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1. KBappynosibHi Ta KBaJipynoabHO-(epOoMarHiTHi ¢pasu B OGHOBICHMX MarHeTUKax i3 OJlHOIOHHOIO aHi30Tpomi€elo Ta

6ikBapaTHOIO OOMIHHOIO B3a€MOII€I0

2. Quadrupole and quadrupole-ferromagnetic phases in uniaxial magnets with single-ion anisotropy and
biquadratic exchange interaction

Pedepar:

1. Incepraniiina po60Ta IPUCBIYEHA JOCIIKEHHIO BJIACTUBOCTEN CIiH-1 MarHeTHKa 3 KOHKYPYIOUUMU
BEKTOPHUMM Ta TEH30PHUMM B32EMOJiSIMM HaNOiIbII 3arajbHOrO AJ1s1 ONHOBICHOI cuMeTpii Burany. [TokaszaHo, mo
HasIBHICTb B CUCTEMi 6araTbox KOHKYPYIOUMX B3a€EMOZi}1 00yMOBIIIOE il BUCOKY YYTJIMBICTb [10 3MiHU 3HaY€Hb
KOHCTaHT MOZEJIbHOTO raminibTOHiaHa. ICHye iHTepBaJ 3Hau€Hb [1apaMeTPiB raMiJIbTOHIaHa, B SIKOMY MOXYTb
peani3oByBaTUCs JUIIE TPY CUMETPUYHi (pasu: pepomarsiTHa (asza 3 Biccio BopsaKyBaHHS Z (PM®), miomuyHHA
KBazpymnoJsbpHa ¢asa 3 riomuHowo BrnopsakysanHs XOY (IIK®) ta napamarsitHa ¢asa. V 6e3po3mipHux
KOOpAMHATax I10Jle — TeMIlepaTypa o0yL0BaHoO BiANOBiNHY (Ha30By Aiarpamy, sika MiCTUTb IIOTPIAHY TOUKY.
Po3paxoBaHO 3a71€XKHICTb KOOPAMHAT MIOTPiIHOI TOYKY Bif| TapaMeTPiB raMisibTOHiaHa. Y TUX CAMUX KOOPAUHATAX Y
IIEBHOMY iHTEpBaJli 3Ha4eHb [TaPaMETPiB ramMizibToHiaHa ¢a3oBa AiarpaMa OKpim BKa3aHUX CUMETPUYHUX (a3
BKJIIOYAe 11Bi a3y i3 OpyIIEeHO CUMETPi€l0: 0CbOBY KBAIPYIIOJIbHY $asy 3 Biccio BropsaxkyBaHHS Z (OK®) Ta



3MilaHy KBaApynoabHo-pepomarHiTHy ¢pasy (KOD). Ha BinnosinHiil ¢pazosiil giarpami HasiBHI 4Bi MyJIbTUKPUTUYHI
TOYKMU: IIOTpiliHAa i TeTpakpuTuyHa. [JoBeneHo, mo ¢pa3oBuii nepexiz nepuoro pony Mix ¢gazamu GPMO ta ITKD
CYIIPOBOMKY€ETHCS TiCTEPE3UCHUMU BUIAMU. [100y10BaHO Bif[IOBiAHY €TI0 TicTepe3ncy y KOOpAUHATaX [10J1e —
HaMarHiueHicTs. JletanpHo gociigkeHo OK® ¢asy Ta oTpMMaHO CIEKTP CMiHOBUX 30yPKeHb 32 HasIBHOCTI
[IOB3JIOBXXHBOT'O 30BHIIIHBOTO MArHiTHOTO 1oJis. [71s i€l pasu nobynoBaHO TeMIepaTypHY 3ajIe>KHICTh
KBAaJIPYIOJIbHUX CKJIA[IOBUX [IapaMeTpa MopsaKy. JoBeneHo, o KPUTUYHA TeMIlepaTypa (pa3oBoro nepexony Mixx
dazamu OKO ta KOO cunbHO 3aymeXuTh Bifi CTYIIEHS aHi30TpoIii 6ikBaspaTHOI 0OMiHHOI B3aeMmo[ii. JlocimpKeHo
¢dasosuii nepexig Mk OK® i ITK® 3a BiicyTHOCTI 30BHIIIHBOTO MArHiTHOTO MOJIS Ta 6yJIO BUSIBJIEHO, 10
KBaIPYyIIOJIbHI CKJIa10Bi IIapaMeTpy MOPSAKY, sKi € QYHKIisIMA KOHCTAHTH OJJHOIOHHO]I aHi30Tpoii, IPOsBISIOTH
[IOBEJiHKY NIOMiOHY [IO TiCTEPE3UCHOI.

2. The thesis is devoted to the study of the properties of a spin-1 magnet with competing vector and tensor
interactions with the most general form of uniaxial symmetry. Such types of tensor interactions as single-ion
anisotropy (SIA) and biquadratic exchange interaction (BEI) are considered. It has been shown that the presence of
several competing interactions in the system causes its high sensitivity to changes of the model Hamiltonian
constants. There is a range of Hamiltonian parameters where only three symmetric phases can be realized:
ferromagnetic phase with the ordering axis Z (FMP), planar quadrupole phase with the ordering plane XOY (PQP)
and paramagnetic phase (PMP). The corresponding phase diagram in dimensionless field-temperature coordinates
is constructed, and it contains a triple point. The dependence of the triple point coordinates on the Hamiltonian
parameters is calculated. There is a range of Hamiltonian parameters where the phase diagram in the same
coordinates in addition to the specified symmetric phases also includes two phases with broken symmetry: axial
quadrupole phase with the ordering axis Z (AQP) and mixed quadrupole-ferromagnetic phase (QFP). There are two
multicritical points on the phase diagram: triple and tetracritical. The competition of the FMP and PQP phases is
considered and it is proved that the first-order phase transition between this phases is accompanied by the
hysteresis phenomena. A corresponding hysteresis loop in the field-magnetization coordinates is constructed. The
AQP phase has been studied in details and the spin excitation spectrum in presence of the longitudinal external
magnetic field was obtained. The dependence of the quadrupole components of the order parameter on the
temperature is constructed for this phase. It is proved that the critical temperature of the phase transition
between the AQP and QFP phases strongly depends on the degree of BEI anisotropy. The phase transition between
the AQP and PQP phases in the absence of the external magnetic field is investigated. It is determined that
quadrupole components of the order parameter, which are functions of the single-ion anisotropy parameter, show
hysteresis-like behavior. Thus, it has been shown that the behavior of the uniaxial spin-1 magnets in the presence
of SIA and BEI significantly depends on the competition between different types of interactions. The BEI and its
anisotropy degree play a significant role in this competition and at the properties of the magnetic system. The
change of the BEI anisotropy constants affects the presence of certain phases in it. For the experimental check of
the thesis results, it is advisable to use a magnet for which BEI plays a dominant role in the formation of magnetic
ordering, where quadrupole and quadrupole-ferromagnetic phases are implemented along with FMP and PMP
phases.
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