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

KA3AKCTAH PECITYBJIMKACHI
YJITTBIK FbIJIBIM AKAIEMUACBIHBIH

XABAPIIAPDI

N3BECTUA NEWS

HAITMOHAJIBHOM AKAJIEMUMN HAYK OF THE NATIONAL ACADEMY OF SCIENCES
PECITYBJIMKN KABAXCTAH OF THE REPUBLIC OF KAZAKHSTAN

OUBUKA-MATEMATHUKA
CEPUSCHI

¢

CEPUA

OPUSUKO-MATEMATHYECKASA
¢
PHYSICO-MATHEMATICAL
SERIES

6 (316)

KAPALIA - )KEJITOKCAH 2017 K.
HOsBPb — JIEKABPbD 2017 r.
NOVEMBER - DECEMBER 2017

1963 XKbIIJIBIH KAHTAP AVBIHAH IILIFA BACTAFAH
N3JAETCA C AHBAPS 1963 TOLA
PUBLISHED SINCE JANUARY 1963

JKBbUIBIHA 6 PET LIBIFAZIbI
BBIXOIAUT 6 PA3 B I'O/]
PUBLISHED 6 TIMES A YEAR

AJIMATEIL, KP ¥YFA
AJIMATBI, HAH PK
ALMATY, NAS RK



bac peagakTopsl
¢.-m.r.1., mpod., KP ¥FA akagemuri F.M. MyraHoB

Pemakxunusg ankachsl:

Kymaningaes A.C. mpoo., akanemuk (Kazakcran)
Kaabmenos T.L. mpod., akagemuk (Kazakcran)
Kanrtaen JK.111. mpod., kopp.-mymreci (Kazakcram)
Owmipoaes Y.Y. mpod. kopp.-mymieci (Kazakcran)
KycinoB M.A. npod. (Kazakcran)

Kymaoaes /I.C. npod. (Kazakcran)

AcanoBa A.T. npod. (Kazakcran)

Bomxkae K.A. PhD noxrops! (Ka3akcran)
Cyparan /1. xopp.-mymeci (Kazakcran)

Quevedo Hernando npod. (Mekcuka),
JxynymanaueB B.J. npod. (KeipreicTan)
BumneBckuii U.H. mpod., akagemuk (YkpanHa)
KoaneB A.M. ipoc., akamemuk (YkpanHa)
MuxaneBu4 A.A. ipod., akagemuk (bemopyc)
Mamaes A. npod., akagemuk (O3ipOaiixkan)
Taxu6aeB H.2K. npod., akanemuk (Kazakcran), 6ac pen. operHOacapbl
Turunsny U. npod., akagemuk (Monmosa)

«KP ¥T'A Xaoapaapel. ®U3HKa-MaTeMaTHKAJIBIK CEPUACHI».
ISSN 2518-1726 (Online), ISSN 1991-346X (Print)

Menmrikrenytri: «Ka3akctan PecryOnukaceiHblH ¥ ITTHIK FUTBIM akageMusicel» PKB (AnMaTs! K.)
Kazakctan pecmyOnukacslHblH MOoIEHHET IEH akmapaT MHHHCTPIITIHIH AKIapaT JKOHE MyparaT KOMHTETiHZE
01.06.2006 . 6epinren Ne5543-)K mep3iMIik 6achUIbIM TipKeyiHE KOMBLTY Typallbl KyolliK

Mep3imuiniri: XbuibiHa 6 per.
Tupaxsr: 300 nanHa.

Penakuusueig Mmekermxaiibl: 050010, Anmartsl K., IlleBuenko keur., 28, 219 6ei., 220, ten.: 272-13-19, 272-13-18,
www:nauka-nanrk.kz / physics-mathematics.kz

© Kazakcran PecrryOnukachIHbIH ¥ ATTHIK FRUIBIM akaeMrsicbl, 2017

TunorpadusHbslg Mekerkaiibl: «Apyna» XK, Anmarsr k., Myparbaesa ker., 75.



I'maBHBIH penakTop
0.¢.-M.H., ipod. akanemuk HAH PK I''M. MyrtanoB

Pe,Z[aKLII/IOHHaH KOJIICTH A:

JoxymanuiasaaeB A.C. npod., akanemuk (Kazaxcran)
Kansmenos T.111. mpod., akanemuk (Kazaxcran)
Kanraes K. 1. pod., wr.-kopp. (Kazaxcran)
Ymupo6aen Y.Y. npod. wri.-kopp. (Kazaxcran)
Kycynos M.A. mpog. (Kazaxcran)

xxymabaeB 11.C. mpod. (Kazaxcran)

AcanoBa A.T. mpod. (Kazaxcran)

Bomkaes K.A. nokrop PhD (Ka3axcran)

Cyparan /1. un.-xopp. (Kazaxcran)

Quevedo Hernando npod. (Mekcuka),
Jxynymaaues B.J. npod. (Ksipreiscran)
Bumnesckuii U.H. mpod., akanemuk (YkpanHa)
Koanes A.M. nipod., akanemuk (YkpanHa)
Muxanesuu A.A. pod., akanemuk (benapycs)
MMamaes A. npod., akagemuk (Azepbaiimxan)
Taxku6aeB H.)K. npod., akanemuk (Kazaxcran), 3am. ri1. pe.
Turunsany U. npoo., akagemux (Mongosa)

«H3BecTuss HAH PK. Cepusi pusuko-maTemaTuieckasm.
ISSN 2518-1726 (Online), ISSN 1991-346X (Print)

Cob6crBennnk: POO «HammonansHas akagemus Hayk PecryOnukn Kazaxcram» (r. AiaMatsr)
CBUIIETENILCTBO O TIOCTAHOBKE HA Y4eT MEPHOJIMYECKOro nedaTHoro u3nanus B Komurere mHbOpManuy 1 apXuBOB
MuHucTepcTBa KynbTypbl 1 uHpopManuu Pecniyonuku Kazaxcran Ne5543-2K, seigannoe 01.06.2006 .

Ilepuonu4HoCTh: 6 pas B rof.
Tupax: 300 5x3eMILISIPOB.

Anpec pegakuuu: 050010, T. Anmmarsr, yi. llleBuenko, 28, kom. 219, 220, ten.: 272-13-19, 272-13-18,
www:nauka-nanrk kz / physics-mathematics.kz

© HammonansHast akagemus Hayk Pecrry6nuku Kazaxcran, 2017

Anpec Tunorpaduu: UIT «Apynay, r. Anmarsl, yi. Myparoaesa, 75.




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

Editorial board:

Dzhumadildayev A.S. prof., academician (Kazakhstan)
Kalmenov T.Sh. prof., academician (Kazakhstan)
Zhantayev Zh.Sh. prof., corr. member. (Kazakhstan)
Umirbayev U.U. prof. corr. member. (Kazakhstan)
Zhusupov ML.A. prof. (Kazakhstan)

Dzhumabayev D.S. prof. (Kazakhstan)

Asanova A.T. prof. (Kazakhstan)

Boshkayev K.A. PhD (Kazakhstan)

Suragan D. corr. member. (Kazakhstan)

Quevedo Hernando prof. (Mexico),

Dzhunushaliyev V.D. prof. (Kyrgyzstan)

Vishnevskyi I.N. prof., academician (Ukraine)
Kovalev A.M. prof., academician (Ukraine)
Mikhalevich A.A. prof., academician (Belarus)
Pashayev A. prof., academician (Azerbaijan)
Takibayev N.Zh. prof., academician (Kazakhstan), deputy editor in chief.
Tiginyanu L. prof., academician (Moldova)

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 periodic printed publication in the Committee of information and archives of the
Ministry of culture and information of the Republic of Kazakhstan N 5543-XK, issued 01.06.2006

Periodicity: 6 times a year
Circulation: 300 copies

Editorial address: 28, Shevchenko str., of. 219, 220, Almaty, 050010, tel. 272-13-19, 272-13-18,
www:nauka-nanrk.kz / physics-mathematics.kz

© National Academy of Sciences of the Republic of Kazakhstan, 2017

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




Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

NEWS

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

ISSN 1991-346X

Volume 6, Number 316 (2017), 14 —21

UDC 517.957, 517.958

A. Sergazina, K. Yesmakhanova, K. Yerzhanov, D. Tungushbaeva

L.N.Gumilyov Eurasian National University, Astana, 010008, Kazakhstan
kryesmakhanova@gmail.com

DARBOUX TRANSFORMATION FOR THE (1+1)-DIMENSIONAL
NONLOCAL FOCUSING NONLINEAR SCHRODINGER EQUATION

Abstract. In this article, we consider a (1+1)-dimensional nonlocal focusing nonlinear Schrodinger equation.
This equation is studied in works M.J. Ablowitz and Ziad H. Musslimani, Li-Yuan Ma, Zuo-Nong Zhu, T. A.
Gadzhimuradov A. M. Agalarov and other. The nonlocal nonlinear Schrodinger equation is integrable the inverse
scattering methods. We constructed Darboux transformation (DT) of this equation. Also, we will derive determinant
representation of one-fold, two-fold and n-fold DT of (1+1)-dimensional nonlocal focusing Schrodinger equation. As
an application of these conversion of this equation, soliton solutions will get from trivial "seed" solutions.

Key words: (1+1)-dimensional nonlocal focusig nonlinear Schrodinger equation, integrable system, Lax pair,
determinant representation of one and two-fold Darboux transformation.

Introduction

Nonlinear Schrédinger equation (NLS) is one classical integrable nonlinear equations. It appears in a
variety of physical areas like nonlinear optics, plasma physics, fluid mechanics as well as in purely
mathematical context like differential geometry of curve. Nonlinearity is the fascinating subjects which
has many applications in almost all areas of science. Usually nonlinear phenomena are modeled by
nonlinear ordinary or partial differential equations. Many of these nonlinear differential equations (NDE)
are completely integrable. This means that these integrable NDS have some classes of interesting exact
solutions such as solitons, dromions,rogue waves, similaritions and so on. They are of great mathematical
as well as physical interest and the investigation of the solitons become one of the most exciting and
extremely active areas of research in modern science and technology in the past several decades. In
particular, many of the completely integrable NDE have been found and studied [1]-[5].

Lax pair of the (1+1)-dimensional nonlocal focusing nonlinear Schrodinger equation

In the section we consider the (1+1)-dimensional nonlocal focusing nonlinear Schrédinger equation,
which reads as

iq, (x,t)+ iq,, (x,t)+ 2q(x,t)q* (— x,t)q(x,t) =0, (1)

iq; (= x,t)+iq,, (x,t)=2¢" (= x,t)q(x.1)g" (= x,1) =0, @

where q(x,t) , q*(— X, t) are complex functions of the real variables x, ¢ denote partial derivatives with

respect to the variables. It is obvious that self-induced potential w(x,?)=q(x,t)q (x,t) is PT

symmetric: ¢(x,1) =g (—x,¢).

These equations are studied in works M.J. Ablowitzl and Ziad H. Musslimani, Li-Yuan Ma, Zuo-
Nong Zhu, T. A. Gadzhimuradov A. M. Agalarov [6]-[12] and other.

We will concentrate on the linear eigenvalue problem of the (1+1)-dimensional nonlocal focusing

nonlinear Schrodinger equation (1)-(2). The linear problem is expressed in the form of the Lax pair A
and B as

—— |4 ——
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v, =Ay, ()
v, =By, &
(wi(xns2)) . . . .
where | = ( , /1) is the vector eigenfunction, A is a spectral parameter and A4, B matrices 2x 2
Vo501,

have the form

A=-idlo,+4,, B=1VB,+AB +B,.

Here o;, 4,, B,, B;, B, are 2x2 matrices:

( 1 0 j ( 0 q(x,t)]
O, = ) Ao = * 5
0 -1 —q (—x,1) 0

5, [— 2i Oj’ B :( *O 2q(x, t)} B, = i[q(x, t*)q*(—x, 1) q, (xlt) j
0 2 —2q (=x,1) 0 —q x(=x,t)  —q(x,t)q (=x,1)

cross derivatives ¥ =/, from (3), (4).

This equation (1) - (2) is integrable by the inverse scattering method [1]. The inverse scattering
method implies that the partial differential equation can be represented as a Lax pair, a linear system of
two operators 4 and B from (3) - (4) whose compatibility condition is the system (1) - (2) under
consideration

A -B +AB—BA=0.

In this next section, we construct one-fold DT of the (1+1)-dimensional nonlocal focusing nonlinear
Schrodinger equation [6]-[15].

One-fold Darboux transformation for the (1+1)-dimensional nonlocal focusing nonlinear
Schrodinger equation
Darboux transformations constitute one of the most fruitful approaches to the construction of soliton
type solutions of integrable nonlinear equations. DT transform solutions of partial differential equations
into solutions of same class partial differential equations.
We consider the following transformation of the system of equation (3)-(4)
1
" =Ty =(A-M)y, )
such that the new function l//[l] satisfies system
1 1, 11
pl = 4y
n _ pii,, [1 ©)
v, =By

where matrices 4™ and B! depend on functions ¢'(x,¢), g*" (=x,t) and A.Here M and I are

matrices have the form
M my,  mp, = 1 0 .
m,, —m,, 0 1

The relation between ¢"'(x,7),g*" (—x,¢) and A™ —B" is the same as the relation between

functions q(x,t), q*(— X, t) and A — B. In order the equations (6) to hold , Darboux matrix 7" must
satisfy the following equations
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A M, =A4, M -MA,, (7)
A AV =4, +iM, o)), (®)
A oiloy =ilo,. 9)

Finally, from identities (7)-(9) we obtain solutions of equations (1)-(2)
q" =q=2im,, ¢ =q" ~2im,, (10)

. * . . . . .
Hence we get conclusion m,, =—m,, in our attractive interaction case. Then, comparing the

coefficients of ' (i =0, 1, 2) of the two sides of the equation (6) gives us of the following identities

A: M,=B,’M-MB,, (11)
A B,—-MB =B -B"M, (12)
A B -MB,=B"-B'M . (13)

Then the system of equations (11)-(13) gives

1 1]

iq"lq" =2¢"my, —2q"my, —iqq" =0,
. A1l -
lq[l]q _2q[l]m12 —2qm,, —iqq =0,
iq)[cl] _2q[1]m22 +2qm,, —iq, =0,
iq;“] _2q*[l]m11 + 2q*m22 _iq* =0.

X

These equation (7)-(13) give one-fold transformation of the (1+1)-dimensional nonlocal focusing
nonlinear Schrodinger equation (1)-(2).
We now assume that matrix M in the canonical form

M =HAH™, (14)
where det H # 0 and H, A has form

H:(V/1(/113x=t) '//1(/127)5’0]:[’//1,1 l//l,z} A:[/’Ll OJ, (15)
w,(A,x,t) w,(4,,x,1) Voir Voo 0 4,

and A4,, A, are complex constants. In order to satisfy the constants of 4, as mentioned above, then

vy, 4] =—4,

ﬂ, =_j1—1 Hz(yll(/ll’x)t) _l//;(/llaxat)]z[l//l _VI;J H—l =l(l//l* l//;] (16)
2 b * * b b
w,(A,x,0)  w, (4,,x,1) v, ¥ Ay, v,

where A = |l//1|2 + |1//2|2 . Also matrix H satisfy Lax pair (3), (4)

H_ =-ioc,HA+ A,H,
H, =-20,HN\’ + B.HA + B,H.

— 16 ——
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From (14) use formula (15), (16) we get the values of the matrix M
M= 1[& P Al (A J
A (/11 +4 )Vzl//l Ay, i A vy, i

In the following section we give the determinant representation of the one-fold and two-fold DT for
the (1+1)-dimensional nonlocal nonlinear Schrédinger equation.

Determinant representation of Darboux transformation for the (1+1)-dimensional nonlocal
focusing nonlinear Schrodinger equation

Here the determinant representation is constructed for the one-fold and two-fold DT of the (1+1)-
dimensional nonlocal nonlinear Schrédinger equation. The reduction condition on the eigenfunctions are

*

® * .
Wooi =Wisia> Waoiq =W, and for the eigenvalues are A), = 4, .

The determinant representation of the one-fold DT of the (1+1)-dimensional nonlocal nonlinear
Schrodinger equation formulate the following theorem (as papers [13]-[16]).

Theorem 1. The one-fold DT of the (1+1)-dimensional nonlocal focusing nonlinear Schrodinger
equation is

1 (1), @),
T(ﬂ,,/l,/l)lel—M:/ll+t“]:—( , (17)
s YA ), (M),

where
Vi 2’1'//1,1 B Vi 2’1'//1,1
£ :L Var AV, Vie LW, A = Vie VYiz , (18)
AW /11'//2,1 L ﬂ“ll//z,l Vor Voo
Vio 4, Vo Vis 4, Vo
1 0 A 0 1 0
(Tl )11 =W Vo ﬂ’ll//l,l 5 (Tl )12 =W Vi ﬂ’ll//l,l > (19a)
Vie Vi ﬂ*z‘/’l,z Vieo W¥ao /12%//1,2
1 0 0 0 1 A
(Tl )21 =W W AWal (Tl )22 =V W AWl (19b)
Vie Var AV, Vie Voo AV,
The matrix 7| satisfies the following equations of system
T, +T A= A"T, (20a)
T,+T,B=B"T. (20b)
From (20) we get for A([)l] :
A =4, +[o,,t)]. (21)

Then the solutions of the system (1)-(2) have the form
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q" = q—2im, = q+2i(ty"), = ¢

g =¢q —2im,, = q +2i(t([)1])21 =q -2i

(T
A

’
1

A

We can find the transformation 7; which has the following property

Vi
T,(A, A, 4) ,_ ’
1 ! 2‘,1 ll(l//

Now we prove the theorem.
Proof of the theorem.
From the formulae (5), (14), (23) it follows that

1 [11‘//1,1‘//2,2 _ﬂ’z‘//l,zl//z,l
M=—
A (ﬂ’l -4, )V/z,ﬂ”z,z

From equation (17), we have

- Vo //1111//1,1 v
T(A A Ay) = AT — M =— Vo 2V Vi,
A, Vo AW, a Wi
A+
Vo AW, Vis
A, - Vi 2'1'//1,1 B Vi
AL =M=+ :L Var AV, Vs
A, Vi 2'1‘//2,1 Vi
AA| +
Vio /12‘//2,2 Vi,
and the elements of the matrix are as follows:
A
Vi /11‘//1,1
(Tl )11 = Var AaWrs —AA =Wy Vo AW,
Vie Voo 2’2‘/’1,2
0 1 0
Vi AWy
(Tl )12 :_‘//1,2 iz‘/ﬁ,z =W Vo 41'//1,1 ,
2 Yo, AV,
1 0 0
(), = Var  AWa|_ v w. Ay
1)21 Var AoV 11 2.1 Wil
2 Vas AW,

2,1

— 18 ——

J-o

(ﬂ*z -4 )Wul//l,z
111/11,2‘//2,1 + ﬂ“zl//l,ll//z,z

()

(22a)

(22b)

(23)
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0 1 A
—AA, = Vii Vo j‘ll//Z,l )

Vi Var VWi,
And we get (19). Further substituting (17) into (20a), we obtain

Vi /11l//2,1

7). =—
( 1)22 Vi /12'//2,2

a4, — il oy + AtVo, + 1WA, = =il oy + AAY —idoV + AV (04

Comparing the coefficients of A’ (i =0,1, 2) of the two sides of the equation (24), we get

A g =AM (25a)
A A, -itlloy = A —ioel. (25b)
A —ioyl=—ioc,l (25¢)

From (25b) we obtain the first identity (21). Further substituting the elements of the matrices
4,, t([)” , 05, we obtain the solution of equation (1), (2) in the form (22).

Thus Theorem 1 is proved.

In same way theorem 1 we can formulate the next theorem.

Theorem 2. The two-fold DT of the (1+1)-dimensional nonlocal focusing nonlinear Schrodinger
equation is

T,(A, Ay Ay, Ay Ay) = A2T + 2812 4 12 :L[(Tz)u (Tz)n} (26)
A1)y (),
1 0 A 0 A2 0 1 0 A 0
Vi Vi /Illr//],] /11‘)”2,1 ﬂfwlwl Vii Vi /11!//1,] /111//2,1 /1121//1,1
(Tz )11 =\ Wiy Vo AV, AV, ﬂ’;Wl,Z , (Tz )12 =\Via VY AV AV, j'gl//l,z ’
Vis Vo W5 AW, ﬂgl//l,S Vis Wiy AW AW, /151//1,3
Viea WVioa 14'//1,4 ﬁ4l//2,4 /1421‘//1,4 Via Vs 141//1,4 /14‘//2,4 /1421‘//1,4
10 yl 0 0 0 1 0 A 22
Vi W Avn AW, 11251/2,1 Vi W AV AW, /11251/2,1
(T2 )21 =|\Vi2 Vir Wiy ALV, ﬂilﬂz,z ) (Tz )22 =\ Wiy Voo AV, ALY, ﬂél//z,z >
Vis Wiz AW AW /151//2,3 Vis Vi AV AW /1§V/2,3
Via W¥aa /14‘//1,4 /14‘//2,4 /14211//2,4 Via WVaas /14‘//1,4 /141//2,4 /1421‘//2,4

where

Vi W AW AW,
Wie Voo AV, AV,
Vis Va3 /13'//1,3 13‘//2,3
Via W¥aa 14'//1,4 14‘//2,4
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T, satisfies the following equations

T, +T,A=A"T,, (27a)
T, +T,B=B"T,. (27b)

From formula (27) we obain
A =4, +[o5, 8] (28)

Then the qm , q*[z] solutions of the system (1)-(2) have the form

q[z] =q-2i (7)1 q*[Z] _ q* _ 9 (73)y ‘ (29)

A, A,
We can find the transformation 7, which satisfies the following property

Vi

2,

T, (A Ay A Ay ) 1o =0, i=1,2,34 (30)

The proof of Theorem 2 is analogous to Theorem 1.
Thus we gave determinant representations are given for one-fold and two-fold DT for the (1+1)-
dimensional nonlocal focusing nonlinear Schrédinger equation (1)-(2).

Conclusion

In this paper, we have constructed the DT for the (1+1)-dimensional nonlocal focusing nonlinear
Schrodinger equation. Using the derived DT, some exact solutions like, the soliton solution will obtained.
The determinant representations are given for one-fold and two-fold DT for the (1+1)-dimensional
nonlocal focusing nonlinear Schrédinger equation. It is interesting to note that the rogue wave soliton of
nonlinear equations are currently one of the hottest topics in nonlinear physics and mathematics. The
application of the obtained solutions in physics is an interesting subject. In particular, wave hope that the
presented solutions may be used in experiments or optical fibre communication. Also we will study some
important generalizations of the (1+1)-dimensional nonlocal focusing nonlinear Schrédinger equation in
future [10]-[16].
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(1+1)-6JIIEMAI JIOKAJIIBI EMEC ®OKYCTAJITAH CBI3BIKThI EMEC
IMPEJUHTEP TEHAEYI YINIH JAPBY TYPJIEHAIPYI

Annoranus. Ockl Makanana 0i3 (1+1)-emmemai Jokanapl eMec (OKyCTamFaH ChI3bIKTBI emec llIpeauHrep
TeHJIeYiH KapacThIpAbIK. byn terueynepni M.J. Ablowitz] and Ziad H. Musslimani, Li-Yuan Ma, Zuo-Nong Zhu, T.
A. Gadzhimuradov A. M. Agalarov xone T1.0. FamsiMzaap 3eprrexi. Jlokanapl eMec (QOKyCTadFaH CHI3BIKTHI €MeC
peannrep Tenaeyi kepi mamslpay 9iciMeH uHTerpanganaasl. biz ocel TeHueyre dapOy TypieHIipyiH KYpABIK.
ConrpiMeH KaTap, 0i3 (1+1)-emmemzi mokanael eMec (oOKycTamFaH ChI3BIKTHI eMec llpenmarep Temaeyi ymriH Oip
JKOHE €Ki pPeTTi aHbIKTayhIml Typiaaeri JapOy TypreHaipyid anaplk. Ochl TeHACYNIH TpaHCHOPMAIUACHH KOJIIAHY
peTiHae, COMUTOHIBIK TYPACTi MemiMAepAl TPUBHAIIHI «seed» MIeNTiMHEH aJaMbl3.

Tipek ce3aep: (1+1)-emuemai nokanpl emec (oKycTanraH Chi3bIKThI eMec [llpenunrep Tenaeyi, WHTErpai-
JaHaThIH XKyie, Jlakc xyOsl, JapOy TypaeHaipyi, aHbIKTaybII TYpiHETI Oip skoHe eki-eceni JapOy TypiieHaipyi.

YK 517.957, 517.958
AM. Ceprasuna, K.P. Ecmaxanosa, K.K. Epxanos, /[.. TyarymoaeBa

EBpasuiickuit HartmoHansHel yHuBepcuteT uM. JI.H. I'ymuneBa, Acrana, Kazaxcran

kryesmakhanova@gmail.com

IHPEOBPA3OBAHUA JAPBY JJIA (1+1)-MEPHOI'O
HEJOKAJIBHOI'O ®OKYCHPOBAHHOI'O
HEJUHEWHOI'O YPABHEHUS IIPEJUHIEPA

AunHoTanusi. B a1oii crathe Mbl paccmoTpuM (1+1)-MepHOE HenokanbHOe (POKYCHPOBAHHOE HETMHEHHOE ypaB-
nHenue llpenunrepa. Dtu ypaBHeHus usydarorcsi B paborax M.J. Ablowitz and Ziad H. Musslimani, Li-Yuan Ma,
Zuo-Nong Zhu, T. A. Gadzhimuradov A. M. Agalarov u ap. HenokanbHoe HenuueitHoe ypaBuenue lllpennnrepa
MHTErPUPYETCsl ¢ METoJaMu OOpaTHbIe 3aia4yd paccesHus. Mbl nocTpomin npeodpasoBanue JlapOy sToro ypas-
HeHusi. KpoMe Toro, Mpl mosiyd4uM npejicTaBiICHUE NETEPMUHAHTa OJHOKPATHOTO W JABYKPAaTHOTO MpeoOpa3oBaHHs
Hap0Oy nns (1+1)-mepHoro HenokanbHOro GokycupoBaHHoro ypasuenus lllpenuurepa. B kadecTBe mpuMeHEHHS
JapOy mpeoOpa3oBaHUs 3TOr0 yPAaBHCHHS THIA COJUTOHHOTO PEIICHUS IONYYalOTCsS M3 TPUBUAIBHBIX «seed»
pelleHuil.

KaroueBnie ciaoBa: (1+1)-MepHoe HemokampHOe (oKycHpoBaHHOE HenuHeWHoe ypaBHeHue lllpemunrepa,
WHTETPUpYEMBIE CHCTeMBI, Tapa Jlakca, mpeacTaBieHHe IEeTCPMHUHAHTA OJHO M JBYX-KPaTHOTO IMPeoOpa3OBaHUS

Hap0y.
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