
BIAfyK otloHEHTA
A'x'H'' AoueHra, npopeKTopa 3 HayKoaol po6orlr t{epHieeubKoro uauioHarsuoro

ynieepc,rery iveui K)pir (DeAsrcoe,ea Xzuraercra K)pir 
'orAaHos 

v.,aHa
Ar4.eprauifiuy po60ry <oopvyBaHHr ra Brracrr4eocri uaHourapiB 

'pr4ureflreHHXTeM[eparypo_qyrnvBux nolirr,lepHux uirorc 3 BKrrrcqe HVMI ueopraHiv HI4MV
HaHoqacruHKaMu )) ll iuu nc rxo ro ocran a Po rraaH oBr4 qa, n oAaHy H a :lo6yrrq

HayKoBoro cryreHt Aolcropa Sinoco$ii:a cneuia,rsuicrrc 102 Xirvis
(rary':u 3HaHb l0 llprzpo nunqi rrayrcn)

Arcrya.nruicru AHceprauifi uoi po6orlr.

HaHoruapn ilpl4lrlenneHI4x reMneparypoqyrnaBr4x norirvepHux utirorc 3BKJII.LI.HI4MH HeopraHiu HvtMvt HaHoLracrr4HKaMil e BHcoKo cra6i,r t)HrlMvl
HaHocl4creMaMH, qKi MaK)Tb Pqa nepcrteKlvIBHt4x 3acTocyBaHb. /{ocri4NeuHresae^aolil rlirnH is TaKI4Mu rraclara$ixoea.uuttu noBepxHrMh, en6ip norrirvrepuoi'
varpraqi ra Tuny BKrloqeHl4x HaHoqacrilHoK BnirhBae Ha aAresirc, npori$epauiro raxl4TTe3AarHicrs rc'titnH, Luo e Ba)KJIt4Bt4M $arcropona nilfl ouinru nepcner(THe I'xBHKopl4cTaHHt y rKaHI'IHHifi iHxesepir', 6ioceHcopax ra pereHeparueHiil n,1eAu ur,rsi.Tonay po6ora e aKTyarbHoro i eaNrlleoro A,.rs po3Bxrr(y xin,1ii 4ygrcuios aJtr,Huxvarepianie ra xiNaii nonepxHi.

3ntqgorc po6orr.r 3 Hayr(oBrMu nporpaMaMH, rrflaHaMH ireuanru.
Po6ora BI4KoHaHa r-ra rca$e4pi oprauiquoi xiNaii lucrlrryry xinaii i xiviqunxrexuo'rorifi HauionanbHoro yHieepcurery "Jlueiecsra norirexHirca,,. r{acrrauy

AocliANenr :4o6yBar{ npoBoAI4B ni,q qac cra)r(yBaHs y feHrcbKoMy yHiaepcareri,
Eenrris ra .frerloHcbr(oMy yuieepcnreri. Tenaa Ar,tceprarrifiHoi po6orra ei.qnoeiaaeHayKoBoMy HanprMy rca$eapu: <C.rnopenHr cbynrcuionzutbH14x norrivepir] raHaHoN4arepia,r is>.

Hayrcona HoBu3Ha.

v po6ori Bnepue 4ocli4xeHo ptA Ba)r(Jr14Br4x nporlecie cr4HTe3y HaHoqacr,HoK(cpi6na, Miai qH CaCO:) y HaHouapax rputueilneHr4x reMneparypo_r{yrnHBnx
no'rirvtepHux uiror' Bnepu-re Aoc,riAxeno $opvy Ta po:n,,ip Heopr.aHi.rHnx
HaHoqacrr,rHoK BKJrrruqeHfix y norivepuy MaTpHurc HaHOuapy np14uleilneHHX
TeMrreparypoLryrnHBr4x no,rivepHnx qirorc y :tanexHocr.i sia yMoB c14H.re3y
HaHoqacrr4Hox ra npr4po4u noliuepnol naarpraqi. locni4NeHo KoMnJrerccsufr BnJruBueoprauivHnx HaHoqacruHoK' Ha e,racrfieocri HaHourapiB .pHU-{enreHr4xreMIleparypo-Lryrnr,rBHX no,riH,tepuux ruirorc. BnepLue crBopeHO HaHO,uapr4



npaueflneHu x TeMrrepaTypo-qyrn14BHX noriMepHr4x uirorc 3 BKrtoLteHHMt4
ueopraHiuHVMI4 HaHoqacrnHKaMH (cpi6unvu, naiti ra CaCO:) a,,rg BupoutyBaHH, Ha
urzx rliruH ra crBopeHHr auru6arcrepiarbHr,rx HaHoruapits 3 3AarHicrrc :snu{yBarL4
nai rcpoopraH i sN{ra ri,r srcu y I] eBH 14 X On epaui fi r-r r4x pe]Kr4 MaX.

{ocronipuicru orpHMaHHx pe3yJrbrarie ra o6rpyurosaHicrr eHcuonrcia.

locronipHicrs pe':y,rsraria orpHMaHhx er(cnepr,rMeHTaJrbH14M ruJrflxoMnilreepANytorbct 3a AonoMororo Br4r(opr4craHHr cyqacHhx Ta
B3aeMOAOfrOBHroBaJrbHr.{x NaeroAis, sxi 6ynu erzrcopacraHi B Ar4Ceprauifir_rorray
Aoc,'riANesui, a caMe: ereH,'eHrsuft aHari:, pecpparcr.overpir, QnyopecueHTHac[eKTpocKonis' ILI cnercTpocKottir r {Dyp'€ neperBopeHHsM, cKaHyruqa eneKrpoHHavircpocxonir, TepMorpaeinlerpir, uaconporirua fionHa_e.,.opr4HHa Mac_
cnel{TpoMerpir, MeroA AuuauiqHoro cniuopo:ciroeaHHs, erincoH,terpir, aroMHo-
ct4JIoBa n'rircpocxonir, BI43Har{eHHs eHeprerfiqHr4x xaparffep vcTuK noBepxoHr,
MeroAoM ABox a6o rprox piauH.

HaeeaeHi y po6ori pe3yrbrart4 oAepx(aHi uaaifiHHMh Mero ILaNru Ha cyqacHoMy
o6'raAuaHu i, tuo Ao3Bon I4no ccpopvyJr rcBalr4 o6rpyHroeaH i sra cHo gKh.

flparcruvHa 3Haqunricru po6orr.r.

orpravani ri6przaHi HaHoMarepianu Maorb noreuuifiHe 3acrocyBaHH, y
6ioueAuur'tui, ceHcopl4ui ra rcarani:i 3aBilrKrr ixsifi reMrreparypo-qyrn14socri,
aururraircpo6urzv BJIaCTHBocrtM ra yuirca,rsHr,rM crpyr(rypH14M xapaKTep7c.r.hKaM.

AHani: rnaicry Ardceprauifi noT po6oru.

lracepraqiftua po6ora cKraAaerbcr i: ncryny, 5 po:lai,rie, BHcHoBKie ra cnucrcy
Bl4r(opr4crasoi nirepa'rypl4. OcHoeHI,Ifi :nricr po6orz Br4KJraAeH uit ua 162 cropiHrcax
Apyt(oBaHoro reKcry, N,|icrura 5 ra6naub ra 4g pracyHrcis. Bi6riorpa$iuHrail cnucorc
cKJlaAa€rbct s 258 uafinaeHyeauu. lraceprarlifiHa po6ora Ma€ ,roriquufi Br4KraAvarepia,ry ra € 3aBepueHorc HayKotsorc rtpauero y Me)r(ax nocraBJreHilx 3aBna'b.

y ecryni o6rpyHroaar-ro Ta noAaHO arcr'yansHicrs au6paHoi'reMa.r,Kr4,
3a3HaqeHo o6'ert ra rlpeAMer AocniAxegHs, Mery ra nocraereH.i uayrcoai .:aAaui,
eKasaHi MeroAH 3a AonoMororo, ,Kt4x .uocni4xyBiL,r14cb cr.rHresoea'ri n,,ar.epia,ra,
oco6racrafi BH.COK :lAO6yeaqa, Hayr(oBa HOBr43Ha Ta npaKTHLrHa UiUniCrr aanoipo6oru' a raKolK HaeeAeHi eiaoNaocri npo ailpo6auiro pe3yrbrarie rzceprauifiHoro
AocriANeHHr ra ny6,'rircauii'.:a rf renroro.

v nepuron'ry por4i,ri sao6yeaq flpoaHari':yean cy,tacntri,i craH AOcui,lxeur ppcr
cyuacnufi cTaH nolivepHux HaHoKoMnos'ris 3 BK*oqeHr,rM14 Heopraniu Hr4Mt4



HaHOqaCTHHKaMH. Tx oCHOeHi TVIA, e;IacrueoCri Ta 3aCTocyBaHHtt. OnncaHo

BracrhBocri eiAoN4r4x Lryttthtsx ItoniMepHrix HaHoKoMltr)314-fiB 3 BKJIKILIeHhMI'4

HeopfaHiLrHI,rM14 HaHoLracrhHKaMh, 30KpeMa noniMepH14x utiror< i: BK,'lrcqeHhMl'l

ueopraHiuH 14 M14 HaHoqacrl4 H KaM t'l.

po:ai,q 2. ErccnepranreHTaJrbHa LtacruHa n,licruls eiAoNlocl'i npo var epia,rrl'

cnoccl6n (topnrysaHHr nphrrtcrrJrcnt4x ttoLtivepttnx Ittiror '; eerl':toBaHL{M14

ueopraHiuHr,rM14 HaHoLracrhHKaMH, Mer-oAl4t(y rtroaracpircauii npuluenneHHX

no,rinaeprinx uriror HaHoqac"rr4HKaMH n,tiai, cpi6,ra ra ralsuifi rcap6oHary. Tarox

HaeeAeHi nporoKonn niAroroBI(14 3pa3Kie ao snviprceaHu'

y rperboMy posaini porr',rrHyro $opvyeauur ra a,'Iacrneocri HaHoruapie

IphuerrreHhx reMnepalypo-qyrJu4r]l4x ltrt.rtiivepunx ui'rorc 3 BKJIK)LIeHhMh

neopraHiuH14Mr4 HaHoqacrhH KaMH Ha nJlocKt4x noBepxHrx. I lpoeeAen i,toc,r i/lxeH Hq

Ao3BoJrr4rro BcraHoBr4Tu BnJr14B xin,tiquoro cKnaAy no,rintepuoi rraarpraui, rcoHueurpauii

nper<ypcopin ra yMoB cHHre3y Ha po:mip, $optury i pieHovripHicrs po':noainy

HaHolracrr4HoK. TaroN Br4BqeHo Bni.u4B ueopraHiuHux HaHoqacrl4HoK Ha Si:rarco-

ximiqui e,qacrqsocri nanourapiB npl4uleilreHHX nol ivepu ux urirox, 3oKpeMa

riapocpinsHo-riapocpo6svtir 6arauc, vop$onoriro noeepxHi, 'feMilepalypo-qy'rnhtsy

noeelinrcy. BHgetreHo, Luo riKJ'rlrlltcHHs HaHoLIacrt{HoK y Iloninreprly N{a'l'p14llrc Mo}l(e

3N,riHrceary reMtteparypy (ta:osclro nepexoAy rlorivepunx uli'lorc, L1t4';oeciN'l

6,rorcynar6 TeMneparyp()-Lry-uHei B,'rac'I'14gt-lc'ti, Ltto eiarcpr.raae-Mo)KJ'lHeocl'i ,,llJlt

peryJt roBaH Hl IxH ix BJrac'f h Bocleii':zut exno eiA Kot{ KperH h x yMoB erccn,lyarauil.

t{ereeprrafi po:lair crocyerbcr $yurcrlioHa,ri3auii rarrya:urHI4x uar-rorpy6oK 3a

AonoMolorc noliHaepHr4x utirorc 3 BKrroqeHIMV HeopraHiquunth HaHoqacrHHKaMH.
-l'epnlorpaeirr,1erprauuvtil auaniz npoileMOHcrpyBaB eiANaiHHctcri e repvocra6irrsHocTi

n,1oansixoBaH14x:pa':rcie, ltto ceiAqhrb npo ycttiuHe tlpt4u]ellJlerlHt tltxliurepy'la

BKrK)qeHHr Ag. Bn,ticr HaHoqacrr4HoK po3paxoBavwit '3a AonoMot'oK-)

TepMorpae i ana erpu vH o ro aH al i :y, craH o BH B 6 nnzurco 4o/o

Aocni,rNeHHrMt4 on14caH14Mr,t g 5 po':ai,ri BcraHoB,teHo aHrtl6arlepia,rsHi

Bracru gocri olpH MaFrh x n arrorrrapin t t pu u tctil te t t ll x 'l'cM IICpalvpo-tly'l'JI 14ll h x

nolin,1epunx utiror noli(ve'rra,tou()r'() ercpy .tie'tnleHt'lirco:tsn,toHOMel'aKprl,raly) -l

BKrK)LreH14M14 HaHoLracrhHKaMn cpi6,ra. I Iorca':aHo, trlo HaHoqact 
'4ll 

Kt4 cpiSla y

crinaAi noliuepHux utirorc nposBJrflrorb B14pa)I(eHy 6arcrepr,ruvLHy arclnsHicrs.

BionoriqHnfi e$ercr HaHoKoMrro3h'rie norinepHux utirorc no,'ri(MerHJloBOI'o erepy

AiernLreHr',rircolsn,toHOMeraKpranaly) ': BK,'tK)LIeHHMt't cpi6HnIr,tr.l tlaHollac f xHKaMh

:lHaqHOK) H.ripolo 3arelKr.rrb ei,r'r'ilny rcLtirus. He:HaqHe 3MettueHHfl rci;tt,xocli

par(oBr4x rutirnu He niArBepAlKye ilpHnytr(eHHt npo ce,'leK-I't4BHy Ltt4'rortlrccNquic'rs Ag

uroAo :losr<icHrax xrirun, ruo frocryJlro€rbcr a rilepalypi. BoaHoqac pe3yJlb'Taru



B*a3yt.)rb Ha Te' uro HaHoLlacrl4HKl4 Ag, a6yaoear'ri y crpyrcrypy no,rivrepHor' ulirrcrz,He Lll'lHtrb Bhpa)I(eHofo ToKcH.lHoro BnJ'lhBy Ha :eu\aitui rcilruun Ha paHsix craliqx
I(YJ'IbTI'IBYBAHHfl) NPOTC MOXYT' CNPVLIVHNTI,I 

'IOCTY.I 
OEU1I BTIJ'IHB NPLI AOE.O TPI4B'il,iiIiurcy6aqii. Aocria)KeHHr e3aeNaolii rcnirns i:r noBepxHrMr,!, Moara0irco BaHt4Mr4rlPI4[IenleHHMI4 TepMollyrrvtBuMV ulirrcanau Ha ocHosi nori(naerr,uroBoro erepy

Aieruleur,rircolstvtoHoMeraKp unary) 3 BKJrrorr eHVMu HaHoqacr uHKaMt4 caco3,rroKa3aJro, uo pisHi rcrirraHni niuii AeMoHcrpyrcrb eilMiHHocri e aaresilnpo,riSepauil ra )r(r4T-r$AarHocri Ho rlnx noBepxHrx.

Biacyru icrb nopy rueH b aKaAena i q Hoi ao6po.recsocri.

lraceprauifiua po6ora He Mae o3HaK rropyueHH, aBTopoM Br.iMor ara'enaiqHoi
Ao6pouecHocri' flp' eurcopucrauHi iaefi Ta rBepA)r(eHb ArrcepraHroM erca:laHiAIl(epena iu$opvauil' B l.auiir AI4ceprau iiruiir po6ori He tsr4rBJreHo o3HaK
aKaAeNa iq Horo n,rari ary.

3ay aaxeu H s, n ura H H q, peroMesaa uii lo A[cep.ra u iI:

3anponoHosauufi cr4HTe3 HaHoLracruHoK cpi6na ra rr,tiai y [oJriH,Iepurax utirrcaxnorpe6ye dinsru AeT€LnbHoro o6rpyHTyBaHHfl. Baxrn,eo roflcHurv qoMy aBropoMo6paHo nouirno pi:Hi qacvr BurpuMKu y conrx verarie ra y eilHoBHr,tKy, npH ToMy,ruo ailFroeHuK Mae cyrreBo 6insury r(oHueHTpauiro,
B po6ori BHr(opr4croByerbc, [rDX ( Hanp. prac.3.6a). ra XpS )Lnfl Br4.jHaqeHH,al,ricry Ta aecop6uii fiorjie .: rcovnoszrie, npore He HaBeAeHO npoclopoBoropo:lno4i'ry EDX curHarly y 3pa3Kax (Elemental mapping) y noeaHa'Hi s iHurnn,,uMeroAaMr4 ue AO3BO'r4no 6 nil,cuturu prA e,cuoeKie u{oAo po:noai,ryHaHoqacril HoK Merarie y KoMn03vrax.
lnr ACM :o6paNeHu louiruHo 6yno 6 cnpo6yearu npoBecrr4 crarucruquuiraHa,ri: pansesy ra nopinnsru fioro :l CEM .:o6paNeu HflMV.
Ha pracyHt(y 3'12' uaeelesi ACM (a, 6) ra cEM (s, r) ':o6paxenur HauourapianPHurenreuux ulirorc fl4Bfl (a, e) ra tl4Bfl 3 BKJIroLre HvtMt4 CuHr{ (6, r). 3a srcumvtspo6'reHo BI4cHoBoK uroAo posvipin qacruHoK n,Iiai npore 2 vru uKaJra Ha cEM:o6paNeHui r uanprA HI't 4g3sor'tte BH3H aqvrLlpo:naip ocrpisrcon wx qacruHo* Merany': roqHicrrc HaBeAeHoro e po6ori.
c' 95' Micrars rBepA)I(eHHt (Barep L1T 3a3Br4Lrafi nepernoprceTbc, Ha KaJrbrIHT,srcuil e 6insu cra6inrr-roro no,rirvropsHoro $opn,rorc caco:, uto rpeAcraBnr€. co60rcrrcy6iuui r<pucra,ru, flK rroKa3aHO Ha pr4c.3.17.>> npoTe po3.qilsHa 3rtaTrlicrr, prac. 3.17He Ao3BoJrqe no6aqHrH caMe ny6ivHy $opn,ty rcpracla,rie,
B po6ori noAer(yAH B)Kr4Barorbc, rjeelaJi repviHn, Bupa3t4 (Hanp.OAHonnuipuuk HaHopo3Mip) ra oApyrcierch.



qi 3ayBalr(eHHr He Bnr14BarcTb Ha

AocrilxeHHq.
eucorcufr pieeHs Ar,rceprauifiHoro

BucHoeoK flpo nianonilHicru po6oru BcraHoBJreHltM Br{MoraM. OcHoeHHfi
sNaicr Al4ceprauifiuoi po6orn euceirreu uir y 20 ny6nircauiqx. 3oKpeMa, y 4 crarrax y
Hayr{oBr,rx Qaxonax BuAaHHrx iuurr,rx Aep}KaB, srci ercrrcqeHi Ao H,tixHapolHr,rx
HayKoMerplr rrHr4x 6a:l Scopus a6o web of Science, l6 re: lonoeiAeil ria eirqH3FrrHr4x
i niNHapoAHI4x r<onsepenqiax ra czvno:liynrax. fly6rixaqii ei4rnoprororb ocHo suuvl
sNaicr Ar4ceprarlii, o6'ev i xaparcrep AocriAxeur.

lr'rcepraqifir-ra po6ora Jliuuscrrcoro Ocrana PoHaaHoBr4qa <@opnaye aHHfl ra
BJIacrl4Bocri HaHoulapin npuurenJleHHX TeMileparypo-Lryrn14sr4x no,riNaepHHX utirorc :
BKrrcqeHt'lMI4 HeopraHiqHuvtz HaHoqacrHHKaMu)) 3a aKTyaJrsHic't'ro 1eMh, cl6csron
BI4KoHaHI'lx Aoc,riAxeHb, HayKoBorc i nparcruuHor.o uiHHicrro orpHMaHr4x pe:y,rurarie
i eilcHosrie ra $opuoro BHKnaAy e opnriHarbHr4M aBTopcbr.4na locrilxeHHsM, u{o
eianosiaae BI4MofaM Har(a3y MOH vrcpaTHu J\e 40 eir12 ciqHq 2017 p.(:li .:n,Iiuanfla)

u[lpo 3arBepA]I(eHHfl Br4Mor ao o$oplaJ,reHHfl Ar4ceprauiT>, floprArcy ilpr.tcyAx(eHHq
cryrleHfl Aol(ropa $inoco$ii ra cKacyBan ur pi ueHHfl pa3oBoi' cneuian i3oeaHor' nqenoi
paAI4 3aKj'IaAy BI4uroT oceiru, uayrcoeoi ycraHoBr.l npo npr4cyA)KeHHs c.r.yneHfl Aor(TOpa
$i.,roco$ii (flocrauoea Ka6iuery MiHicrpie VrcpaTnr.r sil 12 ciqns 2022 p. J\r 44 (si
srraiuanau)). floAana Al4ceprauifiua po6ora e 3aBepueHoro rrpauero, e grcifi orpuMaHo
Hoei o6rpyuroeaHi pe3yrtbrart4, u{o MarcTb HayKoBy HoBr,r3Hy, Teoperr4qHe ra
rpaKTl'lt{He 3HaLleHHy a'ii aBTop 3acJlyroBye Ha npucyA}(eHHq HayKoBoro cryneH,
Aorcropa SirocoSiI (PhD).: ra.ny:i 3HaHb l0 flpr.rpolHraqi HayKV:a cneuiaruHicrrct
102 Xirr,rig.

O$iuifinrafi onoHeur -
rrpopeKrop 3 Hayr{oeoi po6ora
t{epH ieeqbKoro Hauiona,r sHoro yu i Bepchrery
in,leni tOpir (Densrcoeilqa

Aor(l'op x i nai.JH Hx HayK, AoueH-r' tOpiil XAJ1ARKA

flianac A.x.H. Xaraexn tOpir EorAaHosHqa :acsilLryFo:
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