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Fic. 7 —Abundances as a function of 4 from 4 = | to 4 = 90 for 5, , : = 52. One notices the prominent peak at **C, caused by the necessity of charged particl.
reactions o transport the reaction flow beyond A = 14, (g) Case 0; (0] case 2. The change in n, leads 1o a neutron capture path closer to stability with longer
bera-decay half-lives. In comparison with the resulis of case (, the abundances are smaller by two orders of magnitude at 4 = 14 and another factor of 10 up tao
A = 80,
TABLE 4

sities of Figure 8 and temperatures of Figure 3. It is also under-
standable that case 2 expericences essentially no fission cvcling

at all.

Frsspord CwoLE TIMES

.

Figures 10a—10¢ show the abundances for the same three crat
cases at ¢ = 3000 s, resulting from the full r-process network =)
beyvond Kr. In Figures 10a and 1085 one notices that fission T R4 = 107
cycling was indeed effective. due to the fact that there is a sharp LiG = 10"
drop visible in abundances just below the 4 = 130 peak. This 346 = 107
is the point where fission feeds back with a larger rate than the g';g : ig;

Aow from lighter nuclei and produces a discontinuity. One also
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[Mpouecchl B KOTOPbIX YY4ACTBYIOT
NepBUYHbIE MOIEKYIbI

dopmunpoBaHmne cnekTpasibHO-NPOCTPAHCTBEHHbIX
donyktyaumin Temnepatypbl CMB (Spectral-Spatial
Fluctuation — SSF)

dopmMmMpoBaHME N30TPOMHbIX CNEKTPasIbHbIX UCKaXKEHN
CMB B cny4yae AONO/THUTENIbHOIO BblAe/IEHUS IHEPruu
Ha paHHUX cTaguax (pacnag HectabunbHbIX YacTuULl)

OxnaxaeHne nepBuUYHbIX 00 bLEKTOB HA HENTMHENHON
cTagun 3BOKOUMN NEPBUYHLIX AYKTYyaUMii NI0THOCTU



CNNCOK MOJIEKY/

H,, H,*, HD, HD*, H,D*
*‘HeH*, °*HeH", He,*, *He*He*
LiH, HF

(C,N,O)H, (C,N,0)H*, H,O



4 D Puy et al.: Molecular Huorine chemistry in the early Universe
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Fig. 1. Ewolution of chemical abundances in the SBBC model. Vertical axes are the relative abundance and the
horizontal axes are relative to the redshift.



MexaHn3mbl oopMnpoBaHUA
donykryaunm temnepatypsl CMB
e Jlon/iIepoOBCKOE UCKaxKeHne Temnepartypbl

* JIloMMHecUeHUnsa Nnpn HepaBHOBECHOCTH
cnektpa CMB

e lonnep + JllommHecueHuunsa

* CoOCTBEHHOE Ten/IoBoEe N3siydyeHmne nnn
NOrsioLleHmne npu Hasimuymm pasHoCTK
Temneparyp BellecTsa N N3flyv4eHus
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V.K. Dubrovich & A . A. Lipovka: Distortions of the cosmic blackbody spectrum due to luminescence of H2D* molecules
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Fig. 1. Energy level diagram of the H2D* molecule



VK. Dubrovich & A.A. Lipovka: Distortions of the cosmic blackbody spectrum due to luminescence of HyD* molecules 303
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Fig. 2. Assumed initial distortions of the CMBR spectrum in the Wien  Fig. 4, The calculated relative intensities of distortions (contrasts) result
region (temperature versus wavelength) as Z = 0 (case 1) from the HyD* molecules luminescence between Z = 40 and Z = 20,
asat Z =0 (case 1)
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APAPEKT yCUneHnsa ana HeKOTOPbIX MOIEKY1 Kak
doyHKUMA KpacHOro cMmeLleHus

Table 1.

LH  HD* HeH" H,D

D, @) 283 260 18§ 43
Iy 195 200 150 340
Ao (pm) 676 227 149 1920
Ao (um) T 30 33 45
A (em) 132 47T 223 653

0 150) 496) 180)  33(6)
K, 20) 0 18 480
B 392 N0 4

o 156100 30(9) LICT) 30(10)
Ve 45 2066) 55¢5) 21(-10)

{AT/T,

E Hal'

LiH

i

10
Wavelangih, cm.



HecTaunoHapHOCTb - BbICTpad
NnepemMeHHOCTb

* 3artyxaHue MmesikomacluTabHbIX 3BYKOBbIX
BOJTH Ha cTaanun pekoMmouHaummn sogopoaa
(adbdpekT JopoLlikeBnya-Cunka)

* CTOJZIKHOBEHUA MI/IKpOMaCLIJTa6HbIX

chIyKTYyauuin ¢ NOKasibHbIM HarpeBoM
3/1EKTPOHOB

* bbiCTponepeMeHHble UCTOYHUKN IHEPTNN
HOBOW MPUpPOAabI



Moaesnib BpeMeHHOW
nepemMeHHOCTH
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Puc. 3. CnekTp Boaopoaa B cyGopIHHATHEIX KOHTHHY Y MaX
B eNHHHILAX HHTEHCHBHOCTH YepHOTEeJBHOrO HAJIYUeHH:

J — HeROo3IMVIILEHHLIA cTIeKTp, 2 1 3 — cnekKTphl TP HAJIH —
UHH BapHalliHi ¢ NpH =z, = 1200, o = 17 (2 —npu A =
= 0.01, 5 —npu A = 0.02).
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Puc. 4. Cniekrp Boflopo/ia B cyGopIMHATHRIX KOHTHHYYMAX
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Puc. 13: HeupepbiBubtii
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[TapameTpbl NPOTOOOHLEKTOB
(MenkomacLiTabHasa CTpykTypa)

%{? - (Mﬁn))&“ +2)7)

D. Puy & M. Signore: Primordial molecules in the early cloud formation

Table 1. Initial conditions for different masses M of protoclouds (i.e. at z = z;4), Ho = 100 Kms™ Mpe™", Qo= 1, Q4 = |

M(@nMO) 2z, T-(nK) Tia(nK) ne(inl10cm™) 1y (in 107cm) tgy (in 10°s)

10° 564 1545 4496 11.23 0.293 1381
10’ 261 717 1536 1.123 1.364 4,369
10} 121 333 447 0.123 6.332 1381
10’ 55 154 119 1231072 29.39 43.69
10" 25 M 25 12310 136.4 138.1
10" 1133 6 12310 6332 436.9

10" 5 15 17 1231073 2939 1381




Fig. 1. Fvolution of the overdensity tor single spherical Fourier modes in the linear regime.
The overdensity & 1s normalized to its initial value &;. The comoving wavenumber & 1s given
in kpe~!. The dashed lines are obtained analvtically from linear theory., The pairs of solid
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OxnaxaeHne nepBnYHbIX 0O bEKTOB
OCHOBHble Mosnekynbl — H,, HD Bo3moxHo — HeH", ...
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Fig. 1.— The top panel shows the evolution of the wirial mass of the most massive clump as a function
of redshift. The remaining panels show the density (both dark and baryvonic), the temperature, and the

maolecular hyvdrogen mass tfraction at the central point of that clump. The central point is defined as the
point with the highest baryvon density. Clearly the finite gas pressure prevents baryons from clumping as

much as the dark matter at redshitts = 23,
moaclel breals dowwin.

The wvertical line at = = 19.1 indicates where our nuamerical



COOTHOLUEeHNne pasmMmep — MHTepBaJsl YacToT
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MukpomacLuTabHas CTpykTypa

B0O3MOXHOE Ha/Inume CBEPXTSXKEbIX YaCTUL, TEMHOW
MaTepun NpMBOAUT K 0OPMUPOBAHUIO
HEeOAHOPOAHOCTE NJIOTHOCTM Ha MacluTabax nopsiaka
Macc MaaHeT N MeHbLLE

[TpocTpaHCTBEHHOE pacnpeaeneHne aTux PnyKTyaunn
NOXoXe Ha KpynHomacLuTabHoe (ppakTasibHOCTbL?)

3TK MacLwTabbl yXe cpaBHUMbI C AJ/IMHO CBOOGOAHOrO
npobera aToMOB B CUTy YEro BO3MOXHa pe3Kast
cenapauunst NnepBUYHbIX XUMUYECKUX 3/1IEMEHTOB MO
paanycy 1 3HaunTeNbHOE yBeTMYeHne NIOKasIbHOro

oonnnsa oonee THKENbIX KOMMOHEHT.



T i | T IIrrIg i | T T T TrIrry i | T T T T TrIIT7 T T T 1 --_ll T T T T T IrT]
| /\-ﬁlll VA :
VA% i
|'.I.-I ]
]_'::I _____,_-'-"'-- I|_l|l 1
1 U - II E
- 5 -
|
"
Il.
= = I', , E
L g | o- M :
==, =
- t = =
= 2 & 4
—+ = = O
e _ I_I'i —
—_ 3 & N 3
- - ]
&5
13 | - I-."--_ _
l U - --_- - --- = 1 =
- -- "- -'"l. -
] ."
i i [N i i T i [N i i || i i [ | [
5
10 10° 10

/

Figure 1. The spectrum ol the CMB temperature amsotropy generated by
the Doppler (dots) and OV effects for ag 005 (riangles) and 0L01 (squares),

as compared with the expected primary CMB amisotropy (sohd lne).



Posib nepBMYHbIX MarHUTHbIX
nosnen

Oxna»(,u,eHme NnepBUYHbIX 0O6BbEKTOB naetT B OCHOBHOM 3a
cyeT N3z1iydeHnAa B JINMHUAX H2

O6pas3oBaHne H, nget no peakunsam:
H+e=H
H+H=H,+e

MarHuTHoe rnosie TOpMo3uT ABMXKEHNE 3/IEKTPOHOB. [1pwn
Ha/IM4YMM HEOAHOPOAHOro NOoA NeKYNAPHbIX CKOPOCTEN
3TO NPUBOAUT K HEOAHOPOAHOCTUN KOHLUEeHTpaLum
3/1EKTPOHOB 1 B KOHEYHOM UTOre K HeOAHOPO4HOCTH
pacrnpenesieHna KOHAeHCUPOBaHHbIX OObEKTOB.



MosieKybl U yaapHble BOJHbI
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MeToabl noncka SSk

* Pa3HOCTHO-TPEXTOUYEYHbI METO — CPaBHUBAIOT
CNEKTPbl B TPEX O6/IN3KNX MPOCTPAHCTBEHHbIX
TOYKax

* Pa3HOCTHbIN ABYMEPHbIN METO/, - CPaBHEHUSA
NBYMEPHbIX KapT Heba Ha 6/MM3KNX YaCTOTHbIX
KaHanax

* Nowuck cnekTpa MOLLIHOCTU NPOCTPAHCTBEHHbIX
4acToT Mo OJIHOMEPHbIM CkaHam (aHanor
MeToda B nporpamme «Xonog, -
Kocmonornyeckumn I'eH»)



HayuHble 3aaa4in

CnekTpasibHO-NPOCTPAHCTBEHHbIN 0630p

PacnpeaeneHne MonekynsapHbIX 30H
MaUlbIX MaclUTaboB B Hallen "anakTuke

[TOMCK NepBUYHOWN CTPYKTYPbI B JINHUAX
CO Ha KpacHoM cmelleHnn z=9 (~3 cMm)

BbiXxod Ha OUEHKY aMnInTya U
MacLUTaboB CTPYKTYPbl B IMHNAX
pasnn4yHbIX Mosiekyn B anoxy Dark Ages
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3akryeHune

3yueHne nepBunYHbIX MOMEKYT AACT YHUKa/IbHYI0 MHADOPMALNIO O
thm3nuecknx napameTpax n TOHKUX AeTasisix npouecca NepBUYHOro
HYKN1eocuHTe3a .

I30TponHble cnekTpasibHble NCKaXeHna hopmMmupyemble
MOJ/1eKY/1laMW BbISAB/IAKOT POJ1b I100a/1bHbIX UICTOYHUKOB
CBEPXPaBHOBECHOIO 3HEProBbIAeNEHNS B paHHEN BCE/IEHHOM
(HecTabunbHas CKpbiTasg matepus, ee husnyeckne napameTpbl).

[lepBUYHbIE MOMEKY bl TECTUPYIOT YETLIPEXMEPHYIO (C Yy4ETOM
60/1bLIOro MHTEPBasia KPacHbIX CMELLEHNA — BPEMEHW) KapTUHY
N03Be34HOW 3BOOUMN BceneHHoM Ha maclutabax OT CKOMJIEHNN
raslakTuK 10 Macc nnaHeT (B 4aCTHOCTU, KOCBEHHO TeCTUpyeTCS
Ha/INune CBEPXTSXKENbIX YaCcTuL, TEMHOWN MaTepun) .

[leTanbHbIl aHa/IM3 NapamMeTpPoB OXNIAXAEHUS NEPBUYHbIX
chnykTyaumnii NI10THOCTY NO3BO/INT YTOYHUTL KApPTUHY 3BOJTOLNN

0OBbEKTOB HA HEJIMHEMHOW CTaauun.



