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PaCCManMBaeTCﬂ obnako PENATUBUCTCKUX MaTePUA/IbHbIX HaCTUL, rpaBUNTaLLMOHHbIM BBaMMO,CI,EﬁCTBMEM

mexay KOTopbiMn MOXHO npeHe6peqb. rpaBMTaLI,VIOHHaﬂ macca obnaka onpegenaeTtca anAa 06nacm, roe
OHO MOXKeT pPacCMaTpMBaTbCA Kak TodyeyHoe Teno. YCTaHOB/IeHa 3aBUCUMOCTb 3TOM Maccbl OT MOJIHOTO
ANNTNNTUYHECKOTO UHTErpana 2-ro POoAda OT OTHOLWEHUA CKOPOCTH 4aCTUL, K CKOPOCTU CBETa.

1. BBeneHue

Cnabbiii NPUHLUMN 3KBUBANEHTHOCTW, KOTOPbIM MHWTENH CneumanbHO U310XKUA B CBOEl obLen Teopun
OTHOCUTENIbHOCTWN, NPUPABHUBAET NACCMBHYIO FPABUTALLMOHHYIO MACcCy M MHEPLMOHHYIO Maccy, U 3Tu
Maccbl UAEHTUPUUMPYIOTCA C AKTUBHOW rPaBUTALMOHHOM Maccoit matepum [1]. DHeprua maccel
COOTBETCTBYET CMeLManbHON TEOPUN OTHOCUTENbHOCTU M PaBHA 3HEPIUM MHEPUMOHHOW Maccbl. ITO
MOCAY}KMO OCHOBOI ANA BBEeAEHUA ruapoauHammuueckoro Tensopa TV = (c?p + p)ulu/ — gUp npwm
NJOTHOCTU P M AABAEHUN P aaNabaTUYEeCKON KUAKOCTU 6e3 TPeHMA B KauecTBe UCTOUYHWUKA rpaBuTaLmm
BELLECTBA B N0O/IEBbIX YpaBHeHUAX. B [2, 3] yTBepkaaeTca, 4To naeHTUdMKauma MHEPLUUOHHOM U aKTUBHOM
rPaBUTALMOHHbIX MAcC HeBEpHa, a TEH30P 3HEPrUM-UMMY/bCa LO/MKEH ONPEeAeNATbCA MNJAOTHOCTLIO
aKTMBHOM FPaBUTALMOHHOM Maccbl M MOTEHLUMANOM CKanApHoro nosas. B HacTosAwel paboTe akTMBHas
rpaBUTaLMOHHAA Macca paspeXkeHHoro obsaka maTepuanbHbIX PENATUBUCTCKMX YacTUL, MoJlyvyeHa Ha
OCHOBE CBOMCTB NpeobpasoBaHuii JlIopeHLa M reOMEeTPUM NPOCTPaAHCTBa-BpemeHu LLBapuwnabaa.

2. Cnaborpasutupytouiee o61aKko rasa.

Mbl M3yyaem cnabo rpasuTUpyloLLee ra3o8oe 061aKo, COCTOALLEE U3 OAMHAKOBbIX YaCTMUL, C MacCoi NoKon
™M, XaOTMYHO ABMNKYLLAACA CO CKOPOCTbIO, MMetLLei abCo/IloTHOE 3HAaYeHUe U B HEKOTOPOM cucTeme
koopamHat K' = (t',x',y’,z"). Mpegnonaraetca, 4to B momeHT BpemeHun t'=0 paccrosaHuammn Sr
MEKAY 4acTULAMKU MOXHO NpeHebpedb Npu onpeaeneHnn rpaBuTaLmMm, Co34aBaeMoi 3TUM 061akom B
paccmaTpuMBaemoi 061acTu, Haxo4AWENCA Ha yaaneHun. PaspeskeHue rasa onpeaensietca ycioBMeEM
ay/6r << v?/c? (1)
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NPnN CKOPOCTU CBETAa C U apy — C FpaBVITaLI,MOHHOﬁ NOCTOAHHOWM yu FpaBMTaLl,MOHHOﬁ maccoli obnaka

M . Cratuctnyeckn obnako moxet bbiTb npeacrasneHo B suae Ha6opa CUCTeMm, coctToAalnx n3 AByx
yactmy, Awn B, KOTOpble OBUKYTCA B NPOTUBOMOJIOXKHbIX HarnpaBaeHNAX.
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Cnaboe rpaBuTaLMOHHOE MOJIe OAHOM YacTulbl NPUBIMNKEHHO onucbiBaeTca [4] B CBA3aHHbIX C Hew
koopauHatax K = (t, x, y, z) "MHeapn30BaHHOW U30TPOMHOW MeTpuKoW LLBapuwmnabaa

Puc. 1

ds? = c?(1-2)de? - (1+2) (ax? + dy? + dz?) (2)

2ym
npur = x2+y?+z%2 na = Zz )

3. MpumeHeHWe npeobpasoBaHMit JlopeHua K meTpuke LBapuwmnnbaa

Ycnosue (1) 03HayaeT, YTO MCKaXKEHUSA AJIMHbI MU BPEMEHW, Bbi3BaHHble Hannunem JSlopeHu-paKTopa

1
npu =§ , byayT Ha nopaaok 6osbliue, YeM UCKPUB/EHWE NPOCTPaHCTBa-BpeMeHN nog, Aencrsmem
rpasutaumm. Mostomy ee BAMAHME Ha NpeobpasoBaHuaA JlopeHua

_ t,+€fl, ‘= x’+17~t" y =y, z=17 (3)
1-p2 1-p*
npu
" (4)
n
. (5)

6y[eT He3HaYNTENbHO, M OHWM MOTYT BbITb MPUMEHEHbI K MeTpuKe (2). MpeobpaszoBaHMe KOOpAUHAT NpU

r = xl+1”;~t’ +y,2 + Z,Z (6)
1-p2?
NPUHOCHT
1+p%a 47 «a 1+p%a a
ds? = c2(1-2EF D) gz o AL (1 1EE ) e (1+5) @y? + dz'™).
1-p%r 1-p%r 1-p?r r

(7)
4. Cuctema n3 AByx Ten

B cuctemax otcyeta Ky, K, cBA3aHHbIX ¢ paccmaTtpvBaembiMu Tenamu, Puc. 1, rpaButauma Kaxaoro us
HWUX B OTA,E/IbHOCTU OMMUCLIBAETCA B COOTBETCTBYIOLLEN CUCTEME METPUKOI (2). MNepeiaem oT 3TUX cuctem
KoopauHaTt K K', ucnonbsya npeobpasosaHua JlopeHua ana ckopocteli (4), (5).



EC/M Mbl PEACTaBUM METPUYECKME KOIbOULMEHTbI B pOpMe
gij = Mij +$ij (8)

rae nij COOTBETCTBYHOT METPUKE MWHKOBCKOrO, TO npu cnabom rpaBnTaunm [5] COOTHOLWEHNE

j “fo} 9)

BbINOJHAETCA A8 06LEero nonsa, CoO3AaHHOro 1. NOACUCTEMAMM C METPUYECKUMU KO3bdULMEHTaMM
n __ n
gi; =mny +4ij - (10)

Cymmupya KoapdrLMEHTbI METPUK, MOYYaeMbIX NOCAE NOACTAHOBOK 3HaYeHM ckopocTei (4) n (5) B
MeTPUKY (7), Haxo4MM, YTO Mojie PacCMaTPUMBAEMON rpPaBUTaLMOHHOM cUCTEeMbl B oKpecTtHoctn t'=0
NPUGAMKEHHO ByAeT ONMCbIBAaTbCA METPUKOM

1+p%m 2 1+ B2 L 2 a, 2 2
2 _ .2 _ I li ! 1
ds? = c (1 - r>d e L (1+—r,)(dy + dz'?) (11)

npu 051:2Q’ Mﬁ=§.

MoAy4YMM yCKOpeHMe MaTepuasnbHON YacTULbl B MOMEHT BPEMEHM, KOr4a OHa MOKOWUTCA B CUCTEME
) . du' ik
oTcyeta K'. U3 ypaBHeHW reogesnyeckmx d—+Fk|u u' =0 ANA NPOCTPAHCTBEHHbIX KOOPAMHAT C
s

0gjk | 9gik  99ij
nHaekcamm k = 2,3,4, noactaBnsaa 3HayeHns cumBonoB Kpuctoodens I“l ”‘( L ﬂ——”)

dxt oxJ  axk)’
HaxoAuM
duk dg
rai U = COR (12)

370 ypaBHEHME NPUHOCUT KOOPAMHATHbIE YCKOPEHUSA
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6e3 manbix BeNYMH bonbLiero nopAagka.

5. rpaBMTaLI,VIOHHaFI macca obnaka rasa

OI'IpeLI,EI'IMN\ TeENEpb CPegHKO TPaBUTALMOHHYHO MaCCy napbl I'IOLI,O6HbIX Yactuy, m3 obnaka rasa,

KOTOpO€Ee OHU O6pa3YIOT. AbBcontoTHanA BeIMYMHa YCKOpPEHUA 4acCTuubl, HaXOA‘r'ILIJ,eﬁCﬂ Ha pacCTtoAHUMN F'
OT TeN, COCTaBUT

a' = \J¥2+ 52+ 77 (16)

nnun



3 14 B2 c2a; | x'* N
T20-pn 7 J1-p2 Y

!

a

z'? (12)

Mepexoas K cheprnyeckom cucteme KoopanHaT C NOMOLLbIO NpeobpasoBaHUin

x' =r'cosp, y' =r'sinpcosh, z' = r'singsind. (18)
nony4Mm
c?(1+4%) o
a' = —————./1—B%sin?gp. 19
2(1 _ ﬁ2)3/2 T'Z ﬁ 4 ( )

Dna kaxaol napbl 4YacTuu, M3 obnaka rasa cMCTeMa KOOPAMHAaT Bbibupaetca Tak, 4to ocb X'
napannenbHa AMHUN UX OABUXEHUA, N PaCCTOAHUE A0 HUX COCTaBAaAeT T". B satom C/lyd4ae Mbl MOXem
YyCpEeAHWTb rPaBUTaLMOHHYO MACCy O4MHAKOBbIX Map YacTuL, NPOABAAIOLLYIOCA B TOUKe HabatoaeHwus, no
yray @ . MNpu nx macce nokos 2m oHa byaet

4 1+ /2
my, = ;n(l ﬁf)3/2f J1—=p%sin?pde . (20)

3Ta Be/inuMHa onpeaensieT rpaBUTaLMoHHY0 maccy o061aKa, COCTOALLYIO U3 N YacTuL,:

=2nm 1+ﬁ2 E(T[ ,8) 21)

T (1 _ '32)3/2 2’
T o o
roe E(E‘ﬁ) 3TO MOAHbIN SNNNTUYECKUIN UHTerpan JlexkaHgpa 2-ro poga. Ha puc. 2 nokasaHo, Kak

o . M
OTHOLLEHME rPaBMTaLMOHHOMN Maccbl 06/1aKa K CyMMapHOM Macce NoKos ero yactuu, Q = — M3MeHAeTCA

C yBe/IM4eHnem CKOpPOCTHN YacCTUL.
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Puc. 2. 3aBMCMMOCTb HOPMUPOBAHHOW FPABUTALLMOHHOM macchbl obnaka @ oT BENUYUHBI 3.



6. BbiBOAbI

M3 aHanusa cnedyeT OWMBOYHOCTb MPEAMNONONKEHUA O PABEHCTBE WHEPUMOHHOW W aKTUBHOW
rPaBUTALLMOHHON MACCbl CUCTEMbI U3 ABYX Te/, ABMMKYLLMXCA HaBCTpedy Apyr Apyry. Pesynbtupytowas
rpaBUTaLLMOHHAA macca rasoBoro obnaka He NOATBEPIKAAET KOHLEMNUMIO MNAOTHOCTM MacChl BeLLecTBa,
BXOAALLEN B COCTaB MMAPOAMHAMMUYECKOro TeH30pa, KOTopasa MPMHMMAETCA 3a NJIOTHOCTb MCTOYHMKA
rpaBuTaLMK. AKTMBHAA rpaBMTaUMOHHAA Macca pasperkeHHoro obnaka matepuanbHbIX PenaTUBUCTCKUX
YyacTuu, MoAyYeHHas Ha OCHOBe CBOWMCTB npeobpasoBaHWit JlopeHua M reomMeTpMM NpPOCTPaHCTBa-
BpemeHun LUBapuluimabaa, C BO3PacTaHMEM WX CKOPOCTU yBeNM4YMBaeTcs bbicTpee yem cymmapHas
MHEepPTHaA Macca ero YacTull,
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