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OEIIJ,A~ XAPAKTEPHCTMKA PAEOTbI 

AK'f)'a.JihHOCTh TeM1>1 

Ilpo6JieMa TOilOJIOn!H BceneHHOiii H B03MO)l(HOCTH ee 
3KCrrepHMeHTaJ!hHOro HCCJie,n:oBaHHH paccMaTµHBaJiaCh H paHbllie, o,nHaKo 
TOJibKO He,[(aBHJole Bb!COKOTOqHbie H3Mepemrn aHH30lpOilHH KOCMHqecKoro 
peJIMKTOBOro H3Jiyqemrn:, oco6eHHO npoee,neHHbie KOCMHqecKoiii CTaHQHeH Wil­
kinson Microwave Anisotropy Probe (WMAP), II03BOJIHJ1H 6onee rro.u:po6Hoe 
HCCJle,[(OBaHHe paHHei:i BceneHHOH H ee ClpYKT)'pbl, BKmoqag TOIIOJIOfHJO. 

0,nHospel\i:eHHO 61>m11 nonyqeHhI Ha6mo,[(aTeJJbHbie .n:aHHbie o 
cymecTBosaHHH TeMHOH 3Heprn11, rrpHBO,[(Hmeiii K pacurnpeHHIO BceneHHOH c 

ycKopeHHeM, qTQ H orrpe,n:eJIHJIO HHTepec K HOBhIM KnaccaM KOCMOJ!OfHqecKHx 
M0,!1.enei1:. 

,U:aHHaH .ll:HCCepTaUM}l IIOCBHI.UeHa HCCJie,[(OBaHHIO CBOMCTB KapT 

penHKTosoro mnytJeHHH nonyqeHHbIX WMAP c n;en:&IO BbIHBJieHHH 3<l><i>eKTa 
CaKca-Bonb<Pa, KOTOpb!H onpe,nenHeTCH KaK pairneH: 3BOJIIOQHeH, TaK H 
TOnorrornei1 BcerreHHOH. PacrnHpem-re paHHeH: BceneHHOH lfccne.n:yeTCH TaJoKe 

nyrnM noc-rpoeHH}l ,n:uarpaMMbI Xa66na WIH KOCMHIJecxmc 06'.beKTOB c 

6oJI:&IIIHMH KpaCH:&IMH CMern;eHIDIMH. lfccJie,n;yIOTCH KOCMOJIOTH'IeCKHe 

MO,ll;eJIH c TeMHOH ::rneprHe:H, a .U:HarpaMMa Xa66rra BKJIIO'laeT KaK CBepXHOB:&Ie 

SN Ia H pa,n:HoraJiaKTHKH, TaK H HCTO'IHHKH raMMa scrrJiecKoB. IlocJie,n;HHe 

HCTO'IHHKH, BKJIIO'l<UI OTKp:&rT:&re He,n;aBHO crryTHHKOM SWIFT, c y'leToM p11p;a 

SMIIHpH'IeCKHX COOTHOIIIeHHH II031!0JIHIOT ,ZJ;OBeCTH p;HarpaMMY Xa66na .n:o 
KpacHoro CMememrn: 6onee rneCTH, 'ITO COOTBe'fCTByeT BceneHHOiii BCero OKOJIO 
800 MJIH. neT nocne Eonb111oro B3phrna. 

Uenb imccepTaUHOHHOH pa6oTbl 

• 

• 

• 

lfccne.n:osaHHe CBOHCTB penHKTOBOfO 113JI)"leHJUI c n;eJI:&IO BLUIBJieHHJI 

rrpH3HaKoB CaKca-BonL<)>a B c.n:yqae HeTpHBHaJI:&HOH TorronorHH 

rrpocTpaHCTBa. 

lfccJie,[(OBaHHe CBOHCTB KOCMOJlOrHqecKHX MO,[(eneii c TeMHOH 
3Hepmeif. 

IloJ1yqeHHe <PoToMeTpHqecxoro paccTOHHHH H .1.1pyrHx napaMelpOB, 



• 

II03BOJI.IIIOIIJ;HX cpairnemre 

Ha6mo,z:i;aTeJibHhIMH .naHHhIMH. 
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KOCMOJIOrH'leCKOH Mo.z:i;emi: c 

IlpHBJieqemi:e 3MIIHpHtieCKHX COOTHOIIIeHHii ,ll;JUI KaJIH6pOBK.11 

KOCMOJIOrH'leCKOH MO,l(eJIH H Ha6rrro.z:i;aTeJ1bHhIX .z:i;aHHhIX 0 CBepxHOBhIX 

H raMMa- BCIIneCKOB. 

Hayrna.11 HOBH3Ha 

• BburnrreHa CHMMeTJlml B CTJlYKTYPe KapT aHH30TporrHH penHKTOBoro 

H3JIYtieHml, KOTopa11 MO)!(eT 6bITb CBH3aHa c TOIIOITOrHtieCKHM.11 

cBolicTBaMH BceneHHOii. 

• )ln11 MO,l(eJieH c TeMHOii 3Heprneii Haii,z:i;eHbl HHBapHaHTbl, KOTOpb!e 

ofrbHCHHIOT Haii,z:i;eHHYlO paHee CHMMe'fPHIO H CBOiicTBa ce11apaTpHCb!. 

• ,l(aHO o60CHOBaHHe .nm1 HCI10Jib30BaJIHH HCTO'IHHKOB raMMa BCilJieCKOB 

B KatieCTBe CTaH,z:i;apTH'b!X CBe'leH. 

• IlocTJlOeHa .n11arpaMMa Xa66na .nn11 HCTO'IHHKOB c 6oJibIIIHMH 

KpaCHblMH CMem;emrnMH. 

IlpaKTH'leCKaSI ueHHOCTb pa60Tbl 

MeTo,ll;br, pa3pa6oTaHHDie .nrr.sr 11ccne.n0Bamrn KapT aHH30Tpo111111 

peJIHKTOBOro H3JIY'1eHHH, MOryT 6bITb IIpHBJie'leHbl K am1.i1H3y pe3yJibTaTOB 

rrpe.ncTOHIIUfX 6onee TO'IHb!X 3KcrrepHMeHTOB, TaKHX KaK Q)!(H,ll;aeMbIX co 

CllYTHHKa PLANCK. MeTo.z:i; Kantt6posKH ,z:i;aHHhIX raMMa-scnnecKoB MO)!(HO 

ttcnoJib30BaTb .nrrH ,z:i;aHHhIX, O)l(H.naeMbIX c SWIFT-a H .z:i;pyrnx cnyrHHKOB. 

Ha)"IHbre rroJIO)l(eHHSI BbIHOCHMbJe Ha 3aIIIHTY 

• 

• 

• 

BI>I.llBJieHJie CHMMeTpIPIHI>IX crpyKryp Ha xapre peJIHKTOBoro 

H3JIYtieHIDI, noJIYtieHHl>IX cnyTHHKOM WMAP. 

Bo3MO)KHI>IH KOCMOJiorH"<IeCKHli xapaKrep Hali.n;eHHbIX 

CHMMerpu<rHI>IX crpyxryp Ha xapre peJIHKTOBoro H3JIJ'IeHIDI. 

He3aBHCHMOCTb .LlaHHbIX CTPYKTYP OT ranaKTH'lecKoro H HHoro IIIyMa. 

MHBapttaHTbl ypaBHeHHH KOCMOJIOrH'leCKOii MO.z:i;e;:m c TeMHOH 

3HepmeM:. 

• CooTBeTCTBHe Ha6mo.naTerrhHbIX .naHHhIX c rrpe.ncKa3aHHSIMH 

KOCMOJIOrH'leCKOii Mo,neJIH c TeMHOii 3HeprHeii. 

I 

\ .. 

~ 

5 

Anpo6arm.sr pa6oTbr 

OcHOBHbie pe3yJibTaTbI .n;ttcceprnu110HHoii pa6oThI ,noKJia,11,bIBaJIHCb Ha 

ceMHHapax B EpeBaHcKoM «if>11311qecKOM HHCT.11TYTe, B yHHBepcttTeTe PHMa "La 

Sapienza", Ha KoH«if>epeHUHHx: XI Ma peen» fpoccMaHa rro rpaBnTa:u;1:1n 

(BepJIHH, 2006), IllTyxen1>6eprOBCKOH no peJIJITHBHCTCKHM IlOJieBI>IM TeopH.llM 

(Ilecxapa 2006), no peJIJlTHBHCTCKoli acrpocl>H3HKe (IlecKapa, 2007). 

Ily6JIHKaUHH 

Ilo TeMe ,ll;HCCepTaU.HOHHOii pa60Tbl orry6JIHKOBaHO 5 HaYtIHhlX pa6oT, 

CllHCOK KOTOpb!X rrpHBO.l(HTC.!I B KOHI.(e aBTOpelf>epaTa. 

CrpyKrypa imccepTaUHH 

,l(HccepTal.(HH COCTOHT H3 BBe,neHHH, TPeX rnaB, 3aKJIIO'leHHH H CllHCKa 

JIHTepazyphI H3 136 HaHMeHOBaHHii. 06m11ii o6oeM pa6oTbI cocrasrrHeT 111 
crpaHHU rreqaTHOro TeKCTa H BKJIIO'laeT 37 pHCJHKOB H 21 ra6JIHl.(y. 

Co,l1;epmaHHe pa6oThl 

B nepeoii: n1aee 11po6neMa ro110,10rn11 BceneHHoii my1rnerc5.1 '!epe3 

orrpe.neneHHbie CBOHCTBa KapT peJIHKTOBOro H3JIYtieHirn. 

KoMrraKTH<l>HI.i;HpOBaHHbie TOilOJIOfHH o6cyJK.ll.aJOTCH B IIOLIXO.l(e KBaHTOBOH 

KOCMOJIOnt:H Xaprna-XoKHHra H cpopMaJIH3Ma BOJIHOBOH cpJHKl.(HH BceneHHOH 

OTHOCHTeJihHO sep05.1THOCTeH cym,ecTBOBaHH.ll BceJieHHOK c KOCMOJIOfH'leCKOM 

IIOCTOHHHOH. 

3areM paCCMOTJleHbl CBOiiCTBa KapT peJIHKTOBOro H3Jiy'leHHH ,D;JIH 

BceneHHoli c KOMIIaKTHqrnpoaaHHOM Torronor11eii T3
, KOrL1a B pa3JIOJKemrn <l>yphe 

)J;JISI IIOTeHU,Harra ,11,aIOT BKJia,n TOJibKO MO)J,bl, 011pe,neJieHHh!e TpeMH 

pa3MepHOCT.!IMH 

(r) = "'"' (k)e;i1 k = (2nnx 2nnY 2;m=) 
<p ~<p ' L ' L ' L ' 

k . x y = 

nx,ny ,n= E z, In; -::j:. 0 
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11 3cP<l>eKTOM CaKca-BorrI><Pa 

OT (() A.) = _1 ( drec () A.) 
T '.,, 3c2 cp a ' '.,, ' 

r,n:e cp - IlOTeHI..(HaJI rpaBHTal..(HOHHOro IlOJIH, drec - paCCTOHHHe )l.0 noBepXHOCTH 
nocne,n:Hero pacceHHHH peJIHKTOBoro H3rryqemu1. 

Tor.n:a aHH30TporrHH peJIHKTOBoro H3rryqeHHH npH pacruttpHJOIQelicH 
BcerreHHOH c MeTpHKOH Po6epTcoHa-YorrKepa qepe3 MYJII>THIIOJIH 3a,n:aeTCH 

ypaBHem1eM (pHC. 1). 
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" 1=3 
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• 1=5 
.. 1=6 
,. 1=7 
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Puc. I. PacnoJ1o;J1CeHue eeKmopoe MYJ1bmunoJ1eu peJ1uKmoeo20 U3J1y'leH1JR u u:x 
cyMMapHblX eeKmopoe oo I = 8, o6o3Ha'leHHblX 36e300'IKaMU (meMHaJl - c 

y'lemOM ouno;m). 

... 

~ 

7 

( <ST )
2 

~ 21+1L1JJ(k)(-a-J
2

• 

T 1 18 f kd rec 

B crryqae, Kor,n:a n = o n 2 + n 2 * o , qTQ cooTBeTCTByeT 3¢cPeKTHBHOM 
z ' x y 

TOilOJIOfHH T1
' CHMMeTpHH TeMnepaTYPHOH aHH30TpOilHH HMeeT BH,ll 

8T 81' 
--y(O,</J) = T(;r-0,</J). 

Pa3pa6oTaHbI a.rrropHTMbI 11 BbIHBJieHbI Heo.n:Hopo,n:HOCTH B 

pacnpe.n:erreHHH IIHTeH B TeMrrepaTypHblX KapTaX peJIHKTOBOrO 113nyqeHHH, 

nonyqeHHbIX 3a TPeXJieTHHe Ha6mo.n:eHHH WMAP. neHTPbI Mace JIHTeH 
onpe,n:eJieHbl HCilOJib3YH TeopeMy KapTaHa 0 CBH3HOCTH KOMIIaKTHhIX no;:i;rpyrrrr 
JIH. 

60 

-en 
Q) 

"t:l 0 -.Q 

-60 

0 

¢ 1~1 

3 1~2 

• !=3 
,, 1•4 
o lnhomcg .. neities, <1ep11ndlng on T 

'0, 
···········6···· 

6 

0 

,6. 
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® 

• 
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l8l • 

200 
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!::. . 
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6 

• •"-'•·J::,. ............................ . 
® 

} 

300 

Puc.2 ;Ipeurft lfeHmpoe 06J1acmeu HeoiJHopooHocmu aHU3omponuu peJ1u1<moeo20 
U3Jly'leHUR u Hanpaenenue eeKmopoB MYJtbmunoneu I= 1+ 4. 

IIoKa3aHo, qTo B TeMneparypHoM HHTepsane I T I = 90 µK 
OTHOCHTerrbHO cpe,n:HeH TeMrrepaTYPI>I pacnpe;:i;erreHHe nHTeH c 6oJiee qeM 200 
IlHKCeJIHMH CKOHI..(eHTpHpoBaHO B ,n:Byx o6rracrnx, noqn1 B aHTHIIO,llaX c 
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ranaKrnqecKHMH KOOp,llHHaTaMH l = 94". 7, b = 34°.4 H l =279°.8, b = -29".2. 
1\eHTPbl 3THX o6nacTeii )l,peiicpyroT K 3KBaTOpy rrpH ysenHqeHHH 

TeMneparypHoro HHTepBana H pacnono:>K:eHbl 6m!3KO K O,llHOMY H3 BeKTOpOB 

MyJibTHIIOJIH l = 3. Pacnpe.u.eneHHH nHTeH o6na)J,aroT 3epKanhHOH cHMMeTPHeii 

c )l.OCTOBepHOCTblO x2 
= 0. 7 + 1.5. He BbIHBJieH KaKOM-Jil:I6o BKJia,ll lllYMOB 

WMAP, HeT TaK:>K:e CBH,lleTeJibCTB 3aBHCHMOCTH 3cpcpeKTa OT ranaKTJiqecKoro 

<l>oHa. 

EcJIH 3TOT 3cpcpeKT HMeeT KOCMOJiornqecKyro npHpo.u.y, TO 3TO MO;KeT 

6b1Tb rrpOHBJieHHeM aHOMaJihHO 60JihlllHX B03Mym:eHHH IIJIOTHOCTH BeI.IIeCTBa Ha 

paccTOHHHHX, npeBhllllaIOIIJ.HX CBeTOBOH ropH30HT H He3aBHCHMbIX OT O)l,HOH 113 

npocTpaHCTBeHHbIX KOOp)l,HHaT, H (HJIH) HeTPHBHaJlbHOH TOilOJIOrHH 

BceneHHoii, BKJIIOl!aH 

83 lll.N , N> >I. 

Bo BTOpoii rJiane H3yqeH llIHpOKHH KJiacc KOCMOJlOrnqecKHX MO,lleJieM 

CJie,llyroIIJ.eM 113 cpopMyJibl ,llJIH TeMHOH 3Hepnm, noJiyqeHHOM fyp3a,llHHOM Ii 

Keye. nonyqeHhl HHBapHaHTbl KOCMOJIOrHl!eCKHX MO,lleJieH. BeI.QeCTBeHHO­

)l,OMHHHpOBaHHbie H pa,n;Hall,HOHHO-)l,OMHHHpOBaHHble HHBapHaHThl B 

3aBHCHMOCTH OT IIJIOTHOCTH semecTBa µ HMeIOT BH)l, 

box = µa.3G - 'TCQ 

m c2 4 , 

bGX 
r 

µa4G 7ra1 
-----

c 2 8 

IlOKa3aHO COOTBeTCTBHe HHBapHaHTOB c cerrapaTpHCOH, HaM,lleHHOH 

pattee ,llJIH 3THX Mo,n;erreii, qrn o6'bHCHHeT o6Hapy;KeHH)'IO paHee CKphIT)'IO 

CHMMeTPHIO. 

IlonyqeHbl pemeHirn KaK )l,JIH semecTBeHHO H pa,n;Ha1urnHHO-

.n;oMHHHpOBaHHhIX :mox, TaK H B cnyqae COOTBeTCTB)'IOIIJ.ero COBMeCTHOro 

BKJJa.n;a 3THX BH.D;OB MaTepHH. Ilo1<a3aHo, qrn, pernemrn ,n;nH Macnna6Horo 

cpaKTOpa He 3aBHCHT OT rpaBHTaI.J;HOHHOH IIOCTOHHHOH, a HHBapHaHThl HBJIHIOTCJl 

34J4JeKTHBHbIM HHCTpyMeHTOM )l.JIH OIIHCaHHH .n;aHHoro KJiacca MO,ll.eneii H pa3HblX 

QJa3 KOCMonornqecKoro pacrrrnpeHmI. 

HcrroJib3YH irnsapHaHTbl, nonyqeHbI OCHOBHble KOCMOJIOrttl!eCKHe 

napaMeTPhI, Ta1<11e KaK cpoTOMeTp11qec1<oe paccTOHHHe, B03pacT BceneHHOH H 

napaMeTP 3aMe11.nemrn. B qacTHOCTH, ypaBHeHHe 11.JIH 4JoT0MeTp0qecKoro 

~ 

l 

9 

paCCTOHHHH HMeeT BH)l, 

r,lle 

I 
1 

ln d L (z) = ao (1 + z)fk J7i 
a 
-(z+l)+l-1 
fJ 

~; + 1-1 

{

sin x,k =I 

fk(x) = x,k = 0 , 

shx,k=-1 

~; + 1+1 

a 
-(z+l)+l+l 
fJ 

a k - HOpMHpOBaHHaH KpHBH3Ha H ~ fJ -napaMeTPbl MO.D;eJIH. 

52 . .5 t:J t f I ! ¥ l I t I J f I I t ~ f i t i I £ i ~ f l I J I I {""I I I l I I I I I I i i l I I 1 I I I I 1 I I I $ t t i ., ¥ ~ } ·1 4 t t t t~ 

j 

tll 

= '3 

50 

1l 42.5 
:E 

~ 
'ii') 

Q 37.5 

35 

2 

• 20RG 
244SN 

• 69GRBs-ACDM 
GX - Model. k=O, ~lm = 0.76 

GX- Model, k=O, Qsrp::: '113 

A-CDM 

3 4 5 
Redshift-z 

Puc. 3. J(uazpa.MMa Xa6611a OM 244 ceepxH06blX, 20 paiJuozaJlaKmuK u 69 
zaM.Ma ecrmecKoe. 
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B TpeTLeii rJiase npw IIOMOlll,H ,D,aHHhIX caepxHOBI.IX SN Ia, 
pa.zumrarraKTHK H HCTOqHHKOB raMMa BCnJieCKOB rrpoaepeHI.I pacCMOTpeHHI.Ie 
KOCMOJiomqecKHe MO,ll,eJIH c TeMHOH :meprHeH. Pe3yJII.TaTI.I cpaaHeHbl TaK:>Ke co 
CTaH,D,apTHOH ACDM MO,D,eJihIO c wcrron1.3oaamreM 3aBHCHMOCTH 
<lJoTOMeTpM11ecKoro paCCTOjjHHjj dL(z) OT KpacHoro CMelll,eHHjj z 

dL(z) = a0 (l+z) J~a, 
aa 

IIpH IIOMOlll,H Bbipa)l{eHirn 

7J(z) = M - m = 5 log10 d L (z) + 25. 

IlOKa3aHo, qTo corrracHe <lJOTOMerpH'IeCKOro pacCTOjjHHH npH ,naHHOH 
MO,ll,eJIH npH napaMerpe IIJIOTHOCTH Om=Osep c Ha6mo,D,eHHHMH 6JIH3KO K 
CTami;apTHOH ACDM Mo,neJIH. 

,[(a.nee, ,ll,Jljj IIOJIY'feHJrn ,D,HarpaMMbI Xa66na HCIIOJib30BaH 
CTaTHcTHqecKHH IlO,ll,XO,ll, Jlle$epa (2007), OCHOBaHHbIH Ha IljjTH 3MIIHpH11eCKHX 
COOTHOUieHlUIX, BbrnBJieHHbIX paHee )l,JIH raMMa BCUJieCKOB (pHc.3 ). Ilocne 
rrocne,D,osaTeJII.Hoif KaJIH6poBKH ,ll,JIH Ka)l{,ll,Oro onpe,D,erreHHoro rrapaMeTpa 
IIJIOTHOCTH H HCilOJib3YH: ,D,aHHhie 0 69 raMMa BCIIJieCKaX, a TaK)l{e He,ll,aBHHe 
.n:aHH1.1e o 41 HCToqHHKe, nonY'feHHI.re cnyTHHKOM SWIFT, nocTpoeHa 
JIHarpaMMa Xa66na. ,[(HarpaMMa oxaaTI.IBaeT paccTOHHH» .zi:o KpaCHoro 
CMelll,eHH» rrpH6JIH3HTerri.Ho 6.5. IIonyqeHo 3HaqeHHe napaMeTpa nnoTHocm 
Belll,eCTBa Om KOCMOJiomqecKOH MO)J;eJIH COOTBeTCTBYIOmero )J;HarpaMMe 
Xa66rra. 

3aKJilff'ICHHC 

0CHOBHI.Ie pe3yJII.TaThl, rronyqeHHble B .u;aHHOH pa6oTe CJie,u;yIOlll,He: 

• Bi.rnaneHI.I B03MOJKHble npo»BJJeHHH TorroJionn:r BceJieHHOH Ha KapTax 

TeMrrepazypHOH aHH301'pOIIHH peJIHKTOBOrO H3Jiy'IeHHH, B '!aCTHOCTH 

MaCIIITa6a KOMIIaKTHcpHKari;HH rrpocTpaHCTBa. 

• Pa3pa6ornH1.1 cneQHaJI1.H1.1e arrropHTMI.I H c HX noMomi.io 
npoaHa.JIH3HpHpOBaHbl crpyKzyp1>1 rpexJieTHHX TeMnepaTypHbIX KapT 

• 

• 

• 
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peJiHKTOBoro H3JIY'feHm1 nonyqeHHhIX cnyTHHKOM WMAP. 

Hai1.u;eHi.r CHMMeTpHqecKHe o6pa3oaamrn: B pacnpe.n:erreHH»:x 
aHH30TpOilHb!X CTPYKTyp, KOTOpbre, B crryqae KOCMOJIOfH'leCKOH 
npHpO,ll,bl CHrHarra, MOrYT 6bITh CBll.3aHI.I c KOMnaKTH<lJHKaQHeii 
rrpoCTpaHCTBa H c aHOMa.JibHO 6oJibllIHM Macuna6oM B03Mylll,eHHH 
IIJIOTHOCTH He3aBHCHMhIMH OT O)J;HOH rrpocTpaHCTBeHHOH KOMilOHeHTbl. 

H3Y'feHa KOCMOJiomqecKM MO,neJib c TeMHOH 3Hepmeii, Haii.n;eHI.I ee 
1rnaap11aHThl H OCHOBHI.Ie KOCMOJIOfH'leCKHe napaMerpb!. 

IlpoBe.l(eHo cpaBHeHHe OCHOBHhlX KOCMOJIOrH'leCKHX rrapaMerpoB 
MO,ll,eJIH c TeMHOH 3Hepmei1 c Ha6mo.n:aTeJihHbIMH ,ll,aHHblMH. l13Y'feHa 
B03MO)l{HOCTb HCIIOJib30BaHHH HCTOqHHKOB raMMa-BCIIJieCKOB B 
KaqecTBe «crnH.n;apTHI.IX caeqeii» H IIOJIY'feHa ,ll,HarpaMMa Xa66na 
annoTI. ,D,o 3Ha'IeHHH KpacHoro CMelll,eHH»: rrop»LU<a mecTH, qyo 
BI.IHBJrneT 3BOJIJOQHJO pacIIIHpeHHH paHHeii BceneHHOH. 
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