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OEIIJ;A.H XAPAKTEPHCTHKA PAEOThI 

AKTYaJII>HocTb TeMI>I 

HccJJe,l(OBaHlle xaOTH'leCKOH ,l(HHaMHKR Hemrnefuu,rx CHCTeM, 

KaKOBbIMH ID3JJfilOTC.H MHOrHe QHI3H'leCKHe CHCTeMhl, HBmreTCH cy:ruecTBeHHbIM 

)UJH BbrnBneHIUI HX rny6:HHHbIX CBOHCTB. IloHBmeHl!le H crpeMHTeJJbHOe pa3BHTHe 

BbI'IHCJJHTeJibHOH TeXHHKR HMeeT pema10mee BJJIDJHHe Ha 3TH nccne):loBaHIUI, He 

TOJlbKO 6naro.n:apH B03pOCIIillM B03MO)KHOCTHM npoBe,l(eHIDI CJIO)KHblX 

Bbl'IBCJJeHHH H •mcneHHbIX 3KCIIepHMeHTOB, HO H 6naro):lapH HOBblM 

B03MO)KHOCTllM BIDYMH3al(HH, KaK npoQecca amtnH3a, TaK H pe3yllbTaToB. 

Ac"Ipo<J>H3W1ec1rne c:HcTeMhl cocTaBJJfilOT BIDKHytO 'lacn. 3TIIX 

Hccne.n:oBaHHH, 6onee rnro, OHH 6bIJIH cpe.l(H nepBbIX CHCTeM, )UJH KOTOpbIX 

xaoTH'leCKHe CBOHCTBa 6hIJIH BhIHBJieHbl mrn1>1M o6pa3oM. TaK, pa3Hhle 

npoHBnemrn xaoca 6hlJJM BblHBJieHbI iU1.H ac:Tpo$mJi11IeCKHX N-11acTWJHhlX 

rpaBHTHpyiomttx CJilCTeM - OT IlJJaHeTapHbIX CHCTeM ):10 3Be3.l(HblX CKOilJieHHH H 

raJiaKTID< proHI>rx MopcponoruqecKHX KJiaccoB., a TaK)Ke .l(JJH orrpe.n:eneHHbrx 

KOCMOJIOfH':leCKHX MO):leJJeii B pemITHBHCTCKOH KOCMOnorHH. 

B .n:aHHoii pa6oTe myqeHI>I ,!(Be npo6JJeMhl. IlepBrur rrpo6neMa BKJIIO'laeT 

xaoTWJeCKHe CBOifoTBa orrpe,n:eJJeHHOii: rpaBHTH]JYJOmeii: N-'laCTJillIHOH CHCTeMlJ, 

a HMeHHO, THIJa su~po-raJio, T.e. ccpepWieCKOH c:HcTeMbI c IIJIOTHbIM H.l(pOM, 'ITO 

xapaKTepHO ,l(JJ.!f mapoBbIX 3Be3.l(HbIX CKOIIJieHHH H raJiaKTWieCK:HX Jl:.l(ep. 

BTopaH rrpo6neMa IIOCB.llil!eHa aHaJUf3Y CTaTJ.ICTWJeCKHX CBOHCTB H 

aHOMaJJJ.IH B CJ.lrHaJiax KOCMH'leCKoro MHKpOBOJIHOBOfO peJJHKTOBOro H3Jly11emur, 
'ITO SIBmieTCH KJIJO':leBbIM HCTO'IHHKOM HHcpopMct:W'!.0 0 paHHeii: BCeJJeHHOH. IlpH 

3TOM rrp:HMeHHJJHCb reoMerpWieCKHe MeTO):lbl T•eOpHH .l(IIHa.MH'leCKHX CHCTeM M 

MeTo.n: rrapaMeTpa cToxacTwrnocm KoJJMoropoBa. 

Uem, @ccepTaUHOHHoii: pa6on.1 

• 

• 

• 

• 

HccJie,l(OBaHHe xaOTH'leCKHX CBOHCTB rpaBHTHpYJOmHX CHCTeM THIIa 

H.n:po-rano. 

J13yqem1e CTaTHCTWleCKHX CBOHCTB TeMrrepazypHbIX KapT 

KOCMWiecKoro MMKpOBOJIHOBOro peJJHKTOBOfO H3JIY1IeHIDI. 

AHaJIJil3 IJ.HTeH aHH301'pOIIHH peJJHKTOBOfO H3JI)'':leHH.H Ha OCHOBe 

rrapaMerpa cToxacT:H'IHocT:H KoJIMoropcma. 

Mccne,noBaHHe KpyITHoMacmTa6Hoii CHMMerpHM KapT peJUIKtoBoro 

H3JIY1IeHIDI c HCIIOJib30BaHHeM rrapaMeTpa CTOXaCTil'IHOCTH. 

--- .. ,,__,___.. t 1~f'llL'1f ~,..,, •. •'· 
\ "'t'' .. -· • . 

'.'·-·:q~1ttH I•lilQ 

•. aK 
.... l.~1l1;1r.t1 

...... _ ...... _ .. ......-.....,,.-... - ~· 
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Harrnaa HOBH3Ha 

• lfayqeHa OTHOCHTeJJbHa.ij_ HeyCTOHt.fMBOCTb (xaOTM'iHOCTb) N-qaCT.li':IHblX 

rpamnttpyIOll.l,HX CHCTe:M H nonyqeHa 3aBHCHMOCTb Heycroii:qHBOCTM 

CMCTeM THITa H,n;po-rano OT napaMeTpOB CMCTeMbl l1 a,n;pa. 

• A.HanM3HpOBaHa CTOXaCTMqHOCTb KapT KOCMHqecKoro pem:IKTOBOro 

H3JiyqeHMH. 

• BbrHBJieHo noBe,n;emi:e cTeneHM cToxacTHt.fHOCTM c.wrHana peJIHKTOBoro 

l13JiyqeHHH Ha He-rayccoBCKHX aHOMaJIMJIX KapT. 

• ,[(JI» n»THJieTHHX ,n;aHHl>IX cnyrHMKa Wilkinson Microwave Anisotropy 

Probe (WM.AP) IlOKa3aHO, qTO CTeneHb CTOXaCTl:lt.fHOCTM KOppenHpyeT c 

KpYilHOMaCrIITa6HOM 3epKanbHOH CMMMeTPHeii TeMnepaTypHOH 

aHH30TPOill111. 

IlpaKTMqecKaH ueHHOCTb pa60Tbl, 

MeTO,ll;hl M anropHTMhI, pa·3pa60TaHHhle ,n;na 11ccne,n;0Bamm CToxacTH'IHOCT11 

TeMnepaTypHbIX KapT KOCMMqe:cKoro peJIHKTOBoro 113nyY:eHm1, Moryr GbITh 

npHMeHeHbI ,l]JIH aHaJIH3a pe3yJibTaTOB npe,n;CTOHIIIHX 60J1ee TOY:HhIX 

3Kcnep11MeHTOB, BKmot.fa» CITYTHMK PLANCK Mission. 

HayqHhie nonoJKeHMJI, BhIHOCHMbie Ha 3aIUHTY 

• ,[(eiicTBMe KpMTepmI OTHOCHTeJibHOH xaonrqHOCTH PHq•rn ,l]JIH M3YLJCHHH 

rpaBHTHPYIOIUHX CHCTeM: THITa H,n:po-rano. 

• AHaJII13 CTerrenH CTOXaCTMLJHOCTH KapT KOCMHqecKoro peJIHKTOBoro 

H3Jiyqenmr. 

• CBoiicTBa n HH<!JopManrnnocTb napaMerpa KonMoropoBa, KaK ,1vrn 
KOCMOJIO~ecKoro cnrHana peJJHKTOBOrO H3Jiy<IeHMJI, TaK H ne­

KOCMOJIOrWieCKHX CHrHaJIOB. 

• CTeneHb cToxacTWiHOCTH perrHKTOBoro H3JJyqeHHH H 3<1_l<1_leKT CaKca­

Bonb<lJa Ha ManbIX Mym.THIIOJIHX. 

Anpo6auHa pa6oTbI 

OcnoBHDie pe3yrrI>TaTu1 ,n:HccepTalUIOHHOH pa6oThI ,n:oKJia,n;MBaJJHCh 11a 

KoH<!JepeHIJ;IDIX M.fpoccMana XI (2006, EepnHH), no peJIHTHBHCTCKo\1 

acrpo<!J113HKe (PHM, IlecKapa, 2007, Jleqe, 2008), Hop-AM6ep,n;e (2009). ua 

ceMHHapax KanmpopH11iicKoro TexHonorMqecKoro HHCTHTYTa (2009), 
EpeBaHcKoro QJM3WiecKoro HHCTHTyTa M EpeBaHCKOro rocy1rnscpcHTeTa. 

t 

I 
f . 
f 

_I 
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Ily6JIMKaUHH 

Ilo TCMe ,n;HccepTal.l,11H orry6JIHKOBaHO 5 HayqHbIX pa6oT, CITMCOK 

KOTOpbIX npHBO,l]HTCH B KOHl.l,e aBTOpeclJepaTa. 

C1]vKTYPa ,urrccepTauHM 

,[(11ccepTau;1rn cocro11T H3 BBe,n:eHmI, Tpex rmrn, 3aKmoqeHMJI M cnHcKa 

mnepaTypbI 113 146 HaHMeHOBaHHH. 06l.l.l,HH 06-beM pa60Tbl COCTaBmieT 104 
CTpaHHl]bI netJ:aTHOro TeKCTa l1 BKmoqaeT 30 pHCYHKOB H 6 Ta6Jill.l.l,. 

Co~epamuue pa6oTbl 

B nepuoii: niaue M3yqaroTCH xaoT1:1qecKI:1e csoiicTBa N-qacTWIHhIX 

rpaBHTHpyIOmHX CHCTeM Ha npHMepe KOHQJMrypau;HH THna H,n;pO-rano. CMCTeMbl 

c IlJJOTHblM H,n;poM HBJIHIOTCH xapaKTepHbIMM ,11.JIH urapOBblX 3Be3.[(HbIX CKOITJieHHii 

l1 ranaKTMLJCCKHX H,11.ep. IloHHMaHMe CTaTHCTHqeCKMX, B TOM qffcJie 11 

xaoTHtJ:eCKHX CBOHCTB, BaJKHO ,n;m1 onpe,11.eJieHHH 3BOJIIOIJ;HH, peJiaKcan;mi: 

3BC3,!(HbIX CHCTeM. ,Il;JIH OilHCaHHH HeycToiiqHBOCTH CHCTeMbI HCilOJib3YeTCH 

reoMeTpWieCKHH KpHTepHH OTHOCHTCJibHOH HeycTOHtfHBOCTH, KOTOpbIH OCHOBaH 

Ha BblqflCJICHHl1 KpHBH3HbI PHtfqM B 3N-MepHOM pHMaHOBOM MHOroo6pa3HH c 

MeTpHKOH 

r,D;e 

dsz = gik dqi dqk, 

gik = W(qi) 6ik' 
1 ik ik - ----.) 6 ' g - W(ql 

W(qi) = E - V (qi). 

IlpH 3TOM reo,11;e3l:ltJ:eCKHC JIHHHH COOTBeTCTBYIOT TpaeKTopmIM 

raMHJibTOHOBOH CHCTeMhI, B COOTBeTCTBMH c npHHI!HIIOM MonepTIOH H 

napaMeTPH3au;Meii a<J:iQ1mrnoro napaMeTPa 

ds = ../Zw dt. 

CqiepHqeCKHC CHCTeMbI C IlJJOTHbIM H,11.pOM myqaJIHCh B 3aBHCHMOCTH OT 

MCXO,l]HbIX rrapaMe'I'pOB, TaKHX KaK q1:1CJIO '3Be3,11. B CMCTeMe, IlOJIHaH :meprHH 
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CHCTeMhI, a TaIOKe pa3Mep H Macca H,D,pa: 

Rcore 
k = --, 

r Rsys 

Ncore 
km= Nsys' 

EtotaL 
e = ---e-, 

p 

r.n;e Ep -noTeHD;HaJThHaH 3Heprmr, Rcore H Rsys - pa.n;11ychr }!,!(pa H CHCTeMbI, 

Ncore H Nsys - qHCJIO "laCTHQ B JI.n;pe HBO BCeH CHCTeMbl, COOTBeTCTBeHHO. 

Ilo pe3yJJhTaTaM BbPIHCJieHHM KpHBH3HbI P11qq11 ru M ncnorrh30BaHirn 

COOTBeTCTBYIOIQero KpMTepHH )J)UI ee OTPHQaTeJibHOro H OTHOCMTeJlhHOro 

3Ha'lemrn, cpaBHHBaJIHCh CHCTl~Mbl c O,!(HHaKOBhlMM N H ::rneprHeH, HO c 

pa3H:&IMH kr H km. 0TCIO,ZJ;a, B 'IaCTHOCTH, 6:&1JIO B:&UIBJieHO, 'iTO H,n;po MO>KeT, 

KaIC yBeJIH'iHBaT:&, TaK H YME!H:&lllaT:& CTeneHb HeycTOH'lHBOCTH CHCTeM:&I. 

CooTBeTcTByrom;ee noBe,n;eHHe 6:&mo H3Y'feHo H c noMo~ro KpHTH'ieCKoro 

pa,n;eyca kcr H,n;pa H B 3aBHCHMOCTH OT TIOJIHOH SHeprHH. 

TaxHM o6paaoM, peayJihTaThI :accJie,n;oBaHHH HeycTOH'iHBOCTH cHcTeM 

c H,ZJ;pOM OKa3aJIHCh OTJIH'IH:&IMH OT HayqeHHoro ,n;pyrHMH aBTopaMH CJIY'la.H 

CHCTeM c :u;eHTpaJibHOH TO'ie'IHOH Macco:H, Kor,n;a CTeneH:& HeycTOH'lHBOCTH 

Bcer,n;a yBeJIH'lHBaeTCH nponop1~HOHaJI:&Ho Macce :u;eHTPa. 

Bo BTopoii: rJJaee nccne.n:osaJIHc1> cTaTHCTH"lecKHe csoil:cTBa 

H3MepxeMoro CHrHaJia KOCMH'feCKOro MHKpOBOJIHOBoro pemncrosoro H3JiyqeHHH, 

KOTOpbIH co.n:ep)KHT Kar< KOCMOJIOrH"!eCKYIO HHCpopMau;mo, TaK H HaJIO)KeHHJ>Ie 

IllYMbI pa3HOH npHpO,!l;hl. 

o.oo 

-(t2$ 

..()~50o 

4);15 

.._:1:· .1.00·· 

·1;i!5 

~PIO 

'1.75 
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Puc. 1. 3a6uCUMocmb KpU6U3Hbl Pu<J<JU q"Ja6umupy101J,{eii cucmeMbl om 

omHocume!lbH020 paouyca aopa kr Olla 06)1X 3HalJeHUU nOJIHOU 3Hep?.UU u 

N = 1000, km = 0.25. 

ITpH 3TOM peJIHKTOBoe H3.lI)"leHHe paccMaTpHBaeTcsr KaK cyrrepno3HD;IDI 

C~IrHaJIOB pa3HOH CTaTHCTHKH, a HMeHHo, Hecyn~HX KaK CTOXaCTH'IeCKYIO, TaK H 

peryMpeyro mupopMau;mo. MmpopMau;IDI pa:moil: cTeneHH cToxacTWIHOCTH 

MO)J(eT OTPa)KaTL oco6eHHOCTH Heo.!(Hopo,D;HOCTeil: KpynHoMacmrn6Horo 

pacnpe;:i;enem:rn BelI(eCTBa BO BceJieHHoli. B qacTHOCTH, o6nacTH c Mem.meil: 

OTHOCHTeJThHOH IlJIOTHOCTblO, TaK Ha3LIBaeMbie IlOJIOCTH (voids), ;:i;eitcTByH KaK 

pacceHBaIOII(He JIHH3bl, MOryr BHecrn: CTOXiiCTH'IHOCTb B TeMnepazypHOM 

pacnpe;:i;enemrn ;:i;aHHOH o6nacTH Ha KapTe peJIHKTOBOro mnyqeHHH. 

ITapaMeTP crnxacTW{HOCTH KoJIMoropoBa 61>m HcnOJib30BaH .nrui 

myqemrn CTeneHH CTOXaCTWIHOCTH TeMnepaTYPHbIX ,!(aHHI.IX peJIHKTOBOro 

m.lI)"leHHH rronyqeHHbIX crryTHHKOM WMAP. <l>yHKD;HH pacnpe.!(eneHIDI 

napaMeTPa Am KOTopaH caMa HBmieTCH cnyqaliHHM qffcJioM: 

ct>n(/l) = P{A.n ~ .~}. 

npH n ~ oo CTJJeMHTCH K pacnpe.n:eneHHIO KonMoropoBa 
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00 

<P(A.) = L (-l)ke-2k2;.2, .D:JI.SI ..il > 0, 
k=-oo 

H 

<P(O) = 0. 

MaccHB ,n:aHHbIX B cooTBeTCTByIO:meM rrpe,n:cTaBJieHirn (HEALPix) 
II03BOJIRJI BLRHCJIHTL napaMe-rp KoJIMoropoBa wur KOHKpeTHhlx no,n:MHO)l(eCTB c 
nocJie.nyK>ineM onpe.n:eneHHeM ero cpe,n:Hero 3HaYJeHirn no 3aJJ;aHHLIM o6nacDIM 
He6a. B pe3yJILTaTe, c HCIIOJIL30BaHMeM TeopeMb1 KoJIMoropoBa ITOJIYt:feHa KapTa 
pacnpe,n:eJieHirn creneHM cToxacTMYJHOCTM TeMnepaTypm,1 pe.JIBKToBoro ae6a. 

····. 1! rtl · 
fl(~} 

""-~~:· "'"'~¢i~i. 

Puc. 2. 3a6UCUMocmb cmeneHu cmoxacmuimocmu <P om pai>uyca xoJ1oOH020 
nRmHa (CS) u ceeepH020 x0Jtoi>Ho20 n.amHa (NCS). IloKmaHo mmoice cpei>Hee <P 
OJ/Jl oeaiJ'ljamu nRmeH 2aycco6Ck.ilX Kapm c HWJO;)ICeHHblM utyMoM cnymHuKa 
WMAP. 

ij 

' 

11 

1 

9 

Ha IIOJIYt:feHHhIX KapTaX, KOTOp.hle MMeIOT MeHLWee yrnoBoe pa3peWeHMe no 
cpaBuemuo c TeMnepaTYPHLIMH KapTaMH, napailde-rp KoJIMoropoBa O.JJ;H03Ha'IHO 
Bhl,n:emieT o6JTaCTh .U:HCKa ranaKTHKH, TeM CaMbrM: OT,n:erurn He-KOCMOJIOrWieCKHH 
CHrHaJI OT KOCMOJIOrH'IecKoro. 

KoJIMoropoBcKHe Kapn.1 TaKlKe JI03BOJUIIOT pa3JIH'lan. H .n:pyrHe 
CTflYI<TyphI, TaKHe KaK o6nacn. c aHOMallhHLIM OTKJIOHeHHeM napaMe-rpoB OT 
rayccoBcKoro pacnpe.n:enemrn B JO)l(HOM ranaKTHlJecKOM nonymapHH - TaK 
Ha3LJBaeMoe Xono,n:Hoe mITHO. IloKa3aHO, lJTO CTeneHh CTOXaCTH'IHOCTH B 
o6nacnr XoJro.n:Horo IDITIIa BI>rme, YJeM ee cpe,n:Hee 3Ha'leHHe no ae6y, a 
nose.n:emre napaMe'rpa KonMoroposa coomeTcTByeT nonocTH B pacrrpe.n:eneHHH 
seinecTBa. 

~:1:1v· 
t);$ I; .. · ... ··· . ;,;6 ~ 

$ 

0~0u1 · · 1;s ~.o ·· · ··· ~;~ · · · · · .a:o 

ft(d'JJ~~l 
Puc. 3 - II oeei>eHUe <jJyHKZ{UU <P OJ/Jl 3epKClllbHblX u 4 opyzux o6Jtacmeu. 
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B TpeTLeii n1ase rrapaMeTP crnxacn1qHoCTH KonMoropoBa 

HCilOJih30BaH ro:rn: l'l3yqeHJUI Cl'IMMeT})HqHLJX CBOHCTB aHE30TpOIIHbIX mneH, T.e. 

CBH3aHHhlX MHO)l(eCTB IIHKCeneli c TeMnepazypoli paBHOH IDIH npeBbllllaIOII.J;eH 

ti;aHHbIH rropor (HIDKe, tJ:JIH Oip:m:i:aTeJibHbIX TeMrrepaTyp) Ha KapTax pemn<TOBoro 

Fl3JlyqeHHa. Xorn penJilKTOBbie KapThI xapaKTepIDYfOTCH rayccoBCKFIM 

pacnpe,J:1eneHF1eM rrapaMe1JlOB, BblHBJiem1e He-rayccoBCKJilX crrrHaJIOB HBAAeTca 

I.\eJihlO MHOrHX HCCJie):loBaHHH, TaK KaK TaI<He aHOManHH MOryT Oipa)l(aTh 

Ba)l(Hble oco6eHHOCTH npm:i:eccoB IlpOHCXOtJ:HBIIIMX ):10, IlOCJie HJIH B :moxy 

pe1<0M6IDial.\HH B paHHeH BCeJieHHOH. 

KpynHOMaCIIi:Ta6HM 3epKanhHM CHMMelpHH, I<aK CBOHCTBO 3cp$eKTa 

Ca1<ca-Bonhcl>a, T.e. 3aBHCHMOCTH am130Tpon11H TeMrrepazyp1>1 OT MYJILTMTIOJI}l l 

l 

'1Tz(n) L A (1::,.r) (!:J.T) --= llzmYim(n) = - + - ' 
T T mirr T non-mirr 

m=-l 

HBJIHeTC}l o.nHHM H3 npe,nCKa3aIIHH, KOTopoe MO)l(eT 6b1Th CBH3aHO Kai< c 

TOIIOJIOrl'fqecI<HMH CBOHCTBaMH BCeJieHHOH, Tai< II oco6eHHOCTBMH cneI<Ipa 

Ha<IaJILHbIX B03MYIIJ:eHHli IIJIOTHOCTH. 

IihIJIH aHaJIM3HpoBaHhI ti;aHHhie non}"IeHHhie 3a 5 neT pa6on,1 (T.e. 

HaH6onee noJIHLie) crrynnraa WMAP H 6MJIH nonyqeHbI pacnpe.neJieHHH 

li>YHKl.\Irn KonMoropoBa tJ:JIH o6JiacTei1, 1<0Top1>1e 1<a1< 6LIJIO no1<a3aHo paHee, 

IIpOH.B.JTHIOT CHMMeTpH<IeCKHe CBOHCTBa TeMnepazypHoit aHH30T})OilHH. 

Haitti;eHHoe pacnpeti;eneHHe MO)l(eT 61>1Th pe3yJTi.TaToM coTieTaHJIH rnnonor1111 Fl 

rrapaMeT})OB B03MyIIJ:eHH:H IIJIOTHOCTH, 0Ipa)KeHm.1x B 3$cpeKTe Ca1<ca-Bon1>cpa. 

He3aBHCHMO OT npttpo,ni,r, rronyqeHHhIH pe3yn1>TaT YKa3bIBaeT Ha 

3$cj:>eKTMBHOCTh napaMeTpa KoJIMoropoBa .nm1 BbHIBJiemrn pa3HhIX cHrHaJIOB no 

FIX CTaTHCTHTieCI<HM CBOHCTBaM. 

3aKJiroqeHue 

OcHOBHbre pe3ynhTaTbl, noeytJeHH1>re B ,n:aHHOH pa6oTe cne.nyromBe: 

• lhyqeHa OTHOCHTeJihHaH HeycTOHtJHBOCTL (xaoTH<IHOCTh) N-TiaCTH<IHbIX 

rpaBHTHpYffilIJ:HX cHcTeM: Mlf 1<omjnrrypar:i:F1il: rnrra }l.npo-rarro no1<a3aHo 

cyn:i:ecTBOBaHMe KpHTHTieCKOro patJ:HYca H;:i:pa, COOTBeTCTByIOmero 

HaB6onhmett ycTOHtJHBOCTH no 1<pMTepHIO I<pHBH3HhI PH'ITIH. ,L(nH 
6onbIIIHX H MeHhIIIHX pa.neycoB ati;pa CHCTeMa nepexo,nMT B 6onee 

HeycToH<IHBoe COCTOHHHe. TaK)l(e BhJHBJieHa poJTL MaCChl a;:i:pa ):IJIH 

11 

HeycToifqHBOCTH, IlOKa3bIBaJI 3cp$eKTMBHOCTb HCilOJih30BaHMH 

reoMeT})HTieCKHX MeTO,u:os .IIJlH H3yqeHHH ,IJ;HHaMrrqec1<oro xaoca B 

MHOroMepHLIX HeITHHeHHblX CHCTeMax [ 1,2]. 

• CTaTHCTHqecKMe csoifcTBa KOCMH'!ecKoro penHKTOBoro H3nyqemu1 

113yqeHhI c HcnoJih30BaHHeM napaMeipa cToxacTMtJHOCTR KoJIMoroposa. 

IloJiyqeHHble I<apTbI pacnpe.neneHHH CTerreHH CTOXaCTHqHOCTH 

TeMnepaTyphl peJIHKTOBOro H3JiyqeHHH Il03BOJ.UllOT BLI)J;eITHTb 

KOCMOJlOrHTieCKOrO CHrHaJI OT H3JiyqeHHH ,IIMCKa faJiaKTHKH, a TaK)Ke 

yKa31.rna10T Ha aIIOMaJibHOCTh He-rayccoscKoif o6nacTH - XoJio)J;Horo 

IJHTHa. ,l.J;asaa B03MO)l(HOCTL tl;JIH pa3JIMqeHMH CHrHaJIOB 

KOCMOJioruqeCKHX M He KOCMOJIOrHqecKHx, KapTbI creneHH 

CTOXaCTHqHOCTH CBOe.if MH$OpMaTHBHOCTbIO ,!l;OIJOJIHHIOT 

TeMnepaTypHbie H IlOJIHpM3aIJ:HOHHhie KapThl peJIHKTOBOro H3JiyqeHHH 

[3]. 

• Mccne,L10BaHa 3epKMhHaH CMMMeipMH TeMrrepaTypHbIX KapT 

peJIHKTOBOro H3Jlyi-IeHHH nonyqeHHLIX 3a 5 JieT pa60Tbl cnyrHHKa 

Wilkinson Microwave Anisotropy Probe (WMAP). Haii.neHa 

3aBMCHMOCTb CHMMeTpHH OT MJJihTHilOJieii, TITO COOTBeTCTByeT 

IIpe)J;CKa3aHHHM 34J$eKTa CaKca-BOJihcpa )J;JIH cnyqaJI KOMIIaKTHOH 

IIJIOCKOH TOIIOITOrHM H onpep;eneHHbIX CBOHCTB HatJanbHbIX 

B03Mym;eHHli IIJIOTHOCTH, H MO)l(eT TaK)l(e HBJIHThCH pe3yJlhTaTOM 

HeH3BeCTHOro HaJIO)l(eHMH Me)KilJiaHeTHOro H f anaKTHqecKoro 

H3JJytJeHMH [ 4]. 

• 3epI<anhHaJI CHMMeTpm1 TaK)l(e HCCJie,[\OBaHa no MeTO.D;y napaMeTpa 

cToxacTHtJHOCTH KonMoroposa. Pacnpep;eneHne cTeneHH 

CTOXaCTWiHOCTH Bhl3BaHO COOTBeTCTBYIOIIJ:HMH aHOMaJIMHMH B 

csoiicTBax TeMnepaTypHoii filIH30TporrHH. IloBhlllleHHaJI 

CTOXacTlf'IHOCTb B HarrpasneHMHX ueHT})OB CHMMeTpHH YKa3bIBaeT, 

JIH6o Ha aHM301JlOilHIO caMoro 34J4Je1<Ta CTOXaCTM3aIJ:MH, JIH6o Ha 

pa3HYffi rny6HHY ero p;eiicTBHH B nnx Hanpasnemrnx [5). 
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