda B: T&P, B * ®8a%8 684 - perilgan funksiya,® L <T& TD94ar Q PQ 6= (1)}(3)
masaladanQ TaJ&R, va G T&, funksiyalarni topish masalasiga teskari masala deb ataladi.
Quyidagi shart bajarilsin.
B:Ta; LT :Ta;a:TdR D&
0:TadJdP L Q, : TAJP formula yordamida yangi funksiya kiritamiz, u holda (1), (2) masala
TX\LGDJLFKD NRpPULQLVKQL RODGL
6,F OEDT;0:TAKR L1, G:T4;0:ToPF i; @4 (4)
69@L’|\‘|‘| ‘Td)a (5)
0:TAKP, IXQNVL\D XFKXQ TRUMKLPEKDIVRDDW Q LVWDHabiBibyR G D J L
ajratib (3) dan foydalanib hosil gilamiz:
Oiw L B:TREDT,B TR FRs TR F ifG:Ta"l;B:TéPF‘l;@&(G)
(5) va (6) tengliklardan quyidagi kelishuvchanlik sharti kelib chigadi:
Ty Ta; L BT @ EDT,B:Ta; FRes Taa
Endi (4)}(6) masaladad;: TaJeP, L fi: TAJP, belgilashni kiritsak, quyidagi masalani olamiz:
AcF AEDTA:TARR L GTRT,, Tk Ei, G:TA;fi : TAMPF |; @47)
ﬁg@ml_ 1, :TAL FDT;1;; :TadL & (8)
i L BGTREDT,B: TR F
FI%ééTéID,FGTéP,T:Ta'r;FifG:Ta";Q:TéDFi;@& 9
Teorema. Faraz qilaylik 7 :T4J) B*®::96; B: T4 p* ™88 6-84 - shartlar bajarilsin.
Bundan tashgariB: Tar; L T:Ta;al;; :Ta; L B:TaR (@ ED T;B: T&; F B Tar; kelishuvchanlik
shartlari bajarilsin. U holda yetarlicha kichik musbaé P r lar uchun {) - (9) teskari masalaning
G T4 b* ™68 - sinfga tegishli yagona yechimi mavjud.
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Aytaylk, H VHSDUDEO +L O EHUWal|[}]IRr\tios ERi§l@4 &hu fazoda aniglangan

VNDO\DU NRYSD\WPD YB: IR WP apemRIOEDQDQLTODQJID QR JPXMEDW
TRYVKPD FKHJDUDODQPDJDQ L[WHWNULYRAHNRMIONWRE SH B D WRIUGGIC

Aytaylik, G xdE vanl Dn ERYOVLQ +DGMDFa aduldsilasi deb
X

quyidagiga ifodaga aytiladi:

. o dg" 1 %o 8 7 yO)d
e Tt A & ox o,

Quyidagi masalani garaylik:
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bu yerdaf, M H .
Ushbu ishda PDVDODQLQJ \HFKLPL PDYMXGOLJL YD \DIR®QDOLJL
N ODUQL WRSLVK ERfY\LFKD WHVNDUL PDVDODODU KDP RYUJDQL

\DJRQDOLJL NRJfUVDWLOJDQ
ADABIYOTLAR
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RIMANN -LIUVILL KASR OPERATORLI DIFFERENSIAL TENGLAMA UCHUN
DYUAMEL PRINSIPI
Isayev S.U.
Buxoro davlat universiteti, Buxoro, O zbekiston.
saidbukharii@gmail.com

ODYOXPNL ELU MLQVOIPPERHEGBDWINQIINOPMDVWMQJIJODPDODUL
PDVDODVLQL \HFKLQLQJ VDPDUDOL XVXOODULGDQ ELUL EX '"\XD
\HFKLVKGD EX SULQVLS ELODQ LVKODVK EL]JD NODVVLN DGDEL
asrida, WDELL\ IDQODU MXPODGDQ PDWHPDWLNDQLQJ ELU TDQFKD
yaggol misol sifatida kasr tartibli differensial tenglamalarni keltirish mumkin.

%LU MLQVOL ERTOPDJDQ NDVU WDUWLEOL Gakdlekiti yeGhishda O R S+
XPXPODVKJDQ '\XDPHO SULQVLSL ELULQFKLODUGDQ ERYOLE 6 5
TRYOODQLOJDQ .DSXWR GLIIHUHQVLDO RSHUDWRUWed,XWQDVKJLC
Zhou, J. Wang2] tomonidan olingan.

8VKEX PDTROD YDTW RY]JJDUXYFKLVL ERT\LFKD NDVU WDUWLE

&5>5QF QL B:T&R4 TD44PP T (1)
GLIIX]L\D WHQJODPDVL XFKXQ TRYT\LOJDQ
7R L1:T;4 TH4 (2)

.RVKL PDVDODVLQL 'X\DPHO SULQVLSL \RUGHDP lyé3da \HFK
B:T&Ra :T, FEHULOJDQ |XQNNVQ UG RY FRA:LiGvial differensial operatori va u
. R _o 57 —_O+Q- ? .
&4>@RRLOP+;1>@RL :sFU;(‘)P'4'PFO RQ@O
va

s ¢
#4RPL—+ :PFQ* RQ@O
=Ty 4
ko'rinishdaaniglangan.
Dastlab (1)H2) Koshi masalasini tadbig etamiz, buning uchuni®) masalaga mos bir jinsli
tenglamasi

&5>5QF Qs L raTD4aPP r

72§ Rean L1:T; & TP4
Koshi sharti bilan birgalikda garaymiz.
QuyiGDJL WHRUHPDODU RfULQOL

Teorema 1.Faraz gilaylikT D%:4; ERTVLQ X KROGD PDVDOD \DJRQD NO
ERYOLE EX \HFKLP

®3)

QTR L i) TFUWRT:U@UPPraré4 (4)

NRYULQLVKGD ERYODGL EX \HUGD
?5

P .
) :TéR L5 ¢ ANV A L F55E8P ;@ axPPrarn4

. E
A 4 Fikki parametrli MittagLeffler funksiyasi va u
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"4 VMLl ————4aVdb'a 4AU Pra

‘U JE U,
a@
Teorema 2.Faraz qilaylik B:TaR0%:4 H:ré ;; ERTOVLQ 8 KROGD

&55S:T&E; F =S, T&A; LTar OUOsS&PPi4aTo4 (5)

tenglama
#25S: T ;2,9 L B:TA; (6)

shartni ganoatlantiruvchi yagona yechimi

S:Téhd; Li.):TFUPFI;i:Ua;@U 7

bu yerda

T 5 | .¢, ? T4
& 5S:TeR LW!—Q i,;PFQ° S:TQ @O

Quyidagi
&>5QTR F QTR L (:T&R4 PPraTh4a (8)
#sRean L T:T,aT D4 (9)

ODVDODQLQJ \HFKLPL XFKXQ TX\LGDJL WHRUHPD RJULQOL

Teorema 3.Faraz gilaylik ( : TéP6%:4 H :r 8E» ;; U holda (24),(25) masalaning klassik yechimi
QT& L if S:Ta&A ; @ formula orgali topiladi.

Bu yerdaS: T&4 ; (22) (23) masalaning klassik yechimi

Teoremad.Agari D%:4;aB. TR D%:4 H>& ;; ERTOVD X (X R&adning klassik
yechimi

¢
QTR L) TFURT:U@B+ ) TFUPFI;BULI;@U®@I
E 4 E

NRTULQLVKGD ERTODGL
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BURGERS TIPIDAGI RIEMAN SISTEMASI UCHUN GEPIRBOLIK TENGLAMA
Jo'raev D.A, 2Maxmasoatov M.G'.,3Maxmasoabv Sh.G'.
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8VKEX WHIJLVGD %XUJHUV WLSLGDJL 5LHPDQ VLVWHPDVL XFKX!
%XUJHUV WLSLGDJL WHQJODPDODU VLVWHPDVLQJ XPXPL\ NRTL
¥ ¥ B .
!—i EQ& L rg!—:F>:QFR; E(a
1é lé 6 . _ y
) !—QER!—éLBGEE>—_.QFRE(a
%Wx"Zes— . FY<L TAERTOJDQGD XVKEX WHQJODPDQL TX\LGDJL NXULQLVK
\QEQQL[&SQéFxQF Ra @
RERR L RsR:E®QF R4
(2) tenglamalar sistemasi, Burgers tipidagi Rieman sistemasi deb ataladi. .
Bu yerda, Qva Rzichliklari éva égbo'lgan sistemaning tezliklari va L & E &, tenglik o'rinli. L
— > >yopishqoglik koeffisienti,l5va 3 konstantalarikki fazodagi suyugliklarni ifodalaydi.
(2) tenglamalar sistemasining yechimfiRf1]JDUXYFKL ERJ\LFKD JDUPRQLN WHEUDQ
izlaymiz.

(1)

\QL 7R .."f4EAT,& rOnQtea 3

4L 8P« ,ENTa )

Ushbu ishning magsadi, (2) sistema uchun, ikki suyuk muhid modelining tenglamalar sistemasini
VRGGDGDVKWLULVKGLU YD EX WHQJODPD ERVKTD WHQJODPDODU
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giladi .Shuning uchun bu tipdagi tenglamalar sistemagah bosimsiz ikki tezlikli gidrodinamika deb
KDP DWDODGL 8VKEX LVKGD %XUJHUV WLSLGDJL 5LHPDQ VLVW
va natijaga erishildi.
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INTEGRO -DIFFERENSIAL MAKSVELL TENGLAMASIDAN LAME
KOEFFITSENTINI ANIQLASH MASALASI
Jumaboyeva O. B.
%X[RUR GDYODW XQLYHUVLWHWL %X[RUR 2Y]JEHN
Maksvelltenglamalar sistemasini garaymiz [1], [2]:

1% VA oA, i Ca s
"‘F—Ee6E|f|6.|,

g 1y

WA 1Y

g 1g

Qulaylik uchun keying ishlardd ¢:P, funksiyani 7 :P, deb olamiz.<DQJL RY]JDUXYFKL I

‘6:UéF!LAT[F>6:4;FEQUé3,éU T4 VL VU, L 3aUa R\/éP,LQ@I}&éﬂA EDY]L

DOPDVKWLULVKODUGDQ VRYQJ  -iifldrensiailakeal@nglavhasin\oiniD V L G D Q
!,—';Ff—'fEM\/,RvaD, Li,GI;RVPFI;@E (s:VR  (2)
-

bunda  GRLATOF—YFEI%R4 /[:ULiI%RgF—2"4 (urL

ATB = PEI—!Q,G:UéP,éMV: L/ @ Mls: VR L (@ dra

Shunday qilib, biz integre differensial Maksvell tenglamalar sistemasidari. NRYULQLVKGEL
ELU RTFKDPOL LindgtoQdiierensaxenylaimar® hosil gildik. Endi2) integro- differensial
ODNVYHOO WHQJODPDVL MdBaKdtathi gaRfIAUL YD WHVNDUL

& <V& VD44PP r=sohada %) integro % differensial tenglama uchun quyidagi Koshi
masalasini qaraylik [3]:

L T, ®PFI@E @ Lra
’ (1)

RV&R can L &Va RIVER (@ L &Via 3)
Teskari masala. (2)- (3) masala yechimi va
R\@,@LBR&R\/&?,@LCR (4)

shartlar yordamidaM V; B % 4 ; funksiyani topish maslasiga teskari masala deyiladi.
ARTVKLPFKD EHULOJB @ B DLEADB X% K&, 2 shartlar vaguyidagi
kelushuvchanlik sharti bajarilsin [4], [5]:
aV,, L Br;a a:\4, LCr;, &\, LB:r;a 8:\; L C:r;a (5
Teorema 3.2.1. Berilgan funksiyalar &:V, D% >, F R4, ERAGP D%r &7 (5: V&R ab
WEK&: &R 04 &V DWN,FRA,ER2A CPR D%: &2 BPRDW:»&24 sinflardan,
&V, RUPr, VD>, F Ray E B ?shart va kelushuvchanlik sharti (5) bajarilsin. U holda yetarlicha
kichik DP r soni uchun (2)%(4) teskari masalaning®4 F Da, E D?kesmadagi¥%; F Day; E D?
sinfga tegishiMV. \HFKLPL PDYMXG YD \DJRQD ERYODGL
ADABIYOTLAR
1.>mj*b_\ H[PZlgua’agb ey kj_" k ihke 2 Laxldl\lTuronigbol’, 2014.
k
2.JhfZgh\ <H[fZlgu_ az~Zgb fZI_fZlbq_kdhc nbabdb F GZmdz
3.DZ[ZgbobgH]jzBgu_ b g_dhjj_dlgu_ az~ZqB00% kvBR.b[bjkd
4. Durdiev D. K.Some multidimensional inverse problems of memory determination in hyperbolic
equations// Zh. Mat. Fiz. Anal. Geom., 2007, Volume 34, pp. 411423.
5. Durdiev D.K. Global solvability of an inverse problem for an integliierential equation of
electrogynamics// Diff. Equ., Volume 44, No. 7, 2008, pp.
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TWO-DIMENSIONAL INVERSE PROBLEM OF DETERMINING THE KERNEL OF
THE INTEGRO -DIFFERENTIAL HEAT EQUATION
Jumaev J. J., Ibragimova Sh.E.
Bukhara branch of the institute of Mathematics named &ftieRomanovskiy, Tashkent, Uzbekistan
BSU, Bukhara, Uzbekistan

Consider the problem of determining the unknown functigh3aJa, and G P, in the space
& L <TAJWP, Tb:rd,;&Jb:raM&b.ré6;& O 6 O E» =such that the pairQa Gsatisfies the

following integradifferential equation for parabolic type of second order
QF=° QLI GI;QT4kPF |;@aTALR D& 4 (1)

with the initial condition

Qean L 1 :TALAT Dx & 8UD > 4w (2)
the boundary conditions
Qé@lLré.Qé@gLréQ\,@;LréQ\,@aLré 3)
and additional condition o
i, 1, QTAR @ U @ BP4 (4)

in which =is a positive constantl.&vand 6 are arbitrary positive numbers and TaJ; 8: P, are given
functions.

Lemma. Problem (1)(4) are equivalent to the auxiliary problem of determining the functions
fi : TaJ&P, 4G P, from the following equations:

AcF=° AL GRI:TALEI, GI;fi:TAKPF ;@4 (5)
Aea L =°1:TaJA (6)
ﬁé@L[éﬁ“é@aLréﬁi@Lré’l\,@Lré (7)
i, i, 1:TAR@U @ B'R4 (8)

where Q:TaJaP, L i TalP
Theorem 1. Assume the conditionB: P D %> &6%i :TdJ), D% : x4 ?H> 4w, Afra; L ra
T4 Mr, T:rd LT:T&;LT:LASLT:T&M L, i4a‘|4aT:TéU;@U@B:r;é
=5 if ‘|4a T @U@B r; &1 :rdJ; L ¢1:Ta; L ¢1:LAJ L ¢1 :TaAV L rare hold. Then there
exists sufficiently small numbe8” B :r &; that the solution to the problem (5{8) in the class of
functions fi : TAJER, D %6®:&;0;, G P, b %r 8 Y2xist and unique.
In the work, the solvability of inverse problem for integiiferential seconerder parabolic
equation with initialboundary conditions was studied. The considered problem was reduced to an
auxiliary problem in a certain sense and its equivalence torigmal problem was shown. Then the
auxiliary problem was reduced to an equivalent closed system of Velgpgantegral equations with
respect to unknown functions. Applying the method of contraction mappings to this system in the
continuous class diinctions with weighted norms, we proved the main result of the article, which is a
global existence and uniqueness theorem of inverse problem solutions.
REFERENCES
1. Romanov V.Gnverse Problems of Mathematical Physics, Moscow: Nauka, 1984(in Russian).
2. Durdiev D. K., Zhumaev Zh. Zbnedimensional inverse problems of finding the kernel of the
integrodifferential heat equation in a bounded domaBINUDLQV{N\L ODWHPDW\FKQ\L
11(73),2021, pp. 1492506.
3. Tikhonov A.N., Samarsky A.Bquaions of Mathematical Physics, Moscow: Nauka, 1977(in
Russian).

INTEGRAL REPRESENTATIONS FOR MATRIX FACTORIZATIONS OF THE

HELMHOLTZ EQUATIONS
Juraev D. A.
Post Doctoral Fellow

Department of Mathematics,
Anand International College of Engineering,
Near Kanota, Agra Road, Jaipt03012, Rajasthan, India
e-mail: juraevdavron12@gmail.com
In this paper, we are talking about an integral formula for matrix factorizations of the Helmholtz
equations in a multidimensional bounded domain.
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Let R™ be a m dimensional real Euclidean spac&=(X,...,%,)* R, y=(¥,...,¥,)* R,
XE(X,...,% ) Rtandye&(y,...,y,,)* R
G, * R" be a bounded simplgonnected domain, the boundary of which consists of the surface
of the cone WBU and a smooth piece of the surfac®, lying in the cone Gb, i.e.,
G =SUT, T=wg\ {Let(0,0,..x%,)*G,, x,>C

Let D(/) be a(n nu dimensional matrix with elements consisting of a set of linear functions with
constant coefficients of the complex plane for which the following ciamdis satisfied:

D'(/D(=E([ O,
where D" ( /7) is the Hermitian conjugate matr®( /'), O is a real number.
We consider a system of differential equations in the reGion

D(wU(X) =0, (1)
where D( W) is the matrix of firstorder differential operators.
We denote byA(G,) the class of vector functions in the domah, continuous onG =G U VG,

and satisfying system (1).
If U(y) * A(G), then the following integral formula of Cauchy type is valid

U= Ny x QU(Yds, % G

where ’
N(vx)=E ,(y)0 D, Q)
E(V YW E('YW* (up
) = BTI <« d
)V(yX;(y Cin sklo WVXn‘ﬁmu,
Here

ul,(@, m 2k k 1,
(up %oos((d))), m 2 1kt 1

_q D'k D(m 2)Z, m 2k kt 1,

D24 (m 2SZ,m 2k 1k 1
t= (tl,...,tm) is the unit exterior normal, drawn at a poiyt, the surfaceMs,, £, area of a unit

sphere in spaceR"™, I,( u) J,(0Ou) is the Bessel function of the first kind of zero order,

E/( |/1l UV\b is the entire Mittag_effler function (see [1][4]).

REFERENCES:
1. Juraev D.A.On the Cauchy problem for matrix factorizations of Helmholtz equation in a
bounded domairSiberian Electronic Mathematical Reports, 15201 (2018).
2. Juraev D.A.On the solution of the Cauchy problem for matrix factorizations of the Helmholtz
equation in a multidimensional spatial domaditobal andStochastic Analysis, 9(2);17, (2022).
3. Dzharbashyan M.Mlntegral transformations and representations of functions in complex
domain Nauka, Moscow, 1966.
4. Tarkhanov N.NThe Cauchy problem for solutions of elliptic equatiovis7, Akad.Verl.,
Berlin, (1995).
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NON-LOCAL BOUNDARY VALUE PROBLEM FOR THE SPACE -DEGENERATE
PARTIAL DIFFERENTIAL EQUATION
12Karimov E.T., 2Toshtemirov B. H.

'Fergana State University, Fergana, Uzbekistan
erkinjon@gmail.com

2 V.I.Romanovskiy Institute of Mathematics, Tashkent, Uzbekistan
toshtemiovbh@gmail.com

Modeling the phenomena in physics or engineering often requires to study fractional order partial
differential equations. Proposing the methods to solve these problems sometimes depends on the type of
the equation and the fractional diffeti@h operators used in it. Finding an effective and convenient
methods for solving the fractional partial differential equations (PDES) is also an interesting part of the
research among its applications. For example, the method of separation variafikrs ised to solve
PDEs with any arbitrary order of derivatives and in this problem, it can be divided into two problems of
solving ordinary differential equations.

In physics, fractional order of Langevin equation plays an important role as adeiited
description of Brownian motion [1]. When we consider the concept of the diffusion process which is
associated with the random motion of particles in the space despite several other applications, it can be
said that the Langevin equation itselfaitractive and many various differential equations related to it
have been considered so far. This paper is further development and generalization of [2] which was key
motivation to investigate the present work

In Axt: 1 x 1, 0 o T domain, we areconcerned with investigating the
following spacedegenerate partial fractional differential equation
W 8§
D2 D 5 xt — 1 ¥ xt22  f xt 1
b o - U © 1)

Doq' £ il

where stands for biordinal Hilfer fractional derivative [2]0 D 10 Ed 1. The

I
equation (1) is generated by considering the fractional Langevin equation in the case of PDE.
Problem. It is required to find a solution of Eq.(1) satisfying the following regularity conditions

t e, 202 €0, 12D2E4 C. ,u, Co

XX
and initial conditions
tIir{ylé‘iu xt | x, 1ldxd

and also subject to ndacal condition in time

m

uxT :plgq,zGlukw, 1 x 1
i1

moreover,U Xt ,u, Xt areboundedax 1,wherel X, f Xt aregiven functionsg !0
PR, J E AR ,.G E P D ,j 120 W ,W. . dFandalso

we assumed .

In this paper, we investigate the unique solvability of the-lnoal problem for the space
degenerate partial differential equation withobilinal Hilfer fractional derivative. By using certain
aspects of the equation and the properties of the Legeabjrgomials the unique solution is constructed
with help of themethod of separation variables. The distinctive side of this work is that the uniqueness of
the solution depends on the way of choosing the points in théonahcondition. Also, the condans
for given data are more specific than the considering general operator. Moreover, this work quite
generalizes the Langevigpe equations with space variable and it might have some physical
implementations.

REFERENCES
1. F. Reif.Fundamentals of Statistil and Thermal Physics, M&raw Hill New York, 1965.
2.N. AlSalti, E. Karimov Inverse source problems for degenerate -firaetional PDE.Progr.
Fract. Differ. Appl.8 (1), (2022), 3952.
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3. Karimov E. T., Toshtemirov B. Mlon-local boundary value problem for a mixgghe equation
involving the biordinal Hilfer fractional differential operatortlzbek Mathematical Journal, 65
(2), (2021), 6177. DOI:10.29229/uzmj.2022-5

VAQT BO'YICHA O ZGARUVCHI KASR TARTIBLI DIFFERENS IAL TENGLAMA
UCHUN TESKARI MASALA
Karimov T.E., Jumayev J.A.
FarJRQD GDYODW XQLYHUVLWHWL )DUJTRQD 21]I

x,1),0 x 1,0 t T quyidagi differensial tenglamani garaylik:
DUt X U (6% o1, (1)
bu yerdaO ) 1, g(t,x) =xberilgan funksiya, D" f (t) Kaputo Fabritsio integrdifferensial
operatorining2( RC]JDUXYFKL WDUWLEOL YDULDQW ERYTOLE

L QP
DT (1) f(—‘gg & 0" 7 f g de @
0

(1) tenglama uchun teskari masalani tadqiq etishgiét, X)  a(t) f(t, ¥ ko'rinishda yozib
olib, f(t,x) noma’lum funksiya dela(t) noma’lum funksiyani topishga harakat gilamiz.

Masala. Shundayu(t, X), a(t) * funksiyalar jufti topilsinki, ular : sohada

Dau(t, ) ue(t® & (13 3
tenglamani ushbu
u(t,0) utl CO t T (4)
chegaraviy va
u(,x) Mx),0 xd 1 (5)
boshlang’ich shartni ganoatlantirisin. Shuningdek quyidagi

ut,x) » CC ), u(t X LB, TQY (t® C0,1@a%9 CO0,T regulyar shartlarini  ham
ganoatlantirsin. Bu yerdaf (t,x) va /M) funksiyalar berilgan yetarlicha silliq funksiyalar bo’lib,
0 M@ O

1
3(t,x)dx HY,te BT (6)
0

Izlanayotgan funksiyalarni

f
u(t, X) VL (Dsin kx (L, X): f()sis k @)
k O k O
ko'rinishida gidramiz. (3) tenglama va (5) boshlang’ich shartdan quyidagi tenglamani olamiz:

DIV (kFV(D L) o
0 M
bu yerda i/ 2 Oé odsink xgl, f, 2 0éf(x)sin(kssoolx. (8) masalaf, (0) (k )5,
shart bo'yicha integral tenglamag? keltiriladi:

V() ¥ (OK(t9ds B} 9)

1 ()
B(AY) (k @ @)

ay)

Kts oy @)e® "M @ § (§ (kP& O

BO () s P °

D « va

Bu yerdab, (1) 0
123

(D @

162



Berilganlarga ma’lum shartlar go’yish asnosida (9) tenglama yechimini topamiz va uni (7) ga
t

go'yib, (6) shartdan foydalanamiz va quyidadt) 39 K(t 9 ds " Y ko rinishdagi 2tur Volterra
0

integral tenglamasiga kelamiz. Bu yerda
7 t @ Of,.0 8 @D E)fa 1)

K ] 3f y d 1

©9 - TIN5 kEe @0 B @ (ke 9o’

) DmE®y — A9 M, 70 PO . S0

© © ()oﬂﬂw(kﬁa @fﬂs%oétaxﬂ(p(kf@ (9D

Bu tenglamaning yadrosi va 0 ng tomoni uzluksiz ekanligidan tenglama yechimini rezolventa
orgali ifodalash mumkin.
ADABIYOTLAR
1. Caputo M, Fabrizio M.A new definition of fractional derivative without singul&ernel.
Prog.Freet.Differ.Appl 2015, 1,p.%:15
2. Zheng X, Wong H, Fu.HVell-posedness of fractional differential equations with variaitker
Caputo Fabrizio derivative, Chaos, Solitions and fractals, 20288,109966, -pages.

THRESHOLD ANALYSIS OF THE ONE-RANK PERTURBATION NON -LOCAL
DISCRETE LAPLACIAN
1Kurbonov O.1., 2Axralov H.Z, 3Aktamova V.U
linstitute of mathematics named after V.I. Romanovsky, Tashkent, Uzbekistan
oybekqg330@gmail.com
2Tashkent state technical university, Tashkemabekistan
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8Samarkand Institute of Veterinary Medicine, Samarkand, Uzbekistan
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Let T® [ ;5)° bethed-dimensionaltorusd (1,2,...), > T® 'be the Hilbert space ofL*

- functions on T
In this paper, for a given strictly increasing continuous function < ¢C(0; f), we define a

momentum representation of the nodocal discrete Laplacian <( ') as a multiplication operator
by <(e(P):
hi(p) <(«p) f(p fo B(T)

where

fp @ cosp), pe T

L
V is a rank one integral operator:
1
f —— 3f(gd f B(T 1
Nxm(zwﬂ(wq (T) (1)
The momentum representation of the nonORFDO GLVFUHWH 6FKU|GLQJHU RSH

space L*(T9) as
h, b V, PR 2

In order to take the main results we make the following hypothesis.
Hypothesis 1. Suppose

Clx e0|d]|<(x <(e0) dG| x e0f

forsomeO D 1 where
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... <(xX) < €0 ) <(X¥ < €0)
C )!I(!’g]lnf x| , G, )!(IJTSLp ™
and0 C GC,.
We define the number:
d
b (29° 3 S I (3)

o <) <(€0))
Definition 1. Let the a measurable (ndrivial) function f in T¢ be solution of the equation
hf <e0)f.
a) If f L *(T?)we say that the numbex(€(0))is a lower threshold eigenvalue of the operatuy.
b) If f «N(TY)\L*(T?)we say that the number<(e(0))is a lower threshold resonance of the

operatorh, .
o) If f eLATH\L(TY) forany (0 H 1) we say that number(e O )is a lower supethreshold
resonance of operator h

-
d) If h,f  <€0)) fequation has only trivial solution, the numbef(e 0 )is a regular point of
operator h,

Theorem 1. a) If D d/4 the number <(&(0)) is the threshold eigenvalue of,.
by If d/4 M@ d/2 the number <(g0)) is the threshold resonance ofh,.
c) If Dtd/2the number <(g0))is the regular point of the operator h,.

Theorem 2. Let |, be given by (3) and Z(Wbe an eigenvalue. The function
H: (My; J @(pis realanalytic strictly decreasing convex in (M,; f)and satisfies

im 2 ¢e0)

and
i z(A
Ilmf == (2 Sd

2u/&+29/, )$=2'% (//,37,. 7,3/, 7(1*/$0%$/%5 6,67(0%6, 8&+81
KOSHI MASALASINING REGULYARIZATSIAYASI
Malikov Z., 2Otajonova S.Sh.
Samargand davlat universiteti, Samargand, O zbekiston.
Buxoro davlat universiteti, Buxoro, O zbekiston.
%X LVKGD RUOFKRYOL FKHJDUDODQJDQ VRKDGD HOOLSWL
masalasining regulyarizatsiyasi 0SHtONRJULQLVKGD NHOWLULOJDQ
Quyidagi belgilashlami kiritamiz. Faraz qilaylik¢ (X, %, %), ¥ (¥, ¥, %) R dan olingan
QXTWDODUGDQ LERUDW ERpOVLQ

2 2

rly XYY X Y. % Y %
By, x° ¥y, %3 0 S;w Wi B y; uto

—,— ;UX U X, X,.,\ x

c§|
s
s
Q

11...,1 T"; nt3 E x dioganal matritsa.

A, x nl 3t orgalishundayD X PDWULWVDODU WRuSODPLQL EHOJLO

NRHIILWVL\HQWODUL NRPSOHNV VRQODU PD\GRQLGDQ ROLQJD(
ganoatlantirsin:
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D X' DX E|>{2ﬂ’,
bu yerda,D X' matritsaD X' JD HUPLWOL TRuVKPD ERuOJDQ PDWULWVDGDAQ

G sohadaR® GDQ ROLQJDQ FKHJDUDODQJDQ VRIDyafiRiamiE XQLQ.

joylashganS sirtdanvay, O WHNLVOLNQLQJ ELU TLVPLGDQ LERUDW ERpOJDQ
G sohada quyidagi tenglamalar sistemasini garaymiz:

D —V\-éu x 0,x G 1)
WO 21

bu yerda,D X' xarakteristik matritsad ,(X) dan matritsalardaiborat ER nO VL Q

Agaru X CcG C D VLQIGDQ ROLQJDQ YHNWRU IXQNVL\D ERMOLE
u holda quyidagi integral formld RpuULQOLGLU > @
ux 3N, yxuydy x G 2)

B
bu yerda,N , Yy, X quyidagicha aniglanadi.

N vy x ELyxﬁD—V\éDttg,
Wo o

bundat t,t,,...,t, tashqi birlik normal vektordir.
.RVKL PDVDODVL VLVWHPD XF IGX phadx \dhBajl K K Dek®R p\LO D G L

funksiyasini topish lozimki uu x CcG CG VLQIGDQ ROLQJDQ ERMOLE
ganoatlantirib,
uyl, fy. 3)
(3) shartdan foydalaniu y 165arame funksiyaniG sohada aniglashga (1) sistema uchun Koshi
masalasi deyiladi. [2]
/,, ¥, X quyidagicha aniglanadi:

1 f3] exp VU V@i oy, .
- u
4expSx o iV 2 yxJPED?

/,Y,X

bunda V' 16%arameter.
Quyidagi belgilashni kiritamiz:
u x I yxuydy ,x C 4)

S
Teorema.Agaru X CCcG C G ERMOLE VLVWHPDQL TDQRDWODQWLU\

‘u y‘ dl, y ¢ WB\ S shart bajarilsa, u holda

ux u, x|dC x exp V X, x*C

WHQJVL]OLN RpULQOLGLU
ADABIYOTLAR
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ON PERIODIC SOLUTION OF DIFFERENTIAL EQUATION WITH CONSTANT
ARGUMENT
Muminov M.I., Radjabov T.A.
Samarkand state university
mmuminov@mail.ru, radjabovtirkash@yandex.com
Functional differential equations with deviated argument provide a mathematical model for
systems where the changes of state depend upon its past history or its future [1]. For a survey of work on
ordinary and partial differential equations with piecewtsmstant arguments (DEPCA) we refer the
reader to [2], [3]. DEPCA also arises in the process of replacing some terms of a differential equation by
their piecewise constant approximations. This point of view has applications in impulsive or loaded
differertial equations of control theory, and stabilization of systems with discrete (sample) control [3],[4].
In this paper, we consider a linear differential equations with piecewise constant argument of the
form
TY al)T() bOT(t) =0, t>0, (1)
with
TO)=v, (2
where nonzero functiona(t),b(t) are1- periodic and continuous oR =[O, f).
Definition. A functionT (t) is called a solution of (1, 2) if the following conditions are satisfied:
(i) T(t) is continuous orR ;
(i) T @) exists and is continuous iR , with possible exception at poinft] * R , where one
sided derivatives exist;
(iiiy T(t) satisfies Eq. (1, 2) iR , with the possible exception at the poifts* R .
The solution of {) is well defined for allPR r and given by
nl
Tt)=T0O) —(M(@,i 1))M(nt) for te[nn 1), n=12,...

i=0

where
. _é(m)dm t 'a(r)dr
Mit=e' (1 Hse' d9

Theorem. Let a(t) and b(t) be 1-periodic continuous functions. Then the solution figr2) is N
-periodic iff

nl
—M(,i 1)=1.
i=0
Example.Let a(t) =1vab(t) = £Ain2 §, where Eis the root of
E B F
1 1 )1 1 ¢)1 1 ¢e) e =0.
( 1 4§( )( 1 4§( ))( 1 4§( )
For this case the solution for (1, 2) is unigBigeriodic solution defined as
1 E! EZ
Tt)=T(0O)e? —(1 1 e)e (1 1 €?sin2$& coxRH),
(t) =T(0) i:0( 1452( ) ( 1452( ( 9)
te[n,n 1),n=0,1,2
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THE PROBLEM OF INTEGRAL GEOMETRY IN THREE -DIMENSIONAL SPACE
WITH A WEIGHT FUNCTION OF A SPECIAL FORM
Muminov M.1., Ochilov Z.Kh.
Samarkand State University, Samarkand, Uzbekistan.

Integral geometry problems naturally arise in #tedy of many mathematical models in such
widely applied areas as seismic exploration, interpretation of geophysical and aerospace observations,
various processes described by kinetic equations, etc.

Some questions of integral geometry as the problems of restoring a function on some linear space
from the set of values of this function on a given family of manifolds embedded in this space are studied
[1, 2].

In [3], new classes of the integral georggiroblem were studied, new approaches were introduced
to the study of problems of recovering a function from weight functions with a singularity.

In this paper we consider problems of integral geometry in fliraensional space with a weight
function ofa special form. Under some natural conditions we prove the existence, uniqueness theorem for
the considering problem. For a certain class of weight functions and a family of given functions, an exact
solution of the problem is found.

We introduce the filowing notations

XY R (LK IR, {(xy%32:» R y RezO n H }
A family of conesS( X Y 2 is considered on: , which are uniquely parameterized using the
coordinates of their verticel, ¥, 2) © : :

S(xy3d XLKJ:(x F (y R (z ), R KR@ d/ 2,0 r 2

Problem A. Determine a function of three variableX, Y, 2, if the integrals of the function
u(x, y, 2 over a family of conesS( X Yy 2 are known for all(X,y, 2) * : :

33g x [y Ku [KHMs f xyz (1)

Sxyz
where g is the weight function of and f is the function defined on .
Theorem 1. (Existence)Let the functiong(,”) be differentiable function if? with
9(0,0) zOand f LY ) be a continuous function i(X, Y, 2 * : and have continuous partial

derivatives with respect to the varialewith \—;v f L), f(xy,0) O and \—;v f(x v,0) zO0.

Then the solution to Problem A is unique.
The following theorem provides a more precise solution to the problem of some given weight

functionsg(x ,y /).
Theorem 2.Let f LA ) be a continuous function i(X, ¥, 2 * : and have continuous partial

2
derivatives up to the second order with respect to the variabith — f W—22 f LQ-(W),
zZ w w

f(xy,0) O, and\—;Vf(X,y,O) 0.

Let
aox Ly K x [y K @
where then the function
Wzlvf XY,z
u  Z — 3 dd{ 3
XY, 225, g ©)

is unique solution of the Problem A.
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ON THE DISCRETE SPECTRUM OF THE THREE-3$57,&/( 6&+59g',1*(5
OPERATOR ON A TWO-DIMENSIONAL LATTICE
L2Muminov Z.1., 3Radjabov T.A.

1 National University of Uzbekistan, Uzbkdtael Joint Faculty, Tashkent, Uzbekistan
2 Uzbekistan Academy of Sciences, V.l.Romanovskiy Institute of Mathematics, , Tashkent,
Uzbekistanl’2 Zimuminov@gmail.com
3 Kattakurgan branch of Samarkand State University, Samarkand, Uzbekistan

3 radjabovtirkash@yandex.com

In the present article, we consider taionensional counterpart of the operator In [4], and we show
that there are similar properties of these operators.
The operatoH (K), - B{®has form

H(K) =H,(K)-V,-V, -V,
Here, the operatorHo(K) and 8 are defined on the Hilbert spacg::{°;%;by

*,-:BiLa L' - AavBLava BD.4::{%:%;4 (1)
with
‘-addML %L, E%MEY:- FLFMa
and
:85B;:L;LT5_.i{_B:LéQ@® :&B;:M LTS_II{,B:QEM@Q
5 o 2)
-8,B;: L&V LTS;_i{_B:ca*rEUFQ@@ BD.g::{%:6:4

The realvalued continuous function
Vil Lo VLA YL Lt F?KIO® F?KO% & LL:L'S4%; p{%a

is called thedispersion relation of theJ-th normal modessociated with the free particle U L
sd &

The following assertion is proven by elementary methods, as in [3].

Lemma 2.1 Forall & Pr, UL sdthere exists a unique simple zewt. V :4 ;of A :\finthe
interval :F» & 5 36K)), i.e. A:V:a ;; L.

Lemma 3.1 A numberVD %88, . %°;is an eigenvalue of the operatdr if and only if for some
J B <bthe relation

&V, L SF 45 E4;@: V. Edsds @V F@:V,; L v

holds.

Using the method of integral equations, we show that there exist an infinite set of distinct
eigenvalues and find the corresponding eigenfunctions.

Theorem 3.1 Let g4l <A aA4=and let Vg L O QAL A% =AFix arbitrary & &gand &;a
Then, there exist infinite sets of eigenvaldeD :F» &4 ) and &8 D: Mg ' a0 EK)), J D <E of
H(K) such that
ZsM LVpa and Zeoeel \hoe
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IKKINCHI TARTIBLI BIR JINSLI CHIZIQLI DIFFERENSIAL
TENGLAMALARNING YECHIMINI TEKSHIRISH
Muxtarov Ya., 2Xudoyberdiyev S.
l16DP'8 6DPDUTDQG 2T]JEHNLVWRQ
200 X['X % X[RUR 2T]EHNLVWRQ

TGUEGWTEGT, UETUETU E TS, UE: ulEL{l,TEu;TGULr Q)
ko'rinishdagi bir jinsli chizigli differensial tenglama berilgan bo’lsin, bundgl}d}:EL r &4 ;
0 zgarmas sonlar. Tenglamaning xususiy hollari Eyler, Bessel va Laguerr tenglamalari bo’ladi.

(1) tenglama yechimini Frobenius [1] usuliga kﬂo‘ra cheksiz gator

UL T =T
a@h

korinishga olamiz, bunda; Fo zgarmas sonlar.

Quyidagi tasdiq o’rinli.

Teorema.

SWL T ERWTELTS,UETLETGLEGTS,UE:QERTE TS, U
differensial ifoda berilgan bo’lib
L,:N L =,N®NF s; E ,NE QalLs:N L =N@NF s; E UNE G &
Ls:N L =sN®NF s; E 3NE

bo’lsin. Agar .

ULl =T
a@
gator :r &; oraliqda yaqginlashuvchi bo’lsa, u holdaﬂ
PL [ >, Ted

a
gator ham shu oraligda yadashuvchi bo'ladi, bunda@4
> L L:N=,a >L L:NEs;=EL:N=a
> LL:NEJ;=s ELs:NEJF s;=4,5 ELg:NEJF t;=5,54 JRtA&
ADABIYOT.
1. Ordinary Differential Equations and Dynamical sistétnsvidence: American Math. Sos.,2012.

CHIZIQLI DIFFERENSIAL TENGLAMALARNI YECHISHDA OPERATOR USULINI
429//%$6+
OX[WRURY <D 2TfURTRY 1

21]1JDUPDV NRHIILVLHQWOL ELU MLQVOL ER §eoHniini @shdd& L]LTOL GL
RSHUDWRU XVXOLQL TRTOOD\PL]

| U Alg = &7PUL BT, 1)
n-chi tartibli chizigli tenglama berilgan bundaty=y® +operator va=, N « @QT]JDUPDV VRQODU
(1) tenglamani yechimini topish uchun>&thiziqli operatorga teskari

RSHUDWRULQL WRSLVK NHUDN ERJODGL WHQJODPDQLQJ [DU
| :& L:&F &% 1 4F &2 &:4aF 5,20
ERYOVD EX KROGD
5 b fAp by
=L NasNg—
ERYODG +@X &G D R=n, As- RT]JDUPDV VRQODU

Bundanﬁoteskarioperato%r RSHUDWRUODUQLQJ FKL]JLTOL NRPELQDWVL\DV
chigadi:

E5?

/E>1/2 %NE@ s D;k.
yL Rgs R f0)

NRYULQLVKLGD ERTODGL
ADABIYOTLAR
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Natijada (1) tenglamaning yechimi




1. FZeur_\ X < :1ZfZzghBgl Kjbjh\Zgb_ ~“bnn_j gpbZevguo mjZ\g_gbc
hi_jZlhjguf f_Lh#@f[hdkZBa"Zl_ev®ImMhZrkdh]h mgb\29kihb176Z

SOHA CHEGARASIDA BUZILUVCHI GIPERBOLIK TIPDAGI TENGLAMALAR
UCHUN NOLOKAL CHEGARAVIY MASA LALAR
Nomanjonova D., Alimjonova G.
Farg ona politexnika instituti, Farg ona, O zbekistan

y "U, XU, 0, mn constO. (1)

tenglamani: VRKDGD NRJUDPL]
Bu yerda : - (1.1) tenglamaning(0,0) , B(h,0; nugtadan chiquvchi xarakteristikalari

Ac:Exw Ly o Botw Ly o1
qa p q p

vay O WRTJTUL FABBNHWORMVIL ELODQ FKHJDUDODQJDQ ELU ERJYODF

1
buyerda2p m 2,29 n 2, h (
Quyidagi belgilashni kiritamiz:
J Mxy:0 x hy

- » ()

2 n/(n 2, D m(m 2
bu yerda {X)-(1.1)
1.Masala. 4 X\LGDJL KRVVDODRUXDY frnkBlyEtepllsth D Q

HUXY) *C(:) C(% J),
#Jy(x%w)‘ 1 )@ dx f ;

2) U(X,y) (1.1) tenglamaning: sohadagi regulyar yechimi;
3) U(X, Y) quyidagi shartlarni ganoatlantiradi:
U(x0) WX, x J, 3)
Dra 02U TR a(¥y(x0) Hx e (4)
bu yerdal,va |,-xaqiqiy sonlar; ), & (X)va b (X) -berilgan funksiyalar.

1. Teorema.4X\LGDJL VKDUWODU EDMDULOJDQGD PDVDOD \DJRQD
D E2 2 A
®

2 h 2
2. (¥ 20, x+J, a(R, b(3+ C(J;
3. ) +C<(J)" C°2(), K max”0,K 1, K,-l, Ening butun gismi).
ADABIYOTLAR

1.1, 1 £ 1,!max

1

1. Kbfdh K = :: FBbBjbBghZ]jZeu b ijhba\h”gu_ ~jh[gh]h ihjyrdZ b g
ijbeh™ _gby GZmdZ b | _ogbdz k

2. ljm~rgbdh\ : 1 ;jb]dh\ G : FZAfhh\NZz&eWB b jy*u >hihegbl_evgu_ ]
F GZmdZz k

3.FZjbg_\ HHBIh® \ugbke_gby bgl ]jZeh\ hl ki_pbZevguo nmgdpbc
| _ogbd_ k

4. Fboebg E_dpbb ih ebg_cguf bgl_]jZevguf mjZ\g_gbyf F =BNFE
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NONLOCAL PROBLEM FOR THE DEGENERATING MIXED TYPE EQUATION

Ochilova N.K.
Tashkent financial institute, Tashkent, Uzbekistan,
Tashkent Transport University, Tashkent, Uzbekistan.

We consider equation:

4, D% aty 0,
0 g 1)
y) u, X4, aty O
D.u :(y H 2y(xtdt 0o DL m no

where < Doy
(I D,
/ H WY Womain, bounded with segmen®&A, {(xy: x 0,0 vy b,
BB {(xy: x hOo y B, AB {(xy: y BO x B atthey!O0,

and by the characteristicsﬁC:é)@ 1( y* 0, BC: a)@ —( y° a; of equation (1) at
Ya

Yp
y O, where A 00, A Oh , B h;0, B hhzanng g@@ Here

29 n 2,2p m2,h g% h O
Introduce designations2 ; n/(n 2), ®, m/(m 2), O 1 D1
“(y 0, : " (y o0, I, ¥0oy h,l, X0

For the equation (1), we consider the following problem:
Find a solutionu(X, y) of equation (1) from the following class of functions:

Mxy:uxy &y & ), u C cBu:C “satisfies

boundary conditions:

<X NI

ux Y|, MY, u(xy) o MO YL
1D E d 1 D E D El D a E 2 1D
a)() 2 (8 7 R 2 2 S0 7 wi()@
E X%
b(x@ X% D2 (¢ 1) ° B, “WBI(E@
@) u,(x0) o(x, X<l
and gluing condition:}llignoy1 Wlxy ul(x 0),(x0) el,, wherea(x), b(x), &), g(x) and
MYy), (i 1,2) are given functions, and tha’(x) B (® & 3 z0,
q Ya Yrg q Ya Yrg
f X BE gy 2 B XE
€2 °1 Y| o) ©2 1 g 2 &
Unique solvability of the formulated problem is proved for the following classes

functons:  a09,B AR C(L), @) OT) C(L), g9 +C(L).
LY M,y e CX];ﬂW]C?(ID-

the given
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A QUASILINEAR DIFFUSIVE LOGISTIC EQUATION WITH FREE BOUNDARY
RasulovM.S, Norov A.Q.
Institute of Mathematics named after V.I.Romanovskiy, Tashkent, Uzbekistan
rasulovms@bk.runorov@mathinst.uz
Systems in the form of reactiatiffusion equations are mostly used in modeling a variety of
biological, ecological and epidemic problems. One of the-kadlwn examples is the followingjffusive
logistic equation

u du, Ua by (1)
where u(t, X) represents the population density, the coeffic&nepresents the intrinsic growth rate,

measures its intraspecific competition, athds the diffusion rate.
In this article, we study the free boundary problem for a quasilinear diffusive logistic equation:

m

kuy dy my umx €eu Ot T,0 x 9(b), (2)
©
uox uy x, 0Odx &g sO, ©)
u(,0) O, utst O, 0O tdT, (4)
sct R, tst ,0 tdT, ()
where X S t is the free boundary to be determineth x C B, , k u kt O for any

u!0; s, £ d,Kk,aregiven positive constants. The initial functiag(X) satisfiesu, * C? B, s @
UcC u(s) O,andu, !0in B,s .

In 2010 year, Du and Lin [1] first introduced free boundary problem for the equation (1), which
describes the expansion of biological populations.

In this article proved some aprior bounds of the solution of probleftb{2)y using the theory of
nonlinear parabolic equation, then the global existence and uniqueness are obtained. And we prove the
spreadingvanishing dichotomy and give its criterion by the method of eigenvalue problems and
constructing the upper and lower d@u.

Theorem.Let U t,X ,S t be the solution of (2J5). Then following holds.
(i) Vanlshlng:llcr)rfls t s Land llcr)rfl uct, )||C([O’S(t)]) 0.

(ii) Spreading:s, fand !lng u(t, )  U(X uniformly for X in any bounded set D, f),

whereU (X) is the unique positive solution of the following problem

- m g
°du, mu umx eu 0 xf,
® ©
—u 0 O
REFERENCES

1. Du Y.H, Lin Z.G.Spreadingvanishing dichotomy in the diffusive logistic model with a free
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%8=,/,6+ &+,=,*7,*$ (*$ .9%=,&+,=,4/, (/[VERGLAMA UCHUN
DIRIXLE -NEYMAN MASALASI
Rasulov XR., Sayfullayeva ShSh.
Buxoro davlat universiteti, Buxoro, O zbekiston.
xrasulov71l@mail.russhahlo0309@mail.ru
WP 7::ET 7, L B:TAJr &7 47, ;4 (1)

tenglamani garaymitu yerdal P ra

3Fsoha TPrva UPr da #:s&; va $:ré; nuqgtalarni tutashtiruvchié, a1 E P2 L s
normalegri chizig hamdaUL r RYTLG®AOL r R Y TL G $kédma bilan chegaralangan. Quyidagi
belgilashlarni kiritamiz:
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2 L [KTAJar &7 47, oA TA), DY&F» O747:47, OE» _a
L <Tds=r OTOsdJL rag<TdJarL ra OUOs=A
7D Y U8 Isohada (1) tenglamaning regulyar yechimi deb (1) tenglamani ganoatlantiruvchi
7:TAL D% %0 & 96:3;, 1:ra;va #:s&;&:r&;nugtalardan tashqa3 da birinchi tartibli uzluksiz
hosilaga ega funksiyaga aytiladil:ré&; va #:sa ;& :rés;nuqgtalarda esa biath kichik tartibli
cheksizlikka intilishi mumkir{1].
Dirixle-Neyman masalasi. 3 sohada (1) tenglamani quyidagi chegaraviy shartlarni
ganoatlantiruvchi regulyar yechimini toping:
7:TAJ, L1 :TdJa :TAJ béa
TegoL1:T, & Ta, DJ5§%\Z><4-Z—1L ayva rd) b4a
bu yerda 7 :TdJai:T;4a& U, = berilgan uzluksiz funksiyalar,a:U; funksiya 1:r&; va $:réds;
nuqtalarda birdan kichik tartibli cheksizlikka intilishi mumkin.
Faraz oilamiz BKTAU&7 & &7, oL : T WP3>SBKTAEr & &7, 04 B KTdJa7 &7:47, oRr ERJOLE
BKkTaJs & sé7; otfunksiya2 GD X]J]OXNVL] YD EDUFKD DUJXPHQWEHOGBE ERY\LFK

@: @tyetarlicha musbat kichik son) tartibli nolga aylansin®@al. | =T, B aB; aB;j, @&, Z 2da

FKHJDUDODQJDQ ERYOVLQ 4RY\LGDJL WHRUHPD RTULQOL
Teorema.Agar BKTAJ&7 &, &7, ofunksiya yugoridagi shartlarni ganoatlantirsa®a0 %°> ER OV D
Dirixle-NeymanPDVDODVL \DJRQD \HFKLPJPFHEBDUERYODRGD UEDD® BHRIGDLT D!
$\WLVK ORJLPNL LNNLQFKL WDUWLEOL LNNLWD EX]JLOLVK FK
tenglamalar uchun turli chegaraviy masalalar[@ GD RTfUJDQLOJDQ
ADABIYOTL AR
1. Rasulov X.R.(2020). Boundary value problem for a quasilinear elliptic equation with two
SHUSHQGLFXODU OLQH RI GHIJHQHUDWLRQ -12B]J]EHN ODWKHPDWLFDC
2.JZkmeh\ O J AZ"ZqZ >bjboe_ "ey d\Zabebg_cgh]h mjZ\g_gby weeb
Mmfy epftb\ujh ™~ _gby >:G J_kim[ebdb Ma[-XbbklZg <« k
3. Rasulov X.RBoundary value problem in a domain with deviation from the characteristics for one
nonlinear equation of a mixed type // Modern problems of applied mathematics and information
technol@ies AFKhwarizmi 2021, novembeR021, Fergana, Uzbekistan, p. 149.
4. KZehobl~bgh\ F K JZk(WBEN A¥X39ZqZ Dhrb 2~ey h~gh]lh d\Zabebg_
\ujh"*Zxs_]lhky mjz\g_gby Jbi_j[hebop:kdi]kilbjZbdb Ma[_dbklzZzg <« k
5. JZkmeh\ Dj4 _\aZz"Zqb "ey d\Zabebg_cguo mjghph glbiZ Kf "agfy ebgbyfb
\ujh™» _ghwmozZjz ©>mj~hgz? ] k
6.JZkmeh\ ®M[J h"ghc g_ehdZevghc azZz~Zq_ "~ey mjZ\g_gby ]bi_j[hebqg_}
Djufkdzy Hk_ggyy FzIl_fzZlbqg-KddfzlyabRdfheih kevaglyZ b wl\hexpbhgguf
az"ZgKRfhjgbd fZl_jbZeh\ f_""mgZjh”ghc dhgmR0]19gpbb DIJHFR

v 1% %8=,/,6+ &+,=,*n,*$ (*$ *,3(5URDAGIKVAZICHIZIQLI
TENGLAMA UCHUN KOSHI MASALASI
Raupova M.X.
Chirchiq davlatpedagogika instituti, Chirchig2 W\ ][EHNLVWR Q
e-mail: r.mokhinur@gmail.com
% X]LOLVK FKL]JLJE&LJD HJD JLSHUEROLN WLSGDJL WHQJODPDOI
tenglama giperbolik tipga, soha chegarasining bir gismi )olWd HIJIDUDQLQJ RE]LGD ERVKTD
WHQJODPDJD D\WLODGL 7LS RE]JDUDGLJIJDQ FKL]JLTTD EX]JLOLVK Fk
WLSJD WHJLVKOL \RNL DQLTODQPDJDQ EREOLVKL PXPNLQ "LIIH
FKLIJLIJADJDDHVLQJXO\DU NRHIILVLHQWOL NYD]JLFKL]JLTOL JLSHUEROL
Ushbu magoladaJL r RUTLQ#QJ kesmasi va 1&ATE UL ra
& #iT® E :FU;@ L sxarakteristikalar bilan chegaralarlngasrsohada

F:FU2 7. ET* 7} E57 L BTak;
tenglamani garaymiz, buyerddd L ? KJ®R&LL | Eta
Ta fif: Berilgan tenglamani ganoatlantiruvchi: TAJ B %$?é 9% > 2funksiyaga tenglamaning

regulyar yechimi deb ataladi.
Koshi masalasi:tenglamani quyidagE RVKODQJuULFK VKDUWODUQL
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7:T&; L1:T, & QTQsé&
‘.'\_LE:IFU; 7, :TAs L aT,a OTOs

ganoatlantiruvchi regulyar yechimini toping; T; va &: T; Fberilgan funksiyalar, bunda: T; D %r &?é
Wirds;&T, D%r&?e %:r&;va &T; F 1:r&; nugtadat :1 Et; tartibli ikkinchi tur uzilishga
HJD ERpuOLVKL PXPNLQ

.YD]JLFKL]LTOL JLSHUEROLN WLSGDJL WHQJODPDODU XFKHX
WHQJODPDQLQ JBKR& & . W,RIPRIXNLY L\DJD VKDUWODU TRu\LOLE PDVDC(
va mavjuligi isbotlangan [14]. Yechimning mavjudligini isbotlashda asosan ketma yaqginlashish
XVXOL TRuUOODQLOJDQ 4DUD O JD@uwdfigenhd baelBrQdridshibagan.Q J X O\D U

Mazkur ishda tenglamaning yechimi mavjudligini isbotlashda yugaridaLVKODUGDQ IDUTO
6KDXGHU SULQVLSLGDQ IR\GD O D Q BO&s funksiyalinhgvsdiGkeng&irith) W R P R
RpulL vy DUJXPHQW ERP\LFKD KRVLODVLQLQJ DEVRO\XW TL\PDWOD
NRpuUVDWLOJDQ

Ud Ru]JJDUPD\BO®E; YOQNVL\DIJD PDJOXP VKDUWODU TRu\LOLE
\HFKLPJD HJD ERuOLVKL LVERWODQJDQ

ADABIYOTLAR

1.JZkmeh\ @G[Jh*"ghc g_ehdZevghc azZz”"Zq_ ey mjZ\g_gby ]bi_j[heb

DjufkdzZzy Hk_ggyy FzZIl_fzZlbgkhéihybdfhetz ki_dljZevguf b w\hexphbt

azZ"ZgKfhjgbd fZl _jbZeh\ f_""mgZjh~ghc dhgr0]9 gdPHIP.IJHFR

2.JZkmeh\ 8[J h*ghc \Wh&_az~Zgq_ "ey mjzZ\g_gby 1]bi_j[hebqg_kdh

@hfie_dkguc ZgZeba fzl_fZlbg_kdZy NbabdZ BFR émgpZighdgzZmjz\

gZmqggZy dhgnK[hgpthd/ | _ajizkiihjlhklZg RN ;Zgght fZjlz ]

k -66.

3.JZkmeh\. B[J h*rghc ddjZ_&z~Zq_ kh kf_s_gb_f 7~ey ebg_cghl]h

]bi_j[hebg_kdh]lh Ibdz~_fbd Lhrfmozffz®" Gbz@b¥adchbjp ozzlb \zZ

b hAbg_ | we hebfeZjb bribjhdtfZebefldchgn j gpby | _abkeZjb It

Lhrd_gl -]

4. KZehobl”*bgh\ FZKmeh\ (B9). AZz~*ZqZ Dhrb ”"ey h~”gh]lh d\Zabeb

\ujh"*Zxs_]hky mjz\g_gby ]bi_j[hebqg>k@&h]Dh kibmfebdb Ma[_dbklzZg

k -7.

ON AN INVERSE PROBLEM FOR AN INTEGRO -DIFFERENTIAL EQUATION IN A
CIRCLE
Safarov J.Sh.
j.safarov65@mail.ru
Institute of Mathematics of the AS of the Republic of Uzbekistan, Tashkent, Uzbekistan
We consider the integrdifferential equation

U 'u= XROuxyt Pd DY X ¥} (1)
inthe areaDr ={(x ¥ D: X yY< R 0<t T,

with initial and boundary conditions

Ulo= M/X ¥),  4l,=0, 0dyxX y dF (2)
(X! y) ’ ulx:y:0: 0, uJ(z y2=R2 =0 3)

Finding a function U( X, Y, Y)with a knownK(t), one is called a direct problem.

The inverse problem is to determine the unknown coeffickfti), t > O, if there is additional
information

U, % 9=h0, (% %) {xyx 9< B @)
where N(t)is the given function.

Inverse problems on determining the right side or initial function in idaindary value
problems for equations of mixed parabdtigperbolic type in a rectangular domain were considered in
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[1]-[2]. In them, on the basis of the spectral method, uniggeand existence theorems for solutions of
inverse problems are proved. In this paper, we study the inverse problem of determining the kernel of the
integral term of an inhomogeneous integifferential equation in a cylindrical region.

First, we studythe direct problem. In this case, the transition to the polar coordinate system is
carried out. Based on the method of separation of variables, the direct problem is reduced to solving
ordinary differential equations with respect to the expansion coefficien FourierBessel series of
unknown functions. Further, using additional information, we obtain the Volterra integral equation of the

second kind with respect té(t).

K(O==_hogc Ry % [Hee gk ) o, ®

f
where E= :‘]o( O,

n=1

PR Y= 33, QBu( Bkt B

F.(t):= Mcos O %}éﬁsin O YA YL

whered,( (©O,) U zeroorder Bessel function of the first kindJ, (t), f,(t), M coefficients

of expansions in the Fouri@essel series of functiond( (A), f( (X), (1), respectively. The
main result of this paper is the following theorem on the global, unique solvability of the inverse problem.

Theorem. Let f( {/ W C*(D.,), (& Q*(0,R)and the conditions
M (@©)=0,m=0,3 M(R) =0, m=0,2

f
are satisfied. Moreoverh(0) = K, (0), h @) =0, h¢0) = : - £ (0) M?
n=1
Then there is a unique solution of the inverse problemH{{), satisfying equation (5), where
M themi™-derivatives of the functionsl.
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ON THE DIFFERENTIAL GAME OF |-CATCH FOR GRONWALL TYPE
CONSTRAINT
!Samatov B.T.,?Akbarov A.Kh.,* Turgunboeva M.A.
INamangan State University, Namangan, Uzbekistan
2Andijan State University, Andijan, Uzbekistan
At the moment, we introduce the concepts of the first type of Gronwall constraint [4] for the
control u('), (for the controlv()) as following form

u@®f® 4 2k Bu(9” dy  v(®)]°  Vd 2k Bu(9|” ds (Z)i L (D)

where [/ andK are positive numbers.

Suppose that in the spa&®", the controlled playeP (the Pursuer), comes after another pldger
(the Evader). LeX and y are the locations of the Pusuer and the Evader respect&yjly, are their

initial locations of the players for which it is assumed tHag y0| I'l, 110. The motions of the
players are described by the equations
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P:x u x(©O) x. (3)
E:y v, y(0) ¥, 4)
respectively, whre X, y,u,veR", n t 2.

U and V are control parameters, which function as the velocity vectors, of the Pursuer and the
Evader. Therefore, their temporal variations must be measurable funet{gng0, f) oR" and
v():[0, f) oR" correspondingly. We denote iy (,V, ) the sets of all the measurable functions
u() (,v()) satisfying the Gronwall constraint (1) (,the constraint (2)) (briéflyconstraints).

By virtue of the equations (3), (4), each pak,,u() and Y,,V() generates the trajectories,
t

t

e, X(t) % 3U(9dandy(t) y, 3(9 ds of the players respectively for eatH O.
0 0

The main goal of the pursueris to converge the Evader at the distahckO (I -capture

problem), i.e., to attain the relation|x( ) y&)| | at some finite time K'!O.
t
Lemma. (of Gronwall [3]) If |W(t)|2 d 2| :PN(S)|2 ds, then |w(t)| d &', where w(t) is a
0

measurable function and | are non-negative numbers.
Definition. For the case U , we term the function

uzv v @V ( &z W ¥ (PWV )

a convergence strategy of the Pursuer @ -strategy in the Grgame (1)(4), where

Y IZ.JZLI”V'@ é’l\/<vg> wf | ¢ | “@2|||%/;,

H % Y
Theorem. If IU is valid, then the 3, -strategy guaranteek-capture on the time interval
: 1 )k
B, T, (in theGr-game (1)(4), whereT,, =In %. (|Z°|—) :
k U ¢
Note that we call the numbdg,, a guaranteedi-capture time.
REFERENCES

1. Isaacs RDifferential games. New York: John Wiley and Sons, 1965.

2. Pontryagin L.Slzbrannye trudy [Selected Works]. M.: MAKS Press, 2004.

3. Gronwall T.H.Note on the derivatives with respect to a parameter of the solutions of a system
of differential equations. Annals of Mathematics Second Series, 1919. 4(20). pp9892

4. Samatov B.T.Jbragimov G.l., Hodjibayeva |.VPursuitevasion differential games with the
Gronwall type constraints on controls, Ural Mathematical Journal. 2020. Vol.6. No. 2. 795

ON THE CONTINUATION OF THE SOLUTIONS OF A GENERALIZED CAUCHY -
RIEMANN SYSTEM
Sattorov E.N., Ermamatova Fotima E.
Samarkand State UniversjtgamarkandUzbekistan
Sattorove@rambler.ru

In this paper, we propose an explicit formula for the reconstruction of a generalized potential vector
in the domain byts known values on a part of the boundary, i.e., we present an explicit formula for the
continuation of the solution of the Cauchy problem for a generalized Carigmgann system [1].

Let TL :T;&lz4l7; and UL :&akd),;be points of the real threendénsional Euclidean space
47 3is a part of a ball $ L $:r&4; with center at the origin and radius P ralLet 5 be a smooth
closed surface irs which does not meetT L r and divides$into two domains. Denote bgthe closed
domain that does not contain the origin. Its boundasy consists of simply connected domain 41 &
with piecewisesmooth bondary consisting &and a part of the spheré $in 4.
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Suppose that vector function L : Q&3 &Y ; satisfial in & the system equations [1]
~ A | @& 1 &
AZ,@O@Z—;’ E=QALT, l—:jFl—eegF »QExQLr :GFLsdaa (1)
Statement of the problem.Find a regular solution/ of system (1) in the domai& using its
Cauchy data on the surfacg
7:U L BUaubjg (2)
where B: U; is a given continuous vector function &n
Using results from [2], [3],[4] on solving the Cauchy problem, we construct the Carleman matrix
for the Laplace and Helmholts equations in explicit form and, on its basis, the regularized solution of the
Cauchy problem for system (1). By using the confilmmaformula we found necessary and sufficient for
the extendibility of functions given an a part of a boundary to the domain as a solution of the system (1).
We prove the Fockyni theorem fore this one. This result were proofed i TpJof the anothedomain
3 threedimensional Euclidean space.
REFERENCES
1.E. I. Obolashvili37KH VSDWLDO DQDORJ RI JHQHUDOLAMGSESRQDO\WLF
73(1), 2024 (1974).
2. /DY UHQ W.¥Bdnve MiPOsed Problems of Mathematical Physics, Novo$B62, 92 pp.
3. Yarmukhamedov SH Dokl. Akad.Nauk SSSR, 235(2), 2283(1977).
4. Yarmukhamedov SH Dokl. Ross. Akad.Nauk 357(3), 3323 (1997)
5. Sattorov E 'LITHUHQWVLDOYYQ\H 8-wino/ (a8 L\D
6. Sattorov E// Mathematical Notes 85(5§33745 (2009).
7. Sattorov E 1Y 9\VVK 8FKHEQ =B4BRB0G1)0DW <«

%8=,/,6+ &+,=,*7,*$ (*$ (//,37,. 7(1*ULBIBN z pyCHEGARAVIY
MASALASINING GRIN FUNKSIYASI HAQIDA
Sayfullayeva ShSh.
Buxoro davlat universiteti, Buxor@"zbekiston.
sshahlo0309@mail.ru
3Fsoha TPrva UPr da #:s&; va $:ré&; nugtalarni tutashtiruvchig, a7 E Uf8 L s
normal egri chiziqqUL r RYTLGBALTLr RYTLGHNHVPDODU ELODQ FKHJDUDODAQ
ilmiy izlanishda

WP 7:ET27,; LBTAL4l L2KIOP (1)
tenglama uchure p gchegaraviy masalasining regulyar yechimi topilgan:

7:Ta) L Fu Bagl;),: alaTd); @ eed@ R

) 7:a@3&TAJ; F z p g chegaraviy masalasi uchun Grin funktsiyagi [

zpg chegaraviy masalaQ LQJ *ULQ IXQNVL\DVL PXUDNNDE ERYOLE RT]L
WHQJODPDQLQJ NYD]LFKL]LTOL KROL XFKXQ TRY\LOJDQ FKHJDUDY
kasb etad

Lemma2. *ULQ IXQNVL\DVL YD XQLQJ KRVLODODUL XFKXQ TX\LGDJL

)7 aRaTa) QuHJI@ N Aa),s aRatas Q@ NAa
H 1 cedRaTAU +Q oan@ NAA
bunda%L KJOPD EHULOJDQ IXQNVL\DJD ERJYOLT DQLT VRQ
Izoh 1.Lemmani isboti davomid&F QLQJ TL\PDWL DQLT \RJLE NRTUVDWLOJDQ
Izoh 2. Grin funksiyasining ushbu baholari yordamida (1) tenglamaning kvazichizigli holi uchun
TRY\LOJDQ FKHJDUDY LRetB&@ividshidh OsDIibilah yBcHiSH mdmkin.
Lemmani isbotlashda {3] ilmiy magolalardan foydalanildi.
.HOJXVLGD ROLQJDQ QD]DUL\ QDWLMDODUQLQJ DPDOL\RWGD V
PDTVDGJD PXYRILT ERYODU HGL
ADABIYOTLAR
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2.F _glaby d dhlhju_ djZz _\u_ azZz~Zgqb ey mjzZ\g_gbc kf_rZggh]h Ibi.
\ujh "~ _gby >bkk dizg” gizwmed ;b[ebhl_dzZ FzZI_fzZlbq_kdh]lh bgk
J_kim[ebdb Ma[_dbklZzg LZrd_gl
3. Rasulov X.R.Sayfullayeva Sh.Sh % X]LOLVK FKLNMQAQJDQODHKWIDL EWLN WLSGD
XFKXQ TR\LODGLJDQ FKHJDUDYL\ PDVDODODU KDTLGD 6 FL
46-54.

4. JZkmeh\ O J AZ"ZqZ >bjboe_ "ey d\Zabebg_cgh]l]h mjZ\g_gby we
Mmfgbgbyfb \ujh ™~ _gby >:G J_kim[ebdb Mal6.dbklzg <« k
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KASR TARTIBLI REAKTIV -DIFFUZIYA TENGLAMASI UCHUN BIR
CHEGARAVIY MASALA HAQIDA
Sobirjonov A.Q.
0 8OXJTEHN QRPLGDJL 2Y]JEHNLVWRQ OLOOL\ 8QLYHUVLYV
avazbeksobirjonov1998@gmail.com
Quyidagi tenglamani garaylik

eu, DU Jul v, t!o

0 X 1)
Uy Uy , t 0
buyerda .Dgu- .DSXWR RSHUDWRUL ERJOLE TX\LGDJLFKD DQLTODQDG
1 t
Du ——— %t 9° d,
c Dot T E)O:ﬁ )" w(x 9

P, Econst 0,0 D 1.
Faraz gilaylik : -ELU ERJJODPOL FKIHR@L VRKD ERJOLE
AA {(x):x10 t B BB {(x):x00 t B,
BA {(x):t hOo x 3

chiziglar bilan chegaralangart, O da esa (1) tenglamaningC: x t 1,
BC: x t O xarakteristikalari bilan chegaralangan. Bu yela (3,0),A, (L h),
B (0;0),B (OhvaC 1/2; 1/2.
Quyidagi belgilashlarni kiritamiz:: ~ : (! 0), : : Nt 0),
I {x0 x 3,1, {x0 x 1/2, 1, {x1/2 x 1}.

Masala. WHQJODPDQLQJ TX\LGDJL [&¥Y¥Y)iEEhDJJIJD HID ERTODGL]J
topilsin:

1. u(x 1) funksiya quyidagiV  {u(x): Y x¥* G:)NC: ), m € U ),
u *C: UAALU* @ ), .0I¥ &€ U D VLQIID WHILVKOL ERJOVLQ

2. u(x t) funksiya ushbu :
u (0,t) I,@t), 0 td h; u@t) I,t), O td h,
ux X M», 0 xd1/2 )
chegaraviy vatliomot1 U(x 1)  @Yy(x 0) ulash shartini ganoatlantirsin, bu yerda
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M), 1, (), [,(x)va @)-EHULOJIDQ IXQN®K\EOODU ERTLE
(1) tenglamaning : sohada

ux0) o, u(x 0 O ©)
ERVKODQJYLFK VKDUWODUQL TDQRDWODQWLUXYFKL .RVKL PDVDO
(2) shartdan foydalanib, quyidagi funksional munosabatni olamiz

QX W OeR).
(1) tenglamadat o 0 GD OLPLWJD R ﬂWth'gI!)\lCDgfb(RG D Q(X YiBobga

olsak quyidagi tenglamaga kelamiz
JUR) () RAY W (3 EWY *EM X (X2
Bu tenglama [,(0) [,(0) MO) Qva (0) WAO) Oshartlarni hisobga olib, Volterra
tipidagi chizigsiz integral tenglamag HOWLULODGL +RVLO EReY@Jiba3hishdpi ODPDQL
yordamida yechiladi.
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INITIAL BOUNDARY VALUE PROBLEM FOR A TIME FRACTIONAL HEAT

EQUATION ON A ME TRIC GRAPH

L2350birov Z. A., Abdullaev O. Kh., ?Khujakulov J. R.

tUniversity of Geological Sciences, Tashkent, Uzbekistan,
e-mail: sobirovzar@gmail.com
2V. 1. Romanovskiy Institute bfathematics, Tashkent, Uzbekistan,
e-mail: obidjon.mth@gmail.comjonibek.16@mail.ru
We considersimple star graph= with N finite bonds

connected at the poinf, V, 0,0 . The pointy, is the vertex Vs V3

of the graph =. L Vi

Therefore, each bon®,, K 1,n is parameterised by an Vs
interval X, * O,L,  (Figurel). Further we will usex instead
of X,. Vs v VI

We considerthe following Initial boundary value problem
(IBVP) for the tme IUDFWLRQDO GLuUXVLRQ HTXDWLRQ RQ WKH HDFK

bond of metric graph=.

DU (xt) BYOE U (xd W(x) f(x), Figure 1.
Xt B BTCQ

where

1 u(x,l/)/
Doli(x 9 7 )dt %0y

is the Riemanetiouville fractional derivative of orderC, 0 D 1 (see[1]). f ¥ (x,t) and b™(t) are
given functions K 1,n.
Problem. To find functionsu® xt in the domainB, u 0, T , satisfy an equation (1) with the

following conditions:
initial conditions

DXu* x0 M x, x*B, @)
YHUWH[ FRQG L \&hdRign¢) .LUFKRuU B
ut 0t u* Oot, teB®T( k 1n, 3)
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n
|

kll

u¥@©O,t) OteBT( k 1

>

(4)

and boundary conditions
u“ L,t 0, teB®T( k 1n, (5)

where M x are sufficiently smooth given functions.

We use by the method of separation of variables for the homogeneous of equationudingBy
properties of the Mitag HAHU IXQFWLRQ ZH SURYH WKH XQLIRUP FRQYHUJ
[2]. The uniqueness of the solution of the problem is proved usingfrjoAestimation (see, [3]).
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STRUCTURE OF ESSENTIAL SPECTRA AND DISCRETE SPECTRUM OF ENERGY
OPERATOR OF FOUR-ELECTRON SYSTEMS IN THE IMPURITY HUBBARD
MODEL. FIRST TRIPLET STATE. TWO - AND THREE-DIMENSIONAL CASE
Tashpulatov S.M., Parmanova R.T.
INP AS RUz., Tashkent, Uzbekistan.
sadullatashpulatov@yandex.cptoshpul@mail.rutoshpul@inp.uz
We consider of the energy operator of four electron systems in the impurity Hubbard model and
investigated the structure of essential spectra and discrete spectrum of the system for the first triplet state
in the threedimensional latticelHHamiltonian of considering system has the form

LA Zama ES T =4 S 451 Ag g BBy Gngi©, 20 H
a~a aaa "

HA =34 =4a E:$4 F$, Assk=3 =5 E=3=a OE (T4 F 7;54=05=38 (1)
Here # :#,;is the electron energy at a regular (impurity) lattice sit, $,; is the transfer integral
between (between electron and impurities) neighboring sites (we assumes that:$, P r; for
convenience),i L GAAFL sd & &avhere Aare unit mutually orthogonal vectors, which means that
summation is taken over the neareeighbors, 7 :7,; is the parameter of the @ite Coulomb
interaction of two electrons in the regular (impurity) sitésis the spin index,UL[or UL]&nd = 4
and = 4 are the respective electron creation and annihilation operatorg fauhelectron systems have
a quintet state, and two type singlet states, and three type triplet states. The energy of the system depends
on its total spin5& Hamiltonian (1) commutes with all components of the total spin operator
:5> &’ &' ;Aandthe structure of eigenfunctions and eigenvalues of the system therefore depésiils on
The Hamiltonian* DFWV LQ WKH DQW LV \&eM YtaBuyrR eEthr iV B®Ipat s 4
The first triplet state corresponds to the free motion of four electrons over the lattice and their
interactions, with the basic functioPR 4z pso L =5 4 =24 =pa | 44 The subspac€a £a correspon
ding to the first triplet statis the set of all vectors of the forAd$ L Ay 4ps0 Bl a]aGa—|5F§ PP

B D 1Y @vhere I % the subspace of antisymetric functions in the spack::< ;;&Ve denote by’* §
the restriction of operatot to the subspacéa faVe let % L #, F #4% L $, F $a¥%, L 7, F 74
Theorem.Let & L udThen
a). If % L F$and ¥ O Fx$ (respectively,¥% L F$and ¥% P x$; then the essential spectrum of the
operator®%¢is consists of the union of eight segments:
By JEESOL N# FtvSAH# EtvS$?28 UK F S B EVAHE SB E V26 X #F
StSEtVA#ESISEtVE # FXSEUVE EXSEuUV?Ee X# FStSEVVA# EStS E V7€
U FsBEVEVVA#ESB EVE G268 t#F st$ E \ba
t#ESt$E?e Su# F S EVE VAW ESS EVE G2

180



and discrete spectrum of the operaFcﬁfg is consists of a three eigenvalue; Ual;éo’éﬁoL vVa VE
V& VE \g=awhere VL # E % dying the below (resgctively, above) of the essential spectrum of the
operator>€§4
b). If %L F$and Fx$ QY% OFt$ (respectively, % L F$and t$ O % Q x$;, then the essential
spectrum of the operatd¥€Sis consists of the union of three segments:

8y JCESOL V# FtvSa# Etve?8 X#FSISEVLA#ESI$S EV,?

EXH#FSISEA#ESISEVA

and discrete spectrum of the operat® is empty set: &, ;; k¥€SoL 14

c).If ¥Or and %, L Ft$or % L rand¥% OF% (respectively,¥ P r and % L Ft$or % L r

and ¥ P%), then the essential spectrum of the operat€§is consists of the union of eight segments:

8y JES0L W# F tvSa# Etve?e

U FSAEVAUHESBEVE X #FSISEtVAHESISEV?E #F XS E

UV EXSEUV?E X#FSISEVVA#EStSEV,?8 u# F sz E VE Va#

ESZ3EVEV?6 X#FsSt$ EMA#EStS E\§?é >u# F sz E VE au#

Es z$ E 4 7and discrete spectrum of the opera?dﬁg is consists of a three eigenvalués: goégoL
VV& VE V& VE b=

NOLOKAL SHARTLI KASR TARTIBLI DIFFUZIYA TENGLAMASINING YECHIMI
HAQIDA
Toshmatov D.Sh.2Rahmonov A.A.
1Jizzax davlat pedagogika instituti magistranti
22 1] E H NRegpBRKasi Fanlar akademiyasining Matematika instituti, Toshkent, O'zbekiston.
Ushbu maqola3j L <8& =r O580s& O-Q =sohadar O = O startibli

04 QF Qe L (:T& (1)

diffuziya tenglamasini va
QTa,L1:T,a Tbx&% 2
Qr&; L Qs&lPa Q:sP LraPbx&b2a (3)

boshlang’ickchegaraviy (nolokal) shartlarni ganoatlantiruvcl®L Q T&P, yechimni topish bilan
shug ullanamiz, bu yerda, +Kaputo differensial operatori bo'liR B, B # %r & ar uchun
S f R:i:@i
‘s F U;; ‘PF1;
ko'rinishda aiglangan. Shuningdek, ishd@dJ tberilgan, yetarlicha silliq funksiyalar.
Qaralayotgan (1§3) masalaga mos Shturbinvill masalasi 0'z0 ziga qo'shma emas va bu
spektral masalaning xos funksiyalar sistemagir &; da to'la sistemani tashkil etmay&huning uchun
bu sistemani 5:r&; GD WR 10 G L WitdgnaKdiskekghi gurish metodidan foydalanamiz.
2 -p'ziga gqo'shma bo'Imagan
"' L Fa::T;4a Tb:r&;
ciryLoris;da cfisLr
ShturmLiuvill masalasining xos sonla, L ré& L :té J*aJRSERJOLE EX [RV VRQODUJD P
biortogonal sistema quyidagicha bo’ladi:
4T L ta ‘ears T, Lv.."¢eldTa tea- T, LVISF T, ecetedT
4:T, L Ta 6ass. I, L T...7¢eJTa 6a T L ecetedT,
va bu sistema ¢:r &; da Riss bazisini tashkil etadi ([1] ga garang). £{3) masalaning yechimi uchun
quyidagi teorema o'rinli.
Teorema.Faraz gilaylik 1 : T, D%>&%a (:TéR D%r&6?é %X S?ERJOVLQ
Agar 1 %:s; L rd :r; L 1:s;bo’lsa, u holda (1)+(3) masala% > &67?é %r &? & 9% :r &;sinfiga
garashli yagona yechimga ega bo’lib, bu %/echim

049R: P L ;

1
QTéD,LQlP, ®4T,Ei Qé?5:P,:6é?5:T;Ei Qé:P,ZGé:T;
4@bd a@
korinishda bo’ladi, bu yerda
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¢
. ~ S v, 75 Y. A
Q.P,L|4ETUi:PF|;' &.I,@a

4
¢

Qa:PLTgs' :F:&=°P; Ex:PFi; ?°"' 4:F:5=°:PF1; ;Bs:l;@8

4
%

Qao5:P L Tgans' ‘F:&=%P;E+:PFi; ?%"' 4 F:&%=%:PFi; ;B 1, @1

4
¢

FveJS+:PFi; 75" 4:F:&=°:PFi; ; Qs ;@a
4
va
TvyL @ T&yTALI, T:T, v T.@ FL r&da &
BRL @ TR4:TALI, (TR v T, @ TFL r&da&
Teoremada ishtirok etayotgan funksional fazolar [2] adabiyotda batafsil keltirilgan.
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SHREDINGER OPERATORINING SPEKTRI HAQIDA
21 7+( 63(&7580 2) 7+( 6&+59g',1*(5 23(5%$725
Xalmuxamedov A.,Bakirov S.
OLU]J]R 80OXJYEHN QRPLGDJL 2TM]EHNLVWRQEHNLYIWRQLYHUVI
khalmukhamedov@gmail.conbakirov5815@gmail.com
Ushbu ishda bid, R da ushbu
N

H, _l'j Dx; ZV % :'kV)J( x, 20
I J

NRTULQLVKGD EHULOJDQ RSHUDWRUODU VSHNW U elyapstik X\L FK
ERYOPDJDQ NYDQW VLVWHPOWD BRWHIDQADDIXMORQ SRWHQVLDC
elektronli atom) ning Gamiltonianidir.

Faraz gilaylik, Dt «C" B, f funksiya

1
Dt 1 agar t Z@
0, agar t!%
NRIYULQLVKGH 0RtL Td) b @BD Qf va
b
V X ||)|4 xe R xz0 1
X

buyerdab PXVEDW NDPD\PD [\)«P R J I Q DERaNERdnBton kamayvchi funktsiya bo'lsin.

Deylik H, operatorining eng kichik xos giymatE, E(2 ERTOVLQ .XORQ SRV
b constholida 2C GDQ \D[VKL FER 18X Pashunday bir kritik nomeN, _ mavjudki,
N t N, ERﬂOJIJ?\QLE,Pmax ERTODGL JLILN QXTWDL QD]JDUANRER EX =
HOHNWURQODUGDQ NRYSURJTLQL BVEKO DhbwnatijaRiOzDodrayotarQ L D G
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RSHUDWRUODU XFKXQ KDP RYULQOL ERYJOLVKLQL NRYUVDWDPL]
Teorema 1.Faraz gilaylikbG€) d0O ERTOVLQ N§,KRODAMWHQJIVL]OLN RTULQOL E

7THRUHPD QLQJ LVERWL 6K $ $OLPRMQ+ QUoliga ras @duvdnik TO O D QL
metodga asoslangan.

lemmal gx C R, § 0 ERTOVLQ 8 KROGBCKDR) Uidh@® @&bglik
bajariladi

yxfx 'fx & offdx \342"5 ad dq, d
R R R 2 -

Lemma 1 ning isboti bevosita Grin formulasidan kelib chigadi.
ADABIYOTLAR
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INTEGRAL TURDAGI MOSLANLANGAN MANBALI YUKLANGAN
MODIFITRSIRLANGAN KORTEVEG -'( )5,= 7(1*/$0%6, 8&+81 42u<,/*$1
KOSHI MASALASINI YECHISH
Xoitmetov U.A., Sobirov Sh.Q.
Urganch davlat universiteti,Urganch, O zbekiston
x_umid@mail.ru, shehzod6285@mail.ru.
Mazkur ishda tez kamayuvchi funksiyalar sinfida integral turdagi moslangan manbaga ega
yuklangan modifitsirlangan Korteveg-GH )JUL] WHQJODPDWan Xé&sKiXr@asalaRipi\ L O

garaymiz. Bizga quyidagi
f

U EYU%.9EFY 4, @Ux)y i3 M A, ®

LOO)M KM x R .
d
- u(x, t)--§
tenglamalar sistemasiEHULOJDQ ERIL@GVLQ X %XQG D" operator, £t) va Jt)
u(xt) — -

dx ©
berilgan uzluksiz differensiallanuvchi funksiyalde RuOME (X, ,tK ,(4/ ,t) Kk esa 00 tda
quyidagi asimptotikaga ega
A Kt e'™§
A Kt é%¢’
vektorfunksiyadir. Bu vyerda A( ,t) A(K,t) uzluksiz funksiya E R pOdufdagi shartni
ganoatlantiradi:

(2)

f
3AC ) & f,tto. (3)
f
%HULOJDQ WHQJODPDODU VLVWHPDVLQL TX\LGDJL ERVKODQJpLI
u(x0) 4(». (4)

%X \HUGD ERVKOD@®Mu( FK ¥ K D fudksyd duyidagi xossalarga ega
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f
1) 31 ¥ |u(X[dx f; (5)
f

d §
& UO(X)--
2) L(O) i " operatorspektral maxsusliklarga ega emes yuqori kompleks yarim
u(x) — -
b(X) X €

tekislikda N ta £(0), £(0),...,4 (O oddiy xos giymatlarga ega.
Faraz gilaylik, U(Xt) IXQNVL\D \HW DU O L FK®Dr v dyetarlicha fepg @diga
intilsin, ya'ni quyidagi shartni gqanoatlantirsin
T [ Mu(x 1)
W
Bu ishning asosiy magsadi ¢({§) masalaningu(Xt), (xM,t), ,(xM,t)yechimini L(t)

operator uchun sochilish nazariyasining teskari masalalar usuli yordamida topishdan iborat.
Mazkur ishning asosiy natijasi quyidagi teoremadan iborat.

TeoremaAgar U Xt , (xM,t), ,(XM,t) funksiyalar(1)- PDVDODQLQJ \HFKLPL

holda u x t potensialli L(t) operator sochilish nazariyasining berilganl&aiERpu\LFKD TX\LGDJL
Rpu]JDUDGL

f
31 |X |u(xt

f kll

Fdx f, k 123 ©)
©

d/
ot 0, n 12,..N,
& araney 2 mueo v P04 ke ms i
f ©
dc, . : " A2 (K1) §
TE L ANt 2/ 23—t B —a B
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a g Zq_ gbabekmathematicalournal 2007,N.4, p.81-93.
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CHEGARAVIY MASALALI ODDIY DIFFERENSIAL TENGLAMA UCHUN RITS
METODI
Xudoyberdiyev A.A.
O zbekiston Milliy universiteti, Toshkent, O zbekiston
abdusalomxudoyberdiev1995@gamil.com

H Gilbert fazosidan olingan n ta chizigli erldj;, 0,,...,d, sistema va ular ustiga qurilgan

0,090
chizigli qobiq va shu gism fazoda aniglangdn RYRT]LIJD TRYVKPD RSHUDWRU EHULC
Ixtiyoriy u « H elementni quyidagicha
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u ! Rg, (1)
kll
\RJLVK PXPNLQ ER X23\D(A) va yv D{R Wlementlar uchun energetik skalyar

NRTSD\WWPDQL TX\LGDJLFKD DQLTOD\PL]
X ¥)a (AXY.
Quyidagi tenglamani garaymiz
Au f (2)
QL JD TRY\WDN WH QJ @D RdeiQentlathifdpisi tklal &tikadki.Q
Quyidagi differensial tenglamani garaymiz

d d
SO qyex (x @
X dx
buyerdaO X 1, chegaraviy shartu(0) u(l) G, bundan tashgari
() Gt O.

Tegishli operatorniA bilan belgilaymiz. Agar

DA {u WIGB1: —r;L —=s;Lr=
ERfOVD X KROGD:tR RISHU DRIRAK R | R $iif fdZddaiRiydrifE R Db G,
gismfazolarnigaraymizva bundaquyidagifunksiyanituzamiz

Mx) max{0,1 [nx Kk, 0 xd 1, k 1,2,.n 1
Boshgacha gjlib aytgandd” IDJR HOHPHQWL TX\LGDJL NRYULQLVKLGD ERYODG
ni
u® | P, x-[01] @)

k1
LIRGDQLQJ RTQJ WRPRQLQL JD TRT\VDNWMCD JWOHRR §HFMQALLQ E K
quyidagi natijani olamiz

h{R,p. ®p ByY LRI b A, R @) hf

kh

1
buyerda p, h® 3p(Xdx k L,2,...1 g, h®3(R (W (3d;
0

kh h

fi h* 3F() M dx, CMIMI(p P (aM)a W,
0
( k le)A h/‘}/pk 1

Bulardan quyidagi ifodani hosil gilamiz
R.hg ., h'p) RKRhg, h(R R Ahg, HR) h
k 1,2,.n 1 , D (

n

Biz bu ifodani har bir k uchun yozib chigsa ODU QRPDYJOXP ERT0OJDQ WHQJODPD

keladi. Sistemani yechib (3) tenglamaning yechimini topamiz.
ADABIYOTLAR
1. Alimov ShAS5LWYV XVXOL ODfUX]D PDWQLGDQ
2.Mixlin SG. 3<ZjbZpbhggu_ f ITh~u \ fZI _fZlbgq_kdhc nbalbd< XFhkd\\Z
72.

MATHEMATICAL BEHAVIOR OF SOLUTIONS FOR A HYPERBOLIC -TYPE
EQUATION WITH DELAY
<*NVHNND\D + 3LUNLQ (
'"HSDUWPHQW RI ODWKHPDWLFV 8QLYHUVLW\ RI 'LFOI
hazally.kaya@gmail.copepiskin@dicle.edu.tr
Abstract. Controlling the behavior of solutions for partial differential equations with time delay
effects has become an active research area. Generally, delay effects occur in many applications and
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practical problems such as physical, chemical, biological, theantheconomics. In many cases, delay is
a source of instability, even an arbitrarily small delay may destabilize a system which is uniformly
asymptotically stable in the absence of delay unless additional conditions or control terms have been
used. In thispaper, we deal with a hyperbeligpe equation with delay. Under suitable conditions,
establish the mathematical behavior of solutions like existence, blow up, decay.. etc.
Keywords:Delay, Hyperbolietype equation, Mathematical behavior of solutions.
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H;J:LG:Y A:>:Q: >BYJ:;HEH-=BI?J,HEBQ?KDH=H MJ:<G?GBY K

G?EBG?CGHC G:=JMADHC

[*meezZ \H O
Bgklblml FZI_fZlbdb bf_gb < B JhfZgh\kdh]h 7Zrd_gl Ma[_dbl
obidjon.mth@gmail.com
< N"Zgghc jZ[hl_ jzkkfzZljb\Z-]lkiy jihi&hlhgekdh_ mjzZ\g_gb_
f(x)e&' %“l)xx CD(fu Q_(XtL(XO))"JbX' O!tl C
U, U p(xtux0), ijbx!ogt O
k "bnn_j _gpbzZevguf hi_jZIlhjhf DZimlh

(1)

1 t
D, f(t t 2)° f€)dz0 D 1,
D0~ & 9 fea
1"_ E const p(xtwx0)( 1,2) aZ”"Zggu_ ~hklZlhggh lez~rdb _ nmgc
:gfl(X), O )dl_’
fX) ® | 2 g_ba\gEy nmgdpby dhlhjh_ Ij_[m_Iky hij_~_eblv
F.x), = od |,
of2(X) >
JZkkfhljbf mjz\g_gb_ \ dhg_quhB? hpdizkdbg_gghc hlj_adzfb

AA {(x):x 10 t B BB {(x):x 00 t B BA {(x9:t hO x }
ijbt '10 b 0zjzdl_jbkIA@afbt |, BC:x t 0 mjZ\g_gby t @Qjg~_A ;0
| 18§
l;h, 0;0 , Oh, bC —;—".
A lh. B 0,0, B, 5
- - - I -
<\_~_f h[hagZq_gby (® 0), :, :7 (t 0,1, 0 X _2®’|2 > X ®.
AZ~ZqZ LB [m_lky gZclb nmgdpbx i2§(), uexgdpbkch ke _~mxsbfb
k\hckI\Zfb
L f() COB LOJ];

2.u(x ) «C(TY C(,VAB G ).U,cDAC 1, U Co , %AA %BB
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3.iZjZ nmgdPhed, u(xt) m~rhle_I\hjyxl mjzZ\g_gb_ :,\bh[eZklyo
4.u(x,y) m~h\le_I\hjyxsb_ djZ_\uf mkeh\byf
U(XDlaa 10, U(XYlg M, (1), 0dt h,

ulx, ¥ 1(R, dedlé,

Gk Dke 1 0dx di U(xDlel 2095 o ¢

b g ebg _cghfm mkeh\bx kde_b\Zgby
imtt U(x)  @Yy(x 0) O3rtyt0) (@ 0 x
_MY), 109, 1,9 12), @9)(k 13) az~Zggu_ nmgdpbb ijbq_f
M) CIOH “C(Oh; I(x= €D~ C(I); Ii(x CG) (i L2 ()
p(xy,U(XO))° C(_-) (i 12); a3« an” C(h (i 13, 3)

g . s - 1.8
bl, = | l , X) zO0.
Imklv bf__| f klh deZkku b mkeh\b _

Ip(x0;3) p(x%0;z)d L[z % L constlo, (i12
Ih]~Z ijb hij_~_e_gguo mkielhbhyofglh~hf bgl_]jZevguo mjZ\g_gbc ~hdZau
hrghagZqggZy jZaj_rbfhklv ihklZ\e_gghc azZz~Zqgb

H; H>GHC A:>:Q? H;SBFB MKEH<BYFB KHIJY@?GBY >EY
MJ:<G?GBY =?EE?JKL?>L:
["mjZkmeh\Z A ;
> gZmkdbc bgklbIml ij_7~ijbgbfzZl_evkI\Z b i_~Z]h]lbdb L_jf_a M
JZkkfhljbf mjzZ\g_gb_
signyf y" 4y, 0, moO. (1)

Imkliv Adhg_qgZy h~rghk\yagzZy h[eZklv dhfiz_oakighk]jiztbdhgbzy
ijby !0 ghjfZevghc djif\kc 4(m 2)?y"* 1k dhgpzfb \ IAQ#R) B(L,0) Z
ijby 0 0ZjzZdl_jbkIbAZWBK mjz\g_gby

H[hagZgbf g_jba qZklb h[eZkéb "Zsb_  khhI\_IkI\_ggh \ ihemiehkdt
y!0Oby 0 Z q_f,abC, khhI\_IkI\_ggh lhgqdb i_j_k_q_gBA¢ oBZ &l _jbklibd
0ZjZdl_jbklbdzZfb bkoh”ysH(o®a Jtcoedb ( 1,1)- bgl_j\Ze k.

ImkIyp(X) G kx ebg_cgZy nmgdpby hlh[jz Z_1 fgh _k[\EZc]hggZ d hlj_ac
fgh _klI\h Thg_d hiicladzijbg_fp(1 Lpc) c ]~_k 1 c/1c,
G2/1k.

< jZ[hlZo < B @_]Zeh\Z b : F GZomr_\Z > @ mkeh\b_ kf_s_gby aZz’
0Zjzdl_jbklIAQdC.

< gZklhys_c jZ[hl_ bkke_"m_lkgzZdhpbdllghklmkeh\b_ kf_s _gby azZ”Z
\gmlj_ggbo oZjzdl_E&kIbEZ o b ~“hihegbl_evgh d wlhfm gZ hljABd_ \ujh "
azZ"Z_|lky ehdZevgh_ mkeh\b_ kf_§_ogkeh\pZ djbj\thwe_ azZf_g_gh mkeh
;bpzZr&ZfZjkdh]lh k\yaulZxs__ agZq_gby bkgHfAB. nmgdpbb gZ

AZ"NZAZLj_[m_Ilky gZclb \ thjredgbptly m~h\le_I\hjyxsmx ke_"mxshbf
mkeh\byf

DHu(xy) g ij_julgZ \ dZ ~hc ba azfdgmlum:hfeZkl_c

22u(xy) C{ )b m~rh\e_I\hjy | mjz\g_gbx : ; \ h[eZklb
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A u(xy yley_Ilky h[h[s_gguf j_r_gR miegklkdy \ h[eZklb

gZ hlj ABl ebgbb iZjZ[hebg_kdh]h \ujh ™~ _gby mjZ\g_gby \uihe
mkeh\by kde_b\Zgby

. u . wu

u(x 0) u(x 0) a(x, » I, ygno—y IO(X)IyIOva—y (3 x> Mk )
wlb ij_~ eu xipbrl, xo ¢ fhliml bf_Iv hkh[_gghklb ihfly’®&Z bv _

E m/2(m 2);

\uihegyxlky mkeh\by

ux o) G(AIUX 0) V(3 ¢ | ©)
ulr(® %, 8 SCH) ° o3 >[ 1§ (4)
u(p(®, 0) ux 0) F(X, > [ 14 (5)

1"_T(%) b F(p(%) * Znnbdku Ihgq_d i_j_k_q_gby &&ZjZhllEGbklbd
o0ZjzZdl_jbklbdzfb bkoh”ys ¢ khhi\_IkI\_ghlx,Opa b IiM(péx),0)
% *[ Ld, p(%)e[cl.

AZ~Zggu_  nmgdpbd o(X/ (R a(R ¥ §(h K) g_ij_julgh
Abnn_j _gpbjm_fu_ \ aZfudZgbb fgh  _kI\Z bo hij_~ e _gby

- Mkeh\B) y\ey_Iky mkeh\b_fKdfZZRdh]h az"ZlgpAB;gZ

- Mkeh\®) y\ey yikmkeh\b_f kf_s_gby gZ \gmlj_ggb&@Z2jEQ@G!_jbklbdZo

- Mkeh\th) y\ey |ky ehdZevguf mkeh\b_f kf_s gby k\lyaulZxsbf ag.

nmgdpbb khhI\_IkI\_ggh gZ \_jog_f b gb g_f djZyd &hjb[ed]z \*hev hlj_.
<\_~ _f h[hagZq_gby

ux 0) (%), x-_l,ylion"(l)% W, % |,

ux 0) (), x-T,JerA% MR, x | 6)

< kbem h[had@d[gbc mkeh\by_kd(é)_é)XZtgl‘o_yf \ \b"™_
) WX a(X, xWw, (¥ bx(X BX > Mk @)
Z mkeh\b_ ehdZevgh]lh kf_s_¢@byjbf_|Rbmqg_Ihf
(P(¥) WX (R, x[ 1L (8)
"0 HL(X¥ al(A»).
J r_gb_ \b~hbaf_g _gghc az”~"Zgb Dhrb k ~Zggufb Ney. mjZ\g_g
NZ |ky nhjfmehc >Zj[mhhankigh\by bf_ _f
b)) @9 B> HgY) (@Y @QJ)RF (XxW(X Ix(L]) (9

A m 2§2E *1 B - E E
00 2 MR b o0 SRS Ky

B (p(R)K?F B(Y-ba\_kligZy nmgdpby

JZ\_gkl\z yley |ky i_j\uf nmgdpbhgZevguf khhighr_gb_f f_
nmgdpbW®) b @x) ijb\g_k_gguf gZ bgl F\Zea h[eZklb
L_hj fz J_r_gb_ u(xy azZ"Zqgb $ ijb \uiheg_gbb mke
(¥ {0, (¥ {0, (X {0 ({0, F(X){Cb
P 0O, 0dg(x) 1, b(x)!C (10)

\ azfdgmlhc h[eldk kI\_ggh jZ\gh gmex

EBL?J:LMJ:
1.GZomr_\ HRg_dhlhjuo djZ_\uo azZz”~ZqZo "“ey ]bi_j[hebg_kdbo mjz\
kf rZggh]lh IbizZz >bnn_j _gp mjZ\g-59369). <« k
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MKLHCQB<HKLV <YADHMIJM=H=H KL?J@GY IJB KH<F?KLGHF
<HA>?CKL<BB G:=J?<: B <G?RGBO G:=JMAHD
d[Zjh\ M C KmeZcfhgh\ F F
DhdZg 1B N_j]ZgZ Ma[_dbklzg

JZkkfhljbf aZz*Zgm h ihi_j _qguo dhe_ _[Zgbyo rZjgbjgh hi_jlh]lh \yad
ih~ ~_ckl\b_f \g_azigh ihA"\_”~_gguo d ih\_joghklb kl_j gy I_ieh\h]lh ihl
kb e uP(t) lj_~iheh bf qlh kl_j _gv bf__lI gZgqZgyucKiyM[f_""m
gZijy _gbVf ~_nhjfZpbijbof_f \ \b"_

V EQ RY H JH;T)/ (1)
Z ]1_hf_ljbg_kdmx azZ\bkbfimkB\@Zg\Z b f
2

a”_Kv u(xt - ihi_j gguc ijh]b[ kl_j'gy> @ Lh]~Z fzZl_fZlbgq_kdZy fh"_e\
hibr_Iky mjzZ\g_gb_f

Wwy) gy U wiu w
EJL R)— = R) Z M, d3JEL Ru
S WU W) 8 W W - 8wy 4w la)

Wz © )ﬁl *1 © X2\N 1 )éW«

h/2
1288 ¢ R) -~ 32Tdz 3
h h/2
A EJ - _kidhklv ki_j gy ijbryalbdkkz kl_j'gy hlg_k_ggZy d hrbgbp_ “et

\ukhlZ ihi_j_qgh]lh k_q_ogby~klihieghl_evgzZy klZlbg_kdZy gZ]jmadz
MjZ\g_gb_ hjgkikkh\f _klgh k \ujz™_gb_f | _iehijh\h*ghklb
2
AN_R-dhwnnbpb_gl I_fi_jZImjhijh\h~ghklb
lj_~iheh bf qglh I_ieh\heg, ihHhdh~blky d ih\_joghklbz kh/2.gy

Ih\ _joghklv kI _Z°gyh/2 | _iehbahebjh\ZzgzZz Z X O,&khdpuih”\_j]Zxlky
\ha” _ckl\bx ihklhygghc | TfiOjZImju

>ey j_r_gby mjZ\g_gby ijbf xgy HKyY &ib\gZzglb _ Nmjv_ ih &khhj*bgzlZz
b dhkbgmhk[jZah\Zgb_ Nmjv_ ihzh2j*bgzl_

lh~kl1Z\b\ j_r_gb_ mjZ\g_gby \ b \uihegb\tigEp_f{dboZ>m@gh\Z

ihke_ \\_~_gby [_ajZaf_jguo \_ebqgbgu/)&y ihi¢mglel &bkl _fm g_ebg_cguc
bgl Jjhbnn_j gpbZevguo mjZ\g_gbc

1 . . . 4

U T T Ry L Ry j—zq > |

N

| s RP Wy (Y W)

irs n0

z? (1 RYL exp( H( JOFSK PNB*t), (5)

uj(O) b, 4O y, | r.N

] Oh/l; hklZzevgu_ h[hagZq_gbylijbgylu ba >
ljb y~j_ Dhelmgh¥hy g ZR(t) At°’exp( A) j_r_gb_ kbkl_fu gZch_f k
ihfhsvx gbke_ggh]lh f_Ih~Z hkgh\Zgghlh gZ bkihevahVWgbb @\Z"jZImj
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dzg_kI\_ djbl_jby ®sij]lh_epjypdbqg_kdh_ \j_fy \f_kl_ k I_f b djblbg_kdn
ijbgylh mkeh\b_ qlh klj_eZ ijh]b[Z g_ "he gZ ij_\urZlv jZ"bmk bg_jpbt

EBL?J:LMJ:
1. Eudh\ : € hjby I iehijh\h*ghklb F <ukrZy rdheZz k
2.Dh\Ze_gdhL_pfhmijm]hklv Db_\ <bsZ rdheZz k
3.:d[Zjh\ M ;@Z~Zeh\ N ; WrfzZlljp\d ®©zZ"gZy f_ozZgbdZ b |_ogbq_kdZy

<« K -157.
4. ;Z"Zeh\ N-;lh”u j_r_gb_ bgl_]jZevguo b bgl_]Jjh*bnn_j gpbZevg
gZke_ "kI\_gghc | _hjbb \yvadhmijm]hklb LZrd_gl F_ogZl k
5.<hevfbj : Mklihcgb\hklv ~_nhjfbjmf f&o koB# k

J?R?GBTG?KBFF?LJBQGHC DJ:?<HC A:>:QB >EY MJ:<G?GBY
LJ?LV?=H IHJY>B?LH>HF IHKLJH?GBY NMGDPBB =JBG:.:
Liizdh\ X 12MfZjhy :
1BgklbIiml fZI_fZIbdb bf < B JhfzZgh\kdh]h :G JMa
12GzfzZglzghdbcg jghihbl _evguc bgklbliml
< hlezkD "xy:0 x pO0 y q jZkkfhljbf ke_~mm$zZ\g _gby Ij_Iv_]h
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g_ij_jwghlh hlh[jZ _Tay 48 nmgdpllyb% hij_»_ey_lky jZ\_gkOhf
T-PEQ&DQOQr.
lj_~ihezZ]Z_|ky qlh ijz\Zy qzZk|BImBAig npYhywe I\hjy | mkeh\byf
B:RiT; QI :*;44BkRAT'% oF BKRAT' > 0+Q . :* ;. T'6 F T°5, (2)
Ney \K: Pl ;&P okPaT'% oD4 HLT! Q* =ijb dZ ~hf *L?2KJI@PR.

ljb mkeh\bb Ney dZz rHic, DAdHPH kms_klI\m_| _~bgkI\_ggAL j_r_gb
T-R=&r; mjzZ\g_gby m~Ah\le_I\hjyxsT_ :=amkeh\bxhij_~_e_ggh Pbijb
=FD&;a>P U a”_Kv=al; L T:=E G=&r;aFDQ OQ) [1].

Ke_~"my > @ fh gh ihkljhblv nmgdpbhgZenvmbdpigak gy kKA k
f_ljbam_fhc koh~bfhklvx \ dhlhjhf k_f(k kB8&B: R \b BhRE Rar;=[m~"_|
ij_~dhfizdlgh HIkx"Z “ey mjzZ\g_gby fh gh hi] ™ ee/fglwvokmiZ8¢1\dbig
5]

%
ToP L BY.FaT;aB'B( ? ) aBY:Aar; L— i + B R E RiT; @a
lj_~iheh bf 1zd"_ qlh Bm\edphly i_jbh~bg_kdhc 1Zdbf h[jZahf qlh
TL :UATAT L :WeEfAUD 42 AVD 4%AWD % 4ED %4
TLUEVA!TILIWE!EA&
BKPANEE; &5, & 85585 E t NéE. 588 85,01 B:PAMVE, (FL sa & &
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J_r_gblL T:REa4ME mjZ\g_gby fh gh jzZkkfzZljb\Zlv \ pbebg”jbqg_kdhf
ijhkljzgkl¥? H28 28 «vP4PEFNQV QNAFL sa& &t > @ :gZeh]lbggh > @ \\h~ bl
hij_ ~ e _gb_ iheh bl_evghlh ij_~_ ev@hkhPE@ho?2 KI\B2% j r gbyL
T-R=aME mjZ\g_gby

>hdZazgzZ ke_"mxsZy |_hj_fz 8>k@aaled yZpbtbkgh\_ nmgdpbhgZeZz
EyimghBP%4> H%i \ 4; bf_xs_]h \_jogxx ijZ\hklhjhggxx igbRi&\\hkbem
mjZ\g_gby > @

L_hj_fZImklv ey mjZ\g_gby gZc” 8lkB:RmgdpbhgZglh

8:FAl; Rl 5:* ;AERAT; D4” HAW Q* =
8:RAT;\ » ijb!W \ »Aa80RT; QF9 kT:r;oQr&® Duk4? H2®\ 4”04

Lh]~Z dzZ ~h_ | _T:R¥FlT; D42 H2® mjzZ\g _gby hij BPR=glZz _]h
iheh bl_evgh_ ij_~_ evgh_3TghRE&ALO® > 2 2 42 H2® ]~.>- fZdkbfZevgh_
d\Zabbg\zZjbzglgh_ hlighkbl_evgh k_f _cklI\Z ij_~ _evguo mjZ\g_gbc ih’
Q:T,Lr=

< jZ[hl_ ~hdZau\Z_lky 1Zd _ khhlI\_IklI\mxsZy | _3TKTfEah,ogivdZebaZpl
hkgh\_ nmgdpbb -BZiamyfth\azb g Z

lhemqg_ggu_ j_amevlZlu ij_"~klzZ\eyxl kh[hc fh*bnbdZpbx khhI\_Ikl\mx
@ ~"ey mjzZ\g_gby k pbebg”jbqg_lkadgkInEZfah\uf ijhk
EBL?J:LMJ:

4. Hale J.K.Theory of Functional Differential Equatiorisew York: SpringeiVerlag, 1977.

5. Wakeman D.RAn application of topological dynamics to obtain a new invariance property of
nonautonimous ordinary differential equations Dilfer. Equat. 1975. Vol. 17, N 2. P. 2295.

6. Andreev A.S., Khusanov D.Klhimit equations in the problem of the stability of a functienal
differential equation // Differential Equations. 1998. Vol. 34, No 4. P-4

7.0mkzZgh\ > Odhdgkljmdlb\ghc gbkl\dggghc I_hjbb nmgdpbhgZev
"bnn_j _gpbZevguo mjzZ\g_gbc LZrd_gl NZg k

8.:9g”"j__\: K _Ih” nmgdpbhgzZeh\ Eyimgh\Z \ aZz*"Zq_ h[ mkihcgb\hklk
Abnn_j_gpbZevguo mjZ\g_gbc \lhfZlbdZ b |I_e_f H¥%gbdZz <ui

9. Khusane D.Kh., Buranov J.1.On stability with respect to the part of variables of a-non
autonomous system in a cylindrical phase space // Zhurnal Srednevolzhskogo Matematicheskogo
Obshchestva. Middle Volga Mathematical Society Journal. Scientific Journal.\28223, No. 3.

P. 273284.

H; H>GHAG:QGHC J:AJ?RBFHKLB H>GHC EBG?CGHC LJ,OLHQ?Q
H;J:LGHC A:>:QB >EY MJ:<G?GBY L?IEHIJH<H>GHKLB
1>°7ZfZeh\ K2Am~hcdmeh\ RFZRjmnh\4DZfhe~bgh\ 0

Y2BgklbIml fzI_fZlbdb bf_gb < B Jh3ZNR\KHAIH gl
%N _jlZzgkdbc =hkm~ZjkI\_gguc Mgb\_jkbl_| N_jlZgZz Ma[_dbklZ
< jZ[hl_ > @ \i_j\u_ ij_"eh gu fzl_fzZlbgq_kdb_ fh~_eb \hagbdZxsb_
ijbdeZ~guo azZ”~Zq b ijb\h~ysb_d jZkkfhlj_gbx g _ehdZevguo djZ \uo ¢
g_ljm~gh mklZgh\blv k\yav f_""m g_ehdZevgufb djZ_\ufb azZ”ZqZfb b ljzc
az"zqzZfb > @ K wlhc p_evx fu bamqzZ_f dhjj_dlghklv ih :AZfZjm

ljzolhg_qgqguo h[jZlguo aZz~Zq E L H A “"ey mjzZ\g_gb_| _iehijh\h~*ghklb
< h[ezK®(0,T)u0,1) UOJ)=Q 4Ol ) 24 jZKkfhljbf mjz\g_gb_ | _iehijh\h”~ghklb
3
Lu=y 'u dxdu=dxtVy :;h( X1 SO xty @
k=1
1"_u=uy u, g(xty), b f(xty), k=1,2%azrZggu_ nmgdpbb ;m~_f ij_"iheZ
glh \k_ dhwnnbpb_glu mjzZ\g_gby \klj_gzZxsb_ky \ I _abk_ \_s_klI\_gg

lez*db_ nmgdpbb
ELHA GZclb fuilygdphh m~hle_I\hjyxsb_ mjzZ\g_gbx Q, \ZdpeZkdgh
nmgdpx%ty) mAhle I\hjy | djZ_\uf mkeh\byf

Ao = U], 2)

197



U| x=0 = U| x=l: O’ (3)

Uy =], =0, (4)
k “hihegbl_evgufb mkeh\byfb
U] - = MXY), (5)
1~_  k=1,23; b 0<(,<(l,<ly (< T, b ijbgz~e bl deZkkm

U ={(u h, k=1,2,3)« W (Q), Dj(u,,u,, u,) * L,(Q, Dju * L,(Q); h *W(Q)}.
<\_~_f h[hagZq_gbg(xitrkgext)), f(x)=f(xtl), i,j=1,22 Lh]*Z q_j_a
F={f}’.hij_~_ebf d\z*jZlgmx fZljbpm ihjyrdZ Ijb

L_hj_ fZImklv \uiheg_gu \ur_mdZaZggu_ mkeh\by ~ey dhwnnbpb_
djhf_ Ihlh imkdvg O>0, “ey \k_(X;t)'a, 1~ :$Inp|>0, &> 13

detF| t #0; M M MW(Q),  IMo= |4 o M[2=0; g *W(Q);

3
f; *WA(Q); ., =1,2,3b imklv E MKLH(J{ D; 1, 1"

2
)f"szl(Ql)<
M =cons(mes Q.det  Lh]~Z ~ey ex[uo @migfipzadbo lh D))f W7 (Q);
fileeo= filx2=0, 1=1,23 (1 D)9 W(Q; 9l,c0=9|,c:=0, kms_kI\m_I _~bgkl\_ggh_

j_r_gb_az~zZgbba mdzZazZggh)h deZkkz
AZf _gZgb>ey mjzZ\g _gby ZgZeh]lbggh bamgzZxlky E L HA k mke

wlhf kemgzZ_ \f_klh mkeh\by ij_rez]Z_IWy,gB4®evgh_ mkeh\b_
EBL?J:LMJ:
l.;bpzZ”a_H g_ehdZevguo djZ _\uo aZ™~ZqZo >:G KKKJ L

2.> ZfZeh\ &HAdhjj_dlghklb g_dhlhjuo ebg_cguo fgh]lhlhgq_qgguo az”".
"ey \hegh\h]h mjzZ\g_gby b mjzZ\g_gby ImZkkhg +7.>:G JMa

H; H>GHAG:QGHC J:AJ?RBFHKLB H>GHC EBG?CGHC LJ,OLHQ"

H;J:LGHC A:>:QB >EY <HEGH<H=H MJ:<G?GBY
'>'ZfZeh\ K?’@m~*hcdmeh\ RFRvjmnh\*“DZfhe”~bgh\ 0

Y2BgklbIml fzl_fzlbdb bf_gb < B JhfZgh\kdh]h :GJMa LZrd ¢

¥ N _j]Zzgkdbc =hkm~Zjkl\_gguc Mgb\_jkbl | N_jl]Zgz Ma[_db

Dzd ba\_klgh g_Ijm~rgh mklZgh\blv k\yav djZ*"hufh_eaBFdZgZdhfl

l[jzolhg_qgufb h[jZlgufb az*ZqZfb > @ K wlhc p_evx fu bamqgzZ_f h”¢

g _dhlhjhc ebg_cghc ljzolhg_qghc h[jZlghc az*Zgb E L H A 7ey \hegt
< h[ezRB(O,T)u(0,1) UOJ))=Q 0l ) R jzkkfhljbf \hegh\h_ mjz\g_gby

3

Ou=y "u dxdu=dxty | bxE f xt (1)
k=1
]"_u=ug u, g(xty),bf(xty), k=1,2-azrZggu_ nmgdpbb ;m~_f ij_~ihe
glh \k_ dhwnnbpb_glu mjzZ\g_gby \klj_gZxsb_ky \ I_abk_ \_s_kI\_

lez*db_ nmgdpbb
ELH®BZclb nmg@pph,h)m~rh\e_I\hjyxsb_ mjZ\g_gbx Q, \ZHpeZklb
glh nmgdiphtyy) mrhle_I\hjy_dZeveduf djZz_\uf mkeh\byf
'thu‘tzo - thu‘tﬂ 9=0.1; @)

u|x=0 = U| x=l: O’ (3)
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Ul yo = U], =0, (4)
k "hihegbl _evgufb mkeh\byfb
U]y = MY, ©)

]~ k=1,2,3;b0<(, <(,<(, (< f,b ijbgZre_"bl dezkkm
U ={(u h, k=1,2,3);u *W(Q, Dj(uy, U, u,) * L,(Q, Dju * L,(Q); h *W(Q)}.
<\_~_f h[hagzZq_gy(xtwkdixt]), f(xt)=fxtl), i,j=123
Lh]~rz qFj=&f} _ hij_~_ebf d\z~jZligmx fZIjbpm ihjyrdZ Ijb
L hj fZ Imklv \uiheg _gu \ur_mdZaZggu_ mkeh\by ey dhwnnbpb_gll
djhf_ Ihlh imkdvg O>0, “ey \k(st)*Q 17_ :élnp|>0, | J>1,

detF| t 0, M M MW(Q)  IMo= |4 o TM[a=00 g ~W(Q);

3
f, *WA(Q) ;=1,2.3b imkiv. £ M [ D] 1, 1"

2
)ka\Nzl(Ql)<
M =cons{mes Q. det B Lh]*Z ~ey ex[uo dmb@pbxdbo dLhD])f, WZ(Q);
fileo=fili=0, 1=1,2,3 (1 D)) W(Q; 9|,c0=9/,=0, kms_kI\m_I _~bgkl\_ggh_

j_r_gb_az~Zgbba mdzZzazggh)h dezZzkkz
AZf_qZgb>ey mjzZ\g_gby ZgZeh]lbggh bamqgzZxlky E L HA k mkeh\

wlhf kemqgzZ_ \f_klh mkeh\by ij_"eZ]1Z_ Wy, 5odRDedlgh= Wikeh\b _
EBL?J:LMJ:
1 ;bpzZzca_ Hg<ehdZevguo djZ_\uo aZ”~ZqZo >:G KKKH19. L &

2 >"ZfZeh\ K ddhjj _dlghklb g _dhlhjuo ebg_cguo fgh]l]hlhg_qguo aZ”~Zqg mij
\hegh\h]h mjZ\g_gby b mjzZ\g_gby ImZkkhgzZK tH¥.:G JMa

H; H> GHAG:QGH@8J”??RBFHKLB H>GHC IHEMI?JBH>BQ?KDHC
DJ:?<HC A:>:Q? >EY LJ?OF?JGH=H MJ:<G?GBY KF?R:GGH=H LB
<LHJH=H JH>: < G?H=J:GBQ?GGHF I:J:EE?E?IBI?>7

1>"7ZfZeh\ K?2KbiZI"bgh\Z,3 ®kehfh\z >
Bgklblml FzI_fzlbdb :G JMa LZrd_gl Ma[_dbklzg
3.;moZjkdbc JThkm~ZjklI\_gbc Mgb\_jkbl_I
Isiroje3@mail.ru, 2shiybinaz@mail.ru , *dildoraislomova01101995@mail.com
< ~Zgghc jZ[hl_ k bkihevah\zZzgb f j amevlZlh\ jZ[hl > @ bamgqg
jZaj_rbfhklv b Jez~dhklv h[h[r_gghlh j_i_pbhwyhd gkidEZch\dra azZVedq
lj_of_jghlh mjz\g_gby kf_rZggh]h Ib\ig_\HhjjAgdbghgghf iZjZee_e_ibi_"_
< h[ezZklb
G OLHDuOT)R QR {(xt xe¢n0 t T f,2 B
jZkkfhljbf Ij_of_jgu_ mjz\g_gby kf_rZggh]h Ibiz \Ihjh]h jh*Z
Lu KOw "u 4.DW X, F [ W.X) | (1)
I"_'u Uy, U,hi_jZlhj EZiezkz bK(Onhk@ K ({d).Mjz\g_gb_ hlghkblky d
mjz\g_gbyf kighlh 1biz \lhjh]h jhrZ 1zZd dzd g(t)agidi_rj mfg dygihte
\gmljb h[e@kgb gZeZ]Z Iky gbdZdbo h]jZgbgq_gbc > @ Imklv \k_ dhwnnb
~“hklzZlhggh ]JeZ*db_ nmgd@bb \ h[eZklb

lhemi_jbhAbgq_kdZy djZ \BZ @b Egdszggh_ ju(xtgd mjz\g gby
ba ijthngWI%‘(ZB), m~Ah\e _I\hjyxs__ ke_~mxsbf djZz_\uf mkeh\byf

o Ups 2)
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u|x0 L4x1 0 (3)
] J g _dhlhjh_ ihklhyggh_ gbkeh hlebggh_ hl gmey \ _ebgbgZ dhlhjh]
L_hj_fZImklv \uiheg_gu mdZazZggu_ \ur_ mkeh\bynmjygdhwynbpb_

djihf_ Ih]h i2RIK| ©t 60, c(xt) g(xHtO, !0, ~ey \k(ot)*Q ]7_
%Inp| 0 b|J!'L (x0) D (xT), c(x0) c(xT), "ey \k_o ~eyx¥vk0,4.

Lh]~Z 7ey ex[hc nrigWgB®), 1zdhc @f(x0,2)” f(xT, D kms_kl\m_|

_AbgkI\_ggh_ h[h[s_ggh_j r-gb baZMhzWe(B), b ~ey j r_gby az~rzqh
(1)- kijz\_"~eb\u ke_"mxsb_ hp_gdb

2 2 2 2
D lubtee dalflnezg  Wlukzae del flwqq
]1"_k h[hagZg_gh iheh'bl_evgh_ \hh[s_ ]h\hjy jZagu_ ihklhyggu_ qbk
Q_ijf(e) h[hagZgh ijhkljZgkl\h ;ZgZoZ k ghjfhc

f
lufsse @9Y27 30 | BF [t Jfgqd .
f

]*_ sl ex[u_ dhg_qgu_ iheh bl _evgu_ p_eu_ qgbkezZ Z ghjfz \ ijhkl
2
WHQ, hij_~_ey_lky ke_~mxsblf H\ﬁé[(b;ah'f P [dxdt D wih fmevibbg”_dk

Mng

D? _klv h[h[szggZy ijhba\h~rgzy ih xi_htf Qgufaxt @ h[hagZq_gh
ij_h[jZzah\Zgb_ Nmjv_u(Xmgdihbb j f ggnf
EBL?J:LMJ:
1.>"72fZeh\ KGA ehdZevgu_ djZ_\u_ b h[jZlgu_ az”~Zgb ey mjZ\g._
Ibiz Fhghl]jZznby LZrd_gl 1 k
2. <jZ]h\ <z _ \u_ azZz”Zgb "~ey g_deZkkbqg_kdbo mjz\g_gbc fzI_f
Gh\hkb[bjkd G=M

H; H > GHAG:QGHC J:AJ?RBFHKLB IHEMG?EHDIJEYGHT
A:>:QB >EY MJ:<G?GBY KF?R:GGH=H LBI: I?J<H=H JH>:
Q?L<?JLH=H IHJY>D:
1>°7ZfZeh\ KZBmj[Zzg®)\®> _odzZgh\ O
L2BgklbIml FZI_fZlbdb :G JMa LZrd_gl Ma[_dbklZg
Lsiroj63@mail.ry 2 h"be #LQGRJ[ UX
8GZzfzglzZgkdbc =hkm~Zjkl\_gguc.desbiboy@d@nail.ru
DzZzd ba\_klgh g ehdZevgu_ djZ \u_ azZ~Zgb "ey mjzZ\g_gby kf_rZ
\Ihjhlh ihjy*dZ bamqgq_gul RZPhZEef\ d@Z;>G Pul[Rdh\Z K A > ZB8Zeh\Z >
< ~Zgghc jZ[hl_ bkihevamy j_amevlzZIl jZ[hl > @ bamqgZ_Ilky h
h{h[r_ggh]lh j_r_gbyhlehgdicehdZdkjZghbhc azZz*"Zkb réggh]lh IbiZ i_j\h]lh jh~z
g_I\_jlh]lh ihjy~rdz
< phezkl® ( LDuOT) jzkkfhljbf mjzZ\g_gby kf rZggh]h 1biZ i_j\h
g_I\_jlhlh ihjy~rdZ

Lo TKOODU Uy Uy 4 €XFu (XX @

1" K, () KX, 1zdh_ ik, x 10,x+( 11); Dlu %(i 0,1,2,3,4)Du u b
imklv \k_ dhwnnbpb_glu mjzZ\g_gby "hklzIkggh Jez*db_ nmgdpbb \
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lhemg _ehdZevgZy djZ _\ZgZahdH[szggh_ U(xDHgmjZ\g gby ba
ijhkljZgkI\Z KhMWHGL,Zm~h\e I\hjyxs__ ke _~mxsbf djz_\uf mkeh\byf

DPu,, DU .; p 012, 2)
u|x 1 u|xl O (3)
Usl, 1 Ul o 0 (4)

]~ J hlebgqgh_ hl gmey \ _ebgbgZ dhlhjh]l]h [m”~_| mlhqg_gZ gb" _
L_hj_fZImklv \uiheg_gu ke_"mxsb_ (2kk&8hKp)tO,! O;

2K, K, K,t0,10 K, K, tO,!0, ney ex[uo (x1) *Q, I
o$|n| |10, | | U1; rey ex[bo (Xt)*Q ]A_ 0$|n| |40, | | U1;

Ki X0 Ky XT; Kyx0) K,(xT); K,x0) K,(xT) ey \kxvB,1( Lh]rZ rey
ex[h1H(xt) *L(Q), kms_kI\m_I _~bgkl\_gghu(xtjbm gihkljZzgki\Z Kh[he \Z
W (Q, b ey g__ kijz\_"eb\h ke_~“mxrZy hp_gdzZ

2 2
[uls o dl flg-

EBL?J:LMJ:
1.DZevf_gh\ H Rhemi_jbh”bg_kdhc az”~zZq_ ey fgh]lhf_jgh]l]h mjzZ\g_g
IbiZz >bnn_j gpbZevgu_ mjZ\g_gby -548. | <« k
2.Pu[bdh\ ; B dhjj_dlghklb i_jbh*bg_kdhc az”~zZqb ”"ey fgh]hf_jgh]l
kf_rZgghlh IbiZz < dg G_deZkkbqgfZzddbZlbgnjEdpcghbnbabdb
Gh\hkb[bjkd -206
3.> ZfZeh\ & AehdZevgu_ djZ _\u_ b h[jZlgu_ azZ~Zgb “ey mjzZ\g_gbc |

H; H> GHAG:QGHC J:AJ?RBFHKLB IHEMG?EHD:EVGHC DJ:?<HC
A:>:QB >EY MJ:<G?GBY KF?R:GGH=H LBIl: <LHJH=H JH>:
Q?L<?JLH=H IHJY>D:
1>*7ZZeh\ K?2®Amij[Zgh\®*Habdmeh\ A
12Bgklblml FzZIl_fZlbdb :G JMa LZrd_gl Ma[_dbklZg
5N _j]Zgkdbc ihebl _ogbg_kdbc bgklblml
Isirojg3@mail.ru, ; 2h~be imdoxru 3zafarbekarziqulo¥984@mailru.
DZd ba\_klgh g_ehdZevgu_ djZ_\u_ azZ”~"Zgb "ey mjZ\g_gby kf_rZg:q
\Ihjh]h ihjyrdZ bamg_gu \ jZ[hlZo K@ FBZaZlIh\ZjZdeb2@®@hc »
K A>Z7zfzgh\z>
< ~Zgghc jZ[hl_ bkihevamy j_amevlZlu jZ[hl > @ bamqgZ_Ilky h”c
h[h[r_ggh]lh j_r _gbyihlegdpcehdZaejpjzghtc azZz*"Zqbj 2Ny gby kf _rZggh]lh Ibiz
\Ihjhlh jhrZ gq_I\_jlh]lh ihjy~rdZz
< h[&kbQ (0,1) (OT) jzkkfhljbf mjz\g_gby kf_rzZggh]h 1Ibiz \lhjh]h
g_I\_jlh]lh ihjy~rdZz

L T KOODU Uy U Uy T(X) @

1" K,(x,0) K,(x,T) 0 Du %(i 0,1,2,3,4) Du u b imklv \k_ dhwnnbpb_glu
mjZ\g_gby "hklzlhggh ]1eZzQdb_ nmgdpbb \

lhemg_ehdZevgZy djZ _\Zgza hdh[szggh_  H(xDgmjz\g_gby ba
ijhkljZgkI\Z KhMWHG,Zm~h\e I\hjyxs__ ke _~mxsbf djz_\uf mkeh\byf
DPu,, DU, .; p 012 2)
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u,, 4, O &)
uXXxO uX><|xl O (4)
]1*_J hlebggh_ hl gmey \_ebqgbgZ dhlhjh]h [m”~_| mlhqg_gZ gb"_

L_hj_fZImklv \uiheg_gu ke_"mxsb_(2Knk3¥ph\b3 K,)tO,! 0;

x 0

2K, K, K,t0,10, K, K4 tO,!0, rey ex[bo x+Q 1~
2
o, ?In| |10, | | U1; K, (xT) K,(x0) 0, K,(x0) K,xT); K,(x0) K,(xT) ~ey

\k_ox*B1( Lh]*Z rey exf@BL(Q), kms_ki\m_I _~bgkhu(gdhba
ijhkljZgkl\Z KhYWéQ\zb ey g__ kijZ\_~eb\h ke_"“mxszZy hp_gdz

Julbe o ad] fl-

EBL?J:LMJ:
1 =eZaZlh\ KGGehdZevgu_ djZ_\u_ azZ”~Zgb "ey mjZ\g_gbc kf_i
ijyfhml]hevgbd_ Kb[ fZl "mjg A64. < k

2.DZjzZlhijzdeb_ \H[Fh*ghc g _ehdZevghc djZ _\hc azZz~Zq_ “ey mjZ\g
Ibiz >bnn_j _gpbZevgu_ mjzZ\g_gby -79. L < k

3. > ZfZeh\ K@ _ehdZevgu_ djZ \u_ b h[jZlgu_ azZ”~Zgqb ~ey mjZ\g.
Ibiz Fhgh]jZznby LZrd_gl ] k

H; H>GHAQGHC J:AJ?RBFHKLB A:>:QB DHRB >EY
<UJH@>:XS?=HKY =BI?J;HEH:;HEBQ?KDH=H MJ:<G?GBY <
IEHKDHKLB
1>°7fZeh\ K2KRbizZl~"bgh\Z 3:Pp'm]Zgb_\ G H
L2Bgklblml FZI _fZlbdb :G JMa LZrd _gl Ma[_dbklzZg
1 siroj63@mail.ru, 2 shiybinaz@mail.ru
5N _jl]Zgkdbc =hkm~ZjkI\_gguc Mgb\ _jkbl_ | N _jl]ZgZz Ma[_dbk
3 annurmatjon@gmail.com
< ~"Zdc jZ[hl_ bkihevamy j_arfled]lZbajpfhdh h~ghagzZqgZy jZaj_r
h[h[r_ggh]lh j_r_gby aZz”~Zqgb Dhrb ~ey \ujh *ZiZ§ZThkp qdbkdHhremjzZ\g g
\ iehkdhklb
< h[ezklIQ)=(0,2)u(O,T)={(x,t);x «(0,1),t « (O,T).. jzZkkfhljbf fhr _evgh_
\ujh ~Zxs__ky ]bi-igdhe[lhebg_kdh_ mjzZ\g _gb _
Lu=k()y u, Axyyu €xruw € xX 1)
] k(t)>0 ijbte[0,T], kO)=0 b imklv \k_ dhwnnbpb_gl{l)m{hkdZbtayg h

]Jez~rdb_ nmgQ@pbb \

AZ~ZqZ Dhrb

GZclb h[h[szggh_ ju(x&db _mjz\g_ gkl ba ijhkljzgkWAQ,
m~h\le I\hjyxs__ ke ~mxsbf djZ _\uf mkeh\byf
ul._, = w(X, 2
o = U(X, 3)
U, =4,,=0. (@)

Hij ~ e _gb H[h[s_gguf j r_gb f dBD "Yb[m~_f gZau\Zlv nmgdphb:
u(xt) *W(Q m~h\e I\hjyxsmx mj@)gihgdk \kx"m \ h[@Zkkbmkeh\byfb
2 @).

L _hj_#IZ Imklv \uiheg_gu mdZaZggu_ \ur_ mkeh\by “ey dbynnbpb_¢
djhf_ Ihlh BRIk k> €0, |~_Oconst>0, c(xt) ¢(xh O,>0, ey \k_o

202



(x,t)-(_g, c(x0)>0,¢c(xT) t0, ey \kx0o[0,1], u(®,u(R* L(O,1). Lh]1*Z ~ey ex[hc
nmgdpHigxt) e L(Q kms_kI\m_I ijbg_f _~bgkl\_ggh_ (@ r(4bbaazrzqgb

ijhkljZzgkI\Z KhMWEQ\z

L _hj 2 Imklv \uiheg_gu mdZazZggu_ \ur_ mkeh\by “ey dfnnbpb_glt
dihf_ Ihlh i2hWRIk K> 80, |[~_Oconst>0, c(xt) ¢(x9) O,>0, “ey \k_o
(Xt *Q c(x0)>0,c(xT) t0, rey \kxeo[0,1], Uy(X *W(0,1), u(X *L(01) Lh]rZ
ney ex[hc nmgdpbt) f(xt)L(Q m~Ah\e_I\hjyxrb_ mkeh\b_ kh]lehkh\
f(x,0)=u, c(x0y OAx0)y, kms_kI\m_1| ijbg_f _~bgkl\_ggh_ (Lr(@b_az~zq

ba ijhkljZgkl\Z KWHO.\z
EBL?J:LMJ:
1. <jzZ]lh\ <@Z \u_ azZ~Zgb "~ey g_deZkkbg_kdbo mjzZ\g _gbc fzZl _fZI
Gh\hkb[bjkd G=M
2. K A >ZfZel®_ehdZevgu_ djZ _\u_ b h[jZlgu_ az~Zgb "“ey mjZ\g_g
IbiZ FhghljZnby LZrd_gl ] k

H;J:LG:Y A:>:QB >EY KBKL?F G?K@BF: YA MIIM=HC
IHEBF?JGHC @B>DHKLB < KHKLHYGBB IHDHY
I>mjrb_\ 2 Rmyjhll
l'moZjkdbc nbebZe BgklblmlzZ FZI_fZlbdb :dZz~_fbb gZmd J_kin
Ma[_dbklZg ;moZjZ Ma[_dbklZg
2>moZjkdbc Jhkm~Zjkl\ _gguc mgb\_jkbl | ;moZjZ Ma[_dbklZg
JZkkfhljbf"\mf_jgmd»gl_Jhbnn_j _gpbZevgmx kbkl_fm ~myZ\g_gbc
g_k ' bfz_fhc \yvadhmijm]hc ihebf_jghc "b~dhklb \ khklhygbb ihdhy > @

- u v, 0

° du -, P idi\/8

° dt Re

:da1 2

O@Ftl ZAUX 2312%/ K1 a IE 1” V0 (1)
od

S Ay Ay Ka, BK YO

°d

S22 2Ay 23y Ka, FE VO

A™ _Kv\j _fyQRF dhfihg ul\_dlhjkdhjhkib”r_dZjlh\hc kbkl_f_ dhhjrbgzl

TAJLFrZ\e _gby¢dEFL sa INTONDE®OH _Ijbg_kdh]lh |_gahjz Zgblahhjhibb
jZg12&5- klhelpkbff_ljbg_kdhc fZljbpu

3.8 (W W .V (.,

K, Ww! %u a, a,k k EA W' ail2
MjZ\g_gb_ [mA_f jZkkfZljb\Zlv k bgl_ljZevkufiddhegdZijz\lbyz
klhjhgz > -1K9J:
#4,—’§7 E#5— TE#or TE#TE(, L 1,/2 PF1;7:TdM; @4 )
1"U WV, .0, -\_dingkihe[_g diag(l,!,l 4 ,) "bZlhgzevgzy fZljbpz
L_i_jv ijbf_gyy ij_h[jZah\Zgb_ Nmjv_ ih i_j_f_gghc [ i_j_ibr_f
\b~_
t
U AU, BU X(t M(y )& Hry) O vy 1 (3)

0
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Kbkl _ fm ijb\_~ f d dZghgbg_kdhfm \b”m D2Zd ba\_klgh ba e
jZkkfZljb\Z_fhf kemgXm kmZdkly g \ujh ~_ggBy d &L & ["&-
"bZlhgZevgzZy fZljbpzZz g¢gZ ’\bZ]th,eb dhlhjhc klhyl k#JkI&\ gguf \gbke
mjZ\g_gbb gh\imx nmgdpbx k ihflhikw8 pZmfgl\Ef wlh mjzZ\g_gb_ ke \
fZ1jbp®id

@—'QE&LI E%A8L i 4:PFi; Ha;@E (4 (4)
]~/ diag(h W2 M2,)R T'BT.F T'EK(yY
liyfzy aZ 2§z ~ _eblv \ hz&yn):0 y 1t! 0 \_dihj nmg¥pph

m~h\le _I\hjyxsmx mjzZ\g_gbx ijb ke_"mxsﬁo gZgZevguo b ]JjZgbgguo
Vvt , My.i 14 (5)
Vv, g9(di L3V (yt),, g@®i 24 ©)

1N_My) (MM, YO (9 &, & 9)() aZ7Zggu_ nmgdpbb
H[jZlg¥ aZ~"Z@Zclb nmgdpB®R& P r _keb hlghkbl _evgh j r _gby a
(4-(7 bal\_klgu “hihegbl_evgu_ mkeh\by
i@ L Dy—éEL s@l 8, @ L Dy S&EL t&a (7)
ljb wihf gbkeh\Zy #ZtjbqoyblZ_Iky ba\_klghc
Imklv \uiheg_gu mkeh\by

M) g(0)i 13 MO) g(0)i 24 (8)
E a o_W a All .0 '
a0 FEO G Mk |6, WiyL3

) 1

o ) (©)
a h (t)« I:I (O’ 0) g

to 4

w a 4 _O

. iW)( : Qf j Ma'» 2,4

W yo J1 Yy

Hkgh\guf j_amevlzZIhf gZklhys ¢ jZ[hlu y\ey_ |ky ke_"mxs__ mlI\_j "
L_hj_fZimklvAy) C[0,1,9(® CIO0,T], \uihegu mkeh\K{OWV,(1) 2

,(OM,, MO) M) z ,0® ,() b mkeh\by khlezZk8\Zghy]~*Z gZ hlj_ad_ >

kms_kI\m_| _“~bgkI\_ggh_ j r _gb_ h[jZlghra aze’ZigkB %r &?b dZ "Zy
dhfihg &P D%r&?hij_~ ey |ky aBgRdle VD> &2EL S8
EBL?J:LMJ:
1.: F ;ehobg G < ZTKAZywbhgZjgu_ j_r_gby mjzZ\g_gbc g_k°
\yvadhmijm]hc ihebf_jghc "b~rdhklb @mjg \ugbke fzZl b fz4 nba
69..

2. V.G.Romanov 3, QYHUVH SUREOHPV IRU HEHEudsigvLIeuQ oz MathKarid PH P F
Compuer Applications 2:4 (2014), 5180.

3.>mj*b_\ > D Lmj"B[\MZ@ZP az~ZqZ "ey ]bi_j[hebg_kdhc k bk
ithjyrdzZ k iZfylvx >bnn_j _gpbZevgu_ mjX\IR. @ Hh§661675 L

A:>:Q: HIJ?>?E?GBY Y>?J < KBKL?F? BGL?=JH
>BNN?J?GPB:EVGUO MJ:<G?GBC :DMKLBDB
I>mjrb_\ 2IDmj*b_\ O O
'mozZjkdbc nbebzZe Bgklblmlz FZI_fZlbdb :dZ”_fbb gZmd J_kim
Ma[_dbklZg ;moZjZz Ma[_dbklzZg
2:moZjkdbc 1Thkm~Zjkl\_gguc mgb\_jkbl_|I ;moZjZ Ma[_dbklz
JZkkfhljbf ljzof_jgmx kbkl_fm mjZ\g _gbc Zdmklbdb > @
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5|a le/ !é/ N
S E@F Erp ETZAL /G IPFI; @F Eqr ErYAQ]

ﬁé'|—g‘E—L| GBPFl—@a
| 1
é= Ere L1, GPFIir. @4 D

(").e,
5 E—L| °G: PFl,Ie @i

1" _ QL QaQaQUF kdhjhklv \hafms_gghtFk’};’m_gb_ \ wlhc-:1B LN _
@ExPaAG:PRaG:Rag:R; Fij_"klZ\eyxsZy iZfybviehlghklv kj_~u \ khklhygbb
| jfhAbgzZfbg_kdh]h jZ\gh\_kby b kdhjhklv a\mdzZ azZ\bky3afF lhevdh h
kbf\he IjZzgkihgbjh\Zgby

AZibr_f kbkl_fm \'\b~_ kbff_Ijbg_kdhc ]bi_j[hebqg_kdhc kbkl_fu > @

: iy ! sC .pea- K U A s
Hag, 7 E Algs g, 7 L i; - (PP 1 Nty 7:T4: @4 @)
]"_ 7L :L&AQRYF\_dlhj i klhe[_®L @ES€4¢4d,, "bZ]lhgZevgzZy fZjbpz

lheh bl_evgh hij_#afL og& kbff_Ijbg_kdb_ fZljbpu
Mfgh Zy ke \Z gZ h[jZlgm¥:TZlimjEghg_ogb g _keh guo ij_h[jZah\Zgbc
ihemqghbf
.8!_!97 EAé@B%éuif- :PF‘I;A\Z@%O?:TQ;@S\ 3)
a”™ _ky "bgbqgZy fZIljbpZ,i®iBrdzZ#,°: Ts; %
Ba h[s_c |_hjbb bgl_]jZevguo3@jXx\g "gibcl >qlh j_r_gb_3)ymjz\g_gb
\ujZz Z_Ilky jZ\_gklI\hf

R S5, 7L F ey, TFI; %PF I 7:T4; @4 (4)

1"y L - PE|Q%PF|—- i;@a
l[jh~bnn_j _gpbjh\ZY b Wity h[hagZVQqT_é@bL_ﬁ 7:TaB ihemqgZzZ _f
'8—’ %EAé@&L__ L - ri%E 1] APF 1 %T4; @4 (5)

X

1~ a- L—g—%PaBa ebg _cghc Ze] [ju > @ > @ \ jzZzkkfzljb\z_fhf kemqz_

g \ujh ™~ ggZy {®Bljlgp °#6L & ]"& "bZ]lhgZevgZy fZljbpZ gZ ~bZ]hgZeb ¢
kihyl kh[kI\_ggu_ gbkeZ; fdjbpuf \ mjzZ\g_gbb ghimx nmgdpbx k it
jZ\_gka7 L 68 Db mfgh‘bf wlh mjz\g_gb_ ke 6%Z gz fZljbpm

" 8—E&— EA@B&(— E&p8L i /4:PFi; :Udla4;@a (6)
]" & L 675864 L tala& L @ Es&Fsaa, & L 6’-’5$\LSW 6 E675-:r;64 :P L 6°54:P6
ljyfZy aZ”"247 "~ _eblv \ h[&@ZlKWAT;aT,aP;& OUO.4PPraT;aT, B96=

\_dlhj nmg®plERal,aP; m~h\le_I\hjyxsmx mjZ\g_gbx ijb ke_~"mxsbo gZq
liZgbgguo mkeh\byo > @
8 UATs 817 &P; @ L 8 UdTsdT7; AEL saia 7)
&ianL G:TedlrdPa & @l G:Tedl;dPa (8)

1" _0:Ualgél;,;AC.Tzal& FaZ~Zggu_ nmgdpbb

H[jZlgZy az"&Zfdb nmgdP@#BP r _keb highkbl_evgh j_r6g®By az”Zgb
ba\_klgu "hihegbl_evgu_ mkeh\by

& gL B:Tedl;aRa 8 g L D:Teal; & &L tada 9)

ljb wihf gbkeh\Zy &4zrjbgpZlZ_Iky ba\_klghc

Imklv nmg @pUayar,; a4 C. Tgal; & \oh”*ysb_ \ "ZQ,g8) _nNbgblgith Tgal7 ijb
dz ~hf nbdkbjh\Zg@{th[hangbf@UeBaaaPL| 8 :UdlgaL P AVE >Ve @ @na
NbdkbjnRa&b ~ey khdjZs_gby aZibkb \\_"&ﬂmf{dﬂagﬁql@@hi | _jfbgZo
nmgdp®®»Z~Zgqm azZibr_f \[6h”"_

@8—! E&— EY%ASL 14 PFi;&U4; @4 (10)
&,UeP, Q@; L é’UUaEL saja (11)
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& UP gaL D:Ra:UP g L O R&FL ta&a (13)
Imklv \uiheg_ gu mkeh\by

oL Qir;a &:.;LG:ra (14)
%@.U,,@FAY@B .5Y:r;c’ﬁy:r; L%@@:Rg@é
LU @ F Al 2y 8 Lo WP @a (15)
_@5 Ui FASg 2y 8. L%gQ:F’,g@L
— U @F Alg .Uyr,&(.r;LTXQQ;RQ@éELtéJé/é (16)

L _hj famklv \U|heg gu \d e g Ay a ACP DB HABPR DYBx&62b
\uiheg gu midm\&:. ; M&:r;&:.;a%:r; Mr&L uy mkeh\by kh]eZldh\@Gby
Lh]~rZ ~ey ex[JhgZ hlj_adda?kms_klI\m_I| _~bgkl\_ggh_ j_r_gb_ h[jZlgh
(10} ba deZBkE% >4 %

EBL?J:LMJU

D =h?Mgh\g_gby fZl_fZlbg_kdhc baalsdmdz F
J =Zglfdo hjby fZljB¥Z mdzZ =e -jZ* abla F

DbeBXl ]jZevgu_ mjZ\g _gby drhgke dpbc

. V. G. Romanov 3,QYHUVH SUREOHPV |IRU HTBEUE¥ADLRQur. OE Wadth. BndP HP R L
omputer Applications2:4 (2014), 5180.

> D >mj*b_\ O O3HUpggZW az*"ZgZ[hepdbkdhc kbkl_fu i_j\h]lh ihjy”
iZfylvx>bnn_j _gpbZevgu_ mBGa2¢2090),y16661675.

‘ 'XUGLHY K K 7XUGLHY 37KH SUREOHP Rl ILQGLQJ WK
GLIIHUHQWLDO 0D][3H.QID M. MaThyB2NA0RI) 9961

. K
. N

oorwNRE

HJ?R?GBY KI?DLJ:EVGHC A:>:Q? >EY MJ:<G?GBY LJ?LV?=
IHJY>D: K DJ:LGUFB O0:J:DL?JBKEB
@mjzZ _ PmnzZllhoh\ B :
GZfZg]ngdbc bgkljgﬁbjlg_hevguc bgklblIml

< h[eZIDb X,y :0 Xy 1 jzkkfhljbf mjzZ\g_gby

s -y @, O-0, (1)
ke _"mxsbfb djZz_\ufb mkeh\byfb
(x0) - (x1) @ (2)
_(O’y) -X(O,y) '(Ly) c' (3)
DjZ \u_ az”~Zqgb “ey mjzZ\gZaby O jzkkihlj gu \ jZ[hl_ > @
AZ"ZRAZ GZclb agzqOgly ijb dhlhjuo aZ®Zqgb bf__1 g _ljb\bZevgh_
j_r_gb_ Bgl ]jbjm_f Ih ™~ _klI\h
- -y @, O- 0
\ h[eZK®bb mgblu\Zy h”rghjh?gu_ djZ _\u_ mkeh\by b ijboh~bf
1
%&f(l,y)dy 33xdy O ZBdkdy O
0 D D

ljb OdO wih jz\_gkI\h \hafh gh H¢yofOijiHIkx"Z aZdexqZ_f qlh ki_dlj a
A, kms_kiI\m_I lhev@ijb
r_gb_ aA2ZmZ_f bkdZlv_ \ \b~

b I\ [ <. 4)
Ih~rklZ\eyy \ ijboh~bf d ke_"mxsbf az”~ZqzZ ”"ey h[udgh\_gguo
mjZ\g_gbc
XcceX 0, X0 X 0c X1 C (5)
Yccay & 0, YO Y1 ( (6)
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ijb wih©@ P V0.
G _ljb\bZevgh_j_ r_gb_ Z"qu yleyxlky

Yy C;e2 sin Sny, az nk?n 1,23,..

H[s__ j_r_gb_ mjZ\g _gby bf | \b”
1
Zkx
X(x) GCe™ @ C;cos% kx c;st—é Rx ©)
©
]*C, ijhba\hevgu_ ihklhyggu_
LZdbf h[jZahf kh[kI\_ggu_ nm@dplkhhdZzN&gbmxsb_ __ kh[kI\_gguf
agZq_gbyf kh]ezZkgh bf xI \b~
1 a
C(xy) el 2" sinﬁmx—si e’ sin n.
2 6
EBL?J:LMJ:
1. BjlZr_\ X :iZdh\ IXjANhc djZ_\hc azZ”ZqZ "~ey mjZ\g_gby Ij_Ilv_]n
ik_\"hweebilbgq_kdh]h Ibiz Ma F@51 < klj

A>:QB >EY KF?R:GGH<UHIH@>:XS?=HK®:=JM@?GGH=H
MJ:<G?GBY <LHJH=H IHINX.3DHEH-=BI?J;HEBQ?KDH=H LBI:
@mZ_WN.F :kehgh¥VzA.
ymo=MnoZjzZ Ma[_dbklZg
JZkkfhljbf mjz\g_gb_

U x'ouy Au X0, X0,y 0
0 m )
Upye Y uyy Bux0, x 0y O
Im p B P ,-ex[u_ ~_ckl\bl_evgu_ gbkeZ ijbq_f
m 0,p!0, 210, £ O. 2)

Imklv, - h[eZklv h]jZgbq_ggZyAB|BBd&Ah AB ijyfuoy O, x 1,
x 0,y hkhhiI\_IkI\_ggh Oji O;:,-0zjzdl_jbklbg_kdbc Ij_m]hevghbd
hljZgbqg_ggZy PAK hkif| b "\mfy o0zZjzdl_jbklbdZfb
2 2m 2 2m
AC:X —— vy 2 0,<&X — vy 2 1
2 m 2 m
mjZ\g_gbwij@y O.
<\_"_f ke_"mxsb_ h[hagZqg_gby
| My :0 x Ly 0,: : % ,%,2E ——
m 2
ijbg_f

1
0 EE ®3)

< h[eZKklIbrey mjZ\g_gby bkke_~mxlky jbghéth]b az~Zgb L
AZNZAL GZclb nmdgd¥lyx h[eZ”rZxsmx ke _"mxsbfb k\hckI\Zfb
Huxys<C: " G,: [ C ,;
2)u, xy Q) ijbgq %, XO fh _I h[$ZIvky [_kdhg_qghklv ihjyrdzZ f_g\
1 2Eijbxo0 Z ippolh]ljZgbg_gZ
YU XYy yley_Ilky j_]lmeyjguf j_r_gb_f mjZ\g_gbyw :,;\ h[eZklyo
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HU XY m~rhle_I\hjy_ | djZz_\uf mkeh\byf

Uy MY Ug My,0 ydh (@)
1
u,, | x,0 x = (5)
2
"My , | X -azrzggu_ nmgdpbh Oijbh O,
LY M,y +CBMC 0,h, (6)
1 1
| x CY0,=§ C3(0,5), 7
0.3 C0:3) ¢
L _hj fz?keb \uiheg_gu ,m(Rxe h(8py(6) lh \ h[eZklbkms_klI\m_|I
_"bgkl\_ggh_ j r gAT.az~Zqgb
EBL?J:LMJ:
1. Bkehfh\ ; Dmjvyab\jz>\B_ azZ~Zqb "ey kf _rZggh]lh gZ]jm
mjzZ\g_gby lj_Iv_JhiZhZyhd4Bi_j[hebq_kdh]h IbiZ ©Ma[_dkdbc fzZIl_f
‘mjgZe? « -38.
2. Kfbjgh\ F MjZ\g_gby kf_rZggh]h IbiZz Fhkd\Z ©O<ukrZy rdheZ:
3. L jk_gh\ K _ j\zZy djz _\Zy azZ~ZgqZ ”"ey mjZ\g_gby iZjZ[hebqg
f_gyxsbfky gzijz\e_gb_f \j_f_gb Gh\hkb[bjkd k

LHIHEH=BQ?KDB? =JMIIU I1J?H;J:AH<:GBEITGIIJHKLIJ:GKL<?
B DHFI:DLU >M=MG>@B
YAZblh\ : 2; rbfh\z > J
'LZrd_glkdbc Zjobl-Kdijmpghevguc bgklbIlml LZrd_gl Ma[_dbklZ
2:moZjkdbc 1Thkm~Zjkl\_gguc mgb\_jkbl_|I ;moZjZ Ma[_dbl
< jZ[hl_ > @ [ueh mklZgh\e_gh qlh ]Jjmiizh[ljZidate\tZ]dplc kdlbfozidlZz
bg"mpbjm_I ]jmiim Ihiheh]l]bg_kdbo ij_h[jZah\Zgbc H§:]bi>@gyhkljzZg
g_ij_ju\ghlh hih[jZz Baghby, dhfizdlh\ iheh}Z2®;:(;LB(;, (bfs:,
hij_~_ey_|ky hih[j&ZSBats \ 8, ?kd& \ ; twd\b\ZjbzZglgh_ hlh]jZ _gb_
ijhkljzgkl\ fBiB &S \ £8 1Zd twd\b\ZjbZglgh_ hlhf&)-ipgkljZgkl\
> @ L_hj fz 0p:Mh[hagzZgbf kbkl_fm hldjuluo hdj_klghkl_¢c g AKljZevg!
]Jimiid \ Ihiheh]bb ijhkljZgkb A lhf _kBOy:A ILTL T,&CDHD1=
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