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MIPOBIAHOTO HAYKOBOTO CIBPOOITHUKA BIAAUTY (hi3HMKH MAarHITHUX SIBUIII
[nctutyty dizuku HAH Ykpainu, nokropa gpizuko-MaTreMaTHuHUX HaYK,
npodecopa, Mopo3oBcekoi ['anan MukosaiBHI
Ha aucepraiiiiny poodoty ["amanis Bonogumupa OnekcanapoBuya
«Hu3pkoTEeMITEpaTypHE JOCIIHKEHHS HAHOCTPYKTYPOBaHUX ITOBEPXOHD
MOJIEJIBHOTO MTEPOBCKITY TUTAHATY CTPOHIIIIOY,
MIPEICTABIICHY Ha 3I00YTTS HAYyKOBOTO CTYTICHS
nokTopa (dimocodii 3a crerianpHicTIO 104 — «Di3uka Ta aCTPOHOMIS»

3 ramy3i 3HaHb 10 — «IIpupoHUYl HAYKW»

Hucepraiiiiny poOOTy MPUCBIYEHO HU3BKOTEMIIEPATYPHUM JOCIIIKEHHSIM
MOBEPXOHb  THUTAHATY  CTPOHIII0  OPUTIHAJIBHUM  METOAOM  Audpaxiii
BHCOKOEHEpreTHuHux enekTpoHiB Ha B11ouTTs (RHEED) y inTepBan temneparyp
5,5 — 300 K. 3aBasku 11bOMy METOJYy 3HANACHO AEKLIbKa HOBHUX €(EKTIB Ha
MOBEPXHI 3/1aBaJIOCh JTABHO BIJIOMOTO TEPOBCHKITY TUTAHATY CTPOHIO (XiMiduHA
dopmyna SITiO;z), mo pobuth 1m0 pobOOTYy BEIBMH AKTYaJbHOKW 3
(pyHIaMeHTAIbHO-HAYKOBOI TO4YKH 30py. JlocmipkeHHS Yy  IIUPOKOMY
TEMIIEpaTypHOMY IHTEpBaJli TaKOXX BIJIKPUBAIOTH MEPCHEKTUBH 3aCTOCYBAHHA
OTPUMMAHUX Pe3yJbTATiB HA NMPAKTHLI, HAIPUKIIAA, JJI1 TPUTOTYBAHHS ILJTIBOK
BHCOKOTEMIIEPATYpPHUX  HAAMPOBIJHUKIB, JI€ TUTAHAT CTPOHIIIO  YacTo
BUKOPUCTOBYETBCS SIK MIJKIAJKa Uil POCTY IJIiBOK. HaHOPO3MIpHICTH 3 1HIIOTO
OOKy CTBOpPIOE TIAIPYHTSA JJs TMOUIYKY YHIKaJIbHUX CErHETOEJIEKTPUYHHUX
BlacTuBOCTeH. J[IMICHO THTaHAT CTPOHINIO, SKUK (32 BIIICYTHOCTI JTOMIIIIOK)
3AIIMIIAETHCS MAPACTEKTPUKOM y 00’ €Mi HABITh MPU HAWHIDKYUX TEMIIepaTypax,
Ma€ CTpiIMKE 3pPOCTaHHS BIJIHOCHOI dieneKTpuuHOi mpoHUKHOCTI (Bim 300 mpu
KiMHaTHIH Temmeparypi A0 3000 npu HUBBKHX TeMIlepaTypax), aKTHBHO
JOCTIKYEThCS 3 IPUBOJTY MOSIBU CETHETOCIEKTPUKH Y HAHOYACTUHKAX Ta TOHKUX
IUTIBKAX M1J A1€0 pI3HOMAHITHUX AepopMalliid.



ITo marepianax, 1o yBIMILIM y AUCEPTaIliio, OMyOJIKOBAaHO TPH CTaTTI B
xypuam Applied Surface Science (kBaptuib Q1) Ta y ykpaiHCbKOMY BuAaHHI LOW
Temperature Physics (kBaptmiie Q3), sKe NepeKiIagacTbcss AMEpPUKAHCHKHM
[acturyTom ®i3uku. CtarTi 3p06JieHO Y CriBaBTOPCTBI, aje BHecok B.O. 'amanis
(K TepIIoro Ta APYroro aBTOpa) € IIIKOM JOCTaTHIM JJIs 3aXUCTy AUCEpPTarlii,
BpPaxOBYIOUH pO3pOOKY 1 3aCTOCYBaHHS HOBITHIX METOAMK K y €KCIIEPUMEHTI, TaK
1 y aHami3l BEJIMKOI KUIBKOCTI audpakiiiaux gaHux. Ciijg BiA3HAYUTH TaKOX
ocoOucTe TpeACTaBlIeHHs 3J00yBaueM MaTepiajiiB AucepTallli Ha MiKHAPOJIHHUX
KOH(EPEHINIAX y BUVISIAL 3-X YCHUX JIOTIOBIICH.

JlucepTailisi CKJIAJA€ThCA 31 BCTYIY, I’ SITU PO3/ILJIiB Ta BUCHOBKIB.

VY Berynmi copMysibOBAaHO MeTy AMCEPTALIAHOI pPo0OTH SK OTPUMaHHS
HOBOTO PIBHA PO3YMIHHS CTPYKTypH Ta MOp(]OJorii moBepxHi MOJEIbHOTO
MIEPOBCHKITY TUTAHATy CTPOHIIO. [{[f0 MeTy 0€3CyMHIBHO JTOCSATHYTO, OCKUIBKU Y
aUcepTanii 3HAWJEHO 1 NIPEICTaBICHO NPHHUHUIOBO HOBi edexkTHm Ha HOro
noBepxHi. Cepen Takux e(exTiB HAWOUIbII BarOMUMHU € HE3BUYHI CTPYKTYpHI
TpaHcdopmailii, O BiAOYBalOThCS Ha TOBEPXHI, 3HAWJEHO crenudivHi
HaHOCTPYKTYpHU Ha Maiie 17eajbHiil MOBEPXHI MOHOKPHUCTAIy, a TaKOX HOBHMH
edeKT IUIONIMHHOTO CTHCHEHHS Ta HOro HEMOHOTOHHE pO3MOBCIOKEHHS Y
INIMOUHY KPUCTAIY.

VY po3nini 1 npeacraBiaeHo JiTepaTypHU OIS, Y SIKOMY JOCHUTH JIE€TAIbHO
pO3MJIIHYTO crepiry o0’€MHI, a TIOTIM IIOBEPXHEBl BJIACTUBOCTI OKCHIHUX
HEepOBCHKITIB, 30kpeMa SITiOz. 3HauHy yBary MNpPUAUICHO CTPYKTYPI OKCHIHHX
MIEPOBCHKITIB, 30KpeMa IEHTPOBAaHUM METAJIOM KHCHEBHM OKTaeIpaM Ta poiil iX
oOepTaHHsl Yy CTPYKTYpHUX (Pa30BUX mepexojniax. Po3risHyTO TakoX MOBEpXHEBI
BnactuBocTi STiOs, 30KkpeMa MOXIUBICTh BUHUKHEHHS CETHETOCIICKTPHKH
3aBASKUA MOPYUIEHHIO MOBEPXHEBOI CUMETPIi. Y pO3AUII NPUAUIEHO 3HAYHY yBary
BEJIMKIM KUTBKOCTI ICHYIOUMX 1 TOTEHI[IHHUX 3aCTOCYBaHb OKCUJIHHMX MEPOBCHKITIB
ta 30kpema SITiOs.

Y apyromy po3aili  poO3ITIIIHYTO METOJIONIOTIF0  €KCIIEPUMEHTY Ta
MpPUTOTYBaHHS 3pa3kiB. OCHOBHMM METOJOM JOCHTIDKeHHS Oyrna audpakiis
BHCOKOCHEPTETUYHUX EJIEKTPOHIB Ha BIAOWUTTA Bix Tiaakux moBepxoHb (001)
MoHokpuctaitiB SITiOs. JletaabHO ONMUCAHO Pi3HI PEKUMH 3HOMKH, JESKI 3 SIKUX €
opuriHaabHUMU. [loSICHEHO mNpUpONy 3aNEKHOCTI TIUOMHM MPOHUKHEHHS
€JIEKTPOHIB B KPHUCTaN BiJl KyTa €JIEKTPOHHOI'O Iy4yKa BIJIHOCHO IMOBEPXHI, fKa
JI03BOJIMJIa BCTAHOBUTH 3aJIEKHOCTI TapaMeTpiB MOBEPXHEBOI I'PATKH BiJl INTMOUHU
y Kpuctaini. Po3risiHyTo 3ampornoHoBaHy y i poOOTI METOAUKY MPEIH31AHUX



BUMIPIOBaHb IOBEPXHEBUX MAapaMETpiB, a TaKOX METOAM aHaJli3y MOBEPXHEBUX
HaHOCTPYKTYDP.

Tpertiii po3aiJi NPUCBAYEHO TOBEPXHEBUM CTPYKTYPHUM niepexoaam. Tpu 3
HUX KOPEJIOIOTH 3 BIMOMHMH CTPYKTYPHUMH TepexonaMu y o0’emi, TOIl AK ABa
IHIMUX TIPUTAMaHHI JIMIIEe TMOBEpXHi. JleTaabHO PpO3MISIHYTO 1 KiIach(iKOBaHO
B3a€MO3B’SI30K MK XapaKTepOM 3aJIeKHOCTEN mapaMeTpiB I'PATKH HA MMOBEPXH1 Bif
KyTa MaJiHHS E€JIEKTPOHIB Ha MOBEPXHIO KPUCTAy, SIKI MOB’A3YIOThCS 3 PI3HOIO
IJIMOMHOIO y KPUCTall, Ta CTAHOM HoBepxHi. Lle 103BoIsie BUKOPUCTOBYBATH TaKi
3QJIEKHOCTI came TSl 11eHTUdIKaIl] ITUX CTaHiB.

Y po3aiti 4 po3ragHYTO HAWOLIBII BAKIWUBHA Ta IIIKaBUH eQeKT
IUTOIIMHHOTO CTUCHEHHS B3/I0BXK MoBepxHi SITiOs, sikuii panimie He OyB MOMiYeHUH
Yyepe3 3arajibHy AyMKy, IO MapaMeTpH KPUCTATy B3IOBX MOBEPXHI KPHUCTATY €
IIEHTUYHUMH 00’ €MHUM. Briepiie BCTaHOBJIEHO OKpeMi MapaMeTpu IPaTKH y
HEepLINX TPHOX MOBEPXHEBUX IIapax 3aJI€KHO B1Jl TEMIEPATypH Ta MOKA3aHO, 0 y
HEepUIMX JBOX IIAapax Ma€ MICHE CHIbHE «IUIOIIMHHE» CKOPOUYEHHS MapaMmeTpiB
I'PaTKH NIPU HU3BKUX TEMIIEpATypax, a y TPEThbOMY IIOBEPXHEBA I'paTKa po3IINpEHa,
mo Oyno MIATBEpIKEHO Teopiero (yHKIioHaMy ryctuHHu it noBepxHi (001)
SITiOs.

Po3min 5 wJIKOM OPUCBAYEHO aHali3y TPhOX THUMIB HAHOCTPYKTYp, fAKi
BUHHMKAIOTh Ha IIOBEPXHI 3a pI3HUX YyMOB. AJle y BCIX TpbOX BHIIAJKAX
HaHOCTPYKTYpHa apxITEeKTypa € TMPHUHIMIOBO KEPOBAaHOIO, IO BIJKpUBAE
NEPCTIEKTUBY ii IIIECTIPSIMOBAHOTO BIATBOPEHHS. PO3IIIsIHYyTO HAHOCTPYKTYPH, SIKi
BUHUKAIOTh Y BUTJISI/I TaropOiB Ha BUTPABJICHUX MOBEPXHSX, alie 31 30epe:KEHHAM
MOYATKOBOI KPHUCTAIIYHOI OpieHTallli. 3HaWIeHO TEePIOJUYHI HAHOCTPYKTYPH Y
BUIJISIII CXOAMHOK HA TOBEPXHI, SKIIO KYT 3pi3y NOBEPXHI HE 30Ira€Thcs 3
kpucrajgorpagiyHuMu 1uiouHamMu. Ille oauMH TpeTii TUI  HAHOCTPYKTYP
MOB’SI3Y€ETbCA 31  CIIOCTEPEKEHOIO  HECHMIBPO3MIPHICTIO  MIXK  MHEPIIMMU
MOBEPXHEBUMHU ILIapaMH Ta 00’€MOM, 1[0 BUHHMKAE 3aBISKU €(PEKTy IMIOUIMHHOTO
CTUCHEHHS, SIKHI PO3IIISIHYTO Y MONEPEIHBOMY PO3ILITI.

Jlo Hail0inbII BasKJIMBUX HOBHUX HAYKOBHX Pe3yJbTaTIB, OTPUMAaHUX Y
aucepraii, MOXXHAa BIJHECTH, Ha MOIO JyMKy, MEpII 3a BCE BIIMIHHICTh
CTPYKTYpPHUX TpaHC(pOopMalliil Ha MOBEPXHI, OB’ sI3aHY 3 BTPATOI TeMIIepaTyPHOL
JIOKaJIi3anii mepexojAiB HA MOBEPXHi, BOHU PO3TATYIOTHCS HA MOBEPXHI B3JIOBXK
IHTEepBaTy TemMneparyp. Y Aucepralii TaKOX MPEJCTaBICHO OpPUTIHAIBLHUNA MeTOo/
BUSIBJICHHSI TIOBEPXHEBUX CTAHIB 3aB/sSKM BUBUCHHIO 3aJICKHOCTEHW MapaMeTpiB
MMOBEPXHEBOI IPATKH BiJl KyTa MaAiHHS €JIEKTPOHIB Ha TOBepxHI0. Takok 3Haii1eHO
HAHOCTPYKTYPH Ha MOBEPXHI, K1 MAIOTh Pi3HE MOXOKEHHS 1 I€TATbHO OMUCAaHI y



po3aui 5. Ane yci i HAHOCTPYKTYPH TOB’SI3y€ OJIHA BAXKJIMBA OCOOJIMBICTh — BOHU
CTPYKTYPHO 1 Opi€HTAIIITHO BIOPSIAKOBAaHI, 1110 BIIKPUBA€E HOB1 MOXKJIMBOCTI JIJIS 1X
MOTEHLIWHOTO MPAaKTUYHOTO 3aCTOCYBaHHS HacaMIepel Yy MIKpOEIEKTPOHII 1
KOMIT FOTepHIA  TEXHIIl 3aBASKH, HANPUKIAA, MOXJIMBOCTI BHHHKHEHHS
MMOBEPXHEBOI cerHeToeNeKTpuku. I[ikaBoro 3Haxigkow € edeKT MJIOUMIUHHOIO
CTHCHEHHSI HA MOBEPXHi 3 XapaKkTepHUM HEMOHOTOHHUM DPO3TOBCIOKEHHSIM Yy
TTIMOMHY KPUCTAITY.

HaykoBa HOBM3HA OTPMMAaHMX pe3yJIbTaTiB IOJIATAE SIK y po3poOui Ta
3aCTOCYBAaHHI HOBITHIX METOJAMK EKCIIEPUMEHTY Ta aHaji3y JaHuX, Tak 1 Y
CIIOCTEPEKEHHI HOBMX e()eKTiB, rmepeniueHux Buile. Sk po3poOieH] METOIUKH,
TaK 1 3HalJIeH1 eeKTH Ha MMOBEPXHI MOJICTLHOIO MEPOBCHKITY TUTAHATY CTPOHIIIIO
MalTh MOTYKHUW TOTEHLIAT i1 MNOJAJBIION0 BHKOPUCTAHHA SIK Yy
(pynaameHTanbHid Hayli, TaK i y 0araTp0X NPaKTHYHUX 32CTOCYBAHHAX.

OOrpyHTOBaHICTH Ta JOCTOBIPHICTH OTPUMAHUX Y JUCEPTAIlil Pe3yJIbTATIB
Ta BUCHOBKIB 3a0€3MeUy€eThCcsl 3 OJHOr0 OOKy 0araToOiYHMM Ta OPHUTIHAIBHUM
aHaI130M B3a€EMHO MOB’SI3aHUX CIIOCTEPEKEHD, a 3 THIIIOTO YITKOK KOPEIIALIEI0 MIXK
OTPUMAaHUMH  €KCIEPUMEHTAIbHUMH  pe3yjbTaTaMd Ta  TEOPETUYHUMU
pO3paxyHKaMH, BAKOHAHUMH TTapTHEPAMH — TEOPETUKAMH.

[ToTpiOHO 3po0OUTH JEsK] 3ayBaKeHHs 10 AUCePTALIHOI podoTH:

1. PoGoTta nyxe Bmamo Ta JeTallbHO MPOUIIOCTPOBAHA, aje Ha 0araTbox
pUCYHKaX BIJICYTHI TOXMOKH BUMIPSHUX BEJIMUYMH Ta/a00 BIAXHMIICHHS BiJI CEpeIHIX
3Ha4YCHb. SKIIO BOHM € MEHIIUMH 3a PO3MIpP CHMBOJIIB, TO II€ MOTPIOHO MIOpa3y
BKa3yBaTH, a00 BKa3zyBaTu caMy MOXMOKY. Takoxx OakaHO MOSICHIOBATH BUTIAAKOBY
HEMOHOTOHHICTh (TaK 3BaHUH «30PSHHIA PO3KUA») ACSIKHX 3 TaKHX 3aJICKHOCTEH
a00 moxmuOKo10, a00 IHITMMH MEXaHI3MaMH.

2. AHani3 noBepxXHEBHX (Pa30BUX NEPEXOAIB y TUTAHATI CTPOHLIID TaK Y
1HaKIlle BHMAarae aHajiidy HasgBHOCTI KOPEJALi MK  CTPYKTypHUMH
BJIACTUBOCTSIMH, SIKI JIETaIbHO TpOaHaji30BaHI B poOOTi, Ta eIeKTPOdi3HIHUMHU
(30kpeMa  TOJSPHUMH  Ta  JICJACKTPUYHUMH)  BJIACTUBOCTSAMH  TOHKHX
MPUTIOBEPXHEBHUX IIapiB. Y poOOTI MOkHA OyJio OUTbIE yBaru MPHUIUIATH came
aHai3y 3MiH €JIeKTPO(]PI3UYHUX BIACTUBOCTEH MOOIU3Y MOBEPXHI Ta IX KOPEIAIii
13 3MIHOIO MMapaMeTpiB I'PATKU Ta CHEKTPAIbHUX XapaKTEPUCTHK TOCIHIIKEHUX
3pa3KiB.

3. OOroBopeHHsi MEXaHI3MiB TOBEPXHEBOI CETHETOEIEKTPUKUA Yy THUTaHaTI
CTPOHILIIO TaK YW 1HAKILIE BUMAra€ ysBJICHHS Ta OLIHOK BHECKIB MOBEPXHEBOIO
1’ €30€IEKTPUYHOTO e(eKkTy (uepe3 BTpaTy IIEHTpa IHBEpCii Ta MOBEpPXHI) Ta



(rexcoeneKTpuYHOro edeKTy (Yepe3 HassBHICTh TPaJi€HTy BIACTUBOCTEH MOOIU3Y
noBepxHi). JluBucsk, Hanpukiaa pobory [Interfacial Polarization and Pyroelectricity
in Antiferrodistortive Structures Induced by a Flexoelectric Effect and Rotostriction.
Phys.Rev.B. 85, 094107 (2012), https://doi.org/10.1103/PhysRevB.85.094107] Ta
po3min 5 wmonorpadii [“Strontium Titanate: Synthesis, Properties”. Editors:
Alexander Tkach and Paula Vilarinho (Nova Science Publishers, New York 2019),
ISBN: 978-1-53615-438-2 (eBook) https://novapublishers.com/shop/strontium-
titanate-synthesis-properties-and-uses/]. 1li MexaHi3MH ITOBHHHI BIIJIMBaTH Ha
BUSIBJICHUH B pOOOTI «e(eKT IUIOMMHHOIO CTUCHEHHS Ha ITOBEPXHI 3 XapaKTepHUM

HEMOHOTOHHHM PO3IOBCIOIPKECHHIAM Y FJ'II/I6I/IHy KpHUCTaJLy».

Ane 1 3ayBaKeHHS HISK He 3HIDKYIOTh 3arajlbHy BHCOKY OIIHKY
IpeJICTaBJIeHOI JUcepTalliiHol mpaili. Bci BoHH € moOaxaHHSIMU Ha MalOyTHE.

[TizmcyMOBYIOUH BiATYK, BBaXKaro, 1110 32 aKTYaJIbHICTIO, 00CSITOM J0CIIKEHb,
CBITOBOIO HAyKOBOK) HOBHM3HOIO Ta TMPAKTHYHUM 3HAYEHHSM pe3yJbTaTiB,
nuceprainiiina po6ota [Tamamiss B.O. «HuzpkoTemmepaTypHe [OCHIIKEHHS
HAHOCTPYKTYPOBaHUX MMOBEPXOHb MOJIEIBHOTO MEPOBCKITY TUTAHATy CTPOHIIION,
BiamoBinae Beim Bumoram «IIopsyIKy IPHCYDKEHHS CTyTIeHs JoKTopa dinocodii Ta
cKacyBaHHs pillleHHs pa30Boi CIeliaTi30BaHOi BUSHOI pajiy 3aKiIajly BHUIIOI OCBITH,
HAayKOBOI yYCTaHOBHM [P0 TPHCY/DKEHHsS CTyHeHs Joktopa  dizocodii»,
3aTBepKeHOro noctanoBoro Kadinetry MinictpiB Ykpainu Bix 12.01.2022 Ne 44,
a 3mo0yBau [amaniii Bomogumup OnexcaHApPOBUY 3aCIyrOBY€ IPHUCYIKEHHS
cTyneHs gokTopa dimocodii 3a cremianphicTio 104 — «®Pi3uka Ta acTpOHOMIA» 3
ranysi snanb 10 «[Ipupoanudi Haykw»,
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