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B mocneanue gecsaTHieTus HOSIBHIOCH MHOTO pabOT, MOCBAIIEHHBIX KPAaeBbIM 3a71a4YaM Ha
rpacax (B JIPYTUX TE€PMHUHAX — IIPOCTPAHCTBEHHBIX CETSX, OJHOMEPHBIX CTPaTU(UIUPOBAH-
HbIX MHOXKECTBaX, OJHOMEPHbBIX KJIETOYHBIX KOMHﬂeKcaX). K nonobubiv ypaBHEHUSAM TTPUBOJIUT
MOJEJUPOBAHNE CAMBIX Pa3HBIX 337189 €CTEeCTBO3ZHAHWS: MPOIECCOB PACHPOCTPAHEHUS BOJIH B
BOJTHOBOJTHBIX ceTsX, jedopmaruit u KojgebaHuii B CTEPKHEBBIX KOHCTPYKIUAX U PEIIeTKAX,
pacdeT T'HJIPABIUYECKUX M T'a30BBIX CeTeil, KoJieDaHuil CTPYHHBIX CETEBBIX CHCTEM, IPOIECCOB
pacupoCTPaHeHUs JJTEKTPUUECKOrO CUTHAJA B HEHPOHAX JKUBBIX OPTAHU3MOB W HEHPOHHBIX Ce-
Tax u T.J. [losTomy pazpaborka MeToIOB pacdeTa KpaeBbIX 3aaad s AuddepeHnuaibHbIX
ypaBHEHHH U cHCcTeM Ha Trpadax caMbIX Pa3sHOOOPA3HBIX CTPYKTYP CTAHOBUTCS Bce OoJiee ak-
TyaJbHON. PaboThl B 9TOM HAampaB/JIeHUN HAYAIU PA3BUBATHLCA €IIe B MPOILIOM BEKE B CBI3H C
peleHneM 3a/iad TpaHcnoprHoii gorucruku. Ho mepexon k dugdepenyuanvrom epagam (Tax
nx Ha3OBeM) Ha4daJiCd TOJIBKO B 9TOM CTOJIETHH, YUCJIO UX HEBCJIMKO 1 CBA3aHO B OCHOBHOM C I10-
CTAQHOBKON 1 HCCJICAO0OBaHNEM KPa€BbIX 3aJa9 U UX CIIeEKTPAJIBbHBIX CBOI7'ICTB7 a TaKzKe pelneHueM
YaCTHBIX KPaeBbIX 3a/Ja4.

['pad npejicraBiasger codboif reoMeTPUIECKYIO CTPYKTYPY M3 OTPE3KOB PA3HOU JIJTUHBI, CBS-
3aHHBIX ¢ cOOOM B Y3JIOBBIX TOYKAX. 3J€Ch MBI PACCMOTPHUM pellleHre KPAaeBbIX 3aJa4 Ha 3Be3/I-
HoM rpade u3 N 3BeHbEB ¢ OJHOM y3JI0BOi TOUKOH. [IpmBenseM mOCTAHOBKY KPAaeBBIX 3a/1ad
cpas3y Jjs ABYX I'padoB, TEILIOBOTO U BOJIHOBOTO.

Cocrosgnue KazK/0ro j-ro 3seHa nepsoro rpada ompejeisiercs ero remueparypoit 67(x,t),
KOTOPad YJAOBJIETBOPAECT yPABHEHUIO TEIJIONPOBOIHOCTH:

067

Aﬁj — /‘ija

= g] (fﬂ, t)? (1)
a Broporo rpadga — sosanosoil gpynxuueit u’ (z,t), Koropas yjoBiersopsier ypasaenuto laam-

bepa: ' '
OPul 0%

! = 52 G ap = fi(x,1). (2)

31ech Kj, ¢; — KOa(pDHUIIEAT TeNIONPOBOTHOCTH B CKOPOCTh PACHPOCTPAHEHNS BOIH, KOTOPhIE
B KazKJOM 3BE€HE MOT'YT 6bITb Pa3HbIMU.
Ha xonnax rpacos sbinosngiorcs ycjaosud Pobena: npu @ = Lj, t > 0

a0 + ;0,67 = O(t); (3)
a;u’ + bj0,u’ = P(t). (4)
B yaue rpados 3amaorcs ycaosua mparncmuccuy: upu x =0, t >0
N
6(0,1) = 0'(0,1), 5 =2,.. Ny Y X;0.6 =T(1); (1)
j=1
N
u! (0,t) = u*(0,t), 5 =2,..., N; ijaxuj = ®(1). (2)
j=1

3nech oy, B, a;,b5, Aj, x; — AefCTBUTEIBHBIE YNCIIA, YaCTHBIE TIPOU3BOAHLIE TT0 T 0003HAYEHBI

Oy
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s mocTpoeHus peleHusi Ha rpade BHavase, ¢ ucnoab3oBanueM Metoma O60OIIEHHBIX
Oyukiwmii [1-3], moCTpoeHB! perenns HAYAIbHO-KPAEBHIX 33144 JJIs BOJHOBOIO YPABHEHUs U
ypaBHEHHs TEIJIONPOBOJIHOCTH Ha oTpe3ke ¢ ycaoBuamu lupuxie, Heiimana, Pobena na ero
koHmax [4-8]. MO®D nosBosisieT mpecTaBUTh pelieHre B BUJE CBePTOK (DyHIAMEHTAJLHBIX Pe-
mennii — byukuuit [puna ypasuennii (1) u (2) — ¢ rpaHuasbiME 3HAYEHAAME (DYHKIHHA 1 11X
IPOM3BOJIHBIX M HAYAJBHBIME yCJI0BUsIMA. [locTpoeHa cncrema anreGpandeckux ypaBHeHuil (n3
2-X ypaBHeHuii) B mpocTpaHcTBe peobpazoBanuii Pyphe Mo BpeMeHH i 4-X KpaeBbiX (hyHK-
nuit. Bmecte ¢ yenoBusmu PobeHa oHE Jaf0T paspelraonlyio CHCTEMY JIMHEHHBIX aJrebpamde-
CKHUX YPaBHEHHH 115 onpeeeHns Hen3BecTHhIX dpyHKui. [loce gero Bece Kpaepble (hyHKIIUN
B IpeCTABJIEHNN PellleHns M3BECTHHI 1 TpaHC(hOPMaHTa pelleHns IocTpoeHa. 1 BoccTaHoB-
JIGHUSI OPUTMHAJIA UCHOJb3yeTcsd obparHoe npeobpaszopanue Dypbe.

CoBokymHOCTE 3TuX N cHCTEM I KazK/I0T0 3BeHa BMECTE ¢ KPAEBBIMH YCTOBUSIMU Ha, KOH-
1axX 3Be37HOTO Tpada W YCJAOBUSIMH TPAHCMUCCUU B €T0 y3Je JIAI0T 3aMKHYTYIO JIMTHEHHYIO CH-
CTEeMY YpPaBHEHHI JIjId Olpe/Ie/IeHHs KPAeBbIX 3HAUYeHUi TpaHchOPMaHT pelIleHui U UX IPOU3-
BOJHBIX Ha KarKJIOM 3BeHe rpadpa. Pelrenue onpegessiercss oOpaTHOi MAaTpPUIIEH CHCTEMBI, 9TO
He TPEeJCTABALET BBIYHUCIUTEIbHBIX TPYIHOCTEH, KOTOPBIA ONpeaenseTcsd MOPSIKOM CHCTEMBI
u3 4N ypasuennii ¢ 4N HensBecTHbIME. OUpeaeIuTe b STOH MATPHIIBI TO3BOISIET UCCIEI0BATD
cueKkTpaJibHble Xapakrepuctuku rpacda. B vacraocTu, Ha BojiHOBOM 1pade, 1pu olpeeeHHO
nepemennoit @ypbe w, oH obpaltaeTcs B HOJIb, 9TO OIPeJe/IsdeT CIeKTP CBOOOJHBIX KoJiebaHuii
BOJIHOBOTO T'pada, KOTOPbIE BCET/Ia CYIIEeCTBYIOT.

Periennsi mocTpoeHbl Ha KJacce 00600MeHHbIX (DYHKIMA MejieHHoro pocra [1], uro mosso-
JIFZeT HUCIOJIb30BaTh 00001IeHHOe TpeodpasoBanne Pypbe U UCCIETOBATH IPOIECCHI, COMPOBOXK-
JlaeMble VIapHBIMU BO3JeHCTBUIME Ha KoHIaxX rpada u B ero ysjae. Ha BosHoBoM rpade mpu
TaKUX BO3JAEHCTBUAX PACIPOCTPAHSIIOTCS yIapHbIe BOJHBI CO CKAUKOM IPOU3BOIHBIX pPelleHMit
Ha (PPOHTAX.

Paspaborannas MeTOuKa O3BOJISIET CTPOUTH Pa3pelialonine CHCTEMbI Y paBHEHUT /s rpa-
¢doB M1000# CTPYKTYPBI U JIOJZKHA HAfTH IPUMEHEHHE IIPU PEIIeHUM CaMbIX PAa3HBIX 3a/1ad,
VIOMSHYTBIX B IIpeaMoOy.ie.

Funding: Asropsr 661mu nomaepxkanbl rpanrom KH MHBO PK AP19674789.
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HBe (mceBao)puUMaHOBBI METPUKH § M § HA3BIBAIOTCS 2€00€3UYECKU IKEUBAAEHMHbLMU, €C-
JIH OHM MMEOT O0INHe reofe3nvecKue, pacCMaTpUBaeMble KaK HellapaMeTPH30BAHHbIE KPUBBIE.
Muoroobpasue M ¢ napoii Takux METPHK UMEET eCTeCTBeHHYIO ¢TPYKTypy (oneparop) Huiten-
xeifica, T.e. Terzoproe nose tuna (1,1) ¢ Hynessim Kpydenunem Huiterxeiica, 3agaBaemoe ciery-
foreit hopmytoit

det g o 4
det g

B Tepmunax omeparopa L yCI0BHE T€OAE3MUYECKON SKBUBAJEHTHOCTH 3alUCHIBAETCSA B BHIE

cucTeMbl 1M PepeHIuaATbHbIX YPABHEHH B 9aCTHBIX ITPOU3BOIHBIX

1
V,L = §(n®dtrL—|— (n@dtrL)*),

rjie 1) — IIPOU3BOJIbHOE BEKTOPHOE 10oJI1e. Ecn 9T0 COOTHOIEHNEe BBIIOJTHSIETCS, TO METPHUKA, § H
oneparop Huftenxeiica L HA3BIBAIOTCS 2€00€3UYECKYU CO2AGCOBAHHBLMAL.
Te Toukn p € M, B KOTOpBIX ajaredpamdeckuii THI omepaTopa L MeHseTcs, HaIpuUMep,
HEKOTOPbIE COOCTBEHHDBIC 3HAYCHUSI CTAHOBSATCSI PABHBIMU, HA3BIBAIOTCS CUH2YAAPHOLMU.
OTKPBITBIN BOTIPOC. Kakue cuHTy/IsIpHOCTH ABJISIIOTCS IOITYCTUMBIME, T.€. MOTYT BO3HIU-
KaTb B KOHTCKCTEC I'e0Ae3NICCKN 9KBUBAJICHTHBIX MeTpI/IK?

Y x
0 0
Omneparop L uazbiBaercs gl-pezyaaproim (TaKKe UCMOIB3YeTCS TEPMUH YUKAUYECKUT WIIT
POCTO PEYAAPHBITL), €CTH JJisl KaXKJI0T0 U3 ero COOCTBEHHBIX 3HAYEHWH CYIIEeCTBYeT DOBHO
OJIMH JIMHEHHO HEe3aBHCUMBbIH COOCTBEHHBI BEKTOD (9TO YCJIOBHE SKBHBAJEHTHO TOMY, UTO MHU-
HUMAJIBHBI MHOTOYJIEH orniepaTopa L coBmagaer ¢ XapaKTepUCTHIECKIM MHOTOUIEHOM ).

Eciu L gl-peryaspen, To ero coOCTBEHHbIE 3HAYCHHUSI MOTYT “CTAJKUBAThCA 0e3 HapyLIeHUusd
ycaoBus gl-peryiaproctu. B reomerpun Hulienxeiica crenapum Takux ‘CTOJKHOBEHHUI™ MOTYT
OBITH BecTMa pa3HooOpas3Hbl. OIHAKO, KAKOB ObI HE OBLT 9TOT CIEHAPHUil, KMeeT MeCTO CJeIyIo-
Uit 00Ut TOKAIbHBIN pe3yIbTaT.

Teopema 1. Ecyin L — gl-perysisipubiii BeniecrBeHHO-aHa mTudecKuii oneparop Huitenxeri-
ca, T0 (JIOKAJIbHO) BCEIIA CYIECTBYET IICEBIOPHMAHOBA METPHKA (, TOJE3MICCKH COIJIACOBAH-
mast ¢ L. Bosee Toro, takas MeTpuka ¢ MOXKeT OBITH 3ajaHa sIBHOH (DOPMYJIOH B TEPMHHAX
conpoBox parotieii popmbr (companion form) omeparopa L.

[lycts nanee L — nomyctumbiii oneparop Huitenxefica B KOHTEKCTe TEOPUH I'eOI€3UUECKU
SKBHBAJICHTHBIX METPHUK, T.e. L JIOIMyCKaeT XOTd Obl OJIHY IICEBJIOPUMAHOBY METPHKY ¢, T'eoje-
3W9eCKH COTJIACOBAHHYIO C L.

OTKPBITHII BOIIPOC. Kak onmcars Bce Teoe3ndecKid SKUBAIECHTHBIE MeTpUKHU 1t L7

Teopema 2. Ilyctes L m g reomesmdeckKn coriacoBaHbl. IIpemmotoxkumM, 910 3ajaH OIle-
parop M, KOTOpBIi SIBJISIETCS CaAMOCOIDSI2KEHHBIM OTHOCHTE/BHO § H, KPOME TOTrO, SIBJISETCS
crporoii cammverpneii g L, T.e. kommyrupyer ¢ L B aarebpuadeckom cvpicae (LM = ML) u
V/OBJIETBOPSIET YCJIOBHIO

LMI[&,m] — L[§, Mn] — M[LE,n] + [LE, Mn] = 0.

[TPUMEP. ABAAETCA JONMYCTAMBIM, & — HeT.

Jutst JTI00bIX BeKTOpHBIX mogeii &, 1. Torma L w gM = (g;sM 3 ) reoJe3myecKn COrJIacOBAHBI.
Bousee toro, ecitm L gl-peryisiper, TO Besikast METPHK (, T'e0Je3W9YECKH cOTJiacOBaHHAst ¢ L,
nmeer Bua g = gM, rme M — ctporas cnmMmerpust oneparopa L.
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[lycts (M, g) — rmamkoe, CBI3HOE W KOMIAKTHOE PHMAHOBO MHoroodpasue. Qbo3nadnm we-
pe3 A, oneparop Jlannaca-Beaprpamu ma M. MBI paccMaTpuBaeM 0OPaTHYIO 3319y, COOTBET-
CTBYIONLYIO BOJTHOBOMY YPaBHEHUIO

(0F = Ag)ult,z) = f(t,x), B (0,00) x M;
U g = 0w |, =0, B M.

M1 o6o3HawaeM ero permenne uepe3 u/ = u(t, z). a9 OTKPHITHIX H HEIyCTHIX MHOMKECTB R,
S C M, mbi onpejiesisieM OrpaHUYEHHBINH OEPATOP UCTOYHUK-PEIICHHUE,

Asg: fr—ul | (0.00)xR * feCse((0,00) x S).

Omeparop Asr Momenupyer m3MepeHUs [ BOJHOBOI'O YDaBHEHHS ¢ MCTOYHUKAMU f, coO-
spatormuvn Bosiy Ha (0,00) X S m BomHamm uf, Koropwie nabmomaores Ha (0,00) X R. M
HccaeyeM o0paTHyio 3a1ady i onpeeiaenus (M, g) npu nannom Agg.

B pamkax mHOrO0Opasms ¢ rpaHuIEil paccMaTPUBAIOTCS aHAJOTMYHbIE OOpaTHbBIE 3a/a4H,
e S 1 R cOCTaBISIIOT 9aCTHW TPAHUIIBI. DTH MTPOOJIEMbI OBLITH TMUPOKO UCCIe0BaHbl. OCcobeHHO
MIIPOKO U3ydascsd ciaydail, korma S = R, ¢m. [1-6]. EcTb Juih HECKOTIBKO Pe3yJIbTaTOB JIJIs
poGJIeMbl ¢ HECBSI3AaHHBIMH JACTHYHBIMU JAHHBIMHU, MBI CChLIaeMcst Ha paborst [7-10].

C apyroit cTOpoHHBI, clieHapuii, Tae S u R MPeacTaBIsgioT OO0 HEMyCThIe OTKPBIThIE MHOMKE-
CTBa BHYTPH MHOI000Opa3us, MOJYUWI ropa3go MeHbIle BHUMaHusA. Ha HamreMm cBemeHHH, 9TOT
caydait 6bLT paccMOTpeH ToJIBKO B paforax [11] u [12]. O6e crarbu paccMaTpUBAIOT CHTYAIMIO,
rie S =R.

B gannoit paboTe MBI COCPEIOTOYMINCH Ha caydae, korga S MR = (). Ham ocnosroii pe-
3yJIbTaT — ompeaenenue Muoroobpasust (M, g), ¢ TOTHOCTBIO 70 H30MOPMhU3IMA, OT OTEPATOPA
HCTOYHUK-Pellenne Ag g, IPU yCIOBAH, YTO BBIIOJIHSACTCS CAeAYIONIee CIeKTPAIbHOe HepaBeH-
ctBo: Cymectsyer C' > 0, Takasg 4TO JIsd JI0OOH HOPMHPOBAHHONH COOCTBEHHON (DYyHKITUU ¢
oneparopa Jlamnaca-Besasrpamu A, onenka

1 < C9lslz2s) (1)

BBINIOIHAETCA. KaK OCHOBHOI pe3yJibTaT, Mbl JOKa3bIBAEM CJIeIyIOIIee:
Teopema 1. Ilycrs (M, g) — rrajgkoe, cBsI3HOE H KOMIAKTHOE PHMAHOBO MHOTOOOpa3we.
Ilycte R, S C M — HemycTble OTKPBITBIE MHOXKECTBa, H As R — COOTBETCTBYIONIHIT OepaTop
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HCTOYHHK-penterue. TIpenoaokum, 9To cieKTpaabHoe orpanndense (1) BBIITOJHEHO JIIs MHO-
sxectBa S. ngpgepennnanpuas crpykrypa aa S mw R, Bmecre ¢ gauabiva (S, gls), (R, g|r)
Asr, onpegesrsiior (M, g) ¢ ToanocTsio g0 n3omopduzma. Bosee Todno, 310 o3uavaeT ciaemyo-
miee:

Ilycrs (My, g1) 1 (Ms, go) — riajkme, CBs3HBIE H KOMIAKTHBIE DHMAHOBBI MHOTOOOPA3HsI, H
nycerh Ry, S C My 1 Ry, S C My — OTKpBITHIE HEIyCThle MHOXKECTBA. IIpeamooskmm, 9ro
crieKTpaJjibHoe orpanmdenne (1) BbImoHEHO it MHOXKeCTB Si, Sg, H CYHIECTBYIOT H30METDHH
.S S uV:R, — R Torma, TO:KAECTBO

*
A$1,731 =V A52,732q>*

ozraqaet, 4ro maorooopasus (M, g1) u (Ms, g2) H30MeTpUIHbL.
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PaccmarpuBaeTcst MHOrOIeprondecKkast cucrema ¢ orneparopom D [1]
Dx = f(r,t,x), D=0/01+0/0t; + ...+ 0/0t,

Fr+0,t+wx) = f(r,t,2) € COZO(R x R™ x R"),w = (Wi, ..., ) (1)
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OTHOCHTEJILHO N-BeKTOpHO# dbynkmun x(7,1t), rie wo = 0, wy, ..., Wy, — PAIHOHAILHO HECOM3ME-
pUMBle TOJOKHUTEJNbHbIEe TTOCTOAHHBIE, T € R = (—00,+00), t = (t1,...,t,) € R™, e=(1,...,1)
ué=(1,..1)- m u n-BekTOpHI, f— N-BeKTOP-PYHKIHUA. YpaBHEHUE

dt/dr =e (2)

SABJIAETCH XapaKTePUCTUYeCKUuM i oneparopa [, koropoe B mnpocrpancrse R X R™ ¢ ups-
MOJIMHEHBIM KoopAuHaTamu (7,t) uMeer d—-xapakTepucTuru t = 1 + et — e = §(7,&,n),
T€ R, ({n) € RxR™

1. B nanHOM mcCae[0BaHIN XapaKTePHCTHIECKOe ypaBHeHue (2) paccMarpuBaercs: B 6ecKo-
HeJIHOI mumHipuIeckoii mopepxaoctu 11, roe [I= L x ['y, I'y — okpyKHOCTH JuHbl 277 = 0,
L — obpazyiomast MUJIHHIPA.

Xapakrepuctuku ypashenus (2) ¢ nanubivu (€,1) € LI npeacraBuM B BUjie

t=p(1.&n), (1,t) € L xT. (3)
O6ocHoBaHO, 4TO Ha MOBepXHOCTH [ f—XapaKTepucTHKU 00J1a/1al0T CBOMCTBOM:
BE+0,7,t) =B 7+0,1) =B 71) =B¢Tt+w) —w (4)

Teopema 1. Xapakrepucruieckoe ypapHenie (2) oneparopa D Ha MOBEPXHOCTH MHOTOMe]-
HOIF GECKOHEYHOI MUJIHHIPHIeCKOii nopepxHocTH L™ nomyckaer xapakrepuctuku (3), 0-nmepn-
omgeckne Bujga (4).

Hanee, 06cy K Ial0Tcs 06IIue BOIPOCH cucTeMbl (1), CBSI3b MeXKLy 0 U [S-XapaKTepUCTHKAMH,
[Jie TOC/IeIHIE PACKPBIBAIOT CYTh METO/IA MEPUOINIECKUX XAPAKTEPUCTHUK.

2. PaccmarpuBaercs cucrema 0OOBIKHOBEHHBIX Ju(@PepeHIna bHbIX YpaBHEHT

dz/dr = P(r,t)z,dt/dr = e, P(T + 0,t +w) = P(1,t) € C'Y7(R x R™). (5)
Uccaeayercs npuBoauMocTs cucTeMsl (5) K cucreme

dy/dr = Ay,  Alai;(n)]1, (6)

HEeOCOOEHHOH JIMHEIHON 3aMeHOMH

2= Q(,1)y, Q1 +6,1) = Q(7,t) € CL (R x R™), detQ(r,t) # 0, (7)

MeTOJIOM [3-XapaKTePHCTHK JIOKa3aHa CJIe/lylomas TeopeMa.
Teopema 2. Kpasunepnogumdeckas cucreMa (5) npupoanma k cucreMme (6) Ha OCHOBe mepH-
oxumdeckoro npeobpasopanust (7).
Jannas npobsiema puBe/ieHa B [2] Ha s3bIKe yCIOBHO-TIEpHOITYECKUX (DYHKIHIA.
3.PaccmarpuBaerca KBasullepHoIuiecKas CHCTeMa ¢ Ha4aJbHBIM yCJI0BHEeM

dz/dr = f(7,t,z),dt/dT = e,
Fr+0,t+w,z) = f(r,t,2) € CO%(R x R™ x RY), (8)
Z|T:$ - U(Tl) S nge)(rg%)’ (80)

Ha GeCKOHEYHON NUIMHAPUIECKOH moBepxHocTH L™ Toe XapaKTepuCTHIeCKOe yPaBHEHUE CH-
crembl (8) momyckaer [-xapakrepucTuky Bujga (3) ¢ panasivu (€, 7).

Mpbl uccaeayem Bonpoc 06 yCTAHOBJIEHUHN YCJIOBHS KBAa3WUIEPUOJAMYIHOCTH 1O T PEHICHUS
z(7,m,u(n)) 3anauu (8)-(8°). Merogom [-xapakTepucTHK J0Ka3aHa TEOPeMa.

Teopema 3. [lust Toro urobnr penrenue z(T,n,u(n)) sazaun (8)-(8°) 6bL10 KBasULEpHO-
JITTeCKHM II0 T ¢ 9acTOTHBIM GasmcoM (071 wi?t, ... w>l), HEOOXOAAMO H JOCTATOMHO, ITOOHI

m
HavaabHas yHKius u(n) Oblaa w-MepuOJHIeCKAM pereHneM (yHKITHOHATIBHOH CHCTEeMbI

2(E+0,n+ el u(n)) = u(n). (9)
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Bamada 00 yCJIOBHH KBa3HIEPUOIMIHOCTH PeIIeHuil KoIebaTeIbHbIX CUCTEM, B OOBIKHOBEH-
HBIX ypaBHeHUsX Buja (9), ymomunaercs B [3).

Funding: Asrop 6611 mogzepxkan rpantom AP19676629 MHBO PK.

KiroueBble cjoBa: MHOTONEPUOANYIECKAsl CUCTEMA, orepaTop anddepeHrnpoBaHs, TePUOINIECKIE XapAKTEPUCTUKH,
KBa3uIepuoJAndecKad CUCTeMa, IPUBOIUMOCTD.
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ITPOBJIEMBI MATEMATUYECKOM SIUJIEMUOJIOTUA
C.51. CEPOBAVICKUN

Kazaxckuii HanmoHaBHBIH YHEBEpcATET uM. ajub-Dapabu, Axvarer, Kazaxcran
E-mail: serovajskys@mail.ru

Cpeman nocaeacrsuii snngemun COVID-19 Herb3s He OTMETUTH CYIIECTBEHHO BO3POCIITHIA WH-
Tepec K 3aJad9aM MaTeMaTHIeCKON M1 IeMHIOJIOTHNA. DTO HanpaBJeHHe 0 MOCJIeTHETO BpEMEeHN
HaXOJUJIOCh KaK-TO B T€HHW W He BBIJEP:KUBAJIO HUKAKOTO CPaBHEHHS IO CBOEH MOIYJIdpHOCTH
¢ MareMaTH4Ieckoil pU3UKOH, MaTeMaTHIeCKO IKOHOMUKON MM MaTeMaTUIecKoil Omosorueii.
TeMm He MeHee, OHO HMeeT JABHIOI HCTOPHIO, a ceiiuac mepexkuBaeT OYPHBINA POCT.

[Teproii paboToil, TOCBANIEHHOW TPUMEHEHUIO MATEMATUYeCKUX METOJOB Jjisd PeIleHus 3a-
JIaY 3MUAeMUIoJI0ornn, Obliia ctaths 1766 roma Beigatomerocs maremaruka Jlanunna bepraysim,
B KOTOPO# JaBajach orneHka 3M@MEKTUBHOCTH MPUBUBKHA OT OCIBI. 33 THM IIOCIEI0BAIN WC-
CJeIOBAHUS TaKUX 3HAMEHHTHIX MaTeMaTukos, Kak IIbep Cumon Jlamnac u Morann JlamGepr.
[To-BuuMoMmy, IepBasi MaTeMaTuIecKasd MOJIE/b SMUAEMIOIOTHIECKOTO TIpoliecca ObLIa JlaHa B
1911 roay JsaypearoMm HOOeseBcKoM npeMun 1o Meaunuae Ponasibiom Poccom. Mojess npe-
cTaB/sijia coboit cucremy aByX audpepeHIHaIbHbIX YPABHEHUH OTHOCHUTEIBHO UUCIA JIIOIEH,
3apaskKeHHbIX MaJspheil, ¥ IUCIa KOMapoB, SBISIONINXCI ee mepeHocInkoM. OTHAKO HAYATIOM
COBPEMEHHO MaTeMaTHIeCKOH SMUIEMHOIOT N IPUHATO CIUTATh MOaes b SIR, IpeaioKeHHy 0
B 1927 r. Yunbamom Kepmakom u Armepconom Mak-Kenapukom.

Mogenb SIR ornocuTces K Kjaaccy compartmental models, B KOTOPBIX BCA HOIIYJIIUA Pa3Ou-
BaeTCs Ha TPYMIBI JOIel, HaXOAAIIUXCA B OJJHOM M TOM YK€ SMHAEMHOJOTHIECKOM COCTOSTHUN
U TePexXodnX W3 OAHON TPYNIbl B JAPYIYIO MPH U3MEHEHUH CBOEr0 COCTOAHUWsS. B mamHOM
cJIydae TAKOBBIME SIBISAIOTCS susceptible (310poBbie, KOTOpble MOIYT 3a60seTh), infected (3a60-
JeBIme) u recovered (BbI30pOBEBIHE, 00JIaAa0Ie UMMYHITETOM ). Mo/Ie/b XapakTepusyercst
cucteMoil HeJlmHeHHBIX AuddepeHnna bHbIX YPaBHEHU T, OMUCHIBAIONINX W3MEHEHHE CO BpeMe-
HEM YKa3aHHBIX T'PYIII JIFOEH.

BoJbImHCTBO M3 paccMaTpUBaeMbIX B HACTOSINEe BpeMs Mojeseil aBasioTcd o0O0OIIeHH-
eM momean SIR. Ouum pasianmdarorcs BbIOpAHHBIMEH TPYIIIAMH JIOAEH: B OTAEIBHBIX MOJIEJISX
JOGABJISAIOTCS TPYTIIBI KOHTAKTHBIX (JTI0/Ieil, OBIBIIAX B KOHTAKTE ¢ GOJIBHBIME, HO €Ille He 3a-
OOJIEBIINX ), YMEPIIUX, BAKIIMHUPOBAHHBIX, TOCIHTAIN3APOBAHHBIX 1 AD. Mojesn pasindaorcs
TaK2Ke YUUTBIBAEMBIMI MEXKI'PYHIIOBbIMHI IepexoaaMu. K npumepy, 3a00/1eBIINil MOZKET BbI3/10-
pPOBETH C MPUOOPETeHNEM BPEMEHHOI'0 MM IMOCTOSIHHONO MMMYHHUTEeTa, WJIH BOODIIE He IOy IUuTh
NMMYHHATETA, a MOYKET U yMepeTh; 00Je3Hb MOYXKeT epeiiTu B 0oJiee TSIXKeJYI0 CTaIN0, & MOKeT
u He niepeiiTn n T.;1. PopMaJIbHO paccMaTPUBaeMble 3/1eCh CUCTEMbBI YPaBHEHUI HAITOMWHAIOT Te,
YTO UCHOJIB3YIOTCA B XUMUYECKOM KHHETHKE U JIMHAMHUKE Oy snuii. OIHaKO B OTJIHYHE OT HUX
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JUIsl YPABHEHUIl SMUIEMUOIOTHE XapaKTePHO (B CJyUYae W30JTMPOBAHHOCTH TOMYJISAIMA U HAJTH-
ann GaJaHca MEXKIY POKIAEMOCTBIO M €CTECTBEHHON CMEPTHOCTHIO) CYIIECTBOBAHNE MEPBOTO
HHTErpaja CACTEMBbI, COOTBETCTBYIOIIECTO YUCJACHHOCTHA BCEH MONYIAIAN.

Hapsgay ¢ menpepblBHBIME MOJIC/ISIME, PACCMATPUBAIOTCS U JIMCKPETHLIE MOJIEIN, B KOTOPBIX
gepe3 KayK bl Mar 1m0 BPEeMEHHU OCYIIECTB/ISIETCS MePeX0] KaKOro-TO KOJHYECTBO JIHO/el u3
OJIHOM TPYNIBI B JIpyryio. /g onncanus pacupocTpaHeHus SMUJIEMAN 110 HEKOTOPO TeppPUTO-
pUU IIPUMEHSIOTCA yPAaBHEHHA B YACTHBIX IIPOU3BOIHBIX ¢ AU dY3MOHHBIMHA dieHaMu. AHaJIo-
IHYHble YPAaBHEHUsI IPUMEHSAIOTCS TaKxKe /s aHaJIu3a paclpele/eHusd TeX WJIH UHBIX TPYIII
HOIYJISIAKA He TOJbKO BO BpeMeHH, HO M 10 Bo3pacTaM. [lj1s MareMaTndeckoro OnucaHus S1u-
JeMHUil UCHMOJB3YIOTCSA TakxKe 00beKTHO-OPUEHTHPOBAHHOE MOJIEINPOBAHUE, MO3BOJSIONAS HA
OCHOBE 1OBeACHUd ACHECHTPAJIN30BaHHbIX yacTer cucTreMbl CyauTb O CBOMCTBaxX CUCTEMbI B ne-
JioM. Iyt mccieoBanng pacipoCTPpaHEHUS SMUAEMUN HPUMEHHAIOT TaKKe MeTOIbl areHTHOIO
MO/TE/TUPOBAHNS, COTJIACHO KOTOPOMY CBOHCTBA CHCTEMBbI 00/1e€ BBICOKOT'O YPOBHST BO3SHUKAIOT B
pe3y/IbTaTe B3anMOIeHCTBUSI MTOJACUCTEM 0OJIee HU3KOTO YPOBHS, 8 MAaKPOMACIITAOHBIE H3MEHe-
HHUsI COCTOSTHHS CHCTeMbl BOSHHKAIOT U3 ITOBEJIEHUsI areHTa Ha MEKPoyposHe. Ocobyro poJib Ipu
U3yYeHUU PACHpPOCTPAHEHHUs SMHJAEMUN HTPAIOT CTOXACTHYeCKHe Mojiesn. /lejio B ToM, 4TO Ha
STOT MPOILECC BJIMSAET 3HAUUTEILHOE KOJHMYECTBO CJAydalHbIX haxTopoB. KpoMe Toro, mepexos
9eI0BeKA U3 OJTHOTO JMHIEMUOTIOTHIECKOTO COCTOsIHUSL B IpyToe (3abo/ieBanue, BbI3I0POBICHNE,
CMEpTD U JIP.) MOYKHO PACCMATPUBATEH KaK CJydaitHoe coObITHe. B HacTosIIEe BpeMsl YUCIO Ma-
TEMaATUYICCKUX MO,ZLGJIGIU/I AMUACMHUOJIOTUYICCKUX IIPOHECCOB U3MepAeTCd y2KEe COTHAMU.

B 2021-2023 rogax B Ka3zaxckoM HAIMOHAJLHOM yHHUBepcuUTeT uM. ajib-Papabu 1npoBou-
JIOCh WCCIEOBAHNE MATeMaTHIecKux Mojeseil snumemuonoruun B pamkax mpoekta MOH PK
«Paspabomka urnmearexkmyarvnoti cucmemsv, oyerku passumus snudemunu COVID-19 u dpy-
eux ungeruyut 6 Kasarcmanes. B paMKax 3Toro mpoekra ObLI0 pa3paboTaHO HECKOJIbKO MO-
Jiesielt pa3BuTus >nuaeMun. [IpoBeaena naeHTudUKAINA YTHX Mojeseil Ha 0CHOBe UMeIoIeics
undopmanuu 00 u3MeHeHuHu mugeMuoaorudeckoro cocrognuda COVID-19 B Kazaxcrane. Ha
OCHOBE KOMITBIOTEPHOTO aHaIu3a OBLI JaH MPOTHO3 PACIPOCTPAHEHUs SMUIAECMUAN, PE3YIbTATHI
KOTOPOTO CPABHUBAJIUCH C PEAJTHHBIM XOJOM STMUIEMUN.

KuroueBrble cjioBa: 30uaeMu0I0THsI, MATEMATHIeCKOe MO IMPOBAHNEe, UCTOPUIECKUN 0030D.

2010 Mathematics Subject Classification: 92C60

O HEKOTOPBLIX HAYAJIbBHO-KPAEBBIX 3AJTAYAX J1JISI HEJIOKAJIBHOTI'O
AHAJIOTA TTAPABOJ/INMYECKOI'O YPABHEHUA BBICOKOTI'O IIOPAJTIKA

B.X. TVPMETOB

Mesxnynaponnpiii Kazaxcko-Typenkuii yaupepcurer umenn X.A . Slcapu, Typkecran, Kazaxcran
E-mail: batirkhan.turmetov@ayu.edu.kz

B nannoit pabore McC/IeMyIOTCS BONPOCH PAa3PEIIMMOCTH HEKOTOPHIX MPSIMBIX U 00paTHBIX
33124 JIjId HEJIOKAJIBHOTO aHAJ0ra napado/IMYecKOro ypaBHEHUs BLICOKOTO MOpsaKa. BBomauT-
cs HEJIOKAJbHBIM aHAJIOT MOJIUTapMOHUYECKOTO oneparopa. [Ipu onpejesenuu 3Toro oneparo-
pa HCIIOJb3YIOTCS MPeodpa3oBaHus THIIA UHBOJIIONUU. B mapaJuieenumne/ie u mape u3ydaioTcs
cobcTBeHHbIE (PYHKIIUU U COOCTBEHHbIE 3HAYEHU 3aa49n Tula JAupuxie 1 HeJIOKAJIbLHOTO IMo-
JINTAPMOHUYECKOTro oneparopa. CobcTBeHHbIe (DYHKIHH U COOCTBEHHDBIE 3HAYEHUS TON 3a1a9u
CTPOSITCS B IBHOM BHU/JIE U JIOKA3bIBAETCS MOJTHOTA CUCTEMbI COOCTBeHHBIX (bynkmwmii. Mcciemopa-
HBI JIBa BU/IA OOpaTHBIX 3a/a4 110 HaX0XK/JACHUIO PeIlleHrs ypaBHeHus U paBoit yacru. B nepsoii
3aJla9e UIEeTCd IpaBad 4aCTh, 3aBUACAINAYA OT IIPOCTPAHCTBEHHON NepeMeHHOll, & BO BTOPOH 3a-
Jlade HaXoauTcs (PYHKIMA, 3aBUCAIAsi OT BpeMeHHOil nmepemennoii. [leppas 3ama4da perraercs
NpUMeHeHHeM MeTO/1a pa3/eeHus nepeMenabix @ypbe, a BTOpas 3a/1a4ua CBeJIeHUEM ee K perire-
HUIO MHTErPaJIbHOTO ypaBHeHus. /[JoKa3bIBAIOTCST TEOPEMBI O CYIECTBOBAHWYU M €IMHCTBEHHOCTH
peleHus.
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OTMeTuM, 4T0 cOOCTBEHHDbIE (DYHKIIUU U COOCTBEHHBIE 3HAUEHUS HEJIOKAILHOIO aHAJIOTa OIle-
paropa Jlamraca ucciaenoBaauchk B paborax [1,2]. Hauambro-KpaeBbie 3a/1aun [ist HEJIOKAIbHBIX
apaboJIMYecKUX YPAaBHEHUH BTOPOrO M 9€TBEPTOrO HOPSIKOB M3ydeHbl B paborax |3,4].

Funding: Asrops! 6b momaep:kansl rpanTom Ne AP19677926 MHBO PK.

KimroueBble cj10Ba: UHBOJIIOLMS, HEJIOKAJIbHBIA H0JIMIaDMOHUYECKUH o1lepaTop, 1apabojimieckoe ypasHenue, cobcrsen-
Hasg (QyHKIHs, COOCTBEHHOE 3HAYEHUE.
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Dulat S. Dzhumabaev

Life and scientific activity
(dedicated to the 70th birthday anniversary)

Anar ASSANOVA

Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
E-mail: assanova@math.kz

Professor Dulat S. Dzhumabaev, Doctor of Physical and Mathematical Sciences, was a
prominent scientist, a well-known specialist in the field of the qualitative theory of differential
and integro-differential equations, the theory of nonlinear operator equations, numerical and
approximate methods for solving boundary value problems.

Dzhumabaev D.S. was born in Kantagi, Turkistan district, South Kazakhstan region, on
April 11, 1954. From 1961 to 1971, he attended secondary school Ne386 in Turkistan. In 1971,
he entered Faculty of Mechanics and Mathematics of Kazakh State University named after S.M.
Kirov (now Al-Farabi Kazakh National University). After graduating with honors from the De-
partment of Mathematics in 1976, he continued to pursue postgraduate studies at the Institute
of Mathematics and Mechanics of the Academy of Sciences of the Kazakh SSR. His scientific
activity began under the guidance of Academician Orymbek Akhmetbekovich Zhautykov, an
outstanding scientist and mathematician, who made a huge contribution to the creation and
development of the mathematical science in Kazakhstan. After successful completion of post-
graduate studies in 1979, Dzhumabaev D.S. joined the Laboratory of Ordinary Differential
Equations headed by Academician Zhautykov O.A. He went from being a junior researcher to
becoming the head of the Laboratory of Differential Equations, one of the leading divisions of
the Institute of Mathematics. He chaired the laboratory from 1996 to 2012.

Dzhumabaev D.S. was a successful scientist and versatile specialist in the field of mathe-
matics and its applications. He devoted his talent and hard work to the study of nonlinear
operator equations, to the creation and development of qualitative methods in the theory of
boundary value problems for differential equations.

In 1980, Dzhumabaev D.S. defended his dissertation “Boundary value problems with a pa-
rameter for ordinary differential equations in a Banach space” and earned a degree of Candidate
of Physical and Mathematical Sciences in the specialty 01.01.02 - Differential Equations.

The doctoral dissertation by Dzhumabaev D.S. titled “Singular boundary value problems
for ordinary differential equations and their approximation” is a fundamental scientific work
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that underwent comprehensive approbation in leading scientific centers, such as the Computing
Center of the Russian Academy of Sciences (A.A. Abramov, N.B. Konyukhova), the Institute of
Applied Mathematics of the Russian Academy of Sciences (K.I. Babenko), Lomonosov Moscow
State University (V.M. Millionshchikov, V.A. Kondratiev, N.Kh. Rozov), Institute of Math-
ematics NAS of Ukraine (Y.A. Mitropol’skii, A.M. Samoilenko, V.L. Makarov, V.L. Kulik),
Voronezh State University (V.I. Perov), I. Vekua Institute of Applied Mathematics of Tbil-
isi State University (I.T. Kiguradze), Kiev State University named after T. Shevchenko (N.I.
Perestyuk). Doctoral dissertation was defended at the Specialized Council of the Institute of
Mathematics of the NAS of Ukraine in 1994.

The main research areas and the results obtained by Professor Dzhumabaev can be divided
into several groups:

1. Boundary value problems for ordinary differential equations with a parameter in a Banach
space.

2. A linearizer and iterative processes for unbounded non-smooth operators.

3. The parametrization method for solving boundary value problems.

4. Nonlocal problems for systems of second-order hyperbolic equations.

5. Boundary value problems for loaded and integro-differential equations.

6. New general solutions to linear Fredholm integro-differential equations and their appli-
cations in solving boundary value problems.

Dzhumabaev D.S. was a highly qualified expert in the theory of differential, integral and non-
linear operator equations, computer and mathematical modeling of applied problems. He has
published over 300 papers in scientific journals, including authoritative periodicals like Journal
of Mathematical Analysis and Applications, Journal of Computational and Applied Mathemat-
ics, Mathematical Methods in Applied Sciences, Mathematical Notes, Computational Mathe-
matics and Mathematical Physics, Differential FEquations, Ukrainian Mathematical Journal,
Journal of Integral Equations and Applications, Journal of Mathematical Sciences, Furasian
Mathematical Journal, etc. The list of his major publications is given below.

The research findings were presented and discussed at many international symposia and
conferences. His scientific results were widely recognized in Kazakhstan and at the international
level by experts in the field of differential equations and computational mathematics. The
scientific direction formed by Dzhumabaev D.S. has been further developed by his students,
who successfully work at the Institute of Mathematics and Mathematical Modeling and leading
universities in Kazakhstan.

In 1998, Dzhumabaev D.S. was awarded the title of professor (specialty 01.01.00 - Math-
ematics). Under his supervision, two doctoral, twenty candidate dissertations, and one PhD
thesis were defended. He supervised five PhD students. In 2004-2005, Dzhumabaev D.S. was
the chair of the Expert Commission on Mathematics and Computer Science of the Commit-
tee on Supervision and Certification in Education and Science of the Ministry Education and
science of the Republic of Kazakhstan.

Professor Dzhumabaev made a great contribution to academic community. He led a scientific
seminar on the qualitative theory of differential equations at the Institute of Mathematics and
Mathematical Modeling. He was a scientific expert of the State Expertise of the Ministry of
Education and Science of the Republic of Kazakhstan. For many years, Dzhumabaev D.S. was
a member of Dissertation Councils at the Institute of Mathematics, Al-Farabi Kazakh National
University, Abai Kazakh National Pedagogical University, K.Zhubanov Aktobe Regional State
University.

In 2014, at the invitation of the university authorities, Professor Dzhumabaev began to
deliver lectures at the International University of Information Technology. He taught such
courses as “Mathematical Analysis”, “Methods of solving linear and nonlinear boundary value
problems for ordinary differential equations”, “Problems for integro-differential equations of
processes with consequences”, “Boundary value problems, their applications and methods for
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solving”. It should be noted that his scientific results of recent years were obtained under the
influence of teaching at the International University of Information Technology. While giving
lectures and conducting practical classes, he realized with great clarity the importance of devel-
oping numerical methods for solving applied problems. Having set himself the goal of bringing
to the final numerical implementation the theoretical results and algorithms of the parameter-
ization method, he made a breakthrough in the field of mathematical and computer modeling.
Under scientific supervision of Professor Dzhumabaev, master students and undergraduates
of the International University of Information Technology carried out research in the area of
numerical methods for solving boundary value problems for differential and integro-differential
equations.

Professor Dzhumabaev chaired the Mathematics Section of Academic Council of the Insti-
tute of Mathematics and Mathematical Modeling. He was a member of the editorial board of the
scientific journals News of NAS RK. Series: Physics and Mathematics, Kazakh Mathematical
Journal, Bulletin of Karaganda State University. Series: Mathematics.

Dzhumabaev D.S. was awarded the lapel badge “For Contribution to the Development of
Science and Technology” and the Certificate of Merit of the Ministry of Education and Science
of the Republic of Kazakhstan (2014).

Since 2018, Dzhumabaev D.S. headed the Department of Mathematical Physics and Math-
ematical Modeling at the Institute of Mathematics and Mathematical Modeling. In 2019, his
research team, together with mathematicians from Ukraine, Uzbekistan, Azerbaijan, Germany,
and the Czech Republic, received funding from the European Union’s Horizon 2020 research
and innovation programme under EU grant agreement 873071-H2020-MSCA-PISE-2019 (Marie
Sklodowska-Curie Research and Innovation Staff Exchange), project titled “Spectral Optimiza-
tion: From Mathematics to Physics and Advanced Technology” (SOMPATY).

The first publication in the framework of this project is devoted to the application of the
parameterization method to multipoint problems for Fredholm integro-differential equations
and was published in Kazakh Mathematical Journal (2020, Vol. 20, No. 1).

At the end of 2019, having applied for the competition from the International University
of Information Technology, Professor Dzhumabaev became the owner of the grant “The Best
University Teacher 2019” of the Ministry of Education and Science of the Republic of Kaza-
khstan.

A prominent scientist, an outstanding teacher, and a talented organizer, Dulat Syzdyk-
bekovich Dzhumabaev passed away on February 20, 2020. He will be lovingly remembered by
his wife Klara Kabdygalymovna, daughters Dana and Damira, son Anuar, and fours grand-
children. His memory will live in the hearts of his friends, colleagues, as well as generations
of grateful and adoring students. His research, scientific ideas and plans will be continued and
implemented by his students.
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Expansion, definability of types, number of non-isomorphic models
in different classes of complete theories
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In this report we will consider the properties of models of complete theories such that strict
order property (SOP), Independence property (IP), stability and definability of types.
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A structure, denoted Ml = (M; ), with universe M and signature X3, for which there exists a
theory, that is a set of consistent sentences, constructed using logical connectives like A, V,”, —
and quantifiers 3,V. For structure M consider a set Dg(M) = {¢@(M,a)la € M}. The set of
sentences, that holds true for M, denoted by Th(M) =T = {¢ € XM [ ¢} is called an
elementary theory of Ml Any structure for which sentences of T holds true is model of theory
T.

In first part we will consider known classification of complete theories in four main classes!
by using properties of their formula trees: SOP, IP, NIP and NSOP.

A theory is called to have a strict order property if there is a formula ¢(z, y) and a sequence
(@;)i<w such that = Jx(e(x,a;) A ~p(x,a;)) <= i < j. Theory is NSOP if no formula has
strict order property.

A theory is called to have independence property if there is a formula ¢(x, y) and a sequences
(@;)i<w and (br)rc, such that ¢(a;, br) holds if and only if ¢ € I. Theory is NIP if no formula
has independence property.

Theories with NIP and NSOP properties include stable, super stable, w-stable and strongly
minimal theories.

A theory is called stable if it is k-stable for some infinite k. A theory is k-stable if |SM(A)| <
k for all models M and A C M of size at most k.

A theory is called superstable if there is some cardinal A such that T is k-stable for all £ > A

A theory is w-stable if S¥(A) is countable for all models M and countable A C M

A theory is strongly minimal if for all models M, any definable subset of M is finite or
cofinite.

An expansion of a model M = (M,3¥) is a model M* = (M,3 U {P"}). In case A =
P(MT) # ¢(M,a) for Va € M such expansion is called essential expansion.

Problem in expansions of models is whether an expansion preserves initial properties or
whether there a criteria for an expansion to preserve class of theory, from more than 20 classes
theories?.

We call a set of formulas p = {p;(z,a)|i € I,a € A} to be a type, if any finite conjunction
of formulas from p is consistent. A type p is a definable type if for any formula ¢(x, %) there
exists a controlling formula v,(7, ), such that for any formula Va(p(z,a) € p <+ ¥,(a,b)).

Theory is stable if and only if any type in this theory is definable. (Shelah)

Problem of non-definability of types in theories is one of main directions of research. Pair
of models is called conservative pair if any sentence that is true in lower model is true in higher
model. Thus any type in higher model is conservative over lower model. One of the areas
of research is pairs of models and properties of definability of type and externally definable
expansion by set of realizations of type.

For any complete theory T there is a number of non-isomorphic models. Problem of counting
this models for all classes is still open.

In this context we will be considering expansion for different theories, including expansion
of dp-minimal theories by equivalence relation and we will consider the number of countable
models for different classes and strongly minimal theory expansion by unary predicates.
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On a variety of right-symmetric algebras
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The problem of the existence of a finite basis of identities for a variety of associative algebras
over a field of characteristic zero was formulated by Specht in 1950 [1]. We say that a variety
of algebras has the Specht property if any of its subvariety has a finite basis of identities. In
1988, A. Kemer [2-3] proved that the variety of associative algebras over a field of characteristic
zero has the Specht property. Specht’s problem has been studied for many well-known varieties
of algebras, such as Lie algebras, alternative algebras, right-alternative algebras, and Novikov
algebras.

An algebra is called right-symmetric if it satisfies the identity
(a,b,c) = (a,c,b)

where (a, b, c) = (ab)c — a(bc) is the associator of a, b, c.
The talk is devoted to the Specht problem for the variety of right-symmetric algebras. We

prove that the variety of right-symmetric algebras over an arbitrary field does not satisfy the
Specht property, for details see [4].
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On the countable spectrum of weakly o-minimal theories of finite
convexity rank

Beibut Sh. KULPESHOV
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Let L be a countable first-order language. Here we consider L—structures and suppose that
L contains a binary relation symbol < which is interpreted as a linear order in these structures.
A subset A of a linearly ordered structure M is convex if for any a,b € A and ¢ € M whenever
a < ¢ < bwe have c € A.

The present lecture deals with the notion of weak o-minimality, which initially deeply studied
by H.D. Macpherson, D. Marker, and C. Steinhorn in [1]. A weakly o-minimal structure is a
linearly ordered structure M = (M, =, <,...) such that any definable (with parameters) subset
of the structure M is a finite union of convex sets in M.

Definition 1. Let 7" be a weakly o-minimal theory, M =T, A C M, p,q € S1(A) be non-
algebraic. We say that p is not weakly orthogonal to q (denoting this by p L* q) if there exist an
La-formula H(z,y), a € p(M) and 51, By € (M) such that 5y € H(M,«) and Sy & H(M, ).

Lemma 1. [2] Let T be a weakly o-minimal theory, M =T, A C M. Then the relation
of non-weak orthogonality " is an equivalence relation on S;(A).

The definition of the convexity rank of a formula with one free variable was introduced in
[3] and extended on an arbitrary set in [4].

Laura Mayer in [5] confirmed Vaught’s Conjecture for o-minimal theories:

Theorem 1. [5] Let T be an o-minimal theory in a countable language. Then either 7" has
2¢ countable models or 7" has 3™6' countable models for some non-negative integers m, ! < w.

In [6] Vaught’s Conjecture was confirmed for quite o-minimal theories, and it was established
that the countable spectrum of these theories coincides with the countable spectrum of o-
minimal theories. A natural question arises: for which theories in the class of weakly o-minimal
theories, their countable spectrum will also coincide with countable spectrum of o-minimal
theories.

For an arbitrary subset A of a linearly ordered structure M we introduce the following
notations: At :={be M |A<bland A~ :={be M |b< A}.

Let T be a weakly o-minimal theory, M =T, A C M, p,q € S1(A) be non-algebraic types,
p X" q. We say that an L s-formula ¢(x,y) is said to be a (p, q)-splitting formula if there exists
a € p(M) such that ¢(a, M) Ng(M) # 0, ~p(a, M) Ng(M) # 0, ¢p(a, M) Ng(M) is convex, and
[6(a, M) N g(M)]~ = [q(M)]".

Definition 2. [7] Let T be a weakly o-minimal theory, M =T, A C M, p,q € S1(A) be
non-algebraic types. We say that p is not almost quite orthogonal to q if there exist a (p, q)-
splitting formula U(z,y) and an A-definable equivalence relation E,(x,y) partitioning ¢(M)
into infinitely many convex classes so that for any a € p(M) there is b € g(M) such that
supU(a, M) = sup E,(b, M).

Definition 3. [2] Let M be a weakly o-minimal structure, A C M, p € Si(A) be non-
algebraic. We say that p is quasirational-to-right (left) if there exists a convex L4-formula
U,(z) € p such that for any sufficiently saturated model N > M we have U,(N)* = p(N)*
(Up(N)™ =p(N)7). A non-isolated 1-type is said to be quasirational if it is either quasirational-
to-right or quasirational-to-left. A non-quasirational non-isolated 1-type is said to be irrational.

We prove the following theorem:

Theorem 2. Let T be a weakly o-minimal theory of finite convexity rank having fewer than
2¢ countable models. Then there exist I'y = {p1,p2,..-,Pm}, I'2s = {q1,q2, ..., q} — maximal
pairwise weakly orthogonal families of quasirational and irrational 1-types over () respectively
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for some m,l < w such that

m l

I(T,w) = [ (ki +3) x J[J(A\? + 5, +6),

i=1 j=1

where r; (\;) is maximal number of non-algebraic pairwise almost quite orthogonal 1-types over
() that are non-weakly orthogonal, but almost quite orthogonal to p; (q;) for each 1 < i < m
(1<j<I).
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The criterion of the solvability of the overdetermined Cauchy
problem for the hyperbolic Gellerstedt equation
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Overdetermined boundary value problems for differential equations generating minimal op-
erators are extremely important in the description of regular boundary value problems for dif-
ferential equations, and are also widely used in the study of local properties of solutions. The
study of overdetermined boundary value problems is closely related to the theory of correct
restrictions and extensions and the construction of minimal differential operators. In addition,
for inverse problems of mathematical physics arising from applications, when determining un-
known data, it is necessary to study problems with overdetermined boundary conditions, which
is reflected in the study of problems, including for hyperbolic equations and systems, arising
in physics, geophysics, seismic tomography, geoelectrics, electrodynamics, medicine, ecology,
economics and many other practical areas. In this paper, an overdetermined boundary value
problem for the hyperbolic Gellerstedt equation with Cauchy data on the entire inner domain
has been studied.

Let Q, C R? is a domain,bounded at y = 0 by the segment AB : 0 < z < 1, y = 0, and at
y < 0 - by an arbitrary curve y(z) (Figure 1). Overdetermined Cauchy problem. To find in
the domain €2, the solution of the Gellerstedt equation

Lu=—(—y) "ty + uyy = f(z,y), m >0, (1)
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y=v()

Figure 1:

satisfying the Cauchy conditions on the entire border:

ou
uloq =0, ol = 0. (2)
"o
With respect to the curve v(x) we assume that the characteristics A,C; : z——25(—y) 2 =

const, B;C; : x + mLH(—y)mT+2 = const intersect the curve v(x) once.

Let us also assume that the curve y = ~(z) lies inside the characteristic triangle ABC,
bounded by the segment AB : 0 < z < 1, y = 0 and by the characteristics AC : x —

miw(—y)mT+2 =0,BC: x+ miw(—y)mT+2 =1 of equation (1).

The main result of the work is the following theorem.

Theorem 1. The overdetermined Cauchy problem for the hyperbolic Gellerstedt equation
in an arbitrary domain €., (i.e. the problem (1), (2)) is regularly solvable (and the corresponding

minimal operator is invertible in Ly (€2,)) if and only if the following conditions are met

€ € ¥ &+m +2\1-28 1-28
f (") T (m—&)
d&/ ( ) B >dn1:0, (3)
0 1

(771 - £1>2B (f - 51)5 (771 - f)ﬁ

& £ 7 (a+m m+2\1-28 1-28
f 9 s \Ta1 _5
/d€1 ( 2 ( 1 ) (m — &) >d771:0, n

1 (m — 51)45_1 (€ — fl)l_ﬂ (m — f)l_ﬁ

where f = [ in Q, and f(z,y) = 0 in Q\ Q,. When conditions (3) and (4) are met, the
solution of the problem (1), (2) is represented as:

RV R

w(&m) = 4 (m+2> r(1—8)-T(28)

P ) ) )
3}

X/‘gfm (m —&)% (0= &) (m — &)’

where

GE-Om-n 1
(& —n)(m—¢ 2(m+2)’

F(a,b;c; z) — hypergeometric function; I'(z) - gamma function.

By the continuation method, it can be shown that Theorem 1 remains valid when the curve
v(z) does not lie in the characteristic triangle ABC' (Figure 2). It is enough to continue the
obtained solution to the area Aypc \ €2,.

m42

Here A;Cy @ x — miﬁ(—y)mTJr2 =ay, (a1 <0), BiCy: x+ Z25(—y)" 2 =by, (b > 1).
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Figure 2:

Keywords: overdetermined Cauchy problem, Gellerstedt equation, criterion, minimal differential operator, hypergeo-
metric function.
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Mathematical Research with ChatGPT
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Today, using artificial intelligence tools such as ChatGPT can enhance our abilities and
make both research and education more efficient. ChatGPT, a variant of the Generative Pre-
trained Transformer model, uses advanced deep-learning techniques to understand and generate
human-like text. This makes it an incredibly helpful tool for different aspects of mathematical
research. This presentation outlines the potential applications of ChatGPT in literature re-
view, problem-solving, programming, documentation, data analysis, and education. ChatGPT
significantly boosts research efficiency in several ways: it automates literature searches and idea
generation, offers assistance with complex mathematical problems by integrating with tools like
Mathematica Wolfram, aids in programming and creating LaTeX documentation, and supports
data analysis and visualisation. Practical examples and demonstrations will illustrate its capa-
bilities, from solving equations to drafting research papers in LaTeX. Despite its advantages,
the presentation will also address the limitations and ethical considerations of using ChatGPT,
emphasising the importance of critical engagement and verification.
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OB OLIEHKAX HAWJIVYIIINX M-4YJEHHBIX [IPUBJINXKEHUN CIDYHKL[I/II;,I
B AHU30TPOIITHOM ITPOCTPAHCTBE JIOPEHIIA—-3UTMYHJIA

I AKUIIEB

Kasaxcrauckuit pummaa MI'Y, Acrana, Kazaxcran
Hucruryr MaTeMaTHKH U MaTEMATHIECKOTO MOAeIupoBanust, Aamars akishev_g@mail.ru,

[Iycte T™ = [0,27)™, p = (p1, .. ,pm) = (T1,.csTm), @ = (01,...,0p,) B 9UCTA T;,P; €
(1,4+00), o € R = (—o00,+00), j = 1,...,m. Yepez L _-(T™) obo3naunm aHU30TpOIHOE
IpoCcTpaHcTBO JlopeHna—3urMyHia — Bcex U3MepuMbIX 1o Jlebery (byHKImMiE m nepeMeHHbIX [

UMEIOIIUX MEePUOJL 27 0 KaXKJI0N IepeMeHHOM 1 JIJIg KOTOPbIX BeJIMYuHA

1 1 2 Tm 1

m aj 11 T1 T2 1
x(H<1+|log2tj|) t) ”’) dtl] " ] ””‘ldtm] ™ < o0,
=1

j

rae f**m(ty ..., t,,) — NOBTOPHAS HEBO3PACTAIOIIAS TePEeCTAHOBKA (DY HKIHH ]f(27r§:)| 0 KazK-

7ol mepemenwoit z; € [0, 1) npr hUKCHPOBAMHBIX OCTAMBHBIX TepeMeHHbIX (M. [1]). L 5 —(T™)

— muozKecTso Beex Gynkunit f € L o =(T™), st KOTOPBIX HHTEIPAJIBHBIE CPEJHUE 110 KAZKION

IIepEMEHHOM 0 Meprosy paBHbl HYJIO. az(f) — kosddurnumenrsr Pypre byukuun f € L(T™)
m

I/

no cucreme {e'™® ). Tlonoxkum (§, 2) = Y y;z4, e
j=1

§)={k=(ki,...kpn) €Z™: 2571 <|kj| <2%,j=1,..,m},

s;j = 1,2, 6(f,7) = X an(f)e'™®. Paccmarpuaerca amasior kiacca HIKOTBCKOTO—
neEp(s)
Becosa B anu3oTpontnoM npocrpanctse Jlopenna-3urmynia;

S wrgB = {f € Lianl ™) 1 lar + H{kua Dy, <1
rme p = (pla'“apm)) a = (Oélw-'aam); T = (7-17-- ) 5 (617 '76m)7 = (7“ 1 ) 1< pj7
T, < 00,0 <6; < 400, 0 <71, <400, 0; €R,j=1,....,mu ey )paf — Hanﬂyqlﬂee

M-anennoe TpuroHoMeTprudecKoe npubnzkenne GyHknun f € Lf@T( ™), M € N. Ilosoxum

en(F)pa7, s kinacca F C LpaT(']Tm)
B noknane GyayT mpeacTaBjeHbl ONECHKH BEJIHYIHHDI eM(S:,,(I) eB)E,E?@) IPU PA3TAIHBIX

COOTHOIIEHUSX MezK/ly KOOPJAMHATAME TOUeK p, @, 7, 0, 7, q, f3, 7(2 . -
TeopeMa 1. HyCTb ﬁ = (ph s >pm)7 q_ = th s 7Qm); o= (ala s 7am); B = (517 s 7Bm);
7O = (70w, 7D = (7B AN, 0= (01, 0 Hl <p <2< q <oo, 1<

(1) ()<—i—oo 1< Qj<oo,ozj,ﬁjER,0<Tj<+oo,j:1,...,m,rjo—%:min{rj—%:
0

pj
J —1,...,m},A—{j :1,...,m:7’j—pij: ]O—i},jlzmin{jeA}. ECJH/IT’jO—I%O > 0, 10
- log =t M\ rio+3—51 Y GFay)
eM(S;aFéB)E,B,?@) = (gT) 0T Fio (log M )7em\n S ,

mpn yeaopun min{— Y. o+ > (1—3), —ay +1— 5=} >0, pre |A] — kommgecrso
jeA} JEA\{1} ’ J
3/1eMeHTOB MHOXKecTBa A, 7> = max{j € A}.
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() (2)

Teopema 2. HyCTbl<p]<2<q]<OO 1 <7 <+ooaj,BJ€Rj—1 m,

r=...=7, <"y < ... <1y Benr; —pj,,lIJIHj—l,...,I/I/I’I“] pj,j:y—|—1,..., , TO
7 - (=g —ay)
em (S5 z758)apr0 < M Y2 (log M=
) v—1 v
npu yeaosnsx, ecan 1 < 17,7 < 0; < oo, j =1,....,m, Tomin{ > (8 —a;) + Z(%— %), B, —
j=1 =27 !

2 . .
ay+ﬁ—%}>0;ewm1<6’j<7;)<oo,]:1,...,m, To B —a; 20,j=1,...,v

SAMEYAHUE. B cayuae p; = TJ(I) =p, q = 7']-(2) =q,0; =0, nna j =1,...,m TeopeMbl

1-2 pamee gokasansl B [2|, [3]. YrBep:xaenus teopem 1-2 cupaBeyiuBHl U B Caydae p; = 2 0

(1) (1)

<77 <2, pg=1,....,m,aBciaydae 2 <7;’ <00, st j =1,...,m apyroe.

Funding: PaGora Beimosmena B pavMkax rpaata Kovurera maykm MHBO PK (IIpoekt AP19677486).
Kinrouessre cioBa: npocrparctso Jlopenma—3urmynma, kiiacce Hukonsckoro — BecoBa, M —asrenHoe npubiixkeHue.
2010 Mathematics Subject Classification: 41A10, 41A25, 42A05
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DYHKIIUN OTPAHUYEHHON P-®JIYKTYAIIUU U ABCOJIFOTHA A
CXOAMMOCTDb JABOUHLIX PA/JI0B PYPLE-YOJIIIIA

T.B. AXAXKAHOBY, 1.T. MATIH2?

'EHY um.JI.H.T'ymunesa, Acrana, Kazaxcram
2EHY nwm.J1.H.I'ymunesa, Acrana, Kazaxcran
E-mail: “talgata2008@mail.ru, ®d.matin@mail.ru

[Iycrs 1 < p < oo u dbyuxkius f(x,y) onpeaenena ma [0, 1)%. Yepes osc (f, a, b)2) 0003HATNM

sup |f(x,y) — f(2',y')|, a gepes I](ITL;’QM) — JIBOMYHBII MPAMOYTOILHIK
(z,y)€Ela,b)
(w’,z/)ee[a,b)
Ji—1 j_l y Gy —1 j_z
27 ’ 27 28 ’ 2 :
IIo ompenenenuio
AL XL ) l/p
Kp(f,n1,n2) = Z Z (Osc< ’_]](f;;m)))
.71—1 j2_

Torna, ecim
Vp(f) ‘= sup "ip(f7 nl)nQ) < o,

nyeEP
ng€P

to f(x,y) HazbiBaeTcst GyHKIMEl orpannIeHnoi p-baykryannn. BBegeM TUCKPETHBINH MOTYTH

HenpepbBHOCTH Vy(f)nyne = sup kp(f, k1, k2). Muoxkecrso dbynkuuit f(x,y), a8 KOTOPBIX

k12ng
ko>n1
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V,(f) < oo, obosmauaercs wepes FV,[0,1)* (1 < p < 00), a muoxectso byukmmii f(z,y), 1is
KOTOPBIX Vy,(f)nymy — O 1pH Ny, 119 — c0-epes FC,[0,1)% (1 < p < o0).

IIycrs {w,(z)} ~, — cucrema Yonma B myMeparun [Torm.

Teopewma 1. Ilycts f € FC, [0, 1)27 1< <2 Tormampu 1 < p < 2 11 CXOOUMOCTH PSITa

~ B
ZZ\f(mm)] (1)
m=0 n=0
JOCTATOYHO BBILIOJIHEHHS OJHOIO U3 ABYX YCJIOBHIL
o0 oo
ZZ (Kp(f, m,n))” (2m+" ¥ < oo, ZZ o )p(mn) ™ < 0.
m=0 n=0 m=1n=1

Ecin 2 < p < oo, To 11060€ U3 JABYX yCJI0BHIT

ii 2m+n1%§‘/;)5( mn<OOZZ )p(mn)~ §*§<oo

m=0 n=0 m=1 n=1

Takzke Biaeder cxoaumocth psaa (1). Teopema 1 sBiisiercsi pacipocTpaHeHHeM Ha JBYMeDHbIi
caydaii cCOOTBETCTBYIONIEH TeopeMbl u3 paboTsl [1].

Funding: /Jannas pabora ¢unancupyercs Komurerom Hayku MuHHCTEPCTBO HayKy M BhICIIero obpasoBanus Pecry6-
muku Kasaxcran(AP15473253).

KinoueBble ciioBa: QYHKIUEH OrpaHUYeHHON p-(DJIYKTyalluu, JUCKPETHBIA MOY/Ib HEMPEPHIBHOCTH, CUCTEMa, YOJIIIA.
2010 Mathematics Subject Classification: 46B50, 47B47, 46A50
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(L, — L;) OTPAHUYEHHOCTb AUCKPETHBIX OIIEPATOPOB PYPBHLE HA
m-MEPHOM TOPE

1.B. BABAPXAHOB

Hucruryr maremMaTnku U MaTeMaTuIeCKoro Mojeanposanust, Aamarer, Kasaxcran
E-mail: dauren.mirza@gmail.com

PaccmorpuMm mHTerpasibblil onepatop Pypbe Ha R™ BHIA

Tou(z) = / a(z, €)a(€)* ) dg

¢ cuMmBosIoM a : R™ x R™ — C u dazoit ¢ : R™ x R™ — R u ero nepuognyeckuit aHajaor —
auckpernbiii oneparop @ypee (JIOD) va T™ Buna

Z alz g 27rz¢ z,€)

cezm

¢ cuMBoJioM a : T™ X Z™ — C u dazoit ¢ : T™ x Z™ — R.

B cayuae ckasmsiproro npoussenenus, ¢(z, &) = z€, 10D T ' CTAHOBUTCS TOPOHIATHHBIM
ncepnoanddepentmanpabim onepatopom (I1710) T,

Kak o6brano, L,(T™) (1 < p < oo) — npocrpanctso u3mepnMbix dbynknnii v : T" — C,
CYMMHIPYEMBIX B CTEIIEHH P, CO CTaHIApTHON HOpMOil ||u | L,(T™)]|.
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Knace Xépmangepa Sps(I™ x R™), 7 € R, 0 < 6,0 < 1, cojepxur Bee CHMBOJIB a €
C>(I"™ x R™), yaosaersopsiontue auddepenmagbabiM HepaBeHcTBaM: st Jio0bx a, 3 € Nj
CYIIECTBYET Cop = Cop(a) > 0 Takoe, 910

0¢02a(z, )] < cap(E) AP, (,6) €™ x R™

(I e {R, T}, T™ = (R/Z)™ — m-MmepHbIil TOP).
3iech U HIKE UCHOIB3YIOTCA creaytontue obozuadenus: N, Z, R, C — MHO)KeCTBa HATYPaJIb-

HBIX, MEJbIX, JeHCTBUTEJIbHBIX U KOMILIEKCHBIX ducen coorBercrBenno; Ng = N U {0}. Jlaa
r=(21,...,Zm), ¥y = (Y1, -, Ym) € R™ monoxum zy = 191 + ... + TpYm, T <y < 2, < Y,
aast Beex v = 1,2, ...,m; (z) = v/1 + xzx. Jajee, ucnosb3yeM cTaHgapTHBIE MYJIbTHTHIEKCHBIE
obo3HadeHus : g & = (..., Q), Y = (Y1, -+, Ym) € N mOI0KIM
O%u(x)(= 0gu(x)) = oy - - - Omu(x), tme 0, = 5=—,v € {1,2,...,m};
e al
lal = a1+ ...t am, al=a!l == 7<
v)  AMa=7)!

[Iycte S(R™) u S’'(R™) — mpocrpanctsa [lIBapia npoOHBIX (DYHKIHE U pacipeieieHuii
COOTBETCTBEHHO; U — mpeobpazosanue Pypoe st u € S'(R™). Hanee, S’'(T™) — npocTpancTso
l-nepuoauydeckux (110 BeeM MePEeMEHHBIM) PACTIpeIeJIeH i, T.e. COBOKYIHOCTE Beex u € S'(R™)
rakux, 410 (u, (- + §£)) = (u,¢) mas seex ¢ € S(R™) u mobbix £ € Z™. Ussecrno, 4ro
u € S'(T™), ecin u ToabKO ecam suppu C Z™, T.e. pacupejenenue u obpamaercs B 0 Ha

OTKPBITOM MHOXKecTBe R \ Z™.
B wacruocru, aus u € Li(R™) (C S'(R™)) m v € Li(T™) (C S'(T™))

ué) = /m u(z)e ™ dy, £ € R™; D(€) = /m v(x)e ™ 0 dy, & € 7M.

, KJ1acca XépMaHjepa COCTOUT

Hepuopmaeckuit anamor Sps(T™ x Z™), 7 € R, 0 < 6,0 < 1
&) € C®(T™) nia Beex € € Z™, u g

u3 Bcex cuMBOJIOB @ : T™ X Z™ — C takux, 4To a( .
Beex a, 3 € N' cymecTByeT ¢, > 0 Takoe, 4TO

Ag07a(w, €)| < capl€) TP, (2,6) € T™ x 2 (3)

(Ag‘ — omnepaTop KOHEYHOH Pa3sHOCTH MOPSIKa (¢ ¢ maroM 1 Mo 4acToTHOil mepemeHHoit &: s

g: 7™ —C
g = Y <—1>'a—v'(j)g<g+v>>.

YENG <o

WA, B](T" x Z") — cOBOKYITHOCTb BCEX CHMBOJIOB a(7,&), YA0BIETBOPSIONINX HePaBeH-
crBam (7) Tonbko g « € A, 8 € B (A, B — 3aganubie nogmuoxkectsa NjJ).
Bynem npeanosnarars, aro ¢daza ¢ : T x R™ — R 1m0/I0:KATETHEHO-0THOPOIHA THOPpaIKa 1
npu & # 0 U YIAOBIETBODPSET CICAYIONMM YCIOBHAM : I Beex o, B € Ni' @ |of = |f| =
9¢ol¢ € Sho(T™ x R™) , kpome 10r0,

| det(0:0:9(x,€))| > C >0, [970(x,&)| < calé], € # 0;
(Veo(z,8)) < 1, (Vag(2,8)) = (£)-

Haxkownen, 1is ¢t € R onpenennm ciaeayronye emaunbl: - = min{0,t}, t* = max{2,t}, t, =
min{2,t}, [t] — memas gacTs t).
Beesem mnozkecrso myabruungexcos: Cp, = {a € Ng' : [af < [ 2] +1} (p > 0); Cp = Chro.

Teopema 1. IIycrs 7 € R,0 < o < 1. Ecim 0 < 6 < 1 n Bce JOD ¢ cumBogaammu u3
75(T™ x Z™) orpanmaenst Ha Ly(T™), To Bermosmserca mepasenctso 7 < (0 —§)_. ObparHo,
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ectm 0 <0 < 1m7 < (o~ 9), 10 Bee JIOD ¢ camporamn u3 Sis[Cyy, O (T x Z7)
orpammaensr Ha Lo(T™).

[Ipu 6 = 1 BrOpOE yTBEPK/IeHne TeOpeMBbI 1 HeBepHO : cymecTByer cumpoa usz Sy (T xZ™),
st koroporo 11O T, He sBISeTCS OrpAHHYEHHBIM Ha Lo(T™).

Teopema 1 sBJsSIETCST CYIECTBEHHBIM DA3BHTHEM, ¢ OTHON CTOPOHBI, Teopembl 1 u3 [1] (co
caydag ropounanbubix 11710 Ha cayqait JIO®), a ¢ apyroii, usBecraoro pesyabrara s 10D
u3 |2, p. 407|.

[Iycrh 1 < p < ¢ < 0o. Oupegesnm 9ucao

TT(m,p,q, Q) = _m(z_ly - % + (1 - Q)(q% o 1%))
Teopema 2. I[Iycth T ER,0< 0<1,0<5 < 1,1 <p < q < oo. Ecmu 7 < 71(m, p, q, 0), TO
see /10D ¢ cmvporamn 13 Spg[Cry, Cp p[(T™ x Z™) orpanmaenst n3 L,(T™) B Ly(T™). Ecm ke

7 > 71(m,p, q, 0), TO HaiigeTCST CAMBOJI 13 Sts(T™ x Z™), ans xoroporo 1170 T, He spisercs
orparmieHHsM 13 L,(T™) B L, (T™).

Teopema 2 sBIsSETCS CYIECTBEHHBIM DA3BUTHEM, ¢ OTHON CTOPOHBI, Teopembl 2 u3 [1] (co
caydast Toporganbapix [1710 na coayuait JTOD), a ¢ apyroit, Hegasuero pesysabrara st J1OD
npu 1 < p=q < oo us |3
Funding: Asrop 661 nogzaepxan rpanrom BR20281002 MHBO PK.
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JIMHEMHBIE IIOINEPEYHUKUN HEKOTOPBIX KOMIIAKTOB
ITPOCTPAHCTBA TUIIA HUMKOJIbCKOTO — BECOBA, CBA3AHHOTO C
ITPOCTPAHCTBOM MOPPU, HA m-MEPHOM TOPE

P. BAMUAIIAHOBA

KazHY nm. anb-Qapabu, Asmarer, Kazaxcran
E-mail: baychapanovaroza@Qmail.ru

[lyctb m € N, m > 2, z,, = {1,...,k}, Ny = NU{0}, R, = (0,400). g z =
(X1, )y = (Y1, -+, Ym) € R™ mOM0KEM Y = T1Y1 + - - - + T, || = 21|+ .- 4 |20,
7|0 = max(|z,] : p € 2); v <y (v <y) ez, <y, (x, <vy,) for all p € z,. For t € R,
ty := max{0,t}.

[Iycts S ;== S(R™) u &' = §'(R™) — mpocrpanctsa [1IBapma npobubrx dbyHKIHi 1 pacope-

~

Jesternit coorBercTBento; [ — mpeobpasosanue Pypoe f € S'(R™); B wactnoctu, aast ¢ € S
26 = [ plale s, geR™

[ycrs T™ = (R/Z)™ — m-mepHBI TOD; S = S'(T™) —mpocTparcTBO 1- MEPUOTTICCKHX
(IO BceM mepeMeHHBIM ) YMEPEHHBIX PACIIPe/Ie/IeHuil, T.e. COBOKYIMHOCTD BeexX f 3 S’ Takux, 9To
(fro(-+ €)Y = (f,¢) ans Beex ¢ € S m mobbix £ € Z™, § := S(T™) — NPOCTPAHCTBO BCEX
beckoneuno jauddepenupyembix dyuknuii va T™. NssectHo, uro f € §'(T™), eciu U TOJIBKO
ecaId supp fC Z™, T.e. pacupejeeHne fo6pamaeTCﬂ B 0 Ha OTKpBITOM MHOXKecTBe R™ \ Z™.
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Hma 1 < p < oo u usmepumoro MuoxkectBa G C R™ L,(G) npocTpaHCTBO U3MEPHMBIX
dyukmnit f : G — C, unrerpupyemoix mno Jlebery B crenenu p Ha G €O CTaHAAPTHON HOPMOit

1 Lp(G) |-

Hrsa 1 < g < oo myers £, := £,(Ny) — mpocTpancTBO (KOMIJIEKCHBIX) THCIOBLIX ITOCJIEI0BA-
teaproCTel (¢;) = (¢j : j € Ng) ¢ koHeuHOIt crangapTHOit HOpMOiT || (¢j) | {4 |-

Hamnee, mycts {,(L,(G)) — mpocTpancTBo dhyHKIHOHATLHBIX HOCIEI0BATENbHOCTE! (g (7)) =
(gj(x) : k € Ng) (x € G) ¢ KOHeIHOI HOPMOii

(g5 () [ £4(Lp(G)) | = Il Cll g5 | Lo(G)I]) | €4 I

[Tycte Q — muOXKECTBO Beex "momyoTkpoiThix" auanmaeckux kyoos u3 R™ Buza

Q=Qj={zeR":2x-¢c[0,1)"} (j €Z,E€Z™),

0={QeQQCQ=[0,1)" ={Qi|j €Ny, £ €Z™:0< <21} (0,1€R™).

Tas Q = Qe oboznauum uepes 1(Q) = 277, j(Q) = j u |Q| = 27™ ero amuny pebpa,
yPOBEHDb U 0ObEM.
Bribepem npobuyto yHKIHIO 79 € S TaKyi, UTO

0<m() <1, ¢eR™ M) =1if[fle<1; suppip ={§€R™|[{]e <2}

Honoxmy 7(§) = 70(271€) = Mp(8), 1) = 1;(§) = 7(2'77¢), j € N. Toraa

Y o) =1, ¢eRrm,

j=0

re. {N;(§)|j € No} — rmaakoe pazbuenue egununst ("no kopugopam") ma R™.
flcHo, aro

n(x) = 2"™ne(22) — no(x), n;(x) = 20" Dmp(277 ), j € N.

g mpousBoabHoil pyakmun g : R™ — C ee nepuogusamnus g : T™ — C onmpegensercs Kak

(dbopmanbhas) cymma psiga >, g(x +§).
é’eZ'm

B uwacrroctn, ecmn ¢ € S, To ¢ € S u no dopmyse cymmvuposanus ITyaccoma olx) =
Seon GO }

Ob6o3HaunMm uepes A? orneparopsi, onpesenasembie Ha S’ (j € Ny), cuenyomum o6pazom:
g f eS8

~

Aj(fr) = friyle) = (Fiyle =) = 3 RO
gezm
g ynobeTBa moJI0KIM A?(f, z)=0mpu j < 0.

Ilycrs s,7 € R, 1 < p,q < oo. Torza riaakoctHoe IpocTpaHcTBO Byl = B;;(Tm) THUIIA
Hukoisbeckoro — BecoBa, cBd3anHoe ¢ npocTpancTtBom Moppu, Ha m-MepHOM TOPe COCTOUT U3
Beex pacnpejeneruii f € S’ i KOTOPBIX KOHEYHA HOPMA

- 1
| f1Byg || = sup

; (2 AN(f, a)sign((G + 1 — 5(Q))+)) | €(Lp(@Q))]-
Qe |Q|

ST __

Epunmaneiit map By7 := BS7(T™) 6yzem maspiBaTh Kiaccom Huxombekoro — Becosa.
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JImneiiawprit monepeunnk nopgaka N € N mHoXKecTBa F InHEHHOTO HOPMHPOBAHHOTO MPO-
crpamcTBa X oboznatuMm 1gepe3 Ay (F, X):

An(F, X) =infsup ||z — Az | X ||,
A geF

rJe HUzKHAA I'paHb 6€p€TC5{ IO BCEBO3MOZKHBIM KOHEYHOMEPHBLIM JIMHEHHbBIM onepaTopam A .
X — X raknm, aro rank(A) < N.

Teopewma. ITycrs s,t € Rt <5, 1 <p,q,r <00, 0 <7 <min{}, 1} Eemr 8> (0 — 1)y
up>2ummr <2, To BepHa cjaabast aCHMIITOTHIECKAsT OI[CHKA

Av(Bsr, BT) < N# G+ mpn N = oo,

pg’

Kuarouesbie ciioBa: (TIaJKOCTHOE) IPOCTPAHCTBO Thma Hwmkosmbckoro — Becosa, mpocTtpancTso Moppw, JIWHEHHBIH 10~
HepeIHUuK, M-MEPHBIIX TOP.

2010 Mathematics Subject Classification: 41A46, 42B05, 42B35

XAPAKTEPU3AIIUN U JEKOMIIO3UIINU TTIPOCTPAHCTB C 3A,Z[AHHOI71
MAXKOPAHTOM CMEIIIAHHOTO MOAVJIA T'VIAAKOCTHN

[IT.A. BAJITMMBAEBA

Hucruryr mareMaTukn 1 MaTeMaTHIecKoro MoJeanpobanus, Amavarel, Kaszaxcran
E-mail: sholpan.balgyn@gmail.com

[ycrs k € N, 7, = {1,...,k}, Ng=NU{0}, R, =(0,+00).

[ycts S := S® .= S(RF) n &’ = S'(R*) — mpocrpamncrsa [IBapua npo6HBIX OyHKIMi 1
pacupeeeHnil cCooTBeTCTBEHHO; fE Fir(f) u Fi71(f) — npsavoe u obpathoe npeobpazoBaHust
Oypre f € S'(RF).

Iycrs T = (R/Z)* — k—wmepusiiit Top. o6osmaumy wepes S’ = S'(TF) mpocTpancTBO Beex
1—nepuoaudeckux pacnpenetennii f uz S, a uepes S = S*) = S(T*) npocrpancTro Beex
Geckoneuno auddepeniupyembix dynknuii Ha TF ¢ Tomosorueii paBHOMEPHOI CXOIMMOCTH BCEX
IPOU3BO/IHBIX.

[ycrs f : R¥ — C — npoussonbHas ByHKIHS, €€ TePHOIH3aIIsT ]7: T* — C onpenensiercs

Kak (dbopmasbnas) cymma psia y | f(z 4 §).
5ezk

BribepeMm byHKIHO 7 1= 77 ) e St ) Taxyio, uto 0 < (&) < 1, € € R¥; 7y(¢) = 1, ecam

[€loc < 15 suppmp = {€ € RF | [{]c < 2}
[Iyctb m e N, m > 2, 0 < p, ¢ < o0;

Bezem omeparopsr A" — AT a8 u Al = A na & (ke N
Hamee 6ymem npeanosararb, 910 (pyHKIud ) — 3aJaHHBIH CMEMIAHHBIA MOLY/Ib TJIaIKOCTH
nopsiika [ = (ly,...,l3), ynoBrerBopsiomuit u3BecTubiM yeaosusim bapu —Creukuna. Q(t) =

Vi
(U(HJ 1t] )
OnPEAENEHUE. Ilycts | = (Iy,...,0,) € N™ 0 < p,qg < oo; (1,1) € {(t,T),(r,R)}.
I. IIpocrpancrso Tnna Hukosbckoro—becosa Bllfqz(]lm) COCTOHUT W3 BCEX pacipejesennii f €
S'(I™), nast KOTOPBIX KOHEYHA KBA3HHOPMA

AV (f.x)
©(27)

II. IlpocrpancrBo Tuna Jlusopkuna—Tpubens Léfqz (I™) (p < 00) cocTouT U3 BCeX pacmpe/ie-
nennit f € S'(I™), m1s KOTOPBIX KOHEIHA KBA3UHOPMA

AV (f.x)
Q(27)

I fIBLAI™) || = {=E22 ) [ (Ly(T™)]I-

A1 Ly@) T = {553 L@ )
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Enuamansie mapst BL2(I™) u LLY(I™) s1ux mpocrpancts GyieM HashBaTh KIACCAMH THIIA
Huxkonbckoro-becosa u ﬂI/IBOpKI/IHaprI/I6eIIH COOTBETCTBEHHO.

Hasosem natop (AS)) = (Ap : P € RY) C S(R™) cemeiicTBOM ATOMOB a1 FI9 ecin s

Kaxka0r0 P € R BLImOIHEeHB! yCI0BHSA
supp Ap C 3P,  |0°Ap(x)| < |P|"Y22kP)rel 2 e R™ o <K-1 (1);

a Habop (Ag)) = (Bp: P e R) C S(T™) cemeticmeom amomos as Féf}, eCJTH [T KaXKJ0TO

P € R Bp ecrp nepuogusanus nexoropoit bynkmun Ap € S(R™) (r.e. Bp = Ap), yaosnerso-
pstiorieit yemosusm (1) (31ecy 3P — pactsikenue P ¢ TeM e IEHTPOM).

Jls mocsre10BaTeIbHOCTH (c(;)) = (cggi) : P € R1) C C nonokum (Yp — XapakTepucTuye-
ckast byukus P)

B = ey 30 erl P2 (L @™

PeRtik(P)=k

1 i 1 — m
I =Ny 2 erlPT e I (@™ )l
PeR1i:k(P)=k
Teopema 1. IIycrs (i,1) € {(r,R),(t,T)}, (F,F) € {(B,B)(L,L)}. Torna f € F.3(I™),
€CJIH W TOJBKO €CJTH HAiIYTCS CeMeHCcTBO aTOMOB (Agi)) arst FLO(I™) 1 mocresoBarebHoCTS

(cggl)) e LI rakwe, uro

f= Z cg) AS) (exomumocts B L, (I)™), (2)
PenRli
[IpPH 9TOM

|71 Eg @) = inf () |5
rze inf 6epercst mo Bcem npejcrapiaennsim (1).
Oyuknus Eg(r) naswivaerca (s,K, R, §)-Monexkyoii jist napauienenuneia Q@ = Q1 x -+ x
Q™ € D, e s € (0,00)", K = (Ky,...,K,) € N, R = (Ry,...,Ry) € (0,00)", 0 =

(01, ... ,6m; (0,1]™, ecm
/ x*Eg(x)dx =0

Juis Beex @ = (g, ..., ap,) € NI |ay| < K; upu |QY| < 1 u a; =0 upu |Q| = 1;
i 12—l |z sz’| o
10960 (x)] < CaH Q7| [2=leil/di ] 4 70 iRt
st Beex o = (ag, ..., ) € NP 1oy < [si],i=1,...,m;

0°Eq (@ + yr, 2(em\e®)) — 0°Eq(x)] < al QY271 dy — b1 /dilyi|™ x

| - - ’“| « i iQ H
Y s {1+ T Z?me } [T 1|2l {1+| l(Q)Q }

|z | <|yx| itk

st BeeX o = (a, ..., o) € NIV o] < [si], |au| < [si], @ # k.
Teopema 2. Ilycrs p € (0,00)™, s,q € (0,00)™, K € NJ*, R € (0,00)™, ¢ € (0, 1]™ rakossl,
aro R; - min{1, p1, .. .,0m, @1y -+ @} > 1,0, > s — [si], i =1,...,m.
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Toraa a1 moboit mocaegopareabrocT {ag} € A%* m.mo6oro cemeiictsa (s, K, R, §)-MoIeKyI
{€a}oep:, pacnpenerenne

f= Z ag€q (exommmocts B S'(I))

QeDs,

NIPUHAJIEXKAT MPOCTPAHCTBY szé’l(]lm), IIPHA 3TOM BEPHO COOTHOIIEHHE
1F1 5" (@) < [[{ag} [A%2]].

Torpa pust moboii f € Fyol(I™) cymecrytor ancioBas nociesosareabHocTs {ag} € A% u
cemeiicTBo (s,K, R, 0)-mosexyr {Eq}oep:, Takme, 4TO BEPHO Pa3IIOKEHHE

f= > agéq.

Q€eDs,

Iipu srom BplmOIHAETCA HEPABEHCTBO
{ag} [A®]] < ILf 1" (™).

Funding: Asrop 6bu1a moepxkana nporpammoii BR20281002 MHBO PK.

KuroueBnle ciioBa: npocrpancrsa turna Hukonsckoro-Becosa, npocrpancrsa tuna JIuzopkuna-Tpubests, Momysib riaj-
KOCTH, aTOM, MOJIEKYJIA.

2010 Mathematics Subject Classification: 42B35, 41A63, 41A55

HOBBIE KYBATYPHEIE ®OPMVYJIbI 1JIsI IIPOCTPAHCTB COBOJIEBA qu‘
C JTOMMHUPYIOIIEN CMEIIAHHONM IMTPON3BOJJHOM

C.2K. BACAPOBY¢, E.JI. HYPCYJITAHOB?**, H.T. TTIEVXAHOBA¢

! Eppasmiickmii Harmonasipupnii yaupepcurer umenn JLH. I'yumnnesa, Acrana, Kazaxcran
2 Kasaxcranckmit pumman MI'Y mvenn M.B. Jlomonocosa, Uucturyr maremMarukn i
MaTeMaTHIecKoro mogeaupopauns, Acrana, Kasaxcran

E-mail: ® bassarov.serzhan98@gmail.com, ® er-nurs@yandex.kz, ¢ tleukhanova@rambler.ru

[Iycrs F' — HekoTopblii Kaace yHKIuUA wHTErpUpyeMbiX B cMbiciae Pumana na [0, 1]". U
nyctb [ € F. Paccmorpum kybarypHyio dhopMyry

/ [z dﬂ?—zckf (M) —

[0,1]"

B nannoit pabore nocrpoena Kybarypuas dopmysia Jijis MepHOANIECKUX (DYHKIHHA 110 KarK-
JOU MepeMeHHON U3 MPOCTPAHCTB C JOMUHHUPYIONIEH CMeNIaHHOW MPOU3BOIHONW, B YaCTHOCTH
a7ng mpocrpanctso Cobomesa W0, 1]".

UccemoBanns BOMPOCOB YUCAEHHOTO MHTEIPUPOBAHUS (DYHKIHUH U3 MPOCTPAHCTB C JOMHU-
HUPYIOIIEH CMEeNTaHHON| POU3BOHOM MOCBANIEHBI MHOXKECTBO padoT. J[jisi mOJTHOrO CIUCKa, JIu-
TepaTyphl M MCTOPHsI Pa3BUTHs H3ydeHus o KybarypHbx dbopmysnax cmorpure 0630p [1, T
8.

[Tycte m — marypaabHOe duciao, p > 1 — npocroe, f € C[0,1]" n f — 1-nepuogmyaeckasi.
Omnpegeanm byukimonan F,(f; p)

k1 kn
ki+-+kn=m r1=0 rn=0 j=1 p p
kjez*
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rie e(x) =1, ecim x > 1 u g(z) = 0 B OCTATBHBIX CIyIagX.
Teopema 1. Ilycrs f € Li[0,1]" 1 >, /0 f(r)ex™ i) ageomorno cxomures. Torna

/ J(@)de = Fu(fip) - R
0,1

s(k

-y ¥ H _1lg<k)

=15t ky=m, k;>07=1

p— p—1
Z Z Z f(pklil(prl +ﬁl€<kl))7"'7pk17171(p7'171 +ﬂl715(k171))7pklrl70"'70)-

B1=1 Bi—1=1reZ! r#0

Teopema 2. IIyemvn,meN, 1 <g< o0 ua > % = max{q } Toz0a
m(nfl)/ij
sup  |[(f) = Fulf;p)| < c——
1 llwgo,1n=1 p
Ecau 2 < q < 00, mozda
(n—1)/2
m
sup  |I(f) = Fulf;p)| X ——
£ llwgr o, =1 p

Funding: AsTopsr 661m Tiommep:kanbl rpanTom AP 09260052.

KuroueBnie cioBa: Kybarypubie dopmysnsr, npocrpancrsa CoboseBa, nepuoguueckue (GyHKui, runepbormdecKnii
KpPecCT, IIPOCTPAHCTBA C JOMHUHUPYIOIIEH CMemaHHol IIPOu3BO HOI.

2010 Mathematics Subject Classification: 35Q79, 35K05, 35K20

JINTEPATYPA
[1] Ding, D., Temlyakov, V. and Ullrich, T. Hyperbolic cross approzimation, Springer, (2018).

KOPPEKTHBIE CYXKEHUSA IN®PEPEHIIMAJIBHO-®YHKIIMOHAJIBHOT'O
OIIEPATOPA, rZLEI'?'ICTBB"I-OH_[EI‘O B ''MJIBBEPTOBOM IIPOCTPAHCTBE

M. JAHABEKOBA

Kasaxckuit HarmoHa bHbIH yHUBEPCHTET uMeHHu ajab-DPapabu, Anxmarsl, Kazaxcran
E-mail: moldirrdanabekova@mail.ru

Yepes H obo3uadnm npoctpancTso Bekrop-yukiuii Buga U = (u(t), f), roe u(t) € Ly(0,7T),
f € C. 910 mpocTpaHCTBO ABJISIETCA TUIBOEPTOBBIM CO CKAJISIPHBIM TTPOU3BEICHIEM

(U, Uy) = /0 uy ()us(t)dt + f1fo.

PaccmorpuM MakcuMasibHbI#E onepaTop L

- (5 ().

rae 0 <t <T,u(t) € Wy(0,T), g(t) € Ls(0,T), f,g,¢ € C.
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Teopema. M.Orenbaes [1-3] [lycts L — MaKCHMAaJIbHBI JUHEHHBIH OlepaTop B ruibbep-
TOBOM IpocTpancTBe H, [, — Kakoe-1100 M3BECTHOE KOPPEKTHOE Cy>KeHmue olneparopa L u
K — 1upousBoJibHBIN JUHERHBIH OIpaHuYeHHbIH onepaTop B H , y0BI€TBOPAIONINIT CJIe/LY IOIeMY
YCJIOBUIO

R(K) C KerL.

Torna onepatop Ll_(l, orrpeaeasseMblit popMyIoi
L f=L"f+Kf,

onucbiBaeT 0OparHble K BCEBO3MOXKHBIM KOPPEKTHBIM CY2KE€HUSIM Lk MaKCHMAJIbHOTO
omeparopa L, t.e. Lx C L.

B kavecTBe (PUKCHPOBAHHOTO KOPPEKTHOI'O ONEPATOPA BLIOMPAETCS OHEPATOP C KPAaeBbIM
yCJIOBHEM

D(L) ={u € H : yu(0) + du(T) = 0} (2)
[IPH BBITMIOJTHEHUY YCIOBUS KOPPEKTHOCTH
ad — By #0.

Cpe,ZLI/I BCEX KOPPEKTHbIX Cy)KeHI/HU/I BbIJI€JIEHBI BCE€ KOPPEKTHBIC TI'DaHUYHbIC CYzKEHUA MaKCH-
MAaJILHOT'O OIlepaTopa.

Pabora BbinosiHeHa 01 pykoBoacTBoM mpodeccopa M.A. Cazapibexkosa (ucTHTYT MaTeMa-
TUKH U MATEMATHIECKOTO MOJeaupoBanus, Anvarel, Kazaxcran).
JINTEPATYPA

[1] Koxebaer B.K., Orentaes M., HIemsiGexos A.H. K Teopun cykeHust u pacIinpeHust oneparopos, 4.1, I3sectust
AH Ka3CCP, cepusi dpus.-mar.,1982.

[2] OIbabibexos A H.,O KOPPEKTHBIX PACIIUPEHWAX WM CYKEHUAX HEKOTOPBIX audHepEeHInaIbHbIX OMEPATOPOB.,

KazCCP, 1983.
[3] Kokebaes B.K., Orenbaes M., [lIbiabi6exos A.H., K Teopun cyxxenus u pacmupenus oneparopos, 4.2.,/I3secrus
AH KasCCP, cepus dus.-mar.,1983.

IHONMEPEUHUKU PYPHE HEKOTOPBIX KOMIIAKTOB IIPOCTPAHCTBA
TUIIA HMKOJLCKOTO — BECOBA, CBA3AHHOTI'O C IIPOCTPAHCTBOM
MoPPU, HA m-MEPHOM TOPE

A K. ZKAHABIJIOBA

KazHY wnm. Anp @apabu, Anvmarsr, Kazaxcran
E-mail: zh.aizere2001@gmail.com

[lyctrb m € N, m > 2, z,, = {1,...,k}, Ny = NU{0}, R, = (0,400). s z =
(X1, ),y = (Y1, -+, Ym) € R™, mON0KEM Y = T1Y1 + - - . + T, || = |21+ .- 4 |20,
|7|oo = max(|z,] : p € 2m); 2 <y (v <vy) ez, <y, (x, <vy,) for all p € z,. For t € R,
ty :=max{0,t}.

[Iycts S ;== S(R™) u &' = §'(R™) — mpocrpanctsa [lIBapa npobubrx dbyHKIHi 1 pacope-

~

Jesternit coorBercTBento; [ — mpeobpasosanue Pypoe f € S'(R™); B wactnoctu, aas ¢ € S
P = [ ela)e i d, g R

[ycts T™ = (R/Z)™ — m-mepHBIi TOD; S = S'(T™) —mpocTparcTBO 1- MEPHOTTICCKHX
(1o BceM mepeMeHHBIM ) YMEPEHHBIX PAcIipe/Ie/IeHnil, T.e. COBOKYITHOCTD Beex f 3 S’ takux, 9To
(f,o(- + &) = (f, ) nng Beex ¢ € S m mobwix £ € Z™, § := S(T™) — NpOCTPAHCTBO BCEX
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Geckoneuno quddepentupyembrx dyuknuii va T™. NssectHo, uro f € §'(T™), ecin 1 TOJIBKO

ecam supp f C Z™, 1.e. pacupefienenne [ obpamiaercs B 0 Ha OTKpbITOM MHOXKecTBe R™ \ Z™.

Hra 1 < p < oo un u3mepumoro Muoxkectsa G C R™ L,(G) — mpocTpaHCTBO U3MEPHMBIX
dbyukmuii f : G — C, uarerpupyembix 1o Jlebery B crenenn p Ha G (Ipu p = 00 CYIIECTBEHHO
orpammdennbx Ha () co crangaproit nopmoii || f | L,(G) ||

Ha 1 < g < oo myers £, := {,(Ny) — mpocrpancTBo (KOMIIJIEKCHBIX) YHCIOBBIX IIOCJIEI0BA-
resaprocTeil (¢;) = (¢; 1 j € Ny) ¢ Koneunoit crangapruoit nopmoit ||(¢;) | 4,]|-

Hamnee, mycts £,(L,(G)) — mpocTpancTBo ¢yHKINOHATILHBIX HOCIEI0BATENIBbHOCTEl (g (X)) =
(gj(x) : k € Ng) (x € G) ¢ xOHEIHOIT HOPMOIi

(g5 (2)) [ £4(Lp(G)) | = Il Cll g5 | Lo(G)I]) | €4 I

[Iycte Q@ — MHOXKeCTBO Beex "MoyoTKphITHIX" Auaamdeckux KyooB u3 R™ Buia

Q=Qje={zeR™: 2z—-£c[0,1)"} (j € Z,E ™),

0={QeQ|QCcQ=1[0,1)"} ={Qje|j €Ny, E€Z™:0<& <21} (0,1 €R™).

s Q = Qe obosnaunm 4epes [(Q) = 277, j(Q) = j u |Q| = 279™ ero amuny pebpa,
YPOBEHb H 0OBEM.
Bribepem npobuyio GyHKIHIIO 179 € S TaKyio, 4TO

0<AE) <1, EER™ €)= 1 if g < 1; suppip = {€ € R™ | [¢]us < 2}.
Hosomin A(E) = A(272€) — (), () = 7;(€) = A27€), j € N. Tovua

Y oni) =1, £eR™
j=0

re. {N;(§)|j € No} — rmaakoe pazbuenue exunumnst ("no kopugopam") ma R™.
dAcuo, aro . '
n(z) = 2™no(2x) — no(x), nj(x) := 20" Vmy(2271g), j € N.
Jis mpousBosibhoii pyaknuu g : R™ — C ee nepuopnzanus g : T — C onpejensgercs kak

(bopmanbnas) cymma paga . g(z +§).
cezm

B wacrroctn, ecmm o € S, T0 @ € S u no dopmyse cymvuposanus ITyaccoma olx) =
Sz O i

Ob6o3HaunM uepes A? onepaTopsl, onpejensembe Ha S’ (j € Np), caenyomum 0o6pazom:
aas f €8’ N A

AJ(f,x) = frmi(e) = (fn;(x =Y WO f(Eeme.
gezm

Just ynoberBa mos1ozkum &J?(f, x) =0 upn j < 0.

[ycrs s,7 € R, 1 < p,q < oo. Torna rinagkocrnoe npocrpancrso ByT = By7(T™) rtuna
Hukosbckoro — Becosa, cBasannoe ¢ npocrpancrsom Moppu, Ha m-MepHOM TOpDe COCTOUT u3
Bcex pacupenenennii f € S’ 11 KOTOPBIX KOHEYHA HOPMA

11 Byg Il = sup

(|29 AT(f, @)sign((G + 1= §(Q))0)) [ £(Lp(@))].
QG |Q|

Eunuunsiit map B” = B2 7(T™) 6ymem naspiBarh Knaccom Hukombekoro — Becosa.
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[Tortepeunnk @ypbe nopsaka N € N MHOXKecTBa F' TUHEHOTO HOPMUPOBAHHOT'O MTPOCTPaH-
crBa V(C Li(T™)) obo3maunm uepes oy (F,V):

N

on(F,V) = inf {sup{[[v =Y (v,0n)dn| V[ |vEF} | Oy},

n=1

rJe HHKHSIS TPaHb 0EPeTcsi MO BCEBO3MOMKHBIM OPTOHOPMHPOBaHHBIM (B Lo(T™)) cucremam
Dy = {¢1,..., 08} C VN Lo(T™). Buecs (u,v) = [, u(@)v(z)de pas v € Li(T™) n v €
Loo(T™).

Teopema. [lycrs s,t e Rt < s, 1 <p,q,r <o00,0<7< min{%, %} Ecomn = > (% -1
, TO BepHa cJabasg aCHMITOTHIECKAs OIeHKA

1_

@N(E;;agf;) = N7 G+ mpr N — co.

KuaroueBbie ciioBa: (TJaJKOCTHOE) MPOCTPAHCTBO Thma Hwmkosabckoro — Becosa, mpoctparcTBo Moppu, monepednuk
®Dypbe, Mm-MepHBIA TOD.

2010 Mathematics Subject Classification: 41A46, 42B05, 42B35

I'EOMETPUUYECKUE CBOMCTBA IIMPCOBCKNX MMPOEKTOPOB B
W FS-TIPOCTPAHCTBE

M.M. UBPAT'MMOB'*, C.ZK. TJIEYMYPATOB??

! Kapaxasmaxckuii rocygapcrsennsiii yausepcurer uvenu Bepraxa, Hyxye, Y3bexucran
2Hyxyccknit ropabrii uacruryt, Hykye, Y36exucran
E-mail: “mukhtar i@bk.ru, ’sarsenbay-2011@mail.ru

['paneBO cuMMeETpHYHBIE ITPOCTPAHCTBA, BIIEPBbIE BBEJACHB W HccaegoBaHbl f1.DpuamManoM
u B.Pycco B paborax [1-4] Kak reomeTpuueckasi Mojeab KBAHTOBOH MexaHuku. OCHOBHOI Tie-
JILIO TIPOEKTA HCCJICOBAHUS TUX MPOCTPAHCTB OBLIO M€OMETPUIECKAs XapaKTepU3alus Mpo-
CTPAHCTB COCTOSIHMM ONEPATOPHBLIX ajaredp, TOYHee MPeJCONPsAKEeHHbIX npocTpancts JBW*-
TPOEK, JIOMYCKANNX aaredpanieckyio CTPYKTypPy.

A.®puavana n B.Pycco B pabore 2] nokazasu, 9To mpeaconpsizkeHHOe TPOCTPAHCTBO KOM-
IJIeKCHBIX asiredp dou Heitmana, J Bx-ajiredp, u 6osee odmux J B*-TpoeK sSBJISIOTCA HEATPaIb-
HBIMH I'DaHEBO CHMMETPUYHBIMH ITPOCTPAHCTBAMH.

Hamnoit pabore mokazano, uro Ilupcosckue mpoektopbl Py (u) u Py (u) sBastiorest L-mipo-
ekTopamu u G L-ipoekTopamu Ha Z u M-upoekTopamu Ha Z*. JlokazaHo, 4To cJ1ab0o IpaHeBo
CIMMETPUYHOE TTPOCTPAHCTBA CJATAeTCs Ha JABYX IOIIPOCTPAHCTB.

Mpsr mpuBogum HeoOxomumblie cBegenne u3 Teopuiit WES npocrpancTBa.

[lycts Z — neiicTBUTENILHOE WJIH KOMILIEKCHOE HOPMHUPOBAHHOE TPOCTPAHCTBO. DJIEMEHTHI
[, g € Z aBAgI0TCA B3aMMHO OPTOTOHAIBHBIMHE, obo3Havaercs f o g, ecn || f + gl = ||f — g]| =
I fIl + llg]l- TTo HOpMe BbICTABIEHHON TPAHBIO €AMHUYHOTO MIapa Z; IPOCTPAHCTBA Z SIBJISIET-
csl HE IyCTOe MHOXKECTBO (00s3aTesibHO # Z7) mMeromuil sun F, = {f € Z; : f(z) = 1}, tae
x € Z*, ||z|| = 1. dasg moboro nommuoxecrsa S C Z nonoxum S° = {f € Z: fog, Vge S}
U HazoBeM S° opTOroHaJbHBIM JomojHenneM K S. [lonmuoxkectsa S, T C Z Ha3BIBAIOTCS OP-
toronaapubiMu (S © 1), eciun f o g mas Beex (f, g) € S x T. Daement u € Z*Ha3bIBAETCS
npoekTuBHON enuuuneil, eciu ||ul| = 1 u (u, F) = 0. Yepes F u T obo3nagaeM MHOKECTBA
BCEX BBICTABJIEHHBIX 110 HOPMe T'paHeil Z; W NPOEKTUBHBIX €IWHHI] B ], COOTBETCTBEHHO.

JleiicTBuTE/IbHOE MTH KOMILIEKCHOE HOPMUPOBAHHOE MTPOCTPAHCTBO Z HA3BIBAETCs ¢1abo rpa-
HEBO CHMMETPUYHBIM TpocTpaHcTBoM (W F.S-ipocTpaHcTBOM ), ecyin KazKaas 110 HOPMe BhICTaB-
JIEHHas TpaHb /| {ABJSIETCS CUMMETPUYHOM. ['eoMeTpruyecKuM TPUITOTEHTOM HA3bIBAETCS IMPO-
eKTUBHASg eJUHATA U € Z* cO CBOHCTBOM, 4uTO F' = [, gaBiageTcd CHMMeTPUYHON T'paHbIO U
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WU = u I HEKOTOPOoil cuMMeTpun Sy cooTBeTcTBylomel F. Uepes SF n GT obo3HavaeM
MHOZKEeCTBa BCeX CHUMMETPHYHBLIX I'paHeil /; W reoOMeTPUYeCKUX TPHUIOTEHTOB B /], COOTBET-
creenno. Ilycrs Z komiuiekcunoe banaxoBoe npocrpancrso. Jluneitnoiii npoekrop P na Z Ha-
3BIBAETCS L-TIPOEKTOPOM, ecJi s Jioboro « B Z umeeM ||z|| = ||Pz|| + ||z — Pz||. SamxuyToe
MO POCTPAHCTBO, KOTOPOE sIBJIsieTcsd 00pa3oM L-TpoeKkTopa, Ha3biBaeTcs L-cjiaraeMbiM £, a Z
HazpiBaetcst L-cymmvmoit PZ n (idy — P) Z:

7 = PZ®y (idy — P) Z.
Jlemma 1. Ilycts Z saBasercs W FS-npocrparcreom u u € GU. Ecim S, = I, Tormna
(i) Py(u) u Py (u) sBasmorcess L-npoexropavu Ha Z
(ii) mommpocrpancrsa Zy (u) u Zy (u) sBasorest L-craraempivm Z
(iii) Py (u) Py (u) = Py (u) P2 (u) = 0.

JIuneitnpiit mpoekTop () HAa KOMILIEKCHOM OaHAaXOBOM IpocTpaHcTBe F HazwiBaeTcs M-mpo-
eKTOPOM, eCJIu M5 JTI00oro a B E nmeem

lall = max {[|Qall , la — Qal }.

SaMKHYTOe HOJIPOCTPAHCTBO, KOTOpoe sABJdeTcd obpazom M-npoekTopa, HasbiBaercs M-
caaraemoii F, a E nazwsiBaerca M-cymmvoit QF u (idg — Q) E:
Jlemma 2. Iycre Z ssasiercas W F'S-npocrpaucrsom u v € GU. Ecom S, = I, Toraa

(i) Ilycre Z spasercs W F'S-npocrparcreom n u € GW. Ecan S, = I, Torga
(ii) Ilomupoctpancrsa Uy (u) 1 Us (u) spisiorcs M-ciraraembivin Z*.

Crxkumaromuii mpoekTop P Ha KoMILIeKCHOM 6aHaXoBOM IpocTpaHcTBe F nasbiBaercs GL-
IPOEKTOPOM, ecu L-opToronanboe nonoinenue (PE)° ero ob6pas3a COIepKHUTCA B €ro aipe
ker (P): (PE)° C ker (P).

Jlemma 3. Ilycre Z sBaserca kommiekcHbiM W F'S-npocrpancrteom m u € GU. Ecin
S, = 1, rorga

(i) Py (u) 1 Py (u) ssasmores G L-mpoextopan fa Z;
(ii) Zi(w)® = Ker P, (u), rae i € {0,2};
(iii) Zo (1) = Zo(w)® = Ker Py (u);
(iv) Zs (u) = Zy(u)® = Ker By (u).

KunroueBble ciioBa: I'paHeBO CHMMETPUYHOE TPOCTPAHCTBO, L-tipoekTop, M- npoekTop u G L- npoexkTop.
2010 Mathematics Subject Classification: 46B20
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OIIMCAHUE KOHYCA YBEIBAIOIIIUX IIEPECTAHOBOK JJId
ITIOTEHIIAJIOB

[ 7K. KAPIIIBIT'MTHA

Kaparamguuckuii yausepcurer nMm. E.A.Bykerosa, Kaparanga, Kazaxcran
E-mail: karshygina84@mail.ru

[Iycts T € (0, 00]. BBemem MHOZKECTBO HEIPEPHIBHBIX, OJIOKHUTEIBHBIX, YOBIBAIOINX (DYHK-
nuit za (0,7):
UT)={pcC(0,T):0<p ], te(0,T)}. (1)

O0603HaYNM

fo(t,7) :==min {p(t), p(17)} = p(max {t,7}); t,7 € (0,T). (2)
[Iycts ' = E(R") mepecTaHOBOYHO MHBAPUAHTHOE MPOCTPAHCTBO, E= E(0, 00), Ei(O, T) sro

BH0,T) = {g € B(0,T):0< g(t) .t € (o,T)}.

Brenewm, konyc K ciemayroniero Buia:

K =K(T) =< h(t) =h(g;t) := /fw(t,T)g(T)dT cg e EY0,T) p; (3)
prc(h) = it {llgllz0.r) : 9 € B0, T): h(git) = h(t), 1 € (0.T)}. (4)

Beejem npocrpancrso notenruanos HS = HE(R™) na/ 6a30BbIM HepeCTAaHOBOYMHO HHBAPH-
aHTHBIM mpoctpancTBom E = E(R"):

HER") ={u=Gx*f:f€BR")}, (5)

[ullpg = nf {|flle - f € ER"); G+ f=u}. (6)

B obmem cayuae, amas ganmoit u € HE(R™) me rapanTupoBana eJIMHCTBEHHOCTH (DYHKIIAN
f € E(R™), natomeit npeacrasienue . [Tostomy, B (6) B3siTa HUZKHsST I'PaHb M0 BeeM BYHKIIUSIM
G x f = u, jaomuM maHHoe mpejcTaBienue. Sapo mpeacraBiaenuss G HA30BeM JOMYCTUMBIM,
eciIn

G € Li(R") + E'(R"), (7)

rie E'(R™) — acconmupoBannoe mpocrpancrBo K E(R™). Ceeprka G * f ompenensiercs: Kak
UHTerpaJ

(G f)(a) = / Gl — ) (y)dy. ®)

Ob1rre CBOHCTBA BBEJEHHBIX MOTEHIIMAIOB PACCMOTPEHBI B padorax |2, 3].
S3AMEYAHUE. B ciiyuae f10mycTUMBIX siiep Mbl MOYKEM JIjIsl IIOTEHIINAJIOB U € Hg (R™) oupe-
AeJIMTh KOHYC y6bIBaIO]l[I/IX IHepeCcTaHOBOK:

M = Mg(t) = {h(t) = u*(t) 1 u € HE(R");t € (0,T)}, (9)

CcHAOIUB €ro MOoJOXKHUTEIHHO OJHOPOJIHBIM HEBBIPOKICHHBIM (DYHKIIHOHAJIOM

par(h) = inf { [lull g (R");w* (1) = k(1) £ € (0,T) }. (10)

Hucruryr maremaruky u MateMarudeckoro mogesuposanus / KasHY nm. anb-@apabu. Anvarer, 2024



Annual International April Mathematical Conference — 2024 49

[IpuBenem onuH U3 OOMIUX Pe3y/IbTATOB TEOPHH.
Teopema. [Iycts HS (R™) — npocTpancTBo 0606meHAbIX noTennuanos Pracca mmm Beccens;
cauraeM npu 31oM, 410 R = oo, T' = oo s norennuanios Pucca, R € Ry, T = V,R" s

norernnanoB Beccens. 1). G(x) = ®(|z]); ®(t) = o(Vut™), ¢ € QUT);

Ay(T) = sup @ /QO(T)CZT € (0,7) 7

Ecan A,(T) < 00, TO HMeeT MecTO HOTOYedHasT IKBHBAIEHTHOCTh KOHYCOB (3) u (9):
M = K(T).

Funding: Jannaa pabora dunancupyercas Komurerom Hayku MuHuCTEPCTBO HayKu U BbICHIEro obpaszoBanus Pecry6-

smku Kasaxcran ( AP14869887).
KurogeBble cJIOBa: OTOYEYHBbIE HAKPHIBAHUS, OIEHKU, MaXKOPAHT, SKBHBAJIEHTHOCTh KOHYCOB.
2010 Mathematics Subject Classification: 46B50, 47B47
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JIOTAPU®MUUYECKUE HEPABEHCTBA THUIIA COBOJIEBA HA TPVYIIIIAX
I'EVM3EHBEPTA

Aiiaein KACBIMOB

Wucruryr maremaTnkn w MaTeMaTHIeCKOro MogeaupoBanust, Aamarer, Kasaxcran
E-mail: kassymov@math.kz

B sToit moknaie MBI B IEpBYIO O4Yepeb TMOKaxKeM PsiJi BAXKHBIX HEPABEHCTB € ABHBIMU KOH-
cTaHTaMu B paMkKax rpynnbl [eitsenbepra H". 9To BkIOUaeT 1po0HBIE U TieIble HEPABEHCTBA
Co6oaesa, lanbsapao-Hupenbepra, (B3Bemmennbie) HepaBencTBa Xapan-CoboieBa, HepaBeHCTBA
Hsma un ux jgorapudmudeckue sepcuu. B ciryuae nepapencrsa CoboJieBa mepBoro nopsijika Hamma
KOHCTaHTa BOCCTAHABIMBAET OCTPYIO KOHCTAHTY JI:kepucona m Jlu. 3amedare/ ibHO, MBI TaKZKe
yCTaHaBJIMBaeM aHaJor HepaBeHcTBa ['pocca ¢ mosrynpobaduabuoit mepoit na H", koropasd, Kak
U B €BKJINJIOBON Cpejie, TO3BOJISIeT PACIIupeHne 10 OECKOHETHBIX H3MEPEHUl 1 0CODEHHO MOYKET
paccMaTpuBaThCS KaK HEPABEHCTBO B beckoneuHoMepHoM mipocTpancTre H™. Hakoner, Mbl j10-
Ka3bIBaeM TaK Ha3bIBaeMoe 00001ennoe HepapencTBo Ilyankape na H™ Kak OTHOCHTEIBHO YIIO-
MSAHYTOH Oy IPOOaObMIBLHON MePhl, TAK U OTHOCHTETHLHO Mephl Xaapa Ha H™, Tak:Ke ¢ SBHBIMU
KOHCTaHTaMHU. DTa pabora 6bLT0 BhITOJHEHO coBMecTHO ¢ M. Cahtzakou m M. Ruzhansky.

Funding: Asrop 661 nogaepxan rpantom AP23484106 KH MHBO PK.

KuroueBsie cioBa: Jlorapudvudeckoe nepasenctso Cobonesa; norapudmvudeckoe nepaBenctso Lanbsapno-Hupenbepra;
repasenctso Hama; nepasencrso I'pocca; mepaserncrso [lyankape; rpymma [eitsenbepra; qpobubiit omrepaTop.
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HEPABEHCTBO CTEMHA-BAVMCCA HA CUMMETPUUYECKOM
IIPOCTPAHTCBE HEKOMIIAKTHOI'O TUIIA

Aitagpin KACBIMOB

Hucruryr MmareMaTnky 0 MaTeMaTHIecKoro MojeaupoBanns, Aavarol, Kazaxcran
E-mail: kassymov@math.kz

N3zydyenne (pyHKIUOHATLHBIX HEPABEHCTB M B3BEIICHHBIX (DYHKIIMOHAJIHHBIX HEPABEHCTB HUI-
paeT 3HAYUTEJIBHYIO POJIb B HCCIeI0BaHUU TpobieM auddepeHIna b0l TeoOMeTpUd, rapMo-
HHUYECKOTO aHAJIN3a, YPABHEHNUH B YACTHBIX MMPOMU3BOAHBIX U HECKOJIbKHUX JPYTrHX obJjacTeil Ma-
TeMaTUKA. B 9aCTHOCTH, 9TU HEPABEHCTBA IMHPOKO MCIIOJb3YIOTCS JJId W3YYeHHs Pe3yJibTa-
TOB CYIIECTBOBAHMS, CBS3aHHBIX C HECKOJHKHMH BaKHBIMH HEJWHEHHBIMH ypaBHeHHsMH. B
9TOI CTaTbe MBI YCTAHABIMBAEM HECKOJIbKO BarKHBIX (DYHKIHMOHAJIHLHBIX HEPABEHCTB, BKJIIO-
yas HepaBencTBo [llTeiina-Baiicca, nepasencrBo Xapan-Cobonesa, [anbsapao-Hupenbepra u
Kaddapennn-Kon-Hupenbepra Ha cuMMeTprdHBIX NpocTpaHcTBax Pumana 060jiee BBICOKOTO
paHra THIa HEKOMIAKTHOCTH U INPHBOJMM HEKOTOPBIE IMPUIOKEHHSA K U3YyUEHHUIO TJI0H6ATLHOIO
CYIIIECTBOBAHUS BOJIHOBBIX yPaBHEHHH € JeMIIPUPOBAHHEM M MACCOBBIM UJIEHOM, CBSI3AHHBIM
¢ oneparopoM Jlamnaca-BenbTpaMn Ha CEMMETPHUYHBIX NMpOocTpaHcTBaX. CHMMETPpHYHBIE HPO-
cTpaHcTBa PuMana SBISI0TCS OYeHb BayKHBIM KJIACCOM HEOTPHUIATEILHO KPUBU3HBI PUMAHOBBIX
MHOroobpasuit. HegaBHo MHOr#e ncc/ietoBaTe/ M BHECIN CBOM BKJIAJI B PA3BUTHE OLPEIEJIEHHBIX
BasKHBIX (DYHKIMOHAJBHBIX HEPABEHCTB HA MHOTOOOPA3HAX ¢ HEOTPUIATEIbHON KPUBU3HOIT, HC-
MOJIB3YS Pa3INYHbIE TOIXOIAINNE MeTOIbl N3 aHaan3a Pypbe U reOMeTPUIECKOro aHaam3a. Ho
OOBIMMHCTBO W3 HUX OIPAHUYIUBAINCH TOJBKO CHUMMETPHYHBIM MPOCTPAHCTBOM PaHTa OJINH,
HAIIPUMep, JeHCTBUTEIbHBIMEA UM KOMILIEKCHBIME THIEPOOTNIeCKUMHI MPOCTPAHCTBAMA U HX
Pa3JIMYHBIMHA MOJIE/IAME, U B 9TOM cJydae ucrnob3yercd anaian3 Leabracona-@ypwe. Omgmo us
dyHIaAMeHTAJIBHBIX (DYHKIIMOHAJBHBIX HEPABEHCTB B €BKJMIOBOM T'apMOHUYECKOM AHAJIH3E —
KJaaccudeckoe HepaBencTBo Creitna-Baiicca, yeranosiaennoe Creitnom u Baiiccom. Omo ritacur:

Teopema 1. Ilycth 0 < A< N,1<p<oo,a< %,ﬁ< %,CY—FﬁZOH#:%—é.
a1 < p < q < oo nmeeMm

2= Dyl pageovy < Cllzl®ull oy, (4)

e C' — HosoxKHTeIbHas KOHCTaHTa, He 3aBHCANIAS OT u. 3qeck noremmnuan Puca I, ma RY
onpenesleH KaK
uly
OcHoBHOIT pe3ybTaT OyIeT B CJIAYIONEM BUIE:
Teopema 2. I[lycte X — cummerpudeckoe mpoCTPaHCTBO HEKOMITAKTHOTO THIIA C pa3Mep-
HOCbeonZBHpaHKZZ1.HyCTbO<a<n,1<p<oo,oz<l%,ﬂ<%,04—1-52014

o—a—=f _

“ % — é. Torma g 6oapmmx £ >0 1 < p < ¢ < 00, MBI HMeEeM

_ 9 dp \ 7t N
1] Geatsantman] 45 )" < Cllelulincn, Q
X |Jx ||

rje C HOJIO?KHTEJIbHAA KOHCTaHTa He3aBHCAINAA OT U.

Dta pabora 06110 BeMOHEHO coBMmecTHO ¢ V. Kumar u M. Ruzhansky.
Funding: Astop 6611 Togaepykan mporpammvoit ®HU BR20281002 KH MHBO PK.
KuroueBsie caoBa: Hepasernctso Creitra-Baiicca; 1pobHbIii omeparop.

2010 Mathematics Subject Classification: 22E30.
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KOMIIAKTHOCTbh KOMMYTATOPA MYJIbTUJIMHEMHOTI'O IIOTEHIIVAJIA
PUCCA B JIOKAJIbBHBIX IIPOCTPAHCTBAX TUIIA MOPPU

JI.T. MATUH®, T.B. AXAZKAHOBY

EHY um.JI.H.I'ymunesa, Acrana, Kazaxcran
E-mail: *d.matin@mail kz, Ytalgata2008@mail.ru

B namnoii paboTe NPUBOIATCS TOCTATOUHBIC YCJIOBUS KOMIAKTHOCTH KOMMYTATOPA MYJIbLTH-
i P M LM"D(R"
JUHeHHOro norennuaia Pucca B JJOKaIbHBIX NPOCTpaHCTBaX Tuna Moppu o (R™).
Myaprunuseitnsiii morennnan Pucca I, nopsaka a(0 < a < n) onpeaessieTcst Cieay oM
obpazom

(m fi(w) f2(y3) - fn (Ym)
I - na/ |,’]j—

o —dy,
Y1, T — Y2y ooy T — Yy |V

()

2anfr(2)'

st byukiun b € Lj,.(R™) gepes My, 0603HaYUM MYJIbTHILTHKAIXOHHBIN onepaTtop My f =
bf, rme f — usmepumas dyukiug. Torma kommyTaTop J1s norennuasa Pucca I, n oneparopa
M, onpenessieTcs paBeHCTBOM

rae Cpo =

b, IC([”)} (f)lz) = / [b(x) = bly1), b(x) — b(y2), .., b(x) — b(ym)] fl(yl)f2<y3)'”fm(ymdy.

_]R" ‘x_ylax_y%'“?x_ym‘mnia

Oynknus b(x) € Loo(R™) mpunamiexur npocrpanctsy BMO(R™), ecin

1
|b]|], = sup —/|b(x) —bg|dx = sup M(b,Q) < oo
ocrr | Q| 3 QeRn

rae Q — ky6 u3 R" n bg = ﬁ [ fly)dy
R

Yepes VMO(R™) oboznaunm BM O-3ambikanue npocrpanctsa C5°(R™), rme C3°(R™) Muo-
sKecTBO Beex dynknmit 3 C°(R™) ¢ koMTakTHBIM HOcHTeaeM. depes X(4p) 0003HATHM Xapax-
TEPUCTUYECKYT0 (DYHKIUIO oTpe3ka (a,b), yepe3 °B — jouojinenue MHO)KecTBa B.

[Iycrs 1 < p < 00, w — u3Mmepumast Heorpurareabias dyukius Ha (0,00) He IKBHBAJIEHT-

w() _ w(-) (mon
Hag Hymo. Jlokanbnoe npocrpancrso tuna Moppu LM, ;7 = LM, , (R™) ompejesiercst Kak
MHOZKeCTBO Beex bynknuii f € L(R™) ¢ KoHeUHOH KBa3HHOPMOii

0

i 0
a0 = { [ [0 17y gm0
0

riae B(0,7) — orkpbiThiii map ¢ nenrpom B Touke 0 pajguyca r > 0.
Teopema 1. Hycmb0<a<n(1——) 1<p< o0, 1<qg< o0, ==
dynryuu wy, wy € Qo0 y@oe.nemsop,ﬂmm YCAOBUN)

s 7\ €ss inf wi(s)dt
/ln <e + —) feo<o < Cws(r),
r

t

Q=

—2 he VMO(RY),

SRl

r

Institute of Mathemitics and Mathematical Modeling / al-Farabi KazNU. Almaty, 2024



92 TpagunuoHaass anpejabCcKas MaTeMaTuieckas Konpeperius — 2024

& m
mMo20a KOMMYMAMop Mysbmuiunetino2o nomenyuaia Pucca [b, 1§ )} ABAACTNCA KOMNAKITVHBLM
onepamopom us LM 5 6 LM 5.

Funding: Jaunaa pabora dunancupyerca Komurerom nayku Munucrepcrsa nayku u Bbicuiero obpaszoBanus Peciiy6-
smkn Kazaxcran(AP14969523).

KuroueBsnlie cioBa: nmorennmana Pucca, KOMmakTHOCTH, 1pocTpancTBo Moppu, KOMMyTaTOp, MYy/IbTUINHENHBINA [TIOTE€H-
muaJia Pucca.

2010 Mathematics Subject Classification: 35Q79, 35K05, 35K20

HEJIMHEVHBIE MIPUBJIVNXKEHNS BCIIJIECKAMUN HEKOTOPBIX
KOMITAKTOB IIPOCTPAHCTBA THUIIA HUKOJILCKOI'O — BECOBA,
CBA3AHHOI'O C IIPOCTPAHCTBOM MOPPU, HA m-MEPHOM TOPE

7K. HAIMAHOBA

KasHY num. anxp-@Qapabu, Ammarer, Kazaxcran
E-mail: zansaanajmanjva@gmail.com

[Iyctb m € N, m > 2, z,, = {1,...,k}, Ny = NU{0}, R, = (0,400). g z =
(1, Tm), ¥ = (Y1y - -+, Ym) € R™, MOMOKEM TY = T1Y1 + - . . + T, 2| = 21|+ ...+ [T,
|7|oo = max(|z,] : p € 2p); 2 <y (v <vy) &z, <y, (v, <vy,) for all p € z,. For t € R,
t+ = max{0,t}.

[ycts S := S(R™) u &' = §'(R™) — npocrpancrsa IIBapra npobubix dyHKIuMii 1 pacmipe-

-~

Jiesiennit coorsercrsento; [ — upeobpasoanue Pypoe f € S'(R™); B wacrnocru, jjsi p € S
26 = [ plalemeeds, geR™

[Iycrs T™ = (R/Z)™ — m-mepubiii ToOp; S = S'(T™) —upocrpancrBo 1- nepuouueckux
(10 BceM mepeMeHHBIM ) yMEPEHHBIX Paclipe/ieJIeHnil, T.e. COBOKYMHOCTD Beex f u3 S’ takux, 410
(Foo(-+€)) = (f, ) ms Beex ¢ € S u mobpx € € Z™, § := S(T™) — npocTPaHCTBO BCEX
beckoneano auddepentupyembix dynknuii va T™. M3sectHo, uro f € §'(T™), eciim n ToaBKO
eca supp ]?C Z™, 1.e. pacupejenaeHne fo6pamaeTCH B 0 Ha OTKpBITOM MHOXKecTBe R™ \ Z™.

Hra 1 < p < oo u m3mepumoro muoxkecrsa G C R™ L,(G) npocTpancTBO H3MEPHMBIX
dbyukmuit [ : G — C, uarerpupyemsix 1o Jlebery B crenenu p Ha G €O CTaHIAPTHON HOPMOit

11 Lp(G) ||

Mg 1 < g < oo nyers ¢, := £,(Ny) — npocTpancTBo (KOMIUIEKCHBIX) THCJIOBBIX IIOCJIEI0BA-
tenapHOCTER (¢j) = (¢ : j € Np) ¢ koHeuHO# crangapTHO HOpMOIT ||(¢j) | {4 |-

Haunee, nycts ¢,(L,(G)) — npoctpancrso ¢byHKIHOHATIBHBIX OCIef0BaTeIbHOCTEl (g;(7)) =
(gj(x) : k € Ng) (z € G) ¢ xoneunoit HOpMOit

I1(g5 (@) | £(Lyp(G)) | = 1l Cll 95 [ Lo (GON) [ £ |-

[Iycts Q — muOXkECTBO Beex "moayoTKpuITHIX' muaanmaeckux kybos u3 R™ Buma

Q=Qj={zeR":2x-¢c[0,1)"} (j €Z,E€Z™),

QI{QEQ’QCQOI[O,lyn}:{QJg’jEN(),gGZm0§€<2j1} (0,1€Rm)

Hast Q = Qje obosnaunm qepes [(Q) = 2779, j(Q) := j u |Q| = 279™ ero amuy pebpa,
YPOBEHb U 00bEM.
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Bribepem npobuyio GyHKIHIIO 179 € S TaKyio, 4TO
0<m(§) <1, £eR™ n(§) =1 if [{lx <1; suppip ={§ € R™ | [{|oc < 2}.

Monozxmy (&) = o(27'€) = To(€), 7;(8) = 1;(§) = 1(2'77¢), j € N. Torna
Zﬁ](f) = 17 5 € ]Rm’
=0

re. {N;(§)|j € No} — rimaakoe pazbuenue egununst ("no kopugopam") ma R™.
dcuo, aTo . '
n(z) = 2"ny(2x) — no(x), nj(x) = 2U=Vmp(2i-1g), j e N.
g npousposbuoit pyakmun g : R™ — C ee nepuoguzamnus g : T — C onpeaenserca Kak

(bopmanbhag) cymma paga > gz +&).
cezm

B gactaocTH, ecim ¢ € S, 10 ¢ € S u 1o dbopmyne cymmvmmposanus Ilyaccona o(z) =
Seon GO ]
O6osmasmv wepes A omepartopsr, ompenensemeie na S’ (j € Np), crenyromum oGpasowm:
g f €8’ B R
AJ(f,0) = [ xi(x) = (£ =) = Y WO F(E)e™ .
gezm
s yaoberBa, moI0KIM ﬁ?(f, x)=0mpu j <O0.

NS’T o—_ ST m
[ycrs s,7 € R, 1 < p,q < oo. Torna rinagkocraoe npocrpancrso ByT = By7(T™) rumna
Hukonbckoro — Becosa, cBszannoe ¢ npocrpancTBoM Moppu, HA M-MEPHOM TOpPE COCTOUT U3
Bcex pacupenenennii f € S’ 11 KOTOPBIX KOHEYHA HOPMA

NST 1
I1f1Bpg || = sup

/ b ——|(29AN(f, w)sign((G + 1= 5(@))4)) | g(Lp(@))]]-
Qe |Q|

Epunnaneiit map By7 := B2 7 (T™) Oyzem naswiBath kiaccom Huxombekoro — Becosa.
[Mycte @ = {¢, |v € T} — cuerHas cucremMa 3JIEMEHTOB JHHEHHOIO HOPMEPOBAHHOTO IPO-

crparctBa X Haz nosieM KomiiekcHbx uncen C. TTomoxnm (N € N)

ZN(CI)) = {¢ = ZCU¢U | (CU)UET C C rakag, 4To ZSign’CU| < N}

veY veY

Hawmjtyumiee N-ujennoe npubsimxkenue sjgementa © € X 1o cucreme P omnpejgensgercs cieayro-

muM o0pa3oMm :
on(z,®, X) =inf{||z — o[ X| | ¢ € En(D)}.

Jisg muoxkectBa F C X nosoxum
on(F,®, X) =sup{on(z,®,X) | z € F}.

[Iyctn wim m-MepHasi CHCTeMa [epHOIU3NPOBAHHBIX BCILIECKOB Meiiepa (ompeeienne
cM., Hanpumep, B |1, ch. 3]).
Omnpegennm uncaa r, = min{r, 2}, «+ = min{p, ¢, r}.
11 - 2 1
Teopema. Ilycre s,t € Rt < s, 1 <p,q,r <o0,0<7< mm{;, 1} Ecom =t > (5 =)+
TO BepHA ¢1abad aCHMOTOTHYICCKAS OLECHKA
on (BT W(m),éﬁz) =~ N= npu N — oo.

pg’
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KuroueBbie cioBa: (ragkoctHoe) mpoctpanctso tuma Hukomsckoro — Becosa, mpocrparctso Moppu, mamtyamee N-
“IEHHOE HPUOJIMXKEHUE, BCILIECK, M-MepHasl LePUOAUM3UPOBAHHAs CUCTeMa BCIieckoB Meitepa, m-MepHbLil TOp.

2010 Mathematics Subject Classification: 41A46, 42B05, 42B35
[1] Meyer Y. Wavelets and operators, Cambridge University Press, Cambridge (1992).

OTPAHUYEHHOCTH OIIEPATOPA PUCCA B JIOKAJILHOM
IMPOCTPAHCTBE MOPPU

E.JI. HYPCVYJITAHOBY®, A.M. KAHKEHOBA?®

YMI'Y umenu M.B. Jlomonocosa, Kazaxcranckumii ¢puinas, Acrana, Kasaxcran
2EHY wmenn JI.H. Tymumena, Acrana, Kazaxcran
E-mail: “er-nurs@yandex.ru, ayagoz.zhantakbayeva@yandex.ru

[lycts k € Z, aepe3 Gy, 0603HATNM MHOXKECTBO BeeX Ky0oB B R” Buma
0,29V + 2%"m, m € Z".

OueBuHO, 9TO

R'=| | @

QEG
31ech | | Q) o3nagaer obbeMHeHTEe B3AUMHO HE [ePEeCeKAIONINXCsT MHOKECTB.
MuoxkecrBo G = |J Gy HaszoBem cemeiicTBOM muaamveckunx Kybos B R". 3amermm, 4To
kEZ

KaxKJiplit Ky0 ) € G, pazbuBaercs Ha 2" KyooB u3 Gy_1.
CewmelicTBo B3auMHO He nepecekatomuxcst Kybo T = {Q} C G HazoBeM JIOKATBHBIM pa36u-
eHmeM npocTpancTBa R™, econ:

L p(R™\ ] Q)=0;
QeT

2. ’TﬂGk’ < OQ.

3aech u ganee |A| ecTh KOTHYIECTBO TEMEHTOB BO MHOXKecTBe A.
[Iycrb A € R, 0 < p,g < 0o u T = {Q} nokanbhoe pasbuenue R". Pacemorpum JokasibHoOe
A -
npocrpanctso Moppu LM (T) [1] kak MuOzecTBO H3MepuMbIX DYHKIWI f 17151 KOTOPBIX

1
q\ =

1 fllzasy, (m) = Z 2~ Z 1f 2@ < 0.

keZ QeT=TNGy

Q

1/q /g
BeipazkeHus <f |¢(t)|q%) : ( > ]ak\q> IpU ¢ = 0O TIOHUMAIOTCsI Kak sup |¢(x)|, sup |ag|
Q keQ Q keQ

S
COOTBETCTBEHHO.

Jlannasg 1rKaJja mpocTpaHcTB mpu A > () OXBaTHIBAET MTPOCTPAHCTBA LM];\,W,
BBeJIeHbl BypenkoBbiM u ['yiuesbim B [1].

[Iycte A m B — muOXKecTBa B R"™. Paccrogane mexxny muoxkectBamu A m B onpeaessercs
CJAeIYIONUM 0Opa3oM

KOTOpbIe OBLIN

A, B)= inf x x,y) = max |r; — y;|.
pA,B)= inf plzy), plz,y)= max |z —yi
[Tox pasuocrbio Muoxkects A u B nonnvmaem A — B ={r —y:z € A,y € B}.
Hawm nonanoburcst pasdbuenne mopoxKiaeHne coorBeTcTBymomee Touke v € R™. Jlannoe pas-
OueHne ¢ JOKaJIH3aIueil TOYKH U.
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[Iycts u € R™. B pabote [2]| pacemorpeno nokanbaoe pasbuenue T(u). Onpemenum cemeli-
CTBa KyOOB

Yk:(u) = {Q € Gk—i—l : p(Q?”) < 2k }7 k€ Z.

Onpenennm
Te(u) =S QECGr: Q¢Yi, QC |J I ¢. (1)
1€Y)(u)
T(u) = | Te(u). (2)
keZ

Teopema 1. IIyctp 1 < p < 00, 1 < g < o0, %—i—l%zl, %—l—%:l,)\EIRHuER", T(u)
— JIoKaJIbHOE pasbuenne npocrpancTBa R™. Torna BepHO

Q

I zany gy = N zars, coy-

Teopema 2. ITycrs T(u), T(v) aoxaapubre pazéuenns npocrparcrsa R™. [Tycrs 1 < p < oo,
0<A<2n0<y<2,0<a=y-A+7,0<7 <00 B f € LM (T(u—v)) n
g € LM %(T(v)), 10 f * g € LM, (T(u)) u BeITOTHSIETCS HEPABEHCTBO

1f % gllLany () < CHfHLM;oo(T(u—v))”gHLMz;,aT(T(v))a

rJ1e KOHCTaHTa ¢ 3aBHCHT TOJIBKO OT IIapaMeTPOB N, A, ., D.

Funding: Asropsr 6b1mu nomaepxkansl rpanrom Ne AP14870361 MOH PK.
KuroueBsle cioBa: npocrpancrsa Moppu, nepasencrso FOura-O’Heira, oneparop Pucca.
2010 Mathematics Subject Classification: 47B38, 47A63, 47G40, 31B25

JINTEPATYPA
[1] Burenkov V.I., Guliyev H.V., GuliyevV.S. Nessesary and sufficient conditions for boundedness of the fractional
maximal operator in the local Morrey-type spaces, Doklady Ross. Akad. Nauk. Matematika, V. 409. (2006), 443-447.

[2] Nursultanov E.D., Suragan D. On the convolution operator in Morrey spaces, J. Math. Anal. Appl., V. 515. —
126357. (20 pages) (2022).

HEJIMHEMHBIE TPUTOHOMETPUYECKUE IIPUBJINXXEHNS HEKOTOPBIX
KOMITAKTOB ITPOCTPAHCTBA TUITIA HUKOJILCKOTO — BECOBA,
CBSA3AHHOI'O C ITIPOCTPAHCTBOM MOPPU, HA m-MEPHOM TOPE

B. OMAPOB

KazHY wm. anp-Qapabu, Anmarer, Kazaxcran
E-mail: beksultan.omarov.01@mail.ru

[Iyctb m € N, m > 2, z,, = {1,...,k}, Ny = NU{0}, R, = (0,400). g z =
(1, Tm), ¥ = (Y1y -+ -y Ym) € R™, MOMOKEM TY = T1Y1 + - . . + T, || = 21|+ ...+ |20,
|7|oo = max(|z,| : p € 2p); v <y (v <y) &z, <y, (v, <vy,) forall p € z,. For t € R,
ty = max{0,t}.

[Iycts S := S(R™) u &' = §'(R™) — npocrpancrsa [1IBapna npobubix ¢hyHKnuii u pacmnpe-

~

Jesiennit coorBercTBenno; [ — mpeobpasoanue Pypoe f € S'(R™); B wactHocTH, 11st € S
2O = [ plale s, ger

[Mycts T™ = (R/Z)™ — m~mepnsrit Top; 8" = S'(T™) —nupocrpancTBo 1- MeproIndecKux
(o BCeM IepeMeHHBIM ) YMEPEHHBIX PACIIPE/IE/IeHHil, T.e. COBOKYMHOCTD BeexX [ u3 S’ Takux, 9To
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(fro(-+ &)Y = (f,¢) ans Beex ¢ € S m mobbix £ € Z™, § := S(T™) — IPOCTPAHCTBO BCEX
beckoneuno jauddepentupyembix dyuknuii va T™. MzsectHo, uro f € S8'(T™), eciu U TOJIBKO

ecam supp f C Z™, T.e. pacnpefienenue [ obpamaercs B 0 Ha OTKPbITOM MHOX)KecTBe R \ Z™.
Hma 1 < p < oo u usmepumoro muoxkectBa G C R™ L,(G) npocTpaHCTBO H3MEPHUMBIX
dyukmuit f : G — C, uaTerpupyemMnix 1mo Jlebery B crenenu p Ha GG €O cTaHIAPTHOH HOPMOI

11 Lp(G) ||

Hra 1 < g < oo myers £, := {,(Ny) — npocrpancTBo (KOMIIIEKCHBIX) THCIOBBIX IIOCJIEI0BA-
tenabrOCTel (¢;) = (¢ : j € Np) ¢ koHeuHolt crangapTHOit HOpMOiT ||(¢;) | 4.

Hasnee, mycts £,(L,(G)) — npocTpancTBo dbyHKIHOHATIBHBIX HOCTIEI0BATENbHOCTE (g (7)) =
(gj(x) : k € Ng) (x € G) ¢ KOHe"HO{ HOPMOIL

I1(g5 () [ £g(Lp(@)) | = Il (11 95 | Lo(G) D [ € 1]

[Iycrs O — MHOXKECTBO BCeX ,JIOJVOTKPBLITHIX nuaandyeckux Kyoos u3z R™ Buia
bh

Q=Qi={reR™:2x-£e0,)"} (jE€ZEcL™),

0={QeQ|lQCcQ=1[0,1)"}={Qje|jeNy, E€Z™:0<E <21} (0,1€R™).

Tas Q = Qe obozaaumm uepes [(Q) = 277, j(Q) := j u |Q| = 279™ ero muny pebpa,
YPOBEHDb U 00beM.
Bribepem mpobHYIO (DYHKIHUIO 1) € S TaKyio, 4TO

0<m(&) <1, £eR™ no(§) =1 if [f]c <1; suppip = {£ € R™ | [{]o < 2}

Honomum 7(€) = To(271€) — Mo(&), 1;(€) = 1;(§) = n(2'77€), j € N. Torna
Y on© =1, ¢erm
j=0

re. {7;(§)|j € No} — rmagxoe pasbmenue equuuus! (10 kopuaopam) na R™.
fcuo, uTo 4 '
n(z) = 2"no(2x) — no(x), nj(x) = 2U=lmp(29-12), j € N.
g npouspoabnoit pyakmun g : R™ — C ee nepuogusamus g : T™ — C onpenensiercss Kax

(bopmanbras) cymma psga > gz +§).
¢ezm

B gactaocTH, ecim ¢ € S, T0 © € S u 1o dbopmyne cymmvmmposanus Ilyaccona o(z) =
o 2milx
dezm 90(5)6 .
Ob6o3HauuM vepes A;? onepatopsl, onpenensiembie Ha S’ (j € Ny), corenywomum o6pasom:
g feS
A ~ 2
AJ(f.0) = f i) = (f(e =) = Y BEOFEE.
é’eZ'nL
g ynobeTBa moIozKIM ﬁy(f, x) =0 mupu j < 0.
[lyers 5,7 € R, 1 < p,q < oo. Torga rmaakocTHOE IPOCTPAHCTBO By o = B;Q(Tm) THIIA
Hukonbckoro — becoBa, cBg3aHHoe ¢ mpocTpancTBoM Moppu, Ha m-MepHOM TOpPe COCTOUT U3
Beex pacupegesennii f € 8, s KOTOPbIX KOHEYHA HOPMA

£ Byg |l = sup

—=I9AY(f,@)sign((F + 1= §(Q))+)) | £4(Lp(Q))]]-
acs 1QI
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Epunnaneiit map By7 := B2 7 (T™) Oyzem naswisath kiaccom Huxosbekoro — Becosa.
[Iycts & = {¢, |v € T} — cuerHas cucremMa 371€MEHTOB JUHEHHOTO HOPMAPOBAHHOTO MPO-
crpancrBa X nagj nosem KomiuiekcHbix uncet C. ITosoxum (N € N)

SN (P)={o= ch¢v | (cv)ver C C rakas, arto Zsign]cvy < N}.

veY veY

Hawmnyumee N-unennoe npubauzkenue sjiementa x € X 1o cucreme O onpejensercs cie-

JIYIOIIIHM 00Pa3oM :
on(z, @, X) =inf{||z — o[ X|| | ¢ € Zn(D)}.

g maoxkectBa F C X monoxum
on(F,®, X) =sup{on(z,®,X) | z € F}.

Mycrs T = {27 | € € Z™} — m-xpaTHAs TPUTOHOMETPUIECKAs CHCTEMA.

Teopema. Ilyctp s, t e Rt < s, 1 <p,q,r <oo,0 <7< min{%,% .

(i) Ecmmp <7 <2, =t > 1 1 70 pepna cnabas acuvmrornyaeckas onenxa
m p r

ON(gf;g,‘Z(m),Eﬁ;) < N= 7 npu N — oo.

(ii) Bem 2 <p <7, =t > %, TO BepHa cj1abas aCHMITOTHYECKAsl OIEHKA,

on (BT E(m),éf,g) = N= npu N — oo.

pq’
iii) E <2 =t 1 6
(iii) BEcm p <2 <7, =% > 5, TO BepHA C1abast aCHMITOTHYECKAs ONECHKA

UN(EZQ,T(m),Eﬁg) = Nw*ps npu N — oo.

KuaroueBble cioBa: (raakoctHoe) mpoctpancTso tuma Hukombckoro — Becosa, mpocrparcteo Moppu, mammtydmee N-
YJIEHHOE TPUIOHOMETPHYECKOE [IPUbJIMKEHHUE, M-MEPHbBII TOP.

2010 Mathematics Subject Classification: 41A46, 42B05, 42B35

PABHOMEPHBIE OIIEHKWU PEINIEHU OJHOI'O KJIACCA HEJIMHENHBIX
YPABHEHUM B KOHEYHOMEPHOM IIPOCTPAHCTBE

M. OTEJIBAEB

Hucrnryr maremarukn u MaTeMaTHIECKOro MoaeaupoBanust, Aamarel, Kazaxcran
E-mail: otelbaev@math.kz

[Iycres H — peiictBuresibnoe N-MepHoe ruib0epToBo npocrpancTso, N < oco. Pacemorpum
ypaBHeHue

u+ L(u) = g, (1)

rie un g € H, L(-) — HeJuHeHOe HENIPUPBIBHOE MPeodpa3oBaHue.

[IpeamooKuM, 9TO BBITIOJHEHO CJIEAYIOIIee YCIOBUE.

Vceaosue y*. IIpeobpazosanue L(-) npu g060M u € H nMeeT HEIPEPHIBHYIO MPOU3BOIHY O
B cMbiciie ['oTro u g sroboro u € H BbIIOIHEHA OIEHKA

1Gul| < allu + Lw)l], (2)

rJIe () — MOCTOSIHHASI, He 3aBucsInast oT u € H, a G — camoconpsizKeHHBIH 06paTuMblii onepaTop
(TO ecTh, MATpPUIIA).
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CrpaBeyiuBa cIeyomas TeopeMa.
Teopema. Ilycrs Beimosneno ycaosue y*. Torma jist ioboro uw € H BeImosiHeHa anpuopHast
OI[eHKA

[lull* < Cexp{|lu+ L(u)|[}. (3)

e C' He 3aBHCHT OT U € H u 3aBHCHT TOJBKO OT MOCTOSHHOI (v, BXOJIIIeH B ycaoBae y*.

Sameuanne. 113 nepaBencrsa (2) BbITEKA€T HEPABEHCTBO

-1
[ul| < Ain - @ollu + Lw)]], (4)

rJe Apin — HAMMEHbIIee 110 MO/ cobcrBeHHOe uncio oneparopa G. Ouenka (4), B orjinuue
OT OIEeHKH (3), 32aBUCHT OT Apip.

B cayqae, xorma u+ L(u) ecTh KoHedHOMepHAsT alIPOKCHMaIns OeCKOHeTHOMEPHO 321241,
OleHKY BUa (4) He MO3BOSIOT MEPEXOIUTH K TIPEJIENY, a OleHKa BUAA (3) MO3BOJISET Mepexo-
AUTH K IIpeJeay U 110JIydaThb COJACP2KaTC/IbHbIC YTBCP2KACHUA JTJIA 6eCKOHeqHOMepHBIX 3a/da4.

Funding: Jannas pabora dunancupyercs Kommrerom Haykm MuHMCTEpCTBAa HayKM M BHICHIEro obpaszoBannst Pecry6-

smku Kasaxcran (BR20281002).

OB MHTETPUPYEMOCTU C BECOM CYMMBI PAI0B C MOHOTOHHLIMUI
KOSOPUIIMEHTAMMN 110 MVJIbTUIIJINMKATUBHBIM CUCTEMAM

M.7K. TYPTYMBAEB, 3.P. CYJIENIMEHOBA?®* M.A. MYXAMBETKAH??

! Kaparammuuckmii yausepcurer um E.A. Bykerosa,Kaparamia, Kasaxcran
23 Eppasuiickuii Hanmonassupiii Yausepcurer mv. JI. H. T'ymunesa, r. Acrana, Kasaxcran
E-mail: “*mentur60@mail.ru, *manshuk-9696@mail.ru

B pabore HaxXomgTCs YCJIOBUSA HA BECOBYIO (DYHKIHUIO, MPH KOTOPBIX CYMMAa PAIa TI0 MYJIb-

TUIIJINKATUBHBIM CUCTEMAM ABJIAECTCHA I/IHTerI/IpyeMOfI C BECOM beHKLLI/Ieﬁ Ha MHTEepBaJic [O, 1}
. 1

B pamHO# pafore paccMaTpUBaeTCs BONPOC O MpHHAJJIEKHOCTH TmpocrpanctBy L1(0,1) ¢
BECOM CYMMBI PSJI0B 1O MY/JIbTHILIUKATHBHBIM CHCTEMAaM ¢ MOHOTOHHBIMH KO3(DdUIueHTaMu.
CeesleHnsl 0 MYJIBTHILTUKATHBHBIM CHCTeMaM u3ji0kKeHbl B [1]. Huxe p, — obpasyiomas no-
CJIEJIOBATEJIBHOCTD MYJIBTHILITHKATHBHON cucremMbl ¥y, ().

Omnpenenenne 1. Ilycre ¢(x) — HeorpumareapHass u3MepuMasi (hyHKIHs Ha HHTEDBAJIE
[0,00). MbI roBopum, 4T0 @(x) yAoBIETBOpSIET yCa0BHIO By, ecin jist Bcex x > 1 BBIIOJIHEHO:

0 t
fx % dt <C @, e C' — [OJI0XKATEIbHOE YHCJI0, HE 3aBHCSINEe OT X.

Ounpenenenne 2. Ilycrp ¢ (x) Heorpunareapnas, usmepumas Ha (1, oo) ¢yaknmsa. To-
BOpAT, 4T0 (hYHKIHS p (T) VAOBIETBOPSET YCIOBHIO By, ecim Jist Bcex x > 1 BBITOJTHAETCS
nepasencrso. || W gt < Cp(x), rie C — H0M0KHTELHOE THCIIO, HE 3aBHCSICE OT T

P “J1 Tt > Ly » DA I JL JI0, I .

Teopema 1 IIyctp 1 < p < o0, %4—1%:1 7supp, =N < o0,

f(z) = Zakwk(x), ag J 0, Korga k — oo
k=0

u mycthb @ (r) HeoTpHIaTe bHAs H3MepuMast ¢GyHkmust Ha [1, 0o). Torga
19, Ecin pynxuus P (x) yaosrersopsier ycaosuio By u

e n+l  p
Zaﬁ . np/ Ld (ﬁ)dx < 00, (1)
n=1 n

2

rorna ¢ (1) f(z) € L, (0, 1).
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20. Ecim 7' () ynosaersopser yenosuio By u ¢ (L) f (z) € L, (0, 1), Toraa seimonsercs
(1).

Teopema 2 Ilyctp ay | 0 npu k — oo, supp, = N < oo u

f@)=> " apy (),

k=0

rie mycrhb @ (x) > 0 m3mepumast Ha [1, 00) yHKIH, Takas, 910

o G) € L1[0, 1], %gp (é) EL(, 1).

Torma
1°. Ecm

iak/mwx(j)dx<oo, (2)
= k

1

T0O

- (%) f(z) € Ly (0,1).

20. Ecmut ¢ (x) yrosrersopser ycaosnio By m ¢ (1) f(x) € Ly (0,1), o mmeer mecto (2).
KurroueBrble ciioBa: My/IbTUILIMKATABHASA CUCTEMA, HHTEIPUPYEMOCTDb C BECOM, MOHOTOHHBIE KO3 QUITIEHTH

JINTEPATYPA
[1] Tony6os B.U., Ebumos A.B., Ckeopuos B.A. Psasl u npeobpasosarus Youma, Hayxa, 343: 1987 (rox)

Geometric properties of /’-spaces over the unitary duals of
compact groups

Meiram AKHYMBEK

Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
E-mail: akhymbek@math.kz

The main object of this talk is the class of /P-spaces over the unitary duals of compact groups
based on Schatten-von Neumann ideals of compact operators. In this talk we first present some
properties of these spaces such as duality, complex interpolation and else. Furthermore, we
consider various geometric properties of these P-spaces such as Clarkson’s inequality, uniform
convexity, uniform smoothness, type and co-type, Kadec-Klee property and else.

Funding: The author was supported by the grant no. BR20281002 of the Ministry of Science and Higher Education of
Republic of Kazakhstan.

Keywords: Compact group, ¢P-spaces associated with compact groups, uniformly smooth Banach space, uniformly
convex Banach space, Clarkson inequality, type and cotype, duality, complex interpolation.

2020 Mathematics Subject Classification: Primary 22A10, 22D05, 46B20; Secondary 461.52, 46B70.
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Factorizations and unified Hardy inequalities
Kuralay APSEIT

Institute of Mathematics and Mathematical Modelling, Kazakhstan,
SDU University, Kazakhstan

E-mail: kuralay.apseit@sdu.edu.kz,

In this note, we start by recalling the results from [3]:

7 (1)

> [1e— a2 1@ “52E 4 Y T e 6/ o — ) p

Jj=1

valid for f € C§°(Q2), assuming that Q@ C R",n € Nyn > 2, is open and bounded with
xo € Q,m € N, and the logarithmic terms Iny (7/ |z — x¢|) , k € N, are recursively given by

Iny (y/ & = of) :=In(y/ & — xo]), 0 <[z —mo| <,
gy (/|2 = xol) :=In(In (/|2 —xo])), 0 <[z —xo| <7/€r1, k€N,

for v > 0,2 € R"\{zo},n € N,n > 2, with 0 < |z — z¢| < diam(Q2) < /e, where
er:=1, ep:=¢€* keN.

We denote 2221(-) =0 and [[,_,(-) :== 1., so when m = 0,z = 0.

In this talk , we discuss the inequality (1) with a more general weight. Moreover, we show
the sharp remainder formula for the inequality (1)

Furthermore, we discuss the generalizations of these results on homogeneous Lie groups.

This talk is based on the joint research with Nurgissa Yessirkegenov (SDU University and
Institute of Mathematics and Mathematical Modeling, Kazakhstan).

Funding: This research is funded by the Committee of Science of the Ministry of Science and Higher Education of the
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About one inverse problem for a Hill’s equation with double
eigenvalues

Bazarkan BIYAROV

Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
E-mail: bbiyarov@Qgmail.com

In this work, we establish necessary and sufficient conditions for the doubleness all of the
eigenvalues, except the lowest, periodic and anti-periodic problems for Hill’s equation in terms
of the complex-valued potential ¢(z).

We study the Hill’s operator
N pe
Ly = T2 + q(z),
in the Hilbert space L?*(0,1), where ¢(z) = g(x + 1) is an arbitrary complex-valued function

-~

of L*(0,1). The closure of Ly in L*(0,1) considered on C*[0,1] is the maximal operator Ly
with the domain

D(Ly) ={y € L*0,1): y, y € AC[0,1], ¥’ — q(z)y € L*(0,1)}.

We consider the operator Lp = Ly on the domain D(Lp) ={y € D(EH) - y(0) = y(1) = 0},
the operator Ly = Ly on the domain D(Ly) = {y € D(Ly) : v'(0) = y/(1) = 0},
the operator Lpy = Ly on the domain D(Lpy) = {y € D(Ly) : y(0) = /(1) =
and the operator Lyp = Ly on the domain D(Lyp) = {y € D(Ly) : 3'(0) = y(1) = 0}.

Also we consider the operator Lp = L g on the domain

D(Lp) = {y € D(Ly) : y(0) = y(1),5/(0) = y'(1)},

the operator Lap = EH on the domain

D(Lap) = {y € D(Ly) : y(0) = —y(1),4'(0) = —y'(1)},

the operator L1y = Ly on [0, 1] on the domain

D(Lpuy) ={y € D(Ly) : y(0) = y(1/2) = 0},

and the operator Ly 1y = Ly on [0, 1] on the domain

D(Lys) = {y € D(L) : y/(0) = y/(1/2) = 0},

respectivelly. Here we use subscripts D, N, DN, ND, P and AP meaning Dirichlet, Neumann,
Dirichlet-Neumann, Neumann-Dirichlet, Periodic and Anti-Periodic ope-rators, respectivelly.
By o(A) we denote the spectrum of the operator A.

Consider the Hill’s equation in the Hilbert space L*(0, 1)

Luy = —y" + q(x)y = Ny, (1)

). By c¢(xz,\) and s(z, \) we

where ¢(z) = q(z + 1) is the complex-valued function of L?*(0,1
(1) corresponding to the initial

denote the fundamental system of solutions to the equation
conditions

c(0,A) = 5'(0,\) =1 and ¢(0,\) = s(0,\) =0.

Furthermore, we assume, without loss of generality, that 0 € (L N(%)). The following theo-
rem is the main result of this work
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Theorem 1. The whole spectrum of Lp, except the lowest, or the whole spectrum of L sp
consist of the eigenvalues with geometric multiplicity two if and only if

q(z) = q(% — :L‘) on |0, %]

or
T 2

a(z) = / ety ) |
where q1(x) = (a(z) + a( — 2))/2, () = (a(x) — (& — ))/2 on [0, 3].
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Riemann problem for multiply-connected domain in Besov Spaces
Nazarbay Bliev!®, Nurlan Yerkinbayev??

Unstitute of Mathematics and Mathematical Modelling, Al-Farabi Kazakh National University,
Almaty, Kazakhstan
2Institute of Mathematics and Mathematical Modelling, Almaty, Kazakhstan
E-mail: “bliev.nazarbay@mail.ru, ®erkinbaev@math.kz

In this work, we obtained the conditions of the solvability of the Riemann problem for
piecewise analytic functions in multiply-connected domains in Besov spaces, embedded in the
continuous functions class. A new class of Cauchy-type integrals with continuous (not Hélder),
in terms of Besov spaces, density, which is continuous in a closed region, and the Sokhot-
ski—Plemelj formulas are valid, is indicated.

Funding: This work was supported by the Committee of Science of the Ministry of Science and Higher Education of
the Republic of Kazakhstan, project No. BR20281002

Keywords: Riemann problems, piecewise analytic functions, Cauchy type integrals, Besov spaces.
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On the pre-compactness of a set in generalized Morrey spaces
N. BOKAYEV?, D. MATIN®, A. ADILKHANOV®

L.N. Gumilev ENU, Astana, Kazakhstan
E-mail: ®bokayev2011@yandex.ru, *d.matin@mail kz, adilkhanov-kz@mail.ru

In this paper we give sufficient conditions for the pre-compactness of sets in generalized
Morrey spaces.

Generalized Morrey spaces M, ) were first considered by T. Mizuhara, E. Nakai and V.S.
Guliyev.
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Let 1 < p < oo and let w be a measurable non-negative function on (0,00) that is not

equivalent to zero. The generalized Morrey space M, 0 = M, (')(R”) is defined as the set of all
functions f € Lfyoc(]R") with HfHMw(') < 00, where
P

fll,,wey = sup (wr f or )
o = s (W) 1Sl gsey
The space M;”(') coincides with the Morrey space MIj\ if w(r) =r=*, where 0 <\ < %.
By Q, we denote the set of all non-negative, measurable on (0, co) functions, not equivalent
to 0 and such that for some ¢ > 0,

[w(r)re a0 <000 [[w(r)llzwo) < 00

The space My'" is non-trivial if and only if w € Qe [1].
Next theorem is pre-compactness sets in term of uniform equi-continuity.

Theorem 1. Let 1 < p < oo and w € §2,. Suppose that the set S C M;f(') satisfies the
following conditions:

sup || ||, ey < 00
up 1] 0 < .

lim sup || f(- +u) — f()]],;»0) =0,

u—0 fes P

Jm sup 1FXe 50 0yl pger = 0.
Then S is a pre-compact set in M;f(').
Here u — 0 means that |u|e = max{|u|y, |uls, ..., |u|,} — O.
The theorem 2 about the pre-compactness sets in term of uniform equi-continuity averaging

function.
Theorem 2. Let 1 < p < oo, w € Qpyo, and S C M;;”('). If

sup w() < 00O
sup | fll g0 < o0,

0,

lim sup HfXBm,Rn

R1—=07F feg M;,”(')

613(% ?‘lelg 1Asf = fllz,50.rRa0\BO.R)) =05

0.

lim sup HchB(O,RQ)

Ra—o0 fes ‘Mé"(')

then the set S is precompact in M, ) where for any 6 > 0 and f € Lie¢(R™),

1
(455) (@) = Ty / f(w)dy.

B(z,0)

Theorem 1 was proven in article [2], and theorem 2 was considered in article [3].

The theorems of precompactness of sets in generalized Morrey spaces are used in proving the
compactness theorem of the commutator of the generalized Riesz potential. The generalized
Riesz potential in the following form
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Lpy f(z) = /p(ll’ =yl f(y)dy.
R?’L
under certain assumptions on the kernel p.
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Extensions of Nazarov-Podkorytov lemma for 7-measurable
operators

Dostilek DAUITBEK®, Kanat TULENOV®

Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
E-mail: “dauitbek@math.kz, *tulenov@math.kz

In this work, we study a comparison of norms in non-commutative spaces of 7-measurable
operators associated with a semifinite von Neumann algebra. In particular, we obtain Nazarov-
Podkorytov type lemma [1] and extend the main results in [1] to non-commutative settings.
Moreover, we complete the range of the parameter p for 0 < p < 1.
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symmetric space, non-commutative Orlicz space.
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Correctly solvable problems for the Laplace-Beltrami operator on a
Riemannian sphere with cuts

Karlygash DOSMAGULOVA'%¢, Baltabek KANGUZHIN!?

LAl-Farabi Kazakh National University, Almaty, Kazakhstan;
Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
2Ghent University, Ghent, Belgium
E-mail: *Dosmagulova.K@kaznu.kz, ®kanbalta@mail.ru

An arbitrary finite number of points and curve are removed from three-dimensional Eu-
clidean space on a two-dimensional sphere. We present well-posed boundary value problems
for the corresponding Laplace-Beltrami operator on the punctured sphere. To formulate well-
posed problems, some properties of Green’s function for the Laplace-Beltrami operator on the
two-dimensional sphere are previously studied in detail.
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Let any function h(6, ) € W31,.(S5) and the class of function can be introduced:
W(S5) = {h(0,¢) € Wi (S5)

Uy (h), Uy (h), Us(h) finite values}.

Theorem 1. Domain of the maximum operator
D(Bmax) = W22,U(Sg)v

where W3(S5) € W3 ,(S5)-
REMARK. The space W3,(S3) introduced above is wider than the domain D(By) of the
operator By.
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Blow-up and global existence of solutions to pseudo-parabolic
equation related to the Baouendi-Grushin operator

Aishabibi DUKENBAYEVA

Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
Suleyman Demirel University, Kaskelen, Kazakhstan
E-mail: a.dukenbayeva@sdu.edu.kz

In this talk, we discuss blow-up and global existence of the positive solutions to the initial-
boundary value problem of the nonlinear pseudo-parabolic equation related to the Baouendi-
Grushin operator. The main approach is based on the Poincaré inequality from the recent work
[1] for the Baouendi-Grushin vector fields and the concavity argument.
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On gradient Gibbs measures with 4-periodic boundary laws of a
model of sos type on the Cayley tree of order two and three

Risolat ILYASOVA

National University of Uzbekistan, Tashkent, Uzbekistan
E-mail: ilyasova.risolat@mail.ru

Consider a model on Cayley tree I'* = (V, E), where the spin takes values in the set of all
integer numbers Z. The set of all configurations is € := ZV.
We consider the following hamiltonian as a hamiltonian of generalised SOS model:

H(o)=~JY a(los — ay))|ox — 0], (1)
(zy)
where

P1, if m e 2Z +
- .p1,pp € RY.
af|m|) {p% fm e oz i1 PP

Note that if p; = p, = 1 then the considered model is called SOS model.
We call a vector [ € (0,00)% a spatially homogenous boundary law if there exists a constant
¢ > 0 such that the consistency equation (see [6])

M@:cCSQ@JWﬁ)

JEZ

is satisfied for every i € Z.
For translation-invariant boundary law corresponding to the hamiltonian (1), the transfer

operator () reads
Qi, j) = efJﬂa(li*j\)li*j\’Z"j c7

where 3 > 0 is the inverse temperature and J > 0. Therefore, using this transfer operator and
denoting z(i) = z; = %, the spatially homogenous boundary law equation for our model now

reads

L gelilil 4 ZjeZo Qa(li—jl)li—jlzj
i 1+ Z]EZO ea(ljl)ljlzj

Proposition 1. Let {z;};cz be ¢-periodic sequence, i.e. z; = z;4, for all ¢ € Z. Then finding
g-periodic solutions to the system (2) is equivalent to solving the system of equations (3).

) ) k
- 9&(\1I>+Zjezo ga(llﬂ\)llﬂlzj )
1 — 1+ZjeZ0 ea(lj\)lj\zj ’

AUCINS ST k
“2 = 75 e 7 020Dz ;

),ieZm_Z\m} 2)

;

. ) k
, - gqa(lq—l\)JrzjeZO ga(m—a—l\)lq—ﬂzj
\ q—1 1+ZJ.€ZO 0o(1iD131 z; :

We find periodic solutions (defined in [10]) to (2) which correspond to periodic boundary
condition. Namely, for all m € Z we consider the following sequence:

1, if n = 2m;
Up, = < a, if n=4m — 1; (4)
b, if n=4m+1,
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where a and b are some positive numbers.
By Proposition 1, finding solutions that are formed in (4) to (2) is equivalent to solving the
following system of equations:

oo 01 aR 0302 4 97108 4 P2 4 gk 4 G2 4 2P1pR 932 4 GGk
“= e O%P1 1 @3P2pk 1 0201 - OP2gF 1 + OP2bk + 02P1  @3P2gk + 041 | '

(5)
o OWPIF 4 302 - G2P1gF 4 P2 4 bE 4 OP2 4 92Prak 4 6302 4 Y 4
oo G401 @3D2pF - 0201 4 PGP2gF 4 1 4 GP2DF 4 G201 4 @32k 4 P41

b:

We consider the case pil = py = 2,k = 2 and by solving the system of equations (5) we get
the following main results:
Theorem 1. Let 7 = Jj3 + Jlﬁ Then for the model (1) on the the Cayley tree of order k

(k=1, 2) and for any value of the parameter T there are precisely three GGMs associated with
a 2-periodic boundary law.

Theorem 2. Let 7 = Jj + Jiﬁ, 79 ~ 3.22. Then for Gradient Gibbs measures associated
with a 4-periodic boundary law for the model (1) on the Cayley tree of order two the following
statements hold:

1. Ifr7< 7'0(7} ), then there are three GGMs associated with a 4-periodic boundary law.

2. T = Tc(q}), then there are five such GGMs.

3. If 7 > Tg ), then there are exactly seven such GGMs. In each case one of solutions is
a=0b=1.

Theorem 3. Let 7 = JS + J—I/B, 7% ~ 2.26. Then for the parameter 7 € (2,7'6(3)) there
are not any Gradient Gibbs measures associated with a 4-periodic boundary law satisfying the
equality a # b for the model (1) on the Cayley tree of order three.
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Extended Caffarelli-Kohn-Nirenberg inequalities
with remainder terms

Madina KALAMAN

SDU University, Kaskelen, Kazakhstan
Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan E-mail:
madina.kalaman22@gmail.com

In this work, our primary focus will be on remainder terms for the extended Caffarelli-
Kohn-Nirenberg inequality from [1]. For this, we first obtain a weighted LP-Hardy identity
with weights for all complex-valued functions f € C5°(R™\{0}) that implies an improved Hardy
inequality. As a byproduct, we also discuss improved versions of the classical Caffarelli-Kohn-
Nirenberg inequality and Heisenberg-Paul-Weyl type uncertainty principles. Moreover, in some
cases we show optimality of constants.

This talk is based on the joint research with Nurgissa Yessirkegenov (SDU University, Kaza-
khstan).
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On 7-bounded spaces
Sardor Yashinovich KARIMOV
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In this paper, we say about that one of properties of 7-bounded spaces. Throughout the
paper 7 is an infinite cardinal number.

Definition 1.[1] A space X is called T-bounded, if the closure in X of every subset of
cardinality at most T is compact.

Direct verification shows that every closed subset of a 7-bounded space is 7 -bounded.

Theorem 1.[2| The finite sum Y X}, of nonempty spaces is compact if and only if all spaces
Xk, k=1,2,..., are compact.

The following example is an example of a 7-bounded space.

Example 1.[3] Let W be the set of all ordinal numbers less than or equal to the first
uncountable ordinal number w;. The set W is well-ordered by the natural order <. Consider on
W the topology generated by the base B consisting of all segments (y;z] = {z € W :y < z < x}
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where y < z < wy, and the one-point set (0) is the order type of the empty set. One easily sees
that W is a Hausdorff space.

We know that infinite sum of compact spaces is not compact.

We proved the following result.

Theorem 1. The finite sum Y Xy of nonempty spaces is T -bounded if and only if all
spaces X, k = 1,2, ..., are T-bounded.
Key words: 7-bounded spaces, finite sum.
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Interpolation of anisotropic spaces
Aigerim KOPEZHANOVA

L.N. Gumilyov Eurasian National University, Astana, Kazakhstan
E-mail: Kopezhanova@mail.ru

In this work we construct interpolation methods with parametric functions that can be used
to study the interpolation properties of spaces with mixed metrics and obtain an interpolation
theorem for Lebesgue and Lorentz spaces with mixed metrics

Let (A% A}), i = 1,2 be compatible pairs of Banach spaces. Let
A = (AY, AY), Aot = (A9, ALY, Ajg = (A7, AY), Ap = (A7, AL) be spaces with mixed metric

[1], [2].
Let > A= Agy + A1 + Ao + Aq1. For f € > (A) and ¢t > 0 we define
the Petre functional K(f,t) by formula

K(f,t) = K(f,t; Ao, A1)
= inf (HfOO”Aoo + t1||f10||1410 + 752||f01||z401 + t1t2l|f11||z411) )

f=foo+fo1+f10+ /11
where
[ fuallay = I f[larllaz, [ fooll 4 = IS 14zl a2

110l are = WISl azllazs W[ forllags = [I[f1Lagllaz-

Let 1 < ¢ = (q1,42) <00, p(t) = (p1(t), pa(t)) > 0, t = (t1,12) > 0.

The space Az g = (Ao, A11) g are set of all elemets for which the following norm is finite

5\ &
IKdl _ /+OO (/+Oo (K(fﬂfl,lb;z‘loo,z‘lll))q1 %)ql dty 2
e\ o e1(D)alta) n)on) o

We define anisotropic Lorentz spaces as follows:

M(@) =4 1 ( / - ( / T )0 a(t)" di) di) <o,

t to

where f*1*2 = f*1*2({; {5) is the nonincreasing permutation of a function f [1], [2]. The paper
[3] studies one-dimensional generalized Lorentz spaces.
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If § < o0, then

1

O[T dt \ dty | ™
1flas0) = </0 (/0 (f72 (b, t2) 1 (t1)pa(t2))™ %) %) .

If § = oo, then
| fllAw(z) = supsup f**2(t1, t2) @1 (t1)pa(ta).

to>0 t1>0

Let § > 0 and ¢(t) be nonnegative function on [0, +00). Define a function class Cy :
Cs = {p(t) : ©(t)t™° is an increasing function and

@(t)t ' is a decreasing function} .

The class C' is defined as follows:
C=JGs.

Theorem 1. Let 0 < py = (P%,09) < p1 = (ph,pl) < 00, 1 < 7 = (q1,02) < 00,
Vi = ]% — z%’ 1=1,2, ¢1, o € C. Then the following inequality is true

(Lﬁoa Lﬁl)@q = A7 (2/_}) )

v 0
P p
- t L t, 2
where w(tl’ tz) I zﬂl) ’ @2?’5;2)
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Hardy-Steklov operators on Hausdorff topological spaces with
measures

Kairat MYNBAEV

Kazakh-British Technical University, Almaty, Kazakhstan
E-mail: k_mynbayev@ise.ac

Let €2 be an open set in a Hausdorff topological space X with o-finite Borel measures p, v.
The measures are defined on the same o-algebra 9 that contains Borel-measurable sets. The
domains Q(t) C 2 are assumed to be parameterized by ¢t > 0 and satisfy monotonicity: for ¢; <
to, £2(t1) is a proper subset of Q(t3). We assume that Q(0) = Myso2(t) = @, 1 (Q2\ Uiso Qt)) =
0. Denote w(t) = Q(t) N (Q2\(¢)) the boundary of 2(¢) in the relative topology. We require the
boundaries to be disjoint and cover almost all Q: w(t1)Nw(te) = &, t1 # ta, w(Q\Usow(t)) = 0.
This implies that for pg-almost each y € € there exists a unique 7(y) > 0 such that y € w(7(y)).
On the set Qy C Q of those y for which 7(y) is not defined we can put 7(£y) = . Passing
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to a different parametrization, if necessary, we can assume that pu (Q2\ U<y w(t)) > 0 for any
N < o0.

We also assume a condition on the measure p:

a) We suppose that p(2(t)) < oo for all ¢ > 0 and with some ¢ > 0 we have for all
0<s<t<oothat u(Qs,t]) <cu(Qa(s),a(t)]) and p(Qs,t]) < cu(2b(s),b(t)]).

b) Let Q be of a special type, namely: suppose ¥ is all or a part of the unit sphere
{reR":|z|=1} and let Q = {x € R":z/|z| € ¥, 0<|z| < 0o} be a cone provided with
Lebesgue measure. In this case, we assume that a, b are differentiable.

For a set A on R define a set Q [A] = {y € Q: 7 (y) € A}. We consider a multi-dimensional
version of the Hardy-Steklov inequality

Uﬂ (/Q[aw(x)),wam fdy)q u(x)d”(x)} ) =¢ </§2 fpvdv) Up' @

where the functions a, b are non-negative, increasing, continuous and satisfy
a(0)=0(0)=0, a(z) <b(z) for x € (0,00), a(o0) =0b(c0) = 0.

In the one-dimensional case the first result was obtained in [1]. Then [2] solved the problem
under the conditions on a,b imposed here. [3] obtained bounds for the best constant C' in
somewhat simplified terms. Our contribution is a multidimensional generalization. We employ
the results for the Hardy operator from [4] and about ordered cores from [5].

Because of the lack of space, of the two possible cases, p < g and ¢ < p, we state our result
only for the former case. For segments Ay, Ay C [0, 00) denote

1/q ) 1/p'
V(A1 Ag) = (/ udu) (/ v P /pdu> , p<gq
Q[Aq] Q[A]

Alx) = sup U(ft, ()], fa (7 (2), (1))
{t€(0,00): a(r(x))<b(t)<b(r (@)}

K = supAf(x).

zeQ

Define

Denote also

l; =limsupA (x), for i =0 or i = oo, | = max{ly, [} -
T(x)—>1

|||, = inf||T"— S|, where S runs over the set of all finite-rank operators, denotes the
essential norm of 7.
Theorem. If 1 < p < g < oo then for the best constant in (1) we have C' < K. Further,

T .. =< l. In particular, T is compact if and only if = 0.
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Estimates of M-term approximations of functions of the class W; -
in the Lorentz space

A Kh. MYRZAGALIYEVA

AITU, Astana, Kazakhstan
E-mail: aigul.myrzagalievaQastanait.edu.com

Let N be a set of natural numbers and Z, = NU{0}. Let R™ be m-dimensional Euclidean
space of points & = (z1,...,x,,) with real coordinates and Z™ be a set of points z € R™ with
integer coordinates; T™ = [0, 27)™ and I"™ = [0,1)™ be m-dimensional cubes.

L, (T™) denotes the Lorentz space of all real-valued Lebesgue measurable functions f,
which have a 27-period in each variable and for which the quantity is finite

1
1 =
I fllpr = %/(f*(t))Tt;_ldt , 1<p<oo,1<7<o0,

0

where f*(t) is a nonincreasing rearrangement of the function |f(277)|, T € I'"™ (see [1], P. 213—
216).
Let us introduce some notation. Let az(f) be Fourier coefficients of a function f € L; (T™)

according to the system {€'™® }.zm and (7,7) = Y y;7;;
j=1

neP(3)
where p(3) = {k = (k1,...,km) € Z™: 2571 < |kj| <2%,j=1,...,m}, [a] is an integer part
of the number a, 5 = (s1,...,5n),5; =0,1,2,....

— . . — r1
S, z) = > reot il He®®  where SO (f, ) is a partial sum of the Fourier series of a
function f.
Consider the functional class

W;,T ={f: f=oxF ||, <1},

where 1 < p < oo, 1 <7 <00,

For a given vector 7 = (ry,...,7,) > 0= (0,...,0), we set ¥ = = and Qg) = U P(3),

1
(2m)™

(o % Fo)(@) = / ol W) ) ()

The value ep(f)pr =

is called the best M—term trigono-
p7T

M (‘E(j) z)
inf =Y bl r
oy 1~ 5
metric approximation of a function f € L, (T™), M € N, k) € Z™.
For a functional class ' C L, -(T™), we set ey (F)pr = supsep en(f)pr. We write ep(F),
instead of ey (F'),, in the case 7 = p.
Theorem 1. Let 0 <ri=...=7, <1, 1 < ...1,, 1 <qg<p< 2,1 <71, 7 < 0.
1. Ifr1>$—l—|—L—iand1<7'1<7'2<2, then

p T1 T2

1 1

et (W] pm 3= M50 (logy M) V3= 573 4y > 1,

q;71
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2. Ifl—%<r1<§—%+%—7—12and1<7'1<72§2,then
- (gl
e (W Jprs < M s,
3 Ifm:%—%+%—%and1<71<72<2,then
_ _(L_L) 1
em(Wy o )pm X M 71 727 (logy logy M), M > 2.
1_1 i_ 1,1 _ 1
4. If p <<y p+72 and 1 < 7 <2< 71 < oo, then

REMARK. For 11 = ¢ and 7 = p, Theorem 1 implies the results of E.S. Belinsky [2, Theorem
2.1] and V.N. Temlyakov [3, Theorem 2.2], [4, Theorem 2.7, Theorem 2.8 |, [5, Theorem 1.3,
Theorem 1.4].
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On the best constants for integral Hardy inequalities with any
homogeneous-quasi norm

Imangali ORYNGALIYEV

SDU University, Kaskelen, Kazakhstan
Institute of Mathematics and Mathematical Modeling, Kazakhstan
E-mail: imangali.oryngaliyev@Qgmail.com

It is well-known that within the LP spaces with 0 < p < 1, the Hardy inequality does
not hold for arbitrary non-negative functions, yet it remains valid for non-negative monotone
functions. In [1] Burenkov found sharp constants in integral Hardy-type inequalities for non-
negative monotone functions when 0 < p < 1.

In [2] it was introduced Hardy inequalities within metric measure spaces possessing polar
decompositions when p = 1 and 1 < ¢ < co. The authors in [3] obtained weighted integral
Hardy inequalities and conjugate integral Hardy inequalities on homogeneous Lie groups for
any homogeneous quasi-norm with sharp constants within the range 1 < p < ¢ < o0.

In this talk, we explore Hardy-type integral inequalities for 0 < p < 1, incorporating a second
parameter ¢ > 0 with sharp constants. These inequalities represent novel generalizations of
those obtained in [1].

This talk is based on the joint research with Nurgissa Yessirkegenov (SDU University and
Institute of Mathematics and Mathematical Modeling, Kazakhstan).
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Spectrum of the Hilbert transform on Lorentz spaces L, ,
B. OZBEKBAY®, K. TULENOV®, M. AKHYMBEK®

Institute of Mathematics and Mathematical modeling, Almaty, Kazakhstan.
E-mail: “ozbekbay.b00@gmail.com, *tulenov@math.kz, ¢, akhymbek@math.kz

Let f be a complex-valued locally integrable function on €2, where € is either R, or R. The
Hilbert transform of the function f on €2 is defined by the following singular integral

BV i f(z) du
™ t—x
Q

(Hf)(t)

where p.v. means the Cauchy principal value of the integral.

DEFINITION.[1. Definition 4.1] Let 0 < p < 00, 0 < ¢ < oco. Then the Lorentz L, ,(R})
space is the set of all Lebesgue measurable functions f such that the functional || fz,, < oo,
where )

VA q a
(f(tpf*(t)) %) ifl<p<oo, 1<q< oo,
[fllzy, = q N0 Y
suptr f*(t) if 0 <p<oo, ¢g=o0.
>0

The Lorentz space L, , is the generalization of the Lebesgue space L,. If we take p = ¢, L, ,

coincides with L, and

12y, = NNz, (F € Lp)-

REMARK. The Hilbert transform is bounded from L, ,(€2) to L, () [2].
Theorem 1. Let p € (1,00), q € (1, 00]. For the Hilbert transform H on L, ,(Ry) we have

1 A+1 1
H — N ::l:l —_— = —
o(H) {)\ A or o_arg~— p}

and, for A € p(H), one can define its resolvent R(\, S, ,) as follows

ROV (@) = 02 = 17 s+ = [ (4)™ =)y

1 A
where w(\) = — log is a holomorphic function and w(oc) = 0.

2mi A—1
Theorem 2. Let L, ,(R) be a Lorentz space over R with 1 < p < oo and 1 < ¢ < oo and

let H be the Hilbert transform on L, ,(R). Then,
o(H) = op(H) = {£1},
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and for A € p(A) = C\ {£1} we have

RO\ H) = %(A 1) N —H)+ %()\ NI+ H).
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Ground states for the Potts-SOS model with an external field on
the Cayley tree of order two

Muzaffar RAHMATULLAEV!23¢ Muhayyo RASULOVA!3?

Unstitute of mathematics named after V. I. Romanovsky, Tashkent, Uzbekistan
2New Uzbekistan University, Tashkent, Uzbekistan
3Namangan state university, Namangan, Uzbekistan

bm_rasulova_a@rambler.ru

E-mail: *mrahmatullaev@rambler.ru,
The Cayley tree I* = (V, L) (see, e.g., [1]) of order k > 1 is an infinite tree, i.e., a graph
without cycles, from each vertex of which exactly k + 1 edges issue. Consider model where the
spin takes values in the set ® = {0,1,2}. For A C V a spin configuration o4 on A is defined as
a function x € A — o4(z) € @; the set of all configurations coincides with 24 = ®#. Denote
QO =Qy and 0 = ogy.
The Potts-SOS model with an external field is defined by the following Hamiltonian

)= —J Z y) | —Jp Z o g(y)—i-OéZU (1)

(z,y)EL (z,y)EL zeV

where J, J,, € R, « is an external field and o € Q.

REMARK. Recall that model (1) coincides with the Potts-SOS model under the condition
a =0 (see, e.g., [2]).

Let M be the set of all unit balls with vertices in V' and S;(z) be the set of all nearest
neighboring vertices of z € V.

We call the restriction of a configuration o to the ball b € M a bounded configuration oy.

The energy of configuration o, on b is defined by the formula

U(ob):—% S (o) = o(@) | o) + = 3 ().

k+2

z€S51(cp) zeb

where J = (J, J,, ) € R® and ¢, is the center of the unit ball b.
The Hamiltonian (1) can be written as

= Z U(O’b).

beM

Lemma. For each configuration ¢y, we have the following

Upy) € (U 10 =0,1,2,. k+1,n=0,..,k+1—i,7=0,1,2},
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where
(k+1—|—n—z) i+k%2(k+1+n—i),ifj:0,
—s(k+1—1)— z—i—k—+2(2n—|—z—|—1) if j=1,

(k+1+n—z)——z+m(k+3—n+z) if j=2.

Ul —

Mlk N’l& MIK:

DEFINITION. A configuration ¢ is called a ground state for the Hamiltonian (1), if

Ulpy) =min{UY) i =0,1,2, ...k +1L,n=0,...k+1—4,j=0,1,2}

for any b € M.
We denote AY) = {(J, J,,a) € R? : US) = min{U) i = 0,1,2, ..k +1,n=0,...k+1—
i,j=0,1,2}}.

Let £ = 2. Calculations show that:

1
A ={(J, Jpa) €R® T < J, o dy 0,02 0}U

1 1
{(J, Jp,a) €R?: J < §Jp+604,Jp20,0420},
1
AD) = {(J, Jp,a) € R?: JSJp—aa,Jpgo,ago}u

1 1
{(J, Jp,a) eR*: J < §Jp—6a,Jpzo,ago}.

We let GS(H) denote the set of all ground states of the Hamiltonian (1).
Theorem. Let k =2 and o # 0. Then the following assertions hold

i) if (J, Jp, @) € AY), then GS(H) = {o(z) = j, ¥z € V},j € {0,2};

ii) if (J, Jp, @) € R\ (AS) U AD), then GS(H) = 0.

Keywords: Cayley tree, Potts-SOS model, external field, ground state.
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Cylindrical weighted Sobolev type inequalities and identities
Yerkin SHAIMERDENOV

Suleyman Demirel University, Kaskelen, Kazakhstan
Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
Ghent University, Ghent, Belgium
E-mail: yerkin.shaimerdenov@sdu.edu.kz

Let us recall the cylindrical extended weighted Hardy type inequality [2]: Let x = (2/,2") €
RY xR*™ N 2< N <nand1<p< N. Then we have

x' - VNf

o
2]

p

- N—-—«
LP(R™)

, (7)

LP(R™)

2|7

where |2/ is the Euclidean norm on RY and Vy is the standard gradient on RY. The constant

+— is optimal for all f € Cg°(R™\{2" = 0}). When a = 0 inequality (7) implies the cylindrical
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extension of the Sobolev type inequality in [3], when « = p and the Cauchy-Schwarz inequality
is used on the right-hand side it implies the Cylindrical Hardy inequality in [1].

In this talk, we demostrate the critical case & = N of the inequality (7) with an optimal
constant. Moreover, we show identities and higher order versions. Interestingly, higher order
versions generate Stirling numbers of the second kind.

This talk is based on the joint research with Nurgissa Yessirkegenov (SDU University and
Institute of Mathematics and Mathematical Modeling, Kazakhstan).
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LP — L% Fourier multipliers on non-commutative torus
R.A. TASTANKUL

Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
Kazakh National University, Almaty, Kazakhstan
E-mail: ramazan.tastankul@mail.ru,

In this work we consider LP — L7 Fourier multipliers on non-commutative torus. Let T4
be the non-commutative torus (quantum torus or quantum tori), where d > 2 and 6 = {6, ;}
skew symmetric(anti-symmetric) d x d-matrix, and let m € Z?. Let LP(T¢),1 < p < oo be a
non-commutative LP spaces endowed with following LP-norm ||f||, = (7(|f|?))/?, where T is a
normal semifinite faithful tracial state on T¢, and |f| = (f*f)"/2. Let IP9(Z%),1 < p,q < oo be
a sequence Lorentz space. Let {€Y },,cze be a system of orthonormal unital operators on T¢.
Then for f € L'(T4) we can define the formal Fourier series by the next formula

F~ " fm)é, (1)

meZd

where f(m) = 7(f(€%)"). Let © = {@m}tmeze C C. We define Fourier multiplier 7}, on f with
the symbol ¢ by - R
Tof(m) = pmflm), ¥ € 7. )

¢ is called bounded LP Fourier multiplier (resp. LP — L? Fourier multiplier) on the non-
commutative torus T§ if 7, extends to a bounded map on LF(T¢) (resp. from LP(T$) to
Le(Tg)) [1,2].

Theorem 1. Let 1 < p <2 < ¢ < oo. Then for ¢ € ["°(Z%), where 1/r =1/q—1/p, T, is
an LP — L9 Fourier multiplier and holds the following

||Tsof||Lp(Tg)—>Lq(Tg) Sp,q HSO“lr»oo(Zd)-

Keywords: non-commutative torus, non-commutative L? spaces, Fourier series, Fourier multiplier.
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On Fourier multipliers on quantum torus and Euclidean spaces
K.S. TULENOV

Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
E-mail: tulenov@math.kz

In this work, we will discuss Fourier multipliers and their boundedness, as well as their
complete boundedness properties on quantum torus and Euclidean spaces. We also present
some applications of these results. These are some parts of our joint papers with M. Ruzhansky
and S. Shaimardan and with F. Sukochev and D. Zanin.

Funding: The authors were supported by the grant no. AP14869301 of the Ministry of Education and Science of
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Keywords: Quantum torus and Euclidean space, Hormander Fourier multiplier, Hausdorff-Young inequality, L? — L9-
estimate, complete boundedness
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Sharp remainder of the improved Hardy inequality related to the
Baouendi-Grushin operator

Nurgissa YESSIRKEGENOV

Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
Suleyman Demirel University, Kaskelen, Kazakhstan
E-mail: nurgissa.yessirkegenov@gmail.com

In [1] Garofalo introduced the following Hardy inequality related to the Baouendi-Grushin
operator:

2 v 2 Q-2 ’ |=|*
Lavastsetwn syt = (U522 [ (Gmms ) WP 0

where 2 = (21, ..., Ty, Y1, -, i) = (2,9) ER® x RE withn =m +k, mk >1, v>0, Q =
m+ (14 v)k and f € C§° (Rm X Rk\{(0,0)}). Here, V., f and V, f are the gradients of f in
the variables x and y, respectively.

In this talk, we discuss an improvement of this result with a sharp remainder term and with
more general weights related to the Baouendi-Grushin operator involving radial derivatives in
some of the variables. Moreover, we show their applications in magnetic Hardy inequalities
related to the Baouendi-Grushin operator with Aharonov-Bohm type magnetic field.

This talk is based on the joint research with Ari Laptev (Imperial College London, UK) and
Michael Ruzhansky (Ghent University, Belgium) [2]-[3].

Funding: This research is funded by the Committee of Science of the Ministry of Science and Higher Education of the
Republic of Kazakhstan (Grant No. AP14871691).

Keywords: Hardy inequalities, Baouendi-Grushin operator, Aharonov-Bohm magnetic field .
2020 Mathematics Subject Classification: 26D10, 35P15
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On fractional inequalities on metric measure spaces with polar
decomposition

Gulnur ZAUR

Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
E-mail: z.gulnur.t@gmail.com,

In the presentation, we present the fractional Hardy inequality on polarisable metric measure
spaces. The integral Hardy inequality for 1 < p < ¢ < oo is playing a key role in the proof.
Moreover, we also show the fractional Hardy-Sobolev type inequality on metric measure spaces.
Logarithmic Hardy-Sobolev and fractional Nash type inequalities on metric measure spaces are
presented. In addition, we present applications on homogeneous groups and on the Heisenberg
group.

Funding: The author was supported by the grant no. AP23484106 of the Ministry of Science and Higher Education of
Republic of Kazakhstan.

Keywords: metric measure spaces; polar decomposition; fractional Hardy inequality; fractional Hardy-Sobolev type
inequality; logarithmic Hardy-Sobolev inequality; fractional Nash type inequal- ity; homogeneous groups; Heisenberg

group.
2010 Mathematics Subject Classification: 22E30
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Factorizations and Hardy identity related to the Baouendi-Grushin
operator

Amir ZHANGIRBAYEV

SDU University, Kaskelen, Kazakhstan
E-mail: amir.zhangirbayev@gmail.com

Let us revisit the Hardy inequality related to the Baouendi-Grushin operator by Garofalo
[1]. Suppose z = (z1,...,Zpm, Y1, ..., yx) or simply z = (z,y) € R™ x R¥ with & +m = n and
k,m > 1. The sub-elliptic gradient is the n dimensional vector field given by

V= (X1, X Y1, ),

Here, the components are defined as:

0 0
Xj:%, izl,...,m, }/;:’.Z"’y@, ]:1,,l€
7 J

The Baouendi-Grushin operator on R" is the operator
A,y = v’y : V7 = Aac + |.I'|27Ay,

where A, and A, are Laplace operators in the variables z € R™ and y € R*, respectively. In
this setting, we have the following inequality:

/ (’vxf‘Q + |$|2’y |vyf|2) ds > (E>2/ |x|2'7 ‘f|2dz,
B —\ 2 rn |22+ (14 9)?y?
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for every f € Cg° (R™ x R*\{(0,0)}) with @ = m+(1+~)k. Here, V, f represents the gradient
of f with respect to the variable z, while V,f denotes the gradient of f with respect to the
variable y.

In this paper, we obtain a weighted Hardy identity related to the Baouendi-Grushin operator
with general weights ¢(z) and ¢(z) by factorizing differential expres-sions, inspired by the
work of Gesztesy and Littlejohn [2]. In the special cases, the identity reduces to the classical,
critical and weighted Hardy inequalities in the Euclidean settings. Similarly, the identity allows
us to recover the improved L2-Caffareli-Kohn- Nirenberg inequality, which in turn gives the
Heisenberg and Hydro-gen Uncertainty Principles, as well as the classical Hardy inequality.

If time permits, we also discuss the Rellich identity for the Baouendi-Grushin operator.

This talk is based on the joint research with Nurgissa Yessirkegenov (SDU University, Kaza-
khstan).

Funding: This research is funded by the Committee of Science of the Ministry of Science and Higher Education of the
Republic of Kazakhstan (Grant No. AP14871691)

Keywords: Hardy identities, Baouendi-Grushin operator, factorization method.
2020 Mathematics Subject Classification: 26D10, 35J70
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KABAXAPA TUIITI CUHTYJISIPJIbI ChIBBIKTHI TEHJIEY/IIH,
KOPPEKTIJIIK IIAPTTAPHI

P.JI. AXMETKAJIMEBA®, K.H. OCITAHOB?®

JI.LH. I'vmuieB aroragarsl Bypasust yiarrelK yausepcnreri, Acrana, Kasakcran
E-mail: “raya84ad@gmail.com, *kordan.ospanov@gmail.com

Kagaxapa tengeyi nemece xajnbinanran Kopreser-ge @pus renieyi

3y 1)+ 0y e, 1) + Syl 1)+ i 1) = 0 (1)
asram per |1] makanaceiaga asnbarad. Our 6ip eJimeM/l ChI3BIKTBI €MeC TOJKBIHIADJIbIH, -
HEPCUBTI OpTaJia Tapaybln cunarraiiipl. KoMmakr emec obabicta Oepinaren Koadgdunuenrrepi
menesiren Kapaxapa tunti tenuey yrnin Kommm ecebi [2| »KymbichiHga KapacThipbliran. By
3eprTeyJiep/lin Taburu yKaJrachl Kodddurnuenrrepi menenveren Kasaxapa Tunti Tenjeyaepii
3eprTey OOJIBbII TAOBLIAJIbI.

Bi3 keseci Typjeri 6ecinini peTTi ChI3BIKTHI TEHIEY I KapacThIPaMbI3:

Loy = =y +r(2)y® + q(2)y + p(z)y = f(2), (2)

myHznarbl @ € R, f(x) € Ly(R). v — ym per ysiaicci3 auddepennuaiianareit, ¢ — y3imiccis
muddepennuanganarbia, ag p(x) — ysigiccis, Heare TeH 60aybl MYMKiH GYHKIUS jgen yiirapa-
MbI3.

Byn xywmbicta 6i3 (2) TeHmeyiHiH KOPpPEKTLTl MIemiayi MeH y IIerniM YIIiH MaKCHMAJJIbI
PeryJIspJiblK Oarajiaybl JIeNl aTaJaThlH KeJieci Typieri

ly® e + Iry® 2 + lay'll: + lpylz < el £ ®)

TEHCI3/IIKTIH, OPBIHIAIYBIHBIH, YKETKIJTIKTI TMMapTTapbliH aJdaMbl3, MYHJIAFel ¢ > () Tex r, ¢, p-man
Toyens, || - |2 — La(R)-geri mopma.

Bec per y3imicciz audpdepennuansianaTbia kKoHe GUHUTTI PYyHKIMATAPIBIH, CSS)(R) JKHBI-
nbriaa ansikranaran Loy = —y©®) +r(x)y® +q(2)y +p(2)y mmddepenunaiipk onepaTophibi
Lo(R) xeHicTiri HOpMaChIHIA TYHBIKTATYBIH L apKbLIbL Geriieimis.

Ly = f renuirin xanararranasipateid y € D(L) dyuknuscer (2) TeHIey/IiH IeniMi e
aTaiiMbI3.

Afitanbik g xone h # 0 HAKTHI MoH/I y3imicci3 byHKIusIap OOICHIH.

YVg,h,j = Max (SUP Qg b, (), Sup Bg,h,j(T)) (J=1,2),
>0 7<0

IIAMACBLIH €HTi3eMi3, MYHIAFbI

s @)= ([Tlatora) ([ ez dt)é (> 0),
By i (1) = (/Tog2 () dt); (/_;tth‘z (t) alt)é (1 <0).

Keseci TyKBIPBIM OPBIHIBI.
Teopema. Afiraabk r(r) GyEKIHACH T > 1, 71 /0 < 00,

D=

o—ls#gx w—nl <1, oeR C>1,
rn
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mapTTapeid, aa ¢(z) xKoue p(xr) GyHKIHIIAPDI
Yagr1 < 00 Ypr2 < OO

MApTTapbiH KaHaraTTaHAbIpChiH. Ouma opbip f € Lo(R) yiuin (2) TeHeyin, XKamfbl3 i merimi
Gap KoHe OJI mIeriM yiriH (3) TeHCi3Airi OpbIHIATATbL.

Funding: Asropsap AP14870261: KP T2KBM rpanTies KoJiiay TanrThl.

Tyitinai cespep: Kasaxapa rengeyi, Hykcauapl 6ecinmi perTi Terey, meHegMered K03hduUuIimenT, KaaublJIaHraH mie-
riM, KO3pUUTHUBTI Garasiay.
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TOPTIHIII PETTI BIP JIJU®OEPEHIIUAJIABIK TEHJEY/IIH
KOXPIIMUTUBTI HIEIILIY HIAPTTAPHI

E.©. MOJIZATAJIN®, K.H. OCITAHOB®

JI.LH. I'vmusies areragarsi Bypasus yarTeik yausepcureti, Acrana, Kazakcran
E-mail: “yerka2998@gmail.com, ’kordan.ospanov@gmail.com

bBi3 keneci Toprinim perTi anddepeHInATIbK TeHIeYIl KapacThIPaMbl3:
Loy =y + p(a)y"® + q(x)y = F(x), (1)

MyHIaFbl © € R. AJgarsl yaksITTa p YOI peT y3igiccis auddepeHnuaiiagarbiH, ¢ — y3iaicci3
dbyuknustap, an F € Ly(R) men yitrapambi3.

084) (R) tepr pet y3imicciz nuddepennuanianaroi KoHe bUHATTI QYHKIHUATAPBIH KIbI-
mprHga agpikTarran Loy = y™® + p(2)y® + g(x)y oneparopwmbin Ly(R) KenicTiri HopMachmga
TyibIKTANYBIH L jen Genrineiiik. (1) renpeyinin memivi gen Ly = f TeHAIriH KaHAPATTAHIbI-
parbie y € D(L) snementin ataiimbi3.

Bizain makcarbivbiz — (1) rergeyiniy op6ip y merrimi yirin

5l + eyl + laylls < CUF + iyl 2

TEHCI3/Ir OPBIHIANYBIHBIH KETKLTIKTI maprrapbia any. (2) — geri |lylla — L2(R) kenicririnig,
HOpMAChL. (2) TeHCI3/Airi ¥ meniMHiH KOSPIUTUBTIK, HEMece MAaKCUMAJbl DEryJIsiDJIBbIK Oarachl
HeJiiHe.

(1) Tenzaeyi merizinen p = 0 kargaiipiana Gipmama 3eprrenren. Erep p = 0, ¢ > 0 6Gouca,
OHJIa OHBIH GIpMOH/II THenTiieTini [1] KyMbIChIHAH MIBIFAIR. AJT OChLIAPFA KOCBIMITIA, §-JIiH Tep-
Geici Gesrii Gip mapTTapAbl KAHAFATTAHIBIPCA, OHAa (2) TeHci3airi opeiHAagasl [2]. Bipak
erep p(x) HONIIK emec KblajgaM ecerin dyHKiusa Goca, onaa [1, 2| omicTepi Koamanyra xKa-
pamcei3. Cebebi p% ONIePaTOPHI %44 + q(z)E (E — 6ipaik omepaTtop) — JiH a3 GYIKBIHYBI
Goavaybl MyMKiH. Y3imiceis p(t) xone v(t) # 0 dyHKIUSIAPHI KoHe k HATYDAJ CaHbl GepLICiH.
Qo = SUD 1ol 22 0.0) |V | 2 (,00)s Bpoke = Sup 10l (.0 [1V] L2 (= 00,8).s Voo = max(p0 ks Bpwk)-

2KyMBICTBIH, HEri3ri HOTHIKEeCl MbIHAIAM.

Teopema 1. Ajiranpik p > 1 ym per ysigicciz guchgepernnarianarbia, aa ¢ y3Liicci3
dynKIEAIAp OOMbII, V1 /53 < OO0 KOHE Vgp3 < OO mApTTaphl opbraaicsii. Onga opoip I €
Lo(R) ymia (1) tergeyinin y mienrivi TabbLiagbl JKoHe OJ KaJjarbi3. AJ erep, coHbiMeH Gipre,

sup @<oo

z,neER:|z—n|<1 p(ﬁ)
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KaTBICBI OPBIHJAJICA, OHJa Y IenriMi i (2) TeHci3airi OpbIHIbI.

Funding: Asropiap AP14870261 :KP F2KBM rpanTies Kojjay TarThl.
Tyitinai cesnep: quddepeHmanaplK TeHaey, KYIITI MIemnriM, KOIPIUTUBTI bara.
2010 Mathematics Subject Classification: 34A30
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EKIHIII PETTI JEPBEC TYBIHIbIJIBI TUNEPTEOMETPUSIJIBIK TEKTI
BIPTEKTI EMEC JAU®®EPEHIIMAJIIbIK TEHJAEYJIEP »KYWECIHIH,
HIEINIM/JIEPIH TYPFBI3Y

M.ZK. TATTMTIOBAYe, P.V. ZJKAXNHAM AE. UMAHYUEB!*

LK. >Ky6anos arsimgarsr Axrebe enipiix yausepcureri, Akrobe K., Kazaxkcran

E-mail: “mira_ talipova@mail.ru, riscul 75@mail.ru, “imanchiev_ae@mail.ru

Exinmri perti gepbec TybIHIBLIBL OipTeKTi eMec eKi auddepennuasiiblK TeHIey/IeH TyPaThIH

z? GoD2o +TY - G1p11 + X - gsPro + Y - gaPoa + GsPoo = 9e(x,Y) (1)
y? - QoPo2 + XY - 1p11 + T - @sP1o + Y - QaPo1 + GsPoo = De(T, Y)

Kyiie KapacTbipbLiaabl. zKyienin koadguumenrrepi
9i(T,y) =Tk — - ¥, ¢i(z,y) =tk — Bik - yk (2)

Typinge Gepiared, MyHIATBL go(T, y) xKomHe pg(T, y) — eKi alfHBIMAIBLIH AHATHTHKAJIBIK (DYHKITH-
anap, poo = Z(r,y) opTaK 6emricis, 7k, @k, tix, Bjx(d, k = 0,2;4 = 1,5) — Gearicis TypakThi-
Jiap.

Mynnmaii )kyiienepai 3epTTerenae eH aaabiMeH KYHeHIH YHIeciMILTIK TmeH WHTerpaIIaHy
mapTTapbl OpHATHLIYbI KazkeT [1]. Ochl maprrap opblHaaIral Kes/e raHa

2% gopao+ Ty - 1p11 + X g3p1o + Y - gaPoa + gsPoo = 0 (3)
y? - GoPo2 +xY - 111+ T - @3p1o + Y - qapo1 + gspoo = 0

OIpTeKTi XKYHeHiH TOPT IIemiMre JeiiH ChI3BIKTBHIK-TOYyeJICi3 Jepbec menrimaepinin 6ap 6oJia-
teiaapirel 7K. H. TacmambeToBThIH KyMbIcTapbinaa Jlareimesa-OpoberHuyc omgicTepin KoJIaHa
OTBIPHII 3epTTeared [2].

[emrimmepi KO aifHBIMAJIBLIBI OPTOTOHAJIBIBI KONMYIIETIKTep 60IaThIH DipTeKTi eMec Aep-
Oec TYBIHIBLIBL AudepeHITuaTIbK TeHaeyaep Kyieci a3 3epTTereH.

ZKanmplianral THIEPreoMeTPHUSIIBIK TeKTi OipTekTi emec auddepeHInalIbK, TeHIeyIep
JKyiiecini, Kol allHbIMaJIbLIbl OPTOIOHAJb KOLUMYIIE/Iri TypiHjeri memrimepin tady Makca-
reiaga [11.9pmuT xkyiiecin KapacThipaiibik,.

(1—2%) poo—ay -pa+(n—2)-z-pio—(m+1)-y- po1+
+(m+n)(m+1)-poo = g(z,y)

(I=9*) poz—2y-pra+n+1)-z-po+(m—2)-y- po+
+(m+n)(n+1)-poo = q(z,y)
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MYH/IAFbl, OH, YKAT B

_ (n—=2)+(m+n)(m+1)
g(z,y) = (m+n)(m+1)+ 1 '

n—m—4+(m+n)(m+1)
(m+1)(n+1) ’ 1
q(m,y):(m+n)(n+1)+(m+n_1)_x+(m )+ﬂg+4in)(n+ )
n—m-—4+4+(m+n)(n+1)
(n+1)(m+1)

r+(m+n—-1) y+

+(m+n—1)-y+ -xY
Typinge GepijiciH.

Teopema 1. (4) xkyiienin »kaansl menriMi, cofikec OIPTEKTI KyHeHIH KaJITbl TIeITivMi MeH
biprekti emec (4) xyiieHin gepbec menriMIepiHis KOCBIHIBICBIHAH TYDA/IbL.

Coiikec OipTeKTi KYHeHiH »KaJIIbl MeniMi

m+n m+1 n+1 11
Z(z,y) = Ci, Y (— ; Y §;$2,92> +

2 2 72
—1 1 213
+012yF2 _m+n 7m+ 7n+ ;—7—2372792 +
' 2 2 2 22 (5)
O F m+n—1m+2n+131 , , .
x — =, =
1,3 2 9 9 9 9 9 7272a Y
m+n—2 m+2n+233 , ,
ol = s 2.
+01,4l‘y 2( 9 9 9 ) 2 ,2,2,.73 79)

TypiHge GomaTeiHabEbl Geariii [2, 125 6.]. Axr (4) Giprekri emec kyiteHin mep6ec mrerrimi

1 1 1
Zo(r,y) =1+ T Y Ty Dt

xy
n+1 m+ 1
KOIIMYIIEJIT TypiHge TabbLIaIbl.

ConppikTaH, coifkec 6ipTekTi KyileHiH (5) »KaJmbl MEMIMiH eCKepe OTHIPHII, GIPTEKTI emMec
(4) »xyileHin KaJmel menrimi

m+n m+1 n+1 1 1_ 2 2 4
2 2727:Eﬁy

Z( ) 7ij ‘|‘ZO($CU CllFQ( ) 2 ) 2

m+n—1 m+1n+2 1 3
C oy F. — =ty
+ 12y 2 2 9 2 7272ax7y +
m—l—n—1m+2 n+1 31 (5)
F C oo 2 2
_'_01337 2 2 9 2 a2a2a$7y +
m+n—2 m+2 n+2 3 3
ChaxyF i T
+ 14Iy 2( 2 ) 2 7272ax)y)+
1
+1+n+1$+ +1y mtD) () *Y

TYPiH/I€ aHBIKTAJIAIbI.

Tyitinai cesmep: 6iprekti emec muddepermanabik TeHaeynep xkyieci, 6iprekTi Kkyiie, rUmepreoMerpusiiblK TeKTi
Kyiie, Kernmyuie/ik.
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OBPATHAS 3AJIAYA 1JId HATPYXKEHHOT O
ITAPABOJIO-TUIIEPBOJINYECKOT'O YPABHEHUS CO CIIEKTPAJIbBHBIM
IIAPAMETPOM A\

O.X. ABIVJIIAEBY2¢, A A. MATYAHOBAL2,

L Alfraganus University, Tamkent, Y36exucran
2Uucruryr maremarnxu nuvenn B.J.Pomanosckoro, Tanixent, Y36exucran
E-mail: “obidjon.mth@gmail.com, oygul87-87@mail.ru

3BecTHO, 9TO TeopHs MPAMBIX M OOPATHBIX 337134 g auddepeHnnagbabIX YpaBHeHUN B
YACTHBIX MPOU3BO/HBIX JPOOHOIO MOPs/KA PA3BUBACTCH BBICOKUMHU TEMIAMH. JTO MOYKHO 3a-
METUTH B HEJABHO ONMyOJIMKOBAHHLIX paboTax MHOIHX aBTOPOB B 3TOM Hanpasiaexun. OcobeHHo
crenyer ormeruTh paborer P.P. Amyposa, b.X. Typmerosa, b. Kagsipkyaosa u ap. Takxe, xo-
TeJIOCh OBl OTMETHUTH, YTO B TTOCTETHIE TOIABl YBEININBAETCS TUCIO0 OMYyOINKOBAHHBIX PA0OT €O
3HAYUTEJBHBIMU Pe3YIbTaTaMH, MOCBATIEHHBIX KPAeBbIM 3aa9aM /I YPABHEHHH CMeIaHHOTO
TUma ¢ ApoGHbIME mpousBogubiMu (cM [1],[2] u ap.).

B nmanHoit pabore mccaemnyeTcs OJHO3HAYHAS PA3PEIIIMOCTH OOPATHON 3a/1auu JJIs HATPY-
JKEHHOT'0 TTapabo10-TuIepOoInIecKOro ypaBHeHus ¢ ApoOHoii mpon3BogHoit KamyTo u co crex-
TpasibHbIM napamerpom A. Paccmorpum ypasnenue

fla) = Uz —c D§u 4 pr(z,u(z,0)), mpu 0 <z <[, t >0, (1)
T U — Uy — N2u+ po(z,u(z,0)), upu 0 <z <1, t <0,

rae A — 3aJaHHoe KoMiulekcHoe ancio, 0 < a < 1, (o € R), pi(x, z(x)), (i = 1,2), — 3anaxnble
dbyuKIus nepeMenHsix (z, z(x)),

cD§u = X 1_ ) / (t —s) “us(z, s)ds —

juddepennuaibhbiii oneparop Kaiyro apobuoro nopsiaka «, f(z) u u(z,t) — HeusBecTHbIe
dyHKINN, KOTOpbIe TpedyeTcs OnpeenTh.

[Tycrsb 2 — KoHewHast 00JacTh, orpanudenHas orpeskamu B1By = {(z,t) : 2 =1,0 <t <
h}, AjAs = {(z,t) : © =0,0 <t < h}, BbAs = {(z,t) : t =h,0< 2z <I}uput >0 u
xapakrepuctukamu B1C' : x —t =1, A;C : x4+t = 0 ypasuenus (1) mpu t < 0, ne By = (; 0),
B2 (l h) Al (0 O) A2 (0 h) nC = (2' 21)

Beenem obosnadenns, QT = QN{t >0}, Q- =Qn{t <0} ul={(z,t):0<z<l,t=0}.

ITocranoBka 3amaun. B obiactu ) st ypasHenus (1) ucciaeayercs ciaeayronas 3a1ada.

Bamaga Tpebyercsa naittu napy dyuknmii {f(z),u(z,t)} co caeayomumu cBoiicTBamu:

1) f(z) € C(0,1) N L1(0,1);
2) u(z,t) € C(Q)NCHOQ7), Uga,c DGu € C(QF), up € C(Q™UIT), Uy, uy € C(Q~UA,CUBC);

3) u(x,t) yAOBIETBOPSET CIEAYIONMM KPAEBBIM YCIOBHSIM:
uw(0,t) = p1(t), u(l,t) = @a(t), 0 <t <h,

u(x, —{E) = 77/)(1‘), 0<z<

@
on A

" yCJIOBHUIO CKJICUBAHUHA:

lim t' (2, t) = M (2) w(z, —0) + Xo(), 0 < 2 < I,
t—+0
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rae ¢;(t), \j(x), ¥(z),¥;(z), (j=1,2) — 3azanusle dynkun, npudeMm ¢1(0) = 1(0), @[)1(%) =
Pa(3), Vil5) = —¥4(3)- l

Jlemma 1. Ilyers f(x) = {?12((@), IIIII;ZO <<x$§<% , mp(z) € C[0, L], mpuaen 1(0) = 0.
Torza (x) = pa (, u(x, 0) + V26, (2) + Ala), 0< 2 < &

fala) = pa (&, ulw,0)) — VB () + Bla), 5 Sw <

e A(x) m B(x) — m3BecTHbIE (DYHKIHH, KOTOPbIe BBIPAZKAIOTCS 9€pPe3 3aJaHHbIe (DYHKIHH.
Teopema 1. Ecjin BbITIOJHSIIOTCS YCJIOBUST

©;(t) € C[0,h] N CH(0,h), \;j(x) € C[0,] N CH(0,1),(z) € C* {0, é} nC? (0, 1) :

2
w()eCOl nct Ol Po(x) € C llmcl ll
x = = x = =
1 ) 2 ) 2 ) 2 27 27 )
Ipi(x, 2)| < constl|z], |pi(x, 21) — pi(w, 22)| < Li|z1 — 22,
TO IOCTABJICHHAS 3a/a4a OJ4HO3HAYHA pasperrnma, rje L; = const > 0.

KuroueBrble ciioBa: HarpyxxkenHnoe ypasaenue, auddepennmaababiil oneparop apobHOro nopsaaka, dyuknun Beccens,
OTHODOJHAS PA3PEIINMOCTh, OOpaTHAS 33/1a9a.

2010 Mathematics Subject Classification: 35M10, 35K05, 35K20

JINTEPATYPA
[1] Salakhitdinov M.S., Karimov E.T. Uniqueness of an inverse source non-local problem for fractional order mixed
type equations. Furasian Math.Jorn.,, T:1 (2016),74-83.
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PA3PEIIIMOCTH ,HI/I(ID‘DYBI/IOHHOfl MO/JIEJIN HEO,HHOPO,Z[HOfI
KNJKOCTN C YYHETOM TEMIIEPATYPbI

C.E. AUTYKAHOBYe, E.C. ATUMIKAHOB2®, B.JI. KOIITAHOB?*

! Kazaxcknit nanmonabHbll yHEBepCHTET UMeHH anb-Dapabu, Anvarer, Kazaxcran
2 Astana IT University, Acrana, Kazaxcran
3UucTuTyT MaTeMaTHKH H MaTeMaTHYecKoro Mojemupopanusd, Amvarsr, Kasaxcran
E-mail: “aitzhanovserik81@gmail.com, ®ermek.alimzhanov@astanait.edu.kz, “koshanov@list.ru

B mexanuke crjionruoii cpejibl u auddepeHnuaabHbIX YpaBHEHUSIX OJHON n3 naunbosiee n3-
BECTHBIX M MHTEPECHBIX dABJsieTcs Moje b HaBbe-CTokca cxkuMaeMoil BA3KOH TeILIONPOBOIHOM
JKHJIKOCTH. DTa MOJEIb BKJIIOYAET B cedd cucreMy auddepeHnualibHbIX YPaBHEHUN, KOTOPBIE
BeIpazKAIOT B JAuddepeHnuanbaoii hopMe 3aKOHBI COXPAHEHHsT MACCHI, UMITYJIbca U dHepruu [1]

% + div(pu) = 0, (1)
(% + (@, Vi) = div(7}) + V(divid) — Vp + pf, (2)
o204 (6,V)0) = X202 + E(divi” )

JIoKaJIbHAS TT0 BPEMEHU PA3PEINMOCTh HAYATbHO-KPAEBOM 331411 JIJIST CHCTEMBI Y PABHEHUH
(1)-(3) Buepssie Gblaa yeranosiena B paborax B.A. Cononmukosa [2] u A. Tani [3]. B paGore [5]
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A.B. Kaxwuxosbim u [11.CMmarymoBsiM BriepBbie OblIa TOCTPOEHA W UCCJIEIOBAHA CHCTEMA -
depeHIMATBHBIX YPaBHEHUI, OMUCHIBAIONIEH TBUZKEHNE TBYXKOMIIOHEHTHOM KUITKOCTH. [1o100-
Hasl MOJIEJIb HEOJTHOPOIHOM KHUJIKOCTH CPEJIbl MOJIyYeHa P YCJA0BUU MaJocTu KoddduimenTa
mupdy3un, a TakyKe MacCOBOH KOHIIEHTPAIUU NPUMECH M ee ITPOU3BOJHBIX. B jrannoit pado-
Te HeKOTOpoil Momudukanun ypapaennu (1)-(3) mokazana paspenmMocTh HAYAILHO-KPaeBoii
3a/1a4 1.

Funding: Astops! 66 ommepskansl rpantom AP19678182 MH u BO PK.

KinroueBblie cioBa: ypasaHeane Hasbe-CTokca, TeMmeparypa, ABMKEHHE YKUIKOCTH, HEOJHOPOIHAS KUIKOCTh, pa3pe-
IHUMOCTb.
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KOPPEKTHOCTh OCHOBHOWM CMEIITAHHOM SAJAYN OJIA OJHOI'O
KJIACCA MHOT'OMEPHBIX TUIEPBOJIO-SJIJIUIITUYECKNX YPABHEHUM

C.A. AJITAIIIEB

Hucruryr maremarnkn w maremarngeckoro mogenuposaraus MHBO PK, Anvarsr, Kazaxcran
E-mail: aldash51@mail.ru

OcHoBHAasi cMeITaHHas 31244, JIjIsi MHOIOMEPHBIX TUIIEPOOINYECKIX yPABHEHHIT B IIPOCTPAH-
cTBe 00001eHHBIX (DYHKIMI XOpOoIIo n3yvena. B paborax aBropa jgoKa3aHa OJHO3HAYHAS pa3-
PeIuMOCTh 3TOH 3a1a49u JJIsT MHOTOMEPHBIX THIEPOOJIUIeCKHX U JIHNTHIECKUX YPABHEHUIA.
JI1st MHOTOMEPHBIX IUNepOOJIO-3/ITUITHYECKUX YPAaBHEHUH 3Ta 3a/[a4a He UCCJIe0BAHA.

[Tycth Qp5— MuIHHADHYECKAS 00TACTD €BKINI0BA IPOCTPAHCTBA 1 TOYEK (L1, ..., Ty, t),
m > 2, orpanndentas nunuaapom I' = {(x,t) : |z| = 1} u mwiockoctamu t = a > 0ut = § < 0.
Ob6oznayum uepes ), u {1z 4gacru obsactu 2,3, a depes I'y, I's — uactu nosepxuoctu I,
JeKalie B HosrynpocrpancTBax t > 0 u t < 0; 0, -BepxHee, a 03 — HUZKHee OCHOBaHHUe 00JIaCTH
Q5. B obnactu 2,3 paccMOTpUM MHOTOMEPHBIE THIEePOOJIO-3/ITHITHIeCKHEe yPABHeHN S

Ayu — (sgnt)uy + Z a;(z, t)ug, + b(x, t)u; + c(x, t)u = 0. (1)

=1

Bagaua 1. Haiitn pemenne ypasuenns (1) B o6mactu Qu5 npu t # 0 u3 xnacca C(Qqg) N
CH(Qup) N C*(Q0 U Qp), yaosaeTBopsiomee KPACBEIM yCAOBHIM

uf = i(t,0).0] = va(t,6),

o s

= 7—(7", 9)7 Ut = V(’f’, 9)

o8 o8
[Tokazano, 4To 3ama4a 1 UMeeT eMHCTBEHHOE pelleHrue U MOJIYIeH €ro siBHLIH BHI.

Funding: Asrop 6611 mogzep:ken rpaarom BR20281002 MHBO PK.

KinoueBble cJIoBa: KOPPEKHOCTh, OCHOBHAs CMENIAHHAA 3312493, TUIEPOOJIO-3/ITUITHIECKAE YPABHEHUS, [IAIAHIPTIe-
ckas obsacTb, byuknus Beccemns.

2010 Mathematics Subject Classification: 35M12.
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KOPPEKTHOCTb CMEHIAHHOWM 3AJIAYU JIJISI BBIPOXKJIAIOIIINXCSI
MHOTOMEPHBIX 3JIJIMIITUKO-IIAPABOJIMYECUX YPABHEHUM

Cepuk Aiimypsaesua AJITAIIIEBY, Aiicyny Kobeiicunknisst TAHUPBEPTEH??

' Uncruryr maremaTnkn u MaTeMaTHueckoro MojenupoBanus, Anmarer, Kazaxcran
2 Axrro6uncknit pernonassubiii yansepcurer umenn K.JKy6anosa, Axrobe, Kazaxcran
®aldash51@mail.ru , Yaisulu21 @mail.ru

CwMermannasg 3aja4a JJisi BHIPOXKAAIOIIMXCS MHOTOMEPHBIX THIEPOOIHIECKUX YPaBHEHUN B
000OIIEHHBIX ITPOCTPAHCTBAX XOPOIIO M3ydeHbl. B paborax aBTOpOB J0Ka3aHa KOPPEKTHOCTD
9TOM JI7IsT BBIPOKIIAIONINXCSI MHOTOMEPHBIX JIIUNTHYIECKUX YDABHEHWN M MOJIYVIeH SIBHBIM BU/I,
KJIACCUYECKOTO peITeHusI.

HackoibKo M3BeCTHO, 3TU BOIIPOCH! IS BHIPOXKTAIOIIUXCSA MHOTOMEPHBIX JLIUINTUKO-TIapa-
0OJIMYECKNX ypaBHEHUI He M3y4eHbl.

[Iycrs Q4,5 npmnHapryecKas 00JacTh €BKJINI0BA IPOCTPAHCTBA Fp, i1 TOUEK (X1, ..., T, 1),
orpanndentas nuiuaapom ' = {(z,t) : |z| = 1}, miockoctsivu t = o > 0u t = < 0 rae |z
— JJIHHA, BEKTOPA (X1, ..., Tpy, T).

Ob6oznaunm uepes (), u (g gactu obdmacru Uy, a uepes I'y, I's — wacTn nosepxnoctu I,
Jexkalue B moaynpocrpancrsax t > 0 u t < 0; 0, — Bepxuee, a g — HHKHEE OCHOBAHUE
obaacTu 24s.

B obractu 2,3, pacCMOTPUM BBIPOZKIAIONINXCA MHOTOMEDPHBIE UIHITHKO-TIAPA00INIeCKHe
YPaBHEHUSI

A+ u + 07 aiz, t)ug, 4+ bz, t)uy + ez, tu, t >0 1)

q(t)Ayu —up + D0 di(z, t)ug, + e(x, t)u, t <0

rae p(t) > 0 mpu ¢t > 0, p(0) = 0, p(t) € C([0,a]) N C*((0,a)), g(t) > 0 mpu t > 0, g(t) = 0,
g(t) € C([B,0]), a A, — oneparop Jlamiaca 10 MEPEMEHHBIM I1, ..., Ty, M > 2.

Samaua 1. Haiitu permrenne ypasuenust (1) B oburactu Q,5 upn ¢ # 0 u3 xiracca C(,5) N
C'(Qa) NC?*(QqUQg) , yaosiersopsiomtee KpaesbiM ycaosusm ulp, = Wi (t,0), ulp, = Uy(t,0),
|y, = @(t,0), lokazano, uTo 3a7a4a 1 OAHO3HAYHO pa3peNmuMa I TOTyYeHO ABHOE TPe/ICTaB-
JIeHUe.

Funding: Asropsr 6b1mn nomuepxkansl rpanrom AP14871460 MHBO PK.

KuarogyeBble cjioBa: KOPPEKTHOCTH, CMEIIAHHAS 3a/adad, BbIPOXKIAIOUIFECSs MHOrOMepDHble ypaBHeHus, cdepudueckue
byukmn.
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SAJJAYA POBEHA 1J1d YPABHEHUA 1IIPEJIMHTEPA
HA 3BE3/IHOM T'PA®E

[JI. APEIIOBAY2e, A, UIIIAH??, A. KEHECOBA2¢, T. KYAHJIBIK?¢

! Urcruryr MaTemaruxyn n MaTeMaTmiaeckoro Mogeanpopanus, Anvarsl, Kazaxcran
2 Vuusepcurer SDU, Kackesren, Kazaxcran
E-mail: “arepovag@mail.ru, ®200101066@stu.sdu.edu.kz,
€200101099@stu.sdu.edu.kz,2200101005@stu.sdu.edu.kz,

Pacemorpum ypasaenune [lpenunrepa na 3sesnnom rpade G(V, E) ¢ Tpems pebpamu (j =
1,2,3):
,an 8QUj

! ot + 8m?

=Gj(z;,t), 0<az;<L;, t>0,

¢ Ha9AJIbHBIME yeaoBuamu u;(z;,0) = uj)(z;), 0<z; < L;, t =0 u rpaHNIHBIMHE YCIOBHSIMHE

J
Ha TPAHUIHBIX Bepinnax u;(L;, t) = wi(t)+py(t), x; = Lj, t > 0, ¢ ycaoBUEM HEIPEPHIBHOCTH

BO BHYTDEHHeIl BepIinHe
u1(0,t) = uz(0,t) = ... = u,(0,¢), t>0,

u ¢ ycaosueM Kupxroda Bo BHyTpeHHeH BepIInHe

“~ 0
— (2, t)|p—0 = O.
;ax]u](x]7 )’ J 0

Teopema 1. Paspemaiomniast cucteMa ypaBHeHHI JisT TpaHcThopMaHT 3agadu Pobena na rpa-
¢e G ¢ TpeMmst pebpaMu HMeEET BHIT

(@} (w) — cos(kLy) @} (w) + k' sin(kLy)ph(w) = F}(w),
@Y (w) — cos(kLy)@} (w) — k' sin(kL1)pl (w) = F} (w),
D (w) — cos(kLa)@3(w) + k" sin(kLa)p3(w) = FR(w),
@3 (w) = cos(kLy) @} (w) — k™' sin(kLo)Bh(w) = F3 (w),
@} (w) — cos(kLy) @3 (w) + k" sin(kLs)pi(w) = FP(w),
W3 (w) — cos(kLs)@} (w) — k' sin(kLs)p}(w) = F3(w),

wi(t) —wi(t) =0,
wi(t) —wi(t) =0,
pi(t) + p2(t) + pi(t) = 0,
wh(t) + ph(t) = (),
wi(t) + pa(t) = o),
\ wi(t) + p3(t) = pa(t).

Pemenne 3aaun Pobena onpeje/isjioch MeTogoM 000OIEHHbIX (DYHKINH, & HEeHM3BECTHBIE
rpanuyHble (QYHKIUH ONpeIe/Isa/INCh C MOMOIILIo peobpazopanuii Dypne.

Funding: Asropst 6b11u nomuepxkanst rpanrom AP23489777 MHBO PK.
KuroueBnlie cioBa: ypasuernue lIpemnuarepa, 3se3ambiit rpad, yeaosue Kupxroda, rpannanoe ycaosue Pobena.
2010 Mathematics Subject Classification: 68R99, 81Q05, 35Q41
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KOPPEKTHLIE CY2KEHUA IJII OIIEPATOPA IIEPBOTO IIOPSIJIKA,
CBA3AHHOI'O C OBPATHBIMUA 3AJIAYAMU BOCCTAHOBJIEHUA
NCTOYHUKA

[A. AVBAKIIPOBA®, M.A. CAJIBIBEKOB?

Hucruryr maremarukn u maremarndeckoro mogemuposaans KH MHBO PK, Anmarer, Kazaxcran

E-mail: “guldaraaubakirova2001@gmail.com, ’sadybekov@math.kz

[TponemoncTpuposano npumenerne teopun M.OrenbaeBa [1-3] 0 KOppeKTHBIX CyKeHUSAX
U PaCIIUPEHUAX ONEPATOPOB K 0OpATHBIM 3a7a4aM 110 BOCCTAHOBJIEHUIO MCTOYHUKA BHEITHErO
BJIUAHUS. J[JIsT 9TOr0 paccMOTpPEHBI OlepaTopbl, 3a/JJaHHbIe HA BEKTOPAX, OJHA U3 KOMIIOHEHT
KOTOPBIX sBJsgeTcs (PYHKIUEH, a JIpyrue — CKaJsiphl.

f2
ckasigpubiM npousseenueM (f, g) g = (f1, 1) r0.1) + f202-
PaccmorpuM MakcuMasibHbIE onepaTop L, 3a/laHHbI BbIpazkKeHueM

> _ 7 () () — qy
L = L -
Y ( Y ) <ay1<0) +byi(T) )
na obmactn onpexenennst D(L) = {y € H : y; € W(0,T),y» € C}, tae a,b,q — ussecTnbIe
nocTosiHHbIe KOdhpurments u a + b # 0.

Ero anpo gasigercsa ofgHOIapaMeTpUYECKUM CeMeHCcTBOM

Ker{L} = {y € H :y= Const (q (@ beb‘ bT)) }

Ilycrs H — ruasbepToBO MpOCTPAHCTBO Hap f = (fl(x)) ,rae fi(z) € Ly(0,T), fo € C, co

[To Teopun M. Oresnbaena, oneparop L,;l, onpeiessieMbiit (popmy.toit
Ll f=L""f+Kf,

ABASETCA 00pPATHBIM K BCEBO3MOKHBIM KOPPEKTHBIM CyKeHusam oneparopa L, riae K orpanu-
deHHbIi oneparop B Lo(0,7"), yI0BAETBOPSIONTHI yCIOBHIO

R(K) C KerL,

a L™'f — obpaTHBIl K HEKOTOPOMY H3BECTHOMY KOPPEKTHOMY cy:KeHmio. Ilo Teopeme Pucca
npejcTaBIeHne omnepaTopa K mMeer BU

Kf= {/OT Fu()or (D) dt + f@} <q ((a beb_ bT)) o1 € Ly(0,T), 05 € C.

B kauecTBe M3BECTHOTO KOPPEKTHOI'O CYKEHUSI BbIOEPEM OIepaTop
Ly =Ly, D(L) ={y € H : y1(0) = 0},

DTOT onepaTop KOPPEKTHHIH, ero 0OpaTHBI CYIIEeCTBYeT, ONpeiesieH Ha BceM IpocTpaHcTBe H
W OrpaHUYEeH.

e (A@N (] k) (1) dt+ 2
Lor=1 <f2 >_<OfOT/€2f1(t)dt+jb—§i) )’
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rae ky(z,t) = 0(x—t)— %:p, ko = —qiT. CnenoBaTeIbHO, IMEEM OIUCAHIE OOPATHBIX OIEPATOPOB
K BCEBO3MOYKHBIM KOPPEKTHBIM CYKCHUAM B BHJIE

L (flfg ) (fo flzl Z;l)fl(d)til_ftz ) .\
|:/0T filt)oi(t) dt + fzg—Q} (q((azb}rxb_ bT))
e 01 € Ly(0,T),05 € C.

Ero npsimoii onepaTop uMeer CJIeAYIONNH BUI,
Lyy = Ly, D(Ly) = {y € H:y1(0) (1 =bT01(0)) + bys (T) (Tor(T) + y2) —

quyg/OTT(t)dt—bT/oTyl() ()dt_O}

B rteopun, paspadborannoii M. OtenbaeBbIM, JIOKa3aHO, YTO KOPPEKTHOE CYKEHHE SIBJISETCS
TPAHUYHBIM €CJIH U TONBKO ecan 0 € Ker{L} } He croxno ybeaurbesa B TOM, 4TO

Uz

Ker{L}} = { <u1(m)) € H :uy(z) = const,us = 0,Vz € [O,T]}.
[TosTOMY BCe KOPPEKTHBIE TPAHUYIHBIE UMEIOT BUJL

Liy = Ly, D(Ly,) = {y € H:(1—abl)y(0) + abTy; (T) = aqung},
rie & — IpOU3BOJIbHOE KOMIIJIEKCHOE YUCJIO.

Funding: Asrops! 66 omep:kansl TpanTom NeAP14869063 MHBO PK.

JINTEPATYPA

[1] Kokebaev B.K., Otelbaev M., Shynybekov A.N. Some questions of Expansion and Restriction of Operators,
Akademii Nauk SSSR, 1983, V.271, No 6., P. 1307-1310.

[2] Kokebaes B.K., Orentaes M., Ipiabibexos A.H. K Teopuu cyxxenus u pacmupenus oneparopos, 1.1., Hseecmusa
AH Ka3CCP, cepusa Pus.-mam., 1982, Ne5, 24-26.

[3] Kokebaes B.K., Orentaes M., IlInabibekor A H. K Teopun cyskeHust u paCIIupeHust 0epaTopos, 4.2., Hzeecmua
AH KasCCP, cepusa pus.-mam., 1983, Nel, 24-26.

O PA3PEIINMOCTU KPAEBOM SAJAYN AJIAd NMMITVJIbCHBIX
MHTEI'PO-JUO®PEPEHIINAJIbBHBIX YPABHEHNUU C ITAPAMETPOM

9.A. BAKPOBA', A.H. HECUIIBAEBA?%?
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PaccmaTpuBaeTcs TuHeiHas KpaeBas 3ajada JJIs UMIYIbCHBIX HHTerpo-auddepeHtmaib-
HbIX YpaBHEHUI C napaMerpom

T

d

d—j ZL‘+/(,0 (s)ds + Ao(t)+ f(t), t #6;, v € R", (1)
0

Bopt + Moz (0) + Lox(T) = dy, dy € R™, € R, (2)
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Ha ocHoBe MeToma mapaMeTpu3alud ObLIM YCTAHOBJIEHLI YCJIOBHS PAa3peNIMMOCTH KpaeBoil
3aJ1a9M JJIsl UMITYJTBCHBIX HHTErpo-auddepeHnnanibubX ypaBuennii ¢ napamerpoM (1)-(3) u
HOCTPOEHbI AJIFOPUTMbL HAXOXKACHUS €€ PELICHUSL.
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aJITOPUTM.
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OB OL[HOIZ KPAEBOW SAJAYE JJIAd BBIPOXKJAIOIIIEI'OCA YPABHEHUA
SJIJINTITUKO-TUTIEPBOJIMYECKOT'O TUIIA C YCJIOBUEM ®PAHKJIA

@.X. BETUMKYJIOB

Vuusepcurer «Perfects, Tamkent, Y3bexnucran
E-mail: begimqulov.fozil181511@gmail.com

Kpaesbie 3ajgaun ¢ ycsosuem Dpankist st ypaBHEHHH CMEIIAHHOIO  1apaboJio-
runepOoJIMIeCKOro, JLIUITHKO-TUIIEPOOJIMIECKOTO U /LU THKO-TIAPA00INIECKOr0 THIIOB C OJI-
HOMl JINHUeH BBHIPOKIeHNS U3ydeHbl B pabore 1], a qist ypaBHEeHUIT ¢ AByMsI JTHHUSIME BBIPOZK-
nenuns B paborax [2],[3].

B Hacrogdmeil pabore wuccieyercs Kpaebas 3afada Tuna POpaHKIA IS yPaBHEHUsI
SJLIMITUKO-IMIIEPOOJIMIECKOTrO THIIA

ynux:c + mnuyya QO)
0= (_y)nu:ca: - xnuyw Qb (1)
ynuxz - (_w)nuyw QQa

[Tycth €y - KOHEUHAs OXHOCBA3HAA 00JACTH B IIOCKOCTH HMEPEMEHHBIX X, %, OTPAHMYEHHAsI
x> 0, y > 0 nopmaibhoii kpusoit o : % + y?*» = 1 ¢ xounamu B Toukax B(1,0) u Ag(0,1),
a Q1(Q2)— obsacth, orpanudennas orpeskoMm ¢ = 0 (=1 <y < 0) [y =0 (-1 < z < 0)]
u xapakrepuctukamu BC : (—z)P +y? = 1, [DAg : 2’ + (—y)» = 1], mpu z > 0,y < 0
[z <0,y >0

BBenem oboznadenusd:

S={(r,y):0<r<ly=0}, JSh={(z,y):0<y<lz=0},

Q=QUJUQUJLHLUQ, Q=0 N{(z,y):x+y>0},
Qu=Un{(z,y):xc+y <0}, Qu=%0{(z,y): z+y >0},
Qo = N{(z,y): z4+y<0}, Q" =QUQLUJ, QF =QoUQy U Js,
A=QUQUQy, ACy: 2P —(—y)P =0, AC):y? — (—2)? =0,
Co (2717, —2717) = AC, N BCO, Cy (—27Y/7;271/7) = ACi N4, D.
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Bagaua F. Haiitu B o61actu ) dyHkmmo u(z, y) co CleayIOnMMa CBORCTBAME:
1)UJ((E, y) eC (ﬁ) N CQ (A U 912 U QQQ) )
2) u(z,y) ynosaersopsier ypasaennio (1) B obmactax g, Qq1, Qia, o1, Qo9;
3) up, € C() mu, € C(), upuaem onn MOryt obpamarbCss B GECKOHETHOCTD MOPSIKA
menbiie 1 — 2a B Toukax Ay, B w orpanuwdenst B TOUke A;
4) u(x,y) yroBIeTBOPSIET KPAECBBIM YCJIOBUSIM

w@,y)|, =e(z,y), (2,9) €T, (2)

U(J},y)| BCy — ¢1(=’U)7 2—1/p <z <l (3)
U(ZL’,y)| AoC1 — ¢2(y)7 2—1/p Sy<l, (4)
u(+x, 0) = #1(55)“(_27’ O) + pl(m)a ([E, O) € 717 (5)
us(0,+y) = p2(y)us(0, —y) + p2(y), (0,y) € Ja. (6)

rae wl (.CE), H1 (33), P1 (33), @('T?y)v d]?(y)? #2(@/), p2(y) — 3a/laHHble beHK]—U/H/I-
B nannoit pabore j0ka3aHa TeopemMa 00 OJHO3HAYHON Pa3penmMOCTH PereHnd 3a1a9u F.

Kirouessle cioBa: Kpaesas 3a1a4a, CMEAaHHOIO THIIA, IIPUHIHUII 9KCITPEMYMA, CYILIECTBOBAHUE U €UHCTBEHHOCTH
pellleHusi, BHIPOXKIAIONIEECs yPABHEHNE, MeTO NHTErPAJIbHBIX YPAaBHEHU, HHTErpAIbHO- i} depeHnaIbHbe OIepaTo-

DHIL.
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O PABPEIIMMOCTU KPAEBOW SAJAYN B MINPOKOM CMBICJIE [IJIA
CUCTEMBI JIN®PEPEHIINAJIbBHBIX VYPABHEHUM B YACTHBIX
ITPON3BOJHDBIX

A.Y. BEKBAYOBA'¢, M.2K. TAJIMTIOBA?®

L Akrrobunckuii pernonansuenii yausepcurer uM. K 2Ky6anosa, Axrobe, Kazaxcram
2 AxTio6uncknii pernonajbublii yausepcurer uM. K. 2Ky6anosa, Axrobe, Kazaxcran
E-mail: *mirra478@mail.ru, *mira_ talipova@mail.ru

Heyuneitnpie ypaBHeHUS MOJEJIUPYIOT pa3IddHble MPHUKIAJIHBIE 3aJa9l THIPOAIPOMEXAHH-
KU, XUMUYECKOH KMHETUKH, TEOPUU KATAJIUTUICCKUX peakiuii u T. J. B osbmmacTBe husumde-
CKHX 3a/1a4 Olpejesiernne 0600IIeHHOrO PeleH sl JUKTYeTCsI TOCTAHOBKOMN 3a/1a4u (Haupumep, B
ra30BOil JUHAMUKE OCHOBHBIMHU (DU3MIECKUMU 3aKOHAMU SIBJSIIOTCSI 3AKOHBI COXPAHEHUSI MACCH,
UMIIYJIbCA, SHEPTHUH, a ODOOIIEHHOEe PEIeHNe ONPEeIeasIIOTCS KaK TeUeHHe, Y/IOBJIETBOPSIIOIIee
9THM OCHOBHBIM 3akoHaMm) [1].

Ha Q = [0,7] x R™ x RF paccmarpuBaercss Kpaepagd 3ajada Jijls CHCTeM ypPaBHeHHsd B
YACTHBIX ITPOU3BOJHBIX HEPBOIO MOPSIIKA

ou o ou b ou
E—f—;aj (t7x7y)a_$j+jz_;bj(t7xay)8_yj —P(t,x,y)u+f(t,x,y) (1)
B(z,y)u(0,2,y) + C(z,y)u (T, z,y) =d(z,y), (2)
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rnet € [0,T), 2= (z1,...,2m) € R™ y= (y1,...,yr) € R*, a(t,z,y), b(t, z,y) — HenpepbIBHbIC
BeKTOP-(PYHKINA Pa3MEPHOCTH COOTBETCTBEHHO 111, k, 00JIaJaI0IIME CBOHCTBAMY MEPHOINIHO-
CTH, IVIaJIKOCTH

a(t.x+qwy)=a(tzy) € Cry (0,7) x B™ x RY),

_ (0,1,1) m k
b(t,x+ qu,y) =b(t,z,y) € C;yy” (10,T] x R™ x R¥), (3)
U OrPAHUYEHHOCTH C HOPMO#, MAKCUMH3HUPYIONIEil eBK/IUJIOBYIO METPUKY BEKTOP-(DYHKIIHH
llal| < ao, ||5-al| < a1, ||5-a|| < as,
ox dy
0
Hb“ S 507 —0b S 617 —b S ﬁ27 (4)
ox Jy
st BeeX ¢ = (q1,...,qm) € Z™,Z — MHOXKeCTBO TeJbIX uncen. llepuoast wy, . .., w,, — Io-
JIOXKHUTEIbHBIE HECOU3MEPUMbBIE MOCTOSIHHBIE, qw = (q1W1, Gaw2, - - -, §mWm) — BEKTOD KPATHBIX
nepruoaoB, w = (Wi, .. .,Wn) , A, Bo, a1, A2, B1, fo — HEKOTOPbHIE TTOJOKATEIbHBIE TTOCTOSHHBIE.
P (t,x,y) — ny X ny-Marpuna, ob6JIaaA0Mast CBONCTBAMY MEPUOAUIHOCTH MO YACTH Tepe-

MEHHBIX U OFPAHHICHHOCTH:
||P(t,xz,y)|| < ko = const > 0,
P(t,x+quw,y) = P(t,z,y) € C([0,T) x R™ x R*) ,q € Z™ (5)
f (t,z,y) — ni-Bexrop-dbyHKIMsI, 061/ IAI0NAsT CBORCTBAMEI HEPHOIMIHOCTH
ft,z+qu,y) = f(t,z,y) € C([O,T] x R™ x Rk) ,qe Z™ (6)

H OI'PaHUYECHHOCTHU

|| f(t,z,y)|| < K = const > 0. (7)

B,C — n; X ny — MaTpuIpl, 0b/1a1aolme CBOHCTBAME TePUONYHOCTH 110 YACTH MePeMEeHHBIX
u orpanumdentocru, d € (R™ x RF).

B(r+qw,y) = B (z,y)

C(r+qw,y) =C(z,y)

|B|| < By = const >0, ||C|| < Cy = const >0 (8)
d(z+ qu,y) =d(z,y) € (R™ x R¥) 9)
= (uy,..., U, ) — UCKOMAas BeKTOP-DYHKIIHUs, OOJIAIAIONIAs] CBOMCTBAME EPHOJNIHOCTH

u(t,z+qw,y) =u(t,z,y)
nu y,ZLOBJIeTBOpHIOH_[aH Ha‘laﬂbHOMy yCJTOBI/IIO

u(0,2,y) = p(z,y) (10)

ITocranoBka 3amaun. HaiiTu neprognveckue mo 9acTH MePEMEHHBIX PEIICeHUs B ITHPOKOM
cMBbicsie KpaeBoit 3agadn (1)-(2).

Onpenenenne. Henpeprisras B [0,T] x R™ x R* byuxmus u(t, z,y) HazbiBaeTcs nepu-
OJIMYECKOil 110 YacTH MEePeMeHHBIX pellleHHeM B MIHPOKOM cMbicie 3amaan (1)-(2), ecam ona
VIOBJIETBOPSIET KPACBOMY YCJOBHIO (2), a TakkKe IMEPUHOIUIHA 110 T ¢ BEKTOP-IEpHOIOM (w),
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OrpaHWYeHa 110 BCEM TIePeMEeHHBIM U BJI0JIb XapakTepucTuku {A(t, 0, xo, o), £(t, 0, 2o, yo)} , yao-
BJIETBOPSIET CUCTeMe OOBLIKHOBEHHBIX TU(hepeHInaTbHBIX YPABHEHUI:
du

W:ﬁ(t,x,g)mf (11)

rie B
ﬂ =u (t7 )\ (t7 07 Zo, yD) 7§(ta 0>$07?/0)) 7P =P (ta )‘ (tv 075507 y0) 7£(t7 Oa xD?Z/O))

F=F (A (t,0,20,90) & (,0,20,0))

Pertennst MHOTOTOYEYHBIX KPAEBBIX 33124 /s A depeHnnabHbIX YPaBHEHUH BBICOKOTO
HOPSIIKA METO/IOM IIapaMeTpU3aIun paccMoTpeHsl B paborax /Ixxymabaesa /1.C., Acanosoit A. T
u jip. [2-6].

g pemrenus paccMaTpUBaeMO# 3aJIadd MPUMEHSIeTCI MeTOoJ IapaMeTPU3AIMH, MPeJII0-
»Keuubiii mpodeccopom /[l JIxxymabaeBbiM. KpaeBast 3amgada [id CUCTEM ypaBHEHHH B 4acT-
HBIX TPOU3BOIHBIX MEPBOTO MOPS/IKA TyTeM BBeIeHUsT (byHKIIHOHAILHOTO mapamerpa ji (A, §) =
(0, A, &) cBOAMTCS K 9KBUBAJEHTHON KpaeBoii 3aja4e jyist cucreM 0ObIKHOBEeHHbIX juddepen-
MUAJTBHBIX YPABHEHUH C OJIHOPOIHBIM HAYAJIBHBIM yCJIOBHEM U (DYHKITHOHAIBHBIM COOTHOIITEHT-
eMm.

Funding: Pa6ora Boinosinena npu dbuHAHCOBOH moamepkke MuHICTEPCTBA HAYKX U BHICIIEro obpa3osanus Pecnybsmkn
Kazaxcran (IPH AP19675358).

KurouyeBbie ciioBa: CHCTEMbl YPAaBHEHUS B YACTHBIX ITPOM3BOIHBIX, KpaeBas 3aJada, PEINIEHUs B IMHUPOKOM CMBICJIE,
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O NMPOIOJI2)KEHUUN OBOBIIIEHHBIX PEIIIEHU B IIPOCTPAHCTBE
BECKOHEYHOI'O IIOPAJIKA

AM. BEPJIIMYPATOB

HIUY K2Y um. M.PrickynbekoBa, Burmkex, Keipreizcran
E-mail: aman2460@mail.ru

[lycte m — mapasutesenumen B R”, n rpaHeit KOTOpOro Jie;kaT B KOODAMHATHBIX IOIPO-
crpancrBax & = 0, i = 1,n. O6o3nauum depes 7; ero (n — 1)-MepHYIO I'paHb, JeKallylo B
noampocrpancTse & = 0, i = 1,n. PaccMOTPUM OTHOPOIHYIO CHCTEMY JHHEHHBIX nuddepenn-
AJIbHBIX YPABHEHUIA ¢ MOCTOSHHBIMU KO3 dUImeHTaMu:

P(D)u =0, (1)

rne P; (D), i =1,t, j = 1, s —pon3Bo/bHble JnHeiinbe anddepermaibHbe OnepaTopsl ¢ mMo-
CTOSTHHBIME KO3 DUIIneHTaMu, a 9ucjaa t ¥ § IPOU3BOJIBHBI, T1e U = (U, ..., Us) — HEU3BECTHAS
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BeKTOP yHKIHU. ITocTpouM J/1s1 TPpOM3BOJIHLHOTO JTUHERHOTO CJ1a00 TUIEPOOJINIECKOT0 OIepaTo-
pa P (D) npomnosxkernnst 060OIEHHBIX perenuii ypasHenust (1), onpe/eJleHHbIX B OKPECTHOCTH 7
rpaHeil napaJiiesienuie/ia B OKpeCTHOCTD HapaJiiesenuie/ia m B Kjaacce 0000meHHbIX (OyHKIU
OECKOHEYHOT'0 TTOPSIKA.

Teopema. ITycroN' C |J,_, {2 € C", 2, = 0}, Toraa cymecrsyer uucio h < 1, 3aBucsiuee
Jub or oneparopa P, uro mst moboro B > 0 u s sioboit okpecrrocTn L komnaxtra | J;_, 7
CYIIECTBYeT OKPeCTHOCTh L/ mapaJuieseluiena 7 TakKas, 9TO BCAKYIO (DYHKIHIO U € [Z/If}s,

SBJIAIONIYIOCA pernenneM ypasaenns (1) Ha L, MOXKHO TPOJOIKATE DYHKIHEH v € [Z/{f,L SABJISI-
I0IIYI0Cs perienuem ypasaenust (1) na L) 1o

o7 < ellulls?,

r1e KOHCTAHTBl B'u ¢ He 3aBucdr oT .

Cornacuo teopeme IMamamomnosa cm.[1](ra.IV,§4,teop.2) dyHKIMOHAT U UMEET N TPeICTAB-
JEeHuM:

l
w9 =Y [0z vee [p2R] i~ T
A=0 ‘

NA

IpUYeM BEKTOPHBIC Mephl j™ = <u1”, s ué;’) TAKOBbI, YTO

l 1
Zl\ 7P : [
> e (-2(5) )7 0l <l =T
e B1 g i

A=07,

[osromy Vi € {D?,U" )afl AMeEeM
k=1Tk

n n

@R =Y @@ =) (Wa) = (w9

i=1 i=1

KiroudeBble cJsioBa: anrebpamdeckas MHOr000pa3usi, KOMIIJIEKCHAs MPsSIMasi, HeCOOCTBEHHBIE TOUKM, TMIIEPIIIOCKOCTD,
BBIILYK/IBIIl KOMIIAKT, XapaKTePUCTUIeCKOe MHOXKECTBO
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HAYAJIbHO-KPAEBEIE 3AJIAYN J1JId IBYMEPHOTI'O BOJIHOBOT'O
VPABHEHUS C HEJIOKAJIBHBIMU KPAEBBIMU YCJIOBUSIMU TUIIA
3AIAYN CAMAPCKOTO-VIOHKMHA

Msurpzaraan BUMEHOB"¢, Maxmyn CAJIBIBEKOBM

1MHCTI/ITyT MaTeMaTHKH M MareMaTHdecKoro Mogeaupopanus, Axamarsl, Kazaxcran
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B J0K/1a/1e paccMaTpuBaeTCst IIOCTAHOBKA HOBBIX HAYAJIBHO-KPAEBBIX 3314 JIs JIBYMEPHO-
r0 BOJIHOBOT'O YDABHEHUS C HEJOKAJIBbHBIMH YCJOBUSME 110 MPOCTPAHCTBEHHBIM TIE€PEMEHHBIM,
SBJISIIONMMECS MHOTOMepHbIMEI 0000mernsmu 3aaaun Camapcekoro-Monkuna. O6aacTbio pac-
CMOTDEHUS 33a49H SBJSCTCS KPYTOBOH IUIHHAP ) ¢ 0cbio BA0Jb ocu t. CraBarcs Kiaaccude-
CKW€ HAYATBHBIC YCIOBUS HA OCHOBAHUY ITUJIHHIPA W HOBbIC HEJIOKATBHBIC KPACBBIE YCIOBHSI HA
IPOCTPAHCTBEHHBIX (GOKOBBIX) IPAHUIAX THIHHIIPA.

[Iycrs Q = {(r,¢) : 0 <r < 1,0 < ¢ < 27} — exunnunsiii kpyr, Q@ = {(r,p, 1) : 0 <r <
1,0 < <27m,0 <t < T} — upsmoit KpyroBoii MUTHHIP.

BymeMm paccMarpuBaTh HOBYIO HEJTOKAJBHYIO KPAEBYIO 34724y JIsl JIBYMEPHOTO BOJHOBOTO
yDaBHEHU:

up(r, @, t) — Au(r, o, t) = f(r, ¢, 1), (r,¢,t) € Q, (1)

rae A — omeparop Jlamiaca B mOJSIpPHBIX KoopanHarax (7, ).
Byaem ucrnosb3oBaTh KIacCMYeCKUe HAYAJbHbIE YCIOBUST

u|t:0 = T(Tv 90)7 U’t|t:0 = V(ﬂ SO)7 (Ta 90) € Qv (2)

M HeJIOKAJIbHBIE KpaeBble YCJI0BHSI Ha DOKOBOW IDAHWIE KPYTOBOTO IMUJINHIPA

u(l,p,t) —u(l,2n —p,t) =0, 0< <7, 0<t<T, (3)
ou ou

—(1 t)— 60— (1,2r —p,t) =0, 0 < p < 0<t<T. 4
5 (Let) =B (1,21 —p,t) =0, 0<p<m 0=t < (4)

3neck  # 1 — dukcupoBanHOe AefICTBUTETHFHOE TUCIO.

[TpaByio 4acTh yPABHEHUS U HAYAJIBHBIE YCJIOBHS Mbl GEDEM U3 CJIEAYIOIIErO «CTaHIAPTHO-
ro» Kjacca TVIaJKOCTH Jjis runepbomaecknx samad: f(r,p,t) € C(Q); 7(r, ) € C?T¢(Q);
v(r,p) € C1(Q). dononuurensuo ot 7(r, ) u v(r, ) noTpedyem yI0oBIeTBOPEHHe KPACBbIM
yeaosusm (3), (4).

st pernienust HadaabHO-KpaeBoil 3aga4u (1)-(4) Mbl IpUMeHsIEM METOIUKY CBeJIeHUsl K T10-
CJIEJIOBATEIBHOMY DEIIEHHUIO JIBYX HAYAJLHO-KPAEBBIX 3324 C CAMOCOMPSIZKEHHBIME KPACBBIMHE
VCJIOBHSIMH TIO TIPOCTPAHCTBEHHOM MepeMeHHOi, MPeIoKeHHyIo B [1] 1/ cydas oJHOMEPHBIX
napadoJIMYeCKX Ha4aJibHO-KPAeBbIX 33/1a4 ¢ HEYCUJIEHHO PEryJIsiPHbIMU KPAEBbIMU YCJIOBUSIMH.

OCHOBHBIM PE3Yy/IBTATOM PAOOTHI ABJIAETCS JOKA3ATEJIbCTBO KOPPEKTHOCTH CHOPMYINPOBAH-
HOM 331441 B KJACCUYECKOM CMBIC/IE.

Funding: Asropsr nognep:xkaubl rpantom NeAP14869063 MHBO PK.

Keywords: MHOrOMepHOe BOJTHOBOE ypaBHEHMe, HEJIOKAJIbHOE KpaeBoe ycioBue, yciosue Camapckoro-lonknma, Kiac-
CHY€eCKOe PerleHne.
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O HAYAJIbHO-TPAHUYHON 3AJAYE J1JISI BBIPOXKJIAIOIIIETOCSI
TUIIEPBOJIMYECKOIO YPABHEHUS

Masu Tabuaenosmy EPTAJIMEBY®, Kamxapbexk Bantataesny IMAHBEP/INEB??,
Apnait Capcembexosna KACBIMBEKOBA?¢
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[Mycrb 0 < T < oo u 2 C R™ — orpanuyennas ob/acthb ¢ rpanuueit 00 € C% Q = Qx(0,T),
Y =00 x (0,T). PaccMorpuM CJIeIyIONTYI0 HAYAJIbHO-IPAHUYHY IO 38124y JIJIs BBIPOZK IAIOIIE-
rocsd TUnepoboIMIecKOro ypaBHEeHU S

O (t12/78tu(x,t)) — Au(z,t) = f(z,t) B Q, (1)
u(z,t) =0 ma X, (2)
u(z,0) =0, tLiIEU 27 0u(x,t) =0 B Q. (3)

Teopema 1. IlycTs BEHIIOJTHEHBI CJAEAVIONHE YCIOBHS:

fz,t) € L*(Q), @ € L*(Q), # c L*(Q), a > 3/7.

Torza sazaqa (1)—(3) ogrosmadno paspernMa, o HMEET MECTO AIPHOPHAS OLHCHKA
e, Olfy guarzimy = lule, )12 + 27Ol Olfys 0722y + 18u(,B)l1Z2(q)

2

Af(x,t)

f@ 0|
< €I Ol + |57 b
L*(Q)

L2(Q)
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O 4YMCJIEHHOU PEAJINSAIINN METOAOA ITAPAMETPU3AIINN PEIITEHUA
KPAEBOW SAAYN OJIAd HATPY2KEHHOI'O JIM®®EPEHIINAJIBHOT'O
YPABHEHNA C 3AITA3JBIBAHVNEM

H.B. ICKAKOBA®?, A. OPAJI®
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Uccnenyercs auneiinas KpaeBasd 3aja4a JIjisd Harpy:kKeHHoro audepeHnuaj bHoro ypapHe-
HHS C 3aTa37bIBAHUEM

dx(t)
e Ag(t)z(t) + A1 (t)x(t — 1)+
+Y Ki(ta(:) + f(t), xe€R", te(0,T), >0, (1)
x(t) = ¢(t), te[-70], (2)
Bz(0)+ Cx(T) =d, de€ R", (3)

rie matpunpbt Ag(t), Ai(t), Ki(t) € R™" (i = 1, N) u bynkuusa f(t) € R menpepwisab ma [0, 71,
¢(t) € R™ uenpepbisro quddepennupyemas byukius [—7,0], B, C' € R™" d — NOCTOSIHHBI,
T — sanmazapsanne, 6; (i = 1, N) Toukn marpyskn Takme, uto 0 = ) < 7 < fy < 27 < ... <
9]\] <T.

Ha ocuose mueit Mmeroga mapamerpusanuu |1] gs kpaesoit 3agaan (1)-(3) mosrydenst yeaosus
Pa3penMOCTH U MOCTPOEH aJTOPHTM HAXOKICHUS €€ MPUOJNKCHHOTO PeIleHMs .
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O CHUCTEME KOPHEBBIX BEKTOPOB HATPYXKEHHOTI'O PETYJISIPHOTO
IN®PEPEHIIMAJILHOTO OIIEPATOPA BTOPOTO TIOPSITKA, HE
OBJIAJIAIOIIIEIO CBOMCTBOM BA3MCHOCTH
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PaccmarpuBaercs crnekTpajibHad 3a/ada g HArpyzKeHHoro auddepeHnuaj bHoro onepa-
TOpa BTOPOTO TOPSIIKA

Lyv = "0"(z) — p(x)v'(0) = M(z), 0<z<1 (1)
C KpaeBbIMH YCJIOBHAMN

V(1) + Mv(0) =0, v(0)+wv(1) =0, upma > 0. (2)
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Teopema 1. XapaxrepucTHuecKHil oIpeaeJHTe/Ib HArpy>KeHHOro JauchgepeHInaibaoro
oneparopa L, mpeacraBuM B BHJE

o) 0152) C](cl)
AN = Ag(N) |1+ 1
1) = Bo(A) « ; A= (2607 N — (7 + 21k)?

+

cP
Z QO - 5k (25k> ? (3)

e Ag(N) = acsin VA—V/\ (1 + cos \/X) — XapaKTepHCTHICCKHIT OIPEICUTEe b HeBO3MYIICH-

roro oneparopa Loy = —v"(x) = Mv(x) ¢ kpaeBpivu yciaoBusivu (2), a oy, — KOIpdHIHEeHTb
o0

Dypwe pazaoxernns p(x) = > apvr(x) mo 6moproronaasroii cucreme {vg(x)}, cocrapiennoi

3 COOCTBEHHBIX (DYHKITHIT CONPSIZKEHHOIO HEBO3MYIIEHHOIO OIIepaTopa.

Teopema 2. MrmuoxecrBo byuknuii p(xr), JIsT KOTOPBIX cHCTeMa COOCTBEHHBIX (DYHKITHIT
HATDYKEHHOTO Jqichcpeperinaipbaoro ypasaenns oneparopa Ly B npoctpanctse Ly(0, 1) He 06-
paszyer be3ycjioBHOrO bazuca, sipjsiercst maoTHbiM B La(0, 1).

BeiBoma: conpsizkeHHBIE OMEPATOPHI OJHOBPEMEHHO He 00J1a1al0T CBOWCTBOM 0Oa3MCHOCTH.

KiroueBsbre cioBa: oneparop muddepennupoBanus, coOCTBeHHbIe (BYHKINN, COOCTBEHHBIE 3HAYEHUS, COIPSIKEHHAS
3a/1a4a, Harpy KeHHBI OmepaTop.
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OB OBOBIIEHHOW CHEKTPAJIbHOW 3AJIAYE JIJisi BOSMYIIIEHHOI'O
BU-JIATIJIACUAHA B KBAJIPATHOI OBJIACTU

M.T. JI?KEHAJIMEB?, M.I. EPTAJIMEB® B.K. OPBIHBACAP®

HNMMM, Anmarer, Kazaxcran
E-mail: “muvasharkhan@gmail.com, Pergaliev.madi.g@gmail.com, ¢qairatulybekzat@gmail.com

CrexTpasbible 3a7a9u /it A dOepeHIuaIbHbIX OIePATOPOB HUKOT/A HE TepsLIh CBOei
HCKJIIOUUTEbHON BaXKHOCTH W MPUKJIATHONH HeoOXoauMocTu: (a) HpH HCCIeTOBAHUH BOIPO-
COB COBMECTHOCTH MaTeMaTHYecKuX Mojesteii, (6) mpu npuOJUKEHHOM DPEIleHuH TPAHUYHBIX
U HAYAJbHO-TPAHUYHBIX 33724, (B) IpH OOOCHOBAHUU BBIYHCIUTENBHBIX AJITOPUTMOB, (T) JIJIs
pa3BuTHs COOCTBEHHO CIIEKTPAJIBLHON TEOPUU U T. /1.

B pabote maiijenbl coOCTBeHHBbIE 3HAYEHUs U COOCTBEHHBbIE (DYHKIUU JIJI OTHOTO BO3MY-
IMEHHOTO GUrapMoHHYIecKoro omeparopa (6u-Jlanmacumana) (0; + 0))u = [(=A)* — 20207 Ju =
A?(—A)u B xBagparnoii o6mactu Q = {0 < z,y < I} ¢ yenosuamu Jupuxiae u = dzu = 0 Ha rpa-
Huue KBajpara 0§2. YCraHOB/I€HO CPABHEHME HAMJIEHHBIX COOCTBEHHBIX 3HAYEHUN ¢ CODCTBEHHbI-
MU 3HaYEeHUSAMHU CHEeKTPaJbHOM 3ajauu jiiis GurapMonnyeckoro oneparopa (—A)%u = A?(—A)u
¢ ycaopusamu Jlupux/e Ha TpAHHUIE. 3aMETHM, UTO MOCJEIHASA 33/a9a BO3HHUKAET MPU U3y de-
HUHM KoJiebaHuil n3ruba 3azKaToil KBa paTHON ILIACTHHBI U MMeeT MPHUJIOKEHUS B JIBYMEPHBIX
rpaHndHbIX 3a1adax CToKca, OMMCHIBAIONINX JIBUYKEHHE YKUJIKOCTH, CTPOMTEIHHON MeXaHUKe,
CY/IOCTPOEHUH U T.I.
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Takum obpazoMm, mpobeMa 0 HAXOXKIECHHH COOCTBEHHBIX 3HadYeHHUil 1 Ou-Jlamnacmana,
WM HAUTU UX BepXHUE M, B OCOOEHHOCTH, ONPEIEJUTb HUKHUE ONEHKH SIBISETCS OJHONW M3
dyHIaMeHTaJILHBIX TPO0JIEM MaTeMaTUKu U (PU3MKU, 1 UMEET MHOTNOYUCIEHHbIE TTPUJIOZKEHUSI.
B 3701 cBs131, MOXKHO TakzKe ymOMsSIHYTH paboThl [1-6], HOCBsIIIEHHbIe PA3IHIHBIM CIIEKTPATb-
HBIM BOIPOCAM, B TOM YHCJE, TOCTPOeHUS IPEHEKTUBHBIX UUCIEHHBIX METOJIOB HAXOXKJICHUS
NpuOJIMKEHHBIX COOCTBEHHBIX 3HAYEHUI 17151 OUTaPpMOHWYIECKOTO OTlepaTopa.

Psan cekTpaiabHBIX 33129, HECMOTPs Ha BHEIIHIOIO HMPOCTOTY ITOCTAHOBKH, HE MOT'YT OBITH
PeIlleHbl Yepe3 JeMeHTapHble Wid nporabyiupoBannbie crenuaababie Gyakuuu ([7], Chapter
VII, Point 2, p. 118). D10 — crekTpaabHble 3aa49H, BOSHUKAIONIHE IPU MOJIEJIAPOBAHUY TIPO-
HECCOB KOJIeDaHuil 1JIOCKUX 3aKaTbiX (UIYD, HE ABJISIONIUXCH KPYTOM.

Joka moctpoen ciaeayoimm obpazoMm. BHadase Mbl gaeM NOCTAHOBKY M3y4daeMoil 3aja-
an. PopmyaupyeM yTBepKIeHHe, B3sToe 13 paboThl |3, KoTopoe Kacaercst Teopun 0600TIEHHBIX
CIIeKTPaJIbHBIX 3aa4. [To TepMuHoIOorny (3] Hala crieKTpagbHas 33/1a9a TaKKe sIBISeTCs 0000~
meHnoft. Mpl moKasbIBaeM, 4TO OIepaTOpbl Halleil 3a/Ja4u YIOBIECTBOPAIOT YCJIOBUAM PabOTHI
[3] u sBASIIOTCS camoconpsizKeHHBIME. TeM caMbiM, MbI [OJIy4aeM, 9TO B HaIlell CeKTpaIbHOI
3aja4e COOCTBEHHBIE 3HAYEHUS PACIOJIOKEHBI Ha JeHCTBUTEIBHON HOJIOKUTEIHLHON TOJIYOCH.

Hasiee, Mbl laeM perenne ciekTpaabnoi sasaun: (Jy+0))u = [(—A)*—=20700]u = N*(—A)u
B kBajaparHoii obnactu ) = {0 < z,y < [} ¢ ycaouamu lupuxie u = Ozu = 0 HA rpanu-
e kBajpara 0F) (0cHOBHOII pesysbrar nMokaaaa). CpaBHUBAIOTCS COOCTBEHHBIE 3HAUCHHUS JIBYX
CIeKTPAJIBHBIX 33724 JI/IsT BO3MYIIEHHOTO U HEBO3MYIIIEHHOTO OUTaPMOHUIECKOTO OMEPATOPOB C
HCIIOJIb30BAHUEM MaKCHUMUHUMATbHOrO npuanuna Kypanta [7]. 1, HakoHeI, TPOBOIUTCS CPaB-
HEHUEe TPpeX CIEKTPAJbHBIX 3a/a4 JJIsd YCTAHOBJICHUS HUZKHEH OIEHKH COOCTBEHHBIX 3HAYCHMI
JIJIST HeBO3MYIIIEHHOTO OUTIapMOHUYIECKOro oneparopa. Vcnoub3yercd pe3y/abTar, ITpUHAIIeKa-
muii Beitstio [8]. 31ech ke NpUBOAATCS HEKOTOPBIE YHCJIEHHBIE PE3YJIBTATHI 0 HUYKHE OleHKe
cobcTBeHHBIX 3HadYeHuit. CoobIIeHne 3aBepIIAeTCs KPATKIM 3aK/TI0UCHTEM.

Takum o6pasom, B pabore pereHa 0000IeHHAsT CHIEKTPaJbHAs 3a1a9a IJ1s1 (CHerHaJIbHbIM
06pa3oM) BO3MYIIEHHOIO OHIapMOHHYIECKOTO OTIepAaTopa, cOOCTBEHHbBIE 3HAYEHHT KOTOPOI MasTu
HUJKHUE ONEHKH Jist 0OOOIEeHHON CeKTpaIbHON 3a1aqu IS HEBO3MYIIEHHOro (T. e. Gurap-
MOHHYECKOT0) OllepaTopa. YKa3aHHBbIE 3aadd M3y9IeHbl st KBaJparHoil obmactu. OHAKO,
HETPYIHO 3aMETHTDL, YTO IMOJYyYEHHbIEC Pe3Y/ILTATHI JIETKO PAa3BUBAIOTCS ¥ JIJIs IIPOU3BOJIHLHOM
OTPpaHUYEHHON TPSIMOYTOJILHOM 00JIaCTH.

Funding: AsTops! 66l omep:kansl Tpantom BR20281002 KH MHBO PK.
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OB OJHOM HEKJIACCUYECKOM YPABHEHUU TPETBHEI'O IIOPAJTKA
C.C. KABJIPAXOBA2¢, 3K 7K. ACAH?
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2KasHY nuvenn ap-Papabu, Amvarsr, Kazaxcran
E-mail: “symbat2909.sks@gmail.com, ®zh.assanova98@gmail.com

B obnactu €2 = [0,w][0,T] paccMarpuBaeTcst moaynepuogndeckas Kpaepasl 3a71a9a JJst OJl-
HOI'0 HEKJIACCUYIECKOIO YPABHEHHMH TPEThEro IIOPAIKa,

o ) a0+ a1 T e ) 2

ooz~ O\ gy T gy T a2 UgE Tl g
s, ut f(o,0), (@,1) €T, 1)
u(0,£) = (t), t € [0, 7] (2)
u(z,0) = u(z,T), z € 0,4, 3)

Ou(r,0)  Ou(z,T)

5 = gy L€ [0, w]. (4)
rue f(z,t),a;(z,t), (i = 0,4) — nenpepoiBubie Ha ) dynkmuu, (t) — ABAXKIBI HEIPEPBHIBHO

muddepenrupyemas Ha [0, 7] byuxmus, yaosiaersopsiomnas ycaosusm (0) = (7)), ¥(0) =
(7).

[IpogonbHble KOJIEOAHMSI COCTABHBIX CTEpPyKHEH, COCTOAIMX M3 YIPYIUX M yIPYTO-BA3KHX
YYaCTKOB OIHUCHIBAIOTCS YPaBHEHHEM TPETHEero MOpsiaKa. BOIpPOChl MOCBAIIEHHBIE KOPPEKTHOI
Pa3peNmMOCTH KPAeBhIX 3a1a4 JIjIs1 YPaBHEHHIT TPETHETO TMOPSIKA W METOMABI UX MCCJIET0BAHIS
paccMorpenbl B paborax [1,2]. B macrosmieii crarbe MoguduKanusg MeToIa JOMaHBIX Diliepa
[3] mpuMensieTcst K HeJIOKAIBHOI 3aa4e JIJTsh OJIHOTO HEKJIACCHIECKOIO YPABHEHUSI TPETHero mo-
psaka. Ha ocnoBe cremuaibHoro nmpeodpa3oBalugd HeU3BECTHOH (DYHKIUK ypaBHEHUE TPEThEro
HOPSAJIKA CBOJIUTCI K CHUCTEMe JIBYX THIePOOTUYECKUX YPaBHEHUH CO CMEIIaHHBIMHU MPOU3BOI-
HbIMH. [ToJ1y9eHbl yCJIOBHST OLEHKH CXOAUMOCTH METO/a JIOMAHBIX Diljepa K PeleHnio paccMar-
puBaeMoil KpaeBoil 3a1auu.
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CBOICTBA IIJIOTHOCTU TMOTEHIUAJA HBIOTOHA MPOCTOT'O CJIOSI
T.II. KAJIbMEHOB

Hucruryr maremMaTtnky U MaTeMaTHIeCKOro Mojeanposanust, Aamarer, Kasaxcran
E-mail: kalmenov.t@mail.ru

[Iycts Q C R", n > 2 — KoHeuHas 00IaCTh ¢ IVIaIKOH rpanumein 0€).
B Maremarudeckoil pusnke 4acro BCTpedaercd norennual Hborona npocToro cjios

() = / (. O)ulE)de, 1)

o0

rie

—tInlr—vy|, n=2,

(n—2)wn [z—y|"=2’

— riaBHOe yH/laMeHTaJbHOe DellleHre ypaBHeHus Jlamaaca
—Aze(x,y) =0(z —vy). (3)

B ciygae HpioToHOBOTO TTOTEHITHAIA

un(z) = / @ — ) )y, T, (4)

Q

JUISL Uy U3BECTHA JIBYCTOPOHHSSI AllPUOPHAast oreHka [1]:
CHfllo < llunllwz) < Clifllo- (5)

B nacrosieii pabore jist IIIOTHOCTH HOTEHIHAIA TPOCTOTO CI0si f4(Z) TIOJYyUeHBl CJIeLyo-
Iue HEPaBEHCTBA

Ml oy < Ntalbzioy < Clllygry ©)
[Tonbsysace mepasenctsoM (6), nusa u € Ker (—Ag)" N WE(Q) maiineno npencrapienue
u(x) =u,(z) +C, p(z) € W,/2(09), C — const. (7)

Buecy Ker (—Ag)" = {u € Wi (Q) — Au = 0}.

Funding: AsTop 6611 ogmepkan rpanrom BR20281002 KH MHBO PK.

Keywords: norenrmas npocroro cios, morennuai Hpiorona, dyngamenTaabHoe penienue, ypasHenue Jlamiaca, amnpu-
OpHAsI OICHKA.
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KPUTEPUN EAVUHCTBEHHOCTU PEIIIEHUA
ANPOOPEPEHIINAJIBHO-OIIEPATOPHOI'O YPABHEHUA C
HEBBIPO2KJIEHHBIMHI YCJIOBUAMMN

B.E. KAHI'VZKMH', B.J. KOOIAHOB??

1’2MHCTI/ITyT MaTeMaTHKH M MareMaTHdecKoro Mogeanpopannsd, Aiamarsl, Kazaxcran
1.2 Kazaxckuii mannonabaplii yausepcurer uM. Ap-Papabu, Amvarsr, Kazaxcran
E-mail: “kanguzhin53@gmail.com, *koshanov@math.kz

B nannoit pabore paccmorpeno jauddepeHnnaibHO-0IepaTOpHOe YPaBHEHHE BUIA

2
_%Jrq(t)u:flu—i—f(t), 0<t<T<o0 (1)

C HEeBBIPDOXKACHHLIMHU I'PAHUYIHBIMHA YCIOBUAMMU IO BpEMEHH
FZ(U) = (lﬂU(O) + Gigul(()) + aigu'(T) + ai4u/(T) = 0, 1= 1, 2. (2)

[Ipu sTOoM mpeanosaraercs, 9To oneparop A He 3aBUCHT OT t M ABJIAETCS 3aAMKHYTHIM JIU-
HEefHBIM OIepaTopoM B cenapabeTbHOM THIL0epTOoBOM mpocTpancTBe H. B Hactosrmeit pabore
JIPYTUX OrpaHnudenuii Ha oneparop A me npeanosaraercs. HamoMuuM, 910 rpaHuYHbIE YCIOBUS
(2) HA3BIBAIOTCS] HEBBIPOZK ICHHBIMH, €CJIH BBIMOJHAETCS OHO W3 CJEAYIONNX TpeX TpeboBaHuii:

1) Q14 Q12 7& 0
)
Q24 A22
2) Q14 A12 | 0 11 A4 + @13 A2 # 0
Q24 A22 ’ Q21 Q24 Q23 A22 ’
3) Q14 A12 | 0 11 A4 4+ 13 A1z | 0 11 A13 # 0
Q24 A22 ’ Q21 Q24 Q23 A22 ’ Q21 A23

B octanbnoMm k03DhUMHEHTH @;; TPAHUYHBIX YCIOBHU IPOU3BOJIBLHBL H MOLYT OBITH KOM-
wiekcHbiME gncaamu. Koadbdunuenr ¢(t) auddepenmansaoro Beipakenus Jgepoil qactu (1)
CYATAEM CYMMUPYeMOiil KoMILIeKcHO3HaYHOlH dhyuknueit vHa [0, 7.

[naBHoit 1e/IbI0 JAHHOW CTATbHU ABJAAETCS YCTAHOBJECHUE KPUTEPUS €JIMHCTBEHHOCTHU pelre-
Hust 3agaun (1)—(2).

OnepaTopHas 3anuch BHIIIECIPUBEICHHOl 3a1a41u (1)—(2) nmeer Buj

Bu(t) = Au(t) + f(t), te(0,T). (3)

31ech oneparop B JeiicTByeT IO MEepeMEHHOR ¢ M ero HeKOTOPBIE CIEKTPaJIbHbIe CBOHCTBA
npuseieHsl B padore [1]. Oneparop A siBisieTcss 3aMKHYTHIM JITHEHHBIM OEPATOPOM B Cemapa-
OeJIbHOM THIBOEPTOBOM IPOCTpaHCTBe H 1 He 3aBUCHUT OT t.

Teopema 1. Ilycrs maTpuiia rpaHuIHBIX KO(hDUITHEHTOB

J = a1l G2 a13 a4

Q21 Q22 (23 (24
paHra 2 nogdnHeHa TpeOOBAHHIO: XOTs OB OJHO H3 YHCET Jyo, J14+ J3o 0 J13 OT/IHIHO OT HYJI,
rie Jij = G102, — Q201 H CIATAEM, 9TO omepaTop A ABIdeTCsS 3aMKHYTHIM JHHEHHBIM B cella-
pabesibHOM rujibbepToBoM 1pocrpanctse H u me 3apucur ot t. 'Torja oqHopojHOE o11epaTopHOe

YypaBHeHHe
Bu = Au

umMeer TOJbKO TpuBHabHOe penterne u € D(B) N D(A) Ttoraa m TogbKO TOTa, KOTJIA

g(B)No(A) =2,

Institute of Mathemitics and Mathematical Modeling / al-Farabi KazNU. Almaty, 2024



106 TpagunuoHaass anpejabCcKas MaTeMaTuieckas Konpeperius — 2024

e o(B) m o(A) — cmekTpsl orepatopoB B n A coorBeTcTBEHHO.

[IpuBesem cieayionie TpUMEPHl TPUMEHHTEIHHO K TeopeMe 1 JuTsi HEKOTOPBIX OMepaTOpOB
A B ypasuenuii (1).

Mpumep 1 [3]. Tlycts Q@ C RY — mexoropast orpannmtennas 061acTh ¢ TJIAIKOH TpaHU-
ueit 0S). B pabore [3| oneparop A oupenenserca A(x,D) = Y. aq(z)D® — mpou3BOILHBIM

al<m
bopMaIbHO CAMOCOIPSAZKEHHBIM SJLIUIITHIECKIM ,ZLI/I(b(bepeHH‘I/IlaﬂbeIM OLIEPATOPOM MOPSLIKA
m = 2] ¢ goctarouno raagKuMu KodbdunmenTamu a, (), rae o = (aq,...,ay) — MyJbTHHH-
aexcu D = (Dy,...,Dy), D; = %
Ob6utactb ompeneneHns oneparopa A 3a1aeTcs CJIeIyOIMUMEA KPAeBbIMEI YCJIOBUSMHE 110 X

Bju(x,t) Zbaﬂ “u(r,t)=0, 0<m;<m-—1, j=12,...,I, z€0Q (4

loo| <

rae koadpbunuentst b, ;(r) — gocrarouno riaaakue sagannpie Gyuxnun. 113 reopemsr 1 Boire-
KaeT CJACIYIONUI BbIBOI.

Boison 1. ITycmwv onepamop B ydosaemesopaem mpebosarnusm meopemo. 1. Tozda odnopood-
HOE ONEPAMOPHOE YPABHEHUE

0%*u

~a +qt)u=Au, 2€Q, te(0,7) (5)

¢ HAYAADHO-KPAESHMU Ycaosuamu (2),(4) umeem moavko mpusuasvroe pewenue u € D(B) N
D(A) mozda u moavko moeda, xozda o(B) No(A) = &, 2de o(B) u o(A) — cnexmpu onepa-
mopos B u A coomeemcmeento.

Tem caMpIM yCHJIEH OCHOBHOH pe3yabrar paborshl [3]|, Tak Kak BBIBOJ 1 CHpaBeIHB st
omeparopa B ¢ HEBBIPOKJIEHHBIMI TPAHUYHBIMA YCJIOBHSMHA. B To ke Bpems B pabote [3] or
orieparopa B TpeboBasioch, 4TOObI KpaeBble yCJI0BUS ObLIM YCUJIEHHO PEryJIsipHbIMHU 110 Bupk-
rody [2]. Knacc HEeBBIPOKIEHHBIX KPAEBBbIX yCJOBHUil MIHPE KJIACCA YCUJIEHHO PEryJsipPHbBIX 110
Bupkrody KpaeBbix ycjaoBHii.

ITpumep 2 [4]. Oneparop A MOpOKIAETCS CTAHAAPTHHIM BOJHOBBIM ypasHeruem Av(-) =
Vs (+) — Vyy(+) B aByMepHOIt obsactu 2, orpanndennoii orpeskoM OB : 0 <z <locny =0u
xapaktepuctukamu OC : x +y =0, BC :z —y = 1.

Obuactb ompejiesienns omnepaTopa A 3aJaeTcst CJIeIYIONMME KPACBBIME YCJIOBUSME CO CMe-

meHueM 1o (z,y):
w(@,0;t) =0, 0<@<1,

6 0 0+1 0-1 1
U=, —=;t| =au|——, —;t 0<0< -, O0<t<T. 6
(5 -5:t) =au (3 S5t). . )
W3 TeopemMbl 1 BBITEKAET CJIEIYIOIINIT BBIBO/IL.

BruiBom 2. Ilycmo das onepamopa B ewnoanerv, ycaosus meopemv, 1. Tozda caedyrowee
00HOPOJHOE ONEPAMOPHOE YPABHEHUE

82
81t2+q() = U (T, Y3 1) — uyy(2,95t), 2€Q, t€(0,7) (7)

¢ HAUANDHO-KPAESHMU Ycaosuamu (2),(6) umeem moavko mpusuasvroe pewenue u € D(B) N
D(A) moeda u moavko moeda, koeda cnexmpuv, smuzx onepamopos B u A ne nepecexaromces.
Tem caMbIM yCHIIEH OCHOBHO# pe3yabrar paboTsl [4].

Funding: Asropst 66111 nomuepxkansl rpanrom BR20281002 MHBO PK.
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SATAYA COIIPAXKEHUA OJId YPABHEHUA TEIIJIOTIPOBOJHOCTHU C
ITPAHUYHBLIMU YCJIOBUAMMN THUIIA ILITYPMA B CJIVUAE JIBYX TOYEK
PA3PBIBA

V.K. KOMJIBIIIIOBe, M.A. CAJIBIBEKOBY

HucTturyT MareMaTukn u MaTeMaTHIECKOrO MoJeanpoBanus, Aavarer, Kazaxcran
E-mail: “koylyshov@math.kz, *’sadybekov@math.kz

PaccmarpuBaercs HadabHO-KpaeBas 3a/1a4a Jijid YPABHEHUA TEILIONPOBOIHOCTH C PA3PbIB-

HbIMH KO3 duimenTaMu

8ui . 2(9271,2'

ot ' Ox?
B obsactu 2 = UQ,;, QO ={(z,t) 1 i1 <z <l;,;0<t<T} e (i=1, 2, 3),
C HAYAJbHBIMH YCJIOBUSIMH

u(z,0) = p(x),lp <z <3

KpaeBbIMHU YCJIOBUAMMU BUIa

Ouq (lo, t
w2

8U3(l3, t)

o, t) =
+/81 u1(07 ) 0,042 81}

+ ﬁ2 Ug(lg,t) = 07
" YyCJIOBUAMU BHUa

_ Ouip1(l; +0,1)
o — M+l O )

Kosddbunnenrst oy, §; — neitcrsurensusie, k; > 0, (i = 1,2), kpome Toro, |oy|+ (8] >0, (i =
1,2).

B caydae 6e3 paspbiBa CHeKTpajbHAs TEOPHsS ITHX 337134 [MOCTPOEHA MPAKTHIECKH
noHOCTRI0. B paGore [1|, paccMoTpena ypaBHeHHE TEILIONPOBOIHOCTH € Pa3PBIBHBIM KO-
dbunnenrom npu kpaesbix yerosuax ltypma, B ciaydae ogmoif TOUKH paspbiBa. HaiigeHst
cOOCTBEHHBIE 3HAUYeHUs] U COOCTBeHHbIe (DYHKIUM M HCC/IEIOBAHBL BCEBO3MOYKHBIC HYaCTHBIE
caydan. B mamuoit pabore mCCIeZOBAHBI CHEKTpaJabHbIe Bompochl 3amadn (1)-(4). Haitnenot
cOOCTBEHHBIE 3HAYCHHS U COOCTBeHHbIC (DYHKIMH, U JOKa3aHa TeopeMa CYIIECTBOBAHUS I
¢/THHCTBEHHOCTH K/JIACCHYIECKOTO PEIIeHNsI.

u;(l; = 0,t) = w1 (l; +0,1), kzu
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MNHTEIPAJIBHOE IPEJICTABJIEHUE AHAJIMTUYECKUX ®YHKIIUN
1o /Iyrjamcy

B.JI. KOIIAHOB!2¢, A.Il. COJIIATOB3?
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E-mail: “koshanov@math.kz, ®soldatov48@gmail.com

[lycts obnacth D orpanmdeHa TPOCTBIM IVIQJIKAM KOHTYPOM I, OpHEHTUPOBAHHBIM TIOJIO-
JKUTEJIbHO 110 OTHOIIEHHIO K 3710ft obsiactu. Paccmorpum anajuTudeckyio B [ (PyHKIHUIO @,
KOTOpast HerpepbiBHa 110 [ebiepy B 3aMbIKaHUK 3TOi 00gacTy u (B caydae GeCKOHeIHOl 06/1a-
crn), ncaesaeT Ha GeckoHeunoctn. Vexonga u3 venpepoiBaoii o lebaepy byakmun G(t), t € T,
PaccMOTPHUM BOTIPOC O MpeJCTaBJIeHNN ¢ wHTerpaJjgom Tuta Komm Buia

L1 ()t
6(2) = %/rmﬁ 2eD. (1)

C BEIECTBEHHOHN IJIOTHOCTHIO (0. DTOT BOIPOC TECHO CBsI3aH ¢ 3aaqueit Pumana-I'uinbepra
ReGo" = |, (2)

UI'PAET BAZKHYIO POJIb HPU UCCICIOBAHUT IIUNTHICCKUX KPAEBBIX 381449 U MOJAPOOHO U3y deH B
monorpadun H.M. Mycxennmsunu [1]. Crporo roBopsi, OH H3JI02KeH TOJIBKO JJisi CJIydas, KOrua
nunexkc Komm dyukmumm G mMmeeT onpejieieHHbIN 3HAK, OJHAKO MPHBEICHHBIE PACCMOTDPEHUSI
MOYKHO JIETKO PAaCIPOCTPAHUTh Ha 00mmil caydail.

B nannoii pabore OyJeT paccMOTpeH BONPOC O MPEJACTaBICHUN Jjisd (DYHKIUUA, aHaJIuTHYe-
ckux o Jlyrmucy. Tlocieaaue npeactaBisiior coboit BeKTOp-DyHKIMH ¢ = (@1, ..., P;), yAOBIE-
TBOPSIONINE CUCTEeMe TePBOTO MOP/IKa

99 _ ;09 _

Ix1
oy Iy 0, JeC™, (3)

r7ie Bce COOCTBEHHBbIE 3HAUYEHWs MOCTOSHHON MaTpuiibl J JeykaT B BepxHell MOJIYILIOCKOCTH.
JlanHag cucTeMa AIUNTAYHA U B CAydae CKaJIdpHON MaTpuipl J = i ee peleHus MU CIyKaT
oOblunble anajimTudeckue pynknuu. g rankejiesoit Marpuibl J B paMKax Tak Ha3blBA€MbIX
IUIEPKOMILJIEKCHBIX YHCEJ 9Ta CHCTeMa BIepBble Oblia n3ydena B [2]|. VIHTepec K Heil BhI3BaH
[JIABHBIM 0OPa30M TeM, YTO PEHIeHUs JJLTUITHYECKUX CHCTEM BTOPOTO MOPSIKA BbIPaKalOTC
depe3 BekTop-byHKINN ¢. Kak ormedeno B [3], Bce ocHOBHBIE (haKThl TEOPUN aHATHTHICCKUX
dyuKINit, ocHOBaHHBIE Ha WHTerpaJe Koimu, pacupocTpaHgioTcd U Ha (QYHKIUN, aHAJIATIIE-
ckux 1o Jyrmucy. Porp waTerpana tuma Komn A1g 9Tux GYHKIUNE UTpaeT UHTErpas

271

1 _
[o(z) = —— / dty(t —2);'6(t), =€ D, ()
I
rae g z = ¢ + 1y € C npunsaro Mmarpuunoe 0603HaAUCHHIE
zy=axl+yJ, dz;=dxl+dyJ

¢ exmangHoi [ X [-marpureir 1. CooTBeTcTBeHHO ¢ siBIAeTCs [-BeKTOpOM ¢ = (¢1,..., ;) u
MaTPUYIHOE BhIParKeHune T0/T MHTErpaIoM, JeiCTBYIOIee Ha ITOT BEKTOP, CTOUT BIIEpeH HETO.
Funding: Asropsr 6611u nomaepxanbl rpantom AP 19678182.
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HAYAJIbHO-KPAEBAS 3AJJAYA J1JId YPABHEHUMA
TEIIJIOIIPOBOJHOCTU IIPU KPAEBBIX YCJIOBUAX
CAMAPCKOTO-MIOHKNHA B CJIYYAE OTCYTCTBUA COI'VJIACOBAHUYA
HAYAJIBHBIX 1 TPAHUYHBIX JAHHBIX

A K. MBIPBAXMETOBA¢, M.A. CAIBIBEKOB®

Hucruryr maremMaTnke u MaTeMaTHIECKOT0 MopeaupoBanust, Aamarer, Kazaxcran
E-mail: “myrzakhmetova@math.kz, ’sadybekov@math.kz

B noksajie paccMaTpuBaeTCs HadalbHO-KpaeBast 3a,1a9a il yPABHEHUS TEIIOMPOBOHOCTH
pH KpaeBbixX yeaoBusx Camapckoro-VoHKHHA B CJyYIae OTCYTCTBHS CONTACOBAHUS HAYATLHBIX
M TPAHUYHBIX JAHHBIX.

Bagada S-I. Haiitu B obracta Q = {(z,t) : 0 < 2 < [,0 < t < T} pemenne u(z,t)
YpaBHeHUud TelJIOIIPOBOAHOCTU

uy — k*ugx = f(x,t), (1)

YJOBJIETBOPAIONIEE HAYAJLHOMY YCIOBHIO
u(z,0) = p(x),0 <z <lI, (2)
1 HEJOKAJBLHBIM KPAeBbIM yCJIOBUSIM

{ u.(0,t) — ux(l,? = 8, (3)

XO0poIo U3BECTHO, YTO JIjId CYIIECTBOBAHUS KJIACCHUYECKOTO PENIeHus HEOOXOMMO BbHITOJI-
HEHUe YCJIOBUIA coryiacoBanus. Hanpumep, ycJOBUSAMHU COIJIaCOBAHUS HYJIEBOTO W MEPBOTO TO-
PAKOB ABIAIOTCA

A= 9(0) =0, 4 =¢/(0) — /(1) =0. (4)
VciioBre corjiacoBaHus BTOPOT'O HMOPSIKA BO3HUKAIOT, KOIJIa Mbl PACCMATPUBAEM DPeIlleHHUs 3a-

2,173 N N
Aaun 3 Knacca u € O (2). aa dbyHKImit u3 TaKoro K/aacca MBI MOZKEM TlepeliTH K TIpeesry
B ypashennn (1) npu ¢t — 0 npu x = 0 u x = [. Torma moaygaem

Ay = —k*[¢"(0)] = £(0,0) = 0. (4)

g 3a7a4un ¢ KpaeBBIMH YCJIOBUAMHI JIWpUX/Ie BONMPOC O peleHusaX MPH PacCOrIacOBAHUN
IPDAHMYHBIX U HAYAJIbHBIX JAHHBIX uccietoBan B [1]. Hamu paccmarpuBaercs 3ajada ¢ HEKOJIb-
HBIMU KPaeBBIMH yCJIOBUAMMU.

Teopema 1. Jlns mobeix ¢ € C*0,1], f € C’aof’f/z(@), HE YIOBJICTBOPAIOIINX YCJIOBUSM
COTJIACOBAHMUSI HYJIEBOTO U MEPBOTO MOPSIKOB, 331a49a (1)-(3) nMeer eAMHCTBEHHOE PeleHne

u(x,t) = Vo(z, t) + Vi(z, t) + v(x, 1),

riae byukmun Vo(x,t) n Vi(x,t) — Heperyaspuble 4acTu perieHusi, oupejessieMbie hopMyIamu

Vito,t) = g enfes ), 5)
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(6)

+ derfc

Vi, t) = Al’f\/g(ierfczli/% 2’“/)

2ta,1+a/2 )
alt+a/ (Q) u 11 HEd crpaBeTHBa ONEHKA

a v(z,t) npunagaexur knaccy C,
24a,14+a/2 o a,a/2)
ol et < o {lelizte + 112 } (7)

Teopema 2. Jlna mobuix ¢ € C*0.1], f € C;}a/Q(Q), HE YIOBJICTBOPAIOIINX YCJIOBUSAM
COTJIACOBAHMSI TIEPBOTO M BTOPOTO TMOPSIKOB, 3a1a4a (1)-(3) mMeeT eMHCTBEHHOE pelenne

u(z,t) = Vo(z,t) + Vi(z, t) + Vol(z, t) + v(z, t),

rae byuakuun Vo(z,t), Vi(z,t) u Vo(z, t)- HeperyaspHbie 9acTu pereHus, onpejessembie ¢hop-

myaamu (5), (6) u t
Vo(z,t) = Agm( erfc k\/_> (8)

2+a 1+a/2<Q)

a v(z,t) npunagaexnt kaaccy C, u JJist Heé cripaBe/yimBa onenka (7).

Funding: Asropsr nognep:xkanbl rpantom NeAP14869063 MHBO PK.

Keywords: ypasaenue reronpoBojauoctu, ycaosue CaMapCKoro, CUJIbHOE DENIeHHEe, HEeJIOKAJbHOE KPAaeBoe yCJIOBHE,
MaTeMaThuJIecKas MOJesb, 6ba3uc Pucca.

2010 Mathematics Subject Classification: 35K05, 335K15
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O PA3PEIIMMOCTH O,Z[HOfI SAJAYN OJId YPABHEHNA CMEIITAHHOTI'O
TUIIA

®.M. MYMIHOB?, O.1. CAVOUINHOB, M.A. ABJIVKO/IMPOBA,
9.A. MAXMYIOB?

Anmagpikekuit pusman TITY, Anvaieik, Y30ekucran
E-mail: *farxod.muminov.58@inbox.ru, *m.abduqodirova@mail.ru

Haxoxaennto n ncceie JOBAaHUIO OTHON KOPPEKTHON KpaeBoil 3a1a49n 11 YpaBHEHUS BTOPOTO
nopsjIka B cjaydae, korjga a; = 0

Y aij(@, 1) >0,¥6 € R, (w,t) €D

nocesiiena pabora [1], [2].

[Tycts G — obsracth B pocTpancTe R ¢ riaazakoii rpanuneii. D = (O,T) x G — nuans-
Jpudeckasg o61acThb B mpocrpanctse R (z.t) = (21,29, ..., Ty, t) ¢ GOKOBOII IIOBEPXHOCTDHIO
I'=(0,T) x j, u Sy, ST COOTBETCTBEHHO, HUKHEE U BEePXHEE OCHOBAHUS CHJIUHJIPA.

B obsactu D paccmorpum auddepeHnuanbHOe YpaBHEHIH BTOPOIO MOPSIKA:

Lu = k(z,t) utt—l—Zal T, ) Uiy + Z i (a;j(x, t)uxj)+but+2bum+0u— £, Q)

=1 i,7=1 =1

B macrosmeit pabore mpemsiaraercs OHa KOPPEKTHAS MOCTAHOBKA KPAEBOW 3ajadu i
ypasaenwus (1), KoTopast BKJI09aeT B ¢e0sl ¥ 9acTh JIMHEHHBIX TTOCTAHOBOK OODATHBIX 3aja4, HO
o o n
yKe 6e3 MOJIOKEeHUH 3HAKOOIPeIeIeHHOCTH KB IPATHIHON (DOPMBI ZZ i1 ;&€&
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Bpenem oboznadenusda:

S ={
=1

z,0) : k(x,0) > 0},
xz,T): k(z,T) <0}

~—~

n

By =< (x,0): Z a;i(z,0)§E > 0,V¢ € R”

1,j=1

n

=1 @ T) Y ay(n,T)6& < 0,9 € R

i,j=1

Fp=<%(z,T)eT: Zaiyj < O,Zaijuj =0,7=1.n
i=1 j=1

riae v = (v, sy, ...ly) — BEKTOD BHyTpeHHell HopMmaJsin Ha [’ Kak u3BecrHo [1|, mocranoBka Kop-
PEKTHBIX KPAEBBIX 3a/1a49 3aBUCUT OT MJIAANIMX KO3(MdUImenTos u, BOoOIE roBopsi, OT IpaBoit
qacTu ypasHeHus. [losromy mosoxknM Ha KodbduimenTsr ypasHerust (1) HeKOTOPbIe yCIOBHSI,
a MMEHHO:

2b — ky — Zam >0 >0,¢(z,t) <0,c(x,t) <0,

=1

> aii&; > 6 1€ VE € R 6y -6y = b}, i = 1,2, .,n, (x,t) € D, (2)

ij=1

1 OyJeM IIpeJIno/IaraTh, 9TO BCIOLY HHMKE OHH BBIIOJTHCHBI.
Kpaesasg 3agada: tpebyercs Haiitu BekTop byHKIMO 1(x, 1), p(T) TaKyo, 9ro

u|SO\?§ = 0; u|ST\ﬁ; = 0;ulp.F, = O;Utlgé‘r = 0;ut|§; =0, (3)

" YI0JEeTBOPAIONTYIO YPaBHEHUIO
Lu= f+g(x), (4)

O6oznaunm uepes Cy kiaacc dynxuuii uz npocrpancrsa Cobonesa Wi(D), yaoBaeTBopstio-
MIAX TPAHUIHBIM YCAOBHIM (3)

Jlemma 1. Ilycrs Boimosnenst yeaosus (2). Torma mis aro6oii Gyakmun u(x,t) u3 Kiacca
C4 BBIIIOJIHAOTCA HEPaBEHCTBA!

/ w LudD = (uy, Ly) > m||lull;, m >0, Yu € Cy
D

1Zully = mlull; (5)

rae ||-||,, — sopma B mpoctpanctee Cobonesa WX (D)
KirogeBble cJIOBa: ypaBHEHUE CMELIAHHOIO Tulld, upocrpancrsa Cobosesa.
2010 Mathematics Subject Classification: 35M10, 35M12
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KPAEBAS 3AJIAYA J1J1s1 BBIPOXKIAIOIIIETOCSI
IIAPABOJIO-TUNEPBOJIMYECKOTO YPABHEHUSI JIPOBHOT'O MOPSIIKA

H.K. O4YNJIOBA

Mexxrynaponnsiii yaupepcurer Kumé B Tamkenre, Tamkent, Y36ekucran
E-mail: nargiz.ochilova@gmail.com

M3BecTHO, 9TO 0COOBIIT MHTEPEC MPEICTABIISIET TeOPU KPAEBBIX 33141 I BB POK TAOTIHX-
Csl ypaBHEHWII CMeNraHHoro tumna ¢ audepeHnupoBaHueM IPoOHOr0 MOPSIKA. DTO CBI3AHO
¢ HEeOOXOJIMMOCTBIO HPUMEHEHUs CBONCTB clenuaj bHbiX (yukiuii. B 3rom jerko ybenurbes,
U3YUYUB HEJTABHO ONMYyOJHUKOBAaHHBIE PAOOTHI MHOTHX aBTOPOB B 9TOM Hampas/exnu. OTMeTuM
paborel A.Kmibaca., O.A. Peruna [1], H.K. Ounnosoit u T.K.FOnnamesa [2] (1 cepikn B 91X
paborax) u Jp.

B namuoit paboTe T0Ka3bIBALTCsI CYIECTBOBAHNE W €IMHCTBEHHOCTh PEITeHUs JTOKATHHOM 3a-
JIaYu IS BBIPOZKIAIONIEr0Cs apabosIo-TuiepboJIndecKoro YpaBHeHHs ¢ IPOOHON TPOU3BOIHOMN
KamyTo u co cnekTpajbHbIM mapamMeTpoM A ( B THIEPOOJHIECKOM YPABHEHHUE).

Paccmorpum ypaBuenue

B Upy —c Dgyu, mpm 0 <z <1, y >0, (1)
(—Y) ™ Uy — Uyy + A2 (—y)™u, mpu 0 <z <[, y <0,

rae m = const > 0, A — 3ajaHHO0e JHCTBATEIbHOE UM IUCTO MHUMOe uucio, 0 < a < 1 (a €
R),

t

1 —o
m/(t—s) us(x, s)ds,

0

& —

muddepennuanbabiii oneparop Kamyro apobroro mopsaaka o, u(x,t) — HensBecTHast DyHKIHSI
KoTOpast TpebyeTcs onpeaenTh.

[Iycts ) — komeunast 061acTh, orpanndennas orpeskamMu B1By = {(z, y) : x =1, 0 <y <
h}t, AjAy = {(z,y) : © =0,0<y < h}, BoAy ={(z,y) : y=h,0< 2 <} upuy >0,u
xapakrepuctukamu B1C : x — mLJFQ(—y)WB+2 =1, A1C: x+ ijLQ(—y)mTH = 0 ypasuenus (1)

npn y < 0, e By = (1 0), Bo = (I; h), A1 = (0; 0), A = (0; h) u C' = (é; —mT”’%”)

Beegem oboznavenns: Q= QN{t >0}, Q- =QnN{y<0tul ={(z,y): 0 <z <l,y=0}.
ITocranoBka 3agaun. B obuacru §Q ayist ypasuenus (1) uccaepyercs caepyomas 3a1a49a.
Bapaua Tpebyerca naiitu pernenne u(z,y) ypaBHenus (1), co caeayONMMI CBORCTBAMU:
1) u(z,y) € C(Q)NC*NQ7), Upe, cDGu € C(QF),
2) u, € C(2~ UI), npuaem u,(x,0) Moxker 06parmaTbcss B GECKOHETHOCTH IOPSIIKA MEHDIIE
1 — 26 na konnax unrepsaja (0,1),
3) u(x,t) yaoBieTBOpSIET CIEAYIONMM KPAEBbIM YCIOBHIM

u(0,y) = p1(y), u(l,y) =wa2(y), 0<y <h,

[

U(J),y>|Alc = 1/}<I)7 0<z< 57

" yCJIOBHUIO CKJICEUBAHUHA:

lim ' %u,(z, y) = A\ (2) uy(z, —0) + Ao(2), 0 <z < [,
y—+0

rie B = gy ©0;i(y), \j(z), ¥(z), (j =1,2) — 3anannsie pynxuu, npudeMm ¢1(0) = 1(0),
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[Ipu ompemesleHHBIX YCIOBUSAX Ha 3aJaHHble (DYHKIUH W MapaMeTp (3, ¢ MOMOIIbIO ITPWH-
MU IKCTPEeMyMa M HHTETPAJIOB JHEPTUN JIOKA3bIBAETCS €IUHCTBEHHOCTDL PENIeHUS MOCTaB-
JIEHHO 3a/iaum. A CyIIeCcTBOBaHUE JIOKA3BIBAETCS MPUMEHSS METOJ HHTEerPAJbHBIX ypaBHE-
HUM, IPU 3TOM NIUPOKO NPUMEHSETCS CBOWCTBA T'HIEPreOMeTPUYECKUX (DYHKIHUI U WHTErpo-
nudepentmaabubix oneparopos Pumana-JlunyBuiis.

Kiro4deBble ciioBa: BEIPOXKIAONINECS YpaBHeHUs, b depeHaabHblil 0mepaTop ApOOHOTO MOpsiaKa, THIIEPreOMeTPH-
geckas GyHKIma ['aycca, oaHO3HAMHAST PA3PEUINMOCTb.
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YCTOMYUBBIE PABHOCTHBIE CXEMBI JIJId MHOI'OCJIOMHOM
IEPUOANYECKON 3AJIAYU TEILJIOIIPOBOJHOCTHU

.H. TAHKPATOBA

Huacruryr MaTeMaTHKu ¥ MATEMATHIECKOTO MOJETHPOBAHHIS,
Anmvarer, Kazaxcran
E-mail: pankratova@math.kz

PaccmaTpuBaercs HadaIbHO-KpaeBas 331244, /Il YpaBHEHUS TEILJIOMPOBOHOCTH C KYCOIHO-
MOCTOSIHHBIM KO DUIUEHTOM TeILTONPOBOIHOCTH k()

ur(z,t) — kg (z,t) = f(z,t), 0 <z <z, 0 <t <T, (1)
ur(z,t) — kotg(z,t) = f(x,t), o< <1,0<t<T, (2)
u(z,0) = p(z), 0<z <1, (3)

YCJIOBHAMHU COTIPAZKCHHEST
u(zg — 0,t) = u(xg + 0,t), kjug(xg — 0,t) = kou,(zo + 0,1) (4)
1 II€PHOANICCKAME KPACBBIMHA YCJIOBHAMA
uw(0,t) = u(1,t), ku.(0,t) = kauy(1,1). (5)

3nech ki, ko — KoHCTaHTHI, ¢(T), f(x,t) — 3aJaHHbIE BEIECTBEHHBIE (DYHKIUH.

Hst aucaennoro pemenns 3aga4u (1)-(5) mocTpoen ee TUCKPETHBIH aHAIOr — CeMEHCTBO
PA3HOCTHBIX CXEM C BECAMMU, 3aBUCSIINX OT BEIEeCTBEHHOTO apamMeTpa o. OOBIYHO HA TTPAKTHKE
0 <o <1, gro He obsi3aresibHo. ObGO3HAUMM Yepe3 A pa3HOCTHBIA oLepaTop, alnpoOKCUMUPY-
IOIUiT TPOCTPAHCTBEHHBIH i depeHnuaabublil oepaTop ypaBHEHU, YCJIOBUN CONPIZKEHUs U
rPaHIYHBIX yCI0BHil, 09 = 0.5 — m, rie ||A|| — cerounas Li-mopma omeparopa A.

Teopema. Ilycrs k(x) — Kycouno-nocrostarast hyHKIHS ¢ 04HOH TOYKOI paspeiBa. Torna
pa3HOCTHAsT cXeMa, ¢ Becamu ycroiunBa nipu 0 > 0, 0 > 0¢ 7 ee penerane CXOAATCST K TOTHOMY
pemernmio 3agawn (1)-(5) B Li-mopme co cxopoctsio O (h? 4+ 7M7), rae m, = 2 mpn o = 0.5;
me = 1 npu o # 0.5.

BAMEYAHUE. Teopema ocraercst CipaBeTUBON B ciiydae, Korja Koxdouiument k(x) nmveer
JBa u OoJiee pas3pbIBOB B mpoMeskyTKe 0 < z < 1.

Funding: Asrop 6bu1 nogaepxkan rpanrom N AP19679487 KH MOH PK.

KiroueBble ciioBa: ypaBHEHUE TEIJIONPOBOAHOCTH, HEJIOKAJIbHbIE KPAEBbIE yCJIOBUS, LIEPUOIUYECKHE PELICHUA PA3HOCT-
HBIX YPaBHEHWI, TCOPUA YCTONIMBOCTH PA3HOCTHBIX YPDaBHEHWIA.
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OB OBPAIIIEHUU OIIEPATOPOB JIPOBHOI'O MHTEIT'PUPOBAHUSA U
ANOPEPEHIINPOBAHUNA PACIIPEJAEJIEHHOI'O IIOPAIKA

A B. TICXY

HNucruryr upukaagaoi maremarukn u apromarnzaguu KBHII PAH, Hanpuuk, Poccus
E-mail: pskhu@list.ru,

PacemoTpuMm omeparop
D1 = [ Dhus(o)n(ar). (1)

rae DY, — npobuas npoussognas Pumana—/InyBusiist nopsiika ¢ 10 IE€PEMEHHOI T ¢ HAYAI0M
B Touke = = 0; ;1 — GopesneBckas (BoobIe roBopsi, 3uakonepemennas) mMepa uHa R. [Tpesgmona-
raeTcs, 9To [ := supsupp pu < Q.

Omeparop (1) gBasieTcst oneparopoM HHTErpo-TuddepeHIupoBaHus PACIPEIEJTeHHOTO MO~
psiika [1,2]. B cayuae, korga S < 0, 370 WHTerpaibHbI omeparop, u auddepeHuaabHbli
(urrerpo-muddepennuanbupiit), ecau 5 > 0. OH MOXKeT GBITh 3alUCAH B BUJIE

DU f(a) = L (fx®,,) (), 2)

dan

rje
n—t—1

n=min{k: k> 3, k € NU{0}}, Q, () = /R I w(dt),

n—t)

B nokiagie o6cykaanres BOIpockl obpamierust onepatopa (1). Mertomx obpalienust OCHOBAH
Ha 0bobuenHOM nmpeobpasosannu Crankosuua [3|, ceaswisatomero (1) ¢ omeparopom mudde-
PEHIMPOBAHUS NEPBOrO MOPsijiKa. B dacTHOCTH, I A1pa B HpejcTaBieHnn (2) Haiinena mapa
Connmna [4, 5].

KuroueBrble ciioBa: qpoOHasi MPOU3BOIHA, OmepaTop Aud dbepeHITMPOBaHNS PACIPE/IEIEHHOTO TTOPsAaKa, GopMynaa 06-
painenus, upeodbpaszoanue Crankosu4a, napa Conuna.
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HEJIOKAJIbHAS 3AJAYA J1JId BBIPOXKIAIOIIIETOCSI YPABHEHUS
QJIVIMIITUYECKOI'O TUIIA C CUHT'VJ/IAPHBIM KOS®PUIIMEHTOM

Menrnub6ait Xoaroxknbaesnd PYSUEBY,  Kammurya Baxruap kusun KASAKBAEBA?

! Mucruryr Maremaruxn um. B.J.Pomanosckoro Axagemun nayk Pecry6ianxu Y36exucramH,
Tamkent, Y36ekucrad
E-mail: *ruzievimkh@gmail.com, ®qalligul96@gmail.com

Paccmorpum ypaBuenue

Y Uy + Uy + %uy — Ny =0 (1)
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rme m >0, =% < ) <1, A € R B Beprukansnoii nomynonoce D={(z,y) : 0 <z <1, y>0}.
[lycte D = DU Jy UOBU Jy, tae O(0,0), B(1,0), Jo = {(z,y) : x =0, y > 0}, J; =
{(z,y):x =1, y > 0}.
Banaua F. Haiitn pynkmnuio uw = u(x,y) co coiictBamu:
1) u(x,y) € C(D)NCHDUJyUJ;)NC?*(D) u yaosnersopsier ypasrenuio (1) B obmactu D,
2
) lim u(x,y) =0, z¢€ [07 1]7 (2)

y—r+00

3) u(x,y) yIOBIETBOPSIET KPAEBBIM YCJIOBUIM

U(O,y) - U(l,y) = Sol(y)v Yy > 07 (3)
ue(0,y) = us(1,y) = @2(y), ¥ >0, (4)
ylirfrloy = V(:E)v 2 [O’ 1]7 (5)

rae o1 = ©1(y), Y2 = p2(y), v = v(z) — 3amanuble QYHKIHUHA.

Teopema 1. Ilycrs ¢1(y) =0, wo(y) =0, v(x) = 0. Torga 3agaqga F me Moxer umernb
boJ1e€ OJHOTO pEIleHHs.

JlokazareancTBo TeopeMbl 1 POBOAUTCH C HOMOI_[LBIO HPHHIUIIA SKCTPEMYMA.

1 3m+28g
Teopema 2. Ilycrb p;(y) € C[0,00) f loi(y i dy cxomsres, ¢pyakmun p;(y) obpa-

H{afoTest B HyJab IpH Yy — 400,11 = 1,2, v(x ) € C? [O 1] u Ha [0, 1] mMeeT KycOTHO-HETTPEPHIBHY O
IPOH3BOJHYI0 TPETHEIO MOPSIKA, y( ) v(1), v"(0) = v"(1). Torga pemenne 3amaun F cyime-
CTBYET.

JloKazaTebecTBO TeOpeMbl 2 MPOBOIUTCS METOIOM Pa3/ieeHusT epeMEeHHBIX.

Ormernm, uTo KpaeBas 3a1ada F' st ypasaenus (1) B cayuae, korja Sy = 0, A = 0 uzydena
B pabore [1].

KinroueBble ciioBa: IOJIyNoJIOCa, YPABHEHME C CHHIYISAPHBIM Kodddunmentom, dyukimsa Beccess, mpeobpasoBarmue
XankeJis, psil, €IUHCTBEHHOCTH PelleHns], CylecTBOBanue pemenus, meror Dypoe.
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OIITUMAJILHOE YIIPABJIEHUE HEMNPEPLIBHBIM ITPOJOJI>KEHUEM I10
ITAPAMETPY 1JId CUCTEMBI JIMHEMHBIX ANOPEPEHITNAJIBHBIX
YPABHEHUUN C 3AIIA3JBbIBAIOIIIVM API'YMEHTOM

0.7K. CATINJIOB®, M.V. SIXIIINBOEB®

Camaprangckuit puanan TallkeHTCKOro YHHBEpCHTETa HH(MOPMAIHOHHBIX TeXHOJIOTHIH HMEHH
Myxammana anp-Xopasvu, . Camapkrasi, Y30eKucran
E-mail: “oltiboysaidov@gmail.com, ® m.yakhshiboev@gmail.com,

B nammnoii paboTe paccMaTpUBAIOTCSA YIpaBIsgeMble CHCTeMbl T depeHIuaIbHbIX VPaBHe-
HUHA C 3alla3/IblBalOIIUM apr'yMEHTOM Ha OCHOBE€ MUHHMMU3AIHUHW KBaAPAaTUYIHOI'O beHKHI/IOHaJIa
H CHHTE3UPYeTCs ONTHMAJIbHOE yIpaBieHne jgaroriee Tpedyembie cBoiicTBa cucrembl. CHHTE3
ONITUMAJILHOTO YIIPAaBJICHUS I CUCTeMbl auhepeHInaibubiX YypaBHeHnilt u3y4dasicd B pabo-
tax [1-2] m Ap., ¢ 3amazabBAOIMM apryMEHTOM M3Yy4aJscs YacTHYHO, B OOIIeM CJIydae Takue
CHCTEMBI paccMaTpuBaioch B paborax [3-5] w ap. B nanHoi pabore MpejioyKeH MOJAXO K CHH-
Te3y ONTUMAJIBLHOTO YIPAaBJIEHHs, HEIIPEPBIBHLIM IIPOIOKEHIEM 10 MapaMeTpy U HpH IOMOIIH
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HCIOB30BAHUS UHTEIPAJbHOTO MHOOTooOpasusi. PaccMoTrpuM yipasisiemyio cuctemy audde-
PEHIINATBHBIX YPABHEHUH ¢ 3ama3abBaionuM apryMenToM na unrepsase [0; 7]

N M
X(t) = Y AX(t—-7)+ > BU{t-w), XeR" UecR"™, (1)

k=0 r=0
e, >0 (=01, ...,N) uv, >0 (r=0, 1, ..., M) — mocrosiHHble 3ala3/bIBAHNSI,
A, >0 (k=0,1, ...,N)u B, >0 (r =0, 1, ..., M) — cOOTBETCTBEHHO KBaJpaTHbHIE

marpunsl, X (t) — BekTop cocrosaust, U(t) — BekTop yupasmenus u upu t > (0 ynpasienune
U(t) Takoe, 9TO KBAJAPATHIHBIH (DYHKIIMOHAI

1 (T
J = 5/ (X*(t) CX(t) + U*(t)DU(t))dt , (2)
0
npuHUMaeT HauMenblinee 3uadenne, C* = C >0, D* =D > 0, T >> 0 u 3nak * o3nauaer
onepanuio TPpaHCIIOHUPOBaHUA BEKTOpa WJIW MaTPHIIBI. ByﬂeM pemaTb 3ada4y CHHTE3a OIITU-
MAaJIbHOTO yIpaBienus jjis cucrembl (1) ¢ dyukiuonanom (2). VI3BecTHO, 94TO JIJIg MEHEMYMA
dyukimonaa Jlarpanxa

H = /T(%X*(t)CX(t) + %U*(t)DU(tH

FUH() (Z AX(t—m) + Y BU(t—v,) - X(t)))dt

HeOOXOMMO, ITO0bI, BBIOMHsIOCH yeaosue 0H = 0, rae U*(¢) = (1(t), ¥a(t), ..., Y (t)). O1-

CI0JIa HAXOAUM cucTeMy TudbepeHInaIbHbIX YPAaBHeHIIH

X() =S AnX (t— 1) = o BD B (t — vy + 1) 3)
B(t) = —OX (1) = Yo A U (t+ 7).

re X (t) u U(t) — Ipom3BOAHbIE BEKTOPHI I MMeeM CJIeIyIOIIHe TeOPeMbl.

Teopema 1. Cucrema juggepeHunaIbHpIX ypaBHeHHH (3), HMeeT JacTHOe pelleHHe B
page X(t) = Z1Q)Y uw V(t) = Z, Q)Y , tme Zy = (Wi(1), Wa(1), ..., W,(1)) m
Zy = (Vi(1), Va(1), ..., Viu(1)) kBaaparable Marpuipl cToJ6HaMU KOTOPBIX SBJSIETCS COOT-
percrBerro BekTopbl Wi, (1) u V(1) (n = 1, 2, ..., m), a Q(t) rakxke KBagpaTHbIE MATPUIIHI
u Y ¢To1610BbIe TOCTOSTHHBIC T.C.

exp(Ait) ... 0 U1
Q) = | o Y = | . ,
0 . exp(Ap,t) Ym
ay, (n =1, 2, ... m) — Opou3BoOJbHBIE MOCTOSTHHBIE, \,, (N = 1, 2, ..., m) — cO6CTBEHHBIE
qHCIIA.
Teopema 2. Eciu cymectByer onTHMAJIBHOE YIIPABICHHE JIIS YIPABITeMbIX cacreM (1),
To ono maxommres o popmyne Uy, (t) = KX(t),K = =S D'BiZ,Q(w) Z7' =

_le\io D7'BfP wu npu srom omrmvusupopannas cucreva (1) mpummmaer pmg X (1) =
(Zszo Ay exp(—=A1) + Zfio B, K exp(—)\y,,)) X(t),X € R™, a mynepoe peirieaue Oyjer
aCUMIITOTHICCKH VCTOHYUBO IIpU t — +00.
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N CCIIEJOBAHUE JINMHEMHBIX MHOTOIIEPMOJMYECKUX [D-CUCTEM
METOAOM IIEPUO/INYECKUX XAPAKTEPUCTHUK

JK.A. CAPTABAHOB!¢,
TA. AB/TNKATMKOBA?2, B.2K. OMAPOBA3, A.A. KVIb/KYMIEBAY,
I'M. ANTEHOBA®, A.X. JKYMATABUEBS, I.K. CAKTATIBEPTEHOBA?

1,2.3.6,T K Zhubanov Aktobe Regional University, Aktobe, Kazakhstan
45 M. Utemisov West Kazakhstan University, Uralsk, Kazakhstan
E-mail: ®“sartabanov42@mail.ru

1. PaccMOTpUM OTHOCHTENIBHO & = (X1, ..., &y,) JHHEHHYI0 MHOTOIEPUOITIECKYIO CHCTEMY C
D oneparopom [1]
Dx = P(t,t)x, D = /01 + (e, d/0t),

P(r+0,t+w) = P(r,t) € C9R x R™), (1)

Tt
vae t = (t1,...tm) € R, 7 € R, w = (W, ..., W) — BEKTOP, Wy = 0, w1, ..., Wy, — PAIUOHAILHO
HecomaMepumbie uncaa, e = (1,...1) — m-BekTop, Cg{e)(R X R™) — kjacc raakux QyHKIHil
nopsizika (0,e) no (1,t) , /0t = (0/0ty,...,0/0ty,), (,) — CKaasgpHOE MPOU3BE/EHUE.

Ob61e Bonpock! cucrem Buaa (1) ¢ mepemenHbIME (7,1) B IPOCTPAHCTBE MPSIMOJHHEHBIX
koopauHaT R X R™ wmccsenoBadbl Ha OCHOBe MeToja O-xapaxrepuctuk [1]. B mannoii paGore
HCCJIeIOBAHKE TIPOBEJIEHO HA OCHOBE METOJIa IIEPUOJUIECKUX [-XapaKTePUCTUK.

PaccmarpuBas B [2,3| xapakTepucTuieckoe ypaBHeHHe

dt/dr = e, (2)
oreparopa D Ha nuaunapuaeckoil [I™ moBepxHOCTH MMe M [-XapaKTepuCTHKH CO CBOHCTBAME

t=pB(1,&n),B& &) =n,B(1+0,6m) = B(1,£+0,n) = B(1,£,1), (3)

KOTOpbIE BBEJIEHBI B OOUXOJ] TEOPUU MHOTONEPHOINIECKUX CUCTEM C orepaTropom D.

2. I3 cka3aHHOrO B IMyHKTE 1 CJIeIyeT, 9To MOIJIesKAT MCCAeTOBAHUIO BOMPOCH, KACAIOIIN-
ecst MHOTOTIepHOANIHOCTH pertennii cucteMm (1) ¢ oneparopom auddepeHmpoBatus BIOIb [-
xapakrepucTuk (3) ypapaenus (2). B 9TOM HamlpaBJIeHUH MOJIYYEeHBI HEKOTOPbIE PE3YJIBTATHI
a)-1):

a) U3 ycioBusg MHOTONEPUOIHIHOCTH pemntennii [2,3] anst pemenust cucremsr (1)

a(rtu(BE T 1) = X(E T uBE T 1), ult+w)=u(t) € G (R™), (4)
HeOOXOIMMOe U IOCTATOYHOe YCaoBHe (6, w)-TepHOANTHOCTH UMeeT BHJ
[X(&, & +0,1) — Elu(t) = u(t). (5)

6) Eciu cucrema (1) umeer k juHeiHO He3aBUCHMBIX (6, Ww)-IePpHOIMYECKUX DEIIEHNUIT, TO
TOT/IA COTIPSIZKEHHAS CUCTEMA

Dz = —P*(1,t)z, (1%)
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TaKKe UMeeT k JuHeino He3aBuCHMBIX (0, w)-mepuogndeckux permenuit, tae k < n, P*(T,t)-
TpaHCIOHUpOBaHHast MaTpuna P(7,t).

B) Ecan cucrema (1) me umeer (60, w)-mepuognvecKux perieHnii Kpome HYJI€BOTO, TO HEOTHO-
POJIHASA CHCTEMA

D = f(1,1), f( + 6,1 + w) € CS (R x R™), (6)

JIONYCKAET eJIMHCTBeHHOE (), w)-1lepuoindecKoe peleHue.

r) Ecau z(7,t) — (0, w)-nepuoanaeckoe pertenue cucrembl (1%), coorBercrrytomiee x(7,t)
— (0, w)-nepuoguaeckoMy perennio cucreMsl (1), To cucrema (6) umeer (6, w)-mepuomuaeckoe
PellleHre TOTJIa U TOJIBKO TOIJIA, KOTJIA BBIIOJHEHO YCJIOBHE

0
/O (+(€, BE, 7. 1)), F(6, B(E, 7. 8)))ds = 0. (7)

1) CylecTBeHHbIE Pe3YJIBTATHI TOJYYEHbI 10 UCCICJOBAHUIO JIMHEHHBIX KOJIeOaHWil, KOrua
P(7,t) sBiisiercs MaTpuiei, HOCTOSAHHON BJIO/Ib HEPUOJAUIECKUX XaPAKTEPUCTHK

P(r,t) = A(B(E, 7, 1)), A(t + w) = A(t) € CL(R™). (8)

DakTuveCcKH HCCICIOBAHNA, CBA3AHHbIE ¢ (4)-(8) ABIA0TCH JaIbHEHIIM Da3BUTHEM BOIPO-
COB TEOPUH IEPHOTUICCKUX KOJeOAHHN [4] HA MHOTOYACTOTHDIC CJIyYal.

Funding: Asrops! 6bun moep:kansl rpanTom AP19676629 MHBO PK

KuroueBble cji0Ba: MHOTOMEPUOAMIECKAs CUCTEMA, Ooneparop auddepeHnpoBanus, IePUOINIECKasT XaPAKTEPUCTUKA,
MaTPUIAHT, COTIPEXKEHHAS CUCTEMA, TTOCTOSTHHAS BIOIh XapaKTEPUCTUKMU.
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OB O,HHOﬁ OBPATHOM SAJAYE OJIA YPABHEHNA BA3SKOVIIPYTI'OCTHU
KL CAOAPOBM?¢ V.H. KAJIAHIAPOB*® M.2K. CA®APOBA?¢
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Ba/1aun onpeie/eHns aapa HHTErpaJbHOro oleparopa uHTerpo-auddepeHnnaJIbHbIX YpaB-
HEHU TUIIEPOOJIMIECKOTO THIIA SBJIsIeTCA OYPHO PA3BUBAIONIUMCS B HACTOMIIEE BPEMs HAIIPAB-
JIEHUEM COBPEMeHHOH Mmaremarndeckoil (uzuku. OOparTHbie 33129l TAKOTO PO/ BO3HUKAIOT
BO MHOT'HUX O6ﬂaCTHX HpI/IKJIa,ZLHOﬁ HayKI/I7 TAaKHUX KaK SJIeKTpO,ZLI/IHaMI/IKa, aKyCTI/IKa, KBAaHTOBaA
TeopHs paccesdHud, reopu3nKa aCTPOHOMHUH U JIP.

B paborax [24]-[25] wuccaenytorcest obpaTHBle 3ajadu ST ABYMEPHOTO HEOTHOPOIHOTO
uHTErpo-1nddepeHnuaibHOT0 ypaBHEeHUus TUTIEPOOJIUYECKOTO THIIA, B CAyYasX, KOTJa Mpo-
CTPAHCTBEHHYIO 00JIaCTD IIPeICTAB/ISIOT, COOTBETCTBEHHO KBAJApPAT U KPYT.

Hucruryr maremaruky u MateMarudeckoro mogesuposanus / KasHY nm. anb-@apabu. Anvarer, 2024



Annual International April Mathematical Conference — 2024 119

B mannoit pabore uccienyercs obpaTHas 3a7ada, 3aK/I0YAIONAACA B HAXOKICHHH OJIHO-
MEpHOTIO fAIpa, CBePTKH WHTEIPAJLHOIO 4IeHa HEOTHOPOIHOrO HHTErpo — AuddepeHIuagbHOro
yPaBHEHUS C TUIePOOJIMIeCKUM OIEepPaTOpOM ODINero Tuia B riaBHON dactu. OCHOBHBIME pe-
3yJIbTaTaMM JAHHON pabOThl ABJAMIOTCH TEOPEMbBI OJHO3HAYHON PA3PEITUMOCTH KaK IPAMOil, TaK
n obparHO# 3a1aumn.

B obnactu @ = {(x,t) : 0 < x <, 0 <t < T}, paccmorpum nHTErpo-andbepeHnnaibHoe
ypPaBHEHHUe

t
Ut — Ugg :/ k<t_0)uzx(x70) d9+g($,t), (iL’,t) € Q7 (1)
0
C Ha4YaJIbHBIMHA
Um0 = (), w|i=o = V(z), 0< <, (2)

n I‘paHI/I"IHbIMI/I YCJ'IOBI/IHMI/IZ
w(0,8) =0,  u(l,t)=0, t>0, (3)

rie o(x), Y(z) u g(z,t) — 3amanube QyHKIHNA.

OnPEAENEHUE 1. Knaccnueckum perntenuem cMmermantoii 3agaun (1)—(3) HazoBem dyHK-
nio u(x,t), KoTopasi IBayKIbl HeMpPepbiBHO AuddeperHiupyeMa B 3aMKHYTOM MHOXKECTBe () 1
YIOBJIETBOPSIET BCEM YCJIOBHIM CMeITanHoi 3aaun (1) B 0ObIYHOM KJIACCHIECKOM CMBICTIE.

B obpatHoii 3a1a4e Tpebyercs Haiitu dbyHKIHIO k(t), ecM OTHOCUTEIBHO PelleHusl TPAMOil
samaan (1)—(3) umeercst qomoaHATEIbHAS HHMDOPMAIIHS:

w(wo,t) = h(t), 0<t<T, (4)

riae h(t) — samannas dbyuknus, ro € (0,1) — HEKOTOPOe YUCIIO.

ONPEAENEHUE 2. Pemennem obparnoit 3amaun (1)—(4) nazosem byukiuio k(t) u3 kiracca
C?*(Q) N CH(Q), ecam coorsercTBylOmEe €if pemenne npaMoil 3aadun u(z,t) yAOBIETBOPSET
ypasuenusm (1)—(3).

Cuauasa nccieyercs: npsimas 3agada(1)—(3). Pemenue stoit 3amaqun Gynem nckaTh B BUJIE
pana Pypbe

u(z,t) =Y Ap(t)om(z).

m=1

Teopema 1. Ilycrs k(t) € C[0,T], o(x) € C*[0,1], (x) € C*[0,1] n
g(x,t) € Cg:,?(@), kpome toro sermosaennl yeaosust (0) = ¢(l) = ¢"(0) = ¢”(1) = 0,

$(0) = ¥(l) = ¢"(0) = ¢"(1) = 0, 9(0,1) = g(I,t) = gzz(0,1) = gau (I, 1) = 0.

Torna cymecrByer equacTBeHHOE permerne 3agadn (1)—(3).
s paspermmmoctn o6paTHOi 3aa9u TpeOyeTcst BBIMOJHEHNe CJIeIyonX yeaoBuii: p(z) €

Co0,1], ¥(x) € CH0, 1 u g(x,t) € Cp7(Q),
©(0) = (1) = ¢"(0) = ¢"(I) = ¥""(0) = ¢""(I) = 0, (5)
¥(0) = (1) =¢"(0) =¢"(1) =0, g(0,t) = g(I,t) = 22(0,) = guu(l, 1) = 0,

Teopema 2. Ecun Bermosinennl yeaosust (5), KpoMe TOro
h(t) € C°[0,T], 1(0) = ¢(xo), 1'(0) = (o),
R'(0) = g(0) — A" (wo) # 0.

Torma mast sr0boro ¢pukcuposanroro I > 0 cyuiecTByeT eIWHCTBEHHOE DelieHne obpaTHOI
sagaun (1)-(4) k(t) m3 knacca C?[0,T).
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HEPA3PEIIIMASA 3AJAYA OIITUMAJILHOT'O VIIPABJIEHUA C
BECKOHEYHBIM MHO>XECTBOM PEIIIEHUN YCJIOBUI
OIITUMAJIBHOCTH, OBPA3YIOIIIMM MMWHMUMMUI3NUP YIOIIYIO

IIOCJIEAOBATEJIbHOCTDb

C.51. CEPOBAVICKUN

Kasaxckuii HanmoHaapHbIH yHHBEpCHTET UM. aab-Dapabu, Amxvarer, Kazaxcrad
E-mail: serovajskys@mail.ru

Sa1aun ONTHMAJIBLHOTO YIIPABICHNAS OTINYAIOTCS (DAHTACTHIECKAM MHOI0OOpa3neM CBOHCTB.
[TopasuTebHO TO, YTO YAUBUTEIBHBIE PE3YIBTATH OI9aC¢ HAOIIOAAIOTCS JazKe A7 Ipe3Bblvuaii-
HO TPOCTHIX 3aJa4, Ka3aJ0Ch Obl, HE TPEIBEIIANINX HIIero Heoxknganuoro. [IpuBegem oana
OM00HBIH IIPUMeEP.

PaccmarpuBaercs cucreMa, OIKMCbIBAGMast NPOCTEHIIMM ypaBHeHnEM &' = U Ha €JIMHUIHOM
unTepBaje Bpemenu. Tpebyercst HallTh Takoe yupasjenus u = u(t), yJ0BIETBOPSIONIEe U30Ie-

PUMETPUIECKOMY YCIOBHUIO
/ uidt = 1,

0
KOTOpO€ II€PpEeBOJUT CUCTEMY U3 HYJEBOI'O HAYAJbHOI'O COCTOAHUA B HYJIEBOE 2K€ KOHEYIHOE CO-
CTOAHHME U MUHUMHU3UDPYET (byHKHI/IOHa.H

I(u) = /1 rAdt.

Cucrema ycJa0BU# ONTUMAIBHOCTH B (bOpMe IPUHIIMIIA MAKCUMYMa B JAHHOM CJIydae HMeeT
ODeCKOHEIHOEe MHOYKECTBO PeIlleHuil, XapaKTepu3yeMbIX paBeHCTBAMU

ut(t) = V2cosknt, uy, (t) = —V2cosknt, k=1,2, ...

Um COOTBETCTBYIOT 3HaYCeHUA KPUTEPHUA OITUMAJIBHOCTHI

2

)W’ k:1,2,

I(uy) = I(uy,
Ouesuuno, nocaegosareivuocrn {I(uf)} u {I(u})} crpemsarca k nyso. IockoibKy MUHUMU-
3upyeMblil (QDYHKIMOHAJ SBIAETCS HEOTPUIIATEIbHBIM, TOCTIeA0BATEILHOCTH PEIIeHUil yCJI0BHil
ONTHMATHHOCTH OKA3bIBAIOTCSI MUHUMH3UPYOMHME. O THAKO KPUTEPHl ONTHMATBHOCTH MOZKeT
06paTUThCsT B HyJIb HCKIIOIHTEIbHO Tpu & = 0, aro coorBercTByeT yupasiaennto u = 0. ITo-
CKOJIBKY TOCJIE/THEee He YIOBICTBOPSET M30MEPHMETPHYECKOMY YCJIOBHUIO, 3aKJII0YAEM, UTO M-
HuMYM (DYHKIHOHATA HA BCEM MHOMKECTBE JIOIYCTHMBIX YIIPABICHUI HE JTOCTHIACTCH.
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Urak, paccmarpuBaeMas 3ajada 00Ja/1aeT CAEIVIONUIMU CBOMCTBAMHU: OHA HEPA3PEIINMa,
YCJIOBUSI ONTUMAJILHOCTH /TSl Hee He SBJIAI0TCH JOCTATOYHBIMU M UMEIOT OECKOHETHOE MHOYKE-
CTBO PeIIeHHit, 1, YTO CAMOe YJIUBUTEAbHOE, OHU 00Pa3yI0T MUHUMU3UPYIOILYIO OC/IE10BATE, /b
HOCTD, & 3HAYUT, MOT'YT OBITH HMCIOJIH30BAHbBI [JI MPAKTHYECKOI'O0 HAXOXKJIEHUS O0OOOIIEHHOrO
perieHnst 3a1a491.

KurroueBble ciioBa: ONTHMAJIBHOE YITPAB/IEHNE, HEPA3PEITUMOCTD, HEJOCTATOYHOCTD YCIOBUN OIITUMAJIHHOCTH, MUHUMU-
3uUpyonas MOCIeI0BATEILHOCTD, 0000IEHHOE PeleHne.
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O KPAEBOU SAJAYE C MMITVJ/IbCHBIM BOBZ[EfICTBPIEM AJIA
ANOPEPEHIIMAJIBHOI'O YPABHEHN A

C.M. TEMELIEBA'?e  A.B. TJIEVJIECOBA2?*  A.C. OPABBEKOBA3*

1HHCTHTyT MareMaTHKH U MaTeMaTHdecKoro Mogeauposanus, Aamarsl, Kazaxcran
2 Kaszaxckuii HarmoHaIbHEI yHEBepcuTeT uM. anb-DPapabu, Anvarer, Kazaxcran
3 Eppazuiickuii mannonassubii yansepcurer us. JI.H.Tyvumesa, Acrana, Kazaxcran
E-mail: “temeshevasvetlana@gmail.com, Yagila  72@mail.ru, “mt-513@mail.ru

PaccmaTpuBaeTcs HelMHelHas KpaeBasl 3a1a49a ¢ UMILYJIbCHBIMH BO3IeHCTBUSIME IS CHCTE-
MBI JuddepeHnnaaIbHbIX YpaBHeHT I

d
=t teOD\ by O}, TER,

I(Qz)_m(ez—O) =Di, Di ER”, 1=1,m,

Bxz(0)+ Cx(T) =d, d€R",

rie 0 =00 <0, <...<60, <0,1 =T, Bexkrop-pyukuus [ : ([0,T]\ {b1,0s,...,0,}) x R" —
R™ wenpepsisaa, B, C'— 3aJaHHBIe TOCTOSTHHBIE (1 X 1) MATPUIIBL, D1, P2, - - -, P, d — 38/ IAHHBIE
HOCTOSIHHBIE 1-BEKTOPHI.

Jlanuas pabora Obljia OCBAIIEHA MOy Y€HUIO JOCTATOYHBIX YCJIOBHI CYIIECTBOBAHMS M30./11-
POBAHHOIO B HEKOTOPOM mrape pemtenust 3agadn (2)-(2). Magen merona mapamerpusarmuu ObLIm
MCIOJIB30BAHBI JJI ONPEACIeHNs Pa3PhIBHON TPACKTOPUH M pa3paboTKH aJropuTMa MOMCKA
M30JINPOBAHHOIO PeLIeHNs JAHHON 381241,

Funding: Asropst 6b1mu nomuepxkanbl rpanrom AP19675193 Komurera nayku MHBO PK.

KuroueBrble cioBa: meTon mapaMerpusanun, Heanaelnoe auddepeHnuaibHoe ypaBHEeHe, KpaeBas 33/1a49a C UMILYJIbC-
HBIM BO3JI€MCTBMEM, JTOCTATOUHBIE YCIOBUSA PA3PEUINMOCTH, aJITOPUTM.
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O 3AJTIAYE BOCCTAHOBJIEHUSI C BBIPOXKJAIOIIENCS JAN®PY3IUEN

M.U. TJIEYBEPTEHOB"?¢, I'K. BACUJIMHAY3® ~A.T. CAPHIIIBEK!*,
H.JI. EPIMBET®24

Mucruryr maremaruxn u maremarmiaeckoro Mogeanposanus, Anvarsr, Kazaxcran
2KasHY nmenn amp-Papabn, Amvarsr, Kazaxcran
3AVDC umenn I. /laykeesa
E-mail: “marat207@mail.ru, °v_ gulmira@mail.ru, alua.sarypbek@mail.ru,

derimbetnuraly@gmail.com

[IycTs 3amana cucTeMa cToXacTHYecKHX anddepeHInalbHbIX ypaBHennii MTo mepBoro mo-
psiJKa ¢ BBIpOXKgatomeiics auddy3ueit

(1)

j‘l:.gl(xag%t)a xeRT“?yERnQa n1+n2:n7 711207 TLZZOa
= g2(z,y,t) + D(z,y,hu + o(z,y,1)§, u€R, € R

Tpebyercst onpeeTuTh BXosIIee B KOXDMOUIMEHT CHOCA MHOXKeCTBO BeKTOp-byHKImil {u =

u(z,y,t) € R"} Tak, 9r00bI 33 JAHHOE MHOYKECTBO
At) : Ma,y,t) =0, rae A= \w,2,t) € C321 X\ € R™, (2)

OBLIIO MHTETrPaJIbHBIM MHOTOOOPAa3HeM CHUCTEMbI CTOXaCTUYeCKuX audpepeHnmajibubX ypaBHe-
auit (1). 3aecs {&(t,w), ..., & (t,w)} — cucrema He3aBUCHMBIX BHHEPOBCKUX IIporieccos [1], 3a-
JAHHAsT HA HEKOTOPOM BeposaTHOCTHOM npoctpanctee (£, U, P). Ilpeanosaraercs, 970 BEKTOD-
dbyukmun g1 (z,y,t), g2(x,y,t) u marpunst D(z,y,t), o(x,y,t) — HENPEPHIBHBI 1O { ¥ JUIIIIH-
neBbl o x 1 y B obaactu R > z = (z,y")T; a takxke cymecrsyer nocrognnaa L > 0 Takas,
aro ||g1 (2, 0)||*+]lg2(z, O[>+ D(z, ) ||>+ || (2, 0)||* < L(1+]|2|?), uTo obecneanpaer B pacemar-
puBaeMoii 06/1aCTH CyIIECTBOBAHNE U €JUHCTBEHHOCTb JI0 CTOXACTHYECKON 3KBHBAJEHTHOCTH
pemenns (z(t)7, y(t)T)T ypasnenus (1) ¢ navampubiv yenosuem (x(to)', y(to)?)" = (zf, yd)7,
SIBJISTFOITIETOCST HEPEPBIBHBIM € BEPOSITHOCTHIO 1 CTPOro MApKOBCKUM MpotieccoM [2]. YkazanHas
3a/a9a B CJIydae OTCYTCTBUS CAyvaiHbIX Bo3MyIneHuil (0= 0) Z0CTATOYHO MOJTHO HCCTIe0BAHA
B paborax [3,4 u 1p.|. A pa3judHble YaCTHbIE CIyIal PACCMATPHBAECMOl CTOXACTHYECKON 3a,1a 1
BOCCTAHOBJIEHUS UCCJIEOBATUCH B [5-7|. [Iis pelennst cToXacTHIeCcKOH 3a1a91 BOCCTAHOBJICHUS
HCIIOIB3YeTCs MeTo KBasuobparienus [8].

[To mpaButy croxacrudeckoro auddepentuposanus o [9] cocraBisiercst ypaBHeHHe BO3-
MYIIEHHOTO JIBUYKEHUSI

R S W U W 3 oA
LA P PR A D ool + 2 3
ot T or T T ey T gyt T S {ayay oo ] T 5,0 3)
82
rae mog 90y : D, crenyst 9], nornmaercs BeKTOpP, 3J€MEHTaAMH KOTODPOTO CJIYZKAT CJIeJIbl

IPOU3BE/IEHHT MATPHI] BTOPBIX IPOU3BOIHBIX COOTBETCTBYIOIINX IEMEHTOB A, (T, ¥, t) BEKTOpa
Az, y,t) mo kommonentam y na marpuiy D. Jlaree, BBegem npoussosbubie hyuknun H.I1. Epy-
runa [3]: m-mepuyio BekTop-byHKIHIO A u (m X k) marpurny B, obaagaronime CBOHCTBOM
A(0,z,y,t) =0, B(0,x,y,t) =0, Takue, 9410 UMEET MECTO

A= AN\ z,y,t) + B(A, z, y,t)f. (4)

Ha ocnose ypasuenuii (3) u (4) mpuxomuM K CJIeAYIONAM COOTHONICHUSM, K3 KOTOPBIX HYZKHO
ONPEeJIENIATh BeKTOP-(DYHKIUIO YIPABJIEHUS U U MATPHUILY O

ONp g 0N 0N 0N LA ] OA
ay T T o T e T ey 2 agay 77 |
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J1s1 paspernenust 3a/1a9u OTPeOYeTCsl CIeIyIoNIas JIeMMa.
Jlemma 1. [8, ¢.12-13|. CoBokynHOCT BCEX perrenuii JHHEHHOH CHCTEMb

HY=g, H=(hy), 09=), g=_(g9.), p=1m, l=1,n m<n,
rie marpunia H pMeer paHr paBHBIIF m, OlIpee/ideTcs BblpazKeHHueM
Y=s[HC|+H"g. (6)

3iech s-ipousBosibHas ckassipaast Beauauna, [H C) = [hy ... hy, Crgd ... Cy—1] €CTH BEKTOPHOE
POU3BEICHIE BeKTl()pOB h, = (hu) ¥ IPOU3BOJBHBIX BEKTOPOB ¢, = (cy), p = m+ 1, n — 1;
H*=H" (HH") ", H" — marpuna, rpancnonuposannas k H.

O603HauuB uepes D = KD’ o dopmyse (6) semmbl 1 u3 coorHomenuii (5) ounpe/esaum
x —

HUCKOMBIE BEKTOP-(DYHKIIUIO © U CTOJIONBI 0;, ¢ = 1,k; MaTpuIbl ¢ B BUIE

U= s [DC’] + (D>+bl, 0; = So; [%C} + (%)JrBi, i=1k: (7)

oN O\ o\ 17 52
o a_xgl - 8_ng ~ 35 [6y8y
marpunsl 0 = (0,), (v = 1,n, j = 1,k); B; = (By;, By, ..., B,;)T — d-wiit croaben MarTpuIm
B = (B,;), (1 =T1,m, j = 1,k). CrefoBaTenHo, clIpaBejiuBa TeopeMa.

Teopema 1. /s Toro 4robbl cucremMa CTOXaCTHYCCKHX JuppepeHuaabHbIX yPaBHEHIIT
Hro nepporo nopsiika ¢ Beipoxnatonieiics aucgysueii (1) mmeso 3ajaHHOe HHTErPATbHOE MHO-
roo6pasue (2) HEOOGXOIHUMO H JIOCTATOTHO, ITOOBI YIPABJISIONAS] BEKTOP-(DYHKIIHS U U CTOJIOIIBI
0, 1 = 1,k Matpansr ancpysnit o amemr s (7).

B upejcraBiennoit pabore Takxke OT/EAbHO MCCJIeA0BAHbI JUHEHHbIH U CKaJISPHBIT Hesu-
HEAHBIT CJIydan pacCMaTpUBaEMON CTOXACTHYECKON 331341 BOCCTAHOBJICHUA.

rne by = A : O'O'Ti| , 0i = (014,09, ...,00)" — i-blit cToxGeIL

Funding: Asropst 6b11u nomuepxkannt rpanrom AP Ne 19677693 MHBO PK.
KunroueBble ciioBa: obpaTHas 3aja4da, ypaBHenne V1o, Beipoxkmatomasnca muddy3us.
2010 Mathematics Subject Classification: 34Cxx, 60G07, 60H10
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O 3BAJIAYE I'EJIBMTIOJIBIIA C BBIPOXKJIAIOIIENCS JU®PY3UEN B
KJIACCE JU®PEPEHIIMAJIbHBIX YPABHEHUNW 3KBUBAJIEHTHBIX
IIOYTU HABEPHOE

M.U. TJIEYBEPTEHOB'*, M.M. MEJIETBEKOB??,

' Uncrnryr maremarnkn n MaremaTmieckoro MogeaupoBanus, Anvarer, Kazaxcran
2 [IsmvxenTckuii yausepcuret, Ipmvkxent, Kazaxcran
E-mail: “marat207@mail.ru, *ms.rashim@gmail.com,

[To 3a/fanHOll cucTEMe CTOXACTUYEeCKUX YPaBHEHWI MEPBOrO TOPsJIKA C BBIPOXKIAIONIEiics
nuhdy3uein

'I"'i - Xi(m7y7t>a 1= L_nla
Uk = Yi(z,y,t) + oxj (x,y,0)&, k= 1,ny, n1 >0, ng >0, ny +ny =n.

(1)

Tpebyercst MOCTPOUTH YKBUBAJCHTHBIE 33JaHHBIM CTOXACTUIECKUM YPABHEHUSIM YPABHEHUS Ta-
MIJIBTOHOBOM CTPYKTYPHI.

[pennonaraercs, aro Bekrop-byukunu X;(z,y,t), Yyi(z,y,t) n marpuna o(x,y,t) Hemnpe-
PBIBHBI 110 £ W JINIITHIIEBH 110 T, 3 Bo BeeM npoctpanctee R 3 2 = (27, yT)T u ynoraersopsior
YCJIOBUIO JTUHEIHOTO pocTa, 4To obecnednBaeT B R" cyIecTBOBaHUE W €JIMHCTBEHHOCTb JIO CTO-
XaCTHUIECKON 9KBUBAEHTHOCTH perenus z(t) ypasaerus (1) ¢ HagaabHbIM yeaoBueM z(tg) = 2o,
SBJIAONIETOCS HEMPEPBIBHBIM C BEPOSTHOCTHIO 1 CTPOTO MapKOBCKHM.

st pertieHusT TOCTABIEHHOM 38191 BBOJSATCS, ey MeTOTy JIMyBUILIS, TOTOJTHATETHHBIE
nepeMeHHble ki, 1 = 1,m; U 25, k = 1,n,, a Takxe QyHkmus [aMUIbTOHA PACIIHPEHHOI
CHCTEMbI B BUJIE

H = _(Xi(xvyat)’%i+Yk(xay>t)zk)- (2)
0H 0H
Torna X; = 9 Y, = -y 1 COOTBETCTBYIOIHE YPaBHEHHUS PACIINPEHHON CHUCTEMBI 3alln-
HIyTCs B BUJIE i k
OH I
Ry = o (i=1,n), ny >0, (3a)
0H
b= 3b
0H S
Zk = a—yk, k= 1,712, Ny > O, (36)
OH .
Uk = —5— T 0k, m+n2=n, (3d)
8zk

rae ypasuenus (3b) u (3d) coBmamaior ¢ mexomubiMu ypasrnenusivu (1), a ypasnenus (3a) u
(3¢) cayzKaT A/ olpejie/leHus BCIOMOraTebHBIX IIePeMeHHbIX K, @ = 1,n 1 2, k = 1,n,.

Teopema. HeoOX0aUMBIM H JOCTATOYHBIM YCJIOBHEM IPEJCTABICHHs ypaBHeHHs VTO 1mep-
BOTO MOPSIJIKA ¢ BBIpOK Aatommeiicst quchysueii (1) B Bujie ypaBHeHHI KAHOHHYECKOH CTPYKTY Db
(3a)-(3d) siBasiercst npegcrapaenne Gyukmun Famuabrona B Buje (2) ¢ HOMOIIBIO JOMOJTHATE b~
HBIX HePeMeHHbIX K;, 1 = 1,ny u 2z, k = 1,n,, KoTopele onpenensorcs u3 ypasHenuii (3a) u
(3c).

Takum 00pa3oM, METOIOM JOTOJHUTEILHBIX TTEPEMEHHBIX perena 3agada [ eJbMroabna B
Kiaacce udbepeHIuaTbHbIX YpaBHeHHH ¢ BhIpOK patoteiics auddysueii (1) SKBUBATEHTHBIX
II0YTH HaBEepHOe.

Funding: AsTops! 66l ommep:kansl Tpantom BR20281002 KH MHBO PK.

KiroueBsle cioBa: ypasuenne Vo, 3anaga leabmronsia, dyakmms amuabToHa.
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O 4BHOM PEIIEHUU CMEIIAHHOMN SAJAYN OJId MHOTOMEPHOTO
CUHI'VJIAPHOI'O SJIJIMIITUYECKOI'O YPABHEHUNA B I'MITEPOKTAHTE
HOTAPA

3.P. TVJIAKOBA

QDepranckuii pumman TamkenTckoro yanpepcurera nH(QOPMAHOHHBIX TexHoaorul, Peprana,
V3bekucran
E-mail: zivodacoders@gmail.com

[Iycrs R, — m-MepHOe eBKINI0BO MPOCTPAHCTBO (M > 2), & := (1, ..., L) — HPOU3BOJIb-
Hasg TOYKa B HEM U N — HATypaJibHOe 9ucio, npudem n < m. [lepByio 27"-yi0 9acTh m-MepHOTO
mapa pajauyca R ¢ menTpom B Hadaje KOOPJAMHAT OIPEIETUM CJICYIONUM 00pa3oM:

Q.= {x: i+ a2t <R x>0, .1, > 0,}
PacemoTpum 00001IeHHOE CHHTYISPHOE SJLIMINTAYECKOE YPABHEHIE

" 0% " 2a;, Ou
oyt

= 8;1:? xr 0Ty,

=0 (1)

B Q, tae a = (o, ..., ), Qp — JAefcTBUTENbHBIE YuCaa, npudeM 0 < 2qy < 1.
Beenem obosnauenusda:

Tp = (T1, ooy Tpe1, Tpt1, s Tm) € Rppmg; 0=1(0,...,0) € R4,
S = {x: .2l =R x>0, ...,mn>0},

D . :E:m%—}—...—i—x;_l%—mzﬂ—k...—kxz@<R2,
P T, > O,...,I'p_l > O,ZEP_H >0,....,z, >0

I

;1::xf—l—...erifl—l—xf,H—l—...—i—x%l:RQ, —
S, = ;o p=1,n.
1 >0,..,2p_1 >0,2p11>0,...,2, >0

Cwmemannas 3amaga D*M. Haiitu peryaapnoe pemenne u (z) ypasuenus (1) us xinacca
dbyukuuii C (Q) N C?%(Q), ynoBiersopsiomiee yCJI0BUsM:

- N — — Ou
u’xpzo =Tp (xp)v Tp € Dp> p=1n, 8_N

=p(z), €SI,

s

rae 7, € C (Ep) u ¢ € C(S) — 3anannsle GyHxkuny, npuieM GYHKIUT T, (T,) YIOBIETBOPSIIOT
YCJIOBHSIM COIVIACOBAHHUS:

7 (0) = (0), T (@0)ly—0 = T (E)lyyo K #p (hip=Ton).

3nece N — BHerrHas HOpMAJIb K 5.
[ToBTOpSIs paccy K /IeHusl MPOBeIeHHbIE B 1], moIyunM perrerne cMenanHoil 381249 B SBHOM
BHU/IE

FU D (oh)  FUY (630)

- dSi+
2Bn 2Bn
X7’ v’

w(© =Y (1= 20) [ 0 (@)
k=1 Sk

(2a) .
+/Sx Gn(z;€)p (z)dS,
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rme
5(17204) = H€J_2aj7 -i';l) — H x_j) x(2a) - ij‘aja
i=1 J=Lik i=1
(n—1) ey | Bel—ar, ol =g, 1 — gy, 1 —
Fy () =Fy { 2 — 200,02 — 2001, 2 — 201, ey 2 — 200 |
- 4o, € R? 4x,¢
2 _ g2 2 0 _ pSp =0 __ pSp
X —£k+lz (& — i) 7Up——X—]3, T TRy
i=1,i#k
m l‘f 2 1 m m
2 _ LiGi 4 202 _ 2
2= () rm X X g -monR
i=1,i#k i=1,1#k j=1,j7#1¢
Oko = (a?, ...,0271,02“, ...,02) , Oko = (5?, ...,6271,62“, ...,52) .
Sneco
0o n k; n
FU (a, by, oy buicy, oy CpiX) = Z (O H (cj) : ﬁ, Z lz;] <1
k1,....kn=0 j=1 \“ks Ny

— THnepreoMerpuydeckas pyukims Jlaypudenana ot n nepeMeHHbIX.
OrMernm, 9TO SBHOE pEIleHre CMEeIanHoil 3a1adu i ypasuenus (1) nppu m =2 un =1
oJIy4eHo B [2].

KimroueBble cjioBa: cMenIanHas 3a/a4a, MHOIOMEDHOE 3JUIMIITHYECKOE yDaBHEHHE C HECKOJbKUMU CHHIYJISPHBIMH KO-
s dburnmentamu, dbyHIaMeHTaIbHOE pelleHne, runepreoMerpudeckas GyHknus Jlaypudesia MHOTUX IepEMEHHBIX. .
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OB YCJIOBUU PA3PEIIMNMOCTU KPAEBOM SAJAYN TUIIA JUPUXJIE
AJIA MHTEI'PO-IN®PEPEHIINAJIBHBIX VPABHEHUM C I/IHBOJI}OL[I/IEﬁ

K.11. YCMAHOB?, K.2K. HABAPOBA®

Mezxnynaponnsiii Kazaxciko-Typenkuii yaupepcurer um. A.Slcapu, Typkecran, Kazaxcran
E-mail: “kairat.usmanov@ayu.edu.kz, *kulzina.nazarova@ayu.edu.kz

I3BectHO, uro auddepennpaibabie ypaBHeHUs ¢ OTKIOHSIONUMUICS apIyMEeHTAMU UTDAOT
BaKHYIO POJIb TIPU MCCJIEOBAHUN 3329 MeUIMHBI, OHOJOMHH, SKOHOMHKHN u T.7. HekoTopbie
U3 TaKWX OTKJOHeHui obmagaor csoficreamu o : [0, 7] — [0,7] u a?(t) = a(a(t)) = t. B nud-
dbepeHIATBHBIX YPABHEHUSIX, B KOTOPBIX BMECTE ¢ HCKOMO# by HKImeil x(f) nMeroTcs 3HaueHnst
z (a(t)) m & (at)) Ha3BIBAIOT ypaBHeHUsIME cO capuramu Kapsemana [1| win ypaBHeHusiMu ¢
HHBOTIOTHBHBIME TpeobpasoBanusmu. Ha orpeske [0, 1] B KadecTBe Takoro npeoOpa3oBaHust
MOZKHO PacCMOTpeTh mpeobpazoBanue Buma aft) = 1 —¢.

MHorne BOIPOCH PA3PEITUMOCTH KPAeBBIX 3ajad s auddepeHnuaibHbIX ypaBHeHuil ¢
MHBOJTIOTHBHBIME Pe0OPA30BAHUSIME HCCJIEIOBAHBI TOCTATOYHO X0poIino. OJHAKO, HEKOTOPbHIE
BOIIPOCHI PA3PEIIMOCTH KPAEBhIX 3a/a4 JJist HHTerpo-anddepeHnnaabHbIX ypaBHEHU T ¢ WHBO-
JIIOTUBHBIMU TTPe0OPA30BAHUAMEI OCTAIOTCS OTKPHITHIMU. B nannoii paboTre ¢ MOMOIILIO MeTo/1a
IapaMeTPU3AIIN HCCIEJOBAHDI YCIOBUS PA3PEINIUMOCTH TAKHX 337124,
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Ha orpeske [0,1] wmcciaeayercss KpaeBast 3ajada Jjisi  HEOJHOPOJHOTO  UHTErpPO-
nuddepeHnuanibLHOr0 ypaBHeHUsT ¢ WHBOJTIOTIHECH

Y (1—2) + My (z) = v / B(a)b(s)y (s)ds + f(r), 0< o <1, 1)

y(0)=a, y(1)=0 (2)

riae byuknust f(x), ¢ (v), ¢ () venpepoiBabr Ha [0, 1]. B kpaesoii 3aga4e (1), (2) A\, v # 0.

Paspemumocts kpaesoii 3agadn (1), (2) Gyldem HccienoBaTh METOIOM TTapaMeTpH3aliy,
npennoxeHHbM podeccopom . Jlxxkymabaesbim [2]. Meron mapamerpusaun n3HaIaibHO ObLI
IIPUMEHEH /I MCCJIeJI0OBAHMS OJHO3HAYHON Pa3pelIuMOCTh KpaeBoii 3aja4du s cucreM Jaud-
bepernuanbabIX ypapHenuii. [To3zke MeTOI0M NapaMeTpU3alui ObLIM HCCJIeI0BAHBI PA3PeIIn-
MOCTH Pa3JUYHBIX KPAeBbIX 3aj1a4 [3,4].

BBeqsg o6o3HaveHUs (1 = Y (%) . e =y (%) U HCTOIB3ys 3ameny y (z) = u(x) + pg +
L2 (x — %) HCXOMHYIO Kpaesylo 3amady (1), (2) dopmaabHo pasbuBaem Ha JiBe YacTH, T.e. Ha
zajaay Ko Jijist MCXOMHOIO yPABHEHHMS U HA CUCTEMY YPABHEHHU BTOPOIO HOPHIKA, JJIst OIIPe-
JieJICHUS 11apaMeTpoB A, V.

Funding: Asropsl 6bumu momaepxkanbl rpantom Ne AP23488086 Komwurera mayku MwunmcTepcTBO HAyKU U BBICIIErO
obpasoBanus PK.

KiroueBsre ciioBa: quddepeHimaabHble ypaBHEHNST ¢ OTKJIOHSIONNMYI apryMeHTaMH, WHBOJIIOTUBHBIMY TpeoObpa30oBa-
HUSA, MeTOJ IIapaMeTpu3anuu, casurn KapieMana, KpaeBble 3aJa4n.
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OB O,ZLHOfI HEJIOKAJIBHOMN SAJAYE OJIAd YPABHEHUNA CMEIIAHHOI'O
TUIIA C OIIEPATOPOM /JIPOBHOTO IIOPAJKA

Oxumxon SPTAIITEB

HanmonaapHbIH HCCAET0BATENbCKHN YHABEPCUTET « TAIIKeHTCKHUI HHCTUTYT HHXK€HEPOB HPPHUTAIIAN U
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HenoxkanpHast KpaeBas 3a/1a9a HOBOI'O THIIA JIJIS SJTHITHIECKOTO YPABHEHHS, BO3HUKAOIIA
B Teopuu aa3Mbl, Oblia cdopmyaupoana A.B.Bunagze u A.A.Camapckum B pabore [1| u B
Hay4HOIl JInTepaType MOJydnIo Hazsauue 3ajgaun (tuna) Bumanse-Camapcekoro.

B namreit pabore jjisi cMenIaHHOIO 1apadoJio-ruiiepboInIeckoro ypaBuenust JpoOHOro 1mo-
psIIKa M3ydeHa HeJOKaJbHas KpaeBas 3ajada, Ie B KadeCTBe I'PAHHYHBIX YCJIOBHI 110 HPO-
CTPAHCTBEHHON MepeMeHHOi 3a1aéTcs HeJoKaabHOoe ycaoue tuna bunamgse-CamMapckoro, Tem
caMbIM, cOOTBeTCTBYIOMUH AnddepeHnuna bHbIil OepaTop sSBASETCS HECAMOCONPSIKeHHBIM U
[I09TOMY, BOSHHKAIOT MPOOJIeMBbl H3yYeHHs IMOJTHOTHI M 0A3MCHOCTH KOPHEBLIX (DYHKIHI TaKHX
orrepaTopoB. Ilpu 3ToM pelreHne MOCTPOEHO B BHIE CYMMBI PsIa MO COOCTBEHHBIM (DyHKITUSIM
COOTBETCTBYIOIIEH OHOMEPHON CIIEKTPAJILHON 3a/1a4H.

KuroueBsle cioBa: 3ama4uu tuiia Bunaaze-Camapckoro, cobersennnie yHkimu, mosnora, 6asuc Pucca.
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Initial-boundary value problem for partial differential equations
with discrete impulse memory
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In the communication on the domain Q = [0,7] x [0,w] we consider the initial-boundary
value problem for partial differential equations with discrete impulse memory

Pu ou(t, x) ou(t, x)
o= A0 P By ot @) + ()
ou(y(t Ou(y(t
Ayt 200D g4,y 2O 1wyt 0), ), )
ox ot
t#£0,, j=1,N—1,
ou(0, x) ou(T, x) ou(t, ) ou(t, )
Po(x) ox %) ox + ) ot t:0+51(x) ot li=r
+F(2)u(0,2) + So(z)u(T,z) = p(z), =€ [0,w], (2)
. Ou(t,x) o Ou(t,r) T N7
A e A s ep(z), z€Ow], p=1,N—-1, (3)
u(t,0) =4(t),  t€[0,T], (4)
where v = (uy,us,...,u,) is unknown vector function, the n x n matrices A(t,z), B(t,x),

C(t,x), Aog(t,x), Bo(t,x), Co(t,z) and n vector function f(¢,z) are piecewise continuous on €2;
0=00<0,<..<On_1<0Nn=T;

")/(t) :Cj if te [Gj,HjH), 9]' SC] §0j+1 for all j :0,1,,N—1,
the (n x n) matrices P;(z), S;(z), i = 0,1,2, and n vector function ¢(z) are continuous on
[0, w], the n vector functions ¢,(x) are continuous on [0,w], p =1, N — 1 the n vector function
¥(t) is continuously differentiable on [0, .

Mathematical modeling of processes with discontinuity effects has necessitated the need to
develop the theory of partial differential equations with discontinuities. An important class of
such equations is comprised of partial differential equations with discrete memory [1-7].

Partial differential equations with discrete impulse memory (or generalized piecewise con-
stant argument) are more suitable for modeling and solving various application problems, in-
cluding areas of neural networks, discontinuous dynamical systems, biological and medical
models, etc. [3, 4, 9, 10]

In the present communication, we study questions of solvability to the initial-boundary
value problem for the partial differential equations second order with discrete impulse memory
(1)-(4).

Recently, we propose a new approach for solving nonlocal problem for system of hyperbolic
equations second order with discrete impulse memory [10] based on Dzhumabaev’s parametriza-
tion method [11, 12].
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We develop this approach to a new class initial-boundary value problems for partial dif-
ferential equations with discrete impulse memory (1)—(4). Conditions for the existence and
uniqueness of the initial-boundary value problem for the partial differential equations with dis-
crete impulse memory (1)—(4) are established. An algorithm for finding approximate solution
this problem is offered.
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Keywords: partial differential equations, initial-boundary value problem, discrete impulse memory, parametrization
method, solvability conditions.

2010 Mathematics Subject Classification: 35R12; 351.53; 34K06; 34K10

References

[1] Wiener J. Generalized Solutions of Functional Differential Equations, World Scientific, Singapore (1993).

[2] Samoilenko A.M., Perestyuk N.A. Impulsive Differential Equations, World Scientific, Singapore (1995).

[3] Akhmet M.U. Principles of Discontinuous Dynamical Systems, Springer, New-York (2010).

[4] Akhmet M.U. Nonlinear hybrid continuous/discrete-time models, Atlantis Press, Paris (2011).

[5] Assanova A.T. Well-posed solvability of a nonlocal boundary-value problem for the systems of hyperbolic equations
with impulsive effects, Ukrainian Math. J., 67:3 (2015), 333-346.

[6] Assanova A.T. On the solvability of nonlocal boundary value problem for the systems of impulsive hyperbolic
equations with mixed derivatives, Discontinuity, Nonlinearity, and Complezity, 5:2 (2016), 153-165.

[7] Assanova A.T., Kadirbayeva Z.M. On the numerical algorithms of parametrization method for solving a two-point
boundary-value problem for impulsive systems of loaded differential equations, Comput. and Appl. Math., 37:4 (2018),
4966-4976.

[8] Assanova A.T. Hyperbolic equation with piecewise-constant argument of generalized type and solving boundary
value problems for it, Lobachevskii J. Math., 42:15 (2021), 3584-3593.

[9] Assanova A.T., Uteshova R.E. Solution of a nonlocal problem for hyperbolic equations with piecewise constant
argument of generalized type, Chaos Solitons and Fractals, 165-2:12 (2022), art. no. 112816.

[10] Imanchiyev A.E., Assanova A.T., Molybaikyzy A. Properties of a nonlocal problem for hyperbolic equations
with impulse discrete memory, Lobachevskii J. Math., 44:10 (2023), 4299-4309.

[11] Dzhumabayev D.S. Criteria for the unique solvability of a linear boundary-value problem for an ordinary differ-
ential equation, U.S.S.R. Comp. Math. Math. Phys., 29:1 (1989), 34-46.

[12] Assanova A.T., Dzhumabaev D.S. Well-posedness of nonlocal boundary value problems with integral condition
for the system of hyperbolic equations, J. Math. Anal. Appl., 402:1 (2013), 167-178.

On a boundary value problem for linear differential-algebraic
equations with constant coefficients

Anar ASSANOVA®, Roza UTESHOVA?
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We consider the linear differential-algebraic equation with constant coefficients of the form
Ei(t) = Az(t) + f(t), te€(0,T), (1)

subject to the boundary condition
Bz(0) 4+ Cx(T) = d. (2)

Here E, A, B,C € R™" d € R", T > 0. We suppose that the matrix pair (E, A) is regular, i.e.
det(AE — A) # 0 for some A € C.

By a solution of the boundary value problem (1), (2) we mean a function x € C*([0, 7], R")
satisfying equation (1) and the boundary condition (2).

Differential-algebraic equations have become widespread over the last decades, being a tool
for modeling and simulation of dynamical systems with constraints in numerous applications [1].
The theory of boundary value problems for differential-algebraic equations started to develop
by applying modified versions of the shooting and collocation methods designed for ordinary
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differential equations. However, there is still a need for the development of new methods or
modification of known methods of the theory of differential equations, which would be applicable
to differential-algebraic equations and would be of constructive nature. We use the method
of parameterization proposed by Dzhumabaev [2]. This method was originally proposed for
solving the linear boundary value problem (1), (2) provided detE # 0. We apply the method
of parameterization to the boundary value problem (1), (2) in the case when the matrix F is
not necessarily non-singular.

We introduce the parameter 1 € R™ defined as p := x(0). By substituting u(t) := z(t) — p,
problem (1), (2) is transformed into the problem with parameter

Bu(t) = A(u(t) + p) + f(t), te(0,T), u(0)=0, (3)

Bp+ C(p+u(T)) =d. (4)

Let P and @ be non-singular matrices which transform (3) to Weierstrass canonical form
1], i.e.,
[, 0 [7 0 A
rea= [ 3] rae=lg ) rr=[f) 0
where J is an nq X n; matrix in Jordan canonical form and N is an ny X ny nilpotent matrix also
in Jordan canonical form; n; + ny = n. Let v denote the index of nilpotency of N. According
to the space decomposition given by (5), we have the function @(t) = (1, (t), 42(t))” := Q tu(t)
and the vector fi = (fi, fiz)” := Q1. We then can rewrite problem (3), (4) in the following
form:

i (t) = J (@ (t) + fn) + fi(t), @ (0) =0, (6)
Niiy(t) = 1ig(t) + fia + fo(t), 12(0) =0, (7)
BQu+CQ(p+u(T)) =d. (8)

Suppose that B := BQ,C := CQ and d in (8) are of the form

N_Bl BZ ~_él C~12 _dl
G U (I

where By, C; € Rmxm B, Cy € Rm*n2_ d, € R™, i )
Theorem 1. Let f € C¥([0,T],R"™). Then problem (6) - (8), where B= BQ™*,C = CQ™*,
and d = (d1,0)”, has a unique solution if and only if:

. T
(i) the matrix D = By + Cy + C1J [ eT=97ds is non-singular;
. i 7 O
(ii) pio = — ;N’fz (0).
The components of the solution (fi, @(t) of problem (6) - (8) are uniquely determined:

t

t
(fir,uq(t)) = (D’lcz, /e(ts)‘]dsjf?1cf+/e(ts)‘]f1(s)ds>,
0

0

(i a(t)) = (= N0, - S NI - 0.

Theorem 2.  Under the assumptions of Theorem 1 problem (1), (2) with B = BQ,
C =CQ !, and d = (dy,0)" has a unique solution x(t) = Q(i + u(t)).
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Determination of coefficients of fractional differential equations
with the Generalized Riemann-Liouville Time Derivative
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Let T'> 0, [ > 0 be fixed numbers and Q7 := {(z,t) : 0 <2 < [,0 <t < T}. Consider the
time-fractional diffusion equation

D(H- tu(xvt> = Ugy + Q(t)u(xa t) = p(t)f(x,t), S (07 l)’ te (O’ T]v (1)

the initial conditions of Cauchy type

2—a)(1-p
I(ng,t ) )U(I7t)’t:0 = ng(J}),

0 —a)(1—
= (120 ) @.1)] L = ea(a), @ € 0.1, @)

the boundary conditions

w(0,t) = u(l,t) =0, 0<t<T, (3)

and the nonlocal additional condition

I
/wl u(z, t)de = hi(t), i=1,2, t € [0, 7). (4)
0

Here the generalized Riemann-Liouville (Hilfer) fractional differential operator Do 1 of the
order 1 < a < 2 and type 0 < 5 <1 (see, [1], pp. 112-118, [2], pp. 62-65).

Assume that throughout this article, given functions 1, @, f, w and h satisfy the follow-
ing assumptions:

A1) p; € 03[07”7 (4) € Lo[0,1], ¢i(0) = ¢i(l) =0, ¢"i(0) = ¢"i(1) =0, i = 1,2;

A2) f(z,-) € C’[O,T] and fort € [O 11, f(-,t) € C3[0,1], f(-, ) € Ls[0,1], f(0,t) = f(I,t) =0, fou(0,t) =

zz(l,t) = 0;

! (AS’B w(z) € C?[0,1] and w(0) = w(l) =0 and w" (0) = w" (1) = 0;

A4)(D8‘+Bth) (t) € C[0,T], |h(t)|> ho > 0, ho is a given number,

!
2—a)(1—
/wi(I)Sﬁl(z)dx = I(()+,ta)( ﬁ)hi(t)|t:0+’
0
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l

9 (12-a)(1-8) :
/ wil@)pa(e)de = o (L7 hi) (0], i = 1.2
0

We consider the weighted spaces of continuous functions [[3], pp. 4-5, 162-163].

C’i’a"B(Q) = {u(x,t) :u(-,t) € C*(0,1); t € 10,7 and

gftu(ac,-) € C,0,T; z€0,1], 1<a<2 0<8< 1},

where Qyp := {(2,t) : 0< 2 <[, 0<t < T}.

The papers [3] and [4] study inverse problems of finding time-dependent source terms, re-
spectively, in time-fractional diffusion equation by using eigenfunction expansion of the non-self
adjoint spectral problem along the generalized Fourier method. The main results of these stud-
ies comprise the existence and uniqueness theorems, as well as a stability estimate for the
solution of the problem of determining the coefficient in a time-fractional diffusion and wave
equation.

Using the above results, we obtain the following assertion.

Lemma. Let p(t), q(t) € C[0,T], A1)-A2) are satisfied, then there exists a unique solution
of the direct problem (1)-(3) u(z,t) € C2*#(Qur).

Theorem Let A1)-A4) are satisfied. Then there exists a number T* € (0,7, such that
there exists a unique solution p(t), ¢(t) € C[0,T*] of the inverse problem (1)-(4).

Keywords: Hilfer fractional differential equation, Riemann-Liouville fractional derivative, inverse problem, initial con-
ditions, boundary conditions.
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Self-similar solutions for the membrane transverse vibration
equation
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In our modern life, many problems of modern mathematics and theoretical physics lead
to the investigation of hypergeometric functions of one and several variables, (for example)
partial differential equations are obtainable with the help of such hypergeometric functions
[1].In particular, the energy absorbed by some nonferromagnetic conductor sphere included in
an internal magnetic field can be calculated with the help of such functions [2]. Hypergeometric
functions of several variables are used in physical and quantum chemical applications as well [3].
Especially, many problems in gas dynamics lead to solutions of degenerate second-order partial
differential equations which are then solvable in terms of multiple hypergeometric functions
[5-6].
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We consider and establish the solutions of the degenerating model equation in terms of the
hypergeometric function o F} (a, b; ¢; 2).

When solving vibration problems, the model is obtained by calculating the transverse
displacement u (r,t) of a symmetrically deformed membrane. To process inhomogeneous
waves u (r,t) representing the frequency, the following equation is modeled and considered
by J.Kastillo, C.Jiménez and R.Meléndez [4].

a Puy (1) = r* 7wy, (1) 4+ (1= 20) r' 7w, (r,t) + (12 = AV?) r*u(n,t) (8)
(v,l,c = const > 0),

where a? = %, T membrana tension and D mass per unit area of the membrane.
We obtain the following special solutions of equation (8):

2c
 lvew v 1 v T
ul(r,t)—r tQF]_ (—575—5,1—1/,m), (9)
(rt) = rirer (s (2221 Vg TQC (10)
Ug (7, t) =7 —_— —_ = —— vV, ———
20 a2c2t’ ! 2 27 2 "a2c?t? )’

where o F} (a, b; ¢; z) is Gaussian hypergeometric function with two numerator parameters and
one denominator parameter.

Keywords: Parabolic PDE of degenerate type; Self-made solution; Linearly independent solution, Generalized hyper-
geometric function, Integral representation.
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Solvability of an inverse coefficient problem for a time-fractional
diffusion equation with periodic boundary and integral
overdetermination conditions
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We consider the initial-periodic boundary problem for the fractional diffusion equation

O u — Ugy + a(t)u = f(z,t)g(t), (x,t) € Dr, (1)
u(z,0) = ¢(x),z € [0,1], (2)
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u(07t) = u(lvt)a ux(07t) = uw(lat)a 90(0) = 90(1)’ 90/(0) = (p,(l),t S [OvT]’ (3)

where 0¢ is the Caputo fractional derivative of order 0 < o < 1 in the time variable (see [1, pp.
90-94]), a(t), g(t),t > 0 are the source control terms, f(z,t) is known source term, p(z) is the
initial temperature, T' is arbitrary positive number and Dy := {(z,t) : 0 <2z < 1,0 <t < T}).

The problem of determining a function u(z,t), (x,t) € Dy, that satisfies (1)-(3) with known
functions a(t), g(t), f(z,t) and p(x) will be called the direct problem.

In the inverse problem, it is required to determine the coefficients a(t), g(t),t > 0, in (1)
using over-determination conditions about the solution of the direct problem (1)-(3):

/Olwi(a:)u(:c,t)dx Chi(t), i =1,2, ze0,1], (@)

where w;(z), h;(t),i = 1,2 are given functions.

By C?%(Dr) we denote the class of 2 times continuously differentiable with respect to x
and « times continuously differentiable with respect to ¢ in the domain Dy functions.

Definition 1. The triple of functions {u(z,t),a(t),g(t)} from the class C**(Dr) N
CY(Dy) x C[0,T] x C[0,T) is said to be a classical solution of problem (1)-(4), if the functions
u(z,t),a(t) and g(t) satisfy the following conditions:

(1) The function u(z,t) and its derivatives Ofu(x,t), uy,(z,t) are continuous in the domain
DT N

(2) the function a(t), g(t) is continuous on the interval [0,T);

(3) equation (3) and conditions (2)-(4) are satisfied in the classical sense.

Throughout this article the functions ¢, f, w; and h; (i := 1,2) are assumed to satisfy
the following conditions:

(A1) g(x) € C*(0,1); ¢ (x) € La(0,1); 9(0) = @(1): ¢'(0) = '(1); ¢"(0) = ¢"(1);

p(0) = ®(1);

(A2) f(x,t) € C(Dr) N C*!(Dr); fP(x,t) € Lo(Dr);  f(0,1) = f(1,1); f(0,1) =
FL0; 71(0,0) = f(1.0);

(A3) hi(t) € AC[0,T]; wi(z) € C?0,1]; w(x,t) € Lof0,1]; [o wila)p(z)dr =
Bi(0); wi(0) = wi(1); wl(0) = w(1); w(0) = (1), = 1,2
Lemma 1. Let {g(t),a(t)} € C[0,T], (A1), (A2) are satisfied, then there ezists a unique
solution of the direct problem (1)-(3) u(x,t) € C**(Dy) N CY0(Dy).

The main result of this work is presented as follows:

Theorem 1. Let (A1)-(A4) are satisfied. Then there exists a number T* € (0,T), such
that there exists a unique solution a(t), g(t) € C[0,T*] of the inverse problem (1)-(4).

For proving this theorem, inverse problem (1)-(4) reduces to the equivalent integral equations
with respect unknown functions wu(z,t),a(t),g(t). For solving this equation the contracted
mapping principle is applied. The local existence and uniqueness results are proven.

€
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A numerical method for solving a boundary value problem for
impulsive differential equations with loadings

Zhazira KADIRBAYEVA

Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
International Information Technology University, Almaty, Kazakhstan
E-mail: zhkadirbayeva@gmail.com

We consider the following boundary value problem for impulsive differential equations with
loadings

dz plany ) . n
=t K B 5050, 2R e 0T) 1)
B, tilmnlox(t) -G tilfﬂox(t) =
i—1 i—1
_gpl+;Dkt~l>101:lox(t)+;Ekt~l>1611ﬁ0x<t)j i € R N e 17m7 (2)
Boz(0) + Cox(T) =d, de R", (3)

where (n xn)-matrices K;(t) (i = 0, m + 1) and n-vector-function f(¢) are piecewise continuous
on [0, 7] with possible discontinuities of the first kind at the points ¢t = 6; (i = 1,m). B; and
C; (j = 0,m), Dy and Ej, (k = 1,m — 1) are constant (n x n)-matrices, and ¢;, (i = 1,m)
and d are constant n vectors, 0 =0y < 01 < ... <0, <01 =T.

A solution to problem (1)—(3) is a piecewise continuously differentiable vector function z(t)
on [0, 7], which satisfies the system of differential equations with loadings (1) on [0, 7] except
the points ¢ = 6; (1 = 1,m), conditions of impulse effects at the fixed time points (2) and the
boundary condition (3).

Several problems in mathematical physics and mathematical biology involve addressing
boundary-value problems associated with loaded equations [1]. The study of problems related
to essentially loaded differential equations, incorporating impulse effects, and the exploration
of techniques for solving them are discussed in [2, 3]. These problems emerge in the modeling
of diverse processes of natural science.

In the present paper, a linear boundary value problem for impulsive differential equations
with loadings is investigated. The Dzhumabaev parameterization method [4] is used for solving
the problem (1)-(3). A numerical method is offered for solving the considering problem (1)-

(3)-
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On spectral problem to logarithmic potential on annulus
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In [1] T.Sh. Kalmenov and D. Suragan found that the BVP

—Au=f x€Q,
Nu] = —@ +/ (5n(x s a;‘é? - 85"((,;; g)u(g)) dSe =0, z €09

o)
has a unique solution given by Newtonian potential

ulz) = / el — ) f(E)de,

Q

where ) C R" is a simply-connected domain, 77 is an outer unit normal to 0f2, and

11 =2
o (2) = { nlal, n=2

(n 2 |‘/I/'|2 na n Z 37

o, is the surface area of the sphere in R". In addition, the authors solved the spectral problem
for Newtonian potential on a 2D circle and 3D ball, i.e. the following problem:

ot -9entas = =22 o2

Am
Q

The main aim of this work is to study a boundary value problem with non-local conditions
in a multi-connected domain in R", and show the existence and uniqueness of the solution to
this problem, and applied it to solve spectral problem for integral operator, namely the Newton
potential.

Theorem 1. For any f € L*(Q2) the Newtonian potential in a m + 1-connected domain )
is the unique solution of the Poisson equation

—Au = f7
with following non-local boundary conditions
B Oen(z — ou(&) _
N;[u] = ——i—Z/( 8n§ (5) en(r —§) 8n5>d55_0’ x € 08
k=050,
i=0,m.

Theorem 2. The eigenvalues of the logarithmic potential are the roots of the transcendental

equations
Jg(ﬁro)—roln:—;w —0 fork=0,
and for k # 0 o
T e e N O YGRS
p=r0 p=r1
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ry 4 (VA0) O\ ro (r\F 4k (V)
—Jk (\/XT1> + - — + | — Jk <\/X7"0) +— | — e — = 0.
k dp ro k \ro dp
p=r1 pP=T0
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On a singular boundary value problem
for a loaded differential equation
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We consider the system of loaded differential equations

dz =

E = A<t)x + Z Kj(t)x(ej) + f(t)a reR", t€ (O7T)> (1)
j=1

where 0 < 0 < ... < 0, <T; A(t), K;(t), j =1,...,m, and f(t) are continuous on (0,7).

We assume that the matrix norms of A(t) and K,(¢) are bounded by a function «(t), which is

continuous on (0,7") and satisfies the following relations:

T/2 b

lim a(t)dt = oo, lim a(t)dt = oo,
a—0+0 b—T-0
a T/2

so that equation (1) has singularities at the endpoints of the interval (0,7"). Moreover, let us
note that the presence of loaded terms in (1) affects the solvability properties of this equation.

In this talk, we present necessary and sufficient conditions for the existence and uniqueness
of a bounded solution of equation (1). By using the method of parameterization [1, 2], we derive
the solvability criteria in terms of bilaterally infinite matrices of a special structure. Then the
problem of finding an approximate solution of the singular problem under consideration is
solved by constructing regular approximating two-point boundary value problems.
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Averaging in boundary value problems for differential equations
with impulse action at non-fixed times

Meirambek MUKASH
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Impulsive systems of differential equations serve as mathematical models of objects that, in
the course of their evolution, are exposed to the action of short-term forces. A fairly complete
theory of such systems is presented in the monograph [1]. Much research has been done on
non-fixed impulsive initial value problems. However, in regard to boundary value problems
for equations with impulse action, the majority of results concern jumps only at fixed times.
This is due to the fact that non-fixed impulses significantly change properties of boundary
value problems. In the present paper, we use the averaging method [2,3] to solve the following
boundary value problem for a system of differential equations with impulse action at non-fixed
moments of time and a small parameter:

Ax|t ts(z) = e] (x) (11)
F(2(0),2(T/¢)) = 0.

Here € > 0 is a small parameter, T' > 0 is fixed, t;(x) < t;31(x) (i = 1,2,...) are the moments
of impulse action, X, [;, and F' are d-dimensional vector functions.
Under the assumption that there exist the limits

1
Xo(z) hm—/Xt:vdt Io(x) = Jim - > Lx),

T—oo T
0<t;(z)<T
we put problem (11) in correspondence with the averaged boundary value problem

y = e[Xo(y) + lo(y)],

F(y(0),y(T/e)) = (12)

or, on the slow time scale 7 = et,

dy
D= Xo() + hly), F((0),y(T) =0.
The main result of our paper is a proof of the following statement: if the averaged boundary
value problem (2) has a solution, then, for small values of the parameter ¢, the original boundary
value problem (1) also has a solution that belongs to a small neighborhood of the solution of
the averaged problem.
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A method for solving a quasilinear boundary value problem for
impulsive Fredholm integro-differential equation
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We consider the following quasilinear boundary value problem for Fredholm integro-
differential equation with impulse effect:

Lfi_f = A(t)r + lzl () /wl(T)x(T)dT—l—

0

+folt) +ef(tz), te(0,T)\{6;}, j=TLm, zeR" (1)
(Bo=0<01<...<0p <bp1=T),
Boz(0) + Con(T) = do, do € B”, (2)
Bjx(0; — 0) — Cjx(0;) = dj, j=T1,m, dj €R", (3)

where the n x n matrices A(t), ¢i(t), ¥;(t), and n vector f(t,z are continuous on [0, 7], the n
vector function fy(t) is piecewise continuous on [0, 7'] with possible discontinuities at the points
t= Oj, j - 1,_m

We will denote by PC([0,T], R",{0;}7.,) the space of functions  : [0,7] — R" that are

continuous on [#,_1,0,), p = 1,m + 1, and have finite limits . ligm Ox(t) forallp=1,m + 1, and
—0p—

z(T) = lim z(t). This space is equipped with the norm ||z|; = sup |z(t)|.
t—T—-0 te[0,T]

By a solution to problem (1)-(3) we understand a function z(t) € PC([0,T], R",{0,},)
which has the piecewise continuous derivative on (0,7) and satisfies equation (1), boundary
condition (2), and the impulsive input conditions (3).

Quasilinear boundary value problem (1)-(3) is solved by a simple iteration method, and the
mapping contraction principle is used to ensure the convergence of the iterative process. The
solution of the corresponding linear problem([1]) in the case of € = 0 was chosen as an initial
approximation. For the linear Fredholm integro-differential equation, the regular partition([2])
chosen by the parameterization method can be used for the quasilinear boundary value prob-
lem (1)-(3). Sufficient conditions for the existence of a unique solution to the intermediate
quasilinear special Cauchy problem([3]) are established.
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Initial-boundary value problems for the wave equation with
non-strongly regular boundary conditions
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Initial-boundary value problems for linear hyperbolic equations constitute a well-developed
part of the theory of partial differential equations (see, for example, [1-3]). One of the most
extensively studied methods for solving them is the Fourier method, also known as the method of
separation of variables or the method of expansion in eigenfunctions. This method has been well
developed for the case of self-adjoint boundary conditions with respect to the spatial variable.
However, for the case of non-self-adjoint boundary conditions, the problem still remains open.

The paper considers initial-boundary value problems for the one-dimensional wave equation

Ut (2, 1) — U (2, 1) + q(2)u(z, t) = f(2,1), (2,1) € Q, (1)

in the domain Q = {(z,t) : 0 < z < 1,0 < t < T}, with nonlocal boundary conditions of
general form

Uj(u) = ajug(0,t) + ajous(1,t) + ajzu(0,t) + aju(l, t) =0, j=1,2. (2)
Additionally, standard initial conditions are specified:
u(z,0) = 7(x), u(z,0) = v(z), 0 <z <1. (3)

The application of the Fourier method (method of separation of variables) leads to the following
spectral problem:

—y"(x) + q(x)y(z) = My(x), 0 <z <1, (4)
Ui(y) = any'(0) + azy'(1) + ajzy(0) + ajuy(1) = 0, j=1,2. ()

It is well known that if the conditions (5) are strongly regular, then the system of root vectors
of problem (4)-(5) forms a Riesz basis in L(0,1). The Fourier method can be implemented to
solve problem (1)-(3) in this case. However, when the boundary conditions (5) are non-strongly
regular, the system of root vectors of problem (4)-(5) may not form an unconditional basis.
This prevents the use of the Fourier method. In the case where the boundary conditions (5)
are irregular, the system of root vectors of problem (4)-(5) does not form an unconditional
basis. Thus, the application of the Fourier method remains unjustified in the case where the
boundary conditions (5) are non-strongly regular.

The present study precisely addresses such a scenario. An algorithm is developed to prove
the correctness (in classical and generalized senses) of the initial-boundary value problem (1)-
(3) in the case where the boundary conditions (5) are non-strongly regular. This method
can be applied regardless of whether the system of root vectors of problem (4)-(5) forms an
unconditional basis in Ly(0,1) or not.

The methodology is based on the method for solving heat conduction problems with non-
strongly regular boundary conditions [4].
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About one research method for a first order differential equation in
a non-cylindrical domain
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In a domain 2 = [0, ¢(z)] x [0,w] we consider the next problem:

%_Z — AL 2)V 4Ot 2), te [0,0(x)], x € [0,0] (1)

V(0,2) = V(p(z),z) (2)

where the matrix A(t,z) = [a;;(t, 7)]},=, and n-vector function ®(¢,r) are continuous in =
[0, o(x)] x [0,w] and satisfies condition

|ag(t,x) |2 ) | aiy(t,x) | +6(t,x), i =Tn (3)
i

where 6(t,x) > 6y > 0 are continuous function in €y— constant.

Various problems for equation (1) in bounded and unbounded domains have been considered
by many authors. In this paper, equation (1) is considered in a non-cylindrical domain. Using
D.S. Dzhumabaev’s parameterization method [1] it is proved

Theorem. Let the matrix A(t,x) is satisfied condition (3) and the function ¢(x) is contin-
uous in ). Then the problem (1), (2) has a unique solution and implemented next evaluation

F(t,r)
|| ———=~ .
IV ()l <) gy Il w0
Where
|V(t,2)|| = max | V(t,z) .

(t,x)eN
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Well-posedness of weakly hyperbolic equations
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In this work, we study higher order hyperbolic pseudo-differential equations with variable
multiplicities. We work in arbitrary space dimension and we assume that the principal part
is time-dependent only. We identify under which hypotheses on the roots and the lower or-
der terms (Levi conditions) the corresponding Cauchy problem is C* well-posed. This is
achieved via transformation into a first order system, reduction into upper-triangular form and
application of suitable Fourier integral operator methods previously developed for hyperbolic
non-diagonalisable systems. We also discuss how our result compare with the literature on
second and third order hyperbolic equations.
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Multiperiodicity of solution the initial value problem for a system
of integro-differential equations with finite hereditarity
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There is considered linear integro-differential equation

T+60

Deu(t,t) = A(r, t)u(r,t) + / K& 1, t,h(&, ) u(& h(& 7,t))dE + f(T,1). (1)

Here D. = 0/01 + <c,0/0t> is differential operator in (7,t) in the direction of the constant
vector ¢ = (€1, ...,¢p); <,> is the sign of the scalar product; 9/0t = (0/0ty,...,0/0t,,); T €
R = (—00,+00), t = (t1,...,t;m) € R™.

Integro-differential equations with finite period heriditarity are relatively rare in the scientific
literature than other types of such equations. According to their oscillatory solutions, questions
of periodic solutions are often investigated, less often almost periodic solutions, and they are
studied on the basis of asymptotic methods.

The research of multi-frequency oscillatory solutions of systems of partial differential equa-
tions of the first order by the method proposed in [1-3] is extended to integro-differential systems
that take into account finite hereditary.
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In [4-6], a method of periodic characteristics is proposed for integrating many periodic
solutions of a system with a diagonal differentiation operator by research a characteristic system
on a cylindrical surface of the space of time variables.

The purpose of this thesis is to establish sufficient conditions for the existence of a single
(0, w)-periodic solution u(7,t) of equation (1) satisfying the condition

(T, 1) |0 = W), U(t +w) = U(t) € O (R™), 2)

where e = (1,..., 1) - m-vector.
Suppose the conditions of multiperiodicity and smoothness are fulfilled:

AT + 0,1 +w) = A(r,t) € CG (R x R™); (3)
K(E4+0,7t,h(E+0,7,1) = K(& 7.t h(¢,7,1)), € R, (1,t) € Rx 8™,

K&, 74 0,t+w, (&, 7+ 0.t +w)) = K(& 7,8, h(€,7,1)) + w; (4)

Fr+6,t+w) = f(r,t) € CY(R x R™), (5)

here 6, w = (w1, ..., wy,) are periods and rationally incommensurable.

Theorem 1. If conditions (3)-(5) are fulfilled, then the multiperiodicity of solution the
problem (1), (2) on integrals of smooth (0,w)-periodic functions is uniquely solvable by the
integral equation

u(r,t) = U&7, )W (h(7°, 7,1))+

T

+/U@awVNaw@nwv@m@mwmawweRxSm

70

along [-periodic characteristics and its solution in Fuclidean space along ¢-characteristics is
represented by the relation

u(r,t) = U(E, 7, )W (s(7°, 7,1))+

+/U@nﬁU*@mﬁ@m¢+®v@ﬁ@m¢+®Ma

70
0 e R, (1,t) € RX R0 =0o(r —¢).
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Inverse problem for a fourth-order hyperbolic equation with a
complex-valued coefficient

B. SEILBEKOV, A.A. SARSENBI, Z.M. ZHANIBEK

South Kazakhstan University of the Name of M. Auezov
E-mail: bolat.seilbekov@auezov.edu.kz, abdisalam.sarsenbi@auezov.edu.kz, zhanibekzeinep@mail.ru

The present paper is devoted to the study of the existence and uniqueness of the solution
of inverse problems for a fourth-order hyperbolic equation with a complex-valued coefficient

4

e (20) 4 (1) + g (@) . t) = £ (1), (1

where ¢ () = q1 (x) +ige (x). Weuse Q ={—1 <z <1, 0<t<T} todenote the open region,
and the symbol Q = {—1 <2 <1, 0 <t < T} to denote the closed region. The space C’fi (Q)
consists of all functions w (x,t) that have continuous derivatives with respect to x and t of the
order of k, [, respectively, in the domain 2. Equation (1) will be considered together with the
Dirichlet boundary conditions

u(=1,t) =0, u(1,t) =0, upy (—1,) =0, ug, (1,t) =0, t €[0,7T], (2)

and conditions
u(z,0)=p (), u(x,T)=4¢(z), w(z,0)=0, z €[-1,1], (3)

where p(z) and ¢ (z) are known sufficiently smooth functions.
Theorem. Let the following conditions be satisfied:
1) Q(x) € 04 [_17 1]7 s ¢ € D(LQ)7 LqQD, qu € D(LQ)7
2) there is a positive number &y such that |1 — co8 \/)\_kT| > 0.
Then there is a unique solution to the inverse problem that can be written as follows

u(z,t) = p(x) + Z % [cos VAt — 1] Xk (),

o

_ B Ok — Vi .
f (@) = Lyp () ; Ty, w R SC)
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Decay estimates for Cauchy-Dirichlet problems
Asselya SMADIYEVA

Institute Mathematics and Mathematical Modeling, Almaty, Kazakhstan
Al-Farabi Kazakh National University, Almaty, Kazakhstan
E-mail: smadiyeva@math.kz.

The main purpose of this work is to study the following time-fractional differential equation

o cu(z,t) —a(t)A(u(z,t) =0, (x,t) € QA x Ry :=Qy, (1)
with Cauchy data
u(z,0) = ¢(x), x € Q, (2)
and with Dirichlet boundary condition
u(z,t) =0, x € 00, t >0, (3)

where 0 < o < 1, a(t) € L}, (R;), Q C R™ is a bounded domain with smooth boundary 9,

loc
and df, , is the Caputo time-fractional derivative [1, P. 97] of order o :

t
o (@, ) = ria ) (= 8) " Owu(z,s)ds, if ae€(0,1),

0
du(z,t) = %4(x,t), if a=1,

and A(u) is one of the next linear or non-linear operators: Laplace operator, p-Laplace opera-
tor, porous medium operator, degenerate elliptic operator, mean curvature operator, Kirchhoff
operator.

Funding: This research is funded by the Science Committee of the Ministry of Science and Higher Education of the
Republic of Kazakhstan (Grant No. AP19175678).

Keywords: time-fractional differential equation, Cauchy-Dirichlet problems, linear operator, non-linear operators, the
Caputo time-fractional derivative.
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Boundary value problem for the non-linear parabolic-hyperbolic
equation of fractional order

A. SOBIRJONOV!2¢ M.KHOLMIRZAYEV!®

! Alfraganus University, Tashkent.Uzbekistan
2V.I.Romanovskiy Institute of Mathematics. Tashkent.Uzbekistan

E-mail: “avazbeksobirjonov1998@gmail.com, *mamurjonxolmirzayev@gmail.com

Well known that the theory of boundary value problems for non-linear partial differential
equations of fractional order has been developing at a rapid pace. This can be seen in the
published works of many authors in this direction, for instance A. D. Polyanin (see [1], [2],
[3]), considered typical examples of nonlinear equations and delay systems containing reaction
terms.

As far as we know, boundary value problems for mixed parabolic-hyperbolic type equations
with non-linear terms have not been investigated yet. The present work devoted to investigation
of solvability of a problem for equation

0= BUge —c DG+ yu?, when 0 <z <1, t >0, (1)
Tl Uge —uw — Nu, whenO<z <, t<0,
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where A is complex constant and 3,y = const >0, 0 < a < 1,

t
1

m/(t — 8) “ug(z, s)ds,

0

o .

differential operator fractional order.

Let © be a simple connected domain, bounded with the segments B1Bs = {(x,t) : = =
l,0§t§h}, AlAQZ{(JT,t) :0,0étéh}, BQAQZ{(ZL‘,t) t:h,OSJTSl}at
t > 0, and with characteristics B1C' : x —t =1, A;C : x4+t = 0 of equation (1) at ¢t < 0, where
Bi=(;0), By=(l; h), Ay = (0; 0), Ay = (0; ) and C = (§; F) -

Introduce notations: Q = QN{t > 0}, 2~ =QN{t <0} and I = {(z,t) : 0 <z < [, t = 0}.

Problem. Find a solution u(x,t) of equation (1) from the class of functions:
V={u(zt): ue CONCHA), uge € C ("), cDyueC(QTUI),u,eC(Q UI)}
and satisfying boundary conditions:

U(O,t) = 901<t>7 0<t< h7

u(l,t) = @o(t), 0<t<h,

u(z,—z) =p(x), 0<z<

Y

DO | =~

and gluing condition

: l1-a _ _
tl_lg_lot u(z, t) = A (z) ue(z, —0) + Xo(2), 0 <z <[,

where ¢1(t), p2(t), o(x), Aj(z) (j = 1,2) are given functions, and that

©1(t), p2(t) € C[0,h], (x) € C* {0, é} o (0, é) :

M(z) € CH(I), Xa(z) e C(I)NnCH (D).

Using successive approximations method, under certain conditions to given functions and
parameters (3,7, [, h unique solvability of the posed problem was proven

Keywords: reaction-diffusion equation, Caputo derivatives, existence and uniqueness of solution, non-linear integral
equations, successive approximation method
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Inverse problems of identifying the time-dependent source
coefficient for subelliptic heat equations

Durvudkhan SURAGAN

Department of Mathematics, Nazarbayev University, Astana, Kazakhstan
Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
E-mail: durvudkhan.suragan@nu.edu.kz

We discuss inverse problems of determining the time-dependent source coefficient for a
general class of subelliptic heat equations. We show that a single data at an observation
point guarantees the existence of a (smooth) solution pair for the inverse problem. Moreover,
additional data at the observation point implies an explicit formula for the time-dependent
source coefficient. We also discuss the case with nonlocal data. Our proofs are based on
subelliptic spectral theory arguments and elements of the subelliptic potential theory. This
talk is based on our recent work [1] with Mansur Ismailov (Gebze Technical University) and
Tohru Ozawa (Waseda University).
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On some inverse problems regarding time-fractional mixed
equations

Niyaz TOKMAGAMBETOV

Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
E-mail: tokmagambetov@math.kz

The main focus of this brief report is on a time-fractional mixed equation, which combines
elements of sub-diffusion and fractional wave equations. Various inverse problems related to
this mixed equation, such as inverse source, inverse initial conditions, and inverse terminal
conditions, have been addressed to ensure its unique solvability.
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problem.
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Global behavior of solutions to the integro-differential
reaction-diffusion equations

Berikbol T. TOREBEK

Institute of Mathematics and Mathematical Modeling, Almaty
E-mail: torebek@math.kz

This work addresses the Cauchy-Dirichlet problem in the context of time-nonlocal reaction-
diffusion equations, specifically focusing on the equation

O(k* (u—wup)) + Ly[u] = f(u), € QCR"t>0,

where k € L, .(R), f is a locally Lipschitz function, and £, is a linear operator. This model
is particularly relevant for studying anomalous and ultraslow diffusion processes.

Our research contributes to the understanding of this equation by presenting results on
local and global existence, decay estimates, and conditions leading to the blow-up of solutions.
These findings partially address open questions previously posed by Gal and Varma [1], as well
as Luchko and Yamamoto [2]. Additionally, the paper explores potential quasi-linear extensions
of these results and outlines several open questions for future research.

More details about the results of this work can be found in [3].
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Solvability of a mixed problem for partial differential equation with
a fractional analogue of the Barenblatt—Zheltov—Kochina operator

T.K. YULDASHEV!¢, B.J. KADIRKULOV?* A.A. MATCHANOQOVA?*¢

I Tashkent State University of Economics, Tashkent, Uzbekistan
2Tashkent State University of Oriental Studies, Tashkent, Uzbekistan
3V.1. Romanovskii Institute of Mathematics, Tashkent, Uzbekistan
E-mail: “tursun.k.yuldashev@gmail.com, *kadirkulovbj@gmail.com, ¢oygul87-87@mail.ru

In our work, a classical solvability and construction of a solution to a mixed problem for a
linear partial differential equation containing a Hilfer type fractional analogue of the Barenblatt—
Zheltov—Kochina operator are studied. The Fourier series method was used, based on the
separation of variables. A countable system is obtained using Mittag—Leffler function. Sufficient
coefficient conditions for unique classical solvability of a mixed problem are established. The
absolute and uniform convergence of the obtained series is shown. So, in the domain 2 =
(0,7) x (0,1) we consider the equation

<Da’7 - DO‘”% — %) Ult,z) =a(t)U(t,z) + f(t, z) (1)
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with mixed conditions
lim0 Jo Ut x) = o(z), 0<x<1, (2)
U(t,0) =0, U,(t,1) =U,(t,xo), 0<t<T, 0<umo<l1, (3)

where f(t,z) € C(Q), ¢(0) = 0, p.(1) = @.(z0), a(t) € C[0,T], D™ is Hilfer integro-
differential operator, 0 < a <~y <1, 0 < T < o0.

PROBLEM. It is required to find a unknown function U(¢,x), that satisfies the integro-
differential equation (1), the initial value condition (2), the boundary value conditions (3) and
belongs to the class of functions

U € C(Q), DU € C(Q), DU, € C(Q), U, € C(Q), (4)
where Q = [0, 7] x [0, 1].

We look for a solution
Ult,z) = Up(t,z) + Uy(t, z) + Us(t, ) + Us(t, x)
to the problem (1)—(4) in the following Fourier series:

U(t,x) = uo(t )+ Zum ) V1) + Z <U2m ) Vo.m () + g (1) 1§2m($)> ;

m=1

Vo(z) =z, O1,(x) =sin\/Anz, Jom(x) =sin /Ao me, 1§2m(1’) = 2 €o8 \/ Ao,
1 1
uo(t) = / Uo(t, y)wo(y)dy, uin(t) = / Ur(t, y)win(y)dy,
0 0

um@=4UNw@mM%ﬁm®=AUﬂw%mM%

4sin/An

. O, T e [O,ZC()), - sm1+x01’ xa LS [0,1‘0),
(.U()(l') - ﬁ’ = (ZL‘(), 1], wl,n(x) - 2cos 4/ A1,n(1—x) e (,I‘ 1]
0 (14x0) sin A/ A1,n 0> 2h

0, T e [0,1’0),

4siny/A2.n

w2,n(£) = 2cos y/A2,n(1-2) c ( 1] ~ ( ) - SIHTQ:OQ’Q:, S [O,:L‘O),
(l_wO)Sin‘/AQ,n’ x Zo, ) WQ,n xr) = 4(1—x)sin\2/)\2,n17 = (:L‘O’ 1]’

1—z§

9 2
A = ( qmr) , dam = (2gnm)?, n €N,

p+q
We note that

(90(x), wol@)) = 1, (Bo(2), wia(@)) = (o), Gan()) =0, i=1,2,
wm@»mmwnz{éﬁ;Z§,wm@»wwnzwmmxwmu»=wmmx@mu»=a
wmux@munz{éﬁ;21,wmuxmunzwmu»wmunzaisz

@M@%mewz{aZ;z’<%M@”M@>:@M“%@MWDZQ

where (-, -) is the inner product in L»[0, 1].
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Theorem. Let the smoothness condition p(x) € C4[0,1] be satisfied. Then the obtained
Fourier series converge absolutely and uniform in the domain 2. Moreover, the solution of the
mixed problem (1)—(3) belongs to the class of functions (4).

Keywords: Mixed problem, fractional analog of the Barenblatt—Zheltov—Kochina operator, regular solvability.
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Integral representations for hypergeometric function of the
Mittag-Leftler type Fl()g)
Hilola YULDASHOVA

V.I.Romanovskiy Institute of Mathematics, Tashkent, Uzbekistan
E-mail: hilolayuldashova77@gmail.com

The Mittag-Leffler function has gained importance and popularity through its applications.
When solving differential equations of fractional order and integral equations of fractional order.
Also, the Mittag-Leffler function plays an important role in various fields of applied mathematics
and engineering sciences, such as chemistry, biology, statistics, thermodynamics, mechanics,
quantum physics, computer science, signal processing [1-5].

Consider the following three variable hypergeometric function and theorem.

— — b1, 93 b, Ba; b3, Yo;
FG _ pG) a, o, B, 715 b1y a3 by, Ba; bs, 72; T,y 2
b b ¢, a3, 33,735 C1, Qs Co, Ba; €3, Va; | 4

_ i (a>a1m+ﬁ1n+’71p (bl)cmm (bQ)an <b3)’)/2p
m,n,p=0 (C)a3m+ﬁ3n+’73p
zm y" 2P

T (c1 +agm) I (co + Ban) I' (c3 + Y4p)

(a,C, biaci7x7y7z € C7 O‘k;ﬁlmfyk € R7 min {akvﬁkafyk} >0

(1={1,2,3} k={1,---,4}))

The Euler-type integral representations for the three-variable Mittag-Lefller-type function

F ,(33) are presented as Theorem 1 below.
Theorem 1. Ifa,c, b, ¢;,x,y,z € C (i ={1,2,3}), ag, Bk, 7 € R and
min {ag, Bk, vk} >0 (k= {1,--- ,4}), then the following integral representations holds true:

F(3) a, o, B, 715 b1, az; ba, Ba; bz, ye; |x Y,z | = I ()
Do\ e as, Ba, ss cry a5 0By ez ey L (b)) T (pn—by)

1 . . . .
/ €b1—1 (1 _é)u—bl—l FS) ( a, a1, b1, 715 1, i2; be, B2; b3, Yo ‘xé'aQ’y?z) d¢ (2)
0

¢, as, B3, Y3; €1, O €245 €3, Va;

(R (p) >R (br) >0),

FG® a, o, B1, 715 b1, a3 ba, Ba; b3, ya; 2y, 2 ) = [ (1)
Do\ e as, Bs e aus cofas ez ey T (be) T (1 — bo)

1 _ a, o, B, Y15 b1, co; e, Ba; b, s
/ gha-1 (1 —5)“4’271 F,(pg) ( » 1, P1, 715 01, Q25 [, P25 03, 725 ’x,y552,2> d¢ (3)
0

¢, a3, 53,735 C1, Qa; C2 B4 C3, V4
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(R (1) > R (bz) > 0),

p(3) a, o, B, 715 b1, ag; b, Ba; bs, ya; |x y,z ) = F(N)
Do\ e as, Ba, s crncus coBas ea vy T (b3) T (1 — b3)

¢, a3, 33,735 €1, Qg C2 345 €3, Vai

1 b b . .
/ gbg—l (1 _f)ufbgfl Fg’)) ( a,al,ﬁl,%, 1, (25 27527;“772, |ZE,y,Z§V2> df (4)
0

(R (1) > R (bs) > 0),

F(3) a, o, Bi, ;5 b1, g3 ba, Ba; b3, ya; | _ P(N)
D . . . . x, Y,z -
C, i3, 3, 735 1,5 ua; €205 €3, Vi I'(a)T (u—a)

1 oo (o B s b B b
/ ¢l (1 — g)pam F1(7)( T Ly T P B B2 20 53y 12 ‘5175(“,95’8172571)615 (5)
0

¢, a3, 53,735 C1, Qs €245 C3, V4
(R (p) > R(a) >0).

For proving the Euler-type integral representations (2) to (5), which are asserted by Theo-
rem 1, we express F ,53) as a triple series, justifiably invert the order of the series and integrals
involved, and then evaluate the resulting integrals by means of the well-known integral repre-
senting the classical Beta function B (a, ).

Keywords: Extended Mittag-Leffler type function, hypergeometric function,special (or higher transcendental) function,
integral representation.
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Multiperiodicity of solution the initial value problem for a system
of equations with two various differentiation operators

Amire ZHUMAGAZIYEV®, Zhaishylyk SARTABANOV?®, Galiya ABDIKALIKOVA®

K.Zhubanov Aktobe Regional University, Aktobe, Kazakhstan
E-mail: “charmeda@mail.ru, Ysartabanov42@mail.ru, “agalliya@mail.ru

There is considered linear system
Dx(t,t) = Bx(r,t) + f(7,1), (1)

where x = (z1, x5) is required vector-function, x; is n;-vector, i = 1,2, ny+ny = n; D = (Dq, Ds)
is differentiation operator with various components
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0 0
D2_E+<U2’a>’ (3)

<, > is the sign of the scalar product; v; # vy are constant m-vectors; % = <a%v e %); B is

constant block n x n-matrix with blocks B;; of dimension n; x n;, which can be written as
By B
B = : 4
(le Bas )
f(r,t) = (fi(7,1), fa(7,¢)) is given n-vector function with vector components f;(7,) of dimen-
sion n;, i = 1,2, (7,t) are independent variables, T € R, t = (t1,...,t;,) € R™.

Multi-frequency oscillations in systems of the type (1) were investigated in [1-3], when the
system splits into independent subsystems. In this thesis, the system (1)-(4) represented by
blocks of matrix and vector functions of input data is considered and its multiperiodic solution
by the method of periodic characteristics proposed in [4-6] is investigated.

From the characteristic system

dt _
Ly, i=T2
dr v ‘

we have solution

t=t"+u(r — 7% = Bi(r, 7, 1%, i=1,2

with arbitrary initial data (7°,¢) € R x R.

The problem is to formulate the conditions for the existence of periodic solutions of system
(1) with initial condition x|,—,0 = ¢(t) and their integral representations.

Using the projector method [7], projectors P; are introduced that act on a vector function
¢(t) defined on one of the two characteristics t = 3;(7,7%,t°) as follows

Pio(B(r,7%,t%) = p(8i(7, 7%, %)), i=T,2.

Theorem 1. Under the condition f(t,t) € C’g’e) (R x R™), the unique solution x of linear
inhomogeneous system (1) is determined by the ratio

£(r,t) = X(r — 1) Po(B(r", 7,1)) + / X(r — PSE BETD)E (1) € Rx S™

Let the condition be fulfilled
Fir+0,t+w) = f(r,t) € CY (R x R™), (5)

where (0,w) = (0,w1,...,wy) is a period with rationally incommensurable coordinates 6,
W1y eeey Wip -

Theorem 2. Under conditions (5) and Re\(B) < 0, the linear system (1) with various
differentiation operators (2) and (3) has a unique (6, w)-periodic solution x*(7,t).

Funding: The authors were supported by the grant no. AP19676629 of the Ministry of Science and Higher Education
of Republic of Kazakhstan.
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Stability of a program manifold of indirect control systems with mixed feedback
Sailaubay ZHUMATOV

Institute of Mathematics and Mathematical Modeling, Almaty, Kazakstan
E-mail: sailau.math@mail.ru

Consider the problem of construction of the control systems with mixed feedback, i.e. Popov
type system, by given (n—s)-dimensional program manifold 2 (t) = w(¢, ) = 0, in the following
form [1]:

= f(t,x) —dip(o), tel=]0, c0),

E=¢(0), o=pTw—g, (1)

where x € R" is a state vector of the object, f € R" is a vector-function, satisfying to conditions
of existence of a solution z(¢) = 0, and d; € R", p € R® are constant vectors,q is constant
coefficients of rigid feedback, £ is function differentiable with respect to o, satisfies the following
conditions
0(0) =0A0< p(o)o < ka? Vo #0,
Iy
0o lo=0
For the manifold §2(¢) to be integral and for the system (1) - (2) on the manifold w = 0 it
is necessary a condition £ = 0. This condition is satisfied for g # 0.
This problem reduce to investigation of quality properties of the following system with
respect to vector-function w [2, 3J:

(2)

<x >0,

w=-Aw—-0b, tel=][0, ),

E=p(0), o=plw—g, )

Here nonlinearity satisfies also to generalized conditions (2), and F(t,r,w) = —Aw, A €
0
R, H = a—“’, d= Hd,.
x

Statement of the Problem. To get the condition of absolute stability of a program
manifold Q(¢) of the indirect control systems with mixed feedback in relation to the given
vector-function w.

By constructing a Lyapunov function of the form

V=wl'Lw+a®+ / ¢(0)do, (4)
0

where L = LT > 0 is symmetric matrix, o > 0, 3 > 0 are positive numbers,sufficient conditions
for the absolute stability of the program manifold of Popov-type systems with respect to the
vector function w are obtained.
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The reviews of the works devoted to the construction various of autonomous and non-
autonomous basic and inedirectautomatic control systems on the given program manifold pos-
sessing of quality properties and to solving of different inverse problems of dynamics were shown
(see [3]-[12]).

Funding: This results are supported by grant of the Ministry of Science and Higher Education of Republic Kazakhstan
No. AP 19677693 for 2023-2025 years.
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Absolute stability of automatic control systems in the vicinity of program
manifold

Sailaubay ZHUMATOV

Institute of Mathematics and Mathematical Modeling, Almaty, Kazakstan
E-mail: sailau.math@mail.ru

We consider the problem for constructing of the entire set of ordinary differential equation’s
systems in the plane[l]

i1 = P(x1,72), 72 = Q(21, T2), (1)
for which the curve Q(z1, x2) defined by the equation
w(z1,22) =0, (2)

is program.
This problem is solved by finding the entire set of right-hand sides of the desired systems
(1) satisfying equality [1]

—P(x1,29) + g—;j@(l'l,{[‘g) = F(x1, 29, w). (3)
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A function with this property F'(z1,z2,0) = 0 we will call the Yerugin function.

Note that equality (3) is a linear algebraic equation with respect to P and @, the solution of
which contains one arbitrary function and depends on the function F. Choosing P = P(x1, )
as an arbitrary function we find the desired function @ = Q(xy, z).

Thus, the entire set of differential equation’s systems that we have constructed has the
following form

jfl = P(l‘l,ZEQ),

_ F(z1,29,w) — g—;ij(l'l,fL'Q)

To = Ow .
0 i)

Now let’s consider the problem of constructing automatic control systems based on a given
(n — s)-dimensional program manifold €(t) = w(t, x) = 0, in the following form [2]:

(4)

x'(t):f(t,x)—Blf, 5290(0-)7 UZPTW? tel= [0700)7 (5)

where z € R"™ is the vector of the object’s state, f € R"™ is a vector function satisfying the
conditions for the existence of a solution z(t) = 0, and B; € R™", P € R™" are matrices,
w € R°(s < n) is a vector, £ € R" is a vector function differentiable by o satisfying a local
quadratic connection

0(0)=0A0< ¢ 0(c — K '), VYo #0. (6)
Differentiating w in time ¢ by virtue of (5), we get

w:aa_‘;Jer(t,x)—HBlg, E=¢(0), o=Plw, tel=][0,00), (7)

Choosing the function F(t,z,w) linear with respect to w, we get the following system
W) =Aw — B¢, €=9(0), o=Pw, tel=][000). (8)
Here the nonlinearity satisfies the conditions (6), and
F(t,z,w) = —Aw, 9)
where —A € R*** is Hurwits matrix, H = g—w, B=HB,.

Definition. The program manifold Q(¢) g:f an automatic control systems is called absolutely
stable if it is globally stable on the solutions of the system (5) for any w(ty,zo) and ¢(o)
satisfying the conditions (6).

Statement of the problem. To get the sufficient conditions of absolute stability for the
automatic control systems with respect to vector-function w in vicinity of program manifold.

For the system (8) we construct a Lyapunov function of the following form

o

V(w,0) =w ' Lw + /ngBdo, (10)
0

where L = LT > 0,8 = diag(fi, ..., Bw) > 0. In order for there to be —V > 0, provided
DM > 0, it is enough to performing of matrix inequalities

C D
DT DU

)H>OV(D(1)—DTCD>O/\C’>0) (11)
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The transfer matrix of the linear part of the system (8) from the input o to the output —¢ has
the form
W(iw) = PT(A+iwE)'B. (12)

Let K be a diagonal matrix, then by virtue of Theorem 3.4 [3] it is valid
Theorem 1. For the existence of a solution L = LT > 0 of the inequality (11), it is
necessary and sufficient that for all @ of the interval | — oo, 400 the inequality is satisfied

DW 4+ 2RePT(A +iwE)™'B > 0. (13)

Theorem 2. If, under the condition D) > 0, the nonlinearity ¢(o) satisfy conditions (6),
the Erugin function F(¢,z,w) have the form (9), there exist diagonal matrices § > 0,6 > 0,,
then for absolute stability of the automatic control systems (8) with respect to vector-function
w in vicinity of program manifold €2(¢), it is sufficient to performing of inequalities (13).
Funding: This results are supported by the Ministry of Science and Higher Education of Republic Kazakhstan Project
No. BR 20281002 for 2023-2025 years.
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JANHAMUNKA HOPMAJIN30BAHHOTI'O IIOTOKA PMY4YM OTHOCUTEJILHO
MHO>XECTBA METPUK ITOJIOYKUTEJILHOM CEKHHOHHOﬂ KPUBU3HDbI

H.A. ABUEB

Hucruryr maremarukn HAH KP, Bumikex, Kpipreizcras
E-mail: abievn@mail.ru

B [3| 6bL10 Hawaro usydenume nopmaiamzosanuoro noroka Puaun (HIIP) g(t) = —2Ricg +
2n~1g(t)Sg na 06oOmennbix npocrpancTBax Yomtaxa (OITY), tae g(t) oznauaer 1-napamerpu-
9eCKOe CEeMeHCTBO PHMAHOBBIX MeTpHK, Ricg — Temsop Puuum u Sy — CKaasgpHas KPHBH3-
Ha merpuku g (cm. [3,7] mas meraneii). Coracuo [8] ma OITY muO)KecTBO S pPHMAHOBBIX
METPUK MOJIOKATEJIbHOM CeKIMOHHONW KPUBHU3HBI OIMCLIBAETCH CHUCTEMON M3 TpeX HEepaBeHCTB
(z; —x1)? +2x;(zj+ 24) — 322 > 0, TJIe TOTOKATETBHBIE T; — MAPAMETPBI PUMAHOBOM METPHKH,
x; # xjupn i # ju {i,j,k} = {1,2,3}. B [4] MBIl u3yuann 3BOIIONUIO PUMAHOBBIX METPHK Ha
OILY, zaBucsmux ot ognoro mapamerpa a € (0,1/2), mox Brusauem HIIP u mosyunmn 0606-
MEHUsT HEKOTOPBIX PE3YIbTaTOB pador [5,6], kacawomuxes caydaes a = 1/6,a =1/8 u a =1/9
npocrpancts Yostaxa SU(3)/Tax, Sp(3) /Sp(1) x Sp(1) x Sp(1) u Fy/ Spin(8). B [2] nomyue-
HbI aHajgorugdHbie orBeThl st Beex OITY ¢ a = 1/4. B [1] mbl npemsiaraem mosHoe onmcanue
nosesnenns HITP ornocurensino muoxkecrsa S B 6osiee obmem ciaydae a € (0,1/2), Tem cambim
IOKPHIBAst 9aCTh PE3YABTATOB [4], KACAIONLYI0CSA SBOJONANE PUMAHOBBIX METPHK OJIOKUTEIbHOT
CEKIIMOHHOM KPHUBU3HLL.

KuroueBrble ciioBa: 00001eHHOE TPOCTPAHCTBO YOJI/IaXa, PUMAHOBA METPUKA, HOPMAJIM30BAHHBIN MOTOK Puadum, kpu-
BU3Ha Prudm, ceKIMOHHAS KPUBU3HA.
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OBOBIIEHHBIE TPAHCIIOPTHBIE PEIIIEHUA BUKBATEPHMOHHOT O
BOJIHOBOI'O YPABHEHUSA U UX CBOMCTBA

JLLA. AJIEKCEEBA®, T'.H. A313°

Hucruryr maremarnkn n maremarndeckoro mogeuposanus MHBO PK, Aavarsr, Kazaxcran
E-mail: “alexeevad7@mail.ru, Yazizgulfariza@gmail.com

JTuddepennunanbuas anrebpa KBATePHUOHOB U OMKBATEPHUOHOB OY€HbL YJI00HA JIIs UCCJIe-
JIOBaHUS 3JIEKTPOMArHUTHBIX MO/l n3ydareseil caMoro pa3noro BUJa, U B MOCIETHUE JECATU-
JIETUSI CTaJla aKTHBHO PAa3BUBATHCH B paboTax HEDOJIBITOTO YNCa UCCaeIoBaTeneil. 31ech yio-
MsHEM HEKOTOpbIe U3 HuX [1-5]. B OCHOBHOM OHHU CBSI3aHBI ¢ HCCJIEIOBAHHEM OMKBATEDHUOHHBIX
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npejcrapiaenuit ypapaenuit Makcpesia u Jdupaka u cBOHCTB UX pelieHUi. ITU YpaBHEHUS AB-
JISTIOTCST YACTHBIM CJIydaeM OMKBATEPHUOHHBIX BOJHOBLIX YpaBHEHU, OOITHE peneHust KOTOPBIX
OCTPOEHBI panee B paborax [5-7|. 31ech paccMaTpuBaOTCa U UCCIEAYIOTCS TPAHCIOPTHBIE Pe-
meHns OMKBATEPHUOHHOI'O BOJHOBOI'O YPaBHEHU, KOTOPOE ABJIAETCH OUKBATEPHUOHHBIM 0600~
meHneM ypapaeHnit MakcBesia, KOTOPbIe OMHUCHIBAIOT 3JIEKTPOMATHUTHBIE TOJIsT U3/TydaTe e
JIEKTPOMATHUTHBIX (DM) U 3/1eKTPO-rpaBUMATHUTHBIX BOJIH, JBHMKYIIUXCS B ONPeIeJeHHOM
HAIIPaBJIEHUN C OCTOAHHON CKOPOCTBhIO V. 3/1eCh PaCCMOTPEHBI JIOCBETOBBIE TPAHCIIOPTHBIE pe-
[IeHUsT U UCCIIeJIOBaHbl WX ocoberHocTH. [Tocrpoena GukBaTepauonHas GyHKius (GudyHKITws )
['puna u 06061IeHHBIE TPAHCIOPTHBIE PEIIEHUS B IIOJABHKHOM cUCTeMe KOOPJANHAT, KOTOPBIE OIIH-
ceIBaloT DM mosIsa ABMKYIIUXCA OOBEKTOB IPU CKOPOCTSAX JBHUKEHUS MEHBIIe, YeM CKOPOCTD
pacupocrpanenust 9M B cpeje (cBeTOBOI CKOPOCTH).
Tpancnoprroe ypasuenne Makcsesia (MTY) umeer Bu:

M (0y, 05, 0,)B = F(z,2), v = (21,23), 2 = x5 — V1 (1)
31ech B3auMHBIe ODMKBaTepHHOHHBIE AuddepeHnualIbHble OnepaTopbl HKMEIOT BU/I:
M = —Md, + igrad,

M = V/¢ — ancao Maxa, 6ukarepanon F—=f(x,z)+F(x,z) onuchiBaer JIBUKeHNe W3JTydaTess
B HaIIpaBJeHUN ocu X3 co ckopocTbio V = Mec, — cKOpOCTh cBeTa. BO3MOXKHBI TPHU CJIydad:
M < 1 — nmocBetoBoii, M = 1 — cBetoBoit u M > 1 — cBepXCBETOBOH, KOTOpble MEHSIOT THII
ypaBHenusi (1) u BUJ €10 peleHus.

JlokazaHBI CJIeIVIONIe TeopeMbl W JeMMa, ¢ HCIOJIb30BAHIHEM KOTOPOil MOCTPOEHO oblee
pemenue (1).

Jlemma. Kommo3unus B3auMHBIX TPAHCHOPTHBIX OlepaTopoB MakcBe/iia KOMMYTATUBHA U
paBHA CKaJSIPHOMY OILIEPaATOPY

MIMF 2 (A, + (1 — M?)d,.},

riie Ay = 07 + 05 JBYMepHbIiT JTalIACHSH.

Teopema 2. Perenne TpaHCHOPTHOIO OWBOJIHOBOrO ypaBHeHusi Makcpesuia, yI0BJIET-
BOPSIOIIEe YCJIOBUAM 3aTyXaHud HA OECKOHEYHOCTH:

B(z,z) — 0,]|(z, 2)|| = o0
IIPH JIOCBETOBBIX CKOPOCTSAX JIBUZKEHHsI MMeeT BHJl OMKBATEDPHUOHHOI CBEPTKH:
B(z,z) =U(z,2) * F(z, 2),
rie oudynkuus ['puna U(x,z)- dyngamenransuoe pemtenue (1) npu F(x, z) = §(2)d(2),

1 .
(MZ + i(M2T71,[L2T72, Z))? r;= ﬁ

Am/ (22 + (rp)?)3 r
Pemmenne (1) cymecrsyer npu aw06bix F(X,z), 10MyCcKaoOIMuX TaKyo CBEPTKY.

[TpuBesieHbl pacyeThl MJIOTHOCTU CKAISPHOTO TOTEHIUAJA, IJIOTHOCTH SHEPIUHU U BEKTOPA
[MoitaTunra 6udyHKIME ['pUHA B 3aBUCHMOCTH OT CKOPOCTH JIBUKEHHS U3Jaydaresd. lIpes-
cTaBJieHbl pacueTHble (bopMyabl DM moieil, HopoxkKIaeMble JIBUKYIIUMUCA H3JTyIaTe/IsIMH, KaK
pacipeeleHHBIMEA B POCTPAHCTBE, TAK U COCPEIOTOYEHHBIMA HA IIOBEPXHOCTAX M HA KPUBBIX
JMHUAX (HUTSIX), KOTOPBIE MOJEIUPYIOTCS CHHTYJISIPHBIMA OGOGIIEHHBIME (DYHKIUSMA — TIPO-
CTBIMH CJIOSIMH Ha TOBEPXHOCTH WJIH KPUBOH [8].

Uz, 2) =

Funding: Asropst 6b11u nomuepxannt rpanrom KH MHBO PK AP19674789, 2023-2025 rr..
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JABYX®A3HBIE 3ATAYM TEIIJIOIIPOBOJHOCTHU C HEJIOKAJILHBIMUI
IT'PAHNYHBIMU YCJIOBUAMN

Omyap AIIYVAK

Kasaxckuit HAIIMOHAJIBHBIN yHEBEPCHTET uM. aab-Papabu, r. Anamarsr, Kazaxcran
E-mail: aanuarqyzy@gmail.com

Kpaesble 3a/1aun i1 ypaBHEHHS TEILJIONPOBOIHOCTU C PA3PbIBHBIMU KOI(DDUIIMEHTAME J10-
CTOYHO XopoImo u3ydenbl [1-2]. B manHo#t pabore 000CHOBAHO DeIleHHe MOCTABICHHON He0-
KaJILHOW 3a/1a9¥ J/Isi YPABHEHUS TEILIOMPOBOJIHOCTH € PA3PbIBHBIM KOIMDMUIUEHTOM METOIOM
Dypoe.

B obnactu 2 = Oy U Qs Tpebyercs maiitu dbyuknuio u(x,t) yIoBIeTBOPSIONIA YPABHEHUIO
TEIJIOIPOBOHOCTH

U =kUsm U={(z,t):0<2<m,0<t<T}
U =kUm Q={(z,t):z0<z<2,0<t<T}

HAa4YaJIbHOMY YCJIOBHIO
Ux,0) = f(x), (0<z <) (2)
HEeJIOKAJIbHBIM I'DAHUYHBIM YCJIOBHEM

U0,t) +U(l,t) =0

H YCJIOBHAM COIIPAZKEHU A

U(l’o —O,t) = U($0+O,t)
]{ZlUm(Jﬁo - O, t) = ngr(l‘o + O, t)

st namuoit 3amaqu (1)-(2) GbLIN TOTYUIEHBI CJIEIYIONIHE PE3YIbTATHL:

e Hali/leHbl COOCTBEHHbIE 3HAYEHUS U COOCTBEHHBbIE (DYHKIMH CIEKTPAJTLHON 33134,
e OBLJIO MOKA3aHO, YTO CIEKTPaJbHasd 337a4a He SBJISIeTCS CAMOCOMPIKEeHHOI,

® [IOCTPOEHA CONPsi?KEHHAsI CIeKTpaJibHAS 33/1a49a K JIAHHOU 3ajiade,
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® II0KA3aHO, YTO COOCTBeHHBbIE (DYHKIIUU CIHEKTPAJILHOI 3a/auu U CBI3aHHON ¢ Hell 3a1a4un
OMOPTOTOHAIBHBI,

® I[IOCTPOEHA CAMOCOIpPsIzKeHHAsI CIIeKTPaIbHasI 33/1a4a,
e HaiieHbl COOCTBEHHbBIE 3HAYEHUs U COOCTBEHHBIE (DYHKIIUU CAMOCOIPAKEHHON 3a,/1a49H,
® JI0KAa3aHO, 9TO cOOCTBEeHHBbIE (DYHKIMK JTAaHHON 3aa9u obpa3yior 6a3uca Pucca,

® [OKa3aHO, YTO pelneHue ,ZLaHHOfI 3aJla9 CymeCTByeT U ABJIACTCA € JMHCTBEHHDbIM.
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I'EOAE3NYECKUE ITOTOKM HA IICEBJOPUMAHOBBIX
MHOT'OOBPA3MNAX

Jumamyxammen AKITAH

MT'Y umenn M.B.Jlomorocosa, Mocksa, Poccust
HNMMM, Amvarer, Kazaxcran
E-mail: dinmukhammed.akpan@math.msu.ru

[ycrs (M, g) nBymepHoe (TIceBI0-)pHMaHOBO MHOTOOOpasme. [eoqe3ndeckoit JaHHON MeT-
PHKH HA3BIBAIOTCS KPHBBIE
V() = (z(t), y(t)),

SIBJISIIONIMECS penteHusaMu TuddepeHiuaabHbIX ypaBHeHH
Vi =0,

rie vy = Z—;’ — BEKTOP CKOPOCTH KpUBO#t, V — omeparop KOBapwmaHTHOrO auddepeHInpoBaHus,
OTBEYAIIIUNA CUMMETPUICCKON CBA30HACTH, COIJIACOBAHHOU METPUKON g = (gij).

Pacemorpum dynkumo H = % gpipj : T*M — R — raMUIbTOHHAH TEOIE3UIECKOr0 MOTO-
Ka Merpuku ¢. l'eojie3ndeckuil HOTOK HA3bIBAETCH UHTEIPUPYEMbBIM, €CJIU CYIIECTBYET IVIa/IKast
dbyukiug F : T*M — R rakas, uro dF,dH juHeiiHo He3aBUCUMbBI © OHU KOMMYTHPYIOT OTHO-
curenbuo ckobku [lyaccona, To ects {H, F'} = 0.

B jokajie paccMOTpuM M3BECTHBIE PE3YAbTATHl B PUMAHOBOM U NCEBJIOPUMAHOBOM CJIydae,
00CYJIMM TOTIOJIOTHYECKUE MPEIATCTBUE HHTEIPUPYEMOCTH Te0/Ie3NIECKOT0 TTOTOKA, & TAK¥Ke HO-
Bble Pe3yJIbTaThl B IICEBIOPUMAHOBOM CJIydae: OCOOEHHOCTH KBaJIPATUIHOTO WHTErpaja B ICEB-
JIOPUMAHOBOM CJIy4ae, HOpMaJbHble (POPMbI I HOBBIE MPUMEDHI.

Funding: Asropst 6b1u nomuepxkannt rpanrom AP23483476 MHBO PK.
KiroueBble cJIoBa: NHTETPUPYEMBIE CUCTEMBbI, T€OIE3UUECKU MOTOK, 0COOEHHOCTU MHTETPUPYEMBIX CHUCTEM.
2010 Mathematics Subject Classification: 70H05, 37J35, 37K10, 53D25
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J103BYKOBBLIE BUBPOTPAHCIIOPTHBIE PEIIIEHMS BOJIHOBOT O
YPABHEHUA N UX IIPNJIOZKEHUVE B 3AJTAYAX MATEMATUYECKON
ON3NKN

JI.LA. AJIEKCEEBA

Hucruryr maremMaTnkn u MaTeMaTHIeCKoro MojeanpoBanus, Aamarsr, Kasaxcran
FE-mail: alexeeva@math.kz

Vcenenoanne mpoIeccoB paclpoCTpaHEeHWd BOJH B CILIONIHBIX cpelaX W 3JeKTPOMarHHuT-
HBIX TOJIIX IIPUBOIUT K PEIIeHHIo cucrteM auddepeHnua bHbIX YPaBHEHUNH B YACTHBIX MPO-
U3BOJHBIX I'UIIEPOOJIMYECKOIO U CMENIAHHOIO TUIIOB U OILPE/IeICHUI0 UX PEelIeHUul B BUJIE BEK-
TOPHBIX TOJIeH, KOTOPble OMUCHIBAIOT PA3JINYHBbIE XapPaKTePUCTUKN JUHAMUIECKHX HPOIECCOB.
DTO MOTYT OBITH, HAIIPUMED, MEPEMEIEHNsT U CKOPOCTH, KAK B YIPYTUX U MHOTOKOMITOHEHTHBIX
cpeslax, WIN HANPS?KEHHOCTH JIEKTPOMAarHUTHBIX TOJell, n3MeHeHne KOTOPhIX B TPOCTPAHCTBE
U BpEeMEHH I03BOJIseT MOJEJIUPOBATh TaKWe IPOIECChl U U3ydaTh UX MaTeMaTHiYeCKAMU MeTO-
JIAMU.

XOpoIIo HU3BECTHO, UTO pacHpOoCTpaHeHrWe BO3MYIIEHUN B cpejie TPOUCXOIUT ¢ KOHEYHOi
CKOPOCTBIO, KOTOpast 3aBUCUT OT THIA JeOPMAIME CPEIB U PA3JIHIACTCs I BOJTH, CBI3aHHBIX
¢ 0ObeMHBIMHE J1ePOPMAIMSIMHA U CABUTOBBIMU. [1pn MaTeMaTHIecKoM MOIETHPOBAHUH BOJTHOBBIX
MPOIECCOB B OJIHOPOJHBIX M30TPOMHBIX CPE/IaX OHM SBJSIOTCS KOHCTAHTAMU CPEJIbl U BXOJAT B
yPpaBHEHUS JAWHAMUKM 3TO Cpe/ibl KaK BXOTHBIE TapAMeTPHI.

Kaxk usBecrro, a1060e BeKTOpHOE mose u(x,t) B TPEXMEPHOM MPOCTPAHCTBE MOXKHO TIDeJi-

CTABUTH Yepe3 CKAJIAPHBIA U BeKTOPHBIN moTeHIma bl ¢(x,t), 1 (x,t) B BUIE :
u(x,t) = grady + roti, (5)

KOTOPbI€ OIMUCHIBAIOT AWUJIaTallMOHHBIEC U BUXPEBLIE BOJIHBI B CPEJE. B NU30TPOIIHBIX CpeJaX, KakK
I[IpaBUJIO, OHU YAOBJIETBOPAIOT BOJIHOBBIM YPaBHEHUAM:

[jm@:f(:l},t), Dczl/jzg(xat)v (6)

[Iporeccrl pacrpocTpaHenus 3ByKa B BO3/yXe H3ydaloTcd B akycruke. [Ipu sTom nasienue
BO3JLyXa SIBJISIETCsI PElIeHneM BOJTHOBOTO ypaBHeHus (2)1, T/ie B Ka4eCTBe ¢; CTOUT CKOPOCThH 3BY-
Ka. B yupyroii cpeje JiBe CKOPOCTH 3BYKa, Pa3Hble /I CKAJIIPHOTO U BEKTOPHOI'O IMOTEHITAAIA.
B srom cayuae pemienus Bufa (1) SBASIOTCS pelleHUsIME ypaBHeHUil JlaMe JTUHAMUKH YIIpy-
roif CpeJibl, €CJIU MOTEHIUAJIBI YIOBJIETBOPSIOT STUMH BOJHOBBIM YPABHEHHSM COOTBETCTBEHHO.
CABUTOBBIE BOJIHBI, KOTOPBIE OMUCHIBAIOTCS BEKTOPHBIM IOTEHITUAJIOM, PACITIPOCTPAHSIOTCA M€ /I-
JeHHee TUIATAlnOHHBIX (cy < C1).

A B M30TPONHON 3JIEKTPOMArHUTHON Cpejie, OMUChIBaeMOil ypasHenusmu Makcsejiia, CKo-
pocTh pacnpocTpanenust 9M BosHA OfHA ¢, €e HA3BIBAIOT ckopocmbio ceema. U mpepcrasiennst
HATIPSIZKEHHOCTH 3JIEKTPHYECKOro moJist B Buje (1) n MArHHTHOTO MOJIsl 9epe3 POTOP BEKTOPHOTO
MOTeHIINAA, YAOBIeTBOpsIoNero (2) (mpu ca = ¢) Jaer perienne ypasaernii Makcpesiia.

KuoueByio posb npu paszpadborke MO® u MI'UIY g pernenns KpaeBbIX 3aa4 /I ypaB-
HEHUU MaTeMaTHIeCKON (PpU3MKHU HIPAIOT (PyHIaMeHTAIbHbIE PEIIeHUs, TOCKOIbKY CJIyKaT OC-
HOBO# JI/I TIOCTPOEHUS sS1ep UHTErPAJbHBIX YPAaBHEHHI M MHTErPAJIbHBIX IIPEJICTaBICHUNR pe-
meHuii KpaeBbix 3a1a4 [1-4].

B jokjaze OyiyT 1pejicraBjieHbl BADPOTPAHCIIOPTHBIE PEleHUs BOJIHOBOI'O yPaBHEHUS 1IPU
JIO3BYKOBBIX CKOPOCTSIX JBHZK€HUsI MCTOYHHMKA Bo3Mmytnenwuii. [locrpoena dyukmusa ['puna —
dyHIaMeHTaJILHOE pellleHre, KOTOPOe ONUCHIBAET JIUHAMHUKY CPEJIbl MPHU JIBUKEHUU COCPEI0-
TOYEHHOT'O B TOUYKe BuOpomcrounuka. Ha ero ocHome mpejcraniieHbl 00Ine pelieHns BuOpo-
TPAHCTIOPTHOTO YPABHEHWS TPH JIEHCTBUN KaK PACITPEJIEJIEHHBIX B MPOCTPAHCTBE JIBUKYIIIIXCS
BHOPOMCTOYHUKOB, TAK U COCPEIOTOYCHHBIX HA IOJIBUKHBIX IOBEPXHOCTAX U JIMHUSAX, KOTOPBIE
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MOJIEJTUPYIOTCS CHHTYIAPHBIME OOOOIIEHHBIMI (DYHKITUSMU - TPOCTBIMHU CJIOSMHU Ha MOBEPXHO-
CTU UJIN KPUBOM.

[TocTpoennbie BUOPOTPAHCIIOPTHBIE PEIIEHUS] BOJHOBOIO yPABHEHUS ITO3BOJISIOT HCCJIEI0-
BaTh BOJIHOBBIE TIPOIECCHI B CAMBIX PA3HBIX CPeJlaxX MPU BO3AEHCTBUU MOJABUKHBIX BUOPOUCTOY-
HUKOB BOJIH PA3JIUIHON IIPUPOJBL.

Funding: Pa6Gora sbimosnmena tnpu dunancosoii momaepxkke Komurera Haykum MunucrepcTrBa HayKu ¢ BBICIIErO
obpaszosanus pecrybiuku Kazaxcran (rpant AP19674789, 2023-2025 rr.).
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TPAHCIHOPTHBIE PEIIIEHNWSI BOJITHOBBIX YPABHEHUN 1 UX
CBOVICTBA. YJIAPHBIE BOJIHBI

JILA. AJIEKCEEBA
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Pertenre MHOTHX 33/1a4 aKyCTUKH, ' IPOMEXaHUKN, TEOPUU YIPYTOCTH U JAPYTHUX Pa3/ie0B
(U3UKHN CBA3AHO C pellleHreM KPAaeBbIX 3a/1a4 JJIs TUIIePOOJIMYECKIX YPABHEHU U CUCTEM, OTIH-
CBhIBAaIOINX MPOIECCHhl PaCIPOCTPpaHeHud BOJIH B CIIJIOIMIHBIX CpedaX, IMO9TOMY BECbMa aKTyaJib-
HO nocTpoenue 3OMOEKTUBHBIX CIOCOOOB UX PEIIeHUs IIPH JIeHCTBUN UCTOUYHUKOB BO3MYIIICHU I
PA3IMIHOIO TUTIA JIIsi 00IacTell ¢ TPOU3BOIBHOM TeoMeTpHell 'PAHUI] U PA3HOOOPAZHBIM BHIOM
IPAHUYHBIX YCIOBUIA.

Cpenu neficTBYONUX NCTOYHUKOB BO3MYIIEHUIT Hanbojiee paclpoCTPaHeHbl TPAHCIOPTHBIE,
KOTOPBI® CBSI3aHBI C IBIZKYIIUMHCS HCTOYHUKAME (HArpy3KaMmu), GopMa KOTOPBIX He MEHSIeTC s
C T€YEeHUEM BPEMEHH, a CKOPOCTH JIBHKEHUSI MOXKET ObITH 0036YKk0601U, 36Yk0601, CEEPL3B8YKO-
601, a B CPeIax ¢ HECKOJIbKUMHU 3BYKOBBIMU CKOPOCTSIMH (B YIPYTUX U MHOTOKOMIIOHEHTHBIX,
HANPUMED) ellle U TPAHC3BYKOBOH. CKOPOCTh [BHZKEHHsI CYIIECTBEHHO BJIMSIET HA THUIl yPaBHE-
HUil, TapaMeTprUYecKu 3aBucamux oT guciaa Maxa (M) - OTHOIIEHUsST CKOPOCTH JIBUzKeHus V K
3ByKOBO# ckopoctu ¢ (M = V/c). B moaBmAHO# cucTeMe KOODJIHHAT, CBS3aHHON ¢ HCTOYHH-
KOM, TUTI YPABHEHUN MEHSETCS: SUTUITAIECKUN TTPH TO3BYKOBBIX CKOPOCTSIX, TUIEPOOTNIECK A
[PU CBEPX3BYKOBBIX. A IPU HAJUYUU TPAHC3BYKOBBIX CKOPOCTEHl MMeeM CHCTEMbI CMEIIaHHO-
Tro SJ'IJ'II/IHTI/IKO—FI/IHep6OJH/ILI€CKOFO THUIIA. HpI/I CBETOBBIX CKOPOCTAX CHCTEMbI MOTI'YT 3JIJIUIITHKO-
napaboJHIECKUMI W TapadoJIO-THIEPOOINIECKUMHI. JTO CYIIECTBEHHO BJKSET HA IMOCTAHOBKY
MOJIEJIBHBIX KPAEBbIX 33729 U METOJbl WX pertennst [1-4].

31ech MBI MBI IIOKazKeM 3TO Ha IpuMepe (pyHIaMeHTaJIbHBIX U 000OIMIEeHHBIX pelleHni ypaB-
Henuit MakcBe/L1a, OMUCHIBAIOIINX TTPOIECCHl PACTTPOCTPAHEHUST 9IEKTPOMATHUTHBIX BOJTH B Cpe-
Jax co ceemoeotli ckopocreio (¢ = /gft). IIpu 10CBETOBbIX CKOPOCTSX JBUKEHHH MCTOYHUKA
OM Boan ( M < 1) tpancnoprable ypaBHenus MakcBesia B MOABUKHOMN CHCTEMe KOODIHHAT
— IJUIMNITUHYICCKHE, IIPU CBEPXCBETOBLIX CKOPOCTAX CHUCTEMA ypaBHeHI/Iﬁ CTaHOBUTCA CTPOro I'm-
nepOOIMYeCcKoil, P CBETOBOH CKOPOCTH - cucTeMa napabdosmyeckas. [Ipu M > 1 ee pertenus
OTIMCHIBAIOT YOapHbie JTEKTPOMATHUTHBIE BOJIHBI, HA (PPOHTAX KOTOPHIX BEKTOPA HAMPSKEHHO-
creii sJekTpudeckoro u Maruutaoro nosst (E(x,t), H(z,t)) paspbiBHbL.
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C ucnoyib30BaHHEM MeTo/1a 00OOIIEeHHBIX (DYHKIIHE, TOJIYUYeHbl YCI0BAA Ha (hPOHTAX yIap-
HBIX BOJIH, KOTOPBIE CBHIETEJHCTBYIOT U3BECTHLIM CBOMCTBaM momepednoct DM BOJIH u OpTO-
TOHAJIBHOCTH BEKTOPOB SJAEKTPUIECKON W MArHUTHON HAIPSXKEHHOCTH OIS Ha MX (DPOHTAX H
a30BBIX MOBEPXHOCTIX.

[Tonyuensl anaguTndeckue (popmysibl pacdera DM moseit nsmaydareneit pasanaabix (Gopm:
IPOCTPAHCTBEHHO PACIPEIETEHHBIX, COCPEIOTOYEHHBIX W PACIPEILTEHHBIX Ha MOBEPXHOCTAX
WIH KPUBBIX. DTU Pe3y/JbTaThl MOYKHO HCIIOJB30BATD JIJId UCCACTOBAHUS JIEKTPOMATHATHBIX
1oJieil pa3IudHBIX CBETOBBIX HM3JIydaTe/eid U u3aydareseil pajuoBOJIH, PACIOIOKEHHBIX Ha IO-
JBIZKHBIX OObeKTax (Moe3iax, MallnHaX, KOpabJsx, CIyTHUKAX W T.IL.), a TakKe B (pU3nKe
9J€MEHTAPHBIX YACTHIL.

Funding: Pabora Bemmossaena no nporpamme BR20281002 «PymgaMeHTa bHbBIE NCCIEI0BAHNAS [0 MATEMATHKE U MaTe-
marugeckomy monenuposanuio> KH MHBO PK.
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PEIIEHUA CTAIIMOHAPHBLIX KPAEBBLIX 3AJIAY CBA3AHHOMN
TEPMOVYIIPYT'OCTHN IJIA ITOJIVIIZIOCKOCTHN
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KpaeBble 3a/1a4u TUHAMUKHA TEPMOYIIPYTOTO MOJTYIIPOCTPAHCTBA PEMIAIOTCA B TEOPUU CBA3aH-
HO¥M TEPMOYIPYIOCTH, B YCJAOBHUSX ILIOCKOH JehOpMAIIUU TIPU MEPUOTUICCKUX TTOBEPXHOCTHBIX
CHUJIOBBIX U TEIJIOBBIX BO3IEHCTBUAX, CBA3AHHBIX C HCKOMBIMHU I'DAHHUIHBIMU (DYHKITUAMHE JITHE -
HBIMHU aJITe0PanIecKUMU COOTHOMEHUAMU. JIJIs1 MOCTaBIeHHBIX KPAaeBhIX 3334 IIOCTPOEHbI TeH-
3opbl ['puna. Vcnosib3ys coiictBa Ten3opa ['puna, 1ojlydeHbl aHAJIUTUYECKUE PEHIEHUS ITUX
3ajad. /i ux pernenns MCHOAb30BAJICA METOJ, HEIOJHOIO pa3je/ieHus IMepeMeHHbIX, Mpeod-
pazoBanue Pypbe u cBoiicTBa QyHIaMeHTAILHLIX pentennii. [IpecraBieHubil aIropuT™ gaer
pellleHne KJACCUYeCKUX YeThiPeX KpPaeBblX 3a/lad TePMOYIPYTOCTH, & TaKyKe HEKJIACCUIeCKHUX
CO CBSI3aHHBIMU TEILJIOBBIMU M CUJIOBBIMU XapaKTePUCTUKAMU Ha T'PAHUIE HOJYILJIOCKOCTH.

KirodueBble ciioBa: CBA3aHHAd TEPMOYIPYTOCThb, TEPMOHAIPSKEHHOE COCTOSHUE, IIEePUOJNYeCKHe KpaeBble 33/1a4H,
JUHeHHO-CBA3aHHble KpaeBble YCIOBUA, aHAJIATAYECKOe PelleHue
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ABTOMO/EJIbHBIE PEIIIEHUSI YETBIPEXMEPHOT O
BBIPO2KJAIMEI'OCA JNP®PEPEHIIVAJIBHOI'O YPABHEHUNUA B
YACTHBIX ITPON3BOJAHBIX TPETBHEI'O IIOPAJKA

3.0. AP3BUKYJIOB

QDeprauckuii noanrexuudeckuit uucrutyt, Peprana, Y3bekucran
E-mail: zafarbekarzikulovl984@gmail.com

[Ipu nocTpoeHnn aBTOMOJEILHBIX PEIICHUl BbIPOKIAIONINXCH MuddepeHnuaabHbIX ypaB-
HEHUIl C YaCTHBIMHU MPOU3BOJAHLIMU THIIEPreoMeTpruYecKne (PyHKITUN MHOIUX TMEPEMEHHBIX BbI-
COKOT'O TIOPSIJIKA MMEIOT OI'POMHOE 3HaUeHHeE.

Beenem B paccMOTpeHme THIIEPTeOMeTPUIecKYI0 (DYHKIIUIO TPEThero mopsIKa

1:0 . . . . _
Fo;z (a, b1, ba;c1,co;dy, doy 0, y, Z) =

o0

= (@)mtntp ﬁgz_p
N Z (b1),, (B2),,, (€1),, (c2),, (d1)p (dQ)p m! n! pl’ (1)

m,n,p=0

Herpyano ycranoBuTh, uto dbyukiusa w = Fy, onpenenennas pasenctsoM (1) ymosierso-
pder cAeAyIollei cucreMe ypaBHeHUMI:

T?Ware + (b1 + by + 1) 2wey + (b1by — 7) Wy — Yw, — 2w, — aw = 0,
QQWyyy + (c1 4+ c2 + 1) zwyy + (c16 — Y) wy — 2w, — 2w, — aw = 0, (2)
2w+ (dy +do + 1) 2w, + (didy — 2) w, — 2w, — yw, — aw = 0.

JIuHeHHO He3aBUCHMBIE DereHusi cucreMbl (2) B OKPECTHOCTH Hadasa KOODAWHAT Gyjem
MNCKaTh B BUJIE

U = xAyﬂzyw<I7 y? Z)’

e A, [0 ¥ V — NPOU3BOJIbHBIE THCJIA, MOJJIEZKALINE K OLPEIENEHUIO, W(T, Y, 2) — HPOU3BOJIbHAS
dyHKIHS.

Brranc/inB HEOOXOAUMBIE TIPOM3BOAHBIE OT (DYHKIMH U IIOJCTABUB UX cucTeMy (2), 10JIyIuM
onpeensioniyto cucremy (indicate system )

AA=14+b)(A—=14+10by) =0,
p(p—1+c)(p—1+c) =0,
viv—1+dy)(v—1+4dy) =0,
UMeEOTYI0 27 perieHuit.
Tenepb paccMOTPUM ypaBHEHHE
2"y 2Py — Ry 2P Uy, — th"zpuyyy — th "y, =0, m,n, k,p >0 (3)
B obsactu ) = {(z,y,2,t): >0, y>0, 2>0, t > 0}.
Perenne ypasrenus (3) Oynem HCKaTh B BUe
E+1
u(xayazyt) = WW(&,U,C% (4)

rjie w — HeuzBecTHas (PYHKIU, 0/JIezKallas OlpeIeeHuI0, a

PN ST L o B L B

3(n + 3)3tk+1 ’ 3(m + 3)3tk+1 3(p + 3)3tk+1
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[Moncrasass (4) B ypasaenue (3), moayduMm cucremy aucdepeHIUaTbHBIX YPABHEeHUH B
YACTHBIX MPOU3BOAHBIX THIEPreOMETPHICCKOrO TUILA

(

14202+«
52w££§+(@+2)€w&+( 3 2 —f)wg—nwn—cwC—w:O,
14282+ 8
n2wnnn+(ﬁ+2)nwnn+< 3 T—n)%—i%—(%—w:&
1+2v2 4+~
CQWCCCJF(’YJFQ)C%(—F( g )wg—fwg—nwn—wzo,
rie
o = = — = —
n+3’ m+3 | p+3

CpaBruBast renepb nocjegnion cucremy guddepeniuanibibiX ypaBHenuii ¢ cucremoii (2),
JIETKO BBIUCATH BCe 27 aBTOMOJEIbHBIC DPEIICHUs BbIPOZKaaonierocsa auddepeHnunagibHoro
yDPaBHEHUs B 9aCTHBIX MPOU3BOAHBIX (3). 3/ECh MBI OTPAHHIHMCSI YKA3aHUEM OJIHOTO (MepBOro)
u3 HUX:

/ 294a 1+2a 2 1423 2 142
w =Mt RS L Tae o +B, * B; YIS e,
: 3 3 3 3 3 3
OTMeTuM, 9TO aBTOMOJEIbHBIE PEIICHHS OTHOIO TPEXMEPHOTO BHIpOXKaiomerocs audde-
PEHIMAJIBHOIO YPABHEHHsI TPETHEro IOPsIKa MOoCTPoeHbl B [1].

KimroueBble cj10Ba: aBTOMOJIEIHLHOE PElleHre, TUIIEPreOMeTpuIecKas (PyHKIMs OT TPEX MePEMEHHBIX, BbIPOXK IAIOIIEeCs
nud dbepernuanpHOe ypaBHEHNE.
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HEJTOKAJIbHAS 110 BPEMEHU 3AJIAYA JJ1d YPABHEHUA
I'NITEPBOJINMYECKOI'O THUIIA

P. AIIIYPOB®, H. HYPAJIMEBA®

HNucruryr marematuku umenu B.W.PovmanoBckoro, Tamkenr, Y36ekucran
E-mail: *ashurovr@gmail.com, ®n.navbahor2197@gmail.com
Paccmorpum cieyioniyio Ha4abHO-KPAeBYIO 3aJa4y Jjid YpPaBHEHHS T'UIEePOOJIHYIECKOrO
THTIA
Uy — Uge = fx,t), O<ax<l, 0<t<T;
uw(0,t) =u(l,t) =0, 0<t<T; )
w(z,§) = au(z,0) +p(x), 0<E<T;
u(,§) = Puy(z,0) + ¥ (x),

suech p(x),¥(x) € C0,1], f(z,t) € C([0,1] x [0,T]), «, 5 — nocrostaubie uncia, § € (0, 7] —
dpuKcupoBaHHas TOYKA.

Teopema 1. FEcuu cymecrByer pemnrenne 3agaqn (1), T0 OHO € JHHCTBEHHO TOTA H TOJHKO
rorga korga 1 + aff — (a+ f) cos k€ # 0 npnm Beex k € N.

[Tpu nokasaTesbCTBe 3TOH TEOPEMBI UCTIOAB30BAHBI HEKOTOPHIE OPUTHHAILHBIEC WU U3 Pa-
Gorer [1].
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Teopema 2. Ilycrs ¢yuknus f(x,t) mHenpepsibra Ha [0, 1] x [0, T], ABasKIbl HEIPEPHIBHO
ancgepenmmpyema mo mepemennoii x m yaoiaersopsier yeaosmio f(0,t) = f(1,t) = 0 Ha Bcem
orpeske [0, T) u pynxnuu p(x) € C3(0,1], »(z) € C?0,1] yaosrersopsior ycaosusm p(0) =
e(1)=0, ¢ (0)=¢" (1)=0, 9(0)=1(1)=0. Torua, ecin sus wuces o 3 HMEET MECTO

OIICHKA, 1;%3 > 1, 1o 3asa4a (1) umeer eUHCTBEHHOE DEIIEHHe U OHO HMEET BHL:
= (cosmk(§ —t) — Peosmkt)
= Ty (t — T — 2
R O e e 2)
1 (sinmk(§ —t) + asinmkt)] .
—(p — T7(£))— k
(¥ k(g))ﬂ'k 1+ af — (a+ B)cosmké ST,
e

ni = [ () sink(t — ) di.

OrmernM, uTo aHamorngHast 3a7a4a ¢ (1), aust ypaBraenuii cybanddysun nsydena B padore [2].

Funding: Asropsr 6b1mu nogzepxkanbl rpantom Ne F-FA-2021-424.

KiroueBble ciioBa:ypaBHeHNe rurnepboImiecKoro TUIa, HeJIOKAIbHAs TI0 BpDEMEHN 3334, eJeHCTBeHHOCTD U CYIeCTBO-
BaHHe pemrenud, Meton Pypsbe.

2020 Mathematics Subject Classification: 35A09
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IIPAMBIE I OBPATHBIE 3AJAYN AJ1d KUHETUYECKOI'O YPABHEHUS
IIEPEHOCA B P,-TIPUBJINXXEHUUN

K.C. BOBOEB

Cubupckuii yaupepcurer norpebureibckoii kooneparuu, Hopocubupck, Poccust.
E-mail: boboev@mail.ru

Hacrostmas pabota mocBsiIeHa uccie I0BaHuIo IpsaMoil 1 00paTHO 3a1adaM I ypaBHEeHA
nepeHoca u3aydeHus: B P,-puOaInKeHnn MeToa chepuiecKuX rapMOHHK.
[Tycth nponecc u3jiydeHust OnuchbiBaeTcs 0000IEHHbIM pellieHueM cJie rytorieit 3a1a4qn Korm:
du ou
+ p=— + o(x)u = Su+ §(z,t)d(u? — p?), reR, teR,, (1)
ot ox
U |i<o = 0. (2)
3neco
fay € (—1,1), Ry =1|te R:t>0]|,

R — MHOXKeCTBO BeIeCTBEHHBIX 1nces, 0 — jaeabra-gyukmus Jdupaka,

g, po)ulx, t, 1) dp'de,

= i 4+ /1 — pu2\/1 — 2 cos(p
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u(z,t, {t) — MWIOTHOCTH MOTOKA HEUTPOHOB, 0(T), 0s(T) — MOTHOE CeUeHUe U CeUeHHEe PACCESTHUSI,
g(x, po) — MHAUKATPUCCA PACCESTHUSI.

B coorBercTBHE ¢ MeTOJOM cdepuueckux rapMoHUK [1| mpemmosioxknm, UTo mporece pac-
IIpOCTpaHeHn A HeﬁTpOHOB A0CTAaTOYIHO TOYHO OIIHCHIBACTCA KOHEYHBLIM DAJIOM

n

et = Y (354 5 )00, ()

J=0

rae Pj(p) — nonuuoMmsl Jlexanpa.
Torma nogcrapsis (3) B (1), 1 HOJYIUBIIYIOCS CUMMETPUYECKYIO THIEPOOIHIECKY IO CUCTEMY
npuBe/s K KaHoHn4Yeckomy Buay |1, 2|, noaygaem

0 0
(E—FM&—FA)U:(I)(S(Z,t), ZGR, tERJ,_, (4)

v |1t<0E 0. (5)

O6paTHast 33/1a9a COCTOUT U3 OmpeneteHus KodbOUIUueHToB 0 () 04(T) Mo A0TOJTHUTE b
HOil mHMOpMaNu 0 permenun npamMoii 3agadn (4)—(5)

¥ lozo= fi(t), t€Rs. (6)

Hcnonpsyga MeTonuky pabor |2, 3|, MoXKHO moKazarhb TeopeMy CYIIECTBOBAHUA OOpPATHOM
? ?
3a7a49d “B MaJOM’ U T€OPeMY eIMHCTBEHHOCTHU “B IEJIOM.

[Tpeji0keH KOHEYHO-PA3HOCTHBI METO/I peleHust 0bpaTHoil 3aa4un onpejienenus Ko3hdu-
IMUEHATOB KNHETHYECKOTO YPaBHEHN, JOKa3aHA CXOAMMOCTD MPEeAJIOKEHHOTO MeTOIa.
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Ka 1 MareMaruyeckas reodusuka’. — HoBocubupck: UBMuMI' CO PAH, 2018, c. 68-71.
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b0.m.penkin@gmail.com, “Isarybekova@yandex.kz

E-mail: ®nurlan.dairbekov@gmail.com,

CrparndunupoBaHHOe MHOKECTBO ONPEIEIACTCH KaK CBSI3HOE IOJAMHOMKECTBO €BKJIMI0BA

npocTpancTBa RY, gpsiomeecs o6beIMHEHIEM KOHEYHOTO ceMeiicTBa S HelmepeceKalon uxes
CBSI3HBIX TIOJMHOT006pa3mii o, (6e3 Kpas), Ha3bIBAEMBIX Jajiee CTPaTaMu:

Kaskas crpara o mMeeT KoMmmakTHoe 3aMmbikanwme B RY. Ipeamonaraercs, 9To CTpPaThl MpH-
MBIKAIOT ApPYT K JAPYTY IO TUILY KJCTOYHOIO KOMIIEKCA, T.€. TPAHUILA KazKJIOW CTPATHl COCTOAT
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U3 HEKOTOPBIX CTPAT ceMeiicTBa S U KaxKJaoe mepecedeHue oy (o, 3aMbIKaHHil cTpaT B R? 160
mycTO, OO sIBJIsIeTCs 00beINHEHNeM HEKOTOPBIX cTpaT u3 S. Jlajee cooTHOIEHHE o) = 0y,
MEZKJy JBYMs CTpaTaMy O3HAYAET, 4T0 0, C O0k; B 9TOM CJIy4ae Mbl I'OBOPUM, YTO JAHHbBIE
CTPaTHl IPUMBIKAIOT JAPYT K JAPYTY.

[Iyctb d(o)) obo3HaYaeT PasMepHOCTH CTPAThl 0. Mbl ompeensem mepy p Ha ) ciery-
oM obpaszoM. CkaykeM, UTO TOJMHOXKECTBO w B () SBJsETCS [-U3MEPHMBIM, €CIU KaryKI0e
nepeceveHne w Moy U3MEPHUMO OTHOCUTETBHO d(0))-MepHOi 1e6eroBoit Mepbl Ha o). OYeBUIHO,
9TO TaKue MOJMHOXKeCTBa 00pa3yior o-aarebpy B (), a dyukius p, onpegesnsiemast (opMyIIoit

w) =Y pagey (ox Nw),

oRES

B KOTOPOH# [lq(s,), OObIIHAA d(0)-MepHasg Mmepa JleGera ma oy, obnamaeT BceMH CBOICTBAMH
mepol. Unrerpan Jlebera p-usmepumbix ynkmuit f, onpeaeisieMbiX CTAHJIAPTHBIM 00pa30M,

CBOAUTCA K CyMMe
[rin=3" [t

ores orNw

MHOzKecTBO §) IPeImoIaraeTcs IpeCTaBIeHHbIM B Bujle o0beaunenus 2° U I (,6nympen-
nocmu® u epanuybl’), B KOTOpoM §2° — CBSI3HOE OTHOCHTETHHO OTKPBITOE MOJMHOMKECTBO (),
COCTOSIIIee M3 HEKOTOPBIX CTPAT U3 Y U VIOBIETBOPSIONIee PaBeHCTBY 2° = (), a OCTaBIIAsICH
gacrb 02 = Q) \ 2° okazbiBaeTCs TOT/A TONOJIOIMYECKOil Irpanuiieil MHOKecTBa {2°.

[Iycth Scs— HEKOTOPOE ceMeiicTBO cTpar, Jiexkamux B {2°. PaccMarpuBaeTcs cupase/i-
JIUBOCTDH HepaBeHcTBa CoboJieBa B CJIEAVIONEM BHJIE:

1

p

JR e > [ 1vupdu) 1)

Q O'iESg'i

[Tokazareau CyMMHPYEMOCTH B 5TOM HEPABEHCTBe OHNPEIEIAITCA ABYMs ducaamu, d(2) u
D(g, 0°). Ilepsoe u3 uux, d(2), paBHo MakcuMaabHoil pasmepnoctu crpart B ). llepeiimem K
OIIpeeJIEHUIO BTOPOTO.

[Iycts 0p, C 2°. Paccmorpum 1enovky crpar

C: {017027---70n}7

VIOBJAETBOPSIONIYIO CAEAYIONIAM TPEeOOBAHUSIM:

1) o1 = oy;

2) BCe cTPAThl, KPOME TOCTe I e, SIBISIOTCS MoAMHOKecTBaMH ()°, B TO Bpemst Kak o, C Jf2°;

3) UIst KazKJI0T0 WHAEKCA i < N JU00 0; = 0441, JTUOO 0441 > 0y;

4) mist JTIOOBIX JBYX COCEITHUX CTPAT B 9TOH MEMOYKe ¢TpaTa MaKCHMAJILHONW Pa3sMepHOCTH
NPUHAITEIKAT S.

Hazosem

dg(C) = max |d(0;) — d(0i41))
1<i<n

qucaoM ,cs3aoctu’ nemnouku C'.

Ompegenum

dg(ov) = min dg(C),

e MUHEMYM GepeTcst [0 BCeM IeMoYKaM, Y/TBICTBOPSIIONIAM yCaoBusaM 1)—4).
OxKoHYaTEeIbHO, TMOJI0KUIM

D(S,9°) = maxdg(a,).
Ok
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rje MaKCUMyM OepeTcs 1o BceM cTparaMm o C 2°.

Teopema. Eciau D(§7 ) <p<dQul<qg< d’gg@p, mwmp > d()) ml < g < oo, T0

[¢]
mepasenctso (1) Bermomsercs aus Beex u € W, P(Q) ¢ mesapucsmeii ot u xoncramroii C.

Funding: Asropst 6b11m nomuepxkansl rpanrom BR20281002 MHBO PK.

KiroueBble cioBa: cTpaTndunnpoBaHHOE MHOXKECTBO, HepaBeHcTBO Cobosena.

2010 Mathematics Subject Classification: 35Q79, 35K05, 35K20

TTAPABOJIMYECKAS 3AJJAYA B OBJIACTH, BBIPOKJIAIOIIEINCS B
TOYKY I10 3AKOHY = = {, a > 1

H.K. I'VIbMAHOB?, C.C. KOIIBAJIMHA® M.M. PAMA3AHOB®

Kaparamguackuii yausepcurer nmernn akagemuka E.A. Bykerosa, r. Kaparanmga, Kazaxcras
E-mail: “gulmanov.nurtay@gmail.com, *kopbalina@mail.ru, ‘ramamur@mail.ru

B pafore ucciemyercs rpanndHas 3a0a9a IJd IBYMEPHOTO YPABHEHHS TEILIONPOBOIHOCTH
B HEKAHOHUYECKOH 00JaCTU, I'PAHUIA KOTOPOH H3MEHsIeTCs IO CTeIeHHOMY 3aKOHy T = t¢,
a > % ObJtacTp peleHunst 33/[a9M B HAYAJbHBIE MOMEHT BPEMEHHU OTCYTCTBYET, TO €CTb BbI-
poxtaercs B TOYKY. MerooM 00600IIEHHBIX TEIJIOBBIX TOTEHIUAIOB 3aa4da PeAyIupyercs K
nces10-BosbTeppoBoMy HHTErpaaLHOMY YpPaBHEHHIO BTOPOTO poda. I1oyaeHHoe nHTerpagbHoe
ypaBHEHUE TPUHIUITHAIHHO OTINYAETCA OT KJIACCUYECKUX MHTEI'PAJIbHBIX ypaBHenuit Boyibrep-
pa TeM, 4TO HOPMa COOTBETCTBYIOIIErO MHTEIPAJBLHOIO ONEpaTOpa PaBHA CIMHHIE H K HEeMY
HEIIPUMEHUM KJIACCHYECKUI MEeTOJ MOCIeI0BATENIbHBIX IPUOINKEHNIIT, a TaKZKe COOTBETCTBYIO-
Iee OJHOPOJIHOE HHTerpajibHOe YpaBHeHHe nMeeT HeHyJiepoe pemterue ([1-4]).

B obnactn Q = {(r, Ho<r<t*, 0<t<T, a> %} PACCMATPHBACTCA CJICAYIONIAs TPa-

HUYHAA 3352494

ou s 1=28 Oou 5, 0%

=" T et e @
u(r, t)'r:O =gqi(t), t>0, (2)
u(r, )], = g2(t), t>0, (3)

e 0 < B < 1.

Joka3zana cjejyolas

Teopema. Ilycrs sprmosmensr yeaosms gi(t) € M(0,+o00), t*0=Fgy(t) € M(0,+o0),
M (0, +00) = Loo(0, +00) N C(0,+00) 10 rpanmunas 3ama4a (1)-(3) umeer pernenne

B POG(r &t — 1)
u(r,t)—/o —

LOG(r &t —T)
d d
§:TQN<T> T+/0 o€ 5:Ou(T) T,

1 rB . ¢l-p r? 4 &2 ré
et =) =g o [ ()

riae

v(t) =2a*- - gi(t),

a u(t) ompenessercss u3 CaAEIYIOMEro MCEBI0-BoIbTeppoBOro HHTErPAILHOTO VPABHEHHST:

MﬂjANWﬂMﬂﬁsz,
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rae

taﬁ,]_a(l—ﬁ) (ta _ Ta) (ta _ Ta)2 tore oo
N(t = . 7 | . SE——— R
(&7 2a2(t — 7)° P 4a*(t — ) P l } ’ ( )) i

ta(ﬁJrl)Ta(lfB) (ta _ TQ)Q tore 1o
+——————exp |—————| -exp [ —7_)} Ag_1 (—)> +

2a2(t — 1)’ a2 (t—T) 2%t - 2a2(t — 7
taﬁ(]_ — 26) (ta — 7_04>2 tére tare
o || o am ) ()

Ig-1,8(2) = Ip-1(2) — I5(2),
f(t) = —2a2gs(t) + 2a2g1 (1, 1),

~ 11 1t r?
gl(T’t):W’z_ﬂﬂﬁ)/o (- Y ] o

snecb I,(z) — momucpunmposannas ¢Gyukmnus Beccesst nopsiika v.
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TPAHCIIOPTHBIE PEHIEHUA YPABHEHUS KJIEMHA-T'OPJOHA
IK. BAKIPBAHOBAY?* A.C. BAETTI3OBA?2*

Yneruryr MexaHuku 1 MalmuHOBeleHusd M. akajd. Y.A. JIzxosjnac6ekoBa, AIMaThl

2MHCTUTYT MaTeMaTHKH W MaTeMaTHYecKoro Mojesnpobanus, Anmarsl, Kazaxcran

SEspasuiicknii Hanmonannneiit yausepenter uM.JI.H.I'ymunesa, Acrana, Kazaxcran
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UcenenoBanue BOTHOBBIX MPOIECCOB B (PU3WUYECKHUX MOJISAX H CPelaX MeTOJaMH MaTeMaTH-
YECKOTO MOJIETUPOBAHUS MPUBOIUT K perieHuio JuddepeHnaIbHbIX YPAaBHEHU U KPAeBBIX
3aiad st Hux. Ocobblit Kyrace 3a/1a9 COCTABJISIIOT TPAHCIIOPTHBIE 381491, B KOTOPBIX JIEHCTBY-
I01IUe HAIPY3KHU JIBUKYTCS ¢ OpejiesieHHbIME cKopocTamu. [Ipu 3rom nx popma ne mensiercd ¢
TedeHneM BpeMeHu. Takue HATPY3KH HA3BIBAIOT TPAHCIOPTHBIMI. OTMETHM, CKOPOCTH JTBUKE-
HUS UCTOYHUKA CYIIECTBEHHO B/IUSAET Ha TUI AudhepeHnunaaibHbX ypaBHEeHUI, TapaMeTPUIeCKH
3aBUCAIINX OT OTHOIIEHUSI CKOPOCTH JIBUZKEHUs HArPY3KH K 3BYKOBOil ckopoctu. llocsiennee, B
CBOIO 0YepeJib, BJIUSET Ha MOCTAHOBKY MOJIEJbHBIX KPAeBbIX 3aJa4 U MeTOJbl UX perreHus [1].

Pabora mocBsiena mocTpoeHuIo TPAHCHOPTHBIX perieHuii ypasuenus Kieitna—Topgona —
YPaBHEHWST KBAHTOBOM MEXaHUKH, SIBJISIIOIIETOCS 0000IIeHneM BOJTHOBOTO YPABHEHUsI. DTO yPaB-
HCHUE UMECT BUI:
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Au(z,t) —

L@l |yl t) = Gla,t),a € Bt € R (1)

ot?
U UCIOJIB3YeTCs [T OMUCAHUS ObICTPO JIBUKYIUXCA IACTHUIL, uMeromux Maccy [2,3]. das 3a-
nucu ypasHenus (1) pu JeficTBIM TPAHCIOPTHBIX HAPY30K PACCMATPUBACTCsI KJIACC PEIIeHM
ypaBHeHUS B IPEIOJI0KEeHUN, YTO HAarpy3Ka JIBUKETCS C MIOCTOSTHHOM CKOPOCTHIO U BJI0Jb OCH
T3 U B MOJBUZKHON CHCTeMe KOODAWHAT He 3aBUCHT OT BpeMend, T.e. G = G(x1, x9,x3 — vt). B
HOBOIi crcTeMe KOOpAMHAT ypaBHeHue (1) mepenuiercs B BUJe:

82U($1, T, Z)

A - M?
u(zy, 9, 2) 5.2

+ qu(xy, 9, 2) = G(x1, 29, 2), (2)
rae z = x3 — vt, M = v/c. Boamoxkusl caenytomue caydan: M < 1 — gossykosoit, M =1 —
3BYKOBOft, M > 1 — cBepxX3BYKOBOIl.

31ech noctpoenbl GpyHKIUA ['puHa m 0odobOIIeHHble pelenus ypapHenus Kireiina - [opio-
Ha B MpocTpaHcTBax pasMmepHocT N = 1,2,3 BO BceM JMana3oHe CKOPOCTel W HCC/IeJ0BaHbI
UX CBOMCTBA IPH JIO3BYKOBBLIX, 3BYKOBBIX H CBEPX3BYKOBBIX CKOPOCTSX JIBHKEHHS UCTOYHHKA.
Tun TpaHCHOPTHBIX YpaBHEHH (2) 3aBUCHT OT CKOPOCTH JIBUYKEHHUs, YTO BIHsIET HA CIIOCO-
Obl 1IOCTPOEHUS PEIICHUN yPaBHEHUsI B KaxKJIOM M3 HUX U UX ocobenHnoctu. st mocrpoenust
peleHuii uCIoab30Bauch 006001eHHoe 1mpeobpazoBanne Pypbe 10 NPOCTPAHCTBEHHBIM KOOP-
auHaTaM, PyHIAMEHTAIbHbIE PEIeHUS S/LTUITHYECKUX, THIEePOOInYecKuX U mapabondecKux
ypaBHeHuit Maremarnydeckoit duzuku [4,5]. Tlosydensr yenoBus Ha ckadku Ha GpoHTAxX yaap-
HBIX BOJIH PENMIEHU TTPU CBEPX3BYKOBBHIX U 3BYKOBBIX CKODOCTSX.
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OILIEHKA HU3KOYACTOTHOM YACTU CIIEKTPA TPEXMEPHBIX
CITYIHTAROIINXCHA CETOK U3 CTPYH

P.H. 3UIMIH

Satbayev university, Anmarsl, Kazaxcran
E-mail: r.zimin@satbayev.university

B nmokriame paccMaTpuBaeTcs HOBBIN MOIXOM K OIEHKE HU3KOYACTOTHOW YacTU CIEKTpa IMo-
JIYHEIPEPbIBHBIX TPEXMEPHBIX Cpeji (CeTOK U3 CTPYH).

[lycTh ceTka n3 cTpyH 3amoHseT eqnHnIHb Ky0 (2. CeTka u3 ¢cTPyH npeacTaBiseT u3 ceds
HEePUOIMYECKOE TIOBTOPEHUE CKATOM B A 3JIeMEHTApHON d9eiiKu, MpeaCcTaBIdIonieil u3 ceds Tpu
CTPYHBI COEJIMHEHHBIE B OOINEM y3Jie U PACCMaTPUBAECTCS IMTOCJEIOBATEIBHOE CTYIEHNE TaKHX
CeTOK B €JUHUYHOM KYyOe.

Bamada o cruekTpe cOOCTBEHHBIX KOJIEOAHUI CeTKU U3 CTPYH MMEEeT BHI:

Tpu” + Aprpu = 0, (1)
Z Tkuﬁﬁ + /\mkuk = 0, (2)
YER(A)
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ulor, =0, (3)

rie kKodddunuent T — HATAKEHUE CTPYHDI, pr — IUIOTHOCTH CTPYHBI, M), — HAJHIUE COCPe-
JIOTOYEHHON MAaCChl B BepIInHaxX. Bce 9T BEJUYUHBI MPEIHOIATAIOTCS MTOCTOSHHBIMA. VHIeKC
k — o3HavaeT MOPSJIOK «CTYIEHUsI» CETOK.

OrmernM, 9TO MBI OTPAHUINMCS PACCMOTPEHNEM HU3KOYACTHON 9aCTH CIEKTPA.

B Toii :xe obaacTtu 2 paccMOTPHM 33789y O COOCTBEHHBIX KOJIeDaHUAX Kyba

ogAu+ Apu = 0, (4)

ulon =0, (5)

rjae A — rpexmepubiii oneparop Jlamiaca, 0 — HanpsizkeHue, a p — IIOTHOCTb.

Cumnrast, 9T0 pa3Mmep S9eHKN CeTKHU paBeH hy, BbiOepem dusnveckne mapaMeTpbl CETKU W3
CTPYH TaK, 9TOOBI MacCa BBLICICHHOTO YIaCTKA CeTH U KyOa ObLIH PaBHDI, & HATAKCHHUS CTPYH
BBIJIEJIEHHOTO Y9aCTKa CeTH OBLIM PABHBI HANPsizKeHUsAM Kyba (cMm. Hampumep [2]).

[pu ycaoBum «6aM30CTHY, B TOM CMbIC/IE KAK OMMCAHO BBIIIE, OBbLIO JOKA3AHO CJIEIYOIIee
YTBEDK/ICHHE.

Teopema
[Iyctb A1, ..., A, ... YIODSIZIOUEHHBIE 110 BO3PACTAHUIO COOCTBEHHbIE 3HAYCHUST 3a0a9n (4) —
(5),a A}, ... \F ... — cobcTeennbie 3HadeHNs (YIOPSAI0UEHHBIC AHATOTHIHBIM 00PA30M ) 33,1441

(1) — (3). Toraa mns soboro narypaabioro N u € > 0 Buinosinsercs HepaBeHcTso |\, — A¥| < e
(1 < N) mipu A0CTATOTHO MATBIX M.
JloKa3aTeIbCTBO TEOPEMBI HIEHHO MOBTOPSIET JOKA3aTeILCTBO MpUIeHHOE B [3].
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MepHBIE CETH.

2010 Mathematics Subject Classification: 34B09, 35J15, 35P15, 35P20, 65N25

JINTEPATYPA

[1] Zavgorodnii M.G., Pokornyui Yu. V. On the spectrum of second-order boundary—value problems on spatial
networks, Usp. Mat. Nauk, 44 (1989), 220221/

[2] Komarov A.V.; Penkin O.M. On spectra of nonperiodic woven membrane, Jornal of Math. Sc., 133:1, (2006),
883-902.

[3] Komapos A. B., ITenkun O. M., ITokopustit FO. B. O criektpe paBHOMepHOIt ceTku u3 cTpyH, H36. sysos. Mamem.,
4, (2000) 23—27.

MATEMATUYECKOE MOJEJIMPOBAHUE 3AIAYNA HEJIMHENHOM
PNJIbTPAIIN CTPYKTYPUPOBAHHDBIX ®J/JIONJOB B TPEXCJIOMHOM
N30JINPOBAHHOM IIJIACTE

IT1. KATOMOB®, T11.3. BEKYAHOB, 111.C. 3USIIV/ITTAEBA, D.A. XYCAHOB?

TamkenTcKkuit rOCyIapCTBEHHBIN TeXHuIecKuii yuusepcuret, Tamkent, Y36ekucran
E-mail: “kayumovmatematic@mnail.com,’elbekhusanov02@gmail.com

Wzyuenue 3a1a4un GUABTPAIME HEJTUHERHBIX (DJIIOUI0B B MOA3EMHBIX HOPUCTHIX CPeIax Mpo-
BOJIATCH JIABHO U IPOOJIZKACT IPUBJIEKATh BHUMAHUA I'€0JIOTOB, TUJIPOre0JIOT0B, MeJIUOPATOPOB,
MEXaHHKOB, (PU3UKOB, XUMUKOB, MATEMATHKOB U JPYTUX CICIHAJIHCTOB.

[ToazeMHBIE TTIOPUCTHIE CPEJIbl PACCMATPUBAETCS KaK TEblH €JWHOM, Wi KaK MHOTOC/IOM-
Hblit wiact. VcciegoBanue 1Mo MareMaTudecKoMYy MOJIEJTMPOBAHUE STHX ILJIACTOB IOCBSIIIEHbBI
pazimanbie paboThl [1-4] Tae paspaboTaH pasindHBIE MaTEeMaTHIeCKHe MOJAe N (DUIbTpannm
OTJINYaIONIeCA CBOUMHU NIPEUMYIIIECTBAMUA U HEJOCTATKAMU.
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PaccMmoTpuM TpeXcaofHBIN I1aCT H30JUPOBAHHBIA MKy COOOM, CaeI0BATENILHO BEJIHIH-
HbI KO3 UIMEHTa TMepeToKa MeXKIy IIaCTaMU PaBHO HYJ0. [IpeamosoKuM 4To 9TH MIacThI
(obsmacru Dy1,Dy u D3), HACBIIEHBI CTPYKTYPUPOBAHHBIME (DJIIOH/IAMH.

MaremaTudeckasi MOJeab STOW 3aja4dnl craBuTcs Tak: Heobxoaumo HaiiTn QGYHKITHT
U(x,t),V (z,t) m W (2,t) a Takke Hem3BecTHbIe MOABMKEbIE rpamuisl G; (T, 1),

R; (z,1),S; (x, t),(i = 1,_2) U3 CJIeIYIONIeH HAa9aTbHO-KPAaeBOl 3a,1a91:

0 ou ou N —
%(MUVU\,@) %) —Mla x € (vo; L1), t>0,i=1,3 (1)
0 —, oV oV . —

% (I)z (|VV| 5 51> %) = MQE, x € (ZL‘Q, Lg) s t>01= 1,3 (2)
0 =\ oW ow R

% (Al (‘VV’, 52> %> = MSE, T € (.270, Ls), t>01= 1,3 (3)

C Ha4YaJIbHbIMHI

U (2,0) = V (,0) = W (2,0) = Uy () G; (0) = G (0),
R (0) = B (0), 5 (0) = 5(0). (4)

Kpowme Toro 3amaercs yeaoBuit Ha moapmkubix rpanunax G; (x,t), R; (x, t),S; (z,t) xoTo-
past BHIPAsKAET KaK HEIPEPBIBHOCTH MOTOKA U (yHKIwii [4,5].
A TaKzKe yCJOBUU Ha KpadX O6ﬂaCTI/I nMeeT B

ou -, oU =\ oW
(o (010 55+ aat (901.5) 5 + st (9W1.5) G =, @)

Oz
ou 7)Y
bixs (|[VU|, Bs) o - =0, by®s (|VV], Bs) M . =0
; =\ IW
b3 A o =
343 <|VW| 7ﬁ3> or |,_p. 0 ©)

3necy My, B5, 85, B, bj, aj, (j =1, 3) — 3aJ[aHHbIe BeJNInHbl 1 QyHKInu [1-4].
©o (t) — cymMapHBIii 1e6UT CKBazKIHBI PACIOJIOKEHHON B TOUKe o U OHA YIUThIBaeTCs (hop-
MyJtoit (5) Kak BEJMYUHON BBIXOJSINEl U3 MepBOro IJIACTA, U3 BTOPOrO ILIACTA W U3 TPETOrO

wiacra. Pyuxnuu x; ((VU|, ), ®; (|VV], B;) u A; <|VW| : BZ) 33/1a€TCs AHAJIUTHIECKHMU

BeIpazKeHusaME [3,4] B cooTBeTCTBUE ¢ 06IACTSME (MAJTBIX" MOJBUKHOCTEl, ,AaHOMAJIBHBIX" MO~
JBUKHOCTEH M ,,HOPMAJIbHBIX® ITOJABUKHOCTEI].

Bamaua (1)-(6) pemraercss mpuOIHKeHHBIME MeTOZaMu. I 9TOro BBOIUTCH MOTOK U MO-
JydeHHasl TTOTOKOBAs 3aJlava perraercsi MOTOKOBBIM BapUAHTOM [5-6] pasHOCTHOI MPOrOHKH.
HewnsBecTHbIE TPAHUIBI PA3JIETa OMPEIeIIeTcs 0 METOLY e THOYHbIX urepanuii [3].
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YUCJEHHBIN AJITOPUTM CYIIECTBEHHO JI03BYKOBBIX TEYEHU
AK. MAHATIOBA!2e, A.0. BEKETAEBA', A.JK. HATIMAHOBAL®

Y ucruryr maremaruxn u maremarmaeckoro mogeanposarus KH MHBO PK, Amvarer, Kazaxcran
2 Akanemus rpasxganckoil apnanum, Amarer, Kazaxcran

b

E-mail: *“manapova.a.k.math@gmail.com, °azimaras10@Qgmail.com, “alt naimanova@yahoo.com

Merompl perienusi ypaBHEHHU CZKUMAeMOr0 ra3a, XOpoIno padoTalonue Ipu CBEPX3BYKOBBIX
U YMEPEHHO JIO3BYKOBBIX CKOPOCTSX TOTOKA, OKa3bIBAIOTCA HEI(MDMEKTUBHBIMU, U JIayKe HelpH-
IOJIHBIMHE JIJIsd pacdeTa TedeHuit ¢ yncaaMu Maxa nuzke 0.1-0.3. DTo npogdBiasgeTcs B YXy/IIIEHUH
TOYHOCTH HoJydaeMblX pu M., < 1 cramumonapubix pemnenuii. Ilpu crpemyienun qmcia Ma-
Xa K HYJIIO YUCJCHHOE pelleHue UCXOMHBIX YPaBHEHHI I C2KMMAEeMOro Ta3a, COMPOBOKIACTCS
ompeaeeHHBIMUA TPYIHOCTIMH, MOSIBJICHIEM KeCTKOCTH B YPaBHEHUSIX.

[Ipejraraercss HOBBII AJITOPUTM PEILIEHUS CYIIECTBEHHO JJ03BYKOBbIX T€YEHUN HA OCHOBE CH-
crembl TpexMepHbIX ypasaennit Hapbe-Crokca, ocyrectisemoro ¢ nomoripio ENO (Essentially
non-oscillatory) c¢xembl TpeTbero MOpsiKa TOYHOCTH. AJTOPUTM OCHOBBIBAETCSI HA BBEIEHUH
napaMeTpoB 00e3pa3MepuBaHusi, KOTOPbIE TO3BOJIAIOT W30€KaTh YKECTKOCTH B ypaBHEHHUN u
aderTuBHO paccuntarh annpokcuMmvupoBanabie ENO cxembr 3 mopsaka ypasHerunn Habbe-
Croxkc Jj1g pacdera TedeHui ¢ MaJabIMu duciamu Maxa. B KadecTBe olpeie/igionuX IPpUHIMA-
I0TCA MMapaMeTPhl IIOTOKA HA BXOJIE Uso, Poos Leo- CKOPOCTH OTHECEHA HA CKOPOCTH HMOTOKA Us,

2
JaBJICHIE U IIOJIHAS SHEPIUs OTHECEHBI K 3HAUCHMIO P72 IIOTHOCTL K 425, TeMIeparypa K
o0 o0
R V-~ S V) - _ W = __ P T p _ P
TeMIIEPaTypPy HOTOKa Too u = E’ v = E’ w = @7 P = p:Moo; T = K’ P = mMOO,
E, = £ M. 3necs My — unciao Maxa noroka, Re = Uso Lp/ it — auciio Peitnosibjca, Pr —

ﬂooUgo

ynciao [Ipangrida.
ENO cxema st ogHOMepHO# MoaudunupoBannoil cucrembr ypapaenuss Hapbe-Crokca 6e3
nudy3HOHHBIX WIEHOB 3amuiiercs B ue [1]:

% (A*+A7) a(im —0 (1)

Annpokenmanus (1) OTHOCHTETBEHO BEKTOPA KOHBEKTUBHOTO MEPEMEHHOTO Gy/IeT BBITJISIET
B CJIEJIYIONEeM BU/IE:

OF| _ Apy(Bisyj + Ey) + ALy (B + Einyy) (2)
or| Ax

ij

<A+ + A*)

[TopsiI0K TOIPEITHOCTH ANMTPOKCUMAIINH JTAHHON CXeMbl (2) ¢ mpUMeHeHHeM epBoro aud-
2
dbepentnmanbroro npubanzkenus (IT/II1) pasen 1, = %‘?97?.

Vcnonb3ysd NOpSIKA BeJIMYUH THAPOJIAHAMUYECKUX HAPAMETPOB U UX 1-BIX M 2-BIX IPOHU3-
BOJHBIX C yYETOM HOBOTO 00€3pasMepHBaHusd, KOTopbie umeioT Bun p ~ O(M), p, ~ O(M?),
Pz ~ O(M?), u ~ O(1), up ~ O(1), Uy ~ O(1), P ~ O(1), P, ~ O(M), Py, ~ O(M),
E, ~O(), Eiy ~ O(M), Eyyy ~ O(M) onpejenisiercst HOPsAKH MOIPELHTHOCTH ATPOKCUMAIIUH
cucrembl ypasuennu Hapbe-CToKca ¢ HOBbIM 00€3pa3MepuBaHUEM:

Ax Ax Az r
Y = [0(-M), 0(—-M), 0(0), 0(0), O(—-)"- (3)

B TIOpAJKe HOTPENTHOCTH alllIPOKCUMaIlUU CO CTaHAAPTHBIM o6e3pa3MepHBaHHeM Ipu MaJIbIX

3HadeHnAX Maxa TOpgaJ0K OJHOTO W3 MapaMeTpPOB COCTABJIAET O(QAT””Q), 9TO aBTOMATHYIECKHU
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O3HaYaeT YXYJIIeHue annpokcumanuu npu Mo, — 0 ¥ Kak CJIeJACTBUE YXYAIIEHHS CXOIUMO-
cru [2]|. U3 (3) BuanHO, 9TO NpUMEHEHUE MpeIIaraeMoro HOBOro 00e3pa3sMepiBaHusl TPUBOIUT K
MaKCUMaJIbHOI'O 3HAYECHUIO IMOI'PEHIHOCTH O(%), 9TO HE BbI3bIBacT 2KECTKOCTHU CHUCTEMbl ypaB-
HEHW.

Jlajiee MOCTPOEHHBINH aJTCOPUTM PACIPOCTPAHAETCA HA CHCTEMY TPEXMEPHBIX YpaBHEHUH
Hapwe-Croxkca. 1lpeioxkeHHBII aaropuT™ yCIEITHO TPOTECTHPOBAH Ha 3aja4ax Tedenus [lya-
3eilJisl ¥ KaBepHBI ¢ Pa3IMIHbIMU Tapamerpamu motokos (Re = 100, 400, 1000 u M = 0.005,
0.05, 0.01, 0.1), pe3yabTraThl KOTOPHIX CPABHUBAIOTCS ¢ IKCIEPUMEHTOM U JIEMOHCTPUPYIOT XO-
pomoe coorsercrsue |3]-|4].

Funding: AsTops! 66 omep:kausl Tpantom AP19674992 MHBO PK.
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VICCJIEJJOBAHUE MATEMATHUYECKOIM MO/IEJIM HEPABHOBECHOI
®UJIbTPAIIN

A A. MYCUTHA

AxTrobunCckmit permonaabasit yanpepcurer uM. K. 2Kybamosa, r.Axkrobe, Kazaxcran
E-mail: alla.mussina@mail.ru

WNccnenoBanne MOCBSIEHO M3YUYEHUIO BAWSHUS aJICOPOIMKM HA TPOIECC HEPABHOBECHON (puib-
Tpamnun MHOropha3HO KUIKOCTH B MOPUCTHIX cpejaax. B xome mccaegoBanmst 0co00e BHUMAHIE
OBLIIO Y/EJeHO B3aUMOJIEHCTBUIO MEYK/TY KUJKOCTHIO U TTIOBEPXHOCTHIO I'PYHTA, & TAKKE BIUSIHUIO
aJICOPOIUHU Ha paclipejieJIeHIe U CKOPOCThb IepeMenienus (a3, DToT aclekT UrpaeT 3HaIuTe /b
HYIO POJIb B TOYHOCTHU MOJICJIMPOBAHKS U IPEICKA3aHU IPOIECCOB MHOT'0DA3HON (PHIBTPALINH B
peaIbHBIX MOPUCTHIX cpelax. B xoe ucceoBanns ObLIN NPUMEHEHbI HPHOINZKEeHHBIe METO/IbI,
npeIHa3HauYeHHbIE JJIs PeIleHus 38024, CBA3AHHBIX ¢ (pUIbTpalueir MHOTO(MA3HBIX KUIKOCTEN ¢
HCIIOJIb30BaHUEM HEPAaBHOBECHDbIX CI)I/IBI/IKO—XI/IMI/ILIGCKI/IX CBOICTB C yderom MaCCOO6M€HHBIX 1Ipo-
neccon. cciegoBana MareMaTudeckass MOJEIb N30TEPMHUYECKOH HEPaBHOBECHON (DUIbTpaIun
U pa3pernmMoCcTh MaTeMaTu4decKoil Moje/n (pa30BbIX NEPEXOJ0B B YCJOBHAX HEPABHOBECHOM
duabrpanuu. PaccMoTpena KOppeKTHOCTh MaTeMaTHYeCKOi MOJIe/ N, Ka9eCTBeHHbIe CBONCTBA
peleHus, aACHMTOTUYECKOe TIOBeJIeHne pellieHnsd. PaccMoTpena u3orepMudeckas 3a/1a4a HepaB-
HOBECHOH (mIbTpamnum ¢ KyCOIHO-IIaIKo# rpanuneit I' = 0) B 3aganHoil KOHEUHON 0b6s1acTh
Q). I'panuna I' pasbuBaercs HA HECKOJIBKO CBS3HBIX KoMIOHeHT I';, T.e. I'y - rpaHHIla B OKpecT-
HOCTH HATHETATEJbHON CKBazkKWHbI, [ — TpaHuna B 06JacTH, e NpoucxoauT copbuus (Hed-
taHas daza), 'y — rpaHuna B OKPECTHOCTH IKCILUIYATAIMOHHONW CKBAYKUHBI, TAKUM O0OPA3OM
'=Ty+T1+1,

m% = div(ay KoVs — Tb + F), (1)
div(KVP+ f)=0, -7 =KVP+ f, (2)
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d(a + scm)

5 = div(VeD — ¢0), (3)
da  a(c) —x(c)
T @

HAauAJbHbIE YCI0BUA: S|i—g = So(T), ¢li=o = co(x), ali=0 = ao(z). I'panuunsie yciaosus:

c(x,t) =0 (x,t) € s° =T,[0,7],

b :p0<x7t)7 s = SO(th)7
0 -
~D- e =te  (a1) € ¥ = 5[0.7]
n

Teopema 1. Ecan kospduimenrsl B cucreme ypaprennii (1)—(4), nmeror HenpepbIBHbIE
[POH3BOJIHBIE BILIOTH JIO IEPBOIO IOPSAKA H BBIIOJHIETCSA YCIOBHE:

_>
1@ Vol I e[l IVeoll2q.) < M,

([lpolloo.i)s supllpollwz(as 150, |

Tora cyntecrByer oHO 06061enHOe permenue 3anaqn (1)—(4), u ¢pyaxnun s(x,t), c(x,t), a(z,t)
YJIOBJIETBODSIIOT MOITH BCIOJY B 001acTH QT CJIEIVIONIAM HEPABEHCTBAM:

0 < do < minso(z,t) < s(x,t) < mazxsg(x,t) < (z,t) <1 -0 <1, (5)

0<c(x,t) <1, 0<a(zt)leql, |a] <1, (6)

[Tpubuzkennsie pentenus 3a1a49u (1)—(4) GBI TOCTPOEHBI HA OCHOBE BAPHUAIMOHHOTO TIPHH-
IAIIA, TO €CTh pa3pabOTaHbl AJITOPATMEL I MONCKA IPUOJMKEeHHBIX pemennii. [Ipuvenenue
HPUHIUIIOB JBOWCTBEHHOCTH 1103BOJIACT (DOPMHUPOBATH JBOHCTBEHHBIE (DYHKIMOHAJIBI, KOTOPBIE
PEIOCTABJSIOT BO3MOKHOCTD ONEHKH CHU3Y MUHHMAJbHBIX 3HAYCHUN UCXOAHBIX (DYHKITMOHA-
no. [Ipobaema 3a1a9 co cBOGOJAHBIMEU (HEH3BECTHBIMI) TPAHUIIAMA B TeOPHH (DHIBTPAINY CBSI-
3aHa C SBJICHUSIMH, TJ€ TPAHUIBI MKy PasaudabiMu da3aMu WM COCTOAHUSIMH BEHICCTBA
HEHU3BECTHBL U IIO/JIEZKAT U3MEHEHUAM B IPOIECCEe BPEMEHH.

KuroueBbIe cjioBa: MacCOOOMEHHBIE TIPOIECChI, TeOpHs (PUILTPALUMN, HEPABHOBECHBIE 3D EKThI, IPUOIUKEHHBIE METO-
AblL, ancopbuumst, 3agaqa tuna Credana, 3aa4da tuina Bepuruna, monens Mackerra-JIeseperra, KaluuisipHoe JaBJjeHUE,
CBODOOIHBIE TDAHMUIIBI.

2010 Mathematics Subject Classification: 35J70, 65M06, 76S05

HAYAJIbHAS TPAHUYHASA 3AJAYA IJIsI YPABHEHUSA ,Z[POBHOfI
JANO®PY3UUN B BbBIPOK/IAKIIENCHA YIJIOBOU OBJIACTU

M.T. OMAPOB', A.B. [ICXV??  M.U. PAMA3AHOB!¢

! Kaparamquuckuii yausepcurer um. axagemuxa E.A. Byxerosa, Kaparamma, Kazaxcran
2HucTuTyT HpHKIaIHON MaTeMaTHKu H aproMaru3amnuu KabapauHo-Bakapckoro HayqHOIO HeHTpa
PAH, Haspunk, Poccust
E-mail: “madiomarovt@gmail.com, ®pskhu@list.ru
‘ramamur@mail.ru

B pabore paccmarpuBaercd ypaBHEHHE CJIEIYIONIEr0 BHIA:

(% — %) u(z,t) = f(z,t), (0<a<l) (1)
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(=4 [T [Ty (T3
re g? SBJIIETCs JIPOOHOM MPOU3BOIHOM MOPSIIKa (v IO IepeMeHHoi ¢, HauuHas ¢ Touku t = 0.

[IpakTH9eCKH BCe HCCIICTOBAHMS, CBA3aHHbBIE ¢ ypaBHeHHEM (1), cocpegoTaunBajInch Ha Ha-
YAJIbHBIX U KPAEBBIX 33/[a9aX KAK B OTDAHHYEHHBIX, TAK U B HEOIDAHUIEHHBIX IHITHHIPTIECKUX
obsactax. B wacTtHocTH, IepBasg KpaeBas 3ajada Jijid ypaBHeHus Apobnoro auddysun B npd-
MOYTOJIbHO# obtacTn Oblta uccrenosana B |1, [2]. B nmyGaukammum [3] Gbuta perena nepsas
Kpaesas 3ajlada I ypaBHeHUs JpoOHON 1uddy3un-BOHB B HEIUJINHIPUIECKON 00JIacTH.
Oanako, 06JacTh, B KOTOPOU WIIETCd pellleHne, He BBIPOXKIAaeTcd B TOYKY B HAadaJ bHBINH MO-
MEeHT BpeMeHH.

[leab JAHHOIO MCCIEIOBAHWSI — PENINTh TEPBYI0 KPaeBYIo 3a1ady st ypaBHenus (1) B
obJacTh, KOTOpasl He sBJIseTCd IUIUHIPUIECKO, a CKopee YIVIOBOM, W BBIPOXKIAeTCsd B TOUKY
B HAYAJIbHBIII MOMEHT BPEMEHM.

[Mocranoska 3amadn: Haditn dynknuio u(x,t) yIoBIeTBOPSIONYIO YDABHEHHIO:

0~ 0?
(@ — @) u(z,t) = f(z,t), (0<a<l),

B obsactu D = (2,t) : 0 < 2 < t,0 <t < 00, U yJIOBIETBOPSIONLYIO TPAHUIHBIM YCIOBHSIM:
u(0,t) =0, wu(t,t)=0, 0<t<oo. (2)

Mpr o6osnadaeM u(r,t) Kak peryidpHoe pemenue ypaphennda (1) B obmactn D Takoe, dTo:
t'u(z,t) € C(D)

Beenem onpenenenus:
a _ ||
ﬁ: _57 wﬁa#(J:?t) =t 1W (_Baua_t_ﬁ> 5

w(z,t) = wgo(x,t), B KOTOpoMm W (=0, 11;2) = Y 1oy kaﬁk) npejcTaBsier coboii byHKIHIO
Paiira [4].

Teopema. IIycrs (t177g;(t) € C[0,T]), (i = 1,2), ara mekoroporo (y > 0), u (' f(z,t) €
C(D),p > 0), u (f(x,t) yaosrersopser ycaosmio Iémnaepa mo mepeMeHHOR .

Torna pentenne 3amaqn (1),(2) cyurecTByer u MoxKeT GbITH BBIPAYKEHO KAK

u(z,t) /wl :Et—TdT—i—/wz T —x,t—71)dr + F(z,t), (3)

siech F(x,t) = 3 [1 [T f(s,T)w_pu(v—s,t—7)dsdr, i 1 (t), o(t) u3 (4) smasiorest pemenmsiv
CHCTeMbl naHTrerpaJJbHbIX ypaBHeHI/H/I

{ i(t) + [) o (T)w (7, t — 7)dT = —F(0,t),
2(t) + [T i (Tw(t, t — T)dT + [ ha(T)w (T — t,t — T)dT = —F(L,1).

B urore, Mbl IPUXOIUM K 0COGOMY MHTErDAILHOMY ypaBHEHHIO BosbTeppa BTOpOro poja:
X dr = F(t), dapo K :
— Jo Ks(t,7)ho(7)dr = F(t), fapo Ks(t, T) ompenensercs cIeAyiONIM COOTHOITCHHEM:
Kﬁ(tv T) = w/&o(t +7,t— T) - w/&O(T —t,t— T)'
. t

JIEMMA. Ecim 0 < 8 < 1/2, BbimosiHgercss paBeHCTBO limy o fo Ks(t, 7)dr = 1.

[TokazaHo, 9TO B HEIUIUHIPHICCKOf 001aCTH, KOTOpas BBIPOK/IACTCS B HATAILHDBIH MOMEHT
BPEMEHH B TOUKY, [IepBasd KpaeBas 3ajada [1yist ypaBHenus dbpakiuonnoil mud pysnu ¢ omepato-
poMm apo6uoro muddepennunposanus Pumana-JInyBriis o BpeMeHHO MepeMeHHON sIBJISTeTCsT
CHHTYJISIDHOM, TO €CTh MOYKET UMETh He eTHHCTBEHHOE DeIleHue.

KinroueBble ciioBa: ypaBHEHHE B YACTHBIX IIPOM3BOIHBIX, IPOOHOE UCUNCIIEHHE, YIJIOBast 00JIaCTh.
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OB OJHOM PEIIIEHUUA HEJIOKAJIbBHON KPAEBOMU SAJAYN JJIA
JANOPEPEHIINAJIBHOI'O YPABHEHNA B YACTHBIX ITPONM3BOJHBIX
TPETBEI'O IIOPAJIKA

H.T. OPYMBAEBA'¢, 3. BEUCEHBEKOBA'* A. BEKBOCKIH"*

L Kaparanquuckuii yuusepcurer umenn axagevmuka E.A. Bykerosa, Kaparamna, Kazaxcran
7 7

E-mail: * Orumbayevanurgul@gmail.com, *amina.bekbosyn@mail.ru, ®beisenbekovazamira@mail.ru

Ha 2 = [0,w] x [0,T] paccmarpuBaeTcss KpaeBasi 3a1a9a

d3v 0%v 0%v

aozor ~ @ g e gt
+Oé3(l',t)% + ay(x, t)% + as(z, t)o+ f(z,t), (x,t)€Q, wveR" (1)
v(0,1) = p(t), tel0,T], (2)
WOy, teloT )
@) s+ ) G s 5 ) () T )
() 220 ) PABTD gy QU0 g () D)
+59(x)v(x,0) + Sro(x)v(z, T) = 0(z), x € [0,w], (4)

rne dynknmn o;(z,t),i = 1,5, f(z,t) menpepoibabl Ha (), byuknun §;(z),j =
HenpepbiBHbl Ha [0, w], byukun ¢(t), 1 (t) nenpepsiast Ha [0, T7.

B coobmiennn mecaepayiores BOIPOCH CYIMECTBOBAHUS M €JIMHCTBEHHOCTH DEHICHHS HEJI0-
KaJILHON KpaeBoii 3a1a4n mig 1uddepeHnnaibHoro ypaBHeHnsa TPeThero nopaaka. Ipeaioxen
AJTOPUTM HAXOZXKJICHUS NPUOJMKEHHOTO pemrenus. CopaBeinBo yTBEePKICHUE

Teopema 1. Ilycrs npu mekoropsix h > 0 : Nh = T,N = 1,2,..., (N x N) marpnna
Q(z, h) obparuma npu Beex © € [0,w| o BBITOTHIIOTC HEPABEHCTBA

Q. B < v (h);

w2 hy(h) max max {M(x),N(SC)}(w—‘r%)

[u—
—
>

~—~
8

~—

q(h) = he"™* oy + asw + a5 |€ vl hvy(h) max{hBs, 1}y < 1,
;= (@)]], ai(z) = i(z b)), i=T175, 8 = 1,10,
rae o; = max |lai(z)ll; ei(z) = max [leiz, )|, i = 1,5, f; = max [|6;()ll, 7 =

M(x) = [|B5(@)[| + 186 (@) || + max{h]|5a(2)||, 1} as (),
N(x) = [|Bo (@)l + [|Bro(2) || + max{hl[fa(2)]], 1}as(x),
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N CCAEAOBAHUE JAHHBIX COIIMAJBHO-3KOHOMUNYECKUNX OITPOCOB
METOAJAMUN KJIACTEPU3AIINN N KJITACCUPUKAIINN

I.C. PBICMEH/IEEBA

Kasaxckuii HanmoHaAbHBIH HCCAeI0BAaTEALCKUN Texandeckuii yaupepcurer nmernn K. 1. Carnaesa,
Kazaxcran, r. Aimarsr
E-mail: g.rysmendeyeva@satbayev.university

s obiecTBa GOIBIION HHTEPEC U OTPOMHOE TPAKTHIECKOe 3HAYEHHE HMEIOT MOJIOIEXKb, ee
IEHHOCTHBIE OPHEHTAIINN, TeHICHIINT U MePCIeKTUBBl Pa3BUTHA. BOJbINOe 3HAUYEHNE /I CTa-
OMJIBHOI'O pa3BHTHs OOIIECTBA MMEET OTHOIIEHNE MOJIOIEKH K CeMbe 1 OpaKy, K CeMeHHBIM IeH-
HocTsM. /lanHast paboTa CTPOUT CHCTEMY OIEHKH HHIMKATOPOB U€/IOBEYECKOTO KAITUTAJIA, Iy TEeM
MPOBEICHNS YNCIEHHBIX IKCIEPUMEHTOB C JaHHBIMH, IIOJYYEHHBIMHA IIyTEM OIpPOCa CTYIEHTOB
yHauBepcuTera. OMpoCc CTPOUTCS TAKUM 0OpPa30M, UTO CTYIAEHTHI He BBIPAYKAIOT CBOE MHEHHE
10 ITOBOJLY HPUYIMHHO-CIEJICTBEHHBIX CBs3eil. lleb cocTonT B TOM, 9TOOBI BBIABUTH 3TU CBIA3U
MeZKIy IPU3HAKAMH C ITOMOIIBI0 METOI0B MAIIMHHOTO 00y IeHNs. BhIXOIHBIE JTaHHBIE MOIEH —
oxkumaeMasl 3apaboTHasl IIaTa CTYIeHTa, KOTOpas OmpeesseT YPOBEHb YeJI0BEUeCKOr0 KAIlH-
TaJa, BXOIHBIE JaHHBIE — OTBETHI Ha BOMPOCHI aHKETHI. [IPOBOIUTCS MOMCK ONTUMATIHLHOTO KO-
JINYECTBA KJIACTEPOB CTY/IEHTOB 1Ipu oMoIu ajropurma k-cpeganux. [lokazano pacupegenenne
CTYEHTOB 10 KJACTepaM, IMOJYYEeHHBIM ¢ IIOMOIIBI0 METOI0B HepapXUUecKas arjoMepaIui H
kmeans knacrepu3anun. AHAIN3 MAPHON KOPPEJIAINH MEXK Iy IPU3HAKAMI ITO3BOJISIET BbISIBUTD
3HAYMMBbIE TPU3HAKU /IS IEJEBOTO MoKa3aTe/d. I3ydaercs BO3MOKHOCTh CHUXKEHUsT pa3Mep-
HOCTH BXOIHBIX JaHHBIX ¢ momoripio linear PCA u kernel PCA meTomoB st yaydieHust Toq9-
HOCTH MOJeIu Kaaccudukamun. PaccMaTpuBaeTcs BAUSHIE CHIKEHHST KOJUIECTBa (DAKTOPOB
B IEeIdX YIVUIIeHHs TOIHOCTH MOJe/H KJiaccudukanuu. [IpoBoaurcs cpaBHUTEIbHBIN aHAIN3
TOYHOCTH IIPOrHO3 KJIACCH(DUKAINN ¢ UCIOJIb30BAHIEM AJITOPUTMOB JOTHCTHIECKOR perpeccun
U CJIYYIARHOrO Jeca Ha 0a3e MCXOMHBIX JAHHBIX M Ha Oa3e OMOPHBIX KOMIOHEHT. Moaean MoryT
HCIIOJIB30BATHCA JOMOXO3SICTBAME, YIPABJIAIOIIMMA aKTHBAMI, YMHOBHUKAMU JIJIT BHIPAOOTKH
CONMAJIBHOM MOJUTHKHI, TAKKE MOTYT OBITH BCTPOEHBI B OAHKOBCKYIO, IEHCHOHHYIO H CTPAXOBYIO
CHUCTEMBI.

KimroueBble cJ10Ba: METOIbl MANIMHHOTO 00yYeHUsl, MATEMATHIECKas MOJIE/Th, IPOTHO3UPOBAHNE, TATTEPHBI TIOBEICHNU,
po0JIEMbI MOJIOJIEXKH.
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O HOBOM CUCTEME MOMEHTHBIX YPABHEHUM, 3ABUCSILIEN OT
CKOPOCTMH IIOJIETA U TEMIIEPATYPHI IIOBEPXHOCTH JIETATEJIbHBIX
AIIIIAPATOB

A. CAKABEKOB¢, C. MAIAJIMEBA® P. EPTA3BMHAC II. AKUM7KAHOBA?

KazHUTY um.K.U.Carmaesa, Amvarer, Kazaxcras
E-mail: “auzhani@gmail.com, *madalieva_s@mail.ru, ergazina.ryskul@gmail.com,
dshinar _a@mail.ru

[IporaosupoBanue a’poINHAMHIECKAX XapaKTePUCTHK JETATeJIbHBIX AllapaToB IPH OYeHb
BBICOKHMX CKOPOCTSIX M Ha OOJIBIIUX BBICOTAX SIBASETCS BayKHON IIPOOJIEMOR a3pOKOCMUIECKOM
rexuuk. OHU MOrYT OBITH OLPEIETCHB METOJAMEI TEOPHHU paspsizkeHHoro rasa |1]. Onucanune
Pa3pAKEHHOIO rasa ¢ HOMOINbI (PDYHKIUH PACIPEIEJTeHHT YaCTHI[ OTHOCUTCS K IEPEXOIHOI
O6ﬂaCTI/I MEZKAy T€eYCHUuAMU CILJIOIITHOM cpeabl U CBO60,ZLHOMOJI€KyJIHprIM n OHO IIpeacTaBJIdeT
co0O0it TOCTATOYHO CAOXKHYIO 3a7a4y. [lpu pacdere adponHAMUYECKUX XAPAKTEPUCTHK JIeTa-
TEJTBLHOTO aImapaTa B BHICOKOCKOPOCTHOM MOTOKE Pa3psiyKeHHOrO ra3a B ypapHeHune BoabiMana
HAJI0 BHECTH CJIAraeMoe, 3aBUCSINee 0T CKOPOCTH JIBUKEHN JIETATEIbHOTO allllapara, a yCJIOBHe
Ha [TOJIBUZKHOI IpAaHMIIE TOJ2KEH COMepPKATh IIapaMeTp, 3aBUCAIIHH 0T TeMIepaTyphl HOBEPXHO-
CTH JIeTaTeJILHOTO ammapara. B paGoTe mpuBeaeHa HOBas OJHOMEpHAs HECTAIMOHAPHAS HEJIH-
HelfHast cucTeMa MOMEHTHBIX YPaBHEHHH, 3aBUCAIIAS OT CKOPOCTH JBHYKEHUSI U TEMIEPATYPhI
IIOBEPXHOCTH JIETATCJILHOI'O allllapaTa, a TaKzKe alllIPOKCUMallud MUKPOCKOIINYECKOI'o yCJ10BuAd
MakcBesia Ha TOABUKHON IPAHUIE, KOTJA YaCTh MOJIEKYJ OTPAKAETCsS OT MOBEPXHOCTH 3ep-
KaJbHO, a 4JacTh — An(@dy3HO C MAKCBEJIOBCKAM pacipejejieHneM. [IpuBenena mocraHoBKa
HAYaJIbHO-KPaeBOil 3a/1a4u JIJi CHCTEMbI MOMEHTHBIX YPAaBHEHUI BO BTOPOM TPUOJIUKEHUN TTPH
HOBBIX MaKPOCKONUYIECKHX I'PAHUYHBIX YCI0BHAX. Jl0OKa3aHa KOPPEKTHOCTh HAYAJIbHO-KPAeBOil
3aJ1a9K JJ1sI CHCTeMbl MOMEHTHBIX YPaBHEHHIH B TPeTheM MPHOINKEHNH [IPU BbIBEIEHHBIX MaK-
POCKOIIMYIECKUX I'PAHMIHBIX YCIOBUSIX B HPOCTPAHCTBe (DYHKIINIA, HEIPEPBIBHBIX 110 BPEMEHH U
CYMMUPYEMBIX B KBAJIpaTe MO MPOCTPAHCTBEHHON mepeMenHol [2]|. st ompeieieHust CKOpoCTH
[oJIeTa U TeMIIePATyphl MOBEPXHOCTH JETATEJbHBIX allapaToB pelleHa oOpaTHas 3aaada, JI/Ist
CUCTEMBI MOMEHTHDBIX ypaBHeHI/Iﬁ B TpeTbeM HpI/I6JH/I)KeHI/II/I IIpu HEKOTOPBLIX AOIIOJIHUTE/JIbHBIX
VCJAOBHSIX O PellleHun NPAMOil 3a1a4u.

Funding: Asropsr 661mn nomuepxkansl rpanrom AP08856926 MHBO PK.
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CKOPOCTH TIOJIETA M TEMIIEPATypa MOBEPXHOCTH JIETATEIHHBIX ATIapaTOB.
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Teopema 1. BripoxkigenHast cucreMa tuna Beccesst

0*W ow ow .

nosyvennas u3 cucremsr [opaa [1] ¢ nomompro 3amensr v; = 2a;, (j = 1,2, 3) mveer 2° mneiino-
HEe3aBHCHMBIX 9ACTHBIX PEIeHufi, OJHO U3 KOTOPBIX BBIPAKACTCS 1epe3 BHIPOKICHHYIO (DyHK-
muro I'ymbepra npuBogsinuxcs K ¢GyHKIHIO Beccesiss or Tpéx 1mepeMeHHbIX
hm \I’ (/\ 201, 209, 2035 1, T2, 13) = J (2001, 2009, 2003; 1, Lo, T3) =
— (ﬂ)hl(ﬂyaz(ﬁ)mx
2 2 2

oo (_1)m1+m2+m3(%)2m1(%)2m2(12_3)2m3

X . 2
Z ml!mg!mglf‘(Zal + mq + 1)F(20&2 + mo + 1)F(20z3 + ms + 1) ( )

mi1,m2,ms3

Cayuaii n = 2 611 paccMoTpen B pabore [2|. (2) sBasiercs dbynkuueiit Beccesst or Tpéx nepe-
MeHHBIX. CJrejyionias TeopeMa yCTaHABJINBAET KOJIMYECTBO HOPMaJIbHO-PEry/ISIPHBIX pelleHnit
cucrembr (1).

Teopema 2. BcrmomorarenbHas cucreMa mojydeHHas u3 cacrembl Tina beccenst (1) ¢ mo-
MOIIBIO TTIPEOOPa30BaAHUST

Z(x1, 9, x3) = exp(aiooT1 + Qoro®e + aon3)U(z1, T2, 23), (3)
1Py BBITOJTHEHUH JIBYX HEOOXOIUMBIX YCJIOBHIT

2 2 2
0 — Q100 = 0, agyp — @10 = 0, @01 — 001 = 0 (4)

f(g(l)())<p17p27p3) = 07 f(g(2)())<p17p27p3) = 07 fég%<pl7p27p3) =0 (5)

nMeer 3 HOpMaJIbHO-PETYJISIPHbIE DEITeHUs

Zy (21, T2, x3) = exp(x;)Ug (1, T2, T3) (6)

rae Ugy, (t = 1,2, 3) Tpu BEIPOXK I€HHBIE THIIEPreOMETPUIECKHE DSIbl TPEX IT€DEMEHHBIX.
Bropasa cucrtema tuna beccens Tak:Ke nMeeT aHAJOTHIHBIE PETTeHUS.
Teopema 3. Cucrema tuma Becceist

72
217 ) _
T Waa; — 5 Zx]W +[- 19 Zmr + kz;205(1 — a)]W =0, (7)
r#j r#j
rme k =a+5—X\a;(j =1,2,3), \ — mexoropsiii napamerp, W (z1, x2, x3) — 0bIIast Hem3pecT-
HasT, IPH BBIIOJHEHHIT IBYX HEOOXOMUMBIX yCI0BHiT (4) u (5) upeer Tpu HOpMATbHO-PErYISIPHBIX
pemrenmii Biga (6).
U tak, o6e cucTeMbl THIIA UMEIOT PENICHUs BUIA
i ()‘)m1+m2+m3x1 $?2$?3

(2@1)!(2a2)!(2a3)!m1!m2!m3! '

\1153)()\, 20, 209, 2035 T, To, T3) =

mi,mz,m3=0

Crenyer ormernts, uro obe cuctemsr (1) u (7) mMeroT oguHAKOBBIE HEOOXOTUMBIE YCJIOBHS
(4) u (5) u cupaBeIHBO YTBEPK/ICHEE.
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Jlemma 1. /[1s1 Toro, 4ro66 BCHOMOTaTEIbHBIC CHCTEMBI IOIYYCHHEIE ¢ IOMOIIBIO Ipeobpa-
soBanust W (xq, xe, x3) = exp(aioor1 + 1072 + po1x3)U (21, X2, x3) m3 cucremsr (1) u (7) amenn
xorst 661 ofHO penrenne Bujga (6) HEOOXOAUMO, ITOOBI HMEJIH MECTO DaBeHCTBA (4).

KiroudeBble ciioBa: BEIpOXK IeHHAs cucTeMa, byaknus I'ymbepra, dyuknus Beccesist, HOpMaJIbHO- peryssipHbIe, YacTHBIE
pemeHns.
2010 Mathematics Subject Classification: 35Q79, 35K05, 35K20

JINTEPATYPA
[1] Tasmambetov Z.N. Multidimensional normal-regular solutions of degenerate systems associated with Bessel
functions of many variables, VII World Congress of Turkic World Mathematicians, (2023), 197-211.

[2] Tacmam6Geror 2K.H. ITocTpoeHne HOPMAJIBHBIX W HOPMAJIbHO-PErY/ISPHBIX PEIIEHUH CIENUATBHBIX CUCTEM mud-

(depernMATHHBIX yPaBHEHWI B 9ACTHBIX MPOU3BOTHBIX BTOPOro nopaaka, M1 XKanadusrosa C.T., (2015), 463.

O COBMECTHOM PEIIIEHUN BbIPO2K/IEHHBIX /IBYX CUCTEM,
IMOJIYYEHHBIX U3 CUCTEMBI JIAYPUYEJIJIA

2K.H. TACMAMEBETOB, 2K.K. YBAEBA
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,HaHHaH pa60Ta IIOCBAIIIEHa U3YYECHHIO COBMECTHOI'O PelIeHUA JBYX BbIPOXKAECHHBIX CHUCTEM

- O2W oW
g ) —a, W=0.(i=k+1k+1
2 Z; 92,0 + (v —2z) o7, a; W =0, (i + 1L k+1)
"W oW
; —-W=0,(i=k+1+1 1
Zl Z] 8Zjazz‘ + ’y aZi ) (Z + + 7n) ( )

NOJYYeHHBIX U3 cuctembl Jlaypudeta F.
[Tpu pasamanbix 3Hadennsx j u i u3 (1) noaydum cucremy [opua (P3):

21W2121 + (’7 — Zl)Wzl —+ Z’gVVZzZ1 — 011W = 0, 22W2222 + 2’1W2122 + ’}/WZI — W = O (2)

NOJIyUeHHY 0 13 cucreMbl (1) ¢ perenneM BaxkHOi dbyukiun ['ymGepra Ps:

[e.9]

« 2 2
D3 (a; s 21, 22) = Z (() Ly lm 'in N
m1,ma=0 Y mi1+mo 111102

Cucrema (2) uMeer 3 JIMHEHHO-HE3ABUCUMBIX YACTHBIX DEIIEHUs, & TAKXKe CIPABEIJUBO
yrBepKaenue [1].

Teopema 1. Cucrema (2) numeer 0[HO HOPMAJIHHO-DEYISIPHOE DELIEHHE BHJA

v — o 1 vy+1—-—o

Wii(z,20) =exp(z1))(l — ——21+ —20 F ———

gl y vy +1)
(v—a)(y+1-a1) , L
| 21 <2
2y(y +1) (v +1)

HpH BHIIOJIHEHHIT JBYX HEoOXoauMbIx yeaoBuil 1. o2y — g = 0,03, = 0;

21, Zo+

), (3)

2. £ (o1, p2) = p1(p1 — 1+ pa +7) = 0,

£5 (o1, p2) = palp2 — 1+ p1+7) =0,
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rae oo U (g — HEH3BECTHBIE MOCTOSHHBIE ONpele/Isioniero MHOXKATEIS B Ipeobpa3oBaHul
z = exp(aqozr + agrz2) Wz, 22).

Ceoiicrpa dyukiwmit 'ymbepra [1] umeer coorHoteHMS:

> (al)m
Oy(ar,7i21,22) = B~ J (v +my )2
|
oo 1 .
D3, y; 21, 22) = Z ) n,G(al;’Y +n;21)2,
m=0 [

TO ecTb, U3 (PYHKIUNA MOKHO BBLICIUTH (byHKmuu Beccens nu Kymmepa.
Teopema 2. VmeroT MecTO COOTHOIICHHS:

- (al)m m __
7;] WJ(’Y + m, 22)21 = W471(21, 22),
i ! Glay;y +n;21)z = Wiz, 22) (4)
0 (7)nn!

rae Wy (21, 20) — mopmasbHO-peryssipabre perenust (3).

Teopema 3. Imeer mecto coornonrerne Pg(avy,; 21, 22) = Wyi(21, 22). Ilpu nokaszarens-
CTBE TEOpEeMBI 2 UCIOJIb3YETCd Pe3yAbTaThl TEOPEMBI 3.

DTH pe3yIbTaThl MOXKHO PACIPOCTPAHUTDL Ha (DYHKIUU TPEX U Oojiee IepeMeHHbIX.
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PaccmaTrpuBaercsa 3amada CONPSIzKEHHS I YPABHEHHUS TEILIONPOBOIHOCTU C Pa3PBIBHBIM
K03(bHUIHEeHTOM B MHOT'OMEPHOM IPOCTPAHCTBE

oU (z,t)

e a?(x,)AU (0, 1), (1)

a? mpm —oo < x, <0,

2

2
a“(x,) =
(%) a; 1upu 0 <z, < -+oo,
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B obsactu Qp = Q(Tl) U Qé?),
W= {(z,t) = (2, 2p,t) : 2 € R*, m, € R_, t >0},

g?) = {(z,t) = (¢, zn,t) : 2’ € R, x, € Ry, t >0},

YAOBJETBOPAIOILad HaYaJIbHOMY YCJIOBUIO

U(z,0) = f(x), x=(x1,2,...,2,) (2)
" yCJIOBUAM COIIPpAZKEeHU A
U, n, )] g — o = U, 0, )], s 5 (3)
3 3
okU kU
F Bk = Z Gk 7 (4)
k=1 Tp=—0 k=1 Tpn=-+0

rie by m ¢, — 3aJaHHBIe TOJOXKUTETbHbIE TOCTOSTHHBIE.

Pemenne 3agaan (1)-(4) mimercs B BHJE TEIUVIOBBIX MOTEHIHAJIOB [BOHHOIO CJIOS C JIBYMsI
Hen3BecTHRIME TTOTHOCTSIMU [1]. Vicmoab3yst yeaoBust conpsizkennst (3)-(4), moaydeHa cucrema
unTerpo-auddepeniuanbabix ypapaenuit (CUIY) ¢ pazauaubivMm onepaTopaMu TemIompoBo/I-
Hoctu. Xapakrepucrudeckas dactb CUJLY perena MeTogoM HHTEIrpaibHBIX Mpeobpa3oBaHmil
Oypbe-Jlamiaca mpu BHIIOJHEHHT YCJIOBHS PA3PEIIUMOCTH A = % > 0 (A1, Ay — HEKOTO-
pble 3ajannbe nocrosHube). Merogom peryiasapusanuun CUJTY cBemena K cucreme HHTErpasib-

HBIX ypaBHeHunit Boabreppa-Ppearoisbma.
2y 2
Teopema 1. Ecun f(x) € C2 (Qr) n A = % > 0, o cymecrsyer pyuxius U(z,t) €
C’i’tl (Qr), aBIsIIOMAsICS pernenneM 3a1aun conpsizkenns (1)-(4).

KirogeBble ciioBa: 3a/a4a COLPHXKEHUsI, HOPMAJIbHbIE [IPOM3BO/IHBIE, YCJIOBUA PA3PEIIUMOCTH, PEry/IdpU3aius.
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2
0 az(ae 289)+£ 0

o~ \ow Tror
Tm —a1(t) <r <ry,+a(t), 0<t<t,

rjie r = r, — cepuieckasg u3zorepMa, Ha KOTOPOH HAUYUHAETCS MPOIECC ILJIABJICHUS, OIpee-
JigeMas W3 pellleHnus COOTBETCTBYIONIEN 3a/1a41 Ha dTalle, IPe/IeCTBYONEM IJIABJICHUIO, &
— MOMEHT JOCTHKeHUd W30TEePMOM IJIaBJIeHUd KOHTAKTHOU TIomaaku. HadaabHoe yciaoBue
nMeeT BUJT:

O(rm,t) = O (2)

0,, — TeMIlepaTypa I1aBaeHus anoga. Ha rpannmax cdpepudaeckoro ¢ios paciniaBa TeMIepaTypa
paBHa TeMIlepaType TJIaBJIeHUs aHOJIA

O — (), ) = O(rp + as(t), ) = O, (3)

Bpewmsa t,, mocTuxkeHus TeMIepaTypbl ILIaBJACHUS B TOYKEe ee MaKCHMyMa O4YeHb MaJjo. /[lis
OOJILIMMHCTBA KOHTAKTHBIX MaTepuaJioB Kputepuit Pypre Fo = i—? ~ 1072 — 10~%, nosromy
IpOIeCC HAIPEBa KOHTAKTOB OJIM30K K auadaTHYEcKOMYy HU TEMIOOGMEHOM 30HEI paciLiaBa ¢
TBEPO# 30HOI MOXKHO IpeHeOpedb, CAUTAasl, UTO BCE BBLILIIEMOE TeILIO PACXOLYeTCd TOJBKO Ha
dazoBoe 1peBpalenue BenecTsa. B aroM cirydae Mbl uMeeM 0JIHO(MA3HYIO 33/1a4y, /I KOTOPOit

yceaosue Credana uMmeeT BHI

— LV@ (4) L\ _ LW@ (5)

Pemenne 3anaqau (1) - (5) numercst B Buje

—%i(%ﬁ/) lAzerfC \/E " + B,i"erfc a\/_} % (6)

n=

)=Tm+ Y Bat?,  on(t)=rn+ Y Ot (7)
n=1 n=1

Oyukrust (6) ymosiaeTsopsteT ypasuenuio (1). VIoBIeTBOpsist HAYATBHOMY W TDAHUIHBIM
VCJIOBHSIM, TOJYYHM CHCTEMY ayrebpanvecKux ypasHeHuil mis A,, By, Bn, 0, KOTOpas aHa-
JIOTHYHA CHCTEMe, pacCMOTpeHHOi B pabore [1]. Ee perenne HaxomuTest ¢ moMomnbio hopMy bt
Daa-u-bpyno.

Jastee paccMaTpuBaeTCs AHAJOTUYHAS 33448, ISl YPABHEHHsI TEIIOMPOBOIHOCTH ¢ KO-
dburnuenTamMu, 3aBUCAIIMMA OT UCKOMOI TEMIIEPATY Dbl

(O <9)gf L9 (r Aw)@) L POI (8)

r2 0r or 4drrd

T — 1 () <7 <1 —ag(t), 0<t<ty I(t)=It

C TeMH Ke TpAaHuIHBIME yeaousmu (2) — (5).
J1Jist ee pelleHns: UCTIOJIb3YeTCsl ABTOMOJIEJBHBIH METOJI, B KOTOPOM DEllleHUe UIIETCs B BUJIE

r—T"To

2a\/z
) = a0/ (1), a(t) = an/ (1), (10)

0(r,t) = u(§), &= (9)
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HpI/I 9TOM 3aJa4da peAyIUpPyeTCd K PEIIeHHIO OOBLIKHOBEHHOT'O HeJHHeHHOro ypaBHEHHUA BTOPOTO
IIopdaKa
Au) 13 A(u) 1672\ (u)&
Ono MozKeT OBITD CBeJICHO K CUCTeMe HHTeIr'PpaJIbHbIX ypaBHeHI/HL/'I CDpe,ZLI‘OJH)Ma BTOpOTI'O poa,
pPa3spenmmMoCcTb KOTOpOfI IIpu olIpeaeJIeHHbIX YCJI0BUAX IVIaJKOCTH KOS(b(bI/II_LI/IeHTOB yCcTaHaBJIN-
BaeTCd MeTOOOM HEIOABHUZKHON TOUYKH aHAJOTHYHO TOMY, KaK 3TO OBLIO caeJIaHO B pa60Te [2]
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[Ipu perrennn 3a1a4 B ['mib0epTOBBIX MPOCTPAHCTBAX MOJAXOJUTH K PEIICHUIO ¢ UCIOIb30-
BaHUEM CHEKTPAJTHHBIX Pa3/IoyKeHuil (pyHKINN Teneph ropasao yaobHee ¢ MOMOIIBI0 KOMITbIO-
TEPHBIX IIPOrPAMM.

BoL1o pazpaborano MHOKECTBO MATEMATUICCKUX MOJIEJeH /I IOUCKA PellleHus ypaBHeHU
IyTeM CIEeKTPAJIBLHOTO PA3JIOKEeHUs, B TOM Jucie B [1-4].

PacemorpuMm ypaBHeHHe

Au=f

B srom Tesuce A : H — H — caMOCOIpPsI2KEHHBII omepaTop, I1s Jo60ro r € H yIoBIeTBOps-
ot yesosuio (Az,z) > (x,x), m > 0.
YrBepxkaenune 1. CupaBejinBo HEPABEHCTBO

1
<—|A 1
lzll < — 1| Azl (1)

JlokazaTebCTBO OYEBH/IHO.
Jlemma 1. Mmeer ciiejyroriee paBeHCTBO

ImA=H.
Bsenem cienyroree npoctpanctBo Hy O CKaJsIPHBIM ITPOU3BEIeHUEM
(u,v)4 = (Au,v).

[IpocrpancrBo H 4 gBigercd ruab0EepPTOBBIM MPOCTPAHCTBOM U HA3bIBACTCH TaKKe dHEpre-
THIECKUM MPOCTPAHCTBOM. DTO HEMOCPEICTBEHHO CJIeyeT U3 HEPABEHCTB

vml| < llzlla < VAl
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PaceMoTpuM mocJie I0BaTeTbHOCTD BJIOZKEHHBIX MOANPOCTPaHcTB H,, mpoctpancTBa H, T10T-
uyio B H. O4eBUIHO, B CUJIYy HEMPEPBIBHOCTU oneparopa A 3Ta MocjenoBaTeIbHOCTD JIOTHA 1
B H,. Ilyctb ug — rounoe pemenne ypasuenust (1). Beegem dynknnonasn

®(u) = [lu — ol — [luol-

Ouesngno, ®(u) = (Au,u) — 2 * (u, f). llyers u,, — Touka munumyma ®(u) ma H, , T.e
O (uy,) = mingen, P(u).

Teopema 1. /I aoboro saeventa f € H nocaenoBarebHOCTH PUTIa KOPPEKTHO OIpe-
JIEICHA, M CXOJUTCSA B SHEPreTUIEeCKOi HOPME K TOYHOMY PEIeHHIO.

JokazareabcTBo. 13 nemmvbr 1 ciefyer ofHO3HAYHAST PA3peNuMOCcTh ypasHerust (1) mis
mo60it mpapoil vactu f € H.

[Iyctn P;L“ — nupoektop nHa H, B H4. Torna mo Teopeme Bemmo JleBu 06 opToroHaJbHOM

Pa3/I07KEHUN
A
Uy, = P'u— 0.

CxommMOCTD TOM MOCTAEAOBATEIBHOCTH CJIEIYeT U3 IJIOTHOCTH IMOCIeI0BaTe bHOCTH H,, B 3HED-
reTUIEeCKOM HPOCTPAHCTBE.
Sameuanue 1. CupasepiuBa OIeHKA

||tn — wol|| < const||ug — Puul|.
JeiicTBuTe/IHHO,
|tn — || < const||un, — ugl|la = const|| PAug — uol| << const||Pyug — uglla < || Patto — o).

Bameuanue 2. Ecan u, — rouka munnmyma dynknunonana ¢ (u), To mis gwoboro h € H, u
joboro t € R cupaBe/InBO HEPABEHCTBO

O (uy, + th) > O(uy).

CuietoBaTesibHO,
[t — w0 + th|l% > llun — uoll%

T.C.

t*(Ah, h) + 2t(Au, — f,h) > 0.

Orcrona (Au, — f,h) =0 u Au, — f L H,. Takum obpaszom, u, aBasercsa periexuem B H,
ypasuenust B, (Au — f) = 0.

Peaauzanua meroma Puria.

[IycTh janbl n JIMHEITHO HE3ABUCUMBIX 3JIEMEHTOB (1, o, - - . , §p U TMYCTH

Hn == L{gla927 cee 7gn}

n
— JsimHeiiHast 060J109Ka, HaTsHyTasd Ha HuX. Ecam u = ) Ozl(gn)gk 10 Au=3",_, apAg.
=1
OuesuHo, ypasaenue (1) npuHUMaeT BHI

n
E argy — f L gm, m=1,2,....,n.
k=1
Takum 006pa3oM, HCKOMBIE KO3 MUIHEHTHI Y I0BIETBOPIIOT CJIeIYIONIEH CHCTeMe yPaBHEHMI

> ak(Agks gm) = (g f)-
k=1
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N3 Teopemsbl 1 cireayeT, 9TO CYIIECTBYET €IMHCTBEHHOE pellleHne JTaHHOW CHUCTEeMBbI, U COOTBET-
CTBYyIOITee TpubIMKenne Putia mmeer BUI:

Up = Z al(gn)gk
k=1

KiroueBble ciioBa: Peam/lsaunﬁ MeTOda PI/ITI_Ia7 CITEKTPAJIBHBIX pa3.}'[0)KeHHﬁ.

JINTEPATYPA

[1] Sh. A. Alimov On the smoothness of mean values of functions with summable spectral ezpansion, Differential
Equations 48 (4),506-516 (2012).

[2] Sh. A. Alimov and A. A. Rakhimov On the localization of spectral expansions of distributions in a closed domain,
Differential Equations 33 (1), 80-82 (1997 r.).

[3] Karomos III. Mamemamuueckoe modeauposanue 3adauy meoput, Guabmpayuy co c60000nbMU 2paruyamus. 274
c. , TT'TY, Tamxkent, (2017 r.).

[4] R. R. Ashurov Localization conditions of spectral ezpansions, corresponding to elliptic operators with constant
coefficients, Math. Notes 33 (6), 434—489., 1:2 (1983)

[5] R- R. Ashurov and Yu. E. Fayziev, On eigenfunction ezpansions associated with the Schrodinger operator with
a singular potential, Differential Equations 254-263 , 1:2 (2005).

OB OHOM 3AJIAYE C JIOKAJIbHBIMU " HEJIOKAJIBHBIMU
YCJIOBUSMU HA TPAHUYHOUN XAPAKTEPUCTUKE JIJId YPABHEHUS
I'ENJIEPCTEATA

H.X. XYPPAMOB® J1.9. MUP30OEB?

Tepmesckuit rocyiapCTBeHHBIN negarorudeckuii wactutyT, Tepmes, Y3bexucrax
E-mail: “nxurramov22@mail.ru, *"doniyormirzayev992@gmail.com

[Iycte D — KoHeYHas OJHOCBSA3HAA 00JIACTH KOMILIEKCHOM IIOCKOCTH Z = X + 1Y, OrPaHH-
denHasd npu y > 0 HopMaabHOI KpuBoil ao(y = 0o(x)) : 2% +4(m + 2)%y™"2 = 1, ¢ KoHNnaMu B

roukax A(—1,0), B(1,0), a mpu y < 0 — xapaxkrepuctukamu AC' u BC' ypaBHeHUst

(signy)ly|™ e + uyy + (Bo/y)uy =0, (1)

rJe M — HOJIOKUTeNIbHAs TocTosHHAsA, By € (—m/2,1).

O6o3nauum yepes DT u D™ gacru obsactu D, jeKalye COOTBETCTBEHHO B IOy ILIIOCKOCTSIX
y>0uny <0, aqepe3 Cy u C Touka nepecedennst xapakrepuctuk AC' u BC' ¢ xapakTepucTu-
Kamu ypasHenus (1), Berxoagmux u3 To9ku F(c,0), Te ¢ — HEKOTOpoe YHCI0, IPUHATIeZKAIIee
unrepsaay I = (—1,1) ocu y = 0.

C. Tennepcrear [1,c.186, ¢.201] pyst o6obientoro ypasuenusi @.TpukoMu uccIe10Bal 3a-
Jlav¥, TPU MOCTAHOBKE KOTOPBIX B runepbomdeckoil dactu obsactu D 3HaUEHHS UCKOMOTO
PeIeHns 3a1al0TC Ha IBYX KYCKaX XapaKTepUCTHK pasHoro cemeiictsa ECy nu EC, nmu ACy n
BC,. Tlpu 3toMm B smnnTudeckoit gactu objiactu D rpaHuvHbIe 3HAYEHUS 33aI0TCs HA TPOU3-
BOJIbHO# KpuBOitl 0g. Hacrosamas pabora orinaaercs ot 3agadu [ejiepcrenra TeM, 9T0 3/1eCh B
YCJIOBHSIX 33/1a9H 3HAYEHUs] HCKOMOTO PeITeHnst 33 al0TCs Ha XapPaKTePUCTHKAX OHOTO cemeii-
CTBa T.e Ha TPAHWIHON xapakTepuctuke ACy U apaIeJbHON eif BHYTPEHHOW XapaKTePUCTHKE
EC,

Banaua T'G. Tpebyerca naiitu B obsractu D dyuknuio u(x,y) € C (E), V/IOBJIETBOPSIOIIY IO
CJIeTYIONUAM YCJIOBUSIM:

1) dyuxuns u(z,y) npuragneskur C? (D7) u ynosnersopger ypasrenuio (1) B obnacta DT

2) dynknus u(x,y) saasiercs B obsactu D~ 06obiennbiM perenneM Kiaacca Ri[1, c.104];

3) Ha MHTepBaJie BIDOXK/eHUs AB nMeeT MecTo yCaoBHe COMpPsIZKeHHs

ou ou
o (B CY Bo
ylgzlo( Y) Iy Jim oy x €I\ A{c}, (2)
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HpUuYeM 3TH Ipejebl Ipu © — +1, £ — ¢ MOTYT UMeTh OCOOEHHOCTH TOpsjaKa Huxke 1 — 203,
rae 3= (m+20)/2(m +2) € (0,1/2);
4) nyist MOObIX T € I BBINOJHAIOTCS PABEHCTBA

u(z, o0(x)) = a(z)u(z,0) + ¢(z), =€ [-1,1], (3)
( y) |ECO 7700( )7 ZAES [(C_ )/270]’ (4)
w(@,y) [pe,= t1(x), = €[(c+1)/2,1]. (5)

m

1
1
P ofe) o), du(a) (o) s v olo) € CIL1) 0 LD, il
Cl-1 (c—l)/Q]HClao( (c—=1)/2), ¥1(x) € Cl(c+1)/2,1]NCY((c+1)/2,1), ag € (0,1
npirrent (z) — (1 — 2)3(), mie F(x) € CO[—1,1] 1 CO%0(—1,1), ¢i(—1) = 0, ¢1(c) = 0

Bamernm, uto ycaosue (3) apisiercs yeaosueM bBunamze—CaMapcKoro Ha 0y U Ha OTpPe3Ke
BeIipokienus AB, a yeaosus (4) u (5) ecTh cOOTBETCTBEHHO ycsoBue Lesepereara 3aiannoe
Ha rpaHuuHOil XapakTepuctuke ACy n Ha BHyTpeHHel xapakrepuctuke EC, . Ilpu ¢ = —1 nim
¢ = 1 u3 3amaun crenyer 3agada Tpukomu [1,c.128].

EnuncTBeHHOCTD pertienns 3aga4uu TG TOKa3bIBAeTCs ¢ MOMOIIBI0 AHAIOTA TPUHIUIA IKC-
tpemyma A.B. Bunaygze |2, ¢.301], a cymecroBanus pemenns 3aga4qu T'G 10Ka3bIBAETCS METO-
JIOM TEOPUH PETYJISIPHBIX U CHHTYJISIPHBIX MHTETrPaJbHbIX ypasHenuii [3, 4].

~—

Y

C
]
(

KimoueBble cioBa: ypaBHeHUs CMEIIAHHOIO TUIIA, KPaeBas 3a/ada, HeCTAHIAPTHbIE CHHIY/ISIPHOE HHTErPAJIHLHOE yPaB-
nenne, Tpukomn, ypaBHerne Bunepa—Xormda, nHmekc.
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SATAYA C YCJIOBUEM BUIIAI3E-CAMAPCKOT'O HA TTAPAJIJIEJIbHBIX
XAPAKTEPUCTUKAX N OBLIMMHN YCJIOBUAMMN COIIPAKEHUA HA
JINMHUUN BBIPOXKAEHUA N9 YPABHEHUA ['EJIJIEPCTEATA

H.X. XYPPAMOB¢, B.2K. OJITUEB?

Tepme3cknii rOCY4apCTBEHHBIN egarorudecKuii nucrutyT, Tepmes, Y3bexucran
E-mail: “nxurramov22@mail.ru, oltiyevbaxriddin@gmail.com

[Iycts () — KOHEYHAsT OMHOCBsI3HAsT 00/1aCTh KOMILIEKCHON IJIOCKOCTH 2 = T + Y, OTDAHM-
uennag 1pu y > (0 HOpMaIbLHON KpuBoil 0y : 2 + 4(m + 2)"2y™ ™ = 1, ¢ KoHIAMHU B TOYKAX
A(—1,0), B(1,0), a npu y < 0— xapaxrepucrukamu AC' u BC' ypaBaenus

(SZgny)‘y’mumc T Uyy = 0, (1>

riie m = const > 0.

O6ozraunm vepes QT u Q~ gactu obnactu €, JexKanye COOTBETCTBEHHO B TIOIYILIOCKOCTAX
y>0uy <0, auepes Cyp u C1— COOTBETCTBEHHO TOYKHN nepecedenns xapakrepuctuk AC u
BC' ¢ xapakrepuctukamu ucxojgrieii w3 rouku F(c,0), tne ¢ € [ = AB = (—1,1)— unTepBas
ocu y = 0.

Banaua S. B obmactu € tpebyercs naiitun byHKIuo u(x,y) YAOBIETBOPSIONLYIO CIELYIO-
IIIAM YCJIOBHUSIM:

. Lot o
1) u(x,y) HempepbIBHA B KaxK/I0ii 13 3aMKHYTHIX obiacrei 0 u ) ;
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2) u(z,y) npuragmexxut kraccy C? () u ynosnersopser ypasueruio (1) B 910l obmacTy;
3) u(x,y) aBagercsa 0GOOIEHHBIM peleHneM kiacca Ry B obmactu Q7 ;
4) Ha WHTEpBAaJe BHIPOK/ICHUS BBIIIOJIHACTCS OOIIIe yCA0BHsI conpsizKenust |1]

u(z, —0) = a;(z)u(x, +0) + ap(x), x €1, (2)
. Ou . Ou
Jm o bi(z) Jm oy bo(z), = € I\ {c}, (3)

npudeM 3TH Tpejenbl npu r© — £1, ¥ — ¢ MOTYT UMeTb OCOOEHHOCTHU MOpsdKa Hike 1 —
28, rtne B=m/2(m+2) € (0,1/2);
5) BBIMIOJTHEHbI YCJIOBUS
U<J],y) :QO(ZE), (ZE,y) 6607 (4
U(ZE,y) |ACOZ w(x)v YIS [_17(0_ 1)/2]7 (5
ulf(x)] = pulf* ()] + p(x), = € ¢, 1], (6

rie 0(xg), 0*(xg) — coorBercrBerno adduKCH Touek nepecedenus xapakrepuctuk CoC C AC
u ECy ¢ xapakTepuCcTHKON ucxofsimei u3 touku (xo,0), vae zo € [c, 1], ao(z), ai(x), bo(x),
bi(x), p(x), ¥(x), p(r) — 3amannble TOCTATOTHO T AKHe (DYHKIUH, (i — HEKOTOPAsl MOCTOSHHAS
nputen (v — ¢)? — p(1+2)7 £ 0,4(=1) = 0,p(c) = p(1) =0, (=1) = ¢(1) =0.
BamerumM, aro ycuaosue (4) aBisierca ycaosueM upuxise na 0y, a ycaosue (6) ecTb ycaoBue
Bunanze-Camapcekoro [2] ma napantensusix xapakrepucrukax CoC C AC u  EC,.
Ormernm, arto 3agada S upu 4 =0, (¢Y((c—1)/2) = p(c)) nepexogut B 3amady Tpukomn.
Teopema. 3agaga S npu 1 <0, ai(z) >0, bi(x) >0, |c(z)| < 1 ogHosmagno pazpenrnma.
J1oKa3aTebeTBO TEOPEMBI IPOBOJAUTCS METOIOM PAaGoTh [3,4].

~— ~— ~—

KuroueBrle ciioBa: ypaBHEHHE CMEIIAHHOIO THUIA, Pa30ueHre I'PAHUIHON XAPAKTEPUCTHKHU HA [ABE YaCTH, yCIOBHUE
Burmagze—Camapckoro Ha MapauIeIbHBIX XapPaKTePUCTUKAX.
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CBOICTBA PEIIEHUN ANOPEPEHIIMAJIBHOI'O YPABHEHNA
TEIIJIOBBIX IIOJIMHOMOB

10.P. TIITTAIN

Hucruryr maremMaTnky u MaTeMaTHIeCcKOro Mojgenupopanns, Aavarol, Kazaxcran
E-mail: yu-shpadi@yandex.ru,
Nzyuensr cBoiicTBa auddepeHuaibHoro ypaBHeHn st
i /
y" + 22y —2my =0, (1)
KOTOpOE TIOPOZK/IAET TEILIOBbIE TTOJUHOMBI |1]

m/2
[m/2] 2k =2k gk

— kl(m — 2k)’ 2)

U (2, 1) =
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ABJIAIOIIHECA PEIIeHUAMM YPpaBHEHUA TEIIJIOIIPOBOJHOCTHI

ou 0*u
o S

[Tokazano, uro ypaBuenue (1) SKBHUBAJCHTHO YPAaBHEHUIO (PYHKINH TapaboInIecKOro IMUINHIPA
[2], K KOTOPOMY HPUBOAUTCA B3aUMHO OJHO3HAYHO C IIOMOIIbLIO aHAJUTUYECKUX IMOJICTAHOBOK
HE3aBUCUMOIl IIepEMEHHON U HEeM3BEeCTHOU (DYHKITUH.

[TocTpoens! ¢ moMoIIbIo Mpeodpa3oBanusd Jlammaca JTuHeHHO-He3aBUCUMEBIE PEIIeHUs ypaBHe-
Hust (1), yI0BIETBOPSIONIIE 38 JAHHBIM HAYATHHBIM YCJIOBHIM IIPH IEJIBIX 3HAUCHUSAX TTAPAMeTpa
m=0,+1,4+2, ...

n(0) =1, 44(0) =0, y5(0) =0, y3(0) = L. (4)

[TosrydeHHbBIE PEIIEHNs PACHIMPAIOT MHOXKECTBO TEIIOBBIX MOJUHOMOB, YTO IIO3BOJISET I0-
CTPOUTH HOBBIE HPEJCTABJIEHUs PEIleHUl ypaBHEHHS TEILIONPOBOJAHOCTH M IPUMEHUTH UX K
PeIIeH0 HAadaIbHO KPaeBBIX 3a/ad, BK/I0Uad MHOrodasHble 3aJa4i, 3aJa4d ¢ IepeMeHHOI
006J1ACTHIO OLPEJEICHUsT U CO CBOOOJIHBIMU I'PAHULAME C PA3HOOOPA3HBIME KPAEBbIMU yCJI0OBHS-
mu, BKJo4das yceaosue Credana.

s perenuit ypaBHenus (1) yeTaHOBIEHBI CBOCTBA:

1) Bce pelreHus SIBISAIOTCA MebIME (DYHKIUAMA HA KOMILUIEKCHON TLIOCKOCTH MEePeMeHHOM 2,
2) cBO¥iCTBA YETHOCTH /HEYETHOCTH,

3) peKypeHTHbIE COOTHOIIEHNS,
4) cBsa3b ¢ pyHKIusaMu IpmMuTa 1 0600MEeHHBIMI QYHKIUAME OIHOOK,
5) moBejieHIe B OKPECTHOCTH GECKOHEYHO YIaJeHHOH TOYKH, KOTOPOe, B YaCTHOCTH, ONpe/ie-
JIIET TOBEJIEHNEe PEIleHuil ypaBHEHHs! TEILIONPOBOJHOCTU B OKPECTHOCTH Bpemenu ¢ = 0,
6) ycaoBHe CXOAUMOCTH PSAIOB U3 pelenuii ypapuenns (1).

Funding: Asrop 661 nogzepxan rpantom BR20281002 MHBO PK

KuroueBrble ciioBa: ypaBHEHHE TEIIOIIPOBOIHOCTH, TEILJIOBBIE IIOJTMHOMBI, OOBIKHOBEHHBIE auddepeHnnaababe ypaBHe-
HUs, TIOJTMHOMBI JpMUTA, 00001IeHHbIe (DYHKINN OMHIOOK.

2010 Mathematics Subject Classification: 34D20, 35K10, 35R35
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BOCCTAHOBJIEHUE N30TEPMbI COPBIIM B MOJEJIN ITOIJIOIIIEHN A
I'ASBA C YYHETOM EI'O JIN®o®yY31UU B ITOTOKE

Anexceit I0ppesmu HIETJIOBY2¢, JKyiixan JIN2

VVuupepcurer MSU-BIT B Ilsupaisne, Hlsupaxsns, Kuraii
2MTI'Y umenn M. B. JTomonocosa, Mocksa, Poccust
E-mail: “shcheg@cs.msu.ru, *lirh@smbu.edu.cn

Mogesib nipornecca Mmorjomenns ra3a B coponuonnoil Tpyoke, yuaurbiBaiomasa 1uddys3uio B
ra3oBOM IIOTOKE, UMeeT BUJL

Uy + ap + vy = Dugy, 0<z<l, 0<t<T, (1)
ar = ¢(u) — a, 0<z<l, 0<t<T, (2)
w(0,t) = u(t), u(l,t) + Aug(l,t) = 0<t<T, (3)
a(z,0) =0, u(z,0) =0, 0<z <, (4)
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rie D — xoyddurment auddysun raza B Tpyoke; A — Ko3bOHUIIHEHT TPOIOPIHOHATLHOCTH
MeK/1y WHTEeHCUBHOCTHIO MOTOKA Ta3a B MPaBOM KpaiiHeM cedeHUu TPYOKHW W pasHuUIleil B KOH-
LHEHTPALMHE I'a3a B IIPABOM CeYeHUM TPYOKU M CHAPYXKM 33 HPABbIM KOHLIOM TPYOKuU; PyHKIUs
u(z,t) onpe/eseT KOHIIEHTPAIMIO Ta3a B CeYeHnH T TPYOKH B MOMEHT BpeMeHnHu t; a(x,t) onpe-
JIeJIsIeT KOHIIEHTPAIMIO Ta3a BHYTPH 36peH COpPOeHTa B CeYeHWH T B MOMEHT BpemeHu t; (u(t)
3a/1a8T KOHIIEHTPAIHIO Ta3a B cedernnn = ( Ha BXOJAe B COPOIMOHHYIO TPYOKY; ¢(S) — u30-
TepMa COpOIMM, MO3BOJISIONAs COIVIACOBATH COOTHOIIEHHE ME:K/y ILIOTHOCTBIO ra3a B IOpax
TPYOKH MexK 1y 3épHaMu copbeHTa M B 36pHAX COPOEHTA.

[Ipu permennu npsmoii 3agaan (1)—(4) tpebyercs onpemenuts byukuuu u(x,t), a(x,t) o
M3BECTHLIM MOJOKUTEIbHBIM 3Hauerusm [, T') D, A u dynkmusam u(t), o(s).

B obparnoii 3aja4e 10 3ajauubiM 3uadenusm [, T, D) N\, dyukuuu p(t) 1 g0onoHuTe 1bHO
sajannoil dyukiun h(t), Takoit, 4ro

h(t) = u,(0,¢) V€ [0, 7). (5)

TpebyeTcst OIpesenTh n3oTepMy copormn ¢(s) u dynkmun u(x, t), a(z,t).
Paspemmmocts 3amaun (1)—(4) wuccrenosamacs A.M. [enucossiv, C.P. Tyiikunoii u
A. Lorenzi [1, 2] upu cieyOMmux yCI0BUSX HA U3BECTHbBIE IPH PelleHnd (DyHKIUHU:

p(t)€CH0,T], 0 < po < p'(t) < VEE[0,T], p(0) = p/'(0) =0, (6)
QO(S)’ 90,<S) S C(—OO, OO)? 0< 90,(8) < Yo Vse (—OO, OO), @(0) = 0. (7)

[Tpu BeInosnennn yciosuit (6), (7) exumncrsennoe pemrenne 3amadn (1)—(4) cymecrsyer B
Bisie Gynkmuit u(z, t), a(z, t) € C*(Qur), yrorersopsomux ycaosusm uy(z, t) >0, a(z,t) >0
Vo € [0,1] Ve € [0,T]; 0 < u(w,t) < p(r), 0<a(z,t) <o(pu(r)) V(z,t)€Q,, Vr€0,T], rae
Qur={(z,t): 0<x<l,0<t < T}

B noksane paccMarpuBaercs BO3MOXKHOCTD HOJIydeHus pernenus 3agaqn (1)—(4) u3 unre-
IPAJILHOIO yPABHEHHSI

+ oo 9

t
x *
) =(1- t +§ : A/ —(Dwi+B)(t=7)
ut) ( l+)‘)u() = 1+ (cos(var 1)) A Jo ‘

) /Ol 3 9 [(r) = (1= 755 )1 () = luls, 7)) +

+/0;_(T_9)g0(u(s,9))d9} sin(y/w s)dsdr sin(y/wy ), (z,1) €Q, 1, (8)

rac 3Ha4dcHud w;; ABJIAIOTCA KOPpHAMUA aﬂre6paﬂquK0r0 YpaBHEHHA

Vi === tg (Vl). 9)

[Tocae ompenenenns dbyukmun u(x,t) u3 ypasuenus (8), snauenust GyHKmun oz, t) BHIYACTS-
10TCst 10 popMmy.ie

a(z,t) = /0 e_(t_T)gp(u(x,T)) dr, (x,t) € @l,T' (10)

DTa omeparys 3aBepIIaeT IOy IeHne pelrlenns npamoit 3amaan (1)—(4).
Ypasuenuns (8), (9) u dopmyna (10) HCIOAB3YIOTCS /I UCCACIOBAHUS PA3PEITUMOCTH 00-
parnoit 3agaqu (1)—(5) u eé IucJeHHOro pereHus.
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OBPATHASI KOR®OUIIMEHTHAS 3AJIAYA J1J1s1 HEJIMHETHOM MOJIEJIA
PABBUTHUSA MONVYJISAINN C UHTETPAJIbHBIMI OCOBEHHOCTSIMU

Anexceit I0ppesmu [HIETJIOBY2¢, 1lun HIEHB2?

VVuusepcurer MSU-BIT 8 IHIsupusxsne, HIsupusxsns, Kuraii
2MI'Y umenn M. B. Jlomonocosa, Mocksa, Poccus
E-mail: “shcheg@cs.msu.ru, *shengqing@smbu.edu.cn

PaccmarpuBaercst obparHast 3a7a4a BOCCTaHOBIeHUsT KoaddunumenTa fio(z) B Momenan pas-
BuTHsT Tomyasiinu (cM. paszgesn 5.4 [1]) ¢ BO3pACTHBIM CTPYKTYPUPOBAHHEM WHINBHLYYMOB.
Hekoropsie mapaMeTpbl MOJIE/IM HEJIOKAIbHBI U 3aBUCAT OT WHTEIPAJIOB C PEIIeHUSIME TPIMOit
3aJIa9M B COCTaBe MOIbIHTerpaabHbIX yHKIMA. [Ipr 9TOM npsiMas 3a/1ada MMeeT BHT HAYATbHO-
KPaeBOil MOCTAHOBKU OTHOCHTENbHO byHKIuu u(x,t):

ug(x,t) + ug(x, t) = —po(z)u(z, t) — p (2)W(S(t))u(z, t), x€[0,1], te]0,1],

u(0,1) = /6 u(E e, e [0,1]

u(z,0) = ¢(x), € [0,1],

S®=Av®wwm&temw

DOyukuus u(zr,t) onpeesaser YUCI0 UHAUBALYYMOB (HX IUIOTHOCTH) BO3PACTA T B HOIYJISIHN
B MOMEHT BpeMmeHu t; GyHKuuu fio(r) u f1(r) XapakKTepH3yOT CMEPTHOCTH ocobeit Bo3pacrta
T, COOTBETCTBEHHO, €CTECTBEHHOW W MPOSIBIAIONIEHcsa B cuiy mepenacesnenus; [((x) u y(x) -
IJIOTHOCTHU PEHPOJLYKTUBHOCTH U YKU3HEIEATe/IbHOCTU 0¢00eit Bo3pacra x; dyukuuu P(s) u U(s)
XapaKTepU3yIOT UHTErPAJbHYI0 3aBHCUMOCTH POXKJIAEMOCTH U CMEPTHOCTH OT 001mero oobéma
S(t) Ku3HEALATETHHOCTH TIOMYJISIITHN.

Jls1s1 MaTeMaTn4ecKoro Mo IMPOBAHUS JKU3HEACATEILHOCTH KOHKPETHO MOy IAIUN O/HO-
THIHBIX OPraHU3MOB MOKET ObITh BLIOPAHO MAaTEMaTHYECKOE ONMHMCAHUE HPOIECca PasJndHOlN
CJIOKHOCTH, JIEMOHCTPHUPYIONIEE TUHAMUKY Pa3sBUTHUSA MOIYIANNN C PA3IUIHON JeTaau3anueii.
Cepus Takux, OTJIMYAIONINXCA MO CJIOYKHOCTH W B JeTaIdAX, MOJeJeHl pasBUTUs MOMYIANNA ¢
BO3DACTHON CTPYKTYPOH OPraHH3MOB HpejcTaBjieHa B Jurteparype [1] u mocrarouno xopormo
u3ydena. [l BOCCTAHOBICHHS OTIEJBHBIX NMAPAMETPOB TAKOH mOmyasuuu B bOpMe pelneHusd
0OpATHBIX 34189 MOI'YT OBITh HCIIOJIB30BAHBI PA3HBIC MOJE/IH, 1)1 KOTOPBIX YCTAHOBJICHDBI YCJIO-
B, FApAHTHPYIOIUEe 00pAaTHOM 3a1a4e eIUMHCTBEHHOCTD PelIeHus. 1Ipr 3TOM U3 HOJIyYaeMbIX
Pe3y/IbTATOB PEIIeHMsl CXOKUX OOPATHBIX 3a/1a4, CPOPMUPOBAHHBIX JIJIsi PA3JUYHBIX OJHOTHUII-
HBIX MOJIEIeH Mponecca, MOKeT ObITh BBIJIEJEHA Ta MOJEJb, KOTOpasd JaéT HAWIYydIIee COB-
HaJIeHNe BBIYUCIUTEIHHBIX PE3YJBTATOB C SKCIIEPUMEHTAJbHBIME JAHHBLIMHA Ha OCHOBE TOYHBIX
YHCJIEHHBIX OINEHOK. [[JIs OCYINeCTBICHUS TAKOrO IMOMCKA 3HAYCHUS BOCCTAHABIMBACMOTO TIa-
pameTpa 1o Tpymie OAHOTHIHBIX MOjeael TpebyeTcs moydenue yCaoBuil, o0ecneunBarommx
eIMHCTBEHHOCTD pellleHrd OOpaTHOH 3aJadud JJid KaxkKJIod Momenw rpymubl. IIpencrasinennas
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BBIIIE 3371244 MOYKET PACCMATPUBATHCA KAaK OJHA WX THIIOBBIX MaTeMATHIECKHX MOJesel pa3-
BUTHSI TOMYJIAINAN, B KOTOPHIX MOKET OJHO3HATHO BOCCTAHABIMBATHCA KOIDGUIHEHT fio(T).

B pamkax o6paTHOl 3a/1a4u yCTh TpebyeTcst BOCCTAaHOBATH KOA(DMUIIUEHT Lio(7) YpaBHEeHUsI
u 3areM byHKIM0O u(r,t) M0 3aKaHHBIM 3HaYeHusM byukui B(x), y(z), p(z), p(z), ¥(s),
®(s), u 0 MOMOTHATENHHO W3BecTHBIM 3HadYeHuto x1 € (0,1], u dyukuuu g(t), rie

g(t) = u(xy,t), tel0,].

B pabore cdopmysmpoBaHbl YCJIOBUs OJHO3HAYHONW pa3permMocTu npsamoii 3aaadu. Jloka-
3aHa TeopeMa eIMHCTBEHHOCTHU PeIeHust OOPATHON 3aa49u W MPEJIOKEH AJITOPUTM €€ YUCTIeH-
HOI'O peIlleHNd, IIPeJICTABJICeHbl IPUMephl. AHAJIOIHYIHBIE PE3YJIBTATH /I JUHEHHBIX MOIe et
paccMaTpuBaauch B paborax [2-5].

Funding: Work was supported by the National Natural Science Foundation of China (No. 12171036) and Beijing Natural
Science Foundation (Key Project No.Z210001).
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Dirichlet problem on a stellar thermal graph
Nursaule AINAKEYEVA

Joldasbekov Institute of Mechanics and Engineering, Almaty, Kazakhstan
Al-Farabi Kazakh National University, Almaty, Kazakhstan
Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
E-mail: nursaule_math@mail.ru

Boundary value problems of thermal conductivity on a star-shaped thermograph are consid-
ered, which can be used to study various mesh structures under conditions of thermal heating
(cooling). Here, based on the generalized function method, a unified technique has been de-
veloped for solving boundary value problems of thermal conductivity, typical for engineering
applications. Generalized solutions to nonstationary and stationary boundary value problems
of heat conduction on an edge and on a stellar thermal graph are constructed under various
boundary conditions at the ends of the graph and generalized Kirchhoff conditions at its node.
Using the symmetry properties of the Fourier transformant of the fundamental solution, regu-
lar integral representations of solutions to boundary value problems are obtained in analytical
form.

The solutions obtained make it possible to simulate heat sources of various types, including
using singular generalized functions. The method of generalized functions presented here makes
it possible to solve a wide class of boundary value problems with local and connected boundary
conditions at the ends of the edges of the graph and different transmission conditions at its
node.
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1. Statement of a boundary value problem on a thermal star graph. Let consider
an un oriented thermal star graph of NV segments (edges) (A, A;) of length L;, (j =1,2,...,N)
with a common node Ay. On each segment, S; = {z € R :0<z< L;} there is own coordinate
system (z;,t) with the origin at point Ay : x = 0, consequently at segment S;. A temperature
6, (x,t) satisfy the heat conduction equation [1]:

00; 020,
L~k = Fy(a,t) (1

Here k; is the thermal diffusivity coefficient on the j-th segment, F} (z,t) describes is the
action of heat source, 8] (t), 6 (t) are the temperature in the ends of the j-th segment (edge).

Initial conditions (Cauchy conditions): at ¢t = 0 the temperature of the graph is known:

0, (w,0) =65 (x), 0 <z < Ly, 0;(0) = by, 0} (x) € C* (R") (2)

Here we pose the following boundary value problem with local boundary conditions on the
graph ends:
7305 (Ljs £) + 1l (L t) = g; (t), 5 = 1,..., N] (3)

where heat flow II; (L;,t) = &; 8—; , Yj,M; are arbitrary constants. The choice of the value
z=L,

of the constants depends on the boundary value problem being solved. For example, if n; = 0
for all j = 1,..., N we have Dirichlet problem:

0, (L;.t) = Ty (1) . 1 2 0, Ty(t) € C (R}) (4)

Temperature values are known at the ends of the graph. If v; = 0 for all j =1,..., NV we have
Neumann problem:
I (L t) = Q(t), t > 0, Q(t) € Ly (R}) (5)
Here the values of heat flows are known at the every end of the graph.
The next conditions are specified in the common node Ay of the star graph:

01(t) = 07(t) = ... = 07 (1), t > 0, 67(0) = 6 (6)
K1Gi (1) + Ko (t) + ... + kNG (t) = Z kgl (t) = G(t), G(t) € L (RL) (7)
=1
N
&9]
Z = G(0).
Jj=1 lej:O
Here ¢l(t) = % - L Gt) = % ~, 0o is initial temperature in the common node Ao.

We construct solutions of BVPs for arbitrary constants «;,n;, which gives possibility to solve
problems with different types of boundary conditions at the ends of the star graph.

2. Generalized solution of boundary value problems on an segment. General
function method. At first let constructed the solutions of BVPs on the segment of star
graph. Fourier transform of generalized solution of heat equations on segment has the form of
convolution [2]:

0(r,w)H (L—z)H(x)H(w) =

—

L
/Ux—% ) Fy (y,w) dy + wH(z) | Uz - y,w) bo(y)dy +
0

| o
S

k@ (w)H (2)U(L = z,w) — £G (W) H(L — 2)U(z,w) —
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— KkOo(wW)H (2)U (L — z,w) — k01 (w)H(L — 2)U (2, w).  (8)

where U(x) is Fourier transform of fundamental solutions of heat equation (1):

Uzr,w) = ——Sin;]]:/lml), (9)
0(40,0) = T(—0,w), U(40,0) = T (10)

2Kk

here k = Viwk™! = e™/*Vwr1 = (1 + i)y/5. Uj(r,w) is Green’s tensor transformants
(zj (z,t) [3,4]. To find unknown boundary functions, let’s introduce the following notation:
01(w) = 0(0,w), O2(w) = 6(L,w) and quote this theorem.

Theorem 1. The Fourier time transformants boundary functions of boundary value prob-
lems on segment [0, L] satisfy the system of linear algebraic equations of the form:

05 ) ] [+ [Tl WG] ][00 gy

kZU@(L,W) k[j(va) Q1(w) 075 0 (.72(0‘}) QQ(Luw)
where

Q:100,w) = F(r,w) * U(x,w)’ ot Oo(z)H(L — x)H (x) * U(m,w)|m:07

Qy(L,w) = F(z,w) * U(x,w)‘ _, T 0o(x)H(L —x)H (x) * U(x,w)‘m:L.

To solve all temperature BVPs, it is convenient to consider the extended system of equations
in the form of matrix equation:

A-B=2C, (12)
where
0,5 0 kU (L,w) —rU(L,w)
e kU, (L,w) kU(L,w) 0,5 0
N as ass as3 a34 ’
Q41 Q42 Q43 Q44

B(w) = (0_1((,0)7 QI(W), 9_2(("})7 Cb(w)) ) C= (Ql(ovw)v QQ(va>v 53(w)64(w)) .

The last two equations in (11) are determined by the boundary conditions at the ends of the
segment x € [0, L]. Their solution is equal to B = A~! - C.

3.Algebraic equations for determining unknown boundary functions on a star
graph. Let’s return to the consideration of the Dirichlet problem for the heat equation on a
star graph.

Theorem 2. Resolving system equations of Dirichlet boundary value problem on a star
graph with N different segments has the form :

Aw) - Bw) = Cw), (13
where
B(w) = (9_}7Qi7§;7(ﬁ’ ey ’éi\f,g{\f7§é\f’qév> )
C(w) = (Q1(0,w), Q5(L,w), ..., Q7 (0,w), Q3 (L, w), 0,0, ..., 0, G(w)) -
A=
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r1 0 —cos(kL1) k7 'sin(kLi) .. 0 0 0 0 ]
—cos(kL1) k™ 'sin(kL1) 1 0 0 0 0 0

0 0 0 0 1 0 —cos(kL1) k™ 'sin(kL1)

0 0 0 0 —cos(kL1) k™ 'sin(kL1) 1 0

1 0 0 0 s 0, -1 0 0 0

1 0 0 0 0 0 0 0

1 0 0 0 0 0 0 0

1
L 0 K1 0 0 0 0 0 KN 0 |
Here the matrices have the following dimensions A(w) = {amn(W)}iywan, Blw) =

{bmn(w)},nw;- In matrix A in line (2N + j) in column 1 stays 1, in column (45 + 1) must
stay the number 1,....,2N — 1.

The first two N rows of matrix A contain the obtained relations (11) for each segment (edge)
of this graph.

The graph has a total of N segments with one boundary condition at the end of the segment.
Consequently, we have N boundary conditions at the vertex of the graph. The next N rows
of matrix A contain the conditions of continuity (6) and Kirchhoff (7) for N segments whose
ends lie at the vertex of the graph Ay. Finally, the last N lines contain the known temperature
boundary conditions (5) on N the ends of each segment A; of the graph.
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Construction of high-order essentially non-oscillatory (ENO)
shock-capturing scheme on a non-uniform grid for a
one-dimensional flux vector
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Currently, there are three types of high-order accuracy shock-capturing numerical schemes
used to solve hyperbolic systems that can effectively resolve complex flow features. These
schemes are: discontinuous Galerkin finite element methods (DG) [1-2] and discontinuous multi-
domain spectral methods [3]; finite-volume and spectral-volume methods (SV) [4-5]; weighted
essentially non-oscillatory (WENO) finite-difference methods [6-9] and multidomain spectral
finite-difference (SD) methods [3,10]. A comprehensive review and analysis of these schemes
has been presented in a research paper [7]. Although the DG and SV schemes have high-order
accuracy, they require a large number of neighboring cells and calculation of surface or volume
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integrals due to their stencil on structured grids. These weak points make their implementation
difficult, particularly for parallelization and solving industrial problems.

The finite-difference ENO scheme along with its variations [10] has several advantages over
the DG and SV schemes. They are simpler and have lower processing unit costs. As a result,
extensive attention has been paid to their development. However, these schemes have some
disadvantages. They can only be applied to smooth structured curvilinear meshes. Some ENO
and WENO schemes [11-12] have been developed for non-uniform meshes, but they are realized
by the SV method. Therefore, implementing these schemes on a computer can be expensive.
A finite-difference essentially non-oscillatory (ENO) shock-capturing scheme on a non-uniform
grid is proposed in this regard.

A one-dimensional initial-boundary value problem of a scalar constant-coefficient hyperbolic
system with imposed boundary and initial conditions is formulated. The exact solution of the
one-dimensional problem in a small-time strip is obtained through the cell averaging of nodal
values, which is approximated by a piecewise polynomial function on a non-uniform grid. The
piecewise polynomial function is constructed via Lagrange’s interpolation formula, considering
the sign of the eigenvalues of the equation on a non-uniform grid. One-dimensional scalar flux
approximations are then performed based on the constructed Lagrange interpolation formula.
The numerical flux is transformed via the reconstruction of the primitive function (RP) on a
non-uniform grid. Finally, a novel high-order ENO scheme on a non-uniform grid in the scalar
constant case is developed. For that, various ways of choosing the smoothest non-uniform
stencil among all candidates are included to provide the non-oscillatory behavior of a new
high-order accuracy scheme.

The method for constructing a new scheme on a non-uniform grid is based on the method-
ology proposed by the authors for a uniform grid. However, the direct transition of a scheme
with third-order accuracy on a uniform grid to a non-uniform grid revealed the loss of accuracy
to the first order. It’s crucial to point out that finite difference formulas typically lose one order
and even two orders of accuracy on non-uniform grids. In order to achieve a high-order accuracy
constructed scheme, it is necessary to take into account additional terms of high-order (second-
and third-order) derivatives considering the grid step nonuniformity from both the right and
left of the approximated point. Finite difference formulas obtained with Lagrange polynomials
on a non-uniform grid are used to determine these terms.

Funding: This research has been funded by the Science Committee of the Ministry of Science and Higher Education of the
Republic of Kazakhstan («Numerical simulation of two-way coupled solid particle laden high-speed mixing layer> Grant
No. AP19674992).
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On the non-local problems for Boussinesq type fractional equation
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Let H be a separabel Hilbert space and operator A : H — H be an arbitrary unbounded,
positive self-adjoint operator and we assume that A has a compact inverse operator A=!. Let
Ar and {vg} be the eigenvalues and corresponding eigenfunctions of operator A, that is Avy =
)\k’Uk, k= 1,2,....

Let us introduce the fractional integral J7 and the Caputo derivative Dy of orders o € (0,1)
and « € (1,2) of the vector-valued function h(t) € H (see, for example [1])

o he o
Je h(t)—F(O)O/(t_é)lgdf, Dih(t) = J*OZ5h(t), >0, (1)

provided the right-hand side exists. Here I'(¢) is Euler’s gamma function.
Let 1 < a < 2. Consider the following fractional differential equation

Dfu(t) + ADPu(t) + v*Au(t) =0, 0<t<T, (2)
with non-local conditions
u(0) = u(T), (3)
and
T

[utat =, g
0
where ¢ € H a given vestor and v > 0 fixed number.
Theorem. Let ¢ € D(A). Then there is a unique solution of problem (2)-(4) and it has
the form:

¥ Ea,2(_V13Ta)Eal<_Vlgta)
w0 =2 <T(E§,2(—V%Tz) + Ea3(—13T*) (1 — Eoa(—viT)))

k=1
pt(1 — Eo1(—17T%)) Eqp(—vit®) ) "
T*(EZ o(—13T*) + Eo3(—viT)(1 = Eqn(=14T))) ) 7

+ ()

Ak
1+)\k

In the fundamental work [2], Alimov and Khalmukhamedov studied the following a non-local
problem in the cylinder 2 x (0,7):
(Utt—Autt—V2AU:O, IEQ, 0<t<T,
w(z,0) =u(z,T), x€Q,

where v, = v and ¢ = (p, vg) are the Fourier coefficients of function ¢.

iMawﬁ:wwx

\
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here ¢ is a given function. The authors discovered an interesting effect: it turns out that the
well-posedness of this problem significantly depends on the length of the time interval and on
the parameter v. So if ¥& € (0, 1), then the solution exists and is unique for all ¢ € D(B)
(where B is extension of Laplace operator and D(B) is domain of operator B). Case 4L >1
is more complected: if "Z > 1, and this number is not an natural, then for the existence of
a solution it is necessary to require that function ¢ be orthogonal to some eigenfunctions of
the Laplace operator, and in this case the solution is not unique. And if the number % is an
natural, then only orthogonality is not enough; it is necessary that the function ¢ be smoother:
XS D(BQ).
In this thesis, it was found that the solution for Boussinesq type fractional equation does
not depend on 7" and v.

Funding: The authors were supported by the grant no. F-FA-2021-424 of the Ministry of Innovative Development of
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Determining the order of time and spatial fractional derivatives
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Let Q C RY be an arbitrary bounded domain, with sufficiently smooth boundary 0f, and
€ (0,1), 0 > 0. Consider the initial-boundary value problem for a space-time-fractional
diffusion equation

Diu(z,t) + (—A)u(x,t) =0, 2€Q, 0<t<T,
u(z,t) =0, €0, 0<t<T, (1)
u(z,0) = p(x), x€Q,

where A is the Laplace operator, the fractional power of this operator is determined using the

von Neumann spectral theorem, ¢(z) € Ly(€2), Df is the Caputo fractional derivative of order
0 < p < 11is defined as formula (see, for example [1]):

Dint) = iy =5 [ G-t ¢20

provided the right-hand side exists. Here I'(0) is Euler’s gamma function.
Recall that the Mittag-Leffler function E,(t) is defined as follows (see, for example [2]):

z%f‘pk‘%—l

We consider both parameters p and o unknown and study the inverse problem of determining
both parameters simultaneously. As additional conditions we take:
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|(u(to), v1)] = do. (3)

|(u(tr), v1)] = di. (4)

To solve the two parameter inverse problem fix the numbers pg, p1 € (0,1) (po < p1) and
consider the problem for p € [pg, p1] and o > 0.

Theorem. Let A\, be the first eigenvalue of operator A and ¢ € Ly(€2). Then there are
numbers 77 = T1(A1, p1) > 0 and ¢y = co(p1) > 0 such that for all g > T} and t; > T} satisfying
condition ty > ¢ot1, there is a unique solution {u(t), p, o} of the inverse problem (1), (3), (4), if
and only if dy and d; satisfies the following inequalities:

do

et < U< B (1),
|1
dy
EPl(_)‘lt?l) < |_| < EPO(_tfo)'
©1

In 2013, Tatar and Ulusoy [3] considered a similar two parameter inverse problem in an one-
dimensional bounded domain (—1,1) with p € (0,1) and o € (1/4,1). The main result of the
work is the proof of the uniqueness of the solution of the inverse problem for the determination
of two parameters p and o with an additional condition u«(0,¢) = h(t), 0 <t < T'. When proving
the uniqueness theorem, the authors had to set the following rather stringent conditions on the
initial function:

p € C*(=1,1), ¢ >0, forall k>1,

where ¢y are the Fourier coefficients of .

Later, in 2020, a similar two parameter inverse problem in an N-dimensional bounded
domain 2 with smooth boundary 952 was studied by M. Yamamoto [4] with the same additional
condition and ¢ € (0,1). He proved a uniqueness theorem with a less stringent condition on
the initial function: ¢ is equal to zero on 99, ¢ € L3(?), 7 > N/2 and ¢(x) > 0 for all z € €.
Here L}(€2) denotes the classical Sobolev space.
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A correction of a non-equilibrium effect in the k-w turbulence
model for high-speed flows

Altynshash NAIMANOVA, Assel BEKETAEVA

Institute of Mathematics and Mathematical Modelling, Almaty, Kazakhstan
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A transverse jet in a supersonic main flow is a complex spatial flow that can arise when
controlling the thrust of a rocket engine using gas rudders and when injecting gaseous fuel into
a supersonic flow. Also, this type of flow can be used to control a high-speed aircraft, especially
under conditions of strong aerodynamic heating. Separation zones, turbulence, shock waves,
and rarefaction waves pose serious challenges to the study of flow physics. Therefore, correct
modeling of this flow is an important and unsolved problem in modeling turbulent high-speed
flows. Properly obtaining such flow characteristics requires improved turbulence models that
include both compressibility effects [1-2] and nonequilibrium turbulence effects [3].

A new modification of a non-equilibrium (generation/dissipation rate) effect in the two-
equation turbulence model is presented as applied to solving complex high-speed flows. For
that, the numerical simulations of the Favre averaged Navier-Stokes equations are carried out
for supersonic spatial multispecies gas flow by the corrections of non-equilibrium terms in
the k-w turbulence model. For the specific dissipation rate equation, in the balance produc-
tion/dissipation terms, the two local compressibility coefficients C,,, C,, are included allowing
the specific dissipation rate to respond to the exchange of the local Mach number and non-
linearly density variations:

Here, the local coefficients C,,, and C,,, are:

o)  Olpuw) _ Bpuw)  B(pvw)
o "o oy e T

vipRe 2 ou 2 v 2 ow

=Cy (——P, — = — — = —— = —)—
1( e k 3%PW or 3%pw8y 3%PW 82)

fytpReG _ pRe —i—@( (1 + owpir) Ow
Lt fre ox Re ox

_szﬂpc“')Q + )+

@( (:u + O'w,ut) 8_&.)) + a_w((:u + O-w:ut) a_w)
oy Re oy 0z Re 0z

Here, the local coefficients C,,, and C,,, are:

1
(qg 4 P2pM)

1
(as t Bop) T =1
with the additional terms ( oy, 8;,7 = 1,2; M - local Mach number). To determine the model
constants experimental data of the supersonic turbulent crossflow of the [4] are used to find
the allowable range of these constants. These numerical experiments allow finding the final
model constants by matching the predictions to the measured data of the turbulent supersonic
crossflow [4]. The numerical results have shown that the coefficients satisfying the expression
a1 +7- 61 <20, ay +7 - fy < 2.0 and taking the following values a; = 1.25, ay = 1.15,
B1 = 0.85, B = 1.25 and taking the following values give better agreement with the experiment
on the depth of hydrogen penetration [4]. The proposed modification of a non-equilibrium effect
will contribute to understanding the formulation of the turbulence model, as well as gaining

Cwl = Q1 +51[JM, Cw2 = ,ZfM >1

Cwl =1 + 61/), Cw2 =
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new knowledge in the high compressibility flow pattern. It is necessary to note that along with
the direct inclusion of density in production/dissipation terms in the two-equation turbulence
model, its nonlinear change (gradients) should be taken into account.
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of the Republic of Kazakhstan by grant No. BR20281002 “Fundamental research in mathematics and mathematical
modeling”.
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effect, shock wave, Essentially Non-Oscillatory (ENO) scheme.
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Solutions of the nonregular boundary value problems for the

parabolic equations
with the variable coefficients
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We study the second boundary value problem and the problem with the time derivative in
the boundary condition for the parabolic equations with the variable coefficients and with the
incompatible initial and boundary data. These problems for the heat equation with constant
coefficients were considered in [1], [2]. There were found their singular solutions in the explicit
forms, which are appeared due to the incompatibility of the initial and boundary data.

We prove that the solutions of the considered problems are the sums of the singular and
regular functions, the singular solutions belong to the weighted Holder spaces with the weight

12
1/ 265(2)T, where 2 is the definite value, z in the distant between the interior point of the domain
and boundary x = 0, and regular solutions belong to the classical Holder space.
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Singular solution of the two phase problem
for the heat equations
with incompatible initial and boundary data
G.I. BIZHANOVA
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The nonlinear free boundary problem with an unknown boundary of Stefan type is reduced
after coordinate non degenerate mapping, substitution of the unknown functions and some
transformations to the linearized problem, on the base of its solving there is the solution of the
model conjugation two phase problem for the heat equations.

We consider this model problem. We apply the Laplace transform to obtain the solutions
of the axillary problems and with the help of these solutions we find the solution of the model
problem in the explicit form. The found solutions are singular in the vicinity of the boundary
and initial time and they are expressed via the repeated integrals of probability [1].
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Control problem for a pseudo-parabolic equation with Neumann
boundary condition
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Consider the pseudo-parabolic equation in the domain Q = {(x,t): 0 <z <, t> 0}

ou  Pu(x,t)  Pu(z,t)

o~ owtor T o2 0 HE @
with boundary conditions
ur(0,t) = —p(t), w(l,t)=0, t>0, (2)
and initial condition
w(z,0) =0, 0<z<lI, (3)

where () — is a control function.

The equation (1) was called the pseudo-parabolic equation by “R.E. Showalter and T.W.
Ting” (see, [1]) from the following considerations: a) correctly posed initial boundary value
problems for a parabolic equation are also correctly posed for equation (1), b) in some cases, the
solution of the initial-boundary value problem can be obtained as the limit of the corresponding
solution of the problem for pseudo-parabolic equations.

Definition 1. If function pu(t) € Wy (R,) satisfies the conditions x(0) = 0 and |u(t)| < 1,
we say that this function is an admissible control.
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Consider the function p(z) € W3[0, 1] satisfying the conditions

l
1
@) <0, )20, / pla) de = 1.
0

Boundary Control Problem. For the given function #(t) Problem A consists looking
for the admissible control yu(t) such that the solution u(x,t) of the initial-boundary problem
(1)-(3) exists and for all t > 0 satisfies the equation

/,0(3:') u(z,t)dx = 0(t). (4)

The tasks of impulse control, i.e. the case of delta-like distribution for systems with dis-
tributed parameters was the subject of study in works [2, 3]. More control problems for
parabolic type equation have been considered in works [4-6].

Denote by W (M) the set of function § € WZ(—o00, +00), 6(t) = 0 for t < 0 which satisfies
the condition [|0||wzr,) < M.

Theorem 1. There exists M > 0 such that for any function 8 € W (M) the solution p(t)
of the equation (5) exists, and satisfies condition

()] < 1.
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Finite-time synchronization is a critical problem in the study of neural networks. The
primary objective of this paper is to design controllers for various models based on Fuzzy
Shunting Inhibitory Cellular Neural Networks (FSICNNs) and find out sufficient conditions for
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systems’ solutions to reach synchronization in finite time. In particular, we prove the existence
of finite-time synchronization for three basic FSICNN models that have not been studied before
and suggest both controllers and Lyapunov functions that would yield the feasible convergence
time between solutions. We explore models of delayed FSICNNs with and without inertial
terms and FSICNNs with diffusion and without delays. Using criteria derived by means of the
maximum-value approach, we give an upper bound to the time by which synchronization is
guaranteed to occur in the three FSICNNs models. These results are supported by computer
simulations showing the solutions’ behaviour for different initial conditions of FSICNNS.

Funding: This research is funded by the Committee of Science of the Ministry of Science and Higher Education of
the Republic of Kazakhstan (Grant No. BR21882172) and in part by the Nazarbayev University, Kazakhstan under
Collaborative Research Program Grant No. 11022021CRP1509.

Keywords: Finite-time synchronization, cellular neural networks,nonlinear partial differential equations, feedback con-
trollers, Lyapunov function.
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Mathematical model of the temperature of electrical contacts
under the Kohler effect
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The problem that arose during the mathematical modeling of temperature changes in elec-
trical contacts, when the current flow through the contact spot is determined by the tunnel
effect (Kohler effect), is considered. The main feature in this case is the "nonclassical” bound-
ary conditions in the contact plane. The mathematical formulation of the problem, [1], consists
of equations that determine the temperature T;(r, z, t)

OL _ (9L 10L 0T\ (7, 2) (1)
ot - or?  r Or 022 BT 25

(0<r<oo,t>0),i=1— anode ,—00 < 2z < 0;i =2 — cathode ,0 < z < o0;
With initial conditions 7;(r, z,0) = 0 and boundary conditions:

oT;
or

oT;

o =0; (2)

(r=0,r=00)

(z=00)

On the surface z = 0, the conditions for matching temperatures T;(r, 20, ¢) and heat flows
are met

T t
Ti(r,=0,t) = To(r, +0,t) = _ 9B +0,0)

0z
)\1%0’ < f7 _Oat) - PC = )‘2@(T < f? +07t) + PA = /L(T,t) (4@)
0z 0z
oT, om -
)\1%(71 > f7 _Oat) - )‘QE(T > f7 +O>t) = /L(T, t) <4b)
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where: Pg, P, are heat fluxes, in accordance with Kohler effect, A, Ay are thermal conductivity
coefficients of the cathode and anode material, respectively. pu(r,t)-in general cases {\; # A\o)
is an unknown function.

Thus, to determine the contacts temperature, it is necessary to solve equations (1) with
initial and boundary conditions (2), and conditions (3), (4a,4b) describing the Kohler effect.
The solution to this problem, which reduces to a system of dual integral equations for u(r,t),
was obtained using the Laplace, Fourier and Hankel integral transforms, [2]. Then, using
Tauberian theorems, asymptotic representations of the solution were obtained for t — oc.
Funding: The authors were supported by the grant no. AP19675480 ” Problems of heat conduction with a free boundary,

arising in the simulation of switching processes in electrical devices” of the Ministry of Education and Science of Republic
of Kazakhstan.
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Surface at a constant distance from the edge of regression on a
transfer surface of type 1 in an isotropic space
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It is known that the transfer surface of Type 1 is given by the following equation:

F(u,v) = uwi +vj+ (f(u) + g(v))k, (1)

This surface is uniquely projected onto the Oxy plane. Transfer curves are a(u) = (u, 0, f(u))
and S(v) = (0,v,g(v)). Suppose that expression (1) is a vector equation of the surface F.

DEFINITION.Let F and F" be two admissible surfaces in isotropic space. ip be an isotropic
unit normal vector at a point P of the surface F' . Take a unit vector at a point P

mp = di7y + doTy + dsnp, (2)
where 7,7, are tangent vectors at P and di + d3 =1 . If there is a function h defined by
h:F — F" h(P)=P+lmp, (3)

where [ is constant, then the surface F" is called the surface at a constant distance from the
edge of regression on F. F and F" are shown by the pair (F, F?). If d; = dy = 0 ,then we have
mp = lnp and so F' and F" are parallel surfaces.

In this paper, we will assume that d; # 0,ds # 0. Let 7(u,v) be a parametrization of the
transfer surface F' . In this case, {7,,7,} is non-isotropic orthonormal bases the surface F. Let
np be a isotropic unit normal vector at a point P and d;, dy, d3s € R be constant numbers. Then
we can write a vector equation of F" is

7 (u,v) = F(u, v) + lm(u, v), (4)

Thus we obtain
' (u,v) = 7(u,v) + U(d17y + doT, + d3n(0,0,1)). (5)

If we take ld, = n,ldy = p, lds = v where n? + 2 = [2. Thus we get

7 (u,v) = 7(u,v) + nFy, + pr, +0(0,0,1), (6)

Hucruryr maremaruky u MateMarudeckoro mogesuposanus / KasHY nm. anb-@apabu. Anvarer, 2024



Annual International April Mathematical Conference — 2024 209

From this, surfaces at a constant distance from the edge of regression on a transfer surface of
Type 1 is given by the following formula:

™ (u,v) = (w+n,0 + , (f(w) +0f'(w) + (9(v) + pg' (v) + ), (7)

M.E.Aydin classified transfer surfaces in the 3-dimensional isotropic space [1]. Surfaces at a
constant distance from the edge of regression on a transfer surface Type 1 satisfying A’z =
Nzl is given in the work of M.K.Karacan, A.Cakmak, S.Kiziltug, H.Es.[2] Sh.Ismoilov solved
the problem of recovering of transfer surfaces for the given total curvature K (u,v) = @(u)(v)
3] In this paper, vector equation of the surfaces at a constant distance from the edge of
regression on a transfer surface Type 1 is found for the given total curvature for the case
K(u,v) = p(u)A(v).

Theorem 1. If the surfaces at a constant distance from the edge of regression on a transter
surface Type 1 is given by the vector equation (7) and the total curvature of this surface is
K(u,v) = p(u)A(v), then we get the fo]lowing
7 (u,v) = (u+77,v+u,7f [ p(w)duldu + L [[[ A(v)dv]dv + n(Cru+ Cy) + u(Crv + Co) +7)
where, 7,C4, Cy, Cy, Co— constant numbers.

Keywords:transfer surface,total curvature,surface at a constant distance from the edge of regression on a transfer surface.
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Initial-boundary value problem for a time-fractional wave equation
with the Prabhakar derivative on a star graph

Jonibek KHUJAKULOV®, Shahnoza TURAPOVA?®

Termez state university, Termez, Uzbekistan
E-mail: *jonibek.16@mail.ru, ®shahnozaturapova02gmail.com

We consider a star graph I' = VU E consisting of a finite set of vertices (nodes) V = {v }1_,
and a finite set of edges E = {Bk}i;:l connecting these nodes.
Let us determine the coordinates z; on the each edge By of the graph using isometric mapping
of these edges onto the intervals (0,l;)such that 0 < I, < +o0, k = 1,2, ...,j. One should
notice that the points of a metric graph I' are not only its vertices but all intermediate points
xron the edges as well. Thus, when we speak about functions on the graph I' we consider them
as defined along the edges and vertices (rather than at the vertices only, as in discrete models).
Hence, we define a coordinate system on each edge Biof the star graph by taking 14 as the
origin and x € (0,1;) as the coordinate.
We consider the following fractional differential equations involving regularized Prabhakar
derivative on the each edge of the above defined graph I':

PODG 0B (2, ) — ull) (w,8) = [P (1), (x,1) € (By x (0,T)) ,k =T, (1)
where PCDS,"7°(.) represents regularized Prabhakar fractional order derivative [1], a > 0,
1< <2 7,6€R, f¥(x,t) are given functions.

Problem To find a solution of (1) in the domain By x (0,T"), satisfying the following conditions:
vertex conditions
D0,t) =u@(0,t) = ... = u(0,t), tel0,T], (2)
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ulM(0,t) + u@(0,) + ... + ul(0,t) =0, te0,T], (3)

boundary conditions
u® (1, t) =0, te[0,T], k=17, (4)

and initial condition
WP (z,0) = o®) (@), u?(z,0) = P (z)z € By, k=1, ;. (5)

©®)(x) and ¢®)(z) are sufficiently smooth given functions and satisfy conditions (2)- (4).
The key tool for this investigation is a method of separation of variables for the equations (1)
(see [2]). Using properties of special functions, namely bi-variate Mitag-Leffler function Fs(x,y)
[3], we prove the uniform convergence of the obtained Fourier series. The uniqueness of the
solution of the problem is proved using a priori estimation (see [4]).

Keywords: Prabhakar derivative, bi-variate Mittag-Leffler function, a priori estimate, star metric graph, Initial-
boundary value problem.
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Boundary value problem with a load in the form of a fractional
integral

Minzilya KOSMAKOVA®, Danna AKHMANOVA®, Kamila IZHANOVA®

Karaganda Buketov University, Karaganda, Kazakhstan
E-mail: “svetlanamir578@gmail.com, *danna.67@mail.ru, “kamila.izhanova@alumni.nu.edu.kz

In a domain @ = {(z,t) : x > 0, > 0} we consider a BVP

w — g + A u(z, t)

9 :f<37,t), (1>

z=(
u(z,0) =0, u(0,t)=0, (2)

where )\ is a complex parameter,

8 ol f) = 1 T u(é )
ozl 1) F(ﬁ)/o RN

is a fractional Riemann-Liouville integral of an order 3, 0 < 5 < 1,
7(t) is a continuous increasing function, «(0) = 0 or ~(¢) is a positive const.
So we assume that the solution u(x,t) belongs to the class

u(z,t) € Ly (z > 0), (3)
The right side of the BVP equation vanishes at t < 0 and belongs to the class
f(z,t) € Lo (A)NC(B), (4)
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where A = {(z,t) | >0, t € [0,T]}, B={(z,t)|z >0, t >0}, T — const > 0.
We also assume

1(x,t):/0/OOOG(x,f,t—T)f(f,T)dﬁdTeLl(xZO). (5)

These classes are determined from the natural requirement for the existence and convergence
of improper integrals arising in the study of the problem.

Lemma 1. Boundary value problem (1)-(2) is equivalently reduced to a Volterra integral
equation of the second kind.

The solution of problem (1)—(2) can be represented by formula [1]:

u(z,t) = —)\/ / G(x, &t — T)u(r)dédr + fi(z,t), (6)

where

.0 < B < 1, (7)

r=(t)

u(t) = Iz, t)

and the function
1(z, 1) // G(x, &t — 1) f(&,7)dedT

exists and is bounded by condition (4) and belongs to class (5). By assumption, func-
tions fi(xz,t) and u(z, t) satisfy inclusions (3) and (5). Now we apply fractional integral operator
of an order 3, 0 < f < 1 on representation (6) with respect to the variable . Then we put
x = 7y(t) [2]. On the left side, we get the function pu (t) according to formula (7).

After calculating the integral we get the integral equation

+A/l@tr r)dr = fo(t), (8)

where

Kﬂ(t,T) =

@) (1 B+2 B3 ()
Tt—nrB+2)° °\2°7 2 7 2 7 4t-1))

fo(t) =I5, fi(, 1)

oF5(ay, az; by, bo; 2) is a convergent generalized hypergeometric series for all finite z.

Lemma 2. For BVP (1)-(2) there is continuity in the order  in the loaded term of
Eq. (1).

The lemma is proved by checking the limit cases of the fractional integral’s order in the
loaded term of Eq. (1).

Theorem. Let the conditions (4) and (5) be satisfied for the function f (z,t), the function
u(t) € C([0;T)) is the solution of integral equation (8) with the right hand side f»(t) € C([0;T7]).
Then BVP (1)—(2) has the only solution if y(t) ~ t* (near the pointt =0), w > 0 and0 < 3 < 1.

x="(t)

Keywords: fractional Riemann-Liouville integral, Volterra integral equation, solvability.
2010 Mathematics Subject Classification: 35K05, 45D05
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Solution of a nonlocal boundary value problem for a nonlinear
third-order partial differential equation

A.M. MANAT® N.T. ORUMBAYEVA®

Karaganda University of the name of academician E.A. Buketov, Karagandy, Kazakhstan
E-mail: ®*orumbayevanurgul@gmail.com , *aluamanat5@gmail.com

This paper proposes an algorithm [1-3] for finding a solution to a nonlocal boundary value
problem for a nonlinear third-order partial differential equation. Conditions for the convergence
of the algorithms are established that simultaneously ensure the existence and isolation of a
solution to a nonlinear nonlocal boundary value problem.

%Zg—z— g—+ﬁ— wg—zj, (x,y) € Q=10,X] x[0,Y], (1)
w(x,0) = p(x), z€]l0,X], (2)

w(0,y) = y(y)w(X,y) +¥(y), yel0,Y] (3)

PO gy, ye ] (@

here «, f-const, function ¢(x) continuously differentiable on [0, X|, functions ¥ (y), 8(y), v(y)
are continuously differentiable on [0,Y], v(y) # 1.
Theorem 1. Let the following conditions be satisfied:
a) the function (z) is continuously differentiable on [0, X],
b) the functions v(y), ¥ (y),0(y) are continuously differentiable on [0, Y], v(y) # 1,
¢) q=aY + 320 Xy X4 XWE o x2y by 4 () 4+ B)XY < 1,
Yo
d) I—I—XY2<’T‘1, qu < T,
h = = 0= 0 — t
where 7 = max YW, ¢ = max L), max 10y, v, B — cons
/

o=+ a s 1@+ a8+ X (5 [o00) - 0] + 2 )+

+X e )] '@l + X (2000 = (0] + 12 ) o I/@)1+

2€[0,X] 2€[0,X] 1 =7/ z€f0,x]
X
—i—ﬁ/go'(x)dx
0
then the sequence of functions w®(z,y),k = 1,2, ..., is contained in S(w®(z,y),r, + 72)

converges to the unique solution w*(z, y) of problem (1)-(4) in S(w©® (z,y), ri+rs), 71, 72— const,
and the inequality

(@, y) = 0P ()| < == Z qa+Yan

Funding: This research is funded by the Science Committee of the Ministry of Education and Science of the Republic
of Kazakhstan (Grants No. AP23488729, 2024-2026).

Keywords: Benjamin-Bona-Mahony-Burgers equation, differential equations with partial derivatives, algorithm, ap-
proximate solution.
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Non-classical one-phase Stefan problem with heating effect of
current flow in gradient of temperature

Targyn NAURYZ

Kazakh-British Technical University, Almaty, Kazakhstan
Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
Nazarbayev University, Astana, Kazakhstan E-mail: targyn.nauryz@gmail.com,

This paper introduces a mathematical model designed to provide a thorough understand-
ing of the thermal phenomena occurring during the arc erosion of enclosed electrical contacts,
initiated by the sudden explosion of micro-asperities with The heating effect resulting from the
flow of electrical current in gradient of temperature. The phenomenon encompasses vaporiza-
tion and liquid zones, and the distribution of temperature describing with a generalized heat
equation with the heating influence arising from current flow in temperature gradients and the
effect of Joule heating.

The mathematical model of the liquid phase can be considered as

OnOF = %o N0 T + o0 20T+ s 5, 1)
alt) <z< B(t), 0<t<t, v>l1,
O(a(t), t) =6, t>0, (2)
0(B(t),t) = Om, t >0, (3)
% = —A(G(oz(t),t))% ot L,,%Cfl—(;‘, t>0, (4)
0 dB
—AO(B(), 1) 5 o LinYm—s >0, (5)
0(z,0) = 0,,. (6)

Solution of the problem based on similarity transformation which allow us to reduce problem
to ordinary differential equation and integral equation of Volterra type. The aim of this work
to attempt to prove existence and uniqueness of the solution of the problem (1)-(6).

Funding: The research is partially sponsored by the grant project AP19675480 ”Problems of heat conduction with a
free boundary arising in modeling of switching processes in electrical devices” and partially supported by SSH2023029
”Improved Hardy-type inequalities”.

Keywords: Stefan problem, nonlinear thermal coefficients, generalized heat equation, similarity transformation, fixed
point theorem.
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Well-posedness of the inverse problem for a time-fractional
integro-differential equation

A A. RAHMONOV

Institute of Mathematics, Uzbekistan Academy of Science
E-mail: araxmonov@mail.ru

Let H be a separable Hilbert space and A : H — H be an arbitrary unbounded positive
selfadjoint operator in H and A~! is a compact operator
In this work, we consider the time-fractional integro-differential diffusion equation:

0Pu + Au = /Ot k(t — s)u(s)ds + f(t), te(0,T), (1)

where T' > 0 is a fixed final time, and o € (0, 1) is fractional order of the time derivative. The
fractional derivative 0§ denotes the Gerasimov-Caputo fractional, which is defined as:

90 = ey | (=9 )s yeW0.T)

and I'(+) is the Euler’s Gamma function.
Problem 1. Given k(t) and f(t), find a function u(t) such that u(t) : [0,7] — H satisfies
the equation (1) and the final time condition

u(T) = ¢, (2)

where ¢ is a given element of H, f : [0,7] — H is a known function.
Problem 2. Given «, f(t) and ¢, determine a pair of functions w : [0,7] — H and
k:(0,T) — RT satisfying the problem (1)-(2) and the additional condition

Olu(t)] = h(t),  te€]0,T]; (3)

where h : [0,7] — R is a given function, ® : D(®) C H — R is a known linear bounded
functional, where D(®) ={u € H: Au € H}.

Throughout this work, we set 0 < ¢ < 1 and make the following assumptions.

(C1) ¢ € D), f € C(I0,T); D(A%)) N C'(0,T; H)

(C2) M(T) = Dp], P[Au](0) = @[f](0);

(C3) 9¢h € C*0,T] and 9?h(0) = 0 and satisfy the condition h(0) # 0;

(C4) @ : {N,Plen]} € 12(N), where [*(N) is the space of square summable sequences.

Theorem 1.5. Under hypotheses (C1)-(C4), there exists a unique solution (u, k) € Y of
the inverse problem (1)-(3) for any 7" > 0.
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A diffusive competition model with nonlinear convection term and
free boundary

M. S. RASULOVYe M. T. UMIRKHONOV?*

Unstitute of Mathematics, Tashkent, Uzbekistan
2Tashkent State university of economics , Tashkent, Uzbekistan
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The spread of new or invasive species is a central topic of ecology, and significant research
has been devoted to better understanding the nature of such spread. Environmental problems
require the use of a whole hierarchy of models capable of describing not only different levels
of organization of systems, but also the interaction between these levels. However, significant
advances have been made in species invasion studies through frontal spread studies (see [1],

[2])-
In this article, we study a diffusive competitive system with free boundary:

U — djUgy + MU, = u(ag —biu—cv), 0<t<T, 0<zx<s(t),

vy — doUgy + Motv, = v (ag —bou —cv), 0<t<T, 0<z<lI,
u(0,z) =up(z), 0<z<s(0)= s,
v(0,2) =vo(x), 0<ux<lI,
uy (¢,0) =0, 0<t<T,
u(t,s(t)) =0, 0<t<T,
s'(t) = —pug (¢, s(t), 0<t<T,
v (10) =0, 0<t<T,
v (1) =0, 0<t<T,

where s (t) is a free boundary to be determined, s, i, d;, m;, a;, b;, ¢; (i=1,2) are given positive
constants, and the initial functions uy(z) and vo(z) satisfies

ug () € C* ([0, 80]), 0 < ug(x) < (Z—ll in [0,s0), ug(0)=1ug(so) =0,

v (z) € C2([0,1]), 0<U0(x)§Z—z in (0,1), wul(0)=0.

Keywords: free boundary, reaction-diffusion system, parabolic equation, aprior bounds, existence and uniqueness.
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A multi-dimensional diffusion coefficient determination problem for
the time-fractional equation

Z.A. SUBHONOVA

V.I. Romanovsky Institute of Mathematics of the Academy of Sciences of the Republic of
Uzbekistan, Bukhara, Uzbekistan
E-mail: subhonovaziyoda5@Qgmail.com.

We consider the following n-dimensional anomalously diffusive equation with convolution
integral:

¢
(CDu)(at) = Buat) = [ K Dot = dr + f@ ), (@€ O, (1)
0
the solution of which satisfies the initial conditions
U|t:0 = go(x), Ut\t:o = ?/J(x)a r e R”, (2)

where 1 < a < 2, Dﬁa)— Caputo fractional derivative , that is

(D) (a,8) 1= (Yl t) = (zl_Q) /O (?T_T f)’cf_)ldf

= (x1,...,xp—1). In (1) and (2) p(z), ¥(x), f(x,t), k(z',t) are given smooth functions.
We will study problem of finding the function u(z,t) € Dy : {(z,t) € R" x [0,T]}.
We obtain the integral equation for solution to the problem (1)-(2)

(s ) = uo(z,t) — /0 / Y(x—&t— 1) /0 K Qule, r — OdCdedr, o € R, (3)
2

where

wo(z, ) = / Zi(x — €, 0)p(E)de + / Tole — €, 00(E)de

Rn Rn
Y(x — — dédr. 4
+// (2= &t =) (e, )i 2

Where the triple {Z;(z,t), Zo(z,t), Y(z,t)} is the fundamental solution of the n-
dimensional diffusion-wave equation with Caputo fractional derivative in terms of the H-Fox
function:

o [
Zi(x,t) = ———HY) |
J(x ) (7r)ﬂa:|” 1,2 {4150‘

Y(x,t) =

ta_l Hf:g |:_

(a,@)
BHET 0] ?

Lemma. If k(2',t) € C[0,T), f(x,t) € C(H(R),[0,T]),¢(z) € H(R),(z) € H(R),l €
(0,1), then there exists a unique solution of the problem (1)-(2) such that u(x,t) € C**(Dr).
Funding: There are no funders to report for this submission.

Keywords: Gerasimov-Caputo fractional derivative, Fox H-function, Mittag-Leffler function, integral equation.
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O KBABUMHOTOOBPA3UU SP(Lg)
A.O. BATIIEEBA'?, M.B. HIBUJIEPCKI?®

'EHY um. JLH. I'ymunesa, Acrana, Kazaxcran
2Hosocubupckuii rocygapersennbiii yausepenrer, Hopocubupcek, Poccnst
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Mpbr fqokazasn, 9To Kareropus HOAHBIX Omanredpamdeckux (0, 1)-pemerok, npuHaITeKa-
mux KBaszuMHOToOOpasuio SP(Lg), mopoxkiennass KoHedHoii pererkoii Lg ¢ momabivu (0, 1)-
PereToIHBIMI TOMOMOPMU3MaME, PACCMATPUBACMAst KAK KOHKPETHAA KATErOPHs, AyaIbHO K-
BHBAJIEHTHA KATETOPHH TaK Ha3bIBaeMbIX Lg-ipocTpalcTs ¢ Lg-Mopdusmamu. Panee B [1] yera-
HOBJIEHO, 4TO KBasuMHoroobpasue SP(Lg) obpasyer (Koneuno Gasupyemoe) maoroobpasue. Ha-
IIe JI0Ka3aTeJIbCTBO OCHOBAHO HA TOJAXOJe, npejioxkenHoMm B. [Izebakom B [2,3]. C nomomursio
9TOr0 METOJA MBI JOKA3LIBAEM, UTO KaTeropuu Lg U Bg 1yaabHO SKBUBAJICHTHHL.
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AJITEBPBI BUHAPHBIX M30JIMPYIOIIIUX ®OPMYVYJI JIJId TEOPUM
I'oMOMOP®HBIX HPOI/IBBE,Z[EHI/II‘/'I I'PA®OB

Jvurpuit EMEJIBAHOB

HoBocubupckuii rocymapcrBennbiii rexamdeckuii yaupepcrnret, Hopocubupck, Poccus
E-mail: dima-pavlyk@mail.ru

[Ipogonzkaercst uzydenne asrebp OmHApHBIX n3oaupyomux dbopmya [2| mis nponssepenuii
rpacos.

Omnepenenenne 1. [omomopgnoe npoussedenue epagos [1] Gy = (Vi, Ey) u Gy = (Va, Es)
¢ romomopduszmom f : Vi — Vi - sto rpad H = (Viy, Ey), toe:
muozkecrBo Bepumd Vi = {(v,u) | v € Vi, u € Va};
muozecTBo pebep Fy = EF U EY rne B = {(vy,u1), (v2,u2)) | (v1,v2) € By, f(v1) = f(v2)},
E ={(v,w), (v,u2)) | v € Vi,u1,us € Vo, f(v) = uyua}.

Omnncanpl anredpbl GUHAPHBIX H30UPYIONUX dhopmydt |2] Juist Teopuit roMmoMOpdHBIX TIPOU3-
BesleHnil. Paccmorpensl yMHOXKeHUs 1711 paddOB NPABUIBHBIX MHOIOPTAHHUKOB OT OTPE3Ka JI0
mectTuyrojabuuka. JIng nux nosydenst tadsuipl Kaan romoMmopdubix npousseaennii. B Heko-
TOPBIX Bapuanusx ToMOMpgu3Ma HCXOTHBIN rpad) MOKET COIePKATh CUMILIEKC, TOTIa aaredpa
Oymer namopdHa anrebpe CHMILIEKCOB|3].

Teopema 1. Ecsin T' — reopusi romomopguoro npoussegenunsi rpagon, IN — anrebpa 6u-
HapHBIX u3oaupytomnx ¢popmys reopun 1,170 arebpa N Oyaer nzomopgHa aaredpe §).

Funding: Pa6ora Bbinonnena nupu dunancosoit nogaepxke Poccuiickoro nayunoro donmga, npoexr Ne 24-21-00096.

KuroueBrblie ciroBa: romomMopdHbIe Tpon3BeeHns, rpadsl, HaAredpa OMHAPHBIX U30JIUPYIOMAX (POPMYII, TEOPUST MOIe-
Jiefl, npousBejenue rpados.
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OB AKCUOMATU3NUPYEMOCTU HACJIEJCTBEHHEIX KJIACCOB
MOJAEJIEN KOHEYHbBIX 1 BECKOHEYHbBIX A3BIKOB N PASPEIINMMOCTHA
X YHUBEPCAJIbBHBIX TEOPUM

A.B. UJIbEB

Hucruryr maremarukn um. C.JI. Cobomesa CO PAH, r. Oumck, Poccns
E-mail: artyom__ iljev@mail.ru

B pabore w3yuamTCs HACTIEJACTBEHHBIE KJACCHI AJTeOpPANIeCKUX CHCTEM  SI3BIKA
L =Lg ULy, tme Lgy = (R1,Ray ..., Ryn,=) u Lo =(Ryi1, Rmy2,...), npuaem B Ly
YUCJ0 TPEIUKATOB KaXKI0W MECTHOCTH KOHEYHO, BCE MPEIUKATHI YIMOPSIOYEHBI 10 BO3PAC-
TAHWIO CBOENl MECTHOCTH W O0JIaIal0T CBONCTBOM HENOBTOpeHHd 31eMeHTOB. Kiace L-cucrem
HA3BIBAETCS HACACOCTNEEHHbIM, €CJTH OH 3aMKHYT OTHOCUTETBHO MOJCUCTeM. XapaKTepPHBIMU
OpuMepaMu TaKWX KJIACCOB SBJSIOTCS HACJeJCTBEHHBIE KJACCHl Tuneprpados ¢ pedbpamu
KOHEYHON MOIITHOCTH.

T'unepepagom nazviBaercs napa H = (V, Ey), tae V — HemycToe MHOYKECTBO 9JIEMEHTOB, Ha-
3BIBAEMBIX BepUUHGMU, & gy — HEeKOTOpoe ceMeficCTBO HEImyCTHIX HEeYHOPSIOUYeHHBIX TOIMHO-
JKeCTB MHOZKecTBa V', Ha3bIBaeMbIX pebpamu. lunepepad c pebpamu Komeunot mousnocmuy —
910 ajredpanveckas cucrema H = (V, Ly), nocurejib Koropoit V' — Helycroe MHOXKECTBO BEp-
muH, a 936K Ly = (E1, Fa,...,=) COCTONT W3 CYETHOIO MHOXKECTBA MPEJIUKATOB, MECTHOCTDH
KaKIOTO W3 KOTOPBIX COBIAIAET C €r0 TMOPSAKOBBIM HOMEPOM, W TPEeINKATa PABEHCTBA; KarK-
abiit npeaukar B, (xq, ..., r,) O3HAYAeT, 9TO SJEMEHTHI I1, ..., T, Jexkar B pebpe runeprpada
MOIITHOCTH 7, T. €. MPeTUKATH [, (Z1, .. ., T,) YIOBIETBOPSIOT YCIOBHIM HEYNopA0OuEeHHOCTIU i
HENOBMOPEHUA dAEMEHMOE NI BeeX n € N:

(H1) Vxy ... Vo, [En(21, ...y 2) — N En(n(21),...,7(x,))], toe m — arobasi mepecTaHOBKA

s

L1y eeey T

(H2) Vay ...V, [E (21, ..., z,) = N\ (xp # 2,)].
P#q
ITodzunepepagdiom HasbBaercs: runeprpady, MOy IeHHbBIH W3 UCXOJAHOTO runeprpada yaajieHneM

BEpIINH BMeCTe CO BCEMHU MHIUACHTHBIMU pe6paMI/I.

Anrebpanyeckas cucreMa Ha3bIBACTC 3anpew,enioti nodcucmemoti 1y HEKOTOPOro Kjacca
L-cucTeMm, ecjin OHA He COAEP:KUTCA B KauecTBe IOACUCTeMbl HU B KAKOl MOJEJIHN 3TOT0 KJacCa.
Crenytoruit KpuTepuit AKCHOMATH3UPYEMOCTH HEOOXOIUM 15T YKA3AHUS CBI3W MEYK Ty HACJIe/I-
CTBEHHBIMU KJIaCCaMU MOﬂeﬂeﬁ A3bIKa L " X 3allpeleHHbIMU MMOJCUCTEMaMu.

Teopema 1. Hacuegcrennniii Kjaacc L-cucrem akcmoMaTH3upyeM Torjia H TOJBKO TOIJA,
KOIJla OH MO?KeT 6BITB orpeJieJicH B TePpMHUHAaX KOHECYHbBIX 3alpPCINCHHbIX ITOACHCTEM. MCHO.HBSY—
eMasl IIPH 3TOM AKCHOMATHKA COCTOHT TOJIBKO H3 YHHBEPCAIBHBIX IPEIIOXKCHHIT.

B gacrHOCTH, HAC/IEACTBEHHBIH KaacC runeprpadoB akCHOMATU3UPYEM TOTJ/IA U TOJHKO TO-
r/1a, KOrJa OH MOYKET OBITh ONpPEJIe/eH B TePMUHAX KOHEUHBIX 3aIPEIEHHBIX MOAruneprpadosB.

ccaenopanne pa3peniuMOCTH yHEBEPCAILHBIX TEOPUil  IOCTPOCHIE COOTBETCTBYIOIINX aJl-
TOPUTMOB SBJISIETCA aKTyaJIbHOHM 3aja4deil MpU M3yYeHHH CBONCTB, MPUCYIIUX BCeM ajredpau-
YECKAM CHCTEMaM PACCMaTpUBaeMbiX KaaccoB. Creayomuii pe3yabrar apaserca o6o0mennem
paHHee MOJyYeHHBIX pe3yabTaroB o rpadax [1], marpougax [2| u runeprpadax.
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Teopema 2. VHuBepcaJbHAas TeOpHs MPOH3BOJBHOTO aKCHOMaTH3HUPYEMOIro HACI€ICTBEH-
HOTO KJlacca L-cmcTeMm, MHOXKeCTBO MHHHMAJIBHBIX 3alIPENIeHHBIX MOJICHCTEM KOTOPOT'O PEKYp-
CHBHO, pa3pentuma.
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CBOMCTBA HEMYJIbTUPABMEPHOCTU AJIA KJIACCA
CEMAHTUNYECKUX IIAP

M.T. KACBIMETOBA'*, T.E. 2KYMABEKOBA??

! Kaparamnuckuii yausepcurer umenn akagemura I.A. Bykeropa, Kaparamna, Kazaxcran
2Kaparanguackuii ungycrpuasbabii yausepcurer, Tevupray, Kazaxcran
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PacecMOTpUM HAC/IeICTBEHHY IO COBEPIIEHHYIO HOHCOHOBCKYIO Teopuio T B JIOMYCTUMOM 060-
ramennn © u3 [1], koropas J-A-crabunbhas |2|, u mousgTHe «tun p He dopkyercs Hag A» B
cmbicsie TeopeMbl 8 [3]. Ilyers p nenTpanbubiit THn w3 oboramenus © [1], A — ioHCcOHOBCKOE
noamuoxkectso C' [2]. Torga p J-cranuonapen uaja A, ecou:

1) p e orBerBasieTCs HAJ A;

2) p UMeeT eJIMHCTBEHHOE HEIPOTHBOPEUNBOE PACHIMPEHUE, He OTBETBIIsomeecs Ha A.

Ecmu p(Z1), q¢(Z2) — moaubie 3-tunsl Hag A, To p HasbiBaeTcs J-c1abo OPTOTOHAIBHBIM K ¢
TOTJIa ¥ TOJBKO TOra, Korjga p(Ty) U q(Z2) asasercs 3-monnsim tumom (nag A).

[Iycth p1 1 py — J-moIHBIE M J-CTAIMOHAPHBIE TUIIBI, TOI/A P1 J-OPTOrOHAJIEH Do, €CIH JIJIsI
moboro A mmeer mecto Domp; U Dompy C A, u ¢ c1abo J-opTOroHaseH ¢o, IJe ¢ U Gy —
J00BIE J-HEOTBETBIILIONIMECd PACIIUPEHUS P U pPo HaJ A.

J-monHBI THN p HA3BIBAETCH J-MYJIBTHPA3MEPHOCTHBIM, €CJIH P OPTOrOHAJNEH JIOOOMY
noaaomy J-tuny uax A. Ecam B T me cymecTByer J-MyJabTHpa3MepHOCTHBIH Tum, 1o 1
Ha3bIBaeTCd J-HEeMYJIbTUPAa3MePHOCTHON Teopueil. Ecjiu Kaxkjgas Teopus Kjiacca Oyuer J-
HEMYJIBTHPA3MEPHOCTHOM, TOIIa KJACC HA3BIBACTCH J-HEMYTbTHPA3MEPHOCTHBIM.

Teopema. Ilycre K = {(C,M)|M =3, C,(C,M) — cemanruveckas mapa}, JSp(K) =
{A]A—rionconosckast reopust, A = Thys(C, M), rne (C, M) € K}, [A] € JSp(K) /s Iycrs [A]

—_— —%

— J-mostuerii u J-A-crabmiabHbrii fionconoekuii Kiaace, [A] —[A] B oboramennn ©, [A] — merarp

reopun [A] [1]. Torga caenyomue ycioBust SKBHBAJIEHTHBI: 1) [A]* — HEMYJIBTHPA3MEPHOCTHBII

(B k1accmaeckoMm cumpice [4]); 2) [A] — J-aemymabrapazMepHOCTHBII.

KiroueBble cjioBa: HAC/IEICTBEHHAs TEOpHWs, [JOIyCTHMOe oboramfeHne, HOHCOHOBCKOE IIOJMHOXKECTBO, J-
OPTOTOHAJIBHBINA THI, J- HEMY/JIHPTUPA3ZMEPHOCTHAS TEOPHs, J- HEMYIBTUPA3ZMEPHOCTHBIN KJIACC.
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O YMCJIE CYETHBIX MOJIEJIEM KOHCTAHTHOI'O PACIIIMPEHUS
IIOJTHOM TEOPUN

K.2K. KVJIAUBEPTEHOB

HucTuryr maremMmaTnkn u MaTeMaTHIeCKOro Mogeauposanust, Aamarer, Kazaxcradn
E-mail: kanatkud@gmail.com

KoncranTHbiM paciupenneM (UM KOHCTAHTHBIM O0OTAIEHHeM, WM HECYIIIeCTBEHHBIM Dac-
MUpeHneM) TOJTHOH ¢aeTHOit Teopun T a3bika L HasbiBaeTcst mosHast Teopust 1% O T s3bika L*,
HOJIYyYeHHOTO j100aBeHneM K [, KOHEYHOI'O YHC/Ia HOBBIX KOHCTAHTHBIX CHMBOJIOB.

A_JI. TaitmaHOB CTaBUJI BOIPOC O CYNIECTBOBAHUU TIOHOM CIETHON Teopun, MMermeil KOH-
TUHYYM CUYETHBIX MOJIeJIel, HEKOTOpOe KOHCTAHTHOE PACIIupEeHre KOTOPOil uMeeT KOHEYHOe HJIH
CYETHOE YHUCJO CUETHBIX MOJesei.

B pab6ote [1] moka3aHo, 4TO CYIIECTBYIOT MOJTHASI CYeTHAS TEOPUsl, HMEIOIIAs KOHEUHOE YhC-
JIO CUETHBIX MOJIeJIel, U MOJTHASA CUeTHAas TeOpHUsi, UMEOIas CUeTHOe YHCI0 CIETHBIX MOojeIed,
HEKOTOPble KOHCTAHTHbIE PACHIUPEHUs KOTOPbIX MMEIOT MEHbIIee YUC/I0 CYETHBbIX Mojiesieil. B
pabote [1| TakKe ecTh TeOpeMa, YTBEPIK/IAIONIAS MOIOKHUTEAbHBINH oTBeT Ha Bompoc A.Jl. Taii-
MaHOBA.

Ho B pabore [2] Ha ocHOoBe neranmprOro anasmsa paborsl [1]| cmesan BBIBOJ, 9TO BOIPOC
A JI. TaiimaHOBa OCTaeTCsT OTKPBITHIM.

Hamu mokasaHbl cirepyronime TeopeMbl, gaforiae oreer Ha Bomnpoc A.Jl. TaiimaHoBa.

Teopema 1. CymiecTByeT moJsiHasi caeTHasi TeOPHs, HMeoIass KOHTHHYYM CIeTHBIX MOJe-
JIiett, HEKOTOpoe KOHCTAHTHOe paclIupeHHe KOTOPOH HMeeT CIeTHOe THCJIO0 CUETHBIX MOJeser.

Teopema 2. /[is1 11060ro HaTypaabHOrO YHCIa N > 3 CYIIECTBYET MOJIHAS CICTHAS TeOPHSI,
uMeromas KOHTHHYYM CYEeTHBIX MoAeJIeH, HEKOTOpOe KOHCTAHTHOE pacllupeHHe KOTOPOIH HMeeT
N CYETHBIX MOIEJIEH.

Funding: Asrop 6bu1 iogaep:xkan rpanrom BR20281002 KH MHBO PK.
KurodeBble CJIOBA: 10JHAs CYETHAS TEOPUs, KOHCTAHTHOE PACHIMPEHHE, YNCII0 CIETHBIX MOJEJIEeH.
2010 Mathematics Subject Classification: 03C15
JINTEPATYPA
[1] Omapor B. HecymecTBeHHBIE pACUIMpEeHus MOIHBIX Teopuit, Aazebpa u aozuka, 22:5 (1983), 542-550.
[2] Baizhanov B., Umbetbayev O. Constant expansion of theories and the number of countable models, Cubupcrue
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OB AJITEBPAX BUHAPHBLIX ®OPMVJI 1JIsI CJIABO IMUKJINYECKU
MUWHUMAJIBHBIX TEOPUN: OTHOIIIEHUSI SKBUBAJIEHTHOCTU

Beiibyr laiipikosua KYJIITEIITIOB

Hucruryr maremMarnkn u MaTeMaTHIecKoro Mojaeaupopanns, Aavmarol, Kazaxcran
Kazaxcraacko-Bpuranckuii rexaudeckuii yvausepcurer, Ajavmarer, Kazaxcrad
E-mail: b.kulpeshov@kbtu.kz

JaHHbIi TOKJIA/T KACACTCS TIOHATHS CAGO0T YUKAUNECKOT MUHUMAABHOCTIU, TTEPBOHAYATBHO
uzydennoro B [1|. Ilycte A C M, rie M — IMUKJIHYECKH YIOPAJOUEHHAS] CTPYKTYpa. MHOKe-
CTBO A HA3BIBACTCS GHNYKAbLM, €CJIH JJIA JIOObIX a,b € A BBIIOJIHSIETCSI CJIeLyIoInee CBORCTBO:
atst sioboro ¢ € M ¢ yeaosuem K (a, ¢, b) mveer mecro ¢ € A wiu jyist ioboro ¢ € M ¢ yeaosuem
K (b, c,a) cupaeayuso ¢ € A. Caabo yukAudecky, MUHUMAADHAA CMPYKMYPE €CTH MTHKITIECKH
ynopsiouenHas crpykrypa M = (M, K, ...) Takag, 9to m06oe onpeaeanmoe (¢ mapaMeTpamu)
MOJAMHOXKECTBO CTPYKTYPBI M ABJIACTCA O6'be,ZLI/IHeHI/IeM KOHEYHOT'O YHCJIa BBITMTYKJIBIX MHOXKECTB

B M.
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[lycth M — cUeTHO KaTeropudnas €Jab0 MUKIXYECKH MUHAMAJIbHASI CTPYKTypa, G =
Aut(M). Crenyst cTaHIapTHON TEOPETUKO-TPYTIMOBOH TEPMHUHOIOTHH, Ipynmna G HA3BIBAETCSI
k-mpanaumusnoti, ecau Jjis JIOObIX MONAPHO PA3JIUYHBIX A1, A3, . . . , @) € M 1 nonapHo pasjnd-
HBIX b1, bo, ..., b € M cymectByer g € G, nas koroporo g(ai) = by, g(az) = be, ..., glag) = bg.
Konepysnyueti na M nHazbiBaeTcs 11000e G-UHBapHAHTHOE OTHOINEHHE SKBUBAJIEHTHOCTH HA
M. I'pynna G nazsiBaercs npumumusrot, ecain G spisgercs 1-TpaH3UTUBHON U HE CYIIECTBYET
HETPUBUAJIBHBIX COOCTBEHHBIX KOHI'PYIHIHUi Ha M.

Anrebpsr buHAPHBIX (HOPMYJT SABASIOTCA WHCTPYMEHTOM JIJIs UCCJIEI0OBAHUS CBI3el MeXKTy
9JIEMEHTAMU MHOYKECTB PeAJM3aIUil TUIIOB HA OUHAPHOM YPOBHE OTHOCHTEJHHO CYIEePIO3UIINT
OMHAPHDBIX ONPEJIETUMBIX MHOXKECTB. Mbl OyIeM paccMaTpuBaTh aareOpbl OHHAPHBIX U30JUPY-
romux (hopMyJI, HepBOHAYATBHO U3yUeHHbIe B padorax |3, 4], rae mo GuHapHON H30aUpYyOMIed
dbopmysioit nonumaercs dopmysia Buaa ©(r,y), He UMEOLIAs IAPAMETPOB U TaKasi, YTO JIJIsl
HEKOTOpOro napamerpa a dopmyna ¢(a,y) u3oaupyer Hekoropwiit mousiii Tun u3 Si({a}). B
HOCJIeHUE TOJBI aareOphl OMHAPHBIX (GOPMYJT U3YUAIOTC WHTEHCHBHO W MOJYYWIU CBOE MPO-
noskenne B paborax [5]-[9)].

B wacrosimiem JiokJsiajie Mbl 00CyKaaeM aaredpbl OMHAPHBIX H30JUPYIOMHX (DOPMYI st
CIETHO KATErOPUYHBIX CJIa00 MUKJIMYEeCKH MUHHMAJIbHBIX TEOPHil paHra BBHIILYKJIOCTH, 00JIb-
mero 1, umeromux 1-TpaH3UTUBHYIO HEIPUMUATHBHYIO I'PYIIY aBTOMOPMU3MOB U TPUBHAIBLHOE
OIIPEJICIAMOE 3aMbIKAHHE.

Cuorerytotmnasi TeopeMa MOJTHOCTBIO XapaKTePU3YeT CUYETHO KATErOpHYHbIE 1-TpPaH3UTHBHBIE
HETIPUMUTHBHBIE CJ1a00 MUKIAIECKA MHHAMAJIbLHBIE CTPYKTYPHI PAHTA BBITYKJIOCTH, OOJIBIITETO
1, ¢ TOIHOCTBHIO IO OUHAPHOCTH JIJIs CJIyYasi, KOTJIa UMEIOTCS TOJIBKO OTHOIIEHUs SKBUBAICHT-
HOCTH:

Teopema. [2| ITycts M — cuerno kareropmanast 1-TpaH3uTHBHAS HEIPUMHTHBHAS CJ1a00
UKJIAIECKH MEHHMAJIbHAST CTPYKTYPA PAHIa BBIIYKJIOCTH, 60Jb1Ier0 1, TOJABKO ¢ OTHOUICHHSI-
mu sxBuBagentaoctr u dcl(a) = {a} mms mekoroporo a € M. Torza M mzomopgua ¢ Toumo-
crbi0 10 GunapaocTn crpykrype M, = (M, K* E} E3,... E? E? ), rne M — nukmreckn
yropsiiodeHHast cTpyKrypa, M miorao ymopsiiodeno, s,m > 1; Eg,y — orHomenmne 3KBHBAa-
JIeHTHOCTH, pasduBaionice M Ha m 6ECKOHEYHBIX BBITYKJIBIX KJIaCCOB 6€3 KOHIEBBIX TOUEK; F;
Jist Kaxkaoro 1 < i < s ecTh OTHOIEHHE 9KBHBAJICHTHOCTH, pa3buBaroniee Kaxkapii F; ., 1-Kiacc
Ha GECKOHETHOE JhCI0 GECKOHeUHBIX BBIMYKJIBIX E;-moaK/1acCOB 6€3 KOHIIEBHIX TOUEK, TAK ITO
HHJLYIIMPOBAHHBIH MOPsIOK Ha Eji-nojkiaccax siBisiercs mioTHbIM 6€3 KOHI[EBbIX TOYEK.

Hamu jiokazaHa ciieyiomas TeopemMa:

Teopema. Aurebpa By, ,, OuHapHbIX H30/HpYIOIWEX DopMy/1 umeer 25 + m + 2 MeTok,
SIBJISIETCST KOMMYTATHBHOR H ¢TpOro (2s + 3)-aerepMuHAPOBAHHOIN JJIsT JIFOOBIX HATYPAJTBHBIX
gmcesr s,m > 1.

Funding: Jaunoe mcciemoBanme nogaep:kano Komurerom Haykm MuHMCTEpCTBa HayKW U BhICHIEro obpasoBannst Pec-
my6smkm Kasaxcran (Ppant AP19674850).
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O HECYIIECTBEHHBIX OBOTAIIEHUSIX BIIOJIHE O-MWHUMAJIbHBIX
TEOPUN

Beii6oyr aiterkosra KYJITIEIIIOBY,  Cepreit Baagumuposna CYIOTLTATOB??
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Hacrosmuii 10KIa1 KacaeTcs HOHATUS CAab0l 0-MUHUMAABHOCTU, TIEPBOHAYAILHO HCCIe-
nosamuoro 1. Makdepconom, 1. Mapkepom u Y. CreitnxopaoM B [1]. Crabo o-munumarvrot
cmpyKmypol Ha3bIBALTCs JIMHEHHO yuopsijjoyennas crpykrypa M = (M, =, <,...) Takasi, 410
Jar060e onpeseuMoe (¢ mapaMeTpaMu) IMOMHOKECTBO CTPYKTYpbl M siBiistieTcsi 00benHeHneM
KOHEYHOI'O YHCJIa BBIIIYKJIBIX MHOZKECTB B M

[Iycte T — canabo o-muruMasbhast teopust, M =T, A C M, p,q € S1(A) — neanarebpan-
deckre TUMBL. MbI TOBOPHM, 9TO THIT D ABISETCS HE CAGO0 opmozonasvhum Ty q (p LY q),
ecau cymectByior L-dbopmyaa H(z,y), a € p(M) u f1, 52 € (M) takue, uro $; € H(M, «)
u Py & H(M, ).

BriosiHe o-MUHUMAJIbHBIE TeOpHU ObLIH BBeJIeHBI B [2]. Mbl roBopuMm, 9TO THI p sIBJsIeT-
cst enoane opmozonaavhum tuty g (p L9 q), ecom He cymecTByer A—onpejeauMoil GHeKnuu
fp(M) — q(M). Mbl roBopuM, 410 €J1ab0 O-MUHUMAJIbHASL TEOPUS SIBJISIETCST 8NOAHE 0-MU-
HUMAABHOT, €CJIN TOHATUSE CJIab0i M BIOJHE OPTOrOHAJILHOCTH COBHAJIAIOT JIs 1-THIOB HaJ
IMPOU3BOJILHBIMH IMOJMHOZKECTBaMH MO,ZLeJIefI ﬂaHHOﬁ TEeOpUuHn.

Ipuwmep. [1] [Tycts M = (M; <, P}, P}, f') — jmmeiino ynopsjiodennas cTpykTypa Takas,
yro M ecTp HemepeceKaroleecss 00beIMHEHAC HHTEPIIpeTanuil YHaAPHBIX HpeaukaToB Py u P,
opu srom Py(M) < Py(M). Mpr oToxmecTBiaseM HHTepIpETAnio Ps ¢ MHOXKECTBOM DaIio-
HaJbHbIX dnces Q, yrnopsgodennoMm Kak oobrdno, a P ¢ Q X Q, ymopsimoyeHHOM JIeKCHKOIDa-
¢uaeckn. Cumpost f uaTepnperupyercst dacrudnoii yaapuoi ¢gynkmnueit ¢ Dom(f) = Pi/(M) n
Range(f) = Po(M) onpenensercst paperctsom f((n,m)) = n st Beex (n,m) € Q x Q.

Mozker 6biTb jtoKazano, aro Th(M) — ciabo o-muanMmaabHast reopust. Ilycrs p(x) := { P},
q(z) := {Py}. OueBuzno uro p,q € S1(0), p L q, Ho p L7 q, Te. Th(M) He siBisieTcst BHOJIHE
O-MHHHMAJILHOH.

Hecywecmeennvim obozausenuem (pacwuperuem) teopuu T si3bika L HA3BIBAETCS TOJHOE
pacmupenue Ty teopuu T B si3bike Ly = LU {c1,¢o,...,Cn}, T ¢1,C, ..., ¢, — HOBBIE KOH-
CTaHTHBIE CUMBOJIHI.

CpoiicTBa HECYIIECTBEHHBIX O0OrallleHUit TEOPUH ¢ KOHEYHBIM YHCJIOM CUYETHBIX MOJeJIeil
uzydaau M. Benna [3], P. Byapoy [4], M.T. Ilepersarokun |5|, B.M1. Omapos [6]. P. Byapoy
HOCTPOUJI TIPUMED TEOPUHU, UMEIOIIEH YeThipe CYETHBIe MOJIE/N, HeCYIEeCTBEHHOEe 00OTAICHIe
KOTOpOIT uMeeT OGeckoHedHoe 4uc/jio cueTHbix Mmojesneit. M.I. TleperaTbKuH mocTpons npumep
TEOpUM, UMEIOIIeHl TPU CUeTHBbIE MOJEJN, HeCYIeCTBEHHOE oDoTralleHne KOTOpoi mmeeT Oec-
KOHEYHOEe YHCJIO cueTHBIX Mojeseit. B.1. OMmapoB moctpous mpumep 3peHdoiixToBoit Teopuu,
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MMeIOIell HeCcyIecTBeHHOe 0BOTralleHne ¢ MEHBIIM THCJIOM CYeTHBIX Mojesieii. Henasuo B [7]
OBLJIO YCTAHOBJIEHO, UTO JII000E HECYIIECTBEHHOE 00OraleHne o-MHHAMAIbHON 9peH(OoiXTOBOM
TeopUuu coXpaHsgdeT 3peH(PORXTOBOCTD U €€ CUETHBI CIIEKTD HE YMEHbIIACTCS.

Teopema. [lycre T — Buosine o-mMuHuMaJIbHast 3peH@oiixroBa reopust, M — cderHast HaCbl-
mrerHast Mojeas reopun 1. Torga s kaxaoro n < w u Jioboro a = {(ay, . .., a,) € M reopus
Ty = Th((M,a)) rakxxke sBIsieTCs BHOJIHE O-MHHAMAJIBHOH U 3pengoiixropoii. Bosree rToro: (1)
ecJIu KaxKJIbIi a; SIBJISIETCS peaJu3aluell m30JApOBAHHOIO HJIH KBa3upalWoOHAJIbHOIO 1-Thia
mag 0, ro I(Ty,w) = I[(T,w); (2) ecim cymecrByior 1 < s <nwul <ip <iy <...<is <n,
Tak#e 9TO a; SABIACTCS peajH3aiuedl HppamHoHajabHoro l-tmma p;, Ham () masa Kaxaoro
1 <t < s, a ocradbHbIE Ay, (T.6. W # iy Jurst Kazxgoro 1 < t < §) ABISIIOTCS peaTu3aIisi-
MH H30JJMPOBAHHBIX HJH KBasupanuoHaabubix 1-tumos wazg (), To (T, w) = 6mr—i3kr+2l rre
[ = dim{pi,, pin,---,pi.}, [(T,w) = 6™,

Funding: /Jamnoe uccireqoBanue noagepxkano Komurerom nayku MummCTepCcTBa HayKy U BbICIIero obpasosanus Pec-
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O BUIAX HPEﬂI‘EOMETPI/Iﬂ KOMHOBI/IL[I/Ifl KYBNUYECKHUX N
AIMNKJINYECKUX CTPYKTVYP

Cepreit Bopucosna MAJIBIIIIEB

HoBocubupckuii rocymapcrBennniii rTexamdeckutt yaunsepcrnret, HoBocubupck, Poccus
E-mail: sergei2-mall Qyandex.ru

[IpuBomuTcst onucanwe BUIOB mpeareoMerpuii [1] ¢ anreGpanveckuM onepaTopoM 3aMbIKa-
nus i kKomnozuuuit MIN] 2] ky6uueckoit M u anukuueckoit N cTpyKTypbl.
Onpenenenune. [Ipegreomerpreii HA3BIBAETCS MHOMXKECTBO S BMECTE ¢ ONPEAEJEHHOM OI1e-
panmeii 3ampikanns cl : P(S) — P(S), yaoBaeTBopsomeii cieyomum yCa0BHsIM:
1) gz moboro X C S sormosasiercs X C cl(X);
2) st moboro X C S sermosmsiercst cl(cl(X)) = cl(X);
3) mast moboro X C S w mo6eix a,b € S ecom a € cl(X U {b}) — cl(X), ro b € cl(X U{a});
4) s moboro X C S ecim a € cl(X), To a € cl(Y) mast mekoroporo xoneunoro Y C X.

[Iycrs M = (S, R) 310 Mojeb anukindeckoit reopuu. Obosuadars yepes P(G) MHOKECTBO
Bcex noArpados rpada G. Pazobpém P(G) Ha KIacChl 9KBHBAJEHTHOCTH 110 OTHOIIEHHIO H30-
Mopdu3Ma U TpouHAeKCHpyeM TUIbl m3oMopduisma [. Obo3HaINM KIAaCChl SKBHBAJIEHTHOCTH
gepe3 G', rue i € I — WHAEKC, COOTBETCTBYIONIHH TpeICTABATEIO JAHHOTO Kiaacca. Torma de-
pes G4 obozmauum nojarpadsl gannoro rpacda, n3oMopdHbE APYT JAPYTY U CojleprKalllue Bee
BepIInHB MHOKecTBa A C S.
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IIpennoxenne. Ilycres T — amukamdeckas teopusi. Ecim mogens M = (S, R) teopun T
He COIeP>KAT KOMIOHEHTHI ¢ GECKOHETHBIM YHCJIOM OO-BepIIHH H HE CYHIeCTBYET MOAMHOKECTBA,
A C S, ans koroporo muozkecrso nogarpagos G C G koneuno, a kjaacc G 6eckoneuen, 1o
npeareomerpust (S, acl) BBIPOKIEHHAS.

Bamerum, uto g Komnosutuu M[N] ¢BORCTBO 3aMeHBI MOYKET He BBIIOJHATHCA. Bese-
CTBUE 9TOr0 Ha30BEéM mapy (S, acl), ynosnersopsiornyio yeaosusaM 1), 2), 4) onpejieeHust npe-
reoMeTpun, — a-npedzeomempuet.

Oupenenenne. a-Ilpeareovmerpus (S, cl) Ha3pIBAETCS a-MOLYIAPHOMN, eC/im JUIsT TH0OBIX acl-
3aMKHYThIX MHOKeCTB X, Yy C S, X He3aBucnmo ot Yy orHocurebao XN Yy, T.€. 115t TF0OBIX
KOHeuHOMEPHBIX acl-3aMKHYThIX MHOKecTB X C X, Y C Y) BepHo:

1) ecsim cymectByer 6eckonednass komnonenTa D, mig xkoropoiit X NY N'D =0, X N D # (),
Y N D # (), To BRIIOIHsICTCS PABEHCTBO:

dim, (X N D) 4 dim, (Y N D)+

+p(XND,YND)=dim,((XUY)ND),

e p(X N D,Y N D) — gncsio Bepumaa Kpardaiimero mytn Mexky sepumbavu © € X N D u
y € Y N D (#e canras BepuImHbl STHX MHOXKECTB);
2) B OCTAJIBHBIX CJIy9asiX JJIsST KOMIIOHEHT CBSI3HOCTH D BBITIOJIHSIETCST PABEHCTBO:

dim, (X N D) 4+ dim, (Y N D) — dim,(X NY N D) = dim,((X UY)N D).

Teopema 1. Ilycts M[N| — xommosunus xKyb6udeckoii crpyKTypbl M H amuK/JIHIecKoi
crpykTypsl N. Torna BepHBI yTBEpKICHHSL:
1) npeareomerpust (M[N7], acl) BrIpoxKIeHHAsT TOTA H TOJBKO TOTJA, KOIJA BCEe KOMIIOHEHTHI
cesasnoctn M komeunsl, a N HMeeT BEIPOKICHHYIO IPEATCOMETPHIO;
2) a-npemreomerpust (M|N], acl) a-monynsiprast.
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ITPEACTABJIEHUE HEKOTOPBIX TUIIOB I'PA®OB B KOHTEKCTE
AHAJIN3A POPMAJIBHBIX TTOHATUMN

Nabaap Uasmunosra MYJIIOKOBY?, Ajivman To6sumxankeizsl 2KYCYITOBA LY
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ZKECTBO O0'bEKTOB — MHOXKECTBO arpubyroBy . Llesbio 310i1 paboThl dBjgeTCsd HpeICTaB/IeHIe
rpados B kourekcT ADIT g mocTpoennst KOHIENT-pentéTkr rpadoB, 9TO OTKPOET HOBBIE MH-
CTPYMEHTHI J7isI aHamn3a rpados 6oabmux pazmepos cpeacreamu ADI u Teopun peméroxk.

Paccmorpen Metoj conocraBienus rpada KOHIENT-PeréTkd ¢ MaTpuieil CMexKHOCTH TPO-
U3BOJILHOTO rpada, BHISBUBINTIL He ¢TabUIHLHOCTH 3TOr0 MPEJICTABJICHUS 110 OTHOMIEHUIO K M30-
MOp(hHBIM IpeodPa30BaHUSIM KOHTEKCTa U rpada KOHIENT-PeIIéTKA.
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Paccmorpensl HeKoTOpbIe MakpomnapaMeTpbl rpadoB U JOKAJIbHBIE CBOiCTBa MOArpadoB,
KOTOpbIE MOAXOIAT /s IPeACcTaBaeHnus B BuIAe (DOPMATbHBIX MOHATHNH U OTHOIICHMIA.

OTHebHO PAcCMOTPEHBI ITPOOJIEMBI, CBSI3aHHBIE ¢ IpeAcTaBIeHrneM IpadoB, Kak aaredpau-
YeCKUX CUCTEM, BOIIPOCHI IIPDUMEHEHHA allllapaTa TOXKIAECTB AJId aKCHOMaTHU3alllunu I‘paCbOB.

Paspaborana mporpaMma Ajsi aBTOMATHYECKOr0 Tpeodpa30BaHUs W MOCTPOEHUs rpadoB,
KOHTEKCTOB U KOHTIeNT-perméTok ADII.

Pabora BeimosHeHa moj pykoogacteoM PhD, m.o0. momenra Barmmeepoit A.O.
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B. A. Kymepmmuar moka3a, 9T0 aHTHKOMMYTATHBHAS aJaredpa, y/I0BIETBOPSIONIAS TOXK-
JeCTBY cTeneHn 3, He sipasitorieii JInepoii, 102KHa yIOBAETBOPATH TOXKAECTBY (2y)z = (y2)r B
[1]. Mbr gokasbiBaeM, 9TO JaHHBIE AAreOpbl HUJIBIOTEHTHBI CTENeHH 4.

Teopema 1. Ilycrp anrebpa A, yiaorerBopsier Toxkgecteam vy = —yx u (xy)z = (yz)z,
Torga ajareépa A, sBisgercs HHJIbIOTEHTHOH crereHn 4.

HokazarenbcrBo: ((ab)c)d = (ab)(cd) = —(ed)(ab) = —(d(ab)e = —((ab)c)d.
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Teopust HeaccormmaTuBHBIX aaredp HaunmHaercs ¢ pabor Codyca Jlu mo aaredpam Jlu.
Ms1 B Hamreil paboTe paccMaTpuBaeM TOXKIECTBO

a(be) = (ba — ab)c (%)

AreGpbl yI0BIECTBOPAIONINE JAHHOMY TOXKJIECTBY MBI HA3BIBAEM AJTeODAMU C MEPEKTIOTATE151-
MMH.

Pacemorpnm I(a, b, ¢) = a(be) + b(ca) + c(ab) # 0 B A.

Jlemma. Vd € A I(a,b,c)-d=0
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/lokazaresbcrso. [locTaBUB B TOXKIECTBO (%) BMECTO € 9JIEMEHTOM MOJTYYHM:
a(b(cd)) = (ba — ab)(cd) = (c(ba — ab) — (ba — ab)c)d

Tax kak: c¢(ba — ab) = c¢(ba) — c(ab) = (bc — cb)a — (ac — ca)b = (bc)a — (cb)a — (ac)b + (ca)b
C apyroit CTOPOHBI:

a(b(cd)) = a(((cb) — (be))d) = ((cb — be)a — a(cb — be))d
[Tosryaum paBeHCTBO:
[(cb — be)a — a(eb — be) — (be)a + (cb)a + (ac)b — (ca)b + (ba — ab)c]d =0

[2(¢b)a — 2(bc)a — 2(ca — ac)b + (ba — ab)c + (ac)b — (ca)b + (ba — ab)c|d =
= [2(cb)a — 2(bc)a — 2(ca)b + 2(ac)b + 2(ba)c — 2(ab)c]d =
= [2b(ca) + 2¢(ab) + 2a(bc)|d = 0

Caenosarenpbho, Id = 0.

Teopema. Anrebpa ¢ nepekaodarenem A mpocra, Toapko ecad dim A = 1 u ona abeseBa.

Jlokazarenscrso. lycts Ja, b, ¢ , takue uro [ = I(a,b,c) # 0. Ilo nemme Id = 0 mia
aoboro d € A. Hanee, ay(azl) = [az, a1 - 1.

Tak kak A npocroe, A = (I), kpome Toro A = A% 0 = a(ld) = (Ia — al)d = 0, 3uauur,
(al)d =0, (Ia)d = 0. [IporuBopeune

Caywuaii I(a,b,c) =0, Ya,b, c

a(bc) 4+ b(ca) + c(ab) =0, a(bc) = —b(ac)

a(bc) + b(ca) — a(cb) =0, alb,c] = —b(ca) = —[c,bla = [b, cla

Hentp anredpsr Z(A) = {z € A : Ve € A(zc = cz)}. Kommyrarop [A, A] conepxurcs B
uentpe Z(A). Eciu kommyrarop [A, A] # 0,10 Z(A) #0, A2 = A, b€ Z(A), a(be) = b(ac) = 0,
bA =0, bc = cb, Ab = 0. Lin(b) ecTb 0JHOMEpHBII HIeAT.
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MAJIBIE MOJIEJIX IIEHTPA COBEPIIIEHHOTO KJIACCA
MOHCOHOBCKOI'O CIIEKTPA CEMAHTUYECKON MO/IEJIN
®MKCUPOBAHHOM MOHCOHOBKOM TEOPUU

Nimmpa TYHTYIIIBAEBA®, Bexsar OJIZKAHY,

Kaparanguncknii yanpepcurer nMmeHn akagemuka E.A. Bykerosa,
Kaparanna, Kazaxcran
E-mail: “intng@mail.ru, *ilu_n@mail.ru

B usBecrnoit padore [1| Ix. Banasuuom u 1. Kukkepom 6buin BBejienbl nousitust (I'y, T'y)-
ATOMHON MOJIeJiH, Y-lice-ajredbpandecku HpocToi Mojesu, A-ajaredpandecku NpocToil Mojie/n
reopuu T'. ITycrs T'— reopus sizpika L. [lycrb miist a1060i sk3ucTrennuasbHoil GopMyssl ¢(T) €
A, comectroit ¢ T, naiinercs dopmyaa ¥(z) € A, copmecrras ¢ T, Takas, aro T F ¢ — ¢, a
dbopmyna p(z) asasiercs A-dopmyioii orHocuTenbro T, ecau cyniecTByoT 3-bopmynbr ¢ (T)
u o(Z), Takue, uto T E (¢ <> 1) n T E (@ <> 1h3). Onucannoe ycaoBre Mbl 0003HAYNM KaK
yeaosue R [4].
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[Iycts T — mekoropasi fionconosckasi Teopust [2|, Cr — ee cemanTHueckas Mojeib |3,
JSp(Cr) jsa — ee ioncononekuii cnekrp Cr [4]. Beemem na JSp(Cr) /e ) OTHOIIEHHE KOCEMaH-
ruanocTn (). Iosyuennoe dakrop-muozkectso Oyaem obosnauars kKak JSP(Cr) . Sadukcn-
pyem Hekoropsiii kiacc Kocemantuanoctu [A] € JSp(Cr) jq. O6O3HATNM HEHTD ITOIO KJIACCA
aepes [A]*.

Teopema. Ilycts [A] € JSp(Cr)/ < TakoB, KaK OIMHUCAHO BBIIE, U MYCTH MEHTP ITOTO
Kiaacca [A]* gomyckaer yeaosne R. Torma ciemyrormue yTBEPKIeHNsT IKBUBAJCHTHHI:

1) Cymecrsyer mozenb A; € Mod ([A]*), rakas, aro A; ajnrebpamdecku mpocra;
2) Cymectsyer mofenb Ay € Mod ([A]*), rakas, aro As asaserca (A, X)-aTOMHOI;
3) CymectByer momenb Az € Mod ([A]*), Takas, aro Az aeasercs (X, A)-aToMHOI;

4) Cymectsyer momenb Ay € Mod ([A]*), Takas, aro A4A-nice ajrebpandecku MPOCTA;
5) Momeab Ay u3 ycaoBus 1) eTuHCTBEHHA.

Keywords: iioncoHOBCKas TeOpUs, HOHCOHOBCKUII CIIEKTP, KJIACCHI KOCEMAHTUIHOCTH, AJIre0paniecK MpoCTast MOIEIb,
aTOMHAs MOJEJb.
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O BBIIIYKJIOCTU ®PATMEHTA MOHCOHOBCKOI'O IIOAMHO2KECTBA
CEMAHTNYECKOUN MOJAEJIN ®PNUKCNPOBAHHON MOHCOHOBCKOU
TEOPUN

Unaupa TYHI'YIHIBAEBA®, D'ynpnyp 2KAKBIIIBAEBA?,

Kaparapnuuckuil yuupepcurer uMeHH akaneMuka E.A. Bykerosa,
Kaparanga, Kazaxcran
E-mail: “intng@mail.ru, Yzhakipbaeva@bk.ru

B mannoit pabote ObL1 Oy YeH CHHTAKCUYECKIiT KPpUTepuil BLIITYKJIOCTH JIJI HOHCOHOBCKOT'O
¢dpparmMenTa HOHCOHOBCKOTO MHOXKeCTBA (DUKCUPOBAHHON HOHCOHOBCKOII T€OpHH.

[Iycrs T — iforconoBckas Teopus [1], C' — ee cemanTnveckas Mojeah, X — MOJIMHOXKECTBO
C. X Oyaer Ha3bIBATHCS TEOPETUYCCKUM MHOYKECTBOM jijisi Teopun 1, €C/in BBIHOJHEHDBI CJie-
aytonue yeaosust: 1) X J-oupegenumo; 2) del(X) = M € Er; 3) YauBepcajbHOe 3aMbIKaHHe
dopmybl, onpeaestsaonieir X B nynkre 1 , gpiagercd mpeIozKeHueM, peICTaBIdIoNnuM coboii
KOHEYHO aKCHOMATH3UDYeMyto HOHCOHOBCKYIO Teoputo. Teopust F'r(X) = Thys(M) nassiBaercs
fiorcorOBCKNUM (bparMeHTOM HOHCOHOBCKOrO MHOXKecTBa X 2.

B saunoit pabore Mbl paccmarpuBaeM BbiryKJblie Teopui |3]. Ilycrs ¢ ecrs VI-upemioxenue,
T.e. TpeJJIozKeHne Buaa VZ3y; ... ynt, tiae ¥ (Z,y1, ..., Yn) — OeckBanTopHast dopmymna. To-
rj1a KOHBEKCHU3AIMeil TpeJyIoKeHus @ OyJIeT Ha3bIBaThCd JI000€ IMpeJIoKeHne BUAa ¢ =
v%vlgignei/\/\lgiSHVi' [91 — J=ki < Yiyero s Ym > (Xl VAN w):|, rae 01 (.f') — YHUBepCaJIbHad CbOpMy—
na, Xi(Z,y) - SK3ucTeHIMaIbHasg HopMysIa i k; — TTOJOKUTEIHLHOE MeJI0e YUCI0 I i = 1,...,n
[4].

Teopema. Ilyctb T — iioncoHoBcKas Teopus (PUKCHPOBAHHOI'O CYETHOI'O S3bIKA IEPBOIO
nopsiyika L, C' — ee cemanTndeckas momaeib, X C C' — fiOHCOHOBCKOE MHOYKECTBO JIJis JAHHOM
reopuu. [lycts dparvent Fr(X) kKoHedHO akcmomaTusupyem, {ai,...,Q,} - CIUCOK AKCHOM
treopun F'r(X). Torna Fr(X) sBiasiercst BEIMYKJIOH TeOpHeit, €M # TOJBKO €CIH A<, Q; > QF,
rae o ecTh Jiobasd KOHBEKCU3AMHIA /\j<y, ;.
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OB OIIPEJEJINMOM 3AMBIKAHUN SK3NCTEHIIMAJIBHO 3AMKHYTOM
IIOIMOJEJIN CEMAHTUYECKOM MOJIEJIN ®UKCUPOBAHHOMN
MOHCOHOBCKOUN TEOPUU

O.11. VIbBPUXT¢, T.A. VPKEH®

Kaparapnuncknii yaupepcurer nMmenn akagemuka E.A. Bykeroga,
Kaparanna, Kazaxcran
E-mail: “ulbrikht@mail.ru, *guli1008@mail.ru

B pab6ore [1| 6bu10 omnpejeneHo orHomnenne HeOPKYEMOCTH HA MOJAMHOKECTBAX CeMaHTH-
YeCKON MOJe/in HEKOTOPOil (DUKCHpPOBAHHON fTOHCOHOBCKON Teopwu. Ecam smm mojMHOMKecTBa
SIBJITIOTCST HOHCOHOBCKUMH, TO, UCIIO/IB3Ysl MOHSATHE ONEePATOPa 3aMBIKAHUS, 33/ IA0IIET0 MPe -
reOMeTPUI0 HA ITHX MOIMHOYKECTBAX, MBI MOYKEM TPEJJIOKUTH PE3YIbTAT, OMUCHIBAIOIINAN ITOT
OIIepaTOp 3aMbIKAHU.

[Iycts 1" — ftonconoBckas Teopus, Cr — €€ ceMaHTHYeCKasT MOJEb.

ONPEAENEHUE 1. Byaem rosopurb, uro Teopusi 1’ ¢ omeparopoMm 3aMbiKaHus cl, ecan
c(g(X)) =g (c (X)) nast Bcex X € P(Cr) u g € Aut(Cr).

ONPEAENEHUE 2. [2] MuoxecTBo X HasbiBaercss HOHCOHOBCKUM B Teopuu T, ecjid OHO
VJIOBJETBOPSET CJACIYIONIUM CBOWCTBAM:

1) X — onpenenumoe moaMuoxkecTBO Cr;

2) cl(X) ecTh HOCHTEIH HEKOTODOI K3UCTEHIMATHHO 3aMKHYTOH moamosenn Cr.

[Iycte T — HekoTOpasi HOHCOHOBCKasi Teopus, X — HOHCOHOBCKOE MHOXKeCTBO U cl(X) =
M € Er, rne Er — Kjacc BceX 9K3UCTEHITUATIBHO 3aMKHYTBIX Mojiesieit Teopuu 1. Ecian a,b €
Cr\M, 1o b € C) (a) o3HAUAET, YTO CYMIECTBYIOT N < W U HOCJIEIOBATETLHOCTH (b, ..., by)
ssremenToB u3 Cp\M takue, 910 by = @, by = b, b; € cl(biy1) win bip1 € cl(b;) a1st Beex i < n.
B srom ciyuae mocaenoBaTeabHOCTh (b, ..., by) Ha3oBeM cl-myTeM BHe M MeXay a u b ITUHBI
n.

[Iycts T' — HOHCOHOBCKAadA TEOpUs C ONepaToOpoM 3aMbiKanus cl. PaccMoTpuM HEKOTOpbBIE
yCJIOBUs, HaJlaraeMble Ha onepaTop cl.

Axcuoma 1. Ecim M € Er, o M = M, M = U{cl(m) | m € M}.

Axcuoma 2. Ecim M € Er u M = M, a,b — xoprexu saementos uz Cp \ M, Cy(a) N
Cu(b) =@, roa Lb. |1

M

[TIycts T — fioHcoHOBCKas Teopus, S7 (X) — MHOXKECTBO BCEX IK3UCTEHIHATBHBIX MOTHBIX
N-TUTOB HAJT X, COBMECTHBIX C 1’ JIJI KaXKI0TO KOHETHOTO 7.

ONPEAENEHUE 3. [3] Mbl roBopuMm, 4To iioHCOHOBCKas Teopust T J-\-crabuibHa, ecid s
000 T-3K3UCTeHINAIBHO 3aMKHYTOR Momean A, s J1io00ro moaMHOXKeCTBa X MHOMKECTBA
A u3 Toro, uto | X| < A caenyer, uto |S7(X)| < .

Jlajiee, BMecTO oneparopa 3aMblKaHus ¢l Mbl UMeEM B BHJLy Ol€paToOp aaredpamdecKoro
3aMBIKAHUS acl, KOTOPBIH OTHOBPEMEHHO SIB/ISIETCS OMEPATOPOM OIIPEIETUMOT0 3aMbIKAHuS dcl.

B cBs3u ¢ BbllIeyKa3aHHBIME ONPEICTCHUAMA UMEEM CJICIYIONIne Pe3yILTaThI:
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Teopema 1. Ilyctp T' coBepuienHass HOHCOHOBCKasl J-A-cTabHIbHAsT T€ODHs, IIOJIHAS IS
J-npemnoxkenunii ¢ oneparopom 3aMmpikanus cl. Toraa ciaemyrornue ycJI0BHS IKBUBAJCHTHBI:

1) ¢l ynosrerBopsier akcuomam 1, 2;

2) ecoim M € Er, to g seex a € Cr\M Bomosmsiercst Oy (a) = cl(Chy (a)).

Teopema 2. Eciin T coBepiiennas fioHCOHOBCKas J-A-cTabuyibHast TeOpHsI, IMOJIHAs I 3-
IpeII0KeHHI ¢ OIIepaTOPOM 3aMBIKaHUS cl, oneparop ¢l yaoBaeTBopsieT akcuomam 1, 2, M, N €
Er, M <3, N, a € N\M, Torma:

1) M <3, MU (NN Cpy (a)) =3, N;

2) M =<3, N\ (NN Cy (a)) <3, N.

Bce Heompese/leHHBIE B JaHHOM Te3HCE IOHSTHS, KACAIONIHECd HOHCOHOBCKHX TEOpHH, n
CBSI3AHHBIE ¢ HUMHU TEOPEMBI, MOYKHO HaiiTi B [3].

KuroueBrble ciioBa: HOHCOHOBCKAsi TEOPHsi, CEMAHTUIECKAs MOIE/b, SK3UCTEHINATILHO 3aMKHYTas MOETb, HedOpKye-
MOCTb, OII€EPATODP 3aMbIKAHUS.

2010 Mathematics Subject Classification: 03C45, 03C68.

JINTEPATYPA

[1] Yeshkeyev A.R., Kassymetova M.T., Ulbrikht O.I. Independence and simplicity in Jonsson theories with abstract
geometry, Siberian Electronic Mathematical Reports, 18:1 (2021), 433-455. DOI: 10.33048/semi.2021.18.030

[2] Yeshkeyev A.R. Model-theoretic properties of Jonsson fragments, Bulletin of the Karaganda University.
Mathematics series, 4(76) (2014), 37-41.

[3] Yeshkeyev A.R., Kassymetova M.T., Jonsson theories and their classes of models, Monograph, Karaganda,
KarGU, 20009.

Description of almost inner Rickart algebras
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In the present paper, we introduce and study counterparts of Rickart x-algebras, that is
almost inner Rickart algebras. We define an almost inner Rickart algebra as an associative
algebra which is a Jordan algebra with respect to the Jordan multiplication a - b = %(ab + ba)
close to inner RJ-algebras. Inner RJ-algebras are introduced and studied in the papers [1], [2],
3].

The chosen notions were built around an (inner) quadratic annihilator. For each nonempty
subset B of an associative algebra A, the (inner) quadratic annihilator of B is defined by

tiB:={ac A:sas=0, Vs € B}.

Thus, following [4], an associative algebra A which is equal to the direct sum S+D of vector
spaces § and D, where § is a semisimple algebra and D is a nilpotent radical of A (including the
case D = {0}), is called an almost inner Rickart algebra if, for each element = € A, there exists
an idempotent e € A such that t4{z} N (S?UD?) = eden (S2UD?), where §% := {a? : a € S},
D? ;= {a? : a € D}. There exist examples of almost inner Rickart algebras without unit element
(cf. [2, p.32]). Note that, there exist pairwise non-isomorphic (associative) almost inner Rickart
algebras, the Jordan algebras of which are isomorphic. This is a motivation to introduce the
notion of an almost inner Rickart algebra.

As a main result of the paper we describe a finite-dimensional almost inner Rickart algebra
A over a field IF, isomorphic to F"+A, n = 1,2, with a nilradical N’ (Theorems 1 and 3). Also,
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we classify finite-dimensional almost inner Rickart algebras over the real or complex numbers
with a nonzero nilradical A/ (Theorem 2).

Theorem 1. Let A be a finite-dimensional almost inner Rickart algebra over a field F of
characteristic # 2 and # 3 with a one-dimensional simple subalgebra S and an n-dimensional
commutative nilpotent radical A" such that A = S+N, N? = {a* : a € N'} # {0}. Then there
is a nonzero idempotent e € A such that A = Fe4+N and for any basis {e1,es,...,e,} of N
the following conditions are valid

eiejer, =0, 4,7,k=1,2,...,n, (1.1)
e(eie;) = (eiej)e =eej, 4,j=1,2,...,n, (1.2)
eiee; +ejee; =0, 4,7=1,2,...,n, (1.3)
ee; € N,ee e N. (1.4)

Conversely, any associative algebra A over a field F of characteristic # 2 and # 3 with a one-
dimensional simple subalgebra & = Fe, where e is an idempotent element, and an n-dimensional
commutative nilpotent radical A" with a basis {e1, s, . .., €,} such that A = S+, is an almost
inner Rickart algebra if the conditions (1.1)—(1.4) are valid.

Theorem 2. Let A be a finite-dimensional almost inner Rickart algebra over the real
or complex numbers, with a nilpotent radical Nil(A). Then there exist pairwise orthogonal
idempotents eq, eq, ..., e, in A such that

A= (eF@®eF® - @ e,F)+Nil(A),

where F = R, C, H.

Theorem 3. Let A be an indecomposible finite-dimensional almost inner Rickart algebra
over a field F of characteristic # 2 and # 3 with a two-dimensional semisimple subalgebra S
and an n-dimensional commutative nilpotent radical A" such that A = S+N, N2 = {a?:a €
N} # {0}. Then there exist two mutually orthogonal nonzero idempotents p;, p» € A such
that A = (Fp; @ Fpy)+N and for any basis {ey, es,...,e,} of N one of the following two cases
is valid

the first case

eiejer, =0, 1,5,k=1,2,...,n,

p1<€i€j> = (eiej)pl = €€y, Zu] = 172a s 1y

pkeieNaeipkENak:172a

(1.1)
(1.2)
eipre; +eipie; =0, i,5=12,...n, (1.3)
(1.4)

pa(eej +eje;) =0,4,5=1,2,...,n, (1.5)

the second case

eieje, =0, 1,5,k=1,2,... n, (2.1)

e(eie;) = (ejej)e = eej, 4,5 =1,2,....n, (2.2)
ei(p1 +p2)ej +ej(pr +p2)ei =0, i,7=12,....n, (2.3)
(p1+p2)e; € Nei(pr +p2) €N (2.4)

Vb € Npib*p1 # 0, pob®ps # 0 if b? # 0. (2.5)

Conversely, any associative algebra A over a field F of characteristic # 2 and # 3 with a two-
dimensional semisimple subalgebra & = Fp; & Fpy, where p;, po are mutually orthogonal idem-
potents, and an n-dimensional commutative nilpotent radical N” with a basis {e1, e, ..., ¢e,}
such that A = S+N, is an almost inner Rickart algebra if conditions (1.1)-(1.5) or conditions
(2.1)—(2.5) are valid.
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In this report we will consider the properties of models of complete theories such that strict
order property (SOP), Independence property (IP), stability and definability of types.

A structure, denoted Ml = (M; ¥), with universe M and signature X, for which there exists a
theory, that is a set of consistent sentences, constructed using logical connectives like A, V,” , —
and quantifiers 3,V. For structure M consider a set Dr(M) = {¢(M,a)la € M}. The set of
sentences, that holds true for M, denoted by Th(M) = T = {¢ € XIM [ ¢} is called an
elementary theory of Ml Any structure for which sentences of T holds true is model of theory
T.

In first part we will consider known classification of complete theories in four main classes®
by using properties of their formula trees: SOP, IP, NIP and NSOP.

A theory is called to have a strict order property if there is a formula ¢(x, ) and a sequence
(@;)i<w such that = Jz(e(x,a;) A —p(r,a;)) <= i < j. Theory is NSOP if no formula has
strict order property.

A theory is called to have independence property if there is a formula ¢(z, y) and a sequences
(@;)i<w and (br)rc, such that ¢(a;, br) holds if and only if ¢ € I. Theory is NIP if no formula
has independence property.

Theories with NIP and NSOP properties include stable, super stable, w-stable and strongly
minimal theories.

A theory is called stable if it is k-stable for some infinite k. A theory is k-stable if |SM (A)| <
k for all models M and A C M of size at most k.

A theory is called superstable if there is some cardinal A such that T is k-stable for all & > A

A theory is w-stable if SM(A) is countable for all models M and countable A C M

A theory is strongly minimal if for all models M, any definable subset of M is finite or
cofinite.

An expansion of a model M = (M) is a model MT = (M,X U {P"}). In case A =
P(M™) # ¢(M,a) for Ya € M such expansion is called essential expansion.

Problem in expansions of models is whether an expansion preserves initial properties or
whether there a criteria for an expansion to preserve class of theory, from more than 20 classes
theories?.

We call a set of formulas p = {g;(z,a)|i € I,a € A} to be a type, if any finite conjunction
of formulas from p is consistent. A type p is a definable type if for any formula ¢(x, %) there
exists a controlling formula (7, 2), such that for any formula Va(p(z,a) € p <= ¥,(a,b)).

https:/ /www.forkinganddividing.com/
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Theory is stable if and only if any type in this theory is definable. (Shelah)

Problem of non-definability of types in theories is one of main directions of research. Pair
of models is called conservative pair if any sentence that is true in lower model is true in higher
model. Thus any type in higher model is conservative over lower model. One of the areas
of research is pairs of models and properties of definability of type and externally definable
expansion by set of realizations of type.

For any complete theory T there is a number of non-isomorphic models. Problem of counting
this models for all classes is still open.

In this context we will be considering expansion for different theories, including expansion
of dp-minimal theories by equivalence relation and we will consider the number of countable
models for different classes and strongly minimal theory expansion by unary predicates.
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Consider one sufficient condition of non-stability of A* for pair (M, A), A - stable set, M -
model of (super)stable theory.

Definition 1. Formula ¢(x,y) has order property if 3a,,, b,,n < w such that = ¢(a;, b;)) if
and only if 7 < j.

S. Shelah proved that theory T is stable iff there is no formulas with Order Property. [4]

We shall denote all formulas of language L by letters ¢, #, and the formulas of Language
L* = LU{P'} by letters H, K, P.

Let 0(y, z,t), ¢(x,t) be arbitrary L(M)-formulas, K' be an arbitrary formula of Language
L*. P(y) will mean N, P(y;), where y = (yo, 1, --.)-

There exists examples of stable theories such that He(l?;s >0 € {1,2,3} are three L*-formulas
describing the interactions between 6, ¢ and K that satisfy Order Property:

HYY) 1y, 2) = P(y) A P(2) Ay, 2,) = Va(o(z, 1) — K(x))]
H o (y, 2) = P(y) A P(2) AVHB(y, 2, 1) = Ya(é(z,1) = K (2))]

HY) 1o (y, 2) = P(y) A P(2) AVHO(y, 2,t) — Fa13wa(¢(1,1) A K (21) A p(wa,t) A7 K (22))]
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E. Bouscaren studied pairs of models of superstable theory and found sufficient and necessary
condition that theory of pair of models is superstable.|3]

We believe that if these formulas do not satisfy Order Property then expansion of theory is
stable as proved E.Bouscaren for theory of pair of superstable theory.[3]

Conjecture 1. If M is a stable model, then A* is stable iff for any L-formulas 6, ¢ for any
ie€{l1,2,3} H(g;),P has no Order Property.

Definition 2. (M, A) is benign if for every a, f € M if tp(a|A) = tp(B|A) implies tp.(a|A) =
tp.(B|A) where the #-type in language with a new predicate P denoting A.

Definition 3. The set A is weakly benign in M if for every o, f € M if stp(a|A) = stp(B|A)
implies tp.(a|A) = tp.(B|A) (stp(a)-strongly type [4]).

Definition 4. (M, A) is uniformly weakly benign if every (N, B) which is L(P)-elementary
equivalent to (M, A) is weakly benign.

Conjecture 2. Let M be a stable model and (M, A) be uniformly weakly benign, then (M, A)

is stable iff for any L-formulas 0, ¢ for any i € {1,2,3} H, d)) p has no Order Property.
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Expansion of a model of strongly minimal trivial theory by unary
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Let M = (M, X) be a structure of signature ¥, MT = (M, X |J P") be a structure of
signature ¥t = X J P", such that P"(9M") # p(9M, a) for any definable set p(M, a), M is
called to be expansion of 1.

Let 9 = (M,Y) be a model of complete theory T, 9t is minimal, if for any 1-formula
o(x,a),a € M,p(M,a) or ~p(M,a) finite.

By other words, it is impossible to divide M into two definable infinite sets.

Theory T is a strongly minimal, if any model of T" is minimal.

The strongly minimal theory T is trivial, if for any finite sets ay, ..., a, C M, acl(aq, ..., a,) =
Ui<i<,, acl(a;), where for any A C M, algebraic closure of A acl(A) = (b € M| 3p(z,a),a €
Ing, M = 3= wp(z,a) A p(b,a)).

A complete theory T is superstable, if there are not infinite set of formulas
01(x,G1), ooy 00 (@, Un)y ooy < w and @i, ..., @i, i<y, length(a;) = length(y)...

length(ai,i,. i, ) = length(y,), such that for any n < w, for any iy, s, ..., 1, < w

M |= 3z (p1(w, @i, ) A @a(, Giyiy) N @3(T, Biyigis) N oo N QT Qiigig..i,) -
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Theorem 1. Expansion of a model of strongly minimal trivial theory by family unary
predicates has superstable theory.
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Discrete ordered theories and quasi-successor properties
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Let 9t be an |A|*-saturated linearly ordered structure, where A C M, and let p € S;(A) be
a non-algebraic type. Then an A-definable formula ¢(x,y) is called to be a quasi-successor on
the type p if for each a € p(9M) there are v1,72 € p(M), 5 € (¢(M,a) \ {a} Np(IM)) such that
a is the left (right) endpoint of the convex in p(9N) set (p(M,a) N p(IM)) # {a} and belongs
to this set, 71 < (M, a) < 7o, and p(IM) N (p(M, B) \ ¢(M, a)) # 0.

Theorem 1. Let 9 be a countably saturated model of a small linearly ordered theory T,
and let for each n < w there exists m,, > n such that in 91 there is a discretely ordered chain
of length m,,. Then there exist a finite set A C M, a I-type p € S1(A), and a 2-A-formula
o(z,y) which is a quasi-successor on the type p.
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On the existence of a model companion for w;-categorical theories
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We consider theories T' of a first-order language of countable signature o, which has only
infinite models (i.e. algebraic structures of signature o, all countable models of theory T are
elementarily embedded for some cardinal A > w into all models of cardinality A of theory T
Uncountably categorical theories of T" are like that. Conditions are given under which, for such
theories T, there exists a model companion.

Institute of Mathemitics and Mathematical Modeling / al-Farabi KazNU. Almaty, 2024



238 TpagunuoHaass anpejabCcKas MaTeMaTuieckas Konpeperius — 2024

Funding: This research was funded by the Science Committee of the Ministry of Science and Higher Education of the
Republic of Kazakhstan (Grant No. AP19677451).

Keywords: model companion, w;-categorical theory.
2010 Mathematics Subject Classification: 03C48, 03C50, 03C07

References

[1] 1. A.Robinson, Introduction to Model Theory and to the Metamathematies of Algebra North-Holland, Amster-
dam, 1963.

[2] P. Eklof, G. Sabbagh Model-completions and modules // Annals of Mathematical Logic. 1971. Vol. 2, no. 3. P.
251-295

[3] D. Saracino, Model companions for wo-categorical theories, American mathematical society, vol. 39, n. 3, 1973

[4] O.B. Belegradek, B.I. Zilber, Model companion of wq-categorical theory, 3rd All-Union Conference on Mathemat-
ical Logic, Novosibirsk, 1974, p.10

[5] G. Keisler, Ch. Ch. Chen, Theory of models, M. Mir, 1977

[6] M.I. Bekenov, Properties of elementary embeddability in Model Theory, Journal of Mathematical Sciences, vol.
230, 2018, 10-13

On the number of countable models of constant and unary
predicates expansions of the dense meet-tree theory
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We consider some possibilities of expansions 7" of a theory Ty of a dense meet-tree (M, <)
[1, 3]. Recall that a dense meet-tree M = (M;<) is a lower semilattice without least and
greatest elements such that:

(a) for each pair of incomparable elements, their join does not exist;

(b) for each pair of distinct comparable elements, there is an element between them;

(c) for each element a there exist infinitely many pairwise incomparable elements greater
than a, whose infimum is equal to a.

We extend the theory Ty to a Tj, so that constants c,(co), k € w, form a strictly increasing
sequence. Note that the theory Ty was constructed by Peretyat’kin in [2], where he proved
that it is Ehrenfeucht, namely, T, has exactly three countable models: the prime model, the
saturated model, and the prime model over the realization of the powerful type po(x), isolated

by the set of formulas {cg)) <xl|kew}

Now we construct a theory 7. To do this, we expand the theory Tj to a T7 with a strictly
decreasing sequence of constants c,(fl), k € w. We have the following pairwise non-isomorphic
countable models of T7:

Theorem 1. The theory T has exactly 6 countable models up to isomorphism.

Starting with the theory 7;,, where n > 2 the situation looks a little different since there are
several meets, that are either the same or different up to the renaming of the constants. Thus,
we have the following:

Theorem 2. Let T,,, where n > 2, be a countable constant expansions of the dense meet-

tree theory Ty, with increasing sequence of constants (C,(f))kau and n number of decreasing

sequences of constants (c,(f))kew, o (cé"))kew, so that c,(co) < c,il), . ,cg)) < c,(gn), k € w and
c,(f) I c,(f) for each 1 < j #t < n. Then T has exactly 3" countable models, where 2" of
them are prime models.

If there are several sequences that are increasing, but pairwise incomparable, and each
one has several sequences that are decreasing from above, then this can be considered as a

disjunctive union. Then the following theorem will be true.
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Theorem 3. Let T be a countable constant expansions of the dense meet-tree theory

Tim¢ with n number of increasing sequence of constants (c,(f’o)) kew and for each i there is 7(i)

number of decreasing sequence of constants (c,(j’i))kew, e (c,g(z)’i))kew defining the function

d(m) = {i | 7(i) = m}, so that cl(j’o) < cg’i), e ,c,(f’o) < c,(;(i)’i), k € w and c,(;’i) I c,(f’i) for each
1<j#t<7(i). Let  ={i:1<i<nAd(i)#1}. Then T has exactly

6aD) H gr(i)+1
iel
countable models, where 3% . [T 27+ of them are prime models.
el

To obtain the theory T we replace the set of constants {c,(cl), c,(f), e c,gn)} in the theory T,
with the predicates Pj.

In case the same meets the number of non-isomorphic countable models of T is equal to
the number of combinations of a three-element set with repetitions, namely 3-C(3+n—1,n) =
3. 20D untable models since in 7, » we have 3 possible realizations of each type pg,
where k € {1,...n}. Note that the number of non-isomorphic prime countable models of 7"
is equal to the number of combinations of a two-element set with repetitions, so, the number
is2-C2+n—1,n)=2-(n+1).

Let a be a vertex which is fixed by each automorphism of 7 and which has at least two sons
of the same type. Let by be a leaf which is a descendant of a. Let b; be the parent of by of the
type m{, that is, b; has exactly m? sons.

Let by be the parent of b; and have exactly mJ sons of the same type with b;. And so on,
let b, = a be the parent of b,_; and let it have exactly mg sons of the same type as b,_; has.
Let W =C@B+m)—1,m)) and 72, = C(3+m) —1,m?). Let ) = C(2+m{ —1,m?) and
8y = C@+md— 1,md)

Let By = G(by), where G is the group of all automorphisms of the rooted tree 7. Then
similarly to the example above we can prove that there exist 7Y colorings of By into 3 colors
and 4 colorings of By into 2 colors. Given a set By, we denote 7§ by Iy and ) by A,.

Now we consider 7T,, and its possible completions different from the considered above and
the next theorem follows.

Theorem 4. Let T be a completion of TY and let T be the corresponding rooted tree. Let
By, ..., By, be a partition of the set of leaves of T, where each B; is the orbit of some leaf
under the action of the group of automorphisms of T. Then the number of countable models

of T is equal to
3- T[T

1<w

and the number of countable prime models is equal to

Q-HAZ».

i<w
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Reverse associative operad and non-symmetric version of
symmetric operad
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An algebra A with identity revas = 0, where revas(ty, ta, t3) = t1(tats) — (tste)ty is called
reverse associative. Such algebras appear in considering non-symmetric versions of symmetric
operads. Let operad A is symmetric operad, i.e., it is generated by multilinear polynomial
identities fi =0, fo = 0, ... where f; = tita+etot; with €2 = 1, and deg f; > 2, for i > 1. Denote
by A’ a new operad generated by polynomial identities of A, where the identity of degree 2 is
changed by the following identites of degree 3 : f;, and revas, where f{(t1,a,t3) = f(t1,t2) ts.
Here instead of f;, one can use also the polynomial of degree three fi;(t1,ta,t3) = t3 f1(t1, t2).

Theorem 1. The operad A’ is non-symmetric, but it is almost symmetric in the following
sence: it satisfies all consequences of the identity f; = 0 for degrees more than 2. In particular,
if

L o
Gt =Yl @)=Y,

i>1 i>1
are skew-exponential generating functions of multilinear parts of operads A and A’, then

2
G'(1) = 5 + G(1).

Example. Let Lie = (fi, fo) be operad of Lie algebras: fi(t1,t2) = [t1,t2] = tita —
tQtl, fg(tl, tg, t3) = (tltg)tg -+ (t2t3)t1 -+ (tgtl)tz. Then Lieb = <f1,7', revas, f2> coincides with two-
sided Leibniz operad. Note that another version of Leibniz operad generated by polynomial
identites { f1., f1,} does not satisfy some degree 3 consequences of the skew-symmetric identity
f1 =0, for example, revas = 0 is not identity.

Example. For operad A denote by A' its Koszul dual. Then

(AsCom)' = Lie, (AsCom’)' = LieAdm,

(AsACom)"' = Com, (AsACom’)' = Mayg,
Lie’ = Lei, (Lie")' = (Lei)' = AsAdm,.

Let arevas(ty, ta, t3) = t1(tats) + (t3t2)t1 be anti-reverse associative polynomial. Call colored
rooted tree plus-colored (minus-colored) if colors of all vertices coincide with color of root (colors
are alternating for any path from root to leaf). For element u of free reverse associative algebra
denote by u, and u_ projection of u to a space generated by plus-colored trees with black root
and white root. Similarly, for element u of free anti-reverse associative algebra denote by u.
and u_ projection of u to a space generated by minus-colored trees with black root and white
root.

Theorem 2. Reverse associative and anti-reverse associative operads have the following
properties.

a Operads Revas and Arevas are Koszul

b Any anti-reverse associative algebra is associative-admissible and Lie-admissible
|

¢ Revas = Arevas

d Revas = ({t1, [t2, t3]}, [t1, {t2, ts}]), where {t1,t2} = tits + toty
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e Arevas = ([t1, [t2, ts]], {t1, {t2, ts}})

f Plus-colored trees generate a base of free reverse-associative algebra. In particular,
Revas(n) = Com™(n) & Com™(n) if n > 1

g Minus-colored trees generate a base of free anti-reverse-commutative algebra. In particu-
lar, Arevas(n) = Com™(n) ® ComT(n) if n > 1

h dim Arevas(n)

= dim Revas(n) = 2(2n — D!, if n > 1 and dim Arevas(l) =
dim Revas(1) = 1.

i Arevas = ComNily * AcomNily, where ComNily = (tity — totq, (t1t2)ts), AcomNily =
(tito + taty, (t1t2)ts).

j Multiplication table in free reverse associative algebra F';(X) generated by elements set
X ={x1,x9,...,2,} can be given by

T;Tj = T;8T;+X;00;, Tiu = T; 80Uy +T;0U_, UT; = UL ®T;+U_OT;, UV = U4 0V; +U_0V_,
where u,v € F (X)*1<1i,j <n.

k Multiplication table in free anti-reverse associative algebra F_(X) generated by elements
of X = {x1,%s,...,x,} can be given by

T;Tj = T;80;+X;00;, Tiu = T;0U_+2T;0Uy, UT; = U_OT;+U4L 0T, UV = U_OV_+U; 0V,

where u,v € F_(X)*1<1i,j <n.
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For an algebra A = (A, x) denote by A~ = (A,0), AT = (A,e) and AT = (A4,0,e) its

minus-, plus- and polarized versions, where
aob=1/2(a-b—b-a),aeb=1/2(a-b+b-a).

Conversely, for dialgebra A = (A, o, e), where o and e are skew-symmetric and symmmetric
multiplications denote by (A, x) its depolarized version, where

axb=aob-+bea.

An algebra A is called Aslia (Asssociative-Lie-admissible), if it satisfies the identity aslia = 0,
where

CLSMCL = CLSl’kL(tl, tg, tg) = [tl, [tQ, tg]] + 2(t2(t3t1) — t3(t2t1) — (tltg)tg + (t1t3>t2)
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Theorem 1. (p # 3) A polarization of any Aslia algebra (A, x) is Associative-admissible

and Lie-admissible,
< a,byc>=ae(bec)—(aeb)ec=0,

Ha> b]7 C] + Hb’ 6]7 a] + [[07 CL], b] =0,

for any a,b,c € A. Conversely, depolarization of any Associative-admissible and Lie-admissible
dialgebra (A, o, e) is Aslia.

Theorem 2. Let AsLiecAdm be Associative-admissible and Lie-admissible operad. The
operad AsLieAdm has the following properties.

o AsLieAdm is Koszul
o AsLieAdm = (aslia), if p # 3
o AsLieAdm = AsCom % Lie

o AsLieAdm' = (revcom,lwlei or rwlei)

o d' = dim AsLieAdm'(n) = (n — 1)! +1

e Poincare series fy i agm(T) = 2 isy d'l"f—, =—14¢" —z—1In(1—2x)

o d, = dim AsLieAdm(n) = S 1— 1 (—1)*\.Bn_14(dy, dy, . . ., 1), where

k
Mo =Y (—1PsIBr (I + 1,20+ 1, il + 1, (k= s+ 1)),

s=1
Theorem 3. Associative-admissible operad has the following properties.
a Lie” = Lei
b dim Lie’(n) = (n— 1), if n # 2 and = 2, if n. = 2
¢ Operads AsAdm and Lie’ are Koszul
d AsAdm' = Lie’
e AsAdm = AsCom x Acom

f Dimensions of multi-linear parts of associative-admissible operad d,, = dim AsAdm(n)
can be found by the following recurrence relations

[y

3

d, = K\FyoBn_1i(di,dy, ... dyy), n>1,
k=1
d =1,
where F,, are Fibonacci numbers and B, j (21, ..., Tn—g+1) are Bell polynomials.
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Let A = (A, o) be right-Novikov algebra over a field of characteristic 0,
aolb,cfJ=(aob)oc—(aoc)ob, ao(boc)=bo(aoc),

for any a,b,c € A. Here [a,b] = aob—boa. Let ry, [, : A — A are right- and left-multiplication
operators, (b)r, = boa, (b)l, = aob. In terms of right- and left- multiplication operators
right-Novikov conditions can be written as

[Ta, T’b} = Tlapb], Taob = T‘bla, [T’a, lb] = lalb — lboay [la, lb] = 0, ‘v’a, b e A,

where [X,Y] = XY — Y X is Lie commutator. For a € A define its right- and left-powers a™
and a™ by
a” = (a)r" ' =(...((aca)oa)...)oa,

a" = (a)ly" =ao(ao(--(aoa):)).

Number of a’s in each case is n.

Main conjecture. If a™ = 0,n > 2, for any a € A, then [>"3 = ( for any a € A. In
particular, the identity a™ = 0 implies the identity a®"~2) = (.

Weaker version of conjecture: the identity r” = 0,Va € A = [>"~! = 0,Va € A. Note that
a™ =0,Ya € A= r!= 0,Va € A. Therefore, this version gives us a weaker version of main
conjecture: the identity a”™ = 0 implies that left-multiplication operator is nil with nil-index
2n —1

Theorem 1. For right-Novikov algebras the main conjecture is true for 2 < n < 8.

Theorem 2. If A is right-Novikov algebra with identities a™ = 0,a™ = 0, then A is nilpotent
with nilpotency index N < n? + 1.

Corollary. Any right-Novikov algebra with identity a™ = 0, 2 < n < 8, is nilpotent with
nilpotency index N < 4n? — 8n + 5.

Funding: The work is supported by CS of MSHE of RK (grant BR20281002 “Fundamental research in mathematics and
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A complete theory T has dp-rank > n if there are formulas ¢;(z,y),...,¢n(z,y) and
mutually indiscernible sequences (a} )i« - - . , (al');<., such that for any function o : {1,...,n} —
w, the set of formulas

{en(@, agy) - k <n}U{~gi(w,a) i # o(k), k < n}

is consistent. A theory T has dp-rank is equal to n, if it does not have dp-rank > n+1.
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A theory T is dp-minimal if it has dp-rank is equal to 1. [1].

Theorem. For any n > 1 there are theories having dp-rank is n, and constructed from n-
different relations of equivalents. Conditions for new equivalence relation are obtained so that
expansion of the structure increases the dp-rank.

We give an example when n theory has four different equivalents, but the dp-rank is 2.

Funding: The first author was supported by the program no. BR20281002 of the Ministry of Science and Higher
Education of the Republic of Kazakhstan.

Keywords: dp-rank, equivalents relations, expansion.
2010 Mathematics Subject Classification: 03C15, 03C64

REFERENCES

[1] A. Dolich, J. Goodrick, D. Lippel, Dp-Minimality:Basic Facts and Ezamples, Norte Dame J.Formal Logic 52(3),
(2011), 267-288.

[2] B.S. Baizhanov, S. Baizhanov, A. Mukankyzy, Dp-rank in different classes of theories, Volume 18 Ne1/67 2, (2018),
1-3.

ON COSEMANTICNESS CLASSES OF THE FIXED JONSSON SPECTRUM
Aibat YESHKEYEV?®, Indira TUNGUSHBAYEVA®’ Aziza KOSHEKOVA®

Karaganda Buketov University, Karaganda, Kazakhstan
E-mail: “aibat.kz@Qgmail.com, ’intng@mail.ru, “koshekoval998@mail.ru

We study Jonsson theories in a countable first-order language L.
DEFINITON 1 [1] A theory T is called Jonsson if the following conditions hold for 7"
1. T has at least one infinite model;
2. T is an inductive theory;
3. T has the amalgam property (AP);
4. T has the joint embedding property (JEP).
DEFINITION 2 [2| A set JSp(K) of Jonsson theories of L, where

JSp(K) ={T |T is a Jonsson theory and K C Mod(T)},

is said to be a Jonsson spectrum of K.

DEFINITION 3 [3] T} and T3 are said to be cosemantic Jonsson theories (denoted by T > T),
it 7 =1Ty.

Let T" be a Jonsson theory in L, K C Ep. We consider the Jonsson spectrum of the given class
K. Let us introduce the cosemanticness relation on JSp(K). As it is well known, this relation is
an equivalence relation, and therefore divides the spectrum into cosemanticness classes. Thus,
we get a factor set JSP(K) . Next, we will work with some fixed cosemanticness class [7].
It is clear that all the Jonsson theories in this class have the same semantic model, which we
denote by Ci7). As part of the study, the following results were obtained.

Lemma 1 [4] Let [T'| € JSp(K) sq consist only of 3-complete theories, and let in JSp(K) /s
there be such a class [T'], which consists of extensions of theories of the class [T] in the same
language. Then if p(z)UT is consistent for each theory T € [T'], then p(z)UT" is also consistent
for each theory T" € [T"], where p(Z) is the set of 3-formulas.

Proposition [4] Let K' C K, [T] € JSp(K)w, and let Cp) be a semantic model of [T].
Then T" € [T], where

T'=T°K') VT (Ciry) = {p Vi | p € T'(K'), ¥ € T(Cpy)}-

Theorem 1 |4]| Let T' be an arbitrary inductive L-theory such that A =T for any A € K,
where K is a class of infinite L-structures, and let the cosemanticness class [1'] € JSp(K)
consist only of 3-complete theories. Then [T"] € JSp(K) s, where

[T"] ={T" |T" =T UT for each T" € [T]}.
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We continue to study natural characteristics of structures and theories introducing the
notions of almost quasi-Urbanik structures and theories based on the notion of quasi-Urbanik
structure. We also introduce existential and universal degrees similar to degrees of rigidity
[2]. Spectra of these degrees are described for some natural classes of structures and theories
including unary theories, preordered theories, spherically ordered theories [3] and strongly
minimal theories |4].

Definition. A theory T is called almost quasi-Urbanik, if some expansion of T' by finitely
many constants is quasi-Urbanik, and the models M of T are almost quasi-Urbanik, too. If
a finite set A of constants produces a quasi-Urbanik expansion T4 of T' then we say that A
witnesses that T' is almost quasi-Urbanik. The least cardinality of the witnessing set A is called
the quasi-Urbanik 3-degree of T and it is denoted by degiU (T'). If these finite sets A do not exist
we put degiU(T) = 00. The minimal cardinality n € w such that each set A of cardinality n
produces the quasi-Urbanik theory T4 is called the quasi- Urbanik V-degree of T and it is denoted
by degZU(T). If such n does not exist then we put degZU(T) = oo. Similarly it is transformed
to the models M of T with quasi-Urbanik 3-degrees deggU(M) and V-degrees degZU(M).

Clearly, for any theory T, deggU(T) =0 iff degZU(T) = 0, and iff T is quasi-Urbanik. Thus,
by the definition any quasi-Urbanik theory is almost quasi-Urbanik. Besides, for any theory T,

deggy(T) < deggy(T) (1)

implying that if 7" is not almost quasi-Urbanik then degiU(T )= degZU(T) = 00, and vice versa.
We have the similar effect for structures. At the same time there are examples illustrating that
there are (almost) quasi-Urbanik structures whose theories are not almost quasi-Urbanik.

Theorem 1. For any p,v € (w\ {0}) U {oo} with po < v there is a theory T,, such that
degf'lU(TH’l,) = u and degZU(TH’V) =v.

For a theory T we denote by deg, ,y(T) the pair (degiU(T),degZU(T)) of quasi-Urbanik
degrees for T'. In view of the inequality (1) and Theorem 1 the set DEG, qu = {(0,0)}U{(p,v) €
((w\{0})U{o0})? | p < v} collects the spectrum of all possibilities for deg, ,i;(T'). For a family
T of theories we denote by DEGa qu(7) the restriction of DEGg u to the family of theories in
T DEGaqu(T) = {degyo(T) | T € T},
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Let 31 be a signature of unary predicate symbols and of constant symbols.

Theorem 2. Let T be a theory of a signature ¥.;, M |= T. Then the following conditions
hold: 1) T is quasi-Urbanik iff each algebraic 1-type over () has unique realization; 2) T is
almost quasi-Urbanik iff T has finitely many algebraic 1-types py,...,p, over () with at least
two realizations; here deggy;(T) = Z:Zl(|10,(/\/l)| —1); 3) deg,(T) > 0 is finite iff M is finite and
has an algebraic 1-type p € S() with at least two realizations; here deg”qU(T) = |M| — 1.

Corollary 1. Let T be the family of theories in signatures of the form ¥,. Then
DEGquU(T) — DEGQ’qU.

Theorem 3. Let 7T,, be the family of theories of preordered structures. Then
DEGQ,qU(%O) - DEGQ’QU.

Theorem 4. Any n-spherically ordered structure M has an almost quasi-Urbanik theory
T with degy(T) < n — 2.

Theorem 5. Let T, be the family of theories of spherically ordered structures. Then
DEG,qu(Te) = {(0,0)} U{(m,n) [ m,n € w\ {0}, m < n} = DEGyqu \ {(1,00) | p €
(w\ {0}) U{oc}}.

Theorem 6. For any strongly minimal theory T, degZU(T ) equals either 0 or co.

Corollary 2. Let Ty, be the family of strongly minimal theories. Then

DEG2,qu(Tsm) = {(0,0)} U {(s,00) | € (w\ {0}) U{o0}}.
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A (topological) lattice is profinite if it is representable as an inverse limit of finite lattices
(endowed with the product topology). A quasivariety N is profinite if every profinite lattice in
N is an inverse limit of finite lattices from NN. We present a sufficient condition on a locally
finite quasivariety of lattices which provides not finite axiomatizability and non-profiniteness
of this quasivariety.

Theorem. Let N be a locally finite quasivarieties of lattices satisfying the following
conditions:
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a) there is a finite lattice M with a semi-splitting pair (a,b) such that M ¢ N and M,, € N;

b) there exists a finite simple lattice P € N which is not a proper homomorphic image of
any subdirectly N-irreducible lattice.

Then the quasivariety IN is not profinite, as well as has no finite basis of quasi-identities.

These yield a host of examples of finite lattices that generate no finitely axiomatizable and
non-profinite quasivarieties.
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Our research concerns theories of unars approximated by theories of finite unars [1]. This
work continues, possibly concludes, research on pseudofinite unars [2,4,5,6].

Definition. [A.Lachlan| Let 3 be a countable signature and let M be a countable and w-
categorical Y-structure. X-structure M (or Th(M)) is said to be smoothly approzimable if there
is an ascending chain of finite substructures My € M; C ... € M such that UZ-EM M; =M
and for every i, and for every a,b € M, if tpp(a) = tpa(b), then there is an automorphism o
of M such that o(a) = b and o(M;) = M,.

Countably categorical unars were characterized in [3].

Proposition 1. Any infinite w-categorical unar U = (U, f) is smoothly approxi-mable.

Model-theoretic properties such as pseudofiniteness and definable minimality of unars were
studied in [5] and [6], respectively.

Proposition 2. Let T' be the theory of a strongly minimal unar such that each vertex has
n preimages for some natural n. Then the theory T is pseudofinite if and only if n = 1.
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An algebra B = (B, ) with vector space B and multiplication - is called bicommutative if it
satisfies the identities
a(bc) = b(ac), (ab)e = (ac)b

for any a,b, ¢ € B. Define the mutation product on B for fixed p, ¢ € B by (a, b) = (ap)b—b(qa).
We obtain that any bicommutative algebra under the mutation product satisfies Lie-admissible
identity, which follows from two independent identities of degree three. Moreover, we obtain all
identities of degree four.

Theorem 1. Every identity of degree 3 in a mutation of a bicommutative algebra (B, (-, "))
follows from identities:

{{a,0),c) = ({a,c), b) + (b, (¢,a)) — (¢, {b;a)) = 0,
<CL, <bv C>> - <a’ <C7 b>> - <bv <a’> C>> + <b7 <Ca a>> + <C, <av b>> - <Cv <b7 a>> =0.

Theorem 2. Every identity of degree 4 in a mutation of a bicommutative algebra (B, (-, "))
follows from identities:

{{a,{d,)),b) = (a, {{d; ), b)) =0,
{({{b; ), a), d) = (b, d), @), ) + (¢, {{d, b), @) = (d, {(¢,]),a)) =0,
({b; {a, ), d) = (b, ((a, d), c}) + (b, {¢, {d, a))) = (b, (d, (¢, a})) =0,
({{d, b), @), ¢) = {{{d; ¢}, @), b) + (b, {{d; ¢}, @)) = (¢, {(d, b}, @)) = (d, {{b, ¢), @)) +(d, {(¢, ), a)) = 0,
(b, {d, a)), ¢) = (b, {{d; ¢}, a)) + (a, b, {d, ©))) = (b, (¢, (d; a))) = (b, (d {a, c}}) + (b, (d, (¢, a})) = 0,
)
)
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We continue to study characteristics of families of abelian groups applying a general
approach for degrees deg,(M) :( deg =™ (M), deg ™ (M), deg’ ™ (M), degT "™ (M) )

rig rig rig rig
and indexes ind,;z(M) of rigidity [1] for structures M to the class of standard abelian groups
[2-5]. We use both properties of these degrees for structures with arbitrary cardinalities [1] and

for finite ones [6] as well as possibilities of Szmielew invariants o, Bp, 7p, € and of ranks rk.
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Theorem 1. For any finite abelian group A the following conditions are equivalent: (1) A
is quasi-Urbanik; (2) deg,(A) = (0,0,0,0); (3) |A] < 2.
Recall that any finite abelian group S is represented in a standard form, i.e. as a direct

sum @meﬁp’”). Recall also that Fuler function p(n) is defined as follows: p(n) = |{m € Z, |
(m,n) = 1}/,
Theorem 2. For any finite abelian group A = eBp,nZZ(ﬁ”’"),
indug(A) = [ — 0" = 0(@™")*"").

p7n

Proposition 1. For any finite abelian group A = GBP,nZﬁp’"), degfi'gsem(A) = degi:;ynt(A) =
9, with 6 =rk(A) — 1 if an; = 1, and with 0 = rk(A) if aay # 1.

Proposition 2. For any finite abelian group A = @pynZ}(ﬁp’”
A% Zy, degi>™™ (A) = degi ™™ (A) = ¢, where

rig rig

) with some ap, > 0 and

— 4no(agng—1) no—1 nap,
g =q (g no )q X H p P na
ap,n>0,p#q, OI p=q and no>n

if g1 =1, and

—1 —1
ap,n>0,p#q, O p=q and no>n

if ap 1 # 1, q is the maximal prime number with «,, > 0 and n¢ is maximal one among n with
Qgn > 0.
q7n

For a finite abelian group A we denote by 0(.A) the value ¢ in Proposition 1, and by ((A)
the value for V-degrees in Proposition 2. Summarizing these propositions we conclude:

Theorem 3. For any finite abelian group A either deg,(A) = (0,0,0,0) if |A] < 2, or
deg,(A) = (6(A),d(A),((A),((A)), otherwise.

Proposition 3. If A is an abelian group of finite rank r = rk(A) > 0 then degf{gSynt (A) =
r—1if as1(A) =1, and deg ™" (A) = r if ag(A) # 1.

rig
Theorem 4. For any infinite standard abelian group A one of the following conditions hold:
1) deg,(A) = (1,1,2,2), if tk(A) = 1;
2) deg,(A) = (1,1,3,3), if tk(A) = 2 and as;(A) = 1;
3) degy(A) = (r — 1,7 — 1,00, 00), if tk(A) = r > 2 is finite and ay;(A) = 1;
4) deg,(A) = (r,r,00,00), if tk(A) = r > 2 is finite and as1(A) # 1;
5) deg,(A) = (00, 00, 00,00), if tk(.A) is infinite.

Theorem 5. For any standard infinite abelian group A either ind,;,(A) is finite and satisfies

the formula
indsg(A) =TT @ = " = o)),

Qp,n€w

if all positive (,(A) are infinite and A has finitely many positive natural «,,, orindg(A) =
w, otherwise.
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We use general concepts of model theory and computability theory that are introduced
in the work [1]. A finite signature is called rich, if it contains at least an n-ary predicate or
functional symbol for n > 1, or two unary functional symbols. By SL(o), we denote the set
of all sentences of signature o. By [@]7, we denote a theory of signature o generated by the
sentence ¢ as an axiom. In the work, we consider a finite rich signature o, and fix a Godel
numbering @;, i € N, for the set of all sentences of signature o. For a set £ C SL(0), we denote
by Nom (F) the set of Godel numbers {i | ®; € E}. For a class = of a hierarchy and a set
A of integers, the record = <,, A indicates the fact that any set from = is m-reducible to A.
Definitions of the layers MQL and ACL of model-theoretic properties can be found in [2].

Two theories T' and S are said to be semantically similar over a layer L of model-theoretic
properties, symbolically 7" =, S, if there is a computable isomorphism p : L(T) — L(S)
between the Tarski-Lindenbaum algebras of these theories, such that, for any complete extension
T" of theory T and corresponding complete extension S’ of theory S, S" = u(7"), theories T"
and S’ have identical properties in terms of this layer L. Two sentences @ and ¥ of signature o
are said to be semantically similar over the layer L, symbolically & =, ¥, if theories [®]7 and
[@]7 are semantically similar over L. A set E C SL(0) is called semantically closed over a layer
L, if for any sentences ®,¥ € SL(c), we have =, ¥ = (P E <V c E).

A theory T of the finite rich signature o is said to be f-approximable if, for any complete
theory T" extending T" and any sentence @ of signature o satisfying 7" - @, the formula @ has
a finite model 91, which is not a model of T". The theory T is called hereditarily undecidable,
if any its subtheory 7" C T of signature o is undecidable, while T is essentially undecidable, if
any its extension 7" O T of signature o is undecidable.

Consider the following particular set of sentences of signature o

H = {@n | [@,]7 is f-approximable, hereditarily &essentially undecidable}.

The following statement represents a first-level analog of the known Rice theorem (modulo
the particular set) for semantically closed classes of sentences.

Theorem 1. For an arbitrary semantically closed over ACL class of sentences E C SL(o)
satisfying H C E or H C (SL(0)\FE), the following assertions are satisfied:

(a) Nom (E) is computable < E = @& or E = SL(0),

(b) if E # @ and E # SL(o), then 3¢ <,,, Nom (E) or 1Y <,,Nom (F).
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In [2], it is possible to find an informal substantiation of the fact that, the layer Areal of
all real model-theoretic properties coincides with the algebraic Cartesian layer ACL involved in
formulation of Theorem 1.

A certain version of the first-level analog of Rice’s theorem for semantically closed classes
of sentences was presented in [1, Th.7.1]. That version of the result concerns the quasiexact
semantic layer MQL of model-theoretic properties, which is a proper subset of the layer ACL.
Moreover, in the formulation of the result |1, Th. 7.1], there are no exceptions such as the special
subset H in Theorem 1. Thus, the two indicated results are independent; each of them is not
a corollary of the other.

A question arises whether there is a version of first-order analog of Rice’s theorem for
semantically closed classes of sentences of a finite rich signature, which is not covered by the
results of Theorem 1 and statement |1, Th.7.1|?
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In our report we consider the uniformly externally definable expansion for ordered structure
which condition on the 1-type over model.

Definition of Uniformly externally definable expansion. M+ = (M;X U {U'}) is
uniformly externally definable if for any H(Z) of X, there is H,(Z,@), @ € N, such that for
alla € M.

(Mt = ¢(a) & N = Hy(a,@)] that means H,(N", @) N M" = o(M™), r = lenght T

Lemma. Let p € S1(M) such that for all a € p°(N), for any 2 — M- formula O(z,y) convex
to the left (to the right), we have O(N, ) N M # 0.

Then for any formula L(z) € p(z), for any 5 € L(N) the following true, if Er (N, 5)Np(N) #
(0, then p(N) C p°(N) C EL(N, B).

Theorem 1. M = (M;=;<,X...) linear ordering, where 3 = (=,<,...). Let (C,D) be
irrational cut such that for 91 > 9, for any o € N (C < a < D), for any 2-M formula H(zx,y),
if H(N,a)- convex to right(left) then H(N,«)NM # 0. Then M = (M; ZU{U'}) is uniformly
externally definable expansion for U'(IM*) = C
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LEIBNIZ ANALOGUE OF MALCEV ALGEBRAS
Nurken SMADYAROV
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In [1] Dzhumadil’daev and Ismailov studied binary Leibniz algebras and proved that the
variety of binary Leibniz algebras Leibs are define by the following identities:

(aa)b =0,

b(aa) + (a,b,a) =0,
(ab)(ab) — a(b(ab)) + b(a(ab)) = 0.
Furthermore, they showed strictness of the inclusions in the diagram below:

Lie C Male C Liea C Lie
N N N
Leib C C Leiby C Leiby

where Lie, Malc, Liey, Liey Leib, Leiby, Leib; are the varieties of Lie, Malcev, binary Lie,
mono Lie (anticommutative), Leibniz, binary Leibniz and mono Leibniz algebras, respectively.

The authors asked a question whether there is a Leibniz analogue of Malcev algebras (if
exists) that makes the picture complete. In our talk we give polynomial identities that describe
all subvarieties of the variety Leiby that includes the variety Malc and the variety Leib.

Funding: The author was supported by the grant no. AP14870282 of the Ministry of Science and Higher Education of
the Republic of Kazakhstan.

Keywords: Leibniz algebras, Malcev algebras, polynomial identities.

2010 Mathematics Subject Classification: 17A30, 17A32, 17D10

REFERENCES
[1] Ismailov N.A., Dzhumadil’daev A.S. Binary Leibniz algebras, Math. Notes, 110:3 (2021), 322-328.

ON APPROXIMATING FORMULAE
Sergey SUDOPLATOV

Sobolev Institute of Mathematics, Novosibirsk State Technical University, Novosibirsk, Russia
E-mail: sudoplat@math.nsc.ru

We continue to study formulae and their properties |[1|. We introduce the general notion of
approximating formula, based on approximations of theories [2| and generalizing the notion of
pseudofinite formula [3], and describe various possibilities for approximating formulae, algebras
on sets of these formulae. For a formula ¢ we denote by X(p) the set of all signature symbols
used for ¢. For a signature X, we denote by F(X) and Sent(X) the sets of all formulae and
sentences in Y, respectively. We denote by Ty the family of all complete theories in .
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Definition. [3, 4] A formula ¢ true in an infinite model is called pseudofinite if it is true
in a finite model, too. A theory consisting of pseudofinite sentences is called pseudofinite. We
denote by PFF(X) the set of all pseudofinite formulae in the signature 3. The spectrum of a
formula ¢, Spec(yp), is the set {n € w\ {0} | there is M |= ¢ with | M| =n}.

Definition. For a family 7 C Ty, a formula ¢ = ¢(7) is called T-approzimating if ¢ is
satisfied in a model of some accumulation point of 7. The formula ¢ is called approzimating if
it is Ts-approximating, where 3 O X(¢). We denote by AF(T) the set of all T-approximating
formulae, by AF(X) the set of all approximating formulae in the signature ¥, and by PFS ()
the set of all formulae in PFS(X) with infinite spectra. Restrictions of AF(7), and AF(X) to
the set Sent(X) of sentences are denoted by AS(7) and AS(X), respectively.

Proposition 1. For any signature 3, PFS(X) # 0.

For any signature ¥, PFF(X) C AF(X) and PFS,(X) C AS(X), i.e. any pseudofinite
formula/sentence with an infinite spectrum is approximating. Thus each signature produces
approximating formulae.

Proposition 2. Let ¢ be a sentence with finite nonempty spectrum and 1) be a consistent
sentence belonging to finitely many theories of given signature ¥ 2 (X(¢) U (1)) such that ¢
does not have infinite models and 1) does not have finite ones. Then ¢ V v is pseudofinite and
not approximating.

Proposition 3. For any pseudofinite theory T of a signature X, T C PFS(X).

Theorem 1. For any signature Y the following conditions are equivalent:

(1) PFF(X) = PFF () = AF(X), where PFF (X)) is the restriction of PFF(X) to the set
of formulae ¢ such that the sentences 3T belong to PFS,(2);

(2) PFS(X) = PFS(X) = AS(2);

(3) the signature Y. does not contain functional symbols of arities > 0 and predicate symbols
of arities > 1.

Proposition 4. For any family T of theories in a signature X the following equalities hold:
1) AS(T) = U{T € T | T is an accumulation point of T}; 2) AS(T) = |J{T | T is an
accumulation point of Clg(T)}; 3) AS(T) = {¢ € Sent(X(T)) | RSr(¢) > 1}.

Corollary. For any family T of theories in a signature Y. the set of sentences ¢ separating
finite nonempty subsets in T equals CF(T) N (Sent(X) \ AS(T)), where CF(T) is the set of
formulae belonging to some theory in T .

Definition. A theory T' € T is called finitely axiomatizable in T, or T -finitely axiomatizable,
if there is a sentence ¢ € T such that ¢ does not belong to other theories in 7. Here the sentence
@ is called the T -complete axiom for T.

Proposition 5. For any family T of theories in a signature Y. the set of sentences ¢
separating singletons in T equals the subset of CF(T) N (Sent(X) \ AS(T)) consisting of T -
complete axioms such that each sentence in CF(T) N (Sent(X) \ AS(T)) is T-equivalent to a
disjunction of these axioms.

In view of Proposition 5 the set CF(7) N (Sent(X)\ AS(7)) consists of sentences separating
T-finitely axiomatizable theories.

Since AF(T) and AS(T) are closed under deducibility then, for any infinite 7, AF(7) and
AS(T) form upper semilattices with respect to the operation V, denoted by AF(T) and AS(T),
respectively: AF(T) = (AF(T); V), AS(T) = (AS(T); V).

Theorem 2. For any infinite family T the following conditions are equivalent: (1) the
semilattice AF(T) is expandable till the (distributive) lattice (AF(T);V,A); (2) the semilattice
AS(T) is expandable till the (distributive) lattice (AS(T);V,A); (3) T is e-minimal; (4)
RS(7T) =1 and ds(T) = 1.
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INESSENTIAL EXPANSION OF MODEL OF THE ORDERED THEORY AND
NUMBER OF COUNTABLE MODELS
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2SDU University, Kaskelen, Kazakhstan
3 Kazakh-British Technical University, Almaty, Kazakhstan
E-mail: “baizhanov@math.kz, bumbetbayev@math.kz

Let T be a countable complete theory of a language L. Denote by S,(T") the set of
all complete n-types of T over an empty set. Let p € S,(T) be non-principal, and let
¢ = (¢1,09,...,¢,) € L be a tuple of new constants. The theory T* := T U p(¢) is called an
inessential expansion of 7. The theory T* is an L*-theory, where £* := L U {cy, ca, ..., ¢}

A.D. Taimanov asked if it is possible that I(T,Rq) = 2% and I(T*,N,) is finite or countable.
B. Omarov tried to construct an example with I(T,Rg) = 2% and I(T*,Ry) < Ny. Omarov’s
construction in [1] does not give an answer (Theorem 1) and in general, Taimanov’s question
is still open.

We describe Omarov’s constructions from [1] of theories Ty, T3, and Ty such that Ty C
Ty C T5 and show that T3 constructed in his work ([1], Theorem 3) does not have continuum
of countable models, but has the countable number of countable models and an inessential
expansion Ty with a finite number of countable models (Theorem 1). That is, I(T,Rg) = Vg
and I(7T5,Ny) < w.

We analyze Omarov’s example in terms of (non-)orthogonality (as well as weak and almost
orthogonality).

Theorem 1.|2| The theory Ty has countably many countable models, the expansions of Ty
by the complete 1-type qj(x) or by the I-type ¢j(x) have a finite number of countable models.

Taking into account B. Omarov’s successful attempt to reduce the number of countable
models from R, to a finite number, we propose the following conditions for constructing an
example of a complete theory that reduces the number from the continuum by means of an
inessential expansion.

Conjecture.

Let T be a small ordered complete theory of a countable language £. Let I(T,Ry) = 2%.
Then there exists a non-principal type p € S1(7") such that [(7%,RX) < w, where 7% := T'Up(c)
and c is a new constant, if and only if the following holds:

1. There exists a family of non-principal 1-types p1,p2, ..., P, ... € S1(T) (n < w) such that
tp(e,, Gy, ..., u,) L% pj for all k < w, and all pairwise distinct 4y, s, ..., 4, j < w such that
iy € piy (M), auy € Piy(M), ...,y € Py, (M), where M is a countable saturated model of T'.

2. For every i < w, we have p /® p;.

3. There is a finite number of non-principal 1-types, ¢1,42,...,¢n € S1(T), such that for
every j #k (1 <j<m,1<k<m)we have ¢4 L*q;, p L* qi, and g L* p.

4. For every non-principal ¢ € S(T'), we have either ¢ ~ ya p, or for some i < w, ¢ ~ya p;, or
for some £, 1 <k <m, ¢ ~ya q.
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NO ESSENTIAL O-STABLE EXPANSION OF (Z,<,+)
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Recall that when the number of types is less than 2/4! | for each set A of cardinality \, we
have a stability in \.

Definition. Linear ordered structure 9 is called o-stable in A, if for any any subset A C N
such that |A| < A and for any arbitrary cut s in 9t there exist the biggest A complete types
over A which are consistent with cut s.

Theory T is called o-stable in A, if every model of T is o-stable.

Theory T is called o-stable, if there is a A, such that 7" is \ stable.

Our question is the following: can we add a new relation P to (Z,<,+), which is not
definable in this structure, so that the elementary theory of the expanded structure (Z, <, +, P)
is o-stable.

Theorem. There is no essential o-stable expansion of (Z,<,+).
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ON CHARACTERISTIC OF EQUIVALENCE CLASSES OF ROBINSON
SPECTRUM REGARDING THEIR PRIMITIVE

Alina YARULLINA®, Bota AMANDYK?
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We work in the countable first-order language L of signature o in the frame of Robinson
theories. All undefined concepts one can find in [1-4].

DEFINITION. [2] V is II; U 3, that is V is a collection of all universal and existential
formulas.

DEFINITION. [2] If T' = Ty, then the theory T is called primitive.

DEFINITION. [3] A set RSp(JC) of Robinson theories of signature o, where RSp(JC) =
{A |]A is Robinson theory of unars and V€, € JC, €A = A}, is called the Robinson spectrum
for class JC, where JC is semantic Jonsson quasivariety of Robinson unars.
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We introduce cosemanticness relation [3| and consider disjoint equivalence classes [A] €
RSp(JC) sq, €(a) denotes this class’s semantic model.

Theorem 1. 1) The quantity of pairwise different maximal [A] classes of Robinson theories
of unars is equal to w. Moreover, these classes of theories have following characteristics: m,,,
{mom 1 <m <w}, {mym 1 <n,m<w}, wherem, : Q = {w}, v(m) =0 Vm < w, p(w) =1,
€ =00; Tom : 2 ={(0,m)},
~J0,if k#m,
oo, if k=m;

v(m)
n(0,m) =0, =0; mpm: Q={(0,m),..,(n,m)},

(k) = {O,if k +#m,

1,if k=m,
1,if k<n-—1,
p(k,m)=<oo,if k=n—1, ¢=0.
0,if k=n,

2) Maximal V-complete [A] classes of Robinson theories of unars is the only class, that has
characterstic m,,.

Keywords: Model theory, Jonsson theory, semantic model, Jonsson spectrum, Robinson spectrum, cosemanticness,
equivalence classes.
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We work in the countable first-order language L of signature ¢ in the frame of Robinson
theories. All undefined concepts one can find in [1-4].

DEFINITION. [2] V is II; U 3, that is V is a collection of all universal and existential
formulas.

Here, 1I; denotes universal formulas, >; denotes existential ones.

DEFINITION. [2] If T' = Ty, then the theory T is called primitive.

We consider semantic Jonsson quasivariety of unars as in [3], JCpy = {€a | A € J(Th(K)),
€A is a semantic model A} of signature oy = (f), f is unary functional symbol, A is a Robinson
theory of unars, K is a quasivariety in the sense [4].

DEFINITION. [3] A set RSp(JCy) of Robinson theories of signature oy, where RSp(JCyp) =
{A |]A is Robinson theory of unars and V€ € JCy, € = A}, is called the Robinson spectrum
for class JCy, where JCy is semantic Jonsson quasivariety of Robinson unars.
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We introduce cosemanticness relation [3] on Robinson spectrum RSp(JCy). As a result we
obtain a factor-set, denoted as RSp(JCy ) and consisted of equivalence classes parted by
cosemanticness relation [A] € RSp(JCy) juq, €ja) denotes this class’s semantic model.

Theorem 1. 1) The quantity of pairwise different [Ay] classes of Robinson theories of unars
is equal to 2“.

2) The quantity of pairwise different maximal [Ay] classes of primitive Robinson theories is
equal to 2“.

Keywords: Model theory, Jonsson theory, semantic model, Jonsson spectrum, Ronson spectrum, cosemanticness, equi-
valence classes.
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ON SMALL MODELS OF PJ-COSEMANTICNESS CLASSES IN THE
POSITIVE JONSSON SPECTRUM
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We define the notion of A-positive Jonsson (A-P.J) theories. Let L be a first-order language.
At is a set of atomic formulae of the language. BT (At) is a set of formulae containing atomic
formulae, which is closed with respect to positive Boolean combinations (conjunction and
disjunction), subformulae and substitution of variables. @ (B (At)) is the set of formulae in
prenex normal form obtained by the use of quantifiers ( V and 3 ) to BT (At). We call a formula
positive if it belongs to Q (BT(At)). A theory is positively axiomatizable if its axioms are
positive. B (L) is the set of arbitrary Boolean combinations of formulae from L*.

YT is a set of positively existentially formulae.

DEFINITION 1. [1] A theory T is called A-positive Jonsson (A-P.J)-theory if the following
conditions hold for 7"

1) T has an infinite model;

2) T is positively V3-axiomatizable;

3) T admits A-JEP;

4) T admits A-AP.

DEFINITION 2. [1] A theory T is called A-positive Robinsonian (A-PR)-theory if the
following conditions hold for T.

1) T has an infinite model;

2) T is positively V-axiomatizable;

3) T admits A-JEP;

4) T admits A-AP.

Note that A-positive Robinson theories are a special case of A-positive Jonsson theories.

DEFINITION 3. [1] A theory TX = Tha(U) is called the center of A-PJ-theory T', where U
is a k-universal structure of this language L, which is a model of the theory of 7. We will call
U the semantic model of the A-P.J-theory of T.
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DEFINITION 4. [1] A A-PJ-theory T is called A-PJ-perfect if its semantic model is saturated
in its power for positive A-types (a A-type is called positive if in the formulae included in this
type, the quantifier-free part is positive).

DEFINITION 5. [1] A model of A-PJ-theory T is called h-A-algebraically prime if for any
model of A-P.J-theory T there exists h-A-immersion of the model A in B.

DEFINITION 6. [2] The model A is called (I'y, I'y)-atomic model of A-P.J-theory T if A is a
model of A-PJ-theory T and for every n, every n-tuple a of elements of A satisfies in A some
formula from I'y, which is complete for the I's>-formulae.

DEFINITION 7. [2] The model A is called I'-nice model of A-PJ-theory T if A is a countable
model of T', and for every model B of T, every n € w, and for all ag,...,a,_1 € A, bg,...,b,_1 €
Bif (A, ag,...,a,_1) =1 (B,bo,...,b,_1), then for every a, € A there exists b, € B such that
(A,&Q,. .. ,an) =T (B,bo, .. 7bn)

DEFINITION 8. [1] Two A-P.J-theories 171 and 75 are said to be A-P.J-cosemantic Jonsson
theories (T1 15, Ty ) if they have a common semantic model in the case when T; and T, are
Jonsson theories, and have a common universal domain in the case when they are not Jonsson
theories.

It is known that the A-P.J-cosemanticness relation is an equivalence relation.

Let E, be a class of existentially closed models of the signature o. Let’s fix some subclass
K C E, and consider its A-Jonsson spectrum A-PJSp(K). On A-PJSp(K) we can consider the
A-P J-cosemanticness relation, and obtain a partition of A-PJSp(K) into elementary disjoint
classes, and get the factor set A-PJSp(K) . . Let [T] be the class of A-P.J-cosemanticness
relation of the theory 7' € A-PJSp(K). Since all theories of this class have the same center,
we will denote it as [T]. Let’s fix some class [T'] for further study of its properties.

Theorem 1. Let [T] € A-PJSp(K).s, and let the class [T] consists of A-PJ-perfect
A-PJ-theories, complete for ¥ © sentences. Then the following conditions are equivalent:

1) There is a A € K such that A is h-A-algebraically prime model;

2) [TTA has (X1, X7)-atomic model.

Theorem 2. Let [T] € A-PJSp(K).s, and let the class [T] consists of A-PJ-perfect
A-P R-theories, complete for V31 sentences. Then the following conditions are equivalent:

1) There is a A € K such that A is countable and A-positively existentially closed X" -nice
model;

2) A is countable and (X1, X)) atomic model of [TT4.

All definitions that were not given in the abstract can be found in [1].

Keywords: positive Jonsson theory, positive Robinsonian theory, cosemanticness, positive Jonsson spectrum, equivalence
class.
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ON THE CLASS OF EXISTENTIALLY CLOSED MODELS REGARDING
COSEMANTICNESS AND w-CATEGORICITY

Aibat YESHKEYEV?®, Indira TUNGUSHBAYEVA®, Olga ULBRIKHT®

Karaganda Buketov University, Karaganda, Kazakhstan
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We work in a countable first-order language L, in the frame of study of Jonsson theories.
Recall that a theory T is Jonsson [1], if 7" has at least one infinite model, is inductive, admits
AP and JEP. Jonsson theories are, generally speaking, not complete. Any Jonsson theory can
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be described by its semantic model [2], which is a semantic invariant of this theory. A semantic
model Cr of T is wt-universal w'-homogeneous model of T. Two Jonsson theories are called
cosemantic [3], if their semantic models coincide. A Jonsson theory T is called perfect 2], if Cr
is wt-saturated.

Let K be a class of L-structures. A Jonsson spectrum JSp(K) [4] of K is the following
set of theories: JSp(K) = {T | T is a Jonsson theory and VA € K A = T'}. We introduce the
relation of cosemanticness of theories on JSp(K) and get the factor-set JSp(K) jq. The classes
K; and K, of L-structures are called Jonsson equivalent (denoted by "K; =; K)"), if the
following holds for any Jonsson theory 7: AT < B = T.

The following results have been obtained. Theorem 1 and Proposition 1 demonstrate the
connection between two cosemanticness classes in the fixed Jonsson spectrum.

Theorem 1. Let [11],[T5] € JSp(K)j, K1 € Ejy) and Ky € Ejg,). Then the following
conditions are equivalent: 1) K} =; Koy; 2) T°(K;) = T°(K3).

Proposition 1. Let [T1], [T5] € JSp(K) /s, Ciry) and Cip,) be semantic models of the classes
(7] and [T5], correspondingly. Let Cir,) = T3 for some T € [15], Cir,) = 1) for some Ty € [T7].
Then the classes [T1] and [T3] coincide.

Theorem 2 shows the link between complete theories and Jonsson theories.

Theorem 2. Let T be a complete w-categorical L-theory such that Ep # (). Then T is a
perfect Jonsson theory.

Keywords: existentially closed models, Jonsson theory, cosemantic Jonsson theories, Jonsson spectrum, cosemanticness
classes, cosemantic structures, Jonsson equivalence.
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ON A-JONSSON SPECTRUM OF A-P.J-THEORIES
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We work in the countable first-order language L of signature o in the frame of A-PJ-theories.
All undefined concepts one can find in [1].

DEFINITION. [2] A positive fragment (in L) is a subset A C L that contains all atomic
formulae and is closed with respect to positive boolean combinations and subformulae. For
given A we define the following sets of formulae: ¥ = X(A) = {Jp(x,y) : p € A}, I =1I(A) =
{Vy—o(z,y) :pe Ay ={-¢: ¥ € A}

Let At be the set of atomic formulae of given language. B (At) is a closed set with respect
to positive boolean combinations (conjunction and disjunction) of all atomic formulae, their
subformulae and replacements of variables. Q(B7T(At)) is the set of formulae in prenex normal
form that was obtained by means of quantifier application (V and 3) to BT (At). We will call
a formula positive, if it belongs to the set Q(B*(At)) = L*. The theory is called positively
axiomatising, if its axioms are positive. B(L") is arbitrary boolean combination of formulae
from L. Tt is easy to see that II(A) C B(L") at A = BT (At) where II(A) such, as it was
described before. Following |2, 3] A-homomomorphism will be defined as follows.

DEFINITION. Let A and B be structures of the language A C B(L"). A map h: M — N is
called A-homomomorphism (symbolically h : A —A B) if for any ¢(Z) € A, Va € A from the
fact that A = p(a), it follows that B = ¢(h(a))
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The model A is called the origin in B and we say that A continues in B, h(A) is called the
continuation of A. If the map h is injective, then we say that the map A immerses A into B
(symbolically h : A <>5 B).

DEFINITION. [1] We say that a theory T' admits A — JEP property, if for any two A, B €
Mod(T) there exists C' € Mod(T) and A-homomorphisms hy : A —x C, hy : B —x C.

DEFINITION. [1] We say that a theory T admits A — AP property, if for any A, B,C €
Mod(T) such that hy : A —x C, g1 : A —a B where hy, g; are A-homomorphisms, there exists
D € Mod(T) such that hy : C' —a D, gs : B —a D where hg, go are A-homomorphisms such
that hQ . hl =02 -91.

DEFINITION. [1] A theory T is said to be A-Jonsson (A-P.J) theory, if the following
conditions are true:

1) T has at least one infinite model;  2) T is positively V3-axiomatising;

3) T admits A-JEP;

4) T admits A-AP.

When A = B(At), we get usual Jonsson theory with the exception that its axioms are
positive Vd-axioms.

DEFINITION. Let A be some infinite model of the signature o. A is called A-P.J-model, if
the set of sentences Thi5(A) is A-PJ-theory.

DEFINITION. Let A be a model of a theory T. A model A is called existentially closed
in B, if for any B D A, B = T, and for any formula Jx¢(x,a), ¢(x,a) € BY(At), a € A,
B |= 3zp(z, a) it follows that there exists such a’ € A such that A = Jzp(x,d).

Let K be a class of models of the considered signature o. We introduce the notion of A —
Jonsson spectrum for K.

DEFINITION. A — Jonsson spectrum for class K of structures of language Lt is said to be
the following set of theories: A-PJSp(K) = {T" | T — A—PJ theory and YM € K, M |=T}.

DEFINITION. A-PJ-theories 11, Ty are called A-P.J-cosemantic (T} x5, Ty), if they have
common semantic model in the case, when 77 and 75 are Jonsson theories, and have common
universe in the case, when they are not Jonsson.

It is easy to see, that the A-PJ-cosemanticness relation is an equivalence relation.

DEFINITION. Let A, B be two models of signature . A and B are called A-P.J-cosemantic,
if A-PJSp(A) = A-PJSp(B).

Let E, be a class of existentially closed models of signature o. Let us fix some subclass
K C E, and consider its A-Jonsson spectrum A-PJSp(K). We introduce the relation of A-P.J-
cosemanticness on A-PJSp(K), thus dividing it on elementary disjoint classes and obtaining
a factor-set A-PJSp(K) . . Let [T] be a class of A-PJ-cosemanticness of theory T' € A-
PJSp(K). We obtained the following results in the framework of presented definitions.

Lemma 1. Let [T] € A-PJSp(K) be a class complete for existential sentences. Then any
infinite model A € K of theory T € [T is A-P.J-model.

Lemma 2. Let [T1],[T5] € A-PJSp(K), C; be semantic model of the class T\, Cy be
semantic model of the class Ty. If [T |y+ = [T+, then [T1] = [T3].

Theorem 1. Let [T1],[T,] € A-PJSp(K), C, be semantic model of the class T\, Cy be
semantic model of the class T,. Then the following conditions are equivalent:

1) Cl N%J CQ,'

2) [1] = [T3].

Keywords: Model theory, positive model theory, Jonsson theory, positive Jonsson theory, semantic model, Jonsson
spectrum, positive Jonsoon spectrum, cosemanticness, equivalence classes.
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CONSTRUCTING MODELS OVER COUNTABLE SETS
Tatyana ZAMBARNAYA

Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
E-mail: zambarnaya@math.kz

Every countable complete theory has a prime model over any arbitrary finite set. That is, a
model containing this set and elementarily embedded into any other model containing this set.
In this connection the question arises about the possibility to consider countable sets instead
of finite.

Theorem 1. [1,2] Every countable model M of a small theory T can be represented as a
union of some elementary chain (9(a;));e,, of prime models over tuples a;.

Ideas from the proof of Theorem 1 were used to construct models over countable sets
possessing certain properties [3-5] including the theorems below. In particular, Theorem 3 is an
approach to constructing a prime model over a countable set, which results in a “small” model
over this set in terms of the family of realized types.

Theorem 2. Let T' be a small countable complete theory, 9 be a model of T', and B be
a countable subset of M. Then there exists a countable model N1 of the theory T such that
B C N and there is no tuple @ € N with tp(a/b) being non-principal over each tuple b € B.

Theorem 3. Let T' be a small countable complete theory, 9 be a model of T', and B be
a countable subset of M. Then there exists a countable model N of the theory T" with B C N
and for each model M’ of the theory T such that B C N’ and each type q € S(T), M | ¢
implies W |= q.
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For a 1-formula ©(x) in a linearly ordered structure 9 define
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Eo(z,y) =0(x) AOy) AVz((z <2<y —0(2)) Ay < 2 <z — O(2)).

Ego(z,y) is an equivalence relation with convex classes on the set ©(M).

Theorem 2. Let 9 be a countably saturated model of a small linearly ordered theory T,
a € M, O(z,y,a) be a 2-formula such that for each n < w there exist m,, > n and a discretely
ordered chain of convex Eg-classes of length m,,. Then the theory T has the maximal number
of countable non-isomorphic models.
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