HeKOTOPbIe TOYHbIE peleHUNA

K nexunu 4 (2024)

1 MKa®

1.1 MKg®*

in[1]:=  eq[v_] :=-D[v, t] + D[V, X, X, X] +6v2D[v, X]
k
Simplify [eq [ ] ]
Cosh[kx + k>t +d]

out[2]= @

1.2 MKa®d~

n@- u=aTanh[ax-2a’t+d];

Simplify[D[u, t] -D[D[u, X, X] -2ud, x]]

Plot[u/. {a»1, d>0, t>1}, {x, -7, 7},
PlotStyle -» {Blue},
PlotRange -» {-1.15, 1.15},

BaseStyle -» {FontSize - 14, FontFamily - "Times New Roman"},
ImageSize - 400,
AxesLabel » {"x", "u"}]

out[4]= @

1.0}

0.5}

Out[5]=

-0}

—+oF

[IponmmrocTpupyeM OIUH CIIOCO0 PEeKYypPPEHTHOTO TOCTPOSHISI PEIICHUH (TIpH MTOMOIIH TTpeodpa3oBaHmA
Bokaaa; Oynet oOBsSICHEHO MO3Ke HA JTCKITHSIX).
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nel-  Fla_, d_] :=-aTanh[ax+4a’t+d]
u=F[a, d]
Simplify[-D[u, t] +D[u, X, X, X] -6 (u2 —az) D[u, x]]

outl7]- -a Tanh[d + 4a°t+a x|

out[g]= @

a2? - a1?

info}= F[al_, d1_, a2_, d2_] = -F[al, d1] -
F[al, d1] - F[a2, d2]

u=F[al, di1, a2, d2]
Together [TrigToExp[-D[u, t] +D[u, X, X, X] - 6 (u2 —a22) D[u, x]1]]

-a1? + a2?

outie)- alTanh[dl+4al’t+alx] -
~alTanh|[dl+4al’t+alx| +a2Tanh[d2+4a2®t +a2x]

Out[10]=
-a1? + a2?

alTanh[dl+4a1’t+alx] -
~alTanh|[dl+4al’t+alx| +a2Tanh[d2+4a2®t +a2x]

Out[11]=

a3? - a2?

inf12):= F[al_, d1_, a2_, d2_, a3_, d3_] :=-F[al, d1, a2, d2] -
F[al, d1, a2, d2] - F[al, d1, a3, d3]

u=F[al, d1, a2, d2, a3, d3]
Together [TrigToExp[-D[u, t] +D[u, X, X, X] - 6 (u2 —a32) D[u, x]1]]

Out[13]=
s ~a1? + a2?
-alTanh|dl+4al’t+alx]| + -
~alTanh|[dl+4al’t+alx| +a2Tanh[d2+4a2®t+a2x]
~a22 1+ a3?
B -al1?+a2? . -al1?+a3?
-al Tanh[d1+4 a1® t+alx]+a2 Tanh[d2+4 a2® t+a2 x| -al Tanh[d1+4 a1® t+alx]+a3 Tanh|d3+4 a3® t+a3x

Out[14]=

0

(5=  Tanh[x + 1 7w/2]

Out[15]=

Coth[x]



In[16]:=

Out[16]=

Manipulate[

Plot[F[al, d1, a2, d2+ i /2, a3, d3] /. t > tt, {x, -40, 40},

PlotStyle -» {Blue},
PlotRange -» {-2.15, 2.15},

BaseStyle -» {FontSize - 16, FontFamily » "Times New Roman"},

ImageSize - 500,
AxesLabel » {"x", "u"}],

{{al1, 0.6}, 0, 2, Appearance - "Labeled"},
{{a2, 0.8}, 0, 2, Appearance - "Labeled"},
{{a3, 1}, 0, 2, Appearance - "Labeled"},
{{d1, @}, -5, 5, Appearance - "Labeled"},
{{d2, @}, -5, 5, Appearance - "Labeled"},
{{d3, 3}, -5, 5, Appearance - "Labeled"},
{{tt, 0}, -12, 12, Appearance - "Labeled"}]
al D 06
a2 M 08
U
a3 D 1
d1 D 0
d2 D 0
d3 M 3
U
tt D 0
u
2t
1F
-40 =20 - 20 40
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2 Bsq Up=%(uy +30U%)

— 2)
2.1 Upe = (U + 3U°)
B OTJINYUEC OT Kﬂq), COJIMTOHBI MOTYT IBUT'AaTbCA B J'HO6yIO CTOpPOHY

ni71=  eq[u_] :=-D[u, t, t] +D[D[u, x, x] + 3u?, x, x]

2 k?

uBql[x_, t_, k_,d_]=
Cosh[kx +2k*t +d]?

2k?
uBg2[x_, t_, k_, d_]

" Cosh[kx -2kt +d]?

Simplify[{eq[uBql[x, t, k, d]], eq[uBq2[x, t, k, d]]}]

Out[18]=

2k?sech[d+2Kk* t+kx]*
Out[19]=

2Kk*Sech[d-2k*t + kx]?
Out[20]=

{e, @}
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in[21]:=  Manipulate[
Plot [uBql([x, t, k, @], {x, -20, 20},
PlotStyle -» {Blue},
PlotRange -» {-2.15, 2.15},
BaseStyle -» {FontSize - 16, FontFamily » "Times New Roman"},
ImageSize - 300,
AxesLabel » {"x", "u"}],
{{k, 1}, -2, 2, Appearance - "Labeled"},
{{t, 9}, -2, 2, Appearance - "Labeled"}]

Out[21]=

k M 1
J

¢ i 0
u
2

! : : = X
-20 -10 10 20

—1F
-2t

2.2 Ug = _(UXX+ 3 UZ)XX

TpuroHOMeTpHUUECKOE PEIICHUE

in[221:= Clear[ul, u2]
eq[u_] :=D[u, t, t] +D[D[u, X, X] +3u?, x, x|

2 k?

uBgmi[x_, t_, k_,d_]=-

Cos[kx+2k2t+d]2

2 k?

uBgm2[x_, t_, k_,d_]=

_Cos[kx—2k2t+d]2

Simplify[{eq[uBgml[x, t, k, d]], eq[uBqm2[x, t, k, d]]1}]

Out[24]=

~2Kk?*sec[d+2Kk2 t+ kx|’
Out[25]=

~2Kk*sec[d-2Kk2t+kx]|®
Out[26]=

{e, @}
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In[27]:=

Oout[27]=

Manipulate[
Plot [uBgml[x, t, 1, 0], {x, -20, 20},
PlotStyle -» {Blue},
PlotRange -» {-5.15, 0.15},
BaseStyle -» {FontSize - 16, FontFamily » "Times New Roman"},
ImageSize - 300,

AxesLabel » {"x", "u"}],
{{t, 0}, -2, 2, Appearance - "Labeled"}]

X
-20 -10 10 20

3NLS*  iqgr=Qut21G1°q, q=u+iv

3.

Ob6utre hopMyITsl 17151 OBICTPOYOBIBAIOIIETO /7-COJIMTOHHOTO PEMICHNS M HEKOTOPBIE CIICIIHAIbHBIC CITyYan
(pazmen 3.4):

« B.E. 3axapos, A.b. [llabat.Tounas Teopust IByMepHOH caMO(POKYCHPOBKH M OJJHOMEPHOI aBTOMOIYJISIINN
BOJIH B HeNMMHEHHBIX cpepax. XKOT® 61:1 (1971) 118-134.

CM. Takxe

« M.J. Ablowitz, D.J. Kaup, A.C. Newell, H. Segur. Nonlinear evolution equations of physical significance.
Phys. Rev. Let. 31:2 (1973) 125-127.

« B.E. 3axapos, C.B. Manakos, C.I1. Hosuxos, JL.II. [Intaesckuii. Teopust conutoHOB. MeTox 0o0paTHO
3anauu, M.: Hayka, 1980.

» M. A6roBun, X. Curyp. ConmuToHs! 1 MeTox 00paTHO# 3amaun. M.: Mup, 1987.

« H.H. Axmenues, A. Aakesud. Conutonsl. M.: @usmartiaut, 2003.

1 Knaccnyeckue cuMmeTpun

OpHomnapaMeTpHYecKHe TPYIITBI TpeoOpa3oBaHnil, HE MEHSIOIINE CUCTEMY

iqt = xx +2 qua _ipt =Pxx t 2qp2
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ini28l:= Clear[q, p, a, o]
NLSru = {

Derivative[®, 1] [q] [x_, t_]: -i (Derivative[2, @][q][X, t] +2q[X, t12p[x, t1),
Derivative[®, 1] [p] [x_, t_] i (Derivative[2, @] [p][x, t] +24q[x, t] p[X, t]z)};

NLS[Q_, P_] := Expand[{-iD[Q, t] +D[Q, X, X] +2Q?P, i D[P, t] + D[P, x, x] + 2QP?} /. NLSru]
CIBUTH T10 X W TIO ¢

in[31l:=  NLS[q[x+a, t], p[x+a, t]]
NLS[q[x, t+a], p[x, t+a]]

out[31]=
{e, 0}

out[32]=
{e, 0}

CnBur aprymenTa

in(33:=  NLS[Exp[fa] q[x, t], Exp[-1a] p[x, t]]

out[33]=
{e, 0}

CKeNUINHT

in[34):=  NLS[Exp[a] q[Exp[a] X, Exp[2a] t], Exp[a] p[Exp[a] X, Exp[2 a] t]]

out[34]=
{e, 0}

[IpeobpazoBanue ["ammmes

infzs)=  NLS[Exp[d (ax+a2t)] q[x+2at, t], Exp[-i (ax+a2t)] plx+2at, t]]

out[3s]=
{e, 0}

AHaIIOTHYHBIE 3aMEHEI JJIs1 CUCTCMBI

%Z%m‘i‘zqua —Pt ZPm+2qu
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In[36]:=

Out[38]=

Out[39]=

Out[40]=

Out[41]=

Out[42]=

NLSru = {

Derivative[@, 1][q] [X_, t_] > Derivative[2, 0] [q][X, t] +2q[x, t]®’p[x, t],
Derivative[®, 1] [p] [x_, t_] :» - (Derivative[2, @] [p] [X, t] +2q[x, t] p[X, t]z)};
NLS[Q_, P_] := Expand[{-D[Q, t] +D[Q, X, x] +2Q*P, D[P, t] + D[P, x, x] + 2QP?} /. NLSru]

NLS[q[x +a, t], p[x+a, t]]
NLS[q[x, t+a], p[x, t+a]]
NLS[Exp[a] q[x, t], Exp[-a] p[x, t]]

NLS[Exp[a] q[Exp[a] x, Exp[2a] t], Exp[a] p[Exp[a] x, Exp[2a] t]]

NLS[Exp[ax+a2t] q[x+2at, t], Exp[—ax—azt] plx+2at, t]]
{e, @}
{0, @}
{e, @}
{e, @}

{e, @}

3.2 bo3e-koHaeHcaT

In[43]:=

Out[46]=

Out[47]=

Out[48]=

Out[49]=

cc[f_] :=f/. {Complex[a_, b_] :» Complex[a, -b]}
cri[f_] := ComplexExpand [ReIm[f]]

gNLS[x_, t_, a_, b_, c_, s_] =bExp[i (ax+ (a®-2sb?) t+c)];
q=79%
cclq]

crifq]

Together[-iD[q, t] +D[q, X, X] + 25 cc[q] qz]
b ei (c+(a®-2b%s) t+ax)
b e—i (c+(a®-2b%s) t+ax)

{bCos[c+ (az—zbzs)t+ax], bSin|c+ (az—zbzs)t+ax]}
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in[s0l:= qq=¢qNLS[x, t, 0.3, 1, 0, 1]

Plot3D[Evaluate[cri[qq][11], {x, -10, 10}, {t, -8, 8},
PlotRange -» {-2, 2},
PlotPoints -» 80, Mesh - False,
ImageSize - 500,
BaseStyle » {FontSize - 14, FontFamily -» "Times New Roman"},
AxesLabel » {"x", "t", "Re u"}

out[50]=

ol (F1.91t+0.3x)

out[51]=

3.3 NLS*: conmToH ormnbatoLlem

Envelope soliton
Yacraslii ciryyaii pu b = 0: 6pusep (breather)

Comuton Kn® comepxut 2 mapamerpa — aMITUTY Ay U (a3oBBIi CABUT. AMIUTUTYAY MOXKHO CIIEJIaTh PaBHOM
1 pacTspkeHHeM, CIOBHUT yOonupaeTcs cIBUTOM X. To ecTb, pakTHIeCKH, MapaMeTpoB HET (€CIU pedb HMEHHO 00
OJTHOM COJIUTOHE).

B comnrone HYII ects 4 mapamerpa, U3 HUX ¢, d MOXXKHO CABHHYTH B 0, OIMH W3 TTAPaMETPOB ¢ WIHA b MOXHO
pacTsHyTh B |, HO BTOpO 0ocTaeTcsi CBOOOJHBIM.
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abxp[i (bx+ (b>-a%) t+c)]

infs21:= ¢gNLS[x_, t_,a_, b_, c_,d_] =Comp1exExpand[Tr‘igToExp ]],
Cosh[a (x+2bt) +d]

q=%

Simplify[-i1D[q, t] +D[q, X, X] + 2 cc[q] qz]

{u, v} =cri[q]

out[53]=
2aCos|c+ (-a®+b?) t+bx] 2iaSin|c+ (-a®+b?) t+bx]
+
e—d—a (2bt+x) + ed+a (2bt+x) e—d—a (2bt+x) + ed+a (2bt+x)
out[54]=
0
out[55)=

2aCos|c+ (—a2+b2)t+bx] 2asin|c+ (—a2+b2)t+bx]

{ ed-2 (2bt+x) ed+a (2bt+x) ’ ed-2 (2bt+x) ed+a (2bt+x) }

+ +

infsel=  plotNLS1[a_, b_, c_, d_, t_] :=Module[{u, v},

{u, v} =cri[gNLS[x, t, a, b, c, d]];

Plot[{u, v, Sqr't[u2 +v2]}, {x, -7, 7},
PlotStyle -» {Blue, Green, Red},
PlotRange -» {-1.15, 1.15},
BaseStyle -» {FontSize - 16, FontFamily » "Times New Roman"},
ImageSize - 400,
AxesLabel » {"x", None},
PlotLegends -» LineLegend [ {Blue, Green, Red}, {"Re g", "Im g", "|q|"}]

1]

esPrl = plotNLS1[1, 12, @, 0, 0]

Out[57]=

1O

— Regq

A R
e

—y ] ‘
T
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in[58]:= Manipulate[
plotNLS1[a, b, c, d, t],
{{a, 1}, 9, 2, Appearance - "Labeled"},
{{b, 0}, -30, 30, Appearance - "Labeled"},
{{c, 0}, -3, 3, Appearance - "Labeled"},
{{d, 0}, -3, 3, Appearance - "Labeled"},
{{t, 9}, -10, 10, Appearance - "Labeled"}]

Out[58]=

(G [

— Regq

. X Im g
— lql

-1.0
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inise]- Plot3D[Re[qNLS[x, t, 1, 3, @, 011, {X, -10, 10}, {t, -3, 3},
PlotRange -» {-1, 1},
PlotPoints - 200,
Mesh - False,
ImageSize - 500,
AxesLabel » {"x", "t", "Re u"},
BaseStyle » {FontSize -» 12, FontFamily -» "Times New Roman"}

out[59]=

1.0

Re u

3.4 NLS*: ABYXCO/IMTOHHOE peLLEeHUE
HetepmunanTtHas ¢popMyma It 7-COIATOHHOTO PEIICHUS

A=(4y)], AjszC" exp(-2i (4 x-227 1))

-~
M=I+A44
MEI . . ) .12
M, Z(E 0 J, Ey=(expiliX), .., expid,x), Ey=(ciexp(4ili1), ..., cpexp(4idli))
2

q=-2detM;/det M

3.4.1 PewweHune obliero Bmaa

Bponckuanusie popMyssl MOTYT OBITH BBIBEACHBI IPUMEPHO Tak ke, kKak 1t Knd. Oxgnako, onn Oomnee
CIIO’KHBIE — 2-COTMTOHHOE PENICHUE COJEPKUT 8 BEIECTBEHHBIX mapaMeTpoB MpoTuB 4 y Knd. BozmoxHb!
HETPUBHAIBHBIC BRIPOXKIACHUS U NIPEAEIbHBIE CITyYaH.

1-conuTOHHOE pelIeHne
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inje0):= Clear[a, b, c, d, A, u]

n=1;
c[k] Exp[-2T (u[j] x-2A[k]*t)]

A=Tab1e[ > {3, 1, n}, {k, 1, n}];

A[K] - p[3]
M = IdentityMatrix[n] + (cc[A] /. {A>»>u, u>»>A, c>d, d->c}).A;

MM = Table
If[j<n+1,
Iffk<n+1, M[j, kI, Exp[2IA[j] Xx]],
If[k<n+1, c[k] Exp[4TI2[k]*t], @]],
{i> 1, n+1}, {k, 1, n+1}];

q=-2Det[MM] /Det [M]
cg=cc[q] /. {A->pu, u»A, c->d,d->c};

Together[-ID[q, t] +D[q, X, X] +2cqq2]

Out[65]=
2e21x)\[1]+4it)\[1]2 c[1]
° 24 (-2t (1) 2exp (1] )42 (x2[1] -2t p[1]2) 1] d[1]
1+
(ATL]-p[1]) (~A[2]+p[1])
out[67]=
0
2-COJINTOHHOE PELICHHE
Inf68]:= N=2;

c[k] Exp[-2T (u[j] x-2A[k]*t)]

A=Tab1e[ > {3, 1, n}, {k, 1, n}];

A[K] - p[3]
M = IdentityMatrix[n] + (cc[A] /. {A-»>u, u>»2A, c>d, d->c}).A;

MM = Table
If[j<n+1,
Iffk<n+1, M[j, kI, Exp[2IA[j] Xx]],
If[k<n+1, c[k] Exp[4TI2[k]*t], @]],
{i> 1, n+1}, {k, 1, n+1}];

q=-2Det[MM] /Det [M]
cg=cc[q] /. {A->pu, u»A, c->d,d->c};

Together[-ID[q, t] +D[q, X, X] +2cqq2]
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out[72]=
_ [2 {_GZix)\[l]Mit)\[l]zc[l] _e21x)\[2]+4it)\[2]2 cl2] -
eZJ’Lx)\[Z]Mit)\[Z]ZfZi(72t)\[1]2+xu[1])+21(x)\[l]fztu[l]z) c[1] c[2] d[1]
+
(A[1] = p[1]) (=A[1] +p[1])
e4it)\[1]2+21x)\[2]721(72t)\[2]2+xu[1])+21(x)\[l]fztu[l]z) c[1] c[2] d[1]
+
(A[2] = p[1]) (=A[1] +p[1])
eZJ’Lx)\[l]Mit)\[Z]Z—Zi(—Zt)\[l]2+xu[1])+21(x)\[Z]—Ztu[l]z) c[1] c[2] d[1]
(A[1] = p[1]) (=A[2] +p[1])
eZJ’Lx)\[l]Mit)\[l]z—Zi(—2tA[2]2+xu[1])+21(x)\[Z]—Ztu[l]z) c[1] c[2] d[1]
(A[2] = p[1]) (=A[2] +p[1])
eZJ’Lx)\[Z]Mit)\[Z]Z—Zi(—Zt)\[l]2+xu[2])+21(x)\[l]—Ztu[Z]z) c[1] c[2] d[2]
+
(A[1] - p[2]) (=A[1] +p[2])
e4it)\[1]2+21x)\[2]—21(—2tA[2]2+xu[2])+21(x)\[l]—Ztu[Z]z) c[1] c[2] d[2]
+
(A[2] = p[2]) (=A[1] +p[2])
eZix)\[l]Mit)\[Z]z—Zi(—Zt)\[l]2+xu[2])+21(x)\[Z]—Ztu[Z]Z) c[1] c[2] d[2]
(A[1] - pl2]) (=A[2] +nu[2])
eZix)\[l]Mit)\[l]z—Zi(—2tA[2]2+xu[2])+21(x)\[Z]—Ztu[Z]Z) c[1] c[2] d[2] /
(A[2] - p[2]) (=A[2] +nu[2])
e 2i (-2t a[1]%+xp1])+21 (xA[1]-2tu[1]?) c[1] d[1]
1+ +
(A[1] = p[1]) (=A[1] +p[1])
e 21 (-2t a[2)%exp[1])+24 (xA[2]-2tu(1]?) c[2] d[1]
+
(A[2] = p[1]) (=A[2] +p[1])
e 2i (m2ta1)%+xpl2])+21 (xA[1]-2tu[2]?) c[1] d[2]
+
(A[1] - pl2]) (=A[1] +p[2])
efzi(72t)\[2]2+xu[1])+21(x)\[Z]fztu[l]z)fzi(72t)\[1]2+xu[2])+21(x)\[l]fztu[Z]z) c[1] c[2] d[1] d[2]
(A[2] = p[2]) (=A[2] +p[1]) (A[L] - p[2]) (=A[1] +p[2])
efzi(72t)\[1]2+xu[1])+21(x)\[Z]fztu[l]z)fzi(72t)\[2]2+xu[2])+21(x)\[l]fztu[Z]z) c[1] c[2] d[1] d[2]
(A[1] = p[2]) (-A[2] +p[1]) (A[2] - p[2]) (=A[1] +np[2])
efzi(72t)\[2]2+xu[1])+21(x)\[l]fztu[l]z)fzi(72t)\[1]2+xu[2])+21(x)\[Z]fztu[Z]z) c[1] c[2] d[1] d[2]
(A[2] = p[2]) (“A[L] +p[1]) (A[L] - p[2]) (=A[2] +p[2])
e 2i (m2ta[21%+xpl2])+21 (xa[2]-2tu[2]?) c[2] d[2]
+
(A[2] = p[2]) (=A[2] +nu[2])
efzi(72t)\[1]2+xu[1])+21(x)\[l]fztu[l]z)fzi(72t)\[2]2+xu[2])+21(x)\[Z]fztu[Z]z) c[1] c[2] d[1] d[2]
(A[1] = p[2]) (-A[L] +p[1]) (A[2] - p[2]) (-A[2] +p[2])
out[74]=

(4]

Otmerum, uro komanaa Simplify npuBomut dpopmyity st g K 6ojiee KOMITAKTHOMY BHJTY, HO B pe3yJIbTaTe

BpEMsI IPOBEPKU OYCHb CUJIBHO YBCIIMYNBACTCA
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in[751:= q=Simplify[-2 Det[MM] /Det[M] ]
cg=cc[q] /. {A->pu, u»A, c>d,d->c};

(» Simplify[-I D[q,t]+D[q,X,x]+2cq q°] =)
out(75]=

e e

2 [_ 21 A[1] (x+2tA[1]) c[1] - 21 A[2] (x+2tA[2]) c[2] +

(A[1] - u[1])? (A[2] - u[1])?
e“ (A[1]-p[2]) (x+2t (A[1]+p[2])) c[l] d[2] e“ (A[2]-p[2]) (x+2t (A[2]+p([2])) c[2] d[2]

(A[1] -u[2])? (A[2] -u(2])?
(eux<A[1M[2]fu[lw[zwnt(A[l]zmmw[112—u[2J2) c[1] c[2] d[1] d[2] (A[1] -A[2])?

3.4.2 NLS*: cnapeHHbIM COMTOH (2 COIMTOHA C OAMHAKOBOM CKOPOCTbIO
M pa3HOM aMNAUTYZ0M)

s ypasrenuns Kn®, ckopocti conuToHOB 00s13aHbI ObITh pa3HeiMu. B HYIII onu pasusle B cirydae o01mero
MTOJIOXKEHUS], HO TIPH 9TOM MOKHO BBIOpATh MapamMeTpbl U TAKUM 00pa3oM, YTOOBI CKOPOCTH COBMAIH. J{is
TaKOT0 2-COJIMTOHHOTO PEIIeHHUs TIepeiieM B TIOABIKHYIO C.K., IPUMEHsIs TpeoOpa3oBanue [annes, u

clienaeM CKopocTh paBHOI 0.

In[77]:= qNLSd [x_, t_, a_, b_, c 1=
2 (a* - b?) (aExp[-ia®t] Cosh[b (x+c)] - bExp[-ib?t] Cosh[ax])

(a-b)*Cosh[ax+b (x+c)] + (a+b)2Cosh[ax-b (x+c)] -4abCos[(a®-b?) t] ’
q="%
Simplify[Together[-iD[q, t] +D[q, X, X] + 2 cc[q] qz]]

out(78]=
2 (a*-b?) (-b e Yt Coshjax] +ae it Cosh[b (c+x)])

~4abCos|(a®-b?) t] + (a+b)?Cosh[ax-b (c+x)]+ (a-b)?>Coshlax+b (c+x)]

out[79]=
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inisol=  plotNLSd[a_, b_, c_, t_] :=Module[{u, v},
{u, v} =cri[gNLSd[x, t, a, b, c]];
Plot[{u, v, sqrt[u? +Vv?]}, {x, -7, 7},
PlotStyle -» {Blue, Green, Red},
PlotRange -» {-5.15, 5.15},
BaseStyle -» {FontSize - 16, FontFamily » "Times New Roman"},
ImageSize - 400,
AxesLabel » {"x", None},
PlotLegends -» LineLegend [ {Blue, Green, Red}, {"Re gq", "Im g", "|q|"}]

1]

Manipulate[
plotNLSd[a, b, c, t],
{{a, 1}, -5, 5, Appearance - "Labeled"},
{{b, 2}, -5, 5, Appearance - "Labeled"},
{{c, -3}, -5, 5, Appearance - "Labeled"},
{{t, 0}, -10, 10, Appearance - "Labeled"}]

Out[81]=

a D 1
b M 2
U
C M -3
U
¢ D 0

— Regq

X Imgq
— lql
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inis2- Plot3D[Re[gNLSd[X, t, 1.2, 2, 3]], {X, -10, 10}, {t, -3, 3},
PlotRange -» {-2, 2},
PlotPoints - 200,
Mesh - False,
ImageSize - 500,
AxesLabel » {"x", "t", "Re u"},
BaseStyle » {FontSize -» 12, FontFamily -» "Times New Roman"}

out[82]=
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inis3:- Plot3D[Re[gNLSd[x, t, 1, 1.2, -0.4]], {x, -20, 20}, {t, -6, 6},
PlotRange -» {-2, 2},
PlotPoints - 200,
Mesh - False,
ImageSize - 500,
AxesLabel » {"x", "t", "Re u"},
BaseStyle » {FontSize -» 12, FontFamily -» "Times New Roman"}

out[83]=

3.4.3 NLS*: nonypaumoHanbHbIM CONUTOH (NpeaenibHbIM CyYan
npeAblayLero peweHus)

Bepem npenpinyiee pemeHue

infg4l:= gNLSd[x_, t_,a_, b_, c_]=
2 (a®-b®) (aExp[-i1a’t] Cosh[b (x+c)] - bExp[-ib®t] Cosh[ax])

(a-b)?Cosh[ax+b (x+c)] + (a+b)?*Cosh[ax-b (x+c)] -4abCos[(a’-b?) t] ’
q="%

out[85]=
2 (a*-b?*) (-b e iYtcosh[ax] +aet?tCosh[b (c+x)17)

-4abCos|(a®-b?) t] + (a+b)2Cosh[ax-b (c+X)] + (a-b)2Cosh[ax+b (c+X)]

3amenseM ¢ = §(a — b), Te § = const, ¥ IepeXoaUM K Tipeneny b — a.
ITpu 3TOM YKCITUTENb U 3HAMEHATENb paBHbI 0, mpuMeHsieM npaBuito Jlonurans (1Ba pasa).
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inig6l:= numden = {Numerator[q], Denominator[q]} /.c-» & (a-b);
%/.b-a
out[87]=
{e, 0}
inss]:= dnumden = D[numden, b]
%/.b-a
out[88]=
{—4b (—b e "t coshjax] +ae ®tCosh[b (x+ (a-b) &) ]) +2 (a® - b?)

(—e’ibthosh[ax] +2ible Pt tcosh[ax] +ae*®t (x+ (a-b)5-bs) Sinh[b (x+ (a-b) &)1,
~4aCos|(a®-b*)t] +2 (a+b) Coshjax-b (x+ (a-b)&)] -2 (a-b) Coshlax+b (x+ (a-b)5)] -
g8ab*tsin[(a®-b?) t] + (a+b)? (-x- (a-b) 6+b5) Sinh[ax-b (x+ (a-b) &6)] +

(a-b)% (x+ (a-b) 5-bs) Sinh[ax+b (x + (a-b)é)]}

out[89]=

{0, 0}
in[ool:= ddnumden = D [dnumden, b];

%/.b-a
qq = %[1] / %[2]

out[91]=
{—8a (—e’”thosh[ax] +2ia’e ' tcoshjax] +ae® (x-aé&) Sinh(a x]),
2+16a%t2+ 422 (—x+aé)2+2C05h[2ax]}

out[92]=

8a (—e’”thosh[ax] +2iate ¥t tCoshlax] +ae it (x-ad) Sinh[ax])

2+16a*t?+4a% (-x+ad)?+2Cosh[2ax]

info3l:= gNLSr[x_, t_, a_, 6_1] =

8a (—e'“thosh[ax] +2ia’e i@t tCosh[ax] +ae ™t (x-as) Sinh[a x])
- H

2+16a*t?+4a% (-x+as)2+2Cosh[2ax]

a=%

Simplify[Together[-iD[q, t] +D[q, X, X] + 2 cc[q] qz]]

out[94]=
8a (—e’”thosh[ax] +2iate ¥t tCoshlax] +ae it (x-ad) Sinh[ax])

2+16a*t2+4a% (-x+as6)2+2Cosh[2ax]

out[95]=
(<]

HOJ’Iy‘II/IJ'IOCL 2 colmTOHa OI[HHaKOBOfI AMIUIUTY bl U C HOFapH(I)MH‘IeCKOI;‘I Pa3HOCTBIO CKOPOCTH
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infosl=  plotNLSr[a_, d_, t_] :=Module[{u, v},
{u, v} = cri[gNLSr[x, t, a, d]];
Plot[{u, v, sqrt[u? +Vv?]}, {x, -7, 7},
PlotStyle -» {Blue, Green, Red},
PlotRange -» {-5.15, 5.15},
BaseStyle -» {FontSize - 16, FontFamily » "Times New Roman"},
ImageSize - 400,
AxesLabel » {"x", None},
PlotLegends -» LineLegend [ {Blue, Green, Red}, {"Re gq", "Im g", "|q|"}]

1]

Manipulate[
plotNLSr[a, d, t],
{{a, 3}, -5, 5, Appearance - "Labeled"},
{{d, 0}, -30, 30, Appearance - "Labeled"},
{{t, 9}, -100, 100, Appearance - "Labeled"}]

out[97]=

G ]

— Regq

: X Imgq
— lql




Some solutions.nb | 21

infosl:- Plot3D[Re[gNLSFr[x, t, 1, 311, {x, -10, 10}, {t, -40, 40},
PlotRange -» {-2, 2},
PlotPoints - 200,
Mesh - False,
ImageSize - 500,
AxesLabel » {"x", "t", "Re u"},
BaseStyle » {FontSize -» 12, FontFamily -» "Times New Roman"}

out[98]=

3.5 NLS*: conmntoH MNeperpuHa (paumoHaibHbIA COJIUTOH)

« D.H. Peregrine. Water waves, nonlinear Schrodinger equations and their solutions. J. Austral. Math. Soc.
Ser. B 25 (1983) 16-43.



22 | Some solutions.nb

4 (1-41it)
infoo)= qNLSP[x_, t ] =Exp[-24it] [1- — 8 —|;
1+4x%+16t2
q="9%

crifq]

Simplify[Together[-iD[q, t] +D[q, X, X] + 2 cc[q] qz]]

Out[100]=
, 4 (1-41t)
e—ZJLt {1_
1+16t2+4x°

Oout[101]=
4Cos[2t] 16tSin[2t] 16tCos[2t] 4sin[2t]
{cOs[zt]- . s -Sin[zt]+—}
1+16t2+4x> 1+16t2+4x? 1+16t2+4x2 1+16t%+4x%

Out[102]=

In[103]:=

plotNLSP[t_] :=Module[{u, v},

{u, v} =cri[gNLSP[x, t11];

Plot[{u, v, Sqr't[u2 +v2]}, {x, -7, 7},
PlotStyle -» {Blue, Green, Red},
PlotRange -» {-3.15, 3.15},
BaseStyle -» {FontSize - 16, FontFamily » "Times New Roman"},
ImageSize - 400,

AxesLabel » {"x", None},
PlotLegends -» LineLegend [ {Blue, Green, Red}, {"Re g", "Im qg", "|q|"}]

1]

Manipulate[
plotNLSP[t],
{{t, 0}, -10, 10, Appearance - "Labeled"}]

Out[104]=

— Regq
L X Imq
— lql
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In[105]:=

Plot3D[Abs [qNLSP[x, t]], {x, -6, 6}, {t, -2, 2},
PlotRange -» {-1, 4},
PlotPoints - 200,
Mesh - False,
ImageSize - 500,
AxesLabel -» {"x", "t", "|q|"},
BaseStyle » {FontSize - 12, FontFamily -» "Times New Roman"}

out[105]=

In[106]:=

Plot3D[Re [qNLSP[x, t]], {x, -6, 6}, {t, -2, 2},
PlotRange -» {-3, 4},
PlotPoints - 200,
Mesh - False,
ImageSize - 500,
AxesLabel » {"x", "t", "Re q"},
BaseStyle » {FontSize - 12, FontFamily -» "Times New Roman"}]

Plot3D[Im[gNLSP[x, t1], {x, -6, 6}, {t, -2, 2},
PlotRange -» {-3, 4},
PlotPoints - 200,
Mesh - False,
ImageSize - 500,
AxesLabel - {"x", "t", "Im q"},
BaseStyle » {FontSize - 12, FontFamily -» "Times New Roman"}]
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Oout[106]=

out[107]=

3.6 NLS*: conntoH Ma

(MM COMUTOH Ha (OHE KOHJICHCATa)

» E.A. Kuznetsov. Solitons in a parametrically unstable plasma. Sov. Phys. Dokl. 236 (1977) 575-577.

« T. Kawata, H. Inoue. Inverse scattering method for the nonlinear evolution equations under nonvanishing
conditions. J. Phys. Soc. Japan 44:5 (1978) 1722-1729.

+ Y.-C. Ma. The perturbed plane-wave solution of the cubic Schrodinger equation. Stud. Appl. Math. 60
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(1979) 43-58.
In[108]:=
gNLSMa[x_, t_,a_, b_]=
2b (bCos[4a’bct] -iSqrt[l+b’] sin[4a’bct])

aExp[—Ziazt] [1+ ]/.c—»Sqr‘t[1+b2];

cCosh[2abx] +Cos[4a’bct]

q="%
Simplify[Together[-iD[q, t] +D[q, X, X] + 2 cc[q] qz]]

Out[109]=
, 2b (bCos[4a’b \1+b* t] -1 +1+b® Sin[4a’b V1+b? t])
ae it |14
Cos[4a’b V1 +b* t] + v/1+b? Cosh[2abx]
Out[110]=

(4]
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In[111]:=

plotNLSMa[t_, a_, b_] :=Module[{u, v},

{u, v} =cri[gNLSMa[x, t, a, b]];

Plot[{u, v, Sqr‘t[u2 +v2]}, {x, -7, 7},
PlotStyle -» {Blue, Green, Red},
PlotRange -» {-3.15, 3.15},
BaseStyle -» {FontSize - 16, FontFamily » "Times New Roman"},
ImageSize - 400,

AxesLabel » {"x", None},
PlotLegends -» LineLegend [ {Blue, Green, Red}, {"Re g", "Im q", "|q|"}]

1]

Manipulate[
plotNLSMa[t, a, b],
{{a, 1}, -5, 5, Appearance - "Labeled"},
{{b, 1}, -5, 5, Appearance - "Labeled"},
{{t, 0}, -10, 10, Appearance - "Labeled"}]

Oout[112]=

a [ 1
U
b D 1
¢ M 0
)
3f
2F
: — Regq
1 1 L 1 1 1 1 X |mq
-6 -4 -2 [ 2 4 6
_1_-
-2f
-3F




Some solutions.nb | 27

In[113]:=

Plot3D[Re[gNLSMa[x, t, 1, 1]], {X, -6, 6}, {t, -8, 8},
PlotRange -» {-4, 4},
PlotPoints - 200,
Mesh - False,
ImageSize - 500,
AxesLabel » {"x", "t", "|q|"},
BaseStyle » {FontSize - 12, FontFamily -» "Times New Roman"}

out[113]=
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3.7 NLS™: TEMHbIM CONMTOH

In[114]:=

gNLSdark[x_, t_, a_, b_] =-bTanh[b (x +2at)] Exp[i (2 bz—az) t+ia(x+2at)];

q=%
crifq]

Simplify[Together[-iD[q, t] +D[q, X, X] - 2 cc[q] qz]]

out[115]=
b ei (-a’+2b?) t+ia (2at+x) Tanh[b (2at +x) ]
out[116]=
bCos[(-a>+2b?) t+a (2at+x)|Sinh[2b (2at+X)]
{ 1+Cosh[2b (2at+x)] ’
bSin[(-a?>+2b?) t+a (2at+x)|Sinh[2b (2at+X)]
1+Cosh[2b (2at+x)] }
out[117]=



In[118]:=

plotNLSdark[t_, a_, b_] :=Module[{u, v},

{u, v} = cri[gNLSdark([x, t, a, b]];

Plot[{u, v, Sqr‘t[u2 +v2]}, {x, -7, 7},
PlotStyle -» {Blue, Green, Red},
PlotRange -» {-3.15, 3.15},
BaseStyle -» {FontSize - 16, FontFamily » "Times New Roman"},
ImageSize - 400,

AxesLabel » {"x", None},
PlotLegends -» LineLegend [ {Blue, Green, Red}, {"Re g", "Im q", "|q|"}]

1]

Manipulate[
plotNLSdark[t, a, b],
{{a, 1}, -5, 5, Appearance - "Labeled"},
{{b, 1}, -5, 5, Appearance - "Labeled"},
{{t, 0}, -10, 10, Appearance - "Labeled"}]

Out[119]=

[
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In[120]:=
Plot3D[Re[gNLSdark[x, t, 1, 2]], {x, -6, 6}, {t, -3, 3},
PlotRange -» {-4, 4},
PlotPoints - 200,
Mesh - False,
ImageSize - 500,
AxesLabel -» {"x", "t", "|q|"},
BaseStyle » {FontSize - 12, FontFamily -» "Times New Roman"}
1
Out[120]=

4 Sin-F'opAoH Uy, = sinu

4.1 lpuBeaeHue K paumoHasibHOMY BUAY

Brruncnenns ynoOHee nenaTh A7l ypaBHEHUS B palliOHANBHON opme

- 42 = u
V=T 2w+ 1-v2), v=tan g



In[121]:=
Clear[u, V]
u=4ArcTan[Vv[Xx, y]]
Fullsimplify[D[u, X, y] -Sin[u] /.
VX, y]

{Pvix, y1, %, y1 » ———
1+v[x, y]

out[122]=
4 ArcTan[Vv[X, y]]

out[123]=
0
1-comuTOHHOE penieHne
In[124]:=
v=vl=cExp[ax+y/a]
Factor[D[v, X, y] - (2D[v, x] “D[V, y] +1—v2)]
1+v
u=4ArcTan[v]
FullSimplify[D[u, X, y] - Sin[u]]
out[124]=
a)(+Z
ce"
out[125]=
0
out[126]=

y
4 ArcTan {c ea”'a]

out[127]=

2-COJINTOHHOE PELICHHE
In[128]:=

(al +a2) (c2Exp[a2x+Yy/a2] -clExp[alx+y/al])

vV=V2-=
(al-a2) (1+clc2Exp[(al+a2) x+ (1/al+1/a2)y])

v
Simplify[D[v, X, y] - —— (2D[v, x] “D[V, y] +1—v2)]
1+v

Out[128]=
y y
(al +a2) (—cl T 4 2 e"““*;)
1 1
(al - a2) (1 412 e x5 y)
Out[129]=
0
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(2DLvIx, ¥1, X1 “DIVIX, ¥, ¥] +1-VIx, y1%) }]

BHGCL mapaMeTpbl HE 00s13aTeNBHO BCIICCTBCHHBI. BI)I6I/Ipa$I UX 110 pa3HOMY, TOJTy4dacM Pa3HbIC TUIIbI

pelIeHuii.
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4.2 KMHK

In[130]:=
Plot3D[4 ArcTan[vl] /. {a» 0.5, c> 1}, {x, -12, 12}, {y, -8, 8},

PlotRange -» {0, 2 x},

PlotPoints - 50,

Mesh - False,

ColorFunction - "Aquamarine”,

AxesLabel - {"x", "y", "u"},

ImageSize - 500,

BaseStyle » {FontSize - 12, FontFamily -» "Times New Roman"}]
out[130]=
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4.3 KMHK-aHTUKMHK
In[131]:=

Plot3D[4 ArcTan[v2] /. {al-> 0.5, a2>1, c1->1, c2-»1}, {x, -12, 12}, {y, -8, 8},
PlotRange » {-2.1 7w, 2.1 7},
PlotPoints - 50,
Mesh - False,
ColorFunction - "Aquamarine",
AxesLabel » {"x", "y", "u"},
ImageSize - 500,
BaseStyle » {FontSize - 12, FontFamily -» "Times New Roman"}]

out[131]=
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In[132]:=

Manipulate[
Plot [4 ArcTan[v2] /. {a1l-» 0.5, a2-»1, c1-1, c2->1, y->yy}, {x, -50, 50},
PlotRange -» {-2.1x, 2.1 %},
PlotPoints - 50,
PlotStyle - Blue,
AxesLabel -» {"x", "u"},
ImageSize - 500,
BaseStyle -» {FontSize - 14, FontFamily » "Times New Roman"}],
{{yy, @}, -10, 10}
1

Out[132]=

yy

(-

40 -20 20 40




4.4 KMHK-KUHK

In[133]:=

out[133]=
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Plot3D[4 ArcTan[v2] /. {al> 0.5, a2 -1, c1>1, c2-1}, {x, -12, 12}, {y, -8, 8},

PlotRange » {-2.1 7w, 2.1 7},

PlotPoints - 50,

Mesh - False,

ColorFunction - "Aquamarine",

AxesLabel » {"x", "y", "u"},

ImageSize - 500,

BaseStyle » {FontSize - 14, FontFamily -» "Times New Roman"}]
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In[134]:=

Manipulate[
Plot [4 ArcTan[v2] /. {al-» 0.5, a2>» -1, c1->1, c2-»1, y->yy}, {x, -50, 50},
PlotRange -» {-2.1x, 2.1 %},
PlotPoints - 50,
PlotStyle - Blue,
AxesLabel -» {"x", "u"},
ImageSize - 500,
BaseStyle -» {FontSize - 14, FontFamily » "Times New Roman"}],
{{yy, -15}, -20, 20}
1

Out[134]=

(-

yy

40 -20 I 20 40

4.5 bpuzep

HYCTL napaMeTpPbl KOMINICKCHO COIIPAKCHBI:



In[135]:=
v2
v2/.{al-a+Ib,a2-a-Ib,cloc+Id, c2-c-1Id}
v = Factor [ComplexExpand [%] ]
v
Simplify[D[v, X, y] - (2D[v, x] “D[V, y] +1—v2)]
1+Vv2
out[135]=
y y
(al + a2) (—cl e v 2 eazx*ﬁ)
1 1
(al- a2) (1 cc1c2e® i ng) y)
out[136]=
. y . y
ia ((C _i d) e(a—lb) x+m B (C + ]ld) e(a+1b)x+a‘nb)
. . 2ax+( ! +;)y
b|(l+(c-1d) (c+1id)e a-ib asib
out[137]=
LY b b
Zaeax a?b? (dCos{bx—z—yz] +cSin{bx—2—yz])
a‘+b a‘+b
2ay 2ay
b [1 e e2ax+m T e2ax+m
out[138]=
0
DTO MOXHO TIEpeO0O3HAYUTH TaK:
In[139]:=
. y
asin[b (x- a2+b2) +C1]
V[X_J Yy_,a_, b_: C1_) CZ_] = y i
bCosh[a (x+ = b2) + 2]
a+
V=%
Simplify[D[v, X, y] - (2D[v, x] “D[V, y] +1—v2)]
1+v
a
W[X_, y_,a_, b_: C1_) CZ_] = y i
bCosh[a (x + m) +C2]
out[140]=
. y
aSech[C2+a (x+ a2+b2>] Sin[Cl+b (x—m)]
b
out[141]=
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In[143]:=

Manipulate[
Plot[{4 ArcTan[VV[Xx, y, a, b, 8, 8]], 4 ArcTan[V[x, y, a, b, ©, ©6]1]}, {x, -50, 50},
PlotRange -» {-1.5, 1.5},
PlotPoints - 100,
PlotStyle » { {Dashing[{0.01}], Red}, {Blue}},
AxesLabel -» {"x", "u"},
ImageSize - 500,
BaseStyle -» {FontSize - 14, FontFamily » "Times New Roman"}],
{{a, 0.5}, -1, 1, Appearance - "Labeled"},
{{b, 1.5}, -5, 5, Appearance - "Labeled"},
{{y, 0}, -70, 70}
1

Out[143]=

s n
U 0.5
b [ 1.5
[8)
, i
u
1.5
&
Iy
)
1
! 1
' 1
S5kl
\
l i
’
1 1 _—vﬁl. A:/".._ 1 1 X
—40 -20 V [ 20 40
-0.prr
-1.

-1.5
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In[144]:=
Plot3D[4 ArcTan[V[Xx, y, 0.5, 1.5, 0, 0]1, {x, -20, 20}, {y, -20, 20},
PlotRange -» {-2, 2},
PlotPoints - 100,
Mesh - False,
ColorFunction - "Aquamarine",
AxesLabel - {"x", "y", "u"},
ImageSize - 500,
BaseStyle » {FontSize - 14, FontFamily -» "Times New Roman"}]
out[144]=
B uwactHocTH, eciut a” + b? = 1, To B 1a60OPaTOPHEIX KOOPAMHATAX TIONYYAETCS CTOSUMIA OpH3ep:
In[145]:=
V[x, y, 3/5, 4/5, 0, 9]
out[145]=
3 3 (x+y) 4 (x-y)
- Sech{ ] Sin{ ]
4 5 5
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In[146]:=

Plot3D[4 ArcTan[V[x, y, 3/5, 4/5, 0, 0]1, {x, -20, 20}, {y, -20, 20},
PlotRange » {-5, 5},
PlotPoints - 50,
Mesh - False,
ColorFunction - "Aquamarine",
AxesLabel » {"x", "y", "u"},
ImageSize - 500,
BaseStyle » {FontSize - 14, FontFamily -» "Times New Roman"}]

out[146]=




