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Pedepar:

1. lucepranis npucBsYeHa NOCiIPKEHHIO BIUIMBY HEJIOKAJIbHOCTI B3a€MOJIii: O-TIeplle, HA TEPMOAMHAMIYHI
XapaKTEPUCTUKU CJIAOKOB3a€MOIITHOrO 603€-Tra3y K y BEPXHbOMY OKOJIi TEMIIEPATypH Nepexopy (Bulle, ajie
61113bKO [I0 Hel) 1o cTaHy 3 603e-eiHmTeNHIBCbKUM KoHeHcaToM (BEK), Tak i B ctaHi 3 BEK 3a Hy/b0BO1
TeMIIepaTypy; o-Apyre, Ha ePeKTH, MOB'sI3aHi 3i CIIIHOM, a TAaKOXK Ha CTPYKTYpPY CIEKTPY OAHOYACTUHKOBUX
30yIpKeHb c1abKOB3aeMO/iTHOrO 603e-ra3y aTOMIB 3 [IOBHUM HYJIbOBUM 260 OAUMHUYHUM CIIiHOM B cTaHi 3 BEK 3a
HYJIbOBOi TemIiepatypu. Po3zin 1 npucBsgueHO BUKIAAHHIO MaTepiay, IKUI CKJIaB OCHOBY 1 IIOCJIy- ['yBaB TOYKOIO
BifTiKy JOCTiIKeHb 31100yBaya, a came: TepMOAMHaMiuHOi Teopii 30ypeHs, Teopii boromo6osa
€126KOB3aEMOIITHOTO 603€e-Ta3y 1 y3araJbHEeHHS KaHOHIYHUX [lepeTBopeHb boroso6osa. Po3in 2 npucssyeHo
11o6yj0Bi TepMOMHAaMIKU 603€-Ta3y B BEpXHbOMY OKOJIi TeMIepaTypu ¢a3oBoro nepexony no crany 3 BEK i3
ypaxyBaHHSM IIOIIPa- BOK [IEPUIOTO i IPYroro NopsaKy 3a B3aeEMOI€l0 1O OCHOBHUX TEPMOAVHAMIYHUX BEJIMYMH.
TeopeTnyHnii onuc nobyAOBaHUI Y paMKax TEPMOJMHAMIUHOI Teopii 306ypeHb. Pe3yibTaTy NpoaHani3oBaHO 3a

IIOTIOMOTOI0 YHCEJIbHUX METO/IB [JI51 JIOKAJIbHOI 1 HEJIOKaJIbHOI MOJeJIeN ITOTEHLIMHOI B3aemMogii. Y po3aii 3



aHaJIi3yeThCs CUCTEMA PiBHSIHB, SIKA A€ 3MOTY BU3HAYUTH TaKi TEPMOAMHAMIYHI XapaKTEPUCTUKU
€J126KOB3aEMOJIITHOTO yJIbTPAX0JIOLHOr0 603€e- ra3y aTOMiB i3 TOBHUM HYJIbOBUM CIIIHOM y cTaHi 3 BEK, sk:
XiMIYHMH NIOTEHLaJ i [YCTUHY YaCTUHOK KOHJeHcaTy. O3HauyeHa CUCTEMA PiBHAHb BPAXOBY€ BHECOK Bif
KBaJIpaTUYHUX 33 OIIEPATOPAMU HAPOIPKEHHS I 3HULIEHHS JONAHKIB i 103BOJIsSE NOCIiIKYBAaTA CUCTEMY [IJI1 HU3KU
MOJEJIbHYX [IOTEHIIialIiB HeJIOKAJIbHOI B3ae- Mofii. [IoBHMI aHasi3 NPOBENEHO 3 BUKOPUCTAHHSIM YMCEJIBHUX
METOJiB [JI51 ABOX HEJIOKQJIbHUX MOJieJiel] IOTeHLiay B3aeMO/Iii: MOfieJIb MiBIIpo30pux cdep i Monesb 3 npodinem
raycoBOro (HOpMaJbHOTO) PO3MoAiny. Y po3zini 4 BUBYa€TbCSl TEPMOAMHAMIKA 11 MarHiTHi B1IaCTUBOCTI BCiX
MoxuMBuX cTaHiB BEK y 603e-ra3si yacTMHOK 3i ciliHOM S = 1 32 HaIBHOCTI 30B- HIlTHBOTO MarHiTHOro noJis. Ha
BiIMiHYy BiJl TONIEPEAHIX NOCIiI)KEHb CIIIHOPHUX KOHMIEHCATIB Mi’)KaTOMHA B3a€MOZisl BBAKA€ThCSl HEJIOKATIbHOIO. Y
LJbOMY BUIIQJIKy BiATIOBiTHWI raMisibTOHIaH OyAyeTbCS 3 ypaxyBaHHSIM CIIiIHOBUX i KBaIpyIIOJIbHUX CTYIIE€HIB
CBO0OOIH, 5IKi €JIETaHTHO BBOJSIThCS HA PiBHUX IIpaBax Kpi3b npusmy anre6pu SU(3). 3B's130K i3 30BHIIIHIM MarHiTHUM
11oJieM 3abe3IevyeThCs 3a I0II0- MOTOIO SIK CITIHOBOTO oleparopa (JiHiliHuit edekt 3eemaHa), TaK i 32 J0IIOMOT0I0

orepaTopa KBaJlpyloJbHOTO MOMEHTY (KBaApaTUYHUl ePeKT 3eemaHa).

2. The dissertation is devoted to studing the effect of the nonlocality of interaction on: first, thermodynamic
quantities of a weakly interacting Bose gas both in the upper neighbourhood of the transition temperature (higher,
but close to it) to the state with Bose-Einstein condensate (BEC) and in the state with BEC at zero temperature;
second, spin-related effects and the structure of the single-particle excitation spectrum of a weakly interacting
Bose gas of spinless or spin-1atoms with BEC at zero temperature. Chapter 1 deals with the presentation of the
basic approaches and the reference point of the author’s research: thermodynamic perturbation theory,
Bogoliubov theory of a weakly interacting Bose gas, and generalization of Bogoliubov canonical transformation.
Chapter 2 is devoted to the constructing thermodynamics of a Bose gas in the upper neighbourhood of the phase
transition temperature to the state with BEC taking into account the first and second order corrections in
interaction to the main thermodynamic quantities. The theoretical description is based on the thermodynamic
perturbations theory. The results are analyzed by using numericalmethods for local and non-local models of the
interaction potential. Chapter 3 analyzes the system of equations that allows one to determine such
thermodynamic characteristics of a weakly interacting ultracold Bose gas of spinless atoms with BEC as chemical
potential and condensate particles density. It involves the contribution of quadratic terms in the creation and
annihilation operators and enables to study the system for a number of model non-local interaction potentials. The
complete analysis was carried out by employing the numerical methods for two models of non-local interaction
potential: a model of semitransparent spheres and a model with Gauss (normal) distribution profile. In Chapter 4
the author explores thermodynamics and magnetic properties of all possible magnetic states of a Bose gas of spin-
1 atoms with BEC in the presence of an external magnetic field. In contrast to previous studies of spinor
condensates, the interatomic interaction is considered to be non-local. In this case, the corresponding
Hamiltonian must be constructed taking into account the spin and quadrupole degrees of freedom, which are
elegantly introduced on an equal footing through the prism of the SU(3) algebra. The coupling with the external
magnetic field is provided both by the spin operator (the linear Zeeman effect) and by the quadrupole moment
operator (the quadratic Zeeman effect).
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