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IMOUCK CUMMETPHI OJHOMEPHOI' O
YPABHEHUSI ®UJIbLTPALIMU I'A3A!

Boponun N.A.%, llesnaxos A.A.3 (UITY PAH, Mocksa)

Haiioena ancebpa cummempuii 0151 0OHOMEPHO2O YPAGHEHUs.
Quibmpayuu 2aza 8 HOPUCMBIX CPEdax 8 pe3epeyapax Mecmopodic-
OeHutl  yenegodopooos. Paznuunvie Oonywenus omuocumenvHo
BX00UUX 6 YPAGHEHUEe NAPAMEeMPO8 NPUBOOSM K CYUeCmE08AHUIO
CYWYECMBEHHO PAZHBIX CUMMETPULL.

KiroueBnie ciioBa: ypaBHEHUsT B YACTHBIX ITPOU3BOIHBIX, -
depeHInaIbHAST TEOMETPHA, CAUMMETPUH.

Bpenenue

VYpaBHeHne

(1) (b(u)u)e = (a(u)uz)a,

a, b € C*(R), c 01HOI1 HEM3BECTHOM U, 3aBUCHIIIEl OT T1e-
pPEMEHHBIX t W X, OINCBIBAET IIPOIEcC (QUIbTPAINA Ia3a B
MOPUCTBIX CpellaX. IDTO yPaBHEHHE sBJseTCS 00ODIIECHUEM
HEJINHETHOrO ypaBHEHUsI TEILIONPOBOIHOCTHA, B YHUCJIE IIPOYETO
OHO YYHUTBHIBAET J1e(POPMUPYEMOCTDH IMOPUCTOM CPEJbl U CHKUMA-
eMocTh uronioB. B KadecTBe HemzBecTHON (DyHKIUHM OOBITHO
BbICTyIIaeT jJiaBienue. llpejcraBiser wuHTEpeC MOUCK ero
CUMMETPHil, JJIsi Yero MOYKHO BOCIIOJIb30BATHCSI WM3BECTHBIMU
merojamu [1, 2].

! Pabora BbIOMHEHA Tpu (DUHAHCOBOH momjepKke Poccuiickoro
donma bynmamenraababix uccaegosanuii (poext Ne12-08-01238-a)

>Usan Annpeesna Boponun (anarsull23@yandex.ru)

3 Anapeit Anaronnbesma Hlesnakos (aash29@gmail.com).
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1. Ilomck cummeTpuit

IToBepxHOCTH, ONUCHIBAEMasl B IPOCTPAHCTBE JZKETOB ypPaB-
nernueM (1), obozuaanm F.

F = (b(u)u); — (a(u)ug)y.

By,[[eM HNCKaTb KJIaCCUYIE€CKHUEe CUMMETPHUUN BHUIA

0 0 0

X = A(x,t,u)% + B(w,t,u)a + C(w,t,u)%.

Boraucanm mpojiosKeHne BEKTOPHOTO 1moJig X B MPOCTpaH-

crBo 2-mkeros X (2. Vesosue, [pu KOTOPOM X siBJIsseTcst nHGU-
HUTE3UMAJILHOM cuMmmeTpueit F':

B kadecTtBe BHyTpeHHE!l KOODAMHATHI BBIOEPEM  Ug, — =
(byu+b)ur—ay,u?

a . Onpenesstromnye ypaBHEHUSI CUMMETPUI MMEIOT

BT

1(Byaa® +2a(byu+b) Ay — a (byu + b) Bi—

— (—abyyu + (=2 a + ayu) by, + a,b) C) =0,
%(—Cauua + 2 Ay ua® + Cay? — Cuya® — ayaCy) = 0,
2Bya =0,

2 Bya =0,

Buya + ay By, =0,

—Cppa+ Cy (byu +b) =0,

—ayAy + Ayya =0,
2By na+ (2b+2byu) Ay +2a,By =0,
—2Cy o+ Ay za+ (=byu—0b) Ay —2a,Cp = 0.

[peamnonoxum, a(u) # 0 u byu+b # 0. Torna B = B(t), A =
A(z,t). C yaeToMm 3THX yHPOUIEHUH KOJIUIECTBO OIPEIESAIONNX
ypaBHeHuit cokpaTurcs 110 4.
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(2) —Cayua + Cai — ayaCly — Cypa® = 0,

(3) Clau(byu+0b) — a(byyu + 2by)) = a(245 — By)(buu + b),
(4) —Cgpa+ Ci(byu+b) =0,

(5) —2C a4+ Agza — 2a,Cp — Ay(byu +b) = 0.
YpasHenue (2) Moxker ObITh pernieHO oTHOcuTeabHO C, 9TO
JlaeT

C= é(Cl(x, D+ Ca(a, 1)), 6 = /a(u)du.

B ypasuenun (3) koacbdunuent npu C umeer cyniecTBeHHOE
3Hadenne. B ciaydae korga oH He paBeH (), mMeeM, ¢ yIeTOM cIe-
JaHoro npeanosoxkenus a(u) # 0 u byu+b # 0

(ay(byu + b) — a(byyu + 2by,))

C oa D =24, — By,

u ypaBHeHue (3) MOKeT ObITh IIEPENUCAHO B BHUJIE

k/
rae k(u) = (b;‘)/.
Beipazum C,|
k
C - (Bt - 2A$)E/’

nozictasuM ero B ypasuenue (4). Iosyunm
By — 2Auk +2A32: =0
[Tpoanddepentmpyem 1o x,

Aazwzx = kA:ca:t .

Tak kak k 3aBucur ot u (cayqait k=const 6ymer paccmorpen
OTJIEJIBHO), U3 9TOIO yPABHEHMUsI CJIEJyeT
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A:z::c:r;t = 07

Apzt = 0.
[Tpomuddepentupyem (6) mo x u t, oLy IUM

Cxt%’ + 2Azxt - B:L"tt = 07
Coy = 0.

C yuerom sroro npoauddepernupyem (4) 1o X, MOy IUM
Cazz = 0.

[Tpomuddepentpyem (5) mo t, mosyaum
Ay = 0.

[Tpomuddepeniupyem (6) 1o t, mosyaum
Cu = 0.

B cuny monydennnix ycioBuit Ha dyHKIuio C OHA MOXKET
OBITH 3allMCaHA B CJICIYIOIIEM BUJIE:

Cot =0 = C=F(z,u) +G(t,u)

Coze =0 = Frppw =0 = F(z,u) = a(u)z® + B(u)z + v(u)

Ctt =0 = Gtt:O — G(t,u) :§(u)t+n(u)

C = a(u)z® + fu)a + () + E(u)t

Ioncrasus C' B (2), momyanM

—(ax® + Bz + v + &) ayua + (ax? + B+ + £t)a2 —
—aga(/z?+ Br 4+~ + 1) —a(a 22+ 5z +4" +£'t) =0.
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YT00BI 9TO PABEHCTBO BBIOJIHAIOCH, KOIMDMUIIMEHTHI TTPU
x?,x,t 1 CBOOOHBI UIeH JOJIKHBI OBITH paBHb 0. DTO ycioBue
JIAET cjejyloniee ypaBHeHue Ha (DYHKIUIO
2 "2 =0

/
— Q0+ Ay — G0 — Q0 A

B TounocTu Takme ke ypaBHEHUS TOJIYIAIOTCA JJIsT (DYHKITHIT

B,7,§.

Pemus 310 ypaBHenue, mojyaumM

a1a + as
)

a
a = [ a(u)du, a1, as — xoucraursl. Anamornuno s 3,7, €.

[Togcrasum C' B TakoM BHJIe B ypaBHeHue (4).

&(u)(bu)" — 2a(u)a = 0,

(£16 + &)k — 200G — 200 = 0.

N3 sroro ypaBHeHus BO3MOXKHBI 2 CJAEJACTBUS — Jinbo & =
& = a1 = ag = 0, ubo

10 + a9

(Gra+&)

Bropoii ciy4ait B aT0it paboTe MBI HE PACCMATPUBAEM.

Taxum obpazom, C' = B(u)z + v(u).

[Tpoauddepennupyem ypasuenue (6) no x u noxcrasum C' B
HallJICHHOM BHJIE.

k/
B— +2A,, =0.
k
JleBoe ciiaraeMoe 3aBUCHT TOJILKO OT U, & [IPABOE TOJIBKO OT I, t.
Ux cymma MoxkeT ObITH paBHa () TOJBKO B CIydae ecjiu 00a OHU
PABHBI TIOCTOSTHHBIM. Jlasree MbI paCCMOTPUM TOJIBKO CIy4aii § =
Aze = 0. CriepoBaresibio C' = y(u).
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Torna u3 ypasuenusi (5) caenyer A; = 0. Takum obpaszom,
A=Az + As.
[Tpomuddepentuposas (6) o ¢, moayunm By = 0, orkyna
cnenyer B = Byt + Bs.
C ygerom sroro ypasaenue (6) mpumer Buj
~ /
ME+2A1—31 = 0.
a k

MoxkHO paccMaTpuBaTh Pa3/IMIHBIE CIyYad, IPU KOTOPBHIX
3TO YCJIOBUE BBIMOJHEHO. /[T TpuMepa paccMOTPUM CIydail y) =

0, %% = F = const. Pemmum ypaBHenue
72 K
——=F.
a k
N /
k= C’le%a = (bu) .

a

Torma, ITOOBI yCIOBUE BBINOJNHSIOCH, (PYHKIUU ¢ W b JIOJZKHBI
Y/IOBJIETBOPSTH YCJIOBHUIO

/ £4
(bu)’ = aChren".
_ _ —2A+B
B atom cryqae o + 241 — By = 0,70 = =4
Tora BeKTOpPHOE TI0JIE CUMMETPHH UMEET CJICLyIOIINe KOOP-

JIUHATDI
A=Az + Ao,
B = Byt + Bo,
_ —2A,+B
C¢= alE X

OTeIbHO PACCMOTPUM CILyYan
1)C=0mn
2) (ay(byu + b) — a(byyu + 2b,)) = 0.
1) IIpu =0

2A, — By =0.

[Tpomuddepenrupyem no x,
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Ayy = 0.

Torna u3 (5) creayer Ap = 0.

B sToM cirydae ucciieioBaHue MOKa3aJ0 HAJIMYNE JIUIb TPH-
BHAJIBHBIX cuMMeTpuit (caBur 1o x, t u Macurabuposanue). Bosee
MHTEPEeCceH CJIydvaii, Korja
2) a(byuu + 2by) — ay(byu +b) = 0.

D10 ycioBHe SKBUBaJIEHTHO ycioBuio a = k(bu)y, k = K =
const. Torma u3 (3) m OCTANBHBIX YPABHEHUI CJIC/IYET, ITO MCKO-
Mble KO3 MUIUEHTHI BEKTOPHOIO T10JIsl UMEIOT BUJL

A= ar + Al,
B= 2at+B1,
C = L(Cra+ Cy(z,1)),
(CQ(xvt))t - K(CQ(xvt))l’I =0,

e «, Ay, By,Cy, K — xoucrantel, dyuknus Cy(z,t) momxHa
YJIOBJIETBOPSTH yPABHEHUIO TEILIONPOBOJIHOCTU ¢ KOIPDUImen-
tom K, @ = [ a(u)du, npu BHIIOTHEHHN CJIEAYIONUX YCIOBUI HA
dyuknun a u b
a #0,
(bu)y # 0,
a = K(bu),.

2. 3akJjodeHue

B szaBucumocTn oT GpyHKIWMI a 1 b pacCMOTpeHHOE ypaBHEHHE
MOXKeT 00J1a[aTh CYIIECTBEHHO PA3JIMIHBIM HADOPOM CUMMETPHIA.
B camom obmiem cirydae ypaBHeHne obJiagaeT agredpoit cummer-
puit cocrosimeit u3 capura 1o ,t u MacmTabupoBanusi. B pabore
VIAJIOCH OIIUCATH HECKOJIBKO KJIACCOB (DYHKITHH, TIPK IPUHAIIEXK-
HOCTH K KOTOPBIM @ U b ypaBHeHHMe (DUIbTpaluu umeer Gojiee
boraTyio ajredpy CUMMETPHUi, B TOM YHCJIe OECKOHETHOMEPHYIO.
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