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Pedepat/anoranis:

1. locmimkeHHS CUCTEM i3 CUJIBHUMU KOPEJISLISIMU € aKTyaJIbHUM 3aBISKN Cy4YaCHUM TEOPETUYHUM i
€KCIIEPUMEHTAJIbHUM OOCATHEHHSIM. OJHUM i3 IIPUKIIAZIB € KBAHTOBI TOYKM — HYJIbBMMIDHI €JIEKTPOHHI CUCTEMH, B
SIKUX PyX €JIEKTPOHIB 0OMEKEHU Y BCiX HallpsIMKax. SIKIo KBaHTOBA TOYKA IPUENHAHA 10 METaJI€BUX KOHTAKTIB,
BOHA YTBOPIOE HAHOPO3MipHUI €JIEKTPOHHUI NNPUCTPill. 3HAYHUN IHTEpPEC CTAaHOBUTD ONMC HEPIBHOBAKHOTO
€JIEKTPOHHOI'O TPAHCIIOPTY Y€pPe3 TaKi CUCTEMH, [i€ BU3HAYaJIbHY POJIb BilirpaloTh CUJIBbHI KyJIOHIBCbKI KOpeJIALii, a
TaKOX BIJIMB 30BHIlIHIX MarHiTHYUX YM €JIEKTPUYHUX N0JIiB. TakKi CTPYKTYpHU € OCHOBOIO Cy4aCHHUX
HAHOTPAH3UCTOPIB, KyOiTiB Ta iHMKUX KBAHTOBUX ITPUCTPOIB. [1J1s1 JOCIIiIKEHHS €JIEKTPOHHOTO TPAHCIIOPTY

BHUKOPHUCTOBY€eThCS GopMaiam HepiBHOBaXHUX QyHKLiN ['pina Kenpuma. [171s BpaxyBaHHS CUJIBHUX KOPEJISILii



3aCTOCOBYIOTb $IK QHAIITUYHI METOIY (JIAHLIIOTH PiBHSIHb PyXYy, HabmrKeHHs Xab6apaa, NCA), Tak i yncesbHi
nigxonu (QMC, inchworm QMC, NRG, DMRQG). [HIIuM npukiagoM CUIbHO CKOPEJIbOBAHUX CUCTEM € B3a€MOJIiI04i
PeNITUBICTChKI 6030HM (MiOHHM, KAOHU, TJIIOOHU), 1110 MAIOTh BAXXJIUBE 3HAYEHHS 17151 Qi3MKM HEUTPOHHUX 3ipOK,
BaXKKUX si/1ep i 3iTKHEHDb BaKKUX iOHiB. IxHiil onuc noTpe6ye BpaxyBaHHS SIK MDKYACTMHKOBOI B3aeMOyIii, TaxK i
MOYKJIMBOCTI 603e-efHIITeHiBChbKOI KOHIeHcanii. 17151 1bOro BUKOPUCTOBYIOTh HOJISIPU3aLiiHUN OTIEPaTOpP,
XipaJibHy Teopilo 30ypeHb, nepTypoaTuBHy Ta rpatkoBy KXJI. [Tepmuii etan nuceprauniiHoi po60TH IPUCBSIYEHUN
IOCJIiI)KEHHIO HEPIBHOBAXHOT'O TPAHCIIOPTY Yepe3 OJHOPiBHEBY KBAHTOBY TOUKY B MOJI€Jli AHII€PCOHA 3 MarHiTHUM
nosneM. Oynkuii I'piHa o6uncieHo B yrockoHasieHOMY HabJvkeHHi, mofioHoMy 1o Xab6apaa-I, mo € ToYHUM B
aTOMHIN rpaHulli Ta y BUMIAJKY BiICYTHOCTI B3aeMoii. OTpMMaHO aHaJITU4HI BUPa3U [JI1 CTPYMY Y CTalliOHAPHOMY
PeKuMI Ta J1s1 3aJ1€KHO] Bifl yacy Hanpyru B HabJvM>KeHHI IMPoKoi 30HU. [IpoBeieHo yuceibHM aHali3
TPaHCIIOPTHMX XapaKTEPUCTUK i mopiBHAHHA 3 MeTogamu NCA ta HepiBHOBaskHOro QMC. Ipyruii eran
[IPUCBAYEHUN NOABIMHIN KBAHTOBIM TOYLi 3 BHYTPIIIHLO- Ta MIXXTOUKOBUMU KYJIOHIBCbKUMU KOPEJIALIIMHU, 1€
BEpXHSI TOUKAa BUKOHYE POJIb 3aTBOPY. [JoclipKkeHHs poBefieHo B pamkax NCA, 110 103BoJIsS€ ONUCYBaTU €(PeKT
Konpo. [TokasaHo, 1110 IpU HU3bKUX TEMIIEPATypaxX CUCTEMA NEPEXOAUTD Y By3bKUll pesxxuM KoHnpo, saKuit
3abesrnevye yyTIMBe IePEMUKAHHS MK TPbOMA CTAHAMU: i30JI9TOPOM, HOPMAJIbHOIO IIPOBiIHICTIO T2 PE30HAHCHUM
TyHeJOBaHHAM. OCTaHHIN eTal NIPUCBSIYEHNN NOCTIIKEHHIO TEPMOJVHAMIYHUX BJIACTUBOCTEN CUCTEMU
B3a€MO/Iil0uMX 603€-4YaCTHHOK i aHTUYaCTHMHOK IIPU KiHLIeBUX TeMIlepatypax y Ckipma-nofioHiil Mmogeni
CepelHbOro 1NoJIsl. PO3risiHyTO ABa BUNIAIKU: CUCTEMY 3 HYJIbOBUM XiMiYHMM MIOTEHLiaJIOM Ta CUCTEMY 3i CTaJIO0
I'yCTUHOIO i3ocminy. [TokasaHo, 110 IIpY JOCTATHLO CUJILHOMY IIPUTATaHHI 1 HYJIbOBOMY XiMI4YHOMY ITOTEHILiaIi
BHHUKae $a3oBUll nepexif rnepuoro pony no ¢gasu 3 603e-koHAeHcaToM. KonzeHcoBaHa (asa XxapakTepusyeThCs
CTaJIOI0 I'YCTUHOIO YaCTMHOK i TeMIiepaTypolo KouupeHcauii T_c>0, a po3pus ryctuHu eHeprii npu T_c e
HigTBEPI)KEHHSIM TOTO, 1o (a30BuUil nepexif, € GazoBUM NEPEXOA0M NEPIIOTo poAy. I cucteMu 3i CTanomo
I'yCTUHOIO i30CITIiHy BCTAHOBJIEHO, 1110 HE3aJIEXKHO Bif criy IpUTAraHHs npu temnepatypi T_c BinOyBaeTbcs
(dazoBuil nepexif Apyroro poay 1o ¢gasu 603e-eHHITENHIBCbKOro KOHAEH aTy, sKa icHye B iHTepaii 0<T<T_c.
[TokasaHo, IO TEIJIOEMHICTh Ma€ PO3PUB NEPIIOi NOXifHOI B To4li T_C, a KOHIEHCallisl BUHMKAE JIUILIE [1JIs1

KOMITOHEHTH 3 GiJIbIIOI0 TYCTUHOIO YaCTUHOK (71— ~ME30HiB).

2. The study of strongly correlated systems remains highly relevant due to recent theoretical and experimental
advances. One example is quantum dots—zero-dimensional electronic systems in which electron motion is
confined in all spatial directions. When a quantum dot is coupled to metallic leads, it forms a nanoscale electronic
device. Of particular interest is the description of nonequilibrium electron transport through such systems, where
strong Coulomb correlations and the influence of external magnetic or electric fields play a crucial role. These
structures provide the basis for modern nanoscale transistors, qubits, and other quantum devices. The
nonequilibrium electron transport is investigated within the Keldysh nonequilibrium Green's function formalism.
To account for strong correlations, both analytical approaches (equations of motion, the Hubbard approximation,
and the non-crossing approximation (NCA)) and numerical methods (quantum Monte Carlo (QMC), inchworm
QMC, numerical renormalization group (NRG), and density matrix renormalization group (DMRG)) are employed.
Another important class of strongly correlated systems is represented by interacting relativistic bosons (pions,
kaons, and gluons), which are of considerable interest in the physics of neutron stars, heavy nuclei, and heavy-ion
collisions. Their theoretical description requires accounting for both interparticle interactions and the possibility
of Bose-Einstein condensation. Commonly used approaches include the polarization operator, chiral perturbation
theory, perturbative QCD, and lattice QCD. The first part of the dissertation is devoted to the investigation of
nonequilibrium transport through a single-level quantum dot described by the Anderson model in the presence of
an external magnetic field. The Green's functions are calculated within an improved approximation similar to the
Hubbard-I approximation, which becomes exact both in the atomic limit and in the absence of electron-electron
interactions. Analytical expressions for the electric current are derived for both the stationary regime and the
time-dependent bias voltage within the wide-band limit approximation. Numerical calculations of the transport
characteristics are performed and compared with the results obtained using the NCA and nonequilibrium QMC
methods. The second part addresses a double quantum dot system with both intra-dot and inter-dot Coulomb



correlations, where the upper quantum dot acts as a gate. The transport properties are studied within the NCA,
which allows the description of the Kondo effect. It is shown that at low temperatures the system enters a narrow
Kondo regime, resulting in highly sensitive switching between three distinct states: an insulating state, a normal
conducting state, and a resonant tunneling state. The final part of the dissertation investigates the thermodynamic
properties of a system of interacting bosons and antibosons at finite temperatures within a Skyrme-like mean-field
model. Two cases are considered: a system with zero chemical potential and a system with a conserved isospin
density. It is shown that for sufficiently strong attractive interactions and zero chemical potential, the system
undergoes a first-order phase transition to a Bose-condensed phase. The condensed phase is characterized by a
constant particle density and a finite critical temperature, T_c>0. The discontinuity of the energy density at T_c
confirms that the phase transition is a phase transition of the first order. For the system with a conserved isospin
density, it is demonstrated that, regardless of the strength of the attractive interaction, a second-order phase
transition to the Bose-Einstein condensed phase occurs at the critical temperature T_c. This phase exists in the
temperature interval O<T<T_ c. It is shown that the heat capacity exhibits a discontinuity in its first derivative at
T_c, while Bose-Einstein condensation occurs only for the particle species with the higher number density,

namely the n- mesons.
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