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Beenexue

o Varshalovich & Khersonskii 1976 — pacuer cyHkuuii oxnaxxkgeHus
monekyn HD

o Khersonskii & Varshalovich 1977 — pacuer koaddpuuneHToB nanydeHuns
monekyn HD Ha 112 n 56 um

o Levshakov & Varshalovich 1985 — nepsoe getektuposanune monekyn Hy Ha
BONBLUINX KPACHBIX CMELLEHNSX

@ Varshalovich et al 2001 — nepsoe getekTuposaHue monekyn HD Ha
BONBLLUINX KPACHBIX CMELLEHNSX

o Balashev et al 2009, Ivanchik t al 2010, Balashev et al 2010,
Varshalovich et al 2012, Ivanchik et al 2015, Klimenko et al 2015,
Balashev et al 2017 — paboTbl, nocesiLeHHble U3yYeHnto abcopbLMOHHbIX
cuctem, cogepxatux mosekyist HD
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Beenexue
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Monekynbl HD Ha 6onblimnx KpacHbIX CMeLLeHunsix

@ 12 cucrem Ha z > 0 (Rawlins et al 2018; Balashev et al 2017; Noterdaeme et al
2016 ...) + 5 n3mepennii n3 pabotsl Kosenko et al 2021

@ 41 cucrema B Mneurom Mytu (FUSE, Copernicus; Snow et al 2008)

T T
@ Known DLA systems, z>0

1BE @ This work r 1 KpacHeiMn cumBonamu no-
& e Ka3aHbl CUCTEMbI, MOJYYEH-
Hble B paboTe Kosenko et al
2021, He3akKpalUeHHble CUM-
BOJIbl — BEpXHUE mnpeaenbl
Ha JlyyeBble KOHLEHTpauuu
HD, 3eneHble cumsonsl —
paHee M3BECTHble CUCTEMbI
Ha z > 0, »enTble — n3me-
37 m 5 2 o = peHust B Mneynom [yTu.

109 2N(H2)

log N(HD)

[Onsi nonHocTblo MonekynsipusosaHHoro obnaka: HD/2H, = D/H
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Marennanoebl Obnaka

MarennaHosbl Obnaka — bavxaiiwme cnytHukm Mnednoro MNyTn
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HD B MarennaHnosbix Obnakax

@ [lony4eHbl nyyesble koHueHTpauun HD ans 24 cuctem
o [lony4eHbl BepxHue npeaesnbl Ha nyyeBble koHueHTpauun HD B 70 cuctemax

18

17

16

15

log N(HD)

14

13

12

11 HEH H K

HD/H; systems, z>0
Milky Way

SMC

LMcC

19
log N(Hz)

20

21

Kosenko & Balashev 2023
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Xumuna HD

OtHowenne Npp/Hy, onpepensietcs on3nMHeCKnMN YCIIOBUSIMU B CPEAE:

Obpazoeanne HD Paspywenne HD

H, +D" — HD + H*
H:+D:— HD HD + photon — H+ D

VpaeHeHue bananca ana HD:

1
FHDrIH2 np+ + RHDH%_IOtnD — 5XDHDSHD(NHD)efa'g’(NHJr2NH2)nHD
-1
dN, D1 1
r:{iD:dNHDzzﬁfi h fix dt+1
chem 2 us
Ho Ho Ho B 2(1*fH2) 4= B

Balashev & Kosenko 2020
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Mepexogbl D1/HD n H1/H,

Z=1
L% % H H2 H2
e D D HD
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H/H, D/HD
«HabnoaeHns—»
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nepexon HI/H>

dust, N3o0Tonunyeckoe
...DIH X B5"ta/4 oTHoweHe D/H
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log Ny, 8/14



Mepexogbl D1/HD n H1/H,
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OueHka OU3NYeCKUX ycnoBuii

MpennioxeHHast MoLeNb XOPOLLO onucbiBaeT Habaogaemble 3HadeHnst Ngp n Ny, :

@ HD/H; systems, z>0
18I I Milky way 1
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OueHka dusmnyecknx yciouii B HabntogaeMbix CUCTEMAX

Mo nsmepeHHbIM 3HaveHnsim Nygp n Ny, MOXHO OLeHNBaTb hr3nNYECKne yCnoBus
B Hab/1l0gaeMbIX CMCTEMaX, B YaCTHOCTU, CKOPOCTb MOHU3ALMUN KOCMUYECKMM

nyHamMu:
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Kosenko et al 2021, 2023
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Omuccus HD

MoneKyna HD umeet p,VII'IOJ'IbeIVI MOMEHT, OT/INYHBIA OT HyNnsl, =—> €€ AnUnoJibHble

nepexogbl (J =1—0, J =2—1, ...) paspeLueHbl, NO3TOMY U3yHeHNE MOJIEKYISPHBIX
obnakos, cogepxalmx HD, Bo3MOXxHO B amuccum:

J=2
256 K

128K

Ceetumoctb B vHum 112 pm:

1

L o< ngp,j=1 ” o
1+ +1 Bewr

Cmn

To ecTb npu HU3KoW MeTanamyHocTn ceetumocts HD yBenuuneaetcs
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Line Intensity Mapping

WN3nyyeHne B onpepeneHHon AnHum oT 6ObLIOrO KOMHYECTBA CUCTEM B 3a4aHHOM
Hanpasnenun — metog Line Intensity Mapping:

Probes:
CMB
Epochs: Recombination %
Dark Ages e
Cosmic Dawn
Reionization
Growth of Structure 100 Galaxy 1100
Surveys

Kovetz et al 2019
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Cnacunbo 3a BHUMaHMe!
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