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TémHan saHeprua ¢ uHpnauuen: RIP

BTopas cTatba c AnekcaHApoM BacuibKOBbIM, MOCBALLEHHAA KOCMOJIOTUKN M KOCMOJIOTMYECKOM NOCTOAHHOM,
onybankoBaHa B Monthly Notices of the Royal Astronomical Society!

Konus Bbiweawwein ctatbM npunaraetcs. CTaTba Bblgepikana camyto TuiatenbHyto nposepky B MNRAS B TeyeHune
HecKoNbKnx mecaues. OTmeuy, uto 6puTtaHcknin MNRAS nybankyetcs ¢ 1827 roaa, u ceiiyac MMeeT MMNaKT-pakTop
0KoJi0 5, 06pasys Bmecte amepuKkaHckumm Astrophys. Journal u Astrophys. Journal Letters MmnpoByto TPOMKY CambIX
aBTOPUTETHbIX KYPHAJIOB NO acTPOPU3UKE M aCTPOHOMMM, NMEYaTAOLWMX OPUTMHAJIbHbBIE HAy4YHble CTaTbu (He
0630pbl). MCKpeHHe BOCXMLLEH PabOTOM HAyUYHbIX PELLEH3EHTOB 3TOMO XKYypPHaNa, UX AOTOLWHOCTbIO U
npodeccnoHan3mom.

CopepraHune HoBOW paboTbl ByAeT NOHATHO M3 caeaytolero 0630pPHOro TEKCTa O HOBOM KOCMOOTUM, K KOTOPOM Hac
NnoABOAAT NOC/eAHNE TEOPEeTUYECKME M HablogaTeNbHble pe3yabTaTbl. ITOT TEKCT — CTaPTOBbIN A1 TPETLEMN,
3aBepLUaloLLeit CTaTbM NO KOCMOIOTUM.

C cepeamHbl XX BeKa A0 Hadvana 80-x aKTMBHO pa3BMBaaach M Hblia HayYHbIM MaltHCTPUMOM B KOCMOIOTUM MOAEb
OTCKOKa - “rebound cosmology” nnn “Big Bounce Cosmology” (KOTopyto MOXHO paccMmaTpuBaTh KaK NpeaesbHo
NPOCTOM CAy4Yait LUUMKAMYECKON KOCMOJIOTMK, CBOBOAHOM OT cMHrynapHocTtel). OHa Havyanack B 40-x rogax c pabot
FamoBa, Anbdepa u XepmaHa, HO eé pa3BUBaNM, Pa3AeNaNn U U3Naraam B CBOUX CTaTbsAX U KHUTaX NPaKTUYECKU Bce
BUAHbIE TPABUTALMOHUCTbI U KOCcMoaoru — [Inkke, BUnknHcoH, BaiHbepr, MusHep, Mnb6bsc u apyrue.

Gamow G. “The Creation of the Universe”, 1953, p.29: “We can now ask ourselves two important questions: why was
our universe in such a highly compressed state, and why did it start expanding? The simplest, and mathematically
most consistent, way of answering these questions would be to say that the Big Squeeze which took place in the
early history of our universe was the result of a collapse which took place at a still earlier era, and that the present
expansion is simply an “elastic” rebound which started as soon as the maximum permissible squeezing density was
reached”.

Dicke R.H., Peebles P.J.E., Roll P.G., Wilkinson D.T., 1965, Astrophys. J., 142, 414 (Knaccuyeckas cTaTbA,
COMpOBOXKAatoLLan cTaTbto MeH3naca u BunbcoHa 06 OTKPbITUM pennkToBoro nsnydenus): “...for the matter we see
about us now may represent the same baryon content of the previous expansion of a closed universe, oscillating for
all time. This relieves us of the necessity of understanding the origin of matter at any finite time in the past. In this
picture it is essential to suppose that at the time of maximum collapse the temperature of the universe would
exceed 10710 K, in order that the ashes of the previous cycle would have been reprocessing back to the hydrogen
required for the stars in the next cycle”. “A temperature in excess of 10710 K during the highly contracted phase of
the universe is strongly implied by a present temperature of 3.5 K for black-body radiation”. “Assuming a singularity-
free oscillating cosmology, we believe that the temperature must have been high enough to decompose the heavy
elements from previous cycle...”

Peebles P.J.E. “Principles of Physical Cosmology” 1993, p.141: “Let us extrapolate the expansion of the universe back
to redshift z¥10710, when the temperature was T~3*10710K, and the characteristic photon energy was ~ kT ~3Mev.
At this epoch, the CBR photons are hard enough to photodissociate complex nuclei, leaving free neutrons and
protons”.

He 6yay nepeBoAmMTb LUTATbI, @ MU3/103KY CYyTb KOCMOJIOrMM OTCKOKA CBOMMM C/I0OBAMM: BO3bMEM HbIHELLIHIOH
BceneHHyto, 06paTm eé paclumpeHmne B cxkaTme (noYemy Tak MOXKHO cAenaTb — OTAe/bHbIM Bonpoc). Korga oHa
coxmetca B 10710 pa3 — NpMMepHO A0 HECKOIbKUX CBETOBbLIX JIET B AMaMeTpPe, TO SHEPrmaA HbIHELHUX Pe/IMKTOBbIX
¢doToHOoB B 3K BbipacTeT HacTobKo (8o 3*10710 K uaun Tpuauate MUAANAPAOB rpalycoB), YTO OHM
pa306bt0T/NpPeBpPaTAT BCe aTOMHbIE f4pa, BO3HUKLLME B XOA€e 3BO/OLMN BceneHHOoM, B CBOHBOAHbIE NPOTOHbI 1
HenTpoHbl. Kak noaTu4yHo Bbipasuance Jukke u ap. 8 1965 rogy: GOTOHbI MAM raMMa-KBaHTbl NnepepaboTaloT «nenen
npeaplaywero umkna». Kocmosiorma oTcKOKa npeanoiaraeT gaabHelWwnii ynpyrii oTCKOK BceneHHoM co cBerkmum
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Habopom 6apNOHOB — 1 €€ pacliMpeHme B HOBbIN LUK/, ITOT OTCKOK OYEHb JIOTMYEH, HO NPUPOAa ero MexaH1M3ma
6bblna Hem3BecTHa.

B 80-x B pM3MKe 3/1eMeHTapHbIX YacTul, cay4dmnnacb 6espabotunua: bbiia ycnewHo co3gaHa CraHgaptHas Mogenb u
CUHXPOHA30TPOHbI NO3aKPbIBAAUCH. [T03TOMY B KNACCUYECKYHO KOCMOJIOMMIO BbICAAMACA MHOMOYMUC/IEHHbIN AecaHT
3/1IEMEHTAPLLMKOB, BbIPOCLUMX HA KBAHTOBbIX MOAAX, MrPas YaCcTMLAMN MUKPOCKOMMYECKOro pasmepa. Yto ymeem, TO
M NenuMm — No3TOMY AECaHT co34an (M yMeno BbITECHWU/ €10 BCE a/lbTEPHATMBbI) 04HOPA30BYO MOAE/Nb BceneHHow,
BbIPACTaoLLYH0 YyAeCHbIM 06Pa3oM M3 MUKPOUYACTULbI M YIPABAAEMYIO TMMOTETUYECKMMMN KBAaHTOBbIMW NOAMMU:
MHNAHTOHOM BHavasie M TEMHOM 3Hepruei Bakyyma noTom. Ha poab TEMHOM MaTepUK, Ha CyLLLECTBOBaHME KOTOPOM
YKa3sblBalOT KPUBbIE BPaLLEHMUA raNakTUK 1 Apyrue HabloaeHnsn, onATb-TakM bblia NPeanosKeHa MaccMBHan Ty4a
rMNOTETUYECKUX 31IeMEHTAPHbIX YacTul,. Ho npeackasaTesibHaa cuia HoBOM MHOAALUMOHHOM Teopun bbina 6aM3Ka K
HY/II0 (Hanpumep, OTKPbITUE YCKOPEHUA pacluMpeHus BcesieHHOW cTano Ans Heé HeOXKMAAHHOCTbIO), XOTA 3a4HMM
YyMcAOM OHA, 0bnafatoWwas MHOKECTBOM CBOOOAHbIX MapamMeTpPoB, MOr1a OOBbACHUTL BCE.

B nocnesHve rogbl HELOBONLCTBO MHOAALNOHHO-TEMHOM KOCMOJIOTUEN C MHOXECTBOM AOMNYLLEHUI BbIPOC/O
HaCTONIbKO, YTO HEKOTOPbIE ePETUKM AarKe NepecTanv HasbiBaTb €€ HayKoin. BO3HUKIO UM peaHUMMPOBaIoCh cpasy
HECKO/IbKO TEOPUi1, BO3BPALLAIOLLMX HAC K MOAEN LUKANYECKON BCENIEHHOM MW K KOCMOIOTUYECKUM MOENSIM
OTCKOKa. Mbl TOXe BbIHECEM 32 CKOBKM BCHO KBAaHTOBYIO haHTAaCManormio NocAeaHUX AeCATUNETUIN U BEPHEMCA K
He3acnyKeHHO 3abpPoLLUEeHHOM KlacCUYecKko KocMmoaornn. asate NOCMOTPUM, KaKMe M3MEHEHUA BHOCAT B Heé
nocnegHue HabaoaaTelbHble Y TEOPETUYECKUE AOCTUNKEHUSA, B NEPBYIO oUYepesb - SKCNepuMeHTa IbHble pe3y/bTaTbl
IO, nonyyaemsole ¢ 2016 roaa:

1. MpaBMTaLMOHHbIE BOJIHbI CYLLECTBYHOT.

2. 3HauMTeNbHaA A0/1A MACCbl C/IMBAIOLLMXCA YEPHBIX Ablp NPEBPALLAETCA B rPAaBUTALLMOHHbIE BOJHbI.

3. Bo BceneHHoWM ecTb OFPOMHOE KOZIMYECTBO HEYUTEHHbIX YEPHbIX AblP C Maccoi okono 30 macc ConHua.
MocneaHWi pesynbTaTt NPUBEN K NOSBAEHUIO PEAIUCTUYHON MOLENN TEMHOM MaTepPUn, COCTOALLLEN U3 YePHbIX Ablp B
aecatkm macc ConHua. 3Ta moaenb 0bcyKaaeTcs yxKe ABa rofa, U BCe yBepeHHee HabupaeT 04KM B cpeae
HabnopaTeneln 1 TEOPETUKOB.

PaccmoTpum crKMMatoLLLYytOCs BceneHHyto, B KOTOPOW, KpOMe aTOMOB M PENINKTOBbIX GOTOHOB, CyLLECTBYET
KOMMOHEHTa YepHbIX Ablp, MO Macce NpeBocxoasnllas 6apnuoHHY0 KOMMNOHEHTY. JIerko nokasaTb, YTo, KOraa
BceneHHas gOCTUIHET pa3mepa B HECKOJIbKO CBETOBbIX /IET, 3TU YepPHbIe AblPbl HAYHYT TABMHOOBPA3HO CAMBATHLCA,
YMEHbLLAA CBOK CYMMAaPHYH Maccy Ha HECKO/IbKO NopsaaKoB. B Hawen ctaTbe B MNRAS 2016 roza (rae nosyyeHa u
nccnenosaHa moamduumpoBaHHas MeTpuKa LLsapuwinnbaa ana nepemeHHoM rpaBUTaLMOHHOM Macchl) MOKa3aHo,
YTO 3TO HEM3OEXKHO reHepUpPyeT MOLLHYIO OTTA/IKUBAIOLLLYHO CU/Y, KOTOPasA NPUBOAMUT K YCKOPEHHOMY PaCLUMPEHUIO
Wwapa BceneHHoM M3 ramMma-KBaHTOB; YePHbIX AblP, YLE/EBLIMX OT CANAHNSA, a TakKe 13 bapnoHoB, obpasoBaBLUMXCA
npw paspyLleHnn aTOMHbIX Agep. Tam e — rPaBBOJIHbI U HENTPUHO.

O6paTm BHUMAHMUE, YTO YepPHble AblPbl — EANHCTBEHHbIE MaTepPUasibHble MaKPOOHbEKTbI, KOTOPbIE MOTYT yUEeNeTb —
M [laXKe BblPacTU - B TOpHME CxKaTol BeceneHHol. Takum o6pasom, npobaema bonblioro Bapbisa, KoTopas 6bina
rnaBHbIM 6GapbepoM A8 KOCMOOTMM OTCKOKA, ECTECTBEHHO peLLnaach, Koraa Bo BceneHHyo Aobasnam
[0CTaTOYHOE KOJIMYECTBO YePHbIX Ablp: OHW NPpU CxKaTuM cpaboTanu yywe ntoboi B3pbiBYaTKK. Kpome Toro,
YCKOpPEHHOE paclmpeHne BceneHHOoM B 3TOM MOAEN aHANIOTUYHO MHOAALMOHHOMY Nepuoay, 4To, BUAMMO, pellaeT
npobaemy ropmsoHTa. OTMETUM, YTO peLleHne C NePeMEHHOM rPaBMACcCOM, Kak A ybeanica nocie MHOrOYMCIeHHbIX
HeyZauyHbIX NOMbITOK, HEe OTBEYAEeT 33 NPO6eMbl raIaKTUYECKMX BPALLEHUI U He N36aBAeT OT He0BXO4MMOCTH
TEMHOW MaTepumn — 3TO pelleHne, KOTopoe paboTaeT TONbKO Ha BOIbLIMX, KOCMOIOTMYECKUX PACCTOAHMSAX.

Ho HoBana KOCMOJIOrMA OTCKOKa 40NKHA 06BACHUTB eLwé U Habntogaemoe yckopeHue BeceneHHoM, oTKpbiToe B 1998
rogy. 9To yCKOpeHue XopoLo onucbiBaeTca GeHOMEHONOMMYECKOM KOCMOJIOTMYECKON KOHCTAHTOM, BCTaBAIEHHOM B
ypaBHEHUA IMHLWTENHA pyKamuM camoro dHWTenHa. M3 ypaBHeHMA DMHLUTEHA 3Ta KOHCTAHTA NepeKoYeBbIBaeT B
peleHns unm B ypasHeHua PpruamaHa. KBaHTOBbIE 104N HE MOTYT NOAYYUTb 3TY KOHCTAHTY M3 KBAHTOBOM TEOPUM U
0ODBACHAOT €€ C MOMOLLbIO BBEAEHMUSA el 04HOro rMNOTETUYECKOrO NOJIA - KTEMHOM SHEPTUUY» C YAUBUTENbHBIMM
CBOMCTBaMM BPOAE OTPULLATENIbHOIO AaBAeHUA. Tak Kak Mbl He TO/IbKO 00CyKAaeM KNacCMYeCKyro KOCMOIOMUIO, HO U
paboTaem B K/laCCMYECKOM Hay4yHOM Napaamrme, KOTopas KpaiHe OTpULLaTe/IbHO OTHOCUTCA K Pa3MHOMKEHUIO
CYLLHOCTEM, TO TaKoM cBoboAbl peLeHni i Mbl MO3BOANTL cebe He MoXKeMm. [o3Tomy KenaTenbHO 06 bACHUTD
YCKOpEeHUe paclumpeHns BceneHHOM B paMKax y¥Ke NpUHATOro (eANMHCTBEHHOrO!) NpeanonoXeHma o nepeMeHHOCTH



rPaBUTALLMOHHOM Macchl. ITa NePEMEHHOCTb NMPAMO BbITEKAET 13 TpakToBKM OTO, caenaHHoM JMHWTEeMHOM nocne
1916 roga: NICTOYHUKOM FPaBUTALLMOHHOIO NOA HE MOXET BbITb SHEPIrUA FPABUTALMOHHOMO MPOUCXOXKAEHMS, TO €CTb
HETeH30pHasA 3HepPr1a Camoro rpasnon 1 rPaBBOJIH.

B ctatbe 2016 roga mMbl He CTPOW/IM KOCMOJIOTMIO, TO €CTb He NoJIyYanu ypasHeHua puamaHa Ana ConyTCTBYHOLLMX
HabodaTenei, a paccMaTpMBaaM KBasn-LLBAPLLLMAbAOBCKOE pelleHme ANs NoKoslerocs Habatoaatens. B atol
MOJeNu OTTa/IKMBaoLWAA C1a, KOTOPan BO3HMKAET MPU YMEHbLIEHUN rPaBMTaLMOHHOMN MaCCbl, CO BPEMEHEM He
ncyesana, a To/IbKO YMEHbLLANACh, YTO NO3BO/IAN0 HAAEATLCA Ha TO, YTO OHA KaK-TO NepenaeT B KOCMOJIorMYeckoe
ypaBHeHue ®pramaHa n 06bACHUT YCKOPEHHOE pacluMpeHme. Ha 3ToOmM OCHOBaHUKM Mbl AaKe No3BonAn cebe (Kak
No3ye BbIACHWI0Ch — 3PS NO3BO/IN/IM) KOCMO/IOTMYECKOE NPeAno/IOXKEHME B HaLLE MO CYyTU HE KOCMOJ/I0rMYECKOM
paboTe 2016 roaa o Tom, YTo HabaAaemoe yckopeHue BceneHHoM byaeT ymeHbLaTbCsA CO BPEMEHEM.

Mpu nocTpoeHUM HOBOM KOCMONOTMKN Mbl NPeaBUAENN U TPYAHOCTU. Bo-nepBbIx, OTTa/IKMBaOLWaA cuia B
LWBaPLLWNALAOBON METPUKE COXPaHANach, TONbKO ecn BceneHHasa copacbiBana cBoto maccy 1 bonblue He Habupana
€€, a 3HaUMT He MOr/1a CHOBA C¥KaTbCA. ITO CTaBU/IO NOA, COMHEHME LMKANYECKYIO MOAE/b, OCTABAAA HaM TO/IbKO
KOCMOI0TUIO OAHOFO OTCKOKA. BO-BTOPbIX, Ob110 HEMOHATHO, YTO AeNaTb C CAMOM 6O/bLION YepHO AblpPoi, KoTopas
HEeCOMHeHHO 06pa3oBbIBaNACh B XO4E CAUAHUA YEePHbIX Ablp NPU CKaTUK BceneHHoM npeablayLwero UuMKkaa. 3Ta Ablpa
6bl/1a HEYHUUYTOMXKMMA U A0JIXKHA Obl1a TO/IbKO PACTW, MOT/IOLLANA KaK 0O6bIYHYIO MAaTePUIO, TaK M rPaBUTaLMOHHbIE
BO/IHbI. OHa TOXKe He YK/1aAblBasiacb B MOAe/b LMKAMYecKol BceneHHoin. OTmeuy, 4To npobsiema camolt bosbluoi
YepHoit [blpbl ANSA LUKAUYECKON MOAENV SKBUBAJIEHTHA Npobieme pocTa SHTPONUK, NOAHATON TOIMaHOM, NOTOMY
YTO OCHOBHas 3HTPOMNUS BceneHHOM CoAepPKUTCA UMEHHO B 3TON Ablpe.

Hy, pewmnan mbl, 6pocasncb B KOCMOJIOTULIO C TO/I0BOM, NOXUBEM — YBUAUM. M AEACTBUTENBHO, NOXUAN U YBULENMN.
YpaBHeHUs pnamaHa MOXKHO MNOAYYUTb HECTPOTMM CNOCOBOM M3 HBIOTOHOBCKUX YPAaBHEHWUI, HO CTPOro, U3
SMHLWITEMHOBCKMX YPaBHEHWUI, OHM NOY4akOTCA HEMPOCTO, C UCMOJIb30BAaHUEM UCXOLHOW MeTpUKu PpuagmaHa-
PobepTcoHa-Yokepa. Mbl cTann UCXO4UTb U3 TOTO, YTO B 3TOWM METPUKeE NOABUIOCh MAJIoe BO3MYLLLEHME B BUAE
[06aBKM M3 WBAPLWNABAOBCKOM METPUKM C NepemMeHHON maccoi. Mpoueaypa BBeAEHUS TAaKUX BO3MYLLEHWUI B
MeTpuky OPY xopoluo oTpaboTaHa (cM., Hanpumep, y4ebHUK [JoHaNbACOHA), HO, B OT/IMYME OT NPEKHMUX BAPUAHTOB,
Mbl PaCCMOTPE/IN He MEeIKOMACLUTabHOe BO3MYLLEHWNE, @ KPyNHOMACLWTabHoe, WBapLWMAbAOBCKOE. PacyeTbl
NONYYNSINCb OYEHb CIOXKHbIMU. MPULLAOCL NPOBEPATb X MHOTOKPATHO, A3 eLe U ABYMSA cnocobamu (nepsbiii
cnocob — BC& A0NT0 U HYAHO Aenaem CaMu; BTOPOM BbICTPbIM cnocob OCHOBAH Ha pe3yabTaTax, U3/I0XKEHHbIX B
naparpade 100 y TonmaHa). PeueHseHT MNRAS, KcTaTu, OLEHW Hally KPOMOT/IMBOCTb: @ TO MHOTME HOPOBAT
NPOBECTM IrPaABUTALLMOHHbIE BbIKMAAKM C MOMOLLbIO cneuunanbHoro codral

Pe3ynbTaT pacyeToB OKa3a/ica BNeYyaT/AoWMM: Mbl HE 3aK/1aAblBa/IN PyKaMn GeHOMEHOI0TNYECKYHO
KOCMO/IOTMYECKYHO MOCTOAHHYIO B YPaBHEHUA DMHLWITENHA, @ UICXOAUAN N3 KNACCUYECKON BEPCUU 3TOFO YPaBHEHMA,
rae 3Tol NOCTOAHHOM HeT. Ho B pe3y/ibTaTe BblUUCAEHUI B ypaBHEHUN DpuamaHa NoaBmuaack Kpacnsas BeIMYMHA U3
BTOPbIX MPOM3BOAHbIX OT LIBAPLLLNAbAOBCKOrO BO3MYLLLEHMA, KOTOPAs OKa3anacb SKBMBA/NEHTOM KOCMO/IOTMYECKOM
NocTosiHHOM. OHa ABNAETCA, KOHEYHO, HE KOCMOJ/IOTMYECKOM MOCTOAHHOM, @ KOCMOOTMYEeCKOM PpyHKLUMEN M 3aBUCUT
OT NapameTpOB LWBAPLLLIM/IbAOBCKOIO BO3MYLLEHUA — BENYMHbI NEePEMEHHON MacCbl U CKOPOCTU € NepemeHHOCTH.
Mpw BNoaHE pasyMHbIX NPEANON0KEHNAX OLEHKA 3TOM KOCMOJIOrMYECKOM NOCTOSHHOM NPEKpPacHO coBNaaaeT ¢
HabtogaeMbIM 3HAYEHUEM, ONpeaenaeMbiM U3 AaHHbIX CYTHUKA «M1aHKa».

Takum obpasom, B ctaTbe 2018 roga 6b11M NonyyeHbl MOAMOULMPOBaAHHbIE ypaBHeHUA PpuamaHa U aHanUTUYecKoe
BblpaKeHue 419 KOCMOJIOTMYEeCKOM NOCTOAHHOM, a TaKKe eé YNC/I0Bas OLEeHKa, COBMAAaoLWas no nopsaaky
BE/IMUYMNHDI C HabAoaeHUAMU. HanoMHMM, UTO pe3ynbTaTbl KBAHTOBbLIX KOCMOJIOrOB MO BbIYMCAEHWUIO
KOCMOI0MMYECKOM NOCTOAHHOM, PacxoAnanck ¢ HabatogeHnamm Ha 40-120 nopaaKkos. Tak Kak mMbl paboTaem ¢
BO3MYLLEHNAMM, TO B NPeSe/IbHOM C/ly4ae MasbiXx BO3MYLLEHWUI Mbl Nolyd4aem ypaBHeHne PpuamaHa 0bbluHOTo
813, B KOTOPOM GpeHOMEHON0TMYECKasa KOCMOOTMYeCKasa KOHCTAHTa HEU3BECTHOM NPMUPOAbI 3aMeHUNaCh Ha
aHaINTUYECKYHO GYHKLMIO OT M3BECTHbIX BEAUYMH. TO, UTO Mbl NPUXOAUM K YpaBHeHUIO PpuamaHa obbl4HOrO BMAA,
O3HAYaEeT, YTO HALIM BbIYUCAEHMA B MEPBOM NPUBANMKEHNM COrNACYHOTCA CO BCEMU AaHHbIMW COBPEMEHHOM
Habnto4aTeNIbHON KOCMOJIOTMM, OCHOBAHHbIMM Ha ypaBHeHUAX puamaHa v npeanoioxeHnn o6 N3oTponHoOCTU
BceneHHol. Ho mbl ocTasuan B mogmduunMpoBaHHOM ypaBHeEHUN puamaHa HOBbIM YNeH Cneayowero NopaakKa,
KOTOpPbIA MOKET BHOCUTb CBOM BKNa4, B aHM30TPOMNHbIEe 3 dEKTbI.



BoT ceityac mMbl MOXKeM BCeEpPbe3 NOrOBOPUTL CO BCEMMU HALLIMMM ONMOHEHTAMM O KOCMOI0TMK (MHOTUE BbICKA3blBaAM
KOCMOJIOTMYECKMe NpeTeH3nn K Hallel He Kocmosiormyeckoi pabote 2016 roga, 4To NONPOCTY He Mo agpecy).
OTMEeTMM, YTO rpaBUTaALMOHHbIE BOIHbI KaK cpesa camum no cebe He UrpatoT HUKAKOWM POSM B pacLUMpPEHUN
BceneHHoW (MO3TOMY HMKAKMX TEOPEM, HA KOTopble Tak nonarancs MNasen MiBaHOB B KpUTUKe Hawel ctatbk 2016
roga, Mbl He HapyLaem). MpuynHa eé paclMpPeHns N YCKOPEHUS PaCLLUMPEHMA NEXKUT UCKHOYNUTENIBHO B
KpynHOMacLITabHOM rpaBUTALMOHHOM MOJIe — CAMOM Mory4elt cune ana BeceneHHo. Ho rpaBuTaLMOHHbIE BO/THBI
WTPatoT BaXKHYO PO/Ib B NEPEMEHHOCTM FPABUTUPYIOLLEN MACChI, KOTOPAs U FreHepPUpPYEeT HyKHble noaa. OTMeTUM, 4To
pelueHus B 0beunx ctatbax 2016 1 2018 roga oCHOBaHbI Ha NPEANONOKEHUN O NePeMEHHOCTU FPaBUTALIMOHHOM
Mmacchl 6e3 AeTanbHOro 0b6CyKAEHNA NPUUYMNH STOM NEPEMEHHOCTM.

MonyyYeHHble ypaBHEHMA OXNAAEMO OTKOPPEKTUPOBAIN HALLM OXKMAAHUA U onaceHusa. OKasanoch, YTo
Habnofaemoe ycKopeHHOe paclmnpeHme BceneHHOM COOTBETCTBYET HE YMEHbLUEHUIO LIeHTPaIbHOM Macchl, a eé
yBennyeHuto! 3ameyaTenbHblli GaKT, OTKPbIBAOLWMIA A0POry K byayLliemy caTuio BcesieHHON.

3TO CY4MNOCh M3-3a TOTO, YTO B HALLMX OXKMUAAHUAX Mbl HE YUIU NPUHLMNNANBHYIO Pa3HULY MeXAy NOKOoAWMMCA
LWBaPLLWMAbAOBCKMM HabaogaTenem 1 conyTCcTBYOWMMU GPUAMAHOBCKUMUN «1eTyHammM». EE MOXKHO MOHATD,
BCMOMHMB, KaK BOCMPUATME MUPaA OTIMYAETCA ANS YeOBEKa, CUAALLErO Ha CTy/e, U AN1A YeNoBeKa, KoTopbIi NagaeT
B ndTe. MNepBblii AyMaeT, YTO OH NMOKOUTCS, B TO BPEMSA KaK OH UCMbITbIBAET NOCTOAHHOE YCKOPEHME OT CTyNa, a
BTOPOW MOET AyMaTb, YTO OH He B IMdTe, @ BUCUT rae-To B HEBECOMOCTM KOCMOCA, B TO BPEMS KaK OH
CTPEeMUTENbHO ABUMKETCS MO reoAe3nMyeckoit K onacHoi noBepxHoCcTM 3emMau. TaK e CIlyunnoch U Npu nepexoae K
bprAMaHOBCKMM HabntogaTeNnsam — OHU UCMbITbIBAKOT YCKOPEHHOoe oTHocuTenbHoe (1) pasberaHue gpyr oT apyra us-
33 YCUNEHMUA FPaBUTALNOHHOTO BUSAHUA LLEHTPA/IbHON NepemMeHHOoM maccbl. Takum ob6pasom, Mbl MPULLAN K
YANBUTENbHOM MHTEPNPETaLUN HabatogaeMoro (B CONyTCTBYIOLWEN CUCTEME) YCKOPEHHOTO paclumpeHmnsa BceneHHow,
KaK pesy/ibTaTa pocTa LLEeHTPaIbHOM MacCbhl M TOPMOXKEHMUA pasneTa BceneHHOM (C TOUKM 3peHMA NOKOSALLErocs
LWBapLLWMAbAOBCKOrO Habatoagatens). JecTBUTENIbHO, C/IM MO HOYHOM J0POre ABUMKETCS KOJIOHHA aBTOMObUAel ¢
BK/IIOYEHHbIMU dapamm, To GaKT, YTO 3a4HMI aBTOMOOM/Ib YCKOPEHHO OTAANAETCA OT NepeHEero, MOXKHO C
OZMHAKOBOM BEPOATHOCTbIO MHTEPNPETUPOBATL, KaK YCKOPEHME NePBOro aBTOMOOUAA, AN KaK TOPMOXKEHUE
nocnegHero. M KTo NpaB — camu JI0KabHble HabAtOAaTENM STOrO ONpeaenvUTb He MOTYT, 3TO pPeLlaeT TO/IbKO
HEMNoABUKHbIN cBeTOOP.

He yunTbIBas 3TMX MOMEHTOB, Mbl OKa3a/IMCb HEMpPaBbl B CBOEM MPeAnoOKEHUN, YTO YCKOpPeHUe BceneHHow byaet
yMmeHbluaTbes. Celivac 3TO YCKOPEHME BblparkaeTcA HeC/IOXKHOM popmynon, Kyaa BXOAAT ABa NapameTpa. AHanus
noBegeHma 3TUX BENNYMH eLé NPeacTOUT cAenaTb, HO, Mo 06LWMM CO0bpaXKeHUAM, MOXKHO NPesnooXKUTb (C
YeTKMM NOHUMaHWEM, YTO 3TO OYEHb NpeaBapuUTeIbHOE NPEANOIOXKEHME), YTO YCKOpeHMe BceneHHOM MoxKeT
yBE/NYMBATLCA — U, BUAMMO, MMEHHO B TaKoM dase paclunmpeHns BceneHHoM mbl kmuBem. Boobuue rosops,
nccnen0BaHNe HOBbIX YPAaBHEHWIA BO3POXKAEHHOW KOCMOOTUU (=MOoAMULMPOBAHHbIX YypaBHeHUA PpugmaHa)
TO/IbKO Ha4yasl0Cb — M OHWU MHOTO PACCKaXKyT MHTEPECHOIO O TOM, KaK YCTPOEeH MUP.

HoBas mozgenb ABNAETCA CUAbHENLIMM apryMeHTOM B MOJib3y NPUPOAbl TEMHOW MaTEPUM KaK COBOKYMHOCTU YEPHbIX
ObIP M CepbE3HbIM NPeLoCTEPEIKEHNEM A BCEX, KTO COBUPAETCA U Aa/iblie UCKaTb aKCUOHbI U NpoUne
rMNOTETUYECKMNE 31EMEHTAPHbIE KOMMOHEHTbI TEMHOW MaTepuUK.

Ewwé oanH 6eccnopHbIi 1 BNeYaTAAOLWMIA pe3ynbTaT HOBOM Moaenn: y BceneHHow ectb ueHTp! Ham aonro rosopunu,
YTO ero HeT, HO ero HeT TOJ/IbKO A/1A IoKabHO Habntogaemoin BeceneHHol. LBapuwmMnbaoBcKaa MeTpuka umeet
LLeHTp — 1 Tam pacnosaiaraeTtca Ta camas bonbwas YepHas [bipa (Mbl HasbiBaem eé BBH — Big Black Hole), koTtopas
06pasoBanach NPW CAUAHUM MEHBLUNX AbIP NMPU CKaTUKM BcenleHHOM. ITa Aplpa NoKa «Heboibwan» (No Hawmm
OLEeHKam — MopsaKa MUAIMapAa CBETOBbIX JIET) MO CPAaBHEHMIO C KOCMOJIOTMYECKMMYM Pa3sMepamm 1 pacronaraercs
Ha caMom Kpato Habatogaemoi Yacti BceneHHOM, Tak YTO €€ MOXKHO NMOYYBCTBOBATb TO/IbKO MO Habopy
aHM30TPOMHbIX KOCMOIorMyeckux 3pdeKToB, KOTopble CUCTEMATUYECKMN YKa3bIBalOT B O4HOM HanpasaeHuu. Kyaa
OHM YKa3bIBAOT — ceyac Mbl 3TO NOHMMaem. imeHHo 6bicTpbild pocT BBH 13-3a nornoueHma ¢poHa rpaBUTaLLMOHHbIX
BOJIH MPMBOAMT K Hab1t04aeMOMYy «YCKOPEHUIO» pacluMpeHus BceneHHow (MpaBuabHee roBoputb o eé
OOMNOIHUTENIBHOM KPACTAMKEHMMY»), @ TAKIKE BHYLLAET HAaZeXAy Ha NOCTPOEHUE LIMKIMYECKO moaenn BceneHHoM.
KoHeuHo, apyrve yueneslume YepHble Ablpbl TOXKe PacTyT NPU NPOX0oA4e Yepes CaToe COCToAHMe BceneHHOM,
roTOBACH CTaTb FPABUTALNOHHBIMMK LLeHTPamMM g GOPMUPOBaHMA FANAKTUK U 3BE34HbIX CKOMNJIEHWUA HOBOTO LKA
(37O pewwaeT ocTpyto Npobaemy paHHero GopmMMpPOBAHNA KBA3APOB M FAIAKTUK U CAYKUT OAHUM U3 FNaBHbIX
aprymMeHTOB A/18 CTOPOHHMKOB MOZes1el OTCKOKA), HO bosiblwasa YepHasa [blpa pacTét 6e3ycnoBHO b6bicTpee Bcex 3a



CYEeT CBOEW KOJI0CCaNbHOM NOBEPXHOCTU.

Bo3porkaeHHas Kaaccuyeckana KOCMOIOMMSA NMOJIHOCTbIO CBOBOAHA OT TMNOTETUYECKUX Noei, OT
bEeHOMEHOI0rMYECKMX KOCMONOTMUYECKMX MOCTOAHHBIX U TEMHbIX Cy6CTaHUMA. OTMETMM, YTO YEPHbIE AbIPbl, KOTOPbIE
3aMEHUN KTEMHYIO MaTEPUIO», HUKAK HE TEMHbI, @ HA0OBOPOT — XOPOLLO 3HAKOMbI M NoAAa0TCA HabAloAeHUAM.
HoBas K/iiaccuMyeckan KOCMOJIOMMSA CYLLECTBYET KaK pelleHune ypaBHEeHWU DMHIWITEHA, KOTOPbIE TONIbKO NPUMEHATb
HaZ0 C YMOM, BEPHEE, C YBAKEHNEM K MHEHUIO DIHWTENHA, DAAMHITOHA M APYrMX NereHaapHbix 3HaTokos OTO.
Booblue roBops, Kak TONbKO 04HO MHTEPMNPETaLMOHHOE NpeanonoKeHune B pamkax OTO NpMBOAUT K peLLeHMIo cpasy
OBYX TaKMX Npobaem Kak npuyunHa bonblioro Bapbisa n mexaHn3m HabatogaemMoro ycKopeHus BceneHHoM, To Bce
CNOpbl OT TOM, NPaBM/bHA /M 3Ta MOAE/Nb UM HET, A0MKHbI 3aKaHUMBATLCA - YMHOMY A0CTaTOYHO. KTO He noHMmaeT
pasHWLbI MeXAay peleHnem B pamKkax Knaccuyeckoit OTO M MoAe/ibKamu B pamKax Kakon-HMbYAb MHOTOMEPHOW
KBAHTOBOW rpaBuTaLMM — TOMY U 06BACHATL BecnonesHo.

Ceiyac cTano NOHATHO, YTO BceneHHasa HUKoraa He Bbl1a MUKPOCKONMUYECKMM KBaHTOBbIM 0O6BEKTOM, OHa MMeNa
MWHUMa/IbHbIE Pa3mMepbl B HECKO/IbKO CBETOBbIX /IET, TO €CTb €€ AnameTp bbla CONOCTaBUM C HbIHELLIHUM
pacctoaHnem oo 6AMMKaNLWUX 38é3,£|,. Hukakmnx CMHFyﬂﬂpHOCTEﬁ npn cxXatnn BceneHHana He MCMNbITbIBAET, MOTOMY 4YTO
B3pPbIBYATKA U3 YEPHbIX Ablp BCcerga obpallaeT eé ABUMKEeHUeE BCMATb PaHblLUe CXKaTUA B TOUKY. BceneHHas — BnosHe
KnaccuyecKkuni 06beKT, N nogvymnHAeTCcA OHa KBAHTOBbIM 3aKOHaM B TaKkom e CTeneHwu, Kak 3Bé3,£l,b| NN TaNNaKTUKNU.
Bce MHOromepHble n becuncieHHble BCeeHHble TaKKe HaKPbIIMCb MeAHbIM Ta3oM — NPOCTU, FONNBYA U T, KTO
cobupan ypoxkan ¢ 3Toi NONAHKN MHOTOMEPHOW MY/IbTU-/TanLLn.

06LLelt KapTUHE KOCMOJIOTUM OTCKOKA M LMKANYECKON Moaenn BceneHHoM byaeT NocBsLLeHa TPeTbA CTaThA, K
KOTOPOW Mbl yXKe NPUCTyNuaun. B aTol cTaTbe MmaTemaTmKu ByaeT masno, 3a AeTanamMuM oHa ByaeT OTCbiNaTh K ABYM
nepsbim paboTam. B HoBoOW cTaTbe ByaeT pelueHa Npobaema npespalleHnsa paclmpeHns BeeneHHol B cxkaTue, a
TaKXe npobaema pocTta aHTponuu BceneHHol u cyabba bonbluoi YepHoi Opipsbi.

Xouy ele pas co Bcel onpeaeneHHOCTbIO 3as8BUTb — Mbl He M306peTaem HOBYHO TEOPUIO FPaBUTaLMM U HE CTPOUM
HOBYO KOCMONOTUI0. Mbl CTPOTO Ceayem 3MHLWTENHOBCKON TEOPUM FPaBUTaLLMM, @ TaKKe Bepem XopoLlo
pa3paboTaHHYH M NONYAAPHYH KOCMOIOTMIO OTCKOKa 80-X rof0B 1 NpocTo AobaBasemM K Hel HabuparoLLyto
NonyAAPHOCTb FTMMNOTE3y O TEMHOM MaTePUK U3 YEPHbBIX Ablp, YTO CPA3y AAET OTCYTCTBOBABLUYHO NMPYKUHY ANS
Bosbworo B3pbiBa M NpUYMHY HaBAOAAEMOTO «yCKOPeHUA» BceneHHoM. BOT 1 BCE, Tema cynepBo/iebHON u
CynepKBaHTOBOM KOCMOIOTNM 3aKpbITa.

Bce Kocmonorn gobpoli Bov M TPE3BOr0 ymMa CenmYac MOryT BEPHYTbCA B PYC/I0 HOPMAJIbHOM HayKu, rae He Hazo
HMYEro BbICACbIBATb M3 NasiblLia, @ HYXXHO NPOCTO PeLlaTb ypaBHEHUA DMHLITEMHA, KOTOPbIM MyApee Hac Bcex. A
WHTEPEeCHEeNLIMX 33434 B BO3POXKAEHHOM KNACCUYECKON KOCMOOrMnM — mope. Hy»KHOo BepndunLMpoBaTh BCe CTapble
pelleHus, CTbiIKoBaBLUMECA C HabtoAeHUAMM (6AaPUOHHbIE OCLMUANALMM, CMIEKTP PENUKTOBONO MU3/YyUYEHMUS,
NPOUCXOXKAEHWNE TEeNIUA U T.4,.), CTPOUTb TEOPETUYECKME MOLENN aHN3OTPONHbIX HabtoaaemMbIx 3GDEKTOB, a TaKKe
nccnenoBaTb AMHAMMKY BCEX KOMMOHEHT LMKIMYECKOM BceneHHOM, KoTopas Bcerga B ABUMKEHUMN.

KctaTu, ecnm Bbl — MPOPECCUMOHANBHbBIN rPaBUTaLMOHUCT U/UNN KOCMOOT, KOTOPbIN CYMTAET, YTO BO3POXKAEHHAA
K/laccMyeckasa KOCMOJ10TMA € NepeMeHHON rpaBUTALMOHHOM MAcCcol AOCTOMHA BHUMATE/IbHOMO PAacCMOTPEHMS, KaK
aNbTepHaTMBa KBaHTOBOW KOCMO0TMM (3aMeTbTe — He UCTUHA B NOC/eAHel MHCTaHLUMW, B KOTOPYHO Bbl BEpUTE, a
NPOCTO MOAE/b, KOTOPas, C Ballel TOYKM 3PEHMs, 3aC/yKUBAET aHaNN3a), TO HanuwWwuKTe MHe. fl NnoAymMato Haz,
[EeKNapaTUBHOM CTaTbel-obpalLeHmem, Nos KOTopoi Morin Bbl NogNMCcaTbCA 4OCTaTOYHO 6ONbLIOE KOJIMYECTBO
cneupmannctos. OYeBMAHO, YTO H6e3 cepbE3IHOro TO/MYKa NAPOBO3 KBAHTOBOM KOCMOIOTUM, CBUCTALLMIN HA MUAANAPA
[0NNapoB B rog, byaeT NbIXTeTb eLle OYeHb 40ATO0.
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ABSTRACT

The Laser Interferometer Gravitational-Wave Observatory (LIGO) detection of gravitational
waves that take away 5 percent of the total mass of two merging black holes points out on
the importance of considering varying gravitational mass of a system. Using an assumption
that the energy-momentum pseudo-tensor of gravitational waves is not considered as a source
of gravitational field. we analyse a perturbation of the Friedmann-Robertson—Walker metric
caused by the varying gravitational mass of a system. This perturbation leads to a modified
Friedmann equation that contains o term similar to the ‘cosmological constant’. Theoreti-
cal estimates of the effective cosmological constant quantitatively corresponds to observed

cosmological acceleration.

Key words: dark energy - cosmology: theory.

1 INTRODUCTION

An idea of a bouncing universe, where the Big Bang happens afier
the collapse of a préevious universe, is actively investigated For last
vears (see. for example, Novello and Bergliaffa 2008; Cai et al
2012: Brandenberger and Peter 2007). The bouncing cosmological
mewlels are free from a singularity, but have two other major prob-
lems: A physical cause of the Big Bang s unclear so far, a5 a cause
for current acceleration of the Universe. Dyvnamics of maner and
radiation in the bouncing cosmological models has been studied
for long time (see e.g. Alpher and Herman 1949). High temperature
=~ 10" K in the collapseduniverse resultsin the complete destruction
ol nucled of all chemical elements created in stars, Dicke et al. (1965)
stated that “the ashes of the previous cvcle would have been repro-
cessed back o the hyvdrogen required for the siars in the next cyele’.
Tempermature of 10'" K means that the Universe was compressed by
approximately 10 times, i.e a size of the Universe was about 1-10
light-years. The high temperature of 177K of the collapsed Uni-
verse could produce ahigh level of isotropy observed in the Universe
at the present time (Misner 1968: Hawking and Ellis 1973).
Recently. the Laser Interferome ter Gravitational-Wave Observa-
tory (L1GO) Scientific Collaborat ion announced adetection of grav-
itational waves caused by the merger of two black holes with masses
of aboutl 36 and 29 times the mass of the sun (Abbot et al. 2016),
About three times the mass of the sun. Le. about 5 percent of the
initial todal mass of the black holes, was converted into gravitational
waves, Recently, an idea of the existence of numerous black holes
with masses of 20-100 imes the mass of the sun was sugpested
(Bird et al. 2016). Those massive black holes can serve as ‘the dark
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matter’ (Bird et al. 2016). Therefore, the black holes become an
importan component of cosmological models, particulasly, of the
bouncing cosmology because the black holes are the mly macro
object that can survive the Big Crunch and the Big Bang and appear
in the next cycle of the Universe (Clifton. Carr & Coley 2017).

Studies of the cosmological dynamics with black holes, which
have sizes up 10 the Hubble radius, were carried out in Quintin and
Brandenberger (2016}, Poplawski (2006, Chen ¢t al. (2007), and
Clifton et al. (2007}, It is logical 1o hypothesize that the supermus-
sive black holes of the centres of palaxies will be merged at final
stages of the collapsing universe. For example, a simple estimate
shows that 10" supermassive black holes cannol be packed into a
sphere with the rdius being bess than ~0.0 light-year, Thus, nu-
merous menrers of black holes will occur in the collapsed Universe
having a size of 1-10 light-years. This meneing process will likely
form a single black hole (Penrose 2011), or the biggest black hole
{the big black hole or BBH) and a number of smaller black holes,
which will not have sufficient time (o menge and which will exist in
the expanding universe afier the Big Bang (Clifton et al. 2007), In
the framework of this hypothesis, it is inleresting to consider a pen-
eralization of the Friedmann—Robertson—Walker (FRW) metric for
& perturbation caused by a gravitational field of the BBH. Whereas
the homogeneous universe 15 characterized by a scalefactor, alf),
which depends on time only, a universe perturbed by a variable
eravitational mass is described by an inhomogeneous metric. Thus,
the scalefactor can depend on space coordinates. Such inhomoge-
neous metrics were considered by Tolman (1934) and others (see
e.g. Zel"dovich and Grishchuk 1984 and review of inhomogeneous
cosmologies in Bolejko, Celerier, & Krasinski 2011).

During the Big Crunch. the total mass of black holes will reduce
because they will lose a few percent of their mass at each act of
the menging process. Black holes that survive the Big Crunch will
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increase their mass after the Big Bang due to absorption of maiter
and radiation including the background graviti onal radiation, The
BBH will increase its mass with the highest rate becanse it has the
largest cross-section of absorption.

In 1998, the accebe rated expansion of the Universe was discovered
using observations of the distant supemovae (Riess et al, 1998
Perlmutter et al. 1999). An accelerating universe can be described
by the Einstein equations with a phenomenological cosmological
constant, &, which charac tenzes a repulsive force (Einstein 1952

Bl
GJ-II g 3nl"'ﬂ" = "_J;r:uu l“

s
where G, is the Einstein tensor: g, is the metric tensor; T, is
the energy-momentum tensor, and G is the gravitational constant,
Data collected by the Flanck satellite instrome nt allow os to get the
following estimate of the cosmological constant (Ade et al. 200 6a):

AmLlx 107 *em™, (2)

At present, cosmological models containing the cosmological
constant are widely used o describe main observations: the cosmic
microwave background, spectra of the baryonic oscillations, and
the chemical composition of the early Universe (Misneretal, 1973,
Fixsen et al. 1997: Mather and Boslough 2008; Ade et al. 2006a).
A plysical nature of the cosmological constant is unclear so far.

Itis supposed that the repulsive force is caused by vacuum dark
energy. A density of the dark energy, oo, is related w the cos-
mological constant by the following equation: A = 8mGp,, (see
e.g. Carrol 2008). However, all attempts to calculate p. from the
quantum theory bring 10 estimates, which excead the observational
data by 40- 120 orders of the magniwde (Weinberg 1989, Camol
2008).

The LIGO detection of the gravitational waves aftracts the atfen-
tion o consideration of a varying gravitational mass in the general
theory of relativity. It is well known that the energy of the pravita-
tional fiekl cannot be described by the energy-momentum tensor in
contrast to the energy of ordinary matter and electromagnetic field.
The energy of the gravitational field also cannot be localized. Be-
fore 1917, Einstein supposed that the energy of gravitational Geld
is equivalent to the energy of matter as a source of gravitational
field amd included the energy-momenium pseudo-tensor of gravi-
tational field in the right-hand part of his equations. After famous
dizcussion with Schrodinger, Bover and other scientists, Einstein
changed his opinion. Since 1917, he never included pseudo-tensor
of gravitational field in his equations. Due to these crcumsances,
any contributions of purely gravitstional origin or combinations
from metric tensor may be excluded from the right-hand pan off
Einstein” equations or from a list of sources of o gravitational feld
by opinion, e.g. Einstein (1953), Eddington { 1975). Chandrasekhar
(1983). and Tourrenc (1997). This is Kind of a nonstandard ap-
proach accounting for energy of gravitational waves, but we follow
Einstein’s opimon: “Ty represeénts the energy that generales the
gravitational field, but i itself of non-gravitational character (Ein-
stein 1953), That means that the total gravitational mass of the
Universe changes when a significant fraction of the mass of the
black holes is converted inlo gravitational waves, An opposile pro-
cess of increasing pravitational mass of the Universe is related o
absorption of the background gravitational radiation by the BBH.
In this paper, we consider cosmological effects of the variability
of the gravitational mass caused by both conversion of the mass of
inerging black holes into gravitational waves and absorption of the
background pravitational radiation by black holes.

s flacadesis sun somfsarag fart iela-abatract FAATES LS 13047 4B 4E2 38
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Okher ways for changing of the gravitational mass are possible
(e.g. Kutschera 2003), but in this paper we will consider o variabil-
ity of the gravitational mass in peneral form, without discussion
of specific physical causes of such variability. Kutschera (20d03)
and Gorkavyi and Vasilkov (2016) got solutions of the Einstein
equations for the varying gravitutional mass of a quasi-spherical
system. The solution found by Kutschera (2003 ) and Gorkavyi and
Vasilkov (2016) is a modified Schwarzschild metnic for the varying
gravitational mass, Using a relativistic gravitational potential in the
fined coordinate system, Gorkavyi and Vasilkow (20016) derived an
equat ion for a repulsive force (for a probe particle with a unit mass):

m 2 [Segern] o G, 20H o
ar r re cr

The second term in equation (3) onginates from the variability of
a gravitational mass with a charactenistic time /o and the Anite
velocity of spreading of gravitational feld disturbances:

M‘h‘r}-—-Huc aier il 4

We will call this term a-force. The a-force is essentially relativis-
tic because it depends on the light speed. Using a non-Einsteinian
scalar-tensor theory, Galisutdinoy and Kopeikin (2006) imvesti-
gated gravitational forces cansed by the variable gravitational con-
sant. They also revealed a new force that is addiional to the New-
lonian attraction force.

Reduction of the pravitational mass of the collapsing Universe
due o memging of the black holes causes the repulsive o-force,
which may be responsible for the Big Bang and accelerated expan-
sion of the Universe at the initial stage (the analogy of the inflation
period: Gorkavyi and Vasilkov 2006). It follows from equation (3)
that the w-force can be larger than the Newlonian term in case of
the strong change of a gravitational mass. i.e o 2 ofr.

The model of the bouncing universe, which completel v renews its
chemical composition at the final contractive stage and explodes be-
case of merging black holes, i based on the well-known physical
concepts and does not involve new essences. But this model should
provide an explanation of the current acceleration of the expanding
Universe, This motivites a derivation of modified Friedmann equa-
tions that account for a perturbation of the Schwarzschild metric
with a varying gravitational mass. A main question to this model
can be formulated as follows: What rate of mass variability would
il take to produce the currently measured scceleration attributed to
the cosmaological constant or durk energy? A Tocus of this paper is
answering io this question.

The paper is struciured as follows. In Section 2. we briefly de-
scribe how the classical Fiedmann equations are derived from the
Einstein equations, The madified FRW metic is discussed in Sec-
tion 3. In Section 4, we consider the modified Friedmann equations
for the case of a variable gravitational mass and make an estimate of
the cosmological constanl. We also interpret the result in terms of
coamological acceleration. The discussion is provided in Section 5,
Conclusions are given in Section 6.

2 THE CLASSICAL FRIEDMANN EQUATIONS

To describe an expanding universe, the FRW metric is used. The
classical Friedmann equation is derived from the Einstein equations
assuming the FRW metric. According w this metric for a fla space,

the tme—space interval is expressed in the Cartesian coondinates as
Tolbows:

ds® = oAdi* = a®(1) (de? 4 dy? 4+ d2?), 51

MNEAS 476, 13841389 (2018)



1386 N. Gorkavyi and A. Vasilkov

where dr? =dx? + dy? + dz? is the distance in the comoving co-
ofdinate svstem. The physical distance is related to the distance in
the comoving coordinate system by the scalefactor a: r = alf)r,.
The FEW metric describes an isotropic and uni form universe in the
comoving coordinate system. At the present time, the scalefactor is
equal to unity: aff) = 1. Assuming that the matter has no pressure,
ie. Too = pe’, we get the first Friedmann equation from equations
(1) and (5):

a\'  AS  EBnGp

-] = ; 6
(3) =5+5 ®
To get the second Friedmann equation. let us differentiate equation
(6) over time (Friedmann 1922: Liddle 2003):
a_Ad  8nGp L nGpa
a 13 3 3 &

7

3 A MODIFIED FRW METRIC

The Schwarzschild metric in the Canesian coordinates for a weak
pravitstional field is wrinen as

ds® = (1 = by)tdr* — (1 4 by) (de” +dy* +d27). (%)

where by = 2GM, /(rc) fe.g. Landau and Lifshitz 1975: Weinberg
1972, see equation 83,7 with the first-order terms in this reference).
Here, we use the physical distance, r, in a fixed coordinate system,
In the modified Schwarzschild meiric derived in Kuischera (20003},
Gorkavyi and Vasilkov (2016), the constant mass, M, s replaced
with a variable mass Mir. r). The equation (8) in the comoving
cotndinates transfams 1o

ds* =[1 = bit, ri]c*de* —a’(e, r)[ 1 4+ biz. r)] [d.ti+ll:|-f -i-d:f} i
(]}

where bir, rd = 2GM, rl,."[n.'z} i% the known function and ais,
) is the unknown scalefactor. Such a perturbed metric was first
derived in McVittie (1933), It was also used in Dodelson (20003,
see equation 4.9), In equation (9), e, ri can be considerad as an
analogy 1o the scalar polentials 24 = <29 in equation (4.9) in
Dodelson (2003). This type of a mefric was studied in detail in
Kopeikin (2012),

According 1o Stephani et al. (2003), the metric (9) belongs tothe
type of spherically symmetric non-stationary metrics (see section
16.2 of the book by Siephani et al. 2003). Such a metric allows
introduction of an isotropic comoving svstem of coordinates (equa-
tion 16.22 of section 16.2). Our modified Friedmann equations are
derived for this system of coordinates,

The metric of equation (%) can be considered as a combination
of two metrics: the Schwarzschild metne and the FRW metric. In
an essence. it is a modified FRW metric with a scalar perurbation
function. In this section. we will write the Einstein equation for
a general type of the B o) function. In the specific case of M1,
) = 2GMir, r)/inc'), we can hypothesize that the perurbation of
the FRW metric is caused by a varving mass of a BBH, which is
a final resull of merging of many black holes and = located on
the edge of the observed Universe. The centre of the coordinate
system is bocated in the centre of the BBH. and we get a spheri-
cally symmetric physical system, Bul we prefer to explore this sys-
tem in Canesian coordinates. Afer we oblain the Friedmann equa-
tions for such a system, we can arhitranly shift the initial point of
coordi nates.

We will assume an approximation of weak fields, ve. ¢, r)
< 1. That is why we will neglect non-linew combinations of
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this function. It should be noted that the tme is not uniform in
the Schwarzschild metric as it is the case in the FRW metric.
We will neglect such non-uniformily of time because the non-
uniformity of time i8 determined by the function 1 = b1, r),
which usually can be considered to be equal to unity. However,
its derivatives should be accounted for mn the derivation of the
muli fied Friedmann equations. For the metric (9), we use the Ein-
stein equations (1) withowt the term containing the cosmologicul
conslunl,

4 THE MODIFIED FRIEDMANN EQUATIONS
AND COSMOLOGICAL ACCELERATION

Let us derive modilied Friedmann equations for the metric (9).
We assume that the dependence of alr, r) on space coordinates s
significantly weaker than that of b2, r). This assumplion allows
us to neglect all derivatives of aif, r) over the space coordinates
as compared with those of Bt r). We validate this assumption a
pisteriani in the discussion section, Details of the derivation are
provided in Appendix A, here we give just the final equations, The
presence of the function b, r in the metne (9) resulls in a number
of additional terms in the zero component of the Einstein equations.
These terms contain second derivatives of the metric components
over space coordinates, These additional terms can be considered
as an effective ‘cosmological constant”, which can be called the
‘cosmadogical function’, Adr, r), because it depends on ime and
space. For the case of weak gravitational felds, bir, r) < 1, we get
the first modified Friedmann equation in the form of

(3 (B i B0 o
a a 3 3

where the cosmological function Alr, r) s given by the following
ENPIESSi0n:

s na (TR B ey (0 s o
nNEE\we T TE | S\ T T )

(i

We use a Carfesian system of cootdinates only. The vanable r is
not & coordinate: it is a distance between an observer and the BBH,
which is calculated 18 r = +/x* 4 v 4 27, for example. Landau
and Lifshiz (1975), The rdistance is actually a parameter that de-
fines a value of the BBH perturbation at a given location. It should
be noted that the cosmological constant that depends on ime was
considered in. for example. Weinberg (1989) and Szydlowski and
Stachowski (2015), Inhomogeneous cosmological models with the
scalefacior a, which depends on space coordinate s, were considered
mn numerous papers (Tolman 1934, 1969 Zel'dovich and Grishchuk
1984: Bolejkoet al. 200 1) It is useful to note that the equation (11)
is detived for a general form of the disturbing function b(r. r). The
scalar cosmological function A2, r) should not depend on a co-
ordinate system, That is why we can calculate the cosmological
function in any coordinate system: éither comoving coondinales or
physical coordinates of the fixed system of coordinates. A similar
equation for a disturbed metric was earlier derived, for example,
by Dioxlelson (2003, see equation 5.27) for density perturbations. In
our case, the perturbation is related 10 a varving gravitational mass
of the system. Note the diference bet ween equation (5.27) of Do-
delson (2003) and our equation ( 10). Equation (5.27) of Dodelson
(2003) is writien only for the perturbed quantities, and the zero-
level approximation (the Friedmann equation for a(f)) is split off,
We do not decompose the equation (10} into two approxi mat ion,



The smallness of function fr, r) does not mean that the terms with
s, ) will be smaller than terms with Large fraction aif, r).

In case of exponential change of the pravilational mass (3), we
et from equation (11) for o 3% ofr

v ¥ X
20M(t.r)
M:.rlm%h{:.ri:"—,’—f—r - (12)
i [ o ree otrF
where the Schwarzschild radius ro = 2GMit, rife. I is logical w
relate the o parameter (o the ime of the Universe existence after
the Big Bang, 7" o = f/T, where fis the dimensionless coefficient.
S= 1 means thit the BBH mass has changed by ¢ times since the
Big Bang. Using the cosmological time, we pet from equation (12):
Jr_' Iy 35 :J'._|

M:rl:ET%{}_Txlﬂ IT l:}}
(in em ), where T = 4 = 10" s,

It shoubd be noted that the term =bin equation (10) is proportional
o the exponent o, whereas term Adr, rje’ /3 is proportional the
squared exponent o . Inthe case of fast change of the gravitational
ITHLSS, i.:.,f‘: 2 forf 3 1. the term $b can be neglected and equation
(10} concurs with the classical Friedman equation (6), where the
cosmdogical constant is replaced by the cosmological function
(1.

The second modified Friedmann equation is derived by differ-
entisting equation { 10) over time (for more details. see Appendix
Al

Al rje - + dalap

i AlLrx  EnG b
E:—;- 1 3‘]-54‘—,-—2 - ? (14
[} ‘i‘.i' E‘E. + H:.“’

The quantity g is the mean density of the observed Universe,
whereas the terms with Alr, r) and b depend on a varying grav-
itational mass of the BBH located near the observed horizon. Using
equation (12), we get b = A(r. r)c’. Then equation (14) can he
rewrillen as

Apsw® | dmGH

o it i (15)

__J'Lu,r}i.'! i EnGp
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The second modified Friedmann equation is quite similar 1o the
clussical equation (7), where the cosmological function AlL r) s
given by (11).

Let us consider the case when the term with the cosmologacal
function dominates the term with mean demsity of the Universe,
Assuming an exponential change of the mass of the BBH (3), we
get Adr, r) = wAl(r, r). Then, equation (15) transforms into the fol-

lowing equat icn:
i Ade, riet { Adr, rict
;:— ‘ﬁ]‘ —; [ A 1]‘- . {16)

Using equation (10), we get A(r.r)c’ = 3(H + Hb), where
H = £ is the Hubble constant, Then, equation (16) can be rewritten
as follows:
ll‘:=—;lh":+-ﬁ”'-"+i=r1...‘ H-'+Hj.|=:_.:{h'-'+u}f}, (17
When we write the approximate expression, we assume that we
can neglect the term Hb as compared with others. It follows from
equation (17) tha scceleration for a comoving observer is positive
d =01l a = =H, that there is sufficiently st increase of the
gravitational mass of the BBH. It follows from equation (12) that
the second term in the second Friedmann equation { 16) depends on

the distance to the BBH as a square root: v/ A, rie? /3 o ofrofr.
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The weaker dependence on the distance as compared with the first
lerm results in prevailing the second term on large distances over

the first term thus determining the dynamics of expanding of the
Universe.

5 DISCUSSION

Equation (13) shows that the cosmological function is expressed
through a di mensionless quantity fry /r composed of two paramse-
ters of our model £ and ro/r. The cosmological function is equal to
the observed value of the cosmological constant (2) if

o 1.6 18
= —
r = .6, (18)

Our basic assumption of weak gravitational fields means that ro/r
@ 1, i.e. an observer is localed far away from the BBH Then,
f® V162 13 Assuming that o value of f = 10, we get from
(1E) the following estimate w,/r ~ 002, If we assume that the
dizstance, r ~ 50 billion li ght-vears, i.e. the size of the Universe by
the order of the magnitude (Davis and Lineweaver 2(0M4), we get the
following estimate of the radius of the BBH: ro ~ 1 billion light-
vears. This radius corresponds o the mass of the BBH of ~6 x
107 gm.

Using equation (18), we can now validale our assumption of
neghgibly small derivatives of wif, r) over space coordinates as
comparad with those of 1, A, that is,

b ®a" amdb B ba' (19
where the prime denotes a derivative over a space coordinate. The
relationships of equation (19) can be estimated as follows:

@yt 1 PR ol
{,) #mw,m{*) o i (20)
C r [ r [ i A

Substituting equation (18) into equation (200, we obtain the follow-
ing estimates:

1.6 l r 1 ¢
The conditions of equation (21) are satisfied for r ~ 50 billion
light-years (a size of the Universe) and f = 10.

There is an idea that a fraction of the black holes survives the
slage of maximal contracting of the universe (Clifton et al. 2007).
These relict Black holes can produce the supermassive black holes
in the galixy centres and are responsible for the effects of *dark
matier’, This idea is in o qualitative agreement with our assumption
aboul the exisience of the BBH

The first Friedmann equation (6) characierizes an isotropic and
homogeneous model of the Universe. All locations of an observer
are equivalent. It can be shown (Me Vittie 1956) that galaxies move
away from each other similady in all comoving coordinate systems
with the same expansion rate defined by the Hubble constant. The
medified Friedman equations with the cosmological function (11}
are derived for two combined metrics: the basic FRW metric and
the sdditional modified Schwarzschild metnic. These metrics are
considerad in a dingle sysiem of coordinates. IF an observer moves
tranother coordinate system, the traditional terms of the Fiedmann
equations should not change: they are derived for the classical
isotropic and homogeneous universe, However, the cosmological
function A(r, A should change because it depends on a distance,
r, from the origin of the Schwarzschild system of coordinates. The
Schwarzschild metric is a kind of the anisotropic backeround for
the shified observer. Comparing the modified Friedmann equations
with the classical ones, we conclude that the modified equations are
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valid foranobserver at any location. However, the new cosmological
term that depends on the distance from the BBH thus changes when
the observer moves from one location to another. Thus, positive
relative acceleration of observable galaxies is result of difference in
deceleration of galaxies in non-stationary gravitational field of the
BBH.

This paper is devoled 1o a mathematical solution of the Einstein
equations for an expanding universe with a varying gravitational
muass, This solution allows us to generalize the Friedmann equations
for the varying gravitational mass, A consideration of observational
cosmological aspects (CMB spectra, generation of large striciires
of the Universe, etc.) is beyond of the scope of this work.

6 CONCLUSIONS

We pgeneralized the Friedmann equations for a model of the Uni-
verse with a varying gravitational mass. We managed 1o derive an
expression for the cosmological constant directly from the Einstein
equations, The nwwdel leads o the following cong lusions:

(i) The maedified Friedmann equation s equivalent 1o the classi-
cal Frisdmann equations when the pertarbation Mr, 1} == 0. This
allows us o suggest that the modified Friedmann equations do not
contradict 1o all observational cosmological effects. A major dis-
tinction of the modified Friednann equations [rom the classical
equations 15 that the modified equations give us an expression lor
the cosmological constant based on physical quantities that is de-
rived from the Einstein equations. Estimates of the cosmological
constan based on this expression give values that are quantitatively
close o the observed value.

(i) The cosmological principle of isotropy and homogensgity of
the Universe is not universal. The Universe is isotiopic and hoto-
geneous locally only. Possible effects of anisotropy and inhormo-
geneity of the Universe can be observable for distant objects.

{iii) A disturbance of the FRW metric is caused by a very BBH
bcated near the observed horizon of the Universe, The disturbance
of the FRW metric results in an effective cosmological oonstant
in the modified Friedmann equations. This effective cosmological
constant is analogous o the dark energy term in the classical Fried-
mann equations, Estimates of this effective cosmalogical constant
show that s value is close o observed cosmological constant by
the order of magnitude, provided reasonable assumptions ahout the
dimensionless parameters of the model have been made.

(iv) The observed positive acceleration of the expansion of the
Universe comesponds 1o an increase of the gravitational mass of
the BEH. In the future, this increase of the BBH can swop the
expansion of the Universe and cause its collapse. We believe that
a cyclic model of Universe can be developed on the basis of cyclic
transformation of black holes, baryons, and electromagnetic and
gravitation radiation.

Our conclusions wre supported by a few observations that are e luted
to anisotropic and inhomogensous effects i cosimology (Erckeek,
Carrol & Kamionkovski 2008; Stavrinos, Kouretsis & Stathakopou-
los HMIE: Hoftufi et al. 2009: Javanmardi et al. 2015; Zhao and San-
tos 2006: Ade et al. 2016b; Riess et al. 2016: Schwarz et al. 2016;
Colin et al. 2017). Besides that, a change of the pravitational mass
of the Universe could be verified by observations of the monopole
component of non-stationary gravitational field. What would be the
waveform of the monopole component, accompanying the detected
transverse gravitational waves (Abbot et al. 2016)7 The LIGO de-
sign is specifically aimed at the transverse waves, but perhaps the
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MANOGrav approach with the pulsar timing (Arzoumanian et al.
2015} might be sensitive to the monopale signal ?
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APPENDIX A: DERIVATION OF THE
MODIFIED FRIEDMANN EQUATIONS

Letus consider the Einstein equations { 1) without the cosmological
constant and derive the Friedmann equations for the disturbed FRW
metric (9) with a function br. r) assumed 1o be small. Thos, we
neglect all the products of the Christoffel symbols thut are propor-
tional 1o the squared function bir, r), Elsewhere, we also neglect
all terms that contain a non-linesr combination of k¢, r). The zero
component of the Einstein equations is

Bl

1
Ry = EIIIIR = —Tﬂ--. (Al

We can get the following expression for the zero-index component

of the lefi-hand side of the Einstein equations (1) (see chapier 100
in Tolman 1969) :

L L M
Rao 1"'".?- (2!::: 15’)(1'!:: v

= 1 dgun 1 odgn = 1 dgn 1 dgn
2gy Ot 2g1y it 2 ct 2 oot

it 1 Ellg:; + 1 al,l{n | B:'g,,
#o 2ggn Bl 2gngn Ox gLy DY
1 dgn 1 ¥y 1 ¥gn
4 — |. (AZ)
Zgngn 0y 2gugn 92 Zgngn 02
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A combination of the second denvatives in (A2) 15 an effective
cosmological constant. which can be named as the “cosmological
function” because it depends on time and spatial coordinate:

e (- 1 &
AR, o 2 82 . - T
2808 My 2gngm A7 2guge 3y
1 & (- 1 2
L1 u 8 (A3
20ngn 8y 2gngn 32 2gngn 02

It should be noted that g, = =1 inowr approximation. Equalling
(A2) w the zero-index component of the energy-momentum lensor,
we get the following expression:
a\' a X
3[(-) +-.‘r] = Afr. ri? 4 BnGp. (Ad)
a a
The terms on the lefi-hand side of equation (A4) are derived from
the products of the derivatives over time in (A2). The additional
term with b is significant at differentiating equation (A4) over time

1o derive the second Friedman equation. Solving equation (Ad) with
respect o the ratio, =, we gel the following expression:

e (AS)

3 3 -

a =1‘Jﬁ{r.r]¢-— 4 BnGp B g

The upper sign in equation (AS) and elsewhere cormesponds 1o the
case of an expanding universe (the Hubble constant is positive ),
and the bottom sign corresponds 1o a collapsing universe (the Hub-
ble constant is negative). Squaring (AS5). we get the first modified
Friedmann equation:

ayvi Al BmGp B - [ Al et BaGp b
(5) ==+ g R g
{AB)

T get the second maodified Friedmann equation, let us differentiae

equation (AS) with respect 1 time. Then, using equation (A6) we

get the second modified Friedmam equation;

_AS BnGp B -b SlbA—2)4+ B -2+ L6 —b)
3 3 2 ‘/;“-li_*' 2-.11(-':\- +.¥

(AT)

For weak pravitational fields bir, r) <2 1, we can neglect all terms

with b and b except for the term —B/2. In this approximation, we

gt the second modifed Friedmann equation in the formof equation
(14) that is provided in the main text

This paper has been typeset from a TEXAMEX file prepared by the author.
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P.S. MpuBOXY LMTaTbl U3 CCbIIOK Ha YaHapaceKapa u ToppeHca. Llutaty U3 dMHLWTENHa He NPUBOKY - OHA
aHanornyHa umutate M3 ToppeHca, 3ameHu eé BbicKasbiBaHMeM TXooodTa.
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= 7. Tempaduiii dpopmarusn 49 = Hobenesckuii naypear
TeoMeTpusi NPOCTPAHCTBA-BPEMEHH OMNHCLIBAETCS YDABHEHHSIMH S SRR
ditnwreiina * _ - «MaremaTtuyeckan reopusa
Gij = Rij — '/:81;R = — (8nG/c*) Ty, (236)  uepHbIX AbIp», 1986

|rae Ti; — men3op sHepeuu-umnyavca BeiecTBa W moJeir (Kpome
rpaBHTallHOHHOTO0), G — rpaBHTAllHOHHAS NOCTOSIHHAS (KOTOPYIO, KaK

In general relativity, gravitation is described by the metric tensor and the
matter distribution by the tensor T*/. The field equations of gravity are

equations relating the metric tensor and the energy-momentum tensor. They Ph. Tourrenc

are postulated in the manifestly covariant form

«Relativity and Gravitation»

\ ek i ] Cambridge Univ. Press, 1997

where y is a constant and S** the Einstein tensor defined above (6.1.14).

These are Einstein’s equations.

The identities (6.1.15), $*f 4 = 0, then imply the conservation equations
(6.4.4), without the necessity of postulating them separately. This great
conceptual economy is an attractive feature of general relativity as a physical
theory.

The energy-momentum tensor describes not only matter distributions but
also fields of all kinds, such as the electromagnetic field for example. However,

the right hand side of Einstein’s equations (6.4.5) excludes contributions of
purely gravitational origin.

Addendum 17 and 22 /3/2010:

I emphasize that any modification of Einstein’s equations into something like R ., - V2 R gy = #( Tyy (matter) + ¢ v (grav))
where ,y(grav) Would be something like a "gravitational contribution™ to the stress-energy-momentum tensor, is blatantly
wrong. Writing such a proposal betrays a complete misunderstanding of what General Relativity is about. The energy and
momentum of the itational field 1s completely taken into account by the non-linear of the origi uation. This can be
understood and proven easily, as I explained in the main text. Note that a freely falling observer experiences no gravitational field
and no energy-momentum transfer; hence there cannot be a covariant tensor such as f v (grav) -
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