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1. IlepumonprHLUMIIHI Ta CEPeIHBOIIO0JIbOBI TEOPETUYHI MiTXOAU 10 ONUCY GJIM3bKOKPUTUYHUX SIBUL Y KBAHTOBUX

ra3ax

2. First-principle and mean-field theoretical approaches to the description of near-critical phenomena in quantum
gases

Pedepar:

1. Y nuceprauiiiziit poboTi IpefcTaBieHi pe3yibTaTy AOCIiIpKeHb 6JIM3bKOKPUTUYHYX SIBULL Ta (PA30BUX IIEPEXOIiB
y KBaHTOBHUX 'a3ax 3a JOIIOMOTOI0 [IEPHIONPUHIUIIHUX Ta CEPEIHbOIIOIbOBUX TEOPETUYHUX MiAXOiB. JJoCiIKeHO
TEPMOJVHAMIYHI XapaKTEPUCTUKU ifleaJIbHUX ra3iB B PEKMMi KBAHTOBOT'O BUPOJIKEHHS HAa BCbOMY iHTEpBaJIi
TEeMIIepaTyp, Y TOMy 9HCJI, i€ PO3KJIalaHHs B paMKax Teopii 30ypeHb € HelpuIaTHUMU. BuseieHo edextu
dinpTpauii curHaniB ONTUYHOrO [iara3oHy yIbTPaxoJ0AHUMU 603e-razaMy aTOMIB JIy>)KHUX METaJliB Ta I0Ka3aHO
[IPUHLUIIOBY MOXJIABICTb IPUCKOPEHHS PEJIITUBICTCHKUX YACTMHOK TAKMMU CUCTEMAaMU Y CTaHi 603e-KOHAEHCAallii.
Y3araapHEHO TEOPETUYHUH MiAXin AMHAMIYHOI Teopii cepeqHbOro NOoJIsl Ha BUMAIKY OTIMCY B3aeMOZiiounx ¢pepmi-

rasiB 3 pi3HMMHU aMIUILTyAaMU TYHEJIOBAaHHS, TYCTUHOIO YaCTUHOK, BUCOKUMU CITIHOBUMHU CUMETPIiSIMU Ta 32



HasIBHOCTi OOMiHHOI B3aeMoZii MDK 4aCTMHKaMU 10 Tuly 3B'13Ky ['yHma. OTpumMaHo ¢$a30Bi giarpamy MarHiTHUx ¢as
Ta IpeAcTaBiaeHo eeKTUBHI CIIIHOBI MOAEJIi Y TPaHULSIX CUJIBHOTO 3B'SI3KY [JIs1 YJIbTPaX0JIOOHUX ra3iB gpepmi-
aToOMIB B ONITUYHUX I'DaTKax. TeopeTnyHo nepenbdadeHo SIBulle KOHJeH callii CIIiH-TPUIJIETHUX €KCUTOHIB y
KPUCTaJIax OKCUJIiB KOOAJIBbTY Ta MOSICHEHA TiCTEPE3UCHA MOBEiHKA TAKUX CIIOJIYK Y 30BHIIHBOMY CUJIBHOMY
MarHiTHOMy 1noti. OTpMMaHO Ta NpOaHali30BaHO HU3bKOTEMIIEPATYPHi (pa30Bi Aiarpamu rpynu KpUCTasiB Ha OCHOBI
OKCHUJIiB KOOAJbTY 3 IOMIIIKaMU €JIEMEHTIB IPYIIY JIaHTaHY, KaJbliilo, CTPOHIIi0 Ta ¢pTopy. JocimKeHo gucrepciiini
XapaKTEPUCTUKUA EKCUTOHHUX 30y/I’)KE€Hb Yy TAaKMX CUCTEMAxX Ta [10Ka3aHo, 10 Pe3yJIbTaTH PO3BUHYTUX TEOPETUYHUX
IiAXO0iB JOOPE y3roIpKyIOThCS 3 IPOBEIEHMMHU €KCIIEPUMEHTAMU 3 PE30HAHCHOTO HENIPYKHOTO PEHTTEHIBCHKOTO

PO3CisSIHHSL.

2. The Doctoral Thesis presents the results of the research on the near-critical phe-nomena in quantum gases by
means of the first-principle and mean-field theoretical approaches. In particular, thermodynamic characteristics
of ideal gases in the regime of quantum degeneracy are studied on the whole temperature range including those
intervals, where the perturbation-theory expansions become inaccurate. Effects of filtering of optical pulses by
ultracold gases of alkali atoms are studied and a principal possibility of acceleration of relativistic charged particles
in these systems in the state with a Bose-Einstein condensate are shown. The dynamical mean-field theoretical
approach is generalized for the cases of interacting Fermi-gases with different tunneling amplitudes, particle
densities, high spin symmetries and the presence of the Hund-type exchange terms. For ultracold gases of Fermi-
atoms in optical lattices, phase diagrams with magnetic phases are obtained and effective spin models in the
strong-coupling limits are derived. The Bose-condensation phenomenon of spin-triplet excitons in cobalt oxide
crystals is predicted and hysteresis behavior in external strong magnetic field is explained. Low-temperature
phase diagrams of the cobalt-oxide crystals doped by lanthanum-group elements, calcium, strontium, and fluorine
are studied. Dispersive characteristics of the excitations in these systems are analyzed and it is shown that the
results of the developed theoretical approaches agree well with the experiments performed with the resonant
inelastic X-ray scattering.
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