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1. Inceprariiio (HayKOBY [OMOBib) MPUCBSIYEHO TEOPETUIHOMY OCJIiIKEHHIO reHepaliii abeseBrx KajibpyBajbHAX
110J1iB Ha cTafii indauii y paHHboMy BeecBiTi Ta pisHOMaHITHUX (PEHOMEHOJIOTIYHUX aCIEKTIB IIbOTO ClLieHapilo:
3BOPOTHOI peakllii 3reHepoBaHUX MOJIiB Ha iHGJIALINHY JUHAMIKY, HAPOI)KEHHS 3apsIP)KEHUX YaCTUHOK 3aBSIKU
edexry llIBiHrepa, renepatii Ta 4acoBoi eBosoLii KipasbHOI acuMeTpii pepmioHiB, GOpMyBaHHSI IEPBUHHUX
CKaJISIPHUX 30ypeHb TOILO. Y MepIIOMY pO3iJii pO3IJISIHYTO B3a€MOJiI0 KalibpyBabHOIO 10JIS 3i CKaJISIPHUM I10JIEM
iH(pIaTOHOM y MOZIEJTi KIHETUYHOTO 3B’13KY. Y JIiHIHOMY PEKMMi €BOJIIOLIii ONMCcaHo reHepario okpemux Pyp’e-

MO/ KaJliopyBaJIbHOTO I10JI8 B iMITyJIb.CHOMY ITPOCTOPI. 3aIIPOIIOHOBAHO HOBUI METOJ, [17151 ONKUCY TeHepallii



Kai6pyBaIbHUX MOJIIB — (popMasti3am rpafieHTHOTO PO3KIazy, 10 NO3BOJISIE CAMOY3TO/I)KEHO BPaxXyBaTH TaKi
HeJIiHINHI SIBUILA, SIK 3BOPOTHA Peakllis 3reHepOBaHUX I10J1iB Ha iHQIIALiHY A1HAMIKY Ta MBIHI'€piBCbKe
HAPOJPKEHHS I1ap 3apS/I’KEHMX YaCTMHOK. 3a JOTIOMOTOI0 IIbOrO METOJy BCTAHOBJIEHO OCOOJIMBOCTI Iepeoiry
PEXMMY CUJIbHOI 3BOPOTHOI peakliii y Mojiesti KIHeTUYHOro 3B’s13Ky: I'yCTHMHA €Heprii 3reHepoBaHUX MOJiB Pi3KO
3YNUHSIETBCS y POCTI i BUSIBJISIE KOJIMBHY NOBEIHKY, iH(IsALiiHa (a3a MogoBXKYeTbCS, a 110J1€ iH(IIATOH CIIOBLIBHIOE
CBO€ CKOYYBaHHS i MJIAaBHO 3CYBAETHCS 10 MiHIMyMY NOTEHIiany. JJpyruil po3[is NPUCBSIYEHO MarHiTOreHe3y B
MoJeJli aKciaZbHOrO 3B'I3Ky KayliOpyBaJIbHOTO 110J1s 3 iHPJIAaTOHOM. 32 JOIOMOro0 (pOopMali3aMy rpalieHTHOrO
PO3KJIaly OTPUMAHO MOZEeIbHO-HEe3aJIeXKHi OLiHKY [1J151 BEJIMYUHU Kali6pyBalbHUX I10JIiB, 3reHEPOBAaHUX Y MOZEi
akcioHHOI iH@aLil. Y peskumi cCuibHOI 3BOPOTHOI peakuii 1okasaHo, 1110 po3B’s130K AH6epa-Cop6o, B IKOMYy BTpaTu
eHeprii nig yac reHepauii Kasi6pyBaIbHOTO M0JIs1 3a0€3I1€YyI0Th JOMiHYyI0UYe I)KEepeJlo TEPTS Mif 4ac CKOYYBaHHS
iH(1aTOHA, HE € CTIKUM y XXOJHi! 06J1aCTi IapaMeTpiB i I0YaTKOBUX YMOB. PO3paxoBaHO CyyacHe 3HAYEHHS
MAarHiTHOTO T0JIs1 y BOIZAX, sIKe MOKe OyTH 3TeHepOBaHe B MOJIeJli aKCiaJIbHOTO 3B’13KY. Y TPETbOMY PO3/ii
[IpPOaHasi30BaHO MOXJIMBOCTI reHepaliii KayniopyBajbHUX OB Y MOZEJSX 3 HEMiHIMQJIbHUM 3B'SI3KOM 3
rpasitaujeto. Y mogensx iH@uauii Iirrca ta lrrca-Ctapo6iHCbKOT0 OTPMMAHO SIBHI BUPa3y [AJ1s1 PYHKLN
KiHETUYHOTO i aKCiaJIbHOTO 3B’13KY KasliOpyBaIbHOIO 1OJIs 3 iH(IaTOHOM B ailHIITAHIBCBKil CUCTEMI BifJIKy.
OmnucaHo reHepatriiio KajibpyBajbHUX OB y JiHIHOMY pe’KHMi 3a BiICyTHOCTi 3BOpPOTHO] peakuii. ¥
mopudixkoBanill mogesni CTapobiHChKOrO NOTEHLIMTHO MOXXYTb OyTU 3reHePOBaHi KalibpyBasbHi 10715 31 CIIEKTPOM,
IO € MacIITabHO-iHBapiaHTHUM a60 HaBiTh Mae YepBOHM yxuil. OJJHAK, 3BOPOTHA PEaKLid, sIKa HEMUHY4€ BUHMKAE
B LIill MOZEJIi, CUJIBHO 3MIHIO€ [IOBEMIHKY CIIEKTPY i HE I03BOJISIE OTPUMATHU JOCTATHIO KOPEJISILIVHY JOBXKUHY
MarHiTHOro 1noJis. Y 4eTBepToMy pO3Jiji BCTAHOBJIEHO OCOOJIMBOCTI LIBiHI'€PiBCbKOTO HAPOIKEHHSI [1ap 3apsIKeHUX
YaCTUHOK i aHTUYaCTMHOK Y CWIbHUX KaJliOpyBaJabHUX MOJISX Nif, yac inaauii. ¥ HabamXeHHi, KOJIu CTpyM
HapOJKEHUX YAaCTMHOK ONMCYETHCS 32 JOMOMOTOIO y3arajJbHEHOro 3aKoHy OMa, 3aCTOCOBAaHO popMaism
rpajiieHTHOTO po3KJIany i MokasaHo, mo edekT [lIBiHrepa CUIbHO IPUTHIUY€E reHepallilo KajJiopyBaJbHUX I10J1iB, TaK
110 iX 3BOPOTHA PEaKllisl 3aBKAY € HEXTOBHOIO. 3 NEPIIMX IIPYHIMIIB BUBEIEHO CUCTEMY KBAHTOBMX KiHETUYHUX
PiBHSIHB, 110 ONMCYIOTh HAPOIKEHHS CKaJISIPHUX YaCTUHOK CUJIBHUM €JIEKTPUYHUM II0JIEM Yy PaHHbOMY Bceecsirti. 3a
IIOIIOMOTOI0 KIHETUYHOTO Ta TiAPOAMHAMIYHOTIO MiAXOAiB PO3IJIAHYTO OMHAMIKY LIBIHI'€PiBCLKOTO HAPOIKEHHS
YaCTMHOK Y CUJIbHOMY €JIEKTPUYHOMY I10J1i | BUSIBJIEHO HEJIOKAJIbHUH Y Yaci XapaKTep iHIyKOBAaHOTO CTPYMY
HapOJKEHUX YACTHHOK, 110 NIOB'SI3aHUM 3 iHepLiHUMU BJIaCTUBOCTSIMU HOCIIB 3apsiay. IT'saTnii po3zin npucssyeHo
ONMCy TeHepalii Ta BpiBHOBaXEHHS KipaJibHOI acuMeTpii pepMmioHiB y paHHbOMY BcecBiTi. 30KpeMa, BCTaHOBJIEHO,
IO B reJTiKaJIbHUX KaslibpyBaJbHUX I0JISIX 3reHEepOBaHa BHACIIIOK KipaJbHOI aHOMaJTii acuMeTpis MOXXe CTAaHOBUTHU
10 25 % BiJ, cymapHOi KOoHILleHTpalii pepMioHiB. 3a JOIIOMOr0OI0 KiHETUYHOTO PiBHSAHHS BosbiMaHa Ta Gpopmarnizamy
JIIHIHOTO BIAIYKY PO3Pax0BaHO MIBUAKICTb YPIBHOBAKEHHS KipaJIbHOI acCUMETPIii 4yepe3 HasABHICTb ¥ YaCTUHOK
HeHyJ1b0BOI Macu. [TokazaHo, 110 TEMII peakliil 3 IEPEBOPOTOM KipaJIbHOCTI € BEJIMYMHOIO [IEPIIOTO MOPSAIKY 3a
CTaJIOK TOHKOi CTPYKTYpH, @ TOMY MOTO YMCeJIbHE 3HAa4eHHS y PaHHbOMY BcecBiTi pubIM3HO Ha TP MOPSIKU
6inbIe, HiXK O4iKyBasI0Cs 3 HAiBHMX OLIHOK. Y IIOCTOMY PO3/iJli JOCiI)KeHO reHepallilo IEPBUHHUX CKaJSIPHUX
30ypeHb mif yac indsuii y npucyTHOCTI Kani6pyBanbHUX 07iB. OTpUMaHO AudepeHLianbHe PiBHSIHHS 1151
30ypEHHSs KDUBMHHY, SIK€ BPAXOBY€E BILJIMB KaJIi6pyBaIbHOTO I0JIs SIK HA GOHOBY AMHAMIKY, TaK i Ha €BOJIIOLIiI0
CKaJISIPHUX 30ypEHb Yepe3 IPKEPEJIO, SIKe € KBaJ[paTUYHMM 32 OllepaTOpaMi KajlibpyBajbHOTO I0JIs i TPU3BOAUTD /10
HEerayCcoBOCTi 30ypeHb KpMBUHU. OTPUMAaHO 3arajbHi BUPa3u s CIIEKTPIB JBO- i TPUTOYKOBOI KOPEJISILITHUX

(yHKLi TEPBUHHUX 30YPEHb.

2. This thesis (scientific report) is devoted to a theoretical study of the generation of Abelian gauge fields at the
stage of inflation in the early Universe and various phenomenological aspects of this scenario: the backreaction of
the generated fields, the production of charged particles due to the Schwinger effect, the generation of fermionic
chiral asymmetry, the formation of primordial scalar perturbations etc. In the first section, we consider the
interaction of the gauge field with the inflaton scalar field in the kinetic coupling model. The generation of
individual Fourier modes of gauge fields in momentum space is described in the linear evolution regime. We
propose a new method for the description of the gauge field generation, the gradient expansion formalism, which
allows us to take into account such nonlinear phenomena as the backreaction of the generated fields to



inflationary dynamics and the Schwinger production of pairs of charged particles in a self-consistent manner. This
method was used to determine the peculiarities of the strong backreaction regime in the kinetic coupling model:
The energy density of the generated fields stops growing abruptly and exhibits oscillatory behavior, the
inflationary phase lengthens, and the inflaton field slows down its rolling and smoothly slides to the minimum of its
potential. The second section is devoted to magnetogenesis in the model of axial coupling between the gauge field
and the inflaton. Using the gradient expansion formalism, we obtain model-independent estimates for the
magnitude of gauge fields generated in the axion inflation model. In the strong backreaction regime, it is shown
that the Anber-Sorbo solution, in which energy losses due to the gauge field production provide the dominant
source of friction during the rolling of the inflaton, is not stable in any region of parameters and initial conditions.
We calculate the current value of the magnetic field in voids that can be generated in the axial coupling model. In
the third section, we analyze the possibilities of generating gauge fields in models with a nonminimal coupling to
gravity. In the Higgs and Higgs-Starobinsky inflation models, explicit expressions for the kinetic and axial coupling
functions in the Einstein frame are obtained. The generation of gauge fields in the linear regime in the absence of
backreaction is described. The modified Starobinsky model can potentially generate gauge fields with a spectrum
that is scale-invariant or even red-tilted. However, the backreaction that inevitably occurs in this model strongly
changes the behavior of the spectrum and does not allow for a sufficiently large correlation length of the magnetic
field. In the fourth section, we study the peculiarities of the Schwinger pair-production of charged particles and
antiparticles in strong gauge fields during inflation. In the approximation where the current of the produced
particles is described by the generalized Ohm’s law, we apply the gradient expansion formalism and show that the
Schwinger effect strongly suppresses the generation of gauge fields, so that their backreaction is always negligible.
A system of quantum kinetic equations describing the production of scalar particles by a strong electric field in the
early Universe is derived from first principles. Using kinetic and hydrodynamic approaches, the dynamics of
Schwinger particle production in a strong electric field is considered and the nonlocal character of the induced
current of the produced particles is revealed, which is related to the inertial properties of charge carriers. The fifth
section is devoted to the description of the generation and equilibration of the chiral asymmetry of fermions in the
early Universe. In particular, it is found that in helical gauge fields the asymmetry generated by the chiral anomaly
can be up to 25 % of the total fermion number density. Using the Boltzmann kinetic equation and the linear
response formalism, we calculate the rate of equilibration of the chiral asymmetry due to the presence of nonzero
particles’ mass. It is shown that the rate of reactions with chirality flipping is nonzero already in the first order in
the fine structure constant, and therefore its numerical value in the early Universe is about three orders of
magnitude larger than expected from naive estimates. In the sixth section, the generation of primordial scalar
perturbations during inflation in the presence of gauge fields is studied. A differential equation for the curvature
perturbation is derived, which takes into account the influence of the gauge field on both the background
dynamics and the evolution of scalar perturbations through the source term which is quadratic in the gauge field
operators and leads to non-Gaussianity of the curvature perturbations. The general expressions for the spectra of
two- and three-point correlation functions of the primordial perturbations are obtained.
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Bnacwue IpizBume Im's I1o-6aTbKOBI Jles borpan IBaHoBIY

TOJIOBH pajgu



Biacue IpizBuie Im's I1o-6aThKOBI Jles borpan IBaHoBIY
TOJIOBYIOYOTO Ha 3acCiiaHHi
BigmoBimanbHuMil 3a MiArOTOBKY Byenuit cekperap crienpany fApocnas 30JIOTAPIOK

00JIiKOBUX JOKYMEHTIB

PeecTparop VkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIIOBiZaJIbHUM 32 peECTpallilo HAayKOBOIi IOpuenko TeTsHa AHaTosiiBHA

OisSIIBHOCTI




