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rony. Cnyrauku GPS nertator Ha op6ute BbIcOTON OKONO 20 000 kM. [ToMHMO CHyTHUKOB B
cucteMy GPS BX0oAWT ceTh Ha3eMHBIX CTAHLIMI CIEKEHHS 34 HUMU U HEOTPAaHUYEHHOE KOJIMYECTBO
I10JIb30BATEIBCKUX TPUEMHHUKOB-BBIUYMCIUTENEH, CPEU KOTOPHIX U CTABIIWE OYEHBb MOIYJSIPHBIMU
B [IOCJICHHE T'OJIbI IPUEMHUKH aBTOMOOUIIBHBIX CUCTEM HaBUTAIIHUH.

[To pagumocurnanam crnyTHUKOB GPS-npuemMHuKu mnonb3oBareneil ycTOMYMBO M TOYHO
OTIPEEISAIOT KOOPAMHATHI, U1 3TOr0 Ha MOBEPXHOCTU 3eMJIM MPUEMHUKY HEOOXOAMMO MPUHSTH
CUTHAJIbl KAK MMHUMYM OT TPE€X CIIyTHUKOB. [IOorpeniHocTi He NpeBBIIatoT AECATKOB METPOB.

OTOro BMOJHE JOCTATOYHO JUIS pELIeHUs 3a7ad HaBUTALMU TOJBHUKHBIX OOBEKTOB
(camoseThl, Kopabiiu, KOCMUYECKUE ammapaThl, aBTOMOOWIIN U T. 11.).

Bomnpoc nojkirodeHuss K MKUPOKONOJOCHOMY foctyny B mHTepHeT CHII MoxHO pemut
yepe3 HHU3KOOPOWTANBHBIX CHYTHUKOB (BbIcOTOM okomo 1000 km.), KoTophle obecredar
KaueCTBEHHBIN JOCTYI B UHTEPHET B 110001 Touke Kazaxcrana 6e3 mpoBoaoB.

[TonkitoueHue K NMPOKONOIOCHOMY AOCTYIY B UHTEPHET B CEIbCKUX HACEIEHHBIX ITyHKTaX
PecniyOnuku Kazaxcran paccMaTrpuBaeTcsl 0 HECKOJIBKUM KPUTEPSAM: CO3JIaHUE CETH, CKOPOCTb
WuTepHera, Tpaduk, napaMerpsl, 3aTpathl 110 kosnnyecTBy Hacesnenus CHII u 1.1

BeleykazanHble MaTepuaibl 110 TEXHOJIOTUSAM MO3BOJISIIOT PELIUT JAHHYIO BOIIPOCY.
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UDC 532.5; 519.95
CONSTRUCTING THE LAX PAIRS FOR THE
(1+1) DIMENSIONAL EVOLUTION EQUATIONS

Akhmetova Gaziza
Student of the Physics and Technology Faculty, L.N.Gumilyov Eurasian National
University, Astana, Kazakhstan
Supervisor — G.N. Shaikhova

Introduction. The inverse scattering transform (IST) was first developed and applies to the
Korteweg-de Vries (KdV) equation and its higher order analogues by Gardner, Greene, Kruskal and
Miura (1967), (1974) [1]. At that time and shortly thereafter it was by no means clear if the method
would apply to other physically significant nonlinear evolution equations. However, Zakharov and
Shabat (1972) showed that the method was not a fluke [2] . Using a technique first introduced by
Lax (1968) they showed that the nonlinear Schrodinger equation

iq: = Qux + kq*q", k>0 (1)
is related to a certain linear scattering problem. Applying direct and inverse scattering ideas, they
were able to solve (1) given initial values q(x,0) that decayed sufficiently rapidly as |x| — oo.

Shortly thereafter, Wadati (1972), using these ideas, gave a method of solution for the modified
Korteweg-de Vries (mKdV) equation
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q: t+ 6q2qx + Quxx = 0 2)
and Ablowitz, Kaup, Newell and Segur (1973) did the same for the “sine-Gordon” equation
Uy = Sinu (3)

These results already showed the power and versatility of IST to solve certain physically
interesting nonlinear PDE’s

Ablowitz,Kaup, Newell and Segur developed procedures which, given a suitable scattering
problem, allow one to derive the nonlinear evolution equations solvable by IST with that scattering
problem. For example, it turns out that the KdV, modified KdV, nonlinear Schrodinger, and the
sine-Gordon equation can all shown to be related to one master eigenvalue problem [3].

Ablowitz, Kaup, Newell and Segur method. We begin by briefly considering the essential
ideas behind Lax’s (1968) approach [2-3]. Consider two linear equations

v, =Lv 4)
v, = Mv (5)

where v is an n-dimensional vector and L, M are 2 X 2matrices.

L= (_ri/1 51) (©)
And
M= (2 —BA) ()
Then cross differentiation (i.e., taking % (4), :—x (5) and setting them equal) yields
L —M, +[L,M] =0 (8)

As an example we consider (1+1) dimensional generalized nonlinear Schrodinger equation.
Substituting our matrices into equation (8), we obtain

(0 )-( )+ 9 B)-@ B -

< —A, +qC—71B qt—Bx—ZiAB+2qA) ~ 0 )
1 — Cy + 2rA + 2iAC A, +1rB—qC B
We readily find that the equations of A,..., B satisfy
A, —qC+rB=0
qs — By — 2iAB—2qA =0 (10)

. — Ce +2rA + 2iAC =0
—A,=qC—71B

Without loss of generality we can take —A4 = A in what follows. Thus we have
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Ay —qC+rB=0
qt — By — 2iAB—2qA =0 (11)
1 —Cy +2rA+ 2iAC =0

At this point we wish to solve the set of equation (11) for A, B, C.

Since A, the eigenvalue, is a free parameter, we try for an exact truncated power series
solution to (11) in power of A. A simple expansion which yields an interesting nonlinear evolution
equation is

A=Yk o Ak(x, ) A
B =Yi_oBy(x, t) A (12)
C = Y=o Cr(x, t) A"

Substituting (12) in (11) and equating to zero the coefficients of the different powers of A in
equation (11), we obtain the following system of recurrence relations

(Ag + Ajd + A A% + A3 23 + A2, = q(Cy + CiA + CA% + C3A3 + CuAY) — (B, +
ByA+ B,A% + B3A3 + B,A%Y)

qe — (Bg + BiA + ByA% + B3A3 + B,AY), — 2iA(By + BiA + ByA%? + B3 A3 + B,A*) —
Zq(AO + All + A2/12 + A3A3 + A4){4) = O

e — (Co + CLA + CuA% + C323 + Cu A% + 2r(Ag + AgA + Ap2%2 + A3 + A1) +
2iA(Co + CLA+ CuA% + C3 A3 + CAH) =0
Aoy = qCo — 1By
A%:q; — Box —2qAy =0 (13 4a, b, c)
Ty — Cox + 2749 =0

Ay =qCy — 1By
Al: _le - ZlBO - Zqu = 0 (14 a., b, C)
_Clx + 2TA1 + ZlCO =0

Azx = qC; — 1B,
AZ: _Bzx - ZlBl - Zqu = 0 (15 a., b, C)
_CZ.X + ZTAZ + 21C1 =0

Azx = qC3 —1Bs
13: _ng - Zle - ZqA3 =0 (16 a, b, C)
_C3x + 2TA3 + ZlCZ = 0

Ay =qC4 — 1B,
14: _B4x - 2lB3 - ZqA4 =0 (17 a, b, C)
_C4x — ZTA4 + 2lC3 =0

—2iB, =0
5. 4
A°: 2iC, = 0 (18 a, b, ¢)
if k= 4,thenC, = B, = 0. Substituting this, we find 4,

A4x = CIC4 _T'B4 =0
A, = a, = const
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Then we find C5 by equation (17, ¢)

_C4,x - ZT'A4 + ZlC3 = 0
o 2rA (D)
T2 (=D

= ira,

also we find B by equation (17, b)

_B4x - ZlB3 - ZqA4 == 0

2qA, (—i
B; = — 1 4(—)=iqa4

20 (—i)

We can obtain A;from equation (16, a)
Azx =qC3 —71B3 =0
Az, = iqray, —iqa, =0
Az = az; = const
Then we find B, by equation (16, b)

_B3x - ZlBZ - qu3 == O
i ) 1 ,
B, = §B3x +iqA; = — s a,qx +iqas

2
also we obtain C, by equation (16, c)

_C3x + 2TA3 + ZlCZ =0

i
C, = _§C3x +ird; = Ea4rx +iraz

Find A, by equation (15, a)
1
Azy =qC; — 1By = E%(Q’")x

A, = Ea4qr +a,
Then we find B; by equation (15, b)

_BZX - ZlBl - Zqu = 0
[

i . [ ]
By = 5 Bax +1qAs = =7 G4Gxx — 5030 + §a4q2r + ia,q

also we find C; by equation (15, c)

—Cyy + 274, +2iC, = 0
i 1 i

L . .
Cp = =5 Cox +irdy = =7 ATy + 5 AaT, + §a4r2q + ia,r

We can obtainA, from equation (14, a)

i 1
A1y =qC, — 1By = — Zaz}(qrxx - erx) + Ea's.(qrx +7qy)
[ 1
Ay = —Za4(q7’x —7qy) + Easqr +a;
We find B, by equation (14, b)
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_le - ZI,BO - qul == 0

i ) 1 [ 1 )
B, = Ele +iqA; = §a4qxxx —asrqqy — Za3(qxx - 2q2r) - EaZQx +ia.q

And C, we obtain from equation (14, c)

_Clx + 27‘A1 + 2160 = O

i i 1
Co = _Eclx +ird, = — g Qaloxr + a,qrr, — Za3(rxx —2r%q) + 2 Q2T + iaqr

Then we obtain A, by equation (13, a)

) .
Aox = qCy — 1By = _§a4(qrxxx + T Qxx) T+ a4(q2rrx + rzqqx) - ia3 (qTex — TQxx) +

1

E a, (CITx + qu)

1 i 1
Ay = _ga4(Qxxr + qrx — Q7)) + a4q2T2 - ZaB(qTx —7qy) + 5 @247 + ao

Substituting the values of A, into equations (13 b, ¢), we obtain a (1+1) -dimensional
generalized nonlinear Schrodinger equation in the form

Gt = = Qaluxxx + A4 (Tqq)x + ias (Gxxx — 47q0x — 24°%) + 5 Ay ax — (010, +
204 (rQxx + QTx — Q0x73) — 2040°7% +5a5(q%1 — 7q0x) — 02077 + 2209 = 0

Tt + %all-rxxxx - a4(qrrx)x + £a3 (rxxx - 4qux - ZTZCIx) - %azrxx - ialrx -
2042y + Q1T — 1) + 2049773 — 2 a3(qrry — 72q,) + 4% + 2007 = 0

Evolution equations of physical interest are obtained as special cases:

*

Casel:ay=0,a;, =0,a, = —-2i,a3 =0,a, =0,r = —q
qe = i(qux +29°9") = 0

1+ i((—=q)xx +2¢°(—q")? =0

We have (1+1) dimensional nonlinear Schrodinger equation.

Case2:ag =0,ay = 0,a, = —2i,a3 = 0,a, = =2i,vr = —q

q: + i(CIxxxx + 8(q6_1qx)x + ch_qux - Zqz(_c_l)xx + ZqCIx(_q)x + 16q3(—c_[)2 -
i(CIxx + ZQZ'C_I) =0

L — — — — — — — —

1t =7 (Do +8(97(=70)), = 205 (D + 47 (~Dxx + 26 (~Dx +
16q*(—q)° + i((—@xx — 2q(—=7)*) = 0

We obtained (1+1) dimensional generalized nonlinear Schrodinger equation.

Conclusion. In this paper we consider (1+1) dimensional generalized nonlinear Schrodinger
equation. We described about inverse scattering transform with respect to the Kortega-de Vries

equation. Applied Ablowitz, Kaup, Newell, and Segurmethod for (1+1) dimensional generalized
nonlinear Schrodinger equation.
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Introduction. In this paper, we consider the Gardner equation in the following view [1]

2
ut=(,B-co—’37-u2+§-u)-ux+wy+52um’ (1)
u, —o, =0
where u(t, x,y) represents the fluid velocity in the horizontal direction x and in the vertical
directiony, B, 8, € are positive constants.
The aim of the paper is to obtain new kind of solutions for the Gardner equation based on
extended tanh method [2-4], and with the help of Maple.

Extended hyperbolic tangent method for Gardner equation. Consider the Gardner
equation (1). We convert equation (1) to an ordinary differential equation

2
—cu' — fuu’ + 7u2u’ —Suu’ —u' —e2u" =0, (2a)

u —w' =0. (2b)
After we integrate equation (2) until all terms have derivatives

B?u® —u?(3p + 36) — 6u — 6cu — 652U’ =0 (3a)
U= w. (3b)

Balancing wu3and u” in the equation (3a) gives3M =M +2. So that
M = 1.The extended tanh method admits the use if the finite expansion

u(x,t)=a, +a,Y +a,Y? +bY " +bY?. 4)

Substituting (4) into (3), and collecting the coefficients of Yy ,we obtain a system of algebraic
equations for ay, a;, a,, by, by,

Y?:a3p? — 12a,u%€? = 0, (5a)
Y?:3a4a2p?% — 3a2p — 3a?5 = 0, (5b)
Y :3a3a,8% + 3a?b % + 12a,u*c? — 6aya,f — 6aga,;8 — 6a,c — 6a; =0, (5¢)
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