BECTHHR

0;RHO-YPAIBCROTO 2025

TFOCYIAPCTBEHHOTO

YHHBEPCHTETA T.17, N1
ISSN 2075-809X (Print)

ISSN 2409-6547 (Online)

CEPUA

«MATEMATHUKA.
MEXAHUKA.
OUSUKA)

Pemennem BAK Poccun BriroueH B IlepedeHb peneH3MpyeMbIX HAyYHbBIX H3AaHUM

Yupenurennr — PegepanbHoe rocy1apcTBEHHOE AaBTOHOMHOE 00pa30BaTe/IbHOE YUpe:KIeHne
BbIcIIero oopa3oBanus «HOKHO-YpanbCKuil roCyAapcTBEHHbI YHHBEPCUTET
(HaMOHAJIBHBINI HCCIeI0BATEIbCKHIl YHHBEPCUTET)>

OcHOBHOM 1ECJIbIO CepUHU «MatemaTtuka. Mexanuka. Ousnka» sBiseTCsS ny6m/n<au1/m " pacripoCTpaHCHUC OpU-
TUHAJIbHBIX PE3YJIbTATOB HAYYHBIX I/ICCJIC,HOBaHI/Iﬁ B obOnacTu MaTeéMaTUuKu, MCXaHUKH U (1)I/I3I/IKI/I, a TaKK€ UX MPUJIo-
JKeHUH B €CTECTBCHHBIX, TEXHUICCKUX 1 DKOHOMHUYCCKUX HAaYyKaX.

PenakuuonHasi koJuierust

1.¢.-M.H., npodeccop 3arpeouna C.A. (1. perakrop)
K.(.-M.H., norieHt Toryoes E.B. (oTB. cexperapp)
1.¢.-m. H., mpodeccop Beckauko B.II. (IOYpI'Y)
K.(.-M.H., mpodeccop 3aasimuu B.U. (IOYpI'Y)
1.¢.-M.H., npodeccop Kosane FO.M. (IOVpI'Y)

PenaknmoHHBIN coBeT

I.T.H., npodeccop Boromosnos A.B. (IocynapcTBeHHbli Hay4HbIi LeHTp Poccuiickoit @enepaiun — DenepanbHblil MEIULHH-
ckuil Onodusnueckuii ueHTp umenu A.W. BypHassHa, r. MockBa)

1.¢.-m.H., npodeccop Bposko I'.JI. (MoCKOBCKHI rocyIapCTBeHHBIN yHIBepcuTeT nMeHr M.B. JlTomoHOCOBa, I. MOCKBa)
1.¢.-M.H., npodeccop Byueabnnkos B. /. (YenstOMHCKHIA TOCYAapCTBCHHBIN YHUBEPCHUTET, I UeNsA0HHCK)

npodeccop I'ymnerru 1. (BosoHckuii yHuBepcuter, . bononust, Mrasst)

1.¢.-M.H., npodeccop Kykobekuii B.M. (MockoBckuii rocynapctBeHHbli yHuBepcuTeT nmeHn M.B. JlomoHocoBa, T. MockBa)
1.¢.-m.H., npodeccop 3eaux C.B. (Yuusepcurer Cyppes, r. I'mndopz, Bennkobpuranus)

n.¢0.-m.H., mpodeccop Koporkmii A.M. (Uucruryr wmaremaruku u Mexanukd wum. H.H. Kpacosckoro YpO PAH,
r. ExarepunOypr)

Ph. D.,nmpodeccop Kum IxeiiBan (Kopeiickuii uHCTUTYT Nepeiosbix uccnenosanuii KIAS, r. Cey, I0xnas Kopest)

Ph. D.,mpodreccop Kum Kummnk (INHA- Yausepcurer, r. Uuuown, IOxuas Kopes)

1.¢.-m.H., npodeccop Kynmuxosa H.J. (Muctutyt snekrpodusuku YpO PAH, r. Ekarepun6ypr)

1.¢.-M.H., npodeccop Menbmux B.B. (Boponexckuii uacturyt MBJI Poccuiickoit @eneparuu, T. Boponex)

1.¢.-m.H., npodeccop MMunuyk C.H. (Yuusepcurer wrara uauana, r. Biaymusnrron, CIIA)

Ph. D.,accucrent-npodeccop Iy3sipeB E.C. (Yuusepcuter Bannepouibta, r. Hamsumi, CIIA)

1.T.H., npodeccop PasmanoB H.K. (TamkeHTCKHil yHUBEPCUTET HHPOPMAIIMOHHBIX TEXHOIOT U, I'. TamkeHT, Y30eKHCTaH)
1.¢.-m.H., nouenT TpyxanoB A.B. (HITLI HAH Benapycu o MarepuanoBeaeHuto, r. Munck, Pecniyonuka Benapycs)

I.T.H., mpopeccop YTrun JI.B. (Cankr-IlerepOyprekuii moiauTexHuueckuii yausepeurer [erpa Benukoro, r. Cankr-IletepOypr)
Prof. dr. ir.@epnycr U. (Karonnueckuii yHuBepcurer, r. JIEBeH, benbrust)

1.¢.-m.H., Ph. D. npodeccop llItpaye B.A. (Yuusepcuter Cumona bonusapa, r. Kapakac, Benecyaina)

© Uzparensckuii nentp IOYpl'Y, 2025



BULLETIN

o, ) | OF THE SOUTH URAL 2025
: ,_@3‘_’& STATE UNIVERSITY vyl 17, no. |

1943 SERIES

“MATHEMATICS.
MECHANICS. PHYSICS”  15N2075-809X (Print)

ISSN 2409-6547 (Online)

Vestnik Yuzhno-Ural’skogo Gosudarstvennogo Universiteta.
Seriya “Matematika. Mekhanika. Fizika”

South Ural State University

The main purpose of the series “Mathematicsciaics. Physics” is to promote the results of re-
search in mathematics, mechanics and physics, as well as their applications in natural, technical and eco-
nomic sciences.

Editorial Board

S.A. Zagrebing Doctor of Physics and Mathematics, Professor, South Ural State University, Chelyabinsk, Russian Federation
E.V. Golubey, Candidate of Physics and Mathematics, Associated Professor, South Ural State University, Chelyabinsk, Russian
Federation

V.P. Beskachkg Doctor of Physics and Mathematics, Professor, South Ural State University, Chelyabinsk, Russian Federation
V.l. Zalyapin, Candidate of Physics and Mathematics, Associated Professor, South Ural State University, Chelyabinsk, Russian
Federation

Yu.M. Kovalev, Doctor of Physics and Mathematics, Professor, South Ural State University, Chelyabinsk, Russian Federation

Editorial Counsil

A.V. Bogomoloy, Doctor of Engineering, Professor, State Scientific Center of the Russian Federation — A.l. Burnazyan Federal
Medical Biophysical Center, the Russian Federal Medical-Biological Agency, Moscow, Russian Federation

G.L. Brovko, Doctor of Physics and Mathematics, Professor, Moscow State University, Moscow, Russian Federation

V.D. Buchelnikov, Doctor of Physics and Mathematics, Professor, Chelyabinsk State University, Chelyabinsk, Russian Federa-
tion

D. Guidetti, Full Professor of Mathematical Analysis, University of Bologna, Bologna, Italy

V.l. Zhukovsky, Doctor of Physics and Mathematics, Professor, Moscow State University, Moscow, Russian Federation

S.V. Zelik, Doctor of Physics and Mathematics, Professor, University of Surrey, Guildford, United Kingdom

A.l. Korotkii , Doctor of Physics and Mathematics, Professor, Institute of Mathematics and Mechanics, Ural Brunch of the Rus-
sian Academy of Sciences, Ekaterinburg, Russian Federation

Jaewan Kim, Ph. D., Professor, Korea Institute for Advanced Study KIAS, Seoul, South Korea

Kisik Kim , Ph. D., Professor, INHA-University, Incheon, South Korea

N.D. Kundikova, Doctor of Physics and Mathematics, Professor, Institute of Electrophysics, Ural Branch of the Russian Acad-
emy of Sciences, Ekaterinburg, Russian Federation

V.V. Menshikh, Doctor of Physics and Mathematics, Professor, Voronezh Institute of Russian Ministry of Internal Affairs, Vo-
ronezh, Russian Federation

S.1. Pinchuk, Doctor of Physics and Mathematics, Professor, Indiana University, Bloomington, United States of America

Y.S. Puzyrey Ph. D., Assistant Professor, Vanderbilt University, Nashville, United States of America

N.K. Ravshanoy Doctor of Engineering, Professor, Tashkent University of Information Technologies, Tashkent, Uzbekistan

A.V. Trukhanov, Doctor of Physics and Mathematics, Associated Professor, Scientific Practical Materials Research Centre of
NAS of Belarus, Minsk, Republic of Belarus

L.V. Utkin , Doctor of Engineering, Professor, Peter the Great St. Petersburg Polytechnic University, St. Petersburg, Russian Fed-
eration

I. Verpoest, Dr. ir., Professor, Catholic University, Leuven, Belgium

V.A. Strauss Doctor of Physics and Mathematics, Professor, University of Simon Bolivar, Caracas, Venezuela



COOEPXAHUE

MaTtemaTuka

KYKOBCKHIM B.M., XXYKOBCKAS JLB., KYIPSBIEB KH., CAMCOHOB C.II.,
CMMUHPHOBA JI.B. IlapeToBckoe paBHOBECHE YIpO3 U KOHTPYIPO3 B JIMHEHHO-KBaAPATUYHBIX WI-
o= A1 17 11 G PP 5

POUTEHBEPT B.III. O Tonojoruueckoil kaaccuUKaUK TUITUYHBIX OCOOBIX TOYCK BEKTOPHOI'O
OIS HA TUIOCKOCTH € HYTEBOU (M — L)-CTPYEH ...vvvveiiiieieeeeeeeiii ettt ee e e e e e 21

MexaHuka

CAITOXXHHKOB C.B., )KUXAPEB M.B., OPJIX B.B., BAUT'Y)KUH I1.A. ParuonansHoe npo-
EKTHPOBAHUE KOMIIO3UTHBIX TPYOUATHIX 3JIEMEHTOB MPOTE3@ HOTH ...eevvverrererreerrreerreeereeeeeeneeennnnnnes 26

TAPAHEHKO II.A., KPUBOHOI'OB A.A., TEJIETUH J.B. HccrenoBanue BIHSHUS IBYXKOM-
MMOHEHTHOTO MOTOKA OKUAKOCTh—Ta3>» Ha JUHAMUYCCKUE CBOHCTBA KOPHOJIMCOBA PacXoJoMepa...... 32

dusuka

BELENKOV M.E., CHERNOV V.M., BUTAKOV A.V. Structureand Electronic Properties
Fluorographene and Fluorographite CryStalS. oo oo 40

I'OJIYBEB E.B. 3ameuanue o ¢popmyax st CKOPOCTU BOTH PAJICS .....coovvviiiiiiiiiiiiiiee e 48

MHUP30EB A.A., BEPXOBBIX A.B. Ab initio MmogenupoBanue sHepreTHUECKHX XapaKTEPUCTHK
BbieneHU kKapouaa BaHAUS B OLIK-IKEITE3E .evvvuunieiiiiiiiiiie et 53

LIABJIOBCKHIA O.H. DBomomus 1 pa3pylIeHHe THHAA POCTa KPUCTALIA B HEPEOXIAKICHHOM
T80 11PN 61

IIYJIBIMHOB A.A., 3ABEMBOPOTA H.C. BiusiHue 51eKTPOMATHATHBIX MMITYJIbCOB HA IIe-
POXOBATOCTh MOBEPXHOCTU U (DIYKTYAIMH IEKTPOIPOBOIHOCTH METAIUTUICCKHUX TUIEHOK .............. 76

MepcoHanuu

Anekceit ®énopoBuy Kanepko. K 70416 THIO CO THS POIKICHMS ...eevvvvrvrrnneeeerreersnnnnseesseesssnsnnseaass 81

Cepreii FOpbeBud ['ypeBrud. K 80JIETHIO CO JTHST POIKICHIS . ..ccvvvunnneeaeeeeennninaaeaaeeeennnnnsaaaaaaaaaaeeees 82

BectHuk HOYplY. Cepusa «MaTtemaTtuka. MexaHuka. Pusmnka» 3
2025, Tom 17, Ne 1



CONTENTS

Mathematics

ZHUKOVSKIY V.., ZHUKOVSKAYA L.V., KUDRYAVTSEV K.N., SAMSONOV S.P
SMIRNOVA L.V. The Pareto Equilibrium of Objectionand Counterobjections in Linear-

Quadratic GameES Of N PEISON ........uvuu ettt e ettt e e e e e e e ettt arreeeseeeeseees bt eeeeeseeesenes 5
ROITENBERG V.Sh. On the Topological ClassificatiohGeneric Singular Points of a Pla
Vector Field With the Zeronf1)-Jet........ooo it 21
Mechanics

SAPOZHNIKOV S.B., ZHIKHAREV M.V., EHRLICH V.V., BAGUZHIN P.A. Rational Desig

of Composite Materials Tubular Elements of the Br&sc Leqg............oooeeeeeiiiiiii e 26
TARANENKO P.A., KRIVONOGOV A.A., TELEGIN D.V. Inveigation of TwoComponen
Flow “Liquid—Gas” Influence on a Coriolis Flowmet®ynamic Parameters................cccvvvvveeeee. 32
Physics

BELENKOV M.E., CHERNOV V.M., BUTAKOV A.V. Structureand Hectronic Propertie

of Fluorographene and Fluorographite CryStalS . ...eeeeeeeeemmmenieiiaeeseeeeeeeeeeeeeeeennees 40
GOLUBEYV E.V. Notes on Formulas for the Rayleigh WaXeloCity............ccccceeeiiiiiiiiiiiiiiiceens 48
MIRZOEV A.A., VERKHOVYKH A.V. The Comparative Redsl of the Thermodynam
and First-Principle Modeling of Disordered Solusasf the Fe—V System ... cerrrennnenn—— D3
SHABLOVSKII O.N. Evolution and Destruction of theryStal Growth Line in a Supercool
L= PP PP PP 61
SHULGINOV A.A., ZABEYVOROTA N.S. The Effect of Elemmagnetic Pulses on Surf:
Roughness and Fluctuations in Electrical Condugtivi Metal Films ..........c..ovvveviieeeeeiii e 76
Personalia

To the 78 Anniversary of AleKSEY KaPEIKO ..............comeeeereeeeeeeeeeeeeseeeeeees e s eeseeeseseeeeeen 81
To the 88' Anniversary of SErgey GUIEVICH .............ceueueueueeeeeceeeeeeeeee e e, 82
4 Bulletin of the South Ural State University

Ser. Mathematics. Mechanics. Physics, 2025, vol. 17, no. 1



