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5. HaykoBo-TexHi4Ha poooTa

Hasga po6oTH (YKp)

IHHOBaLifiHI MaTepianu i cUCTeMM 3 MAarHiTHUM abo/Ta €JIEKTPOIOUIOJIbHUM BIOPSIOKYBAHHSIM [JIs1 TOTPE® BUKOPUCTAHHS

CITIHTPOHIKM Ta HAHOEJIEKTPOHIKM Y CTPATETiYHO-BaKJIMBUX [MUTAHHAX HOBOI TEXHIKU.

Ha3sBa po6oTHu (aHrJI)

Innovative materials and systems with magnetic and/or electrodipole ordering for the needs of using spintronics and
nanoelectronics in strategically important issues of new technology.

Pedepar (yxp)

3BiT MicTuTh BeTyn (po3zin 1) i 6 ocHOBHUX po3giniB 2 -7. MeToto 1-ro erany MmpoekTy Oysia po3pob6ka METOAMK JOCJHiI>KEeHb
CHCTEM 3 MarHiTHUM ab0O €JIEKTPOJUIIOJIBHUM BIIOPSIKYBaHHSM i 3 CIiH-Op6iTalbHOIO B3aeMogieio. [Ijisi eeKTPOJUIIOIbHUX
CTPYKTyp Oynu 3ajavi: i)-po3fin 2 - aHajmi3 [OMEHHOi CTPYKTypuM y TOHKMX IIJiBKAX Ta HAHOYACTUHKAx CErHeTi- Ta
CErHEeTOEeJIEKTPUKIB ¥ NepeHoCy 3apsny Yy HHX, Ta ii) - po3nin 3 - po3pobKa CTBOPEHHS! €JeKTPOKOHTAKTIB Ta METOIUKHU
eneKTpOoPi3NYHUK [IOCIIIPKeHb TOHKHMX IIJTIBOK CErHeTi- Ta CEerHeTOoeJIeKTPUKIB. B 3amadi i) po3paxoBani ¢a3osi giarpamu Ta
PO3MOAiJ eeKTPUYHOI MOoJSApU3alii Y TOHKUX IJIiIBKaX CETHETIeNIEKTPUKIB Ta HAHOYACTMHKAX CETHETOEJIEKTPUKA Yy 3BUYANHUX
yMmoBax Ta npu (doroonpomiHeHHi. Ilepenbadeno, mo HaHo-miBku Hf0.5Zr0.502 mMaroTh iHAYKOBaHi THCKOM i TeMIEepaTypoio
Mepexojd MiXK CErHeTO- Ta AaHTUCETHETO- CTaHAaMU. BusBleHI MeXaHi3MM B3aeMOJii MOJSPHOTO, AHTUIIOJISPHOTO Ta
CTPYKTYPHOTO IapaMeTpiB JaJbHbOrO MOPSJKY Y TOHKUX ILTiBKax CErHETieJNIeKTpPHKiB. PesynbraTty ii) mporHosyioTs Bubip
HAIOBHIOBAYIB [JI1 €JIEKTPOKAJIOPMYHMX HAHOKOMIIO3UTIB i HAHOOXOJIOLKYBauiB,. ONKWC [BOBMMIPHOIO HETOIIOJIOTIYHOIO
COJIiITOHY (MarHoHa Kpamis) PO3BMHYTO Y 3agjadi iii)-(po3gminm 4) misd TOHKMX IJIIBOK (pepiMarHETUKIiB B OKOJIi KOMIIEHCALil.
[TokazaHo, WO CHiH-TIOJISIPU30BAHUI CTPYM KOMIIEHCYE OMCHUIIALI0 B CUCTEMI i COJIITOHM CTalOTh CTiMKi. Yacrora mpenecii B
COJIITOHIB 3HAYHO BUINA, HiX y (pepoMarHeTuky, i csarae 100 [T npu OOCSIKHUX CHIHOBUX CTpyMax. OGIDYHTOBAaHO CTBOPEHHS
HaHoreHepaTopiB 3 4acroToto 6insg 100 I'Th, cTiikux no MexaHiYHMX i papiauiiiHux 3aBaz. B 3azmaui iv)- posmin 5, 3gilicHeHO
CUMETPIHUI aHaji3 cTaHy 6ajKy 3 MAarHiTOaKTUBHOTO €JIACTOMEpY B IONepevyHOMY MarHiTHoMmy mnoni. Pozmin 6 (3amava v)
MICTUTL PO3PAaxXyHOK pO3IOAiIYy HOCIIB y HamiBIPOBIGHMKOBIM IOABIMHIA KBAHTOBIM fAMi, fKa MICTUTL 3apsiKeHi JOHODPH.
PesynpTar Bnepiie [03Bosisie nmosicHUTU BusiBieHy B 1O HAHY sanexxHicTb eHeprii ytoMmiHeceHLii HeNpsSMUX €KCUTOHIB Bif,

eHeprii KBaHTiB (poT030yH>KeHHs.. Po31in 7 npucBsiueHo BUpOLyBaHHIO HaHOMIBOK Bi(111) Ha Si(111)
Pedepar (aHrI)

The report contains an introduction (Chapter 1) and 6 chapters 2-7. The goal of the 1st stage of the project was to develop
research methods for systems with magnetic or electrodipole ordering and spin-orbit interaction. For electrodipole structures,
there were tasks: i)-section 2 - analysis of the domain structure in thin films and nanoparticles of ferroelectrics and
ferroelectrics and charge transfer in them, and ii) - section 3 - development of the creation of electrical contacts and methods
of electrophysical research of thin films of ferroelectrics and ferroelectrics. In the task i) calculated phase diagrams and
distribution of electric polarization in thin films of ferroelectrics and nanoparticles of ferroelectrics under normal conditions
and under photoirradiation. It is assumed that Hf0.5Zr0.502 nano-films have pressure- and temperature-induced transitions
between ferro- and anti-ferrostates. The description of a two-dimensional non-topological soliton (magnon drop) is developed
in problem iii)-(chapter 4) for thin films of ferrimagnets in the vicinity of compensation. It is shown that the spin-polarized
current compensates for the dissipation in the system and the solitons become stable. The frequency of precession in solitons is
much higher than in ferromagnets and reaches 100 GHz at achievable spin currents. The creation of nanogenerators with a
frequency of about 100 GHz, resistant to mechanical and radiation interference, is substantiated. In problem iv) - section 5, a
symmetrical analysis of the state of a magneto-active elastomer beam in a transverse magnetic field is carried out. Chapter 6



contains the calculation of carrier distribution in a semiconductor double quantum well containing charged donors. For the first
time, the result allows us to explain the dependence of the luminescence energy of indirect excitons on the energy of
photoexcitation quanta discovered in the IF of NASU. Chapter 7 is devoted to the growth of Bi(111) nanofilms on Si(111).

Ingexe YAK: 537-311.322 , 535.3

Kozu temarnunux pyopuk HTI: 29.19.31, 29.31.27
6. HaykoBo-TexHiyHa npoaykuis (HTII)

HTII 1

HazBa npoaykuii (ykp): ®a3oBi miarpamMu Ta NpOCTOPOBUI PO3NOLi €1eKTPUYHOI MosIpr3allii y TOHKUX IMITiBKax
cerHertienekTpukis CulnP2S6 Ta enincoiganbHUX HAHOYACTHMHKAX CETHETOENIEKTPUKa Sn2P2S6. B1acTUBOCTI TOHKUX IJIIBOK
oxcupy raduito-uupkoHio Hf0.5Zr0.502 neMoHCTpyIOTh IMPOKUI CIIEKTP NMOBeAiHKY, BKJIIOYa0YM iHIyKOBaHi napuiajbHIM
THCKOM i TEMIIEPATYPOIO NIEPEXON MK CETHETO- Ta aHTUCETHETO- CTaHaMU. [lepei6ayeHo, O CUHEPTis pO3MipHUX €(EKTIB i
Halpy>XeHb Berapza mose MOKpaIuTY €J1€KTPOKATIOPUYHE OXOJI0AKEHH (Y 2-7 pasiB) HaHo4acTMHOK BaTiO3 giameTpom (10-
100) M, HanpyxkeHUx Ha (1-3)% B nopiBHsAHHI 3 06’emHuM BaTiO3. [Ins maTepianis Tuny GdFeCo yactoTa npeuecii B COiTOHI
3HAYHO BMILA, HIX 17151 pepUMarHeTuKis, i gocsrae 100 I'Tu. CumeTpiiiHuil aHai3 ctany 6anku MAE B nonepeyHomy

O HOPITHOMY MarHiTHOMY I10JIi, pO3p06J1eHO (PeHOMEHOJIOTIUHY Teopilo. HoBe siBUlIe 3a71esKHOCTI eHeprii miky
(doTtonomiHecLeHIIii HETPSMUX €KCUTOHIB y MOABIIHINM HaMiBIPOBiNHUKOBI KBAaHTOBIl siMi. MoziepHi3allis HaiBUCOKOBaKyyMHOI

KaMepu [1J11 BUPOLYBaHHS IJIIBOK METOLOM MOJIEKYJISIPHO-IIPOMEHEBOI €ITiTaKCil.

Hassa npoaykuii (arrui): The phase diagrams and spatial distribution of electric polarization in thin films of CulnP2S6
ferroelectrics and ellipsoidal nanoparticles of Sn2P2S6 ferroelectrics were obtained. The properties of hafnium-zirconium oxide
Hf0.5Zr0.502 thin films exhibit a wide range of behaviors, including those induced by partial pressure and temperature
transitions between ferro- and anti-ferrostates. It is predicted that the synergy of size effects and Vegard stresses can
significantly improve the electrocaloric cooling (2-7 times) of BaTiO3 nanoparticles with a diameter of (10-100) nm, stressed by
(1-3)% compared to bulk BaTiO3. For materials such as GdFeCo, the frequency of precession in a soliton is much higher than for
ferrimagnets, and reaches 100 GHz. A symmetrical analysis of the state of the MAE beam in a transverse uniform magnetic field
was carried out, a phenomenological theory was developed. The new phenomenon of the dependence of the energy of the
photoluminescence peak of indirect excitons in a double semiconductor quantum well is explained. The ultra-high-vacuum
chamber for growing films by the molecular beam epitaxy method has been modernized.

OuikyBaHi pe3yabTaTH: MeTONU, Teopii
T'anmyss 3acTocyBaHHS: 72.19

Onuc npoaykuii (ykp): Po3apo6sieHa MeToauKa po3paxyHKiB (pa3oBUx Jiarpam Ta MpOCTOPOBOTO PO3NOJiNYy eJeKTPUYHO]
MOJIApM3aLlii y TOHKUX IJ1iBKaxX cernerieniekTpukis CulnP2S6 Ta esnincoifasbHUX HAaHOYACTUHKAX CETHETOEJIEKTPUKa Sn2P2S6.
Po3paxyHKu mpoBeieHi 117151 3BUYaiHUX YMOB Ta JJ1s1 yMOB ONITUYHOTO ONIPOMiHEHHSI 31 3MiHOIO TOBIIMHU Ta Aedopmallii IJ1iBKHY,
po3mipy Ta (POpMHU HAHOYACTHMHOK Ta JIOBKMHU II0BEPXHEBOT'O €KPAaHYBaHHSI CIIOHTAaHHOI NOJIsIpU3alii HAHOYaCTHUHOK. Le
JIO3BOJIMJIO BUSIBUTU MEXaHi3MU B3a€MO/Iii MOJISPHOTO, aHTUIIOJISIPHOTO Ta CTPYKTYPHOrO NapaMeTpiB AajIbHbOTO NOPSIIKY Y
TOHKUX IIJIiBKaX CerHeTiesIeKTPHKiB. 3HaYHO0 Mipolo BUPIMIyIOTh 3a7a4y iHTerpauii CulnP2S6 ta Hf0.5Zr0.502 y kpeMmHieBy
HaHOEJIEKTPOHIKy. I[lepenbaueHa cuHeprist po3aMipHux edexTiB i Hanpy>keHb Berapza /sl IOKpaIEHHS €J1eKTPOKAJIOPUYHOTO
oxoJiofikeHHs! (y 2-7 pasiB) HaHoyacTUHOK BaTiO3 miamerpom (10-100) HM, HanpykeHuX Ha (1-3)% B MOPiBHSIHHI 3 06’eMHUM
BaTiO3. [lepcneKTuBOIO € CTBOPEHHS HAIIOBHIOBAYIB /IJI €JIEKTPOKAJIOPMYHUX HAHOKOMIIO3UTIB, JIJIS1 HAHOOXOJIOKyBauyiB,
€HeproHe3aJIeXXKHOi aM'sTi Ta eHepro3oepiralounx eJeMeHTiB, MOAYJISITOPIB, €JIEKTPOIIePETBOPIOBAYIB Ta I1'€30PE3NCTUBHUX
eJIeMEeHTIB. Pe3ysbTaTy, 10 OTPUMAaHI 7151 TOHKUX IJIiBOK (pepiMarHeTHKa € BaXJIMBUMU SIK 1711 QyHIAMEHTabHOI (Pi3UKK1
COJITOHIB, TaK i 7711 MOSKJIMBOCTi CTBOPEHHSI HOBOT'O TIOKOJIiHHS HaHOTeHepaTopiB HBY i3 yacroToto 6u3bko 100 [T, cTifikux 1o
MEXaHIYHUX Ta pafialifHUX HAaBaHTaXEHb, IO IIEPCIEKTUBHO 151 3aBaJOCTIMKMX PafiosoKauii Ta 38'a3Ky. CUMETpiiHUI aHaIi3
craHy 6anku MAE B nornepeyHoMy OJHOPIAHOMY MarHiTHOMY I1OJIi BRXKJIMBUH JIJ1s1 TPAKTUYHUX BUKOPUCTAHHS
MarHiToiHAyKOBaHUX AedopMaliil MarHiToeIaCTUYHNX €JIEMEHTIB y POOOTOTEXHIlli, a TAaKOX /7151 PyHIaMEHTAIbHO-HAyKOBUX
nuTaHb (i3VKM MarHiToenacTyKiB. MoJepHi30BaHO HaJIBUCOKOBAKyyMHY KaMepy /il BUPOIyBaHHSI HAaHOIIJIIBOK
HamniBMmeTasiyHoro Bi(111) Ha Si(111) metogom MBE.

ConianbHO-eKOHOMi4YHa cipsimoBaHicTh HTII: OTpuMaHHS HOBUX 3HaHb i JaHUX NIPO [IPUPOJY B3aEMOlN y TBEPAUX Tisax,

KOpHUCHE AJ1d NIPaKTN4YHNX BUKOPUCTAaHb, CTBOPEHHA HpI/IIIa,I[iB i [J11 BUKOPHUCTAHHSA B OCBITI



Cragis 3aBepmenocti HTII: 3sit mo HIJIKP
BnposazykenHsa HTII: He BnpoBamkeHO

CTpoKH BIIpOBaJi)KEHHS.

Bupo6nuk npoaykuii: Inctutyt ¢isuku HAH Ykpainu

CnoskuBavi npogyKuii: HaykoBi iHcTUTyT HAH VKpainu Ta inmux kpain i Buli HaByaspHi 3aki1agy $pisudHoro i ¢piznko-

TEXHIYHOTrO0 MPOoQisio, MPUKIaLHI BUCOKOTEXHOJIOTIYHI TaIy3€eBi iHCTUTYTH, HAYKOBO-BUPOGHMYI MiATNIPUEMCTBA
IlepcrieKTHBHI pUHKH:
IlpaBa iHTeJ/IEKTYaJIbHOI BJIACHOCTI: 3a 0rOBOpamMu

®opmu Ta ymoBH nepegadi npogykuii: CriinipHi HIJIKP
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