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YdumMmcknit yHUBepCcHUTET HAYKHM M TEXHOJOTHI coBMecTHO ¢ WHCTHTY-
toMm Martemaruku ¢ BIl YOUIL PAH exkeromso, naunsas ¢ 2012 r., nmposo-
JUT MeXKIyHapOIHble HayJHble KOH(MEPEHIINN, OCHOBHBIE TEMAaTHUK! KOTO-
PBHIX CBA3aHBI CO CIMEKTPAJIBHOI Teopmeil, ¢ HeJIMHEHHBIM W KOMIIJIEKCHBIM
a"aan3oM, auddepeHnaIbHBIME YPABHEHUIMI U MaTeMATHICCKUM MOIe-
nuposaHreM. Bpibop Takmx HaIpaB/IeHUI ONPeIessICs KaK aKTHUBHOM pa-
060TOIl B yKa3aHHBIX OBJIACTIX MHOTMX MAaTEMaTHMKOB m3 BamkoprocraHa,
B3aMMOIIPOHUKHOBEHHEM HAEH W METOJ0B CIEKTPAJIbHON TCOPUH, HEJIMHEH-
HOTO M KOMIUIEKCHOT'O aHAJIN3a IIPH PEIIeHNN MHOIHX AKTYAJIbHBIX 3339
B YKa3aHHBIX 00JIACTAX, TAK U COTPYJHUIECTBOM C KOJIJIETAMH M3 MHOTHX
HAy9HBIX IIeHTpoB Poccun u 3apybeknbs.

B nocnenune rompr 0cO6EHHO aKTUBHBIM CTAJIO COTPYIHUTIECTBO B YKa-
3aHHBIX ODJIACTAX MATEMATHKU C YIE€HBIMU U3 D13 HAYIHBIX U 06pazo-
BaTeJbHBIX Opranu3aruii ¥3bexkucrana, Kazaxcrana u Tamxukucrana. Co
MHOTMME OPraHU3AINIMU 33K/II0YeHbl COOTBeTcTByIOmue Jlorosopa o Ha-
VYHOM COTPYIHUYECTBE.

Haumnuas ¢ 2019 r. koudepennusa mpuodpesa HOBBIM CTaTyC, Tpeodpaso-
BaBIIKCh B "YduMcKy0 oceHHIOIO MaTemMaTndeckyo mkony". Teneps, Ha-
pAay ¢ 0BCYIKIeHMeM HOBEHITHX HAYYHBIX Pe3yIbTATOB U OTKPBHITHIX IIPO-
671eM, BayKHOE MeCTO B paboTe KOH(pEPEHITNN 3aHNMAT 0030PHBIE JIEKITHH
BEeAYINUX yYeHBIX [IJIsI ACIIIPAHTOB M MOJIOIBIX YI€HBIX.

Hayunas mporpamma koudepenmuun YOMII-24 oxBarsiBaeT ciemyio-
TFe HaIPaB/ICHUs:

® CIICKTPAaJIbHAsA TEOPHUs OIIEPATOPOB;

® KOMILJIEKCHBIN U (DYHKIMOHAJILHBIN aHAINS;

® HeJMHeliHble ypaBHEHNU;

o nuddepeHnnaIbHble YPABHEHUS U UX IIPUIOXKEHNSI;

® MaTEeMaTHUYIECKOe MOJC/IMPOBAHUEC.
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O MONP®UIINPOBAHHOM YPABHEHUN
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OTPUILIATEJIBHOTI O ITIOPA/IKA
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B Te3uce meron oOparHOM CIEKTPATBLHON 331a9u MPUMEHSIETCS
JIJIST MHTETPUPOBAHUS HEJIUHENHOTO0 MOANMUIMPOBAHHOTO YpaB-
nennst Kopresera-ne ®puza—J/InyBusias oTpUIIaTEILHOTO TTOPSI-
ka (oMKa®-JI) B Kjacce MEPUOAMYECKUX OECKOHEYHO30HHBIX
PyHKITHIIL.

Kmoueswvie carosa: Momudunuposannoe ypapaenune Kopresera-
ne ®puza—JInysumns orpunarensaoro nopsiika (omMKa®—JI),
oneparop /lupaxa, CeKTpajbHbIE TaHHBbIE, CUCTEMa YPABHEHMI
ly6poBuHa, (hOpMYJIBI CIET0B.

On the Negative order modified Korteweg-de Vries-
Liouville (nmKdV-L) equation

In this thesis, the inverse spectral problem method is used
to integrate the nonlinear negative order modified Korteweg-
de Vries-Liouville (nmKdV-L) equation in the class of periodic
infinite-gap functions.

Keywords: Negative order modified Korteweg-de Vries—Liouville
equation (nmKdV-L), Dirac operator, spectral data, Dubrovin
system of equations, trace formulas.
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In this work, we consider a mixed problem for the negative order
modified Kortewegde Vries-Liouville (nmKdV-L) equation of the form

{b(t) (umt — 62u) — a(t) (uzxxt - (2u1’/~"1?t)'p) =0,

— 22
Hra = Uy,

(1)

under conditions

u(xat”t:() = uO(z)v UO(x + 71—) = uO(z) € CS(R)v
w(z,t)],—g = a(t), pa(z,t)],—o = B(1), (2)
[uwt(x’t) - Mxt(x’t)Hx:O = C<t)

in the class of real infinite-gap 7 periodic functions with respect to x
satisfying the following smoothness conditions

w(z,t) € Cyy (t>0)NC(t>0),pu(z,t) € CIy(t >0)NC(E>0). (3)

Here a(t),b(t) € C[0;00) and «(t), B(t),((t) € CL(t > 0)NC(t > 0)
are given continuous differentiable bounded functions.

Note that if in equations (1) the coefficients a(t) = 0,b(t) = 1, then
equation (1) takes the form of the Liouville equation, popular in the
literature (see [6] and [51], p. 14). Also, for the case a(t) = 1,b(t) = 0,
we obtain the negative order modified Korteweg-de Vries equation
(nmKdV) (see [7]). For simplicity, we study equation (1), in the case
of b(t) = 1.

In this paper, we propose an algorithm for constructing periodic
infinite-gap solutions wu(z,t), py(z,t),z € R,t > 0 of the mixed
problem (1)—(3) by reducing it to the inverse spectral problem for
a self-adjoint periodic Dirac operator of the form:

d
S(T,t)yEB£+Q(x+T,t)y:)\y, reR, TR, t>0,

Theorem 1. Let u(z,t), uy(z,t),x € R,t > 0 be the solution
to the mized problem (1)-(3). Then the boundaries of the spectrum
An(T,t),n € Z\{0} of the operator £(r,t) do not depend on T
and t i.e. A\py(7,t) = Ap,n € Z\{0}, and the spectral parameters



En(T,t),0n(T,t) = £1,n € Z\{0} satisfy the Dubrovin system of
differential equations,

% =2(=1)"0n (1, ) hn(&(T, 1)) gn (E(T, 1)), n € Z\{0}. (4)

In addition, the following initial conditions are satisfied
&n(T, t)‘tzo = 52( )y on (T, t)| 1= 0=0 ( ),n € Z\{0}, (5)
where £2(7),00(7) = +1,n € Z\{0} are the spectral parameters of

the Dirac operator £(7,0). Sequences h,(€) and g,(§),n € Z\{0} in
equation (4) are determined by the following formulas:

fn 7,t) = Aan—1) (A2n — (7, 1)) - fu(§),

(A2k—1 = &n(7,1)) A2k — &n(T, 1))

kffoo fk(Ta t) 7577.(7_3 t))2
k#n

Y

O = T ey g 0 ) o]

where

E=&(nt)y=(...¢1(nt),&(nt),...), o=o(r,t)=(...,0-1(1,1),01(7,t),...).

The following formulas hold:

u(r,t) = a(t) + /07’ { Z (—1)k_10k(s,t)hk(f(s,t))} ds, (6)

k=—o00

e () = 500+ [ 25,00 (7)

Remark. We have an algorithm for finding a solution of the mized
problem (1)—-(3):

1. First, find the spectral data X\,,&2(7),02(7) = £1,n € Z\{0},
of the Dirac operator £(7,0). Let us denote the spectral data, of the
operator £(7,t) by \p, &n (7, 1), 0n(7,t) = £1,n € Z\{0};

2. Next, having solved the Cauchy problem (4), (5) for an arbitrary
value of T, we find &,(7,t),on(7,t),n € Z\{0};

3. Determine the functions u(t,t), u(7,t),x € R, ¢ > 0 from
formulas (6)—(7) i.e. solution of the mixed problem (1)—(3).



Theorem 2. If a periodic infinite-gap function uo(x) satisfies the
condition
ug(z + ) = up(z) € C°(R),

and a(t), B(t),y(t) € CL(t > 0) N C(t > 0) are bounded functions,
then there is a uniquely determined global solution u(x,t), p.(z,t),x €
R,t > 0, of the mized problem (1)-(3), which is determined by
formulas (6) and (7), respectively, and belongs to the smoothness class

(3).
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OOPMVYJIA OJISd CYMMBI OJJHOTO YCJIOBHO
CXOOAIIIETOCHA PAIA
B./l. Bapmak
barmakbella@mail.ru

VJIK 517.521

B pafore xmaccuueckuMy MeTOZAMN MATEMATHHECKOTO AHAJIM3A Ha-
nena HOPMYJIA /1T CYMMBI OJTHOTO YCJIOBHO CXOJISTIETOCS PsIIa B TEP-
MMHAX 3JIeMEHTaPHBIX (PYHKIMNH, 1 06CYKTaeTCsT BO3MOXKHOCTE 0000-
INEHWA ITOJYYeHHbIX PE3y/IbTaTOB.

Karoesnie c06a: YCIIOBHO CXOISAIANCS P, CYMMa DSAIA, /IeMEHTap-
Hble U CHEIUATbHBbIE (DYHKITAN.

Formula for the sum of one conditionally convergent series
In this work, using classical methods of mathematical analysis, a for-
mula is found for the sum of one conditionally convergent series in
terms of elementary functions and the possibility of generalizing the
results obtained is discussed.

Keywords: conditionally convergent series, sum of series, elementary
and special functions.

Paccmorpum rapMoHmaecKwmit psis

1 1
1+-+5+... 1
513 (1)
Iycre p € N. Bnaku nepen winenavu paga (1) msmenmm tak, 9T00BI
33 MEPBBIMU P MOJOKHUTEILHBIMHI IJIEHAMI CJIeI0BAJI0 ObI CTOJIBKO XKe OT-
PUIATETbHBIX WJIEHOB, 33T€M CHOBA D TIOJOXKUTEIbHBIX UICHOB W T.JI. B
pe3yabTaTe MOIYyYuM YCJIOBHO CXOAAIIANCA PA

11 11 1 1,1 L1
A R il ERR ~h L = IRERE =Rl

- (2)

Sagaua oTbicKaHua QOPMYI i CYMM CXOASINUXCS PANOB, B 9aCTHO-
cTH, pafos BUaa (2), ABISETCA KIACCHYECKON 3a1a9eil aHaIn3a U TTPUBJIe-
Ka€T BHUMAHUE MATEMAaTHUKOB YK€ Hd NIPOTAXKEHUUW MHOTHUX BEKOB. TaK,
nanpumep, "dopmysa Jlelibauma"

TR S
3 5 7 4
On112 m3BecTHa emé Masxase B XIV Beke. II3BecTHa Takke dopmysta Hero-
TOHA:
PRNE R R (3)
3 5 7 9 11 13 15 2v/2

PaGora seimosnnena npu dbunancosol moaepxke PH® (mpoekr Ne 24-21-00128).
Bapmax Bemna [asmpgosma, acmmpant, MI'Y (Mockea, Poccms); Bella Barmak
(Moscow State University, Moscow, Russia)



B kawmre [1, c¢. 148-149, m.179-180] npusomurcs Heckoabko GopMyI mst
CYyMM YCJIOBHO CXONSINIUXCS psAnOB. HeKOTOpBbIE W3 HUX COMEDPKATCH TaKiKe
B [2, ymp. 52, cTp. 71].

O/THAKO MEeTOMIBI HAXOXKIEHWST CYMM DPSIZIOB TAKOTO BUA HEIOCTATOU-
HO XOPOIIO PAa3BUTHI, & TOUCK HOBBIX (hOPMYJI, HECOMHEHHO, IPEJICTABIISAET
WHTEpEC.

B paboTe KJIaCCHYECKUMM METOIAMH aHaJn3a HadimeHa dhopMmyma s
cymmbr Sy paga (2) B TepMUHAX 9JIEMEHTAPHBIX (bYHKIMH. A MMEHHO, ycTa-
HOBJIEHA CIIPABE/IJIABOCTD CJIEAYIONIEH TEOPEMBI.

Teopema 1. Jlaa 4106020 HaMYpPaavhozo p cymmy Sp pada (2) moowcho
EHHUCAUMD 10 Popmyae

[(p—2)/2]

In2 142y + 27j
5="2 070 (1= pﬂ)ctg(w)

PP D 2p

20e [T] - yeaasn wacmov T, o CYMMa NO NYCMOMY mnodcecmaey pasna 0.
B wacrrocTn, mostaras p = 1,2,3 u 4 B pasercrse (3), mosyaum

In2 =« In2 2m In2  (2v2+ 1w
SZI 2, Szi ) Szi —, Szi _
1 n 2 5 + 1 3 3 + 33 4 1 + )
Caencreue 1. Jaa %60ic0020 HAMYPasvhozo p cymmv, Sp ACAAIOMCA
AUHETHBMY KOMOUHAYUAMY Mpancyendenmuns wucea In2 u 7 ¢ aszebpa-
UHECKUMU KOIPHUUUEHMAMU.
Caeacrsue 2. [Iycms p € N. Tozda pad

+oo p

1
P Z Z (2pn 4+ m)(p(2n+ 1) + m)

n=0m=1

CTOIUMCA U €20 CYMMA BBHUCAAEMCA N0 Popmyae (8).

MeTo b1 HacTOSINEH pPaGOTEL TO3BOIAIOT HAWTH CYMMbIL PIIOB, ABJISIO-
muxcsa obobmenuem pana (2).

VHTEepecHo OTMETHTh, UTO eCJTM TaK ke, Kak W B psge (1), nsMenuTsh
3HAKU B CyMMe - pajie s a3eta-pynknun Pumana ((s) npu HATYpaSbHBIX
3HaYeHUil § > 1 W NPUMEHUTHh METOIBl HACTOsAMmEeld paboThl, TO s TIO-
JIy9eHHOH CyMMBbI popMyJThl, Iomo6HBIE hopMmye (3) 6yayT comepkaTh HE
TOJILKO 3JIEMEHTAPHbIC (DYHKITUH, HO U HEKOTODHIE CICIUATBHbIC (DYHKITAH.

JIuteparypa

1. Binep JI., Beenenne B anasu3 6eckoneyno masbix. Tom 1. — u3nanue
BTOpOE, TOCYIAPCTBEHHOE M3IATEICTBO (DU3MKO-MATEMATHIECKON JIUTepa-
Typel, MockBa, 1961.

2. Acku P., Poti P., Oudproc Jotc., Cuenmanpubie Gyukimu. — Mocksa:
MITHMO, 2013.
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OB 9K30TUYECKUX COBCTBEHHBIX BHAYEHUAX
TPA®OB C MAJIBIMU PEBPAMMUI
.. Bopucos
borisovdi@yandex.ru

YAK 517.518

st omeparopa Jlamtaca Ha rpade obmrero Buma ¢ MajasMu pebpamu
C KPaeBbIMU yCJIOBUSAMU OOLIEro BUa HAMIEHBL U OLUCAHBL IK30TUYE-
CKre COOCTBEHHBbIE 3HAYCHMUS.

Karwwesnie caoea: KBaHTOBLIA rpad, Masoe pebpo, cobcTBeHHOE 3HA-
qgeHue.

PaccmarpuBaercs oneparop Jlammaca ma rpade obuero Buga ¢ MaJsbi-
Mu pebpaMu ¢ KpaeBbIMU yCJIOBUAME 001Iero Buaa. M3BecTHo, 9T0 pe30ib-
BEHTA, TAKOTO OIEPATOPa CXOAMUTCH K PE30JbBEHTE IPEE/IbHOIO OMeparo-
pa Ha rpade 6e3 Masiblx pebep, a BepIIMHAX, K KOTOPHIM ITPUKPEILISIOT-
¢ Masible pebpa, Cjeyer MOCTAaBUTH IOIXO/SINNe IIPeesbHbIE KDaeBble
yciaosus. Kpome TOro, pe3osbBeHTa MCXOAHOTO OMEPATOPA B MOAXOISIITEM
CMBICTIE TOJIOMOP(dHA TI0 MAJIOMY TTAPAMETDY, OMMCHLIBAKOIIEMY JIJINHBL Ma-
Jbix pebep. OCHOBHOM pe3ysbTaT Halneil paboThl COCTOUT B OOHADYKEHUII
IK30THIECKUX COOCTBEHHBIX 3HAYEHUN UCXOIHOrO oneparopa. Takue onepa-
TOPBI CYIIECTBYIOT B ONIPEICICHHBIX CUTYAIIUAX U UX OCHOBHAA OCO6eHHOCTb
COCTOUT B TOM, 4YTO OHU CTPEMATCA K MUHYC 6eCKOHe‘-IHOCTH, KOoTrda MaJIbIHA
nmapamMerp CTpEMUTCs K HyJ0. Bojiee TOro, ux aCUMITOTHYECKOE PA3JI0Ke-
HUE COJEPKUT JPOOHBIE CTEMEeHH MAJIOTO MAapaMeTpa, YTo Pe3KO KOHTPa-
CTUDPYET C YIOMSHYTOI TroJ0MODPGMHOCTHIO Pe30JbBeHTH. Hamu meraapHO
nCCaeI0BaHbl BOIIPOCY CYHIECTBOBAaHUA U IIOBEACHUA TAKHUX IK30THUYICCKUX
COBCTBEHHBIX 3HAYEHMIA.

Pa6ora seinonmena cosmecto ¢ I. Bepkosmaitko u M. Kunrom (G.
Berkolaiko, M. King).

Wccnemosanue /.M. Bopucoa BhIIOIHEHO 3a cyeT Poccuiickoro HaywHoro oumga
(rparT 23-11-00009, https://rscf.ru/project/23-11-00009/).

Bopucos Jdenuc MBanosud, a.d.-Mm.H., npodeccop PAH, UMBII YOI PAH (Vda,
Poccust); Denis Borisov(Institute of Mathematics. Ufa Federal Research Center, Ufa,
Russia)
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CIIEKTPAJIBHBI AHAJIN3 MHOT'OTOYEYHBIX
KPAEBBIX 3AJAY OJI1d OITEPATOPA JIBYXKPATHOTO
JANPOOPEPEHIIUPOBAHUSA U1 BA/TAYA TPAHUYHOTI O
YIIPABJIEHUSYA OJISd YPABHEHUSYA I'YPTUHA-IINTIKNTHA
B.H. Haymaer6aii
BekarysDauletbay98@gmail.com

VIIK 517.518

Jlokna/r TOCBAIEH KpaeBBIM 33JaUaM TDAHNYHOTO YIPABJIEHUS I
HEJIOKAJIPHOTO yPaBHEHUd TEeIJIOIPOBOSHOCTH ¢ KOHEYHOM CKOPOCTBIO
pacrpocTpaHeHus. Y DaBHEHNsI TaKOro TUIA OyaeM Ha3BIBATH ypaBHe-
mHuamu 'ypruna-Ilunkraa. g penreHns 3a1avi IPUMEHSIETCS CIIEK-
TPaJIBHBIN aHAIN3 MHOTOTOYEYHBIX KPAEBBIX 33729 ABYXKPATHOTO
nud depeHnmpoBaHm

Karueswie croea: ClieKTPAIbHBIN aHAIN3, KPaeBas 3a/Jada, ONepPaTo-
DB, TDAHUTHOE YIIPABJIECHUE

Pacopocrpanenne TeMmepaTypsl BIOIb CTEPXKHSA OIUCHIBAETCH YPaBHE-
mueMm 'ypruna-Ilunkuna. VI3BecTHO, 9TO TEMIEpaTypa MOMIHHSIETCS 3aKO-
ay I'ypruna-Ilunkuna. YpapHeHre nMeeT KOHEUHYIO CKOPOCTH PACIpOCTPa-
HeHms Bo3MymieHuii. B moksmaze paccMaTpruBaeTcsi BO3MOXKHOCTD HArpeBa
CTEPXKHSA OT MCXOIHOIO COCTOSHHUS IO HEOOXOAUMOI0 COCTOAHUS B (DUKCH-
POBaHHOE BpeMs.

B kauecTBe 3sieMeHTa ympaB/ieHWs BHIOpAaHA CPEIHSS TEMIEPATypa B
HEKOTOPBIX (PHKCHPOBAHHBIX TOYKAX. KCIM 1Mepnos BpeMeHrn MaJi [0 CPaB-
HCHUIO C TeOMETPUYICCKUM DPa3MepOM CTEepPXKHA, TO HEKOTOPbIe KOHCYHLIC
PEeXKUMbI HEJOCTUZKUMBI.

Korma ectp [0CTaTOYHO BpeMEHM, CYIIECTBYET YHUKAJIBHBIHM CPeIHUI
rpaHuYHbIA KOHTPOb. OH IepeXoquT U3 IPOU3BOJIBHOIO HAYMAJILHOIO CO-
CTOSHUS CTEPXKHS /10 TPebyeMoro KOHEIHOT0 COCTOsHusI. ECim ecTh mocTa-
TOYHO BPEME€HU, TO CYIIECTBYIOT 3a/aHHbIE CPEIHNE I'PAHUYIHbIC 3HAY1CHUA,
nepealoniie HAYAJILHOE COCTOSHUE 10 HeoOXOIUMOTrO KOHEYHOTO COCTOSI-
HWA.
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1. V.A. IIin Boundary Control of Oscillations at One Endpoint with
the Other Endpoint Fixed in Terms of a Finite-Energy Generalized Solution
of the Wave Equation // Differential Equations, 36:12 (2000), 1832-1849

2. V.A. I’in Boundary control of a string oscillating at one end, with
the other end fixed and under the condition of the existence of finite energy
// Hoxmaner Akanemun Hayk, 378:6 (2001), 743-747

Hayner6ait Bekapwic Hypkenosud, PhD mgokropanr 3 kypca KasHY wumenn
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ACUMIITOTUKUA COBCTBEHHBIX ®YHKIINI
OIIEPATOPA BEJIBTPAMMUM-JIAIIJIACA C
BBIPOKJEHUEM METPUKU HA TPAHUIIE "
HEJINHENHBIE BEPET'OBBIE BOJIHBI
C.IO. 1o6poxoToB
s.dobrokhotov@gmail.com

VIIK 517.518

JokJ/1ar mOCBANEH aCUMIITOTUYECKUM PElleHuaM HeJIMHEHHOH cucTe-
MBI YPaBHEHHI MeJIKOHM BOABI B baccefiHax ¢ mosiorumMu Geperamu, OIi-
CBIBAIOLINM HeJIMHeHbIe O€PEroBble BOIHBL, TO €CTh ACUMIITOTUIECKUE
pellieHust TOKAJIN30BAHHBIE B OKPECTHOCTH OEPEroBOil JIMHIH.

Karwwesvie caosa: marteMaTwka, guddepeHInaNbHBe yDaBHEHHS,
CIEKTPaJIbHAS TEOPHUs, BOJTHBI HA BOJE

Asymptotics of eigenfunctions of the Beltrami-Laplace oper-
ator with metric degeneracy at the boundary and nonlinear
coastle waves

We construct asymptotic solutions of a nonlinear system of shallow wa-
ter equations in basins with gentle shores, describing nonlinear coastal
waves, that is, asymptotic solutions localized in the vicinity of the
coastline.

Keywords: mathematics, differential equations, spectral theory, water
waves.

Ms1 cTpouM acHMIITOTHYECKHE PelleHnsT HeJIMHENHON CUCTEMBl yPaBHEHUHA
MeJIKOH BOZBI B 6acceifiHax ¢ moJIoruMu Geperamu, ONHUCHIBAIOIINE HEJIHHEH-
Hble OeperoBbie BOJHBI, TO €CTh ACUMIITOTUIECKUE PEITeHHs JIOKAJIHN30BaH-
HbIE B OKpecTHOCTH Oeperosoil aunun. IlocTpoerne cocTOUT 13 IBYyX STAIOB.
CHavajia CTPOATCH ACHMITOTHUYIECKHE COOCTBEHHBIE (DYHKITNH JINHEHHOIO
JBYMEpPHOTO omeparopa tuna bembrpamu-Jlamnaca ¢ BeIpoxkgatomeiics Ha
rpannne obmactu (6eperopoil MuHMM) METPUKOI 1 3aTEM C HOMOIBIO HEJIU-
Heiinoro npeobpazosanus tuna Kappuepa- I'puncnana nmo HUM CTpPOATCS B
MapaMeTPUIeCKOM BUJIE PelleHns HeJnHelHol cucremsbl. [lomygaembre pe-
[IE€HNS B HEKOTOPOM CMBIC/IE HAIIOMHUHAIOT U3BECTHBIE B AKYCTHUKU BOJIHBL
HIemndy el rajepen, Ho I UX CYLIeCTBOBAHUS He TpebyeTcs BBIILYKJIOCTH
0bJIaCcTN M OHU CYIIEeCTBEHHO HesmHelHble. Mbl 00CyXK/TaeM TakxkKe CBI3b
IIOJIy9EHHBIX ACHMITOTUYECKUX DeIIeHuil ¢ Teopueil Ouiabapaos ¢ “Hosry-
KECTKUMU CTEHKAMU .

Iokiram oOCHOBaH Ha COBMeCTHBIX paborax c¢ M.M.Borakosoii,
J.C.MunenkosbiM, B.E.Hazalikunckum u A.B.IIBeTkoBoii.

Pa6ora Bemosnaena npu ¢uaaHCOBOH mopgepkke PH® (mpoext Ne 24-11-00213).

Ho6poxoros Cepreii HOpbesud, 1a.d.-M.H., npodeccop, UIIMex PAH (Mocksa, Poc-
cus); Sergey Dobrokhotov (Ishlinsky Institute for Problems in Mechanics RAS, Moscow,
Russia)
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OB n-MHBAPUNAHTAX SJIJIUIITUYECKUNX KPAEBBIX
3AIJAY
K.H. 2Kyiikos, A.}O. CaBun,
zhuykovcon@gmail.com, a.yu.savin@gmail.com

VIK 517.95

Jnsa knacca KpaeBbIX 33/1a4 € MapPaMeTPOM, JLIANTUIECKUX B CMBICTIE
Arpanosnua—Buinuka, yCTaHOBIEHO PABEHCTBO 7)-WHBAPUAHTA, OTIPE-
JIeJIIEMOT0 B TepMUHAX perynspusanuu Mesbpoysa, U CleKTPaaIbHOIO
n-unBapuanta tTuna Arbu-Ilarogu—3unHrepa, ONpeIesseMoro IpH Io-
MOIITH QHAJTUTHIECKOTO TIPOIOJIZKEHUs] CIIEKTPAJTBHOM 7)-hYHKINN OTIe-
paTopa.

Karowesnie ca06a: JUmnTUHecKas KPaeBas 3aatda, 1)-UHBADUAHT, pe-
Ty/IAPU30BAHHBINA CIIeTI.

On the n-invariants of elliptic boundary value problems

For a class of boundary value problems with a parameter elliptic in the
sense of Agranovich and Vishik the equality of the n-invariant, defined
in terms of Melrose regularization, and the spectral n-invariant of the
Atiyah—Patodi—Singer type, defined using the analytic continuation of
the spectral n-function of the operator, is established.

Keywords: elliptic boundary value problem, n-invariant, regularized
trace.

Ares, ITaroau u 3UHrep ONpEIETUIN 1)-UHBAPUAHT SJLIATITHIECKOTO Ca-
MOCOIPSKEHHOT0O ICeBIOAN( P EePeHINATIHEHOTO OIepaTopa A MOI0KUTeIDb-
HOTO MOPSIKA Ha IIaJKOM 3aMKHYTOM MHOrOOODa3sHM KakK CIIEKTPAJIbHBII
MHBapHAHT GHOPMYIIOH

mars(4) = 5 (S sna)nl )|

rae {\;} — mabop Bcex cOOCTBEeHHBIX 3HAUEHHI omeparopa A ¢ yIeTom
WX KPATHOCTE, DS CXOAUTCsT abCOIOTHO TIPU JAOCTATOYHO GObnxX Re s
¥ OIpeiesieT TOJOMOP(PHY (YHKITU, KOTOPas TOMYCKAeT MEepOMOpPQd-
HO€ IMIPOAOJIZKEHNE Hd KOMILJIEKCHYIO IIJIOCKOCTD, IIPpUYEM Cl)yHKU;I/IH ABJIACT-
cs1 ToToMOpHON TIpr s = 0 W TO3TOMY OTIPEIEIEHO ee 3HAUEHWe B HyJIe.
n-uHBapuaHThl ATbu-IlaToM—-3WHrepa OepaTopoB HA 3aMKHYTOM MHOI'O-
00pa3uu UMEI0T MHOIOYHCJIEHHBIE TIPUIOKEHNS B aHAJIN3€e, T€OMETPUH, TO-
TTOJTOTHH.

IlepBeiit aBTOp siBisiercs: nobeauresem KoHKypca «Mosogas maremaruka Poccuny u
BBIpaXKaeT 6JIArOJapHOCTH ero CIOHCOpaM U 2Kiopu. VccienoBaHue BBIIIOJIHEHO 3a CUET
rpanTa Poccuiickoro Hayunoro douga Ne 24-21-00336.

2Kyiikoe Koncranrun Hukonaesnd, x.¢.-m.H., accucrent, PY/IH (Mocksa, Poccus);
Konstantin Zhuikov (RUDN University, Moscow, Russia)

Capur Anrtor IOpsesud, g.¢d.-m.H., npodeccop, PYIH (Mocksa, Poccus); Anton
Savin (RUDN University, Moscow, Russia)
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Jpyroii ToIXoI K OTPEIIESIEHIIO 7)-WHBAPUAHTOR 1aa Menabpoys, KoTo-
poIit paccMarpuBan cemeiictsa D(p) ncesmonnd epernmabHpIX onepaTo-
pos ¢ mapamerpoM p € R. B npeamosoxkennn, 9T0 CeMENCTBO SIBIAETCS
JUTMNITUYECKNM C TTApaMeTPOM B CMbIc/e ArpaHoBnya—Bumunka u obpaTu-
MBIM TIpH BCeX p € R, n-uaBapuant Menbpoy3a ompenensics hpopMyaoi

n(D(p)) = — /Rtr (D(p)_ldlz;p))dp,

T 2mi

TJe O CJIe0M tr ¥ MHTerPaIoM fR MOHUMAIOTCS CIENHUAIbHbIE PEryJIspy-
3amuu. n-uHBapuanT Meabpoysa ucmnosib3oBasics B HOPMyJIax MHIEKCA HA
MHOT000Da3uAX ¢ KOHUYIECKUMU TOYKAMI.

Menbpoy3som, a Takxke Jlemem u [ldpraymom Gbta ycTaHoB /I€HA CIeTy-
om@as cBA3b Mexy n-uaBapuanTamu Arbu—Ilaronu—3unrepa n Meabpo-
y3a:

naps(A) =n(p —iA).

ey mamHOil pabOTHI COCTOUT B MOJIYyYEHUN AHAJIOTHMYHON (DOPMYJIHI,
B KOTOPOH B JIEBOM YaCTH PABEHCTBA CTOUT 7)-MHBAPHUAHT SJLIMITAYECKON
KPaeBol 3a/1a4y Ha MHOrooGpa3uu ¢ KpaeM, a B IPABO 4aCTU PABEHCTBA
crouT n-maBapuanT u3 paborel 2Kyitkosa m Casuna (2023) cemeiicTBa Kpa-
€BBIX 33724 C nmapamerpoM. HaM ymaaoch moJiyduTh TaKOe PABEHCTBO s
KPaeBbIX 33724 JII060r0 HEYeTHOIO HOPSIKA.

Jlnteparypa
1. Atiyah M.F., Patodi V.K., Singer I.M. Spectral asymmetry and
Riemannian geometry, I // Math. Proc. Camb. Phil. Soc, 77 (1975), 43-69
1. Melrose R.B. The eta invariant and families of pseudodifferential
operators // Math. Res. Lett., 2 (1995), 541-561
3. XKytixos K.H., Casun A.F). dra-uHBAPUAHT /UTUNTUYECKUX Kpae-
BbIX 33124 ¢ napamerpom // CM®H, 69:4 (2023), 599-620
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OBb OZTHOM AHAJIOTE TEOPEMBbI AMBAPIITYMS{HA
X.K. NmikuH,
ishkin62@mail.ru

VIAK 517.927.25+517.984.5

st oneparopa Ultypma—J/luysmiis H Ha MOIyocH ¢ KOMILJIEKCHBIM
yOBIBAIOMIMM ITOTEHIHAIOM, JOMYCKAIOIUM AHAJIUTUYIECKOE IIPOIJ0JI-
JKeHHe B HEKOTODPYIO OKPECTHOCTb HYyJIsl, IIOJIyHeH aHAJIOT TeOPEeMbI
AwmbaprymsiHa: eciu AUCKpeTHbIN ciektp omeparopa H + V| roe V
— OllepaTop yMHOXKeHUsl Ha (DUHUTHOM cymMupyemyto dhyukmmo V(+),
COBIIAZIAET C AUCKPETHBIM CIIeKTpoM omeparopa H, to V=0.

Karouesnvie caosa: cuektp, Teopema Ambapuymsiaa, oneparop Ilpe-
IWHTEPA € KOMILIEKCHBIM TIOTEHIMAJIOM, CHEKTPAJbHAS HEyCTON9H-
BOCTD.

On one analogue of Ambartsumyan’s theorem

For the Sturm-Liouville operator H on the half-axis with a complex
decreasing potential that allows analytical continuation to some neigh-
borhood of zero, an analogue of Ambartsumyan’s theorem is obtained:
if the discrete spectrum of the operator H+V, where V is the operator
of multiplication by a finite summable function V(-), coincides with
the discrete spectrum of the operator H, then V=0.

Keywords: spectrum, Ambartsumian theorem, Schrodinger operator
with complex potential, spectral instability.

Ilycth ¢ — BemecrBennast, cymmupyemaa Ha (0, 7) dynkmms, L — omeparop,
HopoX Aernbiil B mpoctpanctse L2 (0, 7) Boipasxkenuem —y” 4-qy i KpaeBbIME
yeaosusvu y'(0) = y'(7) = 0. Teopema Ambapiymsna [1] yrsepxkiaer,
YTO CCIIH CIICKTD OIepaTopa L COBIALAET ¢ MOCAeI0BATEILHOCTRIO {2 )52 o,
10 ¢ = 0 m.e. Ha (0,7). DTOT pe3yibTaT SABUJICS OTIPABHON TOYKON JJIst
Teopum O0PATHBIX CHEKTPAIBHBIX 3a7a4. 11037Ke BBIACHIIOCH, 9ITO CIIyHai,
paccMoTpeHHbIt AMBaPIyMAHOM, ObLI NCKIIOYUTEILHBIM: BOOOIE TOBOPSI,
IS OTIPeJie/IeHNsl IOTEHNMA I HeobX0 MMl 1Ba criekTpa [2]. Bonocrencreun
ObL/IU TOJLyUeHBl pa3nudHble 0600menus Teopemsl Ambaprirymssa (cum.[3] u
AMEIOMAECT TaM CChLIKH). Bo Bcex 3Tnx paboTax pacCMaTPUBAJINCH TOJIBKO
CaMOCOIIPSIKEHHBIE OIIEPATOPHI € JUCKPETHBIM ClIeKTpoM. B pa6ote [4] 6511
IOJIyYeH CAeAYIOMWNA pe3yJabTaT:

Iyems L = Hg + V, 20e Hy — onepamop, noposicdernuti 6 L*(Ry)

0, .«

dupdepenyuanvrvim evpancenuem —y' +eVry (a>0u0< |0 <7)u

Pabora BpInOJTHEHAa B paMKax peaJjiu3alMd IpOrpaMMbl pa3ButTus Haydno-
06paz0BaTEILHOIO MATEMATHIECKOI0 LeHTpa 11puBosRKCKOro desepaibHOro OKpyra, Cort.
Ne()75-02-2024-1444.

Wmkun Xabup Kabuposud, a.d.-Mm.H., npodeccop, YYHuT (Vda, Poccus); Khabir
Ishkin (Ufa University of Science and Technology, Ufa, Russia)
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xpaeevim yeaosuem y(0) =0, V. — onepamop ymmoocenus na Purumnyio,
cymmupyemyro Pynxyuro V(-). Hanee nyemo {untnet v {An}ne:r — cob-
cmeennve wucaa onepamopos L u Hy coomeemcmeenmo, nponymeposat-
HoLE 6 NOPAJKE 603PACTNGHUA MOOYAET C YHEMOM AA2E0PAUMECKUT KPATIHO-
cmeti. Tozda ecau pinp ~ Ap + 0 ()\}fl/a), n — oo, moV =0 n.e na
R, .

B sokmaze 6yner pacCMOTPEH CJlydaif, KOrja CyNIeCTBEHHBIH CIEKTp
HEBO3MYIIEHHOTO OTEPATOpa He IYCT, JUCKPETHBLIH CIEeKTp GEeCKOHedeH u
WIMEET XOTs ObI OJTHY KOHEYHYIO MPEeIeJTbHYIO TOUKY.

IIycTe dyukmms ¢ cymmupyema Ha s06om orpeske [«, 8] m3 Ry u ymao-
BJICTBOPSIET YCJIOBHSAM:

1) [ zlg(z)|dr < oo m g(z) =0, z— +oo.

Paccmorpum omeparop H, meiicrsyiommit 3 mpocrpanctse L2 (Ry) mo
TIpaBWITy

Hy = —y" + qy,
D(H) ={y € L*(Ry): y € ACwc(Ry), —y" +qy € L*(Ry), y(0) = 0}.

Bmech ACioc(R4) — mHOXKECTBO (byHKIHmI, a0COMIOTHO HENMPEPHIBHBIX HA
mobom orpeske [0,0],8 > 0. Ilpm Bemosnenun ycnosus 1) H — m-
CEKTOPUAJBHBIN 0IepaTop U Oess(H) = [0,+00). Kpome cymecrsentoro
crexkrTpa, oneparop H MoxkeT mMerb KOHEYHOE WM CUYEeTHOE MHOXKECTBO
cobersenmpx suadennit ogisc(H) := {M}ho; (N < 00) ¥ CIEKTPasbHBIX
ocobernnocreit & = {py}, (K < o0), mesxamux ma momyocu [0, +00).
IIpu N = 00 oaisc(H) Moxer crymarscs Toabko X [0, +00). Ha dynkuuio
4 HAJIO?KHUM JOIIOJIHUTEJ/IbHbIEC OI'DaHUYCHUA:

2) 0aisc(H) GeckonedeH m mMeeT XOTa Obl OJHY KOHEIHYIO TPEIETHHYI0
TOYKY;

3) CymecrBytor R, 0 > 0, Takue, 9ro GyHKIHMA T JOIMYyCKAECT AHAIATH-
ueckoe mponoskerue zq(z) B cekrop U = {z : |z] < R, =6 < argz < 0}

TaK, 4To
R .
sup / x ‘q"(xeﬂa) ‘ dr < oco.
0<a<d Jo

IIycTe V' — oneparop ymMHOXKeHUs Ha m3mepumyo dyukmuio V (+), yao-
BJIETBOPSIONIYIO YCIOBUAM

R
suppV C [0,R) u / z|V(z)|dx < oo, (1)
0

rme R — mocrosnHas, dburypupyoomas B ycaosuu 3). Beegem omepartop
T = H +V, rge cyMMa IIOHEMAETCS B CMBICIE KBaJPATHIHBIX (DOPM.
OcuoBHOI pe3ysbraT paboThl —

Teopema 1. [Iyecmv gynryus q ydosaemsopaem ycaosuam 1) — 8), a
dynxuyua V. — (1). Tozda ecau oaisc(T) = oaisc(H), mo V =0 n.e. na Ry.
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O KOPPUIMNEHTAX PEJIEA-ITNTPEIVMHTEPA JJId
COBCTBEHHBIX 3HAUYEHUM PETVJISIPHBIX
BO3MVYIIIEHU AHTAPMOHMNYECKOI'O OCIINJIJISITOPA
X.K. Nmiknu, T.I'. AMaHTMJIbIUH
ishkin62@mail.ru, amangildintg@mail.ru

YIK 517.927.254-517.984.5

Boigesien Kacc BO3MYIEHUH KOMIIJIEKCHOTO aHTaPMOHHUYECKOIO OC-
mwuisTopa H, Ipu KOTOPBIX U3BECTHBIE (DOPMYJIBL I KO3 durimen-
10B Pesres—1IIpenumrepa moryT ObITh CymecTBeHHO yrpoineHsl. IToka-
3aHO, 410 ecan H HecamocoupsikeH U Bo3MyleHne HUHUTHO U UMeeT
KOHEYHYIO I'VIaJKOCTh Ha IPABOM KOHIIE CBOEI'0 HOCUTEJIA, TO IOCIe0-
BaTEIHHOCTDH IEPBHIX IMOPABOK TEOPHUM BO3MYIIEHHI UMeeT SKCIOHEH-
[MAJIbHBII POCT Ha OECKOHEYHOCTH.

Karuesvie cro6a: aHrapMOHUYIECKUH OCIEJUIATODP, MOJIOMOPQHOCTL B
cmercste Karo, pan Peneg—1llpenunarepa, cnekTpajibHad HEYCTONYH-
BOCTD, II€PBasl [IONPABKA TEOPUU BO3MYIIEHMUI.

On the Rayleigh-Schrodinger coefficients for the eigenvalues
of regular pertubations of an anharmonic oscillator

We have identified a class of perturbations of the complex anhar-
monic oscillator H for which the known formulas for the Rayleigh—
Schrodinger coefficients can be significantly simplified. We have shown
that if H is not self-adjoint and the perturbation is finite and has finite
smoothness at the right end of its support, then the sequence of the
first order corrections has exponential growth at infinity.

Keywords: anharmonic oscillator, analytic family in the sense of Kato,
Rayleigh-Schroédinger series, spectral instability, first order correction
in perturbation theory.

Mycts o > 0,0 < 0 < 7 u go(z) = 2%, = > 0. Paccmorpum oneparop H,
geiicTyiommii B npocrpanctse L2 (Ry) mo npasmry

Hy = hy := —y" + qo(z)y,

D(H) ={y € L*(Ry) : y,y’ € ACioc(R+), hy € L*(R+),y(0) = 0}.
3nece Ry = [0,4+00), ACic(Ry) — MHOkecTBO (yHKIMI, abCOMOTHO
HeIpepbIBHBIX Ha KaxzaoMm orpeske [0,0] (b > 0). 3BecTHo, 4TO CHEKTD
oreparopa H cocTomT m3 mpocThix COGCTBEHHBIX 3HA4YeHUI A, (n € N),
Jlekalmux Ha jyqe arg A = 20/(2 + ).

Pabora BrInOJHEHAa B paMKax peaJiu3alld IpOrpaMMbl pa3Butus Haydno-
06pa30BaTeIbHOr0 MATEMATAIECKOrO IIeHTPa 1IpuBOKCKOTrO hegepaibHOr0 OKPyTa, COrJl.
Ne()75-02-2024-1444.

Wmkun Xabup Kabuposud, a.d.-Mm.H., npodeccop, YYHuT (Vda, Poccus); Khabir
Ishkin (Ufa University of Science and Technology, Ufa, Russia)

Awmanrunbaua Tarup lasuzosud, K.d.-m.H., gouent, ¥ YHuT (Vda, Poccus); Tagir
Amangildin (Ufa University of Science and Technology, Ufa, Russia)
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Beegem cemeiictso oneparopos L(8) = H+ BV, € C,rne V — ome-
PATOp YMHOKEHUS HA U3MEPUMYIO (byHKIHMIO V, YIOBIETBOPAIOIIYTIO YCIIO-
susm V € Lib (Ry), V(z) =o(z*),x — +oo. Torma L(B) — romomopd-
Hoe cemetictso Tuma (B) [1, Tir. VI, §4]. Orciona crenyer, 9To Ipu Kask I10M
o(L(B)) = {M(B)}, byrxnus A, (-) ronomopdra B Kpyre |3| < §, u pas-
JIATAETCS B Pl

An(B) = An + _Z an; .

Kosbdummenrer  {an;}52; Haswemaorces  kosppuyuenmamy  Penesa—
HIpedunzepa mna Ap(B). Ecom 0 = 0, TO 1m0 BBIMUCHAEHUS (unpj MOXKHO
BOCHOB30BaThCA Gopmymnoit [2, Tur. XII, §1]:

io: anjﬁj
)\n(ﬁ) = )\n + /63020077 (1)
2 bng B
3=0
(- +1 (=W (Qhfns )
= o f{n (@ st A by =250 7{ Ao x

re yn = { A=Al = €0/2},Qn = (H - N)"Y2V(H - ))"Y2, f,, — nopmu-
poBanHast cobcTBeHHast GyHKIMsT orrepaTopa H, COOTBETCTBYIOMAST Ay, .

W3-3a mesrennsd pana Ha Pl U HAJIUYINUS KOHTYDHBIX UHTETPAJIOB OKOH-
gaTeapHas GOPMyYIa Il (v, Oyzer mMeTs BecbMa rpomo3akuit sua. Ilpu
0 # 0 curyamust ycyryOJsieTcs elle CIeKTPaJhHON HeycToHdnBocThio H:
Haxke Geckomeuno muddepenmupyemble u HUHATHBIE BO3MYIIEHNS MOLYT
CcrIbHO OMeHATH criekTp [3]. C apyroit cToponsl, n3 pe3yapraToB paboTh
[4] caemxyer, uro ypaBHeHue

-y (@) + qo(x)y(x) = My(x) (2)

mMeeT pemenue po(x, \), koTopoe a) mpu Beex A € C npunanexur L2 (Ry),
6) npu Bcex = € Ry aBngerca menoit Gynkmmeit A.

ITostomy coGcTBenmbie dnciia omrepaTopa H COBIIAAAIOT C HYISAMH IEI0H
dbyukm $o(A) := (0, A).

B mpenyaraemoil paboTe IOKa3aHO , YTO €CIIH

400
/ (14 237V (2)|de < oo,
0

TO cobCTBeHHBIME “mCIaMu onepaTopa L([) ciyXkaT KOpHE ypaBHEHUsT

Do(N) + i B*®1(\) =0, (3)
k=1

rae ¢, — ABHO BBMHCHAEMBbIE (B TEPMHUHAX DEINEHni ypasHeHus (2)) me-
sbre Gynaknuu . Ypasrenue (3), B ormame ot dopmyast (1), He comepxuT
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KOHTYDHBIX MHTErpajoB. Ecim n3BecTHHI TiepBbie M K03 DUIMEHTOB pas3-
noxenns ¢ynkmuit P, (K = 0,m) B Touxe \,, TO 337a9a BLIYHUC/ICHUS
Qnly ...y Qpm — IO CYIILECTBY, MAIIUHHAS.

BTopas 4acTh pabOThI MOCBSAIIEHA NCCIETOBAHUIO CJIEYIOIETO BOIIPO-
ca: nycThb ¢yHkiua V QUHUTHA, KBaIPATUIHO CyMMHUpyeMa Ha CBOEM HO-
curene [0;a] u

V(z)=(a—2)"W(z), a—-6<z<a,

rne m > 0,0 < § < a, byakmua W menpepsisaa Ha [0 — d,a] mw W (a) # 0.
Kak cebst BeZieT HOCIeJ0BATEIBHOCTD {(n1 }ae (IEPBBIX HONPABOK TEOPUU
BO3MYyIIeHWit) ipu n — +007

IIpu 0 = 0 oneparop H camocomnpsiker u nojoxurenen. OTcioia B CULy
KOMIIAaKTHOCTH onepatopa H 12y g=Y/? ga ocHoBaHUM TeopeMbl Kesapi-

20/2+0)) | oo

1Ia, CAEAYET, 9TO Q1 = O (n

C mpyroit croponst, npu 0 < § < 7 B cuekrpe oneparopa H + V Mmoxer
TIOABUTHCS CEPHs, TOKATN30BAHHAS OKOJIO JIy4da arg\ = 0, maxke ecan HyHK-
must V' ¢unurtHa u Geckoneuno muddepennupyema [3, Teopema 4]. Iosro-
My €CTECTBEHHO OKHJIATh, 9TO mpH 0 # 0 MOCIem0BATENBHOCTD {(in1 }ae]
Heorpanuyena. Ecym 3To Tak, TO BOSHHKAET BOIIPOC: KAKOBa CKOPOCThH POCTA,
Qpn1? MOXKET JIU OHA, pacTH OBICTpee, YeM A, 7

Hamu nokaszamo, ato mpu kaxgoM 0 < 0 < 7 u JI00bIX BO3MYIIEHUSTX
B (4) TmOCIeI0BATEBHOCTD {Qin1 }he ] MIMEET SKCIIOHEHITUAIBHBLE POCT.
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OB YCJIOBULAX ITOJTHOTHI CUCTEMBI KOPHEBBIX
OYHKIINN IO DOPEPEHIIMAJIBHOI'O OIIEPATOPA HA
KPUBOW C UHTETPAJIbBHBIMI KPAEBBIMU
YCJIOBUSIMNU
X.K. UmkwuH,

M.O. MycradunHna, ishkin62@mail.ru

YIK 517.984 + 517.928

s omeparopa, mopoxkaeHHOro mauddepeHInajabHbIM BbIPaKEHUEM
BTOPOr0 HOPSAKa HA KPUBOM C OrPAHMYIEHHBIM HAKJIOHOM M HHTErPaJIb-
HBIMU KPAEBBIMU YCJIOBUSMU, MO/ TYIEHBI YCAOBHS TIOJTHOTHI W HEITOJI-
HOTBI CUCTEMBI KOPHEBBIX (DyHKITWH.

Karouesnie caosa: Oneparop lrypma—JInyBusuist Ha KpuBoii, uuTe-
rpajbHBbIE KPAEBbIE YCIOBUS, CIIEKTPAJIbHAS HEYCTOUIHMBOCTD, TIOJTHOTA,
CHUCTEMBI KOPHEBBIX (DYHKITHIA.

On conditions for the completeness of the root functions sys-
tem of a differential operator on a curve with integral bound-
ary conditions

We have obtained conditions for the completeness and incompleteness
of root functions system of the operator generated by a second-order
differential expression on a curve with a bounded slope and integral
boundary conditions.

Keywords: Sturm-Liouville operator on a curve, integral boundary
conditions, spectral instability, completeness of the root functions sys-
tem.

IIycts L — omepatop, aeiicreytommii B L2 (0, 1) mo npasmry

Ly =1(y) :== —y" +qu,
D(L)=D :={y € L2(0,1) : y,y’ € AC(0,1),1(y) € L2(0,1)},

Ly — cyxenne L Ha

Dy:={yeD: Ui(y) =0, Ui(y) =y "(0) = (), 05) (i = 1,2)}. (1)

1
Bnecw {f,g) = [ fgdz, 01,02 — HexoTopele dyHKtMM u3 L2(0,1). UnTe-
0

rpajsbHbIE yCa0Busg B (1) MAI0T TOIHOE OMMCAHUE BCEX CYXKEHMIA OIepaTopa

Pabora BpIIOJHEHAa B paMKax peajiu3allld IpOTpaMMbl pa3BuTus Haydno-
06paz0BaTEILHOIO MATEMATHIECKOI0 LeHTpa I1puBosKCKOro desepaibHOro OKpyra, Cort.
Ne()75-02-2024-1444.

Wmkun Xabup Kabuposud, a.d.-Mm.H., npodeccop, YYHuT (Vda, Poccus); Khabir
Ishkin (Ufa University of Science and Technology, Ufa, Russia)

Mycraduna Mepryns OpanbekoBua, gokropant, BKY um. C. Amamxkosnosa (YcTb-
Kawmenoropck, Kaszaxcram); Mergul Mustafina (S. Amanzholov East Kazakhstan
University, Ust-Kamenogorsk, Kazakhstan)
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L, umeromnx HerycToe pe3obBeHTHOEe MHOXKeCTBO [1]. I3 gokasaTenbcTsa
Teopembt 2 u3 [1] Bummo, uto omeparop L;' kommaxren, o(Ly) = {A\1},
rae {\r} — myma nenoit ynxmn

A(X) = det [|U; (01) 15,=14

eu(z,A) (v = 1,2) — gakas-mbo PyHIAMEHTATHHAS CHCTEMA DEIeHmi
(®CP) ypasnenus [(y) = A\%y.

B pabote [2] mokazana mosHoTa cucreMsl KOpHeBbX (dyuxnuit (CK®D)
oneparopa Ly B IIPeIIONIOKEHNN, ITO

lim e~ //1 (01(y)o2(x) — o2(y)or (2)) dyda % 0, (2)

e—+0

IAN)| > CIA|In(1 + |ADe™ ¢ = const > 0. (3)

Yenosus Tama (2), (3) BOBHUKAIOT TIPU YCTAHOB/ICHUN PA3JIMIHBIX CIIEK-
TpaJIbHBIX CBOMCTB omeparopos Buna Ly (cM. [3| u umeromuecs taM cCbLI-

B ¢BA3M ¢ 9TUM BOZHMKAET BOMPOC: HACKOJLKO yeaosuda (2), (3) meo6-
xonuMmbl, Hanpumep, s moaaorsl CK® oneparopa Ly?

Paccmorpum crnagana caygait ¢ = 0. Umeem

1
AN = AP / sin \zA(z)dz — A*A(0) + 1,
0

Az) = / [o1(t)o2(t —z) — o2(t)o1(t — x) + o1 (t) + (t — z)o2(t)] dt.

Cropaseimsa

Teopema 1. Ilycmo cywecmsyiom ayuu P, = {A € C : argh =
ak, A/ >R} (—7/2 < a1 <0< a2 <m, R>0), na Komopus 6unoHai-
EeMea OUeHKa

AN > CIATemN < 37, (4)

2d0e C, 0 — nonoorcumenvuvie nocmoannoe. Toeda CK® onepamopa Ly
noana 6 L2(0,1).

IIycts A € W3$[0,1] u B HEKOTODOI MOIYOKPECTHOCTH TOUKH 1 CIpa-
BEJIJINBO TIPEJICTABJIEHNE

A" (@) = B(a)(1 - ), (5)

rae 0 < v <1, B(1—0) cymecrByer, koHedeH u He paseH . Ecoan v < 1/2,
10 ouenka (4) BepHa, tak uro CK® Ly nmonna B L2(0,1).

Teopema 2. ITycms A € W3[0,1], npedcmasaenue (5) sepno npu
§ = 1/2. Tozda ecau A(l) = A'(1) = A”(1) =0 v A”(0) = 1, mo CK®
onepamopa Ly e noana L2(0,1).
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AnajiormaHbIe YTBEPKIEHNST BEPHBI U B CJIydae, KO, ¢ — TPOU3BOJIb-
Hasg CyMMUpyeMas (yHKIHA.
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DELTA-SHAPED PERTURBATIONS OF THE
LAPLACE-BELTRAMI OPERATOR ON A SHERE WITH
CUTS
B. Kanguzhin, K. Dosmagulova
kanbalta@mail.ru, karlygash.dosmagulova@gmail.com

YIK 517.958,519.2
In a Hilbert space H with a scalar product (.,.)andanorm, || - ||o we consider

a closed linear operator B with domain D(B) dense in H. We assume that

Ker B # {0},Ran(B) = H u dimKer B =m < 0o

On the domain of definition D(B) we define an additional norm || - ||z
and D(B) denote the closure with respect to this norm by W. We assume
that the additional norm || - |1 is stronger than the original norm || - ||o,

that is, Vo € D(B) C H the inequality is satisfied ||z]lo < C||z||1. It is
clear that the embedding is satisfied W C H. In the dual space W* we
choose a system of m linearly independent functionals Uy,....,Uy,. Then
there is [1] a unique system of elements {1, ..., p2} from Ker B, subject to
conditions (Ug; or) = t2,t,2 = 1,2, .., m where (Uy; ¢r)-denotes the value
of the functional U; on the element ¢,, and §:.-the Kronecker symbol.

Let be Ag - an invertible restriction of the operator B. We define the
operator A by the formula Au = Bu on the domain of definition D(A) =
{ueD(B) u=A"f =30 00 Us (A ), Vf € H}

Theorem 1. The operator A - is an invertible operator, and

A=A =D e Us (Mg f) Y EeH

s=1

(A=A f=(Ro =AD" fF =D AA=AD) o, Us (Ao = A7 f)

s=1

The second generalized Hilbert identity for resolvents : D(A) # D (Ao).
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BAPUAHTHI METOJA NM.M.BUHOTPA/IOBA B
Y CJIOBOM IIOJIE
.Ix. Kapumzoaa
khdj.91@mail.ru

VIK 517.958,519.2

B nmammoit pabore mosmyuen anaor ToxkecTBa BoHa B 9MCIIOBOM TIOJI€.
Karoueswvie carosa: xapakrep 'ekke, ToxgecTBeHHO BoOHa, YHCIIOBOM
nosie, metoast I.M. Bunorpaosa.

Variants of I.M. Vinogradov’s method in a numerical field
In this work, an analogue of the Vaughan identity in a number field is
obtained.

Keywords: Hecke character, Vaughan identity, numerical field, I.M.
Vinogradov methods.

B reopun anrebpamdecKux HHCES UCIOIB3YIOT CJIEAYIOITHE OMpPeIeIeHns.
Ilycts cremenn pacmmpenma K/Q ects [K : Q] = n = r1 + 2r2 Tak,
aro KW .. K™) gpisiorcs BeimecTBeHHO-CONPsKEHHBIME TIOIEAME 115t
(71+?"2+J)7 e
1 < j < r2. Besikasi HeTpuUBHA/IbHAS METPUKA (TOIMOJIOrHYECKOE HOPMHE-
posarue) nosna K nveer mmbo Bug,

KuK (ri-+9) €CTh KOMILIEKCHO-COTPSAKEnHOe mome faad K

€]y = 07" (€K, 0<p<1, HeapxumemoBhlil C1yqail),
b0 BU
|€le = 10(€)]® (€K, 0<p<1, apXwMmenoBHIii cayd9ail),

roe 0 : K — C — ogao m3 r1 + re asrebpamdecKux CompsizkeHuii. Breap-
XHUMEJOBOM CJIyUIa€ CYIIeCTBYET B3AUMHO-0JHO3HATHOE COOTBETCTBHE MEXK-
Ay KJIaCaMU SKBUBAJIEHTHBIX HEAPXUME/IOBBIX HOPMUPOBAHUN U MPOCTHIMU
naeasamu Kombna Zg . Jasa koneanoro pacmupenus K/Q dopmanbao 3a-
NUCHIBAIOT PA3/IoXKeHne GEeCKOHeTHOro IIPOCTOro nusmu3opa oo mosa (Q kak

2 2
00 = 001002 . .. 007 007, 41 -+ - O 4

rae ILIeHCHI 01,002, ..., OOTI COOTBETCTBYHOT BEIIECTBEHHBIM BJIOXKEHU-
am KO K™ w00, 4 = 00r 444, (I < j < 72) coorsercTny-
10T KOMILIEKCHO-COLPSKEHHbIM mapaym mogein K (1) gitre+i) ppy
KOMILJIEKCHBIX BJIOXKEHHUAX. [IJIsi IIOMOJIHEHHOTO IMPOCTOro crekTpa M =
Spec Zk U{001, ... 00 4r, } KOJBIA IEJIBIX alre0panIecKux Inuces Zy , Co-
CTOAIIETO U3 BCEX KOHEYHBIX HEHYJICBBIX IIPDOCTHIX UIeaJI0OB 1 6eCKOHequIX
HOPMUPOBAHUIA, CTPOUTCH KOMMYTATUBHAS AY4EEAA NOAY2DYNNG Udeanos (¢
equaUIEH 1) Cemyomero Buma:

@)

M = (M : 003 = 00; (K'Y pemectrennoe), oco; = 1 (K kommzekcroe)),

Kapumzona /loumep, /Ixanunopud, TasKUKCKUH HAITMOHAJIBHBIM YHUBEDCUTET
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KOTOpast CBODOIHO TIOPOKIAETCS KOHEUHBIMM (TO €CTh HeapXMMeIOBBIMH)

HEHYJIEBBIMU IIPOCTBIMU HAeaJlaMU U UMEeT yKa3aHHbIe COOTHOINCHUIA /14

GecKOHETHBIX (TO €CTHh APXUMETIOBbIX) uaeanos. s uucen o, B konbna Zix

CUMBOJT o
3 =1 (mod* m)

O3HAYAET BLIIOJIHEHUE Clenyomux Tpéx yeaosuit (1) (af,m) =1, (2) a =

B (mod m) u (3) coBnaseHre 3HAKOB YUC/IUTENs W SHAMEHATEI ITPH COTPH-

J o
KEHUTX: ‘;(j > 0 719 BEMECTBEHHBIX TIEHCOB 00, | Moo . DTH Onpeeenns

HCIIOJIB3YETCs B CAEAYIONIUX TEOPEeMax.

Teopema. (mooicdecmneo Bona) Ilycms P cucmema 6cex npocmuis no-
NAPHO HEACCOUUUPOBAHHBLE HUCES 6 HUCA080M Koavue L, 1 C P nexo-
mopoe nenycmoe mnooiceemeo, f : (I) — C npoussosvran Komnaexcro-
anavwnas pynkyua, W o (I) — Zg arwboe 6noane mMyabmuniukamueHoe
omobpasicenue. Ecau m nexomopuil udeas 6 L, o yesoe aszebpauueckoe
YUCAO A € M B3QUMHO NPOCTNO, 0206 JA% NPOU3BOALHBLEL HUKCUPOCAHHBLE
NOAOHCUMEADHLT SEULLCMEERHBIT Yuces U, T € Ry, u < © umeem mecmo
Popmyaa:

> MBB) = D ) > f(&n)log | N¢|

BE), u<|NB|<z ) e, IN€I< Ry
W(B)=X (mod m) INn|<u W(em=A (mod rzn)

- > ) Y M) > F(nB)

n€ (D) Be(I) veM, INYISTRET
INn|<w INBl<u W (nB~)=A (mod m)

- > > > A1(B) f (a3).

ae(I) nlpe BEM), u<|NBI<S 74T

z [N a]
u<‘NQ‘Su INn|<u W(aB)=X (mod m)
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OB O/THOM THUIIE CJIABO HEJIMHEITHOT O
BO3MVYIIIEHY CHEKTPA JINMHEMHOT'O OIIEPATOPA
B.A. Kagamnos, /1.A. MacJjos
vikachalov@rambler.ru, maslovdma@mpei.ru

YIAK 517.956

B mammoit pabore HaiizieHbl yCa0BUS OOBIYHON CXOAMMOCTH PSIOB II0
CTEHeHsAM MAaJIOrO HAPAMETPa, IPEACTAB/IMIONNE PEIIEHAA OJHOIO TH-
2, HeJIMHEHHBIX 33189 Ha COOCTBEHHDbIC 3HAYCHUS.

Karowesnie cA06a: PerysIsipHOE BO3MYIIEHNE, BO3MY LIEHHe CIIEKTPA, IO~
JoMOpdHBIE CEMENCTBA OTIEPATOPOB.

About one nonlinear perturbation type of the linear operator
spectrum

In this paper, the conditions for the usual sense convergence of series
in powers of a small parameter representing solutions of one nonlinear
eigenvalue problems are obtained.

Keywords: regular perturbation, spectrum perturbation, holomorphic
families of operators.

Bymem m3yvuarh cnabo menmHeHHYO 337349y HA COOCTBEHHBIE 3HAYEHUS W
CcOOCTBEHHBIE BEKTOPHI B HaHAXOBOM IIpocTpaHcTBe F

Au + eB(u,u) = Au, (1)

TpUYEeM BBITIOJTHCHBI CJIEAYIONINE YCIOBUA:

1°. A — HeOTrpaHWYEHHBIH 3AMKHYTBIH OEPATOP C OBIACTHIO OPEIETCHUS
D4, umeromuit HenpepsIBHEbLE 06paTHbI A .

2°. B(u,v) : E X E — E — GIINHEHAHbIH OrpaHUYIeHHBIN OLEpaToP.

3°. Omeparop A ofnamaer cuCTeMOH HOPMHUPOBAHHBIX COBCTBEHHBIX

BekTopoB B = {b1,b2,...}, obpasyomux 6Gazmc B Da; {A,A\2...}
— cootBercTByOIUe coOcTBeHHble 3Hauenus;; BY = {b],b5,...} C
E* — OuoproroHasbHO conpsikeHHas K B cucrema u ||by| = B,
m=1,2,....

4°. O6ozunaunm 1vepe3 {E,, }oe—1 HABOP OJHOMEPHBIX HOANPOCTPAHCTB, Ha-
TAHYTHIX Ha coOcTBeHHBIE BeKTOpbl. Omneparop A — A, I, roe I — Tox-
JIECTBEHHBIN OMEPaTop, HENPepsBHO OGpaTnM Ha mpocrpanctse E\E,, n

Hopmst {||(A — )\m[)E{Em |}e=1 OTPAHHYEHBI B COBOKYIIHOCTL

PaGora seimosinena npu dbunancosol moaepxke PH® (mpoekr Ne 23-21-00496).

Kawasnos Bacummit UBamosuwu, ng.¢.-Mm.H., 3aBeayomuii xadegpoit, HUY MOU
(Mocksa, Poccus); Vasiliy Kachalov (National Research University MPEI, Moscow,
Russia)

Macnoe JImurpuii Asexcaraposnd, K.T.H., gonent, HUY MU (Mocksa, Poccus);
Dmitry Maslov (National Research University MPEI, Moscow, Russia)
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Bymem uckaTh «COGCTBEHHBIE BEKTOPHI» U «COOCTBEHHBIC 3HAUCHUSI»> 3a-
maau (1) B BUAE PAMIOB 1O CTEMEHSM E:

Um = U0,m + EULm + -+ " Unm + ..., (2)
Am = )\0,m+5)\1,m+"'+€n)\n,m+~~~ y (3)
m =1,2,.... B cooTBeTcTBAN ¢ METOIOM HEOTIPEIEIeHHBIX KO3 duimen-

TOB UME€EeM CEPUIO 3ada4:

AUO,m = )\o,muO,m,
Aul,m + B(uo,mu UO,m) = >\0,mu1,m + )\l,mUO,M7
AUQ’m —+ B(’M(),m, ul,m) + B(ul,m, U(),m) =
= A0,mU2,m + A, mU1,m + A2,mU0,m,

JleficTBys Tak Ke, KaK U B JIMHEHHON TEOPUU PEryJIsiPHBIX BO3MYIenuit [1],
HOCJIEIOBATENILHO OLpenensitores kKosddurmentsl psiaos (2), (3).

Teopema 1. IIpu ewnoanenuu yeaosut 1°-4° zadaua (1) obaadaem
COOCMBEHHBIMYU 3HAYEHUAMY U CODCTNEEHHIMY 6EKMOPAMU, 20A0MOPPHHbL-
mu 6 mouxe € = 0.

PaccmoTpum cayuait HeorpaHudeHHO! GunHeHON wacTu: OyaeM u3y-
gaTh B 6aHAXOBOM mpocTpaHcTBe F 3a1aty Ha COOCTBEHHBbIE 3HAMEHHUS U
COOCTBEHHBIE BEKTOPHI

Au+ eB(u, Hu) = Au, (4)

B KOTOpOIi onepatoper A m B te xe, uro u B ypasueauu (1), a oneparop
H — meorpanmueHHBIH 3aMKHYTHIH, ¢ obiacTbio onpenesenus Dy. Kak u
panee, OyzeM uckarh peurenue 3amaquu (4) B Bune panos (2), (3).

Teopema 2. ITycmov ewnoanensvs yeaosus 1°—4° u Dy C Dy. Toeda
COGCTNEENHBIE 3HAMENUA U COBCTREENHDIE BEXODPYL 300a4U (4) 20A0MOPPHIHDL
6 mouke € = 0.
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O BAJJAYE BOCCTAHOBJIEHUA OITEPATOPOB C IBYMA
3AMOPOKEHHBIMU APTYMEHTAMM 11O /IBYM
CIIEKTPAM
M.A. KysHenmoBa
kuznetsovama@sgu.ru

YIK 517.984

Wsyuaerca ypasuenue LItypma—/IuyBumis ¢ AByMs 3aMOPOKEHHBIMI
aprymentamvu. [lomyaensr acummroTniaeckne GOpPMYIBL IS CIIEKTPOB
IBYX KPaeBBIX 33/ C OJHUM OOITNM KPaeBbIM ycioBueM. lccmemoBa-
Ha oOpaTHas 33/[a9a BOCCTAHOBJIEHUS ABYX K03 )UIMEHTOB TP *Te-
HaX C 3aMOPOXKEHHBIMU aPTYMEHTAaMU 110 ABYM CIIEKTDAM. yCTaHOBJ'Ie—
HO, 9YTO B O0IIIEeM CJIydae pernreHre ITOH 3aJa49N He €qUHCTBEHHO.
Karowesnie ca06a: 3aMOPOKEHHBIN apTyMEHT, aCHMIITOTUKN COOCTBEH-
HBIX 3HAYeHWii, 06paTHAs CIIEKTPAJIbHAs 3a1a9a.

On the problem of recovering operators with two frozen ar-

guments by two spectra

We study Sturm-Liouville equation with two frozen arguments. For
the spectra of two boundary value problems with one common bound-
ary condition, asymptotic formulae are obtained. We investigate an
inverse problem of recovering two coefficients at the terms with frozen
arguments by the two spectra. The result is that in a general case,
the problem solution is not unique.

Keywords: frozen argument, eigenvalues asymptotics, inverse spectral
problem.

Paccmarpusaercs anddepennmaabHOe ypaBHEHNE BTOPOTO MOPIIKA C JIBY-
MsI 3aMOPOKEHHBIMU aPTyMEHTAMU:

=y (@) + p(x)y(a) + q(2)y(b) = Ay(z), = € (0,m), (1)

rze a u b dukcuposansl, npu srom 0 < a < b < 7. @yukmu p,q € L2(0, )
IIPE/IIOIAraIOTCs KOMILTCKCHO3HAYHBIMH, §y € W4 [0, 7).

Ipu j = 0, 1 o603uaumnM uepes L;(p, ¢) KpaeByIo 3a1atdy Il yPABHEHUSI
(1) ¢ xpaeBBIMHU YC/IOBUSIME

y(0) =y(r) =0, i=0; 3'(0)=y(r)=0, ;=1

Teopema 1. IIpu j = 0,1 cobecmeennvie 3tuauenus {Anj}tn>1 kpaesot
3adawu L;(p,q) y0oeaemseopaom acumMnImomuUEcKuM PoPMYATM

1\ 2
)\nj:<n_%) +otg, n>1, {aglas € £

PaGora seimosinena npwu dbunancosol moaepxkke PHD (mpoekr Ne 24-71-10003)
Kysnenosa Mapus Arxapeesra, k.d.-m.H., CI'Y (Caparos, Poccus); Maria Kuznetsova
(Saratov State University, Saratov, Russia).
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ITpu j = 0, 1 Ha30BEM MHOXKECTBO COOCTBEHHBIX 3HAUEHMT { A\ }n>1 CTIEK-
tpom 3amaam L;(p,q). ObpaTHas 3a7a9a BOCCTAHOBICHUS ¢ TIO OIHOMY
cnektpy npm p = 0 mcememosanacy panee, cum. [1-2]. B page cayaaes ox-
HOTO CTEKTPa JOCTATOTHO JITsl HAXOK IEHUsT OJHOTO KodddurmenTa g (Ha-
npumep, ecrm b/m ¢ Q). PaccmoTpum 33189y BOCCTAHOBJICHHS IBYX KO-
(buTMEeRTOB IO ABYM CIIEKTpaM:

O6parnas saga4da 1. 3agaust {Ano}n>1 u {A\n1}n>1; Halitu p u q.

YcraHoB €HO, ITO 6e3 JOMIOIHUTEIBHBIX YC/IOBUHI HA P U ¢ 9Ta 00paTHAs
3a/la4a HEe UMEeT eIUHCTBEeHHOro pertenns. s mobeix 0 < a < b < 7 6bL1
MMOCTPOEH TIPUMED DPA3IUIHBIX Tap (P, q), IPUBOIANINX K OJHUM H TeM ¥Ke
cuextpaM {Ano}n>1 1 {An1tn>1.

IIycrs T = min{a,b —a,m — b} u G € La(—T,T) — mobast yerHas
dbyukims. Ipu t € [0, 7] onpenennm

Gb—-t), te(b-T,b+1T),
“”:{ 0, td(b—T,b+T),

—Gla—1t), te(a—T,a+T),
””:{ 0, té¢(a—T,a+T).

Teopema 2. Iapw xkpaecws 3a0a4 (Lo(—r,s + 7),L1(-r,s + r))
u (Lo(fs —758),L1(—s — 7, s)) uMem 00UHAKOEHLE NAPbL CNEKMPOE

(Pnodnzr (Ani}uza).

JIuteparypa

1. Kuznetsova M. Uniform stability of recovering Sturm-Liouville-type
operators with frozen argument // Results Math, 78:5 (2023), article 169.
2. Kysneyosa M.A. ObGparmas 3amada s omneparopa IIrypma—
JInyBrIs ¢ 3aMOPOXKEHHBIM aPryMEHTOM Ha BpeMeHHO# mkase // lrorn
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ueckue 0630psr, 208 (2022), C. 49-62.
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OB OIIEPATOPE JIVUPAKA C HEPETI'VJIAPHBIMUA
KPAEBBIMU YCJIOBUAMUA
A.C. Makun
alexmakin@yandex.ru

YIK 517.984.52

B nacrosmeit pabore n3y4uarorcsa 6a3ucHbIE CBONCTBA CUCTEMBI KOPHE-
BBIX YHKIMIT ontepaTopa Jupaka ¢ HeperyIsipHBIMU KPAeBBIMU YCJIO-
BHSIMU.

Karouesnie caosa: oneparop dupaka, HeperyaspHble KpaeBble YCJIO-
B, IOJIHOTA U OA3UCHOCTb CHCTEMBl KOPHEBbIX (DyHKIHIL.

On Dirac operator with irregular boundary conditions

The paper is concerned with the basis properties of root function sys-
tems of the Dirac operator with irregular boundary conditions.

Keywords: Dirac operator, irregular boundary conditions, complete-
ness and basis property of root function systems.

B macrostmeit pabore usygaercs cucrema Jlupaka
By +Vy =)y, (1)

rae y = col(yi(z), y2(x)),

-5 ). v- (g ")

kommiekcuo3naunbe Gyuknmn P,Q € L1(0,7), ¢ aByxTovuedHbiMu Kpae-
BBIMU YCJIOBUSMUA

Ur(y) = a11y1(0) + a12y2(0) + a13y1 (1) + a1ay2(7) =0, @)
U2(y) = a21y1(0) + a22y2(0) + a2sy1(7) + azay2(w) = 0,

rae Ko3(Q@UIUEeHTsl aj; — IPOU3BOJIbHBIE KOMILJIEKCHBIE YUC/IA, & CTPOKU
MaTPHUIBI

JAWHEITHO He3aBUCUMHBIL.

Omepatop Ly = By’ + Vy saBngercs JWHEHHBIM OTIepaTOPOM B TIPO-
crpancree H = L(0,7) @ L2(0,7) ¢ obnacreio onpenenenusin D(L) =
{y e Wi[0,7] @ Wi[0,7]: Ly € H, U;j(y) =0 (§ = 1,2)}.

O6o3znauaum gepes Aj, (1 < j < k < 4) onpenesuresb, COCTABIEHHBIN
u3 j-ro u k-ro crosnbuos marpurnpr A.

Kpaesbie ycnoBus (2) MOTyT OBITh pa3feneHbl Ha 4 OCHOBHBIX THTIA:

Maxkwun Anekcannp Cepreesud, a.d.-M.H., Beaymuii Hay4IHbIH corpyauuk, UITMM
(Jorenk, Poccus); Alexander Makin ( Institute of Applied Mathematics and Mechanics,
Donetsk, Russia)
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1) ycusnenno peryssipabie, 2) peryssipHBIE, HO He YCUJIEHHO PETYJIISIPHBIE,
3) meperymspHbIe, 4) BLIPOK TCHHDIE.
Kpaesbie ycnoBus (2) HA3BIBAIOTCA HEPETYAAPHBIMHE, €CIIH

A14Az3 =0, (A2 + Asza)(|Azs| + |A14]) # 0. (3)

Teopema 1. IIycmo ece cobemesennvie snavenua sadawy (1), (2), (3)
ACAHCAM BHYMPU NOAOCH,

ImA| < M. (4)

Toeda cucmema xopnesnr Pynxuyuti sadawu (1), (2), (8) obpasyem Ges-
Yeaoenbili 6a3UC 6 3AaMBIKAGHUY CB0El AUREUHOT 000A0UKU.

Teopema 2. Ecau cnexmp 3adawu (1), (2), (3) ydosaemesopaem ycao-
6w (4), a nomenyuaa V. € L2(0,7), mo cucmema xopreenr Gynkyud
PACCMATNPUBLEMOZO ONEPAMOPA HENOAHG 6 npocmparcmee H.

Cymecrsosanue 3ana4 (1), (2), (3) ¢ norenumanamu V € Lo(0,m) (V #
0), cuekTp KOTOPBIX yAOBaeTBOp#AET ycaoBuio (4), ycranosneno s [1].

HenosnoTra crctemMbl KOpHEBBIX (PYHKIMI HEBO3MYIIEHHON 330341
/
By' =)y, U(y)=0

C KPaeBbIMM YCJIOBUAMM, HE ABJIAIOIUMUCA PELY/ISPHLIMU, Oblia AHHOHCHU-
posana B [2]. B paborax [3 -5] A.B. AruGamnosa, A.A. Jlyunes, M.M. Mamna-
myn u JLJI. Opugopora mofyquin pa/l pe3yabTaToB O HEIOJIHOTe CHCTeMbI
KODHEBBIX BeKTOpoB oueparopa Hdupaka (1), (2) u ropazgo Gosee obumx
cucreM U hepeHITMATLHBIX YPABHOHHH MEPBOTO TOPAIKA TIPU HAJIOKCHUN
HEKOTOPBIX yCJAOBHUi Ha moTeHtuans V.

Jlureparypa
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3. Lunyov A.A., Malamud M.M. On the completeness and Riesz basis
property of root subspaces of boundary value problems for first order
systems and applications // J. Spectr. Theory, 5:1 (2015), 17-70.

4. Malamud M.M., Oridoroga L.L. On the completeness of root
subspaces of boundary value problems for first order systems of ordinary
differential equations // J. Funct. Anal., 263:7 (2012), 1939-1980.

5. Agibalova A. V., Malamud M. M., Oridoroga L.L. On the completeness
of general boundary value problems for 2 x 2 first order systems of ordinary
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OB ACUMIITOTUKE PEIIIEHUI OJHOT'O KJIACCA
JINHEVHBIX JTUO®PEPEHIINMAJIBHBIX YPABHEHUN C
KOSOPUITUEHTAMMU - PACITPEJEJIEHNAMN
K.A. MupsoeB, H.H. Kouneunas
mirzoev.karahan@mail.ru, n.konechnaya@narfu.ru

VIIK 517.928

JloKJ1as OCBSIIIeH HAXO0XKICHHUIO TJIABHOI'O JIeHA aCHMIITOTHKH pele-
HUIT OJHOT0 KJIACCa JIUHEHHBIX 1ud depeHInaIbHbIX Y PABHEHHU HedeT-
HOTO TIOPAIKA BUIA l2n+1(y) = Ay ¢ k03ddunmenramu — pacupemene-
HUIMH, T/1e A — (PUKCUPOBAHHOE KOMILIEKCHOE YHCJ/I0, Ha OECKOHEYHO-
CTH.

Karweswie caosa: nuddepeHnuaIbHble BHIpAXKeHus ¢ Ko3ddurmenTa-
MH — PACHpeieIeHnsIMI, aCUMIITOTHKA pemnreHuil auddepeHnnanpHpIX

YVPpaBHEHUH.
On the asymptotics of solutions to one class of linear differ-

ential equations with distribution coefficients

The report is devoted to finding the main term of the asymptotics
of solutions to one class of linear differential equations of odd order
of the type lan+1(y) = Ay with distribution coefficients, where X is a
fixed complex number, at infinity.

Keywords:  differential expressions with distribution coefficients,
asymptotic behavior of solutions of differential equations.

HyCTL KOMIIJICKCHO3HAYHBIC beHKL[I/H/I PosP1y---sPn,sqly .-y Qdn, HpI/IHa,ILIIe}KaT
HpOCTpaHCTBy L%oc[l, +OO)7 a KOMILJIEKCHO3HaYHaA beHKHI/IH qo TakKad, ITO
qo € ACoc[1,+00), Reqo > 0.

B noxunaze, ciaenys pabote [1], Gyzer mupencraBieHa KOHCTPYKIUS, 103~
BOJIAIOITadA IIPWU BBIIIOJITHEHHUH 9TOI'O yC.]'IOBI/Iﬂ OIIpeae/INTh, B KaKOM CMBICJIE
chemayeT TpakToBaTh guddepeHIaILHOe ypaBHeHue BUIa

lant1(y) = (=1)"i{(q0y" )™ + (qoy™) TV )+

D R
k=0

n

iy ()R (g Dy R (R g (g Dy (R IRy = g (1)
k=1

PaBora seimosinena npwu dbunancosoil mojaepxkke PH® (mpoekr Ne 20-11-20261).

Mupzoes Kapaxan Araxan orssl, a.¢.-M.H., npodeccop, MI'Y umenu M.B. Jlomonoco-
Ba, MockoBckuii nenTp byHIaMEeHTAIBHON 1 npukIaaHoi maremaruku (Mocksa, Poccus);
Karakhan Mirzoev (Moscow State University, Moscow Center of fundamental and applied
mathematics, Russia)

Koneunass Haraabs HukonaesHa, K.d.-M.H., goueHT, CADY umenu M.B. JIomoHOCO-
Ba (Apxanrensck, Poccus); Natalia Konechnaya (Northern (Arctic) Federal University,
Arkhangelsk, Russia)
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rae A — GUKCHPOBAHHBIN KOMIIEKCHBIN TTapaMeTp, a BCe TIPOM3BOIHBIC
MOHUMAIOTCA B CMBIC/IE TEODHUH pachpeneseHuil. [lagee, mcnoms3ys 3Ty
KOHCTPYKITUIO ¥ HAKJIA IbIBAs JOMOJHATEIbHBIE OTPAHUIeHNs Ha KO3 du-
MeHTHl ypaBHerws (1), OyaeT HaiifeH TIaBHBI 9I€H ACHMITOTHKH TIPU
T — 400 HEKOTOPO# PYHIAMEHTAILHON CHCTEMBI PEIIEHM STOT0 ypaBHe-
HUS.

IIycts wncno v > 0, KOMILUIEKCHBIE YUCTA A0, A1, - - -, dn,b0,b1,..., by
U KOMILJICKCHO3HAYHbLIE (DYHKIUH 70,71, -..,Tn, S0, S1,...,Sn TaKWEe, HUTO
bo > 0 mw ipu Bcex x > 1 DYHKIAUA Po, P1,y -y Pry QOy ooy G, OIIPEIETTIOT-
Csl paBeHCTBaMU

po(x) := 2" (ao + ro(x));

k—1
pr(z) = 2*" Tk ((ak/H(2n +v—k—j))+ rk(x)> , k=1,2,... n;
go(w) := boz” " T (14 s0(2))% qu(x) = 2T (b + s1(2));

qr(z) == 2®" Tk ((bk/l:[(2n+ukj)) +sk(x)> , k=23...,n

3=0
B noknaze GymeT u37I0KEHO T0KA3aTeIbCTBO CIEAYIONIEH TeOPeMblL:
Teopema 1. Illycmo»

S B (14 s @) (15 @)] + sy @) + rofe) so(w)) € L1, +00),

§=0

20e M — HAUBOALULEE U3 HUCEN, PAEHHLT KPAMHOCTIAM KOPHell MHO20YUAENG
n k—1 2
n n—=k v\ 2 v+ 1 .
Sonia (o) = (W7 S0 e [T [(5+5) - (57 +9) |-
k=1 j=0
v s s v\ 2 v+1 2
~ai(e §) (e v T[4 5) - (5 ) D
k=1 7=0
n—1
. v v\?2 v+1 )\ 2
wam(e+ ) 1+ 5) - (5 +a) |

Tozda ypasnenue (1) umeem GyHOGMEHMAALHYIO Ccucmemy pewenut

2n+1
{y; 15217 manyro, wmo ecau z1 — wopens muozonaenas Fan+1(z,v) wpam-

z+

(
(

nocmu Ui < m, mo emy coomsemcmeyem nodcucmema pewenut {y; }?:1
euda

yi(@) = 2™ 12 (In2)’"" (c+o(1)),
2de ¢ # 0 — mexomopoe Komnaekcrnoe wucao. Taxyo oce acumMnmomury
umeem u Opyzas nodcucmema pewenuti {y;t, j =1 +1,... 11 +l2, omee-
NAWUEA KOPHIO Zo MHO20UAERE Font1(2, V) Kpammnocmu lz u m.d.
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Amnajormdnasi TeOpeMa CIpaBeINBa U i TuddepeHImaIbHBIX ypaB-
HeHuil YeTHOro mopsanka. OTMETHM TakiKe, YTO YaCTHBIE CIyYad TE€OPEeMbI
1, a mMeHHO N1t ABY<eHHBIX AuddepeHInanbHBIX yPABHEHUN YETHOTO 1
HEYeTHOTO MOPSIKOB, ObLIN J0Ka3aHe! B paborax [2] u [3] coorercrBeHHO.
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OB ACUMIITOTUKAX PEIIIEHU BEKTOPHOTI'O
JANPPEPEHIIMAJIBHOTO YPABHEHU A
MTYPMA-JINYBUJIJIA C BBICTPO
OCIINJIJIMPYIOIIIVMU SJIEMEHTAMNI
O.B. MsakwunoBa ,

MyakinovaOV @gmail.com

VIIK 517.98

B pabore m3yvaorcst aCHMOTOTUKY PENTEHN TTPU & — 400 BEKTOP-
"oro ypasuenud [lltypma-JIusunis ¢ 6BICTPO OCIIMIIINPY IOIUMHU dJTe-
MEHTaMU MOTEHITNAJIbHON MATPULBI B Caydae OBICTPOrO BpAIeHUs ee
COOCTBEHHBIX BEKTODOB.

Karwesnie caosa: muddepeHInaNbHBIe YPABHEHNS, CHEKTPAJIbHAS
TEOPUSI, ACUMITOTUKH.

On the asymptotics of solving the Sturm-Liouville vector
equation with rapidly oscillating coefficients

The paper studies the asymptotics of solutions for x — 400 of the
Sturm-Liouville vector equation with rapidly oscillating coefficients of
a potential matrix in the case of rapid rotation of its eigenvectors.

Keywords: differential equations, spectral theory, asymptotics.

PaccmarpuBaerca ypasHerue

/1

¥ + Q)7 =Xy, (1)

rae ¥ = (y1(z),y2(x)), 0 < = < oo.

IIycte Q(x) - BemeCTBEHHAS CUMMETPUYECKAs MATPHUIA, COOCTBEHHbIE
3HaYeHUsT KOTOPO# |u;(x)| — oo, mpu £ — +00.

[Iycts marpuma S(z) npusoauT Q(x) K THATOHAJTLHOMY BHUILY:

ror= ()

Bynem mckarp pemenwme ypapuenums (1) mpm © — +00 mus caydas
TaK Ha3bIBAEMOTO «OBICTPOrO BpaleHNus > COOCTBEHHBIX BEKTOPOB Q(x) (cM.
[1])-

B coobmienun OymeT pacCMOTpPEH Ciiyvail, KOrja aCHMITOTHKHN PeneHui

x 0

ypasreHus (1) 3aBucaT He TOJBKO OoT Marpun S(z), < ‘ulé ) 11 (2) ) ,
1

HO u ssteMenToB S 1S,

Msakunosa Osbra Bragummposna, x.d.-M.H., gonent Y YHuT (Yda, Poccus); Olga
Myakinova (Ufa University of Science and Technology, Ufa, Russia)
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YPABHEHUWE IMITYPMA-JINYBNJIJIA C BBICTPO
OCIINJIJIMPYIOIMIVM YBBIBAIOIIIVM ITIOTEHIIMAJIOM

9.A. Hasuposa, JI.H. BaseeBa, B./I. MapaanoB
ellkid@yandex.ru, leisan_2001@mail.ru, mardanov_ bulat@list.ru

VIIK 517.928

Jokma/l TIOCBATIEH WU3YYEHUIO ACUMITOTAKN PENIEHUsT yPABHEHUs
Trypma-JInyBriis ¢ TOTEHIINAIOM, COMEPKAITUM OCIILIATHNIO. By-
YT OMHUCAHBI HOBBIE KJIACCH KOA(D(DUIMEHTOB, I KOTOPHIX TTOTEH-
1MaJT KaK HE BJIUSET HA TVIABHBIN UIEH aCHMIITOTUKY PEIIEHUl, TaK U
BJISIET.

Karouesvie caosa: ypapuenune llltypma-/IuyBuaas, acuMnToTuka pe-

IIEHWH, OCHUJINPYIOMANA MOTEHITAAJT
Sturm-Liouville equation with rapidly oscillating decreasing

potential

The report is devoted to the study of the asympotics of the solution of
the Sturm-Liouville equation with a potential containing oscillation.
New classes of coefficients will be described for which the potential
either does not affect the main term of the asymptotics of solutions,
or does.

Keywords: Sturm-Liouville equation, asymptotic behavior of solu-
tions, oscillating potential

Tlpy w3ydYeHMM ACHMIITTOTHYECKOTO TIOBEIEHUS PEIleHuil ypaBHEeHUs
MIrypma-JInyBuais OTOEe/IbHBLE HHTEPEC TPEICTABIAIT PAZINIHBIE KIac-
Cbl 3TOT0 YpPaBHEHHWSI C OBICTPO OCIHWIIAPYIOMHUMHU KO3bduimeHTamMm
(cm.manpuvep [2] u Gubnuorpaduo). OTaesbHBI HHTEpeC IIpPeICTaBiIs-
€T ONHCaHWe KJIACCOB yPAaBHEHMN € OCIUJIAPYIONUM ITOTEHIHAIOM, KO-
I/1a AaCHMITOTHKA PEIIEHNH CYIECTBEHHO OTaIn4IaeTcs oT Kinaccriecknx BKB
ACUMIITOTHK.

Jokman IOCBSIIEH peanu3alyuyd CPABHUTEIBLHOIO HOBOTO IIOIXOA
(cm.mompobuee B [1]) k mccnmenoBaHMIo TAKMX ypaBHEHMiT (OTMETHM, 9ITO
TIOXOJT, MOKET OBITH TIPUMEHEH U K YPABHEHUAM (0JIee BHICOKOTO TIOPSIIKA)
nnst ypasaenus Itypma-JIuysumns

Y+ (1 +q(z)y=0,20 <z < oo. (1)

JaHHOE MCCiIe0BAHNE BBHIIONHEHO npu (GuHAHCOBOH nogmepxxke PHO (rpant Ne 23-
21-00225).

Hasuposa DubBupa AfiparoBra, kx.d.-M.H., gouernt, Y YHuT (Yda, Poccus); Elvira
Nazirova (Ufa University of Science and Technology, Ufa, Russia)

Baneesa Jleiican Hypmyxamerosua, MI'V (Mocksa, Poccus); Valeeva Leisan (Moscow
State University, Moscow, Russia)

Mappanos Bynar WUnsdarosuy, acnupant, BI'TIY um. M. Axmynasr (Vda, Pocens);
Bulat Mardanov (Bashkir State Pedagogical University named after M. Akmulla, Ufa,
Russia)
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TIpensaraemasi cxeMa TTOCTPOEHUsI ACUMITTOTHKY PeIenii COCTONT B TTEPeX0-
ge k cucreme O/[Y mepBoro mopsigka, KOTOpas 3alUCHIBACTCS B TEPMUHAX
CITEIaJIbHBIX MaTPHII, CBOMCTBaA KOTOPBIX ITO3BOJIAIOT IIPOBECTHU IIOC/IET0Ba~
TEJIBHOCTh MAaTPUIHBIX TPE0bpa30BaHML, U MTOMYINTh L-TnaroHaabHbBIH BU
cucrembl. J[oka3aH0, 9TO AaCHMITOTHKA pentennit ypasaenus (1) moxeT cy-
MECTBEHHO 33BUCETH OT AJIredPandecKoi CTPYKTYPhI OBICTPO OCIIMILIAPYO-
mero Bo3myIenns ¢(x).
Bsemem npoctpancrso WO 6BICTPO OCIMIIAPYIOMUX TOIMHOMOB

o(z) = ng(x)eip’“(x),
k=1

rze gi(x) - 06061IeHHEble MHOTOWIEHEL C OTPULIATEIbHBIME CTEIEeHIME B UH-
repsasie (0,1), pr(x) — 060BUIEHHBIE MHOTOYIEHBl CO CTELEHSMH 0O0JIbIIE
1, pr,0 — kK03 bUIMEHTHI TIepe/l CTAPUIIMHI CTEleHsIMA COOTBETCTBYOIINX
MHOrowieHoB. OCHOBHOI pe3ynbrar c(hOpPMYIUPOBAH B BUIE TEOPEMBL.

Teopema 1. ITycmo q(z) € WO u das a06oz0 nabopa yeavs neompu-
yameavho wucea {C1,...,Cn} 6UNOARENO YCAOBUE: Y | CkDr,0 F 0.
Toz0a dna pewenud ypasrenui (1) npu © — +00 cNPasedsuss ACUMNMO-
museckue coomuowenua: y(z) = et (14 o(1)).

BosHukaer BOIPOC 0 CyLIECTBEHHOCTH ycCsioBusL Teopemsl 1. Paccmorpum
yparuenme (1) ¢ morermmanom ¢(z) = 2az®cos(z?), a < 0, > 1. Hecvmor-
PsL HA TO, YTO JAHHBIN HOTEHIMAJ He YIO0BOJIETBODSET YCIOBUI TEODEMSI,
HaM y[aJIOCh IOCTPOUTH M B 3TOM CJIy4ae aCHMIIOTOMKY DelleHui ypaBHe-
Hust (1), ormpasich Ha TOT JKe TIOIXOJ,.

a2

2(a—B+1)+1
p22(a—pt+1) " +r1,2(=)

izt
(&

y1,2(w) = (1+0o(1)),

e 71,2(2) moamHOMBI Takwme, uTo 11,2(x) = o(z* (@ AFDFL),

JIuteparypa
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OB ACUMIITOTUKE COBCTBEHHBIX 3HAYEHUN
OITEPATOPA YETBEPTOTO ITIOPAJKA OBIITETO BUJIA C
ITAPAMETPOM B TPAHUYHBIX YCJIOBUSIX
.M. ITonsgkos
DmitryPolyakow@mail.ru

VIIK 517.927

PaccmarpuBaerca cmekTpanbHas 3amada giia  gud depeHInaIbHOro
omepaTopa 4eTBepToro mopsaaka. [Ipu 3ToM crieKTpasbHBIN TTapaMerp
COZIEPKUTCS B JIBYX I'PAHUYHBIX ycaoBuax. OCHOBHON pPe3yJbTaT I0-
CBAIIEH TOYHOM ACUMIITOTHKE COOCTBEHHBIX 3HAUEHHI IPHU BBICOKHUX
SHEPTHUIX.

Karouesnie cno6a: aCUMIITOTHKA COOCTBEHHBIX 3HadYeHwuil, qud depen-
[MAJIBHBIA OIEepAaTOp YeTBEPTOrO IOPSIIKA, CIEKTPAJLHBIN IapaMerp
B TPAHUIHBIX YCIOBHUSIX.

On eigenvalue asymptotics for a fourth-order operator in gen-
eral form with parameter in boundary conditions

We consider a spectral problem for fourth-order differential operator
with spectral parameter in two boundary conditions. We obtain sharp
asymptotics of eigenvalues at high energy.

Keywords: eigenvalue asymptotics, fourth-order differential operator,
spectral parameter in boundary conditions.

B npocrpanctse L2(0, 1) paccMaTpuBaeTca Cleayomas CeKTPaIbHAS
3aa4a 19 ypaBHEHUHA Y€TBEPTOro NOPAAKa BAOA

y(z) = (p(2)y' (2)) = My(z),
y"(0) =y"(1) =0, Ty(0)—ary(0) =0, Ty(1)—cry(l)=0,

TJe p — BemecTBeHHas abCoMIOTHO HenpepbiBHag dyrkmuga Ha (0,1), Ty =
y" —py',toe a >0, c<0u € C — cmexTpalbHBIH TapaMerp.

Hannas 3a1a4a usyvasach B crarbax [1] u [2]. Yka3sauusie paborsl mno-
CBSIIEHBI BOITPOCAM JIOKAJIM3AIMK CIIEKTPA, OCHULISIMOHHBIM CBOHCTBAM
coOCTBEHHBIX (DYHKITHHI, & TaKxKe OA3MCHOCTH KOPHEBBIX (DYHKIHI COOTBET-
CTBYIOIIErO JaHHON 3aa4u oneparopa. Kpome Toro, B Hux Oblia yCTaHOB-
JIEHA CJIeIYIOImas aCUMIITOTHKA COOCTBEHHBIX 3HAMEHUH IJIs 3TOr0 OIepa-
TOpa:

A =7t(n —2)* + 0(n?), n € N.
OcHoBHad 11e/1b HACTOLANEN PAabOTbl — JaTh AETAJbHBbI aHAJIM3 IIOBEie-
HUs ACUMIOTOTUKNA COOCTBEHHBIX 3HAYEHUH A\, A JOCTATOUIHO OOJIBIITHX

HOMEPOB, & TAKKe BBICOKOIHEPTeTHIeCKnX () HEKTOB, KOTOPHIE 3/1eCh BO3-
HUKAIOT.

IMonskoe JImurpuit Muxaiinoswnd, x.d.-m.H., FOMU BHII PAH (Brazukaska3, Poc-
cus); Dmitry Polyakov (Southern Mathematical Institute VSC RAS, Vladikavkaz, Russia)
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Jns GopMynMpoBKH OCHOBHOTO PE3yJIbTATa OMpPEneanM Ko3hhuImen-
o1 Pyphe s mekoropoit dyukmum f € L1(0,1):

fo= [ e )= [ f@)cosnten e

R 1
fon(e) = /0 f(z)sinm(2n — e)z dx, n €7,

Te € — HEKOTOPad KOHCTaHTa.

Teopema 1. ITycmo p € W1 (0,1). Tozda cobecmeentvie 3namenus Ay,
ABAAIONCA BEULLCTNEEHHBMY, TPOCTNUMY U YOI0BAECMEOPAIOM, CAedYoused
acumnmomure

2(c—a)

A = 71'4(n - 2)4 + 7T2(n - 2)2 (pO + Pen(4) + ac

)+omx

npu n — 4o00. Ecau donosnumenvrno npednoaoscums, wmo p € WE(0,1) u
p(0) = p(1), mo acumnmomuxa npumem 6ud

M=ﬂ%%4f+fm—@%m+%zjg—WM—mCL+i)

ac a2 T2
7p(0)) (¢ — o —llpl? 171  1y2
L o+ 7p(0)(c—a)  po—lp| <+47(4,__,)

2ac + 8 2\a ¢
1/1 1 Pan(4) 2
(= — _BFsnl® 19 ,
+3(a3 03)+327r(n—2)+ (n™")
npu n — +00.
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O HOBBIX TIPEJICTABJIEHUAX 3HAYEHUMN
ABETA-OYHKIINM PUMAHA B HEYETHBIX TOUYKAX
T.A. CadonoBa
t.Safonova@narfu.ru

YAK 517.518

B pabore cpeacrBamu crieKTpaJibHOM TEOpHH OOBIKHOBEHHBIX s de-
PEHIMAJIbHBIX OLIEPATOPOB HAMEHbl HOBbIE LIPEJCTABJIEHUS HEKOTO-
PBIX ONPEIENEHHBIX JUHEHHBIX KoMOuHarmit auces ((2n) B Bume psa-
JIOB, COZEPKAMIUX JOraprudpMBbI.

Karoueswie caosa: n3era-pyuknms Pumana.

On new representations of the values of the Riemann zeta
function at odd points

In this work, using the spectral theory of ordinary differential oper-
ators, new representations of certain linear combinations of numbers
¢(2n) are found in the form of series containing logarithms.

Keywords: Riemann zeta function.

Caenys [1], cumBonamu ((s) u 7(s) obosnaunm nzera-byakuuo Pumana u
POJICTBEHHYIO ¢ Hell (hyHKIMIO, Onpe/enseMble PAaBEHCTBAMA

= =D

+oo
1 —s
()= g0 m(9) =D = (1=2"7)¢0).
k=1
Xopouo u3BeCTHO, ITO

¢(2n) =

rae Ba, - uucia Bepuymanu. M3 3TOro paBeHCTBa, C/IEIyeT, UTO YUC/IA
¢(2n) ABAAIOTCA TPAHCIEHAECHTHBIME, 3 06 apudMETHIECKO! npupose um-
cest ((2n + 1) U3BECTHO OUEHHL MAJIO, B T.9I. He M3BECTHO SIBJISIIOTCS JIM OHHU
TPAHCIEHIeHTHEIMA. Tosibko B 1978 1. dpaniysckuii maremaruk P. Ame-
PH IOKA3a5 HPPAIMOHAILHOCTD arcia ((3), BIOCAEICTBUN HA3BAHHOTO €r0
UMEHEM.

Hamu (cm., mHanp., [2]) npenjiosken MerTon, MO3BOJSIOIUI CPEICTBa-
MU CIIEKTPAJIBHON Teopur OOBIKHOBEHHBIX Iu(epeHIHa IbHBIX OIePaTo-
POB MMOJIYYIUTH UHTETPAJILHOE TIPEIACTABJICHUE CYMM HEKOTOPBIX CTEIEeHHbIX
PAI0B U CIEIUAIbHBIX GYHKINH. B wacTHOCTH, 471 ITOCIe10BATEIEHOCTEH

yucen
. 2m = (_1)m—n 77(277’ — 1)
Cm 1= (Z (2m —2n +1)! m2n-1

n=1

Pa6ora Bemonaena npu ¢uaaHCOBOH mopgepkke PH® (mpoext Ne 24-21-00128).

Cadonosa TaTbsua AHarosbeBHA, K.(.-M.H., norent, CAD®Y (Apxanrenbck, Poccus);
Safonova Tatyana (Northern (Arctic) Federal University named after M.V.Lomonosov,
Arkhangelsk, Russia)
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n

2m —2n+2)! x2n-l 22m m2mtl
npu m = 1,2, ..., yCTaHOBJIEHA CHIPABEIINBOCTL PDABEHCTB
Lozm—1 "0
e, = 2 [ iy ()
(2m)! sin® x
0
u

/2
_1\ym—192m 2m+1
p,, = D72 /x da

(2m 4+ 1)! sinz @

Wcnosnp3yst passioxenne
too 2 2
sin? = T (mx)? w2 Pt (22 — (2k)2)2’

MOXKHO JOKa3aTh CIPaBEIINBOCTb TOXKIECTBA

1
J+1
/ v dul, j=1,2,...
0

Borumcsis manee nHTErpaJsIbl U3 ero mpaBoi acTu npu j = 2m—1u j = 2m
¥ yIUTBIBAS TIOYI€HHBIE DABEHCTBA B MPABbix dacTax (1) u (2), mpuxoaum
K CIPaBEJJIMBOCTHU CJIE/TYIONIETO YTBEPK ICHUSI.

/2
1 / It =

ram— de:(z)] l72
J-l—lo sin“ x 7

k=1

Teopema 1. Ilpum = 1,2,... cnpasedisues, pasercmea
(71)m71ﬂ_2m71

Cn = am =

X

+oo

(v ((%)“ '

m—1

2k2l
2
) TR =)

_ Gyt o LY, N @R

l

B uwacrHOCTH, mOaras m = 1 B TUX DPABEHCTBAX, JJIs IOCTOSHHOMN
Anepu ((3) mosyuum crpaBesIMBOCTD TOXKIECTB

“+oo
o 271' _271' 2 3 2k—1 o
(B)="-m2- <1+2Z<1+12k +12k% In )) =

Pt 2k +1
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—ﬁmfﬁ 1+2io 1+4k*In oL
o7 7 — 4k2 ‘

B zaksouenun OTMETUM, YTO 3TU PABEHCTBA MOXKHO IIepenunucaTtb B
HECKOJIbKO MHOM BHIE

-2 2 9\ 12+
*\/JH < o ( - 2k+1)

vl (1))
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STRUCTURE OF ESSENTIAL SPECTRUM AND DISCRETE
SPECTRA OF THE ENERGY OPERATOR OF
FOUR-ELECTRON SYSTEMS IN THE IMPURITY
HUBBARD MODEL. SECOND SINGLET STATE
Sa’dulla Tashpulatov.
sadullatashpulatov@yandex.com, toshpul@mail.ru,
toshpul@inp.uz

YIK 517.984

‘We consider the energy operator of four-electron systems in the impu-
rity Hubbard model and investigate the structure of essential spectrum
and discrete spectra of the system in the second singlet state.

Keywords: Imputity Hubbard model, singlet state, essential spectra,
discrete spectrum.

Hamiltonian of the considering system has the form

H= AZ Am,yAm,y +B Z am oy AmAT,y +U Z A, TamaTam lam,¢+

+ + + + +
te1 E ag,4 G0,y t+ €2 E (a0, ry + a7400,5) + €300 100,10 G0, L. (1)
v e

Here A (Ao) is the electron energy at a regular (impurity) lattice
site; B > 0 (Bo > 0) is the transfer integral between electrons (between
electron and impurity) in a neighboring sites, 7 = +e;,j = 1,2, ..., v, where
e; are unit mutually orthogonal vectors, which means that summation
is taken over the nearest neighbors, U (Up) is the parameter of the on-
site Coulomb interaction of two electrons, correspondingly in the regular
(impurity) lattice site; v is the spin index, and a;, ., and am,, are the
respective electron creation and annihilation operators at a site m € Z",
€1 =A—Ap,e2 = B—By,e3 = U—Uy. The second singlet state corresponds
four-electron bound states (or antibound states) to the basis functions:
25;,%7.%” = a;TaiiaITatf¢<po. The subspace 29~{2, corresponding to
the second singlet state is the set of all vectors of the form 2¢? =
> partezy F(0 0,7 t)?s) griezv, [ € 15°, where 15° is the subspace of
antisymmetric functions in I ((Z2*)* )- In this case, the Hamiltonian H acts
in the antisymmetric Fock space fHO Let ¢o be the vacuum vector in
the antisymmetrical Fock space QIHO Let 2H? be the restriction H to the
subspace 23{2. The second singlet state corresponds the free motions of
four-electrons in the lattice and their interactions.

Tashpulatov Sadulla Mamarajabovich, doctor of physico-mathematical science, senior
researcher,leading researcher
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Theorem 1. The subspace 25?(2 1s tnvariant under the operator H, and
the operator 2H? is a bounded self-adjoint operator. It generates a bounded
self-adjoint operator 2?2 acting in the space 15° as

H ¢l = 4Af(p.q,rt) + BY [f(p+7.q.mt) + F(p.a+7.7m.0) + f(p, g7 + 7. 1)

+f(p7 q,T, t+7-)] +U[5p,q +5q,r +6p,t +5'r,t]f(p, q,71, t) + (AO —A)[5p,05q,0 +6r,0 +5t,0]
Xf(pa q,7, t) + (BO - B) Z[6P,0f(7—7 q,7, t) + 5lly0f(p7 T, t) + 57‘70f(p7 q,T, t)+

T

6t,0f(p7 q,T, T) + 5 ,Tf(oa q,T, t) + 6‘17Tf(p7 05 ) t)(;’fﬂ'f(p7 q, 07 t) =+ 5t77'f(pa q,T, T)]+
(Uo — U)[6p,q0p,0 + 0p,t0p,0 + 0q,r0g,0 + 6r,t0r0] f (P, 4, 7, 1), (2)

where 8, is the Kronecker symbol. The operator 2HY acts on a vector

Yl € *H as

—0
QHE 21/12 = Z (szf)(p7 q7 T’, t)zsg,q,r,tGZ”' (3)

p,q,TtEZY

Lemma 1. The spectra of operators QFS and 2?2 coincide.

Let F : 12((Z")%) — La((T*)*) = 2H° be the Fourier transform,
where 7" is the v— dimensional torus endowed with the normalized
Lebesgue measure d), ie. \(T¥) = 1. We set 2H° = F2H.F 1. In
the quasimomentum representation, the operator QFS acts in the Hilbert
space L3*((T¥)*), where L3® is the subspace of antisymmetric functions in
La((T")Y).

Theorem 2. Let v = 1. Then

A). If eo = —B and e1 < —2B (respectively, e2 = —B and e1 > 2B),
then the essential spectrum of the operator 21?2 18 consists of the union of
eight segments: oess(PHY) = [4A —8B,4A+8B|U[3A—6B+2,3A+6B +
z| U2A —4B 4+ 22,2A+ 4B +22]U[A — 2B + 32,A+ 2B + 3z] U [2A —
4B + 2z3,2A 4+ 4B + 23] U [2A — 4B + 24,2A + 4B + 2] U[A — 2B + z +
23, A+ 2B+ z+4 23] U[A — 2B+ 2+ 24, A+ 2B + 2z + 24], and the discrete
spectrum of the operator 2[?2 is consists of siz eigenvalues: adisc(2flg) =
{4z,22z + 23,22 + 24,223, 23 + 24, 224 }, where z = A+e1, here and hereafter
z3 and z4 are the concrete numbers.

B). Ife1 =0 and e2 > 0 ore1 = 0 and e2 < —2B, then the essential
spectrum of the operator 2ﬁ§’ is consists of the union of thirteen segments:
Oess(PHY) = [4A—8B,4A+8B|U[3A—6B+2,,3A+6B+2|U[3A—6B+
22,3A+ 6B + 22) U[2A — 4B 4 22,,2A+ 4B + 221U [2A — 4B 4 223,2A +
4B + 22| U[2A —4B + 23,2A+ 4B + 23] U[2A — 4B + 24,2A + 4B + z4] U
[A—2B+3z1,A+2B+321|U[A—2B + 322, A+ 2B +32]U[A—- 2B +
z1+23,A+2B+2z1+ 23l U[A—2B+ 21 +24,A+ 2B+ 21 + z4) U[A —
2B+ zo+ 24, A+ 2B+ 22+ 24| U[A — 2B + 22 + 23, A + 2B + 22 + 23],
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and the discrete spectrum of the operator 2HO is consists of mnine
eigenvalues: oaisc(CHY) = {421,420, 221 + 23, 221 + 24, 223, 23 + 24, 224, 222 +
23,222+ z4}, where z1 = A—2BE/E? — 1 and 2o = A+ 2BE/VE? — 1,
E = (B +2)%/(3 + 2Be2).

C). If e2 > 0 and 0 < &1 < 2(e3 + 2Be2)/B (respectively, eo < —2B
and 0 < €1 < 2(3 + 2Be2)/B), then the essential spectrum of the operator
2ITISO is_consists of the union of sizteen segments:

Oess(PHY) = [AA—8B,4A+8B]U[3A— 6B +21,3A+6B+21]U[3A— 6B+
22,3A+6B+22)U[2A—4B+221,2A+4B+221|U[2A—4B+222,2A+4B+
229]U[2A—4B+ 21 +22,2A+ 4B+ 21 + 22]U[2A— 4B + 23,2A+ 4B + 23| U
[2A—4B+24,2A+4B+24)U[A—2B+321, A+2B+321]U[A—2B+322, A+
2B+32|U[A—2B+2z1+222, A+2B+ 2z, +223]|U[A—2B+2z, + 29, A+ 2B+
2z1+22]U[A—2B+21+23, A+2B+21 +23]U[A—2B+2z1+24, A+2B+2z1+
za]U[A—2B+2z+23, A+ 2B+ 22+ 23]U[A—2B+22+ 21, A+ 2B+ 22+ 2],
and the discrete spectrum of the operator 2HY is consists of fourteen
eigenvalues: adisc(ZHg) = {421,221 + 222,321 + 22,221 + 23,221 + 24,21 +
329,422,220 + 23,2290 + 24,224,721 + 22 + 23,21 + 22 + 24,223,23 + 24},
here 21 = A+ 2B(a — EvVE2 —1+a2)/(E* — 1) and 22 = A + 2B(a +
EVE? =1+ a?)/(E*-1), where E = (B+¢2)?/(¢3+2B¢e2) and 0 < a < 1.

D). If —2B < g2 < 0, then the essential spectrum of the operator 2[?2
is consists of the union of three segments: 0653(21‘72) = [4A — 8B,4A +
8B]U [2A — 4B + 23,2A 4+ 4B + 23] U [2A — 4B + 24,2A + 4B + z4], and
the discrete spectrum of the operator 21?2 is consists of three eigenvalues:
Odise(PHO) = {223, 23 + 24,224 }.

Theorem 3. Let v = 3. Then

A). 1). Ifea = —B and 1 < —6B (respectively,eo = —B and e, > 6B),
then the essential spectrum of the operator 2?[2 is consists of the union of
eight segments: 0ess(PHY) = [AA — 24B,4A + 24B) U [3A — 18B + 2,3A +
18B + z]U[2A —12B +22,2A + 12B 4+ 22] U [2A — 12B + 23,2A + 12B +
23| U[2A — 12B + 24,2A + 12B + z4] U[A — 6B 4+ 32, A+ 6B + 3z] U [A —
6B+ 2z+23,A+ 6B+ 2+ 23l U[A—6B+ 2+ 24, A+ 6B + z + z4], and
the discrete spectrum of the operator 2ﬁ£ is consists of six eigenvalues:
O'digc(2H2) = {42,2z+ 23,22 + 24,223,224, 23 + 24}, where z = A+ &1, here
and hereafter zs and z4 are the same concrete numbers.

2). If e2 = —B and —6B < &1 < —2B (respectively, ¢2 = —B and
2B < g1 < 6B), then the essential spectrum of the operator 21‘?2 18 comsists
of the union of three segments: 0.ss(2HY) = [AA — 24B,4A 4+ 24B] U [2A —
12B+ 23,2A+12B + 23] U[2A — 12B + 24, 2A + 12B + z4], and the discrete
spectrum of the operator 21?2 is consists of three eigenvalues: Udisc(QfIg) =
{22’3, 23 + za4, 224}.

B). Ifea > 0,0 < g1 < 2(¢3 4+ 2Be2)/B and (1 — a/3)W < E <
(14 a/3)W (respectively, e2 < —2B, 0 < &1 < 2(¢3 + 2Be2)/B and (1 —
a/3)W < E < (14+a/3)W ), then the essential spectrum of the operator > H?
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is consists of the union of sizteen segment: 0855(21?12) = [4A — 24B,4A +
24BJU[3A—18B+21,3A+18B+ z1]U[2A — 12B +221,2A+ 12B + 22| U
[2A—12B+23,2A+12B+ 23] U[2A —12B+ 24,2A+12B + z4] U[A— 6B +
321, A+6B+321]U[A—6B+21+23, A+6B+21+23]U[A—6B+21+24, A+
6B+ 21 +Z4] @] [3A— 18 B+ 22, 3A+ 188-{-2’2] @] [2A— 12B+2z1+ 22, 2A+12B+
21+ 22]U[2A—12B+225,2A+12B+22]U[A—6B+221 + 22, A+ 6B+2z1 +
22]U[A—6B+21+222, A+ 6B+21+222]U[A—6B+322, A+ 6B+322]U[A—
6B+ 22+ 23, A+ 6B+ 22+ 23| U[A— 6B+ 22+ 24, A+ 6B + 22 + z4], and the
discrete_spectrum of the operator 2?[2 is comsists of fourteen eigenvalues:
O'disc(QHg) = {421, 422, 321 + 22,221 + 222,221 + 23,223,224, 23 + 24,221 +
Za,21 + 322,21 + 22 + 23,21 + 22 + 24,222 + 23,222 + 24}, where z1 and 22
is the eigenvalue of the operator H;. _

C). If —2B < g2 < 0, then the essential spectrum of the operator 2HO s
consists of the union, of three segment: ooss(2H?) = [AA—24B,4A+24B|U
[2A — 12B + 23,2A + 12B + 23] U [2A — 12B + 24,2A + 12B + z4], and the
discrete_spectrum of the operator 2f12 is comsists of fourteen eigenvalues:
Oaisc(PHY) = {223, 23 + 24, 224.}
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Ob OJHOM ACUMIITOTUYECKOM TO>KJECTBE
TEOPUU BO3MVYIIIEHUN N ETO NIPUJIOX)KEHUSAX B
TEOPUU CJIEJOB
3.10. ®asynaun, fazullinzu@mail.ru

VIK 517.5

JIoKJ1a/1 TOCBsIeH KPATKOM NCTOPUH PA3BUTHS TEOPUH PETY/IAPU30BAHHBIX
CJIeIOB C MUCKPETHBIM CIIEKTPOM, COBPEMEHHOY COCTOSHUIO (POPMYJI CIIEI0OB
OTPAHUYIECHHBIX BO3MYIUECHUI IBYyMepPHLIX quddepeHIuaIbHbIX 0IIepaTopOB
¥ OTKPBITBIM 3a/7349aM B 310l obmactu. Takxke, OyayT 0OCyK/IaTHCsT B3au-
MOCBSI3M QHAJIOTA METOIA CyMMUpOBaHHs 0 Je3apo u GopMys1 peryispu-
30BAHHBIX CJIEI0B.

HUccnenosarne BEnoEeHO npu nogaepxke HOMIT II®OO (cornamenne N 075-02-2024-
1444).

Dazymumms 3uranyp I0cynosud, g.¢.-m.1., npodeccop, MMMPT YYHuT (Yda, Poc-
cus); Ziganur Fazullin (Ufa University of Science and Technology, Ufa, Russia)
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OBPATHAA BAJAYA INITYPMA-JINYBMJLJIA C
MHOT'OYJIEHAMMU B KPAEBOM YCJIOBUUM U
KPATHBIMU COBCTBEHHBIMUM 3HAYEHU MU
E.E. Yurtopkun
chitorkin.ee@ssau.ru

YIK 517.984

Paccmorpena obparnasn 3aza4ua [rypma-Jluysmisa ¢ moreHmamom-
pacIpe/eJleHieM U MHOTOIEHAMH OT CIIeKTPAJILHOTO apaMeTpa B O
HOM M3 KPaeBbIxX yciaoBumil. JJokazama Teopema O JIOKAIHHON pa3pemniu-
MOCTH M YCTOWYMBOCTH OOPATHON 3aa9M [0 CHEKTPAJIbHBIM JIAHHBIM
B obIIeM ciydae, JOIMYCKAIOIeM KPATHBIE COOCTBEHHbIE 3HATCHUS.

Karouesvie caosa: obparHas 3amadga [rypma-Jluysmiis, MHOTOWTE-
HBl B KPAa€BOM YCJIOBUM, KPATHBIE COOCTBEHHBIE 3HAYECHUS, JIOKATIHHAST
Pa3penIuMoCTb, YCTOMYUBOCTD.

Inverse Sturm-Liouville problem with polynomials in the
boundary condition and multiple eigenvalues

The inverse Sturm-Liouville problem with distribution potential and
with polynomials of the spectral parameter in one of the boundary
conditions is considered. Theorem on local solvability and stability
of the inverse problem by spectral data in general case with multiple
eigenvalues is proved.

Keywords: inverse Sturm-Liouville problem, polynomials in the
boundary condition, multiple eigenvalues, local solvability, stability.

Pacemorpum 3amaay [ rypma-/Inysunna L = L(o,r1,7r2) caemyiomero su-
aa:

—y" +q(z)y =y, € (0,7), (1)

y(0) = 0,1 (VY™ (m) + r2(Wy(m) =0, (2)
rae ¢(z) — KOMIUIEKCHO3HAUHBIH IOTEHIMAJ-DACIPEIe/IeHne U3 KJAcca
W5 (0, 7), re. q(z) = o' (), rae o(x) € L2(0,7); \ — criexkTpabHbIi TApa-
metp; 71(A) m r2(A\) — B3AaHMHO TIPOCTBIE MHOTOYJIEHBI; ytl = o — o(x)y -

KBa3UIpPOU3BOAHAs. (151 paloThl ¢ TAKUM KJIACCOM IOTEHIINAJIOB UCIIOIb-
3yercs noxxoz peryiaspusanuu [1]. Muorouwrenst u3 kpaesoro ycmosus (2)
MOTYT OBITH IIPEICTABICHB B BHIE

K; Ko
ri(A) =Y ead, ma(N) =) dad", K1, Kz >0.
n=0 n=0

Pa6ora BeImonHeHa npu (unancosoit monmepxke PH® (mpoext Ne 24-71-10003).

Yuropkur Erop Esrembesmu, cryment, Camapckuil yausepcurer (Camapa, Poccus),
snabopanT-uccnenosarens, CI'Y (Caparos, Poccus); Egor Chitorkin (Samara National
Research University, Samara, Russia; Saratov State University, Saratov, Russia)
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Bymem mucars, uro (ri,72) € Rp, ecmmt K1 = Ko = p u ¢p = 1; mpu
3TOM CTapuHe KO3 PUIIEHTH MHOTOWIEHA 1'2 (A) MOTYT OBITH DABHBI HYJTIO.
ITpoTuBomonoxHbI cay9ail pACCMATPUBAETCS TI0 AHAJIOTHM.

W3sectro [2], uTo crekrp 3amasm L npencrapisier coboii cueTHOe MHO-
JK€CTBO COOCTBEHHBIX 3HAYUEHUH, KOTOPHIE MOXKHO IIPOHYMEPOBATH Ha OCHO-
BaHHUM MX aCHMIITOTHUKH CJIEAYIOMIM 00Pa30M:

pn:\/)\n:nfpflJr%n, {%n}6127

NpUYEM KOHEYHOE HYUCIO0 COOCTBEHHBIX 3HAYEHHUI MOXKeT ObITb KDATHBIM.
Iycts I = {1}U{n > 1: Ay # Ap_1} — MHOXKECTBO UH/IEKCOB yHUKAJIbHBIX
COBCTBEHHBIX 3HAYEHWIA, & My, N € I, — ux kparHoctr. Torma dbyHrIMST
Beitng npencrasumMa B BUe

mp—1

=23 5oy
k#—l7

nel k=0

rae kodbburmenTsl {p }n>1 HABIBATCA BECOBBIMM uuCIaMu. Buecre
cODCTBEHHBIE 3HAYEHNUS W BECOBbIE YHC/Ia 00PA3YIOT CIEKTPAIbHbIE TAHHbIE
3anaum L

O6GparHast 3amada 1. [lo Jdannvim  cnekmpasvmsim  0OHHBLM
{An, @n tn>1 natimu o(z), r1(A), r2(X).

Bsenem monosaurensabie obo3nadenus. [Iycte N — Takoii uHIEKC, 9TO
my, =1, n > N, a cobcTrennbie 3Haqenus {\, }2_,' Jexar BHYTDH CeTy-
0IIero KOHTYpa:

Iy = )\E(C:\M:(N—p—g)Q

D10 3HauuT, 4ro HauuHas ¢ HOMepa N Bce COOCTBEHHbIE 3HAYEHMS LIPO-
CTBIe, IPY MEHBINUX 3HAYCHUAX HHIEKCA KPATHbIE 3HAYMEHUS MOI'YT OBITH
KpaTHBIMH; 60JI€€ TOT0, BCE KPATHBIE COCTBEHHbBIE 3HAYUEHNS PACIIOIATAIOTCS
crporo suyTpu kourypa ['n. Takxke oupezesnm ciexyonyio dyHKIUIO:

my—1
an+k
My(A) = Z Z = M)t
nel,n<N k=0

Torma s BBemeHHOM 0O6paTHOM 3a7aun 1 BepHA CJAeIyIOIMas TEOpeMa,
0 JIOKaJIbHOM Pa3pelnMOCTH U YCTONYUBOCTH:

Teopema 1. IIycmo L = L(6,71,72) — Purcuposannan xpaesas 3a-
daua suda (1)-(2), y womopoit &6(x) € L2(0,7), (F1,72) € Rp, a undexc
N onpedeasemca, kax yxadano panee. Tozda cywecmeyem do > 0, 3a6u-
caujee om 3a0a4u L, wmo 0as m06bT KOMNACKCHOE HUCEA {An,an}tn>1,
YO0BAETNBODAIOULUT YCAOEUIO

[ee] 1
o o _ = _ = 2\ 2
0 := max Anelzl}x | Mn () MN()\)|,( gN(\pn Pnl| + |an — Gnl) ) < do,
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2de p2 = An, P2 = Au, CYWECTIGYEM KOMNACKCHOZHANHAA BYNKUUA
o(z) € L2(0,7) u mmozonwaens (r1,72) € Ry, K0MOPHIE ABAAIOMCA PEULENU-
em 06pammot 3adaqu 1 no darnvim {An, an}nZl- Boaee mozo,

HU - &HLQ(O,W) S 06a ‘c” - én‘ S 067 |d" - d~n| S C(S? n= 07p7

2de xonemanma C zasucum moavko om 3adawuu L.

TeopeMa I0Ka3BIBAETCA C TIOMONTHIO IBYX NIATOB: HA MIEPBOM 3TaIle BO3-
MYNIEHUIO TIOABEPTraeTcs TOJbLKO KOHEYHAsA YaCTh CIIEKTPAIbHBIX TAHHBIX,
KOTOpas CONEPKHMT KpPaTHbIe COOCTBEHHBIE 3HAYEHUs; Ha BTOPOM — OCTAB-
MasiCs MPOCTas 9aCTh CIeKTpa. M3 epBoro mara nosgBisgeTcs OrpaHnIeHune

max |Mn(X) = My (A)| < b,
AeTy

a U3 BTOPOT'0, COOTBETCTBEHHO,

> 1
( > " (lpn = pnl + lan — dn|)2) ? < So.

n=N

J0Ka3aTeIbCTBO KazKI0T0 M3 MIAr0B OCHOBAHO HA MCIOIB30BAHUM (POPMYT
BOCCTAHOBJIEHUS, KOTOPble IIPUHUMAIOT DA3JINYHBIA BUJ B 3aBUCUMOCTH OT
Buza crexrpa [3].
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CXOJANMMOCTb JNJIATAIINM, IIJIOTHOCTD
IIOJINMHOMOB 1 BUJIBOMCTBEHHOCTHh B BECOBBIX
IIPOCTPAHCTBAX I'OJIOMOP®HBIX ®YHKIIUN
A.B. Abanun
avabanin@sfedu.ru, abaninmath@gmail.com

YIK 517.5+517.9

B noknase 6yayT mpescTaBiieHB HOBBIE PE3YABTATHI O CXOAUMOCTH JTH-
JlaTanmil B BECOBBIX MPOCTpaHCTBaX beprmana rogoMopgHBIX (yHK-
U B CTPOTO 3BE3IHBIX 00/IACTSX M CBA3AHHBIX C HUMU 33139 O ILIOT-
HOCTH B HUX IIOJINHOMOB U YCJIOBHI €CTECTBEHHON OMABONCTBEHHOCTH.

Karuesnie caoea: npocrpancTsBa BeprmaHa, IUIOTHOCTH IIOJIMHOMOB,
CUJILHO 3Be3aHbIC 00JIaCTH.

IIycte G — orpanmvennas 007acTh B KOMILIeKCHON mmockoctu C,
H(G) — upocrpancrBo Bcex rogomopdbubx B G dyskmmil, w : G —
(0, 00) — menpepbiBHag vHa G Gynxmms (eec va G). s mo6oro p € (0, 00)
npocrparcTBo Beprmana A% (G) onpemensierca caemyiomum 06pasoM:

Au(G) = {f € H@) : |IfIl% == /G |f(2)[Pw(z) dA}

¢ kBazuHOpPMOoii (1ipm p > 1 HopMoit) ||-||w, rae dA, — mepa Jlebera B C ~ R
IIpemenpapiM caydaeM 3THX TPOCTPAHCTB sBIAETCS OAHAXOBO MPOCTPAH-
ctBo A (G), KOTOPOE B HETPUBUAJILHBIX CIIyUasX SBJILETCS Hecernapabeb-
veiM. [loaTOMy B paccmaTrpuBaeMOM HaMU KpPyre BOIPOCOB yYaCTBYET HE
CaMO ITO MPOCTPAHCTBO, & €r0 3AMKHYTOE MOIITPOCTPAHCTBO

A%,(G) = {f € H(G) : Jim_[(=)u(z) =0},

Oy U3 KJIIOUEBBIX pOJiell B M3YUEeHUN CBOWCTB BECOBBIX IIPOCTPAHCTB
Beprmana u ux IpuioKeHUsX UrpaeT HAJIUTIHE IVIOTHOCTH B HUX IIOJIMHO-
MoB. B wactHOCTH, 9T0 Kacaercs npobiaemsl hakTopu3anun GYHKIHHA B IPO-
crpancreax A, (D), a Takyke nosryueHus yaoOHBIX [JIs IPUMEHEHHH OIUCa-
HUU COIPS>KEHHBIX IIPOCTPAHCTB K IIPOCTPAHCTBAM rOIOMOPQHBIX (hyHK-
nuii 33[aHHOr0 pocta BOum3u rpanunbl G U HOCIEAYIONEro U3ydeHus B
HIX YPaBHEHUH CBEPTKHU 1 aOCOIIOTHO IIPEICTABIISIONINX CHCTEM SKCIIOHEHT.
IIpo6aema nnoraoctn mommaoMoB B AL (G) mpm 0 < p < oo mecnemosa-
smack BO MHOrux paborax. IIpexe scero ormerum 0630p C.H. Mepressua
[1]. Janbreitmue nponsuxenus: 6ewmm gocrurHytel JLIUL. XenBeprom [2].
HecmoTps Ha CTOMB HOATYIO KCTOPUIO UCCIIEIOBAHUS TPOOIEMBI ILIOTHOCTH

AGammr Anekcannp Bacunpesud, m.d.-m.H., npodeccop, IODY (Pocros-ma-Ilony,
Poccua) u FOMU BHII PAH (Baagukaskas, Poccust); Alexander V. Abanin (Southern
Federal University, Rostov-on-Don, and Southern Mathematical Institute VSC RAS,
Vladikavkaz, Russia)
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TTOJIMHOMOB B TIPOCTPAHCTBAX BeprMaHa, 10 CUX TOp He W3BECTHO HU OJHOTO
HETPUBHAJIBHOTO HEOOXOIUMOTO YCIOBUS TIOJI0XKUTETHHOTO €€ PEIIeHN .

s xkpyra D oganM u3 3¢beKTUBHBIX METOI0B HOJYY€HNs JTOCTATOY-
HBIX YCJIOBUIH JIJTsT KJIACCOB BECOB, MCTIOIB3YEMBIX B MPUIOKEHUSX, STBIISIETCS
TIOZIXOJT, OCHOBAHHBIN Ha, ¢XomumocTu aumararmii fr(z) := f(rz) mpm r 11
K f(z) mo KBasmHOPME COOTBETCTBYIONIETO MPOCTPAHCTBA. llo-BHamMoMy,
BIIEPBHIE OH OBLT HCTTOMBb30BaH M. M. /I>XpOamaHoM B €r0 IUcCepTarn (CM.
[1, c. 29-30]), a 3arem B [3], [4].

B moknasme 6yayT mpe/icTaB/IeHBI HOBBIE PE3YJIBTATHI, B KOTOPBIX yCTa-
HOBJIEHBI HEOOXOJIMMBIE W JOCTATOYHBIE YCJOBHUS CXOAUMOCTH JIHAJIATAIN
B BECOBBIX TPOCTPAHCTBAX Beprmana (QyHKIWMA, TOTOMOP(GHBIX B CTPO-
ro 3Be3mHbIX obsacTax. B kadecTBe ciecTBUIT yCTAHOBIIEHBI JOCTATOYHBIE
VCJIOBUs TJIOTHOCTH TIOJIMHOMOB B TaKWX MPOCTpaHcTBax. Kpome Toro wmc-
CJEI0BAaHA CBA3b 3TUX yCJ/IIOBHI?I C 3aJa4ell 0 HAJUYUUA €CTeCTBEHHON Ou-
msoiicteermoctr (Agy (G)) = Ay (G) (em. [5]).
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OB YCTOMYNBOCTN (HE)IIOJIHOTHI
SKCIIOHEHIIWAJIBHBIX CUCTEM B ITPOCTPAHCTBAX
VIBTPAJIN®OEPEHIIIPYEMBIX ®YHKIINI 1
VJIBTPAPACIIPEIEJIEHUI BEPJIMHTA-BHBOPKA
HOPMAJIBHOTO TUITA HA UHTEPBAIJIE
H.®. AbGyssaposa, abnatf@gmail.com

YAK 517.53, 517.98

PaccmarpuBatorca 3ama9u 006 ycroamBocTr (HE)OJHOTBI CUCTEM IKC-
MOHEHT IIPY BO3MYILIEHUAX IICJIeJ0BATEILHOCTH IIOKA3aTes el B IpO-
crpanctse ynbrpamuddepermmupyembrx dbynknuit (YIP) Bepauwara-
Bropka HOpMaJIBHOIO THIIA HA WMHTEPBAJE BENECTBEHHONH MPIAMON U
B COOTBETCTBYIOIIEM IIPOCTPAHCTBE yabTpapacipenenenuii. Vccaeno-
BaHME TIPOBOJUTCH IyTEM MEPEX0Ja K IKBUBAJIECHTHBIM JIBOUCTBEH-
HBIM 33/@49aM O LebIX (PYHKIMIX, OTHOCAIIUXCA K mpobjeMe oru-
CaHwsl HyJeBBIX (TI0T)MHOXKECTB NEbIX (PyHKIMHA. A WMEHHO, TyCThH
P — mekotopsiit kimacc menbrx dyukimit. Kaknme mnpeobpaszoBanus
HA/T IOCJIEI0BATEBHOCTHIO HYyJEH 1eoil dyukmu ¢ € P, coxpansio-
mue ee B P, MoxHO coBepmarh? g peureHns moCTaBIeHHBIX 33,13t
o (HE)OJHOTE TOCTETHWI BOMPOC M3Y9IAETCS B BECOBBIX MPOCTPAH-
cTBax nesblx GyHKImil P, peasn3yonux IoCPeIcTBOM Ipeodpa3oBa-
nust @ypre-Jlamiaca IpocTpaHCTBO yABTPAPACIPEIEICHIH HOPMAJIb-
HOT'O THIIA C KOMIIAKTHBIMY HOCUTEJIAMU Ha WHTEPBAJIE U COOTBETCTBY-
1o1ee TpOCTPAHCTBO HpobHbIX Y I® HOpMAIBHOTO THIIA.

Karouesnie ¢A06a: IOTHOTA CACTEMBIL IKCIIOHEHT, Tie/iag (hYHKIU, HYy-
JIEBOE MHOXKECTBO, yJbrpapacupezesnenue, npeobpasosanue Pypbe-
Jlammaca.

On stability of (non)completeness property of exponential
systems in spaces of Beurling-Bjorck ultradifferentiable func-
tions and ultradistributions of normal type on an interval

We consider the problem of preserving of (non)completeness property
by exponential systems under perturbations of their sequences of ex-
ponents in the space of Beurling-Bjorck ultradifferentiable functions
and ultradistributions of normal type on an interval and in the corre-
sponding space of ultradistributions. To solve them, we use the dual
approach leading to equivalent problems concerning with the descrip-
tion of zero (sub)sets of entire funtions. Namely, let P be a class of
entire functions. What perturbations of zero set of entire function
@ € P preserves it in P? We explore this question in two classes of

HccnenoBanue BBIOJHEHO B PaMKaX OCYZapCTBEHHOTO 3aJaHus MHUHHCTepCTBa Ha-
yK® u BbICIIEro oOpasoeanus Poccmiickoil @enepanun (kox Haywaro# Tembr FMRS-2022-
0124).

AbGyssposa Haranbes @anpbaxosra, g.¢.-M.H., cT. H.C., IM ¢ BIl YOUIL PAH (Vda,
Poccus); Natalia Abuzyarova (Institute of Mathematics with CC UFCC RAS, Ufa, Russia)
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entire functions. First one is formed by Fourier-Laplace transforms
of ultradistributions of the normal type with compact supports in the
considered interval, and the second class is the set of Fourier-Laplace
transforms of test ultradifferentiable functions of the normal type on
the same interval.

Keywords: completeness of exponential system, entire function, zero
set, ultradistribution, Fourier-Laplace transform.

ITycrs w : [0;00) — R — nouru cybanauTusHbLA cTporuii KAHOHUYECK I
Bec (onpenernenue cum. B [1]), (a; b) — xoHeuHBIH wn GeCKOHEUHBIH HHTEPBAT
BermecTBennoit mpamoit. danee, D) (a;b), €,y (a; b) — mpocTpancrsa mpob-
weix Y/1® Bepmuara-Bropka u Bcex YD Bepanura-bropka HOpMasbHOTO
Turta na unrepsare (a;b), coorsercrsenno, a Dy, (a;b) — cuabHOE conps-
xennoe K Dy, (a;b) mpocrpancTso yasrpapacopenerenuii. I3 obmeit Teo-
puu YD u ymprpapacupesiesieHnil u3BeCTHO, YTO MHOXKECTBO IKCIIOHEH-
UAJTBHBIX (DYHKITHH {ei’\t : A € C} comepXKuTCs M IOJHO B KaXKIOM 3
npoctpancts &) (a;b) u Di,y(a;b) (em. [1]). Taxxe ussecTHo, U4TO CyIIe-
CTBYIOT KAK IIOJIHBIE, TAK W HEIOJTHBIE CUETHBIE YKCIIOHEHIIMAIBHBIE CHCTE-
Mt B () (a; ), 1B Di,y(a;d).

Oycre M = {p;} A = {N} CC, || < fpef < .ooi Ny = 5 + ay,
j=1,2,...

pu kaxux ycmosusx Ha {oy} cucremsr bymrkmmit {1t} u {e*it} on-
nospemernto (we) momst B &(,)(a;b)? B DY, (a;0)?

Teopema 1. Ecau das nocaedosamenvrocmu {oy} evnoaneno ycaosue

o) :O(w(\uj\)) Fo

In |

mo cucmemu Pyrruut {e™i} u {1t} odnoepementio (ne) noanv 6 Kavic-
dom us npocmpancms &) (a;b), Di,(a;b).
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TEOMETPNYECKWUWE IIPUNJIOXKEHU I
JANPPEPEHIITNMAJIbHOTO NCUYNCJIEHUA: POPMYJIA
AJIAd BBIYNCJIEHU A KPVUBV3HBI IIJIOCKOM KPUBOM
A.A. AxmaHOB
arslanakmanov@mail.ru

VIK 517.958,519.2

B mamHOM wuCC/IEI0BAHMM PAaCCMATPUBAETCH OJHO W3 ITPUJIOKEHUM
nuddepeHImaIbHOr0 UCHUCTeHUs: (POPMYyIa ISl BBITHUCIEHUST KPHU-
BU3HBI TIJIOCKOM KpHWBO#. B YacTHOCTH, TPUBOIATCH CIOCOOBI 3a7a-
HHsl TIJIOCKON KPUBOM, BbIYucagercs obmast GopMysta, st BBIYUCICHUS
KPUBU3HBI B OIIPEIEJIEHHON TOUKE.

Karouesnie caosa: miockasg Kpubas, MMapaMeTPUYECKUE ypPaBHEHUs,
dopmysia Jist BBIYUCIEHUS KPUBU3HBL.

Geometric applications of differential calculus: a formula for
calculating the curvature of a plane curve

This study examines one of the applications of differential calculus:
a formula for calculating the curvature of a flat curve. In particular,
methods for defining a flat curve are given, and a general formula for
calculating the curvature at a certain point is calculated.

Keywords: plane curve, parametric equations, formula for calculating
curvature.

Mubr Gymem 3a7aBaTh IIOCKUE KPUBBIE JTUOO TPU MOMOIIIN MAPAMETPUIECKIX
ypaBHEHHUN

z=p(a), y =v(a), (1)

TJIe @ — HEKOTOPBIA TapaMeTp, 60 TPy TIOMONTHA yPABHEHUH BUIA
F(z,y) =0, (2)

Ilycte xpuBas L onpenengercsa ypasHerueM (2), npudem byuxmusa F(z,y)
muddepermupyema B HeKOTOPOit okpecTrOCTH TouKE Mo (Zo, yo) 3TOH KpH-
BOI U MMeeT B yKA3aHHON TOYKE HEIPEPHIBHBIE YACTHBIE ITPOU3IBOIHEIE TI0
z n y. Touky Mo(zo,yo) Ha30BeM OBBIKHOBEHHON TOUKON KpuBOH L, eciu
B 9TOH TOUKE BBIIIOJIHAETCS COOTHOIICHIE

F2 4 F?#0, (3)

Ilycrs xpuBag L 3anaHa mapaMeTpuuecKuMu ypasHeHusMu z = z(t), y =
y(t), Mo — mexkoTopas PUKCUPOBAHHAS TOYIKA ITONW KPHUBOH, OTBEYIAIOMIAS
3HaMEHUIO mapaMerpa to. [Ipeamonoxum, 4o BCce TOUKM KpuBOil L 13 HeKO-
TOpoit okpecTHOCTH M) ABISIOTCS OOBIKHOBEHHBIMU U 4TO (HyHKIMHU (1) u

Axwmanos Apcnar Afityramoemy, crygent, Y YHuT (Vda, Poccus); Arslan Akmanov

(Ufa University of Science and Technology, Ufa, Russia)
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y(t) nmeroT B TOUKE to BTOpHIE TIPON3BOAHBIE. 11K STUX TIPEAITOIOKEHUSIX
MBI yCTAHOBUM OOMIYIO (bOPMYJLY /A BBIYMHCICHWS KPUBU3HBL B Touke Mo
KpuBoii L.

ITycts ' u 2" - 3Hauenwa meproil m BTOpO# MpousBOAHON GyHKITMI
z = x(t) B Touke to, a ¥’ + Ax’ - 3HaYeHWe TepPBOI MPOW3BOIHOL 3TOH
dbyrkmmm B Touke to + At (At — mpon3BOIBHOE IPEpaITEHNE TTAPAMeTpa t).
Taxum obpaszoM, Az’ - Tpupalnenue neproil MPOU3BOAHON QYHKIUH T =
z(t). Mycrs ',y wy' + Ay’ cooTBeTcTByIOUME 3HAYCHUS TPOU3BOTHBIX
dbyakmm y = y(t).

Ecan cunrars, uro Touka Mp, oTBevaAONAs 3HAUEHUIO MapaMeTpa to,
¢dbukcuposana, a Touka M oTBewaeT 3HaYEHUIO Mapamerpa to + At, TO yro
cmexnocTH yaactka MoM m namey 9TOro y9acTKa MOXKHO PAaCCMATPUBATH
Kak yHKIym aprymenta At. 9tu GYHKIUN MBI 0003HATUM COOTBETCTBEH-
HO uepe3 x (At) u [(At).

ITo onpenenennio kpusnu3ua k(Mo) B Touke Mo KprBOil pPaBHA TP IEIIb-
HOMY 3HAYEHUIO

_ a(At)
k(Mo) = AtS0 (A’
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2-LOCAL DERIVATIONS OF THE n-TH SCHRODINGER
ALGEBRAS
A .K. Alauadinov, B.B. Yusupov,N.Z. Vaisova
amir_t85@mail.ru, baxtiyor yusupov_93@mail.ru,
nafosat vaisova@mail.ru

YIK 512.554.38

HaxHas cTaThs IMOCBAIIEHA HCCJEIOBAHUIO 2-JIOKAJIbHBIX Jud depeH-
nupoBaHmit Ha n-i aarebpe Illpénmurepa §,. MBI m10Ka3biBaeM, 9TO
BCAKOE 2-JI0KaJIbHOe qud depeHmpoBanue aaredpsl S, aBsgercs aud-
(depeHImpOBaHUEM.

Karouesnie caosa: Anrebpor JIu, n-vre anrebpor pénuura, nudde-
peHImMpoBanus, 2-T0KaJIbHbIe U epeHmpoBanus.
2-Local derivations of the n-th Schréodinger algebras

This paper is devoted to study 2-local derivations on the n-th
Schrodinger algebra §,,. We prove that every 2-local derivation on
Sy is a derivation.

Keywords: Lie algebras, n-th Schrédinger algebras, derivations, 2-local
derivations.

2-Local derivations and automorphisms have been objects of many research
works in recent years. Even many results have been addressed in this
direction, there are still lots of related unsolved problems. P.Semrl first
introduced the notion of 2-local derivations on algebras in their remarkable
paper[10]. After that many research papers have been published regarding
2-local derivations of non-associative algebras (e.g. see [1, 2, 4, 3, 6, 7,
11] ). For instanxe, it is proved that every 2-local derivation on a finite-
dimensional semisimple Lie algebra £ over an algebraically closed field
of characteristic zero is a derivation (see [1]). In [2, 4, 3, 6, 11] the
authors proved that every 2-local deriva- tion on some class of generalized
Witt algebras, Witt algebras, locally finite split simple Lie algebras, the
W-algebra W(2,2) and the Jacobson-Witt algebras is a derivation. In
particular, the authors in [7, 8] respectively proved that every 2-local
derivation on the Schrédinger algebra 8, in (n + 1)-dimensional space-time
is a derivation when n =1, 2.

In this paper, we study 2-local derivations on n-th Schrédinger algebra
Sn.

Namely, we prove that every 2-local derivation on §,, is a derivation.

Alauadinov Amir, PhD., dotsent, V.I.Romanovskiy Institute of Mathematics
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We first recall the definition of §,. We know that the general linear
Lie algebra gl,, has the natural representation on C>" by left matrix
multiplication. Let {ux,vr}, 1 <k < n be a basis of C*".

The Heisenberg algebra b, = C*" @ Cz is a 2-step nilpotent Lie algebra,
with Lie bracket given by

[ug, vi] = 2, [z,bn] =0, 1<k<n.

Recently, the n-th Schrodinger algebra S, was introduced [9].
Definition 1. The n-th Schrodinger algebra 8, is a Lie algebra with a
C-basis
{e, fyh,z,uk,vi, | k=1,...,n}

equipped with the following non-trivial commutation relations

[h,e] = 2e, [h, f]=—-2f, e, f]=h,
[uknvj] = 61€jz7 [h7 uk] = Uk, [hﬂvk} = —Vk,
le, vi] = u, [fiur] =vg,  [2,82] =0,

where 6y; is the Kronecker Delta defined as 1 for k = j and as 0 otherwise.
A derivation on a Lie algebra £ is a linear map D : L — £ which
satisfies the Leibniz rule:

D([z,y]) = [D(2),y] + [z, D(y)l,  Vaz,yel. 1)

The set of all derivations of £ is denoted by Der(£) and with respect to
the commutation operation is a Lie algebra.

For any element y € £ the left multiplication operator ad, : L — L,
defined as ad(y) = [z,y] is a derivation, and derivations of this form are
called inner derivations. The set of all inner derivations of £, denoted by
Inn(L), is an ideal in Der(L).

Definition 2. A map V : £ — £ (not necessary linear) is called 2-local
derivation if for any x,y € £ there exists a derivation D, , € Der(£) such
that

V(@) = Day(@),  V(y) = Day(y):

Let n > 2. For any 1 <1 < k < n, one can easily verify that the linear
map o : S — S, defined below is a derivation:

ou(h) = ow(e) = ow(f) = ou(z) =0,
ou(uj) = dijur — Sijur,  oue(vk) = dijvk — Okjvr.

(2)

Clearly, 01,(1 <1 < k < n) are outer derivations. We define another
outer derivation 7 as follows
T(h) =7(e) =7(f) =0, )
T(w) = 3w, 7(v) = 3v, 7(z) =2, 1 <1< n. (3)
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The following theorem is proved in [5].
Theorem 1. Der(8,) =Inn(8,)® & Coi; PCr.
1<i<j<n

It should be noted that, if n = 1, then Der(S,) = Inn(8,) @ Cr, where
7 is defined as (3).

Now we give the main theorem concerning 2-local derivations on the
n-th Schrédinger algebras 8.

Theorem 2. Every 2-local derivation on §,, is a derivation.
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OB OJHOM «YHUKAJIBHOM» 6-MEPHOW AJITEBPE JI B
3AJTAYE OB OJJHOPO/JIHOCTHU B C*
A.B. Aranos,
atanov.cs@gmail.com

VIK 515.172.2, 512.816

B cBasu ¢ 3amaqeit onucanns rosloMOpQHO OQHOPOIHBIX THIIEPIIOBEPX-
Hocreit npocrparcTea C* u3yuens! cBOMCTBA OPGHUT 7-MEPHBIX LIPOIOJI-
JKeHnit 6-MepHON HUILTIOTEHTHON anre6psl JIu [6, 28].

Karwesnie cao6a: T010MOPGHO ONHOPOIHAS TAIIEPIIOBEPXHOCTD, HUIIb-
norerTHasa anarebpa Jlu, JleBu-HEBBIPOKIEHHOCTD.

On one ”unique” 6-dimensional Lie algebra in the homogene-
ity problem in C*

In connection with the problem of describing holomorphically homo-
geneous hypersurfaces of the space C*, we discuss properties of orbits
of 7-dimensional extensions of the 6-dimensional nilpotent Lie algebra
[6,28].

Keywords: holomorphically homogeneous hypersurfaces, nilpotent Lie
algebra, Levi-nondegeneracy.

OaHyuM U3 BasKHBIX BOIIPOCOB B 3a/@tde OIMCAHUST IOIOMOP(HO OTHODPOI-
HBIX TunepHosepxHocreii npocrpanctsa C* siBiasiercst Bonpoc 06 opburax B
TOM IIPOCTPAHCTBE 7-MePHBIX aJredp JIu ro1oMOpGhHBIX BEKTOPHBIX IIOJIEH.
B xnaccudukanmax abCTpakTHBHIX PAa3PEeIINMbIX HEPA3JI0KUMBIX 7-MePHBIX
amre6p [1,2] 0xka3pBAETCA TIOIE3HBIM BBIZEICHAE HAIbPAINKAIA 00Cy XK Iae-
Mbix asarebp. Huxe obcyxaercs (yHukaibHas) 6-MepHast HUJIbLOTEHTHANL
anre6pa JIu [6, 28] u3 [2].

Teopema 1. Bce 7 munos 7-mepnwx npodoascenud anrzebpu [6, 28],
ONUCHBAEMOT CACOYOUUMY HEMPUBUGALHBLMY COOTNHOULEHUAMY

[e2,e4] = €1, [es,es] =e1, [ea,eq] =e2, [es,e6] =e3

6 HEKOMOopoMm basuce e1, . .., eq, umerom Jesu-neevpoorcdernoe Hempyoua-
mue opbumu ¢ C*.

Cornacno [3], 7-mepnbre anre6por ¢ Takuvu opburamu B C* ocrarou-
Ho penku. Tak, B pabore [2] umeercs 82 Tuna 7-MePHBIX HUJIBIOTEHTHBIX
anrebp Jlu, comepkaimux B To9HOCTH fiBe 4-MepHBIE abeseBhl 01aaredphl.
W3 #ux wms 7 TUTIOB TOTYCKAIOT HEBBIPOK, IEHHBIE TI0 JleBu HeTpybhUuaThIe
op6urer B C*. Bimskas CHTyaIms mMeeT MECTO U C 7-MEPHBIME airebpa-
mu JIu, nMeromumu e MHCTBEHHYIO 4-MepHYyI0 abeseBy monaaredpy BHYTPH
6-MepHOTO HUIbpaaukaga. M3 28 tunmop takux anrebp, SBAAIONIUXCS TTPO-
JOJIZKEHUSIMU CEMU PA3JIIMIHBIX HUJIBIIOTEHTHBIX 6-MEPHBIX HIIHPAIUKATIOB

PaGora seimosinena npwu dpunancosoil moggepxkke PHD (rpant Ne 23-21-00109).
Aranoe Aprem Bumkropoemdu, x.d.-m.H., BI'Y (Bopomex, Poccms); Artem Atanov
(Voronezh State University, Voronezh, Russia)
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(oTmrambx ot [6,28]), momyckaior peammsari B C* ¢ HEBBIPOXK IEHHLIMK
HeTpybuaTeiMu opbutamu He Gosee 11 Turmos.

Cxema onucanust opbur B C* 7-meprbix anrebp JIu u BMecTe ¢ 91HM,
JIOKQ3aTeIbCTBA TeopeMbl 1 m3noxeHa B [3]. IIepBBIM MmMaroM cxeMbl sIBJI-
ercs

ITpennoxxkeune 1. Ecau na Jlesu-neswviposicdennoti nempybuamot 2u-
nepnoseprrocmu M C C* umeemea arzebpa 2040 MOPHHOLT 6eKMOPHOLE NO-
aed co cmpyrmypod [6, 28], mo ¢ mo4HocIbI0 00 AOKGALHBLT 20A0MOPPHHBT
npeobpaszosanuli basuc smot arzedpvr umeem eud

€1 = (010707 1)762 = (0707 170)163 = (0707037C3Z1)7
e1=(1,0,—22,23),e5 = (—¢;,0, =Cs22, D5 — Cs2122),
es = (0,1,0,0)

C HEKOMOPHMU KoMTaekcHoMmu Koncmarnmamyu Cs, Ds.

Jasee ncrmorb30BaHne KOMMY TATIMOHHBIX COOTHOMEHnH nosteit (1) ¢ mo-
cneaanm GasucubiM nosem er (cm. [2]) nossonser 6e3 nporusopeumii (1)
OTIpeIeNIATh (C TOTHOCTBIO /10 HECKOJbKIX KOMILIEKCHBIX KOHCTAHT ) KOMIIO-
HEHTBI 9TOTO IOJIS [Tl 7 THIIOB PA3JIMIHBIX MTPOIOJIZKEHHI anrebpsr [6, 28].
3aBepmaImyuM IAaroM CXeMbl ABJIAETCS MHTEIPUPOBAHUE II0JLy Y€HHBIX aJI-
re6p, TO €CTh MOy 9IeHNe UCKOMBIX OPOUT.

I pumep. Opburamn 7-meprbix anrebp [7,[6,28],1,2] n [7,[6,28],1,3] aB-
JISTIOTCSL CJIEYIONIHE TOJOMOPMOHO OTHOPOIHBIE HEBBLIPOXKIEHHBIE HETDYO-
warere rumeprosepxaoctr npocrpasctsa C* (y; = Im(z;), £1 = Re(z1),
a € R):

ys = ™2 +yo (27 +47) + vays,
Yo =5 +y2 (21 + yi) + y1ys.
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CTOYH-YEXOBCKAAd KOMITAKTNPUKAIIN S
IIPOCTPAHCTB MEP: IIEPBASY AKCUMOMA CYHETHOCTU
H. A. Baagynuna,
ninabadulina00@mail.ru

VIIK 517.518.1

B pabore m3yuaercss BOIPOC HAJUYHS IIEPBOM AKCUOMBI CYETHOCTH
JIJIST IIPOCTPAHCTBA BEePOSTHOCTHBIX MepP HA BIIOJIHE PEryJIsipHOM TOIO-
JIOTUYECKOM IPOCTPAHCTBE B CBA3H C 3a/a4eil O COBIQICHUN CTOYH-
aexoBckoil kommaktudukarmmu SP-(X) mpocrpancrsa paslOHOBCKHX
BepoATHOCTHBIX Mep P, (X ) Ha BIOSHE PEryIsSPHOM TOMOJOTHIECKOM
npoctpascTBe X, HaIEEHHOrO C1ab0i TONOI0ruel, ¢ IPOCTPAHCTBOM
Pr(8X) pasOHOBCKHX BEPOATHOCTHBIX MEP HA CTOYH-9€XOBCKOH KOM-
naxktuduramun X npocrpancrtsa X. ITokasano, 14rTo cBoiicTBa CHIIb-
HOW CYETHOH OIIPEe/Ie/IIEMOCTH Mephl JOCTATOYHO I HATMYUS CIeT-
HO¥ JI0Ka/IbHON 0a3bl. Takrke LPUBOAMTCH [IPUMED HEMETPU3YEMOIO
HIPOCTPAHCTBA C IePBOH AKCUMON CUETHOCTH, JJIg KOTODOI'O BEPEH De-
3yJBTAT O COBIIAJIEHUH KOMITAKTH(hDUKAIIIIA.

Karouesnie caosa: kommaktudukarms Croyna-Uexa, IpOCTPAHCTBO
Pa/IOHOBCKUX BEPOATHOCTHBIX MEP, IIepBas aKCUOMa CYETHOCTHU
Stone-Cech compactification of spaces of measures: first ax-
iom of countability

We study the problem of the first countability of the space of proba-
bility measures on a completely regular topological space in relation
to the question of the coincidence of the Stone-Cech compactification
BP-(X) of the space of Radon probability measures P,(X) on a com-
pletely regular topological space X endowed with the weak topology,
with the space P-(8X) of Radon probability measures on the Stone-
Cech compactification X of the space X. We show that the prop-
erty of being strongly countably determined is sufficient for a measure
to have a countable local base and construct an example of a non-
metrizable first-countable space, for which there is the coincidence of
the compactifications.

Keywords: Stone—Cech compactification, space of Radon probability
measures, first axiom of countability

Bompoc o copmagennu P, (8X) n P, (X), mpocTpanCcTBa PaSOHOBCKAX
BEPOSATHOCTHBIX Mep Ha KommakTudukanmu Croyna-Hexa BIIOJIHE Peryisap-
Horo npocrpancrea X u komnakrudukaimu Croyna-Uexa npocrpancrsa
PAIOHOBCKUX BEPOATHOCTHBEIX Mep, BIepBble BO3HHMK B pabore B. U. Bo-
ragesa [4], B KOTOpO! MOKa3aHO, YTO /I HEKOMIAKTHBIX METPHIECKHX

Banynuna Huna AsekcaHpoBHA, aCIUPAHT Kadeapbl Teopun HOYHKKITAH U PyHKITHO-
HaJIBHOTO aHaJn3a, MOCKOBCKUM rocymapcrseHHbiil yuusepcurer uMm. M. B. Jlomorocosa,
(Mocksa, Poccust); Nina Badulina (Lomonosov Moscow State University, Moscow, Russia)
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TPOCTPAHCTB, a TaKXKe 49 HETICEeBIOKOMITaAaKTHBIX TOTIOJIOTUYIECKUX TIPO-
CTPAHCTB, paBeHcTBa HeT. B paGore A. I A. I'. Ba6ukepa [2] mist npocrpas-
ctBa GopoBcknx mep P(BX) B caydae MPOM3BOIBHOTO BIIOJHE PErYJIsIPHO-
TO MPOCTPAHCTBa X MOJIyIeHO, 4T0 Mepa u3 P(X) saBisiercss perysspHOit
110 OTHOIIEHWIO K DPABHOMEDHOCTH, HOpO)KﬂeHHOﬁ BCEMU OTPaHUYICHHBIMU
HenpephIBHBIMIA GYHKITUAMHA, TOTJ@ W TOJBKO TOT/Ia, KOTAa WH/IYIIMPOBAH-
Has Mepa u3 P(SX) obmanaer CBOMCTBOM CUIBHON CUETHON OMpeeseMo-
cru. OKa3BIBAETCH, 9TO CBOMCTBA CUJILHON CUYETHOH OINpEee/ITeMOCTH [0~
CTaTOYHO OJI4d HaJIAYHA CYETHOM JIOKAJILHOM 6a3b17 U3YYIEHUI KOTOPOTO U
MOCBsINIIeHa, HACTOsIIast paboTa, obobimatomast pesysnsrar P. ITosa [5] ¢ kom-
TTaKTHBIX TOIIOJIOTUYICCKUX IMPOCTPAaHCTB Ha BIIOJIHE PEryJ/IdpHBIC.

Omnpenenenne 1. HasoBeMm peryasipHyio BepOSATHOCTHYIO Mepy Ha
BIIOJIHE PErYJISIPHOM TOIIOJIOTUYECKOM ILPOCTPAHCTBE X CHJIBHO CYETHO-
onpe/esieMo, eCiiu CyLIIeCTBYeT CIeTHOe ceMeHcTBO A KoMmakTHEIX G-
MHOYKECTB TaKUX, 9TO [is J11060ro m3mepumoro muoxkecrtsa U C X

w(U) = sup{u(A) : Aec A,ACU}.

Ilpennoxkenne 1. Ilycte X — BIOJHE PETYIsPHOE TOMOJOTHIECKOE
mpocrpancTBo, A C X — KoMmakTHOe MHOXKeCcTBO, A C W — OKpecTHOCTH
A, p € P(X) — cunpHO cueTHO-OMpEneIgeMast Mepa, € > 0.

Torna 3 okpecrHocTs V muOXKecTBa A Takas, uro V C W u okpectHOCTH
Q meper p B P(X), aro

(V) —nu(V) <e
Jtd Beex v € Q.

Teopema 1. Bo Bmosiee perysisipHOM TOIIOJIOTHIECKOM ITPOCTPAHCTBE X
JUIs CHJIBHO CHeTHO-oupeesnsiemoit mepot 1 € P(X) cucrema oxpecrHocreit

. = {v € P(X) : max|u(V(i,9)) = (V3| < )

ABAAETCS CIeTHOHN 6a30Ii.

IIpengioxkenne 2. [IpocTpalHCTBO PAJIOHOBCKUX BEPOATHOCTHBIX MEp
P,([0,w1)) Ha npocrpancTse opauHanos [0,w:), AIS KOTOPOTO BEPHO pa-
BercTBo BP([0,w1)) = Pr([0,w1]) [4], obnamaer mepBoit akcHOMOH cueTHO-
CTH.
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HOBAS ®OPMVYIJIA IJIAd PAANYCA TIOJIHOTHI
CHUCTEMBI 9KCITOHEHITMAJIbHBIX MOHOMOB
I'.T'. BpaiiueB
braichev@mail.ru
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O6cyK/1aeTCs HOBBIN N€OMETPHYECKUIN MTOAXO0/ K BBIUYHCICHHUIO DPa/Ii-
yCa LOJIHOTHI CACTEMBI KCIIOHEHIIMAIBHBIX MOHOMOB, [IOKA3aTeJd KO-
TOPOH ABJISIOTCA HYJIIMU 1eI0H GYHKINN IKCIOHEHIIMAILHOTO THIIA.
Karwesnie ca06a: CUCTEMa SKCIIOHEHITHAIBHBIX MOHOMOB, PAIHYC II0JI-
unotel, Kpyr CusbBectpa.

New formula for the radius of completeness of a system of
exponential monomials

A new geometric approach to calculating the radius of completeness
of a system of exponential monomials is discussed. As exponents, the
zeros of the entire function of exponential type are selected.

Keywords: system of exponential monomials, radius of completeness,
Sylvester circle.

IIycte A = {An}nen — GeckoHEdHO GOIBIIAS MOCTIEIOBATEIBHOCTD KOM-
IUIEKCHBIX 9HCET. DTOH IMOCTIEA0BATETBHOCTA COMOCTABAM CUCTEMY SKCIIO-
HeHIUAJIbHBIX MOHOMOB

Ep = {z“e*“, k=1,2, ..., kn, neN},

rie ky, — YuCI0 MOBTOPEHU TOYKU A = \,, B mocjaenoBarenpbaocTu A. Paam-
y¢ R(A) xpyra mosHOTBI cECTEMBI FA ONpeNenseTcsa KaK TOUHAs BEPXHSI
rpanp pagmycoB OTKpBITEIX KpyroB {z € C : |z| < R}, B KOTOpBIX 3Ta
cucTeMa moyHa (CTPOroe OIpejieeHne U HogpoGHOCTH M. B [1]).

Hns moboro komnakra K B C cymecryer (eMHCTBEHHBIN) HAMMEHb-
muit 3aMKHYTBIN Kpyr, comepxkamnit K. Takoil kpyr Ha3bIBaeM KPYTroOM
Cunbeectpa kKommakTa K. OJHOTOYEUHBIH KOMIIAKT COBIAIAET CO CBOUM
kpyrom CujbBecTpa, BBIPOKIAAIOMUMCH B 3Ty TOUKy. s kommaxkTa K,
OTJIMYHOTO OT TOYKH, IpaHuria K 00sa3aTebHO CONEPKUT OO JBE TOYKH,
JMaMeTPAJILHO PACIOJIOKEHHble Ha rpaHurie ero kpyra Cuabsecrpa, aubo
TPU TOYKHM B BEPIIMHAX BOUCAHHOrO B Kpyr CuabBecTpa OCTPOYTOJILHOTO
Tpeyrosbauka. VI3 nenrpa kpyra CuibBecTpa BBIILYCTUM JIYYd, IPOXOIIs-
e Yepe3 yKasaHHbIe BBIIIe TOUKY Ha TPAHUIe Takoro kpyra. Ilocme coor-
BETCTBYIOIIETO MAPAJIEIHHOrO MEPEHOCa, «KAPTUHKHUY TOJJLy9IaeM JIBa THTIA

Bpaitues I'eopruit I'enpuxoBuy, n.¢d.-m.H., npodeccop, PYIH, MIIT'Y, Poccuiickuit

YHUBepCHUTET ApyKObl HapomoB uM. II. JIymymObl, MoCKOBCKUIT Iegaroruyeckuii rocy-
papcreennbrit yrusepcurer (Mocksa, Poccust); Braichev Georgiy (Peoples’ Friendship
University of Russia named after Patrice Lumumba, Moscow Pedagogical State University,

MPGU, Moscow, Russia)

72



TTOCTPOEHHBIX TIO KOMITakTy K Tak HasbiBaembix Habopos CmiabpsecTpa —
CIenyasIbHBIX COBOKYIHOCTEH Jiyueit, Berxoasimux u3 rouku z = 0 (em. [2]).

Uunukarop nesoiit byHKIuu f SKCHOHEHIMAILHOTO THIA W €€ WHIIKA-
TOpHAs! [UArpaMMa, 331a0Tcs (hOpMyIaMu

ho, f) = lim M

r——+4o0o r

. D)= [ {z€C: Re(ze™) <h(/.0)}.

6el0,2x]

DYHKITMSA WMEET BIIOJIHE PETYJISPHBIA POCT, €CaH A Kaxkaoro 6 B ompe-
JIeJIEHUN WHINKATOPA CYIIEeCTBYeT OOBIYHBIN Ipeses, KOraa r — -+00 BHe
HEKOTOPOT'0 MHOXKECTBA HYJIEBOU OTHOCHUTEJIBHOU MEpPHI.

Kak crencrBme pe3ynbTaToB [2| mosydaeM TaKoe yTBEPIKICHHE.

Teopema. Ilycmv [ — ueaasa GyHKUUA SKCNOHEHUUAADHOZO MUNG,
A(f) = A — ee nyaesoe muoocecmeo, a v(f) > 0 — paduyc wpyza Cuav-
eecmpa ee undukamoprnot duazpammve D(f). Ecau f umeem enoane pe-
2yaapnuil pocm, mo paduyc noanomoss R(A) cucmemvr 9KCNOKEHUUGALHOLT
Monomo6 Ex u paduyc r(f) xpyea Cuaveecmpa unduxamophol ouazpammsy
D(f) cosenadarom, m.e. R(A) = r(f).

Teopema coxpaHsieT CuiIy, eciv (PYHKIMS f MMeeT BITOJTHE Pery/IsipHBIH
POCT He Ha KaXKXJOM Jiyde, a TOJbKO Ha JABYX WU TPEX JIydaxX U3 COOTBET-
crBytomero Habopa Cuibsectpa (cM. [3]).

JInteparypa

1. Xabubyarun B. H. IlosHoTa cHCTEM IKCIIOHEHT W MHOXKECTBA, €IHIH-
creernoctu. — Yda.: PULL BamIy, 2012.

2. Bpatiwes I I., Xabubysaun B. H., IIlepcmiokos B. B. 3agaga Cuiib-
BECTPA, MOKPHITHUS CIBUNAMH U TE€OPEMBI € IMHCTBEHHOCTH JJIsT TEJIBIX (DYHK-
muii // Vdumvckuit maremaTuaeckuit xypHas, 15:4 (2023), 30-41.

3. Braichev G.G., Sherstyukov V.B. Uniqueness theorem for entire
functions of exponential type // Lobachevskii Journal of Mathematics, 45:6
(2024), 2686-2691.
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3AJJAYU 110 OTEJIBIM ®YHKIINUAM, CBSI3AHHBIE C
PETYJ/IAPHBIM POCTOM PsA10B ANPUXJIE U
NHTEPIIOJISITNEN
A .M. Taiicun gaisinam@mail.ru

YAK 517.53+517.537.7

B poksase pedb mORIET 0 HEKOTOPHIX KJIACCUYECKHX 337a9aX, CB-
3aHHBIX C ACUMIITOTHYECKUMU CBONCTBAMH JIAKYHAPHBIX CTEIIEHHBIX
PAI0B, CXOAANUXCS BO BCEH TIJIOCKOCTU U WUMEIOIIUX IIPOU3BOJIbHBIH,
CKOJIb YTOJTHO OBICTPBIH POCT, U ux 06061eHnt. DT BOIPOCHL IO CyTH
CBOJATCS K COOTBETCTBYIOIIMM 33/a4aM 10 Teopur (GYHKITUN, UHTEP-
TOJISITIAY B KJIACCE TIEJTbIX (DYHKITHIH, OITPeIe/IsIeMOM HEKOTOPOH MayKo-
paHTON M3 KJIACCa CXOAMMOCTH. B 3T0# cBaA3m Gosiee meTasibHO OymeT
PacCMOTpeHa OfIHA aKTyaJsbHas 3anada u3 paborsl [1] (eMm. Takxe [2]).

Karowesnie caosa: pan Jupuxie, ienast GyHKIWST, HHTEPIIOJISTTMOHHA L
TIOCJ/IeI0BATEILHOCTL, paBeHcTBO [losma.

Problems on entire functions related the regular growth of
Dirichlet series and interpolation

The report will discuss some classical problems related to the asymp-
totic properties of lacunary power series converging in the whole plane
and having arbitrarily fast growth, and their generalizations. These
questions essentially reduce to the corresponding problems in the the-
ory of functions, interpolation in the class of entire functions deter-
mined by some majorant from the convergence class. In this regard,
one actual problem from the work [1] will be considered in more detail
(see also [2]).

Keywords: Dirichlet series, entire function, interpolation sequence,
Polya equality.

Jlureparypa

1. Sheremeta M.M. Five open problems in the theory of entire functions
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2. Taitcuu A.M. Perynapubiit poct nembix dbyHKIUN, TPEICTABICHHBIX
pamamu Jdupuxie. M.; Wxesck: HUIT «Perynspuas u xaotudeckas 1uHa-
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Taficun Axtap Marazosud, g.¢.-M.H., npodeccop, UMBII YOUIl PAH (Yda, Poc-
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YCTONMYNBOCTDbh MAKCUMAJIBHOI'O YJIEHA IIEJIOTO
PAIA JUPUXJIE, POCT KOTOPOI'O KOHTPOJINPYETCS
BBIIIYKJION MAXKOPAHTOM TOJIBKO HA
JIMCKPETHOM MHOKECTBE
I'.A. laiicuna, gaisinaga@mail.ru

VIK 517.53+517.537.7

Vccnenyercs mosesienne MakKCMMaJIbHOTO ieHa psana Jlupmxie ¢ mo-
JIOKUTENHHBIMY TIOKA3ATE/ISIMH, CYMMa, KOTOPOTO TIPEICTABIISAET CODOM
eyt GyHKImU. i kimacca nesix psaaos [lupuxiie, omperesieMoro
BBIIIYKJIOM MarKOPaHTO! pocTa Ha HEKOTOPOI MOCIe/1I0BaTeIbHOCTH TO-
ek, J0Ka3aHa TeopeMa 006 9KBUBAJIEHTHOCTH JIOTAPU(MMOB UCXOJHOTO
psa v n3MEeHeHHOTO pAa Jupuxie Ha aCUMITOTUIECKOM MHOYKECTBE.

Karouesvie cao6a: MakCUMaIbHBIN qjieH psna Jupuxiie, MakopaHTa
pocra, npeobpaszosanue FOura.

Stability of the maximal term of an entire Dirichlet series
with a growth controlled by a convex majorant only on a
discrete set

We study the behavior of the maximal term of a Dirichlet series with
positive exponents whose sum is an entire function. For a class of en-
tire Dirichlet series defined by a convex majorant of growth on some
sequence of points, we prove a theorem on the equivalence of the log-
arithms of the original series and the modified Dirichlet series on the
asymptotic set.

Keywords: maximum term of a Dirichlet series, growth majorant,
Young transform.

VeToHamBOCTh MAKCHMATBHOTO uiiena (i(0) = max,>o{|an|e* 7} abcomor-
HO CXOZASINErocs BO BCeH KOMIUIEKCHON IVIOCKOCTH psina Jlupuxie

F(s) = ZaneA”S, s=o+it, ao=1, X=0, M\, T o0, (1)

n=0

BIEPBLIE HCCIEN0BAIACE B [1].

IIycte L — KJIaCC TOJIOKWTETHHBIX, HEMPEPBHIBHBIX W HEOTDAHMIEHHO
pozpacraomux Ha [0,00) dymkmmit, M (o) = M(0, F) = supj, . |F(o +
it)|. Yepes D(A) obosmaumm Kacc Beex menbix pamos Jdupmxie (1), rae
A= {)‘n}?zo

Ob6osaaamv wepes D(P) xmace menbrx panos Jupuxme (1), sapucsamumit
OT HEKOTOPOH BO3pPaCTAIOed BhITYKI0# Maxkopautel $: ®(z)/x — oo npu

Pabora BbmosiHeHa npm (huHAHCOBOH mopmepxkke MumuoGpraykm Poccmu (rpast
HOMII, II®O0, cormnamenue Ne 075-02-2024-1444).

Taficuna Tamus Axtaposra, k.d.-M.H., YYHuT (Yda, Poccus); Galiya Gaisina (Ufa
University of Science and Technology, Ufa, Russia)
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z — oo. Ilo ompenesnenmo, D(®) = U>_, D,,(®), rae D, (®) = {F €
D(A): InM(ok) < ®(mok),0r = ok(F) 1 oo}, A — duxcuposanHas 1o-
CIIeZIOBATEBHOCTD, YIOBIETBOPAIONAA YCIOBUIO: JUIA JIOOOH TOCaemoBa-
rensHOCTH S = {04}, 0K T 00, V1) > 0
Inn

lim ———— =0

n—o0 Aps(NAn) ’
rae s(t) = Us(t)t !, a U — byusmus, compsxennas ¢ ® mo FOury
OTHOCHUTEJHHO MTOCIE0BATEIBHOCTH S.

Paccmorpum abcomorHo cxomgauuiicst B C mamenenustit psa Jupuxite

Fy(s) =) anbpe’®, b, €C. (2)
n=0

Jnsa xaxkmoi GyHKIMYT 1) PACCMOTPHUM KJIacC

Yepes p(o) u pj (o) 06o3HAUNM MaKCUMAaJbHBIE YiIeHBl psiios (1) u (2).

Teopema 1. [Tycmv D(P) — kaace Pgynxyuti, esedennut ewwe, F €
D(®). Obosnawum wepes Vg dynxyuro, conpascennyro ¢ © no FOnezy om-
Hocumeavho coomeememeyruel nocaedosamenvrocmu S = Sp = {or},
Ps(t) = Vs(t)/t. Hyemo das s sunoaneno ycaosue

1 1
lim ——— — =0,
R— o0 1#5(77]%) Z /\n

n
0<An <R
a B = {bn} - nocaedosamenvrnocmo, maxas, wmo |In|b,|| = O(A\n), n —
0.
Ecau daa nexomopots gynkuyuu w € W (hs) eepror ouenku
1
[bn] + <) pn >0,

[bn]

Mo MaKCuUMasoruLl waen pada (1) yemotivus, m.e. npu o — +00 6HeE HEKO-
Mopo2o UCKAUUMEAbHO20 MHodcecmea B C Ry wyaesoti nuscrel naom-
HOCTIVU CPABEJAUBO ACUMNINOTNUKECKOE DABEHCTNEO

Inp(o) = (1 + o(1)) In pz (o).
Haa psoiicreennoro knacca D(P) coorseTcrByIOmmii pe3ysibTarT mOJLy-
ueH B [2].
Jlnteparypa
1. I'ndicun A.M. Omnerka pocra u y6uiBaHus 11e0% GyHKIMYA OeCKOHeY-
HOTO mopsizika Ha kpusbix // Marem. ¢6. 2003. T. 194. Ne 8. C. 55 — 82.
2. Taticun A.M., Taticuna I A. O6 yCTOWINBOCTH MAKCUMAJIBHOTO YJle-

Ha pana Hdupuxiue // U3secrus By3os. Maremaruka. 2023. Ne 1. C. 25 —
3.
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TEOPEMA THUIIA BAHTA I KPUTEPUN
KBABVMAHAJINTUYHOCTU AJIA CJIABO
PABHOMEPHBIX OBJIACTEN
P.A. TaiicuH, rashit.gajsin@mail.ru

YAK 517.53

W3zygarorca knaccer Kapiemana B dKOPZAHOBBIX 0OIACTIAX KOMILIEKC-
HOU IIJIOCKOCTH. YCTAHOBJIEH B HEKOTOPOM CMBICJIE YHHBEPCAJIBHBIN
JIs Beex ¢y1abo paBHOMEPHBIX 06J1acTeil KpuTepuil KBa3HaHAJIUTHIHO-
CTH PeryiaspHbIX KiaccoB Kapraemana. /loka3aTenpCTBO OCHOBAHO HA
pertennu 3a7a4u Jlupuxiie ¢ HEOrPAHUYIEHHON TPAHUYIHON (DYyHKIHMEH,
rIe II0 CYIIeCTBY HCIOIb30BAH OIUH pe3yiabTaT Bepiumira o6 oreHke
TapMOHUYIECKON MEPHI.

Karouesnie caosa: Teopeva Banra, KBa3uaHaJIUTHUYECKHE KJIACChl B
JKODJIAHOBBIX 00/IACTAX, TAPMOHUYIECKAs Mepa, 3aaada Jdupuxiie.
The theorem Bang type and quasianalyticity criterion for
weakly uniform domains

We study Carleman classes in Jordan domains of the complex plane.
We have established universal in some sense for all weakly uniform
domains quasianalyticity criterion of regular Carleman classes. Proof
is based on solution of Dirichlet problem with unbounded boundary
function. We actually have used one result of Beurling on estimate of
harmonic measure here.

Keywords: Bang theorem, quasianalytic classes in Jordan domains,
harmonic measure, Dirichlet problem.

IIycte D — mekoTOpasg KOPAAHOBA 00JIACTH B KOHEYHOM KOMILIEKCHOM
wrockoct C, {Mp}nlo — HOCIeNOBATENBHOCTD MOJIOKUTEILHBIX HHCEIL.
Yepes H(D, M,) obosmaunm knacc dyukmmit f, anamutnaeckux B D un
Y/IOBJIETBOPSIFOIIAX yCJTOBHSIM:

sup | £ (2)| < e A"Mu (0 20).
zeD

Ipeamonoxum, aTo 06macth D 06Ja7aeT TeM CBORCTBOM, 9TO BCE TIPO-
mpomusie ™ (ynknuu f € H(D, M,) HeIpepbBHO HPOLO/IKAIOTCH 0
rpaamer OD. B srom cnywae kmace Kapmemana H(D, M,) ua3biBaeTcsa
K6AZUAHANUTIUNECKUM 8 mouke 2o € 0D, ecn B JaHHOM KJlacce HeT OT-
JITFHON OT TOXKAECTBEHHOTO Hy/Id (DYHKIMHU f, TAKOMH, 9TO

f™(z)=0  (n>0),

Taficun Pamwur AxTapoBuu, K.(.-M.H., Hay4IHbIH coTpymuuk, VIMBIL YOUIl PAH
(Yda, Poccuda); Rashit Gaisin (Institute of Mathematics with Computing Centre —
Subdivision of the Ufa Federal Research Centre of Russian Academy of Science, Ufa,
Russia)
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rae f (n) (n > 0) — TpOM3BOAHBIE, HEIIPEPHIBHO IIPOIOJIKEHHbIE O TDAHUITEL
oD.

OpnocBs3HAA OorpaHmIeHHas 00gacTh (G HABBIBAETCH CAGOO PLEHOMED-
101, €CU CyIEeCTBYeT TOCTOAHHAS @, TaKas, 4TO JIO0YI0 Tapy TOYeK
21,22 € G MOXKHO coeauHUTh ayroii @ C G CO CBOMCTBOM:

la] < a|z1 — 2| (loo] — pmma ).

Bepmua

Jlemma. ITyecmv D — caabo pasHomephas swcopdanosa obaacmo, 0 <
M, < oo (n>0). Ecau f € H(D, M,), mo ece npoussodnuie f™ (n > 0)
npodossicaromes do nenpepwenuns 6 D Pyrkyud.

IMocaenosarensrnocrs {My} (M, > 0) naseiBaercs peeysaprot (6
cmwieae BE.M. Jwnokuna), ecmm moa aucen my, = JZI (n > 0) BBIIOJ-
HSIOTCS CBOWCTBA:

a) my < M 1Mn 11 (n>1);
1

6) sup (L"“ ) T 003

m’IL
1
B) mj — 0O IPH N — 00.

CrpaBeyinBa CaeayIONIast

Teopema. Ilyemv {M,} (M, > 0) — pezyaapnas nocaedosamenn-
noems. Jasa mozo, wmobor das A1060% caabo pasHomepHoti Hcopdanosotl
o6racmu G co cnpamanemoti eparuyet L kaace Kapaemana H(G, M,) 6o
KEA3UAHAAUMUYEH 6 KaHCIOT, 2PaHUHOT Mo“ke, HEobT00UMO U JOCTNATNO -
10, 4MOobbL BBINOAHANICH YCAOBUE

o) Mn B
; Moo =

JIuteparypa

1. Taticun P.A. YuuBepcaabHBI KpUTEpU KBA3UAHAIUTUIHOCTU JIJIsT
JKOpIaHOBBIX obyacreit // Marem. 6., 209:12 (2018), 57-74
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O CXOAMMOCTU METOJA MUHUMAJIBHBIX OIIMINBOK
O.H. EBxyTa
evhuta@gmail.com

VIK 517.2

B cTaThe mpesCTABJIEHBI YCJAOBUSA CXOIUMOCTH UTEPATHOHHOTO METO-
J1a, IPUOINKEHHOTO PEIIeHUsT HeJIMHEHHOTO OMePATOPHOTO YPABHEHUS
f(z) =0 ¢ rmagkum OoEPATOPOM B rUILOEPTOBOM MPOCTPAHCTBE X .
Katouessie cA06G: METOJ, MUHAMAJIBHBIX OIMAOOK, CXOUMOCTb, I'AJlb-
6epTOBO MPOCTPAHCTBO.

Convergence of method of minimal errors

The paper presents convergence conditions of iterative method of ap-
proximate solving a nonlinear operator equation f(z) = 0 with a
smooth operator in a Hilbert space X.

Keywords: minimal error method, convergence, Hilbert space.

B crarbe [1] 6pL1a ipesozkeHa HOBasa MOMUG KA AHAIN3A CXOTUMO-
CTH MEeTO/Ia MWHUMAJIBHBIX HEBI30K JJIs OTIEPATOPHBIX YPABHEHUN B THJIh-
6epToBBIX mpocTpaHcTBax. llosyeHHbI TaM pe3yabTaT aBJIsgeTcs 00001e-
HueM Kiaaccudeckux reopem JIA. Kusucruxka [2] u M.A. Kpacuocenbckoro
n S1.B. Pyrunkoro [3]. Llesas HacTosIEd cTaTh — PACIPOCTPAHUTH Ha TOT
JKe KJIACC yPaBHeHUH Ipe/IoKeHHbIH B [1] moaxon Ha Apyroii Merox rpau-
€HTHOTO THITA: METOJl MUHAMAJIBHBIX OIMUOOK (3/16Ch M HUKE UCIOIBb3YETCS
rTepmuHosorus u3 [3]). Panee MeTon nHTEHCHBHO U3y4ascs B padorax [4,5].

Iycts f : B(zo,R) (C X) —» Y — muddepenmmpyembrii (mo @pe-
nre) omeparop, X m Y — BeNmeCTBEHHBbIE TUIB0EPTOBBI MPOCTPAHCTBA. Hac
WHTEpPEeCyeT PelleHns] YPABHeHUsT

f(x) =0, (1)

pacnosioxkennsle B mape B(zo, R). Himke mpennosaraeTcs BBHIIOTHEHHBIM
ycsioBue Jlummmia

I (z1) = f'(z2)|| < k(P)lzr — 22| (|1 — zoll, |22 —zo]l <7, 0<r < R), (2)
rue k(r) onpenenena u ve yOniBaer Ha [0, R)].

PaCCMOTpI/IM BOIIPOC O CXOOAMMOCTH METOda MHUHUMAJJIbHBIX omnboK

@I e ety (=
Hf/(mn)*f(xn)”Q f( n) f( n) ( 0,1,..,) (3)

IpuGIMAKEHHOTO penenus oneparopuoro ypasaenus (1). Hmke nmpemnomna-
TaeTcs, 9TO Tpou3BomHas f'(T) yIOBIETBOPAET YCTOBUAM:

Tn+1 = Tn —

Esxyra Onabra HukosaesHa, K.d.-M.H., monent, FOPTIIY (HIIN) um. M.U. Ilaa-
roea (Hosouepracck, Poccus); Olga Evkhuta (Platov South-Russian State Polytechnic
University (NPI), Novocherkassk, Russia)
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I(F @) RIS @Al < eRl® (lz =20 <7, 0<r <R, heX), (4)
If (@)hll > d(r)[[h]  (|z = o] <7 0 <7 <R, heX), (5)

rae dyuknuu c(r), d(r) oupenenenst za [0, R], nepsast u3 Hux — HeyGbIBa-
I0IIYe, 3 BTOpasi — HEBO3PACTAIOMA.

ITycrs r — mexoropoe uucio u3 [0, R] u a = ||f(x0)||; Hac 6yner un-
TepecoBaTh nosexenue nociaenosarensuocru | f(zyn)| (n=0,1,...). Kak u
BHIIIIEé YCTAHOBUM HEKOTOPOE BCIIOMOTATE/LHOE HEPABEHCTBO IIPH [IOMOJIH-
TeJILHOM IIPE/IIOJIOXKEHNN, YTO BCE dJIeMeHTH T, (n = 0,1,...) ocratorcs B
mrape B(zo,r) m, Gomee TOro, cCupaBesmBo

HEpPABEHCTBO

D lnss —aall <. (6)
n=0

Toraa
f(@ni1) = f(@n) + ' (@n) @ni1 — n) + f(@ni1) = fzn) — (@n)(@ni1 — 2n) =

- M@
= 1) = ey g § @) ) fa)+

Ff@ni1) = F@n) = F (@) @ns1 — ).
ist IepBOTO CJIaraeMoro MmpaBoil YacTH ITOrO0 HEPABEHCTBA TEIEPDH CIIPa-
BEJIJINBO TOK,IECTBO

Hf("””) 7o) a2 (T o) T )

1S )P (@n) £ (@n)* f (@) |2

1 o) f )2 ~LIf i
n odTomy, B cumy (4) u (6),
B IIf(wn)H2 e e T e
|0 e e @y s < VED =Tl @)

JUTA BTOPOTO CaaraeMoro, B cury (2) m (5),

1 @ns1) = F(@a) = ' @n) (@nss — 2a)] < W ®)

B pesynbrare uz (7) u (8), Mbl moIy4aeM HEPaBEHCTBO

I[f(@n+ )|l <ol 1 (o)) (n=0,1,...), (9)

TIe

=VEr) — 1+ ';El’;)(‘f) : (10)
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IomepkHeM U 371€Ch, YTO ITO HEPABEHCTBO BBIBEJIEHO B IMPEAITOJIOKEHNN
CIpaBeIMBOCTH HepaseHcTBa (6).
IIycts
0<c<V2 (11)

Torna dynxmms (10) mveeT eIMHCTBEHAYIO TIOIOKUTETHHY 10 HEITOBIK HY 10
TOYKY

Yu(r) = 2Z(£§) (1-Vem-1). (12)

Ipu 0 < ¢ < Y. (r) dbyrxnus v(r, ¢) obmamaer csoiicrBoM v(r, @) < ¢;
nosToMy B caydae a < . (r) mocmenoBarensroCTh || f(25)]| (n = 0,1,...)
crpemurcs K Hya0. Bostee Toro, cipaBeqimBeI HEPABEHCTBA

If (@)l <™ (rya) (n=0,1,...), (13)

rae v(® (r,¢) =¢mn v(">(r7 ) (n = 0,1,...) oupenenensl peKypPPEHTHBIMHA
pasercreavm v" T (7, ¢) = 0™ (1, 0(r, ¢)) (n=0,1,...).
Hasee, caosa B cay (5),

2 = zall < o5 I @)l € o5 0 ra) (n=0.1....)

HO9TOMY

Z ||xn+1 xn” >~ d Z'U(n Ty CL (14)

n=0 n=0
P B IPABOM YACTHU CXOQUTCH B CHIIy HepaBeHCTBA a < .. OTMeTnM, 9TO
9TOT PAA CXOAUTCA HE MEOJICHHEee FeOMeTpI/I‘{eCKOﬁ Iporpeccun CoO 3HaMe-

HaTe/IeM k 9
—VED T+ s,

a peaﬂbeIf/i IIOKa3aTeJb €€ CXOAUMOCTHU OIIpeJessieTCd PaBeHCTBOM

Goo = V/2(r) — 1.

HecnoKHbIE pacCcy K AeHAs TOKA3BIBAIOT, UTO HepaBeHCTBO (6) u B aTOM
cry9ae OyZeT BBIIOIHATHCH, €C/TH

Vr,a) < rd(r), (15)

rue V(r, ¢) oupenensiercs: 1o v(r, ¢) ananoruunsiM (16) pasencrsoM; cBOM-
cTBa 5TOM (DYHKINY HOJHOCTBIO T0N06HEL cBolicTBaM dbyuxuu U(r, ¢).
IIpoBeieHHEbBIE PACCYKACHUS JOKA3BIBAIOT CAEAYIONEE YTBEPKICHNE.

Teopema 1. IIycmo onepamop f ydosaemeopaem ycaosuam (2), (4)-
(5), (11) u nycmov evnosners, HEPABEHCNED

a < . (r) (16)
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1

V(r,a) <r (17)

) <

Tozda ypasnenue (1) umeemn e wape B(xo,r) pewenue ., npubavuscenus
(8) cxodamea K Imomy PEWEHUIO, NPULEM CNPLEEIAUGH, HEPLEEHCTNEA

Jenss —@all < ﬁ( lon —@aal) (n=10,1,...). (18)
1
n T Lk < — (") - 1,...). 1
o =]l € o5 V) (m=0.1,...) (19)
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IITPUMEHEHUWUE TEOPEMbBbI O BAMKHYTOM I'PA®UKE K
AHAJIN3Y YCTOMYNBOCTU PEKYPPEHTHBIX
HEWPOHHBIX CETEN
J.K. 3amenun, zatsepin01@mail.ru

YIAK 517.9

B pabore paccmarpuBaeTcs mpuMeHEHNE TEOPEMBI O 3aMKHYTOM TPa-
duke s aHaIM3a yCTORYUBOCTU PEKYPPEHTHBIX HEHPOHHbIX cerei
B TOHOJOTMYECKUX BEKTOPHBIX MPOCTpaHCTBaxX. JlokaspiBaercs cymre-
CTBOBaHHE €IWHCTBEHHOI HENOJIBUKHOM TOYKH OIEPAaTOPa MEPEXO/IA
COCTOSIHU U CXO/TMMOCTH UTEPATUBHOIO IIpoliecca K 3Toi Touke. Ilpm-
BOJIMTCS TIPUMEp TPUMEHEHNsT pa3paboTaHHOW TeOPHU B 33Ja4aX IIPO-
THO3UPOBAHNS BPEMEHHBIX PSJIOB.

Karouesnie cao6a: HEMPOHHBIE CETH, YCTONIUBOCTD, TEOPEMA O 3aMKHY-
TOM rpaduKe, TOIOJOTUIECKIE BEKTOPHBIE IIPOCTPAHCTBA.
Application of the Closed Graph Theorem to the Stability
Analysis of Recurrent Neural Networks

This paper addresses the application of the Closed Graph Theorem to
analyze the stability of recurrent neural networks (RNNs) in topolog-
ical vector spaces. The existence of a unique fixed point of the state
transition operator and the convergence of the iterative process to this
point are proven. An example of the developed theory is given in time
series forecasting.

Keywords: neural networks, stability, closed graph theorem, topolog-
ical vector spaces.

HUccaenoBanne ycroitamsocru pexyppenrnbix wmeiiponnbix cereii (RNN) B
TOTIOJIOTUYIECKUX BEKTOPHBIX MPOCTPAHCTBAX ABJISETCS BAXKHOU 3a/adeif,
CBSI3aHHOM C aHAJIM30M JUHAMUKN TaKUX cucreM. B mamHOil pabore MbI
PaccMaTpuBaeM NPUMEHEHHE TeOPEMbl O 3aMKHYTOM rpaduke [2] aia mo-
Ka3aTe/bCTBa CyIEeCTBOBAHUS U €IMHCTBEHHOCTH HEITOABUKHON TOIKY OITe-
paTopa mepexo/ia COCTOSTHUHN, & TAKKEe CXOIMMOCTH UTEPATUBHOTO TIPOTIECCA,
K 9TOH TOYKe.

IIycte X — 6aHaX0BO TIPOCTPAHCTBO, MPEICTABIAIONIEE TPOCTPAHCTBO
COCTOSTHHI PEKYPPEHTHOM HeiponHOit ceTn, u iycth 1 : X — X — omeparop
1Iepexo/ia COCTOSHUM, OIIPEEIAONNN JUHAMUKY CETH IO IIPABUILY:

Tns1 =T(zn), neN (1)

Hamra mess — ycTaHOBUTE YCIOBUS, IPU KOTOPBIX CYIIECTBYET €IUHCTBEH-
Had HemoaBmxXKHAA Touka r° € X, takag uro T(z*) = z*, w mocnemosa-
TEJbHOCTDH {xn} cxomuTCd K ¢ mpu J000M Hav9aIbHOM COCTOSHUM Lo € X.

Bamenun Maunnn Kupnsmosuy, crygent, PI'Y umenn C. A. Ecennna (Ps3ans, Poc-
cus1); Daniil Zatsepin (Ryazan State University, Ryazan, Russia)
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O,Z[HI/IM "3 KJIIOYEBBIX I/IHCprMeHTOB A1 TOCTUXKEHU A 3TOM eI dAB-
JIAETCA TEOPEMa 0 CKUMAIOMMX 0ToGpakermax (Teopema Bamaxa 0 memo-
apuxkHOM Touke) [1]. Ompako g mpuMeHeHns ITON TEOPEMBI HEOOXOTIMO,
uTo6GBl omeparop T GBI CKUMAKNIIMM, TO €CTh CymecTBoBago A € [0,1)
Taxoe, 9To

IT(x) =Tyl < Allz —yll,  Va,y € X

B xomrexcre RNN omeparop 7' MoxeT ObITH HeJIMHEHHBIM M He BCErIa
VIOBJIETBOPSIET YCIOBUIO CXKHMAOIero orobpaxenus. Ilosromy Mbl mpes-
JlaraeM WCIIOJIb30BATh TEOPEMY O 3aMKHYTOM Trpaduke [ist 0O0CHOBAHS
HEIIPEePBIBHOCTHU oIlepaTopa 1’ u, CIel0oBaTeIbHO, IPUMEHEHNS TEOPEMBI O
HEITOABMKHON TOYKE.

Teopema o 3amkHyTOoM rpaduke. [Tycms X uvY — 6anazoss. npo-
cmpancemea, u onepamop T: X — Y umeem zamxrymod epagur. Tozda
onepamop T nenpepovigen.

SamkHyTOCTH Tpaduka omeparopa 1 03HAUAET, UTO €CIU IMOCTeI0Ba-
rensrocta {x, } C X u {T(z,)} C Y Takosel, uto z, > zB8 X uT(2,) — y
BY, oy ="T(x).

[IpuMerHsst 3Ty TEOpEMY, MBI MOXKEM MOKA3aTh HETPEPHIBHOCTD Olepa-
Topa T, eciim ero rpaduk 3amruyT. asee, eciin onepatop 1 HempepbIiBeH
u yIoBseTBopseT ycaosuio (2) ¢ HekoTopeiM A € [0,1), To mo Teopeme Ba-
HAXa 0 HETIOIBUKHON TOYKE CYIECTBYET €IMHCTBEHHASA HETIOIBUKHATL TOY-
ka z* € X, m mocnenosarempuocTh {17 (20)} cxomurca x z* mns mo6Goro
xo € X.

Teopema 1. IIycmvs X — 6aHGT0680 MPOCMPAHCINEO, U ONEPATNOP
T: X = X umeem samrnymod epadur u ydosaemesopaem ycaosuro (2)
¢ nexomopum A € [0,1). Toeda cywecmeyem eduncmeennas Henodeusrc-
nas mowke ©° € X, u daa mobozo ro € X nocaedosamenvrocms {T" (xo)}
czodumea k x*.

IIpumep. PaccmorpuM peKyppeHTHYIO HEMPOHHYIO ceThb C (pyHKIHeH
akTuBau ¢: R — R, onpenenstemoii xkax p(z) = tanh(z). Ilycrs cocro-
SHEWEe ceTnm 337MaéTca BeKTOpoM T € R™, a omeparTop mepexoma COCTOAHUI
AMeeT BH/I

T(xz) =Wep(z) +b.
roe W € R™*"™ — maTpuma BecoBuix ko3P dummentos, b € R" — BexTop
CMENIEHWH, W (¢ TIPUMEHAETCH TOKOMIIOHEHTHO.

IIpeanonoxkum, 9ro HOPpMa Marpunpbl W yIOBAETBOPSIET YCIOBHIO

[W]| < 1. Torna nst arobeix x,y € R™ nmeem

IT(x) =Tyl = W (e(z) — eIl < [Wllle(x) — o)l

ITockoneky dynknnsa ¢ Jlunmunesa ¢ koucranTtoit L = 1, To

le(@) — eI < [lz —yll.

CemoBaTEIBHO,
1T(z) =TI < W]z -yl
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Tockomeky ||W]| < 1, omeparop T siBsieTcsl CKMMAIOIIVM, W TIO0 TeOpe-
Me 1 CymIecTByeT €IMHCTBEHHOE YCTOMYHBOE COCTOAHUE, K KOTOPOMY CEeTb
CXOOUTCA U3 A1060r0 Ha49aJIbHOIO COCTOSHUS.

Takum 06pa3omM, MBI TTIOKA3aJIM, YTO IIPU BHIIOTHEHUH YCIOBUN 3aMKHY-
Toctu rpaduka oneparopa I u ero CKMMaeMOCTH PEKYPPEHTHAs HeHPOH-
Had CeTh ABJIAETCH YCTONIUBOHN U CXOAUTCA K e JUHCTBEHHOMY YCTOMYHBOMY
COCTOSIHHIO. DTO UMEET BayKHOE 3HAYEHUE [JTsl TIPAKTUIECKUX ITPUJIOKEHHUIA,
IJie TapaHTUU CXOAUMOCTH U YCTOMYUBOCTU CUCTEMbI SBJIMIOTCH KPUTUYHbI-
MU.

JIuteparypa

[1] Banach S. Sur les operations dans les ensembles abstraits et leur
application aux equations integrales // Fundamenta Mathematicae, 3
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AJAMAPOBCKUE OITEPATOPHI B ITIPOCTPAHCTBAX
TOJIOMOP®HBIX ®YHKIINN TOJIMHOMUAJIBHOT'O
POCTA N BECKOHEYHO /IN®PEPEHIIIPYEMBbIX
BIIJIOTH 0 I'PAHUIIBI
O.A. UBanoBa, C.H. Meauxos
neo_ivolga@mail.ru, snmelihov@yandex.ru

YIK 517.982.274, 517.983.22

Ilomy4ueno mpescTaBsieHre B BU/Ie MYJIBTUIUINKATUBHON CBEPTKU aJa-
MapOBCKHX OIIEPATOPOB B IIPOCTPAHCTBAX (PYHKIWE, roJI0MODGMHBIX B
OTPAHUYEHHON BBIMYKJION 06/IACTH KOMIIJIEKCHOMN IIJIOCKOCTH H TIOJTH-
HOMMAJBHOTO POCTA BOJIU3U TPAHUIBI 0OJIACTH WM GECKOHEYHO Tud-
depeHIupyeMbIX BILIOTH 0 €€ IDAHMUIILL.

Karwwesnie caoea: 0nepaTop aJaMapoBCKOI0 THUIA, IPOCTPAHCTBO IO-
JoMOopdHBIX GYHKIHIA.

Hadamard type operators in spaces of holomorphic functions
of polynomial growth and smooth up to the boundary

A representation is obtained in the form of a multiplicative convo-
lution of Hadamard type operators in spaces of functions that are
holomorphic in a bounded convex domain of the complex plane and
of polynomial growth near the boundary of the domain or infinitely
differentiable up to its boundary.

Keywords: Hadamard type operators, space of holomorphic functions.

OnepaTopsl 8aMapOBCKOrO THIIA, T.€. JIMHEHHBIC HEIPEPHIBHBIE OLEPATO-
PBL, [UIsi KOTOPBIX KaXK(BIH MOHOM sIBJISleTCst UX COOCTBEHHON (QyHKuuel, B
HEHOPMPPYEMBIX IPOCTPAHCTBAX TOJOMOPGHBIX GYHKIHA JOCTATOTHO HO-
JIPOGHO MCCIE0BAHDL B CICAYIONMX CUTYAIMAX: B IPOCTPAHCTBAX BCEX IO~
soMophHbIX (DYHKIMH Ha OTKPBITBIX IOIMHOXKECTBAX KOMILIEKCHOM ILIOC-
koctr (cM. [1]) m B IPOCTPAHCTBAX BENIECTBEHHO AHATUTHIECKIX (DYHKITHH
KaK OJIHOM, TaK U MHOIUX mepeMeHHBIX (cM. [2]). Ux Teopus asagerca “ome-
PaTOPHOR” YaCTBIO UCC/IEIOBAHUMN, CBI3aHHBIX C OHATHEM a1aMapOBCKOTO
npon3ssegeHns ToaoMopdHBIX GyHKIHH, W HEOTIEIMMA OT €r0 AHAIUTH-
“eCKOTO acmeKTa. [lasee uaer peds 00 aJaMapoBCKAX ONEPaToOpax B Mpo-
CTPAHCTBAX TOJIOMOPQHBIX (DYHKIUHA ¢ OIpe/Ie/IeHHBIMY OIDAHUICHUSIMU.
IIycte G — orpanmaennas soimykiaas obnacts B C; H(G) — npocrpan-
cTBO Beex ronomopdubx B G dyurmmit; da(z) == tie%fc |z —t| — paccrostrme

Usanosa Ousbra Anekcasnpossa, k.¢.-m.H., IO®Y (Pocros-ma-lony, Poccus); Olga
Ivanova (Southern Federal University, Rostov on Don, Russia)

Memmxos Cepreii Hukonaesnd, g.¢d.-m.H., IODY (Pocros-na-dony, Poccus), IOMU
BHII PAH (Buajgukaska3s, Poccus); Sergej Melikhov (Southern Federal University, Rostov
on Don, Russia; Southern Mathematical Institute of VSC of RAN, Vladikavkaz)
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or Touku z € G 1o rpanunst 0G obmactu G. s kaxmoro n € N ompese-
JiuM GaHAXOBO MPOCTPAHCTBO

H(©) = {7 € H(G) | fllwi=sup 172 (do(2)" < +o0]

¢ mopMO# || - || m momoxmm H~°(G) = |J H "(G). 3amamum B
neN

H™°°(G) TOmONOTHIO0 WHAYKTUBHOTO TPEIENa TOCIeI0BATETLHOCTH TIPO-
crparcte H " (G), n € N, orHocurenpro ux sioxennit 8 H °(G). Cum-
Bosom Hoo (G) obozrammm mpoctpancTso @pere Beex C°—dyrkmmit ma G,
rosiomopdubIX B G.

Huxe G1, G2 — orpanuyentsie Boinykabe obnactu B C, conepxariue
TouKy (. MHOXKECTBO CKATAPHBIX MYJIBTHILTAKATOPOB

M(G2,Gh1) :=={t € C|tz € G1 must moboro z € Ga}

SIBJIsIeTCS BBIILYKJIBIM KOMIIAKTOM ¢ To4IKoH 0 B cBoeii BHyTpeHHOCTH. [lanee
Hoo(M(G2,G1))" — Tononoruyeckoe conpsxentoe K Hoo (M (G2, G1)).

Teopema. (i) Laa mobozo onepamopa B adamaposcrozo muna u3

H™>(G1) & H™®(G2) (cooms., us Hw(G1) 6 Hoo(G2)) cywecmsy-
em eduncmeennnt gynruyuonanr ¢ € Hoo(M(G2,G1))', daa womopoezo
B(f)(z) = @i(f(tz)) Oaa arbwz z € G2, f € H_oo(G1) (cooms., f €
Hoo(Gh))-
(11) dasa ar06oz20 ynxyuonana o € Hoo(M(G2,G1)) onepamop B(f)(z) =
0e(f(t2)), 2 € G2, f € H ®(G1) (cooms., f € He(G1)) neasemea
onepamopom adamaposcrozo muna u3 H > (G1) 6 H™*°(G2) (cooms., u3
H(G1) 8 Hx(G2)).

TeopeMa HOKA3bIBAET, 9TO MHOXKECTBA OLIEPATOPOB aAaMaPOBCKOIO TH-
maws H™°(G1) B H-®(G2) n u3 Hoo(G1) B Hoo(G2) coBmamaior (¢ To9-
HOCTBIO JI0 €CTECTBEHHOTO CYKEHWS ).

I[Ipumepamu agamapoBckux oneparopos npu Gi1 = G2 ABAAIOTCS Ome-

parop Ditepa E(f)(z) = Xn: biz® f®)(2) (b, € C) xomeunoro mopsaka u
k=0

1
onmeparop Xapma-Jlurtasyna H(f) = [ g(¢) f(tz)dt, g € C[0, 1].
0

Ecmm yuects, ar0 Hoo (M (G2,G1)) — TONOIOrMIECKOE MOAIPOCTPAH-
ctBo C°(M(G2,G1)), TO amaMapOBCKUe OMEPATOPHl B PACCMATPUBACMBIX
TIPOCTPAHCTBAX MOXKHO OITUCATH, WCIOIB3ys MPEICTABICHHE 000OIMEHABIX
byt ¢ mocurenem 8 M (G2, G1). Iycrs v — mepa JleGera B C = R2.

Caeacreue. Jlas a106020 onepamopa adamaposckozo muna B us
H™°°(G1) 6 H *(G2) (cooms., us Hoo(G1) 6 Hoo(G2)) cywecmesyrom
dyrncyuu g € C(M(G2,G1)), 0 < k < n, n € NU{0}, darn xomopox
B(f)(z) = > [ e fPt)dv(t), z € Go, f € H®(G1) (co-

k=0M(G2,G1)
oms., [ € Hoo(G1)).
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JI1060t onepamop makozo 6uda AGAAEMCA A0AMAPOBCKUM U3 H™*°(Gh1)
6 H™°°(G2) (cooms., us Hoo(G1) 6 Hso(G2)).

JIuteparypa
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OB O/THOM IMMIKAJIE BAHAXOBBIX IPOCTPAHCTB
AHAJINTUYECKUX ®YHKIIAN HA BBHIITYKJION
OBJIACTU
K.II. Ucaes, P.C. FOamyxameToB
samatmath@yandex.ru

YIK 517.9

JlanHOe mCCenoBaHue CBS3aHO € 33/1a9aMi TEOPUH NIPe/ICTABJICHU
byHKIUH pAIaMyu SKCIIOHEHT.

Kamoveenie ca06a: psapn IKCIOHEHT, Kjacc CMUPHOBA, IPOCTPAHCTBO
Beprmana.

On a scale of Banach spaces of analytic functions on a convex
domain

This study is related to the problems of the theory of representation
of functions by exponential series.

Keywords: exponential series, Smirnov class, Bergman space.

B 1975r. Jlepun B.4. m Jlobapckuit FO.W. [1] moxasamm, aro dbyHKInm
n3 kiacca Cmupuosa E(D) Ha BBIIYKJIOM MHOTOYTOJbHUKE [ IIpeicTas-
JISI0TCA B Bune 0e3yCI0BHO CXONMIIETOCs Dsijia SKCHOHEHT. B pabote [2]
9Ta TeopeMa MepeHeceHa Ha npocrpancTso Beprmana Bz (D) . CymecTsen-
HOM YaCTHIO STUX PE3yIbTATOB SIBJISETCS Oonmcanue npeobpasosanns Komm
dyukmonaIoB

C(S)(C) = 5- (7) cec\D.

B cnywae mpocrpancrs Cvupuosa Eo (D) okazanocs, aro C(E3) m3omopd-
Ho npocrpancrsy Cyvupnosa na gonossernn C\ D [3]. st mpou3BosibHbIX
BBHINLYKJIBIX O6acTell aTa 3amada peuteHa Meperkosbiv C.A. B paGore [4].
Oxkazamock, ato npocrparctso C(B3) m3oMopdHO TPOCTPAHCTBY

{W(C) € H(C\D): |lv|*:= /C\ﬁlw'(C)\Qdm(C) < 00}7

rae dm(¢) — nnockas Mepa Jlebera. B pa6ore [5] moxasano, 9To IpocTpan-
ctBo E2(C\ D) m3oMopdhHO IPOCTPAHCTBY

{Y(C) € H(C\D): |n|*:= /C\5 Y/ (O)ldist (D, ¢)dm(¢) < OO},

YYHuT, Uactutyr marematuku ¢ BIl YOUIL PAH, r.Vda, Poccus
YYHuT, Nacruryr maremaruku ¢ Bl YOUIL PAH, r.¥Yda, Poccus
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rae dist (D, () — paccroamme ot Touxm ¢ g0 MHOXKecTBa D. JIpyrimvm cro-
BaMw, POCTpaHCTBO mpeobpasosanuit Komu C(E2(D)) msomopduo mpo-
CTPAHCTBY Béo)(D). TTapaMeTpu3oBaHHOE CEMEHCTBO TIPOCTPAHCTH

B{(D) = {h(@ € H(C\D): [l = / - h(¢)[*dist **(D,¢)dm(C) < oo},

00pa3yIOT eCTECTBEHHYIO IMTKATY 0AHAXOBBIX IPOCTPAHCTB HA JTIOO0OM OTpe3-
ke [ao; Bo], —% < a< By < . IIycts F, — ruibbepTOBO TPOCTPAHCTBO
AHAMTUIECKUX B DD (QyHKIMI OTHOCUTETHHO HOPMBI

2

151 = (o 1) [ 17G)F8* (i)
Teopema 1. Jas 4106020 Komnaexcrnozo muozousena p(z)

lim lpllr. 0y = llpllE2(D)-
a——3
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ON A NEW APPROACH IN THE THEORY OF RIEMANN
BOUNDARY VALUE PROBLEMS ON NON-RECTIFIABLE
CURVES
D Katz
katzdavid89@gmail.com

YIK 517.9

The classics of this section of complex analysis are books that have been
reprinted many times and translated into foreign languages of F.D. Gakhov
and N.I. Muskhelishvili. To date, a significant number of other monographs
and textbooks have been published on the theory of the Riemann boundary
value problem, its individual sections, applications and generalizations.
If initially the main field of application of this theory was continuum
mechanics, now it is used in many areas, including branches of mathematics
as far apart as the theory of elasticity, queuing theory, the problem
of moments in its various variants, representing systems of functions,
orthogonal polynomials and random matrices, rational approximations,
approximations of transcendental functions and many others.

The Riemann boundary value problem is the problem of restoring
a piecewise-holomorphic function from a given linear relationship
(conjugation condition) between its limit values on both sides on a given
contour on which it loses holomorphy. If T" is a closed curve dividing the
complex plane C onto finite domain D' and domain D~ containing the
point at infinity, then we need to find a function ®(z), holomorphic in
C\ T, limit values ®*(t) of which in points ¢t € I' from domains D¥ exist
and are bounded with the boundary condition

() =GP (t) +g(t), teT, (RBVP)

where G(t) and g(t) - function given on I'. When G(t) = 1, we get a so-
called jump problem

T (t) —d (t) =g(t), tel. (JP)

to which the solution of the Riemann problem (RBV P) is reduced by the
factorization method. In turn, the solution to the jump problem is given

by a Cauchy type integral
/g(t) dt
t—2z’

r
which assumes the rectifiability of the curve I'. Classical results were
obtained under the more restrictive assumption of piecewise smoothness
of the contour. Ounly at the very end of the seventies E.M. Dynkin and T.

Moscow  Polytechnic  University, Russian Federation, Moscow, Bolshaya
Semenovskaya, 38

91



Salimov independently obtained conditions for the existence of boundary
values of a Cauchy-type integral over a non-smooth rectifiable curve, and
thus created the prerequisites for solving the Riemann problem on such
curves using the traditional method.

At the same time, the Riemann boundary value problem itself retains
its meaning for non-rectifiable contours. The problem of developing new
methods for solving the Riemann problem that do not rely on classical
contour integration became especially relevant after the works of B.
Mandelbrot and others, who proposed the point of view according to which
the so-called fractal curves that are not rectifiable.

In the early eighties of the last century, B.A. Kats made the transition
to non-rectifiable curves in the Riemann problem.

Initially, a method was developed that did not rely on contour
integration, called the quasi-solution regularization method. Briefly it can
be described as follows. Let ¢(2) be a differentiable (but, generally speaking,
not holomorphic) in C'\ T function, which has a required jump on a curve
I', so

et —p () =g(t), teT;

Such a function was called a quasi-solution of the jump problem. Then the
solution to this problem itself can be sought in the form ®(z) = ¢(z) —(z),
where 9 - a function continuous in the entire complex plane that satisfies
in C'\ T the equation

oY Oy

0z 9%
The solution to the Riemann problem is constructed in a similar way. We
can say that the method of regularization of quasi-solutions is the reduction
of a given boundary value problem to d—equation.

One of the important results obtained at this stage is the discovery
of a connection between the solvability of the problem and the metric
characteristic of the contour, most often called its upper Minkowski
dimension. The definition of this dimension will be given below. The
following criterion was established for the solvability of the problem of
a jump (JP) on a closed curve.

Theorem(B.A. Kats)

Let the jump g satisfy the Holder condition with exponent v. Then the
jump problem (JP) has a solution when

V> %%(r),

where dm(T') - the Minkowski dimension of the contour T', and this
condition cannot be improved. The latter means that for any pair of given
values v and d, satisfying the inverse inequality v < d/2, we can specify a
curve T' of dimension dm(T) = d and a jump g, defined on it, satisfying the
Holder condition with exponent v, for which the problem has no solutions.
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However, this fundamental result immediately revealed certain
limitations. The first of them is the fact that not every jump problem that
does not satisfy the (%) criterion is unsolvable, i.e. this suflicient condition
for solvability is necessary only for classes of curves and boundary data. In
this regard, the question arose about its clarification.

In this regard, a need arose for new metric characteristics of non-
rectifiable curves that would be more consistent with the needs of the
theory of the Riemann problem than the Minkowski dimension. The
metric characteristics introduced in them (refined metric dimension and
approximation dimension) make it possible to obtain a complete analogue
of the above criterion. At the same time, the same works show that these
analogues do not have the disadvantage of inaccuracy. Unfortunately, when
using them, another vicissitude of the method arises: calculating these
dimensions for non-rectifiable curves is extremely difficult.

Another drawback is related to the fact that both characteristics - the
H?Ider exponent and the Minkowski dimension - are global in nature, and
in many cases local solvability conditions are necessary. In addition, these
characteristics do not take into account the local asymmetry inherent in
non-rectifiable curves. We are talking about the following phenomenon.
Let B(e) be a round e—neighbourhood of point ¢ € T' in C, and B (¢) and
B~ (¢) are the parts into which this neighborhood is divided by a curve I
If the curve is smooth at point ¢, then these parts are symmetrical with
respect to the tangent drawn to I' in points ¢ up to infinitesimals of high
order with respect to . If B*(¢) is an image of B~ (&) with such symmetry,
then the area of the set BT (¢) AB*(g) when ¢ — 0 decreases faster, than 2,
and thus faster, then area of B(e). Already at the corner point of a piecewise
smooth curve it is impossible to construct an axis of symmetry with this
property. If the curve I' is non-rectifiable, then semi-neighborhoods of its
point ¢ can have completely different metric properties. This means that
the limiting values of the function at points of non-rectifiable curves from
different sides have different properties, and this must be taken into account
when solving boundary value problems.

Further, from the above it is clear that the problem of solving the
Riemann boundary value problem on non-rectifiable curves naturally raises
interest in generalizations of the contour integral [ f(z) dz to the case when

the curve T" is non-rectifiable. Such generalizatiorns also have independent
interest.

One of the first publications proposed the following approach. Let a
function f defined on a closed curve I" have an extension F' into the domain
D™ bounded by this curve. Then, according to the Stokes formula

[rwa—— [ L
r

and if the curve I' is nonrectifiable, then the right side of this equality can
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serve as the definition of the left. This approach was subsequently improved
and used to represent solutions to the jump problem on non-rectifiable
curves in the form of (generalized) Cauchy-type integrals.

There are other approaches to generalizing the integral to non-
rectifiable contours.

In this article we will describe the results obtained using new metric
characteristics, called the Marcinkiewicz indicators by the author, as well
as their modified versions. The name is due to the fact that, as far as is
known, J. Marcinkiewicz was the first to propose the use of integrals over
the complements of sets as their metric characteristics; integrals of similar
form are used in our definition. Marcinkiewicz exponents are used to solve
the Riemann boundary value problem and similar boundary value problems
on non-rectifiable curves, as well as in the construction and study of
generalized integrals over non-rectifiable contours. This improves previously
known results in these areas, including the (*) criterion. At the same time,
Marcinkiewicz exponents are relatively easy to calculate or estimate, and
also make it possible to give the solvability criteria of the problems under
consideration a local character. In addition, these characteristics make it
possible to take into account the property of local asymmetry of non-
rectifiable curves when solving boundary value problems.

The thesis presents a number of classical and modern results on the
theory of Riemann boundary value problems and related issues. The general
approach with the transition to a generalization of the curvilinear integral
and the transition to new metric characteristics brings numerous results.
Currently, a team of colleagues from Mexico is improving this technique by
moving to a three-dimensional analogue of the characteristics. A number
of results in this area should be expected in the near future. Some intrinsic
applications of the results above can be found in researching the bianalytical
functions case.
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OBb OBOBIIITEHHOM YTOYHEHHOM IIOPAJKE B
CMBICJIE BAJINPOHA
N.B. Kocrenko
IEKostenko@mail.ru

YIK 517.9
Kunaccuaeckoe onpeznesenne ymounéntozo nopadra HGOpMyIHPyeTCs CIemy-
romwuM obpazom [1].

Abcomommno nenpepuenas GYRKUUA p NG HEKOMOPOM Ayye (a, +00) Ha-
36aEMCA YMOUHERHIM NOPATKOM 6 cmbicae Baaupona, ecim onHOBPEMEH-
HO CYIIECTBYIOT B IIPE/Iesa

T—r00

1) lim p(r) = ¢ € (0,+00), 2) lim 7p'(r)Inr =0.
T—00

3mecs nof p’ (r) MBI TOEIMaeM HauboJIbITee TPOU3BOTHOE THCIO0 B TOUKE 7.
Msr paccmaTpuBaeM 00OOTIEHHBIN yTOYHEHHBIN TOPITOK B cMbIcTe Ba-
JIPOHA, KOrja ycuaosue 1) 3amensem 6osee o0mmM yCaoBuem
a= lim p(r) < lim p(r) = g € (0, +00),
r—00 =0
OCHOBHOHN pe3y/bTaT — CAEAYIONas TeopeMa, KOTopas IPUBOAUTCS B

COKPAIIEHHOM BHJE.
Teopema. llycts A — Bo3pacTaiomas CTPOro MOJIOXKUTEIbHAA (PYHK-

 InA(r)
115t KOHEYHOTO TIOPsIIKa, T.e. lim ——=

r—oo InrT
: A(r)
ro mopsaka: lim ———=
r—00 nr
YTOYHEHHBIA MOPSAI0K p B cMbIcie Baimpona, 9To

I1) p(r) = o+ (r) — abcomoTHO HENPEPHIBHATL MOHOTOHHAA (b YHKITHS;

= 0 < +00, 1 KOHEYHOI'O HUZKHEe-

= a > 0. Torma cymecTByeT Takoit 06061TeHHBII

— A :
JIuteparypa

1. G. Valiron. Sur les fonctions entieres d’ordre nul et d’ordre fini et en
particulier les fonctions a correspondance réguliere. Annales de la faculte
des sciences de Toulouse, 5: 3 (1913), 117-257.

VccenoBaHue BBIIOJHEHO 3a cdeT rpanTta Poccuiickoro maywaoro donga (mpoexT
Ne24-21-00006, https://rscf.ru/project,/24-21-00006/).
KTV, r. Kypck, Poccus
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BBIYUCJIEHUE TJTABHOTO BHAYEHU A APTYMEHTA
TAMMA-®YHKIINN B YNCTO MHVUMBIX TOYKAX
A.B. Koctun, B.B. IllepcTiokoB
abkostin@yandex.ru, shervb73@gmail.com

VIAK 517.581

Kak m3BectHO, raMma-dyHKIUS KOMIIJIEKCHOM II€PEMEHHOI IPUHUMA-
eT HeBelleCTBeHHbIE 3HadYeHns] Ha MHUMOI ocu. OBCyX)1aercs BOpoc
0 TIPEeICTABJICHUN Tepe3 HecOOCTBEHHBIN HHTErPaJI IJIaBHOTO 3HAYCHUST
apryMeHTa raMMma-(QyHKIUE YHUCTO MHHMON mepemenHoi. Hapsmy c
TEOPETUYECKNM 33/1a9a UMEET MPUKJIAHON MHTEPEC.

Karoueswvie caosa: ramma-dyHKITHs, WHTETPATbHOE IIPEICTABICHUE,
[JIABHOE 3HAYEHUE apryMeHTa.

Calculation of the principal value of the argument of the
gamma function at purely imaginary points

As is known, the gamma function of a complex variable takes non-real
values on the imaginary axis. The issue of representing the principal
value of the argument of the gamma function of a purely imaginary
variable through an improper integral is discussed. The problem has
both theoretical and applied interest.

Keywords: gamma function, integral representation, principal value
of the argument.

B paGore [1] nokazano, 4ro

+oo
vy -y~ [g®sinwnd € AT, w0 )
0

e dyuKmsa g ompeneaeHa GOPMyIoi

1 1 1 1
= _— - — 2
0= (3-1+ 1)1 >0 @

a I' — ramva-dyaxnua Ditnepa. pyrumu cioBaMu, BeIpakeHne B JI€BOM
wactu (1) gaer oxHO M3 3HAYEHMH MHOTO3HATHON dyHKINE Arg, B3ATOMH OT
KoMILIeKCHOTO uncia I'(iy) mpu dukcupoBanuoM y > 0.

[Ipu obcy»xIeHun IIEHAPHOTO 0K a aBTOPOB Ha « Y (DUMCKOHI OCeH-
Hell MaTeMaTHIeCKOM MKoIe» B OKTaOpe 2021 roza, mMOCBANTEHHOTO WHTE-
rpasIbHBIM IpecTaBiaeHusM rammva-byuaknnn, B. V1. Cynefimanos obparun

Koctun Auapeit Bopucosud, a.¢d.-M.H., npodeccop, MI'YV umenu M.B. JlomoHOCO-
Ba (Mocksa, Poccus); Andrew Kostin (Lomonosov Moscow State University, Moscow,
Russia)

Ilepcriokos Bnagumup Bopucosud, 1.¢d.-M.H., mpodeccop, MI'Y umenn M.B. Jlomo-
rocoBa (Mocksa, Poccus); Vladimir Sherstyukov (Lomonosov Moscow State University,
Russia)
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BHUMAHWE HA, CJEIYIOMee 00CTOATEeHCTBO. IIOCKOMBKY B 3a7a9aX MaTeMa-
Tudeckoii dbusuku (cM., Hampumep, [2]) gacTo Berpedarorest GOpMyIIBL, Co-
JlepKaIue 24a6H0e 3HaYeHne aprymenta arg (+) € (—m, 7] ramma-byHKIIN
B TOYKAX MHUMON OCH, TO BaXXHO yMETh AHAIATHIECKA BBIYUCIATH WA
OIIEHWBATH TIOMOOHBIE 3HATCHWS.

Bynyt paccmoTpensl cnocoObr npezcTasaeans Beamannbt arg ['(iy), rae
y > 0, ocroBarmbie Ha (1), (2). B wacTHOCTH, MBI TOKaXKEM, ITO

“+o0 —+oo
t p— p—
argF(i):flfgf /g(t) sintdt:flfng/%sintdt7
0 0
OTKYZ2
7T om . 0
6 1 <arg1"(z)<7171.
3mecn
7T 0
—— — — =-1952... —1—-——-=-1. arg I'(7) = —1.872...
6 1 952 ..., 1 785..., arg I'(i) 87

COIJIACHO KOMIIBIOTEPHBIM DacdeTaM.

JIuteparypa
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SIX BEJIMYWH, CBSI3aHHBIX ¢ ramMa-dyukimed // YVdumMck. mareMm. KypH.,
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KO ®PUIMEHTHI PA3JIOX)KEHU S AHAJINTUYECKOI'O
MPOJOJIXKEHU Y ®YHKIININ C BEIIIECTBEHHOM
IIPSIMOM B PSI/I SKCIIOHEHIINAJIBHBIX MOHOMOB
A.®. KyxaesB, arsenkuzh@outlook.com

YAK 517.518

B pabore anoncupyercs pe3ysbrar 00 OIeHKaX Ha KO DUITIEHTHI Psi-
Ada IKCIIOHCHIIMAJIbHbIX MOHOMOB C II0OYTH B€IIECTBCHHbIMHU IIOKa3aTe-
JIAMM. Hpe;monaraeTCﬂ, 9TO JAHHBIM DPAJOM IIpeACTaBJIAeTCd nejiad
byHKIMS, 10 KOTOPOH TPOMOIKAaeTCa QYHKINMA U3 3aMBIKAHUS JIH-
HEWHOM 000I0YKN CUCTEMBI IKCIOHEHITNAIbBHBIX MOHOMOB B OJTHOM Be-
COBOM IIPOCTPAHCTBE aOCOIOTHO MHTEIPHUPYEMBIX (DYHKIMIT HA BCeil
YHUCJIOBOU TIPAMOT.

Karouesnie caosa: nenas GbyHKIMs, SKCIOHEHIUAILHBIA MOHOM, DSl
KCIIOHEHT

The coefficients of decomposition of the analytical continua-
tion of functions with a real line into a series of exponential
monomials

The paper announces a result on estimates for the coefficients of a
number of exponential monomials with almost real indicators. It is
assumed that this series represents an entire function, to which the
function continues from the closure of the linear shell of a system of
exponential monomials in one weight space of absolutely integrable
functions on the real line.

Keywords: mathematics, differential equations, spectral theory.

ITycre A = { Ak, np} e, — HOC/IEAOBATENBHOCTD PA3JIUMHBIX KOMILIEKCHBLX
Tucen A\ w ux KpaTaocrei ng. Camraem, 910 |Ag| < [Ap1| m Ay — 00, k —
0o. ITo maHHO# MOC/IeOBATEILHOCTH CTPORTCS CHCTeMa (byHKIIE — 9KCITO-
HEHIUAJIbHBIX MOHOMOB:

n Az oo, np—1
E(A):{ze"’} , zeC.
k=1,n=0
BBeném psas reoMeTPHIecKHX XapaKTEPUCTHK TOCTIEI0BATEIBHOCTH A.
Cumsosiom n(r, A) 0603Ha4MM 4KUCIIO0 TOYEK A, (C y4eroM uxX KparHocTei
nj), HOIMABINX B OTKPHITHIH Kpyr B(0,7), u mycts

A(A) = Tm MPA)

r—r+00 T

Besmunna 71(A) HasbiBaeTcst BepxHeil II0THOCTBIO HOCIEe 0BaTEIbHOCTH A.

Kyxaes Apcer @anunesmd, K.dp.-m.H., gonert, YYHuT (Vda, Poccus); Arsen
Kuzhaev (Ufa University of Science and Technology, Ufa, Russia)
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Cnenyst pabore [1], 6ymeM roBopuTh, UTO MOCIENOBATENLHOCTE A SIB-
ggerca nowmu seuwjecmeennot, ecmm Redy, > 0 (K > 1), ImAg/ReX, —
0, £k — oo.

ITosmoxum eme

m ok
k——+oo |)\k|7

m(A) =

oa(r) = max Z ReZ—};7 Z Re?\—:

[ A |<m, [Al<r,
ReAp >0 Re) <0

I[ToMAMO yKa3aHHBIX BBHIIIE XaPaKTEPUCTUK, IIMPOKOE TIPUMEHEHHE Ha-
XoaUT CBOE IpuMeHenue nHaeke kKouaencaruu A.C. Kpusomeesa Sa mociie-
JoBaresibHOCTH A, BBeneHHBIN B pabore [2]:

. . 1 2=\
SA: lim m Th’l H (m)

5—0+
M0 M N €B(Am,0Am ) k#Em

Temepp BBemEM B paccMoTpenue (YHKITMOHAIBHOE IIPOCTPAHCTBO.
IIycts p > 0. Cumsosnom 4, 0603HAMUM MHOMKECTBO HEOTPULATEIBHBIX
BBIIYK/bIX yHkuuil Ha ocu R rakmx, uro w(0) = 0, w(t) < plt|,t < 0,
tl}lgloow(t)/t = 400, U, KPOME TOI0, BBHIIOJIHEHO HEPABEHCTBO

7°°w<2a 1)

2 dt < +o0

1

PaccmaTpuBaercss BeCOBOE TPOCTPAHCTBO MHTETPUPYEMBIX (DYHKITUN HA,
BENTeCTBEHHON TPAMOM:

p
dt < +00 ),

Ly =qf: I/l

+o0
e | [ roe=

Cumsostom WP (A, w) 0603HAUNM TOANPOCTPAHCTBO, KOTOPOE SIBJISETCS
3aMbikaHreM cucreMsl € (A) B mpocTpaHcTse L.

OwH 13 OCHOBHBIX Pe3ynbTaToB paborsl [3], MoxHO chOPMYMPOBATE
B CIeAYIONIEH TeOpEeMBl.

Teopema A ([3], Theorem 1) IIycmo p > 0, nocaedosamesvrocms
A = { Xk, nr} noumu sewecmesennan, Sy > —oo, m(A) < +oo, oa (r) —
+o00, 7 = 400, wo € Qn,p. Toeda xaocdaa ynryua f € WP (A, wo) npo-
doaoicaemes do yeaot pynryuu F, das komopot umeem mecmo npedcmas-
AeHUE 6 6ude PAJA IKCTOHEHYUGADHBLT MOHOMOG

np—1

o0

A
g g aknz"e . zeC,
=1

n=0
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20e

+oo
1 .
Akn = - / Hypmy1 (0) f(@)dt, n=0,n,—1, k>1,

wt) =wo () npu t <0, w(t) =wo () +t* npu t >0, u dynwxyuu H,
obpasyrom cemeticmeo adep GUOPMO20HaAbHOT cucmemb, GYHKUUOKALOE K
CUCTNEME IKCTLOHENUUAALHUE MoHomos E(A). IIpu amom pad cxodumes ab-
CONIOTIHO U PABHOMEPHO NG KOMNGKMAT U3 NAOCKOCTNU.

U3 nanHOi TEOpeMbl CIeIyeT, 9TO €CTh HEOOXOAMMOCTb B IMOJIYYE€HUU
OLIEHOK Ha KO3 DUIMEHTHI [OJIyHYEeHHOrO Psi/ia, SKCIOHEHIUAIbHBIX MOHO-
MOB. JIaHHBIE OIIEHKH MOYKHO WCIIOJh30BaTh, HAIIPUMED, [IPH OIEHKE THITA
¥ HopgAAKa 1esoll GyHKIMHU, 10 KOTOPOH MPOI0KAIOTCa (DYHKIUMHA U3 TO-
npocrpancrsa WP (A,w). Pesyaprarer 910ro xapaxrepa MOXKHO HalTu B
paborax A.®. Jleonrsesa (cm., Hampumep, [4] (Il §3, Teopema 3.3.2)).
Pesynbrarer u3z pabor A.@. JleontbeBa chHOPMYTUPOBAHBL [IJIsl CAYYIas Psi-
JIOB SKCIIOHEHT, TO €CTh YACTHBIM CjiydaeM psiioM Buza (1), B KOTOPBHIX
nk = 1,k € N. Jlarable pe3ysbTaThl JOMYCKAIOT 0000IeHIe Ha CIydail ps-
0B 9KCIIOHEHITUAJIBHBIX MOHOMOB, W OJTHUM U3 yTBEPK IEHUI, HEOOXOAMMBIX
JJIsT TIOJIYYEHMsI TAHHBIX 000DUIAIONINX PE3YIhTATOB, SIBJISIETCS CJIE Ty IOIIAsT
TeopeMa, IIPEICTABIIAIONAs ¥ CAMOCTOATE/ILHBIH HHTEpeC.

Teopema 1. ITycmov p > 0, nocaedosameavnocms A = {Ag,ni} ae-
AAEMCA NOYMY 6euwecmeenhol u makol, wmo Sx > —oo, m(A) < +oo,
Kpome moz0, w € Qp p, w(t) > 12 nput >0, u

Br =exp (1 = C) B|Ax|oa (|Ae]) + C1|Ak])) = Lk, k=1,

C1,C, B >0 — nexomopvie KOHCTIAHTILbL.

Toeda cywecmeyem xoncmarnma D > 0 maxaa, wmo xoapduyuenmol ak n,
JOIYCKAIOT OIEHKU

D ¢ _
|ak,n|<M7 n=T1,nx k> 1.
2m
JInteparypa

1. Kpusoweesa O.A. Kpueowees A. C. Tlpencrapnenve pyukimii us
VHBAPUAHTHOTO TOMITPOCTPAHCTBA C TIOYTH BEITECTBEHHBIM CIEKTPOM //
Asrebpa u anamus. — 2017. — T. 29. — Ned. — C. 82—139.

2. Kpusowees A. C. ®yHIaMeHTAIBHBINA PUHINIT [T HHBAPUAHTHBIX
TIOANIPOCTPAHCTB B BHIMYKAbix obmactax // Ussectns PAH. Cepma mare-
marmueckag. — 2004, — T. 68. — Ne2. — C. 71-136.

3. Kuzhaev A. F., Krivosheeva O. A. On the Representation by Series
of Exponential Monomials with Almost Real Exponents // Lobachevskii
Journal of Mathematics. — 2023. — V. 44. — Ne5. — P. 1892-1907.

3. Jleonmwves A. @. Panpl sxcrionent — M.: Hayka, 1976. — 536 c.

100



TOYHBIE HEPABEHCTBA TUITA
JXKEKCOHA-CTEYKVHA U BHAYEHU A
IIOIIEPEYHNKOB HEKOTOPBLIX KJIACCOB ®YHKIINI B
IMIPOCTPAHCTBE L,

M.P. JlanrapioeB
mukhtor77@mail.ru

YIK 517.5

PaccmaTpuBaercss sKkcTpeMasbHAS 3a71ava OTHICKAHUST TOYHBIX KOH-
ctadT Kpmnr(u) u Xpyn,rp(u) B HepaBencTsax Tuna JlyKekcoHa-
Creukuna B mnpocrpanctBe L. Ha ocHoBaHus mosaydeHHBIX pe-
3yJIbTATOB BBIYKMCIEHBI TOYHBIE S3HAYEHUS] HEKOTOPBIX W3BECTHBIX N~
nonepedHuKoB Kaccos W (u, ®) n Wﬁ,f,)p(u, 0).

Karwwesnie cao6a: HaMIydlIee IpubIInKeHne, MOLYJ/Ib HEIIPEPHIBHOCTH,
IKCTPEMAJIbHAS XaPAKTEPUCTUKA, N-IONEPEIHUKH.

Sharp inequalities of Jackson-Stechkin type and widths of
some classes of functions in L. space

Short abstract: The extreme problem of finding the exact constants
Kmn,r(u) and X n,rp(u) in Jackson-Stechkin type inequalities in Lo
space is considered. Based on the results obtained, the exact values
of some known n-diameters of classes W\, )(u, ®) and Wr(,f?p(u, U) are
calculated.

Keywords: best approximation, modulus of continuity, extremal char-
acteristic, n-widths.

ITycrs N — mHO¥KecTBO HarypanbHbX, a Zy = N U {0} — mMHOKeCTBO
LEJIBIX YUCEJL.

IIycrs Ly = Lo[0,27] — upocrpancrso usmepumbix 10 Jleery 2m-
nepuonuYeckux (GyHKIUH, y KOTOPBIX HOPMa

2

27
I£] = %/|f(m)|2da: < 00,
(0]

Yepes T,—1 0003HAUMM ITOAMPOCTPAHCTBO, COCTOSIIEE U3 BCEBO3MOK-
HBIX TPUIOHOMETPUYECKUX II0JIMHOMOB 1opsiika n — 1. Besmuuna

Buoa(f)2 = nf{[|f = Tuoall s Taoa(@) € T |

Ha3BIBAETCS HawWIydliee npudmmkenne ¢yuknum f € Lo mommpocTpan-
crBOM Tp_1.

Jlanrapmoes Myxrop Pamazomoemd, x.¢.-m.H., gouent, AI'3 MYC Poccun (Xumm-
ku, Poccus); Mukhtor Langarshoev (Civil Defence Academy of EMERCOM of Russia,
Khimki, Russia)
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Uepes L<2T) (7' € Zy; L<20> = Lz) obo3HaunM MHOXKeCTBO DyHKIWm f €
L,, y xoTopsix mponseogable (1 — 1)-T0 mopsiaka aGCoIOTHO HEPePHIBHEL,
a npoussozuble 7-ro nopaxka f7) £ const NPUHAIIENKAT MPOCTPAHCTBY
Lo.

CumposioM

2

1 T T
Qu(f,m) =3 — [ - [ IARfCNPdhy -+ - dhm ¢
[]

T

0603HaUM 0OOOLIIEHHBIA MO/IY/Ib HEIIPEPBIBHOCTH M-T0 MOPAIKA (DYHKINN
f S L27 raoe T > 07 E: (hl,hZ,' : '7h’m)7 A%L = A}n O 'OA}L"L’ A}LJ(f) =
fe+h)—f(),i=1m

Hoa moberx m,n € N, r € Zy, 0 < p < o0, u € (0,37/(4n)] paccmor-
PHUM CJIEIYIONME SKCTPEMAJIbHBIE XapaKTEPUCTHKU:

g{m,n,r(u) = sup En—l(f)z -
ferl? “ ,
F(r) #const /h(u _ h)QW{m (f(r),h) dh
0
En—
:X:m,n,'r’p(’u,) = sup 1 (f)2 -

fer§” 7
1) eonst /h(u —n)Qh (£,n) dn
0
rmem,n €N reZs, 0<h<u,0<u<3r/(4n), 0 <p < co.

s 1eHTPaJIbHO-CAMMETPUYHOrO MMOAMHOXKeCTBO 1 m3 Lo depe3
bn(M, L2), d"(M, L), dn(MN, L2), A\n(M, L2) u 7,(9N, L2) obo3naUEM CO-
OTBETCTBEHHO OepHINTEHHOBCKNUHN, resibhaHI0BCKAM, KOJIMOTOPOBCKUI, JIU-
HEWHBIN M IPOEKIIMOHHBIN N-NONEePETHUKOB [1].

Tax>ke mosaraem

En—l(m) = sup{En—l(f) : f S (‘n}

IIycrs ®(u) u ¥(u) — HenmpepbiBHBIE Bo3pacramomue Ha nosycermente 0 <
u < 0o dynknuu rakue, yro ®(0) = 0, ¥(0) = 0. Jua upousBoIbHBIX
m €N, re€Zs uu >0 BBeIeM B paCCMOTPEHUE CJIEAYIONINE KJIACCHI
byuKITIiT:

m/2

W (4, @) =4 fe LY /h(u—h)ai{m (5.m)an| <oy,
0

1/p

W (u, ) = 4 f e 1§ - /h(u — w9, (7, h)dn | < W)
0
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Yepes h, 0603HAUUM BeIUUINHY apryMeHTa dbyHKIWH sin h/h, mpu Ko-
TOPOM OH& JOCTUTaeT Ha Hosycermerte [0, 00) CBOEr0 HAUMEHBIIEro 3HaUe-

Hua. IIpwm 9T0oM h. €CTh MHUHAMAIBHBIA TOIOKATETBHBIH KOPEHD yPABHEHHA
tgh
gT =1, 4,49 < h. < 4,51 (cm. [2]). Honoxum

sin h sin h sin h.
_ — _ < h<h,: _
(1 h >* {1 h ecit 0 < h<h, 1 h

*

, ecmm, h > h*}.

Teopema 1. [Iycmo m,n € N, r € Z. Tozda daa npou3eosvrozo wucia
0 < u < 37/(4n) umeem mecmo caedyrousee PaseEHCME0

m/2
1 3
Konn,r(u) = nr—3m/2 ( ) .

n3u3 — 6nu + 6 sinnu

Teopema 2. IIycmv m,n € N, r € Zy v 0 < p < oo. Tozda das npo-
u36045m020 wucaa 0 < u < 37/(4n) umeem mecmo caedyrowee pasencmMEo

u

1 sinnh\™"/?
Xm,n,r,p(u) = W /h(u — h) (1 — ) dh
0

—1/p

nh
Teopema 3. IIycmos m,n € N, r € Z1 u dynxyua ®(u) ydosaemsopa-

em Ycaosuto
m/2
D(u) > 1 o
O(mw/n) — | 7 — 67

(n®u® + 6 sin nu — 6nu)™?,
(373 — 67 + n®u® — 3w2nu)™/?,

0<u<m/n,

u > m/n.
Toz0a cnpasedausb, pasercmesa

Yon (W»,(yf)(lh (I)), L2> = Y2n-1 (W,,(,:)(u, q))y L2) =
m/2
_ (") _ 1 3
— Ens (Wm (u,cp))2 = =7 {ﬂg = GW} o(n/n),

20e yon(+) — 210007 U3 GLLUWENEPEUUCACHHBT T-NONEPEUHUKOS.

Teopema 4. Ecau gynwyus ¥(u) das arwbo200 < u < 7w/n, 0 < p < oo
Y00BAEMBOPAETN 0ZPAHUKEHUIO

“ . mp/2
/h(u —h) (1 - Slzgh> dh
\I/P(u) S 0 *
UP(r/n) = w/n

’

h(Z—n) (1 - Siizhfm dh
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mo das npouseosvHsx m,n € N, r € Zy umernm Mmecmo pasencmea
ban (WDl (uy W); L) = Gans (WA (w0, W)i L2 ) = By (Wi (1, \1/))2 =
/n -1/p

1 T sinnh\ P/
= ity /h(a‘h) (1‘ nh) dn  Wim/n),
0

20€ don (-) — 10601 U3 6DIULENEPEUUCACHHDIT N-TONEPEUHUKOE.
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OIIEHKUW HOPM OITEPATOPA XAP/WNU,
JEVCTBYIOIIIETO B IPOCTPAHCTBAX JIOPEHIIA
E.H. Jlomakuna, O.C. [depeBsinko
enlomakina@mail.ru, olesay311283@mail.ru

YK 517.518

Jloka3aHbl KpUTEPUN OTPAHWIEHHOCTH ¥ KOMIIAKTHOCTH  WH-
TErpajibHOrO0 OIepaTopa Xapau, AeHCTBYIONEr0 B BECOBBIX IIPO-
crpaHcTBax JlopeHma. J[ljd KOMIAKTHOrO OIepaTopa IIOJIydIeHBI
IBYXCTODOHHIE OTEHKHW S-dncesi. HafeHsl yCIoBHs, TPU KOTOPHIX
KOMITAKTHBI OIlepaTOp IIpUHAJJIEKUT OIIEPATOPHBIM  UieasaM,
HOPOXKJAEHHBIM TIOC/IEOBATEIHLHOCTAMU ANIPOKCUMATUBHBIX YHCEJT.
ITosmy4enst ormenkm HOpM omepaTopa Xapu B OMEPATOPHBIX HIEATAX
depe3 MHTErpaJibHble BLIPAYKEHWSI, 3aBUCIINNAE OT BECOBBIX (DYHKITHI
HCXOITHOTO OIIePATOPA.

Karowesnie ca06a: OIEPATOPHBIN MIeaJl, HHTErPAIbHBIH onepaTop Xap-
ITH, IPOCTPAHCTBA JLOpeHIla, almpOKCUMATHBHBIE UHCIIA.

Estimates of the norms of the Hardy operator acting in
Lorentz spaces

The criteria of the boundedness and compactness of the Hardy integral
operator acting in Lorentz weight spaces are proved. For a compact
operator, two-sided estimates of s-numbers are obtained. Conditions
are found under which a compact operator belongs to the operator
ideal generated by sequences of approximation numbers. Estimates
of the norms of the Hardy operator in operator ideals are obtained
through integral expressions depending on the weight functions of the
original operator.

Keywords: operator ideal, Hardy integral operator, Lorentz spaces,
approximative numbers.

Ilycte (X,4) — wW3MepuMoe MPOCTPAHCTBO ¢ TIOJOKHUTEIBHOW O-
aanuTUBHONM Mepoit u. Pynxyusa pacnpedenenus f, n3vepumoii pyHKITUN
f ornOCHTEIILHO MEDBL 1 oupeaenserca ¢Gopmynoii (cm. monorpadmio 1))

f*(T):u{xeX:\f(x)\>T}:/ du, 0.

{zeX:|f(x)|>7}

Jlomakuna Enena Hukomaesna, a.d.-Mm.H., B.H.c., BI] IBO PAH (Xa6aposck, Poc-
cust); Elena Lomakina (Computing Center Far Eastern Branch of the Russian Academy
of Sciences, Khabarovsk, Russia)

JepeBanko Onecst CepreesHa, acnupaHT, cTapiinii npenogasarens, JIBTYIIC (Xaba-
poBck, Poccus); Olesya Derevyanko (Far Eastern State University of Railway Engineering,
Khabarovsk, Russia)
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Onma 1 < p,q < oo Becosoe mpocTpancTso Jlopenma L%? = LE9(RT)
COCTOUT U3 BCEX [-U3MEPUMBIX (hyHKIHI f, 171 KOTOPBIX

flege = ([ ar-wbea) " <

1
Bamerum raxke, 4ro ||X (0,4l re = (fot w(T) dT) P, Ona LE? npoiicrsenmoe

IIPOCTPAHCTBO OmpeaeaseTcs hOopMyIoi

Lng’ = {g: )/N f(x)g(m)w(w)dx‘ < oo mna Beex f € Li’q}
0
sup

[ s@glayats)dl.
£l ppsa<1tJo

B mpocrpancreax Jlopernma ¢ mapamerpavu 1 < s < min(p,q) < co n
1 < 7 < oo pacemorpum omepatop Xapmu T : L*(RT) — LEY(RY) suma

C HOpMOIA HgHLfJ’,q’

C TOJIOKHUTETLHBIME BeCOBBIME (byHKImamu @ € LFI(z,00), v € L*(0,z)
g aoboro x > 0.

VcenmemoBanne OrpaHMIEHHOCTH, KOMITAKTHOCTH W TIOBEICHAST ATITPOK-
CUMATHUBHBIX YHCET B TIPOCTPAHCTBAX JIOpeHTA B 007acTH MHAECKCOB 1 <
max(r,s) < min(p,q) < oo, 1 < max(r,s) < g<ooml < p < 0o, HPOBO-
JILJIOCH B cTarbsx [2]-[4].

Kpurepwmit kommaxTHOCTH OomrepaTopa (1) moryaen B caemyomeit Teope-
Me.

Teopema 1. ITyems 1 < s < min(p,q) < 00, 1 < r < co. Onepamop
T: Ly (RT) — LEY(RT), sadannsvid dopmyaot (1), xomnaxmen moeda u
moavko mozda, xozda A = sup A(t) = sup IIx (o, t)”Lr Xt 00) Pl ppra < 00

>0

! lim A(t) = lim A(t) =

t—0+ t——+oo

IIycte X,Y — Gamaxoswml mpocTpanHcTBa. MHOXKECTBO BCeX JIHHEHHBIX
OTDAaHUYEHHBIX OTIEPATOPOB, JeficrByomux u3 X B Y obosnaunmm B(X,Y).
Jna xaxnaoro omeparopa T € B(X,Y) ero n—e annpokcumamusroe 4ucio
ompesesnsieTcs: GopMyJIoi

an(T) = {IT — L||x>vy : rank L <n—1},neN.
LeB(X Y)

Teopust s—unces monpoGHO M3m0xKeHa B MoHorpadgusax [5]-[7].
Ha warepsane I = [a,b] onpenemam oneparop Hr : Ly°(1) — LEI(I)

Hif() = x (/ F@w) dy - // F(r)o(r) dr dut ))
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BepxHss u HUXKHSIS OIIEHKU TIOBEJEHNUS TIOCTIETO0BATETHHOCTH AMIIPOKCHMA-
TUBHBIX 9HCeJ omepaTopa 1 JOKa3aHBI B CJIeIyIONel TeopeMe.

Teopema 2. Iyems 1 < s < min(p,q) < oo, 1 < r < oco. IIped-
noaoocum, 4mo onepamop T : Ly® — LB, onpedeaennud dopmyrot (1),
xomnaxmen. Jaa 3adannozo 0 < e < ||T| u yeaozo wucaa N > 2 nycmo
unmepsanv, Iy = [ck,ck+1],k = 0,1,...N 6wubpanv. max, 4mo 6vnosnervl
CAEDYIOUUE YCAOBUA:

sup A(t)=sup A(t)=°u|Hp| =¢, k=1,...,N=2, ||Hiy || <
0<t<cy en<t<oo 4

€. Tozda

1 -, 1 1
7Cpq5NmaX(p,q,T) s

2

1 11
*Cpq ENlnmx(pqr) s

2

<an(T)<e, ecaul<s<min(p,q) <r < oo,

11
<an(T) < Nminlpd) " g, 1 < s <min(p,q) <r<oo,

ede Koncmarma cpq = 1 npul < g < p < 00 U Cpg = (%)Uq (%)l/q ,
Koeda 1 < p < q < oo.

ANpOKCHMATHBHBIE YHCIA TECHO CBA3AHBI C IPYTHMHU XaPAKTEPACTHTE-
CKUMW 9IMCJIAMU JIMHEHHBIX OFPAHUMYEHHBIX 0MepaTopos: unciaamu Komamo-
ropos, l'enbdanna, Beitnga, Muraruna n gp. CooTHOIIEHUST MeXIy OIpe-
JleJleHHBbIME Bbllle uncsiamu oneparopa T € B(X,Y) cm. [5], [6]. Takum
00pa3oM, MOIyUNB OLEHKH JJIs AMIPOKCUMATUBHEIX THCEJI, MBI IMEEM BO3-
MOXKHOCTB IIOJIyYUTH OLEHKHM U JJIsi APYIUX XapPAKTEPUCTUYECKUX HUHCET
orreparopa (1) B mpocrpancrsax Jloperma.

Omneparop T € B(X,Y) masmBaercs Aq-onepamopom, rae 0 < a < 00,
€CJIHM [I0CJ/IeI0BATEIBHOCTD €r0 AllIPOKCUMAaTUBHBIX auces {ay, (1)} cymmu-
pyema co crermenpo «. O603HAIM

0o 1/
= Z an(T) , 0<a<oo.
Lo (N) —~

Knacc onepatopos 2, ¢ kBaznaOpMOIt (2) 060pasyeT KBA3NHOPMUPOBAH-
HBIA onepaTopubii umeas [5, §14.2.1]. Mxean A, KOMIIAKTHBIX OMEPATOPOB
T € B(H,H) c HOpMO{i(2) B runb0epToBHIX NPOCTPAHCTBAX €CTh HUIEAl
IMTarrena— don Heiimana [8].

O6o3HaMIM

Jo = (/OOO (/Oz (1) dr) o (/:o gt o (t)r dt) %v(az) da:) W.

Teopema 3. [Iycmv 3 = m%, a > B u Jo < oo. Tozda xom-

naxmuoti onepamop T : Ly°(RY) — LEYRT) suda (1) npunadaescum
onepamopromy udeany Ao U GHINOAHENE OYEHKE HA HODMY

1Ty, = (Zan )l‘ (/Ooo|X<z,oo)90|%g~q(/OEU(T)dT>3_;($)d$>%
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O MOAEJIMPOBAHUU ITOBEIEHU S
KPUBOJIMHENHBIX JIYVYEN
B 2D HEOJIHOPO/IHBIX CPEJAX
C.B. Maabnena, E.}O. /IepeBiioB
maltsevasv@math.nsc.ru, eydert@mail.ru

YIK 514.86-+517.54

CTposTcs PUMAHOBHI METPUKH, OOOTAIMAIOIINE ANMapaAT MaTeMaTH-
4eCKUX MOZesell HeOTHOPOIHBIX cpes. Merpuku obpasyiorcs myTeMm
BBEJIEHHA JIOIIOJTHATEIBHBIX [HaPaMEeTPOB U HPUMEHEHHA KOH(DOPMHBIX
orobpasxkennit. HaiieHbl reoMerpudeckre XapakK TePUCTUKA CKOHCTPY-
WPOBAHHBIX METPUK. YCTAHOBJIEHBI CBA3M OOPATHON KMHEMATHIECKOM
3a/a9u ceficMUKY 1 337349 pedpakimoHHON ToMorpadun.
Karwesoie cao6a: HEOTHOPOIHAS CPeIa, PUMAHOBA METPUKA, [e0Ie3H-
Jeckas, KOHPOPMHOE 0TOOpaKeHHe.

Modeling of behavier of refracted rays in 2D inhomogeneous
media

Riemannian metrics are constructed, enriching the tools of mathe-
matical models of inhomogeneous media. Metrics are formed by in-
troducing additional parameters and applying conformal mappings.
Geometric characteristics of the constructed metrics are found. Rela-
tionships between the inverse kinematic problem of seismics and the
problem of refraction tomography are obtained.

Keywords: inhomogeneous medium, Riemannian metric, geodesic,
conformal mapping.

Ammapar audgdepeHnuajibHOl TeOMeTPUN KaK MHCTPYMEHT MaTeMaThde-
CKHX MOJIe/el, pa3pabaThiBaeMbIX B PAMKaX MCCJIENOBAHNN HEOTHOPOIHBIX
Cpe/l, BO3HUKAET B MIPE/INOTOKEHUN JTYIE€BOT0 IPUOTNKEHNST TOBEICHUS Pe-
dbparuposanEbIX My=eii [1], KOTOpBIE IPX 3TOM MBICAATCS KAK TEOIe3Ude-
CKH€ JIMHAYM HEKOTOPOM PHUMAHOBON MeTpmku. MeTpukm monaraiorca ms-
BECTHBIMU B MPAMBIX 33/a9aX, W OHM HEU3BECTHBI B OOPATHBIX 33 a9aX.
Hawnbosee obmiasi mocTaHOBKa OOPATHBIX 33139 TAKOBA, 9TO YIACTBYIONIAST
B HEl PUMaHOBa METPHUKA, CTPOro roBops, Hem3pecTHa. OJHNM U3 HOIX0A0B
K UX PEIIeHU0 SBAdeTCA JUHeapu3aIs 3a,1a9u. VIMeHHO, TpeImoiaraeTcs,
9TO MOBEIEHNE T€OAE3NIECKNX HEM3BECTHOM METPHUKH MAJIO OTIMIAETCH OT

Pabora Beimosinena mo mporpamme rocygapcrsernnoro 3aganus IM CO PAH, npoekr
FWNF-2022-0009(122041100003-2) (nepBslii aBTop), 1 npu dbuHaHCOBOH nogaep:kke PHD
(mpoexr Ne 24-21-00200) (Bropoit aBToOp).

Maubnesa Ceemrana BacuibesHa, K.d.-M.H., gonent, UM CO PAH, HI'YV (Hosocn-
6upck, Poccus); Svetlana Maltseva (Sobolev Institute of Mathematics, Novosibirsk State
University, Novosibirsk, Russia)

Jepesuos Esrennit OpweBuy, a.db.-m.H., nounenr, UM CO PAH, HI'Y (Hosocu-
6upck, Poccust); Evgeny Derevtsov (Sobolev Institute of Mathematics, Novosibirsk State
University, Novosibirsk, Russia)
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TTOBEICHNST TEOIE3NTeCKUX HEeKOTOPOil ampuopn 3aganHoil. B gacTHoCTH, B
KavIecTBe TAKOH 3a(hbUKCHPOBAHHON METPUKHU MOXKET ObITh BHIODAHA €BKJIN-
JI0Ba, W €e Te0e3MIeCKUMHU, OYEBH/IHO, SBJ/IAIOTCS MPSIMbBIE, & H3ydaeMble
“HacTosmMe" Te0Ie3nIeCKNe HESHAYUTETHHO OT/IMIAIOTCST OT TTPSIMBIX.

OmmumreM 1Be MaTeMaTHIECKIE MOEIN TUIIMIHLIX 33,139, BO3HUKAIOITHX
[IPU MCCAEIOBAHUH HEOTHOPOIHBIX cpesl. B 3amadax cefCMUKH IIJIOTHOCTD
YIPYTO# Cpesbl B IEJIOM 3aMETHO yBEeJIWUIUBETCS ¢ TIy6MHON [2], mosTomy
ANIIPOKCHUMAIMA OTPE3KAMHU NPSIMBIX BO3MOXKHA JIUIIb B CUTYAI[NU, KOUJA
B Ka4eCTBE MOZE/IN CPEJIbl MOKET OBITh [IPEI/IOZKEeHa TOPHU30HTAIBHO CIIOH-
cTast Cpesia o CJIOSIMU MTOCTOSTHHOM TIJIOTHOCTH, KOTOPAs YBEJIMUIUBAETCS C
raybunoit. Eciin nMeioTcs BeCKMe OCHOBAHUSA CIUTATH, ITO CBOMCTBA CPEIbI
MEHSIOTCSI IOCTATOYHO IJIABHO, TO MCHOJIB3YIOT PUMAHOBY METPHKY BHIA

ds? = ng(amy) (daj2 + dyg),

KOTOpast TIPpUeMJIeMa [IJIsT OTVCAHUS TOBEICHNsT peparnpoOBAHHBIX JIydei
KaK [POJIOJIBHBIX, TaK U IONEpedHBbIX ceficMuueckux BoaH [2]. HauGosee
IPOCTast METPUKA BOSHUKAET B [IPEITOIOKEHNH, YTO CKOPOCTh PACIPOCTPa-
HEHWd yIPYTUX BOJIH JIMHEHHO BO3pacTaeT ¢ TyonHoit y > 0 (paccMarpuba-
eTcs qByMepHEI ciydait), To ects mpu n(z, y) = (ay+b) "' = v (z,y), Tme
¥ — CKOPOCThH PACIPOCTPaHeHUs (IIPOIOJIbHBIX HJIN MOMEPETHBIX) CEeHCMU-
qeckux BOJH, a,b > 0. leomesmteckre Takoil METPUKU SIBJISIIOTCS AyraMu
OKDYKHOCTEH ¢ MEHTPAMU B TOYKAX, MPAHAJJICKAITAX TpAMOit y = —b/a n
paJanycaMu, Onpese/sieMbIMH TOYKaMHU IePecevueHrs] OKPYKHOCTEN ¢ Ipsi-
moit L = {(z,9) € R*|y = 0} [3]. Ykasamnyio MeTpuKy, 3aJIaHHYyIO B
MOJIYILIOCKOCTH, MOXKHO CUHTATH AHAJIOIOM IIPSIMBIX IIPH PACIPOCTPAHEHUH
BOJIH B OJIHODOJIHOM IIPOCTPAHCTBE, U, 10 AHAJIOTHU C IPSAMbBIMHU, OHA CJIy-
KUT 3TAJIOHHOII METPHUKOU MPU YUCJIEHHON pean3aluu Ipoleayphl JUHea-
pusanuu o6parHoil KuHemaTudekoi 3aqaqm ceficmuku (OK3C) [4]. OK3C
COCTOUT B OIIPEJIeJIEHUH CKOPOCTEH IPOIOIBHBIX UK HOIEPEYHBIX BOJIH 110
U3BECTHBIM BpPEMEHAM HX Mpobera MexK/1y MUCTOYHHKAMU U IIPUEMHUKAMU
CEMCMHUYECKX BOJIH, PACIIOJIOXKEHHBIX Ha rpaxure nogymiockocru. OK3C
MOKeT BBITh II0CTABJIEHA U B Apyrux obiacrsx R?, a MMEHHO B I0JIOCE,
MOJIYIIO/IOCe, TIPSIMOYTOIBHIUKE, IIOJIYKPYTE.

B maremarmueckux momessax 2D Tomorpadmm B kadecTBe craHmapT-
HO¥ 06J1aCTH, B KOTOPOH OCYIIECTBIIAIOTCH UCCIIE0BAHNS, 9aCTO BBICTYIIAET
equaMaHbIl Kpyr B. Merpuka Buma (1), HapsaIy ¢ pUMaHOBOW METPHKOH
001Iero BuUa, MOXKET OBITH OIpeeeHa W B JII000H HEOTPAHWIEHHON WIH
OTrPAHUYEHHOMN 00JIACTH, B TOM YHCJIE B KPyTe.

XOopomuM IpuMepoM OHON M3 MHOTOYHCJIEHHBIX MATEMATHIECKUX MO-
Oesieil ToMorpaduu ABIgeTCsS MOAe b pedPAKIHOHHON ToMOrpaduu TeH-
30pHBIX TOJIEl [5], B paMKax KOTOPO# mpomoJzKaeTcsa pa3paboTka Marema-
THUIECKUX OCHOB, IPUOJIMYKEHHBIX METO/IOB ¥ AJITOPUTMOB 0OpAIIeHUs JIy ie-
BBIX IIPE0OpPA30BAHMI MOMEHTOB T€H30PHBIX IT0JI€H, 3aBUCAIINX OT BPEMEHH
7 mepeMeHHBIX (Ha30BOr0 MPOCTPAHCTBA.

ITycTs puMaHOBA METPUKA (gi;) C SIEMEHTOM IJIMHBL

ds® = gij(z)dx'da’
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3a/1aHa B Kpyre B. DKCIOHEHITHAILHOE JIydeBOe MPe0Opa30oBaHue BI0Ib T€0-
Je3maeckoi pumanosoil merpuku (JIII) onpenensgerca popmymnoit

sian= [ fowsoen{ - [ ctu)ds)a

—(am)
rie Yan : [7—(z,m),0] = B — MakcuMasbHas reogesudeckas B B, onpene-
JIgeMas HAYAJIbHBIMA YCJIOBUAMH Yz ,(0) = x; Y2,,(0) = n; © € 0B, n —
€IMHUYHBIH BEKTOD, (1), V) > 0, Uy — BHEIIHAA HOPMAJb B TOUKe & € OB,
a 7_(x,n) — 3Hauenue (orpunaresbHOoe) mapaderpa t, t € [7—(z,n),0],
Te0JIE3NIECKON, TPU KOTOPOM TEO/IE3M9IecKas mepecekaer rpanmiy 0B Bo
BrOpoii pa3. OyHxuus [ ONHCHIBAET PACIPEAEIEHNE BHY TPEHHUX UCTOTHU-
koB, €(z) > 0 — koadpdurmment normomenns. Suaderna JII1 w3BecTHBI
ana Beex & € OB m BCex BEKTOPOB 1) Takmx, 4T0 (N, Vz) > 0. Tpebyerca
pemuts 3azady uasepcun DJIII 10 ero u3BeCTHBIM 3HAYEHUAM, BHIYHC/ICH-
HBEIM BJIOJIb Te0/Ie3U1eCKUX MeTpuku (2).

YucseHHOe MOJIETMPOBAHNAE W MTPOBEICHAUE BHITUCTATEEHBIX YKCIIEPHU-
MEHTOB B paMKaX 3a/ad, IOCTABJICHHBIX B O0JIACTIX, 3AIIOJHEHHBIX HEO-
HOPOJHBIMHA CPEIAMMI, UCIBITHIBAET OTPEICIEHHBIE CIOXKHOCTH U3-3a maedu-
ITUTa, KOHKPETHBIX PUMAHOBBIX METPUK C W3BECTHBIME XaPaKTEPUCTHKAMI,
KOTOpPBI€ ObLIM GBI IPUIOAHBL IS UCIOJIB30BAHNA B MOJEIAX U TECTAX.

[Ipeanaraembie ceMeACTBA PUMAHOBBIX METPUK PACIIMPAIOT BO3SMOKHO-
CTH 9HCIEHHOTO MOJIEIMPOBAHUA 3379, MOCTABIEHHBIX B CJIOKHOIIOCTPO-
€HHBIX HEOTHOPOAHBIX cpemax. IIpoBemeHo oGOOMeHre METPUK TOCTOSH-
HOH KPUBW3HBI, 33/TAHHBIX B KPYTE, U METPUKH IMOCTOAHHON OTPUIATETHHON
KPHBH3HBI, 33/JaHHOM B mosymuockocTu [6]. Ilpm stom, B 3aBucEMoOcTH OT
BBEJIEHHOTO TIApaMeTpa, TOJyYeHHbIe 0000ImeHust 0618 20T KaK TOJIOKU-
TeTBLHON, TaK W OTPUIATEIbHON KpuBu3HOH. Crexyromuil stamn 060bImeHns
TTO3BOJTAJT PACIIAPUTDH CEMEHCTBA PUMAHOBBIX METPHK IIyTEM HCIOIb30Ba-
HUS TIOAXOIANNX KOH(POPMHBIX O0TOOPAKEHWIT KPyTa Ha TOIYTLIOCKOCTD.
Hawubosee ynobHpIMET 0Ka3aUCh TPOOHO-THHEHHBIE 0TOOPAKEHS C HECTAH-
JApTHBIM HAGOPOM MAPAMETPOB, MO3BOJAIOIINE METPUKH, 33JaHHBIE B TI0-
JIYTIJTOCKOCTH WM KPYTe, Peodpa30BhIBATh APYT B JIPYTA.

YCTaHOBJIGHBI TEOMETPUIECKUE XAPAKTEPUCTUKH TIPEIJIOKEHHBIX Ce-
MEHCTB TPEeXIapaMeTPUIeCKUX PAMAHOBBIX METPHK, 3aJaHHBIX B IIOJIYTLTIOC-
KOCTH W KpyTe. DTO KOMITOHEHTHl METPUUECKUX TE€H30POB, CUMBOJILI Kpu-
croddess, Terzopsl kpuBusHbl Pumana-Kpucroddens, Puaun u ckasmsp-
Hasg KPUBH3HA MeTPHK-06pa30B (mpum koudbopMaOM oTOOpaxenwn). Haii-
JICHHBIE XaPAKTEPUCTAKU CEMEHCTB MOCTPOCHHBIX DPUMAHOBBIX METPHK TTO3-
BOJIMJIA YCTAHOBUTH CBOMCTBA TPOGHO-TMHEHHOrO OTOGpaXKEHUs MO OTHO-
NIEHUIO K TEPEXOSANAM APYT B JAPYTa CACTEMAM TeO/IE3MIeCKHX B IIOJIY-
TIJIOCKOCTH W KPyTe.

Ucnonszosanue anmapara TOKII npu mocrpoennn KOHKPETHBIX 0TO6-
PaKEHMAX MOJYIIOCKOCTH B KPYT W 06paTHO, W mpeobpasyomuxcs Ipu
3TOM APYT B APYTa CACTEM TEOJIE3UUECKUX COOTBETCTBYIONIUX PUMAHOBBIX
MeTDPUK, IpuBesIo K opuruHaabHbiM noctaHoskam OK3C u obpaTmerx 3a-
/139, TIOCTABJIEHHBIX B OIPAHWYEHHBIX OOJIACTAX HEOJHODOTHBIX cpex. B
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YaCTHOCTH, PeYb MOYKeT WJATH O 337adax pedPaKIMOHHOI ToMOrpadun.
IIpennoxena wmarepnperamus OK3C ¢ BHyTpeHHHMH HCTOYHHKAMU, IIO-
CTaBJIEHHOW B TIOJIYIIOCKOCTH, KaK BHENTHEN 3a/adu pedpPaKInmOHHON TO-
Morpadun ¢ HETIOJHBIMY TAHHBIMY, [TOCTABJIEHHON B Kpyre [7]. 3amaun pe-
dpakmonHoil ToMOrpadun, COCTOAIINE B BOCCTAHOBICHUH TEH30PHLIX II0-
Jiefl TI0 MX JIy9eBBIM MPeoOpPa30BaHUAM BIOJb I'€0Ie3UIECKUX, MOTYT OBITH
mocrapeHbl kKak 0606menasre O3KC B MOIYIIOCKOCTH TI0 BOCCTAHOBJIE-
HUIO TEH30pHLIX mojieil. Boiasnennste cBasu nmocranosok OK3C u 3amaa
pedpammonHoOi TOoMOrpadun CrrocoOOHbI B3aUMHO 000TaTUTh METOJIBI UX FIC-
CJIeTOBAHUIA.
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O ®YHKIIUNLAX IIJIOTHOCTN
K.I'. Maaroruua , M.B. Kabauko
malyutinkg@gmail.com, kabankom@gmail.com

VIAK 517.53

Baskmoit xapakTepucTukoil GYHKIINN KOHETHOIO HOPSIKA SBJISETCS
G YHKITUS IIJIOTHOCTH. YC/I0BUS PABHOMEDHOCTHU B IIPE/IEIBHBIX COOTHO-
MeHUIdX €CTh Ba*XHO€ CBOﬁCTBO, KOTOpO€ 9acCTO 6LIBaeT HeO6XO,£[I/IMbIM
npu ucrosb3oBanmu byHknuit mrorHoctu. Teopema 1 sBisiercs HO-
BOM TeOpeMOi TakOro Tuma. Y HaC (YHKIUH IJIOTHOCTH SIBJISIOTCS p-
MOy I IUTHBHBIMH (OYHKIUAME OTHOCHTEILHO MOJEJBHON dyHKINN
pocra. Bakneiinieit xapakTepuCTUKON MOIya IUTUBHON (DYHKIINN AB-
JIsteTCsl eé TPOM3BOIHAs B HyJsle. B Teopeme 2 mpenbsiaBieHbl YCIOBUS,
06eCTIeIMBAONNX CYITECTBOBAHNE TAKOH TTPOU3BOIHOMN.

Karouesvie caosa: MomenbHast GDYHKIMS POCTa, QYHKINS KOHETHOTO
TMOPsAIKa, PYHKIWS IOTHOCTH.
About density functions

An important characteristic of a function of finite order is the density
function. The uniformity conditions in the limit relations are an im-
portant property that is often necessary when using density functions.
Theorem 1 is a new theorem of this type. In our case, the density
functions are p-semi-additive functions with respect to the model func-
tion of growth. The most important characteristic of a semi-additive
function is its derivative at zero. Theorem 2 presents conditions that
ensure the existence of such a derivative.

Keywords: model function of growth , function of finite order, density
function.

IIycte M — momenbras dynkmma pocta [1,2], par — yTOIHEHHBILH TOPAIOK
orrocuremsro M [3], V(r) = MP")(r). Baxmyio umbopmariio o mosese-
mum [ maior BepxHas dyHKnua maotHOCTH Ny (o) m mvkHEAS DyHKIMIS
mnoraocru N ,,(a) orHocuressHO M, KOTODBIE BBIMHCIAIOTCH 1O HOpMY-
J1aMm

FMD (A +a)M(r) - f(r)

NM(a)zlifis:ip Vir) , a=>0,
Ny, (o) = liminf fMTO(A+ )M(1) - f(r) a > 0.

™00 V(T’) ’

HccnemoBanume BEIMOMHEHO 33 CYeT rpaHTa Poccmiickoro mayunoro ¢pouza Ne 24-21-
00006, https://rscf.ru/project/24-21-00006/ .
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V3 cBOVWCTB BEPXHETO M HUYKHETO TIPEJEJIOB U JeMMbL 2 u3 paboTst [3]
cenyer cilefyoomad JeMMa.

Jlemma 1. Jas ar060@ modeavrod Pynxuyuu M cnpasediusv, coomro-
WEHUA

Nu(a+ B8) < Na(e) + (1+ @)’ Nus (H%) : (1)

Ny(a+8) > Ny(a)+ (L+a)’ Ny, <1fa> )

Ny (a+8) <Ny (a)+ (1+a)’Nu (1—&-%) ’

B craexpymonieit Teopeme OJIyYEHO yCJIOBHE DABHOMEPHOCTH IIPU LIpe-
JEJIHOM TIePEXOJe.

Teopema 1. ITyems f(r) — Koneunas usmepumas GYHKYUA Ha NOAY-
ocu [0,00), ¥(a) — nenpepwenan dGyrnkyua na eceti ocu, npuvem Y(0) =0,
M — modeavnan pynxuyus pocma. Hyemo daa awbozo o € [0,00) ewnos-
HAETNCHA HEPAEEHCTNEO0

e LD (L )M (1) = £(r)
el V(r)

Tozda M0 HEPABEHCMEO GBINOAHAEMCHA PAEHOMEPHO NO O Ha A1060M cez-
menme [a,b] C (0,00). Ecau das nexomopozo n > 0 nepasencmeo (2) 6bi-
NOAMAETNCA 1A NOAYOCY (—1),00), MO 0HO GUNOAHAETNCA DAGHOMEPHO Ha A10-
Gom cezmenme [0,D].

Janee GpopmymmpyeTca OCHOBHAS TEOpeMa 0 CBOHCTBAX p-TIOJIYa, LT THB-

<Y(a). (2)

. p 1
HbBIX (byHKLII/II/I MBI CHUUTAEM .

(14 a)f —1lp=0 In(1+a)

Teopema 2. ITycmo Nyr(a) — p-noayaddumuenas Gynkyua, £omopas
ydosaemsopaem nepasencmsy (1) npu nexomopom p € (—o0, 00).

1. Ecau svinoanaemes xoms 6o 0010 u3 Ycaosud:

a) dynxyua Nua(a) usmepuma u ydosaemeopsaem HEPAGEHCNEY
Ny (@) < 00 HE MHODICECTIBE NOAOIHCUTIEALHOT MEPDL,

6) dynryua Na (o) o2panuiena c6epry Ha MHONCECTNGE NOAOHCUMEND-
HOU MepoL,
mo cyuecmeyem npedes

PNy () e pPNu(a)

a—o0 (1+O¢)p—1 a>0 (1+Oé)p—1

2. Jas mobot mouku x > 0 cnpasedsuss HEPGBEHCTEG

— P liminf Ny (a) < liminf Na(2) ,
(]_ =+ x)p — 1 a—z+0 a—+0 o

im i . Nu(a)
A+z)r—1 < Nule)
(14x)r —1 lim inf Nas(e) < liminf ——
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3. Ecau daa xaoicdozo o > 0 dynryua N(a) 4ub0 nosyHenpepviena chi-
3Y CAEBG 8 MOUKE (v, AUOO NOAYHENPEPBIEHE CHU3Y CNPABa 6 IMotl mouKe,
Mo cyuecmeyem npeoe

m(a) pNu (o)

N, li N
= lim =su .
M= S a a>1()) (I+a)y-1

Jlaee paccMaTpUBAIOTCS OIEHKH BeJIHMYIHHBI

Br

e s 4 () 40

ar

IIPY PA3JIMYIHBIX OrpaHuveHusx Ha Gyukimn f(t) u v. Mbl paccMaTpuBaeM
maTerpan B cmbicie Cruntheca mw v — mHe obgsarensro mepa (byHKIHS U
onpejiesisieT KOHEYHYIO aJJUTHBHYIO Mepy Ha mosyocu. meercs B Bumy,
HTO 3Ta MEpa He 00A3ATENHHO CUETHO-aIUTHBHA).

OsH U3 pe3y/IbTaToB B 5TOM HAIPABIEHUN — CJIeIyIOUasi TeOpeMa.

Teopema 3. IIycmo f(t) — nosooscumenvhas nenpepoenas GYHKULA
na ceamenme [, ], 0 < a < B < 00, p(r) — ymounéunwud nopadox, v —
mepa na noayocu [0,00), v(r) = v([0,r]), v(r)] < K1V (r). Hycmo odna
U3 2HCOPIAHOBVEL KOMNOHENM Vi, V_ MEPBL U AOCOAOMHO HENPEPHIEHL U €€
naommnocms e npesviwaem KoV (r). Hycmo

v(MD r))) —v(r
N () = timsup 2 ((Jl\;(:;)vzvg)))) (r)

Tozda cywecmeyem npeden
N = lim 7N(b),
b—>+0 b

U BBINONAHAETNCA HEPABEHCINEO

Br

ligs;lpm/f (;) dv(t) < N/Btpf(t) dt.

or
3necy K1, Ko — HEKOTOpBIE TTOJIOKUTENHHBIE KOHCTAHTHI.
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XAPAKTEPU3AIINA CJIEJOBBIX ®YHKIIMOHAJIOB
HEPABEHCTBAMU OJId PASMAXA MATPUIIHI
Mapuana dasurys
mariana.dallol@yandex.ru

YAK 517.98

Hepasencramu i pa3Maxa MaTPHIBI XapaKTEPU30BAH CJIel Ha
M, (C) cpesu BCex LOI0KHTENbHBIX JIMHEHHBIX (PYHKIHOHAJIOB ¢ C
e(I) = n, tme n > 3. Tloy9eHs! eme TPU XapaKTEPU3AIWA CIEa B
9TOM KJacce (GYHKIMOHAIOB (¢ JIIg BCEX N > 2.

Katouesnie ca06a: pa3Max MaTPHIIBI, Ce/l, XapAKTEPUIALNS CIIE/Ia.
Characterizations of tracial functionals by inequalities for the
spread of a matrix

Via inequalities for the spread of a matrix we characterize the trace on
M, (C) among all positive linear functionals ¢ with ¢(I) = n, where
n > 3. We also present three characterizations of the trace in this
class of functionals ¢ for all n > 2.

Keywords: spread of matrix, trace, trace characterization.

M., (C) stands for the algebra of n x n complex matrices, M, (C)"

denotes the subset of positive semi-definite matrices for n > 2. A linear
functional ¢ on M., (C) is said to be positive if ¢(A) > 0for all A € M,,(C)*.
If X € M,(C), then |X| = VX*X € M,(C)*. A matrix X € M,(C) is
normal, if X*X = XX*. We assume that n > 3 and for A € M,,(C) with
characteristic roots A1 = A1(A),..., An = A (A) according L. Mirsky [1]
we write

s(A) = mz}cx|)\i — k|, sr(A) = mz}cx{%Ai — R}

The number s(A) is called the spread of the matriz A. We denote by E2(A)
the sum of all principal 2-rowed minors of A. If n complex numbers are so
that n — 2 among them are equal to each other and to the arithmetic mean
of the remaining two, according L. Mirsky [1] we say that these n numbers
satisfy condition (. Define the Frobenius norm ||Al|z = tr(A*A)Y/2.

Theorem 1. For a positive linear functional ¢ on M, (C) with o(I) =
the following conditions are equivalent:

(i) ¢ = tr;

(i) 5(A4)2 < 20| A3 — 2| @(A)? for all A € M, (C);

(iii) s(A)* < 2| A||3 + [tr(A%)| — 2|@(A)|? for all normal matrices A €
Mn ((C)a
(iv) 52(A)? < [|AJ + Rtx(4?) — 2(Rp(4))? for all A € My (C);

Hamnyn Mapmara, acnupant, K(II)®@Y (Kasams, Poccms); Dalloul Mariana,
postgraduate, (Kazan (Volga Region) University, Kazan, Russia)
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(v) s(A)? < 2(1 - %)|¢(A)|2 — 4Ey(A) for all A € M,(C) with
>\1,~~~,)\n S R;

(vi) s(A)? < 2p(A*A) — 2|tr(A)|? for all A € M, (C);

(vii) sr(A)® < [|A]|3 4+ Rp(A%) — 2(Rtr(A))? for all A € M (C).

In what follows we assume that n > 2.

Theorem 2. For a positive linear functional p on M, (C) with p(I) =n
the following conditions are equivalent:

(i) ¢ = tr;

(ii) 4(||AH§ — %|¢(A)|2> < ns(A)? for even n and for all A € M, (C)
with real characteristic roots;

(i) — 22 - (||A||§—%|¢(A)\2) < s(A)? for oddn and for all A € M,,(C)
n2 —
with real characteristic roots.

Theorem 3. For a positive linear functional ¢ on M, (C) with o(I) =n
the following conditions are equivalent:

(i) ¢ =tr;

(1) D71 (A, &x)| < @(|A]) for all A € M, (C) and every orthonormal
basis £1,...,6, € C";

(iii) 22:1(14&’&)’ < ©(A]) for all A € M,(C) and every

orthonormal basis &1,...,&, € C™;
(iv) Sor 1 M (AP < o(JAIP) for all A € M, (C) and every p > 0.

For other trace characterizations see [2-5].
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OVH METO/ IIOCTPOEHUA NJEMIIOTEHTOB B
YHUTAJIbBHOM AJITEBPE
Maxmyn Xaayp
mahmoud.khadour.991 @gmail.com

YAK 517.98

IIpemiokeH 0MH METO/L IOCTPOEHUS UAEMIIOTEHTOB B yHUTAJIHLHOM aJi-
rebpe, UCLOJIb3Ys N LIPOU3BOJILHBIX UIEMIIOTEHTOB U3 ITOU aaredpbl.
VcenemoBanbl CBOMCTBA MOy YEHHBIX HIEMIIOTEHTOB.

Karwweevie caosa: yaurtanbHasg asjrebpa, uaemmnorent, C™-amrebpa,
caen.

One method for constructing idempotents in unital algebra

A method for constructing idempotents in a unital algebra is proposed
using n arbitrary idempotents from this algebra. The properties of the
obtained idempotents are investigated.

Keywords: unital algebra, idempotent, C*-algebra, trace.

B teopuu oneparopusix aarebp G0JBIIYIO POJIb UTPAIOT KOHEYHBIE CyM-
MBI [IOLIAPHBIX ¥ TPORHBIX IPOU3BEIEHUI NAEMIIOTEHTOB, CM., HAalpuMep, [1-
3]. IIycTs A — yaurambmas amrebpa ¢ emurnmeii I, A ' = {A € A: A% = A},
A=A cA:A* =1} Ecu A€ A 10 At :=1— A€ A" Hoo-
wuM Sp = 2P —1I qast P € A, Torma Sp € A ™. 3zech usydaercs: 01uH
METO[] IOCTPOCHHUS HAECMIOTEHTOB B A, mexons us mabopa Py, ..., P, € A%

Teopema 1. ITyems S1,...,S, € A *¥™. Tozda

S = Sl "'Snflsnsnfl Sl E-A sym

wdnn P= 2 e Ak =1,... ,n umeem P := P(Py,...,P,) = 5t1

A Eeau ¢ — xonewnnii caed na C*-anzebpe A, mo p(S) = o
¢(P) = p(Pn) € RT.

Hnsg n =2 nonoxum P := Py, Q := P, u A(P,Q) := P(P1, P).

Teopema 2. ITycmv P,Q € A *%. Tozda

(i) A(P,Q) = Q —2QP — 2PQ + 4PQP € A **;

(i1) A(P+,Q) = A(P,Q);

(iii) A(P,Q") = A(P,Q)*;

(iv) A(P*,QF) = A(P,Q") = A(P,Q)™;

(v) ecau PQ = QP =0, mo A(P,Q) = Q;

(vi) A(P,P*+) = P A(P,P) = P;

(vii) ecau PQP = P, mo A(P,Q) = (2P — Q)%;

(viti) ecauw PQ = QP € {P,Q}, mo A(P,Q) = Q;

Xangyp Maxmyn, acnmpanr, K(II)®Y (Kazamp, Poccus); Khadour Mahmoud,
postgraduate, (Kazan (Volga Region) University, Kazan, Russia)
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(i) A(P,Q) = (@ - 2PQ)(Q — 2QP);

(z) ecau o — woneuwnviti caed na C*-anzebpe A, mo p(A(P,Q)) = ¢(Q).

Cnegcreue. Ecau A — ynumanvhaa aszebpa v P € A * mo omobpa-
orcenue Q — A(P,Q), f(Q) = A(P,Q), ydosaemeopaem dan ecex Pi, Py €
Ay PPy e A coommowenuro f(P)f(P2) = f(PiPs), m.e. f asanem-
CA MYMOMUNAUKGCMUEHbIM 0mobpasicenuem. OHO COTPAHAEM GONOAHEHUSA
L. Beau A — ynumanvnas C*-arzebpa ¢ xonewnsim caedom, mo f corpa-
HAEm caedoi.

Hma n = 3 momoxum P := P, Q := P>, R := P; u B(P,Q,R) =
P(Pl, Pz, P3) TOI‘,IL&

B(P,Q,R) = 16PQRQP — 8PQRQ — 8PQRP — 8PRQP — 8QRQP
+4PQR + 4PRQ + 4PRP + 4QRQ + 4QRP + 4RQP
—2PR—2QR—2RQ —2RP+ Re A%

Teopema 3. Ilycmo A — ynumaavhas aizebpa u P,Q, R € A *. Tozda
(i) B(P*,Q, R) = B(P,Q", R) = B(P,Q, R);
B(PJ_7QL7R) = B(P,Q, R);
(ii) B(P,Q, R*) = B(P,Q, R)*; B(P*,Q*, R*) = B(P,Q, R)*;
(iii) ecau PR = RQ = QR = RP =0, mo B(P,Q,R) = R,
(iv) B(P,P,P+) = P+ B(P,P,P) = P;
(v) ecau QRQ = Q, PRP = P, mo
B(P,Q,R) = (2P - 1)(2Q — NR(2Q — )(2P — I);
(vi) ecau PR = RQ = QR = RP € {P,Q, R}, mo B(P,Q,R) = R;
(vii) B(P,Q,R) = (4PQ — 2Q — 2P + R)R(4QP — 2Q — 2P + R);
(viti) ecau @ — xoneunnd caed na C*-anzebpe A, mo o(B(P,Q, R)) =
e(R).
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Ms1 nu3yvgaeM yCIIOBUs WHTETPUPYEMOCTH (DYHKIHMIA B TEPMUHAX HX KO-
s durmmentos Oypoe. B wacTHOCTH, MOTYUeH aHAJIOT TeOPEMBI XapIu-
JIuTTIaByMA OIS TPUrOHOMETPHYECKUX DPSI0B € 0DOOIIEHHO MOHOTOH-
HBIME KO3} QUITmeHTaMU.

Karwesnie ca06a: TPUTOHOMETPUYIECKHE PsiIbI, IIpoCcTpaHCcTBa Jlebera,
000011eHHAsT MOHOTOHHOCTb.

On Hardy-Littlewood’s theorem

We study integrability conditions of functions in setting of their
Fourier coefficients. In particular, we obtain an analogue of the Hardy-
Littlewood theorem for trigonometric series with general monotone
coefficients.

Keywords: trigonometric series, Lebesgue spaces, general monotonic-
ity.
Mpb1 paccMaTpuBaeM KIACCHIECKYIO Teopemy Xapan-JInrrasyma (cm. [5, 12
Tnasal).
Teopema A. ITycmo {ak}i2q, {bk}7e1 — HeBo3pacmawwue, HeoMpPuYya-
MeAbHbLE NOCACO0BAMENPHOCTIY, U NYcMb unmezpupyeman 1a [0,1] dynk-

OO
yua f(x) umeem mpuzonomempuueckul pad Gypve L + kzl(ak cos 2mkx +

by sin 2mkx). Tozda das ecex 1 < p < o0,

1
oo »
ao _
1A llz,q0an = 5 + (Z k2 (af +b§)> - (1)
k=1

Amamornanbiii  pesymbrar gnsm byskmmm  f(z) ¢ pamom  Pypbe

1S .

ST ere®™ ™ tme {er} 20, {c_k )3, — HEBO3PACTAIONIHE, HEOTPUIATETH-
k=—o0
HBIE TIOCJIEZI0BATEILHOCTH BBITJISIUT CIIEYOMMUM 06pa3oM:

1
oo

»
If1lLp (0.1 = ( > (K + 1)p_26k|”> ; 1<p<oo (2)

k=—oc0

Pabora BeinosiHeHa nupu (puHAHCOBOH nOgaep:KKe MUHHCTEPCTBA HAYKU M BBICIIErO
obpasosanusa PecnyGanku Kaszaxcrar (mpoext NeAP22688236).

Mykanos Acxar Bupmecosuu, PhD (Anmarei, Kaszaxcram); Askhat Mukanov
(Institute of Mathematics and Mathematical Modeling, Almaty, Kazakhstan)

Hypcynranos Epsan [layr6exkosud, n.¢d.-M.H., npodeccop, Kazaxcranckuit dpuanaa
MTI'Y mmenun M.B. Jlomonocosa (Astana, Kazakhstan); Erlan Nursultanov (Kazakhstan
Branch of Lomonosov Moscow State University, Astana, Kazakhstan)
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Coortromenust (1), (2) Gbun obobueHBr BO MHOTHX paborax, (cm. [1-
4] n 6ubnmorpaduo B Hux). B ocHoBHOM 06G0Gmenue Teopembr Xapau-
JINTTIBy#a HOJIyYaloT ImyTeM OCIa0JeHHs yCJIOBHS MOHOTOHHOCTH KO-
dbumenTor Dyphe, TEM CaMBIM DACIIUDSS KJACC JOMYCTUMBIX TIOCJIEI0-
BaresnbHOCTeil. B Henasheit paGore [1] 6b10 mosyueno coorHomenue (1)
JJTsl TIOCTIEI0OBATEIBHOCTE M3, TaK HA3bIBAEMOrO, KJacca OGOOIIEHHO MO-
HOTOHHBIX TIOCaemoBaTebHOCTel GM1, comep:KaIero Kiaacc MOHOTOHHBIX
TIOCJI€IOBATEIBLHOCTEM.

Omnpegenenne 1. Bysem roBopuTh, 9TO IOCIEI0BATEIHFHOCTD (BOODIIE
TOBOPS, KOMILJIEKCHBIX) UHCEN {ay, bae HpuHamiexutT kiaaccy GMi, ecim
cymectByior C > 0 mw A > 1, Takme, uro 7714 BCeX n € N BBINOJHSAETCS

ycJioBue:
Z ‘ak _ak+1‘ < C Z ‘ak|
k=% Py

CyuecTBeHHBIM JToCTHKeHHEM B paboTe [1] 3akiouaercss B TOM, 9TO aBTO-
PHI He HAKJI3IbIBAIOT HA K03 ummernTsl Pyphe yC/I0BHE HEOTPUITATETHHO-
CTU U PaCCMATPUBAIOT ITOCJAEI0BATECABHOCTH BEMIECTBEHHBIX YHUCEJI, YIOBJIC-
TBOPSIIOIINX YCJIOBUIO (3).

Mer paccMmarpuBaeM Apyrue KIacChl 0000IEeHHO MOHOTOHHBIX IIOCIIEN0-
BaTenpHOCTEN. B wacTHOCTH, OBLT PACCMOTPEH CJEIYIONIUI KIACC.

Onpenenenne 2. ByreMm roBopurb, 9TO IOCIEIOBATEIHHOCTH KOM-
TJIEKCHBIX 9HCesT {an }or _ oo mpuHaAmexRuT Kiaaccy GMa, ecmm cymecTByeT
C > 0, Takoe, 9ro Ajs Bcex N > 0 BBIIOJIHSIIETCS YCIOBHE:

> lam — am41| < C sup ‘m| 1 ZG‘J

—1
[2r—1]<|m|<2n [2r=l]<|m|<2m

JIist TaHHOTO KJIAcca GBLIA MOTydeHa TeopeMa.
Teopema 1. ITycmo {cp}ie_o, € GMa2, u nycmv unmezpupye-
man na [0,1] pynxyua f(z) umeem mpuzonomempuueckud pad Pypove
S cre®™ . Tozda dan scex 1 < p < oo,

k=—o00
1
oo . D
I lLpon = | D (k[ + 1P ?lexl” | . 1<p<oo.

k=—o0

3ameuyanue 1. OcobeHHOCTHIO TEOpPEMBI 1 ABIAAETCS TO, 9TO KOI(-
dburmentsr {cg }52 . KOMIUIEKCHO3HAUHBE. 1[OMUMO 5TOrO B paboTe MBI
CPaBHUMBAEM PACCMATPUBAEMBIE HAMHU KJIACCHI ODOOTIIEHHO MOHOTOHHBIX IO~
CJIEZIOBATEILHOCTEH € KIIACCAMH, PACCMOTPEHHBIX B MPEIbIAYIINX paborax.
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O CYBTAPMOHMUYHOCTHU ®YHKIIUN C
PA3IEJIEHHBIMU IIEPEMEHHBIMU 1 X CBA3U C
CYBCOPEPUYECKVMU ®YHKIINAMN
P.P. MypscoB
romrumur@yandex.ru

YIK 517.574

ITosy4gensr HEOOXOMMMBIE U IOCTATOYHBIE YCIIOBUS CyOrapMOHHYIHOCTH
byHKIMH, TPEACTAaBUMBIX B MHOTOMEPHBIX CHEPUTECKUX KOODIMHA-
Tax B BUJE IIPOU3BEIEHUs MAPhl (DYHKIMI. YCTAHOB/IEHA CBA3b TAKUX
dysrumit ¢ GYHKIMAMY, BBILYKIBMA OTHOCHTEIBHO apbl (yHKIII
u ¢ cybcdeputecknMu GYHKITUIMIA.

Karowesvie caosa: cybrapmonndeckast (yHkims, cybcdepuaeckas
dyukus, 06001méHHAs IPON3BOgHAs, 0000INéHHAsA () YHKINSA, BLITYK-
nas dyukwms, guddepeHnaababIil OMepaTop, BHIIYKIOCTh OTHOCH-
TeJIbHO Maphl QYHKIUIA.

On the connection between subharmonic functions with sep-
arated variables and subspherical functions

In this work we consider the necessary and sufficient conditions for
the subharmonicity of functions, representable as a product of two
functions in polydimensional spherical coordinate system. We have
established a connection of such functions with generalized convex
functions and subspherical functions.

Keywords: subharmonic function, subspherical function, generalized
derivative, distribution, convex function, differential operator, gener-
alized convex function.

Teopema 1. ITyems Pyuryus u umeem 6 N-Mmepror cHePutecrus Ko-
opdunamax eud
u = f(r)g(017927 ey 971—1)7

2de [ > 0 u obpawaemea 6 HYAD AUWD HA MHONCECTNEE 00HOMEPHOT Me-
Dbl HYAb, HENPEPBIEHA U UMEEM CAGOBLE NPOU3EOIHBIE 00 6MOP02o NOPAI-
Ka exaouumesvho 6 unmepease (r1,72), g = 0 u obpawaemca 6 Hyab
AUWD HE MHONMCECEE N — 1-MEPHOT MEPBL HYAD, HENPEPBIBHAE U UMEEM
caabvie NPouseodHsie do 6mMopo20 NOPAKG SKANUUMEALHO 1A e0UHUNHOT
cpepe Sn—1 C R™. Ecau natioémes maxoe sewsecmeenroe wucao p > 0, 0as
Komopozo [ asasemca L,-eunykrol ¢ unmepsane (r1,72) Pynryued, 20e

2

d d
Lpzr2ﬁ+7“(n*1)%*ﬂ(ﬂ+"*2)v

Pa6ora Bemosnaena npu ¢puaaHCOBOH mopgepkke PH® (mpoext Ne 24-21-00002).

Mypsicos Poman Pycianosua, UMBIL YOUIL PAH (Vda, Poccus); Roman Muryasov
(Institute of mathematics with computing centre — subdivision of the Ufa federal research
centre of the Russian Academy of Science, Ufa, Russia)
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a g asasemca p-cybeepuseckot pynruyuet, mo u A6AAEMCA cYb2apMOHU-
weckol, PyHRYuet 8 WaPoOBOM CAOE, 02ZPAHUMEHHOM CHEPAMU PAdUYCO8 T1 U
T2.

Teopema 2. ITycmov GYHEUUA U UMEET, 6 N-MEPHBT CPEPUECKUT KO-
opdunamax 6ud

w= f(r)g(61,0, .60 1),

2de f > 0 u obpawaemca 6 HYab AUUD HG MHONCECTNGE 00HOMEPHOT Me-
DB HYAD, HENPEPBIBHA U UMEEM CAGOBE NPOUSEOIHBIE 00 8MOP020 NOPAJ-
Ka exarnumesvro 6 unmepsase (r1,7m2), g = 0 u obpawaemesa 6 Hyab
AUWD HG MHOCECEE T — 1-MEPHOT MEPBL HYAD, HENPEPBIEHG U UMEEM,
caabvie npoussodnsie do 6Mopo2o NOpadka SKANUUMEADHO Ha eJUHUYHOT
cpepe Sn—1 C R™. Ecau u asasemea cybzapmonuseckots pyrnryuetd 6 wa-
DOBOM CA0E, 0ZPAHUBEHHOM CPHEPAMU PEOUYCO8 11 U T2, Mo Haldémea ma-
K0€ BEUWECNEERHOE YUCAO P, OAA Komopozo [ asaaemca L,-ewnyxaod 6
unmepsaae (11,7r2) Pynryued, 2de

2

+T(n—1)i—p(p+n—2)7

Ly dr

= 7’27
dr?
a g asasemces p-cybeepuneckot Gynryued.
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OB YCJIOBUU IT1OJ0BN A TNJIBBEPTOBBIX
IIPOCTPAHCTB C BOCITPOU3BOJAIIINM AJPOM
B.B. Hanankos (mi.), A.A. HysitoB
vnap@mail.ru, nuyatovlaa@rambler.ru

VIK 517.44

B paGoTe paccMaTpUBAETCA BOMPOC: TIPH KAKUX YCJIOBUSAX JBA THITh-
6epTOBBIX LIPOCTPAHCTBA C BOCIIPOU3BOAANIUM s/IPOM Oy/LyT 110/100HbI-
MH, T.€. 9TU IMPOCTPAHCTBA COCTOAT W3 OJHUX U TeX Ke (PYHKIUH, u
CKaJIAPHBIE TTPOMU3BEIECHUSA B 3TUX MIPOCTPAHCTBAX OTJINYAIOTCA HA TIO-
JIOXKUTENBHYI KOHCTAHTY. IIpuBomuTcst 06001IeHe YCIOBUA COTIACO-
BaHUsd, BBEIEHHOE aBTOPAMU PaHEe.

Karwwesovie caosa: ruabbepToBO IMPOCTPAHCTBO C BOCIIPOU3BOIAIINIM
SA7IPOM, OPTOIOIOOHBIE CUCTEMBI PA3JIOKEHNUS, }KECTKUE NHTETPAJIHHBIE
¢ peitmbl

On the condition of similarity of Hilbert spaces with a repro-
ducing kernel

The paper considers the question: under what conditions will two
Hilbert spaces with a reproducing kernel be similar, i.e. these spaces
consist of the same functions, and the inner products in these spaces
differ by a positive constant. A generalization of the consistence con-
dition introduced by the authors earlier is given.

Keywords: reproducing kernel Hilbert space, orhosimilal decomposi-
tion systems, integral frames

Omnpegenenue 1. ITycme H — 2uavbepmoso npocmpancmen, coCmoauLee
u3 PynKkuud, 3adannuir Ha Hexomopom muoocecmee movwex M C C') r €
N, v Q1 — npocmparncmeo ¢ mepol (1, P — HEKOMOPOE NOAONHCUMEALHOE
wucno. Cucmema snemenmos {e(z, wloeq, naswsaemca (p, 1) — Ppedmon
6 euavbepmosom npocmpancmee H ecau awbas Pynwuyus f C H nped-
CMABAAETNCA 8 GUOE:

PG = [ (o) efzw) du) Ve M.

Crenyer 3amerwth, uro momaTtue (p,u) — ¢peiimMa aBAFETCT HEKOTO-
pbIM 0000IIEHMEM TIOHSATUS OPTOHOIOOHBIX CHUCTEM Pa3J/I0KEHWSA, BBEICH-
uerx TUIT. Jlykamenxo [1].

Sameuanue. Caedyrouue Ycro6us PasHOCUNDHbL:

Hamankos Basepuit Bamenrunosud, m.¢d.-M.H., Hayunsiit corpyguuk, MBIl YOUI]
PAH (VYda, Poccus); Valerii Napalkov (Institute of Mathematics, Ufa Federal Research
Centre, RAS, Ufa, Russia)

Hyaros Angpeit AnexcannpoBud, K.@.-M.H., goueat, HI'TY umenn P.E. Anexcee-
Ba (Hmxuuit Hoeropox, Poccus); Andrey Nuyatov ( Nizhny Novgorod State Technical
University n.a. R.E. Alekseev, Russia)
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1. cucmema snemenmos {e(z,wluca, asaaemes (1, u) — dpetimom;

2. cucmema anemenmos {e(z,wlwen, ecmb 0pmonodobnas cucmema pasnodice-
HUA ¢ Mepoli b Ha 1]

Onpeneneune 2. [uabbepmoso npocmpaHcmeo ¢ 60CNPOUIEO0AULUM
adpom Hi wasvieaemesa p — nodobuum npocmpancmey Ha, (p > 0), ecau
npocmparcemea Hi, Ha cocmoam u3 00nux u mex orce Gynxuyud, u 6vinoi-
HAEMCA PLBEHCMEO:

(fr,f2)m, =0 (fr, f2)ms VS, f2 € Hi.

Ounpenenenne 3. Ilycmov cucmema dynwyut {ei(-, 2)}.eq, asasemca
(p1, ) —ppetismom, a cucmema Pynxuyud {ez(, z)}zcn, asasemes (p2,p) -
Ppetimom. Onpedesum caedyrowyro 6eausUny A MOGUT 21,22 € 1:

[[61(~7 z1),e2(, 22)]] def
- /Q (e1(v,21), €2(-€))m - (e2(+,€), e2 (-, 22)) m dp(§).

Jdemma. Ecau {e;(-,&)}ecar, 7 = 1,2 — opmonodobroe cucmemv pa3io-
orcenua ¢ 00noli u mol orce mepot p, m.e. (1, 1) — Ppetmo, mo

[[e1(-,21), e2(-, 22)]] = (e1 (-, 21), ea(-, 22))u V1,22 € Q.

Teopema 1. Jlas mozo wmobv, npocmparncmeo H 6bia0 p — nodobrvim
npocmparcmey H, neobrodumo v docmamouno cywecmeosarue Aunetnozo
HEMPEPBLEHO20 B3AUMHO-00HO3HAUHO20 onepamopa A maxozo, wmo

Are(,2) = ea(n2) Vze, |Aflla=p-|fllavfeH.

Teopema 2. IIycmo {ei(-, 2)}.eq, — (p1,p) —Ppetm, a {e2(-,2)}zca, —
(p2, 1) — Ppetim. daa mozo wmobv npocmparcmeo Hy 6vua0 p — nodobrvim
npocmparcemey Ha, neobxodumo u docmamouno, 4mobvl HGULEACH AUHET-
Hovll HENPEPbIEHbIT 83aumMH0 00Ho3Hawnbl onepamop T: H — H maxot,
YIMO BBNOAHEHO YCAOBUE:

[[61(',21),62(-722)]] = % . [[62(',21),761(-,Z2)H Vz1,22 € Q1.

IIpu smom cnpasedauso pasercmeo p = p1/ps.

Teopema 2 06061aeT HEKOTOPBIE pe3y/IbTaThl pabor aBTopos [2], [3], [4].
Tamee Mpr pacemorpum mabop dpeiivos. Iyers {ef (-, &)} eca,, k= 1,n -
HabOp (P1,k, i) — DpeiiMOB, Tae puk, k = 1, n — HEKOTOpPBIE MepPHI, 33, TAHHEIE
Ha 1, a pix >0, k =1,n — mexoropsie uncmaa. Ilycrs

def

7—('>§) - Zo‘k'ellc('>§)7 56917
=1
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rae a € Ck = 1, n nomo6Gpansr Tak, arobsr cucrema dyukimit {7(-, &) eca,
OBL1a TIoTHa, B pocTpancTse H. Bes orpannaenus oOIHOCTY CIMTaeM Q) 7
0, k = 1,n. Oupenemum npocrpancTso H:

def

BT J) = 62 Doy (B ) (fes ) ¥ o € H
Onpeznenum npocrpasctsa RKHS HY:

Jae {h: h(z) = (e5(,2), f")m, 2 € Qu,

de L g
(hahe) < (F ) Wil £ € Y.
Hance mycrs {e§(&)}een k = T,n ~ maBop (pa.x, k) — ppeinmos, e

i, k = 1,n — HekoTophle MepHhl, 3amanube HA 21, a pop > 0, k = 1,n —
HEeKOTOpBIe dnuciaa. llycTs

0,6 Z S B eh(6), ceq,
k=1

rme B € C,k = 1,n momobpambl Tak, [UTOOLI cHCTeMa ¢YHKIH
{n(-,€) }ecn, ObL1a momma B mpoctpancTtee H. Be3 orpanmvenns o6urHO-
cru cautaem By # 0, k = 1,n. Oupenenum rums0epToBO NPOCTPAHCTEO C
BOCIIPOU3BOIAIIIM sigipoM H:

BY{F o) = (1.2, iy z € @, (B ) ™ (o ) Vh fa € H

Onpegeany npoctpanctsa RKHS HY:
k def . _k h
1Y " {h: h(z) = (5, 2), /M), 2 €
def

(hi,ha) = (3, f VI € H}.

IIycts mOoCcHTEIM MeED (1) 06/1aIAIOT CBOMCTBOM:

suppur Nsuppp; =9, k#j, kj=1mn.
HpI/I COe/JIaHHBIX npe;:nonoxeﬁnﬂx CHpaBe,ILJII/IBa
Teopema 3. Caedyrusue Ycao8us IKEUBAACHITHDL
1. npocmparcmeo H neanemca P — N0GOGHILM TPOCTNPGHCTNEY ﬁ;

2. waddemcs ynumapnund onepamop T: H — H maxot, 4mo 6unosneno cae-
dyrowee ycaosue das cucmem PYHKUUE T © 1, Mm.€.

[7Crz1) (e 22)]] = ]; 1), Tr( )] Ve, ze € O,

2de p > 0 — nexomopoe wucao;
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3. matdemea yrnumapnnt onepamop T: H — H maxotd, 4mo ewnoanens, cae-
dyrowue yenosua das cucmem Gynruud {5 (-, 2)}ren, v {e5(-,2) req, -

[[elf(-,zl)7e§(~,z2)]] = ]yﬁkk'lia’;t . [[eg(-7z1)7‘3'elf(-722)]]

VZI,ZQEQl k=1,n,

def 8, .a .
2de v = %72: €C, |wl=1,k=1,n;

[Bkl-p

ol nodobuwv, npocmpancmeam HY, k = T, n, coom-

4. npocmpancmea HY
6EMCMEEHHO.

B noxmaze 0bcyKaaeTcst IPUMEHEHNE IOy I€HHBIX PE3Y/IbTaTOB.
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HEPABEHCTBA TUITA XAPIU AJISI OB bEMHOTO
PACCTOAHUA N-MEPHOTO IITAPA
P.I. Hacubymuanu, NasibullinRamil@gmail.com

VIIK 517.51

B nannoii paboTe paccMaTHBAIOTCS HEPABEHCTBA TUIA XapAu B M-
MEPHBIX IMapaX. HOJ’Iy‘{eHbI TOYHbIE OJHOMEPHBIE W MHOI'OMEPHBIE
HEPpaBEHCTBaA C AOIIOJIHUTEJIbHBIMU C/laracMbIMU. Becosrnie (byHKL[I/II/I B
MIPOCTPAHCTBEHHBIX HEPABEHCTBAX 3ABUCAT OT OOHEMHOTO PACCTOSHUSI.

Katouesnie cA06a: HEPABEHCTBO Xapad, MOIOJIHATEIBHOE CIAraeMoe,
06'beMHOE PACCTOSTHUE.
Hardy inequalities for volume distance

In this paper Hardy-type inequalities on n-dimensional balls are con-
sidered. We obtain sharp one-dimensional and multidimensional in-
equalities with additional terms. Weight functions in spatial inequal-
ities depend on the volume distance.

Keywords: Hardy’s inequality, additional term, volume distance.

IIycTh 2 — OTKPBITOE BBILYKJIOE MOAMHOKECTBO €BKJINI0BA TPOCTPAHCTBA,
R™. Yepes Cj () obosmaumm cemeiicTBO HempenBHO mud bepeHmupyeMbrx
dyukmuit g : @ — R ¢ xoHeunsiM mHTerpasioM lupuxie u KOMIAKTHIM
HocureseM B ).

Hepasencrsa Xapmu, BecoBble (DYHKIIMH KOTOPHIX 3aBUCAT OT PACCTO-
SIHUS 70 TPAHUIBI, KOHGOPMHOTO PAIyca WM PACCTOSHUS 10 HaYaIa KO-
opamHaTt, x0pomo u3sectusl (cum. [1]). Ha ommoit m3 kondepenmmit Wabnap
XamuTona MyCUH MpeTOK AT MOMBITATHCA TOJIYIUThH HEPABEHCTBA, X APIN
B TepMHUHAX 00bEMHOTO paccTosHus, BBegeHHOTo Punanom CanaBaroBnyem
FOumyxameroseim B craree [2] (cm. Takxke [3]).

Cnenys crarbsam [2] u [3] o6bemHOe paccTosiHue MbL Gyem 0603HAUATE
=aepes vd(z, Q). Ta GyHKIMS ONIpPENEaTETCA 0 MHIYKIAN II0 PA3MEPHOCTH
npocrpaHcTBa. B ommomepHOM ciayuae, r.e. ecm 2 C R, to vd(z,Q) =
dist(z, 0Q) — yHKIMSA PacCTOSHUS OT TOYKHU J0 TPAHUIBL 00JIACTH.

[Iycrs Bemmamna vd(z, ) onpenenena B mpocrpancrse R™ 1 Q € R™
Bosbmem Touky yo € 02 Takyio, 4To

inf{lz —y|:y € Q} = |z — yo.

Ecan takmx Touek ma TpaHUIlE HECKOJIbKO, TO BO3bMEM J'IIO6yIO N3 HUX.
Uepes TOUKY Yo MPOXOJUT €TUHCTBEHHAS OMOPHAS THIIEPIITIOCKOCTD, OPTO-
TOHaJbHAad OTPE3KYy, COeIUHIINEeMY TOYKU T U Yo. FI/IHQPI‘IJ’IOCKOCTI)7 IIa-
PaLIEIbHYIO 3TOH OIOPHOM THIIEPINIOCKOCTH W IIPOXOAAMYIO 9epe3 TOYKY

HccnenoBanne BBIIOJHEHO 33 CIeT rpaHTa Poccuiickoro Haywaoro ¢gouma (mpoext Ne
23-11-00066).

Hacubynnna Pammne Taiicaesnd, x.d.-m.H., gonert, KOV (Kaszans, Poccus); Ramil
Nasibullin (Kazan federal university, Kazan, Russia)
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z, ob6o3HaunM uepex P. PasmepHOCTH BBIMYKJIOr0 MHOXecTBa (3 = P E
pasa n w x € Q1. Ilo monymenwo wanykmmn BequeamHa vd(z, Q1) yxe
ompejiesieHa U

vd(z, Q) = vd(z, )|z — yol.

B obmem cayugae o6bemuoe paccroaaune vd(z, ) He Bcerma onpenestser-
cst oxHO3HAIHO. IIpy 3TOM pPaboT, MOCBANIEHHBIX TEMATHKE HEPABEHCTB TH-
na Xapau st 00beMHOI0 PACcCTOSHUSA, B HAacTosAmee BpeMs HetT. [losromy
MBI PENINJIN PACCMOTPETh HEPABEHCTBA B MHOIOMEPHBIX ITapax, B KOTOPBIX
00'beMHOE PACCTOSHIE XOPOIIO OIIPEIEIEHO.

Wmeer MecTo cemyiomias TeopemMa.

Teopema 1. IIpednoroscum, umo B, — edunuunvil n-meprol wap u
geCs (Bn). Tozda cywecmeyem xoncmanma Ky, > 0 makas, 4mo

o~ 7T o2 8242
/ g%x)( -+ U +/<;n> dz < / V() *da,
vd(z, Bn) ™ (vd(z, Bn)) 7T s

Bn

2
2de wepes Vg(x) obosnauen epaduenm Pynryuu, o = %0, B = %2, q=

1.32793 — nepeoiti nososcumentsill Kopens YpasHerus,

(o)) ) (o (o))

(n=1))(2—q)

min @-t)
tefo,1] (B —t)2t+9)

= 0.0578214.

__4_ .
Hocmoannaa 27 »+1 asaqemea mounod.
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OB UHINKATOPE CYBTAPMOHNYECKO ®YHKIINU B
HEOTPAHUYEHHOM ITIOJIVKOJIBIIE
A.A. Haymosa
aliona.filatowa2013@yandex.ru

YAK 517.53

TToy9eHbl yCIOBUS p—TPATOHOMETPHYIECKOH BBITYKJIOCTH HHIAKATO-
pa pocra h(0) cybrapmonmueckoii dyukuuu v(z) GpopmMansbHOro nops-
ka p B moaykomnene Dy (R, a, B).

Karouesnie caoea: cybrapmMoRmdeckass (pyHKIHs, TOIYKOILIO, (POp-
MaJIbHBIA MOPAI0K, HHAUKATOD POCTA.

The main tasks of mathematics

The conditions of the p—trigonometric convexity of the growth indi-
cator h(f) a subharmonic function v(z) of the formal order p in the
semicircle D4 (R, a, ).

Keywords: subharmonic function, semicircle, formal order, growth in-
dicator.

[IpuHnun MakcuMyMa MOZYJIS COCTOUT, KAK M3BECTHO, B TOM, QUTO MO-
aynb Gyakmmu f(z) TrosoMopdHOE B HEKOTOPOI 06/JACTH W HETPEPBIBHOMN
B 3aMbIKAHUU HTOM 00JsacTH, npuHUMaer HaubOJIblIee 3HAYEHUE HA I'pa-
Hure obsactu. DTOT BakKHBIM npuHIMN ObLT pacupocTpaner PparmeHoM
n JInamnédowm [1] ma ToT caywait, korma HEMPEPHIBHOCTH HYHKINH HADPY-
IIAeTCs B HEKOTOPBHIX HMCKJIIOYUTE/bHBIX TOYKAX I'DAHULBL, IIPU TOM, OJ-
HAKO, YCJIOBUY, YTO IPU IPHUOIHKEHNN K STUM TOUYKAM MOIYIb (DYHKIUH
He caumkKoM 6b1cTpo Bo3pactaer. Ham momagoburcs caemytomast bopMyu-
poBka Teopemsbl. s Toro 9robbsl chOpMYINPOBATH €€ BBEIEM CIIELyIOIue
OIIpeIeJICHNS.

Ion, GecxoneurbiM MOy KOBIOM B moaymtockoctn C = {z € C :
Im z > 0} ¢ Bemecrsennoit oceio R mbr norumaem D (R, 1, p2) = {z :
|z| > R,Im z > 0,91 < argz < p2}.

Onpenenenmne. Ilycts p > 0 — dukcuposamuoe wucao. Yucao p Ha3BI-
Baerca HoOpMaIbHBIM HOPsAKOM Cybrapmonuveckoil B Dy (R, @1, ¢2) dyHk-
mam v(z), ecrm AM1, Mz > 0 takue, aro Vz € D4 (R, p1, p2) BHITOTHIETCS
HEPABEHCTBO

v(z) < My + Ms|z|”

Teopema (®parmenrta-JIungeneda). IIyemv 6 noayrosvuye
Dy (R, ¢1,p2) 3adana cybzapmonuueckasn Pynryus v(z), 0as xomopol
EHINONHANMCA YCAOBUA:

Haywmosa Anéna Anekcarznposna, acnupart KI'Y (Kypck, Poccus); Alena Naumova
(Kursk State University, Kursk, Russia)
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1) eywecmeyem wucao M > 0 maxoe, wmo daa awbozo0 v € R eunoa-
HACTNCA HEPLEEHCTNEO

lim v(z) < M,

zZ—T,
2€D 1 (R,p1,9¢2)

2) nexomopoe wucao p > 0 A6aaemcA HoPMaALHBIM NOPAIKOM PYHKUUY
v(2) 6 D1(R, ¢1,¢2),

3) ewnoanaemca nepasencmeo gz — @1 < 7.

Tozda Vz € Dy (R, p1,p2) sunosnaemea nepasencmeo v(z) < M.

OrMeruM, 9TO CHPABEIIUBA CJIEYIONIAsd TEOPEMA.

Teopema. IIycmos v(z) ecmo cybeapmonuseckan Gynryus Gopmasvro-

— i0
20 nopadka p 6 noaykoavue Di(R,a, B) u nycmv h(0) = lim,— o %

— eé undukamop pocma (smo onpedesenue unduxemope ¢ Dy (R, o, f)).
Tozda h(0) —p-mpueonomempuyuecky 6uNYKAGA GYHKUUA HEG UHMEDEAAE
(a, B).

JToka3aTes ibCTBO T€OPEMbl AHAJOIMYHO COOTBETCTBYIOIIEH Teopeme u3
vonorpadmu B. 4. Jlepuna [Teopema 19, rmasa I, 2.

JInteparypa
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OILIEHKWU OJId MHTEPIIOJIAIINMOHHBIX ITPOEKTOPOB
1 MHOTOYJIEHHI JIE2KAH/IPA
M.B. HesBckuii
mnevsk55@yandex.ru

VIK 517.51, 514.17

IIpuBoauTca ABYCTOPOHHSSA OIEHKA /Il MUHUMAJIBHON HOPMBI IIPO-
€KTOpa IPHU JUHEHHON uHTepnoadamu Ha KoMmmakTe B R". Hukusasa
OTIEHKA, MOJIYIAETCS C MIPUMEHEHNeM MHOTOWIECHOB Jlexanmpa.
Karoueswie crosa: MHTEPIONATIHNS, TPOEKTOD, HOPMa, MHOTOUIIEHBI Jle-
JKAHIPA.

Estimates for interpolation projectors and Legendre polyno-
mials

We give two-sided estimates for the minimum projector norm under
linear interpolation on a compact set in R™. The lower estimate is
obtained by applying Legendre polynomials.

Keywords: interpolation, projector, norm, Legendre polynomials.

CTaH,Z[apTI/I3OBaHHI>IM MHOT'OYJIEHOM ﬂexaﬁapa CTEIIEeHU 1 HAa3bIBaCTCA
MHOI'O4J/1eH

1
ITo moBomy CBOMCTB Xr CM., Hampumep, [3]. Muorounens: Jlexxannpa opro-
ronasbpHbl Ha oTpeske [—1, 1] ¢ Becom w(t) = 1. UsBectno, aro xn(1) =1,
a ecmm n > 1, T0 xn(t) BO3pacraer npu ¢t > 1. Yepes Xn ' 06o3HATIM
dbyrkmmo, 06paTHYIO K X5 HA TOIyOCH [1, +00).

B [1] aBTopom mosyuena ciemymoias XapaKTepPH3alus MHOTOYIEHOB
Xn(t) 1epe3 06bEMBL BBIYKJIBIX MHOIOIDAHHUKOB (JI0KA3ATE/ILCTBO AAETCH
rakxe B [4]). dus v > 1 paccMOTpUM MHOXKECTBO

<9}

En~y= {xeR” : Z|ac]\ + ‘1—2@
j=1

j=1

[ -1)"]", ter.

Teopema 1. Bunoararomesn pasercmea

e () = g D <”> (= 1"y 41yt = X0 @

Coorromenus (1) MO3BOAAIOT MOMYIUTH HUKHUE ONCHKA HOPM TIPOEK-
TOPOB TIPY TOJUHOMUATHHON UHTEPIOJISITIANA HEIIPEPBIBHBIX (DYHKIMI MHO-
rux mepeMeHHbIX. Huzke Mbl pacCMOTPUM CJIy4dail TMHEHHON NHTEPIOIAIIINH

Hesckuit Muxaun Bukroposud, a.d.-M.H., gouent, Apl'Y um. ILT. demugosa (Hpo-
crasab, Poccus); Mikhail Nevskii (P.G. Demidov Yaroslavl State University, Yaroslavl,
Russia)
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Ha koMmmakTe B R™. 3aMeTwM, UTO 3TOT TOIXO] MOXKHO TIEDEHECTH M Ha
MHTEPIOJISANNIO ¢ IOMOIIBI0 (0/Iee MUPOKUX IPOCTPAHCTE MHOIOUJIEHOB.
IIycre I1; (R™) — mpocTpaHCTBO MHOTOHJIEHOB OT 7 IIEPEMEHHBIX CTETIe-
HHU He BbIE 1, £ — mpom3BosbHBN KoMnakT B R™, K = conv(E). Bymem
npeamonarats, uro vol(K) > 0. IMycrs wouku z9) € B, 1 < j < n+1,
SIB/ISIOTCST BEPIIMHAMHE 1-MEPHOTO HEBBIPOXK/ICHHOTO CHMILIEKCa. VaTepmo-
psrmonmenit poextop P i C(E) — 111 (R™) ¢ yamamu z9) ompenensiercs
pasencrBavu P f (m(j)) =f (w(j)). Ilon || P||g 6ymnem monmMars HOpMY P

xak oneparopa u3z C(E) B C(FE). Yepes 0, (F) 0603HaUNM MUHUMAJILHYIO

uopmy || P|| g u3 Bcex oneparopos P ¢ y3namu, npunaiexamumu E. Yepes

simp(E) 0603HaIMM MaKCMMAaJbHBIA 00bEM CHMIIEKCA ¢ BepmuHaMu B .
Teopema 2. Cnpasedauss, 0ueHKU

_1 { vol(K) "
' (g < <k ?

JleBoe HepaBeHCTBO B (2) MOKA3BIBACTCA ¢ TMPUMEHEHHEM TEOpeMbl 1.
IIpaBas OIEHKA MOJyH9AETCH U3 PACCMOTPEHHUS MPOEKTOPA, Y37BI KOTOPOTrO
29 € F maxonarcs B BEpIIMHAX CHMILIEKCA ¢ MAKCHMAIBHBIM 0GHEMOM,
T.¢. 06bémom, paBrabiM simp(FE). [okasarenncTBa oneHok (2) mpuBomsaTcs
B [4].

B ciyuae, korna E — n-MepHBIH Ky0 WIN n-MepHBIH map, JeBoe Hepa-
BeHCTBO U3 (2) NaéT BO3MOXKHOCTD [O/LyYUTh HEYJLyYlIaeMble 110 Pa3MepHO-
ctu n onerku Buga 0, (E) > cy/n. Tounoe 3naqenue 6, (B) ans n-mepHOTO
mapa B naiineno B [2].
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1. Heecxuti M.B. Ouenkn Ay MUHHMAJILHON HOPMBI IPOEKTODA IIpU
PHTEPHOAIMA 0 BepumHaaM n-Meproro Kyba // Mopmen. m amanm3 wnn-
dopm. cucrem, 10:1 (2003), 9-19.
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O HETEPOBOCTU N MHAEKCE HEKOTOPHBIX KJIACCAX
JABYMEPHbBIX CUHTVYJISAPHBIX MHTETPAJIBHBIX
OINIEPATOPOB C HEITPEPBIBHBIMU
KO®PUIMNEHTAMUA
.M. OaunabekoB
jasur_79Q@inbox.ru

VIAK 517.968

B nmacroameit pabore ycranossieHbl 3 deKTUBHBIE HEOOXOAUMBIE U
MOCTATOYHBIE YCIOBUS HETEPOBOCTH JIBYMEPHBIX CHHTYISPHBIX WHTE-
rpaJibHBIX OMEPATOPOB C HEIIPEPLIBHBIME KOdd durmenTamMu B 1ebero-
BBIX LPOCTPAHCTBAX C BECOM U AaHa (OpMYyJa JyJlsl BbIYUCJICHUS WH-
JeKca.

Karouesbie cao6a: CUHTYISADHBI MHTErPAJIbHBIN OMEPATOD, WHIEKC
oTIepaTopa, CUMBOJI OTIEPaTOpPa, HETEPOBOCTh OTIEPATODA.

ON THE NOETHERICITY AND INDEX OF SOME
CLASSES OF TWO-DIMENSIONAL SINGULAR INTE-
GRAL OPERATORS WITH CONTINUOUS COEFFI-
CIENT

This study examines one of the applications of differential calculus:
a formula for calculating the curvature of a flat curve. In particular,
methods for defining a flat curve are given, and a general formula for
calculating the curvature at a certain point is calculated.

Keywords: singular integral operator, operator index, operator sym-
bol, operator Noethericity.

Ilycte D — xoHEwHAsT OMHOCBsA3HAA 0071aCTH KOMILJIEKCHOMN TIJTOCKOCTH, OTPa-
HUYeHHAS 3aMKHYTO# Kpusoit I'.

B mpocrpancTse Lﬁ 2/p(D), (1 < p < 00,0 < B < 2) paccmorpum
CJIE/IYIONH IBYMEPHBIN CHHTY ISIPHBIN MHTErPAIbHBIN OTIEPATOD

A= ao(2)] + bo(2)K + Z (an ) + by (2 )K)Sn, (1)

T7e IMTPUX Y 3HAKA CYMMBI O3HA4YaeT MPOMycK wieHa n = 0; I — Toxme-
CTBEHHBIH onepaTtop, ao(z),bo(z),an(2),bn(2),n = —2,—1,1, 2, HenpepnIB-
e 8 D = D U T xommmekcrosnadmsie byHKIuM, a omeparopst K u S,
JefCTBYIOT 110 (hbopMyJIam

|m|m *2”'19
(k1)) = TG S = T[] e s,

Onannabeko /[lxacyp MysodbupoBud, K.d.-M.H., gonent, dummans MI'Y umenn
M.B. Jlomorocosa B ropoge Hdymanbe (Tamxuxucrar); Odinabekov Jasur Muzofirovich
(Dushanbe Lomonosov Moscow State University, Tajikistan)
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S, =KS,K, 0=arg((—2), z€D;

37ech 9epTa 0603HAYAET ONEPAIHI0 KOMILUIEKCHOTO CONPSIZKEHUs, M - Tie-
JIoe 9uCy0, dS¢ — 3JIEMEHT ILUIOCKOH Mepbl Jlebera, MHTeTpaJ MOHUMAETCH B
cMblciIe ryaBHOro 3Hadenust no Komw [1]. IlockosbKy cumBoJ omeparopa
Sn (em.[1]) pasen (2)" (o = o1 +i02 # 0), 10, cormacuo [2], 1ns HeTEpOBO-
CTH OTIEPATOPHON MaTPHIIBI HeoOxomumMo, uTobnl detG a(z,t) # 0 mast BCex
z € D, |t| =1, tme Ga(z,t) camBson omepatopa (1):

_ (Pu(z,t) Qulz,t)
GA(z,t)—(m P4(z7t))’

—~
[\
~

rae
2

2
Py(z,t) =1 Y an(2)t®™", Qu(z,t) =1 > ba(2)t* ",

n=-—2 n=-—2

n ;g mereposoctr oneparopa (1) B LZ_Q/p(D) He0OX0IMMO, ITOGBI

detGa(z,t) = |Pa(z,t)]* — |Qa(z,8)]* #0 Vz e D. (3)

Torna u3 (3) sbirekaer, uro Py(z,t), Q4(z,T)- €CTh KOMIIEKCHBIE TIO-
JIMHOMBI YeTBepToit crenenn. Ilycts g (k= 1,2,3,4) KOoMIJIeKCHBIE KODHU
ypasrerns Pi(z,t) = 0. Cormacuo

detGa(z,t) >0, 10 ectn |Pi(2,t)| > |Qa(2,t)| V2 € D (4)

9TH KOPHU He JIeXKaT Ha OKpy»XHocTH |t| = 1, To ects |gi| # 1.
Beenem 0603naueHus

A, = |a’V‘2 - |bl/‘27 Avn = GuQp — bubn, Hyn = ayb, — bya»,“

4
M= mammlee(Z /\jtj), v=0,4+1,42, n=+1,+2,
i=1

rze (hYHKIMU \j SIBHO BhIpaXkaroTcs depes kodddurnmentsr oneparopa (1).
Teopema. Jaa nemeposocmu onepamopa (1) 6 aebezoswux npocmpan-

emeaz Lf;_,, (D),

1<p<o0,0<fB <2 Heobrodumo U 0CMAMOUHO BUNOAHEHUE 00H020 U3
caedyrowu (uckarouaouwus opyz opyeaa) ycaosud

Bo(2) > M) + (M) + Y (o)~ Pon(2)D)  mpuvze D, (5)

n=-—2

M) > ME+ (M2 + Y ()P~ Mon(2)P) v = 41,22,

n=—m

ﬁQaL(T,qk(T));éQ npu Yz€D u T€T, (6)
k=1
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2de qp(T) — wopnu ypaswenua Py(t,t) =0, 7 € T, [t| = 1, maxue,
wmo |qx(7)] < 1 daa V7 € T'. Ilpu amom, ecau svinoaneno (5), mo undexc
onepamopa A paser nyato; ecau ewnoaneno (6), mo

= QZlnerz;(T, qr(7)).

k=1
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OB MHTEPIIOJIAIINN B KJIACCE M. /I2KPBAITISIHA B
EJVUHNYHOM KPVYTE
E.I'. PoaukoBa, K.B. KucsiiakoBa
evheny@yandex.ru, k.kislakova25@gmail.com.

YAK 517.53

B 1964 r. M. M. dxpbamsmaom npu 0600mennn teopun P. Hepammmm-
Hbl, KPAEYIOJbHbIM KAMHEM KOTODOH dBJIAETCs LOHATHE XapaKTepu-
cTraekoi (pyHKImY, Ob1/Ia BBEIEHA (-XapPaKTePUCTUKA 1o, a > —2, u
paccmoTpeH Kiace Ny aHATUTUYECKUX B €AMHUYHOM Kpyre dyHKITHH
C OrpaHWYEHHON XapakTepucTukoi T,. B HacTosmeit pabore pemraer-
¢ 337a9a CBOOOIHON MHTEpIIONAnnun B Kiaacce N, NpU YCIOBUHU, <ITO
Y3JIbI MHTEPIIOIANNA Haxoaarcs B yraax Lrombia.

Karouesvie cA060: WHTEPIIONAINS, XapaKTEePUCTHUKa HeBaHJIMHHBI,
npoussenenns Jxpbamsaua, yroa lTombia.
On interpolation in the Djrbashyan class in a disk

In 1964, in generalizing R. Nevanlinna’s theory, M. Dzhrbashyan in-
troduced the a-characteristic T,, @ > —2. In present work we solve
the problem of free interpolation in M. Dzhrbashyan’s class of analytic
functions in the unit circle with a bounded characteristic T, under the
condition that the interpolation nodes are in the Stolz angles.

Keywords: interpolation, the Nevanlinna characteristic, the Djr-
bashyan product, the Stolz angle.

IIycts C - xoMmjiekcHas ILIOCKOCTh, D - emmawdasbiii kpyr Ha C,
H(D) - mmoxecTtBo Bcex dynkumii, amammruaeckux B D, To(r, f) —
a-xapakrepucruka M. M. Dxpbamana [1], T(r,f) = T-i(r,f) —

xapakTepuctuka P. Heparmnmmuae Gysxmuu f € H(D) [2].
T‘f(aﬁ»l) ™ r ” +
Toa(r, f) = —— — 0% In|f(te)|dt ) dp,a> —2,
0h =5 rass | ([ -0 misae)id) ap.a >
rae at = max(0,a), Va € R, I' — dynkmua Ditrepa.

ITpu Beex a > —2 pacemorpum kiace M.M. Txpbantsza [1]

N, = {f € H(D): sup Tu(r,f) < —|—oo}7

0<r<1

Poaukosa EBrenus I'emnanpeBHa, K..-M.H., gouent, BI'Y umenu akasnx. .I'. ITerpos-
ckoro (Bpsuck, Poccus); Eugenia Rodikova (Bryansk State University named after acad.
I.G. Petrovsky, Bryansk, Russia)

Kucnakosa Kcenua Bacusabesna, acnupant, BI'Y umenu akazn. W.I. Ilerposckoro
(Bpsnrck, Poccus); Kseniya Kislakova (Bryansk State University named after acad. I.G.
Petrovsky, Bryansk, Russia)
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N_1 coBmagmaer ¢ kaaccom P. Hepansmuusr N. JIast mpon3BosbHOM (yHK-
nuu f € N, B kpyre D crupasenjiuBa caeIyionad OIEeHKa:

c(f)
< - 7
) < e 0.
nostomy ecm f € N, m {z}{> C D, to omepatop R(f) =
(f(z1), ..., f(#k),...) orobpaxaer kmacc N, B KJIAaCC BECOBBIX IOCJIe-
JI0BaTEeJIbHOCTEN

A
lo =97 ={Ww} Il Sexp —— s, A :
{7 {3zt s Iyl <exp (1— |ze])o+2’ > 0}

Hac Gyner mHTEpeCOBaTh, MPU KAKUX YCJAOBHAX HA TOCJIEI0BATETBHOCTH
{21}/ 25 omeparop R(f) orobpamaer knacc No na Kiace lo. B aToM ciy-
Tae MOCTeTOBATETBEHOCTD { 2k 120 HASBIBAIOT UHMEPnoAALuoHHOt nocaedo-
6ameavbHocmoio B Kmacce Ng.

Venom HImoavya T's(0) ¢ Bepurmmoit B Touke e’ maspisaercs yros pac-
TBOpa T8, 0 < & < 1, BHCCEKTPUCA KOTOPOTO COBIAJAET C OTPE3KOM €'l
0<r<l1.

Haa no6oro 8 > —1 cumsosiom 73(z, 2) Oymem 0603nauars Geckoned-
noe npownssegenue M.M. /[xpbainsgna ¢ HyJIIMHU B TOYKAX IIOC/IEI0BATEb-
moctr {z}725 (em. [1]). Crpasesmmsa

Teopema 1. Ilycmwv {zk}:;"l’ - NPOUSBOALHAA NOCAECIOBHMENDHOCTID
KOMNAEKCHWT “ucea u3 D, pacnososcernur 6 KoHewHOM wUCAE Y2008
HImoavya. Caedyroujue ymeepHcoenus IKEUBGAEHTTIHDL:

1. {zk};::i - UHMEPNOAAUUOHHASA NOCAEO0EAMEALHOCY 6 KAacce No;

2.

+oo
D> (= [z)*? < oo,
k=1
—-M
|t (Zn, 2)| > exp ——————— M > 0.

CEPA

OtmernM, 9T0 DYHIAMEHTAIBHBIN PE3yJILTAT B TEOPUN MHTEPIIOISIINI
npuranexur J1. Kapnecony [3], onmcasimmeMy MHTEPIOSAIMOHHBIE TIOCTE-
JOBATEIbHOCTH B KJIACCE OIDAHUYEHHBIX AHAIUTHYIECKUX (DYHKIUN B ean-
HUYIHOM KpyTe€.

JIuteparypa

1. Jocpbawarn M. M. O napameTpuaeckoM MpeaCcTaBJIeHUN HEKOTOPBIX
kJ1accoB mepomopdubix dbynknuii B equanaaom kpyre // Jokn. AH CCCP,
157:5 (1964), 1024-1027.

2. Hesanaunna P. Omuosuaunbie anamutnyaeckue Gyakimn — M.-JI.:
IFATTJI, 1941. — 388 c.

3. Carleson L. An interpolation problem for bounded analytic functions
// Amer. J. Math, V. 80. (1958), 921-930.
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HARDY TYPE INEQUALITIES IN GRAND LEBESGUE
SPACES L,), 0 <p<1FOR QUASI-MONOTONE FUNCTIONS
A. Senouci,
kamer295@yahoo.fr

YIK

The aim of this work, is to establish some Hardy type inequalities for
quasi-monotone functions in grand Lebesgue spaces L,), 0 < p < 1.
Moreover some previous results are deduced as particular cases.

Keywords: inequalities, quasi-monotone functions, Hardy operators,
grand Lebesgue spaces.

In 1992 T. Iwainiec and C. Sbordone ([5]) introduced a new type of function
spaces L,y (€2), 1 < p < 0o, where § is a bounded open set Q& C R", called
grand Lebesgue spaces. Namely, the grand Lebesgue spaces is defined as
the space of the Lebesgue mesurable functions f on € such that

11, =, 5w (5 [P o)™ <oc, m

where || is the Lebesgue measure of Q.

These spaces were intensively studied during the last years due to
different applications (see [3] and [4]) and continue to attract attention
of researchers (see [7]and [8] ).

In 2020 R.A. Bandaliev and Safarova K.H. proved the boundedness
of Hardy operator for monotone functions in grand Lebesgue spaces L),
0 < p < 1. In this work we are interested in the Hardy inequalities applied
to quasi-monotone functions in grand Lebesgue spaces. All inequalities are
proved with sharp constants ( for details see [6]).

Definition 1. Let 0 < p < 1. We say that function f belongs to
the grand Lebesgue space L,)(0,1) if f is non-negative and Lebesgue
measurable a.e. on (0,1) for which

1z, 01 = Sup, ( / |f (@)™ Edm) <. (2)

Definition 2. Let 0 < p < 1. We denote by A, the class of measurable
functions f € Ly)(0,1), such that

I, = s (= [ @) ff’—%x)dx)plg <. 3)

0<e<¥

Remark 1. In [1] it is proved that for 0 < p < 1, L(0,1) is a
quasi-Banach function space .

Abdelkder Senouci (Ibn-Khaldoun University of Tiaret, Algeria)
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The following definition is well-known (see [2]).

Definition 3. We say that a function f is quasimonotone on ]0, co[, if
for some real number «, x®f(z) is a decreasing or an increasing function
of x. More precisely, given 8 € R, we say that f € Qg if m’ﬁf(ac) is non-
increasing and f € Q7 if z7° f(z) is non-decreasing.

Throughout this work, we will assume that the functions are non-
negative and Lebesgue measurable on (0,1). We consider the Hardy

operator P
e =7 [ o

Theorem 1. Let 0 < p<1,0<e< 8, fe A, and f e Qp, §2>0.

Then
IHLf N, 0,0 < CllSlla, » (4)
If C > 0 is the sharp constant in (4), then
2 1
D P 2_1 V4 P
— < < 1 e .
(2—p) SO+ <1—p> ®)

Remark 2. If 3 =0 in (4) and (5), we have Theorem 3 of [1].

1 (1—yBt+lyp—e—1
Theorem 2.Let 0 < p < 1,0 < e < §, w(t) = [; %dy,
O0<y<1and fe QP B>0. Then the inequality
HHlfuLp)(O,l) <C ”fHLp),w(O,l) ) (6)

holds, where

1
1 1 B+1\p—e—1 —
(1 -y ) p—e P
= sup 5/ (/ o W | ()t :
©1) 0<s<72’( 0 t yﬁ(p e-D+1

If C > 0 is the best constant in (6), then

I1£1l

p),w

(1) << (B+15)". ™

Remark 3. If 3 =0in (6) and (7), we have Theorem 4 of [1].

References

1. Bandaliev A.R. and Safarova K.H. On Hardy type inequalities in
grand Lebesgue spaces Ly for 0 < p < 1 // Linear and Multilinear Algebra,
70:2 (2021), 1-14. DOI:10.1080,/03081087.2021.1944968

2. Bergh J., Burenkov V.I. and Persson L.E. Best constants in reversed
Hardy’s inequalities for quasimonotone functions // Acta Sci. Math.,
Szeged, 1994, vol. 59, 223-241.

3. Capone C., Fiorenza A. On small Lebesgue spaces // J. Funct.
Spaces Appl., 2005, vol. 3, 73-89.

4. Fiorenza A., Karadzhov G.E. Grand and small Lebesgue spaces and
their analogs // Z. Anal. Anwend., 23:4 (2004), 657-681.

141



5. Iwaniec T., Sbordone. C. On the integrability of the Jacobian under
minimal hypotheses // Arch. Ration. Mech. Anal., Springer-Verlag, 119:2
(1992), 129-143.

6. Ouardani A., Senouci A. Hardy Type Inequalities in Classical and
Grand Lebesgue Spaces Ly),0 < p% 1, for Quasi-Monotone Functions //
Vladikavkaz Math. J., 26:2 (2024), 70-81. DOI 10.46698/q9607-8404-0437-r

7. Samko S.G., Umarkhadzhiev S.M. Local grand Lebesgue spaces //
Vladikavkaz. Mat. Zh., 23:4 (2012), 96-108.

142



O JIAKYHAPHBIX KBAJIPATYPHBIX ®OPMVYJIAX IOJIA
CUHTVYJIAPHOT'O UHTETPAJIA C APOM KOIIIN
10.C. Counes, sul951@mail.ru

VIIK 519.644

TlocTpoenst u uccnemosanst (0,2)-1aKyHapHBIE KBAIPATY PHBIE GOPMY-
JIBL JIJ1sl CUHTYJISIPHOrO uHTerpaJa ¢ sapom Komwu ¢ BecoBbiMu QyHK-
nusvu fxobu u dpmura.

Karowesvie c4066: CUHTYISIPHBIN WHTErPAJI, JaKyHAPHOE WHTEPIIOJIN-
pOBaHMe, KB3APATyPHBIE (DOPMYIIBL.

On lacunary quadrature formulas for a singular integral with
a Cauchy kernel

(0,2)-lacunary quadrature formulas for a singular integral with a
Cauchy kernel with Jacobi and Hermite weight functions are con-
structed and studied.

Keywords: singular integral, lacunary interpolation, quadrature for-
mulas.

K 1upubiamkeHHOMY BBIYUCIEHUIO CUHTYJ/ISAPHBIX WHTErPAJIOB MOXKHO
IIPUMEHUTH PA3JIMYHbIE TULIbL JIAKYHAPHOI'O UHTEPIIOJIMPOBAHUS, KOT/IA OHU
CYIIECTBYIOT U X MOYKHO BBINKCATH B ABHOM BUE. JIJg CUHTYJISIPHBIX UH-
TerpaJioB ¢ sapoMm ['mipbepra Takume KBaapaTypHble HOPMYIIBI HCCIEI0Ba-
smcp B pabore [1]. Huxe paccmarpusatorcsa (0,2)-1axyHapHble KBaAPATYD-
Hble (POPMYJIBI [IJI CHHTYJISPHOTO WHTErpasa ¢ sapoM Komm

b
f(t)
1f=1(i) = [ po M at 1)
a —x
TOHUMAEMOTO B CMBICJIE TJIABHOTO 3Ha4enus no Komm, rae f(x) — 3amannas
IIJIOTHOCTH MHTErpaJia, a p(x) — BecoBast (BbyHKITHSI.

ycte B () a=—-1,b=1, -1<z <1, plx)=(1-2)*A+z)? a>

-1, B> —1.

Yepes Hon—1f = Hop—1(f;x) obo3HauuM mosmHOM cremeHu 2n — 1
(0,2)-uaTepnonmpoBanus, yaoBaeTBOpAOmmit yemosuaMm Hon_1(f;xr) =
flzr), Hypo1(f,zx) = f"(xx), voe zx(k = 1I,n) — HEym nonmHOMS

(1—2?)P}_1(z), a Py(x) — nommom Jlexxanapa crerenn k ¢ HOPMUPOBKOX

P,(1) = 1. Torma

n

H2n—1f = H2n—1(f7 1»‘) = Z(Ak(x)f(l’k) + Bk(r)f”(xk)) (2)

k=1

Wurepnonsimmonnast hopmyna (2) CylecTsyerT TOJBKO [IPU YeTHOM 7,
a xoaddunmenrsr Ay (z), By(z) npusenener B padore [2].

Coumnes I0nyc Connesny, k.¢.-M.H., gonert, MAJIM (Mocksa, Poccus); Yunus Soliev
(MADI, Moscow, Russia)
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Annporenvupyst tutorsoets f(z) uaTerpana (1) mommuoMom Hap— 1 f,
MOJIYYUM KBaIPATYPHYIO (hOpMyILy

If = I(Hzo-1f;2) + Ruf = _(Ak(2)f(zi) + Br(@)f"(zx)) + Ruf,  (3)

k=1

rae Ay(z) = I(Ax; z), Br(z) = I(By;z), a R f = Ru(f;2) — ocTaToumsrit
“JICH. _ _

Koadduunenrsr Ay (x), Bi,(z) MOXKHO BLIMUCIATH TaK XKe Kak B pabore
[3].

C nmomomipio pesynbraros paborst [4] mokassiBaercs

Teopema 1. IIycmo f(z) € CP[=1,1], n — wemnoe. Tozda

IRafllo =0 (ln”ws (f”; 1)) n > max{d, s+ 2},

n n
20e ws(f,t) — modyaw e2aadkocmu s-zo nopadka f wa [—1;1].
IIycts Son—1f = Son—1(f;x) — nmomueom cremenm 2n — 1 (0,2)-
MHTEPIOIMPOBAHNUS TI0 HyJ/IsM ToMmHOMa, UebbimieBa mepsoro poxa [5].

Teopema 2. IIyems f7)(z) € Ho(M,[-1;1]), 722, S <a<1l,n —
yemmnoe. Tozda

1 2
111 = SoraDlle = 0 (520 )-

ITycts B (1) a = —o0, b = 400, p(z) =1, —00 < x < 400. O6o3HA-
auM uepe3 Bas, 0 > 0, mpoctpancTso Bepurreiina membx GyHKIMI 9K CII0-
HEHITMAJIbHOTO THMA 20, OTPAHUYEHHBIX Ha JeiCcTBUTeNbHOM ocu R. Yepes
Fy(z) = Fo(f;x) € Bay 0603Ha9uMM TIENTyT0 (DYHKIUIO IKCIIOHEHITHATIHHO-
T0 THMa, yAoBIAeTBOpAIONyo yeiosuaMm Fu(f,xr) = f(xk), FJ(f,zx) =
[ (zr), xx = X, k € Z. Torza [6]

—+oo

F,f = F,(f,x) = Z (Us(z — k) f (1) + Vo (z — i) f (z1)), (4)

k=—o0

e U (2) = S22 (1 — g [ Shotoetr)  V (a) = Sy [ snotgy
Bamensst wrorHocTh uHTerpana (1) f € Ba, BbipaxenueM (4), monydum

(0,2)-nakynapuyo xkBaaparypryio dbopmymy
too .
If =I(Fo;a)+ Rof = Y (Us(w — i) f(wr) + Vo(z — ax) [ (x1)) + R f,
k=—o00
rie Uy (z) = I(Us; z), Vo(z) = I(Va; @), & Rof = Ro(f; ) — ocTaToumsrii
YJIeH. ~ ~
Haiinensr acumnrorugeckue upeacrasiaenus 1y Uy (x), Vo ().
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Teopema 3. Ecau f(x) € HC(J')(]W, R)YNBz, 722, 0<a<l, >0
u 32 (@) = O(6* ), mo |Rafllc = O(c™""**Ino).

k=—oc0
Amanoruano cTposTca KBaaparypHbie (Gopmysnbl mia maTerpana (1) ¢
TIIOMOIITBIO APYTUX TUIIOB JIAKYHAaPHOTO MHTEPIIOJIUPOBAaHUA.
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YMEHBIITEHUE POCTA
(IIJIIOPU)CYBTAPMOHUWUYECKUX U INEJIBIX OYHKIININ
B.H. Xabubysina, khabib-bulat@mail.ru

VIAK 517.555

AHOHCHDYIOTCA HEKOTOPBIE HOBBIE TOYHBIE HEPABEHCTBA i (TLTIO-
pu)CcyOrapMOHNIECKHX, MEJBIX B MePOMOP(OHBIX PYHKITH, CBA3AHHBIE
¢ POCTOM WX MHTErPATBHBIX CPEIHUX W XaPAKTePpUCTUKY HeBaHIMHHBI.

Karouesvie caosa: nienast GyHKIMsT, MepoMOpdHAsa (YHKIMSA, XapaK-
tepuctuka Hesammuumer, npobsema Ilamm, BeiMeranue.

Reduction of growth of (pluri)subharmonic and entire func-
tions

We announce some new sharp inequalities for (pluri)subharmonic, en-
tire and meromorphic functions associated with the growth of their
integral averages and Nevanlinna characteristic.

Keywords: entire function, meromorphic function, Nevanlinna char-
acteristic, Paley problem, balayage

Hnmezpanvrvie cpedrue no OKPYHCHOCTIAM C IEGHTPOM B HyJsie cybrap-
MOHHUYECKOM Ha, Komnaexcnol naockocmu C dyuakimn u o6o3nadaem yepes

2m
Cu(r) 73;0 % | u(reze) de, Ci(r) ;;0 maX{O, Cu (7’)}
Cremyroniuii HalI pe3yaIbTAT OTKPHIBAET IIUPOKUE IIePCIeKTUBEL JJIs PA3BU-
TUS KaK B HAIIPABJIEHUU yCUJIEHUSA, TaK U 0600IIeHns pa1a KIaCCUIeCKUX 1
6oJtee wM MeHee COBPEMEHHBIX PE3yJIbTaTOB, OIMCAHHBIX B HAIIUX 0630pax
[1-2] u orpaxénnbix B paGorax MHorux asropos: G. Valiron, A. Whalund,
1929-30; R. Paley, 1932; W. K. Hayman, 1966; H. B. l'osopos, 1967; B. II.
TIerpenxo, 1968; 1. B. Ocrposckuit, 1970; B. Dahlberg, 1972; M. Essén,
1974; M. JI. Conun, 1983; A. A. Kouapartiok, C. 1. Tapaciok u 4. B. Ba-
cunbkuB, 1996; B. H. Xabubynmun, 1993-2002; B. H. Xabubynmu, P. A.
Basmagaii, 2010; P. A. IlTapunos, 1993 u 2010 [3]; A. Bérdéllima, 2018 [4-5].

OcuoBuaa teopema (2024 r.) Jaa aw6ol cybezapmonuseckol na C
PyHKUUY U FE —00 NPU A06oM evi60pe wucaa p = 1 natidémea cybzapmo-
nuyeckas na C gynxyua v Z —00, ¢ Komopol

—+o0 n p2tp—l
< zr
u(z) + v(z) v.z\ecc/o (=) e (1)

Pabora Bemonaena npu (purancoBol mogxepxke PHO® (mpoext Ne 24-21-00002).

Xabubynnuu Bynar Hypmuesuy, n.¢d.-m.H., npodeccop, MBI YOUIT PAH (Vda,
Poccust); Bulat Khabibullin (Institute of Mathematics with Computing Centre of the
UFRC of the RAS, Ufa, Russia)
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a dasa 106020 wucaa N € RY natioémea maxaa yeaasn gynwyus h Z 0, wmo

u(z) + In|h(2)] E. /;oo Cy (t(\z\+ @ +1|Z|)N))f12t;;?§, (2)

2de UNME2Pasd, 8 NPABHIT YACTMAT HEPABEHCME Koneunv, npu ecer z € C,
ECAU OHU KOHEHHY TPU HeKomopom |z| # 0, daa wezo docmamowno

+oo -+ +
/ Cu(®) dt < +00  wau limsup Inu”(z) < p.
1

tp+1 oo In|z|

ITeped unmezparamu 6 npaeux wacmaz nepasencms (1)—(2) neavsa nocma-
sumv mHoocumenss < 1, a 6 npasoti wacmu (2) dobaexy m HeAD3A
3AMEHUMD 1A YOLIBAIOWYIO K HYAO NPU Z2 — 0O Guiempee cmenennod.

V13 0CHOBHOI T€OpEeMBL BBIBOAATCS €8 aHAJIOT [1JIs IUII0pUCYGrapMoHude-
ckux Ha C" dynknuit u psag vosbix yreepxaenutt s C u C" o cymecrso-
BaHUM MYJIBTUIIJIMKATOPOB, HOTANIAIONIAX POCT [eJI0d (DYHKIMN KOHETHOTO
HOPSLIKA, O IPEACTABIeHIN MepOMODPMHONE (HYHKIMN KaK GaCTHOIO LIEJIBIX
byHKIMIT MUHEMAJIBHO BO3MOXKHOTO POCTA MO OTHOINEHHIO K XaPaKTEPH-
ctuxe HeBarmaubl MepoMOpdHOH (DYHKIMHU, O TOYHBIX IPAHUNAX PAIAYCA
KpyTa, B KOTOPOM KCIIOHEHIMAIbHA CUCTEMA € 33 JaHHBIMU [T0KA3aTeJIIMI
MIOJIHA ¥ MUHMMAJIbHA, ¢ TOYHOCTBIO JI0 IBYX YKCIIOHEHT B OAHAXOBBIX TIPO-
CTPAHCTBAX roJ0MODPMHBIX (MDYHKINI B KPyTe, & TaKyKe aHAJIOT IOCTIeTHEro
II0 [OJIHOTE IKCIOHEHIMAJIBHBIX CHCTEM I KpyroBbix obmacrei 8 C".
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O CYMMUPYEMOCTU’ I1IO MEPE B ITPOCTPAHCTBE
N3MEPUMBIX ®YHKIINI
}0.X. XacanoB, A.H. /TaBiiaToB
yukhas60@mail.ru, Davlatov95@mail.ru

YAK 517.518

B pabore mpusenensl psas yTBEpKIEHWIl, MAOMUX KpUTEpmil abCco-
moTHOH p-cymmupyemoctn (1 < p < 00) B MPOCTPAHCTBE WU3MEPH-
MbIX 10 JleGery komeuHBIX TOUTH BCIOmy Ha orpeske [0, 1] dymkmmii.
Vcranossiena reopema tuia Buxmansa 0 cymMMupyeMocT, T.e. 10JIy de-
HBI AHAJIOTH KJIACCUIECKUX TeOPeM O CYMMHPYEMOCTH B IIPOCTPAHCTBE
M(S, ), rne S =[0,1] u p — mepa Jlebera, a maoxectso M (S, ) co-
CTOMT U3 U3MEPHUMBIX [IOYTH BCIOJy KOHEYHbIX Ha orpeske [0, 1] byHk-
1A,

Karowesnie ca06a: n3MepuMble (yHKIUH, CYMMHPYEMOCTb II0 Mepe, Me-

pa Jlebera, MaTpuia KOHEYHOTO THUIIA, CXOUMOTH II0 MEpe.
On summability by measure in the space of measurable func-

tions

The paper presents a number of statements that give a criterion for
the absolute p—summability (1 < p < oo) in the space of Lebesgue-
measurable finite functions almost everywhere on the segment [0, 1].
A Wichmann-type theorem on summability is established, i.e. ana-
logues of classical theorems on summability in the space M (S, u) are
obtained, where S = [0, 1] and p is the Lebesgue measure, and the set
M (S, ) consists of functions that are almost everywhere measurable
and finite on the segment [0, 1].

Keywords: measurable functions, summability by measure, Lebesgue
measure, finite type matrix, convergence by measure.

Iycrs k() (k=0,1,2,...) — usmepumele Gysrimm u A = (Qpk)- 9UCITO-
Bas Marpuna. Beegem B paccmoTpenue mpeobpa3oBaHue BUIA

ma(t) = Y anni(t). (1)
k=0

Onpenenenne 1 [1]. ToBopsT, 4T0 MOCIEAOBATEIBHOCTE U3MEPUMBIX
dbysxmmit fr(z) (n = 1,2,...) cxogmres mo mepe k dynxmun F(x), ecom
st Jiroboro o > 0

Jim p(z: [ fa(z) = F(z)| 2 0) = 0.

Xacanos Ocydamm Xacarmoswmd, a.d.-m.H., mpodeccop, PTCY (ldymarbe, Pecrys-
snuka Tamxukucran); Yusufali Khasanov (Russian—Tajik Slavonic University, Dushanbe,
Tajikistan

HasnaroB Axmunaun Hamososud, npenonasarens, TIITY (dyman6e, Pecny6mu-
ka Tamxuxucran); Ahliddin Davlatov (Tajik State Pedagogical University, Dushanbe,
Tajikistan)
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Onpenenenne 2. [oBOpsiT, YTO TOCAEAOBATEIBLHOCTH X = Ei—
cymMMupyema 1o Mepe MeronoM A mwim A-cyMmupyeMma 1o Mepe, eciH CXO-
JIUTCST TI0 MEPE TOCaemoBaTebHOCTD Y(t) = (7. (t)), KOTOpas ompemenena
pasencreoM (1).

ITpocrpancTBo BCex A—CyMMHMpyeMBIX [O Mepe IOC/eI0BaTebHOCTeH
Gymem obosmaaTh aepe3 Fa(M):

Fa(M) ={x = (&) : (m (1))}
cxommrcd 1Mo Mepe. B wactHOoCTH,
FA(M) = {x = (&) : na(t) — 6}

o Mepe.
[Tox marpurneit Terwmna waun T—maTpurei 6ymeM MOHUMATD MATPUILY
A, ecsii BBINOJIHSIOTCS CAEAYIONIUE YCIOBUSL

o0
supz |atni| < oo, nl;n;o ank =0 (k=0,1,2,...), lim an, =1.

n— oo
" k=0

Manzoke [2] paccmaTpuBai CyMMHUPYEMOCTD 10 MEPE MTOCJIEI0BATETHHO-
CTell TAKUX M3MEPUMBIX IIOUTH BCIOAY KOHEUHBIX (bYHKIUS ), /18 KOTOPBIX
HAHJEeTCa M3MepUMas MOYTH BCIOAY KoHedHas (yHKmua ¢(t), Takad, 9To
|€k(t)] < ¢(t). On moksa, aro 1, — £ 00 Mepe A/ KaxAoi cxosamedics K
& mo Mepe mocseoBaTesbHOCTA {€) } B TOUHOCTH TOra, Korma A = {ank}
apagerca T— marpurei. OH TOKa3a/1 TAKIKE, 9TO €CJIH OTKA3ATHCA OT TIPEI-
nonoxernns | (t)| < ¢(t), To cymecTByeT mpocTpancTBo ¢ Mepoit (S, X, 1),
T—wvarpuna A U CXOZSIIASCS TI0 MEPE TIOCIIEN0BATEIbHOCTh U3MEPUMBIX HA
(S,%, 1) byukumii, KoTOpas HE CyMMHUpPyeMa METONOM A 10 Mepe.

IIycte S = [0,1] ects pu—mepa Jlebera m M cOCTOMT M3 M3MEPUMBIX I10-
YT BCIOJY KOHEUHBIX Ha orpeske [0, 1] dbyukimit. Buxmann [3] ycranosn,
uro myig Brodenust Fia (M) D F(M) Heo6X0quM0 U TOCTATOUHO BBIIIOJIHE-
HUS CJIEAYIONIAX yCIOBHIA:

1. cymectByeT

lim ok = o;
n— 00

2. cymecTByer
o0

lim Qnk = Q;
n— oo
n=0
3. cymecTByeT
oo
sup E |Qni| < 00;
n 77.:0
4. cymecTByeT HATYpaJbHOE UHMCJI0 L Takwe, YTO UUCJIO OTIUIHBIX OT
HyJIS 9JIEMEHTOB J11060# cTpoKu MaTpuilbl A He mpeBocxoauT yucaa L.

Menmnxec [4] noayumsr anasoruHaselil pesyabrar Axsa T—varpun.

149

(4)



B 3Toit 3aMeTKe MBI MOTBITAEMCSA HANTH TeopeM Truma BuxManHa o cym-
MUDPYEMOCTH, T.€. MOJYyIATHh AHAJOTOB KJIACCHIECKAM TEOPEMaM O CYyMMU-
pyemoctm B mpocrpanctse M (S, u), tne S = [0,1] m pu — mepa Jlebera, a
MHOKECTBO M COCTOUT W3 W3MEPUMBIX TTOYUTH BCIOAY KOHETHBIX Ha OTPE3KE
[0,1] bysxumit.

Crenyroniag TeopeMa yCTAHABJIMBAET HEOOXOIUMBIE H JOCTATOTHBIE
YCI0BUA A—CyMMUDPYEMOCTH TIO MEpe BCE CXOIATIMECS 0 MePEe K HYJIO TI0-
CTIeIOBATETHHOCTH.

Teopema 1. Jas sxaouenus Fa(M) D F°(M) neobzodumo u docma-
mouno swnoanenue yeaosud (2), (4) u F = Fa(R), a mampuya A asas-
emcea mampuyell KOHewHO20 MUNa.

Tenepp npuBOAMM  yTBEpXKEHUE, KoTopoe obecrieumBaer A-—
CYMMHPYEMOCTH II0 Mepe K HYJI0 BCE CXONAIIHeCs II0 Mepe K HYJIo
II0CJIE/TI0OBATEIHHOCTH.

Teopema 2. Jas sxaodenus FQ (M) D F°(M) neobzodumo u docma-
mouno ewinosnenus yeaosutl (2), (4) c ooy = 0 (k = 1,2,...) u wmobu
Mampuya A Goiaa Mompuyets KOHeuH020 MUnNG.
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1. Koamozopos A.H., @omun C.B. Daemenrtbl teopumu (QyHKIUA u
dyukmonansHoro ananmmsa. — Mocksa: Hayka, 1968.

2. Maddoz I.J. Toeplitz transformations and convergence in measure //
J. London Math. Soc., 41:4 (1961), 733-736

3. Buzmann @. O KOHCEPBATUBHOCTH MATPHUIT OTHOCUTETHLHO CXOIAMO-
ctn no mepe // Uss. AH Dcron. CCP, @us, marem., 20:3 (1971), 275-278

150



O JOCTATOYHBIX YCJIOBUAX ABCOJIIOTHOMN
CXOJAMMOCTU ABOMHBIX PSI/TOB ®YPBHE
IMOYTHU-IIEPUOINYECKNX ®YHKIININ BESUKOBUYA
10.X. XacanoB, ®.M. Tan6akoB
yukhas60@mail.ru, talbakov_90@mail.ru

VIIK 517.518

B pabore nHaiifgeHbl psisi HOBBIX KPHUTEPHI 10 BOIpoOcaM abCOIOTHOMN
CXOTUMOCTH NBOMHBIX pafoB Pypbe MOYUTH-TIEPHOAUIECKH B CMBICJIE
Besuxosuwa GhyHkImii 1ByX IepeMeHHBIX, B CIydae, KOIQa I0Ka3aTe In
Dypbe UMEIOT eIUHCTBEHHYIO TIPEIEIbHYIO TOUKY B beckoneunoctu. B
KatecTBe CTPYKTYPHON XapaKTEePUCTUKH PACCMATPUBAEMOM (DYHKIINH,
WCIONB3YETCS MOJIY/Ib HEIPEPHIBHOCTH BBICIIErO MOPSIIKA.

Karwesnie caosa: GyHKIHMN JBYX I€PEMEHHBIX, [IOYUTHA-IIEPHOIUTIECKIE
dbyukmun BesnkoBu4a, masofimbie psaabsl Pypbe, abCOMIOTHAS CXOIH-
MOCTB, IIpEIe/TbHAS TOUYKA B OeCKOHEUHOCTH, K03(d purmenTor Pyphe,
MO/1yJIb HEIIPEPBIBHOCTH.

On sufficient conditions for absolute convergence of double
Fourier series of almost periodic Bezikovich functions

The paper examines criteria for the absolute convergence of double
Fourier series almost periodically in the sense of Besicovitch functions,
in the case where the Fourier exponents have a single limit point at
infinity. As an approximation device, i.e. structural characteristics of
the function under consideration, a higher order modulus of continuity
is used.

Keywords: functions of two variables, almost-periodic Bezikovich func-
tions, double Fourier series, absolute convergence, limit point at infin-
ity, Fourier coefficients, modulus of continuity.

Ilycte By (1 < p < 00) - smHEHHOE TPOCTPAHCTBO, KOTOPOE COCTOUT W3
mamepumMbx Gysakuuit f(z,y), n gas xkoropeix |f(z,y)]? (1 < p < o0)
uHTErpupyeMa B cMbicie JleGera B mpocTpamcTBe R, ¢ KOHEUHON HOPMOM

T T 1
1Flls, = Do, 1)} = (i g [ [ 1@ )Pasdny?

(1<p<o0),amnpup=o0

Xacanos Ocydamm Xacamosmd, a.d.-m.H., mpodeccop, PTCY (Adymanbe, Pecry6-
suka Tamxukucran); Yusufali Khasanov (Russian—Tajik Slavonic University, Dushanbe,
Tajikistan

Tanbakos Papxonmkor Maxmaamoesnd, K.d.-M.H., gonert, TTIIY (dymante, Pec-
my6nvka Tamkukucran); Farkhodzhon Talbakov (Tajik State Pedagogical University,
Dushanbe, Tajikistan)
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z,y

IIpeanonoxum, uro dyurnusa f € B, nveer HopMaaIbHOE PA3IOKEHIE
B 7BOMHON psag Pypbe

fz,y) ~ i i cx el T,

k=—ool=—oc0

e chy = My {f(z,y)e "M tNYY L kosddrmmenTer @yphe, a
{Ar} ooy (N2 o - mokazaTemm Pypoe (cekTp dyHKIIHMHM), KOTODBIE
MMEIOT €IMHCTBEHHYIO IPEJIeIbHYI0 TOYKY B GECKOHEYHOCTH, TO €CTh

Ao=0, A_p=—Ng, [Ax|<|Mes1], Jim Ay = oo,

=0, A =-X, ‘Az‘ < ‘Al+1|, lhm Al = oo.
— 00
IIycts

wi(f,h) =sup sup |A;f(z,y),
@,y |5|<h

w2(f7 77) = Sup Sup |A$f($7y)|,
z,y |r|<n

wii(f,hyn) = sup sup sup [AFATf(z,y)|.
z,y |§|<h|r|<n
Besmaunst (2) u (3) naseiBaercs yacTabiMy, a (4) - CMELIAHHBIM MOZYJISIMU
HenpepbiBHOCTH GyHKIIMT [ (T, Y).

B macrosimeit paboTe paccMaTPUBAIOTCH HEKOTODBIE HOBBIE JIOCTATOY-
Hble yC/a0BHs abCOJIOTHOR cxomuMocT [BOiHBIX psagos DPypbe modru-
eproIuIecKnX (hYHKIUH U3 MpOCTpaHCcTBa B2, Korma mokasatenn Pypbe
HMEET €JIMHCTBEHHY O IPEJIEIbHYIO TOYKY B GeCKOHEUHOCTH (CM., HAlIpUMep,
2], [5-6)).

XopoImro U3BECTHO, UTO JJIsi TPOU3BOILHON (pyHrmuu f € Bs, mMmeer
MeCTO Pa3JjiokeHue B ABOiHON psy Pypre

Z Z By;,i(ak,1 cos Agx cos \jy+ bii sin Az cos \jy+
k=0 1=0

+ck,1 cos Az sin \jy+ di, sin Agz sin A\py),
rue

1
Bry, =1, Bk,OZBO,l:§7 k,l>1, BO’OZZ’
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ao,0 = M{f(z,y)},
ak,; = M{f(z,y) cos Amz cos \iy},

b, = M{f(z,y)sin Axx cos \iy},

ek, = MA{f(z,y) cos Az sin Ny},
dig = M{f(z,y)sin Ayzsin iy} (k=1,2,...,1=1,2,...),

M{g(z,y)} = lim 4T2/ / (z,y)dzdy.

Huzke npuBOAMTCS HEKOTOPBIE HOBbIE PE3YJIBTATh, KOTOPbIE OTHOCATCS
HAXOK ICHUIO KPUTEPUI aBCOMOTHON CXOMAMOCTH PAIOB Bua, (5) ¢ m3BecT-
abivMu k0dd dunmentamu (cMm., Hanpumep, [2] crp. 72; [3] crp 70-73.).

Teopema 1. Ilycrs cnekrpsl {Ag}ieq, {\i}2, dyukuus f € By yno-
Baersopger ycmoBusM (1) m ®(u) > 0, v > 0. Ilycte mms HeKOTOPOro

B € (0,2) BpimosHsIeTCA yCA0BUE
oo oo 8
D2 D@ m) = x(2" ) 4 1] (2 )
p=1v=1

@) RGP (f 2 2wl (.27 28 F fw(f.27, 27 )] < oo, (6)

TIe
w(f, h,m) = vraisup sup sup [AGALf(z,y)],

=,y |§|<h|r|<n

wa (f, h,n) = sup sup M{|AGA?f(z,y)[},

[6]<h |r|<n

Mo} = T prs [ [ otz

Torna pa
3 s

(k| + [bral® + cral® + |dial*)

NgE

bl
Il

11=1
CXOIUTCS.

Teopema 2. Ilycrs cuexrpor {Ak}5e,, {\i}i2, dyukuus f € Ba yao-
Baersopser yeaosuam (1). Ilycers mus mekoroporo (8 € (0,2) BemonHgeTCS

ycoBue

[X(27) —x (2" ) 1] 7 [ (2 m) —x (27 ) 1 Fwl (£,27,27) < oo,

NgE

oo
p=1v=1
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rie )
wa(f,hyn) = [sup sup M{|AA?f(z,y)[}]?,

[8|<h|r|<n
rorma pas (7) CXOmuTCs.
SameTnm, 9T0 pU3HAKKH aGCOTIOTHON CXOAMMOCTU KPATHBIX U JBORHBIX
panoB @ypre moutu-nepuogndecknx Gyurmmit f € By, B 3aBUCUMOCTH OT
noBeieHus oKaszaresneit Dypbe, paccMorpeHs! B pagorax [3],[4].
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PROPERTIES OF THE A(z)-HARMONIC MAJORANT
B.E. Husenov, F.Sh. Rahmonova
b.e.husenov@buxdu.uz, feruzarakhmonova@mail.ru

VJIK 517.544

We consider A(z)—analytic functions in the case when A(z) is an an-
tianalytic function. Here we will introduce A(z)-harmonic majorants
and we will show their properties.

Keywords: A(z)—analytic functions, A(z)-harmonic functions, A(z)-
subharmonic functions, A(z)-lemniscata.

Let A(z) be an antianalytic function, i.e. 22 = 0 in the convex domain
D C C; moreover, let |A(z)] < ¢ < 1 for all z € D. The function f(z) is
said to be A(z)-analytic in the domain D if for any z € D, the following

equality holds:
of _ of
57 = AR5, (1)

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

The following set is an open subset of arbitrary convex domain D:

L(a,r)=<|¢¥(a,2)|=|z—a+ / A(r)dr| <r
v(a;2)

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

Let f = u + iv.

Theorem 1. (see [3]). The real part of the A(z)-analytic functions of
f(z) € Oa(D) satisfies equation

0 1 ou
= g (e (0005 -5 ) )+

+% <1_71‘A|2 ((1+ A2 )7 —2A§Z>> ~0 (2)

in the domain of D.

Doctor of Philosophy in Physical and Mathematical Sciences (PhD), senior lecturer
student of Bukhara State University
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In connection with Theorem 1, it is natural to define the A(z)-harmonic
function as follows.

Definition 1 (see [3]). A double differentiable function v € C*(D), wu :
D — R is called A(z)—harmonic in the D domain if the D domain if it
satisfies the differential equation (2).

The class of A(z)-harmonic functions in the domain of D is denoted
as ha(D). Thus, the real part and hence the imaginary part, of the A(z)-
harmonic function in the domain of D.

Theorem 2 (see [2], on the mean of A(z)-harmonic function in
lemniscate). Let D be a conver domain. Then if u(z) is an A(z)-harmonic
function in lemniscate L(a,r) C D, then for any p < r take place

u(a)zﬁ / w(€)|de + A(€)dé|.

[¥(a,8)|=p

Using the averaging operator (3), we can determine A(z)-subharmonic
functions.

Definition 2 (see [2]). The function u(z) : D — [—00,00) is called
A(z)-subharmonic in the domain D C C if it is semi-continuous from
above, limu(w) < wu(z), Vz € D and the inequality of average 1s valid:

w—z

u(a) <

u(Q)]d¢ + A(¢)dc|»

[¥(a,Q)|=r

1
2rr

for any fized point a € D and for any lemniscate L(a,7) CC D, where
r > 0.

The class A(z)-subharmonic in the domain of D functions is denoted
by sha(D).

To do this, we need the concepts of harmonic majorants of subharmonic
functions.

Definition 3. Let v(z) € sha(L(a,r)). Then A(z)-harmonic in
lemniscate L(a,r) function u(z) € ha(L(a,r)) is called the A(z)-harmonic
magjorant of v, if v(z) < u(z), Vz € L(a,r). Note that if v(z) € sha(D)
and L(a,r) CC D, then the solution of the Dirichlet problem

w(z) € ha(L(a,7)), w(2)lor(a,r) = v(2)|oL(a,r)

is the A(z)—harmonic majorant of the function v(z), w(z) > v(z), Vz €
L(a,r).

Note that if v(z) € sha(D) and L(a,r) CC D, then the solution of the
Dirichlet problem w(z) € ha(L(a,7)), w(2)|on(a,ry = v(2)|oL(a,r) is the
A(z)~harmonic majorant of the function v(z), w(z) >v(z), Vz € L(a,r).
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Theorem 3. In order to the A(z)-subharmonic function v(z) €
sha(L(a,r)) in lemniscate L(a,7) has a harmonic majorant u(z) €
ha(L(a,r)), u(z) > w(z), it is necessary and sufficient that the

family of integrals [ |v(z)||dz + A(z)d2| 18 uniformly bounded, i.e.
9L(a,p)

sup{ J v(z)|dz+A(z)d2’} < oo-

P<T 9L (a,p)

Theorem 4. Let u(z) € ha(L(a,r)) be such that [ |u(z)||dz +
OL(a,p)

A(z)dz| is uniformly bounded, sup{ J |u(z)||dz+A(z)d2} < oo-
p<r | 9L(a,p)

Then u(z) s represented as the difference of two positive A(z)-harmonic

functions, u(z) = u1(z) — u2(2), where u1(z) > 0, u2(2) > 0.
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ATITIPOKCUMAIIN Y KOHCTAHTHI JIEBETA OIIEPATOPA
®YPBHE JIOTAPUOMUYECKON ®YHKIINEN,
COJIEPYKAIIIEM IBE JTPOBHO-PAIIMOHAJILHBIE
CJIATAEMBIE
N.A. IITakupos
iskander.sh.57@Qyandex.ru

VIIK 591.65

Koncranra Jlebera L, kaaccudeckoro omeparopa Pypre pasHOMEp-
HO IPUOIMKAETCS IPOCTOH JIOrapudMUTECKO- IPOGHO-PAIIMOHAILHOM
dyukupmeii, conepxareil 1Ba mapamerpa. B mporecce mocTpoenus aii-
TMIPOKCHMHUPYIOIIETO ArPeraTa UCIOJIb3YeTCsT aJrOPUTM, TO3BOJISIIOIIHIM
JIOBECTH BeJIMHHHY MOIPEITHOCTY Ipubamxkenus Ly, mo 1075,

Karuesvie caosa: omeparop Pypwe, KomcTanTta Jlebera, apobHO-
parmonasbHasa GYHKIMS, [IOTPENTHOCTD AIIIPOKCUMAIIAN.
Approximation of the Lebesgue constant of the Fourier oper-
ator by a logarithmic function containing fractional rational
summands

The Lebesgue constant of the classical Fourier operator is uniformly
approximated by a simple logarithmic-fractional-rational function con-
taining two parameters. In the process of constructing the approxi-
mating aggregate, an algorithm is used to bring the magnitude of the
approximation error L, up to 1075.

Keywords: Fourier operator, Lebesgue constant, fractional-rational
function, approximation error.

OcrHoBHOI 3a/aqeit Teopun npubmkennsa GyHKmi saBiserca b dekTrs-
Hag 3aMeHa djeMeHra T € X U3 BbIOPAHHOIO HOPMUPOBAHHOI'O LIPOCTPAH-
crBa 6osee pocTeiMu arperatamu u € U C X, COIEepKAIMUMEA MAJIO€ TUCTIO
MOJI/IeKAIIUX OIIPEJIETIEHHIO mapamMmeTpoB. FI3BecTHO, 94TO OlleHKa PaBHOMED-
HOI morpemnocty npu npubsamxennn Gbyuknmm z(t) € X = Cor vacTmd-
ueivu cymmamu Pypoe Sy (z,t) 3aBucur or KoHcTanTh JleGera [1]

1 21 mk
Ln—||SnH—2n+1+;;Etgm (Sp: Car — Cany, meN), (1)

koTopas umeer Jorapudbmugeckuit poct (L, = (4/7%)In(n + a) +b). Jna
9TOM XapaKTEPUCTUKN B TIEPBOI IIOJIOBUHE BA/IATOTO Beka JI. Deitepom,

IMTakupos Wckanmep Acrarosmd, K.d.-Mm.H., mouent, HI'TIY (Ha6epexkuoie es-
mel, Poccus); Iskander Shakirov (Naberezhnye Chelny State Pedagogical University,
Naberezhniye Chelny, Russia)
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I". Cere, I'. Xapau nosryvess! pasaudaabie hOpMYJIB! (BKIIOUYAS ACUMIITOTH-
YECKHUE) W MHTETPATHHBIE MTPECTABIeHAs. [ [pr 60IbIINX 3HATEHUAX apTy-
MEHTa 1 OHH TPeOYIOT OOJIBIINX BBIMHUCINTEIBHBIX 33TPAT, UTO aKTyasIH-
3UpyeT 3a7ady TPHUOIMKeHHOTO OTpereseHust L, ¢ WCIOIb30BAHUEM PO-
CTEHIINX arperaToB, COAEPKAIIUX MAJIOe KOJIHYECTBO IIOJJIEXKAIIUX OIPe-
JIeJIEHUIO TIapaMeTpoB BUIA @, b u ap.

Baech perraercst 3a1a9a MOCTPOEHUd armpokcuMupyiomieir (1) mpocreii-
ureit sjorapudMIIecKo-IpOOHO-PAMOHAILHON (DYHKIMN BHIA

d1 d> def
(n+0.5)2 + (n+05)% un(di,d2) (n € N)

4 ~
Ly~ — In(n+0.5) + ao +
T

C TOCHenyiomeidl  OIEHKOM  CBepPXy  HAWIyYIIero  IpubIrKeHHs

E = inf sup|L, — un(di,d2)|, tme & = co + (4/7*)In2 =
di,d2 ne N
1.270353244 ... (co = 0.989431273... — const Barcona); di, d2 mogexa-

mue ompeeaeHuo nocroguuse. Coryacuo pagore [2] (cM. Teopemst 2 u 3)
B IpaBoii wactu (2) mpu morapudMUIECKOH COCTABIAIONIEH UCIIOTH30BAHBI
mapamerpbl a = 0.5, b = @, KOTOpBIE SABIAAIOTCH ONTUMAJIBHBIMU IIPU
OlIeHKe KOHCTAHTHI JleGera CHU3y. YCTAHOBJIEHO TaKKe, YTO HUCIOIb30BAHNE
casura a = 0.5 aprymeHTa n yaydmiaerT KadecTBO NPUOIMKEHUT HA JIBA
MOPAIKA, €M B KJIACCHIeCKOM Bapuante (caywati a = 0).

HeuspectHble mocTostHHbIE d1, d2 OIPENETINM U3 YCJIOBHS COBIIAICHWS
paBoii m 1eBoit acTell (2) mpu MePBOHAYATBHBIX 3HAYCHATX APTYMEHTA, 1L ©
L1 = ui(d1,d2), L2 = u2(di, d2). Pemasa nomyuennyio npu 9T0M JIMHEAHYIO
CUCTEMY ¢ HEHYJIEBBIM OIIPEIEIUTEEM, IOy auM:

dy = di =0.002996972641 ..., d» =d3; = —0.000116069468. .. .

B urore nysa koHCTAHTH JleGera Moy dusm BIIOJTHE ONpeIeeHHOe TIPUD.TI-
JKEHHO€E TIpEeNCTaBaeHue B Ly, &2 un(di,d5), n € N.

Teopema. Jaa npubauscennozo pasencmsa (2) ¢ enoane onpedeneh-
HOLMU KORCTAHMAMU (3) UMEIOT MECTNO CACOYIOUWUE OUEHKU:

L, > un(di,d5), m€ N; E < sup |L,— un(di,d3)| < 0.000000033.

nenN

Habaromaercst BeCOMBIM BKJIAT APOOHO-PANMOHATBLHBIX CJIATaeMbIX Ha,
TOYHOCTh PABHOMEDPHOH (IMCKPETHOIN) aImpOKCHMAIuu KOHCTAHTHI Jle6e-
ra. JpyruMm coBaMu, M3BECTHBIE DPE3yabTaThl [2] mo sorapudmvuaeckoit
anmpokcuMaruu L, 37ech yIydIleHBl Ha YeTbIpe HOPAIKA; & Pe3yabTaT
paborst 3] (cM. Teopemy 7), HosrydeHHBIH ¢ HCIOIb30BaHUeM B (2) omHOM
ApOOHO-PAITMOHAIBHON CIATaeMOM, YJIyUIeH IOYTH CTO CEMbIECAT Pa3.

Jlnteparypa

1. Fejer L. Sur les singularites de la serie de Fourier des fonctions
continues // Ann. de Ec. Norm. 28 (1911), 63-103.
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2. Shakirov I.A. About the optimal replacement of the Lebesque
constant Fourier operator by a logarithmic function // Lobachevskii J.
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3. Hlaxupos H.A. Ilpubnmkenne KoHCTaHTHI Jlebera onmeparopa ®ypbe
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O HEPABEHCTBAX TUIIA BEPHIIITEMHA I CMUPHOBA
JJId KOMIIJIEKCHBIX MHOTOYJIEHOB
E.C. IIImuar
esshmid@yandex.ru

VIAK 517.518

B nokmame paccmorpensr muddepenHiraabable HEPABEHCTBA THIIA
C.H. Bepumrreiina n B.1. CmupHOBa /11 TPOU3BOJILHBIX MHOTOTIIE-
HOB.

Karwwesnie caosa: nuddepeHnnaibHble HEPABEHCTBA 11T MHOTOYIIE-

HOB, auddepeHIaaIbHBIA OmepaTop.
On Bernstein and Smirnov type inequalities for complex

polynomials
The report examines differential inequalities of the S.N. Bernstein and
V.I. Smirnov type for arbitrary polynomials.

Keywords: differential inequalities for polynomials, differential opera-
tor.

B 1887 roxay 3namenntsiit xumuk .J1. Mennenees B cBs3u co cBOMMH
HayYHBIMU UCCJIETOBAHUSIMI ITOCTABUJI CJIeYOIYI0 3amady [1, rw. IV, § 86].

s sewecmeenus Mro204Aen06 f Cmeneny n, 02PaHUYeHHLT Ha 0T~
peaxe [a; b] woncmanmoti M, mpebyemea damy nauaywwyro ouenxy | f'| na
amom komnaxme. "TIpobmema Mennemeesa" mpuBjekasa BHUMAHUE MHO-
TMX MaTeMaTUKOB u "BeHroM" 310l mestenbHOCTH B mepuos a0 1930 roma
B C/Iy4ae KOMILIEKCHBIX MHOTOYJIEHOB, BEPOATHO, HAJIO CUATATH TEOPEMY
C.H. Bepumreitna [2].

B 1964 rony B xuure B.I. Cvuprosa u H.A. JleGenesa [3, . V, § 1,
. 3, reopema 1| reopema Beprmreitaa Gbuna ycunena caemyrommm 06pa3om:

O dukcuposamnoro z € C\ A obosmaumm €2),| - 06pas xpyra {t € C:

[t| < |z|} npu orobpaxenun U(t) :%-i-t’ So: f(2) — zf'(2) —naf(z)
- oneparop Cmupsosa, « € C.

Teopema A [3]. ITycmo f(z) u F(2) - mnozousenss, ydossemaeo-
DANOUUE YCAOBUAM:

1)deg f < deg F' = n,
(%) S 2)ece nyau F aesrcam 6 samxnymom wpyee A= {z€ C:|z| <1},
Df(2)| <|F(z)| na epanuye IA  amozo kpyea.

Tozda das mobozo z € C\ A u o € Q

Salf](2)] < |Sa[F](2)]- (1)

IMvuar Enmsasera Cepreeera, acmmpanT 3-r0 roga o0ydaerms, Ilerpl'¥ (Ilerposa-
BOJCK, Poccus); Elizaveta Shmidt (Petrozavodsk State University, Petrozavodsk, Russia)
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Jaa mo6ozo o € int Q. u dar mobozo z € C\ A pasencmeo 6 (1)
docmuzaemesa moavko das f = eV F, v € R.

C MomenTa nossienus reopeMbl BepHuireiina orpoMuoe Koinde-
CTBO TyOIMKANW OBLIO TOCBSINEHO ArbhepeHIInAIBHBIM HEPABEH-
CTBaM JIJIsi MHOTOYJIEHOB M CMEXKHBIM BoIpocaM. B pabore paccmor-
PEH BOIIPOC: HACKOJIbKO BasKHbBI BCE TPH ILYHKTA YJIOBHUil (*) B TeOpe-
me A s nosyuenust Hepasercrsa (1) wiu ero ananora? Eciu 1) unu
2) B ynoBuu (*) He Oy/LyT BBIIOJHEHBI, MOXKHO JIH HOJYIHTh AHAJIOL
HepasencTsa (1) ¢ COXpAHEHMEM TOYHOCTH B 9TOM aHAJIOre?

Teopema 1. ITycmo f u F - npouseosvrvie MHO2OUAEHD, CENE-
Hel M U N, COOMEEMCINEERHO, OAA KOMOPOIT K 2PAHUYE eOUHUYHOZO
kpyza OA cnpasedauso nepasencmeo |f(z)| < |F(z)|, onepamop S,
u mHodicecmso )| USMEHenUs napamempa o - Kax 6 meopeme A.

IHyemv A = {z1,...,21} - mHoorcecmeo ecexr nyaet muozounrena F ¢
yuemom uz kpammuocmu, sescauur 6 C\ A; ecau A # 0, mo onpede-
1-Z;2
asem q(z) = [[ =%, ecau A =0, mo noaazaem q(2) = 1;
z;EA 2T
J

) m-—n, ecaum>n
0, ecau m < n.

Tozda das z € C\ A u a € Q)| cnpasedauco nepasencmeo:

|Salf1(2)] < |Salz'Fal(2)], (2)

|2 (2) = maf(2)] < |2'[2(F(2)a(2)) — (ma — ) F(2)q(2)].

Jns o € int Q) uz € C\ A pasencmeo 6 (2) docmuzaemea moavto
ona mmozounenos f = ez Fq, v € R.

JIureparypa
1. Mendenees JI.HU. UccmenoBanme BOJHBIX PACTBODPOB MO YIETBHOMY
Becy.— ClI6: tun. B. [lemakosa, 1887.
2. Bernstein S.N. Sur la limitation des derivees des polynomes // Paris:
C. R. Acad. Sci., 190 (1930), 338-341.
3. Cmupnos B.U., Jlebedes H.A. KoncTpykTuBHas Teopus bYHKIHH
KOMILTEKCHOTO epemennoro.— M: Hayka, 1964.
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O HEJIMHENHBIX CTOXACTUYECKUX YPABHEHUSIX
ITAPABOJIMYECKOTI'O TUITA
C.U. AgapaxmanoB, samatmath@yandex.ru

YIK 517.958+519.2

UccaenoBanbl HesuHeiiHble CTOXACTUYECKOE ypaBHEHUs 1apabo-
JINYECKOro Tuma. PaccMOTpeHs! pa3IndHble CIydan BO3AeHCTBIS
IyMa, Ha CllaraeMble B TPABbIX YacTAX ypaBHenuit. [lomydensr
TEOPEMBI, C TIOMOIILI0 KOTOPBIX BO3MOXKHO perarh 3amadu Ko-
LN 11 PACCMOTPEHHBIX YpaBHEHU.

Karouesvie caosa: HenuHelnble croxacrudeckue guddepeHim-
aJIbHbIE YPABHEHWS MapabOTMIECKOr0 THUTIA, CAMMETPUYHBIN WH-
TerpaJi, croxactTudecknii maTerpag CTpaTroHOBHYA.

ON NONLINEAR STOCHASTIC PARABOLIC
EQUATIONS

Nonlinear stochastic equations of the parabolic type are investi-
gated. Various cases of noise effects on the terms in the right-
hand sides of the equations are considered. Theorems for consid-
ered problems have been obtained.

Keywords: nonlinear stochastic parabolic equations, symmetric
integral, stochastic Stratonovich integral.

IIlyctb Ha  BepOATHOCTHOM HIPOCTPAHCTBE C  (pUILTpaImedt
(2,7, (F)ecpo,r), P) 3amam caywaitmeii npomece V(t), t € [0,T7,
¢ HenpepbuIBHBIME peasu3armuamu. OQQHoil u3 uccienyeMblx B paboTe
3374 ABIdercd 3aJada KoM 1718 HelTHHEHHOTO CTOXACTHIECKOTrO
YPaBHEHHIS MApabOIIIecKOro THIIA:

u(z,t) —u(z,0) :/0 Gm(u(%s),x,s,um(m,s))ds—l—/0 f(z,8,V(s))xdV(s),

(1)
w(z,0) = uo(x), (x,t) € Rx[0,T].

B ciyuae rnazgkoit byukinun V (t) uaTerpaibHoe ypaBHEHUE B 3a/a4€e
(1) moxkHO 3amucarb B GOPMATLHOM BUJIE:

Ut(xvt) = Gz(u(%t),x,t,um(x,t)) + f(f,t,V(t)) . V/(t)'

Abgppaxmanos Camar Wanycosna, YVYHuT (Yda, Poccus); Samat Abdrakhmanov
(Ufa University of Science and Technology, Ufa, Russia)
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Bropoit maTerpas B npaBoit 9acTv MHTErPAIBHOTO yPABHEHUS 3a/1a-
un (1) siBJsieTcsi cUMMeTpUYHBIM WHTerpasoM [1] mo mporeccy V(t).
B ciyuae, eciu V() ecTb BUHEPOBCKUil MPOIECC, TO 9TOT MHTETPAJI
COBIAZIAET CO CTOXACTUIeCKHM uHTerpanom CTpaToHOBHYA. 31€Ch
u = u(z,t) € C>Y(R x [0,T]), — uckomas byHKIHESA TPAMOI 3aTa4H,
f(z,t,V(t)) — HenmuHEHHBIH HCTOYHUK, 3aBUCAIINN OT NPOCTPAHCTBEH-
HOI KOODJMHATHI, BDEMEHU U CJIy9aiiHOrO TpOIecca.

Crenyromas Teopema obobmiaer reopeMy 4 u3 crarbu [2].

Teopema. [Iycmb 6biNOAHEHDL YCAOSUA:

1. G(z,z,t,p) € CHPOLR x R x [0,T] x R);
2. ug(x) € C*(R);

nepemennoti v das ecexr durcuposannnr  u t € [0,T].

Ecau gpynxuyus F(z,t, V(L f&/((ot)) flz,t,v)dv das aobuz Pux-

CUPOBAHHBT T U T y(?oe/wmeopﬂem 3adaue Kowu

Ft(xvtavﬂvzv(t) = GJ;(F('Tat7V(t))’xatvo(xvt’V(t)))a
F(z,0,V(0)) = uo(x),

mo gynryus v = u(x,t) = F(xz,t,V (1)), ecmv pewenue sadawu (1).
B paGore Takke ucciaegoBaHbl 3ajaun Komm s Apyrux Hesu-
HefHBIX CTOXACTHYECKMX YPABHEHUH NapaboMYecKoro TUIIA.

JIureparypa
1. Hacwpos @.C. JlokanbHble BpeMEHa, CUMMETPUYHbIE WHTEIPAJIbI U
croxacTudeckuii anamms. - M.: ®U3MATJIUT, 2011. - 212 c.
2. S.I. Abdrakhmanov, F.S. Nasyrov. On Nonlinear Heat-Conduction
Equations with a Random Right Part. Lobachevski Journal of
Mathematics, 2024, vol.45, No. 6, p.2641-2650.
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IIOCTPOEHUE JOIIYCTUMBIX YIIPABJIEHUN B
HEJIMHEMHBIX TMIBPUJIHBIX CUCTEMAX
C.B. AkmaHoBa,
svet.akm 74@mail.ru

YAK 517.938

IIpenmaratorcss crmocobbl MOCTPOEHWsT AOMYCTHMBIX IMPOTPAMMHBIX
yUpaBJIeHUH JJist HEJMHERHbBIX HelPEPbIBHO-IMCKPETHBIX (ruOpU IHBIX)
JAHAMIYIECKUX CACTEeM C IMOCTOFHHBIM IIaroM JAUCKPeTH3aIlui.

Karouesvie caosa: THODUIHAA CHCTEMA, JUCKDETHAd CHUCTEMA, JIOILy-
CTHMO€E IIPOTrPAMMHOE YIIPaBJIEHUE.

Construction of admissible controls in nonlinear hybrid sys-
tems

Methods for constructing admissible program controls for nonlinear
continuous-discrete (hybrid) dynamic systems with a constant dis-
cretization step are proposed.

Keywords: hybrid system, discrete system, permissible software con-
trol.

Pabora mocBsameHa — WCCIEIOBAHWIO  YIIPABIAEMOCTH  HEJIMHEHHBIX
HENPEPBIBHO-AUCKPETHBIX (TMOPUIHBIX) TUHAMUYIECKHX CHCTEM BUIA

{ x'(t) = f(z(t),y(tr)), t € [trstrr1),
y(

torr) = g(@(trsn), y(t ) ulte)), k = 0,1,2, .. S

e ty+1 — ty = h > 0 - mocTosinaas Beqwumua u ty = hk, k = 0,1,2, ...,
z € R",y € R™ - BekTophI cocrognmii cucrembr (1), u € R? - BekTOp ynpas-
senust; f(z,y), g(z,y, u) - HenpepsiBHO AuddepeHnIpyeMble IO COBOKYITHO-
ctn nepemennbrx Gyuknun, mpuaem f(0,0) = ¢(0,0,0) =0, T.e. mpum v = 0
cucrema (1) mmeer Touky pasrosecus x = 0, y = 0.

ITox pemrenneM cuctemst (1) npu BeipanHoM ynpassiernu u = u(ty),
k =0,1,2,..., 6ymem mormmatsh bynxmuo z(t) = (z(t),y(t)), rme z(t) =
wr(t), y(t) = y(tx) = yr upu t € [tg, trt1), kK = 0,1,2, ..., mpmaem z(t)
i(t) - pemenne zanaau Komn

LU/ :f(xvyk)ax(tk) :$k7k20,1,27... .

CraBurca 3a7a9a MOCTPOEHUS MOIMYCTUMBIX IPOTPAMMHBIX YIIPABICHUH C
OTPaHWYIEHHON dHEPrHUeit, nepeBomsmux rudpraayio cucremy (1) n3 3aman-
HOI'0 HadaabHOro cocrosmua 20 = z(to) B 3a4aHHOE KOHETHOE COCTOIHHE

AxmvanoBa Csersiana BiaguMmMupoBHa, K.I.H., goment, MI'TVY wum. I. Hocosa
(MarruToropck, Poccms); Svetlana Akmanova (Nosov Magnitogorsk State Technical
University, Magnitogorsk, Russia)
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21 = 2(t;), rae t; = to + Ik (I € N), ipu 5TOM KaveCTBO MPOIECCa, YIPaB-
Jierns (KOJIMMECTBO PACXOyeMoil SHEPrUuH) Onpeengercs (hyHKIMOHAIOM

-1
Iw) = u” (tr)ults). (2)
k=0

JLis1 pemenns TAHHOM 33,1251 BBITIOJIHAM TIEPEX0 OT cucTeMbl (1) K paBHO-
CUJIBHOU, B €CTECTBEHHOM CMBICJIE, HEeJIMHENHON NUCKPETHON cucTeMe BHUIIA

Zk+1 :A(h)zk+Buk+£(zkvukuh)7 k:071721--‘ ) (3)
1;16_ o . 0 A(h) B eAlh A;l(eAlh _ I)B1
k= Yk ’ o C ’ o Ag@Alh AQAl_l(eAlh — I)B1 —+ B2 ’

Al = fﬁl“(070)7 Bl = f';(030)7A2 = g;(07070)7 B2 = g;(07030)7c = g:L(O7070)7
§(zk, ur, h) = o([lzxl + lluxll) mpu [[zx]] + [ukl| — 0.

Torna nocraB/ieHHas 3a/a4a CBOAUTCS K IIOCTPOEHMUIO JOILyCTUMBIX IIPO-
IPAMMHBIX ylupassenuii aus cucremsl (3). Byaem nosarars, aro cucrema
nepsoro npubiuskerus ajs (3) ympaeijsema Ipu HeKOTopoM h = hg > 0
[1]. YVuursBas ocobennocru dyuxumu &(zk, Uk, ho) u pabory [2], moxHO
JIOKA3aTh, ITO NTEPAIMOHHAS IIPOIENypa MOCTPOEHUS IOILYCTUMOTO IIPO-
IPaMMHOIO YIPABJIEHUs JIsi CUCTeMBI (3) B HEKOTODOIl OKPECTHOCTU TOUKYU
z = 0 cxommres, T.e. dyHKImonad (2) yaosmersopseT yeaosumo [ (u) < 400,
u HaliZIEHHOe YTIPaBJIeHNe DEeNlaeT MOCTABIeHHYIO 3a1ady s cucteMsr (1),
eCJIM COCTOgHUA 2(0)7 2z maxomarcs B okpectHOCTH Touku = = 0, y = 0.
Eciu xots 661 ogmo u3 cocrosmmit 29, (! maxomurca Bue oxpecrnocTH
roukn z = 0, y = 0, To, ¢ yuérom [3]|, mpeanaraercss apyroil momxox K
PELIEeHNIO [IOCTABIEHHON 33/ja9u, [IPEIO/IAraloluil IpeBapUuTe/bHOe I0-
CTPOEHUE COOTBETCTBYIOLIEr0 CTAOUIU3UPYIOLIEro yIPAaBICHUs JJIs CUCTe-

MEI (3).
JInteparypa

1. Axmanosa C.B. O6 ynpapisieMOCTH U CTaAOUIN3UPYEMOCTH HeJTUHEeH-
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CKas OCEHHAS MaTeMaTHYIecKas mKoaay - ¥ da: Astepna, 1 (2023), 164-166.

2. Casanosa JI.A. O6 ynpasijeHun TUCKpeTHbIME cucTeMamu / /Jluc. ...
KaHg. dui3.-MaT. HAyK. Exarepmabypr: Ypl'Vy, 2002.

3. Aavbpexm 9.I., Casanosa JI.A. O TOCTPOEHNH JOTIYCTHUMBIX YIIPAB-
JieHUH B [VI0GAJIBbHO yIPAB/IsieMBIX HeJIMHEeHHBIX AUCKPETHBIX cucremax //

Wssectua Ypl'Y, 26 (2003), 11-23.
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O PABPEIIINMOCTU 3AJAYUN C TUCTEPE3NNCOM
J.E. AnymkunHckas,
apushkinskaya@gmail.com

VAK 517.957

Hoxkmna mpeacTaBasgeT coboit 0030p, MOCBANEHHDBIH Mapad0UIECKUM
3a/8a9aM CO CBOOOTHBIMY TPAHHUIIAMHU, B KOTOPBIX MPUCYTCTBYET OIe-
paTop C pa3prBHLIM I‘I/ICTepe3I/ICOM. Hama OCHOBHAd 1I€JIb - O6Cy,ILI/ITL
Pa3pemmnMoCThb 33139 C TUCTEPE3UCOM, CTPYKTYPY CBOOOTHBIX MPAHUIT
U Ka4eCTBEHHBbIE CBOMCTBA TaK HA3BIBAEMBIX “CH/IBHBIX pelneHuil” u3
AHU30TPOITHOTO COBOIEBCKOTO KIACCA V[/qQ’1 P TOCTATOTHO GOTBITIX
q.

Karoueswvie ca08a: TPOCTPAHCTBEHHO-PACIIPEIE/IEHHBI THUCTEPE3NUC,
CBOOOHBIE TPAHUIIBI, PETYIISIPHOCTD, TEOPEMBI CYIIECTBOBAHMSI.

On the solvability of the problem with hysteresis

In this talk we preset a survey concerning parabolic free boundary
problems involving a discontinuous hysteresis operator. Our main
oblective is to discuss the solvability of such problems, the structure
of free boundaries, and qualitative properties of the so-called “strong
solutions”, belonging to anisotropic Sobolev classes with sufficiently
large q.

Keywords: spatially distributed hysteresis, free boundary, regularity,
existence theorems.

O06cymuM 3am1ady €O CBOOOTHONM TI'DAHUIEH, ONUCBIBAEMYIO OIJHOMEDHBIM
3

ypaBHEHHEM TeIJIOIIPOBOAHOCTHY € Pa3PBIBHON M OTPaHWYEHHOH IIpaBoil da-

CTBIO

Ou — Au = f(u). (1)

JlOTIOTHUTE/IHHO TPEIoJIaraeTcsa CyIIeCTBOBAHUE IBYX ITOPOTOBBIX 3HAMeE-
i « < 0 m B > 0 Takmx, 9TO mpm u < « TPOIECC, omuchiBaeMbrit (1),
HAXOOUTCS IO, BO3HENCTBHEM pexkmMa I, mpm u > [ - mom BO3IeHCTBHEM
pexuma 11, a mpu a < u < [ TPOIECC MOXKET HAXOIUTHCS IO BIUSTHUEM
JTI060TO U3 YKA3aHHBIX PEKWMOB.

Ecnu mportecc caMoperymupyercs TaKuM 00pa30M, ITO PEKUMBI MEHsI-
orest co IT va I mpu nocTrzKeHNM pereHreM % HOPOroBOr0 3HAYEHHA (X U C
I ma II mpu mocTrkeHNN © TOPOTOBOTO 3HAYEHUST (3, TO TOBOPAT O ABJIEHUN
TUCTEPE3HCa, KOTOPOE 3aK/I0UAETCs B CBOWCTBE MpOneccoB ((dbusmueckux,
GUOJTIOTHIECKAX, XUMAIECKIX, COITMOJIOTHIECKAX U T. J.), OTKJIUKATHCA Ha
MIPUJIOYKEHHOe K HUM BO3/JefCTBHE B 3aBUCHMOCTH OT UX TEKYIIEr0 COCTOL-
Hug. QaxkTUIECKN OBEEHIE OIMNCHIBAEMOM CUCTEMbl Ha NHTEPBAJe BpeMe-
HU BO MHOTOM OTIPEIEISIETCS €& TPEeIbICTOPHUEL.

Anymkunckag Japbsa Esrenbesna, a.d.-M.H., npodeccop, PYIH (Mocksa, Poccust);
Darya Apushkinskaya (RUDN University, Moscow, Russia)
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TakuM 00pa3oM, 06JIaCTh IEPEMEHHBIX (I, t), KOTOPYIO MBI PaCCMATPH-
BaeM pa3buBaeTCd Ha JABA 3apaHee HEM3BECTHBIX MHOXKECTBA - 30HBI AKTHB-
Hoctu pexkumoB I u I1. Poss cBOGOIHOI rpaHUIIbI UIPAET IPAHUIIA, PA3IEA
30H aKTUBHOCTU PEKUMOB.

B pamkax moksaza Ml 00CYIMM KadeCTBEHHBIE CBONCTBA “CHJIBHBIX pe-
mreHnit’ U3 aHU30TPOIMHOTO COOOJEBCKOTO KIACCa V[/qQ’1 Opy JTOCTATOTHO
60oJIBIIINX ¢, OTIUIIEM CTPYKTYPY CBOOONHBIX T'PAHWUII, yIeTUB 0c0D0OE BHU-
MaHHE TaK HA3bIBaeMbIM “crigimuMm rpanumam’. IV, HakoHer, s Kjacca
TPAHBEPCAJHHBIX HAYAJbHBIX JAHHBIX YCTAHOBUM Pa3penInMOCTh 3390 U
CBOMCTBA IIIaAKOCTH CBOOOMHBIX IPAHMIIL.

Joxnan ocuoBan Ha pedysbrar pabor [1]-[4], nosy4uennsix coBmecTHO €

H.H. Ypambnesoii.

JIutepatypa
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2. Apushkinskaya D.E., Uraltseva N.N. Free boundaries in problems
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CUCTEMBI NHTET'PAJIbHBIX YPABHEHUM C ITIOYTU
BO3PACTAIOIIINMU SITPAMU U CTEIIEHHON
HEJMHEVNHOCTBHIO
C.H. Acxab6oB,
askhabov@yandex.ru

YIK 517.968

MeTo0/10M BECOBBIX METPHK H3y“I€HBI CHCTEMBI MHTEIDAJIBLHBIX yDABHEe-
HAH ¢ CyMMapHO-Pa3HOCTHBIMHA AIPAMU U CTEIIEHHON HEJIMHEHHOCThIO,
BO3HUKAIOIUX IIPW PENICHUH 3339 I'MAPOAIPOIMHAMUKHA W JPYTHX.
Joxka3zanb! r106a1pHBIEe TEOPEMBI O CYIIECTBOBAHUH U €IUHCTBEHHO-
CTH PeleHUdA B KJIacCe HeNIPePhIBHBIX HEOTPUIATEIBHBIX Ha II0JIOXKN-
TesbHON monyocu dbyuknuii. I[lomydennbie pe3yabTaThl OXBATHIBAIOT
He TOJIBbKO HeyOBIBAOUINE, HO U HEKOTODbIE HEBO3DACTAIONINE U JarKe
HEeMOHOTOHHBIC ADa.

Karwesvie ca06a: CACTEMBI HHTETPAJIBHBIX YPABHEHUM, CTEIICHHAS
HEJTMHERHOCTD, CyMMapPHO-PA3HOCTHBIE STDA.

Systems of integral equations with almost increasing kernels
and power nonlinearity

Using the method of weight metrics, systems of integral equations
with sum-difference kernels and power nonlinearity that arise when
solving problems of hydroaerodynamics and others are studied. Global
theorems on the existence and uniqueness of a solution in the class of
continuous functions that are nonnegative on the positive half-axis are
proven. The results obtained cover not only non-decreasing, but also
some non-increasing and even non-monotonic kernels.

Keywords: systems of integral equations, power nonlinearity, sum-
difference kernels.

B knacce Qon = {u:u = {u:}j_y, ui € C[0,00) u ui(z) > 0 npu = > 0}
CHAYAJa PACCMATPUBAETCS CUCTEMA, YDABHEHWH ¢ PA3HOCTHBIMU FIPAMA

T
n

u?(x)ZZ/pij(x—t)-uj(t)dt, a>1, >0, i=1n. (1)

j=1 0

IIpennomaraercs, 910 GyHKIMN pi;(X) ABIMIOTCA HOYTH BO3PACTAIONIAMA
(mo C.H. Bepnmreiiny) ¢ coorsercrByromumu koncrantamu Cj;; > 1 Ha
nonyocu [0,00) (cM., Hanpumep, [1]) u pi;(+0) > 0 mns Beex 4,5 = 1,n.

Pabora Bemonaena npu (uaancOBOH mopgepxxke PH® (mpoext Ne 22-11-00177).

Acxabos Cynran HaxkmyausoBud, 1.¢.-M.H., npodeccop, MOTU (Hosaroupyssiit,
Poccus), UT'TTY (I'posmwiit, Poccus); Sultan Askhabov (Moscow Institute of Physics and
Technology, Dolgoprudny, Russia; Chechen State Pedagogical University, Grozny, Russia)
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JoxaseiBaercs, uro ecian u € Qo,n sBJsieTcs pemeHnem cucrems (1), To
oHO He ybriBaeT Ha [0, 00), IpUYEM CLIPABEIJIUBEL HEDABEHCTBA

1/(a—1

_ 1/(a—1) _ o
[(aai]é[)Pn-m} <w(z) < a ln/ Zpij(t) dt ,

@ =
0 1,j=1

rme P= min p;;(0), M = max C;;. Tem caMbIM yIIydIIaoTCs JT€MMBL
1<4,5<n 1<ij<n

5 u 6 u3 [1]. Vcnosb3ys 3T HEPABEHCTBA MOCTPOEH KOHYCHBIA OTPE30K MH-
BAPUAHTHBIA OTHOCHUTEJBHO HEJIWHEHMHOI0 HHTErPaJIbHOrO OIepaTopa, IIo-
poxaennoro cucremoii (1), m MeTooM BECOBBIX MeTpuK (CM., HAIpPHUMED,
[1], [2]) mokasama raobaibHAA TeOpeMa O CYNIECTBOBAHUN W €MHCTBEHHO-
ctu pemenus cucremsl (1) B knacce Qo,rn. [lokazao, 4ro Ha m060M 0Tpe3Ke
[0,b], Tme b > 0 ecTp MPOM3BOIBHOE YHUCJ0, permenue cucTeMbl (1) moxer
6BITh HANIEHO METOMOM TOCTEIOBATEIHHBIX MTPUOIMKEHNI TAKAPOBCKOTO
THTA, ¥ TIOJTy9€HA OIEHKa CKOPOCTH MX CXOJUMOCTH K TOYHOMY PENICHUIO.

Ilamee maercst 0000IIeHNe YKA3aHHBIX PE3YIBTATOB HA CIyYail CHCTe-
MBI YPABHEHWH C TOYTH BO3PACTAIOIIAME TOJOXKUTETLHBIMA CYyMMAPHO-
pasaocTHbIMEU sapamu (aapavu Temmmma-Tankemns):

u?(:r):Z/[pij(x—t)Jrqij(xﬂ)] cui()dt, a>1, i=1,n.

j=1}

B cay=ae 0 < a < 1 mokasano, aro cucremsr (1) u (2) mveror B KoHyCe
npocrparcTBa C[0, 00), COCTOAMEM W3 BCEX HEOTPHUITATEIHHBIX HEITPEPBIB-
wbIx Ha [0, 00) byHKIMWMIA, MInb TpuBHATBHOE (HymeBoe) pemenue: u;(x) = 0
s moboro i = 1, n.

Takum 06pa3oM, B Caydae o > 1 CHCTEMBI HEMHEHHBIX MHTErDaIb-
mbix ypasrennii (1) m (2) KpoMe TPUBHAIBHOTO PENIEHUs MOT'YT MMETh U
HEeTDPUBHAJIBHBIE DEIIEHUs], B OTJINYNE OT COOTBETCTBYIOIIUX CUCTEM JINHET-
meix (o = 1) ypaBHeHwmil, KOTOPBIE UMEIOT JIUITh TPUBUAIBHOE (HYIEBOE)
peleHwe.

Jlnteparypa
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equations with almost increasing kernels in cones // Differential Equations,
27:2 (1991), 234-242.
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ABSENCE OF GLOBAL SOLUTIONS TO A SYSTEM OF
HIGH-ORDER SEMILINEAR EQUATIONS WITH A
SINGULAR POTENTIAL
Sh.G. Bagyrov
sh _bagirov@yahoo.com

UDC 517.9

In a cylinder, where the base is the exterior of some compact, a sys-
tem of high-order semilinear equations with a singular potential is
considered. The question of the absence of global solutions is investi-
gated. An exact sufficient condition for the absence of global solutions
is found. The proof is based on the test function method

Keywords: semilinear equation, global solution, critical exponent, test
function method.

Denote: x = (z1,...,2n) € R", 7 = |z| = \/2?+ ... + 2%, R = const > 0,
Br = {x : |z| < R}, Br = {z : |z| > R}, B = R"\Bgr, Qr =
Br x (0;+00), Qr = Bk x (0;+00), C2F(Q%) is the set of functions
twice continuously differentiable with respect to x and k times continuously
differentiable with respect to t in Q'.

In the domain Qz we consider the system of equations

k
Gt = Aur + Thur + 2|7 uz|

k
it = Auz o Cruz + o2 fua |,

with initial conditions

(m)

u; = uip(z) > 0, ujg ' (x) >0, (2)

t=0
wheren >2, ¢ >1, 0, €R, 0<C; < (”772)2, uly(x) € C(B'R),
i=1,2, m=0,1,..,k—1.

We are studying the nonexistence of a global solution of problem (1)-(2).
By a global solution of problem (1)-(2) we understand a pair of functions
(u17 U’2)7 such that U,1($7 t)7 u2($7 t) € Cz:f(Q/R) n Ci:fil(gg? X [07 +OO))
and satisfy the system (1) at every point of Q%, the initial condition (2)
for t = 0.

The problems of non-existence of global solutions for different classes
of differential equations and inequalities play a key role in theory and
applications. Therefore, they are at constant attention of mathematicians
and a great number of works were devoted to them. See the monograph [1]

Bagyrov Sh.G., Baku State University, Ministry of Science and Education of the
Republic of Azerbaijan Institute of Mathematics and Mechanics
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for the survey of such results. Note that the case C; = 0 was considered in
work [2], and the case C; # 0, ¢ = 1,2, but k£ = 1 in work [3].

Denote:
n—2\?
D; = 5 -,

=2, p,
2
_ n—2
A= 5 D,
o1+2+qi(o2+2) _ 2
0, = - Al — T,
q1gq2 — 1 k
0= 2FET @R o 2y,
Q1QQ—1 k‘

Let us consider the functions
+ _
&i(x) = |2 — |z,
+ _
Ea(x) = [af** —|z|* .
It is easy to verify that & (z) are the solutions of the equations

Ci

Au+ —su=0

||

in Bj.

The following theorem is proved.

Theorem. Letn > 2, 0; > -2, 0<C; < (”772)2 and max(61,62) > 0,
1 =1,2. Ifui(z,t) >0, uz(z,t) > 0 is the solution of problem (1)-(2), then
u1(z,t) =0, uz(x,t) =0.

This theorem is proved by the method of test functions of Pohozaev
and Mitidieri [1], using a test function of the form &;o(z)T'(t), where ¢(z),
T'(t) are chosen accordingly.

REFERENCES

1. Mitidieri E., Pohozayev S.Z. A priori estimations and no solutions
of nonlinear partial equations and inequalities. Proc. Steklov Inst. Math.,
234 (2001), 9-234

2. Laptev G. G. On nonexistence of solutions of a class of singular
semilinear differential inequalities, Tr. MIAN 232 (2001), 223-235.

3. Bagyrov Sh. G. The absence of global solutions of a system of
semilinear parabolic equations with a singular potential // Proceedings of
the Institute of Mathematics and Mechanics, National Academy of Sciences
of Azerbaijan, Volume 43, Number 2, 2017, P. 296-304.

173



NCCJIEJOBAHUE JUHAMUMKIN HAYAJIbBHOM CTAJIUN
PASPYIIEHUA OTHOPOJHOT O OBPA3IIA T1I0/]
TEMIIEPATYPHBIM BO3/IENICTBUEM
O.A. BacuabeBa, A.A. X0X0OHOB
vasilievaoa@mgsu.ru, blay26@rambler.ru

YIAK 517.518

PaccmarpuBaercs momudunmposannas monenr Bapenbiara. /lannas
MOEb IIPEICTABIIsIeT COO0M HAYATBHYIO KPAEBYIO 33129y JIJIsl CUCTe-
Mbl HesuHeNHbIX auddepennmanbabix ypapaennii. C moMonbo 1an-
HOU MOZIeIN HUCCIeOBAHBI CKOPOCTH PACIPOCTPAHEHUd, TeMIepaTypa
¥ IMHAMWUKA HAYAJIHHOM CTA UM pa3pyuieHns: oOpasiia.

Karwwesoie caosa: MaremaTnka, muddepeHnpuaabHble YPABHEHN, Ma-

TEMATHIECKOE MOJETHPOBAHUE.
Investigation of the dynamics of the initial stage of fracture

of a homogeneous specimen under temperature influence

A modified Barenblatt model is considered. This model is an initial
boundary value problem for a system of nonlinear differential equa-
tions. Using this model, the propagation velocity, temperature and
dynamics of the initial stage of sample fracture are investigated.

Keywords: mathematics, differential equations, mathematical model-

ing.
PaccmarpuBaercs moaudurmposannas moaeab bapenbisara. Maremaruye-
CKasi MOJEJb SIBASETCA OJHOMEDHON B MPOCTPAHCTBEHHBIX MEePEeMeHHBIX.
Jannas Mozens npefcrasisier co6oli Ha9aaIbHYI0 KPAEBYIO 33/a9y JJisd Ch-
CTeMBbl TPeX HeJMHEHHbIX Aud depeHInaJIbHbIX yPABHEHUN B YaCTHBIX [IPO-
W3BOJTHBIX.

Cucrema muddepennmanpabix ypasaeanii (1) aBnagerca HeTuHEHHOMN,

[O9TOMY Jijid MCCJIE/IOBAHMUs HAYAJBHON KPaeBOil 3a/1auy HUCHOJIb3YIOTCS
YHCIeHHBIE METOIHI.

dr
i Br(1+ Br(T — 1)divU) + (eAT),
%— 1i (1_6+&)VP+6961+6AU (1)
de _ 1 1 Br - dEs | dEKs
di " akye1 = Kallmed Tom (1) +(1-¢)? (S +
dK1 . ., D
— € — — (a1 —e)—l—BT)ﬂ)dwU—&-dw(?V,u)

Bacmibesa Oubra Asekcanaposra K.d.-m.H., gonert, MI'CY (Mocksa, Poccus); Olga
Alexandrovna Vasl’eva (Moscow State University of Civil Engineering, Moscow, Russia)

Xoxonoe Amexcangp Anekceepmu, acmupant, MI'CY (Mocksa, Poccus); Alexander
Alekseevich Hohonov (Moscow State University of Civil Engineering, Moscow, Russia)
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B kadecTBe OQHOTO M3 YHUCJAEHHBIX METO/IOB HCIOIB3YeTCS MOAN(UIIN-
POBaHHBIN MeTOJT KOHEYHBIX PA3HOCTEH BTOPOrO MOpsiika TOYHOCTH. Mo-
nenb (hOpMyIHpYyeTcs s 33/IaHHBIX MmepeMeHHBIX. Harpes obpa3sma ocy-
IIECTBJISIETCST C OHON CTOPOHBI. B X0me aHam3a Moy YeHHbIX YHCIEHHBIX
pPe3ynbTaTOB, GBLIO BBISBIEHO, UTO MPOMECC JEMOHCTPUPYET HEIOKATbHBIN
Xapakrep
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O COAEPXKAIIINX JIOTAPU®MBI ®OPMAJIBHBIX
PEIIIEHUSX ¢-PASHOCTHBIX YPABHEHUM
H.B. I'asinos, A.B. IlapycHukoBa
gajanovnv@gmail.com, aparusnikova@hse.ru

VIAK 517.929.8

PaccmarpuBaercs BO3MOXKHOCTD HaXOXKJICHHWSA PpelleHuil asrebpam-
YECKOI'0 g-Pa3HOCTHOIO ypaBHEHUs B Kiiacce GopMaJibHbIX psaioB Jlio-
naka. lIpuBeneHsl JOCTATOIHBIE YCIOBUS HAJTUINS TAKUX PABTOKEHUH
(1 PACTIMPEHHOTO KJIACCA YPABHEHHUH ), 8 TAKAKE IIPUMEDBI, TOKA3bI-
BAIOIIUE, ITO UMEETCS CBOsS CIEIU(UKA IPU TePEHECEHNN aJITOPUTMOB
nocTpoeHus (HhOPMAIBHBIX DA3JIOKEHUH N3 JAHHOIO KJIACCa ¢ HMEIo-
muxcst 1yt auddepeHInaabHbIX Y PaBHEHNH.

Karouesnie ca06a: aCHMIOTOTHYECKUE PA3JIOKEHNS, §-PA3HOCTHOE yPaB-
Henwue, pan lomaka.
Solutions to ¢-difference equations containing logarithms

We consider the possibility of finding solutions to an algebraic g-
difference equation in the class of formal Dulac series. We give suffi-
cient conditions for the existence of these expansions in the extended
class of such equations, as well as examples, demonstrating that there
are specifics in transferring algorithms for constructing formal ex-
pansions from those available for differential equations to g-difference
equations.

Keywords: asymptotic expansions, g-difference equations, Dulac se-
ries.

Paccmarpusatorcs g-pasnocmusie ypasnenus [1] — dynxnponanpabe ypas-
HeHUs, KOTOphIe CBS3LIBAIOT 3HaueHde (DYHKIMM B TOUKax z U ¢°z,k =
1,2,...,n, naa wekoroporo dukcuposannoro uucaa g € C\ {0,1}. Hanee
TaKzKe mpeanosaraem, 9ro ¢ # 1 Vn € N.

Mer ucciemyeM BO3MOXKHOCTb HAXOXKICHUs PEIIeHUil aJrebpandeckux
G-Pa3HOCTHBIX yPABHEHUI, 8 TAKKE TAKUX, K KOTOPBIM MOT'YT ObITH CBEIEHBI
HEKOTODbIe ajredpandecKue g-pa3HOCTHBIE yDABHEHUsl, B Kiacce GopMaJib-
HBEIX psiioB Jfonaka [2], npuBOgUM [OCTATOYUHBIE YCIOBUS HAMMIUS TAKUX
passioxkenwit (pacmpuB PaCCMATPUBAEMBIN Kaace ypasHernii). [Ipusoaum
LpUMEPbl HAXOXK/EHUs penieHuil B Buje (Gopmasbubix p#agos lrosaka B

Ilybnukanuss moarorosjeHa B xoje paboTsl B paMmkax lIporpamMmbel dyHIaMeHTaIb-
HBIX UCCe0BaHni HalnmoHaabHOTO HCCAeN0BATEIBCKOTO YHIBEpCcHTeTa " Bhicnas mKkosa
skonomuku" (HIY BIIID).

TasmoB Huxwra BraagummupoBumt, marucrpant, craxkep-ucciaeposarens, HUIY BIITD
(Mocksa, Poccust); Nikita Gayanov (HSE University, Moscow, Russia)

TTapycuukoBa Anacrtacus BiaguMupoBHa, K.d.-M.H., IOJKHOCTH: JIOIEHT, C.H.C., HUY
BIIIS (Mocksa, Poccus); Anastasia Parusnikova (HSE University, Moscow, Russia)
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OTIPEIEJIEHHBIX CIYYasIX, & TAKYKe OIEHKY Ha CTENeHN K03(hUImeHToB pas-
JIo2keHuil B BUe psaga [lionaka gepes cremenu K03(hHUIIeHTOB HAYAILHOTO
OTpe3Ka pa3/I0KeHHd.

B wactHOCTH, MOKa3aHA CIEIYIONIA

Teopema 1. Ypasnerue
L(U)y = ZM(Z7 logq Z? y7 Uy? ctt Uny)7

ede (0y)(2) = y(gz), L(o) = >27_, ajo? — mmozouaen om onepamopa o, L #
0, M € Clz,log, 2,y, . . ., yn] — MHo20%AeH 0m n+3 nepemennuz, obaadaem
N -napamempuyeckum Gopmasvhovm pewenuem 6 eude pada Jronaxa, 20e
N — xoauvwecmeo koprel mmuozouaena L(s), xomopue umerom eud ¢, n €
NU {0}, ¢ yuémom uz xpammocmu.
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O PEIIIEHUU HEJIMHEMHOI'O MHTETPAJIBHOT'O
YPABHEHUA ®PEJATOJIBMA BTOPOTO POJA
CIIEITUAJIBHOTO BUJIA
O.B. I'epmuaep, B.H. ITomioB
o.germider@narfu.ru, v.popov@narfu.ru

VK 519.642.4

B pabore mperaraercs KOMOMHMPOBAHHBIM METOJ, I IIOCTPOECHHS
pellleHNY HeJIMHEHHBIX WHTEIDAJIBHBIX ypasHeHu# Ppenrosbma BTO-
poro pozma, B KOTOPBIX $IIPO HE SIBISETCS IJIAAKONH (DyHKIme# nByx
[IepEMEHHBIX MK CBOOO/HBIM Y/I€H MHTErPDAJIbHOIO0 YPABHEHUS MMEEeT
TOUKY Pa3pbiBa epBoro poja. C mpuMeHneHneM CUCTEMBI OPTOTOHAJIb-
HBIX HA oTpe3ke [—1, 1] mEOrOwienos Yebbmesa mepBoro poia BBITIOI-
HseTCs allIPOKCUMAlUs 4/1pa B KaK/IOH uTepaliuy MeTo/1a 110C/1e/10Ba-
TeJIbHBIX MpUOIIKeHnil. B kadecTBe TOUEK KOJIJIOKANUH BHIOUPAIOTCS
KOPDHH 3TUX MHOT'OYJIEHOB.

Karowesvie caoea: HelMHeHOE HHTETIpaJIbHOe ypaBHeHne dpearombma
BTOPOT'0 POJA, MHOTOYIEHBI 1eOBINIeBa IePBOr0 POaa, METO, KOJLIO-

Kalluif, MeTO/, 110C/Ie/I0BATe/IbHbIX HPUOIMKeHUI .
On the solution of a nonlinear Fredholm integral equation of

the second kind of a special type

The paper proposes a combined method for constructing solutions to
nonlinear Fredholm integral equations of the second kind, in which the
kernel is not a smooth function of two variables or the free term of the
integral equation has a discontinuity point of the first kind. Using a
system of orthogonal on the segment [—1, 1] Chebyshev polynomials
of the first kind, the kernel is approximated in each iteration of the
method of successive approximations. The roots of these polynomials
are chosen as collocation points.

Keywords: nonlinear Fredholm integral equation of the second kind,
Chebyshev polynomials of the first kind, collocation method, method
of successive approximations

Hesmuefitble uHTErpasibHbIe Y DABHEHUS ABJISIOTCS BaXKHBIM HHCTDYMEHTOM
g MogenmpoBanus dbusmaecknx mporeccos [1] u [2]. Paccmorpum cremy-
IOILYI0 JABYXTOUETHYIO KPAeBYIO 3a7ady, KOTOPas IPEJCTABITET OOBIION
MHTEpec B MarHUTHOH ruaponuuaMuxe [1], [3] u [4]

d?u(x)
dz?

=expu(z), 0<z<1, (1)

Pabora Bemmonnena npu (punancoeoit mogaepxxke PH® (mpoext Ne 24-21-00381).

Tepmunep Oxcana BaagumuposHa, K.d.-M.H., goneat, CAD®Y umenu M.B. JlomonHo-
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¢ rparngabiMy yeaosusamu u(0) = 0 w u(1) = 0. AmanmTideckoe perrenne
9TO ABYXTOYEUHOH KpaeBoil 3anauu uMeer Buf [3]:

=G0

IIe ¢ — KOpeHb ypaBHemms ¢ = +/2cos(c/4), mpuHamTexRamuii OTPe3Ky
[0, 7], ¢ TounocTsio mo 1070 pasmbiit ¢ = 1.3360556949.

UuTerpupys ypasuenue (1), moaygaeM CREAYIOMEe OJHOPOIHOE HETU-
HeltHoe mHTerpaabnoe ypasaenne Opearoabma BTOporo poaa [3] u [4]

u(z) = —In2+2In

u(x) — /K(m7y7u(y))dy =0, 0<z<1, (2)

rae K(z,y,u(y)) — 41p0o UHTErpasbHOrO ypasHeHus (2):

—y(l—=z)expu(y) 0<y<uz,
K(z,y,u(y) = { _Z(l —y eXEU(Z) z gz <1.

Bsogum HoBbIe TIepemennbie ¥ u y*: ¥ = 2z — 1, y* = 2y — 1. Torma
ypaBaeHue (2) mepenuieM B BHJIE

1
u(z”) — %/K(m*,y*,u(y*))dy* =0, —-1<z"<1. (3)
-1

Pemenne mATErpanbHOTO ypaBHEHWsS (3) HAXOIAM TIyTeM CBEIEHWS K
ypaBHeHHIO Tuna BosbTeppa

x* 1
* 1 * * * * 1 * * * *
ue) = 5 [ Ky - 5 [ Ky =0, (@)
—1 %

T71e
(y"+ 11— a") expu(y”)

K1($*,y*7u(y*))=— 4 )

- « ¥+ 1)(y" — 1) expu(y”
Koy uly) = — I Dexpul)

CyuiecTBOBaHNe U €IUHCTBEHHOCTD pelneHuii ypasaeruit (3) u (4) no-
ka3biBaercd B [5] u [6], coorsercrBenno. Haiinem pemenue ypasuenus (4)
METO/IOM TI0C/IEA0BATE IBHBIX IPUOINKeHuH [7]

z* 1
wi(a*) = 5/K1<x S ua (")) dy +5/Kz<x Yua @)y, (5)
—1 x*
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rae up(z*) =0 m i > 1. Tlosyunm u; METOIOM KOJIJIOKAINH C UCIOJIb30Ba-
HEeM HoJMHOMOB YelbluieBa epBoro poja [8] u KOpHelt 3TUX IOJUHOMOB
B KadecTBe TOoYeK Kosumokarmit. [Ipesacrasasem dbyukmmu K1 u K> B Buze
YACTUYHON CYMMBI PSIIa 0 TIoJIMHOMaM ebbIieBa

Ki(z", 5" uni 1 (") = Y ani1,; (@) T (y") = T(y*) A (), (6)
j=0

rae T(y*) — marpuma pasmepom 1 X n' (n’ =n+1):
T(y") =(To(y ) T1(y") .- Tua(y) Tnly")) ,

a WCKoMBble MaTpumbl Aq ;1 1 A ;1 uMeroT pasmep n’ X 1 u ompemensoT-
CdA CJIE Y IOMIM O6p330MZ Al77;_1 = (au_l,o ari—1,1---Qli—1,n—1 au_l,n)
(I = 1,2). loxncrasass kopHU moaMHOMOB UeGbiuieBa mepsoro poaa B (6)
¥ WCII0JIb3Ys CBOHCTBO KOHEYHBIX CyMM IIPOMU3BEICHUN ITUX MMOJTUHOMOB B
BBIOPAHHBIX TOYKAX KOJIJIOKAIW, HaxonuM MaTpumsl A ;1 u Ag;_1 Ha
kax o urepannn 4. lloncrasuasas (6) B (5), mosyuaeM 3HaueHust HyHK-
WU Up,i—1 B TOYKAX KOJIOKAIHI, Ha OCHOBE KOTOPBIX HAXOAUM (DYHKIIHIO
Un,i—1-

B caydae, xorma cBOGOIHBIN Y/leH MHTErPAJIBHOTO yDABHEHUs UMeeT
TOYKY Pa3pblBa [IEPBOTO POJIA, PACCMOTPUM CJIeAYIOIee HeJMHEHHOe HHTe-
rpanpHOe ypapaenue Ppearosbma BTOporo poma [4]

1
/Klya (y)dy =b(z), 0<z<1,
0

e K (z,y,u(y)) = zy\/u(y),

22 + ax :cgl,

_ 2

VT + az z> 3.
a= —10cosl+—cosi—sm 7+65in1—951ni
V2 V2 8 V2

C ucmo/ib30BaHUeM METO/1d, TOCTeTI0BATETBHBIX TPUOIUKEHUNA U TTOJIH-
HOMUAJIBHON MHTEPIOJIATNY HA KaxKJ0H u3 gacTeit orpeska [0, 1] maxomnm
dbyHKIHO U.

[TpenmokeHHBINT KOMOMHUPOBAHHBIA TIOIX0 MTO3BOJISET HAXOIUTH pe-
MI€HNsT HTETPATBHBIX ypaBHenuit Tuna Ppearosbma B OTCYTCTBHH BHITIOJN-
HEHWsI YCJIOBHUSI TJVIAJKOCTH [JIsl SAPa WHTErPAJIBHOIO yDaBHeHUs U BOIU3N
TOYEK pa3pbiBa, IPU 3TOM HEOOXOIUMAA TOUHOCTH JOCTUTAETCS HA OCHOBE
UTEPATUBHBIX AMIIPOKCUMAIAN S7Ipa W PEIeHUl HEJIMHEWHBIX WHTErPajlb-
HBIX yPABHEHUN OPTOrOHAJIBHOM CHCTEMON MHOIOWIEHOB lelbIiiesa.
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MOTION OF ANISOTROPIC SPACE CURVES INDUCED BY
THE LANDAU-LIFSHITZ EQUATION
K.R. Yesmakhanova, Z.A. Zakariyeva,
M.B. Zhassybayeva, R. Myrzakulov
kryesmakhanova@gmail.com, zaruet.zakarieva@gmail.com,
mzhassybaeva@yahoo.com, rmyrzakulov@gmail.com

YIK 517.951, 517.957

Motion of anisotropic space curves induced by the Landau-
Lifshitz equation

We study the integrable motion of anisotropic space curves induced by
the Landau-Lifshitz equation (LLE). The geometrical equivalence of
LLE to a class of generalized nonlinear Schrédinger equations is estab-
lished. Using the Sym-Tafel formula, soliton surfaces corresponding to
these dynamics are derived, highlighting the deep connections between
differential geometry and integrable spin systems.

Keywords: integrable systems, Landau-Lifshitz equation, differential
geometry, spin systems, anisotropic curves.

The Landau-Lifshitz equation (LLE) describes the nonlinear dynamics of
spin vectors in anisotropic ferromagnetic materials and is expressed as

St =S ASus +SAJS, (1)

where S = (51, S2,53) is the unit spin vector, J = diag(Ji, Jo, J3), and A
denotes the cross product. This equation is integrable and connects with
various classical equations, including the Heisenberg ferromagnet and sine-
Gordon equations under specific conditions.

The motion of anisotropic space curves associated with LLE is described
using the Frenet-Serret equations:

d el 0 kK O el
—le]=-x 0 7 e |, (2)
ds

€3 —0 —T 0 €3
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where x is the curvature, o is the geodesic curvature, and 7 is the torsion.
The dynamics of these curves are linked to the differential geometry
parameters through the system

Kt = Wiz — Twz+ owi, (3)
Or = Wy — Kwi + Tws, (4)
Tt = Wiz — OW3 + Kwa, (5)

where w; are functions involving k, o, 7, and their derivatives. This
framework reveals a strong connection between spin dynamics and the
geometry of anisotropic curves.

The nonlinear Schréodinger-like system (NLS) associated with these
dynamics is given by

iqt + ez — 27“(12 - iRlQ = 07 (6)
iy — oo +2q7° —iRa1 = 0, (7
quie — (@21 —rq12) = 0, (8)

where r = —, and Ri2 = q12: + 29q11, R21 = @212 — 2rqa1.
Additionally, the unit length Landau-Lifshitz (ULL) equation is

Si =S ASu. +SAJS, (9)

where J = diag(Ji, J2, J3) and J1 < Jo < Js, highlighting the interaction
of spin vectors under anisotropic conditions.

Teopema 1. The Landau-Lifshitz equation (1.1) is geometrically
equivalent to the nonlinear Schrodinger-like equation (8.9)-(3.11).

This work underscores the deep relationship between LLE and the
differential geometry of space curves, offering a comprehensive view of
how integrable spin systems and geometric structures are interrelated.
These findings contribute significantly to the field of mathematical physics,
especially in the study of soliton solutions and integrable deformations.
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METOA IMTPOAOJI2)KEHHOT O OTHOIITEHUSA POJIEA,
IMPUJIOYKEHN Y K JINHEMHBIM 1 HEJIMHENHBIM
3AJAYAM
S.IT1. LnpsicoB
ilyasov02@gmail.com

VIIK 517.518

Ob6cyxkmaercs Meroz poIosKeHHoro orHontenus: Pases. Meros ocro-
BaH HA WCIOJIH30BAHUYM HOBOTO THIIA BAPUAIMOHHBIX (DYHKIIMOHAIOB,
KPUTHYECKNE TOYKN KOTOPBIX COOTBETCTBYIOT pelneHusM u budypka-
[MOHHBIM TOYKAM YPaBHEHHUHN, & TaKXKe CIEKTPAJIbHBIM TOYKAM JIU-
HeWHBIX olepaTopos. [IpuMmenerne MeTo1a 6yIeT NPOWLITIOCTPUPOBAHO
Ha, HEJTUHEHHBIX yPABHEHUSX B YaCTHBIX TTPOU3BOIHBIX, TUHEHHBIX CHU-
cTeM, a TaK¥Ke KOHEYHOMEDPHBIX CHCTEMaX yPaBHEHWI, BO3HUKAIOIIMX
IpHU pacyeTe MAKCUMAJIBLHBIX JOMYCTUMBIX MOITHOCTEH HAPSIKEHUH B
snekTpuaeckmx cerax (blackout problem).

Karoueswie crosa: otaomenns Pames, budypkarnum, cOGCTBeHHBIE 3HA-
qeHus.

Rayleigh’s extended ratio method, applications to linear and
nonlinear problems

We discuss the extended Rayleigh quotient method. The method uses
a new type of variational functionals, the critical points of which cor-
respond to solutions and bifurcation points of equations, as well as
spectral points of linear operators. The application of the method will
be illustrated on nonlinear partial differential equations, linear sys-
tems, and finite-dimensional systems of equations arising in the calcu-
lation of maximum permissible voltage powers in electrical networks
(blackout problem).

Keywords: mathematics, differential equations, spectral theory.

B mokmaze obcyx)maeTcs HOBBIN MeETOHN HAXOXKJIeHUWe OmpypKanmii BeTBei
PellIeHuii CUcTeM HeJIMHENHBIX YPABHeHUH 1 COOCTBEHHBIX 3HAYMECHUN JINHEH-
HBIX OIIEPATOPOB. Bymer npeacras/ieHO KPATKOE BBEIEHNE B METO IIPOIO0JI-
JK€HHOTO OTHOoIeHud Paneda. MeTon ocHOBaH Ha HCIIOIB30BAHUHE HOBOT'O THU-
112 BapPHUAIMOHHBIX (DYHKIIMOHAJIOB, KPUTHUIECKHE TOYKNA KOTOPBIX COOTBET-
CTBYIOT peurerusM u 6udypKanmuoHHBIM ToYKaM ypasHenuil. C moMoumpsio
3TOr0 METOJa MOYKHO HaXOJUTh KaK JIOCTATOYHBIE YCIOBUSA CYIIECTBOBAHNA
Ce/IIT0-y3I0BBIX OudypKaIumii pentennii CHCTeM yPaBHEHUH, TAK ¥ BBIBOJIUTD
BapUAMOHHYO (POPMYJIy IJIs IPSMOIO MX HaxoxkeHus. lIpumenenve me-
Toma GyheT MPOMJIIIOCTPHPOBAHO HA HEJMHEHHBIX YPABHEHHUAX B YACTHBIX
NPOM3BOIHBIX, HaXOXK/eHHe KopHeil Ileppomna marpuiy, a Takxke pacdere

Unsbsacos fAsnar llaskaroend, a.¢d.M.H., rE.C., YOUILL PAH (Vda, Poccus); Il’yasov
Y.S.(Institute of Mathematics, Ufa Federal Research Centre, RAS, Ufa, Russia)
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MaKCUMAJIbHBIX ,Z[OHyCTI/IMLIX MOH_LHOCTefI HaHpH}KeHI/Iﬁ B JJICKTPUYECKUX
cersx, T.e. permerne "blackout problem".
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HEJIMHEMHBIE MO/JIbl B KBA3BUIIEPNOJNYECKNX
IIOTEHIINAJIAX
H.A. Bestoaun, I'.JI. Andnmos
d.zezyulin@gmail.com, galfimov@yahoo.com

YIAK 517.9

PaccvarpuBarorcs moxanmm3oBaHHBIE MOIBI CTAIMOHAPHOIO HEJIMHEH-
Horo ypassenus lllpenuHrepa ¢ JOLOJIHUTEIbHBIM KBAa3HUIIEPUO/IMAYE-
ckuM noreHnuaoM. C IIOMOIIBIO YUCICHHOIO MPOJOJIXKEHUS 110 HeJIH-
HEMHOMY COOCTBEHHOMY YHCJIYy ONMCAHBI 6ndypKaIim, COTPOBOK IR0~
Imye poXKJIeHNe MaJOaMIUIHTYIHBIX HeJIHHEHHBIX MO, y KpaeB JIAKYH
JAHEHHOTO CIEKTPA.

Karwwesnie ca066: KBA3UIEPUOAUIECKHE MIOTEHIINAJBI, HEJIMHEHHbIe
MOBI, OrdypKAIN.

Nonlinear modes in quasiperiodic potentials

We consider localized modes for a stationary nonlinear Schrodinger
equation with an additional quasiperiodic potential. Using the numer-
ical continuation in the nonlinear eigenvalue, we describe bifurcations
of small-amplitude nonlinear modes near the edges of the spectal gaps
of the underlying linear problem.

Keywords: quasiperiodic potentials, nonlinear modes, bifurcations.

Mpsr usygaem 0600mennoe Hemuuelinoe ypasuenne Lllpemuarepa Buma
iU, = —Wyy + volcos(2x) + cos(2px + 0)] U + U2 T, (1)

DT0 ypaBHEHHE OINNCHIBAET MAaKPOCKOIMYECKYI IUHAMUKY KOHIEHCATa
Bogze-DitamTeitna, yaep:XKuBaeMoro Cymeprio3uliieil IBYX OIMTHIECKUX JIO-
Bymek. B cooTsercrByomem dpusnaeckom KOHTEKCTE Momenb (1) m3secTHA
kak ypasuenme ['pocca-IlmraeBckoro. [as cTarmmoHAPHBIX JIOKAJIH30BAH-
HEIX MO, IOTyCKalomux npencrasienue ¥(x,t) = e *j(x), tme p € R
n (z) 10 BemecTBeHAAA DYHKIWS, YAOBICTBOPAIOMAS YCIOBUIO JIOKAIA-
sanuu: limg 400 ¥(2) = 0, ypasrenue (1) cBomurcs K Bumy

—thee + vo[cos(2z) + cos(2px 4 0)]W + ¢ = . (2)

Pabora BeImONHEHA NpH (bunancoBol mopmepxke PH® (mpoext Ne 23-11-00009).
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B mameit paboTe m3ywdaeTcsa CAyUall K6a3unepuoduyvecrKozo nomeryu-
@Aa, COOTBETCTBYIOUINN CUTYAIlMH, KOLA ¢ 9TO HPPAIMOHATILHOE HHCIIO;
napamerp 6 € [0,27) 3amaer dburcrpoBaHHBL (A3OBBIA CIBAT MEXKIY OII-
THYIECKUMH JIOBYTTKaMU, 1 K03 durment vy > 0 33/1aeT aMIUINTYLy KBa3W-
HePHOIAIECKOro TOTeHIHaIa. Kybuaeckmii wren ¢° cooTBeTCTBYyeT Hern-
HEHHBIM B3aMMO/IEHCTBHAM MeXK Iy aTOMaMu KOH/eHcaTa. be3 Hero 3amada
CTaHOBUTCS JIMHEIHOIA.

B T0 Bpems# Kak IIOJIHOCTHIO OMMCATH MHOXKECTBO JIOKAJIM3OBAHHBIX MOJ,
[IOKa He IMPEJCTaB/IAETCA BO3MOMXKHBIM, B 3TON paboTe MBI pacCMaTpuBaeM
0oJTee TACTHYIO 33,09y, & IMEHHO, N3yvaeM BOSHUKHOBEHNE MAJIOAMILIATYI-
HBIX perneHuil (To ecTb || < 1) npu onpesesIeHHBIX 3HAYEHUSX IapaMeTpa
4, KOTOPBIE COOTBETCTBYIOT KPasIM IeJIel B CIIEKTPE COOTBETCTBYIOIIE JIu-
HeHOU 33 1a4n.

3agada IpencTaBisieT OCOOBIM HMHTEpeC [0 cienyomeit mpuanne. V3-
BECTHO, 9TO JIMHENHHBIN CHEKTD YHUCTO IMEPUOIUYECKUAX HOTEHIIHAIOB MOKET
OBITH TIOJTHOCTHIO OMHCAH C MOMOINBIO Teopun Pioke-JIsmyHoBa, a BO3HUK-
HOBEHWE HEJMHEHHBIX MOJ B MIEAaX (JAKYHAX) TePUOMTUIECKUX TIOTEHITU-
aJIOB JIOCTATOYHO XOpomo u3ydeHo. OHAKO JMHEHHBIA CIIEKTD KBa3WIIEe-
PHO/IAYECKOr0 TIOTEHIMAA, YCTPOEH Topas3no GoJee CIoKHBIM obpasoM [1-
3]. O ne momuunsiercs teopeme Pyoke, umeer HPAKTAILHYIO CTPYKTYDY
7, BOODIIe TOBOPSI, BK/IIOYAET KaK YKCIOHEHIINAJIBHO JIOKAIN30BaHHbBIE CO0-
CTBeHHBbIC (PYyHKIAN (B HUKHEH 9aCTH CTIEKTPa), TaK W TEI0KATA30BAHHBIE
cobcreenrble GyHKIMHU (B BEPXHEH WacTH CIEKTpa). B pesysmbrare KapTu-
Ha 6udypKaImii MeX Iy TUHEHHBIMU 1 HEJIMHEHHBIMU MO/IAMU OKA3bIBAETCS
0COBEHHO CJIOXKHOM M IIOKA He 0 KOHIA M3YyIeHHOMH.

3azaua pacCMaTpUBAETCH C MOMOIILIO ITOJIXOMA, OCHOBAHHOTO Ha, HC-
[TOJIB30BAHUU PAUUOHAADHOZO NPUOAUNCEHUA: TIPH STOM HPPAIMOHAIBHOE
HCII0 ¢ HpubaMiKaeTcs OOBIKHOBEHHOH Ipo0bio: ¢ & p/q, Tue p U ¢ 310
B3aHMHO IIPOCTBIE IeJIble 9HCIA. B Halmeil paboTe HUCIIOIb3YeTCs MpPpPaIii-
OHATBHOE YHCTO (, PAaBHOE 3070TOMy ceuenmio @ = (1 + 1/5)/2 ~ 1.618.
Torga mocsie0BaTEIBHOCTD ONTUMAJIBHBIX IPUOIMZKEHUI YLy duIaionieics
TOYHOCTH 33,/1aeTCsl OTHOUIEHUSME CoceqHuX tmnces PuboHaxn:

55 89 144
347 557 897
BaMeraa auc/o ¢ aApodbIo p/q, MBI CBOIMM ypaBHeHHE (2) K nepuoduteckol
3a/1a4e, T/Ie TIePUO, PaBeH T¢. DTa 3373498, JOTIOTHAETCA TIePUOTTISCKAMIA
rpaHuaHBIME yesosusivu ¢ (—mq/2) = Y (rq/2).

CdopmymmpoBannas TakuM 00pa30oM 33/a4a PENrajach IHUCTEHHO, U
n3yJasnch OmdypKauyM HEJIUHEHHBIX MO, BO3HUKAIONIAE TIPH TIOCTEIIEH-
HOM HW3MEHEHUW HEJTUHEHHOTO COOCTBEHHOTO YHCIA (. PaccMaTpUBAINCH
HeJIMHEHHbIE MOJIbI, (GOPMUPYIOMMECA B IMENIX JUHEHHOrO CIEKTDPA, T
BO30yK/IEHVE JIMHEHHBIX MO TIOJABJIEHO W B PE3YJIBTATE HEJMHEHHBIE MO-
JIbI OKA3BIBAIOTCA HAMOOIEE YCTONIUBLIMA.

BameTnM, YTO, HECMOTps Ha NEPUOJWYIECKHE T'DAHUTHDBIE yCIOBUS,
copMyMpOBaHHAS 3371498 TO3BOJISET AJEKBATHO OIMCATH HEJMHEHHBIE
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MOJIBI, XOPOIIO JIOKAJN30BAHHBIE BHYTDPH MPOMEXKYTKa [—mq/2,mq/2], Tak
KaK JJIf TAKUX PEIIeHUH PA3HUNA MEXIYy IePUOLUMTIeCKUMN M HYJIEBBIMH
rPAHUYIHBIMU YCJIOBHSAMHU IIPEHEOPEKMMO Maa.

OcHOBHBIE pe3yAbTATH HaIMEl paboThl MOXKHO OIHCATH CJIETYIOINM 00-
pa3oM. YCTAaHOBJIEHO, YTO BO3HHKHOBEHHE CeMeUCTB HeJIWHEHHBIX MOJ Yy
Kpasl CIEeKTPaJIbHOM IeIM MOYKET CJIeI0BATh PAa3J/IMIHBIM CIIEHAPUAM B 3a-
BUCHMOCTH OT CTPYKTYDHI CIIEKTpPa BOIN3M STOTO Kpasi, a TaK¥Ke B 3aBUCH-
MOCTH OT CTEIIeHH JIOKAJIM3AIINN JIMHEHHBIX COOCTBEHHBIX (DYHKITI BOIH3H
6udypkaruu. Ilpu yBenmnaennn HesmHEHHOT0 COOCTBEHHOTO 9HCA, [t TTAPDHI
YeTHBIX W HEYETHBIX MOJI, BOSHUKAION[NE B CHMMETPUTHOM CJIy9ae TP Hy-
snesoM casure 6 = 0, MoryT mperepneBarh 6udypKaluy I0TepU CUMMETPUAN
THIIA «BUJIKA», B PE3Yy/IbTaTe KOTOPHIX BOSHUKAIOT HOBBIE CEMENCTBA HECUM-
MeTPUYHBIX pemreHuil. pyroit crierapuii popMIpOBAHIS HEJMHEHHBIX MO,
3aKJII0YAETCH B BOSHUKHOBEHUN DU YPKAIMY THUITA «CEJIO-Y3€eJI», B PE3YJlb-
TaTe KOTOPOI ONHOBPEMEHHO POXKIAeTCs I1apa HOBBIX cemeiicTB. Budypka-
MY TIOCJIETHETO THIIA, CTAHOBATCS HambOJIee TUIMYHBIMU B CJIydae, KOTIA
PACCMATPUBAETCA ACMMMETPUIHBIA CJIyHdail ¢ TPOU3BOJBHBIM (HEHYJIEBBIM )
dazosbiM capurom 6 # 0. B sToM ciiydae BOSHUKHOBEHUE JIOKATN30BAHHBIX
MO/ B CIEKTDPAJIbHBIX IIeJIAX MPOUCXOIUT B pe3yabTare Kackamga oudypka-
U «CeMJIO-y3esI».

Hamu pe3ysnbpraThl m03BOIAIOT OOHAPYXKUTH OOIMHE 3aKOHOMEPHOCTH,
COTIPOBOKTAIONIVE BOSHUKHOBEHHE MAJIOAMIIIUTY/IHBIX HEJIMHEHHBIX MO, ¥
YKa3BbIBAIOT HA B3aUMOCBA3b MEXK/1y (PPAKTAIBLHBIM JIUHEHHBIM CIEKTPOM KU
CJIOJKHO YCTPOEHHBIM MHOKECTBOM JIOKAJIM30BAHHBIX HEJIHHEMHBIX COCTOSI-
HII.
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O CTOXACTUYECKNUX YPABHEHUNAX
KJIEMHA-TOPJIOHA I CUHYC-TOP/IOHA
E.N. 3oToBa
zot-kate83@yandex.ru

YAK 517.518

Wccnenosansr ypasuenus Kireitna-I'opaona ¢ mpocTpaHCTBEHHBIM IITy-
MOM B BUJIE CTOXaCTUYeCKUX uHTerpastos. Ocoboe BHUMAHME y le/1seT-
cs ypaBHeHusM cunyc-l'opnona n gsoitnoro cunyc-l'opmona. Cdopmy-
JINPOBAHBI TEOPEMBI, IIO3BO/ISION[NE CTPOUTH AaHATUTHIECKHUE PENIEHUST
nng ypasaenunsa Kuneitra-I'opiona ¢ mymoM.

Karouesvie caosa: Ypasnenue Kieiina-l'opnona, ypasrHeHue cuayc-
Topmona, ypaBuenne npoitroro cunyc-l'opnona, croxacrudeckue nud-
depeHIMaIbHBIE YPABHEHUSA B YACTHBIX IMPOU3BOIHBIX, CAMMETPHUY-
HBII MHTErpaJ, cToxacTuieckuili narerpas CTpaToHOBUYA.

On stochastic Klein-Gordon and sine-Gordon equations

The Klein-Gordon equations with spatial noise in the form of stochas-
tic integrals are investigated. Particular attention is given to the sine-
Gordon and double sine-Gordon equations. Theorems are formulated
which allow for the construction of analytical solutions to the Klein-
Gordon equation with noise.

Keywords: Klein-Gordon equation, sine-Grodon equation, double
sine-Grodon equation, stochastic partial differential equations, sym-
metric integral, stochastic Stratonovich integral.

IIycts Ha, GbUIBTPOBAHHOM BEPOATHOCTHOM POCTPAHCTBE
(2,7, (Fz)acpo,x], P) saman F-m3mepumbrit cywaiinsiit mpomece V().

Uccnenyerca 3amava Komm mia croxactudeckoro ypasHenus Kieiina-
lopmona Buma

w(at) = 0.0 = [ gluly.0) Vo)
u(z,0) = p(x), u(z,0)=v(z), (z,t)€0,X]x RY,

(1)

rae g(u) — mekoTopas HesmHEHHAS QYHKINA, & HHTErPAJ B IPABON 9aCTH —
cummerpuuHbIii nHTerpas [1] mo nponeccy V(z). Ecom V(z) sBasiercs Bu-
HEPOBCKHUM ITPOTIECCOM, TO CHMMETPUYHBIH MHTErpaJj COBIAIAET CO CTOXa-
cruaeckuM mHTErpasiom Crparonomaa. B ciaywae rmagkoit dynknmn V()
ypasaerue (1) MOXKHO 3aIUCATh B BUAIE

Uzt = g(u) V' (x).

3oroBa Exkarepuna Wropesna, YYHuT (¥Yda, Poccusa); Ekaterina Zotova (Ufa
University of Science and Technology, Ufa, Russia)
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Homoxnm F(u,a) = /[ g(z)dz, tne a — HekoTOpas KOHCTAHTA,

a
1 _ 1

BBeneM obosuadenue [F(u,a)]” " = T

—1

Teopema. [Tycmo [F(u,a)]”" — 40K@ABHO CYMMUDYEMAA PYHKUUA TO
nepemennot u. Pewenue 3adavwu Kowu 0as cmoracmuneckozo ypasHenus
Kaetna-Topdona (1) onpedensemca us coommnowenus

+ /bu [F(z,a)] " dz = V2C-1(Ct 4+ V (x)), (2)

20e C' u b - xoncmanmoi, onpedessemve Ha4GADHHLMU YCAOBUAMU.

Sameuanune. [Iycmv daa sadawu (1) eepno, wmo g(u) = sin(u), u €
(0,27), cos(a) = 1. Tozda dan cmozacmuseckozo ypasherua cunyc-I'opdona
C MPOCMPAHCTNEEHHBIM ULYMOM

we(z,t) — (0, 1) = / sin(u(y, £)) AV (y)
0
pewenue (2) exarouaem 6 ceba Kunxoobpaznoe peuwsenue

u(z,t) = 4arctan(exp(£vVC—H(Ct 4+ V(z)) + 7)),

2de C, v — Koncmanmot.

B pabore Takxe mcciaemoBanbl ypasmenme Kneitra-I'opmona co ciy-
JalfiHo#i $a30BOil CKOPOCTHIO, 3ABUCAIIEN OT IIPOCTPAHCTBA, W YPABHEHHE
ABOHMHOTO cuHyc-1'0pIoHA ¢ pasiMYHBIM BO3/efiCTBHEM IIPOCTPAHCTBEHHOTO
myma. B ciygasx ypasmenmii cumyc-lopmona m gsoitaoro cmmyc-T'opmona
VIAeTCs BBIIEIATh KHHKOOOPA3HbIE PEIIeHN!sI.

Jlnteparypa
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JINMHAMUKA KNHKOB YPABHEHUI CUHYC-TOPJIOHA
" ¢* C MIPOCTPAHCTBEHHBIMU HEOJHOPOJHOCTIMMN
J.K. Kabanos,

E.I'. ExomacosB,K.FO. CamconoB,M.V. ®axpeTJIuHOB
danya.kabanov.95@mail.ru, ekomasoveg@gmail.com,
k.y.samsonov@gmail.com, fmil06tf@gmail.com

VK 530.182.1

B pabote Gbuiu paccMOTpeHbl ypapHenus cunyc-Loprona u ¢t B Mo-
JeJIN ¢ IBYMd W TPeMs TOYEUHBIMU U TIPOTIAKEHHBIMU MTPUMECTMHA.
Yuc/ieHHO UCCIe0BaHA BO3MOXKHAA JUHAMUKA KUHKOB, HARIEHBI pas3-
JIMIHBIE THUIIHI JOKAJIM30BAHHBIX Ha IIPUMECIX BOJIH.

Kuaoueenie crosa: ypaBHeHme cuHyc-IopnoHa, ypasHeHme ¢, KHHK,
Opu3zep.

Dynamics of kinks of sine-Gordon and ¢* equations with spa-
tial inhomogeneities

The work considered the sine-Gordon and ¢* equations in models with
two and three point and extended impurities. The possible dynamics
of kinks are studied numerically, and various types of waves localized
on impurities are found.

Keywords: sine-Gordon equation, ¢* equation, kink, breather.

HWccmenoBanne HeAWMHEHHBIX BOJTHOBBIX IIPOIECCOB, OMUCHIBAEMBIX yDaBHE-
nusivm tuna Koeiitna-Topaona (YKI), siBastercss BaKHOH 00J1aCTBIO TeO-
peTuveckoil u MareMaTHdeckoil dusuku. B wacTHOCTH, ypaBHEHNE CHHYyC-
Topnona u Mozens ¢* npencrasisor co6oit 3uaumMere npumepsl YKT, Ko-
TOpBIE TIO3BOJIAIOT UCCJIEOBATH JIOKAJIN30BAHHBIE BOJTHBI — COJIMTOHBL M UX
B3aHMOZEICTBYS, BOSHUKAIOINE IIPY MOJE/INPOBAHNN PA3IUIHBIX (hu3mtie-
CKWX SIBJIEHHI OT KBAHTOBBIX CHCTEM 110 KOCMoJsornum [1,2].

Jna Gosiee TOYHOTO OmHMCAHUSA (DUIMUIECKUX CHCTEM YacTo Tpebyercs
mommdukarmst Y KI', koropas moxer Briodarh B YKI' momosauTebHbIe
YJIEHBI, YYUTHIBAIOIIYE BIAWSHUE BHEITHUX II0JI€H U CUJI, YIEHBbI ONKUCHIBA-
olye TOTepH SHEPrUu B CHUCTEMe M HEeOIHODPOIHOCTH cpenbl. Heomuopos-
HOCTBH CpeIbl MOXKeT OBITh yUTeHa Iepe3 MPOCTPAHCTBEHHBIE 3aBUCUMOCTH
B K03d durpenrax ypaBHeHUs, TAK HA3bIBAEMbIE IIPUMECH.

B marmeii pabore GBI pacCMOTpeHb! ypapHerns curyc-Loprona u o B
MO ¢ OBYMSI M TPeMsi TOUeYHbIMU U IPOTSKEHHbIMU HpuMmecamu [3,4].

Kabaunos Janunn Kouncraurunosud, mar. 1 r.o. ®THU, YYHuT (Vda, Poccus); Daniil
Kabanov (Ufa University of Science and Technology, Ufa, Russia)

Ekomacos Esprennmit I'puroppesmd, a.d.-m.H., nmpodeccop, YYHuT (Vda, Poccus);
Evgenii Ekomasov (Ufa University of Science and Technology, Ufa, Russia)

Camconos Kupuni FOpoesut, k.b.-M.H., goueHT, TioMeHCKHH TOCYAAPCTBEHHEIH YHE-
Bepcurer (Tromens, Poccus); Kirill Samsonov (Tyumen State University, Tyumen, Russia)

Qaxperauros Mapar Upekosud, x.¢.-m.H., gonert, Y YHuT (Vda, Poccus); Marat
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YncmeHHO MCCIeN0BaHA BO3MOXKHASA JUHAMNKA KMHKOB, HAM/TeHBI Pa3JINd-
HbI€¢ TUIIBL JIOKAJIU30BAHHBIX Ha IIPUMECAX BOJIH.

C IIOMOIIBbIO METOJa KOJIIEKTHUBHBIX IIE€PEMEHHBIX OBLIO IIOKa3aHO, YTO
33Ja49y O AUHaAMWKE JIOKAJIM30BaHHBLIX BOJIH Ha TPUMECAX MOXKHO npe06—
Pa30BaTh B 3373y O CBA3AHHBIX OCIMJUIATOPAX C HEJIMHEHHOH CBA3bi0. B
pe3ysIbTaTe UCCJIEIOBAHUN O0HAPYKEHO, UTO MPOTAKEHHAS IPUMECH BEJIET
Ceﬁﬂ AHAJIOTUYIHO U3BECTHHBIM TOYCYHBLIM TIPpUMECAM, KOTOPHhIE OMNUCHIBAIOT-
cs ¢ IOMOINBIO denabra-dyuknnu. Takske ObLIa OnpeeeHa CTPYKTYpPa U
AUHAMHAYIECKHUE XaPaKTEPUCTUKH JTOKAJIU30BaHHBIX HeJIMHENHBIX BOJIH, KaK
COJINTOHHOTO, TaK ¥ GPU3EPHOTO THUIIOB.

JIuteparypa

1. Cuevas-Maraver J., Kevrekidis P., Williams F. The Sine-Gordon
Model and Its Applications: From Pendula and Josephson Junctions to
Gravity and High-Energy Physics. — Springer Cham, 2014.

2. Keuvrekidis P., Cuevas-Maraver J. A Dynamical Perspective on the
©* Model: Past, Present and Future. — Springer:Berlin, 2019.

3. Camconos K.IO., Kabanos /I.K., Hasapos B.H., Exomacos E.I. Jlo-
KaJIM30BaHHBbIE HEJIMHEHHbIe BOJHBI ypaBHEHUs! CHHYC-I'OpIoHa B MO
¢ TpeMmd NpOoTaKeHHbIMU npuMecamu [/ KoMIbOTepHbIE NCCIEI0BAHNST 1
monemposanme, 16:4 (2024), 855-868.

4. Fakhretdinov M.1., Samsonov K.Y., Dmitriev S.V., Ekomasov E.G.
Kink Dynamics in the ¢? Model with Extended Impurity // Rus. J. Nonlin.
Dyn., 19:3 (2023), 303-320.

192



METOA MAJIOTO ITAPAMETPA B TEOPUUA
HEJIMHEVHBIX 9BOJIIOIIMOHHBIX YPABHEHU TUIIA
BIOPTEPCA
B.A. Kauamos, /1.A. MacJjoB
vikachalov@rambler.ru, maslovdma@mpei.ru

YIK 517.956

B nannoit pabore pa3zBuBaeTCs aHAJUTHYECKHN METOJ PEIIEHUS BO-
JTIOIMOHHBIX ypaBHeHMil Tuma, Bioprepca B 6aHAXOBOM ITPOCTPAHCTBE.
A, UMEHHO, TI0C/Ie UCKYCCTBEHHOTO BBE/ICHUS B yPABHEHUE MAJIOTO I1a-
paMeTpa IIpHU HEJMHEAHOM CJIAraeMOM OIIPEJIESIOTCS YCAOBH, [IPU
KOTOPBIX CYH[ECTBOBYET AHAJUTUYIECKOE II0 STOMY [apaMeTpy pelre-
HUE.

Karveswvie caosa: 3BOMIOIMOHHAS 3a7ata, ypaBHEHHMe DBioprepca, e-
peryjagapHOe pelieHue.

The small parameter method in the theory of nonlinear evo-
lutionary Burgers type equations

In this paper the analytical method for solving evolutionary Burgers
type equations in a Banach space is developed. A small parameter is
artificially introduced into the equation to the nonlinear term. The
conditions for existing the analytical on the small parameter solution
are deduced.

Keywords: evolutionary problem, Burgers equation, e-regular solu-
tion.

IIycTs B 6anaxoBom mpocTpaHcTBe F 331aHa HadaIbHA 3339 [IJIs yPaB-
HeHus THIa Broprepca:

Owu+ eB(u, Hu) = Au, t € (0,77,
0 (1)

u’t:OZ u
rne A m H — jmmneiiHble oneparopbl; B — GmmHEHHBIH onepaTop.
IycTs mng 3amaam (1) BEIMONMHAIOTCS YCIOBU:
1°. Omeparop A : E — E — HEOrpaHWIEHHBIH 3aMKHYTHIMH.
2°. Oneparop A sBisiercsi MHPUHATE3NMAJBLHBIM TEHEPATOPOM CHJIBLHO
HenpepbIBHOM moryrpyrmst U(t).
3°. BunmHERHBIH onepaTop B aBAsSeTCs OrpaHWYeHHBIM.

Pabora Bemmonnaena npu (unancoeoit mogaepxke PH® (mpoext Ne 23-21-00496).

Kawasos Bacwmmit Usamosmdu, n.d.-M.H., 3aBeayromuii xadegpoit, HUIY MOOU
(Mocksa, Poccus); Vasiliy Kachalov (National Research University MPEI, Moscow,
Russia)

Macsos JImurpuii AnekcanapoBud, K.T.H., gorent, HUY M9OW (Mocksa, Poccus);
Dmitry Maslov (National Research University MPEI, Moscow, Russia)
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Bynem nckath pemrenne ypasHenus (1) B Bumge ¢popMaahHOTO psifa 1Mo
CTeIleHAM MaJIOTo HapaMeTpa:

u'(t,e) = uo(t) +eur(t) + ...+ un(t) +....

Ecnwm pan (2) moacraBurs B ypasuernue (1) m mpupasuaTh k03¢ Gurmen-
TBI IIPU OIMHAKOBBIX CTENEHHAX £, TO MOy IUTCH CIAEIYIONAsd CEPAs 33,0

druo = Auo, uol,_,=u’,

8tu1 = AU1 — B(U,(),I‘I’uo)7 u1| —o—

n—1
Orun = Aup — Z B(uk,Hunfkfl)a un} —0—
k=0

Onpeaenenwe. Ecmm pan (2) ¢ xosddummentamm, onpeaeigeMbMu
n3 cepmu (3), cxoqmres pasHOMepHO HA oTpeske [0, 1| B HEKOTOPO# OKpecT-
moctu Touku € = 0, T0 ero cymma u' (t,€) HA3bIBAETCA E-PEryJISPHBIM De-
menneM 3anaau Komn (1).

Teopema 1. Ecau H — neozparuvennn samrrymoil onepamop ¢ 06-
aacmoto onpedeaenus Dy D Da, ewnoanenens, ycaosua 1° — 3° u onepa-
mop A umeem nenpepuiensili 06pamnelll ONEPAMOP, MO E€-PELYAAPHOE De-
wenue u” (t,€) cywecmeyem, eduncmeenno u cosnadaem ¢ mowhvim peuie-
nuem u(t, ) sadaywy (1).

Teopema 2. Ecau H — o2parusennnil 0Nepamop u binosHEHEHbL YCAo0-
eua 1°—3°, mo e-pezyaapnoe pewenue u' (t,€) cywecmeyem, eduncmeeno
u cosnadaem ¢ mounovLm pewenuem u(t, ) sadawu (1).

B paborax [1], [2] uccnenoBanocs npubaurkenue TOYHBIX PeIIEHUH 9BO-
JTIOTIMOHHBIX 33/ E-PeryaapHbiMu. B ToM umcse, ecmm B 3amaqe (1) H —
HEOIrPAHMYEHHBIH 3aMKHYTBIH omeparop ¢ 00sacteio onpenesnerans Dy D
D4 w BBITIOSTHEHBI TOMBKO yeaoBua 1° — 3°) To €€ penreHme MOXKHO TIPH-
6JIM3ATEH E-PeryssSpPHBIMEA PenteHusMHu 33724 (1) ¢ moc/Ie0BaTeIbHOCTHIO
OTPAaHIYIEHHBIX O1epaTopos {Hpm }pe—1, CAIBbHO cxoagamuxcd K H.
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JIOKAJIBHOE PEHOPMAJIN30BAHHOE PEIIIEHUE
QIIVINIITNYECKOI'O YPABHEHMN S C ITIEPEMEHHBIMNA
IIOKA3ATEJIAMM B IIPOCTPAHCTBE R"

JI.M. Ko>xeBHuUKOBa
kosul@mail.ru

YIK 517.956.25

B pabore paccmarpuBaercs KBa3WIMHENHOE SJUTHITHIECKOE ypaBHE-
HUe BTOPOTO HNOPAIKA C IIepeMeHHBIMU ITOKa3aTe s IMI HeJIUHeHHOCTel
¥ CyMMHUPYeMO# MIpaBoil YaCThIO. YCTAHOBJIEHO CBOMCTBO YCTOMYM-
BOCTH JIOKAQJIBHBIX DEHOPMAJIN30BAHHBIX PELIeHHUIl PAaCCMaTPUBAEMOrO
yPaBHEHHs B IIpOM3BOIbHOMN obmactu. Kak ciencTsue 1oKazaHo cyuie-
CTBOBAHME JIOKAJBHOTO PEHOPMAJIM30BAHHOTO PEIIeHUs BO BCEM IIPO-
crparcree R”.

Karouesnie caosa: KBa3wivHENHOE JUIMNITHYECKOE yDABHEHUE, CyIle-
CTBOBaHUE DEIIeHNs, JIOKAJILHOEe DEHOPMAJIN30BAHHOE DElleHye, mepe-
MEHHBI! TTOKa3aTe b, HEOrPAHUIEHHAS 00JIaCTh

Local renormalized solution of an elliptic equation with vari-
able exponents in the space R"

The paper considers a quasilinear elliptic equation of the second or-
der with variable exponents nonlinearity and a summable right-hand
side. The property of stability of local renormalized solutions of the
considered equation in an arbitrary domain is established. As a con-
sequence, the existence of a local renormalized solution in the entire
space R™ is proven.

Keywords: quasilinear elliptic equation, existence of the solution, local
renormalized solution, variable exponent, unbounded domain

[lonaTme pEeHOPMA/M30BAHHBIX PENICHUI ABISAETCS MOUIHBIM HHCTPY-
MEHTOM /I M3YYE€HUs NMHUPOKUX KJIACCOB BBIPOKTAIONIMXCHA SILIAITHIE-
CKWX yPABHEHWH ¢ JAHHBIMU B BUJIE MEPBI. 1lepBOHAYAIBHOE ONIPEIETCHIE
npuseseHo B pagore [1] u pacupocrpaneno M.®. Buno-Bepon [2] B okamns-
HYIO W OY€Hb IOJIE3HYIO (OPMY sl YPABHEHUSA C P-JIAIIACHAHOM, ITOTJIO-
meHreM 1 Mepoit Pamona p:

—Apu+ulfPu=p, pe(l,n), 0<p—1<po. (1)

B wactHoctu, M.®. Buno-Bepon mgokazaja cyniecTBOBaHHE B ITPOCTPAH-
crBe R" JI0KaJIbHOTO PEHOPMAJIN30BAHHOIO PEIEHUs YPaBHEHUS (1) cue

Ll,loc(]Rn)~

Koxesuukosa Jlapuca MuxaitiosHa, 1.¢db.-M.H., npodeccop, C® YVHuT (Crepanra-
mak, Poccus); Larisa Kozhevnikova (Sterlitamak Branch of Ufa University of Science and
Technology, Sterlitamak, Russia)
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B JOKJIaZIe TOHATUE JIOKAJIbHOTO PEHOPMAaJIM30BAHHOTO DEITEeHUdA alall-
TUPYETCId Ha YpaBHEHUE C IIEPEMEHHBIMU IIOKa3aTe/IAMU POCTa:

—diva(x, Vu) + b(x,u,Vu) = f, x€Q, f € L1,10c(Q), (2)

rae obmacte 2 C R™, n > 2, MOXKeT 6bITh HEOTPAHUIEHHOH (B TOM HHCJIE
n coBnagath ¢ R™).
Ycnosue P. llpemnonaraem, 9to GyHKITHI

a(x,s) = (a1(x,8), ..., an(x,8)) : 2 x R" — R"™,

b(x, s0,8) : @ x R™ - R,

BXOJguMe B ypasHeHue (2), kapareogopuesbl. Ilycrb cymecrByoor HeoTpu-
naresbHasgs QYRS D € Ly () 10c(§2), monoxkuTeLHBIE UMCTA G, @ TAKUE,
4qro npu 1.B. X € {2, an4a Beex s,t € R" crnpasenmeBbl HEpABEHCTBA:

a9 <@ (I8P + @)

(a(X7 S) —a(x,t)) : (S—t) > 07 S#t;
a(x,s) - s > als[P™.

n
Bnecb st = siti, s =(81,...,8n), t = (t1,...,tn).

i=1

Kpome Ttoro, mycrs cymectByeT HeorpuiiarenbHas ¢yrkmus Py €

L1,16c(©?), menpepripras HeyGrBatomas Gynxmms b : RT — R, monoxm-
TeJIbHOE YuCjI0 by Takuwe, 9To mpu I.B. X € (), myas Bcex so € R, s € R”
CIIpaBeJINBb HEPABEHCTBA!

|b(x, s0,8)| < 3(|50|) ((I)O(X) + |S|p(X)) ;

b(x, 50,5)s0 > bolsol"***, p(-) =1 < po().

TIpu sTom mpesmosaraem, uro ¢ymakmum p,po € C(Q) u p mogumHseTCH
YCJIOBHIO

3C>0:[p(x) =PI < —mpypy XY EQ x—y[ <35,

L<p-<py<n, p-= il;%p(XL p4+ = sup p(x).
x xEQN

Cnenys [3], [4], BBemem oGoznauerns: qo(-) = pp?, () = q(??'()llp(')7

02() = 281 (), g5() = 2O qu() = 2205 (), tae py = Py
HyCTb BBIIIOJIHEHO OOIIOJTHUTEIbHOE yCIIOBI/Ie

p(:) =1 <qo().
Torsa MO:KHO oIpeeuTh g () = %.
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Omnpenenmm cpesky T (r) = max(—k, min(k,r)). Yepes Lip,(R) obo-
3HAYUUM IIPOCTPAHCTBO BCEX JIMIIIUIIEBBIX HENPEPBIBHBIX (MYHKIMK HA R,
IIPpOU3BOAHadA KOTOPBIX UMEET KOMITAKTHBIF HOCHUTEb.

Ounpenenennie. Hamepuman KOHEUHAA NOYMU 6C100Y HYHKYUA U :
Q — R He3b64eMCA AOKAADHOM DPEHOPMANUSOBAHHBIM PEULEHUEM YDAG-
nenua (2), ecau 6unNOANAOMCA CACOYIOULUE YCAOBUA:

a) Tx(u) € Wz,l(%loc(Q) npu aobom k > 0;

b)  b(x,u, Vu) € L1 10c(Q);

o) Va7t e Lg()10e(2), 1 < q() < g2();

d) a7t € Lygya0c(@), 1< () < aa();

daa ar0boi Pynryuu h € Lipy(R) u awboll gynryuu ¢ € WS(A)(Q), () > ¢5 (),

o 1
€ KOMNAKMHoM Hocumesem maxotl, wmo ph(u) € Wy (), umeem:

/(b(x7u, Vu) — f)h(u)edx + / a(x, Vu) - (Vuh'(u)e + Vh(u))dx = 0.
Q Q
ABTOPOM YCTAaHOBJIEHO CBOHCTBO yCTOWYHMBOCTH JOKAJILHBIX PEHOPMA-
JIM30BAHHBIX PENTeHunii ypasHerus (2).
Teopema 1. IIycmo nocaedosameavnocms dynxuyut {feleen C
L110c(R2) czodumea cuavno % f 6 Li11oc() u {ue}een nocaedosamenn-
HOCTD AOKGADHBLT DEHOPMAAUIOEAHHHLT PEUWEHUT YPAEHENUA

—diva(x, Vue) + b(x, ug, Vug) = fe, x € Q.

Tozda ¢ mounocmovro do NodNocaedo8aMEALHOCTNY Us CTOOUMCA NOYMU
6ctody 6 Q K u — AOKAGADHOMY DEHOPMANUSOBAHHOMY PEUWEHUI YPABHEHUS
(2).

CrencrBueM pe3y/IbTaTa yCTONUMBOCTH ABJISIETCS TEOPeMa CyNieCTBOBa-
HUS.

Teopema 2. ITyemv f € Li1oc(R™), mozda cyuecmeyem aoxasvroe
DPEHOPMAAUI0BAHHOE Peulehue ypasrenua (2) 6 R™.

JIuteparypa

1.Dal Maso G., Murat F., Orsina L., Prignet A. Renormalized solutions
of elliptic equations with general measure data // Ann. Scuola Norm. Sup.
Pisa Cl. Sci. (4), 28:4 (1999), 741-808.

2. Bidaut-Véron M.-F. Removable singularities and existence for a
quasilinear equation with absorption or source term and measure data //
Adv. Nonlinear Stud., 3:1 (2003), 25-63.

3. Koorcesnurosa JI. M. PeHopManu30BaHHBIE DENIEHUd 3JIIANTIUE-
CKHUX ypaBHeHI/H;'I C IIEPEMEHHBIMU IIOKa3aTe/JIAMU U JaHHBIMU B BUE O6H_[ef/.1

mepsr // Marem. ¢6., 211:12 (2020), 83-122.

197



4. Sanchén M., Urbano J.M. Entropy solutions for the p(z)-laplace
equation // Transactions of the american mathematical society, 361:12
(2009), 6387-6405.

198



INTRINSIC LOCALIZED MODES IN DNLS-TYPE
EQUATIONS WITH COMPETING NONLINEARITIES
II.A. Kopuarun, ®.X. A6aynmaaes I.JI. Audumos,
olimp-pako@yandex.ru, fatkhulla@yahoo.com,
galfimov@yahoo.com

YIK 517.9

PaccvarpuBaiorcs 0606meHNa TUCKPETHOTO HEJIMHEHHOTO YPABHEHUS
IIpenunrepa ¢ HEIUHEHHOCTHIO, TIPEJICTABICHHOMN IBYMS CTEIIEHHBIMU
YIeHAMM, UMEIONINMY pa3Hbe 3Hakn. Vccaenyercs: ycTofanBocTh J1o-
KaJIN30BAHHBIX PEMIETOYHBIX MOJ, a TaK¥Ke X 0ndypKanum mpu n3me-
HEHUd MapaMeTpa CBA3U. BhIIe/IeHbl HEKOTOPOE CBONCTBA STUX HEJIN-
HEHHBIX MOJ, ABJIAIOIIAECS OOIMUMHU JIJIA BCEX PACCMOTPEHHBIX HEJIH-
HeWHOCTeN JTaHHOTO TUTIA.

Karowesnie caoea: HeTMHEHBIE MOIBL, OudypKRAIN.

We consider generalized discrete nonlinear Schrédinger equation with
nonlinearity in the form of two powers that have opposite signs (so
called “competing nonlinearity”). We study the stability of localized
lattice modes and their bifurcations that occur when the coupling
constant varies. It is shown that some properties of these modes are
commun for all the nonlinearities that have been considered.

Keywords: nonlinear modes, bifurcations.
Consider the lattice equation

;4Yn
dt

where n = 0,£1,4+2,.... Here ,v are positive constants, p,q € N
and ¢ > p. Eq. (1) is a generalization of classical Discrete Nonlinear
Schrédinger (DNLS) Equation that has been studied since 50-es due to
numerous physical applications. A significant difference between DNLS and
Eq. (1) is that the nonlinearity in Eq. (1) is not cubic but consists of two
competing powers of different signs (competing nonlinearity). The most
studied example of an equation of this kind is the so-called cubic-quintic
DNLS equation (DNLS-CQ equation). It corresponds to p = 2, ¢ = 4 in
Eq. (1) [1,2]. The applications of DNLS-CQ equation includes nonlinear

Kopuarmna ITasen Araronbesud, marucrpant, HUY MUST (Mocksa, Poccus); Pavel
Korchagin, Master Student, MIET University (Zelenograd, Moscow, Russia)

Abgynnaes Parxymia Xabubynaesud, n.¢d.-m.H, apodeccop, PTU AH V3zbexkucrana
(Tamkent, Y36ekucran); Fatkhulla Abdullaev, Physical-Technical Institute of Uzbekistan
Academy of Sciences, (Tashkent, Uzbekistan)

Andunmos Teopruit Jleorngosud, g.¢d.-M.H., npodeccop, HUY MUIT (Mocksa, Poc-
cus); UMBIL YOUIL PAH (Vda, Poccus); Georgy Alfimov, MIET University (Zelenograd,
Moscow, Russia); Institute of Mathematics with Computing Centre, Subdivision of the
Ufa Federal Research Centre, Russian Academy of Sciences (Ufa, Russia)
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optics and the theory of Bose-Einstein condensate (BEC). It is known,
that DNLS-CQ supports multistability of discrete solitons [1], mobility of
discrete formations and other interesting features [2].

Our study has been motivated by two models that have now received
wide discussion in BEC theory. It is recognized nowadays that a mixture
of two BECs trapped in a deep optical lattice in presence of quantum
fluctuations is described by the Gross-Pitaevskii equation (GPE) with
additional term corresponding to the repulsion of atoms. In 1D case the
governing equation reads, [3,4],

Z,d\I/n

dt

where n = 0,£1,42,.... Eq. (2) is a particular case of Eq. (1) withp =1
and ¢ = 2. In The 3D case the model can be reduced to 1D-lattice equation

7: d\Il'IL
dt

+C (Wpy1 — 20, + U, 1) + 2|0, | U, — v |W, > ¥,, =0, 2)

+ C (\Iln+1 - 2\Ijn + \Ijnfl) + x ‘\Iln|2 \IJTL -7 |\Iln|3 \II’IL = 07 (3)

that is also a version of Eq. (1) with p =2, ¢ = 3.
In our study we concentrate on solutions of Eq. (1) that are localized on
finite number of lattice sites and have the form of stationary oscillations,

U, (t) = ™, (4)

(so called intrinsic localized modes, ILM). From (1) and (4) after some
algebra we arrive at the equation

C (Unt1 = 2Un + Un—1) — Un + [Un]” Un — ¥ [tn|? un =0, (5)
were C, v and u, have been rescaled. The boundary conditions are
up — 0, n — Foo. (6)

It is straightforward to show that the condition (6) implies that u, can be
regarded as real.

In the limit C' = 0 there is no coupling between the sites (so called
anticontinuum limit, (ACL)). Then the amplitudes wu, are the roots of the
equation

—u+uPT =ttt =0, (7

If

a

a—-p
0<V<%E(2).(u> s
q q

then Eq. (7) has five roots: u = 0, u = +a and u = +A, where a, A > 0.
Introduce the codes of the solutions in ACL as follows: for n-th site, we
mark the situation u, = 0 by symbol 0, u, = =£a by symbols a® and
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tabilit . . . .
stabuity, Continuation and bifurcations

K1
+ no bound for continuation if 0 <~y < 7v,+;
(a”) stable merge with (A1) if v+ <y <7\
(4) stable merge with (aTATa®) if0 <y <qyu+;
merge with (a™) if ya+ <9< Yue

merge with (a+A+A+a+) f0<~vy<vatat:
merge with (aTa™) if Yatar <7< Ve
merge with (a+A+A7a7) f0<y<vg4a-;
merge with (ata™) if Yara- <7< Vao

(ATAT) stable

(ATA™) unstable

(ATa™) unstable merge with (aTAT)  if 0 <y < 7s;

(ra) | s | A e <
et | e | o o 055 <0
wa) | s | D o <

Tabmuna 1: The bifurcations of C-parametrized branches of ILM with codes
of length 1 and 2 and their stability in the limit of small coupling.

un = £A by symbols AT. We label ILM solutions in ACL by codes that
are sequences of these symbols. For instance, the code

A=(..,0,0,at,A7,a",0,0,...)

means that the amplitudes of all sites are zero, except three of them that
are u—1 = a, up = —A and u; = a.

When C' > 0 the ILM can be continued from the ACL, giving rise to C-
parametrized branches of solutions. We label these branches with the codes
that they have in ACL. To shorten the notations, we cut off infinite number
of zero symbols left the first nonzero symbol and right to the last nonzero
symbol. So, we keep only finite number of symbols; the code A becomes
(at, A7, a™). We call the length of the code the number of symbols in the
truncated code. For instance, the code A is of the length 3.

e First, we consider the ILMs with codes of length 1 or 2. There
are 8 such ILMs, up to symmetries. Each of them was continued
numerically for C' > 0 by means of the method of pseudoarclength
continuation [5]. In the process, we analysed linear stability of the
computed ILMs. Three cases were studied: (i) p =1, ¢ = 2; (ii) p = 2,
q = 3; (iii) p = 2, ¢ = 4 (the DNLS-CQ equation).

The results are commun for all the three cases. For instance,
in all the three models the branch (ATa™) merge with its mirror
counterpart (a™AT) at some critical value of C and disappear. In
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other cases the continuation depends on ~ (see the Table ). For each
ILM there exist a threshold value of v (denoted in Table by ~4+,
~va+ etc), that separates the ways of continuation. The threshold value
depends on the case (i), (ii) or (iii), but the codes of the branches to
merge are the same for all the three cases (i),(ii) and (iii).

e Second, we studied in more detail the branch (a™). In all
the three cases we observed symmetry-breaking bifurcation. This
phenomenon just has been reported on for the cases (i) and (iii), but
not for the case (ii). This bifurcation is closely related to the snaking
phenomenon and to the situations when the Peierls-Nabarro barrier
vanishes.

e Third, we address the question of stability for the ILM with long
codes of repeating symbols. We show that the ILM with the codes

(ATAT .. ATAT) and (ata ...aTa")
are stable for any choice of p and ¢, at least for sufficiently small C.
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KBA3BUKJIACCUYECKUWVE PEINIEHU A HEJIOKAJIBHOTO
HEJIMHENHOI'O YPABHEHU S IITPEUHTEPA C
HESPMUTOBOM YACTHIO, ACCOIIMMPOBAHHBIE C
JIMHAMUKON KBA3MYACTUIL
A.E. Kynarua, A.B. IITanoBaJos,
aek8@tpu.ru, shpv@mail.tsu.ru

YIK 517.955.8

TIpemyaraercss TOAXOJ K TOCTPOEHUIO KBA3UKIACCUYECKU COCPEIIO-
TOYEHHBIX ACUMITOTUYECKUX PEIIeHUN HEJOKAJILHOIO HEJTUHEHAHOrO
ypaBHeHus 1lIpeqwHTepa ¢ HEIPMHATOBONW YaCTHIO, KOTODBIE CyTIe-
CTBEHHBIM 00PA30M YUUTHLIBAIOT JAJIBHOAECHCTBYIONINA XapaKTep CaMo-
neticteus. st aToro BBOmMTCH "KIaccudeckas MexXaHWKa' HECKOJIb-
KIX KBa3HUYAaCTHUIl, TPAEKTOPHUA KOTOPHIX 33ai0T 06/aCTh JIOKAJIH3a-
LUK PerIeHus.

Karowesnie ca066: KBa3UKIACCUIECKOE TPUOIMIKEHNE, KBA3MIACTHIIH,
OTKPBITAas CHCTEMA, HEJIOKAJIbHAS HEJIUHEHHOCTD

Semiclassical solutions to the nonlocal nonlinear Schrédinger
equation with a non-Hermitian term associated with the dy-
namics of quasiparticles

The approach to constructing the semiclassically concentrated asymp-
totic solutions for the nonlocal nonlinear Schrédinger equation with a
non-Hermitian term is proposed, which essentially considers the long-
range self-action. The ”classical mechanics” of few quasiparticles is
introduced for that purpose. Their trajectories determine the local-
ization domain of solutions.

Keywords: semiclassical approximation, quasiparticles, open system,
nonlocal nonlinearity.

Henwmeitnot ypasrerme IIpemmarepa (HYIII) — mmpoko ucmosb3yemast
MOJTe/Tb KOJUIEKTUBHBIX BO30VKIeHUN B HeMWHEHHBIX cpemax. s omuca-
HHUA OTKPBITHIX cucTeM B omneparop HYIII BBonaTca HespMUTOBBIE ciiarae-
mbie [1]. Takme MO/ TPUMEHSIOTCS /TS OMMCAHUS JACCATIATUBHBIX (-
dexToB B Goze-sitHmITeliHOBCKOM KOHzAeHcaTe (BYK), a takwke must onwm-
CaHWsT PACIIPOCTPAHEHUS ONTHYECKUX MMITYIbCOB B HEJIMHEHHBIX CPEIAX C
WCTOYHUKOM, TIOTEPIMH U yeueHneM. HenokanpHasa TMHEHHOCTD P 9TOM
OTTUCHIBAET TATHHOACHCTBYIONEE MEKITACTHIHOE B3AUMOICHCTBHE B CIydae

VccnemoBanue BBIOJHEHA 3a c4eT rpaHTa Poccuiickoro Haydnoro donga Ne 23-71-
01047, https://rscf.ru/project/23-71-01047/.
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B3K, nnbo nenokaasubIi addext Keppa B ciaydae mozeneit B orrruke. Ipn
TOM TOCTPOEHUE TOYHBIX AHAJUTUYECKUX PEIIEHUN TAKOrO MOIEILHOTO
ypaBHEHHsT OOBIYHO SIBJISIETCH KPaiHe CII0XKHOM MATeMAaTHIECKON 3a/1adeit,
TO3TOMY TIPUXOIUTCS TTPUGETaTh K YUCIEHHBIM WA ACUMITOTUIECKUM Me-
TomaM. B manuoit pabore MbI pejjaraeM UCIOIL30BAThH UIEU METOIA KOM-
IJIEKCHOTO pocTka Macsosa [2] mst moCTpoeHrs: TAKAX aCHMIITOTHIECKUX
pemennii. YTo6bI TaKO#W TIOAXO[ MOT yUYUTHIBATH TOBEICHUE AP, HEJIU-
HEHOCTH Ha BCEM ero HOCHUTEse, a He TOJHKO B OKDECTHOCTH HEKOTODOi
[EHTPAJIBHON TOYKH, BBOAATCI TaK HA3BIBAETCH KBA3UYACTHIIBI, 'KJIIACCHU-
YecKre TPACKTOPUHU" KOTOPHIX ONPENEISIOT 00JIACTh JIOKAJIM3AINH, HEKO-
TOpBIM 06pa30M paCIpelesIeHHYIO B IpocTpaHcTse [3,4].

Pemaerca 3amaqa Ko miist n-MepHOro ypaBHEHHs CIIEAYIONET0 BH/IA:

{ — ihd; + H(2,t)[W] — ihAH (2, t)[\I/]}\I/(:E, t) =0,

H(z,t)[V] =V(z1t) + %/dg\ll*(y“, W (2,w,t)¥(g,t),

R (1)
H(2,8)[V] = V(2,t) 4 5 | dg U™ (7, )W (2,0, t)¥(F,t),
(7, 1) o= »(&)

o nooa 54 . 5 oA . - v

rae T,5 € R", 2 = (P, @), W = (Py,Y), Po = —thVz, a V., V, Wu W —

ncesaoaud g epeHnanbHbe OIepaToOPhl ¢ TAJKAMI CHMBOJIAMH.
ITocTpoeHHble ACHMITOTHYCCKHE PEMIeHUs YIOBICTBOPIIOT CBOHCTBY

}%@mm )(t, h) Z“S S(1),1,0),
<\I/|A\\I/)(t,h):/ U(Z, t, h)AV*(Z,t, h)dZ,
R’!L

rae A = A(2,t, h) — ncesaomud depernpmanbubii oneparop. Oynkmus Zs (t)
OTIpEIENISIET TPAEKTOPHIO -0 KBA3HIACTHIIBL, & (s (t) — ee "maccy". Uucmo
K wmMeer CMBICIT KOJMYECTBA, KBA3HIACTHIL.

[Ipenmaraemsrit popmann3m nponsunioctpuposan Ha npumepe HYII ¢
MEPUOAMIECKIM TTOTEHIAAJIOM JIOBYIIKH, JMIIOJb-TATIOIBHBIM B3aUMOIEH-
cTBUEeM B (DEHOMEHOJIOTHIECKUM 3Ty XaHUEM.
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O BU®YPKAIINN ITNKJIOB HA BECKOHEYHOCTH B
CHUCTEMAX C OZHOPOIHBIMU HEJIMHENMHOCTAMMN

M.H. Kyuarupos, mamur.qongirov@mail.ru

VIAK 517.938

Ob6cyxmaercs 3a1a49a 0 O ypKaIUN MUKJIOB HA OECKOHEIHOCTH B CH-
CTeMaX, COJIEPKAIMUX OTHOPO/THBIE BEKTOP-MOJIMHOMBI 9€THOTO TIOPHAI-
ka. [losmydensl mocTaTowHbe YCIOBHS Tako# 6udypKaIii, H3y9ai0TCs
CBOMICTBA BO3HUKAIOIINX DEIICHUIA.

Karouesnie caoea: nuHaMudecKas cucrema, oudypkarms AHIPOHOBA-
Xonda, budypkarms Ha 6ECKOHEIHOCTH, OTHOPOHAS HEJINHEHHOCTD.
On bifurcations of cycles at infinity in systems with homoge-
neous non-linearities

Here the problem of bifurcations of cycles at infinity in systems having
homogeneous vector-polynomials of even order is discussed. Sufficient
conditions of occurence of such bifurcation are obtained, and proper-
ties of corresponding solutions are studied.

Keywords: dynamical system, Andronov-Hopf bifurcation, bifurcation
at infinity, homogeneous non-linearity.

PaccmaTrpuBaercst 3aBucsiiee OT mapaMerpa « HejuHelHoe nuddepeHy-
aJIbHOE ypaBHEHHUe.

W~ Ala)y+oas(y), yeRY (N>2), 1)
B KoTOpoM A(a) -— KBaApaTHAa MATPHIA, & DYHKIUA a24(Yy) ABAIETCT OJI-
HOPOAHBIM BEKTOD-TIOJMHOMOM 9ETHOTO MOPIAAKa 2¢.

IIycts mMatpumia A(q) mpu o = a WMeeT TTPOCThie COOCTBEHHBIE 3HA-
ueHust +iwg, wo > 0. B arom ciyuae ap Gymer Toukoil 6udyprammu AH-
naponoBa—Xonda cucremsr (1): cymecTByor o, — ag u 1, — To Takue,
|TO IpH @@ = i, cucTeMa (1) mveer merymeBoe T, -TIepUOTTIECKOE PEITEHAE
Yy = yn(t) Takoe, aro max llyn ()] — O mpu n — co. 3aecs Tp = 2.

wo

Hapsany ¢ 6mbypxammeit Arnponosa—Xomda B cucreme (1) Bo3MOKeH
7 npyro#i crieHapuii Omdypramum. A IMEHHO, TOBOPAT, YTO 3HAYEHHUE (L)
ABJAETCS TOUKOM Gupypkarmm cuctembl (1) Ha GECKOHEHIHOCTH, €CIH Cy-
MIECTBYIOT Qt — Qo U T, — Ty Takme, 9T0 mpn o = v, cucrema (1) mveer
T»-niepuosecKoe pemenue y = yYn(t) Takoe, 910 mtin lyn(t)|| — oo mpm
n — oo.

O6a ykazaHHBIX creHapus OudypKanuil peaau3yorcs IPU HEKOTOPHIX
JIOTIOJTHATEBHBIX YCJIOBHSX OTHOCHTENILHO MPaBoil gactu cucremsl (1). Ilpn

Kyurupos Mawmyp, YYHuT (Vda, Poccus); Mamur Kungirov (Ufa University of
Science and Technology, Ufa, Russia)
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TOM JIJIsl PEaTM3allnu Kiaaccuyeckoit ondypranmu Aunponosa—Xormnda mao-
CTATOTHO TPAHCBEPCAJBHOTO TEPEX0JIa TTaphl COOCTBEHHBIX 3HAMEHMI MAT-
punpt A(a) wepes manmyo ock. Crnenapwmii 6mdypramum Ha GeCKOHEIHO-
cTh TpebyeT TaK¥kKe JOTMOTHATETHHBIX YCIOBUH OTHOCHTEIHHO HEJTUHENHO-
cTH a24(y). B HAcTOAmEM mOKame 06CyKIAOTCT TAKAE YCIOBUI.

Tak kax maTpuna Ag = A(ap) mmeer mpocThre COGCTBEHHBIE 3HAMEHUST
+iwy, TO HAIYTCST HEHyIEBBIe BEKTODH €, g, e*, g* € RY maxwme, uro

Ao(e +ig) = iwo(e +ig), Ag(e” +ig") = —iwo(e” +ig");

37ech A — TPAHCIOHUPOBAHHAS MATPHUIIA.
TTosto:xum

7= (Al67e*) + (A/gmg*)v Y2 = (Alvg*) + (A,gv e*)Q

smecs A' = A(0) Ussectno [1], uro ecrm y1 # 0, TO Qg ABJISIETCH TOYKOLH
6udypkammu Annponosa—Xonda ypasuenns (1).
[Tomoxum

J5(t) = Fa(t) / A=0T0R0 g, (e(t))t

0

e F3(t) = Toab, (e(t), an)e™ % 3mecn by, (e(t), ) — MaTpuma SIkobu
BeKTOP-PyHKIMN G24(e(t), o). Janee momoxmm

1
b3 = To/ e(l_t)Tvofé(t)dt, Qo = —&(bg, 6*) .
0 ™1

Teopema 1. ITyemo v1 # 0 u a2 # 0 . Tozda snavenue o« = g AAAEMCA
moukotl budyprayuu cucmemn, (1) na Geckoneunocmu.
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A. . JIaxos, A.C. OBuunnukos, U.I'. Bocrpem, B.E. Cununbia
alexey.liakhov@urfu.ru, alexander.ovchinnikov@urfu.ru,
Irina.Bostrem@urfu.ru, Vladimir.Sinitsyn@urfu.ru

YIK 538.955, 517.957

B macrosmeit paboTe 1oydeHaA CHCTEMA CAMOCOTJIACOBAHHBIX
uHTerpo-auddepeHnuaIbHbIX ypaBHEeHNH B paMKax noaxona Ilapusn
mpumenuTebHO K Momesu Bmioma-Kammensa. lannas cucrema ypas-
HEHU Hale/eHa Ha onucanue (Hu3ndecKod mpobdsemMbl 00pa30oBaHMUs
CIMH-CTEKOJIbHON ba3bl IPHU BBEJCHWH MAarHUTHHIX HMOHOB Fe B mu-
xanpkoreans TaSz(Sez), KOrma IOMUpPyeMBbIe MOHBI KEIE33 MOTYT Tie-
PEXO/UTh B HU3KOCIIMHOBOE HEMArHUTHOE COCTOSHUE.

Karoueswvie caosa: usuka, cOuH-CTEKIa, MOAeab batoma-Karmmes,
noyxos [Tapusm.

PaccmarpuBaercs memarauTHbIN craomcThiit Marepuan TaSs(Seq), B KOTO-
PbIil BHEJPAIOTCH MAHUTHBIE HOHBI Fe. DT NOHBI IDU BBEIEHUN MOI'YT KaK
3aMECTHATDH ATOM B y3J€e, TaK U PACIOIOKUTHCH MEXKIY CIOAMHU COeTUHEHH.
Co0TBeTCTBEHHO MOH 3aifiMeT HU3KOCIIMHOBOE COCTOSHUE UJIA BHICOKOCITHHO-
BO€ M3-3a HAJIMYUS JIOKAJIbHBIX KPUCTAIMIECKUX HIOJIeH.

Takyio cucreMy MoxKeT ommcaTh MoAenb bmoma-Kammemnd, xoropasg
BKJIIOYAET B ce0s HapHbIEe B3aMMOIEHCTBHS CIIMHOB, 3€eMaHOBCKOE CJIarae-
MO€ U JIOKAJIbHOE KPHUCTAJIMIECKOE 110J1e, YIIPABJISIONIee CIIMHOBLIM COCTO-

AHUEeM

H==> JySiS;— > hiSi— Y A:S. (1)
(i5) @ @

Jlj1st onmcaHus CIMH-CTEKOILHOM da3bl mpuMeHsicsa nmoaxor Ilapusu. B pe-

3yJbTaTe IOJIydeHa CBOOOJHAd SHEPrud PACCMATPUBAEMON MOIEIN U 3a-

MKHYyTas CHCTeMa MHTerpo-aud depeHnaibHpIX yPABHEHNH /1 BCEX BXO-

JAIIUX B Hee IepeMeHHBIX.

Jlaxos Anekceit Imurpuesnd, accucrent, Yp®@Y umenu B.H. Enpruna (Exarepun-
Oypr, Poccus); Alexey Lyahov (Ural Federal University, Ekaterinburg, Russia)

OsunnnukoB Auexcangp Cepreesud, n.¢d.-M.H., mnpodeccop, Yp®Y umenu B.H.
Enviuna (Exarepunbypr, Poccus); Alexander Ovchinnikov (Ural Federal University,
Ekaterinburg, Russia)

Bocrpem Upuna lennanbessa, K.d.-M.H., gouent, Yp®Y umenu B.H. Exsnuna (Exa-
repurlypr, Poccus); Irina Bostrem (Ural Federal University, Ekaterinburg, Russia)

Cunnnpin Baagumup EBrenbeBud, K.d.-Mm.H., gonent, Yp®@Y wumenu B.H. Easnum-
na (Exarepuubypr, Poccus); Vladimir Sinitsyn (Ural Federal University, Ekaterinburg,
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[Ipusenem siBHBIE BhIpakeHusi. CBOOOIHAS SHEPTUs

1
2 2
Bf:@m?‘*‘%u?%- (BJ) /d;tqZ(a:)
0

2 2

=W
dydz e 24(0) 2F 9(0,y,2). (2)

veodl
2mw+/q(0)F
YpaBHeHUd A8 BXOAAIMNAX (PYHKIUH UMEIOT BUJT

. q o
P = §Pyy —2q(Ppy)y,

W-h? (- p)? (3)

P(O’ Y, z) = 26(0) ei 2F

1
27\'\/(}(0)1’6
Y= _%q (I‘Pi + ‘Pyy) ,

v(1,y,2z) = In(1 4 2e*ch(y)).

TTapamMeTpsl MOpPAOKa ONPEIETAIOTCA BhIPAXKEHUAME
m = [[ dydz P(0,y,2)¢y(0,y, 2),
/"’ = ff dde P(an7z)soz(oayvz)7 (5)

Q(l‘) = ff dydz P(‘T7y7 z)(pi(z,y,z).

~ _ 2 72
Tne § = 5°J%q + B0}, F = %04, h = Bho + BJom, i = 5=+ B ~
@q(l). Benwuaunsr J, Jo, ho, Ao, Oh, OA SIBIAIOTCI BXOTHBIMU TAPAMET-
pamn 3a1aum, B = - - obpaTHas TemMTepaTypa.
JInteparypa
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INTEGRABLE MOTION OF TWO INTERACTING CURVES
AND RELATED SPIN SYSTEMS
Zh. Myrzakulova, Z. Zakariyeva, R. Myrzakulov
zhrmyrzakulova@gmail.com, zaruet.zakarieva@gmail.com,
rmyrzakulov@gmail.com

YIK 517.951, 517.957

We investigate the integrable two-layer generalized Heisenberg ferro-
magnet equation and establish its connection to the differential geom-
etry of curves. Through this relationship, we identify the geometric
counterpart of the two-layer spin system, which corresponds to the
two-component Korteweg-de Vries equation.

Keywords: integrable systems, Heisenberg ferromagnet equation, dif-
ferential geometry, spin systems, coupled curve dynamics.
NMHTETPUPYEMOE JOBUMNXKEHWUE /JIBYX B3ANMO-
JEVCTBYIOIINX KPUBHIX U CBAA3AHHLBIE C HUIM
CIITMHOBBIE CUCTEMBI

WccnenoBana wmmTErpmpyemast ABYXCJIOWHAS MOe b O0OOOIEHHOTO
dbeppomaruneruka eiizenbepra (HFE) u ycranossnena eé casb ¢ qud-
depeHIMaIbHON TeoMeTpueil KPUBBIX. depe3 3Ty CBA3b OIpeeseH
TeoMeTPUYeCKAH aHaJIO0T ABYXCJIOMHON CIMHOBONW CHCTEMBI, KOTOPBIHU
COOTBETCTBYET ABYXKOMIIOHEHTHOMY ypaBHeHU0 Kad

Karouesnie car06a: HHTEIPUPYEMBlE CHCTEMBI, ypaBHeHue dheppoMarte-
tuka [eiizenbepra, muddepeHimaabaas reoMeTprsi, CIIMHOBBIE CHCTe-
MBI, JUHAMUKA CBSI3AHHBIX KPHUBBIX.

We explore a 2-layer extension of the Heisenberg ferromagnet equation,
given by
At = A/\Am +’U/1Aw +U1H1 /\.:A7 (1)
Bt = B /\Bzx +U2BI +U2H2 /\B, (2)

where A = (A1, A2, As) and B = (B, B2, B3) are unit spin vectors
associated with two interacting space curves.

This work was supported by the Ministry of Science and Higher Education of the
Republic of Kazakhstan. (Grant Ne AP14971227).

Zhaidary Myrzakulova, PhD, Senior Lecturer, L.N. Gumilyov ENU (Astana,
Kazakhstan); Meipzakymosa 2Kaiigapsr (EHY umenun JI.H I'ymusnesa, Acrana, Kaszax-
CTaH)

Zakariyeva Zaruyet, lecturer, U.M. Utemisov West Kazakhstan University (Oral,
Kazakhstan); Sakapuesa Sapyer (3anagno-Kasaxcranckuil yuusepcurer nmenu M. Yre-
mucosa, Opan, Kazaxcras,)

Ratbay Myrzakulov, Dr. Sc. (Phys.-Math.), professor, L.N. Gumilyov ENU (Astana,
Kazakhstan); Meip3akysnos ParGait (EHY mvenn JI.H I'yumunesa, Acrana, Kazaxcram)
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The motion of these curves is governed by the Frenet-Serret equations,
which describe the relationship between the tangent (e1), normal (e2), and
binormal (e3) vectors

d el 0 k 0 el
e =1-r 0o 7 e |, (3)
* €3 0 —T 0 €3

where k is the curvature and 7 is the torsion of the curve. For the interacting
curves, represented by vectors A and B, we extend this framework with a
coupled system of Frenet-Serret equations for each curve

e1 O K1 O el l1 0 K2 O 11
(D) = —K1 0 T1 €2 ) lg = —KR2 0 T2 lz . (4)
€3 > 0 —T1 0 €3 l3 > 0 —T2 0 13

Here, k1 and k2 are the curvatures, and 71 and 72 are the torsions of
the two interacting curves associated with the vectors A and B.

The equivalent differential system derived from the 2-layer HFE
corresponds to a set of coupled equations that describe the dynamics of
the curvatures k1 and k2

K1t + Kisze + 3[(k1 + K2)k1]e =0, (5)
Kot + K2zea + 3[(K1 + K2)k2]z = 0. (6)

These equations highlight the interaction between the curvature
components of the two curves, offering a geometric interpretation of the
underlying integrable system.
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IIOCTPOEHUE PEIIIEHUN AHAJIOTOB BPEMEHHBIX
YPABHEHUM IIPE/JIMHTIEPA, COOTBETCTBYIOIIINX
IIAPE TAMUJIBTOHOBBIX CUCTEM H3*: W H3+2
B.A. IlaBiaenko, mail@pavlenko.school

YK 517.925

CrpouTcss mapa COBMECTHBIX DEINIeHWi AaHAJOrOB  BPEMEHHBIX

ypasuenmii  IlIpeamHrepa, — OUpemeaseMblX — FAMUIBTOHUAHAMU
543 o

HZ ' 2(s1,82,q1,q2,p1,p2)(k = 1,2) raMunbroHOBO# cuCTEMBI
5.3 .

H>%2 u mapa COBMECTHBIX peIICHME AHAJOTOB BPEMEHHBIX

ypasuenwit  [lIpeaunrepa,  OMpemenasieMbIX — TaMUILTOHHAHAMUT
549 .

HZ ' " (s1,82,q1,92,p1,p2)(k = 1,2) raMuibTOHOBOH CHCTEMBI

H5%2. OBe raMu/IbTOHOBBI CHCTEMbI mpuBeieHsl B craTthe KaBamyko
[1]. Jauube anamorn ypasaermit Illpeauarepa mpeacrapasiior coboii
JIMHEWHbIe 3BO/IIOIMOHHBIE YDABHEHUsI C BDEMEHAMU S1 U S2, KaXKJ0e
M3 KOTOPBIX 3aBUCHUT OT ABYX IPOCTPAHCTBEHHBIX IIEPEMEHHBIX.
Karoueswie crosa: 'ammmbToHOBB cucremsl, ypasuenns [lenese, Bpe-
MeHHbIe ypapHenus [[IpenuHrepa, MeTO H30MOHOIPOMHBIX JiedopMma-
1A,

Construction of solutions of analogues of the nonstationary
Schrodinger equations corresponding to a pair of Hamilto-
nian systems H3%3 and H3*+2

A pair of simultaneous solutions of analogues nonstation-
ary Schrodinger equations, defined by the Hamiltonians

(S

(s1,82,q1,92,p1,p2)(k = 1,2) of the Hamiltonian system

oy
wlon?
+  +
[S[CSRNIY

2, and a pair of simultaneous solutions of analogues analogues
nonstationary Schrodinger equations, defined by the Hamiltonians

Hiﬁ (s1,82,q1,92,p1,p2)(k = 1,2) of the Hamiltonian system H5+2
are built in this paper. Both Hamiltonian systems are given in
Kawamuko’s paper [1]. These analogues of the Schrodinger equations
are linear evolutionary equations with times s; and sz, each of which
depends on two spatial variables.

Keywords: Hamiltonian systems, Painleve-type equations, nonstation-
ary Schrodinger equations, isomonodromic deformation method.

Hapany ¢ mecrbio kinaccuueckumu OJLY IlensneBe B nocnemnve pecaruiie-
THs Bce Gosbinmit uHTepec BBI3BIBAIOT HeuHedHnble O/1Y 6Gosiee BHICOKOTO
mopsiziKa, KOTOpble Tak:xke maTerpupyiorcda meromom WJIM. Ha ceromms, B

ITaBnerxo BukTop Asmexcamgpoemd, k.d.-M.H., M.H.C., UMBIl YOUI[ PAH (Yda,
Poccus); Viktor Pavlenko (Institute of Mathematics with Computing Centre - Subdivision
of the Ufa Federal Research Centre of Russian Academy of Science, Ufa, Russia)
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JaCTHOCTU, N3BECTECH KOHEYHBIT CTTMCOK COBMECTHBIX map TaMUJIBTOHOBBIX

cucrem OJ1Y

¢ ramunbronuanamu Hy, (s1, $2,q1, G2, P1,P2), KaxJ0e U3 KOTOPHIX €CTb
YCJIOBHE COBMECTHOCTH ABYX JimHelHbix cucrem OJLY Buza
! /
Vek = Lskvv ‘/n = AVa
rae KBaaparHbele MaTpuisl Ls, mw A ONMHAKOBOH Pa3MEPHOCTH W PAIHO-
HAJIBHBI II0 IIEPEMEHHON 7). DTOT CIHCOK BBHIMMCAH B cTaThe KmMypsl, cM.
[2]. TIo3maee KaBamMyko mOTOMHAA STOT CIACOK, M. [1].
B nmacrosmeit pabore OyayT mOCTPOEHBI PellleHusl YPABHEHNN BUIA

k\I/'T1 = H§+%(Tl’7—2’xl’x2’_k6ixl’_kﬁixg)\ll’
k\I"TQ = H2%+%(7'1,7'2,$1,$2, —k‘aixl, _kﬁixg)\ll’
kUL = H1%+2(7—1,7—2,xl,x2,fkaixl,fkaim)\l/,
k\IJIT2 = H§+2(7'1,T2,361,x2,—kaixl,—kaix?)\ll,

DTy ypaBHEHU U ABJAIOTCS aHAJIOraMu BpeMeHHbIX ypasueiuuit [lpenun-
repa. ABropy yaasoch noCTpouTh TOJLKO s caydas k = 1. g ciaydas
k = ih me ymanmoch. Ecam 6B ymasoch, TO 3TO yixKe ObLIM He aHAJOTH, a
Hacrosmue ypapuerus Lpeaurrepa.
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TEOMETPUSA KOH®OPMHO IIJIOCKUX
TAPMOHUYECKUX IMTPUBJ/IN>KEHHO
TPAHCCACAKUEBBIX MHOI'OOBPA3UMN
A.P. PycranoB, C.B. XaputoHoBa
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VIIK 514.7

B pabore mosrydena mosHasm kiaccudurarmsa KOHGOPMHO ILIOCKUX
TapMOHHYECKUX MPUOIIIKEHHO TPAHCCACAKUEeBbIX MHOroobpaswmit. Jlo-
Ka3aHO, 9TO TaKOe MHOroo0pa3ue HEeHYJIeBOM XapaKTePUCTUKY SBJISET-
cs b0 POCTPAHCTBOM ITOCTOSHHON OTPHUIIATEIbHON KPUBHU3HBI, JIH-
60 00pa30M IIPOUW3BEIEHUS IIECTUMEPHOHN cdepbl, CHaAbKEHHON mpu-
O6mxenno KemepoBoit cTpyKTypoii, HA BEIIECTBEHHYIO MPAMYIO IPHU
KaHOHMYEeCKOM KOHIIMPKYJISIPHOM ITpeo0pa30BaHnM; a IIPU HYJIEBOH Xa-
PaKTEepUCTUKE — JIOKAJIBHO 3KBUBAJICHTHO IIPOU3BEIACHUIO N-MEPHOTO
KOMILJIEKCHOT'O IIPOCTPAHCTBA Ha BEIIECTBEHHYIO IIPAMYIO.

Karouesvie ca06a: ToUTH KOHTAKTHOE METPUYECKOe MHOroobpasue,
rapMOHUYECKOEe TPUBJINKEHHO TPAHCCACAKUEBO MHOI000pa3ue, TEH30D
KOH(DOPMHOW KPUBU3HbL.

Geometry of conformally flat harmonic nearly trans-Sasakian
manifolds

In this work, a complete classification of conformally flat harmonic
nearly trans-Sasakian manifolds is obtained. It is proved that such
manifold of nonzero characteristic is either a space of constant neg-
ative curvature or is the image of the product of a six-dimensional
sphere equipped with an nearly Kéhler structure and a real line under
a canonical concircular transformation. And a conformally flat har-
monic nearly trans-Sasakian manifold of characteristic zero is locally
equivalent to the product of an n-dimensional complex space and the
real line.

Keywords: almost contact metric manifold, harmonic nearly trans-
Sasakian manifold, conformal curvature tensor.

An almost contact metric (AC- for short) structure on a manifold M
is a quadruplet (&, n, ®,g = (-,-)) of tensor fields on M, where £ is a vector
field called characteristic, 7 is a differential 1-form, called contact, ® is an
endomorphism of the module X(M) of smooth vector fields of M, called a
structural endomorphism, g = (-,-)) is a Riemannian metric. In this case:

1) nE) =1;2) @(€) =0;3) no® =0;4) &> = —id +E @)
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Svetlana Kharitonova (Orenburg State University, Orenburg, Russia)
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5) (PX,PY) = (X,Y) —n(X)n(Y); X,Y € X(M).

A manifold admitting an AC-structure is called an almost contact
metric manifold (AC-manifold for short).

An AC-structure is called a nearly trans-Sasakian (NTS- for short)
if its linear extension belongs to the class Wi @& Wy of almost Hermitian
structures in the Gray-Hervella classification [1].

An AC-manifold endowed with an NTS-structure is called an NTS-
manifold.

An NTS-structure is called eigen if it is equipped with a closed contact
form.

An eigen NTS-structure with a harmonic contact form is called
harmonic, and the number x = fﬁén is its characteristic.

For an eigen NTS-manifold the full group of structural equations take
the form [1]:

1) d0® = —08 A O° + C**°0p A 0. + x60° N 6;

2) dfy = 05 A Oy + Capeb® A O + X520, A 6;

3) df = 0;

4) dOg + 02 A 05 = (A3d — 20U Cpe)0° A 04,

where A% is a class of functions on the space of the associated G-
structure, serving as components of the so-called curvature tensor of the
associated Q-algebra [2], or the structure tensor of the second kind, and

DAL = 0; 2)ARY = 0; 3)(Apd) = Aby; 4O = €, Clapg =
Cabc-

Besides,

1)d0abc + Cdbceg 4 Cadcag 4 Cabde(ci — Cabcded + Xcabce;

2)dCabe — Caveliy — Cadclif — Capad? = Cabead® + xCanel; 3) dx =0,

where C“bc‘i7 Clabea are suitable functions on the space of the associated
G-structure, and cotbed] — 0; Cafpeq) = 0.

Recall [3] that the essential nonzero components of the Riemann-
Christoffel tensor of a harmonic NTS-manifold on the space of an associated
G-structure have the form:

1) R, = 20" Cpea — 2685 2) Ry,; = 2CaonC"? — 2X25LC6;1];

3) Riea = —2Caypeai; 4) R,y = —2C°"Y; 5) Ry, = X0

6) Rgog = X252; 7) Rﬂm; = —X25Z'7 8) Rgoz; = —X25ZI§

9) Ry ;= A — C*"Chye — X*0253.

Additionally, we have the relations obtained from them considering the
symmetry properties. The rest of the components vanish.

The components of the Ricci tensor of a harmonic NTS-manifold on
the space of an associated G-structure have the form [3]:

1) Soo = —2nx%; 2) S,; = AL — 3C"Cyeq — 2nx>62;

3) Sap = AfS — 3C*““Cyer, — 2nX>55.

The rest of the components vanish.

The scalar curvature of a harmonic NTS-manifold is

r=2A% — 60 Cupq — 2n(n + 1)x%
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Every Kenmotsu manifold is a harmonic NT'S-manifold of characteristic
x = —1, and every closely cosymplectic manifold is a harmonic NTS-
manifold of characteristic x = 0.

Lemma. Let M be a harmonic NTS-manifold. Then C = C*% is non-
negative. Moreover, C = 0 if and only if M is an AC-manifold obtained
from a cosymplectic manifold by a canonical concircular transformation.

The main invariant of the pseudo-Riemannian manifold (M", g) is the
Weyl tensor W of conformal curvature [1]:

W(X,Y)Z = R(X,Y)Z+ 25 {(X, Z) ricY — (Y, Z) ricX + 5(X, Z)Y —
SV, )X} + o (V. 2) X — (X, 2)Y),

or, in terms of its covariant components,

Wijkt = Rijii+ 55 (Sugin+Singi—Siegjt—Sitgin)+ rmryta=ay (9igit—
gitgjk)-

Here ricX is the Ricci operator.

The non-zero components of the Weyl tensor for a harmonic NTS-
manifold on the space of the associated G-structure are the following:

1) Woaos = *WOabo WaObO ~Waoos = Wopoa = ~Woiao = Wiogo =
~Wio0a = Roaos — 271 1 (So0de —Sgp) + méb = —x%d. + 2n1—1 Age —
3C*Clea } + még,

2) Wabed = Rabed = —2Cqpca);

3) Waed = Wedar = Ruped + 37 (Saddve + Sbegug — Sacgyq —
Syi9a) + groe5 (9acGyi — Gadgve) = 2CanC*? —2X20156) + 15 {(Adh —
3CMIC 50 —2nx208) 054 (Ar —3C I Cypy—2nx 205 )08 —(AZh —3C"IC g —
2nx65)05 — (Aji — 30" Cgnp — 2nx°61) 05} + gy (0605 — 5265);

D Wi = Wasie = Winei = Wiaie = Boped + 377 (S0dbse +
Sf)cgacz) - 2n(22—1)gadgi)c = _Ag(g + dehchac + Xzélc)(szczi + gnl 1 ( dh -
3CMIC 1y — 2nx204)88 + (AR — 3CPM9Cype — 2nX208)02) — madag

5) Wapea = Rabed = —20°01d,

The meaning of vanishing the Weyl tensor W of a pseudo-Riemannian
manifold of dimension over three is well known: this is equivalent to the
conformal plane of the manifold [4]. Recall that a pseudo-Riemannian
manifold (M,g) is called conformally flat if the metric g in some
neighborhood of each point m € M admits a conformal transformation into
a flat metric. Every two-dimensional Riemannian manifold is conformally
flat [5].

Theorem. A conformally flat harmonic NTS-manifold of mnonzero
characteristic is either a space of constant negative curvature or is the image
of the manifold S® x R under the canonical concircular transformation. A
conformally flat harmonic NTS-manifold of characteristic zero is locally
equivalent to the manifold C" x R.
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OB NHTETPUPYEMBIX PEAVKIINSIX HEJIMHENHBIX
YPABHEHU TUIA JIBYMEPU30BAHHO IIEIIOYKU
TOAbI
A.Y. CakuneBa
alfya.sakieva@yandex.ru

VIAK 517.518

IIpemyaraercss ajaropuTM IMOCTPOEHMST IIOJHBIX HAOODOB XapaKTepH-
CTUYECKUX MHTEIDAJIOB CHCTEM YPAaBHEHH rutrepbo/IMaecKoro THUa ¢
HCIIo/Ib30BaHueM nap Jlakca. DbOEeKTUBHOCTD aaropuT™Ma IPOUILITIO-
CTPUPOBAHA HA HECKOJIHKUX IIPHUMEPAX.

Karoueswie caosa: maTerpupyemocts o HapOy, npoussoisimasa GyHK-
¥l MHTErpaJioB, napsl Jlakca, ypaBHeHus tuna JImyBULIs, IIEIIOYUKa
Bonapreppst

On integrable reductions of two-dimensional Toda-type lat-
tices

An algorithm for constructing complete sets of characteristic integrals
of systems of hyperbolic type equations using Lax pairs is proposed.
The effectiveness of the method is illustrated by several examples.

Keywords: Integrability in sense of Darboux, Generating function of
integrals, Lax pairs, Liouville type equations, Volterra chain.

Hud bepennnanbHo-pa3sHOCTHBIE YPABHEHNS BIIA:
Un,zy = f(Unt1,Un, Un—1,Un,z, Un,y)- (1)

AKTMBHO M3YYAIOTCSl B TEUEHMe MOCJIeTHNUX JBYX BEKOB, HAUMHAS C PaboT
II.C.Jlammaca. 3amada O MOJIHOM OIMCAHWM BCEX MHTEIDUPYEMBIX ypaBHe-
uuii Buza (1) K HacTosieMy BpEMEHU sBJISeTCs OTKPBITON. B paborax [1]-[3]
ObLIT HalIEH MOJHBINA C TOYHOCTHIO JO TOUEUHBIX 3aMeH TePeMEHHBIX CIIH-
COK MHTEIDUPYEMBIX LIEIOYeK, KOIZa IpaBas 4aCTh YPABHEHUs SIBJISIETCS
KBa3UIUHENAHON 10 IPOU3BOAHBIM, TO €CTb HMEET BUJ;

Un,zy = Alun,xun,y + A2un,w + ASU'rL,y + A4> (2)

rae koadgdumenTtsr A; = A; (Unt1, Un, Un—1),7 = 1,2, 3,4 apagorca rma-
kUMK QYHKIUAMN AHUHAMUYECKUX MepeMeHHbIX. IIpuBesiem Moy eHHbli B
TUX paboTax CIUCOK:

— plUn41—2Un+uUp_1
1) Un,zy = € n+ n n ,

2) Up,oy = "7t — 2e¥n 4 eln-1,

3) Un,zy e“n+1_“n _ e“n_un—l7

Cakuesa Anbdus Ypanosua, K.d.-M.H., H.c., UMBI] YOUII PAH (Yda, Poccus);
Alfya Sakieva (Institute of Mathematics with Computing Centre - Subdivision of the Ufa
Federal Research Centre of RAS, Ufa, Russia)
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Un,zy = (un+l — 2Un + unfl) Un,z,

(eun+1*un _ eun*un—l)

Un,zy = Un,z,

Un —Up—1 Up41—Un

)
)

6) Unzy = Qnlnalny, On = g—p— — 5—
)

Un,oy = a"(’u‘nﬂw + ’U,i - 1)(“”79 + u?z - 1) - zun(un,m + Un,y + ’Uoi — 1)

Jna npenrudukanym n Kiaccudukanun nHTerpupyeMserx mo Japby cu-
CTeM ypaBHEHUH HCIOJIb3yeTCs aaredpaniecKuil KpUTepuil, OCHOBAHHBIHM HA
MOHATHH XapakTepucTudeckoit aarebper JIu. Xapakrepuctuueckue aareod-
PBI IPEACTABIIAIOT OO0 KOHCTPYKTHUBHBIH, HO TPYI0EMKUI METO IIOCTPO-
€Hus OIHBIX HabopoB uHTerpasos. Iless Herosmei paboTEl COCTOUT B TOM,
9T00bI paspaboraTh 3hPEKTHUBHBIN aJTOPUTM I IIOCTPOEHHUS IIPOU3BOIs-
et GYHKIMN XapaKTePUCTUIeCKUX HHTErPAJIOB [T CUCTEM THIepbosIn-
YeCKUX YPABHEHUH, [TOJIYIEHHBIX U3 IEMNOYeK IIPUBEIEHHOrO BBIIIE CIIHICKA
IIyTeM HAJIOKEeHWsI TPAHUYHBIX YCJIOBUH OODBIBA, COXPAHSIONINX MHTEIDH-
pPyeMocTb. AATOpUTM OCHOBAaH Ha WCIIOJIb30BaHuM naphl Jlakca. OTMmeTnm,
HTO 7 MENOYKH 3) PACCMATPUBAEMAs 33393 O TIOCTPOCHUU WHTETPATIOB
6bL1a pertena B pabore [4]. B pabore [5] Haiinens nosiHsle HaGopsl uHTE-
TPaioB Jyid ypaBHeHu# 6) w 7) MpPEeACTABIEHHOTO BBINIE CIHCKA, d TAKKE
U1t 1ieno<ky BosabTeppsr

QAn,y = Qn (bn - bn+1) 5 bn,m (an—l - an) .
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OBb MHTETPAJIAX AJIAd MTHTETPUPYEMBIX I10 TAPBY
YPABHEHUM B YACTHBIX ITPON3BOJHBIX
C.41. Crapues
startsev@anrb.ru

YIK 517.957

PaccmarpusBaerca ¢BofCTBO, KOTOPOE UMEETCH Y HEKOTOPBIX U3 QyHK-
it o1 x, Y, w(x,y) ¥ KOHEIHOro YHCIa mpon3Boaubx 0'u/dz’. MaTe-
rpaJjibl MUHAMAJIBHOTO TTOPSIKA 17151 HHTerpupyeMbix o Japby ypas-
HEHUH Ugzy = F(z,y, U, Uz, Uy) 067a110T yKA3AHHBIM CBOHCTBOM. JJ0-
Ka3aHo, 9T0 eciu (PYHKIU g 00/1aaeT STUM CBONCTBOM U CYIIECTBYET
ypaBHEHME, [JI KOTOPOTO ¢ 4BJISAETCS WHTErPAJIOM, TO ITO ypaBHe-
HUe uHTerpupyemo 1o JapOy (T.e. momyckaeT WHTErpaJjbl U TIO IpYTOH
XapaKTepI/ICTI/IKe). HOSTOMy ec/ii g dBJIdeTCd UHTerpaJiOM MUHUMAJIb-
HOTO TOpsAZKa /g mHTerpupyemoro mo lapOy ypasHenus, T0O 000€
YpaBHEHUe, JTOTMYCKAIoIee MHTETpaJ ¢, TaKXKe WHTerpupyemo mo Jap-
6y.

Katouesnie cao6a: HeNMHEHHBIE THIIEPOOIHYECKIE YPABHEHNS B 9aCT-

HBIX IIPOU3BOAHBIX, HHTErPUPyeMocTh 110 Japby.
On integrals of Darboux integrable partial differential equa-

tions

We consider an property defined for functions on z, y, u(zr,y) and
a finite number of the derivatives 9'u/dz'. Integrals of the small-
est orders for Darboux integrable partial differential equations ugy =
F(z,y,u,us,uy) possess the above property. We prove the following
proposition: if a function g has the above property and there exists
an equation for which g is an integral, then this equation is Darboux
integrable (i.e. admits integrals in another characteristic too). In par-
ticular, if g is an integral of the smallest order for a Darboux integrable
equation, then any equation admitting the integral g is also Darboux
integrable.

Keywords: mnonlinear hyperbolic partial differential equations, Dar-
boux integrability.

Ob6oznauum wepe3 D, u D, moiHBIE IPOU3BOSHBIC II0 T H Y COOTBET-
CTBeHHO, a uepe3 A — MHOXKECTBO Bcex (yHKIWmIA, 3aBUCAIIAX OT T, ¥,
w(,y) U KOHEYHOro umC/Ia HPOM3BOIHBIX u; = O0'u/0z'. Hacrosmas pa-
6ora mocesmeHa GyHKIMAM g € 2, I KOTOPBIX CYIIECTBYET OLIE€PATOp
S=>37_5 a;DI, o € A, a # 0, TAKOH €ro KOMIOZHIHSA g« O S C Ipom3-

BoHOM Ppenre
DT
Crapues Cepreii fdxkosnesud, K.b.-m.H., UM ¢ BIl YOUIl PAH (Vda, Poccus);

Sergey Startsev (Institute of Mathematics, Ufa Federal Research Centre, RAS, Ufa,
Russia)
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dyrrIIM g MOXKET OBITH BRIPAKEHA 9€Pe3 T, § M €€ TIOJTHBIE TPOU3BOTHEIE
Di(g) das npoussosvroti dynryuu u(z,y). 3aMeTHM, UTO 3TO CBOHCTBO
SABJIAETCA CBOMCTBOM caMOii YHKIMM ¢ M HUKAK HE WCIOJB3YIOT KaKOe-
nmbo muddepeHpaapHOe ypaBHeHNe Ha (MYHKIIHIO U.

Kak nokaszano B [1], uHTerpajbl HaUMEHBIIUX [OPSIKOB IS HH-
rerpupyembix mo Jap6y ypaBHEHHI B YaCTHBIX NPOU3BOJIHBIX Ugpy =
F(z,y,u,usz, uy) 06IaTAI0T YKA3AHHBIM BBIIIE CBOHCTBOM. OCHOBHBIM De-
3yNBTATOM HACTOAIEH pabOThl ABASETCA TOYTH OOPATHOE YTBEPXKICHUE:
ecm (byHKIMS g 00/Ma[aeT yKA3aHHBIM BBINIE CBONCTBOM M CYIIECTBYET
yDPaBHeHMe, JJIsi KOTOpOro g sijsiercst uHTerpagom (T. e. Dy(g) = 0 nHa
PEIeHnsaX yPABHEHUdA), TO ITO yPABHEHME IOYCKAET WHTETPAJbI IO IPY-
TOl XapaKTEPUCTHKE TOXKE W, CJICJOBATENBHO, SIBJAAETCS WHTETPUPYEMBIM
mo Japby. B wacTHOCTH, €CiM ¢ SIBJIAETCS WHTErPAJIOM HAUMEHBINETO TI0-
paaKa i maTerpmpyeMoro mo lapGy ypasHenud, To i000e ypaBHEHHE,
JOIYCKAOIIEE TOT XKe WHTErPasl ¢, TakkKe mHTErpupyemo mo Tapby.

DT PaKTH MOKHO UCTIONB30BATH JIJIsl IPOBEPKHU YIKe N3BECTHBIX CITHC-
KOB WHTETrpuUpyeMbIX 10 JlapOy ypaBHEHWI Ha TIOJHOTY W [ HAXOKIE-
HUSI HOBBIX MHTErpupyeMbix mo Hapby ypasuennii. Takke Hesb3s UCKIIO-
HaTh, YTO 33,1294 KJIACCU(pUKAIIMA WHTErpUpyeMbrx 1o Jlapby ypapreHuit
MOXKeT OBITH CBeJIeHA K KIACCH(PUKAINYN HEKOTOPOTO CIENUAJIbHOTO TO-
kacca GyHKIWA, 06/1aA0MAX BHITEYKA3aHHBIM CBOMCTBOM.

Beimenssosxkentoe 6osiee mogpofHO paccMOTpeHo B [2].
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BU®YPKAIINN B TAMUJIBTOHOBHBIX CUCTEMAX C
SATYXAKIIINMU CTOXACTUYECKUMU
BOSMYIIEHN AMN
O.A. CyaranoB
oasultanov@gmail.com

VIIK 517.925

Wccnenyercs: BausHme 3aTyXaOMNX CTOXACTHIECKUX BO3MYIIEHHHI C
OCHMJJINDYIOIMMY K03 pUITHmeHTaM Ha TaMUILTOHOBLI CHCTEMBI Ha
mrockocTu. ONUCHIBAIOTCS PA3JINTIHBIE TOJITOBPEMEHHBIE ACHMIITOTH-
YeCKHe PeXXHWMBl B BO3MYIIEHHBIX YPABHEHUSX W YCJIOBUSI WX CTOXa-
CTAYECKON YCTOWIMBOCTH.

Karwesnie cA066: aCUMITOTHYIECKN aBTOHOMHAS CHCTEMA, CTOXACTH-
YeCKOe BO3MYINEHUE, YCTONIUBOCTh, dyHKna JIamyHnosa, dhazoBbIit

3axBar, (Ga30Bbli apeiid.
Bifurcations in Hamiltonian systems with decaying stochastic

perturbations

The influence of damped stochastic perturbations with oscillating co-
efficients on Hamiltonian systems in the plane is investigated. Various
long-term asymptotic regimes in the perturbed equations and the con-
ditions for their stochastic stability are described.

Keywords: asymptotically autonomous system, stochastic perturba-
tion, stability, Lyapunov function, phase-locking, phase-drifting.

PaccmaTrpuBaercs KIace aCUMITOTHYECKN aBTOHOMHBIX cucTeM auddepen-
OUAJIBHBIX YPABHEHHUI HA IVIOCKOCTH € OCIMULIMPYIOIUME K03(hdUImenTa-
mu. IIpenmonaraercs, 9To mpenespHAs CUCTEMA SIBJISETCS TAMUIBTOHOBOM
¢ ycToiunBeIM paBHOBecreM. O6CYKIAeTCsT BANSHIE MYyJIbTUILINKATHBHBIX
CTOXaCTUIECKUX BO3MYIIEHNH THHA OeJIblil NyM HA YCTOMIMBOCTD CHCTEMBL
IpHU yCJIOBUHU, YTO MHTEHCUBHOCTL BO3MYIIEHUI 3aTyXaeT CO BPeMEHEM, a
HacTOTa YJAOBJIETBODPSET PE30HAHCHOMY YCIOBUIO. OMUCHIBAIOTCS BO3MOK-
Hble ACUMIOTOTHYECKHE PeXKHUMBI I BO3MYINEHHBIX TPaeKTOPUU U UX 3a-
BHCHMOCTB OT CTPYKTYPBI U IapaMeTpoB Bo3MmyIuenuii. [loka3eiBaercs, ITo
YCJIOBUsSI YCTOWYIUBOCTH 3aBUCAT KaK OT PEAJIM3yeMOrO PEeXKWMa, TaK U OT
CKODOCTH 3aTyXaHUd BO3MyIIeHH. B 9acTHOCTH, NOKa3bIBaeTCA BO3MOXK-
HOCTBH yCTOMYIMBOrO (ha30BOro 3aXBaTa B KOJIEOATEIBHBIX CHCTEMAX 33 CUET
nryma. IIpenmaraeMsrii aHaIn3 OCHOBAH HA KOMOWHAIIMM METOJa YCPeIHe-
HUS U IIOCTPOEHUSI CTOXACTUIeCKuX (yHkIwmii JlamyHosa.
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OBb OBOBIITEHHOM YPABHEHUU KOPTEBETA — JIE
PPU3A C IIIYMOM B INCITEPCMOHHOM YJIEHE
.A CyukoBa
dil9ara@rambler.ru

VIK 519.21, 517.957, 517.955.2
a3paboTaH aHATUTUIECKUI METO/I penieHns 000OIEeHHOT0 CTOXACTH-

geckoro gmddepennmansaoro ypasuennsi Kopresera — ge @pwusa
(GKdAV) ¢ mymMoM B Jucuepcuu, KOTOPbli CBOIUTCS K DELIEHUIO HEJIU-
HeWHOro A hepeHImaIbHOTO YPABHEHNsT U JIMHEHHOTO YPaBHEHUS
Kopresera — me ®@pusa. Ha ocHoBe pa3paboTaHHOrO METOma IIPOBE-
JIEHO KOMITBIOTEPHOE MOJEJIMPOBAHUE IIPOIECCA.

Karowesnie caosa: 0b60bmennoe ypasuenue Kopresera — pe @pu-
sa (GKdV), croxactuaeckoe muddepenmmanbroe ypasaeaue (CLY),
ypaBHEHME IJIUHHOHN BOJIHBI, 0DOOIIEHHOE CTOXaCTUYIECKOE ypPaBHEHNE
Ka® c mymom B gucnepcun, qucmepcust BOJTH

On the generalized Korteweg —de Vries equation with noise
in the dispersion term

An analytical method for solving the generalized stochastic Korteweg
— de Vries (GKdV) differential equation with noise in the dispersion
is developed, which reduces to solving nonlinear partial differential
equation and linear Korteweg — de Vries equation. On the basis of the
developed method the computer simulation of the process was carried
out.

Keywords: generalized Korteweg — de Vries (GKdV) equation,
stochastic differential equation (SDE), long wave equation, general-
ized stochastic equation KdV with noise in the dispersion, dispersion
of waves

Bremém o6obmennoe ypasuenne Kopresera — ge @pusa
w4+ (f(u)e + [1+ V' (1)]teae =0, u(w,0) = uo(z), (1)

(z,t) € Rx[0,7T], ¢ mrymoM, KOTOPBIII BO3ZEHCTBYET HA JMCIEPCHOHHBIN
YJIeH YPABHEHUS, OTIPEIe/ISIIONH CAyIaiHy 0 IPUPOLY PACCENBAHMUS BOJIH.
Iom wymom V (t), V(0) = 0 mbl moEmMaeM GO HEMPEPHIBHYIO DyHKIHIO,
OO0 TPOU3BOJIBHBIN CIYYIANHBIA IPOIECC C HEMPEPHIBHBIMU PEATM3ATTHSI-
vu. Hac 6ymer narepecoBats 3amaqda Komm st croxarudeckoro GKdV ¢
K03 PUMMEHTAMEU, 3aBUCIIIUMA OT BPEMEHH.

ITTar 1. Tak kak B ypasaerun (1) npoussonuas V (t) MOXKeT He CyIIecTBO-
BaTh, TO C IEJIBIO IPUIATH YPABHEHUIO MaTEMATHIECKUH CTPOrUil BUI, TIPO-
BEJIEM CJIEIYIOIUe PAacCcyk/aeans. Pemenne ypasaenus (1) Gymem uckaro B

CyukoBa /Iunapa A#paToBHA, aCIUPAHT IO HATPABJIEHWIO MOArOTOBKHU "'MaremaTu-
YeCKOe MOJeIUPOBAHUE, YUCIEHHbIE METOAB! U KoMIUTeKchl nporpamm Y YHuT (Vda, Poc-
cus); Dilara Suchkova (Ufa University of Science and Technology, Ufa, Russia)
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Bune u(x,t) = u(z,t,V(t)), H09TOMY ypaBHEHHE CJIEAYeT MEePEnnucaThb Ciie-
AYIOIuM 06pa3om:

d(u)e + [(f(4)s + Usaz]dt + Uzes * AV (¢) =0, u(x,0,V(0)) = uo(z),

KoTOpoe ¢ yueToM dhopmyust 1 auddepeniuana ¢ CHMMETPUIHBIM HHTe-
rpasom [1] (u)¢dt = urdt + uy * dV (t) mpumer Bu

[ue 4 (f(0)e + Uswe]dt + [wo + Upes] * dV (t) = 0. (2)

ITycre dysxnma (Tpaekropusa ciydaiinoro nponecca) V (t) aurne ve mud-
dbepennupyema. Torna B CHily JIeMMBL O DABEHCTBE IBYX HHTErpasoB [1]
ypaBaeHnE (2) PABHOCHIBHO JIBYM COOTHOIIEHHSM:

Ut (JZ, t, U)lv:V(t) + f(u(x, 2 V(t)))w + Uzaa (l‘, t, V(t)) =0, (3)

Uy (2,8, V) o=y (1) + Uzaa (2, t, V(L)) = 0. (4)
Boremras w3 ypasaerus (3) ypaBrerwe (4), TIOLy9IUM CJIEIyIONHME COOTHO-
IeHUuAg:
ur — uy + (f(u))e =0, (5)
Uy + Ugze = 0, (6)

Ot (5) u (6) nepeiinem K ABYM [I€TEPMUHUPOBAHHBIM yPABHEHHAM HA B YHK-
o u(t, z,v), noaoxkus v = V(t) B (5) u (6).

IMTar 2. Temeps MBI OyaeM pacCMaTPUBATL TOJBKO JIETEPMUHHPOBAHHBIE
Bapuanrel ypasHenuil (5) u (6). Ham neobxomumo y6eaurbest, uro Haii-
gerca gyaxmma u(t, z, V (1)), KoTopas aBIsIETCA PEITEHREM OTHOBPEMEHHO
JIBYX ypaBHEHHMH.

IIycre g(z,t) ects nponssosbHoe pemenue ypasueaus Ka® g: + gg. +
Juzz = 0. UzBecTHO, uTO permenme 3amaan Komm u*(x,t,0) = g(w,t) aua
smaeapr30BanHOT0 ypaaenna Ka® (6) serpaxkaerca aepes GyHkmn Ditpn
[2], Bocnomb30BaBIIMCE 9TUM baKTOM, 3anulIeM pelleHue ypasHeHus (6)

400

Wt Vo) = eve) ™ [ ai( G ) sy

oo
rae Ai(z) = L [ cos (”; + yz) dy ectb yHRIMA Ditpu.
0

ITTar 3. [lokaxkewm, uTo (pyHKIMSA

u(a,t,v) =7 V2 (30) /3 +/OOA2‘ (%) g(y, 1) dy, (7)

yaoBaeTBopsaer ypasaeruio (5). 3amernm, uro BBy (7)

—+o0

e,y v) = 72 (30) "2 / Ai (%) oy, 1) dy =
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+oo

=20 [ A (Gt ) U0, g 0:0]

B cuny coiicrs npeobpazopanus D¥pu paBas 4acTh PABEHCTBA 3allUIIET-
ca B Buge —(f(u(z,t,v)))s — Ugza(z, t,v). C yaerom (6), mosyanm

ue(z,t,v) + flu(z,t,v))e — uy(z, t,v) = 0.
Buauwmt pemerme Ka® ¢ mymom maerca dbopmynoit (7).

Teopema. Ilycrs V(t),t € [0,T], V(0) =0, — menpepriBras yHkina,
a g(z,t) moboe pemenne ypasaenns Ka® g+ g9z +gzes = 0. Torga coorHo-
menne (7) npu v = V (t) onpenesasier pemenne CTOXaCTHICCKOTO YPABHEHHS
Kn® (2).
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PEAYKIINA ITOCJIEJOBATEJIBHOCTUA JIAIIJIACA "
YPABHEHUA TUITA CUHYC-TOPIOHA
K.N. Paiizysnnna,A.P. XakumoBa
cherkira@mail.ru, aigul.khakimova@mail.ru

YIAK 517.9

B moxmame obcy)kgaloTcs HeJIWHEHHBIe MHTerpupyeMble rumepbosmte-
CKUe YPABHEHUS COJIMTOHHOI'O TUIA BUIA:

Uzy = F(ua Um,Uy). (1)

13 pesymbraTos paboTs [1] cremyer, 9T0 ¢ TOTHOCTHIO 10 TOYETHBIX TPE0O-
pa30BaHMil IEPEMEHHBIX CYIIECTBYET POBHO IISTh YPABHEHMI TAKOIO THIIA:

tay = sin(u); (2)
Uay = V1 +u2, [ =7f,v = const; (3)
tay = Vi + 1; (4)

oy = VB + 1y fu3 + 1 (5)

ey = Vo) — /il 1y + g ©)

Mpe1 mpeamosaraem, 9To /it 060r0 MHTErPUPYEMOTO YPABHEHHUS BH-
ma (1), He UMEIONEero HEeTPUBHAILHBIX XapPAKTEPUCTIIECKUX WHTErPAJIOB,
[IOCJIETOBATEILHOCTD IIpeobpas3oBanuii Jlamiaca, cBA3aHHAS C €ro JIMHea-
pusanuein

VUzy + QU + bvy + cv =0, (7)
rae
oF oF oF
= h=—a = 8
Uy Ouy ¢ ou (8)
JOIMYCKAET PEIYKITAIO BUIA
VUlm41] = Q- k)V[k] + k1) kt1] + 7 F Q] Vo] (9)
Vl—k-1] = B-k)V[—k] + Bkt 1)V kt1] +*+ F Bpm] Vim), (10)
rae m, k — mesele uncia, Takue, 9o m > 1, k > 1; xoaddunuerTs! oj, [;
3aBHCAT OT OUHAMUYIECKUX HEPEMEHHBIX U, Uz, Uy,.... KpOMe TOro, Tpe-

6yercs, 4T00bI ()] U B[y HE obpamanuch B HyJIb oxHospemento. Toraa
cucrema ypasuenwii (9) u (10) obpasyer napy Jlakca s ypasuerus (1),

Qaitzymnua Kupa Uropesna; Kira Faizulina (Institute of Mathematics, Ufa Federal

Research Centre, Russian Academy of Sciences, Ufa, Russia)

Xakumosa Afiryns Pumaroera; Aigul Khakimova (Institute of Mathematics, Ufa

Federal Research Centre, Russian Academy of Sciences, Ufa, Russia)
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KOTOpasl OTJIMYIAETCST OT OOBIYHOrO TpescTasieHus maphl Jlakca. U3 ko-
TOPOro ¢ IOMOIIBI) 3JIEMEHTAPHBIX IPeoOpa30BaHUl MOXKHO BBIBECTH KaK
OIlepATOPbl PEKYPCUM B XapPaKTEPUCTUYECKUX HAIPABIEHUAX, TaK U 00bIY-
HyIo TIapy Jlakca.

B craree [2] sTa runoresa 6blaa gokasaHa s ypasHenwii (2) u (3), B
[3] — mnst ypasrenwmit (4) u (5), nius nocnennero ypassenusi (6) aTo yTBep-
K JIeHne OBIJIO J0Ka3aHo B [4] u muis Beex ypasHeHMit ObLIN HaiiIeHBI TAPHI
Jlakca u omepaTophl peKypCur B 0O0UX XapAKTEPUCTHIECKUX HATPABJICHU-
AX T U Y.

JInteparypa

1. A. I Mewsxos, B. B. Cokxonos. Tunepbondaeckue ypaBHEHUS C CUM-
MeTpusiMu TpeThero nopsaka // TM®, 166:1 (2011), 51-67

2. I. T. Habibullin, A. R. Khakimova, M. N. Poptsova On a method for
constructing the Lax pairs for nonlinear integrable equations — J. Phys.
A: Math. Theor., 49:3 (2016)

3. Faizulina K. I., Habibullin I. T. and Khakimova A. R. Laplace
transformations and sine-Gordon type integrable PDE — J. Phys. A: Math.
Theor., 57:1 (2024)

4. Faizulina K. I., Khakimova A. R. Reduction of the Laplace sequence
and sine-Gordon type equations — arXiv:2406.19837
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O ITOCTPOEHUU PEIIEHUN HEJIMHENHBIX
NHTETPUPYEMBIX YPABHEHUI B YACTHBIX
MMPOMU3BOAHBIX ITPU ITOMOIIIN OJEBAIOIIINX
IIEITIOYEK
N.T. Xa6ubymauua, A.P. XakumoBa
habibullinismagil@gmail.com, aigul.khakimova@mail.ru

VIIK 517.518

B noksaie 06Cy K IAI0TCST CABOGHHBIE CHCTEMBI TUTIA YpaBHeHust [9Bu-
Cri0apTCoHa, ABIAIOIIMECS IPOCTPAHCTBEHHO-IBYMEpPHLIMU 0600611Ie-
HHSMU ypaBHEHWH Kjaacca HenwHeiHOTOo ypasHenus lllpemurrepa.
CIIBOEHHBIE CUCTEMBI TIPEJICTABISIOT CODOM CHMMETPUY HEJIMHENHBIX
nuddepeHmaabHO-PA3HOCTHBIX YPABHEHNH, HA3bIBAEMBIX IEIIOTUKA-
MH. Hpe,Z[HaI‘aETCH METOa IIOCTPOECHUA ABHBIX YaCTHBIX pe]HeHI/IfI CcAaBO-
CHHBIX CUCTEM IMOCPEACTBOM KOHEYHO-TIOJIEBBIX pe}_'[yKL[I/II;'I ABYMEpUu30-
BAaHHBIX IICIIOYEK.

Karouesvie cA06a: MHOTOMEPHBIE WHTETPUPYEMbIE yPABHEHUs, AP
Jlakca, BBICIIME CUMMETDPUHU, COJUTOHHBIE CUCTEMBI, OJIEBAIONINE TIe-
TMOYKH, XaPAKTEPUCTHIECCKUE MHTETPAJIHI.

On the construction of solutions of nonlinear integrable par-
tial differential equations using dressing chains

The paper discusses coupled systems of the Davey-Stewartson type,
which are spatially two-dimensional generalizations of equations of
the class of nonlinear Schrédinger equations. Coupled systems are
symmetries of nonlinear differential-difference equations called chains.
A method is proposed for constructing explicit particular solutions of
coupled systems by means of finite-field reductions of two-dimensional
chains.

Keywords: multidimensional integrable equations, Lax pairs, higher
symmetries, soliton systems, dressing chains, characteristic integrals.

B pabore A.B.IlTa6ara u P.U.SImunosa [1] 6bl1a o6HApYKeHA TeCHAS CBA3b
MEKIy [BYMEPH30BAHHBIME LEIOYKAME CJIEAYIOMNX ABYX THIOB

Un,zy = f(un+1,un,un71,un,z,un,y) (1)

Un,y = p(un)(vn+1 - vn) Un,z = q(Un)(un - unfl) (2)

Xabubymana Ucmarua Taararosud, 1.¢.-M.H., mpodeccop, r.u.c., UMBIT YVOUIL PAH
(YVda, Poccus); Ismagil Habibullin (Institute of Mathematics with Computing Centre -
Subdivision of the Ufa Federal Research Centre of RAS, Ufa, Russia)

XakumoBa Aliryns Punartosna, K.¢.-M.H., ¢.H.c., UMBII YOUIT PAH (Yda, Poccus);
Aigul Khakimova (Institute of Mathematics with Computing Centre - Subdivision of the
Ufa Federal Research Centre of RAS, Ufa, Russia)

229



7 CIBOCHHBIMH CUCTEMAMW B YAaCTHBIX TIPOU3BOIHBIX. [IpH 9TOM CIABOCHHBIE
CHCTEMBI OTIPEIENAIOTC 9epe3 Bhicmme cumverpur myra (1) mmm (2), a ca-
MU TMCKPETHBIE MOIEN SABJIAIOTCA UTeparusamMy npeobpasosanna Bekayn-
Jla CTIETIMATLHOTO BUA, I CABOEHHON cucTeMbl. OHU TaKKe HA3BIBAIOTCS
OJICBAIONIIMMU TIETTOTKAMHA JJTA CIBOCHHBIX CHCTEM.

st XOpoIo u3BECTHOMH 1enoyku Bosbrepphl

Uny = un(”n - vn+1)7 Unx = ’Un(unfl - un), (3)
C/IBOEHHASI CHCTEMA MMeeT CJIEIYIONIUI BH,

Un,t = Uzx + (U2 + QUV) s ‘/’y = Vg

z

Un,t = —Vga + (VQ)y + (2uv),.

TTonb3ysice muTerpupyemeivu mo Japby KOHEYHO-IOJEBBIMU DTy KITMIMU
OJIEBAIOTIEH TIEITOYKHA MOYXKHO ITOJIYYUTH ABHBIE YaCTHHIE PENIEHUS COOTBET-
CTByIOIIEN CABOEHHON crucTembl. [IpmMmep TakOro perreHnsi MPUBOINTCH B
TeopeMe HIXKe.

Teopema 1. IIpednonooicum, wmo Pynxyua S(z,t) asisemes npous-
BONDHBLM PEUEHUEM YDABHEHUA MENAONPOSoOHocmy S; = Szz nYycms npu
amom F(y) npouseoavhaa z2aadkaa dynkyua. Tozda Pynruyuu

u(z,y,0) = — - (S 1) + F(y)),

oy, t) = 8% In(S(z, ) + F(y)),

V(eu,t) = o In(S(e,t) + F(y))

3adarom pewenue c060eHHOT CUCTEMDL, NPEIBABAEHHOT BBLULE.

JInteparypa

1. Shabat A.B., Yamilov R.I. To a transformation theory of two-
dimensional integrable systems // Phys. Lett., A, 227:1-2 (1997), 15-23.
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HEJIMHEVHBIN N3TUB BAJIKI
A.T. Xakumosn
hakimov@anrb.ru

VIIK 539.311

IIpencrapmena aHaMTHYECKass TEOMETPUYIECKN HEJIWHEHHAS MOJIE/b
rubkoro ofHOCTOMHOTO TpadeHa mian rudkoi 6ajKW C ydeToMm meii-
CTBUSI CPEHETO JABJICHUs, VI KOTOPOH chopMy/mpoBaHa B 6e3pas-
MEpHOM BH/€ KpaeBas 33/1a49a W IIOJyYeHBl TOYHBIE AHAJTUTHICCKUE
ob1iye pernreHns B JUTMNTHIECKUX (DYHKIHUAX, OMUCHIBAOITIE (DOPMBL
nedpopMuUpOBaHUs THOKOH OATKHU.

Karowesvie caosa: OTHOCTOWHBIN rpadeH, NUINHIPUYIECKHN H3rud,
dopma, ycnirs, n3ruOarONnii MOMEHT.
Nonlinear bending of a beam

An analytical geometrically nonlinear model of flexible single-layer
graphene or flexible beam is presented, for which a boundary value
problem is formulated in dimensionless form and exact analytical gen-
eral solutions are obtained in elliptic functions describing the defor-
mation forms of the flexible beam.

Keywords: single-layer graphene, cylindrical bending, shape, forces,
bending moment.

Kaxk ormeueno B patore M.A. Unbramosa, HauuHadg ¢ 06001AI0MMX pa-
60T O TeoprH TOHKHUX TIACTUH u 060109ek Pames (Crperr dx.B.), Jlasa
(JIss A.) momepeunas pacmpeesieHHast CHJIa TIPUHAMAETCST PABHON ¢ = P1
— p2, TJie p1 U p2 — N3OBITOYHBIE TABJICHUS HA MMOBEPXHOCTH, MEPIEHINKY-
JISIPHBIE TUIOCKOCTH u3ruba. DTHU JaBJIEHUsS P1 U P2 HOJOKUTETbHBI, €CJIU
o0lllee aBJIEHVE TPEBBIMIACT ATMOCQEPHOE NABJIEHUE po, OTPUIATETHHBI
IPY MEHBIEM 3HAYEHUN OOIIEro IABJIEHUS, Ue€M pPg. Y UeT PA3HOCTH ILIO-
maeil BRIIYKJION M BOTHYTOM MOBEPXHOCTEMN, MOABJISIONIEHCS Tpu u3rnbe
CTEPXKHS U IMWIMHIPUIECKOM M3ruOe TIACTUHBI, TPUBOJUT K BHIPAKEHUIO,
KOTOpOe IpuBouTcs B [1], 0TKyza caenyer, 910 pacupe/iejieHHas IOIEpey-
Hasd CUIa, BOSHUKAIONAs TP W3rnde B pe3yapTaTe 00pa30BaHuS PA3HOCTH
TIJTONIAIeil BBIMMYKJION M BOTHYTOUR dacTell MOBEPXHOCTH HAIPABJICHA B CTO-
POHY BOTHYTOCTH.

B cratbe [2] nccaenyorcsa 3amatm CTATAMECKOH U ITHAMUYIECKOH yCTOMN-
YUBOCTU TOHKOTO TMOKOTO CTEPIKHSI O NeHCTBUEM 0CEBOTO CKATUS C TOU-
HBIM YY€TOM Te0OMEeTPUIECKON HEeTHHEHHOCTH U IIPUBOIUTCST 0030p paboT mo
HeJIMHEMHBIM 33/1a9aM, TEOPHUU U PACUETY TUOKUX YIPYTUX CTEPIKHEH.

Paora npoBejeHa B HOPSIIKE BLIMOJHEHHS TOCYIapcTBeHHOrO 3aganus (Ne0246-2023-
0015).

XaxkumoB Akum laiibynaunosny, K.d.-M.H., gorent, UMex YOUII PAH (Vda, Poc-
cus); Akim Khakimov (Ufa Mavlyutov Institute of Mechanics Ufa Federal Research Centre
of the Russian Academy of Sciences, Ufa, Russia)
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Wcnonb3yst cooTHOMEHNS

_8 s oy, Td QM

u_R7§_a’x_ ay_a7t_D7q_D7 Da
o1 Ty _ Phd?
a=a (2R§+D B=p

nosy4ueHo audepeHImaabHOe yPABHEHNE IMIHHIPUIECKOT0 U3ruda OHo-
CJIOHHOTO TpadeHa O JeHCTBUEM CPEIHETO TABJIeHUs

d*u u?
@+?—(a+ﬁ)u—07

pelIeHre KOTOPOIro MMEeT BHIL
1 1 1 .
u(§) = monsn | =Imo& +arcsn | —,n | ,n| ,n=—1/4(a+ ) —mj.

2 n mo

Bnecy E, v, h - mogyns yupyroctu, kodg¢pumuent [lyaccona u Toamuna
onuocsoitHoro rpadena, D - nmumnHgpudecKas u3rudHas xKeCTKOCTb , Ry -
paauyc KpuBHU3HBL B He1eOPMUPOBAHHOM HAYAJIbHOM cocrognun, 1, Q, M
- YCUJIMe HATSKeHUs, IePePe3bIBAIONIAs CUIa U N3rubaonuil MoMeHT, R, s -
PaIUyC KPUBU3HBL B 1e(POPMUPOBAHHOM COCTOSHUN U JJIMHA AyTH IIOTIepet-
HOTO ceveHwms:, &, y" - pa3MEPHBIE KOOPIMHATHI, @ - XAPAKTEPHBIA pa3Mep,
P - naBjeHwe B OKpyzKaloIieil cpene, mo - 6e3pa3MepHBI M3rudaroNTmin
MomeHT B Touke (.

Biaugnue cpengsero napseHns Ha QOPMY IMOIEPEYHOr0 CEYEHUS U Pac-
npejieieHne yCUIuil U u3rubaiolero MOMEHTA YBeJIHIUBAETCI C YBeJIute-
HUEM TOJIIAHBI THOKOM OajIKu.

JIuteparypa

1. Haveamos M.A. Bananue napsieHusl OKPY:KAWOWEH Cpeibl HA W3-
rub ToHkoH mmactusel u niéaku // JAH, 476:4 (2017), 402-405. DOLI:
10.7868,/5086956521728009X

2. Annun B.J., Baacos A.K)., Bazapos F).B., Oxomxun K.I'. Uccne-
JOBAHUE CTATHIECKON M JUHAMUYECKON YCTOMYHBOCTH IHOKUX CTepyKHEH B
reOMeTpPUYECKH HeluHeHHoM nocranoske // M3Bectust poccuiickoii akae-

vun Hayk. Mexanwmka tBepmoro temaa, 4 (2017), 6-18. EDN: ZBPWUL
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O HAXOXKJITEHUU PEIMTEHUS 3AJAYU KOIIIU JJISA
HATPY2KEHHOTO YPABHEHU A MK/J® C
CAMOCOTJIACOBAHHBIM MCTOYHUKOM B CJIVHAE
IIPOCTHIX COBCTBEHHBIX 3HAYEHUN
VY.A. Xourmeros, I11.K. Cobupos
x__umid@mail.ru, shexzod1994@mail.ru

YIK 517.957

B maumoit pabore paccmarpuBaercs 3aaada Komm g5 Harpy KeHHOTO
MonudurupoBaHHoro ypasuenus Kopresera-me @pusa ¢ camocoriia-
COBAaHHBIM NCTOYHHUKOM B CJ/Iy4Yae IIPOCTHhIX CO6CTBeHHbIX 3HAYEHUH.
Karoweswe caosa: Harpyxemmnoe wMoandunmpoBaHHOE YpaBHEHWE
Kopresera-me @pisa, CAMOCOTIACOBAHHBIN MCTOYHUK, permreHns Mo-
CTa, JAHHBIE DACCESTHUA.

On finding a solution to the Cauchy problem for a loaded
mKdV equation with a self-consistent source in the case of
simple eigenvalues

In this paper, the Cauchy problem for the loaded modified Korteweg-
de Vries equation with a self-consistent source is considered in the case
of simple eigenvalues.

Keywords: Loaded modified Korteweg-de Vries equation, self-

consistent source, Jost solutions, scattering data.

B nammbo#t paboTe paccMaTpHUBAETCs CAEAYIONIAasi CUCTEMA YPaBHEHMIA

up + 6u Uy + Usew + Q(u(z1,t))us (o, ) ZBk u(za,t)) (OF, — i) 1)

L)y = &x®r, k= 1,2,‘..,2]\7, z€eR
rae Q(y) m Bi(z) k = 1,2 NMHOrOWIEHBI OT Y W 2 COOTBETCTBEHHO. Kpome
toro, By = (P, (1), Pr, (,t))" — cobeTrennas BeKTOP-bYHKIWS OMepa-

topa L(t) coorBercTBy0mas cobCTBeHHOMY 3HadeHWIO {. Y pasHenue (1)
pacCMaTpUBAETCA IIPU HAYaJIbHOM YCJIOBUHA

u(z,0) = uo(x). (2)

IIpu srom Havanbhas pyHKIm: Uo(z) (—00 < < 00) obuasaer ciemyo-
THUMHUA CBOUCTBAMH:

XowurmeroB Yumpm Asamosudu, n.¢d.-m.H., monent, YpI'V (Vpremu, VYsbexucran);
Hoitmetov Umid (Urgench State University, Urgench, Uzbekistan)

Cobupos Ilex3on Kyukap6oit yroam, aciupant, YpI'Y (Yprenw, Ysbexucran); Sobirov
Shekhzod (Urgench State University, Urgench, Uzbekistan)

233



+oo

/<1+ ) o () da: < oo;

— o0

d
2) Omneparop L(0) = ¢ ( d T (da:) ) uMeeT POBHO 2N IPOCTHIX
—uo(r) — 4=

cobcreennnrx 3HadeHuit £1(0), £2(0), ..., &2~ (0) ¥ He UMeeT CIEKTpPATIBEHBIX
ocobeHHOCTE.

s onpenererrocTn Gy/ieM CIATATH, ITO CyMMa, y9IaCTBYIONAsT
B mpasoit wactu (1), Bxogar caagana @wrenst ¢ Im&, > 0, k = 1,2,..., N.
Tax>ke npenmonmaraeTcd, 9To

+oo
/Cbkl(bkzdm:Ak(t), k=1,2,...,2N

—0o0

¢ 3aJaHHBIMU HEHyIeBbIMU (GyHKImaMmu Ay (t), KOTOpBIE YIOBIETBOPIIOT
YCJIOBUAM

Ap(t) = Ax(t), & =&, k=1,2,...,N.

IIpenmonoxum, aro dbyukmua u(x,t) obmamaer TpebyeMoil TIAIKOCTHIO 1
JOCTATOYHO OBICTPO CTPEMUTCS K CBOUM IIpefeaM Tpu & — 100, T.e.

+o00

/((1+|x\ |uxt\+2‘a gxa;t de<oo, k=1,2,3.

OCHOBHOW TIEJTBIO PADOTHL IBJSIETCS IOy I€HIE TTPEICTABICHUN /IS Pe-
menus u(z,t), Pp(z,t), k=1,2,...,2N 3anaun (1)-(5) B pamrax merona
o6parHOi 3a1a4n pacceanus ausa oneparopa L(t).

Jlnteparypa

1. Wadati M. The exact solution of the modified Korteweg—de Vries
equation // J. Phys. Soc.Japan, 32 (1972), 1681.

2. Abaosuy M., Cueyp X. Commronbl n Merom obpaTHOl 3ajaum. —
Mup: Mocksa, 1987.

3. Xoumwmemos Y. A, Cobupos. III. K. VlurerpupoBanue ypaBHEHU
MKa® ¢ saBucsdaimuMmu or BpeMeHH KOd(uimeHTaMu, € JOMOJTHUTEIb-
HBIM YJIEHOM U ¢ WHTErPAJIBHBIM UCTOYHIKOM B KJIACCe OBICTPOYOBIBAIOIINX
dbyukmit // Bectauk YaMyprcekoro ynusepcurera. Maremaruka. MexaHu-
ka. Kommnbiorepnsie naykm, 34:2 (2024), 248-266.
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OB OCOBEHHOCTYX PEIIIEHUN YPABHEHUN
INOPOANHAMUWYECKOI'O TPAHUYHOI'O CJIOS IIPU
CTPEMJIEHU BA3KOCTU K HYJIIO
A.M. IIlaBaykoB, aza3727@yandex.ru

YIAK 517.956

OnucaHpl TUIMYHBIE C TOYKYW 3PEHUS] MATEMATHIECKOH TEOPUH KaTa-
crpod 0COGEHHOCTU peleHuil CUCTeMbl yPABHEHUN I'MAPOAMHAMUYE-
CKOT'O TPAHUIHOIO CJIOS IIPU CTPEMJIEHUHU BA3KOCTH K HYJIIO.
Karwwesvie caosa: mareMaTwka, guddepeHInanbHbe ypPaBHEHHS,
YPABHEHMS TUIPOIUHAMUYECKOTO TPAHUYHOrO CJIOs, TeOpus 0COGeH-
HOCTEI, Teopus KaracTpod.

On singularities of solutions to hydrodynamic boundary layer
equations with viscosity tending to zero

The paper describes typical singularities of solutions of the system of
equations of the hydrodynamic boundary layer as viscosity tends to
zero, from the point of view of the mathematical theory of catastro-
phes.

Keywords: differential equations, hydrodynamic boundary layer equa-
tions, singularity theory, catastrophe theory.

OmmcaHbl TUHITUYHBIE ¢ TOYKW 3PEHUS MATEMATHIECKON TeOPHU KaTacTpod
0COOEHHOCTH THIIA CKJIAJIKA PEIIeHHN CHCTEMbI YPABHEHUN THIPOIUHAMU-
9EeCKOI'0 I'PAHUYHOIO CJIOA IIPU CTPEMJICHUN BA3ZKOCTU K HYJIIO

vy +hvy =0, vz +hy =0

B 00pase mpeobpaszosanus JlexaHapa.

JInteparypa
1. Oleinik O.A., Samokhin V. N. Mathematical models in boundary
layer theory. — Boca Raton: CRC Press LLC, 1999.
2. Schlichting H., Gersten K. Boundary-Layer Theory. — Berlin:
Springer, 2017.

Pabora BweImonHeHa 3a cuer rpaHTa Poccuiickoro Hayunoro donma Ne 21-11-00006,
https://rscf.ru/project/21-11-00006/

IMTasaykos Aszamar Masmerosud, acnupanTt (Yda, Poccus); Azamat Shavlukov
(Institute of Mathematics with Computing Centre - Subdivision of the Ufa Federal
Research Centre of Russian Academy of Science, Ufa, Russia)
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O MPEJCTABJIEHUS PEIIIEHUN OJJHOTO KJIACCA
CUCTEM JIN®PEPEHIIMAJIBHBIX YPABHEHUII B
KOMIIJIEKCHOH IIJIOCKOCTU
B. IITapunos, 39.X. /I>kyMmaeB
boboali.sharipov@mail.ru, eraj59 59.mail.ru

YIAK 517.956

B  mpemnaraemMoM coOOImIeHHNM PAacCMATPUBAETCS HEKOTOpas CH-
crema gand@epeHInaTbHbX YPABHEHUN C MTPOU3BOJIBHBIM YHCIIOM
HE3aBUCUMBIX KOMILTEKCHBIX IIePEMEHHBIX B KJACCE BEIIEeCTBEHHO-
aHAMTUIEeCKUX QyHKImMH. PaccMaTpuBaoTes cirydan, KOTIa yCAOBUS
COBMECTHOCTH CHCTEMBI BBIMIOJIHAIOTCH TOYKJIECTBEHHO, U OCOOEHHOCTH
B YPABHEHUAX CUCTEMBI YCTPAHAIOTCS, & PEIleHns HaXOIUTCS B OTIpe-
JOeIEHHOM BHUJIE.

Karouesvie €A066: BENECTBEHHO-AHATUTHICCKIE (DYHKINH, YCIOBUS
COBMECTHOCTH CHUCTEMBbI, YaCTHBIE PEIleHHUs, OCOObIE PEIeHus, aHa-
JIMTUYECKOE IIPOJIOJRKEHNE, CMEIaHHbIE IIPOU3BO/IHbIE, MHOIOODpa3ust

pelreHui.
Representations of solutions of one class of systems of differ-

ential equations in
the complex plane

In the proposed communication we consider some system of differential
equations with an arbitrary number of independent complex variables
in the class of real-analytic functions. The cases when the jointness
conditions of the system are fulfilled identically and the singularities
in the equations of the system are eliminated and the solutions are in
a certain form are considered.

Keywords: real-analytic functions, coexistence conditions of the sys-
tem, partial solutions, special solutions, analytic continuation, shifted
derivatives, manifolds of solutions.

Ilo amanorun ¢ [1-2] paccmorpmm cucremy aud depeHnmanbHbIX ypaBHEHAH

BHUIA:
ow _ f1(z,ZW) ow — 3 ow =
971 - (52— Dym 9% - f(2 5W), 5 -
f3(z,2W) W _ _ fa(zEZW) (
<2172§0)>7n ) ct OZp, (Zn—lfzfﬂof)l)m ’

fk' € RA(ﬁQn)7W € RA(H(Z)n+1)7Z = (Z17' : '72’(”)7Z = (217 s '72n)7m >
0,k=(1,n—-1),

ITTapunos Bo6oanu, a.d.-M.H., gouent, TTO®IY ([lymante, Tamkukucran); Boboali
Sharipov (Tajik State university of Finance and Economics, Dushanbe, Tajikistan)

JI>kyMaeB Dpax XaKHa3apoBUY, K.d.M.-H., gouesT, @umaunana MI'Y nmenn M.B. Jlomo-
HOCOBa B T. Jymanbe (dymanbe, Tamxuxucran); Eraj Jumaev (Branch of Moscov State
University named after M.V. Lomonosov in Dushanbe, Tajikistan)
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B KJIACCE BelleCTBeHHO-aHATHTUIECKUX (DYHKITHIA.

Ecnmm memssectnas dynkmma cucremsl (1) m ee 9acTHBIE TPO-
W3BOAHBIE B JAHHONW O00J/JIACTM OrpAaHWYEHBI, U CYIIECTBYIOT TPEeIesb!

lim ) [(Zk *Eéo))"w] =0, k= (1,n—1), Torma cormacuo o6obme-

EER
ZL—E,
Huio sleMMbl Muxaiisosa JLLI. [3], cymecTsyoT HeKoTOpbIe YacTHEIE, GO
ocobble pemennsa 3Toi cucrembl, B Bume W = py (21, 21, 22, 22, - -« , Zn, Zn)

Anammruaeckn npomoskas dhyHKIuE cucTeMbl ypasrernii (1), mosty-
unM cucremy auddepeHnnansHBIX ypaBHeHuii [4], Buga:

W _ _fi(zsW) W _ . ow _  _f3(z,sW) oW
ds1 (<27§§0)>m ’ dsy f2(z7 S W)7 ds3 (Gl*ﬁ(o))"" 1T gy
fn(z,5sW) (2)

(Sn—1 *920,)1)7"' ’

IIpupaBHHBas CMENIAHHBIE TPOM3BOHBIE BTOPOTO MOPAIKA, CHCTEMBI
muddepeHIanTbHBIX ypaBHeHuil (2), moaydaeM COOTHOIIEHUsT, KOTOPbLe Gy-
JeM Ha3bIBATH YCAOBUSIMU COBMECTHOCTH CHUCTeMbl. Eciu stu ycaoBust cos-
MECTHOCTH BLIIOIHAIOTCH, HO He TOXKAECTBEHHO, TO Haxoxarcsa Ce dyuxmmit
VIOBJIETBOPSIONINE ST COOTHONIEHNs. Ecan XoTst 661 0Ha U3 9TUX (PYHKIT-
i ymossieTBOpseT cucreme (2), To oHA GyZeT HEKOTOPBIM YaCTHBIM, JTHOO
0COOBIM PelIeHHneM STON CHCTEMBI.

Ecan ycmoBus coBMecTHOCTH crcTeMbl g depeHITnaIbHBIX YPaBHEeHNH
(2) BBINOMHSAIOTCA TOXKIECTBEHHO, TOTJA WHTETPUPYS BTOPOE-PETYIAPHOE
VPaBHEHHE CHCTEMBI, IOIYYEHHBII Pe3yabTaT MOJACTABHM BO BCEX ypaBHE-
mauax cucrembr (2). TTocne wero, ybemMces, 9To B MOy YEHHBIX YPABHEHUAX
CUCTEMBI 0OCOBEHHOCTH 10 TIepeMeHHbIM o (k # 2) ycrpansiorca. lamee, un-
TEeTrPUPYd MOJIYIEHHYIO CHCTEMY ypPaBHEHNH, HalijeM HelIPePBIBHYIO BO BCeH
06TacTH MHOTOOOpA3WsT pentenuii cucremsl ypasaernit (1), ompeeéanoit
dopmyoii.

ITo amasorum ¢ cucremoii ypasHenuit (1) MOKHO PACCMOTPETH CHCTEMBI
BHIA:

W _ fi(zzZW) oW _ . W  _ fa(zzZW) oW _
o5 = om0 om = PEEW), = BE e, =
f’!L(Z!Z;W)
(Z2)™
oW _ f1(z,2W) ow _ fa(z,2;W) oW _
REN (Zn—20)m> 9z, Gno1 20 )7 0 Bz g
fn-1(z,ZW) oW __ 5.
(51,5?)m ) 8z f’ﬂ(zvsz)

¥ oa00HbIe UM ZIpyTHe cucTeMbl ud depennuaababix ypasaennit. s
TAKUX CUCTEM PACCMOTPEHBI BOIPOCHL CYLIECTBOBAHUS MHOI000OPa3ust ux pe-
MIeHUH, KOTOPBIE BEIPAKAIOTCS depe3 OJHY MPOU3BOIbHYI0 AHATUTHIECKY O
(G YHKIUIO IPOU3BOJIBHOIO YUCIIa HE3ABUCUMbBIX KOMILIEKCHBIX [IEPEMEHHBIX,
a TaK¥XKe UCCIeYeTCs CYIeCTBOBAHNE YACTHBIX U OCOOLIX DEIeHMiA.
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Towm 1

B aBTOpPCKOH penakiiuu

[Toanncano B nniedats 26.09.2024 r. Popmar 60x90/16.
[TegaTs: mudponas. 'apautrypa: CMU
Yea. ned. a. 14,20. Tupax 500. 3akas 2200.

(Q(' ADTEPHA
& \ HAYYHO-UINATENBCKUN UEHTP

OTne4yaTaHO B PeAaKI(HOHHO-H34aTEALBCKOM OTZAEAE
HAYYHO-UH3OATEABCKOTO LIEHTPA «ADTEPHA»
450076, r. Yoa, ya. Iymkuna 120
https://aeterna-ufa.ru
info@aeterna-ufa.ru
+7 (347) 266 60 68



