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061!.V'R XAPAKTEPlllCTlllKA PA60Tbl 

AKTYaJII>HOCTI> TCMhl 

Pa3BHTl1e COBpeMeHHOH KOCMOJJOnrn BO MHOTOM npoHCXO,lll1JIO 6naro.napa 11mpopMaQI1M 

nonyqeHHOM 'iepe3 KOCMHqecKoe peJIHKTOBOe M3JiyqeHMe, co BpeMeHH ero OTKphn'HH ,[.\O 

crreq11aJJH3HposaHHhlX KOCMHqecKHX arrrrapaToB Cosmic Background Explorer, Wilkinson 

Microwave Anisotropy Probe (WMAP) H Planck. 3rn: 3Kcrrep11MeHTI>I np11serrH K 

norryqeHHlO ,[.\aHHI>IX, KOTOpI>re HapJIA)' c ~yrHMH aa6JIIO,[.\eHl1llMH, IIpHBe.JIH K HI>IHeIIrneii: 

CT3,[.\HH 'TO'iHOH' (precision) KOCMOJIOrHH. BIDKHI>IM )J;OCTIDKeHHeM Ha6Jil0,[.\3TeJII>HOH 

KOCMOJIOrHI1 CJieA)'eT C'iHT3TI> cj:laKT, qTO IIapaMeTPbl KOCMOJIOr11qecKoii MO,[.\eJIH c 

,[.\OMHHHpOBaHHeM TeMHOH 3HeprHH orrpe.nenaeMI>Ie pa3HhlMH MCTO,[.\aMH, a 11MeHHO, 

cIIercrpoM MOIJJ;HOCTH penHKToaoro irinyqeHHH, ofoopaMH KpYIIHOMaclllTa6Hoii CTPYKTYPI>I 

H ,llHarpaMMOH xa66na ,llill! ,llaJieKHX ofu.ercroa, KOCMH'ieCKHM HyKJieOCHHTe30M, HaXO,llllTCJI 

BO B3aHMHOM corrrac1m, H, cne.nosareJJI>HO, MO)!(HO roBopHTI> o (concordance) 

KOCMOJIOrH'ieCKOH MO,llCJIH. 

CBH3I> csoi1cTB pen11KTOBoro H3JJyqemrn c ·pacnpe.neneHHeM aeIQecTBa BO BceneHHoii 

ecTecTBeHHoe H TeCHOe, TaK KaK peJJHKTOBOe H3JIY'iCHHe pacrrpocTpaHHHCI> OT 3II0Xl:! 

nocne,llHero pacceaHillI .no aa6rr10.nareIDI HeceT HHcj:>opM~ o KpyrrHoMacIIIrn6Hoil: 

CTPYKTYPC BcerreHHOH, uo OIIHCI>IBaeTcll HHrerpaJII>HI>IM 3cj:>cj:leKToM CaKca-Bon1>cj:la, a 

TaIOKe co,u;ep:aarr HHcfiopMaQ11IO o CTPYKTYPax MeHI>IIIero MaclllTa6a - CKorrneHHHX 

raJiaKTHK, BCJie,llCTBI1e pacceHBaHHll pe.IIHKTOBI>IX QJOTOHOB Ha ropaq11X 3JJercrpoHax -

3QJijleKT C10HHeBa-3en1>,llOBH'!a. Ilpo.noJDKaroIQaeca H npe.ncTOJIIQHe Ha6n10.nemrn, 

ecTeCTBeHHO, yBe.JIHqaT 3cj:>cj:>eKTHBHOCTI> 11ccne.nosaa11f1 B3aHMOCBH311 CBOMCTB peJJHKTOBoro 

H3JJyqeHHH 11 pacnpe,L\eJieHHll BeIQeCTBa. ;::I;airnaa pa6oTa ITOCBIDQeHa HCCJie,llOBaHHlO .llBYX 

npo6JieM, a 11MeHHO, BI>IHBJICHHIO B ,llaHHI>IX peJJHKTOBOro H3JJyqeHHH B03MOlKHhIX 

llpH3HaKOB HaJIHqIDI IIYCTOT B HeO,llHOpO,llHOM pacIIpe.neneH11H BeIQeCTBa H 06HapyJKeH11e 

TO'feqHhlX HCTO'iHHKOB - raJiaKTHK, KBa3apoB, Ha KapTax peJIHKTOBOro H3Jly'ieHHH. MI>I 

acrroJI&3yeM Texrrnrcy p83BHTyro H3HaqaJIJ>HO KoJIMoropOBhIM, a He.na11Ho H ApHOJJI>,L\OM, 

KOTOpaa II03BOJIHeT OQeHHTh CTCIIeHI> CTOXacTINHOCTH 3a,l(aHHI>IX ITOCJie,llOBaTeJII>HOCTeH. 

3Ta TeXH!1Ka TeCHO CBH3aHa c HeJI11HeHHOM ,ll.HHaMHKOH H MeTO,[.\aMH ,llHHaMnqeCKHX 

CHCTeM, IIIMpOKO rrpHMeHHeMhIX B pa3.JIHqlll>IX «jJH3HqeCK11X npo6neMax. 

Uem. ,n;ncceprnu1:10HHOH pa6oThI 

• MccJie.noBaHHe B3aHMOCBH3H CBOMCTB pe.JIHKTOBOro H3JIY'ieHHH M 

HCO,llHOpO)J.HOChieH pacrrpe.neJieHI1ll BeIQeCTBa c HCIIOJJI>30BaHHeM CTaTl1CTHqeCKI1X 
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• 

• 

CBOHCTB CHfHaJIOB. 

AHa.1M3 noBe,D;eHHH napaMerpa CTOXacn1qHOCTM npM MO)J.errapoBaHHM CMCTeM 

pa3HbIX KJiaCCOB. 

IloJIOCTM B pacnpep;eJieHMM BellJ,eCTBa M HX npmHaKM Ha KapTax peJI11KTOBOfO 

mrryqeHHH. 

• BbIHBJieHMe TO'leqHbIX MCTOqHJ1KOB no IIOBe)J.eHHIO CTOXaCTMqecKoro napaMerpa. 

• 

• 

Hay'lHaH HOBM3Ha 

Iloae.n:em1e rrapaMeTpa CTOXaCTH'lHOCTM rrpw MO,LleJmpoBaHHH CMCTeM c 

CJIYLJaHHb!MM H perymipHhIMM CBOHCTBaMM. 

rHrrep60JIHLJHOCTh nOJIOCTeH M ee npOHBJieHBe Ha KapTax peJIMKTOBOfO 

113JiyqeHMH. 

• To•1eqHJ>Ie MCTOLJHMKH M CTerreHb CTOXaCTM'lHOCTM perrMKTOBOfO H3Jiy'leHMH. 

IlpaKrnqeCKaH ueHHOCTh pa60Tbl 

MeTO,ll;bl pa3pa60TaHHh!e )J.JIH HCCJie)J.OBaHHH Kapr KOCMMLJeCKOfO peJIHKTOBOro 

mnyqeHHH, MoryT 6i:.ni. rrpHMeHeHI.1 ,LIJIH attana3a KaK 6orree Toqm.1x .z:1aHHhlX no penH.KTy, 

TaK M ,Llpyrax acTp0c\JH3H:LJeCKMX MaCCMBOB ,LlaHHhIX, rp;e Heo6xo,n;MMO OT)J.eJieHH:e CllfHaJIOB 

OT myMa. 

Hay'lHhle rronoiKeHH:ll, BhIHOCH:MLre Ha 3filllHT)I 

• 

• 

• 

• 

Mop;enMpOBaHMe CMCTeM c CTOXaCTH'leCKHMH M perym1pHhIMH KOMilOHeHTaMH 

MeTo,n:oM KoJIMoroposa. 

B1>rLJHCnemre pacnpep;erreHHll KoJIMoropoBa ,D;JIH ,D;aHHhIX peJIHKTOBoro a3rryqemrn 

rrorry'leHHhIX WMAP. 
AHaJIM3 Kapr M BblllBJieHHe COOTBeTCTBYIOllJ,MX o6rracTeH M cpaBHeHMe c 

rrpM3HaKaMH HaJIM'lMe rrycTOT B HeO,D;HOpO,LIHOM pacnpe,D;erreHMe Beil]eCTBa. 

BhlllBJieHHe npH3HaKOB TOlfeqHbIX MCTO'IHHKOB M cpasHeHHe c )J.aHHhIMll 0 

pacnpe,D;erreHMll H3BeCTHb!X HCTQqHJ1KOB. 

Arrpo6auHSI pa60T1>1 

OcHOBHhJe pe3yn1>TaTh1 p;HccepTaUMOHHOH pa60TLI 2lOKJia,LILIBarrHCb Ha 

KOHc\JepeRUHHX M.rpoccMaHa no rpaBMTaQHH (2009, IIapHiK), Hop-AM6epp;e (2009), 
MeJK.LIYHapO,!l;HOH IIIKOJie no KOCMOJIOfHM (Tp11ecT, 2010), Ha ceMMHapax KarrHtliopHHHCKOfO 

TeXHOJIOrMLJeCKOfO MHCTHTyTa, MHCTMTYTa acTpoc\JM3MKH (IlapMiK), )l(eHeBCKOH 

06cepsaTop11u, Hau110HaJ!bHOH rra6opaTopau HM.AnMXaH»Ha H EpeBaHcKoro 
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rocymrnepcnTeTa. 

Tiy6rr11Kaum1 

IIo TeMe .n:accepTaU.HH ony6rrMKOBaJIO 6 HaylffiblX pa6oT, CllHCOK KOTOphIX 

11p1rno,AMTCH B KOHU.e aBTOpeitiepaTa. 

CTpyKwpa nwcceprnmrn 

.D:wcceprau.m1 COCTOHT M3 BBe,LleHMH, Tpex rnaB, 3aKJIIOqeHHH H CllHCKa 

mneparyphI H.3 134 HaMMeHOBaHH.it 06ID,HH 061.eM pa60ThI COCTaBJIHeT 101 crpaHHU.hI 

neqaTHOfO TeKCTa H BKJIIOqaeT 3 8 pMCYHKOB H 6 ra6JIHU. 

Coi:1epmauHe paooTLI 

B nepsoil n1ase om1caH MeTo.LI KonMoropoBa, orrpep;enHCTCll cToxacTMqecKHH 

napaMeTp p;na KOHeLJHoi1: cnyqa.liHoi1: nocnenoaaTeJJhHOCTH peaJihHbIX 'IHCeJI 

An= ...[ii ·suplF(X) - Fn(X)I, 

rp;e F(X) H Fn(X) TeopernqecKHe 11 3MllMp11qecKMe tliYHKlll'IH pacrrpep;eneHMSI, 

COOTBeTC"fBeHHO, H 

{

O, 

Fn(X) = ;, 

1, 

X <x1 

Xk :s;X < Xk+1 k 

X>xn 

1,2, ... n - 1 

CorrracHo reopeMe KorrMoroposa pacnpe.z:1erreH11e Bep011THOCTM 3 HaLJeHHH An 

<l>n (A) B npe11eJJe n ~ co M An :::;; A 

orrpep;errlleTcsr <]lopMY rrotl 

<l>(A) = Lk:-00C-lle-2
k2A2 -00 < k <+OJ I ¢(0) = 0. 
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P11c. l. IT0Bep;em1e l1t:i'(mean) - 0.8750291. 

HccJiep;oBaHbl reHepHposaHHble cJJy'laHJihle 11 perym1pHbie nocrrep;osaTeJibHOCTH p;aHHOH 

p;ID!HbI onpep;eJJl!IOllil1C rmpaMeT}J Jt H $yHKQHIO cl>. C11cTeMbI BKJJIO'laJJH 

IlOCJJC,!l;OBaTeJibHOCTH KaK c rayccOBCKHM TaK H c B03MYllieHHbIM rayccOBCKHM 

pacrrpep;eneHl!eM F(X) (pHc.1 ), 1<0TOpb1e oco6eHHO HHTepeCHbI npH rrocnep;yEOI.QeM 

HCCJiep;osaHHH CBOHCTB peJUIKTOBOro H3JIY'ICHHl!. 

AHaJIH3 npoBep;eH ,!l;Jll! Ha6opoB CHfHaJIOB nocpep;cTBOM pa36Hemrn HX Ha 110,!l;MHOlKCCTBa H 

orrpep;eneHHl! cpep;Hero 3HaqeHHll rrapaMeTpa cToxacTHqHocTH. 

Oco6eHHOCTH TIOBep;eHHJI rrapaMeTpa CTOXaTH'IHOCTH Hail.p;eHbl B 3aBHCHMOCTH OT CBOHCTB 

perym1pHb!X H CJI)"laHHh!X TIOCJIC,llOBaTeJJhHOCTeH, onpe.n;errem1 COOTBCTCTBYIOI.QHe 

KpHTCpHH. 
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B onpep;eJieHHbIX cJiyqal!x xapmnepm.1e oco6eHHocTH Bhil!BJilllOTCl! pa3HldM nosep;eHHCM 

An, B .a;pyrHx, OTJrnqHll npmrnm110Tcl! np11 6oJihIIICM q11cJie pa36HCHl1H. B 11Tore, KpirrepHH 

nom!p;eHl1JI CTOxacn1qecKoro napaMeTpa Bh!l!BllCHhl Alli! 3THX CHCTCM, JIH6o KaqeCTBeHHhle 

11Jil1 KOJIHqCCTBCHHhlC. 

G .'\~\Jli I ..................... ______ "' .. 

PHc.2. Pacnpep;eneHHe ¢YHKLIHH 11> BhI'II1CJICHHoe AJill TeMrrepaTypHhIX p;aHHhlX 

pem1KTOBOro 113nyqeHMl! noJiyqeHHhIX Wilkinson Microwave Anisotropy Probe. 

Bo BTOpoii n1ase HCCJIC,!l;OBaHbl CTaTHCTffqCCKHC CBO:ii:cTBa 

nocnep;OBaTCJibHOCTCH, KOTOpblC HMCIOT CJlyqaifmie 11 perym1pHbie KOMIIOHCHThl 11 38,D;aHbI 

B BMp;e 

Zn = axn + (1 - a)yn 

f,ll,C rrapaMe'Ip a orrpe):leJll!eT ):\OJIIO cnyqaifHOH H perym1pHOH KOMIIOHCHT 11 MCHlleTCH OT 
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PHc.3. HopMFiposaHHM ilW B 3aBHCMMOCTH OT a. 

1 ,n;o 0, B rrpe,n;eJie orrpe,n;em1er CJI)"IaihzyIO Xn, H perym1pHy10 Yn rrocJie,n;oBaTeJibHOCTH, 

rrocJie,n;Hee 3a,n;aHo B BH,n;e Yn = 107i mod 513 (pMc.3). 3Ha'!eHHe :noro onpe,n;eJieHHJI 

COCTOHT B B03MOIKHOCTH pa3,n;eJieHHJI paccMorpeHHb!X KJiaCCOB CHrHaJIOB c pa3Jill:'!HOH 

CTeneHblO xaoTHqHQCTH e,n;HHCTBeHHbIM napaMeTpOM. 

IIorrb3YHCb ,n;aHHbIMH norryqeHHbIMM npH 7-JieTHHX Ha6JIIO,n;eHHHX WMAP B 

rrpe,n;cTaBJieHHH HEALPix, 6bIJIM IIOJIY'ieHbl KapTbI pacrrpe,n;erreHHJI <PYHKQ1u1 

KOJIMoropoBa <I> (pHc. 2). 

8 

KapTbI Bhitmc.rreHbI raK:iKe ,11rr.11 pa3HbIX '!aCTOT WMAP, c l.\eJIIO BbIJJBJJeHHH BK.ITa,n;a 

raJiaKTHqecKoro H3Jiyqemrn. <I>aKT BbI)leJieHHJ! raJiaKTJlqecKoro ,!l;HCKa B IIOJIY'ieHHOM 

pacnpe,11eJieHHH <PYHKI.\MH <I> YKa3bTBaeT Ha 3ip4JeKTHBHOCTb MeTo,11a pa3,n;enemrn CIITHaJIOB 

H onpe,n;enm1 crpaTenno Hamero ,n;a.rrbHettrnero Hccne,n;osaHHJI. 

AHaJIH3 napaMeTpa KonMoroposa ,n;n.11 peaJibHbIX TeMneparypHbIX KapT peJIKKTa WMAP, 

6hrn rrpose,11eH TaK:>Ke ,n;rr.11 or,n;eJibHbIX y'IaCTKOB Kaprhl pacrrpe;n:eneHHJI <D. 
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Cold spots 

'· d2 •clS •d"Hl 

PHc.4. Pacrrpe,n;eneHHe cTerreHH crryqaifHOCTH ,11JIH 20 xono,n;HbIX m1TeH H pa,n;11ycos 2°, 5° 

H 10°, COOTBeTcTBeHHO. 

B TpeTeH rJiaBe H3yqeHbI B03Mo:>KHbie npmrnneHH.ll TO'IeqHb!X HCTOqHHKOB H 

Heo,n;Hopo,11HocTeii aemecrna Ha Kaprax peJIHKTOBoro mny'!eHHll. TexHHKa napaMerpa 

Komwroposa npHMeHeHa ,[\ml BbllIBJiemrn ToqeqHbie HcToqHHKH B Kaprnx penHKTa. 11,n;ell 
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COCTOMT B TOM, qTo Cli!rHaJlhl MCToqHHKOB M3JiyqeHMH pa3JI1fqHoro npOMCXOlK.!(eHMH MOryT 

MMeTh pa3J]lfqHJ,Je CTaTHCTWieCKOe CBOHCTBa onpe.n;emreMhie pacnpe.n;eneHHeM 

KonMoropoBa. 11HcneHHhie 3KCrrepMMeHThl .11;m1 CHCTeM c 3a,Zl;aHHhIMH CTaTMCTWieCKMMM 

CBOHCTBaMM, OllMCaHHhie B nepBhIX .!(Byx rnasax IlOKa3aJIH, qTo napaMeTp CTOXaCTMqHOCTM, 

.n;eiiCTBMTeJihHO, MO)KeT 6h!T rrpMMeHeH .!(ml 3THX [leJieii. 

IlpH .n;ocTynHoM yrnosoM pa3pernemrn WMAP MeTO.!( Bhl.IIBHJI 12 o6nacTeli, KOTOphle, 

Ol<a3aJIH:Ch pa.n;Ho rarraKTH:KaMlf, a TaK:lKe raMMa HCTO'lHMKaMM o6Hapy:lKeHHhJe cnyTHMKOM 

Fermi; HeKOTOpb!e H3 MCTO'IHMKOB Bhl.IIBJieHHh!X HaIIIHM MeT0.11;0M OTCYTCTBOBaJIM B nepBOM 

KaTaJiore Fermi, 0.11;HaKO OHM IIOSIBMJIMCh B ero CJie,11;y10ru;eM, 6oJICC IIOJIHOM KaTanore, TeM 

caMhIM YKa3hrnasi Ha B03MO:lKHOCTM rrpe.!(CKa3aHM11 .LlaHHoro no.!(Xo.n;a. HcTO'lHMKM -

rrpeMMymecTBeHHO KBa3apbl, TaKMM o6pa30M, BhlSIBJieHhl MeTO.!(OM OCHOBaHHOM Ha 

CTaTMCTlf'ieCKMX CBOHCTBax CMrHarra. 

IIpoattaml:3MpOBaHhl IIp011BJieHMJI rMnep60J1M'lHOCTM IIOJIOCTeM, COOTBeTCTBY!Oll(MX 

1¢<tieKry OTKJIOHCHMll 6JIH3Kll:X reo.n;emqecKHX cornacHO ypaBHeHIUO 5£Ko6M, KOTOpasi .!(JIJ! 

B03MYmeHHOH MeTpMKlf Po6epTCOHa-YoKepa MMeeT BH.!( 

d2 l 
dJt2 + r · l = 0 

r.!(e 

z d~ 
Jt(z, nm, nA) = f .Jn + (1 - flA + nm fl (1 + 02 

0 A 

M 

r = -nk + 2o0nm; 

ec1rn 80 = O rn r = -nko 

TO B HeO.!(Hopo.11Holi BceJieHHoit, ecJIM 80 ;:::: -1, 

r;:::: -nk - 2!1m, 

JIJJj[ o6nacTetl c MaJlh!M 3HaqeHMeM IIJIOTHOCTM BemecTBa ( OTHOCMTeJihHO cpe.!(HeH 

IIJIOTHocm) 80 :5 0. 

BhICOKaJI cTerreHh xaoTM'lHOCTM 6hIJia Hali.n;eHa JlllJI 20 o6nacreli KaK IOlKHOro TaK M 

cesepHoro IIOJIYIIIapH11 c OTPH:l.laTeJihHh!X TeMIIeparypHOH M Bhl.IIBJieHHhlM IIOBeJ\eHMeM 
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) 

') 

) 
) 

¢YHK1\MM If>. 06nacTM IIOKa3hIBaIOT CBOHCTBa CJ!Oli!CTOCTM, KOTOpble cornacyIOTCH c 

O)KMJlaeMMMM c nose.n;eHMeM reo.n;e3011ecK:HX JIJIJI nonocTeii. Mo.11;e1mpoBaH1fhle 

rayccoBCKHe KapThr, c rnyMoM H 6e3 ITIYMa WMAP, KaK rroKa3aHo, o6nanaIOT pa3HhIM 

TIOBe.11e1rneM M 6onee HM3KOH CTerreHh!O xaoTM'lHOCTH, qeM peaJihHbie KapThI • 

Kaprbl ©, KaK IIOKa3aHO, OTpa:lKalOT Ba:lKHhie CBOHCTBa KOCMOJIOfM'leCKMX M 

HeKOCMOJIOrM'leCKMX Cli!fHaJIOB, H, TaKMM o6pa30M, MOryT OTKpbITb HOBhJe B03MO:lKHOCTH 

JIJIJI OTJleJieHMJ! CMrHaJIOB OT rnyMa Ji! M3y'leHMSI r<apT peJIMKTa. 

3aKmo'Ienue 

OcHOBHhJe pe3yn1>Tan1, IIoJiy'leHHh!e B pa6oTe cJie,11yroru:Me: 

1. CMCTCMbl c pa3JIJi!qHblMM CTaTMCTJi!qecKMMM CBOHCTBaMM Ji!3yqemr HCIJOJ!h3YJI 

TCXHMKY napaMeTpa CTOXaCTM~OCTM KoJIMOropoBa l1 CTaTMCTMKM, c [leJiblO 

JlaJibHeMIIIero rrpMMeHeHlrn 3TOro TIO.!(XO.!(a K acTpO<jJM3M'leCKMM Ji! 

KOCMOJIOfll"ICCKMM CMrHaJiaM. CpeJIM lil3Y'leHHh!X CMCTCM - orrpe.11eneHHhle 

rayccoBCKMM M B03Myru;eHHhIM rayccoBCKMM pacrrpe.11eneirneM, Ji! CMCTeMhl c 

JlaHHhIM COOTHOIIIeHMeM a CTOXaCTMqeCKHX Jf peryJIJlpHhlX KOMIIOHeHT. 

BhrnBJICHbl KpMTepMM, KOr.!(a rrapaMCTIJ CTOXaCTJi!qHOCTM II03BOJIJleT OT)WJIMTh 

CMrHaJihT, KaK KaqecTBCHHO, TaK M KOJIM'leCTBeHHO [3,4]. 

2. Pacrrpe.11enem1:e <liYHKI\HM KorrMoroposa cf> no He6y orrpeJ1eJ1eHo .11rra .11aHHMX 

KOCMM'IeCKOro peJIMKTOBOro ¢oHa rronyqeHHhIX rrpM 7-JieTHMX Ha6JIIOJleHIUIX 

WMAP. IIocTOHHCTBO OTHocMTellbHo o6nacTeii pa36:MeHMJ1 He6a II03BOJIHJIO 

COOTHeCTM orrpe.11erreHttylO CTeIIeHh CTOXaCTJi!qHQCTM ¢oey !IO ranaKTW!eCKMM 

nonymapHJll\C 0.53, cesepH1>1ii; 0.61, IO:lKHhrH [1,2]. 
3. ITapaMeTp CTOXaCTMqHOCTH MCIIOJ!h30BaH .!(Jlj[ o6HapylKeHlrn roqeqHh!X 

4. 

MCToqHMKOB B KapTax peJIMKTOBOfO ¢oHa, 6naro.11apH TOMY' qTo M3JIY'leHHSI 

pa3JIHqHoro rrpOHCXOlKJleHHH MOryT Ji!MeTh pa3Hhie CTaTMCTHqecKoe CBOHCTBa. 

BhISIBJieHhl o6naCTM c Bh!COKHM 3Ha'leHMCM If>, KOTOphre OKa3aJIMCh pa.n;rro 

raJiaKTHKaMM, a TaK:lKe MCToqHMKaMH faMMa H3JiyqeHHR 3aperHCTpMpOBaHHhie 

crryTHHKOM Fermi. HeK0Topi,1e M3 o6nacTeii, rrpe.11cKa3aHHb1e <l>-HHJIMKaTopoM, 

orcyTcrsosanM B HaqaJibHOM KaTaJiore Fermi OFGL, OJIHaKO OHM BOIDJJM 

cJie.!(yIOmMii, lFGL KaTaTior, qTQ YKa3hrnaeT Ha rrpe.11cKa3aTeJ11>Hy10 CMJIY 

MeTO.!(a. 3$<!JeKTHBHOCTh MeTOJla yBeJIMqlffCH rrpH HaJIM'IMM KapT c 6orree 

Bb!COKMX yrJIOBh!M pa3peIIIeHHeM OlKJfJ\aeMh!X OT rrpeJICTORII\MX 3KCrrepHMeHTOB 

[5,6]. 

rMrrep60JJJf'lCCKMe CBOHCTBa o6nacTeii C HM3KMM 3HaqeHHeM IlJIOTHOCTM 

seru:ecTBa - rronocTeli B KpyrrHoMaCIIITa6HoM pacrrpe.11erremrn seru:ecTBa, M3y'leHhI 

BhlqHCJilISI CTerreHh CTOXaCTMqHQCTM Ha KapTax. IToBh!IllCHHal! CTerreHb 
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CTOXaCTIPIHOCTM 61,ma Haii,D;eHa ):\JUI p.ll,D;a o6JiaCTeii KaK B lO))(HOM, TaK :II B 

ceBepHOM rronyIIIapM.llX, KOTOpLie TaK))(e rrpmrnmIIOT CBOHCTBa CJIOHCTOCTM 

rrapaMeTpa CTOXaCTMqHOCTH, I<OTOpLie corrracyIOTCJI c Q))(H,naeMLIMM ;:J:Jlll 

ITOJIOCTeH. (1 ]. 
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Utl1Jlm)lwqpp 

llrnnu.ftnuupp.tJ.nuf tu uiptqtp.pnuf uimiap plll2lutllllu h ui]:i.tqtp.U11.Jillu 

tfuillgnpqmiJ:i.u 6'.umillqillJ:tatflllu npn2 hill1111.Jmia1mhutp' h}l.uutJ.t1m.J. uulllgnJ111lllJ}l.u 
a: lllnwq ill] iutf lll h tJ.P.6: ill q wqpw q ill h h lll 111 q lll u P.2 utp]l. tlJlill: 

'Lqill]llllqJltJ.nul t lJn1tfnqnpntJ.P utiuilIH:!> tJ.tp2wtJ.np. PJllll1.Jlllh iutJ.lllJPU 
hw2npqwqillumiu1muhtp.]1. hwtfillJl ulllhtfillutJ.mtf t u111n]:ulllu111[lqmiu1illu 

UJ.illJlilltft111r1!: L.t111mqmntJ.t1 tu mp.tJ.illb tpqillp.miuiwu UJ.illmillhillqillu h nL 

UJ.WU1illhill1.Jillu qthtpwgtJ.illb hill2np.qw1.JillUnLIUJmliutp., np.nug hilltflllJl npn2tJ.t1 t A. 

UJ.ll1Jlllllft111p.J:! h CI> :pmuqg]l.wu : Ld-tJ.ruJ[lh hwtfillqillpqtp]! utrwnmtf tu qillnrniwu h 

]unmnp.tJ.illb qrum.UJillU pw2]unulutp., npnhp hillmJ.iillUJ.tu 1.Jillp.hnp tu uulllgnpqwi[lu 

6'.illnwqillJ:tatfruh hillm1.Jmiu1muutp.]1 httnillqill mumuuwu[lp.tfwu hilltfillp: UmillgtJ.tl 

tu u111n]uillum]l.qmiuJillU i.qwpwtftmp.[l tJ.lllJlPfl illnillh&.hillhill1111.Jmiuimuutp' 

UJ.WUlillhillJ.iillu h nL tqrumillhlllqillh hw2npqwqillumiuJmhutp]l. hwtfwp, 

hrn2tJ.wp.qhtp.[l rupIJ.Jmupmtf umillgtJ.t1 tu pilluwqwqlllu h npill1.Jill1.Jillu 

LmtJ:1wu}l.2utp: 

L.t111illqn111tJ.t1 hu tqwmwhillqwu h nL UJ.WU1illhill1.Jlllu pwqwqp}l.Luhp mutgnq 

hill2npqwqwumiu1muhtp]1. tJ.J:i.6:wqillqJl.lll1.Jwu hwmJ.imiaimuutp]:!: CumptJ.lllb 

hwtfillqillpqtp]:! hqillp.wqrtJ.mtf th tftq UJ.illJlilltltmp.ntJ., np. wpmillhwimmtf t 

umn]uillum}l.qillqwu h 1.JillhnhilltJ.np qntftqnutumtp}l. hwpwptp.lllqwu htpqpmtfJ:!: 

UrmwbtJ.t1 hh umn]uwump.qwqmiuiwu hill111qwhf12utr1!' illJil UJ.WJlllltftmpp.g 

qill]utJ.illb: 2:.]l.tfutJ.html. tfnqt1illtJ.nptlillu illJil illJlIJ.Jmhpuhp[l tl.Jlill, u2tJ.illb mh]uu[lqillu 

q[lpillntJ.ht t [lp.lllJ.iruu 11lnnnqwqillu tntlJllltlitpp. hilltfillp: Wilkinson Microwave 

Anisotropy Probe illJ1PillUJill1.Jfl 7-illUJill mtlJill1utp}l. h[ltfillu tJ.p.m umillgtJ.t1 t CI> 

:pnuqg]l.illJfl pm2]uuillu pmp.tntq]:! HEALPix tqUJ.mq tpmgtfwtfp: UJu tfhialll}Iltl 

mnillu&.umgtJ.t1 t qw1wqtn[lqw1J.i' nL qnutfn1nqJ.imqmu O:wnillqmiiuuwh 'ilhp.qpnuf]!: 

Um gm]g t tnilll]lu utiunIJli t:ptqm}l.tJ.miaJmhg mqqmu2m'ilhtp.p [lp.mp.[lg 
lllnillu&.hmgtfillh hilltfillp: q.mtmJ.imJ.iqmqm'iI qp.umq'ilqhp[l hllltfillp. umlllgtJ.t1 t 

i.f'ilmgnpqmJ}l.'iI O:mnmqmwumu umlll]uwutnp.qmiaJillU mutn]l.6'.mh]l. wpd-tp'iltp., qpmug 

phtJ.wp.]l.w'ilmmiuJmb.J:! ummqh1ml_ tp.q'ilp]l. mpnhtfmb. h uP.2}1.hlllgtfmu 

hilltfmtqilltnillu]umh illlqnp]l.iatfhhp.ntJ.: 
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6'.mnmqwiyaumb. 2hp.tlummj16'.mum1]l'h pmpmhquhp.mtl: Bm19 t mp.qmtl, np wiu 
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hmi.fmUJ.UlU1UlU]umut1mb.: 

U]uajlunq gm19 1:; mpqmtl umn]umum]llj_mlj_mb. uimp.mtltmp.]1. u]1.2ngnq 

m]l.tqtp.pmtl UJilllUP pm2]uumb. lnlJ.m1 h utbmumuztnmp mb.hmtlmuhnmiaimuub.p.]l, 

tl'hmgnp.IJ:Ul]pb. 6'.umwqm1yaumb. mtl.Jm1hhpnLtl lj_ b.mm1]1.b. IDIJ.P]Illp.b.tp.]l 
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hb.mp.mqnp.mpt]nt'h]!: 
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Abstract 

Some properties of the distribution of matter in Universe and of cosmic 

microwave background radiation are studied based on the statistical properties of the 

corresponding signals. 

Systems of various statistical properties are studied using the technique 

developed originally by Kolmogorov who has introduced the stochasticity parameter and 

statistic. The aim of the modeled systems is the further application of this approach to 

astrophysical and cosmological signals. Among the studied systems are those defined 

both by Gaussian and perturbed Gaussian distributions and systems with given ratio CJ> 

of the stochastic and regular components. Criteria are revealed when the stochasticity 

parameter enables to separate the signals, either qualitatively or quantitatively. 

The distribution of the Kolmogorov's function c'I> over the sky is derived for 

data on cosmic microwave background obtained at the Wilkinson Microwave 

Anisotropy Probe's 7-year observations. Using the data obtained on the temperature 

maps in their HEALPix representation, we obtained the sky distribution of the 

Kolmogorov's function <P. The invariance with respect to the split regions of the sky and 

the averaging procedures enabled to assign a definite degree of randomness to the 

Galactic hemispheres: 0.53, northern; 0.61, southern. 

We concentrated on the possible signatures of the points sources and matter 

inhomogeneities in the CMB maps. We applied Kolmogorov's technique to extract point 

sources in the cosmic microwave background temperature maps. The idea is that the 

radiation of different origin can have different statistic and this can be revealed by the 

Kolmogorov's distribution. Numerical experiments for systems with built a priori 

different statistic described in the first two chapters showed that stochasticity parameter 

is indeed sensitive to the randomness properties of systems and this enabled their 

application to the mentioned datasets. 

At the available angular resolution of WMAP the method enables to identify a sample of 

12 regions which appear to be radio galaxies, as well as gamma sources detected by 

Fermi satellite. Notably, part of the sources detected by our method were absent in the 

first catalog of Fermi, and they appeared in its next, more complete catalog thus 
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outlining the predictive power of the approach. The sources, mostly quasars are. multi­

wavelength and superluminous objects, and the possibility of their identification based 

on entirely alternative tool, the statistic of the signal, was hence shown. 

Then we analyzed the signature of the hyperbolicity of the voids i.e. due to deviation of 

the close geodesics as described by the Jacobi equation for perturbed Robertson-Walker 

metric. The enhanced degree of the randomness has been computed for the cold spot 

and for another similar region in the northern hemisphere, among a sample of 20 

negative temperature regions. The regions reveal definite similarities in their 

stratification which agrees with what is expected for the voids. Simulated Gaussian 

maps, with and without WMAP's noise, are shown to possess different behaviors and a 

lower degree of randomness than the real CMB ones. 

The Kolmogorov stochastic parameter technique appears to reflect underlying 

genuine properties for a variety of effects, cosmological and non-cosmological, and thus 

can open new possibilities in separating signals, in analyzing the information provided 

by conventional cosmic microwave background maps. 

2·?~d'~ 
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