JIACTH B 3MOXY PEKOMOMHAUUU ~ ct,; B MEHBIIUX Macurtabax Kosneba-
HUsI 3HAYMTEJIBHO ciiabee u3-3a 3¢ (heKTUBHOTO B3aUMOIECTBUs (POTO-
HOB C HOHU30BaHHEIM BelllecTBOM /10 pekombOuHanuu ([Ix. Cuik). 3Ha-
YUT, OXKUAaeMbIf MakCUMyM GIyKTyanui, HabmoJaeMbIX B COBPEMEH-
HYIO 310Xy, AOJUKEH MPUXOAUTHCS Ha YIJIOBOM Macuitab, Mox KOTOPHIM
Habmogaetcss 06;1acTh ¢ pa3MepoM, TIPUMEPHO COOTBETCTBYIOIIUM TO-
PU3OHTY B MOMEHT pekoMbuHamuu: 6, = (ct,)/(cto)(l + zr) = 2°
(cM. (12.18)). ToyHoe 3HaYeHHE 3aBUCUT OT reoMeTpiu BeesneHHoi, T. e.
OT MOJIHO TJIOTHOCTH MaTEpPHM MO OTHOWIEHHUIO K KpUTHYecKoil. Besu-
YHHa MEPBOro MUKa (GIyKTyanuii Habmogaercs Ha yrJioBoM MaciuTabe,
COOTBETCTBYIOIIEM rapMoHuKe | = 2w /0 =~ 200 (cM. puc. 12.2), uto npu-
BOIUT K g = 1. DTO rOBOPUT O TOM, YTO NMPOCTPAHCTBEHHASI KPUBU3HA
BceneHHoit oxasbiBaercst 6su3koit K Hyso! Takum 06pa3oM, reOMeTpHs
NIPOCTPaHCTBEHHBIX cedyeHUil BceseHHOI oka3asack ¢ BBICOKOIT TOYHO-
CTBIO €BKJIUAOBOI.

HakoHern, cAenaeM 3aMeyaHHe OTHOCHTEJIBHO BTODOIO U MOCJeELy-
IOIUX IMUKOB B yIJIOBOM cnekTpe ¢uykryanuil. CaMo cyliecTBOBaHUE
TaKUX NMUKOB OTPaXkaeT (PaKT MPOCTPAHCTBEHHOH CKOPPEIMPOBAaHHOCTH
aKyCTHYECKUX KOs1ebaHuil B MJ1a3Me B 310Xy PeKOMOUHAMH. DTO rOBO-
PMT O CKOPpeJMPOBaHHOCTH (a3 biIyKTyanuit ¢ ZaHHON AJIMHOI BOJHBI
B pa3HBIX HaNpaBJIeHUsIX Ha Hebe, POpMabHO IPHYUHHO-HECBSI3aHHBIX.
Eciu 651 Takoii cBsi3u He G510, TO He 6bLIO Obl U YCHIIEHHBIX KOE6aHuUiA
Ha BBIZIEJIEHHBIX YIJIOBbIX MaciuTabax, Tak Kak KojebGaHUs1 BO BCEX Mac-
wrrabax Gen 661 paBHOBeposiTHEL. Ho npuunzHas cBsasb GuiyKTyanuit B
pasHbIX MacTabax u, rJIaBHOE, IPUHUMAEMBIX C Pa3HbIX HalpaBJeHuH,
MorJ1a GbITh TOJIBKO B TOM CJIY4ae, CJIM B IPOLLIOM 3TH GIIYKTYaIluH ca-
MM HaXOAWJIUCh BHYTPU NPHYMHHO-CBA3aHHOMN obsacTi. VIMeHHO Takast
CHUTyaIusl IPe/ICKa3bIBAETCS B C1yyae Ha4yaJIbHOrO YCKODEHHOTO Paciliu-
penust Bcenennoii (cM. Huxe).

12.14. TpyaHocTH KJaccHYeCKOH KOCMOJIOTHH

Teopus knaccuyeckoit kocmosnoruu (Merpuka @puamana—Pobepr-
coHa-Yokepa, ypaBHeHus: @puamana Ha ocHoBe OTO), Mozesb rops-
yeit BceneHHoit (epBUYHBIN HYKJIEOCHHTE3, 0OBSICHEHUE PEJTUKTOBO-
IO M3JIy4YeHHs1), TOATBEPXKACHHAsI OOIMPHBIMU aCTPOHOMUYECKUMU Ha-
6J1101eHHSIMH, TOBOJIBHO OBICTPO CTOJIKHYJIAch C PsiioM TpyAHocTei. Ca-
MblI€ [JIaBHblE U3 HUX — 3TO NMpobjemMa NPUYUHHOCTH U Tpobiema Hy-
JIeBOit KpuBHU3HBI (T10cKOrO Mupa). Huxxe onu GyayT paccMOTpeHsI 1o-
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apoGHee. [l1s1 ux pelueHust ¥ GbLIa MpeAsiokeHa rirybKast o cBoeMy co-
Zlep’KaHUIO TaK Ha3biBaeMasi MOZiesIb HHQIIsIITMOHHOI BceneHHoil, B Ko-
TOPOJ NpeJnosaraercs, 4YTo Ha CaMbIX PaHHUX CTAfUSX PaCUIMPEHHS
MaciuTabHbIi HaKTOp PoC MPAKTHYECKU IKCTIOHEHIIUAJIBHO:

a(t) =~ ape™?. (12.50)

3ameTuM, YTO AJIs SKCIIOHEHIIMAIBHOTO 3aKOHa POCTa MacluTabHOro (hak-
TOpa NoCcTosiHHasi Xa661a He u3MeHsieTcst co BpeMeHeM: H = a/a =const.

12.14.1. TIpoGiema ropuaoHTa (npodieMa MPUUHHHOCTH)

PenuxroBoe usnydyeHne NPUXOAUT U30TPOITHO CO BCEX HAMPABJIEHUH
Ha Hebe (C TOYHOCTHIO 0 AUTOJIBHON COCTABISIOLIEN H MaJIBIX DIIYKTY-
anuit). ITocse snoxu pekomGuHauuu (2, =~ 1000, t, ~ 10'3 c) ono npak-
THYECKH He B3aUMOZAEHCTBYET C BEIleCTBOM B paciiupsiomeiics Beesen-
Hoii. Pa3amMep ropusoHTa Ha MOMEHT peKOMOWHANH [, & ct,, TI03TOMY B
HacTosee Bpems (o &~ 3-1017 ¢) yuacTku Heba C yrI0BBIMH PasMepaMH,
npeBblaIuMi 6 ~ (1 + z;)(ct,/cto) = 2° (cM. (12.18)) oka3biBaoT-
Csl IPUYKMHHO HE CBSI3aHHBIMHM MeXay coboil. [Touemy e Toraa Habo-
JaeTcst CTOJIb H30TPOTIHOE paclpesiesieHHe BEUIeCTBa U PeJIMKTOBOrO U3-
nyuenusi? IIpobiema 3aKmoyaercst B 06bsCHEHUH TOTO, KAK OTA€E/IbHbIE
obsiactu ycrenu «0OMeHAThCsI» MHGOPMAIHei B IPOLILIOM 10 TIOXH pe-
xombunaruu. Ipexnonaras poct macmrabHoro dakropa a(t) ~ /¢
CaMoro Hayajia paciuupeHust BeeseHHOI, 3TOro 00bSICHUTD HEJb3sI, MO-
CKOJIBKY TpH PacUIMpPeHHH C 3aMelJleHHeM pa3Mep rOPH30HTa YacTHIl
pacTeT NPOIOPIHOHAJILHO BpeMeHH, MPOLIeAIIero ¢ Hayajla pacmupe-
HUS, 2 GU3UYECKOE PACCTOSTHUE MEKAY ABYMSI IPOM3BOJIbHBIMU TOUKAMU
YBEJIMYMBAETCS MEJIEHHEE, KaK MaclITaOHbIH (pakTOp (CM. BBILIE pasgest
12.6.4). Takum 06pasoM, ABe 06J1aCTH, HAXOASAIIMECS BHYTPU TOPU30HTA
B KaKOM-1M60 MOMEHT BpeMeHH B NMPOLLJIOM BCErAA JOJKHBI ObLIH GBI
HaXOAUTHCS BHYTPH MPUIHHHO-CBA3aHHON 00/1aCTH.

HabsoneHre MHOTHX IPUYMHHO-HECBSA3aHHBIX 0bJsacTell Ha Hebe ¢
OAVHAKOBBIMH B CPe[HEM IapaMeTPaMH PEMKTOBOr0 U3JIy4eHUs HOJI-
roe BpeMsI OCTaBaJIOCh 3araflOYHbIM U CIIUCBIBAJIOCh Ha TOHKYIO HACTPOi-
Ky HaYaJIbHbIX YCJIOBUIL.

OHaKo, €C/IM B TPOLLIOM CYLIECTBOBaja 3MOXa, KOrxa Maciutab-
HbIH (PaKTOp POC FIKCMOHEHUMAIBHO, TO JI0ObIe H3HAYAIBHO IPHYUHHO-
CBsI3aHHbIE 0671aCTH GBICTPO «PAaCXOAUIIUCE> Ha PACCTOSTHUSI MHOTO 60J1b-
e ropusonTa yactuil (~ ¢/ H) (cm. pasnen 12.6.4). 3HauuT, HET HUYETO
YAUBUTEIBHOTO B TOM, YTO 3TH KOTAa-TO IPHYHHHO-CBSI3aHHbIE 06J1aCTH
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Ha cTazuu 6oJiee MEIIEHHOTO PoCTa MacTabHOroO hakTopa CTaIu BUA-
HbI KaK TPUYMHHO-HECBSI3aHHBIE.

Jlpyras npobJieMa 6bL1a cBsi3aHa ¢ 6TM30CTHIO COBPEMEHHOM CpenHel
IUIOTHOCTU K KpuUTHYeckoil. YpaBHeHue @puamana (12.35) mns mac-
mrabHoro daxtopa® MoxHO nepenucats uyepes Q = p/per U MOCTOSH-
Hyio Xab6na H = a/a B Buze:

|p = per| _ _ c2|k|
T—IQ—H— 2 (12.51)
rae k = 0 1719 IIocKoi Mojeny wiu k = 1 fss 3aKphITOH MJIM OTKPBI-
TOH MOZeNH.

ITpu 3amenneHHOM pocte MaciuTabHOro ¢akropa ¢ < 0 ¥ BeIMYHHA
| — 1| ~ 1/a? yBenuuuBaercs U, CIEAOBATEBHO, B IIPOLLIOM OHa GbI-
Ja 6ike K Hy o, JleiicTBUTENbHO, Ha PPUAMAHOBCKOM CTafiUM PACLIU-
penus a(t) ~ t%, o < 1, u |Q — 1| ~ t2(1~%) yenpepriBHO Bo3pacTas
c t. IloaTomy 6au3ocTh Q K 1 B HacTosiIlee BpeMst O3HAYAET, YTO B MPO-
IIJIOM MJIOTHOCTh NMPAaKTUYECKU TOYHO COBMazasa ¢ Kputuyeckoit. [eii-
CTBHUTEJIbHO, €C/IH, KaK MOKa3bIBAIOT HAaOM0AEeHNs1, B HACTOsILIee BpeMsl
Q = p/per oTIMYaETCS OT 1 MeHee yeM Ha 0.1, TO B 310Xy pexoMOUHAIUK
(t = 3 - 10%71€T) OT/IMYHE IJIOTHOCTH OT KPUTHYECKO BEJIUYMHBI HOJK-
HO 65110 6bITH He Gosee 3 - 1075, a B anoxy, ele Gosee 61M3KKe K Hava-
JIy pacIIMpeHus, IVIOTHOCTD JOJKHA COBIACTh C KDUTUYECKOI C OrpoM-
HOIl ToYHOCTBIO. K/laccHyeckuM aHaJIOroM, MJTIOCTPHUDPYIOILIUM TaKyio
CUTYALHUIO, MOXET CILY’KUTh PAaCIIMPSIOIIasics: chepa U3 CBOGOAHO [BU-
JKYLUTUXCS YaCTHL, IPUTArUBaIoLIux Apyr Apyra (cM. pasaen 12.7.1). Ec-
Ji chepa MHOTOKPATHO YBEIUYUJIA CBOM Pa3MepBbl, U NP 3TOM CKOPOCTb
YacTull Ha ee MOBEPXHOCTH OCTajach GIM3KOM K mapabosindeckoi st
HOaHHBIX 3HaYeHUH Macchl U paguyca R (uMeHHO napabosdeckasi CKo-
POCTb COOTBETCTBYET CJIYYAI0 p = P¢r), TO ITO MOXKET O3HAYATh TOJIBKO
TO, YTO B HayaJle pacIIMPEeHUst CKOPOCTh IIPAKTHYECKH COBIaZaIa C napa-
60JIMYECKOI, TO ECTD IIOTHOCTH C(HEPHI COOTBETCTBOBAJIA KPUTHYECKOMY
3HaueHH. B npoTuBHOM ciydae cdepa aubo ckosancuposasa 6bl, He
nocTurHys paauyca R (ecau Q > 1), 1u60 coxpanusia 661 CKOPOCTb, Tpe-
BBILIAKOILYIO CKOPOCTb yOeraHust Ha JaHHOM R (eciu Q < 1). [pyroii
TNpHMep: eI paKeTa, 3amyleHHast ¢ 3eMJIH, Ha 6OJIBLIOM PacCTOSIHUU
OT Hee COXPaHsieT CKOPOCTh, 6JIM3KYI0 KO BTOPOit KOCMUYECKOi, paccuu-

6]1nst npoCTOTH paccMaTpuBacM ciyyail 6e3 KOCMOTOrMYCCKO# NOCTOSINION; B CIlyyace
A # 0 ce poJib AMIAMUYCCKHM HE BAX11A IPU Masibix MacuiTablbix akTopax.
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TaHHOI /ISl JaHHOTO PaCCTOSIHUS, TO 3TO O3HAYAET, YTO €€ CKOPOCTh OblI-
Jla HaMHOTO OJ11Ke K rapaboInyecKoii Ipy 3amycke.

OnHaKO NpH IKCIIOHEHIIMATBHOM PacIUMpeHUH (MK OJIU3KOM K 9KC-
NOHEHIUAJIbHOMY ), IPU KOTOPOM MocTosiHHast Xa66,1a okasbiBaeTcs 110-
CTOSIHHBIM WJIM MEJIEHHO MeHsIomuMcst mapamerpomM, Q 6yzer ocra-
BaThcst 6u3Koit K 1 B mponecce pacupenus (cM. ypasHenue (12.51)),
a KpMBM3HA MPOCTPAHCTBA, COOTBETCTBEHHO, OYAET CTPEMUTBCS K HYJIIO.
ITO CHUMAET MapaJioKC <ILJIOCKOr0» MHUpa.

12.15. Mogaeun nndasuuonHoi Beenennoii

Bnepsble maes yCKOpeHHOro paciidpeHUsi BceneHHOI Ha paHHHMX
CTaAusIX AJs1 OOBSCHEHUS] MapafoKCOB (PpUAMAHOBCKOH KOCMOJIOTHH
6bly1a BeicKa3aHa B cepeauHe 1960-x rr. B paborax 3. B. Tmunepa (CCCP).
OH npexnosoxKuI, 4To Bce BellecTBo BO BeenenHolt BO3HUKIIO U3 (uIyK-
Tyanui KOCMOJIOTMYECKOrO BaKyyMa, I03TOMY Ha CaMbIX PaHHUX CTaJu-
SIX pacIIMpeHus: JMHaMuKa BceneHHO HeMMKoM Onpeensyiach KOCMO-
soruyeckoil nocrostHHoil. B korne 1970-x rr. yckopeHHOe pacmupenue
BcesieHHOM Ha paHHUX CTaJMAX CTaJH OOBSICHATH B MOZENH UHISIH-
oHHol1 Bcenennoit.

OcHoBHas uaest Moaenu uHdssnonHoi Beenennoit (A. . Jlunge,
A. Tyc, A. A. CrapoOGUHCKHIT) COCTOMT B TOM, YTO B O4Y€Hb paHHel Bce-
JIEHHOM Cy111ecTBOBaa HeoOblYHasi HOpMa MaTepuH, KOTOPasi Co3aBasa
CBOEr0 pofia «aHTUTPABUTALMIO», 3aCTaB/sAs BceneHHy0 paciupsThes
¢ yckopenueM G > 0. Cama no cebe aHTUTrpaBUTAUMs HE HOJKHA BOC-
NPUHUMATBCS Kak HEYTO YyAeCHOe — BCNOMHMM, 4To B pamKax OTO uc-
TOYHHUKOM IPaBUTALMOHHOTO MOJIS SBJISETCS HE TOJBKO BEIIECTBO, HO U
nasyieHue (noTok uMmyJbca). Her pusuyeckoro 3akoHa, KOTOpbIii Obl 3a-
TIpela MMETh OTPHIIaTeIbHOE AaByeHue. Bosee Toro, coBpeMeHHas pu-
3UKa 3JIEMEHTaPHBIX YaCTHUI] IPEATOJaraeT CylleCTBOBaHUE CKAISIPHBIX
TH0Jieif, OMHUM M3 CBOMCTB KOTOPBIX SIBJISIETCS PeajiM3anusi IpH HEKOTO-
PBIX ZOCTAaTOYHO OOLIMX YCIOBUSX YPaBHEHUS COCTOSIHUS P = —e (maB-
JIeHHe OTpUIaTebHO!).

Ecnu B mpousBosbHO Majioit o6iactu rae-1u6o Bo BcenerHoil Ha
PaHHUX CTaZMsIX BOBHUKAET TAaKOe I0JIe, TO MPH 3TOM YPaBHEHUH COCTO-
AHUsT MacIuTabHbIi hakTop 3TOi 06JaCTH pacTeT IKCIOHEHIHATBHO CO
BpemeHeM, a(t) ~ et rne H = 4/a = const — nocrosiHuas Xa66xa. Pe-
menvie Tuna (12.50) ¢ H = const 6bLIO MOIyYEHO roJUIAHACKUM HU3K-
koM Buniemom ne Currepom B 1917 r. u3 ypaBHeHuil DitHiuTeliHa B MO-
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