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«B3aemonis J-arperatiB 1iaHIHOBUX OapBHUKIB, CPOPMOBAHHUX y TOHKHX IUTIBKaX Ta

MOPUCTUX MaTepiaiax», MoAaHy J0 3aXKMCTY y pa30BYy CIELl1ali30BaHy BUEHY pay

[HCTUTYTY CUMHTHISILINHUX MaTepiainiB HalionaneHO1 akafemii HayK YKpaiHu Ha
3100y TTS cTyneHs qoktopa ¢utocodii 3a cnemianbhicTio 105 Tpuknagna ¢disuka ta

HaHOMaTepiayy rainysi 3Hanb 10 [Ipupogunyl Hayku

AKTyasnbHicTh 00paHoi Temu aucepranii. Cy4acHHl pO3BUTOK ONTOEIEKTPOHIKU
Ta (OTOHIKM BHMAarae HOBUX MaTepialliB 3 YHIKaJIbHUMHU ONTHYHUMH BIIACTUBOCTSAMH.
HanoctpykTypoBaHi maTepiaiau, 30Kpema Ti, M0 0a3ylOThCd Ha OpPraHIYHHUX
JIOMIHECIICHTHUX OapBHUKAaX, MPEJICTABISAIOTh 3HAYHMK 1HTEpeC i1 PO3pOOKHU
BHUCOKOITPOJIYKTUBHUX TMPUCTPOIB, TaKUX SK COHSIYHI E€JIEMEHTH, 1HTErpoBaHi (POTOHHI
CHUCTEMHM Ta CBITJIOAI0/IM HOBOTO TTOKOJIIHHSI.

[{ianiHoB1 OapBHUKH, BIJJOMi CBO€IO 31aTHICTIO (opmyBatu H- Tta J-arperarw,
MarOTh TMOTEHITIA] JJIs CTBOPCHHS MaTepialliB 3 BEIMKAM CTOKCOBHM 3CYBOM 3aBJISIKU
e(eKTUBHOMY OE€3BUIPOMIHIOBAJILHOMY IepeHeceHHI0 eHeprii. IIpoTe By3bKi €KCUTOHHI
cMyru J-arperariB, xoua ¥ NpuBaOIMBI i1 PO3pOOKUA (HOTONETEKTOPIB, OOMEKYIOTh
e(EeKTUBHICTh OPTraHIYHUX COHSIYHUX €JIEMEHTIB.

JlocmimkeHHsT B3aeMOii MK J-arperaramMu 3 Pi3HUMHM €HEPTeTUYHUMHU PIBHSIMHU,
BukiazeHl y nucepraiii IlickioBoi [lonminu BanepiiBHM, € KIIFOUOBUM 3aBIaHHSM JIJIs
pO3pO0KH OaraTromapoBUX KOMIIO3UTIB 3 IMIMPOKOIO CIEKTPAIBHOK YYTJIMBICTIO, IIO
JI03BOJIUTH MOJI0JIATH 0OMEKEHHS, MOB'SA3aH1 3 By3bKUMU €KCUTOHHUMH CMYTaMH.

PesynbraTu auceprariiiinoro gociimkeHHst IlickiaoBoi Ilominu BanepiiBHu namyThb

3MOTy ONTHMI3yBaTh KOMIIO3WTHI MaTepiaii Ha OCHOBI J-arperariB Jyisi CTBOPEHHS
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e(EeKTHBHUX OPTaHIYHUX COHSYHUX EJIEMEHTIB 3 PO3IIMPEHUM Miara30HOM TMOTIHHAHHS
CBITJIA.

3aranbHa XapakTepuMCTHKAa Ppo0OTH Ta OTPHMMAHUX Yy HiH pe3yJbTaTiB.
Huceprariis [licknosoi [loninu BanepiiBuu ckinaga€eThes 3 MepeniKy YMOBHUX MO3HAYEHb,
BCTYITY, OTJISITY CY4acHOT'O CTaHy JOCJIII)KeHb, OITUCY MaTepialiiB 1 METOIIB JOCIIIIKCHHS,
TPHOX PO3IUIIB, Y SKMX BHKJIQJICHO OpPUTIHAJIBHI JOCHIPKCHHS aBTOpa, BHCHOBKIB Ta
CIUCKY BHUKOPHCTAHOI JiTeparypu 3 285 HaitmenyBaHHs. Po3ainu copmoBaHO JOTIUHO,
CTPYKTYypOBaHO, 0€3 peAakIliiHuX OrpixiB, a poOOTa 3arajoM CIPUHMAETHCS JIETKO Ta
JOCTYTIHO.

VY Berynmi aBTOp JE€TaNbHO OOIPYHTYBAB AaKTyalbHICTh HAYKOBOI TEMAaTHKHU
JTUCEPTALITHUX JTOCIII>)KEHb, BUKJIAB METY Ta 3aBJaHHS JTOCIIIJPKEHHS; BA3HAYUB 00’ €KT Ta
IpeAMET JOCIIKEHHS. ABTOp YITKO BU3HA4Ya€ MeToau (OPMyBaHHS Ta XapaKTepu3allii
HAHOCTPYKTYp, AKI OyJIM BUKOPUCTaHI Yy JOCIHIJKEHHI; BKa3y€ HAYKOBY HOBH3HY Ta
MpaKTUYHE 3HAYCHHS; OMHCYE OCOOMCTHI BHECOK, HAyKOBI MyOJiKalii Ta ampoOailito
MaTepianiB JAMcepTalli, a TaKoXX 3B’SI30K MPOBENECHOI pPOOOTH 3 MPIOPUTETHUMH
mporpamMamu Ta rpaHTamu.

Po3nin «OnTuyHI XapakTEpUCTUKU Ta CTPYKTypa arperariB LiaHIHOBUX OapBHUKIB,
chopMOBaHMX y TOHKMX IUTIBKaX Ta TMOPUCTUX MaTpuisax. Oriusn nitepaTtypu» €
OTJISIZIOBUM 1 CKJIQAA€Thesl 3 4 MiAPO3LIiB. Y PO3AiIi MOoJIaHa 3arajibHa XapaKTepUCTHUKa
MOJIEKYJIIPHUX arperariB OpraHiyHuX JIFOMIHO(QOpPIB Ta MPOBEICHO aHali3 AOCTIIKEHb 3a
OCTaHHI POKH, K1 MTOB’s3aH]1 13 BUBHAUYEHHSAM CTPYKTYpH Ta 0cobimBocTed popmyBaHHs J-
arperariB y HAaHOCTPYKTYpPOBaHUX CEPEIOBHINAX.

Hpyruii  po3AiT  OPUCBSYEHO ONKHCY  EKCIEPUMEHTAIIbHUX  METOMIB,  SKI
BUKOPUCTOBYBAJINCh B poOOTI, a came: mMeTonau (PopmMyBaHHS HAHOCTPYKTYp, METOIHU
XapakTepu3allii HAaHOCTPYKTYp Ta METOJM HAHECEHHsI TOHKUX IUTIBOK. TakKoXX JIETalbHO
OIKCaHO TMpOoIleC BBeACHHs J-arperariB y nmopucti Marpuiii 1102, sikuit 0yJI0 BUKOPUCTAHO
JUISL IUCEPTAIIMHOTO TOCTIKEHHS.

Tpetiit pozain «OcobmmBocTi dhopmyBanHs J-arperatiB TCCy» ckilamaeTbes 3 TphOX
nigpo3aiutis. [Tigpo3ain 3.1 mpuCBsSYEHO CIEKTPATBEHUM Ta MOP(OJIOTTYHUM BIACTHBOCTSIM
OapBHUKa TiakapOoIliaHiHy. Y MIAPO3AUNI OMUCAHO JOCHIKEHHS, TIOB’si3aHl 3

XapakTepu3ailiero BogHoro po3unHy OapBHuka TCC, saxkuii BUSBISE 3aTHICTH [0
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YTBOPEHHS JIBOX THWITNB arperariB (sk J-, Tak 1 H-tumy), mo BKa3ye Ha MOTCHIIHHHMA
CTPYKTYpHUH MOTUB «pu0’sua KicTkay. OmHAK, aBTOp CTBEP/KYE, IO ICHYIOTH MEBHI
CHEKTPOCKOMIYHI OCOOJIUBOCTI, SIKI HE Y3TO/KYIOThCS 3 IIEI0 3aIIPOITOHOBAHOIO MOJICILIIO,
Ta BCTAHOBIIIOE€ Maibke MOBHY BIJICYTHICTh B3aemoxii mixk H- 1 J-arperatamu OapBHUKa
TCC. Iligpo3ain 3.2 mpUCBAYEHO KEpPyBaHHS ONTUYHUMHU BIIACTUBOCTAMM J-arperariB
TCC B pidHMX yMoBax. 3m00yBau miakpecitoe, mo ytBopeHHsa J-arperatiB TCC B
eJIEKTPOJIITaX 1 KUCIMX BOJHHUX pO3UMHAX 3abesnedye e(peKTUBHY J-arperamito Mpu
3HUKEHUX KOHIIEHTpAIlisIX OapBHHKA, a TaAKOX IO 11 J-arperaTu BUSBIISIIOTH MOKpaIleHI
CKCUTOHHI BIJIACTHUBOCTI, BKJIIOYAIOYM OUIBIIY JOBXHHY KOT€PEHTHOCTI EKCHUTOHIB 1
KopoTiui yac xkuttd. [ligpo3ain 3.3 npucesiueHo gociipkeHHro arperanii 6apsauka TCC
B «TBEPJUX» CEPEIOBUIIAX, 110 A€ MOXKIUBICTH JIATH BUCHOBKY MPO Pi3HY MOP(HOIIOrito
arperatiB TCC y nonimepHHX IUTIBKaX.

YeTBepTuii po3ail MPUCBIYEHO JOCIHIKCHHIO B3a€MOJIII JBOX KapOoIlliaHIHOBHX
O0apeuukiB, a came TDBC 1 TCC, y BomHux po3uumHax 1 LbL miiBkax, yTBOpeHUX
nonikarionom PDDA. 3p00yBauemM npoBeAECHO KOMIUICKCHE JOCTIIKEHHS YMOB
dbopMyBaHHS 3pa3KiB Jisl OCSTHEHHS €(EKTUBHOTO MEPEHECEHHS €HEPrii B HIUIbHOMY
yIaKyBaHHI J-arperaris, Oepy4u 70 yBaru 3aCTOCYBaHHS TOHKHUX IUTIBOK, HEOOXITHUX JJIst
e¢(eKTUBHOTO TIOTJIMHAHHS CBITJAa B OUIBII IIMPOKOMY CHEKTPAJIbHOMY Jiama3oHi.
BcTanoBiieHo, 110 Ha TepeHECEHHs EHeprii BIUIMBAE TAKOXX YTBOPEHHS TMOBEPXHEBUX
€KCUTOHHUX TOJIAPUTOHIB, K€ MIICUITIOE HOro eeKTUBHICTh. SIK HAacmiI0K, y J-arperaTiB
000X OapBHHUKIB MPU HAWMEHIIN BIJCTaHI MK HUMHU 3POCTA€ JOBXKHWHA KOTEPEHTHOCTI
CKCHUTOHIB Ta CKOPOUYETHCS Yac KUTTS.

[Patuit  po3min  aucepTaliiHOrO  JOCHIKEHHS TMPUCBIYEHO OCOOJHUBOCTSIM
dbopMmyBaHHS Ta B3aeMOJIl J-arperariB I[laHIHOBUX OapBHUKIB y TMOPUCTHX MAaTPHUIISIX
okcuay tutany. IlokazaHo, 1m0 IlaHIHOBI OapBHUKU €(EKTUBHO aJICcOpOYIOThCS Ha
noBepxHi T107, eheKkTUBHE IEPEHECEHHs EHEPTii eKCUTOHHUX 30Y/KEHb MK HUMH MOXE
OyTH peanizoBaHO Ha pi3HUX TuUmax Matpuilb TiOz: mixk J-arperaramu TDBC 1 TCC — Ha
NO3UTUBHO 3apspkeHiil matpuui TiO2 1 mix J-arperatamu PIC 1 TCC — Ha HeratuBHO
sapsypkeHid matpuiri TiO,. lle BiakpuBae misxu CTBOPEHHS €(EKTHBHUX OPTaHIYHUX
($hOTOBONBTAITYHUX KOMIPOK Ha OCHOBI J-arperatiB 3 HEOOXIIHUMHU ONTHYHUMHU Ta

(I)OTOBOJ'II)Ta'l.LIHI/IMI/I BJIaCTHUBOCTSAMM.



OcCHOBHI BUCHOBKM M0 pe3yipTaTam jaociikeHb [lickmoBoi Iloninu BanepiiBau €
OOTPYHTOBAHWMH 1 MIATBEPKYIOTH BIIMOBIIHICTh 3aBJaHHSIM Ta METI JOCIIHKCHb.

[Tepenik mocuinadb MicTUTh 285 mKkepelt, 0hOpPMIICHUX 31 THO BUMOT.

IloBHOTa BMKJAAYy OCHOBHHUX Ppe3yJbTaTiB aucepraunii B OmMy0/1iKOBaHUX
npausix. OCHOBHMI 3MICT JHMCEpTaIiiiHOi poOOTH BHUKIAJACHUN y 3 CTaTTAX, IO
IHACKCYIOTbCSI Y HayKoMmeTpuuHiid 0a3i Scopus. Takox 3pobneHo 2 myOmikarii 3a
MaTtepiaramMu KOH(EpeHIlii Ta oTpuMaHO | MAaTeHT Ha KOPUCHY MOJenb. Pe3ymprarw,
npeACTaBiieHI B poOOTi, OyJlu OmpwiIrogHeHI Ha 19 MDKHapogHUX KOH(DEpeHIsax Ta
mkonax. HaBeneni myOumikarmii MICTATh BCl OCHOBHI pPe3yJbTaTH, IO BHHOCSTHCS
JUCEPTAaHTOM Ha 3aXHCT.

3HaAYyIICTh [JOCHIIKEHHH JJ HAYKH 1 mnpakTuku. I[IpakThuHe 3Ha4YEHHS
OTPUMaHUX PEe3yJbTATIB MOJATAE B OJICPKAHHI HOBUX (PyHIaMEHTAIbHUX 3HAHb CTOCOBHO
B3aeMoJlii J-arperaTiB I1aHIHOBUX OapBHUKIB, CHOPMOBAHMX Yy TOHKHX IOJIIMEPHHUX
IUTIBKaX Ta MNOpUCTUX MaTtpulax. OTpHUMaHi €KCHEpUMEHTANIbHI Pe3yiabTaTH IIO0A0
KEepPYBaHHs CHEKTPAIbHUMHU XapaKTePUCTHKaMH J-arperaTiB MOXYTh OyTH BHUKOpPHCTaHI
Opy  IUJIECHPSAMOBaHIM  po3poOIli HOBUX MaTepiaiB 3 KEPOBAHUMH ONTUYHUMU
BJACTUBOCTSIMA Ha OCHOBI OpraHiuHMX croiyk. Meroau QopMyBaHHA J-arperaTiB y
MOJIIMEPHUX TUTIBKaX Ta TMOPUCTUX MATPUISX, IO BIANPAIbOBAHO IPU BUKOHAHHI
qucepTamiitHoi  poOOTH, MOXYTh OYTHM BHUKOPUCTaHI TIpH  PO3pOOIll  HOBHX
JIOMIHECHIEHTHUX ~ (YHKUIOHAJIBHUX MaTeplaiiB Jyisl PI3HOMAHITHUX 3aCTOCYBaHb.
Meroauka MOKpaieHHs CTaOUTbHOCTI TBEpAUX 3pa3kiB J-arperariB 4epe3 OCaKCHHS
TOHKHUX METaJeBUX IUTIBOK 3 Ta30BOi (a3u, 1m0 OyJia 3acTOCOBaHa y il poOOTI, MOXe OyTH
BUKOpPUCTaHA JIsi TOKpalleHHs (POTOCTablIBHOCTI OpraHiuHuX JroMiHOGoOpiB. [xei Ta
M1JIX0TU, PO3BUHYTI B pOOOTI, MOKYTh OyTH BUKOPHUCTAHI MPU CTBOPEHHI HOBUX ONTHYHHUX
MatepianiB 3 €(QEeKTMBHUM TIOTJIMHAHHSAM Ta T[EPETBOPEHHSAM COHSYHOI EHEprii.
PesynbraTi, BUKIAaNeHHI B JUCEpPTaIiiHI pPoOOOTI, MOXYTh OYTH 3aCTOCOBaHI s
NOTJMOJICHHST YSIBICHHS TPO MIKPOCKOMIYHY MPUPOLY EKCUTOHHUX 30YyIKEeHb Yy
MOJICKYJISIPHUX CHCTEMaXx.

JIMCKYCiliHi I0JI0KEeHHS Ta 3ayBaKeHHS 10 AN CePTAIil.

1. B TekcTi aucepraliii aBTOp BUKOPHCTOBYE TepMiHM «IutiBKH T102» Ta «MaTpuI

TiO2» (manpukian, crop. 65). Un € sikach pi3HMIS MiXK HABEICHUMU TEPMiHAMH Ta B YOMY
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BoHa mossirae? Takox 3 Puc. 2.20 He € 3po3ymMiunMM MpoLec OcapKeHHs J-arperaTiB
I[laHIHOBUX OapBHUKIB — BOHU PO3MOAUISIIOTHECS HA TIOBEPXHI UM BiOYBAETHCS OCAKEHHS
y mopax Matpuiii? I Ko e ocapkeHHs B110YBAa€ThCS HA TIOBEPXHI, TO SIKOIO € POJIb TOp?

2. Y posnuti 4 nmuceprariiinoi po6otu (ctop. 135-142) po3rismaeTbcs BIUIUB
MOBEPXHEBUX EKCUTOH-TIOJNSIPUTOHIB Ha B3a€EMOJIIIO J-arperariB pi3HUX OapBHHKIB B
TOHKHMX TOJIMEPHUX IUTIBKAaX, aje aHl B OIJIAl JITEpaTypH, aHl MiJ 4yac BHUCBITICHHS
JOCITIIKEHB Y IIbOMY PO3ILJTI HEMa€ HiSKOTO IMMOCHJIaHHS Ha Te, IO I1€ 3a CTaHH.

3. YV BUCHOBKY 3a3HaueHO «Takox, B3aeMOJlId MiXk J-arperaraMu CHOCTEPITaeThCs
Ha BIACTAHAX, IO TMEPEBUIIYIOTh BiACTaHI €(QEKTUBHOTO OE3BUIPOMIHIOBAILHOTO
nepeHeceHHs1 eHeprii 3a MexaHizMoM @epcrepa». Uu 1e o3Hayae, 10 MEXaHI3M
nepeHeceHHss He € (¢epcrepiBecbkuMm? Toai Tpeba 3a3HAYMTH, SKAM MeXaHI3M
MIPOMOHYETHCS SIK AIbTepHATHBA (DEPCTEPIBCHKOMY Y BaIlIUX CHCTEMaX.

4. Tlpouec mepeHeceHHsl eHeprii Mk J-arperaramu IiaHIHOBUX OapBHUKIB OyB
JOCITIJIKCHHAH SIK B TIOJIMEPHUX IUTIBKaX, TaK i B mopuctux Marpuisix TiO; (po3nin 4 ta 5).
Y po6oTi 3p00seH1 BUCHOBKH CTOCOBHO MEPEHECEHHSI €HEPTii y IMX CUCTEMAaX, ajie HEMae
3arajJpHOTO BHUCHOBKY B fKIA CHCTEMI II¢ TIEpEHECeHHs eHeprii € Ouibll e(heKTUBHUM
(mosiMepHI TUTIBKHM YU MATPHIIl OKCUIY TUTaHY) Ta YOMY?

5. Ha movatky mitepaTypHoro orisny aBtop nuine: «l{iaHiHoBI OapBHUKH, SIKi III€
1HOZl HA3MBAIOTh IOJIMETHHOBHMH...», aje¢ I[laHIHOBI OapBHUKH € IAKIACOM
MOJIIMETUHOBHUX OapBHUKIB, TOMY HEBIPHO Ka3aTH, 110 1l HOHATTS € CHHOHIMIYHUMHU.

3po0biieHi 3ayBakKeHHsI HE BIUTMBAIOTh HA BUCOKUN HAYKOBUU PIBEHb Ta MPAKTUUHY
IIHHICTh JUCEPTAIIMHOI pOOOTH.

BincyTHicth mnopymieHHst akajaeMmiuHoi JgoOpouecHocTti. Y guceprauii  Ta
HaykoBuX myOumikamisx Ilicknosoi [loninu BanepiiBau BiACYTHI OPYIICHHS aKajgeMidHOT
JIOOPOYECHOCTI.

3arajibHUii BUCHOBOK Ta OUiHKa auceprauii. /uceprariiina po6ota IlickmoBoi
[Toninu BanepiiBHU € pe3yJbTaToOM 3aBEpIICHUX HAYKOBUX JIOCTIIKEHb B MeEXKax
MOCTaBJICHUX Yy JUCepTalii 3aBAaHb. Y JHUCEPTAIIMHUX JOCHIIKEHHSIX PO3B’SI3aHO
HAayKOBY Tpo0OJieMy 1O BCTAHOBJIGHHIO MEXaHI3MIB B3aeMOJii Mik J-arperaramu
mianiHoBux  OapBHukiB TDBC 1 TCC, 30kpema o0coOJIMBOCTEH  Mpolecy

0€3BUMPOMIHIOBAIIBHOTO TIEPEHECEHHS €HEePrii MK HUMH, Y TOHKUX TMOJIMEPHUX TUTIBKaX
5



Ta HAHOMOPUCTUX MATPHUIIX. 3ayBaXE€HHS Ta JUCKYCIHI TIOJOKEHHS HE MaloTh
INPUHLIAIIOBOTO XapaKTepy, BOHU HE 3HMUKYIOTh 3arajibHe rapHe BpaXKeHHs Bl MpodeciiiHo
BUKOHAHUX JOCJI/KEHB 3/T00yBa4eM HAyKOBOT'O CTYMEHs JOKTOpa ¢imocodii.
Huceprariitna po6orta I[licknoBoi Ilominu BanepiiBuu «B3aemopis J-arperatiB
I[1aHIHOBUX OapBHUKIB, C(POPMOBAHUX y TOHKHUX IUTIBKaX Ta MOPHUCTHX MaTepiazax»
BiAMoBiAae rany3i 3HaHb 10 «I[Ipupomanuui Hayku» 3a crnemianbHicTio 105 «IlpuknagHa
¢i3uka Ta HanoMatepianu» Ta BumMoram MOH VYkpainu Ne 40 Bixg 12.01.2017 p. «IIpo
3aTBep/keHHa Bumor g0 odopmiieHHs auceptaiii» Ta 1. 6 «llopsnky npucykeHHs
CTymneHs JnokTtopa ¢imocodii Ta CKacyBaHHS PIIICHHS PAa30BOi CIEIiali30BaHOI BYCHOI
paay 3aKjaay BUIIOI OCBITH, HAYKOBOI YCTAaHOBH MPO MPUCYJKEHHS JOKTOpa (pitocodiin,
3aTBepKeHoro nocrtaHoBoro Kadinery MinictpiB Ykpainu Big 12 ciunsg 2022 poky Ne 44,
a Ilicknosa Ilonina BanepiiBHa 3aciiyroBy€e Ha NMPUCYIKEHHS CTYIEHs AOKTOpa (irocodii

3a criemianbHicTIO 105 «[Ipukiagna di3uka i HaHOMaTEpiaIm.

PenieH3eHT:

3aBiyBad 1abopaTtopii

HAHOCTPYKTYPHUX OpPraHIYHUX MaTepiaiiB

[HCTUTYTY CUMHTHIALIIMHUX MaTepiajiB
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JIOKTOP (PI3UKO-MaTeMaTUYHUX HaAYK,

CTapIIMK JOCITIJHUK SO A Bnagucias CEMIHBKO
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