Ortcrona mosnblit Bo3pacT BcesleHHO, cOOTBETCTBYIOIMI UHTEPBAIY
KpacHbIX cMelneHuit (0, 00), MOIy4aeTcs: pABHBIM

2 [ 1 ln1+\/QA]> 2
T 3Hp [2/Q4 1—-+Qa] " 3Hy'

rae Qa = Ac?/3HZ = 1 — Q. Ina Qp ~ 0.7, Hy = 70 xm/(c-Mnxk)
to ~ 13.7 MJIPA. JIET ¥ COTJIACYETCS C U3MEPEHUSIMU BO3PaCTOB 3Be3[ U
FajJaKTHK.

ITone3Hoe mpakTiyeckoe NpuGMKEHNE AJIs1 BO3PACTA AAJIEKUX 06Db-
€KTOB (C KPaCHbIM CMeIIeHHeM 2 3> z¢, ~ 1) B 1u1ockoit BeesenHoit no-
syyaercsi U3 popmyisl (12.43), ecmn yyecTb, 4TO Ha TAKUX KPACHBIX CMe-
IEHMSIX KOCMOJIOTMYECKasi MOCTOSIHHASI He OKa3bIBAeT AMHAMUYECKOTO
BJIMSIHUS Ha pacmivpeHue BeesneHHO, 1 B HopMy1ax MOKHO MOJIOXKHTD
Qa = 0. Torma a(t) ~ t3/2, H(t) ~ 2/(3t) u 115 CTaHAAPTHHIX TAPaMeT-
poB 0y, = 0.3 u Hp = 70 kM/(c-Mnk) nosyyaeM /ijisi BpeMeHH, IpOLIE-
LIETo C HayaJla PACIIMPEHMsI 10 3TI0XHU C KPAaCHBIM CMeEIEeHNEM 2.

to

-3/2
t(z) ~ (1+2)"%2 = 7.7-10%(ner) (I:I)Z) .

2
3H oV Qm
Ita opMysa sBISETCS. XOPOWIMM NPUOINXKEHNEM B MHTEpBaJse Kpac-
HBIX cMellleHu oT ~ 1 10 ~ 100. ITepBbie xxe TpaBUTAIIMOHHO-CBsI3aHHbIE
00BEeKTbI MOIJIM 06pa30BaThCS TOJIBKO TOCJIE 3MOXKM PEKOMOMHAIIMK Ha
KpacHbIX cMelleHusx z < 20.

12.9. Topsayas Bcenennas \

Peurenvie @puamana npUBOAMT K p — 00 IpU 2 — +o00,t — 0 (Ha-
IIOMHHM, YTO Ha PaHHHUX CTaausIX p(t) ~ 1/t? He3aBUCHMO OT JaBJieHUS],
KOCMOJIOTUY€eCKO#1 NMOCTOSIHHOM U nosHOoM 1m1oTHOCTH $p!). C dbusnye-
CKOIi TOUKM 3peHus obpalieHNe IJIOTHOCTH B 6ECKOHEYHOCT HE HMeEET
ChICJIa ¥ TOBOPUT O TOM, YTO Tpebyercsi GoJiee aIeKBaTHOE ONUCAHHUE,

®usnyeckoe ONMICAHUE COCTOSTHUSI MATEPUH IIPU CBEPXBBICOKHX ILIOT-
HOCTSIX U TeMIepartypax 6a3upyercs Ha onpeJe/eHHbIX IOCTY/IATaX.

1. Ocrarorcst B cuiie OCHOBHbIE (pU3UYECKUE TIPUHIIUIIBI: COXPAHEHHE
6apMOHHOTO ¥ JIENTOHHOTO YKCJIA ¥ 3JIEKTPUYECKOTrO 3apsiia IpH B3au-
MozelicTBusix yactu, I-e u I1-e Hayasa TepMoANHAMUKY.

2. Eciv BpeMs1 yCTaHOBJIEHHS] PAaBHOBECHSI MEXKY B3aUMOJIEICTBYIO-
MMM YaCTHUI[AMH MHOTO M€eHblile BpeMeHH PaclIMPeHHsi, TO MOXXHO CYH-
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TaTh, YTO PaCIIMPEHKE NPOUCXOAUT aauabarudecky, T'dS = 0, u SHTpO-
nust BeenenHoit He u3MenseTcs. ITO yCIOBHE JODKHO BHINOMHATHCS Ha
BCEX CTa[USAX DaCLIMpeHUs «paHHeit» BceeHHOMN U3-3a BbICOKON KOH-
HeHTPallMK YacTHUIL.

3. CocrosiHre paBHOBECHS BeLleCTBa ONpeNeJIseTCs] SHTPONUEN U
IPYTHMU COXPaHSIIOIIUMUCS BeIMYMHAMU U He 3a8uUcUm OT NyTei nepe-
X0/Ia K PABHOBECHIO.

Teopus ropsiueit Becenennoit (aura. Big Bang, B pycckoM nepeBoze
«Bonboit B3peiB» ) Obiia passuta B 1940-x rr. B paborax [amosa, [Juk-
ke, Andepa u XepMaHa, paCCMOTDEBIINX COCTOSTHME BELIECTB, NPH KO-
TOPOM IUIOTHOCTh SHEPTUH U3JIYYEHHUs €, .HAMHOTO GOJIblIE IJIOTHOCTH
SHEDIUM BEUIECTBA €, = PmC>. VIX uzes coctosya B 06bACHEHUM Ha-
6JII01aEMOTO B HACTOsIIIlee BPEMSI XHMHYECKOTO COCTaBa BELIECTBA AAEP-
HBIMM peakuusmMu B paHHell Beerennoit. MakTHyecKH OHU NPEICKa3aIn
HaJIMYHe PEMKTOBOTO MUKPOBOJHOBOIO M3JIyU€HHMsI C TEMIEPaTypoil B
HecKoJbKo K, ocraBierocst ot anoxu, Korza ropsiiee BelecTso (1asma)
OBbLIO HENMPO3PaYyHO MAJIsI U3JIYYEHUs] U HAXOAUJIOCh C HUM B COCTOSIHUM
TEPMOAMHAMUYECKOTO paBHOBeCUs. OTKPbITHE MUKPOBOJIHOBOTO (HOHO-
BOro (PENMKTOBOr0) ManyuyeHust B 1965 r. noATBEpANIO NPAaBUIbHOCTb
KOHUENUUK ropsiueit BeesenHoit.

Kék Mbl nokasayy Bblle, NIPH azma6a'mqec1<0M pacurupenun Bcee-
JIEHHOH TeMIepaTypa paBHOBecHOTo uanydeHuss T ~ 1/a ~ (1 4+ 2), a
IIOTHOCTB 06bIuHOTO (6apuoHHOTrQ) BemecTBa -pp ~ 1/a3 ~ (1 + 2)3,
noatomy otHoutenue T2 /p, = const B Xoe paclIMPeHHs. ITO BaKHEl-
Iasi COXpaHsAoNIasicss BeJMYMHA B paciuupsiiomeiicss BeenenHoit, T. k.
OHa NPONOPIHOHAJIbHA OTHOLIEHH IO KOHLEHTPALIHH PABHOBECHBIX (OTO-
HOB N, ~ T K KOHUEHTPaLNH GAPUOHOB 1, U C TOYHOCTDIO A0 YHCIIEH- |
HOro ko3 duurenTa 3To OTHOIIEHKE eCTh SHTPONHUS U3ITy4eHUs], IPUXO0-
ASIIAsiCsl Ha OAMH GApHOH BELECTBA.

Boipaskasi np 4epe3 KpUTHYECKYIO IJIOTHOCTD U OO0 GaprOHOB {2,

np = 2 = 1.124 - 1075Quh250 M3,

My
(rme higo — COBpEMEHHOE 3Ha4YeHHe NMOCTOSHHOM Xab06ja B eaMHHuAX
100 kM/(c - Mnk)) ¥ y4uTbIBasA, YTO AJISI PEMKTOBOTO M3JIy4YEeHHs C
T=273K
ny ~ 420(1 + 2)%em ™3,

MoJIy4aeM
N~ np/ny &~ 2.7-1078Qph2, . (12. 44)
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Bricokoe 3HaueHue ynenbHoi auTponuu 1/n ~ 109 o6bsicHseT TepMUH
«ropsidast Bcenennasi». OHO Takxke 00BSICHSIET, T0YEMY CHEKTP PEIUKTO-
BOTO M3JIy4YeHHUs AOJKeH OBITh OIM30K K MUIaHKOBCKOMY. [lo anoxu pe-
KOMOWHAHMH, T. €. KOTJIa U3JlyYeHHE CHJIbHO B3aHMOIEHCTBOBAJIO C Be-
I[ECTBOM, BELIECTBO A0JIKHO OBLIO IPUHUMATH TEMIIEPATYPY PaBHOBEC-
HOTO U3JIyY€eHHNs], 2 3HAYHMT CHIEKTP U3JTyYEHHUS] OCTABAJICS OYeHb OIIM3KUM
K YePHOTEJILHOMY.

Iocne anoxu pexomOuHanuH, Grarogapsi coxpaHeHuo yucia do-
TOHOB PEJIMKTOBOTO H3JIY4YeHHs, KOTOpble He B3aUMOJEHCTBYIOT C Heii-
TPaJIbHBIM BEILIECTBOM, a Ha PaHHEH CTagyy — 13-3a YCJIOBUS TEPMOIM-
HaMHUYeCKOT'O PaBHOBECHSI, OTHOILIEHHE 7) OCTAETCsI MOCTOSTHHBIM.

Haiinem 3aKkoH, 10 KOTOPOMY MEHsJIach TeMIlepaTypa Ha paHHel cTa-
auu pacuipenusi. CocTosiHME MaTepUH, PY KOTOPOM NpeobJ1afalontyo
POJIb B IJIOTHOCTH SHEPIUHU UTPAIOT PEIATUBUCTCKHE YacTHIb! (Ge3amac-
coBble (pOTOHBI, JIeTKHe HEUTPUHO, PEISITUBUCTCKUE 3JIEKTPOHEI M 103U~
TPOHBI U T. /I.), @ TVIOTHOCTb SHEPIUH TsXKEJIbIX YacTull (6apHOHOB) Tpe-
HeOPeXUMO MaJia, OMUChIBAETCst HOPMYJION ISt NaBJIEHUS PEJISITUBHCT-
ckux yactull, P = €/3. [Ipy 3TOM IJIOTHOCTb 3HEPrHM NPU PaCUIMPEHUH
nagaer Kak €(t) ~ 1/t2 (cm. (12.32)). YureM Teneps, YTO IIIOTHOCTH
SHEPTHH U3JTYYeHUs eCTb €, = a, 1'%, a IIOTHOCTb SHEPrUHU PEJIATUBUCT-
CKHX YaCTHII, HAXOASIIMXCS] B PABHOBECUH C U3JIyYE€HHEM, 3alIMIIeEM KaK
€ = £a, T4, rne £ > 1 — uncienHbii K03 PUIUEHT, YIUTHIBAIOIIKI YKC-
JIO pa3/IMYHbIX COPTOB PEJISTUBUCTCKUX YaCTHII, BHOCSIINX BKJIa/ B [OJI-
HYIO IUIQTHOCTb 3Hepruu. Ilockosnbky cyMMapHasi NJIOTHOCTb 9HEPIUH
najaer Kak ¢~ 2, MOXXHO NMOJIyYUTb 3aBUCMMOCTD TEMIIEPATYPBI MATEPHU
KaK DYHKIMIO BpeMEeHH, POLIIe/IIEro ¢ Havasa paciuupenus: T ~ 1/+/%,

WJIHA YUCIIEHHO
13 MbsB

Tr .
£Vt
3to ocHoBHas PpopMyJia TEIIOBOI UCTOpUM PaHHel Bceenennoit. Mox-

HO 06paTUTh 3Ty HOpPMyITy: BpeMs MOCJIe Hayajla PAaCUIMPEeHUs, IPHU KO-
TOPOM TEMIIEPATypPa PeIATUBUCTCKUX yacTH| O6buta T,

(12.45)

1.7c

[ocnennas GopMysa HEMIOXO onuchiBaer cutyanuio g0 I' ~ 102 K
(ipu 607ee BHICOKMX TeMIIepaTypax YMCJIO0 COPTOB YaCTUI{ TOYHO HE U3-
BECTHO).
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HecMmotps Ha 6bicTpoe paciuupenue BeeneHHolN Ha paHHUMX CTaAUAX,
B3aMMO/IEHCTBHE U B3aWMOIIPEBPALIEHNE PEISTHBUCTCKUX YACTHUI] HO-
CHUT KBa3WPaBHOBECHBIN xapakTep. PaBHOBecHe npoiiecca, XapakTepuay-
€MOTO CEYEHNEM O, TP KOHI[EHTPALIMH B3aUMOJENCTBYIOMIUX YaCTHIL 71
Ha (POHe pacUIMpeHus C XapaKTepHBIM BpeMeHeM a/a = 1/H (t) onpene-
nsercs soinosHeHueM ycsosus (I. A. TamoB)

noc > H(t). (12.47)

Korza B xoze pacuipeHust XxapakTepHoe BpeMs! B3aUMOREHCTBUS YaCTHIT
13-32 IOHWXKEHUS] KOHIIEHTPaI[MH NIPEBLICUT XapaKTepHOe BpeMsl paclly-
penusi, 7 ~ 1/(noc) > t, 4aCTHIBI CTAHOBSITCA CBOOOAHBIMH, HEB3AKMO-
necrByomumu. HanpuMmep, g HeATPHHO 3TO yCI0OBHE HAYMHAET BbI-
noJHAThCS yxe npu t ~ 0.2 c. [17151 rpaBUTOHOB paBHOBECHE C BEIIIECTBOM
BOOD1IIE He yCIEBAET HACTYIUTD, TO3TOMY PEUKTOBbIH (DOH rpaBUTALN-
OHHBIX BOJIH ONIpeAeseTcs UCKIYHUTEIbHO YCIOBUAMM B Hayaje pac-
HIMPEHUs.

3ameruM, 4TO 1S JIOOBIX TSKENBIX YAaCTHII C MAcCOM MOKOS My
MOJKHO HAiTH 310Xy PacUIMPEHHs], KOTAA OHU ObUIH PEJISITHBUCTCKUMH,
kT > mgc?.

12.10. IlepBuuHbIif HyKJIE€OCHHTE3
(<«mepBble TPU MUHYTBI» )

Ipu temneparypax T' > 1 MaB ciioxHbIe aTOMHBIE S1pa CYIIECTBO-
BaTh HE MOIJIH, T. K. OHM 3((PEeKTHBHO pa3pylIaauCh NIPH CTOJKHOBEHHU-
six ¢ (poToHaMHU, 3JIEKTPOHAMHU M MO3UTPOHaMH. BMecTo HUX CylecTBo-
BaJIv JIMLIb CBOGOIHBIE IPOTOHBI M HENTPOHBI (a elle PaHbille — KBapPKU
Y QaHTHKBAapPKH, U3 KOTOPbIX 1 06pa3oBannch ycroiuussie 6apuounst). Ilo
Mepe pacinvpenus BcenenHoit u cHuxenus temmneparypsl (T ~ t~1/2)
KOHIIEHTPAIMsl HEHTPOHOB YMEHbIIAIAaCh B COOTBETCTBHH C pacrpeseie-
uueM BosibliMaHa B paBHOBECHOM Tase:

Ny /Np ~ exp(—Amc? /kT), (12.48)

I/le pa3HOCTb MacC NOKOs HelTpoHa u npotoHa Amc? = 1.293 MsB.
PaBHoBecue 06yCJIaBJII/IBaJIOCb peaknuusamMu cna6or0 BBHHMOﬂeﬁCTBHH.
Ecnun 6b1 TEPMOAUHAMHUYECKOE PaBHOBECHE IOAACPXKUBAJIOCH IO MEpe
OCTBhIBaHHA U AaJjiblile, TO, O4Y€BUAHO, KOHIIEHTPAllNA HeﬁTPOHOB JKCIo-
HEHIIMAJIBHO CTPEMHNJIaChb 6])1 K HYJIIO, U HU O KaKOM HYKJIEOCUHTE3€ HE
L 5 g R G S A R S 8 T
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