
BIAI-yK
oQiLtiuHozo onoHeHma Ha ducepmaqiuuy po1omy

E uqxa leopa Eoadaruon uqa
< Kamailimuqui 1ilacmueocmi syaneqent x HaHorvamepianie y pearcqim zidpyeauun

opaaHruHL$ peHo6ttH)),
nodauy ua sdo1ymm-fl HayKolozo cmyneH.fl dorcmopa xiuiuHux HayK sa
cneryianuruicmru 02.0A.15 - xinai.IHa riueruxa i xaranis (102 -Xirro)

llporxrorra octaunix gecxrznirr 3arocrpeHrur upo6nervrr oxopo'n goarinnx naui apoctauu, ,,o,,ury Ha cr.rHTerr,rrr'i cnorryxrE clorry*ae cnir:ony cnillnory 4ofloluyKy eSexrunnnx eucoKoaKT]IBur.rx raraaieatopir, xrisa6esue.rylotr rr,rirdrr,ranrnuff
pinenr ea6py4nenns' Hosi xaT anisar:oprz Marorb [oeArryBarr{ B}rcoKy cenerc*suic* ig
Br{coKoro ,rer,4xicuo yrBopeHH' npoAyKTiB i S6epirara qi nnacrunocri upor:xrou
ycboro repnriny ctyx6u.

Tovy axnyuouicmo [peAcraBJleHoi po6orrE uonxrae y neo6xi4nocti oreopennx
lpuErlr{[oBo HOBrIX KaraJrisatopin na ocnosi ByrJrerIeBr,D( nanouarepiarir s
KOHTpOJrboBaHLrMr4 xapaKTeplrcrlrKaMr4 ruo aigrpranae uuurx AJLrr pospo6rennx noarx
Br'rcoKoaKTr,rBHr,rx ra ceJreKTr{BHr.rx xatanisaropin sa ix ocnoai i e(pexurunzx
xaraaita'{Hzx rexnonorifi, xrci cupzrrorr sn an -"n tro BI{Tpar euepretuvnrx i
cr'rpoBlrHHr'rx pecypcir. Byrneqeri nrarepiaau IuapoKo Br.rKopucroByroEcs sx Eocii
IIpI4 flplaroryeaHni HaHecennx rr,reraniqnr.rx xara.nisaropis. 3N,reHureHnx nuicry
HaHeceHoro MerEUry Moxe Aoc.srarucb 3a paxy'ox e(ferria rr,remn-nocifi, rqL
ni4alrqyroTr xararituuuy ar<rasHicrr MerEury ia 4oarorrrorE 3MeHrrrr{T[ fforo si\4icr.
3orpeua, :rarrft eserr raKox Moxe 6ytrz 4oca*ryro 3a paxyHoK Br.rKoprdcrarrrur
ByrJrerleBoro uocia, xxuit EporBJrre xararirz.rry an ru"i.i" y ri.quoaigxoMy
xataliruquouy upoqeci. Bi4uoui4uo, HageceHurr axTlrBHoro Merarry na rara-niT?r.rEo
axtu,.d'wir eyrneqenufi nocift ri4xp*ae Eurrx Ao crBoperrH, c)rrracHrrx
BrrcoKoaKTr4BHrEx rar:aniearopir, sorpeua s Hrr3bKr{M uuiororu 40poioqiHurx rraeranir.
Inrepec go crBope,H, 

. 
HoBrzx nracoroe{ercruanrax xamnisatopir na ocnori

ByrnerleBr4x Hauorrrarepiarir eyuoarenafi ue rinrxu neo6xi4xicro ,rrarm naptictr
raralisaropa 3a paxyrro* 3MeHrueHH, Anaicry 40poroqiunoro Merarry, a60 fioro
saui,ra, a raKox rraiprynauuxuu exonoriqHocii Ta 3MeHrrreH ,fl.' 

'3ffpar 
Ha

rrocrcrr'rerr'rq,y orrr'rcrKy cy6ctauqifi y au[aAKy flpoBeAe'rur rrpoqecio y piaxffi sasi.3eqsor po6oru s HayKoBrrMrr [porpaMaMrr, rrJra,aMrr reMaMrr. 4uiepraqitnapo6ora Br'rKonyBaJracb B paM*ax qinronnx KoMrrJreKc,r{x [porpaM HayKoBrrrx
AocaiAxenr IIAH Yxpaihu <pospo6xa (pyu4arr,renran6*r.rx ocHoB crBope'Hrr
eQerruauux uauo$asnux rararisaropir i"r.po."rro-raraaiT[.rH[x upo4eciu
uerpa4r,qifinoi eneprerzxz> (J\b .qepxpeecr:parlii 0107u000405); <otpnr'ranux
BOAHTO S SiAHOsrrosanrHoi clrpoBr.rHr,r: pospo6xa 

"r"o*or"n 
oap arypHttx

xata.uisar:opin> (J\! aepxpeecrpaqii 0r09u004660)J n panrax qiarouoi .rpo.p*,
HayKoBux 40cri4Neur IIAH yrcpaihu <@yuAauentaarni npo6reura rognenoi
eHeprerr4Krz); <(DisuKo-xiMi.rHi 3ACaA CTBOpeHH' rereporeHHo-xaranirr.FrH[x
npoqecia i xaraaisaropir g.rrx oAepxa'Hf, 

"o4rro 
r roip4oi nigroamoaanoi

cr4poBr4Hr.r)) (Jtl!,,qepxpeecpauii 0lllu00g345); n pa:raxax qinroaoi rporpaMr,r
HayKoBr{x 40cnigxeHr }IAH Yrpaihu <BoAeur B {rJrErep,arr.Bnifi euepretuqi ra
HosiTHix rexnororisD); <Pospo6ra ceJreKTaBgoro rereporeHuo-raranitra.ruoro
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rpoqecy orpl{MaHH,fl apoMarrlrlHl{x auisouurpulin AIrfl nrapo6HrrrlrBa uoliuepHr4x
KoMrlo3nqifiHux Marepianir> (J\b Aepxpeecrpaqii 01 17U0 02821) n paMKax qinroeoi
rporpaMll HayKoBkIx AocniAxeHb HAH Yrpaiuu <<Hosi $yHrqioualrHi peuoeugpr i
uarepialu xiuiqsoro nrapo6ru4rlrBa); B paMKax reM ni4ouuoro 3aMoBxeHHfl HAH
Ynpainrz: <(DiguKo-xinri.IHi saca;tu crBopeHHfl HaHoKoMrro3r4THr4x xaranisaropie Ha
ocuoni ByrnelleBux HaHorpy6ox ra rpa$enin Iilfl rcreporeHHo-KaraliruqHr4x
upoqecin ri4pynaHHf, Ta KI,IcJrorHo-ocHoBHr4x rreperBopeHb)) (J\b Aepxpeecrpaqii
0120U1015a9); <<Pospo6r<a HaHoByrneueBoro rararisaropy, sxnfi He uicrurr
6naropoAHlax nretaris, [Jrfl ceJreKTHBHoro ri4pynaHHf, gouiruoK auerr4neHy s ernneHi))
(Ilb Aepxpeecrpaqii 01 19U 101706); <(Digr.rKo-xivri.rHi 3acag.u crBopeHH.n
HaHoKoM[o3I4THI4x xararisaropin Ha ocHoei HaHoqacrr4HoK Meranin ra ix oxcu4in Anfl
rereporeHHo-K aratljrutlHnx npoqecin orpHMaHHfl HeHacHr{eHHx ByrneBoAnie ra
eSipin>) (J\lb Aepxpeecrpauii 01 16U000061); <<Pospo6resns Siszxo-xiMi.rHnx 3aca1
crBopeHHf, HoBrrx HaHoposvripuux uarepianir pisHoro SyHrrlioH€urbHoro
rIpI43Har{eHH.f, i npoqecis sa ix y.racrro)) (Ns aepxpeecrparlii 0117U004521) s paMKax
qinronoi rporpaMl,I HayKoBr4x AocniAxeHb BialineHH.f, xivrii HAH Yr<paiuu
u@yr,uaMeHT€ulrui Aocri4xeuHfl, sa npioprarerHr,rMu Halp.f,MaMr,r B xinaii); B paMKax
npoerrin <<fluzairH ra pospo6Ka rleonir- ra HaHoByrneqr-nuicHrax Kararisaropin is
rIoKpaIqeHHM MacolepeHeceHHflM trnfl uonirssoi eueprerr4Kr4 na ocHosi BoAHro ra
MeraHony) (J\lb Aepxpeecrpaqii 0120U104708) ra <Hori ni4xo4ra Ao xineruxa
rereporeHHo-K ararrirwrrHr4x npoqecie> ((J\b Aepxpeecrparlii 0 1 24U 0037 7 5) .

y ncryni o6qpynroBaHo aKryailruicm locnil)KeHb y rarysi rereporeHHoro
xaranisy 3 BHKopI4craHHsM ByrneqeBr4x HaHoMarepianir. CSopnrynboBaHo Mery
po6orra ra sa4aui, niao6paxeHo HayKoBy HoBr43Hy orpr4MaHux pe3ynbraris ra ik
npaKTr{.{Hy 3Haqr4Micrr.

Ilepurnfi posgi"rr uicrarr KpLIrI4rIuui,t aHalig rpe4craBJleHlax B nireparypi
cyrracHl,Ix xouqeuqifi crocoBHo raraliuarrHux BJracrr4socrefi ByrJrerleBkrx
HaHoMarepiania y peaxqixx rigpynaHH.fl, sxi peanisoBaHo rrrJrflxoM n:aevro4ii
oprauiuHl4x cy6crparis 3 MoneK)/nf,pHprM BoAHeM, a raKox i s Br{Kopr{craHH.rrM

6oprigpkrily, ri4pasrauy ra iHurunaz rr4raMn MoneKyJr, sr<i e Axepen ar'a:a

peaxqifiHo3.{arHoro BonH}o. Posrrf,Aarorbc.f, nepcrrexrusui HarpflMKra po3BrrrKy
xararirurrHl,Ix cucreM Ha ocuoni ByrneueBrax HaHoMarepianin, BKJrroqaloqu
uexaHi3Mkl pearqifi, crBopeHHfl i euponaAxeHH.f, HoBHx rereporeHHo-raraliTr,rqHnx
npoqecir. O6ronoplolorbc, icuyrc.ri uiaxoAr.r Ao guzairwy ByrJreueBrrx
HaHoMarepianin 3 Merolo s6irtrrueHH.f, rrrBuAKocri rarariruqHr,rx pearqift Ta

Moxrlueocri perynloBar{Hfl ceJIeKTr4BHocri ga qirboBr4Mr4 rpoAyKTaMu. Ilpe4craBJreHo
aHaris nilxolis Ao BcraHoBJreHHfl rrpr4poAr4 aKTraBHux qeurpin Ha uonepxui
ByrneqeBrax HaHoMarepiarin, a raKox poni roBepxHeBr{x SynxqioHaJrbHux rpyil y
rpoqeci nonepxueBoi vrirpaqii noAuro.

Y apyroMy pos4i"rri onucaHo peareHru ra Marepiatu, qo BHKopLIcroByB€trIrac.rI B

po6ori, Ta eKcnepraMeHT€umui MeroArz AocniAxeHH.fl. Ilpe4craBneHo MeToAHKH

cr4Hre3y ByrneueBr4x HaHoMarepianin ra Mer€uroeNaicHux cucreM Ha ocuosi
ByrneueBr4x HaHoMarepianin, MeroAr4Kra BcraHoBresns ix crpyKTypHl4x ra Sisnro-
xiuiqsux BJracrr,rnocrefi, Mero.{HKH [poBeAeHH.f, AocniA)KeHb xararirurrHrlx
BJracrr4nocrefi orpr4MaHr{x ByrJrerleBr4x HaHoMarepianiB y rereporeHHo-Kar€uriru.rHax
npoqecax ra cuoco6ra o6po6xu repBkrHHI,Ix Aalnux.



Tperifi porgi.n npacB.f,'IeHzfi AocliAxeHHro crpyKrypHr,rx ra $ynxqionarbHgx
xapaKrepl4crHK orpHMaHI4x naarepianis. B po6ori 6yno crrHre3oBaHo pisui nyrueqeni
HaHorpy6xu (BHT), 3pa3KI4 ni4uonreHoro oKcr.r,{y rpa$eny (BOf), noriauidu,
HaHoKoMrIo3I'ITI{ Meran-BHT ra cucreMld 3 HaHeceHraMr4 Ha oKcr4AHi nocii
ByrneueBaMrr ror{KaMr,r (BT). Eyno
BJraclr4socri BHT pi:uoro Aianrerpy, orp
3 BHKopr4craHHflM Karalrisaropin pisuoro
Ta xaraliru.rHi BJracrprsocri pisur,rx

locninxeHo crpyxrypni ra raralirz.rHi
r4MaHHX 3a OAHaKOBOIO MeTOAT{KOIO Cr4HTe3y

rurry. TaxoN 6yno AocnilxeHo crpyKrypHi
spasxin BOf, 3oKpeMa oAepxaHax 3

BИКOpИCTaHHЯM p13HИ X spasxin rpa$iry nK nnxi4Horo peareHry. Cepia spasxie
rloJllaHlnlHy cKnaAaerbc.f, 3 rorrarKoBoro uonianininy ra upo4yxrin repuivuoi
o6po6xz uoliasiniuy B arnroc$epi BoAHlo. MerarosN,ricHi 3pa3Kr,r npeAcrasreui
MaTeplar'IaMI'I 3 [OnepeAHbO C[HTe3OBaHI,iMU HaHOiIacTUHranrU Saniea, HarreCeIrr4M]I Ha
BHT (Fe*orlBHT), ra 3pasKaMr.r s inxancynroBaur.rMr.r acepe4rui BIIT
Ha'oqacrr4HKaMn Ni s pisnoro xouqenr.-paqiero Ni (Ni@tsHT). cucreur.r s BT
upe.qctanneni 3pa3KaMr{ 3 EaHeceHr.rMr{ BT na orcu4ni nocii 6es/ra s AoAaBirHrrrrM
pogiro.

Auanis spaeria npoBoArnr{ MeroAaMr.r lIEMBp3, CEM, pauaniscrroi ra
iHqppauepoouoi cnexrpocxonif, a.qcop6qii-.qecop6qii a:ory, ptDA m p@EC.
Bractlrsocri BHT ra Bol 6yao 4ocai4xeno ,K y [oqarronifi Qoprrai, 

,rax i uicrrq ix
nignouenx.r BoAHeM.

rloxasano, qo currre3 is nraropzcrannx^,r ra, arisaropa co-Mo aa6esueuye
BI,ICOKy rpr.rctanivuictb cr4HTe3OBaHUX BHT, a BI4KOpr,rCTaHHf, Hauorracrl{nox sanisa
sr Ka,aflisaropa, HaAae rraoxrrreicrr orpr{MaHHf, asorosr4icH[x 6araroruaponra<
BynrerleBr.rx uarpotpy6ox 6arr,r6yxono4i6uoi rr,ropQonorii is cepeguiru goauiuuriu
.qiauer:pou 220 ,'u. flocni4Neno crpyrrypni sMigr uoriaHininy szurexno aig
reMfleparypfi o6po6ru y ni4nonuifi arrr,rocSepi ra rro*.Bauo, rqo rig6ynaerrcf, Kpoc-
3rrrr.rBra noniauininy 3a reM[eparyp Brrrrlr{x sa 200 oC.

Y verueprouy por4i.ni npeAcraBJreuo p$yJrrrarr.r gocni4xeur ByrJreqeBrrx
uanorr,rarepiarie y peaxqirx ri4pyrannr erlrJreny ra arlerrrrrer{y. Ha upurna4i
ri4pynanur err,rJreHy y ra:ooift @asi na Bof-1 upe4craBrreno sAarHicrr ByrnerleBoro
uanovrarepialy flporBnrrr.r raraairz.rry arrusHicru y pearqirx ri,r{Fyaarurr.
Ilopinuxnrnuft aNa-nis xatanirraqnoi axr[snocri pisnrx BynrerleBr4x ruarepia;rin y
ri4pyraxui eraJreny rrorE[laB, rqo uafi6inruru nur*irr"ru axrlrsrrictr $ixcyerrcr 4nr
rpa{irueoaaufix BytJrerleBrrx nanoua,repiarie, tarrx sx BHT ra BOf, a raxox AJrx
repMocrpyKrypoBaHoro nonianiniuy. 36inrurenns ur,ricry Klrcnro y crpyxrypi
ByrrerleBltx rraatepiania ra g6imurenu.E arr.ricry arvropSnoi ([asrE nprEenoArrr Ao
3MeHrrreHH, xa:ra.nituqnoi axrzsHoc.ri. 3oxpeua, aKTtrBoBaHe ryrillx CKT ue
flporBirr€ raraniT uquoi axrrzsHocri. Haftaarqy xaraairrvxy amNauicrr sa0ixconano
Aru repMocrpyKtypoBaHoro nonianininy EB-3 00.

Il'srflfi posgifl rr,ricrutr p$yJrETarr,r gocligxenur xaralrirrqnr.rx sracrfisocrei
ByrnerleBr.rx uauonaarepialis ra uoaiaHirinin y pearqixx ri4pynannr 4-nirpotorryoay
ra q-Merlrncrpr,rpolry y pigxifi Sa3i. .{ocni4xeno rara.riruqni sracrusocri nuxi4nr.rx
rpaSiria m BOf y rigpyeanni 4-Hirporonyoly. floxasauo, rqo sane>rcro ai4
crpyKTypr{ ra Synxqiouanrnoc'ri nonepxni ronuepcir 4-airpororryorry n 4-tonyi4ran
s\aiHroeucr B rrruporoMy 4iaua:oui, ra rcarzurituqua arr[sxicrr BOI elrqa
nopienauo a nuxi4nuuu rpaQiraur,r.
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Ha nprarnaAi ri4pynaHHf, 4-:rrr y npucyrHocri BHT rroKa3aHo, uo po3rrr4HHEK
niairpae 3Har{Hy ponb B 3a3HarreHoMy rrpoqeci, upnuoMy KoHueHrpaqix po3r{r,rueHoro
BoAHro e BTOpI{HHI,IM Saxropovr. Ilorasauo, tr1o s6imrueHHfl nvricry BoAr He
rIpH3BoAI{Tb Ao cyrreBoro 3MeHrrreHH.f, raraliru.{Hoi aKTr4BHocri, uo ceiArrurb [po
ni4cyrui cm orpyeHH{ aKTI4BHHx qenrpin BoAoro. IlporoHoreuHi cronyKr4 rrpr{3BoAflTb
Ao 3MeHIrIeHH, IJrBI4AKocri ri4pynaHHr, y rofi qac rK flporoHoaKrlenropHi perroBr,rHr{,
rari flK uipuguu, crlpuflIorb nepe6iry ri4pynaHHfl uirpocnonyK Ha ByrnerleBrdx
HaHoMarepianax. 36inblrleHHf, rlon.rlpHocri po3rrHHHHKa B rreBHr4x Mexax [prrBoAHTb
lo s6irbllreHH.f, IIrBI4AKocri ri4pynaHHfl. IlonropHe Br4KopacraHH.f, BHT y riApysauHi
4-nr [pI43BoALITb Ao 3MeHrrreHHfl aKTHBHocri BHT, uo Moxe 6yru non'.f,3aHo 3

oKHcHeHHflM noBepxni BHT Hirporpyrolo.
AocniaxeHHf, rcaralirar{Hl,Ix BJracrnsocrefi ByrnerleBrrx HaHoMarepianin y

peaxqixx ri4pyeaHHn y piaxifi $asi roKa3€uro, uo s6imureHH.f, raraliru.ruoi
aKrHBHocri Aocflraerbcs oAepxaHHflM ByrneqeBrax HaHoMarepianin 3 po3BraHeHoro
rloBepxHelo, BI4coKI{M crytleHeM rpaSirusauii e xo\d6iuaqii s AirsHKaMra 3 Br4coKoro
KpHBI43HoIo roBepxui, u1o rrpuBoAkrrb Ao slaiHra noKaJmsoi eJreKTpoHHoi rycrr4Hu tt-
crlpflxeuoi czcreMl,I rpaQenoeoi nnouluHu ra cnpkrfle a4cop6qii nolHro. BaxluBr4M
raKox e Ha.f,BHicrr crpyKrypHux roBepxHeBr4x 4e$errin, n repuy .repry 4eSerrin
rurly ((BaKaHcix>>, m<i posrnflAarorbcfl flK rleHTprr aAcop6qii BoAHro, ra ri4poKcr4JrbHr4x
rpyn, .sKi crpuflrorb noBepxnenifi nairpauii BoAHro. y Br{rraAKy ri4pynaHHrr
uirpocuoJlyK y piaxifi $ari Br4coKa e$ercrusuicm rpoqecy Aocnraerbcn y
rlporoHoaKllelropHux po3r{I4HHr,rKax, TaKHx xr uipu [krH, a6o JrerKr4x crrr4prax, TaKHx
flK METAHOJI.

y IuocroMy posai.rri orucaHo pe3ynbrarr4 locniAxeHH.rr raralirkr.rnkrx
BJlacrusocrefi BHT ra BOI- y rasoQasHlrx peaxqiax 4eri4pyBaHH.fl eraHy ra
reperBopeHH.a MeraHony. Bnepme 6yno rpoAeMoHcrpoBaHo xaraliu4rrHy aKTr{BHicru
HaHoByuleueBr4x vrarepianin y rpflMoMy 4eri4pysaHHi eraHy. llorasauo, tr1o

ceJleKTlasHicrr 3a erHJreHoM He 3€urexrrrb ni4 xourleHTpaqii solHo, qo csiArl4Tb ilpo
re, Iuo eraH i no4eub aAcop6yrcrrc fl, Ha oAHHX i rux caMr,rx a4cop6qifinnx rleHTpax ra,
niluosi,[Ho, rpoBeAeHHfl rpoqecy y HaAnr.rruKy BoAHro rreperxKoAxae aAcop6uii m
rarariu4rrHnM rreperBopeHH.f,M eraHy. Byrneqeni HaHoMarepianra cra6inrni Brrrue

700'C i 4evroncrpylorb BrrcoKy ceneKrusuicrb 3a err,rJreHonr (80-90 oA).

Ha ocsoBi oAepxaHrax pe3ynbraris AracepraHroM 6yno spo6reuo ilpkrryueHH.rr
tuoAo aKTr4BHoro rleHrpy 4erigpyBaHH.fl eraHy ra MeraHoJry, f,KHM e noBepxuenufi

4e$err rr4rry ((BaKaHcis>>. flpo1eMoHcrpoBaHo, rrlo 3a Hr,r3bKr,rx reMlleparyp ocHosHrafi

BHecoK y pear<qiro geri4pyBaHHfl BHocf,rr xap6ouimui rpyuz, rogi f,K 3a Br.rcoKux

reMleparyp cyrreBa qacrKa xararirtrrtuurx [eperBopeHb uepe6irae Ha [oBepxHeBl4x
geSer<rax. BiguoniAuo, Br,rcoxa cra6inruicrb ByrnerleBrrx HaHoMarepianiB, TaKkrx flK

BHT ra BOf, y pearcqixx 4erigpyBaHH.f, 3yMoBneHa Br{coKolo cra6inruicrto
rroBepxHeBux 4e$exrin, xrci e aKTHBHnMH rIeHTpaMr4, Ha flKux ni46ynaerbcfl ocHoBHa

KlЛЬKlCTЬ KaTaЛ lTИЧHИX ΠepeTBOpeHЬ  3a BИ COКИX TeMΠepaTyp.

([〕 ЬOMIИ Й p03Д iЛ  ΠpИCBЯЧCHИЙ ДOCЛ iДЖ eHHI() KaTaЛ iTИЧHИX BЛ aCTИBOCTeЙ

MieTaЛOBM:lCHИ X KOMΠ 03ИTlB Ha OCHOBl By「 ЛeЦeBИX HaHOMaTeplaЛ lB Ta ΠOЛlaHlЛlHlB y

peaxqixx ri4pyBaHHf, y ra3oBiir ra piaxifi Sasax, 4eri4pyBauHn ray pearqii BoA.trHoro

3cyBy (PB3). Ilpo4euoHcrpoBaHo Moxrrr4sicrr cr4Hre3y HaHoKoMno3urie Ni@BHT :
Br4KopHcraHHflM rexuixu ivrnperHyBaHHf,, Ir{o rpIa3BoAHTb Ao yrBopeHHfl,



HaHor{acrI4HoK Ni, iurancyJrboBaHr{x y sosuiurHix crisrax BHT ra nonuicrro
rIoKpHrI4x ByrneueM. Tara inxancynsuis saro6irae KoHTaKTy Ni 3 nonirpxvr ra
peaxqifiHl4M cepeAoBHUIeM. flocni4xeHHfl raralirnrrHr4x BJracrkrsocrefi
HaHoKoNauosuris Ni@BHT froKa3aJro, rqo s6imueHHfl nrraicry Ni nignuulye ix
xaraliu4r{Hy aKrLIBHicrr y peaKuixx rigpyBaHH.rr f,K y rasoeifi, raK i n pigrifi $asi sa
yqacrlo MoneKynflpHoro BoAHlo? a raKox y geri4pynassi eraHy. Ha uiAcrasi
oAepxaHux pe3ynbtarin 3arrporoHoBaHo rroflcHeHHfl TaKoro eSexry, flKe [oJrflrae y
rlepeHeceuni 3apfl,[y 3 ruerari.{Horo Ni Ha BHT, rpnrroMy raxuft eQerr Moxe
KoMrleHcyBaruc.f, Br{coKr4M nuicrona Kr4cH}o ra geSexrnicro BHT. Iurancynxqix
HaHor{acrI,IHoK Ni He [pI,IBoAr,ITb Ao BLIHI{KHeHH.f, HoBr{x aKTr{BHI{x qeurpin,
niAuosiAHo, MexaHisN,r peaxqii rigpynaHHf, Ann KoMno3uris Ni@BHT i4eurruuruit
uexaui3My [nn BHT.

Ha TIpHKJIaAi clacreu BT-M*Oy (M - Si, Al ra Zr) Brrepue rroKa3aHo, rqo
Byrneursl,IicHi uarepiattu, rr1o He uicrsm Mer€ur, npoflBnflrorb rarariu4qHy
aKrl4BHicrr y PB3. [o4atxoBe HaHeceHHf, Rh syvroBJr]oe s6imrueHHfl xaraliru.rHoi
aKTlIBHocri orpplMaHux KoMrro3urie Ha ABa nopflAKu. BuxopucraHus uocifl 3 Hr{3bKoro

nnoqero uonepxHi, a caMe ZrOz, Ao3Bonse uiAsr{rrlr{Tu xaralirurrHy aKTr4BHicm ga

paxyHoK Br4coKoi nonepxHeBoi xoHrleHrpauii aKrr4BHoi Sasu.
Hay xoea Ho6 ttsttu odepilcaH ux p$yJtbmamie,
Amopovr Bneptue pospo6JreHo HayKoBi saca4u crBopeHH.rr rararisaropin

rigpynaHH.fl Ha ocHoni nyrneueBr4x HaHoMarepianin. BuqnreHo ocHoBHi.rzHHraru, trci
BI,I3HarIarorb rararirr4rrHy Riro ByrnerleBr,rx HaHoMarepianin y peaKrlisx ri4pynaHH.fl
oprauiuHr4x cronyK y ra3oBiit ra pigKifi Sasax. Ilpe4craBJreHo Hosr,rfi rarr aKTr{BHHx
qeurpin 4eri4pyBaHHfl MeraHony Anr ByrneueBux HaHoMarepianin, .f,KkrM e
crpyKrypuuia 4eSexr rr4rry (BaKaHcis>. PoesraHyro HarrprM crBopeHH.fl e$ercrnBHr4x
nanoSa3Hrrx rararigaropin Ha ocHoni nyrnerleBax HaHoMarepianin Ar'fl rereporeHHo-
xarariu4rrHr4x rpoqecin riapyBaHH.f, ra Aeri,qpyBaHHfl .

Bneprue, Ha upzxna4i niguonJreHoro oKcr4Ay rpaSeny, eKcrepraMeHr€urbHo
[oKa3aHo 3Aaruicrr ByrneqeBoro HaHoMarepiany [pof,Bn flTLt xarariru.rHy aKTraBHicm

y peaxqiax ri4pyraHHfl 3a arnrocQepHoro rr4cKy ra rroKa3aHo, rqo nafi1itbrrra
xarariruv,na aKTHBHicrr Aocf,raerbc.fl lnfl rpa$irra3oBaHl,Ix ByHIeIIeBI4x

HaHoMarepianin ra Marepianin 3 po3Br,rHeHoro [oBepxHeBoro rl-cttpflxeHo]o cr4creMoro.

BcrasoBJreHo) rrlo nyrneqeei HaHoMarepianz xapaKTepu3ylorbc.fl Br4coKolo

cra6inrnicuo rtpu ri4pynauui HeHacprrreHprx cronyK Ta rloKa3aHo, Iqo s6imueHH.fl
nvricry Kr4cHlo y crpyKrypi ByrnerleBux rraarepialis ra s6irnrxeHH.t nrraicry anrop$uoi

$a:u [pr43BoAflTb Ao 3MeHrueHHfl rcararirzquoi aKTr4BHocri.

Bnepure rpoAeMoHcrpoBaHo sAarHicrr uoriauininy rpo.flBJlflTla rararirurrHy
aKruBHicrr y peaKuisx ri4pyaaHHf,. IlorasaHo, uo aKTr,rBHicrr noriauininy cyrreBo
3aJrexr4rb nil reMrep arypvr fioro o6po6xu. TepnrocrpyKryponauufi uoriauilin
rposBnf,e KaraJrirnuuy aKrraBHicrr y rasoSasHoMy ri4pynausi etuJleHy, ri4pynanHi
uirpocuonyK ra croryK 3 C:C 3s'.s3KoNr y pigrifi Sasi.

3anpouoHoBaHo MeroAraKH cr4Hre3y Ni@BHT 3 BI4KopI4craHH.f,M MeroAy
iunperHyBaHH.s, rqo Ao3Bon.fle ogepxarr4 HaHoMarepian 3 HaHorracrI4HKaMI4 Ni,
iurancyJrboBaHnMkry sonniurnix crinrax BHT ra rroBHicrrc noKpuTvrukt BynleueM, rIIo
sano6irae KoHraKTy Ni 3 nonirpru ra peaxqifiHaM cepeAoBI,IuIeM. Bu.ssJIeHo, Iuo
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repeHeceHH.f, 3apflIy B raKlzx cl,IcreMax 3 Merany Ha BHT nigirpae Kr]oqoBy ponb y
perynlo nauu i xaraliru.rHoi aKrr.rBHocri Ni @BHT.

Bnepure rloKa3aHo, IrIo ByrneubBMicni naarepianu, ulo ue uicrf,Tb MeraJr, Moxyrb
ΠpOЯ BЛЯTИ  KaTaЛ lTИЧHy
ΠpOДCM10HCTpOBaHO, IIIO

y peaКЦll BOДЯHO「0 3CyBy
ΠepeTBOpeHHЯ  MeTaHOЛ y Ha

Ta BΠ epIⅡe

By「ЛeЦeBИx
HaHoMarepianax Moxe uepe6iraru B ToMy .rlacri i uusxoM po3KnaAy MeraHony ua CO
raH2.3aupouoHoBaHo HoBHit rwn aKTr4BHoro rIeHTpy 4eri4pyBaHH,rr MeraHoJry, flKr{M
e crpyKrypuufi 4e$exr runy (BaKaHcis>>.

Ha npuxnaAi ri4pynaHHn 4-nirporonyony HaByureueBrrx HaHorpy6r<ax y piaxifi
Qasi rloKa3aHo, tqo po3trI4HHI4K ni4irpae 3HaqHy ponb y 3a3HarreHoMy npoqeci,
npl4tloMy KoHUeHTpaUix po:.tl4HeHoro BoAHlo e BTopr4HHr4M Saxropona. IIpoBeAeHHtr
rpoqecy y rpucyrHocri nporoaKUerropHl4x ra rroJrspHux po3r{aHHuxis rpH3BoAHTb
Ao s6imlxeHHtr xonnepcii 4-uirporonyoJry. Ilorasano, u1o rrrBrrAKicru ri4pyeaHHfl
croJIyK 3 nolsifiHuM 3B',s3Kor,t y piaxifi ra y rasoeifi Sasax Ha ByrneqeBux
HaHoMarepiarax e cnicraBHolo.

focmoeipruicmu pesyJtbmamie po6omu. Belzrufi 3a o6csronr
eKcnepHMeHralrsufi naarepiar, HaBeAelauilr y Ar4cepraUifinifi po6ori, oAepxaruufi.3
BHKopIacraHHfiM cyr{acHux creKTpaJrbHt4x, Sisar<o-xiNri.{Hr4x ra xiuerurrHrax uero4in
AocliAxeHb, cni4uutr rpo sucoxrfi pinenr BHKoHaHH.f, po6oru ra AocroBipHicm
lpeAcraBJreHr{x pe3yJmaris.

IfpaxmuqHe sHaqeHHfl odepucoHux p$ynbmamie po6omu. Orpzuaui
Al4cepraHroM pe3ynbrarw Moxyrb 6yru BrrKopacraui Alfr crBopeHHfl
BI4coKoeSerrltBHHx ByDIeUeBr4x xararisaropin upoqecin ri4pynaHH,s, TaKr.rx f,K
ri4pyeaHHfl arxenie, ceJIeKTHBHe ri4pynaHHs arleruneHy B HaAJrHrrrKy err,rJreHy, Ta
rigpynaHH.n uirpocnonyK.

CxnaA i cnoci6 ogepxaHHfl Karanisaropir saxzrueHi r'f,TbMa rrareHTaMu
Yr<paiHvr Ha KoplrcHy MoAenb.

fo ducepmal4iiutoi podomu JvtoilcHa epodumu maxi saysmtceHH-r:
1. Y AocniANeuuflx Karariruquoi arrueHocri 3a3Br4rrafi sacrocoByrorb peaKToprr 3

iueprHr,rx Marepia,rrin (Hanpr,rKJraA, cKJro r{H KBapu). .{H AocniAxyBaBcfl BrrJrHB

uarepiany craneBoro peaKTopa Ha BJracrr4eocri Br,rBrreHax Karadsaropir?
2. B po6ori He BKa3aHo, flKr,rM caMe qraHoM lrpoBoAntru HopMyBaHHfl P@E

cnempin.
3. 3aruuraerbc, He3po3yvrinnu, sri4uo 3 f,Koro MeroAr4Koro 6ylo Bu3HarreHo

KoHcraHTH aacop6qii BoAHIo, err4neHy ra arlerprneHy. fx caMe Br{3Harr aJrvr

eneprii aKTI,IBaqii ta 3 flKoro roqsicmo 6yno Bpr3HarreHo nignoni4si KoHcrautu?
4. Bapro 6yno 6 y ra6ruqro 5.1. AoAarH lasi 3 m6ruqi 3.9. lnn Kparrloro

c upr,rfi u flTT fl, u arep i any .

5. 3 TeKcry Auceprallii 3€uluruaerbcf, He3po3yrr,rinuvr, .flKr{M caMe rrr.rHoM

po3paxoByB€trru TOF ra qv ssarani npoBoAkrrru raxrtft po3paxyHoK ni4uocuo
locniAxyBaHlrx Kar€urisaropi n?

6. flri repMolunanriqui qHHHT4KH 3yMoBnlolorb ni4xureHH.fl sia AppeniycoBr,rx
KoopAuuar? r{ovry 3Huxyerbcs aKruBHicrr BHT-35?

f ucepmaqiilrua podoma ma anmopefuepam ofiopunerui ruaneilcHuht ttuHoM ma
eidnoeidilrumb 6ut oeaM depcrcunHux cmarudapmie i MOH Vxpahtz. Hero.rnocri ra
Aesrci HeBA€uri nupa:r,t 3ycrpi.rarorrcr pi4r<o (nanpuKnaA: Ha crop . 59 - ((Kariurirz.rHa'

aKTИBHlCTЬ

KaTaЛlTИЧHC



rpoAyKruBHocri rpaQiry, saN,ricm (KaraJriruqua rpoAyKrasHicrr rpa$iry), Ha crop.
129 - <<elivtinaqirc> saN,Iicrs <erivrinaqiero>, crop. 297 - (Kararisaropu sxi rro
eSer<rursocri cniecraBHux), xoqa neo6xilHo Bxr4ru <cniBcraBHi>>), nouu nepeBaxHo
ruuosi AItfl KoMr'lorepuoro peAaryBaHHfl rexcry. B qinonay x reKcr Auceprarlii
csiA.Ilam rtpo sucorl,Iii Teoperuuuuitt, eKclepnMeHTatruufi Ta nayronufi pinenr
aBropa Al4cepraqifiuoi po6oru. 3asHa.{eHi 3ayBaxeHH.fl ue silirparorb rrpraHur,rnoBoro
3HarreHHfl rpu 3ar€urbHifi nogurusHifi oqisui po6orn.

OcHoeHi pesyJrbrarra ra roJroxeHHfl Auceprauifiuoi po6orz Bu.ma I.E. 3

H€urexHoro rroBHororo nnxra4eni B 23 HayKoBr.rx crarrflx B Saxonux HayKoBr4x

sir.{usHf,Hl{x i sapy6ixuutx BHAaHHTx (8 ig uux siAuoniruro Ao Knacra$iraqii SCImago
Journal and Country Rank a6o Journal Citation Reports ni4Hocurbcn Ao 1 -2 xuaprnrrn,
10 ao 3-4 rnaprkrltfl,, e 5 nareHrax YxpaiHr4Ha Kopr4cHy MoAenr i a 14 re3ax Aouoni Aei4
Ha KoH$epenqisx i cuMrro3iyuax, uo 6egcyrvrrinHo 3acBi4uye ix nayroBy uiunicm.
AnropoM Ar4cepraqii oco6ucro slificHeHo o6qpynryBaHHrr i4ei, rocraHoBKy 3aBAaH6,

pospo6rleHH.f, eKcrrepraMeHT€LrrbHr4x MeroAr{r, o6po6*y, inrepuperaqiro ra y3ar€LrrbHeHHfl

orpr{MaHrrx p%ynbrari n.

3arutnqHo ot4iruxa ducepmaqiilruoi po6omu. Ha ocsoni Br4rrIeBHKnaAeHoro

BBaxaro, tr1o Auceprauifiua po6ora <Kamaltimuqui *ilacmueocmi 6yanet4e6ux

HaHorvamepianir y pearcqiax zidpyeauHn opzauiqHux peqoxun flBltse co6olo 3aBeplxeHe

HayKoBe AocniAxeHH.rr, 3a aKTy€ilsHicrro, HayKoBoro HoBu3Holo orpuMaHl,rx
pe3yJrbrarir, ix rpaKTurrHoro uisnicrro, o6rpynrosaHicuo BI{cHoBrin, sricrro
oSoprraneHH.f, uosHicrrc niAuosi4ae BHMoraM 7, 8 i 9 <Ilopx4xy rpucyAxeuufl ra
nog6asJreHH{ HayKoBoro cryleHf, AoKTopa Hayo), 3arBepAxeHoro rocraHoBoro
Ka6iHery Miuicrpin Yxpainz }lb Il97 sia 1 7 .11.2021 ruolo AoKropcbKl4x Auceprauifi,
a nncepraHT Eurtxo lzop Eozdaruorutt 3acnyroBye rpucyAxeHHfl HayKoBoro

cryreHr AoKropa xiMi.rHr,rx HayK 3a creuiamuicuo 02.00.15 - xiMi.rHa rineuara i
rararis (102 - Xiuia)

Onoruerum - npo$ecop raSeapu Siszunoi xinrii
Kr,riscrKoro saui ouaJrbHo ro yui nepcr4Tery

inaeui Tapaca [LleeqeHKa MOH Yxpaiuu,
AoKrop xiNai.rHr,rx HayK, npoSecop OЛeHaIIЦEHKO

17.03.20261p.
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