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AnaHOTa U

CraThs MOCBANEHA JOCTHKEHUSIM (DU3NIECKOM KOCMOJIOTHHN, OMMUPAIONINMCS HA CTAHIAPT-
HYI0 Mozenb Bcenennoil u ee pa3surue.

KuroueBbie ciioBa: KOCMOJIOTMYECKAs CTAHIAPTHAs MOJE/hb, MEPBUYHBIE KOCMOJIOTHYE-
CKUe BO3MYyIeHus, obpa3oBanme CTPYKTypol Beenennoii.

BBenenue

Habmomaembie cBoiicTBa cTpyKTypbl BeemenHoi MOATBEPKIAIOT BHIBOI O TOM, UTO
CTPYKTyPa BO3HHUKJA U3 CIAYyYaWHOIO rayCCOBA IMOJS 3aTPABOYHBIX BO3MYIIEHWHA T1JI0T-
HOCTH, KOTOPOE TeHEpUPYEeTCs KBAHTOBO-TPABUTAIMOHHBIM 0Opa30M B paHHEl KBa3w-
dbpuamanosckoit Beegennoit. [Ina obecrniedenusi HeOOXOMUMON aMILIUTYIbI HAYATIbHBIX
HEOJHOPOIHOCTEH WHTEHCHBHOCTH OBICTPONEPEMEHHOTO TPABUTAIMOHHOTO TMOTEHITHAIA
B MOMEHT WX MapPaMETPUUIECKOr0 POXKICHUS JI0JKHA ObLia ObITh OYEHb BEJIUKA, B MPO-
creitmmx monenax H ~ 10'3 T'ss, uro cocrasnger 107% maccwr Ilnanka. Mbl KpaTko
00CyINM JTOCTHMIKEHWsT W TPODJEMBbI CTAHIAPTHON KOCMOJOTMYECKON MOJIEINn W yPOKH
KCTPATOJISIIUY W3BECTHON (DU3UKU HA CIIydail BHICOKUX SHEPTHIA.

JleTaIbHBII aHAIN3 PACCMATPUBAEMBIX TTPOOJIEM WHTEPECYIOMNNCS YUTATEH MOYKET
Haiitu B Hamei kaure [1].

1. Or Haburgennii u skcnepuMeHnTa Kk pusuke panHeii Bcesiennoii

Habmomaemas crpykrypa Bceemennoit — 3170 pe3yabTar MPOU3BEIEHHS CTAPTOBBIX
YCJIOBWII W YCJIOBWI 3BOJIIONNUK MOJIs BO3MYIeHUil miaoraHoctu. CoBpeMeHHbIe HAOJII0-
JaTebHbIE TaHHBIE TIO3BOJININ ONPEIE/IUTh XaPAKTEPUCTUKN BO3MYIIEHW TJI0THOCTH
B pa3HbIe 3MOXU €ro pa3BUTHs. TeM caMbIM yIaJgo0Ch pa3aeJuTh HH(MOPMAIWIO O Ha-
YAIbHBIX YCJIOBUAX ITOTO MOJd U 00 yCJIOBUAX €r0 PA3BUTHUSA, UTO MOJOXKUIO HAYAIO
HE3aBUCUMOMY HUCCTIeI0Banuio (pu3uku panueit u mo3aneit Beenennoit. OcuoBoit skcTpa-
TIOJISITIN Y, TIO3BOJIAIONIEH MCCIIeI0OBATh PAHHIO Bceesennyio, aBaA0TCsS 00mas Teopus
OTHOCHUTEJIbHOCTH U CTAHIAPTHASA MOJE/b 3JIEMEHTAPHBIX YACTHUIL.

CBs3b MEXK/Iy PAHHUM U MO3JIHUM TEPUOIAMU KOCMOJIOTHIECKOH IBOJIIONNNA HEBO3-
MO2KHA, 0€3 MOHMMAHWS COCTABA MATEPHUH, KOT/Ia BAXKHEHIITNM MOMEHTOM SBJISIETCS TaK
Ha3pIBaeMas mpobsema copnasenuii. MI3BecTtno, 910 B mpeesiax OHOTO MOPsIKA BeJr-
9uHBI B cOBpeMennoit Beenennoit nmeercs: mpubiinzkeHHOE PABEHCTBO

PE = PM = Pb, (1)

rIe PE, PM, Pb — KOCMOJIOTHYECKUE TLJIOTHOCTH TeMHOi suepruu (TD), remuoii mare-
puu (TM) u Gapuonos coorsercrsento. Ormerum, 4T0 NPUOIUKEHHOE COOTHOIIEHHE
PM A pp COPABEIUBO B KAXKJbIH MOMEHT KOCMOJOIHYECKON IBOJIONUN TOCTE 00pa-
3oBanus 6ApUOHHOI acummerpuu u rereparuu 1M, IOCKONIBKY py U pp OJMHAKOBBIM
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00pa30oM yMeHbIaTCs ¢ Tedernnem BpeMenu. C Ipyroit CTOPOHBI, pr OYEHBb CJIa00 3aBU-
CUT OT BPEMEHH, TaK 4TO IE€pBOe u3 paBeHcTs (1) crpaBeyiuBo UMEHHO B COBDEMEHHY IO
3TOXY.

CootHomennst pr < pPm, PE S Pm MEKIY TIOTHOCTSMU SHEPTUN PATHAINN PR
TEMHOI SHEPTUH pp U BEIIECTBA Py = pPM + Pb HUMEIOT TPsiMOe OTHOIIEHWE K BO3-
MOXKHOCTH TeHepaluu CTPYKTyphl BO Bcenennoii. I'paBuraimonnas HEyCTOWYWBOCTH
Pa3BUBAETCS TOJBKO B MEPHUOJ JOMUHUPOBAHUS HEPEJSITUBUCTCKON MaTepuu U HEBO3-
MOXKHA HU HA PaJHAMOHHO-JTOMUHUPOBAHHONW CTA/INU, HU HA CTAJUU JOMUHUPOBAHUS
remHON dHeprun. OHAKO J11si 00pa30BaHus CTPYKTYPbl HEOOXOAMMO BBITOJTHEHUE €IT1e
OJIHOTO YCJIOBWS: HAYaJbHAS AMILIUTYIa BO3MYINEHWH TOJIXKHA OBITH MMEHHO TaKO,
9TOOBI HEOITHOPOIHOCTH YCIEIH BBHIPDACTH B JMOXY OTKPBITHS «OKHA» T'PABUTAIMOHHON
meycroiiunBoctu. B mameit Beenennoit 06a HeOOXOTUMBIX YCIOBUST BBIMTOJTHEHBI: HATAIIb-
uple Bosmymienus (~ 107°) ycmesaioT mompacTd u 06pa3oBaTh KPYHMHOMACIITAGHYIO
cTpyKTypy BceeneHHOl B mepuos OTKPBITHS «OKHA», KOTJIa Bo3pacT BeeneHHoil cocras-
aset ot 300 Teic. 10 20 MJIpI. JIeT.

[Mox repmunoM parnsas Beemennas B COBpEMEHHONW KOCMOJIOTHY TIOAPA3yMEBAIOT 3a-
KJIIOYATEIbHYIO CTA/INI0 YCKOPEHHOTO PACIITHPEHNS C MTOCIEIYIONIAM MePeX0I0M K TOPSsI-
geil ase sposonuu (Bosbmoit B3peie). Ceroinsa HaM HEU3BECTHBbI napamerpbl Bosib-
LIOr0 B3PbIBA, UMEIOTCH TOJBKO Bepxuue orpanudenus (cm. (2.)). Opnako cymecrByer
XOpoIo pa3paboTaHHas TEOPUs POKICHUS KOCMOIOTHIECKUX BO3MYIIEHUTT, TO3BOJISAIO-
asi pACCUUTATH CIEKTPhI HAYAIbHBIX BO3MYIIIEHUN MIIOTHOCTH BEIIECTBA U TIEPBUIHBIX
IPABUTAIMOHHBIX BOJH B 3aBUCUMOCTH OT 3HAYEHUI KOCMOJOTUUIECKUX MAPAMETPOB.

Curyanus ¢ nozduet Beenennoit quamerpasibHO TPOTUBONOIOKHA. MbI pacnoiaraem
JIOCTATOYHO TOYHOM MOJIEIBIO — 3HAEM COCTAB MAaTEPUW, 3aKOHBI PA3BUTHS CTPYKTYPbI,
3HAYEHUs] KOCMOJIOIMYECKUX [APAMeTPOB, HO HEe HMeeM OOIEeNnpPUHSTON TeOPUU MPOUC-
XOYKIEHUST KOMTIOHEHT MATEPUH.

M3BecTHBbIe HAM cBOMCTBA BUANMOM BceleHHOI MO3BOISAIOT ONMMCAThH €6 TEOMETPHUIO
B paMKax TEOpHWH BO3MyIeHwuit. MajbiM mapaMerpoM SBJISeTCs HAYAJIHHAS aMILIATY-
Jla CKaJISIPHBIX KOCMOJIOMMYEeCKUX BO3MyIenuii. B mynesom nopsiike Beenennas siiisi-
ercss GPUAMAHOBCKON W OMUCHIBAETCS €TUHCTBEHHON (DYyHKIHMEH BpeMeHHW — MacCIITad-
HbIM bakTopoM a(t). TIepBbiii MOPSAIOK yCTPOEH HECKOJBbKO CiloykHee. Bo3myinenns
METPUKH SIBJISIOTCS CYMMOIT Tpex He3aBMCHMBIX MO — ckajsaproit S(k), BeKTOpHOl
V (k) wn rensopuoii T'(k), Kaskaast n3 KOTOPBIX XapaKTEPU3YeTCsi CBOEH CreKTPaIbHON
dyukmueit Boaaosoro gncia k. Ckangprasg MOJA OMUCHIBAET KOCMOJOIHIECKHE BO3MY-
[MeHUs TIJIOTHOCTH, BEKTOPHAS MO/ OTBETCTBEHHA 34 BUXPEBBIE IBUXKEHUs BEIIECTBA, a
TEH30pHAs MOJA — 3TO IPABUTAIMOHHBIE BOJHBI. TakuM 06pa3oM, BCA M€OMETPHUs OIH-
CLIBAETCS C MOMOIIBIO Yerhipex dbyuknmit — a(t), S(k), V (k) u T'(k), u3 KOTOpPBIX HaMm
U3BECTHBI CErOHSA JIUIIH MEPBbIe IBE (B HEKOTOPBHIX 00JIACTAX OTPEIEJICHHUS ).

Bonbmoit B3peIB mpeacTaBisan coboi KaracTpopUIecKni mporece OBICTPOro pac-
[MUPEHUs, COMPOBOKIAEMbI HHTEHCUBHBIM OBICTPOIIEPEMEHHBIM TPDABUTAIHOHHBIM 110~
aeM!. B X071 KOCMOJIOrHYeCKOro PaCIIUPeHis BO3MYIIeHNA MeTPUKH CHOHTAHHO POZK 1a-
JINCh TTAPAMETPUUECKUM 00pa30M M3 BAKYYMHBIX (DJIYKTYaIWii, KAK POXKIAIOTCS JTI00bIE
0e3MaccoBbIe CTENEHW CBOOOIBLI MOJ JIeHCTBUEM BHEIIHErO IEePEeMEHHOTO ToJd. AHa-
JIn3 HADJIONATENIbHBIX JTAHHBIX CBUIETE]LCTBYET B MOJIH3Y WMEHHO TAKOTO KBAHTOBO-
PPABUTAIMOHHOTO CHOCODA POXKJIEHUS 3aTPABOYHBIX BO3MYIIEHUHN LIIOTHOCTH, U3 KOTO-
PBIX B XOJIe Pa3BUTHs BO3HUKJA KpylHOMAacmTabHas cTpyKTypa Beemennoii.

OTmeTuM OCHOBHBIE CBOWCTBA DPOXKJIEHHBIX S- u T -mojieit BO3MYINEHUI: rayccoBa
cratucTuka (caydaifHble pacrnpeeienust B NPOCTPAHCTBE), BbIIEJEHHAS BPEMEHHASA
daza (pacrymias BeTBb pelieHus), OTCyTCTBUE BBIIEJEHHOrO Macmrada B IMIHPOKOM

1Bompoc o mpuunHax BosbIIoro B3psBa U MOUHMIISIHOHHOM COCTOSHUE paHHeH BceleHHON sBiIs-
eTcs BaykHeimed npobsieMoit COBPEMEHHOr0 €CTECTBO3HAHMUSI.
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JUala3oHe JJIMH BOJH, HEJUCKPUMHHUDOBAHHAA AMIJINTYJa IPABUTAIIMOHHBIX BOJIH.
ITocnennee umeer permaioiee 3HAYEHUE I MOCTPOEHUs MOJeau panueil Bceenenmoii,
TOCKOJIBKY, UMesT MPOCTEHINYI0 CBA3b C (POHOBON METPHUKOIl, TPABUTAIIMOHHDBIE BOJHDI
HECYT TpsaAMYy0 nHdOpManio 00 3HepreTrndeckoM MacinTabe Bosbimoro B3pesa. B cumy
KOH(OPMHOI HHBAPUAHTHOCTH V-MOJa He TeHEepUpYyeTCs MapaMeTpuaecKiuM 00pa3oM.
B pesynbraTe pocTa cKagspHOIT MOIBI BO3MYIIEHHH 00pa30BaINCh raJakTHKN W JIPY-
rue AaCTPOHOMHUYECKHE OOBEKTHI. AHU30TPOMNHUS U MOJISIPU3ATHSA PEJIUKTOBOTO U3y YeHW s
BO3HUKJIN 3a/10JIT0 JIO [IOABJIEHUS IajJlaKTUK B pe3ybTaTe BO3/IeHCTBUA Ha pacipe/ee-
HUe (POTOHOB BCEX KOCMOJIOIMYECKUX MO/ Bo3MyIenuit. CoBMecTHBIH aHamu3 HabIoma-
TeJIbHBIX JAHHBIX O PACHpe/IeIeHUH FaJakKTUK U aHU30TPONNU PEIUKTOBOIO U3J1ydeHUd
MO3BOJIMII OTIPEIeUTh aMIuTyabpl S- n T-noneit Bosmymennii (eum. (7)). Iomb3ysich
yeaosuem, ato cymma S+ T < 10710 dukcnposana Bemammofl aHW30TPOMHH, MOITY-
JaeM BepxHee OrpaHHYdeHre Ha TeH30PHYIO MOIY BO3MYIIeHu# B Hameii Beenernmoii:

T <01 (2)
r=— 1.
S
B cnyuae, ecin GBI 3TO HEPABEHCTBO OBLIO HAPYITIEHO, BEJTNUINHA BO3MYIIEHHI MIOTHOCTH
oKazaJsach ObI HEJOCTATOTHON 715 00pa30BaHus HADII0IAeMOi CTPYKTYphl Beemennoii.

2. Ilapamerpudyeckas reHepanus noJieii BO3MYIIeHUH

DdderT KBAHTOBO-IPABUTAIIMOHHOIO POXKJIEHUs HGE3MACCOBBIX MOJIEH XOPOIIO U3y-
gyen. Tak mMoryT poxjarbcd gacruupl Bemecrsa [2, 3] (xors, HanpuMep, PeJIUKTOBbIE
doToHbl BO3HUKIM BCJIEACTBUE PACNala poToMarepun B panueil Beenennoii). Takum
JKe 06pa30M TPOMCXOIUT TeHepalns IPaBUTAIIMOHHBIX BOJH [4] n Bo3MyIeHnit niaoTHo-
cru [5, 6], MOCKOJIbKY 9TH TMOJIsS TaKyKe OTHOCATCS K 6e3MacCOBBIM, W WX DOXKIEHWE He
3AIPEIeHO TTOPOrOBBIM IHEPTETUIECKUM YCIOBHEM.

Teopus S- u T-mox Bo3MyIenuit Bo (ppuamanoBckoii Beenennoii cBoauTcs K KBaH-
TOBO-MEXaHNYEeCKOi 3a/1ade 00 dBOJIONNN HE3ABUCHMBIX OCIHIISATOPOB g (1), HAXO/s-
[IAXCs BO BHEITHEM MapaMeTpudeckoM mosie «(n) B Mupe MHUHKOBCKOrO ¢ BpeMeHHOi

KoopamnHaTol 1 = [ dt / a. JleficTBre n marpaHkKuaH 3JIeMEHTAPHBIX OCITUIISITOPOB 3a-

BUCSIT OT WX MPOCTPAHCTBEHHON 9acTOTHI k:

2
Sk - /Lk dna Lk = ;é_kg (Q;g2 - w2QI2c) )
rjie MITPUX O3HAYAET MPOW3BOAHYIO MO BPEMEHU 1), w = [k — 9YacToTa OCIMIISTOPA,
[ — CKOpPOCTh paclpOCTpAHEHWs] BO3MYIIEHUI B €JIMHWUIIAX CKOPOCTH CBETA B BAKYyMe
(MBI HMCIOB3yeM SHepreTHHecKHe eJIMHuubl, rae ¢ = h = 1, G~! = Mp — macca
IThanka, ungekc k y nonsa ¢ nasee omyckaem). B ciyuae T-moapl ¢ = qr ecThb

nonepequ—6eccneAOBaﬂ KOMIIOHEHTa METPUKN:

a2

87G’
B cioyuae S-mompr ¢ = gg ecTh JWHEHHAsS CYMEPIO3UINsT BO3MYIIEHHE MaCIITabHOTO
dbakropa A = da/a n norennmana 3-cKOpPOCTH Cpebl v = 0p/w:

f=1 (3)

o =

a H
H== =—— 4
= 7= T (4)

a2"}/

_ 2 _
q7A+H’U, OZS—M—GW,

rJIe TOYKa 03HAYAET MPOU3BOIHYIO 10 (husudeckomy spement t. Kax sumno us (3), mose
T MUHUMAJBLHBIM 00pa30M CBsI3aHO ¢ (DOHOBOH (DpUAMAHOBCKONW METPUKON U HE 3aBU-
cut or cBoiicTs Marepuu. Hanporus, cBs3b ¢ ¢ Baemaum nosem (4) 6osiee cioxHa: oHa
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BKJIFOYAET KAK MPOU3BOIHBIE OT MACIITAOHOTO (haKTOPA, TAK M XAPAKTEPUCTUKHU CPEIIHI
(cKOpOCTH pacnpocTpaHeHus BO3MYIIEHUH B CPeJie).

[Iporomarepuio B pammeii Bcemenmoit MOXKHO paccMaTpWBaTh B BHIE HACATHLHOMN
JKAJKOCTU C TEH30POM 3SHEPIrUU-UMIYJIbCA, 3aBUCAIINM OT NHOJHOW TJIOTHOCTH MaTe-
puu p, JABJEHWS P W CKOPOCTHU moTokKa ut . st S-MOIBI CKOPOCTH MATEPUU TIOTEHIIN-
aJIbHA U MOYKeT OBITH MPEJCTABJIEHA B BUIE TPAJUEHTA CKAIAPA ©:

2
Uy = u7) s T;w = (p +p)u;tul/ — P9uv,
rJle 3anATas B MHJEKCE 03HAYAeT MPOM3BOAHYIO 10 Koopaunate, w? = ¢ @ ,g" -

HOPMHUPOBOYHBIH cKayisgp. CKOPOCTb 3ByKa 3a/aeTcs Kak KOI(MQMUIMEHT MTPONOPIHO-
HAJIbHOCTU MEXK/1y COILYTCTBYIOIIMMHU BO3MYIIEHUAMU JIaBJICHUSA U IIJIOTHOCTU SHEPIuu
MaTepuu:

5pe = B20pe, (5)

rme 06X, =0X — Xv, B Oosiee 001ieM cIydae BBOJAUTCS MATPHUIIA 3BYKOBBIX KOTEOAHMI.
B paamarnmuoHHo- 10MWHIPOBAHHYIO 310Xy =1/ V3. TIpivepoM wIeaahHOil Cpebl SB-
JIIETCS TEOpWsi TMOJst ¢ € JarpaHxkeBoil miorHocthio L = L(w,y). Torma ckopocth
pacrnpocTpaHeHnst BO30yKAEHN B MaTepUN HaXOIUTCS M3 ypaBHeHust [6-8]:

o Oln |0L/0w|

B Olnw

9TO TaKKe COOTBETCTBYeT cooTHomeHnio (5). B GonbimucTBe Mozeneit panueit Beenen-
Hoit momarator (3~ 1.
OBOJTIONUS 3JIEMEHTAPHBIX OCIUIJIATOPOB OMHUCHIBAETCS BOJHOBBIM yPaBHEHHEM:

7"+ (W -U)g=0, (6)
rie
q = aq, = —.

Perenue 3T10ro ypaBHeHHs UMEET [BE ACUMITOTHYECKUE BETBU TOBEICHUA: a0uabamu-
weckyro (w? > U), Kor1a OCIUIIATOP HAXOANTCA B PesKMMe CBOOOIHBIX KoIebanmii i ero
aMTIIIATYIa BO30YKIeHNs aanabaTndeckn 3aryxaer (|q| ~ (a\/ﬁ)_l ), ¥ napamempuue-
ckyro (w? < U), rae nome ¢ 3amopaskuBaercs (¢ — const ). Ilocaenree ycione ¢ TOIKR
3peHHs KBAHTOBOI TEOPHHU MOJIsA 03HAYAET MAPAMETPUYECKOE POKIEHUE Mapbl YACTHIL
U3 COCTOSAHUA C 3JEMEHTaPHBIM BO30yKaeHreM. KomuuecTBeHHO CHeKTPhl POXKICHHBIX
BO3MYIIEHUH 3aBUCAT OT COCTOAHUSA OCIUIIATOPOB:

S=(g), T=2(q), (7)

ko3 durnment “2” B BhIpayKEHUN JJIs TEH30PHOUW MOIBI YUUTHIBAET [IBE MOJIAPU3AINN
rpaBUTAIMOHHBIX BOJIH. COCTOSTHME (- -+ ) CYMTAETCSH OCHOBHBIM, COOTBETCTBYIOIINM MU-
HUMAABHOMY YPOBHIO HAYAJIHHOTO BO30YKIEHNS OCIUIISATOPOB. B 3TOM cocTouT rias-
Hasd TANOoTe3a Teopuu Bobimoro B3peiBa. [Ipn HammInn aanabaTu<eckoi 30HbI OCHOBHOE
(“in”) BakyyMHOE COCTOSIHHE 3JIEMEHTAPHBIX OCIHIATOPOB eduncmeenho [9)].

Takum ofpasom, nosarasg, 4To napamerpudeckuil noreniman U(rn) Bospacraer
co BpemeneM u (3 ~ 1, mosydaeM yHWUBepCAJbHBINH pesyabrar mis crnektpos T(k) n
S(k):
2= nH?

T ~ M123 R S

rae B MoMmeHT rereparun k = U ~ aH . Kak Mbl BHauM, TeOpus He TUCKPAMUHUPYET
Moy T mo oTHOIMEHHO K S, BCe 16710 B BejwdnHe (hakTopa 7y B IMOXY TeHEPAITHH.
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13 nabmogaemoro dakra manoctu T-Mozbl (2) ToTydaeM BepXHEe OrPAHUYCHUE HA
sHeprermyecknii macmrad Bosbioro B3psiBa n Ha mapamerp 7y B panueit Bcesennoii:

H <10 I'sB, ~ < 0.02.

Tlocnennee ycmosme o3uadaer, 9ro Bombmmoit B3pbIB HOCKHT HHOISIHOHHBIN XapakTep
(v < 1) u cupaBemuBo coorHomenue r ~ —2np, rae np = dInT/dIlnk ~ —2-.
KBanTOBO-TpaBMTAIINOHHAS TEOPUs MPONCXOYKICHNST BO3MYIIIEHNH TMPEICKA3hIBAET
BazKHelyo ¢gazoByio nHGOPMAIHIO: POXKICHHBIE TOJS UMEIOT CAY%aAlUHYI0 TTPOCTPAH-
CTBEHHYIO W 6bideneHHyto BPeMeHHyo (ba3bl — YCHJIMBAETCS TOJIHKO PACTYIIasi BETBb
pemenus. [Toscanm 310, nonaras U = 0 Ha HadanbHO# (asnabaTudeckoil) 1 KOHEUHO
(paauanMoHHO- IOMUHUPOBAHHOM, @ X 7)) craauax 3poJionuu. s KaxKaoil u3 Bbiiie-
YIOMSIHYTBHIX aCHMIITOTHK 00I1iee perrenue it hbypbe-rapMOHUK UMeeT BU/I:

g = Cysinwn + Cs coswn,

rae oneparopbl Cp, Co 3a7a10T aMIUIUTYABL pacmywet 1 nadatoueti BETBEH 3BOIONNN.
B BakyyMHOM cocTOsIHUM Hada bHast BpeMeHHas ¢ra3a mojeil mIpou3BoIbHa; <|C£in) |2) =
= <|02(in) |2). Omako, mponoszKas pemenne (6) Ha paJTHATHOHHO- TOMAHHPOBAHHYTO CTa-
IINIO, TIOJYYA€eM, 9TO B BBIUTPBINIE OKA3BIBACTCS JINMIH PACTYIIAS BETBb:

(|12 > (Jo52).

B pesyabrare K MOMEHTY OTCOEIMHEHUS U3JIyYeHUs OT BEIECTBA CIEKTP (POTOHOB MPO-
Moyiuposan ¢ Gaszoit k = nmy/3/Nwee, LA N — HaTypaibHoe 4mcio. VMenHo 3TH
aKycTHIecKue Kojebanus HADIIOJAI0TCA B CIEKTPAX AHU30TPOIHUU PETUKTOBOTO U3ITY-
YeHUs U BO3MYIIEHU MJIOTHOCTH, MMOATBEPIKIAA TEM CAMBIM KBAHTOBO-TDABUTAIIHOHHOE
MPOUCXOKIEHIE KOCMOJOIHIECKUX BO3MYIIEHUN TJIOTHOCTH.

3. Temuas Heprmd — KJIlo41 K CTaH,I[apTHOﬁ MoaeJin

[Monumanwe dusndeckoit npupoas T — craboBzanmoeiicrByomeil hpu3nIecKoi
cyOCTaHIIMK, MPOHMU3BIBAIOIIEH BCEe MPOCTPAHCTBO BuAuMOi Bcemennoit, — aBmsercs
OJIHOI W3 TEePBOCTENEHHBIX 3a/a4 ecTecTBO3HaHusA. Habsronenus: CBUIETENBCTBYIOT B
N0JIb3y TOro, uT0 T ABJISETCS HE COCTOSHUEM BaKyyMa, a (HopMoii marepuu (Tojiem).

JleiicTBUTETHHO, U3BECTHBIE YHEPTETHIECKHAE MACIITAOBI, XapaKTepHbIe i QyHIa-
MEHTaJbHbIX B3auMojeiicTBuil, cocrapigior Beauuunbl nopsaka 1 I'sB (cuibHoe B3au-
mozeiicteue), 100 TsB (smexTpocaaboe szammoseiictene) u 1019 T'sB (rpasurarmonnoe
B3auMOJIEHCTBYE), U He ObLIO HUKAKUX OCHOBAHUil JyMaTh, YTO B IPUPOJIE UMEETCs eIlIe
OJIWH, TOPA3/I0 MeHbIuil MacmTad suepruii. OgHAKO 0Ka3a10Cch, 910 T XapakTepusy-
eTcsl SHepreTHuecknM macimrabom ~ 1073 3B.

B cBsi3u ¢ dyHmamMeHTaIbHOCTHIO TPOOAEMBI W YIUBUTENHHBIMU CBOMCTBaMEU TO
BaKHO [MOHMMATh, KAKUE HMEHHO JTaHHbIe HAOII0aTeIbHON KOCMOJIOTHH JIE?KAT B OCHOBE
pejcTaBiaeHus o cymecrsopannn 1. Yacro B KauecTBe OCHOBHOIO Ha0JII01aTEILHOIO
JIOBOJIA TIPUBO/IAT Pe3yIbTaThl HADIIOMeHUH cBepXHOBbIX Tuma la. OnHako 310 He Tak,
UMEETCs TIEJbIN PsiTl IPYTUX, HE MEHee CePhe3HBIX apryMEHTOB, OCHOBAHHBIX HA KOMOW-
HAIUSAX KOCMOJIOTHIECKUX JAHHBIX.

Eme k cepemume 90-x romo XX B. aHAIN3 JAHHBIX TATAKTHIECKAX KATAJIOTOB IO
pacmpe/iesIeHUuI0 MaTepur B MPOCTPAHCTBE, MCIOJIb30BAHNE COBOKYITHOCTH PA3JIAIHBIX
METOJIOB OIPEeJIE/ICHAS MACCHI «CKYYeHHOIO» BEIIeCTBA” COBMECTHO C H3MEPEeHUAME AHU-
30TPOINUN PEJIMKTOBOrO W3JIydeHusl W mapamerpa Xab0J/a mpuBenn K OCO3ZHAHWIO TOTO

23Mepenns HMeKyISPHBIX CKOPOCTEH TaJaKTHK B CKOIUIEHHSX M CBEPXCKOILIEHHSX, TPABUTAIIHOH-
HO€ JINH3WPOBAHNE CKOIJIEHWH, W3MEPEeHHUs] KPUBBIX BPAIIEHUs TAJAKTHK, ONPEIeIEHNE COOTHOIIEHUS
MeXKJy CBETHMOCTBIO U MaCCOU, M3MEpeHne TeMIIepaTyphl PEHTI€HOBCKUX CKOMJIEHUN U T. 1.
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dakrTa, 9T0 MOJIHAS TJIOTHOCTH MACCHI HEPEJISTUBUCTCKON MaTepwu, W3 KOTOPO#l coc-
TOUT HEOTHOPOIHAS CTPYKTYpPa — TAJAKTHKH U UX 00PA30BAHUA (prngI, CKOIlJICHU 4,
EeOYKY, CTEHKU, CBEPXCKOILJIEHUS], HyCTOTbI) — me npepbimaer 30% OT KPUTHYIECKOId
TIJIOTHOCTU:
O =2 <03, 8)
C
e p. = 3HZ/(87G) ~ 1072 r/em3, Hy ~ 70 km/c/Mnxk.

Pesynbrar (8) — oanH U3 BaxKHEHIINX B COBPEeMEHHOH KocMmosoruu. Ero moBosbHO
pacupoCTpaHeHHadA B T€YEHHE IJINTECJIHBHOIO BPEMEHN WHTEPIIPETAIINA COCTOAJIA B TOM,
aro Bcenennasi 06/1a1aeT HEHYIEBOI MPOCTPAHCTBEHHONW KPUBU3HOM. [leiicTBUTENBHO,
ecqii He BBOJUTH B paccMmorperue T, TO st OTKPBITOH KOCMOJIOIHYECKONH MOJe n
ypasuenne OpuaMana, 3aUCAHHOE /171 COBPEMEHHOMN MMOXH, CBOIUTCSI K COOTHOIIIEHUTO

3
pczpm-f-m, (9)

rae R, — coBpemennbiii pajuyc kpususnbl npocrpancrsa (cp. ¢ (10)). B coorsercrBuun
¢ (8) xpuBusHa (BTOpoe ciaraeMoe B mpaBoil dactu (9)) JOIKHA JOMHHHPOBATH, CO-
crapyss e mernee 0.7p.. OaHAKO ¢ yBeIUYEHUEM TOYHOCTH HAOIOMATEIHHBIX JAHHBIX
Takasg MHTEPIpeTaIys CTAIKUBAIACH C TPYIHOCTAMU. MOoIesn ¢ MpOCTPaHCTBEHHON KPH-
BU3HOI OBLIa OKOHYATEIHHO OTBEPTHYTA HA OCHOBE PE3yJbTaTOB M3MEPEHUH aHU30TPO-
[IUU PEJTUKTOBOIO M3JyYeHUsl, TOYHee, OMpeIeNeHns MOM0KEeHUs ePBOro MUKA, B yIJI0-
BOM CIIEKTPE aHU30TPOINHN, HANO0/1ee 4yBCTBUTEIHHOTO K 3HAYEHHUIO TPOCTPAHCTBEHHOM
KpUBU3HBL. Biarogaps 3TuM u3MepeHusiM CTaao siCHO, YTO TPEXMEPHOe MPOCTPAHCTBO €
BBICOKOI TOUHOCTBHIO eBK/NI0BO (T ecTh R, 1 61mu3Kko k mymo). Kmouesyio posnb 31ech
cuirpasin aspocraruble skcnepumenTsl BOOMERANG n MAXIMA. Brnocaeacrsun sKc-
nepumenT WMAP u apyrue skcnepuMeHTbl MOATBEPIUIN ITOT PE3YIbTAT.

Ecsu npocrpancrBennas KpUuBU3HA OTCYTCTBYET, TO pe3ysbrar (8) roBopur o Tom,
410 He Meree 70% IJIOTHOCTH SHEPruM B COBPeMeHHO# Bcenennoii 06ycnoBnenbl Haam-
YHEeM TAaKOW MaTepuu, KOTOpast He MOYKeT ObITh BO3MYINEHA MPABUTAIMOHHBIMU MTOJISAMA
CTPYKTYP W OCTAETCS «HECKYUEHHOW> B XO/I€ KOCMOJIOTUIECKON IBOTIONNNA. TH TPEOOBaA-
HUsI 03HAYAIOT, YTO 3(PDEKTUBHOE TABJIEHUE 3TOH MATEPUU OTPUIATEIHHO U JOCTATOTHO
BEJIUKO 10 aDCOJIOTHON BeJIMYUHE, TO €CTh P & —p. ITO U €CTh TEMHAsT IHEPTHS.

CrpyKTypHBI apryMeHT, OCHOBAHHBIN HA KOMOWHAIMHM DPE3YJIbTATOB HU3MEPEHUs
AHU30TPOTMK U TOJSPU3ANUNA PEJIUKTOBOTO W3JIyUEHUs W PE3YJIbTATOR, OTHOCAIINXCS
K KPYMHOMACIITA0HOM cTpyKType Beesennoii, siBjsieTcst Ceroaus OIHO3HAYHBIM CBUIE-
TeabLCcTBOM cymiecTBoBanus TD. Cpean Ipyrux apryMeHTOB yHOMsiHeM HaGJII0gaeMblii
uaTerpanabubii 3¢ dexr Cakca—Bonbda, KOTOPBI B OyayIieM J0JKEeH CTAaTh OJHUM
U3 METOJ/IOB MPEIU3NOHHOTO u3MepeHus cBoiicts T9.

4. KsasudpunamaHoBckas reoMeTpusa BcelsieHHO

Obmamast yInBUTEIFHBIMI CBOMCTBAMEI IPABUTAIMOHHO ycTolunBocTr, TS Tem He
MeHee KapAWHAIbBHO BIUSIET HA TeMIT 00pa30BaHUs CTPYKTYP, MOJABJISAS TPABUTAIINOHHO
POCT BO3MYIIEHNH MJIOTHOCTA TEMHON MaTepHN.

Ha cragum muHEHHOrO pa3BUTHS CKAMSIPHBIX BO3MYINEHUH MOTOK IPABUTHUPYIOMIEt
Marepuu onucbiBaercs 0b6odmenubivM ypasaenuem Ppunmana [1, 6, 10], KoropbiM MOXK-
HO TOJIh30BATHCA W B TeX O0JACTSAX HEOMHOPOIHON BceseHHOl, T/1e BO3MYINEHUS €I
HE JIOPOCAN A0 HeJMHEHHBIX 3HAYEHU:

(10)



56 B.H. JIVKAIII, E.B. MUXEEBA

CoorBercTByIOIIe TeOMeTpUYIecKre TlepeMertbie b = b(t, X) u

1

—yk

H,=H,(t,x) = 3%

S o

— 970 MacmTabHbIli u Xab6a0BCKuil (HhakTOpbl OOHLEMHOIO PACHIMPEHUS CPEIbl (TOUKa,
C 3aI4TOl B MHJIEKCE O3HAYAET KOBAPUAHTHYIO HPOU3BOIHYIO),

= x(t,x) = %Aq (11)

— BHYTpEHHsisi KpUBH3HA nipocTpancTia (cp. ¢ (4)), a (t,X) — COMyTCTBYOIINE KOODH-
nathl, A = 0%/0x? — NPOCTPAHCTBEHHbIH JATLTACHAH.

Paccmorpum mpocteiinyio Mozens moctpekoMOnHannonHoi Beemennoit, roe mepe-
JIATUBUCTCKAsE MaTepus, BKaogaomas TM 1 6aproHbI, ONICHIBACTCS XOMOIHOMR MBLITBIO
(pm < pm x b73), a TD — KocMoOTIIeCKO# TIOCTOAHHOM (pE = —pg = const):

p=ru(75+1), (12)

rae ¢ = Oy, /Qp ~ 0.4. B 310M ciiyuae cKajsp KPUBU3HBI 3aBUCHT TOJIBKO OT MPOCTPAH-
CTBEHHBIX KoopawHAT ¢ = ¢(x) u ypapuenne (10) cuabHO ynpormaercs (cum. [11]):

N
b ¢
— | ==4b%2—k=fAb) —k(x), 13
(HE> ‘ F40) - 5(x) (13)
rne Hg = Ho/Qp ~ 60 kv/c/Mnk — korcranta Xa66a Temuoit anepruu. [Ipon3sosb-
Aas Majas (bYHKIAS TPOCTPAHCTBEHHLIX KOODAMHAT K = k(X) = »/HE ommcbisaer
JIOKAJIbHYI0 KPUBU3HY TPOCTPAHCTBA. 3aMETUM, 9TO (DYHKIIHSI

A =-+b%>1 (14)

SO

UMEET MUHUMYM frin =~ 1, JocTuraembrii mpu br_niln ~1.7.

Hac unrepecyior o61actu mpocTpaHCTBa € MOIOXKHUTEILHON n1paBoii yacrsio (13):
k(x) <1, (15)

[PH 9TOM YCJIOBHH IJIOTHOCTH MAaTePUH MOHOTOHHO yObiBaeT co BpemereM. HepaseHcrso
(15) Brarovaer B cebsi Kak 06JaCTH CBEPXCKOMIIeHHH (K > 0), TaK ¥ KOCMOJOTHYECKHe
Boitzpl (£ < 0).

B mecrax ¢ £k = 0 obbemublii 1 (poHOBBIH MacmTabHbIe (HDAKTOPHI COBNAIAIOT (XOTs
AHU30TPOIHS PACIIHPEHH OCTACTCS OOJIBIION ):

1 f(a)

rae f = f(a) — dbakrop pocra xab6soBckoii yactu ckopoctu (Vg = f - Hgx).
B ob6mem ciydae B IuHEHHOM MOPSIAKE MO K TOTYTIaeM

ba(l%gn), Om = gk, (17)

(18)

3

Hyo—H(1-2hs), n=l
3 f
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0.8 o

g(a), v(a)

0.6 o

0.4 L

0.2 -

0.0

T
0 1 2 3 4 5

MacLuTabHbIi chaktop a=(1 +z)'1

Puc. 1. ®axTopsl pocta Bo3MyIeHnit wiorHocTH ¢(a) M MeKyasipHOil ckopoctn matepun v(a)

05 T T T T

0.4 E

0.3+ 4

0.2+ -

0.1+ -

0.0 . . . . . . .
0 1 2 3 4 5

MacwTabHbiii akTop a=(1+z)"

Puc. 2. @yukmua h(a) OTK/IOHEHUd JTOKATHHON Xabbm0BCKoi dynkmmm ot doHOBOI

riae 6y = 0pm/pPm — COMYTCTBYIOIIEE BO3MYINIEHHE MiIoTHOCTH, g = g(a) n v = v(a) —
dakTopsl pocTa BO3MYIIEHHU# TIJIOTHOCTH 1 MEKyAAPHONH CKOPOCTH MaTepPHUM:

1 da _ 3Hg [ da
g(a) = o H/ ik v(a) = 52 R (19)
0

0

Ypasuenus (10)—(19) onuceiBaior KBa3uxabOJIOBCKHUE TeYEHHs € 00BEMHBIM Xa0010B-
ckum akropom Hy , 3aBucdIiuM oT MecTonosioxkenus nabmonarens. Pyuxiuu g(a) u
v(a) uszobpazkennt Ha puc. 1. B coBpemennyio snoxy (a = 1) dynkuusa v umeer miu-
POKMiT MAKCHUMYM, CBHUJIETEIHCTBYIONINH O TIepuojie Hanboee MHTEHCUBHON TeHepannn
crpykTyphl. [losoxkenne makcumyma v(a) coorsercreyer z ~ 0.2, yposers 0.9 oT Mak-
CUMAJILHOTO 3HaUYeHus JocTuraercs npu a =~ 0.5 u 1.4, a monouHa — npu a =~ 0.1 un 4.
Takum 06pa3oM, COBPEMEHHAs 30X — ITO IMOXA MAKCUMAIHHBIX MEKYIAPHBIX CKOPO-
crTeil, KOTOpasi MPOJINTCs ele KocMosoruydeckoe BpemMs. OyHkius v 3aTyXHeT BIBOE
JIUIIIH K TOMY BpPEMEHHU, KOTja Bo3pacT Bcesmennoit Oymer cocraBiasaTh 35 MJIpH. JeT.
W Tonbko TOTAA MOYKHO OyAeT cKa3aTh O HACTYTJIEHUH STOXW MTO/IABICHNS MEKYIAPHBIX
CKOpOCTeil BO BCeX 001aCTSAX MPOCTPAHCTBA, rae Kk < 1.

®yukuus h(a) onpejessier creredb OTKJIOHEHUS JOKAJIbHOI Xxa00/10BCKOi DyHKIUMN
or donosoit. Makcumywm h(a) nocruraercs npu z ~ 0.4, a nepuog h > 0.5hyax coOT-
sercreyer a € (0.1,1.8), wiu Bospacry or 0.6 g0 22 mapa. jger. Puc. 2 nemoncrpupyer,
qTo Hama BcenenHas HAXOAWTCS HA dTare MAaKCMMAaJIhHOTO MCKaYKeHMst XabbJIOBCKOTO



o8 B.H. JIVKAIII, E.B. MUXEEBA

3aKOHA PACIIUPEHNs, & BOCCTAHOBJIEHNE XaOOJOBCKUX TEUeHU Il TTPON30iiIeT JNIIhL Tepe3
10 mapa. ner. Utak, Mbl MO2KEM 3aKIIOYUTH, 9TO (DOPMHUPOBAHUE KPYITHOMACIITAOHOM
cTpykTypbl Bo Beesrennoit mpoucxonut B nepuos ot 1 10 20 mapa. et ¢ momenta Bosb-
IIIOT0 B3PHIBA.

[MoguepkueM, 9TO CAeTaHHBIE BBINE BBIBOABI O BausHun 19 Ha (opMupOBaHHE
CTPYKTYpbI CHOpaBeIIuBLI U B Gojiee obmem ciaydae (pg ~ —pg). B Momenn ceepx-
csiaboro moJist woTHOoCTHL T Tak:ke BHAYase 3aMOpOKeHa ([IOCTOSHHA), OJHAKO IO
BO3/eiicTBrEeM COOCTBEHHON I'DABUTAINN OHA HAYHET U3MEHATHCS B OY/AyIIeM U pPeak-
CHUPOBATH K HYJIIO B TEYEHWE MHOTUX XaOOJIOBCKUX SIOX.

[IpuBekaTeIbHOCTD UIEW CBEPXCIA0OTO MOJs CBsA3aHA, B YaCTHOCTH, C TE€M, UTO
OOBSCHUTH HEHYJIEBOE, HO HEBEPOSTHO MAaJjioe MO CPABHEHUIO C MACIITabAM¥ IHEPTHUil
U3BECTHBIX B3AMMOIEHCTBUI 3HAYEHNE YHEPTUN BAaKyyMa Upe3BblYaiiHno TpymaHo. [opas-
JI0 TPOIIe TPeACTaBuTh cebe, UTO HEPrusi BaKyyMa B HAYAJE IBOJIONUH BcereHHON
(3810110 710 M3BECTHBIX CTAIMIl) PEJAKCUPOBAJIA IPAKTUIECKHU J0 HYJId, U JasbHeiiias
JIWHAMUKA PACIIADPEHUs] JOMUHUPOBAJIACH PA3HBIMEI KOMIOHEHTAMHU CPEIbI, OCTABIITNMI-
cs mocjie BostbIioro B3phIBA M «CMEHSBINTUMHU» IPYT-Apyra B xoae Bpemenu. OOpa3Ho
MOYKHO CKa3aTh, YTO BCsl NCTOPHUsi BceseHHoit — 370 uCTopus pelakCamuy moJieil, BbiBe-

JEHHDBIX U3 COCTOAHUA PAaBHOBECHA B IMOXY Boabmmoro B3prBaB.

5. VYpoKu 3KCTPaANoJANuu

[ToaBenemM UTOT IIABHBIM yPOKAM T€OMETPUYIECKOHN IKCTPAMOAIINAN, CIEIYIONNM 13
OTO u nabaogaTenasLHON KOCMOJIOMHHN.

Haunem ¢ reoMeTpuu B HYJIEBOM TOPSAIKE — OHA aJEKBATHO OTMMCHIBACTCS MOJEIBIO
Opunmana u GUKCHPOBAHA 3HATCHUAMHU KOCMOJOTHIECKUX MAPAMETPOB, MOy IeHHBIX
73 aHAIM3a aCTPOHOMUYECKHX MAHHBIX. I[ofACTaHOBKA 3THX MapaMeTpoB B ypaBHEHHS
®dpunmana gaer xabbaosckyio dbyukiuio H(a) u ee npoussoauyio y(a), qomyckaroime
SKCTPATOJISIINIO IO MACIITAOHOMY (DAKTOPY @ W B MPOIIJIOE, U B OyayIee:

H H 1074 0.3 1/2
— =108 = ~ — 407 20
HO Mp ( a4 + a3 + ) ’ ( )
din H 2(107*+0.2a
L . 2 ) (21)

~dlna 1004+ 03a+0.7a*

Cnaraembie B KPyTJIbIX CKOOKax (20) COOTBETCTBYIOT paUalluy, HEPEJIITUBUCTCKON Ma-
repun u T9. Hanomuum xabO0I0BCKUI U TTAHKOBCKUIT MACIITaObl B PA3HBIX €IHHUIAX
M3MepeHuit: HO_1 ~ 14 mapz,. ner = 4.3 Tuk = 1033 sB™, Mp = 10! I'sB = 6;1 =
=10% em !,

B ypasrennsax (20)—(21) Her cBoGomubIX mapamerpoB. CTpOrocTh BPEMEHHOI IKC-
TPATOJSANNAN OTPAHNYIEHA TOJTHKO TOUYHOCTHIO YMCAECHHBIX KOIMDMUITHEHTOB N CKPHITHIMI
rmapamMeTpamu B rmorpernocTsx nabmogennii. Kakne ypoku Mbl MOXKeM U3BJ€Yb W3 IBO-
JTIOIUH, OIUCHIBAEMO#l STUMU [IPOCTHIMU YPABHEHUSIMU !

U3 ypasuenus (20) cieyer, 4T0 U3BECTHBIE HAM JMHAMUYECKHUE IIEPEXO/bI OT JOMU-
HUPOBAHWS PAINANNN K HEPEJIITHBUCTCKON MaTepnn n jajee K 1O Mponcxomnan npu
MaJIbIX SHEpPTHX, XOPOIOo N3BECTHHIX B aToMuoi dusnuke (T ~ 2.5-10"%a~! aB). Ilpn
JaJbHEHIel SKCTpanoadanun B IPOILIOe

Hy Mp

H — ~ , — 2 22
(10a)*  (1031a)® ! (22)

MBI TIPUXOAUM K CJIeIYIONAM BBIBOJAAM O CBOMCTBaxX BceleHHoi.

S,Z[pyrne BO3MOYKHOCTH O0BLSICHEHHsI YCKOPEHHOrO pacmupeHuss BcemeHHON cBsi3amHbl ¢ Moguduka-
[Eeil TPAaBUTAIMK HA CBEPXOOJBIINX PACCTOSHHUAX U KOCMOJIOTHYIECKUX BpeMeHaX (HIed MHOTOMEpHsd,
pacmupenns OTO 10 ckaaspHO-TEH30PHOI Teopuu u Jp.)
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Bcenennas Gonbimasi: ee dusudeckuit pasMep B Ha4Ya e paIuAMOHHO-TOMIHIPO-
BaHHOIT 3110XH, Kak MuEIMYM, B ~ 1030 pas npesocxommn miankosckuit Macmrab?. droT
OOBITIOH (PAKTOP MOXKHO OOBICHUTH CYIIECTBOBAHHEM KOPOTKOM IpEIecTBOBABIIEH
(22) undasmuonnoit craauu ¢ uuciaoM xabomosckux smox N ~ In 1030 = 70.

VYpasuenue (21) onuceisaer pacnad v ot 2 1o 0.4. Kocmosornueckue BO3MYIIEHNUS,
UHIYITAPOBABIINE 00PA30BAHNE CTPYKTYPHI, «IPUILIAY W3 MPUINHHO-HECBABAHHON 00-
JracTu: 00Pa3HO MOXKHO CKa3aTh, YTO MACIITAOBI «BXOJIAT» BHYTPb NOPU30HTA IPHU Y >
> 1. Ytobbl 06bACHUTD, KAKAM 00PA30M HAYAIbHBIE BO3MYIIEHUS OKA3AJIUCh B HEIIPU-
YMHHOI 30He, HeOOXOUM Hpe/iecTBoBaBmii (22) 1epuoj paciuupenus ¢ pacmyued
dbyHKIMEH 7y, HAYUHAS OT 3HAYECHUN, MEHBITUX €IUHUIIDI.

Oba 31u mpAMble APTYMEHTHI YKA3bIBAIOT HA HAJWYNE B WUCTOpWUM paHHeil Bcesmen-
HOIT meprona ¢ MHMIANMMOHHONH auHnaMnukoii. K HuM MOKHO H00aBUTH TEOPETHUECKHi
pe3ynbTaT 0 HeM30eKHOM 0Opa30oBaHuM Xab0I0BCKOTO MOTOKA U3 TMEPBOHATAILHO HEOI-
HOPOJHOTO PACHPE/IETICHUS IPABUTUPYIONIEH CPEIbl MPHU €€ JIOKAJIbHO-UHQIIATHOHHOM
pacrupernn (cm. [1]). Ecan nepBbie nBa aprymenTta Bbitekaor u3 skerpanodsmn OTO
K OOJIbIIMM 3HEPTUsM, TO TOCJeIHuil siBisiercst BHyTpenauM cpoiictBom OTO u Hu-
KaK He OrpaHnyeH macmradavu dHepruii. CyIlIiecTByerT TakKe P/l KOCBEHHbLT CBUIE-
TEJIbCTB B M0JIb3Y UHAMIAMUOHHON IMHAMUAKYA BOIBIIIOro B3PhIBA: IJIOCKOCTHOCTH 3-IIPO-
CTPAHCTBA, MOPE PEIUKTOBLIX (DOTOHOB, OCTABIIIUXC [OC/IE pacnaia uadIATOHA, U JP.

Baxmneiimue muaamudeckne cBoiicTBa BeeneHHOM MBI y3HAEM M3 OMUCAHHS TEOMET-
puu B epBoM nopsiake. LoBopst 0 Beenennoit, Mpr mogpasymeBaem xab0I0BCKUiT TTOTOK.
Coznanne Bceenenmoit — 310 co3danue xabOIOBCKOTO TOTOKA. IIPOTHBOMOMOKHBIN eMy
poriece pa3pyuwenus xabOI0BCKOr0 IOTOKA Mbl HA3bIBAEM I'PDABUTAIMOHHON HEYCTOWYH-
BOCTbHIO ¥, B KOHEYHOM CUeTe, 00pa3oBaHmeM CTPYKTYPhbl BO BceemeHHoii.

'paBuTannonHasi HEyCTORYUBOCTH MOXKET JUHAMUYECKHU PA3BUBATHCSA TOJIBKO B HEPe-
JISTUBUCTCKON CPEJIe, COCTOAMIEN 3 CIab0B3anMOIEHCTBYIOIINX YACTHIL, TTOCKOJIbKY Ha-
JInYve JABJIEHUS MPEMsITCTBYeT POCTY HEOMHOPOIHOCTeH mioTHocTH. B mameit Beesen-
HOIT posh Takoii cpeabl Bemoaager TM. Onnaxko morapudMuYecKuii pocT KOHTpACTa
mwrorHoctu TM Ha crajgum AOMUHMDOBAHWS PAJAMAIUU HEIOCTATOYEH /i PA3BUTUS
cTpykTyp. i yckopenus Temma pocTa BO3MYIIEHUN HEOOXOAMMO JOMUHUPOBAHUE Ca-
Moit TM, 4To Hen30eKHO HACTYMAET B HEKOTOPBIH MOMEHT BPEMEHH B CHJIy TOTO, UTO
m1oTHOCTH TM yMeHbIaercs: Mesjiennee, 9eM MIOTHOCTh PaINalIlii.

Onnako ecnm Bo Beenennoit cymectByor apyrue (bopmbl Mmatepun ¢ 3hdeKTUBHBIM
OTPHUIATEIHHBIM JABJICHHEM, TO UX IJIOTHOCTH SHEPTHUIl N3MEHSIOTCS CO BPEMEHEM eIIe
venmerree, gem y TM, u a3t GopMbI paHO UM MO3IHO MPEKPAITAOT CTATUI0 JOMUHN-
poBannsa TM m ocTaHaBIMBAIOT pa3BUTHE T'PABUTAIMOHHON HeycToitunBocTu. Menno
TaK ¥ TPOMCXOINT B Harmeil Bcemenwoii. 3.5 MJp. JieT Ha3aj, KOTAA MIOTHOCTH T
HaYaJIa, AMHAMUYIECKN JOMHHUPOBATL BO Beesennoit®, Hawasoch HECHENTHOe Mo MepKaM
TEKyIero xabbJI0BCKOrO Pajuyca 3aKPbITHE OKHA TPABUTAIMOHHON HEYCTONYIHUBOCTH.
Cam mpotiecc moJaBaeHusi pocTa JIUMHEHHBIX HEOJHOPOIHOCTEH PAa3BUBAECTCS 33 BpeMs
JuHaMugeckoro siugnug T, koropoe cocrasiser Hy LSS 4 MJIPJ. JIeT.

KpanToBO-TpaBUTAIIMOHHAST TEOPUsT TEHEPAINNNd KOCMOJOTUYIECKUX BO3MYIIEH
mioTHOCTH Oblia cozmana B 1980 1. [5, 6] u BbIIeprkaia WcnbITanue BpeMeHneM. [eii-
3eHOEPrOBCKOE COCTOSIHUE JIEMEHTAPHBIX TAPMOHUYECKUX OCIUJLIATOPOB C UMITYJIHCOM
k, onwmchIBaOUX 3BOJIONUIO0 CKAIAPHBIX CTEIEeHei CBOOObI BO3MYINEHUI KPUBU3HBI

4Hauansubiit dusnvecknii pasmep BuguMoit Beenennoi apHO_1 ~ 1073 cM coBmagaer mo mopsaKy
BEJIUYUHBI C CETONHSIIHEH JIIUHON DPEeTMKTOBOTO KBAaHTA, KOTOPBIA, B CBOI O4Yepe]lb, COINOCTABUM C
COTYTCTBYOIIMM TIJIAHKOBCKMM MaCIITaboM Zpa;l ~ 1072 cm, rae a}_jl ~ 103! - makcuMamBHBIT
dakTop pacmupenns Bcemennoit B pexkume (20) 3a Bce BpeMs xusnu Beemennoit (Holp)~ 1t = 1061,
DTa OIeHKa BCeIsIeT HAJeXKJy, 9TO B HADJIOJATENbHBIX JAHHBIX MOXKET COJIEepXKATbCSI HHGOpMAINs
0 Havase WHOJISIMOHHONW CTaJ U BOJIBIIOr0 B3pPHIBA.

5IIpu sTOM mapaMeTp < HepeceK ypoBeHb v = 1 HEeCKOJNBKO paHee, OKOJO 7 MIAD. JeT Ha3ajl.
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B reomerpun OpuaMana, COOTBETCTBYET HAYAJIBHBIM BAKYYMHBIM (DIYKTYAIUSIM TIJIOT-
HOCTH B OJHOPOJHON rpaBUTHpYyOMeH cpeme. IlpuaunmHoit poxKIeHns BO3MYIIEHUS STBJIA-
eTCsl TPABUTAIMOHHOE 1MoJie Xab0JIOBCKOrO MOTOKA PACIIMPSIONIENcs: MaTepun, KOTOPOe
MapaMeTpUIecKu BO3IEHCTBYET HA d/IeMEHTAPHBIE OCITUIIITOPEI. HeomHopoaHocTn Kpu-
BU3HBI B reoMeTpun @puaiMaHa OMUCHLIBAIOTCS TeOprel 6€3MacCOBOTO CKAISAPHOTO OISt
U TPEJICTABJISIIOT T€M CAMBIM OIPOMHBIN WHTEPEC, MOCKOJIBKY, C OIHON CTOPOHBI, MMe-
eTcsl XOPOIIO MOHUMaeMasi (PU3UKA UX TMPOUCXOXKICHUS, a ¢ APYTOH — OHU MOCITY KN
3aTpaBKaMu jisi 0Opa30BaHUsA TAMAKTHK W HAOIIOIaeMOil KPYITHOMACIITAOHOW CTPYK-
Typsl Beemennoii.

Poxiennbe mapamMeTrpuyeckuM 00Pa3oM KOCMOJIOTHYECKHUE MOJIs BO3MYIIEHUH 00-
JIATAIOT TEJIBIM PSIIOM XapaKTEPHBIX MPU3HAKOB W CBOWCTB, KOTOPHIE TTOITBEPIKIAOTCS
nabmogerusamu. [Ipexk e Bcero, 310 Habaodaembie CIyUaiiHas TPOCTPAHCTBeHHAS (a3
U rayCccoBa CTATUCTHKA JOTATAKTUICCKAX BO3MYINEHUH 1o mioraocTr. /lannoe cBoii-
CTBO M3HAYATBHO MPUCYIIE CKAJAPHBIM BAKYyMHBIM (DIYKTYAIIUAM, U OHO AUHETHbLM
00pa3oM mepesaeTcs POKICHHBIM HEOTHOPOIHOCTSIM KPUBU3HBI U CBA3AHHOMY C HUMU
moJti0 ToTHOCTH. [Ipyroit (bakT — BhIgesenHas BpeMeHHAs (a3a CKAIAPHBIX HEOTHO-
POIHOCTEI, COOTBETCTBYIOMIAS PACTYINEH BETBU IBOJIONUU. JTO OOIMEe CBONCTBO 3a-
TPABOYHBIX BO3MYIIEHUI MJIOTHOCTH JJist 00OPAa30BaHUsT KOCMOJOTHYECKON CTPYKTYPbI,
6bL10, nO-BuAMMOMY, Brepsble npezackasano A.Jl. Caxapossim B 1965 1. [12]. Oana-
KO JIOJITOEe BPEMsi OCTaBAJICs OTKPBITBIM BOMPOC, KaK (BU3UUECKH 0DOpa3yercs WMEHHO
PACMYU,aA MOIA JTUHEHHBIX BO3MYIIEHNWH KPUBU3HBI C JOCTATOYHO OOJIBIION aMILIATY-
noit (~ 107°) m3 TmepBOHAYATBHO CAYHAUHHLT NO 6pemenHoti dase W HIITOKHBIX TIO
BeJIMYMHE BaKyyMHBIX (bayKryanuii miorHocTd. /JaHHoe CBOWCTBO BHYTPEHHE MPUCY-
e caMoMy mapaMerpudeckoMy 3(hdeKTy, yCUIUBAIIEMY MoAbK0 PACTYINEE PelieHne
JI0 IPAKTUYECKU NPOU3BOALHOT AMIIUTYIbI (HO MEHbIIel eJMHUIIbI) B 3aBUCUMOCTHU OT
KOCMOJIOTMYIECKUX TapaMeTpoB xab0aosckoro notoka H u v (cm. (5)). Dro Baxkueiimee
CBOICTBO TEOPUH MOATBEPIKIAETCS HADIIOTAEMBIMH 3BYKOBBIMU MOIYIAIUSME CIIEKTPOB
MOIIIHOCTU BO3MYIIEHUIl TJIOTHOCTH W PEJINKTOBOTO W3JIYIEHUS.

Yacro nepeanciennbie GhakThl CBA3bIBAIOT ¢ uHdusueii. Oaaako 31o He Tak. Cay-
4a{IHaA TPOCTPAHCTBEHHASA U JemePpMUHUPOEaHHAA BpeMeHHas (pa3bl POXKIEHHBIX HEOI-
HOPOJIHOCTEN SIBISIOTCS 6U3UMMOU KaPMO4kol KBAHTOBO-TPABUTANMOHHOTO dddekTa
pPOXKIeHUsT DE3MACCOBBIX MOJIEil, K KOTOPBIM MPUHAIERKAT S- U T-MOJIbI KOCMOJIOTH-
YECKUX BO3MYINEHUI. DTU JIBa CBOWCTBA MPUCYIIA AHObLM TUHAMUYECKAM DPEKUMAM
Xab0JI0BCKOTO PACITUPEHNs, BKA0YIasl, B YACTHOCTH, U UHQPIAITHOHHDIE.

Kakwue cpoiicTBa reoMeTpnn mepBOro MOPsIKa CBUAETENLCTBYIOT 00 HHMIATTMOHHOM
Bouibimom B3pbise?

Habsromaemoe BepxHee OrpaHuydeHne HA AMILIUTYIY KOCMOJOTHYECKUX TDABUTAIIN-
OHHBIX BOJIH, YKA3bIBAIOIIEE HA MAJIOCTh mapaMerpa -y < 1 B 3MOXy reHepaiuu BO3-
MYIIEHU, MOXKHO CIMTATH KOCBEHHBIM APIYyMEHTOM B MOJIb3y WH(DIANUOHHON paHHEeH
Beenennoit. OkonuaTenbHOe JOKA3ATEIHLCTBO TIEPBUYHON HHMIIAIUKE 110 MEPBOMY I0-
PAJIKY TEOMETPUU CTAHET BO3MOXKHBIM TOJBKO TMOC/e 0DHApyzKeHus: T -MOJIbI KOCMOJIO-
TUYECKUX BO3MYIIEHWI W MPOBEPKU TEOPETUYECKHU MPEICKA3AHHON CBS3M TOKA3ATENsI
HAKJIOHA T -CIeKTpa C BEJIUYUHON mapaMerpa r =~ —2np. ITO MOKET CIYUUTHCS yiKe
B OsimzKaiiniee BpemMs pu 00PabOTKE TaHHBIX KOCMUYECKUX IKCIIEPUMEHTOB MO U3Mepe-
HUIO aHU30TPOIUHU U TOJSIPU3ANNNA PEJUKTOBOIO U3aydenns. HamoMauM B 3TOH CBA3M,
9TO MpocTeifinas MoIens HHMAANUNT HA MACCUBHOM CKAJISIPHOM TIOJIE TIPEICKA3BIBACT Be-
JIMYWHY T° BCETO JINIITh B YeThIpe pa3a, MEeHbIIYI0 TEKYIIEro BepXHero orpannvennus [13].

YacTo B KavuecTBe A0KA3ATEIHCTBA WHQDIAINN TPUBOIAT HADIIOIAEMYIO TIOCKYIO
dopmy S-cnekrpa (ng ~ 0). HanoMuuM, 4T0 TaKO# apryMenT HeKOpPeKTeH: uHdIaIm-
OHHBIE MOJIEJIU TIO3BOJIAIOT MOy YUTh NPOU3EOALHBLT HAKIIOH S -CIEKTPa B 3aBUCUMOCTH
oT 3HadeHus mapamerpon. [Ipyroe meno — T'-crekTp: OH Beerja O6JHU30K K ILIOCKOMY B
UHOIAIUOHHBIX CIEHAPHUAX U €0 HAKJIOH JKECTKO CBsI3aH ¢ r-mapaMerpom. [losromy
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Puc. 3. Okpecraocrs Habmonarenss B koopaunatax (a, |x|). Cunas auHms — Xab0I0BCKMIA
PaImyC, KpackaA — CBETOBOH KOHYC IPOMIJIOrO, M — KOHeN mepBmuHOd, E — mawamo HOBON
uHO AN, ko_l — pa3mep GpUAMAHOBCKOTO MHUpa

obuapyzkerne T -MOIbI ABUIOCH ObI IPAMBIM JOKA3aTEJILCTBOM (/M OMPOBEPIKEHUEM )
MePBUYIHON UHQIAINN.

[MpesenbHO BO3MOXKHASI TEOMETPUYECKAS IKCTPAMONAINS K MOMEHTY OKOHYAHWST WH-
dbasiumorHoro BosbImoro B3phIBa 1/WiM HAYANy DATAAIMOHHO-JIOMHHIPOBAHHON CTa-
UV PACIIUPEHUsi JOCTUTAETCS MPHU YCIOBUU TOTO, YTO AMILIATYAA KOCMOJOTHUECKUX
IPABUTAIMOHHBIX BOJIH HAXOJAUTCS BOJIM3W HADJIIOIAEMOTrO BEPXHETO OTPDAHMIEHUSA:

HMp — 10'° 5B > 10~%a~" sB. (23)
Orciofa moydaeM OIeHKY MUHUMAJIBHOrO Maciirabuoro dpakropa Beenennoii
Qmin ™~ 10729;

U MUHUMAJIbHOIO Xab0JI0BCKOro (COyTCTBYIOIIEro) paauyca BceseHHOW K MOMEHTY
okoHuYaHWsT WHQIATNN
kol=(aH) L ~1wm

min

Taxkum obpazom, HAOTIOZATETHLHAS KOCMOJIOTHS JA€T YHUKAIbHYIO HHMOPMAIINIO He
TOJMBKO O (PUBNKE BBICOKUX IHEPTHi, HEJOCTYMHBIX YCKOPUTETLHBIM IKCIEPUMEHTAM.
C ee nomonpio nposepsiercs Teopus rpaButanuu Ha 30(!) nopsakoB 10 MacmTabHOMY
daKTOPy M SHEPreTHIECKON IITKAJIE, UITO SABISIETCS OECIPEeIeIeHTHBIM OMBITOM HAYKH.

HabmiomaTenbHbIX OCHOBAHWI M1 TaJbHEATIeH SKCTpanoasannm K 60j1ee BHICOKUM
suepruaM, e (23), y Hac noka uer. Mbl He 3HAEM, CKOJILKO JITHIACH MOCIEIHAA CTa s
uHMIAIIOHHOrO B3PbIBa, (MX MOIJIO OBITh HECKOJBKO), KOTOpAas CreHEepUpOBaja KOC-
MOJIOTHYIECKNE BO3MYIIEHHUSA s 0Opa3oBaHus HAOIIOMAeMOil CTPYKTYphbl BcemenHoii.
Ecnm npomomKuTeIbHOCTE 3TO# cTaauu ObLIa He 09eHb OOJBINON, TO CAeIbI JOWHMIIA-
[IUOHHON JTUHAMUKU JOJI’KHBI MTPOSIBUTHCS B aHOMAJIUAX KPYIMTHOMACIITAOHOTO CIIEKTPA
HEOTHOPOIHOCTEl, B YaCTHOCTH B KBAJIPYIOJIHHOM aHoMa un. ToOIHAsT KOCMOJIOTHST CITO-
cobHa Oymer mposiICHUTE U 3TOT BOMpOc. Puc. 3 uinmrocTpupyer 001aCTh IKCTPATIOISIIIUT
HaAOIIONATETBHOR KOCMOJIOIUH.
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YpoKM 3KCTpamodnny 00OraIaoT Hac 3HaHUsSMU 00 ucTopmu Bceenennoit m mo-
ryT ObITh IPUMEHEHBI, B TOM 9HCJIe, U JJisd IKCTpanosiun B Oyayiiee. CyiecrsoBanue
MHQIATHOHHOI cTaaun B panHeil BeenmerHoi moacKka3biBaeT pa3raaky pU3nIecKoi mpu-
poxbr TO.

HeiictBurennbuo, 3a 13.7 Map. jeT cBoero cymectBoBanns Beenennasg mporiia mo
Kpaifneii Mepe odny paamarmonnyio (7 = 2) u oduy mMarepuaibHyo (v = 3/2) cra-
JUH, HO 06a#C0b, HAXOMUIACH B cocTognuu uHdIsuu — nepsudanoii (Bosbimoii B3pbis)
u nosoit (TI). Ipa — 310 yxke nosropenue: craguii ¢ 7 < 1 Morsio GbiTh u GOJIbIIIE,
u (uzmueckue MPUIMHBI UX BO3ZHUKHOBEHWSI W PAchaja MO ObITh CXOXKUMHU. AHa-
JM3UPYS KPyMHOMACMTAaOHY0 CTPYKTYpy Beesmennoit n mpomyKThl pacta/ia mepBruaHoMl
uadaanuu (peauKToBble (POTOHBI, GAPUOHBI U Jp.), Mbl udydaeMm (bUBMKY KOHUQ WH-
daamuonnoii craann Bosbmoro B3peiBa. B To e Bpemsi MBI BCE CBUIETETH HAY%AAL
HOBO#l cTaann WHOIAIAN, yIpaBadeMoil TemHoi sueprueii. [Ipeamonaras cxoxue ¢u-
3UYECKUe TPUIUHBI 00erX CTaIUil, MbI TPUXOIUM K BBIBOJLY, YTO KaXKIas U3 HUX UMETa
CBO€ HAYaJ0 U CBOI KOHEI.

[TponsmiocTpupyem 3TO Ha TpUMepe C1ab0B3aNMOIEHCTBYIOINX MACCHBHBIX TOJIEH €
PA3HBIMU HAYAJBHBIMU 3HAYEHUAMY 1 Maccamu. Kaxgast nHQIIATNOHHAST CTAIN HAYN-
HAETCS C JIOMUHUPOBAHUS OYEPETHOTO MACCUBHOTO TOJIsl, TIPOTEKAET B PEKUME ME/ITICH-
HOI'O CKATHIBAHUS U 3AKAHYMBAETCS [IEPEXOJI0M B CTAAMIO OCHMLIANMI (JIOMUHUDOBAHMS
HEPEJATUBUCTCKUX YaCTUIL JAHHOIO [0JIs1) UK PACHAIO0M Ha MAJIOMACCUBHbIE YACTHUIIbL.
K nauasy ovepenroit HHMIAIMOHHON CTaINH COOTBETCTBYIOIIEE TTOJIE «3aMOPOYKEHO» 1
€ro MJIOTHOCTh MPAKTUYECKN HEOTININMa OT KOCMOJOIHYecKoil moctosHuoil. B xome
JIOMUHUPOBAHUS TIOJIE «OILYIIAeT, BO3JAeHCTBAE COOCTBEHHOM TPaBUTAIINN, TPUXOUT B
JIBUZKEHUE U Apeiidyer K TOUKe PABHOBECHs. DTOT JUHAMUUECKUI MEPEXO/ OT COCTOsI-
HUsg A-djieHa K MeJJIEHHOMY CKATBIBAHUIO MPOUCXOIUT B T€UEHHE OMHON XabOJIOBCKOM
STOXU B HAYAJIE JTAHHOW cTaaun UHQIAINN.

B stom mpumepe ncropus Beenenmoit mpeacraer mcropueil BOSHUKHOBEHHUST W Pac-
naja (peakcanuu) MacCUBHBIX T0Jei. TS MOXkKeT ObITh OJHUM U3 TAKUX MACCHUBHDBIX
nosieii. OHa IPUHIIMIUAIBLHO HE OTandaeTcs oT undarona B panneii Beenennoit, nmest
[0 CPABHEHWIO C HUM JIMIIH Jpyrue 3nadenHus napamerpoB. OTmerum, 9o nepBas xab-
6si0BCKast smoxa JoMuHnposanus TO ermne He mpornia, oHa TOJIHKO HACTYNWIA W OyIeT
nanthes erme 13 mup. get. Tem me Meree HaiTH HADMIOATETHHBIE CBUIETEIHCTBA IBO-
grorn TS mpencraBiasieTcss HaM BO3MOXKHBIM (cM. [1]).

3akJiroueHue

[Ipobmema obpa3oBanms HAYATLHBIX KOCMOJOTHIECKUX BO3MYIIEHUI U KPYIHOMAC-
mTabHo# cTPYKTyphl Beemenmnoit ceronusa B mpunnuie pemena. opMupoBaHue KpyIi-
HOMACHITAOHON CTPYKTYphl Bcenenmoil MpoMCXOAUT B pe3ysibTaTe COBMECTHOTO Ieii-
CTBUS JBYX COBEPIIEHHO PA3JUYHBIX (DU3MIECKUX MEXaHU3MOB: 3(DGEKT KBAHTOBO-
IPABUTAIMOHHOIO POXKIEHHsT 6€3MaCCOBLIX MoJeil B pammeii Beenenmoit obecnednBaer
[IEPBUYHBIE BO3MYIIEHUS [JIOTHOCTH, & IPABUTAIMOHHAS HEYCTOWYUBOCTH IPEBPAIIAeT
ux B CTpyKTypy. Ilpudem mociesree mpoucxonuT TOIBKO B TOM Ciydae, ecau Bo Bce-
JIEHHON TOMWHUpYET HepeasTUBHCTCKas marepus. Takum obpazom, mjsi oOpa3oBaHust
HEJIUHEIHONW CTPYKTYPbI HYKHBI, BOOOIIE TOBOPS, ABA YCJIOBUS: HAJTUIHUE JJIUTETHHOTO
MaTepruaibHO-TOMIHIPOBAHHOTO MEPUOA U HEOOXOANMast HavaabHass aMIITyaa BO3-
mymennii. B marmeit Becenenmoit o6a ycmoBus BbIMOMHEHBI. [[ogaepKHEM, ITO 9TO BBITO-
HEHUE HUKAK HE CBA3aHO C AHTPOIHBIM IIPUHIIAIIOM, IIOCKOJIbKY ycIoBre (pOPMUPOBAHUSA
3BE3/T B HEMUHEHHBIX Tajgo TM BRINISINT COBCEM TO-IPYTOMY: pr <K pb S M -

Jlpyroit yIuBUTEIHHBII TOAPOK TPUPOIBI COCTOUT B TOM, 9TO B HACTOSAIIEE BPEMS B
CTIEKTPE PETMKTOBOTO U3JIYIEHUsT MBI MOYKEM BOOUHIO HAOIIOIATH BO3MYIIEHHST, OBIBITIIE
KO[JIa-TO KBAHTOBBIMEU. DTO, KPOME BCETO MPOYEro, TOKA3BIBAET, 9TO HAIN (DU3UUECKIE
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MIPEJICTaBJIEHNs O MUKPOMUDE OCTAIOTCA CIpPaBeIJIMBBIMU BIJIOTH JI0 TEPUOIa, KOTAA
MPOUCXO/IUTIA UHTEHCUBHAS reHeparus Bo3myineruit. OKoOHYATETbHOE MOATBEPIK/ICHIE
Teoprs KBAHTOBO-TPABUTAIIMOHHOTO POXKICHUSA BO3MYINEHNH B panneil Beemennoit mo-
JIVIUT TIOCJI€ OOHAPYZKEHUsT T -MOJIbI, UTO MOYKET MpPOU30HTH yike B OyimsKaiiniee BpeMs.
CoBpeMeHHbIE WHCTPYMEHTBI ¥ TEXHOJOTHH BIIOJIHE CIIOCOOHBI PEITUTDH 3371a9y O Peru-
CTPAIUHU CTOJIb MAJIBIX CUTHAJIOB IO JTAHHBIM HAOJIIONEHNH AHN30TPOIINH U MTOIAPU3AIUT
PEUKTOBOIO U3J1y4eHUsd.

Pa6ora sbionnena npu dunancosoit nomgepxkke PODU  (upoekr Nt 09-02-
12163 _odwu) u @I «Hayunble u HAYYHO-NIEJATOTHIECKUE KAAPbl MHHOBAIMOHHOI
Poccuny» (rockonrpakt Ne T11336).

Summary
V.N. Lukash, E.V. Mikheeva. Pillars of Physical Cosmology.

The article deals with the achievements in physical cosmology based on the standard model
of the Universe, and its development.

Key words: cosmological standard model, primordial cosmological perturbations,
formation of structure in the Universe.
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