ISSN 2518-1726 (Online),
ISSN 1991-346X (Print)

KA3AKCTAH PECITYBJIMKACDI
YJITTBIK 'bIJIBIM AKAJJEMUACBIHBIH

On-dapabu arbiHAarel Kazak yJITThIK YHUBEPCUTETIHIH

XABAPJJAPDI

HAILIMOHAJIbHON AKAJIEMHU HAVK OF THE ACADEMY OF SCIENCES

PECITYBJIMKUN KA3BAXCTAH OF THE REPUBLIC OF KAZAKHSTAN

Kazaxckuii HallMoOHaIbHBIA YHUBEPCUTET Al-Farabi Kazakh

umeHn Anb-Papadu National University
SERIES

PHYSICO-MATHEMATICAL

3 (337)

MAY - JUNE 2021
PUBLISHED SINCE JANUARY 1963

PUBLISHED 6 TIMES A YEAR

ALMATY, NAS RK



2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series physico-mathematical journal
has been accepted for indexing in the Emerging Sources Citation Index, a new edition of Web of
Science. Content in this index is under consideration by Clarivate Analytics to be accepted in the
Science Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities
Citation Index. The quality and depth of content Web of Science offers to researchers, authors,
publishers, and institutions sets it apart from other research databases. The inclusion of News of
NAS RK. Series of chemistry and technologies in the Emerging Sources Citation Index demonstrates
our dedication to providing the most relevant and influential content of chemical sciences to our
community.

Kasakcmar Pecriybniukacbkl ¥nmmbiK fbliibiM akademusicbl «KP ¥FA Xabapnapbl. @u3ukasibik-
MamemMamukarsblK Cepusicbl» fbifibiMU XypHanbiHelH Web of Science-miH xaHanaHraH Hyckachl
Emerging Sources Citation Index-me uHOekcmeryee KabbindaHaaHbiH xabapnaldel. by
uHOekcmery 6apbicbiHOa Clarivate Analytics komnaHusicsl XXypHasndbl o0aH api the Science Citation
Index Expanded, the Social Sciences Citation Index xoaHe the Arts & Humanities Citation Index-ke
Kabbinday meacerneciH Kapacmbipyda. Webof Science sepmmeywinep, asmoprap, bacnawsinap
MeH MeKkemeriepee KoHmeHm mepeHOiai MeH canacbiH ycbiHadbl. KP ¥FA Xabapnapbl. Xumus
JK9HEe mexHonoaus cepusicbl Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabIK YWiH eH
e3eKkmi xxeHe bedendi xumusinbIK fbibiMOap bolibiHwa KOoHmeHmke adandbiabiMbi30bi 6indipedi.

HAH PK coobwaem, ymo Hay4HblIlt XypHan «M3eecmusi HAH PK. Cepusi gpusuko-mamemamuyec-
Kasi» 6bii npuHsam dns uHOekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHoU eepcuu
Web of Science. CodepxaHue 8 amom uHOeKkcupogaHuu Haxodumcs 8 cmaduu paccMoOmpeHUs
komnaHuel Clarivate Analytics dnsa danbHelwez0 npuHaImMus xypHana e the Science Citation
Index Expanded, the Social Sciences Citation Index u the Arts & Humanities Citation Index. Web
of Science npednazaem kadecmeo u anybuHy KoHmeHma Ons uccriedoeamersnel, asmopos,
u3damened u y4ypexoeHul. Bkro-yeHue Ussecmuss HAH PK e Emerging Sources Citation Index
deMoHCmpupyem Hawly rnpueepxeHHOCMb K Haubornee akmyasnbHOMY U 811USSIMeibHOMY KOHMeHmy
10 XumMu4yeckum Haykam 05 Haule2o coobujecmea.




bac peapakrop:
MYTAHOB Faabivkaiiblp MyTaHy/1bl, TeXHUKa FBUIBIMAAPBIHBIH JOKTOPBI, Tipodeccop, KP ¥FA
akagemuri, KP BFM FK «AxmaparThik jkoHE ecenTey TeXHOJOTHsUIaphl HHCTHTYTHD) 0ac AUPEKTOPBIHBIH
M.a. (AmMatsl, Kasakcran) H=5

Pepakuus ankacer:

KAJIMMOJIZAEB Maxkcar Hypoainyabl (6ac penakTopablH opblHOAcapsl), (H3MKa-MaTeMaTHKa
FBUIBIMAAPBIHBIH JOKTOPHI, Tipodeccop, KP ¥HA axamemuri, KP BFM FK «AknaparTeik jkoHe ecenrtey
TEXHOJIOTHsIIaphl MHCTUTYTHD) 0ac TUPEKTOPBIHBIH KeHECIIIIC1, 3epTXana MeHrepyrici (Anmarsl, Kazakcran)
H=7

BAUTYHYEKOB Kymanin XKana6aiiyas1 (6ac peqakTopIbiH OpsIHOACAPEI), TEXHUKA FHUIBIMIAPHI-
HBIH TOKTOPHI, podeccop, KP YT A akanemuri, KubepHeTunka skoHe aKIapaTThIK TEXHOIOTHSIIAp HHCTHTYTHI,
CarnaeB ynuBepcuteTiHiH KonganOanel MexaHHWKa KoHE HWHXKEHEpHiK rpaduka kadenpackl, (Ammarsl,
Kazakcran) H=3

BOMYUK Baabaemap, TeXHHMKa FHUTBIMIAPBIHBIH JOKTOPBI ((hm3uka), JIFOONHH TEXHOIOTHSIIBIK
yHUBepcuTeTiHIH podeccops! (JIrobmuH, [lonpma) H=23

BOUIKAEB KyanTaii ABra3piyibl, Ph.D. TeopusuibiK sxoHe SAPOIBIK Qr3uKa KadeIpachlHbIH JOIEHTI,
on-®apabu arerHaarel Kazak yirTeik yHUBepeuTeTi (AnmMarsl, Kazakcran) H-10

QUEVEDO Hemando, npodeccop, Saponbik FeuisiMaap nHCTUTyThl (Mexuko, Mekcuka) H=28

KYCIIIOB Mapar AéxaHyibl, (QU3NKa-MaTeMaTHKa FhUIBIMAAPBIHBIH JTOKTOPBI, TEOPUSUIBIK >KOHE
AaponblK Gu3uka KadenapacsiHbiH npodeccopsl, on-Papadu  arbiHmarel Kazak YJITTBIK YHHBEPCHUTETI
(Ammarsl, Kazakcran) H=7

KOBAJIEB Anekcanap MuxaiijioBu4, Gu3iKa-MaTeMaTHKa FhUTBIMAAPBIHBIH JOKTOPBI, YkpanHa ¥YFA
akagemuri, KonmanOanel MareMaTrKa )KoHe MeXxaHnka MHCTUTYTHI (loHernk, Ykpanna) H=5

MUXAJIEBUY Ajekcanap AJieKCaHAPOBHY, TEXHHUKA FBHUIBIMAAPBIHBIH JOKTOPHI, Tpodeccop,
benapycp YFA akanemuri (Munck, benapycs) H=2

PAMA3AHOB Tinekkaobr1 Co0uTyibl, PU3MKa-MaTeMaTHKa FHUIBIMAAPBIHBIH TOKTOPHI, podeccop,
KP ¥YFA akanmemuri, on-®apabu arbiHmarsl Kazak yJITTBIK YHUBEPCHUTETiIHIH FBHUIBIMU-HHHOBAIIHSIIBIK
KBI3MET JKOHIHJIET1 TPOopeKTophl, (AnMarsl, Kazakcran) H=26

TAKUBAEB Hypramun KabGarayabl, (usnka-MaTreMaTHKa FHUIBIMIAPBIHBIH JTOKTOPHI, mpodeccop,
KP ¥FA akanemuri, on-®apabu areiHgarsl Kazak ynTTeik yauBepcuteti (Anmarsl, Kazakcran) H=5

TUT'UHSHY Uon MuxaiinoBu4, pr3nKa-MaTeMaTHKa FBUTBIMIAPBIHBIH JTIOKTOPHI, akaieMuK, MoloBa
FrutbiM AkaieMusiICBIHBIH TTPE3UIeHTI, MomioBa TeXHUKaIbIK YHUBepcuTeTi (Kumunaes, Momnmosa) H=42

XAPUH Cranucnas HukonaeBuu, ¢u3MKa-mMareMaTHKa FBUIBIMIAPBIHBIH JOKTODBI, Hpodeccop,
KP ¥FA akanemuri, Kazakcran-bpuran Texaukanbik yauBepcurteTi (Anmarsl, Kazakcran) H=10

JABJIIETOB Ackap EpOynanoBu4, ¢u3nka-mMareMaTHKa FbUIBIMAAPBIHBIH JOKTOPHI, Hpodeccop,
on-®apadbu arerHmarsl Kazak yitTeik yHUBepcuTeTi (AnMatsl, Kazakcran) H=12

KAJIAHJIPA IIserpo, Ph.D (pusuka), HaHOKYpBUIBIMIIEI MaTepHasaapabl 3epTTey HWHCTUTYTHIHBIH
npoeccopsl (Pum, Uramus) H=26

«KP ¥T'A Xaoapaapbl. ®U3HKa-MATEeMATUKAJIBIK CEPUSICHI».
ISSN 2518-1726 (Online),
ISSN 2224-346X (Print)

Menmikrenymri: «Kazakcran PecrryOnukachiHbiH Y ITTHIK FRUTBIM akasieMusicby PKb (Anmmarsr k. ).
Kazakcran PecryOnukacbiHbIH AKnapar XoHe KOFaMJbIK JaMy MHUHHUCTPJITiIHIH AKIapaT KOMHUTETiHIE
14.02.2018 x. 6epinren Ne 16906-2K mep3iMik OacbUIbIM TipKeyiHe KOHBLTY Typalibl KyoJliK.

TaKbIPBINTHIK OAFBITHL: QUIUKA-MAMEMAMUKA bLILIMOAPLL JHCIHE AKNAPAMMBIK MEXHUKAAD CANACHIHOASb
bacvim evibiMu 3epmmeynepoi Hcapusnay.

Mep3imMaiiiri: KbIIbIHA 6 PET.

Tupaxsr: 300

Penaxuustapig MekeH-xkaiwl: 050010, Aimamet k., Lllesuenko xowt., 28, 219 6on., men.: 272-13-19, 272-13-18
http.://www.physico-mathematical.kz/index.php/en/

© Kazakcran PecrryOnukachiHBIH ¥ ITTHIK FBUIBIM akaneMusicol, 2021

Tunorpadusubig MekeH-xalbl: «Apynay» XK, Anmarsl k., Mypar6aesa kemr., 75.

3




I'naBHbIl pegakToOp:
MYTAHOB TI'aiumkaup MyTanoBH4, JOKTOp TEXHHUECKUX Hayk, mpodeccop, akagemuk HAH PK,
1.0. TeHepaIbHOro aupekTopa « MHcTHTyTa MHQOPMALMOHHBIX U BRIYHCIUTENBHBIX TexHoiorui» KH MOH
PK (Anmatsi, Kazaxctan) H=5

PepakunonHasi KoJIerus:

KAJIMMOJIJAEB Makcar HypaguioBu4, (3aMeCTHTENb IJIABHOTO PEAAKTOpa), JOKTOP (U3UKO-
MaTreMaTHuecKux Hayk, npodeccop, akageMuk HAH PK, coBeTHuK renepanbpHOro aupekropa «MHcTuTyTa
MH(GOPMAIIMOHHBIX Y BBIYUCIUTENBbHBIX TexHonorui» KH MOH PK, 3aBenyromumii naboparopueit
(Anmarsl, Kazaxcran) H=7

BAUT'YHYEKOB Kymaaui 2Kana6aeBu, (3aMeCTHTENb IIABHOTO PENAKTOPA), HOKTOP TEXHHUECKHX
HayK, mpodeccop, akagemuk HAH PK, MacTuTyT kuGepHeTHky 1 HHPOPMAIIMOHHBIX TEXHOJIOTHIA, Kadeapa
MPUKIaJHON MEXaHUKHU U MH)KCHEPHOU rpaduku, yHuBepcuteT Carnaesa (Anmarsl, Kazaxcran) H=3

BOMYUK Baibaemap, [OKTOp TeXHHUeCKMX HayK (u3.-Mar), mpodeccop JIr06IHHCKOTO
TexHojornyeckoro yuusepcureta (JIroomun, [Tonsmra) H=23

BOUNIKAEB KyanTaii ABra3sieBud, jjokrop Ph.D, npenonasarens, JOIEHT Kadeapbl TEOPETUICCKOM
u sinepHoii ¢pu3uky, Kazaxckuil HalMoHanbHbIH yHUBEpCUTET UM. anb-Dapadu (Anmarsl, Kazaxcran) H=10

QUEVEDO Hemando, npodeccop, Hanmonanbueiii aBroHoMHbIH yHUBepcuteT Mekcuku (UNAM),
WnctutyT anepusix Hayk (Mexuko, Mekcuka) H=28

KYCYIIOB Mapar A0:kaHOBHY, JOKTOp (DU3MKO-MaTeMaTHYECKHX HayK, mpodeccop Kadeapsl
TEOpEeTUYeCKOr U siiepHOl Gu3uky, Kasaxckuii HallMOHAJIBHBIA YHUBEPCUTET MM. anb-Dapadu (AnMarsl,
Kazaxcran) H=7

KOBAJIEB Aunexkcannp MuxaiiyioBu4, JOKTOp (QH3MKO-MareMaTHUECKMX Hayk, akageMuk HAH
VYkpaunsl, UHCTUTYT NpUKIaJHONW MaTeMaTuku U MexaHuku (Jlonenk, Ykpanna) H=5

MUXAJIEBUY Auiexkcanap AJieKcaHJIpPOBHY, JOKTOp TEXHUYECKHX HayK, Mpodeccop, aKaIeMuK
HAH benapycu (Munck, benapycs) H=2

PAMA3AHOB Taekkadyn CadbutoBud, JOKTOP PU3UKO-MaTEMaTHYCCKUX HAYK, TPOdeccop, aKaIeMUK
HAH PK, npopekrop 1o HayuyHO-WHHOBAaLlMOHHOH AedTeabHOCTH, Kazaxckuil HallMOHAIBHBIA YHUBEPCUTET
um. anb-Dapabu (Anmarsl, Kazaxcran) H=26

TAKHUBAEB Hypraau JKadaraeBud4, T0KTOp (U3MKO-MaTeMaTHUECKUX HaykK, Mpodeccop, akaaeMuK
HAH PK, Ka3zaxckuii HalMoHaJ bHBINM YHUBEPCUTET M. alib-DPapadu (Anmarsl, Kazaxcran) H=5

TUTUHSAHY Hon MuxaiijoBu4, TOKTOp (U3UKO-MaTeMaTHYeCKHX HAyK, aKaJeMHK, MPE3HIICHT
Axkanemuu HayK MonnoBbl, Texunueckuii ynusepcuteT Mongossl (Kumnnes, Mongosa) H=42

XAPUH CranuciaaB HukosaeBud, JJ0KTOp GU3HKO-MaTEeMaTHYECKUX HayK, Mpodeccop, akaJeMruK
HAH PK, Kazaxcrancko-bputanckuit rexunueckuii yausepcuteT (Anmarsl, Kazaxcran) H=10

JABJIETOB Ackap EpOyianoBuy, 10KTOp PU3NKO-MaTeMaTHYECKUX HayK, podeccop, Kazaxckuit
HAIlMOHAJILHBINA YHUBEPCUTET UM. anb-Dapadu (Anmarsl, Kazaxcran) H=12

KAJIAHZIPA IIsetpo, noktop ¢unocodpun (Ph.D, dpusuka), npodeccop MucTuTyTa 1o u3yyeHuro
HAHOCTPYKTYpHUPOBaHHBIX MarepuanoB (Pum, Utanus) H=26

«H3Bectust HAH PK. Cepus puznka-mareMaTudeckas».

ISSN 2518-1726 (Online),

ISSN 2224-346X (Print)

CoOcTBennuk: Pecriyonukanckoe odiecTBeHHoe 00beanHenne «HanponansHas akagemust Hayk PecryOnuku
Kazaxcrany» (1. Anmarst).

CBUAETENBCTBO O MOCTAHOBKE Ha Y4YET MEPHOJUYECKOro MedaTHoro u3aanus B Komutere mHpopmannu
MunucTepcTBa nHbOpMaK 1 00mecTBeHHOTo pa3putus Pecyonuku Kazaxcran Ne 16906-2K BriganHoe
14.02.2018 r.

Temartudeckasi HAIIPaBIEHHOCTD: NYOIUKAYUS NPUOPUMEMHBIX HAYYHBIX UCCIe008aHU 8 001ACMU PU3UKO-
mMamema-muiecKux Hayk u UHGOpMayuoHHbIX MeXHONOUIL.

[lepuonnunocTs: 6 pa3 B roA.

Tupax: 300

Anpec penakuuu: 050010, e. Armamet, ya. lllesuenxo, 28, ogh. 219, men.: 272-13-19, 272-13-18
http://www.physico-mathematical.kz/index.php/en/

© HauwmonanbHas akagemus Hayk Pecnyonuku Kazaxcran, 2021

Anpec tunorpadun: UI1 «Apyna», r. Anmarsl, yin. Mypar6aesa, 75.
4




Editor in chief

MUTANOYV Galimkair Mutanovich, doctor of technical Sciences, Professor, Academician of
NAS RK, acting director of the Institute of Information and Computing Technologies of SC MES RK
(Almaty, Kazakhstan) H=5

Editorial board:

KALIMOLDAYEV Maksat Nuradilovich (Deputy Editor-in-Chief), doctor in Physics and
Mathematics, Professor, Academician of NAS RK, Advisor to the General Director of the Institute of
Information and Computing Technologies of SC MES RK, Head of the Laboratory (Almaty, Kazakhstan)
H=7

BAYGUNCHEKOV Zhumadil Zhanabayevich, (Deputy Editor-in-Chief), doctor of Technical
Sciences, Professor, Academician of NAS RK, Institute of Cybernetics and Information Technologies,
Department of Applied Mechanics and Engineering Graphics, Satbayev University (Almaty, Kazakhstan)
H=3

WOICIK Waldemar, Doctor of Phys.-Math. Sciences, Professor, Lublin University of Technology
(Lublin, Poland) H=23

BOSHKAYEV Kuantai Avgazievich, PhD, Lecturer, Associate Professor of the Department of
Theoretical and Nuclear Physics, Al-Farabi Kazakh National University (Almaty, Kazakhstan) H=10

QUEVEDO Hemando, Professor, National Autonomous University of Mexico (UNAM), Institute of
Nuclear Sciences (Mexico City, Mexico) H=28

ZHUSSUPOV Marat Abzhanovich, Doctor in Physics and Mathematics, Professor of the Department
of Theoretical and Nuclear Physics, al-Farabi Kazakh National University (Almaty, Kazakhstan) H=7

KOVALEV Alexander Mikhailovich, Doctor in Physics and Mathematics, Academician of NAS
of Ukraine, Director of the State Institution «Institute of Applied Mathematics and Mechanics» DPR
(Donetsk, Ukraine) H=5

MIKHALEVICH Alexander Alexandrovich, Doctor of Technical Sciences, Professor, Academician
of NAS of Belarus (Minsk, Belarus) H=2

RAMAZANOYV Tlekkabul Sabitovich, Doctor in Physics and Mathematics, Professor, Academician
of NAS RK, Vice-Rector for Scientific and Innovative Activity, al-Farabi Kazakh National University
(Almaty, Kazakhstan) H=26

TAKIBAYEYV Nurgali Zhabagaevich, Doctor in Physics and Mathematics, Professor, Academician of
NAS RK, al-Farabi Kazakh National University (Almaty, Kazakhstan) H=5

TIGHINEANU Ion Mikhailovich, Doctor in Physics and Mathematics, Academician, Full Member
of the Academy of Sciences of Moldova, President of the AS of Moldova, Technical University of
Moldova (Chisinau, Moldova) H=42

KHARIN Stanislav Nikolayevich, Doctor in Physics and Mathematics, Professor, Academician
of NAS RK, Kazakh-British Technical University (Almaty, Kazakhstan) H=10

DAVLETOYV Askar Erbulanovich, Doctor in Physics and Mathematics, Professor, al-Farabi Kazakh
National University (Almaty, Kazakhstan) H=12

CALANDRA Pietro, PhD in Physics, Professor at the Institute of Nanostructured Materials
(Monterotondo Station Rome, Italy) H=26

News of the National Academy of Sciences of the Republic of Kazakhstan.

Physical-mathematical series.

ISSN 2518-1726 (Online),

ISSN 2224-346X (Print)

Owner: RPA «National Academy of Sciences of the Republic of Kazakhstan» (Almaty). The certificate of
registration of a periodical printed publication in the Committee of information of the Ministry of Information
and Social Development of the Republic of Kazakhstan No. 16906-2K, issued 14.02.2018

Thematic scope: publication of priority research in the field of physical and mathematical sciences and
information technology.

Periodicity: 6 times a year.

Circulation: 300

Editorial address: 28, Shevchenko str., of. 219, Almaty, 050010, tel. 272-13-19, 272-13-18,
http://www.physico-mathematical.kz/index.php/en/

© National Academy of Sciences of the Republic of Kazakhstan, 2021

Address of printing house: ST «Arunay, 75, Muratbayev str, Almaty.
5




News of the National Academy of sciences of the Republic of Kazakhstan

NEWS

OF THENATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN
PHYSICO-MATHEMATICAL SERIES

ISSN 1991-346X

Volume 3, Number 337 (2021), 20 — 25 https://doi.org/10.32014/2021.2518-1726.42

UDC 514.83, 514.84, 51-71, 51-73
MPHTMU 27.31.21, 27.35.00, 27.33.17

G.B.Bauyrzhan, K.R. Yesmakhanova, K.K. Yerzhanov
L.N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan
E-mail:bauyrzhan.g.b@gmail.com

SOLITON GEOMETRY USING THE LAX PAIR
OF ISOMONODROMIC DEFORMATION

Abstract. Physical processes are described using mathematical models. Many of them are non-
linear in nature. For this reason, the theory of a nonlinear medium is relevant and very extensive. From a
mathematical point of view, the subject of physics of nonlinear phenomena is systems described by
nonlinear partial differential equations that have partial solutions - solitons. A traveling wave that rapidly
decreases at infinity is called a solitary wave or soliton. Soliton theory has many fundamental methods for
detailed analysis of processes. One of these methods is the geometric interpretation of the physical process.

This paper is devoted to the study of the Lax pair of isomonodromic deformation. The
isomonodromy condition is equivalent to the existence of a compatible pair of linear equations, the Lax pair.
In this pair, one of the equations undergoes deformation, and the other describes the deformation.
Isomonodromic deformation is the theory of isomonodromy (that is, monodromy conservation) of the
deformation of ordinary differential equations. This method was used to obtain expressions for the
coordinate angle. It is proved that the deformation of a system is isomonodromic if and only if the first and
second fundamental forms that define this deformation satisfy the integrability condition. It is shown that,
similarly, the area of a soliton surface is represented as a semi-saddle graph.

Key words: Lax pairs, isomonodromic deformation, area, Gaussian curvature,soliton, first and
second fundamental forms.

Introduction.

1. The method of isomonodromic deformations appeared in modern science in the works of Jimbo-
Miwa-Sato [1-2],[10], and Flaschka-Newel [3], and has been actively used and developed since then. They
considered systems of general position, that is, systems in which all irregular singular points are
nonresonant. The construction of the surface of isomonodromic deformations became possible in many
respects after the proof of several theorems about the properties of systems of linear differential equations.
The method of isomonodromic deformations [4],[5] is used to study nonlinear equations, its idea is to
implement a nonlinear equation as an isomonodromic condition of a certain system, and this interpretation
provides essential information about the nonlinear equation. Under the surface, we consider the set X at

points A(x, y,t), where X, Y, t coordinates are defined in the following

x=op(u,v) y=w(uv) z=zxuv). (1)
In three-dimensional Euclidean space E? surface is represented using the position vector 1 = F(u,v) is
defined
F(u,v)=@(u, V)i +w(u,v)j+ z(u,v)k. 2)
where 1, J, k are unit vectors directed along the axes of the Cartesian coordinate system. Considering
isomonodromic equations, we can describe them as deformations of integrable equations. Lax pair

— ) ——
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Next, we will deal with three-dimensional space. The standard coordinates of points in this space will be
denoted by X, y, t. Our first task is to move from the regions in R? to the surfaces in R® [6]. To find the
inner geometry in a surface [7],[8], we need to find the first fundamental form, i.e., the square of the vector
of the differential position vector
| = F2du?® + 2(F,, 7, )dudv + F2dv?. (5)
In the surface X at each point shows the square shape of the tangent of the differentials du and dv. For
the first fundamental form, we use the following notation:

where U, V have form

E=r’ F=(.r1) G=r (6)
In this case, using (6), we get the following
| = Edu® + 2Fdudv + Gdv?. 7)
Find the first fundamental form
P2 :—%trace(ruz), r,= —%trace(ﬁ,,?v), 7= —%trace(rf) , (8)
L, (10 . (-42 v _, (1627 —4uv 0
ru = ! r-UV = ' r-V = ! (g)
01 2u —-44 0 1617 — 4uv
E=-1 F=164—-4uv, G =441 (10)
Using (10) we have obtained calculations of the first fundamental form
| =—du? + (- 324% +8uv dudv + +4Adv?, (11)
if
dr =r,du+r,dv, or =T,0U+T,0V, (12)
then the desired angle will be determined by the formula
CoOS w = M (13)
r2or?
dif = Edu?® + 2Fdudv + Gdv?, O =EU* +2FUNV +Go?, (14)
(dF,oF )= Edudu + F (dudv + dvéu )+ Gavév, (15)
using (14), (15) then the expressions will be as follows
Edudu + F(dudv + dvéu )+ Gdvdv
CoOS @ = (16)

VEdu? + 2Fdudv + Gdv2 ESU? + 2F UV +GSv>
from (16) we can obtain expressions for the coordinate angle
du=0, dv=0, ou=0, ov=0, (17)

Fdudv F —~162% + 4uv

JEdu?VGa? VEG  N-41

The cross-product, as is known, the module is equal to the area of the parallelogram constructed on
the vectors of the cofactors, which in turn is equal to the product of their modules to the sine of the angle
between them (taken positively). In this case, we get an expression for the sine of the angle between the
coordinate lines at a given point

CoOS w =

(18)
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Figure 1 — Sine of the angle between the coordinate lines

2. The second fundamental form

The main issue in the local theory of surfaces is the curvature of the surface, i.e. the nature of its
difference from the plane. It turns out that this question is divided into two parts: internal, concerning the
geometry of the surface and expressed in terms of its metric, i.e. the first quadratic forms, and external,
concerning its location in space, which is another differential form. The shape of shapes in space is a relative
concept associated with the choice of a group of transformations of space[9],[10]. As the main group, we
take the group of movements of the affine space-transformations that preserve the distance. We have seen
that for a curve in space, its shape is completely determined by two functions — the functions of curvature
and torsion. For surfaces, a similar fact holds: the shape of a surface is determined by two quadratic shapes.
To each point of the surface X in addition to the unit normal vector ni

( 0 ZVJ
2u 0
Sl (20)

4Juv

We define the second differential of the position vector
d’r =7, du’® + 2F, dudv + ¥, dv® + F,d ?u + T,d v. (21)

n=

The second fundamental form called the surface Y is called the scalar product of the vectors d r and A

Il =(d?F,i)=(F,,,i)du? +2(F, , i )dudv + (7, , i )dv?. (22)
For the coefficients of the second fundamental forms accepted designation
e=(%,.f). g=(r,A) f=(F,.n) (23)
using (23), we can rewrite the second fundamental form so
Il = edu® + 2 fdudv + gdv?. (24)
where
_ 2uv 82UV + 4u”v? + 42U,V — 42UV, 4V —u,v+uv,

=—— f=

substituting (25) into (24), we thus got the box of quadratic forms on the surface. Note that its coefficients
are the scalar products of the derivatives of the position vector and the normal vector of the surface at a
given point

(25)
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2 2,,2 _ .
_ 2uv du2+281 uv+4uv: +44u,v—-44auv, dudv+4/wv u,v+uv,

Juv Juv Juv

The second quadratic form provides information about the geometric properties of the surface,
primarily about its spatial shape. The physical meaning of the second fundamental form is the shortest
distance from another point to the tangent drawn to the first point.

The average curvature is called the half-sum (sometimes the sum)the principal curvatures of H

—((8(2uv +4(~ Au —uv(42? —uv)+u(82* — 222uv))

I av?. (26)

" 8vuv(i—44 +uv) " -
L V+1282° ~322uvh, —u(1+1287° ~32uv)y, 0
8vuv(4—44 +uv) '
Gaussian (or total) curvature (or simply a curvature) is the product of the principal curvatures of K
K - (8v(— a7uv +uv(22? +uv) )+ 84°v2u? —u(uv +16Auv(24 +uv)y .
2uv(4 + 644 —322%uv + 4vu? 28)

822UV +vu, (uv +16}uuv(2/12 + uv)—16/12uvX )
2uv(/1 +641—322%uV + 4vu? )

here H is the average curvature, K is the Gaussian curvature of a surface at a given point.In addition to
lengths and angles, the metric allows you to calculate areas. The tangent vectors that we took to be the
sides of the parallelogram at any of the vertices of the subdivision. It can be seen that the sum of these
expressions’ overall squares is the integral sum for the double integral taken over the domain in which the
diffeomorphism of the local map is defined. This fact will be the basis of the definition. So, the area of the
area S of the surface is determined by

s = [[EG - F? = [[y-42-(-162° + 4w (29)

All normal sections, excluding the asymptotic one, have a convexity direction in one direction of the
normal, but the section of the asymptotic direction may have a complex structure that requires special
analysis. In the simplest case, it has an inflection point at a given point, and then the area of the soliton
surface has-half-saddle.

+

Figure2- Soliton area of isomonodromic deformation

Conclusion.

Thus, the problem of isomonodromic deformation using the Lax pair to find the soliton geometry
was considered. As a result, the Gaussian curvature and the mean curvature were found in this paper. The
most important result here is the first and second fundamental forms. This is the most important object of
differential geometry since it defines the internal geometry of the set of solitons, their shape, which does not




News of the National Academy of sciences of the Republic of Kazakhstan

depend on the location in space. Expressions for the coordinate angle were also found here. And most
importantly - the area of the site was found, which has the shape of a surface-a semi-saddle. That is, the
properties of soliton solutions of the problem under study were found by this geometric method.
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N30MOHOAPOM/bI JE®OPMAIMAHBIH JJAKC )K¥YBbIH KOJIIAHY
APKbUJIbI COJIUTOHABIK TEOMETPUSA

AnHoTanmus. DU3KKaIBIK MPOLECTEP MAaTEMATUKAIBIK MOCIbIACPIAIH KOMETIMEH CHUIIATTasajbl.
OunapabIH KOTIIIri ChI3BIKTEL eMec cunatka ue. Ochl ce0enTi ChI3BIKTHI EMEC OPTa TCOPHSCH ©3CKT1 JKIHE
oTe KeH TaparaH. MaTeMaTHKalblK TYpFbImaH anranma, COJIUTOHIAP CHI3BIKTHIK eMeC KYOBLIBICTap
(U3MKACBIHBIH TIOHI - JKEKe MIeHIiM/epi 0ap jKeKe TYBIHIbLIAPIarbl CHI3BIKTHIK €MEC TEHICYJICPMEH
cunarraiatbit xyuenep. lllekci3mikke Te3 TYCETIH TOJKBIH XKaJIFbI3 TOJKBIH HEMECE COJIMTOH JIeTT aTallajIbl.
CoMTOH TEOPHUSACHIHIA MPOLECTEPl eTKEeH-Ter el TalaayAblH KeNTereH ipreii aaictepi 6ap. OckiHnai
omicTepiiH 01pi-PU3NKAIBIK IPOIIECTI TEOMETPHSUIBIK TYCIHAIPY.

Byn kymbIC HM30MOHOAPOMIBIK Je(OpPMAIMSIHBIH JIaKC JKYOBIH 3€pTTEyre apHaJIFaH.
N30MOHOIPOMHBIH XKaFJaiibl YAIECIMIi CHI3BIKTBIK TEHACYIep KYObIHBIH, JIakc KyObIHBIH OOyBIMEH TEH,.
Byn xynra Teaeynepmain Oipi medopmarusra YIIBIpaiabl, aid eKiHimmici AedhopMausSHbl CHITATTAWIbL.
N3omoHOApOMIBIK AedopMaliusa-KapanaibiM Tu(GEepeHIHalIbIK TeHACYICPAIH H30MOHOIPOMHUSIHBIH
(SFHE MOHOJPOMHUSIHBIH CAKTaybl) 1e(OpMaLUsICHIHBIH TEOPUsCHL. By o1lic KOOpAWHATANBIK OYPBIII YIIiH
epHekTepai anapl. JKyieHiH medopMarusacel ockl neopMaIusaHbl aHBIKTAWTHIH OIpiHIII JKOHE EKiHIII
iprem ¢opManap HHTErpajigay IIapThiH KaHaraTTaHIbIPFaH Ke3[e¢ FaHa H30MOHOJIPOMJBI EKEHIIr
nmonenaeni. ConmuToH OETiHIH ayAaHbl )KapThllai MIeTiHAl rpadyK PETiHAe YCHIHBUIATHIHBI KOPCETIITeH.

Tyiin ce3mep: Jlakc >xynmrapbl, W30MOHOAPOMIBIK Aedopmanus, ayaaH, ['aycC KHCHIKTBIFHI,
COJINTOH, OIpiHIII JkKoHE eKiHIIi iprelti hopmaap.

I'.b. Baysip:kan, K.P. EcmaxanoBa, K.K. Ep:xanos
EBpa3zuiickuii HartmoHaneHbIM yHUBepcuTeT uMmenu JI.H. I'ymunesa, Hyp-Cynran, Kazaxcran
E-mail:bauyrzhan.g.b@gmail.com

COJINTOHHASI TEOMETPHSI C HCHOJIb30BAHUEM IAPBI JIAKCA
W30MOHOJAPOMHOI JE®OPMALIMN

AnHotamusa. Ou3nMYecKHe TMPOIECCHl OMUCHIBAIOTCS C IMOMOIIBID MaTEeMAaTHYECKHX MOJeINeH.
MHorue U3 HUX UMEIOT HeIMHEeHHbIN xapakTep. [1o 3Toi mpu4rHe Teopusi HEIMHENHOW cpebl aKTyalbHa
1 o4eHb o0mupHa. C MaTeMaTUYeCKOW TOUKH 3pEHUS MTPeIMETOM (QU3UKH HETMHEHHBIX ABJICHUH SABISIOTCS
CHCTEMBI, OTIMCHIBAEMbIC HETMHEHHBIMUA YPABHEHUSAMHU B YaCTHBIX MPOU3BOIHBIX, KOTOPHIE UMEIOT YaCTHBIC
pelIeHust — COJIUTOHBI. brIcTpoyOBIBaromias Ha OECKOHEYHOCTH OeryInas BOJHA Ha3bIBAETCS yeAWHEHHON
BOJIHOM WJIM COJIMTOHOM. Teopusi COJMTOHOB HMMEET MHOXXECTBO (YyHIAMEHTAJIBHBIX METOIOB JIJIs
noIpoOHOro aHanu3a nporeccoB. OJHUM M3 TaKUX METOJOB SIBISICTCS T€OMETPUYECKAs UHTEPIPETAIIHS
(usngecKoro mporecca.

Hacrosmias paboTa mocBsieHa H3ydeHuIo mapsl JIakca H30MOHOAPOMHOM aedopmaruu. Y cioBre
HM30MOHOJIPOMHH PABHOLIEHHO CYIIIECTBOBAHUIO COBMECTHUMOM Maphl TMHEHHBIX ypaBHEHUH, napsl Jlakca. B
3TOW Tape OJHO W3 ypaBHEHWH mojaBepraercs aedopmanuu, a Apyroe OMHCHIBACT JedOpMAaIlHIo.
N3omononpomHas aedopManus — 3TO TEOPHUS H3OMOHOAPOMHUHU (TO €CTh COXpPaHEHHUS MOHOIPOMIH)

—— ) ——
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negopManu  OOBIKHOBEHHBIX I depeHInanbHbIX ypaBHEHHH. OTHM METOJOM OBUTH IOJyYEHBI
BBIpKEHMS Ul KOOpIMHATHOTO yria. JlokasaHo, 4to medopmanusi CHCTEMbl H30MOHOIPOMHA TOTZA H
TOJIBKO TOTJA, KOIZa IIEpBble M BTOPbIE (hyHAAMEHTANbHYI0 (OPMBI, 3aJal0lliye JaHHYH AedopManuio,
YAOBJETBOPSIET YCIOBUIO HHTETPHUPYEMOCTH. [lokazaHO, YTO aHAJOTMYHO IUIONIAAb COJMTOHHOMN
MOBEPXHOCTH MPEACTABIACTCS  KaK rpauK- MOIyCceao.

Karouesbie cinoBa: mapel Jlakca, nzomoHoapoMHas aedopmanusi, IIOLIaAb, rayccoBa KPHBH3HA,
COJIMTOH, TIepBas U BTOpasi pyHJAaMeHTAIbHBIC (POPMEI.
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