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1. Incepraniina po60Ta IpUCBIYeHA JOCTiIKEHHIO BJIaCTUBOCTEN (PPyCTPOBAaHUX KBAHTOBUX aHTU(EPOMarHeTHKiB
l'ait3eH6epra, sKi 3a IEBHUX YMOB MAIOTh 6€31UCIEPCINHY (IIJIOCKY) 30HY B OJHOYaCTUHKOBOMY €HEPre€TUUHOMY
CIIeKTpi. Mogesnb TOCiI)KeHa B CUJIbHMX MarHiTHUX I0JISIX Ta P HU3bKUX TeMIleparypax. Posrisnyro s=1/2
aHTU(depoMarHiTHy Mmozesb ['ail3eHOepra Ha KiJbKOX JBOLIAPOBUX I'PATKAX (KBaApPaTHA, IECTUKYTHA i TPUKYTHA) 3
MAarHOHHUMU CTaHAMU 3 IIJIOCKOI 30HU 3 HAIMEHIIOI0 €HEPTi€lo 3a HASIBHOCTI CUJIBHOTO MAarHIiTHOTO MOJis. 71 nux
CHUCTEeM, Yepe3 JIOKaIi30BaHUI XapaKTep MarHOHHUX CTaHiB, 3/1iliICHEHO BiloOpaskeHHSI Ha KJIaCUYHi ra3u >KOPCTKUX
006'exTiB. Take BinoOpa’keHHs 3BOAUTh BUBYEHHS KBAHTOBUX MOJIEJIEN 10 NOOPE BiTOMUX KJIACUYHUX, SIKi
IO3BOJISIIOTh 3pOOMTH BUCHOBKY IIPO BJIACTUBOCTI BUXITHUX MoAesell. BuKkoprucTaHo onepaTopHy Teopiio 30ypeHb y
HaOJIMKEHHI CUJIBHOTO 3B'S13KY [J1s1 TI00Yy0BY €PeKTUBHUX raMisibToHiaHiB. OTpuUMaHi epeKTHBHI Moaeli
IO3BOJIMJIN JOCIiAUTY (a30Bi IePexoy, [I0B'I3aHi 3 BIOPSAKYBaHHSIM JIOKAIi30BaHUX MarHoHiB. 1]i ¢a3osi
Nepexoy HajleXkaTh N0 Pi3HUX KJaciB YHiBepcasbHOCTI. Koy po3riisganacs NOBHICTIO aHTU(epOMarHiTHa MOJIEb

(kBazmpaTHa Ta LIECTUKyTHA reoMeTpii) B peskumi noBHOI ppycTpatiii, To BusiBjieHO $a3o0Bi epexony, siki HajexxaTb



IIO KJ1acy yHiBepCaJbHOCTI IBOBUMIPHOI Mogeri I3unra. Y BunagKy TpUKyTHOI reOMETPIl 1171 IIOBHICTIO
aHTUepoMarHiTHOI MoJieli BUsBIeHO (Ha30BUl IIepexi, 110 HaJIeXKUTh [0 KJlacy YHiBepCaJIbHOCTI ABOBUMIPHOI
TpuctaHoBoi mogesi IToTca, a B BUNajKy, KoJu JesKi B3aeMogii Ha rpaTi € pepomarHitHumu — $asoBuil nepexiy,
[EepUIOro POfy, SKUM y IEBHIN KPUTUYHIN TOYL] IepexoauTs y (a3oBuUil Iepexiy, IPpyroro poay 3 Kjiacy
VHIBEPCaJIbHOCTI BOBUMMIPHOI Mogesi [3uHra. [ NoBHICTIO aHTU¢EePOMAarHiTHOI MO eJli 3aJaHOI Ha IIE€CTUKYTHIN
IBOIIAPOBIi I'paTLi IpU MaJIMX BiIXWUJIEHHSX Bifl pexkuMy NoBHOI ppycTpaii BUsBIEHO cliiH-QJIon nepexif, sikuii
nputamaHHuil XXZ mMopesi 3 JIErKolo BicClo HaMarHideHHs. Ha ocHOBi epeKTUBHOI Mojiesti po3po6seHO TeOopito AJ1s
MarHiTHOI criosyku Ba2CoSi2ZO6CI2 y 30BHIIIHBOMY MarHiTHOMY IIOJIi 4J151 ONUCY ii HU3bKOTEMIIEPATYPHUX
BJIaCTUBOCTEN. CIIOJIyKa ONUCYETHCS KBAAPATHOIO CIIIHOBOIO MOJEJIJII0 HA KBaIPATHOMY ABo1api. BinTBopeHo
Pe3yJbTaTU eKCIIEPUMEHTIB 11711 1ji€l CIIOJIyKU Ta 3p00JIeHO HOBI Ilepei0aueHHs, sIKi IOTPe6OYIOTh
€KCIIepUMEHTAJIbHUX NOCIITKeHb 1714 iX nigTBepKeHHs. TakoK 06roBOPEeHO 3aCTOCOBHICTh po3pobiieHoi Teopii Ha
OCHOBI KBaHTOBOi MojieJii ['aii3eH6epra Ha EeCTUKYTHi ABOMAPOBIiil I'PaTLi 10 MArHiTHOI CIIOJIYKU
Bi3Mn4012(NO3). [l;1s1 TIOBHOTH KapTUHU, B POOOTI LOCIIiZPKEHO OCHOBHUI CTaH KBAHTOBOTO aHTU(epOoMarHeTuka
l'ait3en6epra Ha ABolIapax pisHoi reomeTpii (kBafpaTHa, MECTUKYTHA) 32 Bi,CYTHOCTI MarHiTHoro noJis npu T=0.
JI71s bOTO 3aCTOCOBAHO BapiallitHMM Mifxiz,. 3arnpornoHoBaHo NMPOOHi BapialiliHi XBUIbOBI MYHKIL|i, sIKi JO6pe
OTIMCYIOTh CTaH CUCTEMU [P IIEBHUX CIIiBBiTHOIIEHHIX MK IIapameTpaMy OOMiHHUX B3a€MOJiH. [3 TOpiBHSAHHS
BapianiliHux eHepriil nodynoBaHo ¢as3osi Aiarpamu. OTpUMaHi pe3yJbTaTH CIIBCTaBJIEHO 3 HELABHO OJEP>KaHUMU
3a JOIIOMOTOI0 CKJIAIHIMNX MEeTOiB. CrlocTepiraeTbcs KiCHa y3roJpyKeHIiCTb Ta A0OPa KiJIbKiCHA 3rojia AJ1sl JesiKrX
KPUTHYHUX TOYOK. SIK IPOCTUI PUKJIa, po3risiHyTo Mogenb Tacaki-I'abapaa 3ajaHy Ha MUJIKONOAI6HOMY
JIaHLIIOXKKY, Jle MOXHa CcriocTepiraTy e(peKkTH NPUCYTHOCTI CUJIBHUX KOPEJISLii Ta HaltHMX40i 6e3ucrepciiiHoi
(ry10CKOi) 30HU B €HEPreTUYHOMY CIIEKTPi. BUBYEHO B/1aCTUBOCTI TaKOTo [1apaMarHeTUKa B HEXTOBHO MaJIOMy
30BHIIIHbOMY Mar"HiTHOMY I1OJIi Ta 3[iiICHEHO MTOPIiBHAHHA 3i 3BUYallHUM ITapaMarHeTukom Kiopi. Bussieno, 1o Ha
BigMiHY BiJ 3BUYalfHOTO apamMarHeTyka, B IapamarieTuky Tacaki-l'abapza € 3aMnKoBa eHTpOIlis. TakoX Takui
[IapaMarHeTyK JIEeTIIe HaMarHiyyeTbcs. Y qucepralii BUBYE€HO 4K BILJIMBAIOTh HA BJIACTUBOCTI CUCTEMU BiIXUJIEHHS
Bif, pe’XuMy MOBHOI (ppycTpalii Ta 3HaK AesKUX OOMiHHMX B3aeMoii. 1715 ofHiei 3 Mopesell NOCiIPKEHO CUCTEMY B
MarHiTHOMY I10J1i 3 TOBiIIBHUM HAIIPSIMKOM. 3aCTOCOBaHO OIIEPaTOPHY TeOpiio 30ypeHb y BUMIATKy HEKOMYTYIOUOTO 3

ITIOBHUM TraMiJIbTOHIaHOM JI0JJaHKY 3eeMaHa.

2. The thesis is devoted to investigation of the properties of frustrated quantum Heisenberg antiferromagnets,
which under special conditions have a dispersionless (flat) band in the one-particle energy spectrum. The model is
investigated in strong magnetic fields and at low temperatures. An s=1/2 antiferromagnetic Heisenberg model on
several bilayer lattices (square, honeycomb and triangular) with magnon states from the flat band with lowest
energy in the presence of a strong magnetic field is considered. Due to the localized nature of the flat-band
magnon states, these systems are mapped on the classical lattice gases of hard-core objects. This mapping
simplified the study of quantum models, reducing them to well-known classical ones, which allows us to draw the
conclusions about the properties of the initial models. Also, the standard strong-coupling perturbation theory is
applied for constructing effective Hamiltonians. These effective models allowed to investigate the phase
transitions related to the ordering of localized magnons. These phase transitions belong to the different classes of
universality. When completely antiferromagnetic model (square and honeycomb geometry) was considered in full
frustration regime, the phase transitions that belong to the universality class of the two-dimensional Ising model
were found. In the case of triangular geometry, for a completely antiferromagnetic model, the phase transition
belonging to the universality class of the two-dimensional three-state Potts model, and in the case, when some
interactions on the lattice are ferromagnetic — the discontinuous phase transition, which at a certain critical point
reached the continuous phase transition from the universality class of the two-dimensional Ising model were
found. For a completely antiferromagnetic model on a honeycomb bilayer lattice for a small deviations from the
full frustration regime, a spin-flop transition, which occurs in a XXZ model with an easy axis of magnetization, was
found. On the basis of an effective model, a theory for a magnetic compound Ba2CoSi206CI2 in an external
magnetic field for the description of its low-temperature properties is developed. The compound can be described
as a quantum spin model on a square bilayer lattice. The results of experiments for this compound have been



reproduced and new predictions have been made, which require new experimental studies to confirm them. The
applicability of the developed theory based on the Heisenberg quantum model on a honeycomb bilayer lattice to
the magnetic compound Bi3Mn4012(NO3) is also discussed. For completeness, the ground state of the quantum
Heisenberg antiferromagnet on the bilayers with different geometries (square, honeycomb) in the absence of
magnetic field is investigated. A variational approach has been applied for that. The trial variational wave functions,
which describe the state of the system for the certain relations between exchange interaction parameters, are
proposed. By comparing the variational energies, the ground-state phase diagrams are constructed. The obtained
results are compared with obtained recently by more sophisticated methods. Qualitative consistency and good
quantitative agreement for some critical points are observed. As a simple example, the Tasaki-Hubbard model on a
sawtooth chain, where one can observe the effects of the presence of strong correlations and the lowest
dispersionless (flat) band in the energy spectrum is considered. The properties of such a paramagnet in an
infinitesimally small external magnetic field are studied and a comparison with the usual Curie paramagnet is
made. It is found that in contrast to the usual paramagnet, the Tasaki-Hubbard paramagnet has a residual entropy.
Also, such a paramagnet is more easily to magnetize. In the thesis, the influence of the deviation from the full
frustration regime and the sign of some exchange interactions on the system properties is studied. For one of the
spin models, the system is investigated in a magnetic field with an arbitrary direction. The perturbation theory is
extended to the case, when full Hamiltonian does not commute with the Zeeman term.
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