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On basicity of a perturbed system of cosines in generalized
Lebesgue spaces

Aleskerov M.I.
Ganja State University, Ganja, Azerbaijan

The work considers a perturbed system of cosines with a piecewise con-
tinuous phase. Sufficient conditions for phase of jumps are found, under
which this system forms a basis in generalized Lebesgue spaces.

Let p : [-m, 7] = [1,+00) be some Lebesgue measurable function. We
denote the class of all measurable functions on [—m, 7] (with respect to the

def T
Lebesgue measure) by Lg. Let us accept the notation I, (f) Ef J1f @) |p(t)dt.
Let L={f € Lo: I, (f) < +oo}. Regarding the norm

def . , f
£l = mf{/\ >0:1, (A> < 1},

L is Banach and we denote it by L, .
Consider the following system of cosines

{1, cos (nt — o (£))},2 (1)

where « (t) is a real, piecewise continuous function on the interval [0, 7]. Let
the set {t;}7" be discontinuity points of the first kind on (0, 7), which has a
unique limit point ¢ € (0, 7).

Let us denote by r the number after which the following conditions are
satisfied

_m<a(tk_0)_a<tk+0)< 200

Let us determine the integers n;,i = 1,7 from the following conditions

1 a(t; —0)—a(t; +0) 1
— < +n; —ni—1 <
p(t) ™ q(ts)

Theorem. Let the above conditions be true for the function « (#) and
let the numbers n;,i = 1,7 be determined from conditions (2) and (3). Let
a(m) # 5 T (n, — %) m. Then the system of cosines (1) forms a basis
in Ly, (0,7) when




ifa(r) < —%—i—(nr — 3) 7, then system (1) is not complete in L.y (0, 7),

but is minimal; for « (7) > —L) + (nr + %) 7 , it is complete, but is not

2p(m
minimal in L) (0,7) .

O moaHOTEe TPOU3BOAHBIX IEMOYEK IMOJIUHOMUAIBHOTO
OIepaTOPHOrO IIyYKa YeTBEPTOTo MopsaaKa

Annes A.P.', PzaeB D.C.2
L Azep6aiimskan Kt TOCY/IAPCTBEHHBIN YHUBEPCUTET HeMTH U
mpoMBITIeHHOCTH, T. Baky, Asepbaiimxkan, email: alievaraz@yahoo.com
2 HCTUTYT MATeMATHKH B MeXaHHKH, T. Baky, Azep6aiiiKaH,
email:elvin.rzayev88@gmail.com

Tlycte H— cemapabesibHOE THIHROEPTOBO TPOCTPAHCTBO, A— caMocorpsi-
JKEHHBIHN TOJIOKUTEHLHO-0TIpeIesieHHbIit onepaTtop B H. Kak m3BecTHO, 00-
JIacTh onpesienerns oneparopa A% (a > 0) ¢cTaHOBATCS THILOEPTOBBIM TIPO-
cTpancTBOM H, OTHOCHTENbHO CKaJIAPHOrO MpousBeneHus (T,y)e =
(A%z, A%y), xz,y € D (A%*); npu o = 0 cuuraem Hy = H.

Hanee uctonb3yiorca o6o3nadenus us [1].

B pabore uzyuena 110JiHOTA NPOU3BOIHBIX IENOYEK, OTBEYAIOIIMX KPae-
BOM 3aJ1a4€ Ha 10JIyOCU

P(d/dtyu(t) =0, t€R,, (1)
u(0) = ¢, u”(0) — Ku'(0) = ¢ (2)

¥ TOCTPOEHHBIX TTO0 COOCTBEHHBIM ¥ MPUCOEIVMHEHHBIM BEKTOPaM TIOJMHOMU-
aAJTBHOTO OMEPATOPHOTO MYYKA YETBEPTOTO TTOPSI KA,

4
P =ME+ A"+ XAy, (3)

j=1

rine A;, j =1,2,3,4, nuneiinple, BooO11e TOBOPs, HEOIPAHUYEHHbIE OLIEPATO-
pet, K € L(Hsjg, Hyj2), @ € Hypa, b € Hyjo, u(t) € Wi (Ry; H), npous-
BOJIHBIE TIOHUMAIOTCST B CMBICJIE TEOPHUH PACTIPEIETICHNH.

31ech yCTAHOBJIEHBI JOCTATOYHBIE YCJIOBUSA HA OMEpaTOpHbIe K03dhdumu-
eHThl Kpaeroi 3amaun (1), (2) mas TMOMHOTH MPOM3BOAHBIX TEMOYEK MyTKa
(3) B mpocTpanctee Hyjo © Hsjo.

[1] Al-Aidarous E.S., Aliev A.R., Rzayev E.S., Zedan H.A. Fourth
order elliptic operator-differential equations with unbounded operator
boundary conditions in the Sobolev-type spaces // Bound. Value Probl.,
2015, vol. 2015, no. 191, 14 pp.



On the approximation of the Hilbert transform in Holder spaces

Aliev R.A., Alizade L.Sh.
Baku State University

Let the function u be defined on the real axis and o € (0, 1]. If there
exists a number M > 0 such that for any z,y € R

u(z) —u(y)] < M - |x —y[*
and for any z,y € R\{0}
u(2) = u(y)] < M- [1/z - 1/y|",

then the function v is said to be Holder continuous with exponent « in the
real axis. The class of Holder continuous functions with exponent « on the
real axis with norm

|u(z) — u(y)| |u(z) — u(y)|

[ulla = llullc +  sup ————>==+  sup
“ > z,yER,x#y |5U - y|a z,y€ R\{0},z#y |1/J) - 1/y|a

forms a Banach space and is denoted by H,(R), where
e = mavs u(z)]

Let H2(R) = {u € Hy(R) : u(co) = 0} C Hy(R). The Hilbert transform
of a function u € H2(R), a € (0,1] is defined as the Cauchy principle value
integral

(Hu)(t) = l/ MdT = 1 lim Mdﬂ teR.
T pt—T T e=0+ Jp\(t—e,t4e) L — T
It is well known that the Hilbert transform of the function u € H2(R),
a € (0,1] exists for any t € R . In case a € (0, 1), the Hilbert transform is a
bounded map in the space HO(R).
Denote

Ly ult + (k +1/2)0)

(Hsu)(t) = — B a0

™

kez

This article is devoted to the approximation of the Hilbert transform of
functions from the space HO(R) by the operators Hs, § > 0.

Theorem. If the function u belongs to the space HO(R), a € (0,1), then

a family of functions {Hsu(t)} uniformly converges to the function (Hu)(t)

as 0 — 0 and the following inequality holds:

24
|Hu — Hstlloo < ||t]|a <32 + a) -0,



On the basicity of a perturbed system of exponents in
rearrangement invariant spaces

Alili V.G.
Baku Slavic University, Baku, Azerbaijan

In this work the basicity problem of a perturbed system of exponents in
rearrangement invariant space X (—m, ) over the interval (—m, 7) is studied.

Let (R;p) be a measure space. Let .# 1 be the cone of p-measurable
functions on R whose values lie in [0, +00]. The characteristic function of a
p-measurable subset E of R denote by xg .

Definition 1. A mapping p: .# " — [0, +00] is called a Banach function
norm (or simply a function norm) if, for all f,g, fn,m € N, in .#Z™, for all
constants a > 0 and for all y-measurable subsets £ C R, the following
properties hold:

P p(f) =0 f=0pae;paf)=ap(f);p(f+9) <p(f)+r(9);

(P2)0<g< fpae =pyg )<p(f);

(P3)0< fu 1 f prae. = p(fa) To(f);

(P4) p(E) < 400 = p(xg) < +00;

(P5) p(E) < +o00 = [, fdu < Cgp(f), for some constant Cg : 0 <
Cp < +00, depending on E and p, but independent of f .

Let .# denote the collection of all extended scalar-valued (real or com-
plex) p-measurable functions and .#, C .# the subclass of functions that
are finite p-a.e. .

Definition 2. Let p be a function norm. The collection X = X (p) of
all functions f in .# for which p (|f|) < 400, is called a Banach function
space. For each f € X, define || f||x = p(|f])-

A space X equipped with the norm ||f|| = p(|f]) is called a Banach
function space. Let

—sup{/f T)|dt|: feMt;p (f)gl},VgEJ/ﬂ'.

A space X' ={g e .4 :p (|g]) < +o0}, is called an associate space (Kothe
dual) of X.

The following theorem is true.

Theorem. Let X (—m,7) be a r.i.s. with Boyd indices ax;Bx € (0,1).
Let the following conditions be satisfied for the sequence {\,}

vxr < 20 < ax; wo € Axi A, 0, Vn £ 0& N # A, 1 # 5

Then the system 1 U {ei“‘"t}neN swhere Ay, = V| Py, (n)], Py, (z) = 2™ +
U 12™ 1+ +ag is a m-th degree polynomial, forms a basis for X (—m, ),
isomorphic to the classical system of exponents {emt}

8
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06 omnomepHoii 3agadye ToabaniTuka

Backos O.B., IToranos /I.K.
Cankr-Ilerepbyprckmit rocymapcrsennbiit yuusepcutet, Cankt-Ilerepbypr,
Poccusa

PaccvarpuBaeTcss omHOMEPHBIH aHATIOT MAaTEMATHIECCKOW MOIETH OTPHIB-
HBIX TedeHnil HeckuMaemoii xuakocru M.A. Tompamruka [1].
Oppomepnast 3ama4ua [oabLIMITHKA UMEET BUT,

—u" = w9($7u(x))a x € (Oa 1)7 (1)

u(0) =u(l) =0. (2)

31ech crekTpaabHBIA mapamMerp w > 0 — 3aBUXPEHHOCTH, a HETUMHEHHOCTH
3aJaHa CJAeIYIONuM 00pa3oM:

-1, ecmu<axz—1,
g(@,u) =

0, ecoim u > x — 1.
B [2] 3amaua (1), (2) 6buia periena ananuTuuecku. B nocsieanee Bpems
P, pe3yJILTATOB JIsT OMHOMEpHOH 3amaun LonpamTrka nosyden B [3], [4].

B nmannOil paboTe yCTaHOBJIEHBI CBOWCTBA PEIIEHUN W3ydaeMoil KpaeBoii
3agaun (MOHOTOHHOCTH, CXOAUMOCTH U PABHOMEDHAS CXOAUMOCTD), 8 TAKIKe
CBOHCTBA (DYHKIIMOHANIA SHEPTHUU TIPH PA3JIAYHBIX 3HAYCHUAX 3aBUXPEHHO-
ctu. Meronom nipucrpesiku Haiieno npubnkenHoe penenue 3a1a4au (1), (2),
a TakyKe MPOBEJIEHO CPABHEHHE TOYHOTO M TPUOIHKEHHOTO PEITeHIH.

Hcenenosanue BRITIOIAEHO 3a ¢UeT rpanTa Poccniickoro HayaHOTo (hOHIA
No 23-21-00069, https:/ /rscf.ru/project /23-21-00069 /.

[1] Tombamrrk M.A. MaremaTnyaeckast MOZIESh OTPHIBHBIX TEYEHWH HECIKW-
maemoit xunkocru // Hokn. AH CCCP. 1962. T. 147. No 6. C. 1310-
1313.

[2] TToranos 1.K. Maremaruyeckasi MOJIEJIb OTPLIBHBIX TEYEHUH HECKUMA-
emoit xkunkoctu // U3s. PAEH. Cep. MMMIY. 2004. T. 8. No 3-4.
C. 163-170.

[3] Backos O.B., Iloranos J.K. Vnpapienue u BO3MyllleHHE B 3a1a-
ve Ilrypma—JInysuiasist ¢ pa3pwiBHOil HenmueitHOCcTHIO // Becrn. C.-
ITerep6. yu-ta. [pukna. marem. Nudopwm. Ilpon. ynpas. 2023. T. 19.
Beim. 2. C. 275-282.



[4] TToranos J.K. Aunpokcumanus 3agaqu [Irypma—JlnyBsuiis ¢ paspbis-
HO# HesuueiinocTbio // Jduddepenn. ypasuenus. 2023. T. 59. No 9.
C. 1191-1198.

Peryngpusarnusa u obpaTHble 3adaun Ajsa auddepeHnnaabHbIX
onepaTopoB ¢ kKo3dhuimeHTaMu-pacnupeeIeHuIMI

Bongapenko H.II.
Caparosckuii rocynapcrsennsiii yausepcurer, r. Caparos, Poccust

Paccvorpum muddepennuanbHoe BhIpaskeHne

aly) =™+ 3 (1) (ran()y @)Y

Ju

m

£ 30 U (o @)+ (i )y *4) ),
k=0

rme z € (0,1), n =2m+s, m €N, s € {0,1}, (ru){jgé — K03 DUIMEHTDHI-
pacipeesenus (0600meHHbe GYyHKIUNA), T, € W{f‘s’ [0,1] pma v = 0,n —1
Hi2k+j =m-—-k—j, k’ZO,]E{O,l}

B pabore [1] 6p11 TPe1IIOYKEH PEryJIIPU3AIMOHHBIN TTOIX0, KOTOPHI 1103~
BoJisteT cectu ypasuenue £, (y) = Ay, rie A — CHeKTPaJIbHBINA napamerp, K
CHCTEMe IepPBOro MOPAIKa,

Y' = (F(z) + A)Y,

rae Y — sektop-dbyHkums (cronben) pasmepa n, A — (n X n)-mMarpuna, y
KOTODO#i 3JIeMeHT B TO3unuu (1, 1) paBeH A M BCE OCTAJIBHBIE JIEMEHTHI —
HyJieBble, F'(x) — cozaacosannas ¢ muddepeHImaabHbIM BhIpaskenneM £, (y)
MATPUIA CHEIUATBHONR CTPYKTYPBI C PETYISIPHBIMEA 3JTEMEHTAMH.

Joxknaz ocHoBan Ha pesyiabrarax crarbu [2]. BymyT paccmorpenst Bonpo-
cbl 0 peryngpusanyn audQepeHnumanbHOro Beipazkenus £y, (y) Ipu MOMOIIH
PA3JIUYHBIX COTJIACOBAHHBIX MATPWI[ W O BJIUSHUU BHIOOPA COTJIACOBAHHOMN
MaTPUIBI HA OCHOBHBIE CINEKTPAILHBIE XapaKTEePUCTUKU, UCMOIL3yeMble B
TeOpUN OOPATHBIX CIIEKTPATBHBIX 331a4.

Pa6ora Bmosnnena npu dhunancoBoii noagepxke PH® (mpoexkr Ne 21-71-
10001), https://rscf.ru/en/project/21-71-10001/

[1] Mwup3zoes K. A, HIkannkor A.A. Inddepeninanbubie 0mepaTopsl deT-
HOrO TIOpsKa ¢ Koadduimenramu-pacupeneseausivu // Marem. 3amer-

ku. 2016. T. 99, Ne 5. C. 788 793.
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[2] Bondarenko N.P. Regularization and inverse spectral problems for
differential operators with distribution coefficients // Mathematics.
2023. Vol. 11, no. 16. Article ID 3455. 23 p.

BricTpble aaropuTMbl pelleHns HEeJIWHENHOTO ypaBHEHU
IIIpeaunrepa
Hemumba ALJL.
NI PAH um. A.A. Xapkesuua, r.Mockgsa, Poccusi

Hauanbras 3amava utst nenuaeitnoro ypasuenus Ipeannarepa

Ou  %u

Uiyl + |ul*u, —00 < t < 00, z >0, U] =0 = uo(t)

ABJIAETCA MPOCTENINel, HO PEATUCTUYHON MOJENbIO JJId ONUCAHUA PACIPO-
CTpaHeHWs CUTHAJIA B BOJIOKOHHO-OMITHYECKON JiMHWM Tpenadu. [lpu mpo-
XOKJIEHUU JINHUU Tiepenadr WHMOPMAIUU CUTHAJ TIOJHOCTHI0 MCKAYKAETCS
n Tpebyer BoccTanoBJieHusT. OCHOBHOM TTPOOJIEMOIT SRJISTETCST HEOOXOANMOCTh
OBICTPOrO perenus JaHHoN 3a1a4u. HavanpHast 3a1a4a 171 THHEHHOTO yPaB-
uenus [IIpeauurepa rpeGyer Bcero O(NInN) neficTBuii (KOMILJIEKCHBIX YMHO-
skernit). I[log GBICTPRIMY TOHUMAKOTCS ATTOPUTMBI, TPEOYOIINE MEHBIIE YeM
O(N?) neiicreuii.

B wacrosimuit MOMEHT BpEMEHM JJIs PEIeHusi yKa3aHHOW 33a9u MOTYT
paccMaTpUBATHCS AJTOPUTMBI, CBA3AHHBIE C TPEMsI PA3TUIHBIMU TIOIXOIA~
Mu. B KagecTBe mepBOr0 MOXKET OBITH PACCMOTPEH METOH OOpATHON 3aa-
un pacceanusa. Popmambio o Tpebyer O(NIn?N) nmeiictsuit. Ero umncien-
Hasl HEYCTONYUBOCTE SIBJISIETCSI OCHOBHBIM TIPENMSITCTBUEM JJIsi TTIPAKTUYIECKO-
ro npumeHeHusi. B ciaydae npoupuxkenusi B 006J1aCTU TEOPUU YCTONUMBOCTH
METOJIOB PeIIeHusT OOPATHON 381a91M PACCESAHUA JAHHBINA 1OAXO0 CTAHET UC-
KJIIOYUTEHHO AKTYAJIHHBIM B MPAKTUYIECKOM ILTaHe. BTopsiM MeTomoMm sB-
JISIETCSI TeOPHsT BOBMYIIEHNI, B TOM uucye meroqa Kporiosa-Boromobosa gis
CUCTeMbI OOBIKHOBEHHBIX JUMEpEHITNANBHBIX ypaBHEHNH, ATTIPOKCUMUPY-
OLUX WCXOJAHYI0 3a3/a49y. JJaHHBIN MO/iX0/ SBISIETCS OCHOBHBIM pPAabOUNM
MEeTO/0M, MTPUMEHUMBIM HA MPAKTHKE, HO PEAJM3OBAH TOJBKO JIJIsT TIEPBO
MOTIPABKM TEOpUU BO3MYyIeHUi. TpeThbuM BO3ZMOMKHBIM METOIOM SBJISIETCS
pUMEHEHNEe MAJOPAHTOBBIX ammpokcuManuii psaos Boabreppa. IlomobmbIe
MeTOIBI 00JIaIAI0T BBICOKON CKOPOCTHIO paboThl. OCHOBHOI mpobieMoii sB-
JISTeTCST HeOOXOMMOCTh HEMOCPEICTBEHHOTO BhIUKUCIIEHHUsT OMEPATOpoB Boan-
Teppa U OTCYTCTBHE MATEMATHUYECKON TEOPHWH, TO3BOJISIONIEH TTPeICKa3aTh
TTOBEJIEHIE AJITOPUTMOB.
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1. A. JI. denuupin, “Beicrpbie ajropurMbl pelieHust 0OpaTHOM 3aia4u
paccesinusi JJTsi cucreMbl ypasHeHuit 3axaposa—Illabara u ux npusroxerus’”,
Marem. 3amerkn, 112:2 (2022), 198-217

06 OOHOM KJlacCe BBIPO2KJAI0ININXCA SJIJIMIITUYECKHUX OollepaTopoB
HeIUuBEepPreHTHoro spuaa B OI‘paHPI‘IeHHOﬁ obJiacTu

Hcxoxkos C.A.
Nucturyr marematuku HAHT, r.[dyman6e, Tamxukucran

IIycry Q) — orpanuyennas 00JaCTb B N-MEPHOM €BKJIMIOBOM IIPOCTPAH-
ctBe R™ ¢ riagkoii 3aMkHyTOH (n — 1)-MepHoit rpannueit 00 n p(x) — pe-
IyJIsipU30BaHHOE paccrosinue Todku x € 0 o 0. st mysibTuuHIEKCA
k= (ki,... ky) monoxum u® (x) = oFlu(z)/ (0% - 8xkn), |k = ky +

-+« +k,,. BeIpoxK marommecs 3JLIUITHYECKHE OTIePATOPHI JUBEPTEHTHOTO BHIA

L= Y (P @eE@@)” . vecE@, )

|k, |t <r

u3ydennl B paborax C.M.Hukosiwsckoro, I1.U.JIuszopkuna, H.B.MupormmHa,
K.X.Boiimarosa u ap. (cm. [1,2] u umeromyocs B Hux 6ubnuorpaduio). B
9THX paboTaxX UCIOMB3YETCST METO, OCHOBAHHBIM HA 3JIEMEHTAX MOy TODPAIH-
HefiHbIX (GOpM B rusibbEPTOBOM ITPOCTPAHCTBE, B YACTHOCTH, ITPUMEHSIIOTCS
pasnuunbie 06001IeHus Teopembl Jlakca-Munbrpama. Hamu pesymbrarsbt o1-
HOCATCA K CJIy4al0 BbIPOXKJAIOIIUXCA JIIUIITUYECKUX OLIEPATOPOB HEIUBEP-
TEeHTHOTO BHUA

Lluj(x) = Y PP (@)bu(e)u™ (), ue O (Q). (2)

|k|<2r

Omneparopsr Buza (2) ¢ mocraroano raaakuvu kodddunmentavn by (x) cBo-
asares k uay (1). TlosTomy BeI3BIBAET MHTEPEC CIIy9aii OmepaTopor Buaa (2),
k03 duimenTsl KOTOPbIX HeubdepeHIMpyembl. B HalemM caydae npesno-
JlaraeTcd, 9To 3TH K0P PHUIIMEHTH OrPAHNYEHBI ¥ HEIPEPhIBHLI 10 [ Eb1e-
py. Ilpu Hekoropbix ycioBusx Ha KO3 duuuentor by (x) u uucna [y Hamu
JIOKA3aHBl HEKOTOPBIE WHTErPATHHBIE HEPABEHCTBA W PACCMOTPEHBI UX MPH-
JIOYKEHWSI, B YaCTHOCTH JOKA3AHO HEPABEHCTBO BUIA

c|lv; L375(Q)]| < IIL[]; La(Q)l] + K [Jv; Lo(Q)]],
rae ¢, K TONOXKHUTeTbHBIE TTIOCTOAHHBIE U

o 23 = [ ) 3 1 P

|k|=2r
12



[1] Hukonbekuit C.M., JIuzopkuna I1.U., Mupomuu H.B. 13e. By3zor. Ma-
remaruka. — 1988. — No 8. — C. 4-30.
[2] UcxokoB C.A. Mar. 3amerkn. 2010. T.87. No2. C. 201 216.

Approximation for the ¢-Bernstein-Kantorovich operator on the
symmetric interval

Karahan D.
Department of Mathematics, University of Harran, Turkey

In this study, the ¢g-analogue of the Bernstein-Kantorovich operator on
the symmetric interval is defined and the approximation theorems are given.
The Korovkin type and the Voronovskaya type approximation of the operator
are investigated. Using the modulus of continuity, rate of convergence are
calculated.

[1] Bernstein S.N. Demonstration Du Theoreme De Weierstrass Fondee Sur
Le Calcul Des Probablities. Commun. Soc. Math. Kharkow. 1912-13.
Vol. (2)13. no. 1. P. 5498H*566.

[2] Kantorovich L.V. Sur Certains Developpements Suivant Les Polynomes
De La Forme De S. Bernstein I, II. C.R. Acad. Sci. URSSS. 1930. P.
563-568, 595-600.

[3] Korovkin P.P. On Convergence of Linear Positive Operators in the Space
of Continuous Functions. (Russian), Dokl. Akad. Nauk. SSSR (N.S.)MR
1953. Vol. 90. 8H” P.961-964.

[4] Lorentz G.G. Bernstein Polynomials. University of Toronto Press.
Toronto. 1953.

[5] Papanicolau C.G. Some Bernstein Type Operators. Amer. Math.Month.
1975. Vol. 82. P.674-677.

[6] Karahan D., Izgi A. Approximation properties of BernsteinKantorovich
type operators of two variables. Communications Faculty of Sciences
University of Ankara Series A1 Mathematics and Statistics. 2019. Vol.
68. P. 2313-2323.
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KOSPHI/ITI/IBHI»IG OII€HKUW " pPpa3AaeJInMMOCTb AJId TPpU>XKAbI
TapMOHHMNYECKOTO0 oriepaTopa ¢ MaTpU4YHbIM ITOTEHIINAJIOM

Kapumos O.X.
MNucturyr maremaruku uMm. A.xkypaesa HAHT, r.[dymanGe,
TasxuKnucTan

IIpobaemoii paszgenumocTu gudpepeHnuaTbHBIX OIEPATOPOB BIEPBBIE 3a-
uumanuck Marematuku B.H.9wepurt u M.['mpn. CyiecrBensbiii BKIa B
JanbHeliee pa3BUTHE TEOPUH PasIenMocTh I depeHInaIbHbIX BhIpa-
sxennit BHec K. X.BoitmaTtos n ero yuennku (cum. [2], [4] n nMmerompecst Tam
CCBUIKH).

Ham goknaj nocBsIneH U3y4eHuto pa3geTuMOCTH TPUKJIBI TAPMOHUYIE-
CKOTO OTIepaTopa 1 mpuMbIKaeT K pabore [3]. IlycTs B mpoctpancTse Lo(R™)!,
rme | — HaTypaabHOe YHCII0, paccMaTpuBaeM audepeHmaabHbIi onepaTop

—A%u(z) + V(2 u(@))u(z) = f(z), (1)

rae sHadenns V(r,w), © € R",w € C! apngaiorca KBaApaTHBIMH MOMOKH-
TeJILHO OIpe/IeIeHHBIMI 3PMUTOBLIME MaTpuiamu u3 End CL.

Haiinens ycinosus Ha dynkuuio V(x, w) mpu BHIIOJIHEHUN KOTOPBIX YPAB-
nenue (1) pazmensiercst B rujibbeprosom npocrpancrse Lo(R™)!, u mis seex
pemennit u(z) € Ly(R™)' N WS, (R™)!, yrosaersopsiomux ypasnennio (1)
¢ npasoit yacteio f(x) € Ly(R™)!, Bbinonsercs ciieyomee KOIPIUTHBHOE
HEPABEHCTBO:

1A% u(@) | + IV (2, w)u(@)] + Z IIV’

(@)1,

rze nosioxuTesnbaoe yuciao M e 3asucut or u(z), f(z).

[1] Everitt W.N.,Gierz M. Some inequallities associated with certain
differential operators. Math.Z., 1972, v.126, pp.308-326.

[2] Boitmaror K.X. TeopeMbl pa3mesnMOCTH, BECOBBIE TPOCTPAHCTBA W UX
mpunoxkenus. Tpyasr Maremarudeckoro uacruryra um. B.A.CrekmoBa

AH CCCP, 1984, 1.170, c.37-76.

[3] Zayed E.M.E., Salem Omram. Separation for triple-harmonic
differential operator in the Hilbert. International J. Math.Combin, 2010,
v.4, pp.13-23.

[4] Kapumor O.X. O KOIPIUTHBHBEIX CBOWCTBAX M PA3IEINMOCTH GHTapMo-
HAYECKOTO OMepaTopa ¢ MATPUIHBIM HMOTEHIIHATOM. Y PUMCKHAN MaTe-
MaTwdeckuit xypHuami, 2017, 1.9, Bemyck 1, cTp. 55-62.
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CymeCTBOBaHI/Ie perieHnunsa HEJMHENHOTO 3JLINIITUIECKOTO
YpaBHeHUud Oe3 ycJioBUd 3HAKa Ha MJ'Ia,Z[H_II/Iﬁ qj1eH n Ll-,Z[aHHI)IMI/I

KoxxeBuukona JI.M.
Ydumckuii yHUBEpCHTET HAYKM U TEXHOJIOTHA, T.Y da, Poccus

B neorpanuuennoii obnactu Q C R" = {x = (z1,22,...,2,)}, n > 2,
I KBA3UJIMHEHAHOTO 3JUIAITHYECKOTO YPAaBHEHHs BTOPOrO MOPsIKa pac-
cMaTpuBaeTca 3amava Jupuxie

M
—div a(x, u, Vu) + % +o(x,u,Vu)=f, feLli(), xe€Q, (1)
=0. 2
U0 (2)
3aeck dyurimm a(x, so,s) = (a1(X, S0,8), . - ., an(X, S0,8)), b(X, So,s) UMe-

0T pocT, onpesernsieMbrit Gyukimeit Mysnnaka-Opanaa M (x, z). Ha dbyHk-
o M ¥ compsKeHHyI0 K Hell (hyHKINIo M wue TPeOYIOTCsT JOTTOJTHUTE b=
HOE OrpaHUYeHME 10 nepeMeHHO z (00buHO 310 Ag—yciosue). [Ipemona-
raercs, 4To 1o mepeMenuo# x € () dbyuknusa M momdmHSETCs yCIoBUio log-
TeJIb/IEPOBCKO HETIPEPBIBHOCTHU, YTO TMIPUBOIUT K XOPOITTUM ANTTPOKCUMAITH-
OHHbIM CBOMCTBAM HepedIeKCuBHOIO npocrpancrea Mysunaka-Opiuya. 3a-
METHUM, YTO YCJIOBUE 3HAKOOIIPEIEIEHHOCTH MJIAIIEr0 Y4JIEHA 110 [IEPEMEHHOM
50
b(x, s0,8)s0 > 0

3716Ch HE IPEINOIAraeTCs.

B orpannueHHbIX 00J1aCTAX BOMPOCHI CYIIECTBOBAHUS SHTPOTIMITHBIX U Pe-
HOPMaJIM30BAHHBIX DENICHUN HEeJUHEHHBIX 3JIMITAYCCKUX 304 6e3 yC10-
BUs 3HAKA HA MJAIMIMA YIEeH yPABHEHUs UCCIEJOBAIMCH B paborax [1], [2]
u ap. B macrosmeii pabote Brepsbie 6€3 OrpaHUYeHuil HA MEPY CTPOTO JIHII-
mmneBoil obnactr §) JOKA3aHO CyIIECTBOBAHUE PEHOPMATU3OBAHHOTO Perre-
nus 3aua4m (1), (2) B nepedaekcusubix npocrpancrsax Mysunaka-Opauua-
Cobonesa.

[1] T.Ahmedatt, M.S.B. Elemine Vall, A.Benkirane, A.Touzani Ezistence
of renormalized solutions for a nonlinear elliptic equation in Musielak
framework and L' data // Annals of the University of Craiova,
Mathematics and Computer Science Series. — 2017. — 44:2, P. 190-213.

[2] S. M. Douiri,- A. Benkirane, M. A. Khellou, Y. El Hadfi Nonlinear
unilateral problems without sign condition in Musielak spaces [/
Analysis and Mathematical Physics. — 2021. — 11:66, P. 1-26.
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Spherical means on the Bessel-Kingmann hypergroup

Krasnoschekikh G.V., Volchkov Vit.V.
Donetsk State University, Donetsk, Russia

The structure of some classes of mean periodic functions with respect to
the Bessel convolution is studied. A description of these classes in the form
of series on special functions is obtained.

Let o > —1/2. Denote by L;:LOC(IR) the space of even locally summable
functions with respect to the measure |z|>***1dz on the interval Ir = (—R, R),
0 < R < +o0. For 0 <r < R, we put V(IR)—{fGL“OC( IR) : fxxr =

OonIg_.}, U.(Ir) ={f € L1 IOC( Ig): f*6, =0on Igr_,}, where x, is the
indicator of I, d, is the delta function at point r on the Bessel-Kingmann
hypergroup, and the symbol x means the Bessel convolution (see [1]). Let
also ZL = {\ > 0 : Io,o1 (W) = 0}, 22 = {\ > 0 : oa(r) = 0}, where
oxa(z) =2°T(a+ DI, (A\x), I,(2) = J,(2)277, and J, is the Bessel function.

Theorem 1. Let 0 <7 < R < 400, m > [a] + 2, and let f € V,.(Ig) N
C¥" (1), Then sup X2~ [ex ()] < o and f(a) = ez ex(Hea(z).

ezl

where
21 2a —2a— 6)\ 4

FQ(a + 1 a+2

() = i | f@e@e i
and the series converges in the space C*(Ig) for 0 < k < 2(m — a — 1).
Theorem 2. Let 0 < r < R < +oo, m > [a] + 2, and let f € U.(Ig) N
C?™(IR). Then sup A#m=2e=dy ()] < +ooand f(z) = 3y cz2 da(f)ea(2),
ez?

where
21 2a 72(1 4)\ 2

A(f) = I2(a+1)I

/f QDA )2a+1d$

and the series converges in the space C*(Ig) for 0 < k < 2(m — a — 1).
In the case under consideration, Theorems 1 and 2 refine the Hérmander-
type approximation theorem obtained by Selmi and Nessibi [, Theorem 3.2].
The study was conducted on the topic of the state task (Cipher from the
Unified State Accounting Information System RD: FRRE-2023-0015).

oz+1

[1] Selmi B., Nessibi M.M. A local two radii theorem on the Chébli-
Trimeche hypergroup // J. Math. Anal. Appl. V. 329. 2007. P. 163-190.
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O6paTHble 3a7a4YM K0J1€06aTEIBHOM CIEKTPOCKOUN

Kypaminuua I'.M.
MI'Y umenn M.B.Jlomonocosa , xumudeckwuii dakynbrer, Mocksa, Poccus

TIpegnaratorcsi HOBbIE TOCTAHOBKH OOPATHBIX 33Jad PACYETOB CHJIOBBIX
moJieii MHOTOATOMHBIX MOJIEKYJT IIPU COBMECTHOM 00paboTKe JaHHBIX KOJe-
6aTehbHON CIEKTPOCKONNN U Pe3yIbTATOB KBAHTOBO-XUMUYECKUX PACUETOB
B MPUJIOXKEHUSX K OMOJOTUYECKM BAYKHBIM CHCTEMaM. UMCJIEHHBIE METOIbI
OCHOBAHBbI HA TEOPWW PETYJISIPU3AINN HEKOPPEKTHO MOCTABJIEHHBIX 33/a9.
Pabora BemoHena B paMkax TOcOIOIKeTHON TeMbl « CTpoeHne U JUHAMUKA
ATOMHO-MOJIEKYISPHBIX CHCTEM>.

[1] Kochikov I., Stepanova A., Kuramshina G. Scaled in -cartesian
coordinates ab initio molecular force fields of dna bases: Application
to canonical pairs // Molecules. — 2022. — Vol. 27, no. 2. — P. 427.

[2] Kuramshina G. M., Kochikov 1. V., Sharapova S. A. Regularized ab
initio molecular force fields for key biological molecules: melatonin and
pyridoxal-5-phosphate methylamine shiff base (vitamin b6) // Inverse
Problems in Science and Engineering. — 2021. — Vol. 29, no. 4. — P.
549-566.

Mathematical simulation of stochastic oscillations of a string with
a moving boundary

Litvinov V.L., Litvinova K.V.
Samara State Technical University, Moscow State University, Moscow,
Russia

The widespread use in technology of mechanical objects with moving
boundaries necessitates the development of methods for their calculation.
The paper considers stochastic vibrations of a string with moving bound-
aries. The case of a difference kernel makes it possible to reduce the problem
of analyzing a system of stochastic integro-differential equations to studying
a system of stochastic differential equations. To estimate the expansion coef-
ficients, it is proposed to use statistical numerical methods. The differential
equation, boundary and initial conditions describing the vibrations of the
string have the form [1]:

VTT(§7T) - 21/‘/57'(577—) - (1 - VQ)fo(gv T)f
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E+vr

~d [ K(dle=n)Veeln € - m+dn=FEn, (1)
3
V(Oa T) =0, V(]-’T) =0, V(fa O) = Vl(g)a Vr(gvo) = 0. (2)

Theorem. The solution to problem (1)-(2) can be given as a string
V(1) = > Vo(r)sin(w,€). The system of integro-differential equations
n=1

is transformed into a system of random differential equations.

[1] Litvinov V.L. Solution of boundary value problems with moving bound-
aries using an approximate method for constructing solutions of integro-
differential equations. Tr. Institute of Mathematics and Mechanics, Ural
Branch of the Russian Academy of Sciences. 2020.Vol. 26. No. 2. P. 188-
199.

PekyppeHTHBIE COOTHOINEHUS C MPOMYCKaAMU JIJIUHBI BOCEMb JIJIs
MHOTOYIeHOB Bepuynnu u Diliepa

MupsoeB K.A.
MI'Y um. M.B. Jlomonocosa, r. Mocksa, Poccus

B nokmname GymayT o6CyKIATHCS PEKYPPEHTHBIE COOTHOIIEHHUS C TIPOTTYC-
KaMHU JITHHBI BOCEMb J1 MHOTOWIeHOB Bepuynmu By s(z) n Ditnepa Egyys(z)
npu durcupoBanrom s € {0,1,...7}. A umenno, Gyaer ycTraHOBJIE€HA CIpa-
BEJUTUBOCTD CJIEYIOMEH TEOPEMBI.

Teopema. IIpu m =0, 1,... cupaseqnBbl PABEHCTBA
[m/8] , 8
Z(m + 4) j— m
Z (=1 g 20t Brsi(z) = Tomie Z(—I)J N2z = 14ay)"t =
k=0 j=1
m+ 4 [m/2]+1
— T Z (_1)k(\/§)2k+1 ('72k+1 _ /82Ic+1) Cik_:r?’l(QZ _ 1)m—2k+27
k=0
[m/8]
Z ( 1) O‘4kc Em 8k 2m+2 Z 1+a'] =
k=0
[m/2]
2m+1 Z 2k 042Ic +52k)02k( _ 1)m—2k’
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rze uucaa a; (1 =1,2,...,8) onpegejsirorcst paBeHCTBaMK
a1 =vV2—i, as=V2+i, a3=—V2—i, as=—V2+i
as = —i(V2—1), ag = i(vV2-1), ar =i(vV2+1), as = —i(V2+1),

a MOCJIEIOBATEIBHOCTH YUCEN Qs By Yy Om (M = 1,2,...) - paBeHCcTBAMU

() () () )

o) ) ) )

Tonoxws z = 0, z = 1/6, z = 1/4, z = 1/3, z = 1/2 B paBencTrax
3TO# TEOpEMBI, HEMEIJICHHO TOJIy9aeM XOPOIIO H3BECTHBIE B HEKOTOPHIE HO-
BbI€ PEKYPPEHTHBIE COOTHOMICHHUS C MPOMYCKAMH JJTHHLI BOCEMb ISl THCET
Bepuynnu u ditnepa.

O6 sHTpOnMitHbIX pemeHusx 3agad Helimana u JIupuxse nis
JIUTUYECKUX YPaBHEHU B HEOTPAHUUYEHHOUN obiiacTu

Myxkmumos ®@.X., Buasganosa B.D.
Nucruryr marematuku ¢ BIT YHIT PAH, r.Vda, Poccusa

B neorpanmuennoit obnactn Q C R™ paccmarpusaercs 3amada Heiimana
JIJIST YPABHEHUS

—div(a(z,u, Vu)) + bo(z,u, Vu) + by (z,u)p = f, feLi(), (1)

rje p - Heorpunarenbuas mepa Pagona. Ha rpanure 0f) craBurcs yciobue
Heitmana: a(x,u, Vu) - n = 0.

TIpu paccMOTpEHME 3UTMNTHYECKUX 3a7a9 B HEOTPAHWMYEHHOH 007IaCcTH,
HA HAII B3TJIsil, TPY OMPEIETIEHUN OCHOBHOTO TPOCTPAHCTBA CIEILYET UCTIOb-
30BaTh HOPMY, OCHOBBLIBASICH TOJIBKO Ha TpajuenTax dyHKumii. Ipyrue as-
TOPBI BKJIIOYAIOT B HOPMY OCHOBHOTO TIPOCTPAHCTBA €lle U KAKYIO-JIM00 HOD-
My camoil GpyHKIuA. DTO yIpoIaeT J0KA3aTeIbCTBA CYyIIEeCTBOBAHUS Perre-
HUsl, HO TPeOyeT BKJIIOYeHUs B ypaBHeHUe crienuduieckux (MCKYCCTBEHHBIX )
CJIAraEMBIX, TI03BOJIAOIINX OLEHUTH yIIOMAHYTYI0 HOPMY camoil pyHKImMn —
pemenns 3aga4u. Harmr nogxom vHe Tpebyer BKIIIOYEHUS B YPABHEHUE WCKYC-
CTBEHHBIX CJlaraeMbIX.

Bekroproe none a(z,u,y) B (1) yaosiaerBopser nupu & € § cienyomum
ycjioBusM ¢ Bo3pacrawomieit dyukuueit g(r):

M(z,|a(z,r,y)]) < g(r) (G(z) + M(z,]y])), r€R, yeR™,
19



a(l’,T, y) Y > C()M(LC, |y|) - G($)7 (S ]R, co > 07
(a(a:,r,y)—a(m,r,z))-(y—z)>0, y#z’ y7Z€Rm7 TER, x € (.

Dyukiya G gBasgercs sseMerToM npocrpancrsa Ly (), M (x, s) — dyukuus
Mysunaka-Opauua, M (z, s) yaosiaersopsier Ay yCa0BUIO, KAPATEOJOPHUEBHIE
dbyukumnu b; npu Beex 7 > 0 yIOBIETBOPAIOT HEPABEHCTBAM:

[bo(, 5, 9)| < g(r)(Gow) + M, |y]), |s| <7 |2| < r;

|b1(‘rvs)| < g(r>él($)’ |S| <, |.’L‘| <,

rae 60 S Ll,lOC(Q)7 él S Ll,u,loc(Q);

bo(z,r,y)r = 0. (2)

[Iycts cymecTryer Bospacraomasa yukmus ¢(r), r > 0, lim g(r) = oo,
TaKasl, 9TO e

|b1(z,s)| > g(r), s>, z el (3)

TIpocrpancrso U‘(& (Q) onpeme MM Kak 3aMbIKAHUE MHOYKECTBA TPAIUEHTOB
dynxumit u3 C§°(2) B *-cnaboit Tononornu mpocrpanctsa Ly (2)™. Tpeby-
em, uToObI npoctpancTo H1, (Q) He conepkano KoHcTaHT.

Onpenenenune. DuTponuitHbiM perennemM 3aa4du Heilimana ans ypas-
nerns (1) naswiBaercs dbynkmust u Takast, 9ro Tg(u) € Hi, () mpm Beex

k > 0 u ipu Beex € € C§°(§)) KOPPeKTHO HEPaBEHCTRO

/(a(x,u, Vu) - VT (u— &) + (bo(x,u, Vu) — f)Tr(u — §))dz+
Q

Jr/bl(x,u)Tk(u —&)dp <0.
Q

Teopema. ITycmv 6biNoAHEHDL YCAOBUS HA a, b;, mozda cywecmeyem
anmponutinoe pewenue sadawy Hetimana oas ypasnenus (1).

[1] Vildanova V.F., Mukminov F.Kh. Perturbations of Nonlinear Elliptic
Operators by Potentials in the Space of Multiplicators // Journal of
Mathematical sciences 2021, T. 257, Ne 5, C. 569 578.
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O npubamxkenun 06061menH0 quddepeHIMpPYeMbIX (DYyHKIIUI
CUHTYJISIDHBIME WHTerpajlaMy B pocTpaHcTse Lb
MycaeB A.M.

AzepbaiimKancKuil rocy1apCTBEHHbBIA YHUBEPCUTET He(TH U
mpoMBITIeHHoCTH, T.Baky, Azepbaitskan, email: emus1957@mail.ru

Hna npubmuxenus byskuuii f € LY paccMoTpuM m-CUHTYISPHBIH HH-

TerpaJ
PO
A (fax)

rae 27 nepuoguyeckas dyukius K (1) 3aBucuT or napamerpa A U yJI0BJe-
TBOPAET yCJ'[OBI/IHM:
19, K\ (t) ect uernas dbynxuust na [—m, 7,
20 [T K\(t)dt = 1.
TeopeMa Ilycrs f € LY

m

S0t () st

k=1

K,\(t)dt, (1)

HeOTpI/IuaTeﬂbHaﬂ byukuua Ky (t) ynosmue-

27>
tropsier ycaosusm 19, 20 u Vg\ ()5( ) =0 [V)\ 0( )] upu A — oo aas 06oro

6 >0, rme

T

”Si(@/; ©°(H) K (t)dt, Vﬁfé(w):/d ©* () K (t)dt — 0

mpu A — 00, 1 < s < m+ 1, p(t)-HekoTOpas mouoKUTeSbHAST (DYHKINS HA

[0,7] n iir% @ = 1. Ecsin cymectryer dbyHKIms Dgg’s)f(x) € Lo, Takasi,
o -

9TO

| 1+s m,s
lim m/o om(f;m,t)dt — D(Lz,, ) =0,
27
TO CIIPABEJTABO PABEHCTBO
. (_1)m m 1 m,s
Jim | S (AT (fi2) — f@) - DG @) =0,
K0 Lor
rae fixg = [y ’K ’dt—O[( (p)] mpu A — oo,

1+s

pimss)
L27r f( ) t~>0 t1+s

/ m(fix,t)dt, 1<s<m+1.
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Observable strong field signatures of extra spacetime dimensions
in the braneworld black hole

Nandi K.K."?, Izmailov R.N.!, Karimov R.Kh.! and Potapov
AAZ
1Zel’dovich International Center for Astrophysics, M. Akmullah Bashkir
State Pedagogical University, 3A, October Revolution Street, Ufa 450008,
RB, Russia
2High Energy Cosmic Ray Research Center, University of North Bengal,
Siliguri 734013, WB, Bharat
3Ufa University of Science & Technology, Sterlitamak Campus, Lenin
Avenue, 49, Sterlitamak 453103, RB, Russia

The gravitational effects from the fifth dimension in the Randall-Sundrum
scenario introduces a stress tensor onto the 3—brane via the projection
of 5bd—bulk Weyl tensor. Dadhich, Maartens, Papadopoulos and Rezania
(DMPR) derived an exact black hole solution of the effective Einstein equa-
tions on the brane that contains a ”tidal charge” T (different from the elec-
tric charge) as an imprint from the fifth dimension contributing a power law
modification :I:j{—g2 to the Schwarzschild metric. Of particular interest here
is the negative sign, which is not admissible in general relativity. We study
here strong field lensing observables including the ring down quasinormal
mode (QNM) frequencies in the eikonal limit. It turns out that the tidal
charge effects in DMPR black holes may cause significant differences in ob-
servables from those of the Schwarzschild black hole. In particular, critical
exponents correspond to a stronger Lyapunov instability than that for the
Schwarschild black hole. The case of the SgrA* black hole is considered to
highlight the strong field observable effects of tidal charge.

This work was supported by the Russian Science Foundation under grant no. 23-22-00391,
https://rscf.ru/en/project/23-22-00391/.

K Bompocy o coBnaJieHnn HEKOTOPHIX KJIACCOB THJIHOEPTOBBIX

TPOCTPAHCTB €¢ BOCITPOMUIBOISIIAM SPOM

Hanaukos B.B. (ma.), Hystos A.A.
Uucruryr maremaruku ¢ BII YHIL PAH, r.Vda, Poccus
HIT'TY um. P.E. Anekceesa, r. Huxxnuit Hosropoa, Poccust

Tlycte H — HEKOTOPOE TUIBLOEPTOBO TTPOCTPAHCTBO C BOCITPOW3BOISIIIAM
SIPOM, cOCTOsitiee u3 (byHKIWi, 3a1auHbx HA MHOXKecTBe 2 C C™, m € N.
Ipeanonoxum, uto {e1(-, 2)}.eq,, {€2(-,2)}zeq,, 21 C C™ — HekoTOpHIE
nosiabie cucreMbl pynaknuit B H. O6o3Havnm

&) Y (2, Nuve e, H=AF, fe BY, Fv. 1) g < (for f1)m,
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il = 1filla Vi, Fo € By F(2) 2 (eal,2), f)u ¥z € Q,
H=A{f fetdy, (. (o ). | il = Ifalle Vi JoeH.

Bonee noapobHo, cM. [1]. yers a(z), B(z), z € 1 — HEKOTOPBIE KOMTITIEKC-
Hoznagubie pyaxnun. O603HAIUM

de

e, 2) Y a(z)en(r2), ey(r,2) Y B(2)ea(r,2), VreQVze D,
F(2) < (e (z), HuVz e, B ={F, fe HY, (Fi. e = (fos S,
Hﬂ”f[’ :”leH Vﬂ7g€ﬁ/§ J/C\/(Z) d;f (6/2('52)7f)HVZ€Qla

H =7, fe 1Y, (B Bg ™ o f)m 1 lge = UAlle VFL Jie .
CupaBeyIMBO CIeyolee L

YrBepxkaenue. [lycts npoctpanctsa H u H coBNamaioT, T.e. COCTOAT U3
OJTHUX U TE€X K€ (DYHKIUI, U 1IPU ITOM HOPMbI (DYHKIIUIA 110 TUM [POCTPAH-
crBam copnaznawor. Jdamee a(z), 3(z), z € 1 —Bemecrrenno3navnbe ByHK-
uu Takue, 4ro aubo a(z) > 0,5(z) > 0Vz € Qq, mmbo a(z) < 0,8(z) <
0Vz € . Toraa crenyionme ycaoBUs PABHOCHTbHBL:

1. npocrpancrea H' u H' cosnajaior;

2. BBITIOJIHEHO TOXKAECTBO «(z) = B(z) Vz € .

B nmokname obcy»xmaercss BOMpoc. Bymer v BEpHO aHAJIOTUYHOE YTBEP-
JKJIeHUe [T KOMILTeKCHO3HaIHbIX dyuKkimit o u 37 Kakue ycnosus na byHk-
Iuu (v, 3 HY?KHO HATOKHUTH, 9TOOBI mpocTpancTsa H "m H' coBnmamanm, eciu
M3BECTHO, YTO MPOCTPAHCTBA TipocTparcTea H n H comamaioT?

[1] Hamankos (M) B.B., Hysros A.A. O6 0mHOM yCJIOBHH COBIAIEHMUS
IPOCTPAHCTB Mpeodpa3oBaHuil (PYHKIIMOHAIOB IMILOEPTOBA ITPOCTPAH-
crea// Tp. Un-ra maremaruku u mexanuku YpO PAH. 2022.T. 28, Ne
3. C. 142-154.

OcunnagauuoHHbIe U CHEKTPaJIbHbIE CBOMICTBA O4HOTO KJlacca
auddepeHIUATBHBIX OTIEPATOPOB Y€TBEPTOTO MOPSAIKA

Oiinapos P.
Erpaswuiickuit nannonansueiii yausepcurer uM. JI.H. T'ymumnena, r.Acrana,
Kazaxcran

Tycrs I = (0, 00). ITycts r, u v v — nONOKUTETLHBIE DYHKIUY, TAKUE 9TO
r — HempepbIBHO AuddepennupyemMas, a ¢ U v — JOKATbHO UHTEIPUPYyEMbIe

na uaTeppase | bynkmum. Homoxum D2 f(t) = %r(t)dfd—(tt).
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B 2020 roxy, paborast Haj HAY9IHBIM TPOEKTOM B Kaszaxcrane, Mbl CTOJIK-
HYJIUCh C BOIPOCAMM, CBSI3AHHBIMU CO CHEKTPAJIbHON Teopueil puddepeniu-
aNbHBIX OonepaTopos. 3Hast, uto npodeccop Cynranaes 4.T. apnserca xkpym-
HEHIMM B MUPE CIIEIUATACTOM B 3TOH OBJIACTH, MBI MPEIIOKAIN €My COB-
MecTHy0 pabory. Cuadana na uaTepsase I Mbl paccmarpuBany quddepen-
MUAJIBHBIN oniepaTop L, mopoxkaeHubiit auddepeHnuag bHbIM BHIPAsKEHIEM
ly(t) = ﬁ(v(t)y(") ()™, n > 1, TpU HEKOTOPHIX TIPEAMOMOKEHUAX OT-
HOCHTEJIbHO MHTEIPAPYEMOCTH WM HEMHTEIPUPYEMOCTH (DYHKIMHA U U U B
okpecTHOCTH HyJig 1 Ha Geckoneanoctu (cum. [1]). Ho maia uccnenoBanus criek-
TPAJIbHBIX CBONCTB oneparopa L 1npu BCEX BO3MOXKHbBIX [HOBEIEHUSX (DyHK-
Uil U M U B OKPECTHOCTH HYJIS U HA OECKOHEYHOCTH HYXKHO ObLIO CHAYAJA
paspaboraTh MeTOAbI UCCeoBanus. [loaroMy pemuin HadaTh paboTy ¢ uc-
crnenoBanns audpepeHImaTbHOrO OMepaTopa YeTBEPTOTO MOPSIKA, MOPOXK-
nenHoro auddepeHnuanbabIM BoipaxkenueMm ly(t) = ﬁD% (v(t)D?y(1)).

B noknaze o6CcyKIAI0TCSA pe3yIbTaThl, TOMydeHHble B padore [2]. Bomee
TOTrO, OTMETHM €IIIe OJIHY COBMECTHYIO pabory [3], B koTopoii 6buin ncememno-
BaHbI OCIIMJIJIATIMOHHbBIE CBOMICTBA OHOI'O HEJMHEWHOI'O yPABHEHWS 4YeTBep-
TOTO TIOPAIKA.

[1] Kalybay, A., Oinarov, R., Sultanaev, Y., Oscillation and spectral
properties of some classes of higher order differential operators and
weighted nth order differential inequalities. Electron. J. Qual. Theory
Differ. Equ. 2021, 3 (2021). https://doi.org/10.14232/ejqtde.2021.1.3

[2] Kalybay, A., Oinarov, R., Sultanaev, Y., Weighted second-
order differential inequality on set of compactly supported
functions and its applications. Mathematics 9, 2830 (2021).
https://doi.org/10.3390 /math9212830

[3] Kalybay, A., Oinarov, R., Sultanaev, Y., Weighted differential inequality
and oscillatory properties of fourth order differential equations. J.
Inequal. Appl. 2021, 199 (2021). https://doi.org/10.1186/s13660-021-
02731-7
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HenmHeiltHas obpaTHas 3ajava JJisd TICEBJI0 THUIIEPOOIMIECcKOTO
ypPaBHEHUs TPeThero Mopsgka ¢ MHTerpaJibHbIM YCJIOBAEM

Caapixsage Pena Illadu rui3er
Bakuuckuit T'ocynapcerBennbiit Y ausepcurer, 1. Baky, Azepbaiikan.

IlceBno runepbonryecKkue ypaBHeHHs BO3HUKAIOT B TEOPUH HECTAIMOHAD-
HOTO TEJEHMS BA3KOTO ra3a MpH PACTPOCTPAHEHUN HAUAIBHBIX YIIJTOTHEHHI
B BSI3KOM Tase [1], B TeOpnu COMMTOHOB [2]| MpM OMMCAHNH TPOIECCA JIBUIKeE-
HUSI 9JIEKTPOHOB B CHCTEME «CBEPXMPOBOJHMUK — JMIIEKTPUK C TYHHEIBHOMN
HIPOBOAUMOCTBIO  CBEPXIIPOBOJHUK>.

O6parHble 331241 ABIAIOTCA OIATOIPUATHO PA3BUBAIOIIUM PA3IEI0M CO-
BpeMeHHOi MaTeMaTHKH. B mocieaee BpeMs 0OpaTHbIE 33141 MIPOKO IPH-
MEHSIIOTCST B PA3IHYHBIX 00JIACTAX HAyKH.

Paccmorpum mitst iceBao runepOOIMieckoro ypaBHEeHu st

Ut (2, 1) — QUgge (2, ) — Bz (x,t) = a(t)u(z, t) + f(z,t) (1)

B obmactu Dy = {(z,t) : 0 <z < 1,0 <t < T} obparnyio Kpaesyio 3a1a4y
C HAYaJIbHBIMHU YCJIOBUAMU

U(l’, 0) = ¢(x)7 'I.Lt(l’, 0) = ’l/)(iL’) (0 <z < 1)7 (2)

yciaopuem Heitmana

u(0,8) =0 (0<t<T), (3)

HEJIOKAJIBHLIM WHTETPAJIbHBIM YCJIIOBUEM

1
/ w(z,dz =0 (0<t<T) ()
0
N OJOTIOJTHUTEJIHbHBIM yCﬂOBI/IeM
ulwo,t) = h(t) (0<t<T), 5)

rae xg € [0,1],a > 0,8 > 0 3agmannble uucna, f(xz,t), d(x),v(z), h(t)
sasannble Gyukuuu, a u(x,t) u a(t) wuckomble GyHKIUH.
Bremem cienymee obo3naueHme

C?(Dr) = {u(z,t) : u(z,t) € C* (D), upea(z,t) € C(Dr)} .

Onpenenenne. Mapy {u(z,t), a(t)} bynkumii u(z, t) € C2 (Dr), alt) €
C[0, T], ynosaersopsttomnx ypastenio (1) B D, ycnosusim (2) 8 [0, 1], yeio-
susmn (3)-(5) B [0, 7] , HA30BEM KJIACCHYECKUM DeIlleHneM 06paTHOi KpaeBoi
zamaun (1)-(5).
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Pemas ncxomayio o6paTHyIO KPaeBYIO 33Ja49y OCYIIECTBIISIETCS TIEPEXO/T
OT MCXOJHOM 00paTHOM 3a/a9M K HEKOTOPOI BCIIOMOraTeInHOM 00paTHoil 3a-
nade. [Ipu momomu merona @ypbe JI0KA3BIBAIOTCS CYIIECTBOBAHUE U €IUH-
CTBEHHOCTDH PEIeHNsT BCIOMOraTeIbHOM 3aa49n. /lamee BHOBb IPOU3BOIATCS
epexol K MCXOMHON oOpaTHOit 3amate, CIeI0BATENBHO AEIACTCA BBIBOI O
PA3PENMMOCTH UCXOTHOW 00pATHON 3aTa9n.

[1] 1 Boiir C. C. Pacnpocrpanenue HauaIbHBIX yIJIOTHEHUH B BA3KOM ra3e
// Yuénste 3amnckn MI'Y. Cep. : Mexanuka. 1954. T. 4, sem. 172. C.
125-142.

[2] 2. Jlourpen K., Ckort 9. Comuronst B meficrsun. M. : Mup, 1981.

O6 ogHoOII HeJIMHETHON 0OpaTHONW KpaeBoil 3amade IJIsd
HeJuHelHOro ypasueHusi nuddys3nn

CamumosB M.IO, I'yceitnoBa X.T.
AzepbaiimKaHcKuil rocy1apCTBEHHBIA YHUBEPCUTET HedpTH U
npoMeITieHHoCTH, T.Baky, Azepbaiimkan, email: m.y.salimov@gmail.com
Bakunckuit Tocymapcrsennniit Yuusepcurer, Baky, Azepbaiimxan

Ilox obparHo#t 3amaveii a1 ypaBHEHHI C YACTHBIMH TPOMU3BOIHBIMH B
HACTOAIIEH paboTe MOAPa3yMeBAETC s TaKas 33/1a49a, B KOTOPO# BMeCTe C pe-
meHreM TpebyeTcs ONpPeNeInTh MPABYI0 YacTh WK (M) TOT WJIH WHOH KO-
dunment (xkoaddurmentsr) caMoro ypasuenus. B ciydae, eciv B 00paTHOI
3a/1ave HEM3BECTHBIMY SIBJISIIOTCS PEIIEHNE U TTPaBasi 9acTh, TO TaKasi 00paT-
Has 33/a4a OyIeT JUHEHHON; ecin K€ HEU3BECTHBIMU SBJISIIOTCS PEIeHue 1
X0TsI ObI OAUH U3 KO3 DUIIMEHTOB, TO 00paTHasa 3aavua OyaeT HeTHHEHHO.

Paccmorpum HenmHeitHy0 00paTHYI0 KPAEBYIO 33739y HAXOXKIECHUS Pe-
TMEeHNST M HEM3BECTHOTO KO3 PUIMeHTa HeTMHEHHOro ypaBuenus auddysnn

[1-12]

a(t)ug(z,t) = uge(z,t) + p(t)u(z, t) (1 — u(z,t)) + f(z, 1), (1)
Dr={(z,t): 0<2<1,0<t<T}.
IPU YCTIOBUSIX:
T
u(z,0) +/ b(t)u(z,t)dt = p(z) (0 <z <1), (2)
0
w(0,8) = 0, ug(1,6) =0 (0<t<T), (3)
u(zo,t) = h(t) (0<t<T), (4)



rae xg € (0,1) - dukcnposannoe wncao a(t) > 0, b(t), f(z,t), p(z), h(t) -
samannble Gyrakuyn, a u(z,t) n p(t) - nckomple byHKIUN.

Onpegnenenne. KnaccuueckuM pemenneM oOpaTHOH KpaeBoil 3a1adm
(1)-(4) nazosem napy {u(w,t),a(t)} bysxumit u(z,t) € C*Y(Dr) u a(t) €
C[0,T], ynosnersopstoiux ypasuenuto (1) B Dy, ycnosuio (2) B [0,1] u ycio-
BusiM (3), (4) Ha [0,T] B OGBIMHOM CMBICIIE.

B pabore ¢ momorpio Merona Oyphe U IPUHITATA CKATHIX OTOOPAYKEHUIT
JIOKA3aHbl CYIIECTBOBAHUE W €JMHCTBEHHOCTD PEIeHUs HEeJIOKAILHOM 00paT-
HOIT KpaeBoil 3a7a4un /i HeJTMHEHHOro ypaBHeHus audQy3un.

[1] Fisher, R.A. The Wave of Advance of Advantageous Genes /R.A. Fivher
// Annals of Eugenics. 1937. No 7. pp. 355-369.

[2] Kosnmoropos A.H. Uccaenosanue ypapuenus auddysun, coeuHEHHONR
C BO3PACTaHUEM KOJIMYECTBA BEIECTBA U €0 IPUMEHEHUE K OJHON Ouo-
Jiorudeckoii npobseme. 1937, 1. 1, No 6, pp. 1-25.

(0] 3aave oIIpeaejieHnd HeIIPEepPbIBHOI'O 3alla3sJAbIBaHUA OJIA
BOBMyIJ_IEHHOﬁ CTelneHu oIllepaTopa Jlamiaca

Cenmos A.N.
VpI'9YV, r.Ekarepuntypr, Poccusa

IIycTs
II={(z,y):0<z<aqa, 0<y<b}. (1)
B upocrpasncree Ly = Lo(II) paccmorpum oneparop Jlamnaca Tp, nopox-

JEeHHBIN KpaeBoi 3amadeit Jupuxie

—Av = v, v’ =0, (2)
a1I

rae A — oneparop Jlannaca. Beegem oneparop T = / MAE(\), roe E())
0

— CIeKTpAIbHOE pasjIosKenne eannuIsl oneparopa Ty, B > 0, A? > 0 npn
A > 0. Bynem cumtath, uto a’/b? wppammoHaIhHOE WHCIO, TOTAA CTIEKTD
o(T) = Ak oneparopa T OJHOKPATHBIIA.

IIyctn

(Pv)(z,y) = (1 = p'(2))(1 = ¢ (y)v(z — p(x),y — q(v)),

rae p € C1[0,a] u g € C1[0,b] crporo Bo3pacraroume HyHKIMH, IPUIEM
p(0) =¢(0) =0, p(a) = a, q(b) =b.
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TIpumenus meroy 104pOGHO pACCMOTPEHHbIH B [1], MOXKHO HOKa3aTh, 4TO
JUTsE TPOU3BBOJIbHOM 110cIe0BareIbHoCTr &py "Mano" ormuuaronieiicss or no-
CJIeI0BATEIBHOCTH Apj CYLIECTBYIOT (DYHKIMH P U ¢ TAKUE, YTO CIEKTP OIe-
paropa T 4+ P coBmazaeT ¢ MoCaea0BaTeTbHOCTBIO &,k .

Taxk>ke OTMETHUM, YTO METOJ, NPUMEHHM U K CHHIYJISPHBIM OOBIKHOBEH-
HBIM b depeHInaNbHBIM OMIepATOPaM, KakK MOKAa3aHo B [2].

[1] Sedov A.L, Kameneva G.A., Bondarenko T.A. About one problem of
identification of delay by spectral data // Lecture notes in electrical
engineering, 729, 2021, 306-315

[2] Cemor A.N. Ompenenenvie HEMPEPHIBHOTO 3aMa3 bIBAHUS B CTIEKTPATb-
HOMl 3amave s omeparopa Uebbimésa nepsoro poxa // Becrruk
KOzxu0-Ypanbsckoro rocymapcrsennoro yuusepcurera. Cepusi: Marema-
tuka. Mexanuka. @uzuka. 14:4, 2022, 34-39

Or Buxpeit 'uuzbypra—Jlangay k ypaBHenusm Daiibepra—Burrena

Ceprees A.T.
MaremaTtudeckuit nacturyt umenu B.A.Creknosa, Mocksa

Buxpu I'nuzbypra—Jlanmay — 310 crarnueckue perenvist ypasuennii [ ma30ypra—
Jlangay, BO3HHKAIOIUX B TEOPUU CBEPXIPOBOAMMOCTH. OHH HATTOMWHAIOT
TUIPONHAMUYECKNE BUXPHU, 9eM U OObsCHseTCsa uxX Ha3zBanme. Ecim BKiO-
YUTh B PACCMATPUBAEMON MOJEN BPEMS, TO BUXPU HAUMHAIOT JBUTATHCS W
MOTYyT CTaJIKUBaThCsA. Hampumep, nBa BUXps, ABUXKYIIUXCS TIO TPSAMO# Ha-
BCTpeUy APYT APYTY, PACCEUBAIOTCS TIOJ MPSAMBIM yTiioM. st onucanms au-
HAMUKHU BUXPEl MOXKHO BOCIOJIB30BATHCS T.H. aIHA0ATHYIECKUM IPEIETIOM,
ycTpemiss CKOPOCTh JBUKeHWs Buxpeil K Hyso. [IpemenbHoe moBenerue
BUXPEBBIX TPACKTOPHIT OMMUCHIBAETCS TEOAE3NIECKUMI HA TPOCTPAHCTBE BUX-
peit B MeTpuke, 3aJ1aBaeMO KWHETUYECKOit IHEepTHeii.

OxkasbiBaeTcst y 9TON MOME/NN €CTh HETPUBHAJIbHBIN 4-MEPHBIM aHAJIOT,
OTHMCHIBAEMbII ypaBHEHUSIMU 3aiibepra—BuTrena. 9T0 ypaBHEHNS HA 4-MEPHBIX
PUMAaHOBBIX MHOTOOOPA3UIX, ABIIAIONINECS TPEIETbHBIM CIYIAeM CYIE€PCHM-
MerpuaHoit Teopun Aura Munnca. Ocobbiit HHTEpEC peacTaBIsdeT st HAC
CUMILIEKTUYECKUE MHOrooOpasusi, 00JIaJAM0IINE HAPSILY C PUMAHOBON MeT-
PUKOI erme u COBMECTUMO# € Hefl modTH KOMILIEKCHON CTpyKTypoit. Ecim
BBECTU B ypasHeHust 3aiibepra—BurreHa maciirabHbIi 1apamMerp, TO MOXKHO
mepeiiTi B HUX K aAuabaTW9eCKOMY TPEIey, yCTPeMsds ITOT mapaMerp K
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6eckoneunocTu. [IpejesibHble TPAEKTOPUU OIUCHIBAIOTCH 1ICEBAOI0JIOMOPXd-
HBIMU KPWBBIMHU, KOTOPblE MOYKHO PACCMATPUBATHh KAaK KOMIIJIEKCHbIE aHa-
sioru reome3nveckux I'mu3dypra—Jlannay. Pemenus ypasuenuit ['mrzbypra—
Jlanmay B agmabarwdeckoM mpejese PeaynupyioTcs K ceMeiicTBaM BUXPeit
T'uuzbypra—Jlanmay B mI0CKOCTSIX, HOPMATBHBIX K TPEIETbHON IICEBIOTO-
MopdHOit kpuBoil. Takum o6pa3oMm, ypaBHeHUs 3aiibepra—BuTTeHa MOKHO
paccMaTpUBATh KaK KOMILJIEKCHBIM aHAJIOT IUHAMUYECKUX ypaBHennii [ ma30ypra—
Jlanmay, B kotopoMm posib "Bpemenn" wurpaer napamerp, mpoberarommii mpe-
JIEJTBHYIO TICEBIOTOIOMOP(HYIO0 KPUBYIO.

HemHoro o maremarmyecKmnx MoOgeJIdaxX KOCMOJIOTTY€eCKOM
3BOJIIOIINN

Cob6oaesckuii A. H.
Qakysbrer Gusuku HITY BIID, r. Mockea, Poccusi

Tlocie HEOOMBINIOTO BBEAEHU B CTAHIAPTHBIE IPUOIHKEHNST HHbIOTOHOBOM
TEOPHUH KOCMOJIOTHUECKOi 9BOTonun (npubnxkenne 3e1ba0Buda [1] u npu-
GvkeHne mpuannanus [2]) Gyzer pacckasaHo 0 TOM, KaK MOYKHO TIOI 9THM
yTJIOM 3DPEHUsT PACCMATPUBATEH TOUHBIE KUHETUUECKUE YPABHEHHUS IBOJIOINN
(ypaBuenus Buacosa—Ilyaccona B MoHOKMHeTH4yecKoM npubiuzkenuu). Ma-
TEMATUYIECKU TAM BO3HMKAIOT OYEHb MPOCTHIE YPABHEHHUS: KAY€CTBEHHO MPa-
BUJILHYIO KAPTUHY MOXKHO MOYYUTD yKe U3 aHATN3A IBHBIX PEIeHuil Tpex-
MepHOTO ypaBHeHusi Bioprepca, uro ObL10 00Hapyx)eHo eme 7. B. 3embno-
suueM u B. 1. Aprosapaom [3].

Tlpenusnontoe 4uCIeHHOE MOJEJTUPOBAHIE IBOTIONUA B MOHOKHHETHYIE-
ckom mpubnmxkennn Biacosa-Ilyaccona, koropoe sormonaun Stéphane Colo-
mbi u3 Institut d’Astrophysique de Paris [4], He TOJIbKO IPUBOIUT K OYEHD
KpPpaCuBbIM (I/I HUT/I€ HE OHy6JII/IKOBaHHbIM) KapTUHKaM, KOTOPbIE s TIOKaAXKY,
HO 1 HEOKUJJAHHO XOPOIIO OIMUCHIBACTCA B TEPMUHAX TTOAXOAA SGJI]),ELOBI/I‘Ia -
0 gem cam ko Bopucosut, BeposiTHO, HE 3HAJI.

Jlokna ocCHOBaH Ha MaTepHuaaax HeomyOJIMKOBAHHOIO COBMECTHOTO KC-
crepoBanus ¢ S. Colombi u M. Neyrinck.

[1] Zel’dovich, Ya. B. Gravitational instability: An approximate theory for
large density perturbations. Astron. Astrophys. 5 (1970) 84 89.

[2] Gurbatov, S. N., Saichev, A. I., and Shandarin, S. F. The large-scale
structure of the Universe in the frame of the model equation of non-
linear diffusion. Mon. Not. R. Astron. Soc. 236 (1989) 385-402.

29



[3] Arnol’d, V. I., Shandarin, S. F., and Zel’dovich, Ya. B. The large
scale structure of the Universe. I — General properties. One- and two-
dimensional models. Geophys. Astrophys. Fluid Dynamics 20 (1982).
111-130.

[4] Sousbie T., Colombi S. Co1DICE: A parallel Vlasov Poisson solver using
moving adaptive simplicial tesselation. J. Comput. Phys. 321 (2016)
644-697.

On some geometric inequalities for Schatten p-norms of Riesz
potential operators

Suragan D.
Nazarbayev University, Astana, Kazakhstan

In this presentation, we explore the intriguing realm of Schatten p-norms
and their relationship with Riesz potential operators within domains of fixed
measure. Our main result unveils the ball as an optimal maximizer for these
integer order Schatten p-norms. This finding extends to the polyharmonic
Newton potential operator, a vital component in nonlocal boundary value
problems associated with the poly-Laplacian. This extension mirrors the
pioneering work of M. Kac and T. Kalmenov, originally established for the
Laplacian, leading us to the derivation of isoperimetric inequalities for the
eigenvalues. These inequalities, akin to the classical Rayleigh-Faber-Krahn
and Hong-Krahn-Szego counterparts, further illuminate the structural prop-
erties of the polyharmonic Newton potential operator.

In our presentation, we delve into the broader landscape by considering
extensions of these results to convolution-type integral operators, offering
explicit examples to elucidate our findings. Additionally, we present a new
insight into the multidimensional MEMS (micro-electro mechanical systems)
problem within the Euclidean space R?, where d > 3. Our investigation
reveals that minimizing the pull-in voltage for this problem involves the
symmetrization of the permittivity profile, and we establish the foundation
for this claim through the application of Talenti’s comparison principle. This
talk is based on our joint works [1]-[3].

[1] Rozenblum G., Ruzhansky M., Suragan D. Isoperimetric inequalities
for Schatten norms of Riesz potentials, J. Funct. Anal., 271:1 (2016),
224-239.

30



[2] Ruzhansky M., Sadybekov M., Suragan D. Spectral geometry of par-
tial differential operators, Taylor & Francis, Chapman and Hall/CRC
(2020).

[3] Suragan D., Wei D. On geometric estimates for some problems arising
from modeling pull-in voltage in MEMS, Trends in Mathematics, to
appear, (2023).

CHeKTp ABYXMAardHOHHBbIX CHUCTEM C 4YeTbIpeX CIIMHOBBIM 0OMEHHBIM
raMMnJIbTOHUAHOM

Tanmrysaros C.M.
WucruryT gaaepuoit dpusukn akamemun HAyK pecnyOnuku Y30eKucTaH,
TamrkenT, ¥Y3b6ekucran, sadullatashpulatov@yandex.com

TamMunbroHUAH paccMaTPUBAEMON CHCTEMBI UMEET BUJ

H= JZ(?m?m-&-T)(?m-i-%?m-i-%)a (1)

m,T

rae J napaMerp 4Yerbipex CIIMHOBOIO OOMEHHOIO B3auUMOIEHCTBUE MEXKITy
aromamu, 7 = =*e;,j = 1,2,3,...,v; 37ech €;— eAUHUYHbLIE OPTbI, S, =
(SZ,S8Y,,S%) oneparop aTOMHOIO CIMHA BEJINYUHBI S, S > % B y37a m v—
MepHOit nesoguciaennoil pemerku ZY. Tamunbronunan (1) mefictByer B cum-
meTpuyeckoMy mpocTpancTse Poxa Hymm . [lomorxmm St =87 +48Y  Tme
St wm S, omepaTop poXKIeHWsA M YHUUTOXKEHUs MarHoHa B y3iue m. Q6o3na-
UMM YEepe3 Q) BEKTOD, HA3BIBAEMbBIH BAKYYyMHBIM U OJHO3HAYHO OMPEIeIs-
mprii yenosusavu Sfoo = 0, Shp0 = s@o, |leo = 1||. Bekropsr S, S, ¢o
OTMCHIBAIOT COCTOSHWE CUCTEMbBI JBYX MArHOHOB, HAXOMAIIUXCH B y3J1aX M
¥ 1 CO 3HAUYEHWSIMM CTWHA S. I[IpOCTPAHCTBA, BCEBO3MOXKHBIMU JIMHEHHBIMY
KOMOWHAILIMSIMHU 3TUX BEKTOPOB, 0003HaunM uepe3 Hy. Obo3naunm uepes Ho
cyxkenue oneparopa H B momgmpocrpancTse Ho.

O6o3nauum vyepe3 F npeobpazosanune Dypoe F : lo(ZY X ZY) — Lo(TY x
T). Honoxum Hy = FH,F L.

Teopema 1. IlpeoGpasosanue @ypne nepesonut oneparop Hp B orpa-
HUYeHHBIH CaMOCOIPsKeHHEIH omepaTop Ha, AeficTByioniuil B IPOCTPaHCTBe
Ho o dbopwmyme

(Haf)(\, 1) JZ f s, A—5){857 cos(A—2s) cos(A—2\)+4s? cos(%fi}s)x

A A A
X cos(% —3\) —4s> COS(E —2s) cos(% —3)\) —4s% cos s cos(A —2)) —4s? x
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A A
x cos(2A—3s) cos(A—2)\)—4s> COS(%—QS) COS(E—)\) —45% cos(A—3s) cos(A—\)+
A A A
+45% cos 2s COS(§ —\)+4s? 005(37 —3s) COS(§ —\)—45? cos(A—s) cos(A—2)\)—

—45> cos(% —25) COS(% — 3\) +4s% cos(A — 2\ — ) cos(A — 2)\)+
+45% cos(2A — 2s) cos(A — 2)\) }ds.

Teopema 2. Ilycrs v = 1. Cunekrp oneparopa Hy 4UCTO JUCKPETEH U CO-
CTOUT W3 He DoJjiee TEeCTH COOCTBEHHBIX 3HAYEHUH.

OkoutoHyJIeBbIe COOCTBEHHBIE 3HAUEHUS BO3MYIIIEHHOTO
HesapMuToBoro ramuiabroHnana SSH ¢ PT-cummerpueit

Tuarokosa T.C., Uyoypun FO.II.
Vamyprckuii rocymapcersennbiit yausepcurer, YamM®@UIT YpO PAH,
r.Mxesck, Poccust

B nocsiennue Toanr GOIBINON WHTEPEC CTAIN BHI3HIBATH HEIPMUTOBBI Ta-
MUJIBTOHUAHBI, ONUCBHIBAIOIINE TOHOJOTUYECKUE CTPYKTYDPhl U MOJEJIUPYIO-
[IMe OTKPbITHIE CUCTEMbI C BHEITHUME BO3zelicTBusaMu (cM., Hanpumep, [?7]).
OO6BbIYHO TO  OJHOMEDHBIE PA3HOCTHBIE MOJIEM, Yallle BCErOo  MOJIEJb
Su-Schrieffer-Heeger (SSH) ¢ BBeseHHOI HEIPMUTOBOCTBHIO.

Tamunrronnan H 6eckoredHoi HedpMuTOBOit nenoukn SSH ¢ PT-cumMmerpueii
neiictyet B mpoctpanctie (1%(Z))? na qByx-komnoHenTHbIe dbyHkmnu ¥(n) =
(1(n), va(n)T € (ZQ(Z))2, rie T — TpaHcTOHWpOBaHue, 1o Gopmyae [?]

Pi(n) \ [ i0i(n) + wipe(n — 1) 4+ vihe(n)
H( Pa(n) ) N ( —i0thy(n) + vip1(n) + wipy (n + 1) ) nez, (1)

rJie W, v — BEIIeCTBEHHBIE TAPAMETPhI IEPEX0oa Ha COCeTHU y3en, § — Be-
IMEeCTBEHHBIN MapaMeTp, MOPOKIAIONINH HESPMUTOBOCTh. PaccMOTpuM BO3-
MYIIeHHBIH ramMuabTonnan H + V) tae morennman V' ompenesnsieTcst paBeH-

()W)

3mechk Vy — BelecTBeHHAs KOHCTAHTA, Oy ., — cuMBoa Kponekepa. Crek-
TpalbHBIE CBOMCTBA TaMmIbTOHNAHA H + V' uccienoBaHb! ¢ TOMOIIHIO YPaB-
nennsa Jlaiicona

U=—(H-E)'V¥
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U HalueHHol aropamu Gyukuuu ['puna ramuiabsronnana H.
Teopema. s gocratouno maibix |dl,e > 0 m |E| < & cymecryer
POBHO J1Ba COOCTBEHHBIX 3HAYeHUs ramuibronuana H+V. CoorsercrByiomime

cobcrBennble dyuxnun ¥;(n) = ( £j)(n),w£j)(n)> , 7 = 1,2, umeroT Bu:

‘ 2 _ 42
ipn n 1 —e'Pm +062+2>, >0,
P (n) = ePinl, ¢é>:E+w ¢ ” (624+¢e?) ), n
e O(82% + €2), n <0,
ePnO(6?% + &2), n >0,

@\ _ iplnl ) L 4 2 o
Y =T 0 = g —e‘”’"<w U*U +O(62+52>>’ n < 0.

Pabora Tuntokosoii T.C. BeImoHena mpu nogaepskke Munncrepcrsa Ha-
yKHU ¥ BBICITEro oopasoBanus P® B pamMkax rocyJIapCTBEHHOTO 3ajanus Nt
075-01483-23-00, mpoextr FEWS-2020-0010.

[1] Okuma N., Sato M. Non-hermitian topological phenomena: A review.
Annual Review of Condensed Matter Physics. 2023. Vol. 14. P. 83 197.

[2] Banerjee A., Sarkar R., Dey S., Narayan A. Non-Hermitian Topological
Phases: Principles and Prospects. J. Phys.: Condens. Matter. 2023. Vol.
35. 333001.

CrnekTpajbHble XapaKTEPUCTUKN O0DOOIIEHHOTO ypaBHEHUS
YCTOWYUBOCTN TE€YEHUS TEPMOBSI3KOM YXUIKOCTA B KOJIBIIEBOM
KaHaJe

YpmanueeB C.®P., HuzamoBa A.J/l., Kupee B.H.
Wucruryr mexanuku um. P.P. Mapomorosa YOUIL PAH, r.Vda, Poccus

B wuccrenoBanuu ycTOWYUBOCTU TeYeHUN KUIKOCTEH B IJIOCKUX KaHA-
JlaX HAKOIUIEH JIOCTATOYHBIN 3a/ieJ1 B HACTOsSIIEE BPEMSI, OAHAKO, NPU U3Y-
YEHUU ITON 33/ 4YacTO NPEHEOPEerarT BO3AEHCTBUEM TEMIIEPATYPHOIO

GdakTopa HA CMEHY DPEXKUMA TEYEHUI [ ] Tedenus: KuJIKOCTEH BOZHUKAIOT
B Pa3JMYHBIX OTPACIAX IIPOMBIILIEHHOCTH IPU KCILIyaTallui TeXHUYEeCKUX
YCTPOICTB.

Pamee 3agata ruipoguHAMITYIECKON YCTOMIUBOCTH T€UEHNST TEPMOBIIKOM
JKUJKOCTH B TIJIOCKOTIAPAJIIEIbHOM KAaHAJE C HEOJTHOPOJAHBIM TEMIEpaTyp-
HbIM 110JIeM ObLIa npuBeseHa K 00600menHomy ypasuenuto Oppa—3ommep-
dempaa [2]. AHATIOrMYHO MJIOCKOMY CJIy9al PAcCMOTPHM 337ady 06 yCToii-
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YUBOCTHU TEYUYEHUSI HECKMMAEMON TepMOBHBKOfI KUJIKOCTH B KOJIBIIEBOM Ka-
HaJIe 1oj AeficTBMeM nepenaja JaBlieHus ¢ (PUKCHPOBAHHBIMU BHEIIHUM W
BHYTPEHHUM DAJUYCaMU KaHAA W HAarPEBAEMbIM BHYTPEHHUM CTEPIKHEM.

VcTaHOBIEHO, 9TO yYET 3aBUCHMOCTH BA3KOCTHA OT TEMIIEPATYPHI 3HAYU-
TETbHO BJIUSAET HA BBIBOIBI OTHOCUTEIHHO TUAPOIMHAMUYIECKON YCTOUIHBO-
ctu. Ilonydena 3aBUCUMOCTE KPUTHIECKOTO Uncia PeiHosbaca OT reoMer-
pudecKoro mapaMerpa. [Ipn MajbIX 3HaYEeHUAX MapaMeTpa TEPMOBSI3KOCTH
U TEOMETPUYECKOM TapaMeTpe TedeHWe XKUIKOCTH MOYKHO CUHUTATh TPaK-
TUYECKN M30TepMudecKkuM u mockuM. Ilogydennoe B 3ToMm ciydae 3Hade-
Hue Kputndeckoro dncna Pefinonbaca pasuo 5810, 94T0 H0CTATOYHO OJIM3KO
K 3HAUEHWI0 5772, COOTBETCTBYMOIIEMY KjaccudeckoMmy ypapHerwio Oppa-
SomMepdenbaa st TI0CKoro Kanasa. OIHAKO, TTPU YBEJIUYEHUH TTapaMeT-
pa TEpMOBS3KOCTH BHAYAJE MPOUCXOAUT YMEHBITEHNE KPUTHUECKOTO YUCTIA
Peiinonnaca, a 3aremM, ¢ yBesimdeHreM pa3HOCTH PAIUYCOB KPUBU3HBI CTEHOK
HaOMIOMAETCS TEHAEHITHsT K ero pocTy. Takum oOpa3oM, MpW TEUE€HUH Tep-
MOBSI3KUX KUIKOCTEHl B KOJIBIIEBOM KaHAJIe HAOIIOMAETCS 30HA CHUKEHUS
mopora mepexoaa K TypOyJIeHTHOMY TEUYEHUIO.

[1] Orszag S.A. Accurate solution of the Orr-Sommerfeld equation
// J. of Fluid Mech.,, 1971. V. 50. Pp. 689-703. DOL
10.1017/50022112071002842

[2] Nizamova A.D., Kireev V.N., Urmancheev S.F. Influence of
Temperature Dependence of Viscosity on the Stability // Lobachevskii
Journal of Mathematics, 2023. Vol. 44. No. 5. pp. 1778-1784. DOI:
10.1134/51995080223050463

Onpegenenne mapaMeTpoB NPOAOJIbHON TPEIINHBI CTEPYKHSA TI0
COOCTBEHHBIM YacTOTAM M3TMOHBIX KOJIieOaHmMit

VYrames .M.
NMucruryr mexanuku M. P.P. Masmorosa YOUIT PAH, r. Yda, Poccusa

Paccmorpena koaddurmentras obpaTHas 331a9a OMPEeIeTIeHNsT TeéOMeT-
PUYECKUX TAPAMETPOB TPOJIOTBHON TPEITUHBL TI0 COOCTBEHHBIM 9aCTOTAM H3-
rubHBIX KOJIe0aHUH MPAMOYTOJIBHOrO CTepKHA AiuHabl L = 1. Anamornyanas
3a/1a4a 10 ONPENEIEHUO JJIMHBI IPOIOILHOIO HAAPE3a 10 COOCTBEHHBIM Ya-
CTOTaM TIPOJONBHBIX Kojlebauuii paccmorpena B [1]. Ipexnonaraercs, aro
TPEIUHA TPOXOIUT He IO BCeil JTTUHE, a OT OMpPeIeeHHON TOUYKN T J0 Mpa-
BOTrO KOHIA. [l perenus 3aJa9u CTEPKEHb MOJETUPYETCs B BUIE JBYX
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qacren, npuyeM 11epBbIi He UMeeT TPELUHbl, & BTOPOA nMeer.

g = aiaty Y = airty,, (1)

3nmech dt = f;—:, ds = %, M=
Ze (y4acTok cTepyKHsI 63 TpEeIInHbI), Y —TpaBee TOUYKU T, (C TPEmyHOI),
F  mnomans monepednoro cedenus. MOMEHTBI MHEPIUA OTHOCUTETBHO OCH
O = R

B wmecte coe,zLI/IHeHI/Iﬂ WCTIONIB3YIOTCSl YCIOBUST COTIPSIKEHMUsI, B KOTOPBIX
NPUPABHABAIOTCA BEJTMYHUHBI MPOTHOOB, yTIOB MOBOPOTA, W3TUOAOIINE MO-
MEHTBI W TEPEPE3BIBAIOIIHAE CHITHI

2
b2, y_- momepeyHoe CMeIIeH e JieBee TOUKN

y—(we) = y4(ze), 9 () = ( J) @)
vl (ze) = 75y (o), v (2e) = Ty ().
CrepKkeHb 3a7€/1aH HA JJEBOM W MPABOM KOHIIAX.

O6iuee pemenue ypasuenuil (1) npuvem B Buje:

y— = Ci1y1— + Craya— + Cizys— + Craya—,

3
Y+ = Coy1+ + Coayay + Cozyzy + Coglysy . ®)

roe yi; (i = 1,2,3,4;5 = +,—) — dyukunu Kpsuiosa. Iogcrasus (3) B
(1)-(2), a Takke B KpaeBble YCJIOBUs, HOJIYYUM CHUCTEMY, U3 KOTODON ja-
Jiee TI0JIy9aeM xapakTepucrudeckoe (yacroruoe) ypasaenve. [logcrasus Tpu
CODCTBEHHBIX 3HAYEHUS B 3TO BBIPAXKEHUE TIOTYIUM HEJTHHEHHYIO CHCTEMY OT-
HOCHUTEJIbHO JJIMHbI [, upuHbl b u raybunbl b Tpemubbl. Pelienue cucrembl
MIIETCA YMCJIEHHO, C IOMOINBI0 MaTeMarudeckoro nmakera Maple.

[1] Yrsunes M.M., ®arxenmucnamos A.D. Muenrnduxanus npoioasHOro
Hape3a CTEP’KHsI 10 COOCTBEHHBIM 4vacToTam KojeGanwmit // Russian
Technological Journal. 2023. Ne 11(2). C. 92-99.
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A sufficient condition on the solution of the inverse problem for a
Dirac operator with a spectral parameter in the boundary
condition

IFerzullazadeh A.G., 23*Nabiev I. M.
I Lankaran State University, Lankaran, Azerbaijan,
2 Baku State University, Baku, Azerbaijan,
3 Institute of Mathematics and Mechanics of the Ministry of Science and
Education of Azerbaijan, Baku, Azerbaijan,
4 Khazar University, Baku, Azerbaijan

Consider in [0, 7] the boundary value problem generated by the canonical
Dirac equation

BY'(x) + Q@)Y (&) = AY (a), 1)

and the nonseparated boundary conditions

y2(0) + (aX + B)y1(0) + wys(7) = 0,
Y2(m) + yy1 () — wy1(0) =0,

where B = <_01 é) Q(z) = (p(””) q(x))), Y(z) = (yl(m)>,p(x)7q(x) €

q(z) —plz y2(z)
W40, 7], A is a spectral parameter, «, 3, v are real numbers, w is a complex
number and aw # 0.

In this work we found, sufficient conditions to which must satisfy a col-
lection of some quantities in order that it be spectral data of the boundary
problem (1), (2). As spectral data, we use the w, spectra of two boundary
value problems and some sequence of signs.

Note that some aspects of direct and inverse problems for the Dirac
system with nonseparated boundary conditions are presented in [I—4] and
other works.

(2)

[1] Abdullaev T. Sh., Nabiev I. M. An algorithm for reconstructing the
Dirac operator with a spectral parameter in the boundary condition,
Computational Mathematics and Mathematical Physics, 2016, v. 56,
No2, p. 256-262.

[2] Ferzullazadeh A.G., Nabiev .M. Some properties of the spectrum of the
Dirac operator with a spectral parameter in the boundary condition,
Proc. of Institute of Math. and Mech. of NAS of Azerbaijan, 2020, v.
46, No2, p. 189-196.
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[3] Ferzullazadeh, A.G. Solution algorithm of the inverse spectral problem
for Dirac operator with a spectral parameter in the boundary condition.
Operators and Matrices, 2022, v. 16, Nol, p. 113-122.

[4] Makin A. S. Structure of the spectrum of a nonselfadjoint Dirac oper-
ator, Sbornik: Mathematics, 2023, v. 214, Nol, p. 39-57.

IToaHOTAa MapaMeTPU30BAHHBIX CHUCTEM IIeJIbIX (DYyHKIMiT B
reoMeTpUIECKUX TepMUHAX

Xabubymnanu B.H.
Mucruryr maremaruku ¢ BII YHIL PAH, r.¥Yda, Poccus

TIpeaBapurensbHO peAmnonaraeTcs 00CyInTh HeTaBHO YCTAHOBIEHHYIO Ha-
Mu B 2020-e rT. HOBYIO BeChbMa TTHPOKYIO KAy yCJOBWUI TMOJHOTHI IKCITO-
HEHITHAJIBHBIX CUCTEM B KJIACCUYECKUX MPOCTPAHCTBAX (DYHKINI, HETTPEPHIB-
HBIX HA KOMIIAKTE U OJHOBPEMEHHO FOJIOMOP(MHBIX BO BHYTPEHHOCTH 3TOTO
KOMITAKTa, a TaKyKe B MPOCTPAHCTBAX (PYHKIHHA, TOJOMOPQHBIX Ha obJa-
CTH KOMILIEKCHON IIIOCKOCTH. YCJIOBUS 3TH (DOPMYTUPYIOTCSI B TEPMUHAX
COOTHOIIIEHUH MEXKTy PA3JIMYHBIMUA XaPaKTEPUCTUKAMY PACTPEIeSIeHNi M0~
Ka3aTeseit IKCMOHEHIINAIBHOI CHUCTEMBI C OJHONH CTOPOHBI M CMEINTAHHBIMUA
TJIOMIASIMU BBIMTYyKJIOM 000JI0UKM 006J1acTH onpeneenust GyHKIU ¢ apy-
roif. OHM TO3BOJAIOT TOMYYNUTH YCJIOBUS TMOJTHOTHI SKCIIOHEHITUATHLHBIX CH-
CTEM B TEOMETPHUYECKUX TEPMHUHAX MEPUMETPa ¥ €BKIUJIOBOM ILIOMAIN, a
TaK>K€ KPUTEPHUU TTIOJIHOTHI IKCIIOHEHIIMAJIbHBIX CHCTEM B TE€PMHWHAX IUPHU-
HbI B HAIIPpABJICHUH, HAUMeHbIei HNIMPUHBI WJIN JUAMETPa 3TOr0 KOMIIAKTa
nim obnactn Ha ocHope [1]. DTa wacTh J0KIazA PA3BMBAET MHOIWE KJIAC-
CUYECKHe Pe3yTbTATHl O MOJHOTE SKCIOHEHIIHATBHBIX CHCTEM, JOCTATOYHO
JIeTaTbHO OTpaXkEéHHBIE IO cocrostHuio 1o 2012 1. B [2]. Janee HamedaeTcs
PACIPOCTPAHUTH TY HOBYIO IKAJY HA TIOJTHOTY TAPAMETPU3OBAHHBIX CHCTEM
nesibix PyHKLmiA, 6oJiee 00LIUX, YeM SKCIIOHEHIIUAJIbHBIE, B OIIMCAHHBIX BbIIIIE
npocrpancreax. st 37oro OyayT pa3BuThl MOHATHSI CMEITAHHON TIIOIIA/IH,
a TaK>Ke B3auMHOT'O MHAUKATOPA HeJ’[Oﬁ (byHKHI/II/I 1 KOMIIaKTa, 9TO B CJIy4dae
9KCIIOHEHITNATBHBIX (DYHKIHMA COOTBETCTBYET OOBIYHONH OMOPHON (DyHKIINH
KOMIIAKTa U PaHee B YACTHBIX CIydadx 3arparuBasock B [2, 3.3]. B ocnoBy
METO/I0OB Halllero uCCjaea0BaHuA 110JI0?KEHbI d)yHK]_LI/IOHaJH)HO AHAJIUTUYECKUE
WCCIIEIOBAHNST, B 3HAYMTEIIBHON 9aCTH CKOHIIEHTPUPOBAHHBIE B [3].

[1] Xabubynmun B. H. Pacnpedeaenus koprel u macc yeans u cybzapmo-
HUMECKUT PYHKYUT ¢ 02DAHUNEHUAMU HG UL POCT, 60046 NOAOCH [/
N3s. PAH. Cep. marem., 88:1 (2024), 61 crp. (B mevarn)
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[2] Xabubyumun B.H. IHHoanoma cucmem oxcnonewm u  muodice-
cmea  eduncmeenrnocmu, Monorpadusi, 4-¢ wu3xa., JONOJTHEHHOE,
Vpa: PUIL Baml'V, 2012, xvit176 c., ISBN: 9785-7477-2092-6
https://matem.anrb.ru/sites/default /files /userfiles /u35721 /expkhbn.pdf

[3] Xabubywmu B.H. Qzubarowue 6 meopuu @dynxyui, Monorpa-
dua,Yda: PUI BamlVy, 2021 , 140 c., ISBN 978-5-7477-5396-9
https://matem.anrb.ru/sites/default /files /userfiles /u35721 /envkhbn.pdf

Mopean BcesienHo# Kak 3D-6panbl

IITapunos P.A.

Ydumckuii yaHuBepcuTeT HAyKN U TeXHOIOTHHA, T. Y da, Poccus

Mopnenb Bcenennoi kak 3D-6paHbl — 3TO HOBas HEIWHIITITEHHOBCKAS TEO-
pust rpasutaiuu. OHa CTPOUTCS HA OCHOBE IMPEJICTABJIEHUIN, COTTACHO KO-
TOPBIM MPOCTPAHCTBO-BpeMsi ecTh paccyoerune 3D-0pan. OcHOBBI 3TO# Teo-
pun nsnoxkens! B [1], B [2] u B psAge Apyrux myGawkammii aBTOpa JOKJIAIA.
PaccmarpuBaemast B HOKJIage TEOPUS MMEET IEbIH sl OTJAUYUI OT CTaH-
napraoii OTO: 1) ypaBHenus rpaBuTanuyu B Hell COCTABJSIOT CUCTEMY W3
7 ypaBHEHWI B YACTHBIX TPOU3BOIHBIX HA 7 JUHAMUYECKUX IIEPEMEHHBIX, B
o Bpemsa kak B OTO — 3ro 10 ypasrenutt na 10 quHAMUYECKUX MEPEMEH-
HBIX; 2) KOHCTAHTA CKOPOCTH ¢, B YPABHEHUSIX TPABUTALNY B HOBOI T€OpHH
anpuopu He 06sg3aHa COBNAJATH CO CKOPOCTHIO CBETA; 3) B HOBOI TEOPUH HET
npobJieM ¢ OmpeesieHreM TIJIOTHOCTHA YHEPTUU TPABUTAIMOHHOTO MOJIS, KO-
ropoie mist OTO onucansw B [3]; 4) HOBag TeOpuUs JONyCKAET CYNIECTBOBAHUE
MACCHUBHBIX YACTHUI] HEGAPUOHHOM TEMHON MaTepuw, ABUKYIIUXCS ObICTpee
CKOPOCTH CBETA.

CBerCBeTOBbIe MaCCUBHBIE YaCTUIbI TEeMHOMN MaTeEpUn pacCCMaTPUBAJINCH
B pabore Jlynca Tonzamnesa-Mecrpeca [1] n B HEKOTOpBIX Goslee NO3IHUX €ro
paborax. Ouu 6b11H Ha3BaHBI cyniepOpaanonavu. QOKa3bIBAETCs Cynepopau-
onbl T'on3aneza-MecTpeca ecTecTBEHHBIM 0OPA30M BIHMCBHIBAIOTCSI B MOIELTD
BceseHHOM Kak 3D-6pambi. [lyisi HUX ONpEIendrOTCsS UMITYJIbC U IHEPIUsd, a
TAKZ?KE BbIBO/ATCA ypaBHeHI/IH JBU>KEHUA B I'DABUTALMOHHOM I10JI€.

B monenu BcenenHoit kak 3D-OGpaHbl MMEIOTCSI BBIIEIEHHbIE TPEXMEPHbIE
cucrembl KOOpauHaT Ha Opanax. 1o anamoruu co crangapTHOl KOCMOJIOIue
oHU GBLTM HA3BAHBI COY TCTBY OIIUMY KOOPIMHATAMHU, XOTsI B JAHHOM T€OPUN
OHU WUTPAOT Ooslee PyHIAMEHTATBHYIO POb. HecMOTpsa Ha HATHYINE BBIIAE-
JIEHHBIX CHCTEM KOODJWHAT, MOJEh BCEJeHHON Kak 3D-OpaHbl OTImyaercs
OT TEOPUH CBETOHOCHOTO 3upa 19-ro Beka u oT Teopuu 3pupa DHIITEHHA-
Jlupaka, KoTopasi HAOMPAET MOMYJISPHOCTD B HATIN JHU.
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