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Utilizing various gauges of the radial coordinate, we give a General Relativistic (GR)
description of spherically symmetric static spacetimes with a massive point source and
vacuum outside this singularity. We show that in GR there exist a two-parameter fam-
ily of such solutions to the Einstein equations which are physically distinguishable and
describe gravitational field of a single massive point particle with positive bare mass
Mo > 0 and positive Keplerian mass M < Mpy. In particular, we show that the wide-
spread Hilbert’s form of the Schwarzschild solution, which depends only on the Keplerian
mass M and describes Black Holes (BH), does not solve the Einstein equations with
a massive point particle’s stress-energy tensor. Novel normal coordinates for the field
and a new physical class of gauges are proposed, thus achieving a correct description
of a point mass source in GR. We also introduce a gravitational mass defect of a point
particle and determine the dependence of the solutions on mass defect. The result can
be described as a change of the Newton potential ¢, = —G, M/r to a modified one
©; = —Gy M/ (r+ Gy M/c*In Mo /M) and a corresponding modification of the four-
interval. We show that the proper 3D flat space, where these two potentials can be
compared, is the tangent space above the position of the massive point source. In addition,
we give invariant characteristics of the physically and geometrically different classes of
spherically symmetric static spacetimes created by a point mass. Our results are import-
ant for description of Extremely Compact Objects (ECOs) studied in relation to possible
echoes in recently discovered by LIGO/VIRGO collaboration Gravitational Waves (GW).

B p MK x obuieit Teopun otHocuTeapbHOCTH (OTO) B p 37MYHBIX K JTHOPOBK X p AH-
JILHOM KOOPJMH TbI Ji HO OIUC HUE C(hepUdeCKU-CUMMETPUYHOIO CT THYECKOIO IIPOCTp H-
CTB -BPEMEHU C M CCHUBHBIM TOYEYHBIM HCTOYHUKOM, OKPYXEHHbIM B KyyMoM. IIox 3 Ho,
yro B OTO cymecTByeT IBYXI p METPUYECKOE CEMEHCTBO TOYHBIX PEIUCHUN yp BHEHUH
DUHINTENH , KOTOPOE OHKCBHIB €T I'P BUT LIMOHHOE I10JIe M CCHBHOW TOYEYHOH Y CTHLIBI
¢ rojoit M ccoit Mo > 0 u xerepockoid M ccoit M < My. Tlok 3 HO, yTO WIH-
poKo p cmpocTp HeHH g ¢opm [unsbepr pemenns LB pummabn , KOTOp s 3 BHCHT
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TOJIBKO OT KeIUIEPOBCKOIl M cchl M ¥ ONHCHIB €T YepHBIE IBIPHI, HE €CTh pelIeHHe yp B-
HEeHMH DHHIITEHH ¢ TEH30pOM SHEPIUHM-UMITYJbC TOYEYHOW 4 CTULBL.  [IpemnoxeHbl
HOBbIE IIOJIEBbIE IEpeMEHHble M HOBBI KJI cC (PM3MYECKHX K JIMOPOBOK pelIeHHH, KO-
TOpbIe MO3BOJIIIOT KOPPEKTHO OMKC Th TP BUT I[MOHHOE IIOJIe M CCHBHOH TOYEYHOH U -
ctuusl B OTO. Bpoaurca nedekT M cc TOYEYHBIX Y CTUL, U OINpPEHeNseTcs 3 BHUCH-
MOCTh HOBBIX pelIeHHil OT JeeKT M cc. Pe3yabT T MOXHO INpeiacT BUTh K K 3 MEHY
HOTEHUM J1 rp BUT wuoHHoro nojsi HetotoH ¢, = —GyM/r B MoanduimpoB H-
HBlil moTeHn 1 ¢, = —Gy M/ (r+ Gy M/c*In Mo /M) u cooTBeTCTBYyMOIIEE H3Me-
HEHHUEe IMPOCTP HCTBEHHO-BPEMEHHOro HMHTepB J . IIOK 3 HO, YTO TPEeXMEpHBIM IUIOCKUM
MPOCTP HCTBOM, B KOTOPOM MOXHO KOPPEKTHO Cp BHUB Tb ®TH AB IIOTEHIM JI , SIBI-
eTCsl T HICHIM JIbHOE IMPOCTP HCTBO H [ TOUKOH IOJOXEHUS TOUYEYHOTO HUCTOYHHK TP -
BUT LMOHHOTO 1oJ4. Bo6 BOK 1 HBI MHB pU HTHbBIE X P KTEPUCTUKH (PH3UYECKH U Teo-
METPHYECKH P 3HBIX K JIMOPOBOYHBIX KJI CCOB C(HEpHYECKHU-CHMMETPUYHBIX CT THYECKUX
MPOCTP HCTB-BPEMEH, MOPOXIECHHBIX M CCHBHBIMHM TOYEYHBIMH 4 CTHIl MH. IIpeict BieH-
HbIE Pe3yNbT THI SBISIOTCS B KHBIMH JUISl OITUC HUS ®KCTPEM JIBHO KOMIT KTHBIX OOBEKTOB,
W3yd eMBIX B CBSI3M C BO3MOXHBIMH 3(eKT MU ®X HeI BHO OTKPBITBIX KOJUI OOp IMei
LIGO/VIRGO rp BUT UMOHHBIX BOJH.

PACS: 04.20.Cv; 04.20.Jb; 04.20.Dw



