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1. Inceprariiio prucBsi9eHO BUBYEHHIO BIIJIMBY 6araTo6030HHMX CHCTEM Ha BJIACTUBOCTI JOMIIIKOBUX aTOMIB.
3okpema, B poOOTi JOCiIKEHO CTaTUCTUYHI Ta JUHAMIiYHi BJIACTUBOCTI OKPEMUX KBa3iYaCTHHOK (TaK 3BaHUX 603e-
IIOJISIPOHIB), SIKi BUHMKAIOTh BHACJIIOK B3aEMOZIi JOMIIIKOBOTO aToma 3 603e-cepefoBullieM. B paMkax Teopii
30ypeHb Bpintoena-Biruepa 3HaiieHO ClieKTpasibHi XapaKTEPUCTUKY JOMIMIKOBOTO aTOMA, 110 3aHYPEHUI B CUJIBHO
po3pimkeHu 603e-ra3. Takox [OCiKeHO OCHOBHUY CTaH Mojiesi “603e-pigrHa IUII0C TOMIlTKOBU aToMm”
BapialilHUM METOO0M, 3 YpaxXyBaHHSIM JIMIIE HENIPSIMUX KOPEJISILil MiXK YaCTMHKaMu cepefoBuila. B poboTi
3aIIPONIOHOBAHO OPUTIHAJILHUM CIIOCIO BpaxyBaHHs 6araTo0030HHMX KOPEJISLiM MixK aToMamu 603e-piguHu. 3a
mornomorom gedopmyiii KoMyTaLifHUX CITiBBiTHOIIEHb MK y3araJlbHeHIMHU KOOpIUHATaMU Ta iMiryabcamu. OKpim
TOTO, LOCJIiIPKEHO IOMIIIKOBi CTaHU y B3aEMOZI040MY 603€-CepeoBUILi TEOPETUKO-TI0JIbOBUM METO/IOM 3
BAKOPUCTaHHSM iHTErpasiB 3a TPaeKTOPiSIMU. YCi po3paxyHKU [IPOBENEHO Ha IIPUKJIIA/I i30TOIIIB Ielilo B PiIKOMY
resiii-4 i nokazaHo 706Dy y3roJKEHiCTb 3 EKCIIEPMMEHTAIbHUMU JAHUMU Ta Pe3yJIbTaTaMU CUMYJISLil MOHTe-
Kapumo.



2. A thesis is devoted of the study of the influence of many boson systems on the properties of impurity atoms. In
the work it is investigated the statistical and dynamic properties quasiparticles (so-called Bose polarons), formed
as a result of the boson-impurity interaction. Methods that can be used to find the spectral characteristics of the
Bose polaron are rapidly developing. But there is no exact solution for the Bose polaron in the case of the model
systems and for impurities moving in a strongly correlated Bose system. We propose a variational calculation of
impurity states in a strongly correlated system studyng of the properties the impurity atom moving in the Bose
liquid as an example. With this approach we obtaine in the thermodynamic limit the ground state energy of the
system, the one-particle density matrix in the low-temperature limit, and momenta distribution of the system. We
chose the variational wave function of the system “impurity atom plus liquid Helium-4" we chose in the
representation of collective variables taking into account indirect boson correlations. The study of the impurity
states of the Bose liquid in the representation of collective coordinates is considerably more complicated if we
take into account many-boson correlations between the atoms of liquid. So, we suggeste to describe the nonlinear
fluctuations between atoms of the medium by deformation of the commutation relation for generalized
coordinates and momenta. The deformation parameter take into account the influence of the four particles
correlations on the behavior of the Bose system. The boson-impurity interaction describes the one-phonon
scattering processes of the impurity atom on the Bose particles. Assuming then the boson-impurity interaction is a
small perturbation, we obtaine the energy and the effective mass of the impurity atom. We suggeste a self-
consistent calculation of the spectrum parameters of the Bose polaron on the example of the model of a very dilute
spin-polarized Fermi gas interacting with the Bose medium. By means of the field-theoretical approach we have
considered the impurity states in liquid 4He. We found an exact diagrammatic representation of the self-energy of
the impurity atom. Our skeleton-graph expansion makes it possible to take into account the boson-impurity
interaction by solving of the equation for the vertex function by successive iterations. The simple ansatz for the
exact Green’s function of the impurity atom allowed us to obtain analytical contributions to the self-energy of the
impurity Green’s function in the first and second approximations. We find the spectral characteristics of the
impurity atom immersed in a very dilute bose condensate by the method of the Brillouin-Wigner perturbations
theory. In particular, our results for the effective mass of the attractive and repulsive Bose polarons reproduce the
behavior of the effective mass by self-consistent T-matrix approach. Our results for the spectrum damping of the
single-particles excitations of the Bose polaron determine the limits of the applicability of the perturbation theory.
The spectrum damping associated with the problem of instability the Bose polaron. We test all analytical and
numerical results for the spectral characteristics of the Bose polaron using impurities — Helium isotopes,
immersed in a strongly-correlated Bose liquid as an example. In particular, the obtained value for the effective
mass of the 3He atom immersed in a liquid Helium-4 coincides well both with the experiments and the results of
the Monte Carlo simulations. Our analytical expression for the self-energy of the impurity can be used to describe
the behavior of a single atom in ultra-cold gases of alkali metals. Our calculations can be easily extended onto low-

dimensional systems.
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