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1. Inceprauifina po60Ta IPUCBIYE€HA BCTAHOBJIEHHIO BIIJIMBY PO3MiPHUX €(EKTiB Ha JieJIeKTPUYHi, ipOeJIEeKTPUYHI
(TTE) Ta enextpokanopuyHi (EK) xapakrepuctuku cpepuunux ¢pepoenekrpuyHux (PE) HaHOUACTHHOK B IpUIaax
MIKpO- Ha HaHOEJIEKTPOHIKY, TakuX sK [1E ceHcopu Ta TBepAOTiIbHI oxonomkyBadi. OE marepianu € He3aMiHHUMU
esnemenTamu I1E ceHcopis Ta EK 0X0/10[15KyBadyiB, SIKi € aKTyaJbHUM 171 iCHYI0UMX Ta iIHHOBALIMHUX PillleHb Y Tay3i
6esmnexu Ta eHepreTuku. OHaK, yci icHyo4i pepoesieKTprKY BUMaraloTb 3HaYHOTO BIOCKOHAJIEHHS CBOIX po60unx
XapaKTEePUCTHK, 11100 33J0BOJIbHUTY CYy4acHi BUMOTH [10 IepeJoBuX 6araTopyHKLioHaIbHUX [IPUCTPOIB.
JocimKeHHsI HAHOPO3MipHUX (PEPOEJIEKTPHUKIB € IEPCIIEKTUBHUM 3 TOUKU 30Py MOXJINBOCTI KEPYBaHHS
BJIACTUBOCTSIMUA KOMIIO3UTY IIJISIXOM MiI60pYy pPO3Mipy HAHOYACTUHOK 3 METOIO JOCATHEHHS! MakcuMasbHoro EK
Biaryky Ta I1E nepeTBopeHHs. BukopucToByoun TeopetruyHui minxin Jlanpay-I'in36ypra-JleBoHumunpa, aHaJliTUYHO
PpO3paxoBaHO TUNOBI 3aseskHoCTi napameTpis [1E Ta EK nepeTBOpeHHS Bif, 30BHIIIHBOTO €JIEKTPUYHOTO 10714,
TeMIIepaTypu Ta paziycy 1jst chepudHux MoOHOJoMeHHNX OE HaHOYaCTUHOK TUILY «SIpO-000JI0HKa». Po3risHyTa
¢dizuyHa MOJesIb BiOBiZa€ HAHOKOMIIO3MTaM 3 MaJIOl0 KOHLeHTpaunieo OF HaHOYaCTUHOK. B Mexkax aHaniTHIHO]
MozeJi 3'5ICOBaHo, SIK 3MiHa pO3Mipy HAHOYAaCTUHOK BIIJIMBAa€ Ha TeMIlepaTypy Ta nosexiHky napametpis [1E ta EK
[IEPETBOPEHHS B €JIEKTPUYHOMY I10J1i Ha NPUKJIai HaHOYacTMHOK BaTiO3, BKpUTUX HAIiBIIPOBiIHUKOBOIO
000JIOHKOIO Ta IOMIIlEHUX Y [ieJIeKTPUYHUI nosimep. [TokasaHo, 1o 3MiHIOIOUM PO3Mip YaCTUHKM MOKHA
oTpumatu Mmakcumymu I1E koedinienta i 3minu EK TemniepaTypu, a TakoX 3MiHIOBAaTU iXHi IIMPUHY, BEINYUHY Ta
3HaK. Po3rysiHyTuit po3mipHuil eexT Binkpusae MoxxuBicTs kepyBaHHs [1E ta EK Bnactuoctsimu OE
HAaHOKOMIIO3UTIB, 110 MOXKE OYTH BOKJIMBUM [JIs1 IOIIMPEHHS iX 3aCTOCYBaHHS y IEPETBOPIOBAYAX €HEPrii Ta
OXOJIO[I)XYBaJIbHUX CUCTEMaX. PO3IJISIHYTO BIIJIMB aHCAMOJII0 HEB3a€MOJI0UMX CPEePUIHUX OJHOAOMEHHUX QE
HAaHOYACTUHOK THUITY «SApO-000JIOHKa» Pi3HOrO pO3Mipy, BOYIJOBaHUX B JieJIeKTpUYHy MaTpuliio. GyHKLis
po3I0ziny 3a po3MipaMy LIMX HAHOYACTMHOK BUOMPAETHCS K yciueHui posnogin [ayca. [I1s Takux
HaHOKOMIIO3UTIB 064YMCIIEHO 3aJIEXKHOCTI €/1IeKTPUYHOI nossipu3atii, 3minu EK Temnepatypuy, I1E ta EK
KoedillieHTiB Ta AieseKTPUYHOI IPOHMUKHOCTI Bifi 30BHIIIHBOIO €JIEKTPUYHOTO I10JIs1 Ta TEMIIEPaTypH.
[TpoaHasnizoBaHO 3aJI€KHICTh NepesiueHNX XapaKTePUCTHUK Bif IapaMeTpiB PyHKIiI po3Nofiny 4JaCTUHOK 32
po3mipoM. Po3paxoBaHo Ta npoaHasnizoBaHo 3anexxHocTi [1E (pakTopis SIKOCTI BiJl cepelHbOro pajiyca
HAaHOYAaCTMHOK y KOMITO3UTi. 3aJIe>KHOCTI MigTBEPIPKYIOTh HAIBHICTh (PA30BOT0 Nepexony, iHAyKOBaHOTO pO3MipOM
HaHOYacCTUHOK. OTprUMaHi pe3ybTaTU BiKpHBaloTh HOBY MOKuBicTh kepyBaHHs [1E i EK napametpamu OF
HAaHOKOMIIO3UTIB 4epe3 IapaMeTpy PO3MOo/Aisy HAHOYaCTUHOK 3a po3mipamucc. JJociiKeHo BIJIUB NPY>KHOI
aHi30Tpomii, e1IeKTPOCTPUKLIi, psieKCcOoeNeKTpUKU Ta Jedopmaliii HeBiANOBiAHOCTI HA MOP(OJIOTiI0 JOMEHHOI
ctpyktypu B OE HaHOYACTHHKAX THUITY «S1p0-060J10HKa» chepryHoi popmu. [IpoBeieHO MOETIOBaHHS
cKiHueHHUx esniemeHTiB (MCE) a5 6aratoBicHux OF siiep HaHOYaCTHUHOK, IOKPUTHUX [IPYKHO-130TPOIIHOIO M'SKOI0
ab0 IIPY>KHO-aHi30TPOIHOIO KOPCTKOIO MapaesIeKTPUYHOIO 000JIOHKOI0, 3 fedpopmaliisiMu HeBifnosigHocTi. OcTaHHI
iHAYKYIOTbCS PI3HULEIO CTANIMX I'PATKU spa Ta 000J0HKU. TakoK HaMy BUBYEHO BIUIMB pajiiyca siipa Ha
TeMIIepaTypHY [10BeiHKy MOpQoJIOrii JOMEHHOi CTPYKTYpH, 3HAUE€HHS NoJIsIpU3allii Ta TeMmrieparypy ¢gpazoBoro
nepexojly, OTPMMaHO HabJIVKEH] aHaliTUYHI BUPa3y 114 aHajli3y BIJIMBY MIPY)KHUX BJIACTUBOCTEN OOOJIOHKY, i
nedopmalii HeBianosinHOCTI Ha ¢gazosi giarpamu. Gasosa giarpama sApa, BKPUTOTO MPY>KHO-130TPONHOIO M'SIKOIO
000JIOHKOI0, ITI0Ka3y€ BiZTHOCHO HEBEJIMKeE, ajle [IOMITHE IiIBUIIeHHS TeMIepaTypu (a30Boro nepexoy
napaeeKkTpuk-@epoenekTpuK, BUKIrKaHe (yeKcoeIeKTPUYHUM 3B'SI3KOM, ToZi K ¢a3oBa fiarpama s Sapa,
IIOKPUTOTO MPYKHO-aHI30TPOIHOIO SKOPCTKOIO 0O0JIOHKOIO BUSIBJISIE BiTHOCHO CUJILHUM BIIUB Aedopmaliii
HeBiANoBiAHOCTI. EQeKT GpiiekcoeneKTpUYHOro 3B'13Ky HE3HAYHUI 1151 JKOPCTKUX 000JI0HOK. OTpUMaHi aHaliTUYHI
PEe3yJIbTaTU O3BOJISIIOTH MiIOMPATU ONITUMAJIbHI TapaMeTpH [Jisl JOCSITHEHHs] BUCOKUX 3HaueHb [1E koedillieHTy
a6o EK 3miHu Temnepartypu aHCcaMm6J110 He B3aEMOJ{I0UMX HAHOYACTUHOK S11p0-000JI0HKA, 10 BasKJIMBO 1151
IepeTBOPIOBaviB eHeprii Ta cucrem oxonomkeHHs. OFE HaHOYACTUHKY AIPO-000JIOHKA, [10JIPU3ALIisl IKUX
pO3TallOBaHa y BUXOPOIOiOHIN CTPYKTYPi 3 pisHMMU TUIIaMU TO4YOK biioxa Ta / abo IUIOJISPHUX s1ep, €
MepCreKTUBHUMU KaHAUAATAMU 1711 HAHOPO3MipHUX MOJIbOBUX TPAH3UCTOPIB Ta JIOTIYHUX GJIOKIB.

2. The dissertation is devoted to the establishment of the influence of size effects on the dielectric, pyroelectric
(PE) and electrocaloric (EC) properties of spherical ferroelectric (FE) nanoparticles in micro- and nanoelectronics
devices, such as PE sensors and solid-state coolers. FE materials are essential elements of PE sensors and EC



coolers, which are relevant for existing and innovative solutions in the field of safety and energy. However, all
existing FEs require significant improvements in their performance to meet modern requirements for advanced
multifunction devices. The study of nanosized FEs is promising in terms of the ability to control the properties of
the composite by selecting the size of nanoparticles in order to achieve maximum electrosaloric response and PE
transformation Using the Landau-Ginzburg-Devonshire theory in the effective medium approximation, typical
dependences of PE and EC transformation parameters on the external electric field, temperature and radius of
spherical monodomain FE nanoparticles of the core-shell type are calculated analytically. The considered physical
model corresponds to the nanocomposites with low concentration of FE nanoparticles. Within the analytical
model, it was found out how the change in nanoparticle size affects the temperature and behavior of the
parameters of PE and EC conversion in an electric field on the example of BaTiO3 nanoparticles coated with a
semiconductor shell and placed in a dielectric polymer. It is shown that by changing the particle size it is possible
to obtain the maxima of the PE coefficient and changes in the EC temperature, as well as to change their width,
magnitude and sign. The revealed size effect opens the possibility of controlling the PE and EC properties of FE
nanocomposites, which can be important for their advanced applications in energy converters and cooling
systems. The influence of an ensemble of non-interacting spherical single-domain FE nanoparticles of the "core-
shell" type of different sizes, embedded into the dielectric matrix, is considered. The size distribution function of
these nanoparticles is chosen in the form of Gaussian distribution truncated from the minimum to the maximum
radius. For such nanocomposites, the dependences of electric polarization, changes in EC temperature, PE and EC
coefficients and dielectric permittivity on the external electric field and temperature. The dependence of the listed
characteristics on the parameters of the particle size distribution function is analyzed. The dependences of PE
quality factors on the average radius of nanoparticles in the composite are calculated and analyzed. The
dependences confirm the presence of a size-induced phase transition in nanoparticles. The obtained results open
a new possibility of controlling PE and EC parameters of FE nanocomposites through nanoparticle size distribution
parameters. The influence of elastic anisotropy, electrostriction, flexoelectricity and mismatch strain on the
morphology of the domain structure in spherical FE nanoparticles of the "core-shell” type has been studied. Finite
element modeling (FEM) has been performed for multiaxial FE nuclei of nanoparticles coated with an elastically-
isotropic soft or elastically-anisotropic rigid paraelectric shell with mismatch strains. The latter are induced by the
difference between the constant lattices of the core and the shell. We also studied the influence of the radius of
the nucleus on the temperature behavior of the morphology of the domain structure, the polarization value and
the phase transition temperature, and obtained approximate analytical expressions for analyzing the influence of
elastic properties of the shell and mismatch strain on the phase diagrams. The phase diagram of a core coated with
an elastically-isotropic soft shell shows a relatively small but noticeable increase in the temperature of the
paraelectric-ferroelectric phase transition caused by flexoelectric coupling, while the phase diagram for a core
covered with an elastically-anisotropic rigid shell shows a relatively small changes in the transition temperature.
The influence of the flexoelectric effect is negligible for rigid shells. Obtained analytical results allow to select the
optimal parameters to achieve high values of PE coefficient or EC temperature change of the ensemble of non-
interacting core-shell nanoparticles, which is important for energy converters and cooling systems. FE core-shell
nanoparticles, the polarization of which is located in a vortex-like structure with different types of Bloch points
and / or dipolar nuclei, are promising candidates for nanosized field-effect transistors and logic blocks.
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