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systems

Pedepar:

1. Incepraujiiina po60Ta IpUBCAYEHA aKTyaJlbHUM MIpobaeMaM Pi3nKy 6araTouaCTUHKOBUX CUCTEM, SIKi MOKHA
peasizyBaTu Ha 6a3i y/JIbTPaxoJI0dHUX 603e-ra3iB. 30KpeMa, MalOThCS Ha yBa3i IOBeiHKa MAKPOCKOIIYHO] KiJIbKOCT]
003€-4aCTUHOK 3 HEHYJIbOBUM JIAINIOJIbBHUM MOMEHTOM; BIACTUBOCTI AUNOJIbHUX 603€e-603€ cymilleil; yHiBepcalbHi
BJIACTMBOCTI 603€e-Ta3iB i iX TBOKOMIIOHEHTHHUX CyMilllel Y HYDKYMX BUMIPHOCTSIX; TEPMOJIMHAMIYHI XapaKTepUCTUKU
OJIHOBUMIipHUX 603€-Tra3iB 3 TPUYaCTHHKOBOK KOHTAaKTHOIO B3aEMOJI€10; CTAaHU KiJIbKOX 6030HIB Ta KOJIEKTHBHI
30yIPKEHHSI CUCTEMU 6aratbox 603€-4aCTMHOK 3 TPMYACTUHKOBOIO B3a€EMO/I€I0 B 30BHIIIHLOMY FapMOHIYHOMY
MOTEHIIiaJi; YOTUPU- i M'ITUYaCTUHKOBUM 3B'SI3aHMM CTaHaM O030HIB 3 KOHTAKTHOIO MOTPIiHOI0 B3aEMOI€EI0; aHAi3
3aracaHHs 60roJ06iBCbKUX 30y KEeHb [IpY CKIHYEHHUX IMITyJIbCax Ta TEMIIEpaTypax B IPOCTOPaXx AOBiJIbHO]
BUMIpHOCTI; BUKopucTaHHs S1/NS-po3kiiafiB [y po3paxyHKy BIACTUBOCTEN TPUBUMIPHUX 603€-CHUCTEM Y BCiil
006J1aCTi TeMIIEPATyp, BKIIIOYHO 3 TEMIIEPATYPOIO nepexony bo3e-AiHIITaliHa; aHaIi3 OBEiHKY JOMILIOK B

CUJIBHOCKOPEJIbOBaHUX 003€e-PifHAaX; BIACTUBOCTI 603e-TI0JIIPOHIB B HUKYMX BUMIPHOCTSIX Ta MTPU CKiHUEHHUX



TeMIIepaTypax; 0co6aMBOCTi cuil Kazumupa Mixk Ba)KKMMU JOMIIIKaMU B ifleaJIbHUX i c1aboHeineanbHux 603e-

KOHJleHCaTax y BCiil 06J1acTi Temneparyp.

2. The dissertation is devoted to actual problems of physics of many-body systems, which can be realized on the
basis of ultracold Bose gases. An exact relationship between the parameters of the low-energy spectrum of Bose
particles and bosonic mixtures interacting via dipole-dipole interaction with the macroscopic characteristics of
the system, such as isothermal susceptibility and anisotropic superfluid density, is found. The susceptibilities, the
elements of matrices of anisotropic superfluid densities, and the Bose condensate depletion of both components at
zero temperature are calculated for Bose gases in the one-loop approximation. The exact Tan-like identities have
been obtained for one-dimensional bosons with short-range three-particle interactions. A method for observing
three-particle forces in experiments with ultracold gases has been indicated. In fractional dimensions in a system
of four and five particles, the Efimov-like effect has been discovered. The role of tetramers and pentamers in
shaping the macroscopic behavior of the system has been elucidated. The critical temperature of the Bose gas
calculated by the S1/NS-expansion method exhibits a non-monotonic dependence on the gas parameter; the
calculated temperature dependences of the superfluid density and the Bose condensate depletion are consistent
with the results of Monte Carlo simulations. The temperature stabilization of two-component Bose systems with
respect to stratification is demonstrated. The spectra of impurity atoms in 1D bosons at absolute zero and in 2D at
temperatures below the Berezinskii-Kosterlitz—Thouless transition are well-defined, while the quasiparticle
residues always diverge logarithmically. An interpretation of these divergences is proposed as the branch-point
singularity of the impurity Green's function with non-universal exponents, which were calculated perturbatively. A
mobile impurity immersed in a SDS-dimensional Bose gas near the critical temperature possesses finite binding
energy and lifetime, but its effective mass diverges. The Green function of the impurity reveals a branch point-type
feature in the critical region. In mixtures of non-interacting bosons with a macroscopic number of spin-polarized
fermions, a thermodynamically stable phase with the coexistence of Fermi atoms, fermionic dimers, and trimers
has been discovered. Using the $\ epsilonS-expansion in a neighborhood of four dimensions, a phase diagram of
the system has been obtained. The generalization of the mean-field theory of one-dimensional Bose polarons in
the case of mobile impurities is presented. A general formula for the effective mass of an impurity in one-, two-,
and three-dimensional Bose gases was obtained. The parameters of a spectrum of an impurity immersed in the
one-dimensional Bose system with two- and three-particle interactions were calculated, and the full dependence
of the impurity energy on its momentum in Bose gas with weak pairwise interaction between particles was found.
The obtained results are generalized to two- and three-dimensional cases. The Casimir forces arising between
static (infinite mass) impurities immersed in Bose condensates were investigated. A nonmonotonic dependence of
the induced pair interaction potential between heavy particles on temperature was revealed.
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