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COSMOGRAPHY OF GENERALIZED GHOST DARK ENERGY MODEL

IN f(G)-GRAVITY

M. Sharif, S. Saba

MoctpoeHa 0bobuieHHas Moaenb AyxoBoli TemHON sHepruu B f(G)-rpaBuTaumn C MCNONbL30BAHUEM COOTBET-

CTBYIOLWEN CxeMbl A/t B3aMMOAEWCTBYIOWEA 1 HeB3auMogeicTByoleli maTtepun 6e3 pasneHus ¢ macluTab-

HbIM MHOXUTENEM, U3MEHAWNMCA NO CTENEHHOMY 3aKOHY. Kocmonorunyeckne cnencrtens nonyquHoﬁ MO-

AENN NCCNeayroTCAa C NOMOLbLIO NMapaMeTpa YPaBHEHUA COCTOAHUA U CbaSOBbIX naockocTeli UJDE—OJIDE n r—s.

YcToitumeocTb I'IOJ'Iy‘-IeHHOﬁ MoAeNN NccnenyeTcsa C NoOMOLbIO NapaMeTpa KBagpaTa CKOPOCTU 3BYyKa. I'IapameTp

YPaBHEHNA COCTOAHUA COOTBETCTBYET CbaHTOMHOI7I cbaae Bcenennoii ans obounx cny4aesB. Kak npuy Hann4dnn

Bsammop,eﬁcnama, TakK U Npu ero OTCYyTCTBUU NJIOCKOCTb UJDE_UJ/DE npeancTtaBnsaeT coboli obnactb OoTMOpa-

XKVNBAHUS, a NJIOCKOCTb '—S COOTBETCTBYET (DAaHTOMHOW TEMHON SHEPruU U TEMHOW SHEPrun, NpeacTaBieHHOl

KBUHTECCEHLMEA.
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1. BBEAEHUE

[Tpoucxosiiiiee B HaCTOsAIIEE BpeMsl PaCIIUpeHue
Beenennoit moarsepKaaeTcst pa3sHoOOpa3HbIMU HAOJIIO-
JCHUAMMA, TaKHMH KaK CBEPXHOBBLIEC THIIA Ia, PeIInK-
TOBOE WU3JIyUeHune, KPYIMHOMACIITAOHAsT CTPYKTypa Wu
1. 1. Kapruna pacmupenuss Beesiennoit obycioBimBa-
eTCcs IK30THIECKON CUJION, co3aaromneil 60abIoe OTpu-
HaTeJIbHOE JTaBJIEHUE, N3BECTHOE KaK TeMHasd dHEPrud
(T9). Hnga uarepuperanuu gsjenug 1O u 3BoJIONUN
Beenennoii 661710 mpeioyKeHo MHOro Mogesieit. imeror-
Csl JIBa OCHOBHBIX IIOJIXOJa K M3yYEHWIO NPUPObl 1:

* E-mail: msharif.math@pu.edu.pk
** E-mail: saadia.saba86@gmail.com
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JauHaMu4deckue mojenn TS u MoaudunnpoBaHHbie TEO-
puu rpaBUTAINAN.

Huuamuyeckast Mojieib 19, u3BecTHasi KAK BEHe-
nmaHOBCKas Jiyxopas Temuas sueprus (JITD) [, o6-
JIaJlaeT HeTPUBUAJIBHBIMU (DU3UIECKUME CBOHCTBAMU.
IIpemoaraercs, 9T0 ¢ TOMOIIBIO ITON MOJIEIN MOXKHO
permts npobemy U(1) [d], nenomssys KXJI B obac-
TH HU3KHUX dHepruit. B mpocrpancTee—Bpemenn MuH-
koBckoro /ITD Hukak He BUseT Ha ILJIOTHOCTH JHED-
TUU BaKyyMa, OJTHAKO B MCKPHUBJIEHHOM IIPOCTPAHCTBE—
BPEMEHU HeOOJIBITAs INIOTHOCTD SHEPTUN BaKyyMa pac-
TET IPOIOPIIUOHATBHO A%{x IIH , e Akx 1 — MaccoBblil
macmrab KX/, a H — mapamerp Xa606s1a [g] ITonaras,
uTo B Hacrosimee Bpemsi Axxy ~ 100 MsB, a H ~
~ 107% MsB, nosyaaem Ay H nopsika (1072)* 5B
st Habmomaemoit wmornoctr JITD. YiauBureabHBIM
06pazoM, 3TO HEOOJIBLITIOE 3HATEHUE 00ECIIeTNBAET Tpe-
OyeMyTto 9K30TUIECKYIO CHIY, HEOOXOIUMYIO I YCKO-
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PEHHOTO pacumpenusi BeeseHHOH, a TakKe I103BOJI-

eT peluTh IpobjaeMy TOHKOH HacTpoiiku. Beipaskenne
i

Juist wioTHocTH sHepruu JITD umeer suz [d]

pcpE = ol

rJe ( — MPOU3BOJIbHAS IIOCTOSTHHAST, AMEIOIIAs Pa3Mep-
HOCTH Ky0a sHepruu.

JI1s BBIYUCIIEHUST XapAKTEPUCTUK HYJIEBBIX KOJIe-
GaHUll KBAHTOBOI'O TIOJIsi M3 IJIOTHOCTU TIOJIHOM 3HEp-
TUU CJIeYeT BBIYECTh PE3YJIbTATHI s POCTPAHCTBA -
BpeMeHrn MWHKOBCKOTO M3 BaKyyMHOI'O CPEJIHETO IPO-
crpancTtBa—Bpemenn Ppuamana—Pobeprcona— Yokepa
(OPY) [5]. Orkionenne A2H? (upossisiomeecst B
[JIOTHOCTU SHEPI'MU BaKyyMa 9THX IPOCTPAHCTB) Ge-
peTcst TIpU TIEPEHOPMUPOBKE HBIOTOHOBCKON IMOCTOSH-
Hoit, tiie A, — YD-o6pesanne. D10 uMeeT MECTO B IIPE/I-
[TOJIOYKEHNH, 9TO BaKyyMHOE CpeJHee TeH30pa JHep-
TUU—UMITYJIbCa COXpaHseTcs. B pabore [’_6] TOKa3aHo,
qTo BeHeruaHoBckasg 1T momkna ObBITH HE ITPOCTO
mopsiyika H, HO Tak»kKe, B COOTBETCTBUU C |f§], JOJIZKEH
6uITH 100aBIeH wieH H2. DHeprus BaKyyMa JIyXOBOIO
[10JIsT IMEEeT BT

H + O(H?),

rie uinen H? B momean JITD obbscHdeT paHHee pac-
mupenue Beemennoit. Ydaer sroporo wiena B IT9 maer
pe3y/IbTaThl, COIJIACyIOIIMecst ¢ JAHHBIMU HaOJIIOIeHU
[:_7:] ILnorHOCTH 9HEpPrUN OOOOIIEHHON TyXOBOI TEMHOI
suepruu (OITD) MOKHO OIpeIe/IUTh KaK

pacpe = oH + BH?, (1)
e 3 — NpOM3BOJIbHAS IOCTOSTHHAS , UMEIONIAs PA3Mep-
HOCTb KBa/[paTa SHEPIUN.

B paGore [B] Gbira mocrpoena momens OJITD B
f(R,T)-rpaBuraiuu 1 uCCIeI0BAJIACH IBOJIONUA Bee-
JICHHOH Ha OCHOBAHMU KOCMOJIOTMHYECKUX MAPAMETPOB.
B pabore [i_).'] pacemarpuBasiack OATD npu wHamuauun
B3AMMO/ICHCTBUS B HEILJTOCKON BeesreHHoit 1 Ob1I0 1MoJTy-
4YeHo, 9To napamerp ypasaenus cocrosaug (YC) coor-
BercrByer anTomuoii dase Beesennoii. B padore [10]
nzyvasiack kKocmorpadus OJITD, npu 310M 0Ka3aJ10Ch,
YTO TIOJTyIeHHBIE B PAMKAX MPEJJIOXKEHHON MOJIC/IN pe-
3yJBTATHI HAXOMATCS B XOPOIIEM COTJIACHU C JIAHHBI-
Mu Habonennii. B pabore [:_l-]_;] nceegosagach 19 jursa
Bolciux nopsiakos o H B f(R,T)-rpasuranuu u Obl-
JIO TIOJTy9IEHO, ITO MOJE/b B 3MOXy panHeil Beerennoit
KJIACCUYECKH YCTONUMBA, & B COBPEMEHHYIO 30Xy —
Heycroituusa. B pabore El-j] KX f(T)-monens myxo-
Boit TD ucnosnb3yercs ist aHam3a BoJONNN BeeteH-
HOH B COBPEMEHHYIO 3IIOXY M €€ CJEJCTBUIl, 4TO Ja-
er (aHTOMHYIO TEMHYIO SHEPTUIO W TEMHYIO SHEPIHIO,
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IIpe/ICTABICHHYIO KBUHTeccentmeil. B pabore [[[3] pac-
cmarpuBaercss OITD B kocmosiorun Xopassr — JIud-
IIUIA, & TaKXKe IPOBEPsieTCsi BTOPON 3aKOH TEPMO/IU-
HAMWKI.

B u3Becrnoit reopun 'aycca— Bonne opnonMenubrit
WHBAPUAHT MMeeT BU]L

G = Ranpo R*""? — 4R, R*" + R?,

rae Raygo, lian 1 R — Tensop kpususnbl Pumana, Ten-
30p Puuum u ckansip Puvuu, coorBercTBEHHO. DTOT
MHBapUAHT IPEJICTABIISET CODOI YeThIPEXMEPHOE TOIO-
JIOTMYIECKOE BBIPAXKEHUE C OTPAHUIEHUEM Ha J[yXOBYIO
HeycroiauBocTh crnna 2. B pabore [:_1-4‘] ObLIa BBE/IE-
Ha f(G)-rpaBurarys 1y TeM HoACTaHOBKY (OyHKIMN 00~
Iero IMoJIOXKeHns B JeiicTBrue DifHmmreitna — ['manbep-
Ta. B pabore [:_1-5] Mozenb T B MoaAnMUIMPOBAHHON
IPaBUTAIUH UCIIOJIb30BAJIACH JIJIsI O0bICHEHUST SBOJIIO-
nun BceesrleHHOI, a Takke I yCTPAHEHUS 3aTPY/I-
HEHWsI, CBSI3AHHOTO ¢ MpobieMoit mepapxun. B pabo-
Te [16] oGeyxmanacs venporusopeunsocts f(G)-Moe-
JIN Ha OCHOBAHUU 9KCIIEPUMEHTAJIHHBIX OTPAHIIEHUI B
Conneunoit cucreme. B paGore [{7| 6buta mocrpoena
f(G, T)-monens numurpumuoit TS mocpeacrsom cooT-
BETCTBYIOIIEro clieHapust, Ipu 31oM npu 4 < 0 (u — nu-
JIUCPUMHBIA TTapaMeTp) MmoJIydanach (GanToMO-1oa06-
nas Bceenennas.

B nacrosimeit pabore MBI UCITOIB3YEM COOTBETCTBY-
1o1me moaxo/e! st nocrpoenus f(G)-momemmn OITD
KakK TP HAJIYUY B3aUMOJEHCTBYSA, TaK U TIPU €r0 OT-
CyTCTBUU. DBOIONMs BeesleHHON nccemyeTcs ¢ moMo-
mpio napamerpa YC, mapamerpa KBaJpaTa CKOPOCTH
3ByKa 1 (pa3oBbIX 1mockocreil. Pabora nmocrpoena ciie-
JyioruM obpazom. B cieyromem pasjiesie Mbl KPaTKO
obcyxmaeMm f(G)-rpasurarmio u crpouM f(G)-Momennb
OJITS. B pazza. 3 ssosornus mozgenn OAT uccremy-
€TCsi C MOMOIIBI0 KOCMOJIOTHIECKUX MTapaMeTpPOB IIPHU
OTCYTCTBUU B3aMMOJICHCTBUs, a B pa3j. 4 — Ipu ero
wagmann. [locmenuuil pa3maesr mocBsIeH 00CyKICHIIO
pe3yJIbTaToB.

2. IOCTPOEHUE f(G)-MOJIEJN OATD

B mannoM pasjiesie, uctosb3ys cBs3b Mexk iy OJITD
n  f(G)-rpaBuranueii, mbr nocrpoum f(G)-Momens
OITD. Heiticreue f(G)-rpaBuranyuu Onpeesisiercs
xax 18]

S = /d4x\/—_g (% + f(@) +£m> ;

= 1 — mocTosHHAS B3aUMOJAEHCTBUA, & L., —

(2)
e K2
IJIOTHOCT Jiarpamkuana marepur. CooTBETCTBYIOMNE
I10JIEBBIE ypaBHeHI/IH NMEIOT BUJI
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1
Rap = 5 Rgas = To4 (3)
e ngf — 3} DEKTUBHBIN TEH30p SHEPTUU—UMITYIHCA

Tegf = HzTo(;;) =8 |Rappy + Rppgra + Raygsp —

1
— Ryp98a—Rapgpy+ §R(gaﬂgm —9py9ap)| X

x VPV fa — (Gfa — f)gas, (4)

371eCh
df
dG’
(m

V. — KoBapuaHTHad IpousBojHas, a 1, 3

fe =

) TEH30D

SHEPruu—uMITyJIbca MaTepun. [losieBbie ypaBHeHMsT st
mozienun Beenernnoit @PY B npucyTcTBumM MeaabHOM
JKUJIKOCTU UMEIOT BU]T

3H? = pm + ppr, —Q2H+3H*) =P, + Ppg, (5)

e TodKa 0003HAYAeT IIPOM3BOJIHYIO II0 BPEMEHH, a
HIDKHUN WHJIEKC M COOTBETCTBYET BKJIAJLy MATEPUU B
IUIOTHOCTH SHEPIuu ¥ jaBienue. [liorHocTs snepruun
U JIaBJIEHHE, COOTBETCTBYIOIINE TEMHBIM HCTOYHHUKAM,
UMEIOT BU/T

%(ch — f—24>H*(2H? +

PDE =
+ HH +4H*H) foc), (6)
Ppg = %(8H2 fa+16H(H*+H) fo—Gfe+f), (T)
rJe

G =24H*(H? + H).

IlepBoe u3 1moJsIeBBIX ypaBHEHU! JaeT

Qm + Qpr =1, (8)
rie )
O = 320
Qpp = %

— IUIOTHOCTH 9HEPIUH, COOTBETCTBYIONINE MATEPUN U
TEMHOMY HCTOYHUKY.

Cas3b Mex ity OJITI u f(G)-Moyesbio Mbl ycTaHaB-
JIMBAEM, IPUPABHUBAS UX IUIOTHOCTH, T. €. HOJIAras

PDE = PGGDE-

Ucronw3yst ypasuerns (i) u (@), nomyaaem

Gfg — f—24°H*(2H? + HH +4H*H) foq =

= 20H +2BH?. (9)
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Bribepem macmTabHbBI MHOXKUTETb B BUJE CTEIIEHHON
3aBUCUMOCTH:

a(t) = agt™, (10)
rJle Gy — KOHCTAHTa, COOTBETCTBYIONIAS 3HATEHUIO MAC-
mMTabHOr0 MHOXKUTEJsI Ha HacTosiuit Moment. [loj-
CTaBJIAA YPABHEHNE (:_l-(j) B ypaBHEHHE ('.g), IOJTy 9aeM

-1 1
@ foc+ = Clo— = =
m'/4(m —1)34GY4 By/mym — 1VG 11
27/431/4 25/2\/§ . ( )

D10 JiuHeitHoe aud depeHnraabHOe ypaBHEHe BTOPOro
MOPSAJIKA, UMEIOIee PeIlleHre BUIa

f(G) = e,GU=™/ 4 eyG —
a(m—1)*/AGY420/4  5\/am’/ N /m—1V@

35/41,3/4 m3Am+ 1) (12)

IJIe ¢1 B Co — MOCTOAHHBIE HHTEIPUPOBAHEA. DTO COOT-
BercTByeT pekoncrpyuposannoil f(G)-monemun OITS.
Hoxcrapnss ypasuenne (f2) s ypasmenns (B) u (in),

[IOJIy 9aeM
am!/AGl/4 mG

PDE = 23/431/4(m — 1)1/4 B 1 (13)

P aGY4(1 — 3m) B
DE 23/435/4m3/4 (1 — 1)1/4

B(3m — 2) G

23/233/2 \| m(m — 1)’ (14)

m # 1.

PesynbrarThl, MOIydYeHHBIE € UCIOIH30BAHHON I10-
crpoennoii namu f(G)-momean OITD upu ¢ = —0.5,
&) —1.25 mw a = —8.01, npejcTaBJeHbl HA PHUC. :L
Bugpo, uro B obnacru 2 < m < 4 f(G) ¢ yBemauue-
nuem G cHadasia OBICTPO PACTET, & 3aTeM IIOCTEIIEHHO
y6biBaer. 3uadenue f(G) ocraercs NOJIOKUTEIHHBIM B
nareppasie 0.01 < G < 1.6, a npu G > 1.6 npunun-
MaeT OOoJIbINTEe OTpHUIlaTe/IbHble 3HatUeHns. bosee Toro,
f(G) = 0 upu G — 0, 9TO CBUIETEILCTBYET O PeaJIH-
CTUIHOCTH MOJIEJIH.

3. f(G)-MOJEJIb OJT? IIPU OTCYTCTBUN
B3AVMO/JIENICTBUS

Paccmorpum coryuaii nbuiesoit dasst (B, = 0), Ko-
ria xosonHas TeMHast Matepust (XTM) He B3ammoeii-
creyer ¢ OJITD. B stom ciiyyae ypaBHeHHs COXpa-
HEHUsl JIJIst CJIAra€MbIX, COOTBETCTBYIONIUX MaTEpUU U
TEMHOMY HCTOYHUKY, IIPUHAMAIOT BH/I

pm + 3H pp = 0, (15)
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Puc. 1. Pesynbtatel gns f(G)-mopenn OATI npn o = —8.01
npB="1751

ppE+3Hppe(1+wpgr) =0. (16)
Perrtenime ypasmenus (13) maer
Pm = pmoa737 (17)

riae Pmo — IIPOU3BOJIbHaA KOHCTaHTA.

B pamkax f(G)-momenn OJITD wuccieyem nose-
Jenne napaMerpa YC, napamerpa KBajpara CKOPOCTH
3BYKa 1 KOCMOJIOTUYIECKHNX ILJIOCKOCTeT].

3.1. ITapamerp YC

ITapamerp YC nmeer Bu

Ppg
WpEp = —.

PDE (18)

Hogcrapass ypasuenns (13) u (14) B ypasnenne (18),
HOJTy4aeM

a(l —3m)t — S(3m —2)m

3m(at + fm) (19)

WDE

Pesynbrars:, noxyaennsie gy napamerpa ¥ C mpu 2 <
< m < 4, npejicTaBJIeHbI HA PUC. 5_2 DT0 COOTBETCTBYET
danromuoit haze Beemennoil; mepecevenune JTUHUT, OT-
geststoreil paHTOMHYIO a3y, MPOUCXOJIUT B MOMEHT

KOCMUY€ECKOTO BPeMEeHU ¢ 4.5. Kpome Ttoro, Bui-
HO, 9TO B TIpoTiecce JajbHelneii aBoonnn Beemernnast

crpeMuTcs K (pa3e KBUHTICCEHIINU. DTO yKA3bIBAECT Ha

1o, uT0 Bceenmennas mpubimKaeTcst K 3M0Xe, KOTOpast
XapaKTEPU3YETCs MEHBIITUM YCKOPEHUEM.
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Puc. 2. Pesynbtatol gns napametpa YC npn o = —8.01 u
B =751

3.2. IlapameTp KBaJgpaTa CKOPOCTHU 3ByKa

[TapameTp KBajpaTa CKOPOCTH 3ByKa UMEET BUJT

o Ppe
l/s =

(20)

pPDE
Bnak v2 urpaeT BaxKHYIO POJIb IPH 00CY 7K IeHIH YCTOM-

quBocTr mocTpoernoit momeaun OT. Tlomoxurensb-

2

HBII 3HAK Vj

COOTBETCTBYET YyCTOMYNBON MOJIE/IU, & OT-
purarenbHbIii — HeycToamBoil. [logcrasisas ypasme-

mus (13) u (14) B ypasrerue (20), nosydaem

o ol —=3m)t —2Bm(3m —2)m
s 3m(at + 28m) ’

Pesysbrarbl, HOydYeHHbIE il apaMerpa KBaJpara
CKOPOCTHU 3ByKa Ipu 2 < m < 4, mpeJcTaBJIeHbI Ha
puc. ':d Bugno, uro f(G)-monens OIATD ycroituusa
npu v2 > 0 B obnactu 3.4 < t < 4.5.

3.3. ILnockocTh Wpr—Wwh g

B patore [[9] 6buio mpenioxkeno mcrosmzoBaTh
IUIOCKOCTD Wp E—W, p LI IpoBepKu Mofenu T, mpexn-
cTaBjaeHHON KBUHTICCeHTnel. [ltockocTs pazbuBaercs
Ha JiBe "acTH: 00JacTh pasmopaxkubaHus (wpgp < 0,
why > 0) u obmacro 3aMOPaKMBAHMT (wpe < 0,
whp < 0). Ucnonbsys ypasuenne (19), nosyvaem

,_ at(l—3m)
“DE = 33 (ot + fm)
at(a(l —3m)t — B(3m — 2)m)

3m2(at + Bm)? ’

/
PesynpraThl, IOTy4YeHHBIE I INIOCKOCTH WDE-WpHE
pu Tpex 3HaveHudsx m = 2,2.1 u 2.2, npuBejeHbl HA
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Puc. 3. Pesynbtatel g5t napameTpa KBagpaTa CKOPOCTM 3ByKa
npn o = —8.01 n g =17.51

!
W DE

0.8

0.6

0.4

0.2

0 =
07

02
“pE

06 05 04 03

Puc. 4. TpaekTopuu Ha NAOCKOCTU Wpp—wph e Npn a = —8.01
npB="1751

puc. :ﬁf Buso, aro miockocrs wp Efw’D £ TpeJcTaBIIs-
eT coboit 06J1aCTh Pa3MOpPaKUBAHUS JIJIS OIPEIeICH-
HBIX 3HAYEHUN 1M, YTO COIJIACYETCS C TEM, YTO HAIIA
Bceenennast paciupsiercst. 9T0 CBUJIETEIHCTBYET O TOM,
9TO TPE/JIOKEHHAS MOJIEb COOTBETCTBYET (ba3e MeHb-
[IEr0 yCKOPEHUS TI0 CPABHEHUIO C 00JIACTHIO 3aMOPAYKU-
BaHUA.

3.4. IlnockocTs r—8

=3
B pabote [20] 61711 BBe1eHbI J1Ba Ge3pa3MepPHBIX I1a-
paMeTpa, n3BecTHble Kak statefinder-mepemennbre, Ko-
TOPbI€ UMEIOT BUJT

- B r—1
T aH3’

~3(a—1/2)

r (21)

672

0.40

0.35

0.30

0.25

-1.0 -0.5

-1.5
r

Puc. 5. TpaekTtopun Ha nnockoctn r—s gns f(G)-mopenn
OAT3 npn o = —8.01 n B =7.51

ITapameTp 7 TakKe MOYKHO BBIPA3UTh Yepe3 MapamMeTp
3aMeJIJIeHU:

r=2¢"+q—q. (22)
C mnomompio  statefinder-epemeHHBIX, HUCIOJIB3YS
A-XTM-npejies;, MOXKHO OIPEIEIATh PACCTOSHUS B
paMKax KOHKpeTHOH Mojean T, a TakKe MOMKHO
KJIaccuUIMpoBaTh pasaudibie Mogenan 1. Xoporro
usBectno, uro (r,s) = (1,0) coorsercreyer XTM-upe-
neiy, a (r,s) = (1,1) — A-XTM-upeneny. Bosee Toro,
obmacts (r < 1, s > 0) coorsercrByer danromuoit TO
n TD, npejicraBieHHOI KBUHTICCEHIMEH, a 00JacTh
(s <0, r > 1) — gansiruackomy ragy. Iloxcrasiiss
ypasrerne (19) B ypasmerms (21) u (22), momy«mm

1 2,2 2
= ———(at*(1 -3 2

+2B8*°m*(m? — 3m +2) + afm x
x (m + t(4m? — 9m + 4))),

1
o 12m3(at + fm)
+28°m2(3m — 2) + aBm(9mt — 4t —m)) x
X (a(3m — 1)t + fm(3m — 2)).

3 (®t*(3m — 1) +

Pesynbrars:, nosydyenuble i IIOCKOCTH 7'—S B paM-
kax nocrpoennoii f(G)-moneaun OATD i m = 2, 2.1
u 2.2, IpejCTaB/IEHbl HA PUC. -,_5 Buano, 1ro TpaekTo-
pUM Ha IJIOCKOCTH T'—S IIPU TPEX JIAHHBIX 3HAYEHUAX
m coorBercTBYIOT hanTomuoit T u T, npeicrasien-
HOM KBUHTICCEHIIHE, B TO BpeMsi Kak H1 X T M-1peerr,
Hu A-XTM-1upesesn jijist TOCTPOEHHOIN MOJIEN HE MOT'Y T
OBITH JJOCTUT'HYTHI.
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Kocmorpadhusi 060bueHHol

MOZeNn AYXOBOW TEMHOW 3HEpPrum. . .

—8.01,

Puc. 6. Pesynbratel gns napamerpa YC npn «
B =451nd=0.25

4. £(G)-MOJEJIb OATS IIPU HAJINYUN
B3AVMO/JENCTBUS

B stom caygae OATD u XTM B orcyrcrBue nas-
JIEHUST HAPYIIAIOT YPABHEHUS COXPAHEHUS:

Pm +3Hpy, =7, (23)
ppE +3Hppe(1+wpe) = -7, (24)
rne ¥ — B3ammojeiicTBue, obecreduBaioniee OOMEH

sueprueii mexxy XTM n OJITI. Dro ciaraemoe Mo-
JKET MPUHUMATH PA3JIMIHBINA TPOCTON BUJI, HAIIPUMED,

3diHppr,3diHpm,3diH(ppE + pm),

e di — MOCTOsTHHAsS B3amMoeiicTeusi. B pabore [}_2-1:]
OBLIIO MOy Y€HO, YTO [IPU OIUCAHUU SBOJIONNN BeesteH-
HOI B3aMMOJIENCTBIE 00S3aTEILHO MEHsIeT 3HAaK Iph
rmepexojie OT 3aMeJJIeHnsl K YCKOpPeHUuto. 1pu paszind-
HBIX BAapUAHTA B3aUMOJEUCTBUS HAPYIIAIOT YCJIOBUSI
spostiorinn Beenennoit. [TosTomy, B cooTBeTCTBUM C [:_fg'],
MBI BbIOEPEM B3aMMO/IEICTBUE B BU/JIE

T = 3d1H(pDE — pm). (25)

D10 B3ANMOJIEHICTBHE MEHsIeT 3HAK IPHU HEePexojie OT
3aMeJJICHUs] K YCKODEHWIO TPHU 3BOJIONUU Bceesen-
woit. ObCy MM HEKOTOPbIE KOCMOJIOTHIECKHE ITapaMeT-
pot octpoensoit f(G)-momemun OJTD B coorBeTcTBUN
€ TIPEJTIOYKEHHBIM TIOJIXOJIOM.

ITapamerp YC nmeer Bu

a(l —3m)t — B(3m —2)m
3m(at + pm) B

—d<2— 2 1

ot + pm i 3m(at + fm) 8
x (a1 —=3m)t — B(3m — 2)m)> . (26)

WDE

7 KT, o 4
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Puc. 7. Pesynbtathl g5t napameTpa KBagpaTa CKOPOCTM 3ByKa
npn = —8.01, S =4.51 n d =0.25

PesysibraTer, nostyuennsie s mapamerpa Y C mpu 3 <
< m < 4, npejcTaBIeHbl HA PHUC. 'E_i Bunno, aro mpn
m > 3 U IpU yBeJUYCHUN | 3HAYCHUS ITapaMeTpa COOT-
BETCTBYIOT (paHTOMHOM das3e, OH MPUOJIMKAETCT K JIU-
HUH, OTJEJSIONEeR (hanToMHyIo (daly, HO HUKOT/Ia ee He
nepecekaet. Ha pucynke BujHo, uro napamerp Y C mo-
JKET [epecedb JIMHUIO, OTAEJIAONTY 0 (haHTOMHYIO (hasy
wpp = —1, B HEKOTOPGIH OoJjIee MO3IHUI MOMEHT KOC-
MHUYECKOTO BPEMEHU M OCTATbCsi B O0JIACTH, COOTBET-
CTBYIOIIEl KBUHTICCEHIMHU. BoJjiee TOro, Halma (GaHTo-
Mo-troiobHas Beemennas MoxkeT cTpeMuThcst K Bosib-
IIOMY pa3pbiBy Ha 0oJiee MO3IHUX ITAax IBOJIOIUN
WINA CJIEJIOBATH TOMY 2Ke (PUHAJBHOMY CIIEHAPUIO, ITO
U cefiyac, a MMEHHO, TOMY, UTO OIIPE/IEJISIETCS IapaIir-
MO yCKOpeHud.

Pesynbrar 1j1s napamerpa KBajpara CKOPOCTH 3BY-
K& UMEeEeT BHJL

~1
3m(at + 26m)
+68m%(1 +d) — 4mp(d — 1) — 12md).

2

Vi = (Bamt(l+d) +at(d—1)+

Ot pesysabrarhl Jyid 3 < m < 4 npuBeeHbl HA PUC. :_7:
Ha pucynke Buno, uto v2 > 0, ecii HOCTOAHHAS B3a-
umozeiictBust d = (.25, 9TO NPUBOIUT K yCTOWIUBOMN
f(G)-momenn OITS npu 3.57 < t < 3.92. s whp —

3HAYEHUS WpE, COOTBETCTBYIOIIETO IBOIIOINN, UMeeM

—at(B+d(6—p))
m(at + fm)?

A
WpE =

PesynbraTsl Iyis INIOCKOCTH WpE—W) fp IPEICTABIICHBL
Ha PHUC. 6 JUISL TPeX PA3/IMIHBbIX 3HadYeHUit m = 3, 3.4
u 3.8. BusHo, 4TO Ipn TAKUX 3HAYEHUAX M IJIOCKOCTH
WpE — W COOTBETCTBYET 00IACTH PA3MOPArKHBAHN,
9TO COIJIACYETCS C TeM, 4TO Halna BcesjeHHas paciiu-
psiercs.
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Puc. 8. Tpaektopuu Ha nnockoctn wprp—wpp ana f(G)-

mogenn OATSD npu o = —8.01, B =4.51 nd=0.25

J st TTOCKOCTH 1—S UMeeM

_y (1 a(l =3m)t — Bm(3m —2)
A 2m(at + pm)

3d 2 1
) ( "ottt Bm | 3miat+ pm)
2
x (a(1—3m)t—ﬁm(3m—2)))) +%+

a(l —3m)t — pm(3m —2) 3d "
2m(at + pm) 2
" (2_ 2 a(1—3m)t—ﬁm(3m—2)) B
at+pm 3m(at+pm)
~_a(l=3m) 1 o o
2m(at + pm)  2m (at + pm)
3d

x (a(1 —3m)t — Bm(3m — 2))* + 5 X

2 a(l —3m)
<(at +Bm)? " 3m(at+ Bm)
_ala(l —3m)t — fm(3m — 2)))
3m(at + pm)? ’

1 1 a1l —=3m)t— Bm(3m — 2)
T3 (2 <§ * 2m(at 4 fm) a

CBd(, 2 1
2 at+ Bm  3m(at + Bm)

x (a1 =3m)t — fm(3m — 2))))2 - % +

a(l —3m)t — pm(3m —2) 3d
+ 2m(at + pm) T
5 2 a(l —3m)t — Bm(3m — 2)
x ( ~at+ Bm 3m(at + fm) ) a
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1.0 1
0.8} 1
0.6} 1
04F —m; =30 ]
—my = 3.4
0.21 — mg = 3.8 1
0 \
“02b. ., . . M
-3 -2 -1 0 1

T

Puc. 9. Tpaektopun Ha nnockoctu r—s ans f(G)-mopenu
OATS npn aa= —8.01, =451 nd=0.25

a(l —3m) 1 e
— X
2m(at + fm)  2m at + Bm

x (a(1 —3m)t — Bm(3m — 2))* + %d X

20 a(l —3m)
8 <(at +Bm)? " 3m(at+ Bm)

 a(a(l = 3m)t — Bm(3m — 2))>> «

3m(at + fm)?
a(l —3m)t — pm(3m —2) 3d
( 2m(at + pm) S
2 a(l —3m)t — fm(3m — 2)
8 <2_at+ﬁm+ 3m(at + fm) ))

Tpaekropun Ha mockoetn r—s miasa  f(G)-momenn
OJTS mpu m = 3, 3.4 u 3.8 mpecTaBJICHBLI Ha PUC. t_i
Buaro, uro npu rakux 3uadenusx m u upu d = 0.25
IJIOCKOCTHU 7'—S B OCHOBHOM COOTBETCTBYET (haHTOMHAS
TD u b B HEKOTOPBIX CAyYagX — YalIbITHHCKUAN
raz. Kpome toro, B ciiydae HaJIU9us B3aUMOJICHCTBUSA
qist upeggioxkennoit f(G)-momesnn OJITD mocruraercs
XTM-mpener.

5. BAKJIFOUNTEJIbHBIE SAMEYAHMSA

B nacrosiuieii pabore 6bu1a ocrpoena f(G)-Mouesnb
OJITD ¢ macmTabHBIM MHOXKHTEJIEM B BUJE CTEIHEeH-
HOIl 3aBucuMocTu. Boin mpoBesen rpadudeckuii aHa-
JIN3 MOBEJICHUS YeThIPEX apaMeTPOB IIOCTPOEHHO MO-
gemn OJTD npn o« = —8.05 u f = 7.51 B cayqgae or-
cyTcrBusi B3aumogelictBust u npu [ = 4.51 B ciydae
HaJUYUs B3ANMOJIEHCTBHAA. DBIIN TOJIyYeHbI CJIe/1yIo-
e Pe3yJIbTATHL.
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Kocmorpadhusi 0b60buieHHoi Mogeny AyxOBO TEMHO 3Hepruu. . .

e B nocrpoennoit mogemn OATD (puc. ) f(G) ¢
yBesmmaenuneM (G cHadaja OBICTPO pacTeT, a 3aTeM yObl-
BaeT. ITO CBHUJIETEIHLCTBYET O PEATUCTHIHOCTH HAIICH
MOJIEJIN.

e [Tosenenue napaverpa YC yka3biBaer Ha TO, 4TO
apu OTCYTCTBUN B3aHl\lOﬂeﬁCTBHH nMeeT MeCTO IIepeXO/
u3 danromnoit dbaser B basy ksunrsccenmun (puc. ),
a TPU HAJUYINN B3AMMOJICHCTBUS MMEET MecTO (haH-
rommast daza (puc. &). Taxim obpazom, f(G)-momenns
OJITS cBuseTe/ibCTBYET B 10JIb3Y sABJIeHUS 1.

e [ToBesienme mapaMeTpa KBaIpaTa CKOPOCTH 3BYKa
rogopur 06 ycroiuusoctu npenioxkennoii f(G)-mome-
mu QTS nia ompeeleHHONO WHTEPBAJIa KOCMOJIOTH-
HECKOro BPeMeHN H JTs 2 < m < 4 (puc. Ef),") n 3 <
< m <5 (puc. ).

e TpaexTopun Ha IIOCKOCTH WpE-Why IPU M

= 2, 2.1 u 2.2 B ciydae OTCYTCTBHUS B3aUMO/IENCTBUSA
(puc. -ﬁf) u npu m = 3, 3.4 u 3.8 B ciyuae ero HAJTUIWs
(puc. 8) COOTBETCTBYIOT 06/IACTH PA3MOPAKHBAHNS.

e Pesynbrarsl, mHOJydYeHHBIE I IIJIOCKOCTH 7S
(puc. §' u 9:), CBHIETEIHCTBYIOT O HAJIUINHU (PaHTOMHOI
dazbl u dazbl KBUHTICCEHIIUA 1D JJIsi COOTBETCTBY-
OMUX 3HadYeHwit m. BoJsiee Toro, mpu HaIMUYWU B3a-
uMojielicTBuA jlocTuraercsa X I M-tipesiesi, B TO BpeMs
kak A-XTM-npesenn B pamMkax Hamieil MOJEIN HE MO-
2KeT OBITh JIOCTUTHYT HU B OJHOM CJIydae.

Takum obpazom, MpH MOIXOIAIIEM BLIOOpPE Tapa-
merpoB f(G)-mogemun OTD MOKHO MOJYIUTH yCTOM-
qUBBbIE XaPAKTEPUCTUKU U HEIIPOTUBOPEYNBOE TIOBE/IE-
HU€e, COOTBETCTBYIOIIEE COBPEMEHHBIM IIPEICTaBJIEHN-
aM 00 yckopeHnoM pacmmpennu Bceemennoit. [Tomye-
HO, 9TO (DAaHTOMO-TIOJIOOHOE TOBEJIEHNE IpEeICKa3hIiBa-
eT pexKuM 0oJiee YyCKOPEHHOTO pacIIupennst BeereHHoi,
KOTOPBIII MOXKET IPUBECTH K BoJbIIoMy paspbiBy Ha
6oJtee TO3HUX TAIAX IBOJIONUU U K TOMY Ke du-
HAJLHOMY CIIEHAPUIO paciupsiomneiicsa Beesrennoit, 1ro
u cetivac. [Tokazano, 970 y4aeT B3anMOIeiCTBUAST MEK LY
TS u TM npuBomut K dhanTomo-110100H0I Beesrennoit,
9TO HADIIOJAETCS I MOJEeAeH MMINTPUMHON TeMHOM
sHepruu. Kpome Toro, okasajaoch, uyro napamerp YC
COTJIACYETCS C COBPEMEHHBIMHI HAOJIIOIATELHBIMY TaH-
HBIMU |:_2-4_1:], a UMEHHO

wpp = —1.023700%  (Planck 7T + LowP + ext),
wpr = —1.00670 057  (Planck 7T + LowP +

+ lensing + ext),
wpr = 10197500 (Planck TT, TE, EE +

+ LowP + ext).

OTu 3HavYeHWs] OBLIM ONPEJEeJIeHbl HA OCHOBAHUH Pe-
3yJIbTATOB, IIOJIyYeHHbIX IIPU ITOMOIIU Pa3/IMYHbIX CIIO-
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cobor Habmojenusa, u umeror 95% yposenb gocTo-
BepHocTu. Crielyer OTMETUTH, UTO HAIIN PE3y/IbTAThI
COIJIACYIOTCSI € PE3YJIbTATAMM, TIOJIYYeHHBIME JIJIS 110~
crpoennoit KXJI f(T)-momemn gyxosoit T 3], a rax-
we s f(R, T)-momemn [23].
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