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Kocmonorms ocHoBaHa Ha 0OLWeEN TEOPUM OTHOCUTENIbHOCTMN,
KOTOpaA ONMUCbIBAET rPaBUTaLUIO KaK KPUBU3HY NPOCTPAHCTBA-
BPEMEHMN.

 CHHIYNApPHOCTU: TOYKM C BECKOHEYHOM NJIOTHOCTbIO BeLlecTBa.

e HecoBmMecTUMO C KBaAHTOBOM MeXaHMKOW. Ham Hy*KHa KBaHTOBaA
rpaBUTaLMA. ITO MOXKET PeLNTb NPOBAEMY CUHITYNAPHOCTH.

* YpaBHEHMA NONA coaepKaT COXPaHEHME OpObUTanbHOro
MOMEHTA MMNYNbCa, NPOTUBOpPeYaLlee ypaBHeHUIO [lnpaka,
KOTOpOE AaeT COXPaHEHME NOJIHOrO MOMEHTa MMMY/1bCa
(opbuTanbHbIN + CNUH) U AONYCKAET CNMH-0POUTANIbHBLIN 0OMeH
B KBAHTOBOW MEXaHUKe.

MpocTtenwee pacwmnpermne OTO, BKAOYaAtOLWLEE CANH:
Teopua InHwTenHa-KaptaHa (Einstein-Cartan-Sciama-Kibble). 3to
MOKET pewmnTb Npobiemy CUHIYIAPHOCTMW.



* CuHrynapHoctb 60/1bLLIOro B3pbliBa.
* YT10 BbI3Ba/10 60NbLIONM B3PbIB? YTO CYyLLECTBOBANO PaHbLle?

* NHbNauma (3KCcnoHeHUMaNbHOE pacllMpPeHne paHHEN
BceneHHon) pewaet npobaembl N1OCKOCTHOCTM U TOPU3OHTA U
npeackasbiBaeT Habatogaembl CNEKTP BO3MYLLLEHWUN
PENINKTOBOrO U3Ny4YeHmMA . YTo BbI3BANO UHPAALMUIO?
(rMnoTeTMyeckne ckanAapHblie Noas 0bbIYHO MCMONb3YIOTCA).

e Kak 3akoHumnacb MHPnAuMA? Kak nsbexxato Be4HOM nHbAaunm?

Teopua InHWTENHA-KapTaHa 3ameHAeT 60/1blLION B3PbIB
HECUHTYNAPHbIM 60NbLION OTCKOK. IMHAaMKMKa Nocne OTCKOKA
MOXKeT 06bACHUTL NPOH/1IEMbBI NIOCKOCTHOCTU U TOPU30HTA.



Ecnn BceneHHaA 3akpbiTas, OHA aHAaNOrM4yHa 2-mepHoOun
NOBEPXHOCTU 3-mepHOon chepbl. BceneHHan bbina bbl
MaTEMATUYECKU 3-MEPHOMN TMNEPNOBEPXHOCTbIO 4-MePHOU
rmnepcdepsl.

TOYKM OT NOBEPXHOCTU BO3AYLUHOIO LWapa He HaxoaATcA BO
BceneHHOW B 3TOM aHa/10TUMN.

Paanyc Bo34yLWHOrO Wwapa =
macLuTab (scale factor) a.

BceneHHana pacwunpaetca (3akoH
Xabbna). BceneHHas moxKeT ObITb
KOHEYHOM (3aKpbITON) UK
H6ecKoHeYHbIN (NNOCKUN nnun

Image credit: One-Minute Astronomer OTKPbITbI Y ) ]




e TeH30p Kpy4eHusa (torsion tensor) sBNSETCAS NepeMeHHON B
A0ONOSIHEHUE K MeTPUKe. TeH30p KpyYyeHUA ABNAETCA
aHTUCUMMETPUYHOMN YaCTblo aPPUHHOM CBA3ZHOCTMU.

 KoBapuaHTHaa NPOM3BOAHAA METPUKM 0bpallaeTca B HY/b (Kak
B OTO), 1 cBA3HOCTb UMEET YNCTO METPMUYECKYIO YaCTb U
TOPCUOHHYIO YacTb. [P (P14 P

Ji R

fi 1 Ljs 1

e [1NOTHOCTb NarpaHXmnaHa NPoONOPLMOHasIbHA CKaNAPY KPMBU3HDbI
Puyum R (Kak B OTO), nocTpoeHHOMY 13 CBA3ZHOCTU. TeH30p
KPUBU3HbI MOXKHO Pa3/I0KUTb B YUCTO METPUYECKYIO YacCTb
(TeH30p PmaHa) 1 4acTb, KOTOpaa COAEPIKUT KPYYEHUE U €ro

A 9 A

NPOn3BOAHbIE. C i — 7 ppn




arXiv.org > gr-qc > arXiv:0911.0334

* Bapuauma nonHoro AemncTBMA ANA rpaBUTaALMKN U BELWECTBA NO
Kpy4YeHuto aaeTt ypaBHeHMA nona KapTaHa:

1
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JlarpaH»KkunaH ana nona npaka coaepKUT KOBapUaHTHYIO
NPOWU3BOAHYIO CMMHOPA, COAEPHKALLYIO KPpyYeHMe.
KpyyeHne NnponopLMOHaNbHO NJIOTHOCTU crinHa pepMUOHOB.

* Bapunauma no meTpuKe AaeT ypaBHEHMA DUHLUTENHA:

KpuBM3Ha NponopumMoHanbHa NAOTHOCTU SHEPIUM U UMNYbCa.
Ncnonb3ya passnioKeHne No KPpUBM3HE, MX MOXKHO 3anucaTtb B Buae
OTO c TeH30pOM 3HEPrun-mmnyaibca c KBaapaTUYHbIMM NO
CMUHOBOW NNOTHOCTU YNEHAMM.




vp = 1% Vp = 2 — 1%
SHVP = ghVyp sy, =0 s*=sts,, [2

JKCK 3HauunTenbHo otanyvaetca ot OTO npun NNOTHOCTAX
> 10% Kkr / m3. B Bakyyme cHuxaetcs ao OTO. 9KCK npoxoaut
BCe TecCTbl, KoTopble nposoaut OTO.

YacTuubl Jnpaka MOXHO MaKPOCKOMMUYECKM YCPEAHUTb KaK
CMMHOBYO Xunakoctb (spin fluid).

v

3dPeKTMBHAA NNOTHOCTb SHEPTMN U AaBNEHUE

£ — Ks?/4 n p — ks?/4. OHX HapyLLalOT SHEepPreTUYecKme ycnoBus
Ha BbICOKOM S% 1 n3beratoT Teopem CUHIYIAPHOCTM.

CNWH 1 KpyYeHMe N3MEHSIIOT NJIOTHOCTb SHEPTUN N AaB/EHUE C
oTpULATE/IbHbIM YJIeHOM, MPONOPLUMOHa/IbHbIM KBaapaTy
MNAOTHOCTU Yncna GepPMUOHOB N, AEUCTBYS KaK OTTa/IKMBaloLLLas

MPaBUTALUNA (Kopczynski, Trautman, Hehl, Kuchowicz, Gasperini).



* Mbl npegnonaraem, YTo BceneHHasa 3akpbiTa, 04HOPOAHAA U
N30TPONHasn. YpaBHEeHMNA INHLWITENHA-KapTaHa CTaHOBATCA
ypaBHeHua PpmnamaHa gna macwtaba a.

* [lna penatTMBmMCTCKOM maTepun ypaBHeHUA OpruamaHa MOXKHO
3anucaTb B TepMUHaX Temnepatypbl: € =3p ~ T4, n ~ T3,

(/?*T4 — Q hi[_]“(i J(:3

P R
J

f \ 2 Y
a = r(fic)? /32




* Mbl ncnonblyem 6e3pasmepHble KONYECTBA, rae KPUTUYEeCcKne
3HaYeHMA COOTBETCTBYIOT NopAAKY NaaHKa 1 3aBUCAT OT
KO/INYecTBa YacTul,.

ct
T =

5

T = (o )7 e = 202 (%)

3ahs 8+/2

=23
hy




Toukn nosopoTa (y = 0) Ans 3aKpbITOM BceneHHOM ¢ KpydyeHnem
nonoxutenbHbl. Macwtab y He moxKeT AocTnYb 0 - HUKaKOMU
KOCMO1I0rM4ecKoi CUHTYyAApPHOCTH!

C=aT/a,T,
2 toukn nosopoTa ecnm C > (8/9)1/2
1 touka nosopoTa ecau C = (8/9)Y2 -> craumoHapHas BceneHHas
0 Toyek nosopoTa ecnm C< (8/9)2 -> BceneHHana He MoOXKeT
cyulectsoBatb!

3aKpbiTaa BceneHHana - npoayKT aT UMeeT HUXKHUI npeaen.
[110CKaa U OTKpbITaa BceneHHasa - CUHIYIAPHOCTU TaKXKe
n3beraroT, HO HET orpaHnyeHmnmn Ha C.



Scale Factor Vs Time
10000

1000-

0.0001

[MpegnoxkeHne: BceneHHada Havyanacb, Korga C~ 1. [1pons3BoAaCTBO
KBaHTOBOTrO BellecTBa yBe/anunao 3HadeHme C go > 1030,




Ecnn y 3aKpbiTOM BceneHHOM HeAOCTAaTOYHO MaccCbl, OHa He
AOCTUTHET pa3mepa, B KOTOPOM AOMUHUNPYET KOCMOJIOTMYeCcKas
NOCTOSIHHAA, U PYXHET Ha APYron HECUHIYNAPHbIN OTCKOK.

Obpa3oBaHMe KBAHTOBbIX YaCTUL, NPU CKavyKe yBeIMYMBAET MaAcCy
BO BceneHHON. BceneHHas moXKeT MMeTb HECKO/IbKO OTCKOKOB,
NOKa He AOCTUTHET 3TOro pa3mepa, a 3aTem OHa pPaclMpUTCa Ao
6eCcKoOHeYHOCTM!.




B6a13K oTCKOKa npouncxoant obpasoBaHme yactuu, (Parker,
Starobinsky, Zel’dovich). PaamepHble coobparkeHus aatot
NPOn3BOANTENBHOCTb, NPONOpLUMOHanbHYO H4, ¢ B B KayecTse
napameTpa Npou3BoAcTBa. YpaBHeHMA PpuamaHa aatoT:

(1l a J

| ‘ W > B\ 2 a .3“3 (1 3
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Y106bI N36€KaTb BEYHON MHPAALUMN: MAKCUMAIbHOE 3HAYeHne
YNeHa C TepMMUHOM B AOIXKHO ObITb HUMXKe 1. 3TO ychosue gaet
BepxHu npegen: B < B, = 1/929.



Ons B = B, v Bo Bpema dasbl pacumpeHnus, korga H =a/a
AOCTUraeT MaKCMMYMa, YNeH C B HEMHOro meHblue 1.

CnepoBartenibHO, TeMNepaTypa NPakTUYEeCKU NOCTOsAHHA.

N3 ypaBHeHMA PpuamaHa AnAa saHeprmm napameTp Xabb6na noytu
NOCTOAHEH.

JKCNOHeHUMaNbHOE pacllMpeHne n ysennvyeHmne macchbl
NPOAO0/IKAOTCA OKONO BpemeHu lnaHKa, 3atem Hu T
ymeHbLuatoTca. KpyyeHume ctaHoBuTca cnabbim, nHGNAUMA
3aKaH4YMBaeTCcA M HAaYMHaeTCcA 3N0oxXa pagnauMoHHOro
AOMUHUPOBaHUA. CKanApHble N0NA He HYXHb.



e Ko/nnyecTtBo OTCKOKOB (MOKa BceneHHaa He AOCTUTHET
PaBEHCTBA U3/IYy4EHUNA U BELLECTBA) 3aBUCUT OT 06pa3oBaHMUA
4acTUL, HO He CZIMLKOM YYBCTBUTE/IbHO K Ha4Ya/IbHOMY
MacLTaby.

* Bbonbwow B3pbIB ObI NOCAEAHUM OTCKOKOM (60a1bLLION
OTCKOK).

0.996
0.984

0.965
0.914

0.757




[MHaMMKa OYeHb paHHeN
BceneHHOU C:

B/B., = 0.9998

HayanbHbIM macwiTab
_27 . . 0.4 0.6
ao — 10 m t (10 %) sec

0.4 0.6

0.4 0.6

t (10 %) sec t (107*) sec




MOHO YNCNIEHHO HAWUTM NOTEHLMAN CKANIAPHOIO NO/A, KOTOPbIN
reHepupyeT TaKyo e BPpeMEHHY0 3aBMCMMOCTb macLuTaba.

B/B.. = 0.9998

[MnaTtoobpasHbin noTeHUMan — opgobpeH Planck 2013.
Mopaenn nHPAALMKM Ha NNATO CKAaNAPHOTro Nons: npobnema
Ha4aNbHbIX YC/IOBUI, BEYHAA MHOAALUMA, BEPOATHOCTb (Nno
CPaBHEHUIO CO CTENEHHbIM), HECKONIbKO NapamMeTpOoB:

Kocmonorusa c KpydyeHnem no3BonaeT nsbexatb aTux npobaem
TO/IbKO C OAHMM NapPaMETPOM.



N3 3KBMBANEHTHOIO CKaNAPHOro NOTeHLUMANA MOXKHO BblYMCANTD
napameTpbl, KOTOPblE UBMEPAIOTCA B PE/IMKTOBOM U3/TYYEHUM.

B cooTBetctBMuU c Planck 2015:
n.=0.968 + 0.006, r<0.12

He chnwKom 4yyBCTBUTENEH K HAYa/lbHOMY MacluTaby.



3aKpbiTaa BceneHHana, BO3MOXHO, BO3HWKAA U3HYTPU YEPHOM AblPbl,
CYLLECTBYIOLLEN B poAUTENbCKOM BCeneHHoM, Koraa C > (8/9)1/2,

CoOTBETCTBEHHO, KaXJaA YepHas Ablpa MOMKeT co34aTb HOBYHO 3aKPbITYO
netckyto BceneHHyto: Novikov; Pathria; Hawking; Frolov, Markov, Mukhanov
(npepenbHan KpusumsHa);, Smolin, NP (KpyuyeHue).

3Ta rmnoTesa A0XKHA pewnTb MHGOPMALMOHHDBIM NapagoKC YePHOW Ablpbl:
MHGOPMALMA NPOXOAUT Yepe3 MOCT IUHLLITEMHA-PO3eHa B AETCKYHO
BCE/IEHHYIO MO APYryto CTOPOHY rOPU30HTA COObITUN YEPHOM AbIPbI.

[1BUXKeHWe yepes ropnu3oHT COObITUIN TO/IbKO OAHO: OHO onpeaenseT NpoLnoe
n byayuiee. BpemeHHaa acMMMETPUA Ha TOPU3OHTE COObITUI MOXKET Bbi3BaTb
aCUMMETPUIO BPEMEHM MOBCIOAY B AETCKOM BCENEHHOMN U 0ObACHUTL, NnoYemy
BpeMsA TeyeT B OJHOM HamnpaBAeHUM.
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* The conservation law for total angular momentum (orbital + spin) in curved
spacetime, consistent with Dirac equation, requires torsion.

* The simplest theory with torsion, Einstein-Cartan gravity, has the same
Lagrangian as GR, but the affine connection contains the torsion tensor
(which GR assumed to be zero).

 We assumed that the early Universe is classical (with modifications from
guantum spin), homogeneous, and isotropic (on large scales).

e Torsion is strong only at extremely high densities and manifests itself as
gravitational repulsion that may avoid the formation of singularities. The Big
Bang is replaced by a nonsingular Big Bounce.

* Particle production after a bounce can generate a finite period of inflation
which ends when torsion becomes weak. No hypothetical fields are needed.
The dynamics is plateau-like and supported by the Planck data.

Byayuwas paboTa: nccneaymrte, Kak NpPUCYTCTBME aHU30TPOMNUN BAUAET Ha
n3bexaHme CUHIYISPHOCTEN, U MPOAHANUINPYUTE MPOUCXOKAEHUE NEPBUYHbIX
KonebaHun.



