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2. Quantum fluctuations and frustrations in low-dimensional spin models: exact results and perturbative analysis

Pedepar:

1. Inceprauiiina po60Ta CTOCY€eThCSl BUBYEHHS e(PeKTiB KBAHTOBUX QJIyKTyalliil i ppycrpariil Ha
HU3bKOTEMIIEPaTYyPHi BJaCTUBOCTI HU3bKOBUMIPHUX KBAaHTOBUX CITIHOBUX MOJEJIEN. PAll TOUHUX pe3ysbTaTiB
OTPUMAaHO [JI51 AMHAMIUYHUX BJIACTUBOCTEN OJHOPIIHMX Ta BUIIQAKOBUX CMiH-1/2 XY JIaHII0OXKIB y MONIEPEYHOMY
1oJ1i 3 B3aemoyieio J[3saiomnachkoro-Mopis, BukopucToByoun ¢pepmionizauioo Mopaana-Birnepa. Cknanmimmi
MogeJii GpycTpoBaHUX APAOMHOK AOCIIIKeHO B HabnvkeHHi [apTpi-®oka 1151 pepmioHi30BaHNX raminbTOHIaHIB.
3HaleHO TOYHUI PO3B'SI30K JJ1s1 psiAy ribpuaHux monesel I3unra-TaiseH6epra 3 CUIbHUMUA JUMEPHUMU
B3a€MOJiSIMU. BUKOPUCTOBYIOYM TOYHI pe3y/bTaTy JJ1s1 UUX MOJEJIEH, 3allPOIIOHOBAHO MifXif, CUJIBHOIO 3B'S3KY,
3aCHOBaAHUI Ha Teopii 36ypeHs 111 XY 4acTUHU MiKIuMepHOi B3aemoii. OfHO- Ta JBOBUMIPHI Mozerii Ha

IlEKOPOBAHUX I'PAaTKax MOCIKEHO Pi3HUMU aHAJIITUYHUMU Ta YUCJIOBUMU MeTonaMu. [1okasaHo, 10 JBOBUMipHa



Mopenb 'aiizeHb6epra, JeKopoBaHa pOMOaMU, BUSIBJISIE JIiHilI0 KBAHTOBUX (Pa30BUX NEPEXOIiB MTePLIOTo poay. g
JIiHig NIePeXOIiB MPOCTATAa€ThCS 4O CKIHYEHHUX TEMIIEPATYP, 3aKiHUYIOUNCh JIiHi€I0 KDUTUYHUX TOYOK, 5IKi HaJlIeXaTb

IIO KJ1aCy yHiBE€pCaJIbHOCTI IBOBUMIPHOI Mozeri [3uHra.

2. The present thesis concerns the study of the effects of quantum fluctuations and frustrations on the low-
temperature properties of low-dimensional quantum spin models. The uniform and random spin-1/2 anisotropic
XY chain in a transverse field with the Dzyaloshinskii-Moriya interaction is considered to examine the effect of the
Dzyaloshinskii-Moriya interaction on the zz, xx and yy dynamic structure factors. It is found that zz dynamic
structure factor is much more sensitive to the Dzyaloshinskii-Moriya interaction in the case of the anisotropic XY
chain, and may exhibit additional van Hove singularities not only with exponent 1/2 but also with 2 /3. Frustrated
models, the J1 - J2 XXZ chain and XXZ model on the diamond chain, are studies within the Hartree-Fock
approximation for fermionized Hamiltonians. Such an approach shows good agreement close to the singlet-dimer
phase. Several hybrid Ising-Heisenberg models with strong dimer interactions are solved exactly taking into
account the conservation of the z-component of total spin on strong Heisenberg bonds. The nature of the
fractional plateaux in these frustrated models is discussed. The spin-1/2 Ising-Heisenberg orthogonal-dimer chain
with two different gyromagnetic factors of the Ising and Heisenberg spins is used to provide the theoretical
description of coordination polymer [Cu2Dy2]n. Using the exact results for the Ising-Heisenberg models with the
strong intra-dimer couplings, we suggested the strong-coupling approach based on the perturbative treatment of
XY part of the inter-dimer interaction. The approximate results obtained within the second-order perturbation
theory are in excellent agreement with available numerical data. One- and two-dimensional models on decorated
lattices were investigated by various analytical and numerical methods. In particular, the spin-1/2 Heisenberg
antiferromagnet on the frustrated diamond-decorated square lattice in a magnetic field shows both the complex
ground-state phases and non-trivial thermodynamic properties. At intermediate field strength, a first-order
quantum phase transition line between the ferrimagnetic and the monomer-dimer regime is identified. This first-
order line extends to finite temperatures, terminating in a line of critical points that belong to the universality
class of the two-dimensional Ising model. These phase transitions are studied rigorously in the case of a simplified
spin-1/2 Ising-Heisenberg model on a diamond-decorated square lattice by means of a decoration-iteration

transformation.
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ByacHe IlpizBume Im'st ITo-6aThKOBI Mpurznon Irop Muponosu

rOJIOBH pajgu

Biacue IpizBume Im's [lo-6aThKOBI Mpurnoz Irop MupoHosu4

rOJIOBYIOYOrO Ha 3acCifiaHHi

BigmoBigasbHUH 32 MiATOTOBKY [lBaiika A.M.

00JIIKOBHX JOKYMEHTIB



PeecTtpaTop VYKpIHTEI

KepiBHuk Bigginy YKpIHTEI, mo €
BiZITIOBiZAaILHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

OistJIBHOCTI




