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OBLA S XAPAKTEPHCTHKA PABOTBI

AKTYaJIbHOCTE TEMEI

v Ilpobnema  Tomonorun  BcenenHoi H  BO3MOXKHOCTH €€
IKCTIEPUMEHTATBLHOrO HCCIEJOBAaHUS paccCMaTpuBajlaCh M paHbllle, O0JHAKO
TOJXBKO HEJaBHHE BBICOKOTOYHBIE H3MEPEHHA aHM30TPOTIMH KOCMHYECKOTO
PEIMKTOBOrO U3JIY4€HHsA, 0COOEHHO MPOBEAEHHbIE KOCMUYECcKo# cTaHumeif Wil-
kinson Microwave Anisotropy Probe (WMAP), mossomunu Gosee moapo6Hoe
HccrnepoBaHne paHHel BeenerHoil U ee CTPYKTYpHL, BKJTHOYas TOTOJIONHIO.

OpHoBpeMEeHHO O®IMM TIONMYYeHBl HaAOMOOaTeNnbHBlE JaHHBIE O
CYIIECTBOBAHMM TE€MHON SHEpPrud, NpHBOIAMEH K pacmiupeHuio BceieHxoll ¢
YCKOpPEHHEM, 4TO M OIPEleHIO MHTEPEC K HOBBHIM KJIaccaM KOCMOJIOIMYECKHX
Mozeneil.

Hannas [uccepTanMsa IOCBAIEGHA MCCIENOBAHMIO CBOMCTB KapT
PENHKTOBOrO M3iy4YeHHs nomydeHHelx WMAP ¢ mensio BeuaBiIeHHA 3ddekta
Caxca-Bonbda, koTophlii omnpenensercs Kak paHoed 3BOJIOUMEHM, Tak H
tonosiorneit Beenenno#l. Pacmmpenyne pannelt BeenenHol uccnenyercs raxxe
IOyTEM I[OCTPOCHMA pAuarpaMMbel Xab0na Uif KOCMHYECKHMX OOBeKTOB ¢
GOMBITMMH KpacHBIMu cMmemeHmsamu. Vccaexmyiores xkocMonmorwueckue
MOJENM C TeMHOM sHeprueif, a auarpamma Xab0mma BKIIOYaeT KaK CBEPXHOBLIE
SN Ja ¥ paguMoOTaJaKTHKM, TAK M HCTOYHHKK TaMMa BCIUIeCKOoB. llociiemHue
MCTOYHHUKY, BKTIOYas OTKPSIThIe HenaBHo coyTHHKOM SWIFT, ¢ yyerom paza
SMIIMPHYECKUX COOTHOIIEHMH IO3BOJNAIOT ZOBeCTH Auarpammy XaGOna 1xo
KpacHOro cMemeHusa bonee MeECTH, YTO COOTBETCTBYeT BcenmeHHOM BCEro 0komio
800 mum. net nocne bonsmoro B3psisa.

[lens muccepTalinoHHOMN paGoThl

o Mccnenosanue CBOICTB PEJUKTOBOTO H3MYyYEHUS C LENBI0 BHABAEHHS
mpusHakoB Cakca-Bonbta B ciayuae HeTPMBHAISHON TONOJIOTHH
TIPOCTPaHCTBA,

e Hccnenoranue CBOMCTB KOCMOJIOTHYECKHX Mojeled ¢ TeMHOM
SHEpIHei.

¢ IlomyyeHne ¢OTOMETPHUECKOTO PAcCTOSAHHA M IPYTMX TapaMeTpos,



T03BOJIAIOUTHX CcpaBHEHHE KOCMOJIOTHYECKO I MOIETH c
HabIoaaTeMbHBIMY JaHHBIMH. ,

o TlpuBneuenue SMIMPUYECKHX COOTHOMEHMH Jja  KamuOpOBKH
KOCMOJIOTHYECKO}# MOJeNH H HabMIoJaTeNbHBIX AAHHBIX O CBEPXHOBBIX

H ramMmMma- BCIJICCKOB.

Hayunas Hopu3Ha

e BrigBneHa CUMMETpPHA B CTPYKTYPE KapT aHH30TPONIUH PEIUKTOBOIO
H3TyUeHHs, KOTopas MoxkeT OBITH CBf3aHAa C TOMOJIOTHYECKHMHU
cBoiicTBaMu BceneHHOM.

s Jlngd Momenei ¢ TeMHOH sHepruelt HalIeHH! HMHBapHAHTHI, KOTOPHIC
06BACHAIOT HallIeHHYIO paHee CHMMETPHIO B CBOMCTBA cenapaTpHCHL

e JlaHO 00OCHOBaHHE AJA UCMOIL30BAHHA MCTOYHHUKOB raMMma BCIIJIECKOB
B Ka4eCTBE CTaHIAPTHLIX CBEUEH.

e Iloctpoena nuarpamma XaG0ma Ans WCTOYHHKOB C  GOIBIIMME
KpaCHBIMY CMEILCHHAMYL,

IIpakTHyecKad EHHOCTE PaGoThI

Mertons!, paspaboTaHHble MAMA HCCIENOBaHHA KapT aHH3OTPOIUU
PeMKTOBOrO W3NMY4YEeHHS, MOTYT OBITH MPHBIEYEHB! K aHATH3y PE3YNBLTATOB
npeacrosmux 6ojiee TOYHBIX 3KCNCPHMEHTOB, TaKWX KaK OXHIACMBIX CO
cnytauka PLANCK. MeTtoa kanuOpOBKH JAHHBIX TaMMa-BCIJIECKOB MOXHO
HCIIONB30BATE JUIA JAHHBIX, OxuaaeMbix ¢ SWIFT-a u apyrux Criy THUKOB.

Hayunple oJo)KeHUs BHIHOCUMBIE Ha 3alIUTY

o BpuasreHme CHMMETPHYHEIX CTPYXTyp Ha KapTe DeIHKTOBOTO
H3IyYeHHUs, NOXyIeHHBIX ciyTHuKoM WMAP.

s Boamoxwnmrit KOCMOJIOTHYECKHH XapakTep
CHMMETPMYHEIX CTIPYKTYD Ha XapTe peJMKTOBOIO H3IyHeHMA.
He3aBUCHMOCTS JIaHHBIX CTPYKTYP OT FaJJaKTH1€CKOr0 ¥ MHOTO UIyMa,

e HMupapuaHTsl ypaBHEHHH KOCMONIOTMHYECKOH Mojein ¢  TeMHOH
SHeprueH. :

e CootBeTcTBME  HaONIODATENBHBIX  JAaHHBIX C  [PEACKa3aHUAMH
KOCMOJIOTHUECKO# MOJENH C TEMHOH 3HEpruei.

Ha#JeHHBIX

Anpo6auus paboTsl

OcHoOBHBIE pe3yNbTaThl AUCCEPTALMOHHOM PaboTHl NOKIaAbIBANKCh Ha
ceMuHapax B EpeBaHckoM QHM3HYeCKOM HHCTHUTYTe, B YHUBepcuTeTe Puma “La
Sapienza”, Wa xon¢epenuusx: XI Mapcems I'poccMana Do rpaBurammm
(Bepmun, 2006), IITyxens6eproBekoil IO PeIATHBACTCKAM IIOJIEBEIM TEOPUAM
(Ileckapa 2006), no pensrusucrcko# acrpodusmke (Tleckapa, 2007).

IIySaukaiuuy
Tlo Teme nuccepranuOHHOHM paGoOTEl OMyGNUKOBAHO 5 Hay4HHIX pabor,
CIIMCOK KOTOPEIX MPUBOIUTCS B KOHLIE aBTOopedepara.

CrpyKkTypa JUccepTalHy

JlMccepTalius COCTOMT U3 BBeJeHHs, TPEX IJ1as, 3aKIIOYECHHS H CIHCKA
nuTepaTypel M3 136 HauMeHoBaHMil, OOmuit o6veM paGoTel coctaBnser 111
CTpPaHHL IE4aTHOT0 TEKCTA H BKMIOYaeT 37 pHCYHKOB U 21 Tabnuiyy.

Coaepxanne padornsl

B nepBoii raase npo6nema Torosioruu BceeneHHoM M3yuaeTca uepes
onpeneneHHbIe CBOliCTBa KapT PEIUKTOBOrO H3IyHEHus,
KoMnakrnduiupoBaHHble TONONOTMH OOCYMKOAIOTCA B MOIXOAE KBAHTOBOM
KocMojioruu Xaptna-XoKuHra ¥ gopManusMa BONHOBOM ¢yHkuMH BcemenHoit
OTHOCHTE/BHO BEPOATHOCTEH CYIIECTBOBaHUA BCENeHHON C KOCMOJIOrH4yeckoit
TTOCTOSHHOH.

3aTeM pacCMOTPEHH CBOHCTBA KapT PEIUKTOBOTO M3NMYYEHHS A
Bcenennoit ¢ xomnakTudpoBaHHOMN Tonooruei T3, Korza B pasjoxenue @ypre
InA  NOTEHUHANa JaloT BKJIAL TOJNBKO MO, ONpEJENCHHBIE TpEMHA
pa3sMEpPHOCTIMH
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TAC ¢ - NOTCHIIMAJ rpaBUTALHMOHHOI'0O I10JI, drec ~ PacCTOAHHEC A0 MOBECPXHOCTH
NOCHCAHET O PACCCAHMA PEIIMKTOBOT0 U3TYYCHUA.

Torna aHM3OTPONMMA PEIMKTOBOIO H3ITYy4YeHHs INpH pacmMpsiomeics
Bcenennoit ¢ Metpukoit PobeprcoHa-Yonkepa yepe3s MyNBTUIIONH 3a4a€TCH .
ypaBHeHueM (puc. 1).
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Puc. 1. Pacronosicenue 6eKmopoe Myrbmunonei penuxmoao20 Usay4enus u ux
cymMmapuvix gexmopog 00 [ = 8, 0603HaAUeHHbIX 36e3004KAMY (NeMHAR — C
yuemom OUnons).
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B ciyuae, xorma n, = 0,n? + nyz # ( s YTO COOTBETCTBYET 3¢deKTUBHOM

tononorus T, CHMMETPUA TEMIIEPATYPHOH aHU30TPOIIMH HMEET BU
oT oT
—(0,8) =—(7n - 0,9).
T T

Pa3zpaboTaHel  anropMTMEl ¥ BBIABJIGHHl  HEOJHOPOINHOCTH B
pacnpefieNeHHM MATEH B TEMIEPATYpHBIX KapTax DPEJUKTOBOTO H3IyUEHHS,
MOTyYeHHBIX 3a TpexjerHHe Habmogerus WMAP. IlenTpsl Macc nateH
olnpezieneHbl Ucnonab3ys Teopemy KapTrana o CBA3HOCTH KOMIIAKTHBIX MOATPYMI
JIn.
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Puc.2 Jlpeiigh yenmpog obnacmeii HeOOHOPOOHOCMYU AHUIOMPONUE DETUKIMOBO20
UBNYYEHUA U HANPAsNeHUue 8ekmopoe Myavmunoneil | = I+ 4,

ITokazaHo, 4to B TemmneparypHoM uHTepBane | T | = 90 pK
OTHOCHTEJIBHO CpeiHell TeMiepaTypbl pacnpefelieHne niaTeH ¢ Gonee yem 200
IMKCENAMM CKOHUGHTPHPOBAaHO B JBYX 0OIacTAX, NMOYTH B &HTUNOZAX C
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ranakTH4eCKUMM KoopauHataMu [ = 94°7, b = 34°4 u 1=279°8, b =-29°2.
Hentpel 31HX obnactelt npeiibyloT Kk 9KBaTOpy NpHM  YBEJMUEHHH
TEMIEpPaTYpPHOTO HHTEpBalla M PacHoOoXKeHs! ONHU3KO K OJHOMY M3 BEKTOPOB
MynbTHnONg /= 3. PacnpeneneHus NATeH 06JaqaoT 3epKabHONH CUMMETpHEH
€ IOCTOBEPHOCTBHIO Xz = 0.7 =+ 1.5. He BouBien xako#-nuGo BKIaJ LIYMOB
WMAP, HeT Taioke CBHACTENHCTB 3aBUCHMOCTH 3QeKTa OT rajaKTHYecKOro
¢ona.

Ecnu 3TOT 3QexT MMeeT KOCMONIOTHUECKYIO HIPUPOLY, TO 3TO MOXET
OBITh MPOABICHHEM aHOMAIBHO GONBIIMX BO3MYMIEHHI MIOTHOCTH BelecTBa Ha
PacCTOAHUAX, NPEBHINAKOUINX CBETOBON MOPU30HT M HE3aBUCHMEIX OT OJHOM M3
IIPOCTPAaHCTBEHHEIX KOOPJAMHAT, U (WIHM) HeTPUBHABHOM TOIIOJIOTHH
BceneHHo, BKIIOYas

SZy, N>>1.

Bo BTOpOIf rnaBe y3yyeH IMPOKUH KIacc KOCMOMOTHUECKHX Mozeneit
caenyromed M3 QopMynbl I TEMHON SHEpruM, nonydeHHod 'ypsaagHoM
Kcye. TlonmyueHBl MHBapHaHTHl KOCMOJIOTMUECKMX MojeNeil. BemecTBeHHO-
AOMMHUPOBAaHHBIE M  pPagNalUOHHO-IOMMHHPOBAaHHEIE  HHBApHaHTHI B
3aBHCHMOCTH OT IUIOTHOCTH BELIECTBA |1 MMEIOT BH/I

bGX — ,ua3G na

c? 4’
pox _ ua'G  ma’
roE T o

c 8

Iloxa3aHo COOTBETCTBME WHBAPUAHTOB C CENMApaTpPHCOH, HalmeHHOM
paHee mnd 9THX Mopenel, 4To 0OBACHAET OOHAPYKEHHYIO paHee CKPEITYIO
CUMMETPHIO.

Tony4yener pemeHns Kak [jf BEUIECTBEHHO M  paaHalldOHHO-
AOOMHHHMPOBAHHBIX 300X, TaK M B CJIy4ae COOTBETCTBYIOLUErO COBMECTHOTO
BKITaja 3THX BUIOB MarepHM. Iloka3saHo, H4TO, pelieHMs s MacmTaGHOTo
¢akropa He 3aBHCAT OT rpaBHTALMOHHOM [OCTOAHHOM, a HHBAPUAHTEI ABIAKTCA
3¢heKTHBHBIM HHCTPYMEHTOM [ OLIUCAHMS JaHHOTO KJIAacca MOENEN U PasHBIX
a3 KOCMOJIOTHYECKOTO PACIIMPEHHSL.

Hcnone3ys HHBapHaHTBL, IIOMy4EHBl OCHOBHEIE KOCMOJOTHYECKHE
napaMeTphl, TakHe Kak (poToMeTpuHeckoe paccTosHue, BO3pacT BceneHHOH H
MapaMeTp 3aMemTeHMs. B vacTHOCTH, ypaBHeHHMe Ui (POTOMETPHYECKOIro

pacCTOSHUA HMEET BUJ

/——(z+1)+1—1 f—+1+1

d,(2) = a,(1+2)f;

" %
2 i1-1 —(z+1)+1+1
B
rae
sinx, k=1
fi(x)=<xk=0 ,
shx, k =—1

a k - HOpMUPOBaHHAA KPUBU3HA H @, [3 - TapaMeTPEl MOJIENH.
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Puc. 3. Juazpamma Xab6na onn 244 ceepxnoevix, 20 paduozanaxmux u 69
2aMma 6CHAECK08.
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B Tperseli ryiaBe ps NOMOLIM JAaHHEIX CBepXHOBeIXx SN Ia,
paauMoranakTMK W HCTOYHHUKOB raMMa BCIUIECKOB IIPOBEPEHBI PACCMOTPEHHEIC
KOCMOJIOrH4eCKHe MOJEIH ¢ TeMHO# 5Hepruell. PesynpTaThl CpaBHEHA TAKKE CO
cragaptHot  ACDM  Moxensl0 ¢ HCHOJIB30OBAHHEM  3aBMCHMOCTH
HOTOMETPHYECKOTO PACCTOAHUA dy(2) OT KPACHOTO CMEILEHMS Z

4, = a1+ [,

HpH NOMOILH BHIPAXKEHHUA
H(EZ)=M-m=5log,,d, (z)+25.

IlokaszaHo, 4To cornacue (OTOMETPHYECKOr0 PacCTOSHHA NPH AaHHOH
MOJIeNH TpM TapaMmMeTpe MIOTHOCTH (2,=Q,, ¢ HabmoneHHAMH OGJH3KO K
cravjaptHo#t ACDM momerm.

Hanee, pmn1a mnonydyenus  auarpamMel  Xa66na — Mcnose3oBaH
cratuctudeckuf nmoaxoxn llledepa (2007), ocHOBaHHBIH Ha NATH 3MIHPHIECKHX
COOTHOINEHMAX, BHIIBJIEHHBIX paHee id ramma scmneckoB (puc.3). ITocme
NOCNEIOBaTEIbHOM KaJMOPOBKH IS KAXIOro ONpeleNeHHOro IapaMerpa
IUNIOTHOCTH ¥ MCNOJIB3YA JaHHBle O 69 ramMMa BCIUIECKAaX, a TaKXKe HEIABHHUE
IanHpie 0 41 wcrTouyHMke, nosydyennpie cmytHukoM SWIFT, mnoctpoena
auarpamma Xa66nma. JluarpaMma OXBaThIBaeT pAaccTOSHHA JO KpacHOro
cMelleHna npubmusurtensHo 6.5. ITomyyeHo 3HayeHWe MapaMeTpa IUIOTHOCTH
BemecTBa £2, KOCMOJOTHYECKOW MOJEIM COOTBETCTBYIOIUETO IuarpaMme
Xab6ma.

3akaouenne
OcHoBHEIe pe3yJbTaThl, IOMY4YeHHBIe B JaHHOH paboTe cneayrowiye:

e  BrIfBIEHBI BO3MOXHBIC NIPOABNICHHA Tomooruy BeemeHHOM Ha KapTax
TEMIIEPAaTyPHOH aHU30TPONHIM PEJIHMKTOBOrO M3TydeHHH, B YaCTHOCTH
MacmTaba KOMIIaKTH(QHKAIIE IPOCTPAHCTHa.

e Paszpaboranbl cCrmeHUalibHBlE @NTOPHTMBL H € HX  [OMOIIBIO
NpOaHaH3HPHPOBAHEl CTPYKTYphl TPEXIETHHX TeMIepaTypHBIX KapT
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PENMKTOBOTO U3NY4eHUS HONYYeHHBIX CIyTHHKOM WMAP,

e Haiinenol cuUMMETpuuecKHe OOpasOBaHHS B  pacHpejeNcHHMAX
8HHU30TPOMHEIX CTPYKTYpP, KOTOpBHIE, B Cly4ae KOCMOJOTHYECKO
NpPAPOMBI  CHTHAma, MOryT ObiTh CBS3aHBI C KOMHNAKTH(UKauuei
BpOCTPaHCTBA M C aHOMaNbHO GONBHIMM MaciiTaGoM BO3MYIUEHHH
IUVIOTHOCTH HE3aBUCHUMBIMH OT OJHON NPOCTPaHCTBEHHON KOMITOHEHTEI,

* HsydeHa KocMOnoOruyeckad MOAENh C TEMHON 3Heprueit, HaliieHs! ee
HHBAPHUAHTHI K OCHOBHEIE KOCMOJIOTHYECKYE NapaMeTphL.

¢ IIpoBeneHo cpaBHeHHE OCHOBHBIX KOCMOJOTHYECKMX IapameTpoB
MOJZIETM ¢ TEMHOH 3Hepruei ¢ HabmoaaTeNbHBIMH HaHHBIMH. H3yyena
BO3MOXHOCTE  HCIIOJIB30BAHHS HCTOYHHUKOB IaMMa-BCIUIECKOB B
KayeCTBE «CTAHAAPTHRIX CBeyei» M nonyyeHa Awarpamma Xab6na
BIUIOTh IO 3HAYCHMA KPaCHOrO CMEIUEHUS IOpsAKa INECTH, YTO
BBIABIIICT 3BOMIOUMIO pacIUMpeHHs paHHel BceneHHoil.

Cnucok paﬁo'r OHY6J'IHKOB§1HHBIX 10 TeEME AHUCCEPTALHM:

1. Gurzadyan V.G., Starobinsky A.A., Kashin A.L., Khachatryan H.G. and
Yegoryan G.,, On Axial and Plane-Mirror Inhomogenities in the
WMAP3 Cosmic Microwave Background Maps, Mod.Phys.Lett. A 22
(2007) 2955.

2. Khachatryan H.G., Invariants and solutions of Gurzadyan-Xue dark
energy cosmological models, Mod.Phys.Lett. A 22 (2007) 122.

3. Khachatryan H.G., Vereshchagin G.V. and Yegoryan G., On the intrin-
sic Invariance in the Gurzadyan-Xue Cosmological Models, in: Proceed-
ings XI Marcel Grossman Meeting on Gravitation (Berlin, 2006), (Eds.
H. Kleinert, R. Jantzen, R. Ruffini, vol. B, p.1310, World Scientific,
2007.

4. Khachatryan H.G., Vereshchagin G.V. and Yegoryan G., Luminosity
distance in GX cosmological models, Il Nuovo Cimento B 122 (2007)
197.

5. Khachatryan H.G. and Yegoryan G., On the high redshift Hubble dia-
gram, CMB and dark energy, I/ Nuovo Cimento B 122 (2008) 510.
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