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1. IucepTalito NpUCBIYE€HO BUBYEHHIO TEPMOIMHAMIYHOI IOBEAiHKU TPhOX TEOPETUKO-TIOJILOBUX MOZIEJIEN YOPHUX
IIip: CTAaTUYHUX Ta 3 O0EPTAHHSAM, 3 €JIEKTPUYHUM Ta MAarHiTHUM 3apsifaMi, 3 Pi3BHUMU HETiHIMHUMU
€JIEKTPOMAarHiTHMMMU MOJISIMHU, Y IIPOCTOPi-4aci Pi3HUX BUMIDHOCTEN Ta T€OMETPIN B paMKax 3arajabHOI Teopii
BiTHOCHOCTI. [lepi1010 pO3IJISIHYTOI0 MOZEIIIIO € CTAaTUYHA, €JIEKTPUYHO 3aPsIPKEHA YOPHA Jipa i3 4OTUPhOMa
PiBHMMU BUAMU HEJIHIHOTO eJIeKTPOMAarHiTHOTro noJist: creneHeBuM, bopHa-IHdesnbpaa, norapudmivHM Ta
€KCIIOHEHLITHUM Y TPUBMMIDHOMY IIPOCTOPi-4aci 3 BiJl' € MHOIO KOCMOJIOTTYHOIO CTason. OTPUMAaHO PiBHAHHSA
rpaBiTaLiiHOrO Ta €JIEKTPOMArHITHOTO I10J1iB, IXHi TOYHi aHaniTU4Hi po3B'sa3ku. [TokasaHo, mo 1715 1noJis bopHa-
Indenpna ta morapudmivHOTO BifiCyTHS PO36IKHICTh €7IeKTPUIHOrO I0JISI IPY HYJIbOBOMY 3HAY€HHI pafiiajibHO]
KoOpaMHATH. [IpOIEMOHCTPOBAHO CXOXKY SIKiICHY IIOBEJIiHKY OTPYMaHUX PO3B'S3KiB 1714 MOJIiB TUIly bopHa-
Indenpna. CTeneHese eJ€KTPOMArHiTHe I0Jie IIPU NapaMeTpi HeJIiHIMHOCTI piBHOMY OJJMHULII BiATIOBifae JiHiNAHIN
MaKCBEJIiBChKIill eseKTpoauHaMilli. JlocizkeHo KOHPOPMHUI BUIIaIOK CTEIIEHEBOrO MOJIS MPU IKOMY pafiiajibHa

KOMIIOHEHTA €JIEKTPUYHOTO 10715 33/10BOJIbHSIE 3aKOHY OOEPHEHUX KBalpaTiB y TPUBUMiIpPHOMY IIPOCTOpi-yaci,



TEH30p €HePrii-iMITyJIbCy cTae 6e3CIimoBUM, a CKajIIpHa KpUBU3HA IIPUIIMAaE MOCTiliHe 3HaYeHHs. 3HANeHO 3B'SI3KU
MIX CTaJIMMU IHTETPYBaHHS Ta MAKPOCKOIIIYHYMY NTapaMeTPaMU YOPHOI [Iipy — il Macoo Ta IOBHUM €JIEKTPUYHAM
3apsgoM. O6uncIeHo TeMIIEpaTypy BUIIPOMiHIOBaHHS ['OKiHI'a Ta eJIeKTPUYHUIM [I0TEH11iajl Ha TOPU3O0HTI oM
4YOpHOI fipu. JJocaimpkeHo po3mupeHnit (pa3oBuil TEPMOAUHAMIUYHMI IPOCTIp, € BiJ€MHAa KOCMOJIOTiYHA CcTaja
iHTeprpeTyeThCs SIK TEPMOJMHAMIUHUI TUCK 3 60Ky C€peJOBUIIA HA YOPHY Aipy. 3anucaHo Nepimii 3aKOH
TepMOJMHAaMIKU [J1s1 TEPMOAUHAMIUHOI QYHKIii Macy 4OpHOI Iipy, ToKa3aHo, 1110 BOHA Ma€ 3MiCT eHTabIIii.
OTpumaHoO TepMOJVHaMIYHUI 06'eM YOPHOI Iipy, SIKUH CIiBIIafia€e 3 IJIOLEI0 KPyra pafiycy rOpU3oHTY N0l
YOPHOI Aipu. 3anucaHo piBHAHHA CTaHY YOPHOI Aipy Ta BUSABJIEHO MOTO TPUBiaJIbHY KPUTUYHY [TIOBEIHKY —
BifcyTHiCTh a3oBoro nepexony. O64mncIeHo i306apHy TEIJIOEMHICTh YOPHOI AipH, BUAisleHo Hedi3nyHy 06J1acTs ii
BiJl'€eMHOro 3Ha4€eHH4, sIKa BiAnoBigae o6sacTi Bif'€eMHOI TemniepaTypu. [Ipyroo LOCiI>KeHOI0 MOAEJIIIO €
€JIEKTPUYHO 3apsiIpKeHa YOPHa Jipa 3 MOBiJIbHUM OOE€PTAaHHSIM Ta CTEIIEHEBUM €JIEKTPOMArHiTHUM I0JIEM Y
TPUBUMIPHOMY IIPOCTOPI-Yaci 3 BiJj €MHOX KOCMOJIOTIYHOIO CTas1010. OTPMMAaHO PiBHAHHS M0JIA Ta iX pO3B'a3Ku. 11i
PO3B'SI3KU OIMCYIOTHCS IBOMa METPUYHMMU (PYHKLISIMU: AiarOHaIbHOIO Ta HeJlialrOHAJILHOIO, & TAKOX JABOMA
KOMIIOHEHTaMU T€H30pa €JIEKTPOMArHiTHOTO I0JIs: pajiialbHUM €JIEKTPUYHUM Ta MarHiTHUM NoJssgMu. ['paHuns
MOBIILBHOTO OOEPTAHHS BU3HAYAETHCS MAJIMM TIaPaMEeTPOM, 1O € MIOB'SI3aHMUM i3 KyTOBUM MOMEHTOM 4YOPHOI HipH.
JI7151 MarHiTHOTO I10JIs1 Ta HeliaroOHa/IbHOI MeTPUYHOI QYHKIIii 3HalieHO TOYHI KBaAPaTypHi, a TAKOX aHaJliTH4HI
ACMMIITOTAYHI PO3B'SI3KHY, L1 PE3YJIbTATU € OPUTiHAJIbHUMU. PO3B'SI3KNU 17151 €JIEKTPUYHOTO Ta MArHiTHOrO I10JIiB
OTPUMAaHO B 3arajbHOMY BUNAAKY 6€3 HaKJIalaHHs Ha HUX OAATKOBUX 3B'S13KiB. OGrOBOPEHO 3B'SI3KM MiXK CTaIMMU
iHTerpyBaHHs Ta IapameTpaMu YOPHOI Hipy — il Macolo, €JIEKTPUYHUM 3aPSA0M, KYyTOBUM MOMEHTOM. TpeThoio
BUBYEHOIO MOJIEJIJII0 € CTaTUYHA YOPHA Jipa 3 €JIeKTPUYHUM Ta MarHiTHUM 3apsilaMU B eJleKTpoArHaMili bopra-
IHdenba YOTUPUBUMIPHOTO IIPOCTOPY-Yacy 3i CPePUYHOIO, [IJIOCKOIO Ta rilepOoJIiYHOI0 TEOMETPUYHUMU
CTPYKTYpaMu FOPU3OHTY MOiil YOPHOI Aipy 3 Bij'€MHOIO KOCMOJIOTIYHOIO CTaI010. EJIEKTPOMAarHiTHUM JlarpanxKiaH
BopHa-Iadenbga o6paHo B 1OTO OpUTiHAMBHIN GOPMI 3 JBOMA MOJILOBUMU iHBapiaHTamMu. OTPUMAHO MOJIbOBI
PIBHSIHHS Ta iX TOYHI aHAJIITUYHi PO3B'sI3KU. JJOCIIiIpKyBaHa YOpHa Jiipa OMMCYETLCS OJIHI€I0 NiarOHaIbHOI0
METPUYHOIO QYHKIIi€10, pafliaJIbHUM €JIEKTPUYHUM Ta KYTOBUMM MarHiTHUM NOJISIMA. [TiCTaHOBKY 1711 BEKTOpa
NIOTEHLliajly eJIeKTPOMAarHiTHOrO 110151 06paHo B Takiil GopMi, 110 3abe3nedye OJHAKOBi 3Ha4YEHHS iHBapiaHTIB M0JIs
BopHa-Indenbaa, a TakoX eIeKTPUYHI KOMIIOHEHTH €JIeKTPOMAarHiTHOrO 101 JJ1s1 YCiX pO3TJsIHyTUX FeOMeTPiil
rOpU30HTY noAiil. [Tpu npsiMyBaHHI pafiiajibHOI KOOPAUHATH [10 HYJISl €JIEKTPUYHE 10J1€ 3pOCTa€ MOBiIbHIlIE 117151
6isIbIIMX 3HAYE€Hb MArHiTHOTO 3apsay i IpuiiMae CKiHUeHHe 3Ha4eHHs. JJoCipKeHO TEpMOIMHAMIYHI BIaCTUBOCTI
OTPUMAaHUX PO3B'A3KiB y po3umupeHomy $azoBOMY TEPMOANHAMIYHOMY ITPOCTOpi. 3anrcano nepunii 3aKoH
TEPMOJUHAMIKU Ta CHiBBiIHOMWEHHS CMappa AJ1s1 CKiIHY€eHHUX TEPMOAVMHAMIYHUX BEJIMYMH i3 NOIATKOBUMU
yileHaMU noJsisipusalii Bakyymy bopHa-IHdenpaa, o € XapaKTepPHUMHU 0COOJIMBOCTSIMU €JIeKTpoIHaMiku bopHa-
Indenbna. OTpuMaHO pPiBHSIHHS CTaHYy Ta BUBYEHO MOTO KPUTUYHY NOBeHiHKY. Da3oBuil nepexiy Mae MicLe TijibKu
17151 cepUYHOro TOPU30OHTY NOiN YOPHOI Iipy, OTPYMaHO YMOBHU Ha €JIeKTPUYHUI Ta MarHiTHUH 3apsiy, a TaKoX
[apameTp HEJIIHIMHOCTI NpU IKUX el nepexis MoxanBuil. OTpUMaHO TEPMOIVHAMIYHE KPUTUYHE BiIHOLIEHHS Ta

IIPOAHAJIi30BaHO 10r0 OpuUriHajbHi 0CO6MBOCTI. O6YMCIEHO i306apHY TENJIOEMHICTb YOPHOI AipH.

2. The work is devoted to the study of thermodynamic properties of three field-theoretical models of black holes:
static and rotating, electrically and magnetically charged, with different non-linear electromagnetic fields, in
various spacetime dimensions and topologies within General Relativity. The first considered model is a static,
electrically charged black hole with four various types of non-linear electromagnetic field, namely, power Maxwell
invariant, Born-Infeld, logarithmic and exponential in three-dimensional spacetime with a negative cosmological
constant. Equations of gravitational and electromagnetic fields, and their exact analytical solutions are obtained. It
is shown that the electric field in the Born-Infeld and logarithmic electrodynamics does not diverge at the origin.
The Born-Infeld type fields possess similar qualitative behavior. The power Maxwell invariant field with the non-
linearity parameter equal to unity corresponds to linear Maxwell electrodynamics. The conformal source of the
power Maxwell invariant is investigated. In this case the electric field satisfies the inverse-square law in three
dimensions, electromagnetic stress-energy tensor is traceless, and scalar curvature takes a constant value.
Relations between integration constants and macroscopic parameters of black hole, namely, mass and full electric



charge are established. The Hawking temperature and electric potential on the black hole horizon are calculated.
The extended phase space thermodynamics where a negative cosmological constant is associated as environment
pressure is investigated. The first law of thermodynamics is written for the black hole mass, which is interpreted
with enthalpy. The black hole thermodynamic volume coincides with the area of a circle of the black hole horizon
radius. The equation of state of the black hole is written and its trivial behavior is discovered. Also, the heat
capacity at constant pressure is calculated. The second examined model is a slowly rotating, electrically charged
black hole with power Maxwell invariant electromagnetic field in three-dimensional spacetime with a negative
cosmological constant. Field equations and their solutions are obtained. These black hole solutions are described
by two metric functions, namely diagonal and nondiagonal functions, and also two components of electromagnetic
field tensor, namely the radial electric and magnetic fields. The slow rotation limit is defined by a small parameter
which is related to the black hole angular momentum. For the magnetic field and non-diagonal metric function
exact quadrature as well as analytical asymptotic solutions are found, these results are original. The solutions for
electric and magnetic fields are obtained in a general case without the assumption of additional connections
between them. Relations between integration constants and black hole parameters — its mass, electric charge and
angular momentum are discussed. The third studied model is a static, electrically and magnetically charged black
hole in the Born-Infeld electrodynamics of four-dimensional spacetime with spherical, planar and hyperbolic black
hole horizons with a negative cosmological constant. The electromagnetic Born-Infeld lagrangian is chosen in its
original form with two field invariants. Field equations and its exact analytical solutions are obtained. The black
hole is described by one diagonal metric function, radial electric and angular magnetic fields. The ansatz for the
electromagnetic field potential was chosen in the form which gives rise to the same form of electric field and field
invariants for all types of considered horizon geometries. The electric field grows slowly near the origin for larger
values of the magnetic charge for fixed the electric one and is finite. Thermodynamic behavior of the obtained
solutions in the extended phase space thermodynamics are examined. The first law of black hole thermodynamics
and Smarr relation for finite thermodynamic quantities with additional terms of the Born-Infeld vacuum
polarization are written. The black hole equation of state is obtained and its critical behavior is investigated. A
phase transition occurs only for the spherical black hole horizon, and conditions for its existence are given. The
thermodynamic critical ratio is found and its original features are analyzed. Also, the heat capacity at constant
pressure is obtained.
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