3aKoHbI coxpaHeHua ana Koo

K nexuuu 2 (2024)

1 Onpegenenue Dy, D' n D,

DT0 MOXHO peai30BaTh M0 Pa3HOMY. MBI TOCTYIIUM MTPOCTO — aAANTHPYEM BCTpOCHHBIE GyHKINH D,
Derivative u Integrate, mpumMeHnB GYHKIUH-00EPTKH.

[Tycte u[n] o6o3HavaeT I7(u(x)). [Ipow3BomHAS IO X M HHTETPA:

in[1]:= n2x=u[n_] =»Derivative[n] [u] [X];
x2n = {u[x] »u[@], Derivative[n_] [u] [X] :>u[n]};

dx[expr_] :=D[expr /. n2x, x] /. X2n
dx[expr_, k_] :=D[expr /. n2x, {x, k}] /.x2n

int[expr_] :=Block[{i = Integrate[expr /. n2x, x]},
If[FreeQ[i, Integrate], i/.x2n, i]]

Tect. Ecu BBIPA’KCHUC HC €CTh MOJIHAA ITPOU3BOAHAA, UHTCIPAJI OT HEI'O0 HE BBIYUCIACTCA.

o= dx[u[1]?u[2] +u[4]]
dx[u[1]®u[2] +u[4], 2]
int[%]
int[u[1]?]

outlel= 3uf1]2u[2]%+u[1]3u[3] +u[5]
outi7l= 6u[11%u[2] ~u[3] +u[2] (6u[1]u[2]®+3u[1]%u[3]) +u[1]’u[4] +u[6]

outlel- 3uf1]2u[2]%+u1]13u[3] +u[5]
out[9]- Ju’[x]zdlx
ITpousBoaHast 1Mo ¢ B CHITy ypaBHEHHUS U; = f

inf101:=  n2t=u[n_] > Derivative[n, 0] [u] [Xx, t];
t2n = {u[x, t] »u[0@], Derivative[n_, O] [u] [X, t] =»>u[n]};

dt[expr_, f ] :=D[expr/.n2t, t] /. u"V [x, t] »D[f /. n2t, {x, n}] /. t2n

niaks dt[u[d] <u[2], u[3] +u[2]*]

Out[13]=
ul2] (4u(2]®u[3] +u[4]) +u[1] (12u[2)%u(3]®+4u[2]’u[4] +u[5])

2 MNepBble YeTblpe 3aKOHa COXpPaHEHUS

OmnpenenseM MpaBylo 4acTh YpaBHEHHS



2 | KdV_conservation_laws.nb

nf141:=  ut=u[3] +6u[0] xu[l]

Out[14]=
6u[@] “u[l] +u[3]

[IpoBepsieM GOpMYITBI U3 TCKITUU
(15 Expand[dt[u[@], ut]]
int[%]

Out[15]=

Out[16]=

In[17]):= Expand[dt[u[e]z, ut] ]
int[%]

out[17]=
12u[@]%u[1] +2u[@] ~u[3]

Out[18]=
4ufe]®-u[1]2+2u[0] u[2]

no)-  Expand[dt[u[1]? - 2u[@]?, ut]]

int[%]
Out[19]=
-36u[0]3u[1] +12u[1]®+12u[@] ‘u[l] ‘u[2] -6u[@]2U[3] +2u[1l] ‘u[4]
Out[20]=
—9u[@]*+12u[@] u[1]®-6u[@]?u[2] ~u[2]%+2u[1l] u[3]
In21]:= Expand[dt[u[Z]2 -10u[@] u[1]®2+5u[@]?, ut] ]
int[%]
Oout[21]=
120u[8]%u[1] -180u[0] u[1]>-120u[0]%u[1] u[2] +36u[1] u[2]%+
20u[0]3u[3] -10u[1]%u[3] +12u[@] ~u[2] ~u[3] -20u[@] ~u[1l] ‘u[4] +2u[2] u[5]
Oout[22]=

24u(@]®-90u[0]*u[1]%+10 (2u[@]®+u[1]®) u[2] +
16 u[@] u[2]%-20u[@] uf[l] u[3] -u[3]%+2u[2] u[4]

3 MeTog HeonpeaesieHHbIX KO3PPULMEHTOB

eHepaLUus 0JHOPOAHbBIX MHOIO4Y/IEHOB

vars(f, u] ClIUCOK MEPEMEHHBIX U, B BRIPOKCHUN
mon(d, r, k] CIICOK MOHOMOB CTETICHH d OT Uj, Uj,|, ... C OOIIEH CYMMOW WHACKCOB PaBHOM 7
hom[m, n, M] crucok Bcex MOHOMOB 3a/IaHHOTO Beca M OTHOCHTENBHO BECA Uj ~ M +j 1l

rhom[m, n, M] To xe camoe, HO 6€3 MOHOMOB, TMHEHHBIX TIO CTapIICH TepeMEHHOH (CIeI0BaTeIFHO, BCE
MOHOMBI B 3TOM CIIHCKE HEAKBUBAICHTHBI TI0 MOIyIi0 Im D))
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in[23}:= vars[f_, u__] :=Union[Flatten[Cases[f, Blank[#], {0, Infinity}] & /@ {u}]]

mon[d_, r_, k_] :=If[d==1, If[r=k, {ulrl}, {}]1,
Flatten[Table[u[s] xmon[d -1, r-s, s], {s, k, r}]1]

hom[m_, n_, M_] :=Flatten[Table[
If[IntegerQ[ (M-md) /n], mon[d, (M-md) /n, O], {}],
{d, 1, Floor[M/m]}]]
rhom[m_, n_, M_] :=Select[hom[m, n, M], Exponent [#, Last[vars[#, u]]] >1 || #=u[0O] &]
in[27):= Table[rhom[2, 1, k], {k, 2, 13}] // TableForm

Out[27]//TableForm=

u(e]

ure]?

ur1]? ure]?

ur2]? u[e] uf1]? urel*

uf1)?

u[3]? u(ej uf2)? u(@]?u[1]®>  u[ej®

uflju[2]? u[ej ur1]’

ur4]? u(ej u[3]? ur2]? u[@j?uf21> u[1]* u[ej*u[1]®>  u[e]*
uf1ju(3]> u[@] ul[l]u[2]®> u[e]?u[1l]?

BblumcneHme nnoTHOCTU Beca 8

CocTaBHM IIOTHOCTH U TIOTOK:
inf28l:= ut=u[3] +6u[0O] <u[l];

rhom[2, 1, 8]
r={a, b, c}.%

hom[2, 1, 10]
s = Table[k[i], {i, 1, Length[%]}].%

Out[29]=
{ur21%, ufe] u[1)?, ue]*}
Out[30]=
cu[@]*+bul@]u[l]®+au[2]?
Out[31]=
{u[8), u(@] u[6], u[1] u[5],u[2] u[4],u[3]% u[e]®u[4],
uf@] u[1] u[3], u[@]u[2]% u[1]?u[2], u[@)’u[2], u[@]*u[1]?, u[e]®}
Out[32]=
k[12] u[@]® +k[11] u[@]2u[1]?+k[10] u[@]3Uu[2] +K[9] u[1]%u[2] +
k[8] u[@] u[2]®+k[7] u[@] u[1l] u[3]+Kk[5]u[3]%+k[6]u[@]%uU[4] +
K[4] u[2] u[4] +Kk[3] u[1] u[5] +k[2] u[@] u[6] +k[1] u[8]

CocTaBuM ypaBHEHHE 7 = S, cOOepeM K03(h(PUIHEHTHI, pEIIM CHCTEMY
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ni3sl= eq=dt[r, ut] -dx[s]
vars[eq, u]
Union[Flatten[CoefficientList[eq, %]1]]

sol = Solve[% = 0]

Out[33]=
-5k[12] u[@]%u[1] -2k[11] ~u[@] u[1]®-3k[10]u[@]%uU[1l] u[2] -
2k[11] u[@]%u[1] u[2] -k[8] ~u[1]u[2]%-2Kk[9] ‘u[1l]u[2]?-
k[10] u[@]3u[3] -k[7] u[1]%u[3] -k[9] u[1]%u[3] -k[7] ~u[@] ~u[2] ‘u[3] -
2k([8] “u[@] “u[2] u[3]+4cu[0]3(6u[0] u[1]+u[3])+bu[1]2(6u[0] ufl] +u[3]) -
2k[6] ~u[@] ~u[1l] u[4] -k[7] u[@] u[1] u[4] -k[4] u[3] u[4]-
2k([5] u[3] u[4] +2bu[@] u[1] (6u[1]®+6u[@] u[2] +u[4])-k[6]u[@]*u[5] -
k[3] u[2] ~u[5] -k[4] ~u[2] ~u[5] +2au[2] (18 u[1l] “u[2] +6u[@] ~u[3] +u[5]) -
k(2] ~u[1l] ~u[6] -~K[3] u[l] ~u[6] -k[2] ~u[@] ~u[7] -K[1] u[9]
Out[34]=
{uf@], ufl], uf2], u[3], u[4], u[5], u[6], ul(7], u[9]}
Out[35]=
{0, -k[1], -k[2], -k[2] -k[3], 2a-Kk[3] -k[4], -k[4] -2Kk[5],
-k[6],2b-2k[6] -k[7], 12a-k[7] -2k[8], 36a-k[8] -2k[9],
b-k[7] -k[9], 4c-k[18], 18b-2k[11], 12b-3k[10] -2k[11], 24c-5k[12]}
Out[36]=
[« 2c [«
{{ae—,be—Zc,k[l]e@,k[2]e@,k[3]90,k[4]e—,k[5]e——,k[6]e@,
5 5 5
16 c 24 c
k[7]e—4c,k[8]e—,k[9]92c,k[le]e4c,k[11]e—18c,k[lZ]e—}}
5 5
IIpoBepka

nz7:= r8=r/.solf[1l] /.c-5
s10=s/.sol[[1] /.c~»5

Expand[dt[r8, ut] - dx[s10] ]

Out[37]=
5u[@]*-10u[@] u[1]?+u[2]?
Out[38]=
24u[@]°-90u[0]%u[1]?+20u[0]3u[2] +10u[1]%u[2] +
16 u[@] u[2]%-20u[@] uf[l] u[3] -u[3]%2+2u[2] u[4]
Out[39]=

BblumMcnenne B npoueaype

CraenmaeM TO k€ caMoe B BHJE TIPOLEAYpbI JuIs J1to0oro Beca. [yt ogHO3HaYHOCTH, prkcupyeM K03 hupeHT
IIpY KBaJpaTe CTapllel IpOU3BOIHOM.
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inf401:=  ut=u[3] +6u[0O] <u[l];

consl[m_] :=Module[{r, s, a, b, eq},
r=rhom[2, 1, m];
r =Table[a[i], {i, 1, Length[r]}].r/.a[1] - 1;
s=hom[2, 1, m+ 2];
s = Table[b[i], {i, 1, Length[s]}].s;
eq=dt[r, ut] -dx[s];
eq = Union[Flatten[CoefficientList[eq, vars[eq, u]lll];
eq =Solve[eq==0];
If[Length[eq] =0, {{0@, ©}}, {r, s} /.eq] /.u[n_] > u,

1
In[421:=  consl[2]
consl[3]
consl[4]
consl[5]
consl[6]
consl[7]
cons1[8]
consl[9]
cons1[10]
consl[11]
consl[12]
out[42]=
{{ue, 3u +ua}}
out[43]=
{{0, 0}}
out[44]=
{{ug, 4ug-ui+2upuy}}
out[45]=
{{0, 0}}
out[46]=
{{-2u3+ul, -9ug+12upu -6Uju, - U5 +2ug U3} )
out[47]=
{{0, 0}}
out[48]=
{{5ug-10ugui +u3, 24ug - 98 ujuT + 20 ug Uy + 10 UT Uy + 16 Ug U5 — 20 Up Uy U3 — U3 + 2 Up Uy} |
out[49]=
{{0, 0}}
out[50]=
{{-14u5 + 70 Ui U] - 14 up U3 + U3, -7@ ug + 560 ug us + 35 U7 - 7@ Ug U, - 140 Up U] Uy -
154 U2 U2 - 2 U3 + 140 U2 U; Uz + 28 Uy Uy Uz + 20 Up U3 — 28 Ug U Uy — U2 + 2 Ug us} |
out[51]=
{{0, 0}}
out[52]=

{{42u§ - 420 u3 uj - 35u] + 126 uj U3 + 20 U3 - 18 U U3 + Uj, 216 U) - 3150 Ug UF - 840 Ug Uy + 252 Ug Uy +
1260 ug u? u, + 1176 ug U3 + 462 U2 U2 + 156 Up U3 — 840 U3 Uy Us — 140 U3 U3 - 504 Up Uy U Us -

234 uj u3 - 18 Uy U5 + 252 Ug U Uy + 60 U3 Uy + 36 Ug U3 Ug + 24 Ug U7 — 36 Ug U3 Us — U3 + 2 U Ug } |
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4 [peobpa3oBaHMe Muypbl

ITycts v yaoBneTrBopsieT ypaBHeHUI0 MKAD™ v, = v,y — 6 (v2 + /l) Vy, TOTJIA TIEPEMEHHAS U = Vy + 17 + A
yaoBieTrBopsieT ypaBHeHUI0 Kn®d u; = uy . — 6 v uy.

UYUToOBI IPOBEPHUTH 3ITO, BPEMEHHO NOMEHseM poaamu u 1 v (Tak Kak npasuia JuddQepeHnpoBaHus y HaC
3aJIaHbI IS U):

nisa- ut=u[3] -6 (u[@]%+2) u[l];
v=u[l] +u[0]2+A;
-dt[v, ut] +dx[v, 3] -6vdx[Vv]
Expand[%]

Out[55]=
12u(@] u[1]%+6 (A +u[@]%) u[2] +6u[1] u[2] -

6 (A+u[@]%+u[1]) (2u[@] u[1] +u[2])+2u[@] u[3]-2u[@] (-6 (A+u[@]%) u[l] +u[3])

Out[56]=

5 ObpalieHne npeobpaszoBaHMA MUypbl

[Monoxkum 4 A = —z2:

Vv =222 +u.
I[ozcTaBUM CIOfa pPa3IoKeHHe

v=—z/2+Vo+Vi/z+ Vo ]Z* + ...
(uHAEKC y ¥ 9TO HPOCTO HOMEp, He HPOU3BOHAS), ITO AACT

22/4 -z Vo + (—Vl + Vg) + (—V2 +2 Vo Vl)/Z

+(=V3+2Vo 2+ Vi) /22 + o +Vox+Vix[z+ Vax )22 +.. = 2 [4+u.

Otcroza cnexyet, uto Vo =0, V) = —u, a Ha ocTanbHbIe KO (PUIUEHTH TOTydaeM PeKypPEHTHBIE
COOTHOLICHUS

Vn+l = Vl Vn—l + ...+ Vn—l Vl + me 20, n= 1, 2, 3, et
Brrancnnm HeCKOIBKO TIEPBBIX KOZ)(I)(bI/IIII/IGHTOB (cxameM, 13, XOTs MallnHa MOXET ropa3ago 6OJ'II>HI€).
In[57]:=  M=13;

V[1l] = -u[@];
Do[V[n +1] = Factor[ (dx[V[n]] + Sum[V[s] xV[n-s], {s, 1, n-1}]1)], {n, 1, M-1}];

inf60l:=  Do[Print[V,, "= ", V[n] /. u[k_] = ugl, {n, 1, M}]
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V]_: -Up

Vzi -Uq

V3= U% - Uy

V4= 4 uUgup - Us

V5= —2ug+5ui+6ueu2—u4

Vg = —16u5u1+18u1u2+8ueu3—u5

Vy= 5Uj-58Ug U2 -30U3uUy+19Uu3+28uy Uz + 10 Up Uy - Ug

Vg= 64 U3 Uy - 60 U3 - 216 Up Uy Uy — 48 U3 Uz + 68 Uy Uz + 40 Uy Uy + 12 U Us — Uy

Vo= —14 U + 350 U3 uZ + 140 U3 U, - 442 U2 U, -
266 Up U3 — 392 Up Uy Us + 69 U2 — 70 U2 Uy + 110 Uy Uy + 54 Uy Us + 14 Up Ug - Ug

Vig= -256 Uj Uy + 960 Up U3 + 1728 U3 Uy U, — 1224 Uy U2 + 256 U3 us - 900 uZ u; -
1088ueu2u3—640ueu1u4+250u3u4—96u5u5+166u2u5+7eu1u6+16u0u7—u9

Vip= 42 u§ - 2100 uj u? + 1105 u? - 638 uj u, + 7956 Up U2 U, + 2394 U2 U3 -
1262 u3 + 3528 U3 Uy U3 — 5564 Uy Uy Us — 1242 Up U2 + 420 U3 us - 1630 U2 Uy — 1980 Ug Uy Ug +
251 U2 - 972 Up Uy Us + 418 U3 Us — 126 U2 Ug + 238 Uy Ug + 88 Uy U7 + 18 Ug Ug — Uz

Vi,= 1024 ug u; - 9600 u3 ud - 11520 ud u; u, + 13560 ud u, +
24480 Ug Uy U2 - 1280 Ug U3 + 18800 Ug U2 U3 + 10 880 U3 U, U3 — 9524 U3 Uz - 7000 Uy U3 +

6400 U2 Uy Uy - 11140 Uy Uy Uy - 5000 Up Us Uy + 640 U3 Us — 2720 U2 Us - 3320 Ug U Us +

922 uy4 Us - 1400 ug Uy Ug + 658 U3 ug — 160 ué u; + 328 Uy U7 + 108 Uy Ug + 20 Ug Ug — Uqq

_ 7 4 2 4 5 2 2 3,2 2 .2
Viz= -132ug + 11550 ug uy - 24310 Ug Uy + 2772 Uy Uy - 87516 Uy U7 Uy — 17 556 Uy U5 + 69006 Uy U; +

27764 Up U3 - 25872 U3 Uy U3 + 33760 U3 Uz + 122408 Up Uy Up Us + 13662 Uj U2 - 26322 U, U2 -

2310 uj Uy + 35860 Ug U2 Uy + 21780 UJ Uy Uy - 20922 U3 Uy - 30776 Uy Uz Ug — 5522 Ug U3 +

10692 U2 Uy Us - 20376 Uy U, Us — 9196 Ug U Us + 923 UZ + 924 U3 ug - 4270 U2 Ug - 5236 Up U Ug +

1582 uy ug — 1936 Ug U, U7 + 988 U3 Uy — 198 ué Ug + 438 Up Ug + 130 Uq Ug + 22 Ug Ugg — Uqy

MOo>KHO TIPOBEPHTH, YTO MTOCTPOCHHBIN OTPE30K Psifa JEHCTBUTEIBHO YAOBICTBOPSET YpaBHEHHIO (5), C
TOYHOCTEIO JIO WIECHOB 2z ¢ n = M:

nle1l= v=-z/2+Sum[V[n] /2", {n, 1, M}];
Ser'ies[Expand[v2 +dx[v]], {2z, Infinity, M-1}]

out[62]=

22 1,13
Y +o{—]
4 z

MHorowIeHs! Vn SABJIAKOTCA INIOTHOCTAMMU 3.C. IJIA Kﬂq), TO €CTh, CYHICCTBYIOT q)yHKHI/H/I 0, OT Uy TaAKHUEC, YTO
Dt( Vn) = Dx(o-n)~

KopoTkuii cniucok MI0THOCTEN:
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infe3:=  ut=u[3] -6u[0O] <u[l];
rhos = Table[V[n], {n, 1, 10}]
Out[64]=
{-u[e], -u[1], u[@]*-u[2], 4u[6] u[1] -u[3],
—2u[0]3+5u[1] +6u[0] uf2] -uf4], -16u[@]2u[1] +18u[1] ~u[2] +8u[@] ~U[3] -u[5],

5u[@0]*-50u[@] u[1]>-30u[@]%u[2] +19u[2]®+28u[1l] u[3] +10u[@] ‘u[4] -u[6],
64uf0]3u[l] -60u[1]®-216u[@] u[l] u[2] -

48u[0] []+68u[] u[3]+4eu[1] u(4] +12u(@] ~u[5] -u(7],

-14u[e]® +350u[] uf1]2+140u[0]3u[2] -442u[1]%u[2] -266u[@] U[2]%>-392u[@] ~u[1] u[3]+
69u[3]®-70ul0]? [4]+110u[2] [4]+54u[1] u[5] +14uf@] u[6] -u[8],

—256u[@]%u[1] +960u[@] u[1]®+1728 u[@]%uU[1] ~u[2] -1224u[1] u[2]?+

256 u[@]3u[3] -900u[1]%u[3] -1088u[@] u[2] u[3] -640u[0] u[l] u[4]+

250u (3] u[4]—96u[0]2u[5]+166u[] uf5] +70u(l] ~u[6] +16U[0] u[7]—u[9]}

Juddepenimpyem ero 1o ¢ ¥ HaXOAUM o HHTETPUPOBAHNEM:

n65):= Expand[dt[rhos, ut]];
sigmas = Expand[int [%] ]

Out[66]=
{3u[e]?-u[2], 6u[@] u[1] -u[3], -4u[@]®+5u[1]®+8u[@] u[2] -ul4],
-24u 0] u[(l] +18u[1] u[2] +10u[@] ~u[3] -u[5],
u[@]*-60u[0] u[l]>-42uf@]?u[2] +19u[2]2+28u[1l] u[3] +12u[@] ‘u[4] -u[6],

]
[
]
96u[0
[
[

1u[1] -60u[1]®>-252u[@] u[l] ‘u[2] -
64 u 0]2u[ 3] +68u[2] ~u[3] +40u[l] “u[4] +14u[O@] “u[5] -u[7],
-24u[0]° +450u[@]%u[1]®+200u[@]3U[2] -442u[1]%u[2] -304u[B] u[2]%-448u[@B] ~u[l] u[3] +
69u[3]2-90u[@]%u[4] +110u[2] u[4] +54u[1] u[5] +16u[@] u[6] -u[8],
-384u[0]%u[l] +1080u[@] u[1]®+2160u[@]%U[1l] u[2] -1224u[1] u[2]?
352u[@]3u[3] -900u[1]2u[3] -1224u[@] ~u[2] ~u[3] -720u[@] ~u[l] u[4] +
250u[] u[4]—120u[0]2u[5]+166u[2] u[5]+7eu[1] u(6] +18u[@] “~u[(7] -ul9],
70u[0]® zseeu[e] u[1]2+1105u[1] 910u[0] u[2] +8840u[@] u[1]2u[2] +
2926 u[0]2u[2]%-1262u[2]%+4312u[@]%u[1] ~u[3] - 5564 u[1] u[2] u[3] -1380u[@] u[3]2+
560u[0]3u[ ]—1630u[1]2u[ 4] -2200u[0Q] <u[2] u[4]+251u[4] -1080u[0@] ~u[l] ~u[5] +
418 u[3] u[5]—154u[0]2u[6]+238u[2] u(6] +88u(l] u[7]+20u[0] u(8] -uflej,
1536 u[@]° u[1 ]—11520u[0] 2yu[113-14976u[0]3u1] ~u[2] +13560u[1]3u[2] +
26928 u[0] ~u[1] u[2]%>-1792u[@]%u[3] +19800u[@] U[1]%u[3] +
13056 u[@]2u[2] u[3] -9524u[2]%u[3] -7000u[1] u[3]%+7680u[0]%u[l] u[4d] -
11140 u[1] u[2] u[4] -5500u[@] ~u[3] u[4] +832u[@]>u[5] -2720u[1]%u[5] -

3652 u[@] <u[2] ~u[5] +922u[4] u[5] -1540u[0@] ~u[l] ~u[6] +658U[3] u[6] -
192u[0]2u[7]+328u[2] uf(7] +108u[l1l] ~u[8] +22u[9] u[9]—u[1l]}

IIposepka:

inl67:=  Expand[dt [rhos, ut] - dx[sigmas]]

Out[67]=
{0, 0,0, 0,0,0,0,0,0,0}

Ecmm HTOCMOTPCTh BHUMATCIIbBHO HA BBIIIMCAHHYIO BBILIC Ta6J'II/IHy, MOKHO 3aMCTHUTB, UTO BCC Vn C YCTHBIMHU
HOMCEpAaMU CaMMU SBJIAANOTCS TTOJIHBIMU IPOU3BOAHBIMU I10 X, eme 10 I[I/I(i)(l)epeHHI/IpOBaHI/ISI 1o ¢:
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inlegl:= Table[V[n], {n, 2, M, 2}]

int[%]
Out[68]=

{—u[l],4u[0] u[l]—u[3],—16u[0]2u[1]+18u[1] uf2] +8uf@] ~u[3] -u[5],
64u0]3u[l] -60u[1]>-216u[@] u[l] u[2] -48u[@]2u[3] +68u[2] u[3] +40u[l] u[4] +
12u[0] u[5] -u[7], -256u[@]%u[1] +960u[0] u[1]>+1728u[0]%u[1] u[2] -1224u[1]u[2]2+
256 u[0]°u[3] -900u[1]%u[3] -1088u[@] U[2] ‘uU[3] -640u[0] u[l] u[4] +

250u (3] u[4]—96u[0]2u[5]+166u[2] u[(5] +70ufl] <u[(6] +16U[O] “u[7] -u[9],

1024 u[0]° u[1] -9600 u[0]%u[1]>-11520u[@]3u[1] u[2] +13560u[1]3u[2] +

24480 u[0] u[l] u[2]%-1280u[@]*u[3] +18600uU[@] U[1]%u[3] +

10880 u[0]2u[2] u[3] -9524u[2]%u[3] -7000u[1] u[3]%+6400u[0]%u[l] u[4] -

11140 u[1] u[2] u[4] -5000u[@] u[3] u[4] +640u[B]>u[5] -2720u[1]%u[5] -
3320u[0@] <u[2] ~u[5] +922u[4] u[5] -1400u[0@] ~u[l] ~u[6] +658U[3] u[6] -
160u[0]2u[7]+328u[2] uf(7] +108u[l1l] ~u[8] +20u[9] u[9]—u[1l]}

Oout[69]=
16
{—u[@],Zu[@]z—u[Z],——u[0]3+5u[1]2+8u[0] uf2] -uf4],
3

16u[0]*-60u[@] u[1]>-48u[@]2u[2] +20u[2]%+28u[1] u[3] +12u[@] ‘u[4] -u[6],

256

-— u[@]°+480u[@]’u(1)®+4 (64u[0]>-113u[1]%) u[2] - 320u[6] u[2]*-

5

448u[@] u[1] u[3] +69u[3]%-16 (6u[@]>-7u(2])u[4] +54u[1] u[5]+16u(@] u[6] -u[8],
512u[@]®

———— -3200u(@]’u[1]?+1130u[1]*-80u[0] (16u[0]°-113u[1])?) u[2] +

3

, 3904 u[2]3

3200u[0]%u[2] +20u(1] (224u[@]?-281u[2]) u[3] -1380u[@] u[3]%+

3
40 (16u[0]° -41u[1)®-56u[8] u[2])u[4] +252u[4]? -2 (540u[0@] u[1] -209u[3]) u[5] -

80 (2u[0]2—3u[2]) u(6] +88ufl] ~u[7] +20u[0@] ~u[8] —u[le]}

Takwue mI0THOCTH HE 3aCUUTBIBAIOTCA, OHU OTBCYAKOT mMPpUUdIbHblM 3aKOHAM COXpPAaHCHUSA. A ¢ HeUYeTHEIMH
HOMCEpaMU BCC B NOPSAJAKC, 5TO HCTPHUBUAJIBHBIC IIJIOTHOCTH.
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in[7ol:= Table[V[n], {n, 1, M, 2}]

int[%]
Out[70]=
{-u[e],u[e]z-u[Z],-2u[e]3+5u[1]2+6u[e] u[2] -uf4l,
u[@]*-5eu[0] u[1]>-30ufe]2u[2] +19u[2]2+28u[l] u[3] +10u[@] ‘u[4] -u[6],
—14u[0] +350u[0]2u[1]2+140u[0]3u[2]—442u[1]2u[2]—266u[0]u[2]2—392u[0] ufl] ~u[3] +
69u[3] 7eu[0] u[4]+110u[2] u[4]+54u[1] u[(5] +14u[@] ~u(6] -U[8],
42u[0]° - 21eeu[e] ur1]? +1105u[1] 630u[0]4u[2]+7956u[0]u[1]2u[2]+
2394u[0]%u[2]? 1262u[] +3528u[0]%u[1] ~u[3] -5564u[1] u[2] u[3]-1242u[@] u[3]+
420u[0]°u[4 ]—1630u[] u[4] -1980u[@] u[2] ‘u[4] +251u[4]%-972u[@] u[l] ‘u[5] +
418 u[3] u[5]—126u[0] u(6] +238uf2] ~u(6] +88u[l] ~u[7] +18u[@] “u[8] -u[lO],
-132u[® ]7+11550u[0] u[1]?-24310u[@] u[1]*+2772u[@]°U[2] - 87516 u[@]%u[1]%u[2] -
17556 u[0]3u[2]%+ 69006 u[1]%u[2]2+27764u[@] u[2]®-25872u[0]>u[1] u[3] +
33760 uf1]? []+122408u[0] ufl] u[2] u[3] +13662u[0]%u[3]%-
26322u[2] u[3]%-2310u[0]%u[4] +35860U[@] u[1]%u[4] +2178Bu[0]%u[2] u[4] -
20922 u[2]2u[4] -30776 u[1] ~u[3] u[4] -5522u[@] u[4]®+10692u[@]%u[1] ‘u[5] -
20376 u[1] ~u[2] ~u[5] -9196u[@] ~u[3] ‘u[5] +923u[5]%2+924u[@]3u[6] -
4270 u[1]%u[6] - 5236 u[@] u[2] u[6] +1582u[4] u[6] -1936u[@] u[l] u[7] +
988 u[3] u[7]—198u[0]2u[8]+438u[2] u(8] +130u[l] ~u[9] +22u[9] u[l@]—u[lZ]}
Oout[71]=

{—Ju[x] dx, J(u[x]z—u”[x]) dx, J(—Zu[x]3 +5U [x]%+6u[x] u”’[x] -u® [x]) dx,
J(Su[x]“—seu[x] u'[x]%-30u[x]?u” [x] +19u”[x]?+28 u [x] u® [x] +18u[x] u® [x] -u'® [x])

dx, J(—14u[x]5 +350u[x]2u [x]2+140u[x]3u” [x] - 442 u' [x]2 U [X] -

266 u[x] u”[x]%2-392u[x] u [x]u®[x] +69u® [x]2-70u[x]%u [x] +
110 u” [x] u™® [x] +54u [x] u® [x] +14u[x] u® [x] -u® [x]) dx,

J(42u[x]6—2109u[x]3 u[x]2+1105u [x]* - 630 u[X]* U’ [X] + 7956 u[x] u [x]2u”[x] +

2394 u[x]2u”[x]%-1262u" [x]®+3528 u[x]2u' [x] u® [x] -5564u [x] u”[x] u® [x] -
1242 u[x] u® [x]2+420u[x]3u™® [x] - 1630 U [x]2u'® [x] - 1980 u[x] u”[x] u® [x] +
251u® [x]2-972u[x] u [x] u® [x] +418u® [x] u® [x] -126u[x]2u‘® [x] +

238" [x] u'® [x] +88u [x] u” [x] +18u[x] u® [x] -u® [x]) dx,

J(—132u[x]7 +11550u[x]*u' [x]%-24310u[x] U [x]*+2772u[x]° u” [X] -

87516 u[x]2u [x]2u”’[x] -17556 u[x]3u” [x]%+ 69006 U’ [x]2u"[x]%+27764u[x] u”[x]>-

25872 ux]3u [x] u® [x] +33760u [x]>u'® [x] + 122408 u[x] U [x] u” [x] u® [x] +

13662 u[x]2u® [x]2-26322u" [x] u® [x]%-2310u[x]*u® [x] +35860u[x] u' [x]2u® [x] +

21780 u[x]2u”[x] u® [x] - 2@922 u’[x]2u® [x] -30776 u' [x] u® [x] U [x] -

5522 u[x] u'® [x]2+10692u[x]?u [x] u® [x] -20376 u [x] u”[x] u® [x] -

9196 u[x] u'® [x] u® [x] +923u® [x]2+924u[x]3u'® [x] -4270 0’ [x]2u'® [x] -

5236 u[x] u”’[x] u‘® [x] +1582u® [x] u'® [x] -1936 u[x] u [x] u” [x] +988u® [x]u'” [x] -
X 2

Wrak, Ham SKCIIEPUMEHT IPUBOAUT K CICAYIOLUIUM MPEITOI0KEHHIM:
1) Bee ko3 punmenTs! B pa3noxkeHnuH v(z) SBISIOTCS INIOTHOCTIMH 3.C. 11t Knd;
2) TIOTHOCTH C YETHBIMU HOMEPAaMH TPUBHUAIBHBI;

3) IJIOTHOCTH C HEUETHBIMU HOMEpaMH1 HCTpHUBUAJIbHBI.



