BECTHHR

0;KHO-YPAJIBCKOTIO 2023

rOCYIAPCTBEHHOTO

YHUBEPCHTETA T.16, No 2
ISSN 2071-0216 (Print)

ISSN 2308-0256 (Online)

CEPUA

«MATEMATHYECKOE
MOAEJNPOBAHUE
U ITPOT'PAMMHUPOBAHUE)>

Pemenuem BAK Poccun Briaroden B IlepedeHb peneH3MpyeMbIX HAyYHbBIX H3JaHUM

VYupenutenp — PenepaibHOE TOCYy/JapCTBEHHOE aBTOHOMHOE 0Opa3oBaTeJIbHOE
y4dpexKIeHne BBICIIIEro oopa3oBaHUs
<FO2xkHO-YpasibCKUii TOCYJapCTBEHHBIA YHUBEPCUTET
(HaMOHAIBHBIN NCC/IEI0BATEIBCKAI yHUBEPCUTET)>

OCHOBHOI TIEJIBIO U3JIAHUST SIBJISIETCST TPOTIAraHIa COI3a KATeCTBEHHBIX U UHMCJIEHHBIX HCCJIe-
JoBaHuil MaTeMaTudeckux mojeseil. [Ipemamourenne npu nybsaukanuu OygayT UMETh CTATbU, IO0-
CBSINIEHHBIE PE3Y/IbTaTaM KadeCTBEHHBIX MCCJIEIOBAHUN MaTEeMATHIECKNX MOJEIEN, BBISBISIONIIX
Kakne-jgub0 HEeoUYeBUJIHbIE UX CBOMCTBA; pe3yJibraTaM YHCJICHHBIX WCCIEI0BAHUM, COIMEPIKAIIIX
Pa3pabOTKN HOBBIX BBHIUUC/IUTEIBHBIX AJITOPUTMOB IPUMEHUTEIHLHO K MATEMATUIECKUM MOJICIISM;
U KOMILJIEKCaM IIpOrpaMM, CO3J@HHBIM JJId IIOCTAHOBKHU BBIYUCIUTEIbHBIX SKCIEPUMEHTOB.

PepaknmonHasi KoJijierus upod., a-p Vonr Jlu,

K..-Mm.H., nor. Berakos E.B., a.d.-m.H., npod. Kaguenko C.U.,
K.(.-M.H., pod. Sansnuu B.U., a.d.-MH., akan. HAH Pecy6auku
a.d.-M.H., pod. 3ambIiiisieBa A.A., Kazaxcran Kambmenos T.ITI1.,
a.db.-m.H., goin. Kennep A.B., a.d.-m.H., mpod. Kopnycos M.O.,
a.d.-M.H., npod. Manakosa H.A. a.1.H., akag. PAH Hosukos /1. A.
(ome. cexpemapn), (npedcedamen),

a.d.-M.H., npod. CBupugrok I A. a.d.-m.H., npod. IlarkoB C.TI.,
(ea. pedaxmop) npod., 1-p Pusepa 2K.E.M.,
Pepaknuonnsblit coBeT npod., 1-p Ta 3yit PbIoHT,
npod., a1-p A6bac C., npod., 1-p Tuba .,

a.db.-m.H., mpod. Banacak ., A.T.H., ipod. YTkuu JI.B.,

JI.T.H., npod. Boromosior A.B., npod., 1-p PaBunu A.,

a.1.H., npod. Bomogapckuii E.T., a.db.-Mm.H., mpod. PypcukoB A.B.,
npod., 1-p Bonr II., a.d.-m.H., wi.-kop. PAH Yennos A.T.
a.db.-m.H., mpod. Seauk C.B.,

© Wszpareasckmit mearp FOYpI'Y, 2023



BULLETIN

OF THE SOUTH URAL 2023
STATE UNIVERSITY Vol. 16, no. 2

SERIES

“MATHEMATICAL MODELLING,
PROGRAMMING & COMPUTER 1SSN 20710216 (Prin)
SOFTWARE” ISSN 2308-0256 (Online)

Vestnik Yuzhno-Ural’skogo Gosudarstvennogo Universiteta.
Seriya “Matematicheskoe Modelirovanie i Programmirovanie”

South Ural State University

Main purpose of the publication is to promote the union of the qualitative of numerical studies of
mathematical models. Articles, devoted to the results of qualitative studies of mathematical models, that
identify any non-obvious properties, the results of numerical studies that contain the development of
new computational algorithms applied for the computational experiments, will have the preference for
publication.

Editorial Board

E.V. Bychkov, South Ural State University, Chelyabinsk, Russian Federation

A.V. Keller, Voronezh State Technical University, Voronezh, Russian Federation

N.A. Manakova, South Ural State University, Chelyabinsk, Russian Federation

G.A. Sviridyuk, South Ural State University, Chelyabinsk, Russian Federation

V.I. Zalyapin, South Ural State University, Chelyabinsk, Russian Federation

A.A. Zamyshlyaeva, South Ural State University, Chelyabinsk, Russian Federation

Editorial Council

S. Abbas, Indian Institute of Technology Mandi, Mandi, India

J. Banasiak, University of Pretoria, Pretoria, Republic of South Africa

A.V. Bogomolov, Burnasyan Federal Medical Biophysical Center of Federal Medical Biological
Agency, Moscow, Russian Federation

A.G. Chentsov, Krasovskii Institute of Mathematics and Mechanics, Ural Branch of the RAS,
Yekaterinburg, Russian Federation

A.V. Fursikov, Lomonosov Moscow State University, Moscow, Russian Federation

A. Favini, University of Bologna, Bologna, Italy

S.I. Kadchenko, Nosov Magnitogorsk State Technical University, Magnitogorsk, Russian Federation
T.Sh. Kal’menov, Institute of Mathematics and Mathematical Modelling, Almaty, Kazakhstan
M.O. Korpusov, Lomonosov Moscow State University, Moscow, Russian Federation

D.A. Novikov, V.A. Trapeznikov Institute of Control Sciences of the RAS, Moscow, Russian Federation
S.G. Pyatkov, Sobolev Institute of Mathematics, Siberian Branch of the RAS, Novosibirsk,
Russian Federation

J.E.M. Rivera, Federal University of Rio de Janeiro, Institute of Mathematic, Rio de Janeiro, Brazil
Ta Duy Phuong, Hanoi Institute of Mathematics, Hanoi, Vietnam

D. Tiba, Institute of Mathematics Romanian Academy, Bucharest, Romania

E.T. Volodarskiy, National Technical University, Kiev, Ukraine

L.V. Utkin, Peter the Great Saint-Petersburg Polytechnic University, Saint Petersburg,

Russian Federation

P.J.Y. Wong, Nanyang Technological University, School of Electrical and Electronic Engineering,
Singapore, Singapore

Yong Li, College of Electrical and Information Engineering, Hunan University, Changsha, China
S.V. Zelik, University of Surrey, Guildford, United Kingdom

76, Lenin ave, Chelyabinsk, 454080, Russian Federation, vestnik@susu.ru, mmp.vestnik.susu.ru



Conepxanue

MaremaTuuyeckoe MoageJIMpoBaHue

EXACT SOLUTIONS OF BETA-FRACTIONAL FOKAS-LENELLS EQUATION

VIA SINE-COSINE METHOD

V. Ala, B. Rakhimzhanov . . . . . . ... . 5
N3YYEHUE KAYECTBEHHBIX 3AKOHOMEPHOCTEN IIPOILIECCA
9BTPOONPOBAHNA MEJIKOBOAHOI'O BOAOEMA HA OCHOBE
MATEMATNYECKON MOJIEJIN BIOJIOTMYECKON KMHETUKN

10.B. Benosa, E.O. Paxumbaesa, B.H. Jlursunos, A.E. Yucrsakos,

A.B. Hukurmnaa, A.M. ATasii . . . . . . . e 14
CPABHUTEJIbHBINT AHAJIN3 HEKOTOPBIX MATEMATUYECKIX MOIEJIEN
BOCIIJTAMEHEHIS BOJOPO/I-KNCJIOPOJIHBIX CMECEI

M.C. 2Kapsuikanosa, FO.M. Kosasnes, E.E. ITuracoB . . . . .. .. ... ... .......... 28
O KAYECTBEHHOM AHAJIN3E CEMENCTBA JUO®OEPEHIINAJIBHBIX
YPABHEHUN C IIEPBBIMU MHTETPAJIAMU BHIIIE 2-11 CTEIIEHU

B.. Uprero, T.H. THTOPEHKO . . . . . . . . .o it e e e e e e e e 37
TRAVELLING BREAKING WAVES
N.M. Koshkarbayev . . . . . . . 49

MATEMATUYECKOE 1 YUCJIEHHOE MOJIEJINMPOBAHUE HECTAIIMOHAPHBIX
TEYEHUNI C ®A30OBBIMU IIEPEXOJAMH B ITPOTUBOTOYHEIX
TEITJIOOBMEHHBIX ATIITAPATAX

B.K. Tomerbix, KLA. TTIIEHATHBIA . . . . v o oo v e e e e e e e e e et e e e e e e 59
MODELLING THE PROCESS OF NON-EQUILIBRIUM HYDRATE FORMATION

IN A POROUS RESERVOIR

M.K. Khasanov, S.R. Kildibaeva, M.V. Stolpovskiy . . ... ... .. .. ... .. ... ...... 68
OB OJIHOM JIAT'PAH?KEBO-SIJIEPOBOM METOJIE PACUETA

HECTAIIMOHAPHBIX TEUYEHUN CYKIMAEMBIX CPE/L

E.C. IlecrakoBckasi, f.E. Crapukos, I.P. MakeeBa . . . . . ... ... ... ... ... ....... 78
IIporpammupoBanue

CETOYHO-XAPAKTEPUCTUYECKAA PASHOCTHAA CXEMA

JJId PEINEHNA YPABHEHUA XOII®A HA OCHOBE

JBYX PA3JIMYHBIX JIMBEPTEHTHBIX ®OPM

B.E. KaprioB, AWM. JIODAHOB . . . . . . . ot e e 91
Kparkue coobiiieHus

AJITOPUTMBI HAXOXKJIEHUA ACUMIITOTUYECKNX ®OPMYJI COBCTBEHHBIX
YUCEJI JINCKPETHBIX ITOJIYOTPAHUYEHHBIX OITEPATOPOB

C.U. Kaguenko, JI.C. Pst3aroBa . . . . . . . . . o 104
INVESTIGATION OF BOUNDARY CONTROL AND FINAL OBSERVATION

IN MATHEMATICAL MODEL OF MOTION SPEED POTENTIALS DISTRIBUTION

OF FILTERED LIQUID FREE SURFACE

K.V. Perevozchikova, N.A. Manakova . . . . ... ... .. ... . . . . .. 111

Bectauk FOYpI'Y. Cepua <Maremarndeckoe MOAeJIMPOBAHUE
u nporpammupoBanues> (Bectuuk IOYpI'Y MMII). 2023. T. 16, Ne 2



Contents

Mathematical Modelling

EXACT SOLUTIONS OF BETA-FRACTIONAL FOKAS-LENELLS EQUATION

VIA SINE-COSINE METHOD

V. Ala, B. Rakhimzhanov . . . ... ... ... . 5
THE QUALITATIVE REGULARITIES OF THE EUTROPHICATION PROCESS

OF A SHALLOW WATER RESEARCH BASED ON A BIOLOGICAL

KINETICS MATHEMATICAL MODEL

Yu.V. Belova, E.O. Rahimbaeva, V.N. Litvinov, A.E. Chistyakov,

A.V. Nikitina, A.M. Atayan . . . . .. .. .. 14
COMPARATIVE ANALYSIS OF SOME MATHEMATICAL MODELS IGNITION

OF HYDROGEN-OXYGEN MIXTURES

M.S. Zharylkanova, Yu.M. Kovalev, E.E. Pigasov . . . . . ... ... ... .. ... ... ....... 28
ON THE QUALITATIVE ANALYSIS OF A FAMILY OF DIFFERENTIAL

EQUATIONS WITH FIRST INTEGRALS OF DEGREE MORE THEN 2

V.D. Irtegov, T.N. Titorenko . . . . . . . . .. . 37
TRAVELLING BREAKING WAVES
N.M. Koshkarbayev . . . . . . . 49

COMPUTER MODELLING OF NON-STATIONARY FLOWS

WITH PHASE TRANSITIONS IN COUNTERCURRENT

HEAT EXCHANGERS

V.K. Tolstykh, K.A. Pshenychnyi . . . .. ... ... . . . . . . . 59
MODELLING THE PROCESS OF NON-EQUILIBRIUM HYDRATE FORMATION

IN A POROUS RESERVOIR

M.K. Khasanov, S.R. Kildibaeva, M.V. Stolpovskiy . . ... ... .. ... ... ... ... ... 68
ON A LAGRANGIAN-EULERIAN METHOD CALCULATION

OF UNSTEADY FLOWS COMPRESSIBLE MEDIA

E.S. Shestakovskaya, Ya.E. Starikov, I.LR. Makeeva . . . . ... ... ... .. ... .. ........ 78
Programming and Computer Software

GRID-CHARACTERISTIC DIFFERENCE SCHEME FOR SOLVING

THE HOPF EQUATION BASED ON TWO DIFFERENT DIVERGENT FORMS

V.E. Karpov, A.I. Lobanov . . . . . .. ... 91
Short Notes

ALGORITHMS INVENIRE ASYMPTOTIC FORMULAS EIGENVALUES DISCRETA
SEMI-TERMINUS OPERATORS

Kadchenko S.I., Ryazanova L.S. . . . . .. .. .. 104
INVESTIGATION OF BOUNDARY CONTROL AND FINAL OBSERVATION

IN MATHEMATICAL MODEL OF MOTION SPEED POTENTIALS DISTRIBUTION

OF FILTERED LIQUID FREE SURFACE

K.V. Perevozchikova, N.A. Manakova . . . . . .. .. .. ... . .. . . .. . .. 111

Bulletin of the South Ural State University. Ser. Mathematical Modelling, Programming
& Computer Software (Bulletin SUSU MMCS), 2023, vol. 16, no. 2



