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<<Karalirlr.Ini BJIacrI{Bocri ByrneqeBr/x HaHoMarepianie y peaKrlirx ri4pyBaHHfi
oprani.rHr.rx perroBuH)),

rIoAaHy ua s4o6yrrfl HayKoBoro cryrleH.f, .{oKTopa xiNai.rHr4x HayK 3a creqialrsicrro
02.00.15 - xirrai.rHa riuerura i rararis(l 02 - Xivrix)

Bax"u u sicru i a rcrya"rr rHicrb A rr cepraqifi Hoi po6orn.
Olniero 3 aKTy€ubHI,Ix HayKoBktx 3aAaq cyuacuoi xivrii e crBopeHHfl HoBr4x

xararisaropin, qri 3a ceoiMz eKcrrnyaraqifinvrMvr xapaKT epucrktKaMr4 Marorb
repeBeplrryBarll icnyroui. Oco6rzewfi nayroaufi iurepec y rlboMy rosrercri
craHoBJIflTb nyrueqeni HaHoMarepiaru, 3oKpeMa nymeqeni HaHorp y6xu,
rpaSenouogi6ni crpyKrypu ra inuri HaHocrpyKrypoeaHi Sopnru Byrneqrc. I{e
3yMoBneHo ixnivru yniranbHllMt4 crpyKTypHr{MLr xapaKTepr4crr.rKaMr4, TaKuMH f,K
BI4coKa rII,IroMa [oBepxH.fl, MoxJlktsictr xepoeaHoi QyHrcrlionarisaUii uonepxni, a
TaKox 3HarrHa xiir,ri'rHa ra reprvriuna cra6ilrsicrr. 3aeA{Kr,r raKuM xapaKTepracruKaM
nyrleqeni HaHoMarepialu po3ruIflAalorbc fl, flK nepcflerrusHi rararisaropu ra Hocii
xararisaropin y 6aratrox xiNai.IHr.rx rpoqecax, 3oKpeMa y pearqixx ri4pynaHHfl
oprauiuHl{x clonyK, trIo Marorb BaxJrraBe 3HaqeHHfl Anf, na$roxivrii, roHKoro
opraniuHoro cIaHTe3 y r a nnpo6ru4 rlrBa Synrqi oHaJrbHt4x Marep i an in.

Poseuror e$errmBHllx rarariruqHt4x crrcreM Ha ocuoni ByrneueBux
HaHoMarepianin ra ik npaKTI{rIHe Br.rKoprrcraHHf, y raralirurrHr4x npoqecax
HeMoxJILIBe 6es BcraHoBJIeHHfl 3aKoHorraipHocrefi ix Qop*yBaHHrr, crpyKTypu Ta
rloBepxnesoi xiuii, a raKox 6es posyuiHH.f, B3aeMosn'lsry uix naop$onoriero,
4eQertnicuo crpyKrypl,I, rpupoAoro $ynrqioHaJrbHr4x rpyr uonepxui ra ik
xaratir[qHI,IMLI BnacrlaBo crfl MI{.

Bce qe o6ynaonnrce aKTyanruicrr rpoBeAeHux AucepraHToM AocniAxeHb
Meroro f,Kl/tx 6yno crBopeHH.rl rrpr,rHrlrrrroBo HoBr,rx rarzulisaropin Ha ocHoei
ByrneIIeBHx HaHoMarepianin 3 KoHTponboBaHuMLI xapaKTeprrcrrrKaMr.r. B pesy6rari
po6orz 6yno crBopeHo pflA HoBI4x BrrcoKoaKTr.rBHr{x ra ceJreKT[BHHx xaranisaropin
Ha 6agi ByrneqeBl,Ix rraarepianis Anfl upoqecin ri4pynaHHfl opraniuHrax cnonyK B

rasonifi ra piarifi Qa:ax ra pear<qifi 4eri4pyBaHHn. Pospo6leui rararisaropr4
Moxyrb 6yrn ocHoBoro An.fl crBopeHH.fl e$exruBHlax xaralirr4rrHr4x rexHoJrorifi, xxi
xapaKTepkl3ylorbc.fl 3MeHIrreHHtrM BI,ITpar eHeprerr{rrHr.rx i crapoBr,rHHr{x pecypcin.
Bilonao, tuo nyrueqeni naarepiaru rrrnpoKo Br{KopucroByrorrc.f, {K nocii rrpn
rlpl'IrorysaHHi HaHeceHux ueraliqHllx rcararisatopir Ailfl rlr,rx upoqecin. Anropovr
6yno rloKa3aHo, Iqo paxyHoK eQerry nsaeuo4ii Mer€ur-nocifi, rpr4 saueceusi
aKTHBHoro Merarly Ha raralirzrlHo artusHrtfi ByHrerI esufi nocifi, MoxHa 3Har{Ho
ui4nlaqurkr xaralirrtqHy aKTI4BHictr xarzurisaropa Ta 3MeHrrrvrrvr eNdicr Merany B

xararisatopi. Tar< BcraHoBJreHo, rrlo Karaligarop 3 % Fe*OrlBHT e repcreKrr,rBHkrM
Enn 3acrocyBaHHfl B pearqii BoAflHoro 3cyBy, a NiIBHT 3pa3Kra Ailn upoqecin



Aeri4pyBaHH.rl eraHy ra ri4pyBaHHfl nirporonyony ra Merr,rncrr.rpony n pi4xifi Sasi.
O4epxani 4ani ni4r<puBarorb IrIJlf,x Ao crBopeHH.f, crracHux BHcoKoaKTXBHr4x
HaHeceHI{x rararisaropie 3 HI43bKuu nnricroM qiunnx rraeralis. B po6ori Br4.f,BJreHo

4exxi Qarropr,r B crpyKrypi ra xiuii uonepxni ByrneqeBux laarepianin ra
3arlponoHoBaHo ui4xo4N, ,sKi BpaxoByrorb IIi rapaMerpv ra Ao3Bon.f,Iorb
cl{HTe3yBaru eSexrunni rararisaropla Ha ocHosi HaHoposvripnnx ByrneqeBr4x
vrarepianin.

3n'qsoK Ancepraqifinoi TeMrr 3 Aeplr€BHr.rMH rru raJry3eBrrMrr HayKoBr{MH
rporpaMaMlr, npiopnrerHrrMrr Harrpfl MaMrr po3Brrrmy Hayxn i rexHircu.

Axryanrnicrr Aauoi po6orn raKox ui4tnepAxyerbcf, Tr,rM, rrlo AocriAxeHH,fl
npoBoAli.Irr4cb B paMKax HayKoBI4x 4epx6roAxerHr4x reM. A caMe, B paMKax
qilronzx KoMTIJIeKcHI/tx nporpaM HayKoBux .(octiAxeHb HAH Yrcpainz <<Pospo6xa

Syn4anaeHTaJlbHlrtx ocHoB crBopeHHf, e$errzBHr4x nanoSasHr4x rararigaropin
rereporeHHo-KatatirwqHLIx upoqecin HerpaAnqifinol eHeprerr4Kr4)) (Ilb
Aepxpeecrpallii 0107U000a05); <OtpuvraHHn BoAHIo s ni4uoBJrroBarmroi czpoBnHr4:
pospo6xa BlacoKoreMrleparypHzx Kararisaropin>> (Nq Aepxpeecrpaqii
0109U004660); B paMKax qilronoi uporpavru HayKoBr{x Aocri4xeur HAH Yrpainra
uOyrlauenralrni upo6leun no4uenoi eHeprerraKrD); <<@israKo-xiuiqui 3aca1u
crBopeHHf, rereporeHHo-KararlruqHl{x upoqecir i raralisaropin Anfl oAepxaHH.f,
BoAHro 3 rBepAoi ni4uoBJrloBanoi czpoBHHI{> (J\b Aepxpeecrpaqii 0111U008345); ,
paMKax qiEosoi rporpaMl,I HayKoBIax AocliAxeHb HAH YxpaiHz <Bo4enr B

anbrepHaturnifi eHeprerzqi Ta Hosiruix rexHoJrorirn>; <<Pospo6ra ceJreKrr4BHoro
rereporeHHo-KatalirurrHoro [poqecy orplaMaHHf, apoMarr4rrHr,rx auiHonirpunin Ailfl
nupo6nrllrBa uoliuepHux KoMrlo3zqifiuux rraarepialin>> (Ng Aepxpeecrpaqii
0117U002821) s paMKax qitronoi uporpaMr4 HayKoBr{x Aocri4xenr HAH VrpaiHra
<Honi QyuxqioH€trlbHi pe.ronvInt4 i Ir,ratepiarut xiNai.rHoro nzpo6ugrlTBa); B paMKax
TeM ni4ona'roro 3aMoBJIeHHf, HAH Vxpaiun: <<@isr,rKo-xivriqni sacapr crBopeHHfl
HaHoKoMflo3t4rHux rararisaropin Ha ocHosi ByrneqeBzx HaHorpy6ox ra rpa$enis
I.rtfl rcTeporeHHo-KaraliruqHllx upoqecin ri4pynaHHf, Ta Kr4cJrorHo-ocHoBHr4x
rleperBopeHb) (Ilb Aepxpeecrpaqii 0120U101549); <<Pospo6rca HaHoByrneUeBoro
Kararisaropy, rtrcwia He uicrurr 6naropoAHt4x iraeraris , Errfl. ceJreKTr4BHoro
ri4pynaHHn 4otuiruor allerl{neHy B eruleui>> (}lb Aepxpeecrpaqii 0119U1 01706);
<(DislaKo-xivri'IHi sacal.u crBopeHH.fl HaHoKoMrro3rrHr4x rcararigaropin Ha ocHoei
HaHor{acrLIHoK Naeraris ra ix oltcla4in AIrfl rereporeHHo-KaralirzrrHrx upoqecin
orpI4MaHHn HeHacurreHl.Ix ByrneBoAHis ra eSipin> (Ilb Aepxpeecrpaqii
0116U000061); <<Pospo6leuns Sisnxo-xiuiqnux 3acar, crBopeHHr HoBr.rx
HaHoposvripnnx Marepialin pisnoro QyurqioH€urbHoro rpu3HarreHH.f, i upoqecis sa ix
yrracrro) (J\lb Aepxpeecrpallii 01 17TJ004521) B paMKax qilrosoi rporpaMr,r HayKoBHx
4ocni4xeHb BiaAiileHHn xiuii HAH Vrpainu u@yrlauenralrni AqcniAxeHH.s 3a
npiopurerHr{Ml{ HarpsMaMu B xivrii>; B paMKax upoercrin <<fiwzairu ra pospo6xa
qeolirraHaHoByrnellb-eN,IicHllx rararisaropin is [oKparqeH[rM MacorrepeHeceHHrM
[rrfl noniruroi eHeprerlaKrl Ha ocsoni BoAHro ra MeraHony) (Ng Aepxpeecrpaqii



0120U104708) Ta <<Hoei ui4xo4ra Ao rinerr,rr<n rereporeHHo-KararirurrHr4x
rpoqecin> ((Ns Aepxpeecrparrii 0 1 24U0037 7 5).

fonoerua rwema ducepmaqifiruoi pofiomu Eu.ma I.B. roJrflrae y s'xcynanni
BrnuBycrpyKTypr,r ra QynxqioHaJrbHoro cKnaAy uonepxni ByrneqeBr4x

HaHoMarepianin ra cr{HTe3oBaHr{x Ha ix ocHosi Kararisaropin Ha uepeSir
rereporeHHo-Kara-uiruqH[xrpoqecin rigpyeaHHfl oprauiuHrrx peqoBrH Ta susnreHHi

ocHoBHHx ur,rnnrarin, sri sa6esueqyrorb ratarirLlqHy aKTI4BHicm ByrnerleBr,rx

HaHoMarepi anin y rpoqecaxri4pyBaHH fl. r a 4eri4pyBaHH.rl.

Llx Aoc.rrrHenHfl rrocraBrenoi Merv aBTopy uorpi6no 6yro posn'xsarv pflD,

3aBAaHb, [oB'.fl3aHr,rx is pospo6rorclneroArrK cr4HTe3y ByrneueBux HaHoMarepianin ra
HaHoposrvripHuxKararrisaropiu Ha ix ocHosi 3 perynboBaHlaMr crpyKrypHLrMu

m@ynruionanbHl{Mla xapaKTepHcrLIKaMLI, BcraHoBJIeHHf,M crpyKTypHux
xapaKTepr{crprK Ta QynxqioHaJrbHoro cKnaAy rroBepxnio4epxankrx
HaHoMarepianin,Bl{flBJreHH.f,M ocHoBHLIx urannraxin, sri Br,r3Haqarorb xarariu4qHy
aKTr{BHicrsnymerleBr4x HaHoMarepiarin y rpoqecax ri4pynaHH.fl,3'.f,cyBarr4

ocHoBHiurauuuri, rr1o sa6esueqyrorb BLtcoKy rarariruqHy aKTrrBHicrreyrJreueBr,rx

HaHoMarepiarin y rpoqecax 4eri4pyBaHHr.
OdrpyrumoaaHicmo ma docmoeipruicmo HayKontx noilo)tceHb ma

p$yJtbmamie.
HaseAeHi B AucepraqifiHifi po6ori ocHoBHi uayroei uoroxeHHfl rpyHryrorbcn

uarireparypHux AaHux i na BJracHr{x eKclepr{MeHT€LlbHrrx ra reoperr{rrHux
pe3ynbraraxaBTopa. flucepraqifina po6ora Eu.rKa I.E. e rori.rno Br.rKnaAeHr,rM,

3aBepueHraMHayKoBr,rM AocriAxeHHrrM, flKe rrpeAcraBJreHe y eurrsAi
r<nani$iraqifinoi HayKoBoiupaqi na rpaBax pyKorucy za cyKynHicuo HayKoBHX

crarefi griAno 3 rr. 1.2. rocraHonnKa6inery Minicrpie Yrpainn siA 17 trucrorraAa

2021 p. l\b 1197.
Po6ory Eu.rKa I.E. BuKoHaHo Ha cfracHoMy HayKoBoMy pinni is 3anyqeHHflM

pisnovrauiruux xinri.rHvx, SisurrHux m Qisnrco-xirrairrHr,rx uero4is aHani3y, & caue, IrI
ra PauaHiscmoi creKTpocronifi, peHrreniscsroi Qoroenerrponuoi cneKrpocxouii
(XPS), repMorpaniuerpii, peHrrenoQasoBoro ananisy, Hr{3bKoreMrreparypnoi
a4cop6qii a3ory, 4uuauiqHoro posciroBaHHf, ceirra (DLS), eneKrpouuoi (SEM,
HRTEM) uirpocrouii, a4cop6qifinux uero4in, eneMeHrHoro auariey,
peHrreHoSnroopeclleHTHoro aHarisy ra riHerr.rHux MeroAie AocniAxeHH.f,
xarariu{qHr,rx p earqifi .

IIpe4craBJIeHa po6ora cKnaAaerbcfl gi Bcryry, 7 pos4inin, eucHosrds ra
go4arxin, crrplcoK BlaKopucraHprx Axepen cKnaAae 332 nafiueuyBaHH.rr. 3aralsswitt
o6csr Alrceprarlii (6es 4o4arrcin) cKnaAae 350 cropiuoK ApyKoBaHoro reKcry, ruo

uicrsrs 37 ra1rrurlb m 231 pncynor.
y ncryui Ar.rcepraqifiHoi po6oru o6rpynroBaHo aKryaJmnicrr .o6panoi reuu,

Brr3HarreHo Mery ra 3aBAaHHfl AocniAxeHH.rr, npeAcraBJreHo HayKoBy HoBr43Hy ra
rrpaKTu.rHy 3HarruMicm orp[MaHr{x pesynbrarin, ni4orr,rocri upo oco6rcruit BHecoK

s4o6ynalta i aupo6aqiro po6ona, a raKox ocHosHi ra .qoAarKoni uy6rircaqii 3a reMoro

po6orn.
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lleprunfi posgi"rr uicturr KpuTr.rq*rwit ananig cfracHr{x KoHrlerqifi,
rlpeAcraBJleHrx y nayronifi rireparypi, uoAo rararirrqHux BJracrr4nocrefi'
ByrneueBl4x HaHoMarepiarin y pearqixx ri4pynaHHfl. PosrrsHyro rpouecr4
ri4pynaHHfl, IrIo peanisyrorbcf, .f,K qepe3 B3aeMoliro oprauiuHr{x cy6crparie is
MoneKyn.rIpHI{M BoAHeM, TaK i g BraKopr.rcraHHqM anbrepHarr4BHux 4onopie
pearqifiHo3AarHoro BoAHro, 3oKpeMa 6opriapvqy, ri4pasuny ra iHuuax cnonyK.
OrpecneHo rlepcrertrrsHi HarlpflMl/r po3BrrrKy raralirrrrrHlax ctrcreM Ha ocnoei
ByrnerleBprx HaHoMarepianin, BKJrroqaroqr .qocni.qxeHH.fl ruexaHisldis pearqifi, a

TaKox MoxJII,Isictr crBopeHH{ Ta B[poBaAxeHH.f, HoBVx rereporeHHo-KaraJriru.{Hrax
upoqecin. IlpoananisonaHo cfracHi uiaxoAr,r Ao guzafrmy ByrnerleBrrx
HaHoMarepianin, crlpflMoeaHi ua uignuuleHH fl, ruBvrlrocri raralirt4rrHr{x peaxqifi ra
perynroBaHHf ceJIeKrLIBHocTi yrnopeHHfl qilronux rpoAyKris. Oxperray yBary
upu4ineHo ananisy uilxolis Ao BcraHoBJreHHfl rrpr4poAu aKTraBHr.tx rleHrpin Ha

noBepxni nyrlelleBux HaHoMarepianin i susHa.reHHro pori $ynxqioHaJrbHr{x rpyr y
rpoqecax roBepxHeBol Mlrpaqlt BoAHro.

y ApyroMy pos4i"rri HaseAeHo xapaKreprcrLrKy peareurin i vrarepianin,
BI4KopI{craHux y po6ori, a raKox orracaHo eKcrrepr4MeHTamui MeroAH AocriAxeHHfl.
IIpe4craBJIeHo MeToALIKIa cI{HTe3y ByrnerleBux HaHoMarepianin i uerarosldicHr,rx
cI,IcreM Ha ix ocnoni, MeroALI BIa3HarreHH, ix crpyKTypHt4x ra Sisuxo-xil,ri.rHNx
BJlacrllnoctefi, a raKox uiAxoAz Ao AocniAxeHH.r rarariurrrHr4x BJracrrasocrefi
orpuMaHlax Marepianie y rereporeHHo-rarariTr,rqHr4x [poqecax. KpiM Toro, orrr4caHo

MeroAI{ o6po 6r< v r a an an isy rr epBlaHHr,rx eKcrrepv MeHTaJrbHux AaHr{x.
Tperifi posgi"rrrpucBf,.reHlafi ananisy crpyKTypHr,rx ra Syur<qioHaJrbHux

xapaKrepl{crl{K cLIHTe3oBaHI{x rraatepianin. y po6ori 6ylo orpr4MaHo pisni rr4rrkr

ByrneqeBlax HaHorpy6orc (BHT), 3pa3Kr.r ni4uoureHoro oKcr,rAy rpaQeny (BOf),
noriauiriu, HaHoKoMtIo3LITIr rr,rly uerar-BHT, a raKox cucreMr{ 3 ByrneqeBrzMn

rorrKaMld (BT), HaHeceHI{Mr{ Ha oKcuAHi nocii. flocri4xeHo crpyr<rypui ra
raraliru.rHi BJlacrusocri BHT pisuoro 4iauerpa, cr.rHTe3oBaHr.rx 3a oAHaKoBoro

MeroAIaKoIo is 3acrocyBaHHqM rararisaropin pisnoro rrarry. Tarox Br..rBrreHo

crpyxtypni ra raralitu.IHi xapaKrepr.rcrrKu pisnux spaerin BOf, orpr{MaHr4x ig
BI4KopI4craHH.rIM pisnux rutuis rpa$iry flK suxiAHoi cktpoBuHra. Cepir spasxin
uodauininy BKJIroqae suxiArtuit uorianirin ra rpoAyKrr.r fioro repuiunoi o6po6Ku s
arvroc$epi BoAHro. Merarosl\dicHi cr,rcreMr{ npeAcraereHi naarepiaJraMu 3

norrepeAHbo crIHTe3oBaH[MI{ HauoqacruHKaMlr salisa, HaHeceHr{Mra Ha BHT
(FexOy/BHT), a raKox 3pa3KaMLI 3 inraucyJrboBaHtrukr ncepe4rzni BHT
HaHorracrl{HKaMraNi s pisnuna sN,ricrona sirelrc (Ni@BHT). CucreMra 3 ByrnerleBr4Mr4

Tor{KaMI,I [peAcrasreHi 3pa3KaMu 3 HaHeceHraMr.r BT Ha oKcHAHi nocii flK 6es

.{oAaBaHHrr po4iro, TaK i g fioro BBe.{eHHrM.
y qerBeproMy posgi.rri HaseAeHo pe3ynbrarkr AocnigxeHb . rcaraliTrarrHux

BJlacrl4soctefi ByriIeIIeBI{x HaHoMarepianir y peaxqixx ri4pynaHHfl er}rneHy ra
allerl{neHy. Ha rpl{KnaAi riapyBaHHf, err,rneHy B rasosifi Sagi Ha 3pa3Ky BOf- 1

rlpoAeMoHcrpoBaHo sAarHicrb ByrnerleBr{x HaHoMarepianin rpo.rrBn flT:a rararirLrrtHy
aKrrIBHicm y pearqiax rigpynaHH.rl. Ilopinn.smHrfi aHaris aKrr{BHocri pisHrax



ByrneUeBl{x Marepialin [oKa3aB, IrIo uafinwuly xara-nirgqHy aKrr4BHicrr
AeMoHcrpylorb rpa$irrrcoBaHi nyrneqesi HauoMarepiatu,3oKpeMa BHT ra BOf, a
TaKox repMocrpyKTyposaHzfiuoliauilin. BcranoBJIeHo, rqo s6i6111eHH.f, rvricry
KkIcHro B crpyKTypi ByrneqeBl{x uarepialin, a raKox 3pocraHHr qacrKkr auop$noi
Oa:z [pLI3BoAflTb Ao 3HIaxeHH, rararirr,r.rHoi aKT[BHocri. 3orpeua, aKTr.rBoBaHe
eyrimrx CKT He rpoflBnfle uonairuoi xararirz.rHoi aKTraBHocri B garuifi peaxqii.
Hafieuqy aKrlaBnicm saQircoBaHo AnrrepMocrpyKrypoBaHorouoliauininy EB-300.

florasauo, Iuo ruBl{AKicrr ri4pynaHH.f, arlerzneHy Ha BOI e Ha ropflAoK
6inrruoro, nix y BLITaAKy erilJleHy. 3auporloHoBaHo, rqo aqerrJreH a4cop6yerbcfl Ha
saxaHcisx ra 6esaeQeKTHI,Ix rpa$enoBl{x AoMeHax, B rofi qac f,K err{JreH Ha
Ses4eSeKrHrIx rpaQenoBllx 4inxurax. flpoqec ri4pynaHHr arlerr{neHy nporixae 3a
vrexani3MoM Jlenrnaropa-XinuenbByAa, 3a f,KuM a4cop6qia ByrneBoAHlo ra BoIHro
ni46ynaerbcfl Ha rI,Ix caMllx aKTIIBHI{x IIeHTpax, a ri4pyBaHHfl erraJreHy, f,K 3a rIr4M
uexani3MoM, raK i sa uexasi3MoM Ini-Piavlta.

Buepme rloKa3aHo raraliruqHy aKTIaBHictr B pearqiax ri4pynaHHf, :pasrin
repuiuHo crpyKrypoBaHoro nodanininy.

ff 'qrlrfi posgi"rr [pl{cBflr{eHo AocliAxeHHIo xararir[rrHrrx BJracrr4eocrefi
ByrneIIeBIax HaHoMarepialin ra nolianiliny B peaKlliax rigpyBaHHs 4-uirporonyony
ra 6-uerl{ncrl4pony y piarifi Sasi. ,,{ocli4xeHo xaralirIa.rHi BJracrrasocri nuxi4nrax
rpa0iriB ra BOf y peaKllii riapyBaHH.n 4-nirporonyony. florca3aHo, rrlo 3aneNuo ni4
crpyKrypkr ra SynrcqioH€ulbHoro craHy uonepxui ronnepcia 4-nirporonyony B 4-
rolyi4uu Moxe sNdiHrcsarvIcfl, y uupoKoMy 4iauasoni, npurroMy xaralirkrqHa
aKrklBHictr BOf e BIrIrIoro nopiBHrHo s nuxi4HraMr,r rpaQiraMr4.

Ha rpI'IKnaAi riapyBaHHrl 4-nitporonyony y rprcyruocri BHT BcraHoBJreHo,
IrIo po3rrI'IHHnK niairpae BaxJILrBy ponb y repe6iry rpoqecy, ro4i flK KoHqenrpaqix
po3ql'IHeHoro BoAHro e ApyropflAHI4M Saxropou. floKa3aHo, r11o g6i6ueHH.fl nuicry
BoAI{ y pearqifiHoMy cepeAoelaIr1i He npl{3BoAktrb Ao cyrreBoro 3HHxeHH.fl
xaralirzqHoi aKTI,IBHocri, lrlo cni4uzm rtpo nigcyrHicm orpyeHHf, aKrLrBHr4x
qeurpin BoAoIo. BcranoBJIeHo, Iqo rporoHoreuui cilonyKr{ 3Hrrxyrorb rxBr4AKicrr
riApysaHH.f,, ro,Ai .flK rrporouoaKllerrropHi peqoBraHil, 3oKpeMa uipu4rau, cnpr4flrorb
uepe6iry ri4pynaHH.fl nirpocuonyKy rpplcyrsocri ByrneueBr{x HaHoMarepianin.
Ili4nzrqeHHfl [onflpHocri po3rrHHHLIKa B [eBHr4x Mexax raKox [pr43BoAkrrb Ao
3pocraHH.f, rxBrrAKocri pearqii. flonropHe BHKopI{craHH.f, BHT y ri4pynanni 4-
uirporonyony cyrpoBoAxyerbcs 3MeHIrIeHH.flM ix rcaraliru.rHoi aKTr{BHocri, 1110,

fi uoaipHo, roB' fl3aHo 3 oKI,IcHeHH.fl M rroBepxsi nauorpy6oruirporpyrraMr{.
Ilpone4eni AocliAxenHfl [oKalaln4,Iqo niaBr{rrleHHfl Kararriru.rHoi axrunHocri e

peaxqixx ri4pynaHHfl Moxe 6yrn Aocf,rHyre IrrJrflxoM crBopeHH.fl ByrJreueBHX
HaHoMarepianin is posu,IHeHolo roBepxHelo ra BracoKuM cryreHeM rpaSirusaqii, y
rIoeAHaHHi s 4ilxurcaur4 3HaqHoi xpunu3Hrl roBepxni. Tarci crpyxrypHi oco6manocri
crpl4qHH.f,rorb snriny loralruoi eJIeKTpouHoi rycr[Hrr p-crpflNeuoi ct4creMr,r
rpaQeuoBI{xrJIoIrIt4H. Baxluny ponb ni4irpae raKox HaqsHic6 roBepxHeBgx
crpyKrypHrrx 4eQerrin, uepe4ycina ge$errin rrrry ((BaKaHcit>>, sxi Moxyrb
BHcrynaru IIeHTpaMI,I a4cop6qii BoAHro, a raKox ri4por<cvJrbHrax rpytr, uo
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cnpl4nrorb rloBepxHeBifi nairpaqii sogHlo. filx ri4pynaHH.n nirpocuonyK y piarcifi Sasi
BI'IcoKa eSer<rrasHictr [poqecy Aoctrraerbc, y [poroHoaKrlelropHrrx po3rrr.rHHr,rKax
(nanpuKJlaA, ripwauni) a6o B Hr.rxqrtx crruprax, TaKVx f,K MeraHoJr.

y lrlocroMy posgi"rri HaneAeHo pe3ynbraril AocriAxeHHfl xararirp1rrHr.rx
BJlacrlasocrefi BHT ra BOf y raso$asHl4x pearqixx 4eri4pyBaHHs eraHy ra
rleperBopeHHrl MeTaHony. Buepure [poAeMoHcTpoBauo, rqo HaHoByrneqeni
uarepialu sAatHi rporBJI flTkr xataliturlHy aKTrBHicrr y pearqii rpflMoro
4erigpyBaHH.f, eraHy. Ilorcasauo, trIo ceJIeKTHeHicm yrBopeHH.f, erraJreHy rrpaKrr4qHo
He 3arlexl,Irb nig xourleHTpaqii so4uro B pearqifiHoMy cepeAonzuli. I{e csi4rrr4rb npo
Te, IUo eraH i no4enb aAcop6yrorrc fl. Ha oAHaKoBr{x a4cop6qifinzx rleHTpax, a roMy
npoBeAeHH.f, rpoqecy B yMoBax HaAnr.ruKy BoAHro o6rraexye a4cop6qiro eraHy ra,
niguoeiAHo, fioro xararituqHe [eperBopeHHfl. BcraHoBJreHo, rqo nyueqeni
HaHoMarepialra s6epirarorr cra6imnicrs 3a reMreparyp Ao 7OO oC i
xapaKTepu3yrorbcfl BLIcoKoro cenextueHicrro 3a erHJreHoM Ha pinui 80-90 %.

Ha ocsoni orpzMaHrrx pe3ynbrarie rpuryqeHo, ruo B pear<qixx AeriApyBaHHf,
eraHy ra MeraHonyaKTI4BHuMLt IIeHTpaMu, iruonipuo, e rroBepxHesi 4e$errn rr4rry
(BaKaHcis>. Ilorasano, lrlo 3a HV3bKHx reMreparyp ocuonuufi BHecoK y uepe6ir
peaxqii gerigpyBaHHn sa6esueqylorb rcap6oninrni QynrcqioHgrrrbHi rpyuu uonepxui,
to4i ,flK 3a uiAnzlqeHrrx reM[eparyp 3uaqHa qacruHa rcaraliruqHr4x reperBopeHb
ni46ynaerbcfl Ha rroBepxHeBnx 4e$eKrax. Biluosi4uo, Br{coKa cra6imuicrr raKr4x
ByrneqeBllx HaHoMarepianin, f,K BHT m BOf, y peaKrlisx 4eri4pyBaHH.fl ros'f3aHa 3

BIuIcoKoIo repnaiuHolo cra6ilruictto IroBepxHeBr{x 4eSerrin, qxi Br.rcryrrarorb
o cHoBHr,rMr4 aKTV BHVrM'kr rIeHTpaMu 3 a Br{coKrax reMlep aryp.

Crouufi posgi"rr nplacBrrleHo AocniAxeHHro raraliurrrHrax BJracrusocrefi
MeraJIosNaicHI,Ix KoMrlosmin Ha ocuoni nyruerleBrdx HaHoMarepialin ra uolianininy y
pearqirx rigpynaHH, B rasosifi i piaxifi Sasax, 4erigpyBaHHf,, a raKox y pear<qii
BoAnHoro 3cyBy (PB3). flpo4ervroHcrpoBaHo MoxJlrdeicrr cxHre3y
HaHoKoMtIo3I4rinNi@BHT rvreroAoM ilvruperHyBaHHfl, trIo rrpuBoArrrb Ao OopMyBaHHq
HaHoqacruuoxNi, Ha sosHiruHix ctiurax BHT, sxi uoeHicflo rroKpr{r1r uapoM
Byrneqrc. Tar<a iuraucynaqia sauo6irae 6esuocepeAHsoMy KoHraKry rracrr4HoK Ni g

uonirpxu i pearqifinuna cepeAoBrrrrleM.

AocniaxeHHfl rataliulrrHr{x BJracrr{socrefi HaHoKoMrro3urinNi@BHT
rIoKa3aJIo, qo si s6imIueHH;lM nuicty Ni 3pocrae ix xaralirurrHa aKTrrBHicrr y
pearqixx ri4pyBaHH.f, nK y rasosifi, raK i n piarifi Sasi sa yqacrro MoneKynnpHoro
BoAHlo, a raKox y peaKllii aeriApyBaHHfl eraHy. Ha ni4crani orpkrMaHgx pe3ynbrarie
3arlpoloHoBaHo rroflcueHH.f, Ilboro e$erry, flKe [onflrae y [epeHeceHni 3apggy 3

MeraneBoro Ni na ByrJreqesi HaHorpy6ru. IIp, IIboMy raxuir eneKrpouuufi eSer<1
Moxe qacrKoBo KoMleHcyBarucfl uiAsI,IqeHHM sNdicror\d Kr.rcHro Ta 4eSexrsicrro
crpyKryptE BHT

Ha rpLIKnaAi cucreu BT-MxOy (M _ Si, A1, Zr) Brepue rroKa3aHo, rqo
ByfnellesN{icHi uarepiatru s4arui rpoflBn flTt4 raralirilrrHy aKTuBHic6 y peaxqii
BoA.f,Horo 3cyBy. AoAarKoBe HaHeceHHfl Rh npz3BoAI4Tb Ao 3pocraHHf, raraliru.ruoi
aKrl4BHocri orpuMaHlax KoMno3uris npw6tu3Ho Ha ABa [opflAKr4. Iloxasano, qo



BI4KOpIACTaHHfl HOCifl 3 Hr,r3bKOrO fTTATOMOTO [OBepXHerO, 3OKpeMa zroz, AO3BOn.f,e

ui4nurqrTr KarailiT[rrHy aKT[BHicrr 3aBAflKr{ s6im[reHHro [oBepxHesoi
KoHlleHrpaqii aKTr.rBHoi Sasu.

BucnonKu no p$yJtbmamux ducepmaqiilruoi podomu rurla4eui y 4en'xrll
rlyHKrax ra uoeHicrrc ni4o6paxarorb ocHoBHi pesyJrbraru po6oru. Moxna
eigsna.rr4Ttr sucorwfi pinenr ra sxicm iHrepuperaqii orpvMaHux pe3ynbraris.
lllnpore 3acrocyBaHHfl cyqacHlrx B3aeMoAoroBHrororrrax Siaraunnx uero4ia
AocriAxeHb Ao3Bonfle crBepAxyBartr, r{o ocHoBHi nayroei uoroxeHHrr, BLrcHoBKr{ ra
peKoMenAaIlii, c$opvrynrosaHi y Ar.rceprarlii, AocrarHbo o6rpyurosaHi Ta e

AocroBipnunrz.
Hay xo6 a Ho B usna d ucepmaqiilruoipo 6 omu
B po6ori EFrrca I.E. Breptue pospo6JreHo HayKoBi sacaAr4crBopeHH.f,

xararisatopie ri4pynaHH.f, Ha ocnosi ByrneqeBr.rx HaHoMarepianin, rlo He uicrsrr
MeTarry.

Cepe4 opIariHaJIbHLIx, HoBIax ra rrpr4HrlurroBo BaxJu4Brlx pe3ynbraris
Ao cn iAxeHbMoxHa niAg laavrkrru uacryuui :

BIasereHo ocHoBHi .IruIHkrKv\ qri Bra3Haqarorb xaralirurrHy liro ByrneqeBux
HaHoMarepiarin y peaxqixx ri4pynauHf, opraniuHr4x cronyK y rasoeifi ra piaxifi

Sasax. Ilpe4ctaBneHo Hosr.rfi rr{r aKruBHr{x qenrpin geri4pyBaHH.f, MeraHony Anfl
ByrneqeBlax HaHoMarepianie, xrcvtir e crpyKrypHr4M 4eSerroM Tr,r[y (BaKaucis>>.

Buepue, Ha rIpuKJIaAi siffIoBJreHoro oKcr4Ay rpaSeny, eKcrrepuMeHraJrbHo

rroKa3aHo sAatHicrr ByrneqeBoro HaHoMarepialy rpoflBn flTu raranirurrHy
aKrl4BHicrr y pear<qixx rigpyaaHHfl 3a aruoc$epHoro rr{cKy ra rroKa3aHo, rqo
uafi6inrrra KararirrrHa aKT[sHicrr Aocmaerbcfl Enfl rpaQirr,r3oBaHr4x ByrnerleBux
HaHoMarepiarin ra rraarepiaris 3 po3BuHeHoro roBepxHeBoro p-crpflxeHolo
CLICTeMOIO.

Buepure rpoAeMoHcrpoBaHo s4atuicm uoliauininy rpo.f,BnfrTLr xaraliudrrHy
aKrI{BHicm y peaKqisx ri4pynaHHf,. IlorasaHo, rqo aKrr{BHicm noliauiniuy cyrreBo
3aJrexum ni4 reMrreparypu fioro o6po6xu.

3aupouoHoBaHo MeroAI{Ku ct4Hre3y Ni@BHT 3 BuKopr{craHH.rrM MeroAy
inauperHyBaHHfl, IrIo Ao3Bonfle oAepxarra HaHoMarepian 3 HaHorracrr{HKauuNi,
iuraucyJlboBaHvrMkrHa soeHiIunix criuKax BHT ra roBuicuo roKpr{ruMr4 ByrneueM,
IrIo 3arlo6irae KoHraKry Ni s uonirprM ra pearcqifiHr{M cepeAoBraqeM.

IIp axmwH e zHaqeHrun o d epilcoH tN p $yJtbmamie.
flparruqHa 3HaqllMicrr oAepxaHl4x Eraqxorrr I.E. roJrmae y pospo6qi HoBr4x

rararisatopin. 3oxpeua, aBropoM B po6ori 6yno pospo6neHo rararigaropr4 trnn
rrpoMrcJloBo BaxJILIBIaX [poqeCis CeJreKTraBHOrO ri4pynaHHfl arleTr.rneHy B HaAnflrrrKy

err.rJreHy, peaKqii no4xHofo 3cyBy ra rigpyBaHHf, HirpocnonyK.
Ifoeruoma ruwnady ocHonHux pesyJtomamie ducepmaqit y HoyKqntx Quxoeux

eudaHHnx ma iderumuwticmo stticmy anmopefrepamy il ocHonHtx noiloltceHb
ducepmaqii. flogatroBoro xapaKreplacrllKoro BracoKoro HayKoBoro pinnx po6oru
Eu.Ira I.E. vroxe cnyryBarr,r crrr{coK uy6rixarlifi 3a reMarr4Koro po6orn. Pesynbrarr4
ouy6niKoBaHo s 33 crarrflx (cepeg flKHx 8 crarefi n xypH€urax, qo nilHocflrbcf Ao



1-ro ra 2-ro rnaprnmo) ra r rcsax 14 4onoui4efi na ron([epeuqixx. 3a uarepianar'rr,r
4zcepraqiftnoro 4ocni4xerurx ooopu.neno 5 uatexrir yrpaihr rra Kopr{cny
uo4enr.AnT opeQepar gnceptaqii aAeKBarrro nigo6paxae ir oclrosHuft sL{icr.
B[orosKra po6oru E[sra I.E. 6asyrotrcx Ha BeJrr{KoMy o6casi ercnepr{MegTaJr6qt4 x
AaHr'D( ra o64pynroaaui. .{acepmqifiua po6ora o(popunena HaJrexH}rM q}rHoM.

flpu ncix [o3urr{BHr,x Bp{rxe'rrf,x uo po6ori Mox'a spo6nru nacrynni
3ayBEDKeIrHr:

1. B po6oti BrlrKoprrcrarro a6conrorno ner4annft repuix <nano$asni
xaranisatoplo, 6o <<nano>> o3Eaqae posrraip qacruHoK. I sr e raKoMy Br4rraAKy
Ha3Barr{ rraircpoposuipni ramriearopu - (Ivrirspor[aauil>? Ane icxye raxuir
3arrareHToBaflzfi uarepian, sKufi Mae nasay <<trrirpo{aso>. Torvry 4oqinrno Bxr{Barr{
:repnrin <<nauoposrvripnrft raranisarop>r.
2. B pos4ini <<Arrya.nrnier po6orr.D) rrarrca'o < v acryui 3arHaqeHo, rqo
intepec Ao crBopeHIUI ramaisaropia na ocnosi ByHrerIeBLrx nanouarepia-nin
rigpynanru syuorrenr,rfi TaKox 3MeHrrreururM 3arpar rra [ocrcrirrrreruqny oqlrcrry
cy6ctanqifi y BnraAKy qpoBeAerrHrr npoqecin y piariil Sasi. Hespoayuino, ni4 npo
oqrrcrKy ni4 voro fi4errcx: uig ueranry, noci.fl 'rlr uo6iqrr.rx upo4yrcrir?
3. 3ayraxeunx 4o cnerrpia P@EC npe4cmaire*rD( B ,p na pr.rc. 3.4 (a_e),ra6l.
3.2 ra crop. 108: a - nourma n niguucy Ao p[c. (A), Ae npeAcraBne,o cnertp o ls,
a ne c 1s, 6 - ai4cyrnicrr uacrum6y na oci <cy> Anfl scix pncynria, n - s pr.rc. 3.4
<r> (spasor l3-Blrr) Moxga uo6aurrr,r, qo intencuanicrr niry (fioro nnoula), xrifi
uigneceno Ao c:o, 3HaqHO MeHrua nix niry c-o, r toft sac rK Ha prlc. ((A) ra (e)
inrencnsHocti qrar nirin 6nrrsrxi. B toft xe uac, a ta6a. 3.4 cnissiAHoueHH,
xinrrocti C-O/C=O,Ur, 3pasKa I 3-BHT - naftuenme.
4. Ha crop. l2l W 4pe,{craBJre'o aaui p@EC Ni@B}IT epa:rie: <cAszuris
o6nacri Ni2p norasye naxsuicrr rrinii 852 eB, xra roe'r3aHa s Ni -p3l2 

4nx NiO, i
catenir npr,r 857 eB>. o4nax, s ptrc. 3.t2 MoxHa ro6auzru, rqo nirc Ni2p3/2-
enerrpouia uae exepriro 6nr.rerro 853 eB, qo xapaKTepno .qn Ni2*, a ne A4,
Nreraniquoro nirenro. orpiu toro, pisnuqx r eneprixx sr'xsry uix carenirorrr r:a
2p3|2'ercxrponarruNi 3a AaHr,rMlr aBropa cKJra,4ae 15 eB, ruo xapaKrepHo 4na iony
uirenro, rogi rr gnx ue:ranivnoro uireruo soEa 6iarua - 17,4 eB.
5. Y pos4iaax 3 .4 ru 7 .1, rrpflcBf,tleu] ( cucreui 3 HarreceHuMrr HaHoaracr]rxKaMrlr
orcuAy sanisa y pearqii BoA{Horo 3cyBy, Bxasyerbcf,, qo <<xenaocop6qix Oz Aae
posrraip Hagoqacrr{Hor Ans ix siAuoBneuoro cragy, ro6ro 4rr r"r-i"oao gani3o)
(crop. 129 .[, crop. 8 A). OgHaK aari p@EC (pnc. 3.16) rroxa3yrorb rruure
naqegictr ionis Fe2+ ta Fe3+ rK AJrf, enxigxoro 3pa3Ka, tax i uicrs peaxqii, i
nixrcoro Sarmorvry nig narnoro (MeraJreBe garigo> qr{ ((aKrrirBHa Qaaa (saniso)> (ra6r.
3.6 m) ne icnye. Touy, npe4ctaBrrerra Ha crop. 278-279 gracrycix npo uexanieM
PB3 si 3ra,qyBaHHrM <<salba,) uae 6yru niguecena 4o orcu4in qroro ruerany. Ane
xxa (poprrra orcr{Ay BtrcHarrae [oKtr3rrr{Krt npoqecypB3?
6. Henipui ui4nncu Ha puc. 3.28 e, x, s <SOap3/2 m SOapl/2>. Mae 6yruSp3/2
mSpl/Z.



7. Ha pxgi pucynxin, Ae rpeAcrasreHi Irl-cuexrpu, HarrpraKrlat6, Ha pr4c. 3.34,
Bapro 6yno 6 uoAaBarvr 3HaqeHHfl CMyr KOJrr,rBaHb.

8. Ha crop. 187 HarucaHo <<Bi4uoni4no, B 3anexHocrini.qcrpyKrypHux
xapaKTeprcrl{K Ta craHy rloBepxui, xataritu.rHaaKTl{Bnicrs BHT MoxeBi4pisnxrr,rcb
Ha rlopflAoK). Ale 3arlulraerbc.fl He3po3yrr,rinnna, BiA .rrKr,rx, BJracHe, xapaKTepkrcrgK
rararirvrlHa aKTuBHicm rpeAcraBneHl{x y po6ori BHT Moxe ni4pisn flrucfl Ha
rropflAoK.

9- Ilpll o6rosopeuni naexauisl\din ri4pyraHHfl err{JreHy ra arleruneHy Bapro 6yno
rlpoBecrv po3paxyHKr niguoniAnux KoHcraHr rrrBr{Arocri ra aAcop6qii.
10. Hesposyuilo, Ae Ha puc. 7.5 (P) ra pl{c. 17 sHaxoArrbcn 3pa3oK 13-BHT?
Bin ulo 3arruSponartwir ni4 nasBoro BHT?

Brasaui saynaxeHH.f, He e npIaHIILIrIoBIaMr{ i xoAru{M rrraHoM He BrrJruBarorb Ha
HayKoBy IIiHHicrb orpI4MaHVx pe3ynbratis ra 3ararrbuy ro3rrrr.rBHy orlinry po6oru.

B ucnonoK npo eidnoeidruicmo ducepmaqii 6 wttoz&M noiloltceHH,fl
Bsaxaro, IIIo Aucepraqifiua po6om Euqxa f.E.<RamqJtimuqHi Bilacmueocmi

6yeneqe6ux HaHoJvtamepianie y peaxqiax zidpyeaHHn opzaruiqHux peqo6uHD3a
aKTyanruicrto, HayKoBoro HoBI43Hoo, [paKTI{trHI{M ra QynAaMeHT€urbHpIM 3HarreHH.flM
uoeHicrrc ni4uonilae BilMoraM uynxrin 7, 8 i 9 <flopa4xy rpucyAxeHHfl ra
uos6asJleHHfl HayKoBoro cryrleHfl AoKTopa Hayo, 3arBepAxeHoro rrocraHoBoro
Ka6inety Minictpin Yrpainu Ng It97 sia 17 .1I.2021 utoto AoKropcbKkrx
Al4cepraUiita raKox yciu BI{MoraM MinicrepcrBa ocsiru i nayrn Yr<paiuu uloAo
Al'Iceprarlifi Ha s4o6ymx HayKoBoro cryrleHf, AoKropa xinai.rHzx HayK, a ii aBrop
Bu'Ixo Irop Eor4auoBrrl, 3acnyroBye Ha nprrcyAxeHHfl HayKoBoro cryleHfl AoKropa
xiMi'rHI'Ix HayK 3a creqianrnicuo 02.00.15 

- xirvrirrHa riuerurca i xararis.

O$iqifilauir oroHeHr
3 ani4ynau ni44iny orcucJlroB€ulbHl{x rereporeHHo-KararirrErrHrx npoqec in
IHcruryrycop6qii ra upo6neM eH.{oeKoJrorii HAH y
r{reH- Kop ecroHAeHr HAHYxpainu,
ДOKTOp XiMiЧ HИX HayK,Π pOф ec BaJIepiЙ  3AIЖ :И
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