O6J1ikoBa KapTKa [IiP

I. 3arasibHi BimOMOCTI

Jep>kaBHUH 00J1iKOBHI HOMeP: 0225U001598

Jep>kaBHUH peecTpaniliHUI HOMeP: 0122U001834

Oco06J1uBi TO3HAYKHU: Binkpura

JaTa peecrtpaunii: 03-02-2025

II. Etran BukoHnauus JiP
Homep eramny: 1

Ha3sBa eramy: MozesnoBaHHs CBiYeHHS €JIeMEHTIB BeJIMKOMACIITAGHOI CTPYKTYPY PAaHHBOTO BCECBITY i 3aIHIIKiB

rajlaKTUIHNX HAOHOBUX Tad CIIOCTEPEKEHHS 3MiHHUX 31p
IToyaTok eramy: 01.2022
3akiH4YeHHs eTamy: 12.2024

Buz 3BiTHOrO AOKYMEHTA: OCTaTO4HMIA 3BiT

I11. BizomocTi npo BukoHaBus JIiP

IloBHe HaliMeHYBaHHSI IOPUAHUYHOI 0co0H (260 ITIB ¢i3zuyHOi 0c00H): JIbBiBCHKMII HALIOHATIBHMIA

yHiBepcureT iMmeHi [BaHa Ppanka

Kopg 3a €IPIIOY: 02070987

Micue3HaxoaKeHHS: ByJI. VHiBepcuTeTchKka, 6ya. 1, M. JIbBiB, JIbBiBCchKa 0671., 79000, Yrpaina
dopma BaacHoOCTI:

Cdepa ynpaBitiHHS: MiHictepcTBo OCBiTH i HayKu YKpaiHu

InenTudgikarop ROR: He zacrocosyerscs

Poamip opranisarii:

Tenedomn: 380322616048

IV. BimomocrTi nnpo criiBBUKOHaBIIiB [IiP



V. BimomocrTi npo 3amoBHHKa [IiP

IloBHe HaliMeHYBaHHS IOPUIUYHOI 0coou (a6o ITIB ¢izuyHO0i 0c00H): MinicTepcTBO OCBiTH i HayKK

Ykpainu

Kog, 3a EJPIIOY: 38621185

Micuesnaxo,szeHHa: npocnekt I[lepemoruy, 6yz. 10, M. Kuig, 01135, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: KaGiser MiicTpis YkpaiHu

ImenTudikarop ROR: He zacrocoyerbcs

Poamip opranisanii:

TenedoH: 380444813221

VI. I>kepeJia, HanpsiMHu Ta oocsiru pinaHcyBaHHs JIiP

IlincraBa ojist npoBeaeHHs [iP: 34 - norosip (3aMOBJIEHHS) 3 IEHTPaTbHUM OPraHOM BUKOHABYOI BIajy,

akazemielo HaykK (TOJIOBHUMM PO3NOPSIHUKAMU OI0pKETHUX KOWITIB Ha TposefeHHs HIIJIKP)

Hampsam (l)iHchyBaHHﬂ: 2.1 - pyHIaMeHTabHI JOCIIIPKEHHS
I>kepesia piHaHCYBaHHS

7713 - KOWTH ep>KO0I0A KeTy

Kop, nporpamuoi kiaacudikarnii BuzaTKiB i KpeagurysBaHHs (KITKBK): 2201040

dakTuuHmi 06car ¢piHaHCyBaHHA (THC. rpH.): 3112.900




VII. BizomocrTi npo IiP
Ha3sBa po6oTH yKpaiHCBHKOIO:

MojenoBaHHS CBiYEHHS €JIEMEHTIB BEJIMKOMACIITAa6HOi CTPYKTYpPY PAaHHBOT'O BCECBITY i 3aJIMIIKIB raJJaKTUYHUX

HAaOHOBUX Ta CIIOCTEPEKEHHSAI 3MiHHHUX 31p

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Modeling the luminosity of elements of the large-scale structure of the early universe and the remnants of galactic
supernovae, the observation of variable stars

Pedepar yKpaiHCBKOIO:

BuBueHo ¢popmyBaHHS JliHil HaNTOHKOI CTPYKTYypHu 21 CM aTOMa BOJHIO B KOCMOJIOTUHI ernoxu TeMHUX BiKiB
(20<z<200), Kocmiunoro Caitanky (10<z<20) i Peionizauii (6<z<10), Ta ii 4yT/IMBOCTi 10 3Ha4€Hb KOCMOJIOTIYHUX
IIapaMeTpiB, a TAKOX (Pi3UYHUX YMOB i CKJIaZly MiXKTaJlaKTUYHOTO cepenoBuia. JocaimkeHo GopMyBaHHs MIePIINX
mosiexys H2, HD ta HeH+ B MibkraslakTMMHOMY Ce€pefoBUILi Ta B rano TeMHUX BikiB Ta KOCMIYHOTrO CBiTaHKy Ta
PO3paxoBaHo I106ajbHi CUTHAIM B 00€PTOBO-KOJIMBHUX JIiHISIX LUX MOJIEeKyJl. [1o6y0BaHO MOJieli ClIEKTPajibHOi
I'yCTUHM BUIIPOMiHIOBAHHS NIEPIIMX IPKEPEJI CBiTJIa, HEOOXiIHY IJ1s1 IOBHOI peioHi3alii BomHIO Ha z~6-8 B
IPUIYLIEHH] HOr0 TENJI0BOTO €HEPreTUYHOro po3nominy. JocaimkeHno Kocmiuny naByTrHy Ta Benmkomacmtabny
CTPYKTYpY BcecBiTy MeTOLaMU TOMOJIOTIYHOTO aHaIi3y Ta NEPCUCTEHTHOI romoIorii. JIoCmiI)KeHo BIIUB
HaBKOJIO30PSIHOTO CEPEIOBHUIIA HA CIIEKTPY KOCMIYHUX ITIPOMEHIB i HETEIJIOBE BUIIPOMIHIOBAHHS 3aJIMIIKIB
HaIHOBUX 3ip. [Toka3aHo K mpodii minbHOCTI rady Ta TeMnepaTypu 0yIb0aloK yTBOPEHUX BiTPOM 3aJIUIIKY
HAJHOBOI pa3oM i3 MarHiTHUM I0JieM i TYpOyJIEHTHICTIO PO3CilOBaHHSI PETYJIIOI0Th CIIEKTPU IIPUCKOPEHUX YaCTUHOK
3aJIMIIKaMU HaJHOBUX. [ToKkazaHo, 0 KOMIIPECis raJakTHYHMX KOCMIYHUX [IPOMEHIB (PPOHTAMU yJIapPHUX XBUJIb
3aJIMIIKIB HAAHOBUX HE 37]aTHA MOSICHUTY iXHIO SICKPaBiCTh B raMma JliarnasoHi. OTpUMaHO OOMEXXEHHS Ha
rapaMeTpy KOCMOJIOTIYHOI MOZEIi 3 TOJATKOBOK B3a€EMOJIEI0 MK TEMHOIO €HEPTi€I0 1 TEMHOI0 MAaTEPIEIo 110
nanum criocrepeskenb CMB, BAO Ta SN Ia. [TpoBefieHi ciocTepeskeHHsI Ta Ha iX OCHOBI OTpUMaHi gudepeHIiniHi
KpUBi 6JIMCKY 3aTEMHIOBAHO MOABIMHMX 3ip Ta BU3HAYEHO iX OCHOBHI IIapaMeTpu: opbiTajbHUI epiof,
reJliolleHTpUYHi MOMEHTHU ['0710BHOTO Ta BroprHHOro MiHiMyMiB 6s11cKy, O-C 3MmillleHHSI MOMEHTIB 060X MiHiMyMiB

IIJISI TAHOI €TI0XU CIIOCTEPEXKEeHb, TOMIO.

Pedepar aHr1ilicbKOIO:

The formation of the line of the hyperfine structure of the 21 cm hydrogen atom in the cosmological epochs of the
Dark Ages (20<z<200), the Cosmic Dawn (10<z<20), and Reionization (6<z<10) was studied, and its sensitivity to the
values ooof the cosmological parameters, and as well as the physical conditions and composition of the intergalactic
environment. The formation of the first H2, HD, and HeH+ molecules in the intergalactic medium and in the Dark
Ages and Cosmic Dawn haloes was studied, and the global signals in the spin-vibration lines of these molecules
were calculated. Models of the spectral density of radiation of the first light sources, necessary for the complete
Reionization of hydrogen at z~6-8, assuming its thermal energy distribution, were constructed. The Cosmic web
and the large-scale structure of the Universe were studied using topological analysis and persistent homology. The
influence of the circumstellar medium on the spectra of cosmic rays and the non-thermal radiation of supernova
remnants was studied. It is shown how the gas density and temperature profiles of the wind-generated bubbles of
the supernova remnant, together with the magnetic field and scattering turbulence, regulate the spectra of
particles accelerated by supernova remnants. It is shown that the compression of galactic cosmic rays by shock
wave fronts of supernova remnants cannot explain their brightness in the gamma range. Constraints on the
parameters of the cosmological model with additional interaction between dark energy and dark matter were
obtained based on the data of CMB, BAO, and SN Ia observations. The observations were made, and the differential
brightness curves of dimmed double stars were obtained based on them, and their main parameters were
determined: the orbital period, the heliocentric moments of the Main and Secondary minima of brightness, the O-



C displacement of the moments of both minima for the given epoch of observations, etc.

Inpexc YIK: 524.8, 52.8; 524.3; 524.4; 524.5

Koau TemaTHYHHUX PYOpPHK: 41.29.17

KepiBHUKH po6OTH

BiacHe IIpizBume Im's I1o-6aThKOBI: Hosocsanmii Borgan CtenaHoBuy
HaykoBHH CTYHiHB: 1. d.-M. H., 4wi.-Kop. HAHY

BueHe 3BaHHSI: nmpodecop

Inentudikarop ORCID ID:

HoparkoBa indopmamuist:



VIII. HaykoBa (HayKoBo-TexHiuHa) npoaykuist (HTII)

Ha3zsa HTII ykpaiHCBKOIO: Komm'loTepHA MOZIEJIb CBIY€HHS Y JIiHii 21-cM aTOMIB rizporeny 3 enox TeMHuX

BiKiB i KocmiyHOro cBiTanky BcecBiTy

Hazpa HTII anriiicbKor0: Computer model of the glow in the 21-cm line of hydrogen atoms from the Dark

Ages and the Cosmic Dawn of the Universe

HTII, sixy nepen6a4asiocsi CTBOPUTH:

IIpuunnn, yepe3s aki HTII He Gysi0 cTBOpeHO:
OTrpumaHi P€3yabTaTH: Metoau, Teopii, [Iporpamui npoayktu
l'asry3p 3aCTOCYBaHHS: paioaCTPOHOMIsI, KOCMOJIOTis
PeecTpaiifiHuii HOMep KapTKH T€XHOJIOT1i:

Omnuc HTII: Pospo6ieni anroputmu Ta CTBOpeHa nporpama Jijist iHTerpyBaHHs CUCTeMY AU(ePEHLITHNX PIBHSIHb,
4Ki ONUCYIOTh iOHI3aLiIHMIA CTaH ra3y B IPOTOraJlaKTUKaX i B MIKraJlakTUYHOMY IIPOCTOPi PaHHLOTO Beecsity,
KiHETHKY 3aCeJIEHOCTEN PiBHIB HAJJTOHKOI CTPYKTYPH aTOMIB TiIporeHy, Ta HaJIMIIKOBY €MiCilo /TIOTJIMHAHHS
aTOMIB TifiporeHy B JiHii 21-CM KBaHTIB PeJIiKTOBOIO BUIIPOMiHIOBaHHS. [Iporpama n03Bosisie 30iliCHIOBAaTH
po3paxyHKu npo@iis JiHii 21-cMm paHHbOrO BeecBiTy 1110 HAAXOTD Bif IPOTOrajakTHUK Ta KOCMOJIOTIYHOTO (POHY,

SIK Y BEJINYMHAX €HEPreTUYHMX MOTOKIB TaK i aHTEHHUX TeMIIEPATyP (IJ1s1 33JaHNX [1apaMETPiB PafioTeNeCKOIIiB).

ConianbHO-eKOHOMIYHA cripsimoBaHicTh HTII: Tnanysanns pasiioacTpOHOMIYHUX CIIOCTEPEKEHD,

OTPUMAaHHA HOBUX 3HAHb
Bnyins HTII Ha moBKiJjs:
BnpoBagskeHHs HTII: Briposagkeno
ITpakTuyHa peasnizanis HTTI
IToyaToK eramy:
3aKiHYeHHs eTamy:
Crno>kuBavi NPOAYKILii:
IlepcneKTHBHI PHHKHU:
XapakTep CriBpOoGIiTHHIITBA 3 iHBECTOPOM
IloTpiOGHMI 0GCAT iHBECTHILiH, THC. TPH.:
IlpaBa, 0 HaJAIOThCS iHBECTOPY MiCJIsA 3aBEPIIEHHSI POOOTH:
HasaBHicTb 0i3Hec-IJIaHY:
TexHiKO-eKOHOMiYHe OOrpyHTYBaHHSI:
IToreH1iaIbHUI 0OCST IIPOJAIKY, THC. TPH..
OuikyBaHHI TepMiH OKYIHOCTi (pPOKiB):
JopaTtkoBa iHdpopmamist:
Hazsa HTII praiHCbKOIOZ JocifgskeHHs BeJIMKOMACIITa6HOi CTPYKTYpH BCECBITY $IK CKJIAHOI MEPEeXXi
HasBa HTII aHI/IiHiCbKOIO: Research on the large-scale structure of the universe as a complex network

HTII, sixy nepezn6ayasiocsi CTBOPUTH:



IIpuunnu, yepe3s saki HTII e Gysio cTBOpeHO:
OTpuMaHi pe3yJIbTaTH: Mertoay, Teopii

l'asmy3b 3aCTOCYBaHHS: KOCMOJIOTIS, CKIALHI Mepesxi
PeecTrpanifiHuil HOMep KapTKH TE€XHOJIOTii:

Omnuc HTII: Pospo6ka crocyerbest pyHAaMEHTATBHOTO HOCIIKEHHS BEJIMKOMACIITA6HOI CTPYKTYpU Beecsity 3a
ZOTIOMOTOI0 METO/IiB CKJIAIHUX MePEeX. MeTOAM CKIAIHUX MEPEX 103BOISIOThCS KJIACU]PiKyBaTH rajio TEMHO]
Marepii 6araTo4acTMHKOBUX KOCMOJIOTIUHMX CUMYJISLIH 32 IXHIM 110js10’keHHsIM B KocMivHil 1aByTUHi i BifnoBigHO
IOTIOBHIOIOTD iXHIO XapaKTEPUCTHUKY SIK €JIEMEHTIB aByTUHU. 3 IOIIOMOTOI0 PO3PAaXxOBAHUX MEPEXKEBUX METPUK
3'BJII€TbCS MOXKJIMBICTb NIEpe6aunTH iXHi CIOCTEPEXKHI XapaKTEePUCTUKU, 30KPeMa IIPHUHAJIEXHICTb 1O CTPYKTYPU
[I€BHOT'O TOIIOJIOTIYHOrO TUILY. BUKOpHCTaHHS po3po06KM Jlae 3MOTy NpokyiacudikyBaTH rajo TeMHOI MaTepii 3a
IIPUHAJIEXKHICTIO 10 HACTYIIHMX TUIIB CTPYKTYP: IOPOXXHUH, (PilaMeHTIB, CTiH ab0 HaJCKyNueHb. Y KOMOiHaLji i3
BUKOPUCTAHHSIM MOJEJi MallMHHOTO HaBuaHHs Tuny XGBoost random forest 1151 po3po6ka 103B0JIsIE LOCATTU
BHCOKOI TOYHOCTI Kacudikarii (6ispime 85%). [Tpu iboMy $IK BXiJiHi IaHi BUKOPUCTOBYIOThCS JIMIle KOOPAWHATH Ta

MacH rajio TeMHOI MaTepii B CUMYJIALI.
ConiannbHO-eKOHOMIYHA crpsimoBaHicTh HTII: Tinroroska daxisuis y cucremi ocity, 30kpema daxisijis
BUIIOi KBamidikariii.
Brnyius HTII Ha moBKiJjs:
BnposapaskeHHst HTII: Briposamkeno
IIpakTnyHa peasnisanis HTII
IToyaTok eramy:
3aKiHYeHHs eTamy:
Crnio>KuBavi NPOAYKILii:
IlepcneKTHBHI PUHKHU:
XapakTep cniBpOOiTHHIITBA 3 iHBECTOPOM
IloTpiOHMI 006CAT iHBECTHILiM, THC. TPH.:
IIpaBa, 10 HaAAIOTHCS iHBECTOPY MiCJIsA 3aBEPLIEHHS POOOTH:
HasaBHicTb Oi3Hec-IJIaHY:
TexHiKO-€eKOHOMiYHe OOrpyHTYBaHHSI:
IloTeH1iaIbHUE 006CAT IIPOJAKY, THUC. TPH..
OuiKkyBaHHI TepMiH OKYIHOCTi (POKiB):

HoparkoBa iHdopmamist:
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