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Olill.(NI XAPAKTEPMCTMKA PAEOThI 

AKTyan&HOCTb TeM&1 

EypHbIH nporpecc KOCMOJIOrMH Ja nocJie.[(HHe I 0-20 JieT nepesen: ee B TaK 

Ha3hIBaeMylO cpa3y TO'IHOH KOCMOJIOflU!. HOBbie 11 HaMHOro 6onee TO'IHhie 

3Kcrrep11MeHTbl, KaK BhlllOJJHeHHhie c 3eMJIH H, oco6eHHO, co crryTHl!KOB, 

npHBeJJH K Bfle'!aTJll!IOll\HM .Z:.aHHbIM, H TaKHM o6pa30M, onpeii;emrnH 3TH 
,[(OCTHJKeHl1l!. 

Ha6JII0,[(8TeJlhHhie npoHBJiemrn cy111ecTsosaam1 TeMHOH :meprnH c 

OTTaJIKHBaIOlllHMH CBOHCTB8MH, KOTOpaH rrpHBO,[(JIT K ycKopeHHIO paCIDHpeHHJI 

BceJieHHOH nocTaBHJIH npHHUHITHaJI&HyJO npo6JieMy ,[(JIH TeopeTHKOB, 'ITO 

IIPHBeJio K MHOfO'IHCJieHHhIM ITOilLITKaM, Ha'IHHal! c nepeCMOTpa OCHOBHblX 

IIpHHL'(HilOB ,[(0 MHOfO'IHCJieHHblX $eHOMCHOJIOrH'IeCKHX TeOpHH H MO,[(eJieli, 

BKJUO'laH H MO,[(em1 c nepeMeHHhlMH climH'IeCKHMH KOHCTaJITaMH. 

0,n:HOBpeMeHHO, H3Mepemrn KOCMH'IeCKoro peJJHKTOBoro H3Jly'IeHHH ,[(a!OT 

BIDl<HYJO HH<i>opMaL'(HIO OTHOCHTeJlbHO paHHero pa3BHTHl! BceJieHHOH. 

,ll;aHH8l! paoOTa IlOCBHll\eHa 3THM .D:BYM HanpaBJieHHHM HCCJie,[(OBaHIHI B 

KOCMOJIOnm: HeKOTOpb!M CBOHCTBaM KOCMH'IeCKOfO peJIHKTOBoro H3Jly1JeHHH H 

KOCMOJ10fH1JeCKHM MO,ll;eJIHM c TeMHOH 3Hepnm. 

UeJib .rmcceprnuHoHHoli paooT&I 

• 

• 

• 

Pa3BHTh H npoaHaJJH3HpoBaTh MO,D;eJIH c TCMHOH 3HeprHeli H 

rrepeMeHHblMH <l>H3H'IeCKHMH KOHCTaHT8MH. 

PacCMOTpeTb COOTBeTCTBHe Ha:M.n;eHHhIX pmueHHH KOCMOJIOfH'IeCKHX 

ypaBHCHHH c HMelOll\HMHCH Ha6JJIO,[(aTeJibHhlMH .ztaHHb!MH. 

ITocpe,n:CTBOM HCCJIC,[(OB8HH}) TeMnepaTypHblX KapT KOCMH'IeCKOro 

pemIKTOBOro H3Jiy'IeHHH H3Y'IHTh COOTBeTCTBHe CBOHCTB ero 

aHH30Tp0IlHH H KOCMOJIOfH'IeCKHX MO,[(eJieit 

HayqHaH HOBH3Ha 

• 

• 

• 

I1oJiy'IeHbl KOCMOJlOrMlJCCKHe ypasHeHHSI, B KOTOpb!X BOBJle'IeHHbie 

<):>M3H1JeCKHe KOHCTaHThl MCH})IOTC}) co BpeMeHeM. 

06aapyl!CeHa CKpbITaH CHMMeTpHH KOCMOJIOfHlJeCKHX MO,lleneil: c 

TeMHOH 3Heprneit 

Pa3BHT8 TeOpHH rpaBHTaUHOHHhlX B03MYll.leHHH B CJIY'IWIX, KOr.u;a 
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4_>H3H"!eCKHe KOHCTaHThl MeH.lllOTC.sl co BpeMeHeM. 

• c IlOMOI.UbIO crreuHa.ffbHO C03,l(aHHblX aJirOpHTMOB 113yqeHbl 

reoMeTpHqeCKHe CBOHCTBa aHH30Tpomdl: TeMnepaTypHblX KapT 

KOCMHqecKoro peJIHKTOBOfO H3JIY'!eHIUl. 

TipaKTH'!eCKa.sI ueHHOCTb pa60Tbl 

Pewemrn ,l(JIH MO)J.eJJeH c TeMHOH 3Hepmeil MOfYT 6bJTb npHMeHeHbl K 

nm:pOKOMY KJiaccy KOCMOJJOrHlJeCKHX MO,!lieJieH c nepeMeHHbIMH KOHCTa.HTaMH. B 
,!liaJibHeil:weM, COOTBeTCTBHe Me)K.[ly Ha6JJIO)J.aTeJibHblMH ,!liaHHblMH H 

paccMaTp1rnaeMbIMH MOAeJI.llMH MO:>KCT 6r:.ITb HCCJie)J.OBaHO c npHBJJeqeHHeM 

HOBbIX, 6onee noJIHbIX Ha6opoa )J.aHHbIX o ceepxHoer:.1x 3Be3.llax H APYrHX 

KJlaCCOB OT,llaJieHHbl x o6'beKTOB. 
MeTOAhI H anropHTMbI pa3pa6oraHHbie ,llJJ.sI Rccne.u.oBaHH.11 a.HH30TponHj;j 

KOCMRqeCKOfO peJIHKTOBOfO mnyqeHHM MOfYT CTaTl> OCHOBaHHeM ,!l,ml rny6oKoro 

aHaJIH3a pe3yJir:.TaTOB 6YAYII\HX 6onee TO'!Hb!X 3KCnep1'!MeHTOB. 

HayqHI:.1e nono'1<eHHSI BblHOCHMble Ha 3allll!TY 

• 

• 

• 

• 

• 

PeweHHe KOCMonomqecKHX ypasHeHHfi c TeMHOH 3Hepmeil: H 

nepeMeHHbIMH <l>H31{qecKHMH KOHCTaHTaMH. 

06Hapy'1<eHHe CKpblTOH CHMMeTpHH KOCMOJIOrHqecKHX MO)J.eJieH c 
TCMHOt:i 3Heprneil. 
BbIBO.ll H perueHHe ypasHeHHii: ).J,m1 KOCMOJiornqecKHX rpaBHTauHOHHbIX 

B03MymeHHH. 
11.ccne,lloBaHHe MO,lleneli c TeMHOH 3Heprneli, cpasHeHRe c 

Ha6mo).J,aTeJlbHblMH )J.a.HHbIMH csepXHOBblX 3Be3,D. H pa,uHoraJiaKTHK. 

AnropHTMbl HCCJie).J,OBaHHH onpe.neneHHblX CBOHCTB KapT KOCMHqecKoro 

<t>oHOBOfO H3JiyqeHH:sI. 

Anpo6auH.11 pa60Tr:.1 

OcHOBHbie pe3ynnaThI ,llHCcepTaUHOHHOH pa6oTbI ,D,OKJia,D,bIBaJJRCb H 

o6cy:m:,nanHCb Ha ceMHBapax 8 EpesaHCKOM cpH3HqecKOM HHCTHTyTe, B 

yaHsepcRTeTe PHMa "La Sapienza'', Ha Komt>epeHUHID<: TeMHa.sI MaTepH.si-2006 

(MapHHa ,llenr:. Pett, KanH<j.>opHHH, 2006), XI Mapcenr:. fpoccMa.Ha no 

rpasHTaUI1H (Bepmm, 2006), PenMTHBHCTHqecKasi AcTpo<l>H3HKa (IIecKapa, 

2006). 
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IIy6nHKauHH 

IIo TeMe )J.HCCeprnuHOHHOH pa60Thl ony6JIHKOBaHO 8 HaytJHblX pa6oT, CDHCOK 

KOTOpbiX npHBO,ll,HTC.11 B KOHue aBTOpel}>epara. 

CTpyKwpa 1rn cceprairn H 

,l(HccepTaumI COCTOHT H3 BBe,lleHH.ll, Tpex rJiaB, 3aKJUoqeHH.ll H CilHCKa 

JIHTepaTypr:.1 H3 96 HaHMeHOBaHHH. 06mHH o6beM pa60Tbl COCTaBJl.lleT 85 
CTpaHHU neqaTHoro TeKCTa, BKJJIO'!a.11 26 pHCJHKOB J.I .nee Ta6JIH[(bl. 

Co.z.ep~auue pa6oTLI 

B nepeoii ·n1aee pa.3BHT H npoaHaJIH3HpOBaH KJJacc KOCMOJIOrHlJeCKHX 

MO).J,eneli c nepeMeHHb!MH 4>H3H'!eCKHMH KOHCTaHTaMH. 11,lleH HHTepnpeTHpOBaTb 

KOCMOJIOrnqeCKYIO IlOCTO.llHHYIO KaK 3HeprHIO eaxyyMa, npHHa,l(Jle'1<HT 

3eJJb,llOBHqy (1967). B paMKax 3TOro IlO,llXO.!la H3Y'ICHbI KOCMOJlOfHqecKHe 

MO,D.em1, OCHOBaHHble Ha l}>opMyJie ,Ll,JlM IlJIOTHOCTH 3HeprnH BaKyyMa, 

noJJytJeHHOH fyp3a,u.11HoM H Keye (2003). 3To e,llHHCTBeHHasI tf>opMyna Ha 

,llaHHhlH MOMeHT, KOTOPM ,llaeT COOTBeTCTBHe c Ha6n10,D,aTeJJbHbIM 3HaqeHHeM 

KOCMOJiornqecKOH KOHCTaHTbl 6e3 KaKoro JlHOO ceo6o,nHoro napaMeTpa; OHa 

HMeeTBH,ll 

m::4 
PGx = &Ga2 

r.n.e c - cKopocn. cseTa, G - rpasHrauHoHHM nOCTORHHM, a - Macnna6Hr:.1tt 

<PaKTop BceneHHOH • 

Mo,lleJIH KJiacc111}>HuHposaHbI cornacHo aapmmHH BOBJieqeHHbIX 

KOHCTaHT, a HMeHHO, CKOpOCTb CBeTa, rpaBHTauHOHHM IlOCTO.llHHM, a TaK)l(e 

IlJIOTHOCTb TeMHOH 3Hepr~H, ,!1,eil:CTBYIOIUaJI KaK KOCMOJIOrHlJeCKM IlOCTO.llHHM. 

KocMonomqecKHe ypasHeHH.si: e 3TOM cnyqae er:.1rna.n.s1T cne,llyIOII\HM o6pa3oM 

H 2 + kc
2 

_A= 8nGp 
a2 3 3c2 

· 2 A 4nG c 
H+H --==--· (p+3p)+H-

3 3c2 c 
r,lle p - nnoTHOCTh 3HeprHH, p - ,n.aBJieHHe, k - cKam1pHW1 KpHBH3Ha, H -
nocTO.llHHasi Xa66na; TO'!Ka o6o3Haqaer npoH3Bo,nHy10 no epeMeHH. YpaeHeHHe 

Henpepb!BHOCTH TOr,D,a npHHHMaeT CJie)J.ylOII\HH BJ.l,ll 
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· (p A · f c Gl p+3H +p)-3=-pA+(p+pA\ 4~-G 

TiocJle perneHH.H COOTBeTCTBYKlIUHX CHCTeM ypaBHemt:M, 6bIJIH 

IlOJly'leHbl aHa.JJHTHqecKHe pernemll! ,D;Jl.H IlJIOTHOCTH MaTep1m H MaCIDTa6Horo 

¢aKTopa ,D;JI.H KIDK.LIOH H3 paccMaTpHBaeMbIX Mo.n;eneii. OTMeniM, qTo coxpaHeHHe 

3Hepnrn-HMITYJlbCa He rrpHBO,!J:HT K coxpa:HeHHKl 06r,1qHQH MaTepHM B MO,D;eJJ.HX c 

nepeMeHHblMM KOHCTa:HTaMH. Cne,11;0BaTeJibH
0

0, o6bI'IHbIH 3aKOH µ-a 3 He liMeeT 

MecTo B no.n.o6HOH pacnrnp»Klrueiic» BceJieHHoii. 

-1. 

a 
ao 

Q, 6 

0.4 

0.2 

t,Ho-1 

Puc. I - Macwma6HblU <f;a1<.mop KaK <j;yHKiJUR om opeMeHu OJIR MOOeJlu 1 c 
U3J1y'leHUeM. BpeMR U3MepeHo e o6pamHblX eou11ut1ax coepeMeHHOZO 3Ha'leHUR 
napaMempa Xa66J1a. 

KaqecTBeHHhIH aHaJIH3. perneHHH B paccMaTpRBaeMbIX MO,D;eJrnX IIOICa3aJI HX 

HHTepeCHbie oco6eHHOCTli, B qaCTHOCTH HaJIHqHe cenapaTpliCbl B «l>a30BOM 

npocTpaHCTBe pemeHMii. CerrapaTpMca ,11;enHT rrpocTpaHcTBO -pewemi:n Ha .r1aa 

KJiacca: <l>pH,n;MaHO-IIO.LI06Hble, c eaqaJibHOH CMHrym1pHOCTbl-O M He­

«i>PH.ll.MaHOBCKHe perneHH.H, KOTOpb!e eaqHHaK>TCH c OTJIHqHorn OT Hym1 

MacrnTa6Horo «i>aKTopa H Hcqe3aKl111.ei1 nrroTHOCTH MaTepMH. K~oe perneHMe 

xapaKTepM3YeTCH e,ll,HHCTBeHHblM napaMeTpOM, TllK KaK napaMeTp ITJIOTHOCTH 

orrpe.neneH TaKMM 'Jl<e o6pa30M, KaK MB CTaH,llapTHOH KOCMOJIOfM"IeCKOH MO,D;eJIH. 

n 87!0. 
m = 

3
H 2 µo 

0 

r.n;e µ - IlJIOTHOCTb MaTepMM, H HH,D;eKC "O" 03Ha'laeT cerO,llH.HillHee 3HaqeHMe 3TMX 

Be.JIMqMH. 

CenapaTpHca .D.JI» acex Mo.n.erreli 3a,11aeTc» e.nHHCTBeHHbIM napaMeTpoM: 

napaMeTpOM IlJIOTHOCTM n_m = 2/3, KOTOpblH YKa3bIBaeT Ha CKpblTYIO 

\ 

~ 
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CHMMeTpHI-0 Me'lK.lJ.y MO.Lle.JIHMH OIIHCb!BaeMb!MM BeCbMa pa3Hb!MM 

KOCMOJIOrJlqeCKMMM ypaBHeHHRMM. I1pocn.1e MO,D;eJJH c TeMHOH 3Heprne:H 

o6ofirueHbI c IIeJJbIO BKJIKlqeHHH TaK'JKe H H3Jly'leHMH H IIOJiyqeHbI 

COOTBeTCTBYlQIUMe pernemrn. rnaaHoe pa3JJHqHe B 3TOM CJIY'lae - 3TO OTCYTCTsHe 

cerraparpMCbl B M;O.lJ.eJIHX c H3Jiy'leHHeM: Bee pemeHHH (3a HCKJllO'leHlieM Mo.n.em1 

c nepeMeHHOM KOCMOJIOrM'leCKOii KOHCTaHTOii:) Ha'IMHaIOTCJ! c MC'le3arorueii 

IIJIOTHOCTH MaTepmi:, B OTJlHqHe OT peweHHii <I>pH.lJ.MaHa. HMeeTCR, O,llHaKO, 

rrapaMeTp ITJJOTHOCTH B 3THX MO,D;eJJ.HX, KOTOpblli .nemn pemeHHe ell.le Ha ,l],Ba 

KJiac·ca: B 0,llHOM H3 KJiaCCOB IlJlOTHOCTb MaTepHH B BemecTBeHHO ,llOMHHHpyeMOH 

3rroxe yaem1q11aaeTc», a B .n;pyroM - yMem.maeTc». 

r 

I 

UN.,<'~W~'."~"'"""""'""'"V'"• '• ''( 

i 
~ 

. ! 

, 1 I 
. . ._:-, I , 

~ > ·; , ·'''.'!)i ~I' 
II 

0 

'"'··~· 

4 

IV 
., 

.... , . ., 

_, .. -·-······· 

Ill 

\ 

\ 

', <·,! 

. l 

., 
' 

•• $ ~' 

Puc.2 - <PCl30Bble nopmpembz OJIR 4 MoOeJ1eu. HanpaBJ1eHUR rj>a30BblX 
mpaeKmopuu YKCl3GHHbz cmpellKClMU. Bepx11uu J1eer:,zu yzoll B KaJ1Coou ouazpa.MMe 
coomoemcmeyem </JpuiJMa110BcKou CUHi?)lllRpHocmu c µ = oo u a=O. J(J111 MooeJ1eu 
II u Ill cenapampuca - zopu3oHmaJJbHaR JIUHUR, noKa3aHHaR .?ICUpHou Kpuoou. 
J(J111 MOOeJ1eu I u IV cenapampuca U306pa;J1Ce11a 6 euoe :JICUpHou rtyHKmupHou 
KpU60U. 
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Bo BTOpOH rJlaBe H3y'leHa ,!1,HHaMHKa KOCMOJIOm'leCKHX B03My!UeHHH 

11JIOTHOCTH MO,!l,eJieii c TeMHOH 3Heprnei'I B HblOTOHOBCKOM 11pH6JIH)!(eHJ,iH. 3TO 

1103BOm!eT HCCJie,!1,0BaTb perneam1 B03MymeHHH B KOHTeKCTe 

KpynHoMacnna6Hoii CTPYKTYPhI Bce.rreHHOH. C 3TOH J,\eJibIO 110Jiy11eHbI 

pem!THBHCTCKHe rH,!1,p0,!1,HHaMH'leCKHe ypaBHeHJ.UI ,!I.ml MO,IleJieH c nepeMeHHbIMH 

KOHCnunaMH. YpasHeHHe ttenpepblBHOCTH HMeeT CJie,LlyIOIUHH BH.D. 

aµ r._.a) (a ~J at + a a IJ-lY = -µl G - 2-;; 

ypaaHem1 e 3iinepa: 

Ova ava op arp c -+v -+--+-=-v -
8t /J fJx:P µi)xa axa a c 

H ypasHeHHe TiyaccoHa: 

tirp-4rtGµ = 0 

TaKHM o6pa30M, TOJibKO ypasHeHHe TiyaccoHa coxpaH}!eT csoli BH.Il 110 

cpasHeHJollO co CTaH,D,apTHLIM Hb!OTOHOBCKHM 01111camieM, a ypaBHemre 

He11pepbIBHOCTH H ypasHeHHe 3fbrepa co.u.ep)!(aT .nononHHTeJibHbie 11neHbI, 

B03HHKa10mHe H3-3a 11epeMeHHb!X cl>H3HqecKHX KOHCTaHT, a HMeHHO, CKopocni: 

CBeTa H rpaBHTaI.(HOHHOH 110CTOHHHOH. 

I1c11ollb3Y}! rn.u.po,!1,HHaMHtleCKHe ypasHeHHH, Mb! HaxO)J.HM, 'ITO B03MyI.QeHIUI 

IlJIOTHOCTH OTIHCbIBaIOTC}l .LIHll><l>epeHuHaJibHblM ypaBHeHHeM BTOporo 110p}l,!1Ka, 

KOTOpoe HMeeT BH,LI 

.. , [3 1 c H'] 4Jl(Jj.i o (a)+o(a) -+--+- ---o=O 
a Ha c H H 2a 2 

r.ne 8 - 6e3pa3MepHbiii KOHTpaCT TIJlOTHOCTH, µ - HeB03MymeHHa.!I TIJlOTHOCTb. 

3,necb, B OTJIHqHe OT COOTBeTCTByromero ypasHeHHJI .D.Jl.JI: MO)J.eJieH ct>pH.D.MaHa, 

110.llBJl}leTC.!I )J.0110JlHHTeJibllb!H qJieH, Bbl3BaHHblH TeM, qTo TOJlbKO CKOpOCTb 

CBeTa He TIOCTO}IHHM. 
HaH.D.eHhl aHaJIHTM'IeCKHe perueHHJI nocne.nHero ypasHeHHH .D.JIJI scex 

MO.D.eJiei'I c TeMHOH ::rneprne0. Pememrn cpaaHeHbI c aHaJIOrH'lHhIMH 

<lJpllAMaHOBCKHMll peureHHJIMH. IloKa3aHO, 'lTO B pa,uHaI.(HOHHO H BeI.QeCTBeHH 0 

,LIOMHHHPYIOIUHX CTll,uHHX HeT pa3Jill'lliH B ,LIHHaMHKe B03MyIUeHHH Me)l()J.y 

• 

~ 

,. 

'1 

"' 
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Hameii MO,Ile.Jllbl-0 1 (11epeMeHHM 11JIOTHOCTb 3HeprHH BaKyyMa) H CTID!.D.apTHOH 

KOCMOJ10rH'ieCKOH MO,lJ;eJlblO, 0,LIHaKo, Ha nocne,LJ,HHX CTa,LIHHX B03MyrueHHH 

pacTyT cornacHo npasany "3on0Toro ce'!eHm1". B ;i;pyrnx Mo.r1en.i1x MhI Haxo;i;HM 

l10JlHHOMHaJibHYIO 3aBHCHMOCTh KOHTpaCTa 11JIOTHOCTH OT Macuna6Horo 

<PaKTOpa . 

BhmOJIHeH amUIH3 npas.r1ono,LJ,06Hx .D.aHH&Ix caepXHOBhIX 3Be3.D. H 

pa,uHoranaI<THK c pernemrnMH 11p·e,LICKa3aHHblMH MO,!l,e:rnMH c TeMHOH 3Heprneii. 
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Puc 3 - Cpa(meHue Mooeneu c meMHou 3Hepzueu !, Ill, JV c oaHHbZMU o.!U/. 
ceepxH06blX 36e3o u paiJuozaJlaKmUK, zi>e z - Kpac11oe CMeUfeHue u Y[z] -
6e3pa3MepHoe KoopouHamHoe paccmoRHUe. Kpuebze OJIR ecex KpU6U3H, k=O, +J,-
1, coenaoa1om. 

Ba)!(Hbie KOCMonorn11ecKHe napaMeTph1, TaKHe KaK B03pacT BceneHHoii 

H napaMeTp 3aMe,[IJieHHH, Oh!JlH BhI'lHCJieHh! .[(JIH acex 'leThipex Mo.u.eneii H 

npHBO.D.HTCH B HH)!{enpHBe,!J.eHHOR TaOJIHue. 

TaKHM o6pa30M, aHaJIH3 no,nTBep:>K,l(aeT KpHTH'-!eCKy!O ponb cenapaTpHCbI He 

TOJibKO ,ll;JIH o6mero 11ose,n;e1111x perneHHH, HO TaK)l(e H B cpaaHeHHH c 

Ha6JIIO,n:eHHHMH, 'ITO a11p110p110 He oqeBH,LIHO, TaK KaK Ha"!aJibHbie ypasHeHHH 

BeCbMa OTJIH'IHbl. 
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k nm I II III IV 

to,GYr 01 to,GYr qo io,GYr qo to,GYr 01 

0.3 4.21 -1.55 3.27 -5.82 3.19 -1.81 4.56 -3.55 

-1 n..,P 14.0 0 00 -4.00 13.9 0 27.8 -2.00 

0.999 9.31 2.00 28.0 -2.01 9.31 2.00 14.{) 0 

0.3 3.23 -1.70 3.'65 -6.21 3.23 -2.20 3.44 -4.20 

0 n,~ 13.9 0 00 -4.00 13.9 0 27.1 -2.01 

0.999 9.31 2.00 28.0 -2.00 9.31 2.00 14.0 0 

O.? 2.26 -3.43 4.23 -6.78 3.32 -2.79 2.35 -5.42 

+1 O,.,p 14.0 0 00 -4.02 13.9 0 27.2 -1.99 

0.999 9.31 2.01 28.0 ~2.00 9.31 2.00 14.0 0 

TpeTMI rnaBa IIOCBHll(eHa HCCJie,D;OBaHHJ() KapT KOCMHt.IeCKOrO 

MHKpOBOJIHOBOro peJIHKTOBOro H3Jiyt.IeHIU!, c u;eJibi() BbUIBJiemrn HX CBOi1:CTB Fl 

cpaBHeHHH c npe.ncKa3amrnMH KOCMOJIOrHt{eCKOH MO,D;eJIH. A HMeHHO, Mb! 

HJyqaeM 3JIJIHilTH'lHOCTb, KOTOpaH llBJIHeTCM O,D;HHM H3 cpyHKll;HOHaJIOB 

MHHKOBCKOfO ,ll,JIH TeMnepaTypHblX aHH30Tpom1i1:. bblJI BbUIOJIHeH aHaJIH3 

IlHKCeJIH3HpOBaHHblX KapT MHKpOBOJIHOBOfO $OHOBOf0 H3JIYt.IeHHH, IIOJiyt.IeHHblX 

3a speMH TpexJieTHeil pa6oThl cnyTHHKa Wilkinson Microwave Anisotropy Probe 

(WMAP). 3TM ,ll,aHHbie npe.n,cTaBJieHhI B cneQHaJihHOH c<}lepw;ec1<oii CHCTeMe 

KOOp,ll,HHaT Hea!pix, H co,n;ep)!(aT TaIOKe MHOfO'iHCJieHHble lliYMhl pa3Jllft{HOH 

npHpO,D;bl, KOTOpble 6bIJIH BbUIBJieHbl H OT.[{eJieHbI OT KOCMOJIOrH'ieCKOfO CHrHaJia. 

B npocTpaHCTBe nocTOHHHOii oTpMu;aTeJihHOH KpMBH3HhI pelllemre 

ypaBHeHHH pacxoil<,LleHMJI reo.ne3HtJeCKHX HMeeT CJie,D,yIOIQHi1: BH.U 

n(A.) = n(O) cosh A.+ n(O)sinh A. 
r.ne n - seKTop OTKJIOHeHJrn. 

TpaeKTOpHH ny'IKOB, KOTOpbie 3KcnoHeHI.\MaJihHO pacxo,D,HTCH .UOJI)KHbI npMBecrn 

K ,D;OIIOJIHHTeJibHOMY y,n;JIHHeHHIO IIHTeH aHH30TpOmrn, '!TO anepBble 6bIJIO 

3aperncTpHposaeo CIIYTHHKOM Cosmic Background Explorer (COBE, 1997). 
)J.JIH m!KCeJIH3HpOBaHHhlX KapT 6hlJUI pll3pa60TaHbl anropHTMbl .nmr 

onpe,n;erremrn 3JIJIHIITH'IHOCTH aHH30TpOI!HhlX IIHTeH, HCilOJib3YH npH 3TOM 

.n:aHHble Tpex neT pa60Tbl cnyTmnca WMAP, norryqeHHble Becttoi1: 2006 ro,n;a. 

AttaJIH3 nHTeH aHH30TponHH no:KaJbJBaeT HeJaBHCHMOCTh 

I 

' 
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3JIJIHIITH'IHOCTH OT TeMnepaTypeoro ce'!eHH.ll, 'ITO npe.n:cKa3aHO 3cpcpeKTOM 

reo,o;eJl!:lt.IeCKoro cMelllHBamrn. HeJih3H npH 3TOM HCKJIIO'IMTh, 'ITO nonytJeHHOe 

noae.neHMe KapT peJIMKTOBOfO 1!:13Y'leHIUI MO)l(eT co.uep:lKaTb HH<l>OpMaQH!O TaJOKe 

o TOTIOJIOrHH BceneHHOH. 

3.0 

2.5 
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~ ~ ~ . 
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A 100 pixel spots · ' · 
D 0 A 3 yeardata .. , 
• • • 1 Y!W' data ., . 

...•.. · ......... L 
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o~ 0.5 1.0 

normalized N/S ratio 
1.5 2.0 

Puc 4 - CpeoHflfl 3JIJlunmurmocmb aHU3omponHblX rmmeH 6 3a6UCUMocmu om 
omHoUleHUR wyM-cuwan oJtR 1-JtemHux u 3-JtemHux 1wpm cnymHuKa WMAP. 
OmHOUleHue UlYM-CUZHan HOp."AGJlU3Up06QHO K eoUHUtfe OJlf/. 1-llemHeii Kapmbl om 
OOHOW U3 oam'lUK08 (wl). 

3aKmoqeHne 

OcHOBHbie pe3yJJhTaTbI, norryt.IeHHbre B ,z:i;aettoi1: pa6oTe CJ1e.n;yl()ru:He: 

• fuyqeH HOBbJH KJiacc KOCMOJIOrHt.IeCKHX MO.UeJiei1:, OCHOBaHHbIJ;i Ha 

<l:iopMyJie IIJIOTHOCTH TeMHOii 3Hepnm IlOJIYt.ICHHOH fyp3a,!J.,IIHOM M 

Keye. Bh1se.n;eHhI KOCMonorHqecKHe ypaimeHM.ll B cnyqae, Kor,n;a 

BOBJieqeHHhle cpH3M'leCKHe KOHCTaHTbI MeH.!llOTCH co BpeMeHeM. 

IloJiytJeHbl aHaJIHTMt{eCKHe pemeHHH ,llJIH tJeTblpex MO,lleJiei1: • 

• KaqecTBeHHhIH aHaJIH3 peIUeHHii B paccMaTpHaaeMbIX MO,o;errHX c 
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TeMHOH 3HeprHeH ll0Ka3an HX HHTepeCHble oco6eHHOCTH, B qaCTHOCTH 
npHC)'TCTBHe CKpbITOH CHMMeTpHH Me:>K,JJ.y MO,neJUIMH c COBepweHHO 
pa3HHMH KOCMonon1qecKHMH ypasHeHHHMH. IIoKa3aHo HaJIH'IHe 
cenapaTPHCbI a <t>roosoM npocTpaHCTBe perueHHit ,[(nH scex Mo.nenet! 
cenapaTpHca orrpe.nemieTCH rrapaMeTpOM IIJIOTHOCTH MaTepHH: .0._M 
=2/3. 

• Mo.nenH c TeMHOii 3Hepmeit o6o6m·eHhI c uenbIO BKmoqeHHH TaK>Ke R 
H3yqeHH.ll H nonyqeHDI COOTBeTCTBYK>mHe peweHH.11. fJiaBHOe pa3miqHe 
B 3TOM cnyqae - OTC)'TCTBHe cenapaTpHCbl B MO,neJill:X c H3y'leHHH. 

• B Mo,nenHx c TeMHOK 3Heprneit 6bma myqeHa .n1rnaMHKa 
KOCMOJIOrH1.:£eCKHX B03MymeHHH IIJIOTHOCTH B Hb!OTOHOBCKOM 
npH6JIH:>KeHirn. Ilony'leHbI rn.npo.n1rnaMH'!eCKHe ypasHeHHH B cnyqae, 
Kor.na <l>HJHqecK.He KOHCTaHThl MeH.llIOTCH co BpeMeHeM. ,[lrrH KIDK,nOH 
MO,neJIH c TeMHOH 3Hepmeii rrony'!eHbI pemeHHH .nmr B03MymeHHH 
nnOTHOCTH. 

• Ilpose,neH aHamn ropR'lHX H XOJIO,nHI>IX TeMnepaTypHbIX mITeH KapT 
aHH30TpOTIHH KOCMH'leCKOfO MHKpOBOJIHOBOfO peJIHKTOBoro 
H3Jiyqemui.. ,[(JIR KapT IIOJiyqeHHhlX 3a 3 ro.na H3MepeHHii CTIYTHHKa 
WMAP orrpe,neneHI>I 3Ha'lemrn 3JIJIHIITI!l{HOCTH llHTeH B 3aBHCliMOCTH 
OT reMneparypHoro ce'leHH», a TaIOKe .npyrne KpHT.H1.:£eCKHe nap aMeTpbI. 
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Utiqu11pnu.f 

<bLnwqmm{w6 t tlnqa tGbpqtiwJnLI. tlnrJ.btCibpp fl.WU, hbfo{btmt 

Q.mpqWrJ.JWGj1 L. ./2umbp 4rn1ll'1g UlllWgl{w6' l{w4mmllp tGbpqflwJti 

tuLnmpJWU pwliwaL.fl l{pw, nro wiuop qnimraimG mubgnr1 tlflw4 

pwliwaL.G t. np hwllwUjwlilwutuwCimtl t rJ.'1LnmllCibpj1Ci' w12wCig wqwm, 

wCinrn2 uiwpwtlbU1pbpj1: Lmutln1nqj1wljwG hw4,wuwpmllGbpn 

wplllw6lJ.bL L. tm6'lJ.bl bu WJCi fl.bl.ljgmll, b11p 0Ciqp41{w6 ~flqj14w4wu 

hwulllwLnmuCibp[] LflntuLl.mll bCi []Ul!l ctwllwGwljj1: Ulilwgl{wo 

1m6nulCibrn hwtlbllwml{bL bu !b11'1'ltlwGti tln'lbtfl tm6'nul!ibpj1 hbm: 

ULnwg4,w6 tm6nu~Cibp'1 LflmtWJ'1Ci U1Wpw6mraiwu mumtlCiwutirmraJmCin 

gmJg t mLJ.bt, np pntnr tln'll:itGbrh hwuwr qnJmraimG mCill 




