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VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

Tomorpadis TemHux BikiB i KOCMi4HOro CBiTaHKY B JIiHiSIX MiZIpOreHy i Iepnx MOJIEKYJI SIK TECT KOCMOJIOTIYHUX

MoJenen

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Tomography of the Dark Ages and Cosmic Dawn in the lines of hydrogen and the first molecules as a test of
cosmological models

Pedepat yKpaiHCBKOIO:

Y 3BiTHOMY eTalli BUKOHYBajlach po60Ta i3 po3paxyHKy YMOB Ta AUHAMiKU eBOJIIOLii MaTepii B KOCMOJIOTIYHY €I10Xy
TemHux BikiB. Hamu 6yj10 o6unciieHo KiHeTuKy popMmyBaHHS nepmux mosiekya H2, HD, ta HeH+ sk B cTraHzapTHIN
KOCMOJIOTIYHIN MOAE, TaK i B MOJEJIX i3 IPUCYTHICTIO IIEPBMHHMX MarHiTHUX I10J1iB Ta CAMOAHITiII0I0YNX Ta
PO3NagHUX YaCTUHOK TEMHOI MaTepii K N0JaTKOBUX IKEpeJl PO3irpiBy i ioHisawii rasy B paHHbOMY BcecBiTi. Mu
004U CINIIY IHTEHCUBHOCTI CBiTiHHS He6a (17100aJ1bHi CUTHAJIN) Y JIiHISX [IepUIMX MOJIeKYJ Ha (POHI pesiikToBoro
BUNPOMiHIOBaHHSA. OTpUMaHi pe3yabTaTy IIOKA3yIOTh, [0 CUTHAJI BiJl IIEPLIMX MOJIEKYJI Y CTAaHIAPTHI
KOCMOJIOTI4HIl MOJIeJIi € IIMPOKOIO JIiHi€l0 MIOTJIMHAHHSA Y CIEKTPi PeJslikTOBOrO BUIIPOMIHIOBAHHS Ta POPMY€ETLCS B
ernoxy TemHux BikiB. B MOI€JIsIX 3 OJATKOBUMU JPKEPEJIaMy HarpiBaHHS ITOTJIMHAHHS 3MEHIIYETHCS, a ITPU
HarpiBaHHI ra3y BUIIE TEMIIEPATYPU PEJIKTOBOIO BUIIPOMIHIOBaHHS [IEPEXOIUTD B eMicito. Po3paxoBaHO sICKpaBiCHY
TeMIlepaTypy (TOOTO iHTEHCUBHICTB) B JiHii 21 cM BOAHIO, cpOpMOBaHY B enoxy TeMHux BikiB Ta KocMidHOro
CBiTaHKY $IK B CTaHJAPTHINl KOCMOJIOTIYHIN MOJIeJIi TaK i B MOJIEJISIX 3 TOJATKOBUM HarpiBaHHSM Ta iOHi3aljiero.
PesynbTaTy I0Ka3yloTh, 0 YacTHMHA Ipodiso JiHii, sska cdopmMoBaHa B ennoxy TeMHUX BiKiB € YyTJIUBOIO 10
napaMeTpiB CaMOAHIriIALii Ta po3nasy YaCTUHOK TEMHOI MaTepii, TOAi SIK YacTUHA NPoPito, siKa c(POpMOBaHA B
enoxy KocMiyHOro CBiTaHKy € 4yTJIMBOIO TAKOXK [0 XapaKTEPUCTHK BUIIPOMIHIOBAHHS Bif| IEPLINX IKepesl. Mu
0OrpyHTOBYEMO, IO JIMIIe CYMiCHi CIloCTepeskeHHs! B JliHii 21 cM B leKaMeTPOBOMY i METPOBOMY JlialazoHax
IOBXUH XBUJIb JO3BOJISITh OOMEXUTU [IApAaMETPU MOJIeslell TeMHOi MaTepii i ciieHapii popMyBaHHS Nepmux
IKepesl. BriivB i0Hi3y1040ro BUIIPOMIHIOBaHHSA Ha CUTHAJI B JIiHii 21 CM BOLHIO BUBYABCS TAKOXK 3a JOIIOMOIOIO
ny6J1idHO JocTynHuX Kozis ARES Ta DM21cm. Pe3ysibTaTu Takoro MOZesI0BaHHS JoOpe CIiBNafaloTh (pisHULS y
Mmexax 10%) 3 pesyibTaTaMy OTPUMaHUMM aBTOPCHKUM KOZIOM. My 11o6yyBaiy 4ucjIoBi MoAei i jocainnnm

YTBOPEHHS 30H iOHI30BaHOTO BOJIHIO HAaBKOJIO 06J1aCTel 30peyTBOPEHHS PAHHIX TajlakTHK.

Pedepar aHIJIiHCBKOIO:

In the reporting stage, we performed work on calculating the conditions and dynamics of the evolution of matter
in the cosmological era of the Dark Ages. We calculated the kinetics of the formation of the first molecules H2, HD,
and HeH+ both in the standard cosmological model and in models with the presence of primary magnetic fields
and self-annihilating and decaying dark matter particles as additional sources of heating and ionization of gas in
the early Universe. We calculated the intensities of the sky glow (global signals) in the lines of the first molecules
against the background of cosmic microwave background radiation. The results obtained show that the signal from
the first molecules in the standard cosmological model is a broad absorption line in the spectrum of cosmic
microwave background radiation and is formed in the Dark Ages. In models with additional heating sources,
absorption decreases, and when the gas is heated above the temperature of cosmic microwave background
radiation, it turns into emission. The brightness temperature (i.e., intensity) of the 21 cm hydrogen line formed in
the Dark Ages and Cosmic Dawn has been calculated in both the standard cosmological model and in models with
additional heating and ionization. The results show that the Dark Ages signal is sensitive to the parameters of self-
annihilation and decay of dark matter particles, while the Cosmic Dawn signal is also sensitive to the
characteristics of the radiation of the first sources. We show that observations of the 21 cm line in both the
decameter and meter wavelength ranges are required to constrain dark matter models and first source formation



scenarios. Calculations performed using the author's codes were also verified by calculations using the publicly
available ARES and DM21cm codes. We built numerical models and investigated the formation of ionized hydrogen
zones around star-forming regions of early galaxies.
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VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Haszsa HTII ykpaiHCBKOIO: HoBi METO/M Y PO3PaXyHKY CUTHAJIB 3 enoxu TeMHHUX BiKiB y 06€PTOBO-KOIMBHUX

JIiHISX NEPUINUX MOJIEKYI

Hazpa HTII anriiicbKo10: New methods in calculating Dark Age signals in rotational-vibrational lines of the

first molecules

HTII, sixy nepen6a4asiocsi CTBOPUTH:

IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:
OTpuMmaHi pe3yJIbTaTH: MeTtoay, Teopii

l'as1y3p 3aCTOCYBaHHS: KOCMOJIOTis, Pa/iioaCTPOHOMis
PeecTpaiifiHuii HOMep KapTKH T€XHOJIOT1i:

Omnuc HTII: Pospo6ieni anroputmu Ta CTBOpeHa nporpama Jijist iHTerpyBaHHs CUCTeMY AU(ePEHLITHNX PIBHSIHb,
sIKi OIIMCYIOTBb KiHETUKY (pOpMYyBaHHS Nepmux mosiekya H2, HD,ta HeH+, Ta KiHeTuKy 3acesieHocTel ix 06epToBO-
KOJIMBHUX PIBHIB B YMOBaX PaHHLOTI'O BCECBITY i3 ypaxyBaHHAM JOJATKOBMX MEXaHi3MiB PO3IrpiBy Ta ioHizaii, Takux
SIK TIepBiCHI MarHiTHi NoJisl Ta po3najHi/camoaHirinoooyi yacTuHKY TeMHOI MaTepii. [Iporpama no3BoJisie
3[1iICHIOBATH pPO3PaxyHKU IpodisiB 06epTOBO-KOJUBHUX JIiHill paHHbOT'O BCeCBiTy 110 HanXOOsTh Bif,
IIPOTOTJIAKTUK Ta KOCMOJIOTIYHOTO (POHY, SIK Y BEJIMYNHAX €HEPTeTUYHMX [TOTOKIB TaK i aHTEHHUX TEMIIePaTyp (414

33/IaHMX I1apaMeTpiB pazioTeecKoIiB).
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