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V. BizomocTi npo gucepraniio
MoBga guceprariii:
Koau TemaTHYHHUX PYOPHK: 29.05.45, 27.35.39

Tema gucepranii:
1. KocmosioriyHi Moiesti 3 HEB3a€MOiI0YMMY Ta B3a€EMOJII0OYMMY iI€a/IbHUMU PilMHAMMU i CKaJISIPHUMMU T1OJISIMU:

($oHOBI MopeJi Ta ix 30ypeHHs

2. Cosmological models with non-interacting and interacting perfect fluids and scalar fields: background and
perturbations

Pedepar:

1. Incepratis NpuCBsY€Ha BUBYEHHIO KOCMOJIOTTYHUX MOJIEJIEH 3 ilea/IbHUMU PilMHAMMY i CKJISIPHUMM I1OJISIMHY, iX
(OHOBUX MOZEJEH, a TAKOXK 30ypeHb. B pamMkax MexaHi4YHOro migxomy 6yJ10 JOCiIPKEHO CKasSIpHi 30ypeHHs
dpinman-PobepTcoH-YOoKep METpUKH IIIMO0KO BCepeNrHI KOMIpKU OHOPinHOCTI A1 Mozesi BeecsiTy,
3alI0BHEHOTO HEOJHOPIAHO PO3IOAiNIEHUMHU AUCKPETHUMU CTPYKTYpPaMHU (TajlakKTUKaMU, FPylaMu Ta KjlacTepamu
rajlakTHK), KOCMOJIOTIYHOIO KOHCTAHTOIO Ta if1eaJIbHOI0 PiJHOIO 3 Bil€MHMM CTQJIUM IIapAMETPOM PiBHSIHHS CTaHy.
B pamkax BUKOPHCTAHOTrO MifX01y, TaKi PiIMHY € CyMICHUMU 3 TEOPI€I0 CKaISIPHUX 30yPEHb Y BUMIAIKY
HEOJHOPIIHOCTI (KJ1IaCTEepPU30BaHOCTI) Ta BiATIOBIHOCTI NapaMeTpa PiBHSHHS CTaHy 3HaYeHHIo 0 = -1/3. BinnosinHi
(i3sn4HO OOI'PYHTOBAHI PO3B'SI3KU PiBHSHHS [1J711 HEPEJISITUBICTCKOrO IPaBiTalliiHOrO NOTEHIially MalOTh MicCLie JJ1s1
IIJIOCKO], BIIKPUTOI Ta 3aKpUTOi Tomosorii Beecsity. [y KOCMOJIOTiYHOI MOzeli BececBiTy, 3alI0BHEHOTrO CKaJIIPHUM

rosieM, MiHiMaIbHO 3'€JHAHUM i3 TpaBiTalli€l0, a TAKOXK MUJIOTOAIOHOI PEYOBMHOIO Ta pPafialliero, 3B's13aHe



CKISPHE I10JI€ B PaMKaxX MEXaHiYHOr0 MigXo4y NOBOJUThCS SIK IBOKOMIIOHEHTHA ifieasibHa pifyHa (KOCMOJIOTiYHa
KOHCTaHTa Ta Mepeska PPyCTPOBAaHMX KOCMIYHUX CTPYH), @ IOTEHIiaJl TAKOTO CKaJISIPHOTO I0JIS1 B JAHUK MOMEHT
yacy € IyKe IIJIOCKMM J1s1 laHoi Mogiedti. [TokasaHo, o ¢iyKTyallii 'yCTUHY €HePrii CKaIsIpHOTO MOJIst
30CEPEIKYIOTECS HABKOJIO rajlakTUK, €EKPaHYIO4H iX rpaBiTaliiiHi noTeHuiany. B pamkax nigxomy KOCMOJIOTIY4HOTO
€KpaHyBaHHS BUBYEHO BIJIMB MEKYJISIPHUX MBUAKOCTEN Ha rpaBiTalliiHUI NOTEHLia 1715 MoJeli BececsiTy,
HaIlIOBHEHOTO if1eaIbHOI0 PiMHOIO i3 MOCTIMHUM NTapaMeTPOM PiBHSHHS CTaHy - HAIIPUKJIAJ, pasiauiero. s
pazianii oTpruMaHo BUpa3 1151 TpaBiTaliiHOro NOTEHIialy B iHTerpaibHil (OopMi, a TAKOX IIPOJIEMOHCTPOBAHO
MOZYJISILIIIO TPaBiTALiIHOrO NOTEHIialy aKyCTUYHUMU OCLUWJISILLISIMY Y€PE3 HASIBHICTb MEKYJISIPHUX IIBUJIKOCTEN
(uncenpHUN po3paxyHOK). Kpim TOro, nokasaHo, 1o NeKysapHi IBUIKOCTI BIVIMBAIOTh HA TPaBiTalliiHUU MTOTEHILiall

y BUMNAJKY PPYCTPOBAHOI Mepe>Xi KOCMIYHUX CTPyH 3 0= -1/3.

2. The Ph.D. thesis is devoted to investigations of cosmological models with perfect fluids and scalar fields at the
background and perturbed levels. The theory of scalar perturbations is a powerful tool to investigate cosmological
models, allowing us to consider such perturbation at any stage of the Universe evolution. It was studied the scalar
perturbations of Friedmann-Robertson-Walker metrics of the Universe deep inside the cell of uniformity at the
late stage of its evolution, using the mechanical approach, which works for the models where the peculiar
velocities of the inhomogeneities (galaxies, groups, and clusters of galaxies) could be considered as negligibly small
(as compared to the speed of light), and on scales smaller than the cell of uniformity. Thus, on the one hand, the
peculiar velocities in this approach do not affect the gravitational potential. On the other hand, the energy density
of those perfect fluids are concentrated around the dust-like matter (in the form of galaxies). In this meaning, they
could be considered as coupled. We have investigated the Universe filled with inhomogeneously distributed
structures (galaxies, groups and clusters of galaxies), cosmological constant and perfect fluid with the negative
constant parameter of the state equation. Within the mechanical approach, those perfect fluids with the constant
negative parameter of the equation of state are compatible with the theory of scalar perturbations as long as they
are inhomogeneous (clustered) and have the parameter of the equation of state o = -1/3 (for example, the frustrated
network of cosmic strings could fit all the requirements for a role of that perfect fluid, but frustrated domain walls
are ruled out within the mechanical approach because they have o = -2 /3). Then, it was shown that the physically
reasonable solutions of the equation for non-relativistic gravitational potential take place for flat, open, and close
Universe topology. For the cosmological models of the Universe filled with the dust-like matter, radiation and
scalar fields, minimally coupled to the gravitation, the coupled scalar field within the mechanical approach behaves
as a two-component perfect fluid (cosmological constant and the frustrated network of cosmic strings), and the
potential for that scalar field at the current time is very flat. Also, the scalar field’s energy density and pressure
were investigated that with the mechanical approach, and they fluctuate as a result of the gravitational potential
and background scalar field interaction, and the energy density fluctuations of the scalar field are concentrated
around galaxies and screen their gravitational potentials. In the cosmic screening approach (where the peculiar
velocities of inhomogeneities are not neglected and early Universe can be investigated as well), we have studied
how the peculiar velocities affect the gravitational potential for the Universe filled with the perfect fluid with a
constant parameter of the equation of state, e.g. radiation. For the radiation, it was obtained the expression for the
gravitational potential in the integral form. It was also demonstrated the gravitational potential modulation by
acoustic oscillations (numerical calculations). Besides that, it was shown that the peculiar velocities affect the
gravitational potential in the case of the frustrated network of cosmic strings with o = -1/3.
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