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OBLLAA XAPAKTEPUCTUKA PABOTbI
AKTYATBHOCTD TEMBI

PassurHe COBpPEMEHHOH KOCMONOTMH BO MHOIOM npoucxoanno Giaropaps nadopmannn
TIOJYHYEHHOH 4epe3 KOCMU4MECKOe PEJIMKTOBOE H3IYHeHHE, CO BPEMEHH €ro OTKPLITHA 10
CreHATH3HPOBAHHEIX Kocmuyeckux annaparos Cosmic Background Explorer, Wilkinson
Microwave Anisotropy Probe (WMAP) u Planck. Dtu 9KCnepHMeHTE NOpHBENH K
MOJYYEHHIO JaHHEIX, KOTOPHIE HApAAy ¢ APYTHMH Ha0NOACHHAMH, IPHBEIH K HBIHEIIHEH
cragun ‘TouHoil’ (precision) kocmonormd. BaxHBIM HOCTIDKEHHEM HabmIOAATENBHOMH
KOCMOIOTHH CIE/lyeT CUMTaTh ()akt, 9TO MApaMeTphl KOCMOJOIHUECKOH MOAemH ¢
AOMMHHMPOBAHMEM TEMHOH JHEPIMH  ONPEJENSeMbIE PasHLIMM METOJAMM, A HMEHHO,
CHEKTPOM MOMJHOCTH PEIHKTOBOTO M3/1yHEHHS, o6:=.opm Kpy[HOMACIITabHO CTPYKTYphi
M aMarpamMMoii xa66na 1A Janeknx 00BEKTOB, KOCMUYECKHM HYKICOCHHTEI0M, HAXOJATCS
BO B3AMMHOM COIVIACHH, U, C/E/IOBATENBHO, MOKHO TOBOpUTE 0 (concordance)
KOCMOJIOTHYECKOH MOJIeNH.

Cpa3ss CBOMCTB PENHKTOBOIO HITYHUEHHA C pacupeleieHHeM BellecTsa Bo BeerenHoii
€CTECTBEHHOE H TECHOE, TaK KaK PE/HKTOBOC M3TYYEHHE PaclpoOCTPaHAiCh OT SNOXH
[oCHeiHero  pacceAHus 10 HabmojaTens Hecer MH(OPMAIMIO O KpymHOMAacIITabHOM
cTpykType BeeneHHoH, 4Tro ONHCHIBAETCS WHTErpalbHbM 3¢ dexTom Caxca-Bonsda, a
TaKKe COACPNKUT MHQOPMALMIO O CTPYKTYpax MeHbiero macmraba - CKOMIeHMAX
FaiaKTHK, BC/EACTBME DACCEMBAHWS PENHKTOBLIX (JOTOHOB HA TOPAYHX 3JICKTPOHAX -
apdexr Cionsepa-3ensnosuua. [Ipomomxarommecs # mpencroamme HabmoaeHns,
€CTECTBEHHO, yBenuyat 3¢ deKTHBHOCTE MCC/IeOBAHUH B3ANMOCBA3H CBOHCTB PEIMKTOBOIO
W3NYHEHHA W pacTpeneneus Bemectsa. [lannas paboTa NOCBAIICHA HCCASIOBAHMIO ABYX
npoGnemM, @ HMMEHHO, BLIIBICHHIO B [aHHBEIX PEIHKTOBOIO M3IYyUEHHA BO3MOMKHBIX
NPHU3HAKOE HAIMYMA IYCTOT B HEOJHOPOJHOM PAcHpE/Ie/IeHHH BELIeCTBA M obHapyxenue
TOYEUHBIX ACTOMHIKOB - ANAKTHK, KBA3apOB, HA KapTaX PENHKTOBOro Hinyuenus. Mg
HCIONB3YeM TEXHHKY PA3BHTYIO H3HAYATHHO KOTMOTODOBEIM, @ HEJABHO M ADHOIBIOM,
KOTOpas MO3BOJNSET OLEHHTH CTENeHb CTOXACTHIHOCTH 3aJAHHBIX IOCNENOBATENLHOCTEH.
DTa TeXHHKA TECHO CBA32HA C HEJMHEHHOH AMHAMHKOH M METOJAMH JMHAMHMYECKHMX
CHCTEM, IIMPOKO NPHMEHAEMBIX B PA3IHIHEIX (H3HYECKHX npobiemax.

Llens auccepraunonHol paboTst

e Vccnenosamme — B3aHMOCBASH  CBOFICTB  PENHKIOBOIO  M3IYHCHHS
HEOZIHOPOAHOCKICH Pacipe/ieienis BeIeCTRa ¢ HCMOAL30BAHHEM CTATUCTHIECKHX




CBOICTB CUTHANOB.

®  AuHaau3 JI0BEJCHNA NAPAMETPA CTOXACTHIHOCTH [PH MOJCAMPOBAHUM CHCTEM
Pa3HBIX KIACCOR.

. Ilonoctu B pacnpelie/icHHH BEHIECTBa H HX IMPHIHAKH HA Kaprax pelMKToBoro
H3IyHeHns,
. BrisiBneHHe TOYEIHBIX HCTOYHHKOB 110 [NOBEACHHIO CTOXACTHUYECCKOIO napzme’rpa.

Hayunas HOBM3HA

e [loesenne mnapaMerpa CTOXacTHMHOCTH IPH  MOAEAMPOBAMMM  CHCTEM C
Ciy4aiiHbIMH B PErYISPHBIMHA CBOHCTBAMH.

e  DunepGoiu4HOCTL HOJOCTEH M €€ NPOABIEHHE HA KapTax PejuKTOBOro
U3y YEHHI.

e  Toueuurie HCTOYHNKN M CTENEHB CTOXACTUYHOCTH PEIUKTOBOIO M3IYUEHHH,

[lpakruyeckas ueHHOCTL PAdOTEI

Merozisl  paspaGoTaHHbie JUIS  MCCHEJOBAHHA KAPT KOCMHHYECKOrO PEIMKTOBOrO
H3AYHUCHHA, MOIYT OBITH MPUMEHEHB] 118 aHaIH3a KaK 0oaee TouHBIX JAHHBIX [0 PCIHKTY,

TAK H JPYIHX acm()c]m:mectmx MAacCHBOB JaHHBIX, Ile HEOOXO0AMMO OTAENEHNE CHIHAIOB
OT myma.

Ha! HHBIE TOJOMEHHA, BLIHOCHMBIE HA 3alLIHTY

. Mo,uennposaﬂue CHCTEM C CTOXACTHHECKHMH H pPEryispHbLIMH KOMIOHEHTaMH
METOA0M KOHMOTOPOBEA

s  Beuucaenne pacnpenenenns Komvoroposa s AaHHBIX PEAMKTOBOIO M3y HeHHs
noayuennsix WMAP.

e  ApanMz KapT M BBMBICHME COOTBCTCTBYIOLIMX oOnacrell M cpaBuenue ¢
NPH3HAKAMK HAJIHYHE NIYCTOT B HEOJHOPOJIHOM pacnpe/eneHie BeliecTsa.

*  DBpifBi¢HHE NPU3HAKOB TOYEYHLIX HMCTOYHUKOB W CPABHCHME C JaHHBIMH O
pacnpeaeeHHsa H3BECTHBIX HCTOYHHKOB.

Anpobanus paGorsl

OcHoBHBIE  pe3yabTATHI  AMCCEPTALMOHHON  paboThl  JOKJAAALIBATNCE  HA
kou(epennmsax M.I'pocemana no rpasuranmu (2009. IMapuxk). Hop-AmGepae (2009),
MEK/IY HAPOAHOH Likoe no koemosoruu (Tpuecr, 2010). na cemunapax Kanugopauiickoro
TEXHOIOIHYECKOr0 HHCTHUTYTA. HHCTHTYTA acrpodmsuxn  ([lapwx), Hewesckoii
obcepearopuy,  Hanmonansnoli  nabopatopum  uM.Anmxassma u  Epesanckoro

TOCYHHBEPCHTETA.

[TyOaukaimm

[To Teme auccepralMu onyGIMKOBaHO 6 HAayHHBIX PafoT, CIHCOK KOTOPBIX
NIPMBONTCS B KOHIE aBTopedepara.

Crpykrypa Jucceprainm

Jluccepraiis COCTOMT W3 BBEICHWA, TPEX [1aB, 3aKIIOYCHHS W CrIMCcKa
mutepatyphl M3 134 nanvenosannii. O6umii 06bem paborel cocrasaser 101 crpanuub
MeY9aTHOrO TeKeTa ¥ BKrovact 38 pucyHkos 1 6 TabimiL,

Coaepxanue paborhbi

B nepsoii raase omican Meron Konmoroposa. onpeaensercs CTOXACTHYECKHI
napaMeTp s KOHEUHOMH cayNaiHOM Nocae/10BaTe/IbHOCTH PeallbHBIX YUCE

Ap = \/ﬁ 'Sf*PlF(X) i Fn(x)lr

rme  F(X) wu  FE,(X) Teopernucckue M HSMIHUpHuEcKUE (YHKUMM paclpe/ieiicHus,
COOTBETCTBEHHO, U

0, X%y
F0=1% xSX<% k=12.n-1
4o S

Cornacto Teopeme KonMoroposa pacnpesic/ieHue BEPOATHOCTH 3 HaueHuil A,
@, (A) pupenenen 2o u A4, < A
onpenensercs Gopmy o

D(A) = TiZ (—1)ke 2N -0 < k < +00, ®(0) = 0.
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Puc. 1. [MTosenenne |7 (mean) - 0.875029|.

HUcciieiosansl  reHepupoBaHHEIe CIyYaliHble ¥ peryJspHEIE TOCIEN0BATENLHOCTH AaHHOM
JUTHHEL  OTIPEJENAOIME  apaMeTp A 1 dysknmio P, CuCTEMBI  BKIOYAIH
MOCNEAOBATENLHOCTH  KaK C [AyCCOBCKHM TAK H € BOIMYIIEHHBIM TayCCOBCKHM
pacnpezeneHueM  F(X)  (puc.!), korophle 0coGCHHO WHTEPECHBI MPH MOCIHELYIOMEM
UCCNEN0BAHUE CBOHCTB PENMKTOBCTO H3MY4CHHA.

AHaIH3 NPOBEJAER /11 HaDOPOB CHTHAJIOB TOCPEACTBOM pa3bHeHus X Ha TIOJAMHOKECTBA H
OMPEJICICHNA CPEIHEro 3HAYSHHS NapaMeTpa CTOXaCTUHHOCTH.

OcobDerHOCTH MOBEACHUS TAPAMETPA CTOXATHIHOCTH HAWICHE! B 3aBHCHMOCTH OT CBOMCTE
PerylspHBIX H CiyualHBIX  [OCACHOBATEARHOCTEH, ONpPEIeHCHBl COOTBETCTRYIOUIHE
KPUTEPHH.

B onpesieeHHBIX ClyqanX XapakTepHbie 0COOCHHOCTH BBIABIAIOTCH PA3HBIM IOBEJCHHEM
Ap. B APYIHX, OTAMYHS OPOABIAIOTCH NpH Gonbniem uncie pasbuennii. B urore, Kpurepun
HOBefieHNs CTOXACTHYIECKOTO NAPAMETPA BBIABIEHB! 1A 9THX CHUCTEM, MO0 KayecTBeHHbIE
WM KOJIHYECTBEHHBIE,

Puc.2. Pacnpepenenue (yuxkuun @  BLIMHCNEHHOE JUIA TEMNEPATYPHBIX JaHHBIX
pEIKTOROro H3ny4enus nonysennsix Wilkinson Microwave Anisotropy Probe.

Bo BTOpPOH riaase HCC/Ie0BAHEBL CTATHCTHYECKHE CBOMCTBa
MOC/eI0BATS/ILHOCTEH, KOTOPHIE HMEIOT CIIy4aliHblE H PErylApHbIe KOMIOHEHTBI H 3a/IaHbL
B BHIE

Zn = axp + (1= a)yy

rje napaMerp @ ONpeessieT A0MO CyuaiiHoi H PEryNAPHOH KOMIOHEHT H MEHACTCA OT
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Puc.3. Hopmuposansnas A B 2aBHCHMOCTH OT &,

1 no 0, B npeniene onpeaensier CAYHaHHYIO Xy, H PETVIAPHYIO ), II0C/€I0BATEILHOCTH,
nocnegHee 3anaHo B BHAE Y, = 1071 mod 513 (puec.3). 3uadenne 310r0 ONpEACNCHUA
COCTOHT B BO3MOMKHOCTH PasfieleHHs PACCMOTPEHHLIX KJIACCOB CHIHAIOB ¢ Pa3aHdHOIM
CTENMEHBIO XA0THIHOCTH C/IHHCTBEHHBIM [IADAMETPOM.

[Tonesysice JaHHBIMH TIONYYEHHBIMH IIpH  7-neTHuUX Habmoaenmax WMAP B
npeacrasnessn  HEALPiX, O6butH  monmydeHEl  KapTel  pacnpefeneHus  (GyHKupm
Konmoroposa @ (puc. 2).

Kapret BemMcieHsl Takke Ans paznbix uactor WMAP, ¢ memo BhisBICHWS BKiIana
ranakTHdeckoro  wanydenus. MaKT BHUICNCHHS TAJaKTHYECKOTO JIMCKA B TIONYHYECHHOM
pacupenenchun ynkigin ® yxassiBaet Ha S(p(PEKTHBHOCTE METOA pasjIc/icHs CHTHAJIOB
W OTIpEeNii CTPATernio Hatlero JaibHEeHIIero HeeeIoBaHns.

Apanms napamerpa KoaMoroposa /Uit peaiibHbIX TeMiepatypHbix kapt perukra WMAP,
GBI NPOBEICH TAKIKE JUTS OTACTLHBIX YHACTKOB KapThl pacnpenenenns ©.
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Puc.4. Pacnipenenienue crenchn ciydainoctd s 20 XONOAHBIX HSTCH W PaliHycoB o S5
u 10°, cooTBeTCTBEHNO.

B Tpereil riase  W3YUEHH! BOMOXKHBIC NPOSBACHHS TOYEHHBIX HCTOYHWKOB H
HEOHOPOJAHOCTEH BellecTBA HA KapTax PeNuKToBOro M3myuqesms. Texuuka napamerpa
KojMOroposa NpUMEHEHA AN BRIABICHHS TOUCHHbIC UCTOYMHUKY B Xaprax pennkra. Hues
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COCTOUT B TOM, YTO CHIHAllbl MCTOYHMKOB W3MYHCHHI PA3iHuHOrO NPOMCXOKACHNS MOTYT
HMETh PAasMYHBIC  CTATHCTHYECKOE CBOMCTBA  OMpedenseMbie  pacrpejleleHHen
Konmoroposa. Ynciiennsie 5KCHEPHMEHTE 1A CACTEM € 3aJAHHBIMH CTATHCTHHECKHMH
CBOHCTBAMH, OTIMCAHHBIC B [IEPBBIX JIBYX IJIABax MOKA3aili, YTO NapameTp cTOXacTHUHOCTH,
ACHCTBHTENBHO, MOKET ObIT NPHMEHEH JIs 9THX Henci.

Ilpn moctrynuom yrioBom paspemenud WMAP meron seiseua 12 ofnacreii, KOTOpBIE,
OKa3aIuCh pajgno ralakTHKaMM, a Takke raMma HCTOYHHEaMM oﬁﬂapymcmme CIIYTHHKOM
Fcrmi; HEKOTOPBIC M3 HCTOYHWKOB BLIABJIEHHLIX HALIIM METOILOM OTCYTCTBOBAIIH B [TEPBOM
Karamnore Fermi_. OIHAKO OHH NMOABHIMCE B €ro CHeIYIOmEeM, Doaee MoaHOM KaTanore, Tem
CaMBIM  YKa3bIBAA Ha BO3MOXKHOCTH IpejicKasaHus aaHHoro noaxoaa. Mcrounukn -
NPEeMMYMIECTBCHHO KBasaphl, TakuM o0pa3’oM, BRIZBICHBI METOAOM OCHOBAHHOM HA
CTATHCTHYECKHX CBOMCTBAX CHI'HAlA.

[poananusupoBankl TPOSBICHUS rUHEpOONMYHOCTH NOJI0CTEl, COOTBETCTBYIOLIMX
ety oTKIOHEHNS GIMIKMX TEOACINYECKIX COIIIACHO YparHeHMIo SIKobH, KoTopas 1A
BO3MYIEHHOH MeTpuky Pobepreona-YVokepa umeer Bui

d?l
Py + rul=0
rac
Az, 00) = [ i
S VOAH[1 =0 + Qud] (1 + OF
H

= Qi+ 285055

ecnu g =0 1o r=—0,
TO B HeoHOpoHoM Beenennoil. ecrm §; = —1,
r'e == 20

s obnacreil © MankIM  3HAYMEHMEM [IOTHOCTH BEIICCTRA {DTHOC}H‘CE]bHO Cm}llldﬁ
motHoeTh) 65 < 0.

Beicokast CTeneHL XaoTHYHOCTH Obina HalizeHa ans 20 ofnacrell kax 10KHOTO Tax W
CEBEPHOIO DOJYIIAPHA € OTPHLATEIBHBIX TEMHCP}]T}'[JHOP? U BLBIBJICHHBIM TIOBEJACHUEM

1

¢yakumn - ®©. Obhacty MOKA3LIBAIOT CBOWCTBA CHOUCTOCTH, KOTOPHIC COTIACYIOTCH ©
OXHMJaeMEIMM  C TOBEJICHHEM TeolesuHeckux Ui mofocTeidl.  MonesmposaHusie
rayccoBCKME KapThi, ¢ mymMoM n 6es myma WMAP, kak nokasano, o0lagaioT pasHeM
MOBeJIcHHEM M (0oNee HUZKOH CTENEHRIO Xa0THYHOCTH, 9€M PealibHBIE KapThL

Kaprat @, kak 1oKa3aHo, OTPaxalOT BaXHBIE CBOMCTBA KOCMONOIMMECKHX W
HEKOCMOMOrHYeCKHX CHI'HA/IOB, M, TAKHM oﬁpasmi. MOTYT OTKPBITE HOBEIC BO3MOMNKHOCTH
JUIS OTACIEHHA CATHAIOR OT !nyma H H3YVYCHHA KapT peliuKTa.

Jakmouenue
OCHOBHBIE Pe3yILTATEL MOTYYECHHLIE B paboTe claeayonme:

I. Cucrembl ¢  pasinuHbIMH CTATHCTHYECKUMM CBOMCTBAMM H3YYCHBI HCIIONb3YA
TEXHHKY napaMerpa croxacTuunocTd KoamoropoBa W CTATHCTHKH, € UENLIO
JanbHEHNIero  NpUMEHeHHS  5TOr0  TOAX0Aa K acTpoMsuMecKuM U
KocMooTuMeckiuM  curHamaM. Cpeitn M3YYEHHBIX CHCTEM - ONpelelNeHHEIe
rayCCOBCKMM H BOBMYIIEHHBIM TdyCCOBCKMM paciipefie/ieHHeM, W CHCTEMBl ¢
JAHHEIM  COOTHOINEHHEM @ CTOXACTMHECKMX U PEryJSMpPHBIX KOMIIOHEHT.
BeisiBicHB! KPUTEPHH, KOTJIA [ApaMeTp CTOXACTHYHOCTH NO3BOJIAET OTJENUThH
CHIHA/IBL, KAK KAYECTBEHHO, TaK H KomudecTBeHHO [3,4].

2. Pacnpenenenvie pynxnun Komvoroposa @ 1o weby onpeaeneno s TaHHLIX
KOCMIUMECKOT0  PEIMKTOBOTO (hoHa MONYYEHHBIX NpH 7-MeTHUX HaGniofeHusx
WMAP. [locrosHeTBO OTHOCHTeIbHO oOnacTeif pa3Guenus HebGa TMO3BOIMIO
COOTHECTH ONPEACICHHYIO CTENEHb CTOXACTHIHOCTH (DOHY MO TalaKTHYECKHM
monyuapuss: (.53, ceBepubrii; 0.61, woxuwiii [1,2].

3. [IlapaMerp CroXacTWHHOCTH  WCNONL30BaH Ul OOHAPYKEHHA  TOUEYHBIX
WCTOYHUKOB B KapiaX peliukToBoro (oma, OGnarofaps TOMY, HTO H3NYYCHMS
PAsITHIHOTO NPOUCKONCICHUA MOTYT UMETH Da3HBIC CTATHCTHYECKOE CBOMCTBA.
Brigeiennl GOnacTi ¢ BRICOKWM  3HadenueM @, koTopeie OKasalMchk paxdo
rajakTHKaMi. 4 TAIOKE ACTOMHMKAMM raMMa W3JyueHHd 3aperucTpHPOBAHHEIC
cnyriukoM Fermi. Hekoropsie u3 ofnacteil, npejickasadnbie @-uuankaropoM,
oTcyTCTecBalM B HaywrbHom katajore Fermi OFGL. oamako onn pouinu
chepyiommit. 1FGL katamor, 4T0 yK43piBaeT Ha TMPEICKa3aTellbHYIO CHITY
merofa. DMPeKTHEBOCTE METO/ia YBEIMYWTCA TIPH HaNW4ud kapt ¢ Oonee
BBICOKHX YITIOBBIM paspenicHieM OKHIAEMbIX OT OPEACTOSMIIMX KCIECPHMEHTOR
[5.6].

4. Punepbonudeckue cpolictea oblactell ¢ HM3KHM  3HAYCHHEM [IOTHOCTH
BELICCTRA ~ ON0CTEH B KPYMHOMACIITAOHOM pacipeieleHin BelIecTBa, H3YYEHBI
BBIYMC/AA CTENEHb CTOXACTHYHOCTH Ha KapraX. [loBelmenHas —CrencHs
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croxacTuyHocTH Obila HaiiieHa aas psaga odnactell kak B OKHOM, Tak M B
CEBCPHOM [OJYIIAPUAX, KOTOpHIC TaKKe TPOABIAIOT  CBOHCTBA CAOMCTOCTH
napaMeTpa CTOXACTHYHOCTH, KOTOPHIE COMVIACYIOTCH C  OKHIACMBIMH TS
nonocrei. [1].
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Udthmpuighp

Arunufiwuppymd B whkqbppnud ymph pughdwb bt whtqhpuljwi
dhgnpyuyht Sunwquiypuiwb npny hwnimpnibikp” hjuinjkjm] dhwgnprhught
Lunuquypunb hgwlpngmului hunfuihobbph qpuoe

Ujwpugpynd £ Ynpingnpnyh dkpnnp, hppuninp  hpufui pyuyhl
hwenpruljwbnipmibibiph  hudfwp  wwbdmbgound B onnjuwunplynippoh
yupufbnpp:  Zknugqnunglp i wpjwd  Epupmpiui wunwhwloh bony
yunwhwwb qiikpmgyuwd hwgnppuijwinipmitiikp, npoig hunfup npopty EA
yupwdknpp b @ pmulghwi : Bjughl hulwlupgkpp tkpuenud kb qunugwi b
fannnpywd quniuyub pmppinufubp, npnip hunljuybu juplnp kb dumgnphyughi
Sunuquypiuh hunnlnpymbtiiph hinugm munufuhpimb hufwp: Unwggy
ki unnjwunpynippet wwpudtinph  jupph  wnwbdtwhunnlnipynibitp®
wunwhwiwi b 10y wuunwhwiwb  hwgnppuljuimpmubtph - hudwp,
hwpwpyitkph  wpymbpmd  wnwglly kb pwhwfulwb b npujwljwb
sunhuwithotbp

Zhnwqnun]l] &b wwnwhwlwb b ny yuunwhwlwb pununphyblp mubgnn
hwonpyujwbmpnitikph  Jhdmjmgpujut  hunmpymbbkpp:  Clunpfwd
hufwlwpgpp Gwpugpdnud Bo by wwpunfbnpnyg, np wpnwbwpnnal ©
unnfuuunhljpuljuh b jminbugnp miynhbintph hwpupkpulob lkpnpoudp:

Upnwdill) Ei wnnfouanpljuynipjub hunfubhoulpp' wyn wupuftnphg
Quijuws: Zhafadbiny dnpbpuynpinb wyy wpynipbbph dpw, ipjws nkjuhjub
Yhpumjly t hpulub ghungquiwb wmjpogbbph hudwp: Wilkinson Microwave
Anisotropy Probe wppmijuijh 7-wifju ujpumiiph hpdwb Jpu wnwmgty & @
$nlljghugh puphimb  pupukqp HEALPix wwunlpwmguundp:  Ujn  Ukpnnm]
wnubidtugyk) b qupulpnhugh’ ny Ynudnnghuljui fSunuquypinl bkpgpoudp:
Uw gnyg t wwhu dbpnnh  EpEiupympmbp  wqnuibpwitph  hpwphg
wpwidtmgunt  hudwp: Swjmlpnhyulut jhuwgunbph hundwp wnwugdly ©
Utnugnpruyhi Supwquypiwh nnwuwunhljnippub wunh&wih wpdkpukp, npubty
pujuphwiinmpymbp  wnmgkng  Gphuph  wpnhdwh U Uhghtmguut
hunimyuunmujuwb wygnphpudtkpmy:
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Uunnjpwunhijmbul  ypwpunftinph  whjpthuh fhpundl; £ Ylnwghb
wnpnipbilp  qpubighne hwdwp:  Zwpntopkpllp 12 jlnught wgpmp!
Sunuguypdmb punhn b quuitm whpnypltpnud, phn npmd, wyn wnpmpitphg
Lptipp Juwbhinbuyly ki dhiiph Fermi wppubyuljh wjumjitph minmgnulp, npintin
npuip pungpglfwd  Ept: Tw gnyg E wwghu  dbponh jubjoonbudwub
httwpunpmpmbp Yhnught wypmpitph Jipupbppo;: Zknugningly E gmph
Ubdwdmuonmp  puphaimb Uk jnnnstbph  (voids) hhwbppojulmbt  Juppp
ghnpqhwljwititph hnuph hunfwp: Zuynbwpbpdl) G 20 pupdp @-ntf whpoyphbp,
npnbp Upwdunimbmy  hwbnhuwbnud ki wwop  whpoypitp  dbwgnphuyght
Sunuquypiwb ghpiwuwnhdwbughtt pupnbqukpnul: Snyg t wpynul, np wju
whpnyphtpmd © wupunftanph Juppp wybughuhte £ hywhuht jubounbudnod
tp punengubph hunfuip: fw hwwnunnnoud & npny hghtnwljukph qupljudp umnp
pdtiph  Wmph puphnfwh  gwdp puonmpub  whpnypbtpph’ - Junengtbipht
hwdwuunnuu ok b:

Upnyhuny gnyg b wpjnud unnjomuwnpiujui  wwpudtnph  dhengny
whtqlippnid ymph pmphniwb jnljwy b dkduniwupinup wihunfwubonipjmitkph,
Uiwgnpuyht  dwnwmquypiwt nfjuyubpoud Yhnughh wgpmipbbliph
Juifuwnbudwh b huynbwpkpdwb, hisybu twh wqnuipmbbph whgundul
hnupunnpnipjoiip:
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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 @
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 @ 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 @. 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.
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