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OEI.l(AfI XAPAKTEPMCTHKA PAEOThI 

Amarri,uocn, TeMbl 

l13yqeHHe CBOHCTB KOCMW1eCKOro peJIHKTOBOro H3Jiyqemrn »:Bm1eTc»: O,llHHM H3 
caMbIX 6bICTPOPa3BHBaIOmHXCH HanpaaneHHH COBpeMeHHOH KOCMOJIOrl:fH. 
OTKphITHe peJIHKTOBoro H3JiyqeHIDI cTarro o.zun1.M IH3 Kpaeyron1>H1>1x KaMueii, Ha 
KOTOpb!X OCHOBaua KOCMOJIOrH'leCKlUl Mo,11:eJib EoJihlIIOro B3pbIBa. 
BhlCOKOToquble 3KcnepHMeHThI nocne.n:uHx )leC»:TMJieTHH no H3Mepeumo 
peJIHKTOBOro H3Jiy'leHIDI BO MHOrOM crroco6cTBOBaJrn nepexo;zy KOCMOJionm Ha 
ypoaeHb TaK Ha3bIBaeMOH "ToqHoii KOCMOJIOrHH". 

B qHcne KJII01.JeB1>1x 3KcnepHMeHTOB no peJIHKTOBOMy H3JlyqeHmo -
BOOMERanG H cnyTHHK NASA Wilkinson Microwave Anisotropy Probe 
(WMAP). PeJyJI1>TaTbI 3KcnepHMeHToB no3BOJIHJIH nony'IHTh KapT1>1 
TeMnepaTypHOH aHH30TpOilHH penHKTOBOro u3nyqeHID1 c BblCOKHM 
pa3pelllem1eM. TeMneparypHbie KapTbI pemtKTOBoro H3Jly'leHID1 »:BJI»:IOTcn 
HOCHTeJIHMH BaJKHOH KOCMOJIOrH'leCKOH HH<j>OpMaUHH 0 paHHeii BceneHHOH H ee 
coapeMeHHOii: CTPYKT)'pe. TaK, B 'IHcne TeopeTHtieCKH npe.n:cKaJaHHhIX 3Q>Q>eKTOB 
- reo,lle3WieCKOe nepeMeurnsauue, CBOHCTBO JJ;BmKeHIDI Q>OTOHOB nocne 3IIOXH 
11ocne)luero pacce.nHIDI, All.ff my'leHH»: KOToporo ueo6xoAHM AeTarrhHbIH aHamn 
HCKaJKeHHbIX KapT aHH30TPOilHH peJIHICTOBOrO H3Jly'leHIDI. 

,l(auua»: pa6oTa noca»:meua auanHJy ceoiicTB KapT peJIHKTOBoro mnyqemui, 
o6uapyJKeHmo CKpbITbIX napaMeTpOB H cpaBHeHmo HX c KOCMOJIOfH'leCKOH 
MO,lleJlbIO COOTBeTCTByromei1: yrnosoii Koppem1~HOHHOH <l>YHKUHH. ,[(.rm 
wccne.11.osauHA McnoJib30BaHhI AaHHhie nony11eHHI>1e BOOMERanG H WMAP. 

lleJib llHCCepTaUHOHHOH pa6oTbI 
• IlpoeeCTH cpaBHHTeJlbHbIH aHaJIH3 ,llaHHbIX 3KcnepHMeHTOB 

BOOMERanG H WMAP c n;eii:&ro npoaepxH BICJia,n;a 

HHCl'py-MeHTaJU:iHbIX scptj:>eKTOB B CBOHCTBO 3JIJIHIITH'IHOCTH 

aHH301'pOilH:&IX IDITeH KapT peJIHI<TOBOro H3Jl}":leHHH. 

• J.13y11HTb IIOBe,lleHHe 3JlJIHilTH'IHOCTH Ha MaCU1Ta6ax 6onhrue H MeHhllle 
pa3Mepa cBeTosoro ropH30HTa Ha nosepXHOCTH nocne.11.Hero pacce»:HIDI. 

• HccJie,[(OBaTb B03,[(eHCTBHe H3nyqeHH»: .D.HCKa ranaKTHKH Ha 
3JIJIHilTH11HOCTb . 

• Ilony'IHTb TeopenrqeCKHe (CHMYJIHpOBaHHbie) KapTbl peJIHKTOBoro 
H3nyqeHIDI H BblilOJIHHTb aHaJIH3 HX aHH30TJlOilHbIX CBOiiCTB. 
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• Hccne!'.J,oBaT& n0Be!'.J,em1e !'.J.BYXT011e11H&1x Koppem11:.100HH&1x cpyHKI(HM 

Il'1TeH aHH30'Ip0IlHH peJIHKTOBoro li3Jly'IeHIUI B KOHTeKCTe HBJiemrn 

3anyTaHHbIX KBaHTOBblX COCTOHHHH cpoTOHOB Ha IlOBepXHOCTH 

nocJietJ.Hero pacceHHHR. 

HayqHan HOBH3Ha 

• Pa3pa6oraHLI anropHTMLI, Heo6xo}lHMLie MH reoMe'IpHIJ:ecKoro 

aHaJIH3a KapT KOCMHlfeCKoro peJIHKTOBoro H3JiyqeHIUI Ha IlJIOCKOCTH H 

Haccpepe. 

• IlOKa3aHa He3aBHCHMOCTb 3JIJ1HilTH'IHOCTH OT MacrnTa6a CBeTOBOro 

KOffYCa Ha nosepxHOCTH nocne.n:Hero pacceHHIDI. 

• IlOKa3aHa CHMMe'IplUI 3JIJIHilTH'IHOCTH OTHOCHTeJILHO ranaKTHIJ:eCKHX 

IlOJiylllapHH H He3aBHCHMOCTb OT li3Jly'leHIUI .D:HCKa ranaKTHKlf. 

• ,[(nH 'IpexneTHHX .n:aHHbIX cnyTHHKa WMAP noKa3aHo, 'ITO 

3JIJIHilTH'IHOCTb He onpe!'.1,eJIHeTCH KOCMOJIOrH'leCKOH MO!'.J,eJiblO 

<l>pHAMaHa ACDM, xapaKTepH3yeMoil: yrnosoH: KoppennuHOHHOH 

tj>yHKI(Heii peJIHKTOBOro H3JiyqeHIUI. 06Hapy>KeHHOe n0Be}lem1e 

3J1JIHOTH'IHOCTH COOTBeTcTByeT reo}le3H'leCKOMY nepeMellIHBaHHIO 

noToKa tj>oTOHOB B runep6on011ecKOH BceneHHOH. 

• IlOKa3aHa CHMMe'IpHH ABYXTOIJ:e'IHOH KOppeJIRI.(HOHHOH ti>YHKUHH 

TeMnepaTypHblX IDITeH OTHOCHTeJILHO OTPHUaTeJibHblX H 

noJIOX<HTeJibHblX TeMnepazypHbIX ceIJ:eHHH, 'ITO COBMeCTHMO c 

TeMneparypHOH acHMMeTpHeH 3anyTaHHblX COCTORHHH tj>OTOHOB. 

IIpaKTHIJ:ecKaR ueHHOCTL pa6oT&I 

MeTOAbI H anropIITMbI, pa3pa6oTaHHLie JlJIR 0ccne,noBaHH'1 KapT 

aHH30TPOilHH KOCMH'leCKOro peJIHKTOBOro H3JiyqeHHH, MOryT 6bITb npHBJieqeffbI 

K aHaJIH3Y pe3yJILTaTOB npe.n:cTOHIUHX 6onee TO'IHblX 3KCnepHMeHTOB, TaKHX KaK 

CnyTHHK Planck. 

Hay11H&1e noJio)J(eHHH, BhIHOCHMbie Ha JalUHTY 

• CoorsercTBHe nose.neHHH napaMerpa 3JIJ1HilTHlf HOcTH AJIR KapT 

BOOMERanG H WMAP. 
• He3aBHCHMOCTh 3JIJIHilTH'IHOCTH OT pa3Mepa cBeroBoro KOffYCa Ha 

IlOBepxHOCTH IlOCJie!'.J,Hero pacceHHIDI. 

• He3aBHCHMOCTL 3JIJIHilTH'lHOCTH OT BKJia.n:a }lHcxa faJiaKTHKH H 

rronymapHii:, MHBapHaHTHOCTb 3JIJIHilTH'IHOCTH Ha KapTax c pa3HblMH 

11acroTaMH. 

• MOHOTOHHOe IlOBe}leHHe 3JIJIHilTH'IHOCTH B 3aBHCHMOCTH OT OTHOWeHHR 

CHrHanflllyM. 

,,. 
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• IloseAeHHe TeopeTHIJ:ecmx H peanbHhIX KapT npH pa3HOM BKJia!'.J,e 

rnyMa, HX HeCOOTBeTCTBHe. 

• TeMnepaTypHM acHMMe'IpHR .nsyxro11eqHoli 

cpyHKuHH TeMneparypHbIX IlJITeH. 

Anpo6auHR pa6oTLI 

KOppeJIRI.(HOHHOH 

OcHOBHhie pe3yJILTaTLI }lHcceprauHoHHOH pa6oTbl .n:oKJiaA&IBaJIHCL Ha 

ceMHHapax B EpesaHCKOM cpH3H'leCKOM HHCTHryTe, B yHHBepcHreTe PHMa "La 
Sapienza", Ha KOHcpepeHu1rnx no peMTHBHCTcxoii ac'IpOtj>H3MKe (PMM, IlecKapa, 

2004, 2005, 2006). 

I1y6JIHKaUHH 

Ilo TeMe AHCCepTauMOHHOH pa60Tbl ony6JIHKOBaHO 5 HayIJ:HhlX pa6oT, CilHCOK 

KOTOpbIX npHBO!'.J,HTCH B KOHue aBTOpe«t>epaTa. 

CrpyKrypa JlHccepTau1m 

,[(HccepTauHH COCTOHT H3 BBe!'.J,eHHR, 'IpeX rnaB, 3aKJIIOIJ:eHHH H CilHCKa 

JlHTepazypbI H3 131 HaHMeHOBaHIUI. 06m0ii: o6'beM pa60Thl COCTaBJIReT 112 
C'IpaHHU neqaTHoro TeKCTa, BKJIIO'laR 36 pHCYHKOB H ABe ra6JIHUbl. 

CoJ.J:ep:acaHBe pa60T1>1 

B nepsou rnaee onpe!'.l,emnorcn Heo6xo.n0M1>1e AJI.sI AaJILHeuwero 

aHanH3a OCHOBHLle xapaKTepHCTHKH aHH30rp01IHH peJIHKTOBOro H3JIY'leHMR, 

ABYXTO'le'IHLle H yrnoBble KOppeJIHUHOHHhie ti>YHKUHH H lfX B3aHMOCBH3b. 

Yrnos&1e Koppem1uHOHHhie tj>yHKUHH ucnoJib3yIOTCH npH pa3JIOX<eHHH no 

ctj>epH11eCKHM rapMOHHKaM. 

oo I 

!l.T(n) = L :La1mYim (n) C1 = (a;ma1111) 
1=2 m=-1 

r}le n - e.n:HHHlfHbiii: BeKTOp YKa3LIBaJOIUHii: HanpasneHHe Ha ccpepe, i;/11 -
ctj>epHlfeCKHe rapMOHHKH, C1 - YrJIOBbie KOppeJIRUHOHHhie cpyHKUHH. 

,[(ByxToIJ:elJ:Hble KOppeJIHUHOHHLie tj>yHKUHH 

C(B) = (!l.T(n1)!l.T(n2)Jo 
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CBH3aHbl c yrnOBhlMH KOppennlUIOHHhlMH <l>YHKQHHMH qepe3 COOTHOIIIeHHH 

Jr 1 
C(B) =-:L(2l +l)C/~(cosB) 

47r I 
C1 = 27l" Jc(B)~(cosB)sinBdB 

0 

·f 

I 
I 

.. 

·\ 
' I 

I 
""j 1 • '\ .. ..___. 
,.. - . J ' .. ·~ 
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Puc. I - Koppe.nRlfUOHHaR. </JyHKlfUR C ( B), no!lyr~eHHaR. OJIR iJaHHblX cnymHUKa 
WMAP. 

<l>opMyJIHpyIOTC» CBOHCTBa reo,ne3H'leCKHX IlOTOKOB KaK 
rnnep6om1qec1<Hx cHcTeM. OnncaHo noBe,neHHe BpeMeHHLIX xoppeJIHQHOHHhIX 
<l>YHKQHM llJIH nepeMeunrna10rn;HXCH CHCTeM, BKJIIO'laH reo.n;eJH'leCKHe IlOTOKH Ha 
rnnep6onWieCKHX rrpocTJ>aHcTBax. BpeMeHHaJl Koppenau;uoHHasi: <l>YHKIJ;H» 

bglg2 (t) .ZJ;MHaMH'leCKOM CHCTeMbl c nepeMeWHBaHHeM 3aryxaeT co BpeMeHeM 

Iimbg g (t) = 0 
1--+oo I 2 

r.ne gp g 2 E L2 (X). B cnyq:ae cucTeM AHocosa BpeMeHHaH Koppem1QHOHHaJl 

<l>YHKIJ;H» y.n:oBJieTBopsi:eT ycnoBHIO 

jb g1g2 (t)j :5: C g1g2 • exp(-/) g1g2 • h(T). t) 

- -- ----· -----

.J 

f' 

7 

r.ne C g1g 2 H P g1g 2 - nocToHHHhle, a h(T) - :nITpomrn: KonMoropoBa-CHHM 

(KC) noToxa T . 
CBo6o,n;Hoe ,n;BmKeHHe <}>oTOHOB BO BceneHHOii c <l>PHllMaHOBcxoM: 

MeTJ>MKOH H OTpHQaTeJibHOH KpHBH3HOM npe,ncTaBJlSleT co6oM: CHCTeMy AHOCOBa 
c KC-3HTponueii, xapaKTepH3yeMoii Mac1ma6Hh1M 'tPaKTopoM BceneHHoii: 

A= Ya 
3JIJIHilTH'IHOCTb B 3TOM cny11ae 3a,naeTC'1 pacxmKneHHeM reo,ne3H'leCKHX B (3+1)­
MepHOM npOCTJ>aHCTBe 

.;a)~. 

-21~ ,. .,._. '"' 

-ii:l 
-t•J 
.a.(j. 

.~J- . 
-~si--- , 
-21~-' 

~­
-25,;·:· 

l(t) 
Ii=--, 

l(to) 
l(t) = l(t

0
) a(t) exp(z).(t)) 

a(to) 

Puc.2 - TeMnepamypHOR Kapma (A+B) BOOMERanG-a no!ly'leHHaR. U3 mpex 
11e3aeucUMblX KaHwzoe Ha 'lacmome 150 GHz, npu meMnepamype Bblute I 00 µK. 
A+B=Bl50A+(BJ50Al+Bl50A2)/2. 

Ari» aHaJIH3a 3JIJIHilTM'IHOCTH mITeH TeMnepaTypHOH aHH30TpOilHH 
peJIHKTOBOro H3JiyqeHHSI, onpe.n:eneHhl He06XO.UHMlole reoMe'TpHqecKHe CBOHCTBa, 
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xaprunep113yromHe WITHa aHH30TJ>OTIHH. ,niu1 MllllblX WITeH BbUIBJleHa 

:mJIHilTH'IHOCTb, He3aBHCHMax OT TeMneparypHoro ceqemrn. 3JmHilTH'IHOCTb 

coxpaIDieTCX TaIOKe B pa3Hb!X KapTax H pa3HLIX o6JiaCTj[X, 

Bo BTOpoii rJlaBe H3yqaeTCj( noae,o;eHHe 3JIJIHilTHqffOCTH Ha 

MacuITa6ax 6onLwe H MeHhwe xapaKTepHoro pa3Mepa caeToaoro ropH30HTa Ha 

noaepxHocTH nocne,o;Hero paccej(HWI. Pa3Mep ropH30HTa 3a)laeT paccTOj(HHe Ha 

noaepxHOCTH nocne.o;Hero paccej[Hffj(, Ha KOTopoM co6blTWl MoryT 6LITL 

npH'IHHHO CBj[3aHLI. Bo Bcenefi:Holi c MeTpHKOH <l>p11,o;MaHa-Po6epTcoHa-Y 0Kepa 

H CKlllIXpHOH KpHBH3HOH RC 

ds 2 = -dt2 + a(t) 2 (dz 2 + R; sinh 
2 (~c )d0.

2
) 

ropH30HT onpe,llenxeTCj[ KOH<l>opMHblM apeMeHHbIM paCCTOj[HHeM noaepxHOCTH 

nocne.o;Hero paccej[HMJl 

r da 
Zsls = T/o -11sts ~ ~ Ha2 

~ 2 (1 _: _!_ QC - 1 QllJ + ) 
Zsls H !fl 6 Q 2(1- 6 ) Q ••• 

ov:i."m m OJ Ill 

r,n:e Q c = 1 - Q 0 'Q nl 'Q ()) ' COOTBeTCTBeHHO, napaMeTJ>bl IlJIOTHOCTH 

KpHBH3HLI, HepeJIXTHBHCTcKoro aemecTaa 11 TeMHoif 3HeprHH, a H - napaMeTP 

Xa66na. 

"' 

" 

"' 

f> 
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4..---.-~....--.-~...------,r-....... --.r--.---.~......--, 

~ 3i.. IluhI 1IHiitl 
. 

:9 a ·-
w 21-
CD 

~ 
CD 
.;c 1 I- f""":'-'""·:-~~:;~:i~·-1 

... -~-··---·-.. --.J 

300 
0 L.- '. I ·I : l "' I • . I ' ·I· ;, •. I 

-300 -200 -100 0 100 200 

AT (µK) 

Puc. 3 - 3J1J1unmuimocmb e 3aeucUMocmu om meMnepamypuozo ce'leHUR i'JllR 
nRme1-1 c KOflU'lecmeoM nuKce.neii 6oflbute 60 u JOO Ha Kapme A+B 
BOOMERanG-a. 

B pe3yJibTaTe HCCJie,o;oBaHWl Qj[TeH aHH30TJ>OllHH, pa3Mepb! KOTOpblX 

npeBLIIIIaIDT Macnna6 ropH30HTa Ha noaepXHOCTH nocne,n:Hero paccej[HIDI, 

06Hapy1KeHa HHBapl!aHTHOCTb 3JIJIHilTINHOCTH .!l;Jlj( fij(TeH c pa3MepaMH 6oJihIIIe 

H MeHbllle ropH30HTa. 3TO roaopHT 0 TOM, qro 3JIJIHnTH'IHOCTb He o6yCJIOBJieHa 

qm311qecKHMH ycnoBIDIMH Ha noaepxHocTH nocne.o;Hero paccej(HIDI, a 

xapaKTepH3yeTcj( KpynH0MacuITa6HL1MH caoifcTBaMn BceneHHOH. 

B TpeTbeH rJlaBe HCCJie,n:yIDTCH TeMneparypHLie KapTbI IlOJIHOrO He6a, 

nonyqeHHbie 3a nepBLIH, a 3aTeM 3a TJ>H ro,n:a pa6oTLI cnyTHHKa WMAP. 

BLICOKaj( TOqHOCTb H nyqwaj( CTaTHCTHKa HOBbIX .!l;aHHbIX Il03BOJIHJIH c HaMHOro 

6onee BbICOKOH TO'IHOCTLIO IlOKa3aTL TeMneparypeyro HHBapHaHTHOCTb 

3J1J1HTITHqHoCTH, a TaKJKe npoaepHTh 3aBHCHMOCTb 3J1JIHilTH'IHOCTH OT px,n:a 

3<l><l>eKTOB. BLrnaneHa He3aBHCHMOCTL 3JIJIHITTH'IHOCTH OT H3JiyqeHH$1 nucKa 

ranaKTHKH, CHMMeTpIDI OTHOCHTeJILHO ceaepHoro H IO/KHOro nonymapHH B 

ranaKTH'leCKHX KOOp.D;HHaTax, coxpaHeHHe CBOHCTB 3JIJ1HllTH'IHOCTH B KapTaX, 

nonyqeHHbIX Ha pa3HLIX qacToTax. Pe3ynLTRTLI uccnenoaaHIDI roaopj(T o 

HeJIOKaJibHOH KOCMOJIOrH'leCKOH npupone CBOHCTBa 3JIJIHTITH'IHOCTH 
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aHH30'rpOIIHhIX IDITeH peJIHKTOBOro H3JiyqeHHH. 

HoBhle, -rpexneTHHe .D:aHHhie WMAP no3BOJIHJIH TaK:iKe rrposecTH 

cpaBHeHHe CBOHCTB KapT, rronyqeHHhlX Teopen1qecKH B COOTBeTCTBHH c 

KOCMOJIOflflleCKOH MO,D;eJihlO, xapaKTepH3YJOlll;eHCH yrnoBOH KOppeJIHI.{HOHHOH 

<}lyHKUHeli c peaJihHhIMH xapTaMB. KoM6HHHpY.SI peaJI1>m.ie TeMrreparypHbie 

KapThl aHH30TpOilHH, noeyqeHhl KapTbI He6a c pa3HbIMH BKila,D;aMH WYMOB B 

CHfHaJI, 6naro.napn qeMy CTaJIO B03MO:IKHbIM HCcJie,D;OBaHBe B03.D:eifcTBH.SI myMa 

Ha CBOHCTBa aHH30TpOIIHhlX IIHTeH KOCMlflleCKOfO peJIHKTOBOro H3JIYqeHIDI. 

IlpHMeHeHHe COOTBeTCTBYIOlll;HX MCTO.D:OB H anropHTMOB B cJiyqae 

TeopeT}lqCCKHX KapT peJIHKTOBOfO H3JIYqeHHH Il03BOJIHJIO IlOJiyqHTh 

aHanorHqm1e CHMynHpOBaHHhle KapThI c pa3HhIMH OTHOWeHIDIMH CHrHaJI/myM, 

H HJyqHTh B03,D;eHCTBHe rnyMa Ha TeopeT}lqeCKHe KapThl. IloKa3aHa 

HCCOBMeCTHMOCTh CBOMCTB TeopeTlfqeCKHX H peaJihHbIX KapT peJIHKTOBOfO 

H3JiyqeHIDI, qTo CBH.ZJ:eTeJihCTByeT 0 HellOJIHOTe KOCMOJIOflfllCCKOH MO.ZJ:eJIH, 

OIIHChIBaeMOH yrnosoil KoppeJJHUHOHHOM <}lyHKI..UieH. 

5.0 
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3.0 
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2anaKmuttecK020 oucKa 6 3a6UCUMocmu om meMnepamypHozo cetteHWl 
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--•-no-noise simulations 
-o- no-noise simulations with 3-year noise added 

I"'-. ~ 
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.. ! ··,.q; ____ ·-·-·--·-·-·--~--.-1 

20 

.L _J_ 

40 60 80 

Number of pixels in spots 
100 

Puc. 5 - CpeoHJlJl 3J1Jtunmuimocmb OM 50 cyMMapHblX meopemuttecKux Kapm 
y211oeou KoppenR'l/UOHHOU no oaHHblM cnymHUKa WMAP. 

Cne.ny10man npo6neMa, paccMoTpeHHM B TpCTheii rnase KacaeTcn 

B03MO:IKHOro B03.D:CHCTBIDI 3arryTaHHhlX KBaHTOBhIX <}loTOHHLIX COCTOHHHH Ha 

IlOBepXHOCTH IlOCJie;:i;Hero pacce.SIHIDI Ha CBOHCTBa aHH30'rp0IlHH peJIHKTOBOfO 

H3JiyqeHIDI. 

.nrui MO,D;eJIH CHCTeMhl .nsyx OCUHJIJl.SITOpOB, HaXO.D:Hrn;eiic.SI B TellJIOBOM 

paBHOBeCHOM cocTOHHHH c TeMrreparypoil T = fp 

H l(A2 A2) (JJ
2

(A2 A2) 1.:. A = - Pi + P2 + - X1 + X2 + /Ul X2 
2 2 

r,ue k - KOHCTaHTa B3aHMO,D;eHCTBHH, ycJIOBHe 3arryTaHHOCTH, T.e. MaTpHU 

IIJIOTHOCTH p 
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n n 

p = LILip;:i) ®pi(2
) , LA;= 1, IL; :?: 0 

i=l i=I 

HMeeTBlf.11. 

~: {(1-coth[ h~m, }oth[ h~, ])' ( OJ1 - a.12 )

2 coth[1i/3m1 J coth[1i/3a>i J} < 0 
OJIOJ2 2 2 

HJIH, npu k = co 2 
, co1 = J2co , m2 ~ 0 

n
2

T
2 coth[n/3w](coth[1i/3m]_ 1if3w) < o 

4mi .Ji .fi. .Ji 

C.51)1.-· 

o~s-

-
~ tl.tO. 

" 
4.2,S. 

..;)'5~·· .. 

]: .... 
• ~ ~~ ·~ .~ ~~ ·~ j~ "~ ·~ ~~ 

Dlstanctis be1ween centres. of aritas, arc.min 

Puc. 6 - J(eyxmo'le•maR Koppe.natjuo11Haa </JyHK'lJM MmeH aHu3omponuu 
pe.nuKmoeoco U3Jly'leHM npu nono:J1CUmellbHOM meMnepamypHoM ce'le11uu. 
HcnoJ1b306aHb1 mpexJ1emHue OaHHbze cnymHuKa WMAP. 
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IlpH TeMnepaTypax 

1iOJ 
T <Tc~ I.2J2 

COCTOHHHH HBJIHIOTCH 3anyTaHHblMH, H KoppeJIHUHH HMeJOT KBaHTOBJ:.IH xapaKTep, 

a npn BJ:.ICOKHX TeMnepaTYPax nose.z:1eHHe KoppennUHiil: 6y,lleT KJiacclflJecKHM. B 
COOTBeTCTBHH c 3THM, npOI13Be.n:eHO HCCJie,llOBaHHe .llBYXTO'Ie'IHbIX 

KOppeJIHQHOHHJ:.IX lj>yHKUHH OHTeH aHH30TµOITHH peJIHKTOBoro H3Jiy'leHHH .llJIH 

OTµHUaTeJibHblX M IlOJIO>KHTeJibHbIX TeMneparypHbIX ceqeHHii. IlOKa3aHa 

aCHMMerpHH KoppeJIHUHOHHbIX <l>YHKI(HH ,llJIH IlOJIO)KHTeJibHblX H OTµHIJ;aTeJibHblX 

ceqeHHH, 'ITO ·cornacyeTCH c HBJieHHeM 3anyTaHHOCTH <l>oTOHHblX COCTOHHHH Ha 

IlOBepXHOCTH IlOCJie)J,Hero pacce»HHH. 

3aKJIIOIIeHHe 

0CHOBHJ:.Ie pe3yJIJ:.TaTbl, nony'leHHJ:.Ie B )J,aHHOH pa6oTe cneeyIOIUHe: 

• Pa3pa6omH MaTeMaTH'leCKHli <l:>opMMH3M H anropHTM:r:.1 Heo6xo.z:1HM:r:.1e 

• 

• 

• 

• 

.llJlH reoMerpnqecKoro aHaJIH3a KapT KOCMH'leCKOfO peJIHKTOBOro 

H3JIY'leHHH Ha OJIOCKOCTH H Ha c<I>epe. 

IlOKa3aHa He3aBHCHMOCTb 3JIJIHOTH'IHOCTH OT xapaKTepHCHNeCKOro 

MaCIIITa6a CBeTOBoro KOH)'Ca Ha nosepXHOCTH IlOCJie,llHero paccenHHH. 

IlOKa3aHa CHMMerpH» 3JIJIHOTH'IHOCTH OTHOCHTeJlbHO ranaKTHlJeCKHX 

nonymapHH H He3aBHCHMOCTb OT H3Jly'leHJfUI ,llHCKa fanaKTHKH . 

~» TµeXJieTHHX .llaHHJ:.Ix CnyTHHKa WMAP noKa3aHo, 'ITO 

3JIJIHilTH'lHOCTb He onpe,n:eJrneTCH KOCMOJIOrH'leCKOH MO,neJibIO 

ACDM, coorneTCTBYIOIUeii <l>pR.zwatt-Po6epTcoH-YoKeposcKoli 

MeTpHKe H xapaKTepHJyeMOH yrnoBOH KOppeJIHUHOHHOH «l>YHKUHeli. 

B TµexneTHHX KapTax cnyTHHKa WMAP noKmaHa acHMMeTpH» 

.llBYXTO'le'IHOH KoppeJIHQHOHHOH <l>YHKUHH TeMnepaTypHbIX OHTeH 

OTHOCHTeJlbHO OTµHQaTeJibHblX H OOJIOJKHTeJibHbIX TeMneparypHblX 

Ce'leHHH. IlOKa3aHa COBMeCTHMOCTb HBJieHHH c TeMneparypHOH 

acHMMeTµHeM: 3anyTaHHblX KBaHTOB.bIX COCTOHHHH cpOTOHOB. 
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Utll]mt}mu.f 

<tuiwqmm.{w6 bli Lnj1bqb11w4wli tlliwgnp11wJtili 6w12wqwJratlwCi 

.QWf1U"1bqCit11ti hwui4mraimCilibf1D hj1UfbppnLw4wli Sflbqbpgmtl 

tlCiwgn1111wJtili 6w12wJqWJJOUWli ~mnnlilit11ti wqwll"I 2w11dtlwli 

qbn11bqj1w4wC1Cibpfl fuw12litlwli bpum1rafl 11bUf.emtl: 4wuiwpl{w6 t 
WMAP Li. BOOMERanG qf1uiwlfinpcH;pf1 LnL!JWLCibpfl tl2w4mtl Li. 

w1111Jmli9libpfl hwtlbtlwuimraJmCi uibuw4wei 4nutlnLnqj1w4wei tlnfl.bLfl 

hwtlwp: <buiwqnuil{w6 t tlti 2w11.e bpL.m1raC1b11fl wqfl.l.igmraJmCio 

6w12wqwiratlwli 2t11uwuLnfl6wliwJfll'.J p6b11fl tLl1UfLnfl4mraJwli 

hwui4mraJwli l{pw: 4wLnwf1l{w6 t l{t112flu g11tlwu tlw4briumJrafl 

Lmuw1tiu hnpflqnufl !wlfiflg tlb6 Li. lfin.e11 uiti11mJralibpfl l{11w 

tLfll4uifl4mraJwli l{wri.efl mumtluwuf111mra1mu, Q.wLw4ui'14WJfl 

LI4Wl{Wl2W4fl hUWf1Wl[np Ubf11lf1UWU U U1Wf1pbf1 hW6WfunLfaJnLUCibpfl 

.ew11uil:.iqubpf1, qwtw4uif14w4wli 4fluwquf1.l:.if1fl hliwpwl[n11 

wutitlbLnf111WJfl qn1mraJwli, WJL w11.tlm4Cibpf1 wqf1.l:.igmra1wu, 

hwtll:.itlwuiw4wli L!l:.i11tm6mraJmli: 4wuiw114bL t fl11w4wu Li. 

U11:.iUW4Wlinf1bU UlllWQL! WO .QW[llllbq Ubf1'1 hWlll4nLJajntUUbf1fl 

hwtlbtlwuiw4wu L{b11Lm6mraJmli Li. gmJQ t Lnf1L!bt uibuw4wu 

.ew111.nbqlibpfl 4Wf1pfl wuhwtlwuib11.bLlinLJaJnLUQ '1f1W4Wli PWf1U1bqub11'1 

hbui, Li. hbuili.wpwf1, wli4JmCiwJflli 4n11tuwgfmu ~mu4gtiwJnl{ 

pumrawq11L!n11. 4nutln1nqflw4wCI un111:.iL'1 n! Lf1f1L{m,aJmuo: ltWlllWf1l(bt 

L!l:.i112tiu gptlwli tlw4t11L.m1rafl L!11w ~nuinCllibf1'1 .eL!wCiuiwJtiu fu66L{w6 

l('16w4lil:.if1fl 4n11tuwgflwul:.i11f1 Li. Lnfll:.iqb11w4wCI tlliwgn1111wJflCi 

6W12WqWJJOtlWU .QW[llllbq Ubf1'1 WCi'1qnlll[lnUfpWJfl p0bf1j1 

4n11tuwgflwub11fl L!w11.efl hwtlbtlwuinqa1mu: cj;;;r-· 


