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NAS RK s pleased to announce that News of NAS RK. Series physico-mathematical
Jjournal 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.

Kasakcma+ Pecnybnukacbl ¥nmmbiK fbifibiM  akademusicsl "KP ¥FA Xabapnapbl. ®u3ukarbik-
MameMamukarblK cepusichl” FbinibIMU XypHasbiHbiH Web of Science-miH xaHanaHraH Hyckackl Emerging
Sources Citation Index-me uHOekcmenyzae KabbindaHFaHbIH xabaprnaldbl. byn uHdekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicbl XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday macesneciH
kapacmeipyOa. Webof Science 3epmmeywinep, asmopsap, bacnawbiiap MeH MeKeMmesiepee KOHMeHm
mepeHdiei MeH canacbiH ycbiHaobl. KP ¥FA Xabapnapbl. XuMusi XXoHe mexHoroausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmbIK yYWiH eH 63eKmi xoHe 6edenidi XUMUSIIbIK FblribiMOap
bolibiIHWa KoHmeHmke adarsnobifbiMbi30bl 6indipedi.

HAH PK coobuwjaem, ymo Hay4qHbil xypHan «3eecmusi HAH PK. Cepusi ¢busuko-mamemamuyec-
Kas» 6bin npuHam 0ns uHdekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcs 8 cmaduu pacCMOMmMpPEHUS KoMnaHuel
Clarivate Analytics Ons OanbHelwea0o npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kayecmeo u enybuHy KoHmeHma 0Ons uccriedogameriel, asmopos, uzdamenel u y4upexoeHul. Bkro-
yeHue MNssecmusi HAH PK e Emerging Sources Citation Index deMoHcmpupyem Hauwy npueep>xeHHOCMb
K Hauboree akmyasrbHOMY U 67USSMEeSIbHOMY KOHMEHmMy M0 XUMUYEeCKUM Haykam Ofsi Hawezo
coobuwecmesa.



bac penakTtop
¢.-m.F.10., ipod., KP ¥FA akamemuri
F.M. Myranos

Pemaxmusg anxkacs:

AcanoBa A.T. npod. (Kazakcran)

Bomxkae K.A. PhD nokrops! (Ka3akcran)
Baiirynuexos K. K. npod., akanemuk (Kazakcran)
Quevedo Hernando npod. (Mekcuka)

KycinoB M.A. npod. (Kazakcran)

KoBaneB A.M. npod., akagemuk (YKpanHa)
Kamumoanaes M.H. mpod., akanemuk (Kazakcran)
MuxaneBu4 A.A. pod., akanemuk (benopycs)
Mpeip3akyJioB P. npod., akagemuk (Kazakcran)
PamaszanoB T.C. npod., akagemuk (Kazakcran)
Taku6aeB H.2K. npod., akanemuk (Kazakcran), 6ac pes. opsiHOacaphl
Turunsany U. npod., akagemuk (MonmoBa)
Yanaues 3.I'. ipod., uin.-xopp. (Kazakcran)

Xapun C.H. mpod., akanemuk (Kazakcran)

«KP ¥T'A Xabapaapel. ®U3HKa-MaTeMaTHKAJIBIK CEPHACHD).

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

Menmikrenymri: «Kazakcran PecrryOnnkacsIHBIH ¥ITTHIK FRUIBIM akageMusicbDy PKb (AnMaTsl K. ).
Kazakcran PecryOnmkachiHBIH AKMapar >KoHE KOMMYHHKAUMsUIAp MUHHCTPIIriHIH AKNapaTr KOMHUTETIHIE
14.02.2018 x. 6epinren Ne 16906-7K mep3iMaik OacbUIbIM TipKeyiHe KOWBLTY Typasbl KyalliK.

TakbIpBINTBHIK OAFBITBI: PUIUKA-MAMEMAMUKA bLTBIMOAPHL HCIHE AKNAPAMMbIK
MexXHOI02UANAp CANACLIHOAbL DACHIM 2bLIbIMU 3epmmeynepoi
Jcapuanay.

Mep3iMIiTiTi: )KBUTBIHA 6 peT.
Tupaxsi: 300 nana.

Penakiusasiy MekeH-xaibl: 050010, Anmatsl K., [lleBuenko kemr., 28; 219 0Oei.;
Ten.: 272-13-19; 272-13-18

http://physics-mathematics.kz/index.php/en/archive

© Kazakcran PecrryOnuKachIHBIH ¥ JITTHIK FRUIBIM akageMusichl, 2021

TunorpadusHelH MekeH-Kaibl: «ApyHay XK, AnmaTs! k.. MypaTtbaesa kerr., 75.



I'maBHBIH penakToOp

1.¢.-M.H., mpod. akamemuk HAH PK
I''M. MyranoB

Pe)laK]_IPIOHHaH KOJIDJICrHuii:

AcanoBa A.T. npod. (Kazaxcran)

Bomkaes K.A. nokrop PhD (Kazaxcran)
BaiirynuexoB XK.7K. npod., akagemuk (Kazaxcran)
Quevedo Hernando npod. (Mekcuka)

KycynoB M.A. mpog. (Kazaxcran)

KosaneB A.M. mpod., akanemuk (YkpanHa)
Kaaumoangaes M.H. ipod., akamemuk (Kazaxcran)
Muxanesuu A.A. pod., akanemuk (benapycs)
Mpeip3akyJoB P. npod., akanemuk (Kazaxcran)
Pama3zanos T.C. mpod., akamemuk (Kazaxcran)
Taxkub6aeB H.2K. npod., akagemuk (Kazaxcran), 3am. ri1. pej.
Turnusauy U. npod., akagemuk (Monzosa)
Yanues 3.I'. ipod., un.-xopp. (Kazaxcran)

Xapun C.H. npod., akagemuk (KazakcTtan)

«"3BecTnst HAH PK. Cepus ¢pusuka-marematudeckas».

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

CobctBennuk: POO «HamnuonansHas akagemusi Hayk Pecniyonuku Kazaxcrany (r. AjaMartsr).
CBUAETENHCTBO O IOCTAHOBKE HA YYeT NMEPUOAMYECKOro mevaTHoro u3ganus B Kommurere mHbopmanmu
MunucrepctBa uHboOpManuun ¥ KoMMmyHuKanuid Pecrmybmmkm Kazaxcran Ne 16906-7K, BoiganHoe
14.02.2018 r.

TemaTnueckasi HANPABJIEHHOCTb: NYONUKAUUA RPUOPUMEMHBIX HAYYHBIX UCCTE006AHUT
6 odnacmu usuko-mamema-mudeckKux HayK
U UHPOPMAYUOHHBIX MEXHOIO2UIL.

[lepuonuuynocts: 6 pa3 B rof.
Tupax: 300 3K3eMILISIPOB.

Anpec penakuuu: 050010, r. Anmarsl, yu. [lleBuenko, 28; koM. 219; Ten.: 272-13-19; 272-13-18

http://physics-mathematics.kz/index.php/en/archive

© HammonanwsHas akagemus Hayk Pecrryonuku Kazaxcran, 2021

Anpec turtorpadun: U1 «ApyHay, r. AnMartsl, yi. MyparOaesa, 75.



Editor in chief

doctor of physics and mathematics, professor, academician of NAS RK
G.M. Mutanov

Editorial board:

Asanova A.T. prof. (Kazakhstan)

Boshkayev K.A. PhD (Kazakhstan)

Baigunchekov Zh.Zh. prof., akademik (Kazahstan)
Quevedo Hemando prof. (Mexico)

Zhusupov ML.A. prof. (Kazakhstan)

Kovalev A.M. prof., academician (Ukraine)
Kalimoldaev ML.N. prof., akademik (Kazahstan)
Mikhalevich A.A. prof., academician (Belarus)
Myrzakulov R. prof., akademik (Kazahstan)
Ramazanov T.S. prof., akademik (Kazahstan)
Takibayev N.Zh. prof., academician (Kazakhstan), deputy editor in chief.
Tiginyanu I. prof., academician (Moldova)

Ualiev Z.G. prof., chl.-korr. (Kazahstan)

Kharin S.N. prof., academician (Kazakhstan)

News of the National Academy of Sciences of the Republic of Kazakhstan. Physical-mathematical
series.

ISSN 2518-1726 (Online), ISSN 1991-346X (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 Communications of the Republic of Kazakhstan No. 16906-7K, issued on
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 copies.

Editorial address: 28, Shevchenko str., of. 219, Almaty, 050010, tel. 272-13-19; 272-13-18

http://physics-mathematics.kz/index.php/en/archive

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

Address of printing house: ST "Aruna", 75, Muratbayev str., Almaty.



ISSN 1991-346X Series physico-mathematical. 2. 2021

NEWS

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

ISSN 1991-346X

Volume 2, Number 336 (2021), 179 — 184 https://doi.org/10.32014/2021.2518-1726.39

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

Zh. B. Umurzhakhova'!, M. D. Koshanova?, Zh. Pashen!, K. R. Yesmakhanova'

'L N. Gumilyov Eurasian National University, Nur-Sultan, Kazakhstan;
2Khoja Akhmet Yassawi International Kazakh-Turkish University, Turkistan, Kazakhstan.
E-mail: zhbumurzakhova@gmail.com, maira.koshanova@ayu.edu.kz, janbotapashen@mail.ru,
kryesmakhanova@gmail.com

QUASICLASSICAL LIMIT OF THE SCHRODINGER-MAXWELL-
BLOCH EQUATIONS

Abstract. The study of integrable equations is one of the most important aspects of modern mathematical and
theoretical physics. Currently, there are a large number of nonlinear integrable equations that have a physical
application. The concept of nonlinear integrable equations is closely related to solitons. An object being in a
nonlinear medium that maintains its shape at moving, as well as when interacting with its own kind, is called a
soliton or a solitary wave. In many physical processes, nonlinearity is closely related to the concept of dispersion.
Soliton solutions have dispersionless properties. Connection with the fact that the nonlinear component of the
equation compensates for the dispersion term.

In addition to integrable nonlinear differential equations, there is also an important class of integrable partial
differential equations (PDEs), so-called the integrable equations of hydrodynamic type or dispersionless
(quasiclassical) equations [1-13]. Nonlinear dispersionless equations arise as a dispersionless (quasiclassical) limit of
known integrable equations. In recent years, the study of dispersionless systems has become of great importance,
since they arise as a result of the analysis of various problems, such as physics, mathematics, and applied
mathematics, from the theory of quantum fields and strings to the theory of conformal mappings on the complex
plane. Well-known classical methods of the theory of intrinsic systems are used to study dispersionless equations.

In this paper, we present the quasicalassical limit of the system of (1+1)-dimensional Schrédinger-Maxwell-
Bloch (NLS-MB) equations. The system of the NLS-MB equations is one of the classic examples of the theory of
nonlinear integrable equations. The NLS-MB equations describe the propagation of optical solitons in fibers with
resonance and doped with erbium. And we will also show the integrability of the quasiclassical limit of the NLS-MB
using the obtained Lax representation.

Key words. Dispersionless integrable system, quasiclassical limit, Schrodinger-Maxwell-Bloch equations, Lax
pair.

Introduction

The study of the integration of nonlinear equations and systems dominates one of the main places in
theoretical and mathematical physics. Such equations have physical applications that multiply interest in
similar studies. At the present time there are a lot of nonlinear integrable equations describing different
phenomena in different fields of physics.

The system of the (1+1)-dimensional Schrodinger-Maxwell-Bloch equations obtained by
A.L. Maimistov and E.A. Manykin [14] and were studied by different scientists [15-17].

The studied system of the (1+1)-dimensional Schrédinger-Maxwell-Bloch equations reads as

iq,+q.+2|q" g-2ip=0, (1)
p. —2imyp—2nq =0, ()
n.+qp+qp=0, (3)
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where x and ¢ are the normalized distance and time, respectively; g(x,¢) is the slowly varying envelope
axial field, p(x,t) is the measure of the polarization of the resonant medium, 77(x,¢) represents the

extent of the population inversion, @, is a constant corresponding to the frequency. ¢, p are complex

variable functions, and 7 is a real variable function, @, is real constant. g,, .., p, and 77, are partial
derivatives with respect to variables x and t, i is an imaginary unit, ¢ and p are complex conjugates of g
and p quantities, respectively.

The system of the (1+1)-dimensional Schrodinger-Maxwell-Bloch equations is completely integrable
by the inverse scattering transformation (IST) [18]. It is known that the IST makes use of the Lax
equations to solve such systems. Lax pair for the system of the (1+1)-dimensional Schrodinger-Maxwell-
Bloch equations (1)-(3) has the form

O =Ud, @
O, =V, (%)
where the matrices U and V have the form
U=-lc,+U,, (6)
V==20,+2U,+V, + ! V.. (7)
+ o,

Here U, V,,V_ depend on g, p, i functions and U, V;, V| are 2 x 2 matrices

S (10 .
0 _(?0’0-3 0_15 ()

and A is the complex eigenvalue parameter (constant).
Quasiclassical limit of the system of (1+1)-dimentional Schriodinger-Maxwell-Bloch equations.
To find the quasiclassical limit of the given system, we use the following change of variables
X —> &, t —> &, where ¢ is a constant [13, 19-21]. Then, the partial derivatives will change as
0 o 0 0
—e—, — > Ee—.
ot ot Ox ox

Taking into account the change of variables, the equations (1)-(3) has the next form

ieq, +&°q, + 2|q|2q —2ip=0, 9)
&, —2qn—2iw,p =0, (10)
en.+qp+qp=0. (11)

Now we enter the scale transformation in the forms of ¢, p and 7

q=\/;egs, p=i«/uwegs, n=+vl-uw, (12)

. 2
where u =u(x,t), w=w(x,t) are real functions, p and 7 are related as 7’ +| p| =1. Further, to

calculate all the terms of the nonlinear system (9)-(11), we differentiate equation (12) with respect to the
variables x and t.
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u, i ) u i Ls
= +_St u e , = X +_S AU e’ 5 13
& (2\/u &£ ] T [2\/u e j (13)

A

. S, = (uw)
= - e, =———z 15
D, [1(«/ uw)x A/ uw]e n. N (15)

Substituting formula (13)-(15) into system (9)-(11) and collecting the coefficients of different powers
of & we get the system of equation

u, +2(ou), =0, (16)

v, +(0* —2u—-24w), =0, (17)

w ——2" o, (18)
2w, -V

where 0=S§_. Thus, system of equations (16)-(18) is the quasiclassical (or dispersionless) limit of the
system of the (1+1)-dimensional Schrodinger-Maxwell-Bloch equations.

Lax pair of the system of the (1+1)-dimensional dispersionless Schrodinger-Maxwell-Bloch
equations.To construct Lax pair of the system of the dispersionless (1+1)-dimentional Schrodinger-
Maxwell-Bloch equations (16)-(18), at first we note that the function @ in Lax pair (4)-(5) can be written

as ®=(y,, l//z)T. Let’s consider the system of differential equations with respect to variable x :

W, =AY, +qy,, (19)

Vo = —q W, +idy,, (20)

and variable ¢, respectively.

. . [ . i
Vi = [— 27 +ilqf + njt/fl + [ZM +iq, — pj‘/’za (1)
A+, A+,
o i _ ) ) i
Wy = (— 24 +iq, - pj% + [2112 —ilql - 77}//2- (22)
A+ o, A+,
Then using transformation similar to previous section
LFea] L[Feix-s]
vi=et Ly, =gt (23)

where S =a;‘v and F, v(x,t), & are real functions. We obtain the equivalent relations to
differential systems (19)-(22)
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ey, =iy, +qy,, (24)
&Y, = —qy, +idy,, (25)
ew, =| =20 +i|q] +——n ly, +| 24q +isq. ————p ., (26)
A+ w, A+ o,
— . 1 . , l
&Yy = [— 2q +ieq, - p}//l + (21/12 +ilg | - n}//z- (27)
A+ o, A+ o,
We differentiate (23) with respect to variables x and ¢:
1 Feax 1 TFsax-S]
lr//lx ZL[F; +Z]e£[F ]’ l//2x :{§x+£[ﬂ+l_sx]}65 > (28)
& &
i Hrea) i£ U[Fsax-S]
Vi = ;F;eg > Wo = {éx + ;[F; - St ]}eg . (29)

Now by equating the expressions (19)-(22) and (28)-(29), and collecting the coefficients of different
powers of & we get the next equations

u

p+24— =0,
p-v (30)
pt_(u(p+2ﬂ,—2v)j _ 1 m_u\/; =0, (31)
p—v RO p—v

X

where p = F . Finally, last equations (30) and (31) are the Lax pair of the system of the (1+1)-

dimentional quasiclassical (dispersionless) Schrodinger-Maxwell-Bloch equations.

Conclusions. In this paper, we considered the system of (1+1)-dimentional Schrédinger-Maxwell-
Bloch equations, which are integrable by IST method. The quasiclassical limit of the system of (1+1)-
dimentional Schrodinger-Maxwell-Bloch equations were obtained using the scale transformation. Also we
presented its Lax representation, which proves its integrability. The resulting model can be used to
describe quantum-optical phenomena in the absence of dispersive properties of the medium.
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IPEJUHT'EP-MAKCBEJJUI-BJIOX TEHAEYIHIH KBA3UKJIACCHUKAJIBIK HIEI'T

AnHoTanusi. HTErpaimaHaThiH TeHACYJIepIl 3epTTey Ka3ipri MaTeMaTHKAaJbIK KOHE TEOPHSIIBIK (DU3UKAHBIH
MaHbI3/Ibl acleKTiepiHiH Oipi Oonbin Tabbutazpl. Kazipri yakpitTa (HU3UKaJIbIK KOJNJAHYFa W€ CHI3BIKTBIK €MeC
I/IHTeraJ'l[laHaTI)IH TeHueyﬂep CaHbl ©TC KOII. Cbl3])IKTbIK ceMEC I/IHTeraJ'l[laHaTI)IH TeHueynep ¥FLIMI)I COJIMTOHMCH
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ThIFbI3 OaiinanbicThl. CHI3BIKTHIK OpTaja naiifa OoJjaThiH, KO3Fally Ke3iHIe, COHAal-ak e31 Topi3Jec TypliepMeH
opeKeTTecy Ke3iHJe MIllliHIH CaKTaWThIH HbICAH COJIMTOH HEMece OHAIllAaHFaH TOJKBIH el aranaabl. KemnrereHn
(hu3MKaIBIK TPOLECTEPAE CHI3BIKTHIK €MEC JIUCHEPCHsI YFBIMBIMEH ThIFbI3 OainaHbICcThl. CONMTOHIBIK epiTiHIlIep
JIICIIEPCHSCHI3 KacueTke ue. TeHaeyiH ChI3BIKTHIK eMeC KOMIIOHEHTI JUCIEPCHsI MYIIECIHIH OPHBIH TOJTHIPATHIH-
NIBIFbIHA OaliyIaHbIC.

WHTerpannanatelH CHIBBIKTHIK eMec anbQepeHnuaIIblK TeHaeyIepaeH 0acka, TMAPOJUHAMHUKAIBIK THIITET]
HeMece JUCIIEPCHSCHI3 TEeHAEYJep AeN aTalaThlH WHTerpaljaHaThiH jaepOec nuddepeHnnanapK TeHAEyIepaAiH
MaHbI3/bl KJIAachl jaa Oap. CBI3BIKTBI €Mec IUCIEPCHsCHI3 TeHAeyJep Oenrii MHTerpajlaHaThlH TEeHAEYJIepAiH
TUCTIeP-CUACHI3 (KBAa3WKJIACCHKANBIK) IIETi peTiHae TybHAaimel. COHFBI JKBUIAAPH JAUCHEPCHSACHI3 KYHeIepIi
3epTTey YJIKeH MaHbBI3Fa he OOIIbI, OiTKeHi onap (Qr3nKa, MaTeMaTHKa KOHE KOJJaHOalbIl MaTeMaTHKa, KBAHTTHIK
epicTep MEH IIEKTep TEOPMSACHIHAH OacTan KOMIUIEKCTI JKa3bIKTHIKTArbl KOHPOPMIBI KECKIHAEP CHSKTHI op TYPIIi
Moceneepal Tanjaay HOTHKeciHae maina Oonnbl. Jlucrepcusichi3 TeHAeyliepl 3epTrey YImiH Oenriii kyiienep
TEOPUSCHIHBIH KJIACCHKAJIBIK 9[iCTEpPi KOJIAHbLIA/IbI.

byn xymeicta 0613 (1+1) emmemni lIpenunrep-MakcBemi-biox Tenaeysep xyieciHIH AMCHEPCUSICHI3 LIETiH
¥CbIHAMBbI3. Hlpeunﬂrep—MaKCBeﬂn—Enox TeHz[eyi - CBI3BIKTBIK €ME€C HMHTCIpallaHaTbiH TCHACYJICP TCOPUACHIHBIH
KJIACCUKAJIBIK MbIcasiaphiHbiH Oipi. [lIpeaunrep-Makcei-biiox TeHieyi ONTHKAIBIK COTUTOHIAPIBIH PE30HAHCTHI
oHE IpOUIMEH KOCBUIATBIH TAaIIBIKTAp/a TapadyblH CHUIATTaiabl. AnbiHraH Jlakc OeliHeciH maiijganaHbin, 013
peannrep-MaxkcBeui-biiox Texueynep *yHeciHiH KBa3HMKIACCHKAIBIK (AMCIEPCUSCHI3) IIErT WHTErPajiblIbIFbIH
KepceTeMmis.

Tyiiin ce3nep. Jucnepcusachi3 HHTETpalfaHATHIH KYHe, KBa3UKIaccuKanbIK meri, [peauarep-Makcsemi-bmox
TeHaeynepi, Jlakce sxyObI.

K. B. Ymyp3axosa, M. JI. Komanosa, 7K. ITamen, K. P. EcmaxanoBa

EBpasuiickuit HartmoHnansHel yHuBepcutet umenu JI.H. I'ymunesa, Hyp-Cynran, Kazaxcran;
MexyHapoAHBIH Ka3aXxCKO-TypeLKUi YHUBepcuTeT UMeHN Xomku Axmena Scasu, Typkucran, Kasaxcran

KBA3UKJIACCHUYECKHW ITPEJEJ YPABHEHUM IIPEJIUHTEPA-MAKCBEJLTIA-BJIOXA

AnHoTauus. MccnenoBaHue MHTETPUPYEMBIX YPABHEHHMM SBIISETCS OJHUM M3 BaXKHEHILMX acleKTOB COBpE-
MEHHOH MaTeMaTHIeCKOW M TEOpPEeTHIeCKoi ¢u3uku. B HacTosIee BpeMst CymecTBYeT OONbIIOe KOJIMIECTBO HEIH-
HEHHBIX MHTEIPUPYEMBbIe YPAaBHEHHH, KOTOpbIe HMeeroT hu3ndeckoe npuiokenue. [IoHsaTre HelnMHEeHHbIX HHTErPH-
PYEMBIX ypaBHEHHH TECHO CBS3aHO C COMUTOHOMHU. OOBEKT, BO3HHKAIOIINI B HEIHMHEHHON cpele, COXpaHSIOIMINI
(hopMy npu ABMKEHHH, & TAKXKE ITPU B3OUMOAEHCTBUH € cebe OAOOHBIMH, Ha3bIBAECTCS COTUTOHOM MM YEAWHEHHON
BOJIHOM. Bo MHOrMX u3nueckux npoueccax HETMHEHHOCTh TECHO CBsI3aHA C MOHsATHEM jaucrepcuii. CoIMTOHHBIE
peuieHusi 00nanalT OE3IUCIIEPCHOHHBIM CBOMCTBOM, B CBSI3M C TE€M, YTO HEJIMHEHHBIH KOMIIOHEHT ypaBHEHHS
KOMIIEHCUPYET AUCIEPCHOHHBIN YJIeH.

[ToMuMO HMHTETpUpPYEMBIX HEJMHEHHBIX AU GEepeHINaIbHBIX YPaBHEHUH CYNIECTBYET TaKKe BayKHBIM Kilacc
HUHTETPUPYEMBIX YPaBHEHUH B YACTHBIX IPOU3BOJHBIX, TAK HA3bIBAEMbIE HHTEIPUPYEMBIE YPABHEHUS THAPOAUHAMHU-
YEeCKOro THIa WM Oe31UCIIepCHOHHbIE ypaBHeHHs. HenmuHeliHble Oe3aMCIepCHOHHBIC YPaBHEHHS BO3HUKAIOT Kak
6e3uCIIepCHOHHBINA (KBa3WKIIACCHUECKHUI) Tpe/ieNl M3BECTHBIX HMHTETPUPYEMBIX ypaBHEHWH. B mociemnne rozpl
GosbIIoe 3HAUEHHWE MPHOOPETacT M3yUeHHE OE3IMCIIEPCHOHHBIX CHCTEM, OCKOJIBbKY OHM BO3HHMKAIOT B PE3YJIbTaTe
aHaJIM3a Pa3IMYHBIX MPOOJIeM, TakKuX Kak (u3nka, MaTeMaTuka M NpHUKIaJHas MaTeMaTHKa, OT TEOPHH KBAHTOBBIX
MOJIEH U CTPYH A0 TEOpUH KOHOOPMHBIX 0TOOpaKeHUH Ha KOMITJIEKCHOH MII0CKOCTH. [ n3ydeHus 0e3auciepCcuon-
HBIX YPaBHEHHH HCIOJIB3YIOTCS XOPOIIO U3BECTHBIE KIIACCHUECKHE METObI TEOPUU HHTETPHPYEMBIX CHCTEM.

B nmannoit pabote mpeacrapieH 6e3ancnepcuonHbIN pexen cucteMsl (1+1)-mepHbix ypaBHenuit Llpeaunrepa-
Makcgenna-bnoxa. YpaBuenune lpeaunrepa-Makcsenna-biaoxa sABisieTcss OAHUM U3 KJIACCUYECKUX INPHUMEPOB
TEOpUHM HEIMHEWHBIX MHTErpUpyeMbIXx ypaBHeHMH. YpaBHeHue Illpemunrepa-MakcBemna-bimoxa onmceiBaer
pacnpocTpaHeHUEe ONTHYECKUX COJMTOHOB B BOJIOKHAX C PE30HAHCHBIMH M JIETMPOBaHHBIMH 3pOueM. Taxxke
MOKaXEM MHTErpupyeMocTh Oe3aucnepcronHoro mnpezaena YIIIMB ¢ momomiplo moJydeHHOTO IpeicTaBlICHHE
Jlakca.

KiroueBble cjioBa: 0e3qCIEPCHOHHAs WHTETPUpyeMas CHCTEMa, KBa3HKJIACCHUECKHH MpeaeN, YpaBHEHUS
[Ipeaunrepa-Makcgeiia-bioxa, napa Jlakca.
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