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[Tpobnembl cTaHOapPTHOWM KOCMOJ10MK

* [lpobnema ropnsoHTa (NPUYNHHON CBA3N)

» [lpobnema nnockoctHocTn: €, .. ~ 1

« [lpobriema MarHUTHbIX MOHOMOSEN

» [lpobriema pa3smepa BceneHHOM

BospacT Bcenennoit B mIankoBcKuX equmaumax: 14 - 1019 aer/ 10~43 ¢ ~ 1099,

Pasmep BuauMoit BeeleHHOM (s rex ke eaunnnax): 401010 cB.J1eT/ 10733 em & 10%Y.

HO: o ®punmanosckoit mogenn L/Lp; ~ (t/tp;)'/? = 1030 !

BceneHHast 66l UMena pasmep B 4onun munnumetpal



[Tpobnema ropnsoHTa (MPUYNHHOCTK)
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Fig. 11.4. The visible universe is the space inside the horizon of an observer. It
contains all matter from which the observer may have received a light signal. The
visible universes of any two observers A and B comoving with the Hubble flow
overlap progressively, but were disjunct at some point in the past. A can only see
B and vice versa after they have entered each other’s horizon. This leads to the

so-called horizon problem: why do A and B begin to participate in the expansion at
the same moment?

B paHHne MOMEHTbI BpEMEHU HEe ObINOo MPUYMHHOW CBSA3U MeXay
pasHbIMM obnacTaMmu BUAMMOW cendyac ogHopoaHon BceneHHon
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[Tpobnema ropnsoHTa (MPUYNHHOCTK)

an/IMeHI/ITeJ'IbHO K PEJIMUKTOBOMY U3JTYHEHUIO.

| OPU3OHT: <Tam>

Fopu3oHT «3aech»




[Tpobriema KpnBKU3HbI (MSTOCKOCTHOCTN)
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" 3H?
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Qo + QA = Qiotar =1 — 2. — ypaBHenue OpuavaHa

Ilpn nBuMzKeHMM B IIpoIILIOE a(t) yMeHbIIaeTcs, a U H— yBeanduBaioTcd
— Qp,—0, Q.—0, Q,, — 1.

Ecnu Beenennas ceftuac moarn mirockas (. &~ 1+ 0.02),
TO B nponrioM §2;,; = 1 ¢ OrpOMHOII TOYHOCTBIO.



PeweHne npobnem: ctagms MHPNALNN
(3KCNOHEHUMaribHOro pacLunpeHuns)
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Fig. 13.3. Behaviour of the scale factor in the very early universe.
The dotted line S x ¢'/? causes all problems.

Cranust unusituu:  a(t) ~ exp(Ht), H=const

(A.Crapoounckuii 1979; A.Guth 1981; A.JIunge 1981)



Pa3mep ropusoHTa B anoxy 3KCN. pacllnpeHns

[Tycte a(t) o< exp(Ht), Torna pasMep ropu30HTA

Cedt! : dt’ t exp(Ht) — 1
Ry — a(t)/ cdt” “ eXp(Ht)/ c _c exp(Ht)
o a(t) o apexp(Ht') ag Ht

T.e. Topu30HT pacTeT ropas3ngo ObICTpee, UYeM ct.

(B comyrcrBytomux Koopaunatax ry = Ry /a ~ const).

PewweHne npobnembl NIOCKOCTHOCTH
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CkansipHoe norie

Mogens: CkangpHoe ToJte 1) ¢ moTeHmmaiaoMm V() = m?y? /2
(cBODOIHAST YacTHIA C MACCON ).

YpaBHEHUE IBUKEHHUA: w + ?)Hw + mzwz = 0 (ocrumasirop ¢ saryxanuem).

Vpaerenne Opuamana: H2 + k/a? = (2 + m21?)/6.
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Puc. 10.2. 3AeCb M306PaXeH NOTEHLUMAA NPOCTeNLLero Buad. OH NPEACTABASET GyHK-
MI0, KOTOPas 3aBUCHT OT NOAS ¢ KBAAPATUYHbIM OOpPa3oM. [PaduK NPEACTaBASET

43 cebs NapaboAy, KOTOPas MPOXOAUT Yepes HOAb. Dopma KPMBOW 33BUCHT TOABKO
OT OAHOrO NaPaMeTPa — MAcChl CKAASPHOrO noas. OHa BbibpaHa HeBOALLLOK, YTOO!
NOTEHLMaA SBARACA MOAOTON KPMBOM. LLIapKK, M300PaXaioWwmiA NOTEHUMBALHOE NOAE,
B HAY3AE UHPAILIMM HAXOAMTCS «MOYTU» HA CKAOHE B TOMKE A. M3-3a TOro, 4TO KpUBas
ABASETCS NOAOTOM, CKAAIPHOR MOAE «CKATbIBAETCA» K MOAOXEHUIO PABHOBECUA MEAACH-
HO. MEAAGHHOE CKaTbiBaHWE rapPaHTUPYET MEAAEHHOE M3MeHeHWe NapameTpa Xa66n3,
paclumpeHe BCeAeHHOW NOMTU MO 3aKOHY 3KCMOHEHTbl U POXACHKE HeBOAbLLIMX

BO3MYLWEHWUH NAOTHOCTH




Slow-roll inflation

IIycTh B HEKOTOPBIZ MOMEHT B 00JIACTHA IPOCTPAHCTBA UMEeM
OJIHOPOIHOE TI0JIe 1) ~ M py.

[Ipenebperast kpuusuoii (k = 0) u cauras moje OOJIBITUM,

MOJIy9IMM PEXKUM MeIJIeHHOro ckaTbiBanus (slow-roll):

H>m, v <mi, 3HY~-—-m2, H ~mi/v6, 1~ const.
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Slow-roll inflation

IIponomzkuTenbHOCTD cTaauu slow-roll:

texp — Qbm \/_wm ~ MPl/m

Yucyio «oboporoB» uubsnun (e-foldings):

lein mn

af; M 2
In L — Hteypp ~ (i) > 1 upu m < Mp;.

< >
slow-roll

[1na obbAacHeHusA
HabnaeHnn 4oCcTaToOYHO

fin >=10% ino
i Ht >= 70

B HekoTopbIX Moaensx
Ht>> 1000



OKoH4YaHue NHNAUUK

Pacnag nHdpnaumoHHoro nons (MHgnatoHa)

HarpeB BceneHHon (reheating) — «ropsiuni bonbLuon B3pbIiB»
[‘eHepauus BO3MYLLEHMI MNOTHOCTMN BO BPeEMSA UHNALMN

Ha ypoBHe 104 1 cCOOTBETCTBYIOLLEro CrieKTpa BO3MYLLIEHUI;

reHepauus rpaB. BOJSH (BKNag B nonspusauunto CMB)

[Mpobnema «Graceful exity»

MHO>XXeCTBO pa3fnyHbIX Moaenen NHPAALNU



BeyHada, unn xaotnyeckas nHPNAUNA
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Fig. 13.5. In the chaotic inflation scenario a quantum fluctuation of characteristic
size L, in the metric of an existing spacetime, casually referred to as a ‘quantum
bubble’, will inflate to huge proportions in about 10™**s, if the energy it may con-
tain on the basis of the uncertainty relation resides in one scalar field. During the
subsequent reheating phase, the energy of the scalar field is converted into parti-
cles, the quark-gluon plasma, marking the beginning of the hot Big Bang around
t ~ 107%Ys (depending on the inflation scenario). Our visible universe is a minute
fraction of the original bubble, and therefore homogeneous and flat.



BeyHada, unn xaotnyeckas nHPNAUNA
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Fig. 13.7. Chaotic inflation may take the form of a hierarchical process creating
many interconnected or decoupled universes. Observer W would just notice a small
defect in his spacetime of size ~ L that may or may not disappear again. Our visible
universe is a very small section of spacetime, for instance the space indicated by the
two markers. Since observations beyond the horizon are impossible, we can only
make ‘reasonable’ assumptions about what lies outside (such as the cosmological
principle). This underlines the highly speculative character of ideas such as these.



