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oQiqifinoro orroHeHra Ha AuceprarlifiHy po6ory

CKHAP IOPIfl €Bf EHOBI,ITIA
"ErexrpoocaAxeHHs rraeraris poAlrHr.,r Q.py*y, cnrasis ra KoMrosuris

ua ix ocHosi is N,reruJrcynrSonarHoro ererrpoliry",
rlo rroAaHa Ha sAo6yru HayKoBoro cryleHq AoKTopa xirvriqHrax HayK

sa cueqianrHicuo 02.00.05 - eneKTpoxiuis

Arcrya;r rnicrr reM rI A rlceprarlii i ii BBt s3orc HayKoBrr M rr rr porpaMaM rr
Cratrufi po3BHToK cyuacnoi [poMr4cnosocri uepe46auae Br{KopucraHtfl

rvrarepialin, ulo roeAHyrcrb ui4ararqeni rrairpornep4icrr, 3Hoco- i ropo:ifiuy
crifiricu, raralirnuni ra uarnirni sracrusocri. Meralau poAr{Hr4 $.pyry
upurauannufi qinufi KoMnJreKc Qi:uxo-xinai.rHux BnacrrrBocrefi, qo e

repe.{yMoBolo AJu oAepxaHHi cnnasia ra KoMrrogtarie na ix ocHoni 3 po3rrupeHuM

crreKTpoM SynrqionarrbHr4x eracrusocrefi Anfl 3aAoBoJreHHq

rrpoMr{cnosocri.
norpe6

Enerrpocl{HTe3 uoxpurrin is nporHo3oBaHlrMrr BJracrr{Bocrf,Mu uorpe6ye
ruu6oxoro po:yuinH, npoqecin, rqo ni46yaarorbc.f, Ha rvrexi eneKrpoA/enexrponir
ra BrrJrr{By cxna4in eneKrponiris ra yMoB eneKrponiay ua cKJraA, crpyKrypy, a

orxe, eracrusocri uorpzrrin. Hegsaxaloqu Ha 6araropi.tri 4ocligxeunx B

o6nacri eneKrpoocaAxeHHf, Meraris poAr,rHrl Q"pyry, uapasi ni4cyrHe eAr,rHe

yrBneHHf, IIroAo trtexauisuy rlboro [poqecy ra [pr4quHu aHoMEUrbHoro

cuinoca4xeHH, IIt4x Mer€Inin y curaru. Kpirrr roro, 3 ornrAy Ha Br,rcoKuit zartur
cfracHoro nupo6nzqrna Ha rolauo:nqifiHi uarepianu HarirJrbHoro 3a.qaqerc e

BcraHoBJIeHH, IrtexaHisrvry Q oprrayaaHHr KoMrrosuri s ra HaHoKoNau o gI,tri s.

flosna B rtl"rlbBaHorexniqi HoBoro rr{[y enerrpolirin Ha ocnosi
MerunyJlb$onaurux conefi rraerarie HaAae soni uoxnzsocri crBopeHHrr HoBux

nucorcoeQeKTl{BHux rexHoJlorifi 6aratoQynrcqiouzurbHllx cn.nanis ra KoMrrosurin
Ha ocHoBi laeraliB poAIiIHlI $epyry. Bucora posunnnicrb Merlrncynrsonaris ra
HlI3bKa roxcut.IHicrr Merl,Incynr$onar-anionis ni4rpnnarorr [epc[eKTr.rBH Anfl
ulrrpoKoro BuKopI{craHHr Mer[ncyJrrSonarHux eneKTponiris B rrurbBaHorexHiqi.

3 orn-f,Ay Ha Br.rqe 3zBHarreHe, Ar{cepraqifiHa po6ora Cruap IO.e., rrca

clpqMoBaHa Ha po:n'rsanux saxrueoi Hayronoi npo6leuu BcraHoBJreHH-f,

npunqnuin qinecnprN{osaHoi Aii na ocnosHi Qarropu eneKTpoocaAxeHHrr Meraris
poAI4HI4 Sepyrvry, curasia i roMuosurie Ha ix ocHori 3 Merr4JrcylrsoHarnzx
eJlelmponirir, 6escyuninno, e aKTyanbHoro.

fincepraqiftna po6ora Crurap IOpi, enrenosz.ra e rori.rHuNa

rIpoAoBxeHHf,M po6ir 4niuponcrxoi eneKrpoxirvri.rHoi rrrKoJrr4 ui4 HayKoBr{M



KepiBHHqrBoM AoKropa xiMi.rHzx HayK, upo$ecopa
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,{auHrona @enixca
gt<oi e BI,IBrreHHrIilocunosuua, ocHoBHkrM HanpqMoM 4ocri4xenr

$yn4aueHTuulbHrlx i npurna4nux acuexrin BrrnprBy aacop6rrifisux f,Br.rq Ha

eneKTpoxiuiuny riueruxy ra crBopeHH, HayKoBr4x ocHoB nosirHix Br4coKo

iHrenczsHr,rx eneKrpoxirr,ri.rHlrx rexnororifi upo4yxrin 3 3aAaHr,rMr4

BJIACTLIBOCTqMI,I.

lucepraqifina po6ora BvKoHaHa B HAI famsaHoxiuii ra Ha raQeapi

Si:uunoi xirr,rii ABH3 "yl[Ty" B Mexax 4epx6ro4xerHr.rx HayKoBo-AocriAnnx
po6ir: "Elertpoxirrai.rHufi cHHTe3 HaHocrpyKTypHux uarepianiB B cr{creMax 3

MeraHcynr0ouaruzuu enexTponirauu, qo Micr.f,rr .{o6aeru [IAP"
(I1b0109U001259,20091011pp.); "3arcouorvripHocri eneKTpoocaAxeHH, cnnanis i
roMuosuris Ha ocnoei nepexi4nux naeraris is enerrponirin s opranirrHr{Mr,r

KoMrIoHeHraMu" (Ns0112U002061, 2012-20lapp.); "ElerrpoxiNai.rHufi cr4Hre3

6araroroMlroHeHTHl{x HaHocrpyKTypoBaHr,rx norpurrin: nonirni MeroAr,r ra
eneKTponitu, elerrpoAHa rinerzra, BnacrllBocri, nepc[eKTr.rBr{ BI{Kopr4craHHs"

(J\bOl I 5U003 16l, 2015-2017pp.); "Kovtuo3ul{ifiHi xararisaropu rou6inoeaHoro
TLIIy B npororrHl4x cl,IcreMax Anf, 3acrocyBaHrrf, B 3oHax JroK€LrrbHr4x roHSliKTiB"
(J\bO I I 6U00 1490, 201G2018 pp.).

3ara.nura xapaKTeprrcrrrKa po6oru, ii crpyrcrypa ra sruicr

,{ucepraqix cKJraAaerbc, s anoraqii ABoMa MoBaMr{, Bcrytry, gee'xrvt
pos4inin, s[cHoerciB, crII{cKy BnKoprrcraHrlrx Axepen i 4o4arria. Po6ora Br{KJraAeHa

Ha 377 cropiHKax; uicrum 130 pucyHrin i 15 ra6maqr ro, reKcry; crrucoK

BI4KopucraHIiIx nireparypnnx AxepeJr is 572 safirvrerryBaHb; 3 AoAarxu.
Anrope$epar 3a sN,Iicrolvl i4euuEuuufi Ao reKcry, ocHoBHprx rroJroxeHb ra
nucHosrin 4zcepraqii.

OcnosHufi sNaicr Arzceprarlii suKnaAeno .rirxo ra nocliAoBHo.

Y ecmyni o6lpyHroBaHo nu6ip reMH Auceprarlii, axryanuricrr BuKoHaHoro

Aocli4xeHna, BLI3HaqeHi fioro Mera i ocHonni sa4aui, sucnirreHo HayKoBy

HoBI,I3Hy ra [paKTI,IqHe 3HaqeHH, peeymraria, oAepxaHr{x B Ar.{ceprarlifinifi
po6ori. Ouucauo o6'errpr 4ocri4xennx i nuropucrani MeroAr,r, o3HaqeHo

ocoducruir BHecoK s4o6ynaua. HaseAeHo uepenix xon$epenqifi, Ha flKHx

rlpoBeAeHo aupo6aqiro peaylrrarin HayKoBr,rx AocniAxeHr AucepraHra ra
loKa3aHo gs's3or HayKoBLIx AocniAxenr s 4epx6roAxerHr{M}r HayKoBo-

AocliAnurvru po6orauu, xri Br,rKoHyB.rJrprcb B HII falrsaHoxiMii ra na ra$eapi

Siszunoi xirraii reH3 "Y,ryTY".
Y nepruomy pozdini aBropoM npoBeAeHo Kpurr{rr:auir a:nalia rigorvrnx s

ornf,Ay HayKoBo-rexHi.IHoi nireparypu ai4olaocrefi npo o6'exr i npe4uer
4ocni4xennx, szcsirreHo s4o6ymra sir.rzgHrHux ra 3aKopAoHHprx HayKoBr,rx



KoneKTr.rBiB rrloAo cyMicHoro eneKrpoocaAxeHH, MeraniB po,U4Hr4

[poaH€Lni3oBaHo ocHoBHi rrourrAr.r Ha MexaHisN,ru erexrpoocaAxeHH, rlux
0epyry;
nreralin;

po3rrqHyro ocHosHi nroAeni Sopnayoanna eneKTpoxiNai.rHr,rx KoMrro3HrIifinux

norpurrie. floxa3aHo nepclexrusHicrb crBopeHH.rr BkrcoKoe$errnrHrax npoqecin
eJleKrpoocaAxeHH, uerarin poAraHr{ $epyry, cuasis ra KoMrrosuris Ha ix ocHoei
3 eneKTponirie HoBoro rl4tly Merhncynr$onaruux. Oxpecneno HayKoBy

npo6rerray i saupouoHoBaHo ruJrrxu iT posu'rsan*fl,.

fpyzuil pozdia uicturr in$oprraaqirc rpo naarepiaru ra o6na4nannr,
MeroAuKy rIpoBeAeHHt eKcnepr4MeHTEurbHr{x 4ocligxeur, alropLrrM o6po6ru
AaHux i pospaxynrin is 3a3HarreHH.f,M Br4Kopucranoi rexni.rHoi auaparypn.

y mpembowy posdini npe4craueni Aani 4ocri4xenr xineruxn
enerrponiAHoBneHrul ionin rraeraris poAHHr4 $eppry is Merr,rncynr$onarnrx
enerrpolirin. Bctauoueno, qo repeHalpyxeHHf, nu4inennx Naerarie is
Meruncynr$ouarHl.rx ra cynrQatrra enexrponirin BrrcHarraerbcfl cr:ifixicno
alll4.qoKoMrurexcis siAnosiAHI/D( Mertlrrin i 6yQepHr4MH BJracrr{Bocrfl\ttpr enercrponirin.

BcranoereHo, Iqo eneKrpooca,qxeHH.f, rraerarin poAraHLr Seppry n o6nacri Hr{3bKrirx

uoreHqianin ni46yeaemcf, rlepeBaxHo 3a yqacri ix riapoKcoKoMrrrrexcir, a n o6lacri
BrIcoKIiD( norenqianir aKBaKoMlrercis. 3anpononoBaHo N{exaHisr\a

eneKrpoxivriqnoro ni4uouenux ionis Qepyuy (II), ro6anrry ra nirenro,ra
pinn*rHx raro4noi pearcqii.

Vemeepmuil poilin lpucBqqeHo BcraHoBJreHHro xineruqnprx
saxoHoNaipnocrefi cyuicuoro eneKTpoocaAxeHH, niremo ra xo6alrry, nixelro ra
sanisa is MernncynrQouarHlax enerrponirin. EnexrpoocaAxeHHq curanis
ni46ynaemcx a upiopnrerHl,IM uE4irenuxvr MeHrx 6naropo4Horo Merarry.

Posmxuyro repMo4uuauiuuufi i rinerurrnuia acrreKTu eneKTpoocaAxeHHf, cnraeis
Ha ocHoBi l,rerzuris poAI,IHLI Qepyry. Bcr:aHosreHo, rqo Br,r3Hatr€ubHlrM Qarropona,
rgo ni4uoei4ae 3a aHoMELIIbHe cuinoca4xeHH, rlnx vreralin, e riHeru.rHrafi.
IlorasaHo, Iqo aAeKBarHe rlo-f,cHeHH, oAepxaHr4x 3aKoHorvripHocrefi uoxrr.rBe [pr4
Bl,IKopl4crauni ronqeuqii, ,Ka Aonycrcae pinno AocryrrHe eneKrponi4noueHHrr
KoMroHeHrin cuasy Ha Kar€Lrlirnqnux rleHrpax, ulo yrBoprororbcq rrpn aAcop6qii
3 nepeHeceHHrM 3apfl.Ay ix ri4porcoxoMurexcie Ha uoaepxni eneKTpoAa. Ha
ni4craei 3anporloHoBaHoro rvrexanisuy, pospo6nena xineru.rHa MoAeJrb, flKa
KopeKTHo onl4cye oco6lunocri cyrraicHoro eJreKTpoocaAxeHH{ rr{eraris po.q[Hr,r

0epyry.
Y n'nmo*ty pozdki 4ocri4xeno ourosHi saxoHoN{ipnocri SopuynaHru

ronanogzris is cycueHsiftHLlx ra icruunzx MerrirJrcynr$oHarunx enerrponirin.
Posuanyro MexaHisr\a yrBopeHHf, KoMrro3r4rlifiHoro rroKpr4TTr, :acHonauufi Ha

yralenni upo inropuopaqiro qacrI.,IHoK B MeruureBy Marpr.{qro BHacni4ox pisnoi
IIrBkIAKocri enerrpoocaAxeHH, Mer€Irry Ha siruHifi ni4 ueuerari.rHr,rx qacrunor i



Ha yMoBHo zai,mniir HI4Mrr noBepxHrx eneKrpoAa. 3auponoHoBaHo SisrauHo
o6lpynroBaHy MareMarl{r{Hy MoAeJrb, rrlo orrr4cye xineruxy Soprr,ryranHx
KoMlo3ullifiHoro roKpLITTr, flKa 4o6pe y3roAxyerbc.s 3 eKclepnMeHTirJrbHr4Mr{

AaHlav-.LT. BctaHoueno, ulo HI,I3bri 6y$epni sracrzsocri Merr4ncynrSonarnux
elerrpolirin ra BI{coKa posuuHuicrs Merr.rncynrQonarnux conefi Naeraris

Ao3Bon.f,e BI,IKopucroByBarH AocrarHbo KoHrleHrponani uo ioHau nolinaleHTHr{x
Naeraris eneKTponiru s HI43rKI4MI,I 3HatreHHrrr,ru pH, ulo ueo6xiAno Alq ocaAxeHHf,

HauoKoMrlosrris Ni/TiO2 ra Ni/Ce 3 Br,rcoKLrMr4 SynrqionalbHuvra
xapaKTeprIcrpIKaMI,I. 3auponoHoBaHo cnoci6 s6imureHHs nurouoi xilrrocri
4ucuepcroi ous, Ha nonepxni uorcpzmie Ni/TiO2 rrJr-rrxoM ronepeAHboro
po3BI,IHeHH, rloBepxni Hirenenoi ocnoBr{ rrpr4 iT enerrpoocaAxeHHi s enerrpoliry-
cycneusii HireffosaHH.f, e rap6onimnurra roporrrKoM Hirelro. BcranosreHo
ocHosHi saroHoNaipnocri cyuicnoro
Merr4ncynrSouarHoro eneKTponiry.

ocaAxeHHf, niremo i SocQopy is

B taocmoMy pozdini BIa3HarIeHo xapaKrep BrwrBy cynr$ypnuicnnx
oprani.trux rIoBepxHeBo-aKTuBHI4x peqoBuH Ta naparraerpin enerrponisy Ha

rraop$onorirc, crpyKrypy ra Qisuro-xilai.rHi BJracrrrBocri uoxpnrrie HixeJreM ra
ro6alrroM, oAepxaHl{x i: rraerurcynrQonarHprx eJreKrponirin. BcraHosreHo, rqo

Anfl oAepxaHHf, r€ulbBaHouorpurrin uixereu 3 Hr,r3bKLrMr4 nnyrpiurHirvrra

HanpyxeHHrIMLI neo6xiAno BI4KopI,IcroByBarr4 cynrSypurvricHi opraniuni 4o6anxu,
rpr4 po3KnaAanni rKr,rx Ha eneKTpo4i ni46yBaerbcq BnpoBaAxeHH{ cynrsypy a
rIoKpI,ITT.a B xilrrocri, MaKcr4MaJrbHo laoxrueifi Anfl 3Hr4xeHH, nnyrpirunix
HarpyxeHb 3a paxyHoK yrBopeHH, rBepAoro po3r{uHy cynr$ypy B nireri.
florasaHo, trIo Merl,IncynrQouarHrafi enexrponir ni4pisHrerscs ni4 cynrQarHoro
6inrru cLIJIbHoro a4cop6qiero opraniuHux 4o6anoK Ha nonepxni uoKpr{TTf, Ta

po3rxr{peHraNa AiauasoHoM rycrr4H crpyMy, B f,KoMy ni46ynaerbc, po3KnaAaHHs

oprauiuuoi peuoeuHr.r 3 BKJrrotreHH.f,M cynrQypy B ocaA.

Coouufi pozdin rpLIcBflqeno AocniAxeHHro BrnlrBy yMoB eJreKrponisy ra
cynrSypnuicnzx opraniuHr,rx noBepxHeBo-aKrr4BHux peqoBHH Ha crpyKrypy i
sracrusocri cnraeis Ha ocHosi Meraris poAr4Hrl Sepy*y. Bcrauoueuo, rqo

cTIJIaBLI Ni-Co, o4epxaui is N,Ierrarcynr$onarHr,rx eneKTponirin, uarom 6inrru
silcori eKcrlnyarallifiHi xapaKTepvtcrvrKvr, nix curaBr4, ocaAxeHi is cynrsaurux
erercrporirir, qo los'sgaHo s 6imrunl{u sNaiHar\,ru B crpyKTypi noxpurrin,
ocaAxeHllx is Nleruncynr$onarHux eJreKTponirin. florit3aHo, rqo .qis oprani.trux
Ao6anor Ha BJlacrueocri cnnaBy Ni-Fe o6yuoueHa BKJrroqeHHrM B noKpkrru
cyrr@ypy i nyrnenoAHeBr.rx upo.4yrria ix po:rnaAanns.

Y eocorwotvty posdini aocfiAxeHo BrrJrr4B yMoB eneKrponi:y ra npr4poAr,r

4zcnepcnoi Qau Ha crpyKTypy ra nnacrusocri rounosrarin, oAepxaHr4x ig
cycnensifiHux ra icrznnzx MerLlncynr$onarnux eneKTponirin. BcraHosreHo, rqo



Siauro-xiNri.rHi sracrueocri roNanosurin Br43Hatrarorbc.f, nrraicrou B Hr4x

4Iacuepcnoi 0*r. flor<asano, Iqo $oroxaraniru.rHa arrflsHicru xorunoszris
Ni/TiO2, oAepxaHzx ig Merl{ncynrSonaruoro elerrponiry Ha rraarpnqi 3

po3BLIHeHorc rloBepxHero, B Aecrrb pa3 flepeBr{rqye ni4uoai4ny xapaKTepr{cruKy

KoMtIo3I{Ty, ocaAxeHoro Ha eneKTpo.qi s rnaAKoro rroBepxHero. BcranoBJreHo, rqo

e6imueHHs nuicry ionis qepiro (III) B Merr{ncynrsonaurouy enerrpouiri,

rycrLIHI,I crpyMy eneKrpoocaAxeHHrr ra pH po3qraHy crrplr{rorb ni4rurqeunro
cryreHlo 6lucxy, IrairpornepAocri Ta aHyrpiruuix HarrpyxeHb norpurria.
Bcrauoueno, qo KoMro3I{TIiI Ni/Ce [pof,BnrrcTb eneKTpoKaranirnuuy
axtusHicrb rlo ni4HoureuHro Ao pearqii nuAiresnfl BoAHrc. BcranoBJreHo, rqo
KoMtIo3I{rLI Ni/TiO2 ra noKpl4rr.f, Ni-TiO2, oca4xeni is cycueHaifiHoro
elerrpoliry, [po.sBn{rorb oAHaKoBy Sororaraniruuny axr:unnicrr rtplr

AecrrllKparsiit ni4rraiHnocri n HI,Ix Arlcrrepcnoi S*r. floxa^:ano, qo BKJrrorreHHfl

$oc$opy B ocaAl4 Ni-P BI,IKJIrIKae cyrreni gruinu crpyKrypr4 uoxpumin, rqo

ro3Haqaerbc, Ha ix cryneni 6rncry, rrairpornep.qocri i nnyrpirunix uanpyxeHHflx.

B dee'nmouy posdiJti rrpoBeAeHo y3aranbHeHHJr orplrMaHux pe:yurrarin.
B dodamnox HaBeAeHo crrlcoK ny6niraqifi a4o6ynarra, aKr BrrpoBaAxeHH.f,

pe3ynbrarin po6oru y aupo6uullTBo, Ta aKT BnpoBaAxeHH-f, B HaBqirrrburafi upoqec.

Hayrcona HoB[3Ha Aoc.niAxeH Hfl Ta oAep]rcaHrrx pe3yJr rraris
- BII{BJIeHi rineru.IHi saroHorvripnocri enerrponi4nouennq ioHis Naeraris

poAprHr4 $epyry ie MerlrncynrSonaruux elexrponirin; Ha niAcrasi
nopiaHrlbHoro ananisy oco6runocrefi riserurz nu4ilenna Naerarie poAprHr4

$.pyry is Naerlarcynr$onarHoro, cynrSarnoro i repxJroparHoro erexrporirin
BcraHoBJIeHo xmoqosi xapaKTepvrcrvtKvt, qxi Br,r3Hatrarorb BrrJrr4B Ha riuernry
npouecy;

-lf.a ocnosi eKclepI,IMeHTiIrIbHLIx AaHr,rx rinerzrcra eneKTpooca.qxeHH,

Nasrarie poALIHI{ $epyry is N,IerurcynrsonarHr4x eJreKrponirir Ha rBepAoMy ra
pryrHoMy eJIeKTpoAax s'scosaHo, Iqo eneKTpoaKTrrBHr{Mrr qacrHHKaMLr B o6nacri
Hrl3bKlrx uoreHIlia-nin, uepenaxHo, e ri4porcoKoMlJreKcu Meriurin, a s o6racri
BI,IcoKllx uorenqialin aKBaKoMrrJreKcr4 ueraain; 3anpoloHoBaHo MexaHisrvr

eneKrpoBi4HorlenHs ioHis Naerarie poAuHr{ $epyry;
-BurBJIeHo saranrHi saxoHorvripnocri cninoca4xeHH.f, Naerarie poALrHr{

$apyry, sxi sHaxo[flTb aAeKBarHe rro{cHeHH.f, 3a yMoBH, rqo eneKTpoaKTlrBHr4Mr{
rracruHKaMu B IIboMy upoqeci e rigpoxcoroMrrJreKcr.r ni4noni4ru,rx ueralin;
3arrponoHoBaHo rraexaHisr\,r cninoca4xeHHr rraeranin poALlHr4 sepyry, rtrcuir

6asyerrcx Ha ronqenqii npo pinny 4ocrynnicrr aKrraBHux qenrpir, IrIo
yrBoplolorbc, rIpH eneKrpoxirrai.rHifi aacop6qii ix ri4poxcoroNanrercis Ha



roBepxHi eJreKrpoAa, Arrfl repe6iry eneKTpoBiAHoBneHH, Ha

ri4porcorcoNannexcis o6ox KoMrroHeHrin cnnaey;

-3arlpotloHoBaHo MexaHisNa Soprraynannr KoMrro3r4rlifinoro noKplrrrq is

cycrIeH3lI4HI4X eJIeKTpOJnTlB, flKLtId BpaXOBye p13Hy rXBr,rAKlCTb eneKTpOOCaAXeHH{

MeralleBoi Iraarpnqi na simnifi i Ha yMoBHo safiHsrifi .racruHKaMr4 uonepxui
eneKTpoAa; pospo6neua MareMarI4rIHa MoAenb yrBopeHHfl KoMno3lrrlifinoro
rloKpllrrr, flKa oll4cye eKclepr4Menramni aani QopMyBaHHf, norpurrin Ni-ZrO2
ra Ni-TiO2 is cycuensifiHr.rx Merr{ncynr$onarHro< enexrponi:rie;

- BIa3HaqeHo peaKllifiny cxeuy yrBopeHnx Qoc$opy rpr4 eneKrpoocaAxenni
crlnaBy Ni-P is I\aerzrcynr$onarHoro eJleKrponiry; ncrauoBJreHo, ulo uiAezrrleHH,
pH npraeneKrpoAHoro rxapy sHacriAor uepe6iry pearqifi yrBopeHHx SocSopy
npI{3BoApITb Ao s6imureHHf, KoHrlenrpaqii eneKTpoaKrr,rBHux ri4poxcoxoNtnlercis
Hixemo i sHuxeHH, rlepeHatrpyrrl ua4ireHna nixenro B crrJraB uopinnauo ig
qUCTKIM MCTAIIOM;

- 3anpoloHoBaHo cuoci6 oAepxaHH.rr HaHoKoMrrosuris is icruuuux
Meruncynr$ouarnux eJleKTporirin, qo Naicr-srr ionu norisaleHTHr,rx ueralir, n

.f,KoMy yrBopeHH, oKcl{AHo-ri4porcraAnoi Ar.rcrepcHoi Sasn HaHoMacrna6noro
poarvripy ni46ynaerrcs 6esuocepeAHbo ni4 qac ereKrponisy sa uiAsnqenna pH
rlplzeneKTpoAHoro npocropy sHacriAox nepe6iry rapanenbnoi peaxqii nu4ineunr
BOAHTO;

_ BCTAHOBJIEHO,
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HI4X

qo rpucrariuna rparKa oca4ir, HaHeceHr4x is
ererrponiry, xapaKrepu3yerbcf, 3HatrHoro rimricroMerr4ncynrSonarnoro

norpumin, sxuir
BBoArrbcf, rari

4eSerrin qepe3 BKrroueHH, B rloKprlrrf, na4rvripnoi rinrrocr:i ri4porcngunx
4orrairuox, tqo o6yuonnroe uiAelaqeHi sna.rennr naixporBepAocri, xoepUurusHoi
cvilv Naeraris poALlHr4 S.pyry i ix 6inapuux cnlanin;

- 3anpoloHosaHufi npuHltrun KepyBaHH, Qiszrco-xinri.rHulau BJracrr,rBocrf,Mu

rroJrf,rae B ToMy, rqo B Merr{ncynrQonarnufi enexrpolir

inropuopaqii ByrureBoAHeBr4x upo.4yrrie po3KnaAaHrrf,

vrixrcpucrani.rHr.rfi npocrip oca4in;

-3anporononanzfi cuoci6 ni4uarqenur fioroxaraliru.rHoi
rcounogurin nixenro 3 TnraH ,qioxcr,r4orvr rrrJrf,xoM ocaAxeHH,

cymSypnrraicni opraHiuni crroJryKr{, sxi :a6esne.ryorb
a6o clpuf,rorb

Ao6asxr B

[olepeAHro cooprr,roBaHy nirceneny Marpr.rqro 3 po3BrrHeHoro uoBepxHero, ,Ka

Soprvryerucf, eneKTpoocaAxeHnsNa is Meruncynr$onauroro eneKTponiry-cycuengii

n6y4oryraHHr cynrQypy B rpracrzurivny rparKy Meriury,

axrrannocri

ocranuix Ha

s rap6oniJrbHraM nircenenuM uopouKoM .f,K AlrcrepcHoi Sa:u.



MerarriB poAr4Hr4 Sepyrvry is

Merllrlcynr$onarunx enerrporirin, u1o rr4icrqrr cynrQypnrr,riuri opranivni 4o6anxu,
-sri ga6esne.rylorb HaHeceHHf, ocaAis ig Hr.,r:rKraMr4 Br{yrpiurHiura HarrpyxeHHrrMrr 3a

sHa.rHoi ToBrrIr4HH B rurapoKotvv,qiaua:oni rycruu crpyMy eneKTpoocaAxeHrur.

3aupouononaui Merl4ncynr$onauri enexrponirz, xrci sa6esneqyrorb ocaAxeHlur

norcpurrir sixeleu s nnyrpiunrivrn nanpyxeHlurMu 2_3NI/|Ia,lairpornep4icto 330-
390 rr/vru' ,u cr)meHeM 6nncry 6nzsrro 50% ra noKpr{rrs xo6anrrou 3

nnyrpirmrirvrn nanpyxeHHrMLl 20-25 MfIa ra uirpornep4icno 290120 xr/uu2.
3aupououoeaHi MerhrlcynrQoHatri erexrponirur AJrs eneKTpoocaAxeHHrr

cruasis na ocnosi rraeraris poAt4Hr{ Sepyvry, qxi AosnoJur}orb ocaAxyBarpr roKpr,rru
Ni-Co s nNaicroN,I xo6anrry 4244uac.Yo, ruircpornep4icno 6rugrro 400xr/rr,ru2 i
KoepUkITIaBHoro cI4rIoIo 6ru1:rxo 30 E, Ta noKpraTTf, crrrraBoM Ni-Fe s eNaicror\a sanisa

-20 tunc.Yo , qKi xapaxrepkl3ylorbc, nnyrpinmiuu HanpyxeHHrur.r 2-8 MfIa ra
rraixpornepticrro 47 C_IIOO rr/uu2.

CrnopeHi

KOMII03IIIIIII{HIIIX

nayroni ocHoBLr HoBrrx rexnonorifi eJrercpoocaAxeHHf,

uoxpnuin [porHo3oBaHoro rilrrciuroro ra Ar4cnepcHoro cxla,4y is

3aupononosaHi icrunni Merr4rrcynrSolratri elerrponirra, qo Naicrsrr ionu
qepiro (IIf a6o rkrrar{y (IV), sri sa6eaueuyrom Qopuynannx HaHoKoMrrosurin 3

eneKTpoKararirr.Inl.naz ra Soroxaraniruqnuuu Brracrr.rBocrflNrvr, ei4uoai4no.
EnerrpoocaAxeHHf, uo4pnrrie Ni-TiO2 Ha norepeAHbo cSopvronauy Hireneny
Marpplqlo 3 po3BLIHeHoIo rloBepxHerc Ao3Bonse e6imurur:u ix Sororara;riru.ury
axrusHicrb B Aecf,Tr pasin.

Hayxono-rexni.IHa HoBI{3Ha pospo6ox ui4rnep,{xeHa 4 tarerurarrn Yrpainu

o6rpynronanocri HayKoBr{x rroJroxeHb, nucHonrcin

Brr KJraAeH rrx y Arrcepra rlii, ix gocronipuicrr

3Ha.renuq oAepxaHrrx pe3yJrrrarin A.rtq

flparruuna qinuicrr po6oru rroJrrra€

enexrpoxiuiqnnx rexuolorifi ocaAxeHH{

7

HayKrr Ta rrpaKTrrKH

y crBopeHHi Hayronrrx ocHoB

cycuensifisoro i icrunsoro Merr4rrcynr$ouarnrn enerrponirin.

ua nnnaxi4.

Cryninr
peKoMeHAauifi,

I

Hayxoai [oJroxeHHq i sHcHoBKLt, c$opvrynroeaHi y Ar4cepraqii, e go6pe

o6lpyHroBaHLIMLI. Hayroaa HoBu3Ha y uonnifi rraipi ui4rBepAxeHa pe3ynbraraMr4

Teoperr4qnux i eKcrrepzMeHTarrbHux 4ocni4xeur.
Pospo6neni ra 3arlporloHosaHi perouren4aqii 6a^:yromcx Ha anarisi

KoM[JreKcy cr4creMHux eKcrrepuMeHTanbHLrx AocriAxenr.
,{ocroaipnicm HayKoBrrx rroJroxeHb i pesynrraris 4ncepraqii

uigrnep4xyerbct B3a€MHo y3roAxeHrrMr{ pe3ynbraraMu eKcrrepuMeurin,

BIIKoHaHLIx is sacrocyBaHH{M c1n{acHrEx Sisuunzx, Sisurco-xinai.rHrax i xiuiqHux
Iraero4in 4ocli4xeur, a raKox ro.rHicfio nuuipronannr, BeJrr,rKLrM o6csroN,r
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eKclepI4MeHT€uIbHLIx AaHI{x ra ix ni4uoni4nicrro roJroBHr,rM rroJroxeHnarra reopii
eneKrpoxiuiqnrzx npoqecin, cr4creMnicuo B o6po6qi AaHHx, anpo6aqiero

4ocni4xeHH, Ha nrixnapo4Hux ra nceyxpaincbKrTx xonsepeHqixx.
lIepexoHJILIBI4M AoKa3oM o6rpynronanocri HayKoBr4x rroJroxeHr i nrEcnoeris

e rpaKTlaqHa pea-rrisaqir rBoprroro gopo6ra aBropa, flKa sacni4uena aKTaMr,r

BnpoBaAxeHHrr pe3yJrbrarin po6orz.
3aranuri BucHoBKLI eusaxeHi, {pyHTyrorbcq Ha oAepxaHzx Ar{cepraHToM

pe3ynbrarax KoMrIneKcHI4x reoperr{trHux i excueprrMeHTzrrrbHr,rx 4ocri4xenr,
ai4gsepranrororb HayKoBy HoBr43Hy i upaxruvHy 3Hatryulicm po6oru ra rraicrsrr
saxruai nayxoni [oroxeHHq.

Ilonnora BI{KJraAeHHq pe3yrrraris po6oru n ony6.nircoBaHrrx rpaqflx
Marepialv Ahcepraqii nuxnaAeHo y 84 HayKoBr,rx po6orax, g sxux 27

crarefi y uponi4ruEx SaxoBLIx BI,rAaHHrrx Yxpainu ra 3aKopAoHHr4x nepio4raunux

Saxonux BI4AaHHf,x siAnoeiAHo Ao Br.rMor MOH, cepe.q .rrKr{x 12 - y BriAaHH.f,x, rqo

BxoAqrb Ao HayKoMerpz.rHoi 6asu Scopus, a raKox 53 re3 i laarepianin
roHQepeuqifi. Pe:ylrbra'fLr Al4ceprarlii 4ononiAanr.rcb rta 22 rraixnapo4unx ra 14

nceyrpaincbKl4x HayKoBo-rexniqnux ron0epenqixx. y roBHoMy o6cssi

Al4ceprallifina po6ora AonoBi4anacr na:aciganui HayxoBoro ceMiuapy Incrnryry
3arallbHoi ra seoprani.ruoi xirraii irra. B. I. Bepna4cbKoro HAH Yxpainu (Kzin,
2017) ra Ha r'rixxaSegpanbHoMy cerrainapi ABH3 "y,,IIXTy" ([ninpo, 201 8).

OcHosHa rIacrI,IHa uarepizury Ar,rcepraqii ouy6nironaua y crarrf,x xypnarin
HayKoMerpn.rHoi 6asu Scopus, 3oKpeMa raKr4x BHcoKo pefirznroBr,rx - Applied
Surface Science, Protection of Metals and Physical Chemistry of Surfaces, qo
BKa3ye Ha Br43HaHHs rrparlb Crnap IO. e. y HayKoBorr,ry cniri.

Ouy6nironani upaqi nosHicrrc ei46ranarors ouronui rroJroxeHH,

4ncepraqii.

.{racepraqiro HauucaHa AepxaBHoro MoBoro.

rori.rHo i nocli4onno.
Teua 4ncepraqii ni4noni4ae racropry

eneKrpoxiMiq.

,{racepraqia ra anrope$epar oSopurneni

Yrpainz ra HaKa3y Miuicrepcrna ocsiru ra

OqiHrca MoBrr, crrrJrro ra oQoprvureHHfl Arrceprarlii ra anropeQepary
Tercr BrlKnaAeHo rpaMorHo,

cueqiamHocri 02.00.05

ri4noni4no Ao BuMor AAK
HayKr4 Vrpainz J\b 40 sia

12.01.2017p.
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3aynaxreHHrr Ao Arrceprarlifi Hoi po6oru
l. .{ocni4xeunx rineruru eneKTpoBi4uonrennr ionis Naeraris poAr4Hr4

fi.pyry rpoBeAeHo s o6nacri pH eneKrponiris eig 1,5 4o 4. Ig rercry 4racepraqii
He 3po3yrraino, .rHu o6yMoBJIeHo nn6ip caMe rlboro giaua:ony pH i rrr4 orr4cye
3anpo[oHosaHplfi MexanisNa npoqec eneKTpoocaAxeHH, rlkrx rrlerarie r]o3a

HaBeAeHHla 4iauasoHoM Kr.rcJroruocri enerrpolirin.
2. IIp, eneKrpooca4xenni cnnaBy Ni-Fe 3 MerrirJrcynr$ouarHoro

eneKTponiry Anx sauo6iraHHq oKHcHeHH, po3rrr.rHeHraM Kr4cHeM nonir:pa ionis

Q.pyry (II) ao ionia $"pyry (III) anrop Br.rKopr.rcroBye acxop6inoBy Kr4cnory

KoHrleHTparliero 0,02 uonrfu, rqo e qinxour Br4npaB,qaHHM. Ilpore, n po6ori ne

o6lpynroBaHo nr,r6ip caMe raxoi xonqeurpaqii acxop6inonoi Kr4cJrorr{ ra He

HaBeAeHo AaHux rrloAo qacy fi eQerrzsHoi lii.
3. flpu o6ronopeuni uexanisuy $oprraynanH-f, HaHoKonarosurin Ni/TiO2 ia

elerrpoliry, ulo uicrurb BoAopo3trr{Hr{y cim rurany(IV), po3rnfl,4aemcr 4ni
raroAui pearqii - rugineHru nireJrro ra BoAHrc. flpore, n po6ori Hi.roro He

cKuBaHo rpo laoxruezfi uepe6ir pearqii KaroAHoro ri4noueHru ionin
ruraHy (IV) ao ionis rrraHy (III), craHAaprHrafi norenqian srcoi cranoBr,rrb 0,1 B.

4. Iz reKcry Al{ceprallii He sposyrvrino, qr4 e [pHHrIr4rroBuM rrpr,r HaHecenui

TIOKpLITT, Ni-TiO2 BuKopIiIcTaHHf, f,K MaTpllqi s posu4HeHoro rroBepxHero caMe

nixeruo s inrop[opoBaHr4M nixeresul,r rroporrrKoM, trrrr s6iruueHHs

$oroxaraniruqsoro e$exry KoMno3lrry MoxHa Aoc{rrr{ i npz ocaAxeHHi fioro Ha

inruraft uarepian ocHoBr,r.

5. Y rercri 4Iacepraqii ra anropeQepary :ycrpiuarorbc, oKpenai nouurKu ra
neAoriru B oSoprranenHi. Haupzrta4: <<ip> :aruicrr (ix) (c. 70); He n ycix
pinuxnuxx HaBeAeHo oAHHr4qi nzrraiproBaHHr: pienrnni 2.15 (c.85), 3.9 (c. 107),

5.13 (c. 157),5.15, 5.17 (c.158),5.18 (c. 159),8.2 (c.251); ni4cyuri npo6inurraix
rupe ra rrorcHroB€rrrbHuM reKcroM: (3 -1 M NiSOD (c.96), (1
1MCo(CH3SO3)2> (c.99), <<i- rycrrEna>> (c. 105.), (l -l uorrrfu>> (c. 130), <<4 -
200>> (c.237); saNaicu ae@icy Br.rKopr.rcraHo rr.rpe (Hso4--ionin>> (c. 96), <Fe2*-
ionie> (c. 116); He AorpI4MaHo rpaBrIJIa, qo ni4 vac 3arrr4cy 6araropxgKoBr,rx $oprnryr,
3HaKI,I nyl{Kryallii, xr i nol,rep $opuynz Marorb 6yru na pinHi ocraHHboro pf,AKa

($opnryla 5.17, c. 158). lnx rpaqoro cnpr{ir:asrrs laarepiany 6yno 6.qoqinuro
cKopllcrarllcb roJIoxeHHf,MtI ACTy 3008:2015 <Infioprr,rarlis ra AoKyMeuraqix.
3siru y c$epi HayKI4 i rexnircu. Crpyrrypa ra rrpaBzna oSopMJreHH-s>, rrxprir Moxe
6yru 3acrocoBaHufi ni4 .rac oSopMJreHH, Ar4ceprarlii, upo re, rqo noscnrosamHi

Aani Ao pLIcyHKa Matorb 6yru roAaHrzMrz 6esuocepeAHbo uicns rpaSivuoro
rvrarepiany repeA Ha3Boro pucyHKa.

3po6neni 3ayBaxeHH{ He BrrJrr,rBarorb Ha sucoxufi uayrconzfi pinenr ra
[paKTkIqHy qiHnicrb Al4 cepraqifi noi po6oru,,Ka crrpaBJr.f, e rro3r{Tr.rBHe BpaxeHHf, .
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3ara"rrrni BlrcHoBKrr

$epyry, cnrasie ra roNruogr4ris Ha ix ocHosi

eneKTponiry" e 3aBeprrreHr4M HayKoBr.rM Aocni4xeuruu.

lncepraqifina po6ora CxHap IO.e. "ErexrpoocaAxeHHq Nderanie poAr{Hr{

is Merr,rncynrQonaruoro

O4epxani nosi HayKoBo

o6lpynronani pe:yJlbrarr4, qxi s cyKyrrHocri sa6esneqyrorb po:e'xsannq saxrusoi
nayroeoi npo6nerrau 3 BcraHoBJreHH{ y3aranbHrororrr4x upznqzuin
qinecupxnaosaHoi 4ii na ocuonni Qarropu eneKTpoocaAxeHHrr rraeralin poAr4Hr{

S.pyry, curasis ra xoN,rnoguris Ha ix ocnoei Anfl oAepxaHHrr uoxpzrrin
nporHo3oBaHoro cKJraAy, crpyKrypr4, Qienro-xiuiuuux, Soro- ra
eneKrpoKararirz.rHl4x BJlacrllsocrefi is Naerrarcynr$onarHoro enexrponiry.

3a suicrou, pinHervr BI,IKoHaHHI, HoBra3Horc oAepxaHux HayKoBLrx

pe3ynbrarin, ix npaKruqHolo 3Harryrqicto AzceprarlifiHa po6ora CxHap IO.e.
niAnoniAae BI,IMoraM rl.r. 9,10,12 <<floptAKy rpucyAxeHH, HayKoBr,rx cryuenin>>,

3arBepAxeHoro rocraHoBoro Ka6iuery Minicrpin Yrpainn sir 24 wtrcts.2013 p.

J\b 567, ra sciNa BI{MoraM MOH Yrpainrl Ao AoKropcbKr{x Araceprarlifi, a if aBrop

CxHap IOpifi €nrenoer.r 3acnyroBye Ha rpucyAxeHHf, HayKoBoro cryrreHrr

AoKropa xirvri.rHux HayK sa cneqia-urHicuo 02.00.05 - eneKTpoxivris.

OQiqifinufi ouoHeHr:
crapuufi nayronnfi cninpo6iurnr
HayKoBo-AocniAnoi na6oparopii Sarynbrery
paliaqifiHoro, xir,rivHoto, 6ionori.rHoro 3axr,rcry

Ta eKoJrori.rHoi 6esuexIa

Bificrronoro incruryry raHKoBLrx nificrr
HaqionanbHoro rexni.rHoro yninepcrrrery
"Xapxincrrufi nonirexni.rHufi iucrzryr",
AoKrop rexni.rHr,rx HayK (05. 1 7.03) I.IO. epuoJreHKo

fli4nuc I.IO. eprraoJreHKo sacai4uyro :

B.renufi ceKperap HTy': fr,%

wAoKTop rexHi.rH[x Ha O.rc. 3aronoporHufi

-

ФХ
Размещенное изображение




