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pynnoBasa Knaccmdukauma Lenoukm HeIMHEeUHbIX
BOJIHOBbIX YpaBHEHUM TpeTbero nopsaka

ba6kos 0.K., Myxametosa I.3.

YOUMCKMI1 rocynapCTBEHHbIN aBUALIMOHHbIN TEXHUYECKUI yHuBepcuTeT, Yoda

B pabote npuBoaaTcs pe3ynbTathbl BbIYUCAEHWS anrebp TOYEYHbIX CUMMETPUIA AN HEIMHEMHBIX BOSTHOBbIX YPaBHEHMIA
TpeTbero nopsakKa, CBA3aHHbIX B LLenouky npeobpasosaHuaMmu baknynaa. Metonom Jin-0scsHHMKoOBa [1-3] HaraeHb
OCHOBHblE anre6pbl TOUEYHbIX CUMMETPUIA YKA3aHHbIX YPAaBHEHMUIA, BbIIBNEHbI BCE BO3MOXHbIE C/ly4an UX pacLUMpeHus

W BbIYUCIEHDI TaBMULLbI KOMMYTAaTOPOB HaWAEHHbIX anreodp.

KntoueBble cnoBa: Lenoyka AMpdepeHumanbHbiX YpaBHEHUI, rpynnoBas Knaccudukawms, 4onyCcTUMbIN onepaTop,

anre6pa Jln, Tabnmua KOMMYTaTOPOB

Bcrony u nanee K(s) — HEKOTOpast JOCTATOYHO
miakast GyHKIVS OGHOM TepeMeHHO, OTIIMYHAsI OT
JIMHEHOIA.

PaccmaTpuBaeTcs  IieloYykKa M3  4YeThbIpex
YpaBHEHMUI:
a3
Up = @K(u), u=u(tx),
2
Uy = @K(vx), v =1v(t,x),
Wy = iK(wxx), w=w(t,x),
ox
zy = K(zxxx), 2z =2z(fx),

CBsI3aHHBIX NTpeobpasoBaHusIMM BakiyHna z, = w,
Wy = U, Uy = U, ¥ IPOBOAUTCS IPYIIIOBas Kiaccupu-
Kauwus 0151 KaXKO0ro U3 3TUX YeTbIpeX ypaBHeHuit. Crie-
IyeT IPU3HaTh, YTO OCHOBHBIM CTMMYJIOM K PEIIeHNI0
IIAaHHOM 3aJlauu MOCTYXKMia NpuBeJeHHas B [4] rpyn-
moBasi KiaccubuKauys eMmoYKy HeMHENHBIX BOTHO-
BBIX YpaBHEHUI BTOPOTO NOPSIIKA.

OT™MeTuM, 4TO [IJs1 Caydasi JUHENHOW (YyHK-
umu K(s) Bce ypaBHEHMS LIETIOUKY IIPEBPaLIaOTCsI
B OOHO U TO Xe JIMHeNHOe YpaBHEHUE Uy = Alyyx

© MHctuTyT Mexanuku um. P.P. MaBitotoBa YOUI] PAH
© Ba6kos O.K.
© Myxametosa I.3.

(M = const # 0) ¢ 6eCKOHEYHOMEPHOI1 anredbpoii go-
MTYCTUMBIX OTIePaTOPOB:

<at, ax, uau, 3tat +2xax, h(t, x)au>,
htt(f, X) = )\hxxx(t, x).

Teopema 1. YpaBHeHNe

a3
uttzﬁK(u), u=u(tx)
MpY  TMPOU3BOABHON  HEIOCTOSIHHOV — (QyHKIUK

K =K(u) nonyckaet 3-MepHYyI0 anre6py orepaTopos
Lz = (94, 0y, 3t0; + 2xdy ). Tabmya KOMMYTAaTOPOB:

Xy X X3
X 2X,
Xo 3X,
X; | —2%; | —3%,

Pacmpenne 310 anre6pbl BO3MOKHO TOJIBKO B
cdIegyrmux coydasax:
1.K(u) = Ky(au +b)*,a #0,A #0,1,-1/2,-3,
3

0
U = Klﬁ(au + b))"Z

2 b
X4 — *tat+dm <1/l+ 11) au,
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X1 Xo | X3 | Xa
X1 2X;

X, 3%, | —X,
X; || —2X; | —3X,

X, X,

uy =K 87371 :
y Utt — 1ax3 /7ﬂu+b.

4 b
X4 = —tat— g <M+a) au,

X5 = x20, — 4x (u + Z) Ou;

2. K(u) = Ky (au +b)~2

X1 X3 X3 Xy X5
X 2X, X5+3%y
X, 3%, | X,
X3 2%, | —3X 2X5
Xy X
Xs|| —X3—3X, X5
33
3. K(u) = Ky(au+b)73, uy = Klﬁ(au +b)73:
X4 = —tat - é (u+ b) auz
3 a

X5 = t28t+t (M+ z) Ou;

X1 Xs X5 | Xa | Xs
X1 2X;

X, 3%, | —X» | —2X4
X3 | —2X; | —3X, 3Xs
X, X, —Xs
Xs 2X, | —-3X5 | Xs

Opyrux cyyaeB paciivipeHus] MMHMMAaJIbHOI aJi-
re6psl Lz HeT.

Teopema 2. YpaBHeHMEe

a2

a2

Uy = v =19(tx)

PV IPOM3BOJIbHOI HenmyHeltHoi Gynkuym K = K(z)
IIOITyCKaeT 5-MepHYI0 airebpy ornepaTopoB

Ls = (3o, 3y, D, Do, 3t0; + 2xdx -+ 2005).

Tabauila KOMMYTaTOPOB 3TO¥ aNred6pbl MMeeT BUI:

Xy X3 X3 Xy X5
Xq —X4 —Xi
Xy || Xy 3Xp
X3 2Xy
X, 2X,
Xs || Xy | =3%, | —2X3 | —2X,

Pacimpenne 3T0it anre6pbl BO3SMOXKHO B CIEIYIO-
munx CIydyasx:
1. K(z) = Ki(az +b)*,
82
H = Kl@(ﬂvx + b)}\:

a£0, A#£1,-3,

Xg = a(h—1)td; — 2(av + bx)0dy;

93
4. K(Z) = Klekz, U = Klﬁex”:

Xy = toy — %au}

X1 Xy X3 Xy
X 2X,
X, 3X, | Xo
Xs || —2X; | =3X,
X, —X,

3

5.K(2) = Ky In(au + b), 1 = Ky s In(au + b):

ox3

X4—xax—3<u+2) du;

Xy X3 X3 | Xy
X 2%, | X,
X, 3X,
X; || —2x; | =3%,
X, | —x;

X X, X3

X; —X,

X5 X4

X3

Xy

Xs X —3X, —2X;5

X(, ﬂ()\Jrl)Xl *ﬂ()\.*l)Xz 2bX4
Xy X5 Xe

Xl _Xl —ﬂ(}\+1)X1

X2 3X2 11(7\ - 1)X2

X5 2X, —2bX,

X4 2X4 *2&X4

Xs —2X4

Xé 2&X4

2

d
2. K(Z) =Kj (az + b)_s, Uy = K]aix:%(ﬂvx + b)_31

X = 4axdy + (av — 3bx)dy,
X7 = at?d; + t(av + bx)dy;
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Xi X5 X3 Xy
Xq —Xy
X5 Xy
X3
Xy
X5 Xq —3X5 —2X3 | —2X4
X6 —2aX1 411X2 2bX4 2&X4
X7 2.0 —bXy | —aXq
X5 Xg Xy
X1 —X1 2aX1
Xy | 3Xy | —4aXp | —3Xe
X3 2Xy —2bX,y bX,
X4 2X4 *2&X4 aX1
X5 3Xy
Xe —4aXy
X7 —3X7 411X7
Az 32 Ao
3. K(z) = Ky, vy = K1$e X

X6 = )\tat — 2xav;

X1 | Xo | X3 | Xa] X5 X | X7
Xi Xo| X3 3X;
X, X5 X5 [2X%,
X3 4X,
Xyl — X6 | — X5 — X4
Xs|| — X3 X5
Xe — X5 2X¢
Xo|[—3X1 | —2X5| —4X3| X4 | — X5| —2X6

Pacmmpenue 3Toi1 anre6pbl BOSMOKHO B CIEAYIO-

IUX CyYasix:

1. K(z) =

Ki(az + b, a # 0, L # 0,1,-3,
0
Wi = Klﬁ(awxx + b)kl

2b
Xg = (20 + 1)td; + 2x9y — 7xzaw;

X1 | Xo | X3 | Xy | X5 | Xe
X1 _X4 —Xl }\Xl
X2 Xy 3Xp | —A Xy
X3 2X4 2X4 Xl X, X3 X4
X4 2X4 X1 X6
X5 Xy |-3X5|—2X3]—2Xy X, X
X6 _}\X1 7\,X2 —2X4 X;
X4 *Xé. *XS
4.K(z) = KiIn(az +b), vy =K a—zln(av +b): X5 —X3
. — I\ y Ut — I\ ax3 X : X6 _X3
X7 —-3X1 —2X5 —4X3 X4
Xo = At a0 = Xg |[— (20 +1)X1|—2X, + %bxe (20 +3)X,
X1| Xp X3 Xy | X5 X6 X5 Xe X, Xs
X1 —Xy —X1| —aXy X; X3 3% | (DX
Xa| X4 3%, | aXp A
X3 2X4 LIX3 — bX44 iz X3 ZiZ 2X2 - ;XG
Xy 2X, 3 3
X —X; |—(2r+3)X
X5|| X1 |=3Xa| —2X3 |—2X4 Xi X54 —EZ}\I%XA;
Xgl|laXq|—aXp|—aXs + bXy X 2Xs —2X,
Ipyrux ciayyaeB paciifpeHns MUHMMAaIbHOI aJl- X7 —X5 —2Xg
re6pbl Ls HeT. Xs || (2h+1)Xs5 2Xs

Teopema 3. YpaBHeHNe

d
W = *K(wxx)/

pp w=w(t x),

TPV TIPOU3BOJIbHOI HeMuHeltHo# dyHkiumun K = K(z)
IOITyCKaeT 7-MepHYIO anre6py onepaTopoB

Ly = (94, 0y, 0w, tX0y, 10z, X0z, 3t + 20y + 41w3y).

Tabnuiia KOMMYTaTOPOB:

d
2. K(z) =Ky (az+b) 73, wy :Klg(awxx—l—b)%:

Xg = —5t0; + 2x9x — iszaw,

b
Xo = 4120, + 2t <2w + ax2> Ow;
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X1 Xo X3 Xy X5 X3 Xo X3 Xy
Xq Xe X3 X, Xe
};3 X X X3
4 — A6 — A5 X4 _X6 —X5
X5 —X3 % %
X —X3 51 —43
x| —3x; —2X, —4X, Xy | —Xs Xe —X3
4b X7 || —3X3y —2X3 —4X3 Xy
Xgl| 5X; |-2Xp+ —Xe —3Xy |—5X5 b
w " Xs | —X1 | 2Xo+—X, 3Xy
Xo||—X7 4+ Xg —7X4 —4X5 a
Xs X7 Xs Xo X5 X6 X7 Xy
Xl 3X1 75X1 X7 — XS Xl X3 3X1 Xlzb
X%l X3 2X, 2X, — %bxf, %bx4 X X3 2Xp | 2Xp — ;X6
X3 4X5 4Xs5 X3 4X5
Xy ~ Xy 3X, X, — Xy —3X,
X5 X5 5X5 X5 X5 —X5
X 2Xe —2Xe 4Xy X, 2Xe —2Xg
X7l —2Xg 3Xo X7 —X5 —2Xg
Xg 2Xeg —5X9 X8 X5 2X6
Xo|| —4X, —3Xo 5Xo
Opyrux cyyaeB paciivpeHuss MMHMMAaIbHOI aJi-
d re6psI Ly HeT.
3. K(Z) = Kle)‘z, Wi = Klaexw“:
Teopema 4. YpaBHeHe
Xg = — M0 + X%,
8 t w Ztt = K(Zxxx)r z= Z(t/x>
X X, X; X, NPy  TPOU3BOJABHON  HEIOCTOSSHHOV — (QyHKIMM
X X, K = K(z) momyckaeT 9-MepHYyI0 anre6py onepaTopos
§2 X5 Lo= (4, 9y, 0, X3z, X205, td5, £X0;, tx20;, 3t + 2xdy + 620, ).
3
Xy —Xe —Xs X1 X5 X3 X4 X5
X5 | —X3 X;
X —X3 X, X3 2X,
Xy || =3Xy | —2Xp | —4X5 | X4 X;
Xs >\Xl —2X6 —)»X4 X4 7)(3
X5 X X7 Xg X5 —2Xy
X: | Xz 3X; | —A Xy Xe || —X3
X, X3 2X, | 2X X7 || —Xa | =X
X3 4X3 Xg —X5 —2X7
X4 _X4 )\X4 Xg 73X1 72X2 76X3 74X4 72X5
X5 X5 )nX5 X6 X7 Xg Xg
X 2X, X | X3 X4 X5 | 3%
Xy || —Xs | —2Xg X, Xe | 2X7 | 2X,
Xs || —AX5 X3 6Xs3
Xy 4X,
P X5 2X5
4.K(z)=KiIn(az + b), wy :Kla In(awyy +b): Xe 3Xg
X7 X7
b Xs —Xg
Xg = t0; + 2x0x — ;xzaw. Xo | =3Xs | —X7 X3

PaciipeHme 3Toit anre6pbl BO3MOKHO B CIIEIYIO-

munx CIydyasx:
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1. K(Z) :Kl(az+b)"+K0, )\7&0,1,_31_%:

a 75 0, Zt = K1 (azxxx + b))\ + K()Z

X0 = (A —1)tos — (M(otz - Ex?’ — Zaz) 0z;

3a

2. K(z) = Ky(az +b)~V2 + Ko,
“rb)*l/z + Kp:

zi = Ky (ﬂzxxx+

3
X10 = —3axoy + (211K0t2 +bx3 — 3{12) 0dz,

b
X171 = x20, — (K()xt2 + 6—ax4 — 2xz> 0z;
3. K(z) =Ky (az+b)3+Ko, zts = Ky (azxxx+b) 3 +Kp:
X190 = —8a xdy + (9aKot? 4 bx® — 18az)a,,
K b
Xy = 20+ [ 2P+ —tx3 4tz ) 9y
2 6a
4. K(z) = K€" + Ky, zi4 = K" + Ko:

Xy = 3M0; + (3M<0t2 - x3) 3,

5. K(z) = Ky In(az + b) + Ko,
+b) + Kp:

zy = Ky In(azyxx+

Xi9 = —2axdy + (3aKqt? 4 bx*)a,.

[pyrux ciiydaeB paciiipeHuss MUHUMAaAbHOM a-
re6psl Lg HeT.

B mocsegHei TeopeMe npyuBeaeHa TOIbKO TabmIu-
11a KOMMYTaTOPOB OCHOBHOJ aire6pbl AOITYCTVIMbIX
OIepaToOpOB, OCTAJIbHbIE JKe TAOMUIBI KOMMYTaTOPOB
He IPUBOASITCS BBULY UX 3HAUUTEIBHOTO pasmepa.
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Group classification of third order nonlinear wave
equations chain’s

Babkov 0.K., Mukhametova G.Z.

Ufa State Aviation Technical University, Ufa, Russia

The paper presents the results of point symmetrys Lie algebras for third-order nonlinear wave equations calculating
linked into a chain by B?cklund transformations. Calculations are carried out by using Lie-Ovsyannikov method of
group analysis . The basic algebras of point symmetries of the indicated equations are found, all possible cases of
their extension are revealed, and the commutator tables of algebras found are calculated.

Keywords: differential equations’s chain, group classification, admissible operator, Lie algebra, commutators table
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