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4. JI>)kepesia Ta HanpssMu piHaHCYBaHHA

IligcraBa a1 npoBeAeHHs PooiT: 34 - HOroBip (3aMOBJIEHHS) 3 LIEHTPAJIbHUM OPTaHOM BUKOHABUO] By, aKaZleMiero HayK

(ros10BHMMU PO3NOPSIAHMKAMU OI0TKETHUX KOIITIB Ha TpoBeaeHHs HIIKP)
KIIKBK: 6541030

Hampsam ¢inancyBanHs: 2.1 - pyHIaMeHTasbHI JOCTIIKEHHS

J>kepesia piHaHCYBaHHS

I>xepeJio gpiHaHCyBaHHS: 7713 - KOWITH IepPXKOIOIKETY

daxTuynuii oocar dinancyBaHHS 3a 3BiTHMIH eTam: 3146.735 THC. TPH.
5. HaykoBo-TexHi4Ha podoTa

HasBa po6oTHu (YKp)

Po3pobka MeTOmiB CHUHTE3y, TEXHOJIOTii BUTOTOBJIEHHS Ta JOCJIIKEHHS OKCHUIHUX MYJIbTU(PEPOiKiB Ha OCHOBi KepaMidyHUX
TBEPAMX PO3UMHIB Ta 6araTOMIApOBUX KOMIIO3UTHUX CTPYKTYp [Jisi CTBOPEHHSI 6araTo(pyHKIiOHAJIbHUX MAarHiTOENeKTPUYHUX

MarepiaJjiiB HOBOrO IIOKOJIiHHSA 3 BUCOKMM PiBHEM BJIACTUBOCTEN Ta €KCIUIyaTalliiHOrO pecypcy

Ha3sBa po6oTH (aHrJI)

Development of methods of synthesis, manufacturing technology and research of oxide multiferroics based on ceramic solid
solutions and multilayer composite structures to create multifunctional magnetoelectric materials of new generation with high
properties and operational resource

Pedepart (yp)

O6'ekToM pocrimxkeHHs1 Oynu MysabTudeEpoikn Ha OCHOBi TBepaux po3uuHiB x(PbFel/2Tal/203,PbFel /2Nbl/203)-(1-
x)PbZrl/2Til/203, EuTiO3 Ta kommno3uTiB, mo MicTate Mn. Ha BigMiHy Bin TpaguuilHux crnoco6iB, BUKOPHCTaHO METO[
iMITyJIbCHOTO HarpiBaHHS CyMillleil OKCUIHUX IPEKYPCOPIB M0 NO3BOJIMJIO CUHTE3yBAaTH BUXiHI IPEKyPCOPHY TBEPAIX PO3YMHIB 3
po3mipom kpucramitiB 20 — 70 HM npu Temneparypax 750 - 950 oC. V¥ cucremax PCN - PZT, PMN - PZT Bumi oxcugu Cr i Mn
YCKJIaHIOIOTh 260 YHEMOSKJIMBIIIOIOTh OTPUMAaHHS Ha MOBITPi 0gHO(a3HUX EPOBCKITHUX TBEPAUX PO34nHiB. OfHAK MU CIiKaHHI
y O€3KMCHEBOMY a30BOMY CEPELOBUILi aproHy BII€pII€ BCTAHOBJIEHO YTBOPEHHS HENEPEPBHUX PSIiB TBEPAUX PO3UMHIB 3i
CTPYKTYPOIO NEPOBCKITY, Ta OTPMMAHO KEPaMiyHi MaTepiaju Ha iX OCHOBi 3 BUCOKMM €JIEKTPUYHUM OmopoMm (106 OM i Ginbue).
BrnvB KUCHEBUX BaKaHCill Ha peJIaKCoOpH 3 MIEPOBCKITOBOIO CTPYKTYPOIO PO3IJISIHYTO B paMKax (PEHOMEHOJIOriYHOi Teopii Jlanzay-

l'in36ypra-JleBoHmupa. OcHOBHA yBara npupineHa penakcopy PZN-PLZT. TlokasaHo, mo HeraTuBHa Temmeparypa Kiopi TC*



peslakcopa INEepPEeHOPMYEThCH NPYKHAMU [UIOJSMU 4YEPe3 BIUIMB €JIEKTPOCTPUKII 1 MOXe CTaTu IO3UTUBHOIO IIPU JOCUTh
BEJIMKill KOHILIEHTpalii BakaHCiil, TOOTO IHIOYKyBaTH CETHETOENIEKTPUYHY a3y. IIpoBeneHi MarHiTHI Ta [ieJeKTpU4HI
BHMMipIOBaHHSI KOMIIO3UTHOI KepaMiku MinbTU(epoikiB, 10 MiCTSITbh ioHM Mn. [TokasaHo 36iybIIeHHS 3/IMIIKOBOi HAMarHiueHoC T,
HaMarHi4eHOCTi HaCHMYEHHs, a TaKOX 30iJbLIEHHS 3HA4Y€Hb [i€JeKTPUYHOI NPOHUKHOCTI 3i 36U/JbIIEHHSM BMICTy MapraHuio.
[IpoBeeHe TeOpeTMYHE MOJEJIOBaHHS Ta €KCIIEpMMEHTAaJbHE MOCIIIXEHHS MarHitoesekTpudyHoro edexkry (ME) vy
HaHO3€pPEHHUX Kepamikax MysbTU(epoikiB-nepoBcKiTiB PFN-PZT i PFT-PZT, sxi maioTe Benukuil ME edekT nmpu KiMHATHIN

TeMIepaTypi.
Pedepar (aHrI)

The object of the study were multiferoics based on solid solutions x(PbFel/2Tal/203,PbFel/2Nbl/203)-(1-x)PbZrl/2Til /203,
EuTiO3 and composites containing Mn. In contrast to traditional methods, the method of pulse heating of oxide precursor
mixtures was used, which allowed the synthesis of initial precursors of solid solutions with a crystallite size of 20-70 nm at
temperatures of 750-950 oC. In PCN - PZT, PMN - PZT systems, higher oxides of Cr and Mn make it difficult or impossible to
obtain single-phase perovskite solid solutions in air. However, when sintering in an oxygen-free argon medium, the formation of
continuous series of solid solutions with a perovskite structure was established for the first time, and ceramic materials based
on them with high electrical resistance (106 Ohms and more) were obtained. The influence of oxygen vacancies on relaxors with
a perovskite structure is considered in the framework of the Landau-Ginzburg-Devonshire phenomenological theory. The main
focus is on the PZN-PLZT relaxor. It is shown that the negative Curie temperature TC* of the relaxor is renormalized by elastic
dipoles due to the influence of electrostriction and can become positive at a sufficiently high concentration of vacancies, ie to
induce the ferroelectric phase. Magnetic and dielectric measurements of composite ceramics of multipheroics containing Mn
ions were performed. An increase in the residual magnetization, saturation magnetization, as well as an increase in the dielectric
constant with increasing manganese content is shown. Theoretical modeling and experimental study of the magnetoelectric
effect (ME) in nanograin ceramics of PFN-PZT and PFT-PZT multiferroic perovskites, which have a high ME effect at room

temperature, were performed.

Inpexc YIK: 666.655; 621.315.612, 666.655

Kopgu TemarnuHux pyopuk HTI: 47.09.33
6. HaykoBo-TexHiyHa npoaykuis (HTII)

HTII 1

HasBa npoaykrii (ykp): TeopeTudHe MO/I€/IIOBaHHS Ta eKCIIEPUMEHTAJIbHE JOCIIi/IKEeHHS MarHitoenekTpuyHoro epexry (ME) y
OKCUIHUX MYyJIbTU(EPOiKiB Ha OCHOBI KEpaMiYHNX TBEPAUX PO3UMHIB Ta 6araTomapoBUX KOMIIO3UTHUX CTPYKTYP 71l CTBOPEHHS
6araTodyHKIiOHaJIbHUX MarHiTOEJIeKTPUYHUX MaTepiaiB HOBOro MOKOJIHHS 3 BUCOKMM PiBHEM BJIACTUBOCTEH Ta

€KCIUIyaTaliliHOrO pecypcy.

Hassa npoaykuii (aurJi): Theoretical modeling and experimental study of the magnetoelectric effect (ME) of oxide multiferroics
based on ceramic solid solutions and multilayer composite structures to create multifunctional magnetoelectric materials of
new generation with high properties and operational resource.

OuikyBaHi pe3yJjbTaTH: MeTonu, Teopii
T'anysse 3acrocyBanHs: C 26.11 BUpOGHUIITBO €JIEKTPOHHUX KOMIIOHEHTIB

Onuc npogykuii (ykp): [[poBeseHe TeopeTuyHe MOJEJIIOBAHHS Ta eKCIIEPUMEHTaIbHE TOCIIPKEHHSI MarHiTOeJIeKTPUIHOTO
edexty (ME) y HaHO3epeHHUX KepaMikax MyabTudepoikiB-nepoBckiTiB PFN-PZT i PFT-PZT, siki matoTs Besnukuit ME edexT ripu
KIMHaTHi!l Temneparypi. 3’scoBaHo (Pi3nyHMI MeXaHi3M, BilOBigaIbHMI 32 TiraHTCbKUM ME BifITyK, IO BiIKpHBa€e MUISIX O

OTPUMAaHHS HOBUX MYJIbTU(EPOIKiB, OfHODAZHNK | KOMIO3UTHUX, HEOOXIJHUX [IJIsl CYYaCHUX IIPUCTPOIB €JIEKTPOHHOI TEXHIKU.

ComianbHO-eKoOHOMIYHa crpsimoBaHicTs HTII: CTBOpeHHs IPMHLIMIIOBO HOBOI MPOAYKLil (MaTepiasiB, Te€XHOJIOTIH TOLIO) 115

3a6e3nevyeHHs! eKCIIOPTHOTO TOTEeHIliaNy Ta 3aMillleHHIO iIMITIOPTYy
Crapgis 3aBepmenocti HTII: 3sit no HIIJKP
Buposagskenns HTII: He BnposamkeHo

CTPOKH BIIPOBAZI>KEHHS!



Bupo6Huk npoaykuii: IIIM HAHY

Cro>KuBayi MPOAYyKILii:

IlepcreKTHBHI pUHKH:

IpaBa iHTeJIEKTyaIbHOI BJIacHOCTI: B Ykpaini, 3a KopoHOM

®opmu Ta ymoBH nepepaui npozykuii: CriinibHi HIJIKP

7. BiosriorpagivHauii onuc

V. V. Laguta, S. Kamba, M. Marysko, B. Andzejewski, M. Kachlik, K. Maca, J. H. Lee, D. G. Schlom, Magnetic resonance study of
bulk and thin film EuTiO3, J. Phys.: Condens. Matter 29, 105401 (2017).

M. [I. I'nunyyk, JI. T1. IOp4yenko, Benukuil arHiToeneKTpuyHUN dPeKT Npy KiMHATHIN TeMIeparypi y HaHO3€PEHHUX Kepamikax
MYJIbTU(EPOiKiB-TIEPOBCHKITIB i3 3aranbHoI0 popmysioo Pb(B'B")O3, Honosini HAHY, N2 12, 45-51 (2017).

M. D. Glinchuk, E. A. Eliseev, G. Li, J. Zeng, S. V. Kalinin and A. N. Morozovska. Oxygen vacancies induced ferroelectricity in
relaxors with ABO3 structure Phys.Rev. B 98, 094102 (2018)

M. D. Glinchuk, A. N. Morozovska, D. V. Karpinsky, and M. V. Silibin. Anomalies of Phase Diagrams and Physical Properties of
Antiferrodistortive Perovskite Oxides. (Author Review). Journal of Alloys and Compounds 778, 452-479 (2019)

V. V. Laguta, B. Zalar, Magnetic Rersonance Study in SrTiO3, Chapter 2 in “Strontium Titanate: Synthesis, Properties”. Editors:
Alexander Tkach and Paula Vilarinho (Nova Science Publishers, New York 2019).

A. N. Morozovska, E. A. Eliseev and M. D. Glinchuk. Improper Ferroelectricity and Multiferroic Phases in SrTiO3 and Its Solid
Solutions. Chapter 5 in “Strontium Titanate: Synthesis, Properties”. Editors: Alexander Tkach and Paula Vilarinho (Nova Science
Publishers, New York 2019), pp. 157-208.

I. V. Kondakova, R. O. Kuzian, V. V. Laguta, EPR and DFT study of the magnetoelectric coupling in Mn doped SrTiO3. Chapter 7 in
“Strontium Titanate: Synthesis, Properties”. Editors: Alexander Tkach and Paula Vilarinho (Nova Science Publishers, New York
2019).

A. N. Morozovska, E. A. Eliseev, D. V. Karpinsky, R. Vasudevan, M. V. Silibin, S. V. Kalinin and Y. A. Genenko. Mesoscopic theory of
defect ordering-disordering transitions in thin oxide films. Scientific Reports 10, 22377 (2020)

S. Ben Moumen, Y. Hadouch, Y. Gagou, D. Mezzane, M. Amjoud, E. Choukri, Z. Kutnjak, B. Rozi¢, N. Abdelmoula, H. Khemakhem,
Y. El Amraoui, V. Laguta, M. El Marssi, Structural, dielectric and magnetic studies of (0-3) type multiferroic (1-x)
BaTi0.8Sn0.203 - (x) La0.5Ca0.5Mn0O3 (0 < x < 1) composite ceramics, ] Mater Sci: Mater Electron 31, 19343-19354 (2020).

N. Benkhaled, M. Djermouni, A. Zaoui, I. Kondakova, R. Kuzian, R. Hayn, Magnetic properties of the multiferroic double
perovskite lead iron niobate: Role of disorder, Journal of Magnetism and Magnetic Materials 515, 167309 (2020)

M. D. Glinchuk, R. O. Kuzian, Yu. O. Zagorodniy, I. V. Kondakova, V. M. Pavlikov, M. V. Karpec, M. M. Kulik, S. D. §kapin, L. P.
Yurchenko, V. V. Laguta, Room-temperature ferroelectricity, superparamagnetism and large magnetoelectricity of solid solution
PbFel/2Tal/203 with (PbMgl/3Nb2/303)0.7(PbTi03)0.3, Journal of Materials Science, 2020, 55(4), 1399-1413.

M. D. Glinchuk, L. P. Yurchenko, V. V. Laguta, Giant magnetoelectric response in multiferroics with coexistence of
superparamagnetic and ferroelectric phases at room temperature, Ukrainian Journal of Physics, 2020, 65(10), 875-875.

S. Belkhadir,S. Khardazi, D. Mezzaneb, M. Amjoud, O. Shapovalova, V. Laguta, I. Raevski, K. Pushkarova, I. Lukyanchuk, M. El
Marssi, Effect of Sn on the energy storage performance and electric conduction mechanisms of BCZT ceramic, Materials Today:
Proceedings, 2021 (in press).

8. 3BiTHa JOKyMeHTalisl
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Mosga 3BiTy: YKpaiHCbKa

YMoBu nomupeHHst B YKpaiHi: He 3a60poHeHO
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