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po6orra siAnoeiAae HayKoBoMy HarrprMKy xa$e4pra

npo4ymie HaqiouarbHoro yuinepcrarery <<JlreiBcbKa

22r/p.

oSiqifiHoro onoHeHra Ha Anceprarliro Inacisa Bo.noAuMrrpa Bacu.nr,oBHqa
(TEOPETI4T{HI OC HOB I,I TE XHOJIO| IIZ f ETEPO| EHHO-

KATAJIITI,II{HO| O ONEPXAHH'I AKPI4IIATHI4X MOHOMEPIB ).
rrpeAcraBneHy ua:4o6yru HayKoBoro cryrreHr AoKTopa rexHivHlrx HayK

sa cneqianruicuo 05.17.04 - rexHoJrorir upo4yrrin oprani.rHoro ctrHre3y

Axrya.nuuicru reMrr 4ucepra qiT.

Pospo6neun-a nucoroeSeKTr4BHr,rx xarariruqHux cr4creM e o.qHr4M ig

Hai,BaxnnBiruIax uaupruxin noKparlleHHr rexuiro-eroHoNri.rHrax noKagnnris
eupo6nraqrsa. Hegsa)Karoqr4 Ha 3HaqHy xirlricrb HayKoBrrx [paqrr, npucB.flqeHr4x

xarariru.IHl4M rlpoqecaM cI{HTe3y HeHacuqeur,rx rapdoHoBnx Kr,rcJror, npo6neua

crBopeHHq raranisaropin, uro BonoAirom Br4coKoro arrueuicrrc Ta ceJreKTkrBuicrro

B rlpoqecax cuHTe3y aKpr4narHux rvroHoruepin 3a pearqiruw rougeHcaqil,
3€LIIt{[IaeTbCfl aKTy€U bHOtO.

OcnosHoro reperuKoAoro Ha unrxy Ao npouuclonoi peani:aqiT

AeocraAifiHoro nrzpo6Huqrna MMA i MAK 3 eruJreHy e HeAocrarHt

e$exrunuicrr icnyrcqr4x Kararriearopie KoHAeHcarlii Mn i nK s OA.
Tonry crBopeHHr aKTr4BHr4x i cerexrvBHttx rcaraniraropin rou4eHcaqil

Hacnr{eHr4x xap6oHoBrrx Kr4cJIor ra ix ecrepin r $oprraanr4eri4ov i pospo6neHHt

HayKoBr4x ocHoB TexHoJrofll .qaHofo rrpoqecy e aKTyanbHr4M HayKoBo-TexHlr{HuM

3aBAaHH{M, tloMy i npracnxqeHa Ar4cepraqiq Ieaciea BonoAzrraupaBacuJiooBH{&.

Terraa Anceprarlifinoi
rexsororii oprauivunx

Meroro po6orra e po:po6JreHHr HayKoBHX ocHoB i rexuororii rereporeHHo-

:arHr4x MoHoMepie xougeucarliero r<ap6oHinbHr4x

crronyK e ra3osiil Sa:i.

nolirexnira> - <Teoperuqrri ocHoeu crBopeHHr BlrcoKoe$errnrurax inir{ilorcql4x

i raraniruqHr,rx cr4creM Ta npoqecin ceJreKTuBHr4x rreperBopeHb oprauiuuzx

crronyK 3 Meroro oAepxaHHr MoHoMepie i noniuepin>.

OcHoeHi pe3yJrbrarn Ancepraqifi uoi po6oru.
Anropou pospo6neno arcrueHi Ta BucoKoceremreHi raraniearopu

raro$a:noi roH4eucaqii nponioHosoi rcracrorrn s SopuanrAeriAoM B MeraKpr{noBy

Krlcnory Ha ocHoBi cyvriuri orcz4ie 6opy ra Soc$opy, rpoMoronaHi oKcuAoM

nonr$parray. BcranoBJreHo, qo po3polr'enuit rararigarop raKo)K e eSerruBHI4M y

npoqeci raeoSasuoi rosAencaqil oqrosoi KncJrorr4 i $opuaru4eri4y, Iqo .4o3BoJlf,e

oAep)KyBarr4 aKpr,rnoBy Klrcnory 3 Br4xoAoM 50,6 % [pLt ceJreKTr4Bsocri i]
yrBopeHHr 88,8 %.



Anropou 3arlporloHoBaHo erlcoroeSexrusHi rcarariruqsi cucremu cyrraicuoro

oAep)KaHH{ MeTUJIMeTaKpI4naTy Ta MeTaKpr4nOBOr Kr.rCJrOTr4 MeTOAOM KOHAeHCarIll

Mernnilponionary : SoprraanrAeriAov Ha ocHosi oxcz4ir 6opy ra Soc$opy,
npouoronaui oKcr4AoM quprconiro. BcrauoBreHo Br4coKy e$emranuicrn
po3po0neHofo

MeTr4naKpr4naTy

Sopnaanr4eri4y
72,2 oA 3a oAr4H

KaTZUn3aTOpa TaKOX y rpoqecl CyMICHO|O OAepXaHH{

i axpranoeoi KHcJrou4 KoHAeHcarliero Merr4nar{erary i
e rasosifi Sa:i s MaKcHM€LlbHr4M cyMapHr,rM BHXoAoM axpnrarie
upoxi4.

Eynu pospo6neHi BHcoKocerexrusni B-P-Zr-W-Ox/Si02 raralisaropu,
nporr,roronaHi cynriruuto oxcHAis nonrSpauy ra qrapr<oniro, Arrfl rrpoqecy

oAepx(aHH-s Merl,IJlMeraKpunary ra rraeraxpulonoi Kr4cJrorr,r cylaicnoro

KoHAeHcaqiero nponioHosoi rcracrorpr ra Mervnrponiouary : Sopuanr4eri4orr,r.
BcraHosreHo orrrr4uarrui yMoBH rpoqecy - TeMrreparypa 613" K ra r{ac KoHTaKTy

Il,2 c,3a {Kr{x oAep)KaHo cyvrapnr,rfi snxiA Merr4JrMeraKpr4nary ra r\4eraKpraronoT

KI4cJIorI4 47,5 yo npl4 cyMapHift celexrueHocri ix yrnopeurur^ 96,3 Yo, t\o ua 2,2 Yo

Br4rrle nopinnxno 3 rrpoqecorra 6es Br4Kopr4craHH-r MeraHony.

,{o4arxono e po6ori 6yno poapo6neno B-P-Bi-Ox/SiO2 Koroni3arop, rtro

rrpr,r reMrreparypi 593 o K ra qaci rosrarry 12 c zalezreqye ceJreKrkrBHicrr I00 %
3a MeraKpkrraraun, qo e [epc[eKTuBHr,rM 3 TorrKr4 3opy crBopeHHr 6e:nr4xoAHoro

nzpo6uuqrna. BcraHosreHo e$errraeuicrl pospo6neHoro B-PJr-W-Ox/SiO2
xara-uiearopa B npoqeci cyrvriuleHoi xou4eucarlii nponioHonoT KncJrorr4 3

$opuanrAeriAovr ra ecrepr.rSiKaqii MeraHoJroru y ra:oeifi Sa:i a oAepr(aHHf,M

MerrlJrMeraKpr4nary i rvrerarplrrosoi Kr4cJroru. BcraHoueuo, tqo aKrHsHicm

rarari:aropin 3pocrae gi g6irrilreHHqNa ix norepxueeoi xr'rcroruocri, a

ceJreKTr4Bnicrr yrBopeHHr arpunarie 3Hu)Kyerbcfl gi s6irrureHHqNa currr4

KrrcJrorHrrx aKTr4BHr4x qeHrpin. BcraHoereHo xiueruqsi napauerplr i
reMrreparypni vrexi yrnopenHr aKruBuoi $aan po:po6neHnx Kar€uli:aropin, ra
qac, Iqo neo6xi4Hrafi Anq rpoxaprcBaHHt rarani:aropie y npoqeci ix
npr4foTyBaHHr.

B po6ori 6yno BcraHoBJreHo garexHocri runn4xocrefi 4ocni4NyBaHI,IX

pearqifi siA xoHqenrpaqifi peareurie ra po3paxoBaHo yuonHi ropfl.{Kr4 peaxqift ea

peareHraMlr Anr npoqecie KoHAeHcaqiI nponioHoeoi Kr4cJrorr4 : Sopuanl4eri4ou,
rcosAeucaqii Mernnrponiouary e $opuanr4eri4ona ra cyviuleHoro rpoqecy

KoHAeHcaqii vrerrannponioHary i nponiouoeoi KucJrorr4 : Qopuans4eri4orvr ra
ecrepr,rSiraqii MeraHoJroM y rpr4cytrocri 6op-Soc$op-oKclrAHlrx Karani:aropin,

rrpoMoroBaHr,rx oKcvAaMr4 eonrQpavry, rlr4pKoHirc ra ix cyvirulrro.
3anponouoBaHo npuuqlrnoni rexuoloriqsi cxeMr4 BKa3aHr4x npoqecin"

3liilcHeHo uopinuruua porpo6nenrax rr,reroAie 3 [poMrrcJIoBI4M MeroAoM

oAep)KaHHr MerlrJrMeraKpunary i rvrerarpuronoi KucJrorr4 ra niArsepAxeHo ix
2



eKoHoMiqHy e$eKrr4BHicrb. llpolancnoBe BrrpoBaA)KeHHr po:po6nenux uero4in

Ao3Bonr,rrb BuKruoqnrv Htd3bKoceJreKTuBHy cra4iro oKlrcHeHHr MeraKponeTHy Ao

uerarpnloaoi KHcJrorH, 3MeHtuurr4 3aranbHy rcinu<icru cra1ii,t, ni4nnrqrarn

ceJreKTr4BHicm yrBopeHHr qirroeux rpoAyKris Ha -20 % Ta 3Hu3r4TV Br4Tparu Ha

cr4poBr4Hy sa 10 - 18 %"

Anropovr 6ym rroKa3aHa e$erruenicm crsopeHux rexHoJlofr[ o4epxaHHq

uerarpuronoT KtacJrort4 Ta MerurMeraKpunary 3a peaxqiavra rcouAeucaqiT -ra

cra6inuricm eSemnnuoi po6orr.r po:po6reuux rcarani:aropin ni4reep,u)KeHo

pe3ynbraraMu Aocni4no-npoMr4cJroBr4x nrznpo6ynaHb po3po6leHux 6op-Soc$op-

oKcr4AHr4x rararigaropin, [poMoroBaHux oKcltAaMn nonr$pavry, rlr4pKouiro m ix
cyMlrrrrrrrc.

Cryninr o6rpynrosaHocri HayKoBrrx rroJro)KeHb, BncHosnis i penoruenAaIlifi,

cQopvry.n boBa H nx y A ucepraqii, ix Aocroeip n icru.

lIiA qac npoBeAeHHq HayKoBr4x AocniAxeHs aBTopoM Bl4Kopncrani cyuacui

eKcnepr4MesrarrHi MeroAr4, y roMy .{ucri MeroA BcraHoBJreHHfl rataliru.IHl,Ix
BJracruBocrefi xaraniaaropiB 3 xpoMarorpa$iuHr{M aH€ulisou upoAyrrie pearqii;

4ra$epenqianurr,rfi MeroA AocliAxeuus
repMorpanirraerprauHlafi MeroA auanisy

KiHern.{HHx saroHoNaipuocrefi;

Saaonoro cKnaAy po:po6nenux

rararigaropin; iuuynrcHa xpoMarorpa$iuHa a4cop6qix ra reMneparypHo-

rrporpaMoBaHa 4ecop6qir An{ AocriAxeHHq agcop6qiflr.rux BJlacruBocreft

nonepxni poapo6neHnx Kar€uri:aropie; MeroA renrosoi 4ecop6uiT aprony i a:ory

Anq Br43HaqeHHq nnrouoi noeepxui, nopr4crocri ra po:no4iny flop rararisaropa 3a

poruipou.

C$opuynrosaui B 4racepraqii Hayroni rroJro)r(enHt, BHcHoBKr4 i
perovren4aqii ni4rnepA)Kyrorbcr orpt{MaHr4Mn eKcrIepHMeHTaJrbHHMH .qaHI4MId,

y3roAxyrorbcr 3 icnyrcunvrn TeoperuqHI4MI4 tIoJIo)KeHHtMI4 i e AocronipHzlvua.

Bucuosrn rro po6ori Marorb KoHKperHufi xapar<rep i Ao3Bortrorb BHTBVTH eci

ocHoeHi nayxoei AocqrHeHHt aBTopa.

HosurHa orpnMaHHx peryrurarin, sucuosrcis i percorvreHlauifi Ta ii
IIpaKTIIrrHe 3HaqeHHfl.

y perynrrari nponegeuol po6orra aBTopoM orpnuani uoni, HayKoBo

o6rpynronani AaHi x{oAo BcraHoBJreHHr gaxououipHocri flpoqecy i celerrunuicri
yrBopeHHr qilronux npo4yxrin [poMoropaMl4 Anq ronAescaqil HacI4r{eHI{x

rap6oHorr,rx Kl4cJloma Ix ecrepin : $opnnarrAeriAom e oKct4l nonr$panay, oKcI,IA

qr4pKoHlro ra lx cyMlIrL

Bneprue BcraHoBJleHo, ulo B ilpr4cyruocri xararisaropin xracJlorHoro rl4ny

ni46ynaerrcx ue6axasuia riqponia Merunnponionary 4o nponiouoeoi KHcJIortI ra

MeraHoJry. BcranoBJreHo, rqo AoAaBaHHs nponioHonoi Kr4cJIorLt y peaxqifiuy



cyMixr r€LnbMye ri4poni: Merr4nrrponiouary ra ni4nurqye ceJreKrrrBuicm

yrBopeHH.rr qiruoaux npo4ymin. Bcrauorleuo, u1o cyviqenHa pearqil
rcoHAencaqii Merr,rJrrrponiona'ry i nponioHosoi Kr4cJrorr4 : Sopuanr4eri4ola 3

ecrepu$ixaqiero MeraHoJloM niAsuutry€ qacrKy MernJrMeraKpr4nary B npoAyKrax B

1,5 pa:ra.

3dficHene AocniAxeHHr noKa3ano xiuerH.rHi napaverpz i reuneparypHi uexi
yrBopeHHr aKTlrBHoT Qa:ra poapo6neHnx Karaniaaropin ) 'ra qac) ulo Heo6xiAruafi

Anfl npoxaprcBaHHr KaTaJn3aroplB y

BcraHoBJreHo 3€urexuocri ureulKocrefr

npoqecin xouAeucarlil nponiouoeoi Kr4cJrou4 : Sopuanr4eri4ola, KoHAeHcaqiT

MeTr4nnpo[loHaTy 3 Sopvranr4eri4ov ra cyrrairqeuoi lcon4eHcarlii

Merhnrrponionary i nponiouoeol rracrorr4 3 SopvranlAeriAov ra ecrepl,ISiraqiT

MeraHoJroM y rrpr4cyrnocri 6op- Soc $op-oKc r4AHr4x Kar€Lir i:aropi n, rpoMoroBaHrlx

oKcr,rAaMr4 eonrSpavry, qraproHiro ra ix cynriruurn. Excnepr4MeHranbHo

ni4rnep,4xeHo, ilIo crBopeui xineruqHi vroAeni 4o6pe (e roeSiqienrou ropenaqii
6imrue 0,95) oru4cyrors AocriAxeui npoqecn oAepxaHH-s aKpunarHnx vroHouepin

MeroAaMLr KoHAeHcaqii r<ap6ouilruux cronyK : $opvramAeriAou B npucyrHocri
porpo6neHnx Kariurisaropie.

llpaxrnuna anpo6aqix cyqacHnx NaeroAis orpI,IMaHHfl, o6po6ru ra
iHrepnperaqii HayKoBt4x AaHr4x ni4rrep4xye o6rpyuroeaHicm HayKoBI,IX

rroJro)KeHb, BrrcHoBrin i perovreHAarlifi, c$oprrayJrboBaHl4x y 4racepraqii.

HaqsHi B orroHeHTa 3ayBa)r(enHfl 3BoARTbcr Ao HacryuHoro:

1.8 po6ori e po:4ini Jlb3(c.125 Auc.) :po6reno nepe46a.reHHt tl{o rpu
nporpaMoBaHoMy uarpieauHi xararisaropie B-P-W-Ox/SiO2 cnocrepirancr

eK3orepMiqnrafi nix y Me)Kax 843 928u K, s.xuitr He cynpoBoAxyerbct

BTparoro Macu i ruoxe siAnoeiAaru rpoqecy yrBopeHHt rpr.rcraniunoi

crpyKrypvt, aJre HiAe se ni4rneppxeHo qieT rinore:ra.

2"Bvtxo1flqr4 z rpa$ixin 3aJrexHocreft xoHeepcii, ceJleKTlrBnocri Ta BHXoAy

npo4yxrir ni4 rnuy Hociq i nporraoropa ra fioro nrraicry ra iuruzx Aalavrx

rrpuBeAeHr4x B po3.{inax Ns3,4,5 guceprarrii He HaBeAeuo Aani nporHo3yBaHHt

xirvri.rHoi 6yAonn Kr4cJrorHHX rroBepxHeBo aKTr4BHnx qeurpin xarruiraropin
ra ix nao4ra$ixaqil axrueuoro Sa:oro, rra Mo)Ke rrpoxoAlrrH xx Si:utrHI4M TaK 1

XIMITIHI4M II]JI'XOM B3ACMONII MIX HI4MI4.

3. B po:4ini 5.3 .{ocniAxeuHs npoqecy nponiononoit. B po3Alnl ).J AocnlAXeHHr npoqecy KoHAeHcaqll flponloHoBol KI4CJIOTI4 3

SopvranrAeriAovr y npr4cyruocri MeraHony ( c. 188) He rotcHeHo xirvri.rHlafi

BrrJu4B AoAaBaHHr MeraHony Ha axrusHicrr xararigaropie, B 3€LlexHocri ni4

KoHrreHrparrii xucnorHt4x aKTuBHr4x qeHrpie.

npoqecr ix npnroryBanHfl,. A raKolK

pearqifi siA roHqeHrpaqifi pearenrin 4nx



4. B 4ucepraqiuifi po6ori sa cr. 219 rpr4BeAeHa riueruqHa MoAeJrb, Ae B

pearqir 2,5,6, m uo6i.rHHfi rpoAyKT yrBopro€Tbc.rr BoAa. Ane ryr )r(e Ha

cr.218 BKa3aHo, ulo Ant cnpouleHHt riHeru.rHoi nao4eli AocniAxyBaHoro
rpoqecy BIIJII4BoM KoHlleHrpaqifi eo4u i iueraHony ra 3Boporuicuo cra4ifi
4eri4paraqii i riaponisy laoNHa 3HexryBarn.

5. B gucepraqifini po6ori He HaBeAeuo 4ani rpo Bnnr4n 6y4oan nonepxni
BI4KopI4craHvx nociie ra Kar€ulisaropin Ha Kar€Ltiuaqni BJracrnBocri cauprx

xararisaropin, a raKo)K Te, IKHM qvHoM r:aeuo4ie aKTr,rBHa Sau : Hocieu y
raraniearopi: qkt r{e xiuiqna naaeuo4ir, w ni46ynaerrc.a cyro Si:uuua
alcop6qir.

HeseaNaloql4 Ha :po6neui 3ayBalreHlnfl.) B rlinovy Ar4ceprarlis ssrse co6oro

3aBepueHy po6ory, e rxifi orpuuaui gagHaqeHi Br4rle HayKoBo o6rpynronaHi
pe3yJlbrarl4, qxi aupiuryrorr Baxn14By HayKoBo-npr4KnaAHy npo6nevry
po:po6nenm HayKoBr4x ocHoB i creopeHHr rexHolorii rereporeHHo-

rcararirn.IHoro oAepxaHHfl aKpvnarHux MoHoMepir rou4eucaqiero r<ap6ouinbHr4x

crlonyK B rasosifi Saai, qo Aa€ 3Mory orpr4MyBarn aKpr4JrarHi uonouepu 3

BI4coKI4MLI BI,IXoAaMI4 i cerexu4BHocrqMr,r, 4ocrarHiura Artr npounclonol
peaniraqii qrax npoqecie

Eepyvu Ao yBarl4 Bce BHUIe BrlKnaAeHe, BBa)Karo, rqo perleH3oBaHa po6ora
Bolo4Iauzpa Inacina ni4noni4ae Br4MoraM BAK Vr<paiHvt, rqo npe4'-sBurcTbc{ Ao

Ar4ceprarlifiunx po6ir, rroAaHr4M Ha :4o6yrrx HayKoBoro cryneHq AoKTopa

rexHi.IHI,IX HayK, a ii anrop 3acnyroBye Ha rrpr4cyAxeHHr eilnoeiAHoro cryrreH{"

AnropeSepar i4enrnqHo ei4o6paxae ocHoBHi noroxeHHq Ar4ceprarlii, arci

uosHicrlo BI,IKJIaAeHi rarox y crarrrx, Te3ax 4ononi4eit ua rcon$epenqisx i s

rareHrax, HaBeAeHr4x y cnr4cxy ny6nixaqifi e Ar4ceprarlii i s aerope$epari.

O$iqifinufi onoueur,

AoKrop rexniqnHx HayK, npo$ecop xaSe4pu

xiuii <dlpurapnarcrxufi uaqiona"t suui,r ynirepcrarer
iveHi Baculs Cre$auuxa> M. Kypra C.A.
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