Biaryk
o(iLifHOrO OIIOHECHTA
npo aucepranito Xans Bes
“MdopmMyBaHHH BYIJlelleBHX TA OKCHAHHX HAHOCTPYKTYP
VISl BITHOBJIIOBAJILHOI €eHEPreTHKH:

MO/eJII0BAHHS Ta eKCIePHMEHTAJNBHI 10C/IizKeH ",
IIpeJICTaBIIEHY JI0 3aXUCTY Ha 300yTTs HAyKOBOT'O CTYIICHS

JIoKTOpa (Phi3UKO-MaTEMAaTHYHUX HAYK 32 CHEHiaIbHICTIO

01.04.18 — ¢i3uka i XiMis NOBEPXHi

AKTYyaJIbHICTh TEMATHKH

CrorosHi nporpec y OUIBINOCTI rajry3ei IMPOMHUCIOBOCTI, BKJIIOYAIOYHM €HEPTETHKY
Ta TPAHCIOPT, HEMOMUIMBHUI 0e3 peanisalii eheKTUBHUX TEXHOJIOTIYHUX pillleHs B cdepi
PO3pOOKHM BUCOKOIIOTYKHHUX, BACOKOEHEPI€TUIHUX, 000POTHHUX, MOOIIEHIUX HAKOTTHYYBAYiB
enekTpuyHoi eHeprii. [Ipobiema, mo3a cyMHIBOM, HOCUTh KOMIUICKCHUH, OaraToriaHOBUiA
XapakTep i HaluOLIbII peajbHi MPAaKTH4HI i1 PO3B’A3KU 3HAXOIATHCS B IUIOMIKMHI pO3pOOKH
eJICKTPOXIMIYHUX CHCTEM HOBOrO MOKoOJiHHA. IIpw mpoMy, Ha mepeiHiil TuiaH BUXOAWTH
npobiieMaTHKa CTBOPEHHS €JIEKTPONHUX MarepialiB, (PI3UKO-XiMi4Hi BJIACTUBOCTI SKHX
4iTKO aJanToBaHi 10 eQeKTHBHOI poOOTH B €NEKTPOXIMIYHOMY NMPHUCTPOI HAKOTIMYEHHS X
MEPEeTBOPEHHA €Heprii MeBHOro THIy (JIiTiEBI JpKepelaa CTpyMy, CYIEPKOHICHCATOpH,
eJIEKTPOKaTali3aTopH, dboTonepeTBopIOBaYi). OcHOBHa yBara NPUILIAETHCS
GyHKLIOHAIPHUM HAHOCTPYKTYpPOBaHUM MartepiajlaM, 3aCTOCYBaHHS SKHX BiJIKpUBae
IMHPOKUI CHEKTP MOMJIMBOCTEH BIUIMBY PO3MIPHO-UYTIUBHX €(EKTiB Ha iX eJeKTPOHHI
BJIACTUBOCTI, 10 MOXKE BiJlirpaTd KIIOYOBY pOJIb B JIOCATHEHHI BUCOKOI €()EeKTHBHOCTI
pobOTH €NEeKTPOXiMiYHMX TPHUCTPOIB 3 €JeKTPOJaMH Ha iX OCHOBi. IHTEHCHBHHI picT
bYHKI[IOHAIBHUX TTapaMeTpiB MPUCTPOIB HAKOIMUEHHS €HEPTil, 30KpeMa 30UIbIICHHS YnCia
IMKJTIB  3apsity / po3psily, 3pOCTaHHS IUTOMOI IOTY)KHOCTI Ta IMUTOMOI eHeprii, BUMarae
rTMOOKOT0 pO3yMiHHS (I3UYHHX 1 XIMIYHUX MPOLECIB, IO CYNPOBOKYIOTH 1X poboTy Ta
BHMAara€ HOBHX pillleHb, 0a30BaHMX HAa KOMIUICKCHOMY BHMBUEHHIO B3a€MOBILUIUBY BCIiX
KOMITOHEHT €JIEKTpOXiMiyHOi cucreMd. KirogoBi mo3unii 30epirae BCTaHOBJICHHS
B3a€MO3B’SI3KiB MIDDK yMOBaMM OTpUMaHHiI Ta MOPQOIOriYHUMH, CTPYKTYpHHMH,
eJIEKTPOXiMIYHUMHU BJIACTUBOCTAMU HAHOCTPYKTYPOBAHHUX YU HAHOMOPUCTHUX €JIEKTPOAHMX
MarepiajiiB, a TaK0X BIOCKOHAJIEHHS METOIB KOHTPOII i IUIECTIPSIMOBAHOI 3MIiHH iX
XapaKTepUCTUK I ONTUMi3allii pobotu cucteMu B 1sioMy. Came 11e i CTaio HEeHTPATHHOIO
00’ €/IHYI0UOIO 1JIE€I0 aHAII30BaHOI AUCEPTaLiiiHOl poboTH.

Kputnunuii anamis myOsikamiii 3a TEMaTHKOK [03BOJISIE 3pOOMTH OJHO3HAYHHUI
BHCHOBOK, III0 HalOiIpIl aKTUBHMM HAayKOBUH IOIIYK TEPCIEKTHBHHUX ENEKTPOIHUX
MarepiaiiB s MPUCTPOIB NIEPETBOPEHHS Ta HAKOIIMYEHHS €HEeprii, 3MiiCHIOETHCS ChOTO/IHI
came cepeji BYIJIELEBUX HAHOCTPYKTYPOBAaHMX CHUCTEM (MIKpO- Ta ME30NOPHUCTHIA BYTJIEIIb,
rpadeH, oxcupa rpadeHy Ta BiJHOBICHMN OKcui rpadeHy), a TaKOXK CHCTEM Ha OCHOBI
YABTPAAUCIIEPCHUX OKCHJIB (B MEPLLY Yepry IEepeXifiHUX MeTaliB), MPUYOMY 3HAUHA yBara
IPHUIIAETHCA KOMIIO3UTaM Ta riOpujHuM MatepianaM. B mpoMy pospisi, akTyaibHIiCTh
pobotu XaHp Best, METOIO AKOI CTaJO OTPUMaHHA BYIJICLIEBUX Ta OKCUIHUX HAHOCTPYKTYP i
HAHOKOMITO3UTHHUX CHUCTEM, 3 BJIACTHBOCTSMH aJalTOBAHMUMHU IS 3aCTOCYBAaHHSI B AKOCTI
eNIEKTPOIHUX MarepiajliB  [yld  CYNEpPKOHJEHCATOpiB, eJIeKTpoKaTajizaTopiB, (¢oTo-
KaTaJli3aTopiB 3 MPOBEACHHAM MNIMOOKOI0 aHalli3y BIUIMBY YMOB CHHTE3y Ha CTPYKTYpHO-
MOpGOIIOriuHi, €1eKTPOXiMiUHi, €IEKTPUYHI Ta ONITUYHI BIACTHBOCTI OTPUMAHUX CTPYKTYP
i KOMIIO3UTIiB, HE BHKIIMKAE >KOAHOTO CYMHiBY. JIOJJaTKOBUMH CBiJYECHHSMH 3iHCHEHHS
aBTOPOM HAyKOBO-JOCIiIHUIBKOI AisIBHOCTI HA IEepeHbOMY Kpar0 PO3BHTKY CYYacHOTO
NPUKIAHOIO MaTepiajlo3HaBCTBA € il BUKOHAHHA B paMKax LUIOro psjay HayKOBHX
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nporpaMm, 30kpema 13 rpantiB HauionansHoro ¢onay (yHmaMeHTATBHUX KOCTiIKEHS
Kurato, 3 rpantiB HanionansHoi 6a30Boi mociiqHAIBLKOT nporpamu Kwuraro, 2 rpanris
HanionanbHOi KUTalChKOI MPOrpaMH  BUCOKOTEXHOJIOTIUHMX JOCIIiJDKEHb, 4 TAKOXK IIJIOro
Py iHIIMX TPAHTOBUX TIPOrpaM.

Jlucepranis cknagaerses 3i BCTymy, 7 pO3JIiIiB, BHCHOBKIB, TIEpeTiKy BUKOPHUCTAHMX
mxepen i gonarka. IToBHuit o6esr mucepranii cranoButs 297 CTOPIHOK, 3 HUX: 15 Tabmuum
Ta 147 pucynkis, 487 niteparypHux pkepen Ha 49 cTopiHKax Ta JI0JAaTOK Ha 4 CTOpiHKaX.
Omxe, BCI BAMOTH 1IOJI0 CTPYKTYpH poGOTH Ta i 06cary Gymm notpumani. O6’em nepioro
PO3JIily CTAaHOBMTH 9 BiJICOTKIB BiJj OCHOBHOIO TEKCTY aucepraniinoi po6otu, nepioro Ta
Apyroro po3ainis —13 %, TOOTO BUMOIY MO0 CITiBBiAHOMIEHHS 06’ eMiB TEKCTY BUTPHUMaH.

Y BeTymi OOTpYHTOBaHO aKTYyalbHICTh TEMH, ChOpMyTEOBaHO METY Ta 3aBIAHHS
po0OTH, BU3HAYEHO HAYKOBY HOBH3HY Ta IIPAKTHYHY I[iHHICTb OTPHMAHUX pe3yibTaTiB B
paMKax npeaMeTy NOCIiDKEHb — BCTAHOBIIEHHS 3arajibHUX 3aKOHOMIPHOCTEH nepeoiry mpo-
1eciB popMyBaHHsS HAaHOCTPYKTYpPOBaHHMX MaTepialliB Ha OCHOBI BYIJICIIO, OKCUIIB METAJIIB,
CIIOPIZIHEHMX CHOJIYK Ta KOMIIO3UTIB, a TAKOX iX CICKTPOQI3UYHUX Ta EIEKTPOXiMiYHHUX
BJIACTUBOCTEHA.

Y mepumiomy posaisi yBara akieHTYEThCS Ha OKPECICHH]I OCHOBHMX 3a1ad Ta npobiiem
BiTHOBIIOBAIBHOI CHEPTeTMKH. 3HAYHY YaCTHHY OTVIALY IPHALTEHO OIUCY CYYacCHOro
CTaHy, HOBITHIX IJXOJiB Ta METOJMK OTPHMAHHS HAHOCTPYKTYPOBAHHX MartepianiB Juis
NPUCTPOIB reHepallii, HAKOIMMYIEHHs Ta 30epiranus eHeprii. 3ailicHeHo PO3TrOpHYTHIl aHaITi3
TITEpaTypHAX JAHUX IOJO BILIUBY MOpQOJOrii Ta po3MipiB uacTHHOK BYIJIELEBUX Ta
OKCHIHMX HAHOMaTepialliB Ha IPOLECH HAKONIMYECHHS 3apsTy Ta MEPETBOPCHHS eHeprii uis
CICKTPOJIHUX MarepiajiiB pi3HOIUIAHOBOrO MPH3HAYEHHS, a TAKOXK JUIS ONTUYHHX,
JIOMIHECLIEHTHHX, CEHCOPHHMX Ta KATATITHYHHX CHCTEM. AKILEHT 3po0JieHO Ha aHami3i
MaTepiaiiB [yisl eNEKTPO/IiB CyNepPKOHIEHCaTOpiB, (OTO- Ta CNEKTPOKATAIITUYHOI TeHepaii
BOJHIO Ta €JEKTPOKATANII3aTOPIB Ul OYMCTKH MOBITPS.

Apyraii posain muceprarii IpuCBsIUEHNUI OISy, HABITH IIepeNliKy BUKOPUCTAHUX B
CKCIIEPUMEHTATBHIN POOOTI peareHTiB Ta MaTepialliB, a TakokK JJaGOPATOPHOro 061 HAHHS.
KopoTko Ta €MKO ommcano OCHOBHI 3aCTOCOBaHi (i3MKO-XiMiYHi Ta aHANITHYHI MeToau
JOCITI/UKEHHS, MiZXO/M, BUKOPHMCTAHI NPH aHali3i pe3yabTaris €IEKTPOXIMIUHHUX METO/IiB
aHajli3y, a TaKOXX PO3PAaXyHKOBI METOAM Ta MPHHOMHM, 3aCTOCOBaHi IIPU MOJIEITIOBaHHi
(bi3uKo-XiMiYHHX MPOIIECIB.

Y TpeTboMy po3aiii aucepTaliiHOro AOCHiMKEHHS BUKIAIECHO Ta IIPOaHali30BaHO
Pe3yNbTaTH BCTAHOBJCHHA B3a€MO3B’A3KIB MiX CTPYKTypow, Mopdonorico Ta
CJICKTPOTIPOBIAHICTIO BYIVIENEBUX HaHOMATepialiB B po3pisi ix 3aCTOCYBaHHS B SKOCTi
CIICKTPOIiB CyNEpKOHJEHCATOPiB Ta ceHcopiB. Bimomo, mio po3pobka edeKTUBHHX
CJIEKTPOXIMIYHMX ~KOHJEHCATOPiB, SKi MNpPAaIOIOTh 33 NPUHLMIIOM 3apsany / pospsay
MOABIHOrO €JEKTPHYHOrO Inapy nepeadayae BUDIIIEHHS POy mNpobiieM, 30Kpema
30UIBIICHHS IMTOMOI €Heprii, 3pOCTaHHA yacy CaMOpO3psAy Ta 3HMXKEHHS BHYTPIIIHLOIO
OTOpy NPHUCTPOIO. 30Kpema, ONTUMi3allisi BHYTPILIHBOIO ONOPY i0HICTOpa H03BOJISE OKpiM
POCTY IMTOMHX €HEPrETHIHHX TapaMeTpiB, 3abesneunty ninsuumenns KKJ{ npucrpoo, ta
Oesneky ioro ekcrulyatanii Ha BEIMKHX CTpyMax 3apsy / pospsany. LlinauMmu gk 3
3arallbHO-HAYKOBOI, TaK i 3 NPAKTHYHOI TOYOK 30py, € HOGYHoBAa Ta OGIPYHTYBaHHS
aBTOPOM MaTeMaTHJHOI Moxeni copGuii-necopOuii ByrieneBuM eneKTpoxoM HOHIB
€JIEKTPOJITY, AKa JO3BOJIMIA BCTAHOBHTH 3aJIEXHICTh BEJIMYHHH BHYTPIIIHEOTO OIIOpPY
CJICKTPOZIa B KOHKPETHOMY €JICKTPONITI Bif #oro ToBmmHK. Baxumso, mo pospoGiena
MOJIC/Ib  I03BOJISIE TIOACHUTH HEMIHIHHUN XapaKTep 3ale)HOCTI BHYTPIlIHHOTO oropy
CIIEKTPOIY BiX HOrO TOBUIMHM, INO Nepebayac MOMIIMBICTH NPOTHO3YBAHHS apaMeTpiB
CYNEPKOHJIEHCATOpA 3 ONTUMI3AL{EI0 HOro EHEPrOEMHICHMX XapaKTepHCTHK. [HIIMM
BOKIIMBAM pE3YJLTATOM € PO3pOOKA CTPATErivHOrO MiAXOAY MO MAGOpY BHXigHOT
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CHPOBHHH 3 MCTOI0 OTpMMaHHA eQEeKTMBHHMX BYIVICLIEBHX HAHOMATEpIaNiB 3
KOHTPOJIbOBAHOIO ~ TIOPUCTOKO ~ CTPYKTYPOIO. 30KpeMa, 332 YMOBH  BHKOPHMCTAHHS
TEXHOJIOTTYHO JOCTYNHOI T2 HU3BKOBAPTICHOI NPHPONHOI CHPOBMHM OTPUMAHO JOTIOBAHE
a30TOM TOPHCTE aKTHBOBAHE BYILLIA, WO IOEAHYE BHCOKY IHMTOMY ILIOIIY TIOBEPXHi (110
1800 mM%/r) 3 Tpy6uaTor0 MOpGhOJIOTIEl0 32 YMOBH BUCOKHX €MHICHHX XapakTepUCTHK (110
300 @/r) Ta BinMiHHOIO KyJTOHIBCHKOIO eeKTHBHiCTIO (61H3bK0 100% npu 10000 mukmax
3apsity / po3psiity). 3aCTOCYBaHHS ) CHHTETHYHOI CHPOBMHH Ha OCHOBi NOIaHLTIHIB TAKOXK
AO3BONIMIIO JIOCATHYTH MPHHIMIIOBO IKABUX PE3YJIbTATiB, 30KpeMa y BHI4AKy MaTepiaiy,
c(pOpPMOBAHOI0 3 HAHOYACTHHOK ILTACTHHYACTOT MOPMOTOTii JMOCATHYTO 3HAYEHHS MUTOMOL
eMHocTi Bume 600 @/r, MpUYOMY BCTAHOBIEHO 3ANEKHICTH €MHOCTI BiJ BHXIZHOTO
CIBBI[HOLICHHS KOMIIOHEHT, IO Ma€ MpsiMe IPAaKTHYHE 3aCTOCYBaHHS IIPH BIIPOBAJDKEHHI
pe3yJbTaTiB JOCHI/PKEHHs y BUPOGHUITBO. 1[ikaBUM € i CTBOPEHHS KOMITO3UTIB Ha OCHOBI
ME30MOPUCTAX MOMIaHITIHOBUX CTPYKTYP Ta BiTHOBICHOTO OKCHIY rpadeHy Ui ByITeLeBux
HaHOTPYOOK, IO JO3BOMMIO TiABMIIMTH TPOBIAHICT EIEKTPOLHOIO marepiany Ta,
BIATIOBI/{HO, MNHTOMi €HEPreTHYHi XapaKTepPUCTHKH EIEKTPOXiMi4HOIO KOHJIeHCcaTopa
(maToma ryctuna eneprii 25 B1/ro-xr, nutoma motyxHicts 6am3bko 70 Bt / Kr). BomHouac
CKJIa/IHi KOMIIO3MTH HA OCHOBi BYIJICLEBHX HAHOTPYGOK Ta noJjiaHiliHy anpoGoBaHo B
SIKOCTi aKTUBHOTO Matepialy JUIsi THYYKHX Fa30BHX CEHCOPIB ETHIOBOTO CIIMPTY, IPHYOMY
aBTOPOM  pealli30BaHO  KOHKPETHE  iHKEHEPHO-TEXHiYHe pilleHHS Ta CTBOPEHO
CIIeliai30BaHe MporpaMHe 3a0€3IeYeHHS.

HeTBepTHii po3ais CTOCYETHCSA NPOGIEMATHKE OTPUMAHHS Ta TECTYBAHHS B AKOCTI
€JIEKTPO/IIB CYHEPKOH/ICHCATOPIB KBa3iIBOMIpHUX rpadeHonofiGHuX Kkap6inis Ta HITpUIIB
MEPEXiJHUX METAaNiB, a TAKOXK iX KOMIIO3UTIB 3 BiJJHOBICHHM OKCHIOM rpageny, ki
3aBJIAKM BHCOKIN €JIEKTPONpPOBiAHOCTI NOE€HAHIM 3 rifpodinbHicTio MIOBEPXHI PO3IIIs-
JAIOThCSA K MEPCHEKTHBHI €IEKTPOAHI MaTepiny, siKi 3maTHi 3a6e3MeUYnTH NMOECIHAHHS
BHCOKUX €MHICHUX XapaKTEPHCTHK 3 BUCOKOK KyJIOHIBCHKOIO e(EeKTUBHICTIO nporecy 3a-
psany / po3psfly IPHUCTPOIO HakoNMYeHHs eHeprii. IlimecnpsmoBana momudikamis miac-
TUHYACTHX HaHOYACTHHOK Ti3AlC, nuixom iMMoGinizanii moBepxHeBUX QyHKI[iOHATBHEX
rpyn (-OH, -O, -F) nossonuna orpumartn craGinbi konmoinu, siki Gyno HaHeceHO Ha
HIKEJIEBY TiHYy 3 HACTYIHHM BUBYEHHAM EJIEKTPOXiMi4HOro BilTYKy €JEKTPOMiB Y
BojioMy posunHi KOH. Opurinansne imkenepHo-(isuuse pillleHHS, 3alporOHOBaHE
aBTOPOM, Ul BUIAJIKy CHUMETPUYHHUX KOHIEHCATOPIB KOMIPKHM JO3BOJWJIO JOCATHYTH
30epexeHHs MUTOMOI €MHOCTI Ha piBHi 100% micas 10000 nuximis 3apsy / po3psmy.
[likaBum 3 HayKoBOi TOYKH 30Dy DE3yNbTATOM € CTBOPEHHS KOMIO3HTY HA OCHOBI
BifiHOBIIEHOTO OKCHay rpadeny Ta Ti;C,Ty B sxomy rGO Bimirpasas NOJBIitHY pOJIb
3B’S13yI0YOTO Ta €IEKTPOXiMiYHO-aKTHBHOTO KOMIOHEHTY. AHaii3 JITepaTypHUX HaHUX
CBIIYMTH [P0 NPHMHIMIIOBY HOBM3HY TaKOro MiAXOAy, SIKMM Bexe M0 IOJANbIIOrO
CHCTEMaTHYHOr0 301IBIICHHS TATOMHUX €MHICHO-€HEPTeTHYHNX XapaKTEPUCTHK.

Y m’sTomy po3aini yBary akueHTOBaHO Ha CHHTE3i Ta ampoGarii B ribpuIHIX
KOH/IEHCATOpaX HAHOCTPYKTYPOBAHUX OKCH/IiB HEpPEeXiJHUX METaliB, IO M03BOJMIO HE
TUIBKM PO3MIMPUTH BiKHO pOGOYMX HANpyr, aje, INOPSA 3 EMHICTIO MOIBIHHOTO
CICKTPUYHOrO IIapy Ha IIOBEPXHi BYIIELEBOrO €IEKTPOJa BHKOPHUCTATU  JUIA
HAKOTIMYCHHS CHEprii IICeBIOEMHICHUI BiAryK, 3yMOBJICHMIi IBUAKMMH MOBEPXHEBUMHU
peloKe-peakiisMu (papaeiBCLKOT IPUPOIM 3a ydacTi HoHiB depymy, MaHrany, KoOameTy,
HIKEI0. ABTOPOM 3alPONOHOBAHO Ta pPeali3oBaHO NPOCTY Ta edeKTUBHY cxemy
OTPUMAaHHs ME30MOPHCTHX WApiB HAHOYACTHHOK 3-MnO,, Ge3nocepeHbO HAPOLEHHX HA
HiKeJIeBil MiHi, 3 MOXKIMBICTIO KOHTPOJIIO iX MOpGoJIOTii NIpH 3MiHi TEMIIEPATypH Ta 4acy
aHalli3y eJEKTPOXiMiYHOT MOBEIiHKM TAaKMX CHCTEM Yy BOJHHX KHCIHUX €JIEKTPOJTITaX.
[Toxa3aHo, o came Mopdonoris MaTepianiB BU3Ha4Yae BEJIMYMHY MHTOMOI €MHOCTI (mo



325 @/r mpu rycTuHi cTpyMy 1 A/r) Ta BUCOKY HHUKIIOBAIBHY 3[aTHICTh (BTpaTa EMHOCTI
10 15% mnicns 1000 muxiiB 3apsay / po3psity NpU MBUAKOCTI ckanyBanHs 30 MB/c.

Takox, 3HaYHa yBara aBTOPOM NPHIUIAETBECS TMPOOIEMATHII CTBOPEHHS
KOMIIO3MTiB Ha OCHOBi HAHOJAMCIEPCHUX OKCHJIB NEPEXiJHUX METAJB i3 MMPOBiJHUMH Ta
BHCOKOEMHICHUMM MaTepianamu. 30KpeMa, CTBOPEHHS Ta BCECTOPOHHE BHBYCHHS
BJIACTUBOCTECH TiOpUAHUX CTPYKTYp Ha OCHOBI IIOJIiaHiiH, aleTWIEHOBOI Caxi Ta
HaHOTPYOOK MnO, n03BoNMI0 MiHiMi3yBaTH €(eKTH cliajy €eMHOCTI Ipu GaraTOKpaTHHX
npouecax 3apsiy / po3psaay. ABTOPOM MEPEKOHIMBO IMOKA3aHO, IO €JIEKTPOJM Ha OCHOBI
riGpuHUX HAHOKOMIIO3UTIB BOJIOIIOTH BiJHOCHO BHIIOK KYJIOHIBCHKOIO €(EKTHBHICTIO,
NOpIBHAHO 3 MarepiajlaMM Ha OCHOBI TiIBKM TMOJiaHiIiHy. 30KpeMa, NPHUCYTHICTb
5,0 mac.% aueTuneHoBOI Caxi J03BOJIAE JOCATHYTH NUTOMOI e€MHOCTI 520 ®/r mpwm
rycrui ctpymy 1 A/r, Tozi sk 3acrocyBanns Tiibku PANI npy THX Ke 3HaAYEHHAX CTPyMy
no3sojsie pocarnytd 271 ®/r. Aropom moOynoBaHa (HEHOMEHOJIOTIYHA MOJAEb, AKa
MOSICHIOE  CIIOCTEPEXKYBaHi (akTH MOPQONOriYHUMH OCOOIMBOCTAMH MaTepialy Ta
GopMyBaHHAM KaHAJIiB IIPOBIJHOCTI, 10 AO3BOJAIOTH Pi3KO IMiABHIIMTH €(pEKTHBHICTDH
CJICKTPOHHOTO TPAHCIIOPTY B MpoOLECi 3apsmy / po3pamy. 3acTOCYyBaHHS ME30MOPUCTHX
komro3uTiB CoO/Co0304 B KiIacH4Hil KOMIIOHOBII €JIEKTPOJHOTO MaTepiany J03BOJIHIO
JOCATHYTH BEJIMYUHM NMUTOMOI eMHOCTI 451 ®/r npu ryctuni crpymy 1 A/r, mo 3Ha49HO
BHIIE y MOPIBHAHHI 3 XapaKTePUCTUKaMH €JIEKTPOJIiB Ha ocHOBI urcToro CoO (203 @/r).

IlMocTmii  po3ain  NpuCBAYCHWH aHaNi3y B3aEMO3B’SI3KY CTPYKTYPHHX Ta
€JIEKTPOXIMIYHMX BJIaCTUBOCTEN HAHOCTPYKTYpOBaHUX (HAHOAPOTU Ta HaHoiHcTH) Ni—-Co-
docdinis 3 iX eNEKTPOKATANITHYHOI AKTHBHICTIO B PEaKIlisiX AHUCOLiamii BOAM, IPHUIOMY
aBTOPOM PO3pOOJICHO HUISXHM aKTUBHOI'O BILIMBY Ha Mopdoitorito yactunok (1D HaHogpoTu
ud 2D HaHOJIMCTH) YyMOBaMH CHHTE3Y, 30KpEMa, BapilOBaHHs KOHIEHTpaIli KapOaminy Ta
NH4F y po3unni. ABTOPOM HE TiJIBKH JOCATHYTO BHCOKOI KaTaJiTUYHOT aKTUBHOCTI peaKiiiii
suineHns kucHio (ORE) ta soguro (HER), ane ¥ 3ailicHeHo 1X MOBHY iHTeprpeTario Ta
BCTAHOBJICHHS KJIIOYOBUX (DaKkTopiB BIUIMBY, 30KpeMa (OpPMU Ta TYCTHHH PO3MIIEHHS
HaHoApoTiB Ha moBepxHi NF, npu s[KMX [gocAraerbcss MakCUMaibHa e(eKTUBHICTH
€JIEKTPOHHOIO TPAHCIIOPTY 3 (iKCali€l0 CHHEPTETMYHOrO BIUIMBY HIKENIO i KOOAIbTy y
KaTajli3aTopi Ta BHUHUKHEHHS «BTOPUHHHX» MeTal-pochaTHUX KaTaTiTHYHUX 30H HA
nosepxHi NiCoP. BjockonaneHHs nNpHHIMIIB iHTEepeEHc-iHxKeHepii NpH CTBOpeHHi
doroanonis Ha ocHOBI rerepocTpykTyp BiVO4/Fe(NijFe, i Co,. Fe,)- mapysari nosiiini
TiIZIPOKCHIM JIO3BOJIMIIO JOCATHYTU 3HAYHOI'O 3HIDKEHHS NEpPEHANpYyrH Peakiiii BHUIIICHHS
KUCHIO Ta MiJBHINMTH ii epeKTuBHiCTL. YBara aBropa Oyna 3BepHyTa Ha MpoOJeMaTHKy
NOUIyKy e(EKTUBHUX KaTali3aToOPiB BiHOBJICHHS YU OKMCHEHHS HITPO3HHX I'a3iB Ta OKCUJLY
kapOoHy Ha ocHOBi Mesonopuctux mmineneit Ce,Co;,Cr,O4, a TakoXK reTeporeHHUx
cucreM WO;/ TiO,, npuyoMy OyJ10 BCTAHOBJIEHO HE TiIEKH ONTHMAJIbHI JUId KaTaJliTHYHOL
aKTHBHOCTI CKJIagu Ta poOodi TemmeparypH, aje W 31ilCHEHO (i3uKO-XiMiUHMMA aHai3
npoieciB. 30Kkpema, 3’5COBaHO BIUIMB MIKpOHAIPYT CTPYKTYpH IIMHEN, MO BHHUKAIOTH
BHACJIiI0K 301IbIIEHHs] KOHIEHTpallil KUCHEBUX BAKaHCiH, Ha OKUCHO-BiTHOBHY aKTUBHICTh
KaTtajiisaropa.

Coommii po3fiin poOOTH TNPUCBAYEHO aHANi3y EKCIEPUMEHTAIBHO-TEOPETUIHHX
JOCIiDKEHb ONTHYHMX, JIEOMIHECIIEHTHUX Ta HAIiBIPOBiIHUKOBUX BJIACTHBOCTEH HaHOMa-
TepiayliB, 30KpeMa CKJIaJHMX OKCHUMIB IIEPEXiJHMX METaliB, JIETOBAHUX iOHAMH PiAKiCHO-
3eMEJIbHUX €JIEMEHTIB 3 MO3HUIliH MOTeHIiay X 3aCTOCYBaHHS B MPUCTPOAX HAKONMYEHHS
YK TEpeTBOPEHHs eHeprii. 3okpeMa, i Bunaaky NaY(MoOy),, neropanux ionamu Yb®'
aBTOPOM BCTAHOBJICHO 3HAYEHHS KOHLEHTpAIlii KOMIOHEHT IPU SKHUX CIOCTepiracThes
MaKCHMaJlbHa IHTErpajibHa iHTEHCUBHICTH JIIOMiHECIEHIIi1. BaXJIMBOIO YacTHHOIO po0OTH €
po3poOKa CydacHMX JIIOMiHOQOPIiB Ha OCHOBi OKCHJIIB piJIKiCHO3eMeNbHUX MeTaiB Ln,O Ta
Y,03 3 BCTaHOBIEHHSAM 3aJIEKHOCTI €HEPrii OCHOBHOIO CTaHy €KCUTOHIB Bii pamiyca
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YacTKU 3 BUKOPHUCTaHHAM BapialiifiHoro meromy. IlpoBeneHi po3paxyHKu MOTTHGIIIOIOTEH
PO3yMiHHS GIAKHTHOTO 3CyBY IIONIIMHAHHA Ui OKCHIHMX HAHOYACTHHOK, MPHYOMY
3alpOIIOHOBAHA MOJIENIL MOXKe OyTH 3aCTOCOBaHA JUIS PO3PAXYHKY €HEprii eKCHTOHIB IUIst
IHIIMX THIIB HAHOYACTUHOK A/1p0-060710HKa. OKpiM TOTO, OTPUMAHO pe3y/bTaTH B PaMKax
pO3poOKM TiOpUIHMX COHSAYHHMX EJIEMEHTIB Ha OCHOBI HAHOKOMIIO3HULIN XaTbKOreHimu
KaJMifo / opratiyni momimepu. OTpuMani JaHi MO0 KiHETHKH IIEpEeHOCY 3apsly B
riGpUAHAX COHSAYHMX €JIEMEHTaX Ha OCHOBI momi(p-¢eHileHBiHENiHY) Ta HAHOKPHCTATIB
CdTe no3BONSIOTE CYTTEBO PO3MMPHTH PO3YMiHHA (OTOENEKTPO(i3MYHMX TpOLECiB Ha
MEXI1 pO3JLTYy €JIEKTPOI/BOJIHH €JIEKTPOJIIT.

JocToBipHiCTL Ta CTyNiHb OGIPYHTYBAHHS HAYKOBHX I10JI02KEHb

AHalli3 OTpUMaHMX EKCIIEPUMEHTATIBPHUX Pe3yJbTaTiB JHCepTaliiHoi po6otH XaHb
Besi cBim4uTh MO BHCOKMI piBeHb IUTAHYBAaHHS Ta pealisalii eKCIEpPIMEHTAILHHX Ta
TCOPETHYHUX JOCII/DKEHb, SKHH J[aB 3MOry IONPH IMHPOKHA CIEKTP OXOIUICHHX
JUCEPTALIAHAM JOCII/DKCHHSM HAayKOBUX IMTaHb BHKDPHUCTali3yBaTH CIIiIbHY "4EpPBOHY
HUTKY", sIKa MPOXOJA4YM yepe3 BCio poboTy 06’emHye il mig €AuHUM "3HaMEHHHKOM" —
LUTICHAI aHaJI3 Ta BCTAHOBJIEHHS B3a€EMO3B’A3KiB MiXK CKJIa/loM, MOP(OJIOTIEIO0 Ta eNEKTPO-
XiMiYHMMH (€TEKTPO- UM (POTOKATATITHIHHMHM), HAIIBIPOBIHUKOBAMH i OITHYHMMH
BIIACTUBOCTSMH OTPUMAHHMX CTPYKTYp i KOMIIO3HTIB $K aKTUBHUX (DYHKIIiOHAJBHHUX
MaTtepiaiB Ul NPHCTPOIB HAKOIIWYCHHS Ta NEPETBOPEHHS eHepril. TakiuM YHHOM, OCHOBHE
BPaXCHHA BiJl poOOTH — 0araTOKOMIOHEHTHICTh SKa HE € HEIONIKOM, a HaBIIaKH,
TepeBarolo, i 103Bosse CHOPMyYIIOBATH LiTiCHY Ta IIOCTiIOBHY (Gi3HdHy KapTHHY TIPOLECB,
0 BiAOYyBalOTBCA HA MEXi po3iiny enexrpox / enekrpomit. [lepexonaunuit, mo pobota €
3aBEPIICHUM JIOCII/DKEHHAM SIK 3 TOYKHM 30py IOCTAHOBKHM EKCIICPUMEHTATbHUX 3aBJaHb,
TaK 1 3 MO3MLiK MifGOpy BHKOPHCTaHMX I IHTEpHpETallii TEOPETHYHHX MOIENEL.
BaxiBo, 10 BCi eKCIIEpUMEHTANIbHI JaHi MiJlaBaTuch MaTeMaTHaHil 06po6ui 3 3acTocy-
BAHHAM aJCKBaTHUX INpPUHOMIB Ta Mozeneil. JIOCTOBIpHICTE OTPUMAHMX pe3yJIHTATiB
3a0€3Meuy€eThCsl 3aCTOCYBaHHAM LJIOTO PSANY B3a€MOJIONIOBHIOIOYMX Ta B3aEMOKOHTPO-
JIOKOYMX METOJIB, 30KpeMa CKaHyr4oi Ta TPaHCMICiMHOI eneKTpoHHOI MiKpockorii,
PeHTreHOAUPPAKTOMETPil, HU3KH CIEKTPOCKOMIYHUX METOAIB (PEHTICHIBChKA (hOTOEIEKT-
pOHHA, paMaH, ONTHYHA CIEKTPOCKOIIsA), IIOBHOTO CIIEKTPY €JIEKTPOXiMI4HMX METOJIB
(IMKIYHA ~ BOJBT-aMIICPOMETPisl, [AIBBAHOCTATHYHE IMKIIOBAHHS,  CIIEKTPOCKOIIis
EJIEKTPOXIMIYHOTO iMIIE/]aHCy, XPOHOIOTEHIIOMETPis), HMU3BKOTEMIIEpaTypHa ajcopoIis
asory. Bce Le 103BOIMIO OTpUMATH YMCENbHI XapaKTEPUCTHKM OO €KTiB Ta SBHIN 3
BHCOKOIO TOYHICTIO, 30KpeMa ONTHMi30BaHa TOBIIMHA BYIJIENEBOTO EJIEKTPOJa
CYNEpKOHJIEHCATOpa, fAKa BiJNOBifae MiHIMyMyM BHYTPILIHBOIO ONOpPY BCTAHOBJIEHO 3
TouHicTIO 10 0,05-0,10 MKM, Tozi K 306paskeHHS BiqmapoBanux HaHomracTiBuiB d-Ti;C,Ty
OTpYMaHi METOIOM BHCOKOPO3/IiIbHOT TPAHCMICIHOT eEKTPOHHOT MiKpOCKOTIiT I03BOIMIH
CIOCTEpiraTd  0COGJIMBOCTI  CTPYKTYpHOTO — BIOPSAKYBAHHS HA aTOMHOMY  piBHI.
[HTepnperanis eKClIepUMEHTAIBHUX PE3YNBTaTiB Bil0yBatacs KOMIUIEKCHO, 3 3aTydeHHIM
3araJlbHOBU3HAHUX Ta CAaMOCTIHHO CTBOPEHHMX MOJIeNeid. 3 OISy Ha CKa3aHE BUIIE, MOXKHA
3poOUTH BHUCHOBOK, INO HpPEJACTAaBICHI y JAUCepTaumiiiHiii po6oTi pesymsraTé €
AOCTOBIPHHMH.

OcHoBHI pe3ynbTaT B po6OTi BUK/IaEHI aBTOPOM B 24 CTATTAX, IIPE3EHTYBAIKCS HA
Ha 6 MDKHApOJHUX KOH(pEPEHIiAX ToMY NpoHIIM HeoOXiaHy anpobauir. OcobnuBy yBary
XOYEThCSl 3BEPHYTH Ha SAKICTh HAYKOBHMX IyOmikamiid, sxki B a6comoTHil Oinpmocti
BIHOCATECA JI0 IIEPUIOTO Ta APYroro KBapTHIIIO 32 PEMTHHIroM Scimago.

[lizcyMoBYyIOUM, BBaXalo, IO OCHOBHI PE3yJIbTAaTH Ta BUCHOBKM JUCEPTAL(iifHOL
po6otu XaHb Bes € HayKoBo-00IpyHTOBAHHMH.
HaykoBa HOBH3HA



Ommparoynce Ha aHami3 ycCix posaulis aucepranii Xane Bes MoxHa cTBepmkysaty,
1110 BOHA MICTHUTh K OKPEMI, TaK i 3arajibHi HAyKOBi IOJIOXKEHHS i 3700yTKH, IO JO3BOIUIH
aBTOpY TPUATH IO PAAY BXJIMBMX Ta BarOMHX BHCHOBKiB. 30KpeMa, HEOOXiqHO Ime pa3
Bi/[3HAYHMTH, IO aBTOPOM AMCEPTALiifHOI PoOOTH peayli3oBaHO KOMIUIEKCHE €KCIIEpUMEH-
TaIbHE JOCTI/DKEHHA B paMKaX IpOOIEeMaTUKH HayKOBO-OOTPYHTOBAHOIO KOHTPOIIO
BJIACTMBOCTEH (QYHKIIIOHAIPHMX HaHOMaTepialliB (BYIJICIEBUX, OKCUAHMX Ta TIOPUIHUX i
KOMITIO3UTHHUX) 3 METOKO ONTUMi3allii (GyHKI[IOHyBaHHA €JIEKTPOAHUX MaTepiaiiB IPUCTPOiB
HAaKONWYEHHA Ta IEPETBOPEHHS €HEPrii Pi3sHOTO NPUHIMIY Aii (CHMETPHYHI Ta acHMeT-
PUYHI CYyNIEPKOHIAECHCATOPH, €IEKTPOKATANI3aTOpH, (oToraabBaHivyHi nepersopiosadi). Ilpu
IIbOMY, aBTOPOM 3aIIpOIIOHOBAaHO Ta anpoOOBaHO PAA IMPHHIMIIOBO HOBHMX MiAXOMIB J0
CHHTE3y HAHOCTPYKTYPOBaHMX MarepiajiB Ta NpOaHai30BaHO BIUIMB YMOB CHHTE3Y,
Mopgosorii  Ta CTPYKTYpHUX MapaMeTpiB Ha eleKTpodi3uuHi Ta eJeKTpoXiMiuHi
BIACTUBOCTI OTpUMaHUX MarepiamiB. OnepxxaHi pe3y/ibTaTH € BaXKIMBHM BKJIAJOM B
po3OynoBy cTpaTerii po3poOKM  €IeKTPOJHHMX MaTepiajiB HOBOrO TMOKONIHHS, 3
MOX/IMBICTIO, 30KpEMa, IPOTHO3YBaHHA IIapaMEeTPiB CYNEPKOHIEHCATOPIB BUCOKOT ITHTOMOT
€MHOCTI, BUXO[SYM 3 0COOMMBOCTEH MOpPQOJIOrii Ta XapaKTepUCTHK eNeKTpoxy. Brepme
OyJi0 3ampolOHOBAHO TEOPETUYHY MOJENb, fKa ONUCYE HEMiHIMHY 3aJeXHICTh MK
TOBIIMHOIO BYIJICIICBOTO IIapy €JIEKTPOLYy CYNEPKOHJCHCATOpa Ta WOro BHYTPIlIHIM
OropoM. BaXIMBHM  pe3yjbTaTOM € BCTAaHOBICHHSA IEPCIIEKTHB  3aCTOCYBAHHS
ME3O0IOPUCTUX TOJIaHUIiHIB B SKOCTI OCHOBH HAHOCTPYKTYPOBaHHX €JIEKTPOJHHX
MarepiajiB Ui THyYKHX CYyNEepKOHICHCATOPiB BUCOKOI EMHOCTI. BCTaHOBIEHO MOXKIMBICTE
NiIBUIICHHA KaTaliTHYHOI aKTUBHOCTI €IEKTPOKATAi3aTOpiB reHepanii BUAUICHHS KUCHIO
Ta BOJHIO Yepe3 3aCTOCYBaHHS HaHOCTPYKTPOBAHMX, 30KpEMa KBa3iJIBOMIPHUX MaTepialiB.
BescymHiBHY WiHHICTH mMpexacTaBise po3poOka HOBOI crparterii GpopmyBaHHA (OTOAHOAIB
JUst Mconialii BOAM Ha OCHOBI TPUBMMIPHHX reTepocTpykryp BiVO, Ta enexrpokara-
ni3aTopiB Ha 0a3i 3MillaHMX OKCHIB/TifPOKCHIIB 3d-mepexigHuX MeTatiB. ABTOPOM
3pO0JICHO LUTICHI BMCHOBKM INOAO 30iNbIICHHS aKTHBHOCTI Ta CTiliKocTi ;o merpananii
KaTali3aropiB MpU 3aCTOCYBaHHI HAHOCTPYKTYPOBAHUX CHCTEM pi3HOro ckiamy. ITokasaHo
Gesnocepenniii BIUIMB PO3MipHUX €(EKTiB Ha ONTHYHI Ta JIIOMIHECIIEHTHI XapaKTePUCTHKH
ribpyuaHUX HAMiBIOPOBIIHUKOBUX CHCTEM Ta OKPECIEHO MOXJIMBOCTI 36ibIIEHHS
e(eKTUBHOCTI iX PYHKIIOHYBaHHS.

IIpakTH4YHA HiHHICTD

Otpumani B mNpoLeci BUKOHAHHA MMCEPTAlil pe3yJbTaTH, MAlOTh HE3aNepPEUHy
HAYKOBY, TEXHOJIOTIYHY Ta METOJWYHY IiHHICTb. 30KpEMa, aBTOPOM OTPHUMAHO 3HAYHHI
MacHB iH$opMallii Ipo B3a€MO3B’A30K CTPYKTYPH, MOPHOIIOrii OBEPXHi, eIeKTPO(I3HIHIX
BJIACTHBOCTEH HaHOMATepialiB Pi3HOTO THILy, a pO3pO0JIeHI HUM OpPHIiHAIBHI MiIXOMH Ta
cTparerii mI0J0 OTPUMAHHA KOHTPOJIIO BIIACTHBOCTEHl HAHOCTPYKTYPOBaHHMX MATepialiB
MOXYTh 3HAWTH INIMPOKE 3aCTOCYBaHHA IIPH BJOCKOHAJIEHHI CYMEPKOHICHCATODIB i3
BHCOKOIO TUTOMOKO MOTYXKHICTIO, CTBOPEHHS THYYKHMX CYNEpKOHIEHCATOPIiB Ta ra30BHX
CEHCOpiB, BUCOKOC(PEKTHBHUX €JIEKTPO- Ta (hoTOKaTaNizaTopiB poskiaany Boay. KinskicHui,
a HaceMmIlepe/l AKICHUM piBEHb pE3yJBTATiB, YiTKa OPIEHTAIs JOCIIUKEHh HA IPAKTUYHE
BIIPOBA/DKEHHS iX pe3yJIbTaTiB, IIMpPOKAa I'PaHTOBA IIATPHUMKA, SKAa HAJAETHCS JIUINE 3a
YMOBH HE IOTEHIIIHHO-3aCTOCOBYBaHUX, @ JUI PO3POOKH KOHKPETHHX HAYKOBO-TEXHIUHMX
pileHb — BCE L€ € CBiJYEHHAMHU HAyKOBOI IHHOI Ta 3HAYUMOCTI poboTu 3100yBaya.

3anuTaHHsA Ta 3ayBaKeHHSA
ITopsin 3 BENMKOIO KUIBKICTIO IIKaBUX pe3yJbTaTiB, OTPUMAHUX JUCEPTAHTOM, IicCis
YB@XHOTO BUBYEHHs POOOTH BUHUKAE P/l 3alIUTaHb, 30KpeMa.:



1. baxano Oyno 6 orTpuMard wupury iHQOpMalilo NPO YMOBH OTPHUMAHHS OKCHIY
rpadeHy, AKMH Ha HaCTYNHOMY €Talli BiJHOBIIOBABCS TiIPOTEPMAILHHM METOIOM 3
HACTYNHOIO CyOmiMaliifiHOO Cymkolo Ta (OpMyBaHHAM aeporeji0 BiJIHOBICHOTO
OKcuay rpadeHy. 3acTOCyBaHHA IIEBHOTO METOAY (30KpeMa KIACHYHOTO METOY
Xamepca ud ojHiei 3 HOro Bapiamii) BU3HAYaTHMYTh CTPYKTYPHY OJHOPiIHICTB,
MOpQOJIOTiuHi  O0COONMBOCTI  Ta, IO OCOONMBO  BaXJIMBO, eleKTpodizHuHi
XapaKTEepUCTHKH MaTepialy (30KpeMa IMUTOMY MPOBIJAHICTE), 10 HAKIanae BiIOWTOK Ha
BJIACTUBOCTI KOMIIO3UTHHUX CHCTeM Ha ocHOBi rGO. TakuM uuHOM, 4M 3/iliCHIOBAIUCH
J0JIaTKOBi JIOCJIiUKEHH MTPOBiTHOCTI 3aCTOCOBAaHOTO B eKcriepuMenTax rGO i Ha OCHOBI
AKX JIAHUX BUOUPANIKCS yMOBH BiJIHOBJICHHS KOJIOIZY OKCHIY rpadeny?

2. Jlyns BUIIQAKY OTPUMAHHS IMOPUCTOrO aKTUBOBAHOI'O BYTIJUIS 3 IIPUPOJHOT CUPOBMHH HE
JI0 KIiHIlI € MOTHBOBaHUM BMOIp TemmepaTypu KapOosizamii-mipomnizy (750°C), mo e
BUIIOIO 334 THUIOBI 3HAYEHHS TEMIIEPATYpU NECTPYKIII XEMILETION03HM Ta HIDKYOI B
NOPIiBHAHHI 3 TEMIIEPATypolO po3Kiaxy JirHiHy. OKpiM TOro, €JeKTpONpOBiIHICTH
aKTUBOBAHOI'O BYTriLIA 3aJ€XHTh Bifl CTyneHs rpadiTusallii, 1Ky MO)KHa BCTAHOBHTH,
30KpemMa, METOJOM paMaHiBChKOi chekTpockomii. BopgHouac, picr rpaditusanii
nependadac 3HWKEHHS BEJIMYMHM MHTOMOI ILIOM moBepxHi. Yu OGyno 3poGieHo
BUXOJSIYM 3 [MX MipKyBaHb, OLHKM ONTHMAJbHUX 3HAYCHB TEMIlepaTyp KapOoHizarmii
Ta aKTHBAIii?

3. Ha KpuBHX HUKII9HOI Bo.llyr-aMIIepOMeIpi‘i, OTPHMaHMX JUIsl BUIIAJIKY €JIEKTPOMIiB Ha
ocHoBi cucremu 3D-rGO/PANI  cmocTepiracTbCsi peOKC-BiAATYK, 3yMOBJICHHMI
NOBEPXHEBUMHU PEaKIisMH 3a y4acTi KHCHEBMICHHX TIPYIl Ha IIOBEPXHI YaCTHHOK
rpa)eHOBOI KOMIIOHEHTH. UM HE NpEeACTaBISAEThCA MOMJIMBAM OLUHKA BiJHOCHOrO
BKJIa/ly TICEBJIOEMHICHOT KOMIIOHEHTH B 3arajlbHy €MHICTh Marepiany?

4. Ha BoIbTaMIEpOMETPUYHUX KPHBHX, OTPUMAHMX JUIA BHNAJKY TiOpUIHMX Marepiain
MnOZ—Nl(OH)z, 30kpema Mn-NF/AB ta MN-NF, gitko CHOCTeplFaIOTI:CH Tapy peiokc-
HiKiB, IO BiJMOBIAAIOTH OKHCHO-BI,E[HOBHOMy nponecy Ni** « Ni** , IPHYOMY YiTKO
CIIOCTEPIracThCsl aCUMETPis aHOJHOI Ta KAaTOAHOI BiTOK. CyTTEBMM HOIIOBHEHHAM IO
ONKCY HHUX MPOLECIB MOrIM O CTaTH PO3PaxyHKH 3HA4YeHb KoeQilieHTiB mudysii
€NIEKTPOAKTHBHHUX YaCTUHOK 3a Jauumu LIBA ananisy. IlikaBo 6ys0 6 Takox 34ilicHATH
NOPIiBHAJNBHUN aHATi3 3HA4YEeHb BEJIMYMH IIUTOMOI €MHOCTI, PO3PaxXOBaHUX Ui
€JIEKTPO/IIB HAa OCHOBI LUX MarepiagiB, OTPUMAHMX METONAMH IMKIIYHOI BOJBT-
aMmIepoMeTpil Ta rajJlbBAHOCTATUYHOIO IIUKJIFOBAHHS.

5. IixaBuM Ta BaXJIMBUM pE3yJbTATOM POOOTH € BCTAHOBJEHHS (BAKTy IIiBUICHHS
€NEKTPOXIMIYHOI aKTMBHOCTI HAHOCTPYKTypoBaHOro Kommnosuty CoO/Co;0; B
nopiBHsHHI 3 HaHocdepamm CoO. Bymno 6 mikaBo modytn OUIBII PO3TOpHYTY
IHTePIIPETAIlil0 CHHEPIeTUYHOIO BIUIMBY KOMIIOHEHT KOMIO3HTY 3 TOYKH 30pY
BCTAHORIICHHA NPUMH 3 JOCTAHHA mnnm{ocn (apaeTBChbKUX MPOLECIB OKACICHHS-
ignoBnenns Co™" < Co’  ta Co’" > Co**

6. B nuceprarii 3ycTpidaloThCs CJIOBa, TeleHH YH CKOPOYEHHS, NPSAMO 3aro3udYeHi 3
POCIHCBKOT UM aHIIiHCEKOT MOB, IIPOTE, 3BaXAKOYH HA BUKITIOYHO AHTJIOMOBHE portfolio,
e HE € CYTTEBMM MOMEHTOM. TekcT amcepranii TakoX JEl0 MepeodTKeHuit
abpeBiaTypaMu, IO JELIO yCKJIAHIOE CIPUMHSATTS MaTepiaiy.

Bkasani BUIlle 3ayBa)XCHHA MalOTh PEKOMEHIANIMHMII Xapakrep i HE CTOCYIOTHCS
BHUCHOBKIB Ta HAyKOBUX IIONIOKEHb, IO (OPMYIOTH HAYKOBY HOBU3HY OTPHMAHMX
pe3yJIbTATIB, HiISIKMM YMHOM HE 3MEHIIYIOUH iX HAYKOBY Ta MPAaKTHYHY LiHHICTb.



BucroBok

Ouinroroun pucepraniitny po6ory Xanb Bes B LiioMy, citiji miZKpecIuTH, 10 BOHa €
IIHPOKOIUIAHOBOK), 3aBEPUICHOIO, IPYHTOBHOIO €KCIIEPUMEHTAIIBHOIO HAYKOBOIO TIPaIeio, B
SIKii 3 HEOOXIJHOK NMOBHOTOK BUKIAJIEHO BCi €TAIN OTPUMAHHS HAYKOBHMX PE3YIETATIB —
BiJl KPUTMYHOIO aHANi3y JITEpaTypHHX JUKEpPENl Ta IPHCKIILIMBOTO ONMHMCY METOMIB i
NpONENYp BUKOHAHHA EKCIIEPUMEHTY, 10 IETAIBHOTO aHaJli3y yCi€l CyKylmHOCTi OTpUMaHUX
EKCNIEPUMEHTANIBHIX XapaKTEePUCTHK JOCITI/DKYBaHUX SBHII Ta MOOYJOBH HECYIEPEWIHBUX
mozenel mepebiry ¢isuko-xiMiynux mnponecis. TexkcT aBropedepaTy y3romkeHmil 3
TEKCTOM JAUCEPTALlil, 9iTKO BiZoOpaXkarouu il OCHOBHI HAYKOBi Pe3yJIbTAaTH Ta MOJOKEHHS.

Huceprauitina poGora Xaup Bes Ha Temy «@opMyBaHHSI ByrjlemeBHX Ta
OKCHIHHX HAHOCTPYKTYP /UISl BilHOBJIOBAJILHOI €HEPreTHKH: MOJAEJIOBAHHS Ta
eKCIIePHMEHTAJIBHI JOCHIXKeHHsD» TOBHICTIO BiAnosinae Bumoram MOH VYkpainu mo
mucepraiiiiux poGir (mm. 9, 10, 12, 13 «ITopsaaky NpUCYIDKEHHS HAYKOBHX CTYIEHIBY,
3aTBep/LKeHOro nocraHoBoto KabGinery Minictpis Yipainun Ne567 sim 24.07.2013 p., 3i
3MiHaMH, BHECEHMMH 3rilHO 3 ToctaHoBamu KaGinery MimictpiB Yipainu Ne656 Bin
19.08.2015 p., Nel1159 Bix 30.12.2015 p. ta Ne567 Bix 27.07.2016 p.), a ii aBTOp, — Xaup
Beid, 3aciTyroBye Ha NPUCBOCHHS HOMY HayKOBOTO CTYIIEeHs JAOKTOpa (i3HKO-MaTeMaTHIHHX
Hayk 3i cnetianbHocTi 01.04.18 — «®i3uka i Ximis moBepxHi.

OoiniifHuit OIOHEHT:
npodecop Kadeapu MaTepiao3HaBCTBA i HOBITHIX TEXHOJIOTH
JABH3 «IIpukapnaTchkuii HalliOHAILHHUN YHIBEPCHUTET

iMeni Bacuns Credanukay, P
JIOKTOp (Di3MKO-MaTeMaTUYHUX HAyK, npodecop

B.O. Kowro0uncekuii
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