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Geometrik graflarda quvish-qochish o’yini 225
Xolboyev A.G’., Sodatova D.
R3 fazodagi muntazam ko’pyoqlik qirralarida quvish-qochish o’yini 224



MaTemaTrndeckas ¢u3MKa M CMEXHHE BOIPOCH COBPEMEHHOTO aHamum3a, Byxapa - 2025 13

Yuldashev T.K., Abduvahobov T.A., Artykova Zh.A.
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Yuldashev T.K., Fayziyev A.K., Tankeyea A.K.
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Nonlinear inverse problem for a differential equations with square of the Hilfer 230

type fractional pseudoparabolic operator
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JaMeHTaJIbHBIX peIHeHI/Iﬁ CUHTYJIAPHOI'O SJIJIMIITUYICCKOI'O YPpaBHEHUA

Aobnaymmaes O. X.

OO6paTHble 3a1a91 I ypaBHEHUs TUIIEPOOJIMIECKOTO TUIIA ¢ HEJTMHEHHON Ha- 243
I'PY3KOM

Annakosa II1.1., 9canosa .X.

O06 oHOIT 33818491 CO CMEIeHNeM Ha BHYTPEHHIX XapaKTePUCTUKAX JIJIsT OJTHOT'O 245

KJIACCA BBIPOXKJIAIONINXCA THIEPOOINIEeCKUX YPABHEHU S
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O eIMHCTBEHHOCTH PEIIeHHsT 3a1a9H T'eJIJIePCTeaTa ¢ JAHHBIM Ha JacTaX I'pa- 248
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nuddepeHImaIbLHOr0 yPaBHEHUs ¢ IPOU3BO/IHOM JIPOOHOTO MTOPSIKA
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ypaBHEHUS CMENIaHHOTO THUIIa

MupcabypoB M., Typaes P.H., MupzaeB ®@.C.

SBajiaua B HEOIPAHUYIEHHO 00/IaCTU C HEMOJHBIM ycaoBueM TpukoMu u ycjio- 282
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SECTION 4. FRACTIONAL CALCULUS AND ITS
APPLICATIONS

Baltaeva U.I., Xasanov B.M., To’rayev 0O.0O., Ro’zimova D.G*.
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Bozorov Z.R., Ahmadova O.
Problem of finding the coefficient at the least member of one partial derivative 322

equation with a fractional derivative
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Temirov M.S.
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KamyTo

xxabpaungo A.JI., [lIumikuna 3.JI.

Cunry/isipable ypaBHeHus: ['eJibMroJibiia JIpoOHOrO MOPSIIKa 349

NcnomoB B.U., AbcoaroBa X.I.

O06 omHOIT KpaeBoii 3a1ade Jjisi HArPyKEeHHOTO yPaBHEHHUS CMEIIAHHOIO THIIA 351
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Ncnomos B.N.

O06 omHOIT Kpaepoii 3a1ade JJisi HarpyKEHHOTO YPaBHEHMS CMEIIAHHOIO THIIA 352
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Kapuwmos II1.T., Ucmousos M.X.

Kpatubie oneparopnr Dpeitn-Kobepa pobHOro 1mopsjika u ux IpuMEeHEHHe K 354
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Maxamyn A.A., Hlumikuaa 3.J1.
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MATEMATNYECKA S YKN3Hb
K. IYPIUEBY — 60 JIET

10 oxTsa6pst 2025 roja MCHOJIHS-
ercst 60 JieT uU3BeCTHOMY MaTeMaTU-
Ky, IHpodeccopy, HTOKTOPY QU3NKO-
MaTeMaTUIeCKNX HayK, 3aBejyIole-
My Dyxapckum oTgeseHneM WHCTH-
tyta Maremarnkn nmenn B.J. Po-
maHoBckoro Axanemnn Hayk Pecry6-
JuKn Y30ekucraH, mnpodeccopy by-
XapCKOTO TOCYJapPCTBEHHOTO YHUBEp-
cureta dypmmmypony Kastanmaposu-
ay dypauesy.

Ero pomurenu - ypanesr Kasran-
nap n Jlypmumesa Ilymatryn - ObuLim

TPy KeHuKaMi KoJjixo3a umenn Habon
Autarckoro paitona Byxapckoii obsia-
ctu. OHM BOCHHUTAJIM CBOETO ChbIHA TPY/OJIOOMBBIM, HEICYCTPEMICHHBIM U UC-
KJTIOYNTEHHO TOPSTOUYHBIM U€JTIOBEKOM.

B 1972 rony dypaumypon KajanjgapoBud 10IIET B IEPBBI KJIacC cpejiHei
mkosibl Ne12 nmenn @yprara Aarckoro paitona. Yuéoa B 9-10 kiaccax, 1mo ero
MPU3HAHNIO, CTaJIa MTOBOPOTHBIM MOMEHTOM B €r0 MPOogdeCCHOHATbHOMN KIT3HMU:
UMEHHO TOIJIa B €ro »KI3HU OTKPBLICA "MUp yBJI€UEHHOCTH HayKoit". Yunresis
MareMaTuky Firysax Tyxraes n dusukn Yopu OUuios, a TaksKe UX KOJLIe-
I'Ml CHITPAJIM BayKHYIO POJIb B (DOPMUPOBAHUH B ITKOJIE aTMOC]EPDI JIPYKeCKOit
KOHKYPEHIH. bBjarogaps 3ToMy y OOBIYHBIX, B II€JIOM, TOJPOCTKOB YCIIEITHO
pa3BUBAJIICH MHTEPEC K HayKe, CTPpeMJIeHNe K ITO3HAHUIO HOBOT'O U HABBIKH Ca-
MOCTOSITE/TLHOT'O, TBOPYECKOr0 MbllieHnsd. HTepec K MaremaTuke n (husmke,
BO3HUKINNI €I1é B ITKOJbHBIE TO/IBI, BIIOCIEICTBUN TPUBE €ro K HAYUIHO Jes-
TEJILHOCTU B cepe BhICIIE MaTeMaTHKH.

B 1982 romy, okoHuns mKojy ¢ 3oJ0Toit Menasbio, I.K. lypaumes mocty-
MU Ha OTJe/IeHNe MPUKJIAIHON MaTeMaTHKn (aky/abTeTa MPUKIQJIHON MaTe-
MATUKN U MEXaHUKN TamkeHTCKOTO TMOCYJapCTBEHHOTO yHUBEpCHTeTa (HBIHE -
Hanumonasbubiii yausepcuter Yszbekucrana nmenn Mupszo Yiayroeka). "Yaéba
B YHUBEPCUTETE CTaJa /I MEHs CBOETrO POJa MPOI0ZKEHNEM TKOJIbI - TOJTBKO
Ha HOBOM, OOJiee BLICOKOM YPOBHE, - BeroMunaJj Oymymuit yaénsrit. - C ogHoi
CTOPOHBI - BBICOKOKJIACCHBIE, TpeboBaTe/IbHbIE IIPEojaBaTe/n, ¢ APYyroi - 1e-
JIEyCTPEMJICHHBIE, OPUEHTUPOBaHHbIE HA y4IEOy cTYIeHTbI".
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[Tocste ciyx0b1 B apmun B 1983-1985 rojax oH NpOJOKUI yIEOy B TOM
ke yausepcutere. B 1986 romy JI.K. JlypameB mepeBéncsa Ha MeXaHUKO-
MaTeMaTndecKuilt paxkyiabrer HoBocnOMpckoro rocyapcTBEHHOIO YHUBEPCUTE-
ta. C Teroroit u Giarogapruoctbio Jdypaumypos KasaniapoBud BCIIOMIHAET,
KaK B 9TOM YHUBEPCUTETE BEJIN 3aHATUS BbIIAIONINECT MATEMATUKN U TAJTaHTIH-
Bble niejarorun: M.M. JlaBpentben, C.K. I'ogynos, B.I. Pomanos, B.H. Bparos,
A.B. Kaxuxos, I'.B. Jlemunjenko, B.I'. Axno, C.1. Kabanuxun u jgpyrue. Oco-
OEHHO OH OTMEYAeT BEJUKOJICMHbIC CIENKYPChl, "B KOTOPBHIX 0OyYal caMbIM
COBPEMEHHBIM MEeTOJIaM TeOPUH HEKOPPEKTHBIX M 00paTHBIX 3aja4 st Judde-
peHInaIbHBIX ypaBHeHnii Koropblie yntaaun M.M. JlaBpentbeB, B.I'. Pomanos,
B.I'. dxno, C.1. Kabanuxu.

Cryendeckas, Kak 1 IIKOJIbHAsT, YKU3Hb ITPOSIBIJIA JIy UIITHe YePThl XapaKTepa
JI.K. Jlyp/ineBa - rapMOHUYHOE COUETAHNUE OTJIMIHON yUE0bI, TOMOIIU OHOKYPC-
HUKaM, aKTUBHOI 1CCJIe[0BaTE/ILCKOI pabOThI 1 SIPKOIl IPaskKIaHCKON ITO3UINN.
OcobeHHO BBIJIESIINCH €I0 OPTaHIN3aTOPCKIE CIIOCOOHOCTU: TPU I'OJIa TTOAPSL - B
1987, 1988 u 1989 romax - oH ObLI KOMAHIMPOM CTYJIEHIECKOTO CTPOUTETHHOTO
orpszaa "JIyao" npnm HoBocubupcekom rocymapersennom yHusepcurere. 1o ero
PYKOBOJICTBOM OTPsiJI, CPOPMUPOBAHHBIN U3 CTYJICHTOB YHUBEPCUTETA, B JIETHUE
KaHUKYJIbl yIaCTBOBAJ B CTPOUTEIbHBIX padboTax B fAkyTunu, Ha Hlassnem Cesepe
Poccun. JI.K. dypnues oxkornunn HoBocubupckuii rocyrapcTBeHHbIN YHIBEPCH-
TeT B 1990 romy. B ToM 2Ke TOJTy OH YCIENTHO CaJl BCTYIUTEIbHbBIE SK3aMEHBI 1
ObLII IPUHAT B aCUPAHTYPY IPH 9TOM yHuBepcuTere. CBOIO HAYUHYIO JI€SITE/Ib-
HOCTDH OyayImuil yI€Hblil Havdas emé B CTYJIeHYecKne TOJbI, 3aHuMasCh UCCIe-
TOBAHUSIMHI TI0]T PYKOBOJICTBOM BBIJIAIONIEr0CSd MaTeMaTuKa, Jaypeara ['ocymap-
CTBEHHBIX IpeMuil, dieHa-Koppectnonjenta PAH (Brociegctun akajgeMuka),
npocdeccopa B.I'. Pomanosa. Pannne nayunwie padborsr JI.K. Jlypauesa Oblin
MOCBAIIEHBI 0OpaTHBIM 3aJiadaM JIJIsi HHTerpo-aud epeHnaabHbIX YpaBHEeHN
IUTepOOJITIeCKOro THITA, - OJJHOMY U3 HOBBIX HaIlPABJIEHUII B TEOPUU OOPATHBIX
3aJiad Ui ypaBHeHUil maremarndeckoit pusuku. B 1992 roxy, JI.K. dypaues
YCIENIHO 3aIlluTU/I KaHJINJAaTCKYIo auccepTalnio 1o creruaabaoct 01.01.02 -
Huddepennnaibabie ypapaenus - Ha Temy "OOpaTHble 3aa49u [1/1s1 TUIepOo-
JIMIECKUX YpaBHEHNI ¢ nmaMsiThio" Ha crennaan3upoBanHoM coBeTe HoBocnbmp-
CKOI'0 T'OCY/IapCTBEHHOI'O YHUBEPCUTETA U JIOCPOYHO OKOHYHJI acIUpPaHTYPY.

Omn ¢ 1993 rozga Hauas paboTaTh JOIEHTOM KadeIpbl MaTeMaTHIeCKOIO aHa-
Jm3a byxapckoro rocyJ1lapcTBEHHOIO YHUBEPCUTETA, & 3aTeM 3aHsl JTOJKHOCTD
zaBejytomiero kadeapoit maremaruku. Hapsiy ¢ mejgarormyeckoil u aMITHH-
cTpaTuBHOil jedarenbnocthio JI.K. JlypaneB mpojoskaal akKTUBHYIO HaydIHYIO
paboTy B Byxapckom rocyjapcTBeHHOM yHUBepcuTeTe. Pe3ysibTaTbl CBOUX HC-
cJeJIoBaHNT OH 00CyzK/IaJl co cBomM HacTaBHuUKOM B.I. PomanoBbIM n3 mHCTH-
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tyra Maremarunkun Cubupckoro ornenenuss PAH, a Takxke ¢ yI€HbIMU JIpYTHUX
ABTOPUTETHBIX HAYUHBIX YUpexKeHuil. KEro HaydHble M3BICKAHUS B TOT IIEPH-
OJ1, STBJISIBIIINECS TIPOJIOJIZKEHNEM KaHINIATCKOM JIccepTaliini, ObLIN TOCBSIIIIEHbI
UCCJIEIOBAHIIO ITIPOIIECCOB PACIIPOCTPaHEHUsI BOJH B Cpejlax C IocjeeiicTBIeM
1 U3y4YeHUio cBoiicTB Tux cpen. Ecian nepsbie padorsr . K. dypaneBa ObI-
JIN TIOCBSIIIICHBI N3YYCHUIO 3a/1a4 OIPEJIe/ICHIST OJIHOMEPHOIO sIJIpa MHTErPa/ib-
HOI'O OIlepaTopa, BXOJISINEro B I'MIIEPOOJINYIECKOe YpaBHEHNE C MHTErpajbHbIM
YJICHOM, TO BIIOCJIEJICTBUI AHAJOTUIHBIC MCCJICIOBAHNS OBbLIM BBIIIOJHEHbBI JJIs1
ropaszio 06ojiee CJI0YKHOTO Caydasi, KOTJa spO 3aBUCUT HEe TOJHLKO OT BPEMEH-
HOIT, HO ¥ OT IIPOCTPAHCTBEHHOI nepemenHoii. VceegoBanbl 3aadu 00 ompe-
JIEJICHUN HECKOJIbKUX KO3(MMUIIMEHTOB, BXOJIANINX B pasjindHbie JuddepeHii-
aJIbHbIe ypaBHeHus. Bo Beex n3ydaeMbIX 3ajladax yCTaHOBJICHBI TEOPEMbI €TIH-
CTBEHHOCTH ¥ OIEHKHU YCTOWYMBOCTH.

[Tosryuennbie pe3y/bTaThl JIENIH B OCHOBY JIOKTOPCKOIL JIiccepTaliii, yCIeml-
Ho 3amuiénnoit B 2010 rojy Ha creruan3upoBanHoM yuénom cosete HMU Ma-
remaTukn u Muadopmarmonnnix Texunosornit AH PY3 mox npejcenarenbcToM
akasiemnka [I1.A. AronoBa 1o crenmasibHoct 01.01.02 - nddepenimaibabie
ypaBuenusi. Tema nuccepranmun - "OOpaTHble 3aja4dn JJisi CPeJ C IHOCcjeeii-
crBuem". PesysibraThl guccepTalinoHHO pabOThl OBLIN TaKKe OIyOJIMKOBAHBI
B ojHonMéEHHOM Monorpadun .K. [dypanesa, usnannoit B 2014 uzgareibcTBoM
"Typon-Uxban" B Tamkenre.

C 2012 roga on coBMecTHO cO cBoeil yuenuneit m3 Poccun 2KK.J1. Toruesoii
HavaJj [POBOJAUTH HCCJIEJOBAHUS B OOJACTU IPSIMbBIX U OOPaTHBIX 3aJjad JIJisi
CHCTEMbI YPaBHEHUI BSI3KOYIIPYTOCTH, OCHOBAHHBIX Ha Mojesn Bosbimana. Oc-
HOBHOI 0COOEHHOCTBIO PAOOT B 9TOM HAIPABJIEHUN CTAJIO CUCTEMATHIECKOE UC-
MOJIL30BaHNUE JIOKAJTN30BAHHBIX B TOYKE MM HA T'PAHUIE UCTOYHUKOB, WHUITHI-
UPYIOIINX IPOIECC pacipocTpanenns BoH. C 0IHON CTOPOHBI, 9TO MOBBIIIAJIO
HPUKJIAJHYIO 3HAYUMOCTb pacCMaTPUBAEMbIX 3aJlad, a C JIPYroil - O3BOJIIIIO
rOBOPUTH 0 (POPMUPOBAHII HOBOI'O HAYUHOI'O HAIIPpABJIEHUS B TEOPUN OOPATHBIX
3aJ1ad JIjIs MTHTErpo-1uddepeHIina bHbIX YPaBHEHHI.

Pesyibrarsl 9THX HCCaeA0BaHU ObLIN IIPEJICTABICHBI B MEXK Y HAPOIHOM MO-
norpacdun .K. Hypruesa n 2K. /. Toruesoit Kernel Determination Problems
in Hyperbolic Integro-Differential Equations, onyOJMKOBaHHON M3/1aTeIbCTBOM
Springer B 2023 roxy. Kpome Toro, coBmectro co ceoum yaennkom 2K.I11. Cada-
POBBIM OH IIPOBEJI UCCJIEIOBAHNS 110 OOPATHBIM 3a/adaM OlpPeJIeICHIsT CBEPTOU-
HOT'O sIApa JiJisd OoJiee 00X UHTErpo-aud depeHInaabHbIX YPaBHEHNI, BazKHOI
0COOEHHOCTBIO KOTOPBIX SABJISICTCS HAJUYNE B IPUHIMIIKMAIBHON JacTH ypaBHE-
HUsT 0011Iero rurepboImIecKoro oepaTropa BTOpOro mopsijka. PaccMarpubasnch
caydan, B KOTOPBIX IpsiMas 3ajada (hpopMyJnpoBaiach Kak 3ajada Ko, Tak
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1 KaK HavdaJIbHO-KpaeBasd 3aJiada.

YpaBHeHusi, U3ydaeMble B JAHHOM HallpaBJEHUH, TECHO CBA3aHBI C JIPOO-
HBIMI TP y3noHHO-BoHOBBIMEU YpaBHenusmu. /[.K. /lypanes, onupasich Ha
n3BecTHyio dopmyny Xusie-Tamapkuna-/[zxpOaliisna, gokasasl, 9TO eCIn -
po B MHTerpajax HHTerpo-auddepeHnajIbablX YpaBHeHNl TeII0ONPOBOIHO-
CTH U BOJIHOBBIX ypaBHEHWII BbIOpaTh B clienuajibHoil (opme depes DyHK-
mun Mutrara-Jledpdiepa, To Takme ypaBHEHHUSI OKa3bIBAIOTCA SKBUBAJICHTHDI
JIpOOHBIM 1P PY3MOHHO-BOJTHOBBIM YPaBHEHUSIM C IIPOU3BOJHOI ['epacumoBa-
KarmyTo 1o Bpemenn.

C 2021 rona J.K. Llyp/ueB cOBMECTHO CO CBOMME YICHUKAMU aKTUBHO 3aHU-
MaeTcst 0OpaTHBIMU 3aJladaMy JIId T depeHIna bHbIX YPaBHEHU ¢ JIPOOHBI-
MU TIPOU3BOIHBIME, TPEUMYIIECTBEHHO [1JIsl JPOOHBIX Jn(DY31MOHHO-BOJTHOBBIX
ypaBHeHuii. VM ObLIn aJanTupoBaHbl METO/IbI HCC/IEI0BaHNsl 00OPATHBIX 3a/1ad,
NPUMEHSBIINECH paHee JIJId KJIacCHIecKuX ypaBHeHnit quddys3nn n Koiedanni,
K O0JIee CIOKHOMY CIydalo - YPaBHEHUSM ¢ JIPOOHBIMU MTPOU3BOIHBIMU Pa3III-
HBbIX TUIIOB. B pesy/brare ObLIN 10JydeHbl HOBbIE TEOPEMbI CYIEeCTBOBAHUS U
eIMHCTBEHHOCTH PEIeHUil, a TaK»Ke OIEHKHN YCTOWYNBOCTH. Pe3yIbTaThl MpoBe-
JIEHHOI'O ITUKJIa, UCCIeI0BaHNIT HalLI oTpaskeHnne B MmoHorpadun: D. K. Durdiev,
Inverse Problems for Fractional Diffusion Equations, Springer, Singapore, 2025.

J.K. IIypaues uccienoBasl psifi 0OpaTHBIX 3a/ad, CBSI3aHHBIX C OIpejelie-
HIEM HEN3BECTHBIX KOIM@PUIMEHTOB MPU MJIAJIINEM UieHe B YPaBHEHUSX CMe-
IIAHHOTO 11apabo/Io-rUIepOOTMIECKOTO TUIA ¢ XapPaKTePUCTHIECKUMI U HeXa-
PaAKTEPUCTUICCKIMU JIUHUSIMU U3MeHeHus Tuia. VM JloKka3aHbl HOBbIE TEOPEMbI
0 KOPPEKTHOCTH TaKhX 3ajad B CMbIC/Ie AjlamMapa MpH Pa3IMdHbIX YCIOBUSIX
1IepPeoIIpe Ie/ICHISI.

OH aKTHBHO 3aHNMAETCS HAayYHBIM PYKOBOJCTBOM CTYJIEHTOB, OaKaJaBpOB,
MarucTpaHToB, couckareneii crerienn PhD, a Takyke JOKTOpaHTOB, TEM caMbIM
cchbopMUpOBaB KpenKyio Hay4dHyIo MmKoJy. [1om ero pyKoBojaCcTBOM yCIENTHO 3a-
IUTUIM CBOU JIHCCEPTAIlMU OJuHHaAaTh Kauaugaros (PhD) u tpu jgokropa
HayK. MHorue m3 ero y4eHHKOB - JIOKTOPAHTHI, MAIUCTPAHTBI W CIHEIHATINCTHI
- B HaCTOdINee BpeMs ABJSIOTCS IIPErogaBaTe/IsIMI Pa3JIMIHbIX BY30B Y30eKn-
crana n Poccun. OHU B 1OJTHON Mepe CJIeJYI0T OCHOBHBIM IPUHIIUIIAM CBOErO
HACTABHUKA: BBICOKOI TpebOBATEILHOCTH K ce0e U CBOMM YUEeHUKAM, MPEJaHHO-
CTHU JIeJTy, TOOPOCOBECTHOCTH, CAMOOT/Aa4ue U BHICOKOMY MPOMECCHOHATI3MY.

K. Hypanes ¢ 2020 roma BosriasisgeT byxapckoe otrnenenne ncruryra
Maremarukn nmenn B.. Pomanosckoro Axajemnn nayk Pecriybsinkn YV36eku-
ctat. 3a 6ojee dem 30 JileT aKTUBHON HAYyIHOI JIeITETLHOCTH OH OIMyOJINKOBA
cabinre 200 HayIHBIX pabOT, OOJIBIIAsT YaCTh KOTOPBIX BBIILIA B BHICOKOPEHTHH-
IOBBIX MEXKJIYHAPOJIHBIX »KypHasax, Takux kak Physica D, Fractional Calculus
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and Applied Analysis, Mathematical Methods in the Applied Sciences, Cubup-
cKuil MmaTeMaTndeckuii »KypHaJsi, Maremarndeckue 3amerku, Juddepennnaib-
Hble ypaBHeHust 1 Ap. OH BXOIUT B COCTAB PEIAKIIMOHHBIX KOJIJIETUI »KYyPHAJIOB
SOCAR Proceedings, Uzbek Mathematical Journal, Becmuux Ilorouxozo 2ocy-
dapcmeennozo yrusepcumema, a TakKe psijia Hay4IHbIX H37aHUil Byxapckoro
roCy/IapCTBEHHOT'O YHUBEPCUTETA.

[Tenarornueckas kapbepa /1. K. [lypaueBa nauanacs 5 auapsa 1993 rona, Ko-
IJ1a ero IpUrjIacuin npernogaparesaem Ha Kadeapy "Maremarndecknii anams"
Byxapckoro rocyjiapcTBeHHOIO yHUBepcHUTeTa. 3a 32 roja paboTbl OH IIPOIIES
IIyTh OT acCUCTEHTa JI0 Ipodeccopa, 3aHUMAaJl JOJZKHOCTH 3aBeIyIOIIero Ka-
denpoit, nexkana GpuU3NKo-MaTeMaTHIecKoro gakyabTreTa 1 (paky/JIbTeTa SKOHO-
MUKW, & TakKKe IpopeKTopa 1o ydeOHoit padore ByxI'V. B 2019 roay Oblia
nm3gana kaura . K. JIypanesa "YpaBHeHUsI B 9aCTHBIX TPOM3BOIHBIX PEKOMEH-
noBaHHass MUHHCTEPCTBOM BBICIIEIO U CPEJIHErO CIEUaJbHOr0 0Opa30BaHMd
Pecniyomukn Y30ekucrtan B KadecTBe yUeOHUKa I CTYJAEHTOB OaKajiaBpuaTa
no nHanpasjienuam "Maremaruka" u "[Ipukirajnas maremaTuka 1 HHMOPMATH-
ka'" yHumBepcuTeroB. KpoMme TOro, oH sIBJII€TCsSI aBTOPOM HECKOJIBKNX YIEOHBIX 1
y4IeOHO-METOMIECKUX 1Tocoduit o auddepeHnuaabHbIM YPaBHEHUSIM, TTPE/THA~
3HAYEHHBIX JIJIsI CTY/JICHTOB OaKaJjiaBpraTa 1 MarucTpaTypbl. B HacTosiiee Bpems
OH IIPOJIOJIZKAET I1e/IarOrNIeCcKyIo JlesiTeJIbHOCTh B ByxapckoMm rocyapcTrBeHHOM
YHUBEPCHUTETE, SIBJIsAsICH IpodeccopoM Kadeapsl JuddepeHnnaabHbIX YpaBHe-
HUIL.

Beerna panom ¢ Jdypaumypogom KastangaposuiaeM HaxomgdTcs camMblie OJTn3-
KHe eMy JIIOJIM, IIOJIHOCTBIO pa3eJIsiolue ero HayJIHble MHTePeChl U I'ParkIaH-
ckyto nosuiio (>kena Mapakan Kaguposa - gomeHT Kadeapbl 3e16HO0iT KO-
HOMUKHN ByXapckoro rocy/JapcTBeHHOIO YHUBEPCUTETA; ChIH Y Mujizkan Jlypauen
- 3aBeyoInii Kadeipoit qnddepeHiuaibHbIX YpaBHEHUI TOTO YKe YHUBEPCUTE-
Ta; coia dwamon dypames - mocTao0KTOpaHT-nccae0BaTe/ b B JlapMiiraarckom
yHuBepcurere ['epmannn; 1oub Jdunnosa lyp/neBa - MaructpanTKa Y 306€KCKOro
roCyJIApCTBEHHOIO YHUBEPCUTETA MUPOBBIX SI3BIKOB; J10o4b ypiaona dypiauena -
yuennia dactaoit Kembpmmkcekoit mkosst B Byxape). JI.K. [lypanes - ussect-
HBIl YIEHBI, TaJaHTJIMBBII 11eJIaror, TpeOOBATEIbHbBIN PYKOBOJIUTEb 1 MYJIPbIi
HacTaBHUK. B Oecejie ¢ HIM Bcerjia OIIyIAeTCs MOCTOSTHHBII ITOTOK HOBBIX Hay d-
HBIX UJieil u cBexKux MbIcjeil. B atu qun on ormedaer cBoit 60-y1eTHuil r00mIeil.

Ot Beeit aymm nosapasiseMm Jdypaumypona KajnangapoBuda U yKejaeM eMy
KPEIKOI'0 3JI0POBbsI, PAJIOCTH B »KI3HHU, HOBBIX TBOPYECKUX YCIIEXOB U OJaro-
JAPHBIX YYEHUKOB!

Cacgpapos 2K.III., Tomuesa 2K./[., Bosopos 3.P., Mepaocosa III. 5., Arumos
X.H., Hypuddunos 2K.3., Paxmonos A.A., 2Kymaes 2K.2K., Typdues X.X.,
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Hypoues V. J[., Xoauros C.X., Boamaes A.A., Amoes /. /1.!
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CEKIINS 1. AKTYAJIBHBIE ITIPOBJIEMbBI COBPEMEHHOI
AJITEBPBI I TEOMETPUN

SECTION 1. ACTUAL PROBLEMS IN MODERN ALGEBRA
AND GEOMETRY

On the solutions of one quadratic equation in prime numbers taken from an
arithmetic progression
Allakov I.!, Imamov O.Sh. ?

Termez State University, Termez, Uzbekistan;
iallakov@mail.ru, oybekimamov000@gmail.com

Let us consider the following equation:

a1p1 + asps + @329:2:, =0 (1)

where a1, as, as, b are integers, and py, pe, ps are prime numbers. If in (1) we take a; = ay =
az = 1, then we arrive at a classical problem posed in 1938 by Hua Loo-Keng [1]. I. Allakov
and N. Muzropova [2] proved that equation (1) has solutions in prime numbers under certain
conditions and obtained a lower bound for the number of such representations. In the work of
M. C. Liu and Tao Zhan [3], in the corresponding linear case namely, in the ternary Goldbach-
type theorem with primes in arithmetic progression it was proved that there exists a positive

3
constant 0 > 0 such that for all positive integers and > I; = b ( mod D) sufficiently large odd
i=1

b, the following Diophantine equation has a solution:

b=p1+p2+ps,
pi =1; (modD),i=1,2,3,

where (l;, D) = 1.

Furthermore, in the works of I. Allakov and O. Sh. Imamov [4-6], a lower bound was
obtained for the number of representations of a natural number as the sum of the squares
of five prime numbers taken from an arithmetic progression.In the author’s paper [7], an
improved estimate was given for a special set in the problem of representing a natural
number as the sum of four squares of prime numbers. In [8], the problem of representing
a natural number as the sum of the squares of four primes from an arithmetic progression
was considered.

In this work, we examine the solvability conditions of equation (1) in prime numbers p;
from an arithmetic progression, p; = [;(mod D), i = 1,2,3, D < N°.

We assume, in the general case, that a; #0 ,i=1,2,3 and

ged(ay, ag, az) = 1. (2)

Furthermore, following the approach in Xua‘s work on the Tarry problem (see 9], p. 162),
we consider the solvability condition of equation (1) in the sense of congruences. That is, we
define the quantity N(q) as follows:

N(CI) = CCL?“d{ (71177127713) | 1< n; < gq, (anQ> =1,

ainy + agns + azni = b (modq)} (3)
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and require that the following condition holds: “for all ¢ > 1, N (¢q) > 1%
Let us assume that the integers ay, as, as, b satisfy conditions (2) and (3), and define B as

B = maX{Qa |CL1|,|CL2|,|6L3|}. (4)

In the present paper, by combining the methods of [2,3], the following result has been proved:

Theorem. Suppose the integers ay,as,as,b satisfy conditions (2)-(4). Then there exists
an effective constant A > 0 such that the following assertions hold:

(a) If all of a1, as,as are positive and b > BA, then equation (1) has a solution in prime
numbers py,pa, p3 taken from an arithmetic progression, p; = l;(mod D), D < N°.

(b) If all of ay,as,a3 are not of the same sign, then equation (1) has a solution in primes
p1, P2, p3 taken from an arithmetic progression p; = l;( mod D), i = 1,2,3, D < N°, satisfying
for p1, p2, p3 which were not greater than 3|b| + B,

This theorem can be regarded as a nonlinear generalization of the ternary Goldbach
theorem.

Corollary. If Nis sufficiently large, then the number of solutions of equation (1) in
prime numbers NB™' < p1,ps,p3 < N, p; = l;(modD), i = 1,2,3, D < N° is at least
c1 N3/2 (BQ83/420D1H3N)71, where ¢ s a positive constant and QQ = N?19.

The result obtained is new and has important significance for the study of a number of
problems in the additive direction of analytic number theory. In particular, this result can be
effectively applied to the study of problems concerning the representation of a number as a
sum of several prime numbers and squares of primes taken from an arithmetic progression,as
well as in the analysis of complicated trigonometric sums.
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Some properties of the curvature of Riemannian manifolds with polynomial
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In 2002, the Argentine mathematician Vera Martha Winitzky de Spinadel introduced
the concept of metallic structures, providing a new perspective on differential geometry.
Her primary works focused on geometric fractals, which are widely applied in design and
architecture. Additionally, her research in the field of metallic averages, which develops the
classical concept of the golden section, has gained recognition among mathematicians. Turkish
mathematicians C.E. Hrecanu and M. Crasmareanu, continuing work in this area, introduced
the same concept on Riemannian manifolds, leading to numerous new ideas for applications
in various fields of science.

Riemannian geometry is a fundamental branch of differential geometry, named after the
German mathematician Bernhard Riemann (1826-1866). In Riemannian geometry, smooth
manifolds are studied together with a Riemannian metric. In this context, tangent vectors
and the angles between them are commonly considered; therefore, vector fields play a crucial
role. A Riemannian metric can be viewed as a tensor field that defines an inner product at
each tangent space. This naturally requires the introduction of several fundamental concepts,
including the lengths of vectors and curves. Consequently, the notions of connection, curvature
operator, and curvature tensor are introduced.

Let J be a smooth (1, 1)-tensor field on a smooth manifold M.

Definition [2]. If there exists a nontrivial tensor field J of type (1,1) on a smooth
manifold M such that J? = pJ +ql, where p and ¢ are positive integers, then this polynomial
is called a metallic structure. In this case, the pair (M, J) is said to be a metallic manifold.

Remark [1]. A polynomial structure J is compatible with a connection V on the manifold
M, it VJ =0.

Assume that XY are smooth vector fields, and that the polynomial structure J is
compatible.

Theorem. If the polynomial structure J is a golden structure on a Riemannian manifold,
then the following relations hold:

1. R(X,Y)JZ = J(R(X,Y)Z),

2. (VxJ)Y =Vx(JY) = J(VxY);

3. 9(JX,Y)=g(X,JY).
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We define the class of closed convex surfaces with vertices and present some of their
properties. Such surfaces are significant within the class of similar surfaces.

In A.D. Alexandrov [1], a closed convex surface is defined as the complete boundary of a
bounded convex body. Points on a closed convex surface ®, denoted as X € ®, are classified
based on the tangent cone at that point. The set of tangents to all curves emanating from
a point @ is called the tangent cone. The tangent cone at a point on the surface can be
one of three types: a cone with its vertex at the point X € &, a dihedral angle, or a plane.
Accordingly, points on the surface are classified as conical (vertex), edged, or regular points,
depending on the type of tangent cone.

A closed surface with vertices is defined as a convex surface that has a finite number of
conical points, with all other points being regular [2,3].

Consider a closed convex surface ® with vertices and a unit sphere S?, where M C ®.
The unit outward normals of the support planes at each point of the set M are translated
parallel to the center of the sphere S%. The endpoints of these normals form a set M* C S?
on the sphere, referred to as the spherical image of the set M.

The external curvature of the set M on the surface is defined as the area of its spherical
image: we(M) = S(M™).

The properties of external curvature for general convex surfaces have been studied in
[2]. Naturally, the external curvature of a closed convex surface with vertices retains the
properties of the external curvature of general convex surfaces, such as being positive definite
and additive. The spherical image is unique at regular points but not single-valued at conical
points.

We denote by W(A;) the class of closed convex surfaces with vertices at points A;,i =
1,...,k, which are single-valuedly projected onto the sphere S?. The external curvature
we (M) of a closed convex surface has the following properties:

Lemma 1. For any Borel set M, the condition we(M) > 0 holds, where the set M and
its closure M may include some vertices A;.

The following property of the external curvature of a closed convex surface with vertices
is referred to as a special property.

Lemma 2. If the set M has a non-zero Lebesgue measure, then the set M* also has a
non-zero Lebesgue measure.

The distance from the center of the sphere S? to a vertex A; € ® of the closed convex
surface is called the radius of the vertex and is denoted by h;.

Lemma 3. The external curvature of a vertex of a closed convex surface with vertices is
a monotonically increasing function of the vertexVs radius.

Consider a surface ® € W(A;) and a similar surface ®’. Naturally, ®" also belongs to the
set W(A;).

Theorem 1. The external curvature functions of the surfaces & € W(A;) and ¢ are
equal.

The proof of the theorem follows from the fact that the support planes at corresponding
points of similar surfaces are parallel.

It follows from the theorem that the solution to the problem of reconstructing a convex
surface from W (A;) differs only by similarity. Therefore, we solve the problem relative to a
unit sphere. The uniqueness of the solution is understood within the class of similar surfaces.
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Initially, the problem of restoration a surface based on a given external curvature function
is considered in the class of convex polyhedra. Here, the external curvature is a discrete
function, taking the value w(A;) = w; > 0 at the points A; on the sphere 5%, and the value 0
at all other points.

Theorem 2. If the numbers 0 < w; < 27,7 = 1,..., n satisfy the condition >, w; = 4,
then there exists a convex polyhedra in W (A;) with external curvatures w; at the vertices A;.

Given a function p(M) and positive numbers w;, Theorem 2 allows us to solve the problem
of restoration a closed convex surface with an external curvature function equal to u(M) and
external curvatures w; at its vertices.

Theorem 3. If the function (M) satisfies the following conditions:

1. For all Borel sets M C S?%, u(M) > 0,

2. For sets M; in any € > 0 neighborhoods of points a;, lim._,o u(M;) = w; < 2,
3. For the sphere S?, u(S?) = u(S?\ {a;}) + Zle w; = 4m,

then there exists a unique closed convex surface with vertices at A; along the rays Oa;, with
external curvatures w; at the vertices A;, and an external curvature we(M) = p(M).

The uniqueness of restoration a closed convex surface with vertices based on the external
curvature function is proven in the class of polyhedra and in the general case, ensuring the
uniqueness of the solution within the class of similar surfaces.
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Berilgan natural sonni tub son, tub sonning kvadrati va tub sonning kubi
yig’indisi ko’rinishida tasvirlashlar haqida
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Ushbu Diofant tenglamani qaraylik:
a1p1 + ap; + asp; = n, (1)

bu yerda ay, as, ag butun sonlar, n natural son va py, ps, p3 turli tub sonlar. (1) tenglamaning
koefitsiyentlari va n natural son ushbu

a; +as+az3=n (mod 2). (2)

(a;,a;) =1, (n,a1,a2,a3) =1 (3)
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shartlarini ganoatlantirsin. r(n) orqali (1) tenglamaning logarifmik vaznli tub sonlardagi
yechimlari sonini belgilaylik ya’ni

r(n):= Y, (logpi)(logps)(log ps).

n=a1p1+azp3+asp}
M<‘ll1 ‘Pl SN)
M<|az|p3<N,
M<|ag|p3<N

Tub sonlar bilan bog’liq eksponensial yig’indilarni ushbu ko’rinishda aniqlaymiz ([1] ga
qarang):
Si(a) == Z (logpj)e(ajpg?oz), (k=j=1,2,3),
M;<ph<N;
bu yerda e(z) := exp(2miz).
Eksponensial integralning ortogonalik xossasidan foydalanib r(n) uchun Furye koeffitsienti
formulasiga ko’ra quyidagini topamiz(|1] ga qarang):

_ / S(a)e(—am)da= > (logp)(logps)(logps).

n=a1p1+azp3+asp3

M<|a1|p1§N
M<|az|p3<N
M<|ag|p§<N
Quyidagi belgilashlarni kiritamiz
N 1/6—¢
L:=logN, P:= <5) , D :=max{2, |aq], |as|, |as|} (4)

g modul bo’yicha x1, x2, x3 Dirichle xarakterlari uchun darajali xarakterlar yig’indisini mos
holda quyidagicha aniqlaymiz(|[2]):

a; kI ,
Cy,(a;) - ZX] ( ’ )> Cylay) = Cyolay), (1 =1,2,3)

bu yerda yo— ¢ modul bo’yicha bosh xarakter.
Shu bilan birga

q

Blaoa) = Y e (-2 [0y (ob), ®)

k=1
(k,g9)=1
va 5
B(q, I kn
Alg) = M, F(q, X1, X2, x3) == ) € (——) [1¢, (ask) (6)
¥ (q) pat q )+
=Y Alg), (7)
q<lzx
bo’lsin.

Bundan tashqari [3] dagi singari, (1) tenglama uchun kongruent yechimga ega bo’lishlik
va musbat yechimga ega bo’lishlik shartlarini quyidagicha aniqlaymiz, ya'ni

N(g) :={(ni,na,n3) € Z* : 1 <n < q, ayny + ain3 + agnj =n}, (8)
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N(Q) = {(n17n27n3) € ZS 1 S n; S q, (n,Q) = 17

any + agni + azni = n(modq)}. (9

Ushbu ishning asosiy natijasi quyidagi teoremalardan iborat:

1-teorema. j = 1,2,3 bo’lganda x; (mod p®) primitiv xarakterlar va a =
max{ay, ag, a3} bo’lsin. Har qanday ¢ > a va xo(modp') bo’lganda B(p, x1Xo0, X2X0, X3X0)
funksiya uchun quyidagilar o’rinlidir:

(a) B(p™, X1X0: X2X0: X3X0: ) = F(P%, X1X0: X2X0: X3X0: )

(b) B(p') = 0, agar t > 6 + max{6, a} bo’lsa, bu yerda § = 1 agar p # 3 va § = 2 agar
p=3,

(c) Har qanday n > « uchun: >."__o(p”)>B(p¥) = @) > F(p").

2-teorema Ushbu baholar o’rinli:

a) Har qanday = > 0 uchun va qandaydir musbat doimiy ¢y > 0 mavjud boClib,

3 IAn.q)] < B2

q>x

orinli bo’ladi.( bu esa singulyar qator S(n) := &(n,o00) absolyut yaqginlashuvchi
ekanligini bildiradi.)

(b) Ixtiyoriy ¢ > 0 o’zgarmas son uchun &(n) > baho o’rinli .

1
(log D)e”
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Let X be a topological Tj-space and 7 an infinite cardinal number. The set of all closed
subsets of the space X will be denoted by exp X. A basis of the Vietoris topology defined on
the set exp X is the family of sets of the form

O(Ul,Ug,...,Un>:{F:FGeXpX,FCUUi,FﬁUi#Qforizl,...,n},

i=1
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where Uy, Us, ..., U, are open subsets of the space X|[1].
In 1980, I. Juhasz in the book [2]| introduced the definition of a 7-closed set.
Definition 1 [2]. A subset F' C X is called 7-closed in a topological space X if for every subset
B C F such that the cardinality of B does not exceed the infinite cardinal number 7, the
closure of the set B in X is contained in F'.

In 2016, O. G. Okunev introduced the following concept of the 7-closure of a subset.
Definition 2 [3]. The 7-closure of a subset A of a topological space X is the set

[Al, = {B:BcC A,|B| <7}

A subset is called 7-dense if its 7-closure coincides with the whole space X.

In 2023, in paper [4], R.B. Beshimov, N.K. Mamadaliev, and R.Z. Manasypova studied
certain properties of 7-closed and 7-open subsets, as well as the properties of 7-closure,
T interior, and 7-boundary of sets. Examples of topological spaces were given, demonstrating
both similarities and differences between 7-closure, 7-interior, 7-boundary of subsets and the
corresponding classical notions of closure, interior, and boundary.

In paper [5], the theory of 7-closed subsets was further developed, and the definitions of
certain cardinal invariants were introduced, in particular, 7-density and the 7-Suslin number.
Examples of topological spaces were provided, showing the difference between 7-density
and classical density, as well as between the 7-Suslin number and the Suslin number. For
a topological space X, the 7-density is defined as the least cardinal number of the form |A|,
where A is a 7-dense subset of X, i.e.,

d"(X) = min{|A]; A is a 7-dense subset of X}.

In paper [6], the notions of a 7-base and a system of T-neighborhoods of a topological space
were introduced, and their properties were studied. Furthermore, the space of 7 continuous
mappings was constructed, and it was shown that this space is a Tj-space whenever the image
of 7-continuous mappings is a Tj-space for i = 0,1, 2, 3.

In this paper, the concept of the space of 7-closed subsets is introduced, and some of its
topological and cardinal properties are investigated.

By exp”™ X we denote the family of all 7-closed subsets of the space X.

Theorem 1. Let Uy, ..., U, be T-open subsets of the space X. The families of sets of the
form

O(Uy,...,Uy,) = {F:FEexpTX,FC UUi,FﬂUi#Q for everyizl,_n},
i=1
form a basis of some topology on the set exp™ X.
Theorem 2. If Y is an everywhere 7-dense subset of a T}-space X, then exp” Y is an everywhere

dense subset of the space exp” X.
Theorem 3. Let X be an infinite Ti-space. Then

d"(X) < d" (exp” X).
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The study of cohomology groups of Lie algebras has been a key focus in mathematical
physics and algebraic geometry. Numerous papers, including |[1]-[3], have investigated
cohomology-related problems. In this work, we consider cohomology groups of maximal
solvable Lie algebras.

Definition 1. A vector space with a bilinear bracket (L, [—, —|) over a field of F is called
a Lie algebra if for any x,y, z € £ the following identities hold:

[l’,y] = —[y,l’]

[z, 9], 2] + [y, 2], 2] + [[2,2],4] = 0

For a given Lie algebra (L,[—,—]) the lower central and the derived series are defined
recursively as follows:

L'=L, 0" =% L), k>1;, [W=pr LW =Lk LF & >1.

Definition 2. An algebra (L, [—, —]) is said to be solvable (respectively, nilpotent) if there
exists m € N (respectively, n € N ) such that L™ = 0 (Ll = 0).

For a given Lie algebra R, let C*(R,M) be the space of all alternating F-linear
homogeneous mappings A"R — M, k > 0 and C°(R,M) = M. Let d* : C*(R,M) —
C*1(R, M) be an F-homomorphism defined by

k+1

(dkf)(xlu e X)) = Z(—l)iﬂ[%,f@b o Ty, )|

i=1
+ Z — D) f ([, 5], 01, o Ty e Ty Theg),
1<i<j<k+1
where the elements Z*(R, M) and x; € R. Since the derivative operator d = 3 d' satisfies
i>0
the property d o d = 0, the k-th cohomology group well defined and
H* = Z*(R, M)/ B*(R, M),

where the elements Z*(R, M) := Kerd® and B*(R, M) := Imd*~! are called k-cocycles and
k-coboundaries, respectively.
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Hoschild-Serre factorization theorem simplifies computations of cohomology groups for
semidirect sums of algebras [2].

Theorem 1. If R = N @ Q is a solvable Lie algebra such that Q is Abelian and operators
adrt (t € Q) are diagonal, then the adjoint cohomology HP(R,R) satisfies the following
isomorphism

H'(R,R)= > HQK)®HN,R)2,

a+b=p

where

H'N,R)% ={p € H'N,R)| (t.y) =0, t € Q}
is the space of Q-invariant cocycles of A with values in R, the invariance being defined by

(to) (21, 22,y ) = [t (21,22, )] = D@z, [E 2, ).

s=1

Let consider

" Ker (d*)
A (Q.K) = Im (d*—1)’
where d* : C*(Q,K) — C**1(Q,K). Since ¢ : @ x -+- x Q@ = K and [t;,t;] =0, t;,t; € Q
we get (d%)(ty,...,ter1) = 0. It implies that Im d* = 0 and Ker d* = C*(Q,K), i.e.,
H*(Q,K) = A®Q. Therefore, the cohomology groups H*(R,R) vanish if and only if the
space of Q-invariant cocycles H(N, R)< vanish. On the other hand, H?(R,R) = 0 implies
that H*(N,R)€ =0 for all 0 < b < p.

Definition 3. A torus on a Lie algebra £ is a commutative subalgebra of Der(L) (the
set of all derivations of L) consisting of semisimple endomorphisms. A torus is said to be
maximal if it is not strictly contained in any other torus. We denote by 7,,., a maximal torus
of a Lie algebra L.

We should note that if dimT = dim(N/N?), then N is called nilpotent Lie algebra of
maximal rank.

Definition 4. A solvable Lie algebra Ry = N x T is said to be of maximal rank, if
dimT = dim(N/N?).

The dimension of a maximal torus of a nilpotent Lie algebra is denoted by rank(N).

Denote by W = {a € T* : N, # 0} the roots system of N associated to 7, and by

U, = {aq,...,as} the set of primitive roots such that any non-primitive root can be expressed
by a linear combination of them. In fact, any root &« € W we have o« = > p;a; with p; € Z.
a; €V,

Let R =N x T and rank(N') = 2. Then we have the following results:
Theorem 1. If 3a; + ap ¢ W and oy + 3ap ¢ W, then H*(N,R)7 = 0.
Corollary 1. If 3oy + as ¢ W and oy + 3ay ¢ W, then R is cohomologically rigid.
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Given an algebra A, a linear operator D : A — A is called a derivation, if
D(zy) = D(z)y +xD(y) for all z,y € A.
Each element a € A implements a derivation D, on A defined as
D,(x) = [a,x] = ax — xa, z € A.

Such derivations D, are said to be inner derivations. If the element a, implementing the
derivation D,, belongs to a larger algebra B containing A, then D, is called a spatial
derivation on A. There exist various types of linear operators which are close to derivations.
In particular R. Kadison [1] has introduced and investigated so-called local derivations on
von Neumann algebras and some polynomial algebras.

A linear operator A on an algebra A is called a local derivation if given any x € A there
exists a derivation D (depending on ) such that A(x) = D(z). The main problems concerning
this notion are to find conditions under which local derivations become derivations and to
present examples of algebras with local derivations that are not derivations [1]. In particular
Kadison [1] has proved that each continuous local derivation from a von Neumann algebra
M into a dual M-bimodule is a derivation.

In 1997, P. Semrl [2] introduced the concept of 2-local derivations and automorphisms.
A map A: A — A (not linear in general) is called a 2-local derivation if for every x,y € A,
there exists a derivation D, , : A — A such that

A(ZL‘) = D:v,y(x) and A<y) - Dw,y<y)'

Local and 2-local derivations have been studied on different operator algebras by many
authors. The following theorem is the main result of this paper.

Theorem. Let R be a real W*-algebra of type I, and LS(R) be the real %-algebra of all
linear operators that are locally measurable with respect to R. Let A be a real x-subalgebra
of LS(R) such that R C A. Then every 2-local derivation A : A — A is a derivation.
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Recovering a surface generated by a translation surface of type 1 according to
mean curvature

Kholmurodova G.N.

Tashkent State Transport University, Tashkent, Uzbekistan;
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Let there be given a translation surface of type 1 F' by the following vector equation in a
isotropic spacel1]: .
— —
T (wv) =ui +o g+ (fu)+g@)k,
Where, the isotropic planar translation curves are v, (u) = (u, 0, f(u)) and 72(v) = (0, v, g(v)).

We assume that, the surface F' has no isotropic tangent planes. N p be a isotropic unit normal
vector at a point P of the surface F. Take a unit vector at the point P, we consider the
following;:

713 = d17>(u) + dg?(v) + dgﬁp
In this case, 7 (u), 7 (v)— are tangent vectors at the point P, d? + d2 = 1

Definition 1. If there is a function h determined by:
h:F—F' h(P)=P+1Zp
where [ is constant, then the surface F" is a surface generated by the translation surface F.
We can write the following parametrization|2]|:
T, 0) = 7 (u,v) + l?(u,v)
From this we get:
Phu,v) = 7 (u,0) + Uy P () + dy P (v) + d5 N (0,0, 1))

If we take Idy, =1, ldy = u, ld3 = vy, where, n* + u? = [?. From this, the translation surface
F" has the following form:

7" (u,0) = (ut n,0 4+, (F(w) +0f () + (9(0) + pg' (0)) +7)

In the isotropic space, the total and mean curvatures of this surface are:
Kh — (f// + nf///) (g// + Mg///)

(" +nf") + (9" + ng")
2

Equation of the surface generated by a translation surface of type 1 according to zero mean
curvature was found in the work [2]. Furthermore, in the work of A.Artykbaev and Sh.Ismoilov
[3], the dual translation surfaces are investigated according to mean curvature,where this
curvature is sum of two separate variable differentiable functions in the isotropic space. In
this paper, we will find analytical equation of the surface generated by a translation surface
of type 1 according to mean curvature in this space.

Let the surface generated by a translation surface of type 1 be one-valued projected onto the
Ozy plane. Then the surface F'* is parameterized by:

H" =

2Mu,v) = f(u) +nf'(u) + g(v) + pg' (v) +
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From this, we obtain the main theorem:
Theorem 1. If the mean curvature is given by p(u) + A(v), then the analytical form of the
surface generated by a translation surface of type 1 is:

) = 2 / [ / () duldu + / [ / Aw)deldv) + (u? —0?)

+n(ciu+ c2) + p(div + ds) +

where, 7, ¢;,d;— const, 1 = 1, 2.
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Stably properly infinite real AW % —algebras
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A Banach *-algebra A over a field C is called a C*-algebra if ||z*z| = ||z||?, for any z € A.
Let A be a ring and S a non-empty subset of A. Assume that R(S) = {x € A | szt =0
for all s € S} and call R(S) the right annihilator of S. Similarly, L(S) = {r € A | 2s =0
for all s € S} denotes the left annihilator of S. A Baer *-ring is a ring A such that for
every non-empty subset S of A, R(S) = gA for a suitable projection g. The equality L(S) =
((R(S*)))* = ((hA))* = Ah (for some projection h) shows that this definition can also be
given through the left annihilator. AW*-algebra is a C*-algebra, which is also a Baer *-ring.

Let e, f be projections from A. We say that e is equivalent to f, and write e ~ f, if
e = w*w, f = ww* for some partial isometry w from M. A projection e is called: finite, if
e ~ f < e implies f = e; infinite - otherwise; purely infinite, if e doesn’t have any nonzero
finite subprojection; abelian, if the algebra eAe is an abelian AW*-algebra. An AW*-algebra
A is called finite, infinite, purely infinite, if 1 is a finite, infinite, purely infinite respectively;
properly infinite, if every nonzero projection from Z(A) is infinite; Determining which type
is an AW*-algebra is greatly related to question of the quasitrace [1],[2].

Definition 1. Let A be a C*-algebra with identity and let Aj; be its hermitian part. A
1-quasitrace 7 on A is a function 7 : A — C satisfying the conditions:

(1) T(x*x) = 7(xx*) >0, forall x € A;
(i) T(a+1ib) = 7(a) +i7(b), for all a,b € Ay;

(i4) T — linear on any abelian C*-subalgebra B of A.

Definition 2. Let R be a unital real C*-algebra. A quasitrace 7 on R is a function 7 : R — R
that satisfies the following conditions
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(7)) T(x*x) = 7(x2z*) > 0, x € R;
(17") T(a +b) = 7(a), for a € Ry, b € Ry;
(#7d") T is linear on an abelian C*-subalgebra B of R.

Both definitions can be extended to matrices over these algebras, and quasitrace over this
matrices often referred as 2-quasitrace. It is known that complex or real AW*-algebra is finite
if and only if it possess a family of faithful nontrivial 2-quasitraces. For trivial case almost
no research were made and a good question arise if AW*-algebra properly infinite or purely
infinite if it has trivial 2-quasitrace? We first consider general case for real C*-algebras since
complex case was studied in [3] In [3] is given a numerical estimate of the inadmissibility
of quasitraces and tracial states; in particular, for quasitraces, how large a matrix algebra
is required to obtain a properly infinite unit, and for tracial states, how large an n-tuple
is required in real case? In next theorem we consider two equivalent conditios for a real
C*-algebra to be properly infinite.

Theorem 3. Let R be a real C*-algebra with unity. Then the following conditions are
equivalent.

(1) R admit only trivial quasitraces.

(2) For any 0 < ¢ < 5 there exist n > 2 and zy,..,x, € R satisfying the conditions
Y wimy=1lgu || 3L wail| <6

In the case when A is an AW*-algebra, the matrix M, (A) is properly infinite only if
A is properly infinite or n = oco. That is, such a smallest number n for which A is finite
and M, (A) is properly infinite does not exist in the case when A is an AW*-algebra. In
the real case, things get even more complicated for n > 1, the matrix M, (A) can lose its
AW*-properties when it has non-AW*-complexification, namely, it may ceases to be a *-Baer
ring [4]. It can be seen that proper infiniteness is stable over taking matrix in real case while
*_Baer ring’s property is not. From the above, the following statements are easily proven.

Theorem 4. If R is a real AW*-algebra such that R + iR is an AW*-algebra, then
M,(R) (n > 1) is a real AW*-algebra. Additionally if R is properly infinite then M, (R)
(n > 1) is also properly infinite.

Recall that an algebra R is called stably properly infinite if M, (R) is properly infinite for
all n.

Corollary 5. Let R be a real AW*-algebra such that R + iR is an AW*-algebra. If R is
properly infinite, then R is stably properly infinite.
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Definition 1.[4] Leibniz dialgebra DL is an algebra with binary operations -: DLXxDL —
DL, 4: DL x DL — DL satistying the following identities:

(1): (zdy)Fz=(xFy)kF 2z

(2) : x—|(yl—z):x—|(y—|z)

3): (zdy)dz=azd@Wwd2)+(x42)y, (1)
4): (zby dz=zF@Wwd2)+(xt2)Fy,

5): (zFybkz=zk(yF2)+(xFz) -y,

for all x,y,z € DL.

In this paper we give lists of three-dimensional complex Leibniz dialgebras. The idea is as
follows. We choose the first part A4; = (DL, ) of the Leibniz dialgebra from the list given in
the [1]. Combining algebra from this list (taking into account the Leibniz dialgebra axioms)
with the second part Ay = (DL, ), we obtain constraints for the structural constants. Then
we distinguish non-isomorphic algebras. The following theorem is one of the main results of
this paper.

Theorem 1. Let DL — three-dimensional complex Leibniz dialgebra and dim DL? = 1
Then DL is isomorphic to one of the following pairwise non-isomorphic algebras:

Dﬁi: el:egzael,eg—|63:61+eg,63463:61,61|—63:a61,egl—egzﬁel,
eskes=ce

DL ei’—|633—1o’zel,62—|63:el+62,63—|63:el,63|—61:—ael,egl—@:

L' ——%ep, ezt ez = —ey,

D,C:i‘: e1 1es=aeq, e de3 =61 +eg,e3 1e3 =eq, e3 - ez = veyq,

DE;: ey 1es=e1 +eg,e3 ez =eq, e3 - ez = vey,

DE}M €1 1e3 = —ep, 63 Te3 = —ey, 63 1€y =€y, €3 ez =e, e ez = —ey,
€9 [ €3 = bel, €3 + €y = —bel, €3 + €3 = €1,

Dﬁi: er 1e3 = aeq, e9 1e3 = —eg, €3 1 ey = €9, 63 1e3 = e, e1 F e3 = aeq,
e3 ez = ey,

Dﬁi: 61:63:0461,62—|63:—62,63%62262,63—|63:el,63|—61:cel,
€3 ™ €3 = —€q,

Dﬁi ©epdeg=aeq, eo 1e3 = —eo, 63 1eg =69, e3 13 =€, €3 e3 = veyq,

DE%: er dey=e, e deg=ej,e3 deg=e,e3deg=er, e ey =e1, e e3=ey,
ez ex =e, e3ke3 = ey,

DE?: er ey =e, e Tes =e,e3 1ex =e,e3 deg =e, ek e = —ey,
el e3 = —ey, e3t e = —e, e3k e3 = —ey,

DE%Q ea T ey =€, e de3 =€, e3 1e3 = aer, ea b ea = aeq, ea B e3 = bey,
e3 ey =dey, ezt e3 = vey,

Dc%s 62462261,62_|63261,63_|€2:el,egl_egzael,eg}_eg:bel,
es ey =deq, ez - e3 = vey,

DLLL 61:63:61,62_{63:62,63463261,63}_61:—61,€3|_62:d€1,
€31 €3 = —€q,

Dﬁi; e; 1 e3 = e, e 4 €3 = €9, e3 1€3 =e€1,e F ez =ey, e F ez = bey,

; e3 Fe3 =eq,
DLy, : egdes=e1, ea 1eg=e9, e3 1es =e1, e3F e3 = vey,
where a,b,c,d,v € C and a € C\{0, 1}.
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Theorem 2. Let DL — three-dimensional complex Leibniz dialgebra and dim DL? = 2.
Then DL is isomorphic to one of the following pairwise non-isomorphic algebras:

e1 1es =aep, ea 1es =€+ e, 63 e =e1,e1Fe3=eq, ea b e3=e1+ e,

DM; :
es e = ey,
DM el—|63:ael,62—|63:el+eg,63463261,ell—egzael,egl—egzﬁel,
L e3h ey = 2561 — ey, e3 - e3 = ey,
DM - e1 1eg =aer, e3 Tez3=e1 + e, €3 1eg=e1, €1 e3=aer, ea b e3 = ey,
e3 - e3 = ey,
D/\/l‘f: e; 1e3 =aey,eg Te3=e1+eg,e3 1e3=e;,e3be; = —ep,e3t e = —e;—eog,
63%63:—61,
DMS - e1 1 e3 = ey, e 1 e3 = e +e, 63 1e3 = e, e3 b ey = ﬁel—eg,
es F es = meq,
DME e1 1 e3 = aeq, 624632611—62, es 1 ez = e, ea b e3 = hey + (1 — a)hes,
€3|_€1:—Oé€1,63|_€2:—mel,63"83:—61,
DM e; 1es =ae, ea 1e3 =€ +eg,e3 1e3 =e1,e3b e = —ae, ez e =
Lt —-%ep, e3b ez = —ey,
DM?: e1 deg =aer, e Tes=e + e, e3 1ez=ce1, e e3=req, el e3 = e + e,
e3 - e3 = ey,
D./\/lgfz er 1 es = ey, ea 1e3 =e1+e9, 63 1e3 = e, e e3 = hey + (1 — ) hes,

es F es = meq,
DM : e des=aer, ea des=e; +e, e5 des = ey, e3 - e3 = mey,
1
DMs: ey des=e1+eg,e3 1es=e1, 2 e3 =61 +eq, e3k e3 =mey,

2

DMQI 624632614-62,63463261,63%62:—61—62,€3|_€3:m€1,
3

DM;: ey des=e1+e9, e3de3 =€, e3 e3 =meq,

DM - e; 1e3 = ey, ea 1 e3 = —eg, 63 169 = €9, 63 1e3 = e, 1 F e3 = aey,
4 ea - e3 = —eg, e3 - eg = €9, €3 €3 = €y,

DM? - er 1es = aer, ea 1 e3 = —eg, €3 1 €2 = €, €3 1e3 = e, €2 - e3 = —ey,
47 esb el = —ae, ez ey =ey, 3 €3 = —ey,

D/\/l3' er 1eg = —e1, e de3 = —eg, 3 Tea = €2, 63 1e3 =e1, e2 - e3 = hey — e,
47 e3 b ey = hey +eg, 3 e3 = mey,

DM - er 1es = aep, ea 1 e3 = —eg, €3 1 €3 = €, €3 1 €3 = €, €2 - €3 = —ey,
4 - _ _

e3 ey = e, 3 e3 = meq,

D./\/ll' er 1es = e, e de3 =e,e3 Te3 =e,e b e3 =e, e e3 = ey,

5

es - es =me; + (m—1)ey, . ‘

D./\/lg: er ez = e, e de3 =e,e3 ez =e,e3b e = jer, ez b ex = je,
es F es = mey — meas,

D./\/lgz e; 1e3=ey, ea 1ez3=e1, e3 1e3 =eq, e3 - e3 = mey + neo,

DM%-: e1 1eg =eg, e3 1e3=c¢e1, 61 e3 = ges, e3 F e3 = e + nes,

DM% 61%63:62, 63_163261,63|_61:l{?62, €3|_€3:—€1+n62,
DMé 61461262,62461:€Q,€1|_61262,62|_€1:€2,

DM% 61"61262, 62_{61262, 61"61:—62, 61"62:—62,
DMi,: e1"es=e,eades=eg e3des=ep, es ey = —ey

2

DM14I 61_|€3:€1,62%63262,63463261,€3|_62:l€1—62,
3

DM14Z 61_|€3:€1,62463262,83"63261,62|_€3:€2,€3|_€2:l€1,
4

DMi,: e Jdes=e1,e3des=eq, e3de3=ceq, s e3=he; + ey,

DM%S) e _| €1 = €9, €1 |_ €1 = f€2, €1 }_ €3 = ge€a, €3 l_ €1 = keg, €3 |_ €3 = NeEyg,
where f,g,h,j,k,l,m,n € C and o € C\{0, 1}.

Theorem 3. Let DL — three-dimensional complex Leibniz dialgebra and dim DL?* = 3.
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Then DL is isomorphic to one of the following pairwise non-isomorphic algebras:

epr Tey = e, e 1e3 =e,e3 e =e,e3 1e3 =e, e b e = —ey,
D/\/'%i es ey =pes +pes —pes, ea e = (p—1)e1 + pes — peg, e3 F e1 = —ey,
es e = pey + pey — pes, ea - e3 = (p— 1) eq + pea — pes,

DN?2 - er 1ex = e, e deg =e,e3 Tex=e,e 1e3 =e, ek e = —ey,
T esber=—e, ok e3=1(q—1)e; 4+ qes — qes, ea Feg = teg + qex — qes,
D/\/?: er 1ex = e, e deg =e,e3 Tex=e,e 1e3 =e, et e = —ey,

ea b e3=—eq, e3b e = —eq, e - e3 = teg + ues — ues,
DN‘%: ep dey=e1, e 1ez3=e1, e3 dea =e1, e3 1ez = ey, ea - ea = pe; + pex — pes,

e - e3 = pey + pea — pes, ez b ea = pey + pex — pes, ex b ez = pey + pea — pes,
DN - er ey =e1, e deg=ep, e3 1ea=e1, e3 1e3 = ey, ea - e3 = ge; + gea — ges,
T eg b ey =teg + qes — qes,
DAS - er e =e1,e de3 =e€,e3 1ey = e, e3 1e3 =e, e3 - e = seq,
7 62"63:t€1,

where p, q, s, t,u € C.
Remark 1. To verify the Leibniz dialgebra axioms and isomorphisms between the
algebras, we used the computer program Wolfram Mathematica.
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In this work shown that the functor of n-fold symmetric product F, is a covariant
homotopy functor.

By a covariant homotopy functor we mean a functor F in the category Top of topological
spaces and their continuous mappings satisfying

(*) F preserves homotopy, that is, if a mapping H (z, t) is a homotopy between continuous
mappings f,g: X — Y , then F(H(z,t)) is also a homotopy between mappings F(f), F'(g) :
F(X)— F(Y).

All of our space are Hausdorff unless otherwise indicated. The symbol N stands for the
set of positive integers and R stands for the set of real numbers. Given a space X, we define
its hyperspaces as the following sets:

1) CL(X)={A C X | Ais closed and nonempty };
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2) 2X ={A € CL(X) | Ais compact };
3) Fn(X) ={A € 2% | A has at most n points }, n € N (see |9, 10]).
C'L(X) is topologized by the Vietoris topology defined as the topology generated by

B ={(U,...,Us) | Up,...,Uy are open subsets of X, k € N},

where (Uy,...,Uy) = {A € CL(X) | ACJU; and ANU; # 0 for each j € {1,....k}}.

Note that, by definition, 2%, F,(X) and F(X) are subsets of C'L(X). Hence, they are
topologized with the appropriate restriction of the Vietoris topology. Moreover,

1) CL(X) is called the hyperspace of nonempty closed subsets of X;

2) 2% is called the hyperspace of nonempty compact subsets of X;

3) Fn(X) is called the n—fold symmetric product of X;

4) F(X) is called the hyperspace of finite subsets of X.

On the other hand, it is obvious that F(X) = ([ , Fn(X) and F,(X) C Fppa(X) for
each n € N (see [1, 2|).

Theorem. The functor of n-fold symmetric product F, is a covariant homotopy functor.
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Let M™ be a smooth Riemannian manifold with a Riemannian metric g;;(x) of dimension
n.

Consider the natural coordinates x and p on the cotangent bundle T*M, where x =
(x!,...,2") are the coordinates of a point on M and p = (py, ..., p,) are the coordinates of a
covector of the cotangent space T M on the basis dx!, ..., dz". Take the standard symplectic

structure w = dx A dp on T*M and consider the following function as a Hamiltonian:

Hr.p) = 5 3 6% @pa; = 1ol (1)

It is well known that the following proposition |[2].

Proposition. a) Let y(t) = (z(t);p(t)) be an integral trajectory of the Hamiltonian
system v = sgradH on T*M. The curve x(t) is then a geodesic, and its velocity vector () is
connected to p(t) by the following relation

T - P )

b) Conversely, if a curve z(t) is a geodesic on M, then the curve (z(t); p(t)), where p;(t) =
> gi;(z)p;(t), is an integral trajectory of the Hamiltonian system v = sgradH.
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Let us consider the Hamiltonian (1) for the manifold SO(3). To do this, let us parameterize
the group SO(3) by Euler angles. If we write the following replacement of coordinates from
(a,7,y,2) in R* to (u,v,w) in Euler angles

v w+u L w—Uu
a = COS — COS , & = sin — cos
2 2 2 %
LU w—u v . wtu
Y = sin — sin , Z = cos—sin
2 2 2 2
for A € SO(3) we get
A=
CosSUCOSwW — Sinucosvsinw —SInNucosw — cosucosvsinw — sinvsinw
COSUSIN W + SInuw cosv cosw — sinuSinw + coSu CcoSv cosSw — Sin v cos w
Sin u sin v cos u SIin v COSV

We get the first quadratic form matrix, which is shown below, respectively.

2 0 2sinv
(g5)={( 0 2 0
2sinv 0 2

Consider the natural coordinates = and p on the cotangent bundle 7*SO(3), where z =
(u,v,w) are the coordinates of a point on SO(3) and p = (p1, p2, p3) are the coordinates of a
covector of the cotangent space TSO(3) on the basis du, dv, dw.

The Hamiltonian (1) in this case has the following form,

1 1 1 1 sinwv
H= 2 (2 cos? vp% * 5}?3 * 2 cos? Upg  cos? Up1p3) ' @)

Let us recall some definitions.

Definition 1. The Hamiltonian system is called completely integrable in the sense of
Liouwville or completely integrable, if there exists a set of smooth functions Fi, ..., F}, as

1) Fi,..., F, are the first integrals of the sgradH Hamiltonian vector field,

2) they are functionally independent on M, that is, almost everywhere on M their
gradients are linearly independent.

3) {F;, F;} =0 for any 7 and j,

4) the vector fields sgradF; are complete, that is, the natural parameter on their integral
trajectories is defined on the whole number line.

Definition 2. The decomposition of the manifold M?" into connected components of the
common-level surfaces of the integrals Fi, ..., F}, is called the Liouwille foliation corresponding
to the integrated system v = sgradH.

Since Fi, ..., F,, are preserved by flow of v = sgradH, every leaf of the Liouville foliation
is an invariant surface.

The Liouville foliation consists of regular leaves (filling M almost in the whole) and
singular ones (filling a set of the zero measure) [2].

Theorem. Hamiltonian system defined by (2) is completely integrable in the sense
of Liouville. Regular leaves of a Liouville foliation generated by the Hamiltonian system
are three-dimensional submanifolds of the six-dimensional manifold 7*SO(3) with nonzero
normal curvature and zero Gaussian torsion.
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Ushbu tezisda grassman ko‘pxilligining silliq sturkturasi va uchta xossasi ko‘rsatilgan.
Misollarda esa Gr(1,3) va Gr(2,3) da uchta xossaga ko'rilib 2 o‘lchamli ko‘pxillik bo‘lishi
aytilgan.

Grassmann ko‘pxilligi Gr(k,n) — R™ ichidagi k-o’lchamli chizigli gism fazosidir. Biz
Gr(k,n) ustida silliq ko’pxillik strukturasini quramiz. R™ —{e; : 1 < i < n} ning standart
bazisi bo’lsin. [ = {iy < iy < --- <ix} C {1,2,...,n} ni k ta indekslar to’plamini kiritib
olamiz va uning to’ldiruvchisini {1,...,n} \ I = {j; < jo < -+ < jn_x} deb belgilaymiz. Har
bir I uchun quyidagi akslantirish aniqlanadi.

X1 : R0 Gk, n),

n—k
chif(A) = Spcm(eiu + Z Aty © 1 <u < k)

v=1

A=(aw) 1 <u<k, 1<v<n-—k

(a) x; injektiv; (b) Uy := x(R¥*"=k) va ¢ := x7' 1 Uy — RF¥K) orqali A = {(Uy, ¢1) :
I =iy <iy <- - <ig}t} Gr(k,n) gasilliq k(n — k)-o’lchamli atlas beradi; (c) Gr(k,n) va
Gr(n — k,n) diffeomorfdir.

Izoh. Bu yerda x;(A) matritsa A ga mos keluvchi k-o’lchamli qism fazoni beradi; e;, va e;,
— standart bazis vektorlari, Span esa ular hosil qgiladigan chiziqli fazoni bildiradi. Ushbu
kartalar Gr(k,n) uchun lokal koordinatalarni tashkil giladi, ya'ni Grassmann ko’pxilligini
silliq ko’rinishda tasvirlaydi.

Misol 1. Gr(1,3) — bu R? ichidagi 1-o’lchamli qgism fazolar fazosi, ya'ni chiziglar. Har
bir chiziq koordinatalar boshidan o’tadi. Uni vektor (x,y, z) orqali ifodalash mumkin, lekin
(x,y,2) va A(z,y,2) (A #0) bir xil chizigni beradi. Shuning uchun

Gr(1,3) ~ RP?,

ya'ni haqiqiy proyektiv tekislik. Bu silliq 2-o’lchamli ko pxillikdir.

Misol 2. Gr(2,3) — bu R? ichidagi 2-0’lchamli qism fazolar fazosi, ya'ni tekisliklar. Har bir
tekislik koordinatalar boshidan o’tadi va uni normal vektor (a, b, ¢) orqali ifodalash mumkin.
Lekin (a,b,c) va A(a,b,c) (A # 0) bir xil tekislikni beradi. Demak

Gr(2,3) ~ RP2.
Shunday qilib, ¢ xossaga ko‘ra misolimizdagi Gr(1,3) va Gr(2,3) diffeomorfdir.
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XX asr boshlarida matematik Heinz Hopf tomonidan kashf etilgan Hopf qatlamlanishi
topologiyada muhim natijalardan biridir. U uch o‘lchamli sfera S® ni ikki o‘lchamli sfera S>
ustidagi qatlamlanishi sifatida ko‘rsatadi va har bir nuqtaning ustiga aylana S? tushishini
ta’minlaydi.

Hopf  gatlamlanishini tushunishda
kvaternionlar muhim vosita hisoblanadi.
Ularni XIX asrda irland matematigi Uilyam
Rouan Hamilton ixtiro qilgan. Hamilton
kompleks sonlar yordamida tekislikdagi
burishlarni ifodalash mumkinligini bilgan
va shu g‘oyani wuch o‘lchovli fazoga
kengaytirishni  izlagan.  1843-yilda u
kvaternionlar algebrasini yaratdi: bu algebra
to‘rtlik sonlar (a + bi + ¢j + dk) orqali
uch o‘lchovli fazoda burishlarni tasvirlash
imkonini berdi.

Kvaternionlar to‘plami H to‘rt o‘lchovli
sonlardan iborat:

q=a+bit+cj+dk, a,b,c,dER 6, 15].

Puc. 1: *
Heinz Hopf

Bu yerda a-haqiqiy qism, bi + ¢j + dk
esa mavhum qismdir. Kvaternionlarning
birliklari 7, j, k quyidagi aloqalarga ega:

P=2=k*=—-1, ij=k, jk=1i, ki=j,
lekin ular kommutativ emas:

ji=—k, kj=-—i, ik=—j.
Kvaternionlar assotsiativ:

p(gr) = (pq)r, Vp,q,r € H.

Kvarternionning qo‘shmasi va normasi:

Puc. 2: *
_ . 2_ 2 32 2., P
g=a—bi—cj—dk, |q|"=a"+0 —'Ucﬂjtéﬁil Roueig’ ?Izclmilton
ko‘rinishda topiladi. Agar ||¢|| = 1 bo‘lsa, ¢ birlik kvaternion bo‘lib, uch o‘lchamli burishlarni

ifodalaydi.
Uch o‘lchamli vektor p = (x,y, z) ni sof kvaternion sifatida yozamiz:

p=uzi+yj+ zk.
Aylanish kvaternioni r yordamida yangi nuqta:

pl=rpr~t  [4],[6].
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Hopf akslantirishi S C R* da birlik kvarternion r = a + bi + ¢j + dk yordamida quyidagicha
beriladi:
h(r) =rir~', i=(0,1,0,0) € H.

Har bir nuqtaning oldingi proobrazi
SQ
aylanaga teng:

hH(P) = St 2], [5]

Stereografik proyeksiya yordamida S°R? ga tushirilganda, tolalar bo‘g‘langan aylanalar
ko‘rinishida chiqadi. Har ikkita tola Hopf bog‘lamini hosil giladi, bu topologik va geometrik
jihatdan qiziqarli tuzilish beradi. Hopf qatlamlanishi- S® sferani S? sfera va S' sfera
obyektlari orqali tushuntiruvchi konstruktsiya bo‘lib, kvaternionlar bilan chambarchas
bog‘liq.Hopf qatlamlanishini kvaternionlar yordamida ko‘rib chiqish bizga uch o‘lchovli
fazodagi burishlarning algebraik asosini yanada ravshanlashtirdi. Stereografik proyeksiyalar
yordamida esa ushbu qatlamlanishning geometrik tasviri, ya’ni bir-birini kesmaydigan
va uzluksiz bog‘langan aylana qatlamlari aniq tasavvur qilinadi. Shunday qilib, Hopf
qatlamlanishi algebra va geometriyaning chuqur uyg‘unlashuvini namoyon etuvchi noyob
hodisa sifatida qaraladi.
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Let M be a smooth Riemannian manifold of dimension n with the Riemannian metric g,
V - the Levi-Civita connection, < -,- > - inner product defined by the Riemannian metric g.

We denote by V(M) the set of all smooth vector fields defined on M, through [X, Y] Lie
bracket of vector fields X,Y € V/(M). The set V(M) is a Lie algebra with Lie bracket.

Let’s consider some set D C V(M), which contains finite or infinite number of smooth
vector fields. For a point x € M through ¢ — X*(x) we will denote the integral curve of a
vector field X passing through a point z at ¢ = 0. Map ¢t — X'(z) is defined in some domain
I(xz) C R, which generally depends on field X and point z.

Definition 1. The orbit L(z) of a system D of vector fields through a point z is the set
of points y in M such that there exist tq, s, ..., t; € R and vector fields X1, X5, ..., Xy € D such
that

y = XG5 (X7 (2)))),

where k is an arbitrary positive integer.
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Let us recall a notion of Hamiltonian vector field. In order to define notion of Hamiltonian
vector field we need to define Poisson bracket of functions.

Definition 2. A Poisson bracket on a smooth manifold M is an operation that assigns a
smooth real-valued function {F, H} on M to each pair F, H of smooth, real-valued functions,
with the basic properties: (a)Bilineality:

(A\F +puP,H} = \{F,H} + p{P, H},

{FAH +pPt = MFE H} + ) {F, P}, A\, p € R;
(b) Skew-Symmetry:
{F.H} =—{H F}
(c)Jacobi Identity:

{{F’H}’P}+{{PvF}vH}+{{H7P}7F}:O;

(c)Leibniz” Rule:
(F,H-P}={F,H}-P+H-{F P}

Let M be the Euclidean space R™, with coordinates

(p7 q7 Z) = (p17 "'7pn7 qu ) q”? Zl? R Zl)?
where m = 2n + .

Definition 3. Let M be a Poisson manifold and H : M — R a smooth function. The
Hamiltonian vector field associated with H is the unique smooth vector field sgradH on M
satisfying

sgradH(F)={F,H} = —{H, F'}

for every smooth function F': M — R.

The equations governing the flow of sgradH are referred to as Hamilton’s equations for
the Hamiltonian function H.

In the case of the canonical Poisson bracket on R™ (m = 2n + 1), the Hamiltonian vector
field to any H(p, q, z), as clearly, corresponds

" (0H 0 O0H 0
sgradH = ZZI ( 3y ¢ — 3¢ 3pi>

The corresponding flow is obtained by integrating the system of ordinary differential equations

d  OH dg¢ 0H

= —— —,1=1, ...
dt o’ dt  Opt’ T et
dz!
—=0,1l=1 [
dt ) ) )

There is a fundamental connection between the Poisson bracket of two functions and the Lie
bracket of their associated Hamiltonian vector fields, which forms the basis of much of the
theory of Hamiltonian systems. It is well known following theorem [1]:

Definition 4. Let M be a Poisson manifold and {F,H} : M — R are smooth functions
with corresponding Hamiltonian vector fields sgradF, sgradH. The Hamiltonian vector field
associated with the Poisson bracket of F and H 1is, up to sign, the Lie bracket of the two
Hamiltonian vector fields:

sgrad{F,H} = [sgradH, sgardF].
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Let us consider functions Hy, H, : R* — R on the Euclidean four dimensional space R*
with cartezian coordinates p1, ps, q1, g2 which are given by the formulas

1
%=§ﬁ+£+ﬁ+@

1
Hy = =(p} +p3— a4} + ).

2
The Hamiltonian vector fields corresponding to H; and Hs have following forms:
0 0 0 0
sgdelz—qlal qQaQ-H%a +p28 39
0 0 0 0
sgradHy =0T ys *-2918—(11 +pza—q2- (1)

Theorem 1. The orbits of vector fields (1) generate singular foliation regular leaf of which
is three dimensional surface with zero Gauss curvature.
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A W*-algebra is a weakly closed *-subalgebra of the algebra of all bounded linear operators
B(H) on a complex Hilbert space H, containing the identity operator. A real W*-algebra is
a weakly closed *-subalgebra R with the identity operator, satisfying the condition RNiR =
{0}. A C*-algebra is a Banach *-algebra over the complex numbers, in which the norm satisfies
the equality ||aa*|| = ||a||? for all elements a. A real C*-algebra is a Banach *-algebra over the
reals, where ||zx*|| = ||z]|?, and the element formed by adding the identity operator to the
square of any element x is invertible. Baer *-rings are *-rings in which the right annihilator
of any subset can be expressed as a principal right ideal generated by a projection. (Real)
C*-algebras with a Baer *-ring are called (real) AW*-algebras (for more details see [1]).
Every W*-algebra is an AW*-algebra, but not all AW*-algebras can be represented as W*-
algebras. Factors are W*- or AW*-algebras with a trivial center and are classified into types
Ltin, Ioo, 11, 11, and III (see [2]). Any W*- or AW*-algebra can be uniquely decomposed
along its center into these factors. For every element in an AW*-algebra, the right and left
support projections exist, and they describe annihilation properties. Spectral projections for
self-adjoint elements correspond to intervals such as (A, 00) and play a fundamental role in
describing spectral properties within the algebra (see [Remark 1.5] in [2]).

Definition 1.[1] Let A be a unital C*-algebra. A quasitrace T on A is a function7: A — C
that satisfies:

(1) T(x*x) = 7(xx*) >0, for x € A;



MaTemMaTndeckasd ¢u3MKa UM CMEXHHE BOIPOCH COBPEMEHHOTO aHamu3a, Byxapa-2025 49

(17) T(a+ib) = 7(a)+it(b), for a,b € Ay, where A = {a = a*,a € A};
(#4i) T is linear on any abelian C*-subalgebra B. of A.

Furthermore, 7 is called a n-quasitrace (n > 2) if there exists a l-quasitrace 7, on
M, (A) = A® M,(C) such that

() 7(x) =T (r ®ey1), x€A,

We present the definition of quasitrace in the complex case given above in Real case. This

is one of the main definitions of our article.
Definition 2. Let R be a unital real C*-algebra. A quasitrace 7 on R is a function
7 : R — R that satisfies:

(') T(x*x) = 7(zx*) > 0, for z € R;
(it') T(a+b) =7(a), for a € Ry, b € Ry, where R, = {b = —b*,b € R};
(74i") 7 is linear on any abelian C*-subalgebra B of R.

The center Z(R) of a real AW* algebra R is the set of elements in R that commute with
all other elements of R. Formally, it is defined as:

Z(R)={a€ R|ab=ba for all b € R}.

In other words, a € Z(R) if a commutes with every element B in R.
Definition 3 Let N be a unital complex (or real) C*-algebra and Z(R) is the center
of R. A center-valued quasitrace is the map 7' : R — Z(R) that satisfies:

(a) T(z*x) =T (zx*) > 0;
(b) T(a+b) =T(a), for a € R, and b € Ry;
(¢) T is linear on commutative real C*-subalgebras of R;

Theorem 1. Let R be a unital real AW * —algebra, and let A = R+iR be its enveloping
AW % —algebra. If T' is a center-valued quasitrace on A, then the map T': R — Z(R) defined
by

T(a+b) =T(a), wherea € Ry, b€ Ry

is a center-valued quasitrace on R.

Theorem 2. If T is a center-valued quasitrace on R, then the map T : A — Z(A) defined
by

T(x+iy) =T(z)+iT(y), wherex,y € R,

is a center-valued quasitrace on A.
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In this paper we investigate Killing vector fields on spheres in Euc-lidian spaces. And,
our vector fields on the sphere are the rotations with the center coincident with the origin
(center of the sphere). All objects, manifolds, mappings and vector fields are supposed to be
smooth.

Definition 1. A vector field X on the Riemannian manifold (M, g) is called a Killing
vector field, if the infinitesimal transformations — X' (x), generated by the vector field Xare
isometries.

Here X' (z) denotes the point on the integral curve of the given vector field corresponding
to the parameter ¢.

Or, equivalently Lxg = 0, where Ly - Lie derivative on (M, g).

The set of all Killing vector fields on a manifold (M, g) is known to be closed under the
Lie bracket of two Killing fields, and a linear combination of Killing vector fields over the
field of real numbers is also a Killing vector field. Therefore, the set of all Killing vector
fields on the manifold (M, g) denoted as K (M), forms a Lie algebra over the field of real
numbers. Furthermore, it is known that the Lie algebra of Killing vector fields on a connected
Riemannian manifold (M, g) has a dimension no greater than in (n -+ 1), where n-is the
dimension of (M, g).

For a Killing vector field X, and X -real number, the vector field Y = A X is also a Killing
vector field, as the integral curves of the vector fields coincide as sets, only differing in their
traversal speed. In this case, it is easy to verify [X, Y] = 0 for Lie brackets of those pair of
Killing vector fields.

Frequently, in mathematical physics models, the problem of finding Killing vectors for a
given metric on a manifold are investigated. Each Killing vector field is associated with a
one-parameter group of transfor-mations, which in this case preserves the metric.

Let us consider three dimensional sphere in the 4-dimensional Euc-lidian space S® C R*
given as 22 + y% + 22 + w? = 1; where z,v, z, w ?Cartesian coordinates in R*. On the sphere
S3, Killing vector fields X, Y are given:

__£+ ﬁ_ ﬁ+iy—_ﬁ+2
~ Yoz x(’?y Yo: TFow T T Cor  Toz
Lie bracket [X, Y] of vector fields X, Y is:
0 0 0 0

Hence such Killing vector fields are not commuting, and more than fields X, Y, [X,Y]
are belongs to the minimal subalgebra A (D), contains given vector fields.

In the point p(1, 0, 0, 0) € S? vectors X (p), Y (p), [X, Y] (p) are linearly independent,
i.e. the subspace A, (D) = { X (p): X € A(D)} has dimension three. And the orbit L (p)
has dimension three too. According to Theorem 1 ([3]) the orbit L (p) is a closed subset. On
the other hand, due to the theorems from (|4]) as the orbit has maximal dimension, L (p) is
an open subset of 5. Though, orbit coincides with S3.

The properties of the rotations on the sphere and the method of calculations are useful
for investigation the controllability via two Killing vector fields on the Sphere . So we may
constructs the following vector fields a their orbit coincides the given Sphere:



MaTemMaTndeckasd ¢u3MKa UM CMEXHHE BOIPOCH COBPEMEHHOTO aHamu3a, Byxapa-2025 o1

Theorem. The orbit of the family D = {X, Y}, where X = {—xy, 21, —24,x3,....} and
Y ={0, —x3,x9, —5, x4, ....} are the Killing vector fields on the Sphere is whole Sphere.
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Definition 1. A vector space A over a field F is called a 3-Lie algebra if there exists a
ternary multilinear operation [—, —, —] satisfying the following identities:

(1, 9, 23] = (= 1) 2,01y, T0(2), To ()],

Hxlv T2, .%'3], Y2, y3] - [[Ih Y2, y3}7x27 133] + [mla [ZE27 Y2, y3]7 133]
+[I1) T2, [‘7"37 Y2, 93}]7
where o € S3, and sign(o) denotes the parity of the permutation o.

Definition 2. A subspace B of a 3-Lie algebra A is called a subalgebra if [B, B, B] C B.
A subspace I of a 3-Lie algebra A is called an ideal if [I, A, A] C I. For any ideal I of a 3-Lie
algebra A, we define the lower central and derived series as follows:

=1 " =% 1A, k>1, IW =1, 16D = [J®) &) 4] s>1,

respectively.

Definition 3. A 3-Lie algebra A is called solvable (respectively, nilpotent) if AT = 0
(respectively, A" = 0) for some r € N.

Definition 4. A linear map D : A — A is called a derivation of the 3-Lie algebra A if
for all z1, 2o, 23 € A the condition holds:

D([xy, w9, x3]) = [D(21), w2, 3] + [x1, D(22), 23] + |21, T2, D(23)].

The set of all derivations of A is denoted by Der(A) and forms a subalgebra of the Lie algebra
gl(A), called the derivation algebra of A.

Definition 5. The mapping ad(x,z2) : A — A defined by

ad($17z2)(y) - [yaxbe]a vy € A7
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is called the right multiplication. It is easy to check that ad(x1, z5) is a derivation of the 3-Lie
algebra. The set of all finite linear combinations of right multiplications forms an ideal of
Der(A) and is denoted by ad(A). Elements of ad(A) are called inner derivations. Moreover,
for all 1, x2,y1,y2 € A, the following identity holds:

lad(z1, z2), ad(y1, y2)] = ad([x1, x2, 1], Y2) + ad(ys, [x1, T2, Ya))-

Definition 6. A 3-Lie algebra A of dimension m is called filiform if

dim A" =m — (2+1i), i>1

Consider the m-dimensional 3-Lie algebra N'GF,, 3 with the following multiplication table:
Ngfm,gi[el,eg,ej]:ejH’ 3§]§m_1’

where {eq,...,e,} is a basis of the algebra NGF,, 3 [1].
Proposition 1. An arbitrary derivation of the algebra N'GF,, 5 has the following form:

m

D(e;) = Zaz‘,keka 1<e<2,
k=1

D(e;) = ((j — 3)(a11 + az2) + azz)e; + Z agt—ji3€e;, 3 < J < m.
t=j+1

Definition 7. [2] Let I be an ideal of a 3-Lie algebra A. If I is a nilpotent subalgebra but
not a nilpotent ideal, then I is called a hypo-nilpotent ideal of A. If I is not a proper subset
of any other hypo-nilpotent ideal, then [ is called a mazimal hypo-nilpotent ideal of A.

Next, we consider a solvable 3-Lie algebra whose maximal hypo-nilpotent ideal is the
filiform 3-Lie algebra NGF,, 3. Let R be a solvable 3-Lie algebra with maximal hypo-nilpotent
ideal NGF,, 3. Then the vector space R can be represented as the direct sum of the subspace
NGF,.5 and a complementary subspace Q.

Consider the basis {z, e, e9,...,e,} in R, where Span{z} = Q. For any element z € @,
the operator

ad(z,e1,...,€,...,€5,...,e3), 1<i#j<3

is a derivation of the algebra NGF,, 3.

Theorem 1. Let R be an (m + 1)-dimensional solvable 3-Lie algebra with a maximal
hypo-nilpotent ideal NGF,, 3 Then there is a basis {x,e1,€a,...,e,} of R such that R has
the products

([e1, ez, €] = €ji1, 3<7<m-—1,
[z, e1,ea] = az1e1 + agzes + as ses,
m
[z, e1,e) = ((i — B)azs +asz)e; + > aspirzer, 3<i<m,
t=i+2

[z, e2,e;] = ((3—i)ags +bsz)ei+ > bss_iyser, 3<i<m,
\ t=i+2

( where, ar; € Cand by; € C, 1<k < 3,3 <i<m are the parameters )
and the remaining products of the basis elements are zero.
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On topological measures on classes of subspaces of inner product space

Sukharev V.I. Lobachevskii Institute of Mathematics and Mechanics, Kazan (Volga

Region) Federal University, Kazan, Tatarstan, Russia;
v.sukharev8@gmail.com

We study topological measures on classes of subspaces in inner product (pre-Hilbert)
spaces. A criterion for existence of topological sum of countable family of pairwise orthogonal
splitting subspaces in splitting subspaces class of inner product space is presented.

The topological measure concept arises from that orthomodular measures on classes of
subspaces may be defined only in trivial way in non-complete pre-Hilbert spaces (see [1, 2, 3,
4, 5| for subspaces classes of pre-Hilbert space, orthomodular measures and completeness
criteria). So additive mappings on these classes of subspaces may be interesting. Such
mappings (called topological measures) were introduced by A. Sherstnev and E. Turilova.
A way to obtain topological measures using measures on orthoprojections is presented in
[8]. Some properties of topological measures are studied in [6]. In the process of topological
measures construction a new type of addivity in classes of subspaces occurs. This is the
matter of the research. The results obtained are partially published in [7].

Let S be a pre-Hilbert space. For a subspace A we shall denote by A* its orthogonal
complement in S so that

At ={s€ 5|(s,a) =0 Vaec A}

A subspace A is splitting if S = A® AL and we write E(S) to denote the class of all splitting
subspaces of S. Class C(S) consists of all subspaces such that they or their orthogonal
complement is complete inner product space. Let us have a family of pairwise orthogonal
subspaces {A;} C E(S). All of these subspaces are splitting, so each of them gives the unique
decomposition of arbitrary element s € S into the sum s; + §;, where s; € A;,5; € A+, We
need to define topological sums in order to introduce the topological measures.

Definition: For given subspaces {A;}icr we call subspace cl (spcm (U Al)) a

i€l
topological sum of these subspaces and write EHIAZ- for it.
1€

Definition: Let K(S) be a class of subspaces of S (possibly different from FE(S)).

Topological measure is a mapping p: K(S) — R such that for any family of pairwise

orthogonal subspaces {A;}ier
a <i%|IAi) - ZMAi)’
icl
if the topological sum EIAi exists in K(S).
1€

Therefore, it is important to study conditions under which topological sum of splitting
subspaces appears in classes of subspaces.
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Theorem. Topological sum of pairwise orthogonal splitting subspaces {A;}32, C E(S) lies

in E(S) if and only if Vs € S series Y s; with s; as the elements of the decompositions
i=1

s =s; + §; by subspaces A;, respectively, converges in S.

Corollary. If topological sum of pairwise orthogonal splitting subspaces {A;}3°, C C(S5)
lies in C(S), then Vs € S series Y s; with s; as the elements of the decompositions s = s;+ §;

i=1

by subspaces A;, respectively, converges in S.

This may be helpful in constructing topological measures on classes E(S) and C(S). For
example, it shows that for K € {C, F'} mapping

p:K(S) =R, w(A) = (praf.praf) = |lprafl?

is a properly defined o-additive topological measure on K (S).
This work was performed under the development programme of the Volga Region
Mathematical Center (agreement no. 075-02-2025-1725/1).
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The minimal solvable extension of naturally graded filiform 3-lie algebras
Toxtabayeva A.U.

National university of Uzbekistan, Tashkent, Uzbekistan;
oyjamoltoxtaboyeva@gmail.com

Definition 1. A vector space A over a field F is called a 3-Lie algebra if there exists a
ternary multilinear operation [—, —, —] satisfying the following identities:

[xl, T2, l’3] = (— 1)Sign(g) [xa(l) y L(2)s %(3)] )

[[x17x27x3]7y27y3] - [[l‘l,yg,yg},xg,l’g] + [‘Tlu [$27y27y3]7$3]

—1—[951,362, [$3>y2793ﬂv

where o € Sz, and sign(o) denotes the parity of the permutation o.
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Definition 2. A subspace B of a 3-Lie algebra A is called a subalgebra if [B, B, B] C B.
A subspace I of a 3-Lie algebra A is called an ideal if [I, A, A] C I. For any ideal I of a 3-Lie
algebra A, we define the lower central and derived series as follows:

=1 " =" 1A, k>1, IW =1, 16D = [I®) O 4] s>1,

respectively.

Definition 3. A 3-Lie algebra A is called solvable (respectively, nilpotent) if A = 0
(respectively, A" = 0) for some r € N.

Definition 4. A linear map D : A — A is called a derivation of the 3-Lie algebra A if
for all x1, x5, x5 € A the condition holds:

D([xy1, z2, x3]) = [D(x1), 22, k3] + [21, D(23), 3] + [21, 22, D(23)].

The set of all derivations of A is denoted by Der(A) and forms a subalgebra of the Lie algebra
gl(A), called the derivation algebra of A.

Definition 5. The mapping ad(z,x2) : A — A defined by
ad(a:l,xg)(y) = [yu xlwa]a \V/y € A7

is called the right multiplication. It is easy to check that ad(xy, z3) is a derivation of the 3-Lie
algebra. The set of all finite linear combinations of right multiplications forms an ideal of
Der(A) and is denoted by ad(A). Elements of ad(A) are called inner derivations. Moreover,
for all x1, 29, y1,y2 € A, the following identity holds:

[ad(l’l?%), ad(yl, 92)} = ad([l’hf’ﬁz,ylLyz) + ad(yh [531, 95273/2])-

Definition 6. A 3-Lie algebra A of dimension m is called filiform if

dmA" ' =m — (2+1i), i>1

Consider the m-dimensional 3-Lie algebra N'GF,, 3 with the following multiplication table:
Ngfm,3:[€1,€2,6j]:ej+1’ 3§]§m_1,

where {ey,..., e} is a basis of the algebra NGF,, 3 [1].
Proposition 1. An arbitrary derivation of the algebra N'GF,, 3 has the following form:

D(e;) = Zai,kek, 1<i<2,
k=1

D(e;) = ((j — 3)(a11 + az2) + azz)e; + Z agt—j3€e;, 3 < < m.
t=jt+1

Definition 7. [2| Let I be an ideal of a 3-Lie algebra A. If I is a nilpotent subalgebra but
not a nilpotent ideal, then I is called a hypo-nilpotent ideal of A. If I is not a proper subset
of any other hypo-nilpotent ideal, then [ is called a mazimal hypo-nilpotent ideal of A.

Next, we consider a solvable 3-Lie algebra whose maximal hypo-nilpotent ideal is the
filiform 3-Lie algebra N'GF,, 3. Let R be a solvable 3-Lie algebra with maximal hypo-nilpotent
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ideal NGF,, 3. Then the vector space R can be represented as the direct sum of the subspace
NGF,.3 and a complementary subspace Q.
Consider the basis {z, e, €s,...,e,} in R, where Span{x} = Q. For any element z € @,
the operator
ad(z,e1,...,€,...,€,...,e3), 1<i#j<3

is a derivation of the algebra NGF,, .

Theorem 1. Let R be an (m + 1)-dimensional solvable 3-Lie algebra with a maximal
hypo-nilpotent ideal NGF,, 3 Then there is a basis {x,e1,€,...,€e,} of R such that R has
the products

(le1, ez, e5] = ejy1, 3<j<m—1,
[z, e1,e9] = ag1€1 + Qo262 + ag 3€3,
m
[z, e1, 6] = ((i — 3)asp +azs)e; + > aseirzer, 3 <i<m,
t=it2

[z, e2,€) = (3 —i)azs +bss)e; + > byy—irzer, 3 <i<m,
\ t=it2

( where, ap; € Cand by; € C, 1 <k < 3,3 <i<m are the parameters )

and the remaining products of the basis elements are zero.
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Qism ko‘pxillik egriligi haqgida
Tursunov B.A.!, Buronova S.A.2, Xoliqova T.T3
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t.bayramali@yandex.ru, saxidaboronova@gmail.com, tansigxoliqova@gmail.com

Tekislikdagi yoki fazodagi chiziglarning invariantlari ya’ni normali, binormali, egriligi,
buralishi, Frene formulalari bular chizigning fazoda joylashishiga va uning formasiga
bog‘liq, ya’ni bular tashqi geometriya tushunchalaridir. Chizigda hech qanday ichki metrik
invariantlar mavjud emas.

Sirtda esa bunday emas, masalan, sirtda yoki uning bo‘lagida berilgan chiziq yoyi uzunligi
formulasi evklid tekisligidagi dekart koordinatalar sistemasida berilgan chiziq yoyi uzinligi
formulasi bilan bir xil emas. Shunday ekan sirt nima va u qanday usullarda beriladi?

Uch oflchamli fazodagi sirt — bu ichki geometriyasi haqida gapirish mumkin bo‘lgan sodda
geometrik abyektdir. Sirt uch usulda beriladi:

1) Soddaroq: z = f(x,y) funksiya grafigi yordamida;

2) Umumiyroq: F(z,y, z) = const tenglama yordamida;

3) Parametrik holatda: r = r(u,v) yoki x = z(u,v),y = y(u,v),z = z(u,v) bunda u,v
parametrlar (u,v) tekislikdagi biror sohadan olingan.

Endi sirtning ichki geometriyasiga o‘tsak.

Bizga biror sirt va uning maxsus nuqtasi bo‘lmagan P(zo, yo, 20) nuqtasi berilgan bo‘lsin.
Sirtning P nuqtasidagi gauss egriligi sirtning ichki geometriyasi bo‘ladi, ya'ni sirtning gauss
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egriligi fagatgina bu sirtning ichki metrik xossasigagina bog‘liq. Biz bu egrilik tushunchasini
maxsus koordinatalar sistemasida aniqlaymiz. Quyidagicha ortonormallangan koordinatalar
sistemasini tanlaymiz:

Sirtning berilgan nuqtasidan normal o‘tkazib uni z o‘qi bilan belgilaylik. x va y o‘qlarni
urinma bo‘ylab yo‘naltiraylik. Shunda sirt P nuqta atrofida z = f(x,y) funksiya yordamida

berilib % ‘P = j—]; ‘P = 0 bo‘ladi, ya'ni gradiyent vektor {0, 0, 1} vektorga kollinear. z = f(z,y)

funksiya uchun ikkinchi differensialni yoki

82f 0°f
20° f = S5da? + 25 ——dxdy + 5 dy”
f= 2oy W + 2 g2
ni qaraylik. Bundan (a;;) = &3 8’;] matritsani tuzamlz va uni P nuqtada kvadratik formaning

matritsasi sifatida qaraymiz, bunda 2! =z, 22 =y, i,j = 1, 2.

(a;;) matritsaning xos sonlari ky, ks ga sirtning berilgan nuqtasidagi bosh egriliklari, (a;;)
matritsa determinanti K = k; - ks = det(a;;) = ajjazn — al, ga sirtning gauss egriligi, (a;;)
matritsa izi H = ay1 + age = k1 + ko ga esa sirtning o‘rtacha egriligi deyiladi.

Masala. Parametrik tenglamasi * = u? + v?, y = u?> — v, 2 = wv bo‘lgan sirtning
P(u = 1,v = 1) nuqtasidagi bosh egriliklari, gauss egriligi va o‘rtacha egriligi topilsin.

Yechim. Bu sirtning X? — Y2 —4Z?% = 0 tenglama bilan berilishini, hamda P(u = 1,v =
1) = (2,0,1) ekanini topish giyin emas. z o‘qi yo‘nalishi P nuqtada 77 = {1,0, —2} bo‘lishini
tushunish oson. U holda @ = {0,1,0} va ¢ = {2,0,1} vektorlar sirtning P nuqtasidagi
urinma tekislikka parallel bo‘lganligidan, (i, v, n) ortogonal sistemani hosil giladi. Bizga esa
ortonormal sistema kerak. U holda & = £, &, = i €3 = T dan ortonormal sistemani

] * Gk I7]
hosil gilamiz:

e

Fazoda dekart koordinatalari sistemasini burish formulasidan foydalanib, yangi €; =
{ei1, €2, €;3} bazisga o‘tamiz. U holda

2 1

X 2 AR T

Y| =10]+11 O 0 Ny
1 2

almashtirish yordamida sirt tenglamasi
x2+322—4yz—4\/gz:0

ko‘rinishga ega bo‘lishini topamiz. Endi (a;;) matritsa elementlarini topish qoldi xolos:

af  OF[0x 2 o
de  0F/0z 62— P(0,0.0) o
daf _ O0F/oy —4z _ o
dy 6F/8z 6z — P(0,0,0) ’
&>f 2-(62—4y—4\/5)—2x-6% 1
2 = o5
dz (62 — 4y — 4V/5)? roog 20
d2f:4~j—’;-(6z—4y—4\/5)—4z~(6%— ) o
2 . . 2 ’
dy (62 — 4y 4\/5) P(0,0,0)
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& f 0- (62 — 4y — 4v/5) — 2z - (6L — 4) .

dxdy (62 — 4y — 4+/5)2 P(0.0.0) '
Bundan ko‘rinib turibdiki, sodda hisoblashlardan so‘ng berilgan sirtning P nuqtasidagi
bosh egriliklari k& = ﬁg va ky = 0, gauss egriligi K = kjky = 0, o‘rtacha egriligi H =

ky + ko = #5 ekanligini topish qiyin emas.

On the Spaces of Idempotent Probability Measures on Superparacompact
Spaces

Zaitov A.A.!, Eshtemirova Sh. Kh.2

!Tashkent University of Architecture and Civil Engineering, Tashkent, Uzbekistan;
adilbek_zaitov@Omail.ru
2V. 1. Romanovsky Institute of Mathematics of the Academy of Sciences of Uzbekistan,
Tashkent, Uzbekistan;
shaxnoza.eshtemirova@mail.ru

In this work, we focus on the space I;(X) of finitely supported idempotent probability
measures on a Tychonoff space X. We provide a description of its compactifications and
establish a precise connection between the superparacompactness of X and that of I7(X).

A collection w of subsets of a set X is said to be star countable (respectively, star-finite)
if each element of w intersects at most a countable set(respectively, finite) of elements of w.
A collection w of subsets of a set X refines a collection §2 of subsets of X if for each element
A € w there is an element B € () such that A C B. They also say that w is a refinement
of Q. For a point x € X and a natural number n the inequality Kp(z,w) < n means that
no more than n elements of w contain x, and Kpw < n means that Kp(z,w) < n for every
reX.

A finite sequence of subsets My, ..., M, of a set X is a chain connecting sets M, and
Mg, if M;_ 1N M; # @ foralli=1,...,s. A collection w of subsets of a set X is said to be
connected if for any pair of sets M, M’ C X there exists a chain w connecting the sets M and
M'. The maximal connected sub-collections of w are called components of w. A star-finite
open cover of a space X is said to be a finite-component cover if the number of elements of
each component is finite.

Definition 1. A space X is said to be superparacompact if every open cover of X has a
finite-component cover that refines it.

On a compact Hausdorff space X an idempotent probability measure is defined as a
functional p: C(X) — R that meets the following conditions:

1) p(ex) = c for every constant function cx: X — R, ¢ € R. Here cx(x) = ¢;

2) ulc@p)=cou(p), ceR, ¢ € C(X). Here c® p = c+ ¢;

3) W @) = pule) & p(t), ¢, ¥ € C(X). Here p @ ¢ = max{yp, 1}.

A set of all idempotent probability measures in X is denoted by I(X). It is endowed with
the topology 7, of pointwise convergence. For p € 1(X) sets

(b5 01, - on; 0) ={v € I(X): [v(pi) — plpi)| <0,i=1,...,n}

forms a base of I(X) at u. Here ¢, ..., ¢, € C(X), 0 > 0.

Note that a function f: X — [—o00, +00) is said to be an upper semi-continuous if for each
x € X and for every real number r that satisfies f(z) < r, there exists an open neighborhood
U C X of x such that f(a') <r for all 2’ € U.

Now we consider a compact Hausdorff space X, and put

USCy(X) = { f: X — [—o0, 0]| f is an upper semi-continuous function
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such that there exists z € X with f(z) = 0}.

For a point € X the Dirac measure J,: C(X) — R is defined by the equality d,(p) =
p(x) at ¢ € C(X). It is easy to see that suppd, = {z}. For each idempotent probability
measure v € I(X) there exists [1| a unique upper semi-continuous function x, € USCy(X)
such that v = EBXXV(ZL‘) ® 0. Consequently,

xe

1(X) = { @ ANz) ©6,: A€ USCO(X)}.

zeX

For an idempotent measure = @ x,(z) ® 0, a set
zeX

suppp = {z € X: xu(z) > —oo}
we will call 2| the support of an idempotent probability measure p.
For a positive integer n let I,,(X) denote a set of all idempotent probability measures that
support consists of no more than n points. Put I,(X) = OleIn(X ). An idempotent probability

measure p € 1,(X) is said to be an idempotent probability measure with finite support.
For a compact Hausdorff space X we put

I1(X) = {,u = Gnaxu(xi) ® 0y, € 1,(X): there exists a point
i=1

n

Ti, € supp = {1, ..., zpfsuch that x,(z;) =0 and x,(z;) < -5

at i z'o}.
Theorem 1. For every Tychonoff space X, the compact space I;(fX) is a perfect
compactification of 1;(X).

Theorem 2. For a Tychonoff space X, the space I;(X) is superparacompact if and only if
X is superparacompact.

These theorems show that the construction X ~— I;(X) preserves and reflects the covering-
type completeness property of superparacompactness.
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Teopema kKop/laHa U TONOJIOTMYECKAsl XapakKTepu3anus ABYyXMeEpPHbIX
MOBEepPXHOCTEM

ABazbekoBa M./

Hanmonasibublit yauepcurer Y30ekucrana nvenun Mupso Yiyroeka, Tamkent, Y30ekucran
avazbekovamarjonabonu@gmail.com

B nannoit pabore Mbl paccMoTpuM TeopeMy zKop/iana u ed, 00001IeHns, & TaKXKe UX POJIb
B TOIOJIOIMYECKO K/IacCu(UKAIIU JIBYMEPHBIX TTOBEPXHOCTEIA.

Opoit u3 pyHIaAMEHTATbHBIX UJeil B TOIOJOIUU SIBJISETCS CBOMCTBA IMPOCTPAHCTB, KO-
TOPBIE COXPAHSIOTCS IIPU HEIPEPLIBHBIX MTPEOOPA30BAHUAX. IIPU STOM BarXKHYIO POJIb UTPAET
teopeMa zZKopmaHa, ycTaHaBIUBaIOIIAsl IIPOCTOM 3aMKHYTOIH KPUBOI HA IJIOCKOCTH U pa30du-
eHUeM €Y Ha BHYTDPEHIOIO U BHENIHIOn obsactu. ([1-4])

Bosnukaer BOIpOC HACKOJILKO akKTyasbHa Teopema zKopjana i Pa3/JUYdHbIX IIPO-
CTPAHCTB, HAIIpUMED, JjIs oBepxHocTeil. Kak okazajiock, Ipu 9TOM BaXKHYIO POJIb ChIIPAIOT
TOIOJIOTTIECKNE CBOMCTBA MOBEPXHOCTH.

Onpenenenne. [4] TToaMHOKECTBO TONOJOITIECKOTO IIPOCTPAHCTBA ABJIAIOIIUECS U CB3-
HBIM, U KOMIIAKTHBIM OJIHOBPEMEHHO HA3bIBAETCS KOHTUHYYMOM. HempepbiBHBIN 00pa3 KOH-
TUHYyMa €CTh CHOBA KOHTHHYYM.

Teopema VYaiingepa. [4] JlokaibHO CBA3HBI KOHTHHYYM, COJEDPZKAINUI TPOCTYIO 3a-
MKHYTYIO KPUBYIO, Pa30UBAIONIUIICS KaXK/I0# CBOe MPOCTON 3aMKHYTO# KPUBOI U He pa30u-
BaOIIUiicss HUKaKO# cBoell mapoit Touek , romeoMopden cdepe.

Hanomuanm, 910 KOHTHHYYM JIOKAJIBHO CBA3EH, €CJIN KazK/1as TOUKA UMEET B KazK/ 101 cBoeit
OKPECTHOCTU CBSA3HYIO OKPECTHOCTh. B Kjlacce TaKMX KOHTHHYYMOB JIByMEpPHBIE MHOTOOODA-
3Usl, T.€. TOBEPXHOCTH BBIJE/ISETCS TE€M, 9TO OHU HE PA30MBAIOTCS IapaMy TOYEK U TEOpeMa
2Koprana crpaBeyimBa Jijist HUX JIOKAJIBHO, T.€ KayK/1asl JOCTATOTHO MaJiast IPOCTast 3aMKHY-
Tas KpuBas X pa3dWBaeT Ha JaCTH.

Paccmorpum nByxmepnbiii Top. BoszbMmeMm HEKyI0 3aMKHYTYIO KPUBYIO, OIOSICHIBAIOILYTO
top. Ilpm sTOM, 5Ta KpuBas He cMOXKeT PasdUTHh TOpP Ha JBE YaCTH, TAK KaK y TOPA NMETCs
"neipa". CiremoBaTebHO, YCIOBHE JIOKAJIBHOW CBA3HOCTH W CBOWMCTBa pa3bMeHUsi Ompeie-
JSI0T DyHIaMeHTaJIbHbIE XapaKTEPUCTHKI TOMOJIOIMYECKIX MHOroobpaswmii. 11, KoneuHo ke,
TOp He roMmeoMopden cdepe.
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B nannoit yactu paccMaTpuBaeTCA U U3yYaeTCd HEKOTOPbIe 3HAYCHNs PA3MEPHOCTH U Kap-
JIMHAJIbHBIE YUC/IbI IPOCTPAHCTB IIPU BO3/IEHCTBUU HA HUX MPOEKTUBHO (PAKTOPHBIX (DYHKTO-
POB B KATErOPUU THUXOHOBCKUX IPOCTPAHCTB M HEIPEPBIBHLIX 0TOOparKeHUil B ceOs.

Kapmuuaampasivu auciamu ¢(X), x(X), e(X), d(X), he(X), w(X), t(X) MmozkuO m101p06GHO
o3HaKOMHTCS B paborax [1-3].

s Tomosiornveckoro npocrpancrea X ropopat, uto ot (X) < 7(3], ecam smoboro cemeiicTsa
V OTKDBITBIX MHOXKecTB X m gyt Kaxkaoif toukn ¢ € X, uro z € cl(|Jv), cymecrByer
takoe mozcemeiictBo u < v, aro |pu| < 7 u x € cl(|Jp). Ogesugno, aro ot(X) < ¢(X) n
ot(X) < ¢(X) mis 106010 TOMOJIOMrMYECKOro IpocTpancTBa X .

e orobpazkerns f : X — Y obosHaumM uepes f7 A masbiit o6pas MuozkecTBa A C X
re. fFA={yeY: fly) C A} = Y\F(X\A).

Orobpazkenue f : X — Y samxuyTo = V orkpbrtoro U C X mMHOXKecTBO f#U— OTKpPBITO.

Orobpaxkenne f : X — Y HasbiBaeTcsd BIOJHE 3aMKHYTBIM B TOUYKe Yy € Y, ecju BCs-
KOI'0 KOHEYHOI'O IOKPBITHS ee poobpasa f 'y oTkpeiTbiMu B X MHO:KectBamu Uy, Us, ..., U
muozkectso {y} J(U;_, f#U;) AaBisieTcss OKPECTHOCTBIO TOUKY Y.

Bynem roBoputh, uro orobparkenue f BIOJHE 3aMKHYTO B TOYKU x € X, ecau [ BIOJHE
3aMKHyTO B Touke f,. Eciu f : X — Y Bnosme 3aMKHYTO B KaxKJ0il Touke y € Y, TO
orobparkeHune [ Ha3bIBAETCsI BIOJIHE 3aMKHYTHIM. |2]

Hamomuum, aro 3amkayTOe oTobpazkenue f : X — Y Ha3bIBaeTCsd HEIPUBOUMBIM, €CJIN
JIJIsT BCSIKOT'O COOCTBEHHOT'O 3aMKHYTOro mnojMuoxkectBa F'# X umeer f F # Y.

NMmeerca npennoxKenue

Ilpemgyoxxenne 1. Eciim f : X — Y menpusojgumoe orobpaxkenue, To dX = dY. YUro
rie dX —IUIOTHOCTH ITpocTpancTBa X .

P(X)— MHOXKeCTBO BCexX MOAMHOXKeCTB MHO:kecTBa X. V3 ompenenenns tonosoruu 1 Ha
MHOX)KecTBe X Kak ceMeicTBa ero (OTKPBITBIX) TIOJMHOXKECTB BbiTekaeT, uro 7 C P(P(X)).

[Iyctp Temepnh X —ToroJiorndeckoe MPOCTPAHCTBO X(—ero BCIOMY IIOTHOE ITOJIMHOXKE-
CTBO KaxkJI0it Touke € X mpocTpancTBa X IMOCTABUM B COOTBETCTBHE MHOMKECTBO 0O(r) =
{0, N Xo : Op,—okpecrroctsb Toukn x}. fdcno, aro O(z) € P(P(X)). Takum obpasom, mosry-
qaem orobpaxkenue O : X — P(P(X)). Jlerko Bujers, uro jyisi xaycaopgoBa IpoCTPAHCTBA
oTOOparkeHne 0 MHbEKTUBHO.

Orcrona:

a) MomtaocTs xayciopdosa npocrparctsa X mioraoctu dX = T He nepeocxoaut |P(P(7))].
6) CemeificTBo Beex Xayc¢opdOBBIX IPOCTPAHCTB JIAHHOM TJIOTHOCTU T SIBJISIETCSI MHOXKECTBOM
moraoctu < |P(P(P(71)))|.

IIpeasioxkenne 2. OrpanudeHre HEIMPUBOIMMOIO OTOOpAXKEHHs Ha MPO0Opa3 BCIOIY
IJIOTHOT'O MHOYKECTBA HEIIPUBOJIIMO.

[IpocrpancTBo X HazoBeMm d—cenapabebHBIM, €CJIM B HEM CYIIECTBYET CUETHOE CeMeii-
CTBO JINCKPETHBIX (B cebe) MoJIIpOCTPaHCTB, 0ObeMHEHNEe KOTOPBIX BCIoy mioTHo B X [3].
Kazxioe MeTpusyemoe (J1azke CUIBHO CUMMETPU3YEMOE) ITPOCTPAHCTBO d—cenapabeibHo.

ITpumep 1. R—upsimas r*—ronosiorus Xaycaopda: 7% moaydaercs u3 0ObITHON TOTOJI0-
rum 7T Ha R 1mocpesicTBOM 00bSBICHNS BCEX CUETHDLIX ITOJIMHOXKECTB MHOXKECTBA R 3aMKHY ThI-
Mu B R
1. Kaxoe IuCcKpeTHOe MOIIPOCTPAHCTBO IpOCTpaHCcTBa (R, 7*)—CcaeTHO;

2. (R, T")—ne cenapabejbHO;
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3. (R,7") — d—cemnapabesibHO, B HEM CYIIECTBYET CUETHO CEMEHCTBO JMCKPETHBIX MOJMHO-
JKeCTB, 00beIMHEHNEe KOTOPBIX ILJIOTHO
4. (R, 7*)—Xaycmopdo, HO He peryssipHoO

KapunanbabIM MHBApUaHTHOM Ha3bIBAETCs JII00asd (DYHKINA (0, OlIpe/ie/IeHHas Ha KIacce
BCEX TOIIOJIOTUYIECKHUX IIPOCTPAHCTB, SHAYCHUAMMN KOTOpOﬁ CJIy2KaT 66CKOH€quI€ KapJAnHaJIb-
Hble yncia, U npuHuMaiorias oJJMHaKOBbIe 3HAYEHUs Ha TOMEOMOPMHBIX MTPOCTPAHCTBAX.
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[1],[2],[3]-

J1j1s1 THXOHOBCKOTO IpocTpancTBa X MOJIOKUM
exp(Homeo (X)) = exp(g): g€ Homeo(X)
IIpenmnoxenue 1. /I npon3BoabHOIO THXOHOBCKOIO IIPOCTPAHCTBa X HMeeM
exp(Homeo (X)) C Homeo (exp (X)).

JlokazaTebCcTBO BbITeKaeT u3 HopMmasibHocTH (pyHkTopa exp X. OTMerum, 4To BKJIIOYEHUE
0OpaTUTh HEJIb34.

Hanpumep, mags X = {a, b} ¢ jauckperHOil TOHOJIOrHEil, ONpENESCHHBIA O TPABUILY
g(a) = b, g(b) = a romeomopdusmy g : X — X coorBercrByeT roMeoMopdu3m
exp (g) € Homeo (exp (X))

exp (9) ({a}) = g ({a}) = {g (a)} = {b}
exp (9) ({b}) = g ({b}) = {9 (b)} = {a}
exp (9) ({a,b}) = g ({a,b}) = {h(a),h(b)} = {a,b}.
Omnpenenum romeomopdusm H : exp X — exp X paBeHCTBaMU
H ({a}) = {b}, H ({b}) = {a,b}, H ({a,b}) = {a}.

OueBm/IHO, 9TO He CYIIECTBYeT HU OJHOrO romMeomopdusma f € Homeo (X)), Takoro, 9to
exp (f) = H. Cnenosarensuo, H ¢ exp (Homeo (X)), xors

H € Homeo (exp X).
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st Tonosiorndeckoii rpymisl G Toroioruydeckoro npeobpasosanust (G, X, o) moaoxKuM

exp (G) = {exp(ay) : g€ G}.

3aech ay : X — X II orobparkenne, nnmynuposannoe jeiictsueM o : G x X — X, n
OIIPEJICIEHHOE PABEHCTBOM

ag(z) =a(g, xr) mpu (g, ) € GxX

Teopema 1. MuoxectBo exp GG sBIsIeTCsI I'PYIIONH OTHOCHTEILHO ONEPAIuu exp oy, ) o
exp (ag,) = exp (goq,). IIpu sTOM, ecim e Il eaununa rpynmst G, to exp (o) 11 egumuia
rpymibt exp G.

Takum 06pazom, i 3aaHHON TPYIIIBI TOMOJIOTHYeCKHX mpeobpazosannit (G, X, «)
obpasyeTcst IpyTiiia TOIOJOrndecknx npeobpazosannii (exp (G), exp X, exp «), rue JeicrBue
expa:exp (G) X exp X — exp X rpymibl exp G onpeJiesieHO eCTeCTBEHHBIM 00Pa30M:

expa(expay, F)=expa, (F)=oq,(F).

[Iycrs (G, X, «) u (G, Y, «) LI rpynmst Tonosiornueckux npeobpasosanuii. [osopst [1],
YTO TOIOJIOIMYECKHE MPOCTPaHCTBa X ¥ Y 3KBUBAPUAHTHBI, €CJIN CYIIECTBYET HEIPEPHIBHOE
orobpazkenue f : X — Y rtakoe, 4To 045 of=1fo a? JUIs Besikoro vjiemenTa g € G. 31ech
aX G xX =X ,a":GxY — Y neitcrBus ogmoit 1 Toii ke rpymmbl G COOTBETCTBEHHO
Ha npocrpancrsax X n Y. Mubu ciosamu, o (g, f(z)) = f (o* (9, z)), (9, ) € Gx X.
[Tpu 3TOM OTOOpaykeHue f Ha3bIBAETCsl SIKBUBAPUAHTHOCTHIO. DKBUBAPUAHTHOE OTOOParKEHIE
f X — Y masbiBaercs 9KBUBaJEHTHOCTDHIO, eciu oHO LI romeoMopdusm.

Teopema 2. [Iycrs (G, X, o) u (G, Y, «) Il rpynmsr Tonosoruaeckux mpeobpasoBaHmii.
[Tpocrpancrsa exp X u exp Y 3KBHBaJEHTHBI OTHOCHTEJHLHO I'PyIIbl exp G TOrJa U TOJBLKO
Toraa, Korjga npocrpancrsa X n Y 9KBUBaJEHTHBI OTHOCUTEIBHO Ipymibl (.
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AHHOTaI_[I/Iﬂ. B crarne pacCMaTpuBaeTCA OIEHKa YHC/Ia TOYEK PEIIYTKH B €IUMHHUIHOM
KBa/ipaTe. HOJ’IyquHaH OIl€HKa ITO3BOJIAECT MCIIOJIb30BaThb TOYKHU PEIIYTKHU B Kad€CTBE Y3JI0B
NHTEIrpupoOBaHuAd JIJId HpI/I6JH/I)K‘IHHOI‘O BbIYHC/ICHUA N-KPaTHBIX MHTEI'PaJIOB.

[Tycrs M C R™ Y komnakrnoe Tesio. Oboznaunm depe3 V(M) ero oobam. [lycrs M + X
Y capur M na Bektop X € R", a T'M Y Tesno, nosyyaronieecss yMHOXKEHUEM KarKJI0H TOYKHI
M wa marpuny T € GL,(R). Torga V(T'M) = |detT| - V(M).
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[Iycre L C R™ Y pemrurka ¢ onpegenurenem d(L). Ea dynmamenTasbHoe MHOKECTBO
F(L) = R"/L umeer oovam V(F(L)) = d(L). Jua X € R™ nonoxum L + X Y capur
perrarku, a T'L Y perrarka, mosydennas geiicreuem marpuint 1. Torga d(TL) = [det T -
d(L) [3,4].

st sroboro guckperHoro MuoxKectBa DD C R™ mostoxkum
N(M,D) = #£(M N D).
B uacrroctu, N(M, L) Y uucmio Touek pemrdarrn L, aexammx B M. Ilo onpeenenuto

V(M)
NM,L)=———=+ R(M, L
( Y ) d(L) + ( Y )7
riae R(M, L) Y ocrarounsiit aien. Ipu stom R(M + X, L) siBiisiercst iepuoiudeckoii (yHK-
nueit o X ¢ pernrqrroil mepuoioB L. Beepum Bemuauny

r(M,L)= sup |R(M+ X,L)|.

XeF(L)

Mpbr unTepecyemcest onenkoit r(M, L). B paborax [1,2| mokazana cieiyiomast Teopema.
Teopema 1 Ilycrs K? Y epunnunbiii kBajgpar B R? ¢ 1HeHTpoM B Hauaje KOOPIUHAT 1
pubpamu, napauteababiMu ocaM. Ilyers L C R? W ynuMoyapHast perrdrKa, ¢ 0JHOPOIHBIM

muHUMYMOM £ > (. Torma cymecTByeT OecKOHeUHAs MOCIEI0BATE/THHOCTD U1, Vg, .« « y Upy ... C
yCJIOBUEM
Verr _ 22
— < —,
Vg w

JUls KOTOPBIX Jyis npsimMoyroiabhiuka T K2, rie T = (u, v,), u > [, IMEET MECTO OlEHKa

10v2

112

r(TK? L) < InV(TK?).

Tenepsb paccMOTPUM TPUJIOKEHNE STUX PEe3YJIbTATOB K PABHOMEPHOMY PACIIPEJIE/IEHUI0 1
unTerpuposanmio. Ilycrs f W 1-nepmogmyeckas dbynxmus na R?, mnrerpupyemas mo JleGery.
Ompenennm

o(f)= | f@yde

Teopema 2 Ilycts L C R? Y ynumoaynsaphas penraTka ¢ muaumyMom g > 0. Torma mia
mo6oit 1-nepuoguueckoit dyukiuu f € L'(K?) umeer MecTo oneHka

Y

ap v S f@)-olh) <

Xer(L) z€(K24+X)NL

=|Q

rae C' Y abcomorHast KOHCTaHTA.
Canencrteue 1 lna f € L'(K?) u piaa mobbix N u L Haifrares MHOXKECTBO y3i108 Xy C
K? mommnoctu N, Takoe 9TO

Caencrsue 2 Eciu f nenpepbiBia 1 1-iepuoauyna, To npu N — 00 BLIGOPKa 110 y3/1aM
Xy paBHOMepHO pactpejesena B K2,
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Takum 06pa30M, UCIIOIBL30BAHNE Y3JI0B PEITYTKY IIPU BHIYUCICHIN HHTEIPAJIOB 00eCIIe -
BaeT paBHOMEPHOE PACIIPE/ieJIeHIe TOUYEeK U KOHTPOJIb OIMMNOKN WHTErPUPOBAHUSA, 3aBUCIITII
OT IIapaMeTPOB PENTYTKHU.
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SECTION 2. MATHEMATICAL ANALYSIS AND ITS
APPLICATIONS

Spectral Properties of Partial Integral Operators on Kaplansky-Hilbert
Modules in Mixed-Norm Spaces

Arziev A.Dj.!, Orinbaev P.R.2

V.I. Romanovskiy Institute of Mathematics, Uzbekistan Academy of Sciences, Tashkent,
Uzbekistan;
allabayarziev@inbox.ru, paraxatorinbaev@gmail.com

Let (€,3, 1) be a measurable space with a complete finite measure u, and let Ly =
Lo(92, 3, 1) be the ring of equivalence classes of complex measurable functions on (€2, X, ),
identified almost everywhere.

Consider a linear space H over the field of complex numbers C. A mapping ||| : H — Lo
is called a Lg-valued norm on H, if for every z, y € H, X\ € C the following relations hold:

Lozl =0, [lz]| =0 < 2 =0;
2. Azl = Al
3. Ml +yll < =l + [lyll-

The pair (H, || - ||) is called a lattice-normed space over L.

A lattice-normed space H is called d-decomposable, if for any x € H with |z| =
/\1 + A27 0 S )\1, /\2 € Lo, /\1)\2 = 0 there exist T1,T9 € X such that z = T, + 9 and
llz1]| = A1, [|lz2]] = A2 A net {z4},c4 C X (bo)-converges to an element x € X, if the net
{l|za — x|/} ,c 4 (0)-converges to zero in Ly (note that the (o)-convergence in Ly coincides with
convergence almost everywhere). A (bo)-complete d-decomposable lattice-normed space over
Ly is called a Banach—Kantorovich space over L. It is known that every Banach-Kantorovich
space X over L is a module over Ly and ||Au|| = |A|||u|| for all A € Ly, u € X (see [1]).

A mapping (-,-) : H x H — Ly is called an Ly-valued inner product if, for all z,y,z € H
and A € Ly, the following conditions hold:

1) () >0, (5,2) = 06 2= 0; 2) (£, +2) = (&,9) + (1,2

3) (Az,y) = Nz, y); : 4) (z,y) = (y, z) (see [2], p. 32).

The formula ||z|| = /(z, z) defines an Ly-valued norm on H (see [2]).

If (H,| -||) is a Banach-Kantorovich space, then (H, (-,-)) is called a Kaplansky-Hilbert
module over Lg. Hence forth, H will denote a Kaplansky-Hilbert module over Lj.

Let’s consider the mixed-norm spaces L, ,(2 x 5), 1 < p,q < 0o, consisting of equivalence
classes of measurable functions f on €2 x .S such that

wmz(éuwwwwwfme%m»

where mixed norm defined by

umm:<L(Lumwwwwywww0

1/p
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Ifp=¢qg=2,and Q = S = [a,b], then (Ls ([a,b]?),(-,-)) is a Kaplansky-Hilbert module
over Lyla,b], where
b >
|z]|2 =V (z,x) = </ x2(w,s)dv(s)> ,z(w, s), € Ly ([a, b]?)

Let the partial integral operator T': Lo([a, b]?) — Lo([a, b)?)

b
Ta(w, ) = / K(w,t, 8)2(w, 5) du(s). (1)
be defined by a kernel K (w,t,s) = K;i(w)Ks(t, s), where:
1. Ki(w) € Lya,b];
2. K,(t,s) is a symmetric and positive definite function;
3. fab fab | K (w,t,8)]?dv(t)dv(s) < oo for almost all w € [a, b].

Define the operator 15 : Lyla, b] — Ls|a, b]:

b
Tgx(t):/ Ky (t, s)x(s) dv(s), (2)
with eigenvalues Ai, Ao, ..., existing by the spectral theorem for compact self-adjoint

operators [3], and normalized eigenfunctions ¢, (t). Set:

_ Ki(w)
A

n>1.

For each w € [a, b], define the operator T,, : La[a,b] — Lo[a, b]:

Toalt) = / K(w,t, 8)2(s) du(s) = Ky(w) / Ka(t, s)2(s) du(s). (3)

Ttheorem. Let the kernel K (w, t, s) satisfy conditions 1-3. Then the cyclic modular spectrum
of the operator T is given by:

spm(7T) = mix{\, : n > 0},
where A, € Lo[a, b].
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On dynamics of a separable cubic stochastic operator

Baratov B. S.

Karshi State University, Karshi, Uzbekistan;
e-mail: baratov.bahodir@bk.ru

In the present thesis, we consider discrete-time dynamical systems generated by cubic
operators which we are called separable cubic stochastic operators. This operator defined on
two-dimensional simplex and depend on the parameters a, b and c.

Let E ={1,...,m} be a finite set and the set of all probability distributions on E

S™t = {x = (x1,79,...,0,) €ER™: x; >0, for any i and sz =1},
i=1
the (m — 1)-dimensional simplex.
A cubic stochastic operator (CSO) is a mapping W: S™ 1 — S™1 of the form

Wz, = Z Pjgixiziry, (€ E, (1)

i,j,k€EE

where P;j; are the coefficients of heredity such that

Pyre >0, Vijk(€E, Y Pupy=1, VijkeE, (2)

leE

that is, the coeflicients F;j; ¢ do not change for any permutation of ¢, j and % if the types are
not related to sex.

Let
A= (aiﬁ)?fz:l’ B = (bjé)?}:17 ¢ = (Ckf)zlézl

be the matrices with the real entries.
Consider a CSO (1), (2) with additional condition

Pijie = aibjecye, for all 4,5,k 0 € E, (3)

where a;s, bjs, cpe € R entries of matrices A, B and C' such that the conditions (2) are satisfied
for the coefficients (3). Then the CSO W corresponding to the coefficients (3) has the form

7y = (W(x)), = (AX)), - (B(x)), - (C(x)),, €E, (4)

where (A(x)), = gawxi, (B(x)), = ébjng and (C(x)), = i CeTk-

k=1
Definition. The CSO (4) is called separable cubic stochastic operator (SCSO).
Let us consider the following matrices:

1 00 1 1—a 1-0
A= 010 |,B=|140a 1 1],
00 1 1 1 1
1 1 1
C = 1 1 1—c |, (5)

1+b6 1+c¢ 1
where ab + bc = ac and a, b, c € [-1,1].
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Then corresponding SCSO W : §? — S2 is:
vy =z (x1 + (1 +a)vg +a3) (21 + 22+ (L +0) x3) ,
W xh=xo((1 —a)ry +x2+ x3) (21 + 22 + (1 + ¢)3), (6)
h =x35((1 —=b)xy +xa + a3) (21 + (1 — ¢)xg + 3) .
Using the equation 1 + 2 + 3 = 1 we rewrite the operator (6) as follows
) =z (1 + axy) (1 + bxs),
W o =29 (1 —ax) (14 cxs), (7)
=23 (1 —bxy) (1 — cxq).

Let a face of the simplex S? be the set 'y = {x € §? : 2; =0, i ¢ o C {1,2,3}}. Let the
set int S? = {x € S? : x1z9w3 > 0} and let the set 95? = S?\ int S? be the interior and the
boundary of the simplex S?, respectively. Let e; = (1,0,0), e; = (0,1,0), e3 = (0,0,1) be
the vertexes of the two-dimensional simplex.

Theorem 1. For the SCSO W (7), the following assertions true:
(i) The faces L1y, 15y, Tizsy of the simplex S* are invariant sets;
(11) FIX(W) = {el, (SHN eg};

Acknowledgements: The author acknowl- edges support from the Applied Research
Grant "Dynamics and Applications of Cubic Stochastic Operators"No. ALL-9224093956.
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Global dynamics of a two-dimensional biological operator in invariant sets
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Consider the operator W : R?> — R?, which is defined by the system

2
ot By B ozx7

y+y 14+ (1)
, ax
Yy =y+
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where the parameters satisfy « > 0, 5 >0, v > 0, u > 0. Here 2’ and 3/ denote the next
states corresponding to the present values x and y.
It can be directly verified that, whenever

>0, v>0, 0<a<l 0<upu<l, (2)

the operator (1) maps the positive cone R? into itself.

We say that the partition into types is hereditary if, for any current generation described
by z = (z,y) € R%, the subsequent generation z’ = (2/,y’) € R% is uniquely determined. In
this situation, the correspondence

z+— 7z = W(z)

is referred to as the evolution operator.
The main problem for a given operator W and an arbitrary initial point z(®) = (2@ y(©) ¢
R? is to characterize the set of limit points of the trajectory

{z(m)}:zo, where z™ = Wm( (0)).

The dynamical behavior of operator (1) in the special case v = 0 has been extensively
investigated in [1-4].

Proposition 1. If > /L(l + M) then the operator (1) admits two fixed points zy and
z1, where
2o = (0,0), 21 = (T1,%),
with )
TH TH
T T @)
We define

Ar={(@,y) eR2[0<z <z, 0<y<uy}\{=},

AQ = {(I7y) S Ri | x 2 T, Y Z yl}\{zl}a

where z; = (x1,41) is the fixed point given in (2).

Proposition 2. The sets A; and A, are invariant with respect to W.

The next result characterizes the asymptotic behavior of trajectories starting from any
point in the invariant sets.

Theorem. Let W be the operator given by (1) and assume that

ﬁ>,u<1+w)

Then, for any initial point (z(?, y(®) € R?, the trajectory
(2™, y™) = W (2® 40

behaves as follows
(i) if (2© y(o ) € Ay, then the sequence { (™ y™)} tends to the origin (0,0);
(i) if (z(?,y(©) € A,, then 2™ diverges to infinity while y™ approaches the equilibrium
value 2.
w
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The Weyl function corresponding to a second-order operator matrix and its
properties
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Denote by T¢ the d— dimensional torus. Let H; := Lo(T¢) be the Hilbert space of square
integrable (complex) functions defined on T¢ and Hy := L3™((T9)?) be the Hilbert space of
square integrable symmetric (complex) functions defined on (T9)2.

Let us consider a 2 x 2 operator matrix A, acting in the Hilbert space H := H; @ H, as:

L A pAg
A= ( pAy  Ag
with the entries A;; : H; — H;, 1 < j, 4,7 = 1,2 defined by

(Anf) @) = u@) (D) (Awnf)(p) = / o(t) falp 1),

Td
(A2afo)(pyq) = w(p, @) f2(p,q), fieHi i=1,2.

Here A%, denotes the adjoint operator to Ajs, u(-), v(-) are real-valued continuous functions
on T4 and w(:,-) is a real-valued symmetric continuous function on (T9)%. Under these
assumptions the operator A, is bounded and self-adjoint.

Let

m(p) :=minw(p,q) and M(p):=maxw(p,q).
qeTd qeTd

For any p € T¢ we define an analytic function A,(p;-) in C\ [m(p), M (p)] by

We consider the following operator function:
MH<Z) = ZIl — A11 + ,U2A12<A22 — Z>_1A>{2.

For the convinience we rewrite the operator M, (z) in the following form

LR = -, 900)+ 50 [ RO g

The operator function M,,(-) is called the corresponding Weyl function for the operator

A, [1].
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Since for any fixed zg € p(Ays) the function

1
w(p,q) — 2o

is a continuous as function of (p, ¢) on the compact set (T4)? we have
UeSS(Mu<ZO)) = Ran(_Au(' ; 20))-

By the definition for any fixed z € RN p(Ag) the function A, (-; z) is a continuous on the
compact set T4, Therefore, if for z € R N p(As;) we set

)
Ein(2) == min(—A,(p; 2)),  Emax(2) = max(—=A,(p; 2)),
peTd p€eTd

then Uess<M,u(Z)) = [Emin(z)a Emax<z)]-

Lemma. Let z € p(Ag). Then 2z € 0es(A,) <= 0 € 0ess(M,(2)).

Theorem. The number z € p(As) is an eigenvalue of the operator A, if and only if the
number 0 is an eigenvalue of the operator M, (z). Moreover the eigenvalues z and 0 have
same multiplicities.
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Applications of the Lobachevsky metric in the H - upper half-plane

Eshboltaev S.
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In this thesis, we provide examples of the Lobachevsky metric, defined in the H-upper
half-plane, and the calculation of distances between points using this metric.
Let H denote the upper half-plane of the complex space C:

H={z¢e ClIm(z) > 0}

Definition. For the upper half-plane, the Lobachevsky metric is expressed by the equality
ds = %. In this case, |dz| = \/dz? + dy? is the differential expression of the ordinary
Euclidean distance, and Im(z) = y is the imaginary part of Z .

Property 1. If f : D — D is a holomorphic mapping, then it is invariant in the
Lobachevsky metric and ds(f(z)) = ds(z) is equal.

If 21 =21 +1y € H and 29 = x5 4+ 1yo € H are two points, the distance between them is
calculated as follows:

|21 — Z| + |21 — 2|
|21 — Za| — |21 — 2|

d(z1,22) = In| |. (1)

Now let’s look at some examples using these formulas:

Example 1. Find the distance between points z; = ¢ and 25 = 2i. Solution. According
to formula (1) B
i — 2i] + |i — 24|

i — 2] — |i — 2i|

d(z1,z2) = In| | = In2.
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So, it is d(i,2i) = In2 = 0,693. For information, we can say that dg,ria(21, 22) = |21 — 22| =
\/(xl — x9)% + (y1 — y2)? according to the expression. dgykia(i,2i) = 1.

The Euclidean distance between parallel lines remained constant.

Property 2. In the H-upper half-plane, the distance between two parallel lines increases
as it approaches the boundary.

Example 2. Let us have parallel lines I} = {z € C|Re(z) = 0} N H and I, = {z €
C|Re(z) = 1}NH . Compare the distance between these parallel lines for the case of Im(z) = 1
and I'm(z) = 10 .

Solution. We are asked to compare the distances between points z; =1 € l1 , 20 = 141 €
[y of parallel lines /; and [; and between the points 27 = 10i € Iy, 25 = 1+ 107 € l5 according
to formula(1)

i —T+d|+ i — (1—|—i)|| |1+\f
li — 14| —|i — (1+1)] NG

d(i, 1+ i) = In| | ~ 0,962

and .
1100 — 1 + 107| 4 [10¢ — (1 + 10¢)]

1106 — T+ 104| — [10i — (1 + 104)]
1 + /401

d(10i, 1 + 10i) = In| |

=In ~ 0,099.
Yl
So it’s d(i, 1 4+ 7) > d(107,1 + 10i) .
The following properties are our main result.
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Let X be a compact Hausdorff space and ®B(X) the family of Borel subsets of X. We denote
R, = [0, +00) U {4+00} = [0, +00]. The symbol A denotes a directed set.

Definition 1. [3] A set function y: B(X) — R, is said to be an idempotent measure on
X if the following conditions hold

2) (AU B) = max{u(A), u(B)} for any A, B € B(X);

3) p ( UQIA@) = sup{pu(Ay)} for every increasing net {A,: a € A} C B(X) such that
ag ac

U A, € B(X).

ae
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The set of all idempotent measure on X we denote by IM(X).
Let B be a base in X. For an idempotent measure y € IM(X) a system of sets

(w; Uy, ooy Uy e) ={v e IM(X): [v(U;) —w(Uy)| <e,i=1,...,n}

forms [2] a base of u. Here U; € B,i=1, ..., n, and € > 0.

If 4(X) = 1, the idempotent measure yu is called an idempotent probability measure on
X. We denote [(X) = Ig(X) ={pu e IM(X): u(X) =1}

Let (X, u) be an idempotent measure space such that pu(X) < oo. We adopt the
convention that oco -0 = 0.

Definition 2. [3] For a function f: X — R, we define the idempotent integral of f with
respect to p by

@
[ fin=suw it plo € X: f@) 2 1))

t€E+

Let X be a Tychonoff space, 5X the Stone-Cech compactification of X we determine the
following set

In (X)) ={p e I(fX): u(F) =0 for every FF € B(SX),F C X\ X}.

Elements of Iy, (X) is said to be T-smooth idempotent probability measures.
Now, for each p € Iy, (X) we define a set function fi: B(X) — R, on the family B(X)
of all Borel subsets of X by the formula

ji(A) = inf{u(B): B € B(BX),B> A}, AecB(X).

Lemma 1. |2| /i is an idempotent probability measure on X.

Given a topological space X, by C'(X) we denote the Banach space of all continuous
functions ¢: X — R with the usual algebraical operations and the sup-norm: ||¢| =
sup{|p(z)|: = € X}. For each ¢ € R we denote by cx the constant function on C(X)
defined by the formula cx(z) = ¢ for each x € X. Define on C(X) operations & and A by

¢ @Y =max{p, ¥} and p A ¢ = min{yp, ¥}, where p, ¥ € C(X).
Definition 3. [1| Let X be a compact Hausdorff space. A functional v: C(X) — R is
said to be a max-min measure, if it has the following properties

1) v(ex) = c for each ¢ € R;
2) v(e @) =v(p) @ v(y)} for any ¢, ¥ € C(X);
3) v(icAp)=cAv(p) for every c € R and ¢ € C(X).

We denote by J(X) the set of all max-min measures on X. We endow the set J(X) with
the weak* topology. A base of this topology consists of the set [1] of the form

(wipr, ooy ) ={v € J(X): |v(es) = V(@) <e,i=1,....n},
where v € J(X), p; € C(X),i=1,...,n,and € > 0.
Theorem 1. Let X be a Tychonoff space. If i(X) # 0 is 7-smooth idempotent measure
on B(X), the integration

@
7o | g / e?Ddp
X
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is a max-min linear functional on Cy(X). Conversely, for any max-min linear functional
v: Cp(X) — R there exists a unique 7-smooth idempotent probability measure fi(X) # 0 on
B(X) such that

&)

p(@) =In | =5 [ ?Wdi | ¢ € Gy(X),

X

where Cp(X) denote the set of real-valued bounded continuous functions on X.
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CONTINUATION OF A(2)-ANALYTIC FUNCTIONS ACCORDING TO
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We investigate this thesis of the continuation of the A(z)-analytic function according to
Penvel. Here, we will use the principle of continuity.

Let A(z) be an antianalytic function in the domain D C C; moreover, let |A(z)| < ¢ for
all z € D, where ¢ < 1. The function f(z) is said to be A(z)-analytic in the domain D if for
any z € D, the following equality holds:

of . of
g—A(z)g (1)

We denote by O4(D) the class of all A(z)-analytic functions defined in the domain D (see
[1]).
According to, the function ¢ (a,2) = z —a+ | A(7)dr is an A(z)-analytic function.

v(a,2)
The following set L (a,r) = {|¢ (a,2)| < r} is an open subset of arbitrary convex domain

D. For sufficiently small » > 0, this set compactly lies in D and contains the point a. This
set L(a,r) is called the A(z)-lemniscate centered at the point a. The lemniscate L(a,r) is a
simply - connected set (see [1]).

If f(z) € Oa(L(a,r)) N C (L(a,r)), where L(a,r) C D is a fixed A(z)-lemniscate, then in

L(a,r) the function f(z) is expanded in a Taylor series:
f(z) =) adh(a,2), (2)
k=0

where ckzﬁ i ﬁ(d§+A(£)d§),0<p<r,k5=0,1,2,... (see [1]).
[¥(a,§)l=p
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Suppose that two lemniscates L(a,r) and L(b,73), whose intersection is the empty set,
L(a,ry) () L(b, ) = &, have a common boundary section consisting of a smooth curve [, and
consider the domain D = L(a,ry)|J L(b,r2) !

The principle of continuity for A(z)—analytic functions. If functions fi1(¢) and
f2(¢) are A(z)—analytic in lemniscates L(a,r) and L(b,rs) respectively, continuous up to l
and, in addition,

Q) = f2(0),C €L,

then function fo(¢) is an A(z)—analytic continuation of function fi(¢) from lemniscate
L(a,r) to lemniscate L(b,ry) through curve l.

One important consequence follows from the principle of continuity. Let [, the boundary of
the lemniscate L(c, 3), contain a smooth curve [y, and let the function f(¢) be A(z)-analytic
in L(c,r3) and continuous up to ly. Let’s also assume that f({) = 0,( € ly, then f(¢) =0
everywhere up to L(c,r3) (see [2]).

In fact, let us attach to lemniscate L(c,r3) along subset [y of its border [ lemniscate
L(d,ry), L(c,r3) () L(d,rs), and consider function

f(©), € Llers),
F(§) =10, ¢ € lo,
0,  C€L(dry).

By virtue of the principle of continuity we conclude that function F({) A(z)-analytic
in the domain of D = L(e,r3)|J L(d,r4) Jlp. On the other hand, since F(¢) = 0 is in the
lemniscate L(d,r4), which lies inside D, then by the property of uniqueness of A(z)-analytic
functions F'(¢) = 0 is everywhere in D, and therefore also in L(c,r3), and consequently

f(¢)=01isin L(c,rs) (see [2]).
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THE EXISTENCE OF EIGENVALUES OF A SECOND-ORDER OPERATOR
MATRIX
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By T := (—m; 7] we denote an one dimensional torus. Let H, := C be the one-dimensional
complex space, H; := Lo(T) be the Hilbert space of square-integrable (complex-valued)
functions defined on T.

We introduce the Hilbert space

fa(sl) (LQ(T)) = H() @ Hl.

An element of the space Fiy’ (L2(T)) is a vector function of the form f = {fo, f1}, where
fa € Hona = 071
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The elements of the space C2 ® F.&(Ly(T) are defined as f = {f{, f&:s = £} and for
any two elements of this space

= 15 =%} and g ={g5, g5 = £}
the scalar product and the corresponding norm are determined as follows:

(fg)=>_ <fés)ﬁ + /T ffs>(k1>g§5’<k1>dk1> ,

s==%
I =S+ f 1570 ).

In the Hilbert space C? @ Fia )(LQ(T) we consider the operator matrix

AOD AOl
A= . .
( A01 All

The entries A;; of the operator matrix A are defined as

A fS =sefl, Anfl =a / Syt
T

(A f2) (k1) = (52 + 1 — cos(kr) £ (k1)
{f=U 1) s =4} e C? o FO(Ly(T),

where ¢ is a fixed positive real number and « > 0 is the interaction parameter.
In order to study the spectral properties of the block operator matrix 4 we consider in

the space .Fé?([/Q(T) the following linear, bounded, self-adjoint operator matrix of second
order with discrete parameter
AW A,
AB) .= 200 Agsl ’
An Al

whose entries are defined by

j(()%)fo =scfo, Anfi= a/ fi(t)dt,
R T
(A%l)fl)(k:l) = (—se + 1 —cos(k)) fi(k1), (fo, f1) € FV(Ly(T).

From the definitions well known from functional analysis, it is straightforward to verify
that

A1 fo = afo.

Further, the well-known Weyl theorem on the conservation of the essential spectrum under
perturbations of finite rank implies that for the essential spectrum of the operator A® the
equality holds:

Oess (.A(S)) = [—se; —se + 2].

Let us introduce a regular function in C\ [—se; —se+2], the so-called Fredholm determinant

associated with the operator matrix A®):

dt
AP (2) =56 — 2 — aQ/
r —se + 1 —cos(t) — z
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It should be noted that [1,2] the operator matrix A is unitarily equivalent to the diagonal
operator matrix diag{.A*), A7)}, Therefore, the equality

Oess (A) = LJJ%SQA@U::[—f;—e—%Q]U[ae—+2]

s==+

Now, we state the main result of this note.
Theorem. For every positive interaction parameter «, the operator matrix A has exactly
two eigenvalues located to the left of the lower bound —e.
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The sufficient conditions for the preservation of the finite-dimensional simplex
by a cubic operator.

Jumayev J. N.
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In the present thesis, we establish a sufficient conditions on the non-stochastic m?-
dimensional matrix that ensure the corresponding cubic operator also preserves the simplex.

Let us give basic definition. In general, a cubic operator V : x € R™ — 2/ =V (z) € R™
corresponding to a matrix P’ = {Pyj};; . ,_, is defined by:

m
ol B
Via = E Pijrixixjx,, 1=1,...,m. (1)
i7j7k:1

Without loss of generality we assume
Piji = Pijiy = Pjiig,  4,5,0=1,...,m, 1#7],
Pijky = Pikji = Pjiky = Pikig = Priji = Prjits
L,k l=1....m, i#75#k.
Indeed, if this equality is not satisfied then we can introduce

Piij,l == %(—Pllj,l+PZ]l,l+P_]ll,l)7 i7j7l = 17"'7m7 [ #]7

Pz‘jk,l = % (Pijkt + Pikji + Pjikg + Pikig + Priji + Prjia)

L5, kl=1....m, i#7j5#k.

As a result, the operator (1), takes the form:

m m
R 3 2 2
Vi = E Pz + 3 E (Pjaaia; + ]Dijj,lxixj)
i=1 ij=1
i<j

+6 Z Pijrixixjag,l =1,...,m.

i.jk=1
1<j<k
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Let m be a natural number and let E,, = {1,2, ... m} be a finite set. Then the set of
all probability distributions on the FE,, is

smt = {“ (01,22, o san) € R™ 5 020, Vi, 3= 1}
i=1

which is called m — 1 -dimensional simplex.
Lemma. Operator (1) can be written in the following form:

Viad = ‘ Zk: 1 [m (Piiiga? + Pjjjxs + Priegxy) +
Z7J7 =
i<j<k

+ 25 (@7 (Pijaxs + Piwge) + 27 (Pjjazi + Pijeaxe) +

+ 22 (Piki + Pigrar;)) + 6Pyr gz

The following theorem gives conditions for coefficients of V' to preserve the simplex S™!.
Theorem. For a cubic operator V (given by (1), to preserve the simplex S™! it is
sugﬁcient that:

DY Pja=1, d,j,k=12 ...,m

D 0<Puy<1, il—=12 ... m

i)~y o/ Priiliige < Pugas  1#5, 65.0=12, ... m;

i) Gty  PiidPjiia Pt < Py, 1 £ j #k, i, 5,k 1=1,2, ... m.
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Positive solutions of systems of two nonlinear algebraic equations
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Let f and g be polynomials in two variables x and y over a field K.

{f(@n y) =0 (0)

g(z,y)=0
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system (0) is called a system of two algebraic equations in two variables. A solution of this
system is an ordered pair («, ) of elements of K that satisfies each equation. Solving the
system means finding the set of all its solutions.

In many applied problems, nonlinear systems of algebraic equations arise. For example,
consider the following quadratic system in n variables:

agll)x% + ag)xg +...+ agﬁzx% +2 > ag)xixj = A1y
i
ij=1

aVa? +a¥a2+ .+ aq({,l)x% +2 > ag;)xixj = Az,
i#]
ij=1

where al(f) = ag-]f), A>0.
Our main goals are:
(a) the existence of positive solutions of nonlinear algebraic systems,
(b) the uniqueness of positive solutions of nonlinear algebraic systems,
(c) if positive solutions exist, determining their number.
Now let us study the existence of positive solutions of the following system of nonlinear
algebraic equations:
n
"y =
. 2)

Zobzxn_zyl =Y,

)

where a; >0, b; >0,i € {0,1,...,n}.

To solve the problems stated above, we need the following lemmas.

Lemma 1. If the point (xg,yo) is a positive solution of system (2), then the number
0= Z—E is a root of the following equation:

n—1
an§"+1 + Z (an_l_i — bn_z) §”‘i — bo = 0 (3)
=0

Lemma 2. If § > 0 is a root of equation (3), then the point (xg, {zo) is a positive
solution of system (2), where

Theorem.
(a) System (2) of nonlinear algebraic equations has a positive solution.
(b) If there exists an index ig € {1,...,n} such that

a;—1—b; <0 (1 S’Lglo), and a;_1—b;>0 (’LO <Z§7”l),

then system (2) has a unique positive solution.
(¢) The number of positive solutions of system (2) is at most n + 1.
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Invariant subspaces of integral operators
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Solving problems in quantum mechanics, solid-state theory, and statistical physics often
reduces to studying the properties of solutions to differential or integral equations. In turn,
solving a differential equation can be reduced to solving an integral equation. We will focus
on invariant subspaces of integral operators and their applications. The theory of integral
operators and methods for solving integral equations were developed by Neumann, Volterra,
Liouville, Fredholm, Hilbert and Schmidt (see [1] - [4]).

Suppose that T? = (—m, 7]? is a three-dimensional torus and L?(T?) is the Hilbert space
of square-integrable functions defined in T3. We consider the following integral operator

(Af)(p) = N K(p,q)f(a)dq.

in the space L?(T?).
Let the kernel K of the integral operator A satisfy the conditions:
(A) K € L*(T? x T?) is a square integrable;
(B) The kernel K is pseudosymmetric,

K(p,q) = K(q,p).

If condition (A) is satisfied, then the operator A is called a Hilbert-Schmidt type operator,
in this case A is a compact operator. If condition (B) is satisfied, then A = A* is a self-adjoint
operator.

We define the subspaces of the space L*(T?) consisting of even and odd functions by

L2(T%) = {f € L*(T%) : f(—s) = f(s)}

and
L*(T*) = {f € L*(T% : f(-s)=—f(s)},

respectively. The direct sum of these spaces covers the space L?(T?), that is,
L2(T3> — LQ,e(P]IB) EB LQ,O(V]I{&). (1)

From now, we assume that conditions (A) and (B) are always satisfied for the kernel K
of the integral operator A.
Let the kernel K of the operator A is even that is

K(—s,—t) = K(s,t). (E)
We write the space L?(T?) in the direct sum:

L*(T%) = [L*4(T) @ L*°(T)] ® [L**(T) @ L*°(T)] ® L*(T).
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It follows from here the space L?*(T?) can be represented as a direct sum of four subspaces:
L*(T%) = [L**(T) ® L**(T) ® L*(T)] & [L**(T) ® L**(T) @ L*(T)}&

®[L**(T) ® L*°(T) @ L*(T)] & [L*°(T) @ L**(T) ® L*(T)].
Lemma. If the conditions (Ey) and (E) are fulfilled, then subspaces
L*(T) @ L*(T) ® LX(T),  L**(T) ® L**(T) @ L*(T)
and
L*(T) ® L*(T) ® L*(T), ~ L**(T)® L**(T) @ L*(T)

are invariant under the operator A.
Now we write the space L?*(T?) as the direct sum:

LA(T?) = [L**(T) & L**(T)] @ [L*(T) & L**(T)] @ [L**(T) & L**(T)] =

:Hi@H;@Hg@%iz))@H?@Hg@%g@%?zg, (2)

where, H¢ is the subspace consisting of even functions with respect to the coordinate o and
odd in the remaining coordinates. H¢ is the subspace consisting of odd functions with respect
to the coordinate o and even in the remaining coordinates. For instance,

HT — L2,6(T) ® L2’O<T) ® Lz’o(T), Hg — L2,€(’]I‘) ® LQ,G(T) ® LZ’O(T>,

T = L**(T) ® L**(T) ® L*(T), T = L*°(T) ® L**(T) ® L**(T).

Note that in the equation (2), the first four direct sum is equal to the space L*¢(T?), and
the direct sum of the next four is equal to the space L*°(T?). Thus, we have

L2(T%) = Hi & Hy & H5 & Hiy, (3)

L2°(T3) = H @ HS © H @ Hiyg (4)

Theorem. If the conditions (Ey), (E2), (Es3) are fulfilled, then the subspaces HE, HS, a €
{1,2,3} and H{ys, Hss are invariant under the operator A.
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On the dynamics of a non-Volterra non-hyperbolic cubic stochastic operator.
Khamrayev A.Yu., Doniyorov A. R.

Karshi State University, Karshi, Uzbekistan;
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In the present thesis, we consider discrete-time dynamical systems generated by cubic
operators which we are called a non-Volterra non-hyperbolic cubic stochastic operator.
Let £ ={1,...,m} be a finite set and the set of all probability distributions on F

m
S™ = {x = (x1,79,...,0,) ER™: 2; >0, for any i and sz =1},
i=1

the (m — 1)-dimensional simplex.
A cubic stochastic operator (CSO) is a mapping W: S™~1 — S™~! of the form

Wz, = Z Pijpevizjx,, (€ F, (1)
ijk€E
where P, are the coefficients of heredity such that
pijk,f207 Vi7j7k7€€Ea Zpijk,ézla ViajvkeEa
(eE

that is, the coefficients P;j; ¢ do not change for any permutation of 7, j and & if the types are
not related to sex.
Denote by Fix (W) the set of all fixed points of the operator W, i.e.

Fix (W) = {x € 5%: W(x) =x}.

Let DW (x*) = (0W;/0x;)(x*) be a Jacobian of W at the point x*.

Definition 1. A fixed point x* is called hyperbolic if its Jacobian DW (x*) has no
eigenvalues on the unit circle in C.

Definition 2. A hyperbolic fixed point x* is called:

i) attracting if all the eigenvalues of the Jacobian DW (x*) are in the unit disk;
ii) repelling if all the eigenvalues of the Jacobian DW (x*) are outside the closed unit disk;
iii) a saddle otherwise.

Then corresponding CSO W : §% — S? is:
ZLJI = % (I% + l’% + Ig) + 31’%[[’3 + 3[E21’§ + 2$1I2[E3,
W o =3 (23 4 23 + a3) + 3aiws + 32123 + 2312013,

¢ _1(.3 .34 .3 2 2
w3y = 5 (2] + 25 + 3) + 30301 + 32227 + 2717973,

Theorem 1. For the CSO W (1), the following assertions true:
(i) The faces M = {(z1,m2,23) € S* : 1 = 23}, M = {(x1,79,23) € S? : x1 = 23},

M = {(x1, 29, 23) € 5% : x3 = 2o} of the simplex S? are invariant sets;

(ii) Fix(W) ={(3,3,3)} and this fixed point is a non-hyperbolic;
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Let I'* = (V, L) is the Cayley tree. For a fixed 2° € V we set
W, ={x € V|d(2°,z) =n},V, = {x € V|d(2°,2) < n},

where d(z,y) is the distance between vertices x and y on the Cayley tree.

We consider a model in which spin variables take values from the set & = {—1,0,1}.
We then define a configuration o on V' as a function x € V' — o(x) € ®. The set of all
configurations coincides with Q = ®V. Let A C V. We denote the space of configurations
defined on a set A by Q4.

The Hamiltonian of the Blume-Capel model is given by the formula

H(o)=J ) (o(x) = a(y), (1)

<z,y>
where J > 0.
The set of the direct successors of x is denoted by S(z), i.e.,

S(z) ={y € Wpnld(z,y) = 1}, € W,,.

Let h :  — hy = (h_14,hoz h1,) be a vector-valued function on x € V' \ {2°}. We
consider the probability measure ™ on €y,

o) = Z, exp{=FH(0,) + Y howe}- (2)

wEWn

Here o € Qy,,, and Z, is a normalization factor, Z, = >  exp {—BH(an) + > h,,(m)yx},

on €8y, zeW,
where hs, € R. The probability measure /L(”) is said to be consistent if for all n > 1 and any
O-nfl e Q‘/;Lfl:

Z“(n) (0n1,0™) = 1V (0, ). (3)

g'(”)
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In this case, there is a unique measure p on {2y such that

p{o|Ve = 0,}) = M(n)(an)

for all n > 1 and any o, € Qy,,.

A condition for h;, ensuring the consistency of the measures ™ is formulated in the
next theorem.

Teorema 1. Let k > 2. The sequence of probabilistic measures u™, n=1,2, ..., defined
(3) is consisted if and only if the equalities

. 04z_17y+0+31,y
210 = yest) ooy om0 ()
s =TI Zo1y+0+00a1y
—1,z yeS(x) 0z_1 y+1+021,y "

where 8 = exp{JB}, B =1/T, zi, = exp(hiy — hoz), i = —1,1 hold for any x € V.

Translation-invariant Gibbs measures (TIGM) correspond to solutions (4) with z; , = z; >
0 for all x € V and i = —1, 1. We introduce the notation z; = 21,21 = 2. Then (4) has the
form

k

oy = 94Z2+9+21
1= 0z1+0z2+1 ’
k

5o — [ Qlzit0+2
2 7 \ 0z14020+1 '

From the solution z; = z9 = z of system (5), we obtain the following Theorem 1 and
Theorem 2. The case z; # 2o will not be considered here.

Theorem 2. Let k = 2. Then for the Blume-Capel model there is critical value 0., =~
0.1351717506, such that:
a) for 0 < 0 < 0., there are 3 translation-invariant Gibbs measures: i1, pi2, f13;
b) for @ = 0., there are 2 translation-invariant Gibbs measures: jii, fio;
c) for 6.. < 0 there exists only one translation-invariant Gibbs measure: 1.

Using the Kesten-Stigum condition, we prove the non-extremality of the measures py, po
and ps. Consequently, the following theorem holds.

Theorem 3. Let k = 2. For the Blume-Capel model, the following statements hold:
a) the measure py is non-extremal if 6 € (0,61) U (0, +00);
b) the measure iy is non-extremal if 6 € (0,03) U (64, 6.);
¢) the measure usz is non-extremal if 6 € (0,05) U (6, 0.,
where 6. ~ 0.1351717506, 6, ~ 0.144632, 0y ~ 1.59963, 03 ~ 0.09442, 6, ~ 0.1126974,
05 ~ 0.0771265, and 0 ~ 0.085221.

(5)
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We know that there is a one-to-one correspondence between quadratic operators and cubic
matrices [2-5]. It is known that any quadratic operator corresponding to a stochastic cubic
matrix maps the simplex onto itself. Until now, no quadratic stochastic operator has been
found that is chaotic in the simplex, but now we show that there are one-dimensional and
two-dimensional non-stochastic quadratic operators that form a chaotic dynamic system for
some values of their parameters. We will demonstrate this with examples.

Let X be topological space and f: X — X.

Denote f™(x), meaning f is applied to = € X iteratively n times.

Let A be a subset of X. Then f(A) = {f(x):x € A}.

If f(A) C A, then A is an invariant set under function f.

A continuous map f : X — X is said to be topologically transitive if, for every pair of
non-empty open sets A, B C X, there exists an integer n such that f"(A) N B # &.

Devaney’s definition [1]| of chaos is stated as follows:

A continuous map f is chaotic if f has an invariant set A C X such that

1) f satisfies sensitive dependence on its initial conditions on A,

2) The set of points initiating periodic orbits are dense in A, i.e., every point in the space
is approached arbitrarily closely by periodic orbits.

3) f is topologically transitive on A.
Let I ={1,2,...,m}. A distribution of the set I is a probability measure = = (z1,...,Zy),
i.e. an element of the simplex:

Sm_lz{xERm:xiZO,inzl}. (1)
i=1

The quadratic stochastic operator (QSO) is a mapping of the simplex S™~! into itself, of
the form

Vi, = Zpij,k‘fix]ﬁ k=1,...,m. (2)
ij=1

where P are coefficients of heredity and
Pyr>0, Pjy=Pux, Y Pyr=1, i,jk=1,...,m. (3)
k=1

For a given 2(®) € S™~1 the trajectory (orbit) {2} of z(®) under the action of QSO |[2]
is defined by
") = V(™) n=0,1,2..

Definition. A quadratic operator preserving a simplex, is called non-stochastic (QnSO)
if at least one of its coefficients P;;x, i # j is negative.
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The following theorem gives conditions for coefficient of V' to preserve the simplex
Theorem|6]|. For a quadratic operator V' (given by [2], to preserve a simplex S™ ! it is
sufficient that

i) Y. Pijr=1, 4,j=1,....,m;
k=1
i) 0< Py <1, i,k=1,...,m;
i) =5/ ParPijn < Py < 1+ /(1= Pig)(1 = Pyjx)
and necessary that the conditions (i), (ii) and

i0i") —/PuxPijx < Pijr <14+ +/(1 = Pyx)(1 — Pjjx)
are satisfied.
Consider the following QnSO on S?:

Wo = (az® + 2bzy + cy?, (1 — a)z® + 2(1 — b)zy + (1 — e)y?, 2(2 — 2))

where
a,c€0,1], be[—vac, 1++/(1—a)(l—2c)].

Theorem. If a = 1, ¢ # 1,¢ > 0 then the function f(y) = 2(1 —b)(1 — y)y + (1 — c)y? is
topological conjugate to the logistic map ¢(y) with u = 2b.
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Let Z be the one-dimensional lattice and T = (R/27Z) = (—m, 7| be the one-dimensional
torus. Let L?(T) be the Hilbert space of square-integrable functions defined on T.

We consider the family of generalized Friedrichs model H,,,,(p),p € T acting in L*(T)
defined as

H/—LIH2 (p> = Ho(p) + Vuluza M1, 2 € R>

where Hy(p), p € T? is a multiplication operator by a real-analytic function w,(-) := w(p, -)
defined on (T?)? i.e.,

(Ho(p)f)(q) = wy(q)f(q), f € L*T)
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and V,

s - L*(T?) — L*(T?) is the perturbation operator of the form

(Viruo (@) = p101(q) (f5 1) + paspa(q) (f, 02),

where ¢y, py € L*(T) and (-, ) stands for the inner product in L*(T).
The perturbation V,,,, of the non-perturbed operator Hy(p),p € T is an operator of rank
two. Consequently, by the well-known Weyl theorem [1] on the compact perturbations

UeSS(Hmuz (p)) = 0ess(Ho(p)) = o(Ho(p)) = [m(p), M(p)],

where

m(p) = minw,(q), M(p) = maxw,(q).

The following hypothesis will be needed throughout the paper.
Hypothesis. The functions ¢;(+), ¢ = 1,2 and w(-, -) used in the definition of the operator
H,, ., (p) satisfy the following conditions:

(1) ¢i(+), ¢ = 1,2 are non-trivial, real-analytic on T and (1, ¢2) = 0;

(ii) w(-,-) is a real-analytic function on T? = T x T, and it has a unique non-degenerate
maximum at (Pmax, ¢max) € T2

The item (ii) of Hypothesis implies the existence of a §-neighborhood Us(puax) C T of the
point ppax € T and an analytic function guax @ Us(Pmax) — T that for any p € Us(pmax) the
point gmax(p) € T is a unique non-degenerate maximum of the function w,(-).

Assume that ¢;(¢max(P)) # 0,9, (¢max(p)) = 0, @ # j,4,5 = 1,2. In this case, we consider
a polynomial E;;(pu, p2,p) by

Eij(p, 2, p) = pi + papabiz(p).

where b;;(p) < 0. It is easy to see that the polynomials E;;(p1, pt2, p) has two zeros p; = 0,
Wi = _Tl(p)' These zeros divide the (j1, o) —plane into four connected components Cioj, Cil;r,
77

1- .
Ci and C7

1
CZO = {(ﬂlvlu?) S R? : Hi < O?H < _—}7
’ ’ bj;(p)
1
Ozl+ = {(/“LLMQ) S R2 D > O)M < _—}7
’ ’ bj; (p)
1
Cil'_ = {(ﬂlvlu?) S R? : Hi < O?H > _—}7
’ ’ bj;(p)
1

€2 = {( ) € By > 0y > ).
’ ! bj;(p)
Theorem. Let Hypothesis and ¢;(gmax(p)) # 0,9j(max(p)) = 0,7 # j,i,5 = 1,2
hold. Then for any (1, p2) € Cf}, @ = 0,1,2 the operator H,,,(p), p € Us(pmax) has a
eigenvalue(s) in the interval (M (p), +00), where C}; = CH U G

The generalized Friedrichs model is considered aslo in [2].
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A simple method of second order differentiation of an implicit function in
separable Banach spaces

Lomonosov T. A.

HSE University, Moscow, Russia;
tlomonosov@hse.ru

An important problem of finding the capital allocation line in economics can be reduced
to finding a tangent line to a curve given implicitly by the equation F'(o,r) = 0, where o is
the standard deviation of the asset and r is the expected return. The problem is studied in
[1,2]. Therefore, an easier way of obtaining the differential characteristics of the curve is to
be found. This applied problem also poses a question on finding differential characteristics of
implicit functions in separable Banach space.

The main result of this work establishes a simple formula that connects a second
differential of implicit mapping f(x,y) = 0 and the second differential of the explicit function
f(z,y) itself restricted to the kernel of its differential in separable Banach spaces.

The reference [3| contains an implicit function theorem in Banach spaces. The new theorem
presented here allows us a simple formula which can be used to find the second differential
of an implicit function.

Theorem 1. Let E and F' be separable Banach spaces, and equip F ¢ F with the max
norm. Let f be a map of an open subset O in E® F into f, and suppose f is twice continuously
differentiable at a point x = (z1,22) € O. Assume further that the linear transformation
T : F — F, defined by T(w) = df(z1,x9;0,w), is 1 — 1 and onto F. Then there exists a
neighborhood U; of z; in E, a neighborhood U, of x5 in F', and a unique continuous function
g : Uy — U, such that:

1. The level set f~(f(z)) NU coincides with the graph of g, where U = U; x Us;

2. g is twice differentiable at xy, dg(z1; hi) = =T (df (x1, x9; hy, hy)), and

d’g(z1;hy) = =T Hd*f(z1, 22, b1, b .
g(z1; ha) (d°f (@1, 223 Iy ha2)) Ker df (vt o)
Corollary 1. Let £ =R" and F = R. Let f be as in Theorem 1. Let further {vy,..., X
v, } be a basis of Kerdf(xy,z2;hq, hy). Then there exists a neighborhood U; of x; in E, a
neighborhood U; of x5 in F', and a unique continuous function g : U; — U, such that

Hy(xy,27,..., 20y = (Hy(xy, 23, ..., 27, 29) v, 0;),

where H denotes a Hessian matrix, and (-, -) denotes an inner product.
This work is an output of a research project implemented as part of the Basic Research
Program at HSE University.
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APPLICATIONS OF A(z)-ANALYTIC FUNCTIONS TO SERIES

Muhammadova M. F.

Bukhara State University, Bukhara, Uzbekistan;
masturamuhammadova@mail.ru

In this thesis we study the expansion of A(z)-analytic functions into convergent Taylor
series. We will also consider the application of A(z)-analytic functions to this series.

Let A(z) be an antianalytic function in the domain D C C; moreover, let |A(z)| < ¢ for
all z € D, where ¢ < 1. The function f(z) is said to be A(z)-analytic in the domain D if for
any z € D, the following equality holds:

of _ of
i A<Z>$' (1)

We denote by O4(D) the class of all A(z)—analytic functions defined in the domain D.
According to, the function ¢ (a,z) = z —a+ [ A(7)dr is an A(z)-analytic function.
v(a,2)
The following set L (a,7) = {|© (a,z)| < r} is an open subset of arbitrary convex domain
D. For sufficiently small r > 0, this set compactly lies in D and contains the point a. This
set L(a,r) is called the A(z)-lemniscate centered at the point a. The lemniscate L(a, ) is a
simply - connected set (see [2]). )
Let L(a,r) CC D. If f(z) € Oa(L(a,7))C (L(a,7)), then in L(a,r) the function f(z)
is expanded in a Taylor series:

fz) =) a’(a,2), (2)
k=0
where ckzﬁ i ﬁ(df—i—A(f‘)df),O<p<r,k:0,1,2,... (see [2]).
[¥(a,€)=p

Now we will look at some examples:

1. f(2) = e¥@) functions are given. Let’s calculate the value of the function in the n-th
order derivative of f(™(a).

First, we show that this function is an A(z)—analytic function. To do this, we put this
function into equation (1):

De?(@2) De?(@?) 0Y(a, z) Y(a, z)
_ — p¥(a:2) A ’ -
g A= ( gz A ) v
= f(2) € Oa(L(a,7)).

We also expand this function e¥(®* € O4(L(a,r))(C (L(a,r)) into a Taylor series using
relation (2):

F(z) = e¥ad) = i _WE;‘" 2),
n=0 ’

Now we calculate the derivative function:

!/
ar: V" (a,2)
(677[’( ) ))/ |z:a — <ZO oy > |z:a = ]_,

00 (n)
a,z (n) wn(aﬂ Z)
(ew( )) ’z:a - (Z nl ) |z:a, =1.
n=0
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2. We expand these A(z)-analytic functions f(z) = e z)+1)1(1/)(a 55 into a Taylor series

at z = a points as follows:
First, we split the function expression into two parts:

1 1 1 1
e TIEE =3 ~ 5 e s T) @

Let’s expand each fraction into a separate Taylor series:

1 1 1 _ 1°° Y(a, n >,
w(a,z)—2__§.1_@__22( ) Z n+1

n=0 n=0

This will be the convergence of our Taylor series in L(a,2) = {|¢(a, 2)| < 2} sets.
Now we expand the second fraction in line (3) into a Taylor series:

oo

1 1 o
W(a,2)+1 1—(=¢(a,2)) ;(—1) v (a,2).

This series converges in L(a,1) = {|¢(a, 2)| < 1} sets.
Finally, we expand the given f(z) functions into a Taylor series in general as follows:

1 — (- P 3 “a,z) | =
(W(a,z) +1)(Y(a,2) —2) 3 ( ; 2n+1 Zo )"y ( )
_ _% 3 ((—1)” W) W™ (a, 2).

Our last series will be convergent in set L(a, 1) = {|1(a, z)| < 1}. It will also be f(z) €

OA(L(a, 1)) N C (L(a, 1)).
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The Spectrum of Discrete Schrodinger Operator on a one Dimensional Kagome
Lattice

Muminov M.I."2, Usmonov A.A.?
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We first give a descriptions of the one-dimensional Kagome lattice and a discrete

Schrodinger operator on this lattice [1].
Discrete Laplacian on a one-dimensional Kagome lattice. Let Z2 be a two-dimensional

integer lattice. One-dimensional Kagome lattice is defined as

V=V UV, UVs,
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where

2
Vi=pj+L L:={v(n): v(n)= anvj, n = (ny,ny) € Z°},

7j=1

vy = (

1ﬁ)_ <1¢§ 1 13
, Vo = 9

57 7 -5 _> yP1 = (070);]?2 = (_70)7]73 = <4_l’ T)

We put N, :={y € V: |a; —y| = 3,y ¢ v;}. This set is called the set of points adjacent to
a € V and equals to

Nop ={ar £ 3 a1 £ 952}, Ny = {aa + F, a5 £ 9552}, Nog = {ag £ 3, a5 = F}.
We define a bijection V 3 a — n € Z?* such that a = v(n(a)),

2

n:v:anVj < n = (ny,ng).
j=1

Passing to the Fourier series,—Ar becomes

1 0 1 + eime—ixg 1 + eixl
Hy(z) = —= | 14 e 'm1ei 0 1+ e
4 14 e~ 14 e 2 0

Let L¥(T?) = Ly(T?) x Ly(T?) x Ly(T?) where T = [—m; ] . The discrete Schrodinger
operator I on the Kagome lattice V' acts in ng)(']I‘Q) in the form [1]

H=Hy+V,

where Hj is a multiplication operator by matrix Hy(x) and

Vi 0 0
v=| 0 V% 0 |,
0 0 V

V; is an integral operator with kernel v;(z, s), i.e.

Vif)e) = [ e )i,

here v;(z, s) is continuous function on T? x T?.
We denote by o,(Ho(z)) the set of all eigenvalues of the matrix Hy(x), then o(Hy) =

U o,(Ho(z)). A direct computation gives
x€Td

A Blx)

ao(Ho(@) = {7+ (5 - N+ 5 =By = o,

where
B(z) = 1+ cosxy + cosxy + cos(x1 — x3).

The following lemma is given in [1]
Lemma 1. 1. The spectrum of Hy is o(Hy) = [—1; 3].
2. Hy(z) has an eigenvalue 3 with eigenvector s(x)v(z), where s(z) is an arbitrarily scalar
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function on T? and v(x) = (1, P2, ©3), Where @1 = 2c0sT9—2, g = 1 —e ™1 —¢i®2  gmi@1Hir2
SOS — 1 _ e—zxﬁ—zmg _ e—zmg + e—le‘

The perturbation V' of the operator Hy is a self-adjoint compact operator. Therefore in
accordance with the Weyl theorem about the invariance of the essential spectrum under the
compact perturbations, the essential spectrum of the operator H coincides with the spectrum
of Ho.

Thus .
Oess(H) = o(Hy) = [-1; 5]

Let Hy € ng) (T?) be a linear space given as
Ho = {S(2)v : S(x) € La(T*)}, v = (1,2, 03) € L5 (T?)}.

Lemma 2: H, is a Gilbert subspace of ng') (T?).

We denote by F, a projection operator to H,.
Theorem. Let V' be non-negative operator and rank(PyV Py) = n. Then the operator H
has at least n eigenvalues lying to the right of the essential spectrum oess(H).
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COUPLED ISING-POTTS MODEL WITH EXTERNAL FIELD ON CAYLEY
TREES

Mustafoyeva Z.E.

V.I.Romanovskii Institute of Mathematics, Tashkent, Uzbekistan;
mustafoyevab3@gmail.com

In this talk we derive the Kolmogorov’s compatible functional equations for non-zero
external field and establish existence of Gibbs measures.

A Cayley tree denoted by I'* and defined as an infinite tree of order k > 1. This tree is
a graph without cycles, in which exactly k£ 4+ 1 edges emanate from each vertex. Formally,
I'* = (V, L), where V represents the set of vertices and L denotes the set of edges.

Two vertices x and y are said to be nearest-neighbors if there exists an edge [ € L that
directly connects them and denoted by (x,y). A sequence of nearest-neighbor pairs

<.7§',ZB1>, <x17$2>a ERI) <$d—lay>a

is defined as a path connecting x to y. The distance d(z,y) on the Cayley tree is determined
as the number of edges comprising the path between the vertices x and y. For a fixed vertex
2% € V, the root, we define the sets

Wy ={z eV |dx,2%) =n}, Vi=|]Wa,
m=0

where W,, represents the collection of vertices that are exactly n edges away from the root.
For any vertex x € W,,, we denote by

S($) = {y € Wn+1 | d($’y) = 1}7
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the set of its direct successors [1].

We consider models in which each vertex of the tree is assigned a spin taking values in a
given set ®. For any subset A C V, a configuration on A is defined as an arbitrary function
o4 : A — ®. The set of all such configurations on A is denoted by Q4 = ®4. A configuration
o on V is defined as a function x € V' — o(z) € ®, and the set of all configurations on V'
is denoted by Q := ®V. The restriction of a configuration o to a subset A C V is written as
oA € oA,

Now we analyze two types of spin models defined on the vertices of the Cayley tree [3].
The first is the Ising model, where the spins s(z) take values in the set I = {—1,1}. The
second is the Potts model, for which the spins o(x) assume values in ® = {1,2,...,q}. A
coupled configuration (s,o) on V is consequently defined as a function

r eV (s(x),o(x)) €I x P,

and the corresponding set of all configurations is given by IV x ®V.
The Hamiltonian corresponding to the coupled Ising-Potts model with the external field

is given by
H(s,o0)=—-J Z o(z),oly) — az ) 01,0(x) (1)

(z,y)EL zeV

where J € R is a coupling constant and a € R is an external field. Here, 4;; is the Kronecker
function.

We define the finite-dimensional distribution of a probability measure y in the volume V,,
as

Mn(snao—n) = Zgl exp{ ﬂH 8717011 Z h ),0(x) z} (2)

CCEWn

where § = 1/T represents the inverse temperature with 7' > 0, and Z,, is the normalizing
factor. The term

{hz = (hflyl’m, Cey h‘*l»%x; hl,l,:pu cey hl,q,x) € qu, xr € V} (3)

denotes a collection of vectors associated with the vertices of the Cayley tree.
The probability distributions p, are said to be compatible if, for all n > 1 and for every
configuration s,_; € IV*-! and 0,,_; € ®"»—1, the following consistency condition holds:

Z ,un(sn—l V Wn,, On—1 Vv Wn) - ,un—l(sn—la Un—l)a

(W, wn ) ETWR xdWn

where the symbol V denotes the concatenation of configurations. This compatibility condition
ensures the existence of a unique probability measure x on the infinite-volume space {2, which
serves as an extension of the sequence of finite-volume distributions {u, }.

In this case, by Kolmogorov’s extension theorem on complete and separable metric space
(2, p) (see [2]), there exists a unique measure g on IV x ®" such that, for all n and s,, € I'",
o, € PV,

p({(s,0)lvi = (sn,00)}) = in(sn, o).

Such a measure is called a splitting Gibbs measure (SGM) corresponding to the
Hamiltonian (1) and vector-valued functions (3). The following theorem describes conditions
on h, guaranteeing compatibility of 1, (S, 0,).

Theorem 1. The probability distributions j,,(s,,0,), n = 1,2, ..., defined in (2) are said
to be compatible iff for every vertex x € V, the following system of equations is satisfied:

Zeix —
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(1= 07 (05, — e™niz_y;0) + 3971 (21 + 214y) + 210y + 1
0+ 0~ 210y + 211 (2-15y + 2144)

11

y€S(x)

)

Y

H (L=0"") (021,49 — 1) + Z?;i(z—l,j,y + 215y) + 21,0y + 1

Rl,qx = B
T 0+ 971217(17?} + Z?:i(’z*lvjvy + zl,j,y)

y€S(w)

where e = —1, 1, the quantities z.; , = exp(he%x—h_l,w), i=1,...,q—1,and 0 = exp(5J).
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ON POSITIVE FIXED POINTS OF HAMMERSTEIN-TYPE INTEGRAL
EQUATIONS

Nodirov Sh.D., Eshkabilov Yu.X.

Karshi State University, Karshi, Uzbekistan;
shoh0809@mail.ru, yusup62@mail.ru

In this paper, we study a class of Hammerstein-type integral equations that naturally
arise in the analysis of Gibbs measures for models with spin values taken from a continuum
set on the Cayley tree. We establish the existence and uniqueness of nontrivial positive fixed
points of such equations.

Integral equations play an important role in modern analysis. Research in this area often
focuses on the existence, uniqueness, multiplicity and structure of solutions (see [4]). In the
present work we consider a family of Hammerstein-type integral equations which appear
naturally in the study of translation-invariant Gibbs measures for models with uncountable
spin values on a Cayley tree (see [1]).

We work on the interval [0, 1] and denote by C[0, 1] the Banach space of real continuous
functions on [0, 1] endowed with the sup-norm. We write

C.[0,1] = {f € C[0,1] : () >0 for all ¢ € [0, 1]},

C.[0,1] = {f € C[0,1] : f(£) > 0 for all ¢ € [0, 1]}.

We consider the Hammerstein-type integral equation

£(t) = / K (t, u)F(u, f(u) du + o),

where K € C([0,1] x [0,1]) is the kernel, F' : [0,1] x R — R is a nonlinear mapping, and
v € C0,1] is a given function.

In this paper we concentrate on the particular case v = 0 and F(u,z) = 2* for an integer
k > 2. Thus we study

f(t):/o K(t,u)f*(u) du, ke N\ {1}. (1)
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When the kernel K is continuous and strictly positive on [0,1] x [0, 1], the number of
positive solutions of (2) is closely related to the analysis of Gibbs measures for models on the
Cayley tree (see [1-3]).

A special case we shall often use is a kernel of the symmetric form

K(t,u) = p(u)o(t) + (t)¢(u), (2)

with continuous functions ¢, ¢ € C-[0,1] (strictly positive continuous functions). For this
degenerate-type kernel the integral operator becomes tractable and one can deduce sharper
statements.

Theorem. Let k € N\ {1}. Suppose ¢, ¢ € C-[0,1] and let K be given by (2). Then the
integral equation

£(t) = / (P () + o()(w) f*(u) dus

has a unique nontrivial solution f € C5[0,1] (i.e., a unique strictly positive continuous fixed
point).

Acknowledgements. The authors acknowledge support from the Applied Research
Grant “Dynamics and Applications of Cubic Stochastic Operators”, Grant No. AL-
9224093956.
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In this thesis, we consider the dynamics of a Lotka-Volterra type system with equal
dominance.

From the analysis of experimental data, Hoffmann [1| proposed that for the phage-bacteria
interaction the equations be modified such that a power law applies to the LV equations. The
modified LV equations are therefore:

{j::x(og—ﬂyp), (1)

y=y" (=7 +dx).

We will assume the inequality p > 1.
A discrete analogy of the generalized LV equations (1) model for p = 2 can be considered

as follows
{ ¥ =(1+a)z— Bry?

Y =y —yy® + oy’

(2)
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One of the simplest cases of the discrete generalized LV model (2) is the following
evolution operator V : S!' — 8! of the population on the one dimensional simplex
St={(z,y) e R*: 2,y>0, z+y=1}

¥ =z — avy?
Va:
Y =y + ary?

where a € [—1,1].
To ensure that both species will have equal domination we define an evolution operator,
Viv:2z=(z,y) € St = 2/ = (2/,y) € S* by
Vo(2), of ©<1/2
. { ) /

Vo(2), if x>1/2 3)

We note that the probabilities P;;;; mentioned in are independent on z € Sm=1 but for
Operator (3) we have P111,1 =1- P111’2 = PQQQ}Q =1- P22271 = 1, P112’1 =1- P11272 = 2/3
and the remaining coefficients depend on the points z = (z,y) of the simplex S

P122,1 =1 _P122,2 = {

Using the equality x + y = 1, this operator can be reduced to the function f,; : [0,1] —

0, 1] defined by
{ :c(l—a(l—x)Q), nggé;
1

:v(1+b(1—93)2), 1<z < @

fa,b =

where a,b € [—1,1]. It is clear that, the function is a piecewise-continuous, that’s, it

is discontinuous at the point z = 1 when (a,b) # (0,0) and, is smooth at each semi
interval. Note that in the case a = b = 0 the function is trivial, because f,;, = =,
x € [0,1]. Therefore, below we do not consider this case. In case a = —b # 0, we have

f@)=foca=x (1 —a(l— :v)z) , x € [0,1]. The fixed points of this function are 0 and 1.
It is easy to see that 1) The point 0 is attracting for f, if a € (0, 1]; repelling if a € [—1,0).
2) The point 1 is non-hyperbolic.

Moreover, using monotonicity of f one can show that for any initial point [z(*) € (0, 1)
the following limits hold

lim f" (x(o)) =

n—oo

1, if ac[-1,0),
0, if a€(0,1].

Thus value 0 is a critical point where the character of the dynamical system changes.
Therefore, we consider the following possible cases:

(1)a=0,0#0;(2) a#0,b=0;(3)a#0, b+#0.

In case a =0, b # 0 the function is

o
VAN
VAN

z,

x(1+b(1—x)2), i<

xz

()

IA
= NI

fo,be(w) :{

Proposition 1. For the dynamical system generated by (5) the following assertions hold: 1.
Fiz(f) = [0,4]U{1};2.If 0 < b < 1 then lim 2™ = lim f* (z(¥) =1, for any z¥ € (1,1];

Y
n—oo n—oo 2
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3. If =1 < b < 0 then for any (¥ € (%, 1), there exist n € N and p € (% + %,
fr(x)=p, " (x)=f(p) =p

In case a # 0, b = 0 the function is

fa,o—{ z(1—-a(l—1)7),

z,

%) such that

N[

0<xz<3; (6)
% <zr<l

Proposition 2. For the dynamical system generated by (6) the following assertions hold:

1. Fiz(f) = {0} U (%,1]; 2.1f0 < a < 1 then lim 2™ = lim f» (x(o)) = 0, for any

n—00 n—00
2@ € [0,1]; 3. If =1 < a < 0 then for any 2@ € (0, 3], there exist n € N and p € (3,1 — ¢]
such that f" (z) =p, f"'(z)=f(p) =p.
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APPLICATION OF A(z)-ANALYTIC FUNCTIONS TO SOME EXAMPLES
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In this thesis we will consider the application of A(z)-analytic functions using some
example. We will use the properties of A(z)-analytic functions in an example.

Let A(z) be an antianalytic function in the domain D C C; moreover, let |A(z)| < ¢ for
all z € D, where ¢ < 1. The function f(z) is said to be A(z)-analytic in the domain D if for
any z € D, the following equality holds:

af of
5= = A5 (1)

We denote by O4(D) the class of all A(z)-analytic functions defined in the domain D.

We denote by O4(D) the class of all A(z)-analytic functions defined in the domain D.
Since an antianalytic function is infitely smooth, then O4(D) C C*°(D) (see [1]).

In this case, the following takes place:

Theorem 1 (see [2], analogue of Cauchy integral theorem). If f € O4(D)NC (D), where
D c C is a domain with smooth 0D, then

/f(Z)(dz + A(2)dz) = 0.
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Now we assume that the domain D C C is convex, and § € D is a fixed point in it. Since
the function A(z) is analytic, the integral

is independent of the path of integration; it coincides with the antiderivative I'(z) = A(z).

Consider the function . .

K(z6) =,
(2:¢) 2miz — €+ 1(2)
where (¢, z) is a smooth curve which connects the points £,z € D (see [3]).
Theorem 2 (see [3]). K(z,£) is an A(z)-analytic function outside of the point z = &, i.e.
K(z,6) € O4(D\{&}). Moreover, at z =& the function K(z,€) has a simple pole.
Remark 1 (see [3]). If a simply connected domain D C C is not convex, then the function

¢(5,2):Z—5+I<2)7

although well defined in D, may have other isolated zeros except & : (&, z) = 0 for except
z € P\{£7£17§27"‘}' C'onsequently, 1/} S OA(D)7 ¢(§az) 7é 0 when z ¢ P and K(Z,f) is
an A(z)-analytic function only in D\P, it has poles at the points of P. Due to this fact we
consider the class of A(z)-analytic functions only in convexr domains.

According to, the function ¢ (§,2) = z — £+ [ A(r)dr is an A(z)-analytic function.

7(:2)
The following set L (a,r) = {|¢ (a,2)| < r} is an open subset of arbitrary convex domain

D. For sufficiently small » > 0, this set compactly lies in D and contains the point a. This
set L(a,r) is called the A(z)-lemniscate centered at the point a. The lemniscate L(a,r) is a
simply - connected set (see [3]).

Now we will look at some examples:

1.If f(2) € Oa(L(a,r)) is bounded, then for two points z1, 22 € L(a, ) prove the following
inequality:

M >0, / FO)]1de + A€)dE| < MPp(za, ).

v(21,22)

Our function is bounded by the condition: |f(z)| < M.
We also apply the fact that the function is bounded by the integral:

/ F(©)l]de + A)dé] < / MId + A(€)dé| = M / de + A(€)dE| =

v(21,22) v(21,22) v(21,22)

= M|i(a, z1) = ¥(a, 22)| = M|ip(z1, 22)].

2. Show the irrelevant transform function in the lemniscate L(a,r) of the following
functions:

1) f(z) = w(i,z)f?/e = {Z : |¢(a7z)| = 5}'
: dz + A(z)dz
lm [ ———F— = .

€0 ¢(a, Z)

Ye
2) f(Z) = w(;z) - w(a;)_wz € {L(a,r) \ a}>

v =A{z:[¥(a,2)| < p}, 7i={z:|¥(a,z) —r| <p},




100 MaTemMaTndeckas ¢u3MKa UM CMEXHHE BOIPOCH COBPEMEHHOTO aHamu3a, Byxapa-2025

;1}—% f(2)(dz + A(2)dz) = oo, })i_r}rg)/f(z)(dz + A(z)dz) = 0.

1
Vp b

3) f(Z) = maz € {L(CL,T) \ a}a

Yo =1z [Wla,2) < phyy = {2 [W(a,2) — v < phyp = {z : [¥(a. 2) + 7] < p},

lim / F(2)(d= + A(=)dz) = oo, liny / F(2)(d= + A(2)dz)

p—0
v

1
P P

= oo,})ig(l]/f(z)(dz + A(z)dz) = 0.

Tp
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A Boltzmann Machine is a stochastic, energy-based neural network that operates on
principles from statistical mechanics and is primarily used for unsupervised learning tasks.
The network consists of binary units (neurons) that can exist in states s; € {0,1} or {—1,+1},
connected through symmetric weights w;; = w;; with no self-connections (w; = 0). Each unit
has an associated bias term a; representing its activation tendency.

The system’s behavior is governed by an energy function:

E(s) = — Zwijsisj - Zaisi (1)
i<j i

where lower energy states are more probable. In the machine-learning context, this model is
called a fully visible Boltzmann machine.
The probability distribution over states follows the Boltzmann distribution:

1 —FE(s
P(s) = e O )

where Z is the partition function, that is Z =) _ e~EG)/T that normalizes probabilities and
T represents the temperature parameter controlling the system’s stochasticity.
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The Cayley tree I'* = (V, L) of order k > 1 is an infinite tree, i.e. graph without cycles,
each vertex of which has exactly k 4+ 1 edges. Fix a vertex zy € I'*. Define the following sets

(see [1]):

W, ={z eV :d(z,xy) =n}, Vn:UWm, L,={(x,y) € L:z,y €V},

S(z) ={y € Wy :d(z,y) =1}, x€V,.

Define a finite-dimensional distribution of a probability measure g in the volume V,, as

pn(0n) = 21 exp{ BH,(0y) Z hyo(x } (3)

IEWn

where 8 = 1/T, T > 0 is temperature, Z. ' is the normalizing factor, {h, € R,z € V} is a
collection of real numbers, and

Hy(o,)=~ ) wija(ﬂfi)d(ﬂﬁj)—zam(mi) (4)

is the Hamiltonian of the Boltzmann model.
Theorem 1. Probability distributions p,(c,), n = 1,2,..., in (3) are compatible iff for
any x € V the following equation holds:

= Y f(hy,0). ()

y€S(v)

Here, 0 = ePvi | f(h,0) = In 11:9::, and S(x) is the set of direct successors of x on Cayley
tree of order k.

Since the set of vertices V' has the group representation GGy. Without loss of generality we
identify V' with Gy, i.e., we sometimes replace V' with Gy.

We study translation-invariant solutions of (5).

Definition 1. Let K be a subgroup of Gy, k > 1. We say that a function h = (h, € R :
xr € Gy) is K-periodic if hy, = hy for all x € Gy, and y € K. A Gy-periodic function h is
called translation-invariant.

Definition 2. A Gibbs measure is called K-periodic if it corresponds to K-periodic
function h.

Observe that a translation-invariant Gibbs measure is Gi-periodic. Firstly, we shall find
all translation-invariant solutions h, to the functional equation (5), ferromagnetic Boltzmann
model. Note that such solutions are constant functions, h, = h,Vx € G}. In this case from
(5) we get

h=kf(h,0), 0>0. (6)

The following properties of the function f(h, 0) are obvious:

L. lim, o f(2,0) =In6 lim, , ., f(x,0) =

2. Lf(z,0) <0if6 <1, Lf(z,0) —0if6— 1, Lf(z,0)>0if 6> 1.

From these properties it follows that equation (6) has unique solution A* that h*(h* < 0),
if0 <1, h*=0,if 0 =1and A*(h* > 0)if 6 > 1.

There are as many Gibbs measures as there are solutions to equation (5); consequently,
if the solution to (5) is unique, then the Gibbs measure is also unique. Namely,
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Theorem 2. For the ferromagnetic Boltzmann model on the Cayley tree of order k > 2
the following statement is true. If T € R then there is unique translation-invariant Gibbs
measure .

From monotonicity of f(h,#) with respect to h, one gets:

Lemma 1. f(h,0) = f(u,0) if and only if h = u.

Let G,(f) be the subgroup in Gy consisting of all words of even length. Clearly, G,(f) is a
subgroup of index 2.

Theorem 3. Let K be a normal subgroup of finite index in Gy. Then each K-periodic
Gibbs measure for the Boltzmann model is either translation-invariant or G,(f) -periodic.
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Let T* = (V,L) be the Cayley tree, where each vertex has k + 1 neighbors with V
being the set of vertices and L the set of edges (see [1]). For an arbitrary vertex xy € V,
we put W,, = {z € V| d(z,2°) = n},V, = {z € V]| d(z,2°) < n}, where d(z,y) is the
distance between x and y in the Cayley tree, i.e., the number of edges of the path between
xz and y. Let S(z) = {y € Wyhy1 @ d(y,z) = 1} be the set of direct successors of z. Let
® :={0,1,2,....m},m > 1, and the configuration o € ", ie., 0 = {o(z) € P: 2 € V}.

The SOS model is defined by the formal Hamiltonian

y=—J ) | a(y) |, (1)

(z,y)EL

where J € R and (z,y) stands for nearest neighbor vertices.
Let h : @ — hy = (hox, Mgy s Bnz) € R™ be a vector function of x € V \ {2°}.
Consider a probability distribution 1™ on Qy; :

W (0,) = Z, exp(=BH(0n) + D how); (2)

where 0, € Qv , = %, T > 0 is temperature and

Ly = Zexp —BH(G,) + Zh

&neQVn zeWn,

A probability distribution p(™ is said to be compatible if for any n > 1 and 0,_; € Qy; _,,
we have
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Z U(n)(an—l Vwy) = ,U(n_l)(an—l)> (3)

wn €Qw,,

where 0,1 V w,, € Qy,.

In this case, there is a unique measure p on Q such that u({o |y, = 0,}) = p™(0,), for
all n and o,, € Qy, . Such a measure is called a splitting Gibbs measure (SGM) corresponding
to the Hamiltonian H and to the function z — h,,z # o [1].

The following statement gives a condition on h, guaranteeing that the distribution of
p™(o,) is compatible.

Theorem 1. [2] The probability distributions ™ (c,),n = 1,2,... determined by the
formula (2) are compatible iff for any x € V \ {2} the following equation holds:

hi= > F(hi,m,0), (4)

y€S(z)

where 0 = e’P 3 = % Here hi = (hox — hmws Pig — Pngs oos hn—12 — him i) and F(e,m,0) :
R™ — R™ is a vector function, i.e.

F(h,m, ‘9) = (Fo((h, m, 0), ceey Fm_1<h7m, ‘9))), h = (ho, hl, cevy hm_1>,

such that

iy e R

N S O iehs 4 1

Namely, for any boundary condition satisfying the functional equation (4) there exists a
unique SGM.

We restrict ourselves to the case m = 2. The set of vertices of a Cayley tree of order k£ is
denoted by V*. For = € V by S, (z) we denote arbitrary kq vertices of the set S(x).

We define the set of vectors h = {h,, x € V} as follows: If on the vertex x we have
h. = h, then to the vertex S,, () we put the value h, = h, to the other vertices S,,(z) we
put the value h, = I, to the other vertices S,,(x) we put the value h, = p. If on the vertex x
we have h, = [, then on the vertex Sy, () we put the value h, = h, on the remaining vertices
Sp,(x) we put h, = p. If on the vertex x we have h, = p, then on the vertex S, (z) we put
the value h, = h, on the remaining vertices Se,(x) we put h, = p. Note that a1 +as +a3 = k,
by + by =k, ¢; + ¢y = k. Using this construction for h = (0, hy), I = (0,13) and p = (0, po)
due to Theorem 1 we have

E(h? m? 9)

. i=0,..,m—1. (5)

hy = ay f(ha) + as f(l2) + a3 f(p2),
la = by f(h2) + b2 f(p2), (6)
p2 = c1 f(ha) + 2 f(p2).
where f(z) =In %.
Let ¢1 #0, p(z) = (bg - %)f(x) + by,

c1
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Note that the function ¢ (z) is continuous and bounded. This implies that it has at least
a fixed point, say, x*.
Theorem 2. Let ¢y # 0. If the condition

¥/ (2")] > 1
1s satisfied, then for the SOS model there exist at least three Gibbs measures.
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Let A be a real or complex *-algebra, and S C A an arbitrary subset. The right-annihilator
of S is defined as
R(S)={xr € A:sx=0,Vs € S}.

and similarly, the left-annihilator of S is
L(S)={rx€ A:2zs=0,Vs € S}.

A *-algebra A is referred to as a Baire *-algebra when, for every subset S C A, there
exists a projection g such that R(S) = gA.

For every subset S, we get L(S) = R(S*)* = (hA)* = Ah. So there exists a projection g such
that L(S) = Ag. Here S* = {s* | s € S}.

A complex (respectively, real) C*-algebra A, which is also a Baire *-algebra is called a
complex (respectively, real) AW*-algebra. A Banach *-algebra A over the field C is a C*-
algebra provided that for all a € A the relation ||aa*|| = ||a||*. A *-algebra M is defined to
be a W#*-algebra if there exists a Banach space M, such that (M,)* = M. W*-algebras are
also called von Neumann algebras. It is known that every W*-algebra is an AW*-algebra,
although the converse implication fails in general.

A real C*-algebra is a real Banach *-algebra R for which two conditions are satisfied: for

all a € R, ||a*a|| = ||a||* and the element (1 + a*a) is invertible.
Moreover, a real C*-algebra R is called a real W*-algebra if the complexification R+ iR is a
complex W*-algebra. Equivalently, this requires that R is weakly closed, contains the identity
1, and satisfied RNiR = {0}.

For a real or complex W*-algebra A, the center Z(A) is the collection of all elements in

A commuting with every other element of A. The algebra A is called a factor if its center
Z(A) is trivial. (see [1]).

Recall that [1] a factor M is called hyperfinite if there exists an increasing sequence
{M, }nen of finite-dimensional subfactors of M containing the unit 1, such that |J, M, is
weakly dense in M. It is known that, up to isomorphism, there exists a unique hyperfinite
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factor of type II;, which we denote by R. An AW*-factor M is called an AW*-McDuff factor
if M 2 M®R (see [2]).

Let A be a C*-algebra. A is called uniformly hyperfinite (UHF) of type {p;} if there exists
a sequence {A;}en of subfactors such that:

1) A; is of type L,.;
2) A C A
3) pi — 00 as i — o0;
4) A is the closure of U;A;.
In this case, it is clear that p; | piy1.
The main results of the work are the followings theorems.

Theorem 1. If R is a real UHF AW*-factor of type II;, then R + iR is a von Neumann
algebra, therefore R is a real von Neumann algebra.

Generally speaking, the more general result is true.

Theorem 2. Let A be a complex or real approximately finite dimensional AW*-factor of
type II;. Then A is a complex (respectively, real) factor type I1;.
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Let R be an algebra and let P(R) be the set of all projections of R. By subadditive
measure on R we mean a mapping m : P(R) — [0, co] with the following properties (see [1]):

i) m(0) = 0, and m(p) = 0 implies p = 0 (faithfulness);
ii) p < ¢ implies m(p) < m(q) (monotonicity);

iii) p ~ ¢ implies m(p) = m(q),

iv) m(p V q) < m(p) +m(q) (subadditivity);

V) pn T p implies m(p,) T m(p).

Let B(H) be the algebra of all bounded linear operators on a complex Hilbert space H.
A real *-subalgebra R C B(H) with the identity T is called a real W*-algebra, if it is weakly
closed and RN iR = {0} (see [2], [3]).
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Let R be a real W*-algebra and let m be the subadditive measure on R. We extend the
subadditive measure m at A = R+ iR as m(e) = m(s(f)), where e € P(A) with e = f 4 ig
and s(f) is the support of the element f.

Definition 1. Let R be a real W*-algebra and let m be the subadditive measure on R.

1) An operator a acting in a Hilbert space H (a : D(a) — H) is called affiliated with the
algebra R (symbolically, anR) if au’ = ua, for any unitary operator v’ € R’, where R’ is
commutant of R.

2) A linear subspace D C H is called affiliated with the algebra R if /(D) C D for any
unitary operator v’ € R and denoted by DnR.

3) A linear space DnR is said to be m-dense in H if for any € > 0 there exists a projection
p € R such that p(H) C D and m(p*) <e.

4) An operator a is called m-measurable, if (i) anR; (i) D(a) is m-dense; (iii) a is closed.
By L., = L,(R) we denote the set of all m-measurable (relative to algebra R) operators.

Similarly, by Lz = Lma) we denote the set of all m-measurable (relative to algebra A)
operators. Then it is directly proved that Ly = Ly, + iL,,.

Theorem 1. R is dense in L,, the topology of m-convergence i.e. R = Ly,.

Definition 2. 1) A sequence {a,} of m-measurable operators is said to converge to an
m-measurable operator a almost uniformly-m, a, ——% q if, for any § > 0, there exists
some p € P(R), m(pt) <6, and ||(a — a,)p|| — 0.

2) A sequence {a,} is said to converge nearly every where m to a (denote it as

n.e.—m . . . . . .
a, —— a) if, for any € > 0, there exists an increasing sequence {p,} of projections from
R, such that [|(a — a,)p,|| < & and m(p;}) | 0.

The main results of the work are the following theorem.
Theorem 2. Let {a,} C Ly, a € L,,,. Then 1) a,, ==~ @ if and only if a,, LU
2) a, === a if and only if a,, ——— a.
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WEYL FORMULA AND ITS MODIFICATION FOR HOLOMORPHIC
FUNCTIONS IN A MATRIX POLYHEDRON

Rasulova M.K.

V.I.Romanovsky Institute of Mathematics of the Academy of Sciences of Uzbekistan,
Tashkent, Uzbekistan;
maftunakomiljonovnaa@gmail.com

In this paper, we derive the Weyl formula and its modification for holomorphic functions
in a matrix polyhedron
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(2%,...,2™) be a vector composed of square matrices z/ of order m, i.e. 2 =

(2, ...,2") € C*[m x m] and
Tor ={2€C'lm xm]:ril - () >0,1<k<n}

be a matrix polycircle of radius r = (ry, ..., 7,) centered at the origin.

Let f = (f(2),.... ["(2)) : C”[m X m] — (C”[m x m] be a holomorphic map in a domain
G C C"[m x m] where, 2* = (2;) and f* = (f) are square matrices of order m.

Definition. The inverse image Iy, = ffl( T,,) of the matriz polycircle T,,, by the map
[ =012),.., [M(2)) : C*[m x m] = C*[m x m] is called a matriz polyhedral set, if 1;, € G
. A matriz polyhedron is a connected components matrix polyhedral set.

According to Hefer’s theorem ([1]), for some neighborhood U of the matrix polyhedron
Il;, there are functions P3* € Hol(U x U) such that for all (¢,z) € (U x U) the equalities

zl_gy ZZ sl F)slljtlc C? )7 ZJJZL_mak:L_n

s,l=1 t=1

We denote by H(C, z) the determinant of the matrix P7*(¢, 2) of order nm? x nm? the rows
of which are numbered by 7, j, k and the columns by s, [, .

Theorem 1. Let h(z) be a holomorphic function in ﬁf’r. Then for any z € 11z, , we have
the following formula

[ RQHC )
hz) = / 1t ((Q) — (7))

Ly

where Ty, = {¢ € G = fI(Q)(f7(C)) = ril,j = 1,n} is a polyhedral skeleton of 11y, and
det™(f(C) — f(2)) = H det™(f5(C) = f*(2)).

In the case f(2) = 2 formula (1) represents the Bokhner-Hua Loken formula for the matrix
polycircle ([2]).

Let II;, be a matrix polyhedron in the domain G C C"[m x m]| corresponding to the
mapping f = (f,...,f") : G — C"[m x m]. Let us fix a positive integer 0 < p < n and
represent f as f = (f’, f"), where f' = (f', ..., f?) ,f" = (fP*, ..., f*). Consider the matrix
polyhedron

(1)

P, = {zeG:r1—f(2)(f(2) >0,j=T1p,
(r+e)’I - f*(2) (f*(2))" >0,k =p+L,n}

lying compactly in G. This polyhedron will be called the e-continuation of the matrix
polyhedron 11y, along f".

Theorem 2. Let there be an Ily,-special analytic matriz polyhedron in the domain

G CC'[mxm] and a chprJrE

form ¢§p) whose coefficients depend holomorphically on z € Ilg,, and for any function his

holomorphic in the closure Hgf,?ﬂ% and for z € Iy, the following formula holds

YRRy Y s |
o 1L det™ (£1() = 1 (2)

fr g=1

th e-extension along f". Then there exists a smooth O-closed
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where | | -
Py ={eenl): po) (£(©) =i =T
is the face of the matrix polyhedron HS}? 2 e
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ON THE 6-PERIODIC POINTS OF A VOLTERRA QUADRATIC
STOCHASTIC OPERATOR WITH VARIABLE COEFFICIENTS

Rozikov U.A.!, Abdurakhimova SH.B.?
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Let S™! be the m-dimensional simplex:
Sm_l = {l‘ = (fBl, ,l’m) e R™: xX; Z O,ZJZZ = 1}
i=1

We consider dynamical system generated by the operator W : (z,y,a) € S — S, (where
S = S' x [-1,1]) having the following form

r = .Z'(l - a'y)a
W< v =y(l+ax),
a’ = f(a)
where a € [-1,1], f:[—1,1] — [—1,1] is piecewise-linear function defined as

2a+2, if —1<a<-1,
fl@)=% —2a, if —i<a<j,
20—2, if $<a<l.

The operator W maps a point (x,y,a) in the space S to another point (2/,y/,a’) in
the same space. The first two equations describe how = and y evolve. The third equation
a’ = f(a) determines the evolution of the parameter a, this is a one-dimensional discrete
dynamical system independent of x and .

A periodic point of period k for W is a point (z,y,a) such that W*(z,y,a) = (x,vy,a),
where W* denotes k-th iteration the operator W (see [1], |2]). Since dynamics of a is
independent, any periodic point of W must have an a component that is periodic for the
map f. Therefore, to have periodic points for W, we need f to have periodic points.

Remark. If the operator W has a periodic point of period k, then the function f also has
a periodic point of period k. But the fact that the function f has a periodic point of period
k doesn’t mean that the operator W also has a periodic point of period k.

Lemma. The equation f(a) = a has 127 solutions (including a fixed point, 6 two-periodic
points and remaining 120 are six-periodic points) in [—1, 1] and 6-periodic points form twenty
6-periodic orbits.

Theorem. The operator W has twelve non-trivial 6-periodic orbits.

These periodic orbits will be useful to study full dynamics generated by the operator W.
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Weighted a-subharmonic measure
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In this work, we generalize the concept of the a—subharmonic measure within the class
of a—subharmonic functions and present several properties of the weighted a-subharmonic
measure.

Let a be closed and strictly positive differential form of degree (n — 1,n —1) in D C C"

a= (5) S agu2) delj] A d=[H),

jk=1

where aji(z) € CY(D), dz[j] = dz1 ANdzg... Ndzj—1 Ndzjz1 A ... Ndzy, dZ[k] = dz1 A dZo... A
dZj_1 A dZgp1 A ... A dZn.

Definition 1. A function u(z) € L} (D) is called a— subharmonic in D if it is upper
semicontinuous in D and the current dd°u A « is positive, i.e., for any positive test function

w in D, we have

/ua/\ddcw > 0.

The class of a—subharmonic functions in D is denoted by a — sh(D), in addition, the
function u(z) = —oo is also considered to be in this class.
Definition 2. A domain D is called a—regular domain, if there exists a function p(z) €
a — sh(D), such that p‘D <0, lim p(z)=0.
z—0D
Let D C C" be a a—regular domain, E be any fixed subset in D and v (z) be bounded
function on E. We denote by U(E, D,1,0) the class of all functions u(z) € a — sh(D) such

that u|p < ¢|p and u|p < 0, where § € R satisfies 0 > sup¢(z). We define
zeE

walz B, D,1,8) = sup {u(2) : u(z) € U(E, D, )}
Definition 3. The regularization

wi(z, B, D, 6) = mwa(w,E,D,@b,é)
w—rz

is called (o, 1, §)—subharmonic measure of the set E with respect to D.

By definition, the function w’(z, E, D,1,0) is a—subharmonic in D (see [1]). Note that
when ¢ = —1,6 = 0, (a,%,0)— subharmonic measure coincides with a—subharmonic
measure defined by

wi(z, B, D) = lim sup {u(w) : u € a — sh(D), u|p < 0, u|p < —1},
w—z
that is, w’(z, F, D, —1,0) = w’(z, E, D). The («, 1, §)—measure has the following properties.
Proposition 1. The following monotonicity properties hold:
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a) if £1 C E5 C Dy C D>, then
w;(sz%D%waé) S WZ(Z7E17D27¢75) S w;(z)ElaD1a¢76)v Vz € D7

b) if Y1|p < io|g, then w’(z, E, D,11,0) < wi(z, E, D,1,0), Vz€ D;
c) if 61 < b9, then wi(z, E, D,v,01) < wl(z, E,D,¥,8), Vz € D;
d) for any ¢ € R such that 9| < § — ¢, we have

wi(z,E, D, +¢,0) =c+wl(z,E,D,¢,§ —c), Vz € D.

Proposition 2. Let u(z) € a — sh(D). If u|p < C and u|g < ¢, where ¢ < C, E C D,
then the inequality holds

wi(z, E,D,1,0) = ¢ wi(z,E,D,1,0) = ¢

. —c- . VzeD.
-t A

ulz) <C-[1+

Theorem 1. We have the following properties:
a) for any set E C D, the inequalities are satisfied for all z € D:

(6= 1 0()) w2 (a1B. D) + 6 £ i, B, D, 12

zeFE

< (5 — sup 1[)(2)) -wi(z, E, D) + 0;

zeE
b)if E CC D, then lim w’(z, E,D,1,0) = 6.
z—0D
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Uchinchi tartibli operatorli matritsa blok elementlari uchun spektral
munosabatlar Sharipova M.Sh.
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T- bir o‘lchamli tor, Hy := C - kompleks sonlar fazosi, H; := Ly(T) - T torda
aniglangan kvadrati bilan integrallanuvchi (umuman olganda kompleks qiymatni qabul
qiluvchi) funksiyalar Hilbert fazosi va Hy := Lo(T?) - T? ikki o‘lchamli torda aniglangan
kvadrati bilan integrallanuvchi (umuman olganda kompleks giymatni qabul qiluvchi) funk-
siyalar Hilbert fazosi bo‘lsin. H®) orqali Hg,H1 va H, fazolarning to‘g‘ri yig‘indisini
belgilaymiz, yani H®) = Ho ® Hi ® Ho. Xuddi shunday, H? = H; @ H, fazoni kiritamiz.
Zamonaviy matematik fizikada H® Hilbert fazosiga Fok fazosining qirgilgan uch zarrachali
qism fazosi deyiladi. H® fazoning ixtiyoriy f elementi f = (fo, f1, f2), fi € Hi,i = 0,1,2
ko‘rinishga ega.

H®) Hilbert fazosida

A pAor 0

A# = N’ASI AH ,uAlg , M > 0
0 [LATQ A22
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ko‘rinishdagi uchinchi tartibli operatorli matritsani qaraymiz. Bu yerda A;; : H; — H;,i <
J,1,5 = 0,1, 2 matritsaviy elementlar quyidagi formulalar orqali aniglangan:

Avofo = for (Agtfu)(t) = / o(t) f1(t)dt,

(Anfi(z)) = (¢ + u(2)) fi(2), (Amfz)(fﬂ,t):/ v(t) fa(x, t)dt,

(Anafo)(z,y) = (¢ + u(z) + u(y)) folz,y).

Bu yerda f; € H; (i = 0,1,2 uchun), ¢ - berilgan haqiqiy son, u(-) va v(-) esa mos ravishda
T va T? da aniqlangan haqiqiy qiymatli uzluksiz funksiyalardir. Bundan tashqari, i < j
bo‘lganda, A}; operatori A;; ning qo‘shma operatoridir.

Mazkur farazlar ostida blok-operator matritsa A, chizigli, chegaralangan va o‘z-o‘ziga
go‘shma operator ekanligini tekshirish giyin emas.

Dastlab, A, operatorli matritsaning spektrini o‘rganish magsadida quyidagi yordamchi
operatorlarni kiritamiz:

A/(}) : HQ — HQ, Al(il) = AQQ

A A
(2) . 1y(2) 2) 2) ._ 11 MHA1g
A7 T HY = HEY, AL .—(MATQ A22>, w > 0.

«a = 1,2 sonlari uchun A,(f) operatorlarning spektrlarini tadqiq gilamiz. Funksional analiz
kursidan ma’lumki, Afll) operatorning spektri uchun quyidagi tenglik o‘rinli:

o(AM) = oess(Al(})) = [e 4+ 2m;e + 2M].

w

Bu yerda,
m :=minu(zr), M = maxu(zx).
zeT zeT

A,(f) operatorli matritsa .4, operatorga mos kanal operator deyiladi va sof muhim spektrga
ega bo‘ladi, ya'ni

0'(«4(2)) = O-ess(‘A,E?))v OdiSC(AE?)) =0.

°w

Teorema. A, operatorli matritsa blok elementlari spektrlari orasida

spektral munosabatlar o‘rinli.

Ko‘rinib turibdiki, .A/(LQ) operatorli matritsaga nisbatan sodda ko‘rinishga ega hamda uning
spektrini yoyiluvchi operatorlar spektri [1] hagidagi teorema yordamida aniglash mumkin [2].
Bundan tashqari, oess(A,) = o(AP) tenglik o‘rinlidir. Shu sababli, 1-teorema A, operatorli
matritsaning spektrini aniglashda muhim hisoblanadi.
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ON THE FIXED POINTS OF A PHYTOPLANKTON-ZOOPLANKTON
MODEL WITH TOXIN-MEDIATED INTERACTIONS
Shoyimardonov S.K.

V.I.Romanovskiy Institute of Mathematics, Uzbekistan Academy of Sciences, Tashkent,
Uzbekistan;
shoyimardonov@inbox.ru

In [1], a continuous-time phytoplankton—zooplankton model was introduced to describe
the combined effects of predation and toxin release:

dP P
Y _pp(1-2) —afp)z
i (1- %) -ar) .

= BI(P)Z ~rZ ~ 0y(P)Z,

where P and Z denote the densities of phytoplankton and zooplankton, respectively. The
function f(P) describes the predation response, while g(P) models the toxin distribution.
The parameters are: b > 0 - intrinsic phytoplankton growth rate; K > 0 - carrying capacity;
a > 0- predation rate; § > 0 - conversion efficiency; r > 0 - natural zooplankton mortality;
and 6 > 0 - toxin-induced mortality.

In the present work, we study the discrete-time version of model (1) with Holling type III

grazing and Holling type II toxin release. The functional responses are defined as
p? P
P)=——

where v > 0 denotes the half-saturation constant.
For nondimensionalization, we introduce the variables

- __ P _ oz _ v 4 B _ =
t_bt7 U_K’ v = b> 7_K7 B_b’ r_b, e_b

Dropping the overline notation, the discrete-time model for ¢ > 0 takes the form

6

<

2

UV
uM = u(2 —u) — ——,
2= - 57 2
2 (2)
1) Buv OQuv
v = +(1—r)v— :
Y2+ u? v+ u

where u and v denote the scaled densities of phytoplankton and zooplankton, respectively.
Theorem 1. The operator (2) has positive fixed points according to the following cases:

(i) If > ¥(1) and (r,7v,0) € R; for some i € {1,2,3,4}, then there exists a unique
positive fixed point, where

: 1ry(1
Rl:{(“%@)ERiio<v<ﬁ—2, 0<9§M}’

3—dy—~?

Ry={(r70) eR 9> VT-2 0>0},
dry(1+7) 2ry(1 + 7)?
- b) € Ry : 2—1, ———— L << 2
fs {(m’ JERL:0<y < V2 13— 4y — 2 1—2y—~%)"
dr(1
Ri= L) e R Vi 1<y <vioa o> 00T 1
3—dy -7
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(ii) Let (r,7,0) € Rs, where

2y (1 + )2
R5:{(r,7,9)€Ri:0<7<\/§—1, 9>M}.

1—2y—~2
Then:

(ii.a) If # > ¥(1) or B = U(u), then there exists a unique positive fixed point.
(ii.b) If ¥(@) < B < ¥(1), then there exist two positive fixed points.

where U(u) = [’"“+95;(:7J]r%2+u2)‘

Theorem 2. Let E; = (u;,v;), i = 1,2, denote the positive fixed points of operator (2).
Then the following statements hold:

(i) The type of the fixed point E; is determined by:

attracting, if A(uy) <1,
E, = < repelling, if Aup) > 1,
nonhyperbolic, if A(uy) = 1.

(ii) The fixed point Fs, if it exists, is a saddle point, where A(u;) denotes the determinant
of the Jacobian evaluated at Fj.
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Three-magnon systems in the Heisenberg model
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In the work [1] considered the three-magnon system in a two-dimensional isotropic and
anisotropic bounded ferromagnetic lattice, and the spectrum and bound states of the system
were investigated using numerical methods. In the work S. Tashpulatov [2], was considered
the three-magnon system in an isotropic non-Heisenberg ferromagnet model with spin values
s = 1 with the nearest neighbors interactions. The structure of the essential spectrum of the
system was investigated and the upper and lower estimate of the number of three-magnon
bound states of the system was obtained. We consider the energy operator of three-magnon
systems in the Heisenberg model and investigated the structure of essential spectra and
discrete spectrum of the system. Hamiltonian of the system has the form

H=173(88 mir), (1)
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where J < 0 is the parameter of the bilinear exchange interaction between atoms, ?m =
(Sz,S¥,Sz) is the operator of the atomic spin 3 at the site m, and summation over T ranges
the nearest neighbors. Hamiltonian H acts in a symmetric complex Fock space (H, (-, ))-
We let ¢y denote the vector, called the vacuum, uniquely defined by the conditions S;typo = 0
and 52,0 = 1o, where ||po|| = 1. We set S =S¥ +4S¥ here S, and S}, are the magnon
creation and annihilation operators at the site m. The vector S;.5.5, o describes the state
of the system of three magnons at the sites p, ¢ and r with the spin s = % The vectors
V=2 ar f(0:0,7)S, S S o constitute an orthonormal system. We let Hz denote the
closure of this space of three-magnon states of operator H. We let H3 denote the restriction
of operator H to the space Hs.

Theorem 1. a). If v = 1 and the total quasimomentum of the system has the form
A = 7, then the essential spectrum of the operator ﬁgA consists of a three values O'ess<j:’j3/\) =
{—12J,—-8J,—10J}, and the relation 1 < N < 10 holds for the number of three-magnon
bound states N of operator ]:13/\

b). If v =1 and the total quasimomentum of the system has the form A = 0, then the
essential spectrum of the operator HgA consists of a unique segment: O'ess(HgA) [0, —24J],
a}d the relation 0 < N < 9 holds for the number of three-magnon bound states NV of operator
Hsp.

c¢). If v = 1 and the total quasimomentum of the system has the form A # 7, and A # 0,
then the essential spectrum of the operator H3A consists of the union of three segments:
Oess(Hsp) = [—4J(3 — cos AL — cos &2 — cos 4) —4J(3 + cos &L + cos 22 + cos £2)] U [-8J +
2J(2cos & + cos?22 +cos?82), —8J —4.J cos & +2.J cos? 22 +2J0052 A3] U[—10J +4J(cos &2 +

cos 43) + 2J0052A2,—10J — 4J(cos &2 + cos A") + 2J0052A21] and the relation 1 < N < 10

holds for the number of three-magnon bound states N of operator Hsa.

Theorem 2. If v = 2 and the total quasimomentum of the system has the form A =
(A1, A) = (m,m), then the essential spectrum of the operator H, consists of a three values
{=24J,—22J,—20J}, i.e. 0ess(Hsp) = {—24J,—16.J,—20J} and the relation 1 < N < 19
holds for the number of three-magnon bound states N of operator .E[?,A.

Theorem 3. If v = 2 and the total quasimomentum of the system has the form A =
(A1, A2) = (7, 0), then the essential spectrum of the operator Hs,, consists of the union of three
segments: 0qs(Hsp) = [—12.J, —=36.J] U [4(=5 + v/5)J, 4(—=7 + v/5)J] U [2(—8 + V/5) J, 2(—16 +
\/3) J], and the relation 1 < N < 19 holds for the number of three-magnon bound states N
of operator ﬁgA.

Theorem 4. If v = 2 and the total quasimomentum of the system has the form A =
(A1, As) = (0,7), then the essential spectrum of the operator Hs, consists of the union of
three segments: H3A consists of the union of three segments: O'eSS(HgA) = [-12J,-36J] U
[4(=5 + v/5)J,4(=7 + V/5)J] U [2(—8 + v/5)J,2(—16 + v/5).J], and the relation 1 < N < 19
holds for the number of three-magnon bound states N of operator Eng.

Theorem 5. If v = 2 and the total quasimomentum of the system has the form A =
(A1, As) = (0,0), then the essential spectrum of the operator Hsy consists of the union of
three segments: oeq(Hsp) = [0, —48J] U [221, —16J + 221] U [21. — 32J + 2], and the relation
1 < N <19 holds for the number of three-magnon bound states N of operator ﬁg,\.

Theorem 6. If v = 2 and the total quasimomentum of the system has the form A =
(A1, A1) = (Ao, Ag), then the essential spectrum of the operator Hsy con51sts of the union of
five intervals: ooy (Hsn) = [—24.J (1—cose 0, —24. (1+cos22)|U[—8.J (1—cosS2 ) +2z;, —8J (1+
cos82) +221]U[—8J (1 — cost ) + 22, —8J(1+cos—)+2zz] [—16J(1 —cosA—)—l—zl, —16J(1+
cos82) + 2] U [~16J (1 — cost2) + 25, —16J(1 + cos22) + 2], and the relation 4 < N < 22
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holds for the number of three-magnon bound states N of operator .E[gA.

Theorem 7. If v = 3 and the total quasimomentum of the system has the form
A = (A1, Ay, A3) = (m,m,m), then the essential spectrum of the operator Hj, consists of
a four values {—36.J, —34.J, —32J, —24.J}, i.. aess(ﬁg,\) = {—36J, —34J, —32J, —24J} and
the relation 4 < N < 30 holds for the number of three-magnon bound states N of operator
HgA.

Theorem 8. If v = 3 and the total quasimomentum of the system has the form A =
(A1, Ag, A3) = (0,0,0), then the essential spectrum of the operator Hs,, consists of the union
of three segments: Gegs(Hsn) = [0, —72J]U[221, —24.J 4 221]U[21, —48.J + 2], and the relation
1 < N <27 holds for the number of three-magnon bound states N of operator I:ng.
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Dynamics of a convex combination of cubic stochastic operators on the one
dimensional simplex

Ubaydullayeva S.I., Usmonov J.B.

National University of Uzbekistan named after Mirzo Ulugbek, Tashkent, Uzbekistan;
sabinaubaydullayeva529@gmail.com; javohir0107@Qgmail.com

In [1], a new notion of a cubic stochastic operator is introduced and investigated. Consider
the following cubic stochastic operator(CSO)s on the one dimensional simplex:

T

W — { ' = z(2? + 3azy + 3(1 — a)y?), W — { v =z(2*+ 3(a — ;)my +3(2 — a)y?),
LY =@ 4 Bary +3(1—a)2?), Ty =y’ +3(a— §ay +3(5 — a)a?),

where a € (3, 1].
Using the operators W; and W5, we formulate the convex combination of them as the
form W = pW; + (1 — p)Wa, where p € [0, 1]:

3

W= { @' = pa(a? + 3awy +3(1 —a)y’) + (1 = pwe(2® +3(a = H)ay +3(3 —a)y’),
y' = py(y® + 3azy + 3(1 — a)2?) + (1 — py(y® + 3(a — §)zy + 3(5 — a)a?),

Remark 1. If 3a + 2 = 4, then the operator W is an identity operator. That is why,
this case is not interesting.

Remark 2. If 4 = 0, then the operator W is equal to the operator Ws. If 1 = 1, then
the operator W coincides with the operator Wj.

Then we find the fixed points of the operator W by solving the equation W (z) = x. For
the set of fixed points of W, i.e. Fix(W) the following assertion holds.

Lemma 1. Fix(W) = {ey, e, C}, where e (1,0), e (0,1), C(3, 3).

Lemma 2. For the fixed points of the operator W, the following assertions hold:

o if 3a + 211 > 4, then e; and ey are attracting, C' is repelling;
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e if 3a + 2i < 4, then e; and ey are repelling, C' is attracting.

Theorem. For the limit sets of the trajectory of an initial point zo(zo;yo) € S* of the
operator W, the followings hold:

oLet%<u§1.

fif0§x0<%,then
lim W™ (z,) = e ;
n—o0
—if%<x0§1,then
lim W" (2,) = €3 ;

n—o0

o If0< < 4’23“, then Vzo(zo; yo) except e; and es

lim W" (z,) = C .

n—oo
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LOG-CONCAVITY OF DYNAMICAL DEGREES OF SKEW PRODUCT
POLYNOMIAL-LIKE MAPS IN C3

Vafoev F.
National University of Uzbekistan, Tashkent, Uzbekistan;
vafoyevfurqat@gmail.com

Skew product maps form an important class of holomorphic dynamical systems in
several complex variables. They naturally arise as fibered dynamical systems, where the first
coordinate describes the dynamics on the base space, and the higher coordinates describe the
dynamics along the fibers, depending on the base point. Formally, a skew product map in C?
is a proper holomorphic map of the form

f(z1, 22, 28) = (f1(21), fa(22), fal(z1, 22, 23)), (1)

This triangular structure allows one to analyze the interaction between base and fiber
dynamics step by step, making them a natural setting to study questions about dynamical
degrees.

Let w := dd°||z||* be the standard Kéhler form on C3. The mass of a positive (p, p)-current
S on a Borel set K is defined as

||5||K:/ S A WP,
K

For 0 < p < 3, the dynamical degree of order p of f is given by

n—o0

1/n
dp(f) = lim sup (sgp H(f”)*(S>HU> ,

where the supremum is taken over all positive closed (p,p) bidimension currents S on U of
mass < 1.
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The following theorem is our main result.

Theorem. Let f : Uy x Uy x U3 = V; x Vo X V3 be a skew product polynomaial-like map in
C? as form (1). Then the sequence of dynamical degrees {d,(f)}3_, is log-concave, i.e.,

do(f)? > dpi(f)dpia(f), for 1<p<2
REFERENCES

1. T.-C. Dinh, V.-A. Nguyén, N. Sibony. Dynamics of horizontal-like maps in higher
dimension. Advances in Mathematics, (2008).

2. F. Bianchi, T.-C. Dinh, K. Rakhimov. Monotonicity of dynamical degrees for Henon-like
and polynomial-like maps. Transactions of the American Mathematical Society, to appear
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BemiectBenubie AW x —dakTOpbI

'Boaraes X.X., ?Pacynosa ®@.B.

L2HanuonanbHblit negarorndeckuii yuusepeuter Ysoekucrana uvenu Huzamu, Tamkenr,
V30ekucran;
!TamkenTcKmit MesKTyHapoaHLlil yausepenTet, TamkenT, Y30eKncTam;
bkhabibzhan2020mail.ru

Anrebpy Bcex OrpaHMYEHHBIX JIMHEHHDLIX OIIEPAaTOPOB, JACHCTBYIONIUX B KOMILIEKCHOM
rusbepToBoM TipoctpancTe H, obosnaunm depe3 B(H). Ilycts M-*-nomanrebpa 8 B(H).
Jluneiinoe orobpazxkenue « : M — M nasbiBaercs *-aBromMopdusMoM (COOTBETCTBEHHO *-
aaTuasroMopdusmom), ecan a(x*) = a(z)* n a(ry) = a(z)a(y) (coors. alzry) = a(y)a(x)),
(Vz,y € M), masomorusubiM, eciu o’(z) = z, Vo € M. Ilyers R C B(H) - BemecTsen-
Hag *-momasrebpa. KommyTanT semecrsennoit *-anreOpul R onpeesercs aHaJOTHIHO KOM-
wiekcHomy cayuato:R = {a € B(H,) : ba = ab,Vb C R}. Eciu R = R”, to R Ha3biBaercs
sewecmeennoli anrzebpoti on Hetimana.

[Iycrs R - BemectBennas W*-amrebpa. Hamvenbiryto W*-anrebpy U(R), comepKariyio
R, nasbiBaem obeprhiBatomieit Wk —asrebpoit ayist anrebpst R. Torma U(R) = R+iR . Kpome
TOTO, BCAKag BemecTBeHHasa W s —anredbpa R IOpOKIaeT eCTeCTBeHHbBI MHBOJIIOTHBHBIN *-
aaTHAaBTOMOPMbU3M y, 0bepThiBatorei W x —anrebpol U(R), a umenno: ay(z+iy) = z* +iy*,
rie x +iy € U(R) takoii, uro R =z C U(R) : ay, = =*; u obparHo, ecim Ha W x —anrebpe U
3aJ1aH HEKOTOPbIH WHBOJIIOTUBHBIN *-anTuasromopdusm «, 1o Muoxectso x € U : a(z) = z*
aBserca sentectsennoit W*-anreopoit. Hammomuum, uro Bemecrsennaa W*-anrebpa HasbiBa-
eTCsd BEWECMBEHHLIM Parmopom, ecin ee 1ieHTp coBragaer ¢ 1-R = {A1, A € R} [1, 2].

[Tox BemectBennoit C' % —aJredpPoil Mbl IIOHMMAEM BeIECTBEHHYIO ODAHAXOBY *—aJjredpy
R Takyio, uTo BBIMOMHZAETCA oTHOMEeHUe ||a*al = |la||* u smement 1 + a*a obpaTumblil s
moboro a € R. Ilycts A BemecrBernast C' * —arebpa ¢ KOMILIEKCHBIM KOMILTEKCH(DUKAIIEi
M = A+iA, rorna M - kommtekcnas C'* —anredpa u, ecam A - semectsennas AW*-anreopa,
to M moker He ObITh (KoMILIeKcHON) AW*-aire6poii.

ITpennoxkenue. CyiectByior BemectBerrbie AW % —@daKTOpbl, KOTOPBIE HE SBJISIIOTCS
BemecTBeHHbIMEI W % —dakTopamu.

Teopema. Bemecrsennass AW % —anrebpa A sBisiercsa BernectBennoit W s —ayrebpoit
TOTJIa U TOJBKO TOTJIA, KOIja

(i) A obsagaer pase/isiioM CeMeHCTBOM HOPMAaJIbHBIX COCTOSHMUIA;

(ii) ero kommiekcHas Komiuiekcndukamnus M = A + i A asaserca AW*-anarebpoii.
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Hu>kenoporosbie 3P eKThl aJjisd aByxdacTudHoro oneparopa IlIpeaunrepa Ha
perieTke

Bozsopos N.H.!, Xamugos I11.11.2

Mucruryt Maremarnkn mvenu B.J.Pomanosckoro Akagemun nayk Pecrry6mmkm
V3bekucran, yia. Yuusepcurerckas, 9, r. Tamkent, 100174, V3bekucram;
islomnb@mail.ru
*Nucruryr Maremaruku umenn B.JM.Pomanosekoro Axajemun nayk Pecry6amukn
Vsbekucras, yia. Yuusepcurerckas, 9, r. Tamkent, 100174, V3bekucraH;
shoh.hamidov1990@mail.ru

[Tycrs T¢— d-mepublit Top, KoTopeiit oupenensercs kKak (R/27Z)? = [—x,7)%. u nycrsb
L?¢(T4) — nommpocrpancTso deTHbIX dbyHkuuit ma T4
Paccmorpum camoconpgzkenubiit oneparop Hoy(K), K € T?, neiicrsytommii 8 L>¢(T%) no
dopmyite
H\(K) = Ho(K) + Vi,
rie Hy(K') — HeBO3MYIIEHHBIIT OllepaTop, OIPeJIeIeHHBIN KaK OllepaTop yMHOXKEeHUs Ha (yHK-
1917010)

d
Ek(p) = 22 (1 —cos &t cospi>.

=1
BOSMyHleHI/Ie VWA OIIpeJIe/IdeTCA BbIpazKEHNEM

(271r)d / (7 + A Zd: COS p; COS qz'>f(q)dq.

Td

Viaf(p) =

[Mockonbky panr V., He npesocxogutr d + 1, corsacHo Teopeme Beiiisi cyiecTBeHHbL
cuektp H.,,(K) coenanaer co cuekrpom Ho(K) ps moboro K € TY, re.

Tess(HyA(K)) = 0 (Ho(K)) = [Enin(K), Emax (K],
rj1e Emin(K) = minjepa Ex(p),  Emax(K) 1= max,ecpa Ex(p).

d
[Iycts K = 0. @ynkuus E(p) = 2 Y (1 — cosp;) CUMMETPUIHA OTHOCHTEILHO II€PECTAHO-

=1

BOK IIePEMEHHBIX P; U Dj, 4,7 = 1,2,...,d. CiegoBaTesbHo, Bce NHTErPAJIbI
/ cos p; dp / cos? p; dp / cos p; cosp; dp
&olp) =z J &) -2 Eolp) — 2
Td Td T
He 3aBUCAT OT 4, = 1,2,...,d, i # j. Beegem obo3Hadenust
1 d 1 i d
CL(Z) — d/ p : b(Z) — - COS p; Ap 7
(2) &op) — 2 (2m) Eo(p) — 2
Td Td
1 cos? p; dp 1 cos p; cos p; dp
o(2) = 5 ,oe(z) = o :
(2m) Eo(p) — = (2m) Eo(p) — 2

Td Td
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i i=1,2,..d, i#]
Ormernm, aro dyuknun a(-), b(-), ¢(-) u e(-) apusiorca anmamurmaeckumu B C\ [0, 4d].
Kpome Toro oHm BO3pacTraloT u HOJIoKATENbHBl Ha (—00,0) (eMm. [1-3]). s sroboro d > 3

UMET MeCTO CJIeAYIOINe KOHEIHbIEe IIPE/Ie/IbI:

lim a(z) = a(0) = —— / dp

2,0 (27T)d 50(1?)’
Td
) 1 cos p;dp
limb(z) = 0(0) = ,
2,0 (2) = 5(0) (27r)d/ Eo(p)
Td
1 cos? pidp
lime(z) = ¢(0) =
2,0 (2) = (0) (27r)d/ Eo(p)
Td
_ 1 cos p; cos p;dp
lime(z) =¢e(0) = .
i of2) =<0 = p | R
Td
[ycts Ag = (e(0) — ¢(0))™! < 0. Oupenesum cregyiomue CBs3aHHbIE KOMIOHEHTD B

IUTOCKOCTH (7Y, A):

Sy = {(fy,meR?; )\0<)\}, Sy = {(%A)GRZ: )\<)\0},

- . 7 U0
G = {(:) € R 1+7a(0) + A(d+ )b(0) > 0, A > 20},
Cr = {(7, N) €R?: 1+ 7a(0) + A(d+ %)b(o) < 0}’
- . 7 0
€= {(0,) € R 1+9a(0) + Xd+ 2)b(0) > 0, A < ~255}.
OHperﬂ;eHHM cjiaeayromuye rpanuibl JJId CBA3aHHBIX KOMIIOHEHT:
- . b0y =0, > 20
9y = {(3,2) €R*: 1+7a(0) + X+ 2)b(0) =0, A > —255},
- . h(0) =0, A < 220
9C; = {(1.0) € B+ 14 7a(0) + A(d+ 3)b(0) =0, A < 2b(0)}’

DSy = {(7, N ER?: A= )\0}, P = dCy NS,

Omnpenesienne. [lycms f— pewenue ypasrenus Hy(0)f = Enin(0) f.

(i) Ecau f € L*¢(T?), mo Enin(0) nasvisaemesa musichum nopozosuvim cobemeentvim 31a-
wenuem H.x(0).

(ii) Ecau f € LY¢(T%)\ L¥¢(T%), mo Emin(0) Hasvisaemes nusichum nopozosvim pesonancom
H,,(0).
Teopema. Bepnwvi caedyrowgue ymeeporcoenus:

(1) Iyemov d = 3. Ecau (7, A) € 0S8\ P, mo Enin(0) ecmv nusicnee nopozosoe cobemeerinoe
snavenue kpamnocmu d — 1 onepamopa H.,x(0).

(i1) Iyemo d = 3,4. Ecau (7,\) € 0C; \ P, j = 0,2, mo Enin(0) ecmov nusrcuts nopoeosvid
pesonarc onepamopa H.x(0).
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(111) IIyemv d > 5. Ecau (y,\) € 0C; \ P, j = 0,2, mo Euin(0) ecmov nuorcree nopozosoe
cobecmeennoe snavenue onepamopa H.y(0).

() ycmv d = 3,4. Ecau (7,\) € P, mo Enin(0) ecmov nusrcrnud nopozoswili pesonanc u
nugchee nopozosoe cobemeernoe snavenue kpamnocmu d — 1 onepamopa H.(0).

(v) yemv d = 5. Ecau (v, A) € P, mo Enin(0) ecmv nuorcnee nopozosoe cobemeserinoe
anavenue kpammnocmu d onepamopa Hx(0).
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O JVICKPETHOM CIIEKTPE CEMEVCTBA MOJIEJIEN ®PUAPUXCA C
ABYMEPHBIM BOSMVYIIIEHNEM

2Kab66oposa I'. C.

Byxapckuit rocynapcrBennbiit yuusepcuret, Byxapa, ¥Y30ekucram;
g.s.jabborova@buxdu.uz

[Tycrs T3 - Tpexmepnbiit Top u Lo(T3)— runb6eproBo HPOCTPAHCTBO KBaIPATHIHO-
MHTErpupyeMbIx (KOMILIEKCHO3HAUHbIX) (yHKIHI, onpejenennbx Ha T3. Pacemorpum ce-
meitcrBo moneneit @punpuxca H,(k), p = (p1, p2), pa, 2 > 0, k € T3, neitcreyiomee B
ruib6epToBOM TpocTpancTie Lo(T?) Kak

H,u(k) = HO(k> - ,u'l‘/l - ﬂ?‘f%
rye onepatopnl Hy(k), k € T3 u V,, a = 1,2, olpe/iesigioTcs 1Mo IpaBuIaM:

(Ho(k)f)(p) = (e(p) +e(k —p)) f(p),

e(p) = Z(l —cos(3p;)), p = (P1,p2,p3) € T?;

j=1

Vaf)0) = 2ulb) [ ealtlf(®dt, a=1:2
T3
Buech dyukuun ¢, (+), a = 1,2 - BelecTBeHHO3HAYHBIE HelpepbiBHble dhyHKun Ha T3
Cremyer orMeTuTb, 9TO cemeiictBo Mojeneir Opuapuxca Hu(k), ABJIAeTCA JIMHEHHbIM,
OrPAHUYEHHBIM U CAMOCOIPSZKEHHBIM OIIEPATOPOM B THJILOEPTOBOM TIpocTpancTie Lo(T?).
[Tomoxum

m@y:2§2(1—

COS ——

3k;
2

s ) M(k)::Qi(H

3k
cos —~
2
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C momornpio Teopembl Beiiist [1] MoxKHO 1moKa3aTh, 9TO CYIIECTBEHHBIN CIIEKTD ceMeiicTBa
mozeneit Ppuapuxca H, (k) He 3aBHCHT OT HapaMeTpa (i, I UMEET MECTO PABEHCTBO

Oess(H(k)) = [m(k); M(K)].
B wacrnocru, eciim k = 0 := (0,0,0) € T, To
Oess(H,(0)) = [m(0); M(0)] = [0;12].

Jist mecteioBaHUs CyIIECTBOBAHUS COOCTBEHHBIX 3HadeHuit mozxesnn Ppunpuxca H,(k)
BBOJIATCA JIBa, BCIIOMOTATEIbHBIX ceMeiicTBa Mogeseit Ppuapuxca [ (‘z)(k), a=1,2:

H (k) : Ly(T?) = Ly(T3),  H(k) := Ho(k) — Ve, a=1,2.

fiox fa
OueBniao, uTO 1t v = 1,2 omeparop H, @(k) TaKKe SIBJII€TCS JIMHEITHBIM, OrPDAHUIEH-
HBIM M CaMOCOIIPSZKEHHBIM OIEPATOPOM B I'MJILOEPTOBOM IpocTpancTse Lo(T?), umeer o/Ho-
MepHOe BO3MYIIEeHHe, IPUIeM IS CYIIECTBEHHOTO CIIEKTPa 3TOrO OIEePaTOpa MMeeT MeCTO
PaBEHCTBO Oegs(H, fg)(k:)) = [m(k); M (k)] (31echb Toxe npumMensiercst Teopema Beiisis).
Jl1st mccrefoBaHns TUCKPETHOTO criekTpa otteparopa H,, (k) B sroit pabore GymeM nCoib-

30BaTh CJIe/IyIoniee JOIOJIbHUTEIbHOE IIPEIIIOI0XKEeHHE.
IIpeanonoxkenne 1. [Ipemnookum, 4To

mes(supp{e1(-)} N supp{w2(-)}) =0,

rje mes(-) — mepa Jlebera na R3, a supp{¢a(+)}) — 3amxuyTbIil HOCHTE L DyHKIUI Q4 (+).
Cireytomuii pe3ysibraT yCTaHOBIMBACT CBSA3b MEXKJLy JUCKPETHBIME CIIEKTPAMU OlePaTO-
pos H, (k) u H(k), o = 1,2.
Teopema 1. Ilycts Bbmosasercs npeanonoxenne 1. Yucmo z € C\ [m(k); M (k)] aB-
JsteTcs cOOCTBEHIBIM 3HadenneM oneparopa H, (k) Torma u TOIbKO TOrJa, KOLJA HHCIO 2

SIBJISIeTCs COBCTBEHHBIM 3HAUCHHeM 0jHoro u3 oneparopos HY (k) nm HYY (), Te.
UdiSC(HH(k)) = UdiSC(H&) (k) U UdiSC(H;(g) (k)).

Cuestyrormuit mpuMep MOKasbIBaeT, UTO KJiace GYHKIUA ¢1(+) 1 @o(+), YIOBIETBOPSIONIIX
[IPEIIOIOKEHNIO 1, He IyCT.
IIpumep. Ecin dyukimm ¢(-) 1 po(+) ompeesieHbl CIeyomumM 00pa3oM:

(p) = sin(2p1) sin(2p2) sin(2ps), p; € [—7/2;7/2], j =1,2,3;
Yip) = 0, B IIPOTUBHOM CJIydae;

wa(p) = sin(2py) sin(2py) sin(2ps) — p1(p),

TO
supp{p1(-)}) = I1:= {p = (p1,p2,p3) € T° : p; € [=7/2;7/2], j = 1,2,3},
supp{2(+)}) = T \ IL.

CiremoBaTe/ibHO,

6

supp{e1(-)}) Nsupp{e2(-)}) = (JT,

i=1

rje I'; — rpanu (1wrockue kBajpaTHble oBepxHOCTH) Kyba 1.
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Cuenyer ormerutb, uto ecau k = 0, To npeamnosiozkenue 1 B Teopeme 1 MOXKHO TaKzKe
3aMEHUTD YCJIOBHEM HEYETHOCTHU IO KaxK/0it Koopauaare GyHKuun ¢1(-)ps(-).
« .
Omneparop Hﬁa)(k) umMeer Oostee mpocroif Buj, dem oneparop H,(k), n ycious cyiue-
CTBOBAaHMH €ro COOCTBEHHBLIX 3HAYEHUIl HOAPOOHO aHAIM3UPOBAJIUCH BO MHOI'MX CTATBSAX, CM.
Harnpumep [2]. ITosromy Teopema 1 BakHa NpH aHajM3e JIUCKPETHOTO CIEKTPa OlEpaTopa

H,(k).
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COOTHOIIIEHUE 1Jid JUCKPETHOTI'O CIIEKTPA OBOBIIIEHHOM
MOAEJIN ®PNAPUXCA C IIATVMMEPHBIM BOSMVYIIIEHNEM

2Kymaena /. X.

Byxapckuit rocymapcTBeHnblii yHuBepcuTeT, Byxapa, Y30ekucram;
d.x.jumayeva@buxdu.uz

[Iycrs T := (—m; 7| - omHOMepHBIH TOD, Ho := C — opiHOMEPHOE KOMILJIEKCHOE TIPOCTPAH-
crBo, Hi := Lo(T) — rubbepToBO HPOCTPAHCTBO KBaJIPATHYHO-UHTEIPUPYEMbIX (DyHKIHI,
onpejeneHubix Ha T u H := Ho @ Hi. 'misbepToBo mnpocTpancTBo H OOBIYHO HA3BIBAIOT
JIBYX4YaCTUYIHON 00pe3aHHOli OAIIPOCTPAHCTBO IpocTpancTBa Poka.

B runbsbeproBoM mocTrpaHcTBe H paccMOTpPHM ceMeiicTBY 0000IeHHBIX Mojesneit Ppu-

JIpHUXca
Hoo(k) pHoy )
H,\(k) = )
() ( pHg  Hyy (k) — V)

C MaTPpUYIHBIMU 3dJICMEHTaMU

Hoo(k) fo = a(k) fo, Horfy = / o(t) fu(t)dt,

(H1y (k) f1) () = Ex(@) fi(2), (Vafi)(z) Z/vx(x—t)fl(t)dt,

T
Ei(x) :=e1(x) + e2(k — x), va(x) := Xg + Ay cosz, k€ T.

Baech p > 0, A = (Ao, A1), Ao, A1 > 0; a dyskiun a(-), v(+) u ,(+), o = 1,2 — BemecTBeHHbIE
HenpepbIBHbIEe DYHKIMKE Ha onHoMepHOM Tope T .

IIpu ycoBusIX, HAJIOKEHHBIX Ha 3JIeMEHTBI 9TOI MaTpunsl, H,, )(k) ABjIgeTcs IUHEHHBIM,
OTPAHUYCHHBIM U CAMOCOIPS?KEHHBIM OIepaTopoM B mpocTpaHcTBe H. OtepaTopHyo MaT-
puity Broporo nopsaka H, (k) oObIMHO HA3BIBAIOT CeMEHCTBOM 0000IIEHHBIX Mojeeit Ppu-
npuxca. B coBpemennoit maremarudeckoit ¢pusuke omneparop Hy; Ha3bIBAeTCS OMEPATOPOM
YHUYTOYKEHUSI, & COIPSIKEHHBII eMy oneparop H(j, - omeparopom pox/eHus. OneparopHas
marpura H,, \(k) cooTBeTCTByeT cHCTeMe YacTHI] Ha PeIIeTKe, YHCA0 KOTOPHIX He COXPAH:-
eTcd W He IPEBBINAET JABYX, B3aUMOJIENCTBYIONMNX KaK C MOMOIIBIO MAPHOIO0 KOHTAKTHOTO
MOTEHINAJIA, TaK U C TIOMOIIBIO ONEPATOPOB POXKJIEHUA U YHUUTOKEHMUS.

OueBnIHO, 9TO OIEPATOP BO3MYIICHUS (MaroHa bHbIl oneparop) Hyo(k) sBisercs aBy-
MEPHBIM U

UeSS(HO,U(k)) = [m(k); M(k)], Upoint(HO,O(k)) = {a(k)},
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rae ancaa m(k) u M (k) onpeensores cieayomum o6pa3oM:

m(k) = I;lel%l Ex(z), M(k) := IES%E;C(:E)
Ecmu a(k) & [m(k); M(k)], 10 0aisc(Hoo(k)) = {a(k)}. Ilosromy B cuity n3secrnoii TeopeMbl
I". Beitsist 0 coxpaHeHn# CyIeCTBEHHOIO CIIEKTPa [IPU BO3MYIIIEHUSX KOHEUHOIO PAHIa UMEEM,
9TO CyLIECTBEHHBI crekTp omneparopa M, \(k) He 3aBHCHT OT mAapaMeTpoOB [t U A, H BEpHA
UBSS(HM,A(k)) = [m(k); M (k)].
s mcceoBaHus CyIIeCTBOBaHUsT COOCTBEHHBIX 3Ha4YeHUit 00001mennoi Mojaean Ppu-

napuxca H), (k) BBomsgTCA 1Ba BCIOMOraTeIbHBIX onepaTropos H Si(k‘) nu H )(j)(k:)

H (k‘) [LHOl
HY (k) - 7Y (k) = 0
M’A( ) H = M’A( ) pHg, (k) — V)fl) 7

(V/\(l)fl)(a:) = /()\0 + Apcosx cost) fi(t)dt,

T

HP (k) : Lo(T) — Lo(T),

(H? (K) f1) (7) = () fi(2) — M sinz / sint fy(£)dt.
T
Igl/)\(k) u H /(\?)(k) SIBJISIFOTCS JIMHEHHBIMU, OTPAHUYEHHBIMI U CAMOCOIDSIZKEH-

(1)
HBIME OIlepaTopaMu B cBouxX obJyacTsx onpeaenenns. Oueparop H A

HOit MoJiesb Ppupuxca ¢ YeTBIPEXMEPHLIM BO3MYIIEHHEM, a oreparop H /(\?(k) SIBJIACTCS
Mo/iestb Ppujipuxca ¢ OJJHOMEPHBIM BO3MYIICHIEM.

OCHOBHBIM PE€3yJIBTATOM JAHHOM pabOThI ABIISIETCS CJIELYIOIIEe YTBEPIK ICHHE.

Teopema 1. Ecim v(-) u (+) dernsle yukimn na oamnomeprom tope T, To 4ucio z €
C\[m(0); M (0)] siBsteTcst cobcTBEeHHBIM 3HATeHHEM onepaTopa H,, y(0) Torma i To/bKO TOra,

Omneparopsr H

(k) siBistercst 06061TIEH-

1 2
KOIJIa YUCJIO 2 SBJIIETCSA COOCTBEHHBIM 3HAYEHNEM OJTHOI'O U3 o1epaTopoB H ( /)\(0) nnn H )(\ )(O),
H, 1
T.C.

Taisc(Hun (0)) = Gaisc(H R (0)) U oo (LY (0)).

1) (2) .

Omneparopnt H, 3 (0) u H, " (0) nmetor 6osee npoctoit u, dem oneparop My, z(0), u yeiio-
BUsI CYIIIECTBOBAHUS MX COOCTBEHHBIX 3HAMEHUIT OJAPOOHO aHAJIN3UPOBAIMCH BO MHOTUX CTa-
ThsiX, cM. Hanpumep [1,2]. TTostomy Teopema 1 BazkHa TpH aHaU3€e JUCKPETHOIO CIIEKTPA
omeparopa H,, »(k).

JINTEPATYPA

1. M.I.Muminov, T.H.Rasulov,On the eigenvalues of a 2 x 2 block operator matrix, Opuscula
Mathematica, 35:3 (2015), pp. 369-393.

2. S.Albeverio, S.N.Lakaev, Z.I.Muminov, The threshold effects for a family of Friedrichs
models under rank one perturbations, Journal of mathematical analysis and applications,
330:2 (2007), pp. 1152-1168.

IIpunnnn Bupmana-1lIBunrepa a5 onepaTopHOil MaTPUIlbl TPETHETO IMOPIKA

2Kypakymnoa ®.M.

Byxapckuii rocynapcreernblii yausepcurer, byxapa, Y30ekucran
juraqulova.farangis@mail.ru
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Yepes T := (—m; 7] 0603HAINM OHOMEPHBI KYyO ¢ COOTBETCTBYIOIIUM OTOXKIECTBJICHUEM
IpPOTUBONONIOXKHBIX Tpaneit. [lycte Hy := C — ojHOMEpHOE KOMILJIEKCHOE TPOCTPAHCTBO,
Hi := Lo(T) — ruasbepToBO MPOCTPAHCTBO KBAJIPATHIHO-HHTEIPUPYEMBIX (KOMILJIEKCHO-
sHaunbIx) dynkiuii, onpegenennbix Ha T u Hy := L3(T?) — ruibbepToBo IPOCTPAHCTEO
(KOMILJIEKCHO3HAYHBIX ) KBaIPATHIHO-MHTEIPUPYEMbIX CUMMETPUIHBIX (DYHKIHUI JBYX Iepe-
MEeHHBIX, onpefeneHHbIX Ha T2. [lomoxum H = Ho B Hi D Ho.

B koMmIuiekcHOM THIIBOEPTOBOM IIPOCTPAHCTBE H PACCMOTPHUM OIIEPATOPHYIO MATPHILY

Ao pAor 0
A,u, = MAE;l -/411 ILLA12 ) H > 07
0 pAl A

riae Marpudnele sseMenTsl A, H; — H,, 1 < j, 4,7 = 0, 1,2 onpenendarorea mo gpopmyiam

Aofo = afo, Aoifi = / o fOd,  (Anf)(@) = fi(a),

.A12f2 /fQ Z, t
(A22f2>(xay> :U}(fﬂ,y)fQ(.T,y) fz EHia Z:07172

Braech a € R; — BelecTBeHHOE TTOJIOKUTETBHOE YHCTIO0, V() — BelleCTBeHHO3HAYHAS Herpe-
poiBHas dyukius Ha T, a dyakuus w(-, ) uMeer Bu

w(k,y) ;=3 —cosk — cosy — cos(k +y).

Baech a € R n v(-) — BemecTBeHHO3HAYHAS HelpepbiBHAast DyHKIws Ha T.
* *
Omneparopsr Ag 1 Ajy Ha3BIBAIOTCS OllepaTOpaMy yHUUITOXKEHUs, a ornepaTopsl Af, u Aj,
HA3BIBAIOTCS OIIEPATOPAMU POXKJICHUS, IPUIEM

Agy i Ho = Hi,  (Ajifo)(z) = v(x) fo, 12t Hi — Ha,

(A% ) () = fi() ;‘ fl(y).

BBojum ciieytoniue 0603HaAUEHHS::
m(k) :=3 —cosk —vV2+2cosk, M(k):=3—cosk+ V24 2cosk.

Hnsg xkaxporo g > 0 u k € T onpenesnum peryasgpayo OyHKIUIO

L 1—z—1,(k;2), z<m(k),
Aulk; 2) ':{ L=z 4 L(k:2), ziM(k)
B obnactu C\ [m(k); M (k)], rue

Tl

\/(B—Cosk—z)2 —4cos? &

1,(k;z) =

O6osHaunM dUepes E,(})(k) i E,(f)(k) uym dyaknun h,(k), gexammx cresa or m(k) n
cripaBa OT M(k) COOTBETCTBEHHO, T.€. Eﬁl)(k) <m(k) un EELQ)(k) > M(k).

[Tpuuem E keT— E( )(k), a = 1,2 gBisgercsd HelnpepbIBHON (DYHKIMENH Ha OJHO-
MepHOM TOope T.
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Beonum cirenyromue obo3Hadenus: ¥, = Im E,Sl)(k) U [0; 9] UTm E;(Lz)(k).

Teopema 1. /Ij1s1 cymiecTBeHHOrO CIIEKTpa OLlEpaTOpHOil MarTpupl A, nMeer MecTo pa-
BEHCTBO Oegs(A,) = X,. Bosee Toro, Muoxectso ¥, npezacrasisger coboil obbeaunenne He
boJiee Tpex OTPE3KOB.

O6o3HaIHM Yepe3 Tpin(A,) 1 Tieg(A,) HIZKHYIO 1 BEDXHYIO I'DAHH CYIIECTBEHHOTO CIIEK-
TPa Oess(A,,) omeparoproit Marpuna A, COOTBETCTBEHHO, T.€.,

Tmin(Ay) 7= Mmin Oess(Ay)  Trnae(Ay) = max gess(A,).

OrmernM, aro fyisg mobbix k € T 1 2 < Tppin(A,) (COOTBETCTBEHHO 2 > Tpngs(A,) ), dyHK-
must A, (k,z) (coorBercrBenno —A,(k, z) ) mOJIOKUTETbHA H, CJIEIOBATENBHO, CYIIECTBYET
ee MOJIOKUTEJILHON KBaJIpaTHbIi KOPeHb. B nccsie/JoBaHusIX JIUCKPETHOIO CIIEKTPa OllepaTop-
HOIt MaTpuna A, OCHOBHYIO POJIb UI'DACT KOMIIAKTHBIN (CHMMETPU30BAHHBL) HHTErPAJIbHbII

olepaTop T\#(z) , 2 € R\ [Tinin(AL); Tinaz (AL)], meiicrByromuit B Hoy @ Hy kax

5 ) foo(u,z) 7?01(#72)
Tulz): ( Ti(n2) Tulu2) ) |

311ech MATPUYHLIE 3JI€MEHTEI i](z) cH; — Hiy i < ji,j =0,1 onpenensiorcs ey omuM
obpazoM:

e
Too(p, 2)po = (1 +a — 2)po,  (Tor(p, 2)e1)(z) = p A m?
(T\ll(ﬂ72>901)() 2\/T/\/T ar
= _ —w(@)po
(To1 (1, 2) o) () = Au(ﬂf,z)’
IpH 2 < Tmin(Ay),
. B v ®)dt s (@)
R e e AM(M, (B 2Jor) = P
. t)dt
Ti1(p, 2) 1
(Thi(p, 2) 1) () = 2m \/7((*}
w; € Hiyi =0, 1.

DU 2 > Timaz(Ay).

Criestyormast TeopeMa sIBJIeTCs peasnsanueil n3pecTHoro npuunuia bupmana-1TIsunrepa
Jis onteparoproit Marpunet A, [1].

Teopema 2. Ilpu kaxgom z € T uncino z € R\ [Thin(AL); Timas(A,)] saBisteTCH €OO-
CTBEHHBIM 3HAYCHUEM OIEPaTOpPHOil Marpuusl A, Torga 1 TOILKO TOIA, KOIa 9ucio A = 1
SIBJIIeTCs COOTBEHHBIM 3Ha4YeHneM oueparoproii Marpuist 1),(z). Kpome roro, cobcrsenmbie
3HAYEHUs 2 U 1 NMEIOT OJMHaKOBYIO KPaTHOCTDb.

JINTEPATYPA

1. S. Albeverio, S.N. Lakaev, T.H. Rasulov. On the spectrum of an Hamiltonian in Fock
space. Discrete spectrum asymptotics. J. Stat. Phys., 127:2 (2007), P. 191-220.



126 MaTemMaTndeckas ¢u3MKa UM CMEXHHE BOIPOCH COBPEMEHHOTO aHamu3a, Byxapa-2025

O CVYIIEPIIO3UN ABYX OIIEPATOPOB
MasbmypoB B. 2K., XukmarysiiaeBa 111. B.

Byxapckuit rocymapcTBennblii yHuBepcutet, Byxapa, Y30ekucran;
bmamurov.51@mail.ru

B crarhe m3ydaercs: Cynepriosuiins JIByX OIEpaTopoB (JMHEHHOTO W BOJBTEPPOBCKOTO).
HaxomuTest nernoBuzkHasg TOYKa 9TOTO ONEpaTopa, OIMpPeJIe/IgeTcss ero TUM U U3yvdaeTcsd Tpa-
€KTOpHS 9TOTO OIlepaTopa.

m
[ycre S™ 1 = x= (21, . .., Tm) €ERT: > x; =1- (m — 1)-MepHBIe CUMILIEKC, rae

i=1
R = xeR" z;>0,i=1,..,m.
Orobpaxkenme V : S™~1 — S™! gazoBeM KBaPaTHIHOM CTOXACTHIECKOM OIIEPATOPOM

(KCO), ecin

(Vx), = Z Pij kTt k=1,...,m,

1,j=1

uIg Beex X € S™7L e Dijk = O,pigék = Pjik g Beex 1, J, k = 1,2, ...,m.

[Ipeamonoxkum, aro V™ (X(O) )nZI TpaekTopus HadasjbHoi Toukm x© € S™ rre
x(H) = V(x™ ) g seex n =0, 1,2,...

Touka x* € S™! HazaBeMm HeNOJBUKHBIME TOYKaM Jisd onepartopa V, eciu V(x*) = x*
U MHOYKECTBO BCEX HEIOJBUKHBIX ToUYeK obo3Hadaerca Fin(V). Ormerum, 9410 Takoro poja
HeJIMHEHHbIe OIepaTophbl 9acTO BO3HUKAIOT BO MHOTHUX 00JIACTIX MaTEeMATHIeCKO GUOIOruim,
a UMEHHO B Teopuu HacseicTBernHoctu (cm. [1]).

Pacemorpum oneparop B = A -V, rue oneparop A onpejensiercs MaTpunaMu

« 0 0
A= 15} v 0
l—a—-p 1—7v 1

uV: 2} =x (14 azxy — bxs) ;x/Q =29 (1 —azy + cx3); 2 = x5 (1 + bxy — cay), vae a,c €
[—1,0) u b, v, B, 7y, + 8 € (0, 1).

Yepes €; = (014, .o, Oi) € S™7L 4 = 1,2,...,m, 0603HaYNM BepIIMHbI CUMILICKCA, TJIe
d;j—cumBoul niesibTa Kponexkepa.

Jokazana ciejyronias Teopema.

Teopema 1. /las cmozacmuueckozo onepamopa B cnpasedausvl caedyrouue:

i) Fin(B) = e3 u €3 AGAACMCA NPUMALUBAIOUAA;

it) lim BM™ (z(0) =e3 dan mobozo 0 € S2.

n—oo

JINTEPATYPA
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O HUXKHEM I'PAHU CYIIIECTBEHHOI'O CIIEKTPA OIIEPATOPHON
MATPUIBI TPETBHBEI'O IIOPA/IKA HA HEINMEJIOYNCJIEHHOM
PEINTETKE

Hewbmarosa I11.5.

Byxapckuii rocyiapcTBenblit yauBepcuteT, byxapa, Y30ekucra;

g xkazoro gukcuposanuoro h > 0 uepes T3 o6ozuaunm ky6 (—x/h; 7w/h|? - ¢ cooTseT-
CTBYIOIUM OTOKICCTBJICHUEM POTUBOIO/IOKHBIX rpaneil. [lycrs Ly(T3) - rusbeproBo 1po-
CTPAHCTBO KBaJIPATHIHO-UHTEIPUPYEMbIX (KOMILIEKCHOZHAUHBIX) (DYHKIIHUIA, OIIpe/IeIeHHBIX
na T3 u L5((T%)?) - ruinbepToBo MpOCTPaHCTBO KBaJPATHIHO-UHTErPUPYEMBIX (KOMILIEKC-
HozHavHbx) gyukimii, onpenenennbx na (T3)% O6oznauum vepes H NpsAMYIO CyMMy PO-
crpancts Ho = C, Hy = Lo(T3) u Hy = L5((T3)?), re. H = Ho®H1DHs. lpocrpancrsa H,
Hi u Hy HA3LIBAIOTCS HYJILYACTUIHON, OJHOTACTUIHON ¥ JBYXIACTUIHON IIOIIPOCTPAHCTBA
6ozonnoro gokosckoro npocrpanctia Fy( Lo (T3 )) no Ly(T3), cooTBeTcTBEHHO.

B runbeproBoM mpocrpancTse H npu Kaxk oM puKcupoBaHHOM h > 0 paccMaTpuBaeTcst
CJIeJIyoIasl CEMEHCTBA TPEXINArOHAJIBHBIX BJIOTHO-0MEPATOPHBIX MATPHII

Ho(K)  Hy 0
Hy(K) = Hp  Hiy(K)  Hp , K eT;,
0 Hi,  Hoy(K)

rJae MaTpUYIHbIC 3JIEMEHTBI OIIPEIC/IAI0TCA 110 CbOpM}UI&M

Ho(K) fo =wo(K)fo, Hofr= /TS vo(t) f1(t)dt,

h

(Hu(K) f1)(p) = wi(K;p) f1(p), (H12f2)(P):/ vi () fa(p, t)dt,

3
Th

(Hoo(K) f2)(p, q) = w2(K;p,q) f2(p, ).

Baech f; € Hi, i = 0,1,2; wo(+), u v;(+), i = 0,1 - BemecTBeHHO3HAYHBIE OIPAHUYEHHBIE
bynxiun va T}, a dyrkmun wi () u wy(-; -, ) onpegenenst mo dbopmyaam

w (K5 p) := Lien(p) + laen(K — p) + 1,

wa (K5 p, q) := lien(p) + laen(K — p — q) + Lien(q),
riae l; > 0,1 =1,2, u dyuknus e,(-) numeer By
B
en(q) == 2 Z(l — cos (hg)), ¢ = (q1,42,43) € T},

i=1

Ipu srom H}; : H; — H;, © < j conpszKeHHblii oueparop K H;j u

(H&fo)(p) = Uo(p)fo,

(Hiof)(p.0) = 5000 ila) +or(@)Fi0), fi € Hey 1= 0,1

3/ech 1 B JaJibHelieM HHTerpaJ 6e3 yKasaHus MPeJIeJIoB BCIOLY O3HAYAEeT WHTErPUPOBAHUE
10 Bcell 00/1aCcTH N3MEHEHUS [TePEMEHHBIX UHTErPUPOBAHUSI.

B srux npemnosioxkenusix 610uno-oneparopaas marpuiia Hy, (K) sBiisiercss orpaHnaeHHbIM
U CAMOCOTPS2KEHHBIM B H.
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st ynobeTBa 9epes Oegs(+) CYIECTBEHHBINH CIEKTDP OrPAHUYEHHOTO CaMOCOIPSI?KEHHOTO
orepaTopa.

Yro6bl U3YUUTH ClIEKTPAJIbHBIE CBOCTBA onieparopa Hy,(K'), Mbl BBOJMM CEMENRCTBO Orpa-
HUYEHHBIX CAMOCOTIPSAZKEHHBIX onepaTopos (Mogen Opumpuxca) Ay, (k), k € T3, npu kazkom
dpukcupoBanuoM h > 0 JIefCTBYONIYIO B H 110 IIPaBUITY

Aw(h: k) Agy(h
An(k) := ( Azz(1<h>) Al ) ’

e oreparopbl Ay (h; k) : Hy — Hiy i = 0,1 u Agi(h) : Hi — Ho onpesensorcs mo IpaBuiaM

Aoo(h; k’)fo = (l2€h(k5) + 1)f(), Agl(h)fl Ul(t)fl(t)dt,

1
V2 Jr

(An(h; k) f1)(q) = En(k; @) f1(q),  En(k;q) = hen(q) + len(k — q).

JIErKO MOZKHO 3aMETHT, UTO Oess(Ap(0)) = [0;3/h?], tne 0 := (0,0,0) € T5.
3 3
Yepes C(T;) (coor. Li(T})) obosmatdmm 6anaxoBo HPOCTPAHCTBO HENPEPBIBHBIX (COOT.
uHTerpupyemMbix) QpyHKIWmii, onpeeneHnbx na T.
Omnpenesierne 1. Tosopsam, wmo onepamop Ap(0) umeem pesonanc ¢ nysesot anepeued,
ecau wucao X = 1 asaaemes cobCmeenHvM 3HAYEHUEM ONEePAMOPa

(Gi)(p) = 2(;)11(?[2) I M?;fg)dt, ¥ e (1))

u no kpatnet mepe 0dna (¢ MouHOCMBIO 00 KOHCTNAHMDL) COOMBEMCMEYOWAA COOCMEEHHAA
dyrxyua 1 ydosaemeopsem ycaosuro Y(0) # 0. Ecau wucao A = 1 ne asasemes cobemeen-
HoLm 3Haueruem onepamopa Gy, mo wucao z = 0 nasveaemca peeysaproti movkots onepamopa
A (0).
OCHOBHBIMU pe3yJIbTaTAMU HACTOSIIEH pabOThI SABIAIOTCS CJIEIYIONINE TeOPEMBI.
Teopema 2. Eciu oneparop Ay, (0) umeer HysieBoe cOGCTBEHHOE 3HAYEHNE UM PE3OHAHC

C HYyJIeBOH sHepruei, To
min o (Hp(0)) = 0.
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CIIEKTPAJIBHOE BJIO2KEHWE /1JI4 OITEPATOPHBIX MATPWUIT
OTHOCUTEJIBHO PAOVMHNPOBAHUA PA3JIO2KEHU A

Pacymios T. X.

Byxapckuit rocymapcTBeHHbI yHUBEpCcUTET, Byxapa, Y30ekucran;
t.h.rasulov@buxdu.uz

Il st ortepaTopoB B THIIEOEPTOBOM IIPOCTPAHCTBE B PA3TUIHBIX ITPUIOKEHIAX OKA3bIBACTCS
BAYKHBIM MOHATHE YUCAOB0T 00AGCMU 3HAUEHUT (UTH NOAA 3HAYEHU).

[Iycts H — KoMILIEKCHOE THIHEOEPTOBO TTpocTpaHcTBO U A @ H — H — JuHeiHbIi oniepaTrop
¢ obacteio onpegenenns D(A) C H.

MmuoxkecTBO

W(A) :={(Az,z): x € D(A), ||z|]| =1}
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HA3bIBAETCS YMUCI0BOI 00J1aCThIO 3HaYeHMiT omeparopa A.

B obmem cayuae muoxectBo W (A) He sBISETCS HU OTKPBITBIM, HU 3aMKHYTBIM, JTa’Ke
ecsin oreparop A 3aMKHYT.

U3 onpenenennst BUIHO, 910 MHOKecTBO W (A) siBIIsieTcss TOJMHOKECTBOM KOMILTIEKCHOM
IJIOCKOCTH U TeOMeTpUYecKre cBojicTBa MHO)KecTBa W (A) maor HeKOTOpYyo nHGMOPMAIIUIO
06 omeparope A, cm. mampumep [1].

Hato ormMeTuTh, 9TO €C/i CIEKTP COCTOUT U3 00bEeIMHEHUS JIBYX HEIIEPECEKAIONNXCA MHO-
JKECTB, TO YMCJIOBast 00J1aCTh 3HAUEHUI He BCErya JaeT J0CTaTOUHO XOPOIIYIo CTPYKTYPY. [l s
TOr0, 9TOOBI MOJIYIUTDh 00JIee TOUHYIO HH(MOPMAIIUIO O CIIEKTPE B BBIIIEYKA3AHHOM CJIydae, B
pabote [2| BBeIeHO MOHATHE KBAIPATHIHON YHCIOBOI 00IaCTH 3HAYCHUI.

Biouno-uncioBas 0b6/1acTh 3HAUEHUH 115 J1I0O0TI0 N ¢ OTPAHUYIEHHBIMU dJIeMEeHTaMu ObLIa
BBesieHa B pabore [3|. 31ech MbI 06001MM HOHATHE OJIOYHO-IHCIOBON 06JACTH 3HAUCHUIT
JUTST M X N-OTIePaTOPHBIX MATPUIL ¢ HEOTPAHUIEHHBIMU JIEMEHTaAMU U M3YIUM HEKOTOPBIE ee
3JIEMEHTapHbIE CBOMCTBA.

[Iycts n € N marypajbHoe 9ucjiao ¢ ycaoBueM n > 3, H;, ¢ = 1,--- ,n - ruib0epTOBBI
npocrpancTBa U H :=H,; S --- D H,,.

B ruinbeproBoM mpocTpaHcTBe H paccMOTpUM JIMHEHbIe oneparophl A, jeiicTByromnime
KaK 1. X M - OIepaTOPHbIE MATPHUIIBI

A o Ay
A= 0] (5)
Anl e Ann
rje Marpudnbie saementst A;;  H; O D(A;;) — Hi,  4,j = 1,...,n, IWIOTHO OLpe/Ie/ICHHbLE,

JIOIyCKAIOINe 3aMbIKaHNe JIMHENHHbIE OIIepaTOpPbl U 00JIACTb OIPEJIEICHUS

oneparopa A TakxKe 1aorHa B H.
Ob6osznaunm

S = {f = (fire ) €M, Il =L j=1.....m).

Hons kaxgoro f = (f1,-+, fu) € D(A) N'S"™ onpeesunm n X n-MaTpuiLy

Ap = ((Aijfjafi)>n € M,(C).

1,j=1

Torma MHOXKECTBO COOCTBEHHBIX 3HAYEHUN STUX MaTPHIL

Wi om, (A) 1= U{Jp(Af) : feS"}

HasbIBaeTcsi OJI0UHAs YUCI0Basi 061acTh 3HadeHus oreparopa A (OTHOCHTETBHO OJIOYHO-
oreparopHoro npejcrasienus (5)); 1y GUKCHPOBAHHOTO PA3JIOKEHUs FH MBI TAKKe THIIIEM

wr (A) = WHl@"'@Hn (-A>

Tak xak 0,(Af) = {A € C: det(A; — \) =0} qys Bcex f € S™ nmeer MeCTO S9KBUBAJIECHT-
HOE IIpe/ICTaB/ICHUE

W™(A) ={AeC: 3f €S, det(A; — \) = 0}.
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st n = 1, 6109HO-9mC/IOBas 06J1aCTh 3HAYEHUIN COBIIIaeT ¢ OOBITHON YuC/I0BON 00J1a-
CTBIO 3HaYeHUi omeparopa A; s n = 2 OHa COBHAJAET C KBAJIPATHIHO-YUCIOBOI 00JIa-
CTBIO 3Ha4YeHUil, Koropas BBeneHa B pabore [2|. Ecom A - cuvmmerpuueckas, A C A*, 1o
W(A) C R.

Crietytotiee yTBep:KICHIE SIBJISIETCsT TPSIMBIM 0000ITIeHneM (hakTa, ITO IUCI0Bast 001acTh
SHAYCHUI COJCPXKUTCS B KBaJIPATHIHO-IUCIOBON 00JACTH 3HAYCHUN (CM. yTBepKIcHHe 3.2
u3 [4]): W™ (A) C W(A).

Eciu ipu n > k umeror mecto pazyioxenuds H =H, B --- S H, u H = Hi®- D ﬁk, TO
srnouenue W"(A) C Wk(A) ne Beerja sepHo.

Bkiiiouenue 6yjer BepHo, eciu n > ku HiP- - -BH, ectb paduHupoBanue (IpoIoIzKeHue)
[IPOCTPAHCTBA H1 DD Hy. Clle10BaTEbHO, B STOM ciryaae muozkectBo W™ (A) Moxer jath
XOPpoIIoe cleKTpajibHoe Biaoxkenne, gyem WF(A).

OCHOBHBIM PE3Y/IBTATOM JIAHHON pabOThI ABJISETCS CJICAYIONEe YTBEPK ICHHE.

Teopema 1. Ilycre n,k € N, n > k, n nycre Hy © ... ® H,, ecrb paduauposanue 1po-
CTpalCcTBa HiE - P Hg, Te. cymecTBYIOT nesble yncaa 0 = 19 < 41 < - -+ < i = N TaKue,
aro Hy = Hi_, @ - ®H,, I =1,.. k. Torma Wy,e.em, C Wi g af,  WIH, KOPOTKO,
Wn(A) C W¥(A) ipu n > k oTHOCHTeTbHO padhUHIPOBAHMS PA3IOKEHI.

JlokazaTesbcTBO TeOPEMbI AHAJIOTHYHO JIOKA3aTEeIbCTBY s orpanndenHoil A, cm. [4].
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HeiicTBue BosHBI pesiesi HA TPyOGONPOBOA, (AJIMHHBINA yIPYTUii CTEP2KEHBD ),
BJIO>KEHHBI B ynpyroi cpeje

Paxmaros P.,P.!, Oxyn6oes M. .2

L2TamkenTcknit yansepenTeT nHGOPMAIMOHHBIX TEXHOIOTHH nMenn Myxamyaia
aJib- Xopasmuil, TarkenT, Y30ekucran;
Iy raxmatov55@mail.ru, muzoxun54@mail.ru

B craTtbe npesiaraercs reoperndeckasi MOJE/b OMUCAHNUST COBMECTHON CEeCMUTIEeCKUX KO-
nebaHuil OI3eMHOIO TPYOOIPOBO/ia (JJIMHHOTO YIPYTOro CTEP:KHsI) M yIPYroro IpyHTa Ha
BOB/IEHICTBIE IMOBEPXHOCTHBIX BOJIH. lIprHUMaeTCcs, 94TO Ha MOBEPXHOCTU KOHTAKTA BBIIOJI-
HsETCs yYCJIOBUE PABEHCTBA IPOJOJILHBIX IIEPEMEIIeHn ceuenns TPyObl M dacTull yrupyroi
cpeibl. C IOMOIIBIO 9TOI MOJIEIN 00bsICHAETCS MEXaHU3M BO3SHUKHOBEHUST KacaTeJIbHBIX YCHU-
JINI Ha TOBEPXHOCTH KOHTAKTA. Y JIUHEHUE ceUeHUil TPyOOIIpOBoO/Ia IIPU 3TOM IIPOUCXOIUT B
pe3ysibrare B3auMojeiicTBusi FPYHTOBOI €ro rpyHTOBOil (yrpyroii) cpesoii.

IloctanoBka 3aga4m. YCTaHOBUM HAYaJIO KOOP/IMHAT Ha CBOJHON TOBEPXHOCTU B TOUKE
O. HamnpaBum ock Oz BIOJIb OCH TPYOOIPOBO/Ia, KOTOPas odbpa3yeT ¢ (hpOHTOM PacIpocTpa-
HAOIIEHCsT BOJIHON yros «, och Ox nepueHaInKyasdpHas K Heil cBepxXy BHU3, ocb Oy mepIrieH-
JIUKYJISIPHAST K 9TUM OCSIM. Y DaBHEHUE [IPOJIOJIBHOIO JIBUKEHUsI YaCTHIl IpyHTa w(r, ct — 21)
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( ¢~ "BuuMas CKOpOCTB" PaCpOCTPAHEHNs BOJIHBI), MOJIEINPYEMOrO YIPYIOi Cpe/Ioi, B ITH-
JIMHJIPUYECKOM CJI0€ 110 HAIIPaBJICHUIO ocH TPybonposoga Oz B IPUOJIMZKEHUN, IIPHHATOM B
paborax [1-3|, nmeer By :

Pw 10w , 02w

— 4+ -—-———-—m"— =0, (a<r<R, —o0o<z<o0), 1

or?  ror 022 ( ) (1)

¢ —cf )

e z = ct — z;, m = 5—, 1 = /(2n+N)/pu ca = \/j1/ p— CKOpOCTH HPOJIOILHOI
G2

U IONEPEYHON BOJIH B CPeJIe,ji, A U p— KO3 PUImeHTs! Jlame u mioTHOCTh yIpyroit cpebl,
R— riybuna 3asmoxkenust TpyObl (crepkus). B nambreiimmem cantaem ¢ > ¢; . Ypasuenue (1)
MHTErPpUpPYeTCs PHU YCIOBUAX

w=U(z), (2)

ecqaImmr =a
w = w0(2>a (3)

ecn 1 = R, a wy(z)— mepemerrieHre YacTuIl CpeJIbl 33 M IAIOILYI0 BOJIHY.
Merton, pemterus. Beenem nHoByio dyHKIno 1mo gpopmysie

In(r/a)

~ 7 [102) ~ UG+ U (), ¢

u=w(r,z)

YIOBJIETBOPSIONIYIO CJIEIYIONIEMY yPaBHEHUIO

PPw N 10w 0w min(r/a)
a2 ror a2 In(R/a)

[wh(2) = U]+ m*U", (5)

1 I'PaHUYIHBIM YCJIOBUAM

Paccmorpum cirygait ¢ = c¢i(m = 0). B stom ciyuae umeem v = 0, u byHKIUSA yI0BIe-
TBOpsiET ypaBHEHUIO [4].

U"(2) £ p*U(2) = £p*wo(2),

P= (E’|1 - M2|(a22ﬂ— b2>zn(R/a)>l/2

rae M = C' — 1/C{— uunciao Maxa, ¢ = \/ E'/p'— cKOpOCTb pacrnpocTpaHeHnst IPOI0IbHBIX
BoJIH B crepxkue. B’ u p' coorsercrBenno Momyiab HOHra ¥ IJIOTHOCTH MaTepuasia CTepK-
H¢d, b, a— BHYTpeHHUII U BHeNIHUI pajinychl TpyOnl. PaccMorpuM pasubie ciaydae. [Ipu aTom
ycraHoBjieHo, uto npu M > 1 u p = w; B TpyGONPOBO/Ie BOSHUKAET PE3OHAHCHOE sIBJICHUE.

[Monaraem ¢ = ¢;/sina (0 < a < 7/2), TAe — yrosl HAKJIOHA MEXKLy (DPOHTOM BOJIHBI
1 ocpio Tpybonposoga. Pemterne kpaesoit 3aa4au (6) st ypasierust (5) HOIYIHM METOIOM
Dypbe

o0

u =" Zn(2)Ru(n),

e = Jo(Ana)No(Anr) — Jo(Ar) No(Ana),

a A,— KODHU ypaBHEHUS:

Jo()\na)No()\nR) — Jo()\nR)No()\nCL) = 0.
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,Haﬂee IIOJIY9UM ypaBHEHHE OTHOCUTEJIIbBHO Zn 1 OKOHYAaTeEJIbHO MMEEM

2 RN [ —
2717 2 2 .
U’ +p°U =p wy+p %lng[ glan/wg(ﬁ)sm)\n(z—f)df
n= 0

£, / ga(z — U (€)de].

[TosryuenHoe ypaBHeHHe sBJsieTcst MHTErpo-iuddepeHIuaIbHbIM YPABHEHUEM IS Olpe-
nenenns dbynknun U(z).

BbIBoabI. YCTaHOBJICHO, UTO CTEIeHb BO3IEHCTBIS OBEPXHOCTHO BOJIHBI HA TPYGOIPO-
BOJI B 3HAYUTEJILHON CTEIIeHN 3aBUCUT OT yIvla HAKJIOHA (DPOHTA BOJHBI K OCU TPYOOIPOBO/Ia
u TyOMHBI 3ajleraHus ero B rpyHToBOi cpeje. C pocToM TuryOHHBI 3ajileraHus aMIUIATY/Ia
YMEHbBIIIAETCsl, & MEePUOJ yBEJIUIUBACTCsA. B cilydae M pacueTHOrO 3HAYEHUs yIjla HAKJIOHA
JIsT KaKJIOTO 3HAUEHUS BOJHOBOIO YHCJIa MOXKET CYIIECTBOBATH KPUTHYECKAs IVIyOUHA 3a-
JleraHusi TPyOOIPOBOJIA, IIPU KOTOPOI CeveHusi TPyOOIPOBOJA 1O [EPEMEHHON COBEPIIAIOT
KOJIe0aHNs B PE30HAHCHOM DEXKHMe.
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d ;

Yepez T := (—m;7]° obosnaunm d-mepublit Top. B rusibbepToBoM HMpocTpaHcTBe
L5((T4)?) cummerpuveckux byHKImil, KBaJpaT KOTOPBHIX HHTerpupyeMm (B obIieM ciydae,
IIPUHUMAIONIIX KOMILIEKCHbIe 3HaueHns ), onpeetenubix Ha (T9)2) paceMoTpuM MoiebHbII
raMIJILTOHMAH, 3a/IaHHbIi PABEHCTBOM

H o= HY = u(Vi + Va) = AV, (1)
311ech HO(’Y) - OIEPATOP YMHOXKEHU: Ha QYHKIUIO F. (-, ), TO €CTh HEBO3MYIIEHHBIH OLEPATOP:

(HY P)z,y) = By (2, 9) f(2,y),  Ey(z,y) = c(@) +e(y) +elz +y),

d
e(z) = Z(l —cos(ma;)), = (x1,9,...,2q) €T, meN.

i=1
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Omnepatopst V,, a = 1,2, 3 gBJMI0TCA OlIEpaTopamMu HEJIOKAJLHOIO MOTEHITUAJIA U [IPEJICTAB-
JIIOT COOOI YaCTUYHO MHTErpajbHbIe ONIEPATOPHI BUJIA:

(Vif)(a,y) = vly) /

Td

o(O)f(x,t)dt,  (Vaf)(,y) = v(a) / o(t)f (¢, ),

Td

(Vaf)(z,y) = /Td f(t,x+y—t)dt.

Baech p, A > 0 - mapamerpsl BauMogeiictBus u v > 0, a dyHkIws v(+), BXOAAMAs B s1JI-
po omepatopoB V,,, a = 1,2, gBisgercs JeficTBUTEIbHO-3HAYHOMN, HEIIPEePhIBHON (DYHKITUEI],
onpeienennoii Ha Tope T9.

MogpenbHblil raMuabToHual H l(]))\, 3a1aHHblil paBeHCTBOM (1), SBJIsIeTCs TMHEHHBIM, OTrpa-
HUYEHHBIM ¥ CAMOCOIPSAZKEHHBIM OLIEPATOPOM, OIIPEIEIEHHBIM B THJILOEPTOBOM IIPOCTPAHCTBE
L3(T9)?).

DTa MOJeb MpecTaB/sieT coboi raMUIBTOHNAH, COOTBETCTBYIOIIMI OIIEpATOPY SHEPTUN
CHCTEMBI TPEeX YacTHUll Ha orepaTopHoii pererke |1, 2|.

st hopMyIMpOBKE OCHOBHOTO pe3ysbraTa paboThl PACCMOTPHM JBa (OrPAHUYIEHHBIX W
CAMOCOTIPSIZKEHHBIX ) ceMedicTBa Mojeneit @puipnxa B TubbepToBoM TpocTpancTse Lo(T9):

(A7 Y (k)g)(z) = (e(x) + ek + 2))g(z) — po(x) / v(t)g(t)dt,

Td

(D (k)g)(x) = (e(x) + e(k — 2))g(z) — A / g(t)dt.

Td

Beenem obosnauenue:

21(72\ = U (adisc(hﬁ’l)(/f)) +e(k))

keTd

2
O (e (1)) +72()) U0, (3 + 37/2)].
keTd
CJIe,ZLYIOHII/Ie MHOZKeCTBa Ha3bIBalOTCdA, COOTBETCTBEHHO, TpeX‘{aCTI/I‘IHOﬁ n ﬂBquaCTHqHOﬁ
BETBAMU BJINAHUA BO3,ZLefICTBHH MOZEJIBHOT'O OoIlepaTopa H‘L(L’g .

Tiwee(H) := [0, d(3 + 37/2)],

123

Guol D) = | (Gase (B (8)) + (k) U | (aise (D (R)) +72(R) )

keTd keTd

9T MHOXKECTBa Ha3bIBalOTCA, COOTBETCTBEHHO, TpeX‘IaCTI/I‘IHOfI n Z[BYanCTHqHOﬁ BETBAMU

CYIIIECTBEHHOI'O CIIEKTPa MOJIeJIbHOTO ortepaTopa H ;(A)
T ST Ma OIUCHIBAET TBEHHBII CIIEKTD OIlepaT u T UH -
Crenyromasi TeopemMa OIMKICHIBAET CYIIECTBE cre oeaoaHyA) ae 0

Mallid O 4YHCJIe €I'0 KOMIIOHCHTOB.

Teopema 1. Iy cymectBennoro crekrpa H L(LV))\ CIIPABEJJINBO PABEHCTBO Oegs( H ;(72\) =

2573\- Boustee Toro, MHOXKECTBO Oess( H (7)) IpecTaBIgeT coboil obbeauHeHne He Oojee dem

oA
TpeX OTPE3KOB.
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O €INHCTBEHHOCTHU pelleHunud 3aJa4u1 C JIOKAJIbHBIMA U HeJIOKAaJIbHbIMHA
YCJIOBUAMM Ha I'paHUAIe 006JIaCTH JIJIUIITHYHOCTU AJIsd OJHOI'o KJiacCcCa ypaBHeHI/Iﬁ
CMEIIaHHOI'O TUIla
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ITocranoBka 3amaun (Buraaze—Camapckoro). Ilycrs D,— obiactb orpaHndeHHast
orpeskom OB ocu Oy, 0 < y < ((m + 2)a/2)?(™+2) nyroit AB HOpMasbHON KpuBOiL
=a% x>0, y>0,31ece O =0(0,0), A= A(a,0), B= B(0,b) u

. 2 m-+2
R LA R —
(m+2)? Y
XapaKTepUCTHKAMU

2 2
OC : x— —Z_(—q)m+2)/2 _ AC - 2 (—q)mt2)/2
‘ m—|—2< v) N $+m—|—2( v) ¢

ypaBHenus [esiiepcreara ¢ CHHIYISIPHBIM KO3MDUITUEHTOM

(s1gny)[y[™ e + uyy — (m/2y)uy =0, (1)

rje nocrosiHubie m > 0.

Yepes D u D coorBeTcTBEHHO 0003HAYMM YacTu objactu D, Jiezkaliue B BepxHeil miiu
B HUZKHEH MOJIyTIJIOCKOCTSIX.

[Iycrs mpavast y = —k(z—x0) (z <z, 0 < 2y < a) mepecekaeT 0cn KOOPANHAT B TOUIKAX
(20,0), (0,kxo), tne k=b/a, b= ((m + 2)a/2)%/+2)

Hacrosimast paboTa 1mocBsillieHa UCCIeI0BaHmIo 3aja4u ¢ yciaoueM Buraize—Camapckoro
CBSI3BIBHIOINIIM 3HAYEHHs ICKOMOT'O pereHus u(z,y) B ToUkax (Zg,0), (0,kxq), oceit Koopsmu-
nat, Ox u Oy coorBercrBenHo, e 0 < zg < a.

Bapaua BS,. Tpebyerca naiitu B obmactu D, perenre u(z,y) € R1 [1, c. 104] ypas-
nerns (1) (u(z,y) € Ry ecmu B dopmyne Hamambepa 7 (1), v(z) € (cm. Hke (6))
V/IOBJIETBOPSIOILYIO CJIC/YIOMINM YCIOBHSIM:

w(z,y) |o,= e1(2), z <a, (2)
u(0, kx) = p(x)u(z, )+90() 0<z<a, (3)
u(z,y) loc=(z), 0<z<a/2 (4)
rJie
p1(), p(), @2(2) € Cl0,a], Y(x) € C[0,a/2] N CH(0,a/2)
IpuIeM

P(0) =0, »2(0) =0, 1(0) = p(a)pi(a) + pa(a),
p(x) = 2% fi(z), paz) = 2 " Gs(2),
o >m+1, fi(z), Po(x) € C[0,a],
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1(r) = (a—2)31 (), 6> 1/2, Gi(x) € C[0,a).
Ha orpeske Boipoxkieans y = 0, 0 < x < a mMeeT MeCTO yCJIOBUE COIPsIZKEHUS

lim (—y)_mﬂ% = lim y‘mﬂ@

Jim oy o oy’ 0<z<a, (5)

HPUIIM STU Tpeiesibl ipu £ — 0, & — a MOTYT UMETh 0COOEHHOCTH MOPSTKA HUKE € IMHHUITHI.
2. EquHcTBEeHHOCTD penieHus 3aaadm B.S,. Pemenne BumonsMenennoit 3aaaqn Korm
C HAYAJIbHBIMU JAHHBIMA

ou
7(x) = u(z,0), 0<z<a; v(r) ylg{lo( ) 9y 0<z<a,

st ypasaenus (1) B obimactu D), 3agaqrest opmystoit lamambepa

U@w%=%P<x —E—PMW”W)+T(W+_3_FwWHW)}

N m+ 2 m+ 2
a(—y)m D 2(2t — a) m+2)/2
S [ e Ry o 0

B cuny (6) u3 kpaeBoro ycsoBust (4) mosrydnm

6L2

7'(z) — Zy(x) =4 (2z). 0 <z <a/2 (7)
Coornorenne (7) gBJISIOTCS TIEPBBIM (DYHKIIMOHAIBLHBIM COOTHOIIIEHUEM MEZK 1y HEM3BEeCT-
ueiMu byHKIMAMa 7(x) u v(z), upuHecuHHbM Ha nHTepBas (0,a) ocu y = 0 u3 obractu
D7 .
s 3agaan BSy anasorom npusimia sxkcrpemyma A.B.Bunagze (2, c¢. 301| asaserca
Teopema 1. Pewenue u(x,y) 3adawu BSy npu ewnosnenuu yeaosut po(z) = 0,1(x) =
0 wu

0 < plz) <1, (8)
€60€20 HAUOOALUWE20 NOAOKHCUMENbH020 3Haverus (HIIB) uiu naumenvwezo ompuyamens-
3 —+
nozo snavenua (HO3) 6 samrknymot obracmu D, mooicem npunumams mosvko 6 MouKkax
KPUBOU 0.
Teopema JTOKa3bIBACTCS METOIOM PAbOTHI [3].

U3 Teopema 1 ciiemyer ciemyioree:
CaencrBue. 3agada BS, numeer He 0ojee OJHOIO PeIleHus.
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O cyiecTBOBaHUU COOCTBEHHBIX 3HaUYeHUil mozesm @puapuxca crenuajibHOro
BUIA

Xycenona 2K.T.

Byxapckuit rocymapcTBennblii yHusepcuret, Byxapa, Y30ekucram;
j.t.husenova@buxdu.uz

NzBectHO, UTO 33/1a41, CBA3AHHBIE C UCCIE0BAHNEM COOCTBEHHBIX 3HaUeHUit Mojien Opu-
napuxca [1] ¢ KOMIAKTHBIM BO3MYIIEHHEM, B YaCTHOCTH, C KOHETHOMEDHBIM BO3MYIIIEHUEM,
BCTPEYAIOTCS B KBAHTOBON MEXaHWKE, CTATUCTUIECKON MeXaHUKe, TUIPOJINHAMUKE U MHOTUX
Japyrux obJiactax. B jrannoit pabore HalljIeHbI YCJIOBUS CYIIECTBOBAHUSA COOCTBEHHDLIX 3Ha-
genuit mosiesin Opujpuxca ¢ TpeXMEpHBIM BO3MYINEHHEM. B rminbepToBOM MTPOCTPAHCTBE
lo[—m; m] pacemarpuBaercs momens Ppuapuxca BuIa

H=Hy—Vi—Vs— Vi (1)
Baecy Hy ecth onepatop yMHOXKeHUsT Ha QYHKIUIO u(-):

(Hof)(x) = u(z)f(x), [ € Lo[=m;7],

V,, MHTErpabHbBII ONepaToOp BUJIA:

™

(Vi f) () :va(x)/ v F(O)dt, o =1,23, f€ Lo[—m1].

—T

[Tapamerp dyHKIms u(-) OUpeIeseH, U BeleCTBeHHO3HAYHAST HelPpepbIBHAst (DYHKIHs Ha
orpeske [—7; 7. st ancen —m < a < b < 7 oupenpesnum dynkiun vy (-), ve(-) u v3(-) Kak

| wi(z), ecmm x € [bym] | wa(x), ecm x € [bym]|
(@) = { 0, ecrm z € [—m; 0] BOES 0, ecn x € [—; D] ’

| ws(x), ecnu x € [b; 7
v() = { 0, ecm © € [—; D]

[Tpuvem napamerpsl byHKIWU wy(+), wa(+) 1 ws(+) ONPEIETEHbI, COOTBETCTBEHHO, B OTPe3-
Kax [b; 7], [a; b] u [—7; a] u BemecTBeHHOZHAYHbIE HENTPEPBIBHBIE (DYHKIUH, YIOBIETBOPSIOIIIE
yesoBuio wy (b) = ws(a) = we(b) = ws(a) = 0.

[Tpu Takux npeanoaokenusx Mojeas Opuapuxca H, onpeenennas no dpopmyse (1) sis-
JISI€TCsI JINHEHHBIM, OPPAHUYEHHBIM 1 CAMOCOIPSI?KEHHBIM OIEPATOPOM B I'HMJIbOEPTOBOM IIPO-
crpancTBe Lo[—m; 7).

Tak kak mapamerpbl dyHKIWH vy (+), vo(+) n v3(-) JIUHEHHO HE3ABUCHMBI, OIIEPATOD BO3-
mymenusas —Vi; — Vo — V3 gBisiercss TpexMepHBIM oniepaTopoM. [losTomy B cmity Teopembl
Beiing [2] o coxpaHeHHE CYIIECTBEHHOIO CIIEKTPa MPU KOHEYHOMEPHBIX BO3MYIIEHUSIX, JJIsI
CYIIECTBEHHOTO CIEKTpa oreparopa H nMeer MecTo paBeHCTBO 0o = [m; M|, Te

m:= min wu(x), M:= min u(z).
z€[—m;m] x€[—m;m]

C 1eJsiblo U3ydeHusl JUCKPETHOTO CHEKTpa oneparopa H onpejaenuM peryispHyo hyHK-
muto B obstactu C \ [m; M| kak

_ [T va(Hvs(?) 0 B —
Iag(z)_/_7r 0= 2 dt, «a,8=1,2,3.
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B cooTBeTcTBUM ¢ TPEOOBAHUSAME, HAJIOKEHHBIMU /I TapaMeTpbl dhyHKimit wi (-), wa(+)
u ws(+) mist Beex miuekcos a # B, a, f = 1,2,3 numeem 1,53 = 0. [Ipuiem

™ w(t)dt b w3 (t)dt “ wi(t)dt
]11<Z):/b m7 IQQ(Z):/a —u(t)—27 I33(Z>:/_7r U(—t)—z

MoxkHO Jterko mokazarh, daro duciao z € C\ [m; M]| saBisiercss coOCTBEHHBIM 3HAYEHUEM
onepatopa H Torjia u TOJILKO TOr/a, KOTJIa

A(z) == (1= I1(2))(1 — I22(2))(1 — I33(2)) = 0.
CrietoBaTesibHO, It IUCKPETHOTO CIIEKTpa oneparopa H mMeeT MECTO PaBEHCTBO
ogisc(H) ={z € C\ [m; M]: A(z) = 0}.
Takum obpasomM, /i criekTpa oreparopa H mMMeeT MeCcTO PaBeHCTBO
o(H)=[m;M]U{z € C\ [m; M]:A(z) = 0}.

st Gostee jeTasIbHOIO U3YUEHUS JUCKPETHOIO CIEKTpa oneparopa H paccMoTpum Tpu
BcrioMorareabuble Mojen Opujpuxca:

H,=Hy-V,, «a=1,23.

Briopannble Taknm obpazoM Mojesin Opujipuxca ¢ OJHOMEPHBIMUA BO3MYIIIEHUSAMHU sIBJIS-
I0TCSl JIMHEITHBIM, OFPAHUYEHHBIM U CAMOCOIPSKEHHBIM OIIepaTOPOM B I'MJILOEPTOBOM IIPO-
crpancTse Lo[—; 7).

IIpu Bcex av = 1,2, 3 myiga cymecTBeHHOTO crieKTpa Mojesn Ppupapuxca H, nmeem

Oess(Ha> = [m; M],
a JJId JUCKPETHOI'O CIIEKTpa UMeeT MeCTO COOTHOIIIEHME
o(H)={2€C\ [m;M]: I,.(z) =1}.

O6braro dyskus 1 — I,,(+) HazbIBaeTCs onpeeauteneM PpeprosabMa, accouupoOBaH-
HBIM ¢ onepatopom H,. 113 onpenenenust A(-) ciemyer, aro aucio z € C\ [m; M| apisercs
COOCTBEHHBIM 3HaYeHueM oreparopa H Torga u TOJIBKO TOTIa KOIJA YUCJIO Z ABJISACTCH CO0-
CTBEHHBIM 3HAYEHUEM OJHO U3 CJIeayfommx omepatopoB Hy, Hy u Hs. CiieoBaTesbHo,

Udisc<H) = Udisc(Hl) U Udisc(HQ) U Udisc(H3)-

[TocsieiHEEe paBEHCTBO BayKHO JIJIsI HAXOXKJIEHUSI YCJIOBUsI CYNIECTBOBAHUSI COOCTBEHHBIX
snadenuit mojiesin Ppuypuxca H.

OCHOBHBIM Pe3yJILTATOM JIAHHON pabOThI ABJISETCS CIEYIOIee YTBEPIKIEHHE.

Teopema. Ecin I,,,(m) = oo npu mekoropom « € 1,2, 3, To momesns Ppunpuxca H nmeer
0 KpaifHeil Mepe OJIHO COOCTBEHHOE 3HAUeHNUe, Jiexkainee Jepee To9ku m. Ecin I,,(m) = oo
npu Beex « € 1,2, 3, To mogens @pupuxca H umeer Tpu COOCTBEHHBIX 3HAYEHU (C yI€TOM
KPATHOCTH ), JIEZKAIIUX JIEBee TOUKU M.
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CEKIINA 3. INPPEPEHIIMMAJIbHBIE YPABHEHUA,
OBPATHBDBIE
1 HEKOPPEKTHBIE 3AJTAYN MATEMATINTYECKON
OU3UKU
SECTION 3. DIFFERENTIAL EQUATIONS, INVERSE AND
ILL-POSED PROBLEMS OF MATHEMATICAL PHYSICS
Yig‘indi ko‘rinishdagi moslangan manbali manfiy tartibli modifitsirlangan

Korteveg-de Friz—Liuvill tenglamasini davriy cheksiz zonali funksiyalar sinfida
integrallash

Abdivokhidov A.A.

Samarkand State University named after Sharof Rashidov, Samarkand, Uzbekistan;
azamatabdivoxidov@mail.ru

Ushbu ishda quyidagi

Ugt = 62u + (uxmzt - (2uzrﬂzt)w) -

- Z Bk(t)sl(ﬂ-a )‘kat) (w%(xv)‘kvt) - ¢§($, )‘kvt)) ) (1)

k=—o00

2
/‘L.Z’LI: - um?

yig‘indi ko‘rinishdagi moslangan manbali manfiy tartibli modifitsirlangan Korteveg-de Friz—
Liuvill tenglamasining

u(z, t)|,_g = uo(x), uo(z +m) = ug(x) € C°(R),
u(w, 1)), = alt), palw,t)],—g = (1), (2)
[umﬂﬁ?t)-Fﬁhx(a )]0 = C(D),

shartlarni qanoatlantiruvchi va
u(z,t) € Cpf(t>0)NC(t>0), p(x,t)eCri(t>0NC(Et>0) (3)

silliglik sinfiga tegishli bo‘lgan davriy cheksiz zonali yechimini topish masalasi qaralgan. Bu
yerda a(t),v(t),((t) € C*(t > 0)NC(t > 0) funksiyalar berilgan haqiqiy qiymatli funksiyalar,
Bi(t), k € Z berilgan ketma-ketlik esa quyidagi munosabatni qanoatlantiradi:

1
Bult) = O (m) oo

Shuningdek, ¥ (x, A\, t) = (Y1(x, A, t), Yoz, A, t))T funksiya ushbu
()08 2)0)
:/\(yl),xER,t>0 (4)
Y2

Dirak operatorining Floke yechimlari bo‘lib, quyidagi formula yordamida aniqlanadi:

So(my A\ t) — cr(m, A\ t) F y/A2(N) —
281(71', )\, t)

L(t)y

4
Yoz, A\ t) = c(x, A\ t) + ~s(x, A t),
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o, p, t ))T funksiyalar
= (0,1)" boshlang‘ich
t)+so(m, A, t) (4) Dirak

bu yerda C(xa s t) = (01(33', My t)a 62(‘1'7 My t))T va S(JZ’, p,t) = (51(
(4) Dirak sistemasining mos holda ¢(0, u,t) = (1,0)7 and s
shartlarni qanoatlantiruvchi yechimlari, shuningdek, A(\, t) = (
operatorining Lyapunov funksiyasi.

Ushbu ishda,(1)—(3) aralash masalaning yagona yechimi mavjud ekanligi va yechimni
topish algoritmi ushbu

T, i, 1), s
(0 1)
ci(my At

d
ﬁ(T,t)yEBé‘FQ(&?—FT,t)y:)\y,xGR,TGR,t>O, (5)

Dirak operatoriga qo‘yilgan teskari spektral masalalar usuli yordamida keltirilgan. Bu yerda

(0 1 _(plx+T1,t) qlx+T,1) _ (n(x)
B = (—1 0) » et nt) = (q(x +7,t) —plz+T, t)) (@) = <y2(x)> '

Ushbu  c¢(x, A\, 7,1) = (ci(z, N\ 7 t), ez, N\t va  s(a, A\, 7,t) =
(s1(x, A\, 7,t), so(x, A\, 7,1))T  funksiyalar orqali (5) Dirak tenglamalar sistemasining
mos holda ¢(0,\,7,t) = (1,0)7 va s(0,\,7,t) = (0,1)T shartlarni qanoatlantiruvchi
yechimlarini belgilaymiz. A, = A, (7,t) orqali (5) Dirak tenglamalar sistemasiga qo‘yilgan
davriy va yarimdavriy (y(0) = +y(w)) chegaraviy masalalarining xos qiymatlarini,
En(T,t),n € Z orqali esa (5) tenglamalar sistemasining Dirixle chegaraviy masalasining
(y1(0, p, 7,t) = 0, y1(m, u, 7,t) = 0) x0s giymatlarini belgilaymiz.

Ushbu ishdagi asosiy teorema quyidagidan iborat.

Teorema. Agar boshlang‘ich shartdagi po(z) va go(x) funksiyalar ushbu

po(z + ) = po(z) € C°(R), qo(x + ) = qo(x) € C°(R),

shartlarni qanoatlantirsa, u holda (1)—(3) Koshi masalasining p(7,t),q(7,t) yagona global
yechimi mavjud bo‘lib, ular quyidagi formulalar orqali aniglanadi:

pn= 3 (P g ). ©)

q(z, 1)
= Z (_1)71710_”('1,’ t) \/(én(x>t> o /\2n71)()‘2n - £n($l,’,t)) ’ fn<£(x7 t))? (7)

where

T Qe — 1) o — Eula, 1)
Pty = kll, (&ln,t) = &al, 1))

k#n

LITERATURE

1. Gardner S., Green I., Kruskal M., Miura R. A method for solving the Korteweg-de Vries
equation, Physical Review Letters. 1967. Vol. 19, No. 19. P. 1095-1098.

2. Urazboev G.U., Yakhshimuratov A.B., Khasanov M.M. Integration of negative-order
modified Korteweg-de Vries equation in a class of periodic functions, Theor. Math. Phys.
2023. Vol. 217, P. 1689-1699.

3. Khasanov A.B., Abdivokhidov A.A., Eshbekov R.Kh. Negative order modified Korteweg-
de Vries—Liouville (nmKdV-L) Equation in the Class of Periodic Infinite-gap Functions,
Lobachevskii J. Math. 2024. Vol. 45, No. 12. P. 6380-6397.



140 MaTemMaTndeckas ¢u3MKa UM CMEXHHE BOIPOCH COBPEMEHHOTO aHamu3a, Byxapa-2025

Inverse problem for a combination of sub-diffusion and degenerate hyperbolic

equations
Abdukodirov A.T.!, Karimov E. T.?

'Fergana State University, Fergana, Uzbekistan;
2Ghent University, Ghent, Belgium;
abdurashid1976@mail.ru, erkinjon.karimov@ugent.be

In the present research we study an inverse source problem for the combination of sub-
diffusion and degenerate hyperbolic equations

(1)

CDu(t, z) — upe(t, v) + h(z), a<t<b,
Uy (t, ) — tun(t, ©) — pug(t, ©) + N2t u(t,z), 0<t<a
in a rectangular domain Q = {(¢,z) : 0 < x < 1,0 < t < b}. Here a,b, A, u,n € R such that
b>a>0,n>1 (1-n)/2<p<l,
“D3w(t) = 15 ()
aty at dtmy

represents the Caputo fractional derivative [1] and

15y (t) =ﬁ / (t— € y(&)de, t>a

represents the Riemann-Liouville fractional integral [1].

Problem. To find a pair of functions u(t,z) and h(zx), satisfying Eq. (1) in €2, together
with initial conditions

w(0,2) =7(x), 0<x<1, 1lr%t”ut(t r)=v(z), 0<z<l, (2)
-
boundary conditions
uw(t,0) =0, wu(t,1)=0, 0<t<hb, (3)

and transmitting conditions
u(a —0,2) =u(a+0,z), 0<z<1,

lim “D%u(t,r) = wla —0,2), 0<z<l1. (4)
t—a+0
Here 7(z) and v(z) are given functions.

The idea of this investigation is based on solutions of first initial-boundary problem for
sub-diffusion equation [2] and the modified Cauchy problem for the degenerate hyperbolic
equation [3]. The similar combination for the first time was considered by Kilbas and Repin
[4]. Later, such combinations have been targeted in polygonal domains [5,6].

The solution of the modified Cauchy problem (Eq.(1) at 0 < ¢ < a and initial conditions
(2)) has a form [3]:

u(t,z) = %/{) Tlr+o(2z — 1)) [2(1 —2)] s, [20)\\/2(1 - z)] dz—

I'(2—2p5) 1-p 11/1’ (9 _Zl,B o — 4
TRk /0 [z +0(22 = 1)][2(1 I [2 W z(1 }d
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where
n—1+2u 2t(n+1)/2

G R e

L,(s)
is the modified Bessel function [7].
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About the Recurrent-differential Equation Related to the Liouville Equation

Abdullayev A.X.!, Abdullayeva Sh.A.?, Ruzimuradova D.Kh.?
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Uzbekistan;
abduganiax@mail.ru
School No. 41, Andijan, Uzbekistan;
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Uzbekistan;
drozimuradova@gmail.com

It is well known that linear differential equations depending on a parameter
can be reduced, using the method of a small parameter, to an infinite system of
recurrents] Ydifferential equations of the form:

Let the players’ trajectories be given by the following equations in Hilbert space ls:

y,n(l‘) = an(x>yn(x) + bn(x)yn—l(x) + cn(x),n =0,1,2,... (1)

where yo(z) is assumed to be given. In this system, the unknowns are determined successively
by integration. In practice, however, one often encounters problems that are reduced not to
system (1) but to a system of equations of the form:

Pria(w) = an®(2) Py (@) + ba" (2)(By) + e (2) Py (2) (2)

where P* () are polynomials.



142 MaTemMaTndeckas ¢u3MKa UM CMEXHHE BOIPOCH COBPEMEHHOTO aHamu3a, Byxapa-2025

In particular, when a,*(z) = (k + D)z, b,"(z) = 1, ¢,*(z) = k — 1, the system is
equivalent to a combinatorial problem for Llouvﬂle equation. Here, P, ( ) polynomials form
a triangular structure analogous to binomial coefficients:

From (2), the following properties hold: 1. If k— is even, then P,*(z) is a polynomial
of degree (g — 1); if k— is odd, then its degree is ([%} + 1); 2. If d,* = deg P,"(z), then
it =dt+1,n=23,..n—1; k=1,2,..,n— 1

Moreover, the recurrence (2) yields relations such as

Pr(z) = (n+D)la+(n=1)P," N (x), Pl () = (P (2)) +(n=2) P (), Piyy () =
(k4 D)2 Py (2)+(Pr) +(k=1) Py~ (2), Payy = (P! (@) +22P (), Pl () = (P () +
x P, (z) with initial conditions

0, k<0,
Py(z) =40, k=n,
n!, k=n+1.

(n=0,1,2.,k = 0,1,2,.). Now consider the equation: y” + xy = 0. Its solution cannot be
expressed in terms of elementary functions using algebraic operations and integration (J.
Liouville’s theorem) [1, 2|. This equation is equivalent to the Riccati equation:

A (@) =+ (). (3)

Theorem. The solution z(z) of equation (3) satisfies:

Z(n) — plyntl + ank(x)zk
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An Inverse Problem for Recovering the Kernel in an Integro-Differential
Pseudoparabolic Equation with Non-Classical Boundary Conditions
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Consider the following an integro-differential pseudoparabolic equation:

(1) — () e (2, 1) — B(t)Uge (2, 1)

= /OtK(T)u(x,t —7)dr + f(z,t), (2,t) € D, (1)

where Dy = {(z,t) : 0 <z < 1,0 <t <T}, T >0.Here, K(t) is the convolution kernel,
f(x,t) is a source function. In the domain Dy, we study the following problem for Eq. (1):
find a function u(z,t) satisfying (1) with initial condition

u(z,0) =p(x), 0<z<l1, (2)
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non-classical boundary conditions
w(1,6) =0, Upys(0,8) — bug,(0,) + au,(0,t) =0, 0<t<T, (3)

where a(t) > oy > 0, 5(t) > 0, f(z,t), p(z) are the given functions. This problem is
commonly referred to as the direct problem.

Determine the kernel K (t), t > 0, appearing in Eq. (1), given that the solution of the
direct problem satisfies the additional condition

w(zo,t) = h(t), xo€(0,1), tel0,T), (4)

where xy € (0,1) is a fixed point and h(t) is a given sufficiently smooth function.

In this work, we investigate an inverse problem of determining the kernel of an
integro-differential pseudoparabolic equation. The direct problem is an initial-boundary-value
problem with non-classical boundary conditions. The spectral problem is first analyzed,
and the direct problem is reduced to a Volterra-type integral equation using the Fourier
method. The existence and uniqueness of the solution are proved by Gronwall’s inequality
and functional series. To identify the kernel, an additional condition is imposed at a fixed
point x = zg € (0,1). The inverse problem is reduced to a second-order integral equation,
and its well-posedness is established using the Banach fixed-point theorem.
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Regularized method for the two-dimensional heat equation backward in time

Ablabekov B. S., Baiserkeeva A. B.

'Kyrgyz National University named after Zhusup Balasagyn, Bishkek, Kyrgyzstan;
e-mail: ablabekov 63@Qmail.ru; a.baiserkeeva@mail.ru

It is well known that the Cauchy problem for the linear heat equation with inverse time is
an ill-posed problem, i.e. solutions do not always exist, and in the case of existence, arbitrarily
small changes in the initial data may correspond to arbitrarily large changes in the solution.
One of the main methods of solution is the quasi-inversion method ([1-3]).

Let Dy = {(z,y,t) : (z,y) € D, t € (0,T]},D = {(z,y) : 0 < = < m, < 7}
Problem. Let it be required to find a function u(z, y,t) € C([0, T]; Hy(D))NC* ([ : ], 2(D))
that satisfies in the domain Dr the equation

w(z,y,t) — Agqu(x,y,t) =0, (x,y,t) € Dy, (1)
initial condition
u(z,y,T) = p(z,y), (,y) € D; (2)

and boundary conditions
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Theorem 1. Let ¢(z,y) € C*(D), ¢"(z,y) € Lo(D) and ¢(0,y) = w(l,y) = 0,
0ur(0,y) = waa(l,y) = 0, p(x,0) = p(x,m) = 0, @, (2,0) = @,,(x,m) = 0. Then problem
(1) - (3) has a unique solution u(z,y,t) € C([0,T]; H}(D) N C*([0,T]; Ly(D), which can be
represented as

u(z,y,t Z Z ernexp (—(k* + n?)(t — T)) sin(kz)- sin(ny), (4)

k=1 n=1

where

x,y) = iigpknsm kx)- sin(ny),

k=1 n=1

4
/gp x,y)sin(kx)- sin(ny)dzdy.
0 0

Let us give Hadamard’s example. Indeed, let ¢(z,y) = e V¥ sin(kz)- sin(ny).
Then the solution to problem (1)-(3) has the form

w(z,y,t) = e VEeF )T gin (kx)- sin(ny). (5)

For k — 0o, n — oo the function e~V¥*sin(kz)- sin(ny), which represents the data of
problem (1) BI'Y (3), tends to zero with derivatives of all orders. Nevertheless, the solution
to the problem, as can be seen from formula (5), is unbounded for any fixed 0 < ¢t < T.
Consequently, no matter what norm we choose to evaluate the initial data, we cannot claim
that the smallness of this norm implies the smallness of the solution.

Regularization of problem (1)-(3)

To introduce problem (1)-(3) into the correctness class, we will replace it with problem,
namely, we will replace equation (1) with a two-dimensional pseudo-parabolic equation with
conditions (2), (3), i.e. with the problem

Uat — AQUQ - O-/A2uo¢t = Oa (ZE, t) S HT7 (6)

U (0,y,t) = ug(my,t) =0, 0<y<m 0<t<T,
Ue(2,0,t) = up(z,m,t) =0, 0<z <7 0<t<T.
U (2,y,0) =p(z,y) 0<z<m, 0<y<m. (8)

where o > 0 is the regularization parameter.
Using the results of work [1], it is easy to prove that if a function satisfies the conditions of
Theorem 1, then the solution to problem (6)-(8) exists, is unique, and is given by the formula

(x,y,t Z Z Pkn€TP (1 —i—(];(;z—)ﬁ) (T — t)) sin(kx)- sin(ny), 9)

k=1 n=1

where

y) = i i(p nsin(kx)- sin(ny),

k=1 n=1
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4
—2//g0 x,y)sin(kx)- sin(ny)dxdy.
0 0

kan.%'y =
m

Theorem 2. Let the function f satisfy the conditions of theorem 1. Then the following
estimate is valid for solving problem (6)-(8):

a1 < cap (2T =1)) ot )l (10)
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On the existence of two closed trajectories in a quadratic dynamical system

Akhmedov 0.S.!, Muzaffarova D.B.?

! Kokand University, Andijan, Uzbekistan
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2 Andijan State University, Andijan, Uzbekistan
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Abstract. This thesis studies a quadratic dynamical system that admits two distinct
closed trajectories. Using the DN-tracking method, their existence and numerical stability
are established. The results confirm orbit multiplicity in quadratic systems and provide a
concrete example for further analysis of nonlinear dynamics.

Keywords: Cauchy problem, quadratic dynamical system, closed trajectory, numerical
analysis, DN-tracking method.

Consider the quadratic dynamical system

2:’1 =1- Zg + 2129 + 2923,

Zo=1—23 — 2120 — 2023, (1)
b= 1 2

23 = 1L — 2] — 2122 — 2173,

where z = (zq, 29,23). Computer simulation shows that there exist two distinct closed
trajectories with the same period, for which z(0) ~ z(7T'), where T' ~ 2.9 with their initial
point.

A point on the closed trajectory Ci: (zo, Yo, 20) = (—1.17005, —0.98696, 1.69036).

And on the Cy: (g, Yo, 20) = (1.17005, 0.98696, —1.69036).

The following result can be proved by using the DN-tracking method, a numerical
approach for tracing and verifying the recurrence of trajectories, plays a central role in
identifying and supporting the existence of these closed orbits [1-3].

Theorem. System (1) has two closed trajectories, one in the domain
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I = {(21,22,23) | —1.82 <2 <0.16, —2.19 < 25 < —0.65, —0.14 < 23 < 1.74} and the
other Iy = {(21,29,23) | —0.16 < 2z <1.82, 0.65 < 25 < 2.19, —1.74 < 23 < 0.14}.
For these trajectories the following bounds hold:

1 .
max|f(z)] <9.1, max|f(z)] <87,

max /() ’ < 8.4, max 8f—(Z)H < 8.2,
z€lly 0z z€lly 0z
0% f(2) B 0% f(2) B
[T | =428 T = 428

Moreover, DN-tracking provides the error bounds
|21(t) — Gy | <61 =122 x107°

for the first orbit,
|22<t) — Cn2| < g9 =9.25 X 1075

for the second one.

These inequalities guarantee the accurate tracking of both trajectories, z1(t) and zo(t),
using distinct, computable, and storable vector sequences (,, and (,,, respectively, to within
errors of 1 and 5.

Hence, system (1) possesses two distinct and verifiable closed trajectories, confirming orbit
multiplicity in quadratic dynamics.

The analysis confirmed the existence of two closed trajectories in a quadratic dynamical
system. Their persistence under numerical verification highlights the multiplicity of periodic
orbits in low-dimensional nonlinear models and provides a solid foundation for future
theoretical investigation.The proof’s structure is based on the existence analysis in [4].
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On a functional analysis approach to involutory parabolic equations
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In the present paper, the initial value problem for the parabolic type involutory differential
equation in a Banach space with the strongly positive operator is investigated. The main
theorem on well-posed of this problem is proved. Positivity of multidimensional functional
elliptic equations with Dirichlet condition is established. Furthermore, the theorem on well-
posednes of the mixed problem for the multidimensional functional parabolic type involutory
differential equation without mixed derivatives is proved.
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An direct problem for an integro-differential parabolic equation with nonlocal
initial-boundary and overdetermination conditions

Atoyev D.D.!?, Hasanova G.J.!

! Bukhara State University, M.Igbol 11, Buxoro 200114, Uzbekistan
dilshodatoyev@mail.ru;

Let T'> 0,1 > 0 be fixed numbers and Dp; = {(z,t) : 0 <z < 1,0 <t < T}. Consider the
inverse problem of determining of functions w(z,t), k(t) such that they satisfy the equation

t
Up — Ugy = / k(t — T)u(z, 7)dr, (x,1) € Dpy, (1)
0
the nonlocal initial condition
u(z,0) + du(x, T) = ¢(x), x€]0,l], (2)
the boundary conditions

Ux(0> t) - hu(O, t) =1 (t)’ ux(lv t) + hu(lv t) = ¢2(t)7 te [07 T]’ (3)
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'(0) = hep(0) = ¥1(0) + 6vn(T), ¢'(1) + hep(l) = 12(0) + 51 (T) (4)
here 6 > 0, h > 0 are given numbers, ¢(x), (), 12(t) are given functions of x € [0,!] and
te0,7].

When the functions ¢(z),¢1(t),¥2(t), k(t) are given, the problem of finding u(x,t) from
the initial boundary value problem (1)-(3) is called the direct problem.

In this work the existence and uniqueness of the solution of direct problem (1)-(4) is
proved.

The main result of unique solvability is presented as follows.

Theorem 1. Suppose that

o(z) € C[0, 1], ¢'(x) € Ly(0, 1), k(t) € C[0, T, ¥ (t), ¥(t) € CH0, T1,

620, h>0,¢(0) = hp(0) =1(0) + i (T), @' (1) + heo(l) = 12(0) + 0902 (T).
Then, if the following inequality is satisfied:

5||k||T? (1 + ||k|yT2eH’f“T2) <1,
the problem (1)—(4) has a unique solution
u(z,t) € C*(Dy) N CH(Dry).

The (1)-(3) problem was replaced by an equivalent of an integral equation. The local existence
and uniqueness of direct problem solution was proven.
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Bir o‘lchamli psevdogiperbolik tenglama uchun teskari masala

Avliyokuqov D. K., Maxtumova M. M., Mirzoyeva S. O.
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Ushbu D = {(z,t)[0 <z < 1, 0 <t < T} sohada

1
utt—umt—um—i-/gt—T Uzt (T, T)dT = 0 (1)
0

tenglamaning [1]
u(z,0) = ¢(x), u(z,0) = P(z), = <[0,1] (2)
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boshlang‘ich
u(0,t) = u(1,t), u,(0,t) =u,(1,t), t€[0,T] (3)

periadik chegaraviy va
1
/n(x)u(x,t)da; = h(t), t€0,T] (4)
0

qo‘shimcha shartni ganoatlantiruvchi {u(z,t), K(t)} yechimlar juftligini aniglash masalasi
qaralgan.
Ta’rif. (1)-(4) masalaning {u(z,t), K(t)}

u(z,t) € C27(D)NCH(D), K(t) € C[0,T]
funksional sinfga tegishli {u(z,t), K(t)} yechimini topsish masalasi teskari masala deyiladi.

Adabiyotlar

1. E.I Azizbayov, Y.T. Mehraliyev, On an inverse boundary-value problem for the
pseudohyperbolic equation with noonclassicall boundary conditions, Haccetepe Journal of
Mathematics-Statistics, (2025), V. 54, pp. 142-158.

Buziladigan to‘rtinchi tartibli xususiy hosilali differensial tenglama uchun bir

aralash masala haqida

Azizov M. S.!, Xusanova X. Q.2

Farg‘ona Davlat Universiteti, Farg‘ona, O‘zbekiston; muzaffar.azizov.1988@mail.ru

To‘g‘ri to‘rtburchakli sohada quyidagi masala qaralsin:
Masalaning qo‘yilishi. Q@ = {(z,t) : 0 <2 < 1, 0 < t < T'} sohada quyidagi

Uy + taa—; (aza%) =0, (1)
to‘rtinchi tartibli xususiy hosilali differensial tenglamani
u(e,0) =¢i(r),  w(r,0)=eps(r) (2)
boshlang‘ich hamda
u(0,t) =0, ug (0,t) =0,
(xaaa—;u (x,t)) . =0, aa—; (xo‘aa—;u (x,t)) . =0 )

chegaraviy shartlarni qanoatlantiruvchi w (z,t) funksiya topilsin, bu yerda a € (0,1),
wi (), i =1,2 - berilgan uzluksiz funksiyalar.

Teorema. p; (r) € C°[0,1], gp§6) (x) € Ly (0,1) bo'lib, ¢; (0) = ¢, (0) = 0, ¢", (1) =
" (1) = 0, g0§4) 0) = 4,055) (0) = 0, i = 1,2 tengliklar o‘rinli bo‘lsin. U holda qo‘yilgan
masalaning yechimi quyidagi ko‘rinishda aniglanadi:

R F 1 Qp, t% 2 3
u(x,t) = Z [(?’)—J; <§\/)\_nt2)

L )i
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()bt}

(3)5 ()¢ @W_t)]y(x)

bu yerda I' (z) - Gamma funksiya, .J, (2) - birinchi tur Bessel funksiyasi,

J

_|_

ol

1 1

an:/cpl (x)yn(x)dx,bn:/g@(x)yn(m)d:p, n € N,

0 0

Furye koeffisiyenti, A\, va y, () - qo‘yilgan masalaning yechimini o‘zgaruvchilarni ajratish
(Furye) usulini qo‘llash natijasida kelib chiqadigan

(2" (2))" = My (x)
y(0)=0, ¥ (0)=0 (2% @)y =0, ((°y"(@)))],—, =0,

spektral masalaning xos son va xos funksiyalari.

On the integration of the periodical CH-y equation with a self-consistent source

Babajanov B.A.!, Atajonov D.0.2, Sultanova M.U.?

1.23Urgench State University named after Abu Raykhan Beruni, Urgench, Uzbekistan
diwa_4848@mail.ru

In 2001, Dullin et al. presented and studied all smooth, peaked solitary wave solutions of
the generalized Camassa-Holm equation

U + Co Uy + 3uuac - a2<umazt + 2“1’“3:3: + uuacxa:) + Y Ugzr = 0 (1)

using the dynamical systems method [1], which is called the ~-Camassa-Holm (CH-v)
equation. Where «, ¢g,y are constant and a=0.
We consider the CH-v equation with a self-cocsistent source

+ ) ar(t)s (1, Aest) [ ga (2, 6) % (@, Ae ) + 2q(x, 1) (47 (%Ak,t))/} (2)

in the class of real-valued w-periodic on the spatial variable x function u = w (z,t) which
satisfy the regularity of assumption

ueC3(t>0)NCH{t>0)NC(t>0)
with the initial condition
u(z,0) = up(x), = € R, (3)

where ¢ = u(x,t) — Uz, (7, 1), uo () € C3(R) is the given real-valued 7 -periodic function and
y = Py (z, Mg, t) are the Floquet solution (normalized by the condition ¢4 (0, A, t) = 1) of
the weighted Sturm-Liouville equation

1
y' = Y Az, t)y, =€ R. (4)

We denote by ¢ (x, A, t) and s (x, A, t) the solutions of equation (4) satisfying the initial
conditions ¢ (0, \g,t) = 1,¢ (0, A\r,t) = 0 and s (0, \g,t) =0, s (0, Ar,t) = 1 respectively.
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Here )\, is zeros of the function A% ()\) — 4, where A (\,) = c(m, A\, t) + 8 (7, A\, t). In
system (2), ax(t), k € Z, can be chosen freely within the class of real-valued continuous
functions having uniform asymptotic decay oy = O (k%) , k — +o0.

Note that problem (2)—(4) for v = 0 was solved in [2| using the inverse problem method.

The aim of this work is to provide a procedure for constructing the solution w (zx,t),
g (x, A\, t) of the problem (2)-(4) using the inverse spectral theory for the weighted Sturm-—
Liouville equation (4).

Under this assumption the spectrum of the weighted Sturm-Liouville equation (4) is
absolutely continuous and coincides with the set [2,3]

E:{)\ERZ —QSA()\>§2}:[)\0, >\1]U[)\27 /\3]UU[>\2H, )\2n+1]-~'

The intervals (—oo, Ag), (Aan_1, A2n), n > 1 are called the gaps or lacunas.

We denote by &,,n > 1 the zeros of the function s(m, A, ¢). Notice that , coincides
with the eigenvalues of the Dirichlet problem for equation (4). Moreover, the inclusions &, €
[)\Qn_l, )\QTL] and the equality

s(m, \t) = 2shg£[1 (1 - %) (5)

are fulfilled.

The quantities &,,n > 1 with the signs o, = sign{s' (7, &,,t) —c(m, &, 1)}, n > 1 are
called the spectral parameters of the weighted Sturm-Liouville equation (4).

The boundaries A, of the spectrum and the spectral parameters &,, o, are called the
spectral data of the weighted Sturm-Liouville equation (4). The determination of spectral
data of (4) is called a direct spectral problem and conversely, the restoration of the coefficient
q(z) of (4) by spectral data is called an inverse spectral problem.

The main result of the paper is stated in the theorem below.

Theorem 1. Let u(x,t) and v¢4(z, A\,,t) be solution of the problem (2)-(4). Then
the spectrum of the problem (4) does not depend on ¢, and the spectral parameters
En =60 (t), 0, =0,(t), n>1satisfy the analogue of the system of Dubrovin equations

dé, (1 11 11 = Guap(t)s (7, Mg, t)
%_<£_§Z§+ZZ)\:+7+Z £ AL }hn(£)7 (6)

where

1 (-¢)

j#n, j=1

The sign o, (t) = +1 changes at each collision of the point &,(t) with the boundaries of its
gap [Aen_1, A2n]. Moreover, the following initial conditions are fulfilled:

fn(t”t:o = 27 Un(t)|t:0 = g’rOL’ n =1, (7)

where £°, 0% n > 1 are the spectral parameters of the weighted Sturm-Liouville equations

(4) corresponding to the coefficients g (x) = u (z,0) — Uy, (z,0).

LITERATURE
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On the integration of the periodical CH-vy equation with an integral type source

Babajanov B.A.!, Atajonov D.0.2, Yakubova M.Z.?

1.23Urgench State University named after Abu Raykhan Beruni, Urgench, Uzbekistan;
diwa_4848@mail.ru

In 2001, Dullin et al. presented and studied all smooth, peaked solitary wave solutions of
the generalized Camassa-Holm equation

Up + Co Uy + Uty — a2<umxt + 2Up Uy + uuacxa:) + Y Uggxr = 0 (1)

using the dynamical systems method [1], which is called the ~-Camassa-Holm (CH-v)
equation. Where «, ¢y, y are constant and a#0.
We consider the CH-v equation with an integral type source

[T B s (A [awtw + 20040 )] @) 2

in the class of real-valued m-periodic on the spatial variable = function u = u (x,t) which
satisfy the regularity of assumption

weC3(t>0)NCH{t>0)NC(t>0)

with the initial condition
u(z,0) = up(x), z € R, (3)

where ¢ = u(z,t) — Uz (7,1), ug (r) € C3(R) is the given real-valued 7 -periodic function
and 1L = ¥y (x, A\, t) are the Floquet solution (normalized by the condition ¥4 (0, A,t) = 1)
of the weighted Sturm-Liouville equation

1
M=1y+M@JM,x€R. (4)

We denote by c¢(x, At) and s(x, A t) the solutions of equation (4) satisfying the initial
conditions ¢ (0,\,t) = 1,¢' (0,A,t) = 0 and s(0,\,t)=0, s (0,\,t) = 1 respectively. Here
A is zeros of the function A% ()\) — 4, where A (\) = c¢(m, A\, t) + s (7, A t). In system (2),
ag(t), k € Z, can be chosen freely within the class of real-valued continuous functions having
uniform asymptotic decay oy = O (k%) , k — 4o0.

Note that problem (2)—(4) for v = 0 was solved in [2| using the inverse problem method.

The aim of this work is to provide a procedure for constructing the solution wu (x,t),
ty (x, A\, t) of the problem (2)-(4) using the inverse spectral theory for the weighted Sturm-—
Liouville equation (4).
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Under this assumption the spectrum of the weighted Sturm-Liouville equation (4) is
absolutely continuous and coincides with the set [2,3]

E={AeR —2< AN <2} =g, MU Ag] U+ U ans Agsa] - ...

The intervals (—oo, Xg), (Aan_1, A2n), n > 1 are called the gaps or lacunas.

We denote by &,,n > 1 the zeros of the function s(m, A, ¢). Notice that &, coincides
with the eigenvalues of the Dirichlet problem for equation (4). Moreover, the inclusions &, €
[Aon_1, A2,] and the equality

s(m, \t) =2sh= H(l——) (5)

are fulfilled.

The quantities &,,n > 1 with the signs o, = sign{s' (7, &,,t) —c(m, &, 1)}, n > 1 are
called the spectral parameters of the weighted Sturm-Liouville equation (4).

The boundaries A, of the spectrum and the spectral parameters &,, o, are called the
spectral data of the weighted Sturm—Liouville equation (4). The determination of spectral
data of (4) is called a direct spectral problem and conversely, the restoration of the coefficient
q(z) of (4) by spectral data is called an inverse spectral problem.

The main result of the paper is stated in the theorem below.

Theorem 1. Let u(x,t) and t.(x, A\, t) be solution of the problem (2)-(4). Then
the spectrum of the problem (4) does not depend on ¢, and the spectral parameters
En =60 (t), 0, =0,(t), n>1satisfy the analogue of the system of Dubrovin equations

6, [1 11 11 £ 7TM)
E—(E‘E;f‘ Z;A_ / dx}hn@), (6)

én én
ot (1-%) T2 (1 585) (1- )
(%)
j#n, j=1
The sign o, (t) = +1 changes at each collision of the point &,(t) with the boundaries of its
gap [Aan_1, A2n]. Moreover, the following initial conditions are fulfilled:

gn(t)ltzo = 27 Un(t)|t:0 = 027 n=>1, (7)

where £°, 0% n > 1 are the spectral parameters of the weighted Sturm-Liouville equations
(4) corresponding to the coefficients g (x) = u (z,0) — Uy, (z,0).

where
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Unique Solvability of the Cauchy Problem for Klein-Gordon-Fock Equation
with Loaded Term

Baltaeva U.1.!, Egamberganova Z. A.?

Khorezm Mamun Academy'?, Khiva, Uzbekistan;
umida_ baltayeva@mail.ru, z.egamberganova24@gmail.com

The following work investigates the single-valued solution of the Cauchy problem for the
generalized Klein-Gordon-Fock equation with Bessel operator[l| with n = 2, =0, A = 0,
and loaded term.

We consider the Cauchy problem of finding a function w(z,y,t) that satisfies the initial
conditions in the domain D = {(z,y,t) : z,y € R*,t € R}, z,y > t} for the Klein-Gordon-
Fock equation with Bessel operator and loaded term

Pu *u  O0*u  2a0u  2y0u

0,1 et S
LO,a(u) — o2 Ox2 ayg T Or T ay uu(x,yo,t) (1)

and
U(l',y,t)’t:() = (ﬁ(l’,y), x> 07 Y >0

ut(x7y7t>|t=0 - w(xay)a xr > 07 Yy > 0 (2)

where, ¢(z,y), ¥(z,y) and f(x,y,t) are given sufficiently smooth functions, «,~, u- real
constant numbers; o > 0, v > 0, yo > 0.

Theorem. If ¢(z,y) € C (@i) N C?(R%) and ¢(z,y) € C(R%), then the solution

u(z,y,t) to the Cauchy problem defined by (1) — (3) problem is unique and exists.
To solve the Cauchy problem, we seek the solution u(z,y,t) in the form of a sum [2]

u(z,y,t) = w(z,y,t) + v(z,y,t), (3)

where w is a solution to the problem (5)
2 2cv
Wyt + Tﬁwt - (wm + ?wz> + Nw = pw(x, yo, 1),

w(z,y, t)]i=0 = p(z,y), >0,y>0
wy(z,y,t) =Y(z,y), «>0,y>0. (4)

and, v is a solution (6)
2 2a
Uy + Tﬂvt - (U:tx + ?’Uz) + N = ,lﬂ)(i[, Yo, t)a

v(z,y, )0 =0, >0,y>0
'Ut(ZE,y,t):O, ZL‘>O7y>() (5)
we will handle the (5) problem and look for the solution

ZT, a)
u(z,y,t) = Jé’oy) (_ v )

L _1
2 2
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x X (y* —n?) " U(E, n, t)dEdt. (6)

In problems (5) and (6), we eliminate the singularity with respect to a and ~ using the
Erdelyi-Kober|3] operator in (7). As a result, obtain a Cauchy problem for a non-homogeneous
hyperbolic equation. To establish unique solvability of this problem, we use the Poisson
formula for one part and Duhamel’s method for the other.
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Algebraic-geometric methods for studying resonances in Hamiltonian mechanics
problems
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The study presents algebraic-geometric methods for investigating resonance conditions in
Hamiltonian systems with three degrees of freedom. The research focuses on the analysis of
formal stability of equilibrium positions in multiparameter Hamiltonian systems using their
normal forms under the condition of absence of resonances of small orders.

The main approach involves symbolic computation of resonance existence conditions for
arbitrary order resonances. For a given resonance vector p* = (r, ¢, 1), the resonance condition
is represented as a quadratic form in terms of roots py:

Ry (15) = q* 13 — 2¢*r2 s + 74183 — 2¢Ppapts — 2% s + i = 0.

Using power transformations and computer algebra methods (Maple packages), we
obtained polynomial parameterization of the resonance manifold:

pz = vr’(u + 2q)*,
2 2

o = vriu’,
g =v((g + Du+29)*.
The coefficients of the semi-characteristic polynomial are expressed as:
ay = —v[(2r* + (¢ + D*)u? + 4q(r* + ¢ + u + 4¢°(r* + 1)],
as = 112[(7“2 +2(q + DA)u* + 4q(r? + ¢* + 4q + 3)u®
FAG (1% + ¢ + 6g + T)u? + 16¢° (¢ + 1)u + 16¢*]
az = —r*v*u?(u(q + 1) + 2¢)*(u + 29)%.
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The research demonstrates that for the three-frequency resonance case with vector p* =
(1,1,1), the resonance manifold is described by the simple equation Rgl’l’l) = a? — 4ay = 0,
representing a parabola in the parameter space.

For the two-frequency resonance case p* = (¢, 1,0), the condition takes the form:

fi=(0"+ ¢+ 1%ag + ¢"(¢" + )%a5 + ¢'(¢* + 1)*ajas
—¢%aja3 — (¢ + ¢ + 1)(¢" + 4¢° + 1)ayazas = 0.

The practical application of the method is demonstrated on a model example of a two-
parameter pendulum-type system with three degrees of freedom. The mutual arrangement
of resonance curves corresponding to two-frequency (Rég’l’o)) and three-frequency (Rg’l’l))

resonances of the 4th order is analyzed:

S
RBLO — g _
4 b 2+ a’
RO — g
4o
RBLO) — g —
¢ p 1—4a’
R((f’l’l) = = 4a® + 4a,
8a(2 — )
R =g 22 )
b p (3w — 2)?

The research shows that the developed parameterization ensures that parameters A; and
Ay automatically fall within the stability region when using real parameter values. This
approach significantly simplifies the analysis of resonance manifolds’ mutual arrangement in
the parameter space and allows for the identification of stability regions free from strong
resonances.

The combination of symbolic computation methods with algebraic-geometric approaches
provides an effective tool for studying complex dynamics of Hamiltonian systems and
identifying regions of formal stability in multiparameter problems.
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Problems of integral geometry with truncated rays and singular weight
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Problems of integral geometry, where the values of integrals of an unknown function are
known over families of curves or surfaces, occupy a central place in mathematical analysis,
physics, and applied fields such as computed tomography, geophysics, and diagnostics. A
classical example is the problem of reconstructing a function from its integrals along straight
lines (the Radon transform), which is used, in particular, in medical imaging. However,
complications in the geometry of the integration set or the appearance of singularities in
weight functions lead to ill-posednessYin the sense of uniqueness, stability, or existence of an
inverse operator.

The fundamental foundations of the theory of ill-posed and inverse problems were laid in
the works of M.M. Lavrentyev, V.G. Romanov, S.P. Shishatsky [1], as well as in monographs
[2,3], where methods of regularization and classification of ill-posedness were developed.

In this paper, new formulations of integral geometry problems arising from data limitations
and the presence of a singular weight are considered. The motivation comes from applied
problems of tomography, physics, and geometric analysis.

Problem statement. We consider the integral relation:

L
/ s Pu(xy + scosa, gy + ssina, x3 + s)ds = f(x1, 29, T3, @),
0

rje:
e u(xy, Ty, x3) is the unknown function, finite and continuous in ;
e «a € [0,27] is the direction parameter;
e [ > 0 is the fixed length of the ray;
e (3 is the weight parameter, 0 < 5 < 1;
o f(x1,x9,x3,) is a given smooth function with compact support.

The goal is to reconstruct u in the domain 2 from the known right-hand side f.
In the second case, integration is carried out along curved rays:

vs(x) = (21 + scosa, xy + ssina, x5 + Y(s)),

and the integral has the form

L
/ s Pu(xy + scosa, zy + ssina, s +Y(s)) ds = f(x1, 19, T3, @),
0
where 1(s) is a strictly increasing smooth function:

W(s) = 52, parabolic trajectory;
| In(1 +5s), logarithmic deceleration.

Both models represent new problems of integral geometry with truncated trajectories and
singular weight. They extend the results of [4] and open the way to rigorous analysis of
stability and correctness.

Results

Within both formulations, the problem of reconstructing the function u(zy, xe, x3) from its
integrals along truncated rays with singular weight s, riie 0 < 8 < lhas been investigated.
The main achievements are as follows:

1. Straight rays
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A regularizing sequence of solutions along truncated straight lines has been constructed.

Logarithmic stability of reconstruction of u from the data fhas been proved, indicating
weak ill-posedness for 5 < 1.

Stability estimates in suitable functional spaces have been obtained.

Existence and uniqueness of a generalized solution are established under smoothness
and finiteness conditions.

2. Curved rays

e A new model of integration along parametrically defined curve v4(x) with a lifting
function #(s) is introduced.

A change of variables and reduction to a modified convolution problem with variable
kernel have been carried out.

It is proved that the problem retains logarithmic stability even under trajectory
curvature.

It is shown that the form of ¥(s) affects the operators behavior but does not violate
the general reconstruction mechanism, provided ) is strictly monotone and smooth.

Both formulations expand the class of known problems of integral geometry and
demonstrate the possibility of reconstruction from limited data in the presence of a singular
weight. The analysis methods include the construction of a Volterra-type operator equation
and the use of a priori estimates. The obtained results are consistent with the authors previous
studies on problems with nonclassical geometries and weights (see [4-6]).
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The boussinesq-type differential equation with non-local boundary conditions
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Let Q C R"™ be an arbitrary bounded domain with piecewise smooth boundary 0f2 and
T > 0. Consider in the cylinder Q x (0,7") the following equation

Uy — Auy —V*Au=0, z€Q, 0<t<T, (1)
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where parameter v is a positive number.
Let A be a positive self-adjoint extension of Laplace operator —A: Au = —Au, u € C§°(92).

(Au,u) > p(u,w), >0, ue D(A)

We assume that A has a compact inverse operator A~!. Let A\, and vi(z) be the eigenvalues
and corresponding eigenfunctions of the self-adjoint operator A:

Avg(z) = Mog(z), 2 €Q

According to our assumptions, p < A; < Ag... < A\ — 00 Set

Ak
Vp =V
b 14+ X
We consider non-local conditions
u(z,0) = u(x,T), (2)

u(x,T/2)/0 u(z,t) dt = o(x) (3)

Equations of the form (1) are known as linearized Boussinesq-type equations . A number
of studies Sh.A.Alimov and A.R.Khalmukhamedov are devoted to study of various problems
Boussinesq type equations. The present problem belongs to the class of Boussinesg-type
non-local boundary value problems and is closely related to [1]. The main difference is
that, whereas previous works primarily considered non-local conditions, the current problem
involves an integral condition (3), adding additional complexity to its formulation and
analysis. Earlier studies, in particular [1]-[3], focused on solving Boussinesq-type equations
using spectral methods, Fourier series expansions, and analytical techniques. The solution
methods remain similar to [1], but the integral condition introduces specific features that
require careful analysis.

We say that a function u(x,t) is a solution to the non-local problem (1), (2) and (3) if
the following conditions are satisfied:

1) u(z,t) € D(A) for all t € (0,T), and the function u(z,t) is continuous with respect to
t in the norm of L(2);

2) the function u(x,t) and Au(z,t) are twice continuously differentiable with respect to ¢
on the open interval (0,7) in the Ly(€2)-norm;

3) the function u(z,t) satisfies equation (1) and the non-local conditions (2) and (3).
Assume that, 0 < vT < 27.

Theorem. Let ¢ € D(A), then the solution of the problem (1), (2) and (3) exists and is
unique.

Solving method. We can rewrite (1) as

(I + A)uy + VAU =0

uy +12PAT+A) u=0, z€Q, 0<t<T (4)

Assume that wu(x,t) is solution of the problem (4), (2) and (3). Then, the spectral
decomposition of the solution has the form

u(a,t) = ex(t)u() (5)
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where

cp(t) = (u,vg) = / u(x, t)vg(z)de.

Q
We solve the problem with the method like a [1] Multiplying equation (4) by vg(x), we obtain

c(t) + vie(t) =0 (6)

ce(t) = agcosvgt + brsinyyt (7)

We add to this equation two conditions that follow from (2) and (3):

) =

By using these conditions, we can find a;, and by.
Hence, the solving of the problem (1), (2) and (3) exists and is unique.
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Shar sirtida chetlanuvchi argumentga ega Laplas tenglamasi uchun dirixle
masalasi
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Radiusi R ga teng bo’lgan sharda Laplas tenglamasini qanoatlantiradigan, shar sferasida
esa f(0,p) funksiyasiga teng bo’ladigan chetlanuvchi argumentga ega Laplas tenglamasi

uchun
2 1

Upp + ~up + —0u=0, R<r, (6)
T T
U(T, —Q, 9) = 07 U(T’, Q, 9) =0 (8)

chegaraviy masalaning yechimini topish masalasini kosI Urib chigaylik, bu yerda:

1
du = muw(—% 0) + ugo(,0) + ctgl - us (e, 0)
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kosI Urinishidagi Beltra-Laplas operatori, f(p,#) funksiyasi esa o argumenti bo’yicha juft
funksiya.
(1) tenglamaning yechimini o’zgaruvchilarni ayirish usuli yordamida

u(r,,0) = X(r)V(p,0)

ko’paytmasi tarzida izlaymiz. Buni (1) tenglamaga qo’yib, o’zgaruvchilarini ajratgandan so’'ng
X(r) ga nisbatan
X, (r) = apr™ + byr— Y

kosI Urinishidagi yechimga ega bo’lamiz. Masala shar sferasi tashqarisida ko’rib
chigilayotganligi uchun a,, = 0 deb X,,(r) ning X,,(r) = b,r~™*Y giymatini tanlab olamiz.
V (g, 0) ga nisbatan paydo bosI Yladigan

1 0%V N o*V N cos OV N
sin?0 9¢? 902  sinf 00

nn+ 1)V =0

tenglamasining yechimini V' (¢, #) = ®(¢)$2(0) ko’rinishda izlasak, unda €2(f) ga nisbatan
Q™) = P"™(), m=0,1,...,n; n=0,1,2,...

ko’rinishidagi yechimga ega bo’lamiz, bu yerda P,gm)(ﬁ) Lejandr funksiyasi.
Chetlanuvchi argumentga ega differensial tenglamani yechish orqali anigqlanadigan ®(y)
funksiyasiga nisbatan (3) chegaraviy shartlarni hisobga olib

() + 1 0(—p) = 0,
O(—a)=d(a) =0
chegaraviy masalaga ega bo’lamiz. ®(¢) ga nisbatan bu chegaraviy masalaning yechimi

2m + 1
®,,(p) = By, cos ww, m=0,1,2,..,
(0%

bosI Ylib, V' (¢, 6) ga nisbatan

m(2m + 1)

Vi(.6) = ()7 (8) = By cos =

©P™ (cos 6)

yechimga ega bo’lamiz. Natijada (1) tenglamaning Fure ma’nosidagi umumiy yechimi

7(2m + 1) m
u(r, @, 0 Z Z r"+1 50 @ P\™ (cos §) =
n=0 m=0
Crmn m(2m + 1) (m)
= nz%mzzo o o o P (cos 6) 9)

ko’rinishga ega bo’ladi, bu yerda c¢,,,, = b, B,,.
Noma’lum koeffitsiyentlar (2) chegaraviy shart bo’yicha

Crnm m(2m + 1) (m)
Z Z Rn+1 200 (an (COS 9) = f<§07 6)

n=0 m=0
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tenglikdan

n—+1 2 1
—R / / f(g,0) cos (2m + )cpP,Em)(COSQ)Sianngp

YFrm 20
—a 0

ko’rinishda aniqlanadi, bu yerda

B 4oy N 2a(n +m)!
’ynm—{2n+1,m—0, 2n+1)(n—m)!’ m;é()}.

Cmn Ning bu qgiymatlarini (4) dagi o’rinlariga qo’yib, shar sirtidagi Dirixle masalasining
yechimiga ega bo’lamiz.
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Bukhara branch of the Institute of Mathematics named after
V.I.Romanovskiy,Bukhara,Uzbekistan;
ld.durdiev@mathinst.uz,?rajabovamadina@gmail.com

Let ;7 be the finite open domain on the plane of variables x, y consisting of the union
of two subdomains, ;7 = Qqr U Qg with

Our ={(z,t):0<z<l, 0<t<T}

l
le:{(x,t):—t<x§t+l, —§<t<0},
[, T- are fixed positive numbers. In this domain, we consider the equation
0u 11— sign tdu
Ox? 2 ot?
1+signtou 1+ signt
— - — t t) = t). 1
L TSI (e, ) = f()g(t) (1)
Equation (1) of mixed parabolic-hyperbolic type. For it, the line of change of type t = 0 is a
characteristic (parabolic degeneration of the second kind ).
Direct problem. Find a solution of equation (1) in the domain 7 that satisfies the
following boundary conditions:

u|x:O - Qpl(t)a u|x:l = SDQ(t)’ l e [OvT]’ (2)

U =), ze {o, %] | (3)
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where (%), ¢2(t), () are given functions.

Definition. By the solution (classical) to the direct problem (1)-(3) we mean a function
u(z,t) in the class C' (Qur) N CH(Qr) N 7 (Qur) N C? (Qy) that satisfies equation (1) and
conditions (2), (3), where Qi = {(2,t): 0< 2 <[, 0<t<T}U{(x,t) : -t <o < t+
I, —L <t <o}

Throughout this paper, with respect to the given functions, we will assume that the
following conditions are satisfied:

(BL) (p1(t), walt)) € CU0,T], w(a) € €2 [0,4]

(B2)  ¢1(0) = 4(0) = 0, #2(0) = 0;

(B3) f(), q(t) € C0, T, f(zo) £0;

Using the above results, we obtain the following assertion.

Theorem. Let condition (B1)-(B3) be satisfied and I||¢||cjo,r; < 1. Then there exists a
unique solution of the direct problem (1)-(3) in {2;7.
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An initial-boundary value problem for one dimensional heat equation with
involution

Durdiyev D.K.!, Rashidov R.R.?

L2Bykhara State University, Bukhara, Uzbekistan;
lrashidovravshanbek6@gmail.com, urdimurod@inbox.ru

Differential equations with modified arguments are equations in which the unknown
function and its derivatives are evaluated with modifications of time or space variables; such
equations are called in general functional differential equations. Among such equations, one
can single out equations with involutions.

Definition: A function «(x) # x that maps a set of real numbers, T', onto itself on I" the
condition
ala(z)) =z or o l(z) = ar)

is called involution on T'.

Consider the non-homogeneous heat equation

(@, 1) = Upy (7, 1) + U (=2, ) + q(t)u(z,t) = f(2,t), (,t) € (1)
initial condition
u(z,0) = ¢(x), x€[—m, 7, (2)
boundary conditions
u(—m,t) =u(m,t) =0, t€[0,T] (3)

where h(z), g(t) are given and enough smooth functions, ¢ is a nonzero real number such
that |¢|] < 1 and Q is a rectangular domain given by Q := {(z,t)| — 7 <z <7, 0<t <T}.
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Suppose that the data of the problem (1)-(3) the functions satisfy following assumption: The
functions ¢(x) and f(z,t) and satisfy the following assumptions

A1) p(x) € C?[—m, 7], ¢*(z) € L*[-,7], p(—7) = p(7) = 0;

A2) f(z,t) € C(Q), f(z,t) € L2(Q).
Theorem: If ¢(t) € C[0,7] (Al)-(A2) are satisfied, then there exists a unique solution to
the direct problem (1)-(3) u(z,t) € CZ}(2) N CH(Q).
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Inverse Problem for a Mixed-Type Equation with Fractional Derivative

Duysenbaev R. S.

Tashkent state technical university named after Islam Karimov, Tashkent, Uzbekistan;
ruslanduysenbaev.0299Qgmail.com

In this work, we consider an inverse problem for a mixed-type equation with Rimann-
Liouville type derivatives involving involution. This inverse problem is close to that
investigated in [1]. Together with the solution it is necessary to find an unknown right-
hand side of the equation. In work [3]|, by authors was considered a process that is so slow
that it is described by an evolutionary equation with a fractional time derivative. Thus, this
process is described by equation

tPDYD(x,t) — Opp(z,t) + ePpp(—x,t) = f(z), a+ >0,

in the domain Q = {(z,t) : —7# <z <, 0 <t < T}.. Here, f(x) stands for an external
source that does not change with time; ¢ = 0 is an initial time point and ¢ = T' is a final one.

Different problems for differential equations with involutions have been studied by many
authors, as A. Ashyralyev [2], M. A. Sadybekov [3]|, A.Andreev [4], M.Sh Burlutskayaa [5]
and others.

As far as we know, direct and inverse problems for a mixed-type equation with involution,
including fractional derivatives, have not been investigated before.

In this work, we state an inverse problem for a mixed-type equation with Rimann-Liouville
type derivatives involving involution.

We consider

Dgu(m,t) — artPuge(x,t) + agtPus, (1 — x,t), >0,
flz) =
Ut — Ugy, t < Oa

where, D, is Rimann-Liouville derivative,

1 d [ a
Dgt (t) = ma/o (t — S) f(S)dS, 0<a<l,
a,f, a;, (i = 1,2) are nonzero real numbers such that, 0 < a« < 1, a+§ > 0, a; > 0,
las| < a; and  has two different domains (2 = QT U Q™). The first of them is Q" = {(z,?) :
0 <z <1, t>0}. The second domain is {27, that located in the lower half-plane (¢ < 0)
and bounded by characteristics AC : . +¢t =0, BC :xz—t =1, and the segment [0, 1] of
the straight line t = 0. Our aim is to find a regular solution to the following inverse problem:
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Problem [ P. Find a pair of functions u(x, t) and f(z) in the domain (2 satisfying equation
(1), the conditions

u(0,t) =u(l,t) =0, t>0,
w(z/2,—x/2) = p(x), 0<x<1, (3)
Uy (z, —x) +uy(x, —x) = Y1 (x), =€ [0, %} , (4)
uy(r,x — 1) —uy(z,x — 1) =s(x), =€ B,l} ) (5)

and on line £ = 0 the gluing conditions

lim ¢ “u(z,t) = lim u(z,t), 0<x <1,
t—+0 t——0

: l—a/pl—« 1
tl_lg_lot (" u(z,t)), = tl_l)rflout(x,t), 0<z<l
where ¢(x), 11 (), () are given functions, and ¢} (3) = =4 (1) .

Unique solvability of the formulated problem was proved, using Fourier series, the solution
of Cauchy problem and integral equations. To find unknown function f(z), we use additional
conditions (4) and (5).
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Kernel Determination Problem for a One-Dimensional Pseudoparabolic
Equation
Elmuradova H.B.

Bukhara State University, Bukhara, Uzbekistan;
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Let Il = {(z,t)|0 < x < 1, 0 < t < T} be a rectangle domain. In this present paper,
we consider the following inverse problems of determining a pair of functions {u(zx,t), k(t)},
which satisfy the non-linear 1D pseudoparabolic equation.

U (2, 1) — Ut (T, 1) — Ugp(,t) = /0 k(t — T)u(z, 7)dr in 17, (1)

the initial condition
u(z,0) =p(r), 0<x <1, (2)
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the Dirichlet boundary condition
u(0,t) = u(l,t), wu,(l,t)=0, 0<t<T, (3)
and the overdetermination condition
u(zo, t)de = f(t), 0<t<T, (4)

where f(t) differentiable, given function.
The problem of determining

u(z, ) € Yir = C2{(Ilr) N C(Tly) (4)

from (1)-(3) with given k(t) and ¢(z) is called the direct problem for a 1D pseudoparabolic
integrodifferential equation, where Iy = {[0,1] x [0,77}.

Inverse problem: Given the initial data ¢(z) and f(t), to find the pair of functions
u(z,t), k(t), satisfying to (1)-(4).

Definition. The pair of the functions {u(z,t), k(t)} is called a classical solution to the
inverse problem, if

u(z,t) € Yip, and k(t) € C'0,T]

and satisfying every relation of the system (1)-(4) at every point of the corresponding domain.
The solvability of the inverse problem (1)-(4) is based on the construction of a bi-
orthogonal system.
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On the nonexistence of global solution of a fractional in time and space
evolution equation

Fadillah M. R. !, Kirane M. !

Department of Mathematics, College of Computing and Mathematical Sciences, Khalifa
University of Science and Technology, Abu Dhabi, United Arab Emirates
Corresponding author: m.rizki.fadillah@gmail.com

We study the non-existence of non-trivial global solutions of the following equation:

Diytu— o) + (=21l = (s [ (6= o) as) Jor

posed in RY x (0,7) subject to the initial condition u(z,0) = wuo(z) € Co(RY); where
a,v € (0,1), B € (0,2), p,q € (1,00), 1 <m < p, and Dfj, denotes the Riemann-Liouville
fractional derivative with order a. We found the conditions of the exponents p, ¢, r for which a
non-negative, non-trivial global solution does not exist. Our method uses nonlinear capacity
as introduced by P. Baras and M. Kersner which utilizes a weak solution and a suitable test
function to obtain a contradiction.
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An inverse problem for a mixed-type second-order differential equation

Fayazov K.S.!, Juraeva D. Sh.?

Turin Polytechnic University in Tashkent, Tashkent, Uzbekistan;
kudratillo52@mail.ru, jurayevadildoral998@gmail.com

In this work, we consider an inverse problem for a mixed-type second-order partial
differential equation. A boundary value problem is given for a non-homogeneous hyperbolic-
elliptic type differential equation. The goal is to determine the right-hand side function using
additional conditions.

Statement of Problem. Let 2 = (—1,1) x (0,7). The functions u(z,t) and f(z) which
are related in the domain €2, are required to satisfy the equation

g (x, t) — sign(x) Uz, (x,t) = f(x). (1)
Find functions u(x,t), f(x) satisfying equation (1), the boundary
w(£1,6) =0, 0<t<T, 2)

the initial
U((L’,O) = 901($)a U,x(l',()) = 902<x)7 —1 S x S 1a (3)
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the final
u(z, T) = @3(x), —-1<z<1, (4)

and the gluing
u(—0,t) = u(+0,t), u,(—0,t) =u,(+0,¢), 0<t<T (5)

conditions, where (), ps(x), and p3(x) are sufficiently smooth given functions.
We show the existence and uniqueness of the solution to the problem. Then, using the
additional condition, we determine the function f(z).
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Bir o’lchamli fazoda o’zgaruvchan koeffitsiyentli issiqlik tarqalish tenglamasi
uchun qo’yilgan nolokal boshlang’ich-chegaraviy masala

Hamroqulova Sh.

Bukhara State University
shaxnozahamroqulova3d2@gmail.com

Qsr = {(z,t) |0 <z <s(t),0 <t <T} sohada quyidagi issiqlik tarqalishi tenglamasi
uchun boshlang’ich chegaraviy masalani qaraymiz. Bu masala ushbu

U (2, 1) — Uy (2,8) = q(O) u(x,t) + f(2,t), (x,t) € Qsr, (1)

tenglamaning

uw(0,t) =0,u(s(t),t)=0, te(0,7). (2)

chegaraviy va
u(x,0) =wug (z), z €10,50], s(0)=350>0,5(t) = —pu, (s(t),t), t € (0,T) (3)

shartlarni qanoatlantiruvchi yechimini topishdan iboratdir.

Mazkur ishda bir o‘lchamli fazoda o‘zgaruvchan koeffitsiyentli issiqlik tarqalish tenglamasi
uchun nolokal boshlang‘ich-chegaraviy masala o‘rganilgan. Masalani tahlil qgilishda avvalo
fazo o‘zgaruvchisi bo‘yicha almashtirish bajarilib, ekvivalent masala olingan. Keyinchalik,
olingan yechimni fazoviy o’zgaruvchi bo‘yicha differensiallash orqali yangi o‘zgaruvchi kiritildi
va masala ushbu yangi o‘zgaruvchiga nisbatan ekvivalent shaklga keltirildi. Ushbu masalaning
yechimi mavjud va yagonaligi isbotlandi.
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Solving the Cauchy problem for the loaded extended fifth-order modified
korteweg-devries equation

Hoitmetov U.A.!, Sobirov Sh.K.?, Matyokubova M.Eio?

Urgench State University named after Abu Rayhan Biruni, Urgench, Uzbekistan;
shexzod19942@mail.ru!

This study examines the fifth-order extended loaded mKdV equation. Specifically, the
following equation is analyzed:

U 46Uty + Ugy + B U(20, 1) (30U, 4+ 100 + 40Ut 1y, + 10610, + Uppres )+

+y(u(zr, u, =0 (1)

where 3(t) and 7(t) are continuously differentiable prescribed functions zg, 21 € R.

Equation (1) is investigated under the initial condition
u(z,0) = uo() (2)

where the function uy(z) (—oo < x < 00) satisfies the following criteria:

2¢|x| 0
up()| e < ——m,
| 0( )| (1 + \:C])HC

for positive constants € > 0, ( > 0, and ¢ > 0.

The Dirac-type operator

£(0) =i ( & _“0537))

—w(r) g

possesses exactly N simple eigenvalues 01(0), 02(0),...,0n5(0) in the upper half-plane and
lacks spectral singularities. The solution u(x,t) is assumed to exhibit sufficient smoothness
and sufficiently rapid decay as x — +o00, quantified by the condition:

MD dx < oo0. (4)

5

[2m(x

k=0

oxk

The central aim of this work is to derive explicit representations for the solution of
the problem (1)-(4) using the inverse scattering transform (IST) framework applied to the
time-dependent Dirac operator
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Thus, we have proved the following theorem.
Theorem. If the functions u(z, t) are a solution to the problem (1)-(4), then the scattering
data of the operator £(t) with the potential u(x,t) vary with ¢ as follows:

don —
=" — =1.N:
g =LA
det(o,t
- (ng, ) = (—32i0°B(t)u(zo, t) + 8io® — 2ipy(t)u(x1,t)) v+ (0,t), Imo=0;
e, . L
o = (=320, 8 (t)u(wo, 1) + 8ig, — 2ion(t)u(w1, 1)) Eu(t).

Algorithm

Let the function be given, satisfying the condition (3). Then the solution to the problem
(1)-(4) is found using the following algorithm. Solve the direct scattering problem with initial
function , obtaining scattering data

{t7(0,0), 0 €R; 04(0), Img > 05 €(0), k=1,N}

for the operator £(0).
Determine the time-evolved scattering data for ¢ > 0, using Theorem:

{t"(0,t), 0 €R; 0i(t), Imgy(t) >0; €(t), k=1, N}.

Solve the inverse scattering problem using the Gelfand-Levitan-Marchenko integral equation
method. Namely, restore the unique solution u(z,t) from the scattering data obtained in the
previous step for ¢ > 0.
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On uniqueness of the solution of inverse problem

Ibrohimova D. E.!, Islomova M. N. 2
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dilbaralikuloval997@mail.com, professormarjona25@gmail.com

Consider a Hilbert space H with dot product (u,v) and norm |ju| = +/(u,u).Let
A : H — H be a self-adjoint operator:

A= /+OOAdP(>\).

—00
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Consider for 0 < p < 1 and T" > 0 equation
DPu(t) = Au(t), 0<t<T. (1)

with initial condition
u(0) = ¢. (2)
For any T' > 0 we denote by C([0, 7] — H the Banach space of vector-functions u : [0, 7] — H

which continuously depend on t € [0, 7] in the norm of Hilbert space H. The norm in
C([0,T] — H we define by equation

lullz = max flu(t)]

Analogously, we denote by C'([0,7] — H )thelinear space of vector functions
w: [0,T] — H such that their derivatives u/(t) continuously depend on t € [0, T7.

We say that w(f) is a solution of the Cauchy problem (1)—(2) if
ue C([0,t] = H)NnCY((0,T) — H) and equations (1) and (2) are fulfilled.

The problem (1) — (2) is known as the direct problem. We consider the following inverse
problem.

The time-inverse problem: given 7' > 0 and ¢» € H such that the solution u(t) of the
Cauchy problem (1) — (2) satisfies equation

uw(T) = 1. (3)

Weprove the uniqueness of the solution of this time-inverse problem. We introduce the
resolving evolutionary operator

G(t)¢ = u(t), (4)

where u(t) is the solution to the Cauchy problem (1) — (2).
Theorem 1. For any T > 0 there exists set of quasi converting operators
{B(T)} : RanG(T) — H} such that for any ¢ € H

lim {|¢ — Be (T) G (T) ¢[| = 0. (5)

e—0t
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Evasion from many pursuers in a differential game with integral constraints
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This work is devoted to the study of an evasion game of one evader from many pursuers
when the controls of pursuers and evader are subject to integral constraints. The control
resources of the players change linearly depending on time. The game is considered in space
R™. We construct a strategy for the evader which guarantees the possibility of evasion. It
is enough to consider the game in R?, the case when R" is analogous. Let the dynamics of
pursuers z; and evader y be given by the following equations

T; = Uy, .’L’Z(O) = Ty, 1 = 1,2, "'7M7
y =, y(O) = yO:

(1)

where ;, 7,0, Ui, Y, Yo, v € R, x40 # yo, u; and v are control parameters of the pursuers and
evader, respectively.

Definition 1. The measurable functions w;(t) and v(t), t > 0, that satisfy the following
integral constraints

¢ ¢
/|ui(s)|2ds <pit,i=1,.., M; /|v(s)|2d3 < o’t.
0 0

are called controls of the ith pursuer and evader, respectively.

Definition 2. A function (¢,z1,...,xp, Y, U, ..oy upr) V(6 21, ooy Tag, Yy Un,y ooy upg), Vo
[0; +00) x R¥™M*+2 — R? is called a strategy of the evader if the initial value problem (1)
has a unique solution (z1(t),...,zp(t),y(t)) with v = V(t, 21, ..., 20 (t), y, u1, ..., upr(t)) and
arbitrary admissible controls u = w(t), ..., ups(t) of the pursuers.

The behavior of the pursuers are arbitrary, which means that the pursuers apply any
admissible controls, while the evader applies a strategy.

Definition 3. We say that evasion is possible in game (1) if there exists a strategy V' of
the evader such that, for any controls of pursuer, z;(t) # y(t) for all t > 0, i =1,2,..., M.

Let

mo
jk: U[Tj77—]{]7 jm0+17é®7 k:1727"'7m0'
j=k
where my is a positive integer.
We define the function
r:[0,7] —{0,1,2,...,mp}

by the following equation

r(t) =

0, tel0,T]\Ji,
k7 tE[Tk7T]:;)\\7k’+1’ k:1,2,...,m0,
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formo>1, k=1,2,...,(mg—1).
This function has the following properties:

Dort)=Fk mn<t<m, ifnln,,.
2) r(t) =k, 1 <t<Tpe1, if T <7l

We construct a strategy for the evader. Let u;(t), ¢ = 1,..., M, be arbitrary admissible
controls of pursuers:

where Ty = L maxi << [y3 — 22,
v(t) =Vo(t) = (0,a+ U(t)), tel0,T]\ 1, (2)
u(t) = Vi(t) = (Va(t), a + U(1)), t€[0,T]N T, (3)
v(t)=(0,U(t)), t>T, (4)

where

r:r(t)a Vk(t) = (Vkl(t>7a+U(t))7 Tk <t<7—l;7 kEI:{l,Z,...,m},

M 1/2
vm<t>={“'“’““)" gz U<t>=<2u?2<t>) .

—(a+ [up (D)), yi(m) < 71y (T2

Theorem. If
pi+ ot i < 0P

then evasion is possible in game (1).
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Optimal control theory is a vital branch of mathematical analysis that focuses on
determining control functions to steer dynamic systems in the most efficient manner. This
study investigates optimal control problems governed by ordinary differential equations and
provides a theoretical framework based on Pontryagin’s Maximum Principle and second-order
sufficient optimality conditions.
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Problem Statement. Consider the controlled dynamical system:
o'(t) = g(t, z(t),ut)), telab], x(a) =,

where x(t) € R" is the state vector, and u(t) € U C R™ is the control function subject to
the constraints:
a<u(t) < B, foralmost every t € [a,b].

The goal is to minimize the performance index:

b
J(u) = / Lt, (1), u(t)) dt,

where L is the running cost.
To solve this problem, we employ Pontryagin’s Maximum Principle. Define the Lagrangian
functional with an adjoint variable ¢(t) as a Lagrange multiplier:

L(x,u, ) =/ [L(t (), ut) — ()" (2/(t) — g(t, (t), u(t))] dt.

The adjoint equation associated with the system is:

1) = D20, 2(0), 1) (1) + O (1 2(1) u(t)), p(B) = 0.

The optimal control u*(t) satisfies the minimality condition of the Hamiltonian:
* _ : T
u*(t) = arg in {L(t,x(t),uw) + o) gt z(t),u)} .
Consider the linearization of the system around (z, u):

(1) = ga(t)z(t) + gu(t)u(t), x(a) =0.

The second variation of the functional is given by:

52J—/ [:c(t)TA(t):c(t)+23:(t)TB(t)u(t)

—l—u(t)TC’(t)u(t)}dtzé/ l|u(t)||?dt,

where )

At) = S5 (L + 6T g) 0, 2(0), 5(0)),
2

B(t) = L+ g)(t,z(t), ult

(1) = oo (L + 7 g) (1, 2(0), 3(1),
02 P
C(t) = 5 (L + ¢ g) (0. 2(0),5(0)).
A sufficient condition for local optimality is the strong Legendresl YClebsch condition:
0*L 0?g

——(t,2(t), a(t) + () "= (¢, 2(t),a(t)) > § > 0,
O 07 (0), (1) + ()T S (1), 0(1)) >
holding almost everywhere on [a, b].

In conclusion, the combination of Pontryagin’s Maximum Principle and second-order
sufficient optimality conditions provides a rigorous framework to characterize and compute
stable optimal controls for systems governed by ordinary differential equations.
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Identification of the kernel in a semilinear integro-differential parabolic problem
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Let Q C R? with d > 1, be a bounded domain with a sufficiently smooth boundary
0€). In this paper, we study the following initial-boundary value problem for a semilinear
integro-differential parabolic equation

u(x,t) + Lz, t)u(z, t) + c(t)u(z,t)

:/0 k(s)u(z,t — s)ds + f(x,t,u, Vu), (z,t) € Q, (1)
u(xvt)|t:0 = gb(l‘), S ﬁ? (2)
Bu(z,t) = g(x,t), (xz,t) € 9 x (0,T], (3)

where @ = Q x (0,7] and T is a fixed positive constant, the asymmetric elliptic operator
with space-time dependent coefficients is defined by

L(z,t)u =V - (—A(x,t)Vu — b(x, t)u),

and
A(SL’, t) = (aij<xa t))i,j:l,“.,da b(l’, t) = (bl (.T, t)? L) bd<x7 t))T
Moreover, the boundary operator Bu is defined by

Bu = (—A(z,t)Vu — b(z, t)u) - v,

where v is the unitary outer normal vector of 0f2.
Our goal is to determine the kernel k(t), t > 0, together with u(z,t) as a solution to the
problem (1)-(3), under the additional integral measurement:

/ uw(z,t)de =m(t), 0 <t <T, (4)

which represents the population density over the domain €2 at time ¢. In other diffusion-related
applications, condition (4) corresponds to the specification of mass [1].

This work addresses a semilinear integro-differential parabolic problem in a bounded
domain, where the time-convolution kernel is unknown. The missing time-dependent kernel is
reconstructed using an additional integral measurement. Due to the equation’s nonlinearity
and the presence of a principal part operator that depends on both space and time, this
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inverse problem is both novel and mathematically significant. The problem is discretized
in time using the backward Euler method. For each time subinterval, the resulting elliptic
problems are shown to admit unique solutions by applying the Lax-Milgram theorem.
Fundamental energy estimates for the unknowns are established using Gronwall’s inequality,
along with the coercivity and continuity properties of the elliptic operator. The existence
and uniqueness of a weak solution are studied via Rothe’s method, a well-established
technique for such problems. Furthermore, the convergence of the discrete iterates to the
exact solution is rigorously demonstrated. The numerical results confirm that the proposed
algorithm effectively reconstructs the unknown kernel function and the solution u(x,t) with
high accuracy. The numerical solution closely matches the exact analytical solution, thereby
verifying the correctness and convergence of the method. Overall, the numerical procedure is
both robust and efficient for solving inverse problems of this type, and it provides a reliable
framework for further extensions to more complex systems or higher-dimensional settings.
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In a vertical half-strip Q = {(x,y) : —1 < & < 1,y > 0}, we consider the following
equation W
Uyy + Y™ (U (T, Y) + € - Una(—1,9)) = 0, (1)

here e, m are given real numbers and € # 1, m > 0.
Problem. To find the solution u(z,y) of the equation (1) with the following properties:
1) u(z,y) € C(Q) NCHQ);
2) satisfies equation (1) in the domain £2;
3) satisfies the conditions:
lim u(z,y) = Ouniformly inz € [—1,1],

Yy—+00

ue(—1,y) = 01(y), us(1,y) = 2(y), y 2 0,
u(z;0) =7(x), —1 <a <1;
4) uy(z,y) uniformly bounded for y — 400 in x € [—1,1].
Here ¢1(y), p2(y), 7(x) are given functions.
In this paper, we investigate the solvability of a boundary value problem for a nonlocal

degenerate elliptic equation in a vertical half-strip, where the nonlocal operator is defined
using involutive mapping with respect to a spatial variable.

LITERATURE
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The method of potentials for the heat equation with involution
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In domain Q = {(z,t)| —a < z < a,0 < t < T} we consider the heat equation with
involution
(T, 1) = Uge (T, 1) + U (—2, 1), (1)

here o, T are given positive real numbers, ¢ is given arbitrary real number, € # 1.
Problem. To find the solution u(z,t) of the equation (1) from the following class of
functions: u(z,t) € C(Q) N C2, (), that satisfies the following initial condition

u(z,0) = p(x), (2)
boundary conditions
u(_O‘7 t) = wl (t>7 u(a, t) = ¢2<t)7 (3)
where p(z),11(t) and ¥,(t) are given functions.
In this work initial-boundary value problem for the heat equation with involution is
considered. The uniqueness of problem proved using the apriory estimate. To prove the

existence of the solution, we conduct and investigate the properties of potentials, using which
we construct the solution of the investigated boundary value problem.
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In this paper, we consider the equation
2y
sgn(z + y) [Upe +sgny - Uyy| + U + ?UZ =0 (1)

in the domain D = Q x (0,¢), where v = const € R, and v € (—00,1/2), and  is a finite
simply connected domain of the plane xOy, bounded by the arc

go={(z,y): 2*+y*=1, >0, y >0}
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and segments
MM* ={(z,y):x =0, -1 <y <1},

M*P={(z,y):z—y=1,0<z<1}.

Let us introduce the notation: Qp = QN (y >0), & = QN {(x,y):y <0, x+y >0},
{(z,y) 2 +y=0,0<z<1/2}, OM = {(z,y):2=00<y <1}, OM* = MM*\OM,
0(0,0), M (0,1), M*(0,-1).

By a regular in domain D solution of equation (1), we mean a function U (z,y, z) from
the class

C(D)NnCH (DU{z =0})\(D1NDy))NC222(DyU Dy U Ds).
For equation (1) in domain D, we study the following problem:
Problem F®). Find a regular in domain D solution for equation (1) satisfying the

conditions
U(xvyvz) = Oa (xvy) € 5-0a z € (O,C),

U(0,y,2)=0, ye[-1,1], z€(0,¢),
U, (0,y,2)+ U, (0,—y,2) =0, ye (-1,0), z€]0,(],
U($7y70):f1($7y)7 U(xayvc):f2($ay)v (x,y)GQ,

where fi (z,y) and f; (x,y) — given functions.

The following theorem has been proven. 3

Theorem. Let v € (—o0,1/2) and functions f; (z,y) = f;(r,¢), j = 1,2, satisfy the
following conditions:

L fi(r, ) € C’;{g (ﬁ) ,1=1,2, where IT = {(r,0) : 7€ (0,1), ¢ € (0,7/2)};

I (0% /0¢¥) fi (r,m/2) = 0, (0% /0LF) fi (r,0) =0, j=0,3, k=0,6, | =1,2;

1L (07/9r7) fi (1,¢) =0, (0*/0r*) f1(0,) =0, =0,2, k=0,3, | =T1,2.

Then the solution to the problem F(!) exists, is unique and is determined by the formula,

f 00 0 _
Z Z Uf(l%(xayaz>7 (I>yaz)€D07 n7mEN7

n=1m=1

Ulz,y.2) =4 > 3 U (x,y,2), (x,y,2) € Dy, n,me N,
n=1m=1

o> Uﬁ% (z,y,2), (z,y,2) € Dy, n,m € N,
\ n=1m=1

where r? = 2% + y?, ¢ = arctg (y/z), J,(x)— Bessel function [1],

U,(L% (x,9, 2) = dpumduw, (Qum ) sin[(7/2 — @) wp] Vo (2)

() o ()

o, (oznm x? — y2) Vo (2)

y— 1 wn/2_ y_'_x wn /2
y+zx Yy—x

o, [anm Y2 — xQ] Vo (2)

dnm
2

Uih(x,y,2) =

dnm
2

U (2,y,2) =
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2v/2
\/7_T<]wn+1 (anm)’
Qpm— zeros of the function J,,, (z), w, = 2n + [(—1)" — 1] /2,
ﬁnm (Z) = an (Z> f2nm + [KI/Q—')/ (anmz> - an (Z) K1/2—y (anmc)} flnm7
_ 217 K, (1)
K 2 Z v
=T
Pom (2) = (2/0)1/2—v 11/2—7 (Oénmz>/jl/2—'y (anmc>a

['(z) is the Euler Gamma function [2], and [; (z) and K (z) are the Bessel function of the
imaginary argument and the Macdonald function of order [ [1], respectively.

dnm =

, v >0,
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Butun tartibli Bessel operatori qantashgan oddiy differensial tenglamani
almashtirish operatori yordamida yechish
Karimov SH.T.!, Boynazarov A.N.?
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Ushbu ishda RT = {z € R: x > 0} sohada quyidagi

) m
Aly(z) = (% + %% + /\2> y(x) = f(x), x>0. (1)

Bessel operatori qatnashgan iteratsiyalangan yuqori tartibli oddiy differensial tenglamaning
y9(0)=0, j=0,1,...,2m—1, (2)

boshlang’ich shartlarni qanoatlantiruvchi y(z) € C*™(0, 00) NC?™ 1[0, c0) yechimni topishga
bag’ishlangan Koshi masalasini qaraymiz.

Bu yerda f(x) - berilgan funksiya, v,A € R, v > 0, m € NJA,, = B, + \*, B, =
d?/da® + (v/x)(d/dzx) - Bessel operatori, AT, = A" A, \. Agar A = 0 bo'lsa, A, o = B,, va
agar v =0, A =0 bo'lsa, Agg = d*/dz* bo’ladi.

Koshi masalasini yechish uchun almashtirish operatorlari usulidan [1,2| foydalanamiz.
Almashtirish operatori sifatida Lowndes tomonidan kiritilgan [3, 4] quyidagi kasr tartibli
operatorni olamiz:

2x_2(a+n)
[(a)
bu yerda n,a, A € R va a > 0, n > —1/2. J,(2) - Bessel-Clifford funksiyasi [4].
Ushbu (3) operator quyidagi almashtirish operatori xossasiga ega [5]:
1-teorema. Agar o > 0,7 > —1/2, f(x) € C*"(0,b), b > 0; " [Bi]*! f(x
funksiyalar nol nugta atrofida integrallanuvchi va lin%)xQ”“(d/dm)[Bﬁ]kf(m) =0, k =
z—>

Ja(n,0)p(x) = / NE S A (\Waz =) ety dr, (3)

~—

0,m — 1, shartlar bajarilsa, u holda (3) operator uchun ushbu

[Byo + X0, @) f () = Ja(n, @) [By]" f(x),
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tenglik va zususiy holda A = 0 bo’lganda

[B;c-s-a]m 777ocf($) = Iy [B;C]mf(x)

tenglik o’rinli bo’ladi, bu yerda I, , = Jo(n, cv).
Faraz qilaylik, (1), (2) Koshi masalasining yechimi mavjud bo’lsin. Bu yechimni quyidagi
ko’rinishda izlaymiz:

y(@) = Jy(0,0)z(z) = 2;"(—;; /0 @2 - tz)o‘_lja_1<)\\/x2 - t2> 2(t) dt, (4)

bu yerda z(x) - yetarlicha hosilaga ega bo’lgan noma’lum funksiya, oo = /2.
Yuqoridagi 1-teoremani qo’llab (1)-(2) Koshi masalasini ushbu

M) (g) = F(z), = >0, (5)

tenglamaning

Z29(0)=0, j=0,2m—1, (6)

boshlang’ich shartlarni qanoatlantiruvchi yechimini topish masalasiga keltiramiz, bu yerda
F(z)=J,"(-1/2,a) f (x), Jy' (n,a) - (3) operatorga teskari operator.
(5)-(6) masalani yechimini quyidagi ko’rinishda topamiz:

2(x) = T F () = 57T 10, 0) f(2), (7)
bu yerda
R S L
I36@) = s [ =0 etr)a

- kasr tartibli Riemana-Liuvil operatori.
(7) ifodani (4) tenglikka qo’yib, kerakli hisob-kitoblardan keyin (1)-(2) Koshi masalasini
yechimini quyidagi ko’rinishda olamiz:

y(x) = A0, a)z(z) =

= r(zlm) /0 G)Qa (1;22;82)%_1[((5”’5“ (5) ds, )

bu yerda
K(z,s) = EOO ﬂEg(m m+a— 5+ k2m+ kw, o)
) e (2m)kk" ) 2 ’ [} )
52 N,
wzl—P,Uzz(l' —S),

Zs(a, b; ¢;w, o) -Gumbertning ikki o’zgaruvchili gipergeometrik funksiyasi.

Shunday qilib quyidagi teorema o’rinli:

2-teorema. Agar f(x) € C[0,00) bo’lsa, u holda (8) formula (1)-(2) Koshi masalasining
yagona yechimi bo’ladi.
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Yugqori tartibli giperbolik tenglama uchun Gursa masalasi

Karimov Sh.T.!, Mo’ydinov 1.M.?

Farg’ona davlat universiteti, Farg’ona, O’zbekiston;
Farg’ona davlat texnika universiteti, Farg’ona, O’zbekiston;
shaxkarimov@gmail.com, ilhommuydinov887@gmail.com

Ushbu maqolada yuqori tartibli iteratsiyalangan to’lgin tenglamasi uchun Gursa
masalasini Riman usuli bilan yechishni ko’rib chiqamiz. Buday masalani Riman usuli bilan
yechish ilgari o’rganilmagan.

Tekislikda (z,y); y =0, z+y = 0,  —y = 1 chiziglar bilan chegaralangan sohani )
bilan belgilab va bu sohada quyidagi tenglamani qaraymiz:

M= (- 5 ) wlen) =f @), meN 1)

bu yerda u (z, y) noma’lum funksiya, f (z, y) esa uzluksiz funksiya. B
Gursa masalasi. (1) tenglamani qanoatlantiruvchi u (z, y) € C*™ (Q)NC?™~! (Q) sinfga
teng va quyidagi chegaraviy shartlarni qanoatlantiruvchi u (x, y) funksiya topilsin.

ou

ulog = o (2), on, ok = ¢1(2),
5 -,
| =m0,
iy =t (@), S| = ui(a),
5 @ ] vt @)
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(Qp—soha ) sohani ichki gismida bo’lib, CEKF to’g’ri to’rtburchakdan iborat, bu yerda
ixtiyoriy C(xg, yo) € Q nuqta, CE va CF kesmalar esa harakteristik chiziglarga paralell
holda joylashgan),

bu yerda o (v), to(x), ¢1(2), 1 (1), @2(8), ¥2(x), Pmr(x), Y 1(z) berilgan
funksiyalar bo’lib, yetarlicha silliq bo’lgan funksiyalar, hamda

o) 0): ()0 (@) w0 -
() ()

shartlarni qanoatlantiradi. ny va ny lar xarakteristika chiziglariga o’tkazilgan normallar bo’lib,

ou ou n ou 3
— = — cosa + — cos 31,
on o Ox ! oy !
0%*u
on ok
2 2 2
U, Fu
= ——cos“a; + 2 cos a €os 31 + ——=cos“ B,

927 1+ 2508, 1 COS 31 0y B
am—lu am—lu ) am—lu am—lu
—_— = ——cos"" "ty + 2 cos™ 2a; cos By + ... + cos™ !
o, Orml T dzay 1eos by dym—1 b

ou ou n ou 3
— = — COS (g + — €08 [,
gy O 2oy

d%u u Lo 0%*u Bt

— = cos“« COS (g COS

ond|y. Ox? > %010 R

+82u 24 oty oty N
—— 08”35, , — = ——cos""
a2 T (N ?

oy - o1y _

+2 920y cos™ 2 cos By + g1 cos™ 13,

bu yerda oy = ny Az = 225% By =ni Ay = 135%, ap = no Az = 315° By = ny Ay = 225°.
[(1' - 1‘0)2 —(y — 3/0)2]
[((m = 1)1

Riman funksiyasidan foydalanib (1) Gursa masalasining yechimini oshkor ko’rinishida
quyidagicha yozish mumkin.

m—1

(4)

v (l',y;l'o,yo) =

B To+ yo + 1
u (0, %0) = Yo (T)
zo+Yo m \/§ m—k 8 (5 e — yo)m_k
[ E(S) &=

dg

(1—a0+y0)™ " m—k) (§+1
oy ey STRL (T)
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/ - \/5 " (—xo - yo)m_k
N / Z <_7> (m —k)! %

woyo LF=1
— Zo om_k m+1—k
A (3)]
[z —20)* = (y—w0)’]""
_4/ o _y1)|]2y f(z, y) dzdy. (5)

Teorema. Agar v, ¢;, j = 0, m—1 funksiyalar uchun v¢; € C?™(0,1/2), ¢, €
C?m(1/2, 1) shartlar bajarilsa, u holda G masalaning yagona yechimi (5) tenglik bilan
aniglanadi.
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The Cauchy problem for the degenerate plate vibration equation in
two-dimensional space

Karimov Sh.T.!, Tulasheva Y.I.?

Fergana State University(FerSU), Fergana, Uzbekistan;
2Namangan State University, Namangan, Uzbekistan;
shaxkarimov@gmail.com, yorginoytulasheva@gmail.com

Let © = (x1, x3) - point three-dimensional Euclidean space R?, in the domain Q =
{(z,t): = € R* t>0}.

Initial value problem (Cauchy problem). Find a function w(z,t) satisfying the
conditions

u(z,t) € Cr7(Q) (1)
Lu = uy + tPA%u + NtPu = 0, (z,t) € Q, (2)

satisfying the initial conditions
u(z,0) = o(x), u(2,0) = Y(z), € R?, (3)

where ¢ (z),9(x) - given sufficiently smooth functions, p,A € R, p > 0, A = > 88% -
k=1 "k

multidimensional Laplace operator, A? = AA— biharmonic operator.
In the problem (1)-(3) we make the change of variables y = [2/(p + 2)]t®+?/2. Then
Equation (2) with the initial conditions (3) take the form

2
AT (1) = uy, + ?ﬂuy + A%+ Nu=0,n=2, (4)



184 MaTemMaTndeckas ¢u3MKa UM CMEXHHE BOIPOCH COBPEMEHHOTO aHamu3a, Byxapa-2025

u(x,O) = ‘:0(‘%)7 yliriloywuy(x,y) = ¢0($)a LS R27 (5)

where o(z) = (1—28)"¢(2), 26 = p/(p+2), and 0 < 28 < 1 at p > 0. Due to the
linearity of equation (4), we first construct a solution, satisfying the semi-homogeneous initial
conditions

u(z,0) = (x), wu,(z,0)=0, z € R%. (6)

To construct a solution to the Cauchy problem (4), (6) we use the Generalized Erdélyi-
Kober Operator][1]:

£ () dt, (7)

 gapla / Jao i (WZ— 2

J)\(nv Oé)f(l’) - 20421 ($2 _ t2)(1*a)/2

where a,n, A € R,a > 0,17 > —(1/2), J,(z) is the Bessel function of the first kind of order
V.

Assume that a > 0,7 > —(1/2), f(x) € C?*(0,b), b > 0, the functions :1:2’7+1[Bj§]kf(a:)
are integrable at zero and

d
lim 1:2"“%[Bf]]kf(:c) =0, k=0,0-1.

z—0

Then ,
[BE o+ N (0, 0) f(z) = Ja(n, o)[BL] f (). (8)

where Bq(;t) = % + @% - Bessel operator. We assume that a solution to the problem (4),
(6) exists. We look for it in the form of the generalized Erdélyi-Kober operator (7):

u(z,y) = Y (=1/2,8)v (z,y), 9)

where v (z,y) is an unknown twice continuously differentiable function.
Substituting (9) into (4) and (6), using Equation (8) with =1, a =, n = —1/2 we
obtain the following problem: Find a solution v (z,7n) to the equation
v

8_772 + A%y = 0, (I,?]) € Q, (10)

satisfying the initial conditions
v(x,0) = kop(x), vy(2,0) =0, =€ R (11)
where
ko =T(8+1/2)/V/,
Then the solution to the problem (10), (11) has the form|2]

o) =1 [ cos (% - g) e (12)

4d7n
R2
Substituting (12) into (9), replacing the integration variable, using the series expansion

of the Bessel-Clifford (or normalized Bessel) function, and applying formula (2.5.8.3) in 3],
we find

w (z,y) = % R/ o (@ — 2/7n) Galy,m: 5. Ndn, (13)
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where JF . iAol
Ga(y,m; B,A) = TKI <5; 1,5 —Z,—ZV?JZ) -
iy (-5 5 5 ). (14
where .
Ki(a,b,c;x,y) = Z_O #:771!1}72(1 —a—m;b,c;x)
and 1 Fy(a; b, c; z) is the generalized hyp;rgeometric function.
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On the Hirota type equation with a finite density and integral self—consistent
source
Khasanov A.B.!, Eshbekov R.Kh.?

Samarkand State University named after Sharof Rashidov, Samarkand, Uzbekistan;
lahasanov2002@mail.ru, rayxonbek@mail.ru

In this work, the Cauchy problem is proposed for the Hirota-type equation with a finite
density and integral self-consistent source in the class of periodic infinite-gap functions.

We consider the following Initial Value Problem(IVP) for the Hirota-type equation with
a finite density and integral self-consistent source:

(Pt = Pazo + 6pa (0° — {0° +@*}) — @wo — 20 (0° — {P* +*}) —

+oo
- / CQ tyon(m, 1, 8) (W3 + w30 dis,
o (1)

Gt = Gaax + 6z (P° = {P*+@}) + 0o +20 (0* = {P + }) +

+00
T / ¢ tyon(m, 1, 8) (W7 — w0y ) dis,

o0

p(x, )],y = po(x), po(x +7) = po(x) € C°(R),
(2, 1)l =g = 90(x), qo(z + ) = qo(x) € C°(R),
in the class of real infinite-gap 7 periodic functions in z :

plz+m,t) =p(x,t), gl +m,t)=q(z,t), r€R, t >0,
p(x,t),q(z,t) € C3(t > 0)NCHE > 0)NC(t > 0).

Here ((p,t) is a given real continuous function with the uniform asymptotes

) =0 (5 ) 1 e

1+ p3
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In addition, the function ¢*(z, u,t) = (wli(x,u,t),wf(x,u,t))ip are Floquet solution,
normalized by the condition ¥} (0, i, t), of the following Dirac equation

sow=( 5 5) () + (o) ) ()

and defined as follows:

U2(7T7 M, t) - ul(ﬂ-’ K, t) + AQ(N) —4

. t
21]1(7_(_“&775) ’U(SE,/L, )7

O, p,t) = ulz, p,t) +

where w(z,p,t) = (ui(z, p,t), us(z, u, 1))’ and v(z,p,t) = (vi(x, pu,t),va(z, p,t))" are
solutions of equation (4) with initial conditions u(0, u,t) = (1,0)T and v(0, u,t) = (0,1)
respectively, the function A(u,t) = uy(m, p,t) + vo(m, p, t) is called the Lyapunov function
for the system of equation (4).

In this work, we propose an algorithm for constructing infinite-gap solutions p(z,t), ¢(x, t),
x € Rt > 0 of the problem (1)—(3) by reducing it to the inverse spectral problem for the
following Dirac operator:

d
E(T,t)yEB—y‘l—Q(I—I—T,t)y:My,ZEER,TER,t>0, (eb)

dx
0 1
= (4 0),

O+ 7.1) <p(x+7,t) q(z + 7,1 ) y(z) = (yl(x))_

Q(m + 7, t) —p(ZL‘ + 7, t) yQ(‘r)

where

Let us denote by u(w, u, 7,t) = (uy(z, pu, 7, ), ua(x, p, 7,¢))T and
v(z, p, 7, t) = (vi(z, p, 7,t),ve(x, 1, 7,t))7 solutions of equation (5) with initial conditions
w(0, pu, 7,t) = (1,0)T and v(0, u, 7,t) = (0,1)T, respectively.

The intervals (po,_1,pon), n € Z are called gaps, where p, = pu,(7,t) are the
eigenvalues of the periodic or antiperiodic (y(0) = £y(7)) problem for the equation (5).
The eigenvalues of the Dirichlet problem for the system (5) with boundary conditions
y1(0, p,7,t) = 0, yi(m, 1, 7,t) = 0 will be denoted by &,(7,t),n € Z and at the same time
gn(Tv t) € [M2n717ﬂ2n]7 n € Z.

Numbers &, (7,t), n € Z and signs 0,(7,t) = sgn{va(m, &, 7,t) — ur(m, &, 7,8)}, 0 € Z
are called the spectral parameters of the operator £(7,1).

Spectral parameters &,(7,t),0,(7,t) = +1, n € Z, and spectrum boundaries p,(7,t),
n € Z are called the spectral data of the Dirac operator L£(7,1).

The problem of recovering the coefficient Q)(x,t) of the operator £(7,t) from spectral data
is called the inverse problem. The coefficients p(x + 7, ) and g(x + 7,t) of the operator L(r,t)
are determined uniquely from the spectral data pu,(7,t),&,(7,t),0,(7,t) = £1,n € Z.

The main result of this work is contained in the following theorem.

Theorem. If the initial functions po(x) and go(x) satisfy the conditions

po(z +7) = po(x) € C°(R), qo( + ) = qo(z) € C(R),
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then there exists a uniquely determined global solution p(7,t),¢(7,t) of the problem (1)—(3)
belonging to the class C2(t > 0) N C}(t > 0) N C (¢t > 0), which are determined by the sum of
the following uniformly convergence series, respectively:

bt = S (mttie g o), (6)

= 2
q(z,t) = Z (—1)”710%(:6,15)\/(6”(1', t) = pan—1)(Han — §nlz, 1)) - fu(&(2,1)), (7)

where

“+oo

_ (Hor—1 — &nl, 1)) (par — &n(2, 1))
Rewm=1 Il = ge ey

k#n
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The inverse problem of the source for the equation of forced vibrations of beams

Kilichov O.Sh.!, Ubaydulloev A.N.?
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Bukhara State University, Bukhara, Uzbekistan;
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We consider the following equation
Ut + Ugzez = f(T), (1)
in the domain Q = {(z,t): 0 <2z <p, 0 <t <T}, with boundary conditions
u(0,t) =u(p,t) =0, 0<t<T, (2)
Uzz(0,8) = Uge(p,t) =0, 0<t<T, (3)

initial conditions
u(,0) = ¢(z), 0 <z <p,
oFu
W(x,()):w(x), 0<z<p, k>1 (4)
The nonlocal problem for a fourth-order equation with a high-order derivative in the
initial condition was studied in [1|. One inverse problem for a sixth-order nonlinear equation
was studied in [2], and a control problem for a fourth-order parabolic equation - in [3].

Lemma 1. If o(z) € W2(0,p) and S50 — &) — | —0,1,... 2k then

> XM e (e~ 1)

n=1
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the series converges absolutely and uniformly in interval [0, p].
Lemma 2. If ¢(z) € W(0,p) and ¥ (0) = ¥(p) = 0, then the series

Z X (2)1hn

converges absolutely and uniformly in interval [0, p] .
Theorem 1. Let ¢(z) € WT6(0,p), (x) € WS(0,p) and conditions Zob®) — 20

B.TQZ 8.1’2l
0,1=0,1,2, 8252(10) = 82{;;02({’) =01=0,1,...,2k+2 be satisfied. Then there exists a unique
solution of the direct problem (1)-(4).
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Ba’zi bir chegaraviy masalalarni yechishda ketma-ket taqribiy hisoblash usuli
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Magqolada ikkinchi tartibli, umumiy olganda hosilaga nisbatan yechilmagan

Az dz

differensial tenglamasining hosilaga nisbatan 7" davriy bo’lgan
ax(0) + bx(T) =d, 2'(0)=22'(T) (2)

chegaraviy shartlarni qanoatlandiradigan yechimining taqribiy tuzish masalasi qarashtiriladi,
bu yerda f(¢,x,y) funksiyasi t va x, y argumentlarning

te0;T], z€ Dy, ye Dy

sohasidagi uzluksiz funksiyasi, a,b va d lar nolga teng bo’lmagan o’zgarmas sonlar.
Quyidagi shartlar o’rinli bo’lgan holda (1), (2) chegaraviy masalaning aniq yechimiga va
dxm(tv Lo, IIO)

uning hosilasiga teng o’lchovli intiladigan ., (¢, xg, z'y) va o

taqribiy yechimlar

ketma-ketligi mavjud bo’ladi.
Aytaylik, (1), (2) chegaraviy masala uchun quyidagi shartlar o’rinli bo’lsin:
1). f(t,z,y) funksiyasi (3) sohada bazi-bir musbat M soni bilan chagaralangan bo’lsin:

[f @tz )] < M,
shuning bilan birga musbat K soni bo’yicha Lipshist shartini qanoatlandirsin:
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2). xg va x' parametrlari aniglanadigan

2

ro € D1\ {%M + 5(%)] =Dy, ¢ Dz\gM =D, (4)

1
to’plamlari mavjud bo’lsin, bu yerda f(xy) = 5 |d — (a+ b)xo|.

T T
3).T va K sonlaridan tuzilgan Q = — (1 + —) K soni birdan kichik bo’lsin:
™ ™

Q:§(1+%)K<L (5)

Bu keltirilgan shartlar o’rinli bo’lgan holda taqribiy z,,(¢,zq,2’s) yechimlar va uning

dl‘m<t,$o,$,0) . e . . . .
——  hosilalar ketma-ketligini quyidagicha aniqlashga bo’ladi:

dt
, t
W =10+ /f(s,xm_l(s,xo,m’o),x'm_l(s,xo,atlo))ds—
0
T
—%/f(s,:cm1(s,x0,x'0),x’ml(s,xo,x'o))ds, (6)
0
t
T (t, 2o, o) = 0 + /x'm(s,xo,m/o)ds
0
T
_% /x’m(s,xo,x’o)ds—k% <% — a—g—bxo) : (7)
0
Agar M va x*(t,xg,2'y) lar mos ravishda M va Xy (t, o, o)
funksiyalar ketma-ketligining m — oo dagi limiti bo’lsa, u holda
o d b
Of:v' (s, @0, 2'0)ds— (§ — “2ag) =0, 5
T

[ f(s,a*(s,20,2'0), 2" (8, To, @'0))ds =0

0
tenglamalar sistemasining (zg, ') yechimi uchun z*(¢,zg,2’) limit funksiyasi (1),(2)
chagaraviy masalaning aniq yechimi bo’lib, uning hosilasi (8) ketma-ketlikning limitidan
olingan hosilaga teng bo’ladi.

Teorema.Faraz qilaylik (1) tenglamaning o'ng tomonidagi f(¢,x,y) funksiyasi (3)
sohada aniglangan va uzluksiz funksiya bo’lib, (4)-(7) shartlari o’rinli bo’lsin. Unda
dz,,(t, xg, 2’
(8) va (9) ko'rinishidagi %

dx*(t, xg,2'o)

a Tpy(t, o, 2’y) funksiylar ketma-ketligi m —

oo da o’zining mos va x*(t,x0,2¢) limit funksiyalariga teng o’lchovli

intiladi. Shuningdek, (10) sistemaning yechimi bo’lib topiladigan xg, 2’y parametrlari uchun
x*(t, xg,2'g) limit funksiya (1) tenglamani va (2) chegaraviy shartlarni qanoatlandiradi.
Taqribiy x,,(t, o, *’) va aniq x*(¢, xg, 2'¢) yechimlar orasidagi xatolik
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o (t 0, /0) — 2t 20, ') | = "G50

tengsizligi bilan, ularning hosilalari orasidagi xatolik esa

da* (t,x0,%0) . dzm (t,20,%0)
dt dt

< a5

tengsizligi bilan baholanadi, bu yerda d; (t) = & (1 — 1).
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Evasion Strategy in Linear Differential Game with Multiple Pursuers

Kurbanov A.A.!, Tursunaliev T.G.!
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We study a linear differential game in R, d > 2, involving n pursuers zy,...,z, and a
single evader y. Initially, the pursuers and the evader begin their motions from initial positions
Z;0 and 19, respectively. The dynamics of the players are described by the following equations

& = px; +ui, (0) = 40, |ug] <1, (1)

y=ny+v,y0) =y, <o, (2)
where x;, 0, ¥, Yo, s, v € RY, v € S, p < 0. It is assumed that z,0 # v, i = 1,2,...,n, and
o, 0 > 1, is a given number. The control parameter of pursuer x; is u; and that of evader y
is v. The area S is defined as follows

S = {(v1,v9)] v2 +v3 <02, |vy| <wvotan, vy > 0}.

It is the control set of the evader, and ¢ is a given angle in (0,7/2). Note that S is a sector
with a radius of o and a central angle of 2 (see Fig. 1). Also, S does not contain the
pursuers’ control sets, which are the unit circles centered at the origin. The goal is to analyze
the evasion conditions under these dynamics and constraints.

Definition 1. Measurable functions w;(t) = (u;i(t), uw(t)), |wi(t)] < 1, t > 0, and
v(t) = (v1(t),v2(t)), v(t) € D, t > 0, are called admissible controls of the pursuer z; and
evader y, respectively.

Definition 2. Let H(0,r) be a circle of radius r and centered at the origin of R%. A
function

V(ta wly 1/}27 Yy L1y eeey Ty ULy ooy un)a
V1 [0,00) x R*™D 5 H(0,7) x -+ x H(0,7) = S,

is called strategy of the evader, if, for any admissible controls u; = uy(t), ..., u, = u,(t) of
pursuers and at 1; = 11(t), 12 = ¥(t), the following initial value problem

& = pxy + ur, 1(0) = 210,

:tn = UTp + Unp, ZL‘n(O) = Tno,

Z] = ny + V(tuwbw%yuxl? coey Ly U, "'7un)7 y(o) = Yo,



MaTemaTrndeckas ¢u3MKa UM CMEXHHE BOIPOCH COBPEMEHHOTO aHaim3a, Byxapa-2025 191

has a unique solution (z1(t),...,z,(t),y(t)), t > 0, where ¥y (t) and 15(t), t > 0, are given
functions.

Definition 3. Evasion in game (1)-(2) is said to be possible if there exists a strategy V'
for the evader y such that, for all admissible pursuer controls, the condition x;(t) # y(t) holds
for every t > 0 and each i =1, ..., n.

The evader applies a fixed strategy during the game, whereas the pursuers are allowed
to choose any admissible controls. Given that ¢ > 1, meaning the evader has a speed
advantage, we aim to establish the possibility of evasion in game (1)-(2).

Problem. Find a condition for the angle ¢ and the number o to ensure guaranteed evasion

in game (1)-(2).
Theorem. If osinyp > 1, then, regardless of the initial positions of the players, evasion
is possible in game (1)-(2).
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On regularization of the solution of the Cauchy problem for a high-order elliptic
equation on the plane
Malikov Z.!, Tursunov F. R .2, Shodiev D. S.?

L.23Samarkand State University named after Sharof Rashidov, Samarkand, Uzbekistan;
2farhod.tursunov.76@mail.1u,

Let x = (x1,23), y = (y1,y2) and G be a bounded simply connected domain in R? with a
boundary JG consisting of a compact part 7' = {y; € R:a; <y; < b} and a smooth arc of
the curve S : , = h(y;) lying in the half-plane g, > 0, also G = G U 0G,0G = SUT.

In the domain G we consider a high-order elliptic equation

A*U(y) =0, yeG. (1)

2 2 .,
where A = 2, + 2 is a Laplace operator.
yy 0ys

Statement of the problem. It is required to find the function U(y) = U (y1,v2) €
CS(G) N C3(@G), whose values are known on the part S of the boundary G, that is,

ou (yl,y2)

U(yl,yz)lszﬁ(y), on ;

= fQ(y>7 AU <y17y2>’8 = f3(y>7 (2)

=fely),  (3)

QAT W)l — p), 20 ()] = fo), ZEL02)
S S

where f;(y) are given sufficiently smooth functions j = 1,2,3,4,5,6 and 8% is the operator
of differentiation along the outer normal to JG. It is required to continue U(y) in G using
condition (2), (3).
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Construction of the Carleman function. Let o > 0. For a > 0, we define the function
®,(z,y) by the following equalities [1]:

1

CIDU(x,y) - %

ool st
u? 4+ r?

/‘X’ e~ cos 20ys V12 + a2udu
0

/°° e (y2 — xa) sin 20yavVu? + o udu
: 2t Vit

where v > 0,7 = |y —z|,3 = (y1,0) ,2" = (21,0) ,a = |y’ — 2/|.
For the function U(y) = U (y1,y2) € C*(G)NC*(G) and any z € G the following Green’s
integral formula is valid [2]:

(4)

Ulz) = /8 ) {U(y)a(Aqé; (z.y) _ A2L(x,y)ag—fﬂ d5,+
0 (ALy(z,y)) I(AU(y))
+ /ac; [AU(y)a—n — ALU(x,y)a—n} dS,+ (5)

2 8La(xay) a(A2U(y))
+ /{)G {A U(y)T — Lg(a:,y)T} S,z € G

where L, (z,y) = r1®,(z,y) is a fundamental solution of equation (1).
Let us denote

tamaéh@“N”@W—ﬁ@Numﬂ%w

on

0 (ALq(2,9))
# [ [ 2B pat, o] as,+ (®

OL,(z,
+ [ 0292 Lot s, e 6
S n
Theorem 1. Let the function U(y) = U (y1,12) € C%(G) N C?>(G) on part S of the
boundary OG satisfy conditions (2),(3) and let the inequality hold on part 7" of the boundary
oG

du(y) OAu(y) 2 0 (A%u(y))
<
W)+ |5, '+|Au(y)|+' o + | A%u(y)| + an <M, yeT, (6)
then for any x € G and o > 0 the following estimates are valid:
[u(x) =y ()] < @ (0, 22) Me™", (7)
ou(x)  Ouy(x) Con?
_ < . oxry 5 —
o, oz | = @i (0, 29) Me =12, (8)

where M is a positive number, ¢ (0, z5) and ¢; (0, x2) are some functions depending on o, xs.
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Ta’qiqlangan vaziyatli o’yin masalalaridan birini yechish algoritmi

Mamatov A.R.

Sharof Rashidov nomidagi Samarqand davlat universiteti, Samarqand, O‘zbekiston;
akmm1964@rambler.ru

Bizga
X={z|figaz < fY(z)# 2}

va
Y(z)={y|g.<y<g", ax+ By=>}

to‘plamlar berilgan bo‘lsin.
Bu yerda

z, fo, f*eRYy, g0, 0" € Rba,b e R™ B € R™ rankB =m < L. (1)

Ikki o‘yinchidan iborat ta’qiglangan vaziyatli o‘yin masalasini qaraymiz: dastlab birinchi
o‘yinchi z sonni X kesmadan, so‘ngra uni bilgan holda ikkinchi o‘yinchi y vektorni Y (x)
to‘plamdan tanlaydi.

Birinchi o‘yinchining magsadi ¢(z) = mingey ) (dz + dy),z € X (c € R',d € RY)
funksiyaga maksimal giymat beradigan & sonni aniqglash, ikkinchi o‘yinchining maqgsadi esa
d'y,y € Y(x) funksiyaga minimal giymat beradigan § vektorni aniqlashdan iborat.

U holda o‘zgaruvchilari bog‘langan maksimin masalasiga ega bo‘lamiz [1-3|:

z) = min (dx + d'y) — max.
p(z) yem)( y) — max

e(x),r € X funksiya qavariq va bo‘lakli chiziqli bo‘lganligi [1|] sababli u ko‘p
ekstremallidir.

x € X — birinchi o‘yinchining strategiyasi, y € Y (z) — ikkinchi o‘yinchining birinchi
o‘yinchi x strategiysiga mos strategiyasi deyiladi.

Ishda birinchi o‘yinchining optimal x € X strategiyasi va ikkinchi o‘yinchining unga
mos optimal strategiyasini ko‘pi bilan to‘rt chiziqli programmalash masalasini yechishga
asoslangan algoritmi keltiriladi.

Algoritmni illyustratsiya qgiladigan misol keltiriladi:

c=-1,d'(-2,1,0,0,0), f. = —10, f* = 3,
g. = (0;0;0;0;0),g* = (6;7; 100; 100; 100),
1
1
2 1 -1

b = (4;10;5).

OO =
o= O
—_— o O
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A linear inverse boundary value problem for the identification of the right-hand
side in a two-dimensional parabolic equation

Mehraliyev Y.T.!, Azizbayov E.I.2

Baku State University, Baku, Azerbaijan;
yashar aze@mail.ru
Academy of Public Administration under the President of the Republic of Azerbaijan,
Baku, Azerbaijan;
eazizbayov@dia.edu.az

Abstract. The paper investigates the identification of the right-hand side in a two-
dimensional parabolic equation under an integral overdetermination condition. The problem
is reduced to an equivalent auxiliary problem with trivial boundary conditions whose
solvability is established via the contraction mapping principle. Using this equivalence, the
existence and uniqueness of a classical solution to the original problem is demonstrated.

0.1 Introduction

It is known that experimental and theoretical research in various sciences often leads to linear
and nonlinear inverse problems described by the equations of mathematical physics.

The problem of reconstructing the source term or recovering unknown coefficients from
observed or measured data is known as an inverse boundary value problem in the theory
of mathematical physics. These type of problems are widely applied in various scientific
and engineering fields, including seismology, biology, medicine, acoustics, electromagnetics,
mineral exploration, seawater desalination, and fluid flow in porous media, fluid dynamics,
remote sensing, nondestructive evaluation, etc.

In recent years, inverse and ill-posed problems involving partial differential equations in
various dimensions have attracted considerable attention from researchers (see, for example,
[1]-[3] and the references therein).

The present work focuses on the unique identification of the right-hand side of a two-
dimensional parabolic equation under various boundary conditions. A linear inverse boundary
value problem for a parabolic equation involves determining an unknown function-such as a
source term, coefficient, or initial condition-within a linear parabolic equation using additional
information, typically provided in the form of overspecified boundary or interior data.

0.2 Mathematical formulation of the problem

Let T > 0 be a fixed time moment and let Dy = Q,, % [0, 7] denote a closed bounded region
in space, where (@), is defined by the inequalities 0 < z < 1 and 0 < y < 1. We consider
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the problem of determining the unknown functions u(z,y,t) € C**!(Dr) and a(t) € C[0,T]
such that the pair {u(z,y,t),a(t)} satisfies the following two-dimensional parabolic equation

u(x,y, t) — c(t) (uge(z,y, 1) + wyy(z,y,1))

=a(t)g(z,y,t) + f(z,.1), (z,y,1) € Dr, (1)
subject to the initial condition
u(z,y,0) = ¢(2,y), (z,y) € Quy, (2)
the boundary conditions
w(0,y,t) = uz(1,y, 1) =0, 0<y <1, 0<t <T, (3)
uy(2,0,t) =u(r,1,t) =0, 0<z <1, 0<t<T, (4)

and the overspecified condition

1 1
W, Yoo ) + / / K (2, y)u(e, y, t)dady = h(t), 0< t < T, (5)
0 0

where (29, v0) € Quy is a certain fixed point, and the functions c(t) > 0, f(x,y,1), g(z,y,1),
K(x,y), p(z,y),h(t) are given functions.

Definition. The pair {u(z,y,t),a(t)} is said to be a classical solution to the problem
(1)—(4) if the components of the pair satisfy relations (1)—(5) in the classical sense.

0.3 Classical solvability of the inverse boundary value problem

Assume that data of the problem satisfy the following conditions:

Al 80(1.7?;)7%0$<x7y)790581(277y>7g0y<x7y)7Spﬂvy(xuy%gpyy(x?y) e C(me)7
Pray (177 y)> pryy(xa y)7 @xm(xa y>7 SOyyy(xa y) S L2<Qxy)a
©(0,9) = ¢.(1,y) = 022(0,y) =0, 0 <y < 1,
(,Oy(l’,O) = 90(% 1) = @yy(% 1) =0,0<z <1
t
(

A2 f(x7y7t)7fx(w7y7t)afwx(x7ya )7fy(x7yat)7fa}y(xvyat)afary(xvyat) € C(DT)a
fx‘xy('xay)t)afxyy(xay’t)7fxrx xvyat)afyyy(x7y7t) G LQ(DT)a
f0,y,t) = fu(L,y,t) = fee(0,9,8) =0, 0<y <1, 0<t < T,
fy(2,0,t) = f(z,1,8) = fu(z,1,6) =0, 0<2 <1, 0<t<T;
Az ¢(t) € C[0,T], h(t) € C*0,T],
11
00

Theorem. Let the conditions A; — A3 and the compatibility condition

(20, 0) + / / K (2, y)p(x, y)dady = h(0)

be satisfied. Then, the problem (1)-(5) has a unique classical solution.
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An inverse problem for the fractional subdiffusion equation

Merajov N.I
Bukhara State University, Bukhara, Uzbekistan; merajovnursaid@gmail.com

In this work, we investigate the unique solvability of a time- and boundary-nonlocal inverse
boundary value problem for a fractional subdiffusion equation with an inner point condition.
To analyze the solvability of the inverse problem, we first reduce the original formulation to
an auxiliary system with trivial data and establish its equivalence to the original problem
under certain assumptions. By applying the Banach fixed-point theorem, we then prove the
existence and uniqueness of a solution to the auxiliary system. Finally, using the established
equivalence, we derive an existence and uniqueness theorem for the classical solution of the
inverse coefficient problem on a sufficiently small time interval.

A Cauchy problem for the first order differential equation involving the
prabhakar fractional derivative

Mirzaeva M.M.

Fergana State University, Fergana, Uzbekistan;
maftunamirzayeva2009Q@Qgmail.com

Let us consider the following equation
PREDGP V00 (8, 2) — ug (8, 2) = f (¢, ) (1)
in a domain Q = {(t,z): 0<t<T, x>a}, a> —oo. Here
dm
a, B,7,6 a,m—p3,—v,8
PRE DGy (1) = P gm0y 1
symbolizes Prabhakar fractional derivative [1] and

t

P o0y (1) = / (t— )" E1, [0t — )]y (s)ds, t>0
0

represents Prabhakar fractional integral, also

E) 2] = i (V)wz"
B ' (ak+p) k!

We note that above-given definitions are valid for «, 3, vy, € R such that & > 0 and
m—1< 8 <m, m & N. We see in the particular case 0 < 8 < 1.
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Cauchy problem. Find the regular solution u (¢, x) of the equation (1) in the domain
), that satisfies the following initial condition:

lim

PIgtTO T () = 7 (2), > a, (2)
t—0

where 7 (x) is a given function.
Definition. A regular solution of the equation (1) in the domain € is called a function
u (t,x) with the regularity t'Pu(t,2) € C(Q), u, (t,z), PPFDy" " u(t,x) € C(Q) that
satisfies the equation (1) at all points (¢, x) € €.
Theorem. Let 1P f (t,z) € C (ﬁ) , f (t, x) satisfies the Holder condition with respect to
one of its variables, 7 (x) € C'[a, 00) , and the conditions
1/(1-5)

; —plz| —
xlgglo T(z)e 0,

lim 72 f (¢, z) Pl g

T—00

B/(1-p)
pct-n(5)

and the convergence is uniform on the set {¢t € (0;7")}. In the domain (2, the regular solution
of the equation (1) satisfying the condition (2) is expressed as follows:

_ -8
e )dg_

are satisfied, where

[e.9]

_ -1 _7717()’
wta) == [ (@1 E”(—ﬁ,a,o;—%o;l,lsl,l

xT

t oo
. . -1 ) 17()’
//f<n’§) (t n) E12 (_B7a707_’770a1717171
0 =z

Here Fi5 (z,y) is the bivariate Mittag-Leffler type function [2].

(=& (t—n)”
i) e
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generalized polynomial homogeneous system of class (a;, as)
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Abstract. The system of homogeneous differential equations and its properties are
studied in detail. The article investigates the neighborhood of a singular point of a system of
generalized homogeneous differential equations.
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Let us consider the polynomial generalized homogeneous system

d m N

d—f =Y amINye = Pz, y),
i=0

dy ¢ (m—i)ai, ias — al a2

—r = b Yy = Q™ y™) (1)
1=0

where a1, b;,a1,a2 (i = 0,m) are real numbers.

If the system admits exceptional directions or tangent parabolas, then the neighborhood
of the isolated singular point O(0,0) is partitioned into integral manifolds, in which the
geometric structure of the trajectories depends on their boundaries (the exceptional directions
and the contact parabolas) [1,2, 3]. Moreover, the trajectories approach the isolated singular
point in its neighborhood ¢ only along the exceptional directions and the tangent parabolas.
The classification of the integral manifolds depends on how the trajectories approach the
origin of the xoy.

The main object of our study will be the system

d!)ﬁ' a3 du a;

— =g P(l,u*? b)— = 1. u%?) — = €L P (1. o2 92

o = e PLu®), bgm = Q1 u™) - Cur P(Lu®) (2)

where dt; = x‘“m’%dt, £ = Z_; _
The system

d.’L‘ a1 d;p
— =z P(1,u® — =Q(1,u*” 3
dtl z ( U )7 dtl Q( , U ) ()

will be referred to as a "reduction” of system (2).

The integral manifolds generated by the trajectories of equation (3) are non-intersecting
smooth sectors C'(v'), on each of which the geometric structure of the trajectories of system
(1) can be studied.

We denote by w the trajectories of system (1), whose first approximation is determined
by the formula

A
Wy Y

[1— @ (% P(1,~yia)ds + 1]m-a

o
a2 tl

Let u;-be the singular points of system (2) lying on the ou-axis. If the trajectory 7 is an
isolated singular point of system (2), then the boundary of the sector C'(y) degenerates into
tangent parabolas

c(u) 1y = uix%,

where u' is determined by the real solutions of the algebraic equation

Q(1,u*?) = 0.

It should be noted that the local pattern of phase trajectories in the e-neighborhood of the
tangent parabolas is determined by the type of the singular point of the Briot-Bouquet system
(2) [1,2]. The following theorem holds.

Theorem. In order for the point (0,0) of system (1) to be a generalized node, it is
necessary and sufficient that all the characteristic numbers of the tangent parabolas and the
exceptional directions have the same sign.
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An algorithms for computing a linear ordinary differential equations using
approximation by piecewise constant arguments

Muminov M.I.}?, Shermukhammedov B.A.?

1V.I Romanovskiy Institute of Mathematics, Uzbekistan Academy of Sciences, Tashkent,
Uzbekistan;
2Faculty of Mathematics, Samarkand State University;
mmuminov@mail.ru, shermuxammedovbaxtiyor4d7@gmail.com

In this paper, we present a construction of an approximate solution for the nth order
linear differential equation of the form

y " () +ar(y" V() + - an(y(t) = f(D),

with initial conditions

y(0) = 50, ¥’ (0) = y1,...,y" " V(0) = y,_1,

where ag(+),...,a,() and f(-) are real variable continuous on [0, 1] functions. To construct
an approximate solution, we first introduce an nth order differential equation with piecewise
constant arguments corresponding to the considered ODE with initial conditions, which does
depend on a positive integer number N. Next, we define a definition of the solution of
n-th order differential equation with piecewise constant arguments as a piecewise-smooth
function with respect to a positive integer N. It is proved that this equation has a unique
piecewise-smooth solution, which will be an approximate solution of the considered initial
value problem for large N. Numerical results are presented showing the effectiveness of the
proposed methods, and the errors between the approximate and exact solutions are estimated.

Consider n-th order linear differential equation with piecewise constant arguments of the
form

k—1 E—1
y(”) (t) + al(t)y(”_l)(T) + -+ an@)?J(T) = f(1),
kE—1 k
—_— =1,... N 1
te [ N ,N)’ k Y Y ( )
with initial conditions
y(0) = 40,4 (0) = w1, ...,y D (0) = Y. (2)

We introduce the definition of a solution to the equation (1) .
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Definition 1. A function y(t) := yn(¢) is called a solution of the initial value problem
(1)-(2) if the following conditions are satisfied:

(1) ¥'(t),...,y"V(t) exist in (0,1) and continuous on [0, 1] ;

(ii) y™(t) exists and continuous in (0,1) with possible exception at points %, k =
0,1, ..., N, where one-sided derivatives exist;

(111) y(t) satisfies initial value problem (1)-(2) in [0,1), with the possible exception at the
points £, k=0,1,..,N.

The equation (1) is called the n-th order differential equation with piecewise constant
arguments corresponding to the equation (1).

Theroem 1 For any positive integer number N the initial value problem (??, ??) has a
unique solution yy defined as

/ / / 517 d51 dSn + (n — 1>_‘ Yy (—N )

klkl

t—ﬂH k—1 k—1 k—1 k
ﬁy(’t”)(T”“ﬂf(T)’ ey

The following theorem claims that the function yy can be approximated for the solution
of the initial value problem (1), (2).

Theroem 2 For any € > 0 there exists a positive integer number Ny = N(e) such that

for any N > Nj the estimation

_|_

sup Jyi (8) + ar(Dyy V(@) + -+ an(®yn(t) — f(B)] <&
ti£E

holds, where yy is a solution of the initial value problem (1), (2).
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Existence of Solutions of a Boundary Value Problem for Hyperbolic Partial
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In the present paper, we consider the boundary value problem (BVP) in [1], [2] for
hyperbolic equation with piecewise constant arguments

Ut (2, 1) = @ U (7, ) + Vg (@, [t]) + Cllge(, [t +1]) in QX J, (1)

u(0,t) = u(l,t) =0, (2)

u(z,0) =v(z), w(r,0)=w(x) in €Q, (3)

where a, b, c € R, Q = [0, 1] with smooth boundary 02, J denotes the time interval ([0, +00))

and [-] denotes the greatest integer function.
Definition 1. [3| A function u(z,t) is called a solution of (1) if it satisfies the conditions:
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(i) u(zx,t) is continuous in §2 x J;

(ii) wy and u,, exist and are continuous in €2 x .J, with possible exception at points (z, [t]) €
) x J, where one-sided derivatives exist with respect to second argument;

(ili) wu(x,t) satisfies the boundary value problem (1)-(3) with the possible exception of the
points (x, [t]).

Application of the method of separation of variables for the solution of (1) gives
X"(z)+ P*X(z) = 0, (4)
T"(t) + a*P?T(t) = —bP*T([t]) — cP?T([t + 1]). (5)

(4) and the boundary conditions of (1) yield P = jm, X; = sin(zjm) (j = 1,2,...). So,
(5) changes into

Tt + PET(E) = 0P ([) — PR T+ 1), j=12...  (6)
For convenience, we take T7(t) = V;(t), so (6) gives
Wi) = AW,(0) + BW,([) + CW,(ie + 1), j=1,2,.... ™)

where

(T . 0 1 B 0 0 . 0 0
Wj_(Vj)’A_<—a2j2ﬂ2 O)’B_<—bj27r2 O)’C_(—chWQ 0)-The

equation (6) is equivalent to the equation (7).
A formal series solution u(z, t) of (1) by the method of separation of variables the following
vector in series form a(x,t) = > 72| Djsin(zim)W;(t). Let t = 0, we have

ZD sin(zjm)W. ZD sin(zj) ( jTj,Egg ) (8)

J

From (8) and the initial conditions of (1) we have

ZD sin(zjm)T, ZD sin(zjm)T;(0) = w(z),

so, we get

1

D;T;(0) = 5 | wv(x)sin(zjr)dx, D;T;(0) = 1 w(z)sin(xjm) dz.
2 Jo 2 Jo

Thus, a(x,t) = Y22, sin(zjm)W;(t)d;, where
_( DiT;(0) \ _ 3 fl v(z) sin(zjm)dz
d; ( D;T;(0) ) < i gw(:v) sin(zjm)dx ) ' )

M(t) =M+ (e — 1) A7'B,

Let
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Theorem 1. Let a, b, ¢ be real numbers. If N;(1) # —1, then the equation (7) has a unique
1,2, ...

solution and it represents on [n,n +1),n =0,1,2,... as
M) M)
W,(t) = (M;(t —n) — N;(t — J J ot 1).
J() ( J( n) J( n)l—i-Nj(l))(l—i—Nj(l))n 7 € [n7n+ )

Theorem 2. Let N;(1) # —1 for any j = 1,2,... . Then the BVP (1)-(3) has a unique
solution and it represents in the series form as

u(z, t) = Z(Mj(t —n)— N;(t — n)%)

Jj=1

L(DWJ» sin jrx,t € [n,n+ 1).
(14 N; (1)
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Optimal Pursuit Game Described by Infinite System of n-ary Differential
Equations

Muxammadjonov A . A.
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The present work is devoted to investigate an optimal pursuit game of infinite system
described by n-ary differential equations in Hilbert space [y with integral constraints on
players’ controls. In paper [2], the optimal control problem was studied, while this work is a
logical continuation of the paper [2]. In this work, the optimal strategy is constructed and
the equation for the optimal pursuit time is found.

Let the players’ trajectories be given by the following equations in Hilbert space Is:

Tij = —NjTij + Tig1y + wij — v, 1 <i<n—1,
Inj = =AjTnj + Unj = Unj) (10)
i5(0) = o, I<i<ngj=12...,

where u;;,v;5,1 = 1,n,j = 1,2,..., are control parameters of pursuer and evader, respectively,

A; are given nonnegative real numbers.
Let p, pp and oy be positive numbers. It is assumed that py > oy.
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Definition 1. The function w : [0,7] — Iy,

w(+) = (wiz(+), w2 (-); - s wWnj (), o)

is called an admissible control if its coordinates w;;(t),0 <t < T,i =1,n,j = 1,2,..., are
measurable and satisfy the following integral constraint

where T is a sufficiently large number and p is a given positive real number.

Definition 2. We call the functions u(-) € S(po) and v(-) € S(0p) admissible controls of
pursuer and evader, respectively.

Definition 3. A function

U(t,v) = (Uy(t,v), Us(t,v),...),

Ur(t,v) = (Ui (t,v), Uka(t,v), ..., Ugn(t,0)), U [0, T] x Iy = lo,

with the components U, of the form Ug(t,v) = wvi(t) + wi(t) with wve(t) =
(Vg1 (1), vg2(t), . . ., Ugn(t)) and wy(t) = (w1 (t), wia(t), . .., wrs(t)) that satisty, for any v(-) €
S(09p), the condition

> [t o)< g it oo

k=1 0

= U2, (t,0(0)) + Uy (t,0(0)) + ... + UZ (. 0(0),

is called a strategy of the pursuer, where w(-) = (wy(-), wa(-),...) € S(po — 00).

Definition 4. We say that the strategy U = U(t,v) of the pursuer guarantees completion
of pursuit in game (1) starting from the initial state 7y for the time 7(U), if n(¢') = 0 at
some t' € [0, 7(U)] for the solution 7(t) of initial value problem generated by w(t) = U(t,v(t))
and any admissible control of evader v(t), 0 < ¢ < 7(U). Also, the number 7(U) is called a
guaranteed pursuit time.

Obviously, any number 7/, 7 > 7(U), can also be considered as a guaranteed pursuit
time corresponding to the same strategy U. Let 7%(U) denote the least upper bound of the
numbers 7(U).

The strategy U* is called the optimal strategy for the pursuer if 7*(U*) = irl}f 7(U) and

the number 7% = 7*(U*) is called the minimax payoff of the game.
Definition 5. We call the function

(t,n, p,o,u) = V(t,n,p,o,u), V :RxIlyx|0,p] x[0,00] X Iy — s,
the evader’s strategy, if, for any pursuer’s admissible control u = u(t), t € [0,T], the system

with v =01if 0 <t < e, and v = V(¢,n(t), p(t),o(t),u(t — ¢)) if t > e, where ¢ is a positive
number, has a unique solution

n(t) = (m(t),na2(t),...)

= (21(t),y1(t), 21(t), 22(t), 2(t), 22(t),...), 1=1,2,..,
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and along this solution the following inequality holds

/HV(t,n(t)yﬂ(t),U(t),U(t —e))ll*dt < og.

Definition 6. We say that the strategy V' of evader guarantees evasion on the interval
[0,7(V)) from the initial state ny € Iy if n(t) # 0, t € [0,7(V)) for any pursuer’s admissible
control u(t), t € [0,7]. We call the number 7(V') a guaranteed evasion time.

Let 7..(V') be the greatest lower bound of the numbers 7(V') that correspond to the strategy
V. If 7.(V*) = sup7(V), we call the strategy V* the optimal strategy of the evader, and

v

we call the number 7, = 7,(V*) the maximin payoff of the game. If 7*(U*) = 7,(V*), this
number is called the optimal pursuit time.

Theorem. The number § that satisfies the equation > 0 W, (+)ni0 = (po — 00)?, is the
i=1
optimal pursuit time in game (1), where 0 is the transpose of 7;, W, (t) is the inverse

7
t
matrix of W;(t) = [ e Aife=Ai%ds.
0
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Nonlocal Problems with Integral Conditions for the Bussinesq Equation
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The report presents results on the solvability of boundary value problems for
pseudohyperbolic equations

Uy —aDuy —bAu= f(t x),

with integral conditions,

u(0,z) = u,(0,2) = 0, /OT N(t)u(t,z)dt =0, /OT R(t)u(t, z)dt = 0.

where N (t), R(t) are given functions and a,b € R.

Here, t belongs to a domain €2 in the space R™. For the problems under consideration,
theorems on the uniqueness and existence of regular solutions have been established; that is,
solutions possessing all generalized derivatives in the sense of S.L. Sobolev that appear in the
corresponding equation.
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Global solvability of a kernel determination problem in 2D heat equation with
memory

Nuriddinov J.Z.!, Ochilova Z.Sh.?

'Bukhara State University, Bukhara, Uzbekistan;
2Bukhara State University, Bukhara, Uzbekistan; j.zafarovich@mail.ru,

The integro—differential equations with an integral term of convolution type are used in
the mathematical modeling of biological phenomena and engineering sciences in which it is
necessary to take into consideration the effect of real nature of problems with the history
of the processes. In these integro-differential equations the convolution kernel accounts for
memory influences as usual. The key point when considering memory effects is that the kernel
cannot be considered a known function because there is no way to measure it directly. We can
reconstruct this kernel by additional measurements of the physical field taken on a suitable
subset of the body. Thus, we have to solve the inverse problem.

The kernel determination problems in heat conduction equations, one-dimensional
problems are most encountered, i.e. the problems of memory kernel determining depending
only on time variable. For example, in [1]-[3] (see also the references in these articles) these
problems were investigated based on a fixed point argument and derived the local/global in
time existence and uniqueness of inverse problems. The numerical solutions for this problems
were considered in the works [1], [2] and efficient computational algorithms were constructed.

In the present paper, we study the inverse problems about determining the kernels of
an integral convolution-type term in the integro-differential heat equation according to the
solution of the initial-boundary value problem in a rectangular domain given on the boundary
y = 0 for this equation. Unlike existing works, here the unknown kernel depends on both
time and spatial coordinates.

Consider the problem of determining the functions u(x,y,t) and k(z,t) from the following
equations:

t
w=8u= [ ot =)oy r)dr + [0, (2p.t) € D, M)
0
u |t:0: gO(iE,y), (-T,y) € ﬁv (2)
Uy |x:0: Ug |x:1: Oa Uy |y:O: Uy |y:1: Oa (Iay) € 0D x [OvT]a (3)
U |y=0= h(z,1), (,t) € [0,1] x [0, 7], (4)

where A = ;—;2 + 5‘—;2 is the Laplace operator, Dr = D x (0,T], D = {(z,y) : x € (0,1),y €
(0,1)}, T > 0 is an arbitrary fixed number.
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In these works authors discussed the unique solvability for possed problem. Our main
result of this work is following theorem:

Theorem 1. Assume that o(z,y) € H* (D), |o(z,0)] > 0o = const > 0, f(x,y,t) €
C! <Hl+2 (D); [O,T]>, h(z,t) € C? (Hl+2([0, 1]); [O,T]). In addition, all the above matching
conditions with respect to the specified functions are met. Then for any fixed T > 0,
there exists a unique solution of inverse problem (1)-(4), belonging to the class k(x,t) €

C(H'([0,1]); [0,77).
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The inverse problem of the source for the equation of forced vibrations of beams

Odinayev R.R.
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We consider the following equation,

Utt + Ugzzr = P(x)Q(t), (l’, t) € D7 (1)
in the domain D := {(z,t); 0 <z <1, 0 <t < T} with initial conditions
aku ak—i—l
S0 =), S0 =v(), 0<z<l, )
and boundary conditions
w(0,) =0, w(l,t) =0, wu(0,t) =0, wu.(l,t)=0, 0<t<T, (3)

where k£ > 2 fixed natural number

In the direct problem, it is required to find a function u(z, t) € Cip HD)NCS
equalities (1)—(3) for given number 7" and sufficiently smooth functions p(x )
P(x).

In the inverse problem, it is required to find the function ¢(t), if the following additional
information is known about the solution to the direct problem (1)—(3) :

(D) satisfying
q(t), p(x) and

ks
t
)

1
o(t) = [ ute.)h(a) de (@)
0
where the functions g(t), h(z) are given and the function h(x) satisfies the conditions
h(x) € C*0,1], h(0) = h(1) = h"(0) = Rr"(1) = 0. (5)

In this paper, the direct and inverse problems for £ > 2 are considered.

Theorem. Let g(t) € C*710,T], (p(x), h(x)) # 0 and (p(x), ™ (z)) # 0 . Then there
exists a unique solution to the inverse problem (1)-(5) from q(t) € C*710,T] . Here (.,.)
scalar product in Ly(0, 1)
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Moore-Gibson-Thompson tenglamasi uchun aralash masala

Oltiboeva D.O., Mirzoyeva S.0O., Rashidova M.R.

Buxoro davlat universiteti, Buxoro, O‘zbekiston;

Ushbu

t

ete + et — Ut — e + / ot = Pule, 7)dr =0, (2,1) € O, (1)
0

Moore-Gibson-Thompson tenglamasini|1]

%u(w,O) =ti(z), 1=0,1,2, = €[0,1] (2)

boshlang‘ich va
uw(0,t) =u(l,t) =0, t €[0,T] (3)
chegaraviy shartlar bilan birgalikda qaraylik, bunda 7T— biror musbat son va Qr := {(z,1) :
0<zx<1l,0<t<T}.
Ta’rif. (1)-(3) masalaning u(z,t) € Czi’ (Qt)ﬂC’ijf’ (€;) funksional sinfga tegishli yechimini
topish masalasiga to‘g‘ri masala deyiladi. Bunda ;(x), ¢ = 0,1,2 va g(¢) lar ma’lum
funksiyalar.
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On a Boundary Value Problem for the Holmgren Equation with Singular
Coefficients In a Half-Plane
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Consider the following equation

&%) Bo

ymum; + Uy + WUI + ?uy = O, (1)

where m, ag and [y are some real numbers satisfying the conditions m > 0, |ag| < mT”,

—% < By < 1 in the half-plane = {($,y) D —00 < X < 00,y > O} .
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We introduce the following notation: J = {(z,y) : 0 <z < 1,y =0}, J; = {(x,y) : —o0 <
r<0,y=0}, o ={(r,y) : 1 <x < o0,y =0}

In domain € we study the following non-local boundary value problem.
Problem A. It is required to find a function u = wu(z,y) that satisfies the following
conditions:
1) u(z,y) € C(Q2) N C?*(2), where O = {(z,y) : —00 <z < 00,y > 0};
2) u(x,y) satisfies the boundary conditions:

lim yﬁouy(x y)=pi(x) Vereld, i=12, (2)

y%

ao() lim Yy () —1—2% ) D u(x,0) 4 api(z)u(z,0) = W(z) Yz eJ; (3)

3) the following relation hold
lim u(z,y) =0, (4)
R—o0

where R? = 22 + (m+2)2ym+2, reR, y>0;

4) lim yﬂouy(m y) at = 0 can become infinity of order lower than 1 — 26, and at x =1 is

bounded where § = 2425

2(m+2)

In the boundary COI;rdltIOIlS (2)—(3), ao(z), a (m) (G = 1,...n), any1(x), cpl(x), wa(x),
U(x) are given functions, and ag(z), a;(x) (j = 1,...n), ans1(z) € CH(J)NC3(J), ¥(z) €
CH(J)nC*(J),

n+1
Za )#0 Vz el

The function ¢(x) € C(J;) can tend to an infinity of order less than 1 — 2§ at z = 0,
and the function @o(x) € C(Js) is bounded at # = 1, and for sufficiently large |z, satisfy the
inequality |p;(z)| < M|x|7'77, where o, M = const, o > 0.

Here
L fmdt
Dy f = TEas) g (=)

d a;—1
EDO:; f7 Qs >0

O{j<0,

are the operators of fractional integration of order «; for a; < 0 and fractional differentiation
of order «; for ) is the Euler’s gamma function [1].
Theorem 1. Let the following conditions be satisfied:

af) £0, ) g

ag(x
L] BT P

Then, if a solution to Problem A exists, it is unique.
The uniqueness of Problem A is proved by the method of energy integral [2].

Theorem 2. Let conditions a) v = (lrila<x ){a]} < +ﬁ20), b) a (5;520) be fulfilled. Then
J

a solution to Problem A exists.

2(1—Po)
For o« = max{a,;} <
1< ]<n{ j} m+2 7

Problem A is equlvalently reduced to the Fredholm’s integral

equation of the second kind. In the case a = ( solvmg Problem A is equivalent to solving
the singular integral equation with a Cauchy- type kernel [3].
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On the solvability of the Cauchy problem for the Biharmonic equation

Sharipova S.A.
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The main monograph for ill-posed boundary value problems for the biharmonic equation
may be considered [1]|. In it three essentially ill-posed internal boundary value problems for
the biharmonic equation and the Cauchy problem for the abstract biharmonic equation was
studied.

In [2]-[4], they considered solvability conditions of the Cauchy problem for the elliptic
equation. Existence and uniqueness of the solution of the problem are proved. Set

Q={(z,y) €R? :|z| <7 0<y<h}
Consider the following eqaution in €2

@ L9 o*u +84u
Ox4 o0x20y?>  oy?

=0, (1)

with boundary conditions
u(z,0) = ¢(x), uy(z,0) = uyy(z,0) = uyy,(zr,0) = 0. (2)

where ¢(x) is a 2r—periodic function and belongs to the Ly[—m, 7).
The solution of the problem (1)-(2) is the function u € C*(2), which satisfies in the
domain ) equation (1), and satisfies the boundary conditions (2) in the following sense:

lim, [ Ju(o,y) - d(o) o = 0 3)
y—0t
and
o™ 2
yli)%l+ 8y—m(x,y)—0 dr = 0, m=1,2,3. (4)

—T

Problem A. For a given function ¢ € Ly|—m, 7], find the values on the upper border of
Q2 of the solution u(x,y) to the problem (1)-(2).
The solution of the problem A is the function x € Lo(0S2) satisfying the condition

e—0

lim/ lu(z, h —€) — x(z)|* dz = 0. (5)

We are looking for the solution of the problem (1)-(2) in the following form

ikx

u(z,y) = v(y)e
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Denote by A, the set of functions f(z) which are holomorphic on the stripe

= {z€C : |Imz| <o}, (6)
and satisfy conditions:
fz+2m)=f(2), z=z+1iyeS,, (7)
and
1712 = sup / fa+iplde < +oo. 0
ly| <o

Consider the Fourier series

> e (9)

k=—00

Theorem 1. For any function f € A, the following inequalities

1 2 - 2 1 2
— < h2 < — 1
CIFI2 < 3 Il eosh2ok < |12 (10)

k=—0o0

are valid. (see [4])

The following statements are true.

Theorem 2. Let the function ¢ belong to class A, for some o > h. Then the solution of
the problem A exists and is unique.

Lemma 1. Let the function ¢ belongs to class A, . Then the function u(z,y) belongs to
ct ([_7‘—77]-] X [07 0)) :

Lemma 2. Let ¢ belongs to class A, for some o > h. Then for each y € [0, h| the
function u(z,y) belongs to Ly|—m, 7] and

hm /‘ u(z,y) (x,h)’de = 0.
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Ill-posed problems and their applications in modern science and engineering
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In classical mathematical analysis, a problem is considered well-posed in the sense of
Hadamard if it satisfies three criteria: a solution exists, the solution is unique, and the
solution depends continuously on the data. However, many real-world problems-especially
those involving inverse modeling, image processing, or parameter estimation-fail to meet these
criteria. Such problems are termed ill-posed. Rather than discarding these problems, scientists
have developed techniques to regularize or stabilize them. Ill-posed problems are not only
ubiquitous but also fundamental in fields ranging from geophysics to medicine. Understanding
and solving them is essential for the advancement of both theoretical and applied sciences.
[l-posed problems have been a central topic of study since the pioneering work of Tikhonov
and Arsenin, who introduced foundational concepts in regularization theory and emphasized
the need for stabilizing ill-posed formulations in applied mathematics [1]. Their ideas were
significantly extended by Engl, Hanke, and Neubauer through comprehensive analysis and
the development of numerical methods suited to inverse problems [2]. Groetsch further
contributed by bridging the gap between theoretical formulations and real-world applications,
especially in the mathematical sciences [3]. Building on this groundwork, recent studies by
Juraev and Gasimov have addressed the regularization of the Cauchy problem for matrix
factorizations of the Helmholtz equation in bounded multidimensional domains, offering
robust techniques for dealing with instability in elliptic-type problems [4]. Additionally,
Juraev has extended these results to unbounded spatial domains, demonstrating the broad
applicability of regularized inverse methods in higher-dimensional settings [5].

A typical example of an ill-posed problem is the inverse heat conduction problem,
where one seeks to determine the initial temperature distribution from later temperature
measurements. Another is medical image reconstruction, such as computed tomography (CT),
where internal body structures are inferred from projections.

Other prominent examples include:

1. Inverse scattering in quantum mechanics.

2. Deconvolution in signal processing.

3. Backward parabolic equations in mathematical physics.

4. Identification of material properties in elasticity.

In all these cases, small errors in the input data can lead to large deviations in the output
unless special techniques are employed. To manage ill-posedness, the most commonly used
approach is reqularization, which involves replacing the original problem with a nearby well-
posed one whose solution approximates that of the original.

Among the most widely used methods are:

1. Tikhonov Regularization: Adds a penalty term to stabilize the solution.

2. Truncated Singular Value Decomposition (T'SVD): Limits the influence of small singular
values.

3. Iterative Methods: Such as Landweber iteration and conjugate gradient methods
adapted for inverse problems.

Selection of appropriate regularization parameters is critical and can be guided by methods
such as the L-curve, cross-validation, or discrepancy principles.

[ll-posed problems have become a central focus in the following areas:



212 MaTemMaTndeckas ¢u3MKa UM CMEXHHE BOIPOCH COBPEMEHHOTO aHamu3a, Byxapa-2025

1. Geophysics: Determining subsurface structures using surface data.

2. Medical Imaging: MRI and CT scan data reconstruction.

3. Astronomy: Restoration of blurred astronomical images.

4. Machine Learning: Regularization in neural networks and regression models.

5. Non-destructive Testing: Identifying flaws in materials using surface wave analysis.

Advancements in computational power and algorithmic development have allowed
scientists to solve large-scale ill-posed problems with increasing precision and reliability. Ill-
posed problems, once viewed as an obstacle in mathematical modeling, are now integral to
solving some of the most pressing and complex questions in science and technology. Through
the development of sophisticated regularization techniques and computational algorithms,
it has become possible to extract meaningful solutions from unstable data. Continued
interdisciplinary research is crucial to extend these tools and address the challenges of
increasingly complex systems.

[ll-posed problems, once seen as theoretical anomalies, have become essential tools in the
modeling and solution of real-world scientific and technological challenges. Their presence
in areas such as geophysics, medical imaging, and inverse heat conduction underscores their
practical significance. With the development of regularization methods and computational
algorithms, researchers can now obtain stable and meaningful solutions even from incomplete
or noisy data. The works of classical scholars like Tikhonov and modern contributors like
Juraev have collectively shaped a mature and dynamic field. Continued research in this area
promises to advance both the theoretical understanding and practical applications of inverse
and ill-posed problems across diverse disciplines.
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The inverse problem for a fractional-order diffusion equation with involution
involves several types of loads
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In this work, we consider an inverse problem for a fractional order heat equation with
involution. We seek formal solution to this problem in a form of series expansions using
orthogonal basis obtained by separation of variables and we also examine the convergence of
the obtained series solution.

Definition 1. [1] The fractional derivatives ¢ D% u of order 0 < o < 1 on [a, b] defined as

oDgpult) = Dgyu(t) — u(a)]
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is called the left-sided Caputo fractional derivatives of order o , where

t
N B 1 9, o
Datu(t) = ma / (t — S) U(S)dé’, 0<a<l.

a

Let us introduce the following operators:

Aqlu] = biu(z, to) + bou(m — ,tg) + 1t (T, t0) + Cotipe (T — 2, o),

to to

Aslu| = dy /u(:c, s)ds + dy /u(ﬂ —x,8)ds

to to

—i—pl/um(x,s)ds —|—p2/um(7r —x,8)ds,

0 0
A3[U] = qlut(xv tO) + QQUt(ﬂ' — T, tO)a

where b;, ¢;, d;, pi,q; (i = 1,2) are real numbers.
The problem under investigation is formulated for the equation

oDGu(x,t) — ayug, (x,t) + ague, (7 — z,t) + Ar[u] + Asfu] + Aslu] =

:f<x>7 (ZC,t) €, (1)

where, ¢ D§; is Caputo derivative, «, a;, (i = 1, 2) are nonzero real numbers such that, 0 < o <
1, a; >0, a3 £ay > 0 and 2 is a rectangular domain given by Q = {0 <z < 7,0 <t < T},
to is any fixed number, and that ¢y € (0,7).

The above equation with b;,¢;,d;,pi,qi = 0, (i = 1,2) and @ = 1 was studied in [3].
Moreover, in recent years, the study of equations with involution has attracted considerable
interest among mathematicians. In particular, when the domain under consideration is a ball,
the paper [5] by B. Turmetov et al. can be cited as an example of recent work on equations
with involution. Our aim is to find a regular solution to the following inverse problem.

Problem I Pp: Find a pair of functions {u(z,t), f(x)} in the domain 2 satisfying equation
(1) and the conditions

u(z,0) = ¢(z), u(x,T)=1v(), ze€l0n] (2)
and the homogeneous Dirichlet boundary conditions
u(0,t) =0, wu(mt)=0, tel0,T], (3)

where ¢(z) and 9 (z) are given, sufficiently smooth functions.

The novelty of the stated problem mainly lies in the part loaded with respect to the time
variable, and it is investigated under various types of loads. A problem close to this work was
also studied in [2],[4].

Under certain conditions for the given functions, using Fourier series we prove uniqueness
and existence of solution of the above formulated problem.
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In the domain D := {(t,z) : 0 <t <T, 0 <z <!}, consider the initial-boundary value
problem for a function u(t, z), satisfying the equation [1]:

o (s + dloru = Pl )
with initial conditions
u(0,2) = p(a), w0,2) = vla), 0<x <L )
and boundary conditions
w(t,0) = u(t,0) =0, 0< ¢t <T. 3)

Assume that the following conditions are met for the coefficients of equation (1):

A1): 0 < p(z) € C?0,¢], 0<q(x)e Co,4],
and ¢(x), ¥(z) in (2) are given sufficiently smooth functions.

In the direct problem, we need to determine the functionu(t,z) € C’tl’ (D) N C*(D),
which satisfies equations (1)-(3) for sufficiently smooth given functions p(z), ¥ (x), F(t,x),
where D = {(t,): 0 <t <T,0<x < (}.

In this work, we assume F(t,x) = f(t)g(x) and investigate the following inverse problem
[2]:

Inverse problem: Find f(¢) € C[0,T], if with respect to the solution of the direct problem
(1)-(3) an integral overdetermination condition is known:

/é g(x)u(t,x)de = h(t), 0<t<T, (4)

where h(t) are given sufficiently smooth functions.

Theorem 1. [Uniqueness Theorem| Assume that the coefficients p(x) and q(x) of equation
(1) satisfy condition A1). Then the solution u(t,x) of the initial-boundary value problem (1)-
(3) in the class of functions u(t,x) € C’;f(ﬁ) N C?(D) is unique.
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Theorem 2. If conditions Al, and p(x) € C3[0,1], (0)
0, o(x) € C0,1], ¥(0) =+() =0, F(t,z)e C7[0,T], F
stable solution of problem (1)-(3) exists.

Theorem 3. Let the functions o(x), ¥(x) and g(x) satisfy the conditions of Theorem 2,
g(x) #0 on (0,0), h(t) € C?[0,T] and the conditions

/l o()g(x) Zgnson,
/w 2)dr = I >=§jgnwn,

are fulfilled, then the inverse problem has a unique solution.
The stability of the solution of the inverse problem with respect to the given functions
©(x) and () is established by the following statement:

Theorem 4. Let {u(t,x), f(t)} and {ﬁ(t,x), f(t)} be solutions of the problem (1)-

(4) with data {p(zx), ¥(z), h(t)} and {(ﬁ(x), @(x),ﬁ(t)}, respectively, and with the same
functions p(x), q(x), g(x). Then the following stability estimates are valid:

020T])
020T])

L(Ew)( 0) = () = L(p)l

n Hh h‘

= ]y < 202 (0 = Bl + |- ]

clo,1) co,]

=

o= dlls, < Ma (I = Pl + [0~ 9
where My and My depend on the functions p(z), q(z), g(x).
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Ikkinchi tartibli chiziqli yuklangan oddiy differensial tenglama uchun bir
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Bizga [—1,1] kesmada quyidagi ikkinchi tartibli chizigli yuklangan oddiy differensial
tenglama berilgan bo’lsin:

[Pl)y ()] +Q)y(x) = D () fi(@) + folx),  w€(-11). (1)
j=1
Faraz qilaylik, P(z), Q(x) va f;(z) (j = 0,n) berilgan uzluksiz funksiyalar bo’lib, (—1,1)
kesmada aniqlangan va uzluksiz bo’lsin. Shuningdek, =1, x», ..., z,_1 berilgan haqiqiy sonlar
bo’lib,

—l=zy<z < - <xp1<z/,=1 (2)



216 MaTemMaTndeckas ¢u3MKa UM CMEXHHE BOIPOCH COBPEMEHHOTO aHamu3a, Byxapa-2025

tengsizlik bajarilgan bo’lsin.
Masala. Tenglama (1) uchun quyidagi chegaraviy shartlar bajarilsin:

y(=1) =0, y1)=0.

Yechish. Tenglama (1) va shartlar (2) ni qanoatlantiruvchi yechim quyidagicha yozilishi
mumkin:

o) =3 | Glasula) f(s)ds + fla), ®)

bu yerda G(z,s) va (1), (2) masalaning Grin funksiyasi,

_ 1
fw) = [ Gaos) ols)as.
-1
Agar x = 1, (m = 1,n) desak, (3) dan quyidagi tenglik hosil bo’ladi:
n 1 B L
y(Tm,) = Zy(xj)/ G(xm, s)fi(s)ds + folxm), m = 1,n. (4)
i=1 !

Quyidagicha belgilash kiritamiz:

e / Glan () ds m A
Amj -

1-— /1 G(Tm, S) fm(s)ds, m =j.

Shunda (4) tengliklar quyidagi ko’rinishda yoziladi:
Z Apjy(z;) = Folwm), m=1,n. (4)
j=1

Demak, (5) va y(x;) (j = 1,n) noma’lumlarga nisbatan n noma'lumli n ta chizigli
algebraik tenglamalar sistemasi.

Endi quyidagi holatlar mavjud:

1. Agar asosiy determinant A = det ||A,,,|| # 0 bo’lsa, unda sistema (5) yagona yechimga
ega. Natijada y(z;) (j = 1,n) lar topilib, (3) orqali masalaning yagona yechimi aniglanadi.

2. Agar A = 0 va A,, = 0 (m = 1,n), bu yerda A,, va A determinantida m-
ustun elementlari fo(z,,) lar bilan almashtirilgan bo’lsa, unda sistema (5) cheksiz ko'p
yechimlarga ega bo’ladi. Bu holda y(z,,) sifatida ixtiyoriy qiymatlarni olib, (3) formulaga
qo’yib masalaning cheksiz ko’p yechimlarini topish mumkin.

3. Agar A = 0 va biror m = s uchun A # 0 bo’lsa, unda sistema (5) yechimga ega emas.
Demak, masala ham yechimga ega emas.

Shunday qilib, (1), (2) masala A # 0 bo’lganda yagona yechimga, A = 0, A,, = 0
(m = 1,n) holatda esa cheksiz ko’p yechimga ega bo’ladi.

Adabiyotlar

1. Boyquziev Q.B. Differensial tenglamalar. Toshkent: O’qituvchi, 1983. 192 bet.
2. Kurosh A.K. Kurs vysshey algebry. Moskva: Nauka, 1968. 732 s.



MaTemaTrndeckas ¢u3MKa UM CMEXHHE BOIPOCH COBPEMEHHOTO aHaim3a, Byxapa-2025 217

On the solvability of the inverse problem for the wave equation of memory type
with acoustic boundary conditions
Totieva Zh.D.!, Kinra K.?, Mohan M.T.?

Southern Mathematical Institute of Vladikavkaz Scientific Center of Russian Academy of
Sciences, Vladikavkaz, Russia;

Center for Mathematics and Applications (NovaMath), NOVA SST, Portugal;
Department of Mathematics, Indian Institute of Technology Roorkee-IIT Roorkee,
Haridwar Highway, Roorkee, Uttarakhand 247667, INDIA ;
jannatuaeva@inbox.ru, kushkinra@gmail.com, maniltmohan@gmail.com

A wave equation of memory type with acoustic boundary conditions is presented:

t
Ugp — Ugy — BlUpgrr + / k(t — $)uzz(z,s)ds =0, (z,t) € I x (0,7T)
0

ul, =0, 0<t<T, (2)
t
[Ua: - / k(t — s)ug(x,s) ds} =y'(t), 0<t<T, (3)
0
r=I
w|,_, = —py(t) —qy(t), 0<t<T, n
u|t:O = uo(x), ut|t:0 =w(r), zel, (5)

where u(z,t) is the velocity potential; k(t) is the memory kernel; y(t) is the displacement at
the boundary = = [; T, p, q are fixed positive constants, and I = (0,1) C R.

We assume that this extra information can be formulated as an integral overdetermina-
tion condition of the form:

!
/0 (o(x) — B (@)us(e, )dz = £(t), t € [0,T) (6)

where ¢(z) is a prescribed function characterizing the sensing device used to detect the spatial
derivative u,, and f(t), defined on [0, 7], represents the corresponding measurement data.
Physically, ¢ may be interpreted as modeling a small internal sensor that captures the average
velocity over a localized region of the domain, that is, over the support I’ := supp(y) C I,
which may be quite narrow. This formulation reflects the averaging nature of the measurement
process.

If the function k(t) is known, then the initial-boundary value problem (1)-(5) for
determining u(z,t) and y(t) is called the direct problem. The inverse problem is to
reconstruct u(z,t), y(t) and k(t) from the system (1)-(6).

A qualitative study of the direct problem (1)-(5) with # = 0 in a bounded domain Q C
R"(n > 1) with a C? boundary I' = Ty UTy, To N T’y = ), was presented in [1]. Also for the
case of 8 = 0, the result on local-in-time existence and uniqueness of the kernel determining
problem (1)-(6) was obtained in |2]|. In the monograph [3], it was noted that dispersive wave
processes (when k = 0) are described by equation (1), which is the main motivation for this
work. Equation (1) with & = 0 appears in elasticity theory to describe longitudinal waves
in rods, water waves in the Boussinesq approximation for long waves, and waves in plasma.
In some cases, the term wu,.; can be replaced by uzz... This depends on the dispersion
relation. However, in order to describe wave processes in dispersive media more accurately,
it is necessary to have an integral operator with a kernel k.

Below, we use the standard notation for Sobolev spaces [4]. It is assumed that:
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(i1) uO( ) unlz ) € HY(I), ( )€H3(1)

(i2) a - f o' (x)ug (x)dx

(i) (1) € 120,T). 7(t) €

y'(0) = ug(l), y"(0) = wi(l

KO = (7”0 - Jy nla)
fo%M‘ dif——fo ¥'(2)

fo dff——fo ' (x)us ( )dJC—f’( ),

fo@ dx——fo ' (x)ug(z)dz = f"(0).

— Jy ' (@) (x) = k(O)uf(x)ldz = f"(0).

The theoretical signiﬁcance of the study is to obtain the necessary and sufficient conditions
for the local and global unique solvability of the one-dimensional inverse problem (1)-(6). It
is more expedient to carry out the study of the solvability of the problem in terms of the
functions v := uy + (py' + qy) 7.

Theorem 1|Local-in-time existence| Suppose that assumptions (il)-(i3) are satisfied.
Then, there exists T € (0,T), such that the inverse problem (1)-(6) possess a unique solution

2
3
(

gpl//< )

(v, k,y) € H*(0,7; Hy(I) N H*(I)) x H*(0,7) x H*(0, 7).

Theorem 2|Global-in-time uniqueness| Let the assumptions (i1)-(i3) hold. Then, if T €
(0,T], and the inverse problem has two solutions

v; € H*(0, 73 Hy(I) N H*(I)), k; € H'(0,7),y; € H*(0,7), j € 1,2,

then (v1, k1,y1) = (v2, k2, y2).
Theorem 3|Global-in-time existence and uniqueness| Let the assumptions (i1)-(i3) hold
and T > 0. Then the inverse problem has a unique solution

(v, k,y) € H*(0,T; Hy(I) N H*(I)) x H'(0,T) x H*(0,T).
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4. Evans L. C. Partial Differential Equations. Amer. Math. Soc., Grad. Stud. Math., vol. 19,
Second Edition, Providence, RI, 2010. P. 749.
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Asymptotic solution of a singularly perturbed boundary value problem with a
singularity inside the domain

Tursunov D. A., Shakirov K. K.

Osh State University, Osh, Kyrgyzstan;
dtursunov@ oshsu.kg; shakirov@oshsu.kg

We study the Dirichlet problem

eAu — (11 — 210)* + (29 — 220))p(1, 12)u = f(21,72,€), (71,72) € D, (1)
w(0, 9, €) = o(xa,€), u(l,ma,8) = ¢1(x2,€), 2 € [0,1], (2)
uw(z1,0,8) = Yo, ), u(zy, 1) = Y1(x1,€), 21 € [0,1], (3)

where 0 < ¢ is a small parameter, A = 8‘9—;2 + aa—; is the Laplace operator, (x19;290) € D,
1 2
D= {(xlaxZ)’() <z < 110 < Ty < 1}7 f(x17$275) = Z fk(xlsz)gka b, fk € Coo(ﬁ)’
k=0
p> 07 300(075) = wO(ng)J ¢0(175> = 1(078)7 ¢1<07€) = @0(178)7 wl(:l?g) = 801(175%

¢j(x176> = kzo%',k(%lkka Spj(x%g) = kzo%,k(%kka ¢j7k7 ik € COO[O’ 1]7 J=0,1,
u = u(xy, T2, €).

All asymptotic series in the sense of Poincare are given here.

The solution to problem (1)-(2) exists and is unique [1]. We are interested in the
asymptotic behavior of the solution to problem (1)-(2) as ¢ — 0.

The first singularity is obvious: the solution of the limiting equation as ¢ =0 :

—((z1 — xlo)z + (@9 — $20)2)p(I1, To)u(1,2,0) = fo(a1, 22)

does not satisfy boundary conditions (2)-(3).
In order to show the second singularity, we consider the structure of the external expansion
of solution to problem (1)-(3), which we seek as [2]

U(zy,x9,€) = Zakuk(:cl,xg), e—0. (4)
k=0

Substituting (4) into (1) and equating the coefficients at the like powers of e, we obtain,
[3]:

e k
U(Il, 9, 8) = 1 Z <£2> ﬁk(fﬁl, 1’2),
Py P
where p = (z1 — 210)? + (22 — 220)?, U, € C(D).
We have proven the following theorem
Theorem As ¢ — 0 the solution of boundary problem (1)-(3) has the asymptotic
expansion:

4 4
u(1,x,6) = V (w1, 29,€) + Z Zy + ZHk + W(ty,t2, N),
=1 1

where

V(zy,xq,€) = Zekvk(xl,xg), vp € C*(D);

k=0
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oo

Zy = Zi(4r, T2, 1) = Zﬂkz1,k(y1,$2)7 Y1 =a1/p, b= e,
k=0

Zy = Zp(T1, Yo, ) = ZMkZZ,k(IlayQ)a Y2 = T2/ 11,
k=0

Z3 = Zy(ys, T2, p) = Zﬂkzg,k(ys,M), ys = (1 —x1)/p,
k=0

Zy = Za(wr,ya ) = Y pFzun(z ),y = (1—2)/p,

k=0
Iy = TL (y1, yo, ZM k(Y1 Y2),
Iy = Tl (ys, yo2, 1 ZM Tk (Y3, Y2),
3 = Hs(ys, ya, 1) = ZMkWS,k(y&?M)a
k=0
Iy = Ty(y1, ya, ZM Tk (Y1, Ya),
1 o= .4
Wty ta2,\) = EZ)\ wi(t1,t2),
k=0

ty = (21— 210) /A, b = (22 — 220) /A, A = V.

lim z;; =0, Vz; € [0,1); lim 7, =0, lim w,=0.
Yj—oo Yj—>00 t1+ta—00
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Initial - boundary value problem for a degenerate higher even - order equation
involving an integro-differential operator with Bessel function in the kernel

Usmonov D. A.!

Fergana State University, Fergana, Uzbekistan;
dusmonov909@gmail.com

In this paper, in the domain Q = {(z,¢) : 0 <z < 1, 0 < t < T} we consider the following
degenerate higher even order equation

CDgfu(x,t) + bu(z,t) + (—1)”86;1 x4(1 — x)ﬁ% = f(z,1), (1)
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where T, «, (8, 0, v, b, n are given real numbers, "> 0,0 <a < 1,0< <1, 1 <9 < 2,
. . . . . (57*}/ .

n € N, u(z,t) - is an unknown function, f(z,t)- is a given function, ¢Dg; u(z,t) - is an

integro-differential operator with a Bessel function in the kernel [1]| of the function wu(z,t)

with respect to the argument ¢:

Dulnt) = gy [ Tl 2 (5 + ) e 2)

['(x) - is BEuler’s gamma - function, J,(z) - is the Bessel Clifford function defined by .J, () =
I'(v+1)(2/2)7"J,(2) - is Bessel function of the first kind of order v.

Let us study the following initial-boundary value problem for equation (1).

Problem A. Find a function u(z,t) with the following properties:

1) (&9)0xi)u(z,t) € C(Q), (89/0a7) [x"‘(l _ ) (3”/8x”)u(x,t)] e C(@), ) =
0,n—1; w(z,t) € C(Q), (0"/0z") [xo‘(l —z)° ((9”/8x”)u(x,t)} e C(Q), DY u(x,t) €
C(9);

2) in the domain € satisfies equation (1)

3) On the boundary of the domain €2, the following boundary and initial conditions are
satisfied:

(07)0z7)u (x,t)],_o =0, j=0,n—1, te[0,T];
(89 /029 [xa(1 — 2)? (8" /02" u (x,t)} ‘ =0,j=0mn—1te[0.1]; }

u(l‘,O):(p1<£C), ut<$70) :902(3:) VS {071];

where 1(z), ¢2(x) - is a given continuous functions.
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Problem with integral condition for hyperbolic equation with singular
coefficients

Usmonov D. A.!, Jurayeva D.U.?
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Let us denote by D the domain bounded by linest —x =0,t4+2x =1 and t = 0. Let us
consider the following hyperbolic equation with singular coefficient in the domain D:

g (T, 1) + ?ut(:p, 1) = Uy (x, 1), (1)

where u(z,t) -unknown function, f € R, 0 < f < 1/2.
For this equation, we consider the following non-local problem:
Problem I,. Find a function u(x,t) with the following properties:
1) It satisfies equation (1) in the domain D;
2) u(z,t) € C (D), t*u (x,t) € C (D), uy (z,t), Uz (x,t) € C(D);
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3) It satisfies the following conditions

T

u(x, O)+a/u(1—§,0)d§:<p(m), 0<z<1,

0

[P, (:c,t)LZO =v(z), 0<z <1,
where ¢ (z),

v (x) are given functions, « - is a given nonzero real number
Theorem. If v (z) € C[0,1] N C?(0,1)

¢ (x) € C'0,1] N C*0,1), |a] < 1, then the
solution to the problem I, exists and is unique, and it is represented as

u(x,w:m/wz)[y(l—y -1

)]B dy + Yot

v(2) [y (1 —y)] dy,

[e=]

(@) = p(x) + afcos (o —Ccz)ﬁ)a— sin ()] /sin (a5) o(s)ds—

1

1
acos (a — ax)

as1n
. B ds
— /sm (as) p(s)ds — /cos a—as)e(s)ds

1

asin ()

1
, acos (o — ax)
ds — — d
p— /sm (as) p(s)ds p— /cos (o — as) ¢(s)ds,
1—x 1—x
is determined by the formulas, where z = «x
['(1—-2p)/I*(1-8).

+(2y—1)s, m = T(2B)/T%(B), 7
integrallash
Xasanov A.B.!, Xudayorov U. O.!

1 Sharof Rashidov nomidagi Samarqand davlat universiteti, Samarqand, O’zbekiston
ahasanov2002@mail.ru, ulugbekxudayorov@gmail.com

Qator manbali Liuvill tenglamasini davriy cheksiz zonali funksiyalar sinfida

Ushbu ishda

k=—o00

Gor = €7+ Y Brsi(m e, ) (0 (@, M t) — U3 (2, Mo t), T €RE>0 (1)
ko’rinishdagi qator manbali Liuvill tenglamasining

q(z, )]0 = q0(), qo(x + 7) = qo(v) € CY(R)
4(2,0)],_y = a1(t), (1) € C'(t > 0) N C(t > 0)
|CI1 )’ M, M>

> 0), (2)
>0, qo(0) = q1(0)
shartlarni qanoatlantiruvchi haqiqiy cheksiz zonali hamda

q(z +m,t) = q(z,t) € Cp(t > 0)NC(t > 0)
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silliglik shartlarini qanoatlantiruvchi yechimini topish masalasi qaralgan.

Bu yerda ¢i<x7/\7t) = (?ﬂi‘%ﬂf,)\,ﬁ),?ﬂ%(l’, )‘>t)>T7 ¢+(937)\k7t) = w_(fl% )\kvt) = ¢($7>‘k>t)

vektor-funksiya ushbu
0 1)\ dy
L(T,t)yz(_l 0)%

1 0 ¢ (x+T,1) B _ (0
+3 ( ¢+ 7t 0 )y—Ay, y = <y2> (4)

x,7 € R,t > 0 Dirak tenglamalar sistemasining (7 = 0) Floke yechimlari, S,k € Z esa
Br = O(k™?), k — +oo asimptotikani qanoatlantiruvchi sonli ketma-ketlik.

(1)-(3) aralash masala yechimini (4) Dirak operatoriga qo’yilgan teskari spektral masala-
lar usuli yordamida topamiz.
clx, \,1,t) = (c1(z, A\, 7, t), e, A, T, t))T va s(x, A\, 7,t) = (s1(x, \, 7, 1), sa(x, A, T, t))T vektor-
funksiyalar orqali (4) tenglamaning c(0, A, 7,t) = (1,0)” Pu s(0, A, 7,¢) = (0, 1)7 boshlang’ich
shartlarni qanoatlantiruvchi yechimi belgilab olamiz. Bular orqali tuzilgan A(\ 7,t) =
c1(my A\ t) + so(m, A, t) funksiyaga (4) operatorning Lyapunov funksiyasi deyiladi va u 7
parametrga bog’liq emas. A\y(t),k € Z lar orqali (4) tenglamaga qo’yilgan davriy va
yarimdavriy (y;(0,7,t) = Zy(m,7,t),i = 1,2) chegaraviy masalaning xos qiymatlarini
belgilasak, ular A(\,t) F 2 = 0 tenglamaning ildizlari bilan usma-ust tushadi. & (7,t),k € Z
lar orqali esa (4) tenglamaga qo’yilgan Dirixle chegaraviy masalasining xos qiymatlarini
belgilasak, ular s;(m, A, t) = 0 tenglamaning ildizlari bilan usma-ust tushadi.

1-ta’rif. {&(7,1), ok (7,t) = sgn(se(m, &(T,1),t) — c1(m, (T, 1), 1)} to’plamga (4) opera-
torning spektral parametrlari deyiladi.

2-ta’rif. { A\ (1), &k(T,t), ok(T,t) = sgn(sa(m, (T, 1), 1) — cq(m, & (T,1),t)} to'plamga (4)
operatorning spektral berilganlari deyiladi.

Ushbu ishning asosiy natijasi quyidagi teorema orqali bayon qilingan.

Teopema Agar qo(z) va ¢1(t) funksiyalar mos ravishda

gz + ) = qo(x) € C*(R)

) Q) €CH(t>0)NC{t=0), |a(t)| < M,M>0,q(0)=q0)

shartlarni qanoatlantirsa, u holda (1)-(3) aralash masalaning
q(1,1) = qu(t) + 2/ ( > (_1)k_10k(57t)hk(§(37t))) ds,
0 k=—o00

So(my A t) —cr(m, A t) F /A2(N) — 4
2s1(m, A\, 1)

VE(T, A\ L) = (T, M\ 1) + s(T, A\ t)
formulalar orqali aniglangan yagona (q(T, t), ¥;(T, )\,t)),i =1,2,7 € R, ¢t > 0 cheksiz zonali
global yechimi mavjud bo‘ladi.
Bu yerda £ = &(7,t) = (..6-1(7, 1), & (7, 1),...), 0 = o(r,t) = (...o_1(7,t),01(7,1),...),
A= At) = (..A_1(f), M1(¢), ...) vektorlarning koordinatalari quyidagi Koshi masalasani
ganoatlantiradi:

OAn(t)

ot

=0, n e Z\{0}

0&, (1,1)
ot
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(T, )| g = &(7), ou(T,t)],_y = op(7), n € Z\{0}.
Bu yerda £9(7), 0%(7) = +1, n € Z\{0} - L(7,0) operatorning spektral parametrlari, h, (&)

n

P4 g,(£), n € Z\{0}, lar esa quyidagicha aniglanadi:
7 (€) = V(&) = Ao 1) Nan — &a(t7)) X fu(€),

n(§) = H (A2k—1 — &u(7, 1)) (Ao — (T, 1))

k=—ock#n (&k(T,t) = &a(T,2))? ’
— Snftﬁksl T, Ak, T, 1)
gn(é) - 2&1(7_ t kz_oo )\2
Adabiyotlar
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R3 fazodagi muntazam ko’pyoqlik girralarida quvish-qochish o’yini
Xolboyev A.G’.!, Sodatova D.?

Nizomiy nomidagi O’MPU, Toshkent, O’zbekiston;
azamatholboyev@gmail.com, sodatovadilbar25@gmail.com

Bizga R3 fazoda TI' chekli geometrik graf berilgan bo’lsin. Grafning qirralarida
harakatlanadigan P, P, ..., P,, nuqtalar harakatini boshqgaradigan P  quvuvchi
va () nuqtaning harakatini boshqaradigan (¢ qochuvchi ishtirokidagi o’yinni
qaraylik. Py (t), Pa(t), ..., Pn(t),Q(t) € I',t > 0 nuqtalarning traektoriyalari.
Py, Pog, ..., Pro, Qo esa, nuqtalarning  boshlang’ich  vaziyatlari.  p1,p2, ... pm, 0
o’yinchilarning maksimal tezliklari bo’lib, ular quyidagi munosabatni qanoatlantirsin
0<pm<p<.<p,<o=1

O’yinda quvuvchmmg magqsadi qochuvchini tutish, qochuvchining maqgsadi esa quvuvchiga
tutilmaslik. Quvuvchi qochuvchini tutdi deyiladi agar biror chekli vaqtda biror quvuvchi
nuqta qochuvchi bilan T' grafning biror girrasida (qirraning chetki nuqtalari ham kiradi)
bo’lsa. Qochuvchi quvuvchiga tutilmadi deyiladi agar ixtiyoriy vaqtda ixtiyoriy quvuvchi
nuqgta bilan I' grafning hech qaysi girrasida bo’lmasa. Bu o’yinlar o’z navbatida quvish o’yini
va qochish o’yini deb nomlanadi. O’yinchilarning maqgsadi o’yinning boshlang’ich vaziyati
va ular tanlaydigan strategiyalarga bog’liq bo’ladi. O’yinchilarning strategiyasi, quvish va
qochish masalasi haqidagi asosiy ta'rif va tushunchalar [1], [3], [5], [6] ishlardagi kabi kiritiladi.

Aytaylik o’yinchilarning maksimal tezliklari py = py = ... = p,, = 0 = 1 va ' grafning
barcha girralari uzunliklari 1 birlikga teng bo’lsin [1], [2], [6] [7]

I grafda qochuvchini tutadigan quvuvchilarning eng kam soni N (I") bo’lsin.

U holda quyidagilar o’rinli:

agar m > N(T') bo’lsa, o’yin P quvuvchi jamoa foydasiga hal bo’ladi;

agar m < N(I') bo’lsa, o’yin @) qochuvchi foydasiga hal bo’ladi.

Aytaylik T' graf R® fazodagi muntazam ko’pyoqning qirralaridan tashkil topgan graf
bo’lsin: T — tetraedr, O — oktaedr, K — kub, I — ikosaedr va D — dodekaedr [4]. Bu
graflarning qirralarida P va @ ishtirokidagi quvish-qochish o’yinini qaraylik 7,0, K, I, D
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graflarda o’yinchilarning maksimal tezliklari p; = p; = ... = p,, = 0 = 1 teng bo’lganda
N(T),N(O),N(K),N(I), N(D) sonlarni topaylik.
Teorema. N(T) = N(O) = N(K) =N(D)=N(I) = 2.

Adabiyotlar

1. Azamov A. A., Kuchkarov A. Sh., Holboyev A. G. The pursuit-evasion game on the
1-skeleton graph of regular polyhedron. I. Automation and Remote Control, (78) 4, 2017. pp.
754-761.

2. Azamov A. A., Kuchkarov A. Sh., Holboyev A. G. The pursuit-evasion game on the 1-
skeleton graph of regular polyhedron. II. Automation and Remote Control, (80) 1, 2019. pp.
164-170.

3. Bonato A., Nowakowski R. J. The game of cops and robbers on graphs. In Student
Mathematical Library; American Mathematical Society: Providence, RI, USA, 2011; Volume
61, p. 276.

4. Malkevitch J. Shaping space: a polyhedral approach. Senechal M., Flenk G. — Boston:
Birkhauser, 1988. pp. 80-92.

5. Nowakowski R.J. Unsolved problems in combinatorial games. In Games of No Chance;
Cambridge University Press: Cambridge, MA, USA, 2019; Volume 5, pp. 125-168.

6. AzamoB A.A., Uboiiaymnaes T.T. duddepenimainas urpa coOMMKeHNsI-YKJIOHEHUS ¢ MeJI-
JIEHHBIMU ITpecjeoBaTeigMu Ha rpade pudep cumiuiekca. | Maremarnyeckas teopusi urp u
eq npuioxkenns: 2020.-T.12,e 4.-C.7-23.

7. AzamoB A.A., Kyukapos A.IIl.,Xon60es A.I'. Urpa npeciegoBanns-yoeranust Ha pa0epHOM
OCTOBe IPaBMJIbLHBIX MHOrorpanunkos. III Maremarndeckast Teopust Urp m €9 IPUIOKEHUS
2020.-T.11,e 4.-C.5-23.

Geometrik graflarda quvish-qochish o’yini

Xolboyev A.G’.!, Abdullayeva Sh. H.?

Nizomiy nomidagi O’zMPU, Toshkent, O’zbekiston;
M. Ulug’bek nomidagi O’zMU, Toshkent, O’zbekiston;
azamatholboyev@gmail.com, shahnozabdullayeva2002@gmail.com

Ushbu ish chekli geometrik grafning qirralarini ketma-ket olishdan hosil bo’lgan yangi
grafdagi quvish-qochish o’yinida qochuvchini tutadigan quvuvchilarning eng kam sonining
o’'zgarishiga oid masala qaralgan.

Bizga I' — geometrik graf berilgan bo’lsin. I' grafning qirralari to’plami V(I') bo’lsin.
Grafning qirralarida harakatlanadigan P, Ps, ..., P, nuqtalar harakatini boshqaradigan P
quvuvchi va () nuqtaning harakatini boshqaradigan () qochuvchi ishtirokidagi o’yinni
qaraylik. Pi(t), Pa(t), ..., Pn(t),Q(t) € I';t > 0 nuqtalarning trayektoriyalari. Pig, Pao, ..,
P, Qo esa, nuqtalarning boshlang’ich vaziyatlari. p1, ps, ..., pm, o o’yinchilarning maksimal
tezliklari bo’lib, ular quyidagi munosabatni qanoatlantirsin:

0<pm<pe<..<pp<o=1L

O’yinda quvuvchining magsadi qochuvchini tutish, qochuvchining magsadi esa quvuv-
chiga tutilmaslik. Quvuvchi qochuvchini tutdi deyiladi, agar biror chekli vaqtda biror
quvuvchi nuqta qochuvchi bilan ustma-ust tushan bo’lsa. Qochuvchi quvuvchiga tutilmadi
deyiladi, agar ixtiyoriy vaqtda ixtiyoriy quvuvchi nuqta bilan ustma-ust tushmasa. Bu
o’yinlar o’z navbatida quvish o’yini va qochish o’yini deb nomlanadi. O’yinchilarning
magsadi o’yinning boshlang’ich vaziyati va ular tanlaydigan strategiyalarga bog’liq bo’ladi.
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O’yinchilarning strategiyasi, quvish va qochish masalasi haqidagi asosiy ta’rif va tushuncha-
lar 1], [3], [5], [6] ishlardagi kabi kiritiladi.

Aytaylik, o’yinchilarning maksimal tezliklari p; = ps = ... = p,, = 0 = 1 va I' grafning
barcha girralari uzunliklari 1 birlikga teng bo’lsin [1], [2], [6] [7]

I' grafda qochuvchini tutadigan quvuvchilarning eng kam soni N (I") bo’lsin.

U holda quyidagilar o’rinli:

agar m > N(I') bo’lsa, o’yin P quvuvchi jamoa foydasiga hal bo’ladi;
agar m < N(I') bo’lsa, o’yin @) qochuvchi foydasiga hal bo’ladi.

Grafning ixtiyoriy v € V(I') qirrasini olib yangi I, graf hosil gilaylik va I', grafda N(T',)
sonni topaylik. V(I') to’plamning har bir elementi uchun N(I',) mavjud. U holda quyidagi
teorema o'rinli.

Teorema. I' va I, graflardagi quvish-qochish o’yini uchun |N(I')—=N(T',)| < 1 munosabat
o'rinli bo’ladi.
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Differential equations, the solution of which is functions with first kind discontinuities at
times, are called differential equations with impulsive effects. One can see a lot of publications
of studying differential equations with impulsive effects, describing many natural and practical
processes [1-8]. Some problems with impulsive effects appear in biophysics at micro- and nano-
scales. Today there is a huge interest in studying impulsive functional-differential equations.
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A continuous function f(t) : R — X'is (w, ¢)— periodic, if there exists a real number

€ (0,1)U(1,00), that f(t +w) = c- f(t) for all t € R, where 0 < w < 0o, X € R" is closed
set.

On the interval Q = [0,w] \ {tl} for i = 1,2, ...,p we consider the questions of existence

of the (w,c)—periodic solutions of nonlinear impulsive system of Fredholm functional-

differential-integral equations with product of three nonlinear functions and mixed maxima

() = a(t,z(t)) /Owl <s,x(s),max {(ﬂ(T)‘T €[s— hl,s]}> ds+

(6 a(t) g (6 2()) f (t, 2(t), max {x(f)‘f et t+ hQ]}) , (1)

where 0 < h,, = const, Kk = 1,2, r,g € C([O,w] X X,R”), I, f e C’([O,w] x X x X,R”), X is
closed set in R".
The functional-differential-integral equation (1) we study with (w, ¢)—periodic condition:

r(w) =c-z(0), ce(0,1)U(1,00) (2)
and

z(n) = ¢o(n), wo(n) € C[—h1,0], (3)

z(§) = ¢1(§),  ¢1(§) € Clw,w + hyl.

Hence, implies that ¢1(w) = ¢+ ¢o(0). Consequently, the problem (1), (2) we study with
nonlinear impulsive effects

e(tf)—z(t;)=F @), i=12,..p (4)

where 0 =) <t < ... <t, <tpp1 =w, @ (tj) and x (t;) right and left-hand side limits,
Fi(z) e C(X,R"), Fi =c- Fiqp, tiyp=c- (ti —|—w).

We recall that by C ([O,w],R”) is denoted the Banach space with continuous vector
functions z(t) on the segment [0, w] and this space is equipped with the norm

n

I 28) oo = | D ax |;(0) .

j=1
By PC ([O, wl, R”) is denoted the following linear vector space
PC([0,w],R") = {2 : [0,w] = R™; z(t) € C((t;tis1], R"), i =1,...,p},
where limits x(t;r) and x(t;) (1 =0,1,...,p) exist and bounded; x(ti_) = x( ) Note, that
the linear vector space PC' ([0, wl, R”) is Banach space, if we equip it with the norm
) oy = ma {1 2 e, 7= 1.2,

We use also consider the vector space BD ([0, w], R™), which is Banach space with introducing
the following norm

| z(2) HBDOw] | z(t) HPC[O,UJ] +h-|l2'(t) HPC[O,w} ]

where 0 < h = const.
So, existence and uniqueness of (w, ¢)—periodic solution of impulsive system of ordinary
Fredholm functional-differential-integral equations with product of three nonlinear functions
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and mixed maxima are investigated. This problem is reduced to the investigation of
solvability of the system of nonlinear functional-integral equations with product of three
nonlinear functions. A technique has been developed for applying the method of successive
approximations with respect to the product of three nonlinear functions in a complex
system of functional-integral equations. The method of contracted mapping is used in the
proof of unique solvability of nonlinear Fredholm functional-integral equations in the space
BD([0,w],R™). Obtained some estimates for the (w,c)—periodic solution of the studying
problem.
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The theory of functional differential equations has applications in different sciences.
Functional differential equations containing a nonlinear function under the derivative sign
arise when solving problems of nonlinear mechanics and nonlinear optimal control. Of
theoretical interest is the study of periodic solutions when the solutions of functional
differential equations at given points have a discontinuity of the first kind. By today a lot
of publications of studying on differential equations with impulsive effects, describing many
natural and practical processes, are appeared [1-§].

In this paper the periodic solutions of impulsive systems of differential equations with
a nonlinear function under the sign of the first-order differential and with maxima are
investigated. The problem is reduced to a system of nonlinear functional integral equations
in a Banach space. On the interval [0,7] for ¢t # ¢;, ¢ = 1,2,...,p the issues of existence
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and uniqueness of the solution of impulse systems of first-order differential equations are

considered
d

= [a(®) + Hz(t)] = F (t,2(t), max {a(r)|r € [t = 1] }) (1)
where 0 = ¢ < t; < ... < t, <tpy1 =T, x € X, X is closed set in bounded space R",
F(t,u,9) € C([0,T] x R* x R",R"), H(u) € C(R",R™), 0 < h = const. The function F is
T'—periodic, V.; = Viivp, £ =1,2, tiy, =t +T.

The system (1) is studied under periodic conditions

2(0) = x(T), H(x(0)) = H(x(T)), (2)
z(§) = ¢(§), €€ [=h,07] (3)

and under conditions with given impulses
e (tf)—z(t7) =Viu(z(t:), i=1,2,....p, (4)
H(z(t}))—H(z(t;)) =Vailz(t), i=1,2,..,p, (5)

where V. € C’(R”, R"), k=12, x (tf), T (ti_) are right and left-hand limits.
We use the Banach space C ([O,T],R"), which contains a T—periodic vector function
u(t), defined and continuous on the segment [0, 7], with the norm

n

(@) = || 32 i [0,
J:

Let us also consider the following Banach space
pPC ([OaT]an) = {’LL : [07T] - Rna u(t) € O((tlvtz—l-l] 7]Rn)’ L= 17 '“7p}7

in which u (tf) and u (ti_) (1=0,1,...,p) exist and are bounded, with norm

8) lpernry = masx {1l u(t) leg g+ 3= 120

Problem statement. Find a T—periodic function z(t) € PC([0,T],R") that for all ¢ €
0,7, t #t;, i =1,2,...,psatisfies the given system (1), the periodic conditions (2) together
with the condition (3) and for t =¢;, i = 1,2,...,p (O <t <ty <..<t,< T) satisfies the
impulse conditions (4) and (5).

So, in this paper periodic solutions of impulsive systems of differential equations with
a nonlinear function under the sign of the first-order differential and with maxima are
investigated. The problem is reduced to a system of nonlinear functional integral equations
in a Banach space. By the method of successive approximations in combination with the
method of contracted mappings proves the existence and uniqueness of a periodic solution
of nonlinear systems of functional integral equations with maxima. Practical calculation of
periodic solutions of the system is reduced to calculating of the nonzero index of an isolated
singular point, i.e., to calculating the rotation of homotopic vector fields on a compact.

LITERATURE
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Fractional calculus we need in mathematical modeling of many applied problems (see, [1-
5]). To study the solvability of fractional differential equations are devoted many publications
(see, for example the works [6-11]).

In this work, we study an inverse boundary value problem for a linear partial differential
equation with redefinition function at the end of the point of the given segment. The questions
of the existence and uniqueness of a solution to an inverse boundary value problem are
investigated. This work is further development of the work [12].

In the domain 2 = (0,7") x (0,1) x (0,1) we consider the equation

N N 82 82

- a_2+a_2 Bigg)*U(t,z,y) = F(t,z,y) (1)
8372 ayg gg I 7y - ) 7y
with boundary conditions
tE)IEOIé;V U(t,d},y) = 901<x7y) ) U(Tvxay) = @2(I7y)7 (2)

'LL(t, 07 y) = U(t, la y) = uxz(t7 07 y) = ux:):(ta la y) = uyy(ta Oa y) = uyy(ta l? y) =
=u(t,z,0) = u(t,z,l) = uz(t, z,0)
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= Uga (8, T, 1) = uyy(t, 2, 0) = uyy(t,2,1) =0, (3)

where ¢.(z,y) € C (QF), Dg;” = I, “ dll 7 is Hilfer fractional operator, 0 < o < v < 1,
F(t,z,y) € C(Qr x Q) , k =1,2,

©0r(0,y) = 0u(l,y) = 0 (0,4) = Vrp o (Ly) = 0y, (0,9) = @, (Ly) =

= WH(J;? 0) = (pﬂ(xv l) = (pgx,ff(x’(])
= (,DZ%K(ZL’, l) = @Zy,n(mv 0) = @Zy,n(m7 l) =0,
F(t,0,y) = F(t,l,y) = F..(t,0,9)

- Fa::v<t)l7y> = Fyy<t707y) = Fyy(ta lvy) =
= F(t,z,0) = F(t,x,l) = Fp.(t,2,0)
= Fo.(t,x,l) = F,(t,x,0) = F,,(t,z,1) = 0,

ISy(t) = 1 e Ot % is Riemann-Liouville integral operator, Qr = [0,7T], QF = Q; x €,
Q,=1[0,1], O<T<oo,0<l<oo.

Problem 1. It is required to find a function U (¢, z, y), that satisfies the fractional differential
equation (1), the two-point boundary value conditions (2), the Dirichlet type conditions (3)

and belongs to the class of functions

2D € C(Q),  *D*"Uigae € C(Q),  tUsaas € C(), (4)
ZSQDQ’WUyyyy = C(Q), t2Uyyyy < C<Q)’

where Q = Qp x Q2.

We suppose that in the conditions (2) the function ¢s(x,y) is redefinition function and
we study the following problem.
Problem 2. It is required to find a pair of functions {U(t, z,y), po(z, y)}, that first of them
satisfies the differential equation (1), the boundary value conditions (2), the Dirichlet type
conditions (3) and belongs to the class (4). Moreover, to find the redefinition function @y (x,y)
is given the following additional condition in nonlinear form

Ut,z,y) = v(z,y)

T 11
G(m,y,o/o/o/RsnfUsnf))dndﬁds), 0<t<T.

For the function ¢(x,y) is fulfilled the conditions
¢(0>y) = ¢(l7y) = %x(O,y) = ¢xw(l>y) = ¢yy(07 y) - @Z)yy(lvy) -
= w<$7 0) = w<$7 l) = ¢xx(x7 O) = wxx(xa l) = wyy<w7 0) = wyy(xa l) =0.
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Let the input u(t) = Z?:(tl) u;(t) € C0,1] be a continuous function representing the
number of students who have paid the tuition fee by time ¢. The output function y(t) =
Z’::(tl) y;(t) is a function of income from contractual receipts at a given time ¢ and is written

as follows
m(t)

yi(t) = Zpij(t) wi(t), i=1,2,...,n(t), (1)

where p;;(t) is a continuous function on the interval [0, 1] showing the amount of money
paid by students for tuition at time ¢, m(t) is a positive integer function — the number of
students studying in the i-th specialty. From equation (1) it is clear that if the number of
students studying under a contract increases, then the income of the university also increases.
Similarly, if the cost of a training contract increases, then the income of the given university
also increases. Differentiating formula (1) with respect to time ¢, we find a function that
denotes the speed of receipt of contractual amounts

m(t)

m(t)
ilt) = 3 pig(B) wilt) + 3 pis (8) (), 2)
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where p;;(t) is a function showing the trends in the formation of the cost of education. We
are interested in the case when ¢;(t) > 0, i.e. we are interested in the growth of income from
contractual receipts for each certain period of time ¢. From equation (2) it is clear that this
depends on the trend in the formation of the cost of contractual amounts p;;(¢) and the rate
of increase in the number of students u;(¢) who paid a certain amount at time ¢. But, the
dynamics of the formation of the cost of contractual amounts p;;(¢) is generally determined
from the balance of supply and demand in the education market at time ¢. By demand we
mean the degree of solvency of parents educating their children on a fee-paying basis. The
growth rate of the number of students ;(¢) who paid a certain amount at time ¢ is determined
from the following relationship:

ui(t) = oi(t) 2 (T — 75(1)) (3)

where z;(t) € C|0, 1] is the investment function aimed at improving the quality of education,
in particular, expanding the material and technical base of the university, «;(t) € C]0,1]
is the coefficient-function of the efficiency of investment use, 7;(¢) is the time delay (lag),
0 < a4(t) <1, 0 < 7(t) < t. The amount of investment z;(¢) is part of the income z;(t) =
¢i(t) y;(t), where ¢;(t) € C|0, 1] is the share of profit in income, 0 < ¢;(t) < 1. In our work, the
investment function z(t) is monotonous increases. If the delay function 7(¢) decreases, then
there will be more investment and this contributes to the fact that the rate of growth of the
number of students ;(¢) who have paid a certain amount by this time ¢ becomes greater. If
7;(t) = t, then the investment process will stop z;(0) = 0. Obviously, the delay 7;(¢) depends
on the number of students who have paid for their education under the contract by the time
t and on the speed of payment of the contract.
As stated above, the sum of investments z;(t) is a part of income

zi(t) = qi(t) i (1), (4)

where ¢;(t) is the share of profit in income, 0 < ¢;(t) < 1. The value ¢;(t) characterizes the
profitability of the economic process. Substituting representation (4) into equation (3), we
obtain
Ui(t) = o(t) gi(t — 7(8)) yi(t — 7(t)). ()
From formula (5) it follows that the value of the growth rate of the number of students
;(t) who paid a certain amount at time ¢ is interconnected with the value of the profitability
of the educational process. The delay 7 is characterized by the number of students who are
unable to pay the contract amount by a given time ¢. Substituting equation (5) into equation
(2), we obtain the following differential equation:

m(t)
Ui(t) = Bi(t) qi(t — (1)) yi(t — 7()) + Z?ij(t) u;(t), (6)

where §;(t) = Z;n:(? pij(t) ai(t). In equation (6) we take into account the external influence
factor. This factor is primarily associated with government regulation of the educational
process. If we do not take into account small and random external factors, then the differential
equation (6) takes the form

Ui(t) = Bi(t) qi(t — 7(t)) yi(t — 7(1))

+i () wi(t) + fi(t,y(t),u(t)), i =1,2,...,n(t), (7)

where ~;(t) = Z;":(? pij(t). The function fi(t,y,u) € C([0,1] x R x R) can greatly change the
properties of the solutions of the differential equation (7).
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Let the delay function be zero: 7; = 0. In this case, equation (7) holds:
i) = %i(t) wi(t) + m(t) yi(t) + fi(t,y(t),u(t)), i=1,2,.. n(t), (8)

where 77;(t) = 37 pij (1) cu(t) 4i(t).
Problem. Find such a control function

ui(t) € {u; : [ui(t) | < M, te[0,1]]

and the corresponding state y; () that provides a minimum for the functional:

J [u;] = /O e(t) uZ(t)dt.

The Pontryagin maximum principle was applied and an optimality criterion was obtained.
The input function and output function were determined by solving a system of three
functional-integral equations.
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Optimal control theory is a vital and active branch of mathematical sciences, with
numerous practical applications. Many real-world problems reduce to finding an optimal
control function along with the corresponding state and redefinition functions. A wide range
of analytical and numerical methods have been developed to effectively solve such problems
in various disciplines of science and engineering (see, [1-12]).

In this study, we study an inverse optimal control problem for a pseudoparabolic equation
involving a nonlinear control function in a two-point boundary condition. The control function
depends on the time variable ¢, while the spatial domain is subject to Samarskii—Ionkin-type
boundary conditions. We derive the necessary optimality conditions and solve the resulting
equations to uniquely determine the control, redefinition, and state functions.

In the domain 2 = (0,7") x (0,1) we consider the equation

(% * gt aax4) U(t,x) = b(t) g(a) + f(t.2) @

with boundary value conditions

at)U(0,2) + wB(t)U(T,x) = d(z —n(t)) ¢(t, =, p(t)), (2)
U(t,1) =0, Ul(t,0)=0, (3)
Ugc<t7 0) = Uz(t7 1)7 Ua:acx(tv O) = U;vacac(ta 1)’ 0 S t S T (4)

and additional condition

Uty ) =9¢(z), O0<zx<l, 0<t;<T,
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where ¢(t, z, p(t)) is nonlinear function depending from control function p(t), f(¢,x) is given
function, g(z) is redefinition function, a(t) # 0, B(t) # 0 are given real functions, w is real
nonzero parameter.

The function 7n(t) € C[0,T] describes the change in the position of a moving point source
in the range from zero to 1 and is defined as the solution to the following Cauchy problem

' (t) = 7(t,n(t), n(0)=rmn = const,

where 7(t,n) € C%1(Q).
We consider control function p(t) € {p: |p(t)| < M*, t € [0,T], 0 < M* = const} and
following functional of quality

T = [ W) =g+ [+, [Poa. )

where 0 < 7, = const, k= 1,2 and &(z) is given continuous function.

Problem. We find a triple of functions {U(¢,x), g(z), p(t)}, first of which satisfies the
differential equation (1), the two-point boundary condition (2), the Samarskii-lonkin type
boundary conditions (3), (4), belongs to the class of functions

U S Ctl,f<ﬁ)v Uthxx S C(Q>, quj$x c 0(9)7

and the function p(t) € {p: |p(t)| < M*} delivers a minimum to functional (5).

So, in this paper investigates an inverse optimal control problem for a pseudoparabolic
equation governed by nonlinear control function in a two-point boundary condition. The
differential equation is considered under Samarskii-Ionkin type boundary value conditions
with respect to the spatial variable x. Necessary optimality conditions are derived, and
the associated nonlinear functional equations are analyzed. Using the contraction mapping
principle, the existence and uniqueness of the control function are established. Subsequently,
the redefinition function and the state function are determined. The convergence of their
respective Fourier series representations is rigorously proven.
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Local and Nonlocal Boundary Value Problems for Certain Classes of
Differential Equations with Indefinite Evolution Direction

Zikirov B.Z.

Bukhara State University, Bukhara, Uzbekistan
a.zikirovbobur7@gmail.com

The thesis studies solvability of local and nonlocal boundary value problems for parabolic
equations with sign-changing coefficients and discontinuous leading terms. Uniqueness and
existence theorems are established in anisotropic Sobolev spaces. Consider

Uy — %(h(x)uz) +c(x, thu = f(x,t), (z,t) € Q1 UQy,

with conditions
u(—1,t) =u(l,t) =0, a(z)u(z,0)+ f(x)u(z,T) =0,

and interface conditions at x = 0.

Theorem 1 (Uniqueness). Under sign restrictions on h(z), ¢(z,t), a(zx), f(z), Problem
I has at most one solution in Sobolev space V. Proof idea: Energy inequality forces u = 0
when f = 0.

Theorem 3 (Existence). If o, 3 are piecewise constant, then for any f € L*(Q), a
solution exists. Proof idea: Continuation in parameter A with a priori estimates.

Same PDE, but interface conditions are linear relations between u and u, at x = 0.

Theorem 2 (Uniqueness). With coefficient constraints (aq, b1, as,be), Problem II
admits at most one solution. Proof idea: Quadratic form from interface conditions is
nonnegative, hence only trivial solution if f = 0.

Theorem 4 (Existence). Under the same assumptions, Problem II is solvable.

Both local and nonlocal parabolic boundary problems with indefinite evolution direction
were shown to be well-posed. The results generalize classical theory to equations with
discontinuous coefficients.
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Integration of the loaded hirota equation via the inverse scattering method
Hoitmetov U. A.!, Musoyeva F.K.2.
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In this study, we focus on analyzing the loaded Hirota equation. Specifically, we consider
the following equation:

iy + Po(|u(zo,)]) (Uae + 2ulul?) + iPy(Ju(zy, t)])(6|u|*us + teee) + Po(Ju(xe, t))u, =0 (1)

where the functions P;(|Ju(z;,t)|), i = 0,1,2, are assumed to be polynomials in u(z;,t)
and some of its partial derivatives with respect to and Additionally, equation (1) is studied
under the following initial condition:

u(z,0) = up(x). (2)

The following constraints must be satisfied:

1. There exists a positive constant € > 0 such that the inequality

Y

eEIzlluo(I)’ < W, ¢ >0, (3)
holds, where p > 0 is a given constant.
. 4 —up(z) L .
2. The operator £(0) = ¢ u‘{f(@ d has exactly N distinct eigenvalues,
—u —4

d
denoted by A;(0), A2(0), ..., An(0), all of which lie strictly in the upper half-plane Im A > 0.
It is assumed that the solution u(x,t) belongs to the class of rapidly decreasing functions,
specified by the following properties:

3
8uxt
_ eclel
M—{ (z,1) “on
Jj=
e 0 0 0 1
_W, e>0, 0>0, ¢> . (4)

The main result of this problem is the following theorem.

Theorem. If the function u(zx, t) is a solution to problem (1)-(4), then the time evolution
of the scattering data for the non-self-adjoint operator £(¢) with potential u(x,t) is governed
by the differential equations

A(t) = A(0), n=T,N.

dr+(\, 1)

= (4M2P0(\u(a:o,t)!)

+8iN Py (Ju(xy,1)]) — 2iAPy(Ju(my, t) |)> rt(\t),
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ac,
dt

Example. Let us consider the initial value problem for a Hirota-type equation with
variable coefficients:

= (42'/\2P0(|u(x0, H)]) + 8NPy (|u(z1,t)]) + 2idn Po(u(zs, t)|)> Ch.

i + (2t + 1) (g + 2ulul?) + iB()u(1,t) (Uger + 6lul*us) + itu, =0,

2ib(C)" e~

0) = —
u(,0) |Col| cosh 2(bx — )’
where
texp(12a®bt* — 4b°t% + Babt + 8abt* — bt* + 2b)
pt) =
2|Col
t|Co| exp(—12a2bt? + 4b3t* — 8abt — 8abt? + bt? — 2b)
+ ;
8b?
N=a+ib, b>0, Co=|Cole” w:e‘*@
0 ) ) 0 0 ) Ap2 .
(7) Solution:
u(z,t) =

~ 2ibexp {(—4ia® 4 12iab®)t* 4 (—4ia® + 4ib%)(¢* + 1) + dat® — 2iax — i}
cosh (2bx — 2¢p — 4b(—3a? + b?)t? 4 8ab(t? + t) — bt?)
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The potential method for Cauchy problem for the airy-type equation with
different fractional derivatives on the star-shaped graph

Rakhimov K.U.

University of exact and social sciences, Tashkent, Uzbekistan;
kamoliddin.rul @gmail.com

We have the graph I with k£ incoming and m outgoing bonds. In the incoming edges, the
coordinates are set from —oo to 0 , and in the outgoing bonds, the coordinates are set from
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0 to +o00. The bonds of the graph are denoted by b;, 7 = 1,k + m. We consider next Cauchy
problem

(0671 (2,1) = Un o (2. 8) = fulz,t), zEb,, te(0,T],
Uun(x,0) = ugp(x), € by,
Au(0,6) =0, te (0,7], )
u(0,t) = Bu, (0,t), te (0,77,
0? 0?
C —u (x,t = Ct—ut(x,t , te(0,T].
7 92 (z, )ac:() Ik (v )x:0 (0,7]
Here 0 < a, < 1, u~ = (uq, ug, ...,uk)T, ut = (Upy1, Ugro, ...,uk+m)T, A is the constant
matrix on the form
0 0 0 0
1 —a9 0 0
A— 1 0 —as 0
1 0 0 0
]. O 0 —ak+m
C-= (4,5, ¢t =(,...,-) a =1, a, # 0 and B is the matrix of the
a1’ az ak k41 Ak+m
dimension m x k on the form
bt - brgik
B =
betmi - bugmp

Here 0f,g(t) stands for the Caputo fractional derivative.

The uniqueness of this problem was proved using the method in [1]. To prove the
existence of a solution, the potential method was applied. Based on the gluing conditions
was formulated Generalized Abel Integral Equation, which was solved by Professor A. V.
Pskhu in work [3].
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Uchinchi tartibli tenglama uchun chegaralanmagan sohada chegaraviy masala

Ro’ziyeva Z.0.!

Farg’ona davlat texnika universiteti;
zroziyevad62@gmail.com

Hozirgi kunda ikkinchi, uchinchi va yuqori tartibli tenglamalar uchun M.S.Salohiddinov
[2], T.D.Jorayev [1], A.Q.O’rinov va ularning shogirdlari tomonidan ko’plab
chegaraviy masalalar qo’yilib, ularni o’rganish nazariyalari yaratilgan. Ushbu maqolada
chegaralanmagan sohada uchinchi tartibli tenglama uchun chegaraviy masala oCrganilgan.
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Masalaning qo’yilishi. Ushbu

D={(x,y):0<z<00,0<y<o0}

sohada 9
2 AU(r,) =0 1
0
%AU(Z', y) =0

tenglamani qaraymiz. Bu yerda: A = 88—;2 + 88—;2 - Laplas operatori. (1) tenglamaning

D sohada uzluksiz shunday U(z,y) yechimini topingki, u quyidagi chegaraviy shartlarni
ganoatlantirsin:

U(@,9)]m0 = ¢1(y), 0 <y <oo, (2)
U(2,y)l,—o = ¥2(), 0<z<oo, (3)
Ua(2,9)] oo = #3(), 0<y<oo (4)
}%EI;OUx(x,y):O, RP=z2*+y* x>0,y>0. (5)

Bu yerda: ¢;(i = 1,3) - berilgan funksiyalar va

©1(0) = ¢2(0) (6)
kelishuv sharti o’rinli.
Berilgan tenglamada
0
~ U=V 7
o (7)

belgilash kiritsak, u holda (1) tenglama quyidagi ko’rinishga keladi:
AV =0 (8)

(7) ga asosan quyidagi chegaraviy shartlarni olamiz:

Vi@, y)lymo = ¢2(), V(@ 9)],m0 = ©3(y), (9)
Jim V(z,y) =0, R®*=z*+¢y* 2>0,y>0. (10)
—00

Masala yechimining yagonaligi.
Teorema. Agar masalaning yechimi mavjud bo’lsa, u holda yagona bo’ladi.
Isbot. Masala yechimining yagonaligini isbotlash uchun (1) - (5) masalaga mos bir jinsli,

ya'ni
0
AlZy) =
(5:v) o

U@yl =0, U@9)lyo = 0,5 Ual@,9)l,0 =0 (11)

masalani qaraymiz. U holda (8) II (10) masalaning bir jinsli masalasi quyidagicha bo’ladi:

AV =0
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Vi@, y)l,—o =0, Vi(z,y)l,— =0, (12)

lim V(z,y) =0, R*=2"4+y* 2>0,y>0.
R—o0
Ushbu
Dp = {(x,y):x2+y2<R2,x>O,y>0},
ODp ={(z,y) : (x =0)U(y =0) Uog},
JR:{(I,y) :x2+y2:R2,x>0,y>0}

sohani qaraymiz. Dy sohada ushbu integralni tahlil gilamiz:

V (Ve + Vy )dady = 0. (13)
i

(13) da ba’zi shakl almashtirishlarni bajarib, (10), (12) chegaraviy shartlardan
foydalansak, (13) tenglik quyidagi

10+ )y =o ()

ko’rinishga keladi. Bundan
V, =V, =0

tenglikni olamiz, bu tengliklardan V' = const ekanligi kelib chigadi. Ammo bir jinsli (12)
shartga asosan D sohada V' = 0 va (7) ga asosan V = U, = 0 boCladi. Ma’lumki, bu
tenglamaning umumiy yechimi

U=y (15)
ko'rinishda bo’ladi. Bu yerda ¢ (y) - ixtiyoriy noma’lum funksiya. (11) chegaraviy

shartlarning biridan foydalansak, (15) tenglikdagi ¢ (y) funksiya aynan nolga teng bo’lib
U(z,y) =0, (z,y) € D da U, =0 tenglama trivial yechimga ega ekanligini topamiz.
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IIpumenenune cBoiicTB (pyHKIUHU Jlaypuiesjia K UCCJIEeJOBAHUIO MOBEJIECHUS
dbyHIaMEeHTANBHBIX PENIeHUil CUHTYJISPHOTO JUINNTUYECKOTO yPaBHEHUS
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n

i,
E (@bt +hn | | ’ - E |z < 1,
Cc )k k].

Ei,....kn=0 j=1 J /R j=1

8

~~

Cpeu ciydaeB IPUBOAMMOCTH TIPU YACTHBIX 3HAYEHUAX UUCJIOBBIX [ApaMeTpPOB I'MIEp-
reoMeTprueckoii gpyukimn Jlaypudesia BaxkKHble PUIOKEHIA UMeEET CIydail, Korjga cymma
YHCJIOBBIX IIAPAMETPOB YUCIUTE IS PaBHAa CYMME YHCJIOBLIX IapaMeTpOB 3HaMeHaTe . B ra-
KOM cJIydae roBopsT o Jorapudmutdeckoil npuogumoct. CyMMbl 9HCJIOBBIX TAPAMETPOB
YUCJINTEIIs U 3HAMeHaTe st 0003HadnM depes |b| u |c|, coorBercTBeHHO, a depes X — cymmy
MTOJIOZKUTEIHbHBIX TEPEMEHHBIX MUIIEPreoMeTPUYeCcKOil (pyHKITHN:

bl =0+ ..4+0by, |c|=c1+...4+cn, X=21+... 42, ©1>0,...,2, > 0.

Ecau npu |b| = |c| cymMMa MOIOKUTENIBHBIX epeMeHHbIX X cTpeMuTcst K 1, ocraBasich
caMa MeHbIIle 1, To runepreomerpudeckas QYHKIHs UMEET JOrapudMUIecKy0 0COOEHHOCT
Ha TUIEPIJIOCKOCTH X1 + ... + &, = 1.

Teopewma 1. Ilycts 1 > 0,..., z, > 0. Eciiu ¢; > by >0, ..., ¢, > b, > 0u a+|b| = |c|, To
npu X — 1—0 runepreomerpudeckas dbyukuus Jlaypuaesia FIE‘") UMeeT JIOrapupMUIECcKy o
0COOEHHOCTD

FIE‘) ( @ b1, -oes b xl,...,xn> ~ T
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1
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[Tokakem npumenenusi Teopembr 1. OpHO U3 hyHIAMEHTAIBHBIX PEIICHUN SJIIANITHIC-
CKOI'0 YPaBHEHUS C JIBYMS CUHTYJIAPHBIMU KO3 pUImenTaMmm

2 2 1
um-l—uyy-l—?aux%—?ﬁuy:(), O<a,ﬁ<§, x>0, y>0

bj—c;
J

(1 — X)lel=lbl=a, (2)

F(Cj
T (b,

)(L’
)

J
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r=y(z =€+ y—n?
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Tenepsb Bocmob30BaBHCh yTBepKAeHEeM (1) Teopembl 1 MOKHO 3aK/IIOUUTD, Y4TO (DYHK-
st ¢ (z,y;&,m) upu r — 0 umeer jorapudmudeckyto ocobernocts Buyia In(1 — X)), rie

7,.2

2
12

r= V(@62 +(y—n)? = (x—&)?+ (y +n)?
7“12:\/(93+£)2+(y+77)2




MaTemaTrndeckas ¢u3MKa UM CMEXHHE BOIPOCH COBPEMEHHOTO aHaim3a, Byxapa-2025 243

st byHIaMeHTaIbHBIX PEIIeHU CUHTYJISAPHBIX SJUITMIITUIECCKIX YPABHEHUIT C pa3MepHO-
cThIO 3 U OoJsiee jlorapudMuiecKas 0COOEHHOCTDL He HAOJIIONAETCd, & ITPOUCXOIUT CTEleHHasd
0COGEHHOCTD (DYHJIAMEHTAIBHBIX pellleHnil (Takoe yTBepzKJeHue Jijis ypasHenus Jlarmiaca
M3BECTHO U3 Kypca MareMarndeckoil dusukn). JleficTBUTENBHO, M-MepHOe JUIHITHIECKOe
ypaBHeHUe ¢ 1 CHHryJagpHbiME Koddbdurmentamu (1 <n < m, m > 2)

m 52 " 2 O 1
_u_i_Z&_u:O’ 0<O[17,Oén<_ (3)

2
— dx; = wj O 2

B 1/2™-0if wacTn eBk/mMIOBa npocTpaHcTBa R, umeer 2" (yHIaMeHTAILHBIX pemenus [1],
OJTHO U3 KOTOPBIX UMEET BU]L

20 2a o2 2 2 _ 22
Q(ml T '51 é‘ ) _ ’qu B a1, .0y Qpy T3 r ™ r
y e bny Qly ey Sn) — PR )
2p n 20[1,...,2Oén, r% r%.

yeeey T

rie

r=lr—¢& = \/Z:; (0, — &)
Ty = \/(:l:k + &) + Z;n:l#k (1, — &) 1<k<n,
Hoon = \/Z:=1 (25 +&)" + ZZHH (z; — &)°,

_m_2 - ) _ —mr(ﬁ) - F(al)
B - 9 +;Oé], v = 225 —nl2 H [F(Zaz)} .

1=

B cuy yreepxaenus (2) Teopemst 1, mosyamm

L((m—2)/2) 1~ “ (2-m)/2
4~ G %wm/?erHK ) } (1-X,) :

n 2 2 2

i — r
_ J —1_
X, =) —=1-

j=1 L

1,...,n U ¢}

Orcroa BBITEKAET, ITO MIpH M > 2
D((m—2)/2) 1o [(\¥] 1
qn~ om—28 zm/2 E g Cym—2’ r— 0.

AnajiornaHbIM 00PA30M YCTAHOBJIMBAECTCS CIIPABEIMBOCTD yTBepK teHust (2) Teopembr 1 jjist
OCTAJIbHBIX (DYH/IAMEHTAJBHBIX PEIIeHNl CHHIYIISIPHOTO SJITHIITHIECKOrO ypaBHeHus (3).
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Pabora mocesiiiiena K TpeM oOpaTHBIM 3aJadaM Jjisi HarPyKEeHHOI'0 ypaBHEHUsT TUIe00-
JIMIECKOT'O TUIIA MTOCTABJIEHHOE B XaPAKTEPUCTUIECON 00IacTH.
Pacemorpum ypaBuenue

Uaw — Uyy + (2)p(2, u(z,0)) = f(x), (1)
rie p(r, z) — 3amannas Gyuknus, npudeM p(x, z) # 0, mua Beex (x,z) € ([0,1] X R).

[Tycts () - xapakTepucTriecKuii TPeyroJbHUK, OrPAaHUYEHHAsST XapPaKTePUCTUKAMU:

1
AC xz+y=0; O§x§§; Y

IN

0,

BC:xz—y=1; <z<l1;,y

IN

! 0
2 Y
ypasaenusi (1) mpu y < 0, u npsmoii y = 0, tae A(0,0), B(1,0) u C (%, —%) :

B obsactu € jayist ypashenus (1) ucceayorcs ciiefyionime oOpaTHble 3a/1adu:

Bamaua 1. Ilycrs h(z) - samannas dyukuus, h(z) € C[0,1]. Tpebyerca naiitu napy
dbyukuuit {u(x,y), f(z)} co caemyonmmu cBoiicTBamu:
Lu(x,y) € CHQ)NC*(Q) u f(x) € C0, 1], ymosnersopsaior ypasuenmo (1) B obnactu €2;
2.u(,y) YIOBIETBOPSET CJIEIYIOMIUM YCIOBUAM:

uyl,0) = o), € (0,1), )

Uz (z, —x) + uy(z, —z) = Ui (z), z€ [, 3], (3)
uy(z,x — 1) —ug(z, @ — 1) = ¢o(z), z€ [11], (4)
u(z,—z) = p(z), z€l0,1], (5)

rie v(z), o(z), ¥1(x), o) - 3ananuble Gynxkmu, npuaem ¥ (3) = =4 (3).

Ciemayerb OTMETUT, 9TO OOpaTHbIE KOX(MMUIIMEHTHbIE 33 a1 UCCJIEI0BAINCh B paboTax
. dypauesa [1], X. X Typauesa [2] u gpr, a obpaTHas 3aja4a OIpe/Ie/IeHUs 'PAHUYHOTO 3HaA-
YeHUS PeIleHns 3a/a4du Tuna TpuKoMu B repBbie ObLI0 uccieoBano B pabore P.P.Anryposa
u P.3ynuynosa [3].

[Iycrs f(z) - 3amannas dbyskmus, f(z) € C[0, 1].

Bamaga II. Torma, tpebyercs Haiitu mapy dbynkuumit {u(x,y),h(x)} co cremyrommmm
CBOIICTBaMU:
1. u(x,y) € CHQ) NC3(Q), h(z) € C[0,1] ynosneropsior ypasuenmo (1) B obmactu €2;
2. u(x,y) ynosaerBopser ycaosusam (2)-(5).

Bamaga III. Haiitu tpoiiky dynkuuit {u(z,y), h(z), ¢(x)}, ecan mapa dbynkmit
{u(z,y), h(x)} ynoBrersopsier ypasuenuio (1) B obactu 2, yciaoBusm (2)-(4) u

Uyy(z, —0) = p(z), =z €(0,1), (6)
a dynaknusa{y(x)} yaosrersopser ycaosue (5), Tae p(z) - 33 aHHASA JTOCTATOTHO TIa,IKAsT
dyHKIHS.

HpI/I OIIpeJICJICHHbIX YCJIOBUAX Ha 3a/laHHbIC (1)}7HKH‘I/H/I7 JO0Ka3aHO OJHO3HaYHasd pa3pelin-
MOCTD IIOCTaBJICHHBIX 3a/Jda4.
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[Tocranoska 3amaqn 2Keranos -Haxymes (JN).

[Iycte D™ -KOHEUHAs OJTHOCBsA3HAs 00JIACTD MOJIYILIOCKOCTU i < (), OrpaHuYeHHasT OTPe3-
koM AB ocu y = 0, u xapakrepuctukamu AC' u BC' ypaBHeHUsI.

m
—(=) " g + uyy — %uy =0, (1)
rje mocrogauas m > 0, A = A(—1,0), B = B(1,0).
Ha orpeske AB paccmorpum touky E = FE(c,0), rme ¢ € I = (—1,1)— unrepsas ocu
y = 0, u BBesieM smHeiiny0 dyukimm y = p(x) = ax —b, u y = q(r) = a — bx orobpaxkaroree
orpe3ok [—1.1] Ha coorBercrBenno orpesku [—1,c] u [¢,1], tne a = (14+¢)/2, b= (1—1¢)/2,
npudem p(—1) = =1, p(1) = ¢, q(—1) = ¢, ¢(1) = 1, a wepe3s Cy u C] COOTBETCTBEHHO
0603HaUNM TOUKM TIepecedennst xapakrepuctuk AC' u BC' ¢ xapaKTepUCTUKAMU, UCXOIATIeN
u3 roukn E(c, 0), tne ¢ € I = (—1, 1) unrepsas ocu y = 0.
Beenem oboznavenust

0 (p(x)) = 2

(2) + ke {(c—p(x))(m+2)}mi2
1+ k 2(k + 1) ’

0 (q(x)) = Q(x);c _; [(Q(aﬁ) - Z)(m+ 2)} =

coorBercTBeHHO adduKch ToUYek nepecedenust xapakrepucruku ECy u EC| ¢ xapakrepu-
crukaMu ucxogsdmmMu u3 Toaxku Mo (p(zo, )0) u Mi(q(z0),0), tae 1 < k < +00.

Bamaua JN. Tpebyercs maiitu B obnactu D~ dbynkmmio u(z,y) € C(D™) yaosnersops-
IOTIIee CJIETYTOIINM YCTOBUSIM:

1) u(z,y) -060bienHoe pemienue ypasHenus (1) usz kimacca Ry [1, ¢.104], [2, ¢.35].

2) u(x,y) yIoBIETBOPSIET KPAEBBIM YCJIOBUSIM

u(z,0) = 7(x), v € [-1,1], (2)
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v(q(2)) = pr(p(e) + fola). = € (~1,1), (3)
ault; (p())] + boulf(a(x))] = fi(x), @ € [1, 1], (4)
rue N
lim (~9)7F = (),

1 < k < 400, p, ap, bp— HEKOTOpbIE MOJIOXKUTETbHbIE HocTostHHbIe, T(7), fo(), fi(7) €
C?(I)— 3aganuble DyHKIUH.
Teopema 1. 3adavwa JN npu évinoanenuy ycio6us
2apa
Al =77 <L
(k + 1) ubbg

00H03HAHA PA3PEULUMA.
Teopema 1 mokasbiBaercst MeTo0M pabor [3, 4, 5.
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IIpumeHneHne APOOHBIX CTEIEHEN FJIINITUYECKOTO OepaTopa ¢ CUHTYJISAPHbBIM
Ko3(ddurmeHToM K mcciieJoBaHuo auddepeHnnajbHOro ypaBHeHUus B KJlacce
CobosieBa

Anukynos T. H.!, Kocumon 2K. A.2
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CoiicTBa JIpoOHBIX cremneHeil auddepeHnraaibHbIX OIEPATOPOB UI'PAIOT BayKHYIO POJIb
[IPK PEIIeHNH Pa3HBIX MaTeMATHIECKUX 3a/a9. DTOH TeMaTHKON 3aHUMAJICS IEJIBbIA Pl aB-
TOpOB (cM., Hanpumep, [1-6]).

PaccmoTrpuM B n— MEpHOM €BKJINJIOBOM IpocTpancTBe R sjmnruydeckuii quddepen-
UaJIbHBII OIEPaTOP ¢ CUHTYJIAPHBIM KoM MUIIMEHTOM BUIA

L(z,D) = aaD + q(x), (1)

la|=l

¢ obmacteio onpeenenus D(L) = CP(R™), | =2s, s€ N, 1 <p<m, a,=const, rae
norenrman ¢(x) € C*°(R™\S) oneparopa L(z, D) nomyckaer oCOGEHHOCTD BHJIA
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3 const 1
DI e G ) 2
Baeecb 0 < 7 < s a = (g, ..., ay) uw [ = (b1, ..., Pn)— MYJBTUHHJIEKCHI,

O<lo|=>a;=1, 0<|B] = > 06 < n. llycrb mia Bcex = € R* u { € R" 1upnm
i=1

i=1
£ # 0 cumson oneparopa (1), umeer mecto nepasenctso C €8 < 37 a,|€2] < Col€], rae
|a|=l
Ci = const >0, (Cy=const > 0.
Pacemorpum jinddepenimaibioe ypaBHEHHE
d?u(t)
o () = 7(0), Q

riae t usmensiercst Ha npomexyTke [0,7]. Permenne ypasuenus (3), ymoBieTBopsiioriee Ha-
YaJILHBIM YCIOBUSIM

w(0) = ug,  u(0) = vy, (4)
MOZKET 6bITb 3alliCaHO B BUJE
t
u(t) = cos(L2t)ug + L 2sin(L2t)vy + L2 / sin(L2t — L2 s)f(s)ds, (5)

0

e cos(Lathug = 3 cos(ty/N)(u, €;)es, sin(Lzt)vg = 3 sin(tv/Ai)(u, €;)e;.
i=1 =1

Hng perenns (3) gacto npumensitor Metox Pypbe. B arom Merosie perierne (5) 3amensi-
eTCsl MTOC/IeI0OBATEILHOCTIO ITPUOINKEHHBIX PEelIeHni

t
un(t) = Pylcos(L2t)ug + L™ 2sin(L2t)vg + L2 / sin(Lzt — L2s)f(s)ds), (6)
0

riae Pyu = f:(u, ei)e; (u € Lo(R™)).
B pa60T121HOJIy‘{eHbI CJIEJIYIONIEE OCHOBHBIE PE3Y/ILTATHI.
Teopema 1. Ilycmo 1 <p < 5=, 0 < 7 < min(m — 2,s). Toeda
C

(L + 1), < T3 (1>0).

Teopema 2. IIycmo p > g, 0 < o <I[. Tozda

1Ly ® fllae ) < Collfllagrmy  (f € La(R)).

Teopema 3. [Tyemv 0 < 0 <1, 0 < a < 1, v € R, ug € D(L"™®), vy € D(L"~*"2)
w f(t) € D(LY2) npu scex t € [0,T), npunem dynruua o(t) = L7772 f(t) nenpepmiena
no nopme npocmparcmea Lo(R™) na [0,T]. Tozda npubsuosicenus Pypve (6) crodames x
pewenuro 3adavu (3), (4) no nopme npocmpancmea H? (R™) pasromepro omuocumervro t €
[0, T]. Cropocmv crodumocmu Tapaxmepusyemcs HepaseHcmeom

[u(t) = un ()] o (rn = 0(AN")
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1. ITocranoBka 3agaun GK (Tessiepcren, KpukyHos)

[Iycts D- KoHeuHast OffHOCBsI3HAsi 00JIacTh KoMIutekcHoi miockoctn C' = {z = z + iy},
orpanudeHHas npu y > 0 HOpMaJIbHOW KpuBoil oy ¢ Koumamu B Toukax A(—1,0) u B(1,0)
sajannoil ypasrennem x2 + 4(m + 2)72y(m+2) = 1, a npu y < 0 xapaxrepuctuxamu AC u
BC ypasuenus
Clu) = Y s + Uy + %Ouy :ﬁO, upu x > 0; (1)
—(=9)" gz + Uy + Juy =0, npuy <O0.

rje [, m- mosioXKuTesIbHbIe OoCTOsIHAbIE, Oy € (—1/2,1), [y € (—m/2,1).

O6oznaunm uepes D u D~ gactn obmactu D, neKalme COOTBETCTBEHHO B MOJTYTIIOCKO-
crax y > 0uy < 0, agepes Cy u ('} TOUKN Iepecedennsi TPaHNIHbIX XapakTepuctuk AC u
BC' ¢ xapakrepucrukamu ypashenus (1), Beixoagmmmu u3 Touku E(c, (), rie ¢- HeKoTopoe
quesio, npuHajyiexkaie uarepsany J = (—1,1)— ocu y = 0.

Bamernm, uro ypasuenue (1) B BepxHeil MOIyIIOCKOCTHI Yy > () dBJIsieTCs ypaBHEHUEM
SJUTAIITHIECKOTO THUIA, a npu y < 0 gBJIsieTCs ypaBHEHHEM THIIEPOOIMIECKOrO THUIIA, [IPUIEM
HOPSIJIOK TapabOJIMIeCKOTO BBIPOKICHNST 9TUX ypaBHeHuit Ha ocu y = 0 pasubie [1].

Hacrosimas paboTa MOCBsIIIIeHa MCCJIEIOBAHIUIO TIepBoii 3aaun [esuteperera [2,¢.201] ¢
JIAHHBIMU Ha CIEIUAIbHO IMOJ00PAHHBIX YaCTAX TPAHNYIHBIX XapaKTEPUCTUK JIJIs YPaBHEHUSI
CMEITaHHOTO JITUITUKO-TUIEPOOTMIECKOr0 THTIA, ¢ PA3TUIHBIMU TTOPSIIKAMEI BBIPOXKICHUST 1
¢ cHHrYJIsIpHBIME Ko3bdurmernTom (1).

Bamaga GK . Tpebyerca naiitu B obinacru D dbyHKIuO u(x,y) yAeBIETBOPSIOILYO
CJIEJTYTOIIAM YCJIOBUSIM:

1. @ynknusa u(z,y) npunagiaexur kiaccy C? (D) u ynosiaersopsier ypasuenuio (1) B
9TOit obJtacTu;
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2. Qyukrums u(z,y) ABasgercs 000ONIEHHBIM perenneM Kiacca Ry (3, ¢.35] B obmact D~
3. Ha orpeske Boipoxkjienusi AB nmeer MeCTO YCIOBHUE COPSIYKEHUS

ou ou
; _\Po — i 30
ylggo( v) dy ylgiloy ay " € JHek 2)

npudeM npu x = +1, x — ¢ upeaen limO(—y)ﬁog—Z MOKEeT UMeeTh OCOOEHHOCTD IOPsiIKa,
y——

do Ou

Oy

B=(m+26y)/2(m+2), 6= (4+20)/2(l+ 2);

4. st JioObIX x € J BBIOJIBHAIOTCS PABEHCTBA

ke 1 — 23, a upemen limoy MOXKETh MMEETh OCOOEHHOCTH MOpsiAKa HuxKe 1 — 20, riae
y—t

u<xay)|(m: QO(I‘), LS [_17 1]7 (3)
U(l‘,y)|ACOZ ¢0(‘T>7 LS [_17(0_1)/2]7 (4)
W, y)| po, = ¥1(2),  x € [(c+1)/2,1], (5)

re (), Yo(x), ¥ (z) 3amannbie nocratouno riuaakue dbynkuun, npudem o(z) = (1—2%)p(x)
o(—1) =0, 91(1) =0, rae ¢(x)- HenpepbIBHAs QYHKIUSL.

2. EquacrBennocts pernenns 3agadu BC. C nomornpio hopmyiiet lapdy 3 kpaeBbix
yesoBuit (4) u (5) HETPY/HO MOIYYIUTH COOTBETCTBEHHO CHCTEMY YDaBHEHUI

v(z) = ’yDl__sz’BT(l’) + Uy(z), x € (—1,¢), (6)
v(z) = 7D3167_1267'(x) + Uy (z), x € (¢, 1), (7)

rie

_20(28)0(1 - B) (m n 2>2ﬂ’

=TI -25) \ 4
Wo() = —v%(l LD (- 1)/2),
Wy (r) = —'y%(l — D (@4 1)/2)

-U3BECTHBIE (DYHKITH.

Pagencrsa (6) u (7) aBistiorcst HepBbIMI QYHKIMOHAJBLHBIMIA COOTHOIICHUSAME MEZK LY
Henm3BecTHbIME yHKIUAME T(z) U V() IpUBHECEHHBIMU Ha uHTepBasbl (—1,¢) u (¢, 1) ocu
y = 0 u3 obnactu D~ .

Hns zanaun GK anajnorom npunimia sxkerpemyma A.B.Bunayze [4, ¢.301] smisierca

Teopema 1. Pewenue u(x,y) 3adawu GK, npu swnoinernuu yeaosut vo(z) = 0, 1y (x) =
0 ceoez0 naubosvuwiezo norodcumenviozo 3naverus (HII3) u naumenvwezo ompuyamenvro-
20 snavenun (HO3) 6 samxnymoti obaacmu DV mosicem npunumamy moavko 6 moukas
HOPMAADHOT KPUBOT 0.

Teopema 1 jokasbiBaeTcst MeTOJOM PaboThI [1].

13 teopema 1 ciemyer ciemyiolinee

CiaencrBue. 3ajada GK nmeer He Oojiee OJHOTO PEIIECHUS.

LITERATURE
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Abstract. This work investigates on solving a boundary value problem for the viscous
transonic equation in a semi-unbounded region. The uniqueness of the solution is proven
using the energy integral method. The existence of solution is established via the method of
separation of variables.

Jnddepennuaibible ypaBHEHUS B YaCTHBIX ITPOU3BO/IHBIX TPETHEr0 MOPSIKA PACCMATPH-
BaIOTCs TIPU PENICHUN 3a/a9 TeOPUN HEJUHEHHON aKyCTHKNA U B TUJIPOINHAMUYIECKON T€OPUN
KOCMUYECKON 1a3Mbl, (QUIIBTPAIUIK KUJIKOCTU B TIOPUCTHIX cpejax [1].

B pabore [2|, yuurbiBas CBOWCTBa BSI3KOCTH U TEIJIOIPOBOJHOCTH Ta3a, U3 CHCTEMBI
Haspe-Crokca ObLIO MOIYUEHO ypaBHEHHE TPETHETO TOPsJIKA ¢ KPATHBIMHU XapaKTepUCTH-
KaMH, COJIEPZKAIee BTOPYIO MPOU3BOJIHYIO 110 BPEMEHH

v
Ugze T Uyy — guy = UpUypy, V = CONSL.

1o ypaBHEHUEe IpU ¥ = 1 ONMUCHIBAET OCECUMMETPUYHBI MOTOK, & npu ¥ = () OnuchBaeT
IUIOCKO - MapaJIIe/IbHbIT TOTOK [3].
B obnactu D~ = {(z,y) : —oo < x <0, 0 <y < q} paccMOTpuM ypaBHEHHUE:

L u] = tgge + uyy + pu = 0, (1)

rjie ¢ € R u jyig Hero ucc/iejiyeM Cie/yIomLyio 3a/1ady.

Bamaga B. Haiitu peryisipHoe perenne ypashenus (1) B obmactu D~ u3 Kiacca
C2 (D7) N CZy (D™ UTY), mMerommero orpaHuveHHble I€PBOil TPOU3BOIHOI 110 IepeMEeHHOI
Y PABHOMEPHO 110 T U BTOPOil MPOU3BOJHOI 110 T, IpH & — —00 U Uy, € Lo (D7), ymoBerso-
pAIONIee KPACBBIM YCIOBUAM:

u(z,0) =uy,(z,q) =0, —oo<xz<0, (2)

au (0,y) + bug, (0,y) = ¢1 (y),

0<y<g, (3)

rie [y = D~ - rpanuna objgactu D™, a,b € R a takke a® + b? # 0, a ¢y (y) - 3ajaHHbIe
JIOCTATOYHO TyIaIKne PYHKINH, TPIIeM

1 (0) = ¥4, (q) = 0. (4)
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Teopema 1. Eciu 3agaua B uMmeeT perienne, TO P BBIIOJIHEHAN yeaosuit ab > 0, p < 0
OHO €JINHCTBEHHO.

HoxkazareabcTBo. [IpeanonoxuM obpaTHoe, IMyCcTh 3a1ada B nMeeT jBa Pas/ImdHbIX
perennit: uy (x,y) u us (z,y) . Torma dyaknus u (z,y) = uy (x,y) — us (x,y) yaosaerBopsier
ypasHenuo (1) ¢ oHOPOAHBIMEI KpaeBbiMu yeaoBusamu. Jlokazxkem, 9to u (z,y) = 0 B obractu
D-.

B obnactu D™ cupaBeIjinBoO TOXKJIECTBO

0 1 0
uL[u]E%(uum—éu§>+a—y(uuy)—uz+uu2:0. (5)

Nurerpupys toxaecrso (5) o obmactu D) = {(z,y) : =l <2 <0, 0 <y < q }, yaursiBas
OJHOPOJHBIE KPAEBbIEe YCIOBUU U TPeOys a # () morydnm

q q
b 1
5/Uix(0,y)dy+5/Ui(0,y)dy+//u;‘j(x,y)dwdy—u//quxdy=0-
0 0 D—

D—

[TIycts p = 0, Torga mo ycaosus teopeMs! 1, Te. ab > 0, momyaum u, (x,y) = 0, oTcioga
nveeM u (x,y) = f(x). Honorast y = 0 u yunrsasg uro u(z,0) = 0, umeem f(x) = 0.
CaenoBarenvho, u (z,y) =0, (x,y) € D™. Ecim < 0, TO U3 ISITOrO €1araeMoro, moJIyIum
u(z,y) =0, (z,y) € D™.

B ciayuae b # 0 anajorngno nosydaeM paBeHcTBo u (z,y) =0 B D™,

Teopema 1 jiokazaHa.

Teopema 2. Eciu dbyukiuu 1 (y) € C? (0 <y < ¢) u Bbinosusterca ycjosust (4), To
pellenre 3a/1a9u B CyIecTByeT.

Teopema 2 ObLra JgoKa3aHa ¢ IIPUMEHEHHEM MeTOo/a pa3/eieHusl IIepeMeHHbIX. Perenne
paccMaTprUBaeMoil 3a/1a91 MOJIy9IeHO B (hopMe OECKOHEYHOIo psjia, IMPH 9TOM YCTAHOBJIEHA
paBHOMEpHasl CXOJAUMOCTb U BO3MOXKHOCTH ITOYJIEHHOIO AudHepeHnnpoBaHus IPU BbIIOJIHE-
HUU OIIPeJIeJIEHHBIX YCJIOBUI Ha 3aJaHHble (DYHKIMH. B mporecce 060cHOBaHUS paBHOMEPHOI
CXOJIMMOCTH JOKA3aHO OTCYTCTBHE IIPoOJeMbl "Masioro 3nameHaTes".
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B nannoit paborsl crpoutcs dyuknun Kapsiemana it moJMrapMOHUYIECKUX (PYHKIINN
BTOPOrO TOpsijika (T.e. i GUrapMOHMYECKUX (DYHKIWMIA), onpejeseHHbX B obsactu D C
R} D ={y = (y1,92,93) : y3 > 0} u usyuaercs ey cpoiicrsa.

In this work, we construct the Carleman function for second-order polyharmonic functions
(i.e., for biharmonic functions) defined in the domain D C R3,

D ={y = (y1,92,y3) : y3 > 0} .

Jlana OGeckoneunast o0jiacTb [) TpeXMEPHOIO IMPOCTPAHCTBO U OurapMoHudveckas B D
dbyukuust u(P), HelPepbIBHBIX BILIOTH JIO TPAHUIIBI 00JIACTH CO CBOMMHU IIPOU3BOIHBIMU IEp-
BOI'O TOPsijIKa IIacuTh: Tpebyercs: mokazarTh, 9To ecyi (PyHKIUS U ee HOpMaJjbHAs TPOU3-
BOJIHAsI OorpaHudenbl Ha rpaxune D u u(P) HeorpanumveHHa BHYTpH, TO Ipu P — 00 OHa
JIOJIZKHA, PACTU BHYTPH [) CO CKOPOCTBIO, HE MEHBINIEH HEKOTOPO# IpeJIe/IbHOM, U OIICHUTH ITY
IpeJIeTbHYI0 CKOPOCTH POCTA.

DTa 3aj1a9a ObLIa peaMeroM uccienoBanus pabor M.A. Esrpadosa, I.A.Yeruc u A. @.
Jleoutberebim, U.C.Apmonom u gap. B 1960 rogy M.A.Esrpacdor u N.A.Yeruc moxasaan
CJIETYIONLYI0 TEOPEMY

Teopema 1. Ilycts u(r, ¢, x) rapmonndeckas dynknus B mumaape 0 < r <a,0 < ¢ <
2w, —o0 < x < 00. Ecim BBITTOTHEHBI yCJIOBUS

ou
:07 a y ¥ < )
u(a, ¢, x) 5 (0. p.2)| <o
u(r, i, )] < el oo
max |u(r, p,x cexpexp ——— , €
e PP la+o

torga u(r, o, x) = 0.
B mamnnoit padore crpourca dbynknusa Kapiiemana jijig OurapMonndecKux (pyHKIUR BTO-
poro nopsijika onpejiejeHnbx B obgactu D C R, D ={y: y= (y1,y2,y3)} C R
Oynknun @, (y, x) u P, (y, z), npu s > 0,0 > 0 oupesesnM CJIeIyoMuMI PABEHCTBAM:

Yo (Y, )

0 exp [—o(i\/s+u2+y3+1)pl} du
:Co/ [m 2 9 ’
0 (iVs+u? +ys—x3) (iVs+u?+ys+a3) | VUi +s

D, (y,x) = orip,(y, ), e A3 = 27'rws, ws—momaap egunuuHOrO Mmapa B R w =
ivur+s+uys, 0>0,y3>0, 0<p; <1,¢€R.

JIemma 1. Oyukius ¢, (y, ) ABAgeTCS TapMOHUYECKOH (DyHKIMEH M0 nepeMeHHOH y
upu a > 0.

Teopema 2. ®yuxuuio O, (y, ) Moo npejcrasut B Bue O, (y, 1) = cor+cor?Gy(y, )
U UMeeT MECTO PABEHCTBO

Dy(y, ) =

- /OO ((ys — 23)((ys + 23)* — (v® +5)) — 2(y3 + w3)(u® + 5)) sin(o\)du
0 (u2 +72)(u2 + r?)2exp(c Ay)Vu2 + s
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ot [ Wbl = (24 )+ 2t oo,

(u2 +1r2)(u? + r?) exp(c Ay)

71'x2 rL
rje ¢ = m’ 1 = |(ys +1)% + 1> + 5|7 cos(op, arctg

P1 \/u2_|_s

A= +12+u2+578m0 arctqg————
[(ys + 1) | (op1 ey

Vu2+s )
(y3+1) /7

),

B JaJIbHeNIIeM 0003HAUYNM depes Cg - IHOCTOSHHbIE YHCIIA.
Teopema 2. {nsa byuakius, O, (y, z) cupaseyimBa OleHKA

cor?

Qo (y,2)| < —5———F—+
%o (9, )] arfexp (0 A)

s2
(ys+1)°
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Banaya Komwu nyis ypaBHeHus nmantorpada

AxbribaeB M. U., AmmpbaeB H. K., Kopokbae A.V., AmanxoJsoBa A.E.
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Paccmorpum B ipoctpanctse H = L?(0, 1) sagauy Komm
y' = Ay(z®), (1)

y(0) =0, (2)
re 0 < a < 2 - dukcupoBaHHas MOCTOAHHAA, A - CHEKTpaJbHBII mapamerp. Herpynno
ybemThest, 9To 06paTHbIi onepaTop 3ajadu (1) — (2) cylecTByeT u SBJSETCS OEPATOPOM
[Munboepra-IIMusira, MoSTOMY €ro KBajpaT OyJIeT sePHBIM OIEPATOPOM, 00JIaIAIONINM KO-
HeaHbIM ciieoMm. C momornbio dopmyiisl [aasa [1] HaM yaamoch BEIYUCIUTE 9TOT CIIE].

Teopema 1.

2 _ l1—«
a) Ecm 0 <A <1, To trK* = {75,
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6) Ecmm 1 < A <2710 trK?=0.
3ameuanwme 1. [Ipu o > 2 obparnbiit ornepatop K He SBJISIETCS OIEPATOPOM KJiacca
['mipbepra - [HIMuara, 109TOMY HAIIU METO/IBI OECCUJIBHBI.

Bameuanue 2. Oynknus y(z) = 2T gpisercs cOBCTBEHHOI nytst 3agaqn Komm (1) —
(2).

Takue ypaBHeHus, Kak ypasHenue manrorpada, Hauntas ¢ 1970 rojios, u3ydaauch B pa-
6orax T.Karo [1], A.zepreca [2| u apyrux aBropos. YpaBHenue nanrorpada BOSHUKAET B
CaMBIX pa3HBIX 00JacTsx: actpodusuke (B.A. AMGapityMsiH, TOIIAINEHIE CBETA MEXK3BE3IHOI
marepueit), Texuuke (/Ix.Oxengon, A.B.Taitinep, 1971, maremarndeckas MOJEIb KAHTAKT-
HOTO IIPOBOJIA 3JIEKTPOCHAGKEHUS MOJIBUKHOIO cocTasa), buosorus (A.Tx. Xoswr, I.C.Vaiik,
1989, mojiesupoBaHme mporecca pocTa u JieJIeHust KJIeToK ). B 91ux paborax paccMarpuBasIiuch
BOIIPOCHI Pa3pemnMOCTH HaLH/IOHa.HBHOﬁ 3aJa491, aCUMIITOTHYIECKOI'O IIOBEeACHUA PCIICHUA Ha
6eCKOHe‘{HOCTI/I, CymieCTBOBaHUA II€PUOANICCKUX W ITOYTUIIEPUOINIECCKUX peHJeHI/IfI, B OCHOB-
HOM JIJTsI ypaBHEHUsI IepBOro Mopsijika ypaBHenus nantorpada y = ay(t)+by(t) u pasmuanbie
0000ITIIeHI .

B nacrosmmeit pabore merogamu pador [1],[3] uccrenosana 3amada Komm

y(x) = Mylax), 0<z<l, (3)

y(0) =0, (4)

rie « > 0 - pukcupoBaHHasT MOCTOSTHHAS, A - CIIEKTPaJIbHBIH mapamerp. OOpaTHBIi ore-
parop t 3amaun (3) — (4) sawasiercsa oneparopom ['miasbepra-IlIMuara, mosTomy ero KBajapar
OyJleT gJIepHBIM, 00/1a/Ial0M KOHEUHBIM CJ1eoM. ViMeeT MecTo cieryiomas

Teopema 2.

a) ecm 0 < < 1, o trA? = 0,

6) ccmm a > 1, 10 trA? = 5 (1 —1).

Eciu sinepusrit oneparop Bosbreppos, To 1o Teopeme Jluckoro [5] ero cier paBen Hyiio,
osToMy mMeeT MecTo HepaBeHcTBO 0 < o < 1. JJocTaTovYHOCTD 3TOr0 YCJIOBUS CJIEAYyeT U3
teopembl Hepcecsma [3].
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NaTerpupoBanune ypaBHeHuss MKa® orpuiiaresibHOro mnmopsaka B KJjlacce
dbyHKIUT KOHEYHOI MJIOTHOCTU

Banraesa N.MN!, Xacanos M.M !, Azumos JI.B.!

Ypreuuckuii rocyrapcTBennbiit yauBepcuter nMmenn Aoy Paiixana Bepynu, ¥Yprend,
V3bekucraH;
iroda-b@mail.ru, hmuzaffar@mail.ru, doniyor.azimov.97@bk.ru

B nmammnoit pabore paccMaTrpuBaercs IpUMeHeHHe oOpaTHON 3a1avl pacCesHus JjIs WH-
terpupoBanug ypasuenus MKad orpuraresbHOTO MOpgika B Kiaacce (YHKIUNA KOHEYHOI
IJIOTHOCTH.

Moaudunuposantoe ypasuenne Kopresera—ie @pusa (MKn®d) orpunaresbroro mopsi-
Ka IIpeJCcTaB/IsgeT coOOil BayKHBI OOBEKT UCC/IEIOBAHUS B TEOPUH WHTETPUPYEMBIX CHCTEM.
Ono Bo3HHMKaeT Kak 4JacTb HeraTtuBHOH mepapxun MKa® u xapakrepusyercsd HaJIAIHEM KY-
OmYIecKoit HeJIMHEHHOCTH, YTO OTJIMIaeT ero or Kijaccudeckoro ypasuenns Ka®d. OcobObrit
HHTEpeC JMaHHBIA KJIAcC ypaBHEHUH IPEICTAB/ISeT B CBI3U C UX HHTETPUPYEMOCTBIO, CYIIe-
CTBOBaHUEM 6eCKOHe‘{HOFO YUCJIa 3aKOHOB COXpPaHE€HHA W IIPpUMEHEHUEM MeETOda O6paTHOI71
3aJ1a91 PACCEsSTHUS.

B nmanHoit pabore paccmaTrpuBaeTcs ciepytoiiee ypapaenne MKia®d orpurarenibHOIO 1Mo-
psaKa

Paw = —U?
rxr >
{uxt—i-ozu—l—sztu:O, TER,E20. (1)

[Ipu HaYa/ILHOM YCJIOBUM
u(z,0) = up(x),z € R, (2)

rie up(r) — ¢ npu r — +oo, ¢ € R . 3yech HadaabHasg QYHKIWs 00JaAeT CJICLyFOIIMU
cpoiictBamu: 1.

/_00(1 + |z|) Juo(z) — ¢| dx < oo

(e 9]

d —
2. Omneparop L(0) =i ( d u(dx) ) nmMeeT poBHO 2N MPOCTHIX COOCTBEHHBIX 3HA-

—u(x) —=
YeHU 51 (O), 52(0), SZN(O)
[Ipenmonaraem, aro dyukmun u(x,t) u p(z,t) obaagaoT JOCTATOTHON TIAJKOCTHIO W
JIOCTATOYHO OBICTPO CTPEMSATCH K CBOUM IIpeJiejiaM TP & — 00 TaK, 4TO

u e C*R x (0,00))NC3HR x [0,00)),  peCH(R x(0,00)),

lim pu(z,t) =0, teR.
T—Fo00

| (0t 0) = el + e O]+ o, O] + el i < o0, £ € R )
B jamnoit pabore 10JIydeHbl TpejicTaBIenus jiid pemennii u(x, t),p(x,t) 3amaau
(1)-(3) B pamkax MeToma 0OpaTHOIl 3a/1a4n paccesuus Jist oneparopa L(t)

OrmernM, 9T0 aHAJIOMHYHAS 3a/a4a [T MOAUGUIIMPOBAHHOTO ypasHeHus KopreBera—jie
®puza (MKnd), a Takxke mis ypasaerns MKa® orpunaresibHOro mopsijika B Kiaacce 6bICTpo
yobIBaromux yHKIWMA paccmarpuBaguck B paborax |[1], [2]. B kmacce mepmommueckux
byHKIWI yKa3aHHBIE YPaBHEHUsI UCCJIEI0BAJINCH B paboTe [3].
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O06 oHO3HAYHOI pa3penInMOCTH OJHOI MepUoNIecKoii KpaeBoii 3aade JJjist
TpeXMEpPHOTO ypaBHEHHUsI YAIJIBITMHA B HEOrPAHUYEHHOM MapaJijiejenune/ie

H>xamagios C. 3.}, Typakymnos X. IT1.2
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B nannoit pabore ¢ nCHoIb30BaHUEM pe3yJIbTaToB pador [1-4] u3ydaiorcs ojHO3HATHAS
pa3permMocTb 0606IIEHHOrO PeNeHnst O/[HOM IePUOMIecKOii KpaeBoil 3a1aue JIJist TpeXMep-
HOrO ypaBHeHUs JalulbIl'MHA B HEOIPDAHUYIEHHOM IapaJule/Ieluie/Ie.

B obmactu G = (—1,1) X (0,T) xR = Q xR = {(x,t,2);2 € (-1,1),0 <t < T <
+00, z € R} pacemorpum ypasrenusi Haribirusa:

Lu = K(x)uy — Au+a(z,t)uy + c(x, t)u = f(z,t, 2), (1)

Baecy K (x) > 0 npu x # 0, rue Au = Uy, + u,,- oneparop Jlamraca. Ilycrs Bce koadbdu-
IueHThl ypaBHenus (1) mocraTodno riajkue GyHKIMA B 0baacT Q).

ITepuonuyeckasi kpaeBasi 3aga4a. Haiitu o6obiiennoe pemenne u(x,t, z) ypaBHeHUs
(1) u3 mpocrpancTBa VV22 ’3(G), YJIOBJIETBOPSIONIEE CJIEAYIONUM KPAeBbIM YCJIOBUSIM

Dfu|t:0 = Dfu|t:T, (2)

DP = DPul|,_,, (3)

r=—1

Jlayiee OyieM cuuTaTh, 9YTO
u(z,t,z) > 0wu wu,(x,t,z) -0 mpn

2] = oo. (4)

upu sz,l,F;LeDfu:%, D%u = u,

Teopema [Tycmv svinoanenv. ciedyroujue Yeaosus 0af KoIPPuuyuenmos ypasnenua
(1): 2a(z,t) + pK(x) > 6 > 0,u c(x,t) — c(x,t) > 6 > 0, daa ecex (v,t) € Q,
ede u — const > 0, c(x,0) = c(x,T) dan ecex x € [—1,1]. Tozda dan mobot Pyrryuu
f e Wy*(G) makoti, wmo f(x,0,2) = f(x,T,2), cywecmeyem eduncmeennoe o6obuienmoe
pewenue 3adavwu (1)-(4) us npocmpancmea Wi (G) u daa pewenua sadawu (1)-(4) cnpaseo-
AUBDL CACOYIOULUE OUEHKU:

2 2
I) ||u||w21*3(G) < ||f||W§v3(G)

2 2
1I) HUHW22’3(G) <0 Hf”wgvf’(c)
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rie gepes ¢; 1 = 0, 2— 0603HaUEHbI [TOJIOKUTEIbHBIE, BOOOIIE TOBOPS, pa3HbIe IIOCTOSIHHBIE
qucJjia, OTJIMYIHbIE OT HYJIA.
2,3 .
Yepes W5?(G) obosnadeno anmzorponHas npocrpanctso CobosieBa ¢ HOPMOi

—+00

HU”?/V;@(G) = (27)71/2 : /(1 + ‘)"2)3 i, t, )‘)HIQ/V22(Q) dA, (A)

—00

siaech W2(Q) npocrpancrsa Cobonesa, riae i(x,t, \) ectb npeobpazoanue Oypbe, GyHKIHE
u(x,t, z) M0 MEPEMEHHBIM 2.
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OO0 ojmHOIT JMHelHO 0O6paTHOIT 3a/1a4Ye C MOJIyHEJOKAJIbHBIMI KPaeBbIMU
YCJIOBUSIMH JIJII TPEXMEPHOTO yPaBHEHUsI CMENIAHHOTO THIIA BTOPOTO Po/ia
4eTBEPTOro IMOPsJIKA B MapaJiiesienulie/ie

H>xamadgios C. 3.!, Xanxamgxkaes B.B.%, IOcynos III. B. !

Nucruryr Maremaruku nmenu B.U.Pomanosckoro Akajemun nayk Pecriybsimkn
V36ekucran, TarikeHT, Y30eKnucraH;
TamkeHTCKUH THCTUTYT MEHEPKMEHTA U SKOHOMUKI;
siroj63@mail.ru, xalxadjaev@timeedu.uz, sherzod.yusupov.2020Qinbox.ru

Kak mam m3BecTHO, K HACTOSIIEMY BPEMEHH JOCTATOYHO XOPOIIO M3yUeHbI O0OpaTHbIE
3aJ0a49n JIJIsi KJIACCHIeCKUX YPaBHEHHMI TaKUX Kak, MapabOIUIecKux, SJIIUNTHICCKAX U T'H-
1epboJIMIeCKUX TUIIOB BTOporo mopska [1|. Jluneitasie obparHble 3aa4m jijist ypaBHEHUI
CMEITAHHOT'O THUIIA BTOPOIO HOPSJIKA B INIOCKOCTH u3ydeHbl B pabore [2|. Takue 3amatan s
TpeXMEePHBbIX 1 MHOI'OMEPHbBIX ypaBHeHI/Iﬁ CMEIIaHHOI'O THUIIa BTOPOI'O IIOPsAJKa KaK II€epPBOIO,
TaK 1 BTOPOI'O poJa C JIOKaJIbHBIMU 1 HEJIOKAJIbHBIMUA YCJIOBUAMU B OI'PaAHUYI€HHDBIX O6ﬂaCTSIX,
U3yYeHbl U Pa3BUBAJINCh B pabore [3].

JList ypaBHEHU CMEITaHHOTO TUITa BBICOKOT'O MTOPSIKA JUHEHHbIe 00paTHbIE 33,141 IIPaK-
THYECKUE He HCCJIeI0BAJIMCh. JacTUIHO BOCIOJHUTH JAHHBINA 1poOe/T Mbl U IOIBITAEMCS B
paMKax 3TOi pabOTHI.

B nmannoit paboTe paccMaTpUBalOTCsT BOIPOCHI KOPPEKTHOCTH OIHON JIMHEIHOM 00paTHOI
33141 JIJIsi TPEXMEPHOI'0 YPaBHEHHS CMEITaHHOTO THUIIA BTOPOI'O POJia, YeTBEPTOrO MOPS KA
B napaJuiesenunese. g stoit 3ajaun Metojgamu Pypbe, “c— peryiasgpusarnuu’, alpuoOpHbIX
OIIEHOK, ITOCJICJIOBATEILHOCTU PUOIHKEHUN U CXKUMAIOIIIXCS OTOOPayKeHUii JIOKa3aHbl TEO-
PEMBI CYIIECTBOBAHUS U €JIMHCTBEHHOCTU PEryJIAPHOIO pPeIleHusl JIMHEIHOI 0OpaTHOi 3a1a9u
B aHM30TPOIHOM IpoctpancTse CoboJiesa.
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B obmactu G = (0,1) x (0,7) x (0,¢) = Q x (0,0) = {(z,1);0 <z < 1;0 <t <

T <4000 <y < } paccMOTpuM ypaBHEHUsI CMENIaHHOTO THUIIa BTOPOTO PO/ia IE€TBEPTOTO
HOPSLJIKA.

Lu = Pu+ Mu+ Nu=1(z,t,y). (1)

4
Brece Pu =) Ki(x,t)Dju;  Mu = QUgppy — Dlggy — CUzy s  NU = Uyyyy
i=0

rae Ky(z,t) = Ky(t), K4(0) = K4(T) =0; a,b,c— const >0, Diu = g;ﬁ” , (1=0,1,2,3,4).
Ypasuenue (1) OTHOCHTCS K ypaBHEHUSIM CMEIIAHHOTO THIIA BTOPOTO POJia, TaK KaK Ha 3HAK
dbyurim Ky(t) no nepemenHoii ¢ BayTpu orpeska [0, '] He HamaraeTcss HUKAKIX OMPaHUIeHHUIT
[4].

B pasnbueiimem Gygem npeanonoxkuth, ¥ (r,t,y) = g(x,t,y) + h(x,t) - f(x,t,y), roe
g(x,t,y) u f(x,t,y)— sananubie dbysxiyn, a dyakus h (x,t) TOJIEKAT K ONPEIETIEHHIO.

JIuneitnass obparunasi 3amava. Haiitu dbyuxmun {u(z,t,y), h(x,t)}, yrosrersopsio-
mue ypasuenuto (1) B obsactu G, Takue, aro dbyukiws u(r,t,y) yIOBIETBOPIET CJIe YOI

MM IIO0JIYHEJIOKAJIbHBIMU KPaeBbIMU YCJIOBUAMU

7Dgu|t:0 = Diul,_p; ¢=0,1,2, (2)
u|y:0 - u|y:1 =0; uyy|y:o = “yy|y:g =0 (4)

U JIOTIOJHATEIHHOMY yCIIOBHIO
u(z,t,ly) = o (z,1),0 < by <l < +00 (5)
u BMecTe ¢ dyHKImeid h(x,t) mpuHaAIIEKUT KIAcCy
U ={(uh)] ueWy*(G);h € W(Q)}.

43 .
Baecw uepes W, (G) obosnadeno anuzoTporHas mpocrpancrsa CobojieBa ¢ HOPMOii

2 & 3

2 2

ol = 23 04 ) o (D -
k=1

rae dyukimun ug(z,t); k = 1,2, 3,... asiasiorca kosbdurmentamun Pypbe dyHKIUI
u(x,t,y), no cucremam Yy (y) = {V20~1sin gy}, pp = 7kl k=1,2,3, ...,
gepes WL(Q) obosmaueno npoctpanctso Coboesa ¢ HOPMOit

s = - [ 1D"0 dear,
laj<4

e «— 3TO MYJIbTUUHJIEKC, D“— ecTb 00001eHHAsT TPOU3BOIHAS 110 [TIEPEMEHHBIM & U .
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Obparnas kKoaddbunmenTHas 3amava Jjisd ypaBHenus audpdys3um c
KyCOYHO-BPEMEHHBIM MEePEMEHHBIM

Hypnues J.K.!, Xoaukos C. X.?

UNucturyr marematuku nm. B.M. Pomanosckoro Axkajiemun nayk PecniyOsmku ¥Y306ekucra,
yi. YauBepcuterckasd, 1. 46, Tamkent, 100170, Y3bekucramn;
Hagowuiickuit rocyiapcrsennbiit yuuepcuret, yi. ou Cuno, 1. 45, Hason,
210100, ¥Y306ekucram;
d.durdiev@mathinst.uz', xamroqul@nspi.uz>

IIycte D = {(z, t) € [0,1] x [0, 0o0)} — mpamoyroibHas obiaacts. B srToil crarne
MBI PACCMOTPHM CJIEJIYIOILY 10 06paTHYTO 3a/1ady onpenesnenns napbl byakmumit {u(zx,t), q(t)},
VIAOBICTBOPSIONMX ypaBHeHnIo 1uddy3un ¢ KyCOUHO-HEeIIPePLIBHBIM BPEMEHHBIM IIePeMeH-
HBIM

up(2,t) = a*uge(2,t) — bu(z, [t]) + q(t)u(z, t) + f(z, [t])), (1)

Ha4vaJIbHOMY yCJIOBHUIO
u(,0) = p(z), =€ [0,1], (2)

I'PaHUYIHBIM YCJIOBUAM
w(0,) = u(l,t) =0, ¢>0, (3)

U YCJIOBHIO TIEPEOIIPEICTICHUIO

1

/w(z)u(x,t)dx =h(t), t>0, (4)

0

rjae a > 0 u b— 3ajanHble NOCTOSIHHbBIE, & f, ¢, w U h — J0cTaTOuHO Tyajkue dbyHKIu; ]
obo3HavaeT HANOOJIBIIYIO MEJIYI0 PYHKIIUIO.

Onpepenenne 1. Oynknus u(x, t) Ha3bIBaETCS pernenneM npsamoii 3agaqn (1) - (3), ecan
OHA YJIOBJIETBOPSIET CJIEJYIOIIUM YCJIOBHSIM:

(i). u(z,t) menpepsiBaa B obmactu D;

(ii). ITpousBomHbIE U U Uy, CYIMIECTBYIOT W HENPEPHIBHBI B [, 3a UCKJIIOUEHHEM, BO3MOKHO,
touek (x,n), e n = 0,1,2,..., B KOTOPBIX CYIIECTBYIOT OJHOCTOPOHHKE [POU3BO/IHbIE;
(iii). u(z,t) ynomnersopsier ypasaenuio (1) B D, 3a HCK/IOUeHHEM TOUYeK (,M), & TaKiKe
yI0oBaeTBOpsieT ycsosuaM (2) u (3).

B paborax [1], [2] uzyuensr obparubie 3a1a4u onpeenenns koadbduimenTa st ypaBHe-
s (1) mpu b = 0 u f(z,[t]) = f(x,t). Obparnse 3a1aun oupegeneans Kodbdurmenta u
s/ipa TaMsTH B ypaBHeHHN Juddy3un 1mes10ro u 1pobHOro HOPsIKOB ObLN u3ydueHs! B [3]-[5].

[Tpemmonozxkum, ato 3aganubie bysxmn ¢(z), f(x,t), w(z) u h(t) yaoBreTBopsior cie-
JIYIOIIAM YCJIOBUSM:

E1) o(x) € C*(0,1), ¢""(z) € L2(0,1), (0) = (1) = 0, ©"(0) = ¢"(1) = 0,

E2) f(z,) € C[0,T] u das t € [0,T], f(-,t) € C?[0,1], fraz(-,t) € L2(0,1), f(0,t) = f(1,t) =
0, f2z(0,1) = faa(1,t) =0;

B1) w(x) € C0,1], w"(x) € L2[0,1], w(0) = w(1) = 0;

1

B2) h(t) € CH0,T] u |h(t)] > ho > 0, ho— 3adannoe wucao, [ w(z)p(x)dz = h(0).
0

a27r2
Teopema 1. Ilycrs Boimosnenst yenosusa E1)-E2) u —a?1? < b < a?m? <%> Torna

6a27r
CYIIECTBYET €MHCTBEHHOE pernenue npsmoii 3agaqau (1)-(3) B obmactu D.

Teopema 2. Ilycts BbinosiHeHbI yeaoBust Teopembl 1 u yesosus Bl), B2). Torma mis
JoctaToaHo Masoro yuciaa 1 € (0,7), cymecTByeT eJMHCTBEHHOE pellieHne 06paTHOI 3a/1a9u
(1)-(4) Takoe, aro ¢(x) € C[0,T"].
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O cyirecTBoBaHUM peHIeHUS 3a4a4M KOIIU JIJi YPABHEHUS MOIEPEeYHbIX
KoJiebaHnii 0aJIKu

Hypsues V. .12

Byxapckuit rocymapcTBeHHbIll yHUBEpcUTeT, Byxapa, Y30ekucram;

Byxapckoe otrnestenne nncruryra Maremarukn nmenu B.U.Pomanosckoro, Tarkenr,
V30ekucran;
umidjan93Qlist.ru

Pacemorpum 6eckonednyto 6asiky, Mo JIeCTBUEM BHEITHEH CHJIbI

Uy + azu:p:m:x = f(l’, t)a (1)

rie (x,t) € D = {(z,t) : —o0 < & < 00,t > 0}.
HauasbHble yCI0Bus JIst HErO 3a/1a/(MM CJIEJLYIOIIIM 00Pa30M:

u(x, 0) = QD(ZL‘), ut(‘r7 0) = ¢(x)7 r € R, (2)

Yepes Qr := {(z,t) : v € R,0 < t < T} obozuaunm nosocy tommuuoit T', rue T>0 11
IPOU3BOJIbHOE (PUKCHPOBAHHOE IHCIIO.
Bamaga. Haiitu dyskimio u(z, t), yrosaerBopsioryio coorHomenusm (1), (2) u yciosuto

u(z, )EC (QT) ney (QT)

[P 3aJIaHHBIX 9ucaax a, u gocrarodno riaagkux Gyaknuax f(z,t), ¢(x), ¥(x).

[Tycre CJ*(R) I knace dyHKIumii, OrpaHIYEHHBIX BMECTE € UX [TPOU3BOAHBIME BIUIOTH JI0
m-oro nopsijika B R dyukImii, a Cb;rf;k(QT) [Ixnacc dyHkImii, OrpaHUYIeHHBIX BMECTE C UX
MPOM3BOJIHBIMHE TI0 T BILIOTH JIO0 M-OT0 TOPsiJiKa U k pa3 1o ¢ HerpepbIBHO juddepeHimpye-
MBIX ¥ OrPAaHUYEHHbIX pu KaxK oM dbukcupoBantom ¢ € [0, T] B obsnactu Qp dyHKIWmIL.

Vmeer mecTo cieyoniast TeoOpeMa, CyIecTBOBAHMUS .

Teopema. Ecim p(z) € CH(R), 1(z) € CE(R), f(z,t) € Cy2(Qr), Kpore Toro bynKImm
(o), (), who(x), o (x), "(x), " (x), oW (), (), a*b(x), (), o (2), " (@), f (2, 1),
22 f(z,t), 2t f(x,t), fo(x,t), fou(,t) abcomoTHO NHTErPUPYEMBI HA (—oo oo) TO  CYLeCTEyeT

4,2
KJstaccudeckoe perterne 3agaqun Kommm (1), (2) u3 kmacca u(z,t) € C,7; (Qr (QT)

7

LITERATURE
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KpaeBas 3aga4a aJjiss ypaBHEHUsI Y€TBEPTOTO MOPSIKA CMEIaHHO-COCTaBHOTO
THUIIa

T'oszues K. C.

Fergana State University, Fergana, Uzbekistan;
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B obstactu paccMOTpuM ypaBHEHHUE
2
a_yQ(UJ:x + Uyy) + C(I,y)U = 07 (l’,y) € Dla
- 0
a_yg(Um - Uyy) =0, (xay> € Dy,

rie C(z,y) — 3agannast GyHKnus, D — 061acTh OrpaHUYEHHAsT HOPMAJBHBIM KOHTYPOM U
orpeskom [A(0,0), B(1,0)] ocu x. Hepes Dy 0603HATNM 00JIACTH OMPAHIMYEHHYIO OTPE3KOM
(AB) u xapakrepuctukamu AC : v +y = 0u BC : x —y = 1 ypasuenne U,, — Uy, = 0.
CosokymnHocTh obsacreii D u Dy BMecTe OTKpbITOM oTpe3koM (AB) obosnadnm depe3 D.
[IycTn

Ule = file.u), ®)
| = B ®)
| =@, 0<e<y )
| =), 0sesy, )
| =@, jEe<t )
| v, gt @)

3/1€Ch M — BHEINIHsist HOpMasb K rpanune obnactu D, fi(z,y) (i = 1,2), ¢;(x) (j = 1,4) -
3aJlaHHble (QYHKIMA, YOBJICTBOPSIONINE CCTECTBEHHBIM YCIOBUSAM COIIACOBAHMUS, 00ECIIeqn-
BAIOIIUM HIKe TPEOYeMYIO [VIAJKOCTh PEIICHHs.

Bamaua D. Tpebyercs onpegenuts Gyukimio U(z,y) co CaeAyONUMI CBORCTBAMY:

19, Ona sBgercst pery/aspubivM perienueM ypasuenus (1) B obnactu D 1pu y # 0.

2. HenpepnsisHa B D BMecTe CO CBOMME YaCTHBIME MPOU3BOIHBIME JI0 BTOPOTO TIOPSIKA
BKJIOUUTEJIBHO.

3°. Viosnersopsier KpaesbiM yeosusM (2) — (7).

49, Oynkimsa U(x,y) 1 ee MPOU3BOJIHBIE JI0 BTOPOTO MOPSAJIKA BKIIOUYATEILHO YI0BIETEO-
pstioT Ha oTpe3ke AB HelpepbIBHBIM YCIOBUAM CKJICHBAHUSA.

OrMmernm, 9TO pasaudHble KpaeBble 3aja4n i ypasaenns (1) 6bumn usyden B pabore
[1] u ypaBHeHusi cocraBHOrO THIIA PACCMOTPEHO B padore [2].

JlokazaHo TeopeMa eJIMHCTBEHHOCTH METOJIOM HHTErpPaJIOB SHEPIUH, a CYIIEeCTBOBAHUS
pellleHrsl JIOKA3bIBAETCA € UCIIOJIb30BAHUEM METOJI0B MHTEIPAIbHBIX ypaBHeHUHU [3,4].
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O6 oaHOIT HeJIOKAJIbHOI 33aj1ade /IJisi ypaBHEHUs] CMEIIaHHOTO TUIIA BTOPOro po/ia
B 00JIACTH - JIANITUYECKAS YACTh KOTOPOil TOPU30HTAJIbHAS I0JIOCA 3yHHYHOB

P.T.!, Bekrommesna III. A.?
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B nannoit pabore paccMaTpuBaeTcd HeJOKaJIbHAsA 3ajada JJIsd YPaBHEHUS CMeEITaHHO-
ro THIIa BTOPOT'O POja B OOJIACTU SJUIMNTUYECKAS YACTh KOTOPON MOPU30HTAJIbHA I10JIOCA.
3a/1aun TaKOro POJia BO3HUKAIOT MPU M3YYEHUU BOIPOCA O OECKOHEYHO MAaJIbIX M3THOaAHUIX
MIOBEPXHOCTEN BpallleHnsl U BUHTOBBIX HMOBEPXHOCTel, ['ayccoBa KpuBuM3HA KOTOPBIX MEHSET
3HaK B paccMarpuBaemoii objtacru [1,2]. Pacemorpum ypasaenue

Uy + Signyly|"uy, =0, 0<m <1 (1)

B HEOI'PAHHMYEHHOI cMernranHoil obactu 2 = 2y U ly U g, T11e
O ={(r,y): —co<x<+00,0<y <1}, lp ={(z,y) : 0 <2z <1, y=0}aQ - obracrs
noJtyriockoctu iy < 0, orpannyentast orpeskoM AB ocu Ox a TakKe XapaKTepUCTHKaMU

AC: o= 2/@2-m) (-p® P =0, BC: x+[2/2-m) (- =1

2
ypasuenus (1) Bbrxojgamux n3 Toukn C' (%, — (Q_Tm) 2*’”).

Bsenem obosnaueHus

m 1
b 2(m—2) 2 <p<0, hL={(zy):y=01<z<+oo},

lo=A{(z,y) :y=0,—c0c <z <0}, l3={(r,y):y=1—00 <z <400}

Bamadga 7. Haiitu dynknuio u(x,y) co caemyomum u coiictamu: 1) u(z,y) € C(QU
[1Ul, Ul U AC U BC) N CHQ) N C%(Q U Qy);

2) ynosserBopsier yparernuto (1) B obsactsax 5 u Qy;

3) YJOBJIETBOPSIET YCIOBHSIM

u(z,0) =1 (x),—00 <z < 0;u(x,0) = ps (x),1 < x < +o0,

u(z,1) = @3 (z), —00 <z < +00

lim u(z,y) =0, paBromepro no y € [0, 1],

|z]—o0

w0y (z)] = au(z,0) +w(x),0 <z <1,
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rie a < 1, a ¢;(x), (i=1,2,3), w(x) - 3amannable dyHKIWH, npudeM w(z) = = - w* (x),
R 7. : T x 1-26
w* (z) € C* (Io) NC? (L), ¢i(z) € (), ‘mlllinoo wi(z) = 0,00(x) = <§7 — [ﬁ : 5] )

Ha jimanm y = 0 mapaboimyeckoro BLIPOXKieHusl ypaBHeHus (1) BBIMOTHSIIOTCS YCIOBUS
CKJIEUBAHUA KOTOPBIE MOABJISAIOTCS P PEIeHUN MPsIMOil 3a/1a4u Teopuu coruia JlaBasd:

u(x,—0) =u(z,+0), uy(z,—0)= —u,(z,+0). (2)

EnncTBeHHOCTD pelenns MOCTaBIEHHON 3a/1a41 JIOKA3bIBAETCA C MTOMOIIBIO MTPUHITUIIA SKC-
TpeMyMa, a CyIIecTBOBaHUE perieHns MeTooM dyHKinii ['pruHa n uHTerpaibHbIX YpaBHEHHIA.

Jlureparypa

1. Cesocrbsinos I'.J1. O6rekanue npoduiist 38ykoBoii crpyeit raza, MAH CCCP. Cepus mex.
u xud. rasa. 1966. T 30. No 2. — C. 53-59.
2. Opankib O.U. VM36pannbie Tpy sl 1m0 ra3oBoil qunamuke. Mocksa. Hayka. 1973. —712 c.

CyuiecTBOoBaHUe pelleHnil o0paTHBIX 3a/1a9 JJIS SJUJIUITUYECKNX YPaBHEHU
BTOPOI'0 HOPAIKAa

Ucaamos E.A.!, Xynoiikymnos ITI1.I11.2

!TamkenTcKuit rocy1apeTBeHHbI TPAHCIOPTHLIN yHUBepcHTeT, Tamkent, Y30eKucram;
72islamov@gmail.com, xudoykulov1194@gmail.com

B nannoit pabore paccMaTpuBaeTCs CYIIECTBOBaHUE PEIIEHMIT MHOTOMEPHBIX OOPaTHBIX
3aJ1a9 O BOCCTAHOBJIEHUN TPABOI YACTHI JIJTUITUIECKOIO YPABHEHUS C YACTHBIMU ITPOU3BO/I-
HBIMU BTOPOTO MOPSJIKA.

PaccmatpbiBaercs auneitnbiii 1uddepeHuaibblii orepaTop

n . 02 L 0
= — Jk(py—— J(my 2
A== Y aMa) gt 3@ +alo)

Jk=1 =

¢ koapunmenramu /¥, o’ | a knacce C (R™), yIOBJIE€TBOPSIONIHI YCJIOBUIO PABHOMEPHOI 9J1-

JIMIITUYHOCTH:
n

> a*(@)g6 > eolé)

Jk=1

Juist Beex € € R ux € .
Iycrs € - obmacts B R™! ¢ rpammmeit 00 kracca C2 . PacvmoTpuM 061aCTh

Q={xx e, n@) <)}

rie 0,71 dyEKIn Kiacca C2A(Q) yrosreTsopaIme CIeyiomeM yeIOBIIM:

1 < o Ha g% =0, (r=0,)ma®, j=1,....,n—1.

Oboznaunm vepes [y gacts 0f) gapisroniyocs rpadukoMm g. 3apUKCHpPyeM BECOBYIO
pyHKIUA p, TAKYIO YTO

0 <eo<pmnaly, [p(Q) <2,

e |p|*(Q)-mopyma dynkmum p B CH(Q).
Paccmorpum 3azatdy 06 oTbICKaHU ITapbl QYHKIWMH (U, ¢) YIOBIETBOPSIONINX YCIOBHSIM:

Au+ qu =0 na , (1)
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u=gmnad), u,, =hmnaly, (2)

HOqueHI/I OIICHKHU IIayAePOBCKOI'O THUIIa W TEOPEMbl €¢/IMHCTBCHHOCTU PEHICHUA 3aJdayvdu
(1), (2). Takue ke py3yaTaTi HOJINIEHE B 0OpaTHON 3a1a41 00 onpeeteHun (u, ¢) u3 yCIOBHil

Au = pq+fHa(, (3)

u=g uadf), u,, =hmnal), (4)

B pabore [1]| mosydueHn ONEHKH 1Ay IePOBCKOIO THIIA U TEPEMbI €JIMHCTBEHHOCTH DEIeHHs]
saqaqn (3)-(4).
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KpaesBbie 3aauu AJist Harpy>k€HHBIX YPaBHEHUII CMENIAHHOTO THUIIA TPETHEro
nopsiika B 0ECKOHEYHOI TpexXMepHOl obJiacTu
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Paccemorpum ypaBuenue

0—3 Uy — Uy — U, — pU(2,0,2) 6 O, (1)
0z | Uy —Upe — U,y — pU(2,0,2) 68 Q.

[Iycrs Q = Q U2 U (Ql N Qg) - 006JTACTH TPEXMEPHOTO MIPOCTPAHCTBA (I, Y, 2), OrPaHU-
YEeHHasd ITOBEPXHOCTAMU:

lo:x2=0, 0<y<h, z€(—00,+x),

I:z=1 0<y<h, z€(—00,+),
Iy:y=h, 0<zx<1, z € (—o00,+00),

1
Sy x+y:0,y§0,0§x<§,z€(—oo,+oo),

1
So: v—y=1 y <0, §§x§1, z € (—00,+00),
re

= const < 0. (2)

Ypasuenus (1) sBisiercs mapaboMdecKuM U TUIIEPOOJIHIecKIM B 0bacTsax 2y u 2y
COOTBETCTBEHHO.

Brenem obosnauenna: A(0,0,z) = Ty N Sy, !(%,O,Z) =51N8S,, B(1,0,2) =1 NSy,
Q1 =QN{ (z,y,2) :2>0, y>0, z€ (—00,+0)}, Q= AABC,
I={(z,y,2): 0<ax<1, y=0, z€ (—o00,+00)}, lo=ToNS, I, =T1N8,,
lg :Slﬁgg, D=0 m {220}, Dz :Qlﬂ{ZZO}, (’L: 1,2), 0 :Sjﬂ{ZZO},
(j: 172)7 %':Fiﬂ{'z:()}’ (i:072) ) J:Iﬂ {Z:O}
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Omnpepnesienne 1. L (—o00, +00) —muoxkecrBo dyukmmit H(x,y, z), onpeseneHnsix B ) u
abCOJIIOTHO MHTEIPUPYEMBIX TI0 TIEPEMEHHOMY 2 B MHTepBaJe (—00, +00).
Onpepenenne 2. QOyuxims U(z,y, z) HA3bIBACTCA PErYJISPHBIM DEICHIEM yDABHEHUS

(1), ecsim ona yjoBieTBopsier ciemytomum yciosusiv: 1) Ulx,y, z) € C(Q2) N NL(—o0, +00);
QU (,y,2),  Uyz,y,2), U,(z,y,2) € C(Q) N L(—o0,+00), kpome Toro, byHKIUI
Uy (x,y,2) un Uy (z,y, 2) MoryT obpamarscs B OECKOHETHOCTD HOPsI/KA MEHBIIE €JINHUIBI Ha
mausX ly, 1y 1 ly; 3) Upys, Uy € C(21 U Q) N L(—00,400), Uy € C(Q21) N L(—00, +00),
Usyy € C(Q2) N L(—00, +00) u yaosiaeTBopsieT ypasaenuio (1).

B obsactu ) qyist ypashenus (1) ucciieryeM CIeIyonLyio 3a/1ady.

Bamaga AT. Tpebyercs Haiitu B obactu () perynspuoe pemtenue U(x,y, 2) ypaBHeHUs

(1), yaoByeTBopsitoliee yeJIoBUAM

UlFo = (I)O<y72)a U|F1 = (I)l(yaz)> 0 S ) S h7 S (_OO7+OO)a (3)
Ux|FO:(I)3 (yvz)a OSySh, z € (—OO,+OO), (4)

oU 1
U‘S = \1’1(33,2'), . = \I’g(l',Z), 0 S x S 5 < € (—OO,+OO), (5)

! on g, 2

: . OU(x,y,2) . OU(w,y,2) . OU(x,y,2)

lim U = lim P gy A =0, (6
\z|1i>noo (x,y,z) \z|1i>noo ox |z\1—>oo 8y |z|1—>oo 0z ’ ( )

rie n - BHyTpeHnHaAs nopmaib, Po(y, z), P1(y,2), U, =1

mun, ipraeM @ (0,2) = Uy (0,2) = 0, ®;(y,2) € C([0;h] x R) N L(—o00, +00), @ (y,2) €
C((0;h) x R) N L(—00,+00), (7 = 0,1), P3(y,z x R) N C?((0,h) x R) N
L(—00,+0), Uy(z,2) € C*([0,4] x R) N C*((0,3) x R) N L(—o00,+00), Wy(x,2) €

C([0.4] x R) N C? ((0,1) x R) N L(—00, +00),

) 12

dim - @iy, z) =0, vy € [0,h], (i =1,3), (7)
Z|—00

. 1
‘1|1m Uy(z,2) =0, Vo € [0, 5} , (k=1,2). (8)

O mpernoioKeHusiX OTHOCUTEbHO noBejiernst Gyrkuuit U(x,y, z) Mbl MOXKEM BBECTH
caejytonue nmpeodpasoBanus Pypbe M0 epeMeHHOH 2:

1 Foo .
u(z,y; A) = \/_2_7r/ Uz, y; z) e dz. (9)

Ecmn dynkmsa
1 oo .
U(I,’y,Z) = U(I,y, )‘) eizAZd)\ (10)
V2 /_oo

siBsisiercst perenneM 3ajadau AT, 1o dbyHKIws u(x, y; \) J07KHA ObITH PEryJISPHBIM PelleH -
eM 3ajagu AT).

[Tpumensisi mpeobpasosanne Pypne (10) k ypasuenuto (1) u 3amaay AT, nosydnm cie-
JIyIOIee ypaBHeHHe

0 3{uy—um—l—)\2u—uu(:v,0,)\), r>0, y>0, A€ (—o00,+00),

T 0z | Uy — Uge + Nu— pu(z,0,)), >0, y<0, X\ (—00,+00) (11)

u 3amade AT): Oupegennts GyHKIUO U(T, Yy, A) TaKyt0, 9T0
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Du(z,y,\) e C (D) NCY(D); 2) u(x,y, \) sABIsieTcs pery/IapHbIM pelleHreM yPaBHeHUs
(11) B obmacrsax Dy, (k=1,2); 3) u(x,y, \) yI0BIE€TBOPSIET YCIOBHIM

ul’Yo - @0(y7/\)7 u|’yl - 901(y,/\)7 0< Yy < ha AE (_007 +OO)7 (12)
gl = @2y, A), 0<y<h, e (—o0,+00), (13)
ou 1
ul, =tn(w,A), oo =ts(n,)), 0<w <o A€ (00, +00), (14)
o1

rue QDO(ya >‘)7 ®1 (ya >\)7 @2(y7 )\)7 %’(95» )‘)7 (] = 17 2) — 3aJaHHbIE beHKHI/H/L npuieMm
901(07 )‘) =1 (Oa )‘>7

1 [ | o
iy, \) = \/_2_7r/ D, (y, z)e”zdz, (1=0,2),

+oo
(s \) = \/% /_ W, (2, 2)eNdz, (15)

Pily,N) € C[0:M N C0,h), (i =0.3), (16)
wanecoglne (03) menect oglne(ng). an

Teopema 1. Eciiu Beinosnens yeiaosus (2), (16), (17), To pemenue 3agadu AT\ B obsactu
D cymiecTByeT U €JIMHCTBEHHO.

Teopema 2. Ilycrs permenne u(z,y, \) 3agaaun ATy qis ypasuenus (11) cymiecTsy-
eT eJIMHCTBEHHOe DelleHne W pu OOJIbINX 3HadYeHusX |A| momyckaer oreHky u(x,y; ) =

O (1 / |)\]k) , k> 3. Torma B obiactu ) pemenne 3amaun AT mis ypasuenust (1) cyrie-

crByeT n Haxoxutest hopmystoii (10).
Teopema 2 joKa3bIBAETCA C UCIOJIb30BAaHUEM CBOICTBa TpeodpasoBannii Pypbe U JIeMMbI
Pumanal4].
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CkopoCTh N1eTOHAIMOHHOI BOJIHBI B OJTHOMEPHOII MOJeJI ¢ Y4ETOM MOTEPH
UMITyJIbCA

2Ka66opos H.M. !, Paydos X.P.?

!Tashkent Financial Institute, Tashkent, Uzbekistan;
2Tashkent State Transport University, Tashkent, Uzbekistan;
jabborov61@mail.ru humoyunmath1999@gmail.com

B nannom Tesmce mccienoBana CKOPOCTh JETOHAIIMOHHON BOJIHBI B OJIHOMEPHOM MOJIEIN C
ydeToM 1oTepb umiysbca. [Iporecc ra3oBoit jeToHalmm pacCMOTPEH Ha OCHOBE KJIACCHYe-
ckoit mojiesm ZND ¢ nobaBjieHreM cujt TpeHus B ypaBHeHUs1 Ditepa. XUMUIECKast PeaKITus
ormcana 3aKOHOM Appenuyca. Perienne ynpap/siomux ypaBHeHuil B Buje Oeryieil BOJIHDBI
ummercs Kak U = U(€) = (p,u, p, \)T(£), tne € = z — Dt.

9Ty cucTeMy ypaBHEHUIT HEOOXOJUMO PEIaTh ¢ yYeTOM yCJIOBHil Ha ckadke & = 0

p(0) = ps(D),u(0) = uy(D),p(0) = ps(D), \(0) = 0,

yCJIOBUSIM Ha O€CKOHETHOCTH Npu £ = —00, To ecThb 4 = 0 A = 1.

MeToabl YncJeHHOro perienust /st nHTerpupoBaHust CUCTEMbI YPaBHEHHUI B HOBBIX
[epEMEHHBIX T, §, 2, A TlepeMeHsiicst MeTo| cobbiTuii(event method), mossosstomuii aBroma-
TUIeCKU (DUKCUPOBATDH BBIMIOJIHEHUE KJIIOUYEBBIX yeaoBuit KoHTposmpoBaincs ycjaoBus Tura
r — ps = 0 m acumIToTHYeCcKoe TpubIeKeHne K paBHoBecuio(u — 00, A — 1).Takoit moj-
X0/1 0OeCIIeYnBaAET YCTONYINBOE YMCICHHOE OIPE/Ie/IEHIE PEXKUMOB JICTOHAIIMUITPU PA3INIHBIX
3HAYCHUAX CKOPOCTH U MapPaMETPOB MOTEPD.

[Torepu Ha TpeHUE CYIIECTBEHHO M3MEHSIIOT XapaKTep JCTOHAIIMOHHON BOJIHBI: MOABJISIET-
¢ KpUTHUYeCKas CKOPOCTh [y orpaHmYMBaloNiasi 00JaCTh CyIIECTBOBAHUS PEIICHUI.

I[Ipu Dy, < D < D¢y pelienusi MpoXoJdaT Yepe3 3BYKOBYIO TOUKY; NpHU ¢, < D < Dy
peau3yioTcs caadble JIeToHAIn 0e3 3BYKOBOM TOUYKH.

YBesndyenue KodpPUIUEHTa M0TePh Cf BEIYT K CHUKEHHIO CKOPOCTH JIETOHAIUU U IPH
KPUTUYECKOM 3HAYEHUU TIOJTHOCTBIO MO/IABJILET €Y CYIIeCTBOBAHUE.

Ucnonb3oBanne MeToga COOBITUH B YMC/IEHHBIX PacddTax I03BOJIgeT 3MDPEKTUBHO U
YCTOMYUBO ONPEJIEIATh CTallMOHAPHBIE MPOMUIN U UCCIEIOBATH T'PAHUIILI CYIIECTBOBAHUS
JIETOHAITMOHHBIX PEYKNMOB.
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06 ogHOM MeTO/Ee pellleHus] KPaeBoil 3a/1a4M ¢ HECUMMETPUYHBIMU yCJIOBUSMU
J1s ypaBHEHHUsl C MJIAJIINM 4jeHoM B I3

Kawmano B. 1., Xamuros A. A.

Hamanranckuit rocy1lapcTBeHHBII TexHu4uecKnii yuusepcurer, Hamanran, Y306eKucram;
b-i-jamalov@mail.ru, azizbek.khamitov.93@Qmail.ru

Abstract. In this paper, a boundary value problem with asymmetric conditions for an
equation with one junior term in three-dimensional space is considered. The uniqueness of
the solution to the problem is proved using the method of energy integrals, and the existence
is proved using separation of variables.

Juddepennuaibabie ypaBHEHUsI B YaCTHBIX TPOU3BOJIHBIX TPETHETO MOPSIIKA, PACCMATPH-
BalOTCs IIPU PEIIeHUN 3a/lad TeOPUN HeJUHEHHOI aKyCTUKU U B THAPOJNHAMUYECKOI Teopuu
KOCMHIECKON M1a3Mbl, (DHIBTPAINi XKUJIKOCTH B MMOPUCTHIX cpenax [1-2].

B paborax [3-4] uccienoBanbl KpaeBble 3aa4i ¢ HECUMMETPUIHBIMU YCJIOBUSMU JIJIs
yPaBHEHUST TPETHEro MOPSJIKA ¢ KPATHBIMEA XapaKTEePUCTHKAM.

B obractu D = {(z,y): 0 <z <p, 0<y<gq, 0<z<r} paccMorpuMm ypaBHEHHEe Tpe-
THEro MOpsJIKa BUJIA

Lu] = tggy — Uyy — Uy, + pu =0, (1)
rjae p,q,r, L € R u jy1g nero ucciejyeM CJIeIyIoNIyio 3a/1a9dy.
Bamaga A. Haiitu peryssipuoe perenne ypasaenust (1) B obactu D u3 kiaacca

u(z,y,z) € 0322 (D)N %L1 (E) ,

T,Y,z Z,Y,%

VAOBJIETBOPSIONIEE CHCIYIONAM KPAEBBIM YCIOBUSIM:

i e LD I U G
U(O,y72) :¢1 (y,z), u(p,y,z) :w2(yaz)a

Uz(Pay,Z)=¢3(y,z), ye [qu]v 26[077“}, (3)

e ;(y, 2), i = 1,3 - 3a7aHHbIe JOCTATOYHO IIajKie MYHKINI B obmacTi D.

Teopema 1. Eciu 3amaga A umMeer penienune, TO NpU BBLINOJHEHUN yeaoBus 4 > 0, oHo
€IMHCTBEHHO.

HoxkazareabcTBo. [Ipenonoxum obparHoe, mycTh 3aja4a A UMEIOT JIBa PA3JIUIHbIX Pe-
mennst: uy(x,y, z) u us(x,y, z). Torna dyukmus u (z,y, 2) = uy (z,y,2) — us (,y, 2) ymoie-
TBOpsieT ypaBHeHHo (1) ¢ 0J[HOPOIHBIME KpaeBbIME ycsoBusiMu. [Jokazxkem, ato u (z,y, z) = 0
B obacti D. JIjst 3TOro IpeanonoxmM, 9to u (z,y, 2) # 0 u obe gactn ypasrenus (1) ymmo-
KUM Ha U (T, Y, z) , TOTJIa Oy UM

9] 1 0 9]
u L[u] = B (uum — éu:%) “ o (wuy) + ul — gy (uu,) +u? + pu® = 0. (4)

Unrerpupyst Toxmectso (4) mo obiactu D u yIuThIBas OJHOPOHBIC KPAEBBIE YCIIOBHUS,
TIOJIy YUM

qr
[ [ (0,y,2) dydz + [[[ uj (v,y,2) dvdydz + [[[ u2 (2, y,z) dedydz+
00 b b
+ [[f p? (x,y, 2) dedydz = 0.
D

N | —
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IIycte g = 0, Torma uy(x,y,2) = 0 u uy(z,y,2) = 0. Orciona umeem u(z,y, z) = f(x),
3nech f(x) aBageTcs mpou3BOIbHON (dyHKIWMeE, yioBaeTBopsomeil ypapaenuo (1) u ycito-
BusaM 3agaan A. Ilogcrasiss B ypasaenne (1), mmeem f”(x) = 0. Pemenune muddepentu-
asibHOTO ypasHenus umeer B ujie f(z) = C1a? + Cyx + Cs. U3 oanopomubix yesosuit (3),
Te. f(0) = f(p) = f'(p) = 0, momyamm f(x) = 0. Creosaresro, u(z,y,2) = 0, 8 D. Ecrm
p > 0, TO M3 YeTBepTOro ciaraeMoro, moxyanm u(z, y, z) = 0, B D. Torma B cuty moc/IeIHero,
nostyanm uy (x,y, 2) = us (2,9, 2) .

Teopema 1 jiokazaHa.

Teopema 2. Ecyti BBITIOJTHSAIOTCS CJIETYIONINE YCIOBHS:

86¢i(y72’) . o
T 0t028 <y<q0<z< —13
1) o023 GC(O_y_q,O_z_r)7Z 1,3:;
¥; (0,2) =0, w:@) 8wl—((),z)20’

2) dy ) Oy T3
i (y.0) =0, 2w:r) o Wi w,0)
L ’ 0z : 922 ;

TO pemtenne 3aja4du A cyriecrByer.

Teopema 2 cyimecTBOBaHUEe pEICHUs 3a/a9K JTIOKA3aHa METOJIOM pa3JIe/eHIs epeMeH-
HBIX. Perienne mocTpoeHo siBHO B Bujie OECKOHETHOTO psijia. JloKa3aHo, 9To Psiji U €ro Mpous3-
BOJIHBIE, BXOJAINE B ypasuenue (1), cxouarcs abCoIIOTHO U PABHOMEPHO B 0baacT D.
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06 ogHOM crmocobe peryJisipy3ani HEKOPPEKTHBIX KPaeBbIX 3a4a4 JIJIst
runepooJINYecKnX ypaBHEHU

Kuenbaea I. A.!

Hanumonaibublii yausepcuteT ¥Y30ekuctana umenn Mupzo Yiyroeka, Taikent, ¥Y30eKucTaH;
jienbaevagauhar1905Qgmail.com

Paccmorpum B obactu () ¢ rpanuteit 0Q) caeayonyo KpaeByio 3a1ady
L(z, Dyu(z) = f(z), =€Q, (1)
u(z) =0, =z €0Q, (2)

rie L(x, D) - nmuneitaslil quddepeHuaibHblii oIiepaTop BTOPOro MOPsJIKa.
ITonoxkum s aroboro § > 0

[s={reQ: dist{z, 0Q} <} (3)
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Byzem rosopurs, aro u(x) € L)(Q), p > 1, ecm u(z) € Ly(Q) i BBIIOIHAETCS COOTHO-
IeHne

/ \u(w)\pdx = 0(0), 6 = 0. (4)

Onpenenenne. Hazosem L,- pemenuem kpaesoit 3amaun (1)-(2) dyuxmuio u(r) €
Lg(Q), YZOBJIETBOPSIIONLY IO ypaBHEHUIO (1) B CMBICJIE TEOPUH PACIIPE/IEJICHUI.
Jlastee 6yaeM mpeanoaaraTb, 910 00J1acTh () SIBISETCS MPSIMOYTOJIBHUKOM

Q={(z,t)eR*: O<z<a, 0<t<T},

a L siByisiercst BOJTHOBBIM orepaTopoM. Kpaesast 3ajada (1)-(2) npu 9ToM 3ammcsiBaeTcs cie-
JIYIOIIM 00Pa30M:

Pu(x,t)  Pulx,t)
oz o2 flz,t), (2,t) €Q, (5)

u(z,t) =0, (z,t)€0Q. (6)

Kax Brepsoie ormernsn /1. Bopxkun u P. Jaddun [1] (cm. Takxke [2]), paspermmmoctsb
sagan (5)-(6) saBucut or ToOro, AIBAsCTCA N MMcio § = L panponanbEbIM WM HeT.

U3 reopemsr 1 pabotsl [3] ciemyer, aro ecim § = % He SBJISCTCS PAIMOHAIBHBIM YHCIOM,
to L, - pemenue kpaesoit 3amaun (5)-(6) aBisgerca eaumucTBeHHBIM. B pabote [4] mokasbi-
BAETCsl, ITO eCJM 6§ ABIAETCa anrebpanveckuM (MPPanuoOHAIBHBIM) THCJIOM U IIPABast IaCTh
ypasHenust (5) IpUHAIIEKUT HEKOTOpoMy Kiaccy Hukoibckoro, To L, - pelnenne Kpaesoii
sajaan (5)-(6) cymecrByer.

UccieioBanne BOIPOCOB HEYCTONIUBBIX KOJieOaHuil (PEe30HAHCOB KOJIEOAHNUI B YKUIKOCTH
BHYTPU TOHKOCTEHHBIX 0AKOB paker ¢ COOCTBEHHBIME KOJIEOAHUSIMU) TECHO CBII3aHO C 3aJ1a-
yeit JIupuxie g BOJHOBOrO ypaBHeHHs. PacemoTpuM 3agady Jupuxiie st oJQHOPOIHOIO
ypaBHEHUS CTPYHBI

Pu(z,t)  Pu(z,t
unt) TuED o e @

u3 kiaacca C?(Q), yJI0BIeTBOPSAIONIEe I'PAHUYHBIM YCIOBUSM:

u(0,t) = u(a,t) =0, 0<t<T; (8)
U(ZE, O) = Qp(x% U(JS,T) = ¢($)v 0<z<a, (9)

rie p(z), Y(r) - 3amanHbe J0CTATOYHO TIajKue (DYHKIMU, TPA ITOM

©(0) = p(a) = ¥(0) = ¥(a) = 0.

Teopema 1. Ecimm cymiectyer perenne 3agaau (7) - (9), To OHO €UHCTBEHHO TOJIBKO
Tora, Korga sinarm # 0 npu Beex m € N, me. korga ornomenne cropon § = L npsivo-
YIOJIbHUKA () SIBJISIETCS UPPAIMOHAIBHBIM THCIOM. DTO PEINIeHIe MOXKHO OIPE/IC/IUTh B BHUJIE
cyMMBbI pgia Pypbe

u(z,t) = Z U (1) X () = \/?Z U (t) SIN oy, (10)

rie

— cosamm w™m
Ym = Pm S it, i = 2 m=1,2,... (11)
S11D 7w a

U (t) = ©m COS Ut +

Teopema 2. Ecim uncio § = L sapnserca anrebpandeckny umesom crenenn n > 2, a
bynxuuu p(z) u Y(x) yaosaersopstior yeiosusm p(x), ¥(x) € C°[0, I w npu j =0, 2, 4,
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09 (0) = (1) =0, 9(0) = Y(I) = 0 To cymecTByeT eUHCTBEHHOE PEIICHHE 3a,1a4IT
(7) - (9) u ono onpegensiercs psiom (10).
O6o3HATNM [Uepes Uy (T, t) perenue /i OJHOPOHOTO YPaBHEHHsI

Pu(z,t)  *u(x,t) Mu(z,t)
— =«

= t 12
VJIOBJIETBOPSIIONIEE TPAHUIHBIM YCIOBUSM:
O*u(0,t)  0*u(a,t)
u(0,t) = u(a,t) = 9 - o2 0, 0<t<T; (13)
u@,0) =), uw@T)=1), 0<z<a, (14)

rie ¢(x), ¥(r)- 3ajaHable J0CTATOUHO IIaKue (DYHKIUN, IPU ITOM

(0) = ¢(a) = (0) = 1(a) = 0,¢"(0) = ¢"(a) = ¥"(0) =" (a) = 0.

CrpaBe/iiBa CJIeIyomast

Teopema 3. Eciu uncio 6 = % ABJIAETCd aarebpandecKuM YHUCJIOM CTEleH:u 1 > 2, a
bynxuuu p(z) u Y(x) yrosaersopstior yeiosusm p(x), (x) € C3[0, I u npu j = 0, 2, 4,
©9(0) = ¢W(I) =0, U (0) = U (I) = 0 To cymecTByeT eMHCTBEHHOE PElTeHne 3aIatm
(7) - (9) u ono oupenensercs papencrsoM u(z,t) = lUm wu,(z,t).

a—+0
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Kpaesble 3aaun /19 Harpy>KeHHOT'O ypaBHEHHUs CMeIIaHHOIo THIla,
BUpOXKJaolerocs BHyTpu obJiacTu
Kypaes ®@. M!

Byxapckuit rocymapcTBennblii yHuBepcuTeT, Byxapa, Y30ekucran;
fjm1980@mail.ru

Kpaesble 3aj1a4n Jisi BBIPOZKJIAIOIIErOCs HATDYYKEHHOIO YDaBHEHUsI CMENIAHHOIO THIIA
BTOPOI'O MOPSIJIKA UCCJICIOBAJINCH CpaBHATEIbHO Maio. Ormernm padorsl A.M.Haxymesa [1],
B.M.Kasuesa [2|, P.P.Amyposa u C.3.2Kamasosa [3|, B.lciomosa nu @.2Kypaesa [4].

[Tyctb 2— KOHeUYHAsT OJIHOCBs3HAsT 06/IACTD B IJIOCKOCTH [IEPEMEHHBIX T, Y, OlPAHIYCHHAST
KPHUBBIMHU:

Sjtlrl=1,0<y<1,8;: 0<z<l,y=1 S;: -1<z<0,y=1,

2 2-m 2 2-m
Ot fol = 5= () 25 =00 Tpa: Jal 5= ()2 = 1 <0,

znech u gajgee x > 0, ipu j =1, x <0, upu j = 2, npuuem m < 0.
Beejsiem oboznauenus 2 = QN {(x,y): = >0, y > 0},

Q =0n{(z,y): v<0, y>0}, Q2 =Qn{(x,y): >0, y <0},
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Q =Qn{(z,y): <0, y<0}, L={(z,y): 0<z<1, y=0},
L={(r,y): ~1<2<0,y=0}, ={(z,y): =0, 0<y <1},
Q=0 UQ;UJ;, Q=0 UQy UJs, A;((-1)",0) =15,

(—1)j+11. _((_l)jﬂz__m)w(zm)

Cj = 1:‘j N Fj-i—?a (] = 172)a

2’ 4

0(0,0) = I, N I, By(1,1) = S, N Ss,
By(—1,1) = S5 N Sy, By(0,1) = S3N Sy.

B obnactu ) paccmoTpuM ypaBHeHUe

0 Ugy — ‘x|puy — pju (l’,O), (:E’y) € Qj’
Ugy — (_y)muyy + piu (2,0), (z,y) € Qj_’

rae m, p, pj, fy (j =1,2)—m06ble neiicTBUTENBHbIE YNCTIA, IPIIEM

m<0, p>1, p;>0, u; >0, (j=1,2). (2)

B obactu  jyist ypaBaenusi (1) uccsie/rylorcs ciiejiyolme 3a/1adum.

Bagaga 1(2). Haitru dynkimio u(x, y), 0618 1a10mIyro ey oMM CBOHCTBaMM:

1 u(z,y) € C(Q)NCH (U UQUQ)NCZL (A UQT) NC? (2 UQY);

2) u(x,y) sABIAETCH peryMspHbIM permenneM ypasremns (1) B obmactax QF m QF
(U =1,2)

3) u(z,y) yIOBIETBOPSIET KPAEBBIM YCJIOBUSM

ulg = ¢i(y), 0<y<1, 3)
1
u|F1 gl(x)7 0 S X S 57 u|F4 g2($)7 _1 < x S a0 (4)
1 1
u|r2 = fi(z), 3 <z <0, U|F3 = fo(w), ) <r<1]), (5)

pily) € C[0,1]NC(0,1), (j=1,2), (6)
qi(z) € C* {0, %} nes <0, %) :
ga(z) € C1 [—1, —ﬂ ne? (—1, —%) (7)

! 1
(fl(il?) S Cl _—5, O:| ﬁ03 (-5,0) s

h@)eC! % 1] ne? (%1)) (8)
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Teopema. Ecau svinoaneno, ycarosus (2), (6), (7), mo 6 obaacmu Q pewerue
sadavu 1 cywecmeyem u eQUHCMBEHHO.
[Ipu oKa3aTeIbCTBO €MHCTBEHOCTH PEIIeHnst 3a/1a4du 1 BaXKHYIO POJIb UTPAET CJIeLyo-
mast JIeMMa.
Jlemmbl. Ecau o1(y) = pa(y) =0, Vy € [0,1], gi(z) =0, Va € [0,1], u go(z) =
0, Vzre [—1,—%] , Mo
() =0, Veel; (j=1,2). 9)

JleMMa JIOKa3bIBAETCsI C TIOMOIIBIO METO/[a MHTErPAIbHOI SHEPIHUH.

JlokaszaresibcTBa TEOPEMbI CYIECTBOBAHNU PEIeHns 3a/1a4i | OCHOBAHA HA TEOPUHU BOJIb-
TepPCKUX u (PPeJroJIbMCKIX UHTEI'PAJILHBIX YPABHEHUIA.

BaMe“IaHMe. TOqHO TaK2Ke KaK BBIIIE N3JI02KE€HO, MO2KHO JOKa3aThb TeOpeMbl € IMHCTBEH-
HOCTb W CyIIeCTBOBaHUs PeleHns 3a1adn (2).
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O6 obOpaTHOIl 3a1a49e Teopuu paccesiHUsI JIJisi CUcTeMbl JuddepeHnnaIbHbIX
YPaBHEHUI AUpaKa HA IOJIyOCH B CJIy4Yae KOHEYHOU IJIOTHOCTH

MamatoB A. .
Tamkentckuit yauBepcuTeT NHMOOPMAIIMOHHBIX TeXHOJIOTHI nMeHn Myxammaia
aJtb-Xopasmuii, TarkeHT, Y30eKucraH;
aemamatov@mail.ru

Paccmorpum B rusibbeprosoM npocrpatctie L3(0, 00) BeKTOp-byHKIUI, CAMOCOIPAAKEH-
HbIT ortepaTrop Hupaka D, nmopoxieHHbIil anddepeHuaabHbIM BhIpaXKeHneM BHIa

T EREI

y:(yl),0§x<oo, (1)

Y2
C TPAHUYHBIM YCJIOBUEM

y1(0) = y2(0), (2)

rjae m— macca, a GyHKus ¢() yI0BIeTBOPSET YCIOBUIO

/000(1 + x)|q(z) — m|dz < 0. (3)
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B kauecTBe 00JIaCTU OIPEJIEJICHAS ITOIO OIEPATOPa Mbl IPUHUMAEM MHOXKECTBO Dp BCex
BekTOp-byHKIHUii f aBGCOMIOTHO HENPEPBIBHBIX B KaxK oM unrepsadje [0, al, a > 0, Takux, 910
f,d(f) € L0, +00) u f1(0) = f»(0). IIpu f € Dp mbi nonaraem D f = D(f). Obparnas 3a/1a-
Ya paccestHus Jisi CHCTeMbl ypaBHeHuii (1) Ha mosynpsmMoii ¢ rparnaHbiM yeaosueM yp(0) = 0
paccmarpuBasiack B cratbe [1]. O600ieHne Ha cirydail 2n—KOMIOHEHTHBIX BEKTOPOB OBLIO
nostyueno B pabore [2|. Jlis cucrembr ypasuenuit (1) ¢ maccoit m = 0 obparHast 3aja4a pe-
mena B padore [3|. Ilpamas 3amava paccesdnusi it cucTeMbl ypaBHenuit (1) ¢ rpaHrmIHBIM
ycsoBreM (2) paccmarpuBaiack B pabore [4].

B macrosieit pabore peraercs obparHas 3aja4a PACCestHUs JIJisi CUCTEMbl yPaBHEHUIT
(1) ¢ rpanuanbiv yesoBueM (2). Ecim Bomosasiercs yenosue (3), To cucrema ypasaernii (1)
[P AEHCTBUTEJILHBIX A U |A| > m HMeeT crenuaibHble Perienns

o) — (z’(k —1A>/m) [ tlo (z’(k —1A>/m) iy

e = (i ygm) ™4 [T (s )

e k = VA2 —m?, signk(\) = sign\, aapo ['(z,y) yaosiaerBopsier nuddepeHnuaabHOMyY
yPaBHEHUIO

0 0
%F(x, y) + Jga—yf(x,y)ag — Up(2)(z,y) + o3l (z,y)o3U = 0,

U YCJIOBIAM

['(z,z) — o3 (z,2)03 =U — Uy, lim I'(z,y) =0,
y—>00

rie og = L0 Uy = 0 q() U= 0 m IIPUYIEM JIJIsi 9JIEMEHTOB MaTPHUILbI
0o -1/’ q(z) 0 )’ m 0]’

['(x,y) cipaBeyIUBbI OIEHKH
Ch
(14 z)(1+1t)t+e’

Cy
(14 t)tte’

L] < i # J; |Tal <
Cl " £€—II0JIOZKUTEJIbHBIE TTIOCTOAHHBIE YUCJIA.

ITos 06paTHBIMH 3a/4a9aMH CIEKTPAILHOTO aHaIN3a TOHIMAETCA BOCCTAHOBJICHUE JIMHEI -
HOT'O OIIepaTOPa 10 TeM /M MHBIM CIeKTpasibHbiMu JanubiMu. Habop (S(z), 25, ¢;) HasbiBa-

eTcsl CHEeKTPAJIBHBIME JTAHHBIMEU oriepaTopa D, rue S(\) = j;i;fﬂr dyukImeit pacceganus
1~ J2
sagaqn (1), (2),npu sTom

. . — m? i . —
zi=2z(\) = j+iy/m2 =X\, j=1n, ¢;= [—] JH’Y—]'JH j=1,n,
1~ J2

Zj

-1 _ o+ gt
Aj € (=m,m)—cobersennpie 3nauenue oneparopa D, v, = fi” = fi — kosddunuentn
1epexo/ia JAUCKPETHOrO CIEKTpa Aj, j = 1,n.
Teopema. Ypasuenus ['enbdania-/lesurana -Mapuenko

C(x,y)+ Qx+y)+ /OOO ['(z,s)Qx + s)ds =0,
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rjley > x u

1 ix m*\\ dz 1 ix m?
U(I):E/S(Z)€$P{§ <z—7)}?+%;cjexp{§ (Z]—Z>}

—0o0

OJTHO3HAYHO Pa3pelIuMoO B IIPOCTPAHCTBE L?Q(a:, +00) . Ilpu srom pemenusg-marpuna I'(x, y)
spiisiercs, dyukius tuna [Bapra npu z,y — +o00.
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ITocTpoenne penieHusi KpaeBoii 3a/1a4u AJid YPAaBHEHUS YETBEPTOTO IOPSIKA C
MJIAQIIIIAMU 4JIEHAMU ¢ ToMoInbio pyukiuu ['puna
Menuky3ueBa 1. M.

Hamanranckuii rocyiapcTBeHHbIN TexHndecknii yauBepcureT, Hamanran, Y3bekucran;
meliquziyevadilshoda@gmail.com

Abstract. In this work, a boundary value problem for a non-homogeneous equation
involving fourth-order small terms is solved using the Green’s function.

Kpaesble 3aj1aun Jjisi ypaBHEHUI 9€TBEPTOrO MOPSJIKA, COAEPIKAIINX TPETHIO ITPOU3BO/I-
HYIO TI0 BpeMeHH, MaJio usydensl [1-5].

B obmactu D = {(z,y) : 0 <z < p, 0 <y < ¢}, pacCMOTpUM ypaBHeHIe

Vpzzz — Vyyy + Avyy + Buy, + Cv = ¢4 (2,9) , (1)

e A, B,C,p,q € R, g1 (z,y)- 3ajaHHast JOCTATOIHO TyajiKas (yHKIUSL.
A
Bamernm, 9ro 3aMenoit v = ue3Y, ypasaenns (1) npeobpasyeTcs B CJeLyomuii BT

Ugzre — Uyyy + A1Uy +au=g (.Z‘, y) ’ (2)

A
rac a; = %2 —l—B, Ay = % _I'ATB_{_Cv g(xay) =0 (x’y)e_iy.
Bagaua A. Haiitn pemenue ypasnenns (2) B o6nacru D n3 knacca Cos (D) NC22 (D),
V/IOBJIETBOPSAIONIEE CJICYIONUM KPACBBIM YCIOBUM:

u (07 y) = Ug (pv y) = Ugy (Oa y) = Ugzx (p7 y) =0, (3)
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u(w,0) =41 ()5 uy (2,0) = ()5 ulz,q) = s (2), (4)

riae ¥; (y), i = 1,3, g(x,y) — 3a1annble T0CTATOYHO TiajKkue DYHKIUH, & TAK¥Ke BBIIOJIHSI-
I0TCs CIICJYIOIAsl yCAOBUS COIIACOBAHUSL:

i (0) =/ (9) = ¢7 (0) =v"; () =4 (0) =0, i=1,3, g(0,y)=0. (5)

Teopema. Eciu 3aata A umeer perenne, TO IPHU BBIMOJTHEHUN yCJIOBUA do > 0, OHO
€JIMHCTBEHHO.

HokazareabcTBo. [Ipenmonoxum, obparnoe. [lycts 3amata A umeroT jBa perreHus
uy (z,y) u ug (x,y). Torma bysxmus u(x,y) = uy (x,y) — uz (x,y) yIOBIETBOPSIET OJTHO-
POJIHOMY ypaBHEHUIO (2) ¢ OJJHOPOJIHBIMEU KpaeBbiMu yeaoBusamu. JTokaxem, aro u (z,y) = 0
B D.

B obsactu D crpaBeiinBo TOXKIECTBO

0 0 1 1
B (Ul gy — Upllye) + U2, + o (—uuyy + 5“3 + §a1u2) + asu® = 0. (6)

Unrerpupyst ToxkiectBo (6) o obsactu D. YuuTbiBasi OJHOPOJHBIE KPAEBbIE YCIOBHS,

TIOJTY YUM
rp 4q 1 p rp q
//uixdxdy+§/u§ (x,q) dx+a2//u2 (x,y) dxdy = 0.
00 0 00

Ecmm ay > 0, m3 Tpernero ciaaraemoro, noayanm u (z,y) = 0, (x,y) € D. Ilpu ay = 0,
Torja Uy, (z,y) = 0. Orciona u (z,y) = zfi (y) + f2 (y). YuursiBas Kpaesbie yciosue (3)
noayanM f1 (y) = fo (y) = 0, rorma u (z,y) = 0.

Teopema j0kazana.

Sameyanue. OTMeTnM, 9TO NMPU HAPYIIEHUHU YCJIOBHUIT TeopeMbl, T.e. a; = 0, ag < 0
OJIHOPOJIHAS 3aJjiada, JJisi OJIHOPOHOTO ypaBHeHUst (3) MOXkKeT uMeeT HeTPHBAJbHOE DellleHle.
Hamnpumep ypasuenue

™

treen (35) — tyyy (&) + ( - (7)> u(ry) =0,

C OJTHOPOHBIME yeJIoBHAMH (3)-(4) mMeeT HeTPUBHAJIBHOE PEIIeHHE,

u(z,y) = \/g (—e%y sin (?WQ) — e~ 3 Y@y gip (?{”/a_g(y — q))

™

3a 3
1 e 7260 gip (%,3/@3/)) sin (2n — 1) o
P

3/1echb as KOpHS ypaBHEHUSI,

. 1 5.
A = /3¢ 2V (563 Vaa _ gin (?\a/a_ﬂ] + %)) = 0.

Cy1iecTBOBaHUS peIleHne TOCTABICHHBIX 3a/a4 JIoKa3aHa MeTooM Dypbe u mocTpoeHn-
eM ¢yukiun ['puna.
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CwMmemntanHasi 33j1a4a JIJisi ypaBHEeHUS MapaboJ/Io-TUNepooIMYecKOro TUIa
oneparopom KamyTo ApoOHOro mopsiika B JJByMEPHOM CJIy4ae

Mepazkosa II1.5.

Bukhara State University, Bukhara, Uzbekistan;
s.b.merajova@buxdu.uz

B obmactu G = {(x,y,t) : 0 < 2 < 1,0 < y < 1,£ > 0} paccMOTpeHO cJeyoIee
ypaBHEHNE CMEeIIeHHOT'O 1apaboJIo-TUIepOOINIeCKOro TUIIA JPOOHOTO MOPSIIKA :

u — Au = f(x,y,t), t>0, (1)
cDfu — Au = f(x,y,t), 1<a<2, t<0,

rie

1 t_g"(1)
D% (1) = r2—a) fO (t—r)o—1 dT’ I<ac< 2’
cDig(t) = a2
Wg(t)7 o= 27
JnpobHas mpo3BoaHast KaryTo.
st ypaBuenus (1) mocrasieHa HadaIbHO-KpaeBasi 3aJ1ada ¢ YCIOBHSIMIE
CKJIEKU:

Jim (e, y,t) = lim u(z, y, 1), (2)

I'PAHNYHBIC YCIOBUSL:
uw(0,y,t) =u(l,y,t) =0, wu(x,0,t) =u(x,1,t) =0, (3)

Hava/IbHbIE YCIOBU:
u(@,y,0) = p(z,y), w(z,y,0) =1(z,y), (4)

B nanmoii pabote nccsreryercsa oJHO3HAYHAS pa3pemnMocThb 3agadu (1)-(4).

OO0 o/1HOIT OOpaTHOI 3a/1a4M AJId MOJIEJTHOTO CMEIIaHHO
MHTerpo-anddepeHInajibHOTO ypaBHEHUs C IIPOU3BO/IHON JIPOOHOTO MOPSIKA

Mepaxkosa II1. B.!, Canumos ®@.T.?

Byxapckuit ['ocymapcrBennbiit Y auBepeutet, Byxapa, Y30ekucram;
Cuernnan3upoBanHas 1koJia Karanckoro paitona Byxapckoit obactu;
shsharipova@mail.ru!, feruz2642198@gmail.com?
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B obmactu G = {(z,t) : 0 < x < 1, —a < t < b} paccMoTpuUM CJIe/Iyioliee ypaBHEHUE

{ut—um— i} t <0, (1)

cDu w(z,7)dr + f(z), 1<a<2, t>0,

rjae

90 dr, 1<a<?2
CDtocg(t): 2 ) fO (t—r)o—1 7 @ )
dt2g<) 04_2

JpoOHast 1Ipo3BojiHasi KalryTo, co cieIyroIuMu yCJIOBUsIMI
KpaeBble yCJIOBUL:
u(0,t) =u(l,t) =0,—a < t < b, (2)

HaYyaJIbHOE YCJIOBUE:
u<$7 —CL) = QD(.I‘), LS (07 1)7 (3)
YCJIOBUE CKJICHKU:

0 t t
lim w(z,t) = lim wu(z,t), lim Ou(z,t) = lim M
t—+0 t—=—0 t—+0 Ot t——0 Ot

ObparHasa 3aga4a.
Ecau npo pemtennn 3amasiu (1)-(4) u(z,t) #3BeCTHO JOMOJHATETHHOE YCIOBUE

u(z,b) = (), z € (0,1) (5)

naiitn u(x,t) u p(z) , tae f(z), K(t), ¥(r) 3agannpe JOCTATOMHO TyIa/IKHe (PyHKIIIH.
B nannoii pabore nccseyercs oJHO3HaYHAs paspermuMocTb 3agadu (1)-(5).

WccaenoBanme ogHON 3a4aYum [AJisl CUCTEMbI YPaBHEHUIN PaCIIPOCTPAHEHMUsI BOJIHBI
C APOOHBIM MPOU3BOJHBIM [0 BPEMEHU
Mepaxosa I11.B., CyaranoBa /1.X., Baxpounosa III.3.

Byxapckuit ['ocynapcrsennstit Yuusepcuret, Byxapa, Y30ekucran;
s.b.merajova@buxdu.uz, d.x.sultanova@buxdu.uz, bahronovashaxinal @gmail.com

B obmactu D = {(z,t) : 0 < x < 1,t > 0} paccMOTpUM cUCTEMY ypaBHEHUIl aKyCTUKH C
JIPOOHBIM ITPOU3BOIHBIM 110 BPEMEHU

« 1 _
{th ut Lp, =0, O

CD?p + pocgum = 07
rae cDyf - npobHas npo3sBogHas KairyTo, co cIeiylomuMu yCI0BUAMA

KpaeBbIe YCJIOBUSL:
u(0,t) =u(l,t) =0, t <O, (2)

HavdaJbHbIE YCIOBUI:
u(z,0) = p(x), pz,0) =) =e€(0,1), (3)

Omnepenenenne 3asaqa onpeenenus Bekrop-byakmuu {u(z,t), p(x,t)} n3 3amaan (1)-
(3) mpm 3aJJaHHBIX [OCTOSIHHBIE Py, Co U GYHKIU (), 1 (x) HA3BIBaeTCS IPSIMOI 3a/1a4eii.
B manHoit pabore uccieyercsi oJ{HO3HAUHAs pa3pemuMoctb 3aja4an (1)-(3).
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O eMHCTBEHHOCTH pelleHus 33/1a4i ¢ KOMOMHUPOBAHHBIM YCJIOBHEM Typca u
yCJIOBHEM OMIIaA3e-caMapCcKOTo JJis BbIPOXKJAIOIIETOC MnepooIndecKoro
YPaBHeHUs

Mupcabypos M., MamarmymunoB /I.T., Berumona I11.Y.

Tepmesckuii rocymapcTBeHHbBIN yHUBepcUTeT, Tepmes, Y30ekucraH;
mirsaburov@mail.ru, dilshod310797mdt@Qmail.ru

ITocranoBka 3amaun I'ypca-Bunaaze-Camapckoro (GBS)

[TycTs {2~ XapaKTepUCTHIECKUiT TPEyTOIbHUK HOJIYIIOCKOCTH i < () OrpAHMYEeHHAS XapaKTe-
pucrukamu AC; u BCi, rme A(—1,0), B(1,0), 4 (O, —((m+ 2)/2)2/(m+2)) yDABHEHUS

(=) ™y + Uy + ao(—y)" D P, + (By/y)u, =0, y <0, (1)

rje m, Qo, So HEKOTOPBIE MTOCTOsTHHBIE YIOBJIeTBOpsIme ycaoBusam m > 0, —m/2 < [y < 1,
—(m+2)/2<ayg<(m+2)/2.

KoppeKkTHOCTh MOCTAaHOBKU KpaeBbIX 3aJad Jyist ypaBHeHus (1) CyIiecTBEHHO 3aBUCHT
OT €€ YHCJIOBBIX IapaMeTpoB g U 3y KOIMDDUIMEHTOB IPU MJIAJIINX YJICHAX YPaABHEHUS
[1],]2], Ha mrockoctn mapamerpos apO Sy paccmorpuM TpeyroiabHuk AfBiCy orpanudenHon
PSIMBIMEI

ASCS : Bo+ a9 =—m/2; ByCy : fo— g =—m/2; AsBy : Bo = 1.

IIycrs Plag, Bo) € AABICE Te. 0 < o, < 1, a4+ < 1, tie a =
(m+ 2(o + o)) [2(m +2), 8= (m+2(By — ag)) /2m +2).

Obo3naunm vepe3 Ay u By cOOTBETCTBEHHO TOYKU Iepecedenus: xapakrepuctuk AC| u
BC ¢ xapakrepuctukoit ucxosgmieii u3 rouku E(c,0), tae ¢ € J = (—1,1) -unrepsasn ocu
y=0.

B zamade I'ypca HOCUTEISIME KPAEBBIX YCIOBU SIBJISIIOTCS MPAHUYHBIE XapaKTEPUCTUKH
ACl n BCl

Hacrosimast paboTa mocBsiliieHa NCCIeI0BAHII0 KOPPEKTHOCTH 3a1a9u B obyractu 27, 1Jist
BBIPOZKJIAIOIIErOCst Ha TPaHuIle 00JIACTH rurepbosmieckoro ypasuenus (1), xKorpa rpanud-
Hasi xapakrepuctuka AC) objactu )7 MpOM3BOJIBHBIM 00pa30M pa3buBaeTcsi Ha JiBa KyCKa
AAg nu AgC1 n na nepsom kycke AAy C AC) 3amaercd 3HaYeHUs] UCKOMOI (DYHKIINU, a Ha
BTOPOIt Kycok AgC ocBoboXK IeHa oT ycaoBus ['ypea n 910 HemocTarormme ycjaopue ['ypea 3a-
MeHeHO ycyioBueM buriaze-CaMapckoro Ha BHyTpeHHell xapakrepuctuke F By n Ha oTpeske
BBIpOXKlenus FB.

Bajgaua GBS. Tpebyercs maiitn B obmactu Q- dynkmmio u(z,y) € C(Q7) ynosaerso-
psroriee CJIeIyIONIIM YCTOBHSM:

1) u(zx,y) -obobmennoe pemenne ypasuenus (1) u3 kmacca Ry [3,¢.104].

2) u(x,y) yIOBIETBOPSET KPAECBBIM YCJIOBUSIM

u(e,y) [so,= b1 (), 0 a < 1, (2)
u(e,y) [as,= tole), ~1 <2< (c—1)/2, (3)
(2 — &) D2, (2 — )P ulf (@)] = pu,0) + bla), e <z <L, (4)

rae 0*(z)— addure Touku nepecevenus xapakrepuctuku £ By ¢ XapaKTepueTUKoii uc-
xoJidteit n3 rouku (xo,0), g € [c, 1] [4, 5],
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0" (o) =

Y

zo+c  [(m+2)(zo—c)]Ym?
]
p = const, Pi(x) € C[0,1]NC*0,1), y(z) € Cl—1,(c—1)/2]NC*—1,(c—1)/2),
b(z) € Cle, 1] N C?(e, 1), mpuuem 1 (1) = 0, o(—1) = 0.

Yeqosue (3) siBasgeTcss He MOJHBIM ycjioBueM ['ypca, Tak Kak OHA 3a/aeTCsi TOJBKO Ha
qactu AAy xapakrepuctuke AC.

Yenosue (4) saBasiercst yenosus bunanze-CaMapckoro Ha BHYTPEHHEH XapaKTepUCTHKE
E By n Ha oTpe3ke BbIpOXKIeHUs FB.

Teopema 1. Zadavwa A npu 6vimosHeHUU YCAOBUS

M1 > 07 (5)
Mootcem umems He boaee 00H020 peweHuA, 2de

2P —l(a)
(L= B)(m+ 2)tef

251

Teopema 1 mokaseiBaeTcst MeTogoM pabor [6,7,8].
LITERATURE

1. Kemaprr M.B. O HEKOTOPBIX CIydasix BRIPOXKICHHUS yPABHEHUI SJITUIITUTIECKOrO THUITA, HA
rpanure ooaactu JAH CCCP. 1951. T 77. No2, ¢.181-183.

2. bumagize A.B. Hexomopoie xaaccor ypashenuti 6 wacmmuoir npousdeodtvir. M. 1981. 448 c.
3. Cyvupnuor M.M. ¥Ypasuenus cmermannoro tumna. M. 1985. 304 c.

4. CanaxutaunoB M.C., MupcabypoB M. O HeKOTOPBIX KpaeBbIX 3ajadax JJid TUinepoosim-
YeCKUX ypaBHEHUl BhIpOXK gatomierocs BuyTpu obsactu. " Iuddepenrmanibibie ypasaenus' .
17(9). 1981. C. 1281-1284.

5. Haxymies A.M. K Teopun KpaeBbIxX 3a/1a4 JIJIsI BBIPOKIAIONINXCS TUIIEPOOJINIECKUX YPAB-
nennii. "Coobmenns AH.'CCP". 77(3). 1975. C. 545-548.

6. Ypunos A. K., Mupcabyposa VY. M. 3ajada ¢ JOKAJIbLHBIME ¥ HEJOKAJIBHBIMHI YCIOBUAMUI
JIJIST BBIPOXKJIAIONIETOCS BHYTPU 0OJIACTH THIEPOOINIECKOTO YPABHEHUSA C CUHTYJIIPHBIM KO-
spdunmentom, Brosteren nacturyT matemaruku 2022. T 5. No 3, ¢.234-242.
7.Mupcabyposa ['. M. 3aja4a ¢ anajorom ycoBust Burajze-CaMapckoro Jijist 0JIHOrO Kjacca
BBIPOKIAIONIUXCs TUIIepOoIndecknx ypapuennii, 3pectus By3os. Maremaruka. 2022, No 6,
c.54-59.

8. Mupcabypos M., Mamarmymunos . T. 3anaqda ¢ anasiorom ycsiosusi Buriaize-Camapckoro
Ha OTPE3Ke BBIPOXKJEHUS W MapaJuleIbHOM €My BHYTPEHHEM OTpe3Ke O0JIACTU I OJHO-
ro KJIacca BBIPOXKJIAIONINXCA Trurnepbomyeckux ypasHenuii, M3sectus By3oB. MaremaTnka.
2025, No 3, ¢.25-29.



MaTemaTrndeckas ¢u3MKa UM CMEXHHE BOIPOCH COBPEMEHHOTO aHaim3a, Byxapa-2025 281

O eaAMHCTBEHHOCTH 3a/a4M C HENOJIHbIM ycjioBuem Buiiagze-Camapckoro jJist
YPaBHEHUsI CMEIaHHOTO TUMa

Mupcabypos M.!, Pysuesa 3. ®@. 2.

Tepmesckuit rocyiapcTBeHHbIil yHuBepcuTeT, Tepmes, V30eKucTaH;
Jlenayckuii ”HCTUTYT HpeIIPUHUMATEHLCTBA U Tejgaroruku, lenay, Y30ekucran;
mirsaburov@mail.ru, zuxraruziyeva00@gmail.ru

1. TIlocranmoBka 3agaum BSFK (Bunagge, Camapckoro, dpaHkK-
asi, Kaparonpaksiuesa).

[Iycte D = DYy D~ |JJ -HeorpanunvenHas cMmerianuasi 06/1acTh KOMIIEKCHO# TLJIOCKO-
cru C' = {z = x+iy}, vne DT -nosymnockocts y > 0,0~ -KoHeuHast 06J1aCTh IOJIYILIIOCKOCTH
y < 0, orpannveHHasg XapaKTePUCTUKAMHI yPaBHEHUS

Lux + @uy — 0’ (1)

(signy)|y|™ e + Uyy + —77m
ly|' 2 y

ucxogamumu 3 rogek A(—1,0), B(1,0) npamoit y = 0. J=(-1,1)-unrepsan ocu y = 0. B
ypastenue (1) npejmoaraercs, 9ro m, &g u 5y HEKOTOPbIE JIEfCTBUTEIbHbIE YUC/IA, YI0BIIe-
TBOpsfone yeaosuaMm m > 0, |ag| < (m+2)/2, —m/2 < fy < 1.

3aMeTuM, 9TO KOHCTPYKTHUBHBIE, (DyHKIMOHAIbHBIE U AuddepeHnnaabHble CBOWCTBa pe-
meHnit ypaBHeHus (1) CyIecTBEHHO 3aBUCITH OT YUCJIOBBIX ITAPAMETPOB (g U [y IPH MJIa/I-
[IUX 4IeHax ypaBHeHus. Ha 1miockocT mapaMerpoB o u [y paccMaTpUBAeTCsl TPEYTOJTbHUK
A{B{C orpaHnYeHHBII TPAMBIMA

ASCS B+ g =—m/2, B{Cy : By — g = —m/2, AZBj : Bo =1,

U B 3aBUCUMOCTU OT MeCTOHaXOXKjeHust Touku P(qy, 5y) B 9TOM TpeyroabHuKe hopMyIupy-
I0TCS M MCCIIeIYIOTCsT 3aaau i ypasaenus (1)[1.c.224].

Pacemorpum ciaywait P(oy, o) € AAGB;Cs,.O603naunm depes Cy u C TOUKE TIpeceveHnst
rpannyaanx xapakrepuctuk AC' u BC' ¢ xapakrepuctukamu ypasHerust (1), BBIXOISIITUME U3
rouku F(c,0),r1e ¢ -HeKoTOpoe Jucio,npunajyexkariee uarepsainy J=(-1,1) ocu y = 0 [Tycrs
p(z) € C[—1, c]-muddbeomopdusm uz MHOKeCTBa TOUEK 0Tpe3Ka [—1, ¢] Bo MHOMKeCTBa TOUeK
orpeska [¢, 1],npudem p'(2)<0, p(—1) = 1, p(c) = ¢. B xauecrBe npumepa Taxoii dbyHKImI
npuBejieM JinHeiinyo dyuknuo p(r) = d — kx, tae k = }—;i, d= 12—+CC

[Iycrs D} -koneunas obacth, orcekaemast or obaactu DV ayroit HopMaabHOil KpuBoit
or ¢ Kounamu B roukax Ap = Agr(—R,0), Br = Bgr(R,0),

opia’ +4m+2) " =R’ —R<x <R, 0<y<((m+2)R/2)Y™?.

Beenmem obosnavenust: J; = {(z,y) : —o0o <z < —1, y =0}, Jo = {(z,y) : 1 < x <
400, y =0}, Dg = D U D™ U J,Dg -nono61actb HeorpannieHHoi obaactu D.

Bamaga BSFK. B neorpannuennoii obmactu D tpebyercs Haiitn dyHKImo u(z, y) yao-
BJIETBOPSIIOIINM YCJIOBUSIM :

1) dyuknus u(z,y) HenpepbiBHA B 110601 1107106/1aCTH E;, HeorpaHnIeHHo# obactu D;

2) u(z, y) npunajyexur npocrpancrsy C%(DT) u yrosnersopster ypasuennio (1) B 9Toit
obJtacTu;

3) u(zx,y) asasgercs obobenHbIM pererneM Kiacca Ry [1.¢.35] B obnactu D

4) Ha uHTEpBAJE BLIPDOXKICHUsT J UMEET MECTO CJIeJIyIolIee YCJIOBUE COMPSYKEHMsI

u(z, —0) = co(z)u(x, +0) + do(x), =€ J, (2)
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ou
RN . Bo
Jim, (~) o c(z) lim y ay+d1(l’),x6<f, (3)

[PUYEM 9TH PeJIesIbl Ipn & — +1, £ — ¢, MOTYT UMeTh 0COOEHHOCTH TIOPsI/IKa HIXKe 1 —a— /3,
e a = (m+2(6o+a))/(2(m+2)), B = (m+2(Bo—ao))/(2(m+2)),a >0, >0, a+5 < 1;
5) BBIIOJIHSIETCS PABCHCTBO

lim wu(z,y) =0, (4)

R—o0

rae R? =z 4+ 4(m + 2) " 2y™+?;
6) u(z,y) yroBaeTBOpsSeT KPAEBBIM YCIIOBUSIM

u(z,0) = o1 () =€ J1, u(x,0)=po(x) x€Jy, (5)
D%y (1 +2)* [0y ((2))] = a()u(z,0) + b(z) = € (~1,¢), (6)
u(p(x), —0) — p(z)u (z,—0) = f(z), x € (—1,¢), (7)

Db
52

12> — omeparop juddepeHnnpopanus JpoOHOTrO MOPAIKa Pumana-JTuysmnis.|1. ¢.43-

2/(m+2)

90(%)

_xp—1 _,l(mo—i—l)(m—i—Q)
— T2 1

—0(x)-adduxc Touky nepecedenus rpaHnaHoi Xapakrepuctuku AC ¢ XapaKTepUCTUKOl nc-
xoJgeit u3 rouku (xo,0), x € (—1,¢), tae, ¢1(z), p2(x), a(x),b(x), f(x) -3amanubie Henpe-
peiBHO nuddepeniupyemue (GpyHKINN, B 3aMbIKAHUN MHOYKECTBA UX OIpEe/IeHHe, TTPUIEM
l_i>r_noo v1(x) =0 m1_15{100 @a(x) = 0, Bameru™, 410 ycsaoBue (5) sABISIETCS HENOIBHBIM YCIOBHEM

Bunaze-Camapekoro [2. ¢.223|, na xapakrepuctuke AC) u Ha orpeske AE, yciosue (6)
ectb aHajor ycaoBus OpaHkiisg Ha oTpe3ke BeIpOKIeHns AB.
Teopema 1. Ilycts 1 (2) =0, @o(z) =0, be(x) =0, fi(x) =0,

aj(z) > 0,do(x) > 0,c1(x) >0, 0 < p(x) <1, (8)

torja pemtenne 3ajauu BSFK B obsmacru DT Jy | J | J2 -ToxmecrBerno pasho Hy.to. lo-
KazaTesbeTBO TeopeMbl 1 IPOBOAUTHCS MeTOIAME PAOOTHI [2]

LITERATURE

1. Camaxurauaos M.C., Mupcabypos M. Henoka/ibuble 3a1a4u jijist ypaBHEHUN CMENTIAHHOTO
THIIA ¢ CHHTYIIpHBIME Ko3hdunmentamu. Tarmkent: 2005" Yaupepcurer -224c.

2. Mupcabypos M., Typaes P.H. 3amaua B Heorpanumvennoit obactu ¢ ycaosueM Buraze-
CaMapcKOro Ha 9aCTH TPAHUIHON XapaKTepPUCTUKe U apaslIeIbHO eif BHy TpeHHell XapaKTe-
pucTuku Jjis ypaBaenus ['ejutepcresira ¢ cuaryaspabiM Koeddurmentom. 1Y 2024.T.60.Ne8
c.1074-1086.

3a/iava B HEOTPAHWYEHHOI 00JIAaCTU C HEIOJIHBIM ycJioBueM TpukKomu u
yCJIOBHEM CMeIleHns] Ha BHYTPEHHUX XapaKTepUCTUKax
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[Iycte D = DT |J D~ |J I -HeorpanuueHHasi CMellaHHas 00JIACTh KOMIUIEKCHOM TLIOCKO-
cru C' = {z = z+iy}, nne DT -nonymwiockocts y > 0, D™ -KoHeUHas 00J1aCTh OJIYILIIOCKOCTH
y < 0, orpannveHHasg XapaKTePUCTUKAMHI yPaBHEHUS

l o _

Uzy + Uyy + 2u, =0, npuy > 0,

G(u) _ y vy y Y 5 p y (1)
—(=Y) " tze + uyy + Juy =0, npuy <O,

ucxomsimimu u3 Touek A(—1,0), B(1,0) u orpeskom AB npsmoit y =0, tae [ >0, m > 0,
do € (—1/2,1), By € (—m/2,1) nocrosuusle Uncaa upuaeM | # m.

[Iycrs D} -koneunas obacth, orcekaemast or obmactu DV ayroit HopmaabHOil KpuBoit
or ¢ Kounamu B roukax Ap = Agr(—R,0), Br = Bgr(R,0),

op 22+ Am+2) Y =R —R<z <R, 0<y < ((m+2)R/2)Y™

Beesem obosnavenmns: [ = {(z,y) : —1 <z <1, y =0}, I, = {(z,y) : —00o <z <
~1, y=0}, Iy = {(z,9) : 1 <2 < 400, y = 0}, Dr = DLUD~ I, Dy -nomobmacrs
HeorpaHudeHHOI obJractu D.

O6osnaunm gyepes DT u D~ gactu obsmactu D, jexKalnye, COOTBETCTBEHHO, B IOIYILIOC-
kKoctax y > 0 my < 0, a uepes Cy u C, COOTBETCTBEHHO, TOUKH IIEPECEUCHNsT XapaKTEPUCTUK
AC u AB ¢ xapaKTepuCcTuKoOii, ncxojsieit u3z rouku E(c,0), rjue ¢ € [ = (—1,1)— unrepsas
ocu y = 0, a 1wepe3 Fy u P, obo3naunm Touku repecedenns xapakrepuctuk FC; u BC ¢
XapaKkTePUCTHKOI, nexosmeii u3 rouku Fi(cy,0), rme ¢ € (¢,1),0<c< ¢ < 1.

IIycts g(z) = a — bz, tie a = c1(1 —¢)/(1 — 1), b = (1 — ¢)/(1 — ¢1)-7mHeiHbIH
b deomopdusm U3 MHOXKECTBA TOUEK OTpe3Ka [c1, 1] BO MHOXKECTBO TOYEK OTpe3Ka ¢, ¢1],
upudeM ¢(c1) = ¢, ¢(1) = c.

Bajaga. Tpebyercus naiitu B obmactu D dbynkumo u(z,y) € C(D) ynoBieTBopsaiontyio
CJICJTYTOTIIM YCJIOBUSIM:

1) dynxuus u(r, y) HenpepbiBHA B MI060i Mog06aacTn D g HeorpanmHaentoii obmactu D;

2) u(z, y) npunajiaexutr npocrpanctey C?(D™) u yinosiersopsier ypasnenuio (1) B 3roit
obJracTu;

3) u(z,y) asagerca ob6obmenHbIM pererneM Kiacca Ry [1, ¢.104] B obinactu D~ ;

4) Ha WHTepBAaJe BBIPOKIEHNS | NMeeT MeCTO CJIeLyIoliee YCIOBIEe COMPSZKEeHUST

ou ou
; _2\Bo — 7 o
ylgl_lo( Y) gy Y g, z €l (2)

8o Ou

npudeMm npu r — +1, x — ¢ npegen lim y 82 MOKET UMeTb OCOOEHHOCTH MOPSIKA HUXKE
y—+0

Bo du
9y

(L+280) /201 +2), B = (m+28) /2(m +2), 5§ < 1/2, B<1/2, § £ B.

5) BBIIOJIHACTCS PABEHCTBO

1 —20, a npegen limo (—y) MOKET MMeTh OCODEHHOCTD MOpsijiKa Hike 1 — 23, tiae § =
y——

Jim () =0, (3)

rae R? = x2 4+ 4(m + 2) " 2y™+;
6) u(z,y) yIOBIETBOPSET KPAEBBIM yCIOBUSM |2, 3]

u(xay)|y:0 = (701('1:)7 VZE S Yia 1= 172a (4)

uten)lae = vole), o € | -1 )
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aou [0 ()] + bou [0] (¢(2))] = ¢ (), = € [er, 1]; (6)
u(q(z),0) —u(z,0) = f(z), z € [cr, 1], (7)

7€ ag, bo-HEKOTOpbIE MOCTOAHHBIE, ipudeM ag + bg # 0, ag + by # 0;

I

l’o—‘—cl _Z|:(m+2)(w_cl):|2/(m+2)

09 (z0) = B 1

07 (alao)) = £ .

-a(PUKCH TOUEK Iepecedenns xapakrepuctuk F P, u E; Py ¢ XapaKTepuCTUKaMK, HCXOs-
mumu u3 Todek M (xzg,0), M(q(x),0).

Teopema 1. IIpu evinoanenuu yeaosut ag > 0, by > 0, a3 + b3 # 0, sadaua umeem ne
bonee 00H020 peweHus.

Teopema 1 jrokasbiBaeTcst METOIOM pabor [2, 4].

glzo) +or [(m +2) (e — q(xo))] 2/(m+2)
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ycsioBueM buraze-Camapckoro Ha nmapasiiebHbIX xapakTepuctukax. "Jluddepennnaababe
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Amnanor 3amaun TpukomMu Jijisi TPeXMEPHOTO YPABHEHUS CMEIIaHHOTO TUIla C
CUHTYJISAPHBIMU KO3(dPuIimeHTaMu B HEOTPAaHUYEHHOI obJiacTu

Hwumonosa I11.T., KapumoB K.T.

@epraucKuii rocyJIapCTBEHHBIN YHUBEPCUTET, Y 30€KUCTAH;
shahnozanishonova910@gmail.com, karimovk80@mail.ru

Bagaga TpukoMu i ypaBHEHUs CMEIIAHHOIO 3JUIMITUKO-TUIEPOOJMIECKOro TUIa B
TPeXMEpPHOM IIPOCTPAHCTEBE € IOMOIIBIO METOIa HHTEIPaJIbHOrO Ipeobpasopanusd Pypbe Brep-
Bble uccseoBana B pabore [1]. 3agada Takoro Tuna jjisd TPEXMEPHOIO YPABHEHUs CMEIaH-
HOI'O THIIA C CUHIYJIAPHBIME KO3(DPUIMEHTAMI B OIPAHMYCHHBIX O0JIACTAX METOIOM CIIeK-
TPaJIbHOTO aHaJjiM3a WCcjeoBana B pabore [2|, a ¢ momorpio Metonos dyukimn ['puna u
UHTerpasbHbIN ypaBHeHuit B pabore [3].

B nmanmnoit pabore m3ydaercs NpoCcTpaHCTBEHHAdA 3ajada TpUKOME JIsl ypABHEHUS CMe-
IIAHHOT'O THUIIA, ¢ CUHIYJIAPHBIMU KO3(DdUImeHTaMu B HeOrpaHUIeHHOH 06/1aCTH.

[Iycrs Q = {(z,y,2) : (x,y) € A,z € (0,400)}, nme A—KoHedHasi OIHOCBsI3HAS
obsacthb 1ockoctu xQy, orpanmdennas mpu y > 0 ayroit 6o = {(z,y): 2?2 +y* =1,
x>0,y >0} u orpeskom OM = {(z,y): 2=0,0<y<1}, a npu y < 0— oTpesKa-
vt 0Q = {(z,9): 24+y=0,0<2<1/2} u QP = {(z,y):v—y=1,1/2<2 <1},
O=0(0,0), M =M(0,1), P=P(1,0), Q = Q(1/2,—1/2).

Beenem obosnauenust: 2y = QN (y >0), Q=00 (y<0);
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So = {(w,y,2) : 09 X (0,+00)}, S1 = {(z,y,2) : OM x (0,+00)},
So ={(x,y,2) : OQ x (0,+00)}, S5 = {(a:,y, 2):QN(z= O)}
B obnactu €2 paccmorpuMm ypaBHeHUE

2 2

9
Uss + (sgn9)Uyy + Vs + —Us + mUy 1 ?VUZ — 0, (1)

riae 3,7 € R, upuuem 3,7 € (0,1/2).

B obacru €2 ypasuenue (1) npunHajIe;KUT CMEIIAHHOMY THUILY, & UMEHHO B obJsiacTu ()o-
SJLIMIITUICCKOMY THILy, a B obsactu ); - runepbosmyueckomy Tuiy, upudaeMm © = 0, y = 0
u 2z = 0 gBJISIOTCA IJIOCKOCTSME CUHIYJISPHOCTH YPABHEHUS, a IPH IIEPEXOJIe IepPe3 IIPIMO-
YTOJILHIKA, QoNy ypaBHEHUs MEHAeT CBOI THII.

Uccrenyem cienyrornyto 3aady st ypa BHenus (1) B obiactu €.

Bamaga T. Haititu dynkuuto U (z,y, z), yaoBiaersopsitomiyio B obaactu ) ypasaeruio (1)
U CJIC/LYIOIIUM yCIOBUSIM:

Ul(z,y,z) e C (Q) NC*22 (Qy U ),

Y,z
U(%?J,Z”go = F(xaya Z) ; U(aj7y7z)|5‘1 = Oa
Ulz,y,2)lg, =0,U(2,y,2)|5, = O,ZEIEOOU(%?/, z) =0,(z,y) € A,

a TaK2Ke yCJIOBUIO CKJIEMBaHUA

lim (—y)*’U, (z,y,2) = lim y*U, (z,y,2), z€(0,1), z€(0,¢),
y——0 y——+0
riae F (x,y, z)- 3ajannas GyHKIMS.

Jokazana ciemyiomas Teopema.

Teopema. [Tycts 5, € (0,1/2) u dyukuus f (, z) = F (cos ¢, sin ¢, 2) yiaoBier-Bopsier
CJIE/TYTOIIHM YCTTIOBUAM:

L f(p,2) € C34 (), mre T = {(¢,2) : @ € (0,7/2), = € (0, +00)};

IL 2 f (o, z)’wo =0, g5 (p.2)| _,=0.7=012

ML 35 f (9, 2)].0g =0, lim 2735 (p,2) =0, =0,3.

Torna equmHCTBEHHOE perenne 3a1a4qn 1 B obsractu {2 CymecTByer.
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2. Vpunos A.K., Kapumos K.T. 3agaua Tpukomu 11 TpexMepHOro ypaBHEHUS CMEITaHHOTO
TUIA C TpeMs CHUHTYIsApHbIME Kodbduimentamu, Bectank HYY3. - Tamkent, 2016. Ne2/1.
-C. 14-25.

3. Hazunos N.T. Pemenne npocrpancTBennoil 3aaun TpukomMu isi CHHTYISPHOTO ypaB-
HEHUs CMEIIAHHOTO THIIA METOJOM WHTerpaJibHbIX ypaBHenuit, I3sectust By30B, -2011. Ne3.

-C.69-85.
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3anaua 'ypca /iy ypaBHEHUs 9YeTBEPTOTO MOPSIKA C ABYMSI CUHTYJISPHBIMA
Ko3dPpurnumeHTammn

Opwumnos I11. A.

Fergana State University, Fergana, Uzbekistan;
shoripov1991@gmail.com

Kpaessie 3aa4un i1 quddepeHiuaibHbIX yPaBHEHU B YACTHBIX MPOU3BOJIHBIX C CHH-
CyJSpHBIMU KO3 durnmenTaMu ObLIU [IPEJIMETOM HUCC/IEIOBAHUS MHOTHX MaTeMaTukos. Vc-
caejioBanue 0oJiee CJIOXKHBIX YPaBHEHUI ¢ CHHTYJISIDHBIMU KO3MDUIMEHTaMU TTPEJICTABIAET
co0OI1 eCTeCTBEHHBIN JTaJIbHEHIINI dTan Ha IIyTH TeopeTndeckux obodmenuii. [lernocts 1mo-
JIYYaEeMbIX IIPH 9TOM TEOPETUYECKUX PEe3YJILTATOB CYIIECCTBEHHO BO3PACTAET B CBA3U C TEM,
YTO MOJO0OHBIE YDABHEHN WJIM UX YACTHBIE CIydal BCTPEUYAIOTCHA B MPUIIOKEHUIX.

Ocob0o oTMeTHM KJIacC ypaBHEHUN ¢ YACTHBIMU ITPOU3BOIHBIME ¢ OCOOCHHOCTAME B KO-
dunuentax, TAIUIHBIMU TPEJCTABUTEIAMU, KOTOPOIO SABJISAETCA YPABHEHUS C OIEePATOPAMU
Beccensa suaa

pr_ g1 Lo 4 ¢ m+ld

K dx dr  dz? r dx

Jlast ypaBHEHMI SITUITHIECKOT0, THIEPOOJIMIeCKOro U mapaboInIecKoro TUIIOB C Ole-
paropoMm Beccenst mo kaxoit wiam mo HeckobkuM tepementbiM VLA, Kunpusinoseim [1]
OblIa BBEJIEHA COOTBETCTBEHHO TEPMUHOJIOIUsS B-sjunrtudeckue, B-runepbonndeckue u B-
rapabo/imdecKne ypaBHeHHsI. BaXKHOCTb ypaBHEHUI U3 3TUX KJIACCOB OIPEIE/ISTeTCs TaK:Ke
UX KCIIOJIb30BAHUEM B IPUJIOKEHUSX K 3ajadaM TeOPUU OCECHMMETPUYIECKOrO ITOTEHIHAIA,
ypasaenusm Ditepa-Ilyaccona-lap6y (SI1/1) u muOrHIM ApyTEM.

N3BecTHO, YTO BBIPOXKIAIOIINECS W CHHTY/ISIPHBIE YPABHEHUST BTOPOTO MOPAIKA 0018 1af0T
TOI 0COOEHHOCTBIO, UTO JJIsi HUX HE BCEra MMEET MECTO KOPPEKTHOCTD KJIACCHIECKIX 3a1a4.
Ha nocranoBky 3a/1a4u CymecTBEHHO BAUAIOT MjIaiue KoadgduimenTol. Takue BOIpOCh 11s
ypaBHEHHT BBICOKOT'O TOPSIIKA C CHHTYIAPHBIME KOI(MMUIIMEHTAME ITOYTH HE UCCJIETO0BAHDI.

Jlannasi paboTa MOCBSIIEHA U3YIEHUIO BOIIPOCOB PA3PEIIMMOCTH B KJIACCHIECKOM CMbBICIIE
aHaJora 3ajaqn ['ypca Jid ypaBHEeHU

2 280 82 2008\
Lé,ﬁ(u) = (8_y2+___@___) U(ﬁ,y)—/\QU(I,y) :()7 (1)

rae «, 3, A € R, mpuuem 0 < o, f < 1/2.

Pacemorpum ypasrerue (1) B XapaKTepHCTHYECKOM TpsAMOyrosibHuKe. Hepes G 06o3Ha-
quM 06J1acTh orpannydennyio xapakrepuctukamu ACt, C1 B, BCy u Cy A ypasuenus (1).

[Iycts, A(0;0), Cy(x1;21) u Co(xe; —x9), T 1 > 0, 29 > 0.

Banaua I'ypca. Haiitu B obacru G perenne ypasaenus (1), ya0BIeTBOPSIOIIEe YCJIo-
BHSAM

u(@Ylymy = 1(a), 0<w <, 2)
’U/(l’,y)’y:_m = @2(([’), 0 S x S T2, (3)
0
| =@ 0<z<m, )
0
on| =@ 0<w<m (5)

rJie 1 - BHEIHssI HOpMaJib K rpanure obnacru G, ¢r(x), (k = 1,4) - 3ajannbie GyHKImN.
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Jannas 3aj1a4a pabee He ucciegoBana. Vlcnonb3oBas 0000IIEHHBIN JIPOOHBIH OlIepaTop
Apueiin-Kobepa [2] u meros Pumana [3|, namu nosrydena siBHast hopMyia pereHnst mocTaB-
JleHHoit 3a1aun. B pabore nmocrpoena dyukiusa Pumana omeparopa Lé\x, (u).

HecmoTpst Ha passuTHe COBPEMEHHOlN BBIYMCJIUTEILHON TEXHUKH, MOCTPOCHUE TOUYHDLIX
pelennii KpaeBbIX 3aa9 11 audgepenuaababiX yPaBHEHUH B 4aCTHBIX TPOU3BOAHDBIX 110~
[PEKHEMY OCTAeTCs BAyKHOW M aKTyaJIbHON 3a/adeil. DTU peleHns Mo3BOJIAI0T TIy6xKe I10-
HATH KaueCTBEHHbIE OCOOEHHOCTH OIMCHIBAEMBIX IIPOIECCOB U ABJIEHUI, CBOiCTBa MaTeMaTH-
YEeCKHUX MOJIEJIei, a TakyKe MOTYT OBbITh MCIIOJNb30BAHbI B KAUECTBE TECTOBBIX IPUMEPOB JJIst
ACUMIITOTUIECKUX, TPUOIUKEHHBIX ¥ YUCJIEHHBIX METOIOB.
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O ANHaMUKe F—KBa,Z[paTI/I‘{HOﬁ ,I[I/IHaMI/I‘IeCKOﬁ CHUCTeMblI C HelIpepPbIBHBIM
BpeMeHeM

Pacysios X. P. Byxapckuii rocygapersennbiii yansepenter!, Byxapckoe oTiesnenue

NucturyTa maTemarukn nM. B.J.Pomanosckoro AH Pecry6smkn Ys6ekucran?, Byxapa,
Yabekucran; xrasulov71@mail.ru, x.r.rasulov@buxdu.uz

Annomayus. I3BecTHO, 9TO PU3MIECKIE, XUMAIECKHE, ONOJIOITIECKIAE, SKOHOMITIECKIE
U JIpyTUe TMPOIECChl OMMCHIBAIOTCS € MOMOIIBI0 KBAIPATUIHO-CTOXACTUIECKIX OIEPATOPOB
(KCO), dbysKImoHUpyOMIX Kak B JUCKPETHOM, TaK U B HEIPEPBIBHOM BpeMeHu. JlaHHBI
MaTeMaTHIeCKUil ammapar CJIY:KAT HHCTPYMEHTOM IS aHaJIn3a BPEMEHHON JIMHAMUKHU KC-
CJIeJTyeMbIX CHCTEM.

[Ipu nsydennn IUHAMHYIECKUX CUCTEM IEHTPAJIbHOE MECTO 3aHUMAaeT MIPob/eMa aHaJI3a
U3MEHEHHUIl COCTOsIHUA CHCTEMBI BO BpeMeHH. Kak IpaBm/io, mepexobl K MOCIEIYIOMNUM CO-
CTOAHULAM CUCTEMBI IIOAINHAIOTCA OIIPEeJC/ICHHBIM 3aKOHOMEPHOCTAM. ZL.HH MaTeMaTNY€CKOI'o
MOJEIUPOBAHUS 10 IOOHBIX 3aKOHOMEPHOCTEI, 0COOEHHO BasKHBIX B 00IaCTH MaTEMaTHIECKOI
TeHETUKU, IPUMEHAIOTCA KBaJAPaTUIHbIEC CTOXaCTHYICCKUE OIIepaTOPDbI. BC.HeILCTBI/Ie 9TOI'0 JaH-
HBII KJIACC OIepaTOPOB BBI3BIBAET 3HAYUTEIbHBIN WHTEPEC Yy MCCaeI0oBaTe e, paboTainmx
B pa3sHOOOPA3HBIX pa3jiejiaXx MaTeMaTHKU, U ee TMPAKTHIeCKUX TpuMeHeHusx [1-2].

VceneoBanne 9BOIOIMMOHHBIX MTPOIECCOB HEPA3PBIBHO CBA3aHO C YI€TOM BPEMEHHOI TIe-
pemenHoii. B 3aBucumocTn ot crenudukn n3ydaeMoil 3a1a91n MOXKET UCIOJIb30BaThCs JINOO
HelpepBhIBHAsT BDEMEHHasi 00J1acTh (JJ1s aHa/IM3a COCTOSTHUN CUCTEMBI B IIPOU3BOJIBHBIH MO-
MEHT), JIHOO JMCKpeTHas (IPH HEOOXOAMMOCTH U3y UCHUsT COCTOSHUI B KOHKPETHBIE U30JIHPO-
BaHHbI€ BpEMEHHbIC TO‘JKH). CDyHKL[I/IOHI/IpOBaHI/Ie CHUCTEMBI OolIpeJesideTCda COBOKYITHOCTBIO I1a-
paMeTpoOB, TOYHbIE BEJTUYNHBI KOTOPBIX 3a4aCTYIO0 OCTAIOTCH HEOoIlpe e leHHbIMU. uc/iennoe
pelenne 3aJa9n JjIsi BCEro Juala30Ha BO3MOXKHBIX IMapaMeTPUIECKUX 3HAYEHUI IIpeIcTaB-
JIAeTCdA IIPUHIUIINAJIBHO HEOCYIIECTBUMbBIM. B CBA3U C 9TUM BO3HUKaET HOTp€6HOCTb B Me-
TOIOJIOTUIECKUX TIOX0/1aX, 00ECIIeUnBAIONINX BO3MOKHOCTh HMCCJIEIOBAHNS XapaKTePUCTUK
pelleHnii TUHAMIIECKIX CUCTEM 0e3 MCIIOIb30BaHUsT BBIYUCIATEIHLHON TexHuKH. KirodeBoe
[IPEUMYIIECTBO Ka4eCTBEHHOIO IOAX0/a K TEOPHH JUHAMUYECKUX CHCTEM C HeIpPepPbIBHLIM
BpeMeHEM 3aKJII09aeTCsd B BO3MOYKHOCTU ITPOIHO3MPOBAHUS CYIIECTBEHHBIX XapaKTEPUCTUK
perennii 6e3 HeoOXOMMOCTHU TIOJTYYeHU aHAJTUTHIECKUX PENIeHnil JIJId yPaBHEHUIA.
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KBajiparuunble JuHAMIYECKHE CUCTEMbI C JIMCKPETHBIM BPEMEHEM IOJIy YA/ OCBEIIECHUE
B HcceIoBannsX |1-3], Torga Kak ux HempepbIBHbIE AaHAJIOTU OCTAIOTCS HEJTOCTATOTHO U3y I€H-
HbIMU. B "acTHOCTH, TPEOYIOT Ja/IbHEIIero necieJ0BaHus HellPpePhIBHbIE BADUAHTHI HEBOJIb-
TEePPOBCKUX KBAPATHIHBIX OIIEPATOPOB, PACCMOTPEHHBIX B paboTax [2],[4]. B [5] uccaemosana
F-xBajparnuHas JuHaAMIYecKas cucTeMa B S2.

B nacrosmeit pabote nsydaercs HellpepbIBHbIN aHajor F- KBaipaTrudHol JUHAMIIECKO
cucrempr u3 [4] (cayuait Ey = {0,1,2,3}; F = {1,2}; M = 3), Koropoe B HaIlleM CJIydae
UMeeT B/

1:0 =1- 21’11’3 + 2&[E11’3 — Xy,
1:1 = 2b(lf1$3 — T, 1
LIZ:Q = 2CQ?11’3 — T2, ( )
1:3 = le'lllfg — I3
UM B BEKTOPHOM BH/IE '
X() = F(X(1)
e X (t) = (21 (t), 2o (t),x3(t), x4 (t)), UpencTaBIsieT COCTOSHIE HEKOTOPOH CHCTEMBI B
MOMEHT HernpepbiBHOro Bpemenu tpu t > 0, F (X () = F(x1(t), zo(t),x3(t), 24 (1)) =
iz (), 22 (t),23(t),24(t)), i=1,4a+b+c+d=1.

B macrosimeil craTbe ompe/iesieHbl HEIOBUKHBIE TOYKH MCXOIHOM cucTeMbl (1) u ycra-
HOBJIEH WX THII, IIOJIyY€Hbl aHAJIUTUIECKUE U YHUCJIEHHBIE DEIIeHUsl CUCTEMbl U TIOCTPOEHBI
baz0Bble MOPTPETHI JIsl OTAEIBHBIX 3HadYeHuil mapamerpos (a,b, ¢, d). Cremxyer oTMeTHTH,
YTO TIOJIyYEeHHbIE AHAJUTHYECKUE U YUC/IEHHbIE PEIeHUs TOJIHOCTBIO COOTBETCTBYIOT T€OPe-
THYeCKUM pesyibraraM paborsl [4]. Tak:ke ucciieoBaHbl KaueCTBEHHbIE CBONCTBA JAHHOI
cUCTeMbl B cUMILIeKce S°.
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Perynspusamnust penteHust 3agaqu Koinm [Jist Ipon3BOJILHOTO II0JIS B
orpaHUYeHHOI 00JiacTu

Carropos 3.H.!, Mapaanos 2K.A.%, pmamarosa B.9.?

lcaMapKaH,ILCKI/Ifl rOCyJlapCTBEHHBIN IIeAaroru4eCKuili NHCTUTYT
e-mail: Sattorov-e@rambler.ru
2CamapkamIcKuil TOCyIapCTBeHHEIT yHuBepcuTer uMenn Ilapoda Paminosa

[Iycte Q C R?® — orpanndeHnas oTHOCBS3HAsA 00JIACTb, TPAHMIA KOTOPOH COCTOHT U3
Kycka T runepriockoctu y3 = 0 1 T1aJIKoi OBEPXHOCTH S, JIeXKallleil B MOy IIPOCTPAHCTBE
y3 > 0, Te. 9 = SUT. B obractu ) 3anano nenpepbisHO Jtuddepennnpyemas BeKTOP-
dbyuxius F(x) = (Fi(z), Fy(x), F3(x)).

Pacemorpum cucreme jguddepennnaabHbIX ypaBHEHNUH TEPBOTO HOPSIIKA

div F(z)

Fle) = g(o)
rot F'(x)

R(:p)’, x € Q, (1)
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riae g(z) — ckanasipHoe nosie, R(x) — BekTopHOe mose. Byjem mpennosarats, 9To 3aaHHbIE

noss g(x) u é(iﬂ) nuddepenupyeMsl B obstactu §2.
Kaxk m3BectHOo, uT0 ypasHenue (1) umeer BHyTpH {2 0bIee pereHre, BhIpazkaemoe hop-

MYJIO’
1 L 1 L 1
——// {(n-F)grad + [ x F| x grad }dsy
™ JJon ly — x| ly —

T4
1 1
+—///g(y)gmd dU+—///R X grad x e (.
4m Q ly — x| |y— |

Paccmorpum B obactu €2 3aaqy Korn.
IToncranoska 3amaun. VsBecrrsr nanubie Ko perenust cucreMmsr (1) Ha oBepxHOCTH

S: . .
Fly)lg=fly), yeSs,

rje f = (f1, f2, [3) — 3amannas HENPEPBIBHAZ BEKTOP- dyHKIUSA.

Tpebyercs BoccTanoBuTh dyukiuo F(y) B Q, nexomns us saganuoi f(y).

O603naunm 1yepe3 H(D) COBOKYIHOCTD (byHKuHH rapMOHUYECKUX B D U HEIPEPBIBHBIX
na DUOD = D.

CupaseyiuBa opmyiia, kak obodenne dopmysbl KormulIpuna:

//8D F)grad®,(y,z) + [ii x F] x grad@a(y,w)} ds,
+///Dg(y)~gmd<1>g(y,x) dv+///D§(y) X grad®,(y,z)dv, x € D,

OY3z—OXI: —O'Oé2

e7Ys 8 (po(y,l’,u) —ou?

5 5 5 € du,
2T us+r

rie

y(y, ) =

sin (7'\/ u? + 042)

_ /2 2 _ _ =
%Da‘(y7 ZIZ’,U) - COS(T u + (y3 56'3) \/m y T = 20y3'
[Ipeamonoxkum, aro orpanndera Ha dactu 1’ rpaHutsr 0€2:
[Fy)| <M, yeT, (2)

rae M - 3amaHHOE HOJIOXKUTEILHOE THUCIO.
Bresiem ciierytomue o003HaYEHUS:

// ﬁ f ) - grad®,(y, ) + [7i X f(y)] X gmdfbg(y,:c)} dsy+

+ /// 9(y) - grad®,(y, z) dv + /// ﬁ(y) x grad®,(y, ) dv.
Q Q
CupasejiyinBa

Teopema 1. I[Iyctn F () — perynsipaoe pererue ypasaenust (1) B obactu €2, Ha dacTu
T ynosnersopsitoriee yesosuio (2). Torma st x € Q u 0 > 1 ciipaBeiJIiBO HEPABEHCTBO

|F(z) — Fyl)] < MC(x)oe%,

riae C(z) =

3 |oo

(1+x—’;).
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O pazpenmmocTu gedokKycupymomiero nHTerpo-audepeHnnaaIbHOro ypaBHEHUS
runepooJINIEecKOro TUIa

Cadpapos 2K. I11.!, ®@aiizysnaes I11. M.2, Xyppamos A.B.3.

L2TamkenTckuit ynusepcuTeT nHMOPMAIMOHHBIX TexHosornit nmern Myxammaa
aJtb- Xopasmuil, TarkeHT, Y30ekucraH;
Mucruryr Maremaruku umenu B.J.Pomanosckoro AH Pecriy6muku Ys6exucra;
3TalKenTCKuil rocyJapCTBeHHBII 9KOHOMUYecKHil ynusepcureT, Tamkent, Y30ekucram;
1y safarov65@mail.ru, *fayzullayev@tuit.uz, khurramov@tsue.uz

Hedokycupyionye ypaBHenus runepboJudeckKoro THIIa MOTYT GbITh 3allUCaHbl B BH/IE:
2
Ut — C AU"’Q(U) = 0,

rie g(u)— HeJMHEHHBIN WIeH, KOTOPbI MOXKEeT ONUCHIBATEH B3anMOjIeficTBIe BOJIH. B moctes-
HI€ TOJIbI OIyOIMKOBAHBI JJOCTATOYHO PabOT B JaHHBIM Halpasienue. B paborax [1]-[3] ucce-
JIoBaHa TVI00ATbHOE TIOBE/IEHNE PeNIeHnil 1eOKyCUPYIONIEro HEJTMHEITHOTO BOJTHOBOTO yPaB-
Henusi. Pabora [4] mocssiiena necsie1oBaHnio HaAYaIbHO-KPAEBOi 31841 JIJIs yPaBHEHUST

g — (K2 (0)uy)s = / m(t — 0)ul"u(z, 0) db,

B obiactu = {(z,t)] >0, 0 <t <T}.
B obnactu D := {(z,t)] x > 0, 0 <t < T} paccmarnBaeTcs HadaIbHO-KpaeBasi 3a/1atda

Uy — Upy = /t k(t — 7)|ug)" g (e, 7) d, (1)
0
CO CJICJLYIONIUMU HAYAJILHBIMU ¥ IPAHUYHBIMEA YCJIOBUAMMU
Uli=o =0, ut|y=0 =0, x>0, (2)

riae n u T mojoxKuTebHbIe Yucia, k(t)— HenpepbiBHO TuddepeHimpyemast MoJI0KUTETHHO
onpezesnennast Ha [0,t/2] dyukiusa. Ypasuenue (1) onmcblBaeT Mponece pacrupocTPaHEHUsT
AKYCTUYECKUX BOJIH B CPeJle ¢ HEJIMHEHHBIM TIorJIoeHneM. B najbheiimem OyjieM mojiararh,
aro g(t) < 0 ma Beex t € [0, 7).

[Ipsmvast 3ajada 3aKIII0YaETCS B OTBHICKaHHHM pernennst 3agadn (1)-(3) mpu 3aaHHBIX
dbyuxiusx k(t) u g(t). B obparHoii 3a1a1e Tpebyercst onpenesnTs sapo k(t) mo ciaery perie-
HUAS TpAMOit 3aga4un mpu x = 0:

ulz =0= f(t), 0<t<T.

Hannasi paboTa NOCBSIIEHA UCCJIEJI0BAHIIO IPAMOI 3a1aun, T.e. dbyHkims k(t) mpemo-
JlaraeTcsi ©3BeCTHOM.
Bsenem B paccmorpenne obstactu Dy u Do clieAyrommM 00pasoM:

D)= (z,t)|]r > 0,2 <t <T—x, Dy=(x,t)]z>0,0<t<u.

Ouesnnno, uro u(x,t) = 0 qs (z,t) € Dy. Ilosromy B mambHeiinem Oy/eM paccMaTpUBATh
3a/1a9y TOJBKO B obiactu Di, yaurbiBas, aro u(x,z) = 0. Beemgem obosnadenmst:

Up + Uy = V1, Up — Uy = Vg, W = U = V1 + Vg. (5)
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B pesymbraTe Mbl IOJIydYUM CJIEIYIONIYIO CHCTEMY:

ov;  0vy

ot ox

¢ ¢
— /0 k(t — T)|w|"_1w(a7,7') dr, % + % = /0 k(t — 7')|w|”_1w(x, T)dT,

rae (x,t) € Dy.
VaTerpupys 3TUX ypaBHEHUII B/IOJIb COOTBETCTBYIOINIIX XapaKTEPUCTHK C yIeTOM IDAHNI-
HOTO ycsioBus 1 0003HadeHnit (5) MOy M HHTErpaIbHOE YPABHEHIE OTHOCUTEIBHO OYHKINN

w(z,t)
w(z,t) =2¢g(t —x) + /t+)/2/ Ow" Tw(é x+t —26)dedr

(t—z)
| )/2/ ()™ (e, t — o — 26) de dr
t—x

// )l (et — - €) de dr (6)

Teopema 1. Ilycrs k(t) € C[0,7/2];0 < k(t) < ko, o € [0,7/2], a dyuxus g(t)
uenpepbiBHa Ha [0, 7] u yj0BIe€TBOPSIET YCJIOBUAM

0<go<g(t) <g1 <oo,tel0,T],

9o — lexp((m + 1)kog?T) — 1] > 0.

g1
(n+1)
Torna ypasuenue (6) nmeeT eImHCTBEHHOE perienue, npuHasiexkainiee C(Dy), u s Hero
BBIIIOJIHEHBI HEPABEHCTBA,

0<go/2<w(x,t)<gi, (x,t)€ D.
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06 oxnoill KO3dIUUEeHTHOIT OOPATHOIT 3aj/laYe C HEJOKAJIbHBIMU yCJIOBUSIMU IS
TpeXMepHOro ypaBHeHusi TpuKoMu B HEOrpaHUYEHHOI obJiacTu

IHlakupos A. A., Ixamanos C. 3.

Nucturyr Maremaruku nmeru B.J.Pomanosckoro Akamemunn nayk Pecrybmmkn
V30ekucran, TamkenT, Y30eKucTaH;
shokirov.abduvosiq96@gmail.com, siroj63@mail.ru

B obnactn
G=QxR={(z,t,2)] —1<z<1,0<t<T, —00<z<o0}
paccMoTpuM TpexmepHoe ypasHeHue Tpukomu:
Lu = xuy — Upy — Uy + a(x, t)uy = c(z, t)u + () t, 2), (1)

rie Y(x,t, 2) = g(x,t, 2) + h(z,t)- f(x,t,2), g(z,t,2z) u f(x,t,z) u3BecTHbIE DYHKINM, TOTIA
Kak c(z,t) u h(z,t) mojyexar onpe/Ie/eHuo.

Kosddburnmentnas odbparHast 3agada

Haiitu dbyuxmmm {u(z,t, 2), h(z,t), c(z,t)} ymosaerBopsionine ypasaeruo (1) modru
Berogly B obstactu G, Takue, 9ro u(x,t,y) yAOBIETBOPSIET CJIELYIOIIUM YCIOBHISIM:

1) HeJIOKaJIbHBIE KPAEBbIe YCJIOBUS

vD}uli=0 = Diuls=r, (2)
pDYule——1 = Dufo—1, p=0,1, (3)
lim v =0, lim u, =0, (4)

|z| =00 |z]—o00

rje 7y, p— HEKOTODPbIe IIOCTOSHHBIE YUCTIa, OTIMIHbIE OT HYJIL;
2) JIOMOJTHUTEIbHBIC YCIOBUS

u(z,t, b)) = 1(x, t), (5)

u(xvtaEQ) = 902($,t), (6)
—00 < ¥ < ly < 400
u BMecte ¢ dyukmusayu h(zx,t), ¢(x,t) npuHAIIEXKUT KIACCy

U={(u, h, c)|ue Wy*(G), he W(Q), ce W3 (Q)}.

2,3 .
Baech yepes W5°(G) obosnadeHo annzoTporHas npocrpanctsa CoboseBa ¢ HOPMOi

+oo

2 3 ~12
Julfizo = [ (143 il

—00

rie W3(Q) npocrpancrso Cobosnesa.
Onpepenenne. Obobwernvm pewenuem 3adawu (1)-(6) 6ydem wnasvisamov dynryuu
{u,h,c} € U, ydosaemesopsaowue ypasruenuro (1) nowmu ecrody 6 G, ¢ ycrosuamu (2) -

(6)-
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st paspermmMocTy 3a/1auu 3a/1aeM CJIeyIoIue YeaoBus Ha Ko hUIMEHTOB, IpaBoil
qactn ypasHenus (1) n 3agannoit byukimm @;(z, y):

YcaoBue 1:

HestoKkasbHble yetosus: a(x,0) = a(z, T), a(—1,t) = a(1,1);

79($’07z) = g(xaT’ z):Vf(:E?OvZ) = f(l‘,T, Z);

rinagroctb: f(z,t,¢;) = fi(z,t) € ng(@), g(x,t, 0;) = gi(x,t) € Cg’j(@),

feW(@), g € Wy (Q).

Kpowme Toro, mycrs 2a(z,t) + px > oo > 1, |H| = |pof1 — ¢1fo] = n > 0.
Ycnosue 2:

Y € WQE’(Q), ’YDf%h:o = Df%h:p PD§SO1“Q;:_1 = Dg ‘Pi’;p:p

w; #0, p=0,1.

Beenem obosnavenne ¢ = €, 4 + ¢ Hg||124,2,3 o e ||f||12/V2,3 s T€ €4.g, C1, C2 TIOTIOKUTETD-
> (G) 2 (@)
HbIE THCTIA, €, 4 3ABHCHT OT ¢ H ¢.

Teopema. [lycmv das woopduvyuernmos ypasnernus (1) evinoanenv, ykazanmvle Gviuie
yeaosus 1 u 2, a 0aa Ko3apPuyuenmos ypasHenus U UL CA0068 SHINONHANMCA CACOYOULAA
HEPABEHCNBO:

<1
q 9

Tozda cywecmsyem eduncmeennoe pewenue 3adawy (1)-(6) us xaacca U.
Samevanue. Mbl MOXKeM JTOOUTHCS BBIIOJIHEHHE HEPABEHCTBA § < %, BBIOpaB MaJIoit 00-
JIACTb WJIM B34B MaJIbIMbl HOPMBI ¢, f 1 ;1 = 1,2.

Teopema TOKa3bIBACTCA METOJAMU €— PETYAAPU3AINHT, AIIPUOPHBIX OICHOK U MOCJICI0BaA~
TEJTBHOCTIMU TTPUOINZKEHUIA.

JIurepartypa

1. Ixamasos C.3. HemokabHble KpaeBble U 0OpaTHbIE 33/1a9H JIJIsl YPAaBHEHUN CMENaHHOTrO
turta. Monorpadus. Tamkent. 2021r. ¢-176.

O cBoiicTBax OGUrapMoHMYECKNX (pyHKITA

Xacanos A.B.!, 2Kypaesa V. IO.?

Samarkand State University named after Sharof Rashidov, Samarkand, Uzbekistan;
ahasanov2002@mail.ru’, umida_9202@mail.ru?

Pabora nocesmena Teopeme tutta @permena-Jlungeneda s durapMoHndecknx HyHK-
1IMii, KOTopasd MojIydeHa ¢ moMoInbio hopmyst KapisiemanoBckoro tura.

ITocTtanoBka 3ajs1auu. B Teopun anaautudeckux (pyHKIUH XOPOIIO M3BECTHA CJIELYIO-
masi TeopemMa

Teopema 1.[Tycmv anasumuueckan gynwyus F(z), peeyrspras 6 yeae |argz| < 3
HENPEPLIGHA BNAOML J0 €20 CMOPON, MG CTOPOHAT Yeaa Ydosaemeopsaem yciosuto |F(z)
M. Tozda 6o 6cem yeae uau |F(2)] < M wau maz),—|F(z)| > e (¢ > 0,7 > ro).
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O61muii CMBIC 3TOH TEOPEMBI COCTOUT B TOM,4YTO aHAJUTUICCKas (MPYyHKIUA, OrPAHIICH-
Hag Ha IpaHuile OeCKOHEYHON 00/IacTh M HEOTPAHUYEeHHON BHYTPH Hee JOJKHA pacTh BHYTPHU
CO CKOPOCTBIO, He MeHbIIeil HeKOTOpoii peaenbHoii. Ilpusenennas TeopeMa TIacuT, 9TO JIJIst
yria |argz| < 35 9TO NPEJIE/IbHAA CKOPOCTH POCTA He HIKE "M e“?l”  nampumep dynKImS

czP
e

[TOKa3bIBAET,9TO HaliJIeHHAs CKOPOCTH POCTA TOYHA.

YTBepKIeHNE O CYIIECTBOBAHIY TAKOI MPEJIETbHON CKOPOCTH POCTa HOCUT B TEOPUU aHa-
JuTHYecKux (pyHKInii HazBanue reopeMbl Tuiia Pparmena-Jlungeneda. Takum obpazom, Hac
OyIeT MHTEpPecoBaThb, B OCHOBHOM CJIEJIYIOIIAs 3a/a4a:

Jlana Geckonednasi o0sacTb [ JIBYXMEPHOTO TPOCTPAHCTBO M Ourapmonmdeckas B D
dbyukuust u(P), HenpepbiBHASI BILIOTH JIO TPAHMIIBI CO CBOMMU [POU3BOIHBIME JI0 TPETbe-
ro nopsijika. Tpebyercs mokasarsb, 4To ecin dyHKIws u(P), ee HOpMaIbHas POU3BO/IHAS,
Jariacual (pyHKINN W HOPMaJIbHasl TPOM3BOIHAS ITOTO JalljlacaHa OrpaHUYIeHbl Ha T'Da-
auiie D u u(P) HeorpanudeHHa BHYTpH, TO Tpu P — 00 OHA JIOJDKHA pacTu BHYTpu D
CO CKODPOCTbHIO, HE MEHbIIIell HEKOTOPO MPeJIeJIbHON, W OIEHUTD 3TY MPEJIeTbHYI0 CKOPOCTD
pocra.

Henbto HacTosAIEll 3aMETKH SABJISETCs JTOKA3ATEIbCTBO CXOHOIO PE3Y/IbTATA, HO yKe JIJIsd
caydas OurapMOHUYECKNX (DYHKIMK JIBYX IIEPEMEHHBIX 3a/[aHHbIE HA BEPXHEM IOJIYILIOCKO-
ctu. B jmamnoit pabore crpoutcs dyukius Kapiaemana st mourapMoHIIecKux (OyHKITHIT
BTOPOTo TIOp#/iKa (T.e. /i GurapMonndeckux (byHKIWMit) onpejie/ieHnbx B obnactu D C R?)
D={y:y=(y1,92),y2 > 0},

Oyuknuio ¢, (y, ) npu o > 0 onpeaesuM CIeyIONIMMI PABEHCTBAMU:

1 71 K(ivu?+s+1y2) udu

o\Y, L) = ————~ m- ; 1
Cel D) = R | s - T s .
rie
() = Bl + 1)
(W + x2)?
Braech s > 0, ¢y = 27wy, wy IOMAIEL €IMHIYHOTO KpyTa B 12,
ITomoxkum
(I)U<y7$) - COT2¢G<y7x)7 (2)

HpH 3TOM T = (1’1,.%'2), Y= (y17y2)7 W =1v u? +S5+tY2,5= o? = (yl —513'1)2, r= |y—:c|,r% =
s+ (2 +22)% 0< pr <1, 0 >0, y» >0, cg € R. 3jech Gepercs peryispHas BeTBb
AHAJTUTUIECKO (DYHKIH W’ B IIJIOCKOCTU C PA3pe30oM BJIOJIb BEIEeCTBEHHON OTpUIlaTeTbHOI
HOJTYOCH.

Hmeer mecra ciieyiomnye yTBepK IeHHs:

Jlemma 1. ®yukius ¢, (y, x), onpeaenernas dopmysioii (1), numeer Bug

Po(y, ) =
‘ 7 ((y2 — 22)((y2 + 22)* — (U + 5)) — 2(y2 + 22)(u 4 5))sin X udu N
’ J (u2 + 1r2)(u? + r?)2exp(cA) Vi + s

udu

T (4 + 22)2 = (12 + 8)) + 2(ys — 2) (3 + 2)) cos A
o 0/ (u? +1r2)(u? + ri)2exp(cAy)

2
u pu « > 0 - gBJIgeTCA rapMOHUYIECKO (byHKIMEH, e ¢y = Srog ZDE A= ((ga+1)*+

exp(o(z2+1

u? + 5)2 cos(p; arctg (—Vy’;ij‘;), A= o((y2 +1)2 +u®+ )7 sin(p, arctg (Vyﬁt‘;). s ymobersa

3alliCH B ,ZLaJ'IbHeI';IH_H/IM 0003HAYNM qgepe3 €y BCe IIOCTOAHHBbIEC YUCJIa.
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Jlemma 2. Oyukius @, (y, ) saBisiercs GUTapMOHIYIECKOT (DYHKIIHETH.
JIemma 3. Oyukuus O, (y, ) umeer Bu

1
(I)U(yax) = CO(T2 In — + TQGU(yv‘T))v
T

re dyukius G, (y, r) rapmonnyeckas dbynkuust B B2 \ {z} mo nepemennomy y.
Teopema 2. Qynuxuyusa ®,(y, x),3a6ucawan om napamempa o > 0 npu y # T AGAAEMCA
Ppynryuets Kaparemara das mowku x € D u 0D

| (s .0)

| on | exp(cA)’

2de C(x)-MHO20MAEH 306UCAULE MOADKO OM T, N-BHEWHAA HOPMAAY K 2panuye OD.

O6osnaanm depe3 u € A, (D) IpocTpaHCTBO GUrApMOHIYECKHX (DYHKINI, OIpeeseH-
HBIX B DD, UMEOIIUX HeIpepbIBHbIE YaCTHBIE ITPOU3BOJIHBIE JI0 TPETHEro MOPAIKa BILIOTH 10
KOHEUYHBIX TOYEK IpaHuilbl 0D ¥ yI0BIETBOPSIONIUX YCJIOBUIO:

+ A% (y, )| + |

1
> (A% u(y)] + |gradATPu(y)]) < coexplyl™, p2 < p1, y € D.
k=0

OCHOBHOI{1 pe3y/IbTaT HACTOAIIENH pabOThl 3aKII0YAeTCA B CIeJIyIOIeil Teopeme:
Teopema 3. Ilycts u € A,, (D) Gurapmonndeckas QyHKIHSI, OLUPEIETICHHAsS B 00IACTH
DC R D={y:y=(y1,92),y2 > 0}. Eciu BoImosinena ycjaosus

1

OA*u(y;, 0
S (AR, 0)] + 2200y o)

on
k=0

To u(y) = 0.
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[Tycts Q-omnocBsa3Had 00/1aCTh B IPOCTPAHCTBe R’ ¢ JOCTATOYHO IVIaAKOH rpanuneii f).
B obmactu G = Q x (0,T) x (0,1) = Q x (0,1) C R™? paccMOoTpuM MHOTOMEPHOE BOJHOBOE
ypaBHEHUe
Lu=uy — Ayu—u
2
+CL(J}7 t)ut + C(QT, t)u = g(x, tv y) + Z hz(xa t)fl<x> ta y)7 (1)
i=1
n
e Ayu = > Uy, ., -oneparop Jlamiaca, mo mepemeHuM z, 31ech a(x,t), c(z,t), g(z,t,y) n
m=1
filz,t,y), i = 1, 2-3anannsle dyukium, hi(x,t), he(x,t)-Hen3Becrabie GyHKIN.
ITocranoBka 3amauu. Haiitu dyukiuuu w(z,t,y), hi(z,t), he(z,t), ynosiersopsiormiue
ypasaenuio (1) B obimactu G, rakue, 9ro dyHKiusa u(x,t,y) yAOBIETBOPSIET CJIELYIONIMI
HAYAIbHO-KPACBLIME YCJIOBUSIMU:

u ’t:O = Uo(x,y)a Ut |t:0 = Ul(% y), (2)
U o =0, (3)
U |y=0 =u |y=l =0, (4)

Kpowme sroro, st onpesienenusi HeussecTHble dyHKImu {hy(z,t), ho(z,t)} pemenue 3a1aun
(1)-(4) ymoBaeTBOpSET CJIELYIONIUM JOTIOJHUTETBHBIM YCIOBUSIM

= o1 (2, 1), (5)

= 2 (ZL’, t)7 (6)

e 0 < 1 < Uy < { < +o0o, a dyukuun u(x,t,y) u hy(x,t), i = 1,2 npuHaeRar Kiac-
cy U = {(u(x,t,y),hl(x,t), ho(z,t)) : u € H22’3(G), hi, hy € LQ(Q)}. 31ech yepes H22’3(G)

obo3HaUEHO aHU30TPOIHOE ITpocTpaHcTBa CobosieBa, ¢ HOPMOIt

(thgl

~—

(I’tgg

(@, t, )| g2 = > (1 + 12)” un(@, )z q) -
k=1
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B obsactu, 2 = {; Uy, rae 2y — obsactsb, orpanndentas orpeskamu A;B; (j = 1,2) ocu
Oz u XapaKTepucTuKamMu

AiCyia+ (1Y ly=(=1)"", BCz:a+ (-1 "y=(-1)"¢q

ypaBHeHnus (1), BBIXOIAMNMA U3 TOUEK A; <(—1)j_1;0) i B; ((—1)j_1q ; 0> 1e-
pecekaromumucs B Toukax Cy(0; 1), uw C5(0; q); Qo — obiactb, orpaHnYeHHAsI
orpeskamu A;B; (j =1,2) ocu Ox 1 XapaKTepUCTHKAMH

AiCrra— (1) ly = (=171, BjCyia—(=1)"ly = (-1)""q

ypasaenus (1), BBIXOJIAMNME U3 TOYEK A, <(—1)j71;0> I B, ((—1)j71q;0) ,
nepecekaormumucs B toukax  Cp(0; —1) u  Cy(0; —q), 0<qg< 1.
B ypasuenun (1)  p; (j =1,2) — 3a1annble JefCTBATEIBHBIE YUCIA, TPHIEM

w20, (j=T9). 2)

Onpepenenne. Pemenne ypasuenusi (1) npu y #0, x4y # +q, © —y # +q Gyuem
Ha3bIBATh PEryJIApHbIM, eciau GyHKnusg u(zr,y) objaajaerT HeNPEePbIBHBIMU TPOU3BOHBIMY,
BXOJIANMMHU B ypasuenue (1).

Bamaua A. Haiitu perynaproe pemtenne ypasuenusi (1), HermpepbisHoe B obmactu §)
VJIOBJIETBOPSIONIEE KPACBBIM YCIOBUAM

1+g¢q

1+g¢q
u(x7y)|AjN]- = gj($)7 T < |I| <1, u(x’y)|BjC3 = hj<x>’ 0< |ZE| <q,

a Ha ynuax A;B; (j = 1,2) ycioBHSM CKJIEHBAHNIS:
uy(x,4+0) = uy(x, —0),

pasuomepno upu z € A; B, rtae ;(x), ¥;(x), gj(x), hij(z), (j = 1,2)— 3anannse Gynkiun,
IpuIem

¥1(0) = 12(0),  h1(0) = ho(0), (3)

e (7)) =g (C077), 0 (G177 a) = s ((=17a) (4)
oi(2), gi(x) € C" (#g 2] <1) e (#< 2] <1), (5)
¥i(x),hi(x) € CH( 0< 2| <q) N C*(0< |z| <q), (6)

gecb x = 0npuj =1, 2 <0 upu j = 2.

Bamernm, 9TO 3a1a4a THIA 330adn A i ypasHeHus (1) B 0AHOCBA3HOI obsacTu n3y-
4eHbl B paborax [1], [2].

Jlokazana cieaymomasi TeopemMa.

Teopema. Ecim Boimonnenst yenosus (2), (3), (4), (5), (6), To 3amaga A nmeer eaun-
CTBEHHOE PEryJIsipHOE PeIleHHe.

Jlureparypa
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HOBBIM 9TallOM B Pa3BUTUU TEOPHU KPaeBbLIX 3aJa4q JJId ypaBHeHI/Iﬁ CMEIITaHHOI'O THUIIA&
siByisitorcest pabotel M.A. JlaBpertbera, I.H. Bekya, @.J1. ®pankisg u Jap. rjae yKa3aHbl Ha
BayKHOCTH ITPOOJIEMBI, B YaCTHOCTH, 3a/a49u | PUKOMHU, B CBI3U TPAHC3BYKOBOH Ia30BOil -
HAMHUKOIN, ¢ MArHUTOIUAPOINHAMIIECKIME TEUYEHUSIMU C IEPEXOI0M Yepe3 CKOPOCThb 3BYKa
1 CKOpoCcTh AJibdena, ¢ Teopueil 6ECKOHEYHO MAJIBIX M3TMOAHUN IOBEPXHOCTEH M ¢ MHOI'HU-
MU APYTEMHU Bolpocamu MexaHuku. CjeyeT OTMEeTUTh, UTO MOJABJSIONAsd JacTh paboT 1o
YpaBHEHUAM CMEIIaHHOI'O THUIIa OTHOCHUTCA K HMCCJACIOBaHNIO KPa€BbIX 3aJda4 IJId ypaBHeHI/IIU/I
CMECIIaHHOI'O THUIIa IIEPBOI'O PO/Ia. KpaeBbIe 3aJa491 JIJId ypaBHeHI/Iﬁ CMCIIaHHOI'O THUIIa BTOPO-
I'o poJa, TO €CTb TaKNX ypaBHeHI/IfI, Y KOTOPBIX JIMHUA BBIPOXKACHUA ABJIAETCA OJHOBPEMEHHO
XapaKTEePUCTUKON U3yUeHbl CPABHUTEILHO MAJIO TeM 00Jiee B HEOTPAHUIEHHBIX 001acTIX. Pt
MIPOCTENIMNNX TUIMUIHBIX 3a8/1a9 OKOJIO3BYKOBOM a’3pOJMHAMUKHN MIPUBOJNT K KPaeBoil 3ajatde
Tpukomu, JjIgs KOTOPOit 06J1acThb, JexKalast B 3JUITMITHIECKON JacTU IJIOCKOCTH, ITPEJICTAB-
JisieT coOO TOJIYIIOJIOCY.

B nmammoit pabore uccienyerca Kpaepas 3ajada JJIsl YPaBHEHUsI CMEIAHHOIO TUIIA

Uy + signYly| ™y, + aly|™ uy, =0, 1<m<2m—1<a<?2

[Tapabonutieckast JmHUS BBIPOXKIeHUs 3Toro ypasueuus [ ocs y = 0 LI saBisierca orubarorieit
ceMeiCTB ero XapaKTepUCTUK

AC: E=x—[2/2—m)] (—y)* ™ =0,
BC: n=a+[2/(2-m)](-y)*" =1
2
BBIXOJAIINX U3 ToUKu C' (%, —(%Tm) 2*’”).
Hng ypasrenus (1) B HeorpanwdeHHOW cmermaHHo# obsactu @ = Q U ly U Oy, e
O ={(r,y): 0<z<1,0<y<+o0}, lp ={(z,y) : 0 <z <1, y=0}aQ - obracrs
noJtyiiockocTu y < 0, orpanndennas orpeskom AB ocu Ox a takxke xapakrepucrukamu AC
u BC pacemorpum 3aady Tpukomu. DTa 3aj1a4a B Clydae OrPAHUYEHHON 001aCTH BIIEPBLIE

paccMorpena B padore [1].

Bsenem oboznauenust
m

1
5:m, —§<5<0,
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Lh={(x,y) :2=0,0< y < +oo},
lo ={(z,y) :2=1,0< y < 4o0}.

Bagaua 7. Haittu dynximuio u(r,y) co cepyomum 0 CBoRCTBAMU:
1) u(z,y) € C (Q2) N C*(Q);

2) B obsactu §)y siBIsIeTCsT OOOOIEHHBIM pelieHneM u3 Kiacca Ry [1]

u(0,y) = @1 (y), u(l,y) = @2 (y),0 <y < 400, (11)

lim wu(z,y) =0, paBaomepno 1o z € [0, 1], (12)
Yy—r—+00

w(@,y)le=o =¥ (n),0 <n <1, (13)

rie ¥(n), pi(y) (i = 1,2) - 3a7anHbIe HENpPepbIBHBIE (DYHKINN, YIOBJIETBOPSIOIINE YCIOBUIO
corsacoBarng ¢1(0) = (0) u liIJP wi (y) = 0.
y——+o0

Ha smanm y = 0 napaboimaecKoro BIpOXK/IeHusT ypaBHeHUs (1) BBIIOJHAIOTCS YCIOBUS
CKJICUBAHUA:

(z,9)

0 0
lim (—y)* 2 ®Y) _ ~ Tim [y]” YY) g cp <

y—+0 oy dy (14)
u(z,—0) = u(x,+0),
E/MHCTBEHHOCTD pellleHus] TIOCTABIEHHON 3a/1a9i JJOKA3BIBAETCS € TIOMOIIBIO TPUHITATIA

9KCTPEMYMa, & CYIIeCTBOBAHHUE peIeHust MeToioM (pyHKIuit ['puHa u mHTErpagbHBIX ypaB-
HEHUIA.
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PacemorpuMm jiBymepnyio cuctemy JinddepeHImabubIX ypaBHEeHU

{ % = z(a 2™ + biy™ + 1) = P(x,y) (1)
& = ylar™ + byy™) = Q(z,y)

Ocu KOOpJIMHAT SIBJISIFOTCSI MHTEIPAJIbHBIME [PAMBIME 9TOM, CUCTEMbI HAYAJIO KOODMHAT
sIBJIsieTcs1 0co00it ToUKOit cucrembr (1)

[Iycts m-neuernoe uuncio. s Beisichenus tuna ocoboit Touku O(0,0) B cucreme (1) oxHo
ypaBHEHHUE JICJMM Ha JPYroe yPABHEHNE U B PE3YJILTATE HOJIY M

oy y(asx™ + boy™)

Z7 2
Or  z(aix™ 4 biy™ + 1) (2)

Kpome nagasno koopausat, cucrema (1) mmeer emry Jpyrue ocodble TOUKH, OIPEIeIsgeMble
CJEAYIOLIe CUCTEeMOU ypaBHEHUN

alxm + blym +c = 0 <3)
asx™ + boy™ =0
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Tak kak m + 1-dernoe umcso, To ypaBuenue (2) siBigercs: ypaBuenuem bpuo u Byke 3-ro
poma. Crenosarennio, Touka O- ocobast TOUKa THIIA-OTKPBITLHIN ceqo-ysen [1]. Cormacno
kputepuio Jlronsika |[2|, sra cumcrema He WMeeT HPEIETIbHBIX IHUKJIOB. TakuM 00pazom
CIIpaBeJTHBA

Teopema 1. Ilycrs m-Hedernoe wmcsio, A = ajby — asby # 0. Torma cucrema (1) nmeer
TOJIBKO TPHU HW30JMPOBAHHBIE OCOOBbIE TOYKH U JIJIi WX COBMECTHOI'O COCYIIECTBOBAHUS
peau3yeTcs OUH U3 CJACIYIONIX CJIyIaeB:

1) OTKpBITHIH ceJIo-y3es, jJaBa y3Ja; 2) OTKPBITOI ceijio-y3ei, y3ei, GoKyc; 3) OTKPBITHIH
ceJIo-y3es1, JBa cejiia; 4) OTKPBITBI Ceyio-y3es, y3es, Celjio; 5) OTKPBITHIA cejiio-y3el,
dokyc, cemio.

[Iycts A =0, Torya a; = sby, as = sby, s # 0 u cucrema ypashenuii (1) npuauMaeT BU

9 — g[by(sz™ + y™
{ g2l 0
57 = bay(sax™ +y™), by # by

bis

1
Cucrema (4) Kpome Hadajia KOODJMHAT UMEET eId, OJHY 0COOyI0 TOUKy A ((— oL ) ,0),

KOTOpast B 3aBUCUMOCTH OT 3HaKa duciaal(A) = m‘lf@, OyJIeT y3JI0M W CEJJIOM.

Ecmu biby > 0 , To ocobasi ToUKa dBJIAETCS y3J0M, ecin ke biby < 0, To ocobas ToUYKa
SABJIETCS CEJIJIOM.

[Iycts m-dernoe guciao. B srom ciaydae cucrema (1) mmeer Tpu ocobble TOUKH, J€Ka -IIHE
Ha OCAX KOOpAMHAT:

O(0,0),Am[i <_c_1>m ,0} ecim ¢iay < 0.

ai

Bsenem oboznadenusi: Ay = c1by , Ay = —cras
Ecan AA; > 0,AAy > 0, 1o cucrema (1) umeer erny 9eTbipe N30JIUPOBAHHBIE OCOOBIE TOUKH
M 254 (20, £10), oupenensiemsle cucTeMoii ypasuenuit (3), rie

m c1by m C1Q2

WS TR W T
Tak kak cucrema (1) uHBapuaHTHa NpH 3aMeHe I,y Ha —x,—Yy. To o0cobble TOYKH
My, My, M3, My 6yayTt ogaoro u toro ke tuma. Cucrema (1) MOXKeT UMETb CeMb, HATh HUJIH
TPU W30/ IMPOBAHHBIC OCOObIE TOYKHU, YTO 3ABUCUT OT CJIEAYIONUX KOIDPUIMEHTHBIX HEpa-
BEHCTB:
1)&101 < O,AAl > 0; 2)G1C1 > O, AA,L >0
3)@101 < O,AAz < 07 4)@101 > O, AA,L < O, 1= 1, 2
Ecau Boimosinensl HepaseHncTBa ajc; > 0, AA; < 0,AAy < 0, To cucrema (1) umeer eauH-
crBerHyio ocobyto Touky O(0,0)- Havaso KoopauHaT. THIT 3TON TOUKHU OMpPEeIseTcs ypaB-
nenue u bpruo u Byke (2)
Nwmeer mecto
Teopema 2. Ilycts m-1ueTHOE YHCIO U BBINTOJHEHBI HepaBeHCTBa a1c; < 0, AA; > 0, AAy >
0,0 = cra9, (as — a11) # 0 Torga cucrema (1)umeer ceMb U30JIMPOBAHHBIX OCODOBIX TOUEK
U BO3MOXKHBI CJIEJIYIOIIHE CIy9Ian MX COBMECT HOI'O COCYIIECTBOBaHUs: 1) TpPH y3Ja, deThipe
ceyia, 2) Tpu cejia, derbipe dhokyca; 3) TpH cejiia, YeThipe y3ia.
AHAIOrUYIHO MOYKHO MCCJIEI0BATH 0COOBIe TOUKU cHCTeMbl (1) U B GECKOHETHOCTH.
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Banaya Komm ajisi ypaBHeHUs APOOHOrO IOpsKa C
nceBaoand depeHnnaIbHbIMI OIIePATOPHBIMU KO3dduimueHTaMu

Kacumos II1. T.!, Paxkanosa C. III.?

Hanumonaybublit yausepcurer Y30ekucrana, TanrkenT, Y 30eKUCTaH;
Hanumonaybublii yauepcurer Y30ekucrana, TanrkenT, Y 30eKUCTaH;
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[Iycts B obmact Q@ = II x (0,7), toe II = (0,1) x --- x (0,{), a l u T — 3amanuble
[OJIOZKUTEJIbHBIE YHCJIA, PACCMATPUBAETCs CJejyoriee nceBaojuddepenmaibHoe ypaBHe-
HUE B YaCTHBIX ITPOU3BOJIHLIX, CBA3AHHOE C ypaBHEHHEM OaJIKu B MHOIOMEPHOM CJIydae C
JPOOHOI ITPOU3BOTHOIM:

D&ﬂl(y, t) + DgtBu(ya t) + Ou(y7 t) - F<y7 t)7 (ya t) € Q (1)
C HadaJIbHBIMU YCJIOBUAMU
(Oxt_iu(y> t)|t:0 - sz(y)a =1, [—Oé—l (2)

Baecy D, — oneparop unTerpo-auddepennuposanus B cmbicie Puvmana—/Inysunnsa, a B, C' —
ncesioud depenIuaiIbHbe OrepaTopbl, KOTOpbIe onpejessorcs uuxke. Omneparop Au(y,t) =

N 0*u(y,t) o
Zj:1 gt (y,t) € Q, m € N onpeiensercs B ruibbeproBoM mpocrpan-cree H =
J

. . Nk
21,252,258 (T]) ¢ 06J1aCTBIO OIIPEIe/IeHH s WQZS“ZSZ"“’%N’G(Q) = {u(y,t) : 9 July:t) Jif,(fj’t) =

0y, ;=0
0**iu(y,t 4s;—N  o*FiTly(yt 45;—N—2
% = 0mnpu 0 < k; < 838, 84;&/) :OanOSkj<SJT,
Yj y; =l Yi y;=0
9%k T2yt 4s,—N—4
Ww :OHpI/IOSij<S]T,
yj yj:O
. 2s1,252,...,2
j=1,...,N; u(y,t) € Wy"r=>=N(I)}. (3)

JInst TpoM3BOIBHBIN KYCOUHO PABHOMEDHO HENPEPBIBHON Ha (—00,4+00) dbyHkImn f(A)
onpezenum ncesnouddepenimanbabiii onepatop B = f(A) ciemayromumMu paBeHCTBAME
oo oo

Bu(y,t) = o) Ty )V (Y1), (y52) € @,

n=0 m=0

tie Ty ooy () = (w(y,t), vny. ny (y))W;sl,z.SQ,m,zsN(H) — ko3 Purmerr Pypbe, ¢ 06J1aCTHIO

o 281,282,...,28N

onpesesnenust D(B), cocrosmeit n3 rex u(y,t) € W, (IT), mast KOTOPBIX
00 [} N N

2 2 m

Z Z |f(>‘n17---,n1v)| |Tn1,---,n1v ()" < +oo, Ang,ny = Z >‘nj = Z bflj )
n1=0 ny=0 7j=1 7j=1

a umcia b, — Kopuu ypasuenus tg(lb) = th(lb). Amanorm4mo s IPOM3BOILHELA Kycod-
HO PABHOMEPHO HelpepbIBHOIT Ha (—00, 00) dynkimu g(A) onpegenum ncesaoauddepentu-
asbblii oneparop C' = g(A) cOOTBETCTBEHHO CJICIYIONMME PABCHCTBAMHE

CU(y,t) = Z e Z g ()\nl,...,nN) Tnl,...,nN (t) Un1,...,nN(y)> (yat) € Q

n1=0 ny=0
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o 281,282,...,25N
¢ obsactbio onpesenenust D(C) cocrosmeit u3 rex u(y,t) € W, (IT) s KOTOPBIX
Dm0 ZZON:O |f()\n1,...,n1v)|2 Tor () < +oo. CoorsercrByiomas cucreMa coGCT-
BEHHBIX (DYHKIMI UMEET BUI Up,  ny (21, .., 2N) = Xy, (1) - - - Xy (2n), DHE

1 1 (sin bn,(I —x)  sinhb, (I — a:)) _
- . - — - R TLJ - Z+.
14 pls Vi sin by, [ sinh by, 1

X, (z) =

Baecy F(y,t), pi(y), i = 1,... — [—a] — mocrarouno rrajgkme QyHKINM, pasjiaraeMble 0

=N
cobcTBeHHbIM dyHKIMAM {v,(y), n € Z, }. CupaBe/yuBa ciieayiomast
Teopema. ITycmv nauasvnwe gyrnkyuu @;(y),t =1, ... —[—a] u npasas wacmov F(y,t)
Y006AEMBOPALTN YCAOBUIO

oo  —[—a]
Z Z | Z 90] mi,...,my o7 Eaa—jr (Mm17~--,mNta)+
mn=0 m1=0

2
Foi  an(T)dr

t
+ t—Ta_lEaa mlmmNt_Ta
/0 ( ) d [’u e ( ) ] 1 ‘f‘ f(/\ml,...,mN)

. (1 + |,um1,“,,mN\2) < 00

npu kasrcdom t > 0. Tozda peeyaspnoe pewenue 3adawu (1)—(3) us xaacca W

¢ nokazamenem sy = Sy = ... = sy > N 0 = —[—a] cywecmeyem, eduncmeenno u npeo-

4
cmasaaemca 6 sude pada

251,282,.. ,2sN,0(Q)

e
Z Z Z @j)maeem Ntaian,afjH (Hmy,mp ™) +
m1=0 my=0 j=1
Sy = 1) Bl (0= 7)) i P (1)) O (),
206 fomsmy = T
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®opmyabl obpallleHrsT HEKOTOPbIX MHTErpajibHbIX ypaBHeHmnil Boabreppa c
dyskuueii 'aycca B sapax u ¢ oTpunaTeJIbHBIMU apaMeTpaMu

Komunosa H. /1.

@epranckuii rocyiapcTBeHnblit yuusepcuret, Peprana, Y30eKUCTAH;
nigora.komilova@bk.ru

PaccmorpuM nnTerpaJibHble ypaBHEHUS

/x(l’—t)ﬁlF (0471 —a; 3 x2;t) ft)dt = g(x) (1)

x xt

0] (E)a (¢ —1)2F (a, 1—a1—B; _(”34;’5)2> (bt = o(2), 2

KazKJI0e U3 KOTOPBHIX aHAJOIMYHO U3BECTHOMY ypaBHeHuto AGess, rae o u 3 — KOMILJIEKCHBIE
qucsta. 3jec u ganee F(a,b; c; z) — u3BecrHast runiepreomerpudeckast pyukims Laycca.

[Tpu peniennu 3a1a9 MaTeMaTHIECKOH (DU3MKU MHOIJIA BCTPEYAIOTCA WHTEIPAJIbHbIE Olle-
PaTopbl IIEPBOTO POJIa € BOJIBTEPPOBCKUMHE spamu Tuma (1).

B ciygae monoxkurenbabix mapamerpoB 0 < Rea < Ref < 1 06 obpaTuMoCcTH HHTE-
rpaJibHOro ypaptenusi (1) m3BecTHa cjiejyroras

Teopema 1 [1]. IIycr 0 < Rea < Ref8 < 1, Re(a + B) < 1; g(x) € C*|0,b]. Torma
uHTerpasbHoe ypasuenue (1) B kinacce dyuknuii f(x) € C'(0,b), ais koropsix xf(x) — 0
npu x — 0, obparumo 110 hopmy.ie

x
sin S d t—=x

o) = /(x R (a,l C a1l ) g(t)dt.

T dx T2t

OrmernM, 9TO MHTErpasibHOE ypaBHeHue (1) MosgBIIseTcs PU PEeIeHnn BTOPOil KpaeBoit
zagaun Komu-I'ypeca g ypasaenus ditnepa-Ilyaccona-lapby ¢ moI0:KATEIbHBIMU Tapa-
MeTpaMHu.

[Ipu m3yvenum KpaeBbIX 3ajad st ypaBHeHus: Jitiepa-Ilyaccona-/lapdy c¢ orpura-
TeJIbHBIME [IADAMETPAMH [TapaMeTPbl WHTEIPAJLHOTO ypaBHeHHs (1) BBIXOJAAT 3a paMKH
0 < Rea < Rep < 1.

Teopema 2. [Iyctb —1 < Rea <0, 1 < Ref3 <2, Re(a+ ) > 1, g(x) € C[0,0] u
x%g(x) — 0 npu x — 0. Torja urTErpasbHOE ypaBHEHHE

7 (0= 0 (a1 - s ) (0 = (o) ©)

B kiaacce gynxumit f(x) € C1(0,b), ana xkoropeix xf(x) — 0 npu x — 0, obpaTuMo 110
dopmyie

sin S d i

f(m)zm@/(f—t)l_ﬂF (—a,1+a;2—5;

t—2x
2t

) t*g'(t)dt. (4)

Joxazamesvemeo. Vcnonb3yst n3BeCTHOE MHTETIPAJILHOE IIPEJICTABJIEHUE JIJIsI TUIIEPIeo-
MeTpuueckoit pyukimu [aycca

r 1 tb_l 1—1¢ c—b—1
F(a,b;¢;2) = (c) / ((1 tz))“ dt, Rec > Reb > 0,
o _
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JIEBYIO 9aCTb YpaBHEHUA (3) MO2KHO IIepelincaTb B BUIE

[ (22— )" Yoy —t)eth? g9(z)
/ 1 a) dy/o Mot -1 %= (s ©)

0

Bbrauc/ium mpousBojiHY IO ¢ 06€MX CTOPOH MOC/IEIHEro paBeHcTBa (5):

xT

(22 —y?) ! Yoy —t)eth? 'z
2“’0/ ||t 0% = sy ©)

MeHsist MOPsIZIOK WHTErPUPOBAHUS B JIEBOI YacTu paBeHCTBa (6), Moy anm

2x i v 2 oy—a~l, a4 B2; g (x)
F(—a)F(a+B—1)O/ f(t)dt/t @ =) =" = g O

[Monarast y = x — (z — t)s Bo BHyTpeHHOM uHTerpaje (7) U UCIOJB3Ysl OATH WHTErPAIbHOE
[peJICTaB/IeHne JIJIsk TuIiepreoMeTpraeckoii pyukimm laycca, paBeHcTBO (7) MOXKHO IIPUBECTH

K BHUJLY

21 B-1)

Tak kak 0 < —Reav < 1 u 0 < RefS — 1 < 1 B unTerpajbHoM ypasHenuu (8), T0 K HEMY
MOzkHO puMeHnTh Teopemy 1. B pesynbrare nomyanm dbopmyy obparienus (4). Teopema 2
JIOKa3aHa.

PaccmorpuM Ternieph mHTErpasibHOe ypapHeHue (2).

Teopema 3. Eciu g(0) = 0, g(z) € C[0,b] N C*(0,b), 0 < |Rea| < |ReB| < 1/2 , 10
UHTerpajbHOe ypaBHeHue (2) MMeeT eIMHCTBeHHOE pererne f(x), KOTOpoe HEmpepbIBHO U
unrerpupyemo B (0, b) u onpegensercs bopMyioi

j(x—t)ﬂ—QF <—a,1+a;5— 1; x_t) iyt = I @) (8)

_ sin2f7 _,

) P S (x =02\ o,
Sy g )PP (a1l +a;l+ 8- )
Xda: x /(az t) <a, +a; 1+ f; pp t%g'(t)dt
0
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Jluneitnasi muddepeHuatbHas UTPa C UMIOYJIbCHBIM YIIPAaBJIEHUEM

Mamagames H.A.!', Mycranokysuos X.51.?

L2Hanuonanbublit yausepcureT Yzoekucrana, TamkenT, Y36eKUCTaH;
Nucruryr maremaruku uMm. B.M. Pomanosckoro AH PV3, Tamkent, Y36ekucram;
Mezxnynapoanniit ynusepcurer Hopauk, Tamkent, Y36eKucram;
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B nannoit pabore paccMmarpuBaercsd JuHeliHad nuddepeHIuagIbHasg Urpa IIpecei0Ba-
HUd IPU YCJIIOBAU, YTO NPECTICAYIONMNNI UTPOK IIPUMEHAECT UMIIYJILCHOE YIIpaBJICHUE, KOTOPOE
[peJICTaBIIsieTcst ¢ moMoInbio dyuknuu lupaka §(t—7;), yOerawomii mMeeT mpaBo MPUMEHSITh
u3MepuMoe yrpasienue v(t),t > 0, co 3HAYEHUSIMU U3 HEKOTOPOI'O HEIyCTOr0 KOMIAKTHOIO
mHOKecTBa (), ) C RY (reomerpudeckoe orpaHndeHre) KOTopoe OlpejeisieT Kaace IOy CTH-
MBIX yIpaBJjIeHnii yoeraroriero. Pazpaboran aHajaor TpeTbero MeToJa 3a/1avuu Mpecie0BaHus
U IPUMEHEHHs ero K JAHHOU IOCTAHOBJIEHHOW 3ajiade. B OCHOBY HMCC/IeIOBAaHUSA MOJIOKEHBI
OCHOBHbBIE HJIEU METOJIa Pa3perraroniux (MyHKIni.

B npocrpancrse R™, paccmarpuBaercs juHeitHas auddepeHimaibHas urpa, OnuchbiBae-
Mast CHCTeMOi JINHEHHBIX uddepeHmaabHbix ypasaernii [1,2]

i=Az—u+v, t>0,;z€R™, (1)

rje z— bas30Bblil BeKTOp, A— mocTosiHHAs KBaJpaTHas (1 X m) MaTpuIa, u, v— HapaMeTphl
yIpaBJIEHHUS MIPECIEAYIONIEro U yOEraroIero nrpokoB, COOTBETCTBEHHO.

CrpyKTypa yIpaB/IeHnil HTPOKOB Oy/JIeT OrOBOPEHA HIKE B KaXKIOM U3 PaCCMATPUBAEMBIX
ciaydaeB. B ciydae, Korja mepBblii 1 BTOPOil UTPOK HMPUHUMAIOT UMITYJILCHBIC YIIPaBJICHUS,
MTHOBEHHBIMU 3HAYEHUSIMU YIIPABJIEHUS ABJISIOTCA BEKTOPBI M3 MHOXKeCcTB P 1 (), cooTBeT-
crBeHHo. Ilpu sTom P, () HemycThle KOMIIAKTHBIE TT0JIMHOXKecTBa B R TepMuHaIbHOE MHO-
xkectBo M mpejcraBasercd munuaapoM Buga M = My + My, rtne My Y nuneitnoe nommpo-
cTpaHcTBO mpocTpancTBa R, M — BBIIYK/I0€ 3aMKHYTOE ITOAMHOXKECTBO IOAIIPOCTPAHCTBA
L, rie L— oproronajibHOe jonosiHenue K nojinpocrpanctsy My B R™ (re. My @ L = R™).

[Iycrs {7;}5°,— mocsie0BaTeIbHOCTE MOMEHTOB BPEMEHH, 3aHYMEPOBAHHBIX B MOPSIJIKE
BospacTanus (1o < 7 < -+ < T < - - ), (He UMeroIasi KOHEYHBIX TOYEK CIYIIEHMUsT) YI0BJIe-
TBOPSIIOIIAST CJIEIYIONIEMY YCIOBHIO.

Knaccom momycTuMbIX yIpaB/IeHUH PECICIYIONIEro UTPOKa SABJISETCS MHOXKECTBO HM-
IyJIbCHBIX (DYHKIUI, KOTOPbIe BhIpazKkaroTcs depes jesbra-pyuknnu Jupaka [1]:

u(t) = iuzﬁ(t —-7), t>0, (2)

rjie BEKTOpbI cKaukoB mpecyenosarers u;; (i € N),; N— MHOKeCTBO HATypaJbHBIX YHCe,
npuHa IezKaT P— Helmycroe KOMIIAaKTHOE ITOJAMHOXKeCTBO mpocTpanctsa R™, P C R™. 3nech
u jasee depes d(t) obosHadnm Jesbra-GyHkiwpo. [IpeamnonoRnm rakxke, 9To yupasieHue yoe-
raforero urpoka v(t) mpejcrasiger coboil m3MepuMyo (DYHKIMIO BPEMEHU CO 3HAYCHUSIMU
U3 HEKOTOPOIO HEIyCTOr0 KOMIIAKTHOrO MHOXKecTBa (), () C R™, (reomerpuueckoe orpaHu-
YeHne) KOTOPOe OIpeJiesisieT KJIace JOIYCTUMBIX YIIPaBJIeHuil yberaromero.

Hess nacTosmeit paboThl - HAWTH HOBBIE JIOCTATOYHBIE YCJIOBUS MPU BBIITOJTHEHUU KOTO-
PBIX U3 HAYATIBHOTO HosIoKeHust 2o ¢ M, (.(2.1)) moroHsiomuit MOXKeT rapaHTHPOBATH 3aBep-
IIIEHNE TIPEC/Ie/IOBaHUs IIPH JIIOOOM JIOITYCTUMOM TIOBEJICHUN YOETAIOIIEro NTPOKa 38 KOHETHOE
BpeMsi.

[Iycts n— mpomsBosbHOe HarypasbHoe wnciao u M(r), 0 < r < 7,— IPOU3BOJBHOE
KOMIIAKTHO3HAYHOE MHOIO3HAYHOE 0TOOparkKeHune, YI0BIECTBOPSIONIEe YCIOBUIO fOT” M(r)dr C

M, [3].
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[Iycts v(t), t > 0 momycrumoe yrpasjieHue yOeramolnero urpoka. Beemem cieiyroniue
MHOXKECTBa

—

Wi(n, Mi(n),v(-)) = [M;(n) +7T6(T"_”)AP] - / l me™ Ay (r)dr,

Wi, My(n)) = () Wiln, Mi(n),v(-))
v(-)€Q[Ti—1,74]

= [M;(n) + We(T"’”)AP] */ mel™mMAQdr,

i—1

Wiln) = | Wiln, M),

M;(+)
rje _
M;(n) = / M(r)dr, () € Qri-1,1), i =1,2,...,n.
Ti—1
IIpennonoxkenune 1. Muoxecrsa W;(n) Hemycrsl npu Becex n,i, n € N, i =1,2,...,n.

Teopema 1. Ilycrs jis cucremst (1) mpu UMITyJIBCHOM YIIPABJIEHUN TIpecieoBaTess (2)
BBITIOJTHEHO TIpe/IiosiozKenue 1, MuoxkecrBa My u P BBILYKJIBL 1 JIJI HAYAJIBHOTO MOJI0ZKEHUST
20 ¢ M u mexoroporo Habopa w N(zp,w) < +oo. Torna B urpe (1)-(2) u3 3amanHoro nHa-
YaJILHOTO IIOJIOZKEHUST zp ¢ M, BOBMOXKIHO 3aBepIIeHHe IIPEC/ICIOBAHNS 38 KOHEUHOE BPEM:

TN (z0,w)-
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B pabore u3y4aaercs 3ajaqa Komu s 06ob6mennoit cucrembl Kormmm-Pumana ¢ jiefictBu-
TeJIbHBIM KBATEPHUOHHBIM ITapaMeTPOM B OTPAHUYEHHON 00JIaCTH.

[TycTs )—orpanntenHas ofHOCBA3HAA 00nacTh B R? ¢ rpanunmeit 0F), cocTodteit u3 KoM-
MaKTHOW cBsA3HON yactu T’ miockoctn y3 = 0 U raJKoro Kycka mosepxuoctu S JIsmyHoBa,
Jerkameit B mosrympocTpancTse vz > 0,0 = QU IN, 00 = SUT .

BekTopnoe 1pocrpanctso R* ¢ asnrebpantieckoii cTpyKTypoil KOJIbIla Ha3bIBACTCH MHOZKE-
CTBOM JIEfiCTBUTEIBHBIX KBATEPHUOHOB 1 0bo3Ha4daercs depe3 H(R):

H(R) = {a = agio + ariy + aziz + agisla; € R, j=0,1,2,3}.
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KBaTepHnOHBI MOYXKHO OIPEJIEIUTh B BUJIE CIEIUAIbHON 4 X 4— JMeliCTBUTEIbHON MaTpu-
IIbI, KOTOpas nmeer hopmy
ap —ap —ag —as
aq Qo —as (05}
(05} as Qo —a
a3 —as aq Qo

3siech ag, k = 0,1,2,3 o3HavaeT JIeiCTBUTEIbHOE UHUCJIO.
BseuM TpuxMepHBIit orrepaTop

.0 L 0 w 0
=1 i i
\ ! 0xy 2 0xy 3(’33:3
JUIst 0TOOpasKeHuit F = Z?Zl Fji; : R® — H.

Hna F = (Fp, 7) € kerV rakoit, uto V- F = 0 unu 0 = F - V HEKOMMYTaTUBHBI, OyIeM
paccMaTpuUBaTh JIEBbIE U IIPpaBble OIIEPATOPHI:

0 0 0 L0
Do . . _ -0
“ 8131 + 226372 Tis 8x3 ;Zlalli

nJIn

N N Y
D = 11 + aleg -+ 83?323 = ; a—xili
obobrmatommue JaByMepHblii omneparop Komm-Pumana (cm. [2]); 1,141,149, i3— KBaTepHHOHHBIE
€JTUHUIIHI.

3 paborsr ([1], . 8.8) caeayer

Onpenesienne 1. Oyukims p(y, x) Ha3biBaeTCsd GyHIAMEHTAIBLHBIM perienneM nudde-
peHIuaJIbHOro oreparopa D, rie

p@ﬂOZ—D@@:_D<%?%):_D(ﬁrﬁézo

1 y—=x 1 1
- - (1)

CAmly—aP Ar (y— o)y —af

Bama4va 1. zectanl gannble Komm perenns: cucTeMbl

DF(a) =0 divF =0,
grad Fy + rot F' = 0,

Ha [MOBEPXHOCTHU S

Fly)|g=r), yes (3)

f= 22:0 frik, - 3a/1aHHAs HEelPepbIBHAS TOJIHAS KBATEPHUOHHAS (DYHKITHSI.

Tpebyercst BoccraHoBuTh DyHKIO F () B €2, HCX0o/s U3 3a1aHHOM f. T.e. PEIUTH 3a/ady
AHAJTUTUIECKOTO TIPOJIoJIKeHnsT perneHust cucrembl Moiicuia- Teogopecky B IpocTpaHCTBEH-
HO¥ 00JIACTH 110 €9 3HAYEHUSM Ha, TVIQJIKOM KycKe S TPaHUIIHI.

B obnacru Q: dukcuposannoit touke A = A(ay, as, az) cooTBETCTBYET KBATEPHUOH @ =
aoio + alil + agig + CL37:3.

[Iycts a(y) = Zizl ag(y)ig, T1€ - KOMIIOHEHTBI BHEIIHE(l HopMasu B ToUKe ¥, |af = 1.
n = (ny,ng,nN3) - €MHAYHAS BHEMIHsAs HOpMaJIb, U dS = ndl' = dredrsiy + dridrsis +
dridxseiz, e dI' - moBepxXHOCTHBIA 31eMeHT Of).
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Ecim
1 1

Doy, x) = P (4)

dbyHIaMeHTAIBHOE PeIlleHre KIacCuIecKoro ypapaenns Jlamraca, e 1 = |y - x|, To crpa-
BeTuBa, (popMmyiia.

Py, x) = =D(Pp) = _D<$ ' %) N _E(ﬁ ‘ leo

1 Yy—x 1 1

- - )

Cdr y—aP Ar (y—a)|y — 7

= 1
o= D= ) =

upu y # r,y — r = Zizl(yk — Tp )ik

B pabore [3| ykasan crenumamnbheiii Buzn dopmyiast Komullllommeitss B TpuxmepHOM
IPOCTPAaHCTBE I JiupdepeHImpyeMbIX KBaTEePHUOHHBIX (DYHKIN, TO ecTb jid [ €
CHQ,H(R)) N C(, H(R)).

[Tpu permennn 3agaqn Komm (2), (3) ucnonb3yem nurerpaibabie dhopmynbt Ko

L[ hig.x) Py as, = {F(‘” e (6)
AT Jaq 0, x ¢ Q,
rjae
h(y,r) = —=D(®(y,z)) = D(Po(y, ) + g(y, 7)) . (7)

Oynkims $(y, ) oupeessercs ceLyommuM 00pa3oM:

o) = [~ 2] [T o F)

w =1ivVu?+o? +ys — x3. (8)
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Kpaesbie 3agatn st quddepeHnuaibHbIX YpaBHEHUN 9eTBEPTOIO MOPS KA HAXOIAT M1~
POKOE IIPUMEHEHHE ITPU MOJICIMPOBAHUN ITPOIECCOB B PA3IUIHBIX 00/IaCTAX HAYKUA U TEXHUKH:
[IpA U3YYEHUU JUHAMUKHA C2KUMaeMOil cTpaTudUInpPOBAHHON KUJIKOCTH, PACIpPOCTPAHEHUS
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KpaesbiM 3a1auaM JIJIsl ypaBHEHUI 4€TBUPTOrO MOPsIJIKa MOCBIIeHbl paboTsl [1-5]. Kac-
CI/ICbI/IKaHI/IH ypaBHeHI/Iﬁ 9EeTBYPTOIO IIOPAJKa C ABYMA HE3aBUCHUMBbIMU IIEPEMEHHBIMUA JTaHa B
monorpadun [4], rue Takke mpecraBieHa obmmpHas 6ubanorpadus Mo ITON TeMe u pac-
CMOTPEHBI pa3/IMYHbIE TUIIbI KPa€BbIX 3a/Ja4. HaqaﬂbHO—FpaHHquIe 3a a9 JOJId KOﬂe6aHI/IIU/I
basku uccaegyercs B pabore [5].

B obmactu 2 = {(z,t) : 0 <z <p, 0 <t < q} paccMOTpUM ypaBHEHUE

2,
uttt+ut_uwxxx_bU—0

riae b = const.
Bamaga 1. Haiitu B obsiactu ) dyHkuuio u (x,t) yao0BIeTBOPSIONHE YCIOBUAM

u(z,t) € C2(Q) N O (Q);

u(xv()):sp(x)a ut(x,O):@b(x), u(xv(J):n(m):

(1)
Lu(z,t) =0, (x,t) € (2)
0<a 3)
w(0,8) = u(p,t) =0, tpy (0,) =tz (p, 1) =0, 0 <t < (4)

q
e @ (x), ¥ (x),n(x) - sapannsie dynxman, npusem ) (0) = 0, ¢ (p) = 0,
N (0)=0, n®)(p)=0, i=0,1; ¥(0)=4v(p)=0.

[Ton kmaccuaeckuM perrieHreM Kpaepoit 3agadn (1)-(4) normmaem byskimo u (z,t) €
C’i’f () ymosnersopstommue ycioBusaM (1)-(4) B 0OBIMHOM CMBICIIE.

Teopema 1.Ilycte dynkmun ¢ (x), P () m n(:z:) YAOBJIETBOPSIIOT yCIIOBUAM: ¢ (x),
n(z) € CO0,pl, ¢ (x) € CYI0, p], ) (0) = ¢ (p) = 0, n®) (0) = n*) (p) =0, i =
0,1,2; ¥ (0) =@ (p) =0, i =0,1. Torma cymecTByer e MHCTBEHHOE PEIICHIe 33Tt
(1)-(4).

YcroiitunBoCTh perlieHusi. BrejieM cieyionme HOpMbI:

1

el = ([0 0Pd) o, Oloqey = max u o).

Teopema 2.I1ycTh BBIIOJIHEHBI YCJIOBHSA TEOPEMBI 1, TOTJIA JIJIst peleHns 3a1a9u 1 cripa-
BEJIJTUBBI OIEHKU:

ot 2 oy < Cn LIl + 0, + il
I (2, )l oy < Co [ Nellyg + 1lg + g ]
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NuterpupoBanue ypaBuenusi lappu /Iluma ¢ nepemMeHHbIM KO3@MPUIMEHTOM C
CaMOCOTJIACOBAHHBIM MCTOYHUKOM
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V30ekucraH;
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Jlannasi paboTa IOCBdIEHa UHTEIPUPOBaHHUIO ypaBHeHus ['appu Iuma ¢ mepemeHHbIM
KO3 PUITUEHTOM € CAMOCOTJIACOBAHHBIM UCTOUYHUKOM C UCIIOJIB30BAHHIEM METOI0M 00paTHOI
3a/1a9M PACCETHUSI.

NurerpupyeMoe He/mHETHOE 3BOJIIOIMOHHOE ypaBHeHue ['appu luma

= 21/ T+ (@, )

KOTOpPOE BCTPEYAETCsl B MMJIPOJMHAMIKe 1 (bU3MKe I[1a3Mbl U3yJaoch B paborax [1]-[4].
B nmannoit pabore paccMaTpuBaeTcs cJeyloliee CUCTeMa, yPaBHeHHIA:

a(w,t) =201/ T+ 000, )mw = 2000, (1 + a(@,0) 2 (2 () -

— (1) Yooy P2 (2, 1) = () qu(, 1), (1)
90;:( ) Xn@n(x ) ( ) Xngpn(z t)’ n=12..,N

1Ipr Ha4dYaJIbHOM YCJIOBUU

q(z,0) = go(2), (2)
rJie HavdasbHast DYHKIW Go(2) MMeeT CIIe/yIomye CBOficTBA:
1./00(1—1—x2) (|q0(x)| + ‘1 BN ) dx < o0
—00 1+ qo(x)
2. Oneparop L(0) := % + A2qo(z) mumeer poBHo N TIPOCTHIX COGCTBEHHBIX 3HAYCHHUIl
—x3(0) > —x3(0) > . . . > —x%(0) uHEe UMeeT CreKTPaTbHBIX OCOOEHHOCTEI!.
B paccmarpusaemoii 3aade @, (z,t) - cobcrBeHHAs (DYHKIUA OllepaTopa
L(0) := % + Aqo(x), cooTBeTcTByOImAst COOCTBEHHOMY 3HAUeHHIO A, (t) =

—iX,,(t)HOpMUpOBaHHAST YCIOBHEM

/ (1t gl )R e = A1) (3)

[e.e]

rae Ay (t) u y(t) - 3aannble HenpepbiBHbIE DYHKIMI, TpudeM (1) orpaHnYeHHasl, Herpe-
pLIBHAS, 3HAKOIOCTOSHHAA JeiicTBUTeIbHAs (DYHKIUSL.

[Ipeanonaraercs, aro st jioboro t > 0 dyukius ¢(z,t) obiagaer HEOOXOIUMON TJIa1-
KOCTBIO ¥ JIOCTATOYHO OBICTPO CTPEMUTCH K HYJIO, Kak || — oo:

o 1
1+ 22 )|+ |1 — ———| | do < oc. 4
[ (ol - ) (@)

B sanuoii pabore TOJyueHbI pejcTaBieHus Jid  pemenuii q(z,t), on(x,t), n =
1,2, ..., N zamaun (1)-(4) B pamrax merojsa oOpaTHOIl 3ajadu paccesiHusi JIJIs OlepaTopa

L(t).
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CxeMbI MOBBIIIEHHOI TOYHOCTU AJId MHOTOMEPHOTI'O napa60ﬂ1/1qec1<oro YpaBHeHuUu:A

Vrebaes [.!, Kaamyparosa C.M.?

Kapaxkasmmakckuii rocyiapcTBeHHbIN yHUBepcuTeT nMenn bepiaxa, . Hykyce, Y3bekucram;
dutebaev_56@mail.ru, kalmuratova.sapura@mail.ru

[TocTpoenne pa3HOCTHBIX CXEM ITOBBIIIEHHOW TOYHOCTH TIPU MUHUMAJILHBIX TTIA0JI0HAX SIB-
JISIOTCA TTPUOPUTETHBIM HAIPABICHIHEM COBPEMEHHON TeOpHH YHCIeHHBIX MeTo10B. Ocoboe
MeCTO 3aHIMAeT IUCTEHHOE HCCIeJOBAHNEe MaTEMATHIECKIX MOJIesIeil CJI0YKHBIX HECTaIlnOHAP-
HBIX [IPOTIECCOB, HAIIPUMED, KaK HeCTal[MOHAPHBIE YyPaBHEHUs TapaboIMIecKoro THIIA, TICEBI0-
napabosmyeckre ypaBuenus CobosieBckoro tuna, ypaBHenus kouseknuullmuddysun u 1.1
HavasibHo-KpaeBble 33,184 JJIsl STUX yPABHEHUN BOZHUKAIOT 1P UCCJIEJIOBAHUN SKOJIOTHYe-
CKMX 1IPOOJIEM, CBA3AHHBIX C OIIMCAHMEM IIPOIECCOB PACIPOCTPpaHeHus IpuMeceil B armocdepe
U BOJIOEMAaX, C MOJIEJTUPOBAHUEM 3arpd3HEHUs] TPYHTOBBIX BOJI. B mpejaraemoit pabore pac-
CMAaTPUBAETCA MHOIOMEPHOE IMapaboIMIecKoe ypaBHEHNE C MOCTOTHHBIMU KO3 puImeHTaMmm

% — Lu+ f(x,t),u(z,0) = uo(x), u| = pu(z,1), (1)

P

_ 9%u "
Lu = kzl 5% LIp mepubrit oneparop Jlamnaca.

[ anmpokcuMaIy IpoCTPAHCTBEHHBIX TePEMEHHbIX 3aja4n (1) mcrnosmb3yercs MeTo
KOHEYHBIX pa3HOCTell moBbInieHHol TourocTH [1]. B pesysnbrare nomyaaem samaay Kormm st

CUCTEeMbI OOBIKHOBEHHBIX /(D depeHITnaIbHbIX yPABHEHNN OOJIBIION Pa3MEepPHOCTH

Ddust(t) + Auh(t) = fh(t), Uh(O) = Up,0, (2)

B » j+1/2
e f = ( f+> %Aa f ) , up(t) € Hy, anmpokcnmupyet u(x,t) B (UKCUPYEMBIX y3J1aX
a=1

P P
. . . — h2 — h2

xr = (Zlhl,Zghg,...,thp), D=D+ Z I—;Aa, A=A-— Z 19 Z AaA,Ba D=F, A= —A,

a=1 a=1 BF#a

P o

A= > Ao, Agup, = up, z,2., € Hp. Bnecs Hy, = Wy (p,) - NOANPOCTPAHCTBO JIMCKPETHBIX

a=1
dbyuknun vy, , annpokcumupyoriee H- rmib6epToBo MpOCTPaHCTBO.

HawanbHble 1 KpaeBble YCIOBUS AIIPOKCHMHUPYIOTCS TOTHO.
[t anmpoxkcuMaruu 3aga4n (2) IPUMEHsSeTcs: KyCOTHO-I0IMHOMUAJIBHDIA MEeTOJI KOHe-
HBIX 9JIEMEHTOB Y€TBEPTOrO MOPSIIKA TOYHOCTH [2]:
Dy, — (7*/12) Ay + Ay") = 1, Dy + aAy, + BAG*Y) = ¢, (3)

0 -0 .
Y =Unp,Y = Upp,
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e 1 & f, 2 & f, o = D[ — Aupp).

HapaMeprl CXeMbI (3) IOAYNHSIOTCSI YCJIOBUIO Y€TBEPTOI'O IIOPSJIKA AIIIIPOKCUMAIINN (x +
ﬁ = 77 Q? ﬁ7 fy = 0(7-2)'

B pe3ybTaTe UCCJICAOBaAHUN ITOCTPOEHBI CXEMbI 9€TBEPTOI'O IOPAJAKa TOYHOCTH 11O BCEM
IIepeMEeHHbIM. HOﬂyqubI ycioBugd yCTOﬁqHBOCTH n allpuOpHbIE OIIEHKU pPEIIeHud B KJlacce
TJIa AKX peHIeHHfI. ,HOKELS&HBI TEeOpPEMBbI O CXOJUMOCTH W TOYHOCTH. Ha ocnose IPpeaJIO2KEH-
HOT'O aJIrOpHUTMa IIOJIyY€Hbl YUCJICHHbIC PE3yJibTaTbl Ha TECTOBLIX 3a/adaX, KOTOPbIC IIO/I-
TBEP2KJal0T TECOPETUYICCKUE BbIBOJbI. YHucnennnie PE3YJIbTAThI COIIOCTABJIEHBI PE3YyJIbTaTaMU
HU3BECTHBIX METOJ0B U YKa3aHbl ITPEUMYIICCTBA ITIOCTPOECHHBIX YUCJ/ICHHBLIX aJI'OPUTMOB.
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HauvanpHo-KpaeBas 3a/a4a ajisd AnddepeHInaaIbHOro ypaBHEHUSI B YaCTHBIX
IIPOU3BOJAHBIX TPETHETrO MOPALKA

Xaxkues U. O.!, Myponosa III. 1.2
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B pannoit pabore navdasjbHO-KpaeBas 3ajada uisd JIudepeHnnaaibHoro ypaBHeHus B
YACTHBIX ITPOU3BO/IHBIX TPETHEr0 MOPSJIKA UCCJIEYETCd Ha YCJIOBHYIO KOPPEKTHOCTD.
Paccemorpum ypasuenue
Uy + a2uzxt + Au = 07 (1)

B obsact Q1 ={0 <z <7, 0<t<T} rue a, \ - 33JjaHHBIE TIOCTOSHHBIE dnca, a 7 0.
ITocranoBka 3amauu. Haiitu dbyuknuio u(z,t), yuosiersopsonlyo ypasaeruto (1) u
HAYAJILHBIM

u(x,O):gp(:(:),ut(x,O):w(x),nggﬂ, (2)

KPaeBbIM

w(0,8) =u(mt) =0, 0<t<T, (3)

yesoBusiM, e ¢ (x), ¥ (z) mocraTodHo riiagrue OyHKIIN.

PaccmarpuBaemas 3a/iaua OTHOCUTCS K KJIACCY HEKOPPEKTHO IIOCTABJIEHHBIX 3a/a9 Ma-
remarnyaeckoii dusuku B cmbicae 2K. Ajgamapa, a UMEHHO, B JIAHHOI 3aJa9e OTCYTCTBYET
HeIlpepbIBHAs 3aBUCHMOCTD PEIeHNs] OT HAYAJIbHBIX JIAHHBIX.

Jlemma 1. Jlna pemenns 3amaqu (1)-(3) umeer mMecTo oreHka

t t
lute, ) < (a0 +a) ™7 (Julz. D) +a) 7T,
_ 1.2 2 2 2
vie @ = & (a2 [[u(z, 0) [0, + Mz, 0)* + sz, 0) ).

Ecmn Beectu M = {u(z,t) : [|Ju(z, T|| < m, m < co} B KauecTBe MHOKECTBA KOPPEKTHO-
CTH, TO C TIOMOIIBIO JIEMMBI 1 MOXKHO JIOKA3aTh ¢IMHCTBEHHOCTb M YCJIOBHYIO YCTOIIMBOCTD
permenus 3ajaun (1)-(3) Ha 9TOM MHOXKecTBe. B pesysbrare MOXKHO HOCTPOUTH PEryJispH30-
BaHHOE TPUOJIMKEHHOEe pereHne 1o Teopun Tuxonosa.
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NurerpupoBanue uHenauHenoro ypasaHenusi IlIlpeaunarepa orpuiiareaibHOro
nopsinka (AKHC(-1)) ¢ 1onoIHUTEIbHBIM YJIEHOM B KJIACCE MEPUOIUIECKUX
6ECKOHETHO30HHBIX (byHKIHi

Xacanos A.B.!, Marsaky6osa C. K.?

! Camapkamackuit rocynapersennbiii yausepenter, r. Camapkamn, Y30eKucTam;
2 Vpremuckuit rocy1apcTBeHHbBIH YHUBEPCUTET, I. Yprend, Y30eKnucTam.
ahasanov2002@mail.ru

B macrosmeit pabore paccMarpuBaeTcs CMeNIaHHas 3ajada Jisd HeJINHeHOro ypaBHEHHS
HIpeaunrepa orpurnaresbroro nopsaka (AKHC(-1)) (em. [1]-[2]) ¢ monosHnTeIbHBIM YI€HOM:

Qut = 2qpt¢ + ¢ — aPe,
Dot = 2Py + p + aqy, a #0,a = const. (1)
e =>4+ ¢*,x €R,t >0,

IIpu YCJIOBI/IHX

q(x,t)] ). qo(x 4+ m) = qo(z) € C*(R),

p(,t)|,—o = po(2), po(x + ) = po(z) € C*(R), )
()] —g = po(t), po(t) € C'(t > 0) N C(t > 0),

(2, t) + p(z, V)] ,—p = a(t), a(t) € C(t = 0)

B KJIacce ﬂeﬁCTBHTeﬂbeIX OECKOHEIHO30HHBIX 77 -IIepuoJUIeCKUX 110 X CiDyHKLII/II;JII

—

q(z +m,t) = q(x,t), p(r + 7, t) = p(z,t), 3)
q(x, 1), p(x,t), pulz,t) € Cpy (t > 0) N C(t > 0).

B nmammoit pabore mpemlaraeTcs  aJrOpUTM  HOCTPOEHUSI  TOYHBIX — PEIIeHuit
(q(z,t),p(x,t), u(z,t)), * € Rt > 0 samaan (1)-(3) cBemenumem eEk 0OpaTHON CIIEK-
TpaJIbHOM 3ajade Jyist oneparopa lupaxa:

d
L(r,t)yy = Bd—y +Qz+T1,t)y= Ay, xr, T € Rt >0, (4)
x
e
0 1 p(z,t)  q(z,t) i
B= Qz,t) = ’ ’ = :
(4 o) awn= (0 450) 0= ()
O6oznaunm  qepe3 c(x, N\, 7,t) = (ci(z, A\, 7,1), ca(x, A\, T, t))T u s(x,\7,t) =
(s1(x, A, 7, 1), s2(, A, 7,1))" pemenns ypasuenus (4) ¢ nauanbusvu yeaosusamu ¢(0, A, 7, ) =
(1,007 u s(0,\,7,t) = (0,1)T coorsercrsenno. ®ynxmua AN, 7,t) = ci(m,\,7,t) +

So(m, A, 7,t) HaswiBaercs ynknueit JlanyHosa mis ypasnenus (4). Cuekrp oneparopa lu-
paka L(T,t) 9ucTo HempepbIBeH U COCTOUT U3 MHOXKECTBA

o(L)={reR: [AN)] <2} =R\ ( U (A2n—1, )\2n)> :

nN=—0o0



314 MaTemMaTndeckas ¢u3MKa UM CMEXHHE BOIPOCH COBPEMEHHOTO aHamu3a, Byxapa-2025

NurepBast (Ao, 1, Aoy ), 1 € Z, HA3BIBAIOTCS JTAKYHAMHE, TJIe \,,—KOpHU ypasuenus A(N)F2 =
0. Kopun ypasuenus s (m, A\, 7,t) = 0 obozuaunm 1depes &, (7,t),n € Z. Yucna &,(7,t),n € Z,
U 3HaKU 0, (T,t) = sign{ss(m,&n, 7,t) — c1(m,&n, T, )}, n € Z, HA3BIBAIOTCS CIIEKTPAJbHBIMU
napamerpamu orieparopa L(T,t) . Ciekrpasbhble napamerpsl {&,(7,t), 0,(1,t) = £1, n € Z}
U PAHUIIBL CieKTpa A, (T,t), n € 7, Ha3bIBAIOTCS CHEKTPAJbHBIME JaHHBIME orepaTopa Jlu-
paka L(7,t). Koaddununenrsr ¢(x +7,t) u p(x + 7,t) oneparopa L(T,t) onpeaensorcs oIHO-
3HAYHO 110 CHEKTPAJILHBIM JaHHbIM. C MOMOIIBI0 HadaabHON GyHKIuu ¢o(x + 7) u po(x + 7)
nocrpouM oneparopa Jupaka L(7,0). Periasi npsimyto 3ajady, HailjuM ClIeKTpaJbHbIE JaH-
upie {\,(7),&2(7),02(7),n € Z}, oneparopa L(7,0).

OCHOBHOIT pe3yJIbTaT HACTOSIIEl pabOThl COAEPKUTCS B CJEAYIOIIeil Teopeme.

Teopema 1. Ilycrs (q(z,t), p(x,t), u(z,t)),z € R,t > 0 pemenne 3amaqau (1)-(3). Torma
IPaHUIBl ClleKTpa A, (7,t),n € Z, omeparopa L(7,t) He 3aBucaT oT mapamerpoB 7 € R
ut re. \(7,t) = A\y,n € Z, a crnekrpasbHble napamerpsl &,(7,t), o,(7,t) = £1,n € Z
VJOBJIETBOPSIIOT COOTBETCTBEHHO IIEPBOi 1 BTOpOii cucreme nuddepeHnnaibabX ypaBHeHHI
Jly6poBuna:

aéna(: t) _ 2(=1)""Lo, (7, ) (E(7, 1)) (p(7, 1) + &n(T, 1)), 1 € Z; (5)
3 a(tT t) _ 2(—1)"0n (7, ) hn(E(T, 1)) gn(E(T, 1)), n € Z. (6)

KpOMe TOI'O, BBIIOJIHAIOTCA CJIEAYIOINE HavaJ/JIbHbIEC YCJIOBUA
En(T,0)]1p = &), oulr, Olieo = o’(1), n€Z, (7)

rae £2(7), 0°(7) = &1, n € Z - cuexkTpasibHble apameTpsl onepaTopa lupaka L(7,0). ITo-

caenosaresbHoctu hy,(§) u gn(€), n € Z, yuacrsyomue B ypasHenun (6) onpeesisercs 1o
dopmyiam:

hn(§> = \/<€n(7’ t) - )‘2n—1)(/\2n - fn(tu T)) X fn(§)7

- (>\2k—1 - gn(Tv t))()‘Qk - gn(T’ t))
H (glc(ﬂ t) - §n<7-7 t))Q ,

fn(g) =

k=—ook#n

1 1

gn(§) = %.(r 1) {%(7'7 t) + pa(7,t) + 5T a(p(7,t) + &u(T, t))} :

Teopema 2. Eciin dynknuu ¢o(7) u po(T) YIAOBIETBOPSIOT yCIOBHSIM
Qo(T +m) = qo(7) € C*(R), po(T + 7) = po(7) € C*(R),

a a(t) € (t > 0) - HenpepbiBHas OrpaHnYeHHas QYHKIHs, TO CYIIECTBYIOT OJJHO3HAUHO OIIpe-
nensemsle pemenus (q(7,t),p(7,t), u(7,t)), 7 € R, t > 0 3amaun (1)-(3), koropble onpeses-
I0TCd, COOTBETCTBECHHO, CYMMOI PAIOB:

()= 3 (CUFa(r (€T, 1),
p(T, t) = Z <M - 519(7—7 t)) )

o0

ur.t) = o®)+ [ ( > <—1>'f—1ak<s,t>hk<s<s,t>>) ds+

k=—o0
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+/OT ( i (M—gk(s,toyd&

k=—00
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®opmyna Kapisemana ajis o6o061eHHoii cuctembl Kommu-Pumana B TpexMmepHoit
orpaHuYeHHOIT obJiacTu

Xacanos A.B.!, 9pmamarosa ®.3.?,
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B tpuxmeprOM orpanmtdeHHOM 06s1acTh 2 pACCMOTPUM CHCTEMY YpaBHEHUI

divF +(A-F)=0, rotF+ [FxA] =0, (1)
rie F(z) = (Fi(z), Fay(x), F3(z)) — nckomas sexrop-ynxmus, A = (a1, az, a3) — 3a1amblii
HOCTOAHHBIA BEKTOP.

Bamauda 1. (Bamaua Komm). Vszsectunl gannbie Ko pemenns cucrembr (1) Ha no-
BepxHOCTH S

— —

Fiy)ls=rfly), wyeSs, (2)
e f(y) = (f1(), f2(y), f3(y), fa(y)) — sanannas nenpeprisnas BekTOp-byHKIMs.
Tpebyercss BOCCTAHOBUTH BeKTOp-byHKIHIO F (x) B ), ucxofd U3 3aJAHHON 1 (y), e.
PEeIINTh 3a/1a4dy aHAJIUTHIECKOTO HPOJIOJIKEHN peleHns: 006001rquHoi cucreMbl KommulIPu-
mana (1) B mpocTpaHCTBeHHOI 061aCTH IO €9 3HAYEHUAM Ha, [VIAJKOM KyCcKe S TDaHUIIbI.
[Ipeamonoxkum, 4aro € siBisiercss 00JIACTHIO ¢ KyCOYHO-TUIAJAKON TpaHureit 0f), m 49to
BEKTOP-DYHKITUS f (y) HenpepbiBHBIE U cymmupyemble Ha S. Torma s 06061eHHOTo MoTeH-
[UAJIBHOTO BEKTOpa B obsractu §) crpaBe/yinBa 0000IIEeHHAsT TPOCTPAHCTBEHHAST WHTEIPAJIb-

Has dopmysa Komm [1]

L 0, a¢Q,
Mo(y,z; A) F(y)dsy = { (3)
o9 F(x), xe€qQ,
M()(ya T, H) =
a1uU1 + oy + izus —Q U + QU a3y + aqug
Q101 + Qs —Q1V2 + Qav1 + a3y — Uy + Q30 , (4)

1wy + a3ws Qw1 + Q3Wy —Q W3 — QWy + QzWy
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re
0 0
uyp = (8_y1 + Oé1> Oy, v = (8_y2 + OéQ) Oy,  wy = (ﬁ_yg, + 043) Py,
0 0
Uy = (8_y2 - 042) Oy, vy = (_@_y1 + 061) Qy, wy =0,
0
uz= (57— —az| Py, v3=0, w3z = | —5— +ai | P,
Y3 Y1
0 0
uy =0, vy = (a—%—&3> Oy,  wy= (—a—szrO@) Do,
npuaam Doy, x; \) = 4—71”,6»‘7“, r=ly—z|, A= |/T|2, a 1(ay, g, (i) — BHEIIHSIsT HOPMAJIb

nosepxuoctu 02 B TOUKE Y.

[Tycrs ) orpanuvennas obnactsb B R® apngercs gactoio mapa B = B(0, R) ¢ nentpoM (B
Hadase) B HyJde U pagmycoMm, R > 0, S sBisiercsa riajkoil 3aMKHYTON THIIEPIOBEPXHOCTHIO,
B B, KoTOpas He mpoxoauT depe3 Touky r = (0 u pazbuBaer B Ha jaBe objactu. O603HATIM
gepe3 () TOUYKY, KOTOpas He COJEPKUT Hadaso. Ero rpaHuna coCTOUT U3 TOYKH S W dacTu
cdeprr 0B C R3.

IIpn pemennn 3aga4m (1), (2) Mbl ncrosab3yem 6a3nuc ¢ JIBOHHON OPTOrOHAJIBLHOCTHIO B
upocrpancrie ['ninbepra, penienue ypapuenus [eibMroJibiia 9To0bl BBIBECTH YCJIOBUE aHAIH-
Tuyeckoro npojokenus us B(0,¢) 8 B(0, R) s G(ug, fo). Oueparop Lenbmronbia A + k2
B npocrpancTse R3 B ceprdecKux KoopauHaTax UMeeT CJeLyIoNuil BII:

1 o\> 0
A+k=— — — k- A 5
+ r2 ((Tar) +r8r+ S (5)
e Ag = —ﬁ% (sin 9%) — ﬁaa—:z onteparop JlamnacallBenbrpamu na eunuyanoit cdepe.

I3BecTHO, 9TO YHCIIO JINHEHHO HE3aBUCHMBIX CPEPUIECKIX TAPMOHUK B CTEIEHH I PABHO
J(v) = 2v + 1. BosbMeM opTOHOpMATIBHBI Ha3uc

{0} =010 B L2(S).
[Ipu dpuxcuposanuom y € R\ {0} dbynkius

_1exp (ik|z — y|)
Ar o —y

ABJIAeTCs penienneM ypasaenus Lenbmronbna (A + k%)u = 0 B mape B(0, |y]).
JIlemma 1. /I kaxxgoro R > 0, cucrema

Vi o, k) = gi(r, bR (9), v=0,1...7=0,...,J(v) (6)

ecTb OPTOHOPMaJIbHBII Gasuc B nojanpocrpanctee L2(B(0, R)), cocrosiiee U3 pelenuii ypas-
nenust Lespmronbua (A + k*)u = 0.
OueBuiHO, OHO siBJIsieTcs KBajpaTHo uHTerpupyembiM B B(0, |y|), u obosnauum uepes

] )(y, k) ero kosddurmentsr Qypbe 10 OTHOIIEHUIO K OPTOTOHAIBLHON cucteMe (6), T.e.

; — |y
C(Vj)(y’ k) _ (_LGXP(ZMI y|) ’ wl(/])(x’ k.)) //0 |gu(r7 k’)’QTQd?”.

4o |z — L2(B(0y)))
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Jlemma 2. B komyce {(z,y) € R® x R? : |z|/|]y| < 1} umeer mecto pasnoxkenue B psa
Dypbe

L explitle — ) _ §S32 0,1y 4005, )
o = ¢y, v\, R),
dm [ =yl v=0 j=1

rJie PsiJi CXOJUTCS PABHOMEPHO BMECTE CO BCEMU ITPOU3BO/IHBIMYU HA KOMITAKTHDBIX [TOJIMHOXKE-
CTBaX KOHYCA.

Taxum oOpazoM, MOYINM TaK Ha3bIBaeMyIo MaTpuily Kapjaemana Jijist pereHuit 3a1aqmu
Komm (1), (2). A umenno

MN<y7 xZ; H) =
Q1U1 + QU + (igUsg —Q U + QU Q3U] + vpus
QU1 + QrpUg —Q1 Vg + QiU + 3Uy —QaUy4 + 3V s (8)
Qw1 + q3ws QoW1 + Qi3Wy —Q W3 — QW4 + QigWq
COOTBETCTBEHHO (4)
. J(v)
1 exp(ik|z —y| al , ‘
buly.a) = | PSSR0 by v ) ).
47 |z — y ==

muddepeHIaabHbIil ollepaTop € IPaBoil CTOPOHBI, JEHCTBYIONINA 110 TIEPEMEHHOMN X .
Teopema. [lycts 0606mmenHO TOTEHNNAIBHBIN BeKTOp F' () B () HENpPEpPBIBHBIN BILIOTH
5o 2. Torna

— —

F(z) = lim | My(y,2; H) f(y) dSy,

N—oo S

Juist Beex © € Q\ 0S).

Anroputm pentenuns 3agauym Komm s Harpy»kenHoro Kopresera-ie ®@pusa c
WCTOYHUKOM B CJIy4dae ABUXKYIIUXCsI COOCTBEHHBIX 3HAYEHUIA

XoutrmeroB V. A. ! Xacanos T. I. 2

Ypreuuckuii rocyjapcTBeHHbI yHUBepcuTeT nMenn A6y Paiixana Bepynu, ¥Yprend,
Vabekucran; x_umid@mail.ru
Tamkentckuit Mexaynapoanbiit ¥ auBepcutrer Kumy @uiman Camapkana, CamMapKami,
Vsbekucran; temur.xasanov.2018@Qmail.ru

B mannoit pabore usydaercd narpyzkennoe ypasuenne Kiai® ¢ mCTOYHUKOM BHUJIA:

up + w20, 1) (tgae — butty) =2 ) a% (P (2, 1)t (2, 1)) (1)

rie xo € R 3a1anH0e BelecTBeHHOE Yrcio. Y paBHenue (1) paccMaTpuBaeTcs Ipu HAYAIbHOM
YCJIOBUM

u(z,0) = up(x), z € R. (2)

rjie HadasibHast PYHKIWs Ug(x) 0bs1aaer CelyomuMi CBORCTBaMMT:

/oo (1+ |2]) [uo(z)| d < oo. (3)

[e.9]

2) Omnepatop L(0) := —% + up(x), € R mmeer poBHO N OTPHIIATENBHBIX COOCTBEHHBIX

saadeHniit A;(0), A2(0), ..., An(0).
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B paccmarpuBaemoii 3ajade ¢, (x,t) aBagercda cobCTBeHHON (QyHKIUeH ypaBHEHUs
Mrypma-JInysuis ¢ norennmansom u(z,t), a ¥, (z,t) TuHEiHO He3aBHCHMOE C @, (2, 1) pe-
IeHne, TPUIIM

Oy, 0P

rjie wy, (t) u3HaYaIbHO 3a/[aHHbIe HelPEPbIBHbIE (DYHKIUU OT ¢, YJIOBJIETBOPSIOIINE YCIOBUIO

=wn(t) #0, m=1,2,... N, (4)

¢
/ W (T)dr < =Apn(0), m=1,2,..., N 1pu BceX HEOTPUIATEIbHBIX 3HAYECHUSIX {.
0

Tpebyercst naiitu dynknuio u(z,t), KoTopas obIagaeT T0CTATOYHON [JIATKOCTHIO U J10-
CTATOYHO OBICTPO CTPEMUTCS K CBOMM IIPEJIe/IaM B TOUKE T — 100, TakK, 9TO

/OO (1+a]) (|u(a:,t)| + ‘%D i < o0, j=1,2.3, . (5)

—00

B nannoii pabore mpejiaracTest aaropuTM IMOCTPOeHus perenus u(z, t),

Om(T, ), Yz, t), 2 € Ryt > 0, m = 1,N zazaun (1) - (5) ¢ momompio MeTosa obpar-
HOI 3a/1aun paccesinus Jist oneparopa HItypma-JInysuiis. Kpome toro, samaua Komu jist
HEJIMHEHHBIX 9BOJIIOIMOHHBIX ypaBHEHNU{T Obli1a 10 [pobHO u3ytueHa B paborax [1]-[3] B kiraccax
[IEPUOUIECKUX U OBICTPO YOBIBAIOMINX (DYHKITUIA.
Teopema. Ecrm byukmum u(x,t), @ (2,t), (2, t), m =1, N, z € R, t > 0 asusroTcs pe-
menusamu 3aa49 (1)-(5), To raHnble paccesHns
{rt(k,t),\(t) = —=X2(t), Ba(t),n =1, N} omeparopa L(t) ¢ morenumanom u(z,t) yaosie-
TBOPSIOT CJIeLyIoNnM T DepeHIalbHbIM yPABHEHUIM:

dxn Wn

=" n=12..
dt 2Xn’n »

dr (k) (8ik3u(xo,t) B k_w)> (k)

dt AR

dB,(t) 3 Mn&nWn
p— t e —
n (8xnU(l’o, )+ o,

Bamevanue. [losyueHHbIe COOTHOIIEHNUS IOJTHOCTHIO ONPEJIEJISIOT SBOJIONUIO JAHHBIX PAC-
cestHust Jist oreparopa L(t) 1 TeM caMbIM JIAI0T BO3MOXKHOCTH IIPUMEHUTH METOJ| 06paTHOMN
3a/la9u paccesiuust Jiid perenns 3ajgaqn (1)-(5).

[Tycrs 3amana dynxuus ug(z)(1+|z|) € L' (R). Torna pemenns 3aga4 (1)-(5) naxonarcs
C MOMOIIBIO CJIEJIYIONIErO aJllOPUTMA!

N

n=

)Bn(t),nzl,Q,S,...,N

1. Pemaem npgmylo 3ajady paccesiHug ¢ Ha9aJbHON (QyHKIWed ug(x), mosydaeM JaHHbIe
paccesanns {r*(k), Xn, Bn,n =1, N} ntst orieparopa L(0).

2. Ucnonb3yd TeopeMy, HAXOJIUM JIaHHbIE pacceduus st ¢ > 0:
{r*(k,1), xu(t), Bu(t),n =1,N}.

Ucrionb3yst mMeToj1, onupalomuiicss Ha uHTerpajibHoe ypasHenue [enbdania-J/leBurana-
Mapuenko, periaeM 0OpaTHYIO 3a/a9y paccestHus, T.e. HaXoauM u(x, t) u3 JaHHBIX PACCesTHUsI
Jutst t > 0, TOJIyYeHHbIX Ha mpeblayiieM mare. [locsie a3roro jierko HailTu perenue @, (x,t)
ypasaenusi L(t)p,,(x,t) := —! (z,t) + u(z, t)pm(z,t) = Apom(z, t), m=1,2,... N,

a Uy (z,t),r € Rt > 0 jguneitno mezaBucuMOe C ., (x,t) pelmenue, yuaoBIeTBOPAIONIEE
(?7).
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CEKIUA 4. TPOBHOE NCHUCJIEHUE 1N EI'O
ITPNJIO2KEHN A
SECTION 4. FRACTIONAL CALCULUS AND ITS
APPLICATIONS

O‘zgaruvchan koeffitsiyentli yuklangan issiqlik tarqalish integro-differensial
tenglamasi uchun qo’yilgan to’g’ri masala yechimining mavjudligi va yagonaligi

Baltaeva U.1.!, Xasanov B. M.2, To’rayev O.0.?, Ro’zimova D.G’.?

Xorazm Ma'mun Akademiyasil?, Xiva, Uzbekistan;

Urganch davlat universiteti®, Urganch, Uzbekistan;
umida_baltayeva@mail.ru, khasanovboburjon1993@gmail.com

R™ — n—o‘lchamli Yevklid fazosi, x = (1, ..., z,) undagi ixtiyoriy nuqta bo‘lsin. R} —
(n+ 1) —o‘lchamli Yevklid fazosi bo‘lib, undagi nuqta (z,t) bo‘lsin, bu yerda x € R"va
t€ (0,7, T >0; R ={(2/,t)|]2/ e RVL0<t< T}

Koshi masalasi: Quyidagi

up — a (t) Au = ADg ju (o', t) + F (x,t), (x,t) € Ry (1)
issiqlik tarqalish tenglamasini
u(x,t)|t:0:4p(x),x6R" (2)
boshlang‘ich shartni qanoatlantruvchi u(zx,t) yechimini aniqlang,
bu yerda a (t), A € R,F (x,t) va o (z)-berilgan yetarli silliq funksiyalar, A-Laplas operatori

bo‘lib, faqat (z1,z, ..., z,) o‘zgaruvchilarga tasir giladi, yani A := """ | 88—; ,

Dy, -a tartibli Riman-Liuvill manosidagi kasr tartibli integral operator bo‘lib, & > 0 da
quydagicha ifodalanadi:

Dafu (2!, 1) = ﬁ /0 (t— 7)o, 7) dr

Bunday masalalar teskari masalalar nazariyasida to‘g‘ri masala deb ataladi.

(1) va (2) Koshi masalasi yechimini integral tenglamalar metodi yordamida aniqlaymiz.
Buning uchun dastlab bizga [1] ma’lum bo‘lgan quyidagi: Koshi masalasi yechimidan
foydalanamiz, ya’ni ushbu

v—a(t)Av =Y (z,t),z € R",t >0 (3)
issiqlik tarqalish tenglamasi uchun
v(z,0)=p(z),z€R" (4)

boshlang‘ich shartni qanoatlantruvchi v(z,t) yechimi quydagi ko‘rinishda bo‘ladi:

vat) = [ oG~ € 6(0)de+

0(t) -
+/0 a(ed—/ U(E,07HT)G(x — &, 0(t) — T)dE, (5)
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bu yerda, 6 (t) = fot a(t)dr va 071 (t) funksiya 6 (t) funksiyaning teskari funksiyasi,

1 —|z—¢|?
Glx—&0(t)—T1)= N 7-))"6 @O-7

% — a(t) A- o‘zgaruvchan koeffitsiyentli differensial operatorining fundamental yechimidir.

Demak,(5) formuladan foydalangan holda (1), (2) Koshi masalasini yechimini mos ravishda
quyidagi Volterra tipidagi integral tenglama ko‘rinishida ifodalaymiz:

ule.t) = [ oG - & o0)ds+

6@ dr . B »
+/ aw—l(T))/nF(fv@ (7))G(x — &,0(t) — T)dé+

A 0(t) dr 9-1(r) » ) - / ) i
+m/0 a(9_1(7')) R”/O (9 (7') 5) U(f,ﬁ)G(JJ §,0(t) T)dﬁdf, (6)

bu yerda
5 = (517527 7511) 7£/ = <£17£27 "'7571*1) 7d£ = d§1d§n,

lz]* =22 + 22 + .. + 22,
Teorema. Agar a(t) € E:={a(t) € C'[0,T],0 < ap < a(t) < a; < oo}va
p(x) € H™*(R") ¢ () < po = const > 0,

F (I, t) c Hl+2’(l+2)/2(R%),
bo‘lsa u holda (6) integral tenglamaning H'*>(+2)/2 ¢ (R%) sinfga tegishli yagona u(x,t)
yechimi mavjud.
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Ofzgaruvchi koeffitsiyentli kasr tartibli yuklangan integral operatorli issiqlik
tarqalish tenglamasi uchun Koshi masalasi yechimining mavjudligi va yagonaligi

Baltaeva U.1.!, Xasanov B. M.2, To’rayev O. O.>,Ro’zimova D. G’.?
Khorezm Mamun Academy'?, Khiva, Uzbekistan;
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Koshi masalasi: Quydagi
¢
uy — a(t) Au = ADgu (2, t) +/ K (z,m)u(z,t —71)dr (z,t) € R} (1)
0

issiqlik tarqalish tenglamasini

u(z,t)|,_g=¢ @)z e R" (2)



322 MaTemMaTndeckas ¢u3MKa UM CMEXHHE BOIPOCH COBPEMEHHOTO aHamu3a, Byxapa-2025

boshlang‘ich shartni qanoatlantruvchi w(z,t) yechimini aniglang, bu yerda a (t) va ¢ (z)-
berilgan yetarlicha silliq funksiyalar bo‘lib, quydagicha

a(t)e E:={a(t)e C"[0,T],0<ag<a(t)<a; <oo}, (3)

o (z) € HT(R"), ¢ (x) < py = const > 0, (4)

bo‘lsin, A-Laplas operatori bo‘lib, faqat (z1, s, ...,x,) o‘zgaruvchilarga tasir giladi, yani

A= 3" amg , A€ R, X< 1, Dy -a kasr tartibli Riman-Liuvill manosidagi integral

operator a > 0,a € (0,1).
(1) tenglamadagi o’rama ko'rinishidagi yadroni x o’zgaruvchiga ajralgan deb hisoblaymiz,
vani K (z,t) = h(z,) k (2, t), 2’ = (21, ..., 1),
bu yerda
h(z,) € HY(R) k(. t) € HXD/2 (R (5)

(1) va (2) Koshi masalasini yechish uchun dastlab bir jinsli bo’'lmagan issiglik tarqalish
tenglamasi uchun Koshi masalasi yechimidan foydalanamiz.

Ya'ni, [1] ishdagi (1.1) formuladan foydalanib, (1), (2) Koshi masalasini quyidagi ikkinchi
tur yuklangan Volterra tipidagi integral tenglamasi ko‘rinishida ifodalaymiz:

ulwt) = [ H(G( ¢ b0)de+

0~ 1
// )= B8)" " ul¢, B)G(w — €, 0(t) — T)dBde. (6)

Xosil bo’lgan (6)integral tenglamaning yechimining mavjudliligini va yagonaligini ketma-ket
yaqinlashi usulidan foydalanib isbotlaymiz.
Natijada quydagi teorema o’rinli bo’ladi.

Teorema. Agar

r
0< |>\| < (1 — koho) (a—'—‘_]),j =1,2,....,
4!
a € (0,1) vat > 1, bo'lib, (3),(4) va (5) shartlar bajarilsa. U holda (6) integral tenglamaning
H!+2+2)/2 ¢ (R2) sinfga qarashli yagona u(z,t) yechimi mavjud.

Adabiyotlar
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Problem of finding the coefficient at the least member of one partial derivative
equation with a fractional derivative

Bozorov Z.R.!, Ahmadova O.?

Bukhara State University, Bukhara, Uzbekistan;
ihasanov998@gmai.com, oltinoyahmadoval504@gmail.com

Fractional partial differential equations represent generalizations of partial differential
equations to the inverse (external) order. These equations have garnered significant interest
in applied sciences because of their ability to model complex problems. Convective
differentiation plays an important role in many processes of thermal objects. For qualitative
mathematical modeling, the diffusion equation with the corresponding signal is used as a
tool. The introduction of fractional integral differential elements into the transport equation
as well as processes occurring within the medium is considered. It is necessary to consider
the physical processes that take place within the medium. It is important to note that these
equations reflect variable dependencies in space and time for motion.

This work considers an initial-boundary-value problem for a differential equation with a
fractional derivative:

u + 0fu— Lu+q(t)u = f(x,t), z€Q, 0<t<T, (1)
with the initial condition; B
u(z,0) = p(x), x€Q, (2)
boundary conditions and boundary conditions
Uleng =0, 0<E<T, (3)

where 0 < a < 1, 9] — is the fractional derivative of Gerasimov with respect to the variable
t, defined by equality (see [1], p.92):

@) = 1390 = = | i 0<a <1,

Yg(t) =4'(t), v=1,

I+t9() F(lfy)/ot( g(T)idT, 0<y<1,

t—T1)t=

2 C R"—is an n-dimensional domain with a smooth boundary 02,

"9 0
Lu= 3 gl @y
ig=1 """

a self-adjoint differential operator of elliptic type, i,e., one for which the following conditions
hold everywhere in the domain (2,

Z a;;(x)&€ > ag Z{’f, a;j(x) = aji(x), ap=-const>0, &elR
ij=1 i=1

f(z,t), p(x) — are given functions, T > 0 — is some fixed number for additional problems.

Inverse problem. Determine ¢(t), if the additional condition is known relative to the
solution of problems (1)-(3)

| paute. i = i),
Q

where p(t) and h(t) are known smooth functions.
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Inverse problem for determining the time-dependent coefficient from the
fourth-order fractional diffusion equation with Hilfer fractional derivative

Durdiev U.D.!, Ibrohimov A.A.2

Bukhara State University, Bukhara, Uzbekistan;
lumidjan93@mail.ru, 2azizibrohimov554@gmail.com

We consider the following problem for the fourth-order fractional heat equation
gfu(x,t) + uffxw(x7t) = F(I7t), (I7t) S Q = [07 1] X (O,T], (1)

with initial condition
Iy Pu(z,t)|  =e(x), z€l0,1] (2)

t=0
and nonlocal boundary conditions

uz(0,8) = ug(1,¢), w(0,t) =0,

Upe (0, 1) = Uge(1,1), w(1,8) =0, te (0,7, (3

)
where Dgf (-) stands for the generalized left sided fractional derivative of order a (0 < v < 1)
and type 8(0 < 8 < 1) in the time variable (also known as Hilfer fractional derivative),
introduced by Hilfer [1].

In this work, we considered inverse problem for determining the time-dependent
coefficient for fourth-order heat equation with fractional derivative in time. The problem
of recovering the time-dependent coefficient from the overdetermination condition of the
integral type is considered. The existence and uniqueness of the solution to the inverse-
coefficient problem have been proven. Results of stability for inverse problems are presented.
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Forward and inverse problems for the fractional equation with the Hilfer
derivative involving non-local time condition

Fayziev Yu.E.!, Sadullaeva Sh.Sh.?
National University of Uzbekistan, Tashkent, Uzbekistan;
V.I. Romanovskiy Institute of Mathematics, Uzbekistan Academy of Sciences, Tashkent,
Uzbekistan;
fayziev.yusuf@mail.ru, ssh45984@Qgmail.com

Let H be a separable Hilbert space and A : H — H be a self-adjointed, positive,
unbounded arbitrary operator defined in H, with the domain of definition D(A). Suppose that
the operator A has a complete system of orthonormal eigenfunctions {v;} and a countable set
of positive eigenvalues {\;}. It is convenient to assume that the eigenvalues do not decrease
as their number increases, i.e. 0 < Ay < A\y... = +00.

The integral of the Riemann-Liouville order « of the function y(¢) in the interval [0, +00)
is defined by the following formula (see [1]):
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1y (t) = ﬁ / (- ) y(€)de.

The Hilfer fractional derivative of order 1 < v < 2 and 0 < 5 < 1 of the function y(t) is
defined as following (see [2]):

d2
DBy (t) = 15(2—‘1)@%1—5)(2—‘1@(15), t>0.
Let C((a,b); H) stands for a set of continuous functions u(t) of ¢ € (a,b) with values in H.
Consider the following non-local problem:

DXPu(t) + Au(t) = f(t), 0<t<T,

Iu(T) = yIPu(+0) + ¢, (1)
. drs _

Jim, G1%u(t) = ¢,

where ¢, ¢ € H, f(t) € C([0,T];H), 6§ = (2 — a)(1 — ) are given functions and v is a
constant. The problem (1) also called the forward problem.

Definition 1. A function u(t) € C((0,T]; H) with the properties D®Pu(t), Au(t) €
C((0,T]; H) and satisfying conditions (1) is called the solution of the non-local problem (1).

There is a unique A\g > 0, such that E, 1(—=\T*) = . Ko = {ko,ko+1,...,; ko +mo— 1},
where my is the multiplicity of the eigenvalue \j.

Theorem 2. Let ¢ € H and f(t) € C((0,T]; D(A®)) for some € € (0,1).

If |v] > 1 or |y] <1, but Ay # A for all £ > 1, then

o — w7 1°Velt) o
t) = £ B 1 s(—At®) -+ Vi(t) | vps 2
0 ;{Ea,l(—AkTa)—v 1=l AE) 4 VidE) s 2)

where
t
Vk(t) = ¢kta_1+6(2_a)Ea7a+5(2,a)(—)\kta) + / Ta_lEa7a(—)\kTa)fk (t — T)dT.
0

If |y < 1and Ay = Ao, k € Kp, then

d
r— —1Vi(t)

@
dt
)= =T 0 B 15 (= Agt®
ul?) < Eoi(=AT*) — v 1= (=t
ke Ko ’

+‘/}g(t)> Vi + Z by, tiéEa,lfg(—)\kta) (.

ke Ky

The corresponding orthogonality conditions have the form
(QO,’U]C) = (V(t),vk), k S KO; KO = {k)g,ko + 1, ceey k’o + mo — 1} (3)

In particular, if
(o, 0) =0, (¢,0x) =0, (f(£),vx) =0, (4)

for all
t>0, ke Ky; Ky= {ko,k0+1,...,]€0+m0—1},

then the orthogonality conditions (3) are satisfied.
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Let H be a separable Hilbert space and A : D(A) — H be an arbitrary unbounded
positive self-adjoint operator, where D(A) C H is the domain of the operator A. The operator
A has a complete orthonormal system of eigenfunctions {v;} and a countable set of positive
eigenvalues A\; : 0 < A\; < A\y... = +00. The sequence {\} has no finite limit points.

Let C((a,b); H) be the set of continuous vector-valued functions u(t) on t € (a,b) with
values in H. Let € be an arbitrary real number. The power of the operator A is defined by
the following:

Ah =" Xhyo,
k=1

where hy is the Fourier coefficient of the function h € H, i.e., hy = (h,vy). The domain of
this operator is defined as: D(A®) = {h € H : Y ;- A\¥|hi|* < oco}. For elements of D(A°)

o0
we introduce the norm: [|A||2 = > A2|h|2.
k=1

We consider the following non-local boundary value problem for a Langevin equation
with different order Caputo fractional derivatives :

D (Dgult)) + D (Au(t)) = f(t), 0<t<T,
uw(T) = vyu(0) + ¢, (1)
Dffu(+0) = ¢,
where ¢, ¢ € H, f(t) € C([0,T];H), v is a constant. D* and D} are Caputo fractional
derivatives with 0 < a < 1,0 < 5 < 1.

Theorem. Let ¢ € D(A), v € H and f(t) € C([0,T]; D(A®)) for some e € (0,1). If
v # 1, then problem (1) has the following unique solution:

i |:90k — Vi(T) — 0 TEq 1 (—MT)
1—v

u(t) =

k=1

+wktaEa,a+1(—)\kta) + V;g(t):| Vi (2)
where

Vilt) = / (= 1) By a(— Mt — 1)) fi(m)d.

Moreover, there are constants C., C' such that the following coercive type inequality holds:

t—2p
IDEDFu(O) P + Do} < {— (ce max (£, + 0||w||2) .

1-— te[0,T]
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The inverse problem of determining the time-dependent coefficient from the
time fractional diffusion equation
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In this paper, we are concerned with an inverse source problem of recovering a time-
dependent source term ¢(t) and function u(z,t) for the time fractional diffusion equation

D u(z,t) = uge + q(t)u(z,t) + f(x,t), (x,t) € Qp, (1)
supplemented with the initial condition
u(z,0) =p(x), 0<x<1 (2)
and the nonlocal family of boundary conditions
w(0,t) = u(l,t), du.(0,t) =u,(1,¢),0 <t <T, (3)

where 0 < a < 1,Qp ={(z,t) : 0 <z < 1,0 <t < T}, f(x,t), p(x) are given functions and
J is real constant.

The direct problem is to determine the solution u(z,t) that satisfies (1)-(3), when the
function ¢(t) is known.

Inverse source problem for such a model gives an idea of how total energy content might be
externally controlled. However, we are interested in finding the pair of solution {q(t), u(x,t)}
from (1)-(3) with integral overdetermination condition

/1 w(@)u(z, t)de = h(t),0 <t < T, (@)

where w(z), h(t) are given functions.
In the rest of the paper, we will consider the following class of functions to investigate
well-posedness of the inverse source problem (1)-(4):

®*0,1] := {¢(x) € C30,1],vW(x) € Ly(0,1);

$(0) = ¥(1), ag'(0) = ¢'(1), ¥"(0) = 1//’(1)}‘

Theorem 1. Suppose that the following conditions hold:
A1) plx) € D10, 1);
A2) h(t) € C*0,T); D§. h(t) € C[0,T]h fo x)dw;
A3) f(x,t)eo(ﬁT),f(x t) € @40, 1], Vte [0, T fo x,t)dx # 0, Vt € [0,T]

Then, there exists a unique classical solution of the inverse problem (1)-(4) in Q.
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Numerical analysis of inverse problems for the diffusion equation with
initial-boundary and overdetermination conditions
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We consider the initial-periodic boundary problem for the time-fractional diffusion
equation

U — Ugy + a(t)u = f(x,t), (x,t) € Dr, (1)
u(z,0) = p(x),xz € 0,1], (2)
U(O’ t) = u(lat)a uw(oat) = ux(lvt)v 90(0) - (p(l), ¢/(0) = Sol(l)at € [OvT]v (3)

where a(t),t > 0 are the source control terms, f(x,t) is known source term, () is the initial
temperature, T is arbitrary positive number and Dy := {(z,¢) : 0 <z <[,0 <t <T}). The
Caputo fractional derivative of order « is determined by the formula

1 ¢ ou(x, Ou(z,t
Ou(x,t) = Ti—a) /0 (t — T)_O‘—(aT’ )dT, Otu(z,t) = E?t’ ),

where v € (0,1),1'(+) is the Euler’s Gamma function.

The problem of determining a function wu(z,t),(x,t) € Dr, that satisfies (1)-(3) with
known functions a(t), f(z,t) and ¢(x) will be called the direct problem.

In the inverse problem, it is assumed that the coefficient a(t),¢ > 0 in (1) is unknown and
it is required to determine it using additional information about the solution of the direct
problem:

ue(0,1) = h(t), x€[0,1], (4)

Aw@ﬂ@ﬂﬁzh@,xemﬂ, (5)

where w(z), h(t) are given functions.

In the sequel, we will call the problem of determining functions u(x, t), a(t) from equations
(1)-(4) as inverse problem 1 and the problem of determining functions u(z,t),a(t) from
equations (1)-(3),(5) as inverse problem 2.

The paper proposes both numerical and analytical methods for solving the inverse
problem of identifying the coefficient on the left-hand side of the time-dependent fractional
diffusion equation, with initial-periodic boundary and over-determination conditions. First,
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we investigate a theoretical approach to clarify the existence and uniqueness of the inverse
problem. In the numerical process, the finite difference method and numerical techniques for
fractional integrals and derivatives are employed. Numerical results for several test examples
are presented and discussed to illustrate the accuracy and stability of the numerical inversion.
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A non-local problem for Wave equation with the Regularized Prabhakar
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We consider a simple metric graph. Which is obtained by connecting finite segments
Br ={zr : 0 < 2y < Lg}, (k= 1,2...5) at one point 14(0,0) called the vertex of the graph.
Line segments are called bonds of the graph.

V4° V3

V6 Vo Vi

Figure 1. Metric star graph.

On the each edges of the over defined graph,we consider the following time-fractional
differential equations:

PODG M (@, ) — ul) (2, 1) = f O (e, 1), (1)

Where 1 < 8 <2, a > 0,7, 0 € Rand f®(z,t), k = (1,2....7) are given functions and
PO D879 is Regularized Prabhakar derivative of order 3 [1].

Problem. To find functions u* (z,t) in the domain By x (0,T), satisfying equation (1)
at 1 < < 2,a>0,,7, 0 € R and the following conditions:

u® (z,0) = Mu® (z,T) (2)
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non-local conditions,

u(z,0) = go(k)(:c),x € By, (k=1,2...7) (3)
initial conditions,
u(0,t) = u?(0,t) = u®(0,t) = ... = u(0,t), te€[0,T] (4)
J
u(0,t) =0 te€[0,7T] (5)
i=1
vertex conditions and
uM (L, t) =0, t€[0,T](k=1,2..5) (6)

boundary conditions.

Where M € R, o) (z) are given functions. We will establish the uniqueness of the
solution to problems (1)-(6) using a priori estimates.The existence of the solution will be
shown using the method of separation of variables.The solution will be found in the form of
a Fourier series.
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On a new quadrivariate Mittag-Leffler function

Khasanov Sh. M..!,

Fergana State University, Fergana, Uzbekistan;
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It is well known that Mittag-LefHler functions play an important role in fractional calculus
and its applications. Moreover, scientists are interested in considering mathematical models
of real processes involving fractional derivatives and integrals (see [1], [2], for more details).
From this point of view, studying the properties of these functions is important.

In this short talk, we propose a new quadivariate Mittag-Lefller function.

Definition. Let us assume that 6;, z, y, z, t € C and «;, Bk, Ym, 0, € R with
min {e;, Bi, Ym, 0} > 0. Then, the quadrivariate Mittag-Leffler function is defined as
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follows:

W) at, B1, 71,015 Ve, b1, 025 Yy
a2a62a73702753; ’74764; 043,65; 63756; ’75767; 93758; Z7t

“+00 400 400 +oo

_ ZZZ I' (1@ + 51 + 1k + 1) I (2k 4 01m + d2)
[ (i 4 B2j + v3k 4 Oam + 63) I' (4k + d4)

i=0 j7=0 k=0 m=0
y x 1y’ 2k tm
T (Oégi + 55) r (ﬁg] + 56) T (’}/5]{3 + 57) T (ng + 58) ’

Here, i = 1,...,8; j,k,n=1,2,3; m = 1,....,5 and I'(+) is the well-known Euler’s Gamma
function.

7
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The Cauchy problem for the nonhomogeneous Rayleigh-Stokes type fractional
differential equation

Khushvaktov N.Kh.
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In recent years, fractional differential equations have become an active area of research.
Compared to classical models, they better describe complex processes such as memory effects
and anomalous diffusion. An important example of such equations is the Rayleigh-Stokes type
fractional differential equation.

The classical Rayleigh-Stokes equation describes the time evolution of velocity in viscous
fluids. When a fractional derivative is added, the past states of the system are also taken into
account. As a result, the solutions are expressed not by simple exponentials, but by special
functions such as the Mittag-LefHler and Fox-Wright functions.

The Caputo fractional derivative of order p € (0,1) is defined as follows (see, for example

1) |
DPh(t) = ml_p) / (th,_(%pdf, £>0.

In this work, we study the Cauchy problem for the Rayleigh-Stokes type fractional
equation, a class of linear fractional differential equations involving both classical and
fractional-order derivatives. Specially, we study the following initial value problem:

{ Y1)+ A1 +yDDy) = f(t), v>0, 0<t<T;

y(0) = o 1)
where A, v are constants. The Caputo derivative is particularly suitable for physical
applications because it allows the formulation of initial conditions in terms of classical integer-
order derivates, which have direct physical interpretations.

The solution to this problem is given in [2], where the solution is found using the Fox-
Wright function. The solution found in this work differs from it.
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Theorem. The Cauchy problem for the Rayliegh-Stokes equation (1) has the solution

t

y(t) = yvoA,(\ t) + /Bp(/\,t — 1) f(7)dT,

0

where
t
Ap(At) =1— )‘/Bp()‘ﬂ—)dT
0
B 76_”1 A2rP=Lsin prr r
- 7 (=1 + Ayrecospm + N)? + (AyrPsinpm)?
0
and
Arf sin prm
B )\ £ = —'rtz d .
p(A1) /6 7 (=1 4+ AMyrPcospm + X)2 + (Ayresinpm)? '
0
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Kasr tartibli Barenblatt-Jeltov-Kochina operatori qatnashgan bir jinsli
integro-differentsial tenglama uchun aralash masala

Matchanova A.A.!, Raximova F.S.2, Xurramov A.X.?

Toshkent axborot texnologiyalari universiteti, Toshkent, O’zbekistan
laygulmatchanova28@gmail.ru, 2rferuzal980@gmail.com, 3axurramov367Q@gmail.com

Turli jarayonlarni modellashtirishda kasr tartibli differensial tenglamalarga duch kelinadi.
[1-3] Ushbu ishda kasr tartibli Barenblatt-Jeltov-Kochina operatorini 0’z ichiga olgan bir jinsli
bo’lmagan integro-differensial tenglama uchun aralash masalaning yechimini qurish va yagona
klassik yechimini topish o’rganiladi. Masala yechimini mavjud va yagonaligini Furye usulidan
foydalanib ko’rsatiladi..

Q= (0,T) x (0,1) sohada quyidagi tenglamani qaraymiz

02 02 r
(Da” —Da”@—w) U(t,x):V/K(t,s)U(s,x)ds (1)
0
aralash shartlar bilan
tl_i)rnoJétﬂ U(t,z) =), 0<z<1, (2)
U(t,0)=0, 0<t<T, (3)
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bunda ¢(z) va K(t,s) = S.F_ ts", berilgan funksiyalar D*7, 0 < a < v < 1 formula

bilan aniqlanadigan Hilfer operatori
UW:Dytaﬁwm%AfwkﬂogﬁgL7=a+5—a@
0<T <oo0.
Masala. (1) tenglamani, (2) boshlang’ich shart, (3), (4) chegaraviy shartlarni
ganoatlantiradigan va quyidagi funksiyalar sinfiga tegishli bo’lgan noma’lum U(t,x)
funksiyani topilsin.
U e C(Q), DU eC(Q), D*'U, € C(Q), U< C(Q), (5)

Bunda Q = [0, 7] x [0, 1].

A shart. (0, 1) oraliqdan shunday = = £ ratsional son bo'lsinki, ¢ —p = 1 va o’zaro tub
musbat sonlar bo‘lsin.

Teorema. Agar berilgan funksiyalar o(z) € C° (0,1) va to'rtinchi tartibli hosilasi
bosI Ylakli uzluksiz funksiya, f (t,z) € Cxlf (Q) va x o’zgaruvchi bo’yicha ikkinchi tartibli
hosilasi bo’lakli uzluksiz bosI Ylib,

Polr) _ deln) bl
dei 0 Tyt ! dzi

shartlar va A shart bajarilsa u holda masala yechimi mavjud va yagona bo’ladi.

‘12107 i207274767 ]:17375
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Boundary value problem for the degenerating mixed type equation with the
Hilfer differential operator

Ochilova N.K.

Kimyo International University in Tashkent;
nargiz.ochilova@gmail.com

Main goal of this work is to study the existence and the uniqueness of solution of a local
problem with Neumann conditions for the degenerating mixed type. Considering parabolic-
hyperbolic equation involve the Hilfer fractional derivative fractional order. The uniqueness
of the solution is proved by the method of integral energy using necessary properties of
hypergeometric functions and fractional order integro-differential operators. The existence is
proved by the method of integral equations.

In this work we consider the degenerating parabolic-hyperbolic equation

DYPu—wuy x>0, y>0,
flay) =< . (1)
T Uyy — (_y) Ugzy, T > Oa y < 07
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with the Hilfer differential operator:

o o d
Dy u(z,y) = Jo- i (Joy Pu(z,y), 0<a<B<LL; (2)

y
1
Joy u(z,y) = (o) / (y — s)* "u(z, s)ds, (3)
0
where f(z,y) is given function, n = const > 0.

Let’s 2 domain, bounded with segments: A;A, = {(z,y) : = = 0,0 < y < ha},
BBy, = {(x,y) : x—h1,0<y<h2}AB—{( ,Y) 1y = hy, 0 < x < hy} at the
y > 0 and by the characteristics: A;C : 2P — (—y)’ =0, B1C: 2P+ (—y)’ = p, of equation
(1) at y < 0, where A; (0;0), A, (0; he), By (h1;0) By (h1;hy) and C <( )1/p, —(g)l/p>. Here
2p=n+2, hy =p'/P,  hy > 0.

Introduce designations: 2§ = n/(n + 2),

0 =0Ny>0),2%=00(y<0), ={(x,y): y=0, 0<z < h}. The main goal of
this work is to prove uniqueness and existence of solution of the below formulated problem
for equation (1).

Problem. Find a solution u(z,y) of equation (1) from the class of functions:

W= {U(l’,y) : yl_ﬁu(xay) S C(Ql)7 yl_BDgéﬂu(xay) < C(Ql)7

yl_ﬁuz(x, y) € C(Ql \ AQBQ), Upr € C (Ql> s

) € C2(Ou), 9" 4Tl Pule.)) € COU U}
satisfies boundary conditions:
uz(0,9) = ¢1(y),  y € [0, ha); (4)
u(hi,y) = 2(y),  y €10, hal; (5)
u(e,—2) = p(2), @ €[0,(5)" (6)
and gluing conditions:
lim y'~*(y*Pu, (2, +0)) = uy,(x, —0), x €I, (7)

y—+0

where ¢1(y), ¢a(y), p(z)— are given functions, and that a(z),b(z) € C (L) N C*(L).
wl(y)a @Q(y) S C[Oa hQ] N 02(07 hQ)v

We would like to note that in the work [1], for the equation (1) a local problem was
investigated with Dirichlet conditions. Under certain conditions we prove uniqueness and
existence of the formulated problem.
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Time-fractional equation with Bessel operator: nonclassical initial and
boundary conditions

Rakhmatova N.J.
Bukhara University of Innovation, Bukhara, Uzbekistan;
nigora.raxmatova99@mail.ru

We consider the following time-fractional partial differential equation involving a Bessel-type
operator:

Ofu(w,t) = uge(w, ) + gux(w’ t)+ fla,t)g(t), (2,t) € Q (1)

in a rectangular domain Q := {(z,?) : 0 <2 < 1,0 <t < T}, k > 1 given real number.
which is known as the Bessel-type differential operator of order k. This operator arises
naturally in the context of problems with cylindrical symmetry or singular coefficients and
is widely used in mathematicsl physics, particularly in the study of diffusion and wave
propagation in heterogeneous media.
The initial and boundary conditions are given as follows:

w(z,0) + ou(z, T)=p(x), 0<t<T (2)
lu(0,t)| < 0o, wu.(l,t)=0, 0<t<T, (3)
ooy L * yY(2)dz
) =i |, G

Find a function u(x,t) that satisfies equation (1) and the following conditions:

where 0 < a < 1 and

U, Up,  Uge, O5u € C(Q)N Cif(Q), 2*ug,(x,t) € C(Q). (4)

[t is necessary to determine the function g(¢) if the following additional information is known
about the solution of the direct problem (1)—(3):

w(zo,t) = h(t),0 <t < T, (5)

g(t)— smooth function.

The solution to the inverse problem (1)-(5) is the function u(x,t) and g(t) from class (4).

Many problems related to fractional differential equations involving Caputo derivatives
and Bessel-type operators, including initial-boundary value problems and inverse problems,
have been investigated in works [1]-[4]. These studies highlight the importance of Bessel
operators in modeling processes with cylindrical symmetry, singular coefficients, and
anomalous diffusion.

In this work, we establish the existence and uniqueness of the solution to the initial-
boundary value problem for a time-fractional differential equation with the Caputo derivative
of order 0 < a < 1, and the Bessel-type operator.We employ the Laplace transform and
the method of separation of variables to construct the solution explicitly. The solvability of
the problem is analyzed, and sufficient conditions on the data functions ¢(z) and f(x,t) are
obtained to guarantee the existence of a classical solution. The proof relies on the fundamental
properties of the Mittag-Leffler function and Bessel functions, which play a key role in the
representation of the solution. This approach not only clarifies the well-posedness of the
problem but also provides a basis for the development of numerical methods for more general
fractional models.
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Identification of a time-dependent coefficient in a distributed-order diffusion
equation

Rahmonov A.A., Durdiev D.K.

V.I.Romanovskiy Institute of Mathematics, Uzbekistan Academy of Sciences
araxmonov@mail.ru, durdiev65@mail.ru.

In the present work, we investigate both the initial-boundary value direct problem and the
associated inverse problem of determining a zero-order time-dependent coefficient in the
distributed-order time-fractional diffusion equation. We first analyze the direct problem under
Robin-type boundary conditions and establish its well-posedness. Building on these results,
we then address the inverse problem. In particular, we prove the local existence of a solution
to the inverse problem and derive stability estimates, which demonstrate the robustness of
the recovery with respect to perturbations in the data.

Inverse source problem for the time-fractional parabolic equation with
space-dependent coefficients on metric graphs

Sobirov Z.A.!, Narziyeva 1.A.2
National University of Uzbekistan, Tashkent 100174, Uzbekistan

National University of Uzbekistan, Tashkent 100174, Uzbekistan
z.sobirov@nuu.uz, ironarziyeva4d@gmail.com

In this work, we investigate the initial-boundary problem for time-fractional parabolic-
type equation on a metric graph G. A graph consists of a finite set of vertices V' = {vx}_;
and edges E = {e;}7_,. Each edge ey is assigned an interval (0,l;) and has coordinates xy.
The set of boundary vertices is denoted by 0G C V. We set C[G] as a space of functions u
defined on the graph and uniformly continuous on each of its edges. We consider the following
time-fractional parabolic equation with the Caputo derivative of order o € (0, 1)

biu(z,t) — Lu(x,t) = F(x,t), w€ep, te(0,T] (1)

where

(k)
al,, = 2 (0 25D ) O )+ B ) e, (2

where 0 < Ay < a®(z) < A} < 400, k=1, n, and we suppose that a,b,c € C[G], c(z) > 0,
g(x,t) is given function, f(¢) is an unknown function. We have to find the solution u(x,t) in
a bounded domain Gr = {G x [0, 7]} satisfying the initial conditions

u(m,t)} 0, x¢€ ey, (3)

t=0
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the vertex conditions at inner vertices

uD (v, t) = ud (v, 1) Vi, j € I(v),t € [0, T,
S 0ena® W) Zu® (v,t) =0, veV\ag, (4)
ep~v

and at each boundary vertex, Dirichlet conditions
u(v,t)=0, veoag, telo,T]. (5)

We will set the direct problem (1) —(5), and show that there exists a unique weak solution
with Galerkin approximation method.
For formulating the inverse problem, let F(z,t) = f(t)g(z,t) where f(¢) is an unknown
function and g¢(z,t) is a given function, and we will find the pair of functions {u(z,t), f(t)}
in the following equation

biu(z,t) — Lu(x,t) = f(t)g(w,t), x€ej te€(0,T] (6)

and an integral over-determination condition with some generalized function n(x)
[ n@)5 (w006 = (o), t € 0.7 7)
g

We will show that inverse problem (1) — (7) has unique weak solution. The methodology
involved transforming the given equation into an operator equation, subsequently solved
using a priori estimates. This approach is classified as a functional method. The method was
adapted and enhanced, originally inspired by Ladyzhenskaya [1], to tackle fractional order
equations on metric graphs.
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Inverse source problem for the space-time fractional diffusion equation on
metric graphs
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A graph G consists of a finite set of vertices V' = {1;}/_, and a set E = {e;};_, of edges. A
metric graph is a graph in which each edge is associated with a positive number, called the
length of this edge. Each edge e; is assigned the interval (0,/;), ¢ = 1,n, and the coordinates
x; are defined on each edge. We will say that a vertex v is in incident with an edge e; if
it is the end of this edge, and denote this as e; ~ v. The number of elements of the set
I(v) ={e:e~wv,e € E} is called vertex valency v. If the valency of a vertex is equal to
one, then it is called a boundary vertex. Let 9G C V be the set of boundary vertices of the
graph. During this work, we suppose that G is a connected graph with a non-empty set of
boundary vertices.
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We consider the following fractional diffusion equation on the graph G
O u? (z,t) + Lo = FO(z,t) = fD(2)g(t), z€e;, te(0,T], i=TLn, (1)

where Jf, denotes the generalized left Caputo fractional derivative of order o € (0,1)
concerning the time variable t,

£ = 0l (1) DG a1 2
f9(z,t) are given functions, 0 < ag < p¥(x) < a; < 400, 0 < Ry < r(x) < R; < +o0
and we suppose that r,p € C[g], Dg}z and 85712" i = 1,n stand for the left Riemann Liouville
and the right Caputo fractional derivative of order § € (%, 1), respectively, with respect to
the spatial variable . Also, f@(z) are unknown functions and g(t) is a given function. So,
we are searching for the solution {u(x,t), f(z)} to equation (1) within a bounded domain
Gr = G x (0,T], while satisfying the following initial conditions

u(z,0) =D (z), ze€e, i=1,n, (3)
the vertex conditions

I PuD (v, t) = 1 PuD (v,1), Vi j € I(v), t €[0,T],
Z U€i7Vp(i) (V)Dg,xu(Z) (Vv t) = 07 Ve V \ ag? <4)

e;~v

where I(v) is the index set of the edges incident to a vertex v, o.,, = 1 if v is the right end
of the edge e;, o¢,, = —1 if v is the left end of the edge e;, I&;B is the left Riemann-Liouville
fractional integral of order 1 — 3, Dirichlet conditions

Iy Pu(v,t) =0, veag, teloT], (5)
and an additional final-time condition
u (2, T) =¢W(z), zee, i=1In, (6)

where ¢ (), @ (z), i = T, n are known functions.

This study examines both direct and inverse problems. The direct problem involves
finding a solution u(z,t) for problem (1)-(5). The inverse problem, in contrast, requires
determining the right-hand side of equation (1), specifically the source function f(z), under
the additional final-time condition specified in (6).

Klimek et al. demonstrated the existence of strong solutions to the non-homogeneous
space-time fractional diffusion equation in [1]. Their problem is defined on an interval,
whereas the present study considers a metric graph. Furthermore, their operator differs,
resulting in distinct boundary value problems. Inverse problems are addressed in [2]. In [2],
the formulation is similar to that of Klimek et al., but the focus is on the inverse problem
with condition (6), where the right-hand side of the equation depends solely on z.
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Kernel identification problem in a time-fractional model of superdiffusion with
damping
Subhonova Z.A.

V.I. Romanovsky Institute of Mathematics of the Academy of Sciences of the Republic of
Uzbekistan, Bukhara, Uzbekistan;
subhonovaziyodab@gmail.com

We consider a time-fractional superdiffusion model with damping, governed by the
integro-differential equation

(D) (1,2) — a1, 2) + ()t ) = F(t,2), (.)€ QF, M

where 1 < a < 2, Dga) is the Caputo-Dzhrbashyan fractional derivative, that is

1 o [t u(r,) u (0, )
D) (+ :—_/ A\ ) g pmetl D)
(D u) (¢, 7) T2 —a)ot J, t—r)p1" T2 —a)
and QF = {(t,z): 2 €R,0<t<T}. The function ¢(t) represents a time-dependent

damping coefficient, which plays a crucial role in the system’s dynamic behavior.
The primary objective of this paper is twofold. First, we address the direct problem,
which involves determining the solution u(¢, ) given the initial conditions

U0 = p(x), utli=o = (), x €R, (2)

as well as the source term f(t,z), and the damping coefficient ¢(t).

In the next step, we assume that the scalar coefficient ¢ is unknown along with u, and we
aim to determine both. Let’s formulate the inverse problem with the following form: find the
function ¢(t) € C[0,T7], in (1), if u(¢,x) the solution to the Cauchy problem (1), (2) satisfies
the condition

ulz—0 = g(t), t€10,7T], (3)
where ¢(t) is given function, that satisfies the matching conditions

p(0) =g(0), ¥(0)=g'(0). (4)

Using work [2], we get the solution of the problem (1)-(2) in the following form

U(t7$)=/RZl(t,fC—5)90(€)d€+/RZz(t,m—f)@/)(é)df

i /ot /R Y(t =712 =& f(&T)dédr

— /Ot/RY(t — 1,2 — &)q(T)u (7, &§)dédr, (5)

where the triple Z;(z,t), Zs(x,t), Y (z,t) represents the fundamental solution of the one-
dimensional fractional diffusion equation with the Caputo-Dzhrbashyan derivative, expressed
in terms of the H-Fox function:

7 a0
Zj(t,x) = WHLQ

|z
4t

(jva) y
(;’1)7(171):| ) ] - 1727
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1 a— 2, x 2 a,a

Vo) = etmg B oo ] ©)
Lemma 1. Let g € C[0,T), ¢ € C}(R), ¢ € CZ(R), and f € C([|0,T]; CZ(R)). Then there
exists a unique solution of the problem (1)-(2) with u € C*?(QY)NCHQL), where a € (1,2).
Lemma 2. Let u,(t,z) be a classical solution to the problem (1)-(2) with »(0) = g(0),
»(0) = ¢(0), ¢'(z),¢'(z) and f.(t,x). Moreover, let, V(t,x) = u,(t,x). Then, the problem
(1)-(3) is equivalent to the problem of determining the functions 9(t,r) € C**(QT)NCY(QL)

and q(t) € C[0,T] from the system of equations:

(DIVY)(t,2) — Duult, ) + q()04(t,2) = fult,z),  (t2) € QF, (7)
79|t:0 = 90/(1’), 79t’t:0 = wl@); r € R, (8)
Oulomo = (DEG)(1) + q(t)g () — £(0,1). 9)

Lemma 3. If q(t) € C[0,T], f(t,x) € C([0,T]; C}(R)), ¢(z) € Cy(R), ¥(x) € CF(R),
then there exists a unique solution to the direct problem 2 such that 9(t,x) € C**(Q¥) N
CHQ?)-

The inverse problem of determining the function ¢(¢) from equations (7)-(9) is analyzed
using the contraction mapping principle.

qwzww40&04M%ww%mm)

%ymrﬂédqén@—T@mvwxn@@ (10)

Theorem 1. Let f € C([0,T); C}(R)), p € CHR), ¢ € CZR), g € C'0,T] with
1g'(t)] > go > 0. Assume the compatibility conditions ¢(0) = g(0) and (0) = ¢'(0) # 0 are
satisfied. Then, for sufficiently small T* > 0, there exists a unique solution to the inverse

problem (7)-(9), such that ¥ € C**(QT" )N CY QL") and q € C[0,T"]..
LITERATURE
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Inverse problem of determining the coefficient for a two-dimensional telegraph
equation with a conformable fractional derivative over time

Suyarov T.R.!, Durdiev D.K.?

L2Bykhara State University, Bukhara, Uzbekistan;
Ltsuyarov007@gmail.com, 2durdimurod@inbox.ru

In this work, we investigate the local existence and global uniqueness of a nonlinear inverse
problem for determining a non-stationary coefficient in a telegraph equation, including the
Conformable fractional derivative with initial-boundary conditions and overdetermination
conditions.

In the domain Q = D x (0,7}, where D = {(z,y) : 0 <z <1, 0 <y < 1}, we consider a
two-dimensional telegraph equation of Conformable fractional order [1]:

T u(z, y, ) + 26T u(e, y, ) — Au+ q(t)ulz, y,t) = f(z,y,1), (z,9,6) €Q, (1)

with initial conditions

u(z,y,0) = ¢(z,y), (z,y) €D, (2)
T u(z,y.0) = ¢(z,y), (v.y) €D, (3)
and nonlocal boundary conditions
uw(0,y,t) = u(l,y,t) =0, (y,t) € [0,1] x [0,T], (4)
uy(,0,t) = uy(x,1,t), u(z,0,t) = 0, (:1: t) € [0,1] x [0, 7. (5)

where D = {(2,9) : 0 <2< 1,0<y <1}, A = a Lo+ a 22 Taplace operator, ']I‘( ) is called
the corresponding (Conformable) fractional derivative of order a (0 < o < 1) in ¢ (see. [2]),
and T'** denotes the composition T\ (T\*)), where f(z,y,t), ¢(z,y) and 1(z,y) are given
functions.

The inverse problem consists in finding the function ¢(t) € C|0, 77, if, with respect to the
solution of the direct problem (1)-(2), the overdetermination condition is known:

// (e, y)u(w, y, O)dudy = H(2), (6)

where H(t), w(z) are given functions. To study the direct and inverse problems, we will use
the following conditions.

Assume that throughout this article, given functions ¢, ¢, f, w and h satisfy the following
conditions:

3 J Peley) d(@y) . — _ _

Al) {p. 9} € © (D%{ E s o } € Ly(D); ¢(0,y) = ¢(L,y) = 0, ¢..(0,y) =
Par(Ly) = 0, @(2,0) = 0, ¢ (2,0) = @y(2,1), yy(,0) = 0. ¥(0,y) = ¥(1,y) = 0,
w:m?(oa y) = %m(l, y) = 0, 1/1<5€, 0) = 0, l/Jy<LU, O) = wy<$, 1), ’pry(l’? O) :{9,

A2) f(xaya ) S C[OaTLt € [O’ T]? f(? 'at) S Cg(ﬁ)v %@5}” € LQ(D)
f(o’ y? t) = f(17y’ t) = 07 fxw(()’ y? t) = fx$<]‘7y7 t) = O? f(x7 07 t) = O? fy('r? 07 t) =
fol@, 1,8), fyy(2,0,8) = 0.

A3) w(z,y) ECQ( J;w(0,y) =w(l,y) =0, w(z,1) = w(z,0),w,(z,1) = 0.

A4) (TP H)(t) € C[0,T), |H(t)| > Ho > 0, Hy is a given number,

[ v vyete vy = Bl
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[ﬂWwW@MMMZWﬂMWH+

Using the results presented above, we obtain:

Theorem 1. If q(t) € C[0,T], A1), A2) and condition 0 < b*> < 5m? are satisfied, then
there exists a unique solution u(x,t) € C*(Q) to the direct problem (1)-(5).

Theorem 2. Let A1)-A4) be satisfied. Then there exists a number T* € (0,T') such that
there exists a unique solution q(t) € C'[0,T*] of the inverse problem (1)-(6).

Let T be a positive fixed number. Suppose that:

Bl) {90(7 ')7 1/)(7 )} S 04(D)7 gO(O,y) = Qp(l?y) =0, Soa:m(oay) = Qomx(lvy> =0, QO(ZE,O) =
0, ¢y(z,0) = wy(x,1), pyy(z,0) = 0. ¥(0,y) = P(Ly) = 0, ¥u(0,y) = Vua(l,y) = 0,
¢($,0) =0, @Dy(fL’,O) Zl/)y(%l), 77ZJyy(x70) = 0. _

BQ) f(l‘,y, ) S C[OaT]’t € [OvT]7 .f(a '7t) € 04(D)7 f(anvt) = f(17y7t) =
0, fxx(oay>t) = f:c:c(]-ayat) = 07 f(x,O,t) = 07 fy(x707t> = fy(il'), 17t)7 fyy(.fE,O,t) = 0.

The fulfillment of conditions B1), B2) implies that conditions A1), A2) are also satisfied.

Consider the set D, of given functions (¢, v, h, f) for which B1), B2), A4) are satisfied
and

max {elloapy  [¥llcs - 1 lexon, | logomon) } < o
Denote by G, the set of functions ¢(t) that for some 7' > 0 satisfy the following condition
lallcror) < paspa > 0.
Theorem 3. Let (¢, H,f) € Dy, (#,0.1,f) € Dy, and 4.4 € Gy, Then, for

solution to the inverse problem (1)-(6) holds the following stability estimate:

lg — qllcior <7 { o = @lloam) + Hw - w‘ c4(D)

HIH = Allosan + 1 = Flegom cxm)|
where the constant r depends only on g, p1, T, .
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Kaputo kasr tartibli diffuziya tenglamasiga qo’yilgan Koshi masalasining klassik
yechimi uchun mavjudlik shartlari
Temirov M.S.
Buxoro davlat universiteti magistranti

Kasr tartibli diffuziya tenglamasi

o, O*u(t, )

Dtau(tflz) =a ax4 )

t>0,zecR, (1)
quyidagi boshlang’ich shart

u(0,z) = p(x), = €R, (2)
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bilan berilgan bo’lsin, bu yerda Dy -Kaputo kasr tartibli hosila (0 < a < 1), & > 0 esa
diffuziya koeffitsienti.

Ushbu ish (1),(2) Koshi masalasi yechimini beruvchi formulani topishga bag’ishlanadi, ya'ni
quyidagi o’rinli

Teorema. Faraz qilaylik ¢(x) funksiya uzluksiz va cheklangan bo’lsin, u holda (1),(2) Koshi
masalasining yechimi mavjud va u

ult,z) = / T Gultr - €) () de,

(e 9]

yordamida aniqlanadi, bu yerda GG, -kasr tartibli diffuziya yadrosi bo’lib, Furye almashtirishi
orqali hosil qilinadi.

Fractional-order mixed partial differential equation: inverse source problem
related to the wave-diffusion process

Toshpulatov M.!

Andijan State University, Andijan, Uzbekistan;
muzaffar.toshpulatov89@gmail.com

We consider the following mixed equation

1 - t -
897;( ") . CDggﬁl’%éu(t x)
1+ t—a) p =
sgn( ) ) CDgt’Bm"su(t,x) — Um(t, ;p) = h(t, x) (1)

2
in a domain Q = Q, UQ, U J, where J = {(t,2) :t=0a,0 <z <1}, Q) ={(t,z): 0 <z <1,
0<t<a}l, Q={(tz):0<z<la<t<b},abeR" suchthat b>a,1<p <2,0<
Po <1, a,7,0 € R, h(t,x) is a given function.
FORWARD PROBLEM. Find a regular solution of (1) in €, satisfying the following

conditions:

u(t,0) =u(t,1) =0,0<t <D, (2)

u(0,2) = p(x),0 <z <1, (3)

lim 7€ D% 0y (¢, ) = lim wy(t, 2),0 < z < 1. (4)
t—a+ t—a—

DEFINITION. Function u(¢,x) is called a regular solution of (1) in Q, if u(t,z) €
C(Q), uga(t, 2) € C( UQy), PODLP Y0yt ) € C(Q1 U ), PEDS20u(t, 2) € C(Qy U J)
and satisfies (1) in Q.

The given function ¢(x) must satisfy the following conditions:

»(0) = ¢(1) = 0.

If h(t,z) is unknown, we formulate the following inverse problem by imposing an
additional condition on the time variable.

INVERSE SOURCE PROBLEM. To find a pair of functions {u(t,z),h(t,x)},
satisfying (2)-(4) together with the final-time measurement

u(b,z)=v(x), 0 <z <1, (5)

where 1 (z) is a given function.
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FORMAL SOLUTION. We search for a solution to the problem as follows:

u(t,z) = Z 1Wi(t) - sinkrz,0 <t <a, (6)
k=1

u(t,x) = ZQWk(t) -sinkmz,a <t <b. (7)
k=1

We substitute (6) and (7) into (1) and will get the following fractional differential
equations:
PODG  Wi(t) + (k) - Wi(t) = hy,, 0 < t < a, (8)

PO D&Y W () + (k)% - oWi(t) = hy,a < t < b, 9)
where hy(t) = Qfol h(t,z)sin krade are the Fourier coefficients of the function h(t,z) =
> hi(t) sin kma.
k=1

Our equation incorporates a regularized Prabhakar derivative [1| . There are very few
inverse problems associated with this operator. One of them is examined in the article [2].
We utilize the solution of the Cauchy problem to find the solution of the inverse problem,
more detailed information about which can be found in articles [3] and [4].
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Inverse problem for the abstract diffusion-wave equation with Caputo fractional
derivative

Turdiev H.H.!, Durdiev D.K.?

Institute of Mathematics, Uzbekistan Academy of Science, Tashkent, Uzbekistan;
Bukhara State University, Bukhara, Uzbekistan
'hturdiev@mail.ru, 2durdievdd@gmail.com

In this article, we’ll consider an abstract fractional diffusion-wave equation in the Hilbert
space H:

gy qu(t) + APu(t) + q(t)u(t) = f(t), t € (0,7), (1)

with conditions
w@, )],y =w, w(®)],_, = (2)
where Jg, , is the Caputo fractional derivative of order 1 < o < 2 in the time variable ¢ (see
definition 1, 2 in preliminaries), 0 < 5 < 1, f(¢) € C((0,7T); H) is a given function, ¢, are
known elements of H, H is a separable Hilbert space equipped with the inner product (-, -) and
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the norm ||- ||, A: H — H is an arbitrary self-adjoint, a densely defined, positive, unbounded
operator in H with the domain of definition D(A) C H. Assume that operator A has a set
of positive eigenvalues {\;} and a complete set of orthonormal eigenfunctions {e;}. Let the
sequence of eigenvalues of the operator A have no finite limit point. Using renumbering of
eigenvalues, we can number them in a non-decreasing manner, i.e., 0 < A\; < Ay < -+ — 400.

Definition 1. A function u(t) € C([0,T); D(A?)) N C*((0,T]; H) with the properties
Deu(t) € C((0,T); H), APu(t) € C((0,T]; H) and satisfying conditions (1),(2), is called
the solution of direct problem.

Inverse problem. Given «, 5, f(t) and ¢, %, find a function ¢(¢) satisfying the problem
(1)-(2) and the additional condition

Olu(t)] = ult), 0<t<T, (3)

where p : [0,7] — R is a given function, ® : D(®) C H — R is a known linear bounded
functional.

Definition 2. The problem of determining the function ¢(¢) from equation (1) using the
additional condition (3) imposed on the solution of the direct problem (1)-(3) is called the
inverse problem.

Fractional differential equations have found applications in various areas of modern
science, such as dynamic processes in porous media, diffusion transport, electrical networks,
control theory of dynamic systems, viscoelasticity, and more. Time-space fractional diffusion
and diffusion-wave equations are formulated by replacing the conventional time and space
derivatives with their fractional counterparts [1]|-[3].

In this paper, the following assumptions are made:

(I1) ¢ € D (A%), ¢ € D (A%%), feC([0,T); D (47%));

(I2) p(t) € CH0,T] and satisfy the conditions |u(t)| > po > 0 where pq is given number;

(1) 1(0) = @[], '(0) = @[u];

(14) @ : {® [ex]} € [*(N), where N denotes the set of natural numbers.

Theorem 1. Let (I1)-(I4) be held. Then the problem of finding a solution of (1)-(3) is
equivalent to the problem of determining the function ¢(t) € C[0, T satisfying

q(t) = —— (fI(t) — 05, opu(t) — [A"u](1))

where

APu(t) = APZ, (t)p + AP Zy(t)a
# [ =5 = [ AV = sl

NE

YOh =S (h,ex)t° By (—Aft“) en, heH t>0,

£
Il

1

e = (#r0) Bat (~N1°) exs Za(t) =t 3 (@, 4) Ban (—N1) e
k=1 k=1
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Inverse problem for time fractional diffusion equation with nonlocal boundary
and local initial condition
Turdiev H.H.!, Jo’raqulova A.I.?

Bukhara State University, Bukhara, Uzbekistan;
hturdiev@mail.ru

In the domain Qr = {(z,t) : 0 < & < 1, 0 < t < T} consider the time-fractional
diffusion equation

Oz, t) = Uz + q(t)u(z,t) + f(2,t), (2,t) € Qp, (1)
with the initial condition
u(z,0) =p(x), 0<z<1 (2)
and nonlocal family of boundary conditions
w(0,t) =0, ug(0,t) = ux(1,t) + du(l,t),0 <t <T, (3)

where 0f, is the Caputo fractional derivative of order 0 < o < 1, f(x,t),p(x) are given
functions and ¢ is real constant.

The direct problem is to determine the solution wu(z,t) that satisfies (1)-(3), when the
function ¢(t) is known.

Inverse problem. Find the function ¢(¢),¢ > 0 in (1), if the solution of the nonlocal
boundary and local initial problem (1)-(3) satisfies condition:

u(wo,t) = h(t), zo € (0,1), (4)

where h(t) is known functions.
Theorem 1. Suppose that the following conditions hold:

A1) p e C0,1], ¢" € Ly(0,1), ¢(0) =0,¢(0) = ¢'(1) + ap(1);
Ay) h(t) € CH0,T], Dg, h(t) € C[0,T], |h(t)] > ho >0, h(0) = ¢(x0);
Ag) f(flf,t) - C (QT) ;

then, there exists a unique solution of the inverse problem (1)-(4).

Inverse problem with a dynamical condition for the sub-diffusion equation
involving the Hilfer-Prabhakar integral-differential operator

Turdiev Kh.N.

Fergana State University, Fergana, Uzbekistan;
xurshidjon2801@gmial.com

We consider the following time-fractional sub-diffusion equation
PHDS;,B,%&MU (t, ) — Uge (t, ) = f(t,2), (1)

in a rectangular domain 2 = {(¢,z) : 0 <x < 1,0 <t < T}. Here f(t,x) is a given function
and

dt_m()t

represents the Hilfer-Prabhakar fractional derivative [1] and

; a,pu(m—0B),— dm a,(1—p)(m—0),—y(1—
PHDg‘taﬁ)V’énuy (t) — ]Otvl( ﬁ)v Y16 |: I 1(1 M)( 6)7 7(1 H)?ay (t)

t

PoBdy (1) = / (t— €/ B, [6(t— &)y () de, >0

0
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represents the Prabhakar fractional integral [2]. We note that above-given definitions are valid
for o, B, v, 6 € R, m=[p] + 1, such that « >0, 0 < f<1land 0 < p < 1.
Here £ ;(2) is the Prabhakar function [2]:

R T

m=0

Inverse-initial problem. To find a pair of functions {u(t, z), p(z)} satisfying that:
i) u(t,x) € C(Q)NCQ), HDG " ult,x) € C(Q), f (t,2) € C ();
ii) Eq. (1) in Q;

iii) the initial condition
[0 (0 ) = p(2), 0<z<1;
iv) the boundary condition
u(t,0)=0, 0<t<T,
together with the Neumann-Wentzell condition
Uy (£,0) + pugs (8, 1) =0, 0<t<T, p>0;
v) the over-determination condition
w(é, z) =), 0<z<l,

for fixed £ € (0, 7). Here v (z) is given function.

We have proved the theorem for this inverse-initial problem.

Theorem. Let p = 1/zgsinzg. fa=1,0< <1, y=08,A>0,0 <0, > 20,
0<0<1/2,4(0) = (1) = ¢'(1) = ¢"(0) = ¥"(1) = ¢¥"(1) = 0,

Q/J(ZE) € 03[07 1]7 ¢(4)($) € L2(O’ 1>a
f(O,ZL’) = ft<t70) = ft(t7 1) = ftw(ta 1) = ft:cx(t70) = ft:cx(t7 1) = ftwwz(t> 1) = 07
f(t,[L‘) € C(Q>a fthx(tvr) € C(Q)v ftmxzx(ta ) € L2(07 1)7

then there exist a unique solution of the inverse-initial problem.
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O cymiecTBOBaHUM COOCTBEHHBIX 3HAYEHUII KPAaeBOil 3a1a4M C MHTETrPAJTbHBIM
YCJIOBUEM COTPS>KEHUS JIJIsI CMEIIaHHOTO TUIla C OIIepaToOpoM
I'epacumoBa—KamyTo

Axmamos 1. A.

Hapowniickuit rocynapcrBennbiii yuusepcutet, HaBou, Y30ekucram;
e-mail: ahmadov.ilhom@mail.ru

B nocsiesine rojibl 3HaUUTEIbHO BO3POC MHTEPEC K MCCJIEJIOBAHUIO KPAEBBIX 3ajad JIJIsd
nuddepeHInabHbIX YPABHEHUI CMEIIaHHOIO THUIA, B YACTHOCTU C yYaCTHEM OIEPATOPOB
Jipobuoro nopsiaka. [logo0HbIe 33191 HAXOIAT MINPOKOE IPUMEHEHNE B MO/IEJIMPOBAHUN TTPO-
1IeCCOB, TJIe HAOJII0/1aeTcd Kak I Y3MOHHbBIN, TAK M BOJTHOBOM XapaKTep pacipoCcTpaHeHus,
a TakxKe 3(PEKThl TaMsITH U HACIEICTBEHHOCTH.

B nmacrosimieit pabore paccmarpuBaeTcst KpaeBas 3aia4a JJsi yPaBHEHUs] CMEIITAHHOTO TH-
[a C OIepaTopoM JPOOHOTO TOPsKA U MHTErPaJbHBIM YCJIOBHEM compsikenus. Jlokazano
CYIIECTBOBAHUSI U €IMHCTBEHHOCTh KJIACCUYIECKOTO PeIeHust 3a1a9u A, JI/IsT YPABHEHUST CMe-
IMIAHHOTO TUIIA JPOOHOTO MOPsijiKa. I3y eHbl crieKTpajbHbIE CBOWCTBA 3a/1a9u A, JIUIsT ypaBHe-
HUsT CMEIIAHHOTO THIIA ¢ TTPOW3BOIHON JIPOOHOTO MOPsi/IKa B CMBICTIe ortepaTopa [epacumoBa—
KamyTo.

[Tycrs Q C R? — koneunast 06/1acTh, orpanndentast npu y > 0 orpeskamu A4y = {x =
0,0<y<1} ABy={y=0,0<z<1},BBy={r=1,0<y<1},ampuy <0
xapaktepuctukamu: AC : x+y =0, BC : v —y = 1, ypaBuenus

c axz($7y)_z (.’L’,y), yZO,
g(z;y) = Lz(z,y) = { ‘ "
22 (T,Y) — 2(2,y), ¥ <0,

(1)
rie DS, [#] — oneparop japo6Horo nopsijika o B embicse [epacumosa—Karyro [5]:
P
) (x—=t)"" f'()dt, 0<a<l,
0

DG, f(x) =4 Tl -a
f/(l‘), a=1,

Bagaua A,. Haiitu pemenne ypasuenus (1), yJIoBaeTBopsitoiee yCaIOBUAM

Z(ﬂj, y)|AAOUAoBO = 07 (3)

[22(, y) + Zy<xvy)”3(} = 0. (4)

U yCJIOBHUIO CONPSIZKEHUA
2z (2, 40) = z,(z, —0),

2y (2, 40) = azy (, —0) — b/ 2t —0)dt, 0<z<1, (5)
0

rie a,b € R, npuaem a? + b > 0.

Yepes WE(Q) ob6ozuaunm npocrpancrso C. JI. Cobosesa ¢ nopmoit |||, , W2(Q) = La(Q)
- IPOCTPAHCTBO KBaJpaTudHO cymmupyembix dbyuknuit va [0,1], Qo = QN {y > 0}, O =
Qn{y <0}.

Onpepenenne 1. Knaccuueckum perenneM 3ajgaqu A, HasoBeM yHKIuo z(z,y) u3
KJ1acca

Q1= {z(z,9) : z(z,y) € C(Q) N Coy(Q) N CTH(N)},

yA0BJIeTBOpstolty o yeiaosusM (3), (4), (5) u obpamatortyto ypasuenue (1) B TOXKIECTBO.
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Onpepesienne 2. Oyuximio z(z,y) € Ly({) HaZ0oBeM CUIBHBIM pelieHueM 3a1auu A,,
eCII CyIIEeCTBYeT TocseaoBaTeabHocTh byukimit {z,(z,vy)}, zn(x,y) € @1, yaoBIEeTBOpPSIIO-
mux ycaosusiM (3), (4), (5) samadn A,, Takasi, 9TO MOCIEIOBATEILHOCTH 2, (2, y) U Lz, (x,y)
cxopstest B Ly K dyskimsm z(z,y) u g(x,y) cCOOTBETCTBEHHO,T.€.

[ 2n(@,y) = 2(2,y)llg = 0, [| Lza(z, y) — g(z,y)||o = O mpn n — oco.

Teopema 1. Jljia mo6Goit pyuxuun g(x,y) € C1(Q), g(0,y) = 0, cymecTByer e1uHCTBEH-
HOe KJlaccuueckoe pemterne z(r,y) € Q1 3amaun A, , yIOBIETBOPSIONIEe HEPABEHCTBY

Iz, Y)lle@ < Cilla(@,v)llow):

Teopema 2. Ilycts 2/3 < o < 1. Torma jys moboit dyakmuu g(z,y) € Lao(Q) cy-
IECTBYeT eIMHCTBEHHOE CUJIbHOe pernenue z(z,y) 3agaau A,. DT0 pelienne IpUHAJIeKUT
KJIacCy

Q2 = {z(z,y) : 2(z,y) € W3 () N Wy () N cQ)}

2z,y
YIOBJIETBOPAET HEPABECHCTBY

2(z, y) 220y < Collg(z, y) || o)

1 MOXKeT ObITh IpeacTaB/JICHO B BUE

Z(l’ay) = // K(%%xl;yl)g(%aZ/l)dele/l,
Q

rae K(z,y;21,y1) € Lao(Q2 x Q).
Teopema 3. Ilycts a > 0, b > 0. Torma cymecrByer takoe A € C, 4to ypaBuenue
Lz(z,y) = Az(z,y) umeer HerpuBHaIbHOE pemienue z(x,y) € Q.
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Mpur 6y;LeM UMETh JIeJIO C CHHIYJIAPHBIM JuddepeHnaabHbIM OmepaTopOM Beccensa

(By): 8t2+t D.t>0,v>0,u1A, — oueparopom JlamacaBeccenss A,= Z( B, )z, Host

paboOTHI ¢ TAKUMU OllepaTopaMu OyIyT HYyKHbI CJIeIyIONIe TPOCTPAHCTBA 1 Hp606paSOBaHI/IH.
[IycTn R™ — n-MepHOe €BKJIUJIOBO [IPOCTPAHCTBO ,
={z=(z1,...,2,)ER", 2:>0,...,2,>0}. Mynpruungekc y=(V1,...,Vn), COCTOHUT
U3 TOJIOKUTEIBHBIX (DUKCHpoBaHHBIX quces y; > 0, i=1,...,n, |y|=71+...+7,. [Ipocrpan-
crBo L) = Lg(Rﬁ), 1 < p < oo cocrout U3 usmepuMbIxX Ha R’} @yHKIuMil, YeTHBIX 110 KazK 101
U3 CBOUX II€PEMEHHBLIX I;, ¢ = 1,...,n Takux, 4ro ecau [ € [ﬂ R?%), To f |f(x)|PzVdx < oo,

n
Y — Vi
=]z}
i=1

Hopmuposanunas dyukius Beccens j,, oupesensercsa dbopmyoit j,(r)=
rae J, — dyukiusa Beccens nepsoro poga. st x€R™ ncnosibzyem obo3HavdeHmne

17€F=IIJL;K$£0-
=1

Muoromeproe npeobpasosanne Xankens ynkmun feL](R") umeer sun

2”F(ll+l) JV<I')

TV

F.[f1(€) = Fy[f(@))(€) = F(€) = / F(2) (@, €)2d.

[Iycre f€L](R,) u sBustercst GyHKIMEH OrpaHUUeHHON BApUALIUK 110 KAXKJIOil U3 1epe-
MEHHBIX Z;, ¢ = 1,...,n B oKpecTHocTH TOUKN & HernpepbiBuoctu f. Torma obpaTHoe MHOTO-
MepHOe peobpas3oBaHie XaHKesI IMeeT BH]L

- on—|vl -
F O F(O)) = f(2) = 57— [ Js(2, &) F(€)& dE.
fir !

Hac nnrepecyer Bompoc o 1pobHbIX cremersx omeparopa (I —A,), rae I — ToXKIeCcTBeH-
HbIii oneparop. st mocrpoenust Takux JpOOHBIX CTEHeHedl HaM MOTpebyeTcs MHOIOMEPHBII
00ODIIEeHHBIN CIBUT BHUIA

CToN) ) = "T5f () = (TR ) (),

IJIe KaxK/Iblii OJJHOMEpHBIH 0000mennblil capur "IV, i=1,...,n
%+1
("TY ) ()= En /f T1y. ey Ti1, \/ + Y2 — 22Y; COS Py Tis1, - - -, p) SN0 dip;.
\f (%)

YTV
O0bobIeHHAs CBEPTKA, HOpO}K,[LeHHaﬂ MHOIOMepHBIM 00001mennbIM casurom "TY naercs

bopmynoit (f * g),(x) = (f * g) f fy)(TY%g)(x)y" dy.
O6o6mennoe spo Beccens OHpe,ZLeJII/IM pPaBEHCTBOM

gr=lyl=e iy

5T (5) ITT (057

=1

Gilr) =

Koepa (Ja),
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riae K, — momuduinmpopannas GyHKIMA beccesiss BToporo poja.
O06obreHHbIil TOTeHIMA Beccenst ompeernsiercss Kak 0000IIeHHasT CBEPTKaA C SIAPOM
G (x) 1 peanm3yeT OTpPHIATENIBHYIO JPOOHYIO crereHb oneparopa (I — A,) [?]:

(Gop)(x) = (I — A) Fp() = / G () (T dy.

Onpenenum oneparop (I — Av)% II0CPEJICTBOM IIPEJIEILHOrO 1epexojia B L)

(I = A (@) =l [(1+ 16P) 9] (@) « 0 (2),.

Ceasp onepatopos (GSp)(x) u (1 — A.)% maercs B ciieyiorreil TeopeMe.
Teopema 1. Ilycmv p € L), 1 < p < oo. Toeda obobwennvii nomenyuan Beccensn
u(z) :Gg‘go(x) Asaaemces pewenuem duddepenuuanrvrioz2o ypasnenus dpobro2o nopadka suda

(1= Ay)2u(z) = p(x).

Pabora BbImosiHEHA B paMKax rocyiapcrBeHHoro 3ajanust Munobpuaykun PO (FEGS-
2023-0003).

Crucok jimrepartypbl

1. Dzhabrailov A., Luchko Y., Shishkina E. Two forms of an inverse operator to the generalized
Bessel potential, Axioms. — 2021. — Vol. 10, no. 3. — P. 1-20.

OO0 osHOII KpaeBoil 3aja4e AJid HArpy>KeHHOro YpPaBHEHHUS CMENIaHHOrO THUMA C
JPOOHBIMY MPOU3BOIHBIMU

Ncnomos B.!. !, A6coarosa X. I. 2

Hanumonabubiit YauBepcuter ¥Y30ekucrana uM. M. Yiyroeka, 1. TamkenT, Y30ekucram;
Hamanranckwmit ['ocynapcrsennbiit Yuusepcurer, r.Hamanran, Y36ekucram;
islomovbozor@yandex.com, rhmtvfarhod@gmail.com

Baazodaprocmu. Paboma svinoanena npu purarcosoti noddeporcke Yabexcrozo gornda dym-
damenmarvnor uccaedosaruti (npoexm @3-202009211 ).

OrmernmM, 9to uddepeHImaibHble YpaBHEHNsT B YACTHBIX MTPOW3BOJIHBIX, COIEPKAIINe
[POU3BO/IHBIE JIPOGHOTO MOPsiJIKA, UMEIOT BazKHbIe IIPUJIOKEHUs B PA3IMIHbIX 0bacTsx [1]-[6]
1 TOJIyIeHHbIe pe3y/IbTaThl, 6€3yC/IOBHO, MIPEJICTABIISIOT OOJIBIIOE 3HAYEHUE M3-38 UX HOBU3-
ubl. Takne nuddepennuaibible ypaBHEHNsI B YaCTHBIX ITPOM3BOIHBIX HEBO3MOXKHO KJIACCHU-
dunmupoBaTh U3-3a HAJIUUUS IPOOHON IPOM3BOIHON, TaK KaK He YIAeTCsl HAIIUCAThL COOTBET-
CTBYIOIIIEE XapaKTEPUCTUIECKOE YPABHEHUE.

B cBs13m ¢ 3TMM IIpejiararo ey rolee ornpe/iesieHne KaacCupuKaImn TaKux ypaBHEHH
II0 TUIIaM.

Onpenenenune 1. /Iuddepenimaibubie ypaBHEHNsT B YACTHBIX ITPOU3BOJIHBIX, COJIEP-
JKalliie TPOU3BOIHYI0 JIPOOHOTO TOPSIIKA 7y, HA30BEM MapabOTUIECKUM, SJLUTHITHIECKUM U
runepOoTMIecKUM, €CJIM P KAKOM-TO 3HAYeHUHM YU3 IMPOMEXKYTKa €ero M3MEeHEHUsl OHU
CTAQHOBSITCSI COOTBETCTBEHHO AubdepeHnnaabHbIM ypaBHEHHEM HapabOIuIecKOro, 3JIIUII-
THYECKOIN0 U THUIIEPOOIMYECKOr0 THUIIOB II0 CYIIeCTBYIOMmEN Kiaccudukauy auddepenim-
AJIbHBIX ypaBHeHI/Iﬁ B 9aCTHBIX IIPOU3BOJHBIX.
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Onpenenenne 2. Eciu B pa3indHbIX 9acTdx 00JacTH 3ajanns guddepeH-ruaibHoe
ypaBHEHNE B YaCTHBIX ITPOU3BOJIHBIX, COJIEpIKAIee JTPOOHYIO MPOU3BOJI-HYIO, PUHAICKUAT
PA3JIMYHBIM TUIAM B YKa3aHHOM BBIIIE CMBICIE, TO Takoe JuddepeHnuaibHoe ypaBHEeHne
cJIejlyeT Ha3bIBaTh ypPaBHEHMEM CMEIaHHOTO THUIA B 9TO# 00/1acTH.

Pacemorpum ypaBuenue

Upz — Doy + 1t (2,0), (2,9) €21, 0<a <1,
0=Lu= (1)
vr — D+ potye(2,0)  (z,y) €y, 1< B <2

B npsiMoyroJibHoit obtactu Q = {(z,y): 0<zx <l, —p<y<gq}, rue
D =0nA{(zr,y): 0<z<l,0<y<q},

Q=0 Nn{(z,y): O0<z<l,—p<y<O0},
J={(z,y): O0<az<l,y=0}, Q=Q UQy UJ,

ap>0, ¢>0,1p; >0(j =1,2) — 3anannbie geiicTBuTeIbHbBIE YUCIa, [Dj,— oneparop
JpobHOro mopsisika B cMbicae Kamyro (2], |7, c. 38|.

Kaace C§. Yepes CF(M) obosnaunm Kiace yHKIMit, HOIPEPBIBHBIX BMECTE CO CBOMMU
YaCTHBIME IIPOU3BOJIHBIX 110 # 10 k— 1o mopsiaka BKJIIOUNTEILHO B obaactu M.

Bagmaua T'D,. Tpebyercsa maittu dbynknun u(x,y) co CJICIYIONMME CBOHCTBAMM:

u(z,y) € CNC2QUUQUJ), Diuc C), Dyue C(),

y' Uy (z,y) € C(QUT),  (=y)'Puylz,y) € C(QUJT);
Lu(z,y) =0, (x, y)EQlLJQg,

u(0,y) =0,  u(l,y) = —p<y<gq;
u(z, —p) =Y(z), 0<z<lI;
(=

lim y'*u,(z,y) = hm v) Puy(z,y), (v,0) € J;

y—+0

rje ¥ (x) —3ajanHast JOCTATOUHO TyiajiKast (DYHKIMsI, TpUIeM

$(0) = "(0) = (1) = ¢"(l) = 0.

B nanmnoit pabore jgoKa3zaHbl TEOPEMbI €IMHCTBEHHOCTD W CYIIECTBOBAHUA PEIICHUS 3813~
an 1'D,. Pemenne mocTpoeHo B BHJAE CyMMBI OPTOIOHAJIBHOIO PfA/ia M IPH OIPe/eIeH-HbIX
OrpaHMYeHNs HA 3aJJaHHBIX (DYHKIMK MOKa3aHa ero CXOAUMOCTh B Kiacce (2). YcraHOB-JieHa
YCTOWYIMBOCTD PeIlleHrsl OTHOCUTEIHHO rpaHndHast (DYHKIWsI () B KJIACCE HEIPEPbIB-HbIX U
KBa/IPATUIHO-CYMMUPYEMBIX (DYHKITUIA.
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06 O,Z[HOﬁ KpaeBOﬁ 3aJa4ve AJid Harpy>kKeHHOIr'o ypaBHEHHsdA CMEHIIaHHOI'o TUiia C
ﬂpO6HbIMI/I IIpOn3BOAHBIMUA

Ncaomos B.N.

Hanmonabubiit YauBepcuter ¥Y30ekuctana uM. M. Yiyroeka, 1. TamkenT, Y30ekucra;
e-mail: islomovbozor@yandex.com

Baazodaprocmu. Paboma svinoarena npu urarcosoti noddepatcke Yabexcrozo gponda dym-
damenmarvrox uccaedosarut (npoexm P@3-202009211 ).

B namnmnoit pabore ucciemyercs Kpaepas 3ajiada Jjis IPOOHO-HAIPYKEHHOTO TUIepO0JIn-
YECKOT'O YPABHEHUSI, KOTJa HAIPYKEHbIE YaCTU COJIEPYKUT OIEPATOPbI APOOHBIX ITPOU3BOJI-HBIX
Pumana - JInyBusiis.

Paccemorpum ypasnenue

Upp — Uz + 1 Dﬁlu(a:,t) , 0<x<+4o00, t>0,
0= e 1
) um U$x+/L2D'62 (0,m), —oco<x <0, t>0, (1)
Upp — Uy + M3D0£U<£ 0), 0<z<4o0, t<0,

B obsactu ) = O Uy UQs U Jy U Jy, e
Q={(z,t): 0<z<+o0, 0<t<+o0},

Qo ={(z,t): —co<x <0, 0<t<+o0},
Qs ={(z,t): 0 <z <+00, —00<t<0},
J={(z,t): 0<zx <400, t=0},Jo={(z,t): =0, 0<t< +o0},
O =0, UQ, U,

Q5 = QUQUJi, a Diu(z,t) u Dju(z,t) onepatopsl ApoOHBIX NPOM3BOIHBIX Pumana-
Juysmwing sugalll:

Dlu(a,t) = {D7 u(z,t) upm t<wx,

D) u(z,t) npm >z,
sign(z —t) 0 /x u(z, 2)
D] t ——dz. 2
txu<x> ) F(l _7> 8t ‘w—ZW z ( )
B ypasuenun (1) o > 0, { =z +y, n =y —z, p; (j = 1,3) — 3ajaumbie geficTBUTeIbHDIE

qucjia, IIpuiem

M]Z()a 0§/8]<1? (j:]-?)a (3)
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Onpenesienne 1. Yepes AC™(V), 2de n = 1,2,. ... V—ompesok, 0603nauum xaracc
dynryud f(x), nenpepvisno dudpepenyupyemouxr na Vdo nopadka n — 1, npuvem
f=U(z) € AC(V) u ACH(V) = AC(V)—waacc abcoaommo nenpepuisrvia @ymmyudi.
Onpegnenenne 2. Ilyems 0 < c <1 u f(x) € AC([0,1]), moeda D, f (z) cywecmesyem
nowmu ectody na (0,1) u moorcem 6vimo npedcmasaena 6 sudefl1]:

1

D5t (@) = F= [f(O):v‘c + [0 o

Hns ypasuenusi (1) B obsactu ) mocrasjieHa Kpaepas 3ajada ¢ ycjaosueMm Tpukomu, a
TaKzKe JI0Ka3aHa CYIIeCTBOBAHME U ¢IMHCTBEHHOCTD PElICHUs 9TON 3a1a4u.
Bamaua AT (Q2). Haiitu dbyukuuio u(x,t), 06/I1aIa10IIyI0 CJCLYONMMU CBORCTBAME:
1) u(z,t) € C(QNCHL) NCHQ), u(x,t) € AC[0,+00) daa Va,t € [0,+00);
2) u(z,t) € C*(4 U QU Q) u ynosnersopsier ypasuennio (1) B obaacrax Q; (5 = 1, 3);
3) u(z,t) ynoBaeTBOpSIET KPAEBBIM YCIOBUSIM

w(z, t)i=—e = @p1(x), 0< 2 < 400,

w(z, t)|pmr = pa2(t), 0<t< +o0,

rie p1(z), po(t)—3amannse dynknnm, mpuaeM ¢1(0) = po(0).

Teopema. Ecau dynryus p1(x)u po(t) nenpepwena u ozpanuvena wa c6ol obaacmu
onpedenenus 0 < x < 400, —c0o<t<0u —o0o<x<0, 0<1t<+00 coomeem-cmeenHo,
mo 6 obaacmu S pewenue 3adava AT (2) odnosnauno paspewuma.

Teopema J10Ka3bIBAETCS METOJIOM HWHTErPAJIbHBIX ypaBHeHuit. COrylacHO 3TOro 3ajada
AT'(2) sKBUBAJIEHTHBIM 00PA30M CBEJIETCsI K MHTErPaJbHOMY ypaBHEHHIO Bosbreppa BTopo-
ro poma. OHO3HATHAS PA3PEMIIMOCTD 3aa4N CJIe/IyeT U3 OJHO3HATHON pa3permMOCT WH-
TerpaJjibHOroO ypasHenusi Bosbreppal2].

JINTEPATYPA

1. Camko C.I'., Kunbac A.A., Mapudaes O.1. nTerpanbl u mpou3BoaHbIE JPOOHOIO TMOPSIIKA
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2. Muxguu C.I'. Jlekiuu 1o jinHeitHbIM uHTEerpaibubiM ypaBaenusam. M.: @usmarruz. 1959.
232 ¢

Kparusie onnepatopsl dpaeiinllKobepa apobHOro nmopsinika m mx ImpuMeHeHue K
PelIeHNI0 TPAaHUYHBIX 33/1a4

Kapuwmos II1.T., Ucmousnos M.X.

Fergana State University, Fergana, Uzbekistan;
shaxkarimov@gmail.com, ismoilovmuhtorzon140@gmail.com

B patore A. Erdelyi u H. Kober [1] 6bu1a BBejieHa ciretytoriasi MoguduKanus JpoGHOTO
MHTEIPUPOBAHUS:

2g201+e) 2 ,ova—1 9,41
In,a@(x)zw (x® —12)" P p(t)dt, (1)

o0

/ (12 — 22) " 22 (1) dt (2)

xT

221

()
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KOTOpbIE OKa3aJINCh BECbMa IIOJIE3HBIMU IIPU HMCCJIEJI0BAHUM MHTEIPAIbHBIX OIEPaTOpPOB,
HHTErpaJibHbIX ypaBHEHUN u B JApyrux obsacrsx maremaruku. Oneparoper (1), (2) u ux
0000IIIeHrsT TIOJIY NI HAa3BaHUe orepaTopos Jpeitn-Kobepa.

B paborax A. Erdelyi nojapo6uo usyuasiacs kommosuius oreparopos (1) u (2) ¢ qudde-
peHIuaIbHbIM orepaTopoM Beccesst

Ba: — x—2n—1ix2n+li — d_2 277 + 1 i

K dz dr  dx? x dx

(3)

B pab6ore [2|, 3] usyuensr npumenenue oneparopa Dpeitn-Kobepa i pernenue 3a1a4du
nuddepenmanbHbIX ypaBHEHne B YaCTHBIX POU3BOIHDIX.
JIByxmapameTpuiecKuil IBYKpaTHBIN orepaTop Jpeita-Kobepa nmeer Bu
2
ni,a _
a0 = T T ()

1 1 (4)

X / (1-— Uf)alfl gimtl / (1- ag)”’l 032t f (x0y09) doy | doy.

0 0

Nurerpansr Dpaeita-Kobepa ob/tagaoT ¢BoicTBOM orrepaTopa mpeodpa3soBaHMs.
Jlanubrit (hakT BBITEKAET U3 CJIEIYIOIICH TEOPEMbI:

Teopema 1. ITycmv a > 0, f(x) € C*(0,b),b > 0, dynxyuu x>M f(x), 222 f(z2) un-
mezpupyemv, 6 nyae u lim,_ o x> f/(z) = 0, lim,_o 2?2 f/(x) = 0. Tozda umeem mecmo
Pasencmao,

B73;2+a2]77270237$]1+061I772,Oélf('r) - ]772,(12]772,0413223797?1 (mtth) (5)

B pabore u3yueno npumMeHeHre COOTHOIEHNS (5) K PEIIEHII0 KPAeBO 3a/1a1u J1J1s OOBIK-
HOBEHHOTO JindDepeHInajIbHOro ypaBHeHUsT YeTBUPTOrO MOPsJIKa

d2 20[2 d d2 2061 d
(2 &) (G 5 ) v = 1)
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Ypasuenune Komn-ditsepa JpobHOro mopsigka

Maxamyn A.A., !, IIIumkuaa .J1.2
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B crarbe [1] pacemoTpensl ciefyioniie 06001eHnsT TPOOHBIX HHTEIPAJIOB U ITPOU3BOIHBIX
Anmamapa. Ilycrs ¢ > 0. JIpobHbIit mHTErpas ajgaMapoBCKOro TUma mpu « > 0 mmeeT B

(135, N0 = s / (L) )" r0f as0

JpoOHast IPOU3BO/IHAs aJaMapPOBCKOI0 THUIIA IPU JIPOOHBIX o > () mMeeT BHUT

Q:C

1 d\"
(195, .00) = (040 ) #OENE@, 220

riae :r% — omeparop diiiepa, n = [a| + 1. B ciygae a =n € N

(495 N0 = o (1) 1t0),

xc

(#D04.eH)(@) = (1304..f) (@) = f(@).

IIpu ¢ = 0 oneparoper gJg, . 1 gDg, . JaIOT IPOGHbIE cTeneHn onepaTopa Jiliepa T .
Hns 6eckoneuano auddepenipyemoit dbyuknuu f(x), onpesenennoit s x > 0, Takoi,
qTo ee psj Teitiopa cxomurced BO Beakoil Touke r > 0 mpu o > 0 m ¢ > () BBITOJHAIOTCA

paBeHcTBa
~o = —Q k;dky
J e —_—
(5304 ..4)(x) 1;:0:{ I }cx Aok

e k
(w95, )0) =3 {0} 22

k=0

rae {Z‘}C — 00600mmenHbIe pyHKIME CTUpIUHTA BUIA

(i (e ncer renum

s Takux (bYHKIUN CIIPaBEJIMBO PABEHCTBO

o, ="

ITpeobpazoBaune Mesimuna ¢yuknun f : R, — C umeer Bun

() = Mp(x))(s) = / e p(a)de, 1)

rie s = o + i1 € C, Takoe, 9TO yKa3aHHbII WHTEIPAJI CYIIECTBYET.

B kauecTBe mpocTpaHCcTBa OPUIMHAJIOB BLIGHpaeM IpocTpancTso PP, rie —oo < a < b <
0. IIpoctpancteo PP sBigercs muHeitHbIM pocTpancTtsoMm dynknuii Ry — C, taxux, 4To
257 tp(r) € Ly (R, ) aia kaxoro s€{peC:a<Rep<b}.

Teopema 1. ITycmv dynruyus p(x) makosa, wmo npeobpazosarue Mearuna (1) om nee
cywecmeyem u 8blNOAHAEMCA YCAOBUE

o (o) | = (o)

=00
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moezda pewerue Heodrnopodnozo ypashenue Kowu-diaepa euda

Loy =Y be( DGt ) (@) = o(x),  ax>0,  k=0,1,2,...
k=0

umeem 6ud

yay=m |y
kZ:Obk(c—s)O‘k

Pabora BrOporo apropa BBIIIOJIHEHA B paMKaX I'OCyIapcTBeHHOTO 3aanusd Munobpaayku

P® (FEGS-2023-0003).
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B nannoit pabore ucciejryercs HadabHO-KpaeBas 3ajada Jjist JuddepeHInajibHoro ypaBHe-
HU, COJIEPKAIIEro JIPOOHYIO ITPOU3BOJIHYIO

§ 2 ko
Dt U(l’7t) = @u(x,t)—f—;%u(:p,t)va(x,t), (:Eat) GQTa (1)

C Ha4YaJIbHBIM

u(z,0) :(,O(ZE),ut(ZL', 0) =¢(z),z € [Ovl]v (2)
U I'paHUYHBIM YCJIOBUAMU

0
. kY _ _
}UILI(I]Z' a$u(3¢, t) =0,u(l,t) =0,t € [0,T]. (3)

B zamade (1)-(3) Dy oboznauaer apobmyio npoussoamyio Pumana - Jlmysuiis B cMbicse
Kamyro, rpe napamerpbl npuauMaior 3uadenus k € (—1,0), T > 0,1 > 0, Qp = {(z,t)|z €
(0,0),t € (0,77}.

Tpebyemcesa natimu gynrkyuto u(zx,t), npunadiescawyro kaaccy C’i’tI(QT), MaKy0, 4mo
2hug(x,t) € C(Qr), o(x),v(z) u ydosaemsoparowyro ciredyrowum yerosusm: Judgeperyu-
anvromy ypasnenuro (1), navasvrnomy yeaosuro (2), eparuunvim yeaosuam (3) 2de o(x), v (x)
u f(x,t) — 3adannvie docmamouno 2nadkue GynruuL.
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