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CONFORMAL KILLING EQUATION
ON A 2-SYMMETRIC SIX-DIMENSIONAL INDECOMPOSABLE
LORENTZIAN MANIFOLD WITH TRIVIAL WEYL TENSOR
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Abstract. In this paper, we study the conformal analogue of the Killing equation on 2-symmetric six-dimensional in-
decomposable Lorentzian manifolds, and also study the properties of the conformal factor of this equation. For the case
of conformally flat metrics, new non-trivial examples of conformal Killing vector fields with a variable conformal factor
are constructed.

Keywords: conformal Killing vector field; Lorentzian manifold; k-symmetric space; Weyl tensor.

BBenenue

KoHpopMHO-KWITMHTOBBI BEKTOPHBIE TTOJIS SIBIISIIOTCSI €CTECTBEHHBIM 00001IeHnEeM BEKTOPHBIX nosei Ku-
JIMHTA ¥ MTPAIOT BAYKHYIO POJIb B U3YUEHUH TPYIIIBI KOH(GOPMHBIX NpeoOpa3oBaHUii MHOTOOOpa3usi, MOTOKOB Puy-
Y1 HAa MHOT000pa3uu, TEOPUHU COMUTOHOB Pruuym. [1ceBnopiMaHOBB CHMMETPUYECKUE IPOCTPAHCTBA MOPSIKA X,
r7e k > 2, BOZHUKAIOT B MCCIIEOBAHUX TI0 TICEBIOPMMAHOBOM reOMeTpuH U B pu3uke. B ciydasx, korma k =2
u k =3, onm m3yuens! [. B. AnekceeBckum u A. C. I'amaeBbim [1]. TIpn MaasIx pa3sMepHOCTSAX 3TH MIPOCTPaH-
cTBa 1 BekTopHbIe nonst Kummnara Ha Hux uccnenoBamu M. H. Ockop6wun, E. /1. Poguonos u W. B. DpHer [2].

Conuronsl Puyun siBistiorest 00001eHHEM METPUK DUHINTEHHA Ha (TICEBI0)PUMAHOBBIX MHOTOOOPa3HsIX.
VYpaBHeHHE COIMTOHOB Puuum M3ydanoch Ha pa3MUuHBIX Kjaccax MHOroOOpa3uii MHOTMMH MaTeMaTHKaMH.
B wactHoctu, /1. H. OckopOunsiM u E. JI. Poguonossim [3] HalifieHO 0o0liiee pelicHHe YPaBHEHUS COJIMTOHA
Prugaun Ha 2-CUMMETPHYCCKUX JIOPSHIICBBIX MHOTO00pa3HsIX MaJIOi pa3MEepHOCTH, TI0Ka3aHa JIOKaIbHAS pa3pe-
LIMMOCTB 3TOT0 YPaBHEHUs B KJlacce 3-CHMMETPUUECKUX JIOPEHLIEBBIX MHOT000Opa3uil. B ciyuae noctostHcTBa
KOHCTaHTHI DUHIITEHHA B YPaBHEHNHU COMMTOHA Puyun BekTOpHBIE o KuyumiHTa Mo3BONISIOT HAWTH 001Iee
pelLIeHne YpaBHEHUS COMTOHA Puyun, oTBeyaroniee qaHHOM KoHcTaHTe. OQHAKO sl Pa3IMYHBIX 3HAYCHUI
KOHCTaHTBI DHHINTEHHA POJIb BEKTOPHBIX Mol KuuinHra urpatoT KoH(GOpMHO-KHIITUHIOBBI BEKTOPHBIE OIS,
B CBSI3U C Y€M BOZHHUKACT MOTPEOHOCTD B X M3yUCHHH.

B Hactosimield pabore uccienoBaH KOHQOPMHBINH aHANOT ypaBHeHUs KuimnHra Ha 2-CHMMETPHYECKUX
LIECTUMEPHBIX HEPA3JI0KUMBIX JIOPEHIEBBIX MHOI000pa3nsiX, U3yUeHbl CBONCTBA KOH(GPOPMHOIO MHOKUTEIS
9TOr0 ypaBHEHMS Ha HUX. YCTaHOBJIEHO, YTO KOH(OPMHBII MHOXHTEIb KOH()OPMHOIO aHAJIOTa YpaBHEHUS
Kunnuara 3aBucut ot noseaeHus tensopa Beiins. Tak, ecau Tenzop Belinst HeTpuBHasieH, TO KOHPOPMHBIN
MHOYKHTEIb MOCTOSIHEH (IaHHBIN ClTydail nccaenoBaH panee B padotax [3; 4]). Ecnu ke Tenzop Beiins rpusuanes,
TO KOH(QOPMHBIN MHOKUTENH U 00IlIee pelieHne KOHPOPMHOTO aHaora ypaBHeHusi KuiinHra BeIpakatoTcst
yepe3 ¢pyHkuuu Ditpu. Kpome Toro, s ciayyas paBeHCTBa HYJIIO TeH30pa Beliss mocTpoeHsl HOBBIE HETPH-
BUAJIbHBIE IPUMEPHI KOH(POPMHO-KUIIIMHIOBBIX BEKTOPHBIX I0JIEH C IEPEMEHHBIM KOH(OPMHBIM MHOKUTEIIEM.

IIpeaBapure/ibHbIe CBeICHUS
[IceBnopuMaHOBEIM MHOTOOOpa3nueM Ha3bIBAaCTCS MIaIKoe MHOrooOpasue M, Ha KOTOPOM 3ajaH IJIaJKUi He-
BBIPOXKJICHHBIN CUMMETPUYHBIN METPUUECKUI TEH30p g. ECii MeTpUYeCKHii TEH30p UMEET CUTHATYPY (1, n-— 1),
TO (M, g) Ha3bIBACTCS JIOPEHIIEBEIM MHOTOOOpa3HeM.
[IceBnopumanoBo MHOTOOOpasue (M, g) Ha3bIBaeTCAd CUMMETPHUYECKHUM IOpsKa k, HITU k-CHMMeTpHye-
CKUM, €CJIU ViR = 0, ViR # 0, toe k> 1, R — TeH30p KPUBU3HBI (M, g), a 'V — cBsa3HOCTb JIeBU-UHUBUTEHIL.

B paborax [5—7] M. Kasa n H. Yomnax mokasaiu, 9To OMHOCBSI3HOE JJOPEHIIEBO CHMMETPHUIECKOE TIPOCTPaH-
CTBO U30METPUYHO TPOU3BECHUIO PHMAHOBA CHMMETPUYECKOTO MPOCTPAHCTBA U OHOTO U3 CIEAYIONIHX JIO-

PEHIIEBBIX MHOTOOOpa3Hii: (R, dr’ ), YHHUBEPCAJIHLHOI HaKphIBAOIIEH A-MepHOTO pocTpaHcTBa ae CuTrepa mim

antu e Cutrepa (k < 2), npocrpanctsa Kasna — Yonnaxa, T. e. mpoctpanctsa CH"* 2 (A) = (R” 2 g) C MET-
pHUKOI

g= —2du(dv + Aijxixjdu) + Sl].xizj,

rae 8, — cuMBOJIBI KpoHekepa; 4;; — MaTpUYHbIC KOHCTAHTBL.
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Jlanee Bce paccmarpuBaeMble JIOPEHIIEBEI MHOT000pa3ust Oy/ieM 1moJiarath JOKaJIbHO Hepa3IoKUMbIMH, TaK
Kak 13 Teopembl By [8] BeITeKaeT, 4To J1t000€ JIOPEHIIEBO MHOT000pa3He JIOKAIbHO MOXKET OBITh MPE/ICTaBICHO

B BHJIC MPSIMOTO MPOU3BEICHUSI HEKOTOPOTO PUMaHOBa MHOTO00Opa3us (Ml, gl) U JIOKQJIBHO HEPa3I0KUMOTO
JIOpeHIIeBa MHOTO00Opa3us (Mz, 2 )
2
Omnpenenenue 1. O6O6HI€HH20€ npoctpancTBo Kasna — Yommaxa (C Wi, g) pa3MepHOCTH 1 + 2 > 4, 110-
psanka d onpenensgercs kak R" "% ¢ meTpukoii

g =2dudv + Zn:(dxi )2 + i aij(u)xixjduz, A =(al.j(u)) = il—[iui,
i=0

i=1 ij=1
rae H, — cuMMeTpuyYecKre OCTOSHHbBIE MaTPHULIBI Pa3Mepa 1 X 1.
Teopema 1 [1; 9]. Jlokanbro nepasznodcumoe nopenyeso MHo2oodpasue (M , g) pazmeprocmu n + 2 > 4
ABIAEMCA 2-CUMMEMPUYECKUM (3-CUMMEMPUYECKUM) 8 MOM U MOIbKO 8 MOM ClyHae, eciu OHO JTOKAIbHO U30-
MmempuuHno 0bobwennomy npocmparcmey Kasna — Yonnaxa (C Wi 2) nopsiokad =1 (d=2).

Omnpenenenne 2. [71agKoe nonHoe BEeKTOpHOE 1oie K Ha (TICEBI0)pUMAaHOBOM MHOTO00Opa3uu (M , g) Ha-
3bIBAETCS] BEKTOPHBIM TosieM KuiinHra, eciiu BeIIONHSAETCS paBeHCTBO Ly g =0, rae L, g — npousBoaHas Jlu
METPUYECKOTO TeH30pa BAOJIb MoJs K.

Omnpenesenue 3. [Taaxoe MorHOEe BEKTOpHOE moyie K Ha (TICEBI0)pUMaHOBOM MHOTOOOPA3HH (M , g) Ha3bI-
BaeTCsl KOH(OPMHO-KUIIIMHIOBBIM BEKTOPHBIM HOJIEM, €CIIH BBINOIHSAETCS PaBEHCTBO Ly g = f ( p) g, e Lyg—
npoun3BoaHas JIn MeTpuueckoro TeH3opa Baodb noist K, p € M, a f ( p) — TyajiKast BerecTBeHHast (PyHKIMS Ha
MHOT000pa3uHu.

Ilyctp (M , g) — 2-CHMMETPUYECKOE JIOKATHLHO HEPas3IOKUMOE JIOPSHIICBO MHOTO00pa3ne pasMepHOCTH 7.

Ucxons u3 padotsr /1. B. AnexceeBckoro u A. C. I'anaesa [1], BeiOepem B (M , g) JIOKaJIbHYIO CUCTEMY KOOp-

1.2
JIMHAT (v, X, X5 .., x" u) TaKyIo, 94TO

U N2 & \2
g:2dudv+2(dx’) + Z Hyox'x! + ZuHiil(x’) du?, (1)
i=1 ij=1 i=1

rae H,— cuMMeTpHYeCKUe TOCTOSHHbIE MATPHILBI pa3Mepa 7 X 1; H, — HeBBIPOXKAECHHAs! THarOHaIbHAs MaTPULIA.

B ypaBHeHuu koHpopMHOro aHanora ypasHenus Kumuimnra Ly g = f ( p) g BUJA KOH(YOPMHOTO MHOKUTEIS
f ( p) 3aBUCHUT OT TOTO, SIBJISIETCS JIM METPHUKA g KOH(QOPMHO-IIOCKOH. IlyTeM npsiMbIX BBIYMCICHUH KOMIIO-
HEeHT TeH3opa Beiins merpuku (1) nokaspiBaeTcs cieayromas JieMmma.

Jlemma. Pagencmeo menzopa Betins mempuxu (1) nynio (W = 0) pasnocunvro ycrosuam, umo ece H,, pas-
Hbl MedicOy cobot, éce H;;y pastol medicdy cobou, a npu i # j umeem H, =0.

HoxazarenscTso. Tenzop Beiinst Ha MHOrooOpasuu ¢ MeTpukoii (1) npuHIMaeT BUI

1 n
W= (2= n)(Hyu + Hyg) + D (Hypu + Hyg ) | x

i Ji
n—-2 i

X Z(dudxidudxi + dx' dudx' du — dudx' dx'du — dx' dududyx’ ) +

i=1

+ Hyo(1-8;) D" (dud’d’du + dix' dududs’ — duc'duds’ — dx'duds’ du).
i j=1
3ameTnMm, 4TO B CITydae, KOrja i # j, KOMIIOHEHThI TeH30pa Beiins npu dudyx' dx’ du,, dx' dududx’, dudx’ dudx’
u dx'dudx’du pasubl H ;. Cnenosarensro, ecinu W= 0, To npu i # j umeem H,=0.
Bce xkommnonenTsl Ten3opa Beitnst nipu dudx’ dudx', dx' dudx'du, dudx'dx'du w dx' dududx' ¢ TouHOCTBIO 110

3HaKa UMCIOT CJ'IGI[yIOHII/Iﬁ BU:

1 n
—Hyu—Hy, + _Z(Hjﬂ” +H )
n—-2575

[IpupaBHsieM K Hy110 K03((GUIMEHT IIPHU U, a TAKXKE CBOOOIHBIN YIEH JaHHOTO BBIPAsKCHHUS:

1 n
il n_2jzzl Jjl
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1 n
-H.,+—— ) H.,=0.
ii0 n_2jZ:1 Jjo

Tak Kak 5TH ypaBHEHHs JOJKHbI OBITh CIIPABEIMBBI IIPU HO0BIX 1 < i< n, TO U3 HUX CIENYyeT, uTo Bce H
paBHBI MEX Iy cOOO0M 1 Bce H ;) Takxke paBHbI Mex 1y co00il. JleMma noka3aHa.

HlecTumepHslii ciyyaii

[lepeiinem k aHaIM3y ypaBHEHUS! KOH(OPMHO-KUIIIMHIOBA BEKTOPHOTO Nos. 3aduKCupyeM Touky p € M
U pacCMOTPHUM ypaBHeHHE L, g = fg B JlOKanbHbIX KoopauHarax (1) B okpectHocTH 3TOM Touku. C yde-
TOM pe3yabraroB padotsl [10] Oyaem cumTarh, uyTO IIaakas (QyHKUUS [ 3aBHUCUT TOJIBKO OT MEPEMEHHOH u.

dF(u)

Hcxonst U3 9TOr0, MOXeM IMpPHHSTH, YTO [ = JUIsl HeKoTopol (yHkmu F (u) s mpocToThl M3510-

3 =2z, )C4 =t. O003HAYNM KOOpAMHATBI UCKOMOI'0 BEKTOPHOTI'O

JKEHHsT OyeM Iolararh, 9to X' =x, X’ =y, x
nona K uepes V=V(v, X, Y, Z, t, u), X=X(v, X, Y, z, L, u), Y=Y(v, X, Y, z, t, u), Z=Z(v, X, ¥, Z, t, u),
T=T(v, X, ¥, Z, t, u), U=U(v, X, V, z, t, u) V,X, Y, Z, T, U—tnankue ¢yHKmn), H =H110x2 +2H 5 xy +
+ 2H 30Xz + 2H 4o xt + Hopoy? + 2H vz + 2Hoyot + Hyyg2° + 2Hyyo 2t + Hyyot” + u(me2 + Hypp* +
+ Hmz2 +H 44112 ) B pesynbrare moigyyum cucteMy ypaBHEHHH KOH(DOPMHO-KHJUTMHIOBBIX BEKTOPHBIX I10-
JIeH B JIOKAJIbHBIX KOOPIMHATAX:

U,=0,

U +X,=0,U,+Y,=0,U,+Z2,=0,U,+T,=0,

X, +Y,=0,X,+2,=0,Z,+Y,=0,X,+7,=0,Y,+7,=0,Z,+T =0,
2X,=f,2Y,=1,2Z.= [, 2T, = [, )
U, +V,=f

HU +X,+V.=0,HU, +Y,+V,=0,HU, + Z,+ V. =0, HU, + T, + )] =0,

-fH+2HU, +2V, + XH, +YH, +ZH, +TH,+ UH,=0.

Paccmotrpum Bece ypaBHeHus1, Kpome nocieaHero. M3 Hux, cienys paccyxkaeHusm pador [4; 11; 12], momy-
4aeM CUCTEMY

1 dF(u
XZE d1(/l )x+C1y+C22+C3t+b1(u),

1 dF (u)

v+ Gz + Cyt + by(u),

3
1Cﬂr(u)z+C5t+b3(u), )

2 du
1 dF (u
T=—C3x—C4y—CSZ+5 di )t+b4(u),
V:_dbl(u)x ~ dbz(u)y_ db3(u)Z B db4(u)t— PN d2F(u) iC,
du du du du 4 du®

rae C; — Ipou3BOJIbHBIE KOHCTAHTHL, a bl.(u) — magkue GpyHKUUY, onpeaesnsieMble CUCTeMON TudQepeHnab-
HBIX ypaBHenuit b, (u) = ay;(u)b;(u). Ira cucTema ¢ 3aIAHHBIME HAYATHHBIMH YCITOBHAME PA3pEIINMa, H Pa3-
MEpPHOCTB IPOCTPAHCTBA PELICHUI ITpH OOJIbIIEH pa3MepHOCTH paBHa 2n (oxpobHee cM. [3; 12]).
[loacrasnss nonydeHHbIE BEIPaKEHHS B ypaBHEHHE (2), UMeeM
dF (u)
du

(”(mez + H221y2 + H33122+ H441t2) +H110x2+ 2H 5 xy +

32



I'eomeTpust 1 TonoI0T NSt
Geometry and Topology

+ 2H 3gxz + 2H o xt + HopoV* + 2H 30 vz + 2H oy vt + Hysg 2> + 2H oy 2t + H yyt ) +

du

1 dF(u)
+ E—X +Cy+ Cyz + Gyt + by(u) |(2H,yux + 2H, 1o X + 2H 0y + 2H 30z + 2H 4t ) +

2 du

[—Clx + ldF—(u)y + Cyz+ Cyt + by (u)

+(—C3x— C,y—Csz + 5

2
_2d bl(u)x

1 dF (u)
C,x-C —
"'( X =Gy + 2

(2Hyp\uy + 2H 0 X + 2H 0y + 2H o302 + 2H,y01) +

z+ Cst + by (u)

(),

u

(2H331uz + 2H 50X + 2H 50y + 2H550z + 2H340t) +

+ b, (u) |(2H gz + 2H 4o X + 2Hou0p + 2Hyygz + 2H 01 ) —

2 2 2 2 2 2,42 g3
_2d b2(u)y—2d b3(u)z_2d b4(u)t_x +y o+t dF(u)+

du?

du* du* du* 2 du’
+ F )y + Hopy 7+ Hg 2 + Hygt ) =0.

“4)

Hanee nokaxem, 4To B ciydae, Koraa TeH3o0p Beilns merpuku (1) HeTpuBHalIEH, TO PAaBEHCTBO MOKET BBbI-

TOJHATBCSI TOJIBKO ISl TIOCTOSIHHOM QYHKIMH [ =

dF(u)
du

Teopema 2. [lycmo M — 2-cummempuyeckoe wecmumepHoe HepasioHCUMoe JI0PeHYe80 MHO2000pasue ¢ me-
mpuxoti (1) u nempusuanvruvim menzopom Beiins. Toeoa koughopmuuiii muodcumens f ( p) KoHghopmHOo20 ana-
noza ypasuenus Kunnunea Lyg = f ( p) g NOoCmosiHeH.

HoxazaTtenbcTBo. JleBas yacTh ypaBHeHUS (4) SBISETCS MOTMHOMOM OTHOCHUTEIHHO NMIEPEMEHHBIX X, ),

z, t, ero KO3 PHUIHEHTHI

2 .2 2 2
npu x°, y°, z°, ¢~ 1OIDKHBI 00paIlaTbesi B HYJIb:

1 d3F(u) dF(u)
5 +2 y (uH,\, + Hyyo) — 2C\Hypy — 2C,H 3y — 2C3H 4o + Hy F (1) =0,
1 d3F(u) dF(u)
I +2 y (uH py + Hypg ) + 2C Hypg = 2C3H sy = 2C,H oy + Hop F (1) =0,
U '
1 d3F(u) dF(u)
R +2 y (uH 3y + Hysg ) + 2C,H 39+ 2C3H 30 — 2CsHyyg + Hag F (u) =0,
U u
1 d3F(u) dF(u)
R 2 (uH 4y + Hyyo) + 2C3H g + 2C,Hyyg + 2CsHoyg + Hoyy F (1) = 0.
du du
PaccMoTpuM nousieHHbIE PA3HOCTH TUX YPaBHEHUI:
dF (u
2 ( )(”Hm +Hyjg—uHyy, — szo) + F(”)(Hm _H221) -
—4CH y) — 2CyH 30 — 2C3H 49 + 2C3Hy30 + 2C, H =0, (5)
dF (u
2 ( )(“Hm + Hyjo— uHyyy — Hyyg ) + F (u)(Hyyy — Hysy) —
—2CH ) —4C,H 30 — 2C3H 4 — 2C3H y30 + 2C5Hyy, =0, (6)
dF (u
2 ( )(qull + Hyyg—uH gy — H44o) + F(”)(Hm - H441) -

- 2(:1[_1120 - 2C‘21_1130 - 4'(:3[_1140 - 2C'4]_]240 - 2CVSI—134O = 0’

(7
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dF (u
2 dfl )(”H221+H220_“H331—H330)+F(”)(H221_H331)+2C1H120_

- 2C’ZI_IBO - 4C3H230 - 2(”4[_[240 + 2C’SI—[340 = O’

2dF(u)

(”szl + Hypy —uH gy, _H440) + F(“)(szl _H441) +2CHyy, —

—2C3Hy;,
dF(u)

= 2C5H 49— 4C H g9 = 2C5 340 =0,

2

(uH'yyy + Hyyg = uH 4y = Hygo ) + F (u)(Hyzy = Hyyy ) +

+2C,H 30+ 2G5 H g = 2C5H 49 = 2C4 Hygg = 4C5H 340 = 0.

Jlanee pacCMOTPHUM IOy4E€HHbIE YPABHEHUS B PA3HBIX CIIydasix.
Cnyuau 1. Ecmm H\ = H,,, = Hy5, = H,,, TO paccMaTpuBaeMble ypaBHEHHs IPHHUMAIOT BUJL

dF(u)

2—(H110 - szo) —4C H 5y —2C,H 30 — 2G3H 49 + 2C3H 3 + 2C Hoyy = 0,
dF(u)

2 » (Hllo - H330) —2C\H\y) —4C,H 3y — 2C3H 4 — 2CH 30 + 2C5 H iy = 0,
dF(u)

2 (Hno 440) 2C\H ) —2C,H 3y — 4G H 4y — 2C, Hyyg — 2C5Hyyy =0,
dF(u)

2 (szo - H330) +2C Hpy = 2C H3g — 4C3H 550 — 2Cy Hyyg + 2C5 Hoyyg = 0,
dF(u)

2 (szo - H440) +2C H = 2CH 30 — 2C3H 49 — 4Cy H oy yg — 2C5 Hoyyy = 0,
dF(u)

27(1{330 - H44o) +2C,Hy30 + 2C3H yy) — 2CH 4y — 2C, Hyyy — 4CsH oy = 0.

— dF(u)
Crnenosarenso, ipu H, = Hyy = Hyyy = Hyyyu Hyo# H, i =1, 4, j=1, 4, nmeem = const.

du
Cnyuaii 2. Ecnv onus u3 H ;) He OyJIeT paBeH OCTaJIbHBIM (ITyCTb JUIsl ONpesieieHHoCTn H, # H,;

nozenus ypaBHenue (5) Ha H, -

i

YUM
2dF(”)[u Hy\o— szo] 4C\H py — 2C,H 30— 2C3H g + 2C3H 30 + 2C, H oy
du Hy\ — Hyy, Hy\ — Hy,
ZdF(u)[u Hyyo— H33oj CiH 5 —4CH 50 — 2GH 49 — 2C3H 50 + 2C5 Hoy,
du Hy\ — Hyy Hy\ — Hyy,
2dF(“)(u H,y H44oj 2Cleo 2C,H 30— 4C3H 4y — 2C Hyyy — 2CsH
du Hyy — Hyy Hyy — Hyy
Tyers D1=2H”0 2H220’ Dz— Hy 2H33o, D3:2H110_2H440,
Hy\ — Hyy Hy\ — Hyy, Hy\y — Hyy
E = —4C H 5y —2C,H 5y — 2C3H 4y + 2C3H y3 + 2C, Hyy

Hlll _H221
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J=2,4),
H,,,, ypaBHenue (6) Ha H,,,— H;;, u ypaBuenue (7) Ha H,,,— H,4,, noiy-

=0,

=0,

=0.
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—2C H = 4C, H 30 — 2C3H g — 2C3H 30 + 2C5Hyy

E,=
Hlll - H331

— _2C1H120 — 2C‘2[_[13() — 4C‘3[—[140 — 2C4H240 — 2C'51—1340

Ey= :
Hlll _H441

Torma umeem

dF(”)(zu + D)+ F(u)+ E =0,

dF(u)

(2u +D,) + F(u) + E, =0,

u
( )(2 +Dy)+ F(u)+ E;=0.
3ameTuM, uto eci Dy =D, =D, u E, = E2 = I, TO JOCTaTOYHO PacCMOTPETH IIEPBBIE /1BA IIOJIyYEHHBIX YPaB-
HeHMsl. OcTanbHble YPaBHEHUS PacCMaTpUBAIOTCS aHAJIOTHYHO.
dF (u
Ilycte D, # D,. BerareM U3 1epBoro ypaBHEHHs BTOPOE: ( )
du

dF (u)

du
Iycts D, = D,. Berutem u3 ypaBHeHus (5), yMHOXKEHHOTO Ha H,,,, ypaBHeHHe (6), yMHOXKEHHOE Ha | ;:

(D1 - D2) + E, — E, =0. CnenoBarensHo,

npu D, # D, noiy4aeM oCTOSHCTBO

d°F(u)(H, -H dF (u
dug )( 1112 221J+ dl(/l )(2H110H221_2H220H111)_4C1H120(H221+H111)_

=20, Hy30H yy, = 2C3H 4o H oy + 2C3H 30 Hyyy + 2C, Hoyo Hyy = 0. ()
Bripasum u3 ypaBueHus (5) Ipon3BOAHYIO QYHKITHH F' (u) gepe3 GyHKIHo F (u):
dF (u) _ —F () (Hyy — Hyt) = (4C Hypg + 2CyH 30 — 2C3Hogg + 2G5 H gy — 2C4 Hoyg)
du 2u(H,yy — Hypy )+ 2H, 30 — 2H g

Brryncnum U3 MoydeHHOTO BBIPAXKEHHUS MMOOYEPETHO BTOPYIO M TPEThIO mpousBoxanble. [lomaras, uto S =
=4C\H )+ 2C,H 5y — 2C3H 55 + 2CH 4 — 2C4 H ), MEEM

dr (u) _ F(u)(Hyy —Hy )+ S
du 2”(Hm 221)+2H110_2H220

2

sz(“) (”)(Hm H221) +3S(H111_H221)
du? ( ( m—H 221)‘*‘21'1110_21'1220)2

dF(u) _ 1SF(u)(Hy, —Hyy, ) +158(Hyy, — Hyy, )’ |
du’ ( u(Hyy, ~ 221)"'2}1110_21[]220)3

[loacraBum 511 MpoU3BOAHBIE B ypaBHEeHHE (8). B pesynbrare nmomyunm crenyromiee ypaBHeHHE B 00IIEM BUJIE:
T, (u)F(u)+T,(u)=0,tne T, (u) u T, (1) — HEKOTOpBIE OCTOSIHHBIE MHOTOUICHBI, 3aBUCSILHE OT U, KO-
LIMCHTBI KOTOPBIX MOXHO BbIpasuTh yepes Hy u C,.

3ameTuM, uto F ( ) paunoHanbHas GyHKUuUs. B To ke Bpemst ypaBHeHHE (8) ¢ TIOMOIIBIO JTMHEHHON MO/~
CTaHOBKHU CBOJIUTCSI K OTHOPOJHOMY JH(pdepeHInanTb-HOMY YpaBHEHHIO TPETHEro MOpS/IKa ¢ TIOCTOSHHBIMU KO-
a¢duiienTamu. B TakoM ciydae perieHreM ypaBHeHus (8) He MOXKET ObITh parmoHasnbHas GyHkims. Cienosa-
TenbHO, [ (u) — NOCTOSIHHAS! (DYHKIIUS.

Kondopmuo-niockuii ciryyaii pasmepHoctu 6
C yueToM BBIIHGHpPIBC}ICHHOfI JICMMBbI MeTpI/I‘-IeCKI/Iﬁ TEH30p UMECT BU]J]

g =2dudv + dx* + dy* + dz* + dt* + (b(x2 +y2+22+t2) + au(x2 + Y2+ 22+ 1 ))duz,
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tnea=H,,=Hy, =Hy=Hyynub=H, =Hy,=H;,=H 4 — IpOU3BOJILHbIE IOCTOSIHHBIE. B Takom ciry-
dae noydaeM auddepeHIuanbHoe ypaBHeHHE OTHOCHTENBHO GyHKimn F (u) cieyiomiero Bija:

3
_ld F(u) N 2a’F(u)
2 di’ du

W3 storo ypaBuenust pyHkuus F (u) BBIPAKACTCS KaK

(au +b) + aF(u)zO.

2 2

awtbl o dirpai] P2 i) D 1 o airyi] O +f , ©9)

2 2

(-a)3 (-a)3 (-a)s (-a)3
e AiryAi n AiryBi —aactable pemenns qmuddepennuansHoro ypasaenus " — uy = 0, HaspiBaeMble QyHKIHS-
Mu Dfipu. Ito muddepeHnranIbHOe YpaBHEHHE UMEET Ha TeHCTBUTEILHON OCH TOUKY, B KOTOPOU BHJT PEIICHUS

MEHSETCSI C KOJICOFOIIETOCS Ha SKCIIOHEHITHATBHBINA. J{71s1 MeHCTBUTENBHBIX u (GYHKIHS DUpH IIepBOTO poaa
oTpenensieTcs CIeayIONuM HECOOCTBEHHBIM HHTETPAIOM:

1 +00 x3
AiryAi(u)=— I cos| — + ux |dw.
T 3
0

JIpyruM NHHEHHO He3aBUCHMBIM YaCTHBIM PellleHHeM JIAHHOTO YpaBHEHHUs sBIseTcs QyHKuus Dipu BTopo-
To poa, y KOTOpoit MpH X —> 00 KoneGaHus UMEIOT Ty ke aMILIUTY/y, 4To U y (yHKIuH DipH mepBoro poaa

o T y y

AiryAi(u), Ho otmaroTcs no (pase Ha > Jli1st eWCTBUTENBHBIX U QYHKIUS DWPU BTOPOTO POIA BHIPAKAETCS
CIETYIOIAM HHTEIPalioM

F(u)=C AiryAi

17 X’ N
AiryBi(u)=—| | exp| —— + ux |+ sin| — + ux | |dx.
)3 o[ v o
B nannOM ciyuae nMeeMm BeKTOpHOE Tone Buza (3), rue

au+£) + C, AiryBi au+b

(-a): (-a):

bl(u)=C4AiryAi

b b
WEON | e AiryBi) L2,

(-a)s (-a)

by (u) = CydiryAi

(10)

by(u) = CyAiryAi + Cy AiryBi

b b
WEO ¢, diryBi| T

(-a)s (~a)s

ABJIAIOTCS PELIEHUSIMU ypaBHEHUS Ly g = f ( p) g s cuctemsl (1), a KOHQOPMHBII MHOKUTEIb TPUHUMACT
BUJ

b,(u) = CygAiryAi

"”*f’ AiryAi 1,L+2b 2aC,irvBi] “0 | girypi| 1, 44D

o) o) L) (-a): (o)) .

2

(-a)’ (-a)

chedop;OK M. B. Diipu pynkuuu // Maremarndeckas sHipkIoneans : B 5 T. T. 5/ mn. pen. . M. Burorpanos. M. : CoB. 3HITUKIL.,
1985. C. 939-941.

2aC,, AiryAi
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2aC,, Airydi| 1, f AiryBi| Zb 2aC, Airydi| T zb AiryBi| 1, F 2[’
—a)3 —a)3 -a)3 -a)3

. o) ), o) L),

(-a)s (-a)s
Teopema 3. Ilycmv M — 2-cummempuueckoe ulecmumepHoe Hepasioxcumoe J10peHyeso MHO2000pasue
¢ mempuxou (1), menszop Beuna komopozo pasen Hymo. Toeda peuwieHue KOHGOPMHO2O AHAI02a YPABHEHUS

dF(u)

Kunnunea Ly g = f ( p) g U KOH@OpMHBIIL MHONICUMEND [ = ONpeoesiomcest 8 IOKAAbHOU CUCmeMme Ko-
opounam (v, X, V, Z, L, u) moyku p uz coomuowernuii (3), (9)—(11).

3ameuanue. Jloxazannas TeopemMa IpoI0DKACT UCCIICIOBAHNS, HauaThie B padote [4], M TO3BOJISIET TOCTPOUTH
HOBBIC HETPUBHAJIBHBIC IIPHUMEPHI KOH(OPMHO-KUIITUHTOBBIX BEKTOPHBIX MOJIEH C IEPEMEHHBIM KOHPOPMHBIM
MHOXKHTEJIEM Ha 2-CHMMETPUYECKUX HePa3JIoKUMBbIX JJOPEHIIEBBIX MHOTO0Opasusx. Kpome Toro, pazpaboran-
HbIE METOIBI JIAFOT BO3MOKHOCTH IOJYYUTh MHOTOMEPHBIN aHAJIOT JIOKa3aHHOW TEOPEMBI.
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