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PaccmarpuBaercs pemenne s chepruuecKU-CUMMETPHYHOTO TPABUTALMOHHOTO T0JIS1 B KOH()OPMHO-YHUMOIYIISIP-
HoM MeTpuke. OCHOBaHHEM IS UCCIICAOBAHNUS JaHHON KaTHOPOBKH CTAllO €€ UCIIOIb30BaHNE B MTHBEKTOPHON TEOPHHU
TPAaBUTAIINH, TIO3BOJISIONIEH PEIIUTh KOCMOJIOTHUYECKYIO TIPOOIeMy Ype3MepHO OONIbINOHN dSHEpTruu Bakyyma. [TpuBogsTcs
APryMCHTHBI B MOJIB3Y TOI'0, YTO BCC (l)l/ISI/l‘ieCKI/IC SABJICHUA JOJDKHBI pacCMaTpuBaThbCsl UMCHHO B 3TOM KJIaCCE MCTPUK,
YTO TIpeJIoiaracT HapyIeHHe KaJuOpOBOYHON MHBAPHAHTHOCTH OOILEH TEOPHH OTHOCUTEIBHOCTH. MccienoBaHbl Kak
BaKyyMHBIC PEUICHHUS, TaK M PEHICHUS Ul HECKMMAEeMON JKUIKOCTH MMOCTOSTHHOM TtoTHOCTH. J{J1s mocieiHero ciry-
Yasi OKa3bIBAETCsl, YTO TAKUE HECHHTYJISIPHBIE OOBEKTHI, HA3bIBAEMbIE SXEOHAMH, MOTYT OBITh KOHEUHBIM PE3YyJIbTaTOM
KOJUTaTica 3BE3Jl C Maccoil, mpeBbimaromeil npenen Tonmana — Onmenreiimepa — Bonkosa. ClioBO «39iiXeoH» OTCHITIAeT
K QyHnamenraigbHoit padore I. Beitns «Gravitation und Elektrizitdt», onyOnukoBaHHOM, B 4acTHOCTH, B KHUTE «Das
Relativitdtsprinzip. Eine Sammlung von Originalarbeiten zur Relativitétstheorie Einsteins» (bepnun, 2018). B ykazan-
HOU pabote BriepBbIe ObLIA M3JI0KEHA KOHIIENIINS KaJTMOpOBOYHOI NHBapHaHTHOCTH (HeM. Eichtheorie) NPUMEHUTEIBEHO
K €IMHOW TEOPHH IOJIsL. DTUM TEPMUHOM MBI IOIMYEPKUBACM PEIIAIONIYI0 POJIb YHUMOAYISIPHOTO KaJHOPOBOYHOTO yC-
JIOBUSI JUIS1 OIIMCAHMSI CBEPXKOMITAKTHBIX HECHHTYJIIPHBIX acTpodusnueckux oobekroB. Kpome toro, konnoraums Eichel
(pyc. orcenyos) moguepKUBaeT TOT (PAKT, 9TO SUXEOH MOXKET UMETh BHYTPEHHIOIO CTPYKTYPY M PEATBHYIO («TBEPIYIO»)
MOBEPXHOCTh. PaccMOTpeHbI TakKe paauaibHbIe Ie0JIe3nIeCKue MPOOHBIX YACTHI] B YHUMOIYJISIPHOW METPHUKE.
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A spherically symmetric solution for a gravitational field is considered in the conformally-unimodular metric. The
reason for the study of this particular gauge (i. e., conformally-unimodular metric) is its relation to the vacuum energy
problem. That aim connects it to other physical phenomena (including black holes), and one could argue that they should
be considered in this particular class of metrics. As the vacuum solutions, so the incompressible liquid ones are investi-
gated. In the last case, the nonsingular «eicheon» appears as a non-point compact static object that possessed different
masses and structures. Such objects are a final product of the stellar collapse, with the masses exceeding the Tolman — Op-
penheimer — Volkoff limit. The term «eicheon» refers to the fundamental G. Weyl’s paper «Gravitation und Elektrizitét»,
published, in particular in the book «Das Relativititsprinzip. Eine Sammlung von Originalarbeiten zur Relativititstheorie
Einsteins» (Berlin, 2018), where he introduced the concept of gauge invariance (German Eichtheorie) firstly in its relation
to the unified field theory. Using this term to describe the compact nonsingular astrophysical objects emphasizes the deci-
sive role of the gauge fixing by the unimodular metric. Besides, the connotation with Eichel (acorn) stresses the twofold
internal structure of an object: as a point-like in the unimodular metric and a surface in the Schwarzschild one. The radial
geodesic lines are investigated in the conformally-unimodular metric, as well.

Keywords: spherically symmetric solution; compact objects; conformally-unimodular metric; black holes; supermas-
sive black holes; coordinate singularity; violation of gauge invariance; vacuum energy.

Hcropusi, pacckazaHHasi HUXKeE,

npasauBa. K coxaneHpro, B HAITH THH

HE TOJIBKO JIOXKb, HO U TIPOCTas IpaB/a

HYKIAeTCs B COTUIHBIX MMOATBEPIKICHBIX M JOBOIAX.

HU. bpoockuii. Tocssuwaemesn HAnme. 1969

BBenenue

OnmHUMH M3 caMBIX MHTEPECHBIX 00BEKTOB 00mIel Teopun oTHocHuTenbHOCTH (OTO) sBASIIOTCS YepHbIE
neipsl (UJ1) [1; 2], oOpasyroiuecs B UTOre Kojuiarnca acTpou3nuecKux 00bEKTOB ¢ MacCcoi OOJIbIIIe Mpe/esia
Tonmana — Onmenreiimepa — BonkoBa [3; 4]. 3apeructprupoBaHHble TpPaBUTAIIMOHHBIE BOJIHBI, HHTEPIIPETH-
POBaHHBIE KaK pe3yJabTaT CTOJKHOBEHHUS MaccuBHBIX UJ[ [5], Tak ke Kak W mpsiMble acTpouzndecKkue Ha-
OJTFOZICHUS], CBUJICTENILCTBYIOIINE O HATMYUU CBEPXMACCUBHBIX U MPE/ICIBHO KOMITAKTHBIX 0OBEKTOB B Tajlak-
THYECKHUX IEHTpax [6], CYNTAIOTCsS KOCBEHHBIMU J0Ka3aTenbcTBaMu cyriecTBoBanus YJI. OnHako OHU MOTYT
paccMaTpHuBaThCsl UMEHHO KaK KOCBEHHBIE JJOKA3aTeNbCTBA, TaK KaK CBUJECTEIHCTBYIOT TOJBKO O HAJIWYHH
CBEPXKOMIAKTHBIX MaCCHBHBIX acTPO(PHU3NUECKUX 0OBEKTOB, HMEIOMINX JIsi BHEITHETO HAOIIOJaTelsi CBOM-
CTBa, XOpOIIIo onuckiBaeMbie B pamkax OTO.

Tem He MeHee upe3BbIYaliHO CTpaHHbIe cBOMCTBA Y/l 3acTaBisiiv U IPOJOJIKAIOT 3aCTaBISATh MHOTHX HC-
cienoBateneii (Bkiodas A. DWHIITENHHA [7]) yCOMHUTBCS B peajbHOCTH MX CYIIECTBOBAHMS U pacCMaTpUBaTh
YJI xak maromorudeckuii apredpaxr OTO. MOXHO OTMETHUTBH HECKOJIBKO TaKUX (haKTOB.

1. IIpexxae Bcero 310 Haynm4ue (popmaiabHON cHHTYIsIpHOCTH B LeHTpe Y/I. Bo m3bexanue storo mpen-
JIarajJuch pasiudHble moaxoasl, Mogudumupyromue OTO 3a cyeT ee 0000IEHUS, B YACTHOCTH C yIETOM
«KpydeHus» (cM., Hanpumep, [8]); mpencTaBieHns TpaBUTANH KaK (HU3NIECKOTO TEH30PHOTO MO, YTO TPe-
OyeT HapylIeHUs] KAIMOPOBOUYHON MHBAPHUAHTHOCTH M HEHYJIEBOW Macchl TpaBuTOHA [9]; pennonoxeHus oo
OTPaHUYCHHOCTH KPUBHU3HBI TPOCTpaHCTBa-BpeMeHu [10], a Takke Ha OCHOBE MOTBITOK CO3TaHUS KBAHTOBBIX
TEOPH TpaBUTAITNH, HAPUMED TIETIICBOM KBAaHTOBOM rpaButanuu [11]. B To ke BpeMs cuHTYIsIpHOTH Y/] sB-
JIIETCS KOAETOM», T. €. OKPYKEHHOM TOPU30HTOM COOBITHH, YTO MO3BOJISIET ONPABAATh €€ CYIIECTBOBAHHE TEM,
YTO OHA HEBUAMMA JJIsl BHEITHETO HaOmonarens [12].
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2. ®du3nyYecKuil cTaTyc caMOro ropru3oHTa coObITuil Y/l Takke MOXKET BBI3BaTh BOIIPOCHI, XOTS C TOU-
ku 3peHuss OTO nmns cBOOOMHO TAJaroniero HaOMIOAaTeNs dTO «OAHOCTOPOHHSSI MeMOpaHa» («TOPU30HT
HEBO3BpaTa»), He UMEoIIas Qu3ndeckux ocodeHHOCcTer. Tem He MeHee (DakT POPMUPOBAHHUSI TOPU30HTA CO-
OpITHIT (1, cienoBaTenbHO, Y/I) Mpu Koarce MmoaBepracTcs psay COMHEHHUH C TIO3HMINN KaK KJIACCHYCCKHX,
TaK M KBAaHTOBBIX 110AX070B. Hampumep, Bo3moxxkHOCTh popmupoBanust Y1 (1 ropu3oHTa COOBITHI, COOTBET-
CTBEHHO) B TIpoIlecce KOoJJlarca TECHO CBA3aHA CO CTAaOMIIBHOCTBHIO CBEPXIIOTHBIX COCTOSHHN BemiecTsa [2].
[Ipenmonoxenue o CyleCTBOBAHUH TAKHX IK30THUECKUX CTAOMIIBHBIX (a3 (B YACTHOCTH, CBOOOTHOKBAPKOBOU
(a3bl [13]) Moo Obl OOBSICHUTH (DEHOMEH CBEPXKOMIIAKTHBIX OOBEKTOB, BHEILHE MPOSIBIISIOIIMX ce0sl KaKk
YJI. 3arem B moneBoi POPMYIHPOBKE TEOPUU TPABUTAIIMH C MACCHBHBIM I'PABUTOHOM CamoO IOHSTHE TO-
pU30HTa COOBITUH sIBIsIETCA (PU3HYECKU OECCMBICICHHBIM M HEOTPaHWYECHHBIH TPaBUTALMOHHBIN KOJLIAIIC
HEBO3MOXKEH [14; 15], X0Ts He OTPHIIACTCS CYIMIECTBOBAHUE CBEPXKOMIIAKTHBIX 00BEKTOB, HMEIOIINX pa3Me-
PBl, THPUHUTE3UMATBHO OOJIBIINE MBAPLIIIIBA0BA Pafnyca, U CXOKHUX BO MHOTUX acnekrax ¢ Y[ [16; 17].
AJBTEpHATUBHBIC MOJIXO/BI pa3padaThIBAIOTCSI B PAMKaX IMOCTPOCHHS KBAHTOBOW TEOPUH I'PaBUTAIUH, TI0-
CKOJIBKY HaJTM9HE TOPU30HTA COOBITHI M CHHTYIIIPHOCTH HapyIIaeT IPUHIIUAIIEI YHUTAPHOCTH (MH(pOpMaInoH-
HBII TapaJioKc) ¥ HEKJIOHUPYEMOCTH KBAHTOBBIX COCTOSIHHUH, TaK JKe KaK CO3/1aeT MPpoOIeMbl HHTEPIPETALUH
tepmomuHamuku YJI [18-21].

Ecnu npennonoxuts, uro runore3a o0 orcyrcreun YJ1 cazana ¢ mogepHuszanueii OTO u cuHTE30M TEo-
pHWU TPaBUTALNHN C KBAHTOBOW MEXaHHMKOH, TO BOZHUKAET BOMpoc: «B KakoM HampaBiIeHNN JOJKHA OBITH TIPO-
BegeHa monepuuzanus OTO?» B cBsizu ¢ 3TUM MOXHO BCIOMHUTH U3BECTHOE BbicKasbiBanue . Y. broxun-
1ieBa: «DaKToOB BCeraa JOCTaTOYHO, a HE XBaTaeT TOJIBKO (anTazum» [22, c. 688].

KittoueBsIM pakToM, yKa3bIBAIOIIMM Ha BOSMOYKHOE ITPAaBUIIHHOE HAIPABJICHNUE, SBIAETCS MpoldieMa BaKyyM-
HOH sHeprun. B pamkax OTO nro0ast mocTossHHAS IUIOTHOCTH SHEPIHH (B TOM YHCIIE SHEPTUH HYJIEBBIX KOJICOaHUH
TIOJIEBBIX OCIMJUIATOPOB) MPUBOANT K PACHIMPEHHUI0 BceneHHOH. [Ipn oOpe3annn nMIyIbCOB Ha MJIAHKOBCKOM
YPOBHE IUIOTHOCTb SHEPIUH BaKyyMa OyzieT nopsaka maccel [1nanka B ueTBepToii crenenu (p,,,. ~ M, ; ) [23]. Ha-

CTOJTBKO OBICTPOE PACITUPEHUE BCEICHHON, COOTBETCTBYIOIIEE TaKOH MIIOTHOCTH, He HabmomaeTcs [24]. B atom
CMBICITE TTpobiieMa BaKyyMHOW SHEPIUU SIBISIETCS CKopee He TpoOieMoi, a HaOmonaeMbIM GakToM [25], koTo-
PpBIit HEOOXOMUMO YUUTHIBaTh. OJTHO M3 BO3MOXKHBIX PEIIEHHH — MOCTPOUTH TEOPUIO IPAaBUTALIUH, KOTOpast J10-
ImycKkaja Obl IPOM3BONILHBIN BEIOOp YPOBHS OTCUETa IIOTHOCTH DHEPTHH, — TOTAa OCHOBHAS YacTh INIOTHOCTH
9HEPruH BaKyyMma He Oy/leT BIMATH Ha paclIMpeHHe BCEICHHOM, TOCKONbKY ypaBHeHne Opuamana OyneT omnpe-
JIENIEHO C TOYHOCTBIO JI0 TIPOM3BOIGHON KOHCTAHTEI.

CrenyromuM (GakToM SIBISETCS OTCYTCTBHUE HHBAPUAHTHOIO BakyyMHOTO coctosiuust B OTO. 310 yKkas3bIBaeT
Ha HEOOXOJMMOCTh HapyIICHHs KaJTHOPOBOYHON MHBApHUAHTHOCTH OTO'. B uactHocTH, B pabote [26] ObLIO
paccMoTpeHo HapyleHrne KanmuopoBodHoi nHBapuanTHOocTH OTO, BO3HHKAOIEe B Pe3yabTare OrpaHHYCHHUS
KJIacca BCEX BO3MOJKHBIX METPUK, I10 KOTOPBIM BapbHPYETCs CTaHAapTHOE JeiicTBre DifHITeiHa — [ Mipoepra,
YTO TO3BOJIMIIO M30eXkKaTh MPoOIeMbI SKCTpEeMaIbHO OOJBINON BaKyyMHOU sHeprun. Bo3amkaet Borpoc: «Kax
B JIAHHOM KJIacce METPHK BRIIAUT peutenue IBapummnbaa?y

Lenbto HacTosimiel paboTHI SBISIETCSl BBISICHEHUE MPHUPOJIBI acTpodusndecknx YJ[-momoOHbIX 00BEKTOB,
BO3MOXKHBIX B 3TOM OTPAaHHYEHHOM (TaK Ha3blBaeMOM KOH()OPMHO-YHHUMOIYJISIPHOM) KJTacce METpUK. 3aberas
BIIEpe/l, HEOOXOUMO NPEAYNPEIUTh, YTO CBOHCTBAa TaKUX OOBEKTOB AJISl yAaJCHHOro HaOmiomaTesst MOTyT
OBITH HEOTIMUUMBI OT cBoWcTB UJ[. OmHako AeTampHas pa3paboTKa ATOTO BOIPOCA BEIXOIUT JTATIEKO 32 PAMKH
JaHHOW PabOTHI.

Hapymenne kaauOpoBo4HOi MHBAPHMAHTHOCTH

B PAMKAX NATHBEKTOPHON TEOPUM rPABUTALMHU
Habnromaemblii axT, 4TO OCHOBHASI 4acTh BaAKyYyMHOH SHEPIHMH HE BIIMSICT HA PaCIIMPEHUE BCEICHHOM,
YKa3bIBaeT Ha HEOOXOAMMOCTh TEOPHH IPaBUTALINH, B KOTOPOH YPOBEHb OTCUETA INIOTHOCTH SHEPIMU MO>KHO BbI-

OupaTh Npou3BOJIbHO. Takas TEOPHs MOXKET ObITh COPMYIHPOBAHA, €CIIM BAPbUPOBATh CTAHAAPTHOE JACHCTBUE
OiiHurreiiHa — I'mipbepra He 10 BCEM BO3MOXKHBIM METPUKAM g, NPOCTPAHCTBA-BPEMEHH, a [0 HEKOTOPOMY

OTpaHUYEHHOMY KJIacCy KOH()OPMHO-YHHUMOIYJISIPHBIX METPHK [26]
2 _ Wav_ 2 m\2 5.2 i i j 7
ds’ = g, dedx’ = a’(1-0,,P" ) dn’ — y;(dx' + N'dn)(dx’ + N/dn), (1)

. 1/6 . .
[JI€ Yj; — METPUYECKHH TEH30P TPEXMEPHOTO MPOCTPAHCTBA; @ =Y — ONPE/IENIEHHBIH JOKAIbHO MaCIITa0HbIA
dakrop, y= dety;. [IpocTpaHcTBeHHas YacTh nHTEpBaia (1) MOXKeT ObITh 3amHMcaHa Kak

1 o
Kax HU3BCCTHO, OOJIBIINHCTBO CHUMMETPUHU B IIPUPOAE OKa3bIBAOTCA HAPYIICHHBIMU. I/ICKJ'IIO‘IGHI/IB, NO-BUAUMOMY, COCTABJIACT LIBETO-
Basi CHMMETPUA KBaHTOBOU XPOMOJUHAMUKHU.
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di* = yydx'dy’ = a® (n, x) 7 dx'dx’,

oY )
e Y; = —g — MaTpHLA C ONPEACIIUTEIIEM, PABHBIM EIUHHULIE .
a

ITo popme unTepran (1) ananoruder ADM [27], HO BMecTO (PyHKIIMH XOJ1a UCIIOIb3YETCsI BRIPAXKECHUE

1-09, P", tne d,, — uactHas npousBoaHas; P — TpexMepHbIi BEKTOP (OTHOCHTELHO BpaleHuii). Bappuposa-
HHE CTaHAapTHOTO neiicTBhs DifHmTelHa — ['mms0epra [28]

M2
Sow = =75 [0\’

3
e G =g® (1"3\, T, — T IV, ) uM,= ,/m — macca Inanka, o Bextopam P, N u TpexmepHoii MeTpuke’
Y;; IPUBOUT K yPaBHCHUSIM IISTUBEKTOPHON Teopuu rpasutarmu (IIBT):

2" [96)~¢ Ao-¢) 6

o, | %™ T ofem) M

p
ag[0(o-g)  A%g) 6 _
N | g o(0,") M, To=g =0, @

a(ajpf)ﬁ g™ %

g 3 [3(9v-g) _ A(9V-¢) 6
el

Tfe NPHHATO BO BHHMAHHE, 11O TCH30P SHEPrHU-MMIYNIbCa MATEPHH T = Sizfv

g
Oornee caboe, 4eM COOTBETCTBYMOIee ypaBHeHUe raMuinbToHOBo cBsizn OTO. C apyroit croponsl, B [1BT
BosHuKatoT orpannaenns V(V-P)=0, V(V-N)=0 na muoxurenn Jlarpamka. Ecnn BeIOpats kanmmOpoBKy
B Bujie V- N =0, ToO raMHUJIBTOHOBA CBS3b YIOBICTBOPSETCS C TOUHOCTHIO /IO KOHCTAHTHI [26].

_Tlocnennee ypasuenue (2)

Cdepuuecku-cuMMeTpUYHOE IPABUTALMOHHOE T0JI€

Cdepudecku-cuMMeTpUIHBIE METPUKH, PUHAIISKAIIHE Kiaccy (1), B KOTOpOM BO3MOXKHO CHOPMYITHUPO-
BaTh TEOPHIO TPABUTAIINH, JOMYCKAIOIIYIO TIPOU3BOIBHBIN BEIOOp YPOBHS OTCUYETa SHEPTHH, UMEIOT CIEAYIO-
A BUT:

2
ds’ = a’(dn’ - Jydv'dx’ ) = & dn’ = e (dix)” — (e - e‘zk)wiz) , 3)
r

7€ a = eXpol, A ABISAOTCS QYHKIUAME OT 1, 7 ¥ = |x| Marpuua ¥, ¢ €IMHUYHBIM JIETEPMUHAHTOM 3aIHCaHa
qyepe3 QyHKIHIO k(n, r). JUnst cheprdecKi-CHMMETPUYHOTO Clly4ast ypaBHEHHUs (2) IPUHAMAIOT BUL

0 2o
H _ eza _la,z + l?\‘/2 _ e_z + e_2p + e—47b (Lz — ﬂar(xarx + lar(xz +
2 27 et M 6r® 3 6
2
N gra + %ar, oL+ %arkz - 563),7» - %ar, rk)] = const, 4)
7 r

*Jlanee B Tekcre METpHKa MMPOCTPAHCTBA-BPEMEHH, KOTOpast MPECTABISIETCS B BH/IE IPOU3BEICHHS OOIIEr0 MHOKHTEIIS Ha YeTHI-
PEXMEepHYIO MaTpHUIly ¢ AETEPMHUHAHTOM, PaBHBIM —1, BKIIIOUAIOIIYIO TPEXMEPHBII MPOCTPAHCTBEHHBIN ONOK C €AMHUYHBIM AE€TEPMH-
HAHTOM, Ha3bIBACTCS KOH()OPMHO-YHUMOIY/ISIPHOM.

3TpeXMepHmI?I METPHUIECKHUI TEH30p MOXKET OBITh 3aIliicaH B BHJE TPOHKH PEIEPHBIX BEKTOPOB, COCTABIISIONINX TaK Ha3bIBACMYIO
TpUazy.

100



Teoperuueckast puznka
Theoretical Physics

P=e [—aroc(oc’ +20) =9, M + 9,0 — (— -39 7») ] , (5)
” ,2 ’2 a 2
o’ + o+ 02 = ( +9, 0+~ 3 A -
100, 2 1 " e
b 2o

p
” ”n o’ 2 —4A 2 2 1
W 200 = 2e (—Brocark—aroc #0490 =29, )

1 1 1 /o
—7ar0(—78},7\,+?(€ —1)), (7

e nuddepeHnrpoBaHue 1Mo 1) 0003HAYACTCSI MITPUXOM. YpaBHEHHUE (4) SBISETCS TaMUJIBTOHOBOM CBSI3bIO,
KOTOpAsi BBITIOJIHACTCS C TOUHOCTBIO JI0 KOHCTAaHThI. B ocTanbHOM, B pamkax OTO, moay4uauck Obl TaKHe jKe
ypaBHEHUs. YpaBHeHHE (5) BOZHUKAST U3 TPEOOBAHMS PABCHCTBA HYITIO IMITYIILCHBIX CBsI3eil. Beipaskenus (6), (7)
MIPECTABIISIOT COO0H YpaBHEHUS JBHKESHUS.

JuddepeHupyst CBS3H 10 BpEMEHH 1), TOJIy9UM YpaBHEHHSI

H=—d (e P), (8)

32

=9, H, 9)

KOTOPBIE YIOBJICTBOPSIIOTCS IPH BBIITOTHEHUH YpaBHEHUM ABMkeHUs (6), (7), a TaKkKe CIACAYIOUNX ypaBHEHUH
JUTSl IJIOTHOCTHU DHEPTUU U JIaBJICHUS MaTepUU:

p’+3(p+p)o=0, 0. p+(p+p)o,a=0. (10)
B OTO ypasuenns (10) Bo3HHKAIOT U3 TOXKAeCTB bruanku, nmpuBoasmux K yciaosuio DT, w = 0. B nanHoM
ciryuyae ypasaenust (10) Bo3HHKaIOT n3 TpeOOBaHUs COXpaHeHHs CBsi3el Bo BpeMeHH (8), (9). Kak MoxHO 3ame-
TUTh, ypaBHeHUsI (8), (9) yaoBiIeTBOPSIIOTCS HE TONbKO, eciu H =0, P =0, kak B OTO, HO u 1ipu Oosiee cirabom
ycnoBum ‘H = const, P =0, 9to 66110 O0TpakeHo B popmyse (4). Koncranra B ypaBHernu (4) He0OX0MMa, YTOOBI
KOMIIEHCUPOBaTh OCHOBHYIO YacTh BAKYYMHOW SHEpPIHH, MOCJIEe YeTO YpaBHEHHUs MPHOOPETAIOT TaKOH e BUIL,
kak B OTO. Takum oOpa3omM, rmociie KOMIICHCAITUH BaKyyMHOM SHEPTUH KOHCTAHTON MBI OKa3bIBaeMCsI B paMKax
OTO, Ho B omnpeneneHHOM (KOH(POPMHO-YHUMOIYIISIPHOIT) KamOpoBke (3).
Haiinem perienue Ll[Bapiiinmibia B JaHHOM KaTHMOPOBKE, MoJIarasi BpeMEHHbBIE TPOU3BOJIHBIC, a TAKKE JIaB-
JIEHUE U IUIOTHOCTh PAaBHBIMH HYIIO B ypaBHeHUsX (4)—(7). Buipaxas npoussonusie d, A, d, 0 U3 ypaBHe-
Huil (6), (7) u moacrasisis ux B ypaBHeHue (4) npu const = 0, Haxonum

) 2
_3r2(6;_0€) N 4rd_“(r@_1j (r’;’]_"_l) =0, (1)
I v

YUToOBI HaliTH petnieHne ypaBHeHHH (6), (7), (11), cnemaem CIIeayrONIyIo MOACTaHOBKY:

_ 2o
k:a+lnu, (12)

Te

rae BBeaeH paanyc LIBapimmibaa, 9To0bI caenarh BRIpaKeHUE MO JJorapugmMoM Oe3pa3MepHbIM.
B pesynbrare ypaBaenue (11) mpuHuMaeT BUJ

4 a0 20 1\® do)
(e 1) [dr)rg (13)
¥ MIMEET CIIE/IYIONIEE PEICHHUE:
33
a(r)=tn| FO =0 ] (14)
67
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rae f 1 _ ¢byHkus, oOpaTHas

2 4 1.4 6 2
a2J+30a 12a 22a+3’ 15)

3
6a* (a2 — 1)
U 1, — KOHCTaHTa uHTerpupoBanus. Oynkuus f (a), rpaduk KOTOPO¥ MpHUBEIIECH Ha PUC. 1, ABISCTCS B3aUMHO

OZHO3HAYHOM (PyHKIMEH, 0TOOpakaroeil 0Tpe3oK (0, 1) B R. Ucnone3ys (14), (15) u dopmyny ans audde-
PEHLIMPOBaHUST 00paTHON (YHKIMH, MOKHO BBIYHCIIHTH

f(a)= 21n[

l1-a

2 A=) N2 A0 N2 L)
do._ - PPN 1) e agnty
- — W (- - 3 - 3 >
dr 22 () () 2, 2
}/,3 _ r3
e y = P O BhI4uCIIss TAKHM K€ 06pa3oM
T,
4
dh _ 8e**r’sh*o(cho + 2) Ll
dr rg3 r’
2
do_ Ee6°‘rsh4oc(8e6°‘r3sh3oc(3shoc +2chal) + r3),
dr? rg6 &

d*\ _ 64¢%r*sh®o(7sh(20) + 8ch(20) - 5) 1 N 16e**rsh*a:(cthor +2)
art rg6 2 r; ’

MTOJICTAHOBKOW HaxXoauM, uTo ypaBHeHus (4)—(7) ynoenerBopsitorcst ipu p = p = 0, const = 0. Takum o6pazom,
ypaBaenus (12), (14), (15) ABASAIOTCS TOYHBIM CTAaTUYECKUM C(heprueCcKH-CHMMETPUYHBIM PEllIeHHEeM ypaBHe-
HUH DWHIITEHHA B TycToTe (C (PM3NYECKON TOUKH 3PEHHUS IOJIaraeTcs, YT0 KOHCTaHTa B ypaBHEHHH (3) KOM-
MEHCUPOBAIa BAKyYMHYIO SHEPTUI0 KBAHTOBBIX MoJjie). Kak BUAHO U3 puc. 2, a, PyHKIHS O HECUHTYJIsIpHA
npu 7 =0, B To BpeMst Kak (yHKIIUS A, ONMCBIBAIOIIAst OTKIOHEHHE KOH(DOPMHON r€OMETPUH OT IIBAPIIIINAIIb-

JIOBCKOM, SIBJISIETCSI CUHTYJISIPHOM.
Cpasuum pemrenue (12), (14) ¢ kanoanmuecknM penierreM LBapummibaa, kotopoe nmeeT BU [28]

-1
Y, Y,
ds® = (1 - Rijdtz - (1 - Ri) dR® - R*(d6” + sin®0dg’). (16)

Jis aToro nepenuieM cHadata nHTepBai (3) B chepuyecKknx KOOpInHATaX:
ds? = eza(a’nz — dr?e™ - e (de? + sinzed(pz)). (17)
J
150
100

50

0 L L L 1 1 1 1 | L L

=50
-100

-150

Puc. 1. I'padux pyskuun f (a), omnpezesieMoil ypapaeHueM (15)
Fig. 1. Plot of the function defined by equation (15)
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ala o/b

0,2

A

I'paBuTannoHHbIN
MOTEHIHAI

|
0.8 ol e e e ey

TN TN T N T T T N YT T N T N T T A YT T A Y Y S AN
o

8 10 12 14 2 4 6 8 10 12 14
T r
g

o

2 4 6

alr) ———=A() =0 ————p=3

————— HeroToHOBCKMI MOTEHIMAN () = £
2r

Puc. 2. I'paBUTalIMOHHbIE IOTEHLIMAIIBI, OIMChIBatOINE METPUKY (3) (a).
I'paduk xKoopaMHATHOTO ITPEOOpa3OBaHUS R(r), npusosniero nurepsai (3), (17)
K KaHOHMYECKOHU IIBapIIIIILIOBCKON (opme (16) Jutst pa3HBIX 3HAYEHHI
KOHCTaHTHI HHTETPUPOBAHUS 7, B BeIpakeHuu (14) (6).
YpoBeHb R = 1, OTMEUYCH TOPU30HTAIILHON JINHUCH
Fig. 2. Gravitational potentials describing the metric (3) ().
Plot of the coordinate transformation R(r), mapping the metric (3), (17)
to the canonical Schwarzschild form (16) for the different integration constant
values r in the expression (14) (). The level of R =1, is marked by the horizontal line

[Mockonbky (16), (17) sABASIFOTCS pelICHUSMH YpaBHEHUH DWHIITEIHA, TO OHU JOJKHBI OBITH CBSI3aHBI Mpe-
o0pa3oBaHUEM KOOPJWHAT { =T|, R = R(r), YTO JaeT elle OuH croco0 BeiBecTu ypaBHeHus (12), (13). [eii-

2 2 02 2 2
CTBUTEINLHO, IPUpaBHUBas B nHTepBaiax (16), (17) xoadbdunuents npu dt” = dn”, df” + sin"0d@”, a Takxke
pazuanbHbIe claraeMble, TIOIyYUM YpaBHEHUS

7

1-£=¢ 18

¢ (18)

R2 — r2e—27\,+20t’ (19)

_ rﬁ (d_R) :e49»+2(x‘ (20)
R dr

-1
VYpasuenus (19), (20) npuBoasT k BeipakeHUsM (18) u R(r) =1, (1 - ezo‘) , TIOJICTAaHOBKA KOTOPHIX B (20)

maet (13). Kak BugHO U3 puc. 2, 6, pemenue (12), (14) onmuckiBaeT TOIBKO 9acTh BHEIITHEH (rg+) obmactu perre-
Hus [lBapimmnbaa, mockonbky lim, SoR(r) 2 Ty~ JlaHHBIH (aKT MOXKHO NPOMIUTIOCTPUPOBATH CJIELYIOIUM

00pa3oM: MyCTh UMEETCsl TPOCTPAHCTBO CO «IIBaPUIIWIbI0BCKUME Y/I», Torma mpeodpazoBaHUEeM KOOPIH-
o +

HaT, KOTOPOE B OKPECTHOCTH Ka)IOH IBIPHI UMECT BUT r(R) , MOXKHO «CTSIHYTB» JIBIPBI B y3Jibl * = 0 U cUu-

TaTh, YTO B y3JIaX HAXOJATCS TOUe4HbIe Macchl (puc. 3). [lomyuunBineecst mpoCTpaHCTBO-BPEMsI MPEICTABISIET

co00H eMHYI0 MPHYMHHO-CBSI3HYIO 00JIACTh.
B npunnune, ucnons3ys nensra-QpyHkuuio Jupaka n 3anucaB IUIOTHOCTb SHEPTUU B ypaBHEHUH (4)

B BHUJIE p(r):e73°‘8(3)(r) [26], moxHO ObLTO OBI paccMaTpuBaTh pemenue (12), (14), (15) kak cooTseT-

CTBYIOILIEE O-UCTOYHMKY, OJHAKO TAKOE€ PaCCMOTPEHHE SBISAETCS (POPMAsbHBIM, MOCKOJIBKY ypaBHEHHS
TpaBUTAllMHA HEIMHEHHBI, a MPOU3BeIeHne 0000IICHHBIX (YHKIMI HE ompeneneHo [29], 9To MPUBOAUT
K HE0OXOIMMOCTH JIOOTIPEeNATh AeibTa-QyHKIuoo Jlupaka Tak, 4To0bl 000UTH JaHHYIO TpyAHOCTH [30].
TpelOyeTcsa paccMoTpeHre KOHKPETHOW «MOEN eNbTa-QyHKIINN, HAIIPUMEp B BUIe 00BEKTa C OAHOPOI-
HOM IJIOTHOCTBIO, KOTOPAsi CTPEMHUTCSI K OECKOHEUHOCTH MPU CTPEMJICHUU K HYJIFO 00JaCTH, 3aHUMaeMOM
marepuei.
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Puc. 3. «CraruBanue» aplp paaunyca llIBapummuibia
B y3JIbl C HAXOAALIMMUCS B HUX TOYEUHBIMU MACCAMU

Fig. 3. «Shrinking» of the BHs of Schwarzschild
horizon radius into the nodes with point masses

HeTo4yeuHble 00LEeKTHI NOCTOAHHOM MJIOTHOCTH

OnHopoIHbIN KOMIAKTHBII 00beKT B MeTpuKe TUNAa LHBapumuabaa. XoTs HeC)KUMAEMOH KUIKOCTH,
MO-BUANMOMY, HE CYIIIECTBYET B MPHUPOJE, TPHOIIKEHNE TTOCTOSHHOM TOTHOCTH [31] MO3BOISET B 00IIHX
YepTax OMHUCATh CTPYKTYPY KOMIAKTHBIX (DU3UIECKUX OOBEKTOB.

N3BectHOE ypaBHenune Tonmana — OnmenreiiMepa — Bonkosa (TOB) [4], onpenensroniee MaKCHMaTbHBINA
MpeJie Macchl YCTOMYMBOCTH HEMTPOHHOM 3B€3/1bl, B CTAHAAPTHONW METPUKE IIBAPIIINIBI0OBCKOTO TUIA

ds’>=B(R)dt’ — A(R)dR* — R*dQ 1)
BBIINISITUT CIECTYIOIINM 06pa30M:
3 1+4nR°p(R))(. p(R)). 3M(R))
(R)=——F55M(R)p(R)| ————L || 1+ 1- : 22
PR) 4nM) R (R)p(R) M(R) p(R) 2nM; R (22)

R
rae Gynxuus M(R) = 4nfp(R')R’2dR’.
0

. 4T
s Hec)kuMaeMoro BellecTBa MOCTOSHHOW MJIOTHOCTH M(R) = —pR3 pemenue ypaBHeHus (22) mnpu-
HUMAaeT BHJ 3

_ M 2R — M}~ 208}

p(R) (23)

_p3\/MpZ ~2pR? — M2~ 2pR*

rae R, — paanyc obbekra. Kak BumHO u3 popmyss (23), nasnenne obpamaercs B G€CKOHEYHOCTb MPH

2
4M,
p

2
— 9R}, 4TO yKa3bIBAaeT HA CYIIECTBOBAHME HEKOTOPOTO MPEJENBHOTO pa3Mepa 00beKTa. Ycio-
2

P 2 9 3m
BHE KOHEYHOCTH JIABIICHUS aeT <9R?, T. e. pasMep 06beKTa JOIKeH ObiTh R, > e T =
4TpR; My
= (g, = R
: 3

JABYXKOMIIOHEHTHBbIH HEOAHOPOIHbIII KOMIAKTHBIN 00beKT B MeTpuke Tuna IIBapumuiabaa. Pac-
CMOTPHUM Tenepb 0oJiee CIIOKHbBIN MOJENbHBIN acTpoPpHU3NIeCKHi 00bEKT, COCTOSIILIMNA U3 ABYX HECMEIINBAIO-
LIUXCS HECKUMAEMBIX KHUIKOCTEH € IIOTHOCTSIMU P; U P,. PU3NYECKUM NPOTOTUIIOM ISl TAKOTO OOBEKTa
MOXKET CIIYKUTh MPOCTEHIIasi MOAENIb HEUTPOHHOMU 3BE3/bl C HEOAHOPOJHOM BHYTPEHHEH CTPYKTYypoil [32].

OyHkus M(R) 3alUCHIBAETCS KaK
PR, R<R,
4n 3 3 3
M(R):? p,(R* = R) + p,R}, R.<R<R,, (24)
p>(R} —RY) + piRY, R >R,
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Puc. 4. MHHIMaIIBHO BO3MOXKHBIN BHEIHUH paauyc R, = R
TI0JIOTO KOMITAaKTHOTO 00BeKTa B MeTpuke Tuna IlIBaprmmisaa (21)
B 3aBHCHMOCTH OT TOJIIIUHBI 000JIOUKH

min

Fig. 4. Minimally possible outer radius R = R, ,;, in dependence
on the thickness of a shell in the Schwarzschild metric (21)

B npeaensHOM cityuae, Koraa INIOTHOCTh P, ONK3Ka K HYIIO, a P, = P, GyHKIus (24) npuHUMaET BUA

0, R<R,
M(R)=""P )R> R R <R<R,
3 i i f
R} —R,R>R,.

AHAJINTUYECKOE PELICHHUE JUISl JaBJICHUS SIBISCTCS TPOMO3IKUM, OJHAKO pacdeT MOKa3bIBAET, YTO VISl Ta-
KOTO O0BEKTa HOJIydaroTcst Oosiee MATKUE yCIOBUS JUIsl KOHEYHOCTH JaBJICHMS, B YACTHOCTH, KaK BHIHO Ha
puc. 4, ist JOCTaTOYHO TOHKOI 000JI0YKH CYIIECTBYET MUHUMAIBHO BO3MOXHOE R = 7.

KomnakTHbIi 00beKT B KOH()OPMHO-YHUMOIYJISIPHOMH MeTpHUKe

Oo0bekT 3Be3qHOTO Kiaacca. CoBpeMeHHbIE HAOIIONCHHS CBEPXKOMITAKTHBIX OOBEKTOB, OTHOCSIIHXCS
K knaccy YJI v, mo-BHIUMOMY, 00pa30BaBIIUXCS B pe3yJbTaTe KOJUIarca MAaCCUBHBIX 3BE3/1, IAI0T MAaKCHMAaITb-
HYIO OLIEHKY UX Macc mopsaka m =~ 15-36mg [33; 34]. PaccmoTpum momoOHbIe 00BEKTEI MOCTOSHHON TLIOT-

HOCTU B MeTpHKe (21), KoTopasi cBi3aHa KOOPAMHATHBIM MpeoOpa3oBaHUEM R(r) = exp(oc(r) - k(r)) C MeT-
pukoit (12). 3ajanum KOHEYHOE 3HAYCHHC 7y, 32 KOTOPHIM HAYMHACTCS IyCTOE NPOCTPAHCTBO Oe3 Marepwu.
OHO COOTBETCTBYET 3HAYCHHUIO R, = R(rf) B Metpuke (17). BBuay orcyTcTBHsI TOpH30HTa B JAHHOM KJlacce

METPHK 7 MOXET ObITh MEHBILE 7, (CM. pHC. 2, 6). DyHKIHH B 00IACTH, 3aHATOH MAaTCPHCH, OLPEACISIOTCS
ypasHeHusimMu (4)—(7), a Ha4aIbHbIC YCIOBUS IIPH 7 = 1, — CIUIMBaHUeM ¢ pemeHneM [IBapuumnbaa (12), (14).

YHuceHHo MpoUHTErpupoBaB ypaBHeHUS (4)—(7), BKIIIOUast 00JIaCTh, 3aHATYIO MaTEPHUCH, MOXKHO OTpeIe-
JIUTh TPABUTAIIMOHHBIC TIOTCHIIMAIIBI U JIaBJIcHHe. Macca 00beKTa 3amnuchIBacTCs KakK

_4n 3 3\ _ ¢ 30-3n[ Ao d\ 2
m—?p(Rf—Ri)—Mcpb[e r;—r;+1 redr (25)

3 m

u onpezernsier papuyc [Bapuumisia 7, = Py KoTOpbI urypupyet B popmynax (12), (14).

Paccmorpum cradana B metpuke (3), (17) KoMImakTHbIE OOBEKTHI, B KOTOPBIX HCTOYHUK 3aHUMAeT 001acTh
MEHblIIe WK nopsiaka paguyca lBapummisaa (puc. 5, a, 6). Kak 310 1 MOXHO OBIIIO Ipearoararh, lOTEH-
IHaJT O, SBJISBIIMIACS KOHEYHBIM B CITy4ae TOYEYHOIO MCTOYHMKA, OCTAETCs KOHEUHbIM. [ToTeHIuan A, KoTo-
pbIii oOparancst B 06CKOHEYHOCTh B TOUKE HAXOXKJCHUSI TOYEYHOTO MCTOYHUKA, CTAHOBUTCS KOHEUHBIM IPU
PaBHOMEPHOM PACHPEAEICHUN MacChl BHYTPH Iapo00Pa3HOTro HCTOYHHKA.

BryTtpeHmsist crpykrypa oGbekra B MeTpuke (21) onpenensiercs napamerpamu R, 1 R;, KotopbIM B MeTprke (17)
COOTBETCTBYIOT IIAp C PaJUyCoM 7y 1 HapaMeTp 7, BO BHeWwHeM petuennn [IBapumminbaa. Takum obpasom,
CTAHOBUTCS IOHATHBIM CMBICII IOTIOJHUTENBHOTO apaMeTpa 7, B petuennu lsapumminbaa (14): on onpeznenser
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BHYTPEHHIOIO CTPYKTYpy oObekTa. B naHHOM ciydae wyacTuuHas WHGOpPMAIMs O CTPYKType rnceBnoY/] co-
JIEP’KUTCS BO BHEHIHEM pemrenuu HIBapumminbaa B BUIe IapaMeTpa 7y, 4YT0 HEYAUBUTENBHO, IIOCKOIBKY pac-

cMaTpHuBaeMblii 00BEKT, 10 CyTH, He siBisieTcst Y/1.

Pasymeercs, naBnenue P(R), Re {Ri, R f}, rosrydeHHoe U3 pemennus ypaBHeHus TOB, coBmanaer, kak
MOKa3aHO Ha puC. 6, ¢ TaBJIIEHHEM, HallICHHBIM U3 pelenus ypasHenui (6), (7), (10) u 3aganHbIM apaMeTpu-

aeckum obpasom p(r), R(r), re {O, rf}.

106

ala o/b
6lc 2ld

Puc. 5. KomnaxTHbli 00bEKT IOCTOSHHOMN IUIOTHOCTH Py = 0,43Mpzrg’ 2, TIPECTABISIOMNN cO001

CILIOLIHOM wwap paauycom 7y = 2r, B Merpuke IIBT (17) (a), B MeTpuke Tuna Isapummibaa (21) Bbirisiaut

KaK CIIOif HECXKMMACMOM JKUIKOCTH paquycoM R, =R (rf) =1,52r, BOKpYr HENPOHMLAEMOH
obonouku R; = R(O) =1,34r, (6). Monenbublii acTpodusnueckuit 0GbEKT Maloi MIOTHOCTH
Py =35,0117- IO_IOMP2 Ty 2 npeacTasisier coboi CIUIOUHOM wap paauycom R = r, = 10007,
B 00enx merpukax (17) u (21) (s, ). IlapameTp r, BO BHEIIIHEM pEIICHUH
HIBapummabaa (14) B34T paBHBIM 7y = —96,75
Fig. 5. A compact object with constant density p, = 0.43Mpzrg‘ 2
of uncompressible fluid with the radius 7= 27, in the conformally-unimodular
metric (17) (@), looks s a shell with the boundaries R, = R(0) = 1.34r,, R, =R(r,)=152r,

in the Schwarzschild type metric (21) (b). Model low density object p, =5.0117 - 10_10Mp2rg_ 2
looks as a solid ball R, = r, = 10007, in the both metrics (17) and (21) (¢, d),
if parameter 7, in (14) is taken to be equal to r, =-96.75

1,35 1,40 1,45 1,50

R
I"g

Puc. 6. JlaBneHne, NOTy49eHHOE PEIICHUEM
ypaBHeHus: TOB (Toukn) u pemenuem ypaBHeHuit (4)—(7) (crutomHast Kpusas).
UncneHHble 3HAYEHHS TapaMeTPOB YKa3aHbI B IIOJIIHUCH K pHC. 5, a, 6

Fig. 6. The pressure obtained by solving the TOV equation (points)
and the equations (4)—(7) (solid curve). The values of parameters is shown in fig. 5, a, b
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CaepxMaccuBHbIi 00beKT. Kak n3BeCTHO, COBpeMeHHbIe HaO0IaTeIbHbIC IAHHBIC TIOATBEPKIAIOT CY-
[IECTBOBAaHNE CBEPXMACCUBHBIX KOMIAKTHBIX OOBEKTOB B SpaxX raJIaKTHK, Macca KOTOPBIX OLECHUBAETCS KaK
m=6,5-10 mg [6]. Eciu npenmonarars, 4To CyIIECTBYET HEKOTOPAs MaKCHMMAJlbHAas IIOTHOCTh P . :M; ,
TO YUCJICHHOE 3HAYCHUE B EAUHULIAX M; rg2 OYIIeT Py = Ppax = 3-4 - 1095M; rgfz. B sToMm ciryuae B KoHPOPMHO-
YHUMOAYJISIPHOM MEeTpHKe pazmep 00beKTa OKa3bIBaeTCsa BeChMa MaJl, i, Kak ITOKa3bIBAIOT pacyeThl, HOTEHIIHA-
JIbI A ¥ O BHYTPH TPHOIMKSHHO MOJKHO aIllpPOKCUMUPOBaTh BhipaskeHusmu (12), (14) mst myctoro mpoctpa-

r
cTBa (T. €. TPAaHUYHBIE YCIIOBHS BIUSIOT CHIIbHEE, YeM «CTPYKTypa» 00beKTa). bonee Toro, mpu Maibix -
g

P ”03
6rg3k(r0)

MIOCKOJIBKY @ CTpeMHuTCs K KoHcTaHTe mpu » — 0. [lapamerpsr ao(”o) u k(ro) ABIAIOTCA (DYHKIUSMH OT 7).

oc(r) =In ao(”o) + , (26)

Boipakenne (26) nomydaercst u3 pasnokenns Gpyukuun f(a) B pan Teiinopa B TOUKe a, ¢ yAepKaHUEM JBYX
HEPBBIX CI1araeéMbIX, IOCIE YEro HaXoxAeHHe 00paTHON (yHKLUH CTAHOBHUTCS 3J€MEHTapHbIM. 3HAYEHUE 4,

Ui o
SIBJISICTCSI KOPHEM YPaBHEHUS f (a) + Ls =0, a k onpeaensieTcs MPOU3BOAHOM k = [ ’(a0 ) Janee s mpume-
T,

g
pa Oynem paccmarpuBars 7, = 0, korna g, = 0,54 u k = f’(ao) =25,2.
Brrumncienne Macchbl ¢ moMoImbio (25) maet

4n a
m=—"p,

3
)

YTO MO3BOJISAET ONPEACIUTH pasMep 00beKTa B KOHPOPMHO-YHUMOAYIAPHOH METpUKe 1y = 2,6 - 107 ty =

=L5- 1016Mp_1. Pamuyc noBepxnocTu B MeTpuke LlIBapmmmibia MoxXHO otieHUTH u3 (18), (26):

T,
R(r)= .
3
p
1- a, + — 3,
6r k
4TO NPUBOIUT K R, = R(O) ~1,4r, (KaK yKe TOBOPHJIOCH, MOXKHO OBLIO OBI IOJMy4HTH OoJee OIM3KHIA K pa-
auycy IllBapummuibaa paauyc, €cClid B3sATb IPYroe 3HAYeHUE IMapaMeTpa 7). TOJIIMHA HOBEPXHOCTH

dR(r)

2 2

AR =R e —-R; = =7,5- 10_97rg =473 10_49Mp_ !, Crons manast Tonmmsa MOBEPXHOCTH AR CBSI-
r—r

3aHa C TeM, 4TO IIoua b ee Benuka. 13 Broporo ypaBuenus B (10) u (26) MOKHO OLIEHUTh MaKCHMaJbHOE

JaBJICHUE, 3a/1aBasi TPAHUTHOC yCIIOBUE p(rf) =0:
( ) rf3 -
P\r)=Py =3 — 3
P+ 6aykr;
g
MaxkcuManbHOE IaBICHUE p = 0,07Mj rg_z, T. €. HAMHOTO MEHBIIIE, YeM IUIOTHOCTD P, YTO OOBSACHIETCS

MaJjbIM IPAJUEHTOM IIOTEHIUAIA (x(r) (26) BHyTpH >iiXeoHa WU C TOYKHM 3peHus ypaBHeHus TOB kpaiine
MaJIoi TONIIMHOM nmoBepxHOCTH AR.

O0BbeKThI MaJIOH MJIOTHOCTH. PaccMOTprM OOBEKTHI MaJION TUIOTHOCTH (CM. PHC. 5, 8, 2), IPEACTaBIISIO-
e co0oi cruTonTHo map B Metpuke tumna [lBaprimmnsaa (21) (HamroManM, 9T0, HartpuMep, paauyc ConHia
R ;=236 000r,). X015t OHM HE HMCIOT KAKOTO-JIM00 OTHOLICHHS K KOMIIAKTHBIM 00bEKTaM, HO MOT'YT OBITH pac-
CMOTPEHBI JUIsl TOJTHOTHI KapTHHBI. OKa3bIBAeTCs, YTO U B 3TOM CJIy4yae 3HAUCHHUE [apaMeTpa #, BO BHEIIHEH
metpuke (14) puxcupyercst tpedosanuem » = 0 ipu R = 0. Kak BuaHO U3 puc. 7, Ju1sg HEMJIOTHOTO OOBEKTa pa-
auycom 1, = 10007, ycnosue R = 0 nipu 7 = 0 BBIIOIHSIETCS, TOJIBKO ecitut 1y =—96,75. Ilpu 5ToM 3Ha4eHus R (r)
MIPAaKTUYECKU COBMAJAIOT C 7. TaKuM 00pa3oM, MOKHO 3aKJIIOYUTh, YTO 00BbEKTHI MaJIOH IUIOTHOCTHU TaKKe MO-
I'yT OBITh HEIPOTUBOPEYMBO OMHUCAHBI B KOHPOPMHO-YHUMOLYISIPHOI METpUKe U TeM caMmbIM B pamkax [1BT.

B nanHOM KOHTEKCTE WHTEPECHO MPEICTAaBUTH ceOe 0OBEKT MaJol IJIOTHOCTH C ITYyCTOW CEpIIEBUHOMN,
OKpYy>KeHHOH TBepoi o0osoukoil. Hampumep, 3To MokeT ObITh TOHKaS mmojiast cepa, OKpyKeHHas CI0eM He-
CKUMaeMOM KHuIKoCTH. Takol 00BbEKT Takke MOKHO onrcath B MeTpuke [IBT, mpu sToM koopauHara r Oynet
npoberarb 3HaYCHHSL OT HYJISL 110 7, HO IApaMeTp 7 JOJDKEH UMEThb JOCTATOYHO MaJloe OTPHLATEIBHOE 3HAYe-
HHE, TaK YTOOBI B MIBAPLIIMIIBIOBCKUX KOOPAMHATAX BO3HUKIIA TTOJIOCTb.
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Puc. 7. 3aBucumoctsb R(r) JUIs Pa3HBIX 3HAYCHUH NapaMeTpa 7, BO BHELUIHEH METPUKE.
ITnoTtHOCTB Py = 5 - IO’IOMpzrg’z, paauyc R, = r, = 1000r,
Fig. 7. Dependence of R(r) for a ball of R, = r, = 1000r, filled with the «friable» matter,
at different values of the parameter r,, in the external metric.
Density of matter is p, = 5 - 10’101\4!,2;%’2

PasHuia ¢ KOMIakTHBIMH IJIOTHBIMH OOBbEKTaMH COCTOMT B TOM, UTO B MeTpuke Tuna [lIBapummunbaa s
OIIMCAHHOTO BBIIIE HEMJIOTHOTO 0OBEKTa MOXKHO YCTPaHHUTh TBEPAYIO cepy (M TeM caMbIM IOJIOCTh), B3SB
HECKOJIBKO Oouiblliee 3HaYeHue 7, B MeTpuke (17), B To BpeMs KaK AJIsl INIOTHOI'O 00BEKTa HOJIOCTh B METPUKE
[IBapummibaa He MOKET ObITh YyCTPAaHEHA HUKAKUM 3HAUCHUEM 7.

O0beKThI ¢ YypAaBHEHHEM COCTOSTHHMSI TUIIA NbLIH

Paccmotpum paguanbHOe IBMKEHHME TPOOHOH YacTUIlsl B MeTpuke (17), 3amrcaB ypaBHEHHE T€0Ae3MIECKIX

N+ 2/nd,o =0,
4N 2 27)
P+e 0,00+ 7% (9,00 +20,1) = 0.
B oxpectHocTH Touku r = 0, rae
20\ 7
o =const, A=0 + In (1 —e )r_ = const + Inr,
g
panualbHbIE Te0Ie3NICCKHIE YIOBICTBOPSIOT YPABHEHHUIM
" 272
fi=0, 7+ =0, (28)

Touxkoit B (27), (28) ob603Ha"ueHa TIPOM3BOHAS TI0 COOCTBEHHOMY BpeMeHH s. Permenne ypaBHeHUi (28)
HMEET BU]I

r(n)=r2"(r, = 30(n -n,))"

U [I0KA3bIBAET, YTO MPOOHAs YacTHLA, IEPBOHAYAILHO HAXOAAIIAsCS B TOUKE 7, B MOMEHT 1| = 1), U HIMEIoLIasl
CKOPOCTH 0, HAalpaBICHHYIO K IIEHTPY, TOCTUTaeT TOYKH » = () 32 KOHEYHOE BpeMsI.

KauectBeHHO 00pa3oBaHne 0OBEKTOB C YPaBHEHHEM COCTOSHHS THTIA MBLIH, T. €. 00JIaIal0NIUX OYeHb Ma-
JIBIM JIaBJIGHHEM, MOJKHO MPEAICTaBUTh KaK paguaibHOE MaJeHUe YacTHIl MBI B MOJIE dIIXCOHa, B pe3yibTare
KOTOPOT'0 OHH HAKAIUTMBAIOTCS B 00JIACTH 1 ~ 1. B 9TOM CMBICIIE B KOH(DOPMHO-YHUMOLYIISIPHOM METPHKE SHXCOH
mo100eH JIOBYyIIKe. JlaHHAsI KapTHHA OYCHB MTOX0XKa Ha PACCMOTPEHHYIO B padortax [10; 34].

C napyroii croponsl, B MeTpuke Tuna LlBapummibaa ganHas o0nacTh HaxoquTCs BHE paanyca LlBapi-
LINJIBJA 7, M TIPE/CTABIISACT COOOi OYCHb TOHKUH CIION BOKPYT HEIPOHULAEMOI 000JIOUKH, TOJIIINHA KOTOPOTo
ofpenersieTcs NaBjIeHUeM (€CIH MPEJIoiarath, YT0 HEKOTOPOe Majioe JaBJIeHUE BCE-TaKU MPUCYTCTBYET).
OTa KapTHHA HAIIOMMHAET TBEPAYIO MOBEPXHOCTh, BO3HUKAIOUIYIO W3-32 HEHYJEBOH MacChl IpaBUTOHA U 00-
CyXmaBinyrocs B paborax [9; 17; 35].
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3akjaueHmne

Br160p K0H(MOPMHO-YHUMOIYISIPHOW METPUKH OBIJT OCHOBAH IPEXKIE BCETO HA HEOOXOMUMOCTH N30ekKaTh
po0IIeMbl BAKYyMHOW 3HEpriH. Ecim uexoquth u3 TpeOoBaHuMsI, 4TOOBI OCHOBHAS YacTh BAKYYMHOH SHEPTUU
Prac ~ M, ; HYJIEBBIX KoJIeOaHWI HE BIHsIAa HA KPUBH3HY ITPOCTPAHCTBA-BPEMEHH, TO B PE3YJIbTATE HAPYIICHHSI

KaJMOPOBOYHOW MHBAPUAHTHOCTH OKa3bIBAETCS HEOOXOAMMBIM OTpaHnUYnTh Kinacc MeTpuk B OTO. Dto mpu-
BOJMT K OTCYTCTBHIO Y/| M MOSBICHUIO BMECTO HUX TaK HA3bIBAEMbBIX DMXEOHOB — KOMIAKTHBIX OOBEKTOB,
BO3HMKAIOLINX M3-32 HApYyLICHUS] KAIHOPOBOYHON MHBAPUAHTHOCTH U IO CBOMM CBOMcTBaM monoOHbIX Y/J1
KaK 3BE3HOT0, TaK M CBEPXMAaCCHBHOIO Kiacca. Bee peanbHblie acTpodusnieckne 0ObEKThl B JAHHOM Kiacce
METPHUK BBIIIAIAT KaK CIUIOLIHBIE Tela Pa3HOTo pa3Mepa 0e3 Kakoi-1100 JIOBYIIEUHON CHHTY/ISIPHON MOBEpX-
HOCTH (ropu3oHTa). Eciin Takue KoMIakTHbIe 00bEKThI 77 < 1, PACCMATPUBATh B MeTpHKe THna llBapimmibaa,
TO peajibHasi MaTepusl pacipeielicHa B HUX ITOBEPX HEMPOHHLAeMol chepruuecKoi 000JI0UKH paanycoM Oosiblie
panuyca llsapummnbaa (R; > 7,).
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