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oQiuifinoro onoHeHra,4.r'H. npo$ flpoiaara IOpix Ceprifionuua

Ha ,qucepraqiiiuy po6ory floniurxo faHuli OrerciisHr'I
(HAVKOBI OCHOBI4 E,'IEKTPOU,'IAKOBO| O TIPOIIECy 3 PIAKI4M

META,TIOM ,4,'I' OAEPXAHH'I CYqINbHI'IX I KOMIIO3I4THI'( 3JII4TKIB >,

tKa no.qaHa Ha 3Ao6yn-r nayroeoro cryneHq aoxTopa rexHrrHux HayK 3a

cleqia:rr'nicrto 05.16.02 - Mera,ryprir vopnr't x i KollbopoBxx MeraJlB Ta

cneulaJIbHIrx cnJraBlB.

[ncepraqifina po6ora crna4aerrc.r :i ecryny, 6 po:gi'rie, 3ararbHHX

rncuosxie, cnucKy Bllxoprlcraullx ,rireparypnux ,4xepen 3 339 HafrMeHyBaHb'

3ara,rr,nI,tfi o6c.{r auceprauii cr:ra.{ae 300 cropinor vauunorlhcHoro reKcry,

BKlroqarorrr4 135 pucynria, 32 ra6tuul crucor lireparypu na 39 cropiurax ra

vic ruru aoaarxia na 2 croPiHxax .

Arrya,rl'nicrr' o6panoi relru anceprauii. Y acr,ouy ceiri elerrpouLraront-li

nepeflraB (ElIlII) :acrocosylorh ,[J1{ BI.ipo6HHqrBa BucoKoJleroBasrx cra'tei ra

cn:raris (e rolty uuc.ni eucoKoN,IiuHzx, rel,rocrifixtlx i cynepcn:ralio) ,4"'u

aianosiaamHux aera,'Ieii MauI.IH i uexaui:uia, rqo paurcIorb B xopcrKrix yMoBax y

sucororexso:totisHrrx raJly3tx npovucnoeocri - enepreruqi, naQroxiuii,

uera.ryprii rouo. 3aa.4rr<u paQinyaaHHlo cKJIa,{y (ouga:renru gouiruor) i crpyrrypu
(niaauqenHl rqilssocri, npuruiueuua ,rixeauii, ycyHeHHr noptlcrocri irane iuue)
npu EIII $opuyrorrcr sl'Icoro.sKicHi rorlotenui :,turxrz Ha nai6'rux'rliii qac

fipouecu EllIlI 3aivlJ]arbcx npoaignrua e orplltauni 3,'lI'IrKiB 3 BI.IcoKoflefoBaHHX

craleft i cnranie, nonnt na axi 6yae 3pocrar[. OaHax EII]II 3 BI.IrparHI.{M

eJreKTpoaoM npuravanni: npo6leuu BI.IforoBreHHt e,rexrpoaia (oco6,runo :i
cKJra,[HoJIeroBaHI.{x i aaxrogeQopuoraunx cn:rania); HassHicG Hl'IXHboi Mexi

L[sr.Arocri flraBleHHs e;IeKrpoaa, elxi4:a rry po6url neuoxluezu $opvyaaHHr
laaoai,luuoi noaepxHi utl ma: BllcoKl.lii neperpie elexrpo,auoro vera.nl i'
sianoeiaHo, aerfiKa rrtn6uua Meraresoi BaHHL i flportxHa aBoQa3Ha 3oHa, tKa €

o,qnieio: lpuqltn rixeaqii. Healcoxa lpo4yxrneHicrs rJlacllrlHoro EIIIfI e ocHoBoro

.grocd r,qutxa, ale i :yt'loarnoe rucoxi ellrparu e:rerrpoeneprii i [uroM]
co6iaapricrs.

llpoqec : pi.4r<ulr ueraaov (Elllfl PM), qo peani3oBaHo B npoMHcnoBocl lnt
HarrJraBJ'IeHH{ ealxia, ri4rplla tiaox,tllsocri Qopuyeaunr s,'Ilrrxa 6es Bl.rrParHoro

eJreKrpoaa. 3po:yuiro, ruo reonerpia nJIaBZJIEHoTo lpocropy, TeMneparypHl

pexlrMtl, npoAyKTrlaHicrs i, niAlosiauo, 6agosi :ararsHi :arouolripuocri npoueciB

paSinyaauH-r i raepainnn npu Elllfl PM e aiAuisnuvu ai4 yvoe EllIfI: BrrrparHI.'IM

in"ntpogo", rox nasnni 3HaHHt He rnloNyrr 6yrll nepeueceui HanptMy Bue'teHHs

norpe6yrorr, $isuro-xil'riuni npouecu, rKi ni,46yaarcrrcr Ha Mexr KoHraKTy rxJIaK -
l'rera,r i npu npoxogxeuni crPyMeHIo ra Kpanenb pl{Koro Merary qepe: urllaKoBy

BaHHy rolqo. flriraHHt ennuly ,rexnonorivnru napar'rerpin Ell-lII PM (reperpiBy ra

LUellaxocri noaavi pi.aroro \4ela-nyl Ha $opv1 aauHr clui,ruuux i nouapoao-

Ko\rno3 r Hr-rx r,'t nr xis 1r viniva,ruHoto 30Horo J enHaHHt ruapis eiatuiHHot o

xivi.rrroro cxtra,qy), oco6rueocri $opuynanru ii crpynrypn npa raep.Einui raxox
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[orpe6],rorr, reoperr-rqHofo o6lpyHTyBaHHr ra eKcnepr-rMeHTa.JrbHoi [epeBipKx. ToMy
po6ora, .f,Ka cnprMoBaHa Ha po3po6Ky HayKoBr,rx ocHoB Ta eKcnepI.IMeHTaJIhHe

Brrnpo6yBaHHr eJreKTporxJraKoBofo npouecy 3 piIKI,rM MeTaroM Arq o.4epxaHHt
cyuinbHhx ra KoMrojl4THhx 3rh'r KiB c aKTyanbHoto. a oaepxaHi HayKoBi i npaKTr.tHi

flpo arryarlnicrr revu po6orn csi.qq[t raxox ii :s's:or 3 TeMaMa

$yxgauenram'uux TA NPIiKJIAAHI.IX AOCJIIAXCHb, TIO BITKOHAHI B THCTT,ITYTI

iv. e .O. flarosa HAH Yrpainu, y .rrux aarop 6para

nacrpi:noi rexuo,rorii rupo6nuqrea cyqacHl4x eucoror\,{iuHl.Ix cra,rei 4:r.n :rapuux
<<Po:po6ra

aycTeHlTHHX
roncrpyrqib> (2017 - 2021 pp., Ne AP 0117U001184);
eJreKrporrrraKoBr-rx rexnoloriii KepyBaHHrr rpncra.r i:a rl ie ro

NapoMiqnux cra,reii i cnnagig> (201 8 2020 pp., l,lr AP 0l l7U00l 1 84).
Meroro po6oru e po:po6r<a HayKoBI-tx ocHoB Ta eKcnepriMeHTalrbHe

o6tpyuryeanna eQerruanocri BuKopr.rcraHHr eJreKrporxJraKoBoro upouecy : pigruu
MeraJroM y rnpo6nnqrai :nurrie cyqbrsuoro nepepi:y ra KoMrro3r.rrHoro xiMi.{Horo
cr.lagy : rerurocrifirr.rx ra eucoKoMiI1uux cranefi.

V ecryni o6tpynroaauo arrya,rrnict grcepraqiiiHoi po6orr.{, Ha,4aHo i'i
3afaJlbHy xapaKTeprrcTr-.rKy, Br4cBlTJIeHo HayKoBy HoBrr3Hy Ta [paKTuqHe 3HalreHHt

orprrMaHrix pe:y,rrrarin. Haseaeno aani rqolo anpo6auii pe:ynsraria
ancepraqifinoi po6oru, ny6,riraqii, qo ai4o6paxarorr i'i :uicr. 3a:HaqeHo sHecor
:ao6yaa.ra a ny6,riraqinx, ri4roroe,reuux aBTopoM sK oco6ucro, rar i :a yuacto
criaaaropia.

Y nepuroruy porai.iri aocrrl noauo npoaua,ri:oeauo Ha;xoeo-rexuivny
,rireparypy 3a reMoro arceprauii. Br-.iKoHaHo aHa,ri: voxrlreocrefi ra nepcneKTtlB
cyqacHr.ix npoqecie EIIII n ogepNauni cra.nefi oco6nano sncoxoi qrocri. floxa:ano,

pe3ynbrarr.r cflpurrrrMyrb po3rxupeHmo cQepu iiorc 3acrocyBaHHt.

eJIeKTp03BaprOBaHH{

6e:locepegnro yuacrr: <Po:po6ra HoBoro rexso.nodqnoro npoqecy oaepxaHHt
rereporeHHr.rx ruarepiaria sa 6a:i EIII 4lu eupo6nuqraa KoMno3HTHlix poropiB

aru eHeprerr..rqHrix ryp6in Hosoro noxorinna> (2009 - 20ll pp., Ne ,p
0107U003292)1 <Po:po6ra sa 6a:i EllI[ HoBoro rexHororiunoro npouecy
orpzMaHHt BeJIr4KoBafoBr4x JrriTlrx nopoxHucTllx 3afoToBoK,uI{ KopnyctB

eHeprernr.rHr.rx i naQroxiui.rnux pearropia rauicrs KoBaHo-3BapHr{x ra
rrrraMno3BapHrrp) (2009 - 2011 pp., Ne AP 0109U000978); <<,[oc,ri.4Neuur

en e Kr pouIJIaKoBo to npouec) BunJraBKlr cyui,rrnlrx ra flopoxHI-lcrr-tx rrhrxia il
renrocrifirrzx crarefi i cn,rasis Ha cynepHaaKpuru.rHi apaMerpr.r (700...750'C>)
(2012 - 2014 pp., Ne [P 0112U001516); <Creopeuna noaoro noro.riunr S:rrccia
ans ctryaaHr4x ereKrporxJraKoBrrx rexnororifi rupoOnuqrea xoncrpyxuifinux
uarepia,rie>> (2012 - 2016 pp., Ne ro' 0112U001502); <Aocri.{Nenns xap6i4uoi
neo,4nopigHocri BucoKoByfJrerreBr.ix cra:refi nplr EIII|I sa BucoK[x lrBaaKocrtrx
po3Jrr.rBKrr 3 Harrepea 3aaaHr4Mu BJracrrBocrsMn) (2015 p., Ns AP 0115U002611);
<<Po:po6ra rexno;rorii eJreK'rporrrJraKoBoro nepennaBy (EflI|I) anr aupo6nuqraa
cyr{acHr.rx :ari:nuqnux pefior rilaurqeuoi :eapronaxocri>> (2015 - 2017 pp., Ne ,4'
0115U002612); <Bn:rus EIIIII na sKicrr :aeereKroiaHux peiiroallx cranefi ra
BrlrxyKyBaHHr Moxnueocrefi :acrocyeanur lx 6e: repuiunoi o6po6ru> (2015 2016
pp., Ns AP 0115U005246); <Po:po6ra HayKoBofo o6lpynrynanHr ra crBopeHHr Ha

ocHoei Nreroais cneuia,ruHoi e,,rexrpovera",ryprii ra rovnolrrurx e,rexrpoaia



ruo ereKrpounaKoBnii npoqec 3 noAarrerc pi.qKoro Merary y crpyMonpoBiAH{fi
Kpl.{crari3arop Mae HacrynHi rrepeBarit Ha,q (JracurrHnM EIIIII : aurparuuu
eneKrpo.qoM: nepuQepiiiHe crpyMoliABe.qeHHr pa3oM 3 [oaaqerc pi.qKoro Mera-rry

Ao3BoJT.qe eapiroaaru unugricrr Qopuynaun-r 3JII-ITI{a B IIIHpoK[x Mexax; MeraJreBa
BaHHa Moxe 6yru lri:rroro ra nrracKoro i. HaBirb, uaru e qenrpi lreHury ma6lluy, HiN
no Kparx; cryninr po:nurry ,riraaqifrHr{x lpouecia 3Hr.lx}€rbcr; :a6e:nevyerr,cr
fHyrr(icrb rexHorori.rHolo npoqecy; 3MeHrxy€Tbcr co6iBapricrb npouecy 3a

paxyHor BilcyrHocri eurprar Ha Bt{roroBJreHHr BrrrparHr.rx enerrpogia (40...60%
aaprocri nupo6nuuraa 3Jrr{TKa EIII[); cra€ MoxJrHBr.tM BHforoBJreHHt
cKraAHoJrefoBaHrrx ra BaxKoAeQopMoaanux cn,tanin, .qrr srux aupo6uuurao
BhrparHoro eJreKrpoaa cyrr€Bo ycK;rarHeno a6o HeMox:l.rso; oxpiM cyoi,'rbur.tx i
nopoxHr4c 14x 3,rrlrris N4oNHa BlroroBJtsrll xovnotrtui Bxpo6 3 roaxcia,ruHlvlr i

ropIr3oHTaJILHI4Mx uapaMx (poropn, npoKarHl BaJrH! [recrepHr roulo) 3

uiHiMi:oeauorc :onolo :uiruyaanHr (B ToMy vucri pi:nopigHux lreralin, uanpax,ra!
crarr-rligr).3a pe:yrsraralru BrlKoHaHoro ,riTeparypnoro orrr4y cQoplry,rtoeauo
very i:agavi goc,ri4xenn.r 4:rr Br.tpiureHHf, o6paHoi nayxoeol npo6nerltl.

Y gpyroruy po:Aini euronauo rtopiBHrlbHr.{fi aHani3 yMoB nporinaHH.s

Qi:rlxo-xiuiunux i reuouacoo6lrinHux lpoqecir Ha ocHoBHrrx noBepxHrx
ssaeN{oAii (nniara ua ropqi aurparuoro ereKrpoAa, Kpannr B n:rary, crpyninr,
KoHraKT rrrJraKoBoi ra veraneeoi aaHn) e:rexrpou,raKoBofo neperrraBy (ElXfI) 3

BrrrparHuM eJreKrpo.uoM i: pigrl.ru uera:rov (EllIII PM). flpoeeaeHo nopiBHrHHt
pa$iHyro.roi 3.qarHocri ElIlfI ra EIIIII PM y cniecraanux yr'loaax (oguaxoea uapra
cra,'ri, o.{HaKoBa rircricrt i xiuiqnui cx,ra4 u,rary) Ta lrncrorlr o,qepxyBaHoro
Merary 3a HeMeraJreBr.rMrl BKJrrorreHHrMt4 (HB). flpu rpaAuuiiiHoMy ElIJll neperpira
(lo 1873...2073 K) ra paxytox jj eneKTpr.t'lHoro onopy unaKoBa saHHa noeirslto
nnaBr.]rb ropeurr BaTparHofo eJreKTpoaa. flora:auo, rqo npn EllI[ PM reuneparypa
Merary, rqo lo.qa€Tbcr g nJras]lflr,uafi npocrip ua 70...90 K Huxqa ra npr4BeAeHa Ao
Ltacy ttoBepxHt eracvo,[ii c MeHLuoto 3a npuqtHh eiacyruocri n,riexa ta ropui
e.rreKTpoAa i uenruoi nnouli nonepxui KparreJrb ra crpyMeHro. Brl3HaycHo, tuo nJ'loua
noBepxHi Kpanenh npu EIIIII:aagrxt HeBeJ'rrKoM] ix po:uipy cranorrrr 0,23
lara,rruoi noaepxHi sraevoliT e npoueci npr apaxyeanni rus lrocri ix pyxy e

IxJIaKy. a 6e3 raroro - 0.4. ulo He no3BoJlrc Hext)Barh craaieto xpan,ri y eraarenni
,qor'riruox. Ao roro N saeAsrrr HeBeruKoMy po:l,ripy xpane,rr rurux lr.r$y:ii louiuor
B uJraK € u1e i naixoporuzv nopinnrHo : rarulv 4lr iunux noaepxoub B3aeMoAii.

Y rperr,oruy po3Ai,ri 3a xpurepilun noAi6Hocri rrpoBeaeHo po3paxyHox
napaverpie pyxy ra narpiny rpanerr pigxoro Meran) B ru,raxy e npoqecax Elllfl:
BHTparHxM eJreKTpo.qoM i : pi4xulr MeralroM. Oqinxy xapaxrepy pyxy rpalni .repe:
unaK npoBo.{rr6 sageu.rafi 3a CroKcoM, npu rlboMy KpanJrr € rBepaa c$epy, uro anr
pigxux xpale,rr, norpe6y€ yroqHeHHr. 3alpononooano uacrynni aapiaHru 4,rr
po3paxyHKyr ulo Bl,qpl3Hsrorr,c.s BiA K,lacrI.rHoro Anq rBepAoi cQepz: xpanna
pyxa€rr,cs 3 npr.rcKopeHHsM 3 ypaxyBaHHrM floroxiB B il o6'eui ra ge$opvauir

Bl.qpi3Hsrorr,c-s BIA c$epz:

Kpan,'Ii Br,4cyrH.s; BpaxoBaHo neoguopi4ricrr pyxy i Ie0opMaqiro rpanni. Eyno
Bi.rKoHaHo po3paxyHKri,{,rq oliHKr4 por6ixtocri B po3paxyHr(y qacy [poxoAxeHHt
Kpan,'rerc uapy unaKy 3a HaBe.qeHolo MoAeJrJrro ra ga Cr:orcou. Bupaxeny y
eiAcorrax pi:uuqro no:Havu:tu L (%), Po:paxyuxu rroKzBaJru cyrreBfift Bt,'ruB



BBeaeHoro yrorrHeHH.{, sKe Bpa\oBye e4eKr pyxy Mera;ry Bcepe![Hi rcpanni
rroprBHrHo 3 pe3yJrbraraMtr po:paxynrin :a Ctottcou. Bctanon,reno, ruo :a o6pauux
ylron i ren,roQi:uvnux rapal'rerpia rvarepiania, rqo 3aaaHo B urroMy po3paxyHKy,{,rq
lpoqecir EIIIII, xpan:rr piaxoro Merary, Ha[pr.tK,ra.q, 4iauerpou 9 un, pyxaerrcr a
piIKoMy ln,traKy Ha 26 o/o tstsutrne niN rrepAa cSepa raroro N giauerpa. CryniHr,
4eQopuaqii pilrux rparelr npr pyci s porrnaei urraKy € Hecyrr€BuM npx
.qpi6HoMy po3Mipi (0,3%o am r<panli giaverpor,r 2',4 mt) n ue snlugae na LlsuAxicrs
ix naaiun.s ra Harpie, a npa :6i,rrrueHHi potruipy cxopo.rye rueulricrr ix plxy: 6%o

AeQopMauir rpan,ri giauerpov 10 un :ueHruye ri urnagricrr ua 25-30Yo( 0,447
nporu 0,641 u/c 4rr npaan,rr,uoi cQepra).

Y .rerneprouy po:gi,ri lpe4craa:reHo pe3ynbrarr4 3acrocyBaHHr EIUII pM
,qlls orpnMaHH{ npororl{ny 3TLITK1B Ar_s BI4foroBJTeHH{ KoMno3xrHr,tx poropia rflfl
eHepferuriHrrx ryp6in noaoro noKo:rinns : ren,rocriixzx craneii 12X13 ra
38XH3MOA. Teoperuuuo o6tpynroeaHo ra eKcnepr4MeHTaJrbHo aocJlaxeHo
rexuo,rodro Elllll PM lrs orpr.iMaHHq xouno:uqifinux :,rnrrie : ren,rocriftrux
crarefi 12X13 ra 38XH3M@A::oHob 3'€.4HaHHr rapanroaauoi .axocri 4,rr poropis
ryp6in noeoro norolinnn. rlucelrgnu nporHo3yBaHH{M :a no6yAoaanorc Monenno
npo,{eMoHcrpoBaHo [rJtrxri onrulri:aqii reouerpii rpncrali:aropa arq orpr.{MaHHs
KoMrro3HTHI,Ix gnumig g :onolo :'egnauu.r rapaHroealroi _srocri i MiriMi:osauoro
ua6nnolo nporr:raBJreHrr{. BepnQiKauir po:po6,renoi uareuaruquoT uoAeli :a
un6usolo nponraBreHH.s ra po:logi,rou xil,riqsux eleuesrie e ra6oparopuux
:.rurxax EIIIII PM nora:a:ra ai4xu,renur pe:y,urarin porpaxyur<it eia
eKcnepl.rMeHTaJlbHr.rx ,qaHHX 10., ,12 %, uo po6xrb ti npuAaruorc ,qJrr npaKrurtH[x
po3paxyHKiB.

Y n'nro*ry po3Ai,'ri Br-rKoHaHo po3paxyHKoBo-aHanlTl-IrIHe Ta
erc[epuMeHraJrbHe o6tpynryaauul ri6pugnoro npouecy, rqo noeaHy€
ererrpourlaxoaufi nigiryin MeHicKy ueraly i 6*lepepnne po:,rreatlr.a cra:ri
(ElLlfI+EP) 3 Meroro 3MeH[reHHr uretlrocri BHTrryBaHHr garoroeru 6e:
[opyueHHr OopMyBaHHr ii noaepxni g,r.r alrpo6nuqraa gonrolripHoi npoayruii
(:aroroeor :aligauqsax peiiox i eicei, gaNrrzx 6a,ror ra u:ne,repia rouro) Ha
npur:raAi :aroroeox pefior : aucoroviquoi cra:ri. flo6ygooano uareuaravui lro,1e,ri
A,'rr pfuHux BapiaHriB opraHi3aqii npoqecia a rpncrali:aropi EIIIII npu o4epNanHi
3aroroBoK ME,rl3 ra snurKis EIII|I 4la peftor :a pi:nnuu rrBuIKocrsMH
po:rzaannr/nepenlary.

Y urocrorrry po:gi,ri ruxouauo [po€KTyBaHHr rexso,roriquoro npouecy EIIIII
PM a:rs glrrorosneHH{ 3:rr.rrKiB cyuin;Horo nepepi:y 4iaverpon 500...2500 vr'r ra
po:po6leno siaroriAHi rexso,roriqsi pexoueu4aqii. Ilpore4eno po3paxyHKoBo-
aHailrnqHe ra eKcnepuMeHra;rrHe o6tpyHTyBaHnx ri6pugnoro npoqecy, rqo
noerHye eJreKrporx:raroetft ni4irpin lrenicxy uera,ry i 6e:nepepnHe po3nr.rBaHH,
cra.ri (EUIII-EP) J Meloto lMeHLxeHHr utau4xocri aurrryBaHHr ,,r rlroj laroroarr
6e: nopyueHrr $opr'r5 aaHur ii noseprui a,rr er.rpo6uturea ,aoerovipnoi nponyxuil
(:aroroeor sani:nraqsux peior i eiceii, eaNrnx 6anor< ra uraelepie roulo) na
rrpr{KJrall peiior 3 BncoroMiqaoi crali. 3lificreHo lopiaHr,rstzii po3paxyHoK
rexnixo-exoHor,riquux nora:unKie EIIIII ra EIIIfI PM.

Ilpoexryaaun.ru rexnoloriquoro npoqecy EllIfI pM glx euroroe,renm
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nepepi3y liaMerpoM 500...2500 MM rroKa3aHo, rqo npr
Ao.qepxaHHl npo.{yKrxBHocri npoqecy oopMyBaHHr 3rrHrKa, xapaKrepHoi Ars EIIIII
3 Br4TparHrrM eneKrpo.qoM, a raKox 3a aAeKBarHo niABr4qeHoi (aa 15 % 3a paxyHoK
3HHxeHoro neperpiBy uera,ry) :a6e:ne.rurn 6enepepaue po3JrrrBaHH, Merary
HCMOXJII4BO.

3a sa.qanoi npoAyKrvBHocri npoqecy EIIIII pM loUi,uuo rpoBolllrr,r
nopuiiine 3aJrr4BaHH{ i: po:paxoaaHoro qur:riuuicrro, rouy ueo6xi4uo crteuiarbHe
po3nr.rBHe o6lagHann.a, rqo ninirpieaerrcr, rKe npr4AarHe An, 36epiraHH, i
Ao3yBaHHr Merany. B ar<ocri nigirpianoro po3rrr.rBHoro npllcrporc (Ilpli) nprz EIII|I
PM lroxe 6yrz auropucrauufi npouiNHrzi 'po:.nzeuni in4yxqifinlrfr rieur:
ltarniroguuaui.rHui mir<cep-goaarop (MAH. rrx Ha ycraHoBrlt HarrraBJrenHq!
36y.qoBaHifi Ha Honorpalraropcrrouy uauzno6y4ienouy :aeogi, M.
Honorpalraropcsx, yKpaiHa a6o .{ainuroeoro runy).

CSopuy:roaauo pexouen4aqii uoAo Br4Kopr.rcraHHs o.{epxaHHx HayKoBrzx
pe3yJr6rarlB nprr KoHcrpyrcBaHHt HoBl4x ne.refi,rarlB npu KoHcrpyrcBaHHt HoBr4x ne.refi EIII|I.

Tarox po:po6:reno ocHoBrl rexuo:rorij ri6prl4noro npouecy (EIlIlI+Bp)

noAaHofo uarepia:ry. Ana:ri:
uo Hayr<oai noJloxeHHt, BrzcH

cyqacHr.ix petKoBr.ix crarefi Ta peroven4aqii qoAo BnpoBa.4xeHrrJr HayKoBHX
pe:y:rlraria po6ortr y enpo6nnqreo.

Cri.q aoaaru, rqo npri HaBe.qeHouy errqe orlrli:iraicry po:gi:rie 4ucepraqii
Koporxo Bir3Ha.reHi ri pesy:urarz, xni e safi6ilrnl garounlru.

Crynins o6rpynronauocri HayKoBlrx noJror(eHr,, slrcHosxis i
penouenaaqifi , c{opMyJ'rboBaHrrx y aucepraqil

3uicr gucepraqifiuoi po6orlr Ao3BoJrre a qi:rouy oqiHroeala il sx
KoMnJreKcHy,3 HayKoBriMI4 Ta rexHorofiqHliMlr KoMIIoHeHTaMr4 ra oprani,rnicrto
noAaHoro Marepiany. Ana:ri: 4lrcepraqii ra anropeQepary flo,,riluxo f.O. nora.:aa,
uo Hayr<oai noJroxeHHr, BrzcHoBKri i perouen4aqii, rqo Br.tKJraIeHi e po6ori, qinxou
o6rpyuroaaui na ni4crari r:rlr6ororo Br.tBqeHH, sao6yaaqev tro:eunux i
Bir.l43HrHxx,rireparypHr,rr .qxepel. fl areHr Hoi,rireparypl. pe:yrurarie eraculrx
TeoperrqHux I npaKrrr.lHhx Aoc,rilNess ra porpaxyuxia.

Hayronni KoMrroHeHr BKrlorrae, orpiu pisnolrauirnrzx iacrpyuenrantnux
.qocJ'llxeHb, raKox rrpsMe lopianxuu.r yvoo EIIIfI: BrrrparHlrM elerrpogou ra 6e:
raxorc (3 pr4rnu ueralou). 3orpeua ncranoeleHo, rrlo B lpoqeci EIIIII nnieKa Ha
Topql eneKrpo,4a He € Br.tpluaJrrHoro pa$iHyBaJrbHoro cra4iero. B:aeMoaiq
eig6yraerrca na acix nonepxn.rx KoHTaKry Meralry ra rulary. ExolepuueHTaJrbHe
nopiBHrHHr AecymQlpyrouoi s4arnocri npoqecin EIIII ra EIIIII pM e cniBcraBHr.tx
yuorax (o4uaroaa uapra cra.ni, o.{HaKoBa ri,rrxicu i xirui.rHafi cKJraA unaKy)
noKa3arlo, ulo 3.4arHicrb go paSinyaaHnr rpoqecy EIII pM ne ueaua, r.rix
t<racu'rHoro EILITI i nMicr cipnu/cryninr 4ecy.nrQypauii s Nrerari :rurxig craHoBl.rrb
0,009/66% 'ta 0,013151%, aignori4no. OgepNaui pe3yrrhrarr.i cti4,rarr upo re, rqo
nplt reMneparypax EIIIII ruua4rocri xil,liqsux pear<qii i $i:uvnoi agcop6qii e
HacrtJIbKI-r BeJILtKrrMI.t, IIIo 3MeHrrIeHHJr reMneparypu Ha Beruqr.IHy uenure nix 100 K
ra MeHrrHf po:uip noaepxai crpyMeHro i rparelr, npu EIIIII pM nparru.ruo ne
BnJrI.IBae Ha cryuiHb Bt4atueHHl cipra. Tare 3HlixeHHr, oaHaK, 3Ha{Ho rroKparuy€
yMoBrz TBep,4HeHHr Meralry e rpucrali:aropi ra cnpLrre rparqifi ruocri 3Jll{rKa ra
HaAae MoxlriBicTr nilsrlqeHH.fl npoAyKTr4BHocTi npoUecy EIIIII pM nopianrno :



KIACl-tqHUM.

IIImxou po:paxynxy napauerpia pyxy ra narpiey Kpancrb Merar)/ B
npouecax EllJ f1 r errpartlM eleKrpo.toM ir piaxtv \lereuroM 3a t<pNrepirvu
no4i6uocri (Apxiwe4a (Ar), PeiHo:rgca (Re), Hyccenrra ().lu), flpaHsrrr (pr)) ra
MoaeJrJrro, rra BpaxoBye noroKr.r B o6'elri pigroi rpanli, noxruano, ruo :r
r6i,rrrueHHqv potvipy ai.axu,reHHa utan4rocri i1 p5xy aia npor Horoeauoi ra
Crorcon g,rr raepaoi c$epu roro N 4iauerpa:pocrae (a,r-a xpane.rs po:l.ripou
3...10 m.r sa3...26 o%, nignoaigHo). 9r.nr 6imue po:uip xpan:ri, ruu urau4xicrs ii
pyxy ra ei4xu,renHr Bi,4 CroKciBcbroi e 6i.nruruuu. Cryninr aeOopnaqii pi,aKrlx
Kpa[enL npu pyci e po:n:raai rrrJraKy € Hecyrr€Bulr npz api6sonry posuipi (0,3 %
g;u xpan:ri giauerpou 2.,,4 utt) i He snrusae ua urelrgrict ii nagiuna ra uarpis, a
npu :6imrueuni po:uipy cropovye trgra.4xicrr ix pyxy: 6 % ,qeQopMauii Kpan,,ri
.aiaverpou l0 vu:nenuye ii rueugricrr Ha 25...30 % (0,441 nporu 0,641 u/c gra
npaeultnoi cQepu).

Teoperu.ruo o6rp5 HroaaHo ra eKcnepuMeH tantuo noc,rinNeuo rexHo,lorito
ElIIfl PM an.s orpr4MaHHr xounoszqifinux :ruuris : rerrocrifirux cra,reii 12X13 ra
38XH3M@A: :olloro 3'e4Hanru rapanronalroi arocri g:r.r poropir ryp6iu noaoro
roroninlrq. 9ncenr,nl,Iu [pofHo3yBaHH.sM 3a no6ygonauoro Mo.{eJIJIro
npoleMoHcrpoBaHo tursxll orruNrisauii reorverpil xpucra,ri:aropa AJ,l, orpr_rMaHrur
KoMro3I,ITHrlx 3JII-lrKtB 3.3oHolo :'egnauna rapanroeauoi sxocri i N{iHiN{i:osaHorc
r;tu6unoro nponJraBJreHHr. BepuQixaqir po:po6:renoi uareuarnqnoi uo4e,ri :a
r,ru6usoro rponJ'raBJreHH{ ra po:nogilol,r xirrli.rHux eneveuria a:ra6oparopuax
srzrxax ElIIfl PM noxa:aaa aigxrueuru pe:ylrraria porpaxynxia ai4
e(c[epriMeHTa;rLHtrx .qaHrrx 10. . ,12 %, rqo po6urb ii npuaarsoro aJu npaKrrFrHHX
po3paxyHKlB.

llpuaarrricrt rexnorori.rHr.rx peNrnrie EIIIII pM g,rr QopN{yeaunq :,ulrrie
KoMno3rzrHofo poropa,qoBeleHo ueranorpaQivunun Aoc,rilNeHH.qrax Meraly
3nr4TKa-npororriny, na nigcraei xrux no6ygoaano repuorinernuni giarpavu llr
cranefi cx,ra4y nepexiaHoi 3oHr,r, rqo lo3BoJrr.rjro o6parr.r pexr4M ii repuiunoi
o6po6Kr-r. flora:aso eigcyrHicrr pr.t3r.rKy yrBopeHHq n :oni :,ignaunr IBox craJreu
Kprrxrrrx crpyKTyp. Vucrora Merally 3oHlt 3'€.{HaHHs KoMno3HTHofo 3JII,ITKa 3a
BMicroM i po:uiporu HeMeraJreBux BKJrroqeHb eiarosilae BlrMoraM ao neraly EIIIII,
[Io BrinlaBJrrerlc{ 3a KJracriqHoro cxerloto. B[seneHo BKJtrolreHH, cynrQigy
MapraHrlro (MnS) ra oKcr{.qy arr}oMigiro (AlzOr) po:uipou 4o 3 urur i aso0asHi
BxrrorreHH.s (Al-O-Mn-S) 3 MaKcaMaJrbHr.tM po:uipou 6,5 uxu. [oc,rigxeun.r
AoBoArrr, [epclexTfiBHicrb rexnolorii EIIIII pM A[.s supo6nr.rursa KoMno3r,rrHr.lx
r,rrtxia l3oHoto 3 €.4HaHHr utapia va,loi nporrxnocri.

BuKoHaHo po3paxyHKoBo-aHaJriruqpe ra excnepuMeHra:rrHe o6lpyHryeaunx
ri6pnguoro npouecyJ ulo noeAHy€ e,rexrpornraxonufi nigirpie ueuicxy MeraJry i
6e:nepepane po3JrxBaHHr cra,ri (EflIfI+Ep) 3 Meroro 3MeHrxeHH, ilBuaKocrr
BIrrrryBaHHr rlrroi :alorosxa 6e: nopyureHnr Qopuyaanux i'i noeepxHi arq
eupo6uuqrna aoarouipuoi npo4yxqii (:arorooor ga,ri:Nuqnux peiox i aicei,
saxK[x 6arox ra une:repin rorqo) Ha lpl,rn,ra4i peiioK 3 Br.rcoxoMiqnoi cra,ri.
Bcranor,reuo, uto gru 6esnepepBHoJltrr.ix :lzrrin .4iauerpou 500 Nol:veHrueHHs
rxBrilKocrl po3trr.jBaHHr : 0,5 ao 0,2 v/xs se.qe,{o 3MeHrxeHH, r,ru6unrz uera,regoi



7

BaHHU (,ryHKH) 3 29 Ao 11 M. llpn UboMy Aorrr piAKoro Merany, rqo nepe6yBae B

ABoOa3Hifi 3oHi, 3MeHrxyerr,cr 3 55 .qo 20 Yo,lto € nepelyMoBoro 3HuxeHHr ocboBoT
ropzcrocri ra :riraaqii a ,rnrux :aroroexax,

Kouuerc 4oc,ri4Neur :,rurrcia la6oparopnoi EIII BrinJraBK[ liA unarcou
AH@-28M noKa3aB, Io g6imureHur uBu.qKocri BllrrryBaHnf, egei.ri : 40 4o 20
MM/xB (BuKopucraHo rK Mo.qeJIbBaHH{ 3Hrr(eHHq uougrocri po::ruaaHHt Ha MEJI3)
He noriptxy( MaKpo- ra vixpocrpyrcrypy vera,rl pefiroaoi cra,ri. He rvjurcc
po3[oAir cipKa, gucuepcuicrr nepliTy, Mopoo,'roriro i po:vip HeMeraJleBux
Bxr'uolreHb. Konraxrso-ctaroBe 3BaproBaHH.s 3 orrJraBJreHHqM peftKoBofo Mera,ry
EIUII alg o6ox rxBu.4Kocrei BrzrrryBaHHr B Jrr.rroMy ii ge$opvoaauouy craui
rroKa3aJro, rqo uera:r :agoni:rLHo 3Bapro€Tr,cr.

3a pe:y:rraraun po3paxyHxoBrzx ra eKcneprrMeHTa:rsnux AocniAxeus
nayxoeo o6lpynrosani ra po:po6neno cxeuu pea.ri:aqii EIIIII PM s cxrali
ri6pu.qHoro rpoqecy AJrr MEJI3 3 BuKopucraHHqn crpylronigailHoro
KpHcraJri3aropa. 3acrocyrauul EIIIII PM y Bripo6HHrlrBi peior 4o:eo,ue :uu:ara
ueLj.4roc ri B!.trer) BaHHr 3atoloBKr..i vaixe arprvi 3a paxyHolr ni.rirpiey venicx5 i.
'rxM caMliM. noKpau r r.1 eHyrpiul.*o clplKrypy. uti,rusicru ra oaHopilHicrt vera,ry
3aroroBKrr 3i 36epexeHH{M qxocri ii noBepxHi. 3alpoloHonauo uoeirui
lepcnermeni cxeuu u,Ipo6Huqrea pefior ereKTpotrJIaKoBKM rreperrJraBoM Ha
cneqia:ri:oaauolry lrirpo-:aeoai (yuosno lrixpo-:aeoa (yKp3ani3HHqi)).

lpoerryaauulv rexno,roriqnoro npouecy EIlIfl PM A:rs grrorog,'reHHs
3rl{rl{iB cyui,'u,Horo nepepi:y AiaMerpoM 500...2500 MM noKa3aHo, Lqo nprj
4ogepxanui npo4yrrnnHocri npoqecy OopMyBaHHr 3JtrrrKa, xapaxrepuoT g,rr ElLlfI
3 BHTpaTHHM eleKrpo,4oM, a TaKox 3a aAeKBarHo ligeurqeuoi (ua 15 %o 3a paxyHoK
3HuxeHoro neperpiry uerany) :a6e:nevuru 6ernepepeue posJrHBaHHr MeraJry
HeMox:llBo. ,[,rq urecrr runoporvipie r,rHrris gulHa'leuo urx,riqHicru nola.li i

po:uip nopuiii 1,ra ra6e:neveuHrr o6ox npoAyxTr.rBHocrefi npoqecy, tuo
rapaHryBarrMyrb Elllfl-sKicrr 3JrHrKiB. CSopuy,rtoeano peroueH1aqil :
BltKoprcraHrur o,qepxaHux HayKoBlx pe3ynbrariB npH KoHcrpyroeaHHi uoelix ne-{ei
EIIII.

Orprvaui aBTopoM reoperrvui laxorovipuocr i niareepnxeuo
.{ocJli.{xeH[uIMI,r peaJrbHxx 3rr.rrKiB. BoHu He Ma]orb nporupiv 3 icHyro,thN4h
reopelxgHl-1Mh yrBneHHtMIl Ta HaKonH'leHtM .[ocBiaoM. Hayroei no,roxeuur.
BhcHoBKh iperoveHaauii y3rolxyrorbcr r icuyroravt xoHuenuirur. ix aocrarH-q
o6rpluroeauicrl niareepaxlrcrucr Bu3HaHHrv Ha ai.qovr.rx vixHapoaHlx
KoHOepeHuirx r varepia,ro:Haecrea ra vera,ryprii.

.lloc r oaipn icru onep2raHt,lx perl,rrrarie.
,{ocroaipnicrr, pe:y:maria gzcepraqiinl,lx .qociti.4xeur :a6e:neqesa:

KOpe(THOIO IOCTaHOBKOTO 3aB,{aH6 TeopeTr,rrrHr{x Ta eKCnepIlMeHTaJISHl4 X

aocniaxeHb; HayKoBo-rexHoJroriqHoro nosu:Horo orpr.rMaHHx pe3yflbrariB 3

o.{epxaHuM[ eKcrrepriMeHTa!'rbHr4Mrr AaHIIM]I Ta BcraHoBreHr4Mrr:aronovipuocrrut;
cxcreMHtM aHa.riloM aocriaNysaltx npoueciB:3acroc)BaHHtM cyqacHrx Mero,[;B
Br.r3Ha.ieHHs rexHorofiLrHr.rx [apaMerpiB rtpoqeciB i auroroe:renur :pa:ria;
c[creMHrrM ni.4xoaoM go gocrigxyeauoi npo6neuu uepe: anani: ne rinr,rz
rex Ho,roriq H l-lx. a.re i exoHolti,tHux noratnrria; HaseHicrrc ,qoBi.[oK utotro



Bv (opr4craHH.s pe3ynbrariB rxceprauifinoi po6orn y aupo6uuqrei ra a HaBiialrr,HoMy
npo(ecr; 

.a raKox 3HarrHr.rM lepelixou ny6,riraqifi 3a reMolo azcepraqii, a rovy
vac,ri, lxi eueceHi go peecrpy vixuapo.{Hr.tx HayKoMerprrquax 6a.: SCOpUS/WoS.

Hayrona HoBIr3Ha oAepxaunx pery,ruraria no:rrfa€ B Teoper[rrHoMy
y:ara,rrnenHi ra po:ruupeuHi TeopeTrirrHHX yrBJreHh rloAo $i:uro_xirraivunx I
ten,rouacoo6uinnux npoqecir npz EllI[, B po6ori nunpo6yaano aoni lpaxru,rui
trlaxo,qv Ao BAocKoHarreHHr B(Kopr4craHH, pigroro uera.:ry nprz EllII. Cyrynnicrr
Aoc,riAxeus, axi npegcraa:reni s ,4hcepraqii, naoxe 6yru naali$iroeaHo gr<
BapirueHHr aaNllzsoi nayrono-rexuivuoi npo6leuu nigar.lqenu.r erouor,.riquocri
EIIJfl. rxocr i ra cra6ilutocri KoMnneKc) Brac r Boc reii ren,,loc rtEKtx ra
s{coror4iuriax cra,refi :a paxyHoK crBopeHH, crrpHrrnr_rBt4x yuoa $oprrlyaaaur
3JIXTKIB.

l. Ynepne eKcnepl{MeHTaJrhHo AoBe,4eHo! rrlo npu Kraca.rHolry EIIII nninra na
ropui enexrpoga ue e aupinartnoro cragieio a npoqeci paQinyeauHs aia cipxra,
ocKrlrbKr4 y BrAcyrHocrt Br.rrparHoro ereKrpora nprz EIIII pM aocqraertc.fi
aHalofi.{Hafi crylius euga,reuua cipttu, rqo e i goxa:ou noBHorr4 B3aeMotrlJ
Merany 3r luJlaKoM ra acrvi,rruii HeMerareBrx BKrtoqeHb Ha vexi verareeoi ra
InraKoBoi BaHH.

2. ynepu_e.pojpa\yHr(oBl.1M nopienruHnv ylroa nporiranHr $i:r.tr<o_xilrivnrx i
lracoo6uisnux npouecie e fllcretri lunaK_MeraJr npa E[]-I|I 3 B[rparHr4M
eneKTpo,qoM i: pi,qrull MeraJIoM BcraHoBJreHoJ IIIo [puBe,4eHa ao {acy nJroula
[oBepxoHb peafyBaHHr rpa EllI[ pM e ryriui MeH[roro 3a rar<y npa Elllfl (:
roe$iuieurolr 3anoBHeHH.s 0,6...0,7), a reMneparypa Merajry, r]lo no.[a€rbc, .{o
xpzcra:ri:aropa, e ua 70...90 K HrjrKr{o}o. 3H}rxeuH.s leperpiry uera,ry Io3BoJrr€
:6i,rrururu.rpogyrruaHicrb npoqecy EIIJII pM nopienrHo : 

-ElIIfl 
go l5% rpu

:6epeNenni raroi x sr(ocri :,rlrrxa.
3. Ynepure po3paxyHKoBuM rrrJlrxoM 3a MoAeJIJrIo, qKa BpaxoBy€ uororu e o6,eN4i

piaxoi xpan.ni, BrBHaqeHo rrpucKopeHH, ii pyxy i :6i,rtlenn.s ei4xzneun.r
urBuaKocri ei4 lponro:oaauoi:a Crorcon 4,r.r reepgoi cQepu roro x,alaMerpa,qxe 3pocrae :i s6iJtrlreHn.sr4 po:uipy rpane,rr (rpll aiarrirpax 3...10 rrlru ua
3...26 %, aignoaigno).

6.

5.

4. lligraepgxeno, rqo crynint 4eQopuaqii pigrux rpane,r; ryz pyci a po:n,raai
ruraxy :6inruyerhcr npli 3pocraHni ix po:uipy (ain [3'i7" a,ra xparyi
ft3t":p9r 2 nu go 6 Yo gta rcpatni 10 ur,.r) i :uemuye ruau4xicG iX pyxy (ua
25 .. .30 Vo ms, rpan,ri 4iauerpor,r l0 uru (0,447 .,poTla b,641 M/c .qn, npaBu,,rbHoi
cQepHJ.

Vneplre, a crpyuoni4niguouy r<przcra.ri:aropi (C|IK) ezroroaleHo npororrrn
poropa - KoMro3rzrHut :,ruror 4iauerpolr lg0 MM, e ,KoMy npor.sxHlcrr,
repexilsoi 3oHlr 3MiHHofo cxjrany € MeHuroro 3a 11 o% giauerpa :rarra
(15...20uu). 3a nporuo:ou uareuaruqnoi uoge:ri nporxNuicrh ute.i 3onr4 B
:,rurrax rianerporvr 700 i 1200 uu cK,rage 12...15 %(i00...120 i 150...160 lru,
ai,qnoeiaHo).

Oaepxalll no.qa,.rbtxl4i po3Burox y{BJIeHHq npo ltox,rnnocri 3MeHIrIeHH,
ruBrlAKocrl po3trnBaHHr sa ME,T3 rrJrrxoM eJreKTporrrJraKoBoro niairpiey
ueuicry (npoqec EIIIII+EP) 3 Meroro noKpaqeHH{ anyrpirunroi crpyKrypr.r



3aforoBor (lra npzx,ra4i pefiroaoro lrera:ry). Moae:*oBaHHJr rBep,qHeHHrr
3aroroBKr.t giauerpov 500 wu : niairpiaov ueuicr<y C|IK npo."o.y.
cKopoqeHHt IxBHAKocrl po3Jrr4Banux a 2 pasu,luo 3MeHuIarB fJlh6auy ueraleeoi
aauHzhynrz a 3 pasu i npor.axnicrr groQa:noi:onlr ua 35 oZ.

7. flpoeirryaann.rM rexHo,nori.rHolo npouecy EIIITI pM szroro'leHns :rurxig
cyuubHofo nepepisy 4iauerpon 500...2500 MM noKa3aHo, uo npz xapaxrepuiii
ars EIIIII 3 BurparHr.rM eJreKrpo,4oM ra arexBarHo ni.qs[rqeuii (li lS y" ,u
paxyHoK 3Hr4xeHoro neperpiey uera,ry) npo4yxrueuocri npoqecy EIIII pM
po3nr.iBaHHr MeralrJry Moxe 6yru ri,rrru nopqifinuu. Maca nopuii tlr:uavaerrca
BJIacrr.IBocrtMH Merany ra KoHcrpyKIIieio por,rrna.ruroro nphcrporo.

Hayroay uonu:uy cQopuymonauo virxo ra :po:yui:ro, ipo."prr.", 
"yr,.Ilpatcruvne :uaveuur poOoru.

Rusna.{eHi aBropoM B po6ori oco6,rzaocri nepe6iry rennonracoo6lrinr*rx
rpoqecie i Qoplryraunr crpyKrypr4 npr4 eJreKrpotrJraKorouy npoqeci 3 Br.rlparHuM
eJreKTpoaoM ra pIAKHM Mera:roM crBopn.rrlt HayKoBe niarpyHrq
eQerruanocri ra erosouiqnocri ar.rpo6uuqiaa an"roi" a
eucottollqultx cta,refi .

.{I.f, noKpaLrIeHHs

ren:rocrifixr.rx i
BuforoB,'reHo rouno:urnafi 3JIIrroK 3 l,tiHir,ri:oeaHoro souoro :tr4iuysaHHs

craneii e peanbHr4M npororunoM poropa AJu cy{acHhx eHeprerrirrHr.tx ryp6iH 3
HaAyrbrpacynepKpr.rrrirrHoro (HyCK) reMneparyporc rrapu. pe:ylltraru
,{ocli4NeHnr crcia1y i crpyrryp Merany 3;rrrrKa-npororany Hanarorr, macraBx.{Ju
no.rarry nilorlroro runpo6yrauu.r B npoMr4cJroBr.rx yMoBax 3a pextzMaMn, .rKl
nporHo3oBaHo 4rr :lnrnia peaJrbHoro po:uipy repnQixoBaHoro MareMarrjqHoK)
MOAEIJITO

Hayxoto o6rpyHroBaHo ra eKcnepuMeHTaJrbHo nepenipeno yuoeu opraui:aqii
e.lreKTporrrJraKoBoro riairpisy uenicry, mi ro3Bo;rrrorL 3Megur4rl.t rxBurKrcrb

ry-11":1"" 
Ha MauhHax 6e:nepernoro rrrirr.f, 3aroroBoK (MEn3), uro noh?auy€

rKlcrb BHy t'pllxH boi crpyKTypr.j jaroroBoK
B npar<ruuuiii n,rorquui ae:rurcy Kopacrb Malorr, perouenlauii rqolo

y,aocKoHaneHHr rexso;rorii BarrJraBKri eJreKrpotrrJraKoBoro Meraly (xepytauru
rltBlraKrcrlo npouecy 3 uerolo niglrzrqennr pirn.a rrocri ra cra6irluocri ,,ornn"*"y
BJacrrlBocret ren:rocriifuux ra rucor<ouiqnlx cra.rrei), .xr<i nepeaalro fIpAT
<,{Hinp-ocreqcra-nb)) AJrr BrlKopkcrauua y aupo6nuvouy npoqeci s CItrJ M
. Ha ocHoei orpxMaHr4x pe:y,rrrarir po:po6rr"uo nepcner<runui rexrrivniprneHHr I cxevz EIIIII g:rr nupo6uuqrua 3aroroBoK nperr.riyu ar<ocri grr

Mancrp?.JrbHHX Ko lifi ra/a6o aicrplrin :i crapux pefior, ,qo aupurrya anonoMl.{Hy ii
nepepo6ry : ruiniuaJrlHr{Mtl BTparaMr.t [eryroqxx.

_ 
Ha ocHosi TeoperliqHlix ra eKcnepl,IMeHTaJrruux 4oc:tilxenr .qoBereHorexnivny ra erououivuy goqirlHrcrr 3acrocyBaHH, eneKrporrrraKotsoro npouecy 3

purs4 M MeraroM rrr rzpo6nnqraa :;rurria cylilrnoro nepepi:y 
"enr*oro ,qiaveipa(npu oanarosifi npo4ynrlrnuocri : E lll siH 

"o*" au6"an"rrru eKonoMtro BtlTpar
Ha enerrpoeHepfiro lo 35...57 o/o, a npu ligazrqenift ua 15 %o - rc 45...63 %o).

Iloeuora BfircfiaAeflHq ocHoBHrrx pe:y,rrrarie gucepraqifinoi po6oru e
HayKoBHx ny6rixaqiqx

OcHosHi noroxeHu.a i p*y:rrraru gncepraqii aonoBiauruc, Ha 22
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MixHapoAHxx HayKoBo-npaKTHqHux KoHOepeHrlirx.
P*y:rrrara gucepraqii Br4KJra.qeHo a 29 nayroaux npaqqx, B rovy .tzc:ri 16

craret HaApyKoBauo y cneqia,ri:oBaHr.tx Br.rIaHHsx, uto BHeceHi .no neDelriKv
Qaxogzx gr.uanr Ynpaiull, 5 po6ir aneceni 4o peecrpy ruix"upo4tll*
HayKoMerpr4rrHax 6a: SCOpUS/WoS, 3oKpeMa <Corperaennar
3neKTpoMeraJrJrypflto), ((ABToMarriqecKar cBapKa), <Ironmaking and Steelmaking,
<<Archives of Materials Science and Engineerinp> ra iu.

_ Anpobaqir HayKoBr.rx pe:y:rrrarir 6y:ra npegcraareui na 22 uiNsapoanii
rouQepenqii.

Aua:ri: ny6.niraqii ,qae ni4craay BBaxarr4, rqb uayroai rroJro)KeHHr, BrzcHoBKrl
ra pexoven,qauii, rxi orpr.ruani B ,[nceprauifrHii po6ori, noeuicro ezceime]ri s
HayKoBr4x npau{x.

AaropeSepar iaeHru,tHai :a lvicrov 3 ocHoBHl.tMr.t froJ,loxeHturMx araceprauili aocrarnro noano aigo6paNae ocHoeui nayroai pe:yrurarr4, orpr.iMaHl
3.{o6yBaqeM.

Pesy,rrraru Aoc,Ti,4xeHb, olepNaui rpll alrxoHanHi rauauaarcrroi ,4r,rceprauii
<<Oco6rurocri yKpynHeHHr ::ruaris locnigoeuuu xilsqeauu erreKmorrrJraKoBLrM
HannaBJreHH{M) (2011p.) n npetcranreuifi Aorropcsxiii .qHiepraqii xe
BI.tKOpr-rcToByroTbc-'.

Bucnonxn q[ceprauii aigo6paNaroru saiaaxruaini uayxoei ra nparruvui
pe3yrbraTl.r Alrcepraqii, n .axift uaae4euo reopeTfqHe y3aranbHeHHs I HoBe
atpiueuur arrya:rtnoi uayroro-rexnivuoi npo6,rilrr.r, ,qo non"aua y ni,4nr.rqeHHi
TexHlrlHt4x MoxnuBocrei ra eroHorai.lHocti eJleK rpolrJlaKoBoro npouecy : piarcltlr
MeraJroM, _f,rocti ra cra6i:rtnocri KoMlneKcy s,,lacruaocrei 3JII.rr.KlB 3a prtxvHoK
crBopeHHs cnpnrrJrr.rBrix ylroe ix paSinyaann.r ra Qopl,ryeanur. Br.rcHLs*"
cQopvylsorano ronrperuo ra ;rorivno, nignoai4no go :llicry auceprauii.

3lricr gucepraqii i asroperlepary i4enruvauii. AnropeSepar ar.lcepraqii
.qocrarH;o rroBHo BricBtrnroe pe3ynbraru, uate4eui a calrii Auceprauii.

lncepraqin ra anropeQepar uamrr uacrynui :aynaxeuuq:
l. B aarope$epari : ra6:ruqi 6. crop.29 ue rcuo, rruii caMe po3,,rr.rBanr,Hr.ri

nprzcrpifi 6y:ro ezKopr4 craHo .q:rr nogavi pigxoro lrera,ry nplr EIIIII pM.
2. B auoraqii go 4ucepraqii ua crop. 5 cQopuy:ronaHo, 

-,qo 

"nupor"nn"Brpar Mera!.ry sa 14-60 0/o norparqye co6iaapricrr eJreKTporrrJraKoBHX
3aroroBoK Br.icoroJreroBaHnx cranefi 6i:rrlr ropexruoro e $opuy,uoBaHH, _
lHfixeuHq a6o 16irruteHHr co6ieaorocri.

3. B- .4acepraqii po3rnrHyro aruur neperpiey Meraly Ha xir lpouecy :
pilruu uera,rou. [oqi,rsuo 6y:ro 6 po:r:r.ruyr, 

"nn"" n"p"o*onoaxeHr{Jl
MeraJry ra poapo6uru MareMarriqHy Mo,4er;, sKa onncy€ TBeprHeHH,
:rmra ELLIII PM i nponecrlr ropinruuu.r 3 npouecaMri rpucrali:aqii
3Jrr.irKlB craHAaprHoro EIIIII .



4. B aucepraqii ai4cyrne np.aue nopinu.ruur uarpo_ i ninpocrpyxrypu,
po:lo4i:ry i cn,ra4y HeMera!'reBLIx BltrroqeHb ra BltacruBocreii Mera,ly
EIIIII ra ElIl[ PM si.{:rraarie o4niei vapxa cra:ri, o4uoro po3Mrpy, {Krgun,taanegi rtiA uraKoM o,{HaKoBofo xilriqHoro crlra.uy i: o.4naKoeo}o
rpogyrraenicrro.
np"o:lu_"1_"-"i e po6ori $ororpaQii uixpocrpyrryp repexiauoi :oHn ra
craaefi l2Xl3 ra8 XH3M@A r Ha xarrh, He AocrarH;o inQopnarr.rnui,
ro6ro qirro Ha HHX He igeHru$iryorrc.r Hi crpyKrypHi cx,ragoei, Hi
orpewi Qa:a (Pnc.4.10, 4.20).

9.

8.

1.

6.

5. He p03rnrHyrone po3r:rrHyro raKox BnJruB crrJraBJreHH, (pi:nux fioro ruengrocrei) na
Qopvyear.rur crp)lflypx s loHi. rar rearoro. repvivroro Brr,rHB). craJrr
12X13, uo 3HaxoAr.rracb crror{arKy n ai$opruoeanouy crani.
Mirpocrpyxrypy qiei cra,ri y nuxi4uouy crani raxoN ne uaregeno. Ogaaxe ra6,raqi 4.3, le noxa:auo po:no4i,r reep,4ocri :onn :,egnauu
KoMno3r4THofo 3Jrurra , ,qo6pe anrgo Lqo 3Ha.reHH, Nrexaui.{}tux
airacrneocrei giruHrpr, ulo silroeiaae cra,ri 12X13 :uauno tuNvi,:a iuni
gi.n.anxll, a nopinnanHl ix : rrzxi4unur4 3HaqeHH_sMu He HaBeleHo.
lixani ana.riru.rui .qocriANeHus rrpoBe.qeHo g posairi 4.4, ute .ix

pe3yJrbrarr.r uaort cropilre Mero.qttqHo_po3paxynroaufi inrepec, a He
Hay(oBo-npaxrnqHufr , Bu6ip repuivuoi o6po6nu rJu eKcnepHMeHrarr,HHX
cra.reii ri:tru nigrrepgza rar<i , ruo ao6pe giaovi i uuporo
3acrocoByrorbcr A:rr Sepuro - uaprencr4rHux craJreft rarax qx 12X13.
AocJraH 3 orprzMaHH_s KoMno3IlrHI,IX ::rnrrig _ 3aroroBoK poropin aapro6ylo 6 cnpo6yaarrr npoBecrrz ts npoMr4clroBrrx yuoaax ua 6i,rrurux
,4iaMerpax. Haeegeni pesynbrarr.t la6oparopnoi Br4rr:raBKr{ He
BraoopaxarorL B noBHii uipi pea,rrui lpouecu, qo aig6yssl6lssq a
ve raJ,toM B npoMl_1cJ'toBl,lx ) MOBaX
Taxox aoIli:rr,so 6y,ro 6 nponecru roAarxosi 4oc,riqNeunr (nanpnr<naa,
MareMarr{qHe uo4e,rronanul) nnnuay EIIIII pM ua sricru cyeacHxx
KoricHr.IX craleii, _rri llpaurclorb B yMoBax B?tcoKourBHrKtcHlcx
3an3Ht4qHax MarlcrpaJrrx, ocri,rrr<z : ronepegnix .qocni.{xeH6 BiaoMo
no3rirrzBHrzt Bnrrr cran4apruoro EfLIfI Ha sricrr :arri:urrqHr.lx Korec
B po:ai:ri 3AfAJ'IbHI BI,ICHOBKI4 nynrr 9 nanucano: <flpularnicrt
rexHonofi.{Ht4x peNuuin EIIIII pM AItfl Sopllyaaunr 3nr.rrt(rB
KoMno3r4THofo poropa noBeAeHo ueranorpa$ivnauu gocligNeuururr
Meraly 3rurKa-npororr4 rry, Ha niacraBi rKrax no6y4oeaxo replrorinerrzvnr
IlarpaMlr Arrr crareii cKnaAy rrepexi.qHoi :osa, 111o,4o:eo,ralo o6parn
pexxM li repuivuoi o6po6xz. B roii Ne vac e po:aini 4, ae cane
po3Dr.sIaIoTLc{ qi Aoc:ri,qNenni BKa3y€rbcr, rrlo 4:r.r oqinra arrauay
TepMlqHoro qr4Kny EIIIfI uarpiay na $oplryeaHn.r :oun :,e4aanul
pr3HoplgHr.rx cra..reii Ta oqirqi $a:oallx neperBopeHh B Hrlx
Bl.rKopncroByBaJrr-i r4eroA CALPFIAD. Ueii ""ro1 

- 
ur*opr"ro"ya

repuoattnalriqni aracrasocti roxuoi Qa:u, rrlo MarorL tsr4rJ,rrr
ltareuaruqsoi uo4e,ri. llapauerpu uo4eni o6.{[crrororlc, rllnrxoM



t2

MiHiMbauii pi3Hnrli Mix Berur{r.tHoro, ruo onr4cyerbc, Ta il
eKcnepuMeHTaJrr,Hr.rM 3HarleHHsM, BpaxoByroqr4 aci cnieicnyrovi Qa:u. A_ire
IKHM rrr-rHoM orpr4MaHr caMe eKcnepr.rMeHTa:nHi ganni crocoBHo ncix Qa: apo6ori ne rroKa3aHo, ro6ro: rercry po6oru ne po:yvi,ro,KtrM rrrrHoM
Io6y,{oBaHi TepMoxiHeruvui giarparrall.
Tyr Ne a l.l1 rplraegeno: < . . .:6i:rturenHq ruezaxocri alrr.rryeanur aaeiri
. .. >, a naaegeui rIHQpra (..3 40 Io 20 MM/xs. . .) roBopqrr, rrpo 3MeHneHHr.

Bncsonxu uroAo Bia[oBiaqocri gucepraqii euuorau Miuicrepcrea ocsiru
ra Hayxu Yrcpainx

Bxa:aui aaynaNenHt He 3Hllxyrorb 3ara,rr,Hoi no:ratuaHoi ouitxu ra BucoKofo
piBHq ,qhceprarlii.

flucepraui.r ai4nori4ae runorau ,{enapraueury arecraqiT raapia MOH
Yxpainu. Ha:sa ra :l,aicr gucepraqii ai.qnosiaarort nacnopry cneqialruocri
05.16.02 - Mera,ryprix vopuux i rolroponnx ueralie ra cneqianr,utx cnnasig, ar :a
Qopnrl,roro cneuia,rtHocri. rax i :a ranpllrxavu roc,ri.aNetu.

3ara.irr,Hnfi BltcHoBoK. po:r:unyri Brirle pe3ynbrarx larorr, nincrasu
BBaxaru, ulo 4ucepraqir floniu.rro f.O. <Hayroai ocHoBri eJrexrpolxJraKoBoro
[pouecy 3 pigruu uera,rov,{nr oAepXaHHq cyqilrHrax i rouno:urnux 3J ]TKlB> e
3aBepIrIeHrrM HayKoBr4M Aocri,qxeHHrM, rxe po:a'a:ye BaxrnBy HayKoBo_
rexHo,rorivuy npo6neuy y nigrurqenui rexHi.rHr-rx vox:llsocrefi ra exoHoMrqHocrr
ene(TporxJraKoBoro npoqecy : pigrv rr,r MeraJIoM, srocti ra cra6imnocri KoMrrreKcy
B.'racrr4Bocrei 3rrrxia :a paxynor crBopeHH, cnptrrJrrrnux yuoa ix paQiuy"unn" au
Qopuynaunr.

,{ncepraqiina po6ora aignoai4ae Br.rMoraM n.rr. 9, l0 <flopury
npxcyAxeHHr HayKoBux cryneHiB), 3arBep,{xeHoro flocranosoro Ka6iuery
Miuicrpia Yrpainu aig 24 luDnq 2013 p. No 567, qo.{o ,qorropcrrux 4ucepraqifi, a
ii aarop, flo.niurro faHHa O,reKciieHa, 3ac:ryroBy€ npvcy,{xeHH, HayKoBoro cryneH-a
aoxropa rexHiqHr4x HayK 3a cneqia.ntnicrro 05.16.02 - Meranypria uoparlx i
KOJlbOpOBlrX MeTeul B ta cneqra,rrH ux c n,rasie.

O+iuifiHnfi onoHeHT
npopeKTop 3 Hayxonoi po6oru
Haqiona.:nua uera.nyprifita ana4eui.r vrpainu MOH yqpainr.r
gorrop rexuivnux uayr, npoQeccop ).C. flpofi4arc
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