O0Js1ikoBa KapTKa aucepTaii

I. 3arasibHi BimOMOCTI

Jep>kaBHHH 00J1iKOBHI HOMep: 04170006149
Oco006J1uBi TO3HAYKH: BinKpura

JaTa peecrtpamnii: 28-12-2017

Craryc: 3axumeHa

PexBi3utu Hakasy MOH / Haka3y 3aKjazy:

I1. BizomocrTi nipo 3700yBaya

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. KpacHoB Bonogumup OsekcaHIpOBUY

2. Krasnov Volodymyr

KBasmigikamis:

InenTudikarop ORCID ID: He 3acrocosyerbcs

Bup, pucepranii: kanguzaar Hayk

AcnipaHTypa/JIOKTOpPaHTypa: Tak

IIIndp HayKoBOi cneniagabHOCTI: 01.04.02

Ha3Ba HayKoOBOIi CIIeniaJIbHOCTI: Teopetnyna diznka

T'asy3p / rasysi 3HaHB. He 3aCTOCOBy€THCS

OcBiTHBO-HayKOBa Mporpama 3i creniaJbHOCTI: He 3acTocoByeTbCs

Jara 3axucTy: 27-12-2017

CreniaJIbHICTh 32 OCBiTOIO: Qizuka

Micue po6oTH 3400yBaya: Inctutyt disuku KoHgeHcoBaHuX cucteM HAH Vkpainu
Kopg 3a €IPIIOY: 05540014

Micuesnaxo;pxeum:: ByJI. CBeHLiLbKOTO, 1, M. JIBBIB, JIbBiBCbKa 00611., 79011, Ykpaina
dopma BaacHOCTI:

Cdepa ynpaBiriHHS: HaujoHanbHa akazemist Hayk YKpaiHu

ImenTudikarop ROR: He zacrocoyerbcs




I11. BimomMocTi mpo opranizariiio, e Big0OyBcsl 3aXHCT

Iudp cnenianizoBaHoi BYU€HOi pagH (pa30Boi creniaai30BaHOl BYEHOI pagu). [l 35.156.01
IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI 0COOH: [HCTUTYT (isuku KOHZeHCoBaHuX cucteM HAH Vkpainu
Kopg 3a €IPIIOY: 05540014

Micueanaxo;pKeHHﬂ: ByJ1. CBeHLILBKOrO, 1, M. JIbBiB, JIbBiBCbKA 001., 79011, Ykpaina

dopma ByracHoCTI:

Cdepa ynpaBiiHHS: HaujoHanbHa akazieMist HayK YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

IV. BimomocTi Ipo niznpueMcTBO, YCTaHOBY, OpraHi3alliio, B sIKi# 0yJ10

BHKOHAHO JHCEPTaIlilo

IloBHEe HaliMEeHYBaHHS IOPUAHYHOL 0CO0H: IHcTUTYT (isuku KOHeHCOoBaHUX cucteM HAH Vkpainu
Kopg 3a €IPIIOY: 05540014

Micue3HaxoaKeHHS: ByJI. CBeHLiBKOrO, 1, M. JIbBIiB, JIbBiBChKA 0061., 79011, Ykpaina

dopma ByracHOCTI:

Cdepa ynpaBiiHHS: HaujonanbHa akaziemist HayK YKpainu

InenTudikarop ROR: He zacrocosyerscs

V. BizomocTi npo gucepraniio
MoBga guceprariii:
Koau TemaTHYHHUX PYOpPHK: 29.19.03

Tema gucepranii:
1. TepmogyHaMiKa Ta €HEPreTU4Hi CIIEKTPU IPAaTKOBUX 0603e-(epMi CUCTEM i3 CUIIBHMMU KOPEJISLisSIMU

2. Thermodynamics and energy spectra of lattice Bose-Fermi mixtures with strong correlations

Pedepar:

1. Inceprariist npucBg4Y€Ha pO3BUTKY MOJIE€JIbHOTO ONUCY B3a€MO/IiIOUMX IPATKOBUX 603€-(PepMi CUCTEM 3 METOIO
BMBYEHHS BIJIMBY (pepMiOHHO] IiicucTeMu Ha iX TepMOJMHAMIYHI BIaCTUBOCTI, & TAKOXX OCOOJIMBOCTEN
(epMiOHHOrO CIIEKTPY y pi3HUX Pa30BUX CTaHAX. B pamkax ncesnocniH-enekTpoHHOi mogeri (TTEM) nocnimgxkeHo
CIIEKTP €JIEKTPOHIB y JIOKaJIbHO-aHIAPMOHIYHUX KPUCTajaX 3 TYHEJIbHUM PO3IIEIJIEHHAM piBHIB. Ha 0CHOBI
HaOJIVDKEHHS CIIJIaBY, Ta 3 BUKOPUCTAHHIM METOZY JMHAMIYHOTO CEPEHbOTO I10JI, BUBYEHO M1€PEOYIOBY
€JIEKTPOHHOT'O CIIEKTPY (IO CYIPOBOKYETHCS MOSIBOIO HOBUX IiZI30H) Ta Nepexif Tuny Motta. BusHaueHO
KPUTHYHI 3HAaYEHHSI TapaMeTPiB MO (TaKMX SIK: 4aCTOTa TYHEJIOBAaHHS, KOHCTaHTa B3aeMOJii Mk
IICEBIOCMIHAMU Ta €JIEKTPOHAMMU, BEJIMYMHA JIOKAJIbHOTO I10J151 aCUMETPii) 0 BU3HAYAIOTh YMOBHU I10SIBU Ta YACJIO
€JIEKTPOHHUX Mi30H B criekTpi. lllnsxom 3actocyBaHHs [IEM 1o onucy iOHHOI iHTEpKasIALil B KpUCTajax 3 pisHUMU
3alIOBHEHHSMU €JIEKTPOHHUX 30H I10Ka3aHO, IO IIiJ] BIJIMBOM B3a€MO/Iii 3 €JIEKTPOHAMU Ta MIXKIIO3ULiTHOTO
nepecTpubyBaHHS iHTEPKAJISIHTA MOXKYTb BUHMKATU: OJHOPiZHUI a60 IPOCTOPOBO MOYJIbOBAHUI PO3MOIIIN

iHTepkasgHTa; pazoBe po3lmapyBaHHs; Ha3y 3 BUCOKOIO PYXJIMBICTIO i0HIB. [y rpaTKOBUX HAIXOJIOAHUX CyMileit



603e- Ta ¢pepmi aTOMIB B ONTUYHUX I'PATKaX, IO ONUCYIOThCS Moaesno boze-Oepmi-Xab6apaa (BDPX), 6yo
[I0Ka3aHO iCHyBaHHS [IBOX THUIIB 603€-KOHEHCATy [10B13aHUX 3 Pi3HMUM 3all0BHEHHSIM (PepMiOHHUX CTaHIB; 1ie
IIPOSIBJISIETHCS Y MOSIBI pO3AiieHUX obsactell ¢pasu 3 603e-KoHIeHcaToM Ha (pa3oBux giarpamax npu (T = 0). Takox,
OyJ10 MOKA3aHO, 110 Y 'PAHMULIi SKOPCTKUX GO30HIB Ta “BaKKUX' (PEpMiOHIB, B TaKUX CUCTeMax, (pa30Bi Iepexoiu 10
HaamMHHOI (SF) (a3 y pexxumi (pikcoBaHMX XiMiYHUX MOTEHLiaJIiB CTAIOThb, [IPY IEBHUX YMOBAX, lepexogamu 1-ro
poay, 110 NPU3BOAATH 0 (a30BOro po3iapyBaHHsI NPH iX 3aJJaHMX KOHLEHTpallisx; a obsacTb icHyBaHHs SF ¢aszu
3MiHIO€ CBOIO TOIIOJIOTIIO 3aJI€JKHO Bif] BEJIMYMHU 6030H-(EePMiOHHOI B3aeMOJii Ta TeMIniepaTypy i Moxe 6yTH OJIHO-
a60 [1BO3B’s13HOI0. [T0Ka3aHO TAKOX, 110, Y TAKUX CUCTEMAaX [TPU HEHYJIbOBUX TEMIIEPATypaxX MOXYTb iCHyBaTU
“peeHTpaHT” nepexonu (konu ¢asa 3 603e-KOHJEHCATOM € IIPOMIKHOIO). BUKOPHCTOBYI0YM pO3paxyHOK
OJIHOBY3JI0BOi T'YCTUHMU CTaHiB (pepMioHiB, focigkeHo pepMioHHUI eHepreTUyHuil criekTp mogeni bOX y rpanuni
JKOPCTKUX O030HIB Ta CUJIbHOI xab6apiBcbKoi Kopesisuii. [TokazaHo, mo y ¢pepMiOHHOMY CIIEKTPI, B CTaHi 3 603e-
KOHJIEHCATOM, 3'IBJISIOTHCS IOLATKOBI MiJ30HN BHACJIILOK [10SBU HOBUX (DEPMIOHHMX IEPEXOiB MiK CTAaHAMU 3

pi3HUM 4UMCIOM GO30HIB.

2. Dissertation is devoted to development of the model description of the interacting lattice Bose-Fermi systems
for the purpose of study the fermion subsytem influence on their thermodynamical properties and also the
features of fermion energy spectrum in the various phase states. Based on the pseudospin-electron model (PEM),
the electron spectrum of locally-anharmonic crystals with tunneling splitting of vibrational levels is investigated.
The Mott-type transition and reconstruction of spectrum (accompanied by appearance of additional subbands) is
analyzed using the alloy analogy approximation within the dynamical mean-field approach. The critical values of
the model parameters (such as tunneling frequency, pseudospin-electron interaction constant, local asymmetry
field) determining the conditions of emergence and number of electron subbands are found. By application of PEM
to describe the ion intercalation in crystals with different filling of electron bands, it was shown that under
influence of the electron subsystem and the intersite jumping of impurities the uniform or modulated intercalant
distribution, the phase separation, as well as the phases with high mobility of ions can appear. For lattice Bose-
Fermi mixture of ultracold atoms in optical lattice which is described by the Bose-Fermi-Hubbard (BFH) model the
existence of two types of Bose-Einstein condensate connected with the different filling of fermion states is
confirmed; it manifests in appearance of separate regions of SF phase on the phase diagrams at (T = 0). It was also
shown, that in the limit of hard-core bosons and “heavy” fermions in such a system, the phase transitions to
superfluid phase (SF) in the regime of fixed chemical potentials of particles become of the first order at certain
conditions; this leads to phase separation in the case of their fixed concentrations. The area of the SF phase
existence, in such a case, changes its topology depending on the magnitude of the boson-fermion interaction and
also the temperature and can be simply- or doubly-connected. It was shown that in such a system, in the case of
non-zero temperatures, the so-called “re-entrant” transitions ( when the phase with BE condensate is
intermediate one) can exist. The fermion spectrum of the BFH model in optical lattice is investigated in the limit of
hard-core bosons and strong Hubbard correlation by calculation of one-particle density of states for fermions. It is
shown that, if the system is in the state with the Bose-Einstein condensate, the splitting in the fermion spectrum
takes place; the additional subbands appear here (due to the new fermion transitions between states with different
number of bosons).
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