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OcHoBHble KoMnoHeHTbl BcenenHoin

MaTepMﬂ COCTOUT U3 HacTuy mn nonei, a bonee CTPOro — TOJIbKO U3 KBaHTOBbIX nonen
l'IE!CTI/ILI,I:I ABNAKOTCA NOKasIM30BaHHbIMU BOSGy)K[J,eHMﬂMVI noneim

B aHrnossbiuHol husnke MaTepuein HacTo Ha3bIBAlOT TOLKO hepmuoHbl, a 6030HbI (NnepeHocunkn
B3aMMOAENCTBNSA) HA3bIBAIOT NONASIMU

Onpepenexne: komnoHeHta BcenenHoli HasbiBaeTcs “TeMHOI”, €CAM OT Hee He perncTpupyercsi CBet

@ 70% — ‘tremHoe none’ <= ‘remHas aneprus’
B cootsetctBumn co CTaHaapTHON KOCMOSIOFMHECKON MOAENbIO (TEOPUSI+3KCNEPUMEHT)
AOMUHUPYIOLLEN KOMMNOHEHTON BO BceneHHol siBnsieTcsi nMbo paBHOMEPHO 3anOJIHAIOLEE BCHO
Bcenennyto none c otpuuatensHbim gasnenvem (p < 0), 1mbo HeHynesoe BakyyMHOe cpeaHee
Bcex noneii (= A — KocMonornyeckas noCTosiHHas)
STa KOMMOHEHTa No onpeaeneHnio HasbiBaetcst ‘Temuon JHepruein’ (T3I)

@ 25% — ‘temHble YacTuubl’ <= ‘TemHas matepus’
Ha pgonto yactuy ocraetca 30% BcenenHoii
Mpupopa 66nbLEN HYacTn 3TUX YacTUL, HEM3BECTHA
HeunsBectHble YacTuubl coCTaBnsAlOT KOMNoHeHTy Bcenennoii ¢ Hyneeeim pasnenvem (p = 0),
Ha3blBaeMylo TEMHOU maTepueit

@ 3-5% — Buanmas matepus (6aproHbi)
W3BecTHble YacTuupl (3TO B OCHOBHOM GapuoHbI B 3B€37aX U B MEX3BE3[HOM rase) COCTaBsitoT
NNLWBL OYeHb Manyto Ao B Habnogaemoni Becenennoin

CocraB ‘temHoli aHeprun’ u ‘temHoil matepun’ Heu3ssecten!

MpuxoanTcs KOHCTaTUPOBaTh, YTO (PU3UYECKUI COCTAB OCHOBHbLIX KOMNOHeHTOB Bcenennon (>95%)
HeussecTeH!

LLInpokoe none gns pa3pabotku mopeneii TEMHOW 3HEPrum n TemHoln matepum!



Tepmun ‘TemHas sHeprun’ pumsmyeckn HerpamoTeH

@ V 3sHepruun gonxkeH ObiTb hu3amyeckuii HocuTeb

SHeprus He cyuiecTByeT cama no cebe
SHeprus He MOXET ObITb TEMHOW UAW CBET/ION

@ Bonee npaBunbHo rosoputsb 0 ‘remHom nose’

HenpaBunbHasi TEpMUHONOrMs, O4HAKO, NPOHHO NPUXKMUAACE U Tenepb (U3MKN NbITAOTCS
HarpysuTb TEPMUH ‘TEMHAsi 3HEPrusi’ pasyMHbIM COAep>KaHUeEM

@ Vutepnperauunm HabNIOAATENbHBIX AAHHBIX CYLLECTBEHHO 3aBUCUT OT UCMOJb3YEMbIX MOAENed
TEeMHOW 3HEpPrmmn NOCKOJIbKY TeopeTu4eckme Moaesin NCnosib3yrTcs Ha CTagun nNoaroToBku
actpocm3mnyeckux HabaogeHnii n Ha ctagumn o6paboTKN 3KCNEPUMEHTANbHBIX PE3yNbTaToB

B HyneBom npubau>keHnn teopusi obcny>KmMBaeT aKCnNepumMeHT, nmbo, HaobopoT, IKCNEPUMEHT
noATBEP>KAAET MM ONPOBEPraeT TEOPUIo

Ha camom Aene Teopusa U 3KCNEpMMeEHT TECHO nepensieTeHbl mexay coboii

®Dusnyeckas Teopus 6€3 3KCNEPUMEHTANLHOrO NOATBEPXKAEHUS BbIPOXKAAETCS B HEMNIOAOTBOPHYIO
(meTachnanyeckyro) cxemy NockonbKy B COOTBETCTBUM C Teopemoi legens ans cornacosanus
KOHEYHOro uncna akToB (Un akcuom) metogamu hopMasbHONR JIOTMKKU MOXKHO pa3spaboTtaTe
beckoHe4yHoe Yncno ‘npaBunabHbIX’ TEopuii

B cBolO ouepenb MHTEpNpeETaLms 3KCNEPUMEHTA HEBO3MOXHA 6e3 npuBneYeHns u Ncnonb3osaHus
TEOPETUYECKUX MOAENEen U NpeacTaBaeHnii

@ [pobnema ‘temHoli aHeprus’ — npumep B3aMMOCBA3U
3KCNepumeHTa u Teopumu
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MononHsowmiics cnucok moaenein TEMHOW 3Heprumn

B pamkax OTO:
A
KBUHT3CCEHLNSA
k-acceHuuns
BeKTOopHas
HenpeanbHas XXUOKOCTb
BKLU konpeHcar
koHaeHcaT bopHa-Nndenbaa
KOHOEeHCcaT AyXOB
HeNTpPUHHAsA
TaxMOHHas
daHTOMHasn
xamesnieoHHas

ANNATOHHAaA
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0606uwenunsa OTO:
f(R)
CKanspHO-TeH30pHas
reomeTpuyeckas
rpasutauusa lNaycca-boHxe
ronorpaduyeckas
D-rpasutauyus
CynepcTpyHHas
kKoHaeHcaT Adra-Mwunca
KBAHTOBO 3anyTaHHas
B3auMOAEeNCTBYIOLLAS
TeMHasi MeTpuka
OOMEHHble CTEHKMU

oTTajikuBailouiee TaroteHmne




TeopeTnyeckoe mogennpoBaHue

(HeoﬁﬂBaTeJ’leble, HO Ba>XHble€ NpuUHUUNbI, METOAbI U Kpmepvwl)

Hayu4Hbiii MeTof: 3KCNEpUMEHT B KaYecTBe KpUTepus
MCTUHHOCTN ®pencuc bakoH, Kapna lMonnep

Teopusi onpoBepraercsi AN NOATBEPXKAAETCS IKCNEPUMEHTOM
B 6onee xectkoii chopmynuposke lMonnepa: Teopus sIBASIETCS Hay4HOW, €CU €8 MOXHO
onpoeepruyTe (nNpuHuymun canscuguumpyemoctu)

Mertopg akoHomuu: “He mHOXb cyuyHocTu 6e3 HagobHocTw
bputsa Okkama

SNHWTENH coxanen o BBEJEeHNN KOCMOJIOrn4eckoro 4naeHa A, J'IaH/:\ay 3anpeuwan rosopuTtb o A

KpVITepl/II7| KpacoTbl: Teopua A0J1>KHa 6bITb KpaCVIBOI7I

Kpacusbie Teopun: reometpus IBKANAA, TEOPUSI INEKTPOMArHUTHAS NONSA, Teopust
OTHOCWUTENBLHOCTW, KBAHTOBAsi TEOPUs, CyNEPCUMMETpUs, Teopus (Cynep)cTpyH ...

Caxapos Ha BOnpoc 3e/b/0BMYa O BEIMYNUHE KOCMOJIOrMYECKOM NAOTHOCTU oTBevan, 4to Q = 1 us
3CTETMHECKUX coobparkeHuii

Oxwupanue: 8 nonHoit KTT nnoTHOCTL 3Heprumn Bakyyma J0/KHO GbiTh Hynesoii

KpuTtepuii HOBU3HbI: npegcka3aHne HOBbIX 3hchekToB

anIHU,VII'I CBOﬁO,D,bI: pa3peweHo Bce, 4TO He 3anpeweHo
B XX Beke 6binu akTyanbHbl 4 BO3MOXHbIX “‘cnocoba cyujectBoBaHusi 6enkosbix Ten':

1) ‘aHrnuiickui’: paspelseHo Bce, YTO HE 3anpeLieHo;

2) ‘HeMeuKuii’: pa3peleHo TObKO TO, YTO HE 3anpeLieHo;

3) ‘chpaHuy3ckuii’: paspelleHo Bce n gake TO, YTO 3anpeLyeHo;

4) ‘kmTalicknii’: 3anpeLLeHo BCe U AAXe TO, YTO PaspeLLeHo.

Mpupoaa Bbibpana no kpaliHein mepe B Hawen BceneHHon aHrAMiCKUiA BapyuaHT



‘TemHas aHeprus’: Hadano

OTtkpbiTHe aHTurpasutauum B 1998 r. ?

@ ‘Temnas aneprus’ cocrasnser ~ 70% BcenenHoii

@ ‘TemHasn 3aHeprus’ yckopsier pacumpenue Bcenennoii
AwTurpasutauus?

@ B HbIOTOHOBCKOW TEOPUWN aHTUIPaBUTALUSA HEBO3MOXXHA

® B OTO yckopenue BcenenHoli moxeTt ObiTb Bbi3BaHO
OoTpuUaTE/IbHBIM AaBJ/IEHUEM



‘Temnas aveprus’ 8 OTO: G = T(p,p, V)

Kocmonorus mpm,qmaHa: OoAHOpOoAHAas U N30TponHas Bcenennasn

@ YckopeHue
a 4G
—— (p+3p)

@ MocTtosiHHaa Xabbna

é>2_87rG k - 87G

k
(t) (a 3 P2 3 (p+p)+a2

@ [MnoTHOCTL JHeprmnm

p = —3H(p +p)



KocmMmonornyeckas noctossHHas A
4

— I o
MnotHocTb sHeprum Bakyyma p, = —py = 5-cN

nunep 1965, 1970; 3enbposud 1968

JlopeHueBckasi UHBapUaHTHOCTL py, = —Py = const

@ [lpobnema manoctu macwraba aHeprum

~ M3B mHoro mensbwe Mp; ~ 1019 3B

Mpobnema coBnageHus (ToHkas HacToMka):

mpg ~ Ho ~ 1/(10%8 cm) ~ 10733 3B

O>kupaHuve: B npaBuabHON (CaMoCOrnacoBaHHoOl U
nonvoii) KT nnotHoCcTb aHepruu Bakyyma A0/IKHO
6bITb Hyneson, p, =< 0|'Bce nons’'|0 >=0

B HenapywenHoli cynepcummeTtpuun 6030HHbIE U (hepMIUOHHBIE BK1aZbl KOMNEHCUPYIOT ApPYr Apyra.
OpHako cynepcuMMETpuUsi HapyluaeTcs:

MSUSY = 1012 ev! Pv,SUSY = M%USY = 1060pv,obs

@ AHTpOnHbIA npuHuun?

@ BepositHocTHoe npepackasanue: Qp ~ 1 S. Weinberg 1993



da3oBasn AvnarpammMma m onpegeneHms

p

- Usual matter
[ park energy
P=3pP - Antigravitation
[ Phantom energy

p=-p

YpaBHeHusi cocTosHUS: CBEPXXKECTKas >XNAKOCTb p=p
Tens10Bo# (POTOHHBLIN ras p=p/3
TeMHasi 3Heprus p<O

KBUHT3ICCeHUnn p < —p/3
BaKyyM  p = —p
cdaHToMHas 3Heprua p+p <0



3a npegenamu A
OnHamuyeckas TemHasa aHeprus

‘Temnas aneprus’ < ‘ckansipHoe none’ (KBUHTICCEHLUS)

o CKaJ'IﬂpHDE nose ¢ MUHUMasnbHOW CBA3bIO

Ls = (1/2)(8u9)* — V()

o TEHSOP 3HEeprun-nmnynsca

T = (2/V/~8)[6(v/~eL) /08l

@ VpeansHas xuakocTs B kocmonoruu ®puamana

pe = (1/2)$2 + V(d), py = (1/2)¢? — V(9)

[*] VYpasHenue Kneiina-fopgoHa

é + 3Ho = dV(o)/d¢

@ VpasHenue HenpepbisHOCTY

[(1/2)$+6H[(1/2)$*]=—V = dp/dIna=—3(p+p)



‘Bonblioni Pa3spbie’ B koHue Bonbworo B3apbiea?

daHToMHas yrposa npu w = p/p = const < —1

®aHTOM: OTpULATENbHAs UM CUBHO HENMHENHAs KUHETUYeckas aHeprusi (k-acceHums, cTpyHbi, 6paHbt).
Mpo6nema (kBaHTOBON) HecTabunbHocTu chantomal?

Buaumeiii ropusoHT cokpautaercsi, Becenennas pacwupsiercs no 6eckoHeqHOro paguyca 3a KOHeYHoe
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Caldwell 1998, Sahni & Starobinsky 2000



PaHTOoMHas aHeprusi (p+p<0) n yepHbie abIpbl

@ [MoTok 3Heprumu npgeanbHoOh XXUAKOCTU

_pt+p
- 2
1-5

B cnyyae haHTOMHOI XKNAKOCTU NOTOK 3HEPrUM HanNpasieH NPOTMB MOTOKA Xuakoctu!

@ Temn akkpeuwuu Ha 4YepHylO AbIpy

m = 4mm?A[poo + P(Po)]; A = const > 0

o m < 0 npn p + p < 0 He3aBUCUMO OT ypaBHEHUsI COCTOSIHUS
Macca uepHoii abipbl yMeHbLIaeTcs npu akkpeuun cdaHtomal

Mpu Bonbwom Pa3spbiBe Bce YepHbIe Ablpbl HE3ABUCUMO OT UX MAcchl ‘pacTsopsitoTcs’ B haHTOME

babuyes [oky4aes Epowerko 2003



kuHeTnyeckas-acceHuUUs

9@ HekaHoHuueckas KuHeTUYecKas aHeprus K=f(X),XE%((‘9,L¢)2

L= ¢ +8(@p(), X=(1/2)(Vo), 8rG/3=1

Pp(X) =const+ X+ O(X), X —>0

@ Pewenune cnexeHus (tracking) C AUHAMNYECKUM aTTpPaKTopomM
ObecneunBaeT nosgHee JOMUHUPOBAHUE TEMHOW 3HEPrUn

CaMOHaCTpaVIEa'OLU'aﬁCﬁ BcenexnHas moxert CTapToBaTb B LWLUMPOKOM MHTEpPBasie Ha4YanbHbIX
YCN0BUiA, HO 3aTEM BCAEACTBUE CYLLECTBOBAHUS aTTPAKTOPa MHOXXECTBO BO3MOXKHbIX PELUEHWN
BbIXOAUT Ha cnepsiwee pewenne. Ha HavanbHOM 3Tane Tpebyetcsi pexxum BbicTporo 3amepneHune
ckatbiBanus (fast-slow roll).

Zlatev Wang Steinhardt 1999
Armendariz-Picon Damour Mukhanov 1999

Armendariz-Picon Mukhanov Steinhardt 2000



TaxnoHHasa TemMHas Heprmns

MoTuBauus u3 Teopuu cynepcTpyH

L£=(1/2)(0u¢)* —V(¢) = L=-V(p)/1—(9u9)?

V(¢)
= =_V 1— (8,¢)2
pP= s @07 P (®) (Ou®)
Msrkas uHtepnonsuus mexgy p= —p <— w= —1

(BakyyM) M p=0 <= w =0 (nbiib, ras Yanneiruxa
p=1/p)

Sen hep-th/0203211
Padmanabhan hep-th/0204150



B3aunmogpgeiictByrowas TM u T

Yactuuybl nepemenHoii maccoi (variable-mass particles: ‘vamps’)

1/(1+p)
o my =), V(9) = s~ +Adny, (9) = (gu) "

o ¢ x a3/(+p) my =oc a—3(2+p)/(1+p) my = A o a3/(1+p)
Anderson Carroll astro-ph/9711288
Farrar Peebles astro-ph/0307316



HeATpnHHasa TemHasa aHeprus:

Heiitputo nepemenHoli maccel (mass varying v: MaVaNs)

@ Macwrtab sneprum TI Eg ~2x 103 eV <— m, = m,(n,)
o ¢ 2
L~ g ~H or Lint = B—=I I tHH + h.c
A int IBMpr LilHH +

Li Wang Feng Zhang 2002
Fardon Nelson Weiner astro-ph/0309800

Peccei hep-ph/0411137



Nonorpadmyeckasn (holographic) T3
MOTVIBaLl,I/Iﬂ n3 TemMoagnHaMuMKnN HepHoixX Ablp
DHTpONUS YepHOii Ablpbl

1 K m2 — a2
S =-A= 2 — ez T - =
BH =3 m[2mr. I BH T on 4rmry

Fonorpadmyeckuin npuHuun: 3HTponus cuctemsbl (M uncio
cTeneHeli cBoboAbl) 3aBMCUT He OT obbema cuctembl V, a oT ee
NoBepXHOCTHOW naowaan A

Cnepcteuem ronorpaduyeckoro npuHuuna sisnsietcs cesse mexay MK n Y® obpesavusmn 8 KTM:

L3ppg < Mg =L ~ H™! «—= ppg =3L2 « H?

MepemenHas kocmonoruyeckas nocrosiHias Al
Pewaetcs npobnemMbl TOHKOW HacTpoiikn: PpE ~ PDM
Mpobnema: kak caenats oTpuuaTensHeiM aasnedne ppg < 0 Ans obecneyenus yckopenusi Becenennoin?

't Hooft 1993, Susskind 1994

Maldacena 1998, Fischler Susskind, 1998
Cohen Kaplan Nelson 1999

Hsu 2004, Li 2004, Horvat 2004



TemHa nn temHasn aHeprusn?

Temnas Heprua Bsaumop,eﬁcmyer TONbKO I'paBMTaLIMOHHO?

) CB$I3b C rpaBMTaumeﬁ: CKaNIApHO-TEH30pHbIE TEeOpun
Pacwupennas (0606weHHas) KBUHTICCEHUMS
Temnas sveprus (T3) MOXET CKy4MBaTLCA: FPaBUTALMOHHOE JINH3UPOBaHNE

) CaMOp,eVICTBVIe: ncesaocCkKkansipHaa KBUHTICCEHUnA
Css3b ¢ matepuein: ras HYanneiruna (natas cuna, o6vegunenne TM u TE, Bausnue Ha cnekTp
BO3MYLLEHWNIA PEIMKTOBOrO U3/yHeHus

Sandvik et al 2003



KakoBa npupoaa ‘remHoin aHeprusa’?

@ YckopeHHoe pacwmpenune BcenenHoii A, o(t)...7

Cucrema diinwrteriva f(R)=R: | G+A=T

CkansipHo-TeHsopHas rpasutaums R/(87wG) — F(4)R

@ [eomeTrpuyeckas ‘temHas 3Heprus’?

0606wenne OTO, Tteopun f(R): G=T+01

‘Habntopgaemoe’ yckopeHue pacwuperns BcenenHon —
apTeakT UCnosib30BaHNs HEMPaBUIIbHbIX ypaBHEeHWA?

MoauduumposanHas rpasutaums f(R)
pasButauusa lNaycca-borHne G= RZ— 4R, RFY + R,y po RHVPT

(moTuBMpoBaHo cynepcTpyHamu)

Muoromepnas D-rpasutauums D-dim

(vHayunposaHHas reometpus Ha Gpane)

@ Xabbnosckuii nysbips (Hubble bubble)?

Hawa Bcenennas nuwb dnyktyauus B 66nblueii BceneHHoi

@ HenpasunbHeiii Bonpoc. . .7



MynbTuneceneHHaa <= multiverse
camosBocnpoun3sogsiiasnca n beckoHe4Has BO BpemMeHn n NpoctpaHcTee

Hawa BcenenHasi — oTaenbHbIi Ny3bipb B BECKOHEYHOW NPOCTPAHCTBEHHO-BPEMEHHOW neHe

Linde 1994
Blanco-Pillado Schwartz-Perlov Vilenkin arXiv:0912.4082



AHTpONHbLIA NpUHLMN

(o4eHb NONYNSAPHBIA U OYeHb CTPAHHBbIA)
B. Carter 1973

9 B otpenbHbIX BCENEHHBIX MYJLTUBCENIEHHOW MOryT
peann3oBaTbCs 10DbIE COCTOSIHUSA, B TOM YUC/e pa3Hble
4ncna NPOCTPAHCTBEHHbLIX U3MEPEHUI U Pa3HblE BEINYUHDI
MUPOBbIX KOHCTAHT

@ Ham Bcem o4eHb NOBE3N0: COBEPLUEHHO CAYYaAliHO B HalUeW
BceneHHoii peann3oBanocb COBCEM HEMJI0X0€ COCTOSIHME MO
CPaBHEHUIO C HEYA,00HLIMU AN XKU3HU COCTOAHUSIMUN BO
MHOFUX APYFrUX OPYrux BCESIEHHbIX

B COOTBETCTBMM @ @HTPONHLIM NPUHLMNOM B Haweli Bcenennoini (B Hawem [My3bipe) cnyyaitibim
obpa3om peann3oBancs aHrnMRCKWi BapuaHT bbiTus

Bo MHOrMx Apyrunx BCENEHHbIX HEKOMY AaXXe yAOCTOBEPUTLCS HACKONbLKO OHU HEyAoBHbI ans
obuTtaHus “Genkosbix Ten”

Ha 6eckoHeu4HbIXx NpoCTOpax MyNbTUBCENEHHON peanusytoTcs Bce 4 “cnocoba cyuiectBoBaHus
6enkoBbix Ten”, a Takke BECKOHEYHO MHOrO APYrux 3K30TUYECKUX cnocobos

HeKDTDPbIe BCeJieHHble B My.ﬂbTMBCe.ﬂeHHDI‘;I Aaxke He CBs3aHbl MmexAay coboii NPUYNHHBIM 06p33OM

B COOTBETCTBUM C @HTPOMHBLIM NPUHLUMNOM B MY/IbTUBCENIEHHOV PEan3yloTcs BCe, B TOM Yucie
camble CTpaHHbIE K/1aCCUYECKNE U KBAHTOBbIE COCTOSIHUA, U, Hanpumep, cyuiecTeyeT GeckoHedHoe
KOJINYECTBO BCEJIEHHBIX, B KOTOPbIX €CTb Gor, a TakXe GeCKOHEYHOe KO/IMYECTBO BCE/IEHHbIX, B
KOTOpbIX Bora HeT

@  AHTPONHLI NPUHUMA NPUMUPSIET C PEANBHOCTLIO, HO YYBCTBa “rNy6oKoro yaosnersopeHus” He
Bbi3blBaeT



1o ke Takoe ‘TemMHas 3Heprusa’?

(O>xunpaHue n 4acTHoe MHeHue)

@ Ckopee Bcero 3To AnHamMmMyeckoe ckansipHoe none,
ocTaBLwleecsa nocne I/IHd:)J'ISILI,I/II/I nnn nocne nocnegHero
dazoBoro nepexoga Bo BcenenHon

@ B niobom cnyuyae 3to HoBasi chusuka BHe CtaHgapTHOA
Moaenu





