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Pedepar:

1. Incepranifina po60Ta IPUCBIYEHA JOCIIKEHHIO TEPMOAMHAMIKY KBAHTOBUX (PPYCTPOBAHUX CIIIHOBUX CUCTEM. Y
IYcepTauiiiHiil po60oTi IOSICHEHO IPUPOY MICeBAoIepexoiB. 171 Toro, mob BUSIBUTH IPUYMHY LIUX
HU3bKOTEMIIepaTypHUX 0COOJIMBOCTEN PO3IJISIHYTO JEeKijlbKa JeKOPOBaHMX CUCTEM: IBOHOra JpabrHKa I3uHra i3
TPUMEPHUMU LAGJISIMU Y HYJIbOBOMY MarHiTHOMY 10Jli, clliH-1/2 [3uHr-XYZ poM6iuyHu JTaHIIIOXKOK,
CIIiH-€JIEKTPOHHUI JIAHII0KOK MOABITHUX TE€TPaenpiB i criH-1/2 JaHII0KOK NOJBIMHUX TeTpaeapiB
[3unra-Tarzen6epra. 3acToCyBaBIIY AeKopaliliHO-iTepaliliHe 1epeTBOPEHHS AJIsI IBOHOTOI pabuHku [3nHra i3
TPUMEPHUMHU 1A0JIIMU, I0OY0BaHO e(PEeKTUBHUI raMisIbTOHIaH Ha 3BUYaliHii ABOHOrIH npabuHLi [3uHra i3
3aJIEXKHOIO Bifl TEMIIEPATypU B3aeMofielo Ha mabsax. [Ipy neBHOMY 3HaY€HHI TEMIIEPATypHU (SIKe BifoBinae
[ICeBIOKPUTUYHIN TemrnepaTypi) oOOMiHHa B3aeMoZisl Ha mAGISIX OPIBHIOE HYJIEBI, 110 IPUBOAUTD 40 €(PEKTUBHOTO

poslensieHHs JpabrHKY Ha JBa HEB3a€EMO/{104i JIAHLIOXKKY [31HTa. SIKI0 ICeBIOKPUTHYHA TEMIIEPATypa €



IIOCTaTHBO MaJIO0 (Y OOUHUIISIX OOMIHHOI B3aeMOZii B3JOBX JIAHIIIOXKKIB), TOZi CIIOCTEPIraTUMYyThCS CigU
KPUTUYHOI [IOBEJiHKY MTPOCTOrO JIAHLIIOKKA [3UHTra Mpy HyJIbOBIM TEMIIEPATYpi Ta HyJIbOBOMY NoJ1i. [IokazaHo, o B
OKOJIi IICEBIOKPUTHUYHOI TEMIIEPATYPU (ajie He Y IICeBIOKPUTHUYHIN TOULli) MOZIeJIb BUSIBIISIE KBA3IKPUTUUHY
NoBeJiHKY. JleKkopalillHO-iTepaliliHe IePeTBOPEHHS IJIs1 KiIbKOX J€KOPOBAaHUX KJIACUYHO-KBAaHTOBUX JIAHIIIOXKKIB
IPUBOJUTD 10 €(PEKTUBHOrO raMiNibTOHIaHy JIaHIIIOKKa [3MHTa i3 3aJ1€5KHOIO0 Bifl TeMniepaTypyu 06MiHHOIO
B3a€MOIi€l0 i MarHiTHUM 1oJsieM. Y IICEeBIOKPUTHYHIN Toulli e(peKTHBHE MarHiTHe I10J1e JOPiBHIOE HYJIEBi i MOZesIb
BiITIOBiJla€ IIPOCTOMY JIAHLIIOXKKY [3MHra y HyJIbOBOMY I10J1i. I y LILOMY BUIIa[IKy HU3bKOTEMIIEPATYPHi OCOOIMBOCTI
TIOB'S13aHi i3 KPUTUYHOIO ITOBEIHKOIO IIPOCTOrO JIAHLIOKKA [3MHra NpU HYJIBOBIN TEMIIEpPATYPi Ta HYJIbOBOMY IOJII.
KBas3ikpuTHuHi IOKa3HUKHU JEKOPOBAHUX KJIACUYHO-KBAHTOBUX JIAHLI}OXKKIB CHIBMANAIOTh i3 OTPUMaHUMU IJ15
IBOHOTOi npabyHKU I3uHra. TakuM YMHOM, BCTAHOBJIEHO IPUYMHY BUHUKHEHHS! ICEBJOKPUTUYHOI [I0BEIiHKU 117151
HU3KU OJJHOBUMIiPHHUX J€KOPOBAHUX ((PPyCTPOBaHUX) Moeel I3uHra. JIoCliIpKeHHs BIIMBY T€OMETPUYHO]
¢dpycTpalii Ha TEPMOJMHAMIYHY NIOBE/IiHKY KBAHTOBUX TPUBUMIPHUX CIIIHOBUX CUCTEM IPOBOJAMJIOCS HA IPUKJIAL]
rpaTKy NipoxJopy, sKa € Hailbinbul ppycTpOBaHOIO IPaTKOI0 ¥ TPhOX BUMipax. TepMonuHaMiyHi Ta AuHaMIuHI
BJIACTMBOCTi KBaHTOBOrO S=1/2 ¢pepomarHeTuka ['aitlaeH6epra posrisganrcs METOOM ABOYACOBUX (PyHKLil 'piHa B
HabmwkeHHi Ta671ikoBa (HabIVDKEHHS XaOTUYHUX ¢das). 3 aHasli3y CaMOY3rOJP)KeHOTO PiBHSIHHS /111 HAMArHi4eHOCTi
3HANEHO 3HAaYeHHS KPUTUYHOI TEMIIEPATypHU i TeMIlepaTypHy 3aJIe>KHICTh HaMarHiyeHoCTi y pepomarHiTHil ¢asi i
OJIHOPiAHOI MarHiTHOI CIPUMHSTAMBOCTI y napaMarHiTHii ¢asi. O64ncseHi pe3ysipTaTy [111 HAMarHiueHocCTi Ta
TEIJIOEMHOCTI (1711 TEMIIEPATyp HU)KYE KPUTUYHOI) i OHOPiNHOI MarHiTHOI CIPUUHSTIUBOCTI (4J151 TEMIIEPATYP
BUILle KPUTUYHOI) IOPiBHIOBANINCS i3 pe3yibTaTaMy CUMYJIALiM MeTOO0M KBaHTOBOrO MoHTe Kapio. O6unciaeHui
IVHaMiYHUI CTPYKTYPHUI (paKTOp IIOPiBHIOBABCS 3 EKCIIEPUMEHTOM i3 HEIIPY>KHIM pPO3CisIHHSIM HENUTPOHIB J1s1
crionyku Lu2vV207. Orpumanuil B HabmwkeHHi Ts6s1ikoBa IMHAMIYHNNA CTPYKTYPHUM PAKTOP SIKiCHO [IPAaBUJIBHO
ONMCY€ eKCIIepHMMEHTalbHI gaHi. TepMoguHaMika KBaHTOBOro S=1/2 antudepomarneTtuka ['aiiseH6epra Ha rparTui
MipOXJIOPY PO3IJIsifanach B paMKax MeTONly eHTporii. Ha 0CHOBI BUCOKOTEMIIEPATyPHUX PO3BUHEHD J10
TPUHAJLSTOrO NOPSIKY 32 00EPHEHOI0 TEMIIEPATYPOIO [1JIs1 TEMJIOEMHOCTI Ta MarHiTHOI CIIPUMHSTIIMBOCTI
[IPOBOAMJIACH IHTEPIIOJIALIA 3a IPUNYLIEHHS NIPO Pi3HI CLieHapii HU3bKOTEMIIEPATYPHOI ITOBEAIHKY.
HuspkoTemneparypHa NnosejiHKa TeMJ0€MHOCTI 3aJIE5KUTh Bifl CIIEKTPY HU3bKOEHEPreTUYHUX 30YIKEHb CUCTEMU. Y
BUIIAJIKy OGE3MIiIMHHOIO CIEeKTPY TeIJIOEMHICTh Ma€ CTEIIeHEBY aCUMIITOTHUKY, a Y BUIIAJIKy CIIEKTPY i3 LIiJIMHOK —
TE€PMiYHO aKTUBOBaHY aCUMIITOTUKY. Y pOOOTi JOCiAKyBasach iHTEPIOJISLisl METOIOM €HTPOIIIi 4151 06UIBOX
BUMNAJKiB. [Ipy [OCTYMIHOMY TPUHAALSATOMY HOPSAKY BUCOKOTEMIIEPATYPHUX PO3BUHEHD CAMOY3TOJIKEHA
mpouenypa B METOJi eHTPOIlil, To0yZoBaHa Ha aHali3i Hal6iIbIIO] KijIbKOCT 61M3bKUX [1azie alpOKCUMAaHT, 1ae
IiICTaByM BBAXKATH, 11O CLieHapiil 6€3IiIMHHOrO CIIeKTPY 6ibill oCcTOBipHUI. TemnepaTypHuil npodiib
TEIJIOEMHOCTI HE MiCTUTbh HU3bKOTEMIIEPATYPHUX OCOOJIMBOCTEN TUIY JOAATKOBOIO MaKCUMYMy 4H Ijleya. OfHaK,
MaKCHMYM TEIJIOEMHOCTI 3HaYHO 3CYHYTUH B 00J1aCTh HU3bKUX TeMIepaTyp. Taka rnoBeJiHKa CIIoCTepiraeTbes
6€3BiTHOCHO 110 MIPUITYILIEHb IIPO CIIEKTP HU3bKOEHEePreTUYHUX 30y IKeHb. Mar"iTHa ClIpuiHSTINBICTb Mae

IIMPOKUI MAaKCUMYM.

2. The thesis is devoted to the study of the thermodynamics of the frustrated quantum spin systems. To reveal the
reason for the emergence of pseudo-transitions, we consider a number of decorated one-dimensional systems.
Namely, the two-leg ladder Ising model with trimer rungs, the spin-1/2 Ising-XYZ diamond chain, the
double-tetrahedral chain of localized Ising spins and mobile electrons, and the spin-1/2 Ising-Heisenberg double-
tetrahedral chain. After a decoration-iteration transformation, the effective Hamiltonian for the two-leg ladder
Ising model with trimer rungs becomes the simple two-leg rail-road Ising ladder Hamiltonian with the
temperature-dependent interactions for the interleg coupling. At some finite temperature (pseudocritical
temperature) vanishes. Effectively, this corresponds to a splitting of the two-leg ladder into two independent Ising
chains. For sufficiently small values of the pseudocritical temperature (in the units of exchange coupling of the
chain), the traces of the simple Ising chain criticality at zero temperature and zero field are clearly seen. Around
the pseudocritical temperature (but not in the immediate vicinity of the pseudocritical temperature) the model
shows pseudo-critical behavior. The decoration-iteration transformation for a number of considered decorated
classical-quantum chains leads to the simple Ising chain Hamiltonian with the temperature-dependent exchange



interaction and magnetic field. The effective magnetic field vanishes at the pseudocritical temperature and,
consequently, the model corresponds to the simple Ising chain at zero magnetic field. Therefore, the low-
temperature peculiarities of the decorated Ising chains show up from the simple Ising chain criticality at the zero
temperature and field. Quasicritical exponents of the decorated classical-quantum chains coincide with the ones
obtained for the two-leg Ising ladder. As a result, the reason for the peculiar low-temperature behavior of some
spin-1/2 decorated (frustrated) one-dimensional Ising models has been revealed. To study the influence of
geometrical frustration on thermodynamics of a three-dimensional quantum spin systems we consider a
pyrochlore lattice. The pyrochlore lattice is the most frustrated lattice in three dimensions. Thermodynamic and
dynamic properties of quantum S=1/2 ferromagnetic Heisenberg model were studied by the double-time
temperature-dependent Green functions method within the random phase approximation. The value of the critical
temperature and the temperature dependence of the magnetization in the ferromagnetic phase and the magnetic
susceptibility in the paramagnetic phase were found from the analysis of the self-consistent equation for
magnetization. We compare the magnetization and the specific heat (for the temperatures below the critical one)
and the magnetic susceptibility (for the temperatures above the critical one) with the results of quantum Monte
Carlo simulations. The dynamic structure factor was compared with inelastic neutron scattering data for Lu2v207
material and a satisfactory agreement has been found. To study the thermodynamics of the quantum S=1/2
antiferromagnetic Heisenberg model we used the entropy method. The interpolation between high temperatures
(based on the 13-th order high-temperature expansion for the specific heat and the magnetic susceptibility) and
low temperatures according to different scenarios for the low-energy excitation spectrum has been made. The
low-temperature dependence of the specific heat is determined by the nature of low-energy excitation spectrum
of the system. In the case of gapless spectrum, the specific heat follows a power-law behavior, whereas for the
gapped spectrum, the specific heat is thermally activated. The interpolation within the framework of the entropy
method was made for both cases. We apply a self-consistent procedure within the entropy method based on the
largest number of coinciding Pade approximants to analyze the thermodynamic observables. For the available
order of the high-temperature expansion, the assumption of the gapless spectrum is more robust. The specific
heat does not have any extra low-temperature features like a peak or shoulder. However, the location of the main
maximum is significantly shifted to lower temperatures. This behavior is independent of the assumed type of low-
energy excitations. The magnetic susceptibility has a broad maximum.
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