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TéMHas aHeprus ¢ uHcpnsauven: RIP

Bropas cratbsi ¢ AnekcaHapoM BacunbkoBbIM, NOCBSILEHHAsS KOCMOMOT MM U KOCMOMOrMYeCcKoi NoCTosiHHOM, ony6nvkoBaHa B Monthly Notices of the Royal Astronomical Society!

Konus Bblwenweit ctatby npunaraetcs. Ctatbs Bblaepxana camyio TwarensHyto nposepky B MNRAS B TeyeHune Heckonbkux Mecsues. OTmeuy, 4to 6putaHckuii MNRAS ny6nukyetcs ¢ 1827 roaa, u ceityac umeet
MMnakT-cpakTop okono 5, 06pasys BMecTe amepukaHckmmu Astrophys. Journal n Astrophys. Journal Letters MMpoByto TpOiiKy camblx aBTOPUTETHBIX XYPHANO0B MO acTPOPU3NKe 1 aCTPOHOMUM, NevaTaowmx

opurnHanbHble Hay4Hble CTaTbu (He 0630pbl). MCerHHe BOCXMLLEH paﬁOTOVI Hay4HbIX PELEeH3EeHTOB 3TOro XypHana, ux AOTOWHOCTbIO U MPOECCMOHANN3MOM.

Copep>xaHue HoBOM paboTbl ByAeT NOHATHO 13 Crnedyiowero 0630pHOrO TEKCTA O HOBOW KOCMOMOT UM, K KOTOPOIA HAC NOABOAAT NOCNefHVe TeopeTuydeckue 1 HabnoaaTensHole pesynbTatbl. OTOT TEKCT — CTAPTOBbIA 415t

TpeTbeil, 3aBepluatolleli CTaTbn No KOCMOOMN.

C cepenuHbl XX Beka [0 Havana 80-x akTMBHO pa3snBanach v 6bina Hay4HbIM MaiHCTPVMMOM B KOCMOJIOr U MOLENb 0TCcKoKa - “rebound cosmology” nnu “Big Bounce Cosmology” (koTopyto MOXHO paccmatpuBath Kak
npeenbHO NPOCTOM Cyyar LMKANYecKon KOCMonornm, cBo6oaHOM 0T cuHrynspHocTel). OHa Havyanack B 40-x rogax ¢ pabot Mamosa, Anbdhepa u XepmaHa, Ho eé passmBany, pa3nensiiv 1 n3naranm B CBOMX CTaTbsx u

KHUrax npakTmyecku Bce BnAHble rpaBUTaUNOHNCTbI U KOCMOIOMU — Jnkke, BUNKnHCOH, Ba|7|H6epr, MmsHep, Muné6nc un 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 ctaTbsi, CONpoBoxatouas cratbio MNeHanaca u BunbcoHa 06 0TKpbITUM PENNKTOBOrO n3nyyenus): “...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~10"10, 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 6yny nepeBoauTb UMTaThl, @ N3M0XY CYyTb KOCMOMOMMN OTCKOKA CBOVMY ClIOBAMU: BO3bMEM HbIHELHIO BceneHHylo, 06paTtm eé paclumpeHue B cxxaTue (noyeMy Tak MOXHO cienatb — OTAeNbHbIl Bonpoc). Koraa oHa
coxmetcsa B 1070 pas — npUMepHO A0 HECKONbKMX CBETOBbIX NIET B ANamMeTpe, TO 9HEPrust HbIHEWHUX PennKToBbiX poToHoB B 3K BbipacteT HAcTonbko (Ao 3*10710 K nnu Tpmauatb MUNIMapaos rpagycos), YTO OHU

pa3obbloT/MpeBpaTaT Bce aTOMHbIE S4pa, BO3HUKLNE B XO4e 3BONoLMM BeceneHHom, B CBOGOAHbIE MPOTOHbI 1 HEMTPOHBI. Kak noaTuyHo Bbipasunuck Oukke v ap. B 1965 roay: (oOTOHbI UM raMma-KBaHTbl nepepadoTatoT
«nenen npeaplaylwero umkna». KocMonorvsi otckoka npegnonaraet AanbHenwnin ynpyruii 0TcKok BeeneHHoi co cBeX M Habopom 6aproHOB — 1 €€ pacluMPEHVE B HOBbIV LUK/, OTOT OTCKOK O4YEHb NIOTMYeH, HO npupoaa

ero mexaHusma 6bina Hem3BecTHa.

B 80-x B husnke aneMeHTapHbIx YacTul, ciyunnace 6eapaboTvua: 6bina ycrnewHo cospaHa CtanaapTHas Mogenb v CUHXPOasoTpoHbl MO3akpbiBanmch. [103TOMY B KNACCUYECKYIO KOCMOIOTUIO BbICAANNCS
MHOTOYUCTIEHHBI LECAHT 3NEMEHTAPLVKOB, BbIPOCIIMX HA KBAHTOBbIX MONSIX, Mrpas YacTuLaMm MKPOCKOMMYECKOro paaMepa. YTo ymeem, To 1 NenyM — Mo3TOMy LecaHT co3han (1 yMEno BbITECHWI elo Bce
anbTepHaTVBbI) 0AHOPA30BYIO MOAENb BceneHHoik, BbipacTalolyto Yy ecHbIM 06pasoM U3 MUKPOYaCTHLbl U yNpaBAseMyto runoTeTUYECKMMN KBAHTOBBIMYW MONSIMA: MHC(DNIAHTOHOM BHa4ane U TEMHOV SHeprue Bakyyma
notoM. Ha ponb TeMHO MaTepuu, Ha CyLLEeCTBOBaHME KOTOPOI yKa3blBaloT KPVBbIE BPALLEHWs ranakTuk v Apyrue HabnoneHus, onsTb-Taku Bbina npeanoxeHa MaccMBHas Tyya rmnoTeTUYECcKUX 9NEMEHTapHbIX YacTuL.
Ho npenckasatenbHas cuna HoBOW MHIP NSLMOHHOM Teopun Bbina 6im13ska K Hy/to (HanprMep, OTKPbITE YCKOPEHWS pacluipeHnst BceneHHom cTano Anst Heé He0XMOAHHOCTbIO), XOTs 3aAHMM YKCNOM OHa, obnafaiowas

MHOX€ECTBOM CBOBOAHbIX napameTpos, Morna 06bSCHUTL BCE.

B nocnepgHune ronbl HEOOBONbCTBO NHAP NALMOHHO-TEMHOI KOCMONOrME C MHOXECTBOM JOMYyLWEHW BbIPOCNO HACTONbKO, YTO HEKOTOPbIE epeTuky Aaxe nepectany HasbiBaTb €€ Haykoin. BosHukno nnm
peaHyM1poBanoch cpasdy HECKONbKO TEOPUIA, BO3BPALLAIOWMX HAC K MOAENV LUK INYECKOV BCENEHHO MM K KOCMONOrMYeckuM MoLensiM oTckoka. Mbl ToXe BblHECEM 3a CKOOKM BCIO KBAHTOBYIO chaHTacManoruio
nocnegHnx AecaTUneTunin u BEpPHEMCS K He3acnyXeHHO 3abpOoLeHHO Knaccuyeckoi kocMonoruu. Jlasate NnOCMOTPUM, Kakvne U3MEHEHUS BHOCAT B HE€ nocnefHve HabnioaaTebHble U TEOPETUYECKUE LOCTUXEHNS, B
nepBylo o4epenb - aKCnepmmeHTanbHble pedynbtatbl JINTO, nonyyaemble ¢ 2016 ropa:

1. ['paBnNTaLMOHHbIE BO/HbI CYLWECTBYIOT.

2. 3HaunTenbHasa [ONS MacChl CAMBAIOWMXCA YEPHBIX Ablp MPeBpalaeTcs B rpaBUTaLNOHHbIE BOMHbI.

3. Bo BceneHHoi ecTb OrpoOMHOE KONMYECTBO HEYUTEHHBIX YepHbIX Oblp ¢ Maccol okono 30 macc ConHua.

MocnenHwii pe3ynbTat NPYBEN K NOSIBIEHUIO PeanMcTUYHON MOAENW TEMHOWM MaTepun, COCTOSIWEN M3 YEPHbIX Ablp B AecsaTku Mmacc ConHua. STa Monenb obcyxnaeTcs yxe LBa rona, v Bce yBepeHHee HabmpaeT o4ku B

cpele Habnoaateneit 1 TEOPETUKOB.

PaCCMOTpI/IM cXumaroulyrocs BCGJ‘IeHHyIO, B KOTOpOI?I, KpOMe aTOMOB 1 PENNKTOBbIX POTOHOB, CyLECTBYET KOMMOHEHTa YepHbIX Ablp, N0 Macce npesocxoaswas 6apv|0HHy|o KOMMOHEHTY. Jlerko nokasatb, 4TO, KOrga
BceneHHas BocTurHet pasmepa B HECKO/IbKO CBETOBbIX NIET, 3TN YePHblE Ablpbl HAYHYT HaBMHOOﬁpaBHO CnmBaTbCs, yMeHbLIAas CBOKO CyMMapHYy0 MacCy Ha HECKOJ/IbKO NopAnKOB. B Hawei ctatbe B MNRAS 2016 rona
(rne nony4yeHa n nccnenosaHa MoanULNPOBaHHAs MeTpuka UJBapLI,LLII/I!'IbJJ,a ansa nepeMeHHon FpaBI/ITaLI,I/IOHHOI7I MaCCbI) nokasaHo, 4To 370 HendbexHo reHepupyeT MOLWHYO0 OTTankuearLlyto cuny, Kotopas NnpnusoanT K

YCKOPEHHOMY paclnpeHuto wapa BceneHHo 13 raMma-KBaHTOB; YepHbIX ObIP, yUeNneBWux 0T CNNAHUA, a TakxXe U3 6apI/IOHOB, oépaaoBaBmmxca npu paspyweHnn atoMHbIX a4ep. Tam xe — rpaBBOJIHbI N Hel?lTpI/IHO.

OGpaTMM BHVMMaHWe, 4TO YepHble Ablpbl — €AUHCTBEHHbIE MaTepualbHble MaKpOOﬁ'beKTbI, KOTOpble MOTYT yLeneTb — 1 faxe BblpacTu - B ropHUne cxaroi BceneHHoi. Takum OépaSOM, np06nema Bonbworo B3prBa,
KOTOpas 6blna rnaBHbIM 6apbep0M ANA KOCMONOrnm oTCcKkoka, eCTeCTBeHHO pewunnach, Kkorga so BceneHHyro nobaBvv 4OCTaToMHOE KONMYECTBO YEepPHbIX OblP: OHU MPpU CXaTunm cpa60Tan|/| nyduwe noboi B3pbIBYATKW.
Kpome TOro, yCKOpeHHoe paclwmpeHune BceneHHol B 3701 MoAeny aHanormyHo MH NAUMOHHOMY Mepuody, 4To, BUAUMO, pewaeT np06nemy ropusoHTa. OTtmeTum, 4To peweHne c nepemeHHoM rpasmaccom, Kak s y6e,n,|/1nc;|
noc/e MHOrO4YUCNEeHHbIX Heyaa4yHbIX MonbITOK, HE OTBE4YaeT 3a I'Ip06ﬂeMbI ranakTn4yeckmnx Bpal.l.l,eHI/II7I 1 He n3basnseT ot HeoBX0AMMOCTU TEMHOMN martepun — 310 peleHne, Kotopoe pa60'rae1' TONbKO Ha 6OHbLI.II/IX,

KOCMO/IOrn4eckunx pacCToAHmAX.

Ho HoBasi koCcMOnorust 0TCKOKa [OMXHa 00BACHUTL ewé u Habnonaemoe yckopeHve BeeneHHoi, oTkpbiToe B 1998 rofly. 9T0 yCKOPEHME XOPOLLO OMUCHIBAETCS PEHOMEHOOrMYECKO KOCMOIOrUYECKO KOHCTaHTOW,
BCTaB/IEHHON B ypaBHeHNa DiiHWTeRHa pykamu caMoro SiiHwWwTeiiHa. V3 ypaBHeHns DiiHWTeHa 3Ta KOHCTaHTa nepekoyeBbiBaeT B PeleHns v B ypasHeHns ®puamana. KBaHTOBbIE NIOAM HE MOTYT NOMYYnTb 3Ty
KOHCTaHTy 13 KBaHTOBOW Teopun n 00bACHAIOT €€ ¢ NMOMOLLbIO BBEAEHUS emé O[HOro rMNOTeTUYeCcKoro nons - «TEMHOI 3Heprun» C yansutenbHbIMn cBOMCTBaAMM BpO4e OTpuUaTeibHOro AaBnieHns. Tak Kak Mbl He TONIbKO
06Ccy>XAaeM KNnaccu4eckyio KOCMOIOruto, HO U paboTaeM B KN1acCUYeCcKon HayyHo napaaurmMe, Kotopast KpaiHe oTpuLaTenbHO OTHOCUTCS K PA3MHOXKEHMIO CYLHOCTEN, TO Takov CBOBOAb PELIEHN Mbl MO3BONNTL cebe
He MoxeM. Mo3aToMy XenaTenbHO 00 BSACHUTL YCKOPEeHMe paclmpeHns BceneHHol B pamMkax yxxe npuHAToro (e AMHCTBEHHOro!) NpeanonoXeHnst 0 NepeMeHHOCTN rpaBUTaLOHHON Macchl. OTa NepeMeHHOCTb NPSMO
BbiTekaeT u3 TpakToBkn OTO, caenaHHoi diiHwTerHoM nocne 1916 roga: UCTOYHMKOM rPaBUTALMOHHOIO MO HE MOXET BbiTh SHEPT S rPaBUTALMOHHOMO MPOUCXOXAEHUS, TO €CTb HETEH30PHAs SHEPrvsi Camoro

rpaBmnons U rpaBBOJIH.

B ctatbe 2016 roga Mbl He CTPOUM KOCMOJIOMMIO, TO €CTb He Moyyanu ypasHeHus dpuamana Ans conyTCcTByOWUX HabnoaaTeneil, a paccMaTpuBanyi KBasu-WBapLWnbA0OBCKOE PelleHre 41 MOKOSILEerocs
Habnopatens. B aTolt Mogeny oTTankuBaiowas cuna, Kotopasi BO3HUKaeT Npy yMeHbLEHUN rpaBUTaLMOHHON Macehl, CO BPEMEHEM He UcYe3ana, a ToNbKO YMeHbluanach, YTo MO3BOJISNO HAAEATHCS Ha TO, YTO OHa Kak-To
nepeineT B KOCMONOMMYeCcKoe ypaBHeHne dpuaMaHa 1 06bSCHUT YyCKOPEHHOe paclupeHie. Ha 3ToM 0CHOBaHMM Mbl Aaxe no3Bonnau cebe (Kak no3xe BbIICHUI0Ch — 3psi MO3BOMN/M) KOCMOJIOMYecKoe

NpeanonoXeHne B Haweli Mo cyTu He KocMonorunyeckon pabote 2016 roga o Tom, 4To HabnogaeMoe yckopeHue BeeneHHomn 6y et yMeHbWaTbCs CO BPEMEHEM.

I'Ipm NOCTPOEHNN HOBO KOCMONOr MW Mbl MPeaBUOENN N TPYOAHOCTU. BO-ﬂepBbIX, oTTankmBamwWwas cuna B WeapLwWwmnibA0BOM METPUKE COXpaHANach, TONbKO ecnu BceneHHas cépaCblsana CBOIO Maccy n 6onble He
Haﬁmpana eé, a 3HauYMT He MOorna CHoBa CXaTbCsl. DTO CTABWIO MO COMHEHWe LUMKNNYeCKyo MoLeNnb, OCTaBisAsa HaM TOJIbKO KOCMOJIOrMi0 OOHOINo OTCKOKa. BO-BTOprX, 6bin0 HEMOHATHO, 4YTO AenaTtb C camoi 60/bLwon
YepHOW Oblpor, KOTOpasi HECOMHEHHO OépaSOBblBaJ’laCb B X04e CNNAHNA YepHbIX ObIp Npu cXaTtun BceneHHomn npegbioyuero unkna. OTa Aablpa 6bina HEYHUYTOXNMa 1N O0NXKHa 6bina ToNbKO pacTun, nornowas Kak
06bl‘-IHyI'O mMateputo, Tak 1 rpaBUTauMOHHbIE BOJIHbI. OHa ToXe He yknapgblBanacb B MOLENb LMKINYECKON BceneHnHoin. OTMGQY, 41O npoénema camoii Bonbluoi '-IepH0|7| ﬂ,blpbl ONS UMKNNYECKOM MOOenNn aKBMBaneHTHa

npoéneMe pocTa aHTPONUK, NOAHATON TonmaHom, NOTOMY 4TO OCHOBHasi aHTpoONUA BcenenHoin COOEPXUTCA NMEHHO B 3TOW ObIpe.

Hy, pewunu mbl, 6pocasicb B KOCMONOT MO C FrONOBOMA, MOXUBEM — yBUANUM. VI AeCTBUTENbHO, NOXWAN U yBULAENN. YpaBHEHNS P puamMaHa MOXHO NONy4YnTb HECTPOrUM CNOCOBOM U3 HbIOTOHOBCKMX YPaBHEHWIA, HO CTPOTO,
13 3MHWTEAHOBCKUX YPaBHEHUIA, OHM MONY4alTCs HEMPOCTO, C NCMONb30BAHNEM NCXOAHOM MeTpukn ®pramaHa-PobepTtcoHa-Yokepa. Mbl cTanu ucxoauTtb U3 TOro, YTO B 3TON METPUKE NMOSBUIOCH MaNoe BO3MYLLEHNE B
Buae fobaBkun U3 WBAPLIIWNIbOOBCKOA METPUKIM C MEPEMEHHOM Maccoii. Mpouenypa BBeAeHUS Takunx BO3MYLEHW B MeTprky DPY xopowo oTpaboTaHa (cM., HanpuMep, y4ebHuk JoHanbacoHa), Ho, B OTAMYME OT
NPEeXHNX BAPUAHTOB, Mbl PACCMOTPENN HE MenKoMaclTabHoe BO3MYyLEHME, a KpynHoMacwTabHoe, WeapLWwmuiba0BCKOe. PacyeTbl MONY4YMANCh O4EHb CNOXHbIMU. MpULINOCh NPOBEPSTL NX MHOFOKPATHO, Aa elle 1 ABYMS
cnocobamu (nepB.bili cnocob — BCE [ONro v Hy[HO fenaem camu; BTOpoii BbicTpblii cnocob 0CHOBaH Ha pesynbTaTax, 3noXeHHbix B naparpadpe 100 y TonmaHa). PeuerndeHT MNRAS, kcTaTtu, oLeHun Hawy

KPONOT/NBOCTb: & TO MHOrMe HOPOBAT NMPOBECTU rpaBUTaLMOHHbIE BbIK/1aAKW C NOMOLLbIO cneumnanbHOro COC*)Ta!

PerJ‘IbTaT pacyeToB okasascs BnevaTnsownM: Mbl He 3aKnaabliBan pykamm qpeHOMeHONorM4eckyto KOCMONOrMYecKyto NOCTOSAHHYIO B YypaBHEeHUS OHWTeNHa, @ UCX04MNN U3 KNACCUYECKOW BEpCUU 3T0ro ypaBHeHUs,
roe aTol NOCTOSIHHOW HeT. Ho B pesynbtate BblYUCNEHWN B ypaBHEHUN d)pvl,umaHa nosBunacb Kpacmeas senmynHa U3 BTOPbIX NPOU3BOAHbIX OT WBapPUWWIbA0BCKOro BO3MYLWEHWA, KOTOpAas okadanacb 3KBMBAEHTOM
KOCMOJNIOTMYECKO NOCTOSIHHOM. OHa ABNSIETCS, KOHEYHO, HE KOCMOJIOrMYECKOM NOCTOSIHHOM, a8 KOCMONOrMYeCKow C*)yHKLI,I/IeI7I 1 3aBUCUT OT MapaMeTpPOoB WBapUWnIbAOBCKOro BO3MYLWEHNA — BENUYNHDI nepemeHHoM Maccbl

1 CKOPOCTU eé nepeMeHHOoCTHn. I'Ipvl BMOJIHE PA3YMHbIX NPEeAnooXeHNAX oLueHKa 3TOM KOCMONOrMYEeCKON NOCTOAHHON npekpacHo cosnanaet Cc HabntoaaeMbIM 3HaYEHNEM, onpenenseMbiM U3 AaHHbIX CMYTHUKA « Mnaxka».

Takum oépaaoM, B cTaTbe 2018 roga 6binu noJiy4eHbl MOANULMPOBaHHbIE YpaBHEHMSA d)pm,n,MaHa N aHanuTmn4eckoe BblpaxxeHune nns KOCMOJIOrMYEeCKOl NOCTOSIHHOM, a TakXe eé yucnosas oueHka, cosnagarowas no
nopsnKy Benn4nHbl C Hab Mo 4eHUAMN. HanomHum, 4to pPe3ynbTatbl KBAHTOBbIX KOCMOJIOrOB MO Bbl4UCNEHUIO KOCMONOrMYEeCKOM NOCTOSAHHOM, pacxoannucb C HabnogeHusamu Ha 40-120 nopsnKos. Tak Kak Mbl pa60TaeM Cc
BO3MYLEHNAMU, TO B NpenenbHOM cnyyae Manbix BO3MyLLI,eHI/II7I Mbl nonyyaem ypasHeHue d)pm,umaHa 06bIYHOrO BMAA, B KOTOPOM DEHOMEHONOrnyeckKast KocMosiornyeckas KoHcTaHta HEN3BECTHOM npuponbl 3ameHnnacb
Ha aHanUTUYeCcKyto PYHKLMIO OT N3BECTHbIX BENNYMH. To, 4TO MbI npuxoanMm K ypaBHEHUO d)pm,umaHa 06bI4HOrO BMAa, 03Ha4yaeT, YTO HalWu BblYNCNIEHNA B NEPBOM I'Ipl/lﬁﬂM)KeHI/II/I cornacyrTcsa Cco BCeMn OaHHbIMU
cospemeHHoM HabnogatenbHom KOCMO/I0rmn, OCHOBaHHbIMWN Ha ypaBHEHUAX d>pm,umaHa n npeanonoXxeHun 06 N30TPOMHOCTN BceneHHoii. Ho mMbl ocTasunu B MOOMPULMPOBAHHOM YpaBHEHUN tbpm,umaHa HOBbIV YneH

cnepyrowero nopsaka, KoTopblii MOXeT BHOCUTb CBOI BKNAL B aHU30TPOMHbIE 3DEKTbI.

BoT ceityac Mbl MOXXeM BCepbe3 MOroBOpUTbL CO BCEMU HALIVMIW OMMOHEHTaMV O KOCMOJOM W (MHOTME BbICKa3blBasM KOCMOJOrMYeckne NpeTeH3um K Hallein He kocMonormnyeckoi pabote 2016 roaa, 4To MOMPOCTY He Mo
afpecy). OTMETUM, YTO rpaBMTaLIMOHHbIE BOJHbI Kak cpeAa camu no cebe He NrpaloT HUKaKoW Ponu B paclumpeHun BeeneHHoi (MoaToMy HUKaKMX TEopeM, Ha KoTopble Tak nonarasncs Masen ViBaHoB B KpuTuKe Halel
ctatbyn 2016 rofa, Mbl He Hapywaem). MprynHa eé paclpPeHst N YCKOPEHWs PacllMpeHnst NEXMUT UCKMIOYNTENbHO B KpyNHOMacl TabHOM rpaBnTaLiOHHOM Mofe — camoi Moryyei cune ans BeceneHHoit. Ho
rpaBUTALMOHHbIE BOMHBI UFPAIOT BAXHYIO POSb B NEPEMEHHOCTU MPaBUTUPYIOLLEN MACChl, KOTOpas N reHeprpyeT Hy XHble nons. OTMeTVM, YTO peleHnst B 06eunx ctatbax 2016 1 2018 roaa 0CHOBaHbl Ha NPEAnoNoXeHnm

0 NMepeMeHHOCTU rpaBMTaLMOHHON Macchl 63 AeTanbHOro 06Cy X AEHUS NMPUYMH 3TOW NEPEMEHHOCTH.

MonyyeHHble ypaBHEHUS 0XXNAAEMO OTKOPPEKTUPOBANY HAWM OXMAaHNs 1 onaceHnst. Okasanoch, 4To HabnAaemMoe yCKOPEHHOE paclunpeHne BceneHHom CooTBETCTBYET HE YMEHbLIEHUIO LIEHTPaNbHOM Macehl, a eé
yBenuueHnio! 3amMeyatenbHblii akT, OTKpbIBAOWMIA LOPOry K Byayuemy cxatuto BceneHHom.

ST0 CMy4MNoCh U3-3a TOTO, YTO B HAWMUX OXWAAHWSX Mbl HE Y4IU MPUHLMNMANBHYIO Pa3HULLY MEXAY MOKOSIMMCS WBapLWMIbLOBCKUM HA6MoAaTeNeM 1 ConyTCTBYOWUMU (OPUAMAHOBCKAMM «neTyHamu». E€ MoOXHO
NOHSATb, BCMIOMHVB, KakK BOCMPUSTVE MPa OTNNYAETCs ANS YenoBeka, CUASILEro Ha cTyne, U ANns Yenoseka, KoTopbiii nagaeT B nuddTe. MepBbiit JyMaeT, 4TO OH MOKOUTCS, B TO BPEMS Kak OH UCMbIThIBAET MNOCTOSHHOE
YCKOpPEeHUe 0T CTyNa, a BTOPON MOXET AyMaTb, 4TO OH He B NgpTe, @ BUCWT rae-TO B HEBECOMOCTU KOCMOCA, B TO BPEMS Kak OH CTPEMUTENbHO LBUXETCS MO reofe3nyeckoii K onacHoi noBepxHocTu 3emnu. Tak xe
Cy4nnoch 1 Npwv nepexofe K (opuaMaHoBCKUM HabioaaTensiM — OHU UCMbITBIBAIOT YCKOPEHHOE oTHocuTeNbHOe (!) pasberaHue opyr OT Opyra 13-3a yCUNeHWs rpaBuTaLMOHHOMO BISIHIAS LEHTPabHOM NepeMeHHoM
maccbl. Takum 06pasoMm, Mbl MPULNY K YOUBUTENBHON MHTEPMPETaLMM HabnioAaeMoro (B CONyTCTBYIOWEN CUCTEME) YCKOPEHHOTO paclumpeHust BceneHHoii, kak pe3ynbTaTa pocTta LeHTpanbHOW Macchl U TOPMOXEHUS
pasneTta BceneHHom (C TOUKM 3pEHNsi MOKOSWEroCs WaapLWmibaoBckoro Habnonatens). LeicTBUTENbHO, eCnv Mo HOYHOW [OpOre ABMUXETCS KOMIOHHA aBTOMOBUEN C BKIIIOYEHHBIMU (hapamit, To ¢oakT, YTo 3aHui
aBTOMOBU/b YCKOPEHHO 0TOANSETCs OT NepenHero, MoOXHO C 0AMHAKOBOV BEPOSITHOCTbIO MHTEPNPeTUpPoBaTh, Kak YCKOPEHUe NepBoro aBToMobuns, Nnun Kak TOPMOXEHVe nocnegHero. Y KTo npae — caMu nokanbHble

Habnonateny aToro onpenennTb He MOryT, 3TO pelaeT TOJIbKO HENOABUXHbIA CBETOROP.

He Yy4nTbiBaA 3TUX MOMEHTOB, Mbl OKa3asncb Henpasbl B CBOEM npeanonoXeHun, 4To yCKopeHune BcenenHoin 6yneT YMeHblaTbCA. Celtyac ato YyCKOpEHWe BblpaxaeTcs HeCNoXHoM oopMyon, Kyaa BXOAAT ABa

napameTpa. AHanu3 noBeneHNs 3TUX BENUYUH elwé npeacTonuT caenartb, HO, No obwum COOGpa)KeHVIﬂM, MO>XHO NpeanonoXunTb (C YeTKNM NMOHMUMaHMEM, 4YTO 3TO OYeHb NpeasapuTenbHoe npennonoerme), 4YTO yCKOpeHune

BceneHHol moxeT yBenMynBaTbCs — U, BUAMMO, UMEHHO B Takon pase pacluvpeHns BceneHHoii Mbl xvBeM. Booblwe roBOpS, UCCNefoBaHNe HOBbIX YpaBHEHWI BO3POXAEHHOW KOCMOIOr MmN (=MOﬂI/|q)I/ILJ,VIpOBaHHbIX

ypasHeHun dpramaHa) ToNbKo Hayanochb — 1 OHW MHOMO PacCKaXyT MHTEPECHOro O TOM, Kak YCTPOEH Mup.

HoBas mogenb SBnseTcs CnbHeRWwnm APrymeHToM B Nonb3y npunpoabl TEMHOIN Matepun Kak COBOKYMNHOCTU l-IéprIX Abip n Cepbé3HbIM npenocrtepexeHnem Ans Bcex, KT1o coémpaeTcg N ganble Nckatb akCMOHbI 1

npoyue runoTeTn4eckne anemMeHTapHble KOMMNOHEHTbI TEMHOW marepun.

Ewé onuH 6eccrnopHblit 1 BneyaTnsiowmin pesynbTaT HOBOM Moaenu: y BceneHHoi ectb LeHTp! Ham LoAro roBopuam, 4TO ero HET, HO ero HET TONbKO ANS nokanbHo Habnogaemoit BeenenHoii. Weapuwunbnosckas
METPMKa MMEET LEHTP — 1 TaM pacrnonaraetcs ta camas bonbwas YepHas Obipa (Mbl HasbiBaem eé BBH — Big Black Hole), kotopas ob6pasoBanack npu CAMSHUM MEHbLWIMX Oblp NpU cXaTtum BeenenHoin. Sta abipa noka
«Hebonblwas» (Mo HawWwUM oLeHkam — nopsaka MUNIapaa CBETOBbIX NIET) MO CPABHEHMIO C KOCMONOMMYECKUMN pa3Mepamm 1 pacnonaraeTcs Ha camoM Kpato Habniogaemor YactTu BeeneHHoi, Tak 4To e€ MOXHO
NoYyBCTBOBATb TONMBbKO MO HABOPY aHW30TPOMHbBIX KOCMONOrMYECKMX 3ChPEKTOB, KOTOPbIE CUCTEMATUYECKM YKa3blBAIOT B OAHOM HanpasneHunn. Kyaa oHu ykasblBaloT — ceityac Mbl 370 NoHUMaeM. IMeHHo BbICTpbI pocT
BBH u13-3a nornoweHns gpoHa rpaBrnTaLMOHHbIX BOMH NPUBOAMUT K HABMOLAEMOMY «YCKOPEHMIO» pacluupeHns BceneHHol (NpaBnnbHee roBopuTb O €€ AOMOMHUTENBHOM «PaCTSAXEHNU»), & TaKXKe BHylWAeT Hafex oy Ha
NoCTPOEHVe LMKNnYeckoin moaenn BeceneHHoi. KoHeuHo, Opyrve yueneslwmne YepHble Abipbl TOXE pacTyT Npu NPpoXoAe Yepes cxXartoe CoCTosHNe BeceneHHoM, roToBsACh CTatb rpaBUTaLMOHHBIMK LIEHTpaMn Ans
(POPMMPOBaHUS ranakTvK U 3BE3AHbBIX CKOMEHNA HOBOMO LMKNA (3TO pelaeT ocTpyto NpobneMy paHHero oopMnpoBaHnst KBa3apoB U ranakTuK 1 CYXXUT OAHUM U3 FNaBHbIX apryMeHTOB A15i CTOPOHHUKOB MOLENei

oTckoka), Ho Bonbwas Yepras [eipa pacTét 6e3ycnosHo GbICTpee BCex 3a CYeT CBOEI KONoccanbHOW NOBEPXHOCTU.

Bospox aeHHas knaccuyeckas KOCMONOrust MONHOCTbIO CBOBOAHA OT FUMOTETUYECKMX MONeit, OT (PEHOMEHONOMNYECKUX KOCMONIOTMYECKMNX MOCTOSIHHBIX U TEMHbIX Cy6cTaHUmii. OTMETUM, YTO YEPHbIE AbIPbl, KOTOPbIE
3aMeHUNN «TEMHYIO MAaTepUIo», HMKaK He TEMHbI, @ HA0BOPOT — XOPOLLO 3HAKOMbI U Mo AalTCs Hab N AeHNsSM. HoBasi knaccuyeckast KOCMONOrUs CYLeCTBYET Kak PeLeHre ypaBHeHU SHWTERHA, KOTOPbIE TONbKO
NPVMEHSITb Ha[0 C YMOM, BEPHEE, C yBaXEHNEM K MHEHWIO DiHWTeNHa, SALUHITOHA 1 ApYrux nereHaapHbix 3Hatokos OTO. Booble roBopsi, kak ToNbKO 0LHO MHTEPNpeTaUroHHOe NpeanonoxeHue B pamkax OTO
MPVBOAMUT K PELIEHUIO cpady ABYX Takux npobnem kak npuyvHa bonbworo BapbiBa n MexaHn3M HabnonaemMoro yckopeHust BceneHHoi, To BCe Cropbl OT TOM, NpasuibHa v 9Ta MOAENb UM HeT, LOMXKHbl 3aKaHuMBaTbCS

- YMHOMY [ocTaTo4Ho. KTO He MOHUMaEeT pasHuLibl MeX Ay pelleHneM B pamkax knaccuyeckonn OTO 1 Mofenbkamu B pamkax Kakoii-Huby b MHOrOMEPHOI KBaHTOBOM rpaBmTalnm — ToMy 1 06 bSICHATL 6ecrnonesHo.

Ceituac cTano noHsTHO, 4To BeeneHHas HUKoraa He Gbinia MUKPOCKOMMYECKIM KBAHTOBLIM 00 EKTOM, OHA MMena MUHMUMasbHble pasMepbl B HECKOJIbKO CBETOBbIX NIET, TO eCTb e€ AnaMeTp Bbial CONOCTaBUM C HbIHEWHUM
paccTosiHieM 0o 6nvxanwmx 38é34. Hukakux CUHFynsIpHOCTEN Npw cxXaTun BeeneHHast He UcTbiTbiBaeT, MOTOMY YTO B3pblBYATKA U3 YepHbIX Ablp BCeraa obpalaeT eé ABUXEHME BCMSTb PaHble CXaThs B TOUKY.
BceneHHas — BMo/iHe Knaccuyecknii 06 bekT, U MOLYMHSETCS OHa KBAHTOBbIM 3aKOHaM B TaKOM Xe CTeneHu, Kak 3BE3bl UNW ranakTuku. Bce MHoroMepHble U BecuncieHHble BCeneHHble Takxe Hakpbich MEaHbIM

Ta30M — NpocTu, FONNMBY A 1 Te, KTO cobupan ypoxari ¢ 3Toi NoNsiHKU MHOTOMEPHOR My b Ty-nanwu.

O61wert KapTHe KOCMOOrMM 0TCKOKA 1 LIKIIMYECKO Moenn BeeneHHoi By neT nocssileHa TpeTbs CTaTbsl, K KOTOPOi Mbl yXXe NpucTynunun. B atoii ctatbe Matematuku ByaeTt mano, 3a aetansmm oHa 6yaeTt oTcbinath K

LBYM nepBbiM paboTam. B HoBol cTaTbe ByaeT peweHa npobnema NpeBpalleHns paclumpeHns BeeneHHoii B cxatue, a Takxe npobnema pocta aHTponuu BeeneHHoii 1 cyap6a Bonbwoin YepHoii Obipbi.

Xouy elle pas co Bcel ONpeaeneHHOCTbIo 3asBUTb — Mbl HE M300pETaeM HOBYIO TEOPWIIO FPaBMTaLMN 1 HE CTPOUM HOBYIO KOCMOMOrMio. Mbl CTPOro creflyeM SiHWTENHOBCKOM Teopumn rpaButaLmm, a Takxe 6epem xopoLlo
paspaboTaHHyto 1 MOMyNSPHYI0 KOCMOMOTUI0 0Tckoka 80-X rofoB U MPOCTO fo6aBnsieM K Hell HabyparoLyto NonyASPHOCTb FMMOTe3y O TEMHOM MaTepu N3 YEPHBIX AbIP, YTO Cpasdy faeT OTCYTCTBOBABLUYIO NPYXUHY ANs

Bonbworo BapbiBa u npuynHy Habno4aeMoro «yckopeHusi» BcenenHoi. BoT u BCE, Tema cynepBonwebHol 1 CynepkBaHTOBOV KOCMOJIOT MM 3aKpbITa.

Bce kocMonoru fobpoi Bonu 1 TPe3BOro ymMa ceiiyac MoryT BEpHYTbCS B PyCNo HOPManbHOM HayKu, rAe He Ha[o HMYero BbicachiBaTh M3 MasbLa, @ Hy>XHO MPOCTO pelwaTtb ypaBHeHUs DUHIWTeRHa, KOTOpbIli MyApee Hac
BCeX. A UHTEpEeCHeNILUX 3aay B BO3POX AEHHO KNacchyeckoin KocMonoruy — Mmope. Hy>XHO BeprdmUMpoBaTh BCe CTapble PELEHNS], CTbIKOBaBLMECS C HABMOAeHNSIMI (6apUOHHbBIE OCLUANSALMN, CNIEKTP PENUKTOBOrO
U3My4YeHNs], MPOVNCXOXAEeHNE renuns u T.4.), CTPOUTb TEOPEeTUYECKNEe MOLENN aHU3OTPONHbLIX HabnaaeMbix 9P PEKTOB, a TaKXe UCCNefoBaTh AMHAMUKY BCEX KOMMOHEHT LMKIUYecKo BeeneHHoi, koTopas Beerna B

ABUXEHNN.

Kctatn, ecnu bl — [IPO®ECCYOHATBHbI rpaBuTaumoHncT umnm KoCMONOr, KOTOPbIN CYMTaeT, 4TO BO3POX AEHHAS KNaccuyeckas KoCMONOrUs C NepeMeHHO rpaBnTaLOHHOM MacCoi N0CTOMHA BHUMATENbHOMO
paccMoTpeHuns, Kak anbTepHaTBa KBAHTOBOW KOCMONOruM (3aMeTbTe — He UCTUHA B NMOCNEAHEN NHCTaHLMK, B KOTOPYIO Bbl BEPUTE, @ MPOCTO MOLENb, KOTopas, C Balel TOYKMN 3peHunst, 3acyXuBaeT aHannsa), To
HanuwuTe MHe. 51 nofymalo Hap AeKnapaTuBHON cTaTben-obpalleHnem, noL KoTopov Morin Bbl noanucaTbest AOCTaTOYHO 60/bLIOe KONMYECTBO creumanucto. O4eBnaHoO, 4To 6e3 CepbE3HOro ToN4YKa Naposo3

KBAHTOBOW KOCMONOr1n, CBUCTSAWNIA Ha mMunanapa 0onnapos s ron, 6y,u,eT MNbIXTETb ele O4YeHb OONro.

A ceituac, Bo6po noxanosaTb B CTaTblo-2:
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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 impaortance 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 Fiedmann-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 comresponds to observed

cosmological acceleration.

Key words: dark energy - cosmology: theory.

I INTRODUCTION

An idea of a bouncing universe, where the Big Bang happens afler
the collapse of a previous universe, is actively investigated for last
vears (see, for example, Novello and Bergliaffa 2008; Cai et al
2012, Brandenberger and Peter 2017). The bouncing cosmological
muwlels are free from a singularity, but have two other major prob-
lers: A physical cause of the Big Bang is unclear so far, as a cause
for current acceleration of the Universe. Dynamics of matter 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 collapsed universe resultsin the complete destruction
of nuclei of all chemical elements created in sturs, Dicke et al. ( 1965)
stated that “the ashes of the previous cycle would have been repro-
cessed back o the hydrogen required for the stars in the next cycle’.
Tempemture 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 100°K 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 Interferometer Gravitational-Wave Observa-
tory (L1GO) Scientific Collaboration announced a detection of grav-
itational waves caused by the merger of two black holes with nusses
of about 36 and 29 times the mass of the sun (Abbot et al. 2006).
About three times the mass of the sun, Le. about 5 percent of the
initial total 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 times the mass of the sun was sugpested
(Bird et al. 2016). Those massive black holes can serve as “the dark

* E-mail: gorkayyi @ gist.us

increase their mass after the Big Bang due to absorption of matter
and radiation including the background gravitational radiation. The
BBH will increase its mass with the highest rate because it has the
largest cross-section of absorpiion.

In 1998, the accelerated expansionof the Universe was discovered
using observations of the distant supermovae (Riess et al, 1998
Perlmutter et al. 1999). An accelerating universe can be described
by the Einstein equations with a phenomenological cosmological
constant, A, which characterizes a repulsive force (Einstein 1952):

B
G = B = ‘?—Tpl-- (n

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 Planck satellite instrument allow us o get the
following estimaie of the cosmological constant (Ade et al. 2016a):

A=LLx 10 *®em™, 2)

A1 present, cosmological models containing the cosmological
constant are widely used 1o describe main observations: the cosmic
microwave background, spectra of the baryonic oscillations, and
the chemical composition of the early Universe (Misneretal, 1973;
Finsen et al. 1997 Mather and Boslough 2008, Ade et al. 2016a).
A physical natire of the cosmological constant is unc lear so far.

It is supposed that the repulsive force is caused by vacuum dark
energy. A density of the dark energy, pu. . is related to the cos-
mological constant by the following equation: A = BrGp,, (see
e.g. Carrol 2008). However, all attempts to calculate g, from the
quantum theory bring Lo estimates, which exceed the observational
data by 40-120 orders of the magniwde (Weinberg 1989; Carmol
2008).

The LIGO detection of the gravitational waves afiracis the atien-
tion 1o consideration of a varying gravitational mass in the general
theary of relativity. It is well known that the energy of the gravita-
tional field cannot be described by the energy-momentum [énsor in
contrast o 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 fiekd
is equivalent o the energy of matier as a source of gravitational
field and included the energy-momentum pseudo-tensor of gravi-
tational field in the right-hand part of his equations. After famous
discussion with Schrodinger, Bauer and other scientists, Einsiein
changed his opinion. Since 1917, he never included pseudo-lensor
of gravitational field in his equations. Due to these drcumstances.
any contributions of purely gravitational origin or combinations
from metric wensor may be excluded from the right-hand pan of
Einstein” equations or from a list of sources of a gravitational field
by opinion, e.g. Einstein (1933), Eddington { 1975). Chandrasekhar
(1983). and Tourrenc (1997). This is kind of a non=standard ap-
proach accounting for energy of gravitational waves, but we follow
Einstein's opinion: ‘Ty represenis the energy that generaies the
gravitational field, but is 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 into gravitational waves, An opposite pro-
cess of increasing gravitational 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
merging black holes into gravitational waves and absorption of the
background gravitational radiation by black holes.
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where dr? = dx? + dy? + dz? is the distance in the comoving co-
ordinate system. The physical distance is related to the distance in
the comoving coordinate system by the scalefaclor a: r = alt)r,.
The FRW metric describes an isotropic and uniform universe inthe
comoving coordinate system. Al the present time, the scalefactor is
equal to unity: a(f) = 1. Assuming that the matter has no pressure,
ie. T = pc’, we et the first Friedmann equation from equations
(1) and (5):

i\’ Ad  BnGp

(:) =T > &
To get the second Friedmann equation, let us differentiate equation
(6} over time (Friedmann 1922: Liddle 2003):
@ _ Ae  8nGp  4AnGpa
a 3 3 3 a

M

3 A MODIFIED FRW METRIC

The Schwarzschild metric in the Canesian coordinates for o weak
gravitstional field is wrinen as

ds® = (1 = o) dr® = (14 By) (o’ + dy* + de¥)., (8)

where by = 2GM,/(rc") (e.g. Landau and Lifshitz 1975: Weinberg
1972, see equation B.3.7 with the first-order terms in this reference).
Here, we use the physical distance, r, in a fixed coordinate system,
I the modified Schwarzschild metric derived in Kutschera (2003);
Gotkavyi and Vasilkov (2016), the constant mass, My, is replaced
with a variable mass M(r. r). The equation (8) in the comoving
cordinates transforms to

de® =[1 = b1, r)]e’de* —a’ie, )1 + bie, r)] (dod +dy? +d23)
9

where Wr, ) = 2GMir, r],l'lrt-z} is the known function and air,
r) is the unknown scalefactor. Such a perturbed metric was first
derived in MeVitie (1933). It was also used in Dodelson (2003,
see equation 4.9}, In equation (9), M1, r) can be considered as an
analogy 1o the scalar poientials 20 = <2% in equation (4.9) in
Dodelson (2003). This type of a metric was studied in detail in
Kopeikin (2012).

According to Ste phani et al. (2003, the metric (9) belongs to the
type of sphencally symmetric non-slationary netlrics (see section
16.2 of the book by Stephani et al. 2003). Such a metric allows
introduction of an isotropic comoving system of coordinates (equa-
tion 16.22 of section 16.2). Our modified Friedmann equations are
derived for this system of coordinales.

The metric of equation (9) can be considered as a combination
of two metrics: the Schwarzschild metric and the FRW metric. In
an essence. it is a modified FRW metric with a scalar perturbation
function. In this section, we will write the Einstein equation for
a general type of the b r) function. In the specific case of br,
r) = 2GMr. r)f(re’), we can hypothesize that the perurbation of
the FRW metric is coused by a varying mass of a BBH, which is
a final result of merging of many black holes and is located on
the edge of the observed Universe. The centre of the coordinate
system is located in the centre of the BBH. and we get a spheri-
cally symmetric physical system, But we prefer 1o explore this sys-
tem in Canesian covrdinates. After we obtain the Friedmann equa-
tions for such a sysiem, we can arbitmnly shift the initial point of
coordinaies.

We will assume an approximation of weak fields. ie. b1, r)
< | That is why we will neglect non-linear combinations of
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The smallness of function b(r, r) does not mean that the terms with
bir, r) will be smaller than terms with large fraction ait, r).
In case of exponential change of the gravitional muss (3), we
gel from equation (11) for w 5% ofr
3 2
n{:,r}aﬁbu_ﬂu “_w - “_E. (12
o 2 e oo
where the Schwarzschild radius ro = 2GM(s, r)fe. It is logical w
relate the @ parameter to the time of the Universe existence after
the Big Bang, Tt o = ffT, where fis the dimensionless coefficient.
=1 means that the BBH mass has changed by « times since the
Big Bang. Using the cosmological time, we get from equation (12):
o -36 270
M:.r}=ﬁ7ﬁﬂ.?x 10 !? (13)
(inem *), where T4 % 107 5.

It should be noted that the term =b inequation (10} is proportional
1o the exponent &, whereas term Adr, ric’ /3 is proportional the
squared exponent o In the case of fast change of the gravitational
mass, e 5 forf 5 1, the term =k can be neglected and equation
(10} concurs with the classical Friedman equation (6), where the
cosmological constant is replaced by the cosmological function
(1.

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

At BnGp b 2 Aesd | o
o O I O St 1 (19)

3 3 2 Al rE? n imtig
Y ]

The quantity p is the mean density of the observed Universe,
whereas the terms with A(1, r) and b depend on a varying grav-
itational mass of the BEH located near the observed horizon. Using
equation (12), we get b = A(r, r)c. Then equation (14) can be
rewrillen as

B | B

i _ At LT senc | inGh i
e (1 E | v{htfﬁ +3n§‘g
3 3

The second modified Friedmann equation is quite similar 1o the
classical equation (7)., where the cosmological function A(f, r) is
given by (11).

Let us consider the case when the term with the cosmological
function dominates the term with mean density of the Universe.
Assuming an exponential change of the mass of the BBH (3), we
get Al r) = aAlr, r). Then, equation (15) transforms into the fol-
lowing equation:

Al ric® @ A, ric?
e —5 T (16)
Using equation (10), we get Afr.r)’ = 3(H® + Hb), where
H = = is the Hubble constant. Then. equation {16) can be rewritien
a8 follows:

8 o W b Hb 4o/ T+ HD) ~ ~5'<H= +eH), (7

—=—5

When we write the approxinate expression, we assume that we
can neglect the term Hb as compared with others. It follows from
equation (17} that acceleration for a comoving observer is positive
d=0il @ < <H, tha there is sufficienily fas increase of the
gravitational mass of the BEH. 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 rool: /Al rie? (3 o rojr.,

i
a
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matter” (Bird et al. 2006). Therefore, the black holes become an
imporiant component of cosmological models, particularly, 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 (Clifion, Carr & Coley 2017).

Studies of the cosmological dynamics with black holes, which
have sizes up to the Hubble radius, were carried out in Quintin and
Brandenberger (2016), Poplawski (2016), Chen et al. (2017), and
Clifton et al. (20017), It is logical to hypothesize that the supermas-
sive black holes of the centres of galaxies will be merged at final
stages of the collapsing universe. For example. a simple estimate
shows that 10" supermassive black holes cannot be packed into a
sphere with the mdius being less than ~0.1 light-year. Thus, nu-
merous mergers of black holes will oocur in the collapsed Universe
having a size of 1-10 light-yvears. This merging process will likely
form a single black hole (Penrose 2011), or the biggest black hole
ithe big black hole or BBH) and a number of smaller black holes,
which will not have sufficient time to menge and which will exist in
the expanding universe afier the Big Bang (Clifton et al. 2017). In
the framework of this hypothesis, it is imeresting to consider a gen-
eralization of the Friedmann-Robe rtson—Walker (FRW) metric for
a perturbation caused by a gravitational field of the BBH. Whereas
the homogeneous universe is characterized by o scalefactor, a(r),
which depends on time only, a universe perturbed by a variable
gravitational mass is described by an inhomogeneous metric. Thus,
the scalefacior 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 merging process, Black holes that survive the Big Crunch will
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Orher ways for changing of the gravitational mass are possible
(e.g. Kutschera 2003), but in this paper we will consider a vanabil-
ity of the gravitational mass in general form, without discussion
of specific physical causes of such variability. Kuischera (2003)
and Gorkavyi and Vasilkev (2016) got solutions of the Einstein
equations for the varying gravitstional mass of a quasi-spherical
system. The solution found by Kutschera (2003) and Gorkavyi and
Vasilkov (2016) is a modified Schwarzschild metric for the varying
gravitational mass, Using a relativistic gravitational potential in the
fined comdinate system, Gorkavyi and Vasilkov (2016) derived an
equation for a repulsive force (for a probe particle with a unit mass):
r=1 [%g"'“'”"] = _£+__, k)]
ar | r
The second term in equation (3) originates from the variability of
a gravitational mass with a characteristic time 1/a and the Anite
velocity of spreading of gravitational field disturbances:

MU, r) = Mge ™', “)

We will call this term a-force. Thea-force is essentially relativis-
tic because it depends on the light speed. Using a non-Einsteinian
scalar—tensor theory, Galiautdinoy and Kopeikin (20016) investi-
gated gravitational forces caused by the variable gravitational con-
aant. They also revealed a new force that is additional to the New-
fonian attraction force,

Reduction of the gravitational mass of the collapsing Universe
due w merging of the black holes causes the repulsive a-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 2016). It follows from equation (3)
that the w-force can be larger than the Newionian term in case of
the strong change of a gravitational mass, i.e. o 23 ¢/r.

The model of the bouncing universe. which completel y renews its
chemical composition atthe final contractive stage and explodes be-
canse of merging black holes, is 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 perurbation of the Schwarzschild metric
with a varying gravitational mass. A main queston to this model
can be formulaied as follows: What raie of mass variability would
it take to produce the currently measured acceleration attributed to
the cosmological constant or dark energy? A focus of this paper is
answering o this question.

The paper is struciured as follows In Section 2. we briefly de-
scribe how the classical Friedmann equations are derived from the
Einstein equations, The madified FRW metiic is discussed in Sec-
tion 3. In Section 4, we consider the modi fied Friedmann equations
for the case of a variable gravitational mass and make an estimaie of
the cosmological constant. We also interpret the resull in terms of
cosmological 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 to this metric for a flat space,
the time—space interval is expressed in the Cantesian coondinates as
Tollows:

ds’ = A = o) [del 4 dy? +d2D). ()
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this function. It should be noted that the time is not uniform in
the Schwarzschild metric as it is the case in the FRW metric.
We will neglect such non-uniformity of time because the non-
uniformity of time is determined by the function 1| — b, r),
which usually can be considered o be equal w unity. However,
its derivatives should be accounted for in the derivation of the
milified Friedmann equations. For the metric (%), we use the Ein-
stein equations (1) withow the term containing the cosmological
constant,

4 THE MODIFIED FRIEDMANN EQUATIONS
AND COSMOLOGICAL ACCELERATION

Let us derive mudified Friedmann equations for the metric (9),
We assume that the dependence of alr, ri on space coordinates is
significantly weaker than that of b1, r). This assumption allows
us o neglect all derivatives of alt, r) over the space coondinates
as compared with those of bir, r). We validate this assumption a
posterion 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 ki, r) in the metnic (9) results in a number
of additional terms in the zero component of the Einsiein equations.
These terms contain second derivatives of the metric components
over space coordinates. These additional terms can be considered
a8 an effective “cosmological constamt’, which can be called the
‘cosmological function’, A(L r), because it depends on time and
space. For the case of weak gravitational fields, b1, r) < 1. we get
the first modified Friedmann equation in the form of

L 4 2
(5) * (5) T D e (am
a a 3 3

where the cosmological function Alr, r) is given by the following

expression:
Al 75 1 Blb+a’b+a‘b . B'b+alk+akb
R dx "By T B2 ) \ax? U Ayt T 22
(SR

We use a Cartesian system of coordinates only. The variable r is
not 4 conrdinate: it is a distance between an observer and the BBH,
which is calculated w8 r = /x* + y* + 2%, for example, Landau
and Lifshitz (1975), The rdistance is actally a parameter that de-
fines a value of the BEH perturbation at a given location. It should
be noted that the cosmological constant that depends on time was
considered in. for example, Weinberg (1989) and Saydlowski and
Stachowski (2015}, Inhomogeneous cosmological models with the
scalefuctor a, which depends on space coordi nate s, we e considerad
in numerous papers { Tolman 1934, 1969, Zel 'dovich and Grishchuk
1984 Bolejkoet al. 200 1). It is useful to note that the equation (11)
is derived for a general form of the disturbing function b{r. r). The
scalar cosmological function A(t, r) should not depend on a co-
ordinme system. That is why we can calculate the cosmological
function in any coordinate system: either comoving coordinates or
physical coordinates of the fixed system of coordinates. A similar
equation for a disturbed metric was earlier derived, for example,
by Dodelson (2003, see equation 5.27) for density perturbations. In
our case, the perturbation is related 1o 4 varying gravitational mass
of the system. Note the difference between equation (5.27) of Do-
delson (2003) and our equation (10). Equation (5.27) of Dedelson
(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 approximation,
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The weaker dependence on the distance as compared with the first
term results in prevailing the second term on large distances over

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

Modified Friedmann equation

5 DISCUSSION

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

2 To
f==1s. (18)
Our basic assumption of weak gravitational fiebds means that rofr
< 1, e an observer is located far away from the BBH. Then,
[ /162 1.3, Assuming that a value of £ ~ 10, we get from
(1) the following estimate m/r ~ 0,02, If we assume that the
distance, r ~ 50 billion light-vears, i e. the size of the Universe by
the order of the magnitude (Davis and Lineweaver 2(00M4), we get the
following estimate of the radius of the BBH: ry ~ 1 billion light-
years, This radius corresponds o the mass of the BBH of ~6 x
10 gm.

Using equation (18), we can now validale our assumption of
negligibly small derivatives of ait, r) over space coordinales as
compared with those of bit, r), that is,

b ®a’andb” B ba' ()
where the prime denotes a derivaiive over a space coordinaie. The
relationships of equation (19) can be estimated as follows:

: 1 2 1
(©)'2> b (2)' 2 22
[ r s [ r

prerboiml 200
crr

Substituting equation ( 18) into equation (20), we obtain the follow-

ing estimates:

1.6 1 i 1 ¢
odonis _— = 21
[c?']-»;fmd"»rﬂrn»r e

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
stage of maximal contracting of the universe (Clifton et al. 2017).
These relict black holes can produce the supermassive black holes
in the galaxy centres and are responsible for the effects of ‘dark
matter”, This idea is in 4 qualitative agreement with our assumption
about the existence 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 (M Vittie 1956) that galaxies move
away from each other similady in all comoving coondinate syste ms
with the same expansion rate defined by the Hubble constant. The
modified Friedman equations with the cosmological function (11}
are derived for two combined metrics: the basic FRW metric and
the additional modified Schwarzschild metric. These metrics are
considered in a single sysiem of coordinates. IF an observer moves
0 another coordinate system, the traditional terms of the Friedmann
equations should not change: they are derived for the classical
sotropic and homogeneous universe. However, the cosmological
function Alf, ri should change because it depends on a distance,
r, from the origin of the Schwarzschild system of comdinates. The
Schwarzschild metric is a kind of the anisotropic background for
the shifted 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
tern 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 resultof difference in
deceleration of galuxies in non-stationary gravitational feld of the
BEH.

This paper is devoted 1o a mathematical solution of the Einstein
equations for an expanding universe with a varying gravitational
mass, This solution allows usto generalize the Friedmann
for the varying gravitstional mass, A consideration of observational
cosmological aspecis (CMB spectra, generation of large structures
of the Universe, etc.) is bevond of the scope of this work.

6 CONCLUSIONS

We peneralized the Friedmann equations for a model of the Uni-
verse with a varving gravitational mass. We managed 1o derive an
expression for the cosmolegical constant directly from the Einstein
equations. The madel leads 1o the following conclusions:

(i) The modified Friedmann equation is equivalent to the classi-
cal Friedmann equations when the perturbation b, £} = 0. This
allows us 1o suggest that the modified Friedmann equations do not
contradict to all observational cosmological effects. A major dis-
tinction of the madified Friedmann equations Trom the classical
equations is that the modified equations give us an expression for
the cosmological constant based on physical quantities that is de-
rived from the Einstein equations. Estimates of the cosmological
constint based on this expression give values that are quantitatively
close 1o the observed value.

(i) The cosmological principle of sotropy and homogeneity of
the Universe is not universal. The Universe is isotmopic and hoo-
geneous locally only. Possible effects of anisotropy and inhomo-
geneity of the Universe can be observable for distant objects.

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

(iv) The observed positive acceleration of the expansion of the
Universe corresponds 1o an increase of the gravitational mass of
the BBH. In the future, this increase of the BBH can stop 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

Our conelusions are supported by a few observations that are related
o anisotropic and inhomogeneous effects in cosmology (Erickeek,
Carrol & Kamionkovski 2008; Stavrinos. Kouretsis & Stathakopou-
los NWE: Hoftuft et al. 2009; Javanmardi et al. 2015: Zhao and San-
tos 2016: Ade et al, 2016b: Riess et al. 2016 Schwarz et al. 2016
Colin et al. 2017), Besides that, a change of the gravitational 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)? The LIGO de-
sign is specifically aimed at the transverse waves, but perhaps the

miicacas MINEAS ST IR 13RO COIEY .. .. e ianaiineeees

Penrose R_ 2011, An Extraordinary New View ofthe Universe. Knopf. New
York

Perlmutier 5. et al, 1999, Apl, 517, 565

Poplawski N 1., 2016, Apl, 832,96

Quintin 1., Brandenberger R. H., 2016, 1. Cosmaol. Astropart, Phys., 11, 029

Riess A G et al, 1998, AL 116 1009

Ricss A G etal. 2016, Apl, B26. 56

SchwarzD_1 . Copi C. 1., Hulerer D, Starkman G. D, 2016, Class. Quanium
Gravity. 33, 184001

Suwrinos P. C, Kouwrcisls A P, Stthakopoulos M., 2008, Gen. Relativ,
Grawin, 40, 1403

Stephani H_ Kmmer [, Maccallum M., Hoenselses C., Hedi E_ 2011,
Exaci Solutions of Ensicin’s Field Equations. 2ndedn. Cambndge Univ.
Press, Cambridge

Saydlowski M., Stachowski A, 2005, 1, Cosmol Astropant, Plys., 10, 066

Talman R. 5., 1934, PNAS, 20, 169

Tolman R. §.. 1969, Relativity, T d ics and C logy. Claren-
don Press, Oxford

Towrrene Phe. 1997, Relativity and Gravittion. Cambridge Univ. Press,
Cambridge

Weinberg 5. 1972, Gravitation ad Cosmulogy. Wiley, New York
Weinbery .. 1989, Rev. Mod. Phys., 61, |

Zel'dovich Ya B, Grishehuk L P., 1984, MNRAS, 207, 3P
Zhao W., Samos L., 2016, preprint (arXiv: 1 604 05454)

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 bir. r) assumed 1o be small. Thus, we
neglect all the products of the Christoffel symbols that are propor-
tional to the squared Tunction b1, r), Elsewhere, we also neglect
all terms that contain a non-linear combination of b(t, r). The zero
component of the Einstein equations is

1 Bnl
Ry = ..:,annl = —Tﬂn. (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) :
gt () (3 )

() e - @S ()
1 g 1 d'%gn 1 &g
. (hﬂlﬂﬁ % 2gugn E_ & I!u.mTJé_

1 ﬂlsﬂ 1 ﬂzs“ 1 Bzgzz) (A2)
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7. Tempadueii ¢opmaruam

NANOGrav approach with the pulsar timing (Arzoumanian et al.
2015) might be sensitive 1o the monopae signal ?
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Moadified Friedmann equation 1389

A combination of the second derivatives in (A2) is an effective
cosmological constant. which can be named as the “cosmological
function” because it depends on time and spatial coordinate:
1 ¥gn . 1 e, 1 ¥y
2gugn A 23..3,;?1;"- ZSIISHE-
1 a’g,,+ 1 &y 1 dgn

2gngu By, 2gugn B 2gngu 0%

It should be noted that go; = ~ 1 inour approximation. Equalling
(A2) w the zero-index component of the & ner gy-mome nlim @nsor,
we gei the following expression:

Ar.r) =

(A3)

ki a
3 [(1) o+ E&] = Al ric? 4 8nGp. (A4)
a a

The terms on the lefi-hand side of equation (A4) are derived from
the products of the derivatives over time in (AZ). The additional
term with b is significant at differentiating equation (A4) over time
o derive the second Friedman equation. Solving equation (Ad) with
respect 1o the ratio, 2, we get the following expression:

3 ¥ T4 a i
The upper sign in equation (AS) and elsewhere comesponds 1o the
case of an expanding universe (the Hubble constant is positive),
and the botiom sign corresponds 1o a collapsing universe (the Hub-
ble constant is negative). Squaring (AS5), we get the first modified
Friedmann equation:

3 2 b2 i
E=i\/m.r}c LBnGp B b

V' Alret BnGp B (Al e BnGp B
(;) e e TR g N et
(A6)
Tor get the second madified Friedmann equation, let us differentiate
equation (AS) with respect o time. Then, using equation (A6) we
get the second modi fied Friedmam equation;
_AS §nGp B—b_S(A-2)+ 85 p—2)+ 5 —b)
E R 2 ; ’
VErE

a
a

(AT)

For weak gravitational fields bir, r) < |, we can neglect all terms

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

et the second modified Friedmann equation in the form of equation
(14) that is provided in the niain text.

‘This paper has been typeset from a TEXASTEX file preparad by the awhor.

MNRAS 476, 13841389 (2018)
BOXY - OHa aHanornyHa umtate u3 ToppeHca, 3ameHun eé BbickasbiBaHnem TXoodTa.
TR, v

n A +

'

Ho6enesckuii naypear

Ei-?ﬂﬂ_uerpuﬁ NpOCTPaHCTBA-BPEMEHH
' __eﬁHa *

Al

ONHCHIBAETCS  yPaBH C. Hanppacekap

«Maremaruyeckan reopusa

Ti; — men3op sHepeuu-uMnyabca BellecTBA H  MOJeH
BUTAllHOHHOTO), G — rpaBHTallMOHHAS NOCTOSIHHAS (KOTO

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
are postulated in the manifestly covariant form

Ph. Tourrenc
«Relativity and Gravitation»

N SH=g T (64.5) Cambridge Univ. Press, 1997

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

These are Einstein’s equations.

The identities (6.1.15), 5°f 5 = 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 contrib

utio
purely gravitational origin. ns of
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Mapa Menknx BompoCcoB YyTb B CTOPOHE OT OCHOBHOW TEMbI:

o6pasys BMecTe amepukaHckumu Astrophys. Journal u Astrophys. Journal Letters mupoByto TpOViKy cambix aBTOPUTETHbIX XKyPHA/OB..

A yem nposuHunncL A&A 1 AJ? Kak-To faBHO MPUBLIKAM, 4TO eCTb "OCHOBHAs WecTepka” (unu "yetBepka”, ecnu cumtatb 3a ogHo Apd, ApJS n ApJL)

Bo BceneHHoli ecTb 0rpoMHOE KOMYECTBO HEYHTEHHbIX YEPHbIX Ablp ¢ Maccovi okono 30 macc ConHua.
MHe kasanocb, 4to Habnogaemble cnmsHus Y., nprBoaswme K 3aperucTpupoBaHHbIM CUrHanam BrosHe cebe 06bsCHATCS 683 9K30TUKM, Kak KOHEYHbIN 3Tan 9BOMOLMM 3BEe3[, HA BEPXHEM KOHLLE CTaHAAPTHOM doyHKLMM Mace (4To no Connutepy,

4t0 no Kpone). S 4T0-TO NPOMYCTUN B HOBOCTSAX?
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From: ﬂ_don_beaver Date: March 11th, 2018 10:15 pm (UTC) (Link)

Hy, HUKOro He xoTen obuaeTb, MPOCTO NMOCMOTPEN HA CIUCOK XYPHANOB C MaKCUMa bHbIM UMMNKAT-(PaKTOPOM U BUXY, YTO Nocne 0630p0B MAYT TPY NEPEYNCNEHHbBIX MHOKO XypHana:
http://guides.library.illinois.edu/astronomy/journals

KoHeuHo, AA 1 AJ yBaxxaemble XypHasbl, HO MOXET UMMaKT-oakTop YyTb HUXE, 1N MO NCTOYHUK C AeBuauuent. Myctb bynet wectepkal

S1 He Mory cxoly NPUBECTU XOPOLLYIO CChINKY HAacHeT YEPHbIX AblP, HO HEOAHOKPATHO YMTan, 4To Habnoaaemole JINTO abipbl IBHO TsxXenee npenckasaHHoro. JencTBUTenbHO, eCnm AecsaTb WTYK NOAPSL YEPHbIX Abp (ECAM CYMTATb KaXayHo B
[IBOVHOI cMCTeMe) TsXenee 0XMAaeMoro, To Kak 3T0 MOXXHO crnucaTb Ha BEPXHUM kowew, pacnpenenenns? JIuro BNoaHe MoXeT noBuTb cnusHus YL 8 10 Mace, HO OHa cuctemMaTnyecku NoBUT cnmsiHUS Y10, ¢ Maccoi B HECKONbKo pas bonblue.

OTa cMcTeMaTuyHoOCTb, no-MOeMy UCK/Ho4aeT BO3MOXHOCTb 06 bACHUTL 3TO KakK pe,D,KI/IVI npe,ueanbn?l Cﬂy'-lal7|.
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Comment by [lenait 4to BONXHO

From: Rthe_third_way Date: March 11th, 2018 09:41 pm (UTC) (Link)

DownSyndrome

Awareness

Moappasnso! Tak TBOPUTCA MCTOPMS
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Thread started by Cunop Metpos

From: j'_cheytobot Date: March 11th, 2018 10:05 pm (UTC) (Link)

Ecnn BOKpyr no6on CpeﬂHeCTaTMCTVNeCKOVI ranakTuku uenoe l-IépHO,I:LprHOG rano, He [onXHa nu, CKaxem, Ta Xe aHgpomena, TouHee eé KapTuUHKa B Tefieckone, npocTo KNWeTb co0ObITUAMN MI/IKpOHI/IH3I/IpOBaHI/Iﬂ?
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From: Rdon_beaver Date: March 11th, 2018 10:20 pm (UTC) (Link)

EcTb Lenas cepusi uccnenoBaHwuii, KOTOPbIV MOKa3bIBAIOT, YTO - HET HE AONXHA - CM CChINIKU B Hawen cTatbe. Kak pas MoxHo cnpsitate rano u3 JINITO-abip oT Habnonartenein.
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Thread started by s neéun, a He wepxaH, xaBan XEéBaHbl WTaHbl

From: ﬂ_zomaho Date: March 11th, 2018 11:33 pm (UTC) (Link)

He, MeHpoys npo CCC kak-To nouHTepecHee pacckasbiBan, ax cpasy NpeacTaBnsnoch, YTo 3a Heto Gyayuee.
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From: [ don_beaver Date: March 12th, 2018 12:44 am (UTC) (Link)

Ho OH HuKak He 06bSICHUN CBO KOHPOPMHBIV CKAYOK Ha AecsTKV NOopsiaKoB pa3MepoB BeeneHHoi. 51 6bl He Ha3Ban 370 "ManeHbKUM" HELOCTATKOM...
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Mosnpasnsiem!

Baw noct nonan B peituHr Ton-50 noctos Xwusoro XypHana Beonlive.ru!

(Reply) (Thread)
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Re: Noappasnsem!

CyacTnus!
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Thread started by Omutpuit OnuitHnyeHko

." i ‘ From: "M OMUTPpUI ONNIAHUYEHKO Date: March 12th, 2018 12:30 am (UTC) (Link)
e

1. "MocnenHnii pesynbTat NPUBEN K NOSIBNEHNIO PeanucTMYHOM MOLENN TEMHO MaTepui, COCTOsIWel N3 YepHbIX Ablp B AecaTku macc ConHua. 9ta Momenb obcyxaeTcs yxe ABa roga, v Bce yBepeHHee HabupaeT ouku B cpeae Habniopatenei u

TeopeTunkos."

HenoHsTHO, kak B aToii Moaenu obbscHsieTcs HabnoaeHus Bullet Cluster: hitps:/en.wikipedia.org/wiki/Bullet_Cluster. iMeHHo 3To HabnoaeHVe HakNaabiBaeT CaMoe XEeCTKOE OrpaHNyeHne Ha B3aMoeicTBMe TEMHOM MaTepun ¢ TEMHOM
maTepueit, 4To 6bl OHa 13 cebst He NnpeacTasnsna. YépHble Abipbl B LecsaTkn Macc ConHua MoryT paccenBaTbCs ynpyro 1 Heynpyro cTankusaTtbcs ¢ obpa3oBaHveM 04HOM (Mnm 6onblue? HUKOrAa He Chbiwan npo Takoe, Ho, Bpoae Obl, He

3anpelueHo). [locTaTouHO M ManeHbkue ceyeHnst 06oux NPoLeccoB, YToObI TEMHAs MaTepusi BCE elwé Morna o6orHaTb KOCMUYeckuin ras?

2. "A consideration of the observational cosmological aspects (CMB spectra, generation of large scale structures in the Universe) is beyond the scope of this work."

CI'IpaBe,EUWIBOZ CTaTbs OrpaHN4MBaETCA TEM, 4T0bbI nony4YnTb KOCMONOrN4eCcKyto NOCTOAHHYIO 6naro,uap;| nepeMeHHoﬁ macce. 910 camo no cebe Kpacuneo U MHTEpeCHO. Ho ecnu Bebl Bcepbés nocrtynupyerte BBH, 10 HeobxonuMO yﬁe,ﬂ.MTbCﬂ, 410

YXe n3BeCTHble HabnopaeMble He 3aeTbl 3TUM npennonoXxeHnem.

3. "Estimates of this effective cosmological constant show that its value is close to observed cosmological constant by the order of magnitude, provided reasonable assumptions about the dimensionless parameters of the model have been made."

3710 Yy>Xe COBCEM He yecTHo! Bbino osa napametpa romn f, KOTOpble 3apaHee He N3BEeCTHbl U B34Tbl cneunanbHo, 4106bI nony4ynTb HYXHOE 3Ha4YeHne Lambda.

4. "Our conclusions are supported by a few observations ..."

OT0 KpaliHe NHTEPECHO U NOYeMy-TO O4eHb KpaTko. Kakme MMEeHHO BbiBOAbl MOATBEP X AATCS KaKUMU UMEHHO HabnoneHnsMmn? 9 nocMoTpen ToNbKo OAHY U3 cTaTeit, Ha KoTopble Bl ccbinaetech - TaM Npo 3arafku, CBS3aHHbIE C U3MEPEHNUAMU

MUKPOBO/HOBOIO poHa. Ho Bedb Bbl He cunTanu, 4To nponsonaét ¢ Hum B BBH-Monenu, n siBHo 06 atom coobwwmnu: "A consideration of the observational cosmological aspects (CMB spectra, generation of large scale structures in the Universe) is

beyond the scope of this work." 9T HabnoaeHWs He NOATBEPX AAIT HU O4UH U3 Balwux BbIBOLOB, XOTS UM U He NPOTUBOpEYaT.
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1. "HenoHATHo, Kak B aToi Moaenu o6 bscHseTcs HabnoaeHus Bullet Cluster: https://en.wikipedia.org/wiki/Bullet_Cluster. ViIMeHHO aT0 HabnioaeHNe HaknaabiBaeT caMoe XEeCTKOe OrpaHNyeHe Ha B3auMo4eicTBMe TEMHOM MaTepun ¢ TEMHOM
maTepueit, 4To 6bl oHa 13 cebst He npeacTasnsina. YépHble Abipbl B LecsTkn Macc ComnHua MoryT paccemnBaTbCs YNpyro U Heynpyro ctTankmsaTtbcs ¢ obpa3oBaHveM 04HOM (Mnm 6onblue? HUKOrAa He Crblwan npo Takoe, Ho, Bpoae Obl, He
3anpelteHo). [JoctaTouyHo N ManeHbKme ceveHnst 0601x NPOLLECCOB, YTOObI TEMHAs Matepusi BCE ewwé Morna oborHatb KOCMMYecKuii ras?"

PaspexeHHoe CKonneHne N3 MacCuBHbIX YEPHbIX Oblp UMEET HUYTOXHOE CeyeHne paccesHns. He Buxy npobnembl.

2."9T0 yxe coBceM He yecTHo! bbino nsa napametpa r_0 u f, koTopble 3apaHee He N3BECTHbI 1 B3SThl CMeunanbHo, YToBbl MONy4nTh HYXHOEe 3HaveHne Lambda.”

Y. Oea ﬁeapaameprlx napameTpa, KOTopble MOXHO OUEeHUTb U3 obwmx cooﬁpaerMVl MMEHHO Kak 611M3Kune K eauHnLe, HO OLUH Ha nopsanokK no6onblue, a APYrow - Ha NoOpsiAOK NMOMeHbLIe eanHULbL. [Py 3TOM OHW AENSTCS Y KOMMEHCUPYIOTCS,

[aBas B pedynbTaTe Hy>XXHbl pe3ynbTat nopsnka eavHuubl. [la KBaHTOBble KOCMOMOrM 3a Takyto TOYHOCTb AyLly 6bl nponanv ObsAsony.

3. "9T0 KpalHe NHTEPECHO U NMOYEMY-TO O4eHb KpaTko. Kakne MMEHHO BbIBOAbI MOATBEPKAAIOTCS KAaKUMN MMEHHO HabnoaeHnamm?"

MoanduumpoBaHHble ypaBHeHust PpramaHa HecyT B cebe BO3MOXKHOCTb aHM30Tponuy - NoToMy 4To BBH pacnonoxeHa ¢ 04HOM CTOPOHbI. [10aToMy HabntoAeHNs!, KOTOPbIE CBUAETENbCTBYIOT B MOJb3Y aHU30TPOMMUM TOFO UK MHOTO

KOCMOJIOMMYECKOr0 SBNEHNS Mbl OTHOCMM K MOTEHUManbHbIM JoBodam "3a". MouuTtainTe 063op Zhao & Santos.

(Reply) (Parent) (Thread)

Thread started by lNpvBnaeHb
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T.e. npu pacwmpeHnn BeeneHHas "pa3mepom B HECKONbKO CBETOBbIX NET" Ha KakoM-TO BPEMEHHOM NMPOMeXyTke BbipbiBaeTcs u3 BBH "nopsnka munnnapaa csetosbix net"? Kpacmeoe, HaBepHoe, 3penuiue. IHTepecHo, kak CKopo Takoe
npovicxoaunt?
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Hert, B HauanbHbIi MOMEHT BBH 6bina ManeHbKow Mo CpaBHEHWIO faxe C HeCKONbKUMU CBETOBbIMU FOAaMM U He Melana BeceneHHol pacwmpstbesi. Ho oHa pacteT 1 o4eHb BbICTPO - BOT OHa yX€e B MUNAMApI CBETOBbIX €T, @ MOTOM OHa Hac

noroHut!
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Comment by Cepexa Orapkos

From: [E]ext_4335585 Date: March 12th, 2018 04:46 am (UTC) (Link)

Niobast cuna B TpeXMepHOM MPOCTPAHCTBE JONXHA BbITb TPexMepHa /1S HalWwmnx NPrGOPOB U HaWMX OPraHoB YyBCTB. YeM SBASIOTCS CU/bl PaBUTALIMOHHBIX BOJH, TEMHOM 3Heprun??7?... MovyeMy NosiBASIOTCS U KyAa nponaaatoT?
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https://vk.com/wall5184780_1432

Yuctas mexaHvka 6e3 BonwebCcTBa U MOHATHA KaxX oMY .

Hanwncan neTckum S3bIkoM AOCTYMHO, HO He Hay4Ho. ECTb nn cMbicn Bam notpatuTb MUHYT 30 Ha 310?77
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Y TemHo Matepun HeT YacTuu,. [anble yntatb HET CMbIcna.
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