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Реферат:
1. Дослідження електричних та оптичних властивостей дозволило визна-чити механізми релаксаційних
явищ і встановити природу дефектів решітки у кристалах натрій-бісмутового титанату Na0,5Bi0,5TiO3 (NBT) і
твердих розчи-нах Na0,5Bi0,5TiO3–BaTiO3. Інтенсивну діелектричну аномалію пов’язано з про-цесами
об’ємно-зарядової поляризації на границях полярних нанообластей по-близу переходу з тетрагональної
парафази до ромбоедричної сегнетофази. Електропровідність кристалів NBT має змішаний іонно-
електронний характер. Процеси електричної поляризації й перенесення заряду обумовлені рухом ва-кансій
кисню й міграцією електронів по регулярних іонах титану. Оптичне по-глинання та фотолюмінесценція
визначаються електронними переходами в іо-нах Ti3+, розташованих у спотворених кисневих октаедрах.
Термічна обробка дозволяє керувати електричними та оптичними властивостями. Отримані дані
поглиблюють уявлення про зв'язок між дефектною структурою та фізичними властивостями кристалів NBT,



що дозволяє оптимізувати їх характеристики для практичного застосування.

2. The performed study addresses the critical need for environmentally benign functional materials. The central
focus of the work is to understand the profound impact of proper defects on the material's functional properties.
Sodium-bismuth titanate Na0,5Bi0,5TiO3 (NBT) and its solid solutions Na0,5Bi0,5TiO3–BaTiO3 (NBT-BT) are
considered as the promising eco-friendly can-didates for replacing lead-based PbZrxTi1−xO3 ceramics in piezo-
technics. Study of NBT and NBT-BT electrical and optical properties made it possible to establish the mechanisms
of relaxation phenomena and identify the nature of proper lattice de-fects. To achieve this, the temperature-
frequency dependences of dielectric permit-tivity, electrical conductivity and impedance, alongside optical
absorption and pho-toluminescence spectra were analyzed in NBT and NBT-BT single crystals and ce-ramics. A
key methodological approach was the use of heat treatment in both air and vacuum to control the concentration
of proper defects and establish a direct link be-tween the defect structure and the observed physical properties.
For the first time, it has been demonstrated that the intense dielectric anomaly observed near 700 K in NBT and
NBT-BT crystals is related to space-charge polar-ization at the boundaries of polar nanoregions near the
transition from the tetragonal paraelectric phase to the rhombohedral ferroelectric one. The pivotal role of oxygen
vacancies (VO) in this process was unequivocally proven: the anomaly was signifi-cantly suppressed by annealing
in air and substantially enhanced after annealing in vacuum. A novel model was proposed to describe this
relaxation anomaly, which, unlike standard models, additionally accounts for the thermal decay of polarizing
entities. The model combines the Cole-Cole formalism with a corresponding kinetic equation and allows for a
quantitative description of the experimental observations. This approach accurately predicts the dependence of
the dielectric permittivity tem-perature and frequency behavior on experimental conditions. The electrical
conductivity of NBT crystals was found to be of mixed ion-electron type. In as-grown single crystals, the sample's
bulk exhibits mixed conduc-tivity, while in the near-surface layer ionic transport dominates. The latter is at-
tributed to the movement of oxygen vacancies, while the electronic component is associated with electron
hopping through regular titanium ions (Ti3+). It was demon-strated that the dominant charge transport
mechanism can be controlled via thermal treatment. Annealing in air effectively "heals" oxygen vacancies,
suppressing the ionic component and transitioning the material to a state with predominantly elec-tronic
conductivity. It was established that the optical absorption and photoluminescence in NBT crystal are governed by
electronic transitions within Ti3+ ions. Two distinct types of optically active centers were identified: Ti3+ ions
within trigonally distorted oxygen octahedra and associated complexes (Ti3+–VO) within tetragonally distorted
octahe-dra. A direct correlation between the material's optical response and its dielectric prop-erties was found,
confirming their common origin in the defect subsystem. The results obtained in the dissertation deepen the
understanding of the intrin-sic defects nature and the mechanisms governing the "defect structure – physical
properties" relationship in NBT-based materials. The developed approaches for con-trolling the defect structure
via thermal treatment provide a practical pathway to op-timize the key electrical and optical properties of these
materials for their application in modern functional devices.
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