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GAUGE EQUIVALENCE BETWEEN THE I'-SPIN SYSTEM
AND (2+1)-DIMENSIONAL TWO-COMPONENT
NONLINEAR SCHRODINGER EQUATION

Abstract. At present, the question of studying multidimensional nonlinear evolution equations in the framework
of the theory of solitons is very relevant. Their usefulness is confirmed by numerous scientific publications, articles
and many international conferences. One of the results of these works is the conclusion that, each (1+1)-dimensional
soliton equation corresponds to several (2+1)-dimensional integrable and nonintegrable extensions. This led to the
intensive development of an important subclass of nonlinear evolution equations of the theory of integrable spin
systems. The simplest example of an integrable spin system is the equation Myrzakulov-I (M-1). The M-I equation is
a (2+1)-dimensional integrable generalization of the well-known Landau-Lifshitz equation and for y = x it is reduced
to it. In this paper, we consider the I'-spin system. This spin system corresponds to the 2-layer M-l equation.
A matrix Lax representation for the aforementioned spin system in symmetric space is proposed. The main result of
this work is the establishment of gauge equivalence between the I'-spin system and the (2+1)-dimensional two-
component non-linear Schrédinger equation.

Key words. T-spin system, 2-layer M-I equation, (2+1)-dimensional two-component nonlinear Schrodinger
equation, gauge equivalence.

Introduction

Modern mathematics and physics are fluttering intensively. Domestic fundamental science is not lag
behind. We can distinguish such directions as differential equations of various orders (see, for example,
[1]), computational methods and Riemannian metrics [3]. No less interesting topic is mathematical
modeling of problems [4]. In particular, one can note such works as [4] where the (2 + 1) -dimensional
integrable Fokas-Lenels equation was considered. Also in [5] the work of A.A. Zhadyranova investigated
the solutions of the Witten-Dijkgraf-E. Verlinda-G. Werlinde equations (WDVV).

The basis of research in the field of mathematical and theoretical physics is the knowledge of
integrable nonlinear evolution equations (NEE). The solitons theory of integrable NEE of (1+1)-
dimension is well developed. This is evidenced by the large number of works devoted to this field by well-
known modern mathematicians and physicists, such as Ablovets M., Zakharov V.E., Laks P.D., Lipovsky
V.D., Manakov S.V., Ishimori U., Sigur H., Shabbat A.B. and others (for example Refs.[6,7]). In recent
decades, multidimensional, in particular (2+1) and (3+1)-dimensional NEE have been intensively studied.
The interest in them is justified by the fact that with their help many physical processes are described in
optics, radiophysics, in the dynamics of continuous media, particle physics and other fields. The more
famous among (2+1)-dimensional integrable equations are the nonlinear Schrodinger equation (NLSE),
the Ishimori equation, the sine-Gorden equation, the Kadomtsev-Petviashvili equation, the Zakharov-
Manakov equation, the Davy-Stewartson equation, M-I etc [8-13]. Theories of solving problems for two-
dimensional integrable equations are more complicated, since (2+1)-dimensional connected with systems
of linear partial differential equations with variable coefficients. Spin systems are a significant section of
the NEE.
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(2+1)-dimensional two-component nonlinear Schrodinger equation has forms

iy + 0y — V10 — @G, =0, 1)
i0y +0ppx — Vo0, —@,0; =0, 2
ir, — Iy +Vih + 0,1, =0, 3
if =Ty Vol + oty =0, 4
Vi — (210, +1,9,), =0, (%)
Vox — (10, +2r,0,), =0, (6)
oy, — (041, )y =0, )

@ _(rqu)y =0, 8)

where q; =q;(x,y,t), r,=r(x,y,t) are the complex functions and v; =v;(x,y,t), w, =w,(X,Y,t),
(i = 1,2) are the real functions. It is integrated by the method of the inverse scattering method, thus, for its
there is a Lax representation. Its Lax representation is given in the form

D, =UD, )
D, =210, +V, @, (10)

A -spectral parameter and @ = (¢,,4,,4;) . Here the matrix operators U, and V,, accordingly, have
the forms

U, =-i1Z+Q, (11)
0 g 0 100
Q= rn 0O O0f,z2=|0 -1 O
r, 0 0 0 0 -1
and
-0, (ra, + erz)y Qay 2y
Vl = | - rly a;]-(rlch)y a;:L(rqu)y .
—hyy o, (aur, )y 0,1 (a,r, )y

Lax representation for the I"-spin system corresponding to the two-layer M-I equation
I -spin system which accord to the two-layer M-I equation is given by

ir, + %[r,ry ] +2i(r), =0, (12)

z, = étr(l“[l“x,l"y]) (13)

here [FX,ijz I,I', —I,I; and called commutator. We introduce the following notation for I

r=g?'sg, r’=1 (14)
and
1—‘11 1—‘12 1—‘13
[=|T, T, @|esu@d).
I_‘31 I_‘32 I_‘33
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Elements of the T" matrix respond some restrictions
—(1+F11 + Fzz)a L = fji (i. j= 1,2.3)

Theorem 1 The Lax representation for the I"-spin system (12)-(13) is given in the form

v, =U,¥, (15)
W, =20, +V,, (16)
where
U, =-iar, V, =2izzr +2[r.r, | (17)
2

Proof 1. From the compatibility condition the system (15) and (16), the matrices U, (x,y,t,4) and
V,(x,y,t,A) satisfy the condition of zero curvature

Uy =V, +[U,V,]-24U,, =0. (18)
Then substituting expressions (15), (16) and (17) in the condition of zero curvature (18) obtain
—iar, —2i(er), -2 [r r,] —ialr\v,]+2i2r, =0,

[V, ]= [r,zizzn%[r,ry ]} = E[F’ [cr,]=24r,,

ir’ +%[r,ry | +2i(ar), =o0.
Finally, we derive

il“t+%[l“x,1“y]+ [ T Xy]+2|z I'+2izl, =0

%(r[rx,ry]Jr Ir,.1, )+ 4iz,1 =0

- —tr(l“[l“x, y])

So we have obtained sought-for T"-spin system corresponding to the two-layer M-I equation

ir, +%[r,ry ] +2i(r), =0, (19)

z, = étr(l"[l"x,l“y]). (20)

Thus we proved theorem 1.

Gauge equivalence between the I'-spin system and (2+1)-dimensional two-component NLSE

In this section, will estabilish the gauge equivalence between the (2+1)-dimensional two component
NLSE (1)-(8) and the I"-spin system (12)-(13).

Theorem 2. The (2+1)-dimensional two component NLSE (1)-(8) and the I'-spin system (12)-(13)
are gauge equivalent to each other.

To prove this theorem, we introduce some concepts from the classical theory of gauge equivalence.

Definition 1. Equations admitting the Lax representation

Y, =U¥, ¥ =V;¥, j=12
or satisfying the condition of zero curvature
U, -V +U,.V,]=0, j=12
are called integrable equations.
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Definition 2. Integrable equations are called gauge equivalents if they are related by a transformation
®, =g'®,, U, =gU,0'+9,97", V, =gV,0 " +g,0" with the matrix function g not conditional on
pseudo-differential symbols by other independent variables of operators included in U and V .

Proof 2. Let pass to the immediate proof of the theorem. First, consider the following gauge
transformation

Y=g'®, g=d,,,
where @ is the solution to the system of the corresponding NLSE (1)-(8), and ¥ is the solution to the
system corresponding to the I'-spin system (14)-(15), and also g(x,y,t) is an arbitrary 3x 3 matrix

function that is a solution to system (9)-(10) at A =0. The derivative of the function ¥ with respect
to X is

¥, =(g70), =g, ~glg,g 0 (21)
then using then substituting the expressions (9), (10) and (11) in (20) we get
Y, =g (-ilZd+Qd)-g'Qgg D = —ilg =D = —ilg '¥g¥ = ALY =U,¥
Next we take the derivative of ¥ by t
W, = -gV,gg 0 + g (220, +V,0)= 249D, = 24971 (g¥), =249 1g, W + 24%,.
in total
Y, =U,¥, ¥, =22V, +249'g, Y.

The last formula depends on ¥, we need to express ¥ in terms of I'. From the expression (14)
follows

r,=(o"s9), =[r.o%,]
on the other hand
r,=(o7sg), =g7[20,07f.
Next we introduce notational convention

TEiCy Cy Cyl, (22)

then from the equation (22) follows

0 ¢, Cp
r,=2g*-c, 0 0|g. (23)
We also have that
0 ¢y Cy 0 ¢y, Cp
IT, =2ig*2gg™*|-¢c, 0O 0 |g=2ig|cy O 0 |g (24)
-c;; 0 O ci; 0 O
0 ¢, ¢ 0 ¢, ¢y
rr=2ig*-c, 0 0 |gg7Zg=-2ig~|cy, O 0 |g. (25)
Considering (24) and (25) we get
0 ¢, ¢
[rr,]=4ig%c,, 0 0 lg.
c; 0 O
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Now we need to express g‘lgy in terms of the matrix I". For this, we represent the matrix g, in the
following form
bll blZ blS
g, =il by by by |g=Wg
b3l b32 b33

and by, =z, b,, =by; =—z. Here z=2z(x,y,t) is unknown function. Consequently g g, = g~ 'Wg.

0 b, by
r,=[r g%, ]=[o"z0,0"Wg|= g EW]lg=2¢{ b, 0 O g,
by, 0 O
0 b12 b13
[cr,]=4ig% b, 0 o0]g,
by 0 O
O b12 b13
-1 1
g7by 0 0 gzﬁ[r,ry],
by O O
O blZ b13 1
979, =ig"Wg =izg'S+igby, 0 0O g=izl"+z[l“,l"y] .
by 0 0

Substituting the resulting expression in (14) we obtain
@, = 24F, + 24979, ¥ = 24, + Zﬂ,(izr +%[r,ry D = 24, +V, ¥

Finally, the Lax representation for the I"-spin system has the form

¥, =U,¥, (26)
W, = 20, +V,®, (27)
where
U, = -idl’, (28)
v, = 2i/121"+%[1“,1"y]. (29)

So, we derived the Lax representation for the spin system (14) - (15). The system compatibility
condition (26) - (29) (¥,, = P, ) gives

Uy —Vy +[U,V,]-24U,, =0
or

ir, +%[r,ry ] +2i(r), =0,

2, = étr(r[rx,ry]).

Theorem 2 is proved.
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Conclusions
In this paper, we considered the T -spin system corresponding to the 2-layer equation Myrzakulov-I.
Farther a matrix form of the Lax representation was proposed for the equation under consideration in the

symmetric space SU(n+1)/s(u(l) @ u(n)) for the case N =3. This kind of Lax representation

expands the possibilities of studying the T"-spin system. In particular, using the matrix form of the Lax
representation for the T"-spin system, we established the gauge equivalence of this equation to a (2+1)-
dimensional two-component NLSE. The obtained result is used for further research of spin systems when
finding different soliton solutions.
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II.P. Meip3akyJ, K. P. MbIp3aKyJjoBa

JL.H. T'ymunes ateiaaarsl Eypasus ynTTeIK yHEBepcuTeTi, Hyp-Cynran, Kazakcran

I'-CIIUH )KYHAECI MEH (2+1)-OJIIIEM/II EKI KOMIIOHEHTTI CBI3BIKTHI EMEC
IIPEAVHI'EP TEHJAEYIHIH APACBIHJIAFbBI
KAJIMBPOBTI DKBUBAJIEHTTIJIIK

AnHotanus. Kazipri yakpITTa KemeimemIi eMeC CBHI3BIKTHI ABOJIONHS TEHACYJIEPIH CONUTOHAAP TEOPHSCHI
mIeHOepiHAeri 3epTTey oTe e3eKTi O0onbn Tabbutaapl. OJapAblH MaiAadbUIBIFEl KONTETeH FRUIBIMHU JKapUsIIaHBIM-
JApMEH, MaKajlaJlapMEH J>KOHE KONTEereH XalbIKapalblK KOH(epeHIusIapMeH pacramansl. OCbl >KYMBICTapIbIH
HOTIDKeTepiHi 6ipi-opOip (1+1)-MemmeMai COMUTOHABIK TeHIey OipHerre (2+1)-MeemM i HHTErpaIIaHaThH KIHE
MHTEeTpaniaHOalTeIH KeHeHTiMaepre colikec Kemei. byl ChI3BIKTHIK €MeC BOJIONMSIIBIK TCHACYJIEP TEOPUSICHIHBIH
MaHBI3ABl TOOBIH WHTETPAJIAaHATHIH CIHHIIK JXYHEIep TEOPUSACHIHBIH KAapKBIHAB MaMmyblHA okennmi. CHuHmIK
Kyienep Hemece Jlanmay-Jludmmmn TeHmeyinepi MaTemaThka MeEH (QH3HKAaNarbl MaHBI3AB YFBIMAAPIBIH Oipi.
Meicaibl, TeOMETpHAIa OJIap OPTOTOHaNb TypiHae [aycc-BaitHapaua TeHneyiMeH aHbIKTanagsl. Ou3nkaga CIIHHIIK
JKYHenep MarHUTHUKTEPHAETi CHI3BIKTBHIK €MeC IPOIECTepAl 3epTTeyae KEHIHEH KOJAaHBbUIAAbl. VHTerpanmaHaThlH
JKOHE MHTETpaIaHOANThIH CITUHIIK KYHEeIep iy jkaHa KIIaCCTAapBIHBIH KYPBUIyJIapbl MEH 3epTTeyiepi (acipece Kem
OIMIIEMIITIK JKaFIaibIHAa) KApaThUIBICTAaHy FHUIBIMIAPBIHBIH KAKETTUIIrT MOCENeCiHIH ©3eKTUIriHeH TYBIHIAIbL.
WuTerpannsl CHHMHIIK JKYHenep TEOPHSCHH AaMbITyaa MaHeRAbl penai M.JlakmmvananaeiH, B.E. 3axaposa,
P.Mrip3akynos, JI. A. TaxTamksH xoHe Oackamapsl atkapabl. VHTerpanmaHAaTHIH CHHH KYHECiHIH KapamaibiM
MbIcaibl - Mpip3akyios-1 (M-I) teraeyi. M-I tenneyi - 6y tanbivan Jlannay-JIudumn renaeyiniy (2+1)-memmemii
WHTETpalIaHaThIH JKaIIBUIAYBI, a1 Y = X YIIiH 31 IIbFaasl. by TeHaeyaiH HHTerpanAbUIbFEl Kepi mamsipay eceli
omicine monmenneneni. Kepi mammbipay ecebi omiciH 9JeTTe CHI3BIKTHIK SCETTep Il STy YIIiH KOJIIaHbUIaTeIH Dyphe
TYPJICHIIPY OAICIH XaJmbliay Jen KapacTelpyra Oomanel. byn makamana I'-cimuuik sxydeHi KapacTeipambi3. by
CIMH XyHeci eki kabartel M-I TeHmeyiHe colikec kenmeni. JKorapbima aranfaH CHOUHIIK XYHEre CHMMETPHUSIIBI
keHicTikTeri Jlakc yChIHBICHIHBIH (JIY) MaTpUmaiblK Typi alnbHIBL. Byl )KYMBICTBIH HETi3Ti HOTIKeCi - [-crimHmik
xKyhe MeH (2+1) -emmemai exki KOMHOHEHTTI ChI3BIKTEI emec Illpemmnrep Tennmeyi (CELLT) apaceiHnarst
KaIMOPOBTHIK SKBUBAJICHTUTIKTI Kypy. CONMTOHIAp TEOPHACHIHIA KalTMOPOBTHIK SKBHUBAJICHTTUIIK MaHbI3IBI PO
aTkapanel. MaTerpanganatei (1+1) -enmmemMai CHI3BIKTHIK eMeC TEHACYJEp YIIIH KaTHOPOBTHIK SKBUBAJICHTTLIIIK
yreiMeIH 3axapoB B.E., Muxaiinos A.B., Taxramxaana JI.A. enrizmi. KaauOpoBTHIK SKBHBaJICHTTUIK YFBIMBI
CBI3BIKTHIK emec 3BotonmsaHbIH Teraeynepain (CEDT) JI¥Y-ubiH 6ap OGosrybIMeH THIFBI3 OaiaHbICTHL. JI¥ Ooiysl
CEDOT-niH wuHTEerpanjaHybl YVIOIH KaXeTTi mapT ekeHi Oenrimi. Jlemek, KaauOpOBTBHIK SKBUBAJICHTTUIIK
nHTerpanaanbaiiteH, 6ipax JIY 6ap CEDT apaceinna opsin anansl. 3axapoB B.E., Taxramksana JI.A. sKyMbICBIHIA.
Jlanpay-JInpmmn terneyi Men CEILUT (1+1)-emmeMai TapTBIMABUIBIFEI Oap JKarnail YIIiH KaluOPOBTHIK
SKBUBAJICHTTUIK aHbIKTanabl. Jlnnosckuit B.JI., llupokoa A.B., MuxaneBa B.I'. enbekrepinne. (2+1)-emmuemui
COJIMTOHABIK TeHjeyJepaiy Oenrimi eximuepi - Wmmmopu Tenneyi sxkone /»Bu-CTIOApTCOH TeHJEYi apachlHIa
nonenaenni. Connaii-ak, P.MpIp3akysioB mieH OHBIH TOOBIHBIH JXYMBICTApbIHIa Keibip cnuH xyienepi men CELLT
apachelHIa 3KBUBAJICHTTIK OpHAThUTFaHBIH atam etemi3. Meicansl, CELIT wusorponTeik Temmeyre M-III, 3axapor
teaeyi M-IX, exi kommnonentti Kamac-Xomm Ttenneyi ['eiizenOepr (eppoMarHuTTIK TeHJEyiHE HSKBUBAJICHT
eKeHJIriH KepceTkeH. OChI JKYMBIC JKOFaphl/ia aTallFaH XXYMBICTApFa YKCAC OPBIH/IAJIFaH.

Tyiiin ce3zmep. Crmn xyiteci, M-l 2-kabatter M-I Tenuey, (2+1)-emmuemai €Ki KOMIOHEHTTI CHI3BIKTHI €MeC
HlpenuHrep Tenaeyi, KamuOpOBTI IKBUBAIEHTTLIIK.

— 117 ——



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

II.P. Mbip3akyJ, K.P. Mbip3akyJioBa
EBpasuiickuii HarmoHansHbIN yHUBepcuTeT uMmenu JI.H. I'ymunesa, Hyp-Cynran, Kazaxcran

KAJIMEPOBOYHASI SKBUBAJIEHTHOCTH MEXKY I'-CITMH CUCTEMOM
M (2 + 1)-MEPHBIM JIBYXKOMIIOHEHTHBIM HEJIMHEWHBIM YPABHEHUEM HIPEJIUHTEPA

AnHoTanus. B HacTosee BpeMst BOIPOC U3y4YEeHUs] MHOTOMEPHBIX HEJIMHEHHBIX SBOJIFOLIMOHHBIX ypaBHEHHH B
paMKax TEOpWUH COJHMTOHOB SIBISETCS BECbMa aKTyaJbHBIM. VX MOJNE3HOCTH MOATBEPKAACTCS MHOTOYHCICHHBIMU
HaYYHBIMH ITyOJIMKAIUSIMH, CTaThIMI 1 MHOTMIMU MEXTyHapOJHBIMU KOH(pepeHIusiMUA. OHUM U3 Pe3yIbTaTOB 3THX
paboT sIBIIsieTCs BEIBOJ O TOM, 4TO Kaxkaoe (1+1)-MepHOE CONMTOHHOE YPaBHEHHE COOTBETCTBYET HECKOIBKUM (2+1)-
MEPHBIM HHTETPUPYEMBIM M HEHHTETPUPYEMbIM PACIIMPEHUSIM. DTO MPHUBEIO K HHTEHCUBHOMY Pa3BUTHIO Ba)KHOTO
MOJIKJIacCca HEMMHEWHBIX BOMIOLMOHHBIX YPaBHEHUH TEOPUH HHTETPUPYEMbIX CITHHOBBIX CHCTEM. BaXkHbIe 3HaUCHMS
B MaTeMaTHKe U (PU3UKE NMEIOT CIIMHOBBIE CHCTEMBI. K mprMepy, B TEOMETPHH OHU OTOXKECTBISIFOTCS C ypaBHEHHEM
laycca - BeiinrapgeHa B ero oproroHaibHOi (opme. B (usnke CiMHOBBIE CUCTEMBI YCIEIIHO MPUMEHSIOTCS B
HN3Yy4YCHUUN HEJIMHEWHBIX IMPpOUECCOB B MAarHETHUKax. HOCTpOGHI/IH M UCCJIICIOBAHUA HOBBIX KJIACCOB MHTCIPUPYEMBIX U
HEUHTETPUPYEMBIX CIIMHOBBIX CHUCTEM (OCOOCHHO B MHOTOMEPHH) OBLIM BBI3BaHBl aKTyaJbHOCTBIO MPOOIEMBI
MOTPEOHOCTH E€CTECTBEHHBIX HayK. BaKHyr0 poib B CTaHOBJIEHHHM TEOPUH HMHTETPHUPYEMBIX CIHHOBBIX CHCTEM
ceirpanu pabotsl M. Jlakimmanana, B.E. 3axapoa, P. Meip3akynoBa, JI. A. TaxrtamxsHa u ap. IIpocreitmum
OPUMEPOM HHTETPUPYEMOH CIMHOBOH CHCTEMBbI sBJIseTCs ypaBHeHue Meip3akynos-1 (M-1). YpaBHenue M-I
npezacTaBisieT coboit (2+1) -MepHOe MHTErpHpyeMoe 00001IeHe H3BecTHOro ypaBHeHus Jlannay-Jludmuna, n s
Y = X OHO CBOAMTCS K HeMy. MIHTerpiupyeMOCTb 3TOro YpaBHEHHE CBOAUTCS K METOLy 0OpaTHOM 3a/1auu paccesHHs.
Merton oOpaTHOH 3agadMl paccesHUs MOXXHO paccMaTpuBaTh Kak 00oOmeHne merona mnpeobOpasoBanus Dypse,
KOTOPBIA OOBIYHO MPUMEHSIETCS Ul PeIIeHUs JTMHEHHBIX 3a1ad. B 3To# cTaTthe MBI paccMoTpuM ['-cnivH cucTeMy.
OTa CrIMHOBAsI CUCTEMa COOTBETCTBYET IBYXCIOWHOMY ypaBHeHHio M-I. IlpennoskeHo MaTpHdHOE NpEACTaBICHNE
Jlakca (INT) @, =U (x, y,t,/l)CD, (ON :V(x, y,t,/I)CD JUISl BBILLIEYTIOMSIHYTOM CIIMHOBOW CUCTEMBI B CHMMETPUYHOM

npoctpaHcTBe. OCHOBHBIM PE3yJIbTaTOM 3TOH pabOTHI SBISIETCSl YCTAHOBJIEHUE KaJMOPOBOYHOW SKBHUBAJICHTHOCTH
Mexay [-cnuHOBOW cuctemMod u (2+1)-MepHBIM JBYXKOMIIOHEHTHBIM HEJIMHEHHBIM ypaBHeHHeM lllpeamnrepa
(HYLI). KanuOpoBo4Has 3KBHUBAJCHTHOCTh WIPACT BAXHYK pOJNb B TEOPUH COJNMTOHOB. 3axapoBeiM B.E.,
MuxaiinoBeiM A. B., Taxtamksaa JILA. ObUIO BBEICHO MOHATHE KAaTHMOPOBOYHOW SKBHUBAICHTHOCTH JUIS BIIOJTHE
uHTerpupyeMbix (1+1)-MepHBIX HenMHEHHBIX ypaBHeHWH. [loHMMaHWe KannMOpPOBOYHOW SKBHBAJICHTHOCTH TECHO
cs3aHa co cymectBoBaHueM [1JI i HenWHEHHBIX 3BOMONMOHHBIX ypaBHeHnn (HOVY). Xopomo m3BecTHO, 49TO
CyLIECTBOBaHME TMpeicTaBicHus Jlakca sBaseTcs HEOOXOAMMBIM  YCIOBHEM uHTerpupyemoctu HOV.
CrnenoBaTenbHO, KaIHOPOBOYHAS OSKBUBAJIEHTHOCTh TAaK)K€ CYIIECTBYET MEXIY HEHHTETPHUPYEMBIMH, HO
obmamaromumu I1IJI HOVY. B pabore 3axapoBa B.E., Taxtamksna JILA. OpUI0 ycTaHOBIEHa KaaHOpPOBOYHAs
SKBUBAJICHTHOCTh ypaBHeHus Jlannmay-JIludumua u HYII ¢ npursxenuem ans (1+1)-mepHoro ciyuast. B padorax
Jlunosckoro B.JI., IllupoxoBa A.B., MuxaneBa B.I. Obuin mgoka3zaHbl 3KBHUBaJEHTHOCTh MEXIy Haumbojee
W3BECTHBIMHU TPEJCTaBUTEISIMH (2+1)-MEpHBIX COJIMTOHHBIX YpaBHEHUs - ypaBHeHue Ummmopu u ypasHenue J[pu-
Crproaprcona. OTmeTuM Takke, 4ro B paborax Meip3akysioBa P. W ero rpynmbel OBUIM YCTaHOBJICHBI
9KBHBAJICHTHOCTH MEXIy HEKOTOpbIMEH chuHOBBIMU cuctemMamu ¥ HYII. K mpumepy, HYI kanubpoBoyHO
9KBUBAJICHTHOE K M30TpornHOMY ypaBHeHuto M-lIl, ypaBaenune 3axapoBa k M-IX, n1ByXKoMIIOHEHTHOE ypaBHEHHMS
Kamacce-Xonma k 0000meHHoMy ypaBHeHHIO (eppomarHeTnka IeisenOepra, u Tak pganee. lanuas pabora
BBITIOJTHEHA AHAJIOTMYHO BBIIICYTIOMSHYTHIM paboTaM.

Karouessbie cioBa: Crinn cuctema, 2-ciioiiHoe ypasaerue M-I, (2+1)-MepHoe AByXKOMIIOHEHTHOE HEJTMHEHHOE
ypasuenue llpennarepa, kannOpoBOoYHAs SKBUBAJIEHTHOCTD.
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