YpaBHeHuA lNeHneBe

K nexmuu 12 (2024)

1 NannneeBckas UHBAPMAHTHOCTb M P4

(1) ut:uxxx_6uux

Kn® momyckaer pemrenus Buna u(x, £) =2w(z) +2t, z=x-6 2, w'=6w?+z
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In[106]:=
ndsol[w@_, wl_] :=NDSolve[{w''[z] =6w[z]’+2Z, W[@] == W@, w'[0] == w1,
WhenEvent [Abs [w[z]] > 1@, "StopIntegration"]}, w, {2z, -35, 5}] [1]
pl[s_] :=Plot[w[z] /.s, {z, -25, s[[1, 2, 1, 1, 2]},
PlotRange -» { {-23.5, 3.25}, {-3.35, 4.75}},
PlotStyle - Blue,
AxeslLabel -»
(Style[#, {FontSize -» 20, FontFamily - "Times New Roman", FontSlant - Italic}] & /e
{"z", "w"}),
BaseStyle -» {FontSize - 16, FontFamily » "Times New Roman"},
ImageSize - 400
1
Manipulate[s = ndsol[w0, wl];
pl[s],
{{w0, 0.9}, -3, 3, Appearance - "Labeled"},
{{wl, 1.7}, -3, 3, Appearance - "Labeled"}
1
out[108]=
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I'paduk cTponTest memenHo (MokHO yMeHbIIHTE PlotPoints)
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In[109]:=
g=Plot3D[2w[x-6t*] +2t /. s, {x, -15, 5}, {t, -2, 2},
PlotRange » { {-15, 5}, {-1.7, 1.7}, {-15, 6}},
PlotPoints - 250,
Mesh - None,
ClippingStyle - None,
AxesLabel - Evaluate [Style[#, Italic, 24] & /e {"x", "t", "u"}],
ImageSize - 600,
BaseStyle » {FontFamily -» "Times", FontSize - 16}
+++ InterpolatingFunction: Input value {-38.9995} lies outside the range of data in the interpolating function. Extrapolation will
be used.
out[109]=

2 'pynna, oTBevatowaa cummeTpu Nanunea+casur t

[MosicHeHue, OTKyAa B3su1ach 3Ta peaykuus. CTalnoHapHOE YpaBHEHUE s CAMMETpUH: ¢ (6 ¢ uy, — 1) + u, = 0.
Pertaem ero METoI0M XapakTEPUCTUK, HAXOHM MEPBbIE HHTETPAIIBI.
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In[110]:=

Clear[u]

dif[f_] :=6ctD[f, x] +D[f, t] +cD[f, u]
Cl=x-3ct?;
C2=u-ct;

dif[C1]

dif[C2]

U=ct+F[C1];

Expand[c (6 tD[U, x] -1) +D[U, t]]

out[114]=

(<]
out[115]=

(<]
out[117]=

(<]

ypaBHCHI/Iﬂ JJI1 XapaKTCPUCTUK Q)aKTH‘IeCKI/I COBITAJarOT C CHCTEMOM .HI/I, €C pCIICHUC C TOXKACCTBCHHBIMU
Ha4YaJIbHBIMU YCIIOBUAMU HACT I'PYIIIIOBOC Hp606pa30BaHI/Ie.

In[118]:=
DSolve[{x'[a] =6ct[a], t'[a] =1, u'[a] ==c,
X[0] ==x0, t[0] == tO, u[@] ==ud},
{x[a], t[a], u[a]}, a]

out[118]=
{{tra]l >a+te, x[a] >3a’c+6acto+x0, ulal »ac+ue}f

[To sTOMy perreHunto orpenensieM Mpeodpa3oBaHue U IPOBEPSEM, UTO ITO ACHCTBUTECIHLHO
OJTHOTIApAMETPUYICCKAs TPYTITIA.
In[119]:=
Gla_, {x_,t ,u }]:= {3a2c+6act+x, t+a,u+ac}
G[O, {x, t, u}]
G[a, G[b, {x, t, u}]1]
G[a+b, {x, t, u}]
Expand [%% - %]

out[120]=
{x, t, u}
out[121]=
{3a2c+3b2c+6bct+6ac (b+t) +x,a+b+t, ac+bc+u}
out[122]=
{3 (a+b)2c+6 (a+b)ct+x,a+b+t, (a+b) c+u}
out[123]=

{6, 0, 0}

HepBHe HUHTCIrpaJibl — MHBAPHUAHTHI I'PYIIIBIL.
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In[124]:=

r={x-s3a’c+6act+x,tot+a,usu+ac);
Ci/.r

Expand[% - C1]

c2/.r

Expand[% - C2]

out[125]=
3a2c+6act-3c (a+t)2+x
out[126]=
(4]
out[127]=
ac-c(a+t) +u
out[128]=

3 CKenmHr m P,

Kn® nonyckaer peuienus Buia
ux, N =P yr'Px), y"-6yy'+ —; Xy'+2))=0.
In[129]:=

sol2[ye_, yl ,y2_ , Mx_] :=
1
NDSolve[{y"'[X] =6y[X]xy'[X] "3 (Xy'[X] +2y[X]), y[O] =y@, y'[O] =y1,

y''[0] ==y2, WhenEvent [Abs [y[X]] > 100, "StopIntegration"]}, y, {X, -Mx, Mx}] [11

pl2[s_] :=Plot[y[X] /.s, {X, -35, 35},
PlotRange - { {-35, 35}, {-6.4, 2.4}},
PlotStyle - Blue,
AxeslLabel -»
(Style[#, {FontSize -» 20, FontFamily -» "Times New Roman", FontSlant - Italic}] & /e
"X, "y"1),
BaseStyle -» {FontSize - 16, FontFamily » "Times New Roman"},
ImageSize - 400]
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In[131]:=

Manipulate[s = sol2[yQ, y1, y2, 100]; pl2[s],
{{yo, -0.5}, -3, 3, Appearance - "Labeled"},
{{y1, -0.6}, -3, 3, Appearance - "Labeled"},
{{y2, -3}, -3, 3, Appearance - "Labeled"}

1
out[131]=
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-0.6

O

y1
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In[132]:=

s =so0l2[-0.5, -0.6, -3, 125];

g=Plot3d[t*?y[t?x] /. s, {x, -15, 15}, {t, 0.1, 2},
PlotRange -» { {-15, 15}, {@0.1, 2}, {-30, 5}},
PlotPoints - 300,
Mesh - None,
AxesLabel - Evaluate [Style [#, Italic, 24] & /e {"x", "t", "u"}],
ImageSize - 600,
BaseStyle » {FontFamily - "Times", FontSize - 16},
ViewPoint - {0, -3, 1}

out[133]=

-10 0 10

X

ABTOMO/IENTbHAS TIOJICTAHOBKA TIPUBOJAUT K P34 (C TOYHOCTBIO 10 TPUBUAIBHBIX 3aMCH)



8 | Painleve.nb

In[134]:=
1 2
eqY=-y''"[X] +6Yy[X]xy'[X] - 3 Xy'[X] - 3 y[X]
eqy = Expand[eqY /. {y[X] »y[X] +X/6, y'[X] >y '[X] +1/6} /.y-»V]
1
eqv=-V[X] V"' [X] += V' [X]2+2V[X]? (V[X] +X/6) +cC
2
Expand[eqy V[X] - D[eqv, X]]
Out[134]=
2y[x] 1 , 3)
- - = XY [X] +6y[X] Yy [X] -y~ [X]
3 3
Out[135]=
v [X] 2
+ = XV [X] +6VI[X] V' [X] -v?®[X]
3 3
Out[136]=
X 1
c+2vI[X]? [— +v[X]] + = V' [X]% - Vv[X] V' [X]
6 2
Out[137]=
)
ITpeobpazoBanne Muyps! k Py
In[138]:=
eqy = Expand[eqY /. {y[X] »w"' [X] +w[X]?, y") [X] »D[w"' [X] +w[X]?, {X, n}]}]
1 1
eqw3 = —w'""[X] +6W[X]2w'[X] - — Xw' [X] - — W[X]
3 3
Factor[eqy - D[eqw3, X] - 2w [X] eqw3]
1
eqw=-w'"'[X] +2wW[X]®- — Xw[X] +a
3
eqw3 - D[eqw, X]
Out[138]=
2 , 2wiXx] 2 ,
-— W[X]° - - = XW[X] W [X] +12wW[X] W [X] +
3 3 3
1
12w[X] W [X]2- = Xw’[X] +6w[X]2w’ [X] -2w[X] w® [X] -w™® [X]
3
Out[139]=
w[X] 1
- —— XW [X] +6w[X]2w [X] -w® [X]
3 3
Out[140]=
)
Out[141]=
1
a-— Xw[X] +2w[X]>-w'[X]
3
Out[142]=
)

CpaBHeHHE ypaBHEHHUH IS V I W



In[143]:=

Out[143]=

Out[144]=

Out[145]=

Out[146]=

eqv
eqw

Expand[eqv /. {V[X] >w"' [X] +W[X]*-X/6, v{") [X] »D[w' [X] +w[X]?-X/6, {X, n}]}]

Expand[% /. Solve[{eqw, D[eqw, X]} =0, {w''[X], w'"''[X]}]1[I11]

X 1
c+2v[X]2{—+v[X]]+—v’[X]2—v[X]v’ [X]
6 2

1
a-—Xw[X] +2w[X]3-w’'[X]

3
1 1 2 1
— e+ — XPW[X]2 - = XW[X]F +2wW[X]®+ — XPW [X] - — w[X] W [X] -
72 18 3 18 3
4 1 w’ [X
— XWX]2W [X] +6W[X]*W [X] - = Xw [X]2+6w[X]>w [X]%- hl +
3 3 6
1 1
— XW[X] W/ [X] - 2w[X]3w/ [X] + = w' [X]%+—=Xw® [X] -w[X]2w?® [X]
3 2 6
1 a a2
— +C- =+ —
72 6 2

4 sin-Gordon u P,

U, =sin2u
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In[147]:=

solu3[u@_, ul_, Mz_] :=NDSolve[{u''[z] ==-u'[z]/Zz+1/zSin[2u[z]], u[1l] ==u@, u'[1] ==ul,
WhenEvent [Abs [u[z] ] > 1000, "StopIntegration”]}, u, {z, 0.0001, Mz}] [1]

pl3[s_] :=Plot[u[z] /.s, {z, 9, 100},

PlotRange - {{©, 104}, {-2.75, 5.15}},

PlotStyle - Blue,

AxeslLabel -»

(Style[#, {FontSize - 20, FontFamily - "Times New Roman", FontSlant - Italic}] & /e

"z", "y"}),

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

ImageSize - 400]

Manipulate[s = solu3[u@, ul, 900];
pl3[s],
{{u0, 0.5}, -3, 3, Appearance - "Labeled"},
{{ul, 1}, -3, 3, Appearance - "Labeled"}]

Out[149]=

u0 0.5

o

NN W B W

20 40 60 80 100 ©

-2F
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In[150]:=

g=Plot3D[u[xt] /.s, {x, 0.01, 30}, {t, 0.01, 30},
PlotRange - { {0, 30}, {0, 30}, {-5, 5.15}},
PlotPoints - 300,
Mesh - None,
AxesLabel - Evaluate [Style [#, Italic, 24] & /e {"x", "t", "u"}],
ImageSize - 600,
BaseStyle » {FontFamily - "Times", FontSize - 16}

out[150]=

30

Perynsipaoe pemrenue. B okpectHocTr 0 cTponMm pemnienne B Buae psifa Teinopa, faiblie IpoJorKaeM
NDSolve
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In[151]:=

Clear([z]

G[u_] =Sin[2u];
Gu[u_] =D[G[u], u];
eps =D[G[u], u, u] / (4G[u])

(*--- pap Tennopa No z ---%)
seriesp[vO_, M_] :=Modu1e[{a, g, h, n, j},
a[0@] =voO;
g[e] =G[ve];
h[@] =Gu[vO];
Do[a[n] =g[n-1]/n%;
g[n] =Sum[k a[k] <h[n-k], {k, 1, n}] /n;
h[n] =4 eps Sum[k a[k] <g[n-k], {k, 1, n}]/n, {n, 1, M}];
{sum[a[n] 2", {n, @, M}], If[a[M] =@, 100, Abs[a[M]] "]}

]

(#--- peweHWe C Ha4dasbHbIM YCJ/IOBUEM B TOYKE Z0+#0 ---%*)
solvp[vO_, vl _, zmin_, z@_, zmax_] :=Module[{s, err = If[20 == zmin, zmax, zmin]},
s =NDSolve[{zvVv''[z] +Vv'[z] ==G[v[z]],
v[z0O] ==vO, v '[z0] == V1,
WhenEvent [Abs[v[z]] > 10, {err =z, "StopIntegration"}]},
Vv, {z, zmin, zmax}];

{err, s[1]}]

(#--- peweHWe C Ha4dasbHbIM YCJ/IOBUEM B TO4YKe z0=0 ---%*)
soloevz[ve_, M_, zmin_, zmax_] :=Module[{V, Vz, r, nsl, nsr},
V = seriesp[vO, M];

r=0.1V[2];
V=V[1];
Vz=D[V, z];

nsl =solvp[V/.z->-r, Vz /. 2z- -r, zmin, -r, -rj];
nsr =solvp[V/.z->r,Vz/.z>r, r, r, zmax];
Piecewise[ {

{v[z] /.nsl[2], nsl[1] <z < -r},

{V, -r<z<rj},

{v[z] /.nsr[[2]], r<z<nsr[1]}}]

Out[154]=
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In[158]:=

L =20;
V=solevz[e.3, 100, -L*, L?];

gv = Plot [Evaluate[V], {z, -L?, L?}, PlotRange » {{-L?, L’} /5, {-0.5, 2.4}}, PlotStyle - Blue,
AxesLabel -
(Style[#, {FontSize - 20, FontFamily - "Times New Roman", FontSlant - Italic}] & /e
{"z", "y"}),
BaseStyle -» {FontSize - 16, FontFamily » "Times New Roman"},

ImageSize - 400
out[160]=

Y

2.0f

1.5§

1.0
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hvél‘v@xv%-_._._._._l_._._. z
-50 [ 50

-0.5
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In[161]:=
g =Plot3D[V/.z->xt, {x, -L, L}, {t, -L, L},
PlotRange -» {{-L, L}, {-L, L}, {-0.5, 2.4}},
PlotPoints - 400,
Mesh - None,
AxesLabel - Evaluate [Style[#, Italic, 24] & /e {"x", "t", "u"}],
ImageSize - 600,
BaseStyle » {FontFamily - "Times", FontSize - 16}
1
Oout[161]=

5 TecTt KoBanesckomn-MeHnese

w'=2w+zw+a +8z

Jenaem 3ameny z —zg = Z



In[162]:=

eq=-w''[z] +2w[z]3+ (z+20) (W[Z] +B) +a

r=7;
w=p/z+Sum[zic[i], {i, 0, r}]

zz = Collect[eq /. {w''[z] »D[W, z, z], w[z] » W}, z, Factor];

Oout[162]=
a+2w[z]3+ (z+20) (B+w[z]) -w'[Z]

out[164]=
p

z

Koaddumment p
In[166]:=
eqp = Expand [Coefficient[zz, z, -3]]
Out[166]=
2p+2p°

2

VYpaBHEHUE NpU z~° ONPEAEIAET Co

In[167]:=
eqo = Factor [Coefficient[zz, z, -2]]
coefsd = {c[0] » 0, p* 1, p>>p};
Factor[eq@ /. coefsO]

out[167]=
6p°c(O]

out[169]=
(<]

VpaBHeHUe NpH z~! onpesenser ¢,

In[211]:=
eql = Expand [Coefficient[zz, z, -1]] /. coefs@
coefsl = Append[coefs@, c[1] - -pzO/6];
Factor[eql /. coefsl]

out[211]=
pz0+6c[l]

Out[213]=

0

ypaBHCHI/IG Opu z© OIPCACIIACT ¢

In[173]:=

eq2 = Expand [Coefficient[zz, z, ©]] /. coefsl
coefs2 = Append[coefsl, c[2] »-(p+a+2OB) /4];
Factor[eq2 /. coefs2]

out[173]=
p+a+z03+4c(2]

Out[175]=

—+c[0] +zc[1] +Zz%c[2] +23c[3] +Zz%c[4] +Z°c[5] +2°c[6] + 2" C[7]

Painleve.nb | 15
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YPaBHeHI/IG apu Zl: PE30HAHC, 3 HC OIIPCACIIACTCS, HO MOABIIACTCA OTPAHUYCHNUC HA ﬁ
In[176]:=

eq3 = Expand [Coefficient[zz, z, 1]] //. coefs2
coefs3 = Append [coefs2, 3> 0];
Factor[eq3 /. coefs3]

out[176]=
B
out[178]=
0
YpaBHeHuE npu z2, 23 OIIPENEIISET Cq, C5 U T. 1.
In[179]:=
eq4 = Expand [Coefficient[zz, z, 2]] //. coefs3
eq5 = Expand [Coefficient[zz, z, 3]] //. coefs3
out[179]=
pzo 1
-——— - =220 (-p-a) -6C[4]
6 4
out[180]=
pzo® 1 3 ,
- +— (-p-a)+—=p(-p-a)°-2z0c[3] -14c[5]
108 4 8
Mo3kHO pelaTh He MOIIAroBo, a cpa3y HECKOIbKO YpaBHEHUH
In[181]:=
eqp = Collect [Coefficient([zz, z, -3] /2, c[_], Expand]
eqo = Collect [Coefficient[zz, z, -2], c[_], Expand]
eql = Collect[Coefficient[zz, z, -1], c[_], Expand]
eq2 = Collect [Coefficient[zz, z, @], c[_], Expand]
solc = Solve|[ ({eq0, eql, eq2} /. pi- 1) =0, {c[e], c[1], c[2]}][1]
out[181]=
-p+p’
out[182]=
6p°cle]
out[183]=
pze+6pc[0]2+6p2c[1]
out[184]=
pro+2z0B+2c[@)°+c[@] (z0+12pc[1]) + (-2+6p?) c[2]
out[185]=
p z0 1
{c[e] 50, c[1] 5 -——1, c[2] 5> — (-p-a-z@/S)}
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In[186]:=

eq3 = Collect [Coefficient[zz, z, 1], c[_], Expand]
eq4 = Collect [Coefficient[zz, z, 2], c[_], Expand]
eq5 = Collect [Coefficient[zz, z, 3], c[_], Expand]

Expand[eq3 /. solc /. {p* > 1, p*> > p}]

Out[186]=
B+z0c(1] +6c[@)°c[1] +6pc[1]®+c[@] (1+12pc[2]) + (-6+6p*) c[3]
Out[187]=
6c[0] c[1]>+2z0c(2] +6c[@)°c[2] +c[1] (1+12pc[2]) +12pc(@] c[3] + (-12+6p°) c[4]
Out[188]=
2c[1]®+c[2] +6pc[2]2+2z0C[3] +6C[0]%C[3] +
c[1] (12c[@] ~c[2] +12pc[3]) +12pcC[0Q] c[4]+(—20+6p2)c[5]
Out[189]=

B

6 Knd. WTC-tect

Umiem pemenne Knd B suje psaaa Jlopana no x — ¢(¢). Ha nepsom mare HaxoauM Ko3Q(GHIHEHT IpH (x — g) ™2
In[190]:=

U=sum[a,[t] (x-q[t])*™?, {s, @, 15}]
eq := Collect[-D[U, t] +D[U, x, X, x] -6UD[U, x] /. x->X+q[t], X, Factor]
cfeq[j_] := Coefficient[eq /. arule, X, j]

arule = {};

cfeq[-5]
0out[190]=

ap [t] a;[t] , ,

-+ vax[t] + (x-qlt]) as[t] + (x-q[t])?as[t] + (x-q[t])’as[t] +

(x-q[t])? x-q[t]

(x-qlt])*as(t] + (x-q[t])*as[t] + (x-q[t])®ag[t] + (x-q[t])  ag[t] + (x-q[t])®a(t] +

x-qt]) anlt] + (x-q[t])an(t] + (x-q[t]) M ays(t] + (x-q[t])Pau(t] + (x-q[t]) P as[t]
Out[193]=

12 (-2 +a¢[t]) ag[t]

Cremytomiyie HECKOJIBKO YPaBHEHUH MO3BOJISIFOT HAlTH a|, dy, 3. KoadduImenT a, ocTaeTcss CBOOOTHBIM.
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In[194]:=
arule = {ap[t] - 2};
cfeq[-5]
cfeq[-4]
cfeq[-3]
cfeq[-2]
cfeq[-1]
out[195]=
0
out[196]=
30a[t]
out[197]=
2 (3a[t]?+12a,[t] -2q'[t])
out[198]=
6ai[t] ay[t] +12a3[t] -a1[t] q'[t] - ae'[t]
out[199]=
-a1’ [t]
Jlanee HaxoIUM as, a dg Takke cBoOOIeH. OCTaTbHBIC HAXOAATCS OJTHO3HAYHO
In[200]:=
1
arule = {ag[t] 52, a1[t] -0, & [t] » = q'[t], a3 [t] »0};
6
cfeq/e {-5, -4, -3, -2, -1}
cfeq[0]
cfeq[1]
cfeq[2]
out[201]=
{0, 0,0, -a,"[t], -a,"[t]}
0ut[202]-
-6as[t] -ay [t]
out[203]=
-a3’ [t]
0ut[204]-=



In[205]:=
1
arule = {aa[t] -2, a;[t] -0, a,[t] > —-q'[t],
6
1 1
a3[t] -0, as[t] »-— q' " [t], a,[t] > — D[as[t], t1};
36 24
cfeq /@ {-5, -4, -3, -2, -1, 0, 1, 2}
cfeq[3]
cfeq[4]
cfeq[5]
Solve[{%%%, %%, %} =0, {ag[t], as[t], ae[t]}]
Out[206]=
, , , q"[t] ,
{o. 0,0, -a0't], -a[t), -2y (8]« ——, -ar'[t], o]
Out[207]=
—12a4[t]%+72ag[t] - a5 [t]
Out[208]=
’ 5 rr
150 ag [t] - ag’ [t] +ga4[t] q"[t]
Out[209]=
1
-36a4[t] ag[t] + 264 ap[t] -a; [t] - — q"[t]?
72
Out[210]=
1 2
{{asit] > = (12240t1 + a5 (1] ),
72
1 ) B 2592 a4 [t] ag[t] + 72 a, [t] +q”[t]?
ag[t] > —— (6ag [t] -5a,[t] q"[t]), ae[t] -

900 19008
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