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BUKBATEPHUOHHBIE OBOBIIEHUSI YPABHEHUN MAKCBEJLJIA U
JINPAKA U CBOMCTBA UX PEIIIEHUN

AJIEKCEEBA JIL.A.

Hucruryr MaTeMaTHkn # MaTeMaTHIeCKOTO MoJeaupoBanus, Aavarol, Kazaxcran
E-mail: alexeeva@math.kz

B macrosmieii pabore CTpPOSTCS peIleHns KPaeBbIX 3a7ad i ONKBATEPHUOHHBIX BOJIHO-
BBIX (0UB0AHO6LIT) ypaBHEHUIT. DTH ypaBHEHUS ABJSIOTCS OMKBATEPHUOHHBIMU OOOOTIEHISIME
ypapuennit Makcsemna u Jlupaka. Ormernm, 970 KBATEPHUOHHOE MPEJCTABIEHIE YPABHEHUI
MakcBesta nadasioch ¢ pabor /2. MakcBesia u uMeeT J0BOJIBHO OOIMHUPHYIO 6uOIHOrpaduio
([1-12] u ap.). BukBaTepHUOHHBIE BOJTHOBbBIE YPABHEHUsI OTHOCATCS K KJIACCY THIEPOOJTICCKHX
U ONUCHIBAIOT PEIIeHrs] TUnepOboTMIecKuX CUCTEM U3 BOCbMU AubdepeHNnaTbHbIX YpaBHeHT
nepBOTO MOpsAKa. Teopus KpaeBbIX 3a7a4 I TAKUX CUCTEeM YDPABHEHUI TOKA He MOJIyYHIa
3HAYUTE/ILHOIO PA3BUTHS. 31€Ch PA3BUBACTCS 1O I00HAsT TeOpus JJisi OMBOJIHOBLIX YPABHEHUI C
HCII0/Ib30BAHIEM METOI0B TeOPHH 000OIEHHBIX (DYHKIINI, OCHOBHBIE UJIEH KOTOPOTO [T KJIac-
CHYIECKOr0 BOJIHOBOI'O yDaBHEHHUs M3JI0KEeHBbl aBTOpoM B paborax [13, 14].

B ocaoBe MO® jiexkut mpejicrapiienune KpaeBoil 3aa49u B TPOCTPAHCTBE 0000IIEHHBIX (DYHK-
Ui, 9TO MO3BO,ISIET KPAEBBIE YCIOBHUS MIEPEBECTH B MPABYIO YacTh Au(D(PEPEeHITNATBHBIX Y PABHE-
HUIl C UCIIO/Ib30BAHUEM CHHTYJISPHBIX 0000IEeHHBIX (DYHKIUI - TPOCTHIX CJI0EB Ha rpaHulle 00-
JIACTH onpesiesienns pertenns. [[JIOTHOCTH 3TUX CJIOEB ONMPEeIeIIIOTCS TPAHNTHBIME 3HAYEHUSIMA
pemienus. CBoiicTBa pyHIaMEHTAILHOTIO pelnenus - pyHKiun ['puna OUBOJHOBOIO YpaBHEHHS
- JTAIOT BO3MOYKHOCTBH CTPOUTH peIllleHre MOTyIeHHOT0 YPaBHEHNs B TPOCTPAHCTBE 0O0OIEHHBIX
dyHKIHI B BU/Ie ero CBepTKHU ¢ MPaBOU YACTHIO STOTO YPABHEHUSI.

Perynsipaoe nHTErpajabHOe MpecTaBIeHne 0000IIEHHOTO PellleHns TaeT
KJIACCUYIECKOe pellleHre KpaeBoil 3a/laum, KOTOpoe MO3BOJIsAeT HANTH pellleHre BHYTPU 00J1acTu
IO €ro TPAHUYIHBIM 3HAYEHWSIM, YaCTh KOTODPBIX M3BECTHA, & YaCTh TOJJIEKHUT ONpeIeTeHuIo.
O1u HOpMYyIBl ABILIOTCS AHAJIOTOM U3BecTHOW dopmyabl ['puna jpis ypasuenus Jlamraca.
Jlast omnpejiesieHnsi HEM3BECTHBIX T'PAHUYHBIX (DYHKIIHI, UCIOJIB3Ysl MIPEIE/IbHbIe CBOWCTBA pe-
IMeHNs TPU TPUOJTHKEHUN K TPAHUIE 001ACTH, CTPOATCS Pa3PentaioNiine CHHTYISPHBIE TDAHII-
Hble WHTErpaTbHbIe ypaBHeHUs. MeTo1 mo3Bo/IsieT CTPOUTh PEIeHns C YIeTOM YIapHbIX BOJIH,
XapaKTePHBIX I TUTTEPOOTNIECKUX YpaBHEHNH, Ha (PPOHTAX KOTOPHIX MPOW3BOIHBIE TEPIISIT
CKAQYKH. DTOT METOJ UCIOJb3YeTCs B HACTOAIIEH padoTe st MOCTpOoeHusl 000OIEHHBIX pele-
HUI KPaeBbIX 33/1a1 U UX HHTETrPATbHBIX IIpeicTaBaeHnil. OCHOBHBIE MMOJIOKEHN ITOTO JOKJIa1a
CO CTPOTMMH JIOKA3aTeIbCTBAME U3I0KEHD B [15].

ABTOpPOM Ha OCHOBE THUX YPABHEHUI TOCTPOCHBI OMKBATEPHUOHHASA MOJIEH JIEKTPO- I'PABHU-
MATrHUTHOTO TIOJIS ¥ 3J€KTPOTPABUMATHUTHBIX B3aUMOJEHCTBUN, KOTOPBIE SBJISAIOTCS MTOJIeBBIMI
aHajoraMu Tpex 31MakoHoB HbioToHa Ki1accmyeckoit Mexanwku. [Ipw sToM OMKBaTEepHUOHHBII
MOJIEBOI aHAJIOT BTOPOro 3akoHa HbioToHa MOMUMO W3BECTHBIX (DUBUIECKUX CUJI, COMECPIKUT HO-
Boie. [loydennsr popmy/ibl i BHYTpEHHEH SHEPIUU U IEPBOe HAYAJIO0 TEPMOINHAMUKHI, KOTO-
phle COIAEPZKUT TaKKe HOBBIE, paHee HeM3BECTHBIE COCTABJISIONINE, CBSI3aHHBIE C YTUMH HOBBIMUI
cutamu [16,17).

Pertenust 5TuX ypaBHEHUH MPEJIOKEHBI JIJIS OMUCAHUS (DOTOHOB, SJIEMEHTAPHBIX YACTHIL U
9JeMEHTAPHBIX ATOMOB U MOCTPOEHA TIEPUOINIECKAST CUCTEMA SJIEMEHTAPHBIX ATOMOB Ha, OCHOBE
POCTOii My3bIKaIbHON ramMmbl [18,19].
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MATEMATUYECKOE MOJAEJIMPOBAHUE MHOTOKOMITOHEHTHOT O
CJI04d CMELIEHVA C BAYBOM TBEP/IbIX YACTHAI]

Acens BEKETAEBA'Y,  Agreiamam HATMAHOBA®,
I'yapzana AITIMPOBA!

! Uncruryr maremaruxn u matemarndeckoro monemiposanng KH MOH, Anvarer, Kazaxcran
E-mail: “azimaras10@gmail.com

Typ6yﬂeHTHbIe CABHUT'OBbIEC CJIOM CMEIICHUA C HAJIUYIHUECM YaCTHUI[ UMEIOT 60ﬂbﬂloe IIpakKTHu4ve-
CKOe MPUJIOYKEHNE C MEeJIbI0 YIyUIIeHnsT TPOIecca TOPEHUs TOIINBA B KAMePaX CrOPAHMWSI.

B nacrosimee Bpemsi aByxdasubie HOTOKH (TBep/ible, KAlleJIbHbIE WU IIy3bIPbKOBBIE CYCIIEH-
31MM) WHTEHCUBHO HM3YYalOTCsl KaK SKCIePUMEHTANbHO [1-2], Tak W myTeM YHCIeHHOrO MOJesIH-
poBanus [3]. OgHako ciexyer OTMETHTh, YTO B OCHOBHOM B 9THX pafoTax H3ydeHa IpobJeMa
BSaI/IMO,ZLeIU/ICTBI/IH HaCTHUI ¢ OAHOKOMIIOHEHTHBIM TI'a30M, TOTZa KaK HpO6JIeMbI BSaI/IMO,ZLeIU/ICTBI/IH
JaCTHI ¢ MHOTOKOMIIOHEHTHBIM I'a30M B CBUTOBOM CJI0€ HPAKTUYECKH HE PACCMATPUBAIOTCH.

B nmacrosimeit padore 9UC/I€eHHO MOJEIUPYETCs ILJI0OCKOe CBEPX3BYKOBOE TYPOY/IeHTHOE Teve-
HHE B CJIOE€ CMeEIIeHUAd O6paSOBaHHOFO ABYMA IMOTOKaMMU MHOI'OKOMIIOHEHTHBIX TI'a30B (BerHI/Iﬁ
MOTOK 3TO BOJOPOHO-a30THAS CMECh, HUKHHUII HOTOK-BO3/YX), T.e. HOBEPXHOCTAME Da3/esa
ABYX IapaJlJIeJbHBIX IOTOKOB C HaJUYUEM BAYBa TBEPAbIX YaCTUIL aJJIOMWHIA.

Maremarudeckasi MOJ€Ib COCTOUT U3 JIBYX dTanoB. Ha mepsBom 3rame st ra3oBoit (asbi
HCXOHOW SIBJISIETCS CHCTEeMa JByMepHbIX ypaHenuit HaBbe-CTokca /i1 MHOTOKOMIIOHEHTHO
ra3oBoii cMecu (3iIepoB MO/X0/), Ha BTOPOM JTalle [Jisi OMUCAHNS JBUKEHUS TBEPIbIX JaCTHIL
BJIOJIb UX TPAEKTOPHUIl C Y4eTOM BJIMSHUS Hecylieil cpejbl Ha JucnepcHyio (pasy - Jarpanzkes
noaxon. st qucnepcuoit ¢has3el B JAHHOM MUCCAEI0BAHUN MTPUHUMAIOTCS CJIAYIONNe JTOMyIIe-
HHUs: JACTHIBI IIPEJICTABIAI0T CO00il cdepbl OIMHAKOBOIO pa3Mepa; B3amMOJEHCTBHE TACTHIL
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MEXKJIy COOOM He yUUTBIBACTCS; JIBUKEHUE YACTUIL He BJIUSET Ha TedeHue rasa; cuibl Capmena,
Marnyca He yYHTHIBAIOTCA, BCJAEJICTBHU TOTO, YTO PACCMATPHUBAIOTCS aJIOMUHHUEBBIE TaCTHUITHI
MaJIbIX Pa3MepOB.

B kauecTBe mapameTpoB o0Oe3pa3sMepuBaHUs TPUHATH XapaKTEPHbIE BEJMYNHBI HUYKHETO
BO3AYITHOTO ITIOTOKa, XapPaKTE€PHBIM IIapaMeTpOM dJIUMHbI dBJAACTCA BXOJAHad TOJIIWHA 3aBUX-
pennocTu. B TOHKOM cjioe cMmerienns (hpu3ndeckue mepeMeHHbie ompeaeasiorcs (pyHknuei ru-
nepbosimdeckoro Tanrenca. Ha Bxome jyis oOpa3oBanus HeCTAMOHAPHOW KPYIHOMACIITAOHOM
CTPYKTYPBI CJI0sI CMEITeHUs OCYIIECTBIISAETCS TOCTAHOBKA HeCTAIIMOHAPHBIX TPAHUYIHBIX YCJI0-
BHIi TJie aMILTUTYIa epTypbdatun, npuauMaetcs 0.2-0.3 NponeHToB 0T MAaKCUMAaIbHOU CKOPOCTH
ra3oB Ha BXOJIE.

Yucaennoe pemnienne cucrembl ypapaenuit Hapbe-Crokca, T.e. ra3oBoii ¢pasbl, OCyIECTBIIsI-
eTcd B ABa dTalla. Ha IEePBOM 3Talle BbIYUCJIAIOTCA TePpMOJINHAMUYICCKHUEe IMapaMeTpPbI, IIPpUYeM
AJITOPATM YHCJIEHHOIO pacdera OCHOBAH Ha KoHeuHo-pasHocTHO ENO cxeme. Ha Bropowm sTame
IO BBIYUCJIEHHBIM TEPMOAMHAMHUYCCKUM IIapaMeTpaM OINpeaejdioTCd MaCCOBbIE KOHL[eHTpaHI/Iﬁ
METOJIOM CKaJigpHOi#l mporouku. OObIKHOBeHHBIE audhepeHIna bHble YPABHEHUS [IIsT 9aCTHUIT
pemaTcsd IBHBIM METOJIOM Jiiaepa BToporo mnopsiaka. [Ipeanosaraercd, uro TypOyseHTHOE
TedeHue ABJIsIeTCs KBa3HABYMEPHBIM, U pellenne cucteMbl ypapHenuit Hapbe-CTokca mpousso-
gutces 2D-DNS nogxonoM 6e3 mpuB/iedeHus JTONOJTHATEIBHBIX 3aMBIKAIONINX Mojesaeit Typoy-
JICHTHOCTH.

Boiia uzydena junamuka (hoOpMUPOBAHUS BUXPEBOI CUCTEMBbI B CJI0€ CMEIIeHUs U €€ BJIUsSHUE
Ha paclipeaeJicHue TBePJAbIX YaCTUul B CJI0€ CMEIICHUA IIPpU TeYeHUH ABYX IlapaJlJleJIbHBIX IIOTO-
KOB BOJIOPO/ia (BEePXHUI BHICOKOCKOPOCTHOM ) 1 BO3/yxa (HHKHUIT HU3KOCKOPOCTHOI). [TpoBenen
JIeTa/IbHBIH YUC/IEHHBI aHAIU3 BJIUSHUS CKOPOCTH BO3/IYTITHOTO TOTOKA Ha (POPMUPOBAHUE BUX-
PEBBIX CTPYKTYP U Ha paclpejeeHre TBEeP/IbIX JaCTUIl B CIBUTOBOM CJI0€ CMEIeHHs ¢ YHCIaMU
Maxa ma Bxoae B auamazone 0.5 < M, < 4. I3ydeHo BIusSHUE MacCOBOW KOHIIEHTPAIIMH BOO-
poaa (B auanasone 0.1 < Yy, < 1) Ha IMHAMHUKY POCTA CJIOsI CMEIeHusT BOJIOPOIHO-BO3Y IHOM
cMecH TIPU OJTHUX W TeX Ke KOHBeKTHBHBIX dmcaax Maxa .

KiroueBble cioBa: 1Byxda3HbIil IOTOK, TBEP/Ible YaCTHUIHI, MHOTOKOMIIOHEHTHEIH ra3, ypaBuenns Hasne-Crokca,
Ditnepeso-Jlarpamkes MeTo.

2010 Mathematics Subject Classification: 35Q30, 76J20.
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Ilyets 2 C R? - koHedHnad 06JacTh OTpaHMYeHHad TIpH ¥y > 0 IIagKoit Kpusoit, a mpu y < 0
XapaKTePUCTUKAMHU

2 2
AC: o= S(-y)*? =0, BC: w+2(-y)"* =1,

ypaBHEHUA
Lu = YUgg + Uy = f(xa y) (1>
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Hepes L - 0bozHauuM 3ambikanue qudPepeHnuaisaoro onepaTopa (1) ma ToxkmecrBe HyK-
v € C?%(€)) yaoBaeTBOPAIONIEe YCJIOBUAM

0
ul =0, & =—o, 2)
i) N |q
ul =0, u =0. (3)
AC BC

Bamaua (1)-(3) sBasercs 3amadeil mepeonpeeIeHHBIMA IPAHUTHBIME YCJIOBHIMHA, TOITOMY
Tpebyercsi HANTH HEOOXOAMMBIE U JOCTATOYHBIE YCI0BUs Ha f(x,y) Il OMHO3HAUHOI paspe-
MUMOCTHT 3TON 3aa9M.

[Mycts QT =QNy >0, Q- =Ny <0.

VmeeT MecTo

Teopema 1. Oneparop Ly obpatnm Torma u TOJIHKO TOTA, KOLJA BBIMOJIHSIETCS YCJIOBHE

/m e(z,y.6,m) f(&m)dédn| =0,

ont
e

4
€(ZE, y§7 77) = kQ(g

F(5/6,5/6,5/3,1 — 0)-¢dynmamenranpaoe pemenne ypasuenus (1) B QF,

i) (1= o)

0 4,
f=f(zy) —w(x,y)y[a—yLr f }

y=0
) [f(=xy), y>0,
f““’y)—{ (o), y<0.

rae ¢yakmms o(x,y) = 0 B okpecrrocTn O w p(z,y) = 1 B okpecrroctin y = 0, 0 < xz < 1.
31ech

£ n
Litf = /0 ¢, /1 R(E,m, &0, m) (&0,

omeparop I'ypca, a R(&,n,&1,m) -byrknust Puvmana ypasraernnst (1) B Q™ 3agaBaemoii hopmy.toii

(m — i/g)
(n—&)Mo(m —¢€)

(G —-9m-m . _ T/
& —nm—-¢& 7 T(5/6)0(2/3)
2 2 mt2

{=1a— §<_y>3/27 n=x+ m(—y)

R(ganagbnl):k? 1/6 'F(B7ﬁ7170—)7
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On the cones generated by a generalized
fractional maximal function

Nurzhan BOKAYEV™® Amiran GOGATISHVILI?>®* Azhar ABEK!¢

L' L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan
2 Institute of Mathematics of the Czech Academy of Sciences, Prague, Czech Republic
E-mail: ®bokayev2011@yandex.ru, *gogatish@math.cas.cz, “azhar.abekova@gmail.com

DEFINITION 1. Let R € (0;00].Let @ : (0; R) — R,. We say that the function ® belongs
to the class A, (R) if:(1) ® decreases and is continuous on (0; R); (2) ®(r)r™ 1, r € (0, R).
The function ® belongs to the class B, (R) if the following conditions hold:(1) ® decreases

r

and is continuous on (0; R);(2) There exists a constant C' € R, such that [ ®(p)p" 'dp <
0
Co(r)rm.
The function ® belongs to the class E,(R) if [ @L < re(0;R).
0

(s/m)s = @(r)
LEMMA 1. E,(R) C B,(R) C A,(R).
DEFINITION 2.Let ® € 3, (00). The generalized fractional-maximal function Mg f is defined

for the function f as Mg f(x) = sup,- P(r) / f(y)dy,

B(z,r)

where B(xz,r) is a ball with the center at the point x and radius ¢.

We denote by Mg = Mg(R") the set of the functions u, for which there is a function
f € E(R") such that u(z) = (Mg f)(), [ullyg = inf{lfle: f e E(R"), Maf=u}.

Let Sy = {K(T)} for T € (0, 00| be a set of cones considering from measurable non-negative
functions on (0,7"), equipped with positive homogeneous functionals parry : K(T') — [0, 00)
with properties: (1) h€ K(T), a>0=ah e K(T), pxmr(ah)= apgmr)(h);

(2) pr(r)y(h) =0 = h =0 almost everywhere on (0,7T).

DEFINITION 3 [1]-[2]. Let K(T'), M(T') € Sr. The cone K(T') covers the cone M(T) (nota-
tion: M(T") < K(T)) if there exist Cy = Cy(T') € Ry, and Cy, = C1(T') € [0, 00) with C(c0) =0
such that for each hy € M(T) there is hy € K(T') satisfying px(r)(h2) < Coprrry(h1), hi(t) <
ho(t) + Cipyery(he), t € (0,T). The equivalence of the cones means mutual covering:

n

M(T)~ K(T)< M(T) < K(T) < M(T).
Let f* be the non-increasing rearrangement of function f.The function f** is defined as f**(t) =
t
%Loff*(T)dT; te R,

Let E is rearrangement-invariant space (briefly: RIS). We consider the following four cones
of decreasing rearrangements of generalized fractional maximal functions equipped with homo-
geneous functionals, respectively:

Ki=KMp={hecLt(R,):h(t)=u*(t), t e Ry, uc Mp},
prcy (h) = inf{[[ullyye - w € Mg; w*(t) = h(t), t € Ry}
Ky = KM2 = {h:h(t)=u™(t), t € Ry, u € M2},
pic(h) = inf{{lullpe - u € Mg; u™(t) = h(t), t € Ry}

Ky=K2= {h e L*(Ry): h(t)= sup T®(rYMu (1), t € Ry,

t<T<00

u e ER")},
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prcs(h) = inf{ Jull ey, u € B(R™) : h(t) = sup r®(r'/")u™ (), t € R, },

t<T<00

Ky = }:{2 = {h e L™(Ry) : h(t) = td(/™)u™(t) + sup 7®(r/")u*(7),

t<T<00

teRy, ue E(R™)},

pi,(h) = mf{||u||E(Rn),u € E(R™): h(t) = t@(tl/n)u**(t)—i-
sup 7OVt (1), t € Ry}
t<T<00

Theorem 1. Let ® € B, (00). Then K; ~ Ky ~ K.
Theorem 2. Let ® € E,(c0). Then Ky = Ky ~ K3 ~ Kj.
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Generalization of nonassociative algebras for one
and two generators

Nurlan ISMAILOV

Astana IT University, Nur-Sultan, Kazakhstan
Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
E-mail: nurlan.ismail@gmail.com

Let V be a variety of algebras over F defined by a set of multilinear polynomial identities
of degree no more than n. For k£ with 1 < k < n and the variety of algebras V, we define V. as
the class of algebras if each of their k-generated subalgebra belongs to V.

Then we have the following stabilizing chain of these varieties:

VDV D oDV, ==V,

This raises a question about determining sets of defining polynomial identities for the varieties
of algebras. This question was studied for classical varieties of algebras such as associative
and Lie algebras. We give generating identities of varieties of binary Leibniz, mono and binary
Zinbiel algebras.

Theorem 1.[1] The defining identities for the variety of binary Leibniz algebras Leiby over
a field of characteristic different two:

(aoa)ob=0,
bo(aoa)+ (a,b,a)=0,
(aob)o(aob)—ao(bo(aob))+bo(ao(aocbd))=0.

Theorem 2. [2] Let F be a field of characteristic zero. An algebra A over F is mono Zinbiel
if and only if it satisfies the following identities:

ao(aoa)=2(aoa)oa,
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(aca)o(aoa)=3((aoca)oa)oa.

Theorem 3. [2] Let F be a field of characteristic different from two. An algebra A over F
is binary Zinbiel if and only if it satisfies the following identities:

ao(boa)=(aob+boa)oa,
ao(aob)=2(aoca)ob.

Funding: The author was supported by the Ministry of Education and Science of the Republic of Kazakhstan (Grant
no. AP08052405).
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Stefan problems with enhanced nonlinearity and its applications
Stanislav KHARIN 2 Targyn NAURYZ 2
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2 Kazakh-British Technical University, Almaty, Kazakhstan
E-mail: “staskharin@yahoo.com, "targyn.nauryz@gmail.com

In Stefan problem with temperature-dependent thermal coefficients to determine heat pro-
cess between on melting isotherm is an important to give attention to temperature dependence
of specific heat and thermal conductivity [1]. Similarity principle is very useful method to solve
these kind of problems that enable us to reduce free boundary partial differential problem to
ordinary differential equation with fixed boundary. One phase non-classical Stefan problem
with time, temperature dependent and variable thermal coefficients are studied in [2]-[4].

A~
a®)—

D 0 Dl
0 I

Figure 1: Spherical model electrical contact process. Dg-the sphere of metallic vapours, Di-the sphere
of liquid metal.

We consider the mathematical model with instantaneous explosion of a microasperity. This
model can be applied for the total process of arcing from the arc ignition to its extinction.
According to this model a touching microasperity of a contact explodes instantaneous due to

Hucruryr maremaruky u MareMaru4eckoro mozeauposanus. Ajmarer, 2022



Annual International April Mathematical Conference — 2022 17

arc ignition with the power P applied to touching point » = 0, which can be desribed by the
o-function

2

e 4a2t

N

Two domains Dy and D; should be introduced for modeling of heat transfer. The region
Do(0 < 7 < «(t)) is the zone of metal vapors, Dy(a(t) < r < S(t)) is the liquid zone corre-
spondingly (see Figure 1).

Modeling of the temperature field in the vapor zone Dy is a complicate problem, thus we
suggest that the temperature 6; in this zone decreases from temperature which is required for
ionization of metallic vapors at the point of explosion r = 0 to the boiling temperature 6, on
the boundary of vapor and liquid zone r = «(t). Taking into account that the thickness of
the vapor zone is sufficiently small in comparison with the liquid zone, this zone Dy can be
considered as a heat resistance between arc and liquid zone, i.e. the temperature decreasing is
linear

Poé(?”,t) = PO

,
a(t)’

The free boundary r = «a(t) can be defined from the balance of the heat fluxes on this
boundary

90(7”, t) = (91 — (01 — 0{,)

Py 00y da
— =\ + Lyyp—-
Vi o |

The solution of this equation is «(t) = 2010/t where aq is the solution of the quadratic
equation

af —2Aay — B =0

where

P i —

. b p- 2,(0 91,)'
VT Ly Ly

The mathematical model describing the process of the interaction of the electrical arc with

electrodes and the dynamics of their melting is based on the spherical model. The temperature
for liquid zone can be modelled as:

0(0)7(9)% = %2% [)\(6)7”2%], a(t) <r < pt), t>0, (1)
0 P&

~ A(B(a(t). D)5 alt) 1) = = £ 0 (2)

0(p(t),t) =0, t>0, (3)

MO0, ) (B0, 1) = L (D), >0 (@)

B(0) =0, (5)

where ¢(f), ~(0) and (@) are the heat capacity, mass density and thermal conductivity of
the electrical contact material that depend of temperature 6(r,t) in liquid phase which has
to be determined, 6,, - melting temperature, Pyeei/a /(y/7t) represents heat flux entering in
electrical contact spot at free boundary r = «(t) and Py > 0 is the given constant. We suppose
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that the left free boundary a(t) is known and ((¢) denotes the location of the moving melting
interface which has to be determined, L is the latent heat of melting and ~ is the density of
the material.

If we use the following dimensionless transformation

T(r,t) = A= ©)
the problem (1)-(5) becomes
V()T =g {L(T)ﬁg—ﬂ, alt) <r < B(t), t>0, (7)
L(T(0(0) ) G (0(0,8) = —5 s 10, ©
T(5(t),t)=0, t>0, (9)
ET(30.0) 5 (60,0 = ~250, 5 (10)
5(0) =0, (1)

where ¢g, 7Y, Mo and a = Ag/(cpy0) are heat capacity, density, thermal conductivity and
thermal diffusivity of the material and
: ANOR(T+1)) & O (T +1))v(0(T + 1))

L(T) = o N = d p— .

To solve the problem (7)-(11) we use the following similarity substitution

T(?‘, t) = u(é)a 3

.
- 2at

From (9)-(12), it can be supposed that given and unknown free boundaries must be proportional
to vat and can be presented as follows:

a(t) = 2a9Vat, () = 2uVat. (13)

where q is given positive constant and p is an unknown constant to be found.
With help of (12), the problem (7)-(11) becomes

(12)

[L*(u)&2u) + 283 N*(u)u' =0, g < €& < p, (14)
L* (u(ap))u' (cg) = —p+, (15)
u(p) =0, (16)
u'(p) = —Kp, (17)
. 2Py/ae = 2a L~y
where p o/ GO and
pr(uy = 20n@ 1) vy - COnlut D) Onu+ 1) 18)

Ao 0o
We can deduce that (&, u(§)) is the solution of the problem (14)-(17) if and only if (&, u(§))
satisfy the integral equation

u(€) = p* (Flp, u(p)] — Fl§,u(€)]) (19)
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where
£
Fleu©) = [ omeias (20)
Els,u(s)] =exp | —2 t%dt (21)
together with condition (17) which becomes
*E[Mvu(uﬂ — 3 (22)

KA (0)

From (22) we can determine unknown constant u for free boundary /().
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On the convolution operator in Morrey spaces
E. D. NURSULTANOVY® D. SURAGAN??
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Let 0 < A < % and 0 < p < oo. Set of all measurable by Lebesque functions f € Lg’c(R”) is
called Morrey space if the following value is finite:

1flagy = | fllazy@ny = sup sup M| £l 2, (Boa)) < -
zeR™ r>0
Here B, (z) is the ball with center at point 2 and with radius r > 0.

In 1938 Morrey introduced the Morrey spaces. These spaces were studied as a consequence
of questions of regular solutions of nonlinear elliptic equations and systems. In the last two
decades, great interest has been shown in the study of the classical operators of function theory
acting in these spaces.

In this paper, we study estimates for the norm of the convolution operator

(TF)(x) = (K * f)(z) = / Kz — ) (y)dy.
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which is acted from one Morrey space to another Morrey space.
One of the most important convolution operators is the Riesz potential. Let f € L. The
Riesz potential I, is defined by

I,.f(x) :/ L)_dy, 0<a<n.
re [T =y
The classical Hardy-Littlewood-Sobolev inequality implies that I, is bounded from L, to
L, if and only if
1 1
l<p<g<oo and a=n|-—-]. (1)
p g
A generalization of this inequality was obtained by O’Neil.
Let 1<p,q,r<ooand1+%:%+%,then

1Tz, < el F L,

here L, ., is the Marcinkiewicz space.
The boundedness of operator I, in Morrey spaces was investigated by S. Spanne, J. Peetre
[3], and D. Adams [1,2].
Let L
n n
0<y<—, 0<A<—, a:)\—v—i-n(———) (2)
p q P 4q
If one of the conditions is met: 1 < p < qg< oo, A=~vorl <p<q<oo, g\ =pyor
l<p<oo, qg=np.
Then the operator I, is bounded from M) to Mé\.

In the present paper, we prove an analogue of the Young-O’Neil inequality for the classical
Morrey spaces. The following theorem is a consequence of the obtained results of this paper.
Theorem Let either

max(q,1) < p < oo, 0<)\<E, ngygﬁ (3)
q p
or \
1<p<q<oo, O<)\<E, 0§7<—q. (4)
q p
If
1 1
O<a:)\—7+n(———><n, (5)
p q

then the Riesz operator I, is bounded from M to M(;\.
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Elementary theories, their arities and distributions
of countable models

Sergey SUDOPLATOV

Sobolev Institute of Mathematics, Novosibirsk State Technical University, Novosibirsk State
University, Novosibirsk, Russia
E-mail: sudoplat@math.nsc.ru

We present a survey of results considering natural and valuable structural characteristics of
elementary theories and their models including values for arities and almost arities of theories
[1, 2] and their formulae as well as distributions of countable models of theories in general [3],
and for spherically ordered theories [1, 2, 4] which are based on a series of results for linearly
and circularly ordered theories [5-10].

Similarly to a series of algebraic realizations of arbitrary arities [11] a series of geometric
ones based on spherical orders is suggested [1, 4].

We propose an approach classifying spherical generalizations of o-minimal and weakly o-
minimal theories and structures.

Definition. Let S C M, where M = (M, K,,...) is a n-spherically ordered structure,
i.e., a structure with a n-spherical order K,, n > 3. The set S is said to be an open n-
segment surface if S ={b e M | M = K,(ay,b,as,...,a,) N )\ —a; =~ b} for some pairwise

i#2
distinct aqy,as,...,a, € M; it has endpoints ay,as,...,a,. For an open n-segment surface
S of a n-spherically ordered set, sometimes we will write S = (ay,as,...,a,) if we wish to

indicate the endpoint frame of S. Similarly, we may define closed, partially open, etc., n-
segment surfaces in M including all/some coordinates a;. By a n-segment surface in M we
shall mean, ambiguously, any of the above types of n-segment surfaces in M. It is obvious that
both a n-segment surface and a point are convex sets, i.e., sets A C M satisfying the following
condition: if a1, as,...,a, € A then for any b € M with = K, (a1, b,as,...,a,) we have b € A
or for any b € M with = =K, (a1,b,as,...,a,) we have b € A.

The structure M is said to be n-spherically minimal if any definable (with parameters)
subset of M is a positive Boolean combination of segment surfaces and points in M. The
structure M is said to be weakly n-spherically minimal if any definable (with parameters)
subset of M is a finite union of convex sets.

A complete theory T is said to be (weakly) n-spherically minimal if all its models are (weakly)
n-spherically minimal.

Theorem. Let T be a countable constant expansion of a n-spherically minimal w-categorical
theory, n > 3. Then either T has 2* countable models or T has exactly [] (28+2)" countable

ken\{1}
models, where 1y, are natural numbers. Moreover, for any rg,...,r,_1 € w there is an aforesaid
theory T with exactly [] (2% +2)™ countable models.
ken\{1}

Funding: This research has been funded by Science Committee of Ministry of Education and Science of the Republic
of Kazakhstan (Grant No. AP08855544), by Russian Scientific Foundation (Project No. 22-21-00044), and by State
Contract of the Sobolev Institute of Mathematics, Project No. FWNF-2022-0012.

Keywords: elementary theory, arity, distribution of countable models.
2010 Mathematics Subject Classification: 03C15, 03C07, 03C64, 03C50.

References

[1] Sudoplatov S.V. Arities and aritizabilities of first-order theories, arXiv:2112.09593v1 [math.LO] , (2021).

[2] Sudoplatov S.V. Almost n-ary and almost n-aritizable theories, arXivw:2112.10330v1 [math.LO] , (2021).

[3] Sudoplatov S.V. Classification of Countable Models of Complete Theories. Novosibirsk : NSTU, 2018.

[4] Kulpeshov B.Sh., Sudoplatov S.V. Spherical orders, properties and countable spectra of their theories. Preprint.
Almaty, Novosibirsk, 2022.

[5] Kulpeshov B.Sh., Macpherson H.D. Minimality conditions on circularly ordered structures, Mathematical Logic
Quarterly, 51:4 (2005), 377-399.

Institute of Mathemitics and Mathematical Modeling. Almaty, 2022



22 TpanunuoHHas aOpeabCKas MaTeMaTHIecKass KoHpeperrns — 2022

[6] Baizhanov B.S., Kulpeshov B.Sh. On behaviour of 2-formulas in weakly o-minimal theories, Mathematical Logic
in Asia, Proceedings of the 9th Asian Logic Conference. Eds.: S. Goncharov, R. Downey, H. Ono. Singapore : World
Scientific, 2006. P. 31-40.

[7] Kulpeshov B.Sh. Criterion for binarity of No-categorical weakly o-minimal theories, Annals of Pure and Applied
Logic, 45 (2007), 354-367.

[8] Altaeva A.B., Kulpeshov B.Sh. On almost binary weakly circularly minimal structures, Bulletin of Karaganda
University, Mathematics, 78:2 (2015), 74-82.

[9] Baizhanov B., Baldwin J.T., Zambarnaya T. Finding 2% countable models for ordered theories, Siberian Elec-
tronic Mathematical Reports, 15 (2018), 719-727.

[10] Kulpeshov, B.Sh., Sudoplatov, S.V. Distributions of countable models of quite o-minimal Ehrenfeucht theories,
Eurasian Mathematical Journal, 11:3 (2020), 66-78.

[11] Semenov A.L. Finiteness Conditions for Algebras of Relations, Proc. Steklov Inst. Math., 242 (2003), 92-96.

Sharp Poincaré inequality for sub-Laplacians
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This talk is based on our joint work with Tohru Ozawa [1].
A (connected and simply connected) Lie group G is graded if its Lie algebra g is graded,
that is,

1=Da
i=1
where g1, g2, ..., are subspaces of g, only finitely many not {0}, and

[9:,9;] C girj Vi,j €N,

If g, generates g through Lie commutators, the group is said a Carnot group.

Example 1 (Abelian case). The abelian group (R", +) is a Carnot group: its Lie algebra
R™ is trivially graded, i.e. g; = R™.

Example 2 (Heisenberg group). The Heisenberg group H, is a Carnot group: its Lie
algebra b, can be decomposed as b, = g1 © ga where g; = &7_|RX; ®RY) and g, = RT', where

Xj:awj—%at, n:ayj+%at, j=1,....n, T=24,

Let G be a Carnot group, i.e. there is g; C g (the first stratum), with its basis X7,..., Xy,
generating g through their commutators. Then the sub-Laplacian

£::X12+...+X]2Vl

is hypoelliptic, and Vg = (X7, ..., Xy, ) is called a horizontal gradient.

In every equivalence class of isomorphic Carnot groups there is at least one group which is
the so-called homogeneous Carnot group:

(i) For natural numbers N; +...+ N, = n the decomposition R” = R™ x ... x RV holds, and
for each A > 0 the dilation 6y : R* — R” given by 6(z) = 6x(z™M, ..., 2™) := (Ax®, .. Amz()
is an automorphism of the group G. Here z¥) € RN for k=1, ..., .

(ii) Let Ny be as in (i) and let Xi, ..., Xn, be the left invariant vector fields on G such that
Xi(0) = %\0 for k=1, ..., N;. Then the Hérmander condition

rank(Lie{ X1, ..., X5 }) =n
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holds for every x € R”, i.e. the iterated commutators of Xy, ..., Xy, span the Lie algebra of G.

That is, we say that the triplet G = (R", 0,4,) is a homogeneous Carnot group. The above
number 7 is called the step of G and the left invariant vector fields Xj, ..., X, are called the
(Jacobian) generators of G. They are represented by the formula

) )
() -
O 3 DY (NP g
L 1=2 m=1 O
where a,(gl,)m is a J\-homogeneous polynomial of degree [ — 1. The number Q = >, _, kNj is

called the homogeneous dimension of G. We also recall the standard Lebesgue measure dx on
R"™ is the Haar measure for G. It makes the class of homogeneous Carnot groups convinient for
the analysis. For further discussions in this direction we refer a recent open access book [2].
Let 2 C G be an open set and we denote its boundary by 9. The notation u € C*(Q)
means Vyu € C(Q).
Theorem 1. Let 2 C G be a set supporting the divergence formula on G. Then we have

2
0 S/Q Vb | g :/Q (|vHu|2+ %W) dzx (2)

¢
for all uw € C§(2) and any ¢ € C?*(Q). The equality case holds if and only if u is proportional
to ¢.
Note that to the best of our knowledge all available literature studies the following three
issues separately:

VH’LL—

u

e Proof of the inequality with some constant.
e Characterization of the best constant and its existence.

e Characterization of nontrivial extremizers and their existence.

Theorem 1 gives an answer to those three questions at once.

Keywords: Poincaré inequality, sharp constant, nontrivial extremizer, stratified group, sub-Laplacian.
2010 Mathematics Subject Classification: 39B62, 39B99, 22E30.
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Optimal decay estimates for diffusion and sub-diffusion equations
Berikbol TOREBEK

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

We prove sharp estimates for the decay in time of solutions to the diffusion and subdiffu-
sion equations with time dependent coefficients on a bounded domain subject to the Dirichlet
boundary condition. Our proofs rely on Fourier methods and energy estimates. The results can
be generalized to p-Laplace diffusion equation, porous medium equation and mean curvature
diffusion equation.
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Boundedness of the Calderén operator
in symmetric spaces

K.S. TULENOV

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

In this talk, we deal with ®-estimate of the Calderén operator and the Hilbert operator for
bounded and summable functions. Similar problems were studied in [1] by martingale methods.
We present its new and considerably shorter, and simpler proof. This is the second part of the
recently accepted (to Studia Math.) joint paper with australian mathematicians where authors
obtain a weak type (1,1) estimate for a higher dimensional version of the Hilbert operator
answering a recent problem by A. Osekowski [1].
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On ordered groups in o-stable theories
Viktor VERBOVSKIY

Satbayev University, Almaty, Kazakhstan
E-mail: viktor.verbovskiy@gmail.com,

Here we investigates properties of ordered groups whose elementary theory belongs to the
various but connected classes of NIP theories, such as dp-minimal and o-stable. Both classes
are generalization of the notion of o-minimality, introduced by A. Pillay and C. Steinhorn.

Definition 1. [1] (1) An ordered structure M is o-stable in A if for any A C M with
|A| < X and for any cut (C, D) in M there are at most A 1-types over A which are consistent
with the cut (C, D).

(2) A theory T is o-stable in X if every model of T is o-stable. Sometimes we write 7" is
o-A-stable. A theory T is o-stable if there exists an infinite cardinal A in which T is o-stable.

We recall the basic definitions of inp-patterns and dp-rank.

Definition 2. (1) An inp-pattern of depth x is a family {y;(Z;@;;) @ i < k,j < w} of
formulas over parameters @; ; and a collection {k; : i < x} of positive integers k; such that:

(a) for each i < &, the collection of formulas {¢;(Z;@;;) : j < w} is k;-inconsistent (that is,
the conjunction of any k; of them is inconsistent); and
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(b) for each function 7 : K — w, the partial type {@;(T; ;) : @ < K} is consistent.

(2) An ict-pattern of depth k is a family {¢;(Z;a;;) : i < k,j < w} of formulas over
parameters @, ; such that for every n : kK — w, the partial type

(G171 (Fa,,) ¢ i < k)

is consistent, where the exponent “if j = n(i)” signifies that we take a positive instance of
o(T;a; ;) if 7 = n(i), and its negation otherwise.

(3) Let Kinp be the supremum of the depths of all inp-patterns in 7" in which the tuple 7 in
the definition above consists of a single variable x (or “oc0” if the depths are not bounded), and
similarly let k;; be the supremum of the depths of all ict-patterns in 7" in a single variable.

(4) T is dp-minimal if K, = 1, and T is inp-minimal if K,y = 1.

Note that each dp-minimal ordered group is o-stable [3].

We say that GG contains boundedly many definable convex subgroups if there is a cardinal A
such that in any group which is elementarily equivalent to G the number of convex definable
subgroups does not exceed A\. Otherwise we say that G has unboundedly many definable convex
subgroups.

Theorem 1. Let G be an inp-minimal densely ordered abelian group with boundedly many
definable convex subgroups. Then for any definable unary function f : G — G, there is a finite
definable partition of G into sets Yy, ...,Y,_1 such that for each i < n, the restriction f | 'Y; of
f to'Y; is continuous and either locally increasing, locally decreasing, or locally constant.

Theorem 2. Let G be an ordered abelian group whose theory is dp-minimal and which
has boundedly many definable convex subgroups. Then any definable B C G is eventually
equal to a finite union of cosets of nG for some n € w.

Funding: The author was supported by the grant no. AP09259295 of the Ministry of Education and Science of Republic
of Kazakhstan.
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CeKIInmoHHbIE JOKJIAJIbI
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1 Auarebpa, maremMaTudecKad JOTUKA U TeOMeTpUs

[Ipencenarenn: wnen-koppecnongent HAH PK Baiixxanos B.C.
akanemuk HAH PK /Ixxymagunasmaes A.C.

Cexkperapsb: Yumberbaes O.A.

Institute of Mathemitics and Mathematical Modeling. Almaty, 2022



28 TpanunuoHHas aOpeabCKas MaTeMaTHIecKass KoHpeperrns — 2022

AJITEBPBI BUHAPHBIX M30JIMPYIOIIIUX ®OPMYVYJI JIJId TEOPUM
CNJIbHBIX HPOI/IBBE,Z[EHI/Ifl I'PA®OB

Jyurpuit EMEJIBAHOB

Hosocubupckuii rocymapcrBennbiii rexamdeckuit yaunpepcrnret, Hopocubupck, Poccus
E-mail: dima-pavlyk@mail.ru

[pogonzkaercst u3ydenue aaredbp 6mHapHBIX H30aupyonux dhopmyn [1,2,4] nas npousseie-
Huii rpados.

Ounpenenenne 1. Cuavroe npouseedenue rpadbos G u H — 310 rpad, takoit, uro [3|: muo-
skectBo Beprnn G X H sBistercst npsimbiM ipoussegenneM V (G) x V(H) pazindubie BePIITHDL
(u,u') u (v,v") cBs3anbl pebpom B G X H Torga u TOJIbKO TOr/a, KOTIa u = v U U ¢MeXKHa ¢ v’
, i v’ = v’ ¥ u cMexKHa ¢ v, WM U CMexKHa ¢ v U u' cMekHa ¢ v .

[Ipu Hy = Hy = ... = H;, = H cunbHoe npoussegenne H X H X ... X H nassiBaerca k-1
cuavnoti cmenenvio rpada H n obosnauaercs uepes H”.

Omnucanbl anreGpbl GUHAPHBIX H30JUPYIOMHX hopMyst [2] mig Teopuil cuIbHOTO MpouU3Be-
jgenuit. PaccMoTpeHbl NpaBujia YMHOXKEHHA JjI HPABHILHBIX (DUIYP OT OTpe3Ka JI0 IIeCTH-
yrosbHEKa. JI18 HUX mosTydeHsl TabanIbl crabHoro ymaoxkenud suaa G X H* rne G — rpad
IPaBHILHOIO MHOTOYTOMBHNKA, H* — k-a cuibHag cTemens rpada orpeska. cemenys cuibHble
IPOU3BEICHHUS AITeOPDI A1 OTPe3Ka U MPABUILHBIX MHOTOYTOJHHUKOB, OOHAPY KU HAJTHIHE
CUMILJIEKCOB B rpadax Haumniad ¢ ymHoxkenuit suga H X H.

Teopema 1. FEcim B pe3yibrare CHJIbHOINO YMHOMKEHHH aJjreOp OMHAPHBIX HU30/IUDYIOHIIX
JIIST N-YTOJBHAKOB IOJIyYaeTCsT XOTsI ObI OJMH CHMILIEKC, TO ajrebpa s pe3yabrata Oyjer
n3oMoppHa aarebpe CHMILIEKCOB.
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TEOPUA J-IPEKPACHBIX ITAP B JIOIIYCTUMOM OBOTAIIIEHUN
EINKEEB A.P.“, KACBIMETOBA M.T.’, 2KYMABEKOBA I'E.

Kaparapnuockuil yaupepcurer uMeHd akageMuka E.A. Bykeropa, Kaparamga, Kazaxcran
E-mail: “modth1705@mail.ru,’mairushaasd@mail.ru, “galkatai@mail.ru

Jlajaum HEeKOTOpbIe Olpejie/IeHus JIjId HAIero OCHOBHOI'O Pe3yJIbTaTa.

Omnpepenenne 1.[1] Oboramenue T HOHCOHOBCKON Teopun T HA3BIBAETCsI JIOMYCTUMBIM,
ecan J060it V-Tuir (310 03HaYaeT, yTo V MOJAMHOXKECTBO s3bika L, u jwobas dopmyria u3
9TOTO TUTA TPUHAJIEKUT V) B 9TOM OOOTAIEHUE OTPEIEJUM B PAMKAX Tp-CTabUIbHOCTH.

Omnpenenenne 2.|1| Monconosckas Teopus Ha3bIBACTCA HAC/IEACTBEHHOMN, €C/u IpH J1060M
ee JIOMyCTUMOM OOOralieHnu Jiio0oe paciiupeHrne ee B 3TOM oborarieHun Oy/eT HOHCOHOBCKOM
Teopuei.

Paccmorpum HekoTOpOe oboralieHne CUTHATYPhl 0 U PACCMOTPUM MEHTPAJIbHBIH TUI ITOTO
oborareHus.

[lycts C' aisietcsa cemanTudeckoit mogennio teopun 1. A C C. Ilycrs or = o U T, e
I' = {P}U{c}. lycts T = Thys (C, ¢a)yec U Thya(Br) U{P ()} U{"P C "}, tne {"P C "}
ecTh OECKOHEYHOE MHOYKECTBO MPEJIOXKEHUH, BBIPAXKAIONIUX TOT (aKT, UTO HHTEPIIPETAIIHS
CUMBOJIa P ecTh 3K3UCTEeHIIHAIbHO-3aMKHYTasl MTOAMOIEIb B SI3bIKE CUTHATYPHI or. 1.e. HHTep-
nperanueil cumBoJia P siBasiercst pemenue cieayiomero ypasaenuss P(C) = M € Er B a3bike
or. B cuny nacnencrsennocru reopun 1, Teopust T siiisieTcst HOHCOHOBCKOI Teopueit. Paccmor-
puM BCe IIOIIOJHEHUA TEeOpUNn T B 4A3bIK€ CUTHATYPBI Or. TaK KaK T ABJIAETCA MOHCOHOBCKOIM
TeOpI/IeI/I OHa UMeeT CBOM IEeHTPp 1 MBI 0603HaqHM ero yepes T 1 9TOT HEHTP ABJIAETCA OJHUM
U3 BBIIIEYKA3aHHBIX Homo/HeHni Teopun 1. Ilpu obennenun cursarypsl op 10 o U P, B cuiy
3aKOHOB JIOTHKH HEPBOIO MOPHA/IKA TaK KaK KOHCTAHTA C YK€ He IPHHA/IZKAT 9TOi CHrHATYDE,
9Ty KOHCTAHTY MBI MOZKEM 3AMEHHTD HA CHMBOJI IIePEMEHHOM, Hanpumep x. 1 toraa teopust 1
CTAHOBHUTCS MOJHBIM 1-THIIOM OT IepeMeHHO# x. DTOT THUII MBI B HA30BeM HEeHTPAIbHBIM THIIOM
teopuu 1 B ganuom oboramenun. Jlannoe oboramenne 0603Ha4NM depes ©.

CDyH,ZLaMeHTaJ’[beIIU/I MMOPAJOK ABJIdeTCd CpeJCTBOM CpaBHCHHA THIIOB HaJd MOJACJIAMU I10JI-
HOM TEODHH: OH M3MepsieT CTeNeHb CJIOKHOCTH THIIA B CMBICJE peaqu3anun [2]. D1or mopsgok
ocobenno 3pdekTuBen B caydae cTabmibHOM Teopuu. Tak kKak meHtp 1™ HOHCOHOBCKON Teo-
pUU ABJISETCH TOJHON Teopueil, n (pyHpaMeHTAIBHBIN MOPSII0K CMOXKEM PACCMOTPEThH [T TeH-
TpaJIbHBIX TUIOB. Eciu ifoHcoHOBCKas Teopus Oyler coBeplleHHoit Teopwueit, Torma 1™ Oyuer
WOHCOHOBCKOU TeOpHeit.

[lycte T - itonconobckas Teopud, S”(X) MHOXKECTBO BCeX 3K3HCTEHIMAIBHBIX N-IOJHBIX
TUIOB HaJ X, COBMECTHBIX ¢ T, /I KaXKJI0TO KOHEYHOTO 7.

Omnpegenenne 3. |3|Mbr roBopum, uro fionconoBckast Teopust 1’ J-A-crabusibHa, ecu JiJis
0001 T’ - 3K3UCTEHNHATHLHO 3aMKHYTON Mogesn A, jyist 1100010 noaMHOZKeCTBa X MHOKECTBA

X <A = [$70] < A

Onpepenenne 4. [lycts T — J-nosinas iionconosckas Teopus, My, My — SK3UCTEHITNAIHHO-
3aMKHYyTBIe Mojenu Teopun T. My =3, My. Torma napa (M, M) HasbiBaercs: J-pekpacHoii
Hapo, €CJIM OHA YJIOBJIETBOPAET CJIEIYIONINM YCJIOBHSIM:

1. M, apnserca |T'|"-3i- HACBIIEHHOI;

2.J111 KazKa0ro KopTexka b, m3BaedeHHoro us My, Kaskapiii 3-tun nag M; U {b} pearusyerca
B Mg.

T’ nazosem Teopueil J-IPeKPaCHBIX Iap. J;-HACHIIEHHOCTH O3HAYAET HACHIMICHHOCTH OTHO-
CUTE/IbHO IK3UCTEHIIMOHAIbHBIX 1-Tunos. PaccmorpuMm vactubiil ciay4ail J-upekpacHoii mapbl,
KOTOprfI ABJIAEeTCAd OCHOBHBIM PE3yJIbTaTOM.

Teopema 1. Ilycts T J-monnas u J-A- crabunbHas floHCOHOBCKas Teopusi, C' — ceMaH-
taeckas Mozes Teopun 1. (C, M) u (C, Ms) - ape J - IpeKpacHble Iapbl, @ I b KOPTexKH,
B3dThIe U3 Kaxkaoi uz uux, My, My € Ep. Torna (C, My) =v3 (C, My), ecin ux neHTpaJbHbIe
TUIIB 9KBUBAIEHTHB B (DYHIAMEHTATIBHOM HOPIAIKe 1 .
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AJITEBPAYECKU IIPOCTHIE I ATOMHBIE MHO>KECTBA
EIIKEEB A.P.¢, VJIbBPUXT O.1.!, MCAEBA AK.©

Kaparamguackuit yauusepcurer nmernn akajgemuka E.A. Bykerosa, Kaparanma, Kazaxcran
E-mail: “aibat.kz@gmail.com, Yulbrikht@mail.ru, ‘isa_ aiga@mail.ru

OCHOBHO# pe3yJIbTaT JAHHOIO Te3UCa CBA3aH C IPOOJIEeMaTHKON, ompeaeaéHHoii B pabdbore
JIx. Boanyuna u JI. Kukkepa 06 anrebpandecku mpocrbix Mogessx [1]. A umenuo, Obuta mo-
JIYI€Ha 2KBHUBaJIEHTHOCTDH aTOMHON 1 HpOCTOfI MOAeJ I, MOJYYEeHHBIX C IMOMOIIIBIO HEKOTOPOIO
oreparopa 3aMbIKaHUA, 3aJaHHOTO Ha OIPeAeJIMMbIX ITOAMHOZKECTBaX CeMaHTHUYeCKOMI MOAeJIn
HEKOTOPOil (PUKCUPOBAHHON HOHCOHOBCKON TEOPHUH.

Onpenenenne 1. [2] [lonconosckas Teopus T Ha3BIBACTCA COBEPIICHHOM, ecIn KarKaad
ceMaHTHYecKast MOJEIb TeopruH 1’ sIBIASeTCs HACHIEHHOH MoIeabio Teopun 1.

[Iycts T' — coBepienHast HIOHCOHOBCKAast Teopus moaHas i 11, npemioxkennit, C' — ceman-
TUYecKas MojAeab Teopun 1.

Omnpenenenune 2. [3] Mojesib Ha3bIBAETCST ATOMHOM, €CJIH KAXKIBIH KOPTEXK €6 HJIeMeHTOB
pean3yer HEKOTOPYIO MOJHYIO (DOPMYJIY.

Omnpenenenne 3. [4] Mogenb 2 Teopun T HazbiBaeTcst Xopomeii moutu-ciabo (X1, Xo)-
cl aTtomuoit Mozenbio T, ecinm KaKjas w-II0CAEJI0BAaTEIBLHOCTh 3JIeMeHTOB 2 peajgu3yer >ii-
CJIABHBIA Ylg-W-THII.

Omnpenenenune 4. [5] Mogesnb 2 reopun T HasbiBaeTcst aarebGpandeckKu MPOCTOH, i OHA
n30MOP(MHO BKIAIBIBACTCS B JIOOYIO MOJEIL 9TOW TEOPUH.

Ounpenenenune 5. [4] MuoxkecrBo A Hazosem (I'y, I'y)-cl-anrebpandecku mpocTIM B TEOPHH
T, eciu cl(A) = M, M ssagerca (I'y,'s)-cl-aromuoii mogennio reopun T, M € Ep N APr,
rie APr () Er # 0, npu atom nosnyuennas mozgenb M naswisaercs (I'y, ['y)-cl-anreGpanaeckn
IPOCTOR MOIeabIo Teopun 1.

[Iycth X C C — it0OHCOHOBCKOE MHOYKECTBO, 33 IaHHOE HEKOTOPOIi SK3UCTEHITUATHLHON CHIBHO-
MuHEMaJIBHON dbopmyioit p(z) u cl(X) = M € Er.

B cuiy Toro, uTo paccMaTpuBaeMast TEOPHs COBEPIIEHHA, CJAEIYET, 9TO €€ MEeHTD ABJISIeTCH
MO/TeJIBHO TO/THOM Teopueii. [losTomy ¥1-motHOTA paceMaTpuBaeMoit Teopun Oy1eT SKBUBAJIEHT-
Ha Il -mosrHOTE 9TOH Teopuw.

Teopema 1. Ilycts T' coBeprnieHHasT HOHCOHOBCKas Teopws moJHas s 11, -npestoxxenmnii,
rorga T umeer xopouiyio modru-ciaabo (31, 31)-cl-aroMHy 10 MOJIEIb.

Teopema 2. [lycrp 1" coBeprienHast HOHCOHOBCKast Teopust roJiHast s 11y -npensiorxernnii.
Torma ciaenyrolne yCJIOBHsT SKBHBAJIEHTHBI:

1) A — (X4, Xy)-cl-anrebpandecku mpocras Moae b reopun 1.

2) 20 xopomtast mouTu-caabo (X1, 3 )-cl-aromuas mogens 1.

[Ipu mokazarenbcTBe TEOPEMBI 2 UCTIOB3yeTcs pesyabTar [lamoruna E.A. o cymmecrBoBannn
IPOCTOI MOJETH HaJ Ga3UCHBIM MHOXKECTBOM u3 [6].
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OB OBBIYHBLIX 1 OTPAHUYEHHBIX KOTOMOJIOTUAX KJIACCUYECKUX
MOJVJIAPHBIX AJITEBP JIu

NBPAEB TIT.I11.

Kpmprnopanackuit yuusepcnrer nmenn Kopkerr Ara, KersoLmopia, Kasaxcran
E-mail: ibrayevsh@mail.ru,

B pabore nzydaioTcs CBA3U MEXKTYy OOBIYHBIMU U OIPAHUYCHHBIMH KOTOMOJIOTHSAMHU aarebp
JI¥ IOy IpOCTHIX OTHOCBSA3HBIX aJIredpanvdecKuX rpyIi HaJT aaredpandeckKu 3aMKHYTBIM TOJIeM
HOJIOKUTETBHON XapaKTEePUCTUKHU ¢ KOIPDUIMEHTAMH B TPOCTHIX MOJYJIAX, a TaK¥Ke UX CBA3U
COOTBETCTBYIONIAMH KOTOMOJIOTHSIMH aJreOpamvdecKuX TPYII. YCTAHOBJIEHBI TPUMEPH HETPU-
BUAJTBHBIX U30MOPGMU3IMOB MeKy ITHMHU KOTOMOJIOTHSMHU. MBI paccMaTpuBaeM MPOCTBIX MO-
JyJsieii, cBsI3aHHube ¢ MoayaaMu Beitng ¢ dunbrpanueit dunena royounst 1 u royounst 2. O60-
3HAUUM crapime Beca mojyseir Beitas riybunst 1 gepe3 Aj, Ao, -+, A, a ruyOunsl 2 gepes
[, fho,+++ 5 fhs—1. VIX onmcaHue ¢ MOMOIIHIO JIOMUHAHTHBLIX 3/1eMeHTOB addunnoil rpynns Beii-
JIS M 97IEMEHTOB HUzKHero adQUHHOTO aJbKoBa IpHBeIeHb B pabote [1].

Teopema 1. Ilycrs G — nmosynpocrasi OJHOCBSI3HAS ajreOpamdecKas rpyInna Hajl ajareo-
pamdecku 3aMKHYTHIM mojieM k xapaktepuctuku p > h, rmge h — ancao Kokcrepa, Gy — sapo
@pobermnyca mist G u g — aarebpa Jln rpymmer G. 3anuniem \; B Buge: \; = w; - 0 + py;, e
w; — ssteMeHT rpyiibl Beitis W, v; — 1oMAHAHTHBIH 3JIeMEHT HEKOTOPOTro appuHHOTO aIbKOBA.
Ob6ozraqanm depe3 l(w) mruny saementa w € W ornocurensuo obpasyiomux W. Torga mwve-
er MecTo HerpuBHaJbHBI n3oMopdmsm H™(g, L(N\;)) = H"(G1, L(\;)) TOJIBKO B CI€TyIONIHX
CAVIAsIX:

(a)n=1miec{l,2,--- t\};

(b) g — anrebpa JIn tuna B, n =i wni =1ty + 1;

(¢) g — amrebpa JIn tuna By, n = l(w;) mi € {ty+2,tx+ 2, ,s};

(d) g — anrebpa JIn tana Cy, n =1 u i = s.

S, eCﬂHg:Alle7E67E77E87F4aG2a
Brecbty =< s—1+1, ecinmg= B,
s—1, ecmn g = (.

Teopema 2. Ilycrs G — nmosynpocrasi OJHOCBSI3HAST ajredpamdecKas rpyInna Hajl ajareo-
pamdecku 3aMKHYTHIM mojieM k xapaktepuctuku p > h, e h — anciao Kokcrepa, Gy — ssapo
®pobennyca gia G u g — anrebpa JIu rpymnst G. 3ammmew ji; B Baje: (1 = u; - 0 + pd;, rae
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w; — sjeMeHT rpymnbl Beitis W, 0; — noMuHaHTHEIH 9/1eMeHT HEKOTOPOro ah(HHHOro aIbKo-
Ba. Torya nmeer MecTo HeTpHBHAIBHEIH n3oMopgusm H™(g, L(;)) = H™(G1, L(p;)) Toabko B
CJACAYIOMINX CILy9asiX:
(a)g=A (1=22),n=j+1unj=1
(b)g=B,(1>2),C,(1>3),D,(l>4),n=j+2mnj=1;
(c)g=A(1>2),n=7—-1uje{23,---,s—1}
(d)g:Bl (l > 2)7Cl (l 23),Dl (l 24)7 n=juje {2737 78—1};

Teopembl 1 1 2 ONHUCHIBAIOT BCe HETPUBHUAIbHBIE H30MOPMU3IMBI MEXKTY OOBITHBIMHU M OTpPa-
HUYEHHBIMHA KOI'OMOJIOTUSIMH KJIACCHYIECKUX MOYJISPHBIX aaredp JIu ¢ koadduimenramu B npo-
CTBIX MOJYJISX CO CTAPIIUMU BECAME A1, Ao, - -+, Ag; fl1, 2, 5 fs—1-

Teopema 3. Ilycts G — mojynpocrass OJHOCBsI3HAsI ajredpaumdeckas rpylia Haj ajreo-
pamvIecKH 3aMKHYTBIM MoJeM k XapakKTepucTHKH p > h, rae h — ancio Kokcrepa, G — saapo
@pobennyca qis G. Banumem \; B Bujge: \; = w; - 0 + py;, rae w; — saemMeHT rpyinbl Beiist
W, v; — goMuHaHTHBIH 3J1eMEeHT HEeKOTOporo aghgunnoro ajabkosa. Toriga mmeer mMecTo HeTpH-
suababii nzomopduzm H™(Gy, L(\;)) = H™(G, L(\;)) Torbko gmsn =1 wmi € {1,2,--- {5}

S, eCﬂHg:AZ7DZ7EG7E7aE87F47G27
Baecb ty =< s—1+1, ecim g= By,
s—1, ecmn g = C.

Teopema 4. Ilycres G — moJyapocrass OJHOCBSI3HAsS ajredpamdecKas TDYIIIa HaJ aJjreo-
pamIecKH 3aMKHYTBIM HoJieM k XapakKTepucTHKH p > h, rae h — uncio Kokcrepa, G — sapo
®pobennyca gaa G. BammireMm p; B Brge: [1j = u; - 0+ pdj, rge u; — saement rpynnsl Beitns
W, d; — momMuHAHTHBIH 3/eMeHT HekoToporo agguunoro anpkopa. Torna nmeeT MecTo HeTpH-
suasbabli nzomopuszm H"(Gy, L(p;)) = H™(G, L(14)) TOJBKO B CJCAYIOMHX CIIydasX:

(a)g=A(1=22),n=j+1nj=1

(b)g=B(1>22),C (1>23),Di(l>4)n=j+2nj=1;

(c)g=Al>2),n=j—1nje{2,3, -, s—1};

(d)g:Bl(lZZ),n:jHje {2,3, ,t)\};

(e)g=C(1>3),D,(l>4)n=j5mje{2,3, - ,t,};

) s—=1, ecmmg= D,
3rech ty — 9T0 H B Teopeme 1 uty = s—2 ecimg=C)

Teopembl 3 1 4 OIUCHIBAIOT BCe HETPUBHAIbHBIE H30MOPMU3MBI MEZKTY OOBIYHBIMH KOTOMO-
JIOTHSIMHU KJIACCHIECKUX MOJYJIAPHBIX aareop JIu u cooTBeTCTBYIOIMMMHA KOTOMOJIOTHSAMU aareb-
pamdecKuxX Irpymir ¢ KoxpdpuimeHTaMu B TPOCTHIX MOIYJIAX CO CTAPIIMMUA BeCaMU

)\17 )\27 e 7/\8; My f2y sy hs—1-
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OJHO CBOVMICTBO ABTOMOP®U3MA HATATHI
Pammg Kousipbaesnu KEPUMBAEB

Kazaxckuit manquonaapuprii yausepcurer uMenn aja-DPapabdbu
E-mail: ker im@mail.ru ,

Asromopdusm Hararsl § 3a1aercs CeayomuMu MEOTOYICHAMM:
2
b(z)=a—2(xz+y")y— (22 4+y°) 2

0(y) =y + (v2 + ")z
d(z) =z

K- none, A = Aut (K [z,y, z])-rpynna aBToMopdU3MOB KOJblla MHOTOWIeHOB K [1,, 2],
KA - ee rpynmasas aarebpa. Ecau ¢, € KA, to nomoxuMm (¢ + 1) (1) = ¢(t) + ¥(t), tae
t € {x,y,z}. NuBapuantsl Maupuisl kobu asromopdusma Harara sBIsgioTcs cienyoriue
MHOTOYJICHBI:

L =L (xy,2)=3-2 (ZL‘Z + y2) 2% — coten MaTpHUIB SIKOGH

L=0L(x,y,2)=3—-2 (xz + y2) 2% — CJIe/ COIO3HON MTPHILHL,
I3 =I5 (z,y,2) = 1 — axobua.

Torpa cupaBeaIuBa CJaeayIoIas JeMMa.

JlemmMma. 5([1) :Il, (5(]2) :IQ7 (5(]3) :I3.

Teopema [amumiibToHa-K3/11 BBHIIOJIHSETCS AJIs MaTpHIbl fIKoOH, HO it aBTOMOPQU3IMA,
Harartel me Boimonsercs. eficrBurennno, ¢ = 0% — 162 + [0 — I3e # 0, a nmenno ¢ (2) =
0, o(y) =0, @) =—2(xz+1y>)"(2y+3 (22 +1y?) 2) 22 # 0. Hecmorps a1st apromopdusma
Haratsl cipaBejiuBa CJieayromas Te0peMa.

Teopema. 6° —3624+30 —c=0, e ectb (§ — 5)3 =0, T1e € - TOXKJIECTBEHHBINH aBTOMOD-
dbusm. Jpyrumu cioBamu, cupapeinBo cieylomee pasencTso 6° —I; (0) 62+ 15 (0) 6 — Ize = 0.
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OB AJITEBPAX BUHAPHBLIX ®OPMVYJI AJIsSI CJIABO IIUKJIMYECKU

MUHMMAJIbHBIX TEOPUN C HETPUBUAJIbHBIM
OIIPEJEJINMBIM 3AMBIKAHUEM

Beit6oyr Ilaitbikosna KYJIIIEIIOBY, Cepreit Baagumuposnu CYIOIIIATOB2340

! Kaszaxcrancko-Bpurancknii Texundeckuii yausepcurer, Amvarsl, Kazaxcran
2 Uncruryr maremaruxn umenu C.JI. Coboresa CO PAH, Hosocubupck, Poccust
3 HoBocubupcknit rocyqapcrenHbIi Texumdeckuii yausepcurer, Hopocubupck, Poccust
4 Hosocubupckmii rocyzapcrsennsii yausepcnter, Hoocubupck, Poccist
E-mail: “b.kulpeshov@kbtu.kz, *sudoplat@math.nsc.ru

JlaHHBIA TOKIaT KAacaeTCsl MOHITHS CAGO0T YUKAUMECKOT MUHUMAADHOCTIU, TIEPBOHAYAIBLHO
uzydensoro B [1|. Ilycte A C M, rie M — HuKJIRYeCKU yIOpsa 0d9eHHast CTPYKTypa. MHOKe-
CTBO A HA3BIBAECTCHA GbINYKAbLM, €CJIH A JIO0BIX a,b € A BBIIOTHSETCS CJIeayoIIee CBORCTBO:
st sioboro ¢ € M ¢ yeaosuem K (a, ¢, b) umeer mecto ¢ € A wiu qgisi siroboro ¢ € M ¢ ycaosuem
K (b, c,a) cupaegynpo ¢ € A. Caabo yukAuecky MUHUMAADHAA CMPYKMYPE €CTH UKINIeCKN
yrnopsiiodertas ctpykrypa M = (M, K, ...) Takag, 9o j06oe onpeaeanmoe (¢ napaMeTpaMu )
HOJIMHOZKECTBO CTPYKTYphI M sIBJIsieTcs 00be IuHEHHEM KOHETHOI'O YUC/Ia BBIMYK/IBIX MHOYKECTB
B M.

[Iycth M — cdyeTHo KaTeropudHast cJaab0 NUKINYECKH MUHHUMAJIbHAsA CTPYKTypa, G =
Aut(M). Cueptyst crasjapTHOil T€OPETUKO-IPYIIIOBOH TePMUHOJIOIHU, I'pylna G HA3BIBAETCsI
k-mpanaumuenoti, ecau Jjis JIOOBIX MONAPHO PA3JIUYHBIX A1, A3, . . . , 4 € M 1 nonapHo pasand-
HBIX by, bo, ..., b € M cymecrByer g € G, nas koroporo g(ai) = by, g(az) = be, ..., glag) = bg.
Konepysnyueti na M HazbiBaeTcs 11000e G-UHBapHAHTHOE OTHOINEHHE SKBUBAJEHTHOCTH HA
M. T'pynna G HaswiBaeTcst npumumuerot, ecan G sBisieTcs 1-TpaH3UTUBHON U HE CYIECTBYET
HETPUBHAJIbHBIX COOCTBEHHBIX KOHI'PYIHIMIE HA M.

Ilycrs f — yuapnas dynkmus B M ¢ Dom(f) = [ C M, rme I — OTKPBITOE BBHIMYKJIOE
MHOXKECTBO. MbI TOBOPUM UTO f SIBJISIETCS MOHOMOHHOT 6npaco (6.ae60) na I, eciu oHa coXpa-
user (obparmaer) orHomenue K, T.e. 1 106bX a,b, ¢ € I takux, uro K(a,b,c), Mbl umMeeMm
K(f(a), F(b). () (K(F(e), Fb). f(a)).

Bynem rosoputhb, 910 €800 MUKIXIECKH MUHUMAJIbHAS TEOPUS] UMEET PaH2 SLiNYKAOCINU
1, ecim He CyIECTBYET ONPEIeTMMOr0 OTHOIIEHUSI SKBUBAJEHTHOCTH C OECKOHEUHBIM YHUCJIOM
OECKOHEYHBIX BBIMTYKJ/IBIX KJIACCOB.

B pabore |2| 6b111 omEcaHbl CY€THO KATETOPUYHbIE 1-TPaH3UTUBHBIE HETPUMHUTHBHBIE CJ1a00
MUKIAIeCKH MHHAMAJIbHBIE CTPYKTYPHI PaHIa BBIMYKIOCTH 1 ¢ HETPUBHAJIBHBIM OIPE I TIMbIM
3aMBIKAHHEM C TOYHOCTBIO 10 OMHAPHOCTH.

Arebpbl OMHAPHBIX HOPMYJT ABASIOTCS HHCTPYMEHTOM JIJIsI MCCJIEIOBAHMUS CBSI3eil MeXKIy
9JeMEeHTAMI MHOYKECTB peaJu3alliii THIIOB Ha OMHAPHOM YPOBHE OTHOCHTEJILHO CYIEePIO3UIIIN
OMHAPHBIX ONPEJAETUMbIX MHOXKeCTB. Mbl Oy/ileM paccMarpuBarh ajareOpbl OMHAPHBIX U30JUPY-
formux (hopMyJI, MepBOHAYATBHO U3yUYeHHbIe B paborax |3, 4|, rae mo GuHapHON H30aUpYOIIei
dbopmyioit moruMaercs dopmysra Buaa ¢(x,y), He UMeINas TapaMeTpoB W Takas, 9To JJIs
HeKoTOporo napamerpa a dopmyaa ¢(a,y) u3oaupyer HeKoTopbiii moanbii Tun u3 Si({a}).
[TousiTust u 00O3HAUEHUST, OTHOCAIIUECS K ITUM aarebpaM, MOXKHO TakKzKe Haiitu B paborax [3,
4]. B mocsenaure roapl anrebpbl GHHAPHBIX (DOPMYJ U3YUYAIOTC HHTEHCHBHO U MOJIYYHIN CBOE
npomoszKenue B paborax [5]-(8].

B mactogmeM mokaame Mbl oOCy:KaaeM aaredbpbl OMHAPHBIX H30JUPYIOMHX (POPMYI I
CYETHO KATErOPUYHBIX CJAa00 NMUKJIMYECKH MHUHMMAJIbHBIX Teopuil panra Boinykjaoctu 1 ¢ 1-
TPAH3UTUBHON HENPUMHUTUBHON TPYIIOH aBTOMOP(MU3IMOB U HETPUBHAJIBHBIM OIPEIETUMBIM
3aMbIKaHueM. TaKzKe MbI MPEICTABISIEM KPUTEPHi KOMMYTaTHBHOCTH TakuxX ajredp. Hamu mo-
Ka3aHa CJIeIyIOIast TeOpeMa:

Teopema. Ilycto M — cuerHo kKareropwdHasi 1-TpaH3WTHBHasi HEIDPHUMHTHBHas CJ1abO0
[MUKJIHYECKH MHHUMAaJIbHAS CTPYKTypa panra Boimykjaocta 1 ¢ del(a) # {a} st HeKoToporo

Hucruryr maremaruky u MareMaru4eckoro mozeauposanus. Ajmarer, 2022



Annual International April Mathematical Conference — 2022 35

a € M. Torma aarebpa B3, OHHADHBIX H30JTHPYIOIHX (POPMYJT KOMMYTATHBHA <> CYI[ECTBYET
(-onpenemnvas HeTpuBHAIbHAS MOHOTOHHAS BIPaBO Ouexmmus Ha M.
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O TUumAx HPE,Z[I‘EOMETPI/II‘/’I KYBUYECKUNX TEOPUMN
MAJIBIIIEB C.B.

Hopocubupckmnii rocymapcrBeHHbIH TexHAYeCKni yaupepcuTer, Hopocubupckuii rocynapcrBeHHbBIH
yuusepcurer, Hosocubupck, Poccus
E-mail: sergei2-mall @yandex.ru

[IpuBoauTCst omucanue BUIOB peareoMerpuii [1] anst kybmaeckux Teopwuit 2], [3]. Broggarcs
HOBBIE TIOHSITUS C-TIPEJTeOMETPUH, (-MOJYJISPHOCTA U C-JIOKATHHO KOHETHOCTH:

Onpexnenenune. c-lIpeareomerpueii HA3BIBACTC MHOXKECTBO S BMECTeE ¢ OMPEICJCHHOI OITe-
pammeii 3ampikanust acl : P(S) — P(S), yaosrerBopsironieii cJIeAyOImuM YCIOBHIM:

1) mms moboro X C S seimoasiercss X C acl(X);

2) mst moboro X C S permosasierest acl(acl(X)) = acl(X);

3) st moboro X C S ecam a € acl(X), 1o a € acl(Y') gst Hekoroporo xonegnoro Y C X.

Ounpepenenne. c-Ilpeareomerpust (S, cl) HA3BIBAETCST C-MOIYIAPHON, €CJTH JJIsT JIEOOBIX acl-
3aMKHYThIX MHOKeCTB X, Yy C S, Xy mHezaBucumo ot Yy orHocureibao XoNYy, T.€. I JTI0OBIX
koneunomepubix acl-zamimyreix muoxkects X C Xy, Y C 'Y, BepHo:

1) econ cymecrsyer Geckoneanomepnsiii Ky6 C, must koroporo X NY NC =0, X NC # 0,
Y NC # (), To BEIIOMTHAETCS PABEHCTBO:

dim.(X N C) + dim (Y N C)+

+p(XNC,YNC)=dim.((XUY)NC), (1)

e p(X N C,Y N C) — kpargaiinree paccrostane mexkay sepmuaama x € X NC uy € Y NC;
2) B OCTraJiIbHbIX C/ly4dasdXx AJisd KOMIIOHCHT CBA3HOCTH C BbIIIOJIHACTCH DABEHCTBO!

dim . (X NC) +dim (Y NC) —dim (X NY NC) =dim.((XUY)NC). (2)
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Oupenenenne. c-Ilpeareomerpust (S, cl) HazprBaeTcst TOKAJILHO KOHEYHOMN, €CJH /IS JIHO-
boro komeanoro mogmuoxkecrsa A C S, muoxkectso cl(A) koneqro.
MmeroT MecTo ciieyomnue TeopeMbl:

Teopema 1. [Tycrs T — Kybuueckast reopusi. Torga st HekoTopoii (J11060i) HACHIIIEHHOH
mogern M = (S, R) Teopun T BHITIOJHIETCS OJHO H3 CHAEAYIOUIHX ABYX YCIOBHI:

1) Bce KOMIOHEHTHI CBSI3HOCTH MoJen M KOHeYHBI W HMEIOT OrpAaHHYeHHYI0 MOIMHOCTH, &
npeareomerpust (S, acl) BEIpOKICHHAST;

2) mozesb M umeer 6eCKOHEUHYI0 KOMIIOHEHTY CBSI3HOCTH, KOTOPAsT SIBISIETCS A-KyOOM JIJIsT
HEKOTOPOTO KapJHHAJIa A, a c-upeareoMerpust (S, acl) sBIseTcst c-MogyIsIpHOI.

Teopema 2. [Iycrs T — kybmuaeckast Teopus. Torxa gist Hekoropoii (s060ii) mogean M =
(S, R) reopun T BBIIOTHSIETCS CACAYIONIEE YCIOBHE:

c-ipesreomerpust (S, cl) He SBASETCA C-JTOKAJIBHO KOHETHOH TOTJAA W TOJIBKO TOLJA, KOTJA
HMeeTCsT OeCKOHeTHOe KOJTHIeCTBO HATYDAJbHBIX duces n, Jis Koropeix 0 < Invr(n) < oo.

Caencreue. Ilycro T — kybuueckast teopusi. Torga st nexkoropoii (sr00oif) mouesn
M = (S, R) teopun T Bermojiasiercst oiHO U3 caeiytonux yciaosuii: 1) c-Ilpeareomerpus (S, cl)
SIBJISIETCST C-JIOKAJIBHO KOHEeIHOH; 2) ajrebpamdeckoe 3aMbiKanue Jiroboro muoxkecrsa A C M
6ECKOHEYHO.
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[IycTh 3a7aHBI MHOYKECTBA
X=Ae|fi<e <[} YV(@)={ylg.<y<g", Azx+By=>b}.

Bnech , fv, f* ER", Y, g, g* €RLBER™ A€ R™ B e R™ rankB =m < .
PaccmarpuBaerca 3amada: TpeOyeTcs ONpeae/uThb, I JII000Tro mapaMeTrpa
z € X COOTBETCTBYIONIAS MHOKECTBO Y (x) MyCTO WIH HET.
[Tpennaraercss aJropuTM pellleHHs pacCMaTPUBAeMON 3a/1a4H.
ANropuT™M WITIOCTPUPYIOTCS Ha MPHMepPax MpH:

a)f. =—10, f* = 3,4, = (0;0;0;0;0), g" = (6;7; 100; 100; 100),

/
0
1 0 ],b=(4,10;5).
0

1 -1 1 1 0
2 1 -1 0 1
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¢)fo = (=5;=30;0), f* = (3;25;40),
. = (—109; —6; —101; —10; —3), g* = (44; 6; 298: 10; 15),

(10 -1 (63 234\, .
A‘(o 1 1)’3_(42 1 23)75_(5’4)

KuroueBrle cioBa: cucreMa JIMHEHHBIX yPaBHEHUI, ITapaMeTp, aJTOPUTM.
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O YUCJIE CYETHBIX MO,Z[.EJIEI;'I MYJIbTUIIJINKATUBHON TEOPUU
HATYPAJIBHBIX YUCEJI

Nxpomxkon YKTAMAJINEB

Hosocubupckuii rocynapcrsennpiii yausepcurer, Hopocubupck, Poccusa
E-mail: i.uktamaliev@g.nsu.ru

B monorpadmn [1] mocraBiena npobyema OMUCaHNsT PACTIPE/IEeHUST TPOCTHIX HaJl KOHETHBI-
MH MHOZKECTBAMH, IPEIEJbHBIX M OCTAIBHBIX CICTHBIX MOJEEil [T PA3JIMIHbIX €CTeCTBEHHBIX
KJIACCOB TEOPHHl aareOpamIecKuX CHCTEM.

ONPEAEJIEHMUE. (1], [2] Habop (P(T'), L(T),NPL(T')), cocrosmuii u3 9uca MPOCTHIX, TACTA
IPEIETBHBIX W YHCJIA OCTATBHBIX CIETHBIX Mojiesteii Teopun T', Ha3biBaeTcst mpolikot pacnpede-
AEHUA HUCAA cuemunx modeaeti Teopun T u oboszuadaercs depes cmg(7T).

Mt reopuit T' ¢ KOHTHHYaJIbHBIM YHCJIOM THIIOB YHCJIO CYETHBIX MOJEJeH paBHO 2Y) W,
sHa4nT, X0Ts1 Obl omuo w3 3uadenuit P(T'), L(T),NPL(T) pasno 2¥. B [1| u [2] ycranoBiena
CJICIYIOMIA:

Teopema 1. B npejrosioxkennn KOHTHHYYM-THITOTE3bI JIJIsT 110006 HeMajioi Teopuun T Tpoii-
ka cmg(7T') mpuamvaer oo u3 caexyomux 3nadenmii: 1) (29,2¥ N), rge A € w U {w,2¥}; 2)
(0,0,29); 3) (A1, A2,2¥), mae Ay > 1, A, Ay € {w,2¥}. Bee ykazaHHbIe 3HAYCHUS HMEIOT DEAJTH-
3allHH B KJIaCCe HEMAaJIbIX TEODHI.

Ucnosnbays (3] u [4], nokazana ciegyromas Teopema myTeM paccMoTpenust mMoromma QF
BMecTo rpynnbl Q, a Takzke ero MoaudUKAIMIA.

Teopema 2. /s teopun T = Th ((N,-)) B Tpoiike pacupenenenns cmg(1’) umeer MecTo
P(T) = 2%, L(T) = 2* u NPL(T) = 2*.
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Almost o-minimal theories and 1-conservative pair of models
Bektur BAIZHANOV®, Zhanar ADIL®
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Let p,q € S1(A), A be a set in a saturated model 9 of weakly o-minimal theory. One-type
p is not almost orthogonal to ¢ (p £* q) [1], if there is an A-formula ¢(Z,y) such that for any
a € p(M), there are fy, P2 € q(M) such that B; < ¢(M,«) < f. The binary relation L*
on the set of all 1-types over A is a relation of equivalence for weakly o-minimal theory [1].
We say that weakly o-minimal theory is almost o-minimal if for two 1-types p, q, non weakly
orthogonality implies non almost orthogonality.

Let T' be an almost o-minimal theory and 91,91 be models of theory 7" such that 91 is a
1-conservative extension of 1.

Take elements ¢,d € N\ M. Suppose that tp(¢/M) and tp(d/M) are definable and tp(d/M U
¢) is non-definable. Then by [2], there exists (M U¢)-definable formula H(z, g, ¢) with condition

N = Vy[Va Ve ((H(z1,9,¢) AN —H(29,7,¢)) = 21 < 29)]

such that for any (M U ¢)-definable formula 6(y, m, ¢) holds two-side convergence for exactly
one of two formulas 6(y, m, ¢), =0(g, m,c):

C(H(z,y,¢),0(y,m,¢), tp(d/M Uc)) \/(J(H(x,g, c), (g, m,e), tp(d/M U¢)).

Suppose that formula H(x,7,¢) is two-side convergent to type tp(d|M U ¢) on 6(y,m,¢).
Assume that length(y) = 1. Since tp(¢/M) is definable there exists controlling formula
Dy(y,m',my). O(M,m,¢) consists of finite number of convex sets. Since tp(d/M U ¢) con-
verges on #, it converges at least on one of those sets, call it 6;. Then there exists controlling
formula for 6; as well: Dy, (y,m',m;). Let’s define elements lying on the right side of element
d by following:

K(y,d,m,¢) :==3z(d < z AN H(z,y,m,¢) A 0;(y,m,c)).

Following [1] and [2], we can assume that H is increasing. Let by € Dy (M, m';my) N
—K(N,d,m,¢) and by € Dy, (M, m',my) N K(N,d,m,¢), A(y,m,by,by,¢) = 0;(y,m,¢) ANby <
y < bs.

There is a two-side convergence on A as well.

C(y,by,m,¢) =y (b <y <y ANH(M,y,,m,¢) C H(M,y,m,c)).

X(y, b1, b2, m,¢) = Fy(by <y <y1 AVz(y1 < 2 < by - H(M,y,m,¢) C H(M,z,m,c))) A
C(y,b1,m,c).

L(y1,y,b1,b0,m,¢) == by <y <1 AVz(y1 < 2 < by - H(M,y,m,¢) C H(M,z,m,c)) A
C(y,b1,m,c).

Now we intersect formula x (M, by, by, m, ¢) with Dy, (M, m,m;) and get on M some cut with
element a. Then tp(a/M) is irrational. We expand tp(a/M) C tp(a/M UE). Then tp(a/M Uc)
is not weakly orthogonal to tp(d/M U¢). Since we assume that non weakly orthogonality leads
to non almost orthogonality, there exists formula ¥ (y,m, ¢, d) such that 9 = Iy (y, m, ¢, d).
Since M <; . N, there exists element o whose type over M is irrational which contradicts 1-
conservatism of models. Thus for almost o-minimal theory the existence of non-definable type
by formula with variable of length 1 leads to contradiction with supposition of 1-conservative
extension.

Funding: The second author was supported by the grant no. AP09058169 of the Ministry of Education and Science of
Republic of Kazakhstan.
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External definability and expansion in ordered
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Let 9 be elementary substructure of 91. Let & € N \ M and p := tp(a|M). Then for any
formula 1) (7, y) define the predicate Ry, (7) on the set M, = R (a) iff (7, a) € tp(a|M)
iff M |= (@, a). Denote by M+ = (M;X%), where ¥ := {Ry)(y)|p € S(M), ¢ € £}. This
expansion is called to be external expansion.

Macpherson-Marker-Steinhorn [1] and B. Baizhanov [2] considered expansion of models of
o-minimal theories by convex sets that are external definable and proved that this expansion
has weakly o-minimal theory. B. Baizhanov [3] proved that expansion by family of convex sets
model of weakly o-minimal theory has weakly o-minimal theory and the formulas of expanded
model are externally definable. S. Shelah [4] proved that any expansion of model of NIP theory
by external definable set has NIP theory. A.Pillay [5] and V. Verbovskiy [6] reproved Theorem
of Shelah.

B.Baizhanov-S.Baizhanov obtained some sufficient condition that expansion by all externally
definable sets admits quantify elimination.

Theorem [7]. Let T be a complete theory such that for any set A the following holds:

1) For any p € S1(A), for any 5 , QV,(7) = Vo(7)

2) For any p,q € S1(A) the following holds. If p 1* q, then q X p.

Then for model of the theory T the expansion by all externally definable subsets admits
quantifier elimination.

In our report we will discuss the expansion by all external definable sets of the models of
o-omega-stable theory.
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Expansion by constants and reducing the number
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Let T be a countable complete theory in a countable language £. The well-known Vaught’s
conjecture asks if I(T,Rg) > Ny implies I(T,Ry) = 2%. We are investigating whether this
number of countable non-isomorphic models is preserved when a new constant is added to the
language. Since non-small theories have the maximal number of countable models, we restrict
to a small theory T'.

Let p € S(T') be non-principal, ¢ = (¢, ¢, ..., ¢,) € L be a tuple of new constants. Denote
T* := T Up(¢). This is an L* -theory, where L* := L U {¢y, ¢, ..., ¢, }. The transition from
T to T™ preserves different properties of a theory. If the theory T is w-stable, N;-categorical,
o-minimal, weakly o-minimal, o-stable, (N)IP or (N)SOP, then so is T*. If I(T* R,) = 2%,
then I(T,%y) = 2%. R.E. Woodrow gave an example of a theory T such that I(T,R,) = 4 and
I(T*,Ry) = R for some T™* [1]. M.G. Peretyatkin constructed an example of a theory 7" such
that I(T,R) = 3 and I(7T%,8y) = Ny [2]. He also asked if there exists a theory 7" such that
I(T, ) is finite or countable and I(T™,RXg) < I(T,8;). A.D. Taimanov asked if it is possible
that I(T,Rg) = 2¥ and I(T*,R) is finite or countable. In [3] B. Omarov proved that for every
n < w there exists a theory T,, such that I(7,,Ry) =n+5 and [(T),Rg) = 5. He showed that
the case I(T,Ng) = No, I(T*,Ry) < w is also possible, and tried to construct an example with
I(T,Rg) = 2% and I(T*,Rg) < w. Taimanov’s question is still open. Thus, we study if such a
reduction from a theory with 2% countable models to an extension with a finite or countable
number of countable models is possible.

DEFINITION. Let 9% be a countable saturated model of a countable theory T'. Let p(%), q(y) €
S(T') be non-principal. The type p is said to be not almost orthogonal to the type ¢, p L% g, if
there exists a formula ¢(z,7) such that for some (equivalently, for every) realization & € p(9t)
0 # o(M, @) C ().

Note that, in general, the relation of not almost orthogonality is transitive, but not sym-
metric. A equivalence relation can be defined by setting p ~y. ¢ if and only if p /* ¢ and
q L% p. In weakly o-minimal theories the relation of not almost orthogonality is symmetric.

Hypothesis. Let T be a small countable complete theory of a countable language T*. Let
I(T,Ry) = 2%, Then there exists a non-principal type p € Sy(T) such that I(T* X,) < w,
where T := T'U p(c) and c is a new constant, if and only if the following holds:

1) There exists a family of non-principal 1-types p,pi, pa,...s Pn, .. € S1(T) (n < w) such
that tp(ay,, iy, ..., 0q,) L% p; for all k < w, and all pairwise different iy, s, ..., i, j < w such
that ou, € pi,(M), v, € Pi,(M), ..., s, € pi, (M), where M is a countable saturated model of
T.

2) For every i < w we have p L* p;.

3) For every non-principal g € S1(T") either q ~ ya p, or g ~ ya p; for some i < w.
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A necklace with n beads and ¢ colors is a sequence m = (iy, .. .,14,) with components i; € @,
where @ is set of colors. Usually @ is identified by the set {1,2,...,q} or by {0,1,...,q — 1}.
Let M is set of necklaces. For m € M we say that m has color type (l1,...,1,) if l; is number of

components of m equal to i € Q. So, [; is a number of beads colored by color i.Then > 7 il; =n
where [; > 0, for any ¢ € ). Necklace m is called even colored, if [; is even for all i € (). Necklace
m is called almost even colored, if [; is even for all ¢ € Q). except, may be one iy € Q.

Recall that a sequence A = (A, Ag, ..., \p), with Ay > Ay > -+ > A\ > 0 is called partition
of m with length k if A\; +- - -+ Xy = m. For A\, partition of m with length k, we use the following
notations: A Fm, k =1(\) and A\ = 17122 ... mPm_ where p; is multiplicity of i. Let

qi =qlg—1)---(¢g—i+1)

be falling factorial. For even n we set

L(@) = X Spam

AFn/2

n!
e n'pn/2p1'p2' . pn/2'

qa)-

Theorem 1. Let L(x,q) be exponential generating function for polynomials L, (q). Then
L(x,q) = cosh? z(1 4 gtanh ).

In terms of hyperbolic cosines and sines

lg/2]
L(z,q) = —d(q) % + 2171 Z (3) (cosh (¢ — 2i)x + (¢ — 2i) sinh (¢ — 2i)z),

where

|1, ifqis even
do(q) = { 0, if q is odd

Take place formulas
Lon-1(q) = Lan(q),

[(g—1)/2]
Lol =2 S (D=2 =00
=0
Lonlg) = (200 — ) (1 + 2)/2)7]ocs,

where 0 = e

x

Institute of Mathemitics and Mathematical Modeling. Almaty, 2022



42 TpanunuoHHas aOpeabCKas MaTeMaTHIecKass KoHpeperrns — 2022

n

L) = 5 3 (0 ) Cila + 1) = 20) Lo ),

Low(q1 + q2) = Z (Qn) L2i(q1>L2(n—i)<QZ)7

- 21
=0
X /o
Lon—1(q1 + q2) — Lon-1(q1) — Lon-1(q2) = Z (22.)L2z‘—1(CI1)L2n—2z‘—1(CI2)-
i=1

Theorem 2. Number of orbits of almost even colored G-necklaces can be obtained from
(q,u)-cyclic index by umbral method, by substituting L-polynomial instead of u-powers,

Nawo(q) = Zau(q,w))

ut—Liys,(q)

Moreover,
ZG7M<_QJ u) |ui4>Li+5i (Q) - O

is identity.
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Assosymmetric algebras are defined by the following left-symmetric and right-symmetric
identities:
(x7 y’ Z) = <$’ Z7y)7 (‘1'7 y7 Z) = (y7$’ Z))

where (z,y,z) = (zy)z — x(yz) [1]. We describe Jordan elements up to degree 5 in a free
assosymmetric algebra generated by three elements.

Let F(X) and A(X) be a free nonassociative and assosymmetric algebras on the set X,
respectively. We define reversal operator p on F(X) as linear mapping p : F(X) — F(X)
defined as follows

p(x;) = x;, forx; € X,

puww) = p(v)p(u), foru,v e F(X).
If w e F(X), then p(u) is called the reverse of u, and u is reversible, if p(u) = .
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Theorem 1. Every reversible element v € F({xy,xq,x3}), with length < 4 is Jordan
element in a free assosymmetric algebra A({z1,xq,x3}).
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We consider theories of constant expansions of n-spherical orders K, [1, 2] which naturally
generalize linear orders K and circular orders K3 [3, 4, 5.

A n-spherical order relation, for n > 2, is described by a n-ary relation K, satisfying the
following conditions:
(nsol) Vq, ...,z (Kp(xy, 22, ..oy xn) = Ky(za, ... 20, 21));

(n802) Vay,..., &y | (Kn(T1, . oy Tiy oo, Tjy ooy ) A

AN (T4, Ty Ty e ) 4 \/ xk%xl>

forany 1 <i<j<mn;

(nso3) Vxq, ...,z | Kp(x1,...,2,) —

— Vt \/Kn(l‘h‘"in—htuxi—i-la'”?'rn) ;

(nsod) Vi, ..., xn (K21, .., @iy oo, Ty oo, Tn)V
VE(T1, o Ty Ty, Ty)), 1< < j <.

A n-spherical order K, is called dense if it contains at least two elements and for each
(ay,a9,as,...,a,) € K, with a; # ag thereis b ¢ {ay,aq,...,a,} with = K,(a1,b,as,...,a,) A
K, (b,as,as,...,a,).

Structures A, = (A,, K,) with (dense) n-spherical orders are called (dense) n-spherical
orders, too, and the theories T,, = Th(A,) are called the (dense) n-spherical theories.

Theorem 1. Let T' be a countable constant expansion of the dense n-spherical theory T,,,

n > 3. Then either T has 2* countable models or T has exactly ] (2% + 2)™ countable
ken\{1}
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models, where 1), are natural numbers. Moreover, for any rq,...,r,_1 € w there is an aforesaid
theory T with exactly ] (2% + 2)™ countable models.
ken\{1}
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Recall that a quasivariety is a class of algebras of the same type that is closed with respect
to subalgebras, direct products (including the direct product of an empty family), and ultra-
products. The smallest quasivariety containing a class K is denoted by Q(K). If K is a finite
family of finite algebras then Q(K) is called finitely generated. If K = { A} we write Q(A).

A finite algebra A with discrete topology 7 generates a topological quasivariety Q.,(A)
consisting of all topologically closed subalgebras of non-zero direct powers of A endowed with
the product topology. Profinite algebras are exactly those that are isomorphic to inverse limits
of finite algebras. Such algebras are naturally equipped with Boolean topologies. A topology
7 is Boolean if it is compact, Hausdorff, and totally disconnected. A topological quasivariety
Q- (A) is standard if every Boolean topological algebra with the algebraic reduct in Q(.A) is
profinite. In this case, we say that algebra A generates a standard topological quasivariety [1].

We construct the specific finite modular lattice 7 that does not satisfy to one of the Tu-
manov’s conditions [2] but quasivariety Q(7) generated by this lattice is not finitely based.
We investigate the topological quasivariety generated by the lattice 7 and prove that it is not
standard. And we would like to note that there is an infinite number of lattices similar to the
lattice T .

The main result of this work is as follows.

Theorem 1. The topological quasivariety generated by the lattice T is not standard.
The proof of the Theorem 1 gives us the following more general result.

Theorem 2. Let L be a finite lattice such that Mss £ L, T < L and L,, £ L for alln > 1
(Mss and L,, are certain lattices). Then the topological quasivariety generated by the lattice
L is not standard.
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A quasivariety is a class of lattices that is closed with respect to subalgebras, direct products,
and ultraproducts. Equivalently, a quasivariety is a class of lattices axiomatized by a set of
quasi-identities. A quasi-identity is a universal Horn sentence with the non-empty positive part,
that is of the form

(V) [p1(Z) = qu () A Apn(T) = gn(T) — p(Z) = q(T)],

where p, q, p1,q1, - - -, Pn, @, are lattice’s terms. A variety is a quasivariety which is closed under
homomorphisms. According to Birkhoff theorem [1], a variety is a class of similar algebras
axiomatized by a set of identities. An identity is a sentence of the form (Vz)[s(Z) ~ ¢(Z)] for
some terms s(z) and #(Z).

In 1970 R. McKenzie [2] proved that any finite lattice has a finite basis of identities. However
the similar result for quasi-identities is not true. That is there is a finite lattice that has no finite
basis of quasi-identities (V.P. Belkin [3]). The problem ”Which finite lattices have finite bases of
quasi-identities?” was suggested by V.A. Gorbunov and D.M. Smirnov in [4]. V.I. Tumanov [5]
found sufficient condition consisting of two parts under which the locally finite quasivariety
lattice has no finite (independent) basis for quasi-identities. Also he conjectured that a finite
(modular) lattice has a finite basis of quasi-identities if and only if a quasivariety generated by
this lattice is a variety. In general, the conjecture is not true. W. Dziobiak [6] found a finite
lattice that generates finitely axiomatizable proper quasivariety. Also we would like to point
out that Tumanov’s problem is still unsolved for modular lattices.

By Q(K) we denote the smallest quasivariety containing a class K. If K is a finite family
of finite algebras then Q(K) is called finitely generated. In the case K = {A} we write Q(A)
instead of Q({A}).

The work finds a finite modular lattice 7 that does not satisfy to one of the Tumanov’s
conditions but quasivariety Q(7) generated by this lattice is not finitely based (has no finite
basis of quasi-identities).

Theorem 1. Quasivariety Q(7) generated by the lattice T is not finitely based.

Moreover, there is an infinite number of lattices similar to the lattice 7T .

Theorem 2. Suppose L is a finite lattice such that Mss £ L, T < L and L,, £ L for all
n>1 (Mss and L,, are certain lattices). Then quasivariety Q(L) generated by the lattice L
is not finitely based.
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The paper [2] raised the question of describing the cardinality and types of approximations
for natural families of theories. In the present paper, a partial answer to this question is given,
and the study of approximation of natural classes of theories is also continued.

Let L = {R}, where R is a binary relation symbol. The theory T" of equivalence relations is
given by the sentences:

VeR(z,x),

Vavy(R(z,y) — R(y,z)),

VaVyVz((R(x,y) A R(y, z)) = R(z, 2)).

Definition [1]. An infinite L-structure M is pseudofinite if for all L-sentences ¢, M = ¢
implies that there is a finite M such that M, = . The theory T' = Th(M) of the pseudofinite
structure M is called pseudofinite.

Theorem. Any theory of equivalence relations on an infinite set is pseudofinite.
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The paper [4] raised the question of describing the cardinality and types of approximations
for natural families of theories. In the present paper, a partial answer to this question is given,
and the study of approximation and topological properties of natural classes of theories is also
continued.

Definition [4]. Let 7 be a family of theories and T be a theory such that T ¢ T. The
theory T is said to be T -approximated, or approzimated by the family T, or a pseudo-T -theory,
if for any formula ¢ € T there exists 7" € T for which ¢ € T".

Definition [2]. A graph I' = (G, R) is said to be homogeneous if, for U,V C G, the
statement that (U, R | U?) = (V,R | V?) implies the existence of an automorphism of T
mapping U to V. Thus, in particular, a homogeneous graph is a graph having its own property
that any partial isomorphism between finite induced subgraphs extends to an automorphism
of the graph.

Definition [3]. The reqular graph is a graph where each vertex has the same number of
neighbors. A regular graph with vertices of degree k is called a k-regular graph or regular graph
of degree k.

Definition [1]. An L-structure M is pseudofinite if for all L-sentences ¢, M = ¢ implies
that there is a finite My such that My = ¢. The theory T' = Th(M) of the pseudofinite
structure M is called pseudofinite.

Theorem. Any infinite regular graph I' is pseudofinite and is homogeneous.
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In this paper differential invariants of Lie group of one parametric transformations of the
space of two independent and three dependent variables are studied. It is shown method of
construction of invariant differential operator. Obtained results applied for finding differential
invariants of surfaces.

Differential invariants of Lie group of transformations are studied in the papers [1-8].

Let G be a Lie group of transformations of the space of two independent u,v and three
dependent x1, x5, x3 variables , and following vector field

B 0 < B,
X = gl(u,v,x)% + fg(u,v,x)% + Zm(u,v,x)%
i=1 v

is infinitesimal generator of the group G.

It is known that any Lie group is similar to the group of translations. This property of the
groups is remarkable and its use permits simplification of finding of differential invariants of
the group [8].

In order to use this possibility we produce the replacement of variables.

Let us consider functions Fj(u,z) and Fy(v,z) which are solutions of following equation
X(F) = 1. Let I(u,v,z), Is(u,v,z) and Is(u,v,z) be are functionally independent invariant
functions of the group G, i.e. they are satisfy following equations X (I;) = 0,i =1,2,3.

We will replace the variables in the space of (u, v, z1, x3, x3) by putting

s = Fi(u,x),t = Fy(v, ),

Yi = [Z(uy v, SC),

where ¢ = 1,2,3. Using easy deductions, we can verify that in variables (s,t,y1,¥y2,ys3) the
vector field X has the following form

g 0
£ = ds Ot

This form of the vector field X shows that the group G is similar to the group of translations.
Moreover in the coordinates (s,t,y1,y2,ys3) for any k € N for k — th prolongation X®*) of the
vector field X it holds equality X*) = X [7].

Let us recall differentiation operator D is called invariant differentiation operator with re-
spect group G if it holds DX (F') = X D(F) for any smooth function F[6].

It follows from the form of the vector field X invariant differentiation operators for the group
G are following operators of total derivatives: D = Dy + D;.

Let denote by D¥(F) derivatives D¥ + D¥(F) of order k.

Thus we have the following theorem.

Theorem. Suppose I, I5, I3 are independent invariants of the group G, Fi(u,x), Fy(v,x),
are solutions of the equation X (F) = 1. Then functions I;(u,v,x) and D¥(I;) are differential
invariants of order k.
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Two-dimensional Unary Zinbiel algebras
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A nonassociative algebra A over a field K is called a Unary Leibniz algebra if it satisfies
the following identity: (aa)a = 2a(aa). It is easy to see that this identity is equal to (ab)c +
(ac)b + (ba)c + (be)a + (ca)b + (cb)a = 2(a(be) + a(cb) + b(ca) + b(ac) + c(ab) + c¢(ba)). Unary
Leibniz algebras were introduced by A.S. Dzhumadil’daev. Nilpotency of Novikov algebras was
proved by A.S. Dzhumadil’daev, K.M. Tulenbaev in [1]. In given thesis we give classification of
two-dimensional Unary Leibniz algebras over algebraically closed field of char K # 2 and find
counterexamples to Engel and Nagata-Higman theorems.

Theorem 1. A = lin{ej,es). An algebra A over algebraically closed field of char K # 2 is
isomorphic for following types:

€161 = 0 €1e1 = 0 €1€1 = 0 €161 = 0
€163 = 0 €169 = €1 €169 = €1 €169 = €1
€261 = 0 €9€1 = %\ﬁiel €2€1 = —€1 €2€1 = %61
€262 = Y1€1 eaep = 0 egey =0 €262 = Y1€1

Corollary 2. The third type of algebras from Theorem 1 gives counter example to Engel
theorem and the fourth type of algebras from Theorem 1 gives counter example to Nagata-
Higman theorem.
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DEFINITION.[1] A differential field is a field K with the given differentiation operator D :
K — K, such that
VaVyD(z +y) = D(x) + D(y),

VaVyD(x,y) = 2Dy + yDuz,

where z,y € K.

DEFINITION.[1] A differential field K is called differentially closed if whenever f, g € K{X},
g is nonzero and the order of f is greater than the order of g, there exists a € K such that
f(a) =0 and g(a) # 0.

The following definition is related to differential fields of characteristic p.

DEFINITION. [2] A differentially perfect field F' is a differential field such that F* = C.

The theories of differential fields and differentially closed fields of characteristic 0 or p are
denoted as DFy, DF,, DCFy, DCF), respectively. We write D PF}, for the theory of differentially
perfect fields of characteristic p.

The main purpose of the work is to consider some of defined theories as Jonsson A P-theories.

DEFINITION.[3] A theory T is called a Jonsson theory if: 7" has infinite models, 7" is an
inductive theory, 7" has the amalgam property (AP) and the joint embedding property (JEP).

DEFINITION. [4] A theory T is called to be
1) AP-theory if in theory T" amalgam property implies joint embedding propertys;

2) JE P-theory if in theory T joint embedding property implies amalgam property;

3) AJ-theory if in theory T both properties are equivalent.

Otherwise, we say that for the theory T, the properties of AP and JEP are independent of
each other.

The described classes form corresponding subclasses in the class of Jonsson theories. How-
ever, there are theories relating to some of the types 1-3, which are not Jonsson.

It can be proved that theories DF,, DCFy, DPF),, DCF, are AP-theories. Using this fact
we obtained the following results:

Theorem 1.[4] DF, is a perfect Jonsson theory.

Theorem 2.[4] DCF, is the center of DFj.

Theorem 3.[4] DPF, is a perfect Jonsson theory.

Theorem 4.[4] DCF, is the center of DPF,.

REMARK. DF, is not a Jonsson theory, however it has the model companion DC'F,, which
is a perfect Jonsson theory. At the same time, the perfectness in the differential sense of DPF,
models is sufficient condition of perfectness in Jonsson sense of DPF,,.

All definitions of concepts related to the Jonsson theories can be found in [3], related to
differential algebra in [1], [2], [5], [6].
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DEFINITION. [1] Let A be non-empty set, (S;-,e) be monoid. Algebraic system (A4; (f, :
a € S)) with unary operations f,, a € S, is called a S-act S, if the following conditions hold:
fe(a) = a for all a € A; fop(a) = fo(fs(a)) for all a € A and all o, 5 € S.

Let a € A, then S, = {f.(a) : « € S}; if a — tuple of elements from A, then S; = (J S,,.

a;€a
Hereinafter we will consider S-acts over the group G and, correspondingly, S-acts theory over
a group.

DEFINITION. [1] Pair < b, e > is called a characteristic if h C p(G),h = (h),e : Q — [o0]Uw
and e(H)=0< H ¢ .

DEFINITION. [1] Let T" be theory of S-acts and have an infinite model. Then 1) T is
inductive; 2) if 7" has the joint embedding property, it also has the amalgamation property; 3)
if T is complete, then it admits quantifiers elimination and is a primitive.

DEFINITION. Model A of theory T will be called positively existentially closed with respect
to X, -formulas if Vp(z) € X, Va € A, for any model B D A, from the fact that B | ¢(a)
follows that A = p(a)

Theorem 1.[1](1) Every a-Jonsson theory of S-acts is perfect and is Jonsson, 0 < a < w.
2) Theory T of S-acts is Jonsson < V1 < n < w(T™(G) = (TW(G))").

DEFINITION. Let 0 < n < w. The theory T is called an existentially positive Mustafin
(3P M-theory) if

1) The theory T" has infinite models,

2) theory T is II)} ,-axiomatizable,

3) theory T admits 3,JEP,

4) theory T admits 3, AP

Theorem 2. For every AP M-theory T of S-acts over group there can be possible two cases:

1. a) T is Jonsson theory, then T is perfect; b) AP J-theory T of S-acts is Jonsson < V1 <
n < w (T0(G) = (TW(G))").

2. T is not Jonsson. Then there is some 3P M-theory T" such that T’ is Johnson theory
and it is a Kaiser shell for theory T

Theorem 3.[1]1) ch(T1(h,¢)) = ch(Tx(bh,e)) =< b,e > for any characteristic < b, e >; 2)
Jonsson S-acts theories T and Ty are cosemantic < ch(Ty) = ch(Ty); 3) T is Jonsson S-acts
theory and ch(T) =< b,e > iff T1(h,e) C T C Ty(h,¢).

Theorem 4.Let T and 15 be AP M-theory of S-acts over group for fixed 0 < n < w. Then:

1) ch(Ti(h,¢e)) = ch(Ts(h,e)) =< b,e > for any characteristic < h,w >;

2) T Xapm TQ ~ Ch(Tl) = Ch(TQ),

3) There will be T as 3P M-theory of S-acts over group such that ch(Ty) =< bh,e > iff
Ty(9.) C T C Ty(h. )

Theorem 5.Let Ky be a class of all S-acts over group,
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[Tl}a [TZ] € PSp(KH)/NHPM' Then

1) if [Th] and [T5] are classes of Jonsson 3P M-theories then Cir,j <5py Ciry) < ch([Th]*) =
ch([T5]");

2) if [T1] and [Ty] are classes of not Jonsson 3P M -theories, then there will be such classes
of Jonsson AP M-theories [A1], [Ag] € PSp(Kn)/sap,, that A; is the Kaiser shell for T;, where
1= 1,2 C[Aﬂ >X3pymr C[AQ] = Ch([Al]*> = Ch([AQ]*),

3) if [T1] is a class of Jonsson AP M -theories, and [T5] is a class of not Jonsson 3P M -theories,
then there will be such Jonsson 3PM-theory A, that Cip) ><gpas Cla) < ch([Th]*) = ch([A]¥).

All concepts that are undefined here can be found in [2].

Funding: The authors were supported by the grant no. AP09260237 of the Ministry of Education and Science of
Republic of Kazakhstan.

Keywords: Jonsson theory, S-acts, theory of S-acts, Jonsson S-acts theory, existentially positive Mustafin theories.
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OBPATHAA 3AJIAYA JIJId ITAPABOJIO-TUIIEPBOJIMYECKOTI'O
VPABHEHUSI C HEJIMHEMHOM HATPY3KOU

Ooumxon AB/IYJ/IJIAEB

Hucruryr Maremarukm um. B.M.Pomanosckoro, Taikent, Yz6exucran
E-mail: obidjon.mth@gmail.com

B nannoit pabore paccmarpuBaercst napadoJio-ruiepbondeckoe ypaBHeHHe ¢ HeJInHeiHO
Harpy3Koi
Uzy —c Dgyu+ pi(z, y;u(z,0)), mpnz>0,y>0
fla) = § ter 20 Doyt # D1l 1)
v — Uyy +p2(2,y;u(2,0)), 1pm x>0,y <0

¢ gupepennuanbabIM onepaTopom KamyTo

Y

/(y —2) “f(2)dz, 0<a<1,

0

1
cDg, f(y) = =)
rae pi(z,y;u(x,0)), (i = 1,2)— 3aganHble J0CTATOIHO MIagKue (OYHKIIUH.

Paccmorpum ypapnenue (1) B Konednoit obsactu € C R?, orpaHdYeHHON OTpe3KaMu:
AAy ={(z,y): =1, 0<y<h}, BiB, ={(z,y): ©=0, 0 <y < h}, ByA, = {(z,y) :
y=nh,0< 2z <[} upuy > 0, u xapakrepuctukamu: A;C' : v —y =1, B1C : z+y =0
ypasrenns (1) npu y < 0, rae A; (1;0), A, (;h), B, (0;0), B, (0;h), u C (;31).

Beesem obosnavenns: Q7 = QN (y > 0), @~ =QnN(y <0), 1 = {z: 0<z<i},
1'2:{:5: %<x<l}.

OCHOBHOI 1IEJIBIO TAHHON PabOTHI ABISIETCS UCCAEI0BAHNN OTHOSHATHON PA3pPENTuMOCTH 00-
PaTHOli 3371291 ¢ HEeJMHEHHBIM yCJIOBHEM CKJeuBaHust jijisg ypasHerust (1).

Bapmaua I. Tpebyercs naiitu dyukuuio f(x) venpepoisayio B (0,1) u pemenne u(zx,y) ypas-
Herust (1) u3 Kiaacca GbyHKImit

W = {u(z,y) : u(z,y) € C(QN C*Q7); Uge, cDoyu € C(QF) s u(z,y) € CHQ \ A1B1)}

YVA0BJIETBOPAIOIINE KPaeBbIM YCJIOBUAM:

Ux(l’,y) ‘AlAQ = §01<y>, um<$7y) |31}32 = ()02<y)7 0< y < hu

u(z,—x) =Y(x), 0 <z <

I

DN | —~

<z <l

)

) UTL('ray) ‘Alc = ¢2(x)7

DN | =~

un(,y) B0 = P1(z), 0 <2<

u HGJ’IHﬁHOMy YCJI0OBHIO CKJIEMBAHUA:

l_igrlo Y %y (2, ) = M (2)uy(z, —0) + Xa(2)r (¢, u(t, 0)) + A3(z), 0 < x <
v

rae oi(y), Y), Yi(z) (i = 1,2), A(x) (k = 1,3) - 3agannble gocraTouno rajaxue GYHKIHH,
2

npuuem ¢y (1) =4s (3) n kZ: A (z) # 0.
=1

[TocraBieHHas 3aJa4a CBEIETCA K HEJIMHEHHOMY HHTErPAIbHOMY ypaBHeHHO THIIa Dperoib-
Ma BTOPOIO POJA, OJHO3HAUHAS PA3PEIIAMOCTH KOTOPOTO JOKA3BIBAETCS METOIOM MOCIEI0Ba-
TEJbHBIX TPUOJIMKEHUTT, DU OLPEJICJEHHBIX YCJAOBUSAX HA 3aJaHHbIX (DyHKIUI ¥ HA TPAHUILY
obiacTn.

Xorenoch 661 oT™MeTHTD, 9TO ecan dyuKun p;(x, y;u(z,0)) (i = 1,2) B ypasuenue (1) ne
3aBUCATD OT ¥, TO OJHO3HAYHAS PA3PEIUMOCTD 3aJa9n | CBEJEeTCS K MUCCAeJI0BAHUIO HEJTUHEH-
HOTO MHTErPaJIbHOTO ypaBHeHns Tuma Boabreppa BTOpOro poga. EcrecTBeHno, B 3TOM Caydae
YCJIOBHE HA TPAHUIbBI 00JACTH He HaJaraercs.
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OB OIIEHKAX JIMHEMHBIX IIONEPEYHNKOB KJIACCA
HuKOJIbCKOro—BECOBA B AHU30OTPOIIHOM IIPOCTPAHCTBE
JIOPEHIIA-3UT'MYHIA

la6nonna AKMITTEB

Kazaxcranckuii punnan MI'Y, Hyp-Cynran, Kazaxcran
E-mail: akishev_g@mail.ru,

B noxknane 6yayT mpejacTraBieHbl OIEHKH JUHEHHBIX TMOTEPeIHUKOB KJacca HuKoIhecKoTo-
BecoBa B aHM30TPOIHOM IIpocTpaHcTBe JIopeHna-3urMyH/ia B pasHbIX METPHKAX.
[Iycts p = (p1,.--Pm), T = (T1,...Tm), @ = (0q,...qy) and p;,7; € (1,00), o; € R,

*

Jg =1,...,m. Hepes Lﬁa’?(’]l‘m) 0003HAYUM aHU30TPOIHOE MPOCTPAHCTBO JIopeHna—3urmymnia
— BCeX U3MEepPUMBIX 110 Jlebery dbyHKImit m nepeMeHHBIX f HMEIONUX MEePUOJ, 27 110 KaxK IOl

HepeMeHHOﬁ n JJid KOTOPBIX BEJIUMYHUHA

1 1
0= [ [ ] ottt
0 0
m aj 1 1\ Ti T2 _Tm 1
x(H(lﬂlothj\) t) ”) dtl] 1} T"'Hdtm} o

Jj=1

KOHeuHa, TJe f*1*m ({1, ... t,,) - HeBO3pacTaIas nepecranoBka GyHkuu | f(277)| mo kax moii
nepemennoit z; € [0,1) mpu bUKCHPOBAHHBIX OCTATLHBIX mepeMeHHBIX (cM. [1], [2]). am(f)-
koabdumuentnr Pypoe bynxnun f € Li(T™) no cucreme {™@} u

p(s) i={k = (ki,...kn) €Z™: 2571 k| < 2%, =1,...,m},

m
— =\ _ =\ . (AT
<y»$>—zijj> 5§(fal‘) = Z aﬁ(f)e< >
j=1 nep(s)
PaccmarpuBaerca anagor kiacca Hukonbckoro—Becopa B ann3zoTpomnaoM mpocrpancTse Jlo-

peHIa-3urMyH/Ia:
<1},
Iy

tie D = (p1,,Pm)s @ = (A1, s ), T = (71500 Tim), 0 = (01, ..,00), T = (r1, ;i) 1 <
Dj, Tj < OQ, 1< 9]' < o0, 0 < r; < 400, aj € R, j=1,....m.

Ay (W) x — nuneitnsrit monepeanuk muoxkectsa W B GamaxoBoM mpoctpancrse X ompeje-
ned B. M. Tuxomuposbim [3]. B MHOTOMEpHOM ciiydae ONEHKH JUHEHHBIX TONEPEUHUKOB JIJIs
knaccos Huxombekoro-Becosa S7 ,B B Ly(T™) noxyuunu 9. M. Tanees, B.H. Temnsxos, A.C.
Pomamiok, A.JI. Nzaaxk, /1. B. Bazapxanos (cum. 6ubaunorpadun B [4], [5]). Ocmosnoit pesyabrar
JIOKJTaJIa:

B i={f € Lyar(T™): |f

s+ [{TT277 16 e
ESYAH

j=1

) Teopema 1. Ilycrp 1]3 = 1(}31,...,pm), 2@ = gql,:.,qm), a = (oqg,...,am),
B= (B, fm), ™D = (7N, 7D = (75, 0= (04, 0m) m1 < p; <2,

’ ’ . 1 2
p; = pi/(pj — 1), maxjmy _mp; < Minj—; g < +oo, 1 < 7']( ),TJ() < 400, 4,6 € R,
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j:1,...,m1/10<Tjo+i—1:min{rj+qij—1: jzl,...,m},A:min{j:Tj+qij—1:

Tio+ oo — L J=1,...m}, j1 = min{j € A}. Torza

f
A (Sp,&f(l) ,éB) gA7 <<

—(rjot = —3%) D (e a)to
M Jo 950 2 (logM)(lA‘ 1)( Jo+qj0 1)""]_;{4(6] J)+ (A)

F;Leecm/l1<9j<7;2)<oo,j:1,...,m,T00(A):[)HﬂjER,j:l,...,mﬂA\{jl}:@HﬂH
5j>Oﬂﬂﬂj€A7aﬁjERﬂﬂﬂjéAnA\{jl}#Q;eCﬂn1<Tj(2)<0j<oo,j:1,...,m,

odA)= Y (45 —4)u

(
jeA\{i} T !

. 1 1 1 1
min{ Z Bi + Z (ﬁ—a), 6j/+ﬁ_m}>0
j

JEA{'} jeA\ny Ti J I

Y

uj =max{j € A}, |A|-kommuecTso snementoB MuOKecTBa A, unciao M > 1.

S3AMEYAHUE. B ciayuae o = 8 =0 u p; = T;l) =D, q = T]@) =q¢0;=0pmaj=1..,m
nry =..=r, <nr, < ..<r, 13 Teopembl CaeayioT pe3yabrarsl . M. lameera, B. H.
Temnsaxosa, A.C. Pomamtoka (cm. 6ubmunorpaduio B [4], [5]) u npu o; = B; = 0 reopema 3 B [6].

Funding: AsTop 6611 ogmepxkan rpantom AP 08855579 MOH PK.
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3AJAYU TPUKOMU JJId MHOTOMEPHOTO YPABHEHUA
JIABPEHTHEBA-BUIIA/I3E

Cepux AJIJIAIITEB

Hucruryr maremMaTnkn W MaTeMaTHIeCKoro Mojeanposanust, Aamarsr, Kasaxcran

E-mail: aldash51@mail.ru

Beedenue. 3BecTHO, 9TO KOJIeOaHUST yIPYrUX MeMOpaH B IIPOCTPAHCTBE MOJICJIAPYIOT-
cs ypaBHEHMAMH B YaCTHBIX HPOM3BOJHBIX. Ecaum mporn6 MemMGpaHBI CYUTATh (PyHKIHEN
u(z,t),r = (x1,...,Tm),m > 2, 10 10 upuHnuiy [AMHJIBTOHA UPUXOJUM K MHOIOMEPHOMY
BOJIHOBOMY YPaBHEHHIO.

[Monaras, 4To B HOIOXKEHHH u3rnba MeMOpaHa HAaXOAMThCH B PABHOBECHH, W3 IPHHIUIIA
FaMUIBTOHA TAK:Ke IOJIy4aeM MHOrOMepHoe ypasHenue Jlamaca.

CulesioBare/bHO, KojebaHus yOPYyruX MeMOpaH B IPOCTPAHCTBE MOYKHO MOJIEIUPOBATH B
KadecTBe MHOIOMEpPHOTo ypaBHeHus JlaBpenTheBa-Bunasze [1,2].
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Teopust KpaeBbIX 33724 I8 TUHEPOOTO-ILUITHIITAYECKIX YPABHEHUN HA TLIOCKOCTH XOPOIIIO
M3Y9I€Hbl, & UX MHOTOMEPHBIE aHAJOTH MHTEHCHBHO UCCJENYIOTCS (CM. HApUMep, MOHOTpadbuu
[2,3] u nupusesenubie B HUX Gubanorpadun).

[IpobeMa KOPPEKTHOCTH CMENTaHHBIX 33724 JJIs TUIePOOJIO-3JUINITAYECKIX YPaBHEHUN B
MHOIOMEPHBIX OIPAHUYEHHBIX 0BIACTAX BCE eIle OCTAeTCsT OTKPBITHIM [4].

Mmuoromepubiit anaJior 3aja4un Tpukomu Jijis ypasuenus JlaBpenthesa-buraize Obia mo-
crapyena B [4,5] (em. rakzxe [6]). B paborax |7,8| mokasamna, sra 3a1a4a HMeeT He €IMHCTBEHHOE
pellreHue.

EcrecTBerno, BO3HUKAET BaKHBII BOIPOC: B KAKOH CMEINIaHHON O0JIaCTH pelleHue 3a1a4qu
Tpukomu gB/ISIETCST €INHCTBEHHOIA.

B nacrosiieit pabore npuBoauTcs cMeniannas 001acTh, B KOTOPO# 3a1a4a TpukoMu nmeer
e/IMHCTBEHHOE DeIeHNe.

[lonyden Takke KpUTepHil € IMHCTBEHHOCTH W KPUTEPUil OJTHO3HAYHOM Pa3pPEIMMOCTH KJTac-
CUYECKOTO peleHusl.

Bech TakKe ciegyer oTMeTHTh pabory [9], rae usyuaercs 3amada TPUKOME B TPEXMEPHOId
obnacTu.

Hocmanoska 3adanu u peayavmam. Ilycts (), — KoHedHasT 001aCTH €BKJIHI0BA ITPOCTPAHCTBA,
E,ny1 ToueK (11, ..., Ty, 1), orpannuennas npu ¢ > 0 cdepuveckoii nosepxuocroio I : |z[? 412 =

1, anpu t < 0 konycavu K, : || = —t+¢, Ky : |z|] = 1+t 52 <t <0, rae |7 -

2

JUIIHA BEKTOPA T = (T1,...,%m), a 0 < & < 1. Obosmaunm gepe3 QF u )T gacru obiactu

()., Jexkarniye mnojaynpoctpancTBax ¢t > 0 u t < 0, gepe3 S°— o0IIyI0 YacTh I'paHul 061acTh
T n TABJISIONINX MHOXKECTB = x TOYEK H : Th KOHYCOB

Qt, Q eJICTABJISIO oxkecTBO {t = 0, ¢ < < 1} Touek uz E,,. Yac OHYCO
1, OTPAHUYNB ux obgactu ) HAYUM 9 1 TBETCTBEHHO.

K., Ky, orpa aro obsactu €1, 0b6o3HA epe3 S;, S| COOTBETCTBEHHO

B obaacru €2, paccmorpuM MHOroMepHOe ypashenue JlaBpearbeBa—bunamgse
Ayu+ (sgnt)uy = 0, (1)

rae A, - oueparop Jlamiaca 10 HEPEMEHHBIM T, ..., Ty, M > 2.

B nasbueitinem Ham ymo0HO MepefTr 0T JeKAPTOBBIX KOOPIUHAT X1, ..., Ty, t K cepUIecKuM
T, 91, ...,Qm_l,t7 r>0,0< 0, < 27,0 < 0; < mot=2,..., m—1, 0= (917 ...,Qm_l).

Cnenys [4,5], B kKauecTBe MHOTOMEDHO#T 3312491 TPUKOMH DACCMATPUBAETCS CJIELY HOTIASA

Bagaua T. Haiitn pemenne ypapuenna (1) B obmactu €, mpu ¢t # 0 u3 kaacca C(€.)N
NC?(QT U Q) yaoB/1eTBopsIoNiee KpaeBbiM YCJI0BUAM

=1 <T7 9)7 (2)

€

u) =(r,0),u

r

- ¢2(T7 0)7 (3)

Ormernm, uto npu € = 0 3ama4a (1), (3) B omoM gacTHOM ciaydae ObLTa HccaeoBana [5].

[IycTn {Yrﬁm(e)}— cucreMa JIMHEiHO He3aBUCUMBIX cdepuyeckux pyHKIM nopsgaka n, 1 <
k<kn, (m—2)nlk, = (n+m—3)(2n+m—2), Wl(S), 1 =0,1,...— npocrpancrsa Cobosesa.

Hanee, gepes ok (r, 0), 4% (r,0), 95 (r,0) obozmaunm ko3P dUIHEHTH PA3IOKEHUA PAIOB IO
cepuaecknm hyHKIHIM cOOTBeTCTBeHHO byHKIMA (7, 0), 11(r,0), 1a(r, ).

Begem muoKecTBO (DyHKIMI

u = e(r0)u

r

S1

co kn

BI(5%) = { (t,0) : f € Wy(59), Y > (I () [Exgey +

n=0 k=1
2oy ) exp2(n +n(m = 2)) < 00,0 =m —1}.

CupaseJl/InBa KpUTEpU
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Teopema 1. OgHOpOoMHAS 3a/7a4a, COOTBETCTBYIOMast 3aj1a4de (1), (2) umeer TpuBHAIBHOE
peIIeHne Toryia | TOJBKO Torja, Korga € > 0.

Lyers ¢(r,0) € BYT),dn(r,0) = ri(r, 0),91(r, 0) € B'(S.).

Torya umeer MecTo Kpurepus.

Teopema 2. 3agaua (1), (2) oanoznadna paspemmnma < € > 0.
m—+41

[lycts ganee o(r,0) € W),  y(r,0) = (r — %) 2 3(r,0),
U3(r,0) € Wi(S),1 > .

Torna ciupaseiuba

Teopema 3. Ve > 0 3azaqa (1), (3) umeer equHCTBEHHOE pElICHHE.

Cxema dokasamesvcme meopem. Ananornuno xak B [10], cuavana B obnactu Q1 perus
KPAaeByIo 3a/ady JIsi MHOTOMEPHOTO ypasuenus Jlamnaca A u + uy = 0 ¢ ycaoBuem

u| = @(r,0) npu t — +0 HaxOAUM
r
u| =1(r0) (4)
SE
Hasee, yanrsiBasi Kpaesble ycaoBust (2)-(4), upuxomum B obsactu 2. k 3agaue JlapOy-
[TporTepa st MHOrOMEPHOTO BOJHOBOTO yPaBHEHUST

Axu — Uy = 0 (5)

¢ JJAaHHBIMU
ul =7(r,0),u| =1(t,0), (6)
U ge = T(Ta 6))’ u s - ¢2(7", 9) (7)

Hasee reneps, ncrnoabsys pesyabrarsl pabor [11-14] orHocuresnsHo 3ama4 (5), (6) u (5), (7),
YCTaHABINBACM CIIPABEIJIHBOCTL COPMUPOBAHHBIX TCOPEM.
Ormernm, 9TO Teopema omybauKoBaHa B [15].

Funding: Pa6ora nonuepxana rpanrom AP09260126 KH MOH PK.
KimoueBnble ciioBa: Kpurepwii, 3amaua TpukoMu, KJIACCHYECKUE PEIIEHNE, MHOTOMEPHBIE YPABHEHUST CMEITAHHOTO THTIA.
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np-6a. Teopuu npubausicenud" noce. 100 aemur axademura C.JI. Cobosaesa, UM CO PAH, Hosocubupck (2008), 93.

[8] Anmames C.A. HeetMHCTBEHHOCTH pelleHUsI IPOCTPAHCTBEHHOM 3a1auu Lesiiepcreira st OJHOTO KJIACCa MHO-
TOMEPHBIX TANEPOOJIO-3/IMITHEECKUX yPaBHEHW, YKp. mamem. srcypras, 62:2 (2010), 265-269.

[9] Moucees E.N., Hedenon I1.X., Xomomeea A.A. Aranorn 3ama1 Tpukovu u PpaHkis B TPEXMEPHBIX 06IACTIX
g ypasuernus JlaspenroeBa-Bunanze, Jupdepeny. ypasnenua, 50:12 (2014), 1672-1675.

[10] Anmames C.A. Koppekraocts 3anaun Jupuxie aia ypasaenns JlaBpenroesa-Bunanze, Yxp. Mamemamuueckud
Becmmnux, 9:3 (2012), 301-307.

[11] Anmamres C.A. O HEKOTOPBIX KPAEBBIX 330a9aX IJIsi MHOTOMEPHOTO BOJIHOBOTO ypasuenusi, JAH CCCP, 265:6
(1982), 1289-1292.

[12] Anmames C.A. O HEKOTOPBIX JIOKAJIBHBIX U HEJOKAJIBHBIX KPAEBBIX 33/1a4axX JjIs BOJHOrO ypasrenus, Judgpe-
peny. ypashenus, 19:1 (1983), 3-8.

[13] Anmames C.A. Kpaesvie 3a0a4u 0 MHOZOMEPHBIT 2UNEPBEOAUNECKUT U CMEWAHNHT Ypasrerud, [biabiv, Amva-
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[14] Anpames C.A. O kpurepusx eqMHCTBEHHOCTH pemenus 3amaau JapOy-IIporTepa g OJHOTO KJIacca MHOTO-
MepHBIX runepbosmyeckux ypasuenuii, Mamemamuueckud ocypraa, 2:4 (2002), 26-29.

[15] Anpmames C.A. Kpurepuii eIMHCTBEHHOCTH DpEIIEHUs] 3a7a9M TpPUKOMH [JIsi MHOIOMEDHOTO yDaBHEHUS
JlaBpentnhesa-Bumamze, Jugdepeny. ypasnenus, 57:11 (2021), 1564-1567.

O PABPEILIMMOCTHU OJHOM KPAEBOWM 3AJAYM J1JIsI

BbBIPO2KJAIOIIEI'OCA ITAPABOJINMYECKOI'O
YPABHEHUA C I/IHBOJ'II-O]_[I/IEﬁ

JMunapa AJTTUHBEK®, Maitpa KOIITAHOBA®

Mesxynapoansrii kazaxcko-Typenknii yausepcurer umean X.A. Slcasu, Typkecran, Kazaxcran
E-mail: “dinara.altynbek1999Qmail .ru, Ymaira.koshanova@ayu.edu.kz

B nacrosmeii pabore mcciemayercs BOIPOCH Pa3pellMMOCTH OJHOM KpaeBOH 3a1adu JId
BBIPOKIAIOIIETOCS TMAapPabOJMIECKOr0 YpaBHEHHsI BBICOKOIO MOPsAKa ¢ MHBOJoNuen. llycTob
a € Rym,n € N . Pacemorpum B obsactu 2 = {(z,t): 0 <z <p,0 <t <T} caeayromnyio
33129y

o [(O%Fu(z,t 0% u(p — x,t ou(z,t
t ( Gm(?k ) +a ((%c% )) + (—1)16% = f(z,t),(z,t) € Q, (1)
20 21
g;f(ow g;(p,):O,Z:O,l,...,k—l,OgtST, 2)
u(z,0)=0, 0<x<p. (3)

Pemennem 3amaun (1)-(3) naszosem dymukmuio u(x,t) u3 xiacca u(z,t) € C’% M) n

C(Q), 822;&,?”, Qu(z,t) € C(Q) N Ly () u ynosrersopsiomtyo yerosusam (1)-(3) B knaccn-

YEeCKOM CMBICIIE.
Ormernm, uro B caydae a = 0 3aga4a (1)-(3) usydena B paborax [1,2].
CrhpaBeIuBo CIenyIonee YITBepK IcHue.
Teopema. Ilycre —1 < a < 1, ¢pyaknus f(x,t) obranaer riagkocreio [ (x,t) € C%O (Q),

2k+1
%xz—m € Ly () u ymoBierBopsier ycJoBAAM

011 (0,0) _ 9" (p,1)
S = =0 =012k

Torza pemenne 3agaqn (1)-(3) cymecTByer, e AHHCTBEHHO W OPECTAB/ISCTCS B B

m—+1

mtl_
u(z, ZX2n /f2n —(-a)\ dr+

+1 +1

) t
_ )kZXin(x)/onl( (s, e
n=1 0

rae
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fn(t)— rO3ppummenter @ypoe pyukmnun f(x,t) mo cucreme X, (x),n € N.
B pabore Takke u3yudeHa COlLpszKEeHHAs KpaeBas 3a/1a4a.
Funding: Asrops! 66 omep:kansl rpanrom MOH PK AP09259074.

KurroueBble cjioBa: MHBOIONNS, BRIPOKIEHNE, TapaboIniecKoe ypaBHEeHNEe, KIACCHIECKOe PelleHue,
CYyIIIeCTBOBAHMUE, €IMHCTBEHHOCTD.

2010 Mathematics Subject Classification: 35G15,35K35,35K65.

JINTEPATYPA
[1] Amanov D. Solvability and spectral properties of the boundary value problems for degenerating higher order
parabolic equation, Applied Mathematics and Computation, 268 (2015), 1282-1291.

[2] Amanov D., Ashyralyev A. Well-posedness of boundary value problems for partial diffferential equations of even
order, AIP Conference Proceedings , 1470:3 (2012), 651-667.

O KPAEBOU SAJAYE OJI4d HEOJHOPOJHOI'O YPABHEHUZA
YETBEPTOI'O IIOPAJTKA C IIEPEMEHHBIMU KOS®PUITMEHTAMU

FOcymxon ATIAKOBM, Camxapbexk MAMAYKOHOB??

' Urcruryr maremaruxm mvu. B.U. Pomarosckoro AH PY3, Tamkent, Y36exucran, Hamanranckmit
HHXKEHEPHO-CTPOUTEIbHbIH nactutyT, Hamanran, Ysbexucran
2Hucruryr maremarnkn um. B.U. Pomanosckoro AH PY3., Tamxkent, Y36ekucran
E-mail: “yusupjonapakov@gmail.com, "sanjarbekmamajonov@gmail.com

B obaacru Q = {(z,y) : 0 < x < p,0 < y < ¢} paccMOTpUM ypaBHEHHUE
L[u] = Uggrx + al(x)umx + CLQ(.T)U@ + GS(I)U - uyy = f(I, y)7 (1)

sech a;(x),i=1,3 u f(z,y) 3anamEbe 0CTATOYHO rIajKne QYHKIUN.
Bamaua A. Haiitu dynkmmo u(z, y) u3 kracca Cp2(Q)NC1(Q), yI0BIETBOPIONIYIO ypas-
nennio (1) B o6acTu U CACLYIONAM KPACBBIM YCIOBUAM:

uy(z,0) =0, uy(z,q) =0, 0<z<p,

w(0,y) = ¥i(y), ulp,y) = ¥a(y),
Uz (0,y) = V3(y), uea(p,y) = ¥a(y), 0 <y <gq,
rae i(y) € C*[0,ql,i = 1,4, f(z,y) € CL1(Q) sanannsre dbyskuuy, npuyem

¥i(0) = ¥i(q) =0, i =T1,4.

Ormernm, ato B pabote [1| pacemorpen caydail a; = ag = 0, a3 = —c(z,t), a B paborax
[2-3], korma a1 = as = az = 0.

Teopema 1. Ecim 3amaua A mmeer pernenme, T0 npu BblmogHeHHH yeaosuii ai(x) < 0,
2a3(z) + a}(z) — ab(z) > 0 omo exuHCTBEHHO.

Teopema 2. Ecjii BbIIOJIHAETCS HEPABEHCTBO

1 3 1— —2p1p\2
C < min 5 5 p(l—e I ) 5 (s
2p*(1+p+p?) p(3+3u (1 + e *P) + 2u7)
TO penreHne 3aaada A CyHIeCTBYeT. 37ech, |1 = ;—q "
C = max {[a;(§)|, [ai(&)]. [af(§)],i = 1, 3}.

£€[0,p]
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EMHCTBEHHOCTH pellleHne MOCTaBJIeHHOM 3a7]a4i TOKA3aHa MeTOJ0M HWHTEIDAJIOB SHEPTHH.
Pemenue Boimucano depe3 moctpoenuyio ¢gpyuknuio ['puna.

KurodueBrle ciioBa: ypaBHEHHE YeTBEPTOTO TMOPSAIKA, KPATHBIE XapAaKTEPUCTUKM, MJIQJIINE HJIeHBI, KpaeBas 3a7ada,
€/INHCTBEHHOCTD, CyInecTBOBaHue, Gyukimsa ['puna.

2010 Mathematics Subject Classification: 35C10, 35G15.

JINTEPATYPA
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Becmn. Yomypmcex. yn-ma. Mamem. Mez. Komnvrom. nayxu, 1 (2013), 3-10.

[2] Caburos K. B., ®aneesa O. B. HauanbHo-rpannuHast 3a7a4a Jis ypaBHEHUs! BBIHYXKJIEHHBIX KOJI€0aHUN KOH-
conbHOl Gamku, Beemu. Cam. zoc. mexn. yu-ma. Cep. Pus.-mam. nayxu, 25:1 (2021), 51-66.

[3] Urinov A.K., Azizov M.S. Boundary Value Problems for a Fourth Order partial Equation with an Unknown Right
— hand Part, Lobachevskii Journal of Mathematics, 42:3 (2021), 632-640.

OB OJ/IHOM KPAEBOW 3AJIAYE J1J1s1 HEOJJHOPO/IHOI'O YPABHEHMUS
TPETBEIO ITOPSIIKA C KPATHBIMU XAPAKTEPUCTUKAMMU

IOcymxon ATTAKOBY, Paxmaruiza YMAPOB??

Y Uncruryr maremarnxn mv. B.J. Pomanosckoro AH PY3, Tamkent, Y36exkncran, Hamanranckmii
HH2KEHEPHO-CTponTe 1bHbIH nactutyt, Hamanran, Yabexucran
2 Hamanrancknii HHXKeHepHO-CTPONTe bHbI nHeTuTyT, Hamanran, Ys6exucran
E-mail: “yusupjonapakov@gmail.com, °r.umarov1975@mail.ru
B obmactu D = {(z,y) : 0 < x < p,0 < y < ¢} paccMOTPUM CJIeJIyOlIee YPABHEHUsI
TPEThETo MOPAIKA BUAJIA!

L(u) = Upyw — Uyy + A1Upy + AU, + AU, + AU = g1 (2, y), (1)

e A;,p,q € R, i = 1,4, gi(,y) 3a1anubie, 10CTaTOUHO IiaKue (DyHKIIUU.
Samenoit
Ulz,y) =exp | — %az + %y u(z,y),
ypaBaenue (1) MOKHO MPUBECTH K BUJY
Ugzz — Uyy + A1y + aou = g(x,y), (2)
rie
A2 243 A2 AjA, Ay As
a=—— + A, ay = > t5 3 + Ay, g(z,y) = exp ST Y 91(z,y).

Bagaua A. Haiiru bynkumo u(z, y) w3 knacca C32(D)NC21 (D), yaosaeTBopsontyo ypas-
HEHUIO (2) U CJIeAYIONUM KPAEBBIM YCIOBHSIM:

Uy(ZE,O):O, uy(xa(J):Oa OS.TSP;
U(p, y) = ¢2(y)a u:c(pa y) = ¢3(y)7 uxz(ovy) = wl(y)a 0 S Yy S q,

rae ¥i(y) € C°[0,q],i = 1,3, g(x,y) € CP, [0, q] 3ananmsie dynKmum, Tpraéym

¥i(0) = ¥i(q) =0, i=1,3.
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OrmeTnM, 9To B paborax [1-2] pacemorpen caydait a; = ag = 0. B pabore [3| Haiigeno perrte-
nue ypasuennu (2), npu g(z,y) = 0, B Buge GECKOHETHOTO PATA, UCTIONB3YST METOJ Pa3/IeTeHUsT
1ePEMEHHBIX.

Teopema 1. FEcim 3amada A umeer pemenne, 1o npn Boimogaernn ycaosuii a; < 0, as > 0
OHO €JHHCTBCHHO.

Teopema 1. FEcju BbIIOJTHSIETCS CJAEAYIONICE YCIOBHE:

1 A2

C < mi
Y B2 2 MpOn + 1) [

TO pernreHne 3agadu A cyimecTByer. 31ech

’ 16 23\ )
C = max{|ai, |as|}, M = | [ 2 M=2(1-ewp| - 3”
q

KiroueBnle ciioBa: ypaBHEHHE TPEThEr0 MOPAIKA, KPATHBIE XaPAKTEPUCTUKH, KpaeBas 3a/a9a, eANHCTBEHHOCTD, CyIIe-
CTBOBaHHE.

2010 Mathematics Subject Classification: 35C10, 35G15.

JINTEPATYPA
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SAJJAYA JIAPBY JIJIsI CHEKTPAJIbHO HATPY>KEHHOTO
YPABHEHUSI KOJIEBAHUS CTPYHBI

Amaromuit ATTAEB

HIIMA KBHII PAH, ropox Hanpank, Poccust
E-mail: attaev.anatoly@yandex.ru

Jlna ypaBuenus
Ugy — Uyy = )\uyy(lba y)
B obmactn Q = {(z,y) : 0 <z -y <l,0<a+y <[ 0< z9 < l} paccmarpuBaercs

CJIe/LyIOIAs 33142
u(z,0) =71(x), 0<ax<l|,

u(%,%) =p(r), 0<z<2x

u(z,xg) = Y(x), z<x<l—x.

[Ipu onpejieIeHHBIX YCJIOBHIX TOYEYHOTO XapakTepa Ha 3ajaHHble byHKIMU 7(T), ¢(T) u
Y(x)  Ha 3amanmblil MapaMeTp A B paboTe J0Ka3aHa TeopeMa O CYIIeCTBOBAHUY €THHCTBEHHO-
ro peryaspHoro B obaacTu () pelleHHs MOCTaBJIeHHON 3amadn. g qoKas3aTeabcTBa TEOPEeMBI
HCIOJIb3YETCsl HPUHIIUIL C2KATBIX oTobpazkenuit (Teopema Banaxa). B oxnoit wactu obiractu pe-
Hnienue 3ada4u CTpOUTCAd METOJ0M ITOCJaeJ0BaTEC/IbHBIX l'[pI/I6JH/I)KeHI/II'7'I7 a B ocTaBLIelics YacTH -
METOIOM TIPOIOIKEHUSI.

KimroueBble cJioBa: HAarpy»KEHHOE BOJHOBOE ypaBHeHue, 3ajada Japby, MeTo mpofo/KeHns 0 apaMeTpy, [IPUHIIALL
C2KaThIX OTOOPaXKEeHUH.

2020 Mathematics Subject Classification: 35L20.
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KOPPEKTHASI PABPEIIIMMOCTh KPAEBOM SAJAYN OJId CUCTEMBI
ANOPEPEHITNAJIBHBIX VYPABHEHUM U YCJIOBUS COIIPSI>KEHUSI B
COEJIMHUTEJIbHOM Y3JIE

Tayhap AV3EPXAHY, Kanrac KAIBIPBEK??

! Kazaxcknit narmonaisusii yausepcurer umenn Anb-Papabu, Anvars:, Kazaxcram
2 Hucruryr MaTeMaTHKH I MaTeMaTHIeCKOro MoieaupoBanus, Amavarer, Kasaxcran
E-mail: “auzerhanova@gmail.com, kaiyrbek.zhalgas@gmail.com

Pacemorpum 3Besaubiii rpad = {V, £}, tae V-MHOXKeCTBO €ro BepIIvH, 3aHYMEPOBAHHBIX
or 0 jo m + 1, a mHoxkecrBo FE o3Hadaer e€ro Jyr ei,...,e,. BBejieM BeKTOp (YHKIIHIO
_ T "

Yi(x;) = [y1;(z;) yo5(x;) ysi(x;)]", z; € e;, koropas ymoBaeTBOpsieT cieiyiomeil cucreme

JIMHEHHBIX JTupdepeHuaIbHbIX ypaBHeHU

y1j(x5)

2 2 d2y2.'(z>) 2 dyz;(x;)
i (wm)%(m*r) + i (uj(prj(wj)#) o (ns(e)as o) ZHED ) =015y,

2 (25) 2 a%yy;(z;) 2 (z5)
2 (u,(znb <z1>%) + L (uﬂzpe,-(z,)%) o G e )
J J J

J J

I
G)
[N

A2y (z;) d2yqi(x5) dys:(x5)
a5 <u_7~(zj)dj<z_,»>7”;;2 : ) + 7t <u7<z]>f7<z]>7’21 ) g (u_,» () o ):gsj(zj).
p J J ; :

Cucrema (1) nuneitupix nuddepeHnnaabHbIX YPaBHEHHN COCTOUT U3 TpeX audepeHnnaabHbIX ypaB-
HEHWU PA3HBIX MOPHAJKOB U OINMUCHIBAET COBMECTHBIE TIOIEPEYHbIE, IPOJIOJIbHBIE KOJIeOaHus CTepKHEed
COe/IMHEHHBIX B OIHOM y3J1e. B nanbueiimem cunraem, uro koaddunuentst u;i(z;), aj(z;), bj(z;), cj(z;),
d;(x;), fj(x;) npescTaBIAOT 3aaHHbIC BEIIECTBEHHBIC HELPEPbIBHBbIE QyHKIUA. YKazaHHble K03bdu-
IIMEHTHI UMeoT busuyaeckuit cmeica. ynmay qyru e; cumtaem pasnoit [; mpu j = 1,...,m + 1. Ecim
JTUaMeTp cedeHus w(z) CUMTaTh MAIBIM MOPSIIKA € TOTJIa CHCTeMa ypaBHenuit (1) pacnasgaercs Tpu 1mo-
CJIEJJOBATENIBLHO pellaeMble cucTeMbl. B cury manocru sesmant d(z),[(z) Tperbe ypaBHEHUE CHCTEMBI

(1) mpumer Bux
() (M) = R )

[Tpu ecTecTBEHHBIX YIPOIIAIOIIMX JOMYIIEHUAX 9TO yPABHEHHE IIPOI0JILHBIX Kosebanuii crepxkus. [To-
9TOMY IPEBAPUTETLHO MOXKHO HANTH IIPOIOIBHbBIE CMEIIeHNs w3(2), a 3aTeM MOKHO U3 IIEPBBIX JBYX
ypasHeHuil cucrembl (1) HaliTH 11OIIEPEUHBIE CMEIIEHNUSI.

2 201 (2 2009(2 walz

L (1) (0l T ) B2 g BE)yy 5
2 2Ld z 2@0 z walz

%(M(Z) <b(2)dd212() +C<z)dd,222() _ f(z)d;())> — By(2) )

ypasrernii (3) u (4) pacnazaercss Ha JBe CHCTEMbI, KaxK/Iast U3 KOTOPBIX PEIIaeTcs He3aBUCUMO JIPYT
or apyra. dunddepeniimanproe ypaBHeHne 9€TBEPTOrO MOPSAKA I HOMEPEIHOTO CMEIEHUS [0 OCH
Oy u 1o ocu Ox. Takum 06pas3oM, B 9TOM cjydae morepednbie cMerterus 110 ocam Ox u Oy MoxK-
HO BBIYUCJATH HE3ABUCHMO JIPYT OT JApyra. Uro moarBep:kaeT Teopuio u3rubos 6asox TumorreHko,
COTJIACHO KOTOPOil M3THOBI ONpenessttorces u3 aud pepeHnnaabHbIX ypaBHEHM YeTBEPTOrO TOPSIIKA.
Eciau nnaverp cedenmns w(z) cuurarh ManbiM MOpsjKa €, Torga cucrema (1) mojTBeprKiaeT TeopHio
u3rn6os 6asok Tumornenko.Bo MHOTHMX WHIKEHEPHBIX PACUETaxX CUUTACTCS, UTO JTBUKEHUS Da3fiesis-
IOTCSL: TIOTIepeYHbIe KOIE0AHNsT He BAMSIIOT HA MPOAOAbHBIE 1 HAobopoT. OmHAKO TO106H0e pasieneHne
JBUZKEHU{ CTepPKHS He BeerTa onpasbiBaeTcs. Taknm o6pazom, B obrem ciydae cucrema (1) He Beeraa
pacnajaercs Ha ypapaerus Tuia (2) u (3),(4).

B 1ok1asie BBIAB/ICHBI YCJIOBUST COMPSIXKEHUST B COCIMHUTEIBLHOM Y3J1€ U COOTBETCTBYIOIIHE YCTIOBUST
3aKPEIJIEHNsT B TPAHUYHBIX BEPIIUHAX, KOTOPBIM COOTBETCTBYET KOPPEKTHO PA3PEITUMbIH 31891 JI1st
cucremsr (1).
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2010 Mathematics Subject Classification: 35Q79, 35K05, 35K20.

HEJIOKAJIbHAS 3AJAYA JJId BBIPOXKJIAIOIIIETOCSI YPABHEHUS
CMEIIAHHOI'O TUITIA JPOBHOI'O IIOPAJKA C
HEXAPAKTEPUCTUYECKOU JIMHUEWU USMEHEHNA TUIIA

Naxom AXMAJIOB

Harnmonasnsuprit Yausepcurer Y3bexkucrana nm. M. Viyréeka, r. TamnmkenT
E-mail: ahmadov.ilhom@mail.ru,

BamMernM, UTO KPaeBble 33aUM JIjId HEBBIPOXK TAFOIIEr0Cs YPaBHEHU Mapaboio-runepboInIecKoro
THIA, KOra mapaboanmdeckas 9acTh COAEPKUT Oomeparop ApobHOro audhepeHnnpoBaHns B CMBICIE
Pumana-JTnysumis nin Kamyro B crierpanbibix 06sa-crsax masno usydensl. Ormerum paborsr [1-4].

Hacrositasi pabora 1mocBsIeHa MOCTAHOBKE W W3YUYEHUIO HEJIOKAJIbHOU KpaeBoil 3ajade s Bbl-
DPOKIAFOIIETOCS YPABHEHUST CMEITAHHOT0 THIA JAPOOHOTO MOPIIKA C HEXAPAKTEPUCTUIECKON JMHmeH
M3MEHEHUsT THUTIA.

Paccmorpum ypasuerue

Lu = f(z,y), (1)
e
T { Uy — D1 (z;y) € O, @)
Ugw = (=) Mgy, (23y) € Do,
m >0, 0<a<l, (3)

3iech {21 — objacThb, orpanndennast orpedkamu AB ABy, BgA, AgA npambix y =0, z =1, y =
1, x = 0 cooTBeTcTBEHHO; ()9 —XapaKTEPUCTUIECCKUH TPEYTOJbHUK, OTpAHWYEHHBIH oTpeskoM AAg
OCW Y—OB W JIByMS XapaKTePUCTUKAMMI

AC: y—(1=28)(—a)T% =0, AyC:y+ (1 —28)(—2)=% =1

ypasuenns (1), Bexopsmmyu u3 Touek A(0,0) u Ag(0, 1), nepecekaronmmucs 8 rouke C (—0,5; 0,5);
I={(z,y): 0<z <1, y=0},

J={(z,y): =0, 0<y<1}, J1={(z,y):2=0,0<y<c}

Jo=A(z,y): =0, c<y<l1}, ceJ, Q=0 UQUJ,
rie f (x, y) — 3amannas GyHkiys, a [ = Fmrz), HPHeM flz,y) € C(Q) N Ly(Q) m

0<6<%. (4)

D, [:] —omeparop (8 cmbicie KamyTo) spobroro nopsiiaka a € (0, 1] or dynxmun g(y) [4, crp. 341]:

ey Jo =) (t)dt, 0<a <1,
w9, a=1

Dg,9(y) = { (5)

B obsactu ) st ypasuenust (1) uccsiegyem CJaenyionLyio 3a/1ady.

Bamaua. Tpebyercs naiitn Gynkimu u(x,y) co caemyommmu CBoficTBaMu:

1) u(z,y) € C(Q), y'uy(z,y) € C(UUI);

2) uzp € C(UQ2), uyy € C(€2), Dy u € C(Q1) n ynosnersopser ypasuennio (1) B obnacrax
Q;(j =1,2);
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Nuz, e C(UUNUI)NC (Q2UJ1 U J2) v Ha TuHIE BEIPOKIEHUS BBITTOIHSIOTCS YCIOBUS CKJTe-
UBAHAS

u(+0,y) = u(=0,y), (0,y) € J,
Jim ug(z,y) = Hmous(z,y),  (0,y) € LU Ty

4) u (z,y) yI0BIETBOPSIET KPAEBbIM YCIOBUSIM

U(ﬂ?,y)‘BBO zgo(y),((),y) €J,

: 11—« _
ylgiloy uy(z,y) =v(z), (x,0)€l,

Dy y¥ 8o (9)] = ar(y)u (—0,y) + b1 (), (0,y) € Ji,
DS (y — o) u [0y (y)] = a2(y)u (—0,y) + b2 (y), (0,y) € Ja,

2 2

rue Oo(y) = (— (k2 me ,%) u 61(y) = (— (2 (y — ¢))mi2 ,yTJ“C) TOUKA 11€PECEUCHUsT XapaKTe-
pucTuk ypasuenus 1, perxogsinmx u3 rouku (0,y), ¢ xapakrepucrukoit AC' u AgC' cOOTBETCTBEHHO, a
o(v), ar(y), be(y), V() samammere dysuma, mpwen

v(z) e CHI), ¢(y)eC(T)nC(J), (6)
ax(y), bi(y) € C (J) NC? (Jy) (k=1,2), (7)
a D[Ly [-] — urTerpo-MUddepeHIaNLHBI OepaTop ApobHOTO Topsiika [ B cMbicae Puvana-Jlunysuiis

Hokazana ciexyiomas reopema.

Teopema. Ecin soiosnenst yciaosus (3), (4), (6) u (7), ro B obnacru § cymmecrByer e MHCTBEHHOE
PEryJIsipHOe pellleHHe ITOCTaBJICHHOH 3a,1a M.

EfuHCTBEHHOCTD pellieHre 3a/1auu JJOKa3bIBAeTCsl C IIOMOIIBIO [IPUHIUIIA S9KCTPEMYMA, & CYIIeCTBO-
BaHUSI PEIICHUS - METOJIOM WHTErPAJIbHBIX yDABHEHUIA.

KuroueBrble ciioBa: BBIPOKIAIONIEE YPABHEHNE CMEIIAHHOTO THIIA, PeryjsapHoe perrerune, oneparop Kamyro, npuammmn
9KCTPEMYMa, HEJIOKAJIbHOE YCIJIOBUE.
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OB ANIPMOPHOM OIIEHKE PEIIIEHUS 3AJIAYM TPUKOMUI HA
COMNPSI>)KEHUE YPABHEHUSI I'EJIBMTI'OJIBIIA C BBIPOXKJJAIOIIMCSI
T'UIIEPBOJIMYECKMM YPABHEHMEM IIEPBOT'O POJIA

2K.A. BAJIK130B

HIIMA KBHII PAH, ropox Hanpuank, Poccrst
E-mail: Giraslan@yandex.ru

OyHIaMeHTaIbHbIE NCCIETOBAHNSA 110 KPAEBLIM 3a4a9aM J1JId YPAaBHEHUH CMEIIAHHOT0 TUITa BTOPOTO
nopsiaxa Oblau mposejens! B paborax [1]-[5] u ap.

B 6osbimbcTBe HaydHBIX paboT, OMyOJIMKOBAHHBIX 110 HACTOSINEE BPEMS, UCCIEIOBAHUS MPOBO-
AWJINCH TI0 KPAaeBbIM 3aJavaM JIJId9 ypaBHeHI/Iﬁ CMEIIMAaHHOTO THUIld, MOPAA0K BBIPDOXKACHUA KOTOPBIX 13
runepboInIecKoil u JIUNTUYECKONR YacTel 001aCTH COBIAJIAIH.

B nannoit pabore ucciiejiopana kpaesas 3aja4a TpPUKOMU ISt yPABHEHUS CMEIaHHOIO TUIA, KO-
TOPOE COBIIAJIAET C HEOJHOPOAHBIM ypaBHeHueM [eqbMrosbiia B 06/1aCT S/UIMOTUYHOCTH U C BHIPOXK-
JAFOTIIIMCST TUTIEPOOTMIeCKIM YPABHEHUEM TIEPBOTO poja B obsiactu ero runepboguuanoctu. [lomyuena
apUoOpHAs OTIEHKA PEITIeHNsT NCCaeyeMoit 3aaun B npocrpancTse Cobosena WQ(Q), U3 KOTOPOH cCJie-
JIyeT eJMHCTBEHHOCTb PEryJIAPHOTO PEIeHWs MCCJIeIyeMOil 3a/iadn, a TaK¥Ke CYIecTBOBaHue caboro
pelreHna CONPAKEHHON 3a1aun K UCCaAeyeMO.

KuroueBrblie ciioBa: ypaBHeHue [eIbMroJibIia, BRIPOKIAIONIEeCs TUEpOOTMIecKOe ypaBHeHne, 33/1a9a T pukoMu.
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OB OJHOM OBOBIIIEHUU 3AJAYN POBEHA [OJId YPABHEHUA
JIATIJIACA B KPYTE

M.D. BAJITABAEBA®, M.A. MYPATBEKOBA?

Mexx gynapoassiii kazaxcko-rypenkuii yanpepcurer umenn X.A. Slcasu, Typkecran, Kazaxcran
E-mail: “baltabayeva_me@bk.ru, *moldir.muratbekova@ayu.edu.kz

IIycrs 2 = {(T, P ER?: 0<r<l,-m1<p< 7'['} - eIMHUYHBI KPYT, u(r, @) TIaaKast yHKINs
B obmactu Q. Inst aroboro v € (m — 1, m],m = 1,2, ..., B kKauectBe oneparopa suddepeHmpoBaHms
JPOOHOTO TMOPSITIKA MBI PACCMOTPUM CJIETYIOMNN BBIPAKEHUE

Dy [u] (r, ) = F(;_ia)/ (ln g)m_l_a <s§9>m [sHu (s, )] %,u > 0.

IMycte pp > 0,m —1 < a <m,aj,j =0,1,2,3 - neficreurensuble ynciaa. Bsegem oneparop
lolu] = agDyju(r, o) + a1 Dju(r, ™ — ) + a2 Djju(r, ™ + ) + a3 Dyju(r,2m — ¢)
Paccvorpum B obactu Q craeayronyio 3agady

Au(r,p) =0, (r,p) € Q, (1)
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lLalu] (r,@)l,—1 = g(p), T <p < (2)
Pemenuem 3amaun (1) - (2) masosem bynkmmo u (z) € C* (Q)NC (), ana koropoit DY [u] (r,¢) €

C (Q) , ynosnersopsitoniyto ypasaernio (1) 1 TpaHUIHOMY yCJIOBHIO (2) B KJIACCHIECKOM CMBICIE.
Tax xak JO [u] (v, p) = u(r, ), T

DL 9],y = r PO ) = PN )|
r=1 r=1

rie v- BeKTop HopMasu K rpamute obaactu (2. [losromy B cryuae a = 1,4 > 0,09 = 1,a; = 0,5 =
1,2,3, MBI ToJlydaeM KJjaccuaeckyio 3agady Poberna. Ormerum, aro B caydae o = 1, = 0 3amaua
(1)-(2) usyuena B pabore [1].

Ilyctb 61 = ag+ a1 +ag+as;e0 =ag—a1 —as+as; €3 = ag— a1 + a2 — a3;€4 = ag + a1 — Ao — a3.
CupaBeJINBO CJIEIYIONIEE YTBEPXKIEHNAE

Teopema 1. Ilycre B 3agage (1) - (2) p > 0,5 > 0,5 = 1,2,3,4 u g(p) € C[—n,7n|. Toraa
pereHne 33478 CYNIIeCTBYET, eUHCTBEHHO U MPEICTABIAETCS B BUIE

™

u(ri0) =+ [ Puslriip = 0)g(0)as,

—T

rae ¢yurmua Py (1, ¢ — 0) onpezgensiercs mo ¢opmyite

1\ a1 T
In~ pot d
<n7_> T D922 cos2(p —0) + T4t T

1
1 1
Paslrop =0 = 521 |
0

1
-1
_|_11/ In 1 @ ue1 Tr(l— 7212) cos(p — 0) it

e2I' () T 1—272r2cos2(p — 0) + 741t

0
1 1 / 1\ 2r2sin 2(p — )
- l - u—l d

0

1
1 1 1\t r (1 + 72r2) sin(e — 6
—I—/ In — 1 T (2 5 ) (v ) dr.
T 1 —272r2cos2(p — 0) + 74r?
0

Teopema 2. Ilycrs B 3amaue (1) - (2) p= 0,65 > 0,5 =1,2,3,4 u g(¢) € C[—n,n|. Torna s
CyIeCTBOBAHUSA DPEIICHUS 33/ 1a9U HeO6XO,ﬂI/IMO n JIOCTaTOYHO BBITIOJIHEHNS YCJ/IOBUSA

T

/ 9(6)d6 = 0.

-
Ecu perienne 3aja4du CymecTByeT, TO OHO €IHHCTBEHHO C TOYHOCTBIO IO IMOCTOAHHOT'O CJIaraemMoro.
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2010 Mathematics Subject Classification: 31B05, 35J05, 35J25.

JINTEPATYPA
[1]] Turmetov B.Kh. Generalization of the Robin Problem for the Laplace Equation, Differential equations, 55:9
(2019), 1134-1142.

Institute of Mathemitics and Mathematical Modeling. Almaty, 2022



68 TpanunuoHHas aOpeabCKas MaTeMaTHIecKass KoHpeperrns — 2022

O IMHAMUKE CEIIAPABEJIbHOTO KYBUYECKOTO CTOXACTUYECKOTIO
OIIEPATOPA C ITAPAMETPAMMUM HA JBYMEPHOM CUMIIJIEKCE

Baxomup BAPATOB

Kapmmucknit T'ocynapcerseansiii yausepcnret, Kapmm, Y. Kyga6or, 180100
E-mail: baratov.bahodir@bk.ru

OniHa U3 OCHOBHBIX 33124 B UCCAETOBAHUN TMHAMUIECKON CUCTEMBI COCTOUT B U3YUIEHUHU DBOJOIUN
€e COCTOSTHWS. DBOJIIOINS TIOMYJ/IAINN BKJIOYAET B ce0sl OTpesesIeHHble U3MEHEHUsT COCTOSTHUS CJIey-
IOMUX TTOKOJICHU B pe3yJbTaTe BOCIPOU3BOACTBA U orhopa. 3a Gojee uem 80 jeT 3ta Teopus ObLIA
paspaborana u omybinkoBaHa BO MHOTHX paboTax. B mociemsrne rogpl 0HA BHOBB CTAJI8, TPEACTABIITH
WHTEPEC B CBA3U C €6 MHOIOYUCJIEHHBIMU PUIOKEHUSIMIA BO MHOTUX 00/IACTAX MaTeMaTHKH, OUOJIOrUN
v ¢dhuzuku. B mocreamee BpeMa ¢ GOJIBINTUM WHTEPECOM M3YJaeTCAd NWHAMWKA CErnapadebHbIX KBaJIPa-
TUYHBIX CTOXACTUYECKUX ollepaTopos. B nannoit pabore 6yeT paccMaTpuBaThHCs OJUH U3 KJIACCOB Ky-
OMIECKMX CTOXACTHIECKIX OMEPATOPOB, HA3BIBAEMBIH cemapabenbHbIM. Takoi omepaTop MOPOXK AETCsT
TpeMst KBaapaTudabiMu MaTpurnamua A, B u C. MbI 6ymem uccmeoBaTh THHAMAKY OJHOTO cermapabeb-
HOTO KyOMYECKOr0 CTOXaCTUIECKOTO OMEPaTopa ¢ JAByMs IIapaMeTpaMy Ha JIBYMEPHOM CHUMILIEKCE.

IIycrs E = {1,2,...,m}. Muoxecrso

m
Smflz x:(xl,...,$m) e R™: szzla %20 ) (1)
i=1

Ha3bIBaeTCs (M — 1) MEpHBIM CHMILIEKCOM.
Mpbr paccMOTPUM TPEXMEDPHBIE MATPUITHL:

o o~
el
— =N
Q
|
S o O
— =

111
A=(111],B=
111

SO0

rae b >0, ce[0,1].
Torma coorsercrBytommii oneparop W4 g o) nmeer Bu:

/ 1
l’l — §$1,

Teopema 1.

i) JLns mobbix ¢ € [0,1] CKCO W(A,B,c) HM€ET eIMHCTBEHHYTO HENOJBUKHYIO TOUKY T = €3.

((0) (0) ,.(0)

i) Hpu moboii nagampuoii rouxe (0 = zy 2y, xy) € S? ana CKCO Wa,B,c) umeer mecto

pasercrso w(z(0) = {ey}.

KiroueBble caoBa: Ky6Gmuecknii CTOXaCTHIECKHUIT OMEPATOP, CUMILIEKC, CErmapabesbHbI KyOMIeCKMil CTOXaCTUIECKUA
OoneparTop, TPAeKTOPHSI.
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TEOPEMA CVYIIIECTBOBAHUS MPOJOJIXKEHWSI PEHIEHUN JIJ15

CUCTEM ANPPEPEHIIMAJIBHBIX YPABHEHUMN
C IIOCTOAHHBIMUA KO®PUIIMEHTAMN

Awmanrensu BEPJINMYPATOB

JIpiceBenckmtt ¢huamasr IlepMckOro HaIMOHAIBHOIO HUCCAETOBATEIBCKOTO MOJATEXHIIECKOTO
yHuupepcureta, JIorcoBa, Poccns
E-mail: aman2460@mail.ru

Awunoranusa. B sToit pabore mcciemoBana teopeMa CyIIeCTBOBAHUS TMPOMOJIZKEHUA 0DODIIEHHBIX
peteruit cucreM auddepeHInaabHbBIX YPABHEHUN B YaCTHBIX POU3BO/IHBIX € MIOCTOSTHHBIMU KO3 u-
IIMEHTAMU, ONPEIEIEHHOe B HEKOTOPO OKPECTHOCTH 0ObeIMHEHUST TPEX COCETHUX IPaHEel mapaJsiese-
ITUTIE/1A MOXKHO OBLIO TMPOJIOJIKUTE B HEKOTOPYIO OKPECTHOCTH TapaJliesielnuiie/ia Kiacce 0bo0IeHHbIX
QyHKIME . DTy 33729y MOKHO PacCMaTPUBATh KaK HEKOTOPHIA anajor 3anaun Jlapby-I'ypca-Bomo B
kJtacce 0600IIeHHbIX (DyHKIUI GecKOHeYHOTo nopsdika. Ilpu aToM pelienue cucreMbl ypaBHEHHUil, 3a-
JAHHOE B OKPECTHOCTH TPeX COCEIHUX TPaHeill Hmapasiiesielninea UrPpaeT PoJib CUCTEMbl HAYAIbHBIX
nanubix. [Ipobiemamu mpojoskenus o600IeHHbBIX pertennii JuddepeHinaibibiX YPABHEHNUN B YaCT-
HBIX MTPOU3BOIHBIX C MOCTOSTHHBIMEU KO3 puninenTamu 3aHuMaauch J1. Opennpaiic, B. Mansrpanx, JI.
Xepmangep, B. Tamamomos, B. Ipymun, II1LA. Axvenos, A.M. Bepanvyparos. A.M. Bepnumyparo-
BBIM TIOJIYUEH PsiJl PE3YIbTATOB KAK T€OPUA CYIIECTBOBAHUS U €IUHCTBEHHOCTH PA3PEIUMOCTH 331
Kommu-TTanmamonosa u Hapby-I'ypca-Bomo B mpocTpancTeax 06001eHHBIX (DYHKITHIA.

BBeneunue. PaccmarpuBaercss oqHOpO/IHAS cUcTEMa JuHeitHast nuddepeHina bias ypaBHEHU C
TMOCTOSAHHBIME KO3 PUIUEHTaMu B MaTpuIHOH dopme:

P(D)u=0 (1)

rme P (D),i = 1,¢,j = 1, s npoussoibuele quHefinbe anddepeHnuanbabe OnepaTopsl ¢ TOCTOSH-
HBIMH KO3 bUIMeHTaM”, a Yucia t U § TPOU3BOIBHBI U r1e U = (U1, U2, ..., Us) HEU3BECTHAS BEKTOD-
byHKIIS.

ITocranoBka 3agaum. Ilyctt m-mapannenenunen B R", n -rpanefi KOTOpOro JeXaT B KOODJIH-
HATHBIX moanpocTpancreax & = 0, ¢ = 1,2, ...,n. Obozuaunm vepes 7; ero (n — 1)-MepHyO TpaHb,
Jiexkalyto B mogmnpocrpanctee & = 0, ¢ = 1,2, 3. B aroii pabore ucciie/iyercs cieyiomias 3ajada: mpu
KaKnuX yCJ/JIOBUAX BCAKOE O606H.[eHHO€ penieHunsi ypaBHCHUA B 9aCTHBIX IIPOU3BOJAHBIX C IMOCTOAHHBIMUA
ko3 uimeHTaMu OnpejeSIeHHOE B OKPECTHOCTH TPEX COCEJIHUX rpaHell mnapaJsuienenumesa BR™ Mo-
2KeT OBITh [POJIOKEH B HEKOTOPYIO €10 OKPECTHOCTh. DTa 33294 SIBJISIETCS aHAJOIOM KJIACCUYECKOM
zagaun Japby-TI'ypca -Bomo gmst 06obmiennnix peniennit 6€CKOHETHOTO MOPSIKA @ BMECTO 3HAUCHUI
DEIeHNs ¥ €ro MPOW3BOHBIX HA IPaHsX (KOTOPbIe He OMPEIEIeHBI, eCIH MJI0CKOCTH 3TUX I'paHeil Xa-

DPAKTEPUCTHIECKUE) PEIeHre 3a/1aeTCA CPA3y B HEKOTOPO#H €ro OKPECTHOCTH.
Teopema. Ilycrs N' = L?’J {z € C™; z, = 0}, rorga cymecrsyer uucao h < 1, 3aBucsimee juiib OT
k=1
oneparopa P, rakoe, uro st jiioboro 3, yaosjaersopsirorgero yeaosuro > 1 npu h <0unl < g < %
npu h > 0 u gr06oro B > 0 u jgst jir060tt okpectaocTH L KOMITAKTA LBJ T}, CYIIECTBYET OKPecTHOCTE L'
k=1

S
napaJiIeJIeuIea T TaKasl, 9T0 BCAKYIO 0000meHHy0 (QyHKIIIO U € [L{ léj , SBJISIFOIIYIOCS DEHICHUEM

Ak Ak ,
cucrempl (1) ma L', npuvem, ecin u € [(DQ’B> } , 00 € {(DQ’B'> } u ||19||§’B < K- Hu||€B e

xorcrauTel B’ u k ne zasucar or u.

Saksouenue. Iloayueno ycioBue Ha XapaKTEpPUCTHIECKOe MHOKECTBO auepeHnnaabHoro ome-
paTopa ¢ IMOCTOSTHHBIMEA KO(DPUITMEHTAMN 00ECTIeUINBAIOIIEE TPOI0IKAEMOCTH 0D0DIIEHHBIX PeleHnH
YPaBHEHWH B 9aCTHBIX TTPOU3BOJHBIX, C TIOCTOSTHHBIME KO3 PUImeHTaMI B CIIeNnaabHOM Kjtacce 0606-
IIIEHHBIX PYHKIUH HECKOHEYHOTO TOPSIIKA.

KuroueBrble ciioBa: HecobcTBeHHAs TOYKA, mpeobpazoBanne Pyphe, BHIMYKIIBIA KOMIAKT, GUHATHBIE DYHKITUH, TEIbIe
aHajmMTHIecKue QyHKIMHU, XapaKTepucrTudeckas QyHKius, ajrebpandeckoe MHOXKECTBO.
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[5] Bepmumyparos A.M. O exmuncrsenrocTu 3amaun Komu-ITagamonosa B kiaccax 0606meHHbIX (GyHKIUHA GeCKO-
HEYHOIO MOPsKa, in: Pyndamenmansvusie U NPUKLGOHBLE NPOOAEMDL MAMEMAMUKY U uHPopmamury. Mamepuasv XIV
Meoicdynapodnoti xondepenyuu, 16-19 cenrabps 2021, Maxaukama, P® (2021), 73-75.

[6] Bepammyparos A.M. Paspemmnmocts 3amaan Komm-ITanamonosa B knacce 0606menabix GyHknmii 6eCKOHEIHOrO
nopagka, Becmnux Jazecmancrozo zocydapemeennozo ynusepcumema. Cepua 1. Ecmecmeennve naywu, 4 (2021), 61—
67.

PEIIIEHUE 3AJJAYN JOJIA ITAPABOJIMYECKOI'O YPABHEHUA C MAJIBIM
ITAPAMETPOM IIPA IIPOMU3BOJIHON IIO BPEMEHUN B YCJIOBUU HA
I'PAHUIIE OBJIACTU

laanna BU2ZKAHOBA
Hucruryr maremarnxn u maremarudeckoro mogemuposarns KH MOH PK, Anvarer, Kasaxcran
E-mail: galina_math@mail.ru

Paccmorpena 3amada fj1st mapaboInIecKoTo YPaBHEHUS € MaJjbIM mapaMerpoM € > () mpu mpous-
BOJHOM 110 BPEMEHW B T'PAHUYHOM yCJIOBHH. JI0KAa3aHO, UTO PermeHne BO3IMYIIEHHON 3a,1a9u (C MaJIbIM
MapaMeTpPOM) CXOJWUTCS K DPEIICHUI0 HeBO3MYIIEHHON 3aga4un ¢ € = 0 mpu € — 0 B IPOCTpaHCTBE
[énbnepa. U3 momyueHHBIX PE3YABTATOB CJAEAYET, YTO MOTPAH(YHKINS He BO3HUKAET.

Funding: lokmax nmoarorossien no rpanty OR11466188 Komurera mayku Munncrepcrsa obpasoBanust u Hayku Pec-

myOnuku Kazaxcran.

KPAEBBIE 3AJJAYN IJId YPABHEHUS B YACTHBIX ITPOU3BOJJIHBIX C
OIIEPATOPAMMU JIXKPBAIIIIHA — HEPCECAHA

Parnvma BOTATBIPEBA

Wucruryr upuraagaoii maremarukn u apromarnzaquu KBHII PAH, Hanpuuk, Poccus
E-mail: fatima_bogatyreva@bk.ru

B obsactu 2 = (0,p) x (0,¢q), p < 00, ¢ < 00 paccMOTPUM ypaBHEHUE
L — D{aaﬁ} bD{’vas} — 1
u(z,y) = ug(x,y) + aDy, " u(x,y) +bDy, u(z, y) = f(z,y), (1)

Dézﬁ } , Dé;’é} — omepaTopnl apobuoro muddepentuposannsa xpbarmana — Hepcecana mopaakos p =
a+pB-1>0v=y+06—-1>0, a,p,7,0 € (0,1], lloraraem, aro p > v, a,b — const, f(x,y) —
3ajanHad JgeficTBuTebHasS PyHKII.

Omneparop apobuoro nuddepentuposanus JxkpbamsHa — Hepcecsina acconmupoBaHHBIN € yIOpPS-

nogennoii mapoii {£,n}, nopaaxka o = £ +n — 1, onpenenserca coornomennem [1]: Déf}’”} = D({)f/’"} =
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Dg; 1D8y, rie Dg; 'u Dgy — IpobHBIN WHTErpaJ u npobHas npouspoaHas Pumana — JIuyBuid, cooT-
BETCTBEHHO [2].

B pabote mcciemoBan BOIPOC pas3permmMOCTy HAYAILHO-KPAEBBIX 33349 [id audepeHmaIbHo-
ro ypasuenus (1). [lokazano, uro pacmpeesnenne mapamMerpos omepaTopos xpbamsina — Hepcecsina
BJUET HA MOCTAHOBKY 3a/1a49, & UMEHHO, 00HapykuBaercd 3dpdexT 0CBODOK ICHNST JACTH IPAHUIIBI OT
KpaeBbIX ycjoBuii. PaccMoTpeHbl BCe 3a/1a4i UH/YITUPOBAHHBIE PA3JIUYHBIMY PACIIPE/IEJIEHUSIMU TTapa-
METPOB 01epaTopoB audpepeHtupoBanus o, 3,7, .

KiroueBble cjioBa: ypaBHEHUE B YAaCTHBIX [IPOU3BOMHBIX, ypPaBHEHUE IPOOHOrO MOPSJIKA, KPAaeBble 339, OIepaTop
Jxpbamsna — Hepcecsna.

2010 Mathematics Subject Classification: 35E15, 35E99.

JINTEPATYPA

[1] Axpbaman M.M., Hepcecan A.B. IpoGubie npoussoanbie u 3ana4a Komm mia qud depennpanbapix ypasHenuii
npobuoro nopsaka, Mse. AH ApmCCP. Mamem. 3:1 (1968), 3-28.

[2] Haxymes A.M. [lpo6roe ucwucaenue u e2o npumenerue, Pusmaraur, Mocksa (2003).

OBOBIIEHHASA KPAEBAS 3AJTAYA JIJIA JINHEMHOTO
OBBIKHOBEHHOI'O JUP®PEPEHIIMAJIbHOI'O YPABHEHUA C
OIIEPATOPOM JPOBHOI'O JJUCKPETHO PACIIPEJAEJIEHHOI'O

ANOPEPEHIIMPOBAHN A

Jlymza 'AJI3OBA

Huacruoryr npukmagaoii maremaruku u apromarusanuu KBHI[ PAH, Hajnpuuk, Poccust
E-mail: macaneeva@mail.ru

B wnteprane 0 < x < 1 paccMoTpuM ypaBHEHUE
m
Y Bidhgulz) + du(x) = f(=), (1)
j=1

rme o € (1,2), A, Bj € R, B1 >0, o > ag > ... > ayp, O u(x) perynspusosantas ApoGHast
npoussoras |1, c. 11], usBectnast Takyke kak npouspojgHas [epacumona-Kamyro [2; 3.

B nacrosimeii pabore cchopmyuposana u pemena 0600meHHAA KpaeBast 3a/1a49a s ypasHenust (1).
Kpaesble ycnoBnga 3agarrca B popMe IUHEHHBIX (DYHKIUOHAIOB, 9TO IMO3BOJIAET OXBATUTEH JOCTATOYHO
MIUPOKUI KJIACC JUHEHHBIX JOKAIbHBIX U HEJIOKAJIbHBIX yCa0Buil. B repmunax crenuaibabix dyHKIUT
HaliIEHO IpeACTaBIeHHE perleHnsd. 1loaydeno HeobXOauMoe W JO0CTATOYHOE yCJIOBHE Pa3pElIMMOCTH
nceaemyeMoii 3agaun. JlokazaHo TeopeMma CyINeCTBOBAHUS M €IMHCTBEHHOCTH PEIIeHNUs.

KuroueBrblie ciioBa: omeparop mapobHoro mud depenimpoBanus, npoussoanas KamyTo, kpaeBas 3a7a4da, GyHKIMOHAT,
byukmusa Paiira.

2010 Mathematics Subject Classification: 34B05, 34K06.

JINTEPATYPA

[1] Haxywes A.M. [pobroe ucwucaenue u ezo npumererue, Mocksa (2003).

[2] Kunbac A.A. Teopusa u npusooicenusn duddhepenyuasvno ypasuenud dpobrnozo nopadka (kypc aexyuti), Memo-
dosnozuneckan wroara-xondepenyus «Mamemamuneckaa dusuxa v nanomesnonozuus, Camapa (2009).

[3] Hosoxenosa O.I'. Buozpagus u nayunse mpydo, Asexces Huxupoposuua I'epacumosa. O Aunelinbs onepamopar,
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O PABPEIIMMOCTU HEKOTOPHEIX KPAEBBEIX 3AJIAY JIJISI
HEJIOKAJIBHOTO YPABHEHUSA IIYACCOHA C TPAHUYHBIMU
OIIEPATOPAMM BBICOKOTI'O IIOPAJKA

N.P. TATITIAPOB®, 1. OPA3OB?

Mezxgynapoansiii kazaxcko-Typenkuii yaupepcurer umenn X. A Slcapn, Typkecran, Kazaxcran
E-mail: “gapparov — 1998Qmail.ru, Yisabek.orazov@ayu.edu.kz

IMycrs Q = {x € R" : |z| < 1} - egunnunbil map, r = |z|,m € N, p1,..., 11— HOJOKHUTEIbHBIE
JeficTBUTEIbHBIE YnCa. BBegeM onepaTophbl

1

0 . _ _

Ly, = " + i, =1,2, ...,m,FMlu(a:) = /t’“ Yu(ta)dt
0

_ —1 —1 —1
FL,” =Ty Tpy oo Fm,Fﬂm =L, Ty Ty

Paccmorpum B obstactu € ciaepyromnme 3a/a4u. B
Bagaua 1. Hafitu dynkimo u (x) u3 knacca C? () N C (), ana xoropoit T [u] (x) € C (),
Y/IOBJIETBODSIOIIEE YCJIOBUAM
aAu(z) + bAu(—z) = f(x),x € Q, (
I [ul (2) = g(x) € 99, (
Banmaua 2. Haiitu dynkumo u (z) us knacca C? (Q) N C (Q), aust koropoit 7 [u] () € C(Q),
Y/IOBJIETBODAIONIee ypaBHeHnio (1) M rpaHmIHOMY yCJIOBHIO

I [u] (x) = g(x) € 09, 3)

= m
OTMeruM, 4T0 CBOMCTBA, OLEPATOPOB Fﬂjvrﬁ Obun n3yuensl B paborax [1,2]. B kauecrse upusio-
JKEHUs /T ypaBHeHnd Jlamraca ObLIn pacCMOTPEHBI KPAEBbIe 331a9K C YIACTUEM THX OIEPATOPOB.
CHauaJia TIpUBEIEM CJIEJIYIOIIEee BCIIOMOTATEIBHOE YTBEPKIeHNe JOKa3aHHoe B pabore [3].
Jlemma. Ilycts Bbimonnsercs yciobme a # +b, F(z) € C(Q),g(z) € C(09). Torga pemenne
3a 1891

aAv(z) + bAv(Sz) = F(z),z € Q; v(x)|yq = g(x).

CYIECTBYET W ¢MHCTBEHHO.

Otrocurenbuo 3a1a4 1 U 2 CIpaBeIUBBL CJIEIYOIINHe YTBEPZK TeHHs.

Teopema 1. ITycrs Bemonnsercs ycaosne a # +b, f(x) € C™ (), g(x) € C(99). Toraa pemenme
3amaqn 1 CyImecTByeT, e JHHCTBEHHO U HIPEJCTABIAETC B BHJIE

u(x) =T,Mv(x),

!

e pynxnus v(r) ABASETCS penieHneM Caeayromelt 3aa49m

aAv(z) + bAv(Sz) = T} o f(2), 2 € Q& v(2)]5q = g(2).

Teopema 2. ITycrs Bmonnsercs ycaosne a # +b, f(x) € C™ (), g(x) € C(99). Toraa pemenne
3a/1a491 2 CyINecTBYeT, eHHCTBEHHO U HPEJCTABJISETCS B BUJE

u(z) =T;™v(z),

e yuxnus v(T) ABASETCS penieHneM Caeayomeit 3a1a49m

alv(z) + bAV(Sz) = T f(@),2 € 2 () g = gla).
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YCJIOBHASI KOPPEKTHOCTD O,Z[HOfI SAAYIN
C OIIEPATOPHBIMU KOSPPUIIMEHTAMMN

Nnarop TA®APOB

HawmaHraHnckuii HHXKEeHEepHO-CTPOUTe/IbHBIH nHCTHTYT, Hamanran, Y36ekucrtan
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Paccmarpusaerca cienyrorias 3amagas

d*x (t) d3x (t)
g + A1 pTE; + AQiL’ (t) = O, (1)
DO, _y = i=123 2)

TIae X (t) - dbynakiua ckaagapuoro aprymenta t, 0 <t < 00 co 3HAYEHUAMU B AeHCTBUTEILHOM [ HMIb-
GeproBom mpocrpaHcTBe H | A; caMOCONpPsiKEHHBbIE, TTOCTOSHHBIE W TIEPECTAHOBOYHBIE OMEPATOPHI C
obiacreio onpejenenns D (A;) C H.

Teopema. llpemnonoxnm, aro mis jgoboro x € D (A;), (Aix,z) > 0 mm (Ajx,z) < 0. Torma
st srroboro permennst 3agaqn (1)-(2) va orpeske [0, T cpaBeinBo HEPABEHCTBO:

T
/ - (1) ||t < [K (0))' =Dk (1)) =T (3)
0

rae
AT? — (2T — T")?
3772 ’

@ (T,T) = 0<T<T,

K(T)=K (HA{%@) (t)” , HAga:U') (t)H) ik 1=0,1,2,3.

KBajpaTHIHAS (popMa, KO3(hDUITHEHTHI KOTOPO 3aBUCAT TOJBKO o7t u 1.

Jlokasameavemeo. JlokazarenscrBo npuBoguM st caydasa (Ajx,x) > 0, B ciayuae (Ajz,x) < 0
TEOpEMa JTOKA3LIBACTCA AHAJTOTHIHO.
Pertennie 6ynem nckarsb B Buje:

2(0) = exp |~ poT ~ 02|y 0,

riue
9% 1
>/ =0 4
7=\V31 T )

Institute of Mathemitics and Mathematical Modeling. Almaty, 2022



74 TpanunuoHHas aOpeabCKas MaTeMaTHIecKass KoHpeperrns — 2022

Torma n3 (1) monyanm (eciu oboznaunm 27—t = 6 );

y'Y + (400 + Ay + (60202 — 60 + 300A1 )y +
+(40%03 — 12020 + 30262 A1 — 30 Ay )yl + (5)
+(0*0* — 60°0% 4 302 + 0303 A1 — 3020 A1 + Ag)y = Loy(t) = 0.

Paccmorpum paszmocThb
(LoL} — LY Ly) y(t) = 320y"" + (—960°6 — 48070 A; — 1802 A7) y'V +
+ (3840°0 + 960° A1) ¥ + (—960° + 965°60* + 96010° A, + 365°02AT) y"+
+ (—3840°0° — 2880707 A1 — 7200 A7) i+
+ (960°0 + 4800 A1 + 60° AT — 32070° — 480°0° Ay — 180°0"A) y (6)

rie LT - conpsizkenHblii onepatop oneparopa Ly B cMblcIe Jlarpanzxka. YMHOKAM 06€ 4aCTH PaBEHCTBA
(6) ckanspro Ha y (t) u npounrerpupyem o t or 0 go T. Jlanee, npumensia hopMysy MHTErPUPOBAHMS
110 JaCTAM, IOJYIUM CJIeAYIOIee PaBeHCTBO:

T T 2 T T 2
My ()] + fo ILFyll dt = My (t)]g — 320 [y ||ly"||"dt—
—960° [ |ly/|dt — 960° [T 62||y"|dt—

4807 [0 (Avy",y") dt — 18 [ || Avy|Pdt—
—960° [\ 041y |dt — 96* [ 63 (Avy',y") dt—

2
320° ] 0° |41y |dt + 960° Jo 0lyldt—
—3207 [ 6%||y||"dt + 480" [ 6 (Ary, y) di—

T T
—480° / 605 (Ayy,y) dt — 180° / 0*(| Ayl 2dt, (7)
0 0

rae ||| = |||l g, M (t) 3aBucuT 0T CKATAPHBIX TPON3BEEHNUI BIIA
([L;r (t)]i, y k) (t)) , i,k =0,1,2,3, a OT CKAIAPHBIX MPOM3BEJECHUN BUIA (y(i) (t),y® t), i=
0,1,2,3,4,5u k=0,1,2. C momompio (4), JIErKO MPOBEPUTH, UTO

T T
9607 [ 62|y||*dt—3107 [ 68||y||*dt < 0,
T _—
4801 [0 (Ary,y) dt—480° [ 0°(Ary, y)dt < 0.
0 0

Umest B BUIy 9TH HEpABEHCTBA OTOPOCHM MOJIOKHUTEIbHBIE CIaraeMble B paBeHCTBE (7) W MOJydnM
CIeyIollee HEPABEHCTBO!

07/96\!y(t)\!2dt < [Ma(t) = Mi(1)]g, (8)
0

3 (5) naxoauwm:

Y™ (t) = (—406 — A1)y (t) + (65202 + 60 — 300A1) " (1) +
+ (—4030% 4+ 120260 — 3026% A1 + 30 A1) ¥/ (t) +
+ (—0494 + 60302 — 302 — 0303 A1 + 30%0A; — A2) y(t).

C noMoIpio 91010 HepaBeHCTBa U JuddEpEeHInpOBaAHIS BhIPA3UM
yV) () w [LEy ()P, i=0,1,2,3, wepes 39 (t), i=0,1,2,3.
Torna n3 HepaBeHcTBa (8) MOIYIHM:

T

o COIRTETA) 9)
0

Hucruryr maremaruky u MareMaru4eckoro mozeauposanus. Ajmarer, 2022



Annual International April Mathematical Conference — 2022 75

rae M; (t) 3aBUCUT TOJBKO OT CKaJIAPHBIX IIPOU3BEJICHUNA BUIA
(4™ (1), Aby™ () , ik,m = 0,1,2,351 = 0,1.

Bosspamasce k dyuknuu x (t) m ucnonb3ys mepasencrso |(a,b)| < ||all - ||b]| , w3 (8) momyuaem

T
o't / exp (092) |z (¢)||*dt < exp (aTz) My (T) + exp (4UT2) My (0), (10)
0

e
My () = My (HA’;M (t)H : HAng) (t)H) ik l=0,1,2,3,

kBajipaTuyHasg ¢opma. OQueBHIHO, 4TO CTEleHb ¢ npu KodpPUIMEHTAX KBAJAPATUUIHON (POpPMBI He
BoJiblile YeM CeMb, €CJIM JKe OHA MEHbIIe CeMH, TO, ycuaus HepaseHcTBo (10) ¢ nomobo (4), MOXKHO
OOUTHCsT, 9TODBI OHA CTaja PaBHON cemu mpu Beex kKodddurmentax xkpaaparuuanoii dpopmer. [Tocae
Y€ero, UCHOJIb3YsI TEOPEMY O CPEIHEM IMOJIYUNM:

T
Of lz(®)]]dt < [K (T")exp {~o [(2T = T) = T?] } +
LK(0) exp {a [4T2 — (2T - Tﬂ } :

rae 0 < 7" < T. MuHUMU3UPYS IO 0 NPABYIO 9acTh MOCTIEIHEr0 HEPABEHCTRA, ¢ yuéroM (4) mosyanm
JKemaeMoe HepaBeHcTBo. Teopema doxasana.

KurodeBsle ciioBa: Yc10BHasg KOPPEKTHOCTD, OIIEPATOD, CKAJIAPHOE IIPOM3BEIeHNEe, CAMOCOIPIKEHHBIHM 0IIePAaTOP, OIeH-
Ka.

2010 Mathematics Subject Classification: 35G10.

O KPAEBOU 3AIAYE J1JII YPABHEHUS BIOPTEPCA C TPAHUYHBLIMU
YCJIOBUSAMU TUIIA COJTIOHHUKOBA-PA3AHO

Mysamrapxas JXKEHAJIUEBY®, Ambex ACETOB2?

L UMMM, Amvarer, Kasaxcran
2 KapV, Kaparanna, Kazaxcran
E-mail: “muvasharkhan@gmail.com, ®bekaaskar@mail.ru

B paborax [1], [2] nccieoBanb rpaHrYHbIE 334a1 TEIIONPOBOAHOCTH B YIJIOBBIX ob1acTsax B Jle-
BeroBBIX KJIaccax W YCTAHOBJIEHBI TeOPEMBbI 00 MX PaspelrmMOCTH PeAYKIHel K 0COObIM HHTErpaaIbHbIM
ypasHenusiv Tunia Bosbreppa. B pabore [3] usydens! pasandHble Ciydan HEOJAHOPOJHOCTH HA IPAHUIE
1 YKa3aHO, 9YTO COOTBETCTBYIOIINE MPAHUIHBIE 33JaYl MOTYT OBITh PA3PENINMbl KakK OJJHO3HAYHO, TaK W
HEOTHOBHAYHO. B aHHO# paboTe NCCmem0Banbl BONPOCH! PA3PENMMOCTH IPAHUYIHON 331890 1711 yPaB-
HeHUsi Broprepca B BBIPOKIAIONIEHCsT YIJIOBOH 00JaCTH ¢ MIPOU3BOJHBIME 10 BPEMEHH B TPAHUYHBIX
YCIOBUSIX.

IMyctb Quty = {x,t1] 0 <z < t1, 0 < t1 < T1 < oo} — TpeyrosibHas 06JaCTh, OJHA U3 BEPIIUH
KOTOPOI HAXOMTCs B HaYa/le KoopauHatr, u )y, — cedenue obsacru (Qzt, Upu PUKCUPOBAHHON BPEMEH-
HoO#t nepemennoii t; € (0,77). B obiactn (QQz, paccMaTpuBaeTcst Cieyroasi TPaHuTHAsT 3aa4a st
ypaBHeHUus1 Broprepca:

Ot u + udpu — v02u = f, v > 0. (1)

[0, u — Opu(z,t1)] |z=0 = 0, [0¢,u+ 20,u(z,t1)]|z=t, =0, (2)
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rae f € La(Qaty) N C(Qur,)-

IMostyden cieyrommuii OCHOBHON Pe3y/IbTal.

Teopema. Ilycte f(x,t1) € La(Qut, )NC(Qut, ). Torna zamaua (1)-(2) mmeer equHCTBEHHOE pElieHHe
u(z,t1) € H*Y(Qut, )/ Xat, -
Ipudem, cieasl penreHns yioBeTsopaoT yeaosuay u(ty, t1), u(0,t1) € HY(0,Ty).
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O HAYAJIbHO-TPAHUYHBIX 3AJAYAX
JJIsd YPABHEHUSI TUIIA BYCCHUHECKA

Mysamrapxas JXKEHAJIMEBY®, Mayu EPTAJINEBY2? Aprait KACBIMBEKOBA2¢

L UMMM, Amvarsr, Kasaxcran
2 KazHY unum.ams-Qapabu, Amvarer, Kazaxcran
E-mail: “muvasharkhan@gmail.com, ergaliev.madi.g@gmail.com, kasar1337@gmail.com

Iycrs Q = {0 < x < t}, 09 — rpanruna Q, 0 < tp < T < oco. B obnactu Que = QU X (to,T')
paccMaTpHBaeTcs HadalbHO-TpaHMYHas 3aJjad4a /I ypaBHeHus THIla Byccunecka

8tu - a:v (‘u|8xu) = fu {.T,t} € Qwh (1)

u=0, {z,t} € 3y =0 X (to,T), u=wup, =€ Qyy = (0,1). (2)

Teopewma 1. Ilycrs f € Lgjo((to, T); W:))*/;(Qt)), ug € H=1(y,). Torya rpanmuanas sazaqa (1)—(3)
nmeer ejuHcTBeHHOE perienne U € L3(Qut).

g nokazareabcTsa TeopeMbl 1 MBI pacCMOTPHUM BCIOMOTATENLHYIO TPAHUIHYIO 3aaady. Jlas aToi
uesm nepeiiiem or nepemennbix {x,t} k {y,t} 1o dopmynam y = ¥, t = ¢t u npeobpasyem Tparemnuio
Qzt B TPAMOYTOIBHYIO 061acTh Qyr = Q X (t0,T), 0 < tg < T < oo}, THE y € @ = (0,1), 9Q =
{0y U {1}, X4 = 0Q x (to, T). Beena obosmanenns w(y,t) = u(yt,t) = w(F,t), wo(y) = uo(yto, to) m
g(y,t) = f(yt,t), Mbl 3anuiem BCOMOTaTEILHYIO MPaHYHYIO 3a1a4y 11 (1)—(2) B ciaegyromnienm Buje:

8t’LU

1 y
B ﬁay (’w|8yw) - gayw =9, {ya t} € Qyta (3)

w=0, {y,t} € Xy, w=mwop, ye€l (4)

B cuty B3amMHO-OTHO3HAYHOCTH TTPEOOPA30BaHUsT HE3aBUCHMbIX mepemeHHbix {z,t} — {y,t} mo-
STy daeM:

9 € Lyo((to, T); Wy 5(), wo € HH(9). ()

Teopema 2. Ilpu yciosusx (5) rpanmdnast 3aa4a (3)—(4) onnosnagro paspemmuma w € L3(Qyt).

s noxazarenscrsa Teopem 1w 2 mbr meromssyem saoskerns Lz(Qy) € H-1(Qy) = (H-H(Q)) C
L3/5(S%) Yt € (to,T), n ampuopmbie ormenku. BrHagame Mbl yCTAHOBUM DS BCIOMOTATETBHBIX YTBEP-
xaermit. g 3amaqan (3)—(4) BBegeM omepaTops

1 1
Alt,w) = g A1(w) + S Az (w), tae Ai(w) = =0y (lwldyw), Az(w) = —ydyw,
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u omeparop Ag(w) MpeacTaBUM B BHUIE:
As(w) = Aoi(w) + Aga(w), tre Aoi(w) =w, Axn(w)= —0,(yw).

BBenem cKalspHOE MTPOM3BEIeHIe
2)~1 -1
o) = [ o[(=a2) o] dy. VeweH@), (6)

1

2 ~ _ ~ ~ ~
e d2 = ij, b= (=dy) W —djp =1, ¥(0) =¢(1) =0,Yy € H ().

Jlemma 1. Omeparop A(t,w) = (t72A;+t71 Agy)(w) sIBASETCS MOHOTOHHBIM B CMBICTIE CKATSIPHOTO
npoussegenns (6) B mpocrpanctse H1(€):

((A(t,wr) — (A(t, w2), w1 — wg) > 0. (7)

ITo anamorun ¢ (6) BBegeM cKagapHOoe npousseneane B obaacrtu ().
Jlemma 2. Omneparop ssmmnrudeckoii qactoio ypasaenns (1) Aq(t,u) sABisgercs MOHOTOHHBIM B
npocrpanctee H1(Qy):

<A1(t,u1) — Al(t,uQ),ul — U2> >0,Vt e (to,T).

Jlemmbr 1 n 2 nozBosstioT AoKas3arh Teopembr 2 u 1.

Pesynbrarhl clipaBeyIUBEL M JJIsl YCEUEHHOTO (HAKJIOHHOTO) KOHYCA JJIsi JTBYMEPHOrO yDaBHEHMUsI
tuna Byccunecka, T.e. ecoin x = (x1,x2), U = {|z —t| < t}, 0 = {|z — t| = t}, Qu = U X (to,T),
Yat = 00 X (g, T), 0 < tg < T < 00; a TaKKe JIJIsT YPABHEHUIT ¢ BBICOKUM MMOPSIKOM HEJIUHEHHOCTH.

Funding: Asropst 6b11u noguepxkannt rpanrom NeAP09258892 MOH PK.

KuroueBblie ciioBa: Ha9aIbHO-TpAaHUYIHAS 33/a9a, HEJIMHETHOE TapabOIMIecKoe ypaBHEHNE, MOHOTOHHBIN OI€paTop.

2010 Mathematics Subject Classification: 35K15, 35K55, 47H05.

CIEKTPAJIbHAS 3AJTAYU 1JIsI OBBIKHOBEHHOTI' O
JANOPEPEHIIMAJIBHOI'O OIIEPATOPA BTOPOTI'O IIOPAJIKA C

KYCOYHO-IIOCTOAHHBIM KO®PUIIMEHTOM
ITP11 CTAPLUIEN ITPON3BOJHOU

Jszzar 2KYMAHOBAM2¢, Maxmyn CAIBIBEKOB!?

1 Huacroryr maremarnkn v MareMaTudecKoro Mogenposanusi, Ajavarer, Kazaxcrad
2 Kaszaxckmii Hanmonasipaplii yauepcuter umenn aab-Papabu, Amvarsr, Kasaxcran
E-mail: @ lyazzatzhuman@gmail.com, ® sadybekov@math.kz

Paccemorpum kpaesyto 3a7auy Ha coOCTBeHHBIE 3HAUEeHUS /st omeparopa typma-JInysunisa npu
q(z) = 0, 3agannoro Ha unrepsase (0;1):

Liy) = {"“%y"“)} (), 0SS W

—k3y" (z) xo <z <1

k1 # ko
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C TPaHUYIHBIMHA YCJIOBUAMMKU

Ui(y) = a11y'(0) + a12y’ (1) + a13y(0) + a14y(l) = 0, @)
U, (y) = agly’(()) + a22y’(l) + a23y(0) + a24y(l) = 0.
F;[e az] — HpOI/I3BOﬂbeIe KOMILJIEKCHbBIEC YUCJIa 1 yCﬂOBI/IHMI/I COHpH}KeHI/IH
y(zo —0) = y(xo +0), kry'(zo — 0) = kay/ (z0 + 0). (3)

O6oznaunm uepe3 A;; = det(A(7, j)) onpenenurens marpuisl A(7, j), cocTaBaeHHO U3 i-10 U j-TO
cToJb1I0B MaTpuIsl A rpaHnTHbIX yeaouit (1 < i < j < 4), Toraa XapaKTepUCTHIeCKUii OIPeTeTNTe b
JTsl HAXOXKIeHNsT cOOCTBEHHbBIX 3HaveHnit 3ajaqn (1)-(3) umeer Bu:

k k
Ao(/\) =— <A13 + k:;AM) + A3471X sin(a\[\)—

k A
— (kl Agz + A14) Cos(aﬁ) + Alg\kf sin(aﬁ) =0
2

ko
_ L1
T\ k)

Kpaesble ycoBus (2) Ha3BIBAIOTCS YCHJIEHHO PETYJISIPHBIMU, €CJIU BBIIOJHEHO OJHO U3 TPEX COOT-

34eChb HUCIIOJIb30BaHO obozHadenne

HOLLIEHU:
1. A2 #0;
2. A1g =0, kodig+ k1A #0, koA + k1 Aoz # F(kaArs + k1A2a);
3. Aig=A13=A1g= A3 = Ay =0, A3 #0

Teopema. Eciu kpaesble ycioBust (2) IBIAIOTCS yCUTEHHO PEryIsiPHBIMU, TO BCE COOCTBEHHBIE 3HA-
YEHHS Ay, KPOME KOHEIHOIO YHC/IA, SIBISIOTCS IPOCTHIMHA. JIpYrHMY CJIOBAMH, OHH SIBJISIIOTCS aCHMIITO-
Tugecku npocteivu. [lpu 3ToM 0bimee KOIMIecTBO NPUCOEANHEHHBIX (DyHKIMT — koHeurno. Kpome Toro,
COOCTBEHHDBIE 3HAYCHHUS Ay, SBJISIOTCS OTAEJIEHHBIMH B TOM CMBIC/I€, 9TO CYIIECTBYET TaKas IIOCTOSHHAST
Co > 0, yr0 mi1s1 Bcex COOCTBEHHBIX 3HAYECHHUHA Ny ¥ Ap, C JOCTATOYHO OOJIbLIMMU HOMEDAMU HMEEM

Vn = v/l = Co. (4)

Funding: AsTops! 66l ommep:kausl Tpantom NeAP08855352 MOH PK.

KimoueBble ciioBa: ypaBHeHUe TEIIIONPOBOLHOCTH, HEJIOKAIbHbIE KPAaeBble 3313491, ACUMITOTUKA COOCTBEHHBIX (DyHK-
Ui,
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OB OJ/IHOM KPAEBOW 3AJJAYE J1JId YPABHEHUSI IISITOT'O MOPSIJIKA C
KPATHBIMU XAPAKTEPUCTUKAMM B BECKOHEYHOW OBJIACTU

Abaynma 2KYPAEB?, Oiimaxonr TYPCYHXYAKAEBA

Hamanranckuii naxxeneprao-crpoutenabablii uacruryt, Hamanran, Y36exucran
E-mail: “a-x-juraev@mail.ru

B o6acrtu DT = {(x,y): 0 <x < oo, 0 <y < 1} paccMOoTpuM ypaBHEHUd
Ugprrr T Uyy = 0 (1)

Bynem roBoputh, uTo u(z, y) peryjspHoe pelienre ypapaerus (1), ecim OHO yIOBJIE€TBOPSIET YPABHEHUIO
(1) B obmactu D npumragrexur knaccy Con(D) N Cay(DUT), ([ ={z =0} U{y=0}U{y =1}
M OTPAHUYEHHO Ha OECKOHEYHOCTH B MECTE C MPOU3BOJIHBIMU J0 4-T0 MOpSIJIKA.

Bamaua AT . Haiitu peryasproe pemtenne ypastenus (1) B obnactu DT yiaosiersopsitoiiee Kpa-
eBBIM YCJIOBHSAM

uy(z,0) =0, u(xz,1) =0 (2)

Tae
wi(y) € CH0,1], ¢;(0) = pi(1) = ¢} (0) = ¢/ (0) =0, i=1,2.
OrMeTnM, 9TO aHAJOTHIHAS 33a4a /I YPABHEHUS

82n+1 82
Wu(x,y) + (—1)”a—y2u(az, y) =0

paccmoTpena B pabore |1], Tiae perrenne mocTpoeHa MeTooM moTeHnaaos. B pabore 2] pacemorpeno
korma u(z,0) = 0.

Teopema 1. Ecam zazaga AT umeer pernenns, To 0HO €IHHCTBEHHO.
EmmncTBeHHOCTS MOCTABICHHOI 38089 JOKA3aHO ¢ HOMOIIBIO HHTEIPAJIOM SHEPIHH.

Teopema 2. Ecmr ¢yuxmun p;(y) € C40,1] u somomusiorcs ycaosus cormacosanns ¢;(0) =
0i(1) =7 (0) =¢(1) =0, (i=1,2,3), ro pemenne 3anaun A" cymecrsyer.
Teopema cymecTBOBaHUSA PEHIEHUs HOCTABJEHHON 3a/a4 JOKa3aH ¢ moMonipio Merogom DPypre.

KurodueBrle ciioBa: ypaBHeHHe IIATOrO NMOPAIKa, KpaTHBIE XapPAaKTEPUCTUKU, KpaeBad 33/1a9a, €IMHCTBEHHOCTD, CYIIe-
CTBOBaHHe.
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K PACHOPEJEJEHNIO COBCTBEHHBLIX 3HAYEHUI HATPY>KEHHOI'O
OIIEPATOPA JJUO®PEPEHIIMPOBAHUNE HA OTPE3KE

Hypranr UIMAHBAEB2:¢

! FOsxno-Kazaxcranckuil rocygapcrsennpiii nejgaroruyeckuii yuusepcurer, Ilbvxent, Kazaxcran
2 Uucruryr MareMaTHKH U MaTeMaTHIECKOro MoJjerupopannd, Amvars:, Kazaxcramn
E-mail: “imanbaevnur@mail.ru

B dyuknuonansaom npocrpancrse Wi[—1, 1] pacemarpubaercst 3a1aua Ha COGCTBEHHBIE 3HAUCHHE
JUUTsl HArpyKeHHOTo oreparopa jpuddepeHiimpoBanme

Ly =y'(t) + dy(=1)@(t) = My(t), —-1<t<1, (1)

C KPaeBbIM yCJIOBUEM
y(—1) = y(1), (2)

rie O(t)- dbyuxmusa orpanndennoit Bapuamun n $(—1) = (1) = 1, A\-KOMIJIEKCHOe THCI0, CHEKTPAJTIb-
HbII IIapamMmerp.

Tpebyercsa HailTH Te KOMILUIEKCHBIE 3HAYUCHUS A, IIPU KOTOPBIX OlepaTopHoe ypasHenue (1) mmeer
HEHYJIeBbIE PEITeHNS.

JIlemma 1. Xapakrepucruaecknii onpeaeaTe s CIeKTPATLHON 3aa9u JIJIsl HArPYKEHHOTO Ollepa-
ropa gupdepentnupopanne (1) a orpeske [—1,1] ¢ kpaeBbiM ycoBuem (2) npeacraBuM B BUje

1

M) =e =t -a- [N (3)
~1

KOTOpasi sIBASeTCS IIeI0H aHAJATUICCKON (DyHKImed mepeMeHHoro A = x + 1y, © = Re), y = Im,

i = \/—1, rae ®(t)-pynxuna orpanndennoii papuamqun 1 ®(—1) = ®(1) = 1.

Teopema 1. Ecun ®(t)-pyuknus orpanndennoii sapuanuu u ®(—1) = ®(1) = 1, o Bce mysn me-
goii pyarmun A1(N), T.e. Bce cOOCTBEHHDBIC 3HAUCHHIT HATDYXKEHHOTO JTH(DEPEHITHATIBHOIO OMEpaTOpa
mepporo nopsiaka Ly npunamiexar nogoce |Re)| = |x| < k , npu mexoropom k, obpasyror cuernoe
MHOXKECTBO H HMEIOT ACHMIITOTHKY AW = irn + O(1) npu n — oc.

Sameyanue 1. Conpskennas 3a1ada K (1)-(2) 6ymer

Liv=1'(t) = M(t), —-1<t<1,

1

o(=1) — v(1) :)\~/ o (£) (1) dt.

-1

Funding: Pa6ora Bemommena npu dbunancosoii nogaepxkke KH MOH PK (rpant NeAP09260752).
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OB OJ/IHOUM HEJIOKAJIbHOM KPAEBOW 3AJIAYE J1JIs1 HATPY>KEHHOTO
VPABHEHUS IMAPABOJIO-TUIIEPBOJIMYECKOI'O TUIIA BTOPOI'O POJIA

Bozop ICJIOMOBY®, Munmopa HOCIPOBA?2?

! Hanmonabuerii yausepcurer Y3bexucrana, r. Tamxent, Y3bexucran,
2 TanmkenTcKmil rocyapCcTBeHHbI TexHmaecKuil yaupepcurer, I. Tamkent, Y36exncram.
E-mail: ¢ islomovbozor@yandex.com, ®ndildora0909@gmail.com

Hacrosimas pabora mocssillieHa OCTAHOBKE W MCCJIEOBAHUIO HEJTOKAJIBHOW KpPaeBoll 3aJadn JJist
HArpyKeHHOTO YPaBHEHUs Tapabosio-runepboIndecKkoro THIIA BTOPOTO POIA.
Paccmorpum ypaBHEeHME

0— Uzye — TPUy — pyu (z,0), x>0, y>0, (1)
B Ugz — (_y)m Uyy + pau (:Ua O) ’ T > Oa y < 07

vae m, p, f1, Mo - JOOBIE TeHCTBUTENBHBIE YACIA, TPUYEM
O<m<1,p>0,u >0,us <0. (2)

e D1 — obaacrs, orpannuenHas orpeskamu AB, AAy, BBy, AgBy, npavbix y = 0, x =0, x =
1, y = h coorBercTBenno mpu y > 0, a D9 — XapaKTepUCTUIECKNH TPEYTrOJILHUK, OTPAHNIEHHBII
xapakTepuctukavmu | = AB: 0<z <1, y=0,

AC: 22— (1-=28)(-y)/=20) =0, BC: z+(1-28)(—y)/028) =1,
ypasuenust (1) npu y < 0, C (0; —(4/(2 - m))2/(m_2)), 3ech 23 = Tﬂi 5> UpHiiey

~1<28<0. (3)

Beenem obosuauenns: [ = {(z,y): 0<zx <1, y=0}, D=D;UDyUI.

B obracru D nuist ypasrenus (1) ucciemyercst cieayromast HeJoOKaJbHAs 3a/1a9a.

Bamayua C),. Haiitu B obnactu D dysknumo u(x,y), 0013731011y cBoficTBaMu:

1) u(z,y) € C(D); 2) u(z,y) € C’%j;(Dl) U SIBJSETCS PEryJsApPHbIM pemnenuem ypasuenusi (1) B
obmactu Dq; 3) u(z,y) - obobmennsiM pemtenueM ypasHenus (1) n3 kmacca Ra 1] B obimactun Da; 4)
u(x,y) yA0BAETBOPIET KPACBBIM yCJAOBUSAM:

(@, y)aa, = 1(y);  w(@,y)lpp, = ¢2(y), 0<y<h,

%u [Oo(z)] + b%u [O1(x)] = ¢(x), (x,0) €I,

5) uy € C(D1UI)NC (DU I) u I na unTEpBATAX BHIMOJHIETCS yCIOBUE CKICHBAHNS

yl_lfﬂouy(xv y) = yl_l}H_lOUy(.T, y)v (.f, O) €l,

rie ©1(y), p2(y), Y1(r) — 3ananasie dbysknnm, npudeM b = const # 0,
P1(y)s 2(y) € CLO,ANCT(0,h), (4)
c(x) € 10,11 N C?(0,1), (5)

) T T 1-26 ) 14z 1—x 1-26
31eChb 0\ 3,— m u 1\ =5~ m - TO4YKH IlepecedeHnsd XapaKTepH-

ctuk ypasaenus: (1), Beixogamumx u3 Touek © € I, ¢ xapakrepuctukamu AC' u BC' cOOTBETCTBEHHO.
BamernM, uro 3aga4a C, g ypasaenus (1) npu g =0, b= 0 ¢ pa3pbIBHEIM YCIOBUAM U3Y4EHBI
B paborax|2-3|.
Jlokazana caeayioias Teopema.
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Teopema 1. Ecuu Bermosaenst yeaosus (2)-(5), o B obnactu D cyimecTByer eJHHCTBEHHOE perle-
rue 3agaqan C),.

EuHCTBEHHOCTD peIleHre 33/Ia9i JOKA3BIBAETCA C IMOMOIIBIO MPUHIIANA IKCTPEMyMa U MEeTO0M
WHTETPAJIOB SHEPIHUM, & CYIIECTBOBAHNS PEITeHNd - METOJOM WHTETPAJbHBIX YPaBHEHMII.

KuroueBrble cJjioBa: HeOKAaIbHAs KpaeBas 3a/ava, HATPYKEHHAs yPaBHEHUsS BTOPOTO PoOja, 0O0BIIEHHOe perieHue,
MIPUHITAI MAKCAMYMa.
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OB OZJHOM IMPUBJINXKEHHOM METO/IE PEIIIEHNS KPAEBOW SAJJAYN
AJIA JINMHEVMHOI'O HATPY2KEHHOI'O I'MIIEPBOJIMYECKOI'O YPABHEHUA

Ceimbar KABJTIPAXOBAM2¢ JKanexs ACAHM?

'KasHY umenn ans-@apabu, Amvarns, Kasaxcran
2Uucruryr maremarnkn o Maremarmaeckoro mozgenposanns MOH PK
E-mail: *symbat2909.sks@gmail.com, zh.assanova98@gmail.com

B obsactu 2 = [0, 7] x [0, w] paccmarpupaercst Moy Iepronveckas Kpaesas 3a/1ada jjis JNHEHHOTo
HAIpy’KeHHOI'0 THIepBoJIndecKoro ypaBHeHNs ¢ ABYMs He3aBUCUMBIME [epeMeHHBIMU

2u U u u(x
aat&n — A, t)g? + Bz, t)% +C(a, tyu+ f(z,1) + Ao(z, t)a(ai’t), (1)
u(0,t) = (t), te]0,T], (2)
u(z,0) = u(z,T), =z € |0,w], (3)

rne A(z,t), B(z,t), C(z,t), n f(z,t) senpepesas Ha Q, byEkma () HenpepbiBHO muddepentupye-

ma Ha [0, T] u yaosrersopsier yciaosuto ¢ (0) = (1), u xp Touka Harpysku. [lycrs C(€2) - npocrpascTBo
HerpepbIBHBIX Ha () dyukiui u: 8 — R Q ¢ nopmoit ||ulc = max |u(z, t)|. Yepes CL} (Q) obosmaumy
Q I

TPOCTPAHCTRO HETMPEPHIBHLIX U HempephBHO auddepentmpyembrx Ha ) dymxmmit u(z,t) ¢ Hopmoit
lullo = max(||ullc, ||uzllc, [|uellc) n Cl([O,T]) — TpOCTpaHcTBO HempepbiBHEIX Ha [0, T'] dyukumit 1 (t)
C HOpMOH = max ( max t)|,

poit ] = max (a9
ma t)]).
nax ()]
ou(z,t) ou(z,t)

ox ot

€ C(9Q), naswsaercs pemennem 3agaqan (1)-(3), ecim owma yosiersopsier ypapnernio (1)

Oynxuns u(z,t) € C(1) nmeromas 9acTHble TPOM3BOIHBIE € C(Q), € C(Q),
ou?(x,t)

Ox0t o
mpu Beex (z,t) € (), Ha xapakrepucruke x = ( mpuHHMaer gaHHOe 3Hadenwme Y (t), t € [0,7T], ma
xapakrepucrukax t = 0, t = T umeer pasHble 3HaueHns s ¢ € [0, w].

B pabore [1] momyuensl HeobXoMuMBLIe U TOCTATOYHBIE YCI0BHs Kpaesoil 3amadn (1)-(3). B mannoi
paboTe BBIBOAUTCS M OOCYK/AeTCsl TIOJIYHEesIBHbBI MeTOoj, KOHEeUHBIX pasHocreil st 3a1aumn (1)-(3). B
XOJIe MOJTyYeHHAsT CHCTeMa JIMHEHHBIX YPABHEHUH DEIIaeTcss METOJIOM TPOTOHKH. 1HUCJICHHBIE DEe3YJb-
TAaThl, TOJIY9€HHbIC HACTOATIUMU METOAaMU, CDABHUBAJJINCH C TOYHBIM DEIIEeHUEeM. LII/ICJIeHHbIe METOAbI

TaKZKe IIOKa3bIBaloT, YTO OHH IIPEKPACHO COIJIaCYIOTCAd C TOYHBIM PEIICHUEM.
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METO/, IIPOJIOJI?>KEHNS B CJIYVUYAE MHOT'OTOYEYHOW 3AJIAYU J1JIS
BOJIHOBOT'O YPABHEHUSI

2Kasrac KAUBIPBEK ™, Tayhap AY3EPXAH??

1 Huacruryr MaremaTnkn ¥ MareMaTHIecKoro Mogeanposanuss, Ajavarer, Kazaxcras
2 Kaszaxckwuil HanmoHaIbHEIH yHUBepcuTeT nMenn Amnb-Papabu, Amvarsr, Kazaxcran
E-mail: “kaiyrbek.zhalgas@gmail.com, auzerhanova@gmail.com

Xopormo uzsectHa dopmysia lanambepa jist perenus 3agadu Ko B ciryyae 6eCKOHEUHON CTPY-
HBI, TO €CTh PEIIEHIe 3aIa9n

Ut = Ugy, —O0OO< T <00, t=0

U |t=0= f(x),ut t=0= F(z) —o0o<z <00 (1)
MOKeT OBITh TIPEJICTABJIEHO B BUJIE

T+t

u(e,t) = 3(f@+ 0+ fa - 1) + 5 [ F@lr) 2)

r—t

Korma cTpyHa KOHEYHON JJIWHBI, TO B 3aBUCUMOCTH OT BHJA TPAHWYHBIX YCIOBH OCYIIECTBIAECTCS TO
WA WHOE TIPOJIOIKEHUS HAJaIbHBIX (DOPMBI M UMITYIBCA Ha BCIO OCh, a 3aTeM MPUMEHSIOT (hOPMYJIbI
(2). B monorpadun [1] npeioxKen BapuasT MeTo/a POJOZKEHNsT IPU PEIleHnH CMEeIIaHHON 3a/adu
JIUIST OJTHOMEPHOI'O BOJIHOBOTO yPaBHEHHUsI Ha KOHEYHOM OTpe3Ke JeicTBuTebHOi ocu. Todnee rosops,
perreHa 3a1a49a

U = Ugy — q(z)u, 0<zx<b, t>0 (3)
U i=0= f(x), w|t=0=F(xr) 0<zx<b (4)
up — hu |z=0= @(t) t>0 (5)

u + Hu |p—p=(t) t>0 (6)

[IPY HEKOTOPBIX MPEoIoKeHusax o byHknusax q, F, f, ¢, 1. B pabore 2] naiinena dpopmyna larambepa
(2) muist ypasHenusi (1) B ciydae CMeEIIAHHONW MHOIOTOYEYHOM 33291 Ha OTPE3KE. 3/1eCh Pe3y/IbTaThl
paboThI |2] pacmpocTpaHsOTCsS Ha BOJHOBOE ypaBHeHNe (3) ¢ HAYaIbHBIMA YCI0BUIMHE (4) U KpaeBBIMU
YCIOBUSIMHE

N
Ulem0=0, Y ot} lpmg;=0 >0 (7)
7=0

I‘ﬂeao#o, aN;éO, Z;-V:Oajzl, O=xy<m<..<zxny_1=0
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Bynem mpemnonarats, uto ¢(x) mempepwiBHast Ha [0,b] dyukimsa.He ymansss oBIIHOCTH MOXKHO
upeanosnarars F(x) = 0. Tlpogomkum dyHKunio ¢(r) HA BCIO YUCAOBYIO OCh C COXPAHEHHMEM KJIacca, a
B OCTAJILHOM IPOU3BOJIBHO, U OyaeM nckarh perrenne 3agaqau (3), (4), (7) B Buge

T+t

(Fa )+ Fa =)+ 5 [ wlet)f:)ds) (%)

r—t

u(x,t) =

N =

rae f mekoropoe mpojonzenns dynknui f ¢ orpeska [0,b] Ha Bcio ock, w(z,t,s) pemenns 3agadm
Cypca [1].

Funding: Asrops! 66 momaepskansl rpanTom NeAP 08855402 MOH PK.
KuroueBrble cjioBa: BOJIHOBOE ypaBHenue, ¢popmysna Jamambepa, cTpyHa, KpaeBble YCIOBHUS.
2010 Mathematics Subject Classification: 35Q79, 35K05, 35K20.

JINTEPATYPA

[1] JIeuran B.M., Caprcsu 1.C. Bsedenue 6 cnexmpaavnyro meopuro, M: Hayka, Mocksa (1970).

[2] Kanaryxwun B.E., Koxaraesa M.2K. ®opmyna Janambepa B ciaygae MHOroTOYeIHOM 3amaum, Joxaados HAH PK,
1:5 (1998), 18-23.

OB ACUMIITOTUKE PEIIEHMS HEJIMHEVMHOI'O MHTEI'PO-
ANPOPEPEHIIMAJIBHOI'O YPABHEHHWE C HYJ/IEBBIM OIIEPATOPOM

Bypxan KAJIMMBETOB

MKTY nm. X.A.fcasn, Typrecran, Kazaxcran
E-mail: burkhan.kalimbetov@ayu.edu.kz,

B pabore meron peryaspusanuu C.A. Jlomosa [1,2] obobmtaercs wa 3amady Komm mis waTErpo-
mubdepeHImaabHOT0 yPaBHeHusT C OBICTPO N3MEHSIOMUMCS SAPOM U C OBICTPO OCHULIUPYIONIEH Heo,I-
HOPOJHOCTBIO

t )
A [ RO K1,y 5,0+ 0, + (D 0
0

y(0,e) = Y, t €0,T].

B 3azade (1) cuHryISpHOCTH B €€ PereHnn OMUCHIBAIOTCS CIIEKTPAILHBIMY 3HAYEHUSIMHA SIPa U OBICTPO
OCIILIUPYIOIIEit HeogHOpOaHOCTEH. OIHAKO BAMSHAE HYJIEBOTO oneparopa auddepennuanbHoil vactu
CKa3bIBACTCA Ha TOM, 9YTO B II€PBOM HpI/I6ﬂI/I}KeHI/H/I ACUMIITOTUKA PEIIeHUA paCCManHBaeMOﬁ 3aJa91
He Oyjer copep:karTh (DYHKIH TOrPAHAYHOTO CJIOSI, & CaM MpeJeIbHBIH omeparop 6yaer BbIPOKIEH-
HbIM (HO HE HyﬂeBbIM). HpI/I 9TOM YCJIOBUA PA3PEIMUMOCTHU COOTBETCTBYIOIUX HUTEPANVOHHBIX 3ada4,
KaK U B JIMHEHHOM ciydae, OyayT mMmerb Buj He nudepeHInasbHbIX (Kak 970 ObLIO B 3ajadax ¢
HeHyJieBbIM oniepaTopoM auddepenimanbHoil gactu [3]), a nnrerpo-auddepeHnuanbHbIX ypaBHEeHHUIT,
mpudeM Ha GOPMUPOBAHUE STUX YPABHEHUI CYNIECTBEHHYIO POJIb OKa3biBaeT HeJIUHEHHOCTh. [Ipu sToM
MOT'YT BO3BHUKHYTH TaK Ha3bIBAEMbIE PE30HAHCHI, KOTOPbIE 3HAYUTEILHO YCAOKHSIIOT Pa3spabOTKy COOT-
BETCTBYIOIIETO AJTOPUTMa METOJIA PEryJIsipH3allin.
PacemorpuM 3amady (1) mpu cIeayomnx yeI0BUsX:

1) u(t), (1) € C=([0,T],R), K(t,s) € C®(0 < s <t <T,R);

2) pu(t) # B'(t) vt e[0TV
3)u(t) <0,8(t) >0 Vte[0,T);

N
4) f(y,t) — muorousen, 1. e. f(y,t) = Y. fm(t)y"™ ¢ koasbdunnenramn
m=0

fm(t) € C*([0,T],R),m=0,N,N < cc.
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Bregem HOBYIO HEM3BECTHYIO (DYHKITHIO 2 = fg et s “(G)dGK(t, $)y(s,e)ds, u mudpchepeHIupyst ee mo
t, Bmecro (1) momyuaem cucremy

s%’f =Alt)w+eAi1(t)w+¢e fg et J: HOWBG (¢ $)w(s,e)ds+
iB(2)

0 o (2)
+eF(w,t) + H(t)e =, w(0,e) =w" = {y’,0},

rae w =y, z}, F(w,t) = {f(y,t),0}, H(t) = {h(t),0}, a marpurs A(t), Ai(t), G(t,s) umeror Buj
01 0 0 0 0
40= (0w ) 0= o) 609 = (asta ) -

¢
Tnst yno6ersa oGosaaumm Ai(t) = if/(t), A2(t) = u(t), o = o(e) = e=?©) . Cnexyer ormernts, uro
IpU UCCAe0BAHUK 3a/a49n (2) MOIYT BO3HMKHYTH DE30HAHCHI MEXK/Y CIEKTPAJLHBIMU 3HAUEHUSMU
A (t) =B/ (t) m Aa(t) = p(t), re. mpu Beex ¢ € [0, T] moryT BRIDOMHATCA TOXKIecTBa (m = (Mg, ma) -
MYJBTUUHIEKC, |m| = mq + mg)

(m, )\(t)) = m1>\1(t) + 7712)\2(75) 75 0, |m[ > 2,
(m, A(t)) = midi(t) + mada(t) # Aj(t),Im| = 2,5 € 1,2.

Onnako, B cuy Toro, uro \i(t) aucro munvas dbyuxmnus, a \o(t) neficrBurenbaas GyHKIMs, TO BbI-
HIeyKA3aHHBIE TOKIECTBA HE BBLIOIHAIOTCS, T.€. IMEET MECTO HEPE3OHAHCHBIH CIydail.

CorytacHo asropurmy Meroza peryiasipusanun 1], npoussesst peryasipusaiuio 3ajiauu (2), Hoaydum
CJIEJIYIOITY IO OBIIENTEPAIMOHHYIO 3a/1ady:

2

ow
Low(t,7) = ; )\j(t)a—Tj — At w = P(t, 1), (3)
2 Np
rae P(t,7) = Py(t) + 3. Pi(t)e™ + 5. PM(t)elm™) € U.
Jj=1 |m|>2

Teopema. Ilycre Boioanenst yciaosusi 1) —3) u P(t,7) € U. Jus toro urober cucrema (3) nmesa
petrrerne B U HeOOX0UMO H JJOCTATOYHO, IYTOOBI

(f)j(t)7Xj(t)) = Oa ] = 0727 vt € [OvT]) (4)

e xo(t), x2(t) - coberennbre pyaknun marpursr A*(t).

KuarougeBble ciioBa: CuHTY/IspHOE BO3MYIIEHHUE, METO/] PEry/IsiPH3ANNI, Pe30HAHC, 0blenTepaioHHas 3a1a9a.
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BECOBBIE HEPABEHCTBA /1JIsI OJJHOT'O KJIACCA KBA3UJIMHENHBIX
NMHTEI'PAJIbHBIX OIIEPATOPOB

Aiirepuin KAJIBIBAITY®, Prickyr OMHAPOB2?

U Vausepcurer KUMBII, Amvare, Kasaxcran
2 EBpasmiickuii HanmonabubIH yEuepcuter umenn JI.H. I'ymunesa, Hyp-Cynran, Kazaxcran
E-mail: “kalybay@kimep.kz, 0 ryskul@mail.ru

B pabore MBI n3ydaeM ciemyroline HEPABEHCTBA

7u(m) /:D /tK(t, s)f(s)ds T w(t)dt ; dx q <C 7v(x)fp(:v) dx 5 (1)
0 0 \0 0
7u(:z) 7 7K(s, t)f(s)ds r w(t) dt ; dz E <C /Oov(x)fp(x) dx 5 (2)
0 T t 0

s f > 0. 3aeck sapo K(-, ) > 0 ymoBrersopsier yCa0BHIO: CyIecTByeT KouctanTa d > 0 Takas, 9ro
dHK(t, 1)+ K(1,8) < K(t,8) < d(K(t,7) + K(7,5)) (3)

s 0 < s <7 <t < oo. Bonee Toro, u, v n w ABIAIOTCST BECAMH, T.€. TTOJOKHUTETHHBIMI (DYHKITHAME
JIOKATBHO cymMMupyeMbiMu Ha uHTepBaie I = (0, 00).

B mocsrename roznpl n3yuennio HepaBeHCTB THIA (1) w (2) mocBsmeHo 60JIBIIOE KOJHIECTBO PadoT,
TAK KaK OHM MMEIOT IIpuMeHeHue B Teopun upocrpancre Moppu. /laHHble HepaBeHCTBa TakyKe HPU-
MEHAITCS U1 HAXOXKIEHNS XapaKTepn3aluil OuanHedHbIX HepaBeHcTB Xapau. Wcmons3ys momxor,
OTJIMYAOIIMIACS OT HIPEABLLYIIMX MEeTOI0B U3ydyeHusi HepaseHCTB (1) u (2), Mbl HAXxoaUM HEOOXO/UMbIe
U JIOCTATOYHBIE yCJIOBUS WX BhImosHenud mpu 0 < r < 00, 0 <g<p<oomp > 1.

Funding: Asropst 6611u nomaepxkanbl rpanrom AP09259084.

KutroueBble cji0Ba: MHTErPAIbHBIN OMIEPATOD, HEPABEHCTBO THUITA Xap/iu, BecoBas MYHKITH, SAPO.
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KPUTEPUU EJVUHCTBEHHOCTU PEIIEHUS KPAEBOW 3AJIAYM JIJIs
YPABHEHUS [(-) — A C BOJIHOBBIM OIMEPATOPOM A CO CMEIIEHUEM

Banra6exk KAHI'YZKITHY2?, Bakpirbex KOIIAHOB??

! Kasaxckmit HanmoHa/IbHEI! yHABEpCHTET HMeHH aab-DPapab,
2 Nuacruryra mareMaTHku 0 MATeMaTHIECKOTO MojeaupoBanust, Aamarer, Kazaxcran
3 MezxryHapoqublii yHIBEpCHTET HHpOPMAIIHOHHBIX TexHoaormi, Amnvarsr, Kazaxcran
E-mail: “kanguzhin53@gmail.com, *koshanov@list.ru

1. B dyuknuonanmsaom npocrpanctse Lo(0,T) paccmorpum omeparop B, mopoxaennbiit gudde-
PEHINANBHBIM BhIDaXKeHneM

d™w dn—lw
(w)= o+ + - FpaBuw(), 0<t<T (1)
C PEeryJIdpHBIMA KPACBBIMU YCIIOBUAMUA
n—1
> lajw®(0) + Bryw(T)] =0, j=1,2,...,n (2)
k=0
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e p;(t) € C=D[0,T), j=1,2,...,n

Tpebosanue 1. [Ipeanomoxmm, wro 061acTh ONpemeseHus oneparopa B 3amaerca peryaapHbiMu B
cMbicie Bupkroda kpaesbivu yeaosusmu [1]. Uradge ropopst, B cirydae HedeTHOTO 1 = 2p—1 caeayrormmme
IBa ompeeauTesis g, 01 OTAUIHBI OT HYJIST ; B CIyYae YeTHOTO N = 2p CIAeAYIOIINe B OMPEIeINTE st
0_1, 61 OTIMIHBI OT HYJIS.

2. Iycrs Q) € R? — koneunas objiactb, orpanuyentas orpeskoMm OB : 0 <z < locmwy =0 u
xapakrepuctukamu OC : x +y =0, BC : x —y = 1 ypaBHeHus

szvm(x,y) _Uyy(l'ay) :f(wvy) (3)
Samaua K,. Haiitu pemenne ypasuenus (3), yZ0BI€TBOPSIONINE YCIOBUO

v(0,0) =0, 0< 0 <1,

0 0 0+1 6—-1 1
- — - < —
v<2, 2) av( 5 5 ) 0<6< <3 (4)

IJe @ — IIPOU3BOIEHOE KOMILIEKCHOE THUCIO.

Omneparop, coorsercrBytommii kpaesoii 3anade K, oboznaanm yepes A. CoberBeHHbIE 3HAYEHUS
oneparopa A OymeMm HyMepoBaTh HapoOil MeJOURCICHHBIX HHJEKCOB 1)), . COOCTBeHHEBIe QyHKINM OTTe-
patopa A 0603HAYMUM UePe3 Uy, (,y) COOTBETCTBYIOMNX COOCTBEHHBIM 3HAUECHUEM 1) .-

B pabore [2]| B siBHOM BH/Ie BBIYUCIIEHBI COBCTBEHHBIE 3HAYEHMs U COOCTBEHHbIE (DYHKIUU OllepaTopa
A:

Mem = —4(1In(—a) + 27k) (i In(—a) + 27mm), k,m =0,+1,. .., (5)
Ve (2,y) = (—a)~2 (6{2wiKk+nwx+(kfnﬂyH—__G{ZWiKk+nﬂmg(kfn0ﬂ}) . (6)

Teopema K [2]. IIpu a = 0 omeparop A saBjsiercst BOJIbTEPPOBBIM, a MIPH
a(a + 1) # 0 nmeer nosHyto cucremy codcrBeHHbIX PyHKIHE {Vk m (2, Yy), k,m = 0,£1,...}, 3azaBae-
MBIX paBeHCTBOM (6).

3. [ycrs Q — koneunast 061acTh M3 HpeABLILyIIero myHkra. B obracru Q = Q x (0,7 paccmorpum

ypaBHEHUE
n

0"u(z, y;t) 8"]u:cy,)_
otn Z otn—i

O*u(z, y; 0u(z,y;t
éxzy 2 éygy )+f(l‘7y;t), (z,y)€Q, 0<t<T (7)

C KPaeBbIMH YCJIOBUSAMHU TIO ¢

U(u(z,y;-)) =0, v=12,....,n, (z,y) € (8)
U C YCJIOBHSIME CO CMEIIeHneM 10 (X, y)

w®,0;t) =0, 0<6<1,

0 0 0+1 6-1 1
u<2, 2,t> au< 5 5 ,t)7 0<H< -, 0<t<T (9)

Oneparoprasi 3anuch Bhinenpusegernoii 3agaan (7)—(8)—(9) mveer Buj

Bu = Au(z,y;1) + f(z,y;1), (2, y;t) € Q. (10)

3reck omeparop B meiicTByeT 10 mepeMeHHoil ¢ U ero CBolicTBa mpuBeneHbl B myakTe 1. Oneparop
A neiicTByer 1O epeMeHHbIM (X, y) U €ro CIeKTPaJbHbIe CBOMCTBA IIPUBEIEHBI B IIYHKTE 2.

ITpuBenem KpuTepuii € IMHCTBEHHOCTH PEIEHNs] OJHOPOHOTO OomepaToproro ypasaenus (10).

Teopema 1. Ilycrs Bormosneno tpebopanme I u a(a + 1) # 0. Torga omgHOpogHOE OmepaTopHOE
ypaBHeHHE

Bu = Au (11)
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HMeeT TOJIbKO TpuBHAIBHOE penterne u € D(B) N D(A) rorga u TogpKO TOIa, KOrga
o(B) Na(A) £ 2, (12)
e o(B) u 0(A) — cnekrpbl oneparopo B n A cooTBeTCTBEHHO.
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OILIEHKA PEIIEHMS OJITHOM 3AJJAYU COIPSI>KEHUS JJI5
BBIPOXKJAIOIIIETOCS YPABHEHUSI TEMNJIOIIPOBOJITHOCTHU B
I'EJIbJJEPOBCKUX KJIACCAX

Vuberkya KOMJBIIIIOBY, Kyruap BEICEHBAEBA23:

! Kazaxcknit narmonaisuenii yausepcurer uM. aab-Dapabu, Amvarer, Kazaxcran
2 Kazaxckas axa/jeMusl JJOTHCTHKH H TpaHcropra, Amvars:, Kazaxcram
3 Uucruryr MareMaTHkn o MaTeMaTHdecKoro MojeaupoBanus, Amvarer, Kazaxcran
E-mail: “koylyshov@mail.ru, *beisenbaeva@mail.ru

Baaun TErmIonpoBOIHOCTH ¢ PA3PLIBHBIMU KO3MMUIIMEHTAMN U BBIPOKIAIONIAECS YPABHEHUS Ta-
paboIMYeCKOT0 THUTIA, KaskKJ0e B OTACILHOCTH JaBHO W XOPOIIO nccaeayioTea. HagaanHo-Kpaesbie 3a-
JIa9¥ JITsT BBIPOZKIAIOINEroCs YpaBHEHNs TENJIONPOBOJIHOCTH ¢ PA3PBIBHBIME KO3(hMUIIHEHTAMN MaJIOo
M3YYeHDI.

Hannas paboTa IOCBSIIEHa HCCASJIOBAHUIO OTHOM 3aJa4M CONPSIKEHUs JIJIsi BBIPOZKIAIONIEr0Cs
yPaBHEHUS TEIIOTPOBOIHOCTH C PA3PhIBHBIMU KodMdumenTamu.

HaiiieHo siBHOE pellienne MOCTaBIEHHON 3aJIadi U MMOJy9eHa ee OleHKa B TeIbJIePOBCKUX KJIacCax.

ITocranoBka 3ama4u. Paccvarpusaercs ciepyromas 3aaa4a; rpebyercs naiitu dbyaxmum u(z,t),
ug(z,t) B obmactu Dyi1(z € R™,t > (), yIOBIETBOPSIONIHE YPABHEHHSIM:

8U1

tpﬁ = a?Auy + fi(z,t), (2,t) € D ={(z,t),2 € R" " 2, <0,t >0}, (1)
0
tp% = a3Aus + fo(a,t), (v,t) € Dy = {(2,t),2) € R"Y 2, < 0, > 0}, (2)
Ha4YaJIbHBIM YCHOBI/IHM:
uy |zn=—0= U2 \:pn=+0, (4)
6U1 8uQ
ki— |z =—0=ko— |, = 5
1y, lon="0= 25— | 2n=40, (5)

rae a' = (x17x27 "'7xn—1>a ki > O>Z = 17270 <p< L.
OcHoBHOI1 pe3ysibrart. Pemenne 3agadu (1)-(5) mOCTpoeHO B IBHOM BH/IE U JIOKA3AHA.
Teopema. Pemenne 3anaqau (1)-(5) ymoBnersopsier onenke

< (Ut ng |+ @)

t
(u(,1)) 2401490 Cpi 2 (Dnt1)

Cart (Dn+1)
rmeq=1—p

KuroueBbie ciioBa: 3a/ada COMPSYKEHWs, YPABHEHUST TETJIOMTPOBOTHOCTH, BHIPOKIAIOIMINECS YPABHEHNs, PA3PHIBHBIE
K093 PUIUEHTHI, TeJIbIEPOBCKHE KJIACCHI.
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O PABPEIIMMOCTU OBOBIIIEHHOM 3AJAYM HEMMAHA J1J14
SJIJINIITUYECKOTO YPABHEHUS BBICOKOI'O IIOPSAJIKA B
BECKOHEYHOW OBJIACTU

Baksirbexk KOITTAHOBY2¢,  Anexcanap COJIJTATOB??

! Kasaxckuit nammonasusiii yausepcurer uvern aab-Dapabu,
2 Mesx yHapOTHEIH VHHBEDCHTET HH(POPMAIIHOHHBIX TexHotorni, Amvarer, Kasaxcran
3 Boramcamrensubiii meatp um. A.A. JTopogaunsima @I ITY PAH, Mocksa, Poccust
E-mail: “koshanov@list.ru, ®soldatov48@gmail.com

B obiactu D Ha mI0CKOCTH, OTPAHUYEHHOM TTPOCTHIM TVIAJKUM KOHTYPOM [’ paccMOTpUM 3JIUII-
THYECKOe ypaBHeHue 2l—ro mopsijika

2

0% oku
E A ST Ay E k() 3 m5 A ;2= y € D, 1
,,:[)a ooy + a k(z)a f(z), z=xz+iye (1)

k—ro,r
X
0<r<k<2l—1 9y

C TIOCTOAHHBIME CTapimmMu Koagpdurmentamu a, € R.
Wcexonst w3 mabopa 1 = k1 < ... < k; < 2] marypaapHbix dnces, obobirennada 3amada Heiimana mst
9TOT0 ypaBHeHI/IH orrpeaesdaeTCd KpaeBbIMNI chTOBI/IHMI/I

Oki—ly

Wrzfj, jzl,...,l, (2)

e n = nj + iNo O3HAYAET €IUHUIHYE) BHEIITHIOK HOPMAJb.

ITocranoBka konkpernoii 3aa4u (1), (2) upu kjy1 — kj = 1 19 nOIUrapMOHUYIECKOrO ypaBHEHUL
Bocxomut K A.B. Bumnanse [1], rme npu k1 > 2 oma Hazsana 0600mmenHol 3agaqeii Heiimana. 1o
Ha3BaHWe B JaJbHENIIeM COXpaHsaeM U JJIS TPOU3BOILHOTO Habopa MmoKazaTesielt kj, BBOAA JJId 3a5a4M
obosznauenne N. Cumsosn Ny coxpansiem i 3a7a4u, Korja Bee myaamune Kodddunuentsr a,; B (1)
PaBHBI HYJITO.

B komneunoit ogrocsszHoi obnactu D 3amada N noxpobuo uccseposaiach B paborax [2,3]. B paore
[3] sra 3amaua u3yvanacek 3asa4a B Kaacce

C2H(D) = {u € C2(D)N C2=11w(D), Lou € C*(D)}.

Ob6ozuaunm depe3 v, 1 < k < m, Bce pas3judHble KOPHU B BEPXHEH MOJTYTLJIOCKOCTH XapaKTepu-

CTUYECKOI'0 MHOT'OYJICHA m m
x(2) = ax szl(z — vl szl(z — )k

TaK 4TO cyMMa KpaTHocTell I + ...+ [, 9Tux KopHeil paBHa .
Beemem gpobHO muHelHBE TI0 2 DYHKIAN
—ex + ey .
wle,v)=—————,1<j <1, (3)
e1 + eav
TJIe 3aBUCHMOCTD OT €IMHHYHOTO KAaCATEJHHOTO BEKTOPa € = e] + ieg K KOHTYpy ' 10 oTHOMIEeHHIO K
HOPMAaJILHOMY BEKTODY € = €1 + ieg = i(ny + ing).

Ucxoag u3 l-Bekrop-dbyuknun ¢(¢) = (91(C),...,q(¢)), aHamuTHIecKoii B OKPECTHOCTH TOYEK
(155 Cm, BBEAEM OJi0unyHO | X [— MaTpuity
Wy(Crs- s Gm) = (Wy(Cr)s - oo Wy(Gm)), (4)

rie marpuma Wy ((r) € CX cocrapnena w3 BekTOpOB-cTONGIOR

g(gk)vg,(Ck)77 'g(lk_1)<Ck>

1
(I —1)

Iycrs obmacts D 6eckoredna n orpanndera KOHTypoM I' € C2HY | cBsa3HbIe KOMIOHEHTHI KOTOPOTO
oGosuaunm Ty, ...,I. Caenys [4], BBesem mpocrpancrso Lesmbaepa Cf(D,00), A € R, dyukuuii co

Institute of Mathemitics and Mathematical Modeling. Almaty, 2022



90 TpanunuoHHas aOpeabCKas MaTeMaTHIecKass KoHpeperrns — 2022

crenermnbiM noseennem O(|z|*) wa 6eckoneanoctn. Bomee Touno, mpu A = 0 OHO COCTOUT M3 OTPAHN-
YeHHbIX (DYHKIWH ©, 118 KOTOPbIX ¥(2) = |2z|M¢(2z) yaosnersopsier yciosuto [esbepa ¢ mokasaresem

M- OTHOCI/ITQJ'H)HO HOPMEI
(ol = sup [ (2)] + sup 1) Z VL)
zeD

21722 ‘Zl - 22|M

9TO IPOCTPAHCTBO 0AHAXOBO, IPHUYEM OHO sBJsIeTCs OaHAXOBOH aaredpoil mo yMHOXKEHH0. B obiiem
caydae MPOU3BOILHOTO A GAHAXOBO TPOCTPAHCTBO

C{ (D, oo) onpenennm kak kiace dbynxmmit @, st koropeix (14 |z]) *p(2) € Cf (D, 00), crabxemnnoe
nepenecennoit Hopmoit. CooTBETCTBYIONNE DAHAXOBBI TPOCTPAHCTBO C’ (ﬁ ) nudepeHImpyeMbIx
beHK]_[I/H/I omnpeaesimM MHAYKTUBHO yCJIOBUAMMN

p € C"(D)N C (D, 00), g“p ¢ e C" (D, o). (5)
x Oy

Omno arasgercsa 6aHAXOBBIM OTHOCHTETHHO COOTBETCTBYIOIIEH HOPMBI.

ITockoabKy B masbHelieM 6eckoHeuHas obsactsb D pUKCHPOBaHA, TPOCTPAHCTBA C/T\L’“ (D, ) Bcio-
Iy B JajbHeieM 0603Ha9aeM KPATKO C;\l’“ . B 6osee obrieit curyarmm KOHEYIHOTO MHOXKECTBA 0COOBIX
TOYeK OHW OBLIN JIeTaIbHO U3ydIeHH B [4].

Bagaay N paccMoTpuM B KJjacce Cil’” , —1 < A <0, dyuknuii, ucyesaionux Ha HECKOHEIHOCTH.
s Hee cpaBeTUB CJIEYIONINH OCHOBHON Pe3y/IbTAT.

Teopema 1. Ilycrn Geckomewnas obmacts D orpammaena xonrypom I kmacca C2V, u < v <
1, cocrosimum w3 kommonent Uy, ... T, muammue koshguimentsr ypaBaerust (1) ynoBaeTBOpsroT
TPEbOBAHITO

ar € C]l;_gl_o(bv OO) = U5>OC;:_25_87 (6)

U BBIIIOJIHEHO YCJIOBUE

det Wylw(e,v1),...,w(e,vm)] #0, eeT, (7)

2l
rae T oznauaer exunmaryio okpy»uocts. Torga 3agada N ¢ppesronsmosa B kaacce Cy Ho 1< A<O,
H ee HHIEKC JaeTcst (hopMyaoi

@ =2(n+1) aeo—|—2z i =120 = 1). (8)

JIEMMA. 3adavu N u Ny 6 xaacce C’il’”, —1 < A <0, Pppedzosvmo60 sK6UBAAEHTHDBL U UL UHIEKCHL
co6nadaom.
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SAJAYA CTEKJIOBA J1JIS JIMHEMHOIO OBBIKHOBEHHOTO
IN®PEPEHIIMAJILHOTO YPABHEHIS JPOBHOIO IMOPSAIKA C
3AMA3/BIBAIOIIIMM APTYMEHTOM

Maygmaa MAYKTUXOBA

HIIMA KBHII PAH, Haapuuk, Poccust
E-mail: mazhgihova.madina@yandex.ru

Paccmorpum ypasuerue
Dgu(t) — Au(t) — pH(t —T)u(t — 1) = f(t), 0<t<1, (1)

rae D, — npobuas mpoussoanas Pumana—/Iuysmwns [1], 1 < o < 2, A, 1 — 1pon3BOJIbHBIE HOCTOSHHEIE,
T — dbukcupoBaHHOE NOAMKUTENbHOE YnCa0, H (t) — dynkumsa Xesucaiina.

Mg ypasuenus (1) nccienoBana HeJTOKaIbHAS KpaeBas 3a/ada;

Bamaua. Haiitu perymsproe pemenne ypasuennsi (1), yaosaersopsitomee gist Beex 0 < t < 1
YCJIOBHSIM:

- —2 )
D¢, 1u(t)‘t:1 = c1Dg, u(t)’tzo + co Dy, u(t)‘tzl,
Dgtilu(t)‘tzo = C3D(C)Yt72“(t)’t=0 + C4D8£t72u(t)‘t=1'

Haiinena dyukima ['pura 3agaqu. [Homyueno ycmoBue oguo3uaunoil pazperrumoctu. Jlokazamsr Teope-
Ma CYIIeCTBOBAHNS U €IMHCTBEHHOCTH PEIIeHNsT 38341 I TeOPEeMa 0 KOHETHOCTH IUC/Ia BEIECTBEHHBIX
cOOCTBEHHBIX 3HAUEHMUIA.

KuroueBrblie cioBa: muddepenimaibHoe ypaBHeHNe APOOHOTO OPsaKa, quddepeHImaabHoe YPAaBHEeHNEe ¢ 3aIa3/IblBa-
omum aprymenrom, 3agada Creksosa, dyukuusa ['puna.
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KPAEBAA 3ATAYA JJII CUCTEMBI YPABHEHUN C YACTHBIMU
IMPOM3BOJHBLIMU B CMBICJIE JI>)KPBAIIIAHA — HEPCECAHA

Mypatr MAMYYEB

Hucruryr npukgagnoit maremaruku n apromarusanunu KBHI[ PAH, Hampunk, Poccus
E-mail: mamchuev@rambler.ru

PaccmoTpum cucremy ypaBmenunit

Dézo"“’ak}u(l’,y) + ADéSO""’Bm}u(x, y) = Bu(z,y) + f(z,y), (1)

éa07"'7ak} " Déf@angm}

T

3mech D, — omneparopnl apobrnoro anddepenimposanus xpbamsana — Hepce-

k m
cana (1] mopsakos o = > a; — 1 u B = > B — 1, coorBercrenno, o, (3,04, 55 € (0,1]; f(z,y) =
=0 i=0
| fi(x,y), .., fu(z,y)|| — 3amannbiii, a u(z,y) = ||ui(z,y), ..., un(x,y)|| — BCKOMBI n-MepHBIE BEKTOPHI,
A un B - 3a/jaHHbBIe TIOCTOAHHBIE JIEHCTBUTE/TLHBIE KBAPATHBIE MATPUIIBI TOPSIKA 1.

Mg cucremspr ypashenuit (1) uceaenoBana Kpaepas 3ajada B IPAMOYTOJbHON 061acTH B Ciiydae,
KOT/Ia, MATPUYHBINA KO(D(MDUIMEHT B IJIABHON YACTH CHCTEMBI UMEET COOCTBEHHBIE 3HAYEHUS, JIEKAIIIE
B HEKOTOPOM YTJIy KOMILIEKCHO¥ ILIOCKOCTH. JIoKa3aHbl T€OpeMbl CYIeCTBOBAHUSA U €IMHCTBEHHOCTH
perrenua wccyaeayeMoit 3amaun. Perernne mocTpoeHo B aBHOM Buje B TepMmuuax dynkiuu Paiita mar-
PUYHOTO apryMeHTA.
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KOMIIAKTHOCTDH PE30JIbBEHTDI, a TaK2Ke MOJYY€HbI ABYCTOPOHHUE OEHKUW CUHTY/IAPHBIX YUCEJT (S-LH/ICQ.H).
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3 Axanemus rocynapcrsennoro ynpasiaenns npu Ipesunenre Pecybiuxn Kazaxcram,
Hyp-Cynran, Kazaxcran
4 Vuupepcurer umernn Illaxapuma ropona Cemeii, Cemeit, Kazaxcran
E-mail: “nurakhmetov@math.kz, aniyarov@math.kz, ®ser _jum@inbox.ru, %rinat.k kus@mail.ru

B nmannoit pabore paccMaTpuBaeTcss CBOOOIHBIE TOTIEPETHbIe KOJeOaHus CTEPXKHS JIJIUHBI [ ¢ TpeMst
IPOMEXNKYTOYHBIMU MaCCaMU 17111, M2 U 13 C IMaPHUPHO ONEPTHIMU 3aKPEIJIECHNAMU, KOTOPad CBOAUTCA
K CJEAYIONIEil CIIeKTPaJbHON 3ajia4e:

l l

77377&0_57 (1)

{
EJy" (z) =w?pAy(x),  w#a—g wFb—g
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[EJy"(@)],_p = —mw?y (P),  i=1,2,3 (2)
y(@)lo—p, =0, [BY(2)],_p =0, [EJy(2)],_p =0, (3)
y(@)|p——1 =0, EJy”(ﬂ?)\x:_% =0, (4)

(@)l =0, EJy"(z)|,_1 =0, (5)

$:§

e E moaysb FOura, J MOMEHT MHEPIUHN TIOIIAIU IOTIEPEYHOT0 CEUEHUsT OTHOCUTEBHO HEUTPaJIbHON

ocH, p IJIOTHOCTH MaTepuasia, A IIon@amah MOmepevdHoro cedenns, P = a — %, P,=b-— %, Ps=c— L

2
u [f(2)],—. = limeio [f(c — &) — fle+e)]
03HAYAET CKAuOK (DYHKIMH B Touke = = c. O6o3naunm uepes p* = “’;—ZA, TJle w JaCTOTHBIN IapaMeTp,
o,

OcHoBHast 1EIb JaHHONH PAbOTHI BHISIBUTH YCJIOBUAST HA TEOMETPUUYECKIE PACITOJIOKEHUST COCPETOTO-
YEYHBIX MaCC [IJIsi HEOJHO3HAYHOTO peIieHus 0OPATHOI 3a/1a9K TI0 BOCCTAHOBJICHUIO COCPEIOTOUETHBIX
MacCC C 3apaHee M3BECTHBIMU TIEPBBIX TPEX CO6CTB€HHbIX qaCTOT.

Ilocnegaue To/BI AKTUBHO PA3BUBAIOTCS METO/BI AHAIM3A IPIMbBIX U 00paTHBIX 337124 11s audde-
PEHIMATIBHBIX OIEPATOPOB COCPEOTOUEHHBIMI MACCAMK U YIPYIUME CBA3saME [1-4]. D11 MeToas nve-
0T OYeHb BasKHbIE 3HAUEHUs, TAK KaK OHU JAIOT BO3MOXKHOCTH PAa3BUBATHL TEXHOJIOTMH OOECIIevnBast
6esonacHocTh Jrogeil. B otsinane or pabor [5-8| B ganHoii pabore npejgaraercs THOPUHBIR ATOPUTM
ITO3BOJIAONINN BBIYUCIUTD BCE TPU BECA JIJIS COCPEIOTOYEHHBIX MACC C T€OMETPUYECKOH CUMMETpUeit
PACIIOIOXKEHUSI [IEPBOI U TPEThE MACChl OTHOCUTEALHO CEPEAUHBI CTEPXKHA. 3aAMETUM, YTO YUCICHHbII
METO/I peleHust 00paTHON 3a/1a491 JaeT BO3MOKHOCTD OIIPE/IENTh BEJTUIUHY JIUIb BTOpOit Mmaccel. [lep-
BbIC TpHU CO6CTBeHHbIe 9aCTOTbI CTEP2KHA BBIYMCJ/ICHBI YUCJICHHO C IIOMOIIIbIO KOMIIBIOTEPHOI'O IIaKeTa
Maple. Haiigerno anagnTrnaeckoe COOTHOIIEHNE MEXK Y MACCAMU.

Pesynbrarer manHoro mccienoBaHus OyIyT CIOCOOCTBOBATH PA3BUTHIO METOJOB PEIIeHUd s 00-
PaTHBIX 3aa9 C MHOT'OTOYECYHBIMU BHYTPEHHUMHU JICMCHTAMMN.
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MAKCUMAJIBHASL PETYJIAPHOCTH PEIIIEHUA AU®P®EPEHIIMAJIBHOTO
YPABHEHNA BTOPOTI'O ITIOPAJIKA

Kopman OCITAHOB®, Pas AXMETKAJIMEBA®

Espasurickuit HantmoHaJpubll yausepcurer uMm. JI.H. I'vmuiesa, Hyp-Cynran, Kazaxcran
E-mail: “kordan.ospanov@gmail.com, *raya_84@mail.ru

Paccymorpum ypasuerue

—s(x)(p(x)y") + 7 (x)y" +q(z)y = f(z), (1)

rpe z € R = (—o0, +o0) u f € L, = L,(R), 1 < p < +o0. [Ipeanosnoxum, 410 S, p 1 7 HELPEPBLIBHO

madepertmpyemsl, a ¢ - HenpepbisHag Gyuxmma. ycrs ly = —s(py’) + ry’ + qy, D(l) = CSQ)(R).
Yepes L obosnadnm 3ambikanue [ B Ly. Duement y € D(L) Taxoii, uro Ly = f nasoseM pemnreHneMm
ypasuenust (1).

B noknane obcyxknamTes yeiaosus Ha KO3MMUIUEHTH S, p, ' U ¢, IPA KOTOPBIX CYNIECTBYET €MH-
CTBEHHOE perenue y ypasHenus (1) u jis HEro CrpaBeInBa, CIe/ Iy OIast OIEHKa:

[=s@)(p@)y)|l, + (7' [, + 1@ +laDyll, <CULI, (2)

[+ ]l, - nopma Ly.
Funding: Asrops! 6bumm momep:kansl Tpantom AP08856281 MOH PK.

KiroueBble cioBa: muddepeHnmansHoe ypaBHEHNE, CUIBHOE DENIeHne, OJHO3HATHAS Pa3PEeInMOCThb, KOIPIMTUBHAS
OIleHKa.

2010 Mathematics Subject Classification: 34A30, 34C11, 47A05.

OB O,Z[HOI71 O EHKE PEINEHNA IICEB/IOIIAPABOJIMYECKOI'O
YPABHEHUA TPETHEI'O ITOPAJIKA

Muipzaranmn OCITAHOB, Kynaezait YCITAHOBA
Espaswuiickuii HanmoHa pHbI yausepcurer uM. JI.H.I'ymunesa, Hyp-Cynran, Kazaxcran

E-mail: myrzan66@mail.ru

Ha Q= {(z,t) € R?%,0 < 2 < w,0 <t < T} paccMOTPHM HEJOKAIBHYIO KPACBYIO 3aTa9y

Ugtt = AQUgzt + AUz + GoUy + azuy + agu + f(x,t), (x,t) € Q, (1)
u(0,1) = ¢ (1), t€[0,7], (2)

uz(z,0) = ug(z,T), z € [0,w], (3)

Uzt (2,0) = uge(x, T), z € [0,w]. (4)

Byaem caurtats, uto a;(z,t) (z = 0,7) , f(x,t) — wmenpepoiBable Ha ) byHKINN, P(t) — HEIPEPHIB-
Ho guddepenuupyemas wa [0,7] dbynkuusa, ygosnersopatomas ycaosusam ¢(0) = o(T),o(0) =
A(T), $(0) = $(T).

ITycts (2, R) — MHOXKeCTBO HEMPEPHIBHBIX Ha () BeKTOP-QyHKImil. Pemmennem 3amaun (1)—(4) nazo-
BeM dyukumio u(z, t) € (2, R), nmerommeii HenpepbIBHbIE HA () YACTHBIE TIPOUBBOIHBIE Uz, Uty Ugt, Uity Ustt
U yZI0BJIETBOpsItoIeit ypasHenuto (1) n ycrousam (2)—(4).

JokaswpiBaeTcs

Teopema Ecir ay(x,t) > o > 0, 1o 3a7a9a (1)-(4) nmeer equncrenHoe pererne u(x,t) n copa-
BEJJIMBBI CJIEYIONHE OICHKU:

max {{|u(z, )|, [z (2, ) e (@, ) lJwa (@, )l e, )1 < C
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rje C - nostoxkure/InHas IIOCTOSAHHAA, 3aBUHCAIIIAaA TOJIBKO OT UCXOIHBIX TaHHBIX, &

) = t)|.
Ju(e., )l = ma. fua )

Funding: Pabora nogaep:xkauna rpantom AP08856281 Komurera mayku Munucrepcrsa obpa3oBanus u Hayku Pecry0-
mukn Kazaxcran.

KimroueBble cJioBa: TICEBI0Napab0oIndeckoe ypaBHeHNe, HeJIOKAIbHOEe KPAaeBOe YCIOBUE, OIEHKA PENIeHUS.
2010 Mathematics Subject Classification: 35K70.
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O 3AJIAYE JIJisl BBIPOXK/IAIOIIIEIOCS
YPABHEHUSI CMEIIAHHOTO THUIIA

Hapruza OUNJIOBA

TarmkenTckuit GUHAHCOBBIT MHCTUTYT, TarmkenT, Y 30eKucTan
E-mail: nargiz.ochilova@gmail.com

Paccmorpum ypasuerue

Ugr —C Dgyu, npu x>0, y>0,
0=19q (—y)"Uzz — Uyy, npu >0, y <0 (1)
Uzy — (—2) " Uyy, npu <0, y >0

B objgactu D orpamnuuenuoit mpu x > 0, y > 0 orpeskamu AB, BBy, BgAg, AgA mpsambix y =
0, z=1, =0, y=1lwmwopuzx >0, y <0 (zr <0, y > 0) orpaHuIeHHO} OTPE3IKOM MPIMOii
ACy = {(z,y): =0, -1 <y <0}, (ACI ={(z,y): —1<2x<0, y=0})n xapakrepucTukoit

1 1
BCy: z+ §(—y)q =1, (A4C1: y+ ;9(_36);7 =1)

ypasrenusg (1), rie 0 < o < 1, m,n = const >0, 2p = m+2, 2¢ = n+2, ¢ Dy, — oneparopom KamyTo
[1].

Beegem 0b603mauenns:
Dy=Dn{x>0,y>0},Dy=DnN{zx <0,y >0}, Do=DnNn{z >0,y <0},

11:{(95,y):l‘207 O<y<1}v
I, = {(IE,y): 0<J)<1,y:0}, D = DyUDi1 UDyy UL Uly, Ay = DgUDyy Ul D1 =

D1 n {y—%(—$)p>0}, D = D1 N {y—%(—x)p<0}, Ay = Do U Doy Uy, Dy = Dy N
1
{o= i >0p Do = Do fo— ) <0} 200 = 228 = 2 G (5-(9)7).

C11 —(g) ,% OIpuIeM

S =

1
0<51<a1<§. (2)

Bamaua A. Tpebyercsa oupegennrs dyuxuuo u(z, y) u3 kinacca dyHKiuii
W = {u(x,y) . u(x,y) € C(D)NC% (D11 U Dy U D13 U Day), uge € C(Dg), . OyU € C’(DO)}
0618 JATOTIY IO CJIEYIOIIUME CBOHCTBAMME:
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1) u(x,y) ynosiersopsier ypasaenuio (1) B obmactsax Do u Dyj, Daj, (7 =1,2)
2) Yy uy(z,y) € C(DoUlLs), uy(z,y) € C(D2Uly), u na smnun I BHINOJHAETCS YCIOBIE CKICUBAHNS:

—x _ _ .
ylggoy uy(z,y) = uy(x, =0), (x,0) € Ip;

3) uz(x,y) € C(DoU ) NC(DyUIy) v va mubum [ BBINIOJHAETCS yCJIOBUE CKICUBAHUS:

lim ug(z,y) = hmoux(x y), (0,y) € Ii;

z——+0 T—

4) yIOBJIETBOPSIET KPAEBBIM YCJIOBUSIM:

u(r,y)|pp, = vo(y), 0 <y < 1, w(@,y)| o, = w1(y), —1<y <0,

1
w@,Y)lagern = 2(9), 5 Sy <1
1
u(z,y)|pe,, = 1(2), B <z <1 w@,y)lae, =v2(z), -1 <2 <0

rae vo(y), j(x), ¥;(y), (j =1,2) - 3anaunnbe GyHKIuN, TprdeMm
©0(0) = 11(1), ¢1(0) = 2(0),

900(:’/) € C[Ov 1] N 01(03 1)’ 1,01(3/) € C[_1>O] N C2(_130)’ (3)

1

eali) € €[ 31] @) € & [51] wa@ ccl-Lan e ()

3aMernM, 9TO 3ajada THIA 3aJadn A [yl ypasHeHus (1) ¢ XapakTepUCTHKON JHHUell H3MeHeHns
Tuna u3ydena B padore [1].

Teopema. Eciu Bermosnenst ycaopus (2)-(4), o B obractu D cymiecTByeT e JHHCTBEHHOE DELIeHHe
zagaun A.

KuroueBrbie ciioBa: mapabosio-runepboIndeckoe ypaBHeHue, omeparop KamyTo, e TMHCTBEHHOCTD PelleHusi, CymecTBO-
BaHUe PElIeHUs], UHTErPAJIbHOE YPABHEHUE.

2010 Mathematics Subject Classification: 34B45, 35R11.
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KPAEBA4A 3AJTAYA [OJId YPABHEHUS TUIIEPBOJIO-SJIJINIITUYECKOT O
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Paccmorpum ypaBHeHws

0 .
g <52gny|y|mum + Uyy + Byouy> =0 (1)

Te
m>0,—%<ﬁo<1. (2)
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ITycts obmacts, orpanuyenHas npoctoii myroit 2Kopnana I' ¢ koumamu B roukax A(—1;0), B(1,0),
Jexarel B BepxHelt mosymaockocTr y > 0 m mpu y < 0 XapaxTepuc-THKaMA

2 m+2 2 m+2
AC iz — ———(— 2 =-—1, BC: — 2
o m 4+ ( y) ’ x+m—|—2( y)

=1

ypasuenust (1), Beixoggmummu u3 rouku C' |0, —((m + 2)/2 )2/(m+2) ] .

TIpeamonmoxxum, uro Kaxkgasa npavada y = ¢, 0 < y < h, nepecekaerca ¢ ' B nByx Todukax, a
npsivast y = h umeer eauHcTBeHHY0 0611yI0 Touky N (0, h)(TOuKy Kacanwusi) ¢ kpuBoii I'.
Beenem obosnauenns: D1 = DN{y >0}, Do=DnN{y<0},

I={(z,y): —-1<xz<1, y=0}, D=DyUDyUI,

W={u: ueC(D)NC(DUAC), Uspz, Usyy, Uzy € C(D1UDs)}.

Bamaua Bp. Haiitn dyukimmo u(z,y) € W ynosnaersopsiomiyto ypasaennto (1) B obmactu D u
KpPaeBbIM YCJIOBUAM

ulp = pi(x,y), (z,y) €L, ul@,y)|,ug = e2(y), 0<y<h,

ou
u(z,y)|ac = 1(2), n =1o(x), —-1<z<0,
nlac
e p1(x,y),  @2(y), Yi(z), Yo(x)—3ananHble dYHKIUK, N—BHYTPEHHs HOPMaJib, IPHYEM

@1(_170) = 7/}1(_1)7 901(07 h) = 902(h)7

QDl(I‘,y) = y’erl@l(x’y)’ @1(£L’,y) € C(f)7 v > 07 (3)
902(3/) eC [07 h] N 01(07 h)? (4)
Y1(x) € CH[=1,00nC3(=1,0), o(x) € C[-1,01NC*(~1,0). (5)

Bamerum, uTo 3amada By ays ypasuenust (1) npu Sy = 0 usydens! B paborax A.B. Buragze u M.C.
Canaxuraunosall], M.C. Canaxnuranrosal2].

Jlokazana caeayioimas Teopema.

Teopewma 1. Ecin Beimosnenst yciaosus (2)-(5), ro B obnacru D cymecrByer e JuHCTBEHHOE pellie-
Hue 3agadn By.

EnnucTBeHHOCTD perrenne 3ajadu JOKA3bIBACTCA C TOMOIIBIO TTPUHITATIA SKCTPEMYMA, & CYIITeCTBO-
BaHUS PEIIeHUd - METOMOM UHTErPATLHBIX YPABHEHHH.

KuirodyeBble CJIOBa: BBIPOKIAIOMETrOCS YPABHEHHE TPETHETO MOPSIKa, yPABHEHHWE C CHUHTYJIAPHBIM Kodhduimenrom,
PeryJisipHOe pelleHne, MIPUHIUI SKCTPEMYMa, JIOKAJIHHOE yCIOBHUE.
2010 Mathematics Subject Classification: 335M10, 35M12, 35K15.
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OB OTHOM AJITOPUTME YMCJIEHHOTO PEIIIEHUYI HEJIOKAJIbHOM
SAJAYN TEIIJIOIIPOBOJHOCTN C HEYCMUMJIEHHO PEI'VJIAPHBIMHI
KPAEBBIMUA YCJIOBUAMUN

Upuna ITAHKPATOBA?®, Maxumyn CAJIBIBEKOB?

Hucruryr MmaTeMaTHky 0 MaTeMaTHICCKOTO MOJETHPOBAHHIS,
Asnarer, Kazaxcran
E-mail: “inpankratova@gmail.com, sadybekov@math.kz

PaccmarpuBaercss Haua bHO-KpaeBast 3a7a4a JJis yPABHEHUS TEIJIOIPOBOHOCTI
up(x,t) — ugz(x,t) = f(z,1),0 < <1,0<t < T, (1)

C Ha4YaJbHBIM YCJIOBHEM
u(@,0) = ¢(z), 0 <z <1, (2)

1 KpaeBBIMHU yCJIOBUAMM BHIaA

Ui(u) = a11uz(0,t) + briug(1,t) 4+ arou(0,t) + biou(1,t) = 0,

U () — _ (3)
Q(U) = CLQ()’LL(O, t) + bgou(l, t) =0,

rae a;j, bij — Bemectsenmble wncaa, (), f(z,t) - 3aganabe OyHKIM.

Bazgada (1)-(3) oTHOCHTCS K KJIACCY TaK Ha3BIBAEMBIX HEJOKATBHBIX KpaeBbIX 3amad [1]. s wamc-
JeHHOro pererns 3asaun (1)-(3) ¢ HeyCHIIEHHO peryssipHbIME KPaeBbIMM YCIOBUsIMU [2| mocTpoeno
ceMefiCTBO JIBYXC/IOMHBIX PA3HOCTHBIX cxeM ¢ BecaMmd. lloJTyveHBI OMEHKH TOPSIKOB alIPOKCHMAIIN
pasHoCTHBIX cxeM. M3BectHo [3, c¢. 137], uro cxoaumocTh perienus JuHEHHON PA3HOCTHON CXeMbl K
TOYHOMY pelteHuo uddepeHnanibHoll 3a/Ja9u CIelyeT U3 ee aIlllPOKCUMAINN ¥ YCTORTIHBOCTH I10
HAYaJIBHBIM JAHHBIM ¥ 110 IpaBoil gactu. OgHako B 00meM ciydae mpobaeMa yCTONIHBOCTH PA3HOCT-
HBIX CXeM C HEeYCHJEHHO DEry/IsPHBIME KPAeBBIMH YCIOBHAMU He DeIleHa /0 cux mop. Jlas gacTHeIX
CJIydaeB PA3HOCTHBIX CX€M pa3pabOTaHBI CBOUM METOJBl JOKA3aTeNbCTBA ycroifunmsoctu. Kak mpasun-
JI0, YCTOHUNUBOCTD CXeM YCTAHABINBAETCA B IIPOCTPAHCTBAX CO CIEIHAJILHO IIOCTPOEHHBIME CETOUHBIMHE
9HEPTeTHIECKIMHI HOPMaMH, 00 B BUJIE OMEPATOPHBIX HEPABEHCTB, KOTOPBIE TPY/IHO TTPOBEPUTH, JIN-
60 HAKJIAIBIBAIOTCS JOBOJIBHO KECTKIE OTPAHNIEHNsT Ha TapaMeTphl caMoil pa3HoCcTHOM cxeMbl. Kpome
TOTO, PA3PEIINMOCTh HOJTYIeHHOH B Pe3YIbTaTe AMIPOKCHMAINN CHCTEMBI JIMHEHHBIX anirebpandecKux
yPaBHEHHUIT IpecTaBseT coboil ere oHy IpodseMy, T.K. MaTPUIa CHCTEMBI JIH00 JI0X0 00yCI0BIIeHA,
60 B TAKOH MATPHUIE OTCYTCTBYeT JTHATOHAJIBHOE IpeobJiaJaHme.

MbI mpuMeHsSeM MOAXOJ, KOTODBIH O3BOJIAET MOJYYUTh PEIICHNe HEJIOKAIbHON DPA3HOCTHON 3a-
JIatH, He PACCMATPHBasi BOIPOCH! YCTOWTHBOCTH CXEMBI W PA3PEIIHMOCTH COOTBETCTBYIOIEH CHCTEMBI
JIMHEHHBIX anredpandeckux ypapaeruit. JIjist 3T0ro agantupyenM s PA3HOCTHBIX CXEM IPe/II0KEeHHbBII
B [4] asropuT™, KOTODHIil [I03BOJISIET CBECTH PEIleHHe HEJOKAJbHOM PA3HOCTHON 3a/ati K IOC/Ie 0Ba-
TeJILHOMY PEIIEHUIO JIBYX JIOKAJIbHBIX PA3HOCTHBIX 3a/a4 ¢ rpaHnvHbIME ycaoBusamu Tuna [Itypma 1o
IIPOCTPAHNCTBEHHON HepeMeHHOi. V3ydennl BOIPOCH KOPPEKTHOCTH U YCTONIUBOCTH aJITOPUTMA.

Funding: Asropst 6b11u nomuepxkannl rpanrom NeAP08855352 KH MOH PK.

KuroueBrble cjioBa: ypaBHEHHE TEILIOMPOBOIHOCTH, HEJIOKAJIbHBIE KPA€Bble YCIOBHUs, YUCIEHHBIE METObI, PA3HOCTHBIE
olepaTophbl.

2010 Mathematics Subject Classification: 35K05, 35K20, 65M06, 65M12.
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KPAEBA4A 3ATAYA JJISI YPABHEHUS B YACTHBLIX IIPOM3BOJHBIX
ITEPBOTI'O IIOPAJKA C JPOBHOUM ITPOMN3BOJHOU

Apcen TICXY
WUucruryr npukmagaoii Maremaruku u apromarusanuu KBHII PAH, Haapunk, Poccrst

E-mail: pskhu®@list.ru

B obmactu 2 = (r,a) X (—00,b) paccMoTpuM ypaBHeHMe

0 42 (z,y) = f(z,y) (1)
a_ a . | u\ZT, = z, 9
or Oy~ Y 4

rae 6670; - ,ZLpO6Ha${ IIPpOU3BOAHAsA IIOPAIKA ¢ IIO HepEBMeHHOfI Y, C HaA4YaJIOM B TO4YKE Yy — —OQ [1],

ae (0,1).
B noknane 00Cy»KIai0Tcs BOIPOCHL PA3PENIMMOCTH CISAYIONe 3a1aun: B obaacT §) HaiiTh pery-
ngpHoe perterne ypasuenus (1), yI0BIETBOPSIONIEEe YCIOBUIO

u(r,y) = p(y), (y <b).

KiroueBble ciioBa: ypaBHEHNE B YaCTHBIX IIPOM3BOAHBIX IPOOHOrO IOPSAKA, 33a49a 03 HaYaIbHBIX yCJIOBUIL.
2010 Mathematics Subject Classification: 35R11, 35F15.
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CJIABO MIEPUOJANYECKUE OCHOBHBIE COCTOAdHUNA OJId MOIEJIN
ITOTTCA C KOHKYPUPVYIOIIIMMU B3AUMOJJENCTBUAMMU

My3sadbdap PAXMATYJITAEBY, Myxaite PACYJIOBA2?

U Uncruryr maremaruxn my. B.U.Pomanosckoro AH PY3, Tamxkent, Y36exkucran
2 Hamamranckmit rocyapcrensbiii yuusepcurer, Havanran, Y36exucran
E-mail: “mrahmatullaev@rambler.ru, ®m_ rasulova_a@rambler.ru

Hycrs 78 = (V,L),k > 1 ecrb pepeso Ksmu nopsiaxa k, T.e. 6eCkOHEUHOE 1ePeBO, M3 KarKI0i
BEPIIUHBI KOTOPOI'o BhIXOAUT paBHO k + 1 pebep, rie V' — MmHO2KecTBO BepiiuH, L — MHO2KeCTBO pebep
7 (em. [1]).

Mpub1 paccmaTpuBaeM MOJIesIb, TJie CIMH IIPUHUMAET 3HaueHns u3 muoxectsa ¢ = {1,2,....q}, ¢ > 2.
Kouduryparus o wa V' onpenensiercst Kak dyukuust © € V' — o(z) € ®; MHOKECTBO BCex KOHGDUTY-
paruit cosnagaer ¢ Q) = dV.

Ilycts Gy /Gy, = {Hx, ..., H,} daxrop rpynna, riue G, — HOPMAJbHbIH JTeIUTeb HHIEKCA 7 > 1.

Omnpenenenne. Kondurypamnuo o(z) Hazssaercsa Gj-caabo nepuoduueckod, ecin o(x) = 04j npn
T, € H;, z e Hj, Vr € Gg.

Tamusbronuan mozesn ITorrca ¢ KOHKYPUPIONMMEU B3auMoieficTBusiMu numeer Buj |2, 3]

H(o) =/ Z So(z)oly) T J2 Z So(2)0(y),
(z,y)

z,yeV:
z,yeV d(z,y)=2

roe Ji,Js € R,

5= 1, ecaun u=w,
w 0, ecnim u #v.
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B sroit pabore paccmoTpum cay4ait ¢ = 3.
Jlemma. |2, 3| /lns kaxq0it KOHDUIYpAIHH Q) BEPHO CJIEIYIOIIEE:

k+1—1
U(Sob) S {Uz,n . 'l :0,...,]{;—’_17”:07”_7[“]},

2
rae
Ji. Ja .. . .
Uin = ?z—i-?{z(z—1)+(k—n—z)(k—n—z+1)+n(n—1)}
m [BH=E— pesas wacrs EEEEL

Hycrs A C {1,2,....,k+ 1}, Hy = {z € Gy : 3 ;c o w;j(z) — gerno}, re w;(z) - 9HCIO a; B CIOBE
x.

Paccmorpum baxTop rpymiry

Gy/Ha = {Ho, H1}, tne Hyo = Ha, Hy = Gy \ Ha.

Teopema. Ilycrs k > 2 u |A| € {1,2,...,k, k + 1}. Torna BepHBI ciegyromnue yTBEPKICHUS:
I Ilpu |A| = k na mHO)KeCcTBE

{(Jl,JQ) € RZ . Jo>0,J1 —2J9 > 0}, ecad k = 2,
{(Jl,Jg) €R22J1 ZO,JQZO}, ecim k>3

CyIIeCcTByeT IIeCTb HA—CJIa6O nepuogndeCKue OCHOBHBIE COCTOAHHUA, HEABAAIOINUXCA TPAHC/IAITHOHHO-
HHBAPUAHTHBIMH HJIA NEePHOJUYICCKHMHU I OHH HMEIOT CJIG,ZIYIOI_LH/HZ BHUI:

o~

ectn x) € Ho, v € Hy,
ot (z) = ecn wy € Hy,x € Hy,

ecn x) € Hy,v € Hy,
ecn vy € Hy,x € Hy,

33

o~

rge l,m,n € ® ul#m,l #n,m+#n.
1I. Kpome ¢* Bcaxwme H 4-crabo mepuogmdeckne OCHOBHBIE COCTOSHHSI SIBJISIETCS MEPHOUICCKUAMA
HJIH TPAHCISIITHOHHO-HHBAPHUAHTHBIMH.
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ITPUMEP AJAMAPA W CMEIIIAHHASA 3AJAYA Kolln /i
MHOTOMEPHOTO YPABHEHUA I'EJIJIEPCTE/ITA

Anexcannp POTOBOIMY®, Trmrictexk KAJTBMEHOB??

U Vuusepcurer Mupac, Illpmvkent, Kazaxcran
2 Huacruryr maremaTukn u MareMaTHdeckoro Mogeanposanus, Amavarer, Kazaxcras
E-mail: *rog2005@list.ru, *kalmenov.t@mail.ru

B Teopun auddepennnaabHbIX ypaBHEHNH B YaCTHBIX MTPOM3BOAHBIX GOILIIOE 3HAYEHIE UMEET IPH-
Mep, nocrpoennniii 2K. A gamapom [1], KOTOPBI MMOKA3BIBAET HEYCTOWIMBOCTH PEIleHud 3aa4un Komm
JUtsi ypaBHeHus Jlamraca OTHOCHTEIbHO MAJIBIX U3MEHEHU I HauaIbHbIX JaHHBIX. B paforax Tuxonosa,
Apcennna, [2], JlaBpenTsesa 3] u Muorux nociemyionmx paboTax 3Ta 3a4a4a C NOMOIILIO PEIICHAS 3a-
nmaun Jupuxie anas ypaBHeHus Jlamiaca cBejleHa K HHTeTPaJbHBIM YPaBHEHUSM TIEPBOTO PO, TaHbI
Pa3IMvHbIE PErY/IdPU3AINYA PACCMATPUBACMON 33/1a9W W YCTAHOBJIEHA €€ YCJIOBHAs KOPPEKTHOCTL. B
pabore [4] Haiinen kpurepuii cuabHOM paspemmmoctn 3aaaun Kormm gt ypasaenus Jlammaca MeToom
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CIEKTPAJIBHOTO Pa3JIoKeHus oneparopa Jlammaca ¢ oTkmoHAmIMed aprymeaTom. B Hacrosimeit pabo-
Te PaCcCMOTPeHa CMeITaHHasd 3a,1a4a Komm it IByMepHOTO M MHOTOMEDHOTO BBIPOZK TAIOTIET0CsT yPaB-
nenust Lesutepcrencra [5]. Hamu mocrpoenbr anajorn npuMepa AlaMapa W yCTAHOBJIEHA HEKOPPEKT-
HOCTH peEIIeHud 3aJa91 KOH_[I/I A1 YpaBHEHU A FeJ’[J’IepCTe,Z[Ta B ABYMEPDHOM W MHOIOMEPHOM CJayYadX.
Haiineno ycnoBue cuibHON pasperimMocTu CMeEITaHHol 3aa4un Koru 1y MHOrOMEPHOrO ypaBHEHUS
lennepcrenra B mmanmapwaeckoii obaactu. JlokazaTesbcTBO OCHOBAHO Ha CIEKTPATBLHBIX CBOWCTBAX
orepaTopa Jlamnaca u cpoiicrBax crenuagbHbIX (DYHKITHI.

IMycts Q@ C R™ - koneunas o6sacThb ¢ raakoii rpanuneit 9§, a D = Q x (0,7).

Cmewannaa 3adawa Kowu. Haiitu B D pelienne ypaBHEHUs

o 0%u
Lu=—t Awu—ﬁ:f(w,t), m >0, (1)

YIOBJIETBOPSIIOIIEE GOKOBOMY TDAHUYHOMY YCJIOBUIO

ulgax (0,r) = 0 (2)
U HAYaJILHBIM yCﬂOBI/IHM
ou
'LL|t:0 = 0, - =0. (3)
ot |,

Jlokazana ceymnas OCHOBHAsSI TEOPeMA.
Teopema 1. Ilycrs f € Lo(D), Ay f € Lao(D), re.

&ngﬂ 2
em+? Ak fr(n) < oo. (4)

L,(0,T)

f(l‘,t) = Z fk(t)ek(x)7 Z

|k|=1 k=1

Torga cymectsyer equncrsennoe pemenne u(x,t) € W2(D) cwmermannoii 3agaan Komn (1)-(3),
Y/IOBJIETBODSIIOIIEE HEPABEHCTBY

2
4Ak m+2
. T2
em+2 Ak fr

o
2
lulldis, (1) < dot> >
|k|=1

)+ D Ml a0 < oo (5)

L2(O7t |k;|:]_

e A, cobcTBeHHbIe 3HaYeHUsT 3a4a4u Jlupuxie jis ypasaerust Jlamjiaca, 1o ecTb caegyrome 3a1aqm:

Ager(r) = Aper(x),  erlyeon = 0. (6)
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SATAYUN COIIPSIXKEHUSA J1JId YPABHEHUYA TEIIJIOIIPOBOJHOCTU C
TPAHUYHBLIMU YCJIOBUAMU TUIIA ITITYPMA

Maxmyn CAIBIBEKOBY2¢,  YVu6erkya KOMJIBITITOB2?

1 Huacruryr maremaTukn u MareMaTHdeckoro Mogeanposanus, Amavarer, Kazaxcras
? Kaszaxckmil HaroHaIbHEIH yHEBepcHTeT uM. ajab-DPapabu, Anmvarer, Kazaxcran
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Ba/iauu TeIIONPOBOHOCTH € Pa3PbIBHBIMU KOI(DMUIMEHTAMY JIABHO U XOPOLIO UCC/Ie40Banbl [1-5].

B cayaae 6e3 paspbiBa CHeKTpaJbHash TEOPHUsT TUX 33a9 MOCTPOEHA MPAKTUIECKN MOJTHOCTHIO.
31ech MOKHO OTMETHTH paboTHI [6-16].

B mammoit paboTe 060CHOBAHO pereHye MeTOIOM Pa3IeJeHns MePEeEMEeHHBIX HadaaIbHO-KPAEBhIX 3a-
J1aq 11t YpaBHEHUs TEILIOPOBOIHOCTH ¢ KYCOUHO-TIOCTOSTHHBIM KO3(DMUIIMEHTOM ¢ KPAEBBIMU YCJIOBH-
gavu tuna HlTypma.

IlocranoBka 3apauu. PaccmarpuBaercss HaualbHO-KpaeBasi 3aJiava Jjisd YPaBHEHUsI TeIIONPO-
BOJHOCTH € KYCOYHO-TIOCTOSHHBIM KO3(DUITHEHTOM

= ut—k%u:ca:a O0<x <z B
b= {ut - k%umz, To<x <l - f(l‘,t), (1)

B obsactn Q2 = {(z,t) : 0 <z <[, 0 <t < T}, c HAUATBHBIM YCJIOBHEM
u(z,0) = p(x), 0 <z <, (2)

KpaeBbIMK YCJIOBUAMHA BHIA

{alux((),t) A0 =0, o )
agug (L, t) + Pau(l,t) =0,
U C YCJIOBUSAME COIPSZKEHUSI
u(zo — 0,t) =u(zo+0,t), 0<t<T, (4)
k1ug(zo — 0,t) = kaug(xo +0,t), 0 <t <T, (5)

rje dyukuus f(x,t) HenpepbiBHA, () ABAXK bl HEPEPbIBHO jJuddepeniupyemast HGYyHKIHs, yI0BIIe-
TBOPSIIONIAA IPAHUIHBIM yCI0BUAM (3) u ycnoBusM conpsizkernst (4)-(5).

Touka x( - cTporo BHyTpeHHsst Touka uarepsana 0 < xg < l. Kosddunuentwr k;, oy, 5;, (i = 1,2)
ABJISIOTCA JeficTBUTebHBIME drciamit. Kpome Toro |aq|+ |f1] > 0, |ae| 4 [B2| > 0. Kpaesbie ycaosus
(3) (pasgenenHble KpaeBble yCJ0BUS) HA3BIBAIOT yCaoBusiMu Tuna 1ITypMma.

Ilpumenss meron paznenenne nmepemeHuslx (mpu f(z,t) = 0) moxmuo csecrn 3azady (1)-(5) caexy-
OIIeil CueKTpaJIbHON 3a1a4e

[ =EY"(), 0<z <30\ _
LY(.I') - {—k%Y”({E), To < T <1 - )\Y({E), (6)

alY'(O) + 51}/(0) =0,
OZZY/(Z) + BQY(Z) =0,

Y(SC() — 0) = Y((L‘o + 0), le'(xo — O) = k‘QY/(l'o + 0), (8)

(7)

OcuoBHoI pesysbrat. [Tokazano, uro 3agaua (6)-(8) mecamoconpsikennasi. Haiinensr cobcTBen-
HBbIe 3HAUEeHUsT 1 coOCcTBeHHbIe (DyHKINY 3aga4u (6)-(8). Jdokazana, 910 crucTeMa cOBCTBEHHBIX (DYHKIIMIT
{Y,.(z)} obpasyer 6azuc Pucca.

Wcnonpsyem cienyrorime 0603HaTEHHS I OTAEJIbHBIX JacTeil obmactu §2:

Qo=A{(z,t): 0<z <m0, 0<t<T}, Y=A{(x,t):zp<ax<l, 0<t<T}
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Jasee moKa3aHbl CJIEIYIONIAE TEOPEMBI.

Teopema 1. Jlrs mro6erx pyrxmmii () € C[0,1]NC?[0, 20]NC?[xo, 1] u f(z,t) € C(Q)NCHL(Qo)N
C?1(Q), yaoBmeTBopsIonIX KpaeBbIM YCJAOBHAM (3) H ycaoBuaM conpszKenus (4)-(5), cymectsyer
equHCTBeHHOE K1accmieckoe pemenme u(x,t) € C(Q) N C%1(Qy) N C?H () zazawm (1)-(5).

Teopema 2. Jlna mobprx pynxmmit p(z) € WE(0,1) N W2(0,z0) N W2(x,1), yrosreTsopsromnieit
KpaeBbiM ycaoBusM (3) u ycaopusim coupsikenusi (4)-(5), u moboii f(x,t) € La(QY) cymecryer exun-
crBerHoe 06obennoe penrenne u(x,t) € VV22 1(Q) sagaun (1)-(5). Do pemenne sBIgETC CHABHBIM
pemrennenm 3azgaqn (1)-(5) u yaosnersopsier omnenke

el @) + 22 gy + 1220 ) < CHIT IR i) + 1202000y + 1022 -
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BA3MCHOCTH PUCCA COBCTBEHHBIX ®YHKIIUN

ANPOPEPEHIIMAJIbBHBIX OIIEPATOPOB BTOPOTI'O
ITIOPAJKA C MHBOJIFOIIMEN

A6aucamam CAPCEHBI®, A6mmxaxanx CAPCEHBI?

FOKY um. M. Ay»zoBa, r. Illsrvrent, Kazaxcran
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Beemem B paccMoTpeHMe HeCAMOCOTIPSIXKEHHBIN A depeHInaabHbINi 0epaTop BTOPOTO TOPSIIKA
Lag: D (Lag) C Ly (—1,1) = Ly (—1,1)

1o dopmyine Logy = —y" (x) + ay” (—x) + ¢ (z) y (z) ¢ xommnekcuozuauubiv kodddunpentom g () =
q1 () + ig2 (x) u ¢ 06IACTBIO OIIPeIeTeHNsT

D (Lag) = {y(z) € C*[-1,1] :

Ui (y) = aay (—1) 4+ apy’ (1) + aizy (1) + auy (1) =0, i = 1,2},

rhe a;; 3aJaHHble KOMILIEKCHBIe uucia. Jluneitnsie dopmol Uy (u), Us (u) Gyaem cYuTaTs JHHEHHO
HE3ABUCHUMbBIMUA.

Ilycts obmacTs ompenesenus auddepennuanbHoro oneparopa Lo MOPoKIaeTcs OJHIM U3 CJely-
IO X LIeTpreX BHU 0B KpaeBbIX yCﬂOBI/Iﬁ:

0
Ui(y)=y(-1)-y(1)=0, Ua(y) =y (-1) -y
Ui(y) =y (-1)+y(1)=0, Ua(y) =y (-1) +y' (1) = 0.(AP)
Cobcreennble dyHkimn Xi () yIo0BI€TBOPSIIOT OJHOPOJAHOMY YPaBHEHUIO, [OITOMY MX MOXKHO CUW-
TaTh HOPMHPOBAHHBIMHU B KJacce Lo (—1,1). B paborax [1], [2| ycranoBaeHa 6a3ucHOCTE COOCTBEHHBIX
dbyuxmit aus 3agaa (N) u (P). 1.e. ycraHoBseHb! ycioBust 6a3MCHOCTH B TEDMUHAX KPAEBbIX YCJIOBUIL.
3 mosiy9eHHBbIX Pe3ysIbTaTOB HeJb3sl CIeJaTh BBIBOJILI O 6e3yCI0BHONH Ga3UCHOCTH WM OGa3HCHOCTH
Pucca cobcrBennbix pyHrnuii n3ygaemMbix 3a7a4. TakxkKe HAM W3BECTHO, UTO MONBITKU MOJYYATH Pe-
3yJIBTATHI 0 OA3UCHOCTH COOCTBEHHBIX (PYHKIINN B TEPMUHAX KPAEBLIX yCJIOBU HauboJsiee obIero BuIa
MOI'YT IPUBECTH K OmubouHbIM pe3yibraram. las mokazarenscrBa b6azucuoctu Pucca cobcrBeHHBIX
dbyHKIME B c/lydae KOHKPETHBIX KPaeBbIX YCIOBUI MOTPeOOBAINCEH JIOTIOJHATETHHBIE UCCIeI0BAHNS,
pe3yabTaTaMU KOTOPBIX SBJISIETCS CJIETYTOIast
Teopema. ITycTs BBIIOTHEHBI CAEAyIOIHe JABa YCaA0BHs: 1) Bce COGCTBEHHBIE 3HAYEHHUS OIEPA-
T0pa Log ABISIOTCS IPOCTHIME; 2) KOMILIEKCHO3HAYHDIH Kodduiment q (r) IpHHAIIEKAT KIACCY
Li(—1,1), a B ciayuae 3anay (P) u (AP) gononanrensro tpebyem o # 0; npuyeM st Bcex cO6CTBEH-
HBIX 3HAYEHHH N\, OMepaTopa BhINOJHEHBI HepaBeHCTBa |ImAg| < const. Torma cucrema co6CTBEHHBIX
Gbyrknmii oneparopa Lag 0bpasyer 6asuc Pucca B mpocrpancrse Ly (—1,1).
BamernMm, uro ycaosue |ImAg| < const. BBINOTHEHO, €Cin KOMIUIEKCHO3HATHBIH Kod(Dduiuent ¢ (z)
npunagiexkur kiaaccy C[—1,1].
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PaCCManHBaeTCH JuHeliHad MHOT'OIIEPHUOJNIECKadA CUCTEMa
DX = P(t,z)X (1)

¢ omeparopoM uddeperirposanns D 0 HAIPABJICHHUIO JUATOHAIN POCTPAHCTBA HE3ABHCHMBIX TI€-
pemeHHBIX t = (t1,...,tm) € RX..XR=R"u1 =ty € (—00,+00) = R u nepuogos w = (Wi, ..., W)
10 t u 0 = w41 w0 7. Ilepuosanr wi, ..., Wy, Wint1 PAITMOHATILHO HECOU3MEPUMBIE.

Marpuna P(t,r) npuHaIeRuT KIaccy C't(;m(Rm X R) byHKOU MIaaKoCTH mOpsaaKa (7’7, 0) =

(m,m —1,...,1,0) no (¢t,7) = (t1, -, tm, tm+1) u3 R™ x R. CiiejoBaresibHO, UMEEM yCJIOBUE

P(t+w,m+0) =P(t,7) € C.7Y(R™ x R). (2)

T
Uccnemyercst mpobsiemMa TPUBOAUMOCTH MATPUIHOTO ypaBHeHust (1)-(2) K MAaTpUIHOMY ypaBHEHUIO
DXy = PyXyg, Py=const
¢ MOCTOSTHHOM MaTputiell Py, Ha OCHOBe JTUHEHHOTO Mpeodpa3oBaHusd
X =T(t,7)Xo, (3)

C yCIOBHO-nIeprouaeckoit marpuneit T (¢, 7), KOTOPYI0 MOXKHO TOJyuuTh n3 Marpuisl 17 (¢, 7), obia-
TAIOMIEN CBOMCTBOM

detT'(t,7) #0, T'(t+w,7+0) =T'(t,7) € C2"(R™ x R) (4)

IyTeM 3aMeHbl HEKOTOPHIX KoopiauHar tj, j = I,m+1 wa ty, k = I,m+1, tne e = (1,...,1) - m-
BEKTOP.

Ecnu takoe mpuBejieHne peanusyeMo, TO MaTpudHoe ypapherue (1)-(2) HasbBaeTCd MIPUBOIAMBI.
st perienust 91oit mpobsiembl B pabore pazpaboran meros pejgyKiuu ypasaenus (1)-(2) K marpuanomy
yPaBHEHWIO

D*Z=Qt)Z (5)

¢ omreparopom anddepentmpoBans D* 1o HATTpaBAEHWIO TJIABHON IWATOHAIN TTPOCTPAHCTRA TIEPEMEH-
veIX t € R™ u maTpureit
m—1
7,0
Qt+w)=Q(1) € C, V(R™ x ) (6)
T

m+1
P TIOMOIIH TTPeobpa30Batysi, aHAIOTHIHOTO npeobpazosannio (3)-(4), rae ¢t = (t1, ..., tm, tm+1). Ha

OCHOBE 3TOr0 METOMa JOKA3AHa TEOPEMa, PeITyKIIAH.
Teopema (peaykumu). Marpuunoe ypapaenne (1)-(2) mpuBoauMo K MaTpUIHOMY YDaBHEHHIO
(5)-(6), npeobpaszosarnem Buaa (3)-(4).
ITpumMenenreM TeOpeMbl PEAYKINU M pa3 ypasHenue (1)-(2) mpuBoauTCcs K ypaBHEHUIO

d
— X1 =P(t1)X
T (t1) X1,
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Pi(t1 +w) = Pi(ty) € CY(R),

1
[IPUBOJIUMOCTH KOTOPOTo peraercs Teopueii @ioke-JIsmyHosa, mepruoanaeckuM mpeodbpasopanueM. Tem
CaMbIM, JOKA3aHA OCHOBHAsI TEOPEMA TIPUBOJAUMOCTH.
Teopema (ocuoBuasi). Marpuunoe ypaprenne (1)-(2) npubogumo.
CJIEJCTBUE. YCJIOBHO-IIEPHOJINYECKAs CUCTEMA,
Ay _puny, % _. (7)
dr dr
¢ wmarpureit  P(t,7), obsagatomeii cBoiicTBOM (2), TPUBOAUMO HEBBIPDOXKJICHHBIM — YCJOBHO-
[IEPUOIMYECKUM JUHERHBIM 11Pe0OPABOBAHUEM.
JoKazareabCTBO JAHHOTO CJEJICTBHS OCHOBHOI TEOPEMBI CJIE/lyeT W3 SKBHBAJEHTHOCTH IPObIeM
NPUBOIMMOCTU MATpuIHOTO ypasHeHus (1)-(2) u cucremsr (7). Takum obpasom, mpobiema TpUBOIH-
MOCTH JIMHEHHBIX YCJIOBHO-TIEPUOJMYECKUX CHCTEM PelleHa B 0OMIeil ToCTaHoBKe.

KirroueBble cjI0Ba: MHOTOIIEPUOINIECKAsT CUCTEMA, YCIOBHO-TIEPUOINTIECKAST MATPHUIA, TPUBOIUMOCTb.

2010 Mathematics Subject Classification: 35F05, 35B10.

O PABPEIIMMOCTHU MHTEI'PO-IN®PEPEHIIMAJILHOTO
YPABHEHUNA BA3SKOVIIPYI'OCTU

Kypabexk CAOAPOB'2¢ Madrymaxon CAOAPOBA??

! Uncruryr Maremaruxyn nvenn B.J.Povanosckoro, Tamkent, Y36ekucran
2 Tamkenrckuii yHEBEpCHTET HEGOPMAIHOHHBIX TEXHOIOrHH nMeHn aa- Xopasmumii,
Tamkent, Y36exknucran
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Paccvarpusaercs ogHoMepHOe audbepeHnnaibHoe ypaBHeHne BA3KOYIPYTOCTH B OrPaHUIEHHOM
o nepemennoit x obaactu D := {(z,t): 0 < x <, t >0}

Ou(z,t)  OT(z,t)
o2 Ox

IIpH CJACeAYIOMNX Ha9aJIbHBIX U I'DAHMYHBIX YCJIOBHAX

U lc0=0, 0 <z <, (2)
T($>t) |$=0: (5(t)7 T($7t) |x=l: 0, (3)
rie u(x,t) - dyuxnus cmertenwii, §(t) - mesbra - dbyaxius dupaka; T’ - GyHKIHS HATPSIKEHMUIT:

ou(z,T)

. dr. (4)

ou(x,t) t
T(x,t) = —++ / k(t—7
(@) = 25 [k —n)
Ypasuerne (1) BO3HUKAET B TEOPUM BASKOYIPYTUX CPEJ € MOCTOAHHBIMU TLJIOTHOCTHIO U KO3 U-
mrenTamu Jlame B ogHOMepHOM caydae. Ilpm sToM coorHommenue (4) coryacao Mozeran Bosbivana [2]

I JIMHEHHOW HeyIPYTo#l Cpemabl ONMNCHIBAET CBA3DL MEXK Ty HAIPAXKEHWEM W CMEIeHUEM TOYEK CPeIbl.
Beesienm B paccmoTpenue HOBYHO (DyHKIuiO0 v(x,t), ONPEJe B e PABEHCTBOM

o(z,1) = [u(m,t) + /0 tk(t—f)u(x,f)df] exp (—k(0)2/2).

NnmeeT MecTO caeayIONIas JeMMa:
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JIlemma 1. Oyukmus u(x,t) Beipazkaercs depes v(x,t) ¢dopmymoii

u(x,t) = exp (k(0)t/2) v(x,t) + /0 r(t —7)exp (k(0)7/2) v(x, 7)dT,
rie .
r(t) = —k(t) — /0 k(t — 7)r(r)dr.

OrrocurensHo HOBBIX dyHKIMi v(x,t) u r(t) ypasrenust (1) - (3) ¢ yuerom (4), upuHuMaroT By

v 0% ¢
9z~ g2 TV /0 h(t —7)o(w, 7)dr, (2,t) € D, (5)
’U‘t<() = 07 (6)
ov ov
87% |z70: 5@), % |x—l 07 (7)
rue )
o= 0 0, () = 10)exp (012,

OCHOBHBIM DPE3y/ILTATOM JAHHON PABOTHI SIBJSETCS CIEAYIONAS TEOPEMA.

Teopema 1. Ilycrs k(t) € C?[0, 00). Torga perrenne ypapuenns (5), yI0BJIeTBOPAIONIHE YCTOBHIM
(6), (7) cymecrsyer, equncrpenno u npunagaexut kaaccy C?(Ds),
e Dy :={(z,t) : 0 <z <l, x <t<2l—x}.

KuroueBrie ciioBa: muTerpo-mud depeHmanspuoe ypaBaenne, neabra-byakius /upaka, ypaBHeHHe BIKOYIIPYTOCTH,
Mozenb BoabivaHa.

2010 Mathematics Subject Classification: 35110, 35120, 35D99.
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O BBIBOPE HAYAJIBHOI'O IIPUBJINXKEHUSI HEJIMHENHON

HEJIOKAJIBHO KPAEBOW 3AJIAYM J1JIsI
TUINEPBOJINYECKOT'O YPABHEHU S

Ceernana TEMEIIEBA'2¢, Ilepm3zar ABJIVIMAHAIIOBA23?
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B pa6ore na Q0 = [0,w] x [0,T] paccmarpuBaercsi HeJlnHefiHAA HeJOKAJIbHAsh KpaeBasl 3a/a49a JJis
cucrembl ruiepbonIeckux ypasHenui [1]

0*u ou n

e i), e :
u(0,t) =(t), te][0,T], (2)
g(m,u;(x,O),u;(a:,T)) =0, (3)

Institute of Mathemitics and Mathematical Modeling. Almaty, 2022



108 TpanunuoHHas aOpeabCKas MaTeMaTHIecKass KoHpeperrns — 2022

rme f: QxR 5 R" g:[0,w] x R2" — R", 1) :[0,T] — R" HerpepLIBHBL

BaMeHa YaCTHOI TpOM3BOMHOHN TO TepeMeHHON x cBoauT 3amauy (1)-(2) K 3amade, KOTOpPYIO
MOXKHO PaCcCMaTpPUBATh KaK CEMeNCTBO HEJWHEWHBIX KPAeBBIX 3aja4 I HEJUHEHHBIX WHTErpo-
mudepentmanbabix ypasuenuit tuma Ppegrosbma. 37eCh B KaUeCcTBe TapaMeTpa CeMelcTBa BBICTY-
naer &, MpuHUMAIONM 3HaveHnst Ha cermente [0, 7.

OniHOM 13 BaXKHBIX COCTABJISIIOIIIX MPOIECCA PEIEHNsT HEJTUHENHBIX 3301 SIBJISIETCS YIadHbIN BhI-
6op HagasapHOTO mpubamxkenus. B paforax [2-3]| npemmoxkeHbl cnocobbl BEIGOpa HAYAJIBLHOTO MPUOIH-
JKEHUS HeJIWHENHON MBYXTOUYEUHON KPAEBOH 3a7adm Jjisdi CHCTEMbI HEJIWHEHHBIX OOBIKHOBEHHBIX mud-
depeHIMaATBHBIX YDABHEHNUH, OCHOBAHHBIE HA TIOCTPOEHUN W PEIIEHUN CUCTEMbl HEJUHENHBIX ajaredpa-
WYECKUX YPABHEHUI OTIPEJEIeHHON CTPYKTYPHI U TOCTAEI0BATEIbHBIX U3MEHEHUSIX TTaPAMETPOB METOA
mapamerpusaimn J1.C. Ixymabaesa [4]. ATropuTMbl MeTO/Ia TApAMETPU3AINH MTO3BOJISIOT CBECTH TIPO-
6emy BbIGOpA HadaabHOrO npubarKeHust 3aja4an (1)-(3) cBecTH K pereHno yKa3aHHOM HeanHeRHON
cucrembl ypaBHenuii u pemenuio 3a1a4 Komu na gactuunbix cermentax orpeska [0, 7] mpu Kazkiom
bUKCUPOBAHHOM T.

B pabore mosydeHbl yeI0BUS CYIIECTBOBAHUS PEIIEHUSI CUCTEMbI YPABHEHUN JIJI ONPE/IeIEHUST Ha-
YaJbHOTO MPUOJINIKEHUS.
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CTOXACTUYECKAS 3AJJAYA 'EJIbMIOJIBIIA U
CXOJMMOCTh B CPEJJHEM

Mapar TJIEYBEPTEHOBY2¢, T'yavupa BACUJITHAMb,
Anya CAPBITIBEK!4¢

! Uncruryr mMarematukn u MaTeMaTHuecKoro Mojeupopanus, Amvarsr, Kazaxcran
2 KazHY num. ann-@apabu, Anvarsr, Kazaxcran
3 AVOC um. I. Jlaykeesa, Anmarer, Kazaxcran
4 Komnemx Agimer, Anvarst, Kasaxcran
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Baada [enbMrosbiia UCCae0BaHa JOCTATOYHO HOJIHO B KJIaCCe OOBIKHOBEHHBIX aud bepeHIinaib-
ueix ypasuenuit (OY) [cMm, mHanpumep, 1|. B macrosimeit pabore 3amada eabMrosbia nccieryercs
P HAJIUYUK CJIYyIaiHBIX BO3MYIICHHUIH.

TTo 3amamubIM JTUHENHBIM CTOXACTUYECKUM ypaBHeHusM VTO BTOPOTO mMOpaiKa CTPOATCA ypaBHe-
HUsl JIATPAHKEBOH CTPYKTYPHI B IIPOCTPAHCTBE MOMEHTHBLIX (DYHKITHIT epBOro nopsiaka. B aTom mpo-
CTPAHCTBE TIOJTYyYCHBI HeO6XO,Z[I/IMbIe n AO0CTATOYHBIC YCJIOBUA TIPAMOTO W HEIIPAMOTO TIPEJICTABJICHUA
sarpamkuana. [losydennsie pe3yabTaThl WITIOCTPUPYIOTCS HA TTPUMEDE.

AHaM3 paspermrMOCTH CTOXACTHIECKON 3amadn ['enpMronbiia B paboTe TPOBOIUTCS, BO-TIEPBHIX,
B CMBICJIC 3KBHBAJICHTHOCTH yPAaBHEHUN B CpeJHEM W, BO-BTODBIX, PACCMATPUBAETCA JUHeHHAd IIOCTa-
HOBKa 3aj1au. JIuHeiiHOCTh 1ToCTaHOBKYU 00bsicHseTcs 3 }heKTUBHOCTHIO METOIa MOMEHTHBIX (DYHKITHI
I TUHEHHBIX YPABHEHU, TOCKOIbKY JJis HeJMHEHHBIX YPpaBHeHu# ero 3(pdHeKTHBHOCTS 3aMETHO CHU-
xkaercst [2]. CyTs mMeToma MOMEHTHBIX (QYHKIHI 3aKII0UAETCA B TOM, UTO OH CBOJUT HMCCJIEJIOBAHTE
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CTOXaCTHYECKOTO YpaBHEHUs! K uccjienoBanuio cucreMbl O/lY OTHOCHTETBHO PACCMATPUBAEMBIX MO-
MEHTOB.
Ilycrs 3amana cucteMa TUHEHHBIX IO CHOCY CTOXACTUIECKUX ypaBHeHwit 1ITo BTOpPOTo MopsaIKka BUIA

Ei = aip(t)Tr + b (t)ag + 045(t, z, )&, (i=1,n;5=1,m). (1)

Tpebyercst mpuBecTr cucreMy ypaBHeHuil (1) K 9KBUBAIEHTHBIM YPABHEHUSIM JIATPAHKEBON CTPYK-
Typsl. IlycTh 3a7ambl ypaBHeHUS

dy = Yl(yvyat)dt+ Y2<y7y7t)d£7 (G)

di = Z1(z, 4, )dt + Zo(z, 2, t)dE. (b)

[Tpeanomaraem, aro ¢dbyuknun, Bxogamme B ypasaenus (a) u (b), obmamaorT HEOOXOAMMON T/Ia KO-
CTBIO U YJIOBJIETBOPSIOT TEOPEeMe CYIIECTBOBAHUS U €MHCTBEHHOCTH pelenns 3agadn Komm B Kiracce
croxactuueckux anddepernuanbibix ypasaennii Uro [3].

Bneck & = (&1(t,w), ..., &(t,w))T mpeacTapager cucreMy CIyHaitHBIX TPOIECCOB ¢ HE3ABUCHMBIMMI
HPUPAIIEHUSIMU, KOTOPbIE, Caejys [2], MOXKHO 1pejcTaBuTh B BU/ie CyMMbI BUHEDOBCKOTO U I1yaCCOHOB-
cxoro nponeccos: £ = &+ [ e(y)PO(t, dy), rae & — BekTopHBI BuHeposcKuii nporecc; PY — myacconos-
ckuit nporece; PO(t, dy) — aucio ckauxos npomecca PO B unrepsase [0, ], m0nasaomux Ha MHOKECTBO
dy; c(y) — BexkTopHas GyHKIH, 0ToGpazKalonas IPoCTPancTBO R2" B MpOCTPaHCTBO 3HaueHmit R’
mpotiecca &(t) mpu Jr0b60M t.

Omnpepesnienne. [2] Bynem rosoputh, urto ypasuenus (a) u (b) SKBUBAJIEHTHBI B CPEJTHEM, €CJIH 13
My(to) = Mz(to), My(to) = MZI(tQ) caenyer My(t, to, Yo, yo) = Mz(t, to, 20, Zo), My(t, to, Yo, yo) =
MZ(t,to, 20, 20) npu BCex t > t.

PaceMoTpuM 3a/1a9y OCTPOEHHs! YPABHEHUS JIATPAHKEBOH CTPYKTYPhI B IIPOCTPAHCTBE MOMEHTHBIX
dbynkuumiit nepsoro nopsaka (m,m) mo 3amaHHOMY JUHEHHOMY ypaBHeHuO (1).

1 periennst mocTaBICHHOMN 331291 MPUMEHNM K ypasHeruto (1) oneparuio M (-) MaTeMaTuiecko-
ro oxuzanus (2| u, BBeas obosHauenne my,(t) = Mz, (t), IpUXOAUM K ypPABHEHUIO

i = ()i + bip(t)my, (i=1,n; k=1,n). (2)

Cdopmynupyem B npocrpancrse (m,1m) HEMpaAMyO 3aga4dy [eJbMTroNbIa: 0 33JaHHOMY YpaBHe-
Huio (2) oupenesuts ycaosus Ha ¢yuxnuu hf u yuxiuio Jlarpamxa L = L(m,m,t), npa KOTOPBIX
MMEIOT MECTO COOTHOIEHUS

d B OL oL
hY (m; — a; () — b (mg) = —(=—) — —. 3
z( ) zk( ) k zk( ) k) dt(am%) amz ( )
PackpoeM BbIpazKeHme %( aaﬁ];i) = 8?-,121_%,5 + %mk + %mk 7 MIOACTABAM €0 B COOTHOIICHNE

(3), KOTOPOE NPEBPAIIAETCS B TOXKIECTBO 1IPU BBIIOJHEHUY YCIOBUIL

0L , oL  O°L L
hi (ir, (8) i, + big () ) = iy, (4)

hi T Om; OOt OrniOmy,

7

OOy,
Takum obpazom, cipaBeInBa TEOPEMa.
Teopema. /11 Toro 9TobB! JUHEHHOE CTOXACTHYECKOe ypaBHeHue (1) MOIycKaao HempsaMoe aHau-

THUYECKOe TIPeJICTABJIeHIe B IPOCTPAHCTBE MOMEHTHBIX (byHKIMIT epBoro nopsizika (m, 1m) Heobxoammo
U JIOCTATOYHO BBHITIOJIHEHNE YCI0BHit (4).

l,v=1
Sameuanue. Ilpu hY =97, rae o) = { 0’ v £ U3 9TOI TEOPEMbl BbITEKAET CJIEICTBHE.
)

Caencrsue 1. [Ing nocTpoenns ypaBHEeHHs JIarPaHKeBO CTPYKTYPLI B IPOCTPAHCTBE MOMEHTHLIX
dbynkuumii nepsoro nopsiaka (m,m) no 3aganHOMY JUHEHHOMY ypasHernto (1) HEoOXOmMMO U JoCTa-
TOYHO BBIIOIHEHHE YCIOBHIA

0L OL  0°L 0L
=07, ajp(t)my + bip(t)my, = — = — = My

i @ik (t) it () om; Om;0t  Orm;0my

(5).

O 0,
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B wacrroctn, mpu z € R! ycnosus (5) IpHHAMAOT BT

0L 0L  O%L 0L

h=gnz Maltyin+btim) = 5 = 5o = 55 .

Ipeamnonoxkum, 9To MCKOMBIiT JarpamxuaH, ciaeays R.M. Santilli [1], B npoctpancree (m, m) nmeer
BT
L = K(m,m,t)+ D,(m,t)m, + C(m,t), (6)

Torja B TepmuHax ¢ynknuit K, D, u C' ycnosus (4) GyyT 3KBUBAJEHTHBI Caeayomeii cucreme aud-
depeHnuaIbHbIX YPABHEHNH ¢ YACTHBIMY ITPON3BOIHBIMEI

W K & B ocC
! amiaml,’ ot 8m1

+ h (ayk () + by (t)my) =

0K K PK .
= Ty (7)

om;  Om;0t  Orn;Omy

CirenoBaTe/bHO, UMEET MECTO CJAEHYIOIIee CJIEICTBHIE.

CuencrBue 2. /g Toro, urobsl auHeiiHoe ypasaenue (1) momyckaso B mpocTpancTse (m,m)
HEIPSIMOe aHAJIUTHYIECKOe TpescTaBieHne (3) ¢ jgarpamkuanoM Buga (6) HEOOXOIMMO M JTOCTATOTHO
BhITTOTHEHNE yeaosuii (7).

Funding: Asrops! 66l omep:kausl Tpanrom AP09258966 KH MOH PK.
KuroueBnlie cioBa: 3agaua [enpmrosbia, croxactudeckue qud dbepeHnuaibHble YPABHEHNs, CXOAUMOCTD B CPEHEM.
2010 Mathematics Subject Classification: 34Cxx, 60G07, 60H10.
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IMycte p = (p1,p2), 7T = (r1,72) U OyCTh YAOBIETBOPAIOT Caeaytomum yeaousm: 0 < p < oo,
0 < 7 < oco. [Ipocrpancrso Jlopenta Ly (0, 1)? co cMenTaHHOil METPHKOI OIpe/iesigercs KaK MHOKECTBO
BCEX M3MepUMbIX (byHKIMIT onpesenentbix Ha [0, 1]2) 11 KOTOpbiX KOHEUHbI BEIHUMHbL:

||f||Lﬁ,F =

r2
1 1 *2\ T 2

1
b2 m " dtl dtg
= WAy N2y ry = 0/ s’ O/ (tfl ANGE )> t 1y

to
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Iycrs dyrkmma f € Li(R?). Torma onpeneneno ee aByMepHoe mpeobpasosanme Oypoe

f(§17§2) _ / / f(l,h$2>e—27ri(z1§1+a:2§2)dxldwz

—00 —00

B 1997 rogy Boukapessim Oblna gokazama Teopema [1].
IIyctb {¢n}oo | - opronopmupoBanHas Ha [0,1] cucreMa KOMILIEKCHO3HAYHBIX (DYHKIIHI,

u nycTb Gyskmud f € Lo, 2 <7 < 00 TOr/a CIpaBe/I/IIBO CJIeyIoNiee HepaBeHCTBO:

1
sup

n
at, < O\ fllL, .. (1)
neN |nrzwg<n+1>%-1;:1 "

S

e ap - kKoaddurmenrer Pypoe no cucreme {¢p }oo
B 2015 roay 6pu1 mosiyuen anasior Teopembl Bodkapesa i npeobpazosanus Pypoe pyHkmm u3
npocrpancrsa Lo, (R) [2].

Teopema Ilycrs Ry = {A = U A;, rne A;-orpeskn uz R}, rorma mis soboii yraknuii f €
i=1
Ly, (R), 2 <17 < 00 uMeer MECTO HEPABEHCTBO

1 / .
sup sup F(E)dg| < 23| fl L, (3)
N>8 ARy |A|2 logy(1 + N)2 ™7 J B

ITeabro manmOl padOTHI ABIAETCA TOJYYEHHWE ABYMEDHOrO 3HAIOrA TEOPEeMbl TwIa boukapepa s
npeobpazoBanus Pypne.

Jlemma Ilycro % <q,q2<2, fe Lq’Q(RQ) TOra JJIs JIIOOOTO H3MEPHMOro MHOXKeCTBa A1 m Ao
KoHEUHOIT Mepbl u3 Ry UMeeT MecTo HEpABEHCTBO

sup wpl//hﬁﬁ(mm

ALCRN A2CRN | A |91 |Ag| 22

<c (2(;_1)) (@) (2@2‘-’_1)) ) 1£1z, (1)

Teopema ITycrs Py, (T1,22) = ©my (1) - Ymy (22), M1, m1 € N opronopmupopannast orpanu-
YeHHas B COBOKYIHOCTH CHCTeMa, (DyHKIIHIL.
Torya pist ioboro f € Ly ;[0,1], 2 < 11,79 < 00 BBIUIOIHEHO HEPABEHCTHO:
1
Sup -~ sup 1 1 1_1 1 X
s el28 A1|2]Ag|2 (logy (| Ar| + 1)) 71 (logy(|A2| + 1))

T
A{CN ApCN

N[
N

/ / 76, 0)|derdes < |,

A1 Az

Funding: Asropsr 661n omaepxansr rpaatom MOH PK (AP 09260223).
KiroueBsle ciioBa: npeobpasosanne @ypne, mpocTpaHcTBa JIOpEHIa CO CMEIIaHHO! METPUKOIA.
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O PA3PEIIMMOCTHU HEKOTOPLIX KPAEBBLIX 3AJIAY JIJIsI
HEJIOKAJIbBHBIX AHAJIOI'OB BUTAPMOHMNYECKOI'O YPABHEHN

Barupxanr TYPMETOB?, Unanpa CAJINXAHOBA®

Mexx gynapoassiii kazaxcko-rypenkuii yanpepcurer umenn X.A. Slcasu, Typkecran, Kazaxcran
E-mail: ®batirkhan.turmetovQayu.edu.kz, Yindi.salikhanova@mail.ru

B nannoit pabore mccieayrOTCsa BOTPOCH PA3PEITUMOCTH HEKOTOPBIX KPAEBBIX 3aa4 JJisi HEJIO-
KaJIBHBIX aHAJIOTOB 6I/II‘apMOHI/IquKOFO YpaBHEHUA. PaCCManI/IBaIOTCH ABa BHWOd HEJIOKAJILHOTO 6I/I-
rapMOHIYECKOro oreparopa. llycrs S - jeificTBuTe bHAS OPTOrOHAJBHAA MaTpuna, T.e. S - ST = E.
TIpemoIoAKIM TaKsKe, ITO CyIecTByer Takoe Harypaibuoe | € N uro S' = E. Tlycts (j HEKOTOPBIit
nabop neficTBuTebHBIX duces. [lepBhiil Buj HEJOKATBHOTO OUTAPMOHUYECKOTO OIEPATOPA BBOJUTCS
CIIETyIONUM 0bpa3oM

!
Liu(z) = Z a; A%y (S77 ).
j=1

Hamee, mis goboro x € R® u 1 < j < n paccMarpuBaioTcs 0TOOpaKeHUsT BUIA

St = (X1, .0y Tjo1, —Tj, Tj1s -ory s Tp). ECAN i— HHIEKC CyMMUPOBAHUA U (ip ...101)2 = 4 3aIUCh B
JBOMYHOM cucTeMe cuucaenusd, rae i, = 0,1 mpu k = 1,...,n, To MBI MOXKEM pacCMaTPUBaThL OTOOParKe-
HHUs BHUIA, Sf{b -S;’ff et Silm. Ob11ee KOJTMYIECTBO BCEBO3MOXKHBIX IMPOM3BEACHUN TaKMX 0TOOparKe-
uuit papuo 2". Vcnoab3yd 9t 0TOOpakeHns: Mbl BBOJUM BTOPOIl BUT HE/TOKAJIHHOTO OBUTAPMOHUIECKOTO
oeparopa:

2n—1
Lyu= E a;A?u(Sin . Sl Si).
i=0

ITycts Q = {x € R™: || < 1} - equnnunbli map, J* uHTErpas MOpsiika « B CMbicae PuMana-
Jlnmysunnga. Inam —1 < a < m,m = 1,2,..., mbr Oymem paccmMaTpuBarh ciaemyiommuit nuddepeniin-
AJBHBIH OIepaTop JAPOGHOTO MOPSIIKA

amr

- Ormop

P
%u(:p),p: 0,1,...,m.

m—«

Dylul(z)

Jannasrit onepaTop Ha3bIBaeTCd MPOU3BOIHON mopsaaka « B cMmbicie Poce-Mummepa. 1lpu 3nadennn
p = 0 mbI mostygaem oneparop Pumana-JInysunna D [u](z)=prr D[u](x) u coorsercrsenno npu p = m
nosygaem oneparop Kamyro Dg [u](z)=cD[u](z). llycts aj,j = 1,2, ...,1 - geiicTBUTe/IbHbIE YUC/IA T
L ogun u3 oneparopos L; winu L,. Paccmorpum B 0bactu () caemyonyio 3a1aqy.

Bamaua N,. Ilycrs 0 < a < 2, = 1,2. Haittn dynxnmo u (z) u3 kmacca C*(Q) N C (Q), JUTST
KOTOPOii r"‘+kD]q+k [u] (z) e C (ﬁ) sk = 0,1, yIOBIETBOPSIOINIEE YCITOBUIM

Lu(z) = f(z),z € Q, (1)
DF [u] (z) = p1 (x) ,x € 09, (2)
D;‘H [u] (x) = g2 (x),z € ON. (3)

Ormerum, ¥To B paborax |1,2]| paccMOTpeHBI HeJIOKaIbHbIE aHAJIOTH OlepaTopa Jlamraca u s co-
OTBETCTBYIOIINX HEJIOKATLHBIX ypaBHenuit [Iyaccona nccesre1oBaHbl BOTPOCH! PAa3pPerInMOCTH OCHOBHBIX
KPaEBBIX 3a/1a4.

B macrogmeit pabore HalieHBl TOYHBIE YCJIOBHUS PA3PENIUMOCTH 3aadn N, IJd BCeX 3HAYEHUIN
a €1[0,2] u j =1,2. B uactaoctu B ciayuae L = L n rpaangnbix oneparopos Jupuxie u Heitman, T.e.
Korma o« = 0 mm o = 1 1oKa3aHo CAEAYIONIee YTBepK IeHHe

2

Teopema. Ilycts \p = ei%k, = a1+ ... +a1)\f_1 £0,k=1,..,1,0< A <1, f(z) € C* (Q) "
@1 (z) € CMH(09Q), @1 (z) € CAM3(0Q) . Torma 1) ecim a = 0, To pemenne 3a5a9n N, CymecTByer u
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eIUHCTBEHHO; 2) ecoin ov = 1, 10 jutst paspernumoct 3a1a49u Ny, HeOOX0JUMO U JJOCTATOTHO BBITOJTHEHHST

yCa0BASA
5 [ (=1eP) f@)de = 1 [ (o) = 1(a)) dS..

Q o0
Ecyn pemmenne 3ajiaqu cyimecTByeT, TO OHO €JHHCTBEHHO C TOYHOCTHIO JI0 ITOCTOSTHHOTO C1araeMoro u
npunagiexur kiaccy CM(Q) .
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2010 Mathematics Subject Classification: 31A30, 31B30, 35J40.

JINTEPATYPA
[1] Karachik V.V., Sarsenbi A.M., Turmetov B.Kh. On the solvability of the main boundary value problems for a
nonlocal Poisson equation, Turkish Journal of Mathematics, 43 (2019), 1604-1625.

[2] Typmeros B.X., Kapaunk B.B. O paspemmmoctn kpaesbix 3ana4 Jupnxse u Hefivana qst ypasaenust Ilyaccona

C MHOXECTBEHHOU muBOmONMe, Becmuux Yomypmekozo ynusepcumema. Mamemamuka. Mexanuka. Komnvromephuie
nayxu, 31:4 (2021), 651-667.

TEOPEMEI O CXOAMMOCTH HOBOT'O METOJIA
I'NIOBAJIBHOMN OIITUMM3AIINN

Kaitman TYTKVIIIEBA

AxkTrobunckuit peruonaasupli yausepcurer umenn K. 2Kybanosa, Akrobe, Kazaxcran
E-mail: zhailan k@mail.ru

B nmacrogarmeit pabore mccmemyercs BOIPOC 0 CXOAWMOCTH HOBOTO METOAA TJIOOAJIBHON OmTMMu3a-
1K HenmpepbiBHBIX byHKIwi f(x) B 3aMKHyTOM rumepkybe @) € [a;b]. Jdanubiii MeTon ocHOBaH Ha
BCIIOMOTATENBHON (hyHKITMM, KOTOpasg MOCTpoeHa mpeobpaszosanuem nenesoit by f(x):

g(a) = /Q 1f(2) — af - (f(z) — a))de 1)

Benomoraresnbrast byHkims (1) 3aBUCHT OT OJHON TTEPEMEHHOM (v U COJIEPIKUT KPATHBIN HHTErpaJl.
Tpebyercs HaliTn 3HAYEHNE U KOOPIMHATHI TOYKM IJI06aabHOrO MuauMyMa (I ). VIx o6o3HaqmnM:

g = globminf(x) (2)

& = argglobmingeq f(z) = argy (3)

AnropnT™ momcka TOYKHN ro0aIbHOIO MUHEMYMA COCTOMT M3 JIBYX 3ajad. [lepBas 3a7adm 3aK/Ii0-
YaeTCd B HAXOXKJICHUH 3HAYCHUS TOYKHU TJI00ATBHOTO MUHIMYyMa (2), a BTOpad 3a/ada - B HAXOXK IeHUN
KOODJAMHAT 1JI00aJIbHOrO MUHUMYMA (3). DTOT aaropuT™m HOuCKa ri0daJbHOrO MUHMMYyMa OIMCAH B
paborax |1] u |2].

B macrosimei paboTe UCCIeI0BaH CXOAUMOCTE MeTOIa. Bhlin chopMyTHpOBAHBI TEOPEMbI O CXO/IH-
MocTn Meroja. Jlyist Hadama noabupaeTcs poMexRyToK [co, do], Tie HaXOAUTCs 3HaYeHne rI06aJILHOrO
MUHAMYMa, Q.

Teopema 1. FEcan s Bcomorarensnoit ¢gpyukmun (1) mmeer mecro paserncrso g(cp) = 0 u
repaseHcTBo g(dy) > 0, To 3HaYeHHE r106aaBHOrO MuHHMYMa GyHKIUH & = f(T) J€KHUT B IPOMEKYTKE
& € (co,do)-

W3 reopemer 1 m3ectHo, a0 ecan g(co) = 0 u g(dp) > 0, To TI0OATBHBIT MUHUMYM (@ HAXOJIUTCS
B orpeske (co,dp). Haxomum cepeauny an = % orpeska (cg,dy) u mosy9aeM aBE PABHBIE YACTH
(co, ap) 1 (v, dp). BHagenwe r106ATEHONO MUHIMYMa HAXOJIUTCS B OJIHON 13 HUX. BeraucsisieM 3HaueHme
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BcromorareibHoi (yukuu (1) mpu a = . Ilo 3HaveHN0 BenomMorarebHON (YHKIUH, OTIPEIEIAeTC ST
pacroJsioykenue ri006aaIbHOI0 MUHUMYMA:

A) Ecmn g(ag) > 0, To & € [cg, apl. Torna co = ¢1 u ag = dy. Haspie paboraem ¢ oTpeskoM [c1, dq],
60

B) Ecau g(ap) = 0, T0 & € [a, dp]. Torma ag = ¢p u dy = dy. Hanbime paboraem ¢ OTpe3KOM
[Cl, dl] .

AHaJOrmIHO ONpPEneIAOTCs CASNYIONNE CePeIUuHLI T0I0TPE3KOB:

_Cl+d1 o _Cg+d2 o _Cn+dn (4)
- 2 s X2 — 2 g eeey Gip — 2

[IpomozKas TPOIECC IMOJOBMHHOTO IEICHUST BBIOPAHHBIX MOJOTPE3KOB, MOKHO JOATH 0 CKOJIb YTOIHO
MaJIoro OTpe3Ka, CojeprKallero 3HadeHne Ta06aabHOro MUHUMYMa (. Tak Kak 3a KaskKJyH WTeparuio
OTPE30K, I/Ie HAXOAUTCA TI0OAJbHBII MAHAMYM, YMEHBLIIACTCS B IBa pa3a, TO 9epe3 N UTEPAIdd HH-
repsas Oyaer pase |d, —c,| = % mpu 3ToM dy, < & < ¢, BBITONHAS TAKYT0 HTEPAITUIO MBI TOCTHTHEM
HY2KHOA HaM TOYHOCTHU:

e>d, —cp

B kagecrBe robasbHOTO MEHAMYMa (¢ BO3bBMEM IIPABLIN KOHEI[ OTpe3Ka dj, TO €CTh & = d,, & §, TJe
g(&) > 0. Takum ob6pasom, Haiijercs 3HaYeHNE 1106aJIbHOIO MUHUMYMA, (2) € JI0CTATOYHOM TOYHOCTHIO
€.

Teopema 2. EcJu BbIIOJHSIETCST TeopeMa 1, TO HTepaIHOHHAST TOCIE0BATEILHOCTD (4) rrobaJib-
HOH MHHUMH3AIHUN C IPUMEHEHHUEM BCIIOMOTATENLHON (ByHKIuU (3) CXOAUTCA K HCKOMOMY 3HAYEHHIO
r106aapHOr0 MUHHMYMa, C 38 JaHHOH TOYHOCTDIO.

Teopema 3. Ilycrs BorriosHensr ycaoBus teopembl 1. Torma nrepannonnas moc/a1e10BaTeIbHOCTH
{an, }, momyuennas merogom nesnennst orpeska momosaM (5) ¢XOQUTCs K T106aJIbHOMY MUHHMYMY I1eJ1e-
Boit pyaxnuu f(x) ¢ muneiinoit ckopocreio 3 = 0.5.

OnmcanHbIi BBITIE aaTOPHTM COBEPITEHHO HOBBIH. [IpeBocxogcTBO HOBOTO METOIA B TOM, UTO METO]
CXOIUTCS CPa3y K riobasbHOMY MUHUMYMY. B 9TOM ajaropurmMe onpemeisgercs CepeInta u BIOnpaeTcs
OJIHA U3 TIOJIOBUHOK OTPE3Ka. DTO JAET DOJIBIIY SKOHOMUIO.
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O/JTHO3HAYHAS PA3PEIIIMMOCTD MHOT'OTOYEYHOM KPAEBOU
SAJAYN JJIAd ®YHKIMNOHAJIBHO-ANP®PEPEHIIMAJIBHBIX YPABHEHUUA
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Henasuo B pabore [1| 66110 BBEIGHO OJMH W3 BAPUAHTOB JPOOHON POM3BO/IHOM, TaK Ha3bIBAEMAsI
"korbopmabenbHas nponssonnas’. B paborax [2,3] ObL1H BBEEHBI OMPE/IETCHNST U OCHOBHBIE CBOHCTBA,
KOoHGMOPMAOETLHON TTPON3BOIHOIM.

OnPEJAENEHUE 1. Ilycrs dyuknus f : [0,00) — R. Torma, as seex t > 0 koudopmabenbHas
MpOU3BOHASA OT (DYHKIMHU f ONpEEsieTcs B BUJIE

Ta(F)() = tim LD 2SO

e—0 e

e « € (0,1). Econ f nuddepennupyema B nopsiike o B (0,a), a > 0, u cymecryer li%1+ F@(t)
E—r
TOr/IA

f(0) = lim F).

OnPEAENEHUE 2. Koudopmabesnbubiit narerpas ot dyukiuun f nopsiaka o € (0, 1] onpegensiercs

PaBEHCTBOM
t

19()(t) = / Lf (7 dr

B paunnoit pabore na orpeske [0, 7] ucciepyercs MHOroTouedHas KpaeBas 3a/a4a

T

To(@)(t) + ATa(a) (©)leg—y = [ K(t.5)o(s)ds+ 70, ¢ (0.7, 1)
0

iBix(Gi):d, dGRn, (2)

i=1
O=by<bh<...<Op_1<0, =T,

e 0 < a < 1, marpuna K (¢, s) nenpepsisaa Ha [0, T] X [0, T], n- mepras Bekrop-dyukuus f(t) nHenpe-
poisaa Ha [0, 7], A — HeKOTOpas CUMMeTpUYIHAs, IOCTOHHAsA MaTpulia. B ypasuenuii (1) paccmorpena
mpeobpasosanue 1(t) = T — t, Takoit uro, ¢ : [0,T] — [0,T], 1151 KOTOPOTO BBIMIOTHSIETCS CJIEIYFOIIEe
yemorue 12(t) = ((t)) = t. TpeobpasoBanme TAKOTO BUA HA3BIBAIOT WHBOMOTHBHLIM. CBOICTRA
TAaKWX WHBOJIIOTUBHBIX TIpeobpasoBannii u3ydensl B paborax I.C./Iureunuyka [1|, H.K.Kapanerssia,
C.I.Cawmko [4] u ap [5-7]. Ucnosnb3ys cBoficTBa HHBOJIOTUBHOTO IPE0OPA30BAHNS, IPU TIPE/IIOJI0KEHNH,
YTO MATPHILA [I — AQ} obparnma, kpaesyto 3agaqy (1), (2) MOKHO 3aIicaTh B BUJIE

T
To(2)(t) = / Rt s)z(s)ds + f(t), te0,T], (3)
0
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K kpaesoii 3amaue (3), (4) npumennva Meron mapaMerpusarmn npodeccopa . Ixxymabaesa [8]. Me-
TOJ, IapaMeTpU3alii Takzke OblJI NPUMEHEH K MCCJIEJI0BAHMIO Pa3aM4HBIX Kpaesbix 3ajad [9-10]. Ha
OCHOBAHHI METOJa IAapaMETPHA3AINA U CBOMCTBA HHBOIOTHBHOTO IPEe0OPA30BAHAA MOMKHO YCTAHOBUTD:
Teopema. Ilycrs marpuia [I — A2] obparnma. Torma Aas OJHOZHATHON Da3pPEITHMOCTH KPaeBOH 3a-
naan(1), (2) meobxomumo u gocrarodno cymecrBopanust lg € N, npu koropom marpuia Qq(lp) Obira
obparnma.

hl—a
(1—a)l <L
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B nannoit pabote uccienyerca Harpykentnoe mojuduiinpoBantoe ypasuenue Kopresera-jge Ppusa
C UCTOYHUKOM, a UMEHHO PacCMaTPUBAETCH CJAEAYIONIas CHCTeMa yPaBHEHNN

2N

up + B0, 1) (6u s + Uaes) + Y(E)u(z1, hua(z, 1) = Y _(F, — DF,) O
k=1

L(t)®y = &Py, k=1,2,...,2N, z€R

rae [(t) n (t) 3amannbie HenpepwisHo quddepennupyembie Gynknnn, n Oy = (P (z,t), (IDkg(x,t))T
— coOCTBeHHAA BEKTOP-(DYHKIINA OIEPATOPA,

w=i( £, ")

dx
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COOTBETCTBYIOIMIAST COOCTBEHHOMY 3HAYEHUIO &f.
JLs opeenieHHOCTH HyAeM CINTATH, 9TO CYMMa, YIaCTBYIOIAdA B MPABOii 9acTh 1, BXOAAT CHAYA/IA,
anensl ¢ Im&, >0, k=1,2,..., N. Tak:xe npeamoaaraercs, 9To

+o00
/ (I)qu)del':Ak(t), k= 1,2,...,2N (2)

¢ 33aHHBIMU HEHYJIEBBIMU (DYHKIUIMU A (t), KOTOPBIE YyAOBJIETBOPAIOT YCIOBUAM
Ak(t> = An(t> opu fk = —fn, n = 1,2, ce ,N.
Cucrema ypaprenuit 1 paccMaTpuBaeTcs IpU HAYAIBHOM YCJIOBUH
u(x,0) = ug(z), (3)

npu 3roM HadaabHad yHKus ug(x) (—oo < x < 00) obaasaer ciaeayrmmuMu CBOficTBaMu:

1)

+00
/ (1 + |x|) Jup(z)| dz < oo (4)
—00
& —uo(z)
2) omepatop L(0) = z< df"’u () p ) uMeeT poBHO 2N TPOCTHIX COOCTBEHHBIX 3HAYCHUH
g — 4

51(0)7 52(0)7 s 7£2N(0)
IMycts dyaxmus u(z, t) obaagaer TpebyemMoil IIAIKOCTHIO 1 TOCTATOYHO BBICTPO CTPEMUTCS K CBOUM
mpejesiaM mpu x — +00, T.e.

+o0 3
IR GRS S
k=1

OFu(x,t)
Dz

' dr < oo, k=1,2,3. (5)
—0oQ

OcHOBHOII 1171610 pabOTHI SBJISIETCS MOy YeHUe IpeIcTaBaenuii 1ist pemenns u(z,t), ®p(z,t), k =
1,2,...,2N zagaun (1)-(5) B pamkax meroga o6paTHOi 3aga4un paccesnus g oneparopa L(t).

OCHOBHBIM pPE3Y/ILTATOM JAHHON pabOTHI ABIAETCS CIEAYIONAS TEOPEMA.

Teopema. Ecin pynxunn u(w,t), P (x,t), k = 1,2,..., N apusrorcs pemernuem 3agaqun (1)-(5),
TO JjaHHbIe paccesiuus oneparopa L(t) ¢ norennuasom u(x,t) MeHsIoTCst 110 t CaeayomuM 06pa3oM:

dén
E =

dr™* 3 : +
H = (825 ﬁ(t)u(a:o’t) - 21€7(t)u(x17t)) LA Img = 05
dc,,

dt

= (8i&) B(t)u(wo, t) — 2i&ny(t)uz1, t) + 24,(t)) Ca(t).

BAMEYAHUE. Ilosryaeniple paBeHCTBa ITOTHOCTHIO OIPEIEISIOT SBOIIOHIO JAHHBIX PACCESHUS, ITO
TIO3BOJISIET IPUMEHUTh MeTOJT 00paTHOI 3a1adun paccesHus It pernerns 3aaqn Komn (1)-(5).

KuroueBbie ciioBa: Harpyxkenunoe mommdurmpoBanHoe ypasHenme KopreBera-me ®Ppwusa, mHTErpaabHOE ypaBHEHUE
lenpdanma-JIleBurana-Mapuenko, pemenns locra, manabie paccesHus.
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AJITOPUTM PEIIIEHUA 3AJAYN KOIIIM OJ1d HATPY>KEHHOT O
YPABHEHUA KOPTEBETA-IE ®PPU3A C UICTOUYHUKOM B KJIACCE
BBICTPOYBBIBAIOIIINX ®YHKIINUN

Yyug XOUTMETOB®, Temyp XACAHOB®
Vprewuckuii rocyapCTBEHHBIH YHUBEPCHTET, I. Ypreud, Y30eKucran

E-mail: “x_umid@mail.ru, *temur.xasanov.2018@mail.ru

B nannoit pabore uzyuaerca narpyxkennoe ypasuenuns Ka® ¢ mCTogHUKOM BHIA!

ut + B(t)u(xo, t) (Upger — 6uug) + y(t)u(z1, t)uy

AR
#4735 (lem(@,t)) =0, (1)
m=1

—ol w2, ) om = An(t)om, m=1, N

rie B(t) u y(t) - 3anaunbie HenpepbiBHO anddepernupyemble dbyHKIUM, a To, £1 € R. Ypasuenue (1)
PacCMaTPUBAETCA NIPU HAYAJILHOM yCJIOBHN

u(z,0) =up(z), v €R (2)
rie HadaabHag pyHKnms uo(r) 061amaiT CBOHCTBAMMY:
1)
o
/ (1+ 2]) Juo ()| dz < oo (3)

—0o0
2) Oneparop L(0) := —%—Fuo (z), x € R umeer paBao N orpunare/ibHbIX COOCTBEHHBIX 3HAYEHUT
A1(0)7 A2(0)7 EEE) )‘N(O)
IIpennonaraercs, 910
o0
9 N
/ |om(x,t)|" de = Ap(t), m=1, N (4)
—00
rae A, (t) >0, m =1, N 3a1aHHbIe TIOJI0KUTETHHBIE HEIPEPBIBHBIE (DYHKINN.
Tpebyercsa maiitu dyuknuio u(x,t), Koropas o0JaIaeT JOCTATOIHON TIATKOCTHIO U JOCTATOTHO
OBICTPO CTPEMUTCI K CBOWM TIPEIETaM B TOUKEe T — 100, T.4.

/Oo (1 + |z)) <|u(x,t)y+‘WD dv < oo, j=1,23. (5)

oo OxJ

B nanmoit pafore mpejaraeTcs aaroOpuTM MOCTPOEHUsT perenust u(z, t),

om(z,t), € R, t >0, m =1, N 3agaun 1-5, ¢ nomoIpio MeTosa o6parHoil 3a1a4umn paccesHust Jis
onepatopa lIrypma-JInysunmis.

OCHOBHBIM PE3YJABTATOM PADOTHI SIBJISIETCS CJIEIYIOIIAST TEOPEMA..

Teopewma 1. Ecin ¢pynkmun u(x,t), pm(x,t), m=1,N, x € R, t > 0 gpaarorca penrenneM 3a-
saua (1)-(5), 1o sannsie paccestust {r (k,t), Ay (t), By(t), n=1,N} oneparopa L(t) ¢ norenuunasom
u(z,t), y10BIETBOPHTD CaeayomuM augdepeHnuaabHbIM YPaBHEHUIM

(1)

~0
dt
W = (8ik3ﬁ(t)u(x0, t) — Qik’y(t)u(xl, t)) 7“+(/€’ t)
dB;t(t) — (8X?L5(t)u(£o,t) + 20 (w21, ) — 24,(t)) Bu(t), n=1,2,3,..,N

3AMEYAHUE. Ilosy9eHHbIe COOTHOIIEHNUS TIOJTHOCTBHIO OMPEIESIIOT SBOJIOIMIO JAHHBIX PACCESHUS
nst oneparopa L(t) u TeM caMbiM JAI0T BO3MOYKHOCTH MIPUMEHUTH METO, 00PATHON 3aa9u PACCesTHUsT
quts perrernst 3aga4u (1)-(5).

Mycts sagana dyrkmus ug(z) (1 + |z|) € LY(R). Torga pemtenue samaun (1)-(5) maxomutcs moMo-
IIBIO CJIEYIOIIEro ajirOPUTMA.
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1. Pemaem mpsiMyto 3a/1ady paccesHus ¢ HadaabHOM dyHKIneH ug(x)

[OJIYYAEM JAHHBIE PACCETHHAT {r+(kz), Xns Bn,n =1, N} st omeparopa L(0).

2. Hcnoan3ya Teopemy 1, HaX0AUM JTaHHbIEe pacceanns aas t > ()

{7’+(l{:,t), Xn(t)a Bn(t)7 n = 1,N}.

3. Ucronk3ysi MeToj|, ONUPAIONIUICS Ha WHTErpajibHOro ypasheHusi lenbdanna-/leBurana-
Mapuenko, periaem 06paTHYIO 3ajady paccesiHus, T.e. HaxoauM u(z,t) M3 JAHHBIX pacCesHus
mast t > 0, mosydeHHBIX Ha Tpeapayiiem mare. [locme sroro Jslerko HaiiTu pernerue ¢, (x,t)
ypasrenust L(t)pm (z,t) == — (z,t) + u(z, t)pm(z,t) = Anom(x,t), m=1,2,...,N.

KiroueBble ciioBa: marpyzkennoe ypasuenue Kopresera-ge @pusa, obparHas 3ajada PacCesHus, HHTErPAJIbHOE yPaB-
uenne enndanma-JleBurana-Mapaenko.
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OB O/IHOM HEJIOKAJIbHOM KPAEBOW 3AJIAYU JJIs1 HATPY>KEHHOTI'O
IIAPABOJIO-TUIIEPBOJINYECKOTO YPABHEHUA C TPEMS JINHUAMMU
N3MEHEHUSA TUIIA, KOTJIA HATPYYKEHHASI YACTbh COJIEP>KUT
NHTETPAJIbHBINA OIIEPATOP JPOBHOI'O ITOPSIIKA
Kypwar XOJIBEKOB

Tamkenrckuil rocy/japcrBennbiil Texuudeckuit yuusepcurer um. V. Kapumosa
e-mail: xolbekovja@mail.ru

Paccmorpum ypaBHEHME

0= { Ugz — Uy — ADO_xOéu(x7 0)? (CE, y) € QO; (1)
Uge — Uyy — MjszgnyH] [U(:E,y)] ’ (x,y) S Q]? (] = 133)>

rae A, pj (j =1,3) — 3amannbe gefCTBATEIbHBIE YHC/IA, TTPUYEM

O0<a<l, A>0, p; >0, (j=1,3), (2)

u(z,0) wpn j=1,
Hj [u(z,y)] = u(0,y) mpu j=2, {=xz+y,
u(l,y) mpm  j=3, n=y-—z+1,

Dgy[...]|— mHTerpanbHbIii onepaTop gpobrOro mopsaka [1];
Qo — obmacts, orpanndennasa orpeskamu AB, BC, CD, DA npsmbix

y=0, =1, y=1, x = 0 coorBeTcTBEHHO; {)] — XapaKTePUCTUIECKUI TPEYTOJbHUK, OTDAHUIEH-
uolit orpeskoM AB ocu Ox u aBymsa xapakTtepuctukaMu AN :x+y =0, BN : x — y = 1 ypasuenns
(1), Boixoggamumu u3 togek A(0,0) n B(1,0), nepecekatonumucs B rouke N (0,5; —0,5);
Qo — XapaKTepUCTHYECKUN TPeyroJbHUK, OrpaHndennblii orpeskoM AD ocu Oy u 1ByMsl XapaKTepH-
crukavu AK :x+y =0, DK : y — x = 1 ypasuenus (1), erxogammmu u3 rouex A(0,0) u D(0, 1),
nepecekatormumuca B Touke K (—0,5; 0,5);
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23 — XapaKTepUCTHYECKHUIT TPEYrOJBHUK, OrpaHndeHHblil orpeskom BC u xapakrepuctukavu CM :
x+y=2, BM: x—y=1 ypasuenns (1), Borxogsimamu u3 rouek B(1,0) u C(1,1), nepecekaroru-
mucs B Touke M (1,55 0,5);

3
Q=) QUABUBCUDA, Ji={(x,y):0<z<1, y=0},
j=0

J2:{<l‘,y)30<y<1, 1’20}, J3:{<I‘,y)0<y<1, 1.:1}7
A =QUABUQ, Q5=0UADUQ)UBC U Qs.
Samaua. Haiitu pemenne ypasuenus (1) B ximacce dpyHKImit
W={u: u(z,y) €C(Q)NC (Q)NC* (U UNS),

uy € C () NC(QUAB)NC (2 UAB),

us € C ()N C (R UADUBC)NC (QUAD)NC (Q3UBC)},

VAOBJIETBOPAIOIIEE KPAEBBIM YCIOBUSAM

d T d 1+ -1
a(x)dacu(2’_2)+b($)d:cu< 22 >—

=m(z)u(z,0) + n(z)uy(x,0) + c(z), (z,0) € Ji, (3)
1
U(x,y)!Achm(y), Ogyg 57 (4)
1
u@ ylyc =e2y),  5=y<1, (5)
a Ha JUHASAX W3MEHEHUs TUIA YCJIOBUAM CKJICHBAHMS
’LLy(LE, +O) = aluy(x’ _0)) (fL‘, O) € Jla (6)
uz(+0,y) = azuy(=0,y),  (0,y) € Jo, (7)
ua)(1+oay) :aguw(l—O,y), (17@/) € J37 (8)

rae CL(Q?), b(SU), m(l‘), n(gj), C(.T)7 ¥1 (SU), 902(y) — 3aJaHnble PyHKINH,
a a; (j =1,3)— u3BecTHBIe MOCTOSIHHBIE, IPTYEM

©1(0) =0,a01 >0, a2, ag€ (—oc0; +o0)\ {0}, (9)
a®(x) +0%(x) #0, m2(z) +n%(x) £#0, Ve, (10)
a(z), b(z), m(z), n(z)e CL(J)NC*(J),
c(x) € C?(Jy),a(z) = a(x) — b(x) +2n(z) #0, Ve Jy, (11)
o1(y) € Ot [0, ;] nc? (0, ;) . pa(y) e Ct [;, 1] nec? (;, 1> . (12)

Bamernm, 4To aHaaor 3aja4un Tpukomu Juist ypasHenusi (1) B ciaydae, Korza

a(z) =1, b(x) =m(z) =n(z) =0, A=0, u; =0, (j =1,3) usyuen B paborax|2-3|.
Tokazana cieayolas Teopema.
Teopema. Ecuu Bbiosnenst yciaosus (2), (9)-(12)

a(z) + b(x) a(z) +b(x)\’
s (T ) =
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2m(x) pra(x) p1b(x)
a(x) a(x) a(z)

T0 B obstactu §) CyHIeCTBYeT eqUHCTBEHHOE DETYJISPHOE DElIeHue MOCTABJICHHON 3a1aUH.

<0, <0, > 0,

KiroueBble citoBa: HesloKa/IbHAs KPaeBas 3a/ata, HArPyKeHHble YPAaBHEeHH, OIIePATOP APOOHOTO HOPSIKA, NHTErPAJIb-
Hoe ypaBHeHMne BosbTeppa.
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JIBYXTOUYEYHASA KPAEBASA 3AJAYA JJid OBLIKHOBEHHOTI O
JANOPEPEHIIMAJIBHOI'O YPABHEHNMA BTOPOI'O ITIOPAJIKA C
OIIEPATOPOM PACIIPEAEJIEHHOI'O JN®PEPEHIIMPOBAHNA

Becpan 9OEHJIMEB

UTIMA KBHII PAH, Hamsuuk, Poccus
E-mail: beslan _efendiev@mail.ru

B unrepsasie 0 < x <l paccMoTpuM ypaBHEHUE

o' (x) ~ g(a) /ﬂ W) DE plau(e)da = f(@),  0<B <1, )
rae 0 N
D)= s [ gy <0
D) =), =,
D& u(z) = %DS‘;"U(:U), n-l<a<n, neN

— omeparop npobHoro naTErpo-auddepennuposanus B cMbicae Pumana—/Inysunis nopsaka « [1], T'(2)
— ramma-byuknust itnepa, p(a), p(x), q(z), f(z) — 3anannbe GyHKINN.

Perynsipabim pemennem ypasherus (1) B unrepsase |0, /[ HazoBem dyHKINO u(z), OpUHAIIEKA-
myto xnaccy C[0,1) N C?)0,1[ u yaosrersopsiomyto ypasueruio (1) Bo Beex Touxax x €]0,I].

Samaua. Haiitu perynsipaoe pemnienne u(x) ypabrerus (1) B uarepsase |0,1[, yaoBaerBopsioriee
VCJIOBHSIM

u(0) = up, u(l) = uy, (2)
re ug, U] — 3a4JAHHBIC KOHCTAHTEI.
Teopema. Ilycrs u(a) € L0, 5], p(x) € Lipl0,1], q¢(x) € ACI0,1], f(x) € L[0,I] N C]0,![. Toraa
npu BeimoHenun ycaosus W (l,0) # 0 cymecTByer equHCTBEHHOE peryisipHoe perenue 3agaqn (1),
(2). Perienne umeer B

!
u(z) = —upGi(x,0) + u(l)Ge(z, 1) + /G(x,t)f(t)dt.
0
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31ecs

Gla,t) = H(z — )W (z,1) — MW(x,O)W(l,t)

— dyaknus 'puna zagaqn (1), (2), H(z) — dyukunsa Xepucaiija,
W(z,t) =z —1t+ /(x — s)R(s,t)ds
t

— dbyagamenTanbHOe pernenne ypasaenus (1),

n=1

00 B
Ra,t) =3 Kulw,t),  Ki(o,1) = g(x) / (@) DR [(x — t)p()]day,
0

Kosr(a4) = / Koz, 5) K1 (5, 1)ds.
t

KuroueBbie cJjioBa: OMEpaToOp HEMPEPHIBHO PACIpEIeIeHHOTO mud depeHmpoBanrs, IpoOHbINH wHTerpaa Pumama—
JImyBuns, npobuas mpom3Boguas Pumana—/Iuysunisa, kpaeBasd 3amaqa, dyakus ['punHa.
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On the Sobolev embedding constant for hypoelliptic operators
Yermurat ADILBEKOV

Institute of Mathematics and Mathematical Modeling, Kazakhstan
E-mail: adilbekov.yermurat@gmail.com

In this talk, we investigate the best constant in the following hypoelliptic Sobolev inequality on a
graded Lie group G ([1]):

a 1 1
£l < CIRE flliney 1<p<q<oo a=Q (p - q) , 1)

where R is a Rockland operator and @ is the homogeneous dimension of G. By a Rockland operator
we understand any left-invariant homogeneous hypoelliptic differential operator on G.

In [2] and [3] the best constant in the Sobolev inequality with inhomogeneous norm, and in the
subcritical and critical Gagliardo-Nirenberg inequalities were expressed in the variational form as well
as in terms of the ground state solutions of the nonlinear Schrodinger equation.

This talk is based on the joint research with Nurgissa Yessirkegenov (Suleyman Demirel University,
Kazakhstan).

Funding: This research is funded by the Science Committee of the Ministry of Education and Science of the Republic
of Kazakhstan (Grant No. AP09058474).

Keywords: Sobolev inequality, Rockland operator, best constant.
2010 Mathematics Subject Classification: 22E30, 43A80.
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Condition of oscillatory and non-oscillatory second order half-linear
differential equations

Maktagul ALDAY?, Danagul KARATAYEVA®, Aizhan YKLASOVA®
L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan

E-mail: ®saiajan@yandex.ru, ®*danagul83@inbox.ru, ¢aizhan83zhenisovna@mail.ru

We consider a second order half-linear differential equation.
Let u,vy€ R,a > 0,

(1 (O (1)) + at ly(6)P2y(t) = 0,1 > 0, 1)
[ @p - oty = 0.y €, 0.0 2)
0

(2) the inequality is a necessary and sufficient condition for equation (1) to be non-conjugate on the
interval (0, c0).
Let 4 < p—1, then Ve > 0,
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t=P gy < oo,

t1=PIRgE = 0o

/
[

according to the Theorem A from [1]

[e] o 1
W, (0,00) =W, (0,00) = {f € Wpl(O, o0) : f(0) = O}.
Then from (2) inequality

o0 [e.9]

[ewwrd=a [elyora.yo = o (3)

0 0

1
Let /(t) = f(t),y(0) = 0 = y(t) = [ f(s)ds. Then substituting it into inequality (3) we get
0

00 1 p 00
1
/t7 /f(s)ds dt < /t“f(t)|pdt. (4)
@
0 0 0
Now we consider Hardy’s inequality
P

/ﬂ/ s)ds dt<C/t“|f (t)|Pdt
0

let v=pu—p.
Then

t

71/]0 )ds t“dt<C/t“]f )|Pdt, (5)
0

0

P
by Hardy’s theorem [2], the smallest constant C' = <p_ﬁ _1) . At p < 1—p, v =pu— p inequality

(4) is satisfied if and only if 1 > (pﬂ];l)p, that is, if a < (p_p%_l)p. If, a > (p_T‘f_l)p, then the
condition (4) = (3) == (2) is not hold.
Therefore o < (==L p, and for v = pu — p, u < 1 — p the inequality (2), hence equation (1) is
P

conjugate on the interval (0,00), and then equation (1) will be non-oscillatory.
P
If at o« > (%) , Y= pu—p, p<1—p, then equation (1) will be oscillatory.
For any o > 0 by Hardy’s inequality, the inequality

00 ) t p ’ p
- ds| thdt < [ ——— tH () [Pdt 6
i [ s var< (E0) [ersara )
runs with the smallest constant (p_z — g

When condition (6) is satisfied, for any a > 0 equation (1) is conjugate on the interval (a, o),
which means that equation (1) is oscillatory. It follows from that if condition (6) is hold, then the
equation (1) is oscillatory.

Funding: The authors were supported by the grant AD08856100 of the Ministry of Education and Science of Republic
of Kazakhstan.
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Inverse problem for determining a source function in the higher
order equation with the Gerasimov-Caputo fractional derivative
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Let H be a separable Hilbert space with the scalar product (-,-) and the norm ||-|| and A: H - H
be an arbitrary unbounded positive selfadjoint operator in H. Suppose that A has a complete in H
system of orthonormal eigenfunctions {v;} and a countable set of nonnegative eigenvalues Ag. It is
convenient to assume that the eigenvalues do not decrease as their number increases, i.e. 0 < Ay < Ag-

-+ — +00. We denote by A? the power of operator A, defined as Ah = ) A{hyvy, hy are the Fourier
k=1
coefficients of h € H. Operator A° has the domain of definition D(A%) = {h € H : 3 A\}7|hy/|* < oo}
k=1
and for elements of D(A”) we introduce the norm ||h||2 = > A27|h|? = [|AR|]2.
k=1

Let p € (m —1,m) be a fixed number (m € N) and let C?((a,b); H) stand for a set of j > 0 times
continuously differentiable functions wu(t) of t € (a,b) with values in H.
Consider the following problem

Dfu(t) + Au(t) = f(t), t>0; 0
W0)=¢;, j=0,1,..,m—1,
where the function f(t) € C°((0,00); H) and ¢; € H, D} is the Gerasimov-Caputo fractional derivative
of order p. This problem is also called the forward problem.
Definition. A function w(t) € C™71([0,00); H) with the properties Dfu(t), Au(t) €
C((0,00); H), and satisfying conditions (1) is called the solution of the problem (1).
Theorem 1. Let functions ¢; € H, (j =0,1,...,m — 1) and f(t) € C([0,00)]; D(A®)) for some
e € (0,1). Then the problem (1) has a unique solution and this solution has the following form

o) m—1 t

u(t) =Y | D et/ Epjir(—ut?) + /np_lEp,p(—Aknp)fk(t —n)dn | v.
k=1 | j=0 0

where are fi, @;r — the Fourier coefficients of the functions f and y; respectively.
We also consider the inverse problem of determining the source function f with the additional
condition:
u(t)=v, 7>0, 71— firedpoint. (2)

The solution of the inverse problem is defined in the same way as the solution of the forward
problem.
In the case of the inverse problem, it is assumed that f does not depend on t.

Institute of Mathemitics and Mathematical Modeling. Almaty, 2022



126 TpanunuoHHas aOpeabCKas MaTeMaTHIecKass KoHpeperrns — 2022

Theorem 2. Let p, ¥ € D(A). Then the inverse problem (1), (2) has a unique solution {u(t), f}
and this solution has the following form

[e¢) m—1

w(t) = | Y et Epjra(=Mt?) + fut? Bp o1 (= Akt) | v,

k=1 | j=0
and
o0
F= frv,
k=1
where .
i Wy o wikEp, ]+1 )

C TPE, o ( (=XeT?) TP IEp pi1(—AP)’

7=0

Keywords: fractional equation, the Gerasimov-Caputo derivatives, inverse problem, determination of the source func-
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The fractional integration of order o < 0 of the function h(t) defined on [0, 00) has the form

t

J7h(t) / o+1 t>0,
0

provided the right-hand side exists. Here I'(0) is Euler’s gamma function. Using this definition one
can define the Caputo fractional derivative of order p,

d
DIn(t) = Jf 7 S h(h).

Let H be a separable Hilberd space. Let A: H — H be an arbitrary unbounded positive selfadjoint
operator in H.

Let 7 be an arbitrary real number. We introduce the power of operator A, acting in H according
to the rule

ATh =" Afhpug.
k=1
Obviously, the domain of definition of this operator has the form

D(AT) ={h € H: Y _ N|h|* < o}
k=1
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Problem. Let p € (0,1) be a fixed number. Consider the following Cauchy problem
iDfu(t) + Au(t) = p(thg + f(£), 0<t<T: 1)

u(0) = ¢, (2)

where a part of the source function p(t) is a scalar function, f(t) € C(H) and ¢,q € H are known
elements of H. If p(t) is also a known function, then under certain conditions on the given functions a
solution to problem (1)-(2) exists and it is unique (see, for example, [1]). The purpose of this paper is
to determine u(t) and p(t) solutions. To solve this time-dependent source identification problem one
needs an extra condition. Following the papers of A. Ashyralyev et al. [2] we consider the additional
condition in a rather general form:

Blu(t)] =¢(t), 0<t<T, (3)

where B : H — R is a given bounded linear functional, and (t) is the given scalar function.We call
the Cauchy problem (1)-(2) together with additional condition (3) the inverse problem.

Theorem 1. Let Bq # 0, ¢ € H and D{+(t) € C[0,T]. Further, let ¢ € (0,1) be any fixed
number and q¢ € D(AYF€) and f(t) € C([0,T); D(A€)). Then the inverse problem has a unique solution
fu(t), p(O)}-

Theorem 2. Let assumptions of Theorem 1 be satisfied and let ¢ € D(A). Then the solution to
the inverst problem obeys the stability estimate

1D7ulloq + 1Aulleqm + Ipllepa) < Cogpelllelh +10llcpr + max [[f(#)lle],

where C, 4 B Is a constant, depending only on p,q, B and e.
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Nonlocal problem for hyperbolic equation with piecewise-constant
argument generalized type
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On the domain Q = [0, 7] x [0, w] we consider nonlocal problem for system of hyperbolic equations
with piecewise-constant argument generalized type in the following form

d? 0 9

8t61; — A(t, w)a% + B(t, x)aiz +O(t 2)ult, ) + f(t, 2)+

du(y(t), x) Ju(y(t), x)
Ox ot

+Ao(t, ) + Bo(t, x) + Co(t, z)u(~(t), z), (1)

ou(0, )

Po(@) or

+ P (JU)M 70+P0(:E)u(0,gj) + SQ([L‘)M+

ot = ox

Institute of Mathemitics and Mathematical Modeling. Almaty, 2022



128 TpanunuoHHas aOpeabCKas MaTeMaTHIecKass KoHpeperrns — 2022

ou(t,x)
ot li=r
u(t,0) = (1), t€[0,T7, (3)

where u(t,x) = colon(uy(t,z),us(t,x),...,un(t,x)) is unknown vector function, the n x n matrices
A(t,z), B(t,z), C(t,z), Ao(t,x), Bo(t,z), Co(t,z) and n vector function f(¢,x) are continuous on €;
y(t)=¢ if telhj,b41), j=0,N-1; 60; < <041 foral j=0,1,...,N—1;
0=0)p<b1 <..<Ony_1<0Ony=T,;
the n x n matrices P;(z), S;(x), i = 0,1,2 and n vector function ¢(z) are continuous on [0,w]; the n
vector function 1 (t) is continuously differentiable on [0, T7.

We study a solvability to nonlocal problem (1)—(3). Differential equations with piecewise-constant
argument generalized type arised in various processes of neutral networks, dynamical systems and
biology [1]-[4]. Some problems for hyperbolic hyperbolic equation with piecewise-constant argument
generalized type are studied in [5].

We propose a new approach for solving nonlocal problem for the system of hyperbolic equations
with piecewise-constant argument generalized type (1)—(3) based on Dzhumabaev parametrization
method [6]—[8]. In [9] a periodic problem for system of hyperbolic equations with delay argument are
investigated by this method. For the case

+S51(z) +So(z)u(T, z) = p(x), z € [0,w], (2)

P (z) = Py(z) = S1(z) = So(z) =0, z € [0,w]

problem (1)—(3) are studied in [10].
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A problem with parameter for systems of essentially loaded
differential equations
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In the present paper we consider the problem for the essentially loaded differential equations with
parameter

m m+1

0 A+ AofBt Y2 My (00 + Y Kil)a(8) + F(1), t € (0,T), (1)
j=1 i=0

Bx(0)+Cx(T) + Bop=d, dc R"™, xe€R" pcR™, (2)

where the (n x n) -matrices A(t), M;(t) (j = 1,m), K;(t) (i =0,m+ 1), (n x m) -matrix Ap(t), and
n-vector-function f(¢) are continuous on [0, T, ((n+m) x n) -matrices B, C, the ((n+m) x m)-matrix
By(t) are constants and 0 =6y < h <02 < ... <Op-1 <0pn <Opi1=T; |z| = max |z

i=1,n

A solution to problem (1), (2) is a pair (u*,2*(¢)), where the u* € R™, the vector function z*(t)
is continuous on [0,7] and continuously differentiable on (0,7) and satisfies (1) with p = p* and
condition (2).

Boundary value problems for loaded differential equations are frequently encountered in applied
mathematics, being the mathematical models of various processes of biology, ecology, mechanics,
medicine, engineering and economics [1]. The solvability of boundary value problems for the loaded
differential equations with parameter and methods for finding their solutions are considered in [2, 3],
where M; =0, j =1,m.

In the present paper, questions of existence and uniqueness of solution to linear boundary value
problem for systems of essentially loaded differential equations with parameter is investigated. The
Dzhumabaev parameterization method [4] is used for solving this problem. Conditions of unique
solvability of problem (1), (2) are received in the terms of initial data and the algorithms of finding
its solution are proposed.
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On products of noncommutative symmetric quasi Banach spaces
and applications
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Let E1, E2 be symmetric quasi Banach function spaces on (0, ) (0 < o < 00). We study some
properties of several constructions (the products Ej(M) ® Ey(M), the Calderén spaces
By (M)PEy(M)'? the complex interpolation spaces (E1 (M), E3(M))g, the real interpolation method
(E1(M), E2(M))g,p) in the context of noncommutative symmetric quasi Banach spaces.

We recall interpolation of noncommutative symmetric spaces. Let Ej, Fs be fully symmetric
Banach function spaces on (0,a) and 0 < § < 1. If E is complex interpolation of F; and Es, i.e.
E = (E4, E3)p. Then

E(M) = (E1(M), E2(M))s. (1)

For more details on interpolation of noncommutative symmetric spaces we refer to [1].

For symmetric quasi Banach function spaces, we have the following result.

Theorem. Let E; be a symmetric quasi Banach function space on (0,a) which is sj-convex for
some 0 < s; < 00, j = 1, 2. Suppose E; has order continuous norm, j =1, 2 and 0 < 6 < 1. If
E=E"PEY, then

(125

E(M) = (By(M), Ba(M))y = EX(M)ESM) = B (M) © B (M).
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The theory of trajectory attractors for dissipative partial differential equations was developed in
[1]. This approach is essentially useful in studying the long-term behavior of solutions of evolutionary
equations for which the uniqueness result for the corresponding Cauchy problems has not yet been
proven (for example, the 3D Navier-Stokes system) or does not hold (for example, the reaction-
diffusion system of equations). Attractors describe the behavior of solutions of dissipative nonlinear
evolution equations as time tends to infinity. They show the most important limiting objects of
dynamic systems, that is, the sets of trajectories that characterize the entire dynamics of the model,
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controlled by evolutionary equations. Let Gy be —a domain Y = (—%, %)2, such that Gy is a compact
diffeomorphic to a circle.
Let § > 0 be and M — some set, we introduce the following M = {x : ~'z € M}. For j € Z? we
define
Pl =¢j, YI=P +eY, GL=P! +cGo.

We define the domain Q. = {z € Q : p(z,9Q) > v/2¢} and the set of admissible indexes as
ng{jeZ”:Ggﬂﬁg;é(Z)}.

Notice that |Y.| = de~2, where d > 0 —is a constant. Consider the following domain , Q. = Q\ G.,
where G, = U GY.
JEY:
We will study the asymptotic behavior of trajectory attractors of the following initial-boundary
value problem for an autonomous two-dimensional system of Stokes equations

(0
;; — vAu: + (ue, V)ue = gg(w, g), T € Qe,
(V,us) =0, T € Qe
U x
Uane —i—B(g)uE:O, x € 9G.,t € (0,+00),
Ue = 07 T e 89
ue(0) = U(x), x € .

Here, is the outward
us = us(z,t) = (ul, u2), g = g (2. y) = (9", 9°) € [L2(2 x R?)]?,
n — normal vector to the boundary and v > 0.

Further,
B(s) - ( "y ) |

functions such b*(s) € C(R?) that are b*(s) — 1-periodic in each variable functions on R? and satisfy

the condition
/ e (s)do =0,

0Go

where is the o — element of the curve length 0Gq, k =1, 2.

For a vector function g (x,y) we will assume that it is 1-periodic with respect to the variables y;
and ¥z, and g (z, £) have an average g(z) mean in space [L2(2)]* at ¢ — 0+.

We have proved that, for , € — 04 the trajectory attractors 2(. of the original initial boundary
value problem in the topology

Ol = LYe(Ry, [L2(2)]?) converge to the trajectory attractor A of the following initial-boundary
value problem:

8uo 2 ~ 82uO -
5 V“ZZI allm + (ug, V)ug + Vug = g(z), x€Q,
(V,UO) =0, S Q,
ug = 07 T € o0
up(0) = U(x), zeq,
where ONI(O)

= [ (5 va)a s = [ a0

Y\Go ' Y\Go

_ k k o mi 0
my = / b*(C)M"(¢) do, V= ( 0 my ) ,
Gy
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here M*(¢) and N;(¢) — are 1-periodic functions with respect ¢, to satisfying the problems

MF
AM* =0in Y \ Gy, a&n = —b*(¢) on Gy,
N,
ANZ :OinY\Go, aanl = —n; on 8G0
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The main aim of this work is to show solvability of the continuous boundary conjugation problem
for analytic functions in the Besov space, which is embedded into the class of continuous functions.

As far as we know, (continuous) boundary value problems of conjugation of analytic functions
are considered in Besov spaces for the first time in this work. Until now, such and similar boundary
value problems have been studied in spaces of functions continuous in the sense of Holder [1-2]. Our
work proposes a method for solving the indicated boundary value problems in the class of continuous
functions (Holder property is not required) in terms of Besov spaces, which emphasises the novelty of
the work.

Let I' € C1,0 < v < 1 be a simple closed contour, dividing the complex plane into two regions:
internal, denoted by DT, and external by D~.

1
Let functions G(t) and g(t) belong to By, (I') = C(I'),1 <p < 2, and G(t) #0,t € I.

1

We find a piecewise-analytic function ®(2) = {®*(2),® (2)}, which belongs to Bﬁl(Di) —
C(D¥) [3]: ®*(2) is analytic in a domain D+, ®~(z) is analytic in a domain D™, including a point
z = oo satisfying on I' the following conditions

®*(t) = G(t)® (t) is a homogeneous problem, (1)

®T(t) = G(t)® (t) + g(t) is a corresponding inhomogeneous problem. (2)

Theorem. If s >0, then (1) has > + 1 linearly independent solutions

O/ (2) = 2@ B (2) = T B (k=0,1,,5), (3)
where log| ()]
1 og [T *G(T
O(z) = — | =———Zdr. 4
(2) 27m'/ T—Z dr )
r

The general solution contains » + 1 arbitrary constants and is determined by

H(2) = Pu(2)eT®), @ (2) = 2P, (2)e ), (5)
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where P,,(z) is a polynomial of a degree » with arbitrary coefficients. If s < 0, then (1) is unsolvable.
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Delta-shaped perturbations of the Laplace-Beltrami operator on a
two-dimensional sphere

Karlygash DOSMAGULOVA

Al-Farabi Kazakh National University, Almaty, Kazakhstan
E-mail: karlygash.dosmagulova@gmail.com,

Let Ag is an invertible restriction of the operator B. The operator A, is defined by the formula
Au = Bu on the domain

D(A) = {u €EDB):u=A"f=> @5 Us (A f),Vf € H}
s=1

Theorem 1. Operator A is an invertible operator, and
A=Ay stos- (Ag'f).Vf € H.

Moreover, for the resolvents (A — AI)~! and (Ag — AI)~! the second generalized Hilbert identity is
valid:

(A =AD" = (o= AD7F = SOA = ARl — A1)

s=1

Note that the inequality D(A) # D(Ag) can hold.

The Laplace-Beltrami operator is considered on the two-dimensional unit sphere:

Agr®d = — [ﬁg% 0%3 g;ﬂ , which plays the role of the operator Ag. The eigenvalues of
the operator Ag have the form A\; = (I + 1), where [ > 0 are integers. Each eigenvalue )\; has a
multiplicity 2 4+ 1. They correspond to their eigenfunctions
o P (cosf)cosmep,m =0, ...,1

! Pl‘m‘(COSH)SiMm\go,m =—-1,—-2...,—l.
Green’s function of the operator Ay has the form

—1
0; 0y, .
e(p,0; 0, 8) = Zl z+1 Z "(,0)Y;" (e, B)
The indicated Green’s function satisfies the representation

1
V2(1 = sinasing — cosacospcos(0 — B)

(g, 0;a,8) =

Let choose as ®o(¢,0) = (¢, 0, ¢o, 6),
©1(¢,0) = Fze(¢, 6, 6o, b0),
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q)2(¢a 0) = %5((;5’ (9, ¢03 00)3 where (¢7 0)

is a fixed point. Further, according to the above scheme, a biorthogonal system of functionals
Uy, Uy, Us is constructed. Then, according to Theorem 1, the invertible operator A is written out.
The operator A can be interpreted as a delta-shaped perturbation of the Laplace-Beltrami operator
on a two-dimensional sphere.

Keywords: Riemannian manifolds, perturbations, invertible operator.
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On generalised Samarskii—Ionkin type problem for the Laplace
operator in a ball
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Let © = (x1,2,...,2,) € R™ be an arbitrary point of the unit ball Q = {x = (x1,22,...,2,) €
R™ : |z| < 1} € R™ Let ap € {—1,1}. Then (ax)? = 1. Denote 2* = (—z1,a2m2,...,a,T,), and
004 (092_) is a part of the sphere 92, for which x1 > 0 (21 < 0). We also denote a part of the sphere
09}, for which x1 = 0, by 9.

In this talk we consider the following nonlocal boundary value problem for the Laplace operator
in the ball, which is a multidimensional generalisation of the Samarskii-Ionkin problem.

The problem Si5. Find a function u(z) € C*(Q) N CH(Q\IQo) satisfying Poisson’s equation

—Au(z) = f(z), ze, (1)
and the following boundary conditions
u(@) + (~DFu(a®) = r(@), @€ o, (2)
ou(x) Ou(x*)
o 4 B — (), @ e o9, 3)

where f(z) € C5(Q), 7(x) € CY[00], u(x) € C[004], 0 < e < 1, and B is a fired real number.
Here, a% is a derivative with respect to the direction of the outer normal to 0€2.

In the case when 8 = —(—1)¥, we obtain periodic and antiperiodic boundary problems, which were
studied earlier by M.Sadybekov and B.Turmetov (see [1]-][2]).

In this talk we discuss the well-posedness and spectral properties of the problem.

The talk is based on joint works with Prof. Makhmud Sadybekov (Institute of Mathematics and
Mathematical Modeling, Kazakhstan).

Funding: This research is funded by the Science Committee of the Ministry of Education and Science of the Republic
of Kazakhstan (Grant No. AP09058474).

Keywords: Laplace operator, Poisson’s equation, nonlocal boundary value problem, Samarskii-Ionkin problem.
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Inverse scattering problem for nonstationary Manakov system on
the half-line with a nonhomogeneous boundary condition

Mansur ISMAILOV 2@
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Consider the first order hyperbolic system in the form

00(e.t) (1)
ot ox

=[o,Q(z,t)|Yb, x >0, t € R, (1)

where ¢ = (¢1,19,13) is an unknown vector-function, o = diag{&1,&2,&3} is diagonal matrix with
&1 > 0> & =& and [0,Q(x,t)] is a matrix potential with measurable complex valued and square-
integrable entries. This system is a linear analogue of three-wave interaction problem in nonstationary
medium.

The case & > 0 > &3 > &4 when system (1) suggests one incident and two scattered waves
with different velocities and the case & = £ > 0 > &3 when the system (1) suggests one scattered
and two incident waves with same velocities are studied in [1] and [2], respectively. A method of
solution of inverse scattering problem (ISP) for the first order hyperbolic system with a time-dependent
potentials studied in [3] by utilizing a Gelfand-Levitan-Marchenko type linear integral equation. The
alternative method of solution ISP for the first order hyperbolic system is realized in [4] by utilizing
a nonlocal Riemann-Hilbert problem. If the potential Q(x,t) = Q(t) is time independent, then by
taking 1 (z,t) = v(x)exp(—iAt) with the separation of variables, we can convert (1) into the first order
system of ordinary differential equations by v(z) that is called the Manakov system that is useful to
integration the two component nonlinear Schrédinger equation ([5]).

The scattering problem for the system (1) on the semi-axis is the problem of finding the solution
of the system (1) with the boundary condition at x =0

(0 (07 t) =1 (Oa t)? w3(07 t) = a2(t) (2)

where ag € Lo(R, C) and asymptotic at x — 400
Y1) = ar(t +2) +o(L), @ — +oo. (3)

We shall consider generalized solutions of system (1), which are ordinary functions measurable in z and
t. Here, with respect to variable ¢, these functions belong to the space La(R,C) and their Lo-norms
are uniformly bounded with respect to x. We refer to such solutions as admissible.

Theorem 1. For an arbitrary a;(t) € La(R,C), i = 1,2 there exists a unique admissible solution
of the scattering problem (1)-(3) and the second and third components of the solution satisfy the
asymptotics

Yr(x,t) =bg_1(t —z) +0(1), x+ = +o0, k=2,3, (4)

where by (t), ba(t) € L2(R, C).
Physical interpretation: Let us consider the shifted boundary data ag(t+ ia:) as the nontrivial

solution of ,u% . % = 0 with some p > 0. Then this equation together with the system (1) can be
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physical interpretation of wave propagation in nonstationary medium in the case of two incident and
two scattered waves when one of incident waves unaffected by the potential field. The functions a;(t),
i = 1,2 denotes the profile of incident (incoming) waves and the asymptotics by (t), b2(t) € La(R,C)
defines the profiles of the scattered (outgoing) waves.

In the view of Theorem 1, for every incident functions a;(t) € Lao(R,C), i = 1,2, when the system
(1) satisfies conditions (2) and (3), there exists a unique solution ;(z,t), i = 1,2,3. For this solution
there exists scattered waves b;(t) € La(R,C), ¢ = 1,2 according to (4). By comparing the incident
and scattered waves, the scattering operator S is defined by

s.fu]-[n]
az ba
We will call the operator S the scattering operator for the system (1) on the semi-axis. Clearly, S is
an 2 x 2 matrix operator in the space Lo(R,C?). The operator S are invertible and they have forms
as S=1+F and S~' =1+ G , where F, G are Hilbert-Schmidt integral operators.

By using the transformation operators which play important role in solving the ISP, the Volterra
factorization properties of scattering operator are obtained.

Theorem 2. Let S be the scattering operator on the semi-axis for the system (1). Then it
admits two sided factorizations.

The problem of finding the matrix potential [0, Q(x,t)] from the known scattering operator is
called the inverse scattering problem (ISP) for the system (1).
The factorizations allows us to determine the value of the function [0, Q(x,t)] at x = 0 by S . For
finding the function [0, Q(z,t)] at any values o > 0 it is natural to consider the scattering problem for
the system (1) with the shifted coefficient [0, Q(z + o, t)]. Denote by S(zo) the scattering problem on
the semi-axis with this coefficient. Then S(0) = S. Following the paper [6] we can prove that S(zg)
is unequely determined by S.

Theorem 3. Let S be the scattering operator for the system (1) on the semi-axis. Then the
coefficients in the equation (1) is uniquely determined by S.

Funding: This research is funded by the Science Committee of the Ministry of Education and Science of the Republic
of Kazakhstan (Grant No. AP09260126).
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A problem for impulsive systems of essentially
loaded differential equations
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We consider the following linear two-point boundary value problem for systems of essentially loaded
differential equations with impulse effect:

m

dx . .
E - Ao(t).l' + ;Mz(t) tilﬂox(t) + f(t)v te (OvT)a (1)
Byx(0) + Coz(T)=d, deR", x€R" (2)
Bi li — Ly li = ¥iy % n') = 17 .
IH19111(1703:@) C Hlerﬂom(t) i, @i €R", i m (3)

Here (n x n) -matrices Ag(t), M;(t) (i = 1,m), and n-vector-function f(t) are piecewise continuous
on [0,7] with possible discontinuities of the first kind at the points ¢t = 6;, (i = 1,m), B; and
Cj, (j = 0,m) are constant (n x n)-matrices, and ¢;, (¢ = 1,m) are constant n vector functions,
0=0p<b1 <0< ...<O0p_1<0p, <Opy1=T.

A solution to problem (1)—(3) is a piecewise continuously differentiable vector function z(t) on
[0,7] which satisfies the system of essentially loaded differential equations (1) on [0,7] except the
points t = 6;, (i = 1,m), the boundary condition (2), and conditions of impulse effects at the fixed
time points (3).

Numerous important problems of mathematical physics and mathematical biology lead to
boundary-value problems for loaded equations. Loaded differential equations are used to solve prob-
lems of long-term prediction, control of the groundwater level and soil moisture [1]. Problems for essen-
tially loaded differential equations and methods of finding their solutions considered in [2]. Boundary
value problems with impulse effects for essentially loaded differential equations arise when modeling
various processes of natural science.

In the present paper, a linear two-point boundary value problem for systems of essentially loaded
differential equations with impulse effect is investigated. The essentiality means that the right side
of the differential equation depends on the value of the desired solution and its derivatives at given
points, where the order of the derivatives is not less than the order of the differential part of the
equation. The Dzhumabaev parameterization method [3] is used for solving this problem. The problem
under consideration is reduced to solving a system of linear algebraic equations. The coefficients and
right-hand side of the system are calculated by solving the Cauchy problems for ordinary differential
equations. A numerical algorithm is offered for solving the considering problem.

Funding: The authors were supported by the grant no. AP13067682 of the Ministry of Education and Science of
Republic of Kazakhstan.
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Caffarelli-Kohn-Nirenberg type inequality with two singularities at
the origin and the boundary

Madina KALAMAN
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E-mail: 211101011@stu.sdu.edu.kz

First, let us recall the classical Caffarelli-Kohn-Nirenberg inequality [1]:
Theorem 1. Let n € N and let p, q, 7, a, b, d, § € R such that p,¢g>1,r >0,0<§ <1, and

where ¢ = dd + (1 — 9)b. Then there exists a positive constant C' such that
c a 0 bri1-0
I fllr@ny < 21V FI T @y 2P £l o () (2)

holds for all f € C§°(R"), if and only if the following conditions hold:

1 1 a1 1 b
+C:5<+a >+(1—5)<+), 3)
ron P n q n
a—d>0 if §>0, (4)
a—d<1 if 650 and ~4S-1yo=1 (5)
r n p n

Inspired by the recent work [2], in this talk we discuss Caffarelli-Kohn-Nirenberg type inequality
with two singularities at the origin and the boundary on homogeneous Lie groups.

This talk is based on the joint research with Nurgissa Yessirkegenov (Suleyman Demirel University,
Kazakhstan).
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Boundary control of rod temperature field with a selected point
Baltabek KANGUZHIN 2¢  Kanzharbek IMANBERDIYEV!:2?
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In this work, we study the issue of boundary control of rod temperature field with a selected point
ZQ-.
ut($7t)_u$$(x7t)+au(x07t) :f(CC,t), (.'Il‘,t) € Qa (1)

where Q@ = {(z,t): 0<zx<b, 0<t<T < +o0}.

It is assumed that at the initial moment ¢t = 0 the temperature along the rod of length b is given
by law u(z,0) = up(z), 0 < = < b, where ug(z) is a twice continuously differentiable function. At
the moment of time ¢ = T the temperature of the rod is equal to u(z,T) = y(z), 0 < x < b, where
~v(x) is also a twice continuously differentiable function. The main purpose of the work is to clarify
the conditions for the existence of the boundary control w(0,t) = u(t), u(b,t) = n(t), which ensures
the transition of the temperature field from the state {u(z,0) = ug(z)} to the state {u(x,T) = vy(z)}.
Similar problems were considered in [1, 2].

According to the optimization method, we choose the following functional

T T
Tl = T i pem) = 4O s oy + B /O (1) Pt + /0 In() P,

where 31, B2 are positive numbers, v is a given function from class W} (0, b).
The boundary control problem is as follows: it is required to find boundary controls (u(t), n(t))
and the corresponding solution u(z,t), that satisfies equation (1) with initial boundary controls

w(0,t) = u(t), ulb,t)=nt), 0<t<T, 2)

u(z,0) = up(zr), 0<x<b, (3)
and minimizes functional J[u,n].

Funding: First author is supported by the Science Committee of the Ministry of Education and Science of the Republic
of Kazakhstan (Grant No. AP08855402).

Second author is supported by the Science Committee of the Ministry of Education and Science of the Republic of
Kazakhstan (Grant No. AP08855372).

Keywords: initial-boundary value problem, heat equation, boundary control, Green’s function, Fredholm integral
equation of the second kind, spectral properties, eigenfunction, eigenvalues.
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Layer potentials for degenerate diffusion equations
Mukhtar KARAZYM?, Durvudkhan SURAGAN?

Nazarbayev University, Nur-Sultan, Kazakhstan
E-mail: *mukhtar.karazym@nu.edu.kz, ®durvudkhan.suragan@nu.edu.kz

We consider the degenerate parabolic equation

ou(z,t)
ot
in a domain Q x (0,7), 0 < T' < oo, where  is bounded in R", n > 2, with smooth boundary 02,
f is some function. n = 1 case was considered by [1]. Here the coefficient a € L1[0,T] is nonnegative
and is positive almost everywhere.
The single layer potential for the degenerate parabolic equation (1) is defined by

Qau(z,t) := —a(t)Azu(z,t) = f(x,t), (1)

(Sg)(a,1) = /0 /8 ula =& art) — an(r))plé, Talr)dSdr, (2)

where &, solves Q,u = § when a(t) =1 for all t.
Theorem 1. ([2]) Let ¢ be a continuous function on 992 x [0,7]. Then, for any xzo € 92 and
t € (0,T], the single layer potential S satisfies the jump relation

lim (V,(S¢)(z,t), v(z0)) = %cp(xo,t)

2ok
' Oen(xo — &, a1(t) — ai (7))
+/0 /39 v (x0) o(&,T)a(T)dSedr,

where the limit is taken along the outward normal v(x¢) and V, is the usual gradient.
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Let H be a separable Hilbert space and Q = {(¢,z) : t € (0,T), = € H}.
We are interested in investigating the time-dependent inverse source problem aimed to determine
the unknown couple {u(t,x),a(t)} obeying the following system

DYt 2) + Lu(t,z) = a(t) f(t,2), (t,z) € Q,

L 0en)(1) _ (1)
tgrgl+ Io, u(t,x) =p(z), x € H

where Dgi”g JE stands for the bi-ordinal Hilfer fractional derivative of orders 0 < a,B < 1 and type
0<pu<1((see[l]) and f(x,t), ¢(z) are the given functions, L is a self-adjoint positive operator on a
Hilbert space H. Here, we assume that A\¢ — 0o as || — oo which is a positive discret spectrum and
{ec : &€ € I} is a system of orthonormal eigenfunctions of the operator £ on H and also 7 = N* or
T = 7ZF is a countable set, for some k = 1,2, ...

The unknown time-dependent source term a(t) will be recovered by means of the following overde-
termination condition

/K(t, 2)u(z, zo)dz = g(t, zo), (t,z0) € Q, (2)
0

where g(t,z¢) is the given function. In order to find an explicit solution, we choose the kernel as
K(t,z) = (t—2)7° 6 = B+ u(a — B) and to formulate the existence theorem, we need to assume for
any real positive number s an operator £ , acting in H in the following way

Lof(x) =) Nefeee(n), fi = (f(@),ec(@))n,

£el

It is clear that, the operator £° with the domain of definition

D(L)=H =S feH: > A\|fel* < oo
el

Let us designate the space C'¢([0,T],H) by the following norm

lullcoqorym = max o(t)||ullfz

where ¢(t) = t20=7) v = B4+ pu(1 — B) for t € [0,T] and || - || is the norm of Hilbert space H.
DEFINITION. [2] Let X be a Hilbert space. The space C(‘;([O,T],X), (6 = B+ pu(a— p)) is the

space of all continuous functions u : [0,7] — X with also continuous Dt(i’ﬁ oy [0,7] — X, such that

lulles go.rr,x) = Talley o1, + 15 ulloy o, x) < o

Theorem. Let § > 3, o(z) € H', g(t,z9) € CY(0,T;H') and f(t,z) € C(0,T;H), then the
inverse source Problem (1)-(2) has the unique solution u(t,z) € Cg([O,T];H) N Cy([0,T];H') and
a(t) S C¢[O,T].
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Let I = (0,1), n - be a natural number, p; : I — R, i = 1,2,...,n be positive functions integrable
on Iy = [0,1], V6 € I, such that
1
pil=—€Lily), i=1,..,n—-1, p,' €Ly(ls), 1 <p <oo.

pi
For a function f: I — R we assume that

Dgf(:p) = f(x),Dlgf(:p) = pk(x)%Dlg_lf(x), zxel, k=1,..n.
Suppose that the functions D’g f(x), k=0,1,...,n — 1 are absolutely continuous on the interval [0, 1],
Vo € I; then D7 f (x) exists for almost every x € I. We call this operation D’IpE f the p- multiweighted
derivative of f of order k, k =1, ...,n.
Let W];fﬁ(f ) be the set of all functions that have p- multiweighted derivatives up to order n, n > 1,
inclusive on the interval I. On the set W';(I), consider the functional

n—1
I lwy 0y = 105 f1,, + D [Dar ()]
=0

where [|||,, ; is the standard norm of the space Ly(I). This functional is well defined and provides a
norm on Wp'5(I).
For0<s<wxz<1landi,j=0,1,..,n—1, we define the following function K ;1 :

P L tit2
Kj,iJrl (LL', S) = (—1)]-1/ le(tj)/ p;_ll (tjl)--'/ ,0;_11 (ti+1)dti+1dti+2...dtj.
s s s

Along with the space W}!;(I) we will consider the space Wéf (7, I) with the norm

‘ q

where 1 <k <n—1and D’g,mf(a:) = Tk(l')%Dlg_lf(l'), x el

We will investigate the embeddings

_ k
1w oy = || Db ?

)

k—1
D IDLE(),
=1
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that is, the fulfillment of the inequality
10w rey < C Wl 1y ¥ € Wita(D): @)

The best constant C, for which (2) holds, is called the operator norm of the embedding E :
Wpis(I) — wks 5(7k, 1), and is denoted by [|E|| i.e., we set C' = || E]|.

With a strong restriction on the function p;, ¢ = 1,2, ..., n, this type of embedding was previously
investigated in [1], and the case p; = t*, a; € R, i = 1,2, ...,n has been investigated in [2].

We assume that

By = pna 7% ()5 (.)Kj7k+1(1’.)Hq7

By(2) = / / (@) s)ds | da |

By = sup Bsy(z), B =max{Bj, By, 1}.
0<z<1

Theorem 1. Let be 1 < p < g < co. Then the embedding (1)

(i) is continuous if and only if B < oo, and || E| ~ B, where ||E|- is the norm of the embedding
operator (1);

(ii) is compact if and only if B < oo and

lim By (z) = 0.

z—0

Keywords: function space, weight function, multiweighted derivatives.
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An inverse problem for linear Kelvin-Voigt equations with final
overdetermination condition

KH. KHOMPYSH?, A. SHAKIR?
M. SHAZYNDAEVA, N.K. NUGYMANOVA

Al-Farabi Kazakh National University, Almaty, Kazakhstan
E-mail: “konat_k@mail.ru, *ajdossakir@gmail.com

In this work, we study the following inverse problem for the system of linear Kelvin-Voigt (Navier-
Stokes-Voigt) equations

w; (w,1) — XAy (2, 8) — vAu (2, ) + Vp (a,1) = £)g (1) (1)
divu =0, (z,t) € Qp, (2)
that supplemented with the initial condition

ul,_o=ug(z), z€Q, (3)

the boundary condition
ulyg =0, te(0,7), (4)
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and with the final overdetermination conditions
u(z,T)=a(z), Vp(z,T)=Vbz), zef (5)

Here, € is a bounded domain in R? (d = 2, 3) with smooth boundary 99, Qr = Q x (0,T), and ug(z),
a(z), Vb(z), and ¢(t) are given functions, while the velocity vector field u(z,t), the pressure p(z,t),
and the coefficient of right hand side f(z) are unknown. The known positive constants v and y are
the viscosity kinematic and relaxation coefficients, respectively, of the fluid.

Under some conditions on data, we establish the existence and uniqueness of strong solutions of
the inverse problem (1)-(5).

Funding: The authors were supported by the grant no. AP09057950 of the Science Committee of the Ministry of
Education and Science of the Republic of Kazakhstan.

Keywords: Inverse problem, Navier-Stokes-Voigt equation, final overdetermination condition.
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Boundary version of the Morera theorem for the Siegel matrix
domain of the second order

Zokirbek MATYAKUBOV

Khorezm Mamun Academy, Khiva, Uzbekistan
E-mail: zokirbek.1986@mail.ru

Let Bg)n be a matrix ball of the second type and Xy(,i)n be its skeleton (Shilov’s boundary) (see

[1])
BE, ={ZeC"imxm|:1-(2,2)>0, Z,=Z, v=12.,n},

X%)n:{ZG(C"[mxm] 1 —(2,2)=0, Z,=2,, v=1,2,..,n}.

Consider the following unbounded domain (Siegel domain of the second type)

m,

D! >n={Ue<cn[mxm];ImU1—<U,U>’ >0, U, =U,, V=1,2,...,n},

where ImU; = %(Ul -Uy), (U, U>/ = U2Us +. ..+ U,Uy;, and U is adjoint and transposed of matrix
U;.
The skeleton of this domain is denoted by n(ﬁ?n:

T = {U € C"[m xm) : ImUy —(U,U) =0, U,=U,, v=1,2, n} .
Lemma (see [1]). Transform U = ®(Z), where

Ui =il — 7)Y + Zy), 1)
U, = (I—ZI)*le, k=2,..n,

18 a biholomorphic mapping of the domain Bg)n to Dg)n , for this Xﬁf)n goes to Fﬁi)n .

Consider the following embedding of the circle A = {t € C: |t| < 1} in the domain Dg)n :

m(m+1) n

{UteC : :Ut:¢>(t<b*1(xo)),teA}, 2)

where A\ € F,(%)n is fixed point. If 9 is an arbitrary automorphism of the domain D,(ﬁ,)n, then the set
(2) under the action of this automorphism will pass into some analytical disk with a boundary on

.
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Denote T={tc C: [|t|=1}.
Theorem. Let f be a continuous bounded function on Fg)n If the condition is met for the

function f
Ajﬂﬂw»ﬁZ

(2)

for all automorphisms of 1 and fixed \° € Ty, then the function f holomorphically continues in
Dg)n to a function of class HOO(Dfﬁ)n) (where HOO(Dy(g,)n)— Hardy class) continuous up to F,(z)n

Keywords: Matrix ball of the second type, domain of Siegel, transform Kayley, theorem of Morera.
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Inverse problem for a subdiffusion equation with the Caputo
derivative on the torus

Okhila MUHIDDINOVA

Institute of Mathematics named after V.I. Romanovsky, the Academy of Sciences of the Republic of
Uzbekistan, Tashkent, Uzbekistan
E-mail: oqilal1992@mail.ru

The fractional derivative in the sense of Caputo of order 0 < p < 1 of the function f(¢) defined on
[0,00) has the form (see, for example, [1, p. 14)

o B 1 t %f(T)dT
PO~ ), T 0

provided the right-hand side exists. Here I'(0) is Euler’s gamma function. If in this definition we
interchange differentiation and fractional integration, then we get the definition of the Riemann-

Liouville derivative:
1 4 / ' f(r)dr
T(1—p)dt Jo (t—T)°

Note that if p = 1, then fractional derivatives coincides with the ordinary classical derivative of
the first order: 9, f(t) = Dy f(t) = & f(¢).
Let TV be N -dimensional torus: TV = (-7, 7]", N > 1 and A(D) = Y. aoD® be a homoge-
al=m
neous elliptic symmetric positive differential operator with constant coefﬁci(‘en|ts. By A we denote the
operator A(D) defined on 27-periodic functions in C"™(RN). The closure A of such an operator in
Lo(TVN) is self-adjoint. The operator A has a complete in Ly(TN)-orthonormal system of eigenfunc-

f(t) = t>0.

tions {(2m)~N/2e"*} corresponding to the eigenvalues A(n), n € (ZN). _Therefore, by virtue of the
von Neumann theorem, for each 7 > 0 the operator A™ acts by the rule A7g(z) = 3. AT(n)gne™*,
nezZN

where the g, are the Fourier coefficients of the function g € Lo(T) in the trigonometric system
{(27)~N/2¢m} . The domain of this operator is determined from the condition A7g(z) € Lo(TN) and

has the form
D(AT) ={g € Ly(T") : Y A¥(n)lgn|* < o0}. (1)

neZN
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To define the domain of the operator A" in terms of Sobolev spaces, recall the definition of these
spaces, a function g € Lo(TY) is said to belong to the Sobolev space L%(TY) with a real number
a > 0, if the norm

19l gzmy = 3= (1+ [nf2)?lgal® )

nezZN

is finite. In the case of noninteger a this space is also referred to as the Liouville space.
It can readily be verified that there exist constants ¢; and co such that one has the estimates

cr(L+ [n*)™ < 1+ A% (n) < ea(1 + |nf?)™™

Consequently, comparing the expressions (1) and (2), we see that D(A™) = Ly™(TV).

Problem. Find the functions {u(z,t), f(x)} from the class: A function f(z) € C(TV) and a
function u(x,t) € C(TN x [0,T]) with the properties Dfu(x,t), A(z, D)u(z,t) € C(TN x (0,T]) that
satisfies the following differential equation (0 < p < 1)

Dfu(z,t) + A(D)u(z,t) = f(x), zeTV, t>0 (3)

and the initial
u(,0) = p(a), @eTV; (4)

and additional conditions
w(z, T) = W(z), xecTV. (5)

Instead of the boundary conditions we will require that the desired functions u(z,t) and f(z) are
27m-periodic in each variable z;. We will also assume that the given functions ¢(z) and ¥(z) are
2m-periodic in each variable x; as well.

Now let us state the following theorem on the existence of a solution of the inverse problem on the
torus.

Theorem. Let ¢ € L3(TVN) and ¥ € LIt™(TY), where 7 > 4. Then there exists a unique
periodic solution {u(z,t), f(z)} of the inverse problem (3) - (5) which can be represented in the form
of the series

w(,t) = 3 [pnFp 1(—AM) + Fut? By s (—A(m)9)] e,

nezZN
f@)= 3 e,
neZN
which converge absolutely and uniformly in € TV for all t € (0,T], where

Uy pnEp 1(=A)T")

I = 0By (CAMT?)  T0E, 1 (—A(M)T?)

and ¢, and V,, are the Fourier coefficients of the functions ¢(x) and V(x) respectively.

Similar problems, in the case when the operator A(D) is an arbitrary elliptic operator with dis-
crete spectrum and conditions for ¢(x), U(x) are assumed to be defined in the operator’s domain, were
previously studied in the fundamental works of [2]. So, in the paper [3], authors studied the inverse
problem of determining the right-hand side of the subdiffusion equation with Riemann-Liouville frac-
tional derivatives whose elliptic part is an elliptic operator of an arbitrary order defined in bounded
domain with sufficiently smooth boundary.
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Weighted Hardy inequality on topological measure spaces
Kairat MYNBAEV

Kazakh-British Technical University, Almaty, Kazakhstan
E-mail: kairat_mynbayev@yahoo.com

We give necessary and sufficient conditions on non-negative weights u, v in the inequality

([ srmsera) " <o ( [ r@pe@a) "

where: a) the integral operator 1" is a Hardy type operator associated with a family of open subsets
Q(t) of an open set  in a Hausdorff topological space X, b) u, v are o-additive Borel measures, c)
the weights u, v are positive and finite almost everywhere on Q and d) 1 < p < oo, 0 < ¢ < co. Unlike
previous multidimensional results, we do not require a metric or a polar decomposition in X.

A one-dimensional Hardy inequality

[ a)e] e ([

has been studied in detail, see the history in [1]. The multidimensional case has been considered in
[2-7], among others. For the more difficult case p > ¢ the latest results are contained in [6,7]. The
authors of the last two papers required the existence of the polar decomposition.

We obtain necessary and sufficient conditions for both cases p < ¢ and p > ¢ without requiring the
polar decomposition. We consider integration over expanding subsets §2(¢) of an arbitrary open set {2
in a Hausdorff topological space X. Neither Q(t) nor their complements Q\€(¢) need to be connected
and there are no requirements on the shape of (t) (like convexity) when X is a linear space. The
results from [5-7] are special cases of ours. Product weights and domains that do not satisfy the
monotonicity condition (see (2) below) are not included. [5-7] list a number of applications of their
results (to homogeneous groups, hyperbolic spaces, Cartan-Hadamard manifolds, and connected Lie
groups). All of them rely on the existence of the polar decomposition and can be obtained from our
results.

Let € be an open subset of a Hausdorff topological space X with o-additive measures p,v. The
measures are defined on a g-algebra 90t that contains the Borel-measurable sets.

Assumption. {Q(t):t > 0} is a one-parametric family of open subsets of © indexed by t > 0
which 1) satisfy monotonicity

for t1 < to, Q(t1) is a proper subset of (t2) (2)
2) start at the empty set and eventually cover almost all :

Q(O) = ﬁt>QQ(t) =9, u (Q\ Ut>0 Q(t)) =0.

3) Denote w(t) = Q(t) N (Q\2(t)) the boundary of Q(t) in the relative topology. We require the
boundaries to be disjoint and cover almost all €:

w(th) Nw(te) = @, t1 # ta, P(Q\ Uso w(t)) = 0.
4) Further, we assume that the boundaries are thin in the sense that
v(w(t)) =0 for all ¢t > 0.

This implies that for p-almost each y € Q there exists a unique 7(y) > 0 such that y € w(7(y)),
which allows us to define

Ti(y) = / Jdv, yeQ, 3)
Q(7(y))
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for any non-negative 9-measurable f. (A more general definition of a Hardy type operator is given
in [2]. That definition is more difficult to use.) On the set Qy C Q of those y for which 7(y) is not
defined we can put 7(€y) = 0. Passing to a different parametrization, if necessary, we can assume that
w(\ Uy w(t)) > 0 for any N < oo. This assumption and the fact that w(t) # @, t > 0, lead to
7(22) = (0, 00).

Let C' denote the least constant in (1) with 7" defined in (3). Put

1/q 1/p'
U(t) = / udp / v PPy
0\Q() Q)

Theorem 1. If1 <p<g < oo, then A < C <4A where A = sup,~q ¥(t).
Let 0 <g<p, 1<p<ooandputl/r=1/q¢—1/p,

1/p 1/p

O(y) = / udp / v PPy
N\Q(r(y)) Q((y))

Theorem 2. If 1 < p < oo and 0 < ¢ < p, then ¢;B < C < 9B, where B = (fQ q)?‘udu)l/r and
the constants cy, co do not depend on the weights.

Keywords: weighted Hardy inequality, topological space, measure space.
2010 Mathematics Subject Classification: 26D10, 46E35.
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On one approach to general solution to a nonlinear Fredholm
integro-differential equation

Sandugash MYNBAYEVAL2¢, Sayakhat KARAKENOVA!3:?

I Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
2 K.Zhubanov Aktobe Regional University, Aktobe, Kazakhstan
3 Al Farabi Kazakh National University, Almaty, Kazakhstan
E-mail: “mynbaevast80@gmail.com, *sayakhat.karakenova05@gmail.com

We consider the Fredholm integro-differential equation

d T
d%f = A(t)z + / K(t,7)f(r,z())dr + fo(t), t€(0,T), z€R" (1)
0
where the n x n matrices A(t) and K (¢, 7) are continuous on [0, 7] and [0, 7] x [0, T], respectively; the
vector functions f:[0,7] x R" — R™ and fy: [0,7] — R™ are continuous; ||z| = max |z;]|.
i=1n

The concept of a general solution is important in the study and solution of various problems for
differential and integro-differential equations. The use of a general solution makes it possible to reduce
the solvability of the boundary value problem to the solvability of a system of algebraic equations
in arbitrary constants. However, there are some linear Fredholm integro-differential equations that
do not have solutions [1, 2], so the classical general solution does not exist for all integro-differential
equations. In [3], D.S. Dzhumabaev introduced a novel approach to the concept of the general solution
to linear Fredholm integro-differential equations. It was shown that the new general solution exists for
any linear integro-differential equation. The application of this solution made it possible to establish
solvability criteria for linear inhomogeneous Fredholm integro-differential equations and boundary
value problems for such equations.

The new general solution was also introduced for linear loaded ordinary differential equations [4],
nonlinear ordinary differential equations [5], and Fredholm integro-differential equations with nonlinear
differential term [6].

In the communication, the concept of the new general solution is extend to equation (1).

By Dzhumabaev parametrization method equation (1) is reduced to the special Cauchy problem
for the system of integro-differential equation:

du,
dt

N
= AW (ur + M)+ | KT f(rui(r) + A)dr + fo(t), ¢ € [tr-1, ), (2)
j=17ti-1

up(tr—1) =0, r=1N. (3)

Sufficient conditions for the existence of the unique solution to the special Cauchy problem (2),
(3) are established. The solution to the special Cauchy problem is used to construct a new general
solution to the Fredholm integro-differential equation. We investigate some properties of the new
general solution and apply it to boundary value problems.

Funding: The authors were supported by the grant no. AP09258829 of the Ministry of Education and Science of
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Oscillatory and spectral properties of a class of fourth-order
differential operators and a weighted differential inequality

Ryskul OINAROV, KALYBAY A.A., SULTANAEV Ya.T.

L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan
E-mail: o_ryskul@mail.ru

Let I = (0,00) and 1 < p,q < oco. Let r, v and u be nonnegative functions such that r is
continuously differentiable, v and v are locally summable on the interval I. In addition, let r—! = % €
Liee(I), v € Lie(I) and p/ = 2.

Let D2f(t) = %r(t)dfd—(tt) and C§°(I) is the set of compactly supported functions infinitely time
continuously differentiable on 1.

Assume that D} f(t) = r(t)dfd—(tt).

We will investigate the oscillatory properties of the differential equation

D} (v(t)DFy(t)) — u(t)y(t) = 0.t >0, (1)
and the spectral properties of the differential operator L generated by the differential expression

1

T DO D). 2)

Ly(t)

using the results on the inequality

1

( / \U(t)f(t)\th>q < c( / »v<t>sz<t>\pdt> " recru )
0 0

Relations (3), (1) and (2) for » = 1 have the forms

</\u(t)f(t)\th> q < C</|u(t)f”(t)\pdt>p.
0 0

(w()y"(t)" — u(t)y(t) =0,
1 PN
Ly(t) = @(U(t)y ()",

respectively.
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On the best constant in hypoelliptic Gagliardo-Nirenberg inequality
Meruert SEITKAN

Suleyman Demirel University, Kaskelen, Kazakhstan
E-mail: 211101013Qstu.sdu.edu.kz

In this talk, we investigate the best constant in the following hypoelliptic Gagliardo-Nirenberg
inequality ([1, Theorem 3.2]): Let G be a graded Lie group of homogeneous dimension @ and let R
be a positive Rockland operator of homogeneous degree v. Let a > 0, 1 < p < Q and p < ¢ < QPQ

Then there exists a positive constant C' such that

apg—Q(q—p)
/ lu(x)|9dx < C </ |Rgu(m)|pdx>
G G

S
( [utapas) " )
holds for all u € LE(G).

We understand by a Rockland operator any left-invariant homogeneous hypoelliptic differential
operator on G.

In [1] and [2] the best constant in the Gagliardo-Nirenberg inequality and its critical version
(a = Q/p) and the Sobolev inequality with inhomogeneous norm were expressed in the variational
form as well as in terms of the ground state solutions of the nonlinear Schrédinger equation.

This talk is based on the joint research with Nurgissa Yessirkegenov (Suleyman Demirel University,
Kazakhstan).

ap’
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On critical cases of Sobolev’s inequalities on
noncompact connected Lie groups

Yerkin SHAIMERDENOV

Suleyman Demirel University, Kaskelen, Kazakhstan
E-mail: yerkin.shaimerdenov@sdu.edu.kz

Let G be graded Lie group of homogeneous dimension ) and R be a positive Rockland operator
of homogeneous degree v. Following [1] recall the following critical Gagliardo-Nirenberg inequality on
G: Let 1 < p < 0o. Then there exists a positive constant C; depending only on p and @ such that

I1Fllze@ < Cog IR FILELI A1) M)

holds for any ¢ with p < ¢ < oo and for any function f from the Sobolev space LQ /p(G) on graded
group G.

Let us also recall from [1] the hypoelliptic Trudinger inequality: Let 1 < p < oo. Then there exist
positive constants o and Cy such that

/G i@~ Y L lalf@P) e < Coll £l (2)

0<k<p—1, keN
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Q
holds for any function f € Lf) , (G) with R f||z»(g) < 1, where 1/p+1/p" = 1.

In [1] it was shown that the inequalities (1) and (2) are equivalent and given the relation between
their best constants.

In this talk we discuss similar investigation on more general noncompact connected Lie group.

This talk is based on the joint research with Nurgissa Yessirkegenov (Suleyman Demirel University,
Kazakhstan).

Keywords: Trudinger inequality, Gagliardo-Nirenberg inequality, best constant, noncompact connected Lie group.
2010 Mathematics Subject Classification: 26D10, 43A80, 46E35.
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Centre of tensor product of Banach algebras
Bharat TALWAR'®, Ranjana JAIN2?

! Nazarbayev University, Nur-Sultan, Kazakhstan
2 University of Delhi, Delhi, India
E-mail: ®bharat.talwar@nu.edu.kz, *rjain@maths.du.ac.in

For a locally compact group G and weight w on G, we study the centre of Banach space projective
tensor product Ll (G)®7 A of Banach algebras L} (G) and A. If Z(B) denotes the centre of a Banach
algebra B, then we prove that under certain conditions the following holds.

Z(Ly(G) @7 A) = Z(Ly,(G)) @ Z(A). (1)

The main result of this paper is following.

Theorem 1. Let G be an [IN]-group with a weight w which is either constant on conjugacy
classes or satisfies w > 1, and A be a Banach algebra with bounded Z(A)-approximate identity. Then
(1) holds.

Funding: Bharat Talwar was supported by Senior Research Fellowship of Counsil of Scientific and Industrial Research.
Keywords: vector-valued Beurling algebras, Banach space projective tensor product, center, weight.

2010 Mathematics Subject Classification: 46M05, 22D15, 43A20.

This talk is based on a published work by Dr. Bharat Talwar and Dr. Ranjana Jain.
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d-estimate of the Hilbert operator for
bounded and summable functions

Kanat TULENOV

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

In this talk we deal with ®-estimate of the Hilbert operator for bounded and summable functions.
Similar problems were studied in [1] by martingale methods. We present its new and considerably
shorter, and simpler proof. This is the second part of the recently accepted (to Studia Math.) joint
paper with australian mathematicians where authors obtain a weak type (1,1) estimate for a higher
dimensional version of the Hilbert operator answering a recent problem by A. Osgkowski [1].

Funding: The authors were supported by the grant no. AP09258335 of the Ministry of Education and Science of
Republic of Kazakhstan.

Keywords: ®-estimate, Hilbert operator, summable function, bounded function.
2010 Mathematics Subject Classification: 31B10, 47B38, 26B15, 46A16, 47B01.
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On bounded solutions of ordinary differential
equations with singularities

Roza UTESHOVA!?, Yelena KOKOTOVA2b

I Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan
2 K.Zhubanov Aktobe Regional University, Aktobe, Kazakhstan
E-mail: “ruteshoval @gmail.com, *kokotovae@mail.ru

We consider the differential equation

dzr

EzA(t)x%—f(t), te(0,7), z € R", (1)
where A(t) and f(t) are continuous on (0,7]. We assume that Eq. (1) has a singularity at ¢ = 0 in
T
the sense that the function «(t) = || A(t|| satisfies the condition 5 liga0 [ a(t)dt = oco.
—0+0'5

Let C1/,((0,T],R™) denote the space of continuous functions f : (0,7] — R™ that are bounded

with the weight function 1/a(t), and let the norm of this space be defined as || f|l1/o = s(up)
te(0,T

The problem of finding a bounded on (0, T solution of Eq. (1) with f(t) € Cy/,((0,T],R") will
be referred to as Problem 1,,.

In [1], Problem 1, was studied by the parameterization method [2] with a nonuniform partitioning
of the domain that takes into account the values of the equation coefficients at the partition points.
The necessary and sufficient conditions for the well-posedness of Problem 1, were derived in terms of
a two-sided infinite block band matrix constructed through the equation coefficients.

The problem of finding an approximate solution to Problem 1, was studied in [3]. We will refer
to this problem to as Problem 2,. Given € > 0, it is required to determine a number Ty € (0,7), real
n x n matrices B, C' and an n-vector d such that the solution Z(t) to the two-point boundary value
problem

% = A(t)z + f(t), te (11, Ty), z € R", (2)
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Bz(T1) + Ca(T) = d, (3)

satisfies the inequality max] |Z(t) — 2*(t)|| < e, where x*(t) is a solution to Problem 1,.
te[To, T
Problem 2, is considered under the following assumptions:
(i) The matrix Ag = lim ﬂf) is constant and its eigenvalues have nonzero real parts;
5040 ()
f(t)

i1) The vector function fo = lim =< is constant.
(i) fo 5—0+0 ()

We take a new approach to the concept of general solution to Eq. (1) proposed by Dzhumabaev
(see [4]). This approach allows us to develop an algorithm for solving Problem 2, and establish a
mutual relationship between the well-posedness of the original problem and that of approximating
problems. A numerical example illustrating the performance of the algorithm is provided.

Funding: The authors were supported by the grant no. AP08855726 of the Ministry of Education and Science of
Republic of Kazakhstan.

Keywords: linear ordinary differential equation, singularity, approximation, bounded solution, general solution.
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Best constants in hypoelliptic Sobolev and (Gagliardo-Nirenberg
inequalities and ground states

Nurgissa YESSIRKEGENOV1:2:¢

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

In this talk we investigate the best constants in Sobolev and Gagliardo-Nirenberg inequalities
on general graded Lie groups, which includes the cases of R", Heisenberg, and general stratified Lie
groups. The best constants are expressed in the variational form as well as in terms of the ground state
solutions of the corresponding nonlinear subelliptic equations. If time permits, we will also discuss
versions of the above inequalities in the settings of general noncompact Lie groups.

The talk is based on the papers [1]-]2].

Funding: This research is funded by the Science Committee of the Ministry of Education and Science of the Republic
of Kazakhstan (Grant No. AP09058474).

Keywords: Gagliardo-Nirenberg inequality, Sobolev inequality, Rockland operator, graded Lie group.
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On iterated discrete Hardy type inequalities
for a class of matrix operators

Nazerke ZHANGABERGENOVA
L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan

E-mail: zhanabergenova.ns@gmail.com,

Let 0 < ¢,p,r < oo and %—1— z% =1. Let u = {u;}32,, v = {v;}32; and w = {w;}$°, be weight
sequences, i.e., positive sequences of real numbers. We denote by 1, ,, the space of sequences f = {f;}2,
of real numbers such that

s v
[vfllp = (Zh}ifip) < 0.
i=1
For any f € l,, we consider the following discrete Hardy-type inequality

q
T

) <cC (Z ‘Uifi‘p> P : (1)

i=1

n

S

k=1

k
wi Y axifi

i=1

where C' is a positive constant independent of f and (ag;), & > ¢ > 1, is a matrix, whose entries
ar; > 0 are non-decreasing in k and non-increasing in ¢, satisfying the discrete Oinarov condition
stating that there exists a constant d > 1 such that

1 .
ok +aji) < apy < dlag; +aji), k=2j=2i=1 (3)

1
7‘>'r

The aim of this paper is to characterize inequalities (1) and its dual version for the case 0 < p <
g <ooand 0 <r < oo. The case when a;; = 1 for all £ > i > 1 was studied in the works [1-2]
for the following relations between p, ¢ and r: (1) 1 < p < g < 00, 0 < r < oo and the dual version
0<7r<q<p<oo,p> 1. Characterizations of the integral versions of inequalities (1) and (2) are
found in paper [3].
Theorem 1. Let 1 < p < ¢ < oo and 0 < r < co. Let the entries of the matrix (ay ;) satisfy condition
(3). Then inequality (1) holds if and only if At = max{A], A5, AT} < oo, where

k
w37 a,q fi
1=

8
>
We also need the following quantities: J,- p(a, B) = sup <k=a .
’ £>0 ( 8 ) z
2 vifilp

1=«

q

oo
Al = sup > ud | T ),
321\ 35

s
Q=
=

0o n J '
+ _ T T —p'
AS = sup g ul g ay, ;W g v, ,
k=j '

PETS Wt

Jun

q
T

0 n J 4
+ _ q T p' =P
A3 = sup E ul E wy, E aj v, .
k=3 i=1

i1\ o5
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Moreover, C =~ A", where C is the best constant in (1).

Theorem 2. Let 0 < p <1, p < g <ooand0 <r <oo. Let the entries of the matrix (ay,;) be non-
decreasing in k and non-increasing in i. Then inequality (1) holds if and only if DT = max{D{", D5} <
oo, where

q

[e.e]
Df =sup | 3 uii | Jip(19),
J=Z n=j

Q|

q
s

o) n
+ q r r —1
D35 = sup g ul E aj Wy v
i>1 |\ = —
n=j k=j

Moreover, C =~ D™, where C is the best constant in (1).
REMARK. The statements of the main results are also given for dual version of the inequalities

(1)

These results are joint work with A. Kalybay and A. Temirkhanova.

Funding: This work was supported by the Ministry of Education and Science of the Republic of Kazakhstan in the area
“Scientific research in the field of natural sciences” [grant number AP09259084].
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3 MaremaTrndeckoe MOJEJVPOBAHNE W yPaBHEHUS MATEMATUIECKOM
dpuzuknu

Ipencemarenu: mpodeccop, a.¢.-.Mm.H., akagemuk MAHE Anekceesa Jlrogmuaa AsekceesHa,
npodeccop, a.¢d.-.Mm.H., akagemuk HAH PK Xapun Cranucnas Huxkosaesu,
u.0. mpodeccopa, aorenT Bekeraesa Acens OpozajineBHa.

Cexperapb: Agun 2Kanap Topebekosha.
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O TOYHBIX PEIIEHUAX CUCTEMbBlI YPABHEHU MAKCBEJLIA
ABEHOB M.M.

KazHY nm. Anp-Qapabu, Anvmarer, Kazaxcran
E-mail: abenov60@gmail.com

K HW3BECTH HOBHBI BHEHHS SJIEKTPOANHAMHUKH B T TUIeCKOT PHU3UK TCS B
Kax wmspectno |1|, ocHo e ypaBHE 9JEKTPO, a €0pETUIECKO 3UKe JTaf0TC
BHUJIE CUCTE€MbI ypaBHenuit MakcBesia Caeayionero Buia:

div(cE) = 4mp,

c Ot

div(pH) = 0, (1)

rje: ¢ - CKopocThb cBeta, € > 0, > 0 — usBecrTHble, He3pa3MepHbIE TTOCTOSIHHBIE, E(t,x,y, z),ﬁ, J -
HEM3BECTHBIE BEKTOPDI HAIPSZKEHHOCTEH 9IEKTPUIeCKOro (MArHUTHOIO) OJIel U MJIOTHOCTH TOKA HACKI-
menust, p(t, z,y, z) — HeM3BecTHAsT (DYHKIINS MJIOTHOCTH JEKTPUIECKUX 3apsinos. Cucrema ypaBHeHMit
(1) cuuraercs ka04eBoii B Teoperndeckoil dpusuke. Ha ceropnsimamii JeHb n3BECTHO UL CUUTAHHOE
YUCJI0 TOYHBIX PeIeHuit 9710l cucrembl. K mpumepy, ABUMKEHUE TIJIOCKON DIEKTPOMATHUTHON BOJIHBI
OIMMCAHO B PA3IUUHBIX YIEOHUKAX IO TEOPETUUIECKOHN (hU3UKe.

B mammoit paboTe Mbl MOKaXKeM, 9TO METOIbI UeTHIPEXMEPHOTO AHAIM3A, W3JI0KEHHBIE B PadoTe
[2], marOT BO3MOKHOCTH ONMMCAHUS [IEJOT0 KOHTHHYYMa TOYHBIX DEIeHUii 3T0# CHCTEeMBI B HEKOTOPOIt
obmactn G C R*.

ONPEAEJEHUE. YerhIpex - MOTEHIIHAJIOM 3JIEKTPOMATHUTHOTO TOJIS HA3BIBAETCH BEKTOP — (PyHK-
s Pyg = (0(t, 2,9, 2),u,v,w) = (0, F), yaoBreTBopstomas CJaey0neMy YPaBHeHUI0 HEPa3PbIBHOCTH
3JIEKTPOMArHATHOTO IIOJISL:

endd  Ou Ov Ow
D e I i 2
c@t+8x+8y+8z 0 2)

Teopema 1. VYpaprenne Hepa3pbIBHOCTH (2) HMeET KOHTHHYYM TOYHBIX PEICHUI BUJA:

epd(t, z,y,2) = Prur(aict, aox, azy, ayz),
u(t, @, y, 2) = Pauz(aict, azz, azy, asz),
v(t,x,y, z) = Psus(arct, asx, asy, ayz), (3)
w(t,r,y,z) = faus(aict, aax, azy, ayz),

ey, B, k = 1,4 — 1pou3BOJIbHBIE CKAJISIPBI, YIIOBJIETBOPSIOIINE YCIOBUIO Eﬁzl arbr =0, u =
(u1,uz, u3, uq) — TPOM3BOTHHAS HeTHIpEXMEPHasT peryaspras DyHKIws, 3ajanaas B obmactn G C RY.
2

UccenepoBanus mokasaim, 4T0 KazJI0My 9e€ThIPEX — HOTEHIMaILy, onpeeasemomy dopmynamu (3),
MOYKHO COMOCTABUTH POBHO OJIHO, TOYHOE Perrenune ncxoauoi cuncrembr Makcsesna (1).

Teopema 2. KaxxgoMy deTbipex - HOTEHIHATY SJEKTpoMarHuTHoro moJs Pyy = (0, ) coorser-
cTByeT TO4YHOe perienne cucrembl Makcpesia cienyiomiero Buia:

105

E= —ZF

VG—I—cat,

ﬁ:—lrot@',

1

€ e 0%6
=—|Ag- L= 4
r= (8055, @
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- ¢ L end*¢@
J= - (ag- T2
47T,u< L 8752)

Dopmyiib (3)-(4) ma0T KOHTHHYYM TOYHBIX PelleHuii cucreMbl ypasraenuii Makcsenna. Moxuo noka-

3aThb, 9TO B HUX COJAEP2KaTCdA BCE HbIHE U3BECTHLIC PECIICHUA STOI CHUCTEMEI.

JINTEPATYPA
[1] Bragumupos B.C. Vpasnenua mamemamuueckoti pusuru, Hayka, Mocksa (1981).

[2] AGenos M.M. Yemuwpexmepraa mamemamuka:memodv. u npusrosicenus, KasHY, Amvarer (2019).

SAJAYA JIUPUXJIE HA 3BE3/JHOM I'PA®E
J1s1 BOJJTHOBOTO YPABHEHU S

AJTEKCEEBA JL.A.1%¢  APEITOBA T.JT.1:2

1 HNucroryr maremarnkyu U MaTeMaTudeckoro Mojgennposanu, Aavmarer, Kazaxcran
2 KasHY nm.Anp—@apabu, Anvars, Kazaxcran
E-mail: “alexeeva@math.kz, *arepovag@mail.ru

IMycrs G(V, E) - 310 opuerTupoBannblil 38e30b1i rpad ¢ sepmmuamu V(ag, a1, ag, ...a,) u pedbpa-
mu E(eq, ez, ...ep,). Obmmag Bepmnaa ag. PaccMorpuM BOJIHOBBIE ypaBHEHHs HA 9TOM 3Be3JHOM rpade

G(V, E):

62ui 1 8211,1‘
2l T 2o = Gi(x,t),0 <z <t >0, (1)
¢ HAYAJLHBIMHU YCIOBHAMUI
0 9 0
ui(x,0) = u; (z), aui(x,O) =v;(x), 0 <z <, (2)
IPAHUYHBIMHA YCIOBUAMMU:
UZ(Ov t) = wil (t)a ul(llv t) = w?(ﬂ? t > 07 (3)
7 YCAOBUSIM HETTPEPHIBHOCTH
’LLZ(O, t) = uj(O, t), \V/’L,j (3)

Teopema 1. Obobwennoe peuserue kpaesoli 3a0a4t Ha KAHCOOM remenme 2pada umeem 6ud cym-
MbL TIOAHDIT U HENOAHDBIL CEEPIMOK:

@ = pi(t)H(t) * Uz, t) — po(t)H(t) ] Uz —1,t)+

—c 2 {vg(x)H(x)H(L — ) x Ulz) + uo(z)H(z)H(L — x) * 8150}

2de H(t) - dymwyua Xesucaiida, U (z,t) = —5H (ct — |z|) - dynwyua Pumana - dyndamernmanrvioe
pewerue 804106020 ypaererua 2| , p; = g—g na coomeememeyiouem xonye aremenma ( j=0,1)
Ucmons3ys cpoiicTa nmpeobpazoBanns Pypbe 110 BpeMeHH CBEPTOK ¥ CBOHCTBA IPON3BO/IHOMN TPAHC-
dopmante Oypre pyuxnuu Pumana B mysie, mocrpoena tpauncdopmanta Pypbe 0000IIEHHOTO PEIIeHI ST
U JuHelHble agredpantdecKne ypaBHEHUS /I ONpe/ieeHIs HEN3BECTHBIX TPAHNTIHBIX (DYHKITHIL.
Teopema 2. Tpancgopmarmo Pypve no epemenu 2paruunvs 3nawenut pewernus K3 u ezo npo-
360010 YOOBAEMBOPAIOM CUCTIEME YPASHEHUT:

1, 0 wy (w) N
—coskl, —k~tsinkl I (w)
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N { cosllsz, k:lzinkl } %E E:; _ { gg; }

Fi(w) = —0,5¢ 2kt (vg(z) — iwug(z)) H(x)H(L — ) * sin(k |:E|)‘ ,

=0
Fy(w) = —0,5¢ 2k~ (vo(x) — dwug(x)) H(x)H(L — z) *sin(k |x\)‘ ,
z =l

ITocTpoeHo perreHne 3To# cHCTeMbl ypaBHeHUi 11 3agadn JIupuxiie, 4ro onpeaeaser Tpancdop-

mauTy Pyphe perenns Ha KakaoM j-roM siaemente rpada (I = [;). Obparroe mpeobpazosarmne Pypne

II0 BPEMEHH JTAeT aHAJIATHYECKOE IIPEJCTABICHUS PEMICHUS B MCXOTHOM IPOCTPAHCTBE, aHAJIUTHICCKOE
peJcraBieHue KOToporo 0y1eT npeJcTaBieHo B JOKIale.

IIpeacrasiennyo MOEIb MOXKHO PACIPOCTPAHUTH HA MHOTO3BEHHBIN 3BE3AHbIN Ipad, ecan B pac-

CMOTPEHHOI MOIEIHN PACCMATPHABATEL KOHEIl KarKI0T0 I3 OTPE3KOB KaK y3eJ HOBOTO 3Be3IHOr0 rpada.

Funding: Pa6ora Bbimosinena npu ¢unancosoit nommepkke Kommrera maykum MwummcrepcrBa 0O6pa30BaHUS M HAYKU
Pecny6imku Kasaxcran (rpant AP09261033).
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SAJAYA HEMIMAHA HA 3BE3/JIHOM T'PA®E JIJIsI
BOJIHOBOT'O YPABHEHUSI

APETIOBA T'.J1.12¢, HYPMYKAHBET II1.1%
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ITycte G(V, E) - 310 opuenTupoBanublil 3830610 rpad ¢ sepmmuaamu V(ag, a1, ag, ...a,) u pebpa-
mu E(eq,ea, ...ep,). Obmmas Bepmuna ag. PaccMoTpuM BOJHOBBIE YpaBHEHUs HA STOM 3BE3JHOM Tpade

G(V,E):

0%u; 1 0%,
%; -3 67521 = Gy(x,1),0 <z <l;,t >0, (1)
C HAYAJBHBIMA YCIOBHAAMUI
0 a 0
ui(x,0) = u; (x), aui(x,O) =v; (x), 0 <z <, (2)
IPAHUYHEIME yCIOBUAMU:
ui(07 t) = pil (t)a ui(liv t) = p?(t), t >0, (3)
W yCJIOBUAM HETPEPBIBHOCTH
ul(()’ t) = Uj (07 t)v V’L,] (4)

Jist nocTpoenust pelieHusi KpaeBoii 3a/iauu nepeiijgemM B npocTpancTBo 0606menHbix dyHKimit [2].
Beeznem perynsipabie 06061eHEbIe (DYHKIINH, JOOTpEIeIeHHbIe HyJleM BHe obacTtu permienust [1]:

Ui(z,t) = ui(z,t)H(z)H(l; — x)H(t). (5)

[Tpumennm BOHOBOM oneparop K (yHkmmu 4;(x,t), TOraa npasas 9acTh OyeT BbIPAXKEHA Yepe3 Ha-
JajJbHbIE U KpaeBble ycjoBus. Vcmosb3ys cBolicTBa mpeobpaszopanus Pypbe CBEPTOK U TPOU3BOIHBIX,
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noryanM TpanchopmanTy Pypbe 0600IIEHHOTO perlieHns u JuHeliHbIe aarebpandeckue ypaBHEHUs JJ1st
OTIpEIe/IEHNsT HEM3BECTHBIX TPAHUIHBIX (DYHKITHH.

Teopema 1. Obobuwernoe peuwenue kpaesoli 3ada4u Ha KaHCIom sremenme e2pada umeem sud cym-
MblL TOAHVT U HENOAHBIL CEEPMOK:

= py (0 H(0) # U2, t) — polt) H (1) Ul — L 1)+

e {uy(@) H(2) H(L - 2) + U(2) + uo(a) H (2) H (L — z) + 8,0 |
2de H(t) - dynrxyus Xesucatioa, U(;E,t) = —§H (ct — |z|) - dynwyua Pumana - dyndamernmanvroe
pewerue 804106020 ypasrenua [2| , w; = u(x,t) na coomsemcmeyrowem xonye aaemenma ( j=0,1).
Teopema 2. Tpanchopmarnmu Pypve no epemenu eparuunvls 3nauenut pewenus K3 u ezo npo-
360010 YIOBAETNEOPAIOMN, CUCTNEME YPASHEHU:

{ —c<1);k:l, Coikl }{ g; E:; }:

:{ 2Fy — k= "sin(k) P (w) }:{ fi(w) }

2F + k™ tsin(kl) Py (w)

9

Fi(w) = —0,5¢ 2k~ (vo(z) — iwuo(z)) H(z)H(L — ) isin(k‘ Ed)) -

)
=l

Fy(w) = —0,5¢ 2k (vo(z) — iwuo(x)) H(x)H(L — z) ;sin(k |z])

wj (w) = , A(w) = 1+ cos®(kl),

A1 = fi(w) — fo(w)cos(kl), Ay = fo(w) + f1(w)cos(kl).

[TocTpoeHo pelenue 3Toit cucTeMbl ypaBHeHuit 1719 3a1a4u HeliMana, 4To onpejessieT TpanchopManTy
Dypee permenns Ha KaxkgoM j-ToM snemente rpada (I = [;). O6parHoe npeobpasosanue Pypbe 1mo
BPEMEHH J1aeT aHATUTHICCKOE IIPEJCTABICHUS PEIICHUS B HCXOIHOM IIPOCTPAHCTBE.

Funding: Pa6ora Bbinosinena npu dunancosoit nomuepxke Komurera nayku Munucrepcrsa obpa3oBanust u HayKu
Pecry6sinkn Kazaxcran (rpant AP09261033).
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OB YCTOMYUBOCTU KOHEYHO-PA3ZHOCTHOI'O AHAJIOTA SAJJAYUAN
NHTEI'PAJIbHOM 'EOMETPUM C BECOBOU ®YHKIIMEN

BAKAHOB I'.B.%, MEJIJIEBEKOBA C.K.’

Mexxryrapoanbiii kazaxcko-Typenknii yausepcurer umean X. A.Scasu, Typrecran, Kaszaxcran
E-mail: “galitdin.bakanov@ayu.edu.kz, saule.meldebekova@ayu.edu.kz

3ajiaun MHTEIPAJIbHON T€OMETPUU - WHTEHCUBHO DAa3BUBAIOIIEECS HAIIPABJIEHUE COBDEMEHHON Ma-
TEMATUKMU. OHa ABJIdeTCd OAHKUM M3 prHHeﬁH.[HX HaHpaBﬂeHI/Iﬁ B T€OpMHN HCKOPPEKTHBLIX 3ada4 MaTe-
MaTuaeckoil dbusukn u ananusa [1]. Ee 3amadm TecHO CBA3aHBI ¢ MHOTOYUCJICHHBIMA HPUIOKEHIAME
- 33/laYaMU WHTEPIPETAITNN JAHHBIX TeO(pU3NIeCKUX UCCJIET0BAHNIM, JIEKTPOPASBEIKHN, aKyCTUKU U
KOMIBIOTEpHO# Tomorpadun [2]-[3].

B nannoit pabore paccMaTpuBaeTcss KOHETHO-PAZHOCTHBIN aHAJIOT 3a/1a41 NHTErPAJIBLHOM reoMeTpun
¢ BeCOBO# pyHKIMEH 119 CeMeficTBA KPUBBIX, Y/IOBAETBOPSIONIAX HEKOTOPHIM YCJIOBUAM PErY/IAPHOCTH.

Bnepeeie M. M. JlaBperTtbebim u B. I. PomanobiM 6b1710 1OKa3aHO, YTO psiJi 0OOPATHBIX 33724
Jutst TunepboMIecKnxX ypaBHeHnil CBOAATC K 3a/adaM MHTerpaabHoii reomerpun [4]. Becbma obrunii
pPE3YJbTAT 10 €IUHCTBEHHOCTH W OIEHKAaM YCTOHYHUBOCTHU JIJIA CIENHAJIbHOTO CEMENCTBA KPUBBIX ObLI
mostydaer P.I. MyXoMeToBbIM. DTH OMEHKY YCTONIMBOCTHA OCHOBAHBI HA CBEJICHUY 33Ja9UN MHTETPATLHOM
reoMeTpHUH K SKBUBAJIEHTHOU €l KpaeBoil 3a/1aue Jjisd ypaBHEHUS B YACTHBIX [IPOU3BOJHBIX CMEITAHHOTO
tuna [5].

B nanmoit pabore ucnob3ys METOJUKY, IPEJIOKEHHO B paborax |6]-|7| momydena omeHka ycroii-
YUBOCTH KOHETHO-PA3HOCTHOTO aHAJIOTA 33891 NHTErPATBHON TeOMeTPUH. DTH OTEHKYU UCTIOIB3YIOTCS
TpU 00OCHOBAHUN CXOAMMOCTH YNCJIEHHBIX METOIOB PENIeHWsT 33139 reoToMorpadun, MeauInHCKON
ToMorpadun, 1ehEeKTOCKOIHN 1 UMeeT OOJIBINOE MTPAKTUYIECKOE 3HAYEHUE IPU PENTEHUH MHOTOMEPHBIX
00paTHBIX 33/1a9 aKYCTUKH, CEHCMOPA3BEIKH.

KiroueBsble cJjioBa: HEKOPPEKTHad 3a/1aa, UHTETrpaJIbHad reOMeTPpud, CeMemnCcTBO KPUBBIX, OIIEHKa yCTOI‘/JI‘II/IBOCTI/I7 ypaB-
HEHNE CMENIaHHOI'0 THUIla, KOHCYHO-PAa3HOCTHAA 3a/1a'vad, KBaJApaTUIHAA cbopMa.

2010 Mathematics Subject Classification: 35K05.
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OB OJIHOM HAYAJIbHO KPAEBOM 3AJIAYE JJIs1 OBOBIIIEHHOTO
VNHTETPO JJU®OEPEHIINAJIBHOTO MOAU®UIIMPOBAHHOTO
YPABHEHUSA BJIATOIIEPEHOCA C OIIEPATOPOM BECCEJIsSI

BEIITOKOB M.X.

Hacruryr npurmagaoii Maremaruku u apromarusanuu KBHI[ PAH, Hanpunk, Poccrst
E-mail: beshtokov-murat@yandex.ru

IMocraHoBKa HavaLHO-KpaeBoii 3ajaun. B zavknyrom mummaape Qp = {(z,t) : 0 < z <
[, 0 <t < T} paccmorpuM 3aaady

1O (U L0 Du ou
agu = W@x( Ek(zx, t)8 >+:L"“80t8x (;U n($)8x> +r($’t)8m+

t
+/ p(z,t, T)u(z, 7)dr + f(x,t), 0<z<l, 0<t<T, (1)
0
lim 2™I(z,t) =0, 0 <t < T, (2)
z—0
u(l,t) =0, 0<t < T, (3)
u(z,0) = up(z), 0 <z <l (4)
rie
0<co < k(z,t),n(x) <cr, |r(z,t), 72, ke, p(2,8,7)] < 2, 0 <M <2, (5)
Ipu = 1 ) f 1(”;(9;7 dr, — npobHas mpom3BogHas B cMblcae KamyTo mopsaaka «, 0 < a < 1, ¢;,i =

0,1,2— nonoxurenssie ancna, I(z,t) = kuy + 95 (n(z)ug).

Bamernm, uro upu x = 0 craBurcs ycaosue orpanudensoctu pemerns |u(0,t)] < oo, Koropoe
9KBUBAJIEHTHO YCJIOBUIO (2), PABHOCUIBHOMY B CBOIO 04epenb ToxkaectBy 1(x,t) = 0 [1], ecu dynkmmn
r(0,t), k(0,t),q(0,t), f(0,t) KoHEUHBI.

CrpaBemiBa Caeayonas

Teopewma. ([2], [3]). Ecam k(z,t) € CY(Qr), n(z) € CH[0,1], r(x,t),q(z,t), f(x,t), p(x,t,T) €
C(Qr), u(z,t) € C*(Qr) NCY(Qr), dgu(w,t), O uss(z,t) € C(Qr) u BomOTHERE! yet0BUA (5),
rorga s pentenns u(x,t) 3agaun (1)-(4) cupasesinBa anpropHas OLEHKa

% ullyy 01 + Dol ualld < M (D2l 713 + % wo(a) 2y o)),

e M— nosoxkureabHas MOCTOSHHAs, 3aBHCSIIAS TOJBKO OT BXOJHBIX JqaHHbIX 3agadn (1)-(4),

t
Dy v = Fla) f #— Jpobubrit uHTerpas Pusmana-Jluysuiinsa nopsnka o,0 < a < 1, (u,v) =

l
Jo wvdz, <u, u) = ||ull?, rre w,v — zananmore na [0,1] dyuxmum.
I/I3 aHpI/IOpHOﬁ OIMEHKU CJICeAYIOT € AMHCTBECHHOCTh 1 yCTOﬁqI/IBOCTb penennd 110 Ha9aJIbHbIM JaHHbBIM
U [IpaBO#l 9acTH.

KuroueBrle ciioBa: KpaeBble 3a/a49W, AlPUOPHAd OLEHKA, YPABHEHHE BJIAIOIEPEHOCA, MHTErpo-auddepenmaibaoe
ypasHenwue, quddepeHuaabHoe ypaBHeHne IpOOHOro MOpsIKa, ApobHas mpoussBogHas KarryTo.
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OB OHOUM HEJIOKAJIbHOM KPAEBOM 3AJIAYU
IJIsI HATPY>KEHHOT'O OBOBIIIEHHOTO YPABHEHUS
KOHBEKIIUU-IN®D®Y3IUN C OIIEPATOPOM BECCEJIA

BEIIITOKOBA 3.B.

Hucruryr npukgagnott maremarnkn n apromarusannu KBHII PAH, Hanpbunk, Poccus
E-mail: zarabaeva@yandex.ru

IMocTaHOBKa HeJOKAJIbHOI KpaeBoii 3ajaun. B zamknyToMm mpamoyronbhuke Qp = {(z,t) :
0<z<lI 0<t<T} paccMOTPUM CJIEYIONIYIO HEJOKAIBHYIO KPAEBYIO 3aJady /I HAIPYKEHHOTO
000011eHHOrO ypaBuenus kouBekimu-iuddysun ¢ oneparopom Beccess

o 1 0 ( . ou ou
= o (7,052 ) + 705 = alo, utan,t) + Fo, )
0O<z<l, 0<t<T, (1)
lin%) " k(z, t)ug(x,t) =0, 0<t<T, (2)
T—
!
—k(l, t)uy(l,t) = ﬁ(t)/ " u(z, t)de — p(t), 0 <t <T, (3)
0
u(x,0) =up(z), 0 <z <lI, (4)
e
0< c < k?(:l},t) < C1, |7‘(l’,t),?"x(l‘,t), kx(:l,‘,t),q(l‘,t),ﬁ(t” < C2, (5)
t
Ry = ﬁ bf Q(Lt:(ﬁ)l) dr, — npobmas nmpomssogHad B cMbicae KamyTo mopsaaka a, roe 0 < a <

1, ¢, =0,1,2 - momoxurenpubie uncaa, 0 < m < 2.

IIpu x = 0 crasutcs yciaosue orpanmdennoctu pemennst |u(0,t)| < 0o, KOTOpoe SKBUBAJIEHTHO
ycsioBuio (2), paBHOCHIILHOMY B CBOIO ouepeb ToxkaectBy k(0,t)u,(0,t) =0 [1, ¢.173|, ecan dyHkunu
r(0,t),¢(0,t), f(0,t) xoneuHsI.

ITpeanonaraercs, uro 3agaqa (1) — (4) umeer eguucTBEHHOE PeneHre, 00/1a/1AI0NIEE HYKHBIMU 110
XOJTy M3JI0YKEHUsT TPOU3BOAHBIMU. BymeMm Takke cantarTh, 910 KOIM@MUINEH TR YPABHEHWS U TPAHUIHBIX
YCIOBHI YIOBIETBOPSIOT HEOOXOIUMBIM TI0 XOY M3JI0KEHUS YCIOBUSAM TJIaIKOCTH.

CrpaBeinBa CJeyomast

Teopema. ([2]-[4]). Ilycrs Bomosnenst ycaosus (5), Torga jqisa pemrenns u(x,t) sagaun (1)-(4)
CIIPABEINBA ATIPUOPHAS OIEHKA

ol + Do % < 3 (D5 ([ 15 +4°(0)) + o Fuola) ).

e M — const > 0, 3aBucsinasi ToJbKO OT BXOJHBIX JaHHBIX 3a1a4n (1)-(4),

t
Dy u = ﬁ f %— Apobubri warerpaa Pumana-JIuysuiis nopsiaka o,0 < o < 1.
0

W3 anpuopHOl OMEHKH CJAEAYIOT €IUHCTBEHHOCTh W YCTONYMBOCTH PENIeHUs] 10 MPaBOil 9acTH U
HAYAJIbHBIM JAHHBIM.
Kuro4geBble ciioBa: oneparop Beccens, HesloKaibHas 3a/a4a, yCI0BAE HHTErPAJILHOIO BHJIA, AlPHOPHAS OIEHKA, ypaB-
HeHne KoHBeKImu-anddy3un, ypaBHeHne npoOHOT0 TOpsaKa, JpobHas mpom3BogHas KarmyTo.
2010 Mathematics Subject Classification: 35Q79, 35K05, 35K20.
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O PEILIEHUU KPAEBOW SAJAYN TEIIJIOIIPOBOJHOCTHA B
BbBIPO2KJAIOINENCAA OBJIACTHA

['VJIBMAHOB H.K., PAMA3BAHOB M.I1., NICKAKOB C.A.

Kaparamguackuii yauepcurer nmernn axagemuka E.A. Bykerosa, Kaparanma, Kazaxcran
E-mail: gulmanov.nurtay@gmail.com

B pabore paccMarpuBaeTcs cieayromasa Kpaesasd 3a/1a9a TeIIONPOBOJIHOCTH B HEIUINHIPUIECKO
obmactu G = {(r,t): 0 <r <t,t> 0}, upeacrasisionieil coboii epeBepHyThIil KOHYC:

ou o 1 0 (5, 10u)
a “'rzv—lar(r ar>—07 (1)
ou Ou
(25+5)_-o0. 2
ou
2v—-1Y" _
] =, (3)

rae 0 < v < 1. K sromy tumy 3ama4 B 061iem crydae He TIPEMEHHMbBI METOIBI PA3/IETEHNS TEPEMEHHBIX
U MHTErpasbHBLIX Ipeobpasosanuii. OHOMEDHbIE 110 TPOCTPAHCTBEHHOI TIEPEMEHHON KpaeBble 3a71a4u
B BBIPOKJIAIONIMXCs 00JIACTSIX MCCJIEI0BaHBI, Haupumep, B paborax [1, 2.

WccnenoBanbl BOIPOCH! Pa3peImMOCTy CHHTYIIPHOTO HHTEIPAJILHOTO ypaBHenua Boabreppa BTO-
POTO pojia, K KOTOPOMY peJlyIUpOBaHa UCXOo/Has 3a1a4a. st perenust mo/ry YeHHOr0 CUHTYIISTPHOTO MH-
TErpaJIbHOTO ypaBHeHus Bojbreppa MpUMEHSeTCs MeTOJ, PABHOCUIbHON peryagpusaivu Kapiemana—
Bekya.

Jokazana cieyromias TeopeMa O PaspelmMOCTd KPaeBoil 3a7a4i B BECOBBIX IPOCTPAHCTBAX Cy-
MIECTBEHHO OrPAHUYEHHBIX (PYHKITHA.

Teopema. Ecau 6bnosnenv, Yyciosus t”_%g (t) € Loo (0,00), t177q (t) € Lo (0,00) mo eparuunan
sadava (1)-(3) umeem pewenuve u (r,t) =u(r,t) +C, u(r,t) € L (G), C = const.

Funding: PaGora BbimosHeHa mo rpanty MunncrepcrBa obpa3oBanus u Hayku Pecny6muku Kazaxcran: AP09259780,
2021-2023.

KuroueBsble ciioBa: ypaBHEHHUE TEILIOMPOBOIHOCTH, JPOOHAs IPOU3BOIHAS, HATPY3Ka, MHTErPAJIHHOE ypaBHEHMEe, (DyHK-
musg Tuna Paiira.
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MOJIEJIUPOBAHUE ITEPEXO/JA HbIOTOHOBCKO! »KUJKOCTU B
BSIBKOIIJIACTUYHOE COCTOSTHUE B TPYBE

JKATIBACBAEB V.K.1¢, TTAXOMOB M.A.2*, BOCHMHOB 7K.\

!Carmaes ynupepcurer, Anmarsr, Kazaxcran
2Uncruryr remnogpuzuxun CO PAH, Hosocubupck, Poccus
E-mail: “uzak.zh@mail.ru, ®pakhomov@ngs.ru, °dansho.91@mail.ru

Pazpaborana maremarndeckasi MOJIEJb JIBUKEHUS U TelJiooOMeHa TypOy/IeHTHON HEW30TepMude-
ckoit BuaraMckoii xKuakocTu [1] gepes3 CTEHKY TPYOBI C XOJOAHBIM OKPY2KAIOIIEH CPeIoil U BBITOTHEHO
ee JncjaeHHoe MojieupoBanue. 1TypOyaeHTHOCT 2KIUJIKOCTU OIUCHIBAETCS B pAMKAaX U30TPOITHON JIBYX-
Hapamerpudeckoit k — & mouesu [2].

PesynbraThl pacueToB HEM30TEPMUYECKOTO JBUKEHUsI B TPyOe MOKA3BIBAIOT N3MEHEHUE COCTOSTHUS
Bunramckoit xugkoctn (mapadgunaucroit Hedrr). HprOTOHOBCKME CBOWCTBA KUJKOCTH B HAYATBHBIX
ceUeHUsAX TPYOBI MOCTENEHHO TEPEXOIAT B BSI3KOILIACTUYIHOE (HEHBIOTOHOBCKOE) COCTOSIHUE 33 CUeT
TeIJIoNePeadl MeK/ly HAIPEeTOl KUJIKOCThIO B TPyDe 4epes3 ee CTEHKY C XOJIOHON OKpYy2KaloIieil cpe-
no#i. 1o mepe nBmkenus o TpyObl BeJIMYNHA TPOJIOJIBHON CKOPOCTHU B IIPUOCEBOI 30HE YBEJIUYNBAIOTCS
(10 1.6 pasa B CpaBHEHMM CO BXOJHBIM YPOBHEM CKODOCTH), & B IPUCTEHHON 30HE HAOOOPOT CHUKAETCS
¥ BO3PACTAET BLICOTA YIACTKA C HYJIEBBIM 3HAUEHUEM CKOPOCTH KUAKOCTH. BhicoTa yIacTKa ¢ HyJIeBOi
CKOPOCTBIO JIBUXKEHUS KUJIKOCTU B TPyOe 110 Mepe npojBrkenuns Hedru 110 Tpyde mOCTENeHHO YBeu-
qupaercs n gocruraer y/D & 0.1 npu /D = 15. O6aacTs sijipa TedeHns ¢ MaKCUMAJIbHON CKOPOCTHIO
JKUJIKOCTH TIPW ITOM TIOCTENEeHHO yMeHbImaercsa no y/D ~ 0.8 mpu z/D = 15. Habmrogaercs cyte-
CTBEHHBI POCT yPOBHS TyPOYJIEHTHONH KUHETUYECKON SHEPTMU B MPUOCEBOI 30HE TPyOBI (6osiee yem B
1.5 pasza) u ee 3aMeTHOE CHUYKEHHE B ee TPUCTeHHOi obsactu. Onpe/iesiena rpaHnia 06IacTi TPOsTB-
JIEHWA HBIOTOHOBCKHX CBOMCTB YKUIKOCTH. [10/TyueH0, ITO BBHICOTA YIACTKA C TEMIIEPATYPOi KUIKOCTU
T > 293 K ywmenbinaercs mo jajmae Tpy6sl u cocrasisier y/D = 0.6 mpu /D = 15. [lokazano 3ua-
YUTEbHOE YBEIMYEHNe CPEIHeN NMHAMUIECKON BA3KOCTH W MPEIETLHOTO HAIPIKEHWS B NPUCTEHHON
qacTH TPyObI.

B uesnowm, paspaborannas MOJEJb JABUKEHUS TYPOYIEHTHOW HEHBIOTOHOBCKON >KMJIKOCTH C yde-
TOM CpEeJHEN BA3KOCTH YIOBJETBOPUTEIBHO COTJIACYETCH C JIAHHBIMHU JPYTUX PaboT /s CTEmeHHON
(n = 0.5-0.75) u Bunramvmckoit x)xwuakocreii. Ius aydmiero coracosanust ¢ ganabivu DNS pacueros
110 PACIIPEJIESIEHUI0 XapAKTEPUCTUK TYPOYJIEHTHONO HEHBIOTOHOBCKOIO TEUYEHUs HEOOXOIUMO BKJIFOUE-
HUEe [OMOJHUTEIbHBIX CTOKOBBIX W MCTOYHUKOBBIX CJAATAeMbIX B YPABHEHWI TEPEHOCA OCPETHEHHBIX U
TypOYJIEHTHBIX XapaKTEPUCTUK TEUEHUS.

MoxkHO OTMETHTBH, UTO OCpeJHEHHble XapPAKTEePUCTUKHU CTeNeHHON m DuHTaMa mM30TepMHUTIECKIX
KUTKOCTeH B TpejiesiaX BA3KOTO MOACI0SI MPAKTHIECKN He OTIMYAIOTCS OT 3aKOHOMEPHOCTEH JJ1s1 HBIO-
TOHOBCKOM kXuakocT. B gorapudmudeckoM ciaoe mpoduab CKOPOCTH s KUIKOCTH BuHrama mMeer
BHJ] KAUYECTBEHHO TOJ00HBII TAKOBOMY JIJId HBEOTOHOBCKOMU, TOTJIA JIJIA CTEMEHHONH YKUIKOCTH XapaK-
TePHBIM SABJISIETCS CYIIECTBEHHOE OTKJIOHEHNEe OT Jorapudmuieckoro npodung. Takxke xapakTepHbIM
SIBJIAETCS [IPEBBINNEHNE BEJIMUIUHBI TTPOJOJIBHON CKOPOCTH Jiji 00eUX TUIOB HEHbIOTOHOBCKOMN KHJIKO-
creit JIorapudMUIECKOro mTPOogIiId.

Pacupejiesienus TypOy/ieTHbIX XapaKTEPUCTUK TEYEHUs, PACCYMTAHHbIX 110 Pa3paboTaHHOl MOjIeIu,
TaK¥Ke YJOBJIETBOpUTENHHO coriacyiorest ¢ DNS pacuerom [3| B BsiskoM mogicsioe u B jiorapudmvude-
ckoit obsactu (ormune He mpesbimaer 15%). Ilpu sTom Takke, kak u st DNS B ytorapudmuaeckom
cioe ipu y4+=10-55 nokazana J0MoHUTENbHAS TeHepalns TypOYJIeHTHOCTH B KUJIKOCTH BrHraMa 1o
CPABHEHUIO ¢ HBIOTOHOBCKO# KUAKOCTBIO (mpesbimienue 10 10%).
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BbIYUCJINTEJIBHBIX AJITOPUTMOB 3AJIAYN PNJIBTPAIINUN CO
CTPYKTYPUSAIIVMEN B CJIONCTOU CPEIE

KAIOMOB II1.1¢, MAPJAHOB A.ILM XAUNTOB T.0. ¢, KAIOMOB A.B.24
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N3yuena maremarwaeckas MOeb (PUALTPANNE CTPYKTYPUPOBAHHBIX (DJIIOWI0B B JABYXC/IOHHO
IacTe U paszpaboraH YUCIeHHbIe aJTOPUTMbI PEIIEHMNS.

Wccnenoparenn n3ydaromnue MPOIECCHl JIMHEHHON W HeInHEHHON huabTpannn QJIONI0B B TOA3EM-
HBIX TIOPUCTBIX CPEIAX NCXOsd U3 Te0JJOTNYeCKIe U FeOMETPUUIECKIE XapaKTePUCTAKN MIACTa, YACTO UX
MOJEIUPYET KaK JABYXCJIOWHBIE, TPEXC/JTONHbIE M MHOTOCIOWHBIE CTPYKTYpPhI. VCcX0omda w3 BHYTPEHHErO
CTPOEHNE U CTPYKTYPBI CPEJIBI, OTU CJIOH MOT'YT GBLITH THAPOJINHAMUIECKH CBSI3AHHBIMU MK HECBSI3aH-
HBIMHU. ECJTI/I IIJIACThI CBA3aHHBLIC, TO MEXK/AY HUMHW Ha T'DAHUIAX TIPOUCXOANTH O6MeHHbIe IPOIECCHI.
B HeCBS3aHHBIX IJIACTAX THIPOIMHAMUYECKUE IPOIECCH] TPOUCXOIUT U30IUPOBAHHO BHE 3aBUCHMOCTH
0T COCTOdHMEe COCeIHUX ILJIaCTOB. q)I/IJ'[praHI/IH JIMHEHHBIX (bﬂIOI/I‘Z[OB A0CTATOYIHO MHOT'O M3YYECHbI B
HAy9IHBIX JuTeparypax [1-3|, a qis meauneitnoit dunbrpanun nmeercss paborsl [4-5]. Muorocoiitbe
ILJTaCThl B OCHOBHOM MOJC/JIUPYETCA KaK U30JIUPOBAHHLIC OJHOILJIACTOBBLIE CUCTEMBI, ABYXIIJIACTOBLIC
CBSI3aHHBIE OTJIE/IbHbIE TLIACTHI, & TaKyKe TPEXILIACTOBbIe CUCTEMBI. [IpH 3TOM TpPeXC/IOMHbBIX CrcTeMax
MOT'YT PACCMATPUBATHCH KAK KOMOMHAIMY ILJIACTOB, [JI€ CPEIHUIN XOPOIIO MPOHUMAEMbIH, a BEPXHUN 1
HIDKHET 1710x0 npornmaembie. B paborax [6-8] nsydenns! nporecce GuibTrpaini HeCTPYKTYPUPOBAHHBIX
U CTPYKTYPHUPOBAHHBIX (DIIOUIOB B JBYX CJAOHHBIX U TPEXCJOWHBIX cpenax. PaccMOTpuM JIBYXCIOMHOM
ITACT, OFIMH HUKHEH XOPOIIO MPOHUIAEMBIi, TJe TOPU3OHTAILHON COCTABIABINEH MPeobIaaeT HaT
BEPTUKAJIBHBIMEA U JIBUKEHIE CTPYKTYPUPOBAHHOIO (hJIIOUIa B HEM MPOUCXOIUTD 110 TOPU3OHTAH, & B
IPYTOM BEPXHOM ILIACTE HACBHIIMEHHON CTPYKTYPUPOBAHHBIMU (DJIIOUIAME BEPTHUKATbHBIE XaAPAaKTEPHU-
CTUKH HA HECKOJILKO MOPSJIOK JIyUIlle, 9eM TOPH30HTAIbHBIE 9TO MPEIIIOIaraeT IBUKEHHs (DIIIoUIa B
HEM IIPOUCXOAUTH IO BEPTUKAJIM.

Maremarnueckast MOe/b 9TOH 3a1aun chOPMYINPYETCa TaK: HEOOXOANMO HAWTH HENPEPBIBHBIE
bynxunn u(x, t) nv(T, 2,t) a TakKe HEU3BECTHBIE MPaHUIBI Bosmyenus L (x, t) |, R; (T, z,t), (i=1,2)
u3 caeayromei cucrembl guddepeHraaIbHbIX YPaBHEHMH:

o (Xr0vu B G )~ (vl A G| =M im0 )
g (X9l ) 2]~ 01 (901, B) 52| =MRTE wemOpTi), 130 @
5 (B 0vu ) G2 )~ o (VLB G| =G ee i), 10 )
5 (#1000 ) 57) = 30 = € (s Ra 1) £ 0 ()
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0 _ .\ Ov _ v
5 (#0700 52) 52) = 3. 2 € (a0); Fa ) 2>,

0 =\ Ov — Ov
o (B (90l ) 50 ) =052 2 € (a0 ), 00
¢ HagaapHBIME U (2, 0) = v (T, 2, 0) = ug (z, 2);

Rl(Z,O) = RQ(Z,O) = Hl; Fl (0) = FQ (0) = Pg (0) = X0,

C TPaHUYIHBIMHA

ou ou
Xl (|vu‘7 61) a_ :X2(|vu‘7 ﬂ2) a. 5 (8)
O |, o O |1, 10
ou ou
X2 (|V’LL‘ ) ﬁ?) a_ = X3 (|vu‘ ) ﬁ3) a_ ) (9)
Ox z=T5—0 O =T2+0
_ v = ov
(I)l |VU‘ s ,81 - - @2 ‘V'U‘ ) 52 a_ y (10)
( ) 0z |,_p,—o ( ) 9z | ,_p,+0
- . Ov _ Ov
¢)2 |V’U‘ ’ 52 a_ = (1)3 ‘VU‘ ) ﬁ3 a_ ) (11)
( ) 0z |,_p,—0 ( ) 0z | ,_pyto
wi(w,t)| op, o = wi(T,t)|mp, 00 Vi@ 20| mp, 0 = Vi@, 2, 0)] R, 10, (1 = 1,2) (12)
4 TaK’Ke C yCJOBUAME Ha TPAHUIAX 001acTed:
. Ou
Oéle (|VU| ’ B) % z=x0 = 101 (t) ) t> Oa (13)
z=H;
. Ou
@2 X3 (|Vul, B) ozl =0 t>0 (14)
=H
_ ., Ov
az®Ps (|VU| , ,33) @ ve(z0.L) =0, t>0. (15)
z=H>

Baeck dbynkiuu ®;, X; (i = 1, 2) BbIpaskaioT HeJIMHEHHOCTH JBUKEHUEe CTPYKTYPUPOBAHHBIX (DJIFOUI0B
B COOTBETCTBYIOIINX M1acTax [8] a xoadduiimeHTs XapakTepusyolue miacta u (Ironga aHaJIornd-
HO [9]. Bagaua (1)-(15) HesmHeHHO U JUId €r0 PelIeHus! IPOBOUTCS JIMHEAPU3AIMN C UCIIOJIb30BAHUEM
merosa ureparun [9]. s pemntenus Toit 3ama4un pazpaboTaH BEIYUCIUTEIbHBIE AJTOPATMBL C HCITOJIb-
30BaHUEM METOJIA [PAMBIX U PA3HOCIHOI'O METOJa 110TOKOBOM nporodku. [Ipu aroM BhlumMcuTe/IbHbBIE
AJICOPUTMBI JIEPKO PEAJIN3YEMbIH 1 OHM allpOOMPOBAHBI HA TECTOBBIX JIAHHBIX YTO MMO3BOJISIET TOBOPUTH
9Ty paboTy MOXKHO UCIOJB30BATE JIJI ONPEIE/JCHUs TapaMeTPOB pa3paboTKN CJIOUCTBIX MECTOPOKIe-
HUI, KOTOPBbIE COOTBETCTBYET K JAHHON MOIE/IN.
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O PA3PEIHIMMOCTU UHTEIPAJIbHOI'O YPABHEHUS
APOBHO-HATPY>XKEHHOU 3AJAYU TEIIJIOITPOBOJHOCTU
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B obnacru Q = {(z,t) : > 0,t > 0} paccmarpuBaercs 3aa4a

Up — Ugz + A {CDg7mu (l’,t)} ‘x:'y(t) =f (l’,t) ) (1)

u(z,0) =0, u(0,t)=0, (2)

e A\ — KOMILIEKCHBIH TTapaMerp, CD('? L u(x, t) — npomssoxuas Kamyro mopsaaka 5, 0 < f < 1, y(t) -
HerpepeiBHaAs Bo3pacratomas dynkims, v(0) = 0.
Beens oboznaugenue

1 O e (&t
M(t) = {cDg,a:u (xat)} ‘xz'y(t) = T (1 — 5) /O (7 (i)(é_ 2)/3d57 (3)

obpamas mudepennmanbayo gacth 3agaun (1)—(2) no dopmye

t “+o0 t “+o0
u(x,t)——)\/o/o G(Z’,f,t—T)M(T)dde-i—/O/o G(z, &t —71) f (&, 7)dEdr,

rae G (z,&,t) — dynknma [puna, n npumenus nporeaypy mo dbopmyse (3), TOIyIrM HHTErPaIbHOE
yPaBHEHHE

t
p O+ [ K r) ) ar = p), (4)
Tie
1-8 _
Ky(t,m) = 5 (2(1(;))) — ei}%l/ ’ (— Pyﬁ(f)T) ) (5)
= B L T -7 TVdr
fQ(t)_{CDO,:c (/0/0 G( 7§7t )f(éa )d>} 0
Baech
eg;g(z):i i peC, §€C, a>b, a>0,VzeC,

T(ak + p)T(6 — bk)’

i

0

— dyukuuma Tumna Paiira.
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ITycts y(t) ~ t* mpu t — 0 u w > 0. Torga B aape (5) apryment dbyukiun Tuma Paiira:
a) |z| = +oopn 0 < w < 1/2;
b) z — 0 npu w > 1/2;
) z ~ const upu w = 1/2.

Hockomery limj,|_, 4o eZ;g (2) =0, 0 mpn 0 < w < 1/2

twﬂ—l
I —p)

mpu t — 0. Torga Kg(t,7) apnsgercs beckonedno masoii Besmannoit mpn ¢ — 0, ecrm w3 — 1 > 0.
[Mockompky 0 < w < 1/2u 0 < 5 < 1, To yeaoBue w B — 1 > 0 HE BHITOJHSIETCS.
B caygae w > 1/2

Kg(t, 1) ~

lim e2-2:1/2 (— tw ) = !
t—0 1i1/2 t—T1 re-pgvr
Torma Kpg (t,7) obramaer craboii ocobernocTsio, ecnn w(l — §) > 1/2. TTosromy MOXKHO TPUMEHHUTH
MeTOJT MOCJIeZI0OBATEIbHBIX MTPUOJINKEHUH JJIsl HAXOXKJICHUs eJIMHCTBEHHOTO DEIIeHUs] WHTErPAJBLHOTO
YpaBHEHWUS.
CupaseminBa
Teopema Hurerpanbroe ypasaenne (4) ¢ sapom (5) npu

w > % n0<f<1lu~y(t)~tY nput— 0 0qHO3HAYHO pa3PEIIUMO B KJACCE HETIPEPHIBHBIX (DYHKIHIT
JUIsT JTF0DO HEMPEepBhIBHON TTPABOI JaCTH.

SAMEYAHUE. V3 Teopembl ciemyer, uro kpaepas 3amada (1) — (2) KOppeKTHa B eCTECTBEHHBIX
KJraccax (OyHKINi, T.e. HATPYKEHHOE CJAraeMoOe MOCTABIEHHON IPAHUIHON 3aJa9n dABIAETCA CJAabBIM
Bo3MyIIeHuEM T dEpeHINATLHOTO ypaBHeHns. TeopeMa yTOUHsIeT pe3ysIbTarT, oIy YeHHbIH B [2].
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OcobennocThio paboThl B TAHHOM JOKJAJIE SIBISETCS TO,9TO HEU3BECTHBIN KO3(DMUIUEHT B HEM
apageTcsa PpyHKIUEH Juib 0T BpeMennoi mepementoii. [lenbio paboThl sgBAgETCH TOKA3ATENABCTBO CY-
[IECTBOBAHUST W €MHCTBEHHOCTH DErYJSIPHBIX DEIIeHuil m3ydaeMoil 3aaqu(perteHnii, IMEIX Bee
0606mennbie 10 C.J1.Co601eBy NPOU3BOHBIE, BXOASIINE B YPDABHEHHUE).

Hanuuue BeipoXKJAeHUS B 1apabOSMIECKNX yPABHEHUAX O3HAYAET, 9TO KOPPEKTHBIE KPAaeBble 331a4u
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Hucruryr maremaruky u MareMaru4eckoro mozeauposanus. Ajmarer, 2022



Annual International April Mathematical Conference — 2022 171

ITocranoBka 3amaun: Haiitu dyakuun u(x,t) u q(t),cBa3aHHbe B MUIXHAPE () ypABHEHHEM

Lu+ q(t)u = f(x,t) (1)

[IpY BBINOJTHEHUU [ DyHKIuH u(z,t) yeaoBus

u(z,t)|s =0, (2)

a Tak»Ke ycJjoBuil
u(z,0) = up(z),z € Q, (3)
/QN(x)u(a:,t)dx = u(t),t € (0,7). (4)
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2 Kaszaxckwmil HanumoHaIpHEI yHUBepcuTeT nMenn Amb-Papabu, Amvarsr, Kazaxcran
3 IOxno-Kazaxcraunckuit yausepcurer umenu M.Ayszosa, Ilsivxent, Kazaxcran
E-mail: “kozhanov@math.nsc.ru, aitzhanovserik81@gmail.com
¢k.zhalgasova@gmail.com

Wccnenyercst paspemmuMocTs B npocrpancTeax CobosieBa 3aJ1a4 BOCCTAHOB/IEHUsT KOY(DMDUITUEHTOB
MPaBoOi YaCTH, WM BHENIHEr0 BO3AefCTBud, B THHepbomdecknx auddepeHInaIbHbIX yPABHEHHUIX
nepBoro mopsiyika. [logobuble 3a/aun 0THOCATCS K KJIACCY JHHEHHBIX 00paTHBIX 3aj1ad st audde-
PEHIMAIBHBIX YPABHEHWH B YACTHBIX NPOU3BOAHLIX. JIjist m3ydaeMbIx 3a7a4 B paboTe MOKA3BIBAIOTCS
TEOPEMBI CYIIECTBOBAHUS W €JINHCTBEHHOCTH PETY/ISPHBIX PEIIeHuil (TO eCTh, PEIeHuil NMEIOIIX BCe
0606mennbie 110 Cobo/1eBy NTPOUBBOIHBIE, BXOASIIME B yDABHEHUE).

IMycrs Q = {(z,t): 0 <z <1, 0<t<T} ecrb npamoyroabunk, a(z,t), c(z,t), f(z,t), h(z,t) n
up(x) — 3amanmEble (DYHKINHT, oTpeenenube npn (z,t) € Q, a u 3 — 3aJaHHbIe AeHCTBATETLHbIC IICIA,
rakue uro o + B2 > 0.

O6parnas 3aga4a I: natimu dynryuu u(x,t) uq(t), ceasannvie 6 npamoyzosvhure Q ypasHeHuem

ug — a(x, t)uy + c(z, t)u = f(x,t) + q(t)h(z,t), (1)
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npu evnoanenuy, das Pynryuu u(x,t) yerosud

u(z,0) = up(z), = € (0,1), (2)
u(0,t) =0, t€(0,T), (3)
u(l,t) =0, t€(0,7). (4)

O6parnas 3amaua II: natimu dgynxyuu u(x,t) u q(t), ceasannve 6 npamoyzosvrure QQ ypase-
nuem (1) npu svnoanernuu das gynryuu u(x,t) yerosud (2) u (3), a maxoce ycaosus

aug(0,t) + Pfug(1,t) = 0. (5)

O6parnas 3amaua II1: natimu dynrkyuu u(x,t) u q(t), ceasannme 6 obaacmu Q ypasuenuem (1)
npu sunosnenuy oas Pynryun u(x,t) yeaosud (2) u (3), a makorce ycaosusn

/ N(z)u(z, )dz = 0. (6)
0

KuroueBrlie ciioBa: rumepbosmmaeckue quddepenimaabable YPaBHEHUS IIEPBOT0 MOPIIKA, 00PATHbBIE 33341, HEM3BECT-
HOE BHEIIHEee BO3IEHCTBUE, PETYISpPHOE PEeIleHne, CYIeCTBOBAHNE, € TNHCTBEHHOCTD.

2010 Mathematics Subject Classification: 35L04, 35R30.

Tpu SEUIHRD-MOJE/IN PACIIPOCTPAHEHUS STMUJAEMUU
C.4. CEPOBAIICKUIA

Kaszaxckuii HanmoHaapHbIH yHUBEpCHTET UM. aab-Dapabu, Agavmarer, Kazaxcran
E-mail: serovajskys@mail.ru

Marngemus COVID-19 crumynnpoBaja ODYpHOE pa3zBUTHE MATEMATHUYECKON 3nmaeMuo orun. B Ha-
CTOAIIEH BpeMsl U3BECTHO TOPSITIKA CTa MATEMATHIECKUX MOJeIell pa3sBuTHs 3muaeMun B ocnose Mo-
JleJieit JIeKUT PaszfiesieHue BCeH MOMyJIAMN Ha TPYIIbI, KAXKAAad U3 KOTOPHIX 00beanHgeT Jio e, Ha-
XOJATIIXCS B OMIPEIETEHHOM COCTOSTHIY TI0 OTHOIIEHUIO K S1aeMnun. OHM pas3indaioTces HabopoM STHX
IPYII, BAPDUAHTAME MEXKIPYIIIOBBIX 1IEPEX010B 1 (DOPMOIT yueTa MeKIPyNioBbiX cBsa3eil. B macrosieit
paboTe TpeTaraloTCa TPU MOJEN, B KOTOPBIX HADODP TPYII W MEXKTPYIIOBBIE TMEPEXOIbl OJHU U T€
JKe, HO CTIOCOOBI OTMMCAHUST MEXKTPYTIOBBIX CBI3eH Pa3JIUIHbI.

Tlonynsmus pasbuBaerca Ha CJEAyIONIME CEMb I'PYIII: BOCIPUUMYUBBIC, T.€. 3/I0POBbLIE, PAHEE HE
bosesmrme [susceptible|; konTakTHbIE [exposed|, T.e. 370poBbIe, ObIBIINE B KOHTAKTE ¢ GOJBHBIME; HEBBI-
spyiennble [undetected|, T.e. 3apaxkenHble, ¢ 6ECCUMITOMHBIM TeUeHUEM OOJIE3HW W JIETKO GOJILHBIE C
HEBBISIBJIEHHOI 060J1e3HB10; M30IMpoBanHbie [isolated]|, T.e. npoxosiiye sedenne Ha JOMY; TOCIATAIN-
supoBanHble [hospitalized|; Ber3gopoBeBIIE [recovered|, mepebosiesinue, y KOTOPBHIX HET HUKAKUX [TPH-
3HaKoB Gosesnu; ymepiue [died].

B MOJEJIAX YIUTBHIBAIOTCA CJAEAYIOMUE ME2KTPDYTITIIOBBIE TIEPEXO/IbI. BOCHpI/H/IMLH/IBbIe MOTYT OKa3aTh-
¢s1 B KOHTAKTe ¢ OOMBLHBIMH, TIepeiifist B TPYNNY KOHTAKTHBIX, TPUYEM NCTOUHUKAMA 3aPAKEHUST CITY KT
JINIITH HEBBIABJICHHBIC 1 U30JIMPOBAHHBIC 6OJ'[beIe. KOHTaKTHBIe MOTYyT .HI/I6O HE 3&60ﬂeTb U BEPHYTHCA
B I'DYIINY BOCIHPUUMYNBBIX, 160 3a60/eThb. B Kax0ii u3 Tpex kareropuii 60JBHBIX HACTyHAeT JiubO
BBI3IOPOB/ICHNE, T.€. MEPEXON B IPYIITY BBI3MOPOBEBITHNX, JTubO Dosee Tsaxemoe Teuenne Oose3nu. Tem
CAMBIM HEBBISIBJIEHHDBIN HOMBHON CO BpeMeHeM MOKeT TIepeiiTh B KATETOPUIO N30 TMPOBAHHBIX B PE3YTh-
TAaT€ BBIABJICHUA 60.)'[e3HI/I7 I/I30.HI/IpOBaHHbIﬁ MOZKET 6bITb TOCIIUTAJIN3UPOBAH, a FOCHI/ITa.HI/I?)I/IpOBaHHbeI
YMEpPEeTh.
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IIpu mocTpoenny TEPBO# MOJENM UCIONIB3YETCS MIPEANOI0KEHNEe 0 TOM, YTO BpPeMs HAXOXKJIEHUs
JIIOZIeH B TPYIIaxX KOHTAKTHBIX U HOJBHBIX OTPAHUYEHO, T.€. IT0 UCTeYSHUH HEKOTOPOT0 BpeMeHu J0b0it
JejIoBEK, OBIBIINN B KOHTaKTe ¢ OOJBHBIM JinbOo 3abojieet, Jinbo HaBepHsKa He 3aboseer. ¥ JoHoro
4qejioBeKa ¢ 00€3HBI0 B HEBBIABICHHONH hopme ub0 MOABATCI CUMIITOMBI 00/1€3HM, U OH Oymer m30-
JiupoBaH, Jinbo 60JIe3Hb TaK U HE NPOABUTCS, U OH IPUODOpeTeT UMMyHUTeT. KaK1bIit 130, IMpOBaHHbII
00/1bHOI TUO0 BRI3A0PABINBAET, Tud0 ero 60se3Hb Tepeiiaer B 6osee Taxeayio GoOpMy, U OH OyIeT ToC-
nuTaau3upoBaH. J10bol rocnuTa n3upoBaHHbIi OO BBI3IOPOBEET, JIMOO yMPET. DTY THIOTE3y Jerde
BCEro peajnm30BaTh HA OCHOBE JUCKpeTHON Mojesu. OHa mpejcrapjsger cobOfl cucTeMy pPazHOCTHBIX
ypaBHEHUH, rjie KOJUYECTBO JI0Ael B KaxKJA0M I'PYIIe B IOCAEAYIONINA MOMEHT BPEMEHU I10JIyYaeTCs
KaK CyMMa COOTBETCTBYIOIIEr0 KOJUIECTBA B MPEANIECTBYIONINN MOMEHT BPEMEHU U BHOBB MOTIABIIHUX
B 9Ty Ipyniry B ,ZLaHHbIﬁ MOMEHT BpPEeMEHN 3a BHIYETOM TeX, KTO B ﬂaHHbIﬁ MOMEHT BPEMEHU TMOKWHYJI
9Ty TPYIITY.

OrpaHu4YeHHOCTb BpeMeHU NPeObIBAHWS B IPYIINAX MOYXKHO YYeCTh U C IIOMOIIBID HENPEPBIBHOI
Mojiesin. B ee OCHOBe JIEKUT OIMEHKA CKOPOCTH M3MEHEHWS KOJMYEeCTBA JIFOJeHl B KaXKIOH W3 TPy,
OIIpeJIe/IsieMOil ONIUCAHHBIME MEXKTPYIIIIOBBIMU [epexogaMu. Y ObIBaHUE 3TOT0 KOJUYECTBA B CHIIY UCTE-
YEeHUY BPEMEHHN HAXOXKJACHUA B IPyIIe IPAMO HPOHOPHUOHAIBHA CAMOMY 3HAYCHHUIO 3TOT0 KOJIUIECTBA,
1 00paTHO NPOMOPIIMOHAJIbHA BPEMEHN HAXO0XK/JeHus B rpynie. Momesnb npejncrasiisier coboii cucreMmy
nuddepeHimaababIX yPaBHEHMIA.

B ocHoBe TpeTbeil MoAeN JIEKUT TPENOIOKEHUE O TOM, UTO JHOD0H MEKTPYIIIIOBO TePExX0s sB-
JIAETCA CﬂyqaﬁHbIM CO6bITI/IeM, mpoucxoadiiee C TOH MJAU UHOI BepOATHOCTHIO. COCTOHHI/IQ CUCTEMBI B
CTOXaCTHIECKOUW MOJIESN PA3BUTHS SIMUIEMUN XaPAKTEPU3YEeTCs BEPOSITHOCTBIO TOr0, YTO YNCIEHHOCTH
JIIOeH B KayKI0M TPYIINe B HEKOTOPLIH MOMEHT BPEMEHW MPUHWMAeT TO WM nHoe 3Hauenune. Mare-
MaTHUYecKas MOJIETb 3JeCh NpejcTaBisierT coboil cucremy nuddepeHInaabHO-PA3HOCTHLIX YPaBHEHH,
e pean3dyeTCd HEIIPEPBhIBHOCTL ITO BPEMEHU U AUCKPETHOCTDL IO KOJIUYICCTBY J'[IO,ZLGIZ.

Ha OCHOBE€ YKa3aHHbIX MO/IQ.HEI'?I IPOBOJATCA OLNECHKHU PA3BUTHUA IMMUACMHUN C UCIIOJIB30BAHUCM CTa-
TucTHIecKoit nadopwmainn o pacrpocrpanernun COVID-19 8 Kazaxcrame.

Funding: Asrops! 66l omep:kanbl rpantom AP09260317 MOH PK.

KiroueBble cioBa: MmaTemMarudeckoe mojenuposanue, smugemuosiorus, COVID-19, nuckpernas Momesb, HENPEPbIBHAS
MO/I€JIb, CTOXACTUYIECKAs MOJIEJIb.

2010 Mathematics Subject Classification: 92B99, 39A99, 34A99, 60G99.

HEJIOKAJIbHAS KPAEBAM 3AJIAYA JJId YPABHEHUA TPETHETO
ITIOPANKA SJIVIMIITUKO-TUIIEPBOJIMYECKOI'O TUIIA

YCMOHOB B.3.

YHupunkCKui rOCYIapCTBEHHBIN TeIarorudecKnil nacruryT, Tamkent, Y3bexkucran
E-mail: bakhtiyer.usmanov@mail.ru

Pacemorpum ypaBHenne

Ty— | Uae + Uyy, ecau, y >0,
Upy — Uyy, ecm, y <0,

a, b ¥ c—3aJaHHBIE BEleCTBEHHBIE unc/a, npudeM a’ + b% # 0.

ITycts Dy - koHeUHAS OfHO3HAYHASA 001aCTH B ILI0CKOCTH (T, ), OrpaHnYeHHaa KpuBoit onpuy > Oc
korramu B Toukax A(—1,0), B(1,0) u orpeskom AB ocu z. llpeanonoxum, aro Kpusas yHudopma
orHOCHTETBHO OcH Y, Touka N (0, h) 9T0# KPUBOIi SIBAAETCA €MHCTBEHHON MAKCUMAIBHO yJIAEHHO OT
ocu xroukoit, yacti AN u BN ayru o yandopmer orpeska ON ocu y, 31ech O —HAYAI0 KOOPIUHAT.
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Yepes Dy 0b603HaunM 0061aCTh, orpanudennyio mpuy < 0 orpeskoM AB u JByMs XapaKTepUCTHKAMN
AC: xz+y=-1, BC: z—y =1 ypasuenus (1), Beixogammmn u3 toukun A(—1,0), B(1,0) n
nepecekatomumucsa B touke C(0,—1).D = Dy U Dy U AB

B obnactu D uccemyercd caemyomias 3a1a9a.

Samaua Cy. Haiitu dbyuknuio u(z,y) co CIeAyIONIMA CBORCTBAMMT:

Du(z,y) € C(Dy) N C(Dy) N CY(DyU Dy U ABU AC U BC);

2) u(z,y) € C’?Z’jg’,(Dj), Uzzy, Uzyy € C(Dj) u ynosnersopsier ypasaenuto (1) B obmactax D (j =
1,2);
3) Ha uHTepBane AB BBIIOJHSIIOTCS YCIOBUS CKICHBAHUS

linjou(x, y) = a(z) lim u(z,y) + B(z), (2,0) € AB, (2)
y— y—+0
ylir{louy(av, y) = v(m)yllrﬂouy(ﬂc,y) +4(z), (x,0)€ AB; (3)

4) u(z,y) yIOBJETBOPSIET KPAEBBIM YCJIOBUSIM

u(xay)|(7:90(x7y)v (xvy)€6v (4)
u(xay)‘ON_g(y)v 0<y<I1, (5)
] e R e R R S ¥
ML)~ yafa), 1550, 7
nJac

rae o(z,y), g(y), v;(x) (j =1,2) — sananmsie dynkuun, mpugem (0, h) = g(h),

a(z), px) e Cl(ﬁ) N CS(AB), v(x), §(x) € C(AB)N C’2(AB), (8)
p*(x) + ¢*(z) # 0, [p(z) — q(x)]v(z) #0, Ve AB, 9)

o(z,y) = yer(z,y), i(z,y) € C([E), gly) € C*[0,1], (10)

Y1(z) € CH[-1,1]NC3(=1,1), ¥o(x) € C[-1,0]NC3(~1,0). (11)

Teopema. Eciu Boinosnenst yeiosus (8)-(11), o B obiacru D cymecTByer eJInHCTBEHHOE Pery-
sgaproe perterne 3agaan Cp.

Pemmenne 3anaun Cy, B obmactuDyumercs B Buze [1],[2] u(z, y) = v(x,y) +w(bx +ay), 3aecs v(x,y)
PETYJISIPHOE PeIIeHre YPABHEHHE Ugy + Uyy = 0, a w(x)- gBazk 16l HempephiBHO anddepeHnnpoBanHast
dyurmmsa. A B obractu Da cBeAETCsT K 06paTHON 3304 TS TUIEPOOTHIECKOTO YPABHEHWST BTOPOTO
HOPAAKA C HEU3BECTHOM IIPABONA YaCTHU.

JINTEPATYPA
[1] Canaxurouuos M.C. Vpasnenus cmewarnno-cocmasnozo muna, ®an, Tamkenr (1974), 156 c.

[2] dxypaes T.[I. Kpaeevie 3a0auu 0as YpasHEHUl CMEWAHHOZ0 U CMEWAHHO-COCMAasHo20 muna, Pan, TamkeHnT
(1979), 240 c.
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KBA3BUCTAIIMOHAPHAA MOJEJIL IUHAMUKN HATPEBA
PASMBIKAOIINXCA KOHTAKTOB IIPU IIEPEMEHHOM TOKE

AN I0.P.%, KYJIAXMETOBA A.T.’, KABOKUH A.A.°

HucTturyr maremMaTnke w MaTeMaTHIECKOT0 MoaeaupoBanust, Aamarer, Kazaxcran
E-mail: “yu-shpadi@yandex.ru, *kulakhmetova@mail.ru, *kavokin _alex@yahoo.com

Paccemorpum onrodazuyio 3amaay Credana A HEJIUHEHHOTO YPaBHEHUS TEILIOMPOBOIHOCTH

7}2; (m( )Zf) + W 0, (1)

3aaHHOrO B ceputeckoil cucreme koopanHar (cdepa Xonbma) B obmactn Q = {(r,t) : 0 < b <r <
a(t) < oo, a(0)=b, 0 <t <ty}, Npu CIAEAYIOMMX KPAEBBIX YCIOBUSX:

00

SMOF| = PO )
b(alt).t) = b )
g = mem (@)

B reopun u mpakTHKE 37€KTPOKOHTAKTHBIX MEXaHU3MOB ypaBHeHUe (1) OmmchIBaeT KBA3HUCTAIINO-
HAPHOE pacnpejiesienne TeMneparypHoro mos 0(r,t) B xuakoit obmactu € 371eKTPosa, HArPEBAEMOIO
9JIEKTPUYECKOi Jyroil Ha rpaHuie r = b U HepeMeHHBIM 3JIEKTPUIECKUM TOKOM BHYTDH. YIeIbHast
TETTONPOBOAHOCTE A(6), 371K TpUYIECcKOe COTPOTUBIEHIE P, () 1 TIOTHOCTE MaTepuaa 1eKTpoaa y(6)
3aBUCAT OT Temneparypbl. Temmeparypa maasaenus 0, n yaenbHas TETIOTA TIaBaenus L 91eKkTpoa
MOCTOSHHEI.

Ten0B0# NOTOK U3 3JIEKTPUIECKOH JyTH B 9JIEKTPOJT XaPAKTEPU3YETCA 33 /IAHHO TLIOTHOCTHIO MOIII-
Hoctu P(t). ®yuxius

f(t) = I*sin® (27wt + @) (5)

OIIMCHIBAET JIZKOYJIEB UCTOYHUK Teruia, rjie I — aMILIUTy/Ia 9JeKTPUIECKOTO TOKa, W U (p — ero 4acToTa
¥ HavaJbHaAd ¢asza.

B npeanonoxkennn, aro dyakunu P(t), A(6), pe(f) nenpepwisunl, P(t) >= 0, A(0) > Apin > 0,
pe(t) > 0, kpaesast 3amaua (1)—(4) mpuBOAUTCS K CHCTEME BYX HHTEIPO-TudhdepeHInanbHbIX ypaBHe-
HUun

da(ty 1 [2P(t) ) [0 pe(6(¢, 1)
it~ Iy | a2 © 042(t)/b & dg] (6)
- o) 2P (1)dg £(t) ¢ pe(6(1-t))
0(r,t) = Om +/T AO(r, 1)) +/T A(O(E, 1)) /b e

Teopema 1. IIpu yciosusix, Hasnoxenubix Boie Ha pyakin A(0), pe(6), P(t) u gonosuanresbaom
YCJIOBHH OTDAHHIEHHOCTH STHX (DYHKIHI, cucreMa ypapHeHuii (6) paspeiinma u uMeer eJuHCTBEHHOe
pelieHue.

Yucnennoe permenune cucreMbl (6) HAXOMUTCS METOIOM TIOCIEI0BATETHHBIX UTeparwii. Ha kaxmoit
UTEepaIlny CHAYAJIA PEIIaeTcs mepBoe ypaBHeHne cucreMsl (6) orHOcuTebHO o(t) Tipn 3uadenun O(r, t),
B3STOM C npeabliyieil urepanuu. 3arem s kaxjoro ¢ € (0,t,) nHaxoxurca pemenue 0(r,t) Broporo
YPaBHEHHsI, pacCCMaTPUBAEMOr0 KaK HeJuHeiiHoe ypasHenue BonbTreppa 2-T0 poja IpH IEpPEMEHHOM
HV2KHEM TIpejiesie T M IMPUMEHdAd COOTBETCTBYIOIIYIO CXEMY MOCTPOeHus ero pernenus. VTeparnBHbIit
MPOTIECC HAYMHAECTCS C 3aJanus 3Hadenus 0(r,t) = 0,

Ecnn napamerp pe(6) dbuxcuposan, To nepsoe ypasaerue B (6) He 3aBUCUT OT BTOPOTO U SIBJISETCS
0OBIKHOBEHHBIM A HepeHInaTbHbIM yPABHEHNEM OTHOCUTETBHO a(t).
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[ToguepkHeM, UTO TEPMOJMHAMUIECKHI TIPOTIECC MPOTEKAECT B KBA3UCTAIIMOHAPHOM DEXKHMMe, KOT/Ia
BEJIMKO cooTBeTcTByommee emy ducyio Pypoe Fo, KoTopoe B (pU3NIECKOM CMBIC/IE ONPEAEISeTCS OTHO-
IIEHUEM CKOPOCTH ITPOBOJMMOCTH K CKOPOCTH HAKOIJIEHHs] TemIoBoi sHepruu. lanublii dakr dacro
nMeer MeCTo aJid 6]:)ICTpOTeqH]:)IX IpPOoIeCCOB Pa3MbIKaHNA KOHTAKTOB.

Kpowme Toro, ucronb3oBanne KBasuctanunonapuoit Mmozgenu (1)—(4) mo3BosseT 0THOCUTETBHO TPOCTO
OLIEHUTDH 30HY PACIUIaBa B 9JEKTPOJE, & TAKKE €r0 TEMIEPATYPY C y4eTOM NEPEMEHHBIX TelIohu3nde-
CKHX IIAPAMETPOB U IIEPEMEHHOIO 3JEKTPUIECKOTO TOKA.
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Optimal packing of hexagonal torus using
the Mathematica program
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In various tasks, the problem of packing shapes and bodies arises. The mathematical formulation
of the packaging problem has been very relevant since the 17th century. The founder of the problem is
I. Kepler. The arrangement of articles in space, which are shaped like a ball or a circle, then inevitably
there are gaps between them. The tasks were set to minimize these gaps. One of the first versions of
Kepler, it is customary to call a face-centered cubic lattice.

Theorem 1. Let P be a packing graph that is locally maximally dense on a flat torus, then
the strut framework associated to the packing graph Gp is (infinitesimally) rigid or Gp contains a
subgraph G¢ (corresponding to sub-packing ()) whose associated strut frame work is (infinitesimally)
rigid and P contains circles that are free to move.

The problem of packing circles, ellipses and other figures on a plane or inside any given areas has
been studied by many authors and various methods have been developed to solve them. When solving
the problem of optimal packing of non-overlapping disks on a plane using Mathematica. This will
allow us to consider only connected graphs in our exhaustive search of all possible packing graphs and
locally maximally dense packings without free circles in what follows. Finally, we observe that we can
lower bound the number of edges (and their arrangement) incident to a vertex in the packing graph
associated to a locally maximally dense packing with no free circles.

There exist locally maximally dense packings of equal circles which contain circles that are free
to move (i.e. they are not held fixed by their neighbors), but the common diameter of all the circles
cannot increase. For example, this occurs in the globally maximally dense arrangement of 7 circles
packed into a hard-boundary square where one circle is is free to move. (This result is attributed to
Schaer in 1965 by Goldberg) If we remove any circle that are free to move, called free circles (also
known as floaters or rattlers), from such an arrangement, then we obtain a locally maximally dense
packing for fewer circles in the flat torus. Our search will proceed sequentially from 1 to 6 ircles and
will find all of the locally maximally dense packings of these number of circles, and we will be able to
tell, for any locally maximally dense arrangement, if there is room for another equal circle that could
be a free circle in a locally maximally dense arrangement of a larger number of circles packed onto a
flat torus.

Funding: The authors were supported by the grant no. AP08856381 of the Ministry of Education and Science of
Republic of Kazakhstan.

Keywords: composite material, optimal packing, hexagonal torus.
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On the boundary control problem for the heat conduction
equation in the space

F.N. DEKHKONOV
National University of Uzbekistan, Tashkent, Uzbekistan

E-mail: f.n.dehqonov@mail.ru

Consider in the bounded domain Q C R? with piecewise smooth boundary 92 the heat conduction
equation

ut(x,t) = Au(z,t), =€, t>0, (1)
with boundary conditions
ou
I + h(x)u(z,t) = 0, €I\, t>0, (2)
0
oo =a@)pt), wel, t>0, (3)
and initial condition
u(z,0) = 0. (4)

Here I' is some subset of 9§ (heater or air conditioner) with piecewise smooth boundary 0I' and
with mesI" > 0 (we denote by mesI' the surface measure of T, distinct from Lebesgue measure |T'| ).

We may extend both functions h(z) and a(x) to the whole boundary 02 by setting h(z) = 0 for
xz €T, and a(z) = 0 for ¢ T'. In this case we may write the conditions (2) and (3) in the following
form

ou(z,t)
on
Let M > 0 be some given constant. We say that the function pu(t) is an admissible control if this
function is measurable on the half line ¢ > 0 and satisfies the following constraint

+ h(z)u(z,t) = a(z) p(t), x€0Q, t>0. (5)

(@) <M, t>0.

Let the function p : Q — R satisfies conditions

For any 6 > 0 consider the condition

/ (e, Op(x) dz = 6. (6)

Q

Note that the weight function p(x) is not assumed to be strictly positive. In particular, the value
(6) may be the average value over some subdomain of the main region .

Denote by the symbol T'(#) the minimal time required to reach the given value 6 by the average
value of the temperature. This means that the equation (6) is fulfilled for ¢ = T'(f) and is not valid
for ¢t <T(0).

We present the critical value 6* such that for any 6 < 6* there exists the required admissible
control pu(t) and corresponding value of T'(f) < +o0, and for § > 6* the equality (6) is impossible.

More recent results concerned with this problem were established in [1], [2], [3]. Detailed informa-
tion on the problems of optimal control for distributed parameter systems is given in the monograph
[4].

Recall that we consider the behavior of the function

Ut) = /u(x,t)p(x) dx. (7)

Q
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Set

0" = M/[(—A)_lp(z)]a(l‘) do (), (8)
r

and
M
b= 5 (o) [,
r
Theorem 1. Let 6* > 0 be defined by equation (8). Then
1) for every 6 from the interval 0 < 6 < 6* there exist T'(0) such that

Uit) < 6, 0<t<T(9),

and
Uu(r®e)) = 6.
2) for 0 — 0* the following estimate is valid:
T() = In— + —Inb+ O™ M)
6(0) )\1 ’
where
e = 0% — 0|/,

3) for every 0 > 0* the T'(0) does not exists.
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2010 Mathematics Subject Classification: 35K05, 35K15.

References

[1] Albeverio S., Alimov Sh.A. On a time-optimal control problem associated with the heat exchange process, Applied
Mathematics and Optimization, 57:1 (2008), 58—-68.

[2] Alimov Sh.A., Dekhkonov F.N. On the time-optimal control of the heat exchange process, Uzbek Mathematical
Journal, 2 (2019), 4-17.

[3] Altmiller A., Grine L. Distributed and boundary model predictive control for the heat equation, Technical
report, University of Bayreuth, Department of Mathematics,(2012).

[4] Fursikov A.V. Optimal Control of Distributed Systems, Theory and Applications, Translations of Math. Mono-
graphs, 187, Amer. Math. Soc., Providence, Rhode Island, (2000).

[5] Tikhonov A.N., Samarsky A.A. Equations of Mathematical Physics, Nauka, Moscow, (1966).

Institute of Mathemitics and Mathematical Modeling. Almaty, 2022



180 TpanunuoHHas aOpeabCKas MaTeMaTHIecKass KoHpeperrns — 2022

Finite-time and fixed-time synchronization analysis of shunting
inhibitory memristive neural networks with time-varying delays

KASHKYNBAYEV A.% ISSAKHANOV A.2t, OTKEL M.1¢, KURTHS J.344

I Nazarbayev University, Nur-Sultan 010000, Kazakhstan
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In this talk, we will present the finite-time and fixed-time synchronization of retarded shunting
inhibitory cellular neural networks. By constructing suitable Lyapunov functions and feedback control
schemes we derive several sufficient conditions to guarantee finite-time and fixed-time synchronization
of such networks. Finally, to illustrate the effectiveness of our theoretical results we consider examples
with numerical simulations.

Funding: The authors were supported by the Science Committee of the Ministry of Education and Science of the
Republic of Kazakhstan Grant OR11466188 (”Dynamical Analysis and Synchronization of Complex Neural Networks
with Its Applications” ) and Nazarbayev University under Collaborative Research Program Grant No 11022021CRP15009.
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finite-time synchronization, fixed-time synchronization.
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A heat polynomials method for inverse Stefan type problems
S. A. KASSABEK"* D. SURAGAN??
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E-mail: “samat.kassabek@astanait.edu.kz, ®*durvudkhan.suragan@nu.edu.kz

The paper presents a new approximate method of solving one-dimensional inverse Stefan type
problems. We extend the heat polynomials method (HPM) proposed by the authors [1] for one-
dimensional one-phase inverse Stefan problem to the two-phase case. We apply the HPM for solving the
one-dimensional inverse Cauchy-Stefan problem, where the initial and boundary data is reconstructed
on a fixed boundary. The solution of the problem is presented in the form of linear combination of
heat polynomials. We have studied the effects of accuracy and measurement error for different degree
of heat polynomials. Due to ill-conditioning of the matrix generated by HPM, optimization techniques
is used to obtain regularized solution. Therefore, the sensitivity of the method to the data disturbance
has been checked. Theoretical properties of the proposed method, as well as numerical experiments,
demonstrate that to reach accurate results it is quite sufficient to consider only a few of polynomials.

Funding: The authors were supported by the Nazarbayev University Program 091019CRP2120 ” Centre for Interdisci-
plinary Studies in Mathematics (CISM)” and the first author was supported by the grant AP09258948 ” A free boundary
problems in mathematical models of electrical contact phenomena”.
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Stability of a program manifold of control systems with
tachometric feedback taking into account external load

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 tachometric feedback, taking
into account external load by given (n — s)-dimensional program manifold Q (¢) = w(t,z) = 0, in the
following form [1]:

j;:f(t,x)—blg, teI:[O,oo),‘ (1)
E=¢(0)Y(v), o=p'w—qf—NE
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(t) = 0, and b; € R", p € R® are constant vectors,q, N are constant coefficients
of rigid and tachometric feedbacks, o is the total control pulse-signal, and & is function differentiable
with respect to o, satisfies the following conditions

©(0)=0Ap(c)o >0 Vo #0,
9
do le=0

; (2)

<x >0,

and the function 1 (v) takes into account the actions of the external load. For the manifold Q(¢) 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, 3]:
w=—-Aw—-0b¢, tel=]|0, c0),

= (@) (), o=pTw—qf— NE, (3)

Here nonlinearity satisfies also to generalized conditions (2), and F(t,z,w) = —Aw, A € R*, H =
%y~ 1
ox ; - 1-

The reviews of the works devoted to the construction of autonomous and non-autonomous auto-
matic control systems on the given program manifold possessing of quality properties and to solving
of various inverse problems of dynamics were shown (see [3]-[10]).

Statement of the Problem. To get the condition of absolute stability of a program manifold
Q(t) of the control systems with tachometric feedback taking into account external load in relation to
the given vector-function w.

Using the construction of a Lyapunov function of the form

s+1 s+1 llk 1 n s—m 1
V=Y ———mm+ 5> Ling + > Cillntitimtitt + 5lst20”,
o LTk 20 i1 2

sufficient conditions for the absolute stability of the program manifold of indirect control systems are
obtained.
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Theorem 1. Suppose that there exist matrices L > 0,
C > 0, non-linear function p(o) satisfies the conditions (2) and —V](g) =W.

Then in order that, the program manyfold Q (t) was absolute stability with respect to the vector
function w it is sufficient performing of the following conditions

n+1
Lip+1lspoBe+20 Yy ——=0 Vk=1,....m,
o ;pﬁpk
s+1 I
Ci+lorofBmsi+ 2y ¥ ——=0 Vm=1,....s —m+1,
J s+2Mm+j m—w;lh“f‘ﬂk

where ly, ...l are real and Ly 41, ..., lm+s+1 are complex pairwise conjugate numbers.

Funding: This results are supported by grant of the Ministry education and science of Republic Kazakhstan No. AP
09258966 for 2021-2023 years.

Keywords: stability, program manifold, non-autonomous control systems, Lyapunov function, non-stationary nonlin-
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