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hmax

Puc. 3. (a) OTkioHeHHE (POTOHOB, MPOXOIAIIMX Yepe3 ropsioBuny KH (duciaMu moka3aHbl BeJUMYMHBI MPHUIEIBHBIX apaMeTpoB). (6) 3aBUCUMOCTH
MHTEHCUBHOCTH CBeTa Ij;, mpoxo/siiero yepe3 ropjosuny KH, ot npuneasHoro napamerpa h.

DT0 pacnpenesieHe UHTEHCUBHOCTH 110 /I IMEET MUHIUMYM
npu Hys1eBoMm npurensHoM mapametrpe (ITIT) m mMakcumym
npu MakcumaibHbIX I1I1, COOTBETCTBYIOIIUX IIUPUHE TOP-
noBunbl KH, mpuyeM 3TOT pe3ysIbTaT HE 3aBUCUT OT IJIMHBI
BOJIHBI CBeTa, IIpoxoasiero yepe3 KH.

XapakrtepHasi kpuast 1uist I, (h) mpeacraBiiena Ha puc. 36.
Ona cootBerctByeT KH ¢ merpukoii (1). Takum o6pazom,
HaOJIFOIaTe b YBUAUT KOJIBIO CBETA C PE3KUMHU BHEIITHUMHU
KpasiMH ¥ Pa3MBITBIMH BHY TPEHHIUMHE KPasiMU.

Ipu moCTaTOMHOM pa3pericHnd HaOJFOIaTeIbHBIX IPH-
GOpOB 3TOT (aKT IMO3BOJHUT OTJIHUYUTH KPOTOBBIE HOPBI OT
YEPHBIX JBIP, HAIIPAMED, B AKTUBHBIX SIPAX AIaKTHK.
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Temuasi MmaTepusi: OT HAYaJIbHBIX YCJIOBHIi
710 00pa3oBanusi CTPYKTYpbl Beesiennoii

B.H. Jlyxam, E.B. Muxeepa

1. "Ilpunecu To, He 3HaIO YTO"

MBI CTOMM Ha MOPOTe OTKPBITHUS, CIIOCOOHOTO HU3MEHUTh
CyTh HaIlUX MpeAcTaBiieHui o Mupe. Peub unet o npupone
TEeMHOU MaTepuu.

B nocneanue roapl acTpoHOMHSs clenaja BaKHeHIue
maru B HaOJIIOJaTeIbHOM OOOCHOBAHUM TEMHON MAaTEpHH,
U CErOJHs CyLIECTBOBaHHUE TAKOIO BelllecTBa BO BeesneHHoM
MOXHO CUMTATh TBEPJIO YCTAHOBJIEHHBIM (pakTom. Ocoben-
HOCTb CUTYallUd COCTOUT B TOM, YTO ACTPOHOMBI HA0.110-
O0arom CTPYKTYpPBI, COCTOSIIME U3 HEU3BECTHOTO (PU3MKAM
BerecTBa. Tak BO3HUKAJIA TpoOJieMa UACHTU(PUKALUHT (PU3H-
YECKOU MPUPOABI 3TOU MaTEPHH.

© B.H. Jlykamu, E.B. Muxeesa 2007
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CoBpeMeHHOI (U3UKe 3JIEMEHTAPHBIX YaCTHUI] HEM3BECT-
HBI YaCTHIIBI, 00J1aAa101I1e CBOHCTBAMH TEMHOT'O BEIIECTBA.
Tpebyercst pacmmpenne CtanmaptHoit Mmogenu. Ho kax, B
KaKOM HaIlpaBJICHUU JIBUTAThCS, UTO U Tie uckaTh? CrioBa u3
WU3BECTHOU PYCCKOM CKa3KH, BBIHECEHHBIE B 3ar0JIOBOK 3TOTO
paszena, Kak HeJIb3sl JIy4llle OTPaXaroT TEKYILYIO CUTYAIHIO.

OU3NKN MINYT HEU3BECTHBIC YACTHUIBI, MMeESl TOJBKO
o01me MpencTaBlieHdss O CBOWCTBAX HaOJIomaeMoi mare-
puu. KakoBsl e 311 cBOMCTBA?

MpbI 3HaeM JIMIIb TO, YTO TEMHOE BELIECTBO B3AUMO/ICH-
CTByeT co cBersimmmcsl (6aproHamMu) TpaBUTAIMOHHBIM
00pa3oM U mpeAcTaBiisieT COO0M XOJOAHYIO Cpely ¢ KOCMO-
JIOTUYECKOU TJIOTHOCTBIO, B HECKOJIBKO Pa3 MPEBBILIAIOIIEH
IJIOTHOCTh OapnoHOB. BeiiencTBie cToIb MPOCTHIX CBOWCTB
TeMHasi MaTepus MPSIMO BIIMSET HA Pa3BUTHE IPABUTAIMOH-
HOro mnorteHnuasia Bcenennoil. KoHTpacT ee mioTHOCTH
yCUJIMBAJICS ¢ TEYEHUEM BPEMEHU, IPUBOAS K 00pa30BaHUIO
TPaBUTALMOHHO-CBSI3AHHBIX CHCTEM TaJl0 TEMHOIO Belle-
CTBa.

Crenyer noJ4epKHYTh, YTO 3TOT MPOLECC I'PABUTAIIMOH-
HOW HEyCTONYMBOCTH MOT OBITH 3alyllieH BO (ppUIMAaHOB-
ckoil BcenleHHOH TOJIBKO MPU HAJIMYMK 3aTPABOYHBIX BO3MY-
LIEHUH IIOTHOCTH, CaMO CYIIECTBOBAHIE KOTOPLIX HUKAK HE
CBSI3aHO C TEMHOW MaTepueil, a OOyCIIOBJIEHO (PU3UKOU
Bosbmoro B3peiBa. [loaToMy BcTaetr mapyroil BakHEWIIIHA
BOIIPOC O BO3HUKHOBEHUM 3aTPAaBOYHBIX BO3MYIICHHN, W3
KOTOPBIX pa3BHJIACh CTPYKTypa TEMHOM MaTepHUH.

Bomnpoc o renepanuu HayaJbHBIX KOCMOJIOTHYECKUX BO3-
MYIIEHUH MBI PACCMOTPUM HECKOJIBKO MoO3aHee. A ceityac
BEPHEMCSI K TEMHOU MATEPHH.

B rpaBuTanuoHHble MBI KOHIIGHTPAIM TEMHOW MaTe-
pun 3axBaThiBatoTcs OapuoHbl. [loaTOMy, XOTS YacTHIIBI
TEMHOW MaTepud U HE B3AaUMOJICHCTBYIOT CO CBETOM, CBET
HAXOJUTCS TaM, Ille eCTb TEMHOE BEILECTBO. DTO 3aMeya-
TEJIbHOE CBOMCTBO T'PABUTAIIMOHHOW HEYCTOWYMBOCTHU CJie-
JIAJI0O BO3MOXHBIM HW3YYCHHE KOJIMYECTBA, COCTOSHHS W
pacmpesieJieHuss TeMHOW MaTepHd IO HAOJIOJATeIbHBIM
JIaHHBIM OT PagUOJMAaria30Ha 10 PEHTIC€HOBCKOI'O Uaria-
30Ha.

HeszaBucuMmbIM NOATBEPXAEHHEM HAIIAX BBIBOJOB O
CBOMCTBAaX TEMHOW MAaTepUu W O APYrux mapamerpax Bce-
JICHHOM CiIyXaT JaHHble 00 aHM30TPONUM U MOJISIPU3ALNU
PEJIMKTOBOTO WM3JIyYEHHS, O PACIHPOCTPAHEHHOCTU JIETKUX
9JIEMEHTOB BO BcesieHHOM, 0 pacnpeeseHuy JIMHUHA TOrJjI0-
IIICHHsI BEIIECTBA B CHEKTpaX IaJiekux KBa3apoB. Bee 001b-
LIYIO POJIb UTPAET YHCICHHOE MOACITNPOBAHNE, 3aMEHHBIIIEE
co0O0ll JKCMEPHUMEHT B KOCMOJIOTMYECKHAX HCCIIETOBAHUSIX.
Llenneiinias wHbOPMAIHS O pACHpeC/ICHHd TEMHOTO Be-
IIECTBA COJEPKUTCS B MHOTOUYKMCIICHHBIX HAOJFOAATEIbHBIX
JTaHHBIX O TPABUTAIIMOHHOM JIMH3UPOBAHUU JAJIEKUX UCTOY-
HUKOB OJIM3JIEKAIMMH CTYCTKAMU MATEPHH.

Ha pucynke 1 moka3aH y4acTok Heba B HAIpaBJICHUM HA
OJIMH U3 TAKUX CTYCTKOB TeMHOM Macchl (~ 10'4My). Mui
BHUJIUM CKOILUICHHE TaJlaKTHK, 3aXBAaYCHHBIX T'PABUTAIMOH-
HBIM TIOJIEM 3TOTO CryCTKa, FOpSYMi PEHTIeHOBCKHUH Tas3,
TIOKOSIIMIACS Ha JAHE MBI I'PABUTALIMOHHOTO TOTEHIMAJIA, U
MHOECTBEHHOE U300pakeHHe OJHOW M3 TajakTuK (oHa,
OKa3aBIIeNcs Ha JIyde 3peHUs] TEMHOTO Tajio ¥ UCKaXKEHHON
€r0 TPAaBUTALMOHHBIM IIOJIEM.

B Tabisinnie 1 npuBeaeHbl CpeiHUE 3HAUEHHST KOCMOJIOT U~
YEeCKUX MapaMeTpOB, TMOJYYEHHbIE U3 aCTPOHOMHYECKHX
Habmonennét (TouHoctb 10 %). OueBHMAHO, cCyMMapHas
IJIOTHOCTh 3HEPrUM BCEX BMJIOB 4acTHUIl BO BcesieHHOH He
npesbimaeT 30 % NmoIHONW KpUTHYECKON MIOTHOCTH (BKJIA[

Puc. 1. ®ororpaduss Heba B HANpaBJICHUM HA CKOIUICHHE TaJIAKTHK
0024 + 1654, nosryuennas Ha teseckorne "Xa66a".

Ta6mua 1. OCHOBHBIE KOCMOJIOTHYECKHE TTapaMETPhI

TTocrosinnas Xab61a h=0,7
TemnepaTypa peTMKTOBOTO U3JTy4CHUS T=2725K
KpuBu3Ha npocTpaHcTBa Q,=0
Kocmomnoruyeckas IiI0THOCTh OAPHOHOB Qp = 0,05
KocMmosornueckast IiI0THOCTh TEMHON MaTepHH Qpy = 0,23
KocMmosornueckast IIIOTHOCTh TEMHOM SHEPr UK Q=07
HaxJ10H ciekTpa BO3MyIIEHUH IJIOTHOCTH ng = 0,96

HEUTpUHO He Oo0Jiee HECKOJIBKHUX IMPONeHTOB). OcTaJibHbIC
70 % wuaxonstcs B (popMe, He NMPUHUMABIIECH ydacTwsi B
TPaBUTALIMOHHOM CKYYMBAHUU BeIeCTBa. TakuM CBOU-
CTBOM 00JIaJaeT JIMIIb KOCMOJIOTHYECKasl OCTOSIHHAS MU
ee 000OIIeHHE — cpella ¢ OTPULATENIBHBIM JaBJICHUEM
(le+p| < &), nomyunBmrass HaszBamme 'TemHast dHeprust'.
OrnpesesieHre MPUPOIbI TOCIEAHEN SBIJISIETCS TaIbHEH nep-
CIIEKTUBOU pa3BUTHUS (PUBHKH.

JaHHBIN TOKJIa TIOCBSIICH BONIpocaM (pU3UYECKOU Koc-
MOJIOTHH, PEIeHUE KOTOPBIX OKUAAETCs yXKe B OJvpKaime
rompl. B mepByro ouepenb 3TO KacaeTcsli OIpeeICHUs
HAYaJbHBIX YCJIIOBHH Ui 00pa30BaHUsl CTPYKTYp TEMHOU
MaTepUH U MOUCKA CAMUX HEU3BECTHBIX YACTHII.

2. Pannsasa Bcesiennasi u no3ansas Bceeennas
HabGmromaemast cTpykTypa BceslenHOW — pe3ysibTaT COB-
MECTHOTO JICWCTBUS CTAPTOBBIX YCIOBHIA W SBOJIFOIIH OIS
BO3MYIIeHUH wioTHOCTH. COBpEMEHHbIE HAOIIOIATEIbHbIC
JIAHHBIC TIO3BOJIMJIM OMPEJCIIUTh XapAKTEPUCTUKH IOJIS
BO3MYIIIEHUI TJIOTHOCTU B Pa3HbIE 3MOXU €ro Pa3BUTHS.
TeM caMbIM yIaJIOCh pa3aeuTh UHPOPMAIMIO O HAYaJlb-
HBIX YCJIOBHSIX WU 00 YCIIOBHUSX DPa3BHTHSI, YTO TOJIOKIIO
HAYajJ0 HE3aBUCHUMOMY HCCJICIOBAHUIO (DU3UKU paHHEH U
no3aHel BeeneHHOM.

ITon tepmubom "panusst Bcesennas" B coBpeMeHHOI
KOCMOJIOTUU TIOJPa3yMEBAIOT 3aKJIFOUYUTEIbHYIO CTaJMEO
YCKOPEHHOTO DPACHIMNPEHHs C MOCIEIYIOIUM TMEPEXOIoM K
ropsiueir ¢ase sBomronuu. Ham HEU3BECTHBI MapameTpbl
BoJbIoro B3pbiBa, UMEIOTCS TOJBKO BEPXHUE OTPAHUYCHHUS
(em. paspen 3, cootHomieHus (12)). OaHako CymiecTByeT
XOpOIIO pa3zpaboTaHHAsl TEOpHUs TeHepaAIlMA KOCMOJIOTHYeC-
KUX BO3MYIIEHUN, B COOTBETCTBUH C KOTOPOU MBI MOXEM
pPAcCCUATATh CHEKTPHl HAYATHHBIX BO3MYIIEHUH IMJIOTHOCTH
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BEILIECTBA U MEPBUYHBIX TPABUTANMOHHBIX BOJIH B 3aBUCUMO-
CTHU OT 3HAYEeHUI KOCMOJIOTHYECKUX TapaMeTPOB.

ITpuuuHBI OTCYTCTBUS OOIICTIPUHSATON MOJIEIM paHHEH
BcesteHHOM KpOIOTCS B YCTONYMBOCTH TIPEICKa3aHIA HHIIS-
OVOHHON mapaaurmMel Boibimoro B3peiBa — Oim3ocTH
TeHEPUPYEMBIX CIIEKTPOB K IUIOCKOMY BUAY, OTHOCUTEILHON
MAaJIOCTH aMIUIUTYIbI KOCMOJIOTMYECKMX T'PABUTAIMOHHBIX
BOJIH, TPEXMEpPHOW EBKJIMIOBOCTH BUIUMOUN BceneHHOU n
IIp., — KOTOPBIE MOTYT OBITH MOJIYYEHBI B IIIPOKOM KJIacce
napameTpoB Mozesieil. MOMEHTOM HCTHHBI JUISl TOCTPOCHUS
MoJenu paHHeld BceseHHON Morjo Obl CTaThb OTKPBITHE
KOCMOJIOTUYECKUX T'PaBUTALMOHHBIX BOJIH, KOTOpOEe MIpei-
CTaBJISIETCS. BOBMOXHBIM B CJIyYae YCIEIIHOTO MPOBEICHUS
MEKTyHAPOJIHOTO KOCMHUYECKOTo skcmepumenta "Planck",
KOTOPBIN JoJpKeH HavaThes B 2008 T.

Hamwm 3nanms o mosnueir BceenenHoil nuamerpajibHO
IPOTHUBOIIOJIOXKHBI. MBI pacrojaraéM JOCTaTOYHO TOYHOMH
MOJEIbI0O — 3HAeM COCTAaB MAaTEPHH, 3aKOHBI Pa3BUTHUS
CTPYKTYDBI, 3HAYEHUSI KOCMOJIOTHYECKHX MapaMeTpoB (CM.
Ta0J1. 1), HO B TO ke BpeMsI He IMeeM OOIIEIPUHITON TeOpHH
MPOUCXOXKICHHSI KOMITOHEHT MATEPHH.

N3BectHble HaM cBoiicTBa BUAMMOM BcesieHHON 1mO3BO-
JISIOT ONMCATh €€ FeOMETPUIO B paMKax TEOPHM BO3MYILE-
Huit. Manpim mapamerpoM (107°) gBisieTca aMmmmTyna
KOCMOJIOTUYECKHAX BO3MYIIICHUH.

B myneBoMm mopsinke Bcenennas siBiseTcst ppuaMaHOB-
CKOIl M OTHCBIBACTCS €IMHCTBEHHOW (DyHKIMEH BpeMeHH —
macitabueiM (aktopoM a(t). TlepBblil MOPSIOK YCTPOECH
HECKOJIBKO CJIOXKHee. Bo3MyllleHnsT METPHUKH SBJISIFOTCS
CYMMOIi TpeX He3aBUCUMBIX MO/ — cKaJisipHOH S(k), BeKTOP-
Holt V(k) n Tensoproit T(k), kaxkmas U3 KOTOPBIX XapaKTe-
pu3yeTcs cBoei CeKTpajbHOM (GYyHKIMEH BOJHOBOTO YnCIIa
k. CkayispHasi MOJa OIHCHIBACT KOCMOJIOTMYECKHE BO3MY-
LLIEHUs IJIOTHOCTH, BEKTOPHASI MOJIa OTBEYAET 32 BUXPEBbIE
JIBUKEHHS BELIECTBA, a TEH30pHAsi MOJAA — 3TO TPABHUTA-
[IMOHHBIE BOJHBL. TakuM 0Opa3oM, BCSI TEOMETPHS OMHCHI-
BaeTCs ¢ IOMOIIBIO YeThipex Gynkuuit: a(z), S(k), V(k) u
T(k), 13 KOTOPBIX CEro/IHsI HAM M3BECTHBI JIUIIb [IEPBBIC IBE
(B HEKOTOPBIX 00JIACTSAX ONPEICITICHHUS).

BoubIoit B3pbIB IpecTaBIIsI cOO0HM KaTacTpouiecKuit
mporecc ObICTPOTO PACIIMPEHHsI, COMPOBOXKAAEMBI HHTEH-
CHUBHBIM OBICTPOIIEPEMEHHBIM I'DABUTAIIMOHHBIM TOJIeM. B
Xo7ie KOCMOJIOTHYECKOTO PACIINPEHHS BO3MYIICHUS MeT-
PUKH CIIOHTAHHO DPOXIAIUCH HMapaMeTpUYeckuM oOpa3om
73 BaKyyMHBIX (PJIyKTyanuii, Kak poxaaroTcs JirooOble 0e3-
MAacCOBBbIE CTENeHH CBOOOIBI TON JSHCTBHEM BHEIIHETO
MIEPEMEHHOT0 TOJIsL. AHAJIN3 HAOIFOJATETHHBIX TaHHBIX CBH-
JIETEIbCTBYET O KBAaHTOBO-TPABHTAIMOHHOM MEXaHU3MeE
POXJICHUS 3aTPABOYHBIX BO3MYIIIEHHIA. TeM caMbIM KPYITHO-
MacitabHasi CTpyKTypa BceneHHOU SBIISIeTCS TpPUMEPOM
pemieHnust mpoOJieMbl M3MEPUMOCTH B KBAHTOBOW TEOPHHU
OJISL.

OTMETHM OCHOBHBIE CBOMCTBA POXICHHBIX MOJIEH BO3-
MYILCHUH: TayccoBa CTaTUCTHKA (CITyYaifHbIC pacpe e ICHAs
B NPOCTPAHCTBE), BbluejeHHas BpemenHas ¢asa ("pacty-
miast" BeTBb BO3MYIIEHHIT), OTCYTCTBHE BBIAEIEHHOTO MACIII-
Taba B IIMPOKOM JIMAIIA30HE JJIMH BOJIH, HEHYJIeBasi aMILIH-
Ty[a TPAaBUTANMOHHEIX BOJH. [lociennee nMeeT peraroriee
3HAYeHWEe IS TOCTPOCHUS MOJENM paHHeH BcereHHOI,
IIOCKOJIBKY, MIMesI IPOCTEHIITy o CBSI3b ¢ (POHOBOI METPHKOIA,
IpaBUTALMOHHBIE BOJIHBI HECYT NpsSMYI0 HHpopMaluio od
9HepreTuueckoM macirabde bompiioro B3psiBa.

B pesynbrate pa3zBuTus ckaJaspHOU MOILI BO3ZMYIICHHM
0o0pa3oBajiiCh TAJaKTHKA MU JApPYTHe AacTPOHOMHYECKHE

00BEKThI. BaXXHBIM JOCTHXEHUEM MOCJIETHUX JIET (IKCIIEpH-
menT WMAP (Wilkinson Microwave Anisotropy Probe))
CTaJIM CepPhE3HbIC YTOYHEHMsI HAIIUX 3HAHHUN [0 AaHH30TPO-
UM W TOJIIPU3AINU PEJUKTOBOTO W3IYYEHHs, KOTOPBIE
BO3HHKJIA 3aJI0JIT0O JIO TOSIBJICHUS TAJAKTHK B Pe3yJIbTaTe
BO3JICHCTBUsI Ha pachpelesieHrne (pOTOHOB BCEX TpeX MOJ
KOCMOJIOTMYECKIX BO3MYILICHUIA.

CoOBMEeCTHBII aHAJIN3 HAOFONATENBHBIX TAHHBIX O pac-
[IpeeICHIH FATAKTHK ¥ AHU30TPOIIHH PEIUKTOBOIO M3JTyde-
HUSI TO3BOJIUJ PA3JIEIMTh CTAPTOBBIE YCIIOBHSI U IBOJIFOIHIO.
Bocnosb3oBaBimcs yciaoBuem, uto cymma S+ V4 T =
~ 107! pukcupoBaHa BEIMUMHON AHM3OTPONMH PETUKTO-
BOTO U3JTyYCHHUs, MOXKHO MOJIYIUTh BEPXHEE OrPAHUYCHIE Ha
CYMMY BHXPEBOH U TEH30PHON MOJT BO3MYIIIEHHH BO BeeeH-
HOW (MX JETEKTHPOBAHME BO3MOXKHO JIMIIb C yBEJIMYCHUEM
TOYHOCTH HAOJIFOICHUN ):

y+1

5 < 0,2. (1)

B cnyuae, eciim Obl HepaBeHCTBO (1) OBLIIO HapyIIEHO,
BEJINYMHA BO3MYIIIEHUI TUIOTHOCTH OKa3ajach Obl HEJIOCTa-
TOYHOU JiJIs1 00pa30BaHUs HAOJIFOaEMOM CTPYKTYPHI.

3. BuauaJje ObL1 3BYK...

DddekT KBaHTOBO-TPABUTAIIMOHHOTO POXICHHS 0e3Macco-
BBIX MOJIEH XOPOIIIO H3yueH. Tak MOTYT pOXIAThCs YACTHIIBI
BemiecTBa (cM., Hanpumep, [1, 2]) (xoTs, B 4acTHOCTH,
penuKTOBBIE (POTOHBI BO3ZHUKJIM BCJIEACTBHE pacmaga Mpo-
ToMaTtepuu B paHHel Bcenennoit). Takum xe obpazom
MPOUCXOANT TeHEPAIUS TPABUTAIIMOHHBIX BOJH [3] 1 BO3MY-
LIEHUH NJIOTHOCTH [4], TOCKOJIBKY 3TH IOJISI TOXKE OTHOCSITCS
K 0€3MacCOBBIM U UX POXICHUE HE 3aIPEIICHO MOPOTOBBIM
SHEPreTUUYECKUM yCIIOBUEM. 3a/1aua O reHepallii BUXPEBBIX
BO3MYIIIEHUH eIlle XJET CBOUX UCCIIeOoBaTEIeH.

Teopust S- u T-mo BO3MYILEHUH BO (PpHUIMAHOBCKOU
BcenenHoil cBOIUTCS K KBAHTOBO-MEXAHHUECKOW 3aade O
HE3aBUCHUMBIX OCHMILIATOPAX ¢ (7)), HAXOISIIMUXCS BO BHELII-
HEM mapaMeTpuieckoM mnoJje o(y) B Mupe MHUHKOBCKOTO C
BPEMEHHON KOOPIUHATON 7] = f dt/a. deiicTBue u narpas-
JKHAH DJIEMEHTAPHBIX OCHHUJUIITOPOB 3aBUCAT OT UX MPO-
CTPAHCTBEHHOI yacToThl k € (0, 00):

2

[ o
S/c:JLkd"Ia LkIm(qlz—wzqz)» (2)

rae wTpux ob6o3HayaeT MPOU3BOAHYIO MO BPEMEHH H,
w = fk — YacToTa OCHMJLIATOPA, 5 — CKOPOCTb PacIpo-
CTpaHEeHHs] BO3MYIIEHUI B €IMHHUIAX CKOPOCTH CBETa B
BakyyMe (3mech u jgasee ¢ =/h =1, uamekc k y monus ¢
omyileH); B ciaydae T-MOIbl ¢ = g7 SIBISETCS MOMEPEYHO-
Oeccrie10BOi KOMIOHEHTOW METPUYECKOTO TEH30P4a,

a?

%: ﬁzla (3)

2 _
ar =

a B ciydae S-MOJABI ¢ = g5 — JIMHEWHAsl CyNepro3UuIus
IPOJIOJILHOIO TPABUTALIMOHHOTO MTOTEHIMATA (BO3MYILICHHE
MacmrTabHoTo (aKkTopa) W MOTEHIHAIA 3-CKOPOCTH CPEIbI,
YMHOXXEHHOTO Ha mapametp Xaboua [4],

a’y H

a
L = H="= 4
4TEG,BZ7 V H27 [17 ()

2 _
og =

TOYKa O3HA4Ya€T IMIPOU3BOJHYIO IO BPEMCHHU {.
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Kax Buano u3 (3), moJie g7 GpyHAaMEHTAIbHO, TIOCKOJIbKY
OHO MUHHMMAJIbHBIM 00pa30M CBsI3aHO ¢ (POHOBOW METPUKOM
W HE 3aBHCUT OT CBOWCTB Matepuu (B oOuIei Teopuu
OTHOCUTEJIBHOCTH CKOPOCTh PACHPOCTPAHCHUS T'paBUTA-
IIMOHHBIX BOJIH paBHA CKOPOCTH cBeTa). UTo Kacaercs ¢s, TO
ero CBs3b C BHelHeM mosieM (4) OoJiee CJIOXHA: OHa
BKJIFOYAeT B ce0s KaK NPOU3BOJAHBIE OT MAaCIITAOHOIO
(dakTopa, Tak M HEKOTOPBIE XapaKTEPUCTHKH BEILECTBA
(HampuMep CKOPOCTh pAacHpOCTpPaHEHUsT BO3MYIICHUI B
cpenie). Mbl HUYErOo HEe 3HAEM O MPOTOMATEPUU B paHHEH
BceJieHHOM — CYIECTBYIOT TOJIBKO OOIIUE MTOIXOIbI K 3TOMY
BOIPOCY.

OOBIYHO paccCMaTPUBAETCS UJIeaJIbHAS Cpe/ia C TEH30POM
SHEPTUU-UMITYJIbCA, 3aBUCSIIUM OT ILUIOTHOCTU JHEPTHUH &,
naBjeHust p u 4-ckopoctu martepum ut. g S-monbl
4-CKOpPOCTH MOTEHIMAIbHA U IPEACTABUMA B BUJIE IpaUeHTa
4-cxansipa ¢:

wo=t, (5

T;w = (& +p)uﬂuv — P8, W
rew? = ¢ 4@,y 8" — HOpMHUpOBOYHAS QYHKLUS, 3a1IATAs B
HIDKHEM HHJIEKCE O3HAYAECT MPOHM3BOHYIO MO KOOP/MHATE.
CKOpOCTb 3ByKa 3aJa€TCs C MOMOLILIO "ypaBHEHHS COCTOS-
nus" kKak Kod(QQUIMEHT NPONOPUUOHAILHOCTH MEXKIY
COIMYTCTBYIOIIUME BO3MYIIIEHUSIMU JAaBJIEHUS] U TUIOTHOCTH
SHEPTUM MATEPUH:

8pe = B2 8ee, (6)

rae 8X. =8X —vX, v=0J¢/w — moTeHmMan 3-cKOpPOCTH
cpenpbl.

B jMHEHOM MOpsJIKE TEOPUH BO3ZMYIICHUN KOHIICTIIINS
HJeaJIbHOM Cpelbl SKBUBAJIEHTHA MOJIEBOM KOHILENUUH, B
COOTBETCTBHHU C KOTOPOW MaTepHaIbHOMY TOJIO ¢ IPUIH-
CBIBAETCSI JIarpaHKeBa IIIOTHOCTh, L = L(w, ¢p). B moneBom
TOJIXOJIe CKOPOCTh PACHPOCTPAHEHUSI BO30YXKIACHUN HAXO-
IUTCS U3 ypaBHeHus [4— 6]

_, OlIn|OL/0w|
2 _
~ Olnjw| @

4TO TAKXXE COOTBETCTBYET COOTHOIIEHNIO (6). B GonbIima-
CcTBe Mojeseil panHel BceneHHo#l mpeamosiaraeTcs, YTo
p ~ 1 (B 4aCTHOCTH Ha paaUAIMOHHO-TOMUHHPOBAHHOU
cTaauu f§ = l/\/§).

OBOJIFOIMS 3JIEMEHTAPHBIX OCHUJUISITOPOB OIUCHIBACTCS
ypaBuenuneM Kutelina —"'opaona

7"+ (@ —U)g=0, (8)
e

O(”

ag, U 9)

q

o

Pernienne ypaBHenust (8) ©MeeT [Be aCUMITOTHIECKIE BETBH
nosesieHus: aguabatudeckyro (w? > U), Korja ocuuuisTop
HAXOAUTCS B PEXHUME CBOOOMHBIX KOJIeOAHUHA U ero aMILIH-
Tyna Bo3Gyxaenus 3atyxaet (|g| ~ (ay/B) "), n mapamerpn-
veckyro (w? < U), korja mnoje ¢ 3aMOPa)XUBaeTcs
(¢ — const). ITocneqHee yciaoBHE C TOYKH 3pCHHS KBaH-
TOBOI TEOPHH IIOJISI O3HAYAET MAPAMETPUIECKOE POIKICHUE
Hapbl YACTHII U3 COCTOSHUSI C JJIEMEHTAPHBIM BO30YyKACHIEM

(puc. 2).

U>0

VAV

Puc. 2. VMiumoctpanust perieHusi ypaBHeHHs! (8) B IOCTAHOBKE 3ajadd
paccesHus.

KOJ’II/I‘IGCTBGHHO, CIICKTPBI POXICHHBIX BO3MyH_[€HHﬁ
3aBUCAT OT HAYaJIbHOI'O COCTOSHUA OCIIUJIIIATOPOB!

T=2q7), S=(43)), (10)
ko3 dunmeHT 2 B BBIpaXEHUN JUIsI TEH30PHOM MOJBI yUH-
TBIBA€T JIBE MOJIAPH3AIMU [PABUTANUOHHBIX BOJIH. CocTos-
Hue ( ) IPUHSATO CYUTATH OCHOBHBIM, T.€. COOTBETCTBYIOIIIM
MUHUMAJIbHOMY YPOBHIO HAYATIBHOTO BO30YKICHUS OCIIHII-
JSTOPOB. B 3TOM COCTOMT rjaBHAs TUIOTE3a TEOPHH
Bonbmoro B3peBa. [lpn Hammunm ammabaTH4eckoil 30HBI
OCHOBHOE (BaKyyMHOE) COCTOSIHUE JIEMEHTAPHBIX OCIHILISI-
TOPOB SIBJISIETCS €IMHCTBEHHBIM [7].

Taxum oOpazom, npeamnoJiarasi, yto ¢pynknus U Bo3pa-
CTaeT ¢ TeUEHHEM BPEMEHH U f§ ~ 1, oJIy4aeM yHHUBEpCaIIb-
HbII 061uii pe3ysbTat st ciektpoB T(k) u S(k):

(-y2H T

T~
M3 S

~4y, (11)

rae k = VU= aH, a Mp = G~ Y/? — mnankoBckas macca.
Kax Bunno u3 (11), B Teopun moga 7 HUKaK HE IIOJIBEpraeTcst
JUCKPUMUHALMU [0 OTHOILIEHUIo K moze S. Bce nmeno B
BeJIMYMHE (HaKTOpa B AMOXY T'eHepaLlui BO3MYILEHUH.

W3 nabmromaemoro (akta manoctu 7-MOJbl B Halei
Bcenennoii (cMm. paszgen 2, coortHotenue (1)), mosrydaem
BEepXHee OTpaHWYCHUE Ha dHepreTuueckuii macmrad Boib-
IIOTO B3pbIBA U HA MapaMeTp Y B paHHeN BeeseHHOM:

H< 10" T5B, 7<0,05. (12)
ITocnennee ycioBue o3Hauaet, 4To Bosbioil B3pbIB HOCKI
uHQISIMTOHHBIN XapakTep (y < 1).

Mpbl pacnosiaraem BaxkHeiiel ¢pa3oBoil nHGpopmanuei:
MOJISl POXKAAIOTCS B ONpeAesieHHol daze, mapaMeTpruuecKu
YCUJIMBAETCSI TOJIBKO pacTyllasi BeTBb Bo3myIleHuil. [1osic-
HUM 3TO Ha IPUMEPE 3a/1a4u paccesiHus, nojaras, yto U = 0
Ha HauaabHoll (aAnadaTHIeCKO) U Koneunol (paIuanmoOHHO-
JIOMUHUPOBAHHOM, @ o #) CTAAUsIX 3BOJIOLUH (CM. pHC. 2).

JJ1s kaXa0i U3 BBILIEYIIOMSIHYTBIX aCUMIITOTUK oOliee
pelleHre UMeeT B

g = Cysinwn + Cycoswn, (13)
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Puc. 3. IlposiBjieHne 3BYKOBOW MOMAYJISIIMM B CHEKTPE AHU30TPOIUU
penukroBoro wm3iydyeHus. (ITo maHHBIM 3kcnepumeHToB WMAP,
ACBAR (Arcminute Cosmology Bolometer Array Receiver),
BOOMERANG (Ballon Observations Of Millimetric Extragalactic Ra-
diation ANd Geophysics), CBI (Cosmic Background Imager), VSA (Very
Small Array).)

rz[e Ol'[epaTOpLI C1» 3amar0T aMIUUATYasl "pacTymei" u
"maparomieit" BerBeil sBoMIONUE. B BaKYYMHOM COCTOSIHUM
HavaJbHAsl BpeMeHHAs (asa mosist npoussoubHa: (|C, (in) |) =
= <|C2lll |). OgHAaKO B pe3ysbTaTe PELICHUs yPaBHCHUH
9BOJIFOIIM OKA3bIBAETCSI, YTO HA PATUAIIMOHHO-IOMIHHAPO-
BAHHOW CTAJ WM B BBIMI'PBIIIE OCTAETCS JIMIND PACTYIIas
BETBb 3BYKOBBIX BO3MYIICHUIL: <|C (ou) \> <|C (out) \> K
MOMEHTY OTCOCIMHEHHS! M3JIYUYeHHsI OT BEILECTBA B JIOXY
PEeKOMOMHAIIMY PATUAIIMOHHBINA CIEKTP MPOMOIYJIMPOBAH C
dazoit k = nmv/3 /1,4, TAE N — HATYPATBHOE YHCIIO.

HMenHO 3TH axycTuueckue KojieOaHus HAOIOAAI0TCS B
CIIEKTpaxX aHW30TPONHMH PEJMKTOBOrO W3JydeHUs (puc. 3,
0OJIBIION MK COOTBETCTBYET #2 = 1) M BO3MYILIEHHH IIIOTHO-
CTH, YTO MOATBEPKAAET KBAHTOBO-TPABUTAIIMOHHOE IPOUC-
xoxaeHne S-Monpl. B cmexkTpe BO3MYIEHHN TIIOTHOCTH
3BYKOBAasl MOIYJISINS TTOAaBJIeHa (PaKTOPOM MaJIOCTH TOJIH
0apHOHOB OTHOCHTEIHHO MOJTHON MIIOTHOCTH BEIIECTBA, 9TO
JTaeT BO3MOKHOCTb HAITH 3Ty J0JIIO HE3ABUCUMO OT APYTUX
KOCMOJIOTHYECKUX TecToB. CaM MaciuTad OoCHMLISLIUNA city-
KT IPUMEPOM CTAHAAPTHOM JIMHENKH, IO KOTOPOH ompeie-
JISTIOT BaXkHeume mapameTpsl Beenennoit. B cBs3u ¢ atum
CJIeTyeT MOTYEPKHYTh, YTO OCTPOTA MPOOIIEMBbI BHIPOXKICHUS
KOCMOJIOTHYECKHAX TMMapaMeTpOB B HAOJIIOMATENILHBIX HaH-
HBIX, 10JITUE TOJBI MPENSITCTBOBABLIAS IOCTPOCHUIO Peallb-
HOU Mozesin BeelieHHOM, ceroiHs cHsATA Ojlarogapst OOMIIMIO
HE3aBUCHMBIX W AOTOJHSIIONINX IPYT Apyra HabIromaTeb-
HBIX TECTOB.

ITonBoas UTOT, MBI MOXKEM KOHCTATHPOBATH, YTO MPOO-
JeMa 00pa3oBaHWS HAaYaJIbHBIX KOCMOJIOTMYECKUX BO3MY-
IIEHNWH ¥ KPYMHOMACIITAOHOW CTPYKTYphl BcejeHHOU
cerojHs B mpuHIune pemreHa. OKOHYATEIbHOE OATBEPKIe-
HUE TEOpHs KBAHTOBO-TPABUTAIMOHHOTO TPOUCXOXKICHHS
BO3MYIIICHUI B paHHEel BceneHHO# moIyYnuT mociie oOHapy-
KeHUs1 T-MOJpbI, YTO MOXKET CIYYUThCS yxKe B OJvkaiiiiee
Bpemsi. Tak, mpocreimias Monenb bombmoro B3phiBa
(cTemennass WHQIAIMS HA MACCHBHOM CKAaJSIPHOM IIOJIE)
MPEICKa3bIBAET 3HAUYCHHE AMIUIUTYAB! 7-MOJBI BCETO JIUIIbL
B 5 pa3 mMeHblle aMIUIATYAbl S-moabl [8]. CoBpeMeHHbIE

100

P =N [el]
(=] (=] (=]
T T T

Maccosast gos rano, %

]
(=}
T

0 ] ] ] ] ] ] ] ] ]

10-% 1077 107 1075 10~* 1073 102 107" 10° 10' 10?
Macca jmH3b1, M,

Puc. 4. Bepxnee orpaHmueHHe Ha J[OJIFO Maccel Trajo l'ajakTuku B

MACHO 1o gausbiMm skcnepumenta EROS (ot ¢pann. — Experience
pour la Recherche d’Objets Sombres).

HUHCTPYMCHTBI U TCXHOJIOTUH BIOJIHE MO3BOJIAOT PECHINTH
3aga4vy O perucTpanuu CToJIb MaJIbIX CUTHAJIOB IO JaHHBIM
Ha6J'I}Oﬂ€HI/II71 AHU3O0TPOIIMU U TOJIApU3allU PEJIMUKTOBOTO
U3JIYUYCHUA.

4. TeMHasi CTOpOHA MAaTepUu

MMmeeTcs HECKOJIBKO THIIOTE3 O MPOUCXOXKIACHUU MAaTEpUU,
HO HM OJIHA M3 HUX IOKa He moATBepkaeHa. CyIIeCTBYIOT
npsiMble HAOJIOJATEIbHbIE YKAa3aHUSsI, CBUIETEIbCTBYIOIINE
0 TOM, YTO 3arajJka TEeMHON MaTepUU TECHO CBs3aHA C
GapmroHHoOIT acumMeTpreit Beenenno#t. OqHako oOIenpuHs-
TOW TEOpUU NMPOUCXOXKJCHUS OapHUOHHOW ACUMMETPHUHU U
TEMHOW MaTEpPHH CErOHS HE CYIIIECTBYET.

I'me sxe HaXOIUTCsl TEMHAsI MaTepus?

Mpbl 3HaeM, 4TO CBETSIIASICSI KOMIIOHEHTA BEIECTBa
HaOmroaeTcsi B BUJAE 3Be3ll, COOpPAHHBIX B TaJIAKTHKH
pa3HbBIX Macc, # B (hopMe PEHTIEHOBCKOTO ra3a CKOTUICHHIA.
OpHako 606Jblast 4acth 0oObMHOrO BemiectBa (10 90 %)
HaXOJUTCS B BUJE PAa3peKEHHOI0 MEXIaJIaKTHYECKOT O raza
C TeMIepaTypoil HECKOJBbKO JJIEKTPOHBOJIBT, & TaKXe B
dbopme MACHO (Massive Compact Halo Object) — xom-
MAaKTHBIX OCTATKOB 3BOJIIOIMU 3Be3] U OOBEKTOB C MAJIOU
Maccoil. ITockonbKy 3TH CTPYKTYpBbI OOBIYHO MMEIOT HUZKYIO
CBETUMOCTb, 34 HHUMH 3aKPENUIOCh Ha3BaHWE ''TeMHbIE
Gapuonsl".

HccnenoBaHneM KOJIMYECTBA U PACTIPEIEIICHIS KOMITAKT-
HBIX TEMHBIX OOBEKTOB B Trajio Hameid [amxakTuku mo
COOBITHSIM MHKPOJIMH3UPOBAHUSI 3aHUMAJIOCh HECKOJIBKO
rpynn (MACHO, EROS u np.). B pesyabraTe coBMecTHOTo
aHamM3a ObLIO MOJIYYeHO BAXXKHOE OrpaHUueHne — He OoJiee
20 % Bceit Maccel rano cocpenoroueHo B MACHO B
JIMama30He 3HAYCHUI OT MACChI JIYHBI IO Macc 3Be3/1 (puc. 4).
OcTajpHYIO J[J0JII0O TEMHOH MATEPHH Tajl0 COCTaBJISIOT
YACTHIIBI HEU3BECTHOM MPUPO/IBI.

I"ne emie cipsitana HeGaproHHAs TEMHAsI MATEepUs?

Pa3BuTre BBICOKMX TEXHOJOTHMI B HAOIIOJATEIHHON
acTpoHOMHH XX BeKa MO3BOJIMJIO MOJIYYUTH SICHBIM OTBET
HA 9TOT BOMPOC: HeOAPUOHHAS TeMHAsI MATEPUSI HAXOTUTCS B
rPaBUTAIMOHHO-CBSI3aHHBIX CHCTeMax (Tajo). YacTuisl TeM-
HON MaTepuu SIBJISIOTCS HEPEISTUBUCTCKUMU U CJ1aboB3au-
MOJIEHCTBYIOLIMMY — UX AUCCUIIATUBHBIE IPOLIECCHI UYT HE
TaK, Kak y 0apnonoB. BaproHbI ke paualliOHHO OCTHIBAIOT,
OCear0T W HAKAIUIMBAIOTCS B LEHTPAx Trallo, JOCTHras
BpAIIATEILHOTO paBHOBecHs. TeMHOe BEIIeCTBO OCTaeTCs
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pacrnpeneeHHbIM BOKPYI BUIMMOIO BEILECTBA TaJAKTHK C
XapakTepHbIM MacmTabom nopsaka 200 xok. Tak, B Mect-
Hoii ['pymme, k xoTopoit oTHOCcsSTCA TymMaHHOCTH AHIpO-
menbl u Muteunsrii [1yTb, OoJiee MOJIOBHHBI BCEl TEMHOM
MaTepUu COCPEIOTOUYCHO B 3TUX ABYX OOJIBIINX raJIaKTUKAX.

Yacrun, obnagarounmx TpeOyeMbIMH CBOWCTBAMH, B
CrangapTHOH MoAenu GU3NKK JIeMEHTAPHBIX YaCTHUI] HET.
Baxxnblil mapameTp, KOTOpBIN HENb3sl ONpPENeIUTh U3 Ha-
Oironennit B cmty IlpuHIMOA SKBUBAJCHTHOCTH, — 3TO
Macca 4acTuilbl. B pamkax Bo3MoxHbIX pacimpennii Ctas-
IapTHOW MOJEJIM WMEETCs HECKOJIbKO KaHJIUJIATOB B
4acTUIBI TEMHON MaTepuu. OCHOBHBIE U3 HUX MEPEUNCIICHDI
B Ta0J1. 2 B MOPSIAKE BO3PACTAHUS MX MACCHI TOKOSI.

Ta6mua 2. KanauaaTel B yacTuibl HeOApUOHHOW TEMHOM MaTepun

Kangunar Macca
['paBUTOHBI 10-2! 5B
AKCHOHBI 107° 3B
"Crepuibhble" HEUTPUHO 10 k3B
3epKasbHOE BELIECTBO 1B
MaccuBHBIE YaCTUIIBI 100 I'>B
CBepXMaCCHBHbIE YACTUIIBI 10" I'B
Mononosu u 1eeKThl 10" I'sB
TepBUYHbIE YEPHBIE TBIPHI (10710 —1077) M,

'maBHasi Ha cerojHsi BepCHsi MAcCCHUBHBIX YacTUI] —
TUIIOTe3a HEUTPAJMHO — CBsI3aHA C MUHUMAJIbLHOU cymep-
cumMmMeTpuei. JlaHHas TUTIOTE3a MOXKET OBbITh MPOBEPEHA Ha
Bonbsmom anponnom yckoputesnie B LIEPHe, 3amyck koto-
poro HameuaeTcs B 2008 r. OxugaeMas Macca TaKUX YaCTHUIL
~ 100 I'3B, a ux MIOTHOCTH B Hamel ['ajakTuke — omgHA
yacTuia B 00beMe YaifHOTO CTaKaHa.

IMouck yacTuil TeMHON MaTepuUu BeIETCS IO BCEMY MUPY
HAa MHOTHX ycTaHOBKax. IHTepecHO OTMETHUTh, YTO HEUTpa-
JINHHASI TUIIOTE3a JIOMYCKaeT He3aBUCUMYIO MTPOBEPKY KaK B
TIOJI36MHBIX 3KCIIEPUMEHTAX 10 YIPYTOMY PACCESIHUIO, TAK U
O KOCBEHHBIM JIAHHBIM aHHUT WIS HeUTpasnHo B ["anak-
TuKe. [{o cux nmop nosyueH noJI0KUTEIbHBIR OTKJIAK TOJIbKO
B OJTHOM M3 MOJI3eMHBIX JeTeKTOpOoB npoekta DAMA (DArk
MAtter), rie yxe Ha IPOTSIKEHUU HECKOJBKHX JIET HaOJIrO-
JIAETCS CUTHAJI HEU3BECTHOTO MPOMCXOXIeHHs THIa "JIeTo —
3uMa". OIHAKO UHTEPBAJI MACC M CEYEHUH, CBI3AHHBIN C 9TUM
9KCIIEPUMEHTOM, IIOKa He MOATBEpXKAAaeTcs Ha APYrux
YCTAHOBKAX, 4YTO CTABUT IOl COMHEHHE KaK JOCTOBEPHOCTb,
TaK ¥ 3HAYAMOCTD Pe3yJIbTaTa.

BakHBIM CBOWCTBOM HEHUTPAJIMHO SIBJISIETCS BO3MOX-
HOCTb HUX HENPSMOTO HAOJIFOACHUS 110 AHHUTHIISIIIOHHOMY
MOTOKY B TaMma-oOjactu. B mporecce mepapxumyueckoro
CKYYMBAHMS TaKue YACTHIBI MOIJIM OOpa3OBHIBATHL MUHH-
rajio ¢ XapakTepHbIM pazMepoM nopsiaka pazmepa CosiHed-
HOM CHCTEMBI W MAcCOH MOpPSAKAa MAacChl 3eMJIH, OCTATKU

KOTOPBIX TOXWIM 10 Hammx gHel. Cama 3emutsi ¢ 60JIbIION
BEPOSITHOCTBIO MOXET HAaXOAUTHCS BHYTPH TMOJOOHBIX
MHHHUTAJI0, TAe MIOTHOCTb YACTHIl BO3PACTAET B HECKOJIBKO
JecsTKOB pa3. TeM caMbIM IMOBBIIIAETCS BEPOSITHOCTh Kak
MpSIMOTO, TaK W HENPSMOTro [eTEKTHPOBAHUS TEMHOTO
BemtecTBa B Hameidl [amaktuke. CyliecTBOBaHUE CTOJb
pPa3HBIX METOJO0B MOUCKA BHYIIAET ONTUMM3M U MO3BOJISET
HAJIeSIThCSl HA CKOpOEe OTpenesieHne (HU3MIECKOi MPHUPOIBI
TEMHOU MaTEpHH.

5. Ha nopore HOBO#l (pu3uKH

B Harie Bpemsi cTajlo BO3MOXHBIM HE3aBHCUMOE OTIpe/ieJie-
HHEe CBOMCTB paHHel Bcenmennoit u mo3mneir Becemennoii mo
HAOJIOTATEIbHBIM aCTPOHOMHUYECKAM JTaHHBIM. MBI TIOHU-
MaeM, KaK BO3HHUKJIM HavaJIbHbIE KOCMOJIOTHYECKHAE BO3MY-
IIEHNS TUIOTHOCTH, U3 KOTOPBIX pa3BHIach CTPYKTypa Bcee-
JIeHHOH. MBI 3HaeM 3Ha4€HUsI BAXKHEHIIINX KOCMOJIOI MUECKUX
nmapaMeTpoB, Jexamux B ocHoBe CTaHAAPTHOH MoOAeNH
Bcenennoii, He nMeroIIieit ceroHs cepbe3HbIX KOHKYPEHTOB.
OnHAKO OCTArOTCSI HEPACKPBITHIMU (yHIAMEHTAJIbHBIE
BOIIPOCHI TPOUCXOXKACHUS BOJBIIOro B3phIBa U OCHOBHBIX
KOMIIOHEHT MaTepuH.

HabmogaTtenbHoe onpeaesieHne TEH30PHOH MOJbI KOC-
MOJIOTHYECKUX BO3MYIIECHHI SIBIISIETCSl KJIFOYOM K MOCTpOe-
HUIO MOJIenn panHel BcemenHoi. 31ech MbI IMeeM OEJI0 C
YeTKUM TNPEJCKa3aHUEM TEOPHH, XOPOIIO IPOBEPEHHOU B
ciaydae S-Mojabl U 00Jsiagaromeil BOSMOXHOCTBIO 3KCIEPH-
MEHTaJIbHOW MPOBEepKU T-MO/IbI B OJIMKAMIIINE TOTBI.

Teoperuueckas ¢pu3nKa, NPeIOCTABUB OOIIMPHBIN HEpe-
4eHb BO3MOJHBIX HANIPABJICHUI U METOJOB MOMCKA YACTHUIL
TeMHOI MaTepuu, ucuepnana ceds. Temepb meiao 3a 3Kc-
nepuMeHTOM. CIIOKUBIIIASICS HA CET'OJTHS CUTYaIHsI HAIOMHU-
HAEeT Ty, KOTOpAas MPE/IIIeCTBOBAJIA BEJIUKUM OTKPBITHSIM —
oOHapyxkeHuro KBapkoB, W- U Z-0030HOB, OCHUJUISIUN
HEUTPUHO, AHM3OTPONMUU U MOJSIPU3AIMUA PEJIUKTOBOTO
H3JIyYCHUSI.

Bo3HukaeT o1uH BOIIpOC, KOTOPBINA, IPaB/a, BBIXOJUT 3a
paMKH JaHHOro 0630pHOro pgokyana: noueMmy IIpupopa
CTOJIb LIEJpa K HAM U MO3BOJISIET OTKPBIBATH CBOU CEKPETHI?

PaGoTa BbINIOJTHEHA MPU YacTUYHOU mojaepxke PODOU
(rpanTer 07-02-00886, 05-02-16302).
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