BIATIYK
o(inifiHOro OMoHEHTa NMpo AUCepTalliiiny poboTy
lansrkina Oaexcanapa OJiekcanapoBHya
“B3aeMo/1isi i0Hi3yI04Or0 BUIIPOMiHIOBAHHS 3 KOMIIO3UTAMU Ha OCHOBI MOJIIMEPIB |
MiKpO- Ta HAHOBKIIFOYEHD ,
MoJlaHy Ha 3100y TTs HAyKOBOI'O CTyIeHs KaHauaaTa (Gi3uko-MaTeMaTHYHUX HayK
3a crienjanbHicTio 01.04.10 — Bi3uka HANIBIPOBIAHUKIB i JieNEKTPUKIB

Cran papianiiinoi Gesmekd BuUMarae Bce MAETANBHIIIOTO MOHITOPHHIY
noBkinns. CeHcopu  iOHI3yl0HOro  BUIPOMiHIOBaHHs, sAKi  3abesnedyloTh
MOHITOPHHT, MalOTh BOJIOAITH BHUCOKOIO ILBHIKOJIENO, KOMIIaKTHICTIO, OyTH
JEHIEBUMH | TEXHOJOIiYHMMM Yy BMpOOHMITBI. BuMoram TexHOIOrIYHOCTI,
JIELIEBU3HU Ta MIBMAKO/II BiAMOBIZAIOTH MOMICTUPOJIBHI CLMHTHIISITOPH, OJIHAK
BOHH ¢J1a00 MMOTJIMHAIOTH PEHTI€HIBChK] Ta raMa-KBaHTH.

Jlns  edexkTHBHOI peecTpaiil BHCOKOGHEPreTHUHOTO  BHIIPOMIHIOBAHHS
MaTepiaj TOBMHEH MiICTHTH €JEMEHTH i3 BENHKUM aTOMHUM HOMepoMm Z.
HarnoBHeHHsI [OJICTUPOJLHOTO  CLMHTHISTOpA HEOPraHiYHMMM — MIKpO- Ta
HAHOYACTMHKAMH CYTTEBO 30i/IbIIIy€ TOMIMHAJBHY 3JaTHICTh TAKMX KOMIO3WTIB,
36epiratoum, 3a MEBHUX YMOB, iX BHCOKy IuBHAKOAIO. Tomy ijiesi HanoBHEHHs
MOICTUPOJILHOrO CLUHHTUIISTOPA HEOPraHiYHUMH HAHO- 4M MIKpOYaCTMHKaAMH €
1[IKaBOIO 1 aKTYyallbHOIO.

Jluceprauitina pobora  amsarkina O.0.  “Bszaemonis  10HI3yHOHOr0
BUNPOMIHIOBAHHS 3 KOMIIO3WTAMH HAa OCHOBI MOJIMEPIB 1 MiKpo- Ta
HAHOBKJIFOUEHBL” BaK/IMBA B KOHTEKCTI HEOOXIIHOCTI JOCHIDKEHHS CKIaIHUX
MatepiajiB, BIACTHBOCTI SIKMX 3aJle)aTh BiJ| KDUTHIHUX JOBKUH psly BI3UYHUX
SIBMIL, 30KpEMa, TaKWX SK JIOBKMHA KOTFEpEeHTHOCTI, €KpaHyBaHHS, CEpelHbOro
npobiry enextpoHiB i (oTOHIB, TepMmanizauii, Tomo. BoHa mnpucBsucHa
BCTAHOBJIEHHIO B3a€MO3B’SI3KY IJIFOMIHECIEHTHHX 1 CHEKTPabHO-KiHETHYHHX
XapaKTepUCTHK KOMIO3UTHMX MarepiamiB 3 0COOIHBOCTAMM pPEKOMOIHANIAHUX
POLECIB B HHUX, B 3aJI@KHOCTI BiJ| pO3MipiB HAHOYACTMHOK Ta XapaKTEePHMX
MHIHHAX TIApaMETpPiB eNIeKTPOH-EJEKTPOHHOTO PO3CiIoBaHHS (OBKUHA BIIBHOIO

pobiry enekTpoHa) i  eneKTpoH-GOHOHHOT B3aeMOJii (TOBXKMHA TepMaiiauil



HOCIiB 3apsiay). ABTOp IPUXOJUTH /IO BHUCHOBKY, IO CIiBBIJIHOIIEHHS MIXK
PO3MipOM BKparuleHUX B MOJICTUPOJIbHY MATPHUIK0 HAHOYACTHHKOK BaF,, SrF; ta
[LaPO,-Pr 1 J0OBKMHOIO BUIBHOTO Ipodiry Ta JIOBKHMHOIO TepManizaii
(boToeneKTpoHa € BM3HAYAIILHUM JUIS PO3YMIHHS ITPOLECY nepejadi eHeprii B
MOJIiMEPHOMY KOMIIO3MTI.

IIpo akTya/ibHiCTH TEMAaTUKH JIACEPTAIIHHOrO AOCIIIKEHHS CBIYUTE 11
3B’S130K 3 NepKaBHUMHU HayKOBHMH nporpamMamMu “Penakcatiis
BHCOKOEHEpPreTHIHOr0  eNeKTPOHHOro  30y/pKeHHs Yy  TMoJiMep-MiHepalbHUX
KOMITO3MTHHX ~ MaTepiamax” (peectpauifinuii nomep Ne  0113U003996c¢);
“JloCHijUKEHHS ~ XapaKTePUCTHK  IUIBKOBMX — Ta  00’€MHHMX MOJIMEPHUX
CHMHTHISIIIHMX KOMIIO3MTIB, SKi MICTATh JIFOMiHECHEHTHI HAHOYACTUHKMU
(peectpauiitnuit Homep Ne 0113U003995¢); “TeopeTuine BH3HAYCHHS JAOBXKHHH
TepManizanii y nasokpucranax dropuis ta docdaris Ta ix eKCIIEpUMEHTalbHI
OLIHKM HA OCHOBI BuBYeHHsI (hOTOE(EeKTy y HAHOKOMIIO3MTAX  (peecTpaliiHui
nomep Ne 0114U004543¢c) y Mexax JepKaBHOI LLTHOBOI HayKOBO-TEXHIYHOT
mporpamu  “Hanorexwosiorii Ta HaHOMaTepiajiu® — Ta “BurnpoMiHOBalIbHA
perakcallisi BHCOKOEHEPreTHUHHX eNEKTPOHHMX 30yUKeHB Y HAHOPO3MIPHUX
maTepianax” (peectpaiiitnuii Homep Ne 0112U002471); “B3aeMo/iis 10HI3yIOYOTO
BUITPOMIHIOBAHHS i3 HAHOKOMIIO3UTAMM Ha OCHOBI HAHOYACTHHOK JIUCIEPrOBaHUX
y nienextpuuni matputi” (peectpaiiinuii nHomep Ne 01 150003251).

ABTOPOM TIPOBEIEHO KOMILIEKC JAOCTiIKEHb, KI JO3BOJIAIIH!

- 3’sicyBaTH OCOGIMBOCTI CHHTE3y NOJIMEPHHX KOMMO3UTHUX CLMHTHISTOPIB 3
BKparieHuMH HaHodacTuHkamu BaF,, SrF, ta LaPO4-Pr Ta 3anpornonysatu
KOMOIHOBaHWI METOJ OTPMMAaHHs TaKMX HaHOKOMIIO3MTIB;

- BCTAHOBHTHM 3aleXHICTh IHTEHCHBHOCTI IIOMiHeCHeHLil Bil po3MipiB
HAHOUYACTHHOK Ta KOHLEHTPAllil HEOPraH|YHUX YACTUHOK y KOMITO3UTI;

- BCTAHOBMTHM, MO MeXaHi3M MepeHeceHHs eHeprii Bill HeOpraHiYHHX
HAHOYACTHHOK J10 MOJICTUPOJILHOI TIOMiHECIEHTHOI MATpPHII 3a/leXuTh Bl
CIIBBIIHOIIEHHS MK JOBKHHOIO BUILHOTO Mpodiry Ta JIOBKHHOIO

TepMaslizallil eJIeKTPOHIB Ta PO3MipaMH HaHOYACTUHKH.



HaykoBa HOBH3HA O/lepXKaHHX Pe3y/ibTaTiB

V nucepraliiiiniit po6oTi Brepiie oTpMMaHi Ta NMpoaHali30BaHi pe3ybTaTH
JIOCITiJKEHb CIEKTPaIbHO-KIHeTUUHUX BJIACTHBOCTEH MOJIICTUPONIBHUX
KOMIO3MTIB 3 BKpanjeHumMu HaHovacTHHkamu BaF,, SrF, ta LaPO,-Pr 3
BUKOPHCTAHHAM PEHTIEHIBCHKOIO BUIIPOMiHIOBAHHS.

3okpemMa TpUBEJCHO METOJMKY CHHTe3y HaHodacTMHOK BaF, SrF,, sika
GasyeThcsi Ha MeTOJi XiMidHOro ocajpkeHHs, Ta Hano4acTuHok LaPO,-Pr 3a
JIOTIOMOTOI0 METOJly TOMOTreHHOI Hykieaiii 3 BOAHWX PO3YMHIB BiJNOBIAHUX
coneif. OTpumMani 3a MMM MeTOAMKaMM HaHoudacTuHKH BaF,, Srk, LaPOy-Pr
MaloTh po3mip Guuzbko 20 HM. 30imblueHHs pPO3MIpIB LMX HAHOYACTHHOK
JIOCATAJIOCH 3 JJOIIOMOI'OK0 TeMIlepaTypHoro Biarnany. HaHouacTHHKM moMillaliu y
MOMICTHPONBHI TJIIBKM 3@ JIOTMOMOTOK METOAMKM  XiMI4HOT roMoresizaitii,
BMKOPUCTAHHSIM O/IHOBICHOI'O CTaTU4HOIO THUCKY.

3’sicoBaHO, IO  CHIBBIJHOIIEHHS MDK  pO3MIpPOM  BKparieHuX B
MOJICTUPOJIBHY ~ MATpHI0 HaHoO4YacTUHKOK Bal, SrF, Ta LaPO4Pr i
[[POCTOPOBUMH apaMETPaMU  PO3CISHHS  €JIeKTPOHIB  (JOBKUHOI  BLTBHOIO
npobiry Ta [AOBXKMHOK TepMmanizallii (oToenekTpoHa) € BH3HAYAIbLHUM JUIs
pO3yMiHHs Npoliecy nepejiadi eHeprii B oJiMepHOMY KOMIIO3HTI.

[Toka3zaHO HasBHICTh e€(hEeKTUBHOrO O0e3BHIIPOMIHIOBAJILHOTO MEPEHECEHHS
eHepril 36y/keHHs Bia HaHoyacTHHOK BaF,, SrF, Ta LaPO4-Pr manoro posmipy
(~20 HM) 710 THOJICTHPONY 3a paxyHOK (oroeekTy Ha BiAMiHY BiJl MiKpo- Ta
HAHOYACTHHOK BENMKOrO PpO3Mipy, /i€ JOMIHYIOUUM € BHIPOMIHIOBalIbHE
IIepeHeCeHHs eHeprii.

BusiBIeHO 3MiHy MpOBIAHOCTI B MONICTHPOJIBHUX IUIIBKOBUX 3paskax i3
BKpaIieHMMK HaHodyacTuHkamu BaF, i SrF, Ta BHHMKHEHHS eNeKTpopyILiidHOT
CUIIM B KOMOIHOBaHi#t CTPYKTYpl (HpOBiIlHHI::I [ojiiMep — HEMpOBIJHWI NOJIMED 3
HAHOYACTMHKAMH — TPOBIAHMH  monimMep) 3a yYMOBHM  PEHTTEHIBCHKOIO

OTIPOMIHEHHS.



HaykoBe Ta mpakTH4YHe 3HAYEHHS OTPUMAHHUX pe3yabTaTiB MOJirae y
TOMy, IO MPOBEleHi JOCIIIKEHHS CIEKTPabHO-KIHETMUHUX Ta ENIeKTPUHHUX
BIACTABOCTEH JTIOMIHECHEHIi MONICTUPOJBHUX KOMIIO3UTIB 3 BKpaljeHUMH
nanovactunkaMu BaF,, SrF, Tta LaPOs-Pr min NI€I0  PEHTreHIBCHKOIO
BUIPOMIHIOBAHHS  3aleKHO Bil PO3MIpiB HAHOYACTMHOK  Ta ix aHamni3
NOrTMGIIOIOTh PO3YMiHHS MEXaHI3MiB TepeHEeCeHH s eHepril BiJl HAHOYaCTUHOK J10
[OMICTUPOIBHOT MATPHUIL. 3aeXKHICTh IHTEHCHBHOCTI JIIOMiHeCHeHIIT Bil po3MipiB
HAHOYACTMHOK I10JIMEPHOTO KOMIIO3UTY [a€ MOMJIMBICTH BHOOPY ONTMMAlbHUX
PO3MipiB HAHOYACTHHOK JUISl OTPUMAHHS KOMIIO3UTHOI'O CLIIMHTUIISTOPA 3 BUCOKHUM
koedilieHToM cBiTIOBUXOMY. Pe3ynbTaTh NOCIIUKEHb MOXKYTh OyTH BUKOpPHUCTAHI
JUIi  CTBOPEHHS HAHOKOMIIO3WTIB Ha OCHOBi JIFOMIHECHEHTHHX roJimepis,

HaroOBHEHUX HAHO4YaCTHHKaMH.

JlocToBipHiCcTH Ta OGIPYHTOBAHICTH HAYKOBHX INOJI0NKEHb, BHCHOBKIB |
pexoMeHaauiii, chopmyibOBAHHX Y AucepTanii.

JIOCTOBIpHICTS ~ OTPHMAaHWX  pe3yNmbTaTiB Ta 3pOONEeHMX BHCHOBKIB
3a0e3MnevyeThes BMKOPHUCTAHHAM Cy4acHUX n00pe anpoboBaHUX
eKCIIepUMEHTATLHUX METO/IB BUMipIOBaHHS CTIEKTPIB JTOMiHeCUeHIiT, KIHETHKH 11
3aracaHHsl Iil 4ac iMIMyJIbCHOrO 30yDKEHHS PeHTIeHIBChbKMMU KBaHTaMM, METOLY
MaJIOKyTOBOI'O ~PEHTTeHIBCHKOTO PO3CIIOBaHHA Ul BH3HAYCHHS po3MipiB
HAHOKPUCTANiB Ta TEXHONOTIYHMX METOMIB (METOLY XIMIYHOTO OCA/DKEHHS,
roMoreHHoi  Hykieauii  JUis CHHTe3y ~ HAHO4YAaCTHHOK — Ta  METONY
BMCOKOTEMIIEPATYPHOI0 Bi/inaly) Au1si OTPUMAaHHS Pi3HMX PO3MIpiB HAHOYACTHHOK;
METOJiB BUIOTOBIEHHS TOJICTHPONBHMX  KOMIIO3UTIB  (MeTomy  XiMIYHOL
FOMOreHi3alii Ta 3a JONOMOrOK OJIHOBICHOrO CTaTH4HOro TUcKy). OTpumai
TEOPETUUHi OIiHKY HEe BUKIHKAIOTh CYMHIiBYy, OCKLIbKH IlpoBeaeHi po3paxyHKH
3IeKHOCTI IHTEHCMBHOCTI JTIOMIHECIEHIIT Biji po3Mipy HaHOYACTHHOK Jl00pe

Y3roJUKYHTBHCS 3 €KCIIEpUMEHTAJIbHUMHU TaHUMH.



ok

(]

3ayBakeHHs 10 AHcepTalliiinoi poboTu Ta aBTOpedepaTy

Y HoNicTHpOAEHOMY HAaHOKOMIIO3WTI 3 BKpalUIeHMMM HaHOYaCTHHKAMHU BaF,
cMyra mominectentii Ha 300 HM, XapakTepHa st pTOPUILY Oapito, BIACYTHS.
Haromicts npucythi cmyrd Ha 350 M 1a 420 HM, BJIACTMBI aKTMBaTOpam
nosicTuponbHoi Matpuii. UMM 3ymOBJIeHi Taki BIZAMIHHOCTI y CHEeKTpax
JOMiHeCUEeHI1?

Y CreKTpax BUIPOMIHIOBAHHS [UIIBKOBUX KOMITO3UTIB HasiBHI CMYIH, 110
Bi/IMOBINAIOTE BUIPOMiHIOBAHHIO JIIOMIHECIIEHTHUX JOMIIIOK MOMICTUPOTY I-
tepenin Ta POPOP. Yu Gyno nposeseHo aHalli3 KOHLIEHTPALill LUX JAOMIIIOK

y pi3HMX 3pa3kax?’

. JIns NopomKOBMX 3paskiB HaHoyacTMHOK BaF, mpw 3MEHIIEHHI PO3MIpIB

CIOCTEpIraeThCs 3MEHILIEHHS IHTEHCHBHOCTI JIOMIHECLEHIIT MNPy 30y UKEHHI
PEHTTEHIBCHKMM  BUNPOMiHIOBAaHHAM. I TONICTHPONBHUX ~ KOMIO3MTHHX
MIIBOK TAKOT 3aJIeXKHOCT] He BUsABJIeHO. YKM 11e 3yMOBIEHO?

I3 poGOTH He BUILIMBAE, YU IPOBEIEHO AOCHI/DKEHHS PO3NOJILLY HAHOUACTHHOK
no o6’eMy MOJIMEPHHUX IUIIBOK, Ta YM BPaxoBaHO 3MO4YyBaHHS MiAKIaAKH
KParIiHOIO PO3YUHY TOJIIMEPY.

YV aucepraiii 3ycTpiuaroThcs OKpeMi CTHICTHYHI Ta rpamMaThyHi HETOYHOCTI
(nanpuknan, Ha cr. 14 i ma puc. 11 euepris BusHauaeThes B KB, a nani 3a
TeKCTOM — B KeB; y pszii Micup aBrop mojae pesynbTaTH, siKi CIHPaiOThCS Ha
JOCTiJUKEHHs, ONWCaHi Ha HACTYNHMX cropinkax (Tak pjami Tabum. 2.1
CIMpalOThesl Ha awWanis mudpaxrorpam (puc. 2.1-2.3) Ta JaHl CKaHyro4ol
elleKTpOHHOT Mikpockornii (puc. 2.4-2.6), sKi po3milleHi uepes JeKiibKa

CTOPIHOK).

BHCHOBKH Npo BiANMOBIAHICTH AMcepTallii BCTAHOB/ICHHM BUMOIam

Juceprauiiina poGora Tanarkina Onekcanapa OnekcanjapoBuua €

3aBeplIeHUM HAYKOBHM JOC/Ti/PKEHHAM, K€ MIATBEP/IKY€E BUCOKY kBasnidikaiio

JMCEPTaHTA.



BuCHOBKM jucepTaliiinoi po6GoTH HOBHiCTIO BigoGpaxaoTh OCHOBHI
[OJIOKEHHS, IKI BAHOCSATHCS Ha 3aXUCT.

Bpakaro, 1110 AMCEPTAHT BUKOHAB IMOCTABIICHI 3aBJAHHSA Y MOBHIA MIpI.
Po6ota Mae MepCcrneKTUBY TNOJAIBIIOr0 PO3BUTKY B HANpIMKy T IBUILEHHSI
koedilieATa KOPUCHO il HAHOCIMHTUIISTOPIB.

OcCHOBHi pe3ynpTaTi jucepTalliiinoi podoTu Tpe/icTaBjieHi y TPOBiJIHUX
haxoBUX BITUM3HSHUX i 3apyGiXKHMX BUIAHHAX Ta 30IpHUKAX MaTepialliB HAyKOBHUX
kondepenuii. Asropedepar i onybnikoBani podoTH NOBHICTIO Bia00OpaxkawTh
3MIiCT AMCepTaLlii.

3BakalouM Ha aKTyaJbHICTh TEMM JuMcepTallii, 3HauHu# ofcsr Ta piBeHb
MPOBEJIEHUX JI0CII/DKEHb, HAYKOBY 1 IPAKTHYHY LiHHOCTI OTPUMAHUX Pe3ylbTaTiB,
BBAXAl0, 10 Juceprailis “B3aemojis ioHi3yiouOro BMIIPOMIHIOBaHHS 3
KOMITO3MTAMMU HA OCHOBI TOJIMEpIB i MiKpO- Ta HAHOBKJIIOYEHB” BiATOBiAAE yCIM
pumoram 1IOpsiiky TNpPHMCY/UKEHHS HAayKOBHX CTYINEHiB, sIKi CTaBJIATHCS J0
KaHIUIATCHKHUX JicepTalliid, a i asrop, ['ansatkin O.0., 3aciyroBye nIpuUCyUKEHHS
HAYKOBOTO CTyMeHs KaHaujaTta (i3uKo-MareMaTHYHUX HaykK 3a CTELianbHICTIO

01.04.10 — ¢pizuxa HANiBOPOBIAHUKIB Ta JieNEKTPHKIB.

OdiuiiiHuii ONIOHEHT —
npoecop kadeapu dizuku HauionansHoro

yHiBepcuteTy "JIbBiBChKA MOMITEXHIKA",
n0KTOp (hizMKO-MaTeMaTHIHUX HayK, mpodecop I".A. Inpuyk
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