BIATI'YK
odiniiHOro onoHeHTa Ha auceprauiitny po6oty KAPBIBCBHKOI Jlio60si
IBauiBHU «Enexmponni enacmusocmi ma mexarismu enopadxyeanns 0D-, 2D-
ma 3D — nanocmpykmyp Ha 0cHo6i Memanie ma Memanookcudie» Ha
3100yTTs HayKOBOI'O CTyNEHs JOKTOpa (i3MKo-MaTeMaTHUHUX HayK 3a
crenianeHicTio 01.04.07 — disuka TBEpAOrO TiNa

HaykoBo-TeXHiYHa peBOMIOLISA, KA € XapaKTEPHOI PHCOI0 CHOTOJACHHS, B
OaraTboX BIIHOIIEHHSX € HACTiIKOM PO3BMTKY Ta YCHiXiB ()yHZAMEHTATBHHX
AOCTIDKEHb B raly3i HaHOHaYKH. B LbOMy CeHCi HAHOCTPYKTYPH Ha OCHOBI MeTaliB €
OIHMMH 3 HalOLIBII aKTyalbHUX CEpeNl 3aNUTIB Cy4aCHUX HAHOTEXHOMOTIH, 30KpeMa,
B HAHOCJICKTPOHiLli, HaHOGiOHilli, HAHOMEAULIMHI, TPUAAN06y/TyBaHHI TOLIO.

JOCHiKEHHs: ~ MOHOLIAPOBMX  METaleBUX  IUIBOK  Ha MOBEPXHSAX
HAIiBIPOBIHHAKIB € BaXUIMBHM HANPSMKOM PO3BUTKY (Bi3uKH MOBEPXHI Ta (i3uKH
KOHICHCOBAHOTO CTaHy B LinoMmy. Tak, Hanpuknan, y 2007 poui Ansbepr ®epr i
Ilitep I'pronGepr orpumanu HoGemiBcsky mpemiro 3a BiZKpuTTH GMR-edekty
(efeanmcrbro20 MazHimHO20 ONOPY) Y TOHKMX LIAPYBATHX IUTIBKAX 3 EPOMArHiTHUX i
NMPOBIHAX HEMArHITHUX METAiB, MO BiIKPHIO MOXKIHBICTH 3HAYHOTO 361LTBIICHHS
€MHOCTi KOMII'FOTEPHHMX JKOPCTKMX IHCKIB DM 3MEHINEHHi iX rabGapuris. Moxua
OYiKyBaTH, INO TNOANBINI JOCTIIKEHHA OCOGIMBOCTEH dopMyBaHHS MeTaneBHX
HaHOCTPYKTYp Ha HAIIBIPOBIAHUKOBAX MOHOKPHCTATiYHHX MOBEPXHAX BiJKpHE IIe
Oinble MEPCHIeKTHB A1 BIOCKOHATEHHS BiIOMHX Ta CTBOPEHHS NPHHLMIIOBO HOBHX
TEXHOJIOTiH HaHOEIEKTPOHIKH.

CTBOpEeHHS Ta JOCMiKEHHS HAHOCTPYKTYPOBaHMX MaTepiaiiB € OHHUM i3
HAMPAMKIB LiNECTPAMOBAHOTO OTPUMAHHS 00’ €KTIB i3 3a1aHUMH (i3HKO-XiMiTHMMH
BJIACTMBOCTAMH. BHBYEHHS NpoleciB HAHOCTPYKTYpYBaHHS B METATIYHUX CHCTEMAX,
30KpeMa, aMOP(HUX METaNEBUX CILIaBaX, € BaX/IMBAM HANPAMKOM (i3HKH TBEPLOro
TiNa, OCKUIBKH SBHINA CTPYKTYpHOI penakcaii CYNpPOBO/KYIOTECA Ha MNpaKTHILI
BUHHKHECHHAM B HUX YHiKaJbHUX (i3HKO-XiMIYHHMX BIAaCTHBOCTEIA.

LinecrnpsiMoBanuii CHHTE3 HAHOKOMIIO3UTIB, 30KPEMa, Ha OCHOBI ByIJIELIEBHX
HAHOCTPYKTYp Ta HaHOMMCIIEPCHOTO ANaTUTy KaJbLilo, € BAAIAM BUGOPOM Hampsamy
JOCTIKEHb, OCKLNBKA € IEPCIEKTHBHUM IS CTBOPEHHS, 30KpeMa, HOBHMX THIIIB
MaTepiaiB GiOMEIMYHOTrO NpPHU3HAYEHHS, IO MOXYTh MOEJHYBATH AK YHIKaJbHI
BJIACTHBOCTI KOMIIOHEHTIB, TaK i XapaKTepH3yBaTHCh HOBHMH, crneudiYHuMH,
00yMOBJIEHMMH MiXK(pa3HOK B3aEMOII€I0 CKIaJ0BHX.

I3 BUKIIaIeHOTO ClifTye, 10 HAHOCTPYKTYPH CTaHOBIIATH 3HAYHMMA IHTEpeC SK 3
TOYKH 30py DyHAAMEHTAIbHOI HAYKH TaK i Pi3HOMAHITHHX MPAKTHYHUX BUKODHCTaHb.
Oco6nuse Mmicue B ix cimeiicTsi Hanexurs 0D-, ID-, 2D- ma 3D —BUMIPHHUM, L0

[OACHIOETECA  OCOOMMBOCTAMM peanisallii B HHX KBaHTOBO-DO3MIDHHX €(eKTiB.
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Ilucepraniiina po6ora KapGiscskoi JLI. Mae GesnocepefHe BIIHOWICHHS 10
3a3HAYEHOI0 HAYKOBOI'O HAIpPAMY, 8 TOMY € BaX/IUBOIO Ta GKMyanbHOK.

HaHOCTpYKTypH MeTaliB Ta METaJOOKCHAIB € NOCHTh CKIaJHHUMHU o0'exramy,
yMOBH (OpMyBaHHsA, CTabilbHiCTh, Qisuuni 1 XimiuHi BJIaCTUBOCTI  AKMX
BH3HAYAIOTHCS HE JIMIIE aTOMHHM OCTOBOM i TUIIOM yIIOPSAKYBAHHS, ajl€ i HAABHICTIO
Pi3HOTO POy HeAOCKOHATOCTeH. ONHUMM 3 HAHBAXKIIMBIIIKX CYyJaCHHX iHCTpYMEHTIB
BUBYEHHS CTPYKTYDH Ta BIACTMBOCTeH HaHOPO3MIPHOI PEYOBMHHU € 30HIOBI METO/IH,
30KpeMa, HaJBHCOKOBAKYYMHAa CKaHyBajlbHa 30HJ0Ba TyHEJbHA MiKpocKomis 3
aTOMHOO po3ainbHOMO 3aaTHicTIO (CTM) Ta 30HA0Ba TyHE/IbHA cnekrpockonis (CTC).

Came ix Oy10 0OpaHO aBTOPOM SIK OCHOBHi [UIsi pO3B’si3aHHS IOCTAaBICHHX B
poGoti 3aBnamb. Bei BuMiproBanHa 3a jomomorolo CTM 3MIHCHIOBATIUCE Y
HajaBUCOKOMYy BakyyMmi. Ll oOcTaBMHa 3HAYHO YCKJIAJHIOE TIOCTaHOBKY Ta
TMPOBEJICHHS €KCIEPUMEHTIB, TMpOTe BOAHOYAC 30LIBLIYE IIHHICTD OAEpKaHUX
pEe3yJIBTATiB, OCKIIBKH J03BOJISE JOCATTH BUCOKOI YHCTOTH MOBEPXHI.

OkpiM 30HIOBMX MeTONiB Gy10 BHKOPHCTAHO METOAMKH PEHTICHIBCHKOT
eNeKTPOHHOI ~ CHEKTPOCKOMil, ~PEHTreHiBChKOI ~ EMICiHHOT ~ crexTpockomii — Ta
TPaHCMICIHHOT eIEKTPOHHOI MiKpOCKOII].

Jlucepraliis CKIafaeThcsl 3 aHOTalii, BCTyMy, MECTH O3B, BHUCHOBKIB Ta
CIIMCKy JliTepaTypH, WO cKiamaeTscs 3 344 HaliMeHyBaHb. Orisj nmiteparypu y
nepwiomy poO3Ni monoMir ineHTHdikyBaTH HaHGinbI LiKaBi MOBEPXHEBO HaHECEeHi
HAHOCTPYKTYPH METalliB, PO3KPUTTIO MEXaHi3MIB HaHOCTYKTYpYBaHHA, MOXIHMBUX
NPaKTHYHKX 3aCTOCYBaHb 06’ €KTiB AOCTiKeHHs. B pesyasrari Gynn cdopmybOBaHi
3a/ia4i po6OTH, AKi BUPILIYBATHCh B HACTYITHUX pO3/inax.

Y Opyeomy po3nini HaBeleHi EKCTIEPUMEHTANbHI Ta TEOPETHYHI METOAH
JOCIiKeHb (Di3MYHMX BIACTHUBOCTEH HaHOCTPYKTyp. HaBeneHo aeranbHuil omuc
METOAMKHM 30HJIOBOI TYHENBHOI CrieKTpockomii, mo Oyna iHCTansoBaHa aBTOPOM Ha
6asi cepilfHOro BUCOKOBAKYyYMHOI'O 30HI0BOTO Mikpockomy dipmu Jeol.

Tpemiii pO3/iial IPUCBAYEHO BUBYEHHIO HaHOCTPYKTYp Cu, Ag, Au, Ni ta In Ha
MOHOKPHCTATIYHUX MOBEPXHAX KPEMHIIO NPH iX TepMiuHOMY HaHeceHHi. JIoCHiKeHO
MexaHi3MH (OPMYBaHHS HAHOCTPYKTYp OJAarOpoOJHHX METaNliB, HIKEIIO Ta iHAI0 Ha
NOBEPXHAX MOHOKpHCTany kpemHiro Si(111)7x7 Ta Si (110) npu GararoctaniiiHomy
TepMiuHOMY HaHeceHHi. OTPUMaHO CaMOBIOPAAKOBaHI reKkcaroHajbHO-IpaMiaiibHi
HAaHOCTPYKTYpH Mifi Ta 30/0Ta Ha MOHOKpMCTaNiuHi# nosepxui Si(111)7x7 Ta
OMHCAaHO MEXaHi3MM iX QopMyBaHHA. B 1bOMy X PO3Zii HaBeleHO AaHi LIOAO
YTBOPEHHA JCOYKOBMX MOHOLIAPOBUX CIPYKTyp 30/0Ta Ta ONKC MeEXaHisMy ix
dGopMyBaHHs, a TaKOXK pe3ylbTaTH JOCTI[UKEHb IUIBOK cpibma Ha TMIOBEpXHi
Si (111)7x7.

TocnimkeHo 3maTTs 2D Knacrepis GnaropogHMX MeTaliB 3 TMOSBOKO?

TOTONOTTYHAX HEOJHOPIAHOCTEN INIMOUHOIO Y TIONOBUHY PO3Mipy aToMa.
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OcobauBy yBary BHKIMKAKOTh €KCIEPUMCHTH 3 Bisyasizauil 3MiH KapTHHH
nopepxHi Si (111)7x7 npu HAaHECEHHI Ha MOBEPXHIO 0D HaHOCTPYKTYp Hikesro Bif
HanpyTH 3MILIEHHS.

TlocnimkeHo MOpQOIOTil0 HAHOCTPYKTYP Ta BCTAHOBJICHO HAHOTPHOOIOTIYHI
MapaMmeTpH CyGLIOPCTKOCTI /s TPaHC(HOPMOBAHHMX TIOBEPXOHD Hikero 1 61aropoaHux
MeTalliB. 3anpornoHOBAHO  METOAHMKY crabinizauii BrAaCTMBOCTEW MOBEPXHI
moHokpucTany Si (111)7x7, sk y HaJBUCOKOMY BAaKyyMi TaK i 3a HOpMaJbHUX YMOB,
[1[0 MOYKE MaTH CYTTEBE NPAKTUYHE 3HAUCHHS.

MeToIoM TyHENbHOI CIEKTPOCKOMIi BUBYUCHO TYCTUHY CACKTPOHHHUX CTaHiB Ha
Mbk(asHil rpaHuLi NOKPUTTS iHIIO Ha TOBEPXHi MACHBHOIO 3pa3ka KPEMHilo.

V uemsepmomy po3aiNi MPOJIOBKEHO pocimkenus HaHocTpykTyp Cu Ta Au Ha
MOHOKpHCTaTiYHHX roBepxHsX InSe (0001) Ta GaSe (0001) mnpu TEPMIYHOMY
HaHECEHH1 MeTaly.

Jlns monokpucrailiB InSe ta GaSe € XapakTepHOIO cnabka BaH-J€p-BaalibCoBa
B3a€MOJiA MK IIapamy, 1o 06yMOBIIIOE IHTEPEC 110 BUBYCHHA B3aEMOJI1 MeTaly 3 iX
noBepxHero. B poGOTi HOCIIKEHO B3AEMOBILTMB CKIAJI0BUX Ha Mixk(asHiit moBepxHi,
4 TAKO)K BH3HAYEHO MEXaHisM (OPMYBaHHS HAHOCTPYKTYp — MiMi i 307m0oTa Ha
OBEPXHAX BKA3aHMX HAIMiBMPOBIAHUKOBUX MOHOKDHCTANIB, SKHi, B LLIOMY,
pinosigae Mexanismy Ctpancki-KpacTaHoBa.

Metonom CTC mpoBeaeHO AOCITIIKEHHS eNeKTPOHHOT Gy/l0BH HAHOCTPYKTYP 1
OTPUMAHO DSl HOBHX PE3YJBTATiB, 30KPEMa, CNEKTPH iX eneKTPOHHUX CTaHiB.
BeramoBieHo, IO TPH  HA3BKUX  TeMIeparypax  BiIOyBA€TBCA  3BYXKCHHS
CHIEXTPATbHUX CMYT Ta BHHMKHEHHS X TOHKOI CTPYKTYDH. [lluprHa 3a60pOHEHOT
30HM aTOMApPHO YMCTOI MOBEPXHI MOHOKpHCTana InSe (0001), BuMipsHa METOLOM
TYHE/BHOI CIEKTPOCKOI], IEMOHCTPY€ pigxuneHus ~0.2 eB BiA 3HaYeHb, OTPUMAHUX
iHMMH  HesaiekHumu  MeTogamu (~1.4 eB npomn ~1.2eB), wo Moxe OyTu
00GYMOBJIEHO BHCOKOIO PO3LILHOKO 37aTHICTIO TyHenbHOI crexTpockonii. 1lokazaHo
3370BUbHY BiANOBIAHICT KPMBHX LIUIBHOCTI €JIEKTPOHHHX CTaHiB, OTPUMAaHHUX
eKCIEPHMEHTAIbHO ~ METOJOM  TyHENbHO1 cekTpockomii i MeTogoM  Teopi
(yHKLiOHATY TYCTHHH.

Y n’smomy po3ainl Auceprauii aBTOp HABOAUTE pE3yilbTaTi JOCITIXEHb
HAHOCTPYKTYPOBaHAX aMOPQHHX METANICBUX CIUIaBiB.

30Kpema, HOCHIKEHO mopdosorigai 0co6nuBOCT TOBEPXHI CIUIABIB IPH
TeMnepaTypHill penacarii Ta kpucranisauii. [ikaBuM pe3ylbTaTOM € BCTAHOBJICHHA
napameTpiB TemreparypHoi 06pobxu AMC Ha OCHOBI 3aJ1i3a TIPU SAKMX Ha MOBEPXHi
3pa3KiB YTBOPIOIOTHCA HAHOCTPYKTYPH npaBu/IbHOI GOPMH.

BCTaHOB/IEHO HASBHICTH 3HAYHOI'0 OKMCHEHOI'O NMOBEPXHEBOrO Liapy Ha rTHOUHY
10 150 HM [y BUXIZHHX aMOPHMX CIUIABiB HA OCHOBI saiza. OnucaHi MeXaHi3MHe

MOBEpXHEBOI cerperauii eleMeHTiB B MpoLECi CTPYKTYPHOI penaKcauii.
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Y wocmomy po3AiN BIEpIIE OTPUMAHO Ta AOCIIDKEHO HAHOKOMIIO3WUTH Ha
OCHOBi BYIVIELIEBUX HAHOCTPYKTYp Ta HAHOJUCIIEPCHOIO amaTHTy Kajibliio. BusueHo
ix Mopdonoriuni ocobnmBocTi Ta enekTpoHHy OymoBy. BcTaHoBiaeHO, 1O
Moaudikailisi KOMIO3UTY Ha OCHOBI HaHOAMCIIEPCHOTO alaTHUTy, HaHOAMCIIEPCHOIO
rpadiTy Ta IEMONO3HMX BOJIOKOH EMOKCHIHMM ONirOMEepOM i3 3aTBEP)KYBauyeM Mae
CYTT€BMH BIUIMB HAa KOMIUIEKC BIAacCTHBOCTEH OTPHMAHOrO Marepiany, 30Kpema
TIPU3BOJUTE J0 BUHHKHEHHS €lIeKTPONPOBIHOCTI 3pa3Ka.

BaX<THBOIO MO3UTHBHOK PUCOIO [BOTO PO3ALNY € Te, IO OTPMMaHi Pe3ynbTaT
MAIOTh He TiNbKM (yHJaMeHTalbHe HAyKOBE 3HAYCHHS, ajle TaKOK MOXYTb MarTH
NpaKTHYHE BUKOPUCTAHHS, HAMPHUKIaJ, NPU CTBOPEHHI (QyHKLIOHATBHHX CTPYKTYp
HAHOEIEKTPOHIKH.

PoGora 3aBepmyeThcs  (OPMYNIOBAaHHAM  OCHOBHMX  BHCHOBKIB  3a
pesy/nsTaTaMH A0CITIDKEHB.

3a CyKynHicTIO OTpMMaHux pesynsTariB auceprauis KapGiscekoi JLI €
3aBEpILICHOI0 HAyKOBOK pPOOOTOIO, IO BiA3HAYAIOTHCSH HOBH3HOK Ta MPAKTHYHOK
ninnicTio. Po60Ta po3s’sAi3ye BaX/IMBY HayKoBY NpobieMy BCTAHOBIIEHHS MEXaHi3MiB
OTPMMAHHS METOJOM TepPMiYHOr0 HAHECEHHS CaMOBIOPANKOBAHUX HAHOCTPYKTYP
METaJliB Ha MOBEPXHAX HAIIBIPOBIIHUKOBHX MOHOKDHCTAJiB B YMOBAaX Ha/(BUCOKOIO
Bakyymy 0e3 OXONOMKEHHs 3pasKa; MOUIYKY ONTHMaJbHMX YMOB TEMIEpaTypHOI
06po6ki aMOPHHUX METANEBHX CIUIABIB JUIs MOCATHEHHS BUTIAHUX eKCILTyaTaliifHuX
BNACTHUBOCTEHl Ta CTBOPEHHs HAHOKOMIIO3UTIB HAa OCHOBI HAHOAMCHEPCHUX
KOMIIOHEHTIB.

HayxoBuii Ta MeTOZONOriYHMMA piBHI poGOTH BIANOBIAAIOTL CY4acCHHM
cTanjapraM. BiporiiHiCTh OTPMMaHMX pE3yIbTaTiB OOTPYyHTOBYETBCS CHCTEMHHM
MiAXOAOM JO I[IOCTAHOBKM CKCIICPHMEHTIB Ta 3alydYCHHAM B3a€MOJONOBHIOIOUYNX
METOAMK JIOCTi/KEHHS BJIaCTHBOCTEH noBepxHi T2 06’ €My TBEPOrO Tifa.

30KpemMa, HOBUMH € TaKi pe3y/sTaTi poGoTH:

- OTPUMAHO CaMOBIOPSIKOBAHI IeKCArOHANBHO-MIPAMifalbHi HAHOCTPYKTYpH MiAl
Ta 30710Ta Ha MOHOKpMcTaniuHii mosepxui Si(111) 7x7 Ta OmKMCaHO MEXaHI3M ix
dopMyBaHHs. BCTaHOBIEHO, LI0 CHMETPis MOBEPXHI MOHOKPHUCTAIIYHOI ILIOIIMHH
Si(111) 7x7 € JETEpMiHYIOUOK B MEXaHi3Mi POCTY reKCaroHajlbHO-MipaMiflaibHiIX
CTPYKTYp  Miai Ta 3omora. CaMOBIOpSAKOBAHI IeKCAaroHalbHO-IipamilasibHi
HAHOCTPYKTYypH 30J10Ta Ta Mili NpM BAKYYyMHOMY TEPMiUHOMY HaHECCHHI
dopmytotbest mume Ha Si(111) mnommsi, Toai sk ans nuowwmHu Si (110)
CHOCTEPIraloThCs JINNIE MOHOIIAPOBi EKCAaroHajlbHi YTBOPEHHS;

- BCTAHOBJIEHO c1aOKy B3a€MOJIII0 MOHOLIAPOBUX MOKPHUTTIB Ag i3 MiAKIAAKOIO
Si(111)7x7, 1mo 103BONAE [PH  HE3HAYHOMY IPOrpiBi  OYHILYBATH
MOHOKpPHCTAJIIUHY MIOBEPXHIO BiJi METANIy Ta 3/[i/iCHIOBATH ii PEKOHCTPYKILIIO;

- BCTAHOBJIEHO MEXaHi3M BIIOPS/KYBAHHS HYJIbBUMIPHHX HAHOCTPYKTYD HiKeJIO
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Ha MOHOKPHCTAIIYHUX TIOBEPXHAX. Bu3HayanbHUM GaKkTopoM BHCTYNAKOTh IpaHuL

ABIHHUKYBaHHA, K1 IHILIOOTb YTBOPEHHS NiHIHHOTO BNOPSAAKYBAHHSL;

- penakcaulidiHi TeMneparypHi mnponecH B aMOp(OHHMX MeTalleBUX CIlIaBax
CYNpPOBOKYIOTECS YTBOPEHHAM HA TNOBEPXHi 3pa3KiB HAHOCTPYKTYP TMPaBUILHOT
GopMH y BUIIAAI CTPHXKHIB — HAaHOKPUCTAMIB 3ani3a. BecraHoBeHO TeMmeparypHi
3aNIeXHOCTI Tpubonoriynux napamerpis HaHomopetkocti AMC R, R, Ry v R,
st amMopdHUX MeTaleBUX CIUIaBIB HAa OCHOBI 3aii3a B iHTepBaji HarpiBy Bij
KiMHaTHOT Temneparypu no 700 °C;

- METOIOM TYyHeNbHOI crniektpockonii B AMC Ha OCHOBI 3alli3a BCTAHOB/IEHO, L0
piBeHb (DepMi JOCTIHKYBAaHUX CILIABIB 3HAXOAUThCS B JIOKAJIbHOMY MIHIMYMI
ILIBHOCTI €MeKTPOHHMX CTaHiB, INO BiAmoBigae kputepito Harens-Tayka mnpo
YTBOPEHHS aMOP(HOTO CTaHy;

IIpakmuyne 3naueHHs 00epICaAHUX pe3yIbmamie ToNsrae

- B pO3IIXMpeHHI 00nacTi 3acTOCyBaHHS MOHOLIAPOBUX CTPYKTYp METaliB Ta
OOrpyHTYBaHHI METOAMKH JOBFOCTPOKOBOTO 30€pEeKEHHS MOHOKpHCTaNliuHHMX
IOBEPXOHB;

- BCTAHOBJIEHHI opMyBaHHs HAaHOKPHUCTATIB 3ai3a Ha moBepxHi AMC Ha 0CHOBI
3aj1i3a npH TepMiyHil o6polLi 3 XapaKTepHUMH po3MipaMH, 1110 03BOJHTH BUPOOHTH
NpakTHYHi pexoMeHpanii mo oOpobui AMC jns nokpalleHHs X MarHiTHUX
BJIaCTHBOCTEH.

KpiM ToOro, 3amponoHOBaHO METOAMKY CHHTE3y  €IeKTPONpPOBiTHUX
010HAHOKOMIIO3UTIB HAa OCHOBI HAHOJUCIEPCHONO  amaTUTY  Kajiblild Ta
HaHoAMcnepcHoro rpadity ans notpe6d 6ionorii Ta MEIULIMHY.

Anpo6auis pe3ynsTaTiB gucepTaliiiHoi poOOTH Yy JOMOBIASX HA YHCICHHUX
MDKHApOJHMX KOH(QepeHuisx, Ta uwaxoM nybmikauii y nepioauyHux (axoBux
BHM/IaHHSX, a Takoxk B 1 Moxorpadii Ta 1 posaini MoHorpadii € focTaTHIMH.

Aptopedepar auceprauii MOBHICTIO BIANOBiZA€ 3MICTY 1 MOJOXKEHHAM
aucepraniiHoi pobotu.

3a pesynbraraMM aHalidy AMCEpTallil Ta apTopedepary ‘MOXKHA BKa3aTd Ha
[IE€BHI HEOONIKU MA 3AYBANCEHHS.

1. He 3po3ymino, 4oMy aBTOpPOM HE BUKOPUCTAHO AJI NOBHOTU AOCIIKEHb
1-BUMipHi HAHOCTPYKTYpHU?

2. Y posaini 2.4 JOCUTH AETANBHO HABEJCHO METOAUKH KBAHTOBOMEXAHIYHUX
PO3paxyHKiB €JIEKTPOHHOI OyI0BH Ta BJACTHUBOCTEH CHCTEM 3 JaibHIM MOPAAKOM,
OJIHaK BIACYTHI JaHi W00 1X 3aCTOCOBHOCTI A0 CTPYKTYp 3i 3HWKEHOI PO3MipHICTIO,
HasABHICTIO HEBIOPAAKOBAHUX CTPYKTYPHMX i €IEKTPOHHHUX CTaHiB Ta KOHKPETHOI'O
BUKOPUCTaHHA Y AUCEPTALifHIN poOOTi.

3. YV nuceprauifiHii po6GoTi HaHECEHHs MeTaly, Hanpukiaag Au ToLlo,

3AIMCHIOBAJIM Ha MIANOTOBJEHI aTOMapHO YUCTI MoBepXxHi kKpeMHiro (111) Ta (110) 6e3
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HarpiBaHHs, a0 OXOJNOKSHH MiAKIaauHOK (CT. 126). SK 1e BIIMBAE B OJAIBLIOMY
Ha igenTHOikalio X MexaHi3MiB pPOCTy Ta BIATBOPIOBAHICTH pesynbrariB? Sk
JOCSATANN Ta KOHTPOIOBAIN aTOMApHy YMCTOTY MOBEPXHI KPEMHIIO?

4. Y posuini 3 mnokasaHo, 10 B pes3yibTari 3MMTTA 2D-MOHOIAPOBHX
KiacTepiB cpiiia yTBOPIOIOTBCS TONOJIOTiUHI 0COGAMBOCTI IITHOMHOIO ~0.04 um Ta
[OSICHIOEThCS MeXaHi3M iX yTBOpeHHs. Byio 6 uikao Martu iHpopmaliio 11010
e/IeKTPOHHOT OyZI0BH TAKUX HAHOYTBOPEHB (CT. 149).

5. Tlpu oO6po6ui NOKAIbHMX BOIBT-AMIICPHUX XapAKTCPUCTHK B MeTO/
TYHEIBHOI CIIEKTPOCKOMil aBTOp HE BUKOPMCTOBYE /U AHAI3y CNEKTPOHHMX CTaHIB
ApYroi MOXiAHoT, 1o MO 6 MiBUIIMTH TOYHICTH BUMIPIOBAHHS.

6. YV po3dini 5 BCTAHOBJEHO YTBOPEHHS CTPHIKHENOAIGHMX MOHOKPHCTaJiB
Ta TEPACOBMX HAHOCTPYKTYP B MPOLECi CTPYKTYpHOI TeMIeparypHoi penaxcauii
aMOp(HUX CIUIaBiB Ha OCHOBI 3aimiza. OJHaK BiJCYTHiH aHani3 MEXaHi3MIB pPOCTY
uux crpykryp (ct. 213, 214).

7. B auceprauiiiniii po6oti Ta aBropedepari sycTpiualoThes oporpadiumi,
CUHTAKCHuHI moMuiky, Taronorii ( «0D — BUMIpHI CTPYKTypu»), HEBJall BHUPa3u
(BonbT-aMnepHi XapakTepHCTHKH TyHENbHHUX CIEKTPIB. .. ) Ta OMUCKH.

BiaMiueni 3ayBakeHHs HE BILIMBAIOTH HA 3aralbHE MO3MTUBHE BPAKCHHS Bl
JucepraniiHoi poboTH.

3 omsAy Ha BHKIAJEHe, BBAXKAKO, IO Juceprauiiina pobota «EinexkmponHi
gnacmusocmi ma mexawizmu énopaokyéanns 0D-, 2D- ma 3D — nanocmpykmyp Ha
ocHoGi memanie ma memanookcudié» sianosizae Bumoram MOH  Vkpainu 10
mucepraliitaux pobit (n. 9-12 ITocmanosu KM Vkpainu «IlIpo 3ameepONCeHHs
[Topsaoky npucyoxcenns Haykoeux cmyneniey» Ne 567 6i0 24.07.2013 p. (3i sminamu
3eiono 3 Ilocmarnosoio KM Vipainu Ne 656 6io 19.08.2015 p., Ne 1159 eio 30.12.2015
p. ma Ne 567 6io 27.07.2016 p.)), a 1i aBrop, Kap6iscbka JlroOoB IBaHiBHa, 3aCIyroBYy€
HAa TIPUCY/UKEHHs HAyKOBOTO CTYyMeHsl JOKTopa (i3MKO-MaTeMaTH4yHMX HayK 3a
crentianbHicTio 01.04.07 — di3uka TBEpAOrO TijA.

OdiuiiiHuit ONOHEHT

3aBiyl0unii Bijtisiom IHCTUTYTY XiMii moBepXHi

iMm. 0.0. Yyitka HAH Ykpainu £

JI0KTOp (i3UKO-MAaTeMaTHYHUX HayK mpodecop 2l [LIT. TopOuxk

im. O.0. Uyiika HAH VYkpainu

KaH. XIM. HayK AM. Jlaurok
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