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1. 3acTocyBaHHS KBAHTOBUX I'PDAaTKOBUX MOJeJIel [1Jisl OTIMCY CUCTEM 3 aIcCOPOOBaHUMU YU iHTEPKaJIbOBaHUMU

YaCTHKaMU Ta OIITUYHUX rpaTOK
2. Quantum lattice models applied to systems with adsorbed or intercalated particles and optical lattices
Pedepar:

1. B pamKkax MiKpOCKOMIYHOTO MOJIE€JIbHOTO MiIX04Y PO3PO06JIEHO TEOPilo BIJIMBY TaKMX 30BHILIHIX (PaKTOPIB, K

THUCK, eJIEKTpUYHe T10J1e, iHTepKassLis (3MiHa XiMiYHOTO IoTeH1jialy) Ta iH. Ha pi3HOMAaHITHI I'PaTKOBi CUCTEMHU TUITY

nan-6e3nan. IHTepKandLig HikejeM KPUCTAJiB CeJIeHiiB rajito i1 iHAi0 NOPOoKye B HUX €JIEKTPETHY NOJISIPU3ALLil0.

3anponoHOBaHO MIKPOCKOIIIYHY MOZENb TUIY JIaf-6e371a/, 0 BPaxOBy€e MNepepO3NoIis aTOMIB iHTEPKaJISIHTa MK

HETIOJIAPDHUMMU OKTa€JIPUYHVNMMU Ta IMOJIIPHUMU TETPACAPUIHNMU HOBI/II_HHMI/I Y BaH-I€P-BaaJIbCOBUX I_ILiIII/IHaX

Kpucrasis. Po3paxoBaHi TeMIIepaTypHi 3aJI€>KHOCTI [ieIeKTPUYHOI CIIPUMHSTINBOCTI SIKICHO BiITBOPIOIOTh

eKCHepI/IMeHTaJ'IBHi pe3yabTaTu OJid HpOHI/IKI[I/IBOCTi. I[JIH iHTepKaJIbOBaHOFO JiTieM dHaTady, 0 BUKOPUCTOBYETbLCA

y JiTili-ioOHHUX 6aTepesix, XapaKTePHO CIiBiCHyBaHH4 6arartoi Ta 6igHoi Ha J1iTiil (a3 Ta HasgBHICTb IBOX MOXJINBUX

MO3ULiN J18 JIITiI0 Y KUCHEBUX OKTaepax. SIK IoKa3aB IPOBEEHNI CUMETPIMHNI aHali3, BUKJIMKaHa



iHTepKasnduieo geopmallisi rpaTKu MOXKe CYIPOBOJKYBATHCS BIOPSAKYBAaHHSM aHTUCETHETOEIEKTPUYHOTO TUILY.
JlJ1s1 ONUCY [BaHOI CTIOJIYKY 3aIIPONIOHOBAHO TAaKOXK MIKPOCKOIIIYHY MOJIEJIb, SIKa MIOEAHYE PUCH Mozesier Minyi ta
Bioma-Emepi-T'pidpdiTca Ta BUKOPUCTOBYE pe3yJibTaT CUMETPIHOTO aHaslidy. B IMpokoMy TeMIniepaTypHOMY
Iiana3oHi BUSIBJIEHO (pa30Be PO3IIAPYBAaHHS HA MOPOJKHIO Ta HAIiB3allOBHEHY (Pa3y, IO LiJIKOM BifIoBinae
criBiCHyBaHHIO (a3 y iHTepKasbOBAaHOMY KpPUCTaJli. BIMB iHTepKasidLii Ha eJIeKTPOHHY 30HHY CTPYKTYPY
1IapyBaToi HaHOTi6pUAHOI crioyyku tuily GaSe 3i cTafiiHUM BIOPSIAKYBaHHSIM BUBUEHO Y MoAu(diKoBaHiil Bepcii
nepioguyHoi Mozesti AHJlepCcoHa. IHTepKanboBaHi YaCTUHKY (POPMYIOTh JOJATKOBY 30HY Y BUTJISA/li By3bKOi
IOMIIIKOBOI 30HM ab60 LOCTATHHO IHPOKO, 1O ribpUan3yeThCS 3 OCHOBHOIO. Harbinbul BupaskeHa 3MiHa OCHOBHOI
30HM Bifl0yBa€eThCs OGNy JOMIIIKOBOro piBHA. JJocinkeHo nepexiz y gasy 3 603e-KoHIeHcaToM Y Moaesti boze-
Xab6appa 3 gBoMa JIOKaJIbLHUMU CTaHaMU IIpY NlepeHeCceHHi O030HiB Juile Y 30yAKeHil 30Hi. [IpoeMOHCTpOBaHO
MOXJIMBICTb (Pa30BOr0 po3lIapyBaHHS Ha HOpMaJbHy ¢asy i ¢pasy 3 603e-KOHIeHCaTOM 3a (iKCOBAHOI CEPEIHbO]
KOHILIEHTPAallii 6030HIB. 3 METOI0 BpaXyBaHHSI HEEPTOAUYHOCTi OJHOYACTUHKOBY CIIEKTPaJIbHYy I'yCTUHY OTPMMAHO B
HaOJIMKEHHI XaOTMYHUX a3 3a JOIIOMOro0 TeMIlepaTypHuX 6030HHUX PyHKLUiN ['pina. HeeproguiHuili BHECOK 10
(YHKIiI po310JiNy Y4aCTMHOK 32 IMIIyJIbCOM CYTTEBO HapOCTA€ i CTae CIiBMipHUM 3 €projlAYHOI0 YaCTUHOIO B
HAAIUIMHHIN (a3i 61y TPUKPUTUYHOI TOUKU. [JOCIIiIPKEHO 30HHUIA CIIEKTP 603€-aTOMIB y ABOBUMIPHUX
rekcaroHajIbHUX ONTMYHUX I'PATKax i3 CTPYKTypolo TUlly rpadeny. Y HabavKeHHI XaOTUYHUX (a3 po3paxoBaHO 1S
HOpMaJbHOI a3y 3aKOHU JucIiepcii B 30HaX Ta O4HOYACTUHKOBI CIIEKTPaJbHi I'YCTUHU. 1151 I'PATKU 3 €eHEPreTUYHO
€KBiBaJIEHTHMMHU BY3JIaMU OTPMMAHO TEMIIEPATYPHO 3aJI€KHUI O€3IIiIIMHHNN CIIeKTP 3 TouKamu Jlipaka Ha Kpalo
30HU Bpinmoena. BUB4€HO eHepreTUYHMN CIIEKTP CMCTEMHU 603€-aTOMIB Y HAIIUIMHHIN (a3i B ONTUYHUX I'PaTKax
tuny rpadeny. JocifiKeHo ClIeKTp KOJAeKTUBHUX 30y IKeHb GPOHOHHOTO TUITY B CUCTEMi 603€-aTOMIB y ONITUYHIN
rparui. BukopucraHo IBOpPiBHEBY MOJ€Ib, sIKa [IPUIMAE 10 yBaru nepexony 6030HiB MK OCHOBHUM i I1epLIUM
30yI’)KEHUM CTaHOM Y IOTEHIia/IbHUX SIMaX, @ TAKOXK B3aeMOJil0 MK HUMU. [ToKazaHo, 10 CIIEKTP 30yIKeHb
CKJIaJla€ThCsl y HOPMaJIbHil ¢asi 3 ofHiel 30H1 eKCUTOHHOTO THUITY, B TOH 4ac sIK y ¢asi 3 603e-KOHIeHCaTOM
BMHMKAE I0JATKOBA 30HA. BUBYEHO MOXKJIMBICTE MOLYJIALII 3 IOJBOEHHAM MEPIOAY I'PATKY, @ TAKOXK OJHOPIZHOTO
3MillleHHS YaCTMHOK 3 PIBHOBKHUX 03ULi. EpexTu, nopopKeHi 30BHIlIHIM TUCKOM y KpUAcTaii SnPS, BUBYEHO y
pamkax gedpopmoBHOi Mozeii bitoma-Emepi-I'piddirca, sika Bifnosigae j10kanbHOMY NOTEHIiaNy 3 TPbOMa
MiHiMyMamu. BcTaHOBJIEHO HasIBHICTh aHOMaJiil B 06J1aCTi CerHeTOeIeKTPUYHNX (PA30BUX NI€PEXO]iB IEPIIOro Ta
Ipyroro pojy, a Tako>k KpUTUYHOI TOUKW; BUBYEHO MOBEJiHKY 06'€MHOI CTUCIMBOCTI [JIs1 UUX BUNAIKiB. [I71s1 onucy
IieJIEKTPUYHUX BJIACTUBOCTEN CETHETOBOI COJIi 3alPOIIOHOBAHO YOTUPUMIAIPATKOBY Mogu@ikanio mogei Minyi,
sIKa BpaxOBye CUMETPiliHi 0CO6IMBOCTI IPaTKu Ta IPOCTOPOBY OpPi€HTaLi0 e(peKTUBHUX AUIIOJIiB. BUBYEHO BI/INB
IIOTIEPEYHOr0 €JIEKTPUYHOTO 110J15 Ha NOJISIPU3allilo, 3CYB TOYOK (pa30BUX [1E€PEXO/iB Ta aHOMAJIii ieIeKTPUYHOI

CIIPUNHSATINBOCTI.

2. In the microscopic model approach a range of theoretical descriptions were developed considering the effect of
such external factors as pressure, electric field, intercalation (change of chemical potential), etc., on various order-
disorder lattice objects. Intercalation of gallium and indium selenide crystals by nickel initiates their electret
polarization. A microscopic model of order-disorder type has been proposed that considers redistribution of
intercalant atoms between non-polar octahedral and polar tetrahedral positions in the crystal van der Waals gaps.
The calculated temperature dependences of dielectric susceptibility qualitatively reproduce experimental results
for permittivity. Lithium intercalated anatase used in Li-ion batteries has some special features: coexistence of Li-
rich and Li-poor phases as well as two possible positions for Li ions in the oxygen tetrahedron. As shown by the
performed symmetry analysis, the intercalation induced lattice deformation can be accompanied by the ordering
of antiferroelectric type. A microscopic model for description of the compound is also proposed which combines
features of the Mitsui and Blume-Emery-Griffits models and utilizes the symmetry analysis results. A phase
separation into the empty and half-filled phases in a wide temperature range has been found closely resembling
the phase coexistence in the intercalated crystal. Influence of intercalation on the electronic band structure of the
layered nanohybrid compound of the GaSe-type with a stage ordering is studied in the modified version of the
periodic Anderson model. Intercalated particles form an additional band like the narrow impurity band or the more
extended band hybridized with the main one. The most pronounced transformation of the main band takes place



in the vicinity of the impurity level. Phase transition into the phase with the Bose-Einstein condensate in the Bose-
Hubbard model with two local states and the particle hopping in the excited band only is investigated. A possibility
of separation on the normal phase and the phase with the BE condensate at the fixed average concentration of
bosons is demonstrated. For consideration of the non-ergodicity, the single-particle spectral density is calculated
in the random phase approximation by means of the temperature boson Green functions. The non-ergodic
contribution to the momentum distribution function of particles increases significantly and becomes comparable
with the ergodic one in the superfluid phase near the tricritical point. The band spectrum of Bose-atoms in two-
dimensional hexagonal optical lattices with the graphene type structure is investigated. The temperature-
dependent gapless spectrum with Dirac points placed on the border of Brillouin zone is obtained for the lattice
with energetically equivalent sites. Energy spectrum of superfluid phase of the Bose-atom system in the optical
lattices of the graphene type is investigated. The spectrum of phonon-like collective excitations in the system of
Bose-atoms in optical lattice is investigated. The two-level model taking into account the transitions of bosons
between the ground state and the first excited state in potential wells, as well as interaction between them, is
used. It is shown that excitation spectrum in normal phase consists of the one exciton-like band, while in the
phase with BE condensate an additional band appears. A possibility of modulation, which doubles the lattice
constant, as well as the uniform displacement of particles from equilibrium positions are studied. The effects,
taking place under external pressure in the SnPS crystal, are investigated in the framework of the deformable
Blume-Emery-Griffiths model corresponding to the local potential with three minima. The presence of anomalies
in the regions of ferroelectric phase transitions of the first and second order as well as the tricritical point is
established; the behaviour of the volume compressibility in these cases is investigated. A simple four-sublattice
order-disorder model is proposed for description of dielectric properties of the Rochelle salt crystal. Symmetry
properties of the lattice and spatial orientations of effective dipoles are taken into account. An effect of the
transverse electric field on spontaneous polarization, shifts of the phase transition points and dielectric
susceptibility anomalies is studied.
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