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AHHOTanMsA. PaccMaTpuBaroTcs pelieHus] BOZMYIICHHBIX YPAaBHEHUH DWHIITEHHA B MPO-
crpaictBe lllBapmmmnbaa Juist ciaydash paclpoCTpaHEHUs c(epudyeckd CHUMMETPHUYHBIX
JJIEKTPOMAarHUTHOM U I'PAaBUTALIMOHHOW BOJH, COOTBETCTBYIOIIMX BO3MYILIEHUSM METPUKU
HIBapummibaa. Tlokasano, 4to chepuueckne 31eKTPOMAarHUTHBIE BOJHBI UMEIOT CBS3aH-
HbIE C HUMH NPOJOJIbHBIE TPAaBUTALMOHHO-BOJIHOBBIE KOMIIOHEHTHI. [Ipemioxkeno omnmca-
HUE OCHOBHBIX CBOMCTB I'DAaBUTALlMOHHBIX BOJIH, CBA3aHHBIX CO CQEPUUYECKHUMHM IIEKTPO-
MarHUTHBIMU BOJIHAMU.

KuroueBble cioBa: rpaButanus DiHIITEHA, npocTtpancTBo IlIBapimuibaa, cBsi3aHHBIE
TPaBUTAIMOHHBIE BOJIHBI, JJIEKTPOMATrHUTHBIE BOJIHBI, METPUUECKUN TEH30P

BBenenue. Ilpu uccienoBaHUM TPaBUTALIMOHHOM BOJIHBI, PAcHpPOCTpaHSIONICHCS
B MCKPHUBIICHHOM MPOCTPaHCTBE-BPEMEHHU, YACTO HCIOJIb3YIOTCS METOJbl TEOPUHU
Bo3myinenwuii [1]. B aTom ciiyuae rpaBuTaniOHHBIE BOJIHEI PACCMATPHBAIOTCS, KaK

MaJible BO3MyIIeH:s (JOHOBOTO MPOCTPaHCTBa-BpeMeHH h,, =05 SV .

B mycToM NpOCTpaHCTBE NPH PACIPOCTPAHEHUHM TI'PABUTALMOHHON BOJIHEI
B [TyCTOM IIPOCTPAHCTBE BJOJIb HAMPABICHHMSI X' =X HCHYJICBBIMH KOMIIOHCHTAMH
TEH30pa BO3MYIIEHHUS SBJISIOTCSA TOJBKO morepedno-mnonepeunsie (TT): hyz, h.yy,

h,, [2]. Onnaxo npu wanmuuu uctounmka T, #0 CBA3aHHBIE IDaBUTALMOHHbIE

BOJIHBI MOTYT uMeTh 1 nipoaoibhbie (LL): h,, h,., h,, u npogonsHo-monepeunsie
(LT): hty, h,, hxy, h,,, komnonents! [3].

B pa6orax [4, 5] 6butr moyuensr LL KOMIIOHEHTBI TPaBUTAIMOHHON BOJIHEI,
CBSI3aHHOM C IIJIOCKOM JJIEKTPOMAarHUTHOW BOJIHOW, B POCTpaHCTBE MUHKOBCKOTO.
Llenpro naHHOW padOTHI SABISETCS aHAIM3 KOMIIOHEHT IPaBUTALMOHHON BOJIHBI,
CBSA3aHHOM €O cdepuueckol dJIECKTPOMATHUTHOW BOJIHOW B IMPOCTPAHCTBE
[IIBapimmibaa Ha OCHOBE PELICHUSI BO3MYIIICHHBIX YPaBHEHUI DWHILTEHA.

MeToabl U MaTepUabl; pe3yabTarhl. s TOCTHXKEHUS TOCTABICHHOU LEIU
ObUIM  pelIeHbl BO3MYIICHHBIE ypaBHEHUs OWHINTEHHA B MPOCTPAHCTBE
HIBapimunbpaa aas ciydasi pacpOCTpaHEHUsl cpepuyeckd CUMMETPUYHOM 3JIeK-
TPOMAarHUTHOM BOJIHBI B paJidajbHOM HampaBieHuu. M3 ycnoBus cepuueckoi
CUMMETPUYHOCTH JJIEKTPOMArHUTHBIX BOJH W H30TPOIHOCTH IIPOCTPAHCTBA-
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BpEMEHHU ObLIO TMOJIOKEHO, YTO JUATOHAJIbHBIE MONEPEUHbIE KOMIIOHEHTHI METPH-
YECKUX BO3MYIICHUN PaBHBI MEXKLy COOOM.

Ha ocHoBe mostyueHHBIX TOYHBIX PEIIeHH, ObUTO MOKa3aHo, 9To cheprudeckas
AJEKTPOMArHUTHAsI BOJIHA MUMEET YHMCTO MPOJOJbHBIE T'PABUTALIMOHHO-BOJHOBBIE
KOMITOHEHTBI. DTH PEIICHUS MPEACTABISAIOT COOOM YeTHbIE BO3MYILEHUS METPUKHU
[IIBapummibaa.

[ToyyeHHbIC CBSI3aHHBIC TPABUTAIIMOHHBIE BOJIHBI HECYT WH(OPMAITUIO O TIPO-
CTPAaHCTBE, @ UMEHHO O Macce YEpHOH JbIPbI, B aMIUIUTYIHBIX KOd(hduimeHTax,
a Takke B (pa3oBBIX MHOKUTENSIX. Takke ObUIO MOKa3aHO, YTO aMIUIUTY/Ibl CBSI3aH-
HBIX FPaBUTALIMOHHBIX BOJH B MPOCTpaHCTBE ¢ MeTpukoil [lIBapiimumisaa Oomblie,
YeM B NMPOCTPAHCTBE MUHKOBCKOIO, M3-3a HAJIMYKS TPAaBUTUPYIOLIEN MACCHI.

3akirouenne. [IpeacraBien aHanus CBS3aHHBIX TPABUTAILMOHHBIX U 3JIEKTPO-
MarHUTHBIX BOJIH C Y4YE€TOM BO3MYIICHUN METPUKUA MPOCTPAHCTBA-BPEMEHHU
[Bapimmibaa. [lomydennsie pe3ynabTaThl MO3BOJSIOT pacCMaTpUBATh BIUSHUE
IPaBUTALIMOHHO-BOJHOBOM KOMIIOHEHTBHI HA MPOLECCHl PACIPOCTPAHEHUS U B3au-
MOJICMCTBUSL 3JEKTPOMATHUTHBIX BOJIH B OOJACTH KOMIIAKTHBIX T'PaBUTHPYIOLIUX
00BEKTOB.
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Abstract. Solutions of perturbed Einstein equations in the Schwarzschild space-time are

considered for the propagation of spherically symmetric electromagnetic and gravitational
waves corresponding to perturbations of the Schwarzschild metric. It is shown that spheri-
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cal electromagnetic waves have longitudinal gravitational wave components coupled with
them. A description of the basic properties of gravitational waves coupled with spherical
electromagnetic waves is proposed.

Keywords: Einstein gravity, Schwarzschild space-time, coupled gravitational waves, elec-
tromagnetic waves, metric tensor

Introduction. Methods of perturbation theory are often used in the study of a grav-
itational wave propagating in a curved space-time [1]. In this case, gravitational
waves are considered as small perturbations of the background space-time.

b, =G,
In Minkowski spacetime, when a gravitational wave propagates in empty

space along the direction x' =x, the nonzero components of the perturbation ten-
sor are only transverse-transverse (TT): hyz, hyy h, [2]. However, in the pres-

ence of a source T,, # 0, coupled gravitational waves can have both longitudinal-
longitudinal (LL): h;, hy, by, and longitudinal-transverse (LT): hy, h,, by, hy,

components [3].

In [4, 5], the LL components of a gravitational wave coupled with a plane
electromagnetic wave in Minkowski space were obtained. The purpose of this work
is to analyze the components of a gravitational wave coupled with a spherical elec-
tromagnetic wave in Schwarzschild spacetime based on the solution of perturbed
Einstein equations.

Methods and materials; results. To achieve this goal, the perturbed Einstein
equations in Schwarzschild spacetime were solved for the case of propagation of a
spherically symmetric electromagnetic wave in the radial direction. From the con-
dition of spherical symmetry of electromagnetic waves and isotropy of space-time,
it was assumed that the diagonal transverse components of metric perturbations are
equal to each other.

Based on the exact solutions obtained, it was shown that a spherical electro-
magnetic wave has purely longitudinal gravitational wave components. These solu-
tions are even perturbations of the Schwarzschild metric.

The resulting coupled gravitational waves carry information about space,
namely, the mass of the black hole, in amplitude coefficients, as well as in phase
multipliers. It was also shown that the amplitudes of coupled gravitational waves in
the space with the Schwarzschild metric are greater than in the Minkowski space
due to the presence of a gravitational mass.

Conclusion. An analysis of coupled gravitational and electromagnetic waves
is presented, taking into account perturbations of the Schwarzschild space-time
metric. The results obtained allow us to consider the influence of the gravitational-
wave component on the propagation and interaction of electromagnetic waves in
the field of compact gravitating objects.
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