_E,_ - ~ MODERN METHODS! PROBLEMS
ﬁ% AND"APPLICATIONS OF. OPERATOR;THEORY
= " AND HARMONIC ANALYSIS S(3)

*w\—'

'4' o

f‘"“é.-

gl

I’
:-\--"‘.A M ;‘," .'r"'w\. f"

Ef!,t’;;‘ff 21 26 Aprll 2019 a Rostov-on Don RUSSIA ;

Mamepuaawvt dox.rados

MeXK IyHapoaHOiI KoHdepeHITnn
CoBpeMeHHbIE METOAbI 1 ITPOOJIEMbI
TEOPUHU ONEPATOPOB I TAPMOHIYIECKOIO
aHaJan3a U X npuiaoxkeHms — IX
PocroB-na-/lony, 22-25 anpena 2019 roaga
www.otha.sfedu.ru/conf2019
E-mail: otha.conference@gmail.com

Poctos-na-lony
2019


http://www.otha.sfedu.ru/conf2019
otha.conference@gmail.com

VIK 519.71:519.72:004
COBpeMeHHbIe MeTOoAbl N Hp06JIeMI)I Teopum oIiepaTopoB 1 rapMoHHNYe-
CKOI'O aHaJIN3a U UX IIPUJIO2KEHUA

C 34: Marepuaser IX mexayrapoauoit koudepenmyn “CoBpeMeHHBIE METOIbI U MPOOJIEMbI TEOPUN OEPATOPOB U Tap-

MOHHYECKOrO aHann3a u ux npuiaokenns IX” (r. Pocros-Ha-ony, 22-25 anpens 2019r.) / Ilox penaximeii I'uiis
A.B. — Daekrpon. Tekcrosbie nad. — Pocros H/1: 3garenscreo Pocrosekoro ornenenust Poccuiickoii unzkenep-

Hoit akagemuu, 2019. — 134 ¢. — Pexxum gocryna: http://rozmisly.ru/,
http://otha.sfedu.ru/upload /documents/abstracts/tethis _conf 2019 SFEDU.pdf

ISBN 978-5-6040260-1-4

(© Pocrorckoe oraenenne Poccuiickoii nHKeHEpHONH aka eMun

Modern Methods, Problems and Applications of Operator Theory and
Harmonic Analysis

Proceedings of the IX international conference "Modern Methods, Problems and Applications of Operator Theory
and Harmonic Analysis IX"(Rostov-on-Don, 22 - 25 April, 2019).

ISBN 978-5-6040260-1-4

© Rostov branch of the Russian engineering academy


http://rozmisly.ru/
http://otha.sfedu.ru/upload/documents/abstracts/tethis${_}$conf${_}$2019${_}$SFEDU.pdf

Table of content

Session I. Functional Analysis and Operator Theory 10
Almeida A. Homogeneous variable exponent Besov and Triebel-Lizorkin spaces 11

Bakhtigareeva E. G., Goldman M. L. Modular inequalities for the Hardy operator in a

weighted Orlicz space . 11
Belyaev A. A. Localization properties of Sobolev—type spaces and constructive description

of multipliers . 12
Berezhnoi E. I. Dyadic spaces of Morrey . 13

Chilin V. 1., Muratov M. A. Completely additive linear mappings in algebras of measurable
operators . 14

Gal’kovskii E. D., Nazarov A.I. A first-order trace formula for differential operators on
a segment for the perturbation by a complex-valued measure 15

Gil A. V. Complex degrees of one differential operator associated to the Helmholtz operator 15

Guliyev V. Characterizations of fractional integral operator and its commutators in
generalized Orlicz-Morrey spaces on Carnot groups 16

Hayrapetyan H. M., Aghekyan S. A. About Riemann boundary value problem in weighted
spaces . 17

Kamalyan A. L-convolution type operators . 17

Karapetyants A., Samko S., Zhu K. A class of Hausdorff - Berezin operators on the unit
disc . 17

Louhichi I. Product of Toeplitz Operators on the Bergman Space 18
Malyutina M. V. Periodic solutions of linear Volterra integral equations of convolution type 18
Melikhov S.N. Convolutions in spaces of infinitely differentiable functions 19
Oreshina M. N. On a functional calculus for two self-adjoint operators 20

Pashkova Yu.S., B. A. Rubshtein. Mean ergodic theorems in rearrangement invariant
spaces . 21

Polyakov D. M. Fourth-order periodic operator with matrix coefficients 22

Restrepo J. E. Weighted generalized Holder type spaces described by Djrbashian’s gene-
ralized fractional operator . 23

Sergeev A.G. Quantum differentials and function space 24

Shkalikov A.A. Analytical approach to problems on completeness and basis property of
eigenfunctions of non-self-adjoint operators 24



Skopina M. A. Multivariate quasi-projection operators and their approximation properties

Suragan D. Isoperimetric inequalities for some problems arising in the potential theory
and MEMS

Tabatabaie S. M. Some Special Coarse Structures
Usachev A.S. Dixmier traces of Hankel operators in Lorentz ideals

Vakulov B. G, Drobotov Yu. E. The Hardy—Littlewood type theorem for the Riesz potential
type operator in weighted function spaces

Abpamsan A.B., IInnnau B. C. O paBHOMepHOii 00paTumMoCcT peryJisipHbIX allpoOKCUMa-
U OJIHOMEPHBIX CHUHIYJISIPHBIX MHTEI'PAJIbHBbIX OLEPATOPOB HA KOHTYPE C yIJIOBBIMU
TOYKAMU

ABcaakuna O.I. O6 oneparopax Tumna cBepTKu B IpocTpaHcTBax Moppu

Anmoxamman X., Anbxanauab H.X. O cBoiictBax moreHiiuajgoB tuna Pucca Ha 6ase npo-
crpaucts Opsmya—Jlopenna

Anrounesuu A.B., Bysyayukasa A.H. Ksasuniepuogu4deckue pacupe/iejieHusi

Bepexmnoit E. ., Koueposa B.B. Teopema BJioxkenus W!1"(D) mis MHOKecTBa IPOU3-
BOJIBHOII MepBhI

T'panosckuii 4. U. K cnekTpanbHOiT TeOpun KBAaHTOBBIX 3BE3/THbIX rpadon

Hunenko /1. B. CnekTpajbHbIii aHAJAN3 ONEPATOPHBIX TTOJUHOMOB U JAud epeHImaTbHbIX
OIIepaTOPOB N-0T'0 ITOPSAIKa

NBanosa 0. A. O6 ymHoxxenun B conpsi>keHHbix K BecoBbiM (LF)-npocrpancrBam mesbrx
dbyuximit

Kimmmos B. C. Ouenku peumienuii quddepeHimaibHbIX HEPABEHCTB

Kozak A. B., Xanuu /I 1. CBa3e Mexkay CBEPTKOIT O BCeMY ITPOCTPAHCTBY U MUKJINIECKOT
CBEPTKOI

Kokypuna M. FO. O nmouTu pa3penmmMocT KJIaCCOB HEJNHENHBIX MHTErPaJbHbIX YPaBHEHU
Pourynkun C. A. Dp-upoussosuasi Beccesist u nipeobpasosanune Panona—Kunpusinosa

ITacenuyk A.9D. O MeTo/ie YACTUYHBIX PEryJiIPU3aTOPOB B HEKOTOPHIX CUETHO-HOPMUPO-
BAHHBIX MPOCTPAHCTBAX

ITongakora 1. A. O 6picTpo yObIBaOMINX yabTpagauddepeHIpyeMbIX (HDYHKITUIX

Cemvménor B.B. 9kcrparpaJueHTHBIH ajJirTOPUTM C MOHOTOHHOM pPeryJTupoBKOIi 1iara Jijis
BapUAIMOHHBIX HEPABEHCTB U ONMEPATOPHBIX yPaBHEHUIl

YyBenko A.®. O HOBbIX KBa3WCTENEHHbIX rpaHA-npocrpancrsax Opuanya dyHKimii,
onpe/ieJIEHHBIX HA ITPOU3BOJIBHBIX 00JI1aCTIX

ITarosa T.I. ¥YMHO)»KeHIe pAaUMOHAJIBHBIX pPaclpeaeaeHni

25

26

26

27

27

29

29

30

31

32

33

34

35

36

37

37

38

39

40

41

42

43



Session II. Function Theory and Approximation Theory 44

Fedotov A.l. Justification of the approximate methods for solving operator equations 45
Karapetyants M. A. Dyadic generalized functions and uniqueness theorem 45
Protasov V.Yu. Wavelets, boundary dimension of compact sets, and automata theory 46

Zaitseva T. 1. Multivariate Haar systems and self-similarity tiles: classification and regularity 47

AxwnrrieB I'. @. O TOYHOCTU HEpaBEHCTBA Pa3HBIX METPUK /IJii TPUTOHOMETPUUECKUX IMO-
JUHOMOB B 0000ITIeHHOM TIpocTpaHcTBe JlopeHia 48

Hegckuit M. B., ¥Yxanos A. 0. UuTepnionganuga JuHeiiHbIMU (DYHKITUIAMA HA N-MEePHOM miape 48
Craposoiitos A.Il. O ejguncrBeHHOCTU pelieHus 3ana4du dpmurte — [lage 49
HHapskos U. I'. HenpepobiBHbie BBIDOPKU B PABHOMEPHO IVIAIKUX U BBIILYKJIbIX IIPOCTpaHcTBax 50

HBuas M. M. Onieparopsl Pabepa B Teopun IpubIIM>KeHns aHAJIUTUYIECKUuX PYHKIniT MHO-
rux nepeMeHHbIX . o1

HTycTor B. B. IIpubtankenne byHKIMM COCTABHBIMN MHOTOWIEHAMU DPMHUTA C MCIIOJIb30-
BaHNEM aNMNPOKCUMAIINN €€ MPON3BOJHBIX . 52

Session III. Differential Equations and Mathematical Physics 54

Castillo-Perez R. The method of fundamental solutions with Bergman kernel in eigenvalue

problems . 95
Chegolin A.P. Hypersingular integrals for some non-elliptic differential operators 25
Delgado B.B. A right inverse operator for curl+\ and its applications 56
Dorodnyi M. A. Homogenization of the periodic Schrédinger-type equations with the

lower order terms . 56
Fedorov V.E. A class of distributed order differential equations in Banach spaces 57
Harutyunyan T.N. On some inverse problems o8

Karapetyan G. A., Petrosyan H. A. Approximate solutions of the Dirichlet problem in a
half-space for regular equations . o8

Katz D. B. The Cauchy-Hadamard integral and the Riemann boundary value problem 60
Khoury S. A. Solution of a class of flow problems: biharmonic versus polyharmonic equations 61

Kravchenko 1. V. Generalized exponential basis for solving free boundary problems for
time-homogeneous diffusions: Numerical application - Russian option pricing 61

Kravchenko V.V. The transformation operator method for solving forward and inverse
Sturm-Liouville problems . 62

Malonek H. R. Special Functions via co-dimension one function theory 63



Mazhgikhova M. G. Boundary value problem for delay differential equation of fractional
order

Morgulis A.B. Resolvent for an operator related to the inviscid fluid dynamics

Nhat L. A., Hieu L.T. Chebyshev pseudospectral methods solve the Sturm-Liouville
differential equations

Panov E. Yu. On decay of entropy solutions to multidimensional scalar conservation laws
Plamenevskii B. A. On radiation and scattering in electromagnetic waveguides

Plekhanova M. V., Baybulatova G.D. Solvability of semilinear equation with lower frac-
tional derivatives

Poretskii A.S. On accumulations of point spectrum of waveguides

Revina S. V. Problem of stability of two-dimensional viscous flows

Sayfy A.A. Novel Semi-analytical Iterative Approach to Solve Boundary Value Problems
Semenov V. I. Invariants application to the Navier—Stokes equations

Shishkina E. L. Meijer transform of the left-sided fractional Bessel integral and derivative
on semi-axes

Tumanyan A.G. On the Fredholm property of regular hypoelliptic operators

Vicente Benitez V. A. Analytical representations for the dispersion equation of a periodic
quantum graph

Yeletskikh K. S. On boundary value problems for the Euler—Poisson—Darboux equations

Agbxamuias H. X., Aamoxammasa X. VcejioBus JIOKAIU3AIUNA CTIEKTPATbHBIX PA3JIOXKEHUT
JiJisi ODOOIEHHBIX TOTEeHI[NaI0B beccens

Angpeesa U. A., Edbumosa T.O. 3amerku 0 noBeaeHnun TPaeKTopuii O4HOro cemeiicTsa
amHaMuvuecknx cucrem B Kpyre Ilyamkape

Baruiues B. A. Budypkaiiuu BpaijarejibHbIX PEXKMMOB T€YEHUN >KUJIAKOCTU B IIOTPAHUY-
HOM CJioe BOJIN31 CBOOOAHOI I'DaHUIILI

Bounapenko H. II. ObpatHag 3asatva g mydka nHTerpo-anddepeHnaabHbIX 0IepPaTOPOB
BacuabeB A.B. CranmmonapHble NPUI0OHHBIE BUXPHU U HPOTUBOTEYEHHE B PYCJIOBbIX MOTOKAX

T'anzosa JI. X. Merog ¢dyuknuu ['puna perreHunsi KpaeBbIX 33/a4 AJjd OObBIKHOBEHHOT'O
auddepeHUaAIILHOrO ypaBHeHud JAPOOHOTr0 nopsijaka

Tapunos U. B., Masaasues P. M. CoorHommenue tuna I'aycca Ne10 ana dyukmnunm I'opua Hs
Hosirux T. ®. CrpyKTypbl U30XPOH JIJI 33/I1a4U O IIEPEHOCE MACChI JIEKTPUIECKUM II0JIEM
Hopoukuna C.B., MacuukoBa A.39. I3MmeHeHue B CIIEKTPE NEJIOKAJIN30OBAHHBIX HOCUTE-

Jeil 3apsiia B KYIPATHBIX CBEPXIIPOBOAHUKAX BCJEICTBHE UX PACCESHUS HA 3aPsIJ0BOM
yrnopsjagoueHuu

63

65

66

66

67

68

68

69

69

70

71

71

73

73

74

75

76

77

77

78

79

79

80



Kykos M. FO., IIMupsiea E.B. JIpu>keHue TOHKOIO CJIOsi MJIEAJIbHON >KUJKOCTH Ha II0-
BEPXHOCTH OUJINHAPA .

Kykos M. 1O., ITTupsiea E. B. CenumMmeHTaliusg mpuMecu B CTAIIMOHAPHOM TYPOYJI€HTHOM
MOTOKE JIBYXCJIOMHOM >KUJIKOCTU .

Kapamesa JI.JI. KpaeBbie 3amatin Ojd ypaBHEHUS B YACTHBIX MPOU3BOJHBIX BBICOKOTO
YEeTHOTO TOPAaKa ¢ ApoOHoii mMpou3BOIHOM .

Kononsiesa U. B. O6inue Teopembl 0 OudpypKalimm u OpUIO>KEeHUd K AUHAMUYECKUM CH-
creMaMm .

Koposuna M. B., Cmupuos B. FO. Ilocrpoenune acumnroruk peiieHuii JimHeiHbix jude-
PeHLMAJIbHBIX YPBHEHUii ¢ rosiomopdHbiMu KO3(dpuiimeHMu B OKPECTHOCTU UPPEryJisip-

HbIX 0COOBIX TOYEK .

Kypnoragau A. B. IlonyunBapuanTHas dopMa KPUTEPUEB YCTONYMBOCTI PaBHOBECUil AJs
CHUCTEM C OJTHOI MJTU ABYyMsI KOCUMMETPUSIMU

JIeBenmiram B. B., Baduu II. B. O6paTHbie 3a1a491 1 aCUMIITOTUKH
Jlykbsinenko B. A. Hekoropbie 0000111ieHus ypaBHEeHUs TUIIA [IJIABHOTO IIepexoia

JIpicenko M. A. O6 ycroiivMBOCTHM MHBAPUAHTHOIO MHOXKECTBA B 33a4Y€ TOMCOHOBCKOI'O
BUXpeBoro N-yroJibHuKa B ajib(PBEHOBCKOI MOJIEJN ABYX2KUJJIKOCTHON 1J1a3MbI

Macaena O. X. 3amaua JIupuxje Oag ypaBHEeHUd C YaCTHOI NMPOU3BOAHOI APOOHOTO MO-
psaKa .

MopimnaeBa U. B. Pe3oHanchl B AMHAMUYECKUX CHCTEMaxX ¢ KPYroBoii cuMmmeTpueii

Mockases II. B. Acumnroruka pyHKIniT NePKOJIAIMOHHON BEPOSITHOCTH HA KBAaIPATHON
u Kybudeckoii pemérkax ¢ (1,0)-0KpecTHOCTBIO

MypaBuuk A.B. l'apMonuyecknii aHa/in3 HEKOTOPLIX YPABHEHUI HEHPOCETEBOI0 MOEJIH-
pPOBaHus: allPUOPHbIE OLUEHKHU JJIsi IJI00AJIbHBIX PELIeHUIT

Hukonaes B.I. O zanaue IlIBapiia B caydae maTtpuii J ¢ 6JI0UYHO-AUAroHaJbHON >Kopa-
HOBOIT popmoii .

Hopkuu M. B. KaButannouHoe ToOpMOKeHIE KPYTrOBOTO MUJINHAPA B >KUJIKOCTH TIOCJIEe yaapa

Ocrposckag U. B. Pe3onancel B 3aa4e yCTOMYNBOCT TOMCOHOBCKOI'O BUXPEBOT'O0 MHOT'O-
YIOJIbHUKA BHYTPU U BHE KPyroBoii obJiactu

Ilinbnnesckas C. II. Meraycroiivuusbie CTPYKTYPbI C TPEMSI TOUYKAMU [IE€PEX01a YPABHEHUS
Kana-Xwunmapza .

ITonsaxkosa H. M. CranmmonapHoe TypOyJIeHTHOe TeYeHne KpPOBU

Cepbuna JI. 1. O6 onHoll He/TOKAJIBHOI HAaYaJbHO-KPaeBOil 3aj/iave Jijisi YPaBHEHUsI CMe-
IMIAaHHOI'O TUIla .

Cupakyauuos M. M. OiieHKU TOrpeniHoCTd yCPeJIHEeHUus IMePUOAUYeCcKOll 3ajayum AJd
obobIienHoro ypasuenusi Begabrpamu .

81

82

83

83

84

85

86

87

87

89

90

90

91

92

93

94

95

96

96

97



Curnuk C. M. KoMII03uLIMOHHBIII METO/, B TEOPUMU OIIEPATOPOB IIpeobpa3oBaHus 98

XymroBa @.I. IlepBas kpaeBas 3asga4a B orpannydeHtoii obaacru ajist audpdepeniuaiib-
HOT'0O ypaBHeHUusI ¢ onepatropoM Beccess n gactHOil tpon3sogroit Pumana—Jlunysnnasa 99

FOpos B. O. Naenrudukaims HEOZHOPOIHBIX CBOUCTB UJIMHIPAIECKIX BOJHOBOIOB 100

Opos B.O., Hegun P. /I. YcranoBusinnecsi kojiebaHusi CTECHEHHOTO B HPOJ0JbHOM HAa-
NpaBJIEHNU HPEeTHANPIXKEHHOTO II0JIOTO IINJIMHIPA 101

Session IV. Hausdorff Operators and Related Topics 103

Bandaliyev R.A. On the boundedness and compactness of multidimensional Hausdorff

operator in weighted Lebesgue spaces . 104
Daher R., Kawazoe T., Saadi F. Hausdorff operator for Jacobi hypergroup 104
Liflyand E. A tale of two Hardy spaces . 104
Mirotin A.R. On Hausdorff operators on groups 105

Session V. Probability-Analytical Models and Methods 106
Gliklikh Yu. E., Vlaskov G. A. New stochastic models of polar ionosphere 107

Kudryavtsev O. E. Numerical methods for pricing options under regime switching Lévy
models . 107

Makarova A.V., Gorlov V. A. Stochastic Differential Inclusions with Mean Derivatives
Relative to the Past Having Decomposable Right-Hand Sides 108

Mezhennaya N.M. Limit theorems for the number of events appearances in a finite
Markov chain . 109

Mezhennaya N. M., Mikhailov V. G. On the number of ones in the multicyclic sequence 110

Rodochenko V.V., Kudryavtsev O.E. On risk evaluation on cryptocurrency markets
using an LSTM neural network . 111

Rokhlin D. B. A pricing scheme for resource management in a network with large number
of sources . 111

Aabimosa E. B. Ilporuo3duposanue (puHAHCOBBIX BPEMEHHbIX PSA0B HA OCHOBE MO/LYJISI
Helipouubix cereii B Rapidminer . 112

Bousocarosa T. A., Ilasaos U. B., Yrymu C. . IIpobiiema MuHuMaKca B KBa3UJIMHEHON
cucreme . 113

I'peuko A. C., Kyapsasues O. E. Kanubposka ungekca akTMBHOCTU CKAYKOB Mo/1eJieit Jlesu

no JaHHbIM Kpunrosasior bitcoin u ethereum 114
Haneksing A. T, Heymeprkuukasa H. B. Ciyiabo unrepiiojiupyemMbie PbIHKU 115
Kpacuit H. II., Ilasaos U. B. O6061ueHue Mozesin ¢ IIpUuOPUTETAMA 115



Jlerynosckuii O. U., lumuau B. C. CpaBHuTe bHbIN aHAJIN3 HEKOTOPbHIX AJI'OPUTMOB I0O-
ncka pparmeHToB n3odparkeuuii 1o 1madJaony

Caiidbyrauuosa H. A., Bytko /. A., Caiidyrnurosa C. C. HekoTopas croxacTudeckasi MO-
JieJIb pacdéra ropo/ickKoii BOIOIIPOBOHON CeTu ¢ y4€éTOM mM3HOCA 0O6OpyaoBaHUSA

Ckopukos A.B. Ilorennuanbr Beccensa B npocrpancrsax Lp €O cMelIaHHOW HOPMOII Ha
0ECKOHEYHOMEPHOM LIMJINH/PE

IIBerkoBa U. B., IlaBios U. B. UureprnioaginnoHubie aedJsiTOPbI

Yyo E.I. CybonrumasibHOE yIPaBJIEHUE BEKTOPOM COCTOSIHUSH TEJIEKOMMYHUKAIIMOHHOM
CUCTE€MBbI MOIBU>KHOTO 00'beKTa

IMTampaesa B. B. ccaengoBannue CTPYKTYPbhI IOAMHOXKECTBA MAPTUHTAJIbHBIX MEP B CJIyvae
O/THOIIATOBON MOie U (PUHAHCOBOrO PHIHKA C HECKOHEYHBIM YHCJIOM COCTOSIHUN

Session VI. Bioinformatics and Mathematical Modelling

Belyavsky G.1., Girchenko M. A., Danilova N. V. The calculation of the probability exit
of the area of the random process, the combined Monte — Carlo method approach

Bogachev 1. V., Dudarev V. V., Nedin R.D. On the features of modeling inhomogeneous
viscoelastic materials taking into account residual stresses and strains

Erusalimskiy I. M. « N»-«1»-Reachability on a Graph-lattice: Ways, Random Walks, Some
Identities

Ghazaryan A.B. On the Palette Index of a Graph: The Case of Generalized Theta
Graphs

Skorokhodov V. A. On limit states of regular dynamic resources networks

Benosyo B. A., Kozimoa M.I. HekoTopble aJropuTMbl BOCCTAHOBJIEHUS PEINEHUIl THUIa
YpbicoHaA

Boes H.B. /Iudpakiiua yabTPa3ByKOBBIX BOJIH HA CKOTJIEHUSX TTPOCTPAHCTBEHHBIX TIpe-
OATCTBUI B YIIPYTO#l cpede C Yy4eTOM JIIOObIX 3aKOHOB UX OTpaKeHuii u Tpaucdopma-
i

Tepmanuyk M. C., Ko3snosa M. I. AjropurMbl peONTUMHU3AIUNA B MHOTOAT€HTHBIX 33/1a9aX
MapUIpyTU3aLun

Kapramniea JI. B. CeteBoe momenupoBaHue Ajd NOBBITIeHUA 3PHEKTUBHOCTH PAOOTHI
MpPeaNPUSATHS

Kozsos /. B., Illreiinbepr B. 4. Maremarudeckasi MOJie/ib IIPABOBOI0 PEryJIMPOBAHUS

IlepeBaproxa A.H). MogeamnpoBaHne cepuu TTMKOB aKTMBHOCTU HACEKOMBIX-BpPeanuTe e
pa3pyImamimux 6MOTUIECKYIO Cpey

Pouasns /1. C., Konesuosa O.B., Losdorfer BozZi¢ A., Podgornik R., Pomans C.B. Ilo-
HCK CKPbITOii cumMMerpuu B pelneHusax npodsembl Tomcona, 0606ieHHoll Ha ciy4aii
JIBY XCJIOMHBIX 000JI04€eK

CrenoBuu M. A., Typtun [I.B., Ceperuna E.B. O kayecTBeHHOM aHaJjn3e TPEXMEPHOIl
MaTeMaTudeckoit moaean auddy3nn, Bo30yKaAaeMOil IJIEKTPOHHBIM 30H/IOM B OJIHO-
POAHOM MNOJIYIIPOBOAHUKOBOM MaTepuaJsie

116

117

117
118

119

120

122

123

123

125

125
126

127

128

129

130
131

132

133

134



«Table of content»
Functional Analysis and Operator Theory

10

Session 1

Functional Analysis and Operator
Theory



«Table of content»
Functional Analysis and Operator Theory 11

A. Almeida (Aveiro, Portugal)
jaralmeida@ua.pt

HOMOGENEOUS VARIABLE EXPONENT BESOV AND
TRIEBEL-LIZORKIN SPACES

We introduce homogeneous Besov and Triebel-Lizorkin spaces with variable indexes.
We show that their study reduces to the study of inhomogeneous variable exponent
spaces and homogeneous constant exponent spaces. Corollaries include trace space

characterizations and Sobolev embeddings. This is based on joint work with L. Diening
and P. Héasto.

E. G. Bakhtigareeva, M. L. Goldman (Moscow, Russia)
bakhtigareeva-eg@rudn.ru, seulydia@yandex.ru
MODULAR INEQUALITIES FOR THE HARDY OPERATOR IN A
WEIGHTED ORLICZ SPACE

Let M = M(R.) be the set of Lebesgue-measurable functions,
My={feM:f>0 ae};letu,v,wbe weights from
My ={feM:0< f<oo}.Let ®:[0,00) = [0,00] be the N-function(see [1] for
details). Recall that Orlicz space is Lg, = {f eM:|fllg, < oo}, where for A\ > 0,
V€ M+

1 fllg,, :=inf § A >0: /CI> (A f (@)oo (z)de <1
0
Consider the cone Q ={f € Ly, : 0< f1}.
¢
V(t) = /UdT,O <V(t) <oo, Vte R,V (+o00)= 0.
0

For b € R, consider §,(t) :== V=1 (bV(¢)), 6, (t) = 6-1(t), t € Ry. Fora € (0,1)
Im € No: V()= (t —6,(t)) |, t€ R,. For p€ R, we consider

. (t ) B am—i—l t—p7 p<t§5a_1(p)7
1\, p) = V(p)m+1 5a—1(:0) —p, t> 5a—1(P)5
kalp,y) = — 01 (y) =y, 0 <y < dalp),
2P, V(y) p—Y, ulp) <y<p.
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b <Py = dCy € R, :Va; > OZ(I)Q o @fl(al) < CopPy 0 (I)l_l(z ai).
Theorem 1. Under the notation and conditions above let T" be the Hardy operator,
ie. T(f;t) fo T)dT, t € Ry; Uy, Uy be the complementary N-functions for the
N-functions @4, ® respectively, ®; < Py. Then,inequality

d, 1 {/R Oy (wT'f) udt} < ot {/R (I)l(clf)vdt}, fen

is equivalent to the following two conditions: for all €,p € Ry :

e W e
_1{ 7@, (“’é) (vg»)m 0y H\P ) ;ﬁ(T,y>> u(T)dT}gcpl—l (1)

Here C = C(Cy,c1,a,m) € R, lnner norms ll”\pl « in an Orlicz space Ly, e are
taken by .

This work was supported by Russian Foundation for Basic Research (pr. Ne 18-51-
06005 Az_a ).

REFERENCES
1. M. M. Rao, Z. D. Ren. Theory of Orlicz spaces. New York: M. Dekker, 1991.
2. E.G. Bakhtigareeva, M. L. Goldman. Weighted inequalities for Hardy-type operators on the cone of decreasing functions
in an Orlicz space. Mathematical notes, 2017, v. 102, iss. 5, pp. 28-36.

A. A. Belyaev (Khimki, Russia)
alexei.a.belyaev@gmail.com

LOCALIZATION PROPERTIES OF SOBOLEV-TYPE SPACES AND
CONSTRUCTIVE DESCRIPTION OF MULTIPLIERS

We study the problem of finding a constructive description of multiplier spaces when

multipliers act in the scale of Sobolev—type spaces. Crucial role of Sobolev—type spaces’
localization properties in investigating this problem is emphasized.
We examine the scales of spaces A°  (R"), generated by the scale A}  (R")
where Aj (R") is either Besov space B, (R") or Lizorkin-Triebel space F;  (R")
and 7 € [1; +oo] is a localization index. This scale can be seen as a partial case
of a more general construction of decomposition Banach space of distributions (see
|1; Definition 2.4]) with its “local component” being A;  (R") and “global component”
being the sequence space I,..

It turns out that the difference in localization properties between Lizorkin—Triebel
spaces and Besov spaces is critical for the coincidence of multiplier space

MIAG o (RY) = AP, (RY)]

P1, 41 D2, q2
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with the space of uniformly localized multipliers, acting from Aj!  (R") to A2 (R"),
to hold true. The aforementioned coincidence provides an effective method of obtaining

a constructive description of the multiplier space
MI[AS  (R") — A2 (R")]

P1,q1 P2; q2
since it allows us to establish criteria of the validity of the embeddings

A (R C MIAS (R") = A2 (RY)]

P3, g3, (OO) P1, q1 P2, q2
in terms of multiplicative functional estimates.
Applying these criteria, we obtain descriptions

M[AS (R") — A% (R")] = A®

D1, Q1 P2, G2 P2, g2, (00)

R NAS (R

P1, 1, (00)
under some natural additional assumptions in a case when Aj  (R") is either Bessel
potential space or more general Lizorkin—Triebel space.

The case of Bessel potential spaces was previously considered in the papers [2] (the
case of the same sign smoothness indices| and [3] (the case of the smoothness indices
of different sign|.

This work is supported by the grant “State support of the leading scientific schools”
NS-6222.2018.1.

REFERENCES
1. Feichtinger H., Grébner P., Banach spaces of distributions defined by decomposition methods. Math. Nachr. 1985. Vol. 123,
pp. 97 — 120.
2. Belyaev A. A., Shkalikov A. A., Multipliers in spaces of Bessel potentials: the case of indices of nonnegative smoothness.
Math. Notes. 2017. Vol. 102 : 5 — 6, pp. 632 — 644.
3. Belyaev A.A., Shkalikov A.A., Multipliers in Bessel potential spaces with smoothness indices of different sign. St.
Petersburg Math. J. 2019. Vol. 30, pp. 203 — 218.

E.I. Berezhnoi (Yaroslavl’, Russia)
ber@uniyar.ac.ru

DYADIC SPACES OF MORREY

We fix Q° = [—0.5;0.5]" unit cube in R". We divide the cube Q" into 2" identical
cubes le and put Q! = {le}, j =1,...,2" Next, we divide each cube from Q! into
2" identical cubes Q? and put Q% = {Q?}, j=1,...,2%" etc. We obtain a sequence of
collections of cubes @ = {Q7}5°, (Q0 = {Q"}). For each points of t € Q° by Q(t) we
denote the collection of nested cubes Q(t) = {Q’(¢)}° containing the point .

Definition. Let an ideal space X on Q° and an ideal sequence space of | with the
standard basis {e’} be given.
The dyadic Morrey space MﬁX consists of those f € LY1°¢(Q) for which the following

norm is finite:
o0

1Ml = sup | Y e[ x(Q (8) X1

0
teQ =0
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Let us demonstrate the effectiveness of the introduced concept by the example of
solving one extreme problem.

Now let X be a symmetric space on Q". For each j = 0,1,2, .... we fix a cube Q{
from the collection Q7 and represent Q]l as the union of cubes from the collection (Q7+1:
Q{ = UZZ;Q?H. Define the numbers by equalities

ajr1 = inf{maziy o on{ | FX(QTIX} [ FX(@DIXI] = 1},
Theorem. Let the function f € Ml‘fX be given. Fiz j = 0,1,2,... and some cube ()
from the collection Q. Then the exact inequality are fulfilled

j 00
1@ Ml = X @)X D et + D ()€l

i=0 i=j+1

Research supported by the Russian Fond of Fundamental Investigations project code
Ne18-51-06005.
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V.I. Chilin (Tashkent, Uzbekistan), M. A. Muratov (Simferopol, Russia)
vladimirchil@gmail.com; mamuratov@gmail.com

COMPLETELY ADDITIVE LINEAR MAPPINGS IN ALGEBRAS OF
MEASURABLE OPERATORS

It is well known that any positive completely additive linear mapping acting in von
Neumann algebra is a normal mapping (see [2, Ch. III, §3]). In this note, we establish
the normality of each completely additive positive linear mapping acting in *-algebras
S(M) of measurable operators affiliated with a von Neumann algebra M (see [1]).

Let M be an arbitrary von Neumann algebra, acting in a Hilbert space H, and
let S(M) be the x-algebra of measurable operators affiliated with M. Partial order in
Sp(M) = {x € S(M) : z = 2*} is defined by a convex cone S, (M) ={z € S,(M):
(2(€),6) > 0V & € D(x)}, where D(z) is the domain of the operator z € S(M).
Endowed with the locally measure topology t(M) x-algebra S(M) is a Hausdorf
topological x-algebra (see, for example, [1]).

Positive linear mapping 7' : S(M) — S(M) is called completely additive (c.a.m)
(respectively, normal) if T'(p) = sup,c4 T'(pa) for any increasing net {p,}aca C M
of projections with p, 1 p (respectively, T'(x) = sup,ec4 T'(z4) for any increasing net
{za}taca C 54 (M) with z, T ).



«Table of content»
Functional Analysis and Operator Theory 15

Theorem 1. Any positive c.a.m. T : S(M) — S(M) is normal and continuous
with respect to the topology t(M).

Corollary 1. Any c.a. *-homomorphism ® : S(M) — S(M) is normal and
continuous with respect to the topology t(M), in particular, the graph Ty = {(x, ®(z)) :
r € S(M)} is closed in (S(M),t(M)) x (S(M),t(M)).

Theorem 2. Let & : S(M) — S(M) be a x-homomorphism, and let the graph
I's be closed in (S(M),t(M)) x (S(M),t(M)). Then & : S(M) — S(M) is normal
x-homomorphism and ® is continuous with respect to the topology t(M).

REFERENCES
1. Muratov M. A., Chilin V.I. Topological algebras of measurable and locally measurable operators, Modern mathematics.
Fundamental directions, (Sovremennaya matematika. Fundamental’nye napravleniya). 2016. Vol. 61, pp. 115-163.
2. Takesaki M. Theory of operator algebras I. New York-Heidelberg-Berlin: Springer-Verlag, 1979.

E.D. Gal’kovskii, A.I. Nazarov (St. Petersburg, Russia)
al.il.nazarov@gmail.com

A FIRST-ORDER TRACE FORMULA FOR DIFFERENTIAL
OPERATORS ON A SEGMENT FOR THE PERTURBATION BY A
COMPLEX-VALUED MEASURE

A new trace formula for regular differential operators on a segment is obtained in
the case where the last coefficient is perturbed by a finite complex-valued measure.
Arbitrary Birkhoff regular boundary conditions are considered for the operators of
order n > 2. For n = 2 we generalize an earlier result by A. Shkalikov and A. Savchuk.
A completely new phenomenon is discovered in the case of even n > 4. Namely, the

formula contains a new term generated by J-potential at the midpoint of the segment.

REFERENCES
1. Gal’kovskii E. D., Nazarov A.I. A general trace formula for a regular differential operator on a segment with the last
coefficient perturbated by a finite signed measure. Algebra & Analysis. 2018. Vol. 30, No. 3, pp. 30-54 (Russian). English transl:
St. Petersburg Math. J. 2019. Vol. 30, No. 3.
2. Gal’kovskii E. D. A trace formulafor a high order differential operator on a segment under perturbation of the lowest-order
coefficient by a finite signed measure. Functional Analysis and Its Applications. 2019. Vol. 53. To appear.

A.V. Gil (Rostov-on-don)
gil@Qsfedu.ru
COMPLEX DEGREES OF ONE DIFFERENTIAL OPERATOR
ASSOCIATED TO THE HELMHOLTZ OPERATOR

Let
Gy=b0I1+A-)» i\j=—5, b>0 1
A + ZZ k’axz ( )
k=1
generalized Helmholtz operator in R", where A = 88—;2 +...+ % — Laplace operator,
1 n

A= (A1, ), 0 < A\, < 1,1 <m < n. Complex powers of the operator G5 from



«Table of content»
Functional Analysis and Operator Theory 16

negative the real parts of the functions p(z) € ® defined as multiplier operators, the
action of which in Fourier images is reduced to multiplication by the corresponding
degree of the symbol of this operator:

——

m —a/2
(G%0)(€) = (192 —leP+i) Akﬁi) p(x), (2)
k=1

£ eR" Rea > 0.

The obtained integral representations of the complex powers (2) as integrals of
potential type (Bfp)(z) with nonstandard metric.

The negative powers of the operator Gy on functions ¢(z) € L, are understood as
potentials (B{p) ().

The boundedness of the B$ operator from L, to L, + Ls is shown for
1 < p < %,%z%—l—%—l,%<q<ooifm<nandeto
L, at 1 <p < oo in the case of m = n.

Within the framework of the AEO method, the potential reversal Byp, ¢ € L, is

constructed, and the image By(L,) is described in terms of inverting constructions.

V. Guliyev. (Institute of Mathematics and Mechanics, Baku, Azerbaijan;
Dumlupinar University, Kirsehir, Turkey)
vagif@guliyev.com

CHARACTERIZATIONS OF FRACTIONAL INTEGRAL OPERATOR
AND ITS COMMUTATORS IN GENERALIZED ORLICZ-MORREY
SPACES ON CARNOT GROUPS

In this talk, we shall give a necessary and sufficient conditions for the strong and
weak boundedness of the fractional integral operator defined in Carnot groups on Orlicz
and generalized Orlicz-Morrey spaces. Moreover, we also give characterizations for the
boundedness of the commutators of fractional integral operators defined in Carnot
groups on Orlicz and generalized Orlicz-Morrey spaces [1,2,3].

This work was supported by the Ministry of Education and Science of the Russian
Federation (the Agreement No. 02.203.21.0008).
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H. M. Hayrapetyan, S. A. Aghekyan (Yerevan, Armenia)
hhayrapet@gmail.com, smbat.aghekyan@gmail.com

ABOUT RIEMANN BOUNDARY VALUE PROBLEM IN WEIGHTED
SPACES

The paper considers Riemann boundary value problem in the half-plane in the classes
of C'(p), LP(p)(1 < p < 00), when weight function has infinite number of zeros on real
axis, as follows:

Find analytic in upper and lower half-planes function ®(z) such that

lim [|@7(z + iy) — a(2)@” (2 — iy) — f()llx =0,
where || - ||x - is a norm of the spaces C(p) or LP(p).
It is established that the problem has infinite number of linearly independent solutions

in L'(p) and the general solution is determined in LP(p), (1 < p < oco) and C(p).

REFERENCES
1. Hayrapetyan H. M. and Aghekyan S. A. On a Riemann Boundary Value Problem in the Half-plane in the Class of Weighted
Continuous Functions. Proceedings of the NAS of Armenia. 2019. Vol. 54, No. 2, pp. 3-18.
2. Hayrapetyan H. M. On a boundary value problem with infinite index. Springer Proceedings in Mathematics & Statistics.
(In print).

A. G. Kamalyan (Yerevan State University and Institute of Mathematics
NAS, Armenia)
kamalyan armen@yahoo.com

L-CONVOLUTION TYPE OPERATORS

The notion of the L-convolution operator is introduced by changing the Fourier
operator in the definition of the convolution operator to the operator intertwining the
Sturm-Liouville operator L with the multiplication operator. Along the same lines, the
L-Wiener-Hopf operator. We will discuss the problem of Fredholm and invertibility.

A. Karapetyants (Rostov-on-Don, Russia), S. Samko (Faro, Portugal),
K. Zhu (Albany, USA)
karapetyants@gmail.com

A CLASS OF HAUSDORFF - BEREZIN OPERATORS ON THE UNIT
DISC

We introduce and study a class of Hausdorff-Berezin operators on the unit disc based
on Haar measure (that is, the Mobius invariant area measure)

/K w)) dH (w),
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where ¢.(w) = ==, z,w € D. The study is inspired by the well-known theories of

some special classes of integral operators, related to each other in a sense, namely the
class of operators with homogeneous kernels in R" with degree of homogeneity —n and
the class of Hausdorft operators.

For operators with homogeneous kernels we refer to the books by N.Karapetiants and
S.Samko (1988 in Russian, and 2001 English edition), and for the theory of Hausdortf
operators we mention the paper by Liflyand and Moriz (2000).

We discuss certain algebraic properties of these operators and obtain boundedness
conditions for them. We also reformulate the obtained results in terms of ordinary area

measure.

Acknowledgments: Alexey Karapetyants acknowledges the support of the Fulbright Research Scholarship program and the
hospitality of the Mathematics Department at the State University of New York at Albany during the time when this research
was completed. Alexey Karapetyants and Stefan Samko are partially supported by the Russian Foundation for Fundamental
Research (Grant Number 18-01-00094). Kehe Zhu is supported by the National Natural Science Foundation of China (Grant
Number 11720101003) and by STU Scientific Research Foundation for Talents (Grant No. NTF17009).

I. Louhichi (American University of Sharjah, UAE)
ilouhichi@aus.edu

PRODUCT OF TOEPLITZ OPERATORS ON THE BERGAMN SPACE

In this talk we shall discuss under which conditions the product of two Toeplitz
operators is equal to another Toeplitz operator. This question is one of the major
open problems in the Theory of Toeplitz Operators. Although partial results have been
obtained, we are still far from a complete answer. Throughout the talk, examples shall
be provided and future research directions shall be discussed.

M. V. Maliutina (Irkutsk, Russia)
fanofevanescence2008@yandex.ru

PERIODIC SOLUTIONS OF LINEAR VOLTERRA INTEGRAL
EQUATIONS OF CONVOLUTION TYPE

Let us consider the following linear Volterra integral equations

/ H (i — D)p(t)dt = f(2), 1)

o)+ [ (- 00yt = f(a), )

of the first kind and the second kind respectively. Here J# and f are given continuous
functions of the argument x > 0. The problems of the existence of periodic solutions
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of equations (1) and (2) are studied. We have proved the following theorem, which
is an analogue of the classical theorem on periodic solutions of ordinary differential
equations (see the monograph [1, p. 482]).

Theorem. Suppose the function £ is continuous over the segment [0; T| and satisfies
the equation (1) (or (2)) on this segment. Then the equation (1) (or (2)) has a periodic
solution with a period T if and only if for any x > 0 it is true that

/%/(x T - DEM)dt = f(z+T) — f(x).

This solution is given by
pr)=E(x—(n—-1T), (n—1)T <z <nT, neN,

i. e. it is T-periodic extension of the function € on the semi-azis [0; 400).

For equaton (2) from this theorem it follows that £(0) = £(T). It means that a
periodic solution of the equation (2) is continuous over all semi-axis [0; +00). Equation
(1) admits a periodic solution, which is discontinuous at the points x = nT', where
n € N. For example, if # () =1, and f(x) = {z}* + |z], then the equation (1) has
a 1-periodic solution ¢(x) = 2{x} with jump discontinuities at integer points.

REFERENCES
1. Erugin N. P. The book for reading on general course of differential equations. Minsk: Nauka i Tekhnika. 1979. (Russian)

S.N. Melikhov (Rostov-on-Don, Vladikavkaz, Russia)
melih@math.rsu.ru

CONVOLUTIONS IN SPACES OF INFINITELY DIFFERENTIABLE
FUNCTIONS

We study continuous linear operators commuting with the backward shift operator
(Pommier operator) in the space of entire functions of exponential type, realizing
the strong dual of the Fréchet space of infinitely differentiable functions on a real
interval. A description of such operators in general classes of weighted (LF)-spaces of
entire functions is obtained in [1]. They are given by a continuous linear functional
on this space of entire functions, and hence, up to conjugate to the Fourier-Laplace
transform, by an infinite differentiable function on the initial interval. A complete
characterization of functionals, which are define an isomorphism, is received. It is proved
that an isomorphism is given by functions that are not equal to 0 at the origin (and
only by them). In the proof of the corresponding criterion an essential role a method
plays which exploits the Fredholm theory in Banach spaces. A class of continuous of
infinitely differentiable functions on the input interval is selected that define operators
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of the mentioned commutant which close to isomorphism. Such operators have a finite-
dimensional kernel. For an interval other than the real line, we also define the class of
operators of the commutant of the Pommiez operator, which are not surjective. The
adjoint to the backward shift operator is realized in the space of infinitely differentiable
functions as an operator obtained by the fixing one factor in the Duhamel product
(convolution). This product is also used in the proofs (see [2]). In contrast to previously
studied situations the backward shift operator has no cyclic vectors in the input space
of entire functions.

REFERENCES
1. Ivanova O. A., Melikhov S. N. On Operators Commuting with the Pommiez Type Operator in Weighted Spaces of Entire
Functions. St. Petersburg Math. J. 2017. Vol. 28, No. 2, pp. 209-224.
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M. N. Oreshina (Lipetsk, Russia)
m _ oreshina@mail.ru

ON A FUNCTIONAL CALCULUS FOR TWO SELF-ADJOINT
OPERATORS

Let Hi, Hy be Hilbert spaces and A: Hy — H;, B: Hy — Hs be bounded self-
adjoint operators. Due to spectral theorem [1, 2| there exist resolutions of the identity
E4 and EP associated with operators A and B which generate (scalar) functional
calculi

oAg) = / IR, ) / A ()

In the Hilbert tensor product H;®:Hy we construct a functional calculus

_ / / FOn ) dEA () © dE® (1),
o(B) Jo(A)

such that

G ®y), (@ © )z, = / / ) dEA (N dEP (1),

where x, 2" € Hy, v,y € Hy, and the measures Eﬁx,, Efy, are defined by the relations
Eﬁx,(w) = (BAw)z, 2, ngy,(w) = (EP(w)y,y)m,. We discuss properties of the
functional calculus o(f).

Theorem 1. Let g: 0(A) — C, h: o(B) — C be essentially bounded Borel measu-
rable functions. Then for the function f(\, u) = g(A\)h(u) the relation

2(f) =™ (9) @ " (h)
holds.
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Analytic functional calculus for two operators acting in a Banach space is discussed
in [3].

REFERENCES
1. Rudin W. Functional analysis. New York: McGraw-Hill. 1973.
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J.S. Pashkova (Simferopol, Russia), B. A. Rubshtein (Beer-Sheva, Israel)
pashkova.kromsh@gmail.com, benzion@math.bgu.ac.il

MEAN ERGODIC THEOREMS IN REARRANGEMENT INVARIANT
SPACES

Mean (Statistical) Ergodic Theorems (MET) deal with the strong operator conver-

gence of Cesdro sums A, r = % > T*=1 of a Cesdro bounded operator T in a Banach
k=1

space E. Here we focus attention on case, when E be a symmetric space of measurable

functions on a measure space (2, i), while 7" be an absolute (L, L, )-contraction such
that TE C E.

Let (€2, ) be an infinite o-finite non-atomic measure space, Ly = Lo(€2, ) be the
set of all y-measurable functions f: 2 — R. A Banach space E of measurable functions
on (€2, ) is called symmetric if

fely,geEand f"<g¢g" = feEand|fleg <|9]e,

where f* denotes the decreasing right-continuous rearrangement of | f|.

A linear operator T': Ly + Lo, — L; + L is said to be an absolute contraction
((Ly, L )-contraction) if T is a contraction in Ly and in L., as well. The operator T
is said to be positive if T'f > 0 for all f > 0. The operator T is called monotonely
continuous in E if f, T f € E implies T'f,, T T f. Every positive contraction in Lj is
monotonely continuous, while a positive contraction 7" in L., is monotonely continuous
iff T'= 5" for some positive contraction S of Lj.

We denote by T the set of all positive absolute contractions which are monotonely
continuous in L., and

Eler = {f €E: {A,rf}>2, is norm convergent in E}, T € T.

An operator T is called mean ergodic if E{ .~ = E.

Theorem 1. Let E = E(Q, 1) a symmetric space an infinite o-finite measure space
(Q, 1) and let T € T. Let E° = clg(L; N Ly) be the minimal part of E.

Assume that E € Lo € E. Then EY C EX o+, i.e. the sequence of Cesdro averages
{A, 72 is norm convergent in E for all f € E°. In particular, if the space E is
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minimal (i.e. E® = E) and ¢r(0+) = 0, then T is mean ergodic on E, where g is
the fundamental function E.

The theorem admits a partial converse if the considered operators are of the form
T = Ty, where 6 is an invertible measure preserving transformation (m.p.t.) of (€2, u).

A m.p.t. 6 is said to be strictly conservative on (€, u) if there exists h € Lj such
that {h > 0} = Q and Tyh = h. A m.p.t. 0 is called aperiodic if

p(| J{w € Q: 0w =w}) = 0.

n=1

Theorem 2. Let E = E(Q, 1) a symmetric space an infinite o-finite measure space
(2, 1) and let 0 be an invertible strictly conservative m.p.t. on (€2, u).

Then E € EﬁgT, i.e. the sequence of Cesdro averages {A,r1,f}r is not norm
convergent in E for some f € E\ E.

In particular, if Ty is mean ergodic on E then the space E is minimal.

D. M. Polyakov (Vladikavkaz, Russia)
DmitryPolyakow@mail.ru

FOURTH-ORDER PERIODIC OPERATOR WITH MATRIX
COEFFICIENTS!

Let L5[0,1] = Ly([0,1],C¥) = Ly[0,1] x - -- x Ly[0,1] (k times). The inner product
in L5[0,1] is defined by

k 1
Fo) =Y [ H0a@a. fge o

We consider the operator Ly : D(Lg) C L5[0,1] — L[0,1] determined by the

differential expression
i(y) =y —At)y" — B(t)y

where A(t) = (ay;(t))h ;) and B(t) = (by;(t))k,_; are k x k matrices and a,;,
byj € Ls|0,1]. The domain D(Ly) = {y € W24([O 1] Ck)} is given by the quasiperiodic
boundary conditions y¥) (1) = €™ (0), j = 0, 1,2,3 where 6 € (0,2), 6 # 1. By
2y we denote the matrix 2y = (a()’p])];’]:l, aopj = fo ap;(t) dt, and suppose that this
matrix is similar to the diagonal matrix.

The goal of this talk is to study some asymptotic formulas for eigen-values of the
operator Ly. Using the method of similar operators (see [1] and [2]), we get
Theorem 1. There exists m € Z. such that the spectrum o(Lg) of the operator Ly has

I This work is supported by Grant MC-1056.2018.1 of the President of the Russian Federation, contract 075-02-2018-433
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the form o(Lg) = 0(m) U (Up|smt+10n), where 04y is finite set and the set o, has not
more than k points. Then for eigenvalues X\, of the operator Ly we have the following
asymptotic representation

k
2+9
> oA = w2+ o)t = Zwmn\ nl > m+1,

where (15, 3 =1,...,k, are the eigenvalues of matriz 2Ap.
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WEIGHTED GENERALIZED HOLDER TYPE SPACES DESCRIBED
BY DJRBASHIAN’S GENERALIZED FRACTIONAL OPERATOR

In this paper we use the Bari-Stechkin class €. g, see e.g. [3]. Classical examples are
t*, ¢ (In %)ﬁ and ¢* (Inln %)ﬁ, where A € (0,1) and 5 € R. We study the weighted
space Ay (R™) (v € Q,), i.e. those functions f € L>(R™) which satisty ||f(xz +t) —
f(@)]|o < AY(|t]), =x,t € R", where A does not depend on x,t. The first weighted
characterization is:

Theorem 1. Let v € Q.5. Any f € A (R") z'f and only if the condition

A7 y >0,

3uazyH

holds, where u(z,y) = (P, * f)(x) is a harmonic function in R}, and P,(z) is the
Poisson kernel in R",. To give a fractional characterization of the space A,(R"), let Q
be the class of those functions w(z) > 0,wis almost decreasing on (0, +00), w(z) < ™
O<a<l,z>A)>0)and wi(x fo t)dt < 400, 0 < z < +00. We use a type

of Djrbashian’s fractional operator

Lou(z,y) / w(,y + et )dt:/ym%u(x $)w(s — y)ds,

for any w € €2 and functions u(x, y) (xr € R",y > 0) given in R’}. This operator also is
a type of Liouville’s fractional derivative.
Theorem 2. Let v € Q. 3, w € Q, and a > B. If f € A,(R") then

y
| Lou(z, y)|| o < A%/ w(s)ds, y>0.
0
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We now do not expect to prove the general case of Theorem 2, but we give a result
on the equivalence of Theorem 2 when w(z) = 2~ for any z € [0,00) and 0 < a < 1.
This work gives an extension of M. Taibleson’s theorem [3,4] and a new fractional
characterization of the space A, (R").

REFERENCES
1. Taibleson M. H. Lipschitz classes of functions and distributions in E™. Bulletin of the American Mathematical Society.
1963.
2. Enriquez F. E. Characterization of spaces with non-integer differentiation in terms of harmonic prolongations. Manuscript
Master’s Thesis, Peoples’ Friendship University of Russia, Moscow. 1995.
3. Samko N. G. Singular integral operators in weighted spaces with generalized Holder condition. Proc. A. Razmadze Math.
Inst. 1999. Vol. 120, pp. 107-134.
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QUANTUM DIFFERENTIALS AND FUNCTION SPACES

One of the goals of noncommutative geometry is the translation of basic notions
of analysis into the language of Banach algebras. This translation is done using the
quantization procedure which establishes a correspondence between function spaces
and operator algebras in a Hilbert space H. The differential df of a function f (when
it is correctly defined) corresponds under this procedure to the commutator of its
operator image with some symmetry operator S which is a self-adjoint operator in H
with square S? = I. The image of df under quantization is the quantum differential
of f which is correctly defined even for non-smooth functions f. The arising operator
calculus is called the quantum calculus.

In our talk we shall give several assertions from this calculus concerning the interpre-
tation of Schatten and interpolation ideals of compact operators in a Hilbert space in
terms of function spaces on the circle. The main attention is paid to the case of Hilbert—
Schmidt operators. The role of the symmetry operator S is played in this case by the
Hilbert transform. In the case of function spaces of several variables the symmetry
operator may be defined in terms of Riesz operators and Dirac matrices.

A. A. Shkalikov (Department of Mechanics and Mathematics, Lomonosov
Moscow State University, Moscow, Russia)
shkalikov@mi.ras.ru

ANALYTICAL APPROACH TO PROBLEMS ON COMPLETENESS
AND BASIS PROPERTY OF EIGENFUNCTIONS OF
NON-SELF-ADJOINT OPERATORS

We shall talk about spectral properties of operators of the form A =T + B, where
B is a non-symmetric operator subordinated to a self-adjoint or normal operator T
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An operator B is said to be T'— p-subordinated (0 < p < 1) if the domain of B contains
the domain of 7" and

|Bz| < b||Tx|? ||z||'™P V2 e€D(T)CD(B), b= const.

There is a great number of results (in particular, by J. Birkhoff, T. Carleman, M. V. Kel-
dysh, F. Brauder, S. Agmon, V. B. Lidskii, I. Ts. Gohberg and M. G. Krein, F. S. Markus,
V.I. Matsaev, B.S. Mityagin) which say about completeness and basis property of the
eigenfunctions of self-adjoint operators under p-subordinated perturbations.

We introduce new concepts of local subordination and local subordination in the
sense of quadratic forms and prove new theorems which involve new technique and can
be applied for concrete problems in more general situation.

In the second part we will discuss problems on perturbations of self-adjoint operators
with continuous spectrum. We shall also talk about recent results on properties of
the eigenfunctions of ordinary differential operators on the semi-axis with complex
potentials.

The work is supported by the Russian Science Foundation, grant No 17-11-01215.
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MULTIVARIATE QUASI-PROJECTION OPERATORS AND THEIR
APPROXIMATION PROPERTIES

A quasi-projection operator with a matrix dilation M is

Qi(f,0,@) = det M| > (f,p(M7 - +k))o(M’ - +k), j€Z,
kezd

where f is an approximated function (signal), ¢ is a function, ¢ is a function or a
tempered distribution, M is a d x d matrix whose eigenvalues are bigger (in modulus)
than 1. We consider different classes of such operators and provide error estimates for
them.

First, we study sampling-type operators that are the quasi-projection operators @),
associated with ¢ € Sy, where S} is the set of tempered distribution whose Fourier
transform ng is a function on R? which grows not faster than a polynomial of degree
N. Error estimates for such @); in L,-norm, 2 < p < oo, are provided for a large class
of functions ¢, including both band-limited and compactly supported functions. The
estimates are given in terms of the Fourier transform of f.

Another class of quasi-projection operators we study includes classical Kantorovich—
Kotelnikov operators that have several advantages over the sampling operators. Using
the averages values of f near the nodes instead of the exact sampled values allows to
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deal with discontinues signals and reduce the so-called time-jitter errors. On the other
hand, unlike to the sampling operators, thsee operators are bounded in Lp(]Rd) and,
therefore, provide better approximation order. We consider operators (); (generalized
Kantorovich—Kotelnikov operators) for a wide class of band-limited functions ¢ inclu-
ding non-integrable ones, and a wide class of functions ¢ including both compactly

supported and band-limited functions. Under the assumption D?(1 — @?p’)(ﬂ) = 0,
BeZ, |81 < n, an error estimate in L,-norm, 1 < p < oo, for @) is given in terms
of the classical L,-moduli of smoothness of order n.

Error estimates for ); in L,-norm are not applicable to signals whose decay is not
enough to belong to the space Lp(Rd). However such functions may belong to some
weighted spaces Lp,l/w(Rd). For the class of the so-called submultiplicative weights w,
error estimates in Ly, /,-norm for the generalized Kantorovich-Kotelnikov operators

are given in terms of the L, ;,,-moduli of smoothness.

D. Suragan (Astana, Kazakhstan)
durvudkhan.suragan@nu.edu.kz

ISOPERIMETRIC INEQUALITIES FOR SOME PROBLEMS ARISING
IN THE POTENTIAL THEORY AND MEMS

In this talk we discuss some isoperimetric inequalities for the logarithmic potential
and Riesz potential type operators. In this case, the main reason why the results are
useful, beyond the intrinsic interest of geometric extremum problems, is that they
produce a priori bounds for spectral invariants of operators on arbitrary domains. We
demonstrate these in explicit examples. We also discuss nonlinear analogues of these
problems related to the multidimensional MEMS type problems. This talk is based on
our joint papers with Rozenblum G., Ruzhansky M. and Wei D. [1]-[4].
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SOME SPECIAL COARSE STRUCTURES

Coarse spaces were introduced by Roe in [4]. A coarse structure on a set X is a family
of subsets of X x X (called controlled sets), which contains the diagonal and is closed
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under the formation of subsets, inverses, products, and (finite) union. A set equipped
with a coarse structure is called a coarse space. The coarse structures are very useful
to study the metric structures. In this talk we introduce a method for giving some new
coarse structures on locally compact groups and hypergroups (as extensions of locally
compact groups), and study their properties and some related topics. Specially, we give

some examples on hypergroup join.

REFERENCES
1. Bloom W.R. and Heyer H. Harmonic analysis of probability measures on hypergroups. De Gruyter. Berlin. 1995.
2. Dydak J. and Hoffland C.S. An alternative definition of coarse structures. Topology and its Applications. 2008. Vol. 155.
pp. 1013-1021.
3. Nowak P. W. and Yu G. Large scale geometry, EMS Textbooks in Mathematics. European Mathematical Society (EMS).
Zurich. 2012.
4. Roe J. Lectures on coarse geometry. University Lecture Series. 31, Amer. Math. Soc., Providence, RI. 2003.
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DIXMIER TRACES OF HANKEL OPERATORS IN LORENTZ IDEALS

Let ¢ : [0,00) — [0, 00) be an increasing concave function with ¢(0) = 0, tlim Y(t) =
—00

oo and 1t1im % = 1. Consider the Lorentz ideal M, of bounded, compact operators
—00

A on a separable Hilbert space H such that sup, ﬁ f(f p(s, A)ds < oo, where u(A)
is a singular value function of A.
In 1966 J. Dixmier have considered the functional

Tryo(A) = w (ﬁ /OtM(S,A)ds> 0<AeM,

and have proved that under a suitable conditions on the generalised limiting procedure
w this functional extends to a linear functional on the whole M,,. These functionals,
termed Dixmier traces, became a cornerstone in the noncommutative geometry develo-
ped by A. Connes in 1980s. In general, one has no access to the singular value function
of an operator. This makes the computation of Dixmier traces a difficult problem.

In the present talk we discuss the computation of Dixmier traces of Hankel operators
on the Hardy space H?(S%). Here, S* is the boundary of the unit disc in the complex
plane. For f € L>(S%), the associated Hankel operator is defined as

Hy:=(1—-P)fP,

where P : L?(S1) — H?(S) is the Szegd projection.

We discuss the conditions on the function f € L>(S') guaranteeing that H; € M,
and the estimates of Dixmier traces of Hy in terms of the Besov norms of f.

This talk based on the joint work with M. Goffeng.
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B. G. Vakulov, Yu. E. Drobotov (Rostov—on—Don, Russia)
bvak1961@bk.ru

THE HARDY-LITTLEWOOD TYPE THEOREM FOR THE RIESZ
POTENTIAL TYPE OPERATOR IN WEIGHTED FUNCTION SPACES

Let S"~! denote a unit sphere in the Euclidean space R™. The Riesz potential type
operator is to be considered as

« o 1 f(O')dO' n—1
(i f)(fv)%l(@)g,[ e I

where

n—1 _1_
'yn_l(oz):20‘7rnF<%) /T (%), a>0, an—1,n+1,...,

and the multiplier of K¢ is

e L (e 2|

Let W) n denote the class of multipliers {k,,}°_, through spherical harmonics,
which are of a specific asymptotic with m — oo, k,, # oo, m = 0,1,2,..., and
kn #0,m=p,p+1,....

Then H*(S"1, p) is to denote the space

HNS"p) = {f: f € C("),w(pDMf1) < et W]

where D* is an operator with the multiplier {k,,} € Wyn, N > n + 1.
The problem is on the reflection by K* from LP (S"‘l) to the Holderian spaces

n—1

n—1 ~o——
oa—n=1

o P p

H (S*71, p) and H (S"1, p), defined through H*(S"!, p), in the case of a
radially oscillating weight p(x) = ¢(|z — a|) such as ¢ belongs to the Zygmund-Bary—
Stechkin class.

Similar results were obtained in [1] for spherical fractional integrals with another
multiplier. The paper to be presented has [2] as an immediate predecessor.

REFERENCES
1. Plessis Du N. Spherical fractional integrals. Trans. Amer. Math. Soc. 1957. Vol. 84, No. 1, pp. 262—-272.
2. Vakulov B. G. Teoremy tipa Hardi-Littlvuda—Soboleva ob operatorah tipa potenciala v Lp(Sn—1,p). Rostov-na-Donu,
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Abpamsan A.B., ITnaumgu B. C. (Pocros-na-/lony, Poccus)
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O PABHOMEPHOM OBPATUMOCTH PET'VJIIPHBIX
AIITIIPOKCUMAIINN OJJHOMEPHBIX CUHTYJJISAPHBIX
NMHTET'PAJIBHBIX OITEPATOPOB HA KOHTVYPE C YI'VIOBBIMU
TOYKAMMUA

Pabota rpojioskaeT ucciejioBanns B 00J1acTi KpUTEPUEB IPUMEHUMOCTH K TTOJTHBIM
CUHI'YJISIPHBIM MHTEIPAJIbHBIM OllepaTopaM IPUOJINKEHHBIX METOJIOB 110 ceMeicTBam
CHJIBLHO AMIPOKCUMUPYIONUX UX OIMEPATOPOB ¢ «BLIPE3AHHO» 0CODEHHOCTDHIO siapa Ko-
mu [1-3]. PacemarpuBaercs cirydail OJHOTO CHHTYJISIPHOTO HHTEIPAJLHOTO OTIepaTopa
C HellpepbIBHbIMU KO3 durgentamu, JeicTByIomero B L,-IpoCTpanCcTBe Ha 3aMKHY TOM
KoHType. IIpemmnonaraercs, 9To KOHTYp SBJSIETCA KYyCOUHO-JSAIYHOBCKUM W HE MMeEeT
TOYEK BO3BpaTa. 3ajlada CBOJUTCA K TOJYYEHUIO KPUTEPHUs OOPATHMOCTU IJIEMEHTa,
HEKOTOPO# OaHaxoBoit ajredbpni. McciegoBanue MpoOBOAUTCS € MTOMOIIBIO JIOKAJIHLHOI'O
npunnuia ['oxbepra-Kpynnuka. Kpurepuii ¢popmysiupyercsi B repmuHax oOpaTuMocTu
HEKOTOPBIX NHTETPAJbHBIX OMTEPATOPOB, COTIOCTABIISIEMBIX YIVIOBBIM TOUYKAM U JICHCTBY-
IOMUX B L,-IIPOCTPAHCTBE Ha BEIIECTBEHHON OCU, U YCJIOBUSA CUJIbHON 3JIJIUITUIHOCTH
B TOYKaX KOHTYpPa, B KOTOPBIX BBITIOJHsIETCs yeaoBue JIsamnyHosa. Pesynbrarsr uccie-
JIOBAHWsI OMyOJMKOBAHBI B cTaThe [4].
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OB OIIEPATOPAX TUITA CBEPTKU B ITPOCTPAHCTBAX MOPPU

ITycrs 1 < p < 0o u A € R. IIpocrpancrso Moppu Ly (R") — 910 npocrpanctso
seex dynknuit f € LI(R") rakux, 4ro

1f1l 2, Bz,
HfHLp,A(R") = sup p()\ (z,r)) < 00,
z€R™ r>0 r
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rie B(x,r) — orkpbireiit map B R” pajuyca r ¢ nenrpom B Touke . Ilpocrpancrsa
Moppu L, »(R") saBistioTcsi HETPUBHAJIBHBIME TOTJ/Ia U TOJBKO TOr/a, Korga 0 < A <

n/p.
B npocrpancrse Ly, y(R") paccmorpum onepatop ¢BepTKu

(Ho)(x) = / W — y)e(y)dy, R,

Rn
rie h € Li(R"). Ussectno (|1]), uro oneparop H orpannten B Ly, \(R"). Ilycrs M, —
orepaTop ymHOXKeHus Ha QyHKIuio a € Lo (R™). Bygem roBoputb, 9T0 (QyHKIHUS
a € Loo(R™) npunagnexur kiaaccy By T (R™), ecan

lim esssup |a(z)| = 0.
N—o0 |z|>N

Teopema 1. Tycmov 1 < p < oo u a € By (R™). Toeda onepamopw, M,H u HM,
Komnakmuoe 6 npocmpancmee Ly (R™).

Takke ykazanbl ycjioBust Ha GyHKIUIO @ € Lo (R™), rapanTupyomime KOMIAKTHOCT
B nmpocrpanctBe Moppu kommyTaropa M, H — HM,.

B npocrpancrse L, \(R") paccmorpum oneparop af + H, rie a € C. Ilocrasum B
COOTBETCTBHE 3TOMY OIIEPATOPY €ro CUMBOJ — (DYHKIIUIO oz+iz\(§ ), rje B(ﬁ ) — upeobpa-
sosanue Oypoe Gynkiwn h(t). [Tokazano, 4To HEBBIPOKIEHHOCTH CUMBOJIA SABJISETCSI
HEOOXOIMMBIM 1 JIOCTATOYHBLIM YCJIOBMEeM obpaTumocTs oneparopa ol + H.

Pabota Beinosaena npu dpunancopoit nojyiepkke PODU, npoexTsr Ne 18-01-00094 u
18-51-06005.

JUTEPATVYPA
1. B. 4. Bypenxos, T.B. Tapapwrosa Amnasior nepasencrsa FOura mis cBeprok dyHKumii fjis 00IMUX [IPOCTPAHCTBAX TU-
ma Moppu. PyHKINOHAJIBHBIE TIPOCTPAHCTBA, TEOPUsl MIPUO/INKEHNH, CMEKHbBIe BOIIPOCHl MaTeMaTndeckoro ananmsa // Tpynst
MUAH. 2016. T. 293. C. 113-132.
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O CBOIICTBAX IIOTEHIIMAJIOB TUITIA PICCA HA BA3E
ITPOCTPAHCTB OPJINYA-JIOPEHIIA

G — G (mn ..
I[Ipocrpancrso norennuanos Hy = HyE(R") onpejessiem Kak MHOXKECTBO CBEPTOK
sijlep HOTEHIMAJI0B ¢ PYHKIUsIMU 13 0A30BOI'O IIPOCTPAHCTBA

HERMY ={u=Gx*f: feER"},
lullgg = inf {|[fllg: f€ER"), G*f=u}.
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Bsech E — 1MepecTanoBOYHO MHBAPUAHTHOE TTPOCTPAHCTBO, & sipo G — CIenuaabHOro
BUIA,
af(r) < G(r) < cb(r), r=|z| Ry,

rne 0 <6 naRy; [0(p)p"tdp < oo, Vr € Ry,
0

Baeagm bynxnmo o(t) = 0(t1/").
BakHy10 poJib B TEOPUH STHX ITOTEHIINAIOB UI'PAIOT 0DOOIIEHHBIE OTepaTOPhI Xapin
F', nocrpoennble 110 GyHKIMN

ﬂﬂm:wm/fvmfy/ﬂﬂﬂﬂw,
0 t

(em. [1]). duist HuX TIOJTy9€HbI KPUTEPUU CIIPABEJIMBOCTH MOJLYJISIPHBIX HEPABEHCTR Ha
BecoBbix npocrpancreax Opsnua—Jlopenna Lg(w), obobiiaroime HeKOTOpble Pe3yJib-
tarbl paboTe! [2]. [Ipocrpancrso Opmda—Jlopentia ompeesnm Kak MHOXKECTBO H3Me-
puMbIx 110 Jlebery byHKIMiE ¢ HOpMOIi

e.¢]

s =it 350, [ @ (V15 ()) wo)de < 17
0
re f* — yOwiBarormast nepecrtanoBka gyukmunn f, @ — dbynakus FOnra.
ABTopsr BeipaxkatoT Ostarogaprocts L'omsamany M.JI. 3a mierrbie coBeThl Tpu padboTe

HaJl CTaThEeN.

JUTEPATVYPA
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KBASUIIEPUNOJNYECKUE PACIIPEAEJIEHU A

[Tycrs CB(R™) ectb HpOCTPAHCTBO OrPAHUYEHHBIX HELPEPbIBHbIX (DyHKIWiA Ha R™
¢ sup-nopmoit. C*—mnonanrebpa A B CB(R™) nazsiBaercsa keasunepuoduueckot, ec-
J OHA IIOPOXJIeHA KOHEYHbIM uucsioM N sKcnonent e27<Miw> Kak abcrpaxThast
C*—anrebpa ona uzomopdna anredpe C(TV) nenpepoiBubix GynKuumit na Tope n u3o-
mopdmua anreope C1(RY), cocrosmieit u3 nenpepsBubix dynxmuii B RY | nepuogmnde-
CKHX C IIepruojioM 1 1Mo KaxKJIoil mepeMeHHOI.

Kpazunepunoanaeckre hyHKIMN 1 KBA3UTIEPUOAMTIECKNE aareOphl MTPEJICTABISTIOT 0CO-
ObIif MHTEpPEC B CBSA3M ¢ MHOTOYHMCJICHHBIMU MPUJIOXKEHUSIMUA, B YaCTHOCTH, B TEOPHUU

KBasuKpucTaios |1, 2, 3.
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Tnst 3ayann0r0 Biaokenust J : R™ — L C RY muoxkecTso
Ay ={u(J(2)) : u € C;(RV},

ecTh KBasullepuojudeckasi ajredpa na R™ u jiobasi KBazuiiepuojudeckas ajredpa,
nopoxkiénnast N 9KCIIOHEHTaMM, COBIIAIAET ¢ OJHONi u3 aaredp Aj mpu mMOaXoIsIem
BBIOODE BJIOYKEHMUSI.

[Iycrs D(Ay) C Ay ectb TOIIPOCTPAHCTBO, COCTOSIIEE U3 CyXKEHUiT HECKOHETHO
nuddepenmupyemprx dynxnuit uz C1(RY, 1.e. bynxmuit suga u(J(z)), rae 6eckonedno
nuddepeHnupyema, ¢ COOTBETCTBYOIIEH Tonojorueii. Keasunepuoduveckum pacnpede-
AeHUEeM HA3BIBACTCS HENPEPhIBHBI JnHeitHblil hyHkinonas va D(A ), mpocTpancTBO
KBa3UIEPUOJMUECKUX pacipejesenuii oboznauum D'(Ay).

[lesb mokmaa — mokasarh, 4To, XoTs npocrpanctso D'(A ;) uzomopdHo mpocTpan-
CTBY IIEPHOJMYECKUX paclpejesenuii na mpocrpancrse RY Gosblneil pasMmepHOCTH,
CBOMCTBa KBA3UIIEPUOIMICCKUX PACIPEAESICHAN CYIIECTBEHHO OTJANYAITCA OT CBOWCTB

COOTBETCTBYIONINX MEPUOJUIECKUX PACIPEJIeTeHUI.
JUTEPATYPA

1. Junnukxos M. A. Hosuxos C. II. Tonomorus kBasunepuogudeckux MYHKIUNE HA ITIOCKOCTU. YCIEXU MATEMATUIeCKUX HAYK.
2005. Tom 60, o 1, crp. 3-28.

2. Jle To Kyox Txane, Huynuzun C. A. Cados B. A. Teomerpusi KBa3UKPUCTAIIIOB. // YcIexu MareMaTndeckux Hayk. 1993.
Tom 48, Beim. 1, ctp. 41-102.

3. Antonevich A., Glaz (Buzulutskaya) A. Quasi-peroidic Algebras and Their Physical Automorphisms. In book: Geometric
Methods in Physics XXXV, Birkhauser, 2017, pp. 3-10.

E. . Bepexmnoii, B. B. Koueposa B. B. (fpocsasin, Poccus)
ber@uniyar.ac.ru

TEOPEMA BJIOXKEHUS W'*(D) OJId MHOXKECTBA
IIPON3BOJILHON MEPKI

[lycte B8 D C R", (n > 2) — orkpbiTOE MHOXKeCTBO, S(p; D) — mpocrpancTBo us-
mepuMbix Ha D dyukuuit f : D — R. ns f : D — R depe3 A(z,7) oboznadmnm
dbyukuuio pacnpepesnenus gynkiun f: A(z,y) = p({t € D : |f(t)] > v}), a uepes f*
ee IIepPeCTaHOBKY B HeBO3pacTalommeM nopsaake. VaeaabHoe npocTpancTBo X Ha3bIBACT-
Cs1 CUMMETPUYHLIM, ecyii 13 f € X, M3MepUMOCTH ¢ U U3 BLIIOJHEHHUs IIpU BCex ¥ € R
nepasencrea A(g,7vy) < A(f,7) caenyer, uro g € X u ||g|X| < || f|X]||- Tycrs X —
cuMMeTpuyHOe TIpocTpancTso B S(iu; D). Yepes WHP(D, X), (1 < p < 0c0) obozHaunm
sambikamne C{°(D) mo nopme Cobosiesa

IAIWP(D, X)|| = VL] + L F1X])-
Onpenennm Gynkiwio Vg, : (0, p) = R4 pasencrsom

(In2)=Y"" upu t € (0, pe= /"),

— 1/n l 1
Vorl =G @)t € [pe 7, )
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IIpamoit nogcuéT nokasbIBaeT, 9TO GYHKIUA YR, ABAdeTca BorayToit. Ilo dynximam

1, HOCTPOUM KBa3ubanaxobl npocrpancrsa Mapimukesuda M (1), ,), KBA3HHOPMBI
B KOTOPBIX OIIPEJIE/IACTCS PAaBEHCTBOM

IFIM (ra)ll = sup ap(A(f, 0)) = sup p(a) f* ().

O<a

Teopema. Jaa aoboti [ us W (D, X) cnpasedauso nepaserncmeo

sup {1 (F*() — F*(0)x(0, p)| M () ||+

pe(0,u(D))

1F*(0)x(0, p) + f*()x(p, (D)X} < [IAWH"(D, X)].
HepaBencrso B Teopeme yCUIUTh HEJIb34.

B ciyuae D = R™ u3 reopembl ciiejiyior pesysabrarsl [1-2].

JUTEPATVYPA
1. Adachi S., Tanaka K. Trudinger type inequality in R™ and their best exponent. // Pros. AMS., 1999, v. 128, pp. 2051-2057.
2. Li X., Ruf B. A sharp Trudinger-Moser type inequality for unbounded domains in R"™. // Indiana Univ. Math. J., 2008,
v. 57, pp. 451-480.

S1. M. Tpanosckuii (JoHerk)
yarvodoley@mail.ru

K CIIEKTPAJIbHOII TEOPUN KBAHTOBHEIX 3BE3/IHBIX T'PA®OB

Paccmorpum 3Besnubiii rpad G, cocrogmuit u3 p; > 0 6beckonedHbIx pedep u po > 0
KOHEUHbIX pebep, p1 + po := p. Kaxjioe pedpo OyjieM acconumupoBaTh ¢ KOHEUHBIM WUJIN
beckoneunbim unrepsaiom (0, a;),

j€{l,...,p}, rme Touka 0 coorBeTCTBYeT BHyTpeHHE! BepirHe rpada.
Ha xaxxiom Geckoneanom pebpe [, € {1,...,p1} onpegennM MUHUMAJBHbIN Olle-

parop AP fi, = —f' + Qi fi,, Qu, = Q7 € L(1;,C™™),
. flja f[lj € AC]OC(lj, Cm))
dom(AP™) = { fi € L2(1;,C™):  Apinfy € L(1;,Cm),
fi;(0) = f(0) =0

Ha kaxjom KoHewnoMm pebpe e;,j € {p1+1,...,p} onpeneany MUHIMATBHbIH OT1e-
paTop Arer;mfej = = é; + erfej7 er = sz € Ll(ej; mem),

fej, felj € AC]OC(ej, (Cm),
dom(Ag;m) =< fe, € L*(ej,C™) : Ag;infej € L*(e;,C™),  f.,(0)
= fe;(a;) = f((0) = f{ (a;) =0
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DTO MO3BOJISIET BBECTH MUHUMAJILHBIN omepatop A, Ha rpade

p p
g . Amin = @A;mn, dom(Amin) = @ dOHl(A;-mn),
J=1 j=1
ITokazano, 4TO NpU CJIEJTAHHBIX PEJIIONIOKEHNUAX OSC(AV) NR = () maa xaxoro

caMoconpsiKeHHoro pacimpenust A. B gactHocTn, 310 BepHO [isi pacmmpenust A,
3a/1aBAEMOI0 YCJIOBUEM THUIIA JICJIBTA:

f menpepniBaa B 0,
i-1./5(0) = af(0).

[Ipu a = 0 ycsioue (1) — xopoio ussecrroe yciosue Kupxroda.

(1)

Takxke wHaiigena ¢opmysa, BeIpaxKalonias Marpuily paccesuusi cucreMbl {A,, A}
yepes ynknio Beiinst, Ay — oneparop 3agaun npuxie.

[Tosiyuennbie pesysibrarbl 06001IAI0T U pazBUBalOT pesysibrarsl [1], a jokia) 6a3u-
pyeTcs Ha pe3ysbTaTax coBMecTHO# paborsl ¢ M. M. Manamynom n X. Haitaxaparowm.

JUTEPATVYPA
1. Granovskyi Ya., Malamud M., Neidhardt H. and Posilicano A. To the spectral theory of vector-valued Sturm-Liouville
operators with summable potentials and point interactions. J. Functional Analysis and Operator Theory for Quantum Physics,
The Pavel Exner Anniversary. 2017. pp. 271-313.

. B. Juneuko (Bopouex, Poccus)
dmixtry@gmail.com CIIEKTPAJIBHBII AHAJIN3 OIIEPATOPHBIX

MOJIMHOMOB U IN®PEPEHIINAIBHBIX OIIEPATOPOB N-OT'O
TTOPAIKA

[Iyctsr X — KOMIIEKCHOE HaHAXOBO MPOCTPAHCTBO ¢ HOPMOTi || - ||, End X — Gana-
x0Ba aaredpa JUHEHHBIX OrPAHUYEHHBIX OLEpaTOpOB, JeficTByomux B X.

B 6anaxosowm npocrpancrse .Z (R, 27) (paceMmarpuBaercst 0jiHO 13 DYHKIIMOHATBHBIX
IPOCTPAHCTB ONpeIeJIEHHLIX B [1]) onpeennm auddepennuanbubiii ornepaTop BTOPOro
IOPSIJIKA

L =D+ 2DV .+ By D+ By,

¢ obnacrbio onpegenenns D(Z) = FW) ¢ Z(R, Z) — F(R, Z), rae cumpon D
o6oznauaer quddepeHnaIbHbIl omepaTop, AefiCTBYOMH 1o npasuity Dx = = ¢ ¢ 06-
nacreio onpesenenns F) = {z € F 1 1 — abcomoTHo HEnMpephiBHAs YHKIS, T €
F}, rye oneparopbl KBy, PBs, ..., By npunajiiexar aaredope End . F. Tak xe pac-
CMOTpUM cJreytomuit nuddepennuaibiblii onepaTop oneparop L : F# m(]R, 2N C
FR, ZN) = Z (R, ZY), 3aaunblil ¢ IOMOIILIO ONEPATOPHON MATPHUILBI
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([ D I 0 ... 0 0 )
0 D 1 . 0 0
0 0 D - 0 0
L ~
0 0 0 ... D 1
\ %y ~Bn_1 ~By-s ... B> D— B )
[Mycrs Fy = F(Z,X) — mpocTpaHCcTBO JIBYCTOPOHHUX TTOCJIEI0BATEILHOCTE (CM.

[1]). Onpesiesinm pastocrhsiii oneparop £ € End %, ¢ nomorpio dbopmyibt (Lxg)(n) =
zg(n)—U (n,n—1)zgn—1), x4€ Fg,n € Z,vne % — 5BONOIUOHHOE CEMEHCTBO
OIIEPATOPOB, MOCTPOCHHOE 110 a0CTPaKTHOM 3aade Kommu.

Teopema 1. Mnosicecmesa cocmoanuti obpamumocmu onepamopos £, I u £,
cosnadarom, m.e. Stiny (<L) = Stiny (L) = Stine (£).

JUTEPATYPA
1. Backaxos A. I., Tudenxo B. B. O cocrossausix 06paTuMOCTH Pa3HOCTHHIX 1 maud depeHnnaibHbIX orepatopos. 1138. PAH.
Cep. marem. 2018. T. 82, Ne 1. C. 3-16.

O. A. UsanoBa (Pocros-una-/lony, Poccust)
neo_ivolga@mail.ru

Ob YMHO2KEHUN B COIIPA2KEHHBIX K BECOBBIM
(LF)-IIPOCTPAHCTBAM IIEJIBIX ®YHKIINN

OnuchIBarOTCs JIMHEHHBIE HEMPEPHIBHBIE ONEPATOPHI, JEHCTBYIOMNE B CIETHOM WH-
JYKTUBHOM 1ipejiedie F Becosbix npocrpancts ®pere nesbix 8 CV dynxuunii u nepe-
CTAHOBOYHBIE B HEM C CUCTEMaMHU OIEPaTOPOB YacTHOTO JuddepeHIupoBanns U CIBU-
ra. [Ipu crenaHHbIX TPENITOJIOKEHNSIX KOMMYTAHTHI CHCTEM OIrepaTopoB jnddepen-
[MPOBaHMsi W CJIBUTA, COBIaaroT. OHM COCTOSIT U3 ONEPATOPOB CBEPTKHU, 3a,/1aBAEMbIX
POU3BOJILHBIM JIMHEHHBIM HENMpEpPhIBHBIM (pyHKIMOHA OM Ha F. [Ipm sTom He npe-
M0JIaTaeTcs, 9TO MHOYKECTBO MHOTOYJICHOB TIJIOTHO B F/. B TomoJsiormieckoM conpsizKeH-
nom Kk E npocrpancree E' BoguTcs ymHOXKenue — cpepTka. [losyuennas anaredpa
n30MOp(HA YIHOMSIHYTOMY KOMMYTAHTY CUCTEMbI OLEPATOPOB YaCTHOIO Jindpdepeniim-
poBaHus B ajrebpe Bcex JMHEHHBIX HENPEPBIBHBIX OMEPATOPOB, JIEHCTBYIOMUX B I, ¢
YMHOYKEHUEeM — KOMTIO3UIMeil onepaTopoB. B mocrtpoertoit anredpe aHAJINTHIECKIX
(hyHKIIMOHAJIOB B JIBYX HECMEIIAHHBIX CIydasix BBEJEHA TOIMOJOTHUs, ¢ KOTOPO 3Ta,
anrebpa CTAHOBUTCS TOMOJIOTMYECKON U Y Ke TOMOJIOTHIECKH N30MOpdHA YKA3aHHOMY
KOMMYTAHTY ¢ COOTBETCTBYIOITEH (eCTeCTBEHHOM) onepaTopHoii Tonosorueii. (B obmem
caydae n30MopGU3M ABJISETCI TONOJOIMYECKNM, e B B BBesiena ciabast TOmoJI0rust
o(E',E), a B kommyranre — csabo oneparoptas romosiorust). Orcioja ciejyer, 9ro
MHOYKECTBO MHOTOYJIEHOB OT ONEPATOpPOB UM PEepeHITNPOBAHNSA TIJIOTHO B KOMMYTAHTE
C TOMOJIOTUEl TTOTOYETHON CXOJIUMOCTHU. YCTAHOBJIEHDI YCIOBUS, TPH KOTOPBIX JaHHASI
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anrebpa He uMeer jgenuTeseil Hysad. Jlokazama apromMaTHdecKasl HEIPEPLIBHOCTDL JIH-
HEHHBIX ONMEPaTOPOB, MEPECTAHOBOYHBIX CO BCeMU oneparopamu 1uddepeHnnpoBanust
B BecoBoM (LF)-npocrpancrse nesbix dbyHKIuiA, n30MOPGHOM 110CPEJCTBOM MTPEobpa-
soBanns Oypoe-Jlamnaca npocTpancTBy 6eckoredno auddepennupyeMbix B RY GyHK-
i ¢ KOMIIAKTHBIM HOCHTEJIEM.

YowmsinyThie pesysbrarhl onybiaukosanb B (1], [2].

JUTEPATVYPA
1. Heanosa 0. A., Meauzos C. H., Meauzos FO. H. O xommyranre oreparopos auddepeHuupoBaius U CIBUra B BECOBBIX
MIPOCTPAHCTBAX Ie/blX MyHKmmit. Y dumvckuit mareMm. xypuasi. 2017. T. 9, Ne 3, crp. 38—49.
2. Hsanosa 0. A., Meauzos C. H. O Tononorndyeckux aarebpax aHaJIUTUIECKUX (HYHKIIMOHAIOB C YMHOXKEHUEM, OIIPE/IeIsie-
mbiM capuramu. Becrauk Camapckoro ynusepcurera. Ecrecrsennonayunas cepus. 2018. T. 24, Ne 3| crp. 14-22.

B. C. Kimmos (fpocaasis, Poccus)
vsk76@list.ru

OIIEHKU PEIIIEHUN TN®PEPEHIINAJIBHBIX HEPABEHCTB

[ycrs pi(t) (t € 1,i=0,1,...,m — 1 - cymmupyembie ua orpeske J = [a, b] dynk-
muu. OnpenenseMblii paBeHCTBOM

muddepennmaababIil onepaTop A neificTByer u HenpepbiBeH u3 npocrpanctsa Cobosesa
Wi™(J) B npocrpatcrso Jlebera L(J) cymmupyembix Ha orpeske J dyukiwii. QyHKIHIO
x w3 W{"(J) nazosém A — nonoxurenabHoi, eciin Ax — HeorpunaresbHas QyHKIWS.
Cosokytnocrb A — nosioxkuresibbix Gynkiuii oopasyer kiun K(A) B npocrpaHcrse

Teopema. Cnpasediuso nepaserncmeo

> /\x(”(t)\dtg (% / |x(t)\dt+c2/\x(t)|dt,
=0 Js T

J\J?

6 womopom 0 < 30 < b—a, J° = [a+0,b— 6], nocmoannwie c1,cy ne sasucam om d u
Pynryuu x u3 xauna K(A).

B jokiagie npejionaraercs o0CyuTh BO3MOXKHbIE MOJU(PUKAIIMNA TEOPEMbI U HAMe-
TUTH IPUJIOXKEHUS K HeJUMHEAHLIM KPaeBLbIM 3ajadaM. Teopema 03HAYAET, UTO KJIMH
K(A) ecth mocraTodno y3koe mojMHOX)ecTBO mpoctpancrsa Wi (J). B wacrroctn,
HeIKBUBaJIHTHBIE B npocrpancTax CobojieBa TOIOJIOIMHA MOIYT WHJyLHMPOBATH HA,
kinte K (A) 9KBUBAJIEHTHBIE TOTOJIOTHN.
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A.B. Ko3zak, 1. U. Xauun (FOxHusriit denepanbubrii yausepcurer, Poccus)
avkozak@bmail.ru, dihan@mail.ru

CBS3b ME2K/TY CBEPTKOW IIO BCEMY ITPOCTPAHCTBY U
IMNKJINYECKOM CBEPTKOI

Oneparop A, npeiicrBytomuii B [,(Z™) rtax, uro (Az); = Z a;_;jxj, rne 1 € Z™,
jezm
a € [1(Z™), nHaspiBaercsi onepaTopom CBEpTKU. Bekrop a — ero siipo. Ecim v C 2™,
T0 obo3natum P, npoekrop, aeiictByomwmit B [,(Z™) no npasuiy (Pw); = w;, ecin
jev,u Pw); =0, ecin j ¢ v.

[Iycrs H — nesnounciiennbie Touku napasuesenunesa [0, ny — 1] x [0, ng — 1] X
... x [0, ny, — 1]. Jluneitnstit orpamutdentsiii oneparop Cy, jeitctBytomuit B 1,(H),
Ha3bIBACTCS TMUKJIMIECKUM orepaTopoM, eciun (Cyx)y = Z(CH)k’jxj = ch@jxj,

JjeEH JjeEH
rJle 3allch «ioj» 0bo3HaYaeT BEKTOp, k-l KOOPAMHATONH KOTOPOIO ABJISICTCS OCTATOK
ot jiesierust qucia (i — ji) #Ha ng. Bekrop ¢ € [1(H) — simpo Ch.

Onpedeaenue. Bydem 2o06opumn, wmo vyuksuveckut onepamop Cy ¢ adpom ¢ no-

pootcdén onepamopom ceépmru A ¢ adpom a, ecau ¢ = Z as, k€ H. B smom
cayuae 6ydem nucams Cy = ny(A). s=k

CrpaBeJIMBbI yTBEPK JICHUA: (mod n)

1) 77H('}/1A1 + 72A2) = ’Y177H(A1) + ’ygnH(Ag), rJjie 71, Y2 — KOMILJICKCHbBIC YHUCJIA;

2) nu(A1As) = nu (A1) - nu(A2);

3) Ecim A obparum, to ng(A) ooparum u (ng(A))~1 = ng(A™);

D ma (A < llall1, tie a — sapo oneparopa A.

5) ||P.Cy — P,PyAPy|| < Z lag|, tne uw C H, | — paccrosinue mexay uu Z™\ H.

ke || >
AHaJIOFI/I‘IHbIe pe3YJIbTaTbI CHpaBeﬂHI/IBbI n JJie I/IHTeraHbeIX CBépTOK. B 9TOM C.Hy—

Yae BMECTO IUKJIUYECKUX CBEPTOK PACCMOTPEHBI OllepaTOPbl CBEPTKU Ha TOPE.

JUTEPATVYPA
1. Kosax A. B., Xanun /[. . TlpubanxkeHHOe penieHne GOJBIIMX CHCTEM YPABHEHHI ¢ MHOIOMEDHBIMY TEILJIUIIEBHIMU MaT-
punamu. Cub. xKypH. Boraucsa. marem. 2015. 18:1, c. 55-64.
2. Kozak A. V., Khanin D. I. Approximate solution of integral equations with multidimensional convolution operators on
large sets with piecewise smooth boundaries. Boletin de la Sociedad Matemadtica Mexicana. 2016. Volume 22, Issue 2, pp.
487--501.

M. FO. Kokypun (Momxkap—Ouna, Poccus)
kokurinm@yandex.ru

O IIOYTU PA3PEIIINMOCTH KJIACCOB HEJIMHEMHBIX
NMHTETPAJILHBIX YPABHEHUI

PaccmarpuBaercst HeJlmHEHHbBIN WHTErpabHBIN oriepaTop Y phICOHA,

F(u)(t) = /gp(t,s,u(s))ds, te A, (1)

A
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e A C R? — orpannuennas 3aMmkuyTas obsnacts, d > 1. Ilyers X, Y — 6amnaxoBbl
npocTpancTBa GyHKIWHA Ha A, pocTpancTBo Y HernpepbiBHO BiioKeHO B C'(A), nare-
IPAHT  XapaKTepu3yeTcst CTENeHHbIM (¢ HeHYJIEBBIM OKA3aTeJeM) MOBEJICHUEM 110 U
Ha OeckoHneuHocTu u oneparop F': X — Y Bnosne HenpepoiBen. M3ydaercs ypaBHenue
IIEPBOI'O POJIa

Fu)=g9, uekK, (2)

rie K — xomyc B mpocrpancTse X. g ypasaenns (2) ¢ hUKCHPOBAHHBIM HHTETDAH-
TOM ( OMHCAH CIOCOD SBHOTO TOCTPOEHHS JIyUa, TPUHAJJIEXKAIIETO PEIeCCHBHOMY KO-
rycy b(F(K))~, mubo kacarenpnomy Kouycy 1o(F(K)) B rouke 0 € F(K). enrpasn-
HYIO POJIb B 9TOH KOHCTPYKIIMM UI'PAET IJIaBHAs YacTh 1) MHTEIPAHTA (© [0 lIapaMeTpy
U, KOTOpast OTPEJICTACTCS B 3aBUCHMOCTH OT XapaKTepa TMOBEJICHUs @ TIPH U — 0O.
B wacTHOCTH, IPH €CTECTBEHHBIX JIOMOJHATEIBHBIX YCIOBUSX OKA3LIBACTCS, UTO JIJIS

Jwboro h € K sjement

Fo(h) = / Ot s, h(s))ds
A

ompegesser ayd Ly (v) = {uFo(h) : p > 0} Taxoit, 110

F(UQ) + £h(¢) C (D) Yug € K.

YcTraHaB/IMBaETCs, YTO HECMOTPsI HA HEKOPPEKTHOCTH PACCMATPUBAEMbIX YPaBHEHMUIA,
IIOHUMAEMOE B HOJXOJAIIEM CMbICJIE CBOHCTBO 0000IIEHHON paspemumoctu (2) okasbi-
BaeTCsl YCTOMUMBBLIM K OIpPEJICJICHHBIM BapHUalysaM 3jeMeHToB 3aja4un F', g. Obcyxkia-
I0TCsl IPUJIOYKEHUsT K BOIPOCaM ODODIIEHHOW Pa3permMOCT HeJTMHEHHBIX WHTerPaJib-
HBbIX YPaBHEHUU IIEPBOrO POJiA.

Pabotra nogepkana MunucrepcTBoM HayKu U Bbiciiero obpasoBanus PO B pamkax
rocyIapcTBeHHoro 3aganus (mpoekr 1.5420.2017/8.9).

C. A. Poutynkun (Esenikuii rocy1apcTBeHHBINl yHUBEPCUTET
uMm. . A. Bynuna, Poccus), JI. H. JIaxoB (Boponexxckuii
rocy/JapCTBEHHbI!l yHuUBepcuret, Poccus)
roshupkinsa@mail.ru, levnlya@mail.ru

Dp-ITPON3BOJHAA BECCEJIA 1 IIPEOBPASOBAHUNE
PAJTOHA—KUIIPUAHOBA

[Mycrs x = (2/,2") € R XRy_p, {2/ = (21, ..., 20)}, aR ={z 21 >0,...,2, >
n

0)} — n-nosynpocrpancrso, (r,£) = > x;§ — ckajusipHoe npoussejenue B Ry, 7 =
i=1

(Y153 m)s 7 > 0.
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Yernoe npeobpazopanne Pajnona—Kunpusgnosa pasmepHOCTH Y (DYHKIHMA YETHBIX
o KaxkJI0i KoopauHare Bekropa &' € R Bregeno B [1], nmeer Buj
n

Kalf&p=2" [ 1@W 60— (0.0 e de, @P=]]a ",

=1

rie P — muoromepusiii oneparop Ilyaccona [1|. Ilycts n = 1 u g(x) — z1-HeuerHas
bynkius, |©| = 1. Beesenm neuernoe K., ,q npeobpasosanue B Bujie

Ry

[Tycrh (DB)2]€+1 a Bk, riae B, — cunrynapubiit audpdepenimanbublii onepaTop
N
Beccens no x; u L™(D) = > aq D,
|a|=m

Teopema. /lna f € HS(Ry) cnpasedauca gopmy.ara
Ky 0l L™(DB) f1(©;p) = 2" Lm(9) LK oo f1(O;p).

B wacmmocmu, ecau L'(D) = Z a; D;, mo

(K)y.0a LH(D) f1(©;p) = 27 Ll(@) 5.0l f1(O;p) -

JINTEPATYPA
1. Kunpuanoe M. A., Jlazos JI. H. O npeobpasosanusx Pypoe, Pypre—Beccens u Pamona. — doka. AH CCCP. —1998,
360, Ne 2, — C. 157—160.

A. 3. ITacenuyk (Pocros-ua-/louy, Poccus)
pasenchuk@mail.ru

O METOHE YHACTUYHbBLIX PEI'VJIAPU3ATOPOB B HEKOTOPBIX
CYHETHO-HOPMMWPOBAHHBIX ITPOCTPAHCTBAX

[ycrs I - ennamanas okpy»kHOCTH KomTaekchoit mrockoctn C, I'2 - top. Oboznadamm:
%4 (F2) - 6aHaXOBO MPOCTPAHCTBO BUHEPOBCKMX dynkimit, W0 (F2), Woeeee (F2) -
CYETHO-HOPMHUPOBAHHBIE TPOCTPAHCTBA TIAJKUX (DYHKIUI. Bynem 3HakaMu «+» 1 «-»
BHU3Y OyjieM 00O3HAYATH MOJANPOCTPAHCTBA YKA3aHHBIX ITPOCTPAHCTB, a COOTBETCTBY-
[OIIME ONepaTophbl poekTuposanns PTE coorsercrento (Tounbie onpejesenus cM B
1))

O6ozunaunm T, = P™*a (&, n) I oneparop Termua T, : X.p — X, ¢, a(&,n) € X,
rie X - ojano u3 npocrpancts W (FQ), ool (FQ), Weeee (FQ). HauboJiee 1mojiHo 30T
orepaTop U3yueH B 6aHAXOBbIX IPOCTPAHCTBAX, B YacTHOCTH, B W (F2) . 1.B.Cumonenko
|2] mosyuen kpurepuit KOTOpBI MOXKeT ObITH MepehbOPMYIUPOBAH CJAEYIONIM 0Opa-
3oMm: omepatop T, : Wiy (FQ) — Wy, (Fz) HETEPOB TOTJIa U TOJBKO TOIJIA, KOTJIa
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ero cuMBoJl a (£,71) J0lycKaer KaHOHMYECKYH0 (DAKTOPU3ALMIO & = G__ Ay G40y

B ajrebpe W (FQ). DTO 0O3HAYAET, UTO KaXKJbIii COMHOXKUTEIb B 3TOM IIPEJICTABICHUN

CUMBOJIa TIOPOXKJIaeT oOpaTumMbiii oneparop Tersuna. [Ipu aTom peryisipuzarop Moxker

ObITH TOCTPOEH METOJOM YaCTUIHON peryssipusanuu, npejiokentbiv B.C.[unun [3].

0,0 2

ITokazano, 4To 3TOT pe3yJbTaT COXpaHdeTcd B ciydae npocrpancrsa W7 (F ) n
WOOOO F2 H -1 _ -1,

He UMeeT MecTa Jils npocrpancTsa W, 7Y . Hammpumep, cumBoi, £n &n =

-1 -1 .
(1 —&n ) (1 + & 77) NOpOXKJaeT oneparop e, -1_¢-1,, UMEIONKI OECKOHEYHOMEPHOEe
s1JIPO, HECMOTPsl Ha TO, YTO KaxKJIblil u3 oneparopos 17 ¢y -1, Tjye-1, odparum B 1po-
00,00 (T2
crpancree W™ (T )

JUTEPATVYPA
1.[Hacenuyx A. 5. JTuckperTHble ONEPATOPhl TUTA CBEPTKH B KJIACCAX MOCJIEI0BATEILHOCTEH CO CTEIEHHBIM XapaKTePOM I0OBe-
nenus Ha 6eckoneunoctu. znarenscrso FO®@Y, Pocros-na-Tony. 2013.
2.Cumonenro M. B. OmepaTopsl THIIA CBepTKH B KOHycax. Marem. cbopuuk. 1967. Tom. 74, B. 2, ctp. 108-112.
3. [Tusudu B. C. O muOroMepHubix 6ucunrynapubix oneparopax. Joka. AH CCCP. 1971. Tom. 201, Ne. 2 crp. 787-789.

. A. TTonakosa (Pocros-na-/lony, Biagukaska3, Poccus)
forsitesl1@mail.ru

O BBICTPO VYBBIBAIOIINX VJIBTPA/INOOPEPEHIIVPYEMBIX
OYHKIINAX

B pabore npejiaraercss HOBBIN T0JIX0JI K OIPEJIEJIECHUIO TPOCTPAHCTBA S(w)(RN )
ObicTpo yObiBatolMX yibrpaiuddepennupyembix dynxuuii 8 RY . Mmenno, ykasan-
HOE TTPOCTPAHCTBO BBOJIUTCSA CJIEYIONIUM 00Pa30M:

Swy®Y) ={f e C*R"): VpeN

(@) puw(x)
| fll, :== sup sup @)l < oo} :

2€RN aeNY exp py;, ('%')

(1)

Baech, Kak 06obrano, O (RY) — npocrpancrso Beex 6eckoneuno puddepeniupyemMbix
B RY byuknmit; a = (aq, ..., ay) € NY — mynpruungexc; |al = g + -+ + ay — ero
nnma; f©) = %; w — BecoBas (DYHKIWsA, OTIPEJICIISIONIAsT TPOCTPAHCTBO; Q) —
dbyukImst, conpsixkennas mo FOury ¢ w(e’).

Panee (cm. [1,2]) mpoctpancTso S(w)(RN ) BBOJMJIOCH C ITOMOITIBIO OIEHOK, HAKJIA b~

BaeMbIX OJHOBpEMEHHO Ha (pyHKIMHU f 1 ux mnpeodpazoBanus Oypne f
Swy®Y) ={f e C*R"): VpeN
| fllwp = max sup (‘f(o‘)(x)‘ I ‘]?(a)(x)D opol@) oo} .

D zeRN

OueBuJIHO, 4TO JIAHHBII 110j1X0/; Meree yioben, dem (1).
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B paGore nokasano, uro npocrpanctso S, (RY), onpesensemoe pasencrsom (1),
00J1a/laeT BCeMU KJIACCHYECKUMU CBOMCTBAMU HPOCTPAHCTB ObICTPO yObIBAIOIINX (DY HK-
muii. Vimenno, mpoBepeno, ato npeodbpaszopanne ypoe SIBISIETC aBTOMOPMU3MOM IPO-
crpanctBa  S(,)(RY). Hauee, YCTAHOBJICHBI  HENPEPLIBHBIC  BJIOYKEHUSI
D y(RY) C S)(RY) C Ey(RY), rue £y (RY) — ussecrnoe npocrpancrso Bep-
JIUHTa yabTpaguddepeHiupyeMbix HyHKIUN, a D(w)(RN ) — COOTBETCTBYIOIIEE eMy
IIPOCTPAHCTBO MPOOHBLIX YJabTpajuddepeniupyembix Gyukiuil. Hakoner, mokaszaHo,
aro npocrpanctso D, (RY) miorno B S, (RY).

JUTEPATVYPA
1. Bjorck G. Linear partial differential operators and generalized distributions. Ark. Mat. 1966. Vol. 6. pp. 351-407.
2. Abanun A.B. Ynerpamuddepennupyembre dbyHKIMY U yabTpapacupeaerenus. M.: Hayka. 2007.

B. B. CeménoB (Kues, Ykpanua)
semenov.volodya@gmail.com

SKCTPATPAINEHTHLIN AJITOPUTM C MOHOTOHHOI
PETYJINPOBKOI ITIATA J1JISI BAPMAIIMOHHEIX HEPABEHCTB
" OIIEPATOPHBIX YPABHEHUM

B jokianie paccMarpuBaloTcs BapualMOHHbIE HEPABEHCTBA W OllepATOPHBIE ypaBHe-
HUs B I'MJIBOEPTOBOM IIPOCTPAHCTBE U C JIONOJHUTEJIbHBIMU YCJAOBUSIMU BUJIA BKJIIOUE-
HUS B MHOXKECTBO HENOJBUXKHBIX TOUEK 3aJJaHHOTO OlepaTopa, T.e. 3aJla4i BUJIA

naittu v € C': (Az,y —z) >0 YyeC u x =Tz,

rjie C' — HeIycToe BBIIYKJIOE 3aMKHYTOE IIOIMHOXKECTBO I'MJIbOEPTOBA IPOCTPAHCTBA
H A:H—H T:H— H.

st npubIMyKEeHHOrO pelieHus 3a/1a4 PeJJIoKeH MOAUPUITMPOBAHHBIN SKCTparpa-
JIMEHTHBIN aJrOpuTM C MOHOTOHHOH peryJMpoBKOH BEJUYMHBI IIara, He TpeOyroleit
3HAHMs KOHCTAHTHI Jlummuia oneparopa A:

( Yn = Pec (xn - /\nACEn) )
zn = Pco (xn - )‘nAyn) ;
\ Tp+l = HnTpn + (1 - ,un)TZna

[Yn—n]]

Api1 = min {)\n, Tm} ecin Ay, # Ax, unaue A\, 1 = A\,

\
rie 7 € (0,1), u, € (0,1).

B omrure or npuMeHsiBIINXCs paHee NpaBuil Bbibopa Besnunubl mara (em. |1, 2]) B
IpeJJIaraeMOM aJIFOPUTME He IPOU3BOIUTCS JIOMOJHUTEILHBIX BHIYUCACHAN 3HAUCHII
oneparopa A n oTobpaxkenus: npoeKTuposanus Pe.

Hokazana, cabasi CXOAMMOCTh aJrOPUTMa I 3a/a4 C MCEeBAOMOHOTOHHBIMU, JIUTI-
IIMIEBbIMY, CEKBEHIMAILHO €J1ab0 HelpepbIBHLIMU oneparopamu A u KBasunepacrts-
IUBAOIIMMU omlepaTopaMu 1, 3aJal0IUMK JOIOJHUATEILHBIE YCIOBUS.
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1. Denisov S. V., Semenov V. V., Chabak L. M. Convergence of the Modified Extragradient Method for Variational Inequalities
with Non-Lipschitz Operators. Cybernetics and Systems Analysis. 2015. Vol. 51, No. 5, pp. 757-765.
2. Verlan D.A., Semenov V. V., Chabak L.M. A Strongly Convergent Modified Extragradient Method for Variational
Inequalities with Non-Lipschitz Operators. Journal of Automation and Information Sciences. 2015. Vol. 47, No. 7, pp. 31-46.

A.®. YyBeHKOB
(Poctos-na-lony, Poccus)
chuvenkovaf@mail.ru

O HOBbBIX KBABUCTEIIEHHBIX I'PAH/I-ITPOCTPAHCTBAX
OPJINYA ®YHKIINNM, OIIPEJAEJEHHBIX HA TIITPON3BOJIHBHBIX
OBJIACTAX

BBojrMbie MpaHj-pocTpaHcTBa (B 4aCTHOCTH, L‘}W),S(Q, w)) CTPOSITCs HA OCHOBE Be-
coBbix mpoctpancts Opsmaa Ly (€, w), nopoxaenabix N-dbyuximsvu M (u), nmero-
IMUX PasJIHble CKOPOCTH yObIBaHUs B Hyse (p1) U pocTa B OECKOHETHOCTH (P2).

[Ipejmonaraem, 4To BBINOJHSAIOTCH OorpaHuuenus 1 < p; < oo, 1 < py < o0,
p = min{py, p2}. duist sir060r0 nosoxkuresbuoro seca a(x) us upocrpancrsa Ly (€2, w)
OIIpe/JIeJIIeM HOBDLII (,ZLOHOJIHI/ITGJIbeIﬁ) Bec (popMyIoit

ws(x) = ws(a, M) = (p5)%M6(a(x)) ~w(x), 0<d<1—1/p.

Hepes L, (£, w) obosnadaem rpanj-upocrpancrso Opinda ¢ Becom ws(r)

1

0

S
do s

fipas(fyM,w) = / /Mlé(\f(x)Dw(g(a,M)dx dé | <ooyp,

0 Q

rie f € Ly(Quw), s € [1,00], g € (0,1 — 1/p). B cayuae, xorma M(u) = %,

1 < p <00, s =00, IMeeM I'panji-ipocTpanctso Jlebera L) (€2) dynknmii, 3a1anmbix

Ha orpanuienbix Muoxecrsax € ([2[), n na neorpannuennbix — Ly (Q2) ([3]).
Teopema. Iycmv dynkyus [ npunadaescum npocmpancmsy Opauna Ly (Q,w),

1 < p=min{pg, P} < 00, @ — nosoorcumervnwd cec. Jaa mozo wmoboe Oviaa cnpa-
6E0AUBA OUEHKA

Pas(f, M, w) < Cpap(f, M, w),

¢ mounoti Konemanmot Cp 4, neobrodumo u docmamouno, wmobw, a € Lyr(2, w).
Coobrarorces rnepBoHadaJibHbIe OCHOBHBIE CBOMCTBA BBEJICHHBIX I'PAH/I-IIPOCTPAHCTB:

H6aHaxXOBOCTh, cenapade/bHOCTh U JIPYTHE.

JUTEPATVYPA
1. Rao M. M., Ren Z. O. Theory of Orlicz Spaces. Crc Press. 1991, pp. 472.

2. Iwaniec T., Sbordone C. On the integrability of the Jacobian under minimal hypotheses. Arch. Rational Mech. Anal. 1992.
Ne 119, C. 129-143.
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3. Ymapzadocues C. M. O6obuienue nonsitus rpasja-nipocrpancTsa Jlebera. 3Becrus By3os. Maremaruka. 2014, Ne 4, C.
42-51.

T.T. IMTaroBa (Musnck, Benapycs)
tanya.shagova@gmail.com

YMHOKEHUE PAIIMOHAJIBHBIX PACIIPEJIEJIEHII

Pacupejienenne f Oyaem Ha3bIBATb PAUUOHAADHDIM, €CJIA CYIIECTBYET napa pyHKIUi
(f*, f7), tne f* — npasuibHbBIe parmuonaabHbIe BDYHKIMHE, aHAJTUTHICCKHEE B BepXHeil 1
HUKHEH MOJIYTIIIOCKOCTSIX COOTBETCTBEHHO, UTO f SIBJISIETCST TTPEJEIOM B MPOCTPAHCTRE
pacrpejenennii cemeiicrsa rnagkux dynknuit f.(z) = fT(x +ie) — f~(x —ig). Torna
TOBOPAT, UTO MPOU3BEJICHNE paclupeneeHuil [ m ¢ ABJIsSeTcs paclpeie/leHueM, eCyu
CYIIECTBYET Ipejiesl ceMeicTBa f.g. B IPOCTPAHCTBE pacIIpe/Ie/IeHni.

B cuity Toro, uro j00yio pannoHaJbHy 0 (DYHKIIMIO MOKHO MPEJCTABUTH B BUE CyM-
MbI [IPOCTERIINX JIPoDe, BOIMPOC O MPUAAHUN CMbIC/IA TPOU3BEJICHUIO PAITMOHAJBHBIX
pacrpe/iesieHnii CBOJIUTCsI K OTPeJIeIeHUI0 IpousBeenuit pacipepenennii f = (f1, f7)
ng = (g7,¢g), korma f*, g ABAAIOTCS TPOCTEHIINME PAIMOHAILHBIMI JIPOOIMH.
B cayuae, xorjga Gynkuuu fT, g7 u [T, g7 umeroT 0cobeHHOCTH B pasHBLIX TOYKAX,
pOU3BeJeHIE pacnpeenennit f u g cymecrsyer. s cayuas, korga f7, g~ n [, g
IMEIOT 0COOEHHOCTH B OJIMHAKOBBIX TOUKAX, CIPABEIJINBa CJIEAYIONas TEOPEMA.

Teopema 1. I[Tycmos payuonasvuoe pacnpedesenus f u g umerom 6ud:

F= (S HEE A6, 0= (Cae. )
k=1

" D + P +
k k
i( ) _ Akj + _ Bk]
T L YT )
J=1 j=1
ede {z1, 29, ..., 2Zm} — 3adannwii nabop eeuecmeennuix wucen. Ilpoussedenue pacnpede-

aenutl fu g cyusecmeyem mozda u moavko moeda, koeda das wasrcdozo k, 1 < k < m,
cyugecmeyem wucio t, maxoe, 4mo

+ oAt - _ -

Hanpuwmep, pacnpeesnenus: § u P(1/z) sSBASIOTCS PAIMOHATBHBIMU U UX TTPOM3BE-
nenue ectb —§' /2.
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A.1. Fedotov (Kazan, Russia)
fedotovkazan@hotmail.com

JUSTIFICATION OF THE APPROXIMATE METHODS FOR
SOLVING OPERATOR EQUATIONS

Nowdays there is a large number of the approximate methods for solving operator
equations, but the number of methodics for justification these methods are obviously
not enough, therefore many methods are still unjustified. So I try to develop the theory
of justification of the approximate methods for solving operator equations.

Actually there were only 2 main approaches to justification. One is based on the
wellknown Banach theorem.

Theorem 1. Let an operator A : X — Y be linear and invertible and an operator
A: X =Y be linear. If

A= Allxoy < A7 75,

then the operator A is also invertible.

Second approach is based on Fredholm theorem.

Theorem 2. Let an operator A : X — Y be linear and invertible and an operator
A: X =Y be linear. If the operator

A—A: X —>Y

is compact and an equation Ax = 0 has the only solution x = 0, then the operator A
15 also invertible.

In the papers [1]-[4] some other approaches are developed to justify the approximate
methods for solving singular integro-differential and periodic pseudodifferential equa-
tions which previously were not justified.

REFERENCES

1. Fedotov A.I On the asymptotic convergence of the polynomial collocation method for singular integral equations and
periodic pseudodifferential equations. Arcivum mathematicum. 2002. Vol. 38, No. 1, pp. 1-13.

2. Fedotov A.I. Convergence of cubature-differences method for multidimesional singular integro-differential equations.
Arcivum mathematicum. 2004. Vol. 40, No. 2, pp. 1-13.

3. Fedotov A. I. Quadrature-difference methods for solving linear and nonlinear singular integro-differential equations. Nonlinear
analysis. 2009. Vol. 71, pp. e303—-e308.

4. Fedotov A.I. Approximation of solutions to singular integro-differential equations by Hermite-Fejer polynomials. Ufa
mathenatical journal. No. 2, pp. 109-117.

M. A. Karapetyants (Moscow, Russia)
karapetytantsmk@gmail.com

DYADIC GENERALIZED FUNCTIONS AND UNIQUENESS
THEOREM

In the year of 2007 dyadic generalized functions were introduced by Prof. B. Golubov
as continuous linear functionals on the linear space D4(R, ) of infinitely differentiable
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functions compactly supported by the positive half-axis R, together with all dyadic
derivatives.

The space of rapidly decreasing in the neighborhood of infinity dyadic generalized
functions Sg(R,) was defined as the space of functions from C(*)y(R) such that for
all o, B €7,

lim (h(x)) P¢%(x) = 0, h(z) =27, 2" <z < 2" nelk

T—00
However, Dy(R,) and Sy(R,) defined as they are above were not invariant with
respect to the Walsh-Fourier transform F[f = [ ¥ R, f(y)dy.
Thus, S. Volosivets suggested in 2009 the follovvlng deﬁnltlon of the space Dy(R,):
functions f such that
constant, x € ¢
) =

0, othervise,

for some dyadic interval 6. Now, if f € Dy(R.) then F[f] also belongs D4(R.).

Thereby, we consider the space Dy(R ) and prove that it cannot be defined "better"
in terms of the range of functions it contains to preserve the property of being invariant.
We also consider the refinement equation ¢ = 2 e 0 Cro(2z 0 k), v € Ry, Cy -
finite set of complex numbers, and prove some facts of 1ts solution ¢, in particular, the
uniqueness of that solution (if exists).

REFERENCES

1. Golubov B.I. Binary analysis elements. LKI.2007.

2. Novikov I. A., Protasov V. Yu., Skopina M. A. Wavelet theory. PhysMatLit.2005.

3. Volosivets S. S. Applications of P-adic generalized functions and approximations by a system of p-adic translations of a
function. Siberian Mathematical Journal. 2009. Vol. 50, No. 1, pp. 3-18.

4. Golubov B. I. Dyadic distributions. Sbornik: Mathematics. 2007. Vol. 198, No. 2, pp. 207-230.

5. Protasov V. Yu., Farkov Yu. A Dyadic wavelets and refinable functions on a half-line. Sbornic: Mathematics. 2006. Vol. 197,
No. 10, pp. 129-160.

V.Yu.Protasov (Moscow, Russia)
v-protassov@yandex.ru

WAVELETS, BOUNDARY DIMENSION OF COMPACT SETS, AND
AUTOMATA THEORY

Multivariate wavelets on R? can be constructed with an arbitrary dilation integer
expansive d X d matrix and arbitrary set of “digits” from the corresponding quotient
sets. A formula for the Holder exponent of multivariate wavelets was presented in [1].
In the simplest case of multivariate Haar wavelets, this formula can be applied for
computing the boundary dimension of self-similar tiles. Moreover, the same value has
an interpretation in terms of the problem of synchronizing automata. A finite automata
is determined by a directed multigraph with N vertices (states) and with all edges
(transfers) coloured with m colours so that each vertex has precisely one outgoing edge
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of each colour. The automata is synchronizing if there exists a finite sequence of colours
such that all paths following that sequence terminate at the same vertex independently
of the starting vertex. The problem of synchronizing automata has been studied in great
detail (see [3] for a survey). It turns out that each multivariate Haar function can be
naturally associated with a finite automata and the Holder exponent is related to the
length of the synchronizing sequence. We introduce a concept of synchronizing rate
and show that it is actually equal to the Holder exponent of the corresponding Haar
function. Applying this result we prove that the boundary dimension of self-similar
tiles, as well as the Holder exponent of Haar functions, can be found within finite time
by a combinatorial algorithm.

REFERENCES
1. Charina M., Protasov V. Yu. Regularity of anisotropic refinable functions, Applied and Computational Harmonic Analysis.
2017. published electronically, https://doi.org/10.1016/j.acha.2017.12.003

2. Krivoshein A., Protasov V. and Skopina M. Multivariate wavelet frames, Springer, 2016.

3. Volkov M. V. Synchronizing Automata and the Cerny Conjecture, Proc. 2nd Int’l. Conf. Language and Automata Theory
and Applications (LATA 2008) (PDF), LNCS, 5196, Springer-Verlag, pp. 11—27.

T.I. Zaitseva (Moscow, Russia)
zaitsevatanja@gmail.com

MULTIVARIATE HAAR SYSTEMS AND SELF-SIMILARITY TILES:
CLASSIFICATION AND REGULARITY

The Haar system on the real line is the simplest example of wavelets. Multidimen-
sional Haar system can be constructed as a direct product of one-dimensional systems,
although, this simple approach has some disadvantages. One of them is a big amount of
corresponding generating mother wavelet functions. That is why it is more effective to
construct Haar multivariate functions using an arbitrary integer dilation matrix M (all
of whose eigenvalues are larger than one in the absolute value). The univariate Haar
system is based on the characteristic function of the segment |0,1]. In the construction
in R™, the unit segment is replaced by a compact set G with a nonempty interior (the
so called tile) which possess the following properties:

1) G= U M YG + d), where D is the finite set of integer vectors (called digits);
deD
2) integer shifts of the tile G cover R" with one layer (all intersections have zero

measure).

So, it is important to classify somehow simple multivariate tiles. In this work we
present a classification of all two-digits Haar systems and compute their Holder regula-
rity. The regularity is important for estimating the rate of convergence of the cascade



«Table of content»
Function Theory and Approximation Theory 48

algorithm for computing the coefficients of the Haar expansion. We also classify the

most regular cases: the case of polygonal tiles and convex polyhedral tiles.

REFERENCES
1. Gréchenig K., Madych W.R. Multiresolution analysis, Haar bases and self-similar tilings of R". IEEE Trans. Inform.
Theory. 1992. Vol. 38, pp. 556-568.
2. Lagarias J., Wang Y. Integral self-affine tiles in R". II. Lattice tilings. J. Fourier Anal. Appl. 1997. Vol. 3, pp. 83 — 102.

I'. AkumieB (Acrana, Kazaxcran)
akishev_gQmail.ru
O TOUYHOCTU HEPABEHCTBA PA3HbBIX METPUK AOJId
TPUTOHOMETPUYECKUX IIOJIMHOMOB B OBOBIIIEHHOM
ITPOCTPAHCTBE JIOPEHITA

[Iycrs dynknus ¢ venpepsiBHa, HeyObIBaet, BorayTa Ha [0,1], ¢(0) =0un 1 <7<
00. O606menHbM 1pocTpancTsoM Jlopenta Ly - (T™) HasbiBaeTCsS MHOKECTBO N3MepH-
mbix na T = [0, 27]™, umeronux 2T-1epuoj 110 KaxK Ablil Iepementoi ¢, j = 1,...,m,
byuxmnit f(21,...,2m), ¢ nopyoit || fllye (em. [1]). Dua dyuxuun (1), € [0, 1],
nonoi vy = iy ) (20)/45(2), By = T st (28)/36(2).

MuoxectBo Bcex Heorpunaresbhbix, Ha [0,1] dynkiumin (1), s KOTOPBIX
(log 2/t)*1(t) T +oo u (log 2/t)~<4(t) | 0 mpu ¢ | 0 obosnaunm SV L. Pacemorpum

KPaTHBIA TPUTOHOMETPUYECKUN MOJUHOM

Z Zakealfj,anN.

kl——nl =N
CupaBeJInBO CJeyoliee yTBEPK IeHUe.

Teopema. I[Tycmv 1 < 71 < T < 00, pyuryuu Wy, Ys Ydo8ACMBOPAIOM YCAOBUAM

1 < oy, = By, <2, sUpgeicy ¥2(t)/11(t) < 00wy /1pa € SV L. Toeda cnpasedaueo
coommowenue

wHTmmv%((W+D>

ruso |[Tall,, %(

IOgH 1/7’1 1/7’2

—|1-

(n; + 1)_1>

<.
I
—_

B wacrtHOCTH U3 9TOi TEOpEMBbI e yIoT pesyiabrarht |1]-[3].
JTUTEPATYPA

1. Illepecmmnesa JI. A. O coiicTBax Hanaydmux npubsm:kennii JIOpeHna u HEKOTOPbIe TeOpeMbl BiIoKeHus. VI3B. By3os. MaTem.
1987. Ne 10, crp. 48-58.

2. Gogatishvili A., Opic B., Tikhonov S., Trebels W. Ulyanov-type inequalities between Lorentz-Zygmund spaces. J. Fourier
Anal. Appl. 2014. Vol. 20. page 1020-1049.

3. Axuwes I'. HepaBencrso pasubix Mmerpuk B 06001mentnom npocrpancrse Jlopenna. Tpyast UMM YpO PAH. 2018. Tom. 24,
Ne 4, crp. 5-18.
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M. B. Hesckuii, A. 0. Yxanos (dpocaasis, Poccus)
mnevskb55@yandex.ru, alex-uhalov@yandex.ru

NHTEPIIOJJIANINA JIMHENMHBIMI ®YHKIINAMU HA N-MEPHOM
IMTAPE

O6GosHauuM depe3 B, eBKIWJIOB eMHUYHBII 1ap mpocrpancTBa R™, 3amaBaeMblii
n
nepasencreom ||z < 1, [|z]| :== ( D 22
i=1
CTBO MHOTOYJIEHOB OT M. Tl€PeMeHHbIX crenenn < 1, T.e. smneinbix Gynxuunii na R™.
n+1)

1/2
> . o IT; (R™) 6ymem nornMaTh mpocTpaH-

— BEPIIMHbI N-MEPHOI'O HEBBIPOXKJICHHOIO cuMIiekca S C By,.
Nnrepnonsanuonnsiii npoektop P : C(B,) — II;(R"), coorBercrByiomuii 3T0My CHM-

Iycrs 20, ... 2

ILJICKCY, ONPEJIEISIeTCs PABCHCTBAMI
Pf (x(j)) _f (x(j)) 1<j<n+l

Yepes || P|| obozratnm wHopmy P kak onepartopa w3 C(B,) B C(B,). Onpenenanm 6,
KaK MUHUMAJbHYIO Bednauny nopmbl P upu yeaosun 9 € B, Tlonoxum st 0 <
t<n-+1

t) = t 1—1 1 - .
0lt) = 2 (i + 1 - 1) 1 - 2
Teopema. [Tycmv S* — npasuivnoid cumnierc, enucannvill 6 2panuynylo chepy
|xz|| = 1, P* — coomsememeyrowuts unmepnorsvuonnoid npoexmop. Tozda
. n+1 n+1
1Pl = max{u(a wla+ D). aim | P E - VI,

Beerpa /n < |P*|| < v/n+ 1. lpu stom ||P*|| = /n quub B ciygae n = 1, a
paBercTBO || P*|| = v/n 4 1 BeITOHSIETCST TOT/IA, M TOJBKO TOTJIA, KOTJa /1 + 1 — 1mesoe
auciio. Ilo kpaiineit mepe juist 1 < n < 4 sepuo ||P*|| = 6,,. ABropsl npejiosnaraior,
9TO MOCJIE/IHEEe PABEHCTBO BBIMOJIHICTCS JITTsT JTH000T0 7.

JUTEPATVYPA
1. Hescxuti M. B., Yzanos A. FO. Jlunetinas UHTEPIIONANNsS Ha eBKIUA0BOM mape B R". Momeauposanue u anajm3 uHOOP-
marmonHbix cucteM. (CTaThs mpuHATA K MyO/JIMKAITAM. )

A I1. Craposoiitos, H.B. Psa6uenko, A.A. [Ipamne3a (Fomesnn, Benapycs)
svoitov@gsu.by, nmankevich@tut.by

O EJJUHCTBEHHOCTU PEIIEHNA 3AJAYN S9PMUTA - ITAJE

[lycrs f = (f1, fo, ..., frx) — HAOOD, cocrosimmit u3 k HOPMAIBLHBIX CTEMEHHBIX PsIJIOB

fi(2)> S i=120k
i=0
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¢ KOMILIEKCHBIMI Kodddurmeatamu. MHOXKeCTBO k—MEpHBIX MYJILTHHHIEKCOB N =
(n1,...,ny) oboznaunm ZE. Tlopsinok mysnsrunngekca n = (ng,...,ny) — 3T0 cymMMa
In| :=ny + ... + ny. Sacdukcupyem myabrunnjieke n € ZE u pacemorpum cieiyontyio
3ajtauy dpmura — [laze:

Bagauga III. Hadmu moocdecmeenno ne pasnoili Hyao muozousen Q = Qp,
degQ < |n|, maxoii, wmo das nexomopvix mmozousenos P, = P ... P, = Pk
GUMOAHAIOMCA PABEHCTNEA:

€

R (2) = Q(2)fi(2) — Pi(2) = ST +..., j=1,2. k.

Ecnu nosunomsr @), P, ..., Py HaXOo#ATCS ¢ TOYHOCTHIO JI0 MYJILTUILIUKATHBHOIO
MHOXKHUTEJIsI, TO [OBOPST, 4TO 3ajada dpmuta—Ilane nMmeer equHCTBEHHOE pEIICHHE.
XOpOoIII0 U3BECTHO, UYTO JOCTATOYHBIM YCJIOBUEM €IUHCTBEHHOCTH SIBJISIETCsI PABEHCTBO
deg Q = |n|, r.e. HopmasbHOCTH MHjEKca 1 (em. [1]). B gannoM coobiienun nostyden
KPUTEpUH eMHCTBEHHOCTH PeIeHns MocTaBaeHnoi 3amaun 1.

B npepnosoxennu, 4ro n; # 0, pacCMOTPUM MaTPUILI-CTPOKH opsaka 1 X (|n|+1):

F = ( L f|j1;+i—1)’ i = 1,...,n;; marpunpl nopsuka n; X (|n| + 1): F7 =

o AT
. T
[Ff Fy ... FT{]] , j=1,..,kuwmarpuny F,, = [F* F?...F*]" nopagka |n| x (|n|+
1). Ilpu nj; = 0 B marpue F), 6i0Kk-MaTpuna FJ orcyTcTByer.

Teopema 1. /lra mozo, wmobv daa pukrcuposannozo mysvmuundercs n € Zﬁ
sadavwa Ipmuma —Ilade umenra eduncmeennoe peuwsenue, HeobroduMo U doCmamouno,
wmobwv, rang F, = |n|.

[Ipu rang F, = |n| noayuenst sisabie dbopmyisl uisa Q, Py, ..., Py.

JUTEPATYPA
1. Huxuwun E. M. PannonasibHble anmpokcumanuu u oproronainbaocts/ E.M. Hukumun, B.H. Copokun. — M.: Hayka, 1988.

N.T. HapskoB (Poccusi, Mocksa)
tsar@mech.math.msu.su

HEIIPEPBIBHBIE BBIBOPKU B PABHOMEPHO I'VIA/IKUX U
BBITTYKJIBIX ITPOCTPAHCTBAX !

Omnpenenenne. [lycmo X — 6anaroso npocmpancmeo, wepes w(t) = wx(t) 0bosna-

%WH | 2,y €

S/ lle — y|| < t}. Yepes (UR) 0b603Hauum KAGCC 6CET PABHOMEPHO BOINYKABIT NPO-
cmpancme X, m.e. makux, wmo wx(t) > 0 daa scext € (0,2]. Yepes (US) oboznauum
KAQCC 6CET PASHOMEPHO 2AA0KUT BAHATO6LIT NPOCTPAHCMS, M.€. MAKUT, 40 MOOYAb

YuM MOOYAL ebinyksocmu npocmpancmea X, m.e. eeauvuny inf{l —

1Paora BhimONHEHA TpU (bUHAHCOBO# MOAAepKKu Tpanta POOU (Ne19-01-00332-a)
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eaadkocmu Qt) := sup{3(|lz + k| + ]z = h||) = 1 | ||h]| < t,x € S} asaremea o(t)
nput — 0.
[Iycts X € (US)N(UR) n ans wenycroro muoxkectsa M C X paccMOTpUM MHOXKE-

crBo Ag(z) := (] As(x), tae Ag(z) := conv PY,x, GyieM Ipeonarars, 4o st Beex
0>0
Touek x € X \ M Bepro uepasenctso d(z) := o(x, Ao(x)) > 0. Ilycts go(z) — Onmxaii-

mast Touka B Ag(z) misg z. B cury Teopembr Xana-Banaxa v rraJIKOCTH MPOCTPAHCTBA,
X cymecrsyer equncrsenuniii gynkmuonan f = f, € S*: f(go(z) — ) = ||go(z) — x|

[ycrs Cp = {y € S(x,0(x, M)) | foly — x) > d(x)}. Hus kaxoit rouku y € C,
PACCMOTPUM €JIMHCTBEHHBIN OMOpHbI dbyukmuonan y* € S* y*(y — x) = ||y — z||
(euHCeTBEeHHOCTH TAKOTO yHKIMOHAa BhiTeKaeT u3 yciosusa X € (US)). Muoxkectso
BCeX TaKnX (PyHKIMOHAJIOB 0003HaYUM vepe3 T}, U 10JI0KUM

Y(w) = inf {y"(90(x) — @)/ llgo(x) = | | y* € T }.

Teopema 1. ITycmo X € (US)N (UR), ¢ : (0,400) — (0, 1] makas nenpepois-

HaA PYHKEUUA, 4O CTOOUMCA UHMEZDAN fOR (pCZ) (R>0); M C X maxoe samrnymoe

mHoocecmeo, umo daa ecex v € X \ M: r(x) = o(z, M) < R eepno nepasencmeso:
v(x) = p(r(x)). Toada dan mobozo o > 0 cywecmsyem makoe nenpepuisroe 0mobpa-
otcenue © 1 Ug — M, umo das scex v € Ug 6epro HepasenHcmeo

dr
p(r)

()
|®(z) - 2] < (1+0) /

M. M. IIsuas (Pocros-na-/lony)
tsvilmm@mail.ru
OIIEPATOPBI ®ABEPA B TEOPUN ITPUBJIN2KEHN A
AHAJINTUNYECKUX ®YHKIININ MHOTUX IMIEPEMEHHBIX

Bgesewm caepyromume obosuadenus: C™ — n-MepHOe KOMILIEKCHOE HPOCTPAHCTBO, €r0
TOUKY 2 = (21,22,...,2,); DT =Dy x Dy x...x D} D™ =D x Dy x...x D, —
nosmiuanaapuaeckue oodsactn B C™ ¢ octoBoMm 0 = Ly X Lo X ... X L,, tie D; —
KOHEYHasl OJIHOCBsi3Hasi 0bsiacTh B rtockocTu C, orpaHnydeHHast CIPsiMJIsIEMO# KOop-
JlanoBoit Kpusoit Ly; D, — ee jonosnenue Jio Beeil MI0CKOCTH; (DYHKIMA 2 = Ui (wy,)
KOH(OPMHO U OJIHOJIUCTHO OTOOpazkaeT BHEIIHOCTb eJMHUYHOro Kpyra Ha obsiactb D,
npu yeaosusx Yy (00) = 0o, 9. (00) > 0; dyukums wy, = @i (z) — obparnas K Y (wy),
k=1,2,...,n; U" ={w e C": |wg| < 1} — nonmukpyr B C"; T™ — egunudubiii Top.

Pacemorpum dyuknmio 7(t) € Hy(U™T) u BecoByto dynkimio g(z) € Ey(D™), aua
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KOTOPBbIX BBIIIOJIHAETCA yCJIOBUE

[ IO 1@ O] 16100 .06 -l || < o
A

B srom ciyuae B pabore [1] 6bur onpesesiern 06001ennbiit oneparop Pabepa Jiisi 110-
JIMLMJIMHIpUUecKoit obuacrn DV

1 (¢"7)(0)g(C) e D
f(Z) - (27]_2)”! (C . Z)I de € D )
e d¢ =d(y...d¢,; I =(1,1,...,1).

B ciyuae, xorma g(z) = 1, umeem oneparop @abepa, KOTOPBIil €CTh 1-MEPHBIH HHTE-

rpaJ Tuna Kormr. OgH0 13 0CHOBHBIX CBOiCTB omneparopa Dabepa cOCTOUT B TOM, UTO

BCAKMIT MHOIOUJICH 7 HEPEMEeHHbIX 1, ta, ... 1, > cgt! npeobpasyercss B MHOOUIIEH 110
=)
muoroatenam Pabepa Y ¢, Py(2), e {2 — HEKOTOPOE MOJIMHOXKECTBO MEJOTUCTICHHOI
e

peterku Z7; @i(2) = P1(21)Pa(22) ... Pp(2n).

IIpuBogsarcsa omenku HOpMm omepaTopoB Pabepa B KOHKPETHLIX MPOCTPAHCTBaX. B
Tex ciydasix, Korja omneparop Pabepa mMeeT KOHETHYIO HOPMY, MOXKHO MEPEHOCUTH
Pa3JIMUHbIE PE3YJbTaTbl O HPUOJIMKEHUU AHAJUTUICCKUX (PYHKIUNA MHOIOYJICHAMU C
eUHIIHOrO MTOJUKPYTa Ha MPOU3BOJILHYIO MOJUIUINHIPAICCKYIO 00JIaCTh, OCTOB KO-
TOPOiT 0Opa3yIOT JOCTATOYHO IJIaJKNe KPUBHIE.

JUTEPATVYPA
1. Ieuav M. M. O606mennbie omepaTropbl Pabepa Ajs TMOMUITUINHIpUYeCKnX obsacteii. Te3uchr mok/amsoB. Marepuasist
koudepentuu «CoBpeMeHHBIE METO/IbI U TPOOIEMbI TEOPUM OIIEPATOPOB W rapMOHUYECKOro ananm3as-VI. Pocros-na-lony, 24—

29 anpesa 2016. C. 74-75.

B. B. IITycroB (Mocksa, Poccust), vshustov@gosniias.ru
IMPUBJIN2KEHNE ®YHKIINN COCTABHBIMU MHOT'OYJIEHAMMN
9PMUTA C UCIIOJIbB3AOBAHMEM AIIIIPOKCUMAIIUN EE
ITPOMN3BO/JIHBIX

B upojiosizkenue padbor [1-2] paccmorpena 3ajia4a o npejcraBieHu GyHKIUKI COCTaB-
HBIMA JIBYXTOYEUHLIMA MHOIOYJICHAME DPMUTA, B KOTOPBLIX B KAUeCTBE IIPOU3BOJIHBLIX
KCIIOJIL3YIOTCS KOHEYHO-PA3HOCTHAS UX OLECHKA, HOoJydeHHas myTeM Juddepeniumpo-
BaHus MHOrouJena Jlarpam:ka, IOCTPOEHHOIO 110 Y3JI0BbIM TOYKAM B OKPECTHOCTH 3a-
JTaHHOW TOYKH.

[Iycrs dbyukius f(z) onpenenena Ha 0Tpe3Ke |xg, o, |, ABIAETCS JOCTATOTHO TITAJIKOI
M B y3JIOBbIX TOUKax z; — xg + th, 1=0,1,...n ¢ marom h 3ajjaHbl TOJHLKO 3HAUCHUS

dyHKIMN
flz;)=f, 1=0,1,..n. (1)
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[Tycrs L; ,, (x) - muorowien Jlarpamka, moCTPOCHHbBIHA JIIst 4-0f TOUYKH ¢ UCHOJIB30-
BaHUEM TOYEK OTPE3Ka |Ti_k, Ti—k+p|, H(2)=Hi(z), € [z;xit1),i = 0,1,..n — 1 -
COCTABHOW MHOTOYJIEH DPMUTA, W

Teopema. [Tycmo gynryua f(x) ydosaemesopaem (1) u (2). Tozda f(x) moorcem
ovimo npedemasaena kax: f(x) = Hp(x) + rp(x) + rm(x), 2de

(o) = 3 ot 0+ S B e - {f ) hxo],

= 7 =0
m—j
]m(g) - 5](1 - g)m-i-l k —|—k§k i+1, m(g) gm—H Z m—|—k )
k=0
P N G L R B v
f@'_ﬁlz l(p—1)! Ut—l ’
=0 s=0 t=k
noo. J hp+1+lf p+1+1) (&) p (=)
= ! t— ; 1—ky Li— )
Tp jz:;,wz,m(é- lzg( ) ( +1 —f—l) g( S) . gl S (QS‘ ky L k+p)
2m+2( )h2m+2 ) )
= T o 21 M E 1) s € (wi,xiga).

JUTEPATVYPA

1. IIIycmos B.B. O mpubmuskennu (GyHKIMH IBYXTOUEUHBIMY MHTEPIOISIHOHHBIMYA MHOTOUIeHaMu DpumuTa // 2KBMMO.
2015. T. 55, Ne 7, C. 1091.

2. HIycmos B.B. Ilpencrasienne GpyHKIm COCTABHBIMU JBYXTOYeIHbIMI MHOroO41eHamMu dpmura // CoBpeMeHHbIE METOIbI
u pobJIeMBbl TEOPUHU ONIEPATOPOB M rapMoHmdeckoro anammsa- VIII. - Pocros u//1, 2018. C. 52-53
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R. Castillo-Perez (Instituto Politécnico Nacional, ESIME Zacatenco,
CDMX, Mexico City, Mexico),
V. V. Kravchenko (CINVESTAYV del IPN, Unidad Querétaro, Querétaro,
Mexico)
S. M. Torba (CINVESTAYV del IPN, Unidad Querétaro, Querétaro,
Mexico)
rcastillo@ipn.mx, vkravchenko@math.cinvestav.edu.mx,
storba@math.cinvestav.edu.mx

THE METHOD OF FUNDAMENTAL SOLUTIONS WITH BERGMAN
KERNEL
IN EIGENVALUE PROBLEMS

The Method of Fundamental Solutions (MFS) has been employed for the solution
of boundary value problems long ago [1|. However, when used for the solution of
eigenvalue problems its most simple version shows some limitations because it employs
the determinant (which decreases very fast) for the detection of the eigenvalues [2]|. This
makes it difficult to locate them, specially for non trivial geometries. Several methods
have been proposed in order to overcome this and other drawbacks still using the MFS
[3]. Here we propose and analize the performance of a method in which the Bergman
kernel [4] is constructed based on a complete system of fundamental solutions, which
turns the eigenvalue problem into a problem of locating simple poles of a function based
on the computed Bergman kernel and having a more reasonable scale.

REFERENCES

1. Kupradze V.D., and Aleksidze M. A. The Method of Functional Equations for the Approximate Solution of Certain
Boundary Value Problems. Z. Vych. Mat. 1964, 4, pp. 683-715.

2. Aleksidze M. A. Fundamental Functions in Approximate Solutions of Boundary Value Problems, Nauka, Moscow, Russia,
1991 (in Russian).

3. Alves C. J. S. and Antunes P. R. S. The Method of Fundamental Solutions Applied to the Calculation of Eigenfrequencies
and Eigenmodes of 2D Simply Connected Shapes. CMC 2005, Vol. 2, No. 4 pp. 251-265.

4. Campos H. M., Castillo-Perez R., Kravchenko V. V. Construction and application of Bergman-type reproducing kernels for
boundary and eigenvalue problems in the plane. Complex Variables and Elliptic Equations, 2012, Vol. 57, No. 7-8, pp. 787-824.

A.P. Chegolin (Rostov-on-Don, Russia)
apchegolin@mail.ru

HYPERSINGULAR INTEGRALS FOR SOME NON-ELLIPTIC
DIFFERENTIAL OPERATORS

The implementation of the HSI-method in the non-elliptic case will be considered
using a sufficiently wide class of n-dimensional operators with the Lorentz distance in
symbol. These operators are of particular interest in terms of the following provisions.
First of all, they realize the “negative” degrees of the multidimensional telegraph
operator. Telegraph operator is an inhomogeneous and non-elliptic operator. This
situation is the most difficult to construct complex degrees, in particular, to construct
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structures that invert potentials. In fact, a two-dimensional telegraph operator con-
structed according to the classical telegraph equation belongs to the class of such
operators. Secondly, it turns out that the kernels of the integral operators under
investigation behave locally in the same way as the kernels of the Riesz hyperbolic
potentials. The HSI will be constructed using a modification of the standard generalized
difference considering the behavior of the operator kernel. In this case, it is necessary
to adjust this modification so that in Fourier images the operator constructed as an
analytic continuation had the same symbol as the operator. The Fourier transform
formula in the weak sense for the potential under consideration is proved, but by
the uniqueness theorem of the analytic functions theory it remains valid also in the
domain. The inversion formula (both a left and a right inverse to the operator) is
verified by an exact passage to Fourier images on spaces of invariant functions. Thus, the
hypersingular integrals realize the negative complex powers of the differential operators
under consideration.

B. B. Delgado (Rostov-on-Don, Russia)
briceydadelgado@gmail.com

A RIGHT INVERSE OPERATOR FOR CURL+X AND ITS
APPLICATIONS

In this talk will be presented a general solution of the equation [1]
curlld + A0 = ?,

where A is an arbitrary non-zero complex number and 7 belongs to the class of LP-
integrable functions whose divergence is also LP-integrable. In other words, a right
inverse operator for the operator curl + A is constructed in this class of integrable
functions. The explicit general solution is based on the use of classical integral operators
of quaternionic analysis as well as on the construction of metaharmonic conjugate
functions. Applications of the above result are considered to the nonhomogeneous time-

harmonic Maxwell system.

REFERENCES
1. B. B. Delgado, V. V. Kravchenko. A right inverse operator for curl + A\I and applications,”(2018)
https://arziv.org/abs/1812.07364.

M. A. Dorodnyi (St. Petersburg, Russia)
mdorodni@yandex.ru

HOMOGENIZATION OF THE PERIODIC SCHRODINGER-TYPE
EQUATIONS WITH THE LOWER ORDER TERMS

In Lo (R?% C"), we consider a selfadjoint matrix strongly elliptic second order differential
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operator
d
B- = A+ ) (aj(x/e)D; + Djaj(x/e)") + Q(x/e) + M, £ > 0.
j=1

Here the principal term A. = b(D)*g(x/)b(D) is given in a factorized form, where
g is a periodic, bounded, and positive definite m x m matrix-valued function, and
b(D) = Z;l:l biD;, where b; are m X n matrices. It is assumed that m > n and
that rank b(¢) = n for & € R?\ {0}. The a; are periodic matrix-valued functions;
in general, they are unbounded. The potential @ is a distribution generated by some
periodic measure (with values in the class of Hermitian matrices). The parameter A is
subject to some restriction ensuring the positive definiteness of the operator B..

We study the behavior of the operator e #B- t € R, for small . The following sharp

order error estimate is obtained:
i —itBO
e e — 7B HH3(R‘1)—>L2(R‘1) < Ci(1+ [t))e. (1)

Here B is the effective operator with constant effective coeffients. We show that under
some additional assumptions on the operator (which are formulated in terms of the
spectral characteristics near the bottom of the spectrum), this result can be improved:

— —itB°

Finally, we confirm that (1) is sharp with respect to the type of the norm: in the general
case the estimate ||e"8: — ¢8| 41 = O(e) is not true if s < 3. The supporting
examples are given.

The results are applied to study the solution u. of the Cauchy problem for the
Schrodinger-type equation i0;u. = B.u.+F. Applications to the magnetic Schrodinger
equation with a singular electric potential and to the two-dimensional Pauli equation
with singular potentials are given.

REFERENCES
1. Dorodnyi M. A. Homogenization of the periodic Schrédinger-type equations with the lower order terms. St. Petersburg
Math. J., to appear.

V.E. Fedorov (Chelyabinsk, Russia)
kar@csu.ru

A CLASS OF DISTRIBUTED ORDER DIFFERENTIAL EQUATIONS
IN BANACH SPACES

Let Z be a Banach space. Denote by A%(6y, ag) the set of linear closed densely
defined in Z operators, acting into Z, such that
(i) for all A € Sy, a0 := {1 € C: |arg(p — ao)| < 6o, 1 # ap} we have A* € p(A);
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(ii) for every 6 € (7/2,6), a > ag there exists a constant K = K(0,a) > 0, such

that for all € Spq || Rue(A)|lzz) < %.
Consider the Cauchy problem
2(0) = 2, /w(oz)Df‘z(t)doz = Az(t), t >0, (1)
b
where D¢ is the Gerasimov — Caputo derivative, 0 < b < ¢ < 1, w : (b,c) — C,
h
A € A(0y, ap). Denote WH(A) := [ w(a)\da,
d
1 we) Y .
Zi(t) == =— A ‘NI —A)HdA\, k=01
0= g [ () o - tan k=0
05,4

for some 0 € (7/2,6), a > ag. Denote by F(Z) the set of all exponentially bounded

functions z : Ry — Z.

Theorem 1. Let 0 < b < c <1, A€ A0, ay), 20 € Da, g € C(Ry; DA)NE(Dy)
and WE(X) be the holomorphic function on Sy, ., with some 6 € (7/2,60], a1 > ay,
satisfying the conditions

VA€ Spa (W)Y € Spyag:
301,02 >0 de € (O,C) VA e S917a1 Cﬂ)\‘g < ‘Wbc()\” < CQ|>\‘C

t
Then z(t) = Z1(t)zo + [ Zo(t — s)g(s)ds is a unique solution of problem (1) in E(Z).
0

The case of ¢ > 1 can be considered analogously. Similar problems with a bounded
operator A were studied in [1|. The results are applied to study of the unique solvability

for some initial-boundary value problem to systems of partial differential equations.

REFERENCES
1. Fedorov V.E., Streletskaya E.M. Initial-value problems for linear distributed-order differential equations in Banach spaces.
Electronic Journal of Differential Equations. 2018. Vol. 2018, No. 176, pp. 1-17.

T.N. Harutyunyan (Yerevan, Armenia)
hartigr@yahoo.co.uk

ON SOME INVERSE PROBLEMS

We consider the uniqueness theorems in inverse Sturm-Liouville problems (theorems
of Ambarzumian, Borg, Marchenko, Trubowitz, McLaughlin, Yurko, Horvath and others)
and some their extensions. These theorems also considered as the properties of the
“Eigenvalues function of the family of Sturm-Liouville operators (EVF)”, studied by
author. We give the algorithm of (uniquely) reconstruction of potential by EVF.

Similar problems considered for Dirac operators.
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G. A. Karapetyan|, H. A. Petrosyan (Yerevan, Armenia)
heghine.petrosyan@rau.am

APPROXIMATE SOLUTIONS OF THE DIRICHLET PROBLEM IN A

HALF-SPACE FOR REGULAR EQUATIONS

Introduction. In this paper we consider a Dirichlet problem in a half-space for

special (multihomogeneous) regular hypoelliptic equations with zero boundary con-
ditions. Problems of this type appear in the study of multianisotropic processes and
the difficulty of their study lies in the fact that the full symbol of an operator is
not generalized homogeneous, as for elliptic or semi-elliptic equations (see [1]), but
a multihomogeneous one, and the construction of an approximate solution for such
equations is from itself difficult. But, applying special integral representations of func-
tions (see [2]) through vertices of a completely regular Newton polyhedron, it was
possible to construct approximate solutions in terms of integral operators. Similar
questions in the whole space R" were studied in |3]. In this paper we study the question
of the solvability of the Dirichlet problem in Sobol’ev spaces in Wl?t(Rﬁﬁ) (1 <p<o0).

In the space of functions defined on R”} consider the differential operator P(D,, D,, )
with constant real coefficients a; (7 =1,..., M)

M
P(D,,D,,) = D"+ a;D". (1)
j=1

with full symbol P(€,&,) = &2 + 321 a;*.
Let the operator (1) is a regular operator, i.e. there exists a constant number C' > 0
such that for any & € R" inequality holds

|P(£,60)| > C (Z

J=1

5

+€Zm> , V(&,6n) € R (2)

For 1 < p < oo denote by x := (\/ﬂ—l—ﬁ) — (1—%).

In R’} consider the following Dirichlet problem:

P(D,, D, )U = f(z,2,), z,>0, x€R" (3)
U

. =0, j=0,1,....,m—1. (4)
633% x,=0

In this paper we prove the following results.

Theorem 1.Let for 1 < p < oo x > 1, then for any function f € L,(R") with
compact support problem (3)-(4) has a unique solution U € Wgﬁ(RT}F), in addition, for
any bounded region 2 C R} there s a constant C> 0, such that

HUHWgﬁ(Ri) < CHfHLp(RQL_)a Vf € Ly(RY), suppf C L. (5)
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Theorem 2. Let for 1 < p < oo x <1 and f € Ly(R"}) with compact support

satisfies the following orthogonality conditions: [x* f (x,x,)dz = 0 as|s| = 0,1,...,L—1,
Rn—1
where L is a natural number, determined from the inequalities x + Lud. > 1 >

X + (L = D)y and pip);, = minpd. Then for any such function f problem (3)-

J=1,...n—1
(4) has a unique solution from the class WZ?JT(R:LL), in addition, for any bounded region

Q C R there is a constant C> 0, such that for which the inequality (5) holds.
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Siberian Mathematical Journal, Vol. XXIX, No. 4, (1988).
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D.B. Katz (Kazan, Russia)
katzdavid89@gmail.com

THE CAUCHY-HADAMARD INTEGRAL AND THE RIEMANN
BOUNDARY VALUE PROBLEM

The Cauchy-type integral over the curve I' is a traditional tool for solving boundary
problems of complex analysis. However, it may diverge if the length of the curve
is infinite. We use Hadamard’s idea of the finite part of the integral to study this
situation. !

Let I' be simple Jordan arc on the complex plane with the beginning at the point
a and ending at the point b. If it is piecewise smooth, then the Cauchy type integral

P(2) = 5= fode -, ¢ I", with a sufficiently smooth density f will have limit values

T 2mi t—z
T

d=(t) from both sides at any point t € IV := '\ {a,b}, and these values satisfy
Ot(t) — @ (t) = f(t), t € I’ ig. Cauchy type integral has a jump f on the arc
[". This fact is important for solving the Riemann boundary value problem, see [1].
However, if the I' arc length is infinite, 6eckoneuna, then this integral may diverge
We will study this situation with the application of Hadamard’s idea of the finite part

b
of the integral. The finite part of the divergent integral [ {x(f)ac)if will be defined as

b

1l W, where polynomial P(z) is chosen such that the last integral converges
a

(see [2]). We assume that I' loses smoothness and straightness at one of its ends. We
show that under certain restrictions on the arc and density f there is a polynomial of

two variables P(t,7) and holomorphic in C \ " function ® such that the integral sum

1 This work was supported by the Russian Foundation for Basic Research (grant 18-31-00060).
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®(z2) = Dp(2) + 5= [ %W, z € T', converges, ® has the jump f and I', and
r
®(00) = 0. We call such sums the Cauchy-Hadamard integrals and apply them to the

solution of the Riemann boundary value problem.

REFERENCES
1. Gakhov F. D. Boundary value problems. Nauka. 1977.
2. Hadamard J. S. Lectures on Cauchy’s problem in linear partial differential equations. Yale University Press. 2003.

S. A. Khoury (Sharjah, UAE)
skhoury@aus.edu

SOLUTION OF A CLASS OF FLOW PROBLEMS: BIHARMONIC
VERSUS POLYHARMONIC EQUATIONS

A semi-analytical approach is presented and described for the solution of a class of
partial differential equations that model creeping viscous incompressible flow through
cavities that arise in fluid dynamics. Such flows are modeled by the biharmomic equation.
The strategy leads to the development of biorthogonality conditions and an algorithm
for the computation of the coefficients in the eigenfunction expansion. Properties of
solutions of the biharmonic equation as well as the more general polyharmonic equation
are explored. Numerical experiments will be given in order to test and confirm the
validity and applicability of the proposed strategy.

I. V. Kravchenko (Lisbon, Portugal)
ivkoh@iscte-iul.pt
GENERALIZED EXPONENTIAL BASIS FOR SOLVING FREE
BOUNDARY PROBLEMS FOR TIME-HOMOGENEOUS DIFFUSIONS:
NUMERICAL APPLICATION - RUSSIAN OPTION PRICING

The talk is based on a joint paper [1]. We develop a method for solving free boundary
problems for time-homogeneous diffusions. We combine the complete exponential system
of solutions

el (z,1) = exp(Fiw,r — wt), (1)
for the heat equation h,, = h;, transmutation operators and recently discovered in
|2] Neumann series of Bessel functions representation for solutions of Sturm-Liouville
equations to construct a complete system of solutions (CCS) for the considered partial
differential equations.

We propose the construction of the CSS generalizing exponential solutions (1) for

the equation

1 0 0

Culnt) = 5 (5 (1) 55 ) — 0 0)) ulort) = w0 ®)
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using the transmutation operator T that satisfies.
CTh = TO0,.h,

for any h € 02[_b’ b] such that T[1] = f(y). We define the transmuted basis functions
as follows |
E;LI: (y, t) = T[e;i: (Qf, t)] — ew%tT[e:I:zw"x]'

This makes possible to extend the numerical methods (minimization problems) for free
boundary problems for the heat equation to the time homogeneous parabolic equations,
in particular, to the Russian option with finite horizon valuation problem.

REFERENCES
1. Kravchenko I. V., Kravchenko V. V., Torba S. M., and Dias J. C. Generalized exponential basis for efficient solving of
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V. V. Kravchenko (Regional mathematical center of Southern Federal
University, Rostov-on-Don, Russia)
vkravchenko@math.cinvestav.edu.mx

THE TRANSFORMATION OPERATOR METHOD FOR SOLVING
FORWARD AND INVERSE STURM-LIOUVILLE PROBLEMS

The transformation operators are one of the main theoretical tools of the spectral
theory [6-8]. In the talk a new approach is presented for solving the classical forward
and inverse Sturm-Liouville problems on finite and infinite intervals. It is based on the
Gel’fand-Levitan-Marchenko integral equations and recent results on the functional
series representations for the transmutation (transformation) operator kernels [1-5].
New representations of solutions to the Sturm-Liouville equation are obtained admitting
the following feature important for practical applications. Partial sums of the series
admit estimates independent of the real part of the square root of the spectral parameter
which makes them especially convenient for approximate solution of spectral problems.
Numerical methods based on the proposed approach for solving forward problems allow
one to compute large sets of eigendata with a nondeteriorating accuracy. Solution of
the inverse problems reduces directly to a system of linear algebraic equations. In the
talk some numerical illustrations will be presented.
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Sciences 42 (2019) 1321-1327.

4. Kravchenko V. V. On a method for solving the inverse Sturm-Liouville problem. Journal of Inverse and Ill-Posed Problems,
published online https://doi.org/10.1515 /jiip-2018-0045.



«Table of content»
Differential Equations and Mathematical Physics 63
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H. R. Malonek (Aveiro, Portugal)
hrmalon@ua.pt

SPECIAL FUNCTIONS VIA CO-DIMENSION ONE FUNCTION
THEORY

Abstract harmonic analysis as analysis on topological groups is one of the most

modern branches of harmonic analysis, developed in the mid-20th century. At the
same time the seminal paper of E. M. Stein and G. Weiss [1| was an important step
towards the application of group representation theory to systems of pde’s. They proved
"the correspondence of irreducible representations of several rotation groups to first
order constant coefficient pde’s generalizing the Cauchy-Riemann equations.” Thereby
they showed how certain properties of complex one-dimensional function theory extend
to solutions of those systems, particularly the fact of being harmonic solutions. In
their list of systems one can find a generalized Riesz system, the Moisil-Theodoresco
system, spinor systems as n-dimensional generalization of Diracs equations, Hodge - de
Rham equations. But their aim were merely of qualitative nature and connected with
properties of harmonic functions in several real variables. Some years later, in the 1970s,
the use of non-commutative Clifford algebras for dealing with those systems started to
grow, cf. [2], whereas Special Functions treated by means of algebraic methods (e.g.
Lie algebras, Lie groups, symmetric spaces) gained renewed importance, cf. [3].
In our talk we show that certain combinations of Special Functions similar to Hankel
or Macdonald’s functions in the complex case are solutions of differential equations
with respect to an areolar hypercomplex derivative. This is a more recently developed
tool in Clifford Analysis and originates a function theory in co-dimension 1. Thereby it
stresses the function theoretic origins of Clifford Analysis and at the same time leads
to the consideration of functions of several hypercomplex variables. As application we
introduce generalized exponential functions as generating functions of different types
of multivariate polynomials and lay the basis for an differential operator approach in
co-dimension one function theory.

REFERENCES
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M. G. Mazhgikhova (Nalchik, Russia)
mazhgihova.madina@yandex.ru

BOUNDARY VALUE PROBLEM FOR DELAY DIFFERENTIAL
EQUATION OF FRACTIONAL ORDER

Consider the equation
ogu(t) — du(t) —pH@Et —7m)u(t —7) = f(t), 0<t<l1 (1)

where 0§, is the Caputo fractional derivative [1, c¢. 11|, 1 < a < 2, H(t) is the Heaviside
function, A\, u are the arbitrary constants, 7 is fixed positive number.

A function u(t) is called regular solution of (1) if u(t) has absolutely continuous first
order derivative and satisfies (1) for all 0 < ¢ < 1.

The problem here is to construct a regular solution to equation (1) satisfying the
conditions

uw(0) =ug, u(l)—au(t;) =u,0<t; <1. (2)

Theorem. Assume the function f(t) € C(0;1) has the form f(t) = Dg 'g(t),
g(t) € L(0,1) and the condition Wo(1) —aWs(t1) # 0 is satisfied. Then
1) the function

1
u(t) = upDie 'G(t,§)le=0 — wDie "G (t,§)]e=1 + / FE)G(t, £)de,
0

is a reqular solution of the problem (1), (2), where

Wa(t)

Gt =H(t — EWu(t =€) W) —aa(ty)

hH(tl - g)Woz(tl - 5) - Wa(l _ g)]?

W (t) = Y u"(t —mr) " B (A — mT)S),
m=0

LY 5(2) is the generalized Mittag-Leffer function [2], (p)x is the Pochhammer symbol,
[(z) is the Gamma function;

2) the solution to problem (1), (2) is unique if and only if condition Wy(1) —
aWs(t1) # 0 is satisfied.

REFERENCES
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1971. Vol. 19, pp. 7-15.
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A.B. Morgulis (Rostov-na-Donu-Vladikavkaz, Russia)
morgulisandrey@gmail.com

RESOLVENT FOR AN OPERATOR RELATED TO THE INVISCID
FLUID DYNAMICS

Let n = 2,3, D C R"” — smooth domain and S = dD. Vector filed V is said to be
harmonic in D iff curl V. = 0 and divV = 0 in D. Note that V }f S unless V belongs
to a vector space which dimension is finite and equal to 1-dimensional Betty number
of D.

Every harmonic field satisfies stationary Euler equation of inviscid incompressible
fluid and, therefore, represents the velocity field for some steady fluid flow confined
within domain D. The small perturbations of such flows are solutions to equations

u; + (curlu) x V=—-Vh; divu=0, in D. (1)

System (1) is of mixed type with only one family of characteristics driven by field V.
We'll be talking about a non-characteristic mixed problem for Eq.(1). Assume there is
a partition S = STUS™, STNS™ =@, Finf{V,(z), v € S} > 0, where V, = V- n,
and n stands for the unit of outward normal on S. Such partitions are quite natural
for the boundaries of ring-like domains such as the planar rings or strips, or the gaps
between the cylinders, spheres, tori, etc. Thus, the characteristics enter the domain
through S*. That is why we have to impose an additi-onal boundary condition there.
We set boundary conditions as follows

uxnfg =0 n-u=0|. (2)

Such the choice of be¢ matches well-known Kazhikhov'’s setting of the initial-boundary
value problem for the Euler equations with throughflow.

Our communication sheds some light on the spectral properties of problem (1-2)
which have been investigated not so deeply as the similar problems in the characteristic
case when V,, = 0 on S. The results turn out to be rather peculiar and quite different
from the characteristic case. For instance, let £2(5+) stand for the space of square-
summable functions on S™ vanishing on average; let B™ denote the space of bounded
linear operators in Lo(S).

Theorem 1. Let D be a ring-like domain, and let 'V be a harmonic field with no
fized points in D. There exists entire function K : X — K, (\) € BT, such that the
set of poles of the resolvent of problem (1-2) coincides with {\ : ker K (\) # {0}}.
Moreover, one can write down K explicitly modulo the recovering of a divergence-free
field from its curl.
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L. A. Nhat, L. T. Hieu (Tuyen Quang, Vietnam)
leanhnhat@tuyenquang.edu.vn

CHEBYSHEV PSEUDOSPECTRAL METHODS SOLVE THE
STURM-LIOUVILLE DIFFERENTIAL EQUATIONS

Calculation eigenvalues of the eigenvalue problems for the Sturm-Liouville differential
equations were very necessary for physics problems.

It is assumed that the Sturm-Liouville differential equations with the homogeneous
Dirichlet boundary condition as follows:

— (p(2)y' () + q(2)y(z) = Aw(z)y(z), Yz € [a,b],y(a) =y(b) =0,

where the functions p(z), ¢(z) and the boundary values a and b are given.

We present the pseudospectral method basing on the Chebyshev polynomial of the
first kind (Chebyshev pseudospectral method) which use the Chebyshev-Gauss-Lobatto
points to determine the eigenvalues of the Sturm-Liouville problems.

We applied the well-known equations in the Sturm-Liouville form as the Euler-
Cauchy equation:

(2% (2)) + 2dy(x) =0, y(1) =y(2) =0,

and the Airy equation:

=y () + ay(z) = Ay(z), y(0) =y(1)=0.

The Chebyshev pseudospectral method determines eigenvalues approximate gradually
to the exact eigenvalues of the problems.

E. Yu. Panov (Veliky Novgorod, Russia)
Eugeny.Panov@novsu.ru

ON DECAY OF ENTROPY SOLUTIONS TO MULTIDIMENSIONAL
SCALAR CONSERVATION LAWS

In the half-space IT = (0, +00) x R™ we consider the Cauchy problem for a first order
conservation law

up + divep(u) =0,  (t,z) €11, (1)
with the initial condition

u(0,2) = up(z) € L=(R"). (2)

We assume that the flux vector p(u) = (¢1(u), . .., @n(u)) is merely continuous, p(u) €
C'(R,R™). We also suppose that for each A > 0 the set

{zeR": |Juy(x)] >}
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has finite Lebesgue measure.

Let u = u(t, z) be an entropy solution of (1), (2) in Kruzhkov sense [1] (in the case
of merely continuous flux vector it may be nonunique). We are interesting in the long
time behavior of u(¢, z). The main our result is the following decay property.

Theorem 1. Assume that for some 6 > 0 the flur vector p(u) is not affine on any
interval (a,b) such that —6 < a < b < 6 (genuine nonlinearity). Then

ess lim sup / lu(t, z)|dz = 0.
t—+00 yeR" J|z—y|<1
For the proof of Theorem 1 we essentially use recent results [2] on decay of space-
periodic entropy solutions.

The research was carried out under support of the Russian Foundation for Basic
Research (grant no. 18-01-00258-a) and the Ministry of Education and Science of the
Russian Federation (project no. 1.445.2016/1.4).
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B. A. Plamenevskii (Saint-Petersburg, Russia)
b.plamenevskii@spbu.ru

ON RADIATION AND SCATTERING IN ELECTROMAGNETIC
WAVEGUIDES

A waveguide occupies a 3D domain G with several cylindrical outlets to infinity.
In G the Maxwell system is considered. The dielectric permit-tivity and magnetic
permeability are arbitrary positive definite 3 x 3 matrix valued functions that satisty
some stabilization conditions at infinity. We describe continuous spectrum eigenfunc-
tions, formulate a well-posed statement of the problem with intrinsic radiation condi-
tions at infinity, introduce a scattering matrix and propose a method for approximate
computation of the scattering matrix.

The talk is based on the papers 1 and 2.
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M. V. Plekhanova, G.D. Baybulatova (Chelyabinsk, Russia)
mariner79@mail.ru, baybulatova g d@mail.ru

SOLVABILITY OF SEMILINEAR EQUATIONS WITH LOWER
FRACTIONAL DERIVATIVES

Let X, Y be Banach spaces, L € £(X;)) (linear and continuous operator from X" in
V), M € Cl(X;)Y) (linear closed operator with dense domain D), in the space X and
with image in J), n € N, X C R x X", N : X — ) is nonlinear operator. Consider
the generalized Showalter — Sidorov problem

Dy Lx(t) = Mx(t) + N(t, D" z(t), Di*z(t),... D" xz(t)), (1)
(Pz)®(ty) =ap, k=0,...,m—1 (2)
where Dy D', D2, ... D{™ are the fractional Caputo derivatives, m —1 < a <m €

N,O0<a; <ay<---<a, <m-—1. The equation is supposed to be degenerate, i.e.
ker L # {0}. he projection P on the complement X1 of the degeneracy subspace will
be defined further. Put X% = ker P, Y? = ker Q; X! = imP, Y! = imQ. Denote by
Ly, (My,) the restriction of the operator L (M) on X* (Dy, = Dyy N &A*), k=0,1.

Denote & = xg + 5t — to) + (¢t — to)> + -+ + %(t — to)™ L, for xp, k =
0,1,...,m—1, from conditions (2), V = XN(Rx (X1)"). Now the condition imN C V!
will be substantially used.

Theorem 1. Let p € Ny, an operator M be (L, p)-bounded, X be open set in the
space R x X", V be open in the space R x (XN, the mapping N € C(X;Y) be
locally Lipshitz continuous in x, imN C V', f € C([to,T];Y) for some T > t,
(DEGY* M NI — Q) f € C(to, T); X), 2, € XY, k=0,1,...,m —1,

(t(); Dtalltzto'ij7 D?2‘t:t0j7 Tt Dtan‘tztoi) € X7
(to,D?l‘t:to(i’ +w),D?2|t:t0(5~c +w), .. .,D?n|t:t0<fé —|—UJ)> € X,
p
where w(t) = — Y (DG My (I — Q) f(t). Then there exists t1 € (to, T), such that
k=0

problem (1), (2) has a unique solution on the segment [to, t1].

A.S. Poretskii (Saint-Petersburg, Russia)
st036768@student.spbu.ru

ON ACCUMULATIONS OF POINT SPECTRUM OF WAVEGUIDES

A waveguide occupies a domain with several cylindrical outlets to infinity and is
described by an elliptic boundary-value problem. At infini-ty in every cylindrical outlet,
the coefficients of the problem tend to functions independent of the axial coordinate in
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the corresponding cylin-der. We prove that the eigenvalues can accumulate, if anywhere,

only at the continuous spectrum “thresholds”. If the coefficients stabilize at infinity with

an exponential rate, then there are no accumulations of eigenvalues at finite distance.

In the case of slow coefficients stabilization, accumulations at thresholds can occur. For

the Maxwell system, similar results can be deduced from those for the elliptic problems.
The talk is based on joint results with B.A. Plamenevskii.

S.V. Revina (Rostov-on-Don, Russia)
svrevina@sfedu.ru

PROBLEM OF STABILITY OF TWO-DIMENSIONAL VISCOUS
FLOWS

We consider the two-dimensional (z = (71, z2) € R?) viscous incompressible flow
driven by an external forces field F'(x,t) that is periodic in z; and xo with periods ¢;
and /s, respectively. The flow is described by the Navier-Stokes equations

88—12 + (v, V)v —vAv = —Vp+ F(x,t), divev =0,

where v = 1/Re is the kinematic viscosity and Re is the Reynolds number. The period
(1 = 2w, and the ratio of the periods is characterized by the wave number a: ¢o = 27/,
a — 0. Let (f) denote the average with respect to x1, while ((f)) denote the average
over the period rectangle 2 = [0, /1] x [0, {5]:

4
(=7 / (@, t)den,  (F)(E) = ﬁ / f(@.1) dy das.
0 Q

The spatial average velocity is assumed to be given: ({(v)) = q. The velocity field is
assumed to be periodic in x1, x9 with the same periods ¢1, {5 as the field of external
forces.

A longwave asymptotics (a« — 0) is constructed for the stability problem of the
steady flow close to the shear, which will be called the basic flow:

V= (Ole(Ig), V2($1)), <V2> # 0.

The class of flows under consideration generalizes the Kolmogorov flow with a sinu-
soidal velocity profile
V = (0,vysin(zy)).
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A. Sayfy (American University of Sharjah, UAE)
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A NOVEL SEMI-ANALYTICAL ITERATIVE APPROACH TO SOLVE
BOUNDARY VALUE PROBLEMS

The aim of this talk is to introduce a recent semi-analytical iterative strategy based
on Green’s functions and fixed point iteration schemes for the approximate solutions
of various types of boundary value problems. In particular, it is suitable for the ones
that possess singularities or layers, and delay differential equations. The scheme is
illustrated through a number of examples that confirm the high accuracy and efficiency
of the strategy. The results of the test examples show uniformly distributed errors and
excellent agreement with exact solutions and outperforms other existing numerical
iterative schemes.

V.I. Semenov (Kaliningrad, Russia)
visemenov@rambler.ru

INVARIANTS APPLICATION TO THE NAVIER-STOKES
EQUATIONS

For the studying of the Cauchy problem of these equations in space I introduce some
classes and parameters which are invariant with respect to the scaling procedure. The
first invariant is connected with the Cauchy problem provided an initial data belongs
to a special class C’g%’ 3/ of solenoidal vector fields vanishing at infinity . Here outer
forces are trivial. Then the class C’gj’& 3/ is invariant.

The second invariant is a special parameter A\ which is connected with a velocity
changing of E? where F is a kinetic energy of a fluid flow. If A > 1 or kinetic energy at
a special moment is not less any mean depending on A for A < 1 ( i.e. changing of E?
at moment ¢ = 0 is negligible) then an ideal, global and smooth motion is determined.
In other words a global regular solution exists. This is an essential and qualitative
improvement of the classical result together with a new a priori estimate.

Finally, the other parameters £,0 < € < 1, and p,1 < u < \™*, or u = oo may
be also very useful . The first of them is a dissipation coefficient of kinetic energy .
The last parameter holds time interval of a solution regularity. These three numerical
characteristics A, €, i are invariant with respect to the scaling procedure.

As illustration, we have no phenomena blow up on the time interval [0, T") if kinetic
energy satisfies inequality:

t
Jutt, ) = llell3 (1 - 2%/ )
0
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with condition A < 1 (by symbol |[u(t,-)||2 it is denoted a norm in Lo, [0,7)) — is an
universal time interval of an existence of the global regular solution, ¢ is an initial
data).

E. L. Shishkina (Voronezh, Russia)
ilina_dico@mail.ru

MEIJER TRANSFORM OF THE FRACTIONAL BESSEL INTEGRAL
AND DERIVATIVE ON SEMI-AXES

Let f is integrable by (0,00) with the weight p(x) = 2™ o > 0 v > 0. The
integral

(B, o.f)(x) =

F(204)/(x> ( 2 ) 2 1<O‘+ 5 20 x2> f(y)dy
0

is called left-sided fractional Bessel integral on semi-axis [0, 00) of order « (see
[1]). The left-sided fractional Bessel derivative on semi-axis [0, 00) of order « is

(BYo+f)(@) = (DB f)(x) = (IBZ;gif)(x), n=la]+1.

The BY, is the power « of the Bessel operator B, = dxg + %%
For functlons f the integral transforms involving modified Bessel functions of the

second kind K vl V2 1 as kernel is the Meijer transform defined by

Kol f](€ ik‘vl x)x” dx,
0

where ko (t) = 2ROV e (),

Let f € Li*“(Ry) and f(t) = o(t°"2) as t = +0 where 8 > £ — 2 if v > 1 and
> —1if v = 1. Furthermore let f(t) = 0(e™) as t — +oo. Then its Meijer exists a.e.
for Re& > a (see [2], p. 94).

The Meijer transtorms of By, for proper functions is

K[(Boorp)(@)](€) = E€Lopl€), a€R

REFERENCES
1. Shishkina E. L. and Sitnik S. M. On fractional powers of Bessel operators. Journal of Inequalities and Special Functions.
2017. Vol. 8, No. 1, pp. 49-67.
2. Glaeske H. J., Prudnikov A. P. and Skornik K. A. Operational calculus and related topics. Chapman and Hall/CRC. 2006.
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ON THE FREDHOLM PROPERTY OF REGULAR HYPOELLIPTIC
OPERATORS

We study the Fredholm property of regular hypoelliptic operators in weighted multi-
anisotropic Sobolev spaces in R"™. This work extends the previously obtained results
for the Fredholm property of semielliptic operators, which are the special subclass of
hypoelliptic operators (see [1,2]).

Let R be a completely regular polyhedron. Then denote by R?_l (Gj=1,...,1,-1)
(n — 1)—dimensional non-coordinate faces of R with corresponding outer normal p’
such that all multiindices a € 727;_1 satisfy (o : p/) = Z—% + ...+ % = 1. For k € R,
denote kR = {ka = (kay, kas ... kay,) : o € R}.

We consider the differential form

P(z,D) = Z aq(x) D,

where DY = D{*...DS», D; = i_la%j,x = (z1,...,x,) € R" a,(x) are smooth enough

functions.
For k € Z,, completely regular polyhedron R and positive-valued function ¢ €
C*(R™), such that ﬁ = 0 when |z| — oo, denote by HFR(R") the space of

measurable functions {u} equipped with a norm

lerg = Z

a€kR

k— max (a:uj)

Dau . q J=1In 1

[

Ly(R™) .

In the terms of the conditions on the symbol of operator the necessary conditions are
obtained for fulfillment of a priori estimates of differential operators defined by P(x, D).
The necessary and sufficient conditions are obtained for the Fredholm property of the
special classes of regular hypoelliptic operators with variable coefficients, acting in
multianisotropic spaces H}®(R™).

REFERENCES

1. Darbinyan A. A., Tumanyan A. G. On A Priori Estimates and Fredholm Property of Differential Operators in Anisotropic

Spaces. Journal of Contemporary Mathematical Analysis. Vol. 53, No. 2 (2018), pp. 61-70.

2. Tumanyan A. G. On the Invariance of Index of Semielliptical Operator on the Scale of Anisotropic Spaces. Journal of
Contemporary Mathematical Analysis. Vol. 51, No. 4 (2016), pp. 167-178.
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ANALYTICAL REPRESENTATIONS FOR THE DISPERSION
EQUATION OF A PERIODIC QUANTUM GRAPH

We study the spectral relations of a periodic quantum graph I' C R”, with a
countable number of vertices and connected. We consider the case of a graph equipped
with a Hamiltonian given by the Schrodinger operator H = —j—; + ¢q(x), with a
symmetric real-valued potential ¢ € L*>°(I"), and whose domain consist of all functions
u € H*T) satisfying the Neumann-Kirchoff conditions in each vertex. It is known
that the spectrum is purely essential, and for the case of an equilateral graph these
can be calculated by a dispersion equation of the form n(\) = f(#), were 7 is an entire
function of the spectral parameter and f is a continuous function in the Brillouin zone
B of the graph (see 1). Based in the results presented in 2, we develop a representation
for the function 7 given as a Neumann series of Bessel functions. These representations
provide a way to calculate the spectral bands of the Hamltonian H and, in the case
of graph with cycles, we obtain a characteristic equation for the eigenvalues and show
that these have infinite multiplicity.

REFERENCES
1. Barrera-Figueroa V., Rabinovich V. S. Effective numerical method of spectral analysis of quanthum graphs. J. Phys.
A: Math. Theor. 2017. Vol. 50, No. 21, pp. 207-215.
2. Kravchenko V. V., Navarro L. J., Torba S. M. Representation of solutions to the one-dimensional Schrédinger equation
in terms of Neumann series of Bessel functions. Appl. Math. Comput. 2017. Vol. 314, pp. 173-192.
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ON BOUNDARY VALUE PROBLEMS FOR THE
EULER—POISSON—DARBOUX EQUATIONS

In the domain Q = {0 < x < 1,t € (0,7T)}, there is a unique solution u(z,t) of the
following boundary value problem

(& + 288 — 22 ) ulw,t) =0, B£0,7>0,
u(z,0) = p(x), w(x,0)=0, u'(0,t)=u(1,t) =0,
Let j,(z) = 2/ T(1 + v) 242 where J, is Bessel function of the first kind, v = =

The B-cylindrical function

" s —1)m 2m+
T(t) =" Y sy (57" =" Tu(0).

is used in the paper.

The spectral values of A, are solutions of the equation j'()\,)=0. A bounded solution
to the considered boundary value problem is found in the form of a Fourier — Bessel
series [1]
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u(e.t) = 3w (0X,(e), Xaw) = B

Ji s (Ant) <0 .
Un(t)wn{]%l()\t)},{ﬁ>o} fgo x)zxdx.

The indicated solutions can be written with the corresponding Poisson formula. For
example, if the Bessel operator acting on the ¢ has a positive dimension parameter

(B > 0), then the corresponding Poisson formula for the solution has the form
v,l oo

v,
u(z,t) =V o, je2(Nx), where the VY -shift:
n=1 2
VT 7r/2 .
Vi fla) = ZELGE [0 cos 0 () df.
/2

r=/2cosf (22 el + t2e-17).
An unlimited solution is a fundamental solution of the EPD operator and is expressed

in terms of the Neumann j -function, see [2].

REFERENCES
1. Jlazos JI. H., Eaeyxur K. C., Canuna E.JI. ®opmynsr Ilyaccona mjas kpaeBbIX 3aja4 ypaBHeHms Jditepa—Ilyaccona—
Hap6y. IIMA. 2019. Tom. 97, cTp. 83-91.
2. Jlazos JI. H. ®yunamenrasipuble pemenns nuddepennuanpapix ypasaenunit ¢ Dpg-oneparopom Beccesa. Tpynpr marema-
Tudeckoro uactTutyTa uMm. B. A. Creksosa. 2012. Tom. 278, cTp. 148-160.
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VCJIOBUA JIOKAJIN3AIIUN COEKTPAJIBHBIX PA3JIOXKEHU
TIJISI OBOBIIIEHHBIX ITIOTEHIINMAJIOB BECCEJII

Ipocmparncmeso nomenyuanoe HG = Hg(]R”) onpedeniem Kax MHONHCECMBO CBED-
mox adep NOMenyUaNos ¢ GynKUUAMYU U3 64306020 NPOCMPAHCMGEA

HER") ={u=Gx*f: feER"},
lullgg = inf {[|fllz: f € ER"), Gxf=u}.

2de B — nmepecmano6ouno unsapuanmmoe npocmpancmeo, o A0po G — cneyuaivrozo
suda,

G(z) = GR(x) + GRx);  GRlz) = G@)xpa(r);  GRz) = Gr)xp,(2),
a®(r) <= G(x) < P(r) r=|z| € (0,R),

R
rie 0 < 6 ) na Ry, [D(p)p"tdp < oo, Gi € Li(R") N E'(R"); E'(R") —

acconumrpoBafHoe pocrpancTso st F(R™).
[Tostyuena Todnasi 110 MOPSJIKY OLEHKa JJist MOJYJIs HEIPEPBIBHOCTH MOTEHIHAJA,

~Y

WF(u; 1Y) =2 wy(t) (em. [1]), mo dbymkmmm wy onpesenena (GyHKIHA 7, 3a1a10Mas
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Y-CpeiHuE CIEKTPAJIbHOTO PA3JIOKEHU s Jg(u,x) HOTEHIMaJa 110 (PYHIAMEHTaJIbHbIM
dbyukiusam oneparopa Jlammaca B obsmactu 2 C R (em. [2]). st s1ux ~y-cpegnux
CIPABEJJINB CJIEIYIOMNHA MTPUHITAI JJOKAJTU3AIIAN.

Mycrs D C Quu € HE(R") C C(R") — dbyukius, yjoBIeTBOpsomast yCI0BIIO
u(z) = 0 mua Beex x B D. Torma, ayist kKaxkjgoro kommakta K C D paBHOMEpHO MO
xr € K cupaBejjiuBO COOTHOIICHHE:

/}1_)11010 o) (u,x) = 0.
ABTopsl BeipaxkaioT Ostarogaprocts L'ogbamany M.JI. 3a miernbie coBeThl Tpu padboTe

HaJl CTaTbEeM.

JUTEPATYPA
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3AMETKMN O IIOBEJEHUN TPAEKTOPHIII OJJHOT'O CEMEVCTBA
JMNMHAMNYECKUX CUCTEM B KPYTE ITYAHKAPE

N3nararorcst pe3yIbTaThl H3yUeHUsT CEMEHCTBa UHAMUIECKUX cucTeM [2-4] co B3a-
UMHO MTPOCTBIMU TOJIMHOMUAJTHHBIMU TPABBIMU JaCTIMU, KyOUIecKOi 1 KBaIPaTUIHOI.
CraBuTcst n perraercst 3aja9a mocrpoerus B kpyre [lyankape Bcex TOTOJIOTHYECKT pas3-
JIMUHBIX (a30BbIX HOPTPeToB. [Jist ee pelenust uCioJb30BaH METO/, [OCIEI0BATEbHbIX
orobpaxkennit A.Ilyankape [1]. Paccmarpusatorces mojcemeiicTBa HECKOJIBKUX Hepap-
XUYIECKUX YPOBHEH, UbU PA3JIOXKEHUS MPaBbIX YacTeil Ha PpOPMbl HUXKANIIINX CTEreHei
BKJIIOYAIOT: 110 3 ¥ 2 Pa3JIMYHbIX MHOXKUTEJIs; 110 2 MHOXKUTEJIS; 3 Pa3JIMdHbIX MHOXKU-
Tesist y (DOPMBI TPEThEro Mopsijika U 1 — y (hOpMBI BTOPOr0; 2 MHOXKUTENA Y (POPMBI
TpeThero mnopsjka u 1y ¢hopmbl Broporo. MeTonnka uccieoBaHus KakJI0TO MOjIce-
medicTBa cojiepKut psijl aranos [3]. UccsenoBanue nojcemeiicTsa BKIOYAET U3y YeHUE
ocobbix Touek B kpyre Ilyankape (koneunast ocobast rouka O(0, 0) u GeckoHeqHO yiia-
JIEHHBIE 0CO0ObIe TOUKH). ONPEIeIITIOTCs TONOUHAMIIECKHAE TUITBI OCOOBIX TOUEK U UX
cerapaTpuchl. M3ydatoTcest BOMPOCHI OJJHO3HATHOCTHU MPOJIOJIKEHUs KaK IO ceraparTpu-
Chl U3 MaJIOf OKPECTHOCTU OCODON TOUKM Ha BCIO JIJIMHY W B3aUMHOI'O PACIIOJIOXKEHUs
cermapatrpuc B Kpyre Ilyankape. CtposiTca ¢dpazoBbie TOPTPETHI CUCTEM MOJICEMENCTBA B
rpacduyeckoil u TabiumuHoi (popmax. IIpupojsires Ou3kue K KodpOUIMEHTHBIM KPH-
TepUr KaxkKJoro noprpera. lerajgbHoe M3JI0KEHUE MPOIECca U3YyUIeHUs U Pe3yJbTaTbl
Janbl B MoHorpaduu [2] u paborax |2, 3.

JUTEPATVYPA
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BU®YPKAIINN BPAIITATEJIBHBIX PEXKIMOB TEUEHNN
)KUJIKOCTHU B IOTPAHUYHOM CJIOE BBJIN31 CBOBOJIHON
I'PAHUIIBI

Uccnepyercst douznueckuii 3pdpekT BOSHUKHOBEHUsI BPAIIEHUs KUJIKOCTH B TOHKOM
CJI0€e HEOTHOPOJIHON XKUJIKOCTH B pe3yJibTaTe JIOKAJLHOTO HEPpAaBHOMEPHOTO OXJIaXKe-
HUS ¢BOOOJIHOM MOBEPXHOCTH. Pacder TepMOrpaBUTAIIMOHHBIX TEIEHWH KUJKOCTH TPO-
BojuTCs ¢ yueroM adgdexkra Mapanronu. Pesysibrarbl paboThl MOTYT O0bsICHUTH OJIHY
U3 TPUYINH BOZHUKHOBEHUS TOPHAJIO.

PaccmarpuBaercs crammonapHoe oCeCUMMETPUYHOe Te9eHUi KUJKOCTA B TOPU30H-
TAJHLHOM CJIO€ KOHEYHOM TOJIIIUHBI, O'PAHUYEHHOM CBEpXYy CBOOOJIHON IpaHUIIEH, & CHU-
3y TBepJoit crenkoit TedeHue »KUJIKOCTU BbI3BAHO HEPABHOMEPHDLIM PAaCIpEJIe/IeHUeM
TEMITEPATYPBI CBOOOHON MOBEPXHOCTU. PacdeTsl MPOBOAATCA Ha OCHOBE TTPUOJIMKEHUS
Obepbeka-byccrnnecka HEOIHOPOJIHOIM TEILIONPOBOIHON »KUJKOCTH. B ciydyae MaJibix
JnPy3noHHbIX KOIDPUIMEHTOB BOJIN3KU CBOOOHON I'PaHUILI (DOPMUPYETCS TOHKUIA
norpaHuunbiit cjoi. [IpuBojurcst cucrema ypaBHEHUI JIBUXKEHUSI YKUJIKOCTH B 9TOM
cJI0€.

Pexxumbl TedeHnit XKUAKOCTH JICJIATCA HA JIBa THUIIA - HE3aKPYUYEHHBIE U BPAIaTe I h-
Hble (BropuuHbie). BpaluaresbHble pexUMbl BO3HUKAIOT B pesysibrare OudypKaimu
HE3aKPYJYEHHBIX PEXKUMOB B OOJIACTU TIOMPAHUYHOTO CJIOST BOJIM3U CBOOOTHON TPAHUITHI
Ipu ee JIOKAJbHOM oxJjakjenuu. [Ipw narpese rpanuiisl OudypKalum OTCYTCTBYIOT.
B okpecTHOCTHM TOYKM BETBJICHUS MOCTPOEHA ACUMIITOTHKA BPAIATEJbHBIX PEXKUMOB
[yTEM BBEJICHHUSI JIBYX MAaJIbIX MapaMeTpoB. ACUMITOTHYECKUE PA3JIOKEHUS TOCTPOe-
HBI 110 CTETeHSIM OJHOTO U3 3TUX mnapameTposn. [lomydeno acuMnToTrndeckoe COOTHOITIE-
HUe, yCTaHABJIUBAIOIIEe CBA3b MEXK Ty MajbiMu napaMmerpamu. [lokazano, 9To B TOUKe
Ooudypkaluy BOSHUKAIOT JIBa, BTOPUUYHBIX PEXKUMa, OTJIUYAIOIIUECs MEXK 1y cOOOM TOJIb-
KO HampaBjieHneM BpalneHus. OTBeTBIEHUE BPAIATEbHBIX PEXKUMOB ITPOUCXOIUT TIPH
CKOPOCTSIX BHEIITHErO MOTOKA, MEHbINX ON(ypPKAITMOHHBIX 3HAUEHUIA.
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OBPATHAA 3AJAYA JJIA ITYUYKA
NHTEI'PO-/INOPEPEHIINMAJIBHBIX OIIEPATOPOB

Paccmorpum KpaeByto 3ajady L jijist mHTerpo-aud hepeHiuaibHOro ypaBHeH s nep-
BOT'O TTOPSIJIKA,

iy (x) + /Ox M(x —t, Ny(t)dt = \y(z), 0<zx<m, y(0)=uy(n),

rjie 4JpO CBEPTKU HMeeT JIMHEHHYI0 3aBUCHMOCTL OT CIEKTPaJbHOIO IIapaMerpa:
M(xz, ) = My(x) + AM;(z). @yaknun My u M; — Bemecrsennbie, My € AC[0, ),
(m —x)My € Ls(0,7), (m — x)M]| € Ly(0,7), M1(0) = 0.
Jlokazannr TeopeMmbr 1 u 2, garomme XapaKTepU3alUio CIEKTpa 3aaun L.
Teopema 1. Cnexmp 3adavu L s6asemcea cuemuvim MHoACECTEOM KOMNAECKCHOLT
cobemeennvir 3navenuts { N\, }nez, NPOHYMEPOBAHHVIT ¢ Yuemom KpamHuocmet U ume-

UL ACUMNINOTIUKY
A =20+ 32, {36,} € . (1)

Teopema 2. Jlaa w060t nocaedosamenvrocmu kKomnaexcnox wucen { A, ez 6u-
da (1) cywecmeyem eduncmeennan xkpaesas 3adavwa L onucannozo evwe uda, da
Komopoti nociedosamenvrocmv {\, tnez A6asemes cnexmpom.

B ocnose nokarenncTsa TeopeMbl 2 IEKUT KOHCTPYKTUBHBINA METOJT, PEIIEHUST 00pam-
1ot 3adawu: MO 33JAHHOMY CHEKTPY { A, tnez moctpouts My u M. Meros npecras-
asier coboit passurue ujeit pador [1], [2]. Obparnas 3ajaua CBOJAUTCS K OJHO3HAYHO
Pa3peLMOii CUCTEME HEeJIMHEAHDIX UHTeIPAJIbHbIX YPaBHEHUI.

Paboma swvinoanena npu dunancosot noddepoicke epanma PH® (npoexm 17-11-

01193).
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CTAIIMOHAPHBIE ITPU/IOHHBIE BUXPU 1 ITPOTUBOTEYEHUE
B PYCJIOBBIX IIOTOKAX

Ha ocnoBe acumnrorndyeckoit MOje/In YMCJACHHO MCCJIE0BaHa 3a/1a9a O CTalnoHaAP-
HBIX TIPUJIOHHBIX BUXPEBBIX 00pa30BaHUAX U CTAIMOHAPHBIX IPOTUBOTOKAX B PYCJIOBBIX
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noTokax pek. Mojiesib cCKoHCTpyHpoBaHa Ha ocHOBe ypaBHennii Hapbe-Crokca s BA3-
KOW HECXKMMAEMOW YKUJIKOCTU B CjIydae TypOYJEHTHON BA3KOCTU W TPEJICTABJISACT CO-
60t BapuaHT I'MJIPOCTATUYECKOrO TPUOJIMKEHUS TIPU OTCYTCTBUU WHEPIMAJIbHBIX dJjie-
HOB. VccyreToBaHbl pa3/inuHble BADUAHTHI JJOCTATOUHO IVIAJIKUX pesibepoB JIHA BOJIOEMA.
[Tokazano, 910 TpU 3HAYUTENHHBIX PACXOTAX KUJIKOCTA B OKPECTHOCTIX OTKJIOHEHUN
pesibedba JiHa OT TIJIOCKOTO BO «BITaJIMHAX» peJibeda UMEIOTCs MPUJIOHHBIE BUXPU, KOM-
HeHCUpyIolue u30bITOYHbIN 3a/aHHbI PACcXo/, XKUJIKOCTUH. PaccMoTpenbl ciiydan pas-
JIMYHBIX KPaeBbIX YCJIOBUI Ha JIHE BOJOEMa — YCJIOBUS MPUINIAHUS, KHHEMATUICCKNe
YCJIOBUSI, COOTBETCTBYIOIINE JIepOPMUPYEMOl HEIPOHUIIAEMOI TTOBEPXHOCTH, U yCJIO-
Bus ckoJibKenus: Hasbe. [Tokazano, 4To B ciydae maockoro pesbeda jgHa BojoeMa pu
U30BITOYHOM PACXOJIe KUJIKOCTH UMEETCS MTPOTUBOTOTHOE TeUeHNEe B OKPECTHOCTH JIHA.

Pabota BbInoJiHeHa pu pUHAHCOBOI 10/JIepKKe 6a30BOI YaCTU rOCyAapCTBEHHOIO
sajanust Ne 1.5169.2017/BY Munucrepcrsa obpasosanusi u nayku PO, KOOV,
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METO/T ®VHKIINU TPUHA PEINIEHNS KPAEBBIX 3AJIAY JIJIS
OBBLIKHOBEHHOTO JTU®P®PEPEHIINAJILHOTO YPABHEHUA
JTIPOBHOTO TIOPSIKA

B mnaTepsajne 0 < x < 1 paccMoTpuM ypaBHeHHe
m
D> Bitulx) + Mu(z) = f(x),
j=1

e o €]1,2[, f1 > 0, A\, B € R, a1 > az > ... > ap, 0j,u(x) — nupoussojuas
Kamyro [1, ¢. 11]:

O u(z) = DI " (x), n—1<~vy<n,

D|},— omneparop apoGHOro unrerpo-audepeHupoBanus MopsaaKa Y B CMbIC/E
Pumana-Jluysusuist |1, ¢. 9] no nepementoii .

Hannasi pabora 1MocBsilieHa PEeneHnIo By XTOUY€UHbIX KPAEBbIX 33144 JIJIs TUHEHHOTO
OOBIKHOBEHHOTO (b epeHIaJIbHOTO YPaBHEHUsI C OIIepaTOPOM JPOOHOTO JUCKPETHO
pacipejesneranoro jguddepennupopanusd. Pazpur meron dyHknuu ['puHa jjs perie-
HUST MCCJIEyeMbIX 3312, TTOCTPOEHBI (DYHIaMEHTAJIbHBIE PEIIEHIST 1 COOTBETCTBYIOIIIE
dbyuxiun [puna [2-4].

JUTEPATVYPA
1. Hazywes A. M. Ipobuoe ucuucienue u ero npumenenue. M.: @usmariaut, 2003.
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2. TI'adsosa JI. X. Banaua Heilimana ais 06pikHOBEHHOTO JnddepeHnnajsbHoro ypaBHerus aApobHoro mnopsaka. Biagukask.
Mart. xypH. 2016. Tom. 18, BeII. 3, cTp. 22-30.

3. I'adsoea JI. X. 3amaga Jupuxmne nu Heiimana mis o6sikHOBeHHOrO muddepeHnuaabHoro ypaBHeHusT JPOOHOr0 MOPSIKa C
nocTosgHHBIMEU K03 burmentamu. Juddepennmanpasie ypasuaenuns. 2015. Tom. 51, Ne 12 cTp. 1580-1586.

4. I'adsosa JI. X. KpaeBas 3amaua Jjist TMHEHHOTO OOBIKHOBEHHOTO A (HepeHITnaIbHOT0 YPAaBHEHUS C OIEPATOPOM JIPOGHOTO
JUCKPEeTHO pacupeznenénnoro nuddepennuposanns. Juddepenmmansase ypasaerns. 2018. Tom. 54, Ne 2| cTp. 180-186.

N.B. l'apunos, P. M. MasasBues (Kazans, Poccus)
ilnur garipov@mail.ru, mavly72@mail.ru

COOTHOILIEHUVE TUIIA TAYCCA Ne 10 JIJId ®YHKIINN I'OPHA Hj

B reopun 000OIIEHHOTO BOJTHOBOTO YPaBHEHUSI MU OCUCEMMUTPUYECKOIO yPaBHEHUsI
FesibMroJiblia BaxKHYIO poJib urpaer koHduiosras dyukiust [opua [1]

— (a)m—n(ﬁ)mﬁtn

HS (@,6,5,2,75) = (5) m'ﬁa

m=0 n=0

nist Koropoii B [1] npusejiennt jiBa [ayccoBbix COOTHOIIEHUS:
af

3(1—0)

o}

5

IIpu t = 0 nanable COOTHOMIEHNS KAaK YaCTHBIN Caydail mepeiiyT B U3BECTHBIE CO-

HS(a7675727t)_H3<&7675_17Z7t) - ZH3(&+175+175+17Z7t)7

Hs(a, B+ 1;0;2,t) — Hy (o, B50; 2,t) = —zHs (o + 1,6+ 1;0 + 1; 2, 1) .

orHommenust st pynknuu Laycca |2|:

af

F(&>5;5;Z)—F(@,5;5—1;2):m

2FP(a+ 1,0+ 1;0+1;2),

F(oz,ﬁ+1;5;z)—F(oz,,6;5;z):%zF(a+1,ﬁ+1;5+1;z).

B sroit pabote jokazana GpopmyIia

(6 =28 — (o= B)z)Hs (v, B; 05 2,8) + B (1 — z) Hy (o, B+ 1;6; 2, 1) —

(5= B) Hy (o, = 1;0;2,1) = ——

u3 KoTopoit 1pu ¢ = (0 KaK 4aCTHBIN ciy4aii cjaejryer
(028 —(a—p)2)F(a,p;0;2) + B (1 —2) F (o, B+ 1;6; 2) —
—(0=p)F(a,f—=1;6;2) = 0.

JUTEPATVYPA
1. Kanusesuw M. B. O xoudmosnrabix Gynkuusax Iopna // Juddepenupansasie ypasuenns, 1966. T. 2, Ne 9. C. 1239-1254.
2. I'padwmeiin U. C., Pworcurx M. M. Tabaumpl MHTErpaJoB, CyMM, PAIOB W ipousBeaennit (4-e m3m.). M.: Hayka, 1963.

H3(a_176;5;27t)7
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T. ®. doarux (Pocros-na-dony, Poccus)
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CTPYKTYPHI N3OXPOH IJI4 3AJAYN O ITEPEHOCE MACCHI
QJIEKTPUYECKHUM IIOJIEM

[Ipenoxkennsrit B |4, 5] MmeTos rogorpada Ha OCHOBE 3aKOHOB COXPAHEHHU ST TO3BOJISIET
pemnarh NMUPOKUHI KPYT 3a/1a4 JJI HEYCTONYMBBIX CIJIONTHBIX CPEJl, MHOTUE N3 KOTOPBIX
OlUCaHbL B [3], U B KOHEUHOM UTOrE CBOJSITCs K ypasHenuto Diisiepa—lapoy—Ilyaccona.
Oco0blIit mHTEpeC MPEJICTABIIOT 3a/1a9r JIJIsd YPaBHEHUIl, pellleHrne KOTOPhIX B MPOTec-
ce DBOJIIOIMY MEHSET CBOW THUIT C TUIEPOOJIMIECKOTO Ha, SJIUIITUICCKIUH nJIn HA0OOPOT.
urepecubl Tak»Ke 3ajlauu, Jijis KOTOPbIX HadaJibHbIE JI@HHbIE TAKOBbI, YTO B 4YacCTH
IPOCTPAHCTBEHHON 00JIACTH THI YpaBHEHHI TruiepOOIUUIecKuil, a B JAPYTroil 4acTu —
AMUNTHIECKUN. TUIUIHBIM TPUMepOM TaKoO# 3aJadu sABJISIeTCS 3ajada O MepeHoce
Macchl aexTpudeckum nojem [1, 2] ut+ (p'u'/s), = 0,i =1, 2, s = 1+u' +u?. Hemno-
CPEJICTBEHHOE UCIOJIb30BaHKEe MeTojla 1ojorpada 1M03BoJIAeT CTPOUTH PellleHre JIUIIb
B HEABHOM BHJIE, & JIJId [MOCTPOCHUS ABHOI'O PEIICHUd CJIeJyeT UCI0JIL30BATh JarpaH-
JKeBBbI TIepeMeHHble U JIOMOJHUTE]bHO paccMaTpuBaTh HeKOTopyio cucteMbl OJIY ma
JIMHUSX YPOBHs (M30XpoHax) perienusi. Baxkuyto nHOpMAIUIO 0 MOBEJICHUN PEeIleH st
MOXKHO TIOJIYYUTh, U3y4asd CTPYKTYPY U30XPOH HA IJIOCKOCTA MHUMON U BelleCTBEHHOMN
JacTu pemrenusd. g 3aaqm o mepenoce Macchbl CTPYKTYPa U30XPOH MTO3BOJIAET JaCTUU-
HO OTTMCATH CUTYAIMIO0 CMeHbI TUTIOB ypaBHennii. C hu3naeckoil TOUKN 3pEHusT TIEPEHOC
MACChI, OIUCHIBAEMbIH HEJIMHEHHBIMU BOJIHAMU (TUIIEPOOJIMIHOCTD) CMEHSETCs BOSHUK-

HOBEHUEM DPACTYIIUX CO BPEMEHEM MPOCTPAHCTBEHHBIX CTPYKTYD (SJUITHITHIHOCTD ).
JUTEPATYPA

1. Joseuxr T.P. Pemenune 3a7a4um O IePEHOCE MACCHI IO A€HCTBHEM 3SIEKTPHUYECKOIO IO/ B ABYXKOMIIOHEHTHOM CMECH.
Ussectua By30os. CeBepo-Kaskasckmii pernon. Ecrectsennnie maykm. 2017. Ne 3-1 (195-1). C. 28-35.

2. Joaeux T. D., XKyxoe M. FO., [Ilupsesa E.B. Pemenue 3/umnTudeckux ypaBHEHUN C MEPUOJIUIECKUMU JTAHHBIMUA [T
3a/1a4u 30HAJILHOIO y1ekrpodopesa. Becruuk BIY. Cepus: @usuka. Maremaruka. 2017. Ne 2. C. 85-96.

3. 2Kdanos B. A., Tpybruxos C. K. KBazuycroitumssie ra3oBbie cpeapl. M.: Hayka, 1991.

4. XKyxoe M. FO., lupsaesa E. B., Joszuz T. ®. Meron rogorpada mjis pemenus runepOoJInIecKuX U JLIUNTUIECKUX KBa-
3uimHeliablx ypasaenuit. Pocros-na-ony: Wzx. FO®Y, 2015.

5. Senashov S. I., Yakhno A. Conservation laws, hodograph transformation and boundary value problems of plane plasticity.
SIGMA. 2012. Vol. 8, 071.

C. B. Hopoukuna, A.3. MsacuukoBa (Pocros-ua-/lony, Poccus)
doronkinal234@gmail.com

N3MEHEHINE B CIIEKTPE JEJTOKAJN30BAHHBIX HOCUTEJIEN
SAPATA B KVIIPATHBIX CBEPXIITPOBO/HUKAX BCJIECTBUE
NX PACCEAHUSA HA 3APATOBOM VIIOPAJTOYEHNN

PaccmaTrpuBaeTcss MOJITb ¢ CHJIBHBIM JAJbHOAEHCTBYIONUM 3JIEKTPOH-(DOHOHHBIM
B3aMMOJIEICTBUEM IIPU BLICOKOI IJIOTHOCTH HOCHUTEJICH 3apsjia B KYIPaTHLIX CBEPX-
HPOBOJIHUKAX. B pamMkax JIaHHON MOJIe/In OCHOBHOE COCTOSIHME CHUCTEMbI 11PEJICTaBJIs-
eT coboil 3aps/I0Boe yHopspoUueHne, 0Opa30BaHHOE OUIIOISIPOHAMU C PAJILYCOM MHOI'O
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0OJIbLIE OCTOSHHON PEIIETKU U, BOSMOXKHO (B 32aBUCUMOCTH OT YPOBHSI JIOIUPOBAHUSI ),
COCYITECTBYIOIIIE ¢ HUM JIeIOKAIN30BaHHbIe HocuTesn 3apsa [1]|. [lox Biusnuem 3aps-
JIOBOT'O YIIOPsiJIOUeHMsT, 00PA30BAHHOIO OUTIOJISTPOHAMU, B CIIEKTPE JIEJIOKAJIN30BAHHBIX
HOCHTE el 3apsijla BOSHUKAET I1eJib. B HacTOsIEeM JIOK/Ia/1e UCCIeyeTCsl 3aBUCUMOCTh
pa3Mepa 1 MOJOXKEHUS e OT HaIllpaBJIEHUs BOJHOBOTO BEKTOPa HOCUTEJIE.

s pacuera mesim B CIEKTPe UCIOJb3YeTca JABYMepHas CJIOUCTas MOJIEIb 3apsio-
BOT'O YIOPSJIOYEHUS, B KOTOPOM HOCUTEJIb JIBUXKETCs TOJ| YIJIOM K IJOCKOCTHU CJIOEB.
[Tepuojmnaeckuii 1OTEHIMA, CO3/IaBAEMbIH JIOKAJIUM30BAHHBIMU HOCUTE/IsIMU, Pa30uBa-
eTcs Ha IOJOCHhI U YCpeJHseTcs B Ipejesax KakJioi 1mojochl. Pemenns ypaBHeHUs
[[IpeanraTrepa B COCETHNUX CJIOSIX CITUBAIOTCS C IMOMOIIHIO CTaHIaPTHRIX yeaowuit. [Ipe-
obpa3oBaHue BOJHOBON (DYHKIMK JI€JIOKAJIU30BAHHBIX HOCHUTEJIEH 1PHU ITPOXOXKJICHUN
CJIOST OTTUCBIBAIOTCS MAaTPUIIEit CJI0s, TTPOU3BEJIEHNE BCEX MATPUIL CJ0EB MO3BOJIAET Hali-
T KO3(PUITUEHT HMPOXOKICHUS HOCUTEJIsl Yepe3 KPUCTaJI. Pe3ybTaThl, MoJydeHHbIe
B XOJI€ UCCJIEJIOBAHUS, XOPOIIO COMIACYIOTCSI ¢ KCIEPUMEHTAJLHBIME JIAHHbIMU [2].

JUTEPATVYPA
1. Myasnikova A.E., Nazdracheva T.F., Lutsenko A.V., Dmitriev A. V., Dzhantemirov A.H., Zhileeva E. A., Moseykin
D. V. Strong long-range electron-phonon interaction as possible driving force for charge ordering in cuprates. J. Phys.: Condens.
Matter. 2019. https://doi.org/10.1088/1361-648X /ab0d6c
2. Damascelli A., Hussain Z., Shen Z. Angle-resolved photoemission studies of the cuprate superconductors. Reviews of
Modern Physics. 2003. Vol. 75, pp.473-533.

M. 1O. 2Kyxkos, E. B. IIlupseBa (Pocros-ua-/lony, Poccust)
myuzhukov@gmail.com, evshiryaeva@sfedu.ru

JABUXKEHUNE TOHKOI'O CJIOA MAEAJIBHOM »KNJIKOCTH
HA TIOBEPXHOCTUW IINJINH/IPA

Jist wceresioBatusi TedeHrst TOHKOTO CJIOst XKUJIKOCTH 110 TIOBEPXHOCTH (BHYTPEHHENH
WJIM BHEIIHEH) [MIMHJPA UCHOJIB3YETCs CUCTeMa KBA3WJIMHEHHbIX YDABHEHUI B dacT-
HBIX IIPOU3BOJIHBIX [IEPBOTO TOPAJIKA

1y L
Y, - Vit Gy Gy = —=Yi— =
altt =t SRANNE

rie Y (x,t) — ronmuua ciost (Y| < 1), G(x,t) — BUXpb CKOPOCTH TeUeHNUs, t — BpeMsl,

Gtv

T — UPOCTPAHCTBEHHAs KOOP/MUHATA.

YpaBHEHHS SBJSIOTCS HEKOTOpPOil MojanduKkanyeil ypaBHeHM, MOJyYEeHHbIX Ha OC-
HOBE TEOPHUU MEJIKOW BOJBbI |1], mMerorT mHBapuanThl Pumana, 3amuchlBAIOTCS B KOH-
cepBaTUBHOM (bopMe, a TakxKe 00JIaJJal0T raMIJILTOHOBOH cTpyKTypoit. OHOM U3 0co-
OEHHOCTEl CHCTEMBI SABJSIETCST TOT (paKT, UTO JIjIsI TeUeHHs 1O BHYTPEHHEH MoBepx-
HOCTHU TUJIMHJIpA THUIl YpaBHEHUI TruiepOOUYecKuil, a Ipu T€UYEHUN 110 BHEIIHEH I10-
BEPXHOCTH — 3JLIUNTUYEeCKHi. B runepbosmiueckom ciiydae BO3MOXKHBI T€UEHUST ¢ 00-
pa3oBaHueM yJIaPHbIX BOJIH, & B 3JUIAIITUYCCKOM CJly4ae BOZHUKAIOT [IPOCTPAHCTBECHHO-
NEePUONIECCKIEe CTPYKTYPBI, TUIXYHBIE JIJIT HEYCTOMUMBBIX CILIOIIHBLIX cpen. [lasd mc-
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CJIeJIOBAHMS MOBEJICHUs PEIIeHHsI UCIOJb3YIOTCA Pa3/IMIHble BapUaHThl METO/a I'0JI0-
rpaga — KJjaccuueckuit, oOOOIIEHHBI 1 MeTO | Ha OCHOBE 3aKOHOB coxpaHeHus. [lo-
crpoena dgpyukius Pumana—['puna, 1103B0Jsi011as1 Oy YUTh PEIIEHUE CUCTEMbl B aHa-
JuTU4Yeckoir popme B HesdgBHOM Buje. s mepexojia K sIBHOI (hopMme pelleHusi BBO-
JISITCs JIarPaH2KEBbI [IepeMEeHHbBIE. Y 1aeTcs 11peobpa3oBaTh pelleHune 3aj1adu Ko jijis
MCXOJIHBIX YPABHEHUI B YAaCTHBIX MPOW3BOJAHBIX K peIeHunio 3aaaun Kormu st 0ObIK-
HOBEHHBIX Jin(pepeHInajbHbIX YPaBHEHU, KOTOpas peraercs: dncjaeHno. Kpome aro-
ro, HaiijleH olepaTop PeKypPPEeHINN, O3BOJIAIONINI TOCTPOUTD JIJIsI UCXOTHOM CUCTEMbI
OeckoHeUHBIH cueTHBI Habop ramuabronnanoB m LA —mapy Woparnmosa—Illabara,
9TO, B CBOIO OYEPE/ib, JAET BO3MOYKHOCTH HCCJIEIOBATH MMEIONUECs: cumMMmerpun JIn—
bBaknynna.

Pabota BbinoJsiHeHa pu GpUHAHCOBOI 10/JIepKKe 6a30BOI JaCTU IrOCyAapCTBEHHOIO
sajianust Ne 1.5169.2017/BY Munucrepcrsa obpasosanusi u nayku PO, KOOV,

JUTEPATVYPA
1. Morad A. M., Zhukov M. Yu. The motion of a thin liquid layer on the outer surface of a rotating cylinder. Eur. Phys. J.
Plus. 2015. 130:8.

M. 1O. 2Kyxkos, E. B. IIlupsieBa (Pocros-ua-/lony, Poccust)
myuzhukov@gmail.com, evshiryaeva@sfedu.ru

CEANMEHTAIINA ITPUMECH B CTAIIIOHAPHOM
TYPBYJIEHTHOM IIOTOKE JABYXCJIOMHO! KMJIKOCTN

[Tocrpoena u ucciepoBana aCUMITOTUYECKAS MOJIEJIb TPOCTPAHCTBEHHO OJIHOMEPHO-
r'o CTAIMOHAPHOIO TYypPOYJIEHTHOrO TEUYEHUs YKUJKOCTH B 00JIACTH, OECKOHEYHOI B TO-
pU30oHTaIBLHOM Hampasjenun. Mojenb 6a3upyercsd na ypapaenusx HaBbe-Crokca s
HECXKMMAEMOI BSI3KON »KUJIKOCTU W B I'MJIPOCTATUYECKOM MPUOJIMMKEHUN WUMUTUDPYET
PYCJIOBBIE TTOTOKH peK. TypOyseHTHas BI3KOCTb 33aeTCs KYCOUHO-IJIAJIKOM, UTO MO3-
BOJISIET CUUTATHL TeUeHUe BYXCIONHBIM. B BepxueM cjioe BA3KOCTb MOCTOsIHHAS W TPO-
pniIh TOPUBOHTAJILHOW CKOPOCTU TEUYEHUSI CTENEHHON, & B HUXKHEM CJIOe BI3KOCTh 3a-
BUCUT OT KOOPJIMHAT U 1IPOPUJIb IOPU30HTAJILHON cKOpocTH Jiorapudmuieckuii. [1pu
9TOM Ha TPAHUIEe MEXKTY CJIOAME KacaTeJbHOe HATPsKeHne HeMPEePbIBHO, HO BOZHUKAET
pa3pbIB KOMIIOHEHT CKOPOCTH. OCODEHHOCTHIO MOJIENTH SABJISETCA OTKa3 OT YCJIOBUN MPHU-
JIMTIAHUS BSA3KON »KUJIKOCTHU K HUKHEH TPaHUIE HUXKHETO CJIOS, YTO JIAeT BO3MOYXKHOCTD
3a/1aBaTh I'PAHUILbI BEPXHEI'O, HUXKHEI'O CJIOEB U 'PAHUILY MEXKJLY CJIOSIMU ITPOU3BOJILHbI-
MU, a He TOTIUHINUMACI TUTIOTe3e O MIHOBEeHHOo# ajanTtanuu. [Ipegmaraemas Mogers
MO3BOJISIET, B YaCTHOCTH, OMUCHIBATH BO3HUKHOBEHUE MPOTUBOTOKA, U TIPUJIOHHBIE BUXPU
IPK CJIOXKHOM peJibedbe HUKHE IPAHUIbl CJI0st (J[HA BOJIOEMA) U 3HAYUTEIHLHOM 00IIeM
pacxojie KUJIKOCTU. B paccMaTpuBaeMoM CTAITMOHAPHOM TEeUYeHWH UCCIeTyeTcs HecTa-
IUOHAPHBIH MTPOTIECC CeIMMEHTAINN TaccuBHOM mpuMecH. [Ipoduin Tevenus xKuKoCTH
OIPEJICJISIOTCH aHAJUTUIECKHU, & JIJIS YUCJCHHOTO PEIIeHus 3aJladuh O CeJMMEHTAIUN
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IPUMECH HCIIOJIb30BaH METOJ KOHEUHBIX 3JIEMEHTOB CO CIIeNHUAJbHONI aIlllpoKCUuMalnei
KOHBEKTHBHBIX UJIEHOB, MO3BOJISTIONIEH CYIIECTBEHHO YIyIIATh TOYHOCTH BHIUNCICHUI
[IpU pelieHnn 3a/1a4 ¢ Pa3pbiBHbIMU KO3 PUITUECHTAMMU.

Pabota Bbinosinena mpu GpUHAHCOBOH mOJIepyKKe 6a30BO YaCTH MOCYAapCTBEHHOIO
saganust Nt 1.5169.2017/BY Munucrepcrsa obpasoanus u nayku PO, KOOV,

JUTEPATVYPA
1. 2Kyxos M. IO., Illupsesa E. B. MaremaTndeckoe MOIEJIUPOBAHUE IIPOLIECCA CEAUMEHTAIUYI IIPUMECH B [TIOTOKE YKUIKOCTH.
Pocros-na-Iony: 13za-so FODY, 2016.

JI. JI. Kapamesa (Haasuuk, Poccus)
k.liana86@mail.ru

KPAEBDBIE BAJAYN JAJ1Ad YPABHEHUSA B HACTHDBIX
I[TPOM3BOAHLIX BHICOKOI'O YETHOTI'O IIOPIJKA C JPOBHOU

IMPOM3BOJIHOI
Paccmorpum ypasnenue
Eu(w t) + (—1)”8—2”u(x t) = f(x,t) (1)
ata ) aann ) — ) )

rae n € N, % — JipobHast pousBo;iHast opsijka « [1, ¢.9], 0 < a < 2.

Ypasuenue (1) upu n = 1 coBnagaer ¢ uddy3uoHHO-BOJIHOBBIM yPABHEHUEM, KO-
TOPOE IMUPOKO HCCIe0BAaHO (cM. [2] u 6ubnmorpadmuio tam). B wactrOoCTH, B pabore
3] uccienoBana kpaesas 3ajaua B M0J1yOECKOHEUHON 0OJIACTH JIjist OJHOPOJIHOIO YpaB-
wenns (1) npu n = 1 ¢ gpobroii nponssopnoii Pumana-JInysuiisi. B pabore [4] st
ypasrenus (1) nocrpoeno dyHjamenTagbHoe perierue u perena 3aiada Koy,

B nannoit pabore jyist ypapaenus (1) perenbl 3a7a4u B HEOrPAHUUEHHBIX 00JIACTSIX,

JIOKa3aHbl TEOPEMbI eIMHCTBEHHOCTH B KJjiacce PyHKIMI ObICTPOro PocTa.

JUTEPATVYPA
1. Hazywes A. M. [Ipobuoe ucuucnenue u ero upumenenue. M.: ®VUISMATJINT. 2003.
2. ITczy A. B. YpaBHeHHs] B YaCTHBIX TTPOMU3BOIAHBIX IpoGHOrO mopsiaka. M.:Hayka. 2005.
3. 'exxuesa C. X. KpaeBag 3amaqa st 06061IEHHOTO ypaBHEHUS [IEPEHOCa ¢ APoOHON B mory6eckoneunoii obnactu. Vzsectus
Kabapauno-Bankapckoro nayanoro mearpa PAH. 2002. Ne. 1(8), cTp. 6-8.
4. Kapawesa JI. JI. Bagaua Komnru myis mapabomaeckoro ypaBHEHUs BRICOKOTO Y€THOTO TOPSIIKA C APOOHOM TPOU3BOIHOMN TI0
BpeMenHoit nepemennoii. Cubupckue smekTponnbie Maremarudeckue upectus. 2018. Tom. 15, crp. 696—706.

Kononsnesa U. B. (Vapanosck, Poccus)
irinakonopleva2014@yandex.ru

OBIIIVE TEOPEMBI O BU®YPKAIINN U ITPUJIO2KEHN A K
JANHAMNYECKUUM CUCTEMAM

OZHUM W3 METOJNOB HCCIeJoBaHus OM(ypPKAIUMU ABJISCTCA JOKA3aTEILCTBO ab-
CTPAKTHBIX TeopeM O cyriecTBoBanuu budypkanuu (cm., nanpumep, [1]-[3]) ¢ ganb-
HEHIIM ¥X OIPUMEHEHHEM K AMHAMUYECKUM CHCTEMAM.
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B [4] paccmarpuBaercst HesiuHeitnoe ypaBHeHue
F(e,x) =0, (1)

e X,Y Oanaxosbl ipoctpanctBa F': R X X — Y — dpejrosibmMoB oniepaTop HyJ1€BOIO
unjekca, F(e,zg) = 0,Ve € R*.

Ha ocroBe Teopembl 0 HEsIBHBIX OfepaTopax ¥ MPEINOJOKEHN O HeOOpaTUMOCTH
%(60,x0) TEOPEMbI O CyIeCTBOBaHUK TOYKM OGudypkaiun (€g, o) ypasaenus (1) jo-
kazaubl MerosioM Jlsmyuosa-IlImumra [5]. Pacemorpensr 6udypkanuu oT mpocToro
coOCTBeHHOro 3HavYeHust m = 1 u pe3oHaHTHble Oudpypkanuum g m = 4,8, rie
m = dim Ker%E (g9, o).

B [4] nanbi npuioxkenust 6udypkanuontoii reopembt k cucremam OJIY u aberpakr-
HBIX MHTErpaJbHbix ypasueuuit (AUY) ans m = 4. AHaqornansiMu METOJaMU B Ha-
crodieil pabore uccienopana cucrema OIY pasmepHocTu m = 8

d
d_j; = Mz +G(2), = (v1,...,78), G : R® = RS,

riae M - marpuna 8 X 8, 3aBUCAIIAs OT CKAJAPHBIX TapaMeTPOB.
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(MAU (HIY), Poccus)
betelgeuser@yandex.ru

IIOCTPOEHUE ACUMIITOTUK PEIIEHUN JIMHENHBLIX
JINO®OEPEHIINMAJIBHBIX YPABHEHUN C TOJIOMOP®HBIMUI
KOOPNITIMEHTAMMU B OKPECTHOCTHU NPPEI'YJIAPHBIX
OCOBbBIX TOYEK

[Tpobnema mpeicTaBIeHUs ACUMIITOTHKY PEIeHns] ypaBHEHUs ¢ TOJJOMOP(MHBIMU KO-
3 durnmenTaM B OKPECTHOCTU UPPEryJIgpHOi 0coDOi TOUKK BIEpBbIe ObLIa chopMy-
nupoBana A. Ilyankape. B ero paborax paccmarpuBaJivich ypaBHeHUsT HedYKCOBa THIIA
1 BIIEpBbIe OBLIO MOKAa3aHO, UTO peIleHHe yPaBHEHUsI ¢ TOJOMOP(MHBIMU KO3 UIH-
eHTaMW B OKPECTHOCTH HPPETrYJIsIpHO 0CO00W TOUKM B HEKOTOPBIX CJIYUAsTX MOYKET
pasyiararhcst B acumnroruydeckuit psij. I[Ipobsema Ilyankape cocrouT B TOM, 4TOOBI
HalTU BUJI ACUMIITOTUYCCKUX PA3JIOXKEHUN JIJIs1 IPOU3BOJILHLIX JIMHEHHBIX YPaBHEHUN
¢ TOJIOMOP(MHBIMI KOI(PPUITUECHTAMMU.
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Paccmorpum oObIKHOBeHHBIE Hud hepeHInaabHble ypaBHEeHUsT

. u(r)+ ...+ b (r) o u(r)+...+by(r)u(r) =0, (1)

by, (1)

rie b; (r) sBisitorcst rooMopdHbiMu dyHKIHsiME. [LycTh HOJb SBJISIETCST PETyYJISPHOIT

WM UPPEryJisipHO 0c000# Toukoil ypasuenusi (1). Ypasuenue (1) moxer ObiTh cBejle-
kd 2

dr

paTop ¢ rosoMopdabIMI Koah duimentamn. OUeBUHO, ITO 3HAYEHUE K ONpPEIeIsaeTcs

HO K ypaBHeHuio Buga Hu = H (7’, —r ) u=0, tne H — nuddepennuajbHblil o1e-
HeoJIHO3HAYHO. MOXKHO HailTu MUHUMaJbHOE HaTypaJibHOe 3Hadenus k. Fciu b = 1
ypaBHEHUE SABJSETCA ypaBHEHUEM (yKcOBa THIA, ecau k > 1, TO ypaBHEHUE sBJISET-
cd ypaBHeHneM HedyKcoBa Tuia. [IpuMepom acuMnTOTHK HedYKCOBa THIA SBJISTIOTCS

ACUMIITOTUKHN BUJa
km—v j 00
)
i

Zexp %—F Z f—m r”ij{rl (2)
J i=1 1=0

Buech uepes S0 bt o6 i g =1 —
I pes ) _qb;r' obosnauen acumnrornueckuit pajy, pj,j = 1,...,n — KopHu
MHOTOUWICHA, (V). ., 0j — HEKOTOPBIE YHCIIA.

TNITIOTE3A. Bce acumnroTuku periieHust ypaBueHust (1) mpeacTaBuMbl B

BH/Ie CyMMBbI He(byKCOBOI AaCUMITOTHKH (2) 1 KOHOPMAJIbHON ACUMITOTUKH.

A.B. Kypporasau (Pocros-na-/lony, Poccus)
aik kurdoglyan@mail.ru

I[IOJIYIHBAPNAHTHAY ®OPMA KPUTEPUEB YCTOMYNBOCTNU
PABHOBECUA JIJIsI CUCTEM C OJHOI UJI IBYMSA
KOCUMMMETPUAMN

PaccmarpuBaercs cucrema, obsajiaromiast oHoil (JiBymst) kocummerpusivu [1]. B ra-
KUX CHCTEMAaX OOBITHBIM OOBEKTOM SIBJISIFOTCST OJTHOMEDHBIE (JIByMEpHbBIE) HEIPEPbIBHBIE
cemeiictBa paBHoBecuil. CIIeKTp yCTORUMBOCTH MEHSETCA BJIOJb TAKOI'O CeMeiicTBa, XO-
TSI BCETJIA, COJAEPKUT TOUKY HOJh. [[09TOMY B yCJIOBHSX ODIIETrO MOJIOXKEHUsT CaMO Ce-
MefCTBO pa3zduBaeTcst Ha yCTONUYMBBIE U HEYCTOWUMBbIE 110 JIMHEHHOMY HPUOJIMZKEHUIO
0bacTh, pasiejeHHble TPAHNIHBIMU PABHOBECUSIMHU. YCTOWIMBOCTL TPAHUUIHBIX pPaB-
HOBECHI 3aBUCHT OT HEJUHEHHBIX CJIaraeMbIX CHCTEMBbI.

B pabore [2| usyuen BOPOC yCTORUUBOCTU B Cjlyuae CUCTEM C OJIHOM KOCHMMMeTPU-
eit. B pabore [3] uccnenosan ciydait cucrem ¢ aBymsi KocuMmMmerpusivu. [Ipumenerue
KPUTEPUEB YCTONIUBOCTH, IOJYIEHHBIX B HUX, CBOJUTCS B OCHOBHOM K BBIYHCJICHIIO
KO3 DUIMEHTOB MOJIEIBHON CHCTEMbBI. DTO CBSI3aHO C TEXHWIECKUMU TPYIHOCTSIMHU,
KOTOPbIE MHOI'OKPATHO BO3PACTAIOT, KOIJIa PA3MEPHOCTH MCXOJIHON JUHAMUIECKON CH-
CTeMBI BEJIUKA, XOTS UNCI0 KPUTHIECKUX IIEPEMEHHDBIX MOXKET OBIThH U MAJIo.
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B nannoit pabore pacdeTnblie pOPMYJIbl YCJIOBHI YCTORNINBOCTH W HEYCTONIUBOCTH
JUISL Psijla KPUTUYECKUX CIydaeB IPeJCTaBICHbl B yA00HON JIJisi BhIUKUCJICHNST (POpMeE,
npejiozkennoit B pabore [4]. aubl siBHble BbIpaskeHust Jijisi KOIPQUIMEHTOB MOJIEJIb-

e ((

HBIX CHCTEM B ,,TIOJIYUHBAPUAHTHOH! (popMe — uepe3 HedTpasibHble KOPHEBBIE BEKTOPDI
JINHEAPU30BAHHON CUCTEMDbI U €€ CONPAXKEHHOM.
Pabora BbinosiHeHa B paMKax 6a30BOil YacTy rocygapcTBeHHOro 3a0aHusi MuHnucrep-

crBa obpaszosanust u Hayku PP (Ne1.5169.2017/8.9).
TUTEPATVYPA

1. FOdosuw B. H. Kocummerpusi, BbIPOXK/IEHUE DELIEHUH OLEPATOPHBIX YPABHEHUI, BO3HUKHOBeHUE (DUILTPALMOHHON KOH-
Bekmmu. Marem. 3amerkn. 1991. Tom. 49, Ne. 5, cTp. 142-148.

2. Kypaxun JI. I. Kpurudeckue ciaygan ycroitausoctu. O6pamnienue TeopeMbl 0 HeaBHOM (B YHKIIUU 15 JUHAMUYIECKUX CUCTEM
¢ kocummerpueir. Marem. 3amerku. 1998. Tom. 63, Ne. 4, cTp. 572-578.

3. Kypaxuw JI.I., Kypdoeaan A.B. Kpurudeckue Ciydan yCTOWYNBOCTH paBHOBeCHii B auddepeHIa bHbIX YPABHEHUSIX C
aBymsa kocummerpusivu. 3s. CKHIL. 2018. Ne. 1, cTp. 26-32.

4. Kypaxun JI. I., FOdosuw B. H. IlonyunBapuanruas hbopMa KpUTEPUEB YCTORYUBOCTU PABHOBECHs B KDUTHUUECKUX CJLydasX.

IIMM. 1986. Tom. 50, Ne. 5, ctp. 707-711.

B. B. JleBenmram, I1. B. Ba6uu (Pocros-ua-/lony, Poccus)
vleven@math.rsu.ru

OBPATHBIE SAJIAYN 1 ACUMIITOTUKN

B noknane paccMmarpuBaeTcd HadaJbHO-KpaeBasd 3ajiada JijId MHOIOMEPHOIO THIIep-
00JINYECKOI0 YPaBHEHUS BTOPOI'O IMOPsijIKa C HEM3BECTHBIM ObICTPO OCIMJLIUPYIOIIIM
110 BpEMEHU COMHOXKUTEJIeM B CBOOOJHOM UJIeHE:

Py — Lu+ flz, t)r(t,wt), (z,t) € Qr,
ul,_o =0, %‘t:o =0, (1)
ul 0.

HSyqaeTCH BOIIPOC O BOCCTaHOBJIEHNHM 3TOI'O CBO60rZLHOFO YJI€Ha 11O OllpeaeJIEHHbIM CBeE-

zesS —

JCHUSIM (JIOTIOJIHUTEILHBIM YCJIOBHSIM) O YaCTHIHON acuMIITOTHKe perernst. Panee mo-
JIOOHBIE NCCIeI0BaHMsT ObLIN TTPOBEIEHBI HAMU JIJIsI OJIHOMEPHOTO yPAaBHEHUST TEILIONPO-
BosiHOoCTH [1,2].

OrmeTuM, 9TO JJIsI Pa3JIHMIHBIX BBLICOKOUACTOTHBIX 3aJ1ad JOMOJHUTEILHBIE YCJIO-
BUSI KJIACCUUIECKOIO THUIA CTABUTH HE €CTECTBEHHO, TaK KaK MX TPYIHO PEan30BAThH
Ha NpakTUKe. Takue yCcjaoBUsl €CTECTBEHHO CTABUTh HE Ha BCE PEIIeHue, a JIKIIb Ha
HECKOJIBKO TEPBBIX KOIPPUIHEHTOB ero acuMITOTHKU. CKOJBKO 3TUX K03 UImeH-
TOB JIOJIZKHO OBITH 3a/1€fiCTBOBAHO JJIs peIleHns 0OpaTHO! 3aa9 CJIeLyeT OIPEIe/IsITh
[IPU PEIIeHUH MPSIMOi 3a,/1a41, KOTOPas 3aKJIF0UAETCS B IIOCTPOCHUN ACHMIITOTHIECKOTIO
PABJIOXKEHUST PEICHUSI.

B nannom jokiajie paccMOTpeHa 3ajiatda O BOCCTAHOBJIEHUH CBOOOIHOTO JIeHA BUJIA,
f(z, )r(t,wt), w > 1, 3apaun (1) ¢ HenspecTHBIM coMHOKUTENEeM T(t, T). oKasaHo,
9TO 110 KOI(DPUIMEHTAM TPEXIJICHHON ACUMITOTHKKM PEIIEHUsI, BHIYUCICHHON B DUK-
CHPOBAHHO} TOUKE MPOCTPAHCTBA, COMHOKUTEND 7 (¢, T) OHO3HATHO OMPEIETIEH.
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B szakiiodeHue ormernM, 4TO B HACTOsIIEE BpeMst pedyibrarbl pabor [1,2] nepe-
HECEHBbl Ha CJIydail MHOTOMEDHBIX MapabOJMIecKuX ypaBHEHH. Pe3ynbrarsl mamnoro
JOKJIaJ1a onybinKoBaHbl B [3].

JUTEPATVYPA
1. Babich P. V., Levenshtam V. B. Direct and inverse asymptotic problems high-frequency terms. Asymptotic Analysis. 2016.
B. 97. cTp. 329-336.
2. Babuw II. B., Jlesenwmam B. B., IIpuxa C. II. Boccranossienue GbICTPO OCIMJLIUPYIOIIEr0 MCTOYHUKA B yPABHEHUU
TenIonpoBogHoCTH 110 acumuroruke pemrennd. 2KBM u M®. 2017. T. 57, Ne 12. cTp. 1955-1965.
3. Babuw II. B., Jlesenwmam B. B., BoccTtaroBienue ObICTPO OCIA/IMPYIONIETO CBOOOIHOTO UJIEHA B MHOTOMEDHOM THITED-
6osmmgeckoM ypaBHenmu, Marem. 3amerkn, B. 104, Ne 4. 2018, cTp. 505-515.

B. A. Jlykbsineako (Cumdepormnons, P®)
art-inf@yandex.ru

HEKOTOPBLIE OBOBIIIEHUS YPABHEHUS TUTIA TIJTABHOTO
IEPEXOJIA

YpaBHeHUsd IIJIABHOTO —IEpexojla  BIEepBble CKOHCTPYUPOBAJ U HCCIEOBAJ
FO. . Yepckuit [1]. D10 ypaBHeHue MOXHO MNpejcTaBuTh B (HOpME ypaBHEHUsI C
nouru pasHocrhbivu sipamu (JI. C. Pakosiuk )

o(t) + \/% /_Z ni(t — s)p(s)ds+

+th%\/% /_O; ns(t — s)p(s)ds = f(t),t € R.

Paspemmmocts Takux ypaBHeHuil ucciejoBajach B paborax P.B. Jlyayuassbl,
H. K. Kapanersnna, C.I'. Camko, II. B. Kepekemn, I'. C. JIursunayka, A. 1. Ilecaan-
ckoro, B. A. IlleBunka u 1p. B obmiem ciiyvae He CyIiecTByeT KOHCTPYKTHBHBIX METOJIOB
pelrenrs TaKux ypaBHeHuil. JacTHble ciiydand pelleHns B KBaJIpaTypax CBA3aHbI C Me-
TOJlAMM CBEJICHUsI K KPAeBbIM 3a/lauaM TEOPUU aHAJUTUUECKUX (DYHKIUNA, C IpUMEHEe-
nuem anajioros dpopmya H. B. Coxoukoro jist kiacca dynkiuii ®(2) anajaurnueckux
B T1oJ10ce. Pacimmpen Kjacc ypaBHEHWH THITA TIJIABHOTO MEPeXo/ia U SKBUBAJEHTHBIX UM
MHOT'O3JIEMEHTHBIM U MATPUUHBIM 3ajauaM Tuia Kapjaemana n 3KCTpeMabHbIM 3a,/1a-
yaM, peliaeMbiXx B KBajparypax. JacTUIHO pPe3yJibTaThl UCCAEJ0BAHUI OTPaXKeHbl B
paborax [3-5].

JUTEPATVYPA

1. I'nzoe D. /., Yepcrut FO. M. Ypasuenuns tuna cBeprku. — M.: Hayka. — 1978. — 296 c.

2. Jlumsunuyx I. C. Kpaesble 3a/1a4u U CUHIYJIgPHbIE MHTErPAJIbHbIE ypaBHeHus co capurom. — M.: Hayka, 1977. — 448 c.

3. Jlykvanenxo B. A. Interpasbuble ypaBHEHUsST ¥ KPaeBble 3a1a9u s GYHKIWA OT AByX mepeMeHHBIX // JluHamMudaeckue
cucrembl. — 2014. — Ne 1-2. — C. 143-152.

4. JTyxvanenro B. A. O6obmennan kpaesas 3amaga Kapnemana // Junamuveckue cucrembr. — 2005, — Ne 19. — C. 129-144.

5. Jlykvanenxo B. A. Ananorn dpopmyn Coxorkoro u ux npuoxkenust // Maremarnka, nadopMaTrKa, KOMIBIOTEPHBIE HAYK,
MOJIeJIMPOBaHKe, 06pa30BaHme: COOPHUK HAYYIHBIX TPYAOB HaydHO-ipakTudeckoit koudepenrmuu MUK-MO-2017 u Taspuueckoit
HAy9IHOM KOH(EPEHIMYU CTYAEHTOB M MOJIOABIX CHENUAINCTOB 110 Maremaruke u uadopmaruke / Ilox pen. B. A. Jlykpanenko. —

Cumdeporosib: UIT Koprmenko A. A., 2017. — C. 75-80.



«Table of content»
Differential Equations and Mathematical Physics 88
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OB YCTONMYMBOCTI NMHBAPMAHTHOI'O MHOKECTBA B
SAJAYE TOMCOHOBCKOI'O BUXPEBOI'O N-YI'OJIbHUKA B
AJIB®BEHOBCKON MOJJIEJIN ABYXXKMNJIKOCTHOM IIJIA3MEI

PaccmarpuBaerca jpuxKenue cucreMbl [N BUXpell OJMHAKOBOW HMHTEHCUBHOCTH [
B aJb()BEHOBCKON MOJIEJIN JIBY X2KMJIKOCTHOH I1JIa3Mbl, 33JJAHHOE TaMIJIbTOHUAHOM [1]

M=t 3 Wl —al. WE =W+ k).

1<j<k<N

31ech zr = qr + Pk, (qr, Pk) — AE€KAPTOBBI KOOPAUHATHI k-10 BUxpst, Ky — Mopudu-
nupoBanHas pyHkius Becceisi, napamerp ¢ > 0.

B pabore [2] st aroit mogesn pu N = 2, ..., 5 ucciaeoBaiach opouTaibHast yCToii-
YUBOCTDb CTAIIMOHAPHOTO BpallleHns cucTeMbl [N 3aBUXPEHHOCTEH, PACIIONOKEHHDIX PaB-
HOMEPHO Ha OKpYy>KHOCTHU ¢ pajinycom R. [Toj HeycToMIMBOCTHIO MOHUMAJIACH HEYCTOM-
YUBOCTb PABHOBECHS PEIYIMPOBAHHON CHCTEeMbl. DBIT NpoBeAEH aHAIUTUYICCKII aHa-
JIN3 COOCTBEHHBIX 3HAYEHUII MATPUIILI JIMHEAPU3AIUU U KBaIPATUIHON YACTU IaMUJIb-
ToHraHa. B pesysnbrare npocrpaHcTBo mapamerpos 3agaun (N, R, ¢) pa3jennioch Ha
Tpu obJsiacTu: 00J1aCTh YCTONIMBOCTU B TOYHOW HEJIMHEHHOW 1OCTaHOBKE, 00J1aCTh 9KC-
MOHEHITUAJLHOI HEYCTOMUNBOCTU U 00JIACTDH JIMHEHHO! YCTONINBOCTH, B KOTOPOH Tpe-
boBaJicsl HEeJIMHEHHBIN aHa Iu3.

B siannoit pabore UCIob3y0TCH pesyibrarhl crareil [2,3] u uccuepyercs ycroiiau-
BOCTH TPEXMEPHOI'O MHBAPUAHTHOI'O MHOXKECTBa, 00pa30BaHHOIO OpOUTaMU HEIIPEPbIB-
HOTO ceMeficTBa cTallmoHapHBIX BpalneHuil. Ilpumenserca Teopusl yCTOWIHMBOCTH WH-
BapUaHTHBIX MHOrooOpa3uii B cucTeMaxX C HECKOJLKUMU WHTerpajamu. B urore st
N = 2,...,5 1nojiyueHbl HOBbI€ yTBEPXKJIEHUsI 00 yCTONUMBOCTU B 00JIACTSAX, TJie 1PU
UCCEOBAHIE OPOUTAILHON YCTORINBOCTH TPeOOBAJICS HEJIMHEHHBIN aHaIus3.

Pabota BhbinoJiHeHa B paMKax 0a30BOil 4acTu rocyaapCTBEHHOro 3aanns MuHucrep-
crBa obpasosanns n Haykn PO (Ne 1.5169.2017/8.9).

JUTEPATVYPA
1. Bergmans J., Kuvshinov B. N. et al. Spectral stability of Alfven filament configurations. Physics of plasmas. 2000. Vol. 7,
Ne. 6, pp. 2388-2403.
2. JIvcenxo M. A. O6 ycToMuMBOCTA BUXPEBOrO TPEYrOJIbHUKA, KBaJpaTa W IEHTArOHa B JIBYXKUIKOCTHON miazme. U3s.
CKHII. 2019. Ne 1. crp. 17-23.
3. Kurakin L. G., Lysenko I. A., Ostrovskaya I. V., Sokolovskiy M. A. On stability of the Thomson’s vortex N-gon in the
geostrophic model of the point vortices in two-layer fluid. JNLS. 2018. URL: https://doi.org/10.1007/s00332-018-9526-2.
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3ATAYA TUPUXJIE JIJII YPABHEHUS C YACTHO
TPOM3BOIHON JTPOBHOT'O ITOPIIKA

Pacemorpnm B obmactu Q2 = {(z,y) : 0 <z <1, —a <y < b} ypaBuenue
Uz (2,y) +signy - Dgu(z,y) =0, 1 <a <2, (1)

2 _
rne Dgu(r,y) = aa—yzDgy 2u(z,y) - ,ZLpO6Ha$I MpoM3BO/iHas B cMbiciae Pumana-

v _ 81gny u(x,t)dt
Juysunna nopanka a, Dy u(w,y) = f - t|,+1 v <0.

[Tycrs Q= QN {y <0}, Q*zﬂﬁ{y>0}.
B pabore [1]| 6bu1a pacemorpena 3aaua Jupuxie B obnacrn Q- UQT s ypasnenns
BTOPOTO TOPsAJIKa ¢ onepaTopoM JuddepeHnupopannd B cMblciae Pumana-JInysumns

U (7, y) — signy - Dguy(z,y) =0, 0 < a <1,

Perynsipubiv periernem ypasrenus (1) B obsacru € vHazosem dyHKImo u(z,y) Ta-
kyio, uro y* *u € C(Q), u, D, *u € CH(QTUQ), Diu € C(Q7) N C(QF) u
YJIOBJIETBOPSIONTYIO ypashenuio (1) B obractu Q- U Q.

B nannoit pabore ucciienyercs 3aja4da Jdupuxiie B ciejytomeit mocranoske: Hatimu
6 obaacmu §) pezyaapnoe pewenue ypasruenus (1), ydosaiemeoparowee yYycro6uim

u(0,y)=u(ry) =0, —a<y<h, (2)
lim Dy *u=6(z), 0<az<r, (3)
y——a
lim D, *u=p(z), 0<az<r, (4)
y—b

lim Do‘ylu— lim D, Y, 0(0)=0(r) =0,0(0) = p(r) =0,

y—0+ y—0—

ede 0 (), ¢ () — 3adannvie nenpepvievie Gynkyuu na ompeske [0,r]. Tokasanbi cy-

IMECTBOBAHUE W €JIMHCTBEHHOCTH pernenus 3amaan (1)—(4).

JUTEPATVYPA
1. Masaeva O.Kh. Uniqueness of solutions to Dirichlet problems for generalized Lavrent’ev-Bitsadze equations with a
fractional derivative, Electron. J. Differential Eq., (2017), Vol. 2017, No. 74, 1-8.
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PE3OHAHCHI B IUHAMNYECKIX CUCTEMAX C KPYTIOBOU
CUMMETPUEN

PaccmarpuBatorcsa auHaMmdyecKne CUCTEMbl, MHBApUAHTHLIE OTHOCHTEJHHO JIMHEH-
HOTO OPTOrOHAJLHOrO JieficTBus rpymibl O(2). [lpumepsl cucreMm ¢ Takoro pojia Kpy-
roBO CUMMeTpUen JIaloT 3a/a49d O BO3HUKHOBEHUM KOHBEKTUBHBIX TEYEHUN BAZKON
HECXKIMAEMOM KUJIKOCTH W XKUJIKOCTH C IMPUMECHIO, PACIOJIOKEHHO! B OECKOHETHOM
IrOPU30HTAJBLHOM HWJIM BEPTUKAJIbLHOM cjioe. V3ydatorcs OudyKaium Kopa3sMepHOCTH 2
B OKPECTHOCTHU apaMeTpPoOB, IPU KOTOPLIX HEHTPAJLHBINA CIEKTD JUHEUHOrO ollepaTopa
COCTOMUT M3 JIBYX I1ap YKCTO MHUMbBIX COOCTBEHHbBIX 3HAUYCHUIA.

Touke budypKaum KopasMepHOCTH 2 B CUCTEMaX ¢ KPYroBO# CUMMeTpueil oTBedaeT
HECKOJIbKO HE3aBUCUMbBIX HeUTpaJbHbIX MOJ. Korjma mapaMeTpbl CHCTEMbl B3MEHATOTCS
B MaJIO OKPECTHOCTH TaKOW TOYKM, CTAHOBUTCS BO3MOXKHBIM CHJIbHOE B3aMMOIeicTBIE
BCEX 9TUX (TOUHEe, CJerka M3MEHEHHBIX) MOJI, KOTOPOe OTMUCHIBACTCST HEJIMHEHHON cu-
CTEeMOIl aMILTUTYIHBIX YpaBHEHUH Ha IEHTPaJbHOM MHOIOOODPa3UU.

BriepBbie cucrtemMbl aMILTUTYAHBIX YpaBHeHU T Ui 3aa4un Kysrra-Teitsopa ¢ 1iuinH-
JAPUUECKOil cummerpueit Oblu noctpoenbt B paborax B. M. FOgosuua (1986), G. looss,
P. Chossat (1987) ¢ moMoIIbi0 OCpeiHeH sI 0 OBICTPOMY BPEMEHU U METOJ[a CBEJICHMUSI
Ha TeHTpaJbHOEe MHOroobpasue. Buji aMILIUTYIHBIX CUCTEM 3aBUCUT OT COOTHOIIEHMUI
ME>KJIY BOJIHOBBIMU UMCJIAMH, a TaKxKe MKy dacroramu. Eciu He BBIIOJHSIETCST HU
OJIHO M3 PE30HAHCHbBIX COOTHOIIEHUI, TO CUCTEMa CUJIbHO YIIPOIIAECTCs, B HEll OCTAIOTCs
TOJILKO 00sI3aTe/IbHbIE pe30HAHCHBIE cJlaraeMble, KOTOPbIE IIPUCYTCTBYIOT BO BCEX PE30-
HAHCHBIX cUCTeMaX. BriepBble Bce BO3MOXKHBIE PE30HAHCHBIE CUCTEMbI OBLIN TTOJIY Y€HbI
Jutst 3a1ad ¢ muanHaprudeckoit cumMerpueit B. . FOgosuuem n C. H. OBunHHUKOBOI
(2001). B manmoii paboTe OCTPOECHBI BO3MOYKHBIE PE30HAHCHDIE AMILTUTY/IHBIE CHCTEMbI
JUTS 33J1a9 ¢ KPYTOBOM cuMMeTpueii. M3ydenn! penenus 3TuxX cucTeM Ha MHBaPUAHTHBIX
OJIITPOCTPAHCTBAX.

IT. B. MockasieB (Boponex, Poccus)
moskaleff@mail.ru

ACUMIITOTUKA ®YHKIINUN ITIEPKOJIAIIMOHHOMI
BEPOATHOCTU HA KBAJIPATHON U KYBUYECKOI
PEIIIETKAX C (1,0)-OKPECTHOCTBIO

Kuaccrnaeckoe orpesiesienne mopora B 3ajadax pernéToaHol mepkoJsiud p. = inf{p :
6(p) > 0} Gasupyercsi Ha CYIMIECTBEHHO PA3JIMIHOM MOBeJIeHUN (DYHKIMNA BEPOSTHOCTH
BOBHUKHOBEHUsI [IEPKOJISIIIMOHHOIO KJiacrepa 0(p) J10 JIOCTUKEHUS KPUTHIECKOIO 3Ha-
deHust p < P, W TP €ro MPEBBIeHuN p > p.. VI3 ompegenenust 0(p) caemyer, 9o
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pu p — 1— umeer mecro cxopumoctsb 6(p) — 1—, HO € noBejeHue Upu p > P, Jis
Pa3JINYIHBIX MEPKOJATHOHHBIX MOJIeIeil N3yIeHO HeJOCTaTOTHO.

[Tpu Mo TMpPOBAHIY TTEPKOJISIUN Y3JIOB Ha, PENIéTKaxX riodaJibHbIe CBOWCTBA TaKUX
Mojiesiedi onpejiessiores [1]: a) BeposiTHOCTBIO OKKYIAIUK €JMHITHOIO y3J1a PEIéTKI
0 < p < 1; 6) cBoiicTBAME OKPECTHOCTH STOTO Y3J1a; B) 3aKOHOM PACIPEICTICHUST CITy-
YaliHON BEJIMYUHBI S, B3BEIIUBAIOIIECH Y3JIbl NEPKOJISITUMOHHON PEIIETK.

OrpanuanmMcst KBajpaTHoit u KyOudeckoii permérkamu ¢ (1, 0)-0KpecTHOCTHIO, B3Be-
IIEHHbIX OeTa-paciipejieJieHHbIMU  Cydaiiibimu Bejimuunamu: S; ~ B(1,2), Sy ~
B(1,1), S3 ~ B(2,1). Crarucrudeckoe MOJEJUPOBAHEE OBLIO MPOBEJCHO JIJIS CJIy-
yaiiHbIX BbIOOPOK 00béMoM 1 = 1000 He3aBHCHMBIX peaJiu3alidii KJIacTepoB Ha pe-
METKax ¢ JUHEHHONW pasMepHOCThI0O & = 65 y3JI0B IPH BEPOATHOCTAX OKKYITAIUN
p = 0,0.02,...,1, mo pesyabTaTamM KOTOPOI0 MOXKHO C(OPMYIUPOBATL CJEIYIONINE
SMIIMPUIECKHE THIIOTE3DI.

lNunore3a 1. Qynkyusa neprorayuonnoti eepoamuocmu 0(p) na HeozpanuvenHviT
keadpamnot u kybuveckold pewémrazr ¢ (1,0)-oxpecmmocmamu, 636ewennor nenpe-
PoLeHot cayuatinot seaununot S, umeem eud: 0(p) = 0 npup < p. ub(p) = Fs(p) npu
D = De, 2de Fs(p) — unmeeparvhas dynkyus pacnpedesenus cayuatinot sesusuns S.

TI'unoreza 2. [lopoz neprorauuu ma Heo2paruventuur Kkeadpammot u Kyouweckot
pewémrax ¢ (1,0)-okpecmuocmamu, 636eweHHOT HENPEPLIEHOT CAYUATHOT BEAUNUHOU
S, anpuopro onpedesaemca ¢ nOMOULLI Po-KEAHMUAAL Pe = Fgl(po), 2de yposens

po = 0.592746 . .. daa xeadpammot u pg = 0.311608 ... dra kybuueckol pewémox.

JIUNTEPATVYPA
1. Mocxkanes II. B. Tlepkosisiimornoe mMojenupoBanue nopuctbix crpykryp. M.: URSS. 2018.

A.B. Mypasuuk (Boponex, Poccus)
amuravnik@yandex.ru

TAPMOHMNYECKUIT AHAJIN3 HEKOTOPHLIX YPABHEHUI
HEVIPOCETEBOI'O MOJAEJIMPOBAHIY: ATIPUOPHBIE OIIEHKN
JJ1d TJIOBAJIBHBIX PEIIIEHUN

Paccmarpusatorcst nudpepeniimaibHO-CBEPTOUHbIE YDaBHEHUsT BIA

Au + /K(w —y)u(y)dy = f(2), (1)

SIBJISTIOIIHECsT (CTAIMOHAPHOI) PeJyKINeil ypaBHEeHU, BOSHUKAIOIINX MPU MOJETUPO-
BaHUK HEHPOHHBIX CeTeil, MpoIeccoB peakiuu—Iuddysun U HeJOKaJbHLIX (Pa30BbIX
nepexoJios (cm., Hamp., [1]).

Ha ocroBe kjiaccuieckux pesysibraroB paborbl [2], yecranasiuBatonux crernuduie-
ckue cpoiicTBa npeobpaszosanust Oypbe Mep, JT0Ka3bIBACTCS CJISLYIONee YTBEPK IeHHe:
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Teopema 1. Ecau ,\fi
K(§) — €7

baavroe pewenue (xoma 6v, 6 cmoicae 0bobwernnur Gynkyui) ypasuenua (1) ydosae-
MEOPAEM 0UEHKE

—1
0, mo npu awbom o u3 [0, nT) A10boe 2.00-

Iro(r)llse < Cllr* o (), (2)

2de o(r) — cpednee om Keadpama pewenus no chepe paduyca T ¢ YEHMPOM 6 HAYALE
koopdumnam, a nocmoannas C 3asucum mosvko om n.

Hepagencrso (2) noHumMaercsi B CJIe/yOIIEM CMbICIE: €CIH €ro IpaBasi 4acTh Ollpe-
JleJIeHa, TO OIIpejieieHa U ero JeBast 9acTh ¥ HEPAaBEHCTBO CIIPABEIINBO.

JlanHoe ucciiejloBaHre BBITIOJHEHO 1TPU (PUHAHCOBOI nojiepKKe Munucrepcrna 00-
pazoBanusi 1 Hayku P® 1o Ilporpamme rnosbiiienusi Koukypenrocrocoonocru PYJIH
«5-100» cpeu BeIyIIUX MUPOBBIX HAYUHO-00pa30BaTEIbHBIX IeHTPoB Ha 2016-2020 T,
a TakzKe Ipu mojaepxkke rpanTa [Ipesunenta Poccniickoit @enepanum HI11-4479.2014.1
u rpanta POOU 17-01-00401.

JUTEPATVYPA
1. Chen F. Almost periodic traveling waves of nonlocal evolution equations. Nonlinear Analysis. 2002. Vol. 50, pp. 807-838.
2. Mattila P. Spherical averages of Fourier transforms of measures with finite energy; dimensions of intersections and distance
sets. Mathematika. 1987. Vol. 34, pp. 207-228.

B.T. Huxosaes (Besukuit Hosroposa, Poccust)
vgl4@inbox.ru

O 3AJTAYE IIIBAPIIA B CJIVUAE MATPUII J
C BJIOYHO-IMATOHAJIBHOI YKOPTAHOBOY ®OPMOU

[Tycrs Bee cobersennbie uncia matpuipl J € C"*" det J £ 0 umeiorT HeHyJieBbIe
KOMILJIGKCHBIE YacTh. BekTop-byukimio ¢ = ¢(z) € C1(D), onpenenennyio B obiactu
D C R?, nazosem J-ananurudeckoii ¢ Marpuneii J B D [1], eciiu BbIIONHEHO PABEHCTBO

¢ o9
a—y— '%—O,ZED.

Oboznaunm uepe3 I’ rpanuily ojgHocBsi3HO#M obsactu [. PaccMoTpuMm ciieyiomniyio
sadawy [lsapua [1].

[Iycrs () € C(T'), t € I' — BemecrBennast n-sekrop-dyuknust. Hyxkuo naiitu J-
AHAJIMTUIECKYIO ¢ Marpulieit J B obsactu D dyHkuuio ¢(z), jyisi KOTOPOii BbIIOJIHEHO
rpannunoe ycaosne Re ¢(2)|. = ¥(¢).

[Tycrs ancna A, ux € C, rae Im A # 0, Im pg, # 0. Obo3naunm depes J) JiByMepHYTO
YKOPJAHOBY KJIETKY M OIPEIEJIMM CJIeAYIONLYI0 6J0UHO-AMaroHalbHyIo Marpuiy J; €
CTLXTL

J1 —d1ag(JA,...,J,\,/\,...,)\,ul,...,us), 2m+r+s=n. (1)

m r
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ITycts BeKTOPHI Xk, Vi, Zk, Vi € C". Oupenesnm marpuny ) € C*", cronbuamu
KOTOPO#i SIBJISTIOTCST 9TH BEKTOPHI:

Q:(XhYIa"'7Xm7YTTL7Z17"'7Z7’7V17--'7VS)7 detQ#O (2)

[To marpure () (2) cocraBuM J[Be MPSIMOYTOJIbHbBIE TOJMATDPHIIBI:

Ql:(Xla"‘7xm7z17"‘7z7“)7 Q/,:(Y17"'7Ymavla"'7vs)- (3)

O6osznaunm: J = QJ1Q 1, Torna marpuna J 6yier umerh xopaanosy dbopmy Jp (1)
v kopaaroB basnc Q) (2). CrpaBeinBa, cyieiyommast TeopeMa.

Teopema 1. IIycmv naockas obaacms D oepanuverna konwmypom Jlanymnosa I', u
nyemo epanunnas Gynxyua (t) € HY (), o € (0,1). ITyemv 6ce cmoabuyv, mampu-
uve Q" 6 (3) kpamnw sewecmeenmvim eexmopam. IIpu smom mampuua Q' npouseons-
na. Tozda pewenue sadavu Hleapua 6 waacce dymryuii ¢(z) € H(D) cyuecmeyem
U eQUHCTNBEHHO C TMOYHOCTILIO 0 BEKMOP-NOCTIOAHHOTL.

JUTEPATVYPA
1. Huxonaes B. I'., Coadamos A. II. O pemenun 3amauu [IBapua ais J-anamurudeckux GyHKImA B 06J1aCTAX, OrPAHUIEHHBIX
xourypom Jlamymosa. Tuddepennmanbusie ypasuenns. 2015. Tom. 51, Ne. 7, cTp. 965-969.

M. B. Hopkun (Pocrtos-ua-/louy, Poccus)
norkinmi@mail.ru

KABUTAIIMOHHOE TOPMOXKEHUNE KPYTOBOTO IMMJINH/IPA B
YKMIKOCTU IIOCJIE YIIAPA

PaccmarpuBatorcst mporecchbl 00pa30BaHusl U CXJIOIbIBAHUS IIPUCOEIMHEHHBIX KABEPH
1pu OBICTPOM TOPMOYKEHUH KPYTOBOI'O HIJIMHJIPA B BO3MYIIEHHON »KujkocTu. I1pemrmo-
Jlaraercs, 4TO HavaJbHOE BO3MYIIEHUE KUJKOCTH BbI3bIBACTCS BEPTUKAJIBHBIM U 0Oe3-
OTPBIBHBIM yJIapOM IUJINHIPA, TOJYIOTPYKEHHOTO B YKUIKOCTh. Hada bHBIH STan Bo3-
HUKHOBEHUS KaBUTAIMK U (DOPMUPOBAHUS NPHUCOSIUHEHHBIX KABEPH OIMCAH B CTAThE
[1]. B nacrosimeit pabore, Ha OCHOBE JIMHEAPU30BAHHONH MOJIEJIM, U3YyUAETCsT MPOIECC
CXJIONBIBAHUS KaBEePH, KOTOPbIIt HAUMHAETCs CPa3y MOCJe OCTAHOBKM KPYTOBOT'O ITUJIWH-
JIpa B KUJAKOCTU. B MaTeMarmdeckoMm IJIaHe JEJ0 CBOJMTCS K PEIIeHUI0 CMeITaHHOM
KpaeBoil 3aJladl TEOPUHU IMOTEHIHaJa ¢ OJHOCTOPOHHUMU OIPAHUYEHUAMU HA MMOBEPX-
HOCTHU TeJIa:

AD=0, ReQ, ®=0, y=—ht)

— =0, 0571 —®+®, —Fr2r(y+h(t,)) >0, RecSut)

— >0, 057 —®+®, —Fr2r(y+h(t,)) =0, RSt
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8nech () — obsacTb, 3aHgATas KUJIKOCTHIO B MOMEHT OCTAHOBKHU NHUJIUHIApa t = t,
(MaJible BO3MYIIEHUsT CBODOJHBIX MPaHUI] He yunuThiBarorcs); Si1(t) U Si2(t) — pasdue-
HUE TPAHUIbI TeJla Ha 00JIaCcTH KOHTaKTa U OTpbiBa; —h(t,) — nepemeleHue uanHipa
3a poMexkyToK Bpemenn 0 < t < t,; @, — moTeHIMAT CKOPOCTEl B MOMEHT OCTaHOB-
KU; X — YUCJO KaBUTAIIUU (6e3pa3MepHaﬂ Pa3HOCTD JIaBJICHUI Ha BHEIIHe# cBOOOIHOI
MOBEPXHOCTH 1 B Kapepre); Fr — unciao Opyna; 7 =t — t,.

[To cBoeit crpykrype jlaHHasi MOJIe/Ib COBIIAJIAeT C KJIAaCCUYeCKol 3ajiadeir 00 yiape
¢ orpeiBoM. OTcro/ia cjaejyeT PeryasipHOCTb ee PeIlleHHs B TOUKAX OTPbIBA B KayKJIblii
MOMeHT Bpemenn t (Boimosrenne yeaosus Kyrra—2KyKoBCKOro) n BO3SMOXKHOCTE TIPH-
MEHEHUsI JIJIsi ee PelleHnsi U3BECTHBIX YUCJIEHHBIX METO/I0B.

JIUTEPATVYPA
1. Hoprxun M. B. KaBuranmoHHOE TOPMOXKEHWE KPYrOBOIO HMJIMHAPA B kuakoctu mocie yaapa. IIMT®. 2017. Tom. 58,
Ne. 1(341), cTp. 102-107.

. B. Ocrposckas (Pocros-ua-lony, Poccus)
ivostrovskaya@sfedu.ru

PE30OHAHCEI B 3AJTAYE YCTOMYNBOCTU TOMCOHOBCKOTI'O
BUXPEBOI'O MHOT'OYI'OJIBHUKA

Jaercss 0630p NPUIIOKEHUIT TEOPUM KPUTHUYECKNX CJyYaeB YCTOWYUBOCTH PaBHOBE-
CUl raMUJIBTOHOBBIX CUCTEM K 3a/ia4e TOMCOHOBCKOIO BUXpeBoro N-yrojbHuka. JIpu-
JKeHue cucreMbl [N-TOYeUHBIX BHUXpeil onuchiBaeTcsa 2/N-MepHO#l raMUIbTOHOBON CH-
cremoii. PaccMarpuaerest ciydail, Korjia Bee COOCTBEHHbIC 3HAUEHUS 0 = =iwg,
wr =0, k=1,..., N marpuupl JuHeapusaluu Jjexxar Ha MHUMON ocu. W3secrHo [1],
YTO HEYCTOMUMBOCTL B STO CHTYAIlMM BO3MOYKHA, TOJLKO KOTJA 0% YJOBIETBOPSIOT
PE3OHAHCHBIM COOTHOIICHUSIM

miwi + ... +mywy =0, my. € 2.

CoryacHo TeOpun KPUTHIECKUX CIYTaeB MePBOOUEPE/IHYIO POJIh UTPAIOT PE3OHAHCHI JI0
N

4eTBEPTOrO MOPsi/IKa BKIoUUTebHO: 0 < Y |myg| < 4. OcHoBHbIE U3 HUX: JIBYKPATHBIH
k=1
HOJIb 1 pe3onanchl 1: 1, 1: 2 1 : 3. Paszsinuatorcst Tak>ke cjiydau JidaroHaJu3upyemMoit

¥ HeJIMOraHaJIu3uPYEeMOil KOPJAHOBLIX (POPM MATPHUIILI JXHEAPU3AIINN.

[Ipumenenue o01ell TEOPUU K MCCJIEIOBAHUIO YCTORUNBOCTH CTAIMOHAPHBIX PEXKM-
MOB B KOHKDPETHBIX (DU3UIECKUX MOJIEIAX TPEOYeT NPUBEICHU UCXOLHOM TaMUIBTOHO-
BOI CHCTEMbI K HOPMaJIbHON (hopMe 10 ONPEeEJeHHOrO MOPSIKa. DTO MPOJIeMOHCTPHU-
POBAHO Ha IIPUMEpE 3aJa4i YCTOHUUBOCTH TOMCOHOHOBCKOIO BUXPEBOro N-yrojbHUKA,
BHYTDH ¥ BHe Kpyra (cM., Hampumep, [2,3]).

Pabora BbinosiHena B pamkax 6a30B0Oi 4acTy rocy1apCTBEHHOrO 3adanns Munncrep-

crBa obpazoBanus u Hayku PO (Ne 1.5169.2017/8.9).
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JUTEPATVYPA
1. Kynuyownw A. H., Maprees A. II. YCTOHUMBOCTh B PE30HAHCHBIX Cay4asx. rorun naykm u texuuku. Cepusa «O6mas mexa-
mmkay. T. 4. M.: BUHUTU, 1979. C. 58-139.
2. Kurakin L. G. On the stability of Thomson’s vortex pentagon inside a circular domain. Regul. Chaotic Dyn. 2012. Vol. 17
(2). P. 150-169
3. Kurakin L. G., Ostrovskaya I. V. Nonlinear stability analysis of a regular vortex pentagon outside a circle. Regul. Chaotic
Dyn. 2012. Vol. 17 (5). P. 385-396.

C.II. Ilneimesckas (Cumdeponons, Poccust)
splyshevskaya@mail.ru

METAYCTONYUBLIE CTPYKTYPhI C TPEMS TOUKAMMUI
ITEPEXOJA YPABHEHUNA KAHA-XWJIJIAPJIA

Paccmarpusaercs ypasuenne Kana-Xwusiapsa

Ut:(—82Uij_u+u3)xx7 O<z<m t>0, (1)
U (0,) = 0. (7 t) = 0, tpen(0.8) = 0, 1ty (,1) = O,

rie €2 > 0 - MoCTOsTHHAS.

Ypapuenuto Kana-XuJrap/ia mocBsIeHo 3HadanTe/bHoe ducso pabor. B vacrHocTn,
corsiacho [1] ypasnenue (1) 1pu Majibix €2 UMeeT MeJJIeHHO MEHSIIONIMECst CO BpeMeHeM
PEIICHNST — METAYCTONYINBLIE CTPYKTYPHI.

[Toctpoum u mpoBejieM aHaJU3 HepapXUu YIPOIIEHHBIX Mojesieit ypashenus (1) —
rajepKIHCKIUX anmpokcumanmii (1).

PaceMoTpuM rajiepKuHCKY IO alllipoKCuManuio ypasuenus (1) B Buje

N

u = zp+ Z 21, cos kx. (2)
k=1

[Mogcrasisist (2) B (1) u npupasHuBas 3areM Koadduimentsl npu coskx, k =
0,..., N, upuxojumM K I'PaJIMEHTHON CUCTEeMe YpaBHEHMIA:

0GN(z,¢)
8zk 7
vie z = (29, ..., 2v), a Gn(z, €) — norennuaibaas GyHKIUS, IPEJCTaBIeHIe KOTOPOIl
OIYCTHM.

=0, %= k=1,....N, (3)

B rpajuenTabix cucremax (3) pazmeproct N COTIACHO MPOBEICHHOMY Oy pKaIiu-
onHomy aHaJym3y st 3Hadennit N ot 30 g0 40 peanusyercsi HMIUPOKHUI CIEKTP CEJIJI0-
y3J10BBIX O ypKanmil IpH MaJblX 3HAUCHHAX mapaMeTpa €2. HexoTopsle m3 cesmjo-

2 BeTBU IPUOJIMKEHHBIX pellle-

Y3JIOBBIX OUypKaIuil TOpoXKIal0T HEeNPepPbIBHBIE IO €
HUII KPaeBoil 3a/la4y TUIA BHYTPEHHETO MEPEXOJIHOTO CJI0S ¢ TPeMs TOUYKAMU MepPexojia.
B cBoro ouepejib, 3T IPUOJIMKEHHBIE PEIIeHUs] TPUBOJAT K METAYCTONINBBIM CTPYK-

typaMm. ClieHapuii 9BOJIIOINUNA METAYCTONUUBBIX CTPYKTYP C TPEMsI TOUKAMU MIEePExX0ia
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XapaKTEepU3yeTCs Mepexo oM MEeTayCTONINBON CTPYKTYPHI IIOCIE CPABHUTEJIHHO MaJIO-
ro 110 CPaBHEHUIO C 3TAIIOM MEJJIEHHOI'O M3MEHEHUsd IEePEXOJHOr0 Ipoliecca B KJlace
METayCTONYNBLIX CTPYKTYP C OJHOU TOYKOU Hepexoa.

JUTEPATVYPA
1. Alikakos N., Bates P., Fusco G. Slow motion for the Cahn-Hilliard equation in one space dimension. Journal of Differential
Equations. 1991. V. 90, p. 81-135.

H. M. Ilonskosa (Pocros-na-/lony, Poccus)
zhuk nata@mail.ru

CTAIIMOHAPHOE TYPBYJIEHTHOE TEYHEHUE KPOBUA

PaccmaTpuBaeTcss cranmonapHoe TypOyJIeHTHOe TedeHre KPOBU B OECKOHEUHOM ITH-
JIMHJPUYIECKOM COCYJIe C HEpaBHOMEDPHBIM TpodWIeM CTeHOK cocyna. MojgeanpoBanne
OCYIIECTBJISIETCST TIPU TOMOIIM ACUMIITOTUICCKUX YPABHEHU, MOJIYUEHHBIX Ha OCHO-
Be ypapHenuit Hapbe—Crokca Jijist BSI3KOI HeCXKUMaeMoii »KujgKocT. KunemaTnueckas
TypOyJIeHTHAA BA3KOCTD KUIKOCTH [ 3a7aeTcd B uje p(x, r) ~ n?(x)—r?, roe x — xo-
OpJIMHATA BJIOJIH OCH TIMJIMH/IPA, ' — pajMajbHast KoopuHata, 7(x) — dyHKIWs, 33/~
rotasi npoduiib crenku nusunpa r = n(x). Illpu rakom BoIGOPE BA3KOCTH LIPHU 3a/laHUHU
JIJIsT CKOPOCTH YCJIOBUI TPUJIUTNIAHUs Ha OOKOBBIX TPAHUIAX TUJIUHIPUICCKON 00J1acTH
BO3HWKAIOT CUHTYJISIPHOCTH TOPW3OHTAJIHHONW CKOPOCTH TEUEHUST YKUJIKOCTH, JJIsT JINK-
BUJIAIMU KOTOPBIX I'PAHUIbl 3aMEHSIFOTCs (PUKTUBHBbIMU rpanuniamu r = 1(x) + 0(x),
10(z)| < |n(x)|, a ycaoBus mpuMnaHUS JKUJKOCTH 3aMEHSIOTCS KUHEMATHICCKHMHE
YCJIOBUSIMU, COOTBETCTBYIONTUMHU B CTAIIMOHAPHOM CJIydae OTCYTCTBHUIO HOPMAaJIbHBIX
KOMITOHEHT CKOPOCTH Ha, TPaHUIE. Y Ka3aHHbIE KPAEBbIE YCIOBHUS MOJMOOHBI YCIOBUSIM
ckosibkenust HaBbe, a Besmuuna GyHkiuu §() urpaer posib riyOUHbL CJI0st «IPOHUK-
HOBEHUST». 3aMETUM, UTO aHAJOTHYHBIM 0OpPa30M B TEOPUU TYPOYJEHTHOCTU OIHCHI-
BaIOTCsI TeUeHusi B TpyOax ¢ mepoxoBaroctsivmu. [locTpoeno amammrudeckoe pereHune
ACUMIITOTHYECKONH Mojesn. [lokazano, 4ro npu OOJIBINUX BEJUUNHAX CPEJIHEH OCeBOi
CKOPOCTH TIPU JIOCTATOYHO TJIAJKUX HEPOBHBIX CTEHKAX B CTAIIMOHAPHOM TEUCHUH MMe-
I0TCA MPUCTEHOYHbIE BUXpH. Kpome 3TOro, YMCJIEHHO MPHU MOMOIIU MeTOa KOHEUHbIX
3JIEMEHTOB MCCJIEI0BAHO HECTAIMOHAPHOE JIBHXKEHUE TTACCUBHOI puMect (TpoMOOB) B
3a/IaHHOM CTAI[MOHAPHOM TYpOyJIeHTHOM TedeHur. PacCcMOTpEHbI BAPUAHTHI JIBUXKEHUSI
KaK MaCCUBHOW MPUMECH, TaK U aKTUBHOW MPUMECH, B3aAUMOJICUCTYIOIICHA CO CTEHKAMU
COCy/Ia.

Pabora Bbitojinena npu GpuHaHCOBO 110jJIepyKKe 6a30BOI YaCTHU IOCYyapCTBEHHOIO
saganust Ne 1.5169.2017/BY Munucrepcrsa obpasoanust u nayku PO, KOOV,

JUTEPATYPA
1. 2Kyxoe M. IO., Illupaesa E. B. MaTemaTHdIeckoe MOIEINPOBAHNE IIPOIIECCA CEAUMEHTAIMH IIPIMECH B IIOTOKE YKHUIKOCTH.
Pocros-na-Tony. Uza-so OOV, 2016. 208 c.
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. JI. Cepbuna (Craspomnoss, Poccus)
Lserbina@email.ru

OB O/THOM HEJIOKAJIBHO HAYAJIBHO-KPAEBON 3AJTAYE
TJI1d YPABHEHUYI CMEIITAHHOI'O TUIIA

B coBpemennoit Teopun jiuddepernnaibibiX ypaBHEHUN ¢ YaCTHLIMU [TPOU3BO/IH bi-
MU OJTHUM U3 BarKHBIX Pa3JIeJIOB, U3YIEHUIO KOTOPOT'O MOCBAIIEHO HEMAJIO MyOJINKAIIHiA,
SIBJISIETCST Pa3/iesl HeJIOKaJIbHBIX KPaeBbiX 3aJiad. [IoBBIIIEHHBII WHTEpEC K 3TOMY THITY
HEKJIACCUYECKMX 3a/1ad 00bICHSAETCH KaK TEOPeTUUYeCKON 3HAUMMOCTBIO MOJIy4aeMbIX
pPe3YAbLTATOB, TaK W WX MHOTOYUCIEHHBIMU TPAKTUUECKUMU TPUJIOKEHUIMU B MaTe-
MATUIEeCKOM MOJIEJTMPOBAHUN HEJIMHEUHDBIX SIBJEHUWI CIOKHDIX JTUHAMUYIECKUX TTPOTIeC-
coB u cucreMm. Pe3ysibrarsl uccae0BaHlil HEJIOKAJIbHBIX KPAaeBbIX 3a/1a4 MOKa3aJ1, 4TO
HPUCYTCTBUE HEJIOKAJbHBIX YCJIOBUN BbI3bIBAET Psijl ClEIUPUIECKUX TPYHOCTEN, KO-
TOPBIE HE TIO3BOJIAIOT HEMOCPEJICTBEHHO UCIIOJIb30BATD JIJIsT 0OOCHOBAHUS WX Pa3perin-
MOCTHU CTaHJApTHBIE METOAbl. Kak mpaBusio, mpeojojienre MaTeMaTudecKuX TPYITHO-
creil, 00yCJIOBJIEHHBIX HAJUYNEM HEJIOKAJIbHBIX YCJIOBUM, B KaXX/IOM KOHKPETHOM CJIy-
Jae CBOJIUTCS K TIOMCKY YACTHBIX TTOJXOJIOB U METOJIOB, CYIIECTBEHHO 3aBUCIINX OT
BUJIa HEJIOKAJIBHBIX yCJIoBUil. B jokae, OyayT n3/I0KeHbl Pe3YIbTAThI UCCAeT0OBAHUS
Ha KOPPEKTHOCTh HAavaJIbHO-KPAEeBO# 3a/a4un Jijisi YpaBHEHUS CMEIaHHOTO SJIJIUITTUKO-
ruiepoboMIECcKOro TUIIA ¢ HEJIOKAJbHBIM ycjioBueM Tuiia ycsioBus Camapcekoro. Obpa-
MEeHo BHUMaHWe Ha MPUKJIAIHYIO BayKHOCTL JAHHOTO THUMA HEJOKAJLHBIX WHTETPaJIb-
HBIX YCJOBUil, KOTOpbIE CBs3bIBas 3HAUYEHWE MCKOMON (DYHKIMHM BHYTPH OOJACTU CO
3HAUEHUSIMU, IPUHUMAEMbIMU Ha YaCTU I'PAHUILLI PACCMATPUBAEMO 00J1aCTU U OIUCHI-
Bas [10BeJIEHUE PEelleHUs BO BHYTPEHHUX TOUYKAX I'PaHUlbl 00JIaCTU B BUJIE HEKOTOPOI'O
CPeJIHETO, eCTEeCTBEHHO BO3HUKAIOT TPHU peNIleHnd 3aJiad ONTUMAJHLHOTO yIpPaBJIEHUS

PEXKXKNMOM T'DYHTOBBIX BO/.
JUTEPATVYPA

1. Cepbuna JI. ¥. O6 oguoit npobiieme s JIuHEAPU30BAaHHOIO ypaBHeHus Byccunecka ¢ HesokaibabiM ycrosuem CamMapckoro
// Audbdepennuansusie ypasrenus. -2002.T.38,Ne8.-C.1113-1119.

2. Serbina L. I. The solution of initial-boundary value problem of the filtration theory with nonlocal boundary condition //
Lithuanian Mathematical Journal ,2014, Vol.19, Ne3, P. 488 — 502.

M. M. Cupaxyauuos (MaxaukaJja, Poccus)
sirazhmagomed@yandex.ru OIIEHKHA IIOI'PEIHIHOCTU

VCPEJHEHUS NEPMOINYECKON 3AJIAYN 14
OBOBIIIEHHOTO YPABHEHUS BEJIBTPAMMU

PaceMoTpuM meprogniecKyio 3a1ady:
Acue = Osus + pf Ou. + v° 05u: = f — Re <fp_§> —1Re <fp_§>,
Ue € W21(|:|)7 <u€> =0, f € L2(D)7 (1)
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e pf = pulelx), v© = vietr), wul) = plr,xe), viz) = vy, s

— W3MepHMble OrpaHMYeHHbIe KOMILIEKCHO3HAUHBbIE Tepuoudeckue (nepuojga 1
110 KaxKJIOff repeMeHHoit) (GyHKIUU, YJIOBIETBOPAIONIME YCIOBUIO JIIMITHIHOCTH
vraisup,epe (|p(z)] + |v(2)|) < ko < 1, ko > 0 — mocrostamas, [ — sweiika mepnoos,
'2), p5 = pa(e ).
Oyuknuu p; = p1(x), po = po(x), (p1) = 1 (p2) = i — GazucHbIe BEKTOPDI sijipa Onepa-
Topa A* : Ly(0) — Wy H (D), —A*p = 0.p+0:(ip+vp), p € Lo(0d), e = 1/n,n €N,

— MaJIblii ITapaMeTp.

(g) — cpentee 3HavYeHHe MepuOANIecKoil dbyHKIMKE g, p] = p1(e”

[Tepnomnueckas 3ajgada (1) ogHo3HAYHO paspermmma Jijisi J000# TpaBoil YacTu
f € Ly(O) (em. [1,2]). IIycrs u. — perenne nepuoudeckoii 3amadu (1). B kauecrse
IePBOro NPUOJIMXKEHUsT K PELICHUIO U, BO3bMEM (DYHKIIUIO
wi(x) = w(z) + (Nily) — iNo(y)) 0.60(z) + (Ni(y) + iNaly)) B-ad(@)), re y =
e lx; Ni(x) n Ny(z) — nepnogmueckue perienus sajadn Ha sueiike: AN; = 0:N; +
pO:-Nj+v0:N; = x;, N; € Wy (0), (N;) =0, e x1 = 271 (1 +v° — p(z) — v(x)),
X2 = 027" (10 — 10 — p(z) + v(@)).

Bnech u’, 10 — xosddunmentn yepepnennoro ypasnenus (em. [1,2]). Oynxius u® —
permenne ycpeanennoii sagaun: Agu’ = f— (f), u® € Wi (), Agu® = 9:u’ + ¥ 0,u’ +
0 .00, Vimeer Mecto

Teopema. [Iycmv gynryus f us npascot wacmu 3adavu (1) npunadaesicum npo-
cmpancmey Wi(0), moeda umerom mecmo ouenku

Jue — Ui“wg(m) S ce HfHWZJ(D)a Jue — UOHL2(D) Sce ||fHW21(D)’

edec>0 — nocmoArHaA, 3a6UCAULAA TNOADKO OM NOCMOAHHOU IANUNMUYHOCTIU ]60.

JUTEPATVYPA
1. Cupasicydunos M. M. AcumnroTndeckuii MeTON ycpeaHeHnst 0606IeHHBIX omeparopos Bensrpamn// Marem. cGop. 2017.
208:4. C.87-110.
2. Cupaorcydunos M. M. O G-cxomumoctu n ycpenuernn 0600mennbix oneparopos Benbsrpamu// Marem. c6op. 2008. 199:5.
C.124-155.

C.M. Curnuk (Benropon, Poccust)
sitnik@bsu.edu.ru

KOMIIO3UITMOHHKIN METO/ B TEOPUI OIIEPATOPOB
ITPEOBPA3OBAHNA

B noknajse Oymer pacckazaHO OCHOBHOE cojiep:kanue Monorpadwuu [1|, mogroros-
JICHHOI K ImedyaTu. JdTa MOHOrpadus COCTaBJIeHA M3 JIOKTOPCKO# mauccepranuu Ba-
aepusi Bsiwecnaposuua Karpaxosa (1949-2010) u wacTu JIOKTOPCKO# jiuccepraiym
C.M.Curnuxka, samumiénnoit B 2016 . Cienyer orMeTHTb, 4TO 00a aBTOpa, YINTEhb
U €ro yuyeHWK, IIPUHAJJIEXKAT IIKOJe U3BecTHOro BopoHexKcKoro Maremaruka VBa-
Ha Asekcanjposuya KunpusiHoBa, moaydusiiero pyHIaMeHTAIbHbIE PE3YIbTaTh J1JIsT
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nuddepeHnualbHbIX ypaBHEHUI ¢ omeparopaMu Beccesisi 110 0fHONI WM YacTH Hepe-
MEHHBIX.

Pabora mocssitiiena mpuIoXKeHNsiM METO/1a, OIEPATOPOB TPeodpa30BaHust K HCCIIEI0-
BaHUO M depeHIualbHbIX YpaBHEeHN ¢ ocobeHHOCTsME B K03 durmentax. Ocoboe
BHUMaHKE yjiesdercs jauddepeHIuajbiblM yPaBHEHUSIM B YaCTHBIX IIPOM3BOJIHBIX C
orepaTopamu beccessi.

[TpuBesiém cojiepKaHue KHATH 110 TJIaBaM.

[nasa 1. Beesenue (ucropuueckue cBejiennst, (pyHKIMOHATBHBIE TIPOCTPAHCTBA, CIIe-
nuaIbHbie QYHKINH, NHTEIPAThHBIE TPE0OPa30OBaHMs).

[nasa 2. Oneparopsl npeodpazopanust Connna—IIyaccona—/lenabcapra 1 ux Moju-
dukanum.

['naBa 3. Teopus oneparopos mpeodbpazoBanus ByiiMana—dpeiin.

['naBa 4. O011re BecoBble KpaeBbie 334 JIJIsT CHHTYJISIPHBIX JJINITHIECKIX YPaB-
HEHU.

['naBa 5. HoBble kpaeBble 3aa4u i ypaBHeHus [lyaccoHa ¢ 0COOEHHOCTSIMU B U30-
JINPOBaHHBIX TOYKAaX.

['naBa 6. KOMIIO3UIIMOHHBI METOJI TTOCTPOEHUS CILJIETAIOIINX COOTHOIEHWH MEXK Ty
perteausmMu JuddepeHnuajbHbIX YPaBHEHNH ¢ 0COOEHHOCTIMI B KOA(DDUITUEHTAX.

['napa 7. IlpuioxkeHuss MeTojia OIEPATOPOB IIPEOOPa30BaHUs K OIEHKAM peIleHuit
Juist pudpepeHIma bHbIX YPpaBHEHUI ¢ lepeMeHHbIMU KO3 dUImeHTaMu 1 3ajiade
E.M.JIananca.

Crmcok smrepatypbl (6osee 650 ¢CBUTOK).

JUTEPATVYPA
1. Kampazoe B. B., Cumnux C. M. Meroz onepaTopos npeoOpa30BaHus U KPAeBble 331N 15T CHHIYJISPHBIX JIIUITHIECKAX
ypasuenuii. CoBpemennas maremaruka. @yunnamenraibabie Hanpasiaeaus. 2018. Tom. 64, Ne. 2. crp. 211-426.

®.I'. XymroBa (Hanbuuk, Poccus)
khushtova@yandex.ru

IIEPBAS KPAEBAS 3ATAYA B OTPAHUYEHHOI OBJIACTH
HJIA JTNOOEPEHITNMAJIBHOI'O YPABHEHUA C OIIEPATOPOM
BECCEJIS 1 YACTHON ITPOM3BOJHON PUMAHA -JINYBUJLJIS

B obuacru Q = {(z,y): 0 <z <r, 0 <y < T} paccmorpum ypasHeHue
Bxu(x, y) - gyU(.fC, y) =0, (1)

e B, = aa_;? + %3% — omepatop Beccena [1], |b] < 1; D§, — omepatop apoGuoro

maddepennupoanns B cMbiciae Pumana—/luysuiisa nopsyika 0 < o < 1 [2, ¢. 11].

Pezyaapnvim pewenuem ypasrenust (1) B obiactu €2 vazosem dyHkimo u = u(z,y),

yJoBjieTBopsiontyto ypastenuto (1) B obmacru  u rakyio, uro y'~%u € C(Q), B,u,
6, u € C(Q), Q — sampikanue obnacti .
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Bagadga 1. Hatimu pezyasproe 6 obaacmu S pewenue ypasruenus (1), ydosaemeopsi-
ouee Kpaesvm yeaosuam lim, g Dg‘y_l u(z,y) = (), 0 <z <r;u0,y) =u(ry) =
0,0 <y<T; o) - sadannas Gynryua.

Hanee J,(2) — wuaundpuveckasn @ynkuyus Becceas nepeozo poda mnopadra v
3, c¢. 132]; E%(Z;u) — ¢ynwyua muna Mummae-Jleparepa |4, c¢. 117]. Oboznaunm

uepes B = (1 —10)/2, G*P(z,&,y —n) =

2 b ijﬁ()‘mx)Jﬁ(/\mf)
or? (y—n)t-e J1e s (Amr)

B (=N (y —m)%a),
m=1
e Ay, — TOJIOXKATEIbHBIe KOpHU ypaBrenust Jz(A,r) = 0, m = 1,2, ..., 3anymMepoBaH-
HBbIE B TIOPSJIKE UX BO3PACTAHUSI.

Teopema. [lycmo p(z) € C[0,7], p(0) = @(r) = 0. Toeda cywecmsyem edun-

cmeennoe pewerue sadavu 1, npedcmasumoe 6 eude
T

w(z,y) = [P G4P(x, & y) o(€) dE.

0

JUTEPATYPA
1. Kunpuanos H. A. CunrynspHble s/uMnTHYecKre Kpaesbie 3a1aqn. M.: Hayka. @usmaraut, 1997.
2. Haxywes A. M. Ipobuoe ucuucnenue u ero npumenenue. M.: @usmaraur, 2003.
3. Jlebedes H. H. Cuenmanbubie dyHnkuuu u ux npuioxenns. M.: @usmariur, 1963.
4. Torcpbawan M. M. aterpanasHble mpeodpa30BaHus U IpeAcTaBIeHns DYHKIWA B KOMILTEKCHOH obractu. M.: Hayka, 1966.

A. O. Baryabsau, B. O. FOpos (Pocros-na-/lony, Poccust)
vatulyan@math.rsu.ru, vitja.jurov@Qyandex.ru

NIEHTU®NKAIINSA HEOJIHOPOJIHBIX CBOIICTB
MUJINHIPMYECKUX BOJTHOBOJIOB

Periena obpatnas 3aja4ua 06 ujileHTUDUKAIUNA IEPEMEHHOI0 MOIYJ/Isd YIIPYTOCTH 111~
JIMHJIPUYECKOT'O BOJTHOBOJIA C KOJIBIIEBBIM TOMEPEUYHBIM CEYEHUEM B OCECUMMEeTPHUY-
HO¥ nocranoBke. K kpaesoit 3ajiaue npuMeHeHo uHrerpaJjibHoe rnpeodbpazopatnne Qypbe
BJIOJIb IIPOJIOJIBHON KOOpJMHATHI. B paMKax 0CecuMMETPUIHON IIOCTAHOBKHU ITOJIYUEHA
KpaeBas 3ajiada Jijisi TpaHCc(POPMAHT KOMIIOHEHT BEKTOPOB IIepEeMEIeHUN 1 HallpsizKe-
HUl, KOTOPasi OIMMMCHIBACTCS BEKTOPHBIM JinpepeHIinabHbIM YPaBHEHUEM TIEPBOIO 110-
psiaka. Marpuiia KoahUIUEeHTOB TPeJICTABUMA, B BUJIE KBAAPATUIHOIO MIyUKa MATPHUIL
OTHOCHUTEJIbHO JIBYX CIIEKTPaJbHBIX HapaMeTpoB. KoadpuimenTbl MaTpull sBJsiioTCs
TEPEMEHHBIMU U BBIPAXKAIOTCST de€pe3 PasbICKUBaeMblii MOJLyJb yiipyrocru g(x). st pe-
IIeHUs PsiMOi 3a/1auK B TpaHCOPMaHTaX [IPU U3BECTHOM 3aKOHE U3MEHEHUsI MOJLYJist
YVIPYTOCTH KCIOJB30BaH MeTo 1 mpucTpeku. ObpaTHas 3ajia1ua COCTOUT B OIIpe/Ie/IeHUN
g(z) mpu 3aarHoM Ko dunuente Ilyaccona mo nudopmMalym o moJje nepeMerienuii B
OrpaHMYEHHOI KOJIbIIEBOI 0OJIaCcTU Ha BHEIIHEl rpaHuiie BOJHOBOJA. B mpocTpaHcTBe
TpanchOpPMAHT K 3ajlaue HpuMeHeH MeTos Juneapusanuu g(x) = go(x) +egr(z) +. . .,
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MO3BOJIAIONTHI CPOPMUPOBATH ONEPATOPHDBIE COOTHOIIEHUS TIPU OJIMHAKOBBIX CTENeHsIX
¢. [lepBast 3 BO3HUKAIOIINX 3a/1a9 PeIlieHa MEeTOI0M ITPUCTPEJIKH JIJIsT HaYaJJIbHOTO MTPHU-
Osmkenust go(T), KOTOPOE BbIOUPAETCsi Ha KOMIIAKTHOM MHOXKECTBE B KJIACCe JIMHEd-
HbIX GyHKIUi. Bropas 3ajada mopoXKjaeHa TeM K€ CaMbIM OIepaTOpPOM, HO MMeeT
MPABYI0 YaCTh, IPOMOPIHOHATBHYO MOMpaBKe ¢1(x). YcIoBue paspemnmMoCcTy MO3B0-
JisieT ¢popMyJIMPOBaTh OTHOCUTE/ILHO Hee MHTErpabHOE PABEHCTBO B MPOCTPAHCTRBE
rpancdopmant. Ocyiecrsisisi ooparHoe npeodpazoBanue Pypbe, MOJIYIUM ypPaBHEHKE
Opearonbma 1 poja ¢ TagkuM saapoM. i BeIUCIeHus d/pa TpUMeHnena TeopeMa
O BblUeTax Jiist (PYHKIMU, UMEIOIIEH MOJIF0Ca BTOPOIrO MOPsiJiKa, MPUYEM BbIUEThI Ha-
XOJIATCS U3 aHaJM3a BCIIOMOTaTe/IbHbIX 3ajad Koiu. Perienue nnrerpajibHONO ypas-
nHenus Opearonmbma 1 pojia MOCTPOEHO ¢ TTOMOIBIO METO/IA PETYAIPU3AIIT T MXOHOBA.
BoraucurebHble 9KCIEPUMEHTBI TIOKA3BIBAIOT, UTO OTPENTHOCTH PEKOHCTPYKITHH §(T)
MaKCUMaJbHa Ha KOHI@AX OTPe3Ka MHTerpuposanus u He npesocxomut 10 %.
Pabora seinosnena npu nojiepkke PH® (koj npoekra 18-11-00069).

B. O. FOpos, P. /1. Heaun (Pocros-na-/lony, Poccus)
vitja.jurov@yandex.ru, rdn90@bk.ru

VCTAHOBUBIINECS KOJEBAHUS CTECHEHHOTO B
IPOIOJIBHOM HATIPABJIEHUN IPETHATIPSYKEHHOTO
[IOJIOT'O IIMJIMH/IPA

B nacrosiiee BpeMs TeMa OIIPeeseHUs] PE30HAHCHLIX YaCTOT HEOJHOPOHBLIX TeJl
OOIIIMPHO OCBellleHa B JinTeparype. B 0oCHOBHOM 1O00HbIE 3a/1a91 PEIIAIOTCsS C ITOMO-
1IHIO COBPEMEHHBIX YUCJEHHbBIX METOJI0B, CPEJIM KOTOPbIX HanboJiee paciipoCTpaHeH Me-
TOJ, KOHEUHBIX 3JIEMEHTOB; YJ00CTBO 3TOT'O II0/X0/1a, COCTOUT B BO3MOXKHOCTHU U3y UEHUS
neopMUpPOBaHNsT HEOIHOPOIHBIX TEJ MMPOU3BOILHON dopMmbl. OHAKO WCCae0BaHNe
3aJ1a4 0 KOJieDaHUsIX HEOJ[HOPOJIHBIX ITPEJIBAPUTEILHO HAIIPSI)KEHHBIX TEJI TTPEJICTaBIIsI-
eT coboit bosiee crenuduueckyo mpodbaemy. Tax, sl BBISIBJICHHS 3aKOHOMEPHOCTEI
BJIMSTHUS HEOJTHOPOJTHOTO TI0JIsT IIpeiBapuTeIbHbIX Hanpskenuit (ITH) mpennoarnresnen
aHaJ I3 YIPOIIEHHOW MOJICJIbHON 3a/iauu.

UcciiejioBana 3ajiaua 0 KoJiebaHUsIX U30TPOITHOIO HEOHOPOHOIO 1PEJIBAPUTE/IHHO
HAIIPSAXKEHHOI'O II0JIOTO IUJINHJPA I0J, AeHCTBHEM OCEeCUMMETPUYHON IIePHOINIeCKOi
Harpys3ku. CocraByieH aJIl'OPUTM HAXO0XKJICHUS PE30HAHCHBIX YaCTOT HMUJIMHJIPA C IPO-
M3BOJILHBIM 3aKOHOM PaJInaIbHOM HEOIHOPOIHOCTH MaTepUaIbHBIX CBOWCTRB, TIPU HAJIU-
ynn noJieit [TH. Beimonnen ananus Bausgamsa HeomHopoaubix [TH Tpex pa3ubix Tunmos Ha
AMILTATYIHO-IacTOTHYI0 XapakTepuctuky (AYX) nunuugpa. Beisgsieno, aro najutdme
paccmoTpernbix noseit [TH okaswiBaer cpapanTensno majoe Biaustane va AUX, oxmra-
KO YCTaHOBJIEHO, YTO B MaJIO OKPECTHOCTU pe30oHaHCHbIX dacToT Biusinue [TH moxer
JocTurath coted mporenTos. Ilocrpoernsr AYX B MaJbIX OKPECTHOCTSIX MEPBLIX IIe-
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CTH pe3oHaHcHbIX JacToT. IlpuBenenn: rpaduku, orpazkaoriye n3Menenne AYX mon
siustauem [TH paccmorpennbix Turnos. [IpuBejienbr Tabjiniibl 3HAUEHWH TEPBBIX MECTH
PE30HAHCOB M UX M3MEHeHU, BbhI3BaHHbIX HaJurem [TH.

Ha ocHOBe MeTo/1a BO3MYIIEHUIT, TTyTEeM MPUMEHEHUs YCIOBUS Pa3pEITUMOCTH, BhIBe-
JleHa acUMIITOTHYecKast popMyJia, TMO3BOJIIONas HANTH N3MeHeHne PEe30HAHCHBIX Ya-
cToT, Bhi3BanHoe Hasmuuem [TH B muimnape no nuadopmalimm od «3TaJlOHHOMY 3aja4ue
oe3 yuera IIH. IlpoBejieno cpaBHenue 3HaueHuit MBMEHEHUsI PE3OHAHCHBIX YaCTOT, 110-
JYYEHHBIX MyTeM TTPUMEHEHUS TTPEIJIOXKEHHOTO YUCJICHHOIO aJrOPUTMa U HaIeHHBIX
yepe3 acuMITTOTHYIECKYI0 (POPMYITY; MPOBEJICHA, OLIEHKA €€ TOYHOCTH.

Hacrostinee uccneoBanue 6110 nojepxkano Poceniickum Hayanbiv @onjiom (mipo-

ekt Ne 18-71-10045).
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Session IV

Hausdorft Operators and Related
Topics
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R. A. Bandaliyev (Baku, Azerbaijan)
bandaliyevr@gmail.com

ON THE BOUNDEDNESS AND COMPACTNESS OF
MULTIDIMENSIONAL HAUSDORFF OPERATOR IN WEIGHTED
LEBESGUE SPACES

In this abstract we reduce the boundedness of multidimensional Hausdorff operator
in Lebesgue spaces with general weight functions. For one-dimensional Hausdorff ope-
rator we investigate the boundedness of Hausdorff operator in Lebesgue spaces with
monotone weight functions. Also, we study a compactness of one-dimensional Hausdorff
operator in weighted Lebesgue spaces.

This is jointly work with Przemystaw Gérka.

REFERENCES
1. Liflyand E. Hausdorff operators on Hardy spaces. Eurasian Math.J. 2013. Vol. 4, No. 4, pp. 101-141.
2. Liflyand E., Miyachi A. Boundedness of multidimensional Hausdorff operators in H? spaces, 0 < p < 1. Trans. Amer.
Math. Soc. 2018. doi.org/10.1090/ tran/7572.
3. Bandaliyev R. A., Gérka P. Hausdorff operator in Lebesgue spaces. Math. Ineq. Appl. 2019. Vol. 22, No. 2, pp. 186-205.

R. Daher, T. Kawazoe and F. Saadi (University of Hassan II, Morocco)
rjdaher024@gmail.com

HAUSDORFF OPERATOR FOR JACOBI HYPERGROUP

We define the Hausdorff operator H, on Jacobi hypergroup (Ry,A,x) by using
the dilation 1, = @A(%)@D(%) We show that, if ¢» € L'(A), then H,, is bounded
from L'(A) to itself. Moreover, it is bounded from H'(A) to itself provided that 1
is supported on [0,1]. Here H!(A) is the real Hardy space for the Jacobi hypergroup
introduced by the second author, which id defined by using the radial maximal operator

My f(x) = supyq | f * ¢¢(x)|, where the dilation ¢ is given as above.

E. Liflyand (Ramat-Gan, Israel)
lilyand@gmail.com

A TALE OF TWO HARDY SPACES

New relations between the Fourier transform of a function of bounded variation and
the Hilbert transform of its derivative are revealed. If we do not distinguish between
the cosine and sine transforms and consider the general Fourier transform of f, direct
calculations give the belonging of f’ to the real Hardy space as a sufficient condition
for the integrability of the Fourier transform. Our analysis is more delicate. The main
result is an asymptotic formula for the cosine Fourier transform. Such relations have
previously been known only for the sine Fourier transform. Interrelations of various
function spaces are studied in this context, first of all of two types of Hardy spaces.
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The obtained results are used for proving completely new results on the integrability
of trigonometric series.

REFERENCES
1. Liflyand E. The Fourier transform of a function of bounded variation: symmetry and asymmetry. J. Fourier Anal. Appl.
2018. Vol. 24, pp. 525-544.

A.R. Mirotin (Gomel, Belarus)
amirotin@yandex.ru

ON HAUSDORFF OPERATORS ON GROUPS

In the following €2 stands for a quasi-metric space with positive Radon measure pu
and G for a locally compact group which is a space of homogeneous type.

Definition [1]. Let ® be a locally integrable function on  and (A(u))ueq a measu-
rable family of automorphisms of G. We define the Hausdorff operator with the kernel
¢ by (z € G)

(Hoaf)@) = [ (AW dulw)

Consider the following condition: for every automorphism A(u), for every x € G, and
for every r > 0 there exist a positive number k(u) which depends on u only and a
point 2’ = 2/(z,u,r) € G such that

A(w) " (B(w, 7)) € B(@', k(u)r) (%)
(B(x,r) stands for a ball in G centered at x).

Theorem 1 [1]. Let the condition (x) holds and s be the homogeneous dimension
of G. For ® € LY(Q, k*du) the Hausdorff operator He a is bounded on the real Hardy
space H'(G).

Special cases of compact groups, the Heisenberg group and finite-dimensional spaces
over division rings are also considered.

The next theorem gives a description for normal Hausdorff operators.

Theorem 2 |2, 3|. Let G = R", A(u) be a commuting family of non-singular self-
adjoint n x n-matrices, and | det A(u)|~V?®(u) € L'(Q). Then the Hausdorff operator
in L>(R™) is normal and unitary equivalent to the operator of multiplication by some
matriz-valued function ¢ € Matan(Cy(R™)) (the matriz symbol of He ) in the space
L*(R™; C?") of C*"-valued functions.

REFERENCES
1. Mirotin A. R. Boundedness of Hausdorff operators on Hardy spaces H* over locally compact groups. J. Math. Anal. Appl.
2019. Vol. 473, pp. 519 — 53. arXiv:1808.08257v2.
2. Mirotin A. R. On the description of normal Hausdorff operators on Lebesgue spaces. Preprint. arXiv:1902.07671v1.
3. Mirotin A. R. The structure of normal Hausdorff operators on Lebesgue spaces. Preprint. arXiv:1812.02680v2.
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Yu. E. Gliklikh (Voronezh, Russia), G. A. Vlaskov (Rostov-on-Don,
Russia)
yeg@math.vsu.ru, vis1958@mail.ru

NEW STOCHASTIC MODELS OF POLAR IONOSPHERE!

Traditional models of distribution of electron concentration N, in the F-region of
polar ionosphere are based on two determining factors: ionization ¢ and the large-scale
electrical field of magnetospheric convection generating the transfer v of ionospheric
plasma [1]. Note that ¢ takes two values: at day time it is a positive constant (without
loss of generality we can set it equal to 1) and at night time it is equal to zero. The vector
v is equal to EggB where F/ and B are electric and magnetic strengths, respectively.
Everything is considered over some neighborhood of the North Pole.

In [2] the continuity equation % +v-VN, = q — BN, is considered with the
assumption that © is the sum of the deterministic summand (for which we keep the
notation v) and the stochastic summand that is supposed in [2| to be the Wiener process

w(t) (the Brownian motion) with a real coefficient o(t,z), 8 is the recombination
coefficient, and ¢ is the ionization (see above). Thus the equation describing this model
takes the form 2 + (3 4+ ow(t)) - VN, = ¢ — N, or in coordinate form

ot
6Ne 1 1 8Ne _9 2 8Ne o .
at + (U +ow (t)) 8x1 + ('U +ow (t)) axQ =4 BNG'

The main aim of this talk is to pass from the above mentioned ordinary differential
equations with random coefficients to stochastic differential equations in the Ito form
and to stochastic differential equations with current velocities (Nelson’s symmetric
mean derivatives). In the framework of stochastic analysis such equations are considered
as more adequately describing the behavior of physical processes. Note that the current
velocities are natural analogues of ordinary physical velocity of deterministic processes.

We construct such equations and prove the existence of solution theorems for them.

REFERENCES
1. Deminov M. G. Earth ionosphere: Laws and mechanisms. Electromagnetic and Plasma Processes from Sun Interior to
Earth Interior.- Moscow: IZMIRAN, 2015.- P. 295-346.
2. Viaskov G.A., Mozhaev A.M. On modeling of stochastically convecting polar ionosphere. Studies of High-Altitude
Tonosphere.- Apatity: KNTs AN SSSR, 1986.- P. 42-45.

O. E. Kudryavtsev (Rostov-on-Don, Russia)
koe@donrta.ru

NUMERICAL METHODS FOR PRICING DOUBLE BARRIER
OPTIONS UNDER LEVY PROCESSES?

The most popular exotic options are barrier options which include double barrier
options. Recall that a double barrier option is a contract which pays the specified

IThe research is supported in part by RFBR Grant 18-01-00048.
2 The reported study was funded by RFBR according to the project No. 18-01-00910 A.
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amount G(St) at the terminal date T, provided during the life-time of the contract,
the price of the stock does not cross specified constant barriers D from above and U
from below. When at least one of the barriers is crossed, the option expires worthless.

Let T, K,D,U be the maturity, strike, the lower barrier and the upper barrier,
and the stock price S; = e** is an exponential Lévy process under chosen equivalent
martingale measure. Then the the no-arbitrage price of the double barrier option at
time ¢t < T and X; = x with z € (D, U) given by

V(t,2) = V(T; DU Gstyw) = B [T 01y pl g, G(e™™)],

where X, = infpcse; X; and X; = infoc,<; X; are the infimum and the supremum
processes, respectively.

In the present talk, we introduce a new Wiener-Hopf factorization approach to
pricing double barrier options under pure non-Gaussian Lévy processes of finite
variation. For general Lévy models one should factorize a 2 x 2 matrix of functions,
which can be achieved iteratively (see e.g. [1,2]). The key idea behind our method
is to represent the process under consideration as a difference between subordinators
which have explicit factorizations. After Carr’s randomization is applied, we solve the

problem explicitly at each time step.

REFERENCES
1. Boyarchenko M., Levendorskis S. Valuation of continuously monitored double barrier options and related securities.
Mathematical Finance. 2012. Vol. 22, No. 3, pp. 419-444.
2.Phelan E., Marazzina D., Fusai G., Germano G Fluctuation identities with continuous monitoring and their application
to price barrier options. European Journal of Operational Research. 2018. Vol. 271, No. 1, pp. 210-—223.

A.V. Makarova, V. A. Gorlov (Voronezh, Russian Federation)
allagm@mail.ru

STOCHASTIC DIFFERENTIAL INCLUSIONS WITH MEAN
DERIVATIVES RELATIVE TO THE PAST HAVING
DECOMPOSABLE RIGHT-HAND SIDES !

We investigate a new sort of stochastic differential inclusions given in terms of mean
derivatives defined with respect to conditional expectation relative to the “past” sigma-
algebra of a process.

We prove a theorem on the existence of solutions for stochastic differential inclusions
given in terms of the forward mean derivatives on the right (introduced By E. Nelson
(11],]2],[3]) for the needs of so-called stochastic mechanics (a variant of quantum me-
chanics)), giving information on the drift, and (introduced by Yu.e. Gliklich and S. V.
Azarina ([4])) quadratic mean derivatives, which, in turn, giving information on the
diffusion coefficient with respect to conditional expectation relative to the “past” sigma-
algebra of a process. It is assumed that the right part with forward mean derivatives on

IThe research is supported in part by RFBR Grant 18-01-00048.
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the right is set-valued and lower semi-continuous, but not necessarily convex. Similarly,
it is assumed that the right part with quadratic derivatives is also set-valued, lower
semi-continuous from below and not necessarily convex. Together with this we assume
that the right part with quadratic derivatives as well as the right part with derivatives

on the middle right are decomposable.

REFERENCES
1. Nelson E. Derivation of the Schridinger equation from Newtonian mechanics /E. Nelson // Phys. Rev. 1966. Vol. 150. P.
1079-1085.
2. Nelson E. Dynamical theory of Brownian motion / E. Nelson. Princeton NJ: Princeton University Press. 1967. 115 p.
3. Nelson E. Quantum fluctuations / E. Nelson. Perinceton NJ: Princeton University Press. 1985. 146 p.
4. Azarina S. V., Gliklikh Yu. E. Differential inclusions with mean derivatives, Dyn. Syl. Appl., 16 (2007), pp. 49-71.

N. M. Mezhennaya (Moscow, Russia)
natalia.mezhennaya@gmail.com

LIMIT THEOREMS FOR THE NUMBER OF EVENTS
APPEARANCES IN A FINITE MARKOV CHAIN

Let {X;,7 =1,...,n} be ergodic stationary Markov chain with the states set Ay =
{1,...,N}, N > 2, transition probabilities matrix P = ||pas||apca, and probabi-
lity distribution {m,,a € Ax}. Then there exist the constants C,~y > 0, such that
|péng —mp| < Cmpe™ ", n > 1, where pénb) denotes the elements of the matrix P".

We suppose that the random event A; depend on the random variables X, ..., X,

s > 1, the set of events {A;,j =1,...,n — s} is homogeneous and has the property
that P{A4;A,} =0 for |i — j| < s.

Let I' = {1,...,n — s}, {a; = I4,,j € T'} be the set of random indicators,
corresponding to the events {A;,j € I'}, Qs = P{A;} be probability of any event
from the set {A;,j € I'}.

We define the random variable £ = 3 777 aj, which is equal to the number of events
A;in {X;,j=1,...,n}, and its expectation A\; = E{ = (n — 5)Qs.

The following notation will be used: £(&) for the distribution of random variable
¢, Pois(\) for Poisson distribution with parameter A, N (0,1) for standard normal
distribution, ppy for total variation distance.

Theorem 1. Let s > 2 and Ay > 1. Then there exist the constants Cy and Cy, such
that

prv (L(€), Pois(),)) < (Jl%As + Che N,

Corollary 1. Let s,n — oo, such that s/n — 0, Qs — 0, A\s = X € (0,00). Then
L(&) — Pois(N).

Corollary 2. Let s,n — o0, such that Ay — 00, sA\s/n — 0, Ay = o(€"®). Then
L((€ = )/VA) = N(0,1).

Remark. We used the Chen—Stein method [1] and the proof scheme proposed in
2,3] to establish the theorem 1.
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N. M. Mezhennaya, V. G.Mikhailov (Moscow, Russia)
natalia.mezhennaya@gmail.com, mikh vg@mail.ru

ON THE NUMBER OF ONES IN THE MULTICYCLIC SEQUENCE

Let (xgj), . ,x%i_l), j = 1,...,r, be independent binary random vectors with
lengths my,....,m, > 2, f(y1,...,y,) be a Boolean function, essentially dependent
on all its arguments, t(m) = t mod m.

: : : _ (1) (r)

Consider a multicyclic sequence z; = f(xt(ml),...,xt(mr)), t > 0. ‘Let 19 bg the
number of ones in (2o, ..., Zm,..m,—1), S; be the number of ones in (:L‘(()]), . .,:1:7(7‘2_1),
j=1, ...,

Denote by 4 convergence in distribution.
Condition 1. Let m; — oo and there exist the numbers a; u b; > 0 : §; =

bj_l(aj—Zsj) 4 n;, where 7; are proper random variables, (m;—a;)/m; = o; € [-1;1],

bj/m; — 0, 2;21 —p;e(0;1],j=1,...
Let 1 0. ,
2 2 Pi -+ P
Bk - Z jlv"'ajk) /leﬂ"'ajk - _5 Z - <Wf(1(.7177jk>>+
1<j1 <. <gp<r P1--- Pk
S Jk>
r—k u
+ Z Z Wf(1(j17"'7jk7i1a"'7iu)) H Oéll) ’
u=1 1<i1 <. <1, <1, =1

|{j17...7jk7i1,...,iu}|:k§+u

A=Y wn ]l (—) )

. . mj
k=1 1< <...<j<r =1

where wt(f) and Wy(z) are weight and Walsh-Hardamard coefficient of the func-
tion f [1], 1(;,, ;) € {0,1}" is a binary vector with set of ones {ji,...,ji}, |A| is a
cardinality of set A.

Condition 2. There exists a number ¢ : 1 < ¢ < r, such that B,% =0as k =
1,...,q—1, and Bg > 0.

Theorem 1. Under conditions 1 and 2

2"
e SRR S 4,
bl...bq miy...MmMy

> By

1<j1<...<jg<r
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O. E. Kudryavtsev, V. V. Rodochenko (Rostov-on-Don, Russia)
koe@donrta.ru, vrodochenko@gmail.com

ON RISK EVALUATION FOR CRYPTOCURRENCY MARKETS
USING AN LSTM ARTIFICIAL NEURAL NETWORK !

Due to the nature of cryptocurrencies and their dynamics, which can be characterized
with both high liquidity and high volatility, options on cryptocurrencies are rarely used
on exchanges. Perhaps the main reasons for that is a shortage of models, which are
capable of evaluating risks with a satisfactory level of accuracy and speed. One of the
most important of them is the risk of crossing a certain level by an asset price.

This risk can be interpreted as a price of a first touch digital option (see e.g. [3]).
To calculate it we acquire the Poloniex exchange data for the BTC/USDT pair and
construct an artificial LSTM (long-short term memory, proposed in [1]) neural network
analogous to ones in [2, 4].

We choose a number of strikes and calculate normalized histograms of historical
frequencies of crossing each of them for a fixed time window. Then we use this data to
predict the price of a first touch digital option for a given strike. We also calibrate a
CGMY model using an algorithm based on the fast Wiener-Hopf factorization method
in a way proposed in [3]. Finally, we compare the prices obtained by the CGMY model

and the ones predicted by the LSTM network, with historical data.

REFERENCES

1. Hochreiter S. and Schmidhuber J. Long short-term memory, Neural Computation. 1997. Vol. 9, No. 8, pp. 1735-1780,
DOI:10.1162/neco0.1997.9.8.1735.

2. Kim T. and Kim HY. Forecasting stock prices with a feature fusion LSTM-CNN model using different representations of
the same data. PLoS ONE. 2019. Vol. 14, No. 2, DOI: https://doi.org/10.1371/journal.pone.0212320

3. Kudryavtsev, O. and Grechko, S. Statistical methods for calibrating models of cryptocurrencies prices. Accounting and
Statistics. 2018. Vol. 4, No. 52, pp. 67-76. ISSN 194-0874.

4. Nelson D. M.Q., Pereira A. C.M. Stock market’s price movement
prediction with LSTM neural networks. International Joint Conference on Neural Networks (IJCNN). 2017. DOIL: 10.1109/
IJCNN. 2017.7966019

Rokhlin D. B. (Southern Federal University, Russia)
dbrohlin@sfedu.ru

A PRICING SCHEME FOR RESOURCE MANAGEMENT IN A
NETWORK WITH LARGE NUMBER OF SOURCES *2

We consider a communication network with small numbers of links, shared by large
number of sources. According to the network utility maximization (NUM) paradigm

IThe reported study was funded by RFBR according to the research projects No 18-01-00910.
2The research was supported by the Russian Science Foundation, project 17-19-01038.
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of [1] we assign a utility function to each source and consider a pricing mechanism for
transmission rates over each link to effectively manage the available resources.

In contrast to the usual hypothesis, we do not assume that the aggregate traffic,
generated by the sources over each link, is known. Instead we consider an online pricing
scheme, based on the knowledge of link capacities b, the total number N of sources and
the reactions of randomly selected sources to the current price vector A . This problem
statement makes sense, since the packets from sources do not come simultaneously.

The proposed online pricing scheme is based on the dual projected stochastic gradient
descent method. For a special class of utility functions we show that the upper bounds
for the amount of constraint violation and the inaccuracy in the aggregate utility
approximation are bounded by O(T~'*) uniformly in N, where T is the number
of source reaction measurements. The fast gradient descent method of [3], applied
to the NUM problem in [2|, bounds the same quantities by O(T~!). However, each
iteration of the latter method requires N rate measurements (under the assumption
that such information is available). So, for large values of N our algorithm may require
smaller number of measurements to achieve the desired accuracy. The performance of
the proposed algorithm is illustrated by computer experiments with quadratic utility
functions.

REFERENCES
1. Kelly F.P., Maulloo A., Tan D. Rate control for communication networks: Shadow prices proportional fairness and
stability. J. Oper. Res. Soc. 1998. Vol. 49, No. 3, pp. 237-252.
2. Beck A., Nedic A., Ozdaglar A., Teboulle M. An O(1/k) gradient method for network resource allocation problems. Trans.
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E.B. AasivmoBa (Pocros-na-/lony, Poccust)
langnbsp@gmail.com

ITPO'HO3SNPOBAHUVE ®MTHAHCOBBIX BPEMEHHBIX PAJIOB HA
OCHOBE MOIVYJid HEMPOHHBIX CETEN B RAPIDMINER

Bajiava npeacka3annst (PUHAHCOBBIX BPEMEHHBIX PsiJIOB aKTyaJIbHa B JIIOOOM BHJIE WH-
BECTUIMOHHON JiesiTesibHOCTH. Llesb npejickasanust — onpe/jie/ieHne TeHIeHIINi BPeMeH-
HOT'O PsJIa ¢ TeM, UTOOBI HanboJiee 3(p(HeKTUBHO IPUHUMATH PeIIeHre O KYILIe-IIPOojIarKe
IeHHbIX OyMar. Yacro sTa 3a1a1a pemraeTcs IpUMeHeHneM MeTOINK TeXHIIeCKOro aHa-
JIn3a — HaAbOpa SMIMPUIECKUX [IPABUJ, OCHOBAHHBIX Ha WHIMKATOPAX MOBEICHUS PhIH-
Ka.

C pocToM MOMmyY/ISIPHOCTH U TOCTYIITHOCTHA HHCTPYMEHTOB MAIIHHHOIO 00y YeHHS [IPe/I-
cKazanre (pUHAHCOBBIX BPEMEHHDBIX PsiJIOB MHOTHMH MCCJIEIOBATEISIMA HATMHAET CBO-
JINTHCS K 33J1a9€ KJIACCU(PUKAIME U COOTBETCTBEHHO PEIIAThCSI ¢ IOMOIBIO HEHPOHHBIX
cereit |1, 2].
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[lenbio HacTOsAMEH pabOTHI ABJIAETCS W3yUYeHWe MOBeJeHWs BPEMEHHOTO psijia Ba-
morHoit napel BTC/USD B nepuoj ¢ sinsapst 2017 rojia o mapt 2018 rojia B pexxnme
peaibHOr0 BPEMEHM ¢ WHTEPBAJOM B OJIHY MUHYTY. st KaXKJ0if €JMHUIbI BPEMEHH
U3BECTHBI: CTOMMOCTH OMTKOMHA Ha HadvaJo W KOHeI Mepuoja, HamboJee BBICOKAsS U
HanOoJlee HU3Kasd TpejiaraeMas eHa, KOJTUIecTBO MPOJIaHHbIX OUTKOMHOB B TEKYIEM
nepuojie. B pamkax JIlaHHOW PabOThl CTPOUTCH HEHPOHHAsI CeTh, PeIalolias 3a1ady
KJIACCU(DUKAIIMU U 1IPEJICKA3bIBAIOIIAs POCT WJIM 1aJieHue 1eHbl OUTKOUHA, B CJIE/LYTO-
IMUX TEePUOJIAX.

B kadecTBe MHCTpyMEHTa peain3aluu HEeHpOHHOW ceTu BbIOpaHa riaTdopma s
aHaJu3a OoJsiblux Janabix Rapidminer 3], B koropoit Tpebyembie MOjIe/ I OIUCHIBAIOT-
cs B BUJIE UCTIOJIHIEMBIX MpoIeccoB. [locTpoeHHbI B JAaHHON paboTe TPOIece OCHOBDI-
BaeTcs Ha MOJTyJie HEPOHHOI ceTu MpsIMOTO paclpocTpaHenus. B padbore momodpaHbl
ONTUMAJIHHBIE TTAPAMETPHI CETH W N3yUIeHO e€ MOBeeHNe Ha PeaJbHbIX JaHHBIX.
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pavloviv2005@mail.ru

IIPOBJIEMA MUHUMAKCA B KBA3UJIMHEITHOII CUCTEME '

Hacrogmuii gok/a 1 ABISETCS M3T0KEeHNEeM Pe3yIbTaToB cTaTh 1], KoTopasi, B cBOIO
ovepe/ib, OCHOBBIBaETCsT Ha paborax |2,3]. Bo Bcex 91X crarhsx pedub ujaer 06 ONTHMU-
3allMy B3aNMO/JICUCTBU B PaMKaX €IMHON CUCTEMBI PAJia YIPEXKJICHUN U «OIITUMU3ATO-
pay, 3aMHTEPECOBAHHOI'O B YCIEIIHOM (DYHKIIMOHUPOBAHUU CUCTEMbBI U JIEHCTBYIONIIErO
HA OCHOBE 9KCIIEPTHBLIX OIEHOK, pPeajM3yeMbIX B 3aJlaHUU HE3aBUCHUMbBIX CJIyYaliHbIX
npuopureroB «; = «;(w),j = 1,2,..k. Hccaegosanne moapobHo ommcaHnbx B |2
CUCTEM KBa3WJIMHEHHOIO THIIA, MOI'YIIUX UMETh TOUYKHU JIOKAJIHHOI'O MaKCUMYMa, CBO-
JINTCS K UCCJIEeJOBAHUIO HEKoeil riiajkoil meseBoit dbyuknun F' (ul, ca ,ukfl), 3aBUCA-
el OT CTPOro MOJIOXKUTEJbHBIX TapaMeTpoB Cq, . . ., Cx_1. LlycThb ¢ = Zf;ll c;ibj + by,
rae b, 1 < 7 < k — cBobojinbie WjleHbl BXOJSIMX B M3HAYAJALHOE OlMCAHUE Pac-
CMaTpUBAEMON 3aJ1auK JUHEHHBIX (DYHKINI OT N mepeMeHHbIX. B [2,3] JIOKa3aHoO: ec-
me, >0 PO < o <1) > 0,757 =1,...,k, 10 byukiusa F(ug,...,uz1)
MMeeT B CBOeil 00JIACTH OlpejiesieHrst €JIMHCTBEHHYI0 TOUKY (U}, ..., u}_;) JIOKAJIbHO-
1o MakCUMyMa (SBJISIOILYIOCS TakKe TOYKOi robajbHoro MakcuMywma). Obo3Hauum
Foaz(c1y - cim1) = Fuy, ... uf_y).

PaGora bionnena npu nojepxkke POOU (npoexr 19-01-00451).
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Teopema (cm. [1]). Hyemo PO < a;j < 1) > 0,5 =1,...,k ub; > 0,5 =
L,2,...,k (mo ecmv dynryua Fap onpedenena npu ecex ¢; > 0,5 = 1,2,k —1).
Ecau cywecmeyem cmavuonaprnas movwka gyruruyuu Fq., mo ama mouka eduncmeen-
Ha U ABAACTNCA MOUKOT MUHUMYMG.

YucmeHnple 9KCIEPUMEHTHI JA0T OCHOBAHKE MOJATraTh, YTO CTAIlMOHAPHAS TOTKA,

dyuxmun F,q; CyiecTByer.
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KAJINBPOBKA MHIEKCA AKTUBHOCTU CKAUYKOB MOJEJIEN
JIEBU 110 JAHHBIM KPUIITOBAJIIOT BITCOIN 1 ETHEREUM !

B nocsiejinue 1ojibl OypHO pas3BUBaeTCsi PhIHOK KPUIITOBAJIOT, KOTOPbIH 110Ka3aJl B
2017 romy cymecTtBeHHBIH pocT, a B 2018 romy meMoHCTpUpoBaJa crlaj. B HacrosIee
BpEMsI PBIHOK CTaOWJIM3UPOBAJICH U HAUMHAET CHOBa, pacTu. Hanbosiee MOMyasipHbIMU
KPUIITOBAJIIOTaMU siBJIsifoTcst bitcoin u ethereum. Kak 1okasbiBaroT uccjiejloBaHus B
[1], HamboJIee aJIeKBATHBIME MOJIEJISIME JIJIsT KPUIITOBAJIOT SIBJISTIOTCST TUCTO HETAYCCOBB
Mojienn Jleu.

B nannoit pabore ObLIO POBEIEHO KCCIE0BAHNE JIOTAPU(PMOB JIOXOTHOCTH KYPCOB
KpunropaJior bitcoin m ethereum no ornomennio K posutapy CIIA na ochnose jan-
HBIX KOTHPOBOK ¢ Kpunrobup:ku GDAX ¢ marom B 1 munyty 3a 2017 u 2018 rogsr. B
TabJinie 1 IpuBe/ieHbl cpejiHee 3HAUYCHUE TOUCUHOM OICHKU MH/CKCA aKTUBHOCTU H J10-
BEpUTEJIbHBbIE UHTEPBAJIbI JIJIsd CPeJHEr0. Pe3ysibTaThbl MOATBEP/IUIN IPEJIIIOJIOXKEHNE O

Tabauna 1: OueHKr WHIEKCA aKTUBHOCTH CKAYKOB KypcoB bitcoin u ethereum

KPUIITOBAJIIOTA | IOl cpenuee UHTEPBaJI

BTC 2017 | 0.90905206497 | (0.870051,0.948053)
BTC 2018 | 0.746032620422 | (0.716193, 0.775872)
ETH 2017 | 0.957929316457 | (0.907175,1.00868)

ETH 2018 | 0.970967822512 (0.939202,1.00273)

HAJIMIUU CKAUKOB B JUHAMUKE aKTHUBA U IOKA3aJU OTCyTCTBHE NU(DY3UOHHON COCTAB-
Jsitorneit u cHoca, Kak B 2017 Ttak u 2018 rojy. Takum obpazom, Jjisd MOJIETHPOBAHKS
IIleH KPpHUITOBaJIOT bitcoin n ethereum npu pacdere 6e3apOUTParKHBIX I[E€H OII[MOHOB
BMecTO JInPPY3UOHHBIX MOJIEJIel CJIeJlyeT UCIOJIb30BATh YUCTO HErayCCoOBbIE MOJIEJIN
JleBu ¢ orpaHmdeHHOl Bapualueii.

1YcenenoBanpe BBIIOMHEHO HIpH (DUHAHCOBOMH momaepkke PODU, mpoekt Ne 18-01-00910 A.
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JUTEPATVYPA
1. Kydpasues O.E., I'peuxo A.C. CraTucTuyaeckue MeTombl KaJInuOPOBKY MOJEJed [eH KPUIITOBAIOT. ¥YYeT W CTATUCTUKA.
2018. Tom. 52, Ne. 4, cTp. 67-76.

A.T. Jaueksaur, H. B. Heymepxkunkas (Pocros-ua-/lony, Poccus)
dangegik@mail.ru.ru, neunata@yandex.ru

O CJIABO MHTEPIIOJIMPYEMBIX PBIHKAX!

Nnrepnionmposanue (B ciiabom cmbicie [1]|) dunancoBbix (B, .S)-phIHKOB 10 MOJHBIX
OCHOBBIBAETCS HA, BLIUMCJICHUN MAPTUHIAJIBHBIX MED, YJIOBICTBOPAIOIINX OCIa0IeHHO-
My YCJIOBHIO HECOBIAJIEHUS OAPUIIEHTPOB (C1a00 MHTEPIOJISAIUOHHBIE MAPTHHTATbLHBIE
Mepbi). B Hacrosiieit pabore ycuimBaeTcss pe3ysibTarT B yKA3aHHOM HAIPABJIEHUHU, MO-
JydeHHblii B [2].

Pacemorpum ojirotarosyto dbuibrpaiuio (€2, Fo, Fi),
rie Fo = {Q, 0}, F1 = o(B1, Ba, ...), {B1, By, ...} — Hemepecekaonmecs moMHOXKe-
crea Q, U0, B; = Q. Ina npouecca Z = (Zy, Fi.)i_o BBeJieM obosnauenus: a = Z,
bi = Zilp,i=1,2,.... Iycrs F = (F)}_o u P(Z,F) — MHOXKECTBO BEPOSITHOCTHBIX
mep P ua (Q, F), s koropeix P(B;) > 0,4 =1,2,..., wnponecc Z = (Zy, Fi, P)i_,
sBJisteTcst Mmapruaragom. Mer pennonaraem, aro P(Z, F) # .

O603HaUUM  MHOXKECTBO €400 MHTEPHOIAIMOHHBIX MAPTUHTAJBLHLIX MepD 4epe3
OVHB(Z).

Teopema. [Iycmv wucao a uppayuonaivro. IIycms nocaedosamenvnocms {b;}2,
COOEPAHCUM, CUEMHOE YUCAO PASAUIHOLT Patuonasvhoir wucea. Ecau 6 {b;}5°, ne co-
deporcumea Koneunoz0 nabopa {bij}g?:l Mak020, YMO NPU HEKOMOPHLT PAUUOHANDHDLT
do, d1, . .., dy eunoansemes pasencmeo a = dy+dib;, +- - - +dib;,, mo OVHB(Z )J# @.

Sameganne. Orinure chopMyJIHPOBAHHOIO PE3YJbTaT OT COOTBETCTBYIOMIEH Teo-
peMbl B |2] cocrour B caeyiomem. B 2] TpeboBasoch, 4T00BI B MOCIEI0BATENLHOCTH
{b;}22, comepkasioch JMIb KOHEYHOE YUCI0 UPPAIMOHAIBHBIX dncesl, a B chopMy.iu-

POBAHHOM 3JIeCh TEOPEMbI 3TOI'0 He TPedyeTcs.

JUTEPATYPA
1. Pavlov I. V. New family of one-step processes admitting special interpolating martingale measures. Global and Stochastic
Analysis. 2018. Vol. 5, Ne 2, pp. 111-119.
2. Hanexany A. ., Heymeporcuykas H. B. O6obuienne oqHOro pe3yiibrara O ylleCTBOBaHUM C1a60 MHTEPIIOJIAINOHHBIX Map-
TUHraJbHBIX Mep. Teopus BepoarHocTeil u ee mpuMmenerud. 2019. Tom 64, Beim. 1, cTp. 163-164.

H.TI. Kpacwuii, 1. B. I1asaos (Pocros-na-/lony, Poccus)
krasnad@yandex.ru, pavloviv2005@mail.ru

OBOBIIIEHUE MOJEJIN C IIPUOPUTETAMMN?

[Iycrs (2, F, P) — BepOSATHOCTHOE TPOCTPAHCTBO. B HacTOsiIeH paboTe paceMaTpu-
BaeTcst (DYHKIINST BUJIA:

IPaBora BhrmoHEHa 1pu MoIepxkKe PODU (npoext 19-01-00451).
2Pa6oTa BEIMOTHEHa MpH ToAep:kke PO®U (mpoekTt 19-01-00451).
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k
F(uy,ug, ... un) = E7 (1] filus.) | - (1)
j=1

re Kaxaas dynkius fj(uj,w), j =1,...,k, yI0BIETBOPSIET CAEAYIONAM YCIOBUAM:

1) fj(uj,w) oupenenena u usmepuma na [0,00) x €, npu P-nouru Bcex w € ()
nenpepbiBia Ha [0,00) u yposiersopsier pasencrsy f;(0,w) = 0;

2) fj(uj,w) nBax bl Henpepsisao auddepentupyema ma (0, 00) npn P-moutu Beex
w € (), mpuueM meppBas W BTOPas NPOM3BOJHBbIC OrPAHMYCHBI HA MHOMXKECTBAX BUJIA
K x Q, rie K — xommaxT #a (0, 00);

3) upu P-nourn Beex w € Q u Vu; € (0,00) fij(uj,w) > 0, ee nepsasi npou3BojHast
CTPOro GOJIBIIE HYJIS U ee BTOpas MPOU3BOIHAS CTPOTO MEHDIIE HYJIS.

o (w)

Ecin nonoxnrs f(uj,w) = u;’
Plaj =0)=0u P(0 < aj <1) >0, 1o (1) coBnasaer ¢ GbyHKImeit, moayIaeMoii B
3a/1ate ONTUMHU3AIMN KBA3UIHHEHON! MOJIeIN ¢ HE3aBUCHMbBIME [IPAOPUTETAMH (vj (CM.

, oiie oj(w) — cirydaiinast Besdnna (IpuopuTer),

[1]). Kitouenyto posib B 9700t 3a1aue ontuMusanuy urpasia jgemma 2 B [1]. Crenyroriee
1pejiioxKene 0000IaeT YKa3aHHYIO JIEMMY.

IIpemnoxenne. IIycmo ¢(s), j = 1,...,k — npouseosvnve dsasicdu dudipe-
penyupyemvie Ha nekomopom unmepsane (81, Sa) PYHKUUU, NPUHUMAIOULLE HA IMOM
unmepsane snauenus 6 muoocecmee (0,00) u ydosaemeoparouyue Ha Hem AUO0 HePa-
sencmey ¢i(s) < 0, aubo nepasencmeam ¢(s) # 0 u ¢i(s) < 0. Ecau dynnyusn
F(s) == F(¢1(8),...,0(8)) umeem cmayuonapnyio moury s* € (0,00), mo ama
MOYKA AGAACTCA MOYKOT NOKANDHOZ0 MAKCUMYMA.

B j10K/1a/1€ 3T0 npejIosKenne OyieT UCIoJb30BaH0 JIJIS ONTUMUBAINN KBA3UINHEI-

HOW MOJIeJIM C 3aBUCUMbBIMU IIPUOPUTECTAMU.
JUTEPATYPA

1. Hasenoe U. B. Yeaun C. H. OuruMusanusi CJAOXKHBIX CUCTEM KBa3WJIMHEHHOrO THUIIA C HECKOJIBKUMU HE3ABUCUMBIMU IIPUO-
pureramu. Becrauk PIVIIC. 2017. Ne 3, ctp. 140-145.

O. . Jlerynosckuii , B. C. Ilnsman (Pocros-ua-/dony, Poccust)
letunovskij.oleg@gmail.com, pilidi@sfedu.ru

CPABHUTEJIBHBINT AHAJIN3 HEKOTOPHEIX AJITOPUTMOB
IIONICKA ®PATMEHTOB N30BPAXKEHU I10 ITABJIOHY

Cpenu npeJicTaBICHHBIX B JIATEPATYPE MOJIXO0B s MOUCKa 0OBLEKTOB Ha N300pa-
JKEHUU 110 11a0JIOHY, OTMETUM I10/IX0/ibl, OCHOBaHHbIE Ha ITOIAPHOM CpaBHEHUU OJIOKOB
|1, 2| u BbrUKCIeHNU cHeKTpadbHbIX MpusHakoB |3, 4|. Hamu mposesien cpaBHUTEH-
HBI{l aHaJM3 AJTOPUTMOB IOKCKa (PparMeHTOB M300parkeHusi M0 MabJIOHy C HCIIOJIb-
30BaHMEM HOPMAaJIM30BAHHOW B3aUMHON KOPPEJIsIMOHHON Mephl. B KayecTBe TeCTOBBIX
n300paXkeHuit ObLJIM B3siThl CHUIMKU aBUATEXHUKHU, 11a0JJOHAMK BHICTYAIOT U300parke-
HUS BO3JIYITHBIX OOBEKTOB. [[JIsT cpaBHEHWS aJrOPUTMOB MOMCKa OBLIO pas3paboTaHo
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nporpaMMmHoe obecrieuenue Ha s13bike C# ¢ ucnosb3oBanueM 6ubanorek Emgu CV u
FFTW. B nannoit pabore BMeCTO COXpaHEHUsT TTPOMEXKYTOUHBIX 3HAUCHUI 1IPpU pacueTe
B3aMMHON KOPPEJISAINN MEXK1y n300pakKeHusIMU ObLIM ITPUMEHEH METO/I MHTerPaIbHbBIX
tabui. [IpoBeneHo cpaBHeHUe ¢ paHee MOJYUYEHHBIMU pe3yabraTaMmu. IIporpamMma mo-
»KeT ObITh MCIIOJIb30BaHa IIPK pa3padOTKe YHUBEPCaJbHOM 11aT(OpMbl IOUCKA 00bEK-
TOB UCKYCCTBEHHOTO TTPONCXOK ICHUSI.

JUTEPATVYPA

1. Bayram S., Sencar H.T., Memon N. A Survey of Copy-Move Forgery Detection Techniques. IEEE Western New York
Image Processing Workshop. 2008. P. 1-4.

2. Popescu A. C., Farid H. Exposing digital forgeries by detecting duplicated image regions. Technical Report, TR2004-515.
Dartmouth College, Department of Computer Science. Hanover, USA. 2004. P. 1-11.

3. Sheng Y., Arsenault H. H. Experiments on pattern recognition using invariant Fourier-Mellin descriptors. J. Opt. Soc.
Am. A. 1986. V. 3. P. 771-775.

4. Lin C. Y., Wu M., Bloom J. A. et al. Rotation, scale, and translation resilient watermarking for images. IEEE Transactions
on Image Processing. 2001. V. 10 (5). P. 767-782.

H. A. Caiibyraunosa, /1. A. Byrko, C. C. CaiidyraunoBa
(Poctos-na-lony, Poccus)
saifut@mail.ru

HEKOTOPAY CTOXACTUYECKAY MOJIEJIb PACUETA
I'OPOJICKOI1 BOJIOIIPOBO/IHOM CETU C YYETOM U3HOCA
OBOPVIOBAHUY

[Ipy MPOEKTHUPOBAHUK TOPOJICKOH BOJIOMPOBOJHOM CETH OCHOBHBIMHU yPABHEHUSIMH
Uit BHYTDEHHEH yBsI3KK sIBJISIFOTCS XOPOIIIO U3BECTHBIE yPaBHEHUst OasiaHca B y3/1ax u
ypaBHeHHs OajiaHca MOTepbh HAMOpA B SJIEMEHTAPHBIX KOJblax cern. amnas pabora
MOCBAIIEHA U3YICHNI0 HAIEKHOCTH TAKUX ceTeil. Pasiudmible mogxo/pl K yI6Ty BIIH-
STHUST CJTydaifHbiX (DaKTOPOB Ha SKCIUIyATAIMOHHbBIE CBOMCTBA BOJIOIMPOBOJHBIX CeTeil
npejicrapienbl B paborax asropos [1], [2], [3].

B pabote paccMaTpuBaloTCs HECKOJIBKO MOJETBLHBIX IIPIMEPOB 9IEMEHTAPHBIX KOJIEI]
ceru. B kauecTBe OCHOBHON XapaKTEPUCTUKU HAJIEKHOCTH BBICTYTACT BEPOSATHOCTH MO-
Jladi BOJIbI B HEKOTOPYIO KOHEYHYIO TOUKY. DTa BEPOSITHOCTH BbIPAXKaeTcsi Yepe3 Be-
POATHOCTH GE30TKA3HOI pabOThI OTIENBHBIX 3JTeMEHTOB TPpyOompoBosa. [Ipu sToM Be-
POSITHOCTL OTKa3a HEKOTOPOTO JIEMEHTa 3aBHCHT OT KO3 DHImenTa dKBUBATCHTHOI
IMEPOXOBATOCTH JTOTO IJEMEHTA, KOTOPBIi OTPayKaeT M3MEHEHHe IKCIIyaTal[MOHHbIX
CBOMCTB apMaTypbl 1 TPYD, CBABAHHBIX C JUIUTEIBHOCTHIO UX UCIOJIL30BAHMS, XUMUIE-
CKUM COCTABOM BOJIBI U TID.

JUTEPATVYPA

1. Anexcees M.H., Epmoaun FO.A. // BeposiTHOCTHBIE XapaKTEPUCTUKU BPEMEHU HAPAOOTKU MEXKIY OTKA3aMU BOCCTAHAB-
JIMBaEMbIX 06'bEKTOB BOAOIPOBOTHO-KAHAIN3ANMOHHOrO X03AlcTBa. BomocHabxkenune n cannrapaas rexauka [i. pecypc|: Dmek-
TpoHHEIH KypHaI.-2009, Ne 5, ¢.26-28.

2. Bymwxo /J.A., Hanexany A.I., Meavnuros H.C. // Bei6op onTuMaibHON CXeMbl CUCTEMbI BOJOCHAOKEHUs! [JIs BBICOTHOTO
3pmanna. BomocmabikeHume w CaHMTApHAA TEXHUKA [JJ1. pecypc|: Duexkrponnsrit xyprar-2018, Ne | ¢.32-37.

3. T'anvnepun E.M. // O mponenype ompenesieHns HaJEKHOCTH (HYHKIMOHUPOBAHMS O0BEKTOB CUCTEM BOZOCHAGKEHUS U
Bomooteenenus. Becrauk CIACY. I'pagocrponTenncTBo m apxurektypa.-2014, Ne 1(14), ¢.52-56.
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A. B. Ckopukos (Gubkin University, Mocksa, Poccus)
skorikov.a@gubkin.ru

ITIOTEHIINAJIBI BECCEJIF B IPOCTPAHCTBAX Lp CO
CMEIIIAHHO HOPMOI HA BECKOHEYHOMEPHOM
IINJINHIPE

Onpenenm Lp IIPOCTPAHCTBA CO CMEIIAHHONR HOPMO# i (PYHKIUNA Ha IAJITHIPU-
YECKMX MHOYKECTBAX, STBJISTIOIIUXCST JIEKAPTOBBIM MON3BEIeHneM OECKOHETHOMEPHOTO TO-
pa 1T u eBkinjioBa 1pocrpancrsa R™, upudem juig 1°° ucnosbzyeM onpejesenne Ly
IPOCTPAHCTB U3 PabOTHI [1], KOTOPOE B KOHETHOMEPHOM CJIydae OTJIMIACTCS OT OTpe-
nenerunst Benedek A., Panzone R. mopsiakom B3situst HopM. OToXKecTBUM (DyHKITUH
f(@,x) ¢ nepuojmueckumu PyHKIMsIMU 110 KOOPJMHATAM BeKTOpa @ ¢ GECKOHEUHbIM
aucsiom KoopauHat O = (61,0s,...) u @ € R™ . Vcnonb3yst WIOTHOCTE HOPMAJBHOTO
pacrpenenennst w(x) ¢ napamerpamu (0, 2t) u mepuognsaiuo 31oi miorTHocTH w;(6),
OTIPeJIeJINM Mepy duww% (0)dQr wa Tope u mepy pup Laycca-Beiiepirpacca wa musiiH-
Jpe T°° x R™ tak, 4TO orpaHuYeHne 3TOi Mepbl Ha KOHEUHOMEPHbIE IUJINHIPbl UMeeT
nmnornocth wy(0, ®) = [[}_; w2 (6r) 15, wi(zr), a rakxke spo norenimana Beccens

Go(0,2) =1/T(a/2) /000 % ety (0, ) dt.

[Torenmman Beccens G onpenensderca Kak cBepTka GyHKInu ¢ ¢ aapom G. Cremy-
I0IIas TeOpeMa OleHuBaeT Mepy (i B Lp na T, yrounser Teopemy 10, [2] u mossosser
JoKazaTh Teopemy CobosieBa st CMEeITaHHbIX HOPM Ha OECKOHETHOMEPHOM IUJINH/IPE:

Teopema 1. Ilyctb p = (p1,p2,...), 1 < p < 00, 2 + L = 1 u Bemoansorcs

p q
00 00 oo L
YCJI0BUSL @)0 = ];1 qik < 00, b) lglok < 00, €) kll o >0, rorua ||l < e(1+¢7%/2).

JUTEPATVYPA
1. ITasnoe H.B., Cropuroe A.B. Ilpocrpanctsa Lp co cmemanHoi HOpMOi Ha OeckomedHomepHoMm Tope. H3sectus BY-
30B.Maremaruka 1986. Ne. 2, cTp. 69-72
2. Bewndukos A. /.,Ilaenoe U. B. IIpocTpamcTsa Lp co cMenranHoil HOpMOii Ha 6€CKOHEYHOMEPHOM JeKapTOBOM IIPOU3BEICHIN
BEPOATHOCTHBIX TIpocTpancTB. Analysis Mathematica 1987, 13 Ne. 3, cTp. 231-250

. B. IIserkoBa, . B. ITaBios (Pocros-ua-/lony, Poccus)
pilipenkolV@mail.ru, pavloviv2005@Qmail.ru

NHTEPIIOJIAIIMOHHBIE JTE®JIATOPHI!

Wurepniossiiinontbie MapTUHIAJILHBIE MEPbl SIBJISAIOTCS OCHOBON METOJIMKH, 103BO-
JIAIONEH Ha KOHEYHBIX W CYETHBIX BEPOATHOCTHLIX IMPOCTPAHCTBAX MHTEPIIOJUPOBATD
HeroJinble 6e3apOnuTparKHble PLIHKW JIO TOJHBIX U TeM CaMbIM CTPOWTDL Ha ITOJyda-
eMbIX PACHIMPEHHBIX PbIHKAX COBEPIIEHHbIE XEKU. XOPOIIO U3BECTHO, UTO KarKJas

1PaBora BHIMONHeHA TpH ToAAepkKe PODU (mpoext 19-01-00451).
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MapTUHTaIbHAs Mepa, SKBUBaJEHTHAs NCXOnHoi dusnueckoii' Beposgtaoctu P, KaHO-
HUYECKAM 00Pa30M MMOPOXKIaeT MapTUHTAJBHBIN J1edISITOP, TO €CTh MOJOKNATETLHBI
MAPTUHIAJ OTHOCUTEIbHO P, KOTOPBI IIPU yMHOXKEHHHM Ha JUCKOHTHPOBAHHYIO IIe-
HY aKIMM HA UCXOJHOM PBIHKE JaeT MapTHHIaJ oTHocuTeabHo P. B Hacrosinee Bpems
Teopust J1eIITOPOB JIOCTATOYHO XOPOIIO PA3BUTA (B OCHOBHOM, HHOCTDAHHBIMHU CIICI[H-
asincTaMu). B mpejicraBieHHOM JIOKJIAJE JIUIs CTATHYECKUX MOoJiesieil Oy iy T 00Cy K IeHbl
9JIEMEHTHI HOBOI KOHIEHIINK UHTEPIOJSIIIUOHHBIX J1e(DJISITOPOB.

IIycrs (9, F, P) — BepositHOCTHOE MPOCTPAHCTBO, & (Fk)i_o — duibrpanus ma
Fo =1{Q,0}, Fy = 0(By,Bs,...), tne {By, Bs,...} C F ecrs pasouenne ) na aro-
MbI, HMEIOIIHE NOJOKHUTeNbHYI0 P-sepostocts. [lyers Z = (Zy, Fi, P)i_, — ajan-
TUPOBAHHBIN OJTHOIIIATOBBIN MPOIECC (HAPUMEp, JUCKOHTHPOBAHHAS 1EHA aKIun), a
H = (Hk,}"k,P),lC:O — CTPOro IOJIOXKUTEJbHBIN 1ponece ¢ Hy = 1. Sadurcupyem
HEKOTOpOoe cemeiicTBo uHTepnosupyommx Gunbrpaiuit F = {F*} e F* = (F)>,
M JUIsl KaXKJIOIO MHJIEKCa (v BBIIOJIHAIOTCs paseHcrBa: Fio = Fo, Fo = Fi. Kakum-to
obpazoM nosyderupie F*-unTepnosupyrorme mporecchl i npoieccoB Z u H Oynem
obosnauars £ = (Z', Fi, P)i. the Z§ = Zy, 25 = Zy,u H* = (H}, F, P)?2,, tae
H§ = Hy, HS, = H;. Ilpouecc H (coors., H*) byem HasbiBaTh jiedJIsiTOPOM MPOIIECCa
Z (coots., Z), ecau oH ymoBJeTBOpsieT Hekoemy cBojictBy M (manpumep, H u HZ
— maprunrael, win HY u H*Z“ — maprunradst). [lycrs g gedastopos H u H®
onpejienero ceoiicteo U (Hampumep, cBoiicTBO epuucTBeHHOCTH Jediisitopa). O6bIaHO
Mbl uMeeM, 4ro st jedusitopos H coiicto U e Boinosnsiercs (gaedasirop H He
equncreenen). ledmasrop H mporecca Z Gynem HasbiBaTh F-MHTEPHONSIIHOHHBIM JTe-
dbasiTopom, ecyu fyist oboro « mporece HY sipisiercs gedisitopoM mporiecca Z¢ (T.e.
yjoBaerBopsier cpoiictBy M), a Takxke yjosierBopsier csoiictey U.

B joksajie OyjiyT npuBejieHbl KOHKPETHBIE PeaM3alii JaHHOTO ODINEro orpejesie-
HUsI, 8 TaK»Ke PacCMOTPEH cjaydaili KOHeIHOro ).

E.T. Yy6 (Pocros-na-/lony, Poccust)
elenachub111@gmail.com

CYBOIITUMAJIBHOE VYIIPABJIEHNE BEKTOPOM COCTOAHNLA
TEJJEKOMMYHUKAIIMOHHON CUCTEMEI ITIOJABU>KHOT'O
OB'BEKTA'!

Paszpaborana Mojensb yIpaBsieMoil TeIeKOMMYHUKAIIMOHHON CHCTEMbI MOIBUXKHOIO
00'bEKTa Ha OCHOBE UCIIOJIL30BaHMSA HH(MPOPMAIMOHHBIX KPUTEPHUEB. Y IPaBIeHue CUHTE-
3upoBano Ha npumepe kpurepust [lernona. OrananTenbHas 0COOEHHOCTD TPEII0KEH-
HOI'O METO/1a, PEeIIeHUsI IOCTABJICHHON 3a/1a9u — cBejieHne pernenust judepeHipaibHo-
I'o0 ypaBHEHHSI B YACTHBIX HMPOU3BOJHBLIX K MHTEI'PUPOBAHUIO CUCTEMbI OOBIKHOBEHHBIX

1PaBora BHIMONHEHA TpH ToAAepKKe PODU (mpoext 19-01-00451).
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nuddepeHnaabHbIX ypaBHeHnii. [IpeyioxkeHHbIe MOIX0/Ibl TTO3BOJISIOT 3HAYUTETHHO
COKPATHUTh BLIYUCJUTEBLHBIE 3aTPaThl, 4TO obecreunBaeT nx 3(PpEGEeKTUBHOE UCITOTH30-
BaHUE B COBPEMEHHbBIX BbIUUCJIUTE/ISIX.

JUTEPATYPA

1. Coxonos C. B. O pemenun npobieMbl CHHTE3a CTOXACTUYECKOI'0 OIITUMAJIBHOIO YIIPABJIEHHs HA OCHOBE HEJIMHEHHBIX BEPO-
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NCCJIEAOBAHUE CTPYKTVPHI IIOJIMHOYKECTBA
MAPTUHTAJIBHBIX MEP B CJIVUAE O/THOIIIATOBOI MO/IEJIN
®UMHAHCOBOT'O PHIHKA C BECKOHEYHBIM YUCJIOM
COCTOdHUM’

Paccmorpum Ge3apburparkubiii u HenoJiablil (B, S)-pblHOK, 3aganibii Ha {€), F},
e Q = {w;}2, F = (Fo, F1), Z = (Z;, F;)}_y — F-apanruposannbiii ciyuaitnbiii
npornecc. P(Z,F) MHOXeCTBO HEBBIPOXKIECHHBIX MAPTUHTAJLHBIX MEP 9TOTO PHIHKA.
[lycte Zy = a, Z1(w;) = bi,b; > 0,4 = 1,2,... u P € P(Z,F). Bynem rosoputhb,
P urto ynosieTBopsier OCJabJI€HHOMY YCJIOBUIO HECOBIIaJAeHUsS OapuIeHTPOB
(OYHB), eciu Vi = 1,2,... u jua soboro nabopa unjgekcos J C {1,2,..} \ {i}

_ bjp;
jeJ
TAKOr0, ITO JIONOJHEHNE J KOHETHO, BBITOJIHAETCS HEPaBEHCTBO b; £ JEZ o Hepapen-
J
jeJ

[ee]
bi—1_min pj+ > b;p;
2gg<si—1 j=it+1

crBa b; > — ,Vie I, rme I C{2,3,...} — HeKoTOpBIit HAOOD WH/IEK-

min p;+ > pj
2¢jsi—1 j=i+1

coB, Oy/leM Ha3biBaTh HEPABEHCTBAMU, YACTUYIHO MOIJIOMIAIIAMA DaPUIEHTD
(HUIIB).
Jlemma. IIycmv P € P(Z, F). Ecau svwnoanaomca

maX(a — bQ, <b2 — bl)pl) < (bg — bg)p?) (1)
w HYIIB, Yi > 3, mo mepa P ydosaemesopsem OVHE.

BaMeTnM, UTO NpH BLIIOJHEHUH YCJIOBUIA JIEMMbI BLIIOJHEHO HEPABEHCTBO by < by <
a < by < ...

Teopema. [Tycmv by < by < a < by < .... Toeda OVHE nenycmo ¢ P(Z, F).

st Toro,aTobnr by < ... < bp_1 < a < b, < ... pocrarouno poinosnenuss HYIIB,
Vi >k, k=2,3,... u nonyaurs 06061enune yeaosus (1). Ucnosn3yst TexHUKY JTOKa3a-

TesiberB U3 [1], copMysIMpOBaHHbIE BbIlIE JIEMMY U T€OPEMY MOXKHO JIOKA3aTh U JiJisl
Mep, YJOBJIETBOPSIONINX YCIOBUIO HecoBnasenus Gapurientpos (YHB) [2].



«Table of content»
Probability-Analytical Models and Methods 121

JUTEPATVYPA
1. Shamraeva V. // Some class of the interpolating martingale measures on a countable probality space. Global and Stochastic
Analysis, Vol. 5, Ne2, December (2018), 119-124
2. llampaesa B.B. MonenupoBanue (hbUHAHCOBBIX PBIHKOB CO CUETHBIM YUC/IOM cocrogHuii. O6pa3oBaresibHbIE PECYPChl U

rexnoorum. 2018. Ne 1 (22). C. 65-69.



«Table of content»
Bioinformatics and Mathematical Modelling 122

Session VI

Bioinformatics and Mathematical
Modelling



«Table of content»
Bioinformatics and Mathematical Modelling 123

G.I. Belyavsky, M. A. Girchenko, N.V. Danilova (SFU, Rostov-on-Don,
Russia)
beliavsky@hotmail.com

THE CALCULATION OF THE PROBABILITY EXIT OF THE AREA
OF THE RANDOM PROCESS, THE COMBINED MONTE - CARLO
METHOD APPROACH

We consider a numerical method for calculating the probability of an exit from
the region by the solution of the stochastic differential equation: dX; = f(X;)dt +
©(X3)dW;. Sufficient conditions of the existence and uniqueness of the strong solution
with a given initial condition are assu-med to be satisfied. The solution is considered on
a finite interval [0, T]. The probability of an exit is P,,; = 1— Elyx, ~anx,- There are

Xp= }Srift X, X; = sup X,. First of all, we note that the calculation of the probability
< S<t

of going beyond is directly related to the solution of the heat equation with variable
coefficients:

oV ©*(x) 0%V (x)
ISt %

in the area of D = {(z,t) : a« < © < b,t < T} and conditions at the border:
V(z,T) = 1, V(a,T) = V(b,T) = 0. The probability is P, = 1 — V(Xj,0).
When applying numerical methods for solving this heat equation, the following serious

=0

problems arise: a discontinuous boundary condition and a possible negativity of the
coefficient f(z). It requires additional analysis. The proposed numerical method is free
from these problems. The method is based on piecewise approximation of the solution
of the equation by the process

Hi=Hi 1+ p1(t —71) +0imaWier |, t € [Tiz1, Ti),

Hy = Hi 1+ pi—1(1i — 7im1) + 0 Wh 1,
wherein u; = f(H;), 0 = w(H;), Hy = Xp. In these formulas {7;} is the partition
of the interval [0,7]. With the frozen sequence H = {H;} conditional expectation
E(I{(x, ~anx,y/H) is calculated analytically. This fact allows us to approximately
calculate the desired expected value using the Monte Carlo method:
N

1 :
Bl a5 2 B manzny /HY).
=1

H is the implementation H with number j. Note that the partition of the interval may
be random. The results of computational experiments are compared, and the conclusion
about the possible universality of the numerical method is made.

The research is supported by the Russian Science Foundation, project 17-19-01038.
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I. V. Bogachev, V. V. Dudarev, R.D. Nedin (Rostov-on-Don, Russia)
bogachev89@yandex.ru

ON THE FEATURES OF MODELING INHOMOGENEOUS
VISCOELASTIC MATERIALS TAKING INTO ACCOUNT RESIDUAL
STRESSES AND STRAINS

An important task of modern mathematical modeling is the creation of adequate
models of functionally gradient materials (FGM), taking into account the presence in
them of fields of residual stress and strain (RSS). Their main feature is the continuous
dependence of the properties on the spatial coordinates, and the properties can vary
significantly in the volume of the samples according to different laws. At present, the
field of modeling FGM with RSS, taking into account the rheological properties of
materials described by models of viscoelasticity, is poorly studied. The properties of
the viscoelastic materials are functions not only of the spatial coordinates, but also of
time, or the frequency of oscillations in the steady-state case. An important task in the
simulation of FGM is to determine the functions characterizing the properties of the
material, wich allowing to assess the compliance of the characteristics obtained in the
preparation of the sample with the calculated ones.

This research is devoted to the construction of a general model of a functional-
gradient material, taking into account the presence of non-uniform fields of residual
stress and strain and viscoelastic properties. Viscoelastic properties are modeled using
the theory of complex modules and the correspondence principle. In this report, a
general formulation of the problem of steady-state vibrations of a viscoelastic FGM
body with RSS is obtained. On its basis, to study the influence of factors of residual
stress and strain (deformations) on the amplitude-frequency characteristics (AFC) of
bodies, problems on the oscillations of a non-uniform rod and tube were considered.
The purpose of the analysis was to assess the possibility of identifying the functions
characterizing the RSS according to the data on the values of the frequency response
at certain points of the objects. In both model cases, two sets of experiments were
carried out to study the effect of residual stress factors and residual deformations on
AFC and the maximums of AFC, which corresponding to the resonant frequencies in
the elastic case. Both for the rod and for the pipe, results were obtained indicating
that the residual deformations have a significantly greater effect on the AFC than the
residual stress.

This work was supported by the Russian Science Foundation (project code 18-71-
10045).
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I. M. Erusalimskiy (Rostov-on-Don, Russia)
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«N»-«1»-REACHABILITY ON A GRAPH-LATTICE: WAYS,
RANDOM WALKS, SOME IDENTITIES

The subject under consideration is a graph-lattice with «n»-«1» constraints on
reachability. Graph-lattice has vertices at points with non-negative integer coordinates.
Each vertex has two outgoing edges: horizontal edge and vertical edge to the
neighboring vertices — right and top.

Admissible ways in the case of «n»-«1» reachability are paths which satisty the
additional condition. This condition consists of divisibility by n of the quantity of
edges in way segments, consisting only of horizontal edges, which are the maximum
with respect to the embedding. This restriction does not apply to final segment of the
ways consist of horizontal edges. We obtained formula for the number of «n»-«1» ways,
leading from the vertex to the vertex. This allowed us to obtain a new identity for the
binomial coefficients.

The process of a random walk via «n»-«1» ways on a graph-lattice is considered. It
is shown that it is locally reduced to the Markov process on the subgraph determined
by the starting vertex. We obtained the formula for probability of transition from the
vertex to the vertex via «n»-«1» ways.

Obtained results continue the research presented in papers [1-3].

REFERENCES
1. Erusalimskiy I. M. Graph-lattice: random walk and combinatorial identities. Bol. Soc. Mat. Mex. 2016. (3) 22 (2), pp. 329-
225.
2. Erusalimskiy I. M. A random walk on a graph-lattice and combinatorial identities. Inzh. Vestn. Dona. 2015. Vol. 2, No. 2.
http://www.ivdon.ru/ru/magazine /archive /n2p2y2015/2964
3. Erusalimskii Ya. M. 2-3 Paths in a Lattice Graph: Random Walks. Mathematical Notes. 2018. Vol. 104, Issue 3—4, pp. 395—
403.

A.B. Ghazaryan (Yerevan, Armenia)
ghazaryan.aghasi@Qgmail.com

ON THE PALETTE INDEX OF A GRAPH: THE CASE OF
GENERALIZED THETA GRAPHS

Given a proper edge coloring ¢ of a graph G, we define the palette Sg(v, ) of a
vertex v € V(G) as the set of all colors appearing on edges incident with v. The palette
index §(G) of G is the minimum number of distinct palettes occurring in a proper edge
coloring of G.

The palette index was introduced by Hornak et al. [1] and has so far primarily been
studied for the case of regular graphs. Very little is known about the palette index of
non-regular graphs. Hornak et al. in [1] completely determined the palette index of the
complete bipartite graphs K,; with a < 5.
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The generalized theta graph 0, ., consists of a pair of endvertices joined by k
internally disjoint paths of lengths nq,...,n; > 1.
In this work we completely determine the palette index of generalized theta graphs.

Theorem the numbers ny,no,...,ng, and k > 2 are natural numbers, the number
of odd numbers from nq,...,ng is a, and the number of even numbers from nq,...,ny
is b. Then for the graph G = 0, p,... n, the fallowing equalities are true:

(1+1 a=0(mod 2),b= 0(mod 2)
1.5(G)=41+2 a=1mod2,b=1mod2,Ji € 1l,an; =1
[+ 3 a = 1mod2,b = 1mod2,Vi € 1,a n; > 1

(1 a = 1mod2,b = 0mod2,3i € I,a n; =1
2. 5(G)=<1+1 a=1mod2,b=0mod2,Vic1,an; >1,
([ +2 a=0mod2,b= 1mod2

where the first equality is for k = 21, and the second equality is for k = 21 + 1.

REFERENCES
1. M. Hornak, R. Kalinowski, M. Meszka, M. Wozniak Minimum number of palettes in edge colorings. Graphs and Combi-
natorics, 2014. Vol. 30, pp. 619-626.

V. A. Skorokhodov (Rostov-on-Don, Russia)
pdvaskor@yandex.ru

ON LIMIT STATES OF REGULAR DYNAMIC RESOURCES
NETWORKS

Let G(X, U, f, D) be a periodic dynamic resource network [1,2]. Every arc u = (4, j)
of such network has an throughput capacity r;;, wich is periodic depended on discrete
time with period D. Every node of the network stores some amount of «resources. This
resource reallocates through networks according to the specified rules.

Vector Q(t) = (q1(t),...,qn(t)) are called network G state in the moment ¢ and
each of these values ¢;(t) is called the quantity of resource in vertex 4 in the moment ¢.

We define rules of functioning of the dynamic resourse network: for each i € [1;n|y

qi(t+1) Zth+Zth

veE[z;]t (1) velw;]~(t)

where F'(v,t) is a the resource flow value, which passes through the arc v in the
moment ¢.

For modeling of process of reallocation of resource in dynamic graph GG we concider
the same processes on the auxiliary graph G’, similar to nonstandard reachability, and
on the set of auxiliary regular graphs {G; ?:61.
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Lemma 1. Let QF be an limit state of reqular resource network G; in case W = 1;
then

Qz—!—l mod D) Q P( )

where P (i) is a stochastic matriz of dynamic network G in moment t.
Theorem 1. Let G be a regular dynamic resource network; then vector Q.
(QS, cee QE_l) is a limit state of auziliary resource network G’ in case W = 1.
Theorem 2. Let G be a regular dynamic resource network; then the limit state of

auxiliary resource network G' exists and is unique for any value of W.

REFERENCES
1. Kuznetsov O.P., Zhilyakova L.Yu. Nonsymmetric resource networks. The study of limit states. Management and
Production Engineering Review. 2011. Vol. 2, No. 3. pp. 33-39
2. Skorokhodov V.A., Chebotareva A.S. The Maximum Flow Problem in a Network with Special Conditions of Flow
Distribution. Journal of Applied and Industrial Mathematics. 2015. Vol. 9, No. 3. pp. 435-446.

Besio3y6 B. A., Koznosa M.T. (Cumdeponons, PD)
art-inf@mail.ru

HEKOTOPBIE AJITOPUTMbBI BOCCTAHOBJIEHN A PEIIIEHUI
TUITA YPBICOHA

PaccmarpuBatorcst HeslMHeHbIe HHTerpaJibHble (MM JUCKPETHbIE) YPABHEHUST THIIA
Ypoicona 1] oTHOCHTENEHO Hem3BeCTHOH GyHKINN Z(S)

Az—/ Y(s)n(t — z(s))ds = u(t),c <t <d.

B npukiaHbIX 3a/ladax JOCTATOYHO BOCCTAHOBJIEHUS XapaKTEPHBIX TOUYEK MOBEPXHO-
cru h(x) 1o pesysbraraM JIMCTAHIIMOHHOIO 30H/IMPOBAHUS

2

/ o(x, h(z),h (z))exp | =\ (t — %Rk (h)) dr = gi(t), k =1, 2,

Ri(h) = /(M — h(x))? + (z — ay)?,

o > 0 — jjocTaTovuHOE YUCIO pa3 HenpepbiBHO auddepenimpyemasi, A — GpUKCUPOBaH-
HbIil napamerp, A > 1, ¢, M, ay, as — dpukcupoBanubie uncia. [lpu srtom H > 1,
Ri(h) # 0. Ilpeamonaraercst cymmecTBOBaHUE perienust h(r) cucTeMbl MpH 3aJaHHBIX
gr(t), k = 1,2. [Ia perenust ganHol 3aa4qu Cnoab3yercs mero Jlammaca [2].
BameTnm, 9To npu ¢hOPMYJUPOBAHHBIX YCJIOBUAX OTHOCUTEILHO H, cTanmonapubie
rouku h(zr) Guusku Kk cramuonapubiM Toukam dyukiuu Ri(h). lycrs hy, ha, ... hy,
YIIOPSOYEHHOE 110 YOBIBAHWIO MHOXKECTBO 3HadeHuil pyHkimu h B ee CraHIapTHLIX
TOYKAX 1, L2, ..., Ly. [IPEJMOTOKIM, ITO PACCTOSHEE A1, As OT [a, b] UMeeT MOpPSIOK

< H, rorma mocienosarenbuoctb Ri(h;) = —\/(M — hi(z))? + (x; — ax)? asuagercs
c
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YIOPsIOUEHHOH 110 BO3pacTaHWI0. XapaKTePHBIMU TOUKAMHU PeIleHus OyJeM CUUTATD
cralmoHapHbie Toukn. [Ipeiaraercss aJropuT™ HAXOXK IEHUST TAKUX TOUEK.
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H. B. Boes (Pocros-na-/lony, Poccust)
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INOPAKIING VIIBTPA3BYKOBBIX BOJIH HA CKOIIJIEHUIX
IIPOCTPAHCTBEHHHBIX ITPEIISITCTBUI B VIIPYTI'OI1 CPEJIE C
YYETOM JIFOBBIX 3AKOHOB UX OTPAXKEHUN U
TPAHC®OPMAIIUN

Teoperuueckasi 3HAUUMOCTD IPOBEJICHHOIO (PYHIAMEHTAJBLHOIO HCCIEI0OBAHUS CO-
CTOUT B IOJIyYECHUU ABHOI'O BbIparKCHUd [epeMeleHuil B lepeoTparKeHHbIX KOHEeYHOe
YUCJIO Pa3 BbICOKOYACTOTHLIX YIIPYIUX BOJHAX OT CKOIJICHUI NTPENATCTBUN 1TPOU3BOJIL-
HO¥ (bOpPMBI TIPU JIIOOBIX 3aKOHAX WX OTparkeHuit m Tpancdopmanuii. IIpakTuueckoe
3HaYEHNe COCTOUT B IPUMEHEHUN ITOJYIYEHHBIX BhIPpaXKEHNl K pacueTy BOJHOBBIX 1OJICH
B IIPOCTPAHCTBEHHDLIX 3a/@4ax YJIbTPa3ByKOBOIO HEPa3pyIIAoIIEero KOHTPOJIA YIPYTIuX
MarTepraJioB. pyroe npuMmeHeHne MOXKeT ObITh CBsI3aHO C U3YyUYEHHEM CBOHCTB MeTa-
MATEPUAJIOB, IOJYIEHHBIX BKJIIOUEHHEM CHCTEMbl TBEPJBLIX TeJ Pas3JudHOil (POPMBI B
VIPYIYI0O MAaTPUILy MeTaMaTepuasa B pexKuMe JUHAMAYECKOro BO3/ICHCTBUS Ha HEro.

Paccmorpena 3ajiaua 1poxoXKIeHus YJIbTPA3BYKOBBIX BOJIH Yepe3 CKOIJIEHUS ITPO-
CTPAHCTBEHHBIX MPEMSTCTBUI (B TOM THCJIE€ U TPOSIKOMIEPUOUIECKOI CTPYKTYPHI), Ha-
XOJSIIUXCs B OECKOHETHOI TpeXMepHOii yIIpyroii cpe/ie.

Junamudeckoe BO3jeilcTBIE BHIOPAHO CJIEIyIOIIEe: B CKOIJIEHUE MPElsiTCTBUIl BBO-
JIATCA UMILYJIBC C TOHAJIbHBIM 3all0JIJHEHUEM HECKOJbKUMU IIePUOJIaMU IIJIOCKOA BbICO-
KOYaCTOTHOM, MOHOXPOMATHUYECCKON MPOJOJLHON WJIM TONEPEeYHONl YIPYTOid BOJHDLI, a
B HEKOTOPOI BBIOpAaHHON 00JIACTH YIPYIoil CpeJibl IPUHUMAIOTCS IIPOLIEIIIIINE BOJI-
Hbl. [Ipu 3TOM KaxKjast U3 pacrupoCTPAHSIONINXCS BOJH MOXKET IIperepiieBarh JiioObie
BO3MOZKHbIC OTPAXKEHU I (HpO,[LOJIbHOfI BOJIHbBI B 1IPO/IOJIbHYIO, 1HOIIEPEYHON BOJIHbLI B 110-
nepevnyo) u Tpancdopmanuy (IpooabHOM BOJHBI B OMEPEUHYIO, MOMEPETHON BOJIHBI
B [IPOJIOJIBHYIO).

ViIbTPasByKoBO# pexKuM KojiebaHuii I03BOJISIET TIOCTPOUTH PEIIEHUE TPEXMEPHOiT 3a-
Jlady Ha, OCHOBE NeOMEeTpHUIEeCcKOil Teopuu Judpakiuu. 3ajada UCCIeIYeTcs B JIOKAIb-
HO#l mocTaHoBKe. Ha mepBoM 3Tare ompejiengaoTcss TPpaeKTOPHUH JIydeil pacipocTpate-
HUs YIPYIUX BOJIH C YIETOM UX OTPaXeHuit u TpancdopMalinii B TOYKax 3epKaJibHOI'O
OTParkeHUsl Ha I'PAHMUIHBIX IIOBEPXHOCTSIX LpelnsiTcTBuil. TpaekTopun jiydeil npejcras-
JISIIOT cOOOi IPOCTPAHCTBEHHBIE JIOMaHbIe JIMHUU. [Ipr MpoxXoXKIeHUN KarKJI0ro Jiyda
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13 UCTOYHWKA BOJHBI Yepe3 CKOIJICHUE TPEsTCTBHUI oOpa3yercs, B 00ITeM caydae, Ko-
HEYHOE YUCJIO JIyUeil ¢ Pa3JIMIHHBIMKA TUITAMK OTPaKeHUil 1 TpaHcOpMalnii yipyrux
BoJiH. B obsiacthb nipuema MOryT 1omnacTbh Kak Bce 0Opa30BaBIIUECs JIyUd, TaK U 4aCTh
ux.

Ha BTOpom 3Tare nnTerpajbHble MpeCcTaBIeHNs TTepeMeIennii B IepeoTpaKeHHbIX
BOJTHAX BBITMCAHBI Ha OCHOBe usmdeckoit Teopun audpakiun Kupxroda. Acumr-
TOTUYECKON OLEHKOW KparTHbIX JIUMPAKIMOHHBIX UHTEIPAJIOB METOJIOM MHOI'OMEPHO
CTAIlMOHAPHOM (ha3bl BBIMUCAH SABHBIN BUJI T€OMETPOOIITUIECKOTO TTPUOJINKEHUS TTepe-
MEIEeHnii B MHOTOKPATHO OTparkeHHbIX BoJiHax. Ha ocHOBe moJsiydeHHOTO perenus B
00J1aCTU MPUEMa UMITYJIbCa aHAJU3UPYIOTCS (pa3bl U BEJIMUYUHBI [epEeMelleHnil B 1po-
e JIIX TTPOJOJBHBIX W MOMEPEIHBIX YIBTPA3BYKOBLIX BOJTHAX.

VccnenoBanusi npoBejieHbl pu (pUHAHCOBOI mojiep:kke Poccuiickoro Hayunoro

Qomnja, rpant Ne 15-19-10008-11.

Fepmanuyyk M. C., Kozmosa M. TI'. (Cumdepomnosn, PD)
m.german4duk@yandex.ru, art-inf@mail.ru

AJITOPUTMBI PEOIITUMMN3AIIVINN B MHOT'OATEHTHBIX
SAIHJAYAX MAPIHIPYTU3AIINN

Bajaun kombunarophoii onrumusanuu (3KO) Berpeuatoresi npakTuvyecku Bo Beex
obnactax. Takue 3a7ja41 BOHUKAIOT NMPU TIJTAHUPOBAHWK MTPOU3BOJICTBA, ONTHMU3AIUH
KOMMYHUKAIMOHHON HHPPACTPYKTYPBI UM pabOThI KCIIOJTHUTEIEl, ar€HTOB, KOMMUBO-
sikepoB. Vcrnosb3oBanne HaliIGHHOTO ONTUMAJIHLHOTO PEIIeHns MPU TOCTPOCHUHU OITH-
MaJILHOI'O PEIIeHNUst sl 331491 ¢ HOBBIMU MCXOJ[HBIMU JIAHHBIMY (BO3MYIIEHHBIMU Ha-
JaJIbHBIMU JIAHHBIMHI) CBSI3aHO C MOHSATHEM peolTuMu3aliuu (reoptimization) u ycroii-
quBocTr. OCODEHHBI MHTEPEC peonTuMu3alns npejactapiser B N P-TpyaHbIx 3agadax,
HAIpUMep, B 3aja4e JIJisi HECKOJIbKUX KOMMWBOSI)KEPOB C JIOMOJTHUTEIbHBIME yCJIOBHU-
svu (nHGOpMAaIs, 3HAHWS, TPENeJIeHTh ). B 3a1a1e o Moncke MaKCHMATIBHO TPOCTOI
TETTH MEXKJTy JIBYMSI BEPIIHHAMY (T. €. ¢ MAKCUMAJbHBIM KOJIMIECTBOM BEPIIHH ) KaXK 10
BEPITIMHE TTPUITUCHIBAETCST HEKOTOPBIH TTPEJINKAT, 3a1ai0luii nH(MOPMAIINIO O BEPITHHE
(BKJIFOUEHME BEPIMHbBI B 11€1b UJIM UCKJIOUeHHE U T. 11. ). st HECKOJIBbKUX KOMMUBOSI2Ke-
POB ¢ OO0ITe#l MEebIo 3a/1a9a CBOJIUTCA K CIYIal0 OJHOI0 KOMMUBOSI2KEPa, KOHKYPEHITUS
(3axBaT CETH € YIETOM PECypCOB) — IPUBOJUT K urpam Ha rpadax. B pemennn muoro-
AreHTHOW 3aJ1a91M KOMMWBOSI?)KEPaA, TPUMEHSIeTCs KJIaCTePU3alinsi NCXOAHOro rpada Ha
HECKOJTbKO nojirpadoB. Kiacrepusaus Takyke He0OX0IMMa, JIJIsT JIEKOMITO3UITHH 33, 1a9H
npu ee DOJIBINOH PasMEepHOCTH (UCIOIBb3YeTCs aJlOPUTM MaKCHMAJIBLHOTO pa3pesa). B
paboTe MpuBeIeHbl PE3YIbTATHI TOCTPOEHHUST ONTUMaJIbHBLIX perernit B 3KO, obamaio-
1ieit Olpe/Ie/IeHHON CTPYKTY PO, Jijist CiydaeB jo0aBIeHrs, yIaJeHUsT UJId 3aMEHbI J1e-
MEHTOB MHOXKECTBa MCXOJIHBIX JIAHHBIX; PEAJU30BaHbI TPUOJINKEHHBIE IBPUCTUUCCKHUE
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AJITOPUTMBI pelieHnsd ITPUKJAaJHbIX 3a/a4; IIPOBEJICH BBIYUCJINTEJbHBII OQKCIIEpUMEHT U

CpaBHI/ITeHbeIfI aHaJIn3 PEaJIM30BaHHbIX aJITOPUTMOB.

JUTEPATVYPA
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CETEBOE MOAEJINMPOBAHUE JIJI¢ ITOBBIIITEHM 1
QOPEKTUBHOCTU PABOTHI IIPEJITPUATNA

OpHuM M3 METO/I0B 9KOHOMUKO — MaTeMaTHIeCKOrO0 MOJIEJNPOBAHWS SIBJISIETCS Ce-
TeBoe mianupoBanne. CereBble METOJbI U MOJIEIN IUPOKO MPUMEHSFOTCS JIJIsi Periie-
HUA 3aJ1a9 KoMMepnuu. Ha nx ocHOBe cO3/1aI0TCA CHCTEMBI CETEBOTO IJIAHUPOBAHUS U
yupasisienus (CILY). CereBoit MOjIeIbi0 HA3BIBACTCS SKOHOMUKO-MATEMATHICCKAS MO-
JIeJIb, OTpaXkarolast KoMIljieKe pabor u codbbiTuii B rpacduyeckoit popme. I'paduieckast
4acTh COCTOUT U3 JiMHUE (paboTr) U y3J0B (COOBITHI), T.e. MATEMATUICCKHUIT almapar
CeTeBBIX MojieJiell bazupyercsa Ha Teopuu rpadob. B cereBbIX MOeIsIX KpoMe OCHOB-
HBIX TTOKa3aTesiei (KpHTquCKI/Iﬁ MyTh, Pe3epBbl BpeMeHu cOObITHil, paboT n HyTeﬁ)
UMEIOTCSL U JIPYT'Me, KOTOPbIE SIBJISAIOTCS MCXOJHBIMU JIJIs OlIPEJIeJICHUS] He MeHee BarK-
HBIX XapaKTEePUCTHUK JIJIs aHAJN3a U ONTHUMHU3AINHE CETEBOr0o IpadpuKa KOMILIEKCa pa-
6oT. K HUM OTHOCATCS: paHHUI CPOK COBEPIIEHMS COOBITHUS, IO3THUI CPOK COBEPIICHMSI
coObITHA, pe3epB BpeMenn cobbiTus. [ist Bcex paboT Ha OCHOBE PAHHUX U TIO3JIHUX CPO-
KOB CBEPIIEHUs BCeX COObITUI CTPOUTCs TabJIuIIa, 1103BOJISONAs HARTHU IIOJHbINA pe3epB
BPEMEHH IIYTHU, KOTOPbI [TOKA3bIBAET, HACKOJbKO MOXKET OBITH YBEJUUEHA CyMMa IPO-
JIOJIPKUTEJTLHOCTH BCEeX PAbOT Ha, MyTH OTHOCUTEILHO KPUTHYEecKoro nyTu. B nanHoit pa-
bore paccMaTpUBaETCS 3ajlada MUHUMU3AIUK BPEMEHU, OTBEJIEHHOT'O JIJIsI BbIIOJIHEHU
KOMILJIeKCa padOT 10 OpraHM3al[ii BBICTABKHU-TIPOJIAaXKU TOBapoB. JlaHa ymopsiiodeH-
Has CTPYKTYpPHO-BpEeMeHHas TabJIuIa IepedHs paboT Jijisd JAHHOIO KOMILIEKca paboT.
Tpebyercst mocTpouTh cereBoit rpaduk, onpeaesuTh KpUTUUECKU Ty Th, KPUTHYECKNE
paboThi, pe3epBbl BpEMEHU, IPOBECTH IpapuiecKuil aHa/u3 KOMILIEKCa PabOT U OITH-
MU3AINAIO0 CETEBOI MOJIe/IM IO KPUTEPHUIO MUHUMYMa, BPEMEHH NIPH 3aJaHHBIX pecypcax.
Kpowme Toro, onpejensercs SKOHOMHS PECYpCOB U MaTePHUAJbHBIX BJIOXKEHHUH W CTPO-
UTCs ONTUMAJIbHBINA ceTeBOi IIaH padoT. UTOObI IPOBECTH aHAJIU3 CETEBON MOJEJH,
a 3aTeM ee ONTUMM3AINIO, ONpeIeJeHbl OCHOBHBIE XapaKTEPUCTHKN CETEBOIO MOJECII-
poBaHUs. DTH XapaKTEPUCTUKU OTMPEJIEJICHBb JIBYMsI CIIOCODAME aHAJIUTHIECKH (C T10-
MoIIbIO popMyst) u TpadrUUecKn — MOCTPOEHUEM CETEBOTO MOJIEJINPOBaHUsT. SHATCHMUST
cBODOJIHOIO pe3epBa BpeMeHu pabOThl BbIYUC/ISAETCH KaK Pa3HOCTb 3HAYEHUN olpejie-
JIEHHBIX rpadoB. Bernunnbol rpadoB yKa3bIBalOT Ha pe3epBbl PAOOT, HEOOXOIUMBbIE JIJIsI
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onTuMusalun Mojenu. Haiijenn! 3uHadeHust K03 puimeHTa HalpsyKeHHOCTH, BbITUC-
JIEHHBIE TIO0 OTIpejieJIeHHOM (hopMmy.ie.

. B. Kozmos, B. 4. IIreiin6epr (Pocros-ua-/lowy, Poccus)
dvkozlov@sfedu.ru borsteinb@mail.ru

MATEMATUYECKA{4A MOJEJIb ITPABOBOTI'O PEI'YJIMPOBAHNA

B jaHHO# cTaThe paccMaTpUBaeTCsl MOJIE/b ITPABOBOIO MPOCTPAHCTBA, OPUEHTUPO-
BaHHAs Ha aHAJHU3 IIPABOBOIO perynupoBanusd. JlomnojHeHne 3Toif MoJean CTaTUCTHYe-
cKoil nHMOpMAaIeil MOXKET 03BOJIUTH OIEHUBATH MaTeMaTHYeCKOe OXKMJIAHUE PaCXO-
JIOB, CBSI3aHHBIX C BMENIATEIHCTBOM MPABOOXPAHUTEIBLHBIX OPTAHOB B CJIydae COOBITHIA
¢ HEOJATONPUATHBIMU MOCJIEJCTBUSIMHI U JIeJIaTh TPOTHO3bI TAKUX COOBITHIA.

AKTyaJbHOCTD JTAHHOM MOJIENI BBI3BAHA TEM, 9TO 00bEM HOPMATUBHLIX JIOKYMEHTOB,
PEryIMpyOMNX B3aNMOeiicTBIe CyOhbeKTOB MPaBOBOTO TPOCTPAHCTBA, HATUHAET TpPe-
BBIINATH IPAHUIIBI BO3MOXKHOCTEH 4YeI0BeKa M3ydaTh W MCIOJb30BATH 9T JIOKYMEHTHI
11].

PasyMHBIM B 9TOil CUTyaIMy BUJUTCS CO3JIaHKE KOMIIbIOTEPHBIX MHCTPYMEHTOB, B
TOM YHUCJIe, UCIOJb3YIONMX MAIMHHOE O0yUYeHHe, MOMOTaIUM OPUEHTUPOBATHCS B
LPOCTPAHCTBE IIPABOBBLIX JOKYMEHTOB. IIpejiaraemasi MoJe/b — OPUEHTUPOBAHHbIM
rpad. Bepiuabl rpada — 370 oTjiesibHbIe Haparpadbl WK I'PYIIILI HTaparpadoB IpaBo-
BBIX JIOKYMEHTORB, K KOTOPHIM OTHOCSITCST MEK Iy HAPOIHBIE COTTIAITIEHIST, HAITMOHAIhHbIE
KOHCTUTYIIMW, KOJIEKCHI, 3aKOHbI, MMO/I3aKOHHBIE aKThl U WHbIE HOPMATUBHBIE JIOKYMEH-
Thl. Jlyra coejuHsier JiBe BEpIINHBI, €cJu mnaparpad JOKYMeHTa, COOTBETCTBYIOIIN
KOHEUHOI BepIIMHe JIyI'¥, UCIOJb3yeT Iaparpad JIOKYMEHTa, COOTBETCTBYIOIIUI Ha-
JaJIbHON BepIiuHe. DTOT rpad JT0/KEH ObITh OECKOHTYPHBIM.

[TocTpoeHHasi MOJCIb MOXKET HCIOJIb30BATHCS: JIJIsi [TOMCKA CIHMCKA JIOKYMEHTOB,
OJIMBKHUX K [IPOEKTUPYEMOMY; JIJIsI IOCTPOEHHSI CBA3K JOKYMEHTA C €0 MOCe Y OIUMN
OOHOBJIEHWSIMMT, JIJIST TIOMCKA TTAphl JOKYMEHTOB, JTyOJUPYIOMNX JAPYT JIPyra B HEKOTO-
PBIX MYHKTAX; JJIs TOWCKa TTapbl JJOKYMEHTOB, ITPOTHBOPEYAINX JIPYT JIPYTY B HEKOTO-
PBIX IIYHKTAX; JJIsI TIOUCKA HE UCIOJb3YEMBbIX CCBLJIOK OJHUX JOKYMEHTOB Ha JIpyTHUe.

[Ipu HaKomieHny OOJIBIINX JAHHBIX O COOBITHAX ¢ HEOJArONPUATHLIMU IIOCJIE/ICTBU-
SIMP B3aMMHOI JIeITeIbHOCTH CyO'beKTOB TPABOBOTO MPOCTPAHCTRA, ITPOTHO3 TAKNUX CO-
OBITHIT MOXKET BBINOJHSATHCS 00JIee TOYHO ¢ MOMOIIHIO HEPOHHBIX CBEPTOYHBIX CETEH.

JUITEPATVYPA
1. http://sk.ru/news/b/articles/archive/2017/12/01/law 2600 code-o-problemah-avtomatizacii-prava.aspx ( gara obpare-
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MOAEJINMPOBAHUWE CEPUN IINKOB AKTUBHOCTU
HACEKOMBIX-BPEANTEJIEN PA3PVYIITAIOIIIITX
BNOTNUYECKVYIO CPE/IY

MojiesiupoBaHue BCIBIIIEK HACEKOMBIX Ba)KHas IIPOOJIEMa JIECHOI'O XO3diCTBa. DKC-
TpeMaJibHbIE sIBJIEHNUST B3PhIBOOOPA3HOIO PA3MHOXKEHUsI ITPOUCXOIAT U B BEUHO3EJIEHbBIX
Jjlecax 1 B bopeaJsibHoil Tajire. @as3bl BCIBIIEK PAa3JIMIHBIM 00Pa30M IIPOTEKAIOT C TOY-
KU 3peHs Teopuu OudypKaluii y 0JHOrO BUja B pa3HOM ODHOTHIECKOM OKpy»KeHun [1].
OTanvgaloTest TMOCAECTBHST BCIBIIMIEK, BIUIOTH JO MOJHOTO YHUUTOXKEHUS OTIEJIHHBIX
BUJIOB PACTUTEJbHOCTA aKTUBHBIM BCEJICHIIEM.

Brraensgiores pa3auyunsgaMu CUTYaIlln BCIBIIIEK Y aBTOXTOHHBIX HACEKOMBIX W MHBa-
3UBHBIX, HEJIABHO MOMaBIuX B sKocucremy |2|. Hacekomblie ucnonb3yrores st GuoJio-
I'UYECKOI0 T0/IaBJeHns COPHSIKOB. VIHTpOAyKInKu BpeuTeieil ObIBAIOT YCIEITHBIMUI, HO
4aCTO 3aKaHIMBaIOTCs Oe3 ycrexoB. VHBa3MOHHASI BCIBIIIKA MOXKET HPOXOAUThH B hOp-
Me eJMHUYIHOIO MUK YUCJIEHHOCTH, IOCIe BUJI CTAHOBUTCS MAJOUYKUCJIEHHBIM, JUOO B
¢gopMe cepun IUKOB, IIOC/€ BUJI OKA3bIBACT BO3JICHCTBUE HA SKOCUCTEMY.

PaccMoTpuM JiBa BbIYMCIUTEJILHBIX ClEHAPUs WHBa3uii B ypaBHenusix ¢ N(t — 7),
monucdunupyst ypasaenuss Hukoscona n Xarunacona. Mojenb eIUHUYHON BCIBIIIKN
IIPU CONPOTUBJICHUN OMOTUIECKOTO OKPY»KeHUsI B (pOpMe ypaBHEHUs C 3alla3/IbIBaHueM
T n K —éMKoCThIO:

dN K—-N(t—r1)
@ - VO E TN =)

7 — YNZ(t). (1)

(1) ommier crieHApHii MPOXOXKJICHUST TTOCJE AKTUBHON WHBA3UBHON BCIBIMIKYA «OyThI-
JIOYHOT'O TOPJIBIIIKAy, MpeaebHOl MUHUMAJbLHON 4dMciaeHHOCTH Buja. [ad cepunm oc-
MAJJIATUI TPEJIJIOYKUM ypaBHEHUE!

dN uvN (t — 1)
dt — ve’® + k(e’™ — 1)N(t — 27)

—UN(t) — kN*(2). 2)

(2) IMOKaXKeT CIeHAPU 3aTyXAIOMNUX OCIIUJIIAINI, PE3KUX TUKOB NHBA3MOHHON BCIIBIIII-
KM, 9YTO OKa3bIBaCT Pa3pyllIaloliee BO3/ICHCTBUE HA CPELY.

Pabora mojepxkana POOU Ne 17-07-00125 (CIIMVPAH).
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IIONCK CKPBITOII CUMMETPUU B PEIIIEHNAX ITPOBJIEMBI
TOMCOHA, OBOBITIEHHON HA CJIVUAU IBYXCJIOMHBIX
OBOJIOYEK

[Tpo6siema Tomcona [1]| - 910 3ajaua 0 TOM, Kakyio cTpykTypy obpasytor N yiep-
JKUBaEeMbIX Ha cepe dacrull, B3aumojeiicTBytonux 110 3akony Kysiona. Eé perenust
IITMPOKO PACIPOCTPAHEHBI B »KWBOW TMPUPOJIE, B YaCTHOCTH, PACHOJOXKeHHEe OEJIKOB B
BUPYCHBIX 000sI0UKax (Karcugax) |2| nnorma siisiercst permennem mpobsaembl Tomcona.

B nannoit pabore mposBoguTcsi 0dbo0IeHne mpodbeMmbl TomMcoHa Ha ciydail pasme-
IMeHWs YaCTHI[ Ha JIBYX KOHIICHTPUUIECKUX cdepax ¢ OJm3KuMu paguycamu. [locse
CJIy9aifiHOro BBIOpOCA (MM MKOCA3IPUIECKH CHMMETPUYHOTO B CJIydae MOJIEJTUPOBa-
HUSI BUPYCHBIX KAallCHJIOB) YaCTHI[ HA MOBEPXHOCTH chep MUHUMHUBUPYETCs SHEPIrust
CHCTEMBbI 110 KOOpJIMHATaM 4YacTuil. PaccMOTpeHa BO3MOXKHOCTH IMOJIYYEHUsT BBICOKO-
CUMMETPUYIHBIX CTPYKTYP, COOTBETCTBYIOIINX YITAKOBKAM OEJIKOB B MHOTOCJIONHBIX BU-
pycHbIX 0boJiouKax. OOHapyKeHa copa3MepHOCTD [3| 0bosouek B Kalcugax BUPYCHOTO
cemeiicTBa Reoviridae. [IpoBejieno MmojiesinpoBatue JIBYyXCJIAOMHBIX HA3KOCUMMETPUTHBIX
ToMCOHOBCKHX YTAKOBOK C OOJIBIITMM YHUCJIOM YaCTHUIl, TJie ObLTN HaieHbl CJeIbI CO-
Pa3sMepPHOCTH I'eKCAaroHaJILHOTO MOPSIIKA, BbIPAXKAIOIINECsS BO B3aUMHOM IIPUTIXKEHUN
TOINOJIOTUIECKHX J1e(DEKTOB PA3IUIHBIX 000JI0UEK.

Takoke Ha 1IpUMEpPe MHOIOCJIOWHOIO Kalicu ia Bupyca Bluetongue ObL10 paccmorpeno
BnsHne pH okpykalomieit cpeibl Ha 3apsiabl OEJKOB U 1EJIOCTHOCTH BHEITHEH 0060104-
kKu. B yacTHOCTH, B paMKax JaHHON MOJie/id ObLI0 0ObICHEHO OT/leJieHne TPOTENHOB OT
JIAHHOT'O KAlCUa MPHU TTOHUKEHWH KUCIOTHOCTH OKPYZKAIOIIEro pacTBopa.

Pabora sbiiosnena 1pu nogepxkke POOU (rpant Ne 18-02-00549 A).
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O KAYECTBEHHOM AHAJIN3E TPEXMEPHOU
MATEMATNYECKOV MOJEJIN IN®®Y3UU, BO3BY2K/IAEMON
SJIEKTPOHHBIM 30H/I0OM B OJTHOPO/JIHOM
IIOJIVIIPOBOJHNKOBOM MATEPUAJIE

B pabore Ha ciy4aii npocrpaHcTBa 0000IIAIOTCS UJIEH U METOJbI, PaspadoTaHHbIE
JIJIsT TTPOBEJIEHNsT Ka9eCTBEHHOTO MCCJIEOBAHUs JBYMEPHONH MaTeMaTHIecKON MOJIesu
Jnddy3un 1 KaTo 0 FOMUHECIIEHIINNA SKCUTOHOB, BO30Y K JIaeMbIX MYJIbCUDPYIOIINM HU3-
KOSHEPreTHIeCKUM 3JIEKTPOHHBIM 30HJIOM B OJIHOPOJIHOM I1OJIyTPOBOJIHUKOBOM MaTepy-
ase |1, 2|. s usygaemoii TpéxMepHO# MOJIETH JIOKA3aHa HEIPEPbIBHAST 3aBUCHMOCTD
perennii (BbIXOJHBIX JAHHBIX) OT BXOJHBIX JAHHBIX. JlOKa3bIBaeMble yTBEDXK/ICHUS
oopMJIeHbI B BHjie TeopeM. B pesysibrare yCcTaHOBJIEHO, YTO PACCMOTPEHHAsi MOJIEIb
MOKET ObITh HpUMEHeHa JIJist OleHKU KO3 puimenTa Juddy3un u nogBuxKHOCTH SKCU-
TOHOB 110 pe3yJIbTaTaM JKCIePUMEHTAJbHBIX U3MEPEHUH Cla1a KaTo0TIOMUHECIICHITUH.
[Tpu MoieTMpoBanny UCIOIb30BAIICH TapaMeTPhI, XapaKTepHbIe JJId HUTPUIA T,
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