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AnHoTauus. [Ipu orHOCHTENBEHOM CpaBHEHHMH cBOWCTB MeTpuku [lIBapummnbaa u cun-
XPOHHOUW METPUKH MPOSBIISICTCS TIyOOKUN CMBICI THIOTE3bl DUHIITEHHA O BRIOOPE CHCTE-
MBI KOOpPJIMHAT. B CUHXpOHHON CHUCTEME OTCYETa MATEPHUsl MOKET HAXOJIUTHCS B CTaTHYe-
CKOM COCTOSIHMM, HO TOJIbKO OYyJIydd CKaToil COOCTBEHHBIM TI'PAaBUTALIMOHHBIM IOJIEM 10
yIBTPAPEISTUBUCTCKOTO mpezena p = —e/ 3. CTaTudeckoe COCTOSIHHE TPEIEIbHO CHKATOM
MaTepuu MOXKET CYIIIECTBOBATh HE3aBUCHUMO OT €€ BHYTPEHHETO CTPOCHUS.

KuroueBble cji0Ba: rpaBUTAllMOHHOE T0JI€, METPUYECKUIN TEH30pP, JETEPMUHAHT, CHHXPOH-
Hasl CUCTeMa KOOPJMHAT, ypaBHEHUs1 DUHIITEITHA

Beenenue, MeToabl 1 MaTepHaJbl; Pe3yJbTaTbl. B rpaBuTalilnoHHOM 10JIE CTa-
TUYECKOTO0  Cc(pepuuyeckd CUMMETPUYHOIO  OOBEKTa, COIJIaCHO  PEIICHMIO
lIsapummneaa [1], Ha rumepmoBepxHOCTH T = T, KOMIIOHEHTHl METPHYECKOTO
TEH30PA oo U Grr «MEHAIOTCA 3HaKamMu». B pemennn [lIBapummibaa nmeer me-
CTO CHHTYJIIPHOCTb B LIEHTpE. DTO OOCTOSITENBLCTBO HE OCTAJIOCh HE3aMEUEHHBIM
DitnmreiiHoM. BoT nurarta u3 ero crarbu [2]: «Ecim okaxkeTcs, 4TO B KaKOM-TO
MECTE YEThIPEXMEPHOT0 KOHTUHYYMa det g;; oOpaiaercss B HyJb, TO 3TO O3HA4a-
€T, 4TO B 3TOM MecTe OECKOHEYHO MaJIbIii «eCTECTBEHHBIN» 00bEM COOTBETCTBYET
KOHEYHOMY KOOpPAMHATHOMY 00beMy. MBI nojlaraem, 4To 3Toro Hurjae Het. B atom
cinydae det g;, HE MOXXET U3MEHUTh CBOM 3HAK; Mbl IPUMEM, B COOTBETCTBUH CO
CIIeIUAIbHON TeopHuel OTHOCHTENLHOCTH, uTo detg;, Bcerma MMeeT KOHEYHOE
U OTpULIATEIbHOE 3HAUYECHUE. DTO MPEANOI0KEHUE ABISAETCA TUIIOTE30U O pusnye-
CKOM IIPUPOJE pacCMaTPpUBAEMOI0 KOHTHHYyMa H, B TO K€ BpeMs, NIPaBUIIOM, Ka-
carolMMcs BBIOOpa cucTeMbl koopauHar» (cm. [2], cpasy 3a ypaBuenuem (18a)).

PeanbHblil cMbICT rUnoTe3bl DWHIITENHA 3aKIIFOYAETCS B TOM, YTO NHPU OTCYT-
CTBMH CHHTYJIIPHOCTH MOYKHO (Iake jKenmarenbHO) BBIOpAaTh CHCTEMY KOOP/IMHAT,
B KOTOPOH OIPENEIINTENb U CUTHATYPAa METPUKHA HE MEHSIOT 3HaKoB. M3 cBOMCTBA UH-
BAPUAHTHOCTH YPABHEHUI DWHILTENHA BOBCE HE CIEIYET, YTO 3HAKH KOMIIOHEHT MET-
PHUYECKOT0 TEH30pa MOXKHO (PMKCHPOBATh 3apaHee MpH 000l cUCTeME KOOPAUHAT.

Ha nporsbkeHnn cra jer, umess B BHJY THIOTE3Y OWHINTEHHA, METpPHUKa
[IBapmmnibaa

ds? = g dx'de =0 (ax”)" e (@r)? —r?[(do)’ +(sin0)*(dg)’ | (1)

TPaAUIIUOHHO HUCIIOJBb3YCTCA AJIA aHAJIN3a CBOMCTB IpaBUTUPYIOIIHUX CTATUYCCKHUX

cheprudeckn cUMMeTpHYHBIX 00bekTOB [l]. Dkcmonentamm (), =e>0 u
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A
Oy =—€ <0 3apaHee (PUKCUPYIOTCS 3HAKU KOMIIOHEHT METPHUYECKOTO TEH30pa

Oy - Kommonenronn ¢ 22(1‘) ——r* [Bapummnba 3apaHee (PUKCUPYET TAKYIO CH-

CTeMy OTCYE€Ta, B KOTOPOM OTHOINEHHE JJIMHBI OKPY)KHOCTH K AMaMETPy PaBHO T,
HE3aBMCHUMO OT PacCTOSHUS I OT 1eHTpa. Pemrenne ypasuenus Diinmreiina (100.6)

B [3] B Buze e = 1—(1(/r)I;TOO(X)deX:1—(2klczr)M(r) OrpaHUYHBAET
noiayro mMaccy M =M (rh). Dkcronenta €7 He MoxkeT GbITD OTpHILATEIBLHOM.

[TosTomy monHast macca M < (02 / Zk)rh.

Bes skcrionentsl €7 1o ke camoe pewenue §7(r) :—1+(2k/ CZI‘)M(I‘)

SBJISIETCS] PETYJISIPHBIM TNPH JII000H 1moHoM Macce M. BHyTpu o0bekTa ¢ yaalieHu-
€M OT IIeHTpa grr(r) pacter. Bae o0nekTa momHas macca M ocTaeTcs MOCTOSH-

HOif, n Kkommonenta ¢ (r)=-1+—-—M (I‘h) BO3BpamaeTcss oopatHo k —1 mpu
cr

r—o. g7 (r) nmeer maxcumym npu I =T,. Ecn B Makcumyme §7 (L, ) macca
M(I‘m) <(c*/2k)r, , o g"(r)<0 w me wmenser s3mak. Ecmm ke
M (rm) >(c*/2k)r, , 10 g" (I‘) JBaXKIbl MEHSET 3HaK: ' (I‘) =0 mpu 1= I, <Tp
WnpH T =T, >I,. B chepuueckom coe I, <r <1 g7 (r)>0.Pamuychi 1, u I,
ma wxotopeix ¢7(r)=0, HaseBaroTCA TpaBMTAUMOHHBIMH. Ha rpaHuue
M (rm) :(C2 / Zk)rm paamycel I, =T, =1, COBIA/IAIOT.

[IpUMEHUTENBHO K PEIICHUIO CHCTEMbl ypaBHEHUM OiHIITEiHA U KieliHa-
Topnona merpuka IBapummisaa (1) okaseiBaercs HenonHoi. Hemonnora meTpu-
ku [IBaprmisaa 6suta 3ameuena Kpyckanom [4] emte B 1960-m roxy. ®aktude-
CKH I10YTH Ta ke camas Mmerpuka (1), Ho ucmonb30BanHast 6€3 SKCIIOHEHT, a IPOCTO

ds? = goo (1)(Ax°) + g, (1)(dr)? — %[ (40) +(sin0) *(d0)” |, 2)

OKasayach IOJHON Ul peryjsipHoro pemenus [5, 6] cucremsl ypaBHenwii DitH-

wireitHa u Kneiina — I'opaona. Ognako eciu macca M > (02 / Zk) r,, o detg, u

g (r) CTaHOBATCS MOJOKHUTEILHBIME B C(EPUUECKOM CJI0€ BHYTPH IPABUTHPYIO-

mero oobekra. Jlo mosiBjaeHuss Moux crareit [5] u [6], cinenys rumorese DitHireii-
Ha, 00JIacTh NPOCTPaHCTBa, B KoTopoi detg, > 0, couwnn He dusmueckoi. [Torpa-

HUYHBIA TPAaBUTAlMOHHBIA paguyC I} ITOBEPXHOCTUM YEPHOM JBIPHI Ha3BalU

TOPU30HTOM COOBITHA.
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B neiictBurensHocTH 3Haku det gy u ¢" () He MHBapHAHTHBI OTHOCHUTENHHO
M3MEHEHUs CUCTEMbI KOOPJIMHAT. B Kiacce peryysipHbIX penieHrud MOKHO MeperTu
K MeTpHKe, B Kotopoit det gy, u ¢ (r) orpunarenshbl. CTaTHYeCKOE PEryIsApHOE
pelleHre cucTeMbl ypaBHeHui Diinmreiina u Kielina — Iopaona [5, 6] ne 3aBu-
cuT OT BpeMmeHH. BuyTpy nentpansHoii oomactn 0<r <71, (B KOTOpOii " (r)<0)

METPHUYECCKass KOMIIOHCHTa (J;, OKasaliacCh KOHCTaHTOﬁ, HC SaBI/ICHIHeﬁ OT paanyca

I. [109TOMy OBIJIO €CTECTBEHHO MEPEUTH K CHHXPOHHOM cucTeMe orcuera. To ecTh
TONOXKHUTE §gp =1, a BMecTo dukcuposanHoro 3apamee B (2) §y, (r)=-1* ocra-

BUTb IIPOCTO (5, (r):

ds? = (dxo)2 +9,.(r)(dr)* + gy, (r)[(d@)2 +(sin 6)2 (dd))z}. (3)

CuMTaeTcs, 9TO «MaTrepHs B IPOCTPAHCTBE HE MOXKET, BOOOIIE rOBOPS, MOKO-
UTHCS B CHHXPOHHOM cucteme orcuera» [3, §97]. MckimroueHuem sBIsieTCs Ciaydaii
«TIBUIEBUIHOM» MaTEPHH, KOTJA YaCTUIBI HE B3aUMOJIEHCTBYIOT IPYT C IPYTOM.
VY Hac 3TO Kak pa3 UMEHHO 3TOT Cliy4aii, 00 B MaKCHMAaJIbHO CXKaTOM COCTOSTHHU
rpaBuMTalMs JOMUHUPYET HAJl BCEMU IPYTUMH B3aMMOAEHCTBUIMH YACTHII,

B crarnyeckoM IpaBUTALMOHHOM II0JI€ B CHHXPOHHON CHCTEME OTCYETa KOM-

IIOHEHTa TeH30pa Puyum Rg =(0. [MosTomMy ymoOHO paboTaTh C ypaBHCHUSMH

1
Ditnmreitna B Buge: R¥ =k| T* —=8T |, x = 8—nk. Kax u3Bectno ([3, popmyna
1 2 1 C4

(94.9)), Tensop sHeprum-ummynsca T, = (p +e)uu* — pgt. B cocrosmn moxos 4-

1 1
ckopocth U; =0;y. Tak uTO TOO _ET = E(s +3p) . Ipu Rg =0 wu3 ypaBHeHus

y y o_1 y
OUHIITEeHA =—Kk(e+3 CJIICAYCT, 4YTO B CHHXPOHHOHN CUCTCMC OTCUCTA Ma-
7 Y

TEepHUs MOXKET HaAXOJIUTHCSI B CTATUYECKOM COCTOSIHUM TOJIBKO OyydM CKaToM co0-
CTBEHHBIM TPAaBUTALMOHHBIM TIOJIEM JO YJbTPAPEISATUBUCTCKOTO TMpejena
p=-¢/3. O6paTuTe BHUMAaHKE, KOTJa MAaTEPUsI CTPEMUTCS K PACHIUPEHUIO JaB-

nenue p>0. A eciu maTepust CTpeMUTCs K cxxatuio, To nasienne P< 0. B cun-

XPOHHBIX KOOPAWHATAX I'PABUTALIMOHHBIC PAaNYy Chbl rg )51 Th , TaK XK€ KaK 1 B MCT-

puxke [lIBapmimuiabaa, BBIICISIOTCS TEM, YTO B PEIICHUSX CHUCTEMbI YPaBHECHUH
OnnureiiHa u Kneitna — I'op/ioHa ¢ rpaHMYHBIMU yCIIOBUSIMH Ha pajuycax I =TI,

U I =1, HapylIaeTcs TeopeMa CYLIECTBOBAHUS U €AUHCTBEHHOCTH. B oTiimune ot

merpukd IlIBapuimibaa, B CHHXPOHHBIX KOOpJMHATaX Mpu I'=T, U I =1, MeT-

puueckas komroHnenTa (' (I') B HyJb He obpamaercs.



234 Mockea, MITY um. H.3. baymaHa, 7—10 urona 2025 a.

IToncraHoBkoM
dx = grr( ) I grr dr gzz(X) :gZZ(I‘(X)) unrepsan (3) cra-

HOBUTCA 3aBUCUMBIM TOJIBKO OT OI[HOI/I MeTqueCKOﬁ KOMITOHCHTHI _q22 (X) .
ds® = (dxo)2 —(dx)” + gy () {(de)2 +(sin© dd))z} . (4)

Mertpuueckas QpyHkuus (. (r)< 0 ocraercst MPOM3BOJIBHON. DTOT MPOU3BOI

03HAYaeT, YTO CTATUYECKOE COCTOSIHHE MaTepHUH, CXKaTOW COOCTBEHHBIM IpaBUTa-
LIMOHHBIM TIOJIEM JO YJbTPAPEISATUBUCTCKOTO IMpeaesa, MOXKET CYIIeCTBOBATH
HE3aBUCUMO OT BHYTPEHHETO cocTaBa oObekTa. Mimes B BUay 4epHYIO JbIpY, CO-
CTOSIIIYIO U3 OJHOPOJIHOM Cpeabl KoHAeHcaTta bo3de — DWHINTEHHA, pelleHrue Cu-
CTeMbI ypaBHeHHW OiiHIITeMHA 1 Kneitna — ['opoHa B CHHXPOHHBIX KOOpJIHHA-
Tax U3JI0KEHO B cTathe [7].

3axuovenue. [Tonnmanue riryOOKOro CMbICHIA TUNMOTE3bl DUHIIITEHHA TTO3BO-
JIUJIO BBISICHUTB, YTO B CHHXPOHHOM CUCTEME OTCYETa MaTePHsi MOXKET HaXOIUThCS
B CTaTUYECKOM COCTOSIHMH, HO TOJIbKO OYyIydd C)KaTOW COOCTBEHHBIM T'paBHUTAIIU-
OHHBIM TIOJIEM JI0 YJIBTPAPEISATUBUCTCKOTO Tpejaesia. Takoe COCTOSHHE MaTepHUH
MOXET CYIIECTBOBATh HE3ABUCUMO OT BHYTPEHHETO COCTaBA.
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On the Meaning of Einstein’s Hypothesis Considering
the Schwarzschild Metric and the Synchronous Metric the Example
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Abstract. Comparing the properties of the Schwarzschild metric and the synchronous met-
ric, the real meaning of Einstein's hypothesis on the choice of a coordinate system is re-
vealed. In a synchronous reference system, matter can be in a static state, but only when
compressed by its own gravitational field to the ultrarelativistic limit. The static state of
extremely compressed matter can exist regardless of its internal structure.

Keywords: metric tensor, determinant, synchronous coordinate system, Einstein equations

Introduction, methods and materials; results. In the gravitational field of a static
spherically symmetric object, according to the Schwarzschild solution [1], the

components of the metric tensor gy, and g, “change signs” on the hypersurface
r=r1, . In the Schwarzschild solution there is a singularity at the center. This cir-

cumstance did not go unnoticed by Einstein. Here is a quote from his article [2]: “If
it turns out that in some place of the four-dimensional continuum detg, vanishes,

then it means that at this place the infinite small “natural” volume corresponds to
the finite coordinate volume. We assume that this is nowhere to be found. In this
case, detg, cannot change its sign; we will accept, in accordance with the special
theory of relativity, that detg, always has a finite and negative value. This as-
sumption is a hypothesis about the physical nature of the considered continuum
and, at the same time, a rule concerning the choice of a coordinate system.” (see
[2], under the equation (18a)). The real meaning of Einstein's hypothesis is that in
the absence of singularity it is possible (even desirable) to choose a coordinate sys-
tem in which the determinant and signature of the metric do not change signs. It
does not follow from the invariance property of Einstein's equations that the signs
of the components of the metric tensor can be fixed in advance for any coordinate
system.

For a hundred years, bearing in mind Einstein's hypothesis, the Schwarzschild
metric

ds’ = g dxdx* = (dx )" e’ (ar)? ~1?[(a0)" + (sin0)’ (do) | (1)
has traditionally been used to analyze the properties of gravitating static spherically
symmetric objects [1]. The signs of the components of the metric tensor g are

fixed in advance by the exponents gy, =¢"" >0 u g, =—-e"" < 0. By the com-

ponent g, (r)=-r” Schwarzschild fixes in advance such a frame of reference in
which the ratio of the circumference to the diameter is equal to x, regardless of the
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distance r from the center. The solution to the Einstein equation (100.6) in [3] in
the form ex(r)=1—(1</r).|‘:T0° (x)xzdx:l—(Zk /czr)M(r) limits the total mass
M=M (rh). The exponent ") cannot be negative. Therefore, the total mass is
M <(c’ /2Kk)x,.

Without the exponent ¢*"/, the same solution is g™ (r) = -1+ (Zk/ czr)M (r)

regular for any total mass of M. It grows inside the object with distance from
g™ (r) the center. Outside the object, the total mass M remains constant, and the

component g™ (r) = -1+ 22—kM () returns back—1 to at r— oo. Without the ex-
c’r

ponent €7, the same solution g™ (r)=-1+ (Zk / czr) M (r) is regular for any to-

tal mass M. Inside the object, with distance from the center, g™ (r) increases. Out-
side the object, the total mass M remains constant, and the component

g7 (r)=—1+ CZTkrM () returns back to—1 at r—oco. g™(r) has a maximum at

r=r,. If in the maximum g™ (z,) the mass M (,) < (c®/2k)r,, then g™ (r)<0
and does not change sign. If M(z,) > (c* /2k)r, , then g™ (r) changes sign twice
g"(r)=0 mpm r=r,<r, and at r=5>5,. In a spherical layer
L <r<y g" (r)>0. The radii r, and 1, on which g™ (r)= 0, are called gravi-
tational. At the boundary M (r,) = (c2 / Zk)rm the radii 1, =1, =1, coincide.

For the solution to Einstein and Klein — Gordon equations, the Schwarzschild
metric (1) turns out to be incomplete. The incompleteness had been noticed by
Kruskal [4] back in 1960. In fact, almost the same metric (1), but used without ex-
ponents, just simply

s? = g (1)(A°) +g,, O)(ArY —r?[(d0)* +(sin6)’(d9)*], (@)

turned out to be complete for the regular solution to the set of Einstein and Klein-
Gordon equations [5]-[6]. However, if the mass M >(c2 /Zk)rm, then detg; and

g" (r) become positive in a spherical layer r, <r <1, inside a gravitating object.

Before my articles [5] and [6] appeared, the region of space in which detg, >0,
was considered as non-physical. The gravitational radius r, of a black hole surface
was called the event horizon.
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The signs of det gy and g™ (r) are not invariant with respect to changes of a
coordinate system. In the class of regular solutions, one can change to a metric in
which detgy, m g"(r) are negative. A static regular solution to the Einstein and
Klein — Gordon equations [5, 6] is independent of time. Inside the central region
0<r<r (in which g™ (r) <0), the metric component g, turned out to be a con-
stant independent of the radius r. Therefore, it was natural to move to a synchro-
nous reference system. That is, to put g,, =1, and instead of g, (r)=-r* in (2),

simply leave g, (r):

ds? = (dxo)2 +9,()(dr)* + gy, (r)[(de)2 +(sin 9)2 (d¢)2}. (3)

It is believed that "matter in space cannot, generally speaking, be at rest in a
synchronous frame of reference" [3], §97. An exception is the case of “dust-like”
matter, when particles do not interact with each other. In our case, this is precisely
the case, since in the maximally compressed state, gravity dominates over all other
particle interactions.

In a static gravitational field in a synchronous frame of reference, the Ricci

tensor component is Ry = 0. Therefore, it is convenient to work with Einstein's
equations in the form: R = K(Tik — 85T / 2) . As is known ([3, formula (94.9)), the

energy-momentum tensor is T* = (p+&)uu® — pg; . At rest, 4-velocity u, =3&,,.
So Ty -T/2=(e+3p)/2. At R)=0, it follows from the Einstein equation

Ry =«(e+3p)/2 that in a synchronous frame of reference, matter can be in the

static state only when compressed by its own gravitational field to the ultrarelativ-
istic limit p=-¢/3. Note that when matter tends to expand, the pressure p > 0.

And if matter tends to contract, then the pressure p <0. In synchronous coordi-
nates, the gravitational radii r, u 1, like in the Schwarzschild metric, are distin-

guished by the fact that in solutions of the Einstein and Klein — Gordon equations
with boundary conditions on the radii r=r, u r =1, the theorem of existence and

uniqueness is violated. Unlike the Schwarzschild metric, in synchronous coordi-
nates, for r=r, u r =1, the metric component g (r) does not vanish. By substi-

tution dx=/-g,, (r j ~0 (r)dr, gy (%)= gy (r(x)), interval (3)

becomes dependent on only one metric component gy, (X):

ds’ = (dxo)2 —(dx)* + gy (x){(d@)2 +(sin® d¢)2} (4)



238 Mockea, MITY um. H.3. BaymaHa, 7—10 urons 2025 e.

The metric function g, (r) <0 remains arbitrary. This arbitrariness means that

the static state of matter compressed by its own gravitational field to the ultrarela-
tivistic limit can exist independently of the internal composition of the object. With
a black hole in mind, consisting of a homogeneous medium of Bose-Einstein con-
densate, the solution to the system of Einstein and Klein-Gordon equations in syn-
chronous coordinates is presented in the article [7].

Conclusion. Understanding the deep meaning of Einstein's hypothesis made it
possible to find out that in a synchronous frame of reference, matter can be in a
static state, but only when compressed by its own gravitational field to the ultrarel-
ativistic limit. Such a state of matter can exist regardless of its internal composi-
tion. Understanding the deep meaning of Einstein's hypothesis allowed us to find
out the state, but only when compressed by its own gravitational field to the ul-
trarelativistic limit. Such a state of matter can exist regardless of its internal com-
position.
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