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1. Incepraniiina po60Ta IPUCBIYEHA JOCIIKEHHIO (Pa30BUX NIEPEXOiB i TEPMOAMHAMIYHUX BIACTUBOCTEN CUCTEM

B32€MOJiI0YMX OO30HIB, 110 CKJIAAAI0THCS 3 YACTUHOK i aHTMYACTUHOK 32 HEHYJIbOBUX i30CIIIHOBUX I'YCTUH. Y IIEHTPi

yBaru — ~-Me30HHI CUCTEMH, 5Ki BUCTYIIAIOTh IPUPOSHOIO MOJEJLIIIO IJIs1 BABYEHHS CUJIBHO B3a€MOII0Y0I MaTepii

IIPY BUCOKUX I'yCTUHAX i TEMIIEpaTypax, XapaKTepHUX [1J1s1 IPOLIECiB y paHHbOMY BcecBiTi, HEHTPOHHUX 3ipKaXx i

PENATUBICTCHKUX 3iTKHEHHSIX BXKKUX i0HIB. AKTYyaJIbHICTh TEMU 3YMOBJIEHA TIOTPEOOIO y ITIMOLMIOMY PO3yMiHHI

($Ha30Boi CTPYKTYypU afpOHHOI MaTepii, 30Kpema NMoBeliHKY Me30HHUX CUCTEM IIPpY CKiHYEHHUX TeMIIEpaTypax Ta

i3ocniHOBUX rycTUHaX. [1ioHY, K Haljeri aipoHY 3 HEHYJIbOBUM i30TOIIIYHUM 3apsOM, € ileaIbHUMU 00’eKTaMu

IJ11 BUBYEHHS SIBULI 6003€-alHIITalHiBCbKOI KOHIEH allii B yMOBaxX CUJIbHOI B3aemo[ii. TeopeTnyHi Ta

€KCIIepMMEHTAJIbHI JOCiIKEHHS BKa3yIOTh, 10 32 IIEBHUX YMOB ~ME30HU MOXYTh (OpMyBaTH 603e-KOHAEHCAT,

SIKMI TIOTEHIIiFIHO BILJIMBA€ Ha €BOJIIOLIiI0 I'yCTOi aipOHHOI MaTepii. MeTo poboTu € obynoBa y3roiKeHoi



T€PMOJMHAMIYHOI MOZEJI, 30aTHOI OIMCATH MOBEiHKY 6araTOKOMIIOHEHTHOI CUCTEMU OO30HIB Y IIUPOKOMY
Jliara3oHi TeMIIEpaTyp i [YCTUH, 3 ypaxyBaHHSIM BiJJlITOBXYBaJbHUX i IPUTATAIBHUX B3a€EMOIiN Mi’K YACTMHKAMU.
OCHOBHMMU pe3yJbTaTaMu POOOTH € HACTYIIHI: ®* PO3p006JIeHO CaMOy3rolpKeHy TEPMOAUHAMIUHY MOZEJIb
CepeJHbOrO MOJIs 111 CUCTEMU B3a€MOJiI0YMX ~ME30HIB 3 YpaxyBaHHSM BiIIITOBXYBAaHHS Ta IPUTSTaHHS, IPUAATHY
17151 OTIUCY SIK 603e-KOoHeHcallil, Tak i ¢pa30Bux nepexoxis tuily “pinuHa-rasz”. ® Po3niieHo pesxxumu “cyiabroro” i
“CcrIbPHOTO” IPUTSITaHHS MK IIOHaMH, SIKi BUBHAYAIOTh TUII HAasiBHUX (Ha30BUX NIepeXOiB: APyTrui pif Ipu c1abKii
B3aeMOZii i nepmuii pig py cuipHil. * [Ioka3zaHo HasBHICTb B MOJIEJIbHIN cucTeMi 3 KOMOiHalii pi3HOro BUAY MiOHIB
HasIBHICTb (PA30BUX M€PEXOiB, SKi MOXKYTb 3auillaTy JIMIIE OGHY 3 KOMIIOHEHT. * OnucaHo “BipTyanbHuil” GpazoBuil
nepexin apyroro pony 6e3 yTBOpeHHs l1apaMmeTpa MopsiaKy. * [lokazaHO MOKIIMBICTb YTBOPEHHS IIOBIHHOTO
KOHJIEHCATY, i 0 MOJBIHNI KOHJIEHCAT YaCTMHOK T4 aHTUYACTUHOK iCHYy€ 3a HYJIbOBOTI'O XiMiYHOrO MTOTEHIIialy. ®
[To6bymoBaHo y3aranbHeHi IpaBuia Makcsesia i ¢pas3oBi fiarpaMu CUCTEMH, sIKi BpaXOBYIOTh HAasIBHICTb KOHAEHCATY
ta $a30BoOro nepexony TUmy “pinrHa-ras”. * O6roBOpeHO MeXi 3aCTOCOBHOCTI KAHOHIYHOTO i BEJIMKOI'0 KAHOHIYHOTO
aHcamoJ1iB, TOKa3aHo, 1110 OCTaHHIN HEKOPEKTHU y (a3i KOHAEeHCaTy. ® 3alpOlIOHOBAaHO MoudiKalilo Moei
yepes [NOaBaHHS €JIeKTPUYHOI B3aeMOJii, OLIHEHO BIJIMB €JIEKTPUYHOI B3a€MOJil HA TEpPMOAVHAMIYHI
XapaKTEPUCTUKU CUCTEMU. X0ua JOCTiIPKEHHSI Mae TEOPETUYHUI XapaKTep, HOro pe3ysibTaTh MOXYThb OyTU
3aCTOCOBAaHi JJIs1: ®* MOZIe/IIOBAHHS Taps14oi Ta IycToi afpoHHOI MaTepii y 3iTkHeHHsIX BaxkkuX ioHiB (LHC, RHIC); ¢
aHasli3y CTaHiB PEYOBUHU B HEUTPOHHUX 30psX; ® 100YI0BA KOCMOJIOTIYHUX MOJieJlell paHHbOro Beecsity; *
[IOAJIBLIIOTO PO3BUTKY €(EKTUBHUX TEOPill cUibHOI B3aeMoZii (QCD) na Hu3bKux eHeprisix. Pobora cpopmysana
[IOCJIiIOBHY TEOPETUYHY KapTUHY (a30BUX IIEPEXOMIB y CUCTEMaX B3a€MOIiI0UNX 6030HIB [Tpy HEHYJIbOBUX
i3ocniHOBUX rycTUHaX. BusBneHi epexTu (MoaBiliHUIT KOHJEHcAT, BipTyaibHUil Nepexin i cnenudika noseniHku
aHcamOJ1iB) CTAaHOBJISTh BXKJIMBUI BHECOK Y CTaTUCTMYHY (i3UKy Ta TEOPil0 CUJIBHO B3a€MO[Iil040i MaTepii.
Po3po6iieHa Moziesib MOXKe CJIYTyBaTH 6a3010 [71s IOJAbUINX AOCiIKEHb 6araTOKOMIIOHEHTHUX O030HHUX CUCTEM
Ta ix 3acToCcyBaHb y ¢i3ulli BUCOKUX eHeprill i acTpodizutii.

2. The dissertation is devoted to the study of phase transitions and thermodynamic properties of interacting boson
systems consisting of particles and antiparticles at nonzero isospin densities. The focus is on -meson systems,
which serve as a natural model for studying strongly interacting matter at high densities and temperatures
characteristic of processes in the early universe, neutron stars, and relativistic heavy ion collisions. The relevance
of the topic is determined by the need for a deeper understanding of the phase structure of hadronic matter, in
particular the behavior of meson systems at finite temperatures and isospin densities. Pions, as the lightest
hadrons with nonzero isotopic charge, are ideal objects for studying Bose-Einstein condensation phenomena
under conditions of strong interaction. Theoretical and experimental studies indicate that under certain
conditions, -mesons can form a Bose condensate, which potentially affects the evolution of dense hadronic matter.
The aim of this work is to construct a consistent thermodynamic model capable of describing the behavior of a
multicomponent boson system over a wide range of temperatures and densities, taking into account repulsive and
attractive interactions between particles. The main results of the work are as follows: ¢ A self-consistent
thermodynamic model of the mean field for a system of interacting -mesons has been developed, taking into
account repulsion and attraction, suitable for describing both Bose condensation and liquid-gas phase transitions.
* The modes of “weak” and “strong” attraction between pions, which determine the type of phase transitions
present, have been separated: second order for weak interaction and first order for strong interaction. * The
presence of phase transitions in a model system consisting of a combination of different types of pions, which can
affect only one of the components, is shown. ¢ A “virtual” second-order phase transition without the formation of
an order parameter is described. * The possibility of double condensate formation is shown, and that the double
condensate of particles and antiparticles exists at zero chemical potential. * Generalized Maxwell rules and phase
diagrams of the system are constructed, which take into account the presence of condensate and a “liquid-gas”
phase transition. * The limits of applicability of the canonical and grand canonical ensembles are discussed, and it
is shown that the latter is incorrect in the condensate phase. * A modification of the model by adding electrical
interaction is proposed, and the influence of electrical interaction on the thermodynamic characteristics of the
system is evaluated. Although the research is theoretical in nature, its results can be applied to: * modeling hot and



dense hadronic matter in heavy ion collisions (LHC, RHIC); * analyzing the states of matter in neutron stars; *
constructing cosmological models of the early universe; * further developing effective theories of strong
interaction (QCD) at low energies. The work has formed a consistent theoretical picture of phase transitions in
systems of interacting bosons at nonzero isospin densities. The effects identified (double condensate, virtual
transition, and specific behavior of ensembles) constitute an important contribution to statistical physics and the
theory of strongly interacting matter. The developed model can serve as a basis for further research on
multicomponent boson systems and their applications in high-energy physics and astrophysics.
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