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1970: PpnamoHbl

METPUKA 3AKPBITOTO MHUPA ®PHIMAHA,
BO3MYIMEHHAA 3JTEKTPUYECKHM 3APAIOM
(x Teopun 31eKTpoMarHuTHEIX " ppuamMonos")”

1. OBOBIIEHUE PENMEHNA TOJIMEHA
HA CIIYYAM DJIEKTPHYECKH 3APSKEHHOM
NBUIEBUIHON MATEPHHA

Penrenne ypaBHeHuit DHHIITEHHA s Cy4asl UEHTPAJIbHO-CHMMETPHYHOTO TPaBHTA-
[HOHHOrO MONS B COIYTCTBYIOLIEH CHCTEMe KOOPAHHAT [N MBITEBHAHOH MaTEpPHH
(masmenue p = 0) 66110 HaiieHo P. Tonmenom [2].

Ins pana 3afa4 npeacrasisieT uHTepec 06o6uicHue pemcHns Tomvena Ha ciny4vai
3MEKTPHUYECKH 3apSKEHHON MBbITEBHAHON MaTepun. Kak H3BECTHO, 3aKPLITHIH MHp
dpuMaHa ONUCHIBAETCS YAaCTHBIMU peleHAAMH 3afiauu TonmMena. M3BecTHO Takke, U4TO
TS 3apSKEHHOM MAaTEPHH METPHKA MHPA He MOXeT ObITh 3aKPBITOM laske B TOM cliy4ae,

£CTH NIOTHOCTE MATEDHH NPEBBINAET KPUTHYECKVIO INIOTHOCTD.

Bo3uaKaeT BOINpPOC, Kak Ae(OpMHAPYeTCcs METPUKA 3aKpbITOro Mupa ®praMana noj
BIMSIHEEM, IONYCTHM, c1aboro BO3MYIIEHHs ee MIPUCYTCTBHEM 3JIEKTPHYECKOrO 3apsijia.

OTBeT Ha NMOCTAaBJIEHHBIA BONPOC JOJKHO JaTh COBMECTHOE PEIIEHHE CHCTEMBI ypaB-
HeHu DiHINTeHHa—MakcBenina
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* Teoper. u Mar. duauxa. 1970. T. 3, Ne 1. C. 3-16. Coasrop B.IT. ®poaos.




KpaTKaa nctopus YepHbIX Abip

1915: YpaBHEHUA DUHLWTENHA;

1916: PeweHue WBapuwmnnbaa;

1963: PeweHue Keppa;

1972: 41 B aBonHOM cucteme—Cygnus X-1;
1974: XoKnHr--KBaHToBOe ncnapeHune Yai;

B TeyeHune nocneaHmx 20 net HaKONMUNOCb MHOIo HabaoaeHUN,
NOATBEPKAAOLWMX CyLLECTBOBAaHME 3BE3AHbIX U CYNepPMaCCUBHbIX
Y. Apknn npumep— Y abipa c maccon 4 mmnnoHa macc ConHua
B LleHTpe Hawemn ManakTuku.

N HakoHel, 14 ceHTAbpAa 2015 roaa 0be aHTeHHbI LIGO
3aperncTpupoBaaun rpaBUTaLUOHHOE N3TyYeHUe OT CAMAHUA OBYX
YepHbIX Ablp ¢ Maccon 29 n 36 conHevyHbIXx macc n obpasoBaHue
Bpawatowenca Y c maccom okono 60 macc conHua.




B TeopeTnyeckon punsmnke Y nmerot
BaXXHoe 3HayeHue. OHU BbINOJIHAIOT POb
cBoeobpa3Horo Po3eTckoro KamHus,
NO3B0O1AA TECTUPOBATb HOBbIE NAEN
bYHAAMEHTA/IbHOUN PU3UKMN.

OHM NOCTOAAHHO BbINN N A0 CUX NOP ABNA-
IOTCA NCTOYHMKOM MHOTMMX NAapaaoKCOB.




HecuHrynapHble yepHble apipbl (1978-1981)
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CBeT ucnyweHHbI ABYMEPHOM
NOBEPXHOCTbIO MOMKET MO0 YNTK
Hapy»Ky (c), 1mbo bbITb 3axBaveH
CMNbHbIM rpaBUTaLMOHHbIM nonem (a).
B norpaHnyHom cutyaumm (b) rosopar,
4YTO COOTBETCBYIOLLAA NOBEPXHOCTb
eCTb BUAMMbIN TOPU3OHT.




B Knaccnyeckon pusnKe ecnm cyLecTsyeT BUANMbIN
rOPM30HT, TO aBTOMATUYECKU CYLLLECTBYET U «HACTOALLUMN»
rOpU30OHT COObITUN. B KBAHTOBOW PU3NKE 3TO YHKE He TaK.

MoXeT cyw,ecTtsoBaTb BUAUMbINA FOPU3OHT, @ TOPU3OHTA
cobbITUI He ObITb.




Fig, L. Penrose diagram for the collapse of the null shell

(A 1), Solid (dashed) lines are used for the known (hypo-
thetical) detoils of the picture, The shaded region is the re-
ghon of validity of the obtained asymptotic solution. The line
NTUN® s the world line of the null shell. The closod and
dashed bold line ABCD is the apparent horizon. The light
lines are the level lines F = const,

Volume 1068, number 4 PHYSICS LETTERS 12 November 1981

SPHERICALLY SYMMETRIC COLLAPSE IN QUANTUM GRAVITY

V.P. FROLOV
PN. Lebedev Physical Institute, Academy of Sciences, Moscow, USSR

and

G.A. VILKOVISKY
State Committee of Standards, Moscow, USSR
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The problem of classical singularities is revised on the basis of the quantum-gravity effective equations. We find a simple
rule for establishing the Bitkhoff theorem in spherically symmetric prot All exact ions of the fan with
c? o 4re obtained. Spherically symmetric collapse of the thin null shell of mass M is considered in the framework of a
Ilocal theory describing vacuwm polarization effects, The boundary-value problem is set and the asymptotic solution is ob-
tained, 11 is found that the shell collapses to r = 0 without the rise of a singularity, and begins expanding. The global be-
haviour of the solution is obtained for small M. For large M it is conjectured that the event horizon does not form, and
the apparent horizon is closed. An object forms, possessing the observable properties of a black hole, but living a finite
time.





Information Loss Puzzle

Pure Collapse BlaCk Evaporation Therma|
state — hole — radiation




[ToPMHUMN SKBUBANEHTHOCTMU
B KBAHTOBOW PU3UKE





Vacuum in ahomogeneous gravitational field and excitation of a uniformly

accelerated detector? )
V.L. GinzburgandV.P. Frolov EC] uiva lence
P. N. Lebedev Physics Institute, Academy of Sciences of the USSR P rinci p I ein

Usp. Fiz. Nauk 153, 633—674 (December 1987) .
quantum domain

The theory of quantum effects in uniformly accelerated frames of reference and in a homogeneous
gravitational field is discussed. Ways of describing processes of excitation of, and radiation from,
auniformly accelerated detector in a uniformly accelerated and in an inertial frame of reference
are compared. Particular attention is devoted to a discussion of the equivalence principle for
quantum phenomena in connection with the excitation of a uniformly accelerated detector and a
detector at rest in a homogeneous gravitational field.




[paBUTALMOHOE NOJSe KOCMUYECKUX CTPYH





OnpeaeneHne Bakyyma n yactumu, B6an3u
BpaLlaloLLENCA YEPHOU AblPbl
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Renormalized stress-energy tensor near the horizon of a slowly evolving,
rotating black hole

Valery P. Frolov
P. N. Lebedev Physical Institute, Leninsky Prospect 53, Moscow 117924, Union of Soviet Socialist Republics
and Department of Physics, University of British Columbia, Vancouver, British Columbia, Canada

Kip S. Thorne \
Theoretical Astrophysics, California Institute of Technology, Pasadena, California 91125
and Physics Faculty, Moscow State University, Moscow, Union of Soviet Socialist Republics
(Received 12 February 1988; revised manuscript received 22 June 1988)

The renormalized expectation value of the stress-energy tensor { Ty > of a quantum field in an
arbitrary quantum state near the future horizon of a rotating (Kerr) black hole is derived in two
very different ways: One derivation (restricted for simplicity to a massless scalar field) makes use of
traditional techniques of quantum field theory in curved spacetime, augmented by a variant of the
“y formalism” for handling superradiant modes. The other derivation (valid for any quantum field)
uses the equivalence principle to infer, from ¢ T, )™ in flat spacetime, what must be (T, )™" near
the hole’s horizon. The two derivations give the same result—a result in accord with a previous




Po)xaeHne BcesIeHHOM BHYTPU
yepHou apipbl (1989—1990)





“If the Hell exists the best place
foritis in the Black Hole Interior”

«Ecnu An, nencTBUTENHO CYLLECTBYET,
TO camoe noaxoasiLlee mecto A1 Hero
BHYTPW YepHOU Ablpbl.»
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"“The spatial volume inside the black

hole is [ rg3".

Is this right?
No, this is completely wrong!

Gravitational radius 1s r, =




{ r plays the role
’ of time inside BH
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FIG. 6. Conformal diagram for the spacetime of a black hole
formed by a collapsing spherically symmetric dust cloud. The
domains corresponding to the Schwarzschild-Kruskal, Fried-
mann, and de Sitter solutions are denoted by K, F, and 5, re-
spectively. The boundaries FK, FS, and KS which separate
these domains are also shown.




KoneHrareH 1992-1993





[lpunnBHOE paspylleHne KOMMNaKTHbIX
3Be3/, B MoJie YHePHOU AblPbl

«Relativistic tidal interaction of a white
dwarf with a massive black hole»
Frolov, V. P.,, Khokhlov, A. M., Novikov,
l. D., & Pethick, C. J.

Astrophysical Journal, vol. 432, p. 680-
689, (1994)

locity field in the Y- 3
(a) —487, 80, (c) 135, ()
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IHTPONUA YEPHOW AbIPbl KaK
“entanglement phenomenon”

“Quantum source of entropy for black holes”, Bombelli, Koul,
Lee, and Sorkin, Phys.Rev. D34, 373 (1986)

“Entropy and Area”, by M. Srednicki, Phys. Rev. Lett. 71, 666
(1993).

“Dynamical origin of the entropy of a black hole” by Frolov
and Novikov, Phys.Rev. D48, 4545 (1993)




Black Hole

Potential
barrier
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BonHoBasa ¢yHKUMA YepHOU Ablpbl - 1995
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MaTtpuua nnoTHOCTU ANnaA
KBaHTOBbIX Nosen Boausu YA
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Cratucrnyeckaa mexaHuka 4/
u npobaema Y/ sHTponum

What are microscopical degrees of freedom responcible for BH entropy S = TE
PI

Entropy of Milky Way BH is larger
than the entropy of the visible Universe

?




There exists ] =2" 2-colored
triangulations of the sphere for
N-mono colored one. Entropy S Is:
S=Inl =NIn2




Universality problem: BH is determined by low
energy physics parameters

BH is a ground (vacuum) state of classical
gravitational field = gravity should be
an emergent phenomenon




JHTPONUA YEPHOU AbIPbl U UHAYLMPO-
BaHHaA rpasutauma Caxaposa [‘97-'98]





exp(-WIg]) = [ DD, exp(~I[D;,g])
I[(Dilg] — ZI[¢519] + ZI[¢f;g]
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p(z)=> m¥ -4 m¥,
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q(z) =) m¥(1-6&)+2) my,
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MHOromepHsblie 4YepHble AblPbl:
IlBa ctopnpwusa:

1. Tononormna ropusoHTa MoXKeT bbiTb OT/IMYHOMU
oT cbepuyeckoir [Emparan and Reall, 2002]

Xl
ce®








2. CBoncTBa MHOoromepHbix 4/1 co chpepumyeckomn
TONO/IOTMEN TOPU3OHTA BO MHOTOM CXOXWM CO
CBOMCTBAMM KEPPOBCKOMN YEepPHOW AblIPOMW:

a) YpaBHeHUs reoge3nvyeckmx NoJIHOCTbIO MHTErpupyembl
6) YpaBHeHMA lammnnbTtoHa-AKobmn n mHorne apyrme
BO/IHOBbIE YPaBHEHMA AOMNYCKAIOT MOJIHOE pa3geneHune
nepemMeHHbIX;

B) OnmncaH HOBbIN (6eCKOHEeYHbIN) Knacc NOIHOCTbIO
NHTErpupyembiX AMHAMUNYECKNX CUCTEM;

3TN CBOMCTBA CBA3aHbI C CyLLECTBOBAaHMEM O0ObEKTA,
oTKpbITOoro B 2007 roay B Hawen pabote ¢ laBuaom
KybnsHakom.

’




[pyrue npobnemsi:

TOYHble pelueHus;

KpoToBble HOpbI;

MalwunHa BpemeHu;

B3amopeuncrtesme Y/ co ctpyHamum n 6paHamu;
[MpPaTOHbI

CobcTBeHHAA aHEePrmna 3apAaXxKeHHbIX Yactmy, B none Y;
®dusmka Y ¢ MarHUTHbIM NONEM;

Ghost-free rpasutatna n 4/




A 6bnarogapeH cyabbe 3a TO, YTO MHE AOBENOCH XUTb
B 3TO MHTEpEeCHoe Bpems, paboTaTb B TAKOU YBEKATE/b-
HoW 061acTn GU3NKKM N NOBCTPeYaTbCs U paboTaTb
BMECTE CO MHOTMMM 3ameyaTeNbHbIMU NH0AbMMU.

Ewe pa3 6naroaapto 3a NpucyXaeHue mHe npemmu

MapKoBa. Al TakXe bnarogapto Bcex cobpasLumnxcsa
CerofiHAa B 3TOM 3a/e.

Cnacmbo 3a BHMMaHue.
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