BIJIT'YK

o(iIiitHOro OMOHEHTa Ha JUCepTaIliiiHy poOoTy
OnbxoBuka L Bonogumuposuya

Ha Temy «BIIJIMB JIASEPHOI'O BUTTPOMIHIOBAHHS HA ITPOLECH
THAYKOBAHOI OJIOBOM KPUCTAJII3ALIIl AMOP®HOI'O KPEMHIIO»

MpeCTaBlIeHy Ha 3100y TTs CTyneHs qokTopa dhutocodii
B raiy3i 3HaHb 10 [Ipupogundi Hayku
3a crienianbHicTiO 105 Tlpuknanna ¢izuka Ta HaHOMaTEpianK

AKTYaJILHICTh TeMH JUCePTAaLii.

Kpucraniuai HamiBOpoOBIJHUKOBI IUTIBKM € OCHOBOI 0araTbOX CY4YacHUX
TEXHOJIOTIA TaKuX, SIK HAHOCJIEKTPOHIKA, OMTOEJIEKTPOHIKA, JIa3epHI TEXHOJOrIi Ta
cucteMu Bizyamizamii. Cepel TEXHOJIOTIH, IO HAWOULIBII AKTUBHO PO3BUBAOTHCS
OCTaHHIM 4YacoM, COHSYHA EHEepreTHUKa, a OJHUM 3 HalOUIbLI NEePCIeKTUBHUM
MaTepialioM 3 TOUYKH 30pYy 3aCTOCYBaHHS, HECYMHIBHO € HAHOKPUCTAJIIYHUN KPEMHIM.
3a paxyHOK KBaHTOBUX e(eKTiB, Tmepexil Big aMopdHOi CcTaHy 10
HAHOKPHUCTAIIYHOTO CYTTEBO 3MIHIOE BJIACTMBOCTI KpeMHit0. KpemHiii cTae kBasi-
IPsIMO30HUM HAIMIBIPOBIAHMKOM 1 MOXE 3HAYHO Kpalle MOrJIMHATH CBITIO (Ha 2
HNOpANKH OUTbIl  €(pEeKTUBHO HIK MOHOKPUCTAIIYHUNA ab0 MONIKPUCTATIYHUMA
KpPEMHII).

Sxmo po3Mipu KPUCTANITIB KPEMHIIO JiexaTh B iHTepBam 1 - 10 HM, TO Taki
HAaHOKPUCTAIM MAalOTh XapaKTepHI BJIACTUBOCTI KBaHTOBUX To4ok. [llupuna
3a00pOHEHO01 30HHM B TAKMX HaHOMaTepianax Moxke BapitoBaTuch Big 1,7 eB no 1,1 eB,
10 J03BOJIA€E BTUIUTH 1JICI0 COHSYHUX €JIEMEHTIB TPETHOTO IMOKOJIHHS: TeTepo-
CTPYKTYp 3 JIEKUIBKOMA P - N MEepeX0oJaMu 3 PI3HUMU IIHPUHAMU 3a00POHEHOT 30HH.
Koxken p-n mepexig Tomi Oyje NepeTBOPIOBATH BIAMOBIAHY YAaCTHHY CHEKTPY
COHSTYHOTO BHUIIPOMIHIOBAHHS. Y TaKWM CIIOCIO 3MEHIIYIOThCS BTpaTH €HEprii, sKi
OB’ s13aH1 3 0XOJIO/PKCHHSIM rapsyux HOCIiB, a ICHyBaHHS BIKHA ONTUYHOI MPO30POCTI
MEPETBOPIOETHCSI 3 KaHaly BTPAaT y MOXKJIMBICTh CTBOpPeHHS Kackamy. Ilpu
30UTBIIICHHSIM 4YHCJIa 3aISHUX TIEPEXOdIB B KACKaJHOMY (DOTOCIEKTPHUHOMY
NePEeTBOPIOBAYl HOro KOe(iIIEHT KOPUCHOT [1i TeOpeTUUHO MOKe focsratu 87 %.

OCHOBHOIO CKJIQJHICTIO JIJIi CTBOPEHHS (OTOETEKTPUUHUX IEPETBOPIOBAUIB
KaCKaJIHOTO TUIy € Ipo0JieMa TOYHOTO KOHTPOJIIO PO3MIPIB HAHOKPUCTAJIIB KPEMHIIO
B nmianmazoni Big 1 mo 10 uM. Tomy 3amada BUTOTOBJICHHS Ta KOHTPOJIO SIKOCTI
TUTIBKOBOTO HAHOKPEMHIIO M1 (POTOSNEKTPUYHHUX IEPETBOPIOBAYIB, JTOCIIKCHHS
YMOB YTBOPEHHSI HAHOKPHUCTAJIITIB KPEMHIIO 3 po3Mmipamu B Jiana3oHi Big 1 mo 10
HAaHOMETpIB Mnpu (Ha30BOMY TNEPETBOPEHHI KPEMHIIO 3 aMOp(HOro CTaHy B
KPUCTAIIIYHUMN € 0€3YMOBHO AKmMyalbHOI0.



[IpencraBnena pgucepraiiitHa po0OOTa MPUCBSYEHA BUBUYCHHIO MPOIIECIB
KpucTamizaii aMop@HOTo KpEeMHilo, 110 1HIYKOBAaHO OJIOBOM, Ta MEXaHI3MIB
(opMyBaHHS HAHOKPHUCTAJIB KPEMHIIO B IIAPyBaTHX CTPYKTypax a-Si/Sn, a Takox
JOCIIKEHHIO MOJKJIMBOCTI BHKOPHUCTAHHS JIA3€PHOIO  BUIIPOMIHIOBAHHS IS
KOHTPOJBLOBAHOT KpHUCTami3alli aMOppHOro majsi YTBOPEHHS HAHOKPHUCTANIB 3
po3Mipamu B aianasoHi Bia 1 1o 10 HaHOMETpIB.

Ouinka OOrpyHTOBAHOCTI HAYKOBHX pe3yJbTaTiB  aucepramii, ix
JAOCTOBIPHOCTI TA HOBU3HHU.

Hayxosa Hoeuzna pesynrbmamie IUCEPTAIIHHOTO JOCIHIKEHHS TIOJSITae B
HACTYITHOMY:

1. BusiBneno ¢pakranbHul XapakTep CTPYKTypH3allii aMoOp(HOTo KpeMHito
B MIKpPO- 1 HAaHOMETPOBOMY MacmTaldl Mpu HOro OCaJKEHHI 13 Ta3oBoi ¢a3u Ha
MOBEPXHIO PIIKOTO OJIOBA.

2. ExcniepyuMeHTanbHO TOKAa3aHO, IO CTUMYJIIOIOUMM BIUIMB J1a3€pHOTO
ONPOMIHEHHS Ha KpHCTami3aiilo amMoppHOTO KPEMHIIO, 1HIYKOBaHY OJIOBOM, Mae€
CKJIa/IOBYy, sIKa HE IOB’S3aHa HArpiBOM. 3allpOIIOHOBAHO MEXaHI3M, KU MOSCHIOE
el ¢Gakt 30UTbIICHHSIM PO3YMHHOCTI aMopdHOTO Si B 0J0BI Ha iHTEpdeic] mapiB
IIpY KPUCTAJi3aIii BHACTIIOK MOCIa0IeHHS 1 00pUBY KOBAJIGHTHUX 3aB’sI3KIB a-Si 3a
paxyHOK BHWKIWKAaHHX (OTO-10HIZaIli Ja3epHUM CBITJIOM Ta EKpaHyBaHHIM
HEPIBHOBAXXHUMU (OTO-EJIEKTPOHAMH.

3. ExcniepuMeHTanbHO MMOKa3aHO, 110 CaMe€ HETEIJIOBa CKIIaJI0Ba BIUIMBY
Ja3epHOTO CBITJIa BUKIWKAE HETIHIMHUNA «YEpBOHHMI» 3CYB I1HTEHCHBHOCTI
PaMaHIBCHKOTO CIEKTPY HAHOKPUCTAIIYHOTO KPEMHIIO MO BIJHOIIEHHIO 0 CIEKTPY
MOHOKpucTaniyHoro Si. Ile MoxkHa po3risgatv B SKOCTI MIATBEPIKCHHS TIMOTE3H
PO HEPIBHOBAXXHY 3aCeCHICTh (POHOHIB, IO BUHUKAE 3a PAXyHOK EJIEKTPOH-
(doHoHHOT B3aeMoii (POTOIHIYKOBAHUX HOCIIB 3apsly BHACTIIOK BUCOKOTO TEMITY iX
reHeparlii mij J1€0 Ja3epHOTr0 BUIIPOMIHEHHS BETUKOI MOTY>KHOCTI.

Hocmosgipnicmb OTpUMaHUX B POOOTI Haykosux pesyibmamie 3a0e3MeuyeThes
BUKOPHCTAHHSM TIEPEBIPEHUX EKCIIEPUMEHTAIBHUX METOAMK  (CIEKTPOCKOITii
KOMOIHAIIHHOTO PO3CIFOBaHHSA, ONTUYHOI, PACTPOBOiI €JIEKTPOHHOI 1 aTOMHO-CHJIOBA
MIKPOCKOIIIi, PEHTreHO-(IyOPECIIEHTHOTO MiKpoaHali3dy, TOIIO0), MOPIBHSHHA 3
ICHYIOYUMHU JIITEPAaTyPHUMH EKCTICPUMEHTATBHUMH JaHUMU Ta TEOPCTHYHUMH
MozensiMu. Marepianu BUKIAJeHI B AucepTaiii omyOiikoBaHi B pedepoBaHUX
KypHaJIax Ta MPOWIUIM TEPEBIPKY B JOMOBIAAX HA YHUCICHHUX YKPaiHCHKUX Ta
MDKHApOJHUX KOH(PEPEHIIsIX, 10 TAaKOX CBIAYUTh MNP0 O0OCMOGIpHICMb Ta
00TpYHMOBaHicms OTPUMAHUX PE3yJIbTaTIB.

Ouinka 3MmicTy aucepramii, ii 3aBeplICHICTb, Ta JOTPUMAHHS NPUHIUIIB
aKkajeMivHOI 100pPO4YeCHOCTI.



3a cBoiM 3MicTOM jguceprariiiHa pobotra 3mo0yBaya OibxoBuka Immi
BononumupoBruya noBHicTIO BiAnoBigae CTaHAapTy BHILOI OCBITH 31 CHEL1aIbHOCTI
105 [puknanna ¢i3uka Ta HAaHOMATEPlady Ta HAMPSIMKAM JOCIIKEHb BIJIIIOBIIHO JI0
ocBiTHROI nporpamu [Ipukiiagna ¢isuka.

HMucepraiiitna poO0oTa € 3aBEpIICHOI0 HAYKOBOK IMpaler 1 CBIAYUTH MPO

HAsBHICTb OCOOMCTOrO BHECKYy 3/100yBaya y HayKoBuUM HampsMm (izuka
HaITIBIIPOBITHHUKIB.

HMuceprarniitna po6ora OnbxoBuka Imai BonomgumupoBuda € pe3ynbTaToOM
CaMOCTIMHUX JOCTIPKeHb 3/100yBadya 1 HE MICTUTh e€JeMEHTIB (anbcudikarii,
KoMmmisii, dhadpukarii, rariatry Ta 3ano3udeHb. Bukopuctani igei, pe3ynbratu i
TEKCTH IHIIIUX aBTOPIB MAIOTh HAJECXKHI MOCUJIAHHS Ha BIAMOBITHE JHKEPEO.

MoBa Ta cTH/Ib BUKJIA/IEeHHS Pe3yJbTaTIiB

HMucepramiitna podora OnbxoBuka [.B. 00rpyHTOBaHMM, JIOTTYHO TOOYAOBaHUM
Ta 3aBEPIICHHM HAYKOBUM JOCIIDKEHHSM, IO Ma€ TPaAuIliiHy CTpyKTypy. BoHa
CKJIQJIA€ThCS 3 aHOTAllli, BCTYIy, I’SITH PO3JILJIiB, BUCHOBKIB, CIIUCKY BUKOPUCTaHUX
okepen 1 nogatky. Pobora Bukimanena Ha 134 cropiHkax, 110 MICTITh 2 Tabaui 1 69
pucyskiB. CIiMCOK BUKOPHCTAHHUX JKEpeN Haliuye 82 HaliMeHyBaHb. [[ucepTarriiina
po0oTa HammcaHa YKpaiHChKOIO MOBOIO.

Y Berymi  OOTPYHTOBYETHCS aKTyaJIbHICTH TEMH, 3arajbHi IOJIOXKCHHS,
bopMyIIIOETHCA MeTa 1 3aBlIaHHs JOCHIKeHHs. HaBeneHo CTUCIud Oriisl METO/IIB
JOCIIJKEHHS TUTIBKOBUX HAMIBIPOBIAHMKOBUX MartepiaiiB. CPopMysibOBaHI HayKOBI
OCHOBHI pe3yJibTaTH, OTPUMaHI B JUcCEpTallii, Ta OOTOBOPIOETHCSA iX NPAKTUYHE
3HAYEHHS.

Y nepmomy po3aiti MPOBEACHO KOPOTKHM aHajdi3 OCHOBHHX JIITEPATypHUX
JaHUX 3 TPOOJEeM COHSYHOI EHEPreTUKH Ta OIJIsA MEPCHEKTUBHHUX IUISAXIB 1X
BupimeHHsi. OCHOBHY yBary MPUAUISIIOCS CTBOPEHHIO TIEPETBOPIOBAYIB HA OCHOBI
KpeMmHito. Po3risiHyTo mpuHIMIIOBI (i3U4HI Ta TEXHIYHI OOMEXeHHS e(PEeKTHBHOCTI
COHSYHMX  eJeMeHTiB. [IpomeMoHCTpoBaHO, MO  CYTTEBOTO  ITiJIBUIICHHS
€(EeKTUBHOCTI COHSYHUX €JIEMEHTIB MOXHA JIOCATTH 3aBASKA BUKOPUCTAHHIO
KAaCKaJHOTO TPUHIHUITY iX TMoOymoBu. OmnucaHi OCHOBHI HEJOJIKH 1CHYIOUUX
COHSIYHMX €JIEMEHTIB KaCKaJHOTO TUITYy Ta MOXJIMBI MUISIXU iX MOJ0JaHHS 32 PaXyHOK
BUKOPHUCTAaHHS KBAHTOBUX TOUYOK 3 HAHOKPUCTANITIB KpeMHito. [TokazaHo, 110 oHI€0
3 MIEPEIIKO] Ha IbOMY NIIAXY € MPOOJIEMH IIJIECIIPSIMOBAHOTO KEPYBAHHS PO3MipaMu
HAaHOKPHUCTANIITIB 32 JOMOMOIOI0 ICHYIOUMX TEXHOJOriH, a TaKoXX CTBOPEHHS
[IApyBaTUX CTPYKTYp 3 PI3HUM PO3MIPOM HAHOKPHUCTAMITIB. PO3rasiHyTO mpUHLMIH
KpucTani3auii, 1HAYKOBaHOI METajoM, Ta IpPOaHaji30BaHl MepeBard BHUKOPUCTAHHS
caMe OJIoBa B SIKOCTI MeTally Il 1HAYKOBaHOI KpucTtaiizaiii kKpemHito. JlocuTh
JIETANIbHO MPOBEJEHO OTJISi CyYaCHUX YSBIEHb MPO MEXaHI3MH BIUIUBY OJIOBA Ha
nepexig KpeMHio 3 amopdHoro y kpucraiaidyauii cran. HaBeneHi ekcriepuMeHTaIbHI
JaHH1, 110 CBITYaTh MOKA3YIOTh MOIIMBICTh BIUTMBATH HA TaKWH MEpPEXif] JIa3epHUM



onmpomiHeHHsaM.  OOrpyHToBaHa  MeTa  JOCHDKEHHS 1 chopmynboBaHi
eKCIEepUMEHTAJIbHI IIIJISAXU i1 peasizalii.

Y apyromy po3nuii KOPOTKO OINKUCAHI METOJM BUTOTOBJIEHHS 1 JOCIIIKEHHS
IUTIBKOBUX HAMiBIPOBIJHUKOBUX MaTepialliB, L0 BHUKOPUCTOBYBAJIUCh B JaHIH
po0OTi: METOA OTPUMAHHS IIapyBaTHX CTPYKTYp Si/Sn/Si (ocakeHHs 13 Ta30BOi
da3m); kKomOiHAIlIfHE PO3CIIOBAHHS CBITJA; E€JEKTPOHHA MIKPOCKOIIS, aTOMHO-
CWJIOBA MIKPOCKOMIS; PEHTreHIBChKUM duyopeciieHTHHI aHam3. [lpencrasieni
METOJIM aHaNi3y EKCIePUMEHTAIbHUX JaHWUX, 30KpeMa, METOJl aHali3y (a30BOro
CTaHy KpPEMHII0 IO CIIeKTpaM pPaMaHIBCHKOTO PO3CIIOBaHHS Ha OCHOBI Teopii
IIPOCTOPOBO OOMEKEHUX (DOHOHIB.

Y TperboMy pO3IUII MPEACTABICHI PE3yiabTaTH TOCIIKEHHS OCOOJIMBOCTEH
MIKPOCTPYKTYpH TOBEpXHI Ta o00’eMy IIapyBaTux IUTIBOK  Si1/Sn/Si, skl
JTOCTDKYBUINCh B I poOOTI 1 OyJId BHUTOTOBJCHI IUISIXOM IOCIIJOBHOTO
OCaJDKEHHs MapiB KpemHito Ta onoBa. [lokazaHo, 110 MPUYMHOK CTPYKTYpH3aIlii
MOBEPXHI IUIBOK Si/Sn/Si, € miaBleHHs 1 po3Maja Ha MIKPO-Kparuli mapy ojoBa Mij
Jac OCQ/DKCHHS KpeMHI0. Bmeprne mocimiKeHo 1 OmucaHoO MIKpO- Ta HaHO-
CTPYKTYpYBaHHSl IITIBOK amMop(HOro KpemHito, siKi (OPMYIOTbCS Ha TOBEPXHI
pO3IUIaBIEHOr0 MeTanay. 3aco0aMu aTOMHO-CHIJIOBOI Ta €JIEKTPOHHOI MIKPOCKOMIi
OTPUMaHI JIJaHl PO HIOPCTKICTh MOBEPXHI Si, a TaKOX JIaTepalibHI po3Mipu 1 hopmy
CTPYKTYPHUX €JEMEHTIB TOBEpXHI B 3aJE€XKHOCTI BiJl TOBIIMHU IIapy OJOBA.
[Tokazano, 1m0 MOBEpXHS IIApyBaTUX IUTIBOK Si/Sn/Si, BUTOTOBJIECHUX METOJIOM
TEPMIYHO-BAKYYMHOTO  OCQ/DKCHHsS, € CTPYKTYpyBaHOI  KBa3i-CHEpPUUHUMHU
YTBOPECHHSIMH 3 JaTepalbHUM po3mipoM Big 20 HM g0 2-3 MxMm. B 3amexxHOCTI Bif
TOBIIMHY IIapy OJI0Ba iX ¢GopMa i po3Mip UX YTBOPEHb 3MIHIOETHCS BiJ] BUITYKIIUX
eJINCOiIB Ta OaraTOrpaHHUKIB JO TPOHO-NOMIOHMX AEHAPUTIB. Taki AeHApPUTH
MOXXYTb CTBOpIOBaTH mopuctuid (3 po3mipom mnop 1-100 vM) map amopdnoro
KPEMHII0, (p13UYH1 BIIACTUBOCTI SIKOT'O JIOCI HE BUBYAIIMCS.

[TponemMoHCTpOBaHA MOXKIIMBICTh OTPUMAaHHS 3aBISKH 1HAYKOBaHIA OJOBOM
KpucTanizaiii aMoppHOTO KpEeMHII0 aMOP(PHO-KPUCTATIIYHOTO HAHOKOMITO3UTY, KU
MICTUTh KPUCTATITH KPEMHIIO 3 CEPEIHIMH po3MipaMu 3 HM Ta iX 4acTKOIO B 00’ eMi
noHana 90 %, npu TepMooOpoOIIi mapyBaTHX MIIBOK Si/Sn/Si mpu TemmepaTypax Ous
800°C.

Y d4erBepTOMY pO3I1TIi MPEACTABICHI PE3yJbTaTH JOCHIIKEHHS MPOIECIB
YTBOPEHHSI HAHOKPUCTAJIIB KPEMHIIO y IUIIBKOBHX CTpykTypax Si/Sn ta Si/Sn/Si B
niara3oHi remneparyp 20 — 550°C mig ai€ero J1a3epHOTO BUITPOMIHEHHSIM 3 JIOBKHHOKO
xBuiti A = 488,0 uM i moryxuictio 10* - 10° Br/cm? nipu pi3HMX yMOBaXx TEILIOBiABOLY
B I IKJIQ/IKY .

[TopiBHsIbHUE aHanmi3 PaMaHIBCBKHUX CIHEKTPIB  CBIIYUTh, WLIO JIA3€pHE

2

onpoMiHeHHA TOTyXxHicTI0O 10 MBT/MKM~ Ha mpoTsa3i 1-6 XB 37aTHE NMEPETBOPUTH

NpUOJIM3HO TOJIOBUHY aMOp(HOTO KPEMHIIO B IIApyBaTii CTpykTypi a-Si/Sn B



KPUCTATIYHHM, 1110 HA MOPSJOK MEHIIE Yacy, sSIKUi MOTPIOeH ISt JOCATHEHHS TOTO K
caMoOro pe3yjbTaTy B yMoBax TepmMooOpoOku B TempsiBi. [lokazaHo, mo mpoiecu
KpucTani3auii aMop(HOIro KpeMHilo, 1HIyKOBaHOI 0JIOBOM, IPUCKOPIOIOTHCA MiJT €0
JTa3e€pHOTO ONMPOMIHEHHS HE JHUIIE 3a PaxXyHOK MiABUIICHHA TemmepaTypu. Crix
3a3HAYUTH, 1110 L€l HETEeIUIOBUI MEXaH13M BUHMKAE JIUIIE MPU TeMIepaTypax IIBOK
sunie 230 °C (TeMneparypa IIaBIeHHS 0JI0BA).

ExcrieppuMeHTanbHO BUABICHA 1 JOCHIPKEHA UYYTIMBICTh (POHOHHOTO IIKY
HOBOCTBOPEHUX HAHOKPHUCTAJIIB KPEMHIIO IO IHTECHCUBHOCTI JIA3€PHOTO OIIPOMIHEHHSI.
BcranoBneno, mo 1 UYyTIMBICTH HE TMOBSI3aHa 31 3MIHOKO TeMIleparypH, a
BU3HAYAETHCS ONTUYHOIO KOMITOHEHTOIO JIa3epHOTO BUIIPOMiHIOBaHHS. lanuii edext
IHTEPIPETOBAaHO B TEpPMiHAX BIUIMBY HEPIBHOBAKHOI 3acE€NeHOCTI (POHOHIB, WIO
BUHUKAE B pe3yJbTaTl €JIEeKTPOH-(QOHOHHOI B3aeMOJIi (HOTOIHAYKOBAHMX HOCIIB
3apsIy 3a paxXyHOK BHCOKOTO TEMITy I'e€Hepallii X HOCIIB MPH BEJMKINA MOTYKHOCTI
30y IKEHHS.

Y m’AToMy po3niii MpeACcTaBieHl pe3yibTaTH JOCHIIKEHHS BIUIMBY KUTBKOX
BU/IIB IMITYJILCHOTO JIA3€PHOTO ONMPOMIHEHHS Ha 1HIYKOBAaHY OJIOBOM KPHCTAI3aIlii0
aMmop(pHOro KpeMHil0. 3a JOMOMOIrOI0 CIEKTPIB pPaMaHIBCbKOI CHEKTPOCKOIIIi
mapyBaTux cTpyktyp Si/Sn Ta Si/Sn/Si mpoananizoBaHo ocoOIuBOCTI (popMyBaHHS
HaHOKPHUCTATIB Si Mif AI€I0 JA3€pPHOTO0 ONMPOMIHEHHSIM 3 JOBXHHOIO XBWJII 535 HM 1
1070 uMm 3 TpuBanicTio iMmynscie 10 He i 150 Mxc mpu morykHocTax Big 1,4+ 10
Br/cm®>  mo  2,18«10%Br/cm?.  OnpomiHeHHS 3AiMCHIOBAIOCA AK  OKPEMHMHU
IMITyJIbCaMH, TaK 1 CEpisiMU MO 2 - 5 IMITyJIbCIB.

BusiBmiiocs, mo sk 1 y BHUMOaAKy O€3MEpepBHOTO JIa3epHOTO OINPOMIHEHHS,
YTBOPEHHSI, PICT 1 HAKONMHMYEHHS HAHOKPUCTAJIIB IMPU IMITYJIbCHOMY PEXHMI TaKOXK
MalTh MOPOrOBUM  XapakTep B  3aJ€XHOCTI Bl 1HTEHCUBHOCTI  CBITJ]A.
ExcniepuMeHTanbHO MOKAa3aHO, LI0 3MIHIOIYM MOTYKHICTh Ja3€pHOr0 IMIYJbCY 1
KUIBKICTh OJIHOIMIYJIbCHUX CEpIM MOKJIMBO KEpPYBaTH PO3MIPOM 1 KOHIICHTpAIlilO
HAaHOKPUCTAJIITIB B aMOP(PHO-KPUCTATIYHOMY HaHOKOMMO3UTI Bix 1,5 1o 5,0 HM 1 Bif
40 mo 90% BigmoBimHO. lleit pe3ynbTaT MOXKE CIY>KUTH OCHOBOKO JUIS PO3POOKHU
TEXHOJIOT1M BUTOTOBJIEHHS IIapyBaTUX CTPYKTYpP HAHOKPEMHIIO 3 PI3HOIO IIUPHHOIO
3a00pOHEHOI 30HU U COHSYHHMX €JEMEHTIB KacKaJHOTO THUIy Ha KPEMHIEBUX
HaHOTOYKaX.

KpiM noTyXHOCTI rmuOrHa TPOrpiBy NOBEPXHEBOIO IIApy aMOP(PHOT0 KPEMHIIO
Ja3epHUM IMITYJIbCOM BH3HAYAETHCS JOBXKHUHOK XBWI A, BiJj KOl 3a/IeXHUTh
KOe(ILIEHT MOTJIMHAHHS Ta TPUBAIICTIO IMIydbCy T. ['MOMHA 1 CTymiHB HPOTPIBY
IapyBaTUX  CTPYKTYp, SKUX BIIOYBAa€ThCS TPOLEC  1HAYKOBAHOI  OJOBOM
KpucTamizamii Si, MOXKYTh CIIyKUTH TEXHOJIOTTYHUMH (akTopamMu (OpMyBaHHS MIapiB
nc-Si  3amaHuX  PO3MIpIB 1 3aJaHOTO MPOCTOPOBOTO posmoairy. JlomaTkosi
MO>KJIMBOCTI YIPABJiHHS NPOLECaMU METAJIOM 1HAYKOBAaHOI KpucTati3alii BiIKpUBA€E
3aCTOCYBaHHS KOPOTKHUX JIA3€PHUX IMITYJIbCIB BEJTMKOI MOTYKHOCTI.



Hucepraiiitna po6ota odopmieHa BiamoBigHo A0 Bumor Hakasy MOH VYkpainu
BiJ 12 ciuns 2017 p. Ne 40 «IIpo 3aTBepaskeHHS BUMOT A0 0(OPMIIEHHS JUCepTaLii».

OnpuiaroJHeHHs pe3yJbTaTIB AUcepPTALiHHOI po0oTH

HaykoBi pesynbratu guceptaitii BHUCBITIeHI y 10 HaykoBUX MyOiKarisx
3100yBayda, cepel AKUX: 2 CTaTTl Yy HAayKOBHUX BHUJAHHSX, BKJIIOYEHUX Ha JaTy
omyOJIKyBaHHSA JI0 TEpENiKy HayKoOBUX (haxoBUX BHUJaHb YKpaiHM;, 2 CTaTTi y
NEePIOIMYHUX HAYKOBUX BUJIAHHSIX, MPOIHJEKCOBAHMUX Y 0a3ax JaHUX Scopus, 3 SKUX
2 crarel y BUJAHHSX, BITHECEHUX JIO MEPIIOTO — TpeThoro kBapTmwiiB (Q1—Q3)
BignoBinHo a0 kiacudikamii SCImago Journal and Country Rank. Pesynbratu
aucepraiii Oy anpoOoBaHi Ha 8 HAYKOBUX (paXxOBHX KOH(EpEeHLIsX.

HayxkoBi pe3ynbratu onucaHi B JucepTaliiiHiii poOOTI MOBHICTIO BHCBITJIEHI Y
HAyKOBHX ITyOJIiKaIlisax 3100yBaya.

HepmoJgiky Ta 3ayBaskeHHsI 10 JUCEPTALIHOI PpOOOTH.

Cepen numanv i 3aysadicenv 10 3MICTy poOOTH, sKi BapTi OOTOBOPEHH,
BBA)KAIO MOTPIOHUM BIJI3HAUYNUTU HACTYIIHE:

e 3 MO€i TOYKH 30py OyJi0 O JOILIBHO HABECTU CIEKTPU MPOMYCKaHHS
(mornuHaHHS)  CBITJA  IUIIBOK  aMOpHOTro,  KPUCTAJIIYHOTO  Ta
HAHOKPHUCTAIIYHOTO KpeMHiro. Ile O cyTTeBO cmpocTHiio pPO3yMiHHS
MEXaHI3MIB BIUTUBY JIa3€pHOTO BUIIPOMIHIOBAHHS, SKI OOTOBOPIOIOTHCS B
JIUcepTaliiHiil poOOoTI, a TAKOK METO/I1B BUBHAUEHHSI KOHIIEHTpaIlli (a3s.

e 3 TEKCTy JUcCepTallii He qy>Ke 3p03yMLUIO Ha 0a3l 4Oro poOUTHCS BUCHOBOK
Ipo 4ac 1HKyOaliiHOro mepioAy MpoleciB KpucTamizaiii aMmopgHOro
KPEeMHII0 TMiJ i€l Jla3epHUX IMITYyJIbCIB 1 SKI MEXaHI3MH TaKOIo
3aJIeKHOTO B1J] 4acy BILIUBY.

e Po3knan crnekTpiB KOMOIHALIMHOIO PO3CIIOBAaHHS IS IUTIBOK, SIKI Oynu
ONMPOMIHEHI JIA3€PHUM BHUIPOMIHEHHAM HU3bKOI1 moTyHocTi (Puc.4.10,
4.11) € HEe AOCUTH OJHO3HAYHUMHU, IO MPU3BOJUTH JI0 JOCUThH BEIUKOI
noxubku. Tomy Oyyno O IOIIJBHUM OI[IHUTH TMOXWOKY BU3HAYCHHS
KOHIIEHTparlii ¢a3 Ha iX ocHOBI. lle Takox AOMOMOrIO O 3pPO3yMITH, SIK
OPOBOAWINCH TpsAMi Ha pucyHkax S.11 1 5.12, sKki ONUCYIOTh
KOHIIEHTpAIliiHI 3aJIe)KHOCTI B/l MOTY>KHOCTI J1a3€PHOTO OMPOMIHEHHSI.

e Tekct auceprtanii He mo30aBiIeHU MOMIIOK ApyKy. Hampuxman, Ta0m.
5.1 — nmomxkuna xBwi 10700 HM, noexuHa audy3ii GoTO30yHKEHHX
HociiB 3apsay 0,02 am (ctop. 102), Toro.

BBaxkato, 110 BUCJIOBIICHI 3ayBa)K€HHsSI HE € BHU3HAYAJHbHUMU 1 HE 3MEHIIYIOTh
3arajbHy HAyKOBY HOBH3HY Ta MPAKTUYHY 3HAYUMICTh PE3yJIbTaTiB Ta HE BIUIUBAIOTH
HAa 3arajibHy MMO3UTHUBHY OL[IHKY AUCEPTaLIiHOI poOOTH.



BucnoBok npo quceprauniiiny podory

Bpaxaro, 110 AucepTalilina po6oTa 3m00yBada CTyIeHS HoKTopa ¢imocodii
OmpxoBuka Lmni Bonommmmposuya Ha Temy «BIUIMB  JIABEPHOI'O
BUTIPOMIHIOBAHHSI HA  TIIPOLIECM  IHAYKOBAHOI  OJIOBOM
KPUCTAJIBALII AMOP®HOI'O KPEMHIIO» BHKOHaHA HA BHCOKOMY HayKOBOMY
piBHi, He mOpyllye NPUHLKUIIB aKafeMidHol A0OpPOYECHOCTI Ta € 3aKiHYCHUM
HAYKOBHM JOCII/DKEHHSAM, CYKY[IHICTh TEOPETHYHWX Ta NPAaKTHYHHMX DPE3yJbTATiB
SIKOTO PO3B'A3y€ HAyKOBE 3aBIAHHS, [0 Mae iCTOTHe 3HAa4eHHs I Tainysi 3Haub 10
Ipuponuudi Haykw. Jucepraniiina po6oTa 3a aKTyanbHiCTIO, IIPAKTHIHOIO LIHHICTIO
Ta HAyKOBOIO HOBH3HOIO ITOBHICTIO BIANOBifAa€ BMMOIaM YHHHOI'O 3aKOHONABCTBA
Vkpainu, mo nepenbaderi B 1.6 — 9 «llopsaaky NpHCYIDKEHHS CTYNEHs NOKTOpa
dinocodii Ta cracyBaHHS pillIeHHS pa30BOi CHELIaNi30BaHOl BYEHOI paiu 3aKiany
BUIIO] OCBITH, HAYKOBOI YCTAHOBH IIPO MPUCYJPKEHHS CTYIIEHs JOKTopa Gimocodii»,
sarBepmkenoro IlocrasoBoro Kabinery Minictpi Ykpainu Big 12 ciuns 2022 p. Ne
44,

BBaxaro, mo 3m00yBau OmnbxoBuk [mig BonoauMHupoBHY 3aCiyrOBYyE Ha

TIPUCYKEHHs CTyIeHs oKTopa ¢inocodil B ramysi 3Hans 10 Ilpuponnuyi nayku 3a
crnerianpyicTio 105 IMpuknagnaa ¢iswka Ta HAHOMaTEPIalu.

OobiuitHUA OIIOHEHT:

TOKTOp (hi3UKO-MaTEMaTUYHUX HAYK,

cTapimi HayKOBHH CIiBPOOITHUK,

3aBifyBad BiIIUTYy Teopii MarHiTHAX SIBUIL

Ta MarHiTHOI JUHAMiKHA KOHIEHCOBAHUX CEPEIOBHUIILl

InctutyTy marnetusmy HAH Ykpainu Bononumup I'OJIYD
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[Tianue Nomy6a B.O. 3acBinuyio

HAH VYxpainu Ta MOH Yxkpainu

K.(h.-M.H. Ipuna IIIAPAU
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