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BIATYK

o$iqifinoro onoHeHra Ha rl{ceprarliro Menrnuxa lOpix Porraanoen.ra
"Hayroni ocHoBlI TexHoJlorifi ecrepin Brrrru4x )KrapHr4x Kr,rcror", ilpeAcraBrenoi
na s4o6yrrx HayKoBoro cryleHs AoKTopa rexniqnnx HayK sa cneqianrHiclo

05.r7.04 - rexHoJrorix npo4yrrie opraHivHoro crrHre3y

Axrva.nuHicru reuu AnceprauiT
Ecrepu BI{IrII4x }KHpHI4x Kr{cJror e norur4peHr4Mr{ fi AocrarHbo

[epcneKTLIBHI{MI4 per{oBI,IHaMLI y fipoqecax oprauivHoro cHHTe3y, y uoniuepuifi fi
na-rrueHifi rlpoMncnoeocri. Ilhaporo po3noBcroA)KeHr{Mrr Anr qboro HarprMKy e
TexHoJlorii, sri nos'.sgaHi g rouoreHHr4M lcarali:ou.

Aerop po6orn nrapirunn 4ocni4zur HoBy aKryanbHy reMarnKy rexHororiro
orpHMaHH-s ecrepin BI4IrIux )KI4pHI{x KrrcJror sa AorroMororo rereporeHHo-
raranirz'IHl{x peaKllifi. Birlrruicrr AocniAxeHb rereporeHHoro raraniey uos'.sgaHa
3 IIoIuyKoM HoBI'Ix raralirkrrrnnx cr{creM 3 Merolo g6ilrureHHfl ceJreKrzeHocri
qilroeoro ilpoqecy. IIefi Hanp.sMoK 4ocri4xeHr uocrifiso po3Br4Baerbc.{ i y
renepiruuifi 'Iac e uafiuepcrleKTl4BHiruzu An-rr rereporeHHofo raranisy.

B Al4ceprallifi:niir po6ori npoaHani3oBaHo nriNnapo4Hi f4 nir.rzgH.f,Hi
rIareHTI4, xri ei4pi3H-alorbct cKnaAoM rereporeHuoi-xaraliru.rHoi cr4creMr4 rrlo
Ao3Bonfle orpl{MyBarll 6io4uselrHe naJrr4Bo. TaxoN po3rnrHyro 6inruricrr
$axoerax nrixHapo4HI,IX crarefi, rri rloKa3yrorb rvrrwr aornia*.Hr4x Karaniearopin
y [poqeci orpzruaunx ecrepie ra KiHerraqni gs's3Ku rrpoqecin ecrepusiraqii.

B po6ori lzabett, M., Wan Daud, W. M. A., & Aroua, M. K. (2009). Activity of solid catalysts
.fo, biodiesel production; A review. Fuel Processing Technology, 90(6), 770-777) onzcagi
KiHerH'Iui ocHosH Aii rerepofeHHoro oKcrrAHoro rararisaropa Arrfl rrpoqecy
orpr4MaHHx 6io4lrsenro.

B poSori lltkozar, 8., & Levec, J. (2014). Transesterification of canola, palm, peanut,
soybean and sunflower oil with methanol, ethanol, isopropanol, butanol and tert-butanol to biodiesel;
Modelling of chemical equilibrium, reaction kinetics and mass transfer based on fatty acid composition.
Applied Energy, 123, 108- I20f ormcauuit xineru.rHi naero4rz orpr.rMaHHx 6io4zeenro
rpoqecoM rpaHcecrepzQiraqii onifi si cnr4praMr4. OnracaHi MoMeHrrd
MOAenro B aIJ:F.fl upo qe c in o cHo B aHr{x Ha Br4rr{I4x )Kr4pHr4X Kr,rcJr orax.

B po6orax lBecerra Ortega, M., Hurtado, C., Duarte, A., Duarte, G., Azucena, S. (201..).
Triglyceride transesterification in heterogeneous reaction system with calcium oxide as catalyst. Revista
Facultad de Ingenierfa Universidad de Antioquia, 57, 7-l3lralM. Canakci, & J. Van Gerpen. (lggg).
Biodiesel production via acid catalysis. Transactions of the ASAE, 42(5), 1203-1210) po3rnrHyro
BrrrrrrB pisHrzx cnuprin Ha riueruKy rrpoqecy rpaHcecreprz$ ircaqii.

B po6ori lHawash, 5., Ebrahiem, E., & Farag, H. (2020). Kinetics Of EsteriJication Of Oteic
And Linoleic Free Fatty Acids. Journal of Advanced Engineering Trends, 39, 23431po3rnrHyro
3aranbHi rcineruqni oco6rzsocri npoqecy rpaHcecrepzQiraqii rpzrniqep ngin.

B 6inrurocri po6ir 6yno po3rnrHyro BrrJrr{B roMoreHHr4x Kar€Lrrisaropin Ha
rpoqec rpaHcecrepzSixaqii rpurniqepra4in. Taxox 6ylo
qifi npoqec BrrJrrrB onifi Ta ionoo6rraiHHr4x cMoJr. aJre

rxr4poKo po3rn.rrHyTo Ha
He Ayxe posrnxnyri



AocniAx{eHHr 3 pisnovraHirHuvr cKnaAoM rereporeHHoro rararigaropy rI<rzfi Moxte
BLrKopr4croByBarr4cb .rrK oAHo- raK i 6araropa3oBo y upoqeci. Aeropou 6yno
po3rnrHyro rrolrr4peHe orpHMaHH.s ecrepin BZIr{HX x{IlpHHX KI{cJIor i: pi:HIax onifi
-sK cr4poBuHr4.

y 2014 p. y Hy <Jlrniscbxa norirexnira> 6yta 3axr4rrleHa po6ora flKa cralra
B saroAi npo MeroAr{Kr4 rrprrroryBaHHq rararirz.rHl,Ix cLIcreM Anfl upoqecin
oTpI4MaHH-f, ecrepin. lMenauu*, C. Hayxoei ocHoru i mexuonozin rtoHo- ma diecmepie
aniQamuuuux xap6ouoaux Kucrom, aemopeQ. dorcm. duc.:cneq.'05.17.04 - mexHottozin npodyrcmie

opzaniuuozo cuHmsy, 2 0 I 4f .

flpe4craureHa Ao 3axr4cry 4racepraqifrna po6ora npl4cBtqeHa rlolxyKy
HayKoBZX OCHOB OAep)KaHHf, eCTeplB XrrpHI4X KI4CJIOT nepeTBOpeHHtM

rpaHcecrepzSixarlien rpzrniqepz4ie 3a AonoMororo rarariru.rHl4x cIIoJIyr d- i p-
Merarie. 3oxperra, Ar{cepraHr AocniAun y po6ori:

F saroHolripnocri Bnnr4By xararisaropie - oxcu4in, conefi ra ri4poxculie d- i
p-ueranin (IV nepio4y i IV fpynu, aor<peua) ra ioHie III4x Iuetarin,
inal,ro6inisoBaHr4x Ha rariosiri KV-2- 8 :

F xaranirH.rHi ocoSrueocri rpouecy rpaHcecrepu$iraqii y npucytrocri
pocnr{HHr4x onifi;

F enrras ynbrpa3ByKy -aK Mero.qa ar<rueallii raranisaropy;
} nnrve fi peaxqifiny sgarHicrb crll4pris Cz-C+ y npoqecax rpaHcecrepr.r$ir<aqii

rereporeHHr4M KaraJri:ou;
} rinerruHi xapaxreprrcrr{Kr{ pearqii ecrepu$iraqii oreinosoi r<ucrorH 6yray-

l-orou y npucyruocri orcuAie N,rerarie qr rararisaropin.
Terrrarury Ar4ceprarlifiHoi po6oru Mo)nJrr4Bo npuituxr:u 3a eiArosiAHrafr

po3Br{ToK rereporeHHoro rarari:y. [r.a qroro Ar{cepraHr rrocraBkrB nepeA co6om
3a Mery po:po6urz raranisaropr{ Ha ocHoBi cnonyr d- i p-vreranin 4nx orpr4MaHH.fl
ecrepin xrrpHr{x KrrcJror, BH3HaqHTvr ix ocuonsi r<iueru.rHi xapaKTepucrurcu it
peaxqifiny :4aruicrr.

[zcepraqifiua po6ora Ao3Bonre fiorxupr4rr4 3HaHHf, 3:
) riueruxu npoqecy rpaHcecrepHSiraqii 3a AonoMororo rereporeHHrrx

raranigaropie;
BI,IKOpI4CTaHHS. KaTlOHlTy 3 IMMOOIJII3OBaHI{MUI IOHaMI{ MeraJIlB, fK

xarani g arop a, Anfl 6 ararop a3 o B o ro BrrKopr4 cr aHle.s;
HoBZX 4ocri4xenr, qxi Ao3BonHnH orpr4Marlr rrareHTr4 3a MeroAoM
crBopeHH-rr rararisaropa ra MeroAoM nepe6iry npoqecin
rpaHcecrepv Sixaqii;

) enpona4)KeHH{ pe3ynbraris AocniAx{eHb y HaBqanrrrufi rpoqec ar nexqifi,
na6oparopHkrx po6ir ra BraKoHaHHi xnaniSixaqifiHrzx po6ir vraricrpin si
cneuiamHocri 161 Xinri.{HirexHoJrorii ra iHNeHepix.

H

peKoMeHAarlrI{

flvrcepraqifiHa poSora lricrnrb aHoraqiro, ncryn, cirra po:4inin, Br,rcHoBKrzr,
nepenir nireparypra, AoAarKr4, qKa Br4KraAeHa Ha 335 cropiuxax ei crrrcKoM



/

(

1
Br4Kopr.rcraHoi nireparypz nonaA 257 HafinaeuynaHr. BzxoAsqu is
cQopvrylboBaHoi Merra, nupiurynanncr gaAa.ri pospo6rcn rereporeHHux
rcarali:aropie upoqecie rpaHcecrepu$iraqii rpurniqeprz4in olifi Ha ocrosi
cnonyK d- ra p-vreralin ra Br{3HaqeHHf, orrrnMailbHl4x yMos ix sacrocyBaHHt;
Br{3HarreHHr BrrnuBy rarariearopa Ha rexnorori.{Hi rIoKa3HI,IKI{
rpaHcecrepra$iraqii rpzrniqepu4ie; BcraHoBrreHHrI saKoHoN,Iipnocrefi npoqecy
rpaHcecreprz$ircaqii rpurniqeprz4in cIIt4praMI4 Cz-Cq y npzcyrHocri orcIa4in,
colefi i ri4porcz.qie d- ra p-MeraJris ra garoHoNaipHocrefi ilpoqecy ecrepraQiraqii
niurunx xorpHr{x Kr{cJror y rrpr4cyrsocri orrrr{MzulbHrlx Karanisaropin; crBopeHH-a
rexnonorii ecrepin Blrqrlx xr4pHr4x Kr{cJror is 3acrocyBaHHtM pospo6lenux
rararigaropin.

3 orjra4y nireparypHrrx A)Kepen (poe4in 1) 6yno Br4.sBJIeHo nepeBarn ra
seAoniru rpoMr4cnoBlrx npoqecin rpaHcecrepz$iraqii rpurniqepn4in i
ecrepusiraqii Br4rrlr4x xrr4pHr4x Kr4cJror, a raKo)K po3rn{Hyro rouoressi fi
rereporenui rcaranisaropz, .sri BnKopr{croByrorb Anfl iHrencu$ixallii rllax
npoqecin. Brasauo ocHoBHi HanpxnaKr{ Br4Kopvrcrannfl. ecrepia ra auinoecrepin
Brrrqux )Kr4pHr4x Kr4cJror. Aeropona ,qLIceprallifinoi po6oru o6rpynroBaHa
Aorlinrnicrr Br4Kopr4craHHfl. cnonyK d- i p-nrerarin .aK xaranisaropin Anfl
AocriAxeHHrr rrpoqecin rpancecrepu$ircarlii rpurniqepuaie onifi ra ecrepu$iraqii
Br,Ilprx )Kr4pHr{x Krr cJroT.

MeroAororiqnzfi aHanis po6oru (posain 2) aBropoM npone4enufi
uosHicrrc. OrnsA BKJrrcrrarr,rMe: xapaKTepr4crurKa perIoBI{H, .srci
Br{KopLrcroByB€urr4cb B AocniAxensi; MeroAHKr4 npoBeAeHHq eKcrrepr{Menrin;
MeroArrKr4 npoBeAeHn.q aHarigin peaynrrarie AocniAxeHb; MeroAHKy po3paxynrin
uaparuerpin KepyBaHHr npoqecaMrr rpaHcecrepuSixaqii rpurniqepra4in i
ecrepz$ircaqii Br{u{r4x xrrpHr4x KrrcJror 3a orpr4Ma:rttrx pe3ynbraris AocniAx{eHb;
MeroALrKy po3paxyHris eKorori.rHzx rroKa3HzKin npoqecy rpaHcecrepu$iraqi.

'{ocni4xeHH-fl npoqecy rpaHcecrepuSixarlii rpuruiqepra4ia coH.flruHlrroeoi
onii (pos4ir 3) 6yno po3noqaro 3 BlrBrreHHr rrepe6iry upoqecy Ha rararigaropax
(MgO, ZnO, SnOz, MnO, NiO, FeO, PbO, CuO, Co3Oa, Cr2O3, Co2O3):

) npoqecy erauori3y, B pe3yJrbrari.srux 6yno Br,rf,BJreHo prA Karanisaropin, u1o
Marorb nafinuuqy arrusHicrr. Ao uux ni4noc.srbc.r oKcr4Ar4 rIr4HKy, nireruo
(II) ra onoBa (IV);

) upoqecy 6yraHonisy, B pe3ynbrari srux 6yno BHrBJreHo prA Kar€Lnisaropin,
rrlo Marorr uaftnrauly arrusuicrr. Ao Hrax siAHocqrbc{ oKclrArr rILrHKy ra
uixemo (II). OaHaK 3 Br,rqorc rxBr4Axicrro pearqii u1e rpo.f,Br,rn ce6e fi oxcr.rA
ranisa (II).

Orcpivr orczAis rueraris .rrK Kar€urisaropie aBTop nponie AocniAxeHH.f, 3
BI{KOpLICTaHH{M COJIeI{ H flApOKCI4.4lB MeTaJrlB Ta KaTlOHr{Tl IMMOOIILI3OBaHO|O

i oH arrru MerEUra. .{o cni gxe uun 6y tu up oee4eni :
\
r Anfl peaKrlll eTaHonl3y.

. flpu AocniAxenui opraHi.rHuvu.t (Cu(OAc)2, Ni(OAc)2, NiC2O4) ir
neopraHi.rHlzMu (CuSOa, NiSO+, ZnSOa, MnSO4) coruMrl N,reraris 6yno



BIl-flBJIeHo, IrIo HafiBl4rrry rxBr4AKicrb rrporBrrnr{ coni uiai. llpn 4ocniAxenHi
ri4porcra4av'r ueratin (Zn(OH)2, Sn(OH)2) 6yrc Br4-rrBJreHo, r{o uairnurla
rusu.qricrs 6yta n inrepnali (2,5-3,2)* 10'4 naonr/(4u3'c). Taxox ni4lriueno,
IIIo KoHBepcix rpurneqiplaAie euqe rpr4 Br.rKopucrasni colefi ueraniB flK
rarari:arop;

o llpra AocniAxenni rarioHirauu iir,rrrao6inisoBaHr4Mr.r ionauz Nreraris (Ky-2-
8) 6yro BI{tBJIeHo, I{o roqarKoBa rxBr4AKicrr pearr{ii crnaAae 6rusrro
1,6'104 naorlr/(4u''.), u xoHnepcir rprarniqepuyil_ za 150 xs cKnaAae 54,1-
54,8 %. llpn AocniAxeHni aHionirou (AB-17-8) 6yno Br{rBJreHo, Ho
rorlarKoBa urnH4ricrr peanqii cKnaAae 8,5' 10-5 vronr/(4u3'c). Einrur
e$er<runru4M 

. 
Kar€Lriearoporr,r Anfl rpaHcecrepraSiraqii rpurneqipu4in

BurflBr4Bcs. rcari onvrr (Ky- 2 - 8 ).
An-f, peaKrlii 6yranonisy.

o llpra AocniAxeHHi sa AorloMororo 6inrruocri conefi Naeraris 6ylo BHrBJreHo,
u1o ilpoqec rpaHcecrepra$ir<aqii rpurneqipz4ie nepe6irae .flK roMoreHnrafi
KaTanl3;

. llpn AocliAxeuui rcarioHiravz iuuodinigoBaHr4Mr4 ioHavz iraeraris (Ky-2-
8) 6yno BI{.aBJIeHo, Ir1o rorrarKoBa rrrBr.rAKicrr pearqii crna4ae 6lugmo
9,0'10-5 vronr/(at''c), rounepcix sa 150 xs 6rusrro 60 %. E$eminHLrrrrrzM
rararisaropoM BuflBuBafl. xarioHlzr s iNaMo6irigosaHr,rN,ru iouavn Ni2*, ax i
An.rr MeraHonisy.

F tnq pearqii rponaHoni:y. B pe3ynbrari AocniAxeHb Ha xariouuri (KV-2-8):
iNrrrro6inisoBaHl4Mrl ioHair,rn N4eraris 6yro Br{rBJreHo, rrlo rorrarKoBa
uru'r4xicm peaxqii cKJraAae 6rusrKo 2,0.I04 vronr/(4rr,r3.c), ronnepcir
rpzrniqepugin za 240 xs BI4coKa rroHaA I00%. Hafie$exrznHiruuu BvrflBr4Befl
rariosur s ir,{Nao6irisoeaHr.ri\an ionauu Ni'*, nxi gnx ueraHoni:y.

[ocni4xeHH.fl npoqecy rpaHcecrepra$irarlii rpurniqepragin crrr4praMu
sa rarionuriKY-2-8 (posain 4) za rapaMerpaMr{ KepyBaHHf, rrpoqecy:

Y metwnepamypa. Eyno BI4tBJIeHo gsu\airHa :alexHicru, s6imrxeHns
reMrleparypl4 npI43BoALIrb 4o :6inrrueHHq ruBl4AKocri npoqecy. llepenipeno
Ha eraHonisi Ha r<arionzri Ky-2-8 y H-Sopui ra 6yranonisi sa xariosuri
Ky-2-8 g ilruo6inigonaHraN{u iouauu Ni'-.
tutorbHe cnieeiduouteHHfl peazeumie. Eyna Br4.rrBJreHa sarexHicrb, qKa Ma€
MaKcrrMaJrsrtuir. repertrH. llx erauoni:y na rariouur\KY-2-8 y H-$opNri r{efi
rleperl4H icuye npn cninei4uoueHHi rprzrniqepr41Lr: cnupr:l:8; na rariolriri
Ky-2-8 s iNaN{o6irisosaHzNau ioualrz Co2n qefi reperuH icuye upu
cninni4uorueHni rprzrniqepup.u: curzpr:1 :4,1. flnx 6yranoni3y Ha rarionuri
Ky-2-8 s iNaNao6irisosaHla\au ionanz Ni2* 6yro Br{f,BJreHo ouruuanrnraft
uorrHufi iurepean cninei4uorrreHb rprarniqep^i^, crr4pr sia I :4 lo l:6.
euicm xamanisamopa. Byno Br4flBJreHo, rrlo Anr npoqecy rpaHcecrepr$irarlii
rpzruiqeplaAin Ha rarioHlaru KV-2-8 orrrrrM€urbHzu nuicroM Karali:aropa
2o/omac.



Y ennue nycrcuoi' o6po6rcu rcamanbamopa. Eyno
rarioHiry Ky-2-8 s iNaN{o6inisonaHzvrn ionalvtz
po3rrrlHoM ri4porcz4y Harpiro rportroM 90
raranisaropa, qac di srcoi niANai.reHplia240 xr..

,{ocni4xeHHr npoqecy rpaHcecrepu$ircallii rpurniqepz4in cnl4praMl4 Ha
oKcraAax Naerarie src rarari3arop (posain 5) sa ilapaMerpaMla KepyBaHHt npoqecy:

mervrnepamypq. Byro BHtBJIeHo, Ir1o AJII rpoqecy rpaHcecrepz$iraqii na
oKcuAax vreranie orrrraMzurbHolo reMlleparyporo Moxe 6yru 380 K, TaK .aK
noAaJrbrxe s6imrxeHHr He np?I3BoAHrb Ao 3pocry IuBI{AKocri upoqecy.
wtoJtbHe cnieeiduouteHHfl peaeeumie. Eyno BI4tBJIeHo, I{o Ans npoqecy
eranorisy orrruM€urbHe MoJrbHe cnieni4HorleHH.f, sil 1:4 Ao I:6; glt [poqecy
6yraHoni3y orrrr{MaJrbHe MoJIbHe cnissiAuolrleHHt sia 1 :10 ao I:12.
eaicm rcamanisamopa. Eyno Br.r.f,BJreHo, trIo Anfl upoqecin erauonisy i
6yraHoni3y onrr{Matrcnuir sNaicr rarartisaropa ni4 0,2 go 0,4 Yorrac.

Y ennue ynbmpassyxoeol'odpo5rcu. Eyno Br{rBJreHo, rrlo AoAaBaHHs. V3 o6po6xz

Ao peaKrlifisoi cyvriuri, y 6inrruocri, upn:BoArarb Ao 3MeHrxeHH.rr nepe6iry
lpoqecy orcpivr oKcLrAy garisa (II). ErcnepzMeHraJrbHo BcraHoBJreHo, Iqo
yJrbrpa3ByKoBa 150 xe o6po6rca [o3r.rrr4BHo BrrJrLrBae rimru na rararisaropi
FeO Ans rpoqecy 6yranoni:y.
Pos.qin 6 npucB.rlqeHo oAepxaHHlo ecrepin Br{rrlnx }Kr4pHHX Kr4cJror

pearqieio rpaHcecrepraQiraqii cnupraMu rrkr aruinocnupraMra. ,,{ocri4Neuru
rrpoBo.{unu s oreiHoBoro oriero rK oAraH 3 rrpeAcrasHr4Kie coHrrruHrrrrosoi orii.
flpra IIboMy npoqec 6yranonisy BHflBvrB, onrzuamni yMoBr4: MoJrbHe
cuinniAnorreHHfl OK : 6yran-1-or : 1 : 7,6; raranisarop - oKcHA niremo, oKcHA
III,IHKy; nuicr Kararisaropa - 0.25 wac. o/o; rervrneparypa peaxqii 6ilagrro 400 K.
EcrepnQiKarli.s simHzx )Kr{pHLrx Kr,rcJror, orpraMaHrzx is coancroKy, npu npoqeci
6yranoni3y BI{sBneHo Hacrynsi ouruuanrni [apaMerpr4: MoJrbHe cnisniAHorueHHt
sirrHi xr,rpni KHcJrorH : cnupru : 1 : 5,6; eNaicr rarali:aropa KV-2-8 crlaAae
I.3Yowac.

y Posairi 7 nane4eni 4ani, tqo Ao3Bonflrorb po:po6zrra rexHoloriro
oAep)KaHHt ecTeplB BI4IIIHX XI4pHr4X KT4CJTOT feTepOfeHHHM KaTaJIl3OM.

,,{ocni4xeHHs rtpo eIaA orie-xuponoi cupoBkrHtr rroKasaB, rrlo npx rararisi orii
(conxruHuKoBa, pinaroea, rrrfl:na) ni4upaqroBaHa coHrrrrHr{roea) o6oua oKcLrAaMrl
uerarin (orcz4tr rIr{HKy ra nirenro (II)) sa6e:neuye rpaKruqHo rroBHe
IreperBopeHHt rpurniqeplz4in. Bi4rraiveno, rqo rrpn AocniANenni pearqii
rpaHcecreplaQircal{ii coH.allrHrlroeoi onii s sNaicro\a BoAr{ Ao I7,9Yovac. Ha
xararisaropi (KV-2-8 y H-Sopnai) uonHicrro He npurrr4Hr4rracb. Bi4uiueno, qo npr4
4o.cni4NeuHi noBropHoro 3acrocyBaHH{ raratisaropa Ky-2-8 y H-Sopui B
pearqii rpaHcecrepuQiKallii rpurniqepu4in coHsrrrHrarosoi onii eraHoJroM ik
roHnepcix y il'flrkr 4ocni4ax craHoBr.rJra 88,6-90,6 %. Eylo nepenipeHo Ha
AocliAuo-tlpoMI4cnonifi ycraHosl{i (IIAT <3asoA roHKoro opranivnoro c?rHr$y
<Bapea> (c. -flvtrnq-{ IeaHo-@panrincrr<oi o6racri)) i orpuMaHo 4ocni4ny naprirc
ecrepin Br{rrlux xtK i npouan-1-ony. Tarox ni4uiueno, qo y pearqii

BLr.SBreHO, I{O O0pOOKa

N4erarie por.rzHou 0,1 M
xB :6inrruye arcrunnicrr



rpaHcecrepz$iraqii rpnrniqepu,4in ai4upaqroeaHoi coHrrrrHlrxosoi onii 6yran-1-
oJroM rlpr4 rroBTopHoMy 3acTocyBaHHl AocnlqxceHrrx oKcHAlB KoHBepclrr
3HaxoAr{nacn B Menrax 96,7- 97 ,3 oA (ZnO) ra 96,1-98,1 % OfiO).

Po:po6neua rprlHrlr4roBa rexnonoriqHa cxeMa uepio4utuHoro upoqecy
oAepxaHHx ecrepin Br4rrlux xI4pHLrx KLrcJror rpaHcecrepuQiraqiero rpurniqepulis
a-rriSaruuHnMu crrr4praMr4 Czl+ y upucyrnocri rarani:aropa Ky-2-8 3
rMMoolJrl3oBaHr{Mrr iouauu .rIBoBaneHTHHX MeraJrlB a6o orcn.rie N4eranrn.

BcranosreHo, rqo AocniAxeni y po6ori xarani3aropu Mo)KJrr4Bo noBTopHo
4o 5 pasin 3acrocoByBarv i: e6epexeHH-flM ix uo.rarxosoi arrr4sHocri.

Ha ocHosi aHani:y pe3ynbrarin po6orn Mo)KHa KoHcraryBurvr, ulo BLrcHoBKr4
rtpo oAep)KaHH-s ecrepin Br,rqr4x xrlprrr4x Kr{cJror rpaHcecrepn$ircaqiro
rpnrniqepzFin Ha oKcr4Aax iueraris ra Ha rariosuri Ky-2-8 s iN{Nao6inigosaHraN,ru
lOHaMr4 ABOBaJTeHTHT{X MeTaJrlB e HayKOBO-npaKTr4qHr,rMr4 Anfl OTpr4MaHHt
6iouauzna qlr ecrepin nurqrax xr4pHHX KlrcJror.

nocrosipHicrr ra Honr.rsHa Hayrconux uoroxeHr i nucHoeKie
flocronipuicrr fi nosusHa HayKoB?rx rroJro]KeHb npo BnnHBy raralisaropin

Ha IciueuEqni ra rexHororiqui rroKa3HuKrr npoqecie rpaHcecrepra$ixaqii
rpuuiqepla4in pocJII4HHI4x onift cnupraMu CrC+ ra ix nafinuqy amunHicm;
B3aeMo3B'r3oK lrix xucnorsicrro uonepxui AocriAxeHr{x Karanisaropin (orcn.qin
d- i p-ueranin) ra rroqarKoBoro rusr,rArdcrro pearqii rpaHcecrepn$ircarlii
rpnuiqepu4in; rpo BrrJrrrB ynbrpa3ByKy Ha laaruiruoBnoprAKonanuir. craH
orccnAis-rararisaropie, u{o Bu.rrBJrrerbcr B arrunynauui Kr4cJrorHrrx qenrpin
orcnAie saniga (II), ro6alrry (II, m) i nircenrc (II), sri noloAirorr
anruQepoiuarsirHuMrl BJlacrl4BocrflMr{; rtpo riHerz.{Hi xaparcrepvurvrKvr pearqii
ecrepvQiraqii oreinosoi rncroru 6yran-1-onoM y rrpltcyrHocri rcaralisaropin -

orccu4in Naerarie po3Kplrra aBropoM Auceprarlii ga AonoMororo Si:zro-xirr,ri.rHr,rx i
xiuiqunx Mero.4ie ayastizy, a raKox iueroAis MareMarr'r.rHoi crarucrKLr Ans
BcraHoBJIeHHt 4onip.roro inrepnary KoHcraHr runz4rocri it uepenipru
ai4rnoproeaHocri pe3ynbrarin 4ocniAxeHb.

Y po6ori ui4rcpecrroerbc.fl HayKoBo-[paKrraqHa HoBr,r3Ha, pe3ynbrarou sroi
e svgHaqeui onruvramni yMoBI4 pearqii oAepx{aHHr ecrepin Brzrlux xr{pHrax
KLIcJIoT rpanceciepra$ixaqielo rpzrniqepz4ie cnrlpraMu Cz-Cq y rrpr4cyrnocri
oxcnAin d- i p-naeranin ra xariouiry KV-2-8 s iNaNao6inisoeaHkrMr ioHauu qux
ueranin; npoBeAeHi nIznpo6yBanHfl Ha AocriAHo-npounclonifi ycrauonqi s
oAepxaHHxru 4ocri4Hl4x uaprift erurosHx (:a yMoBr4 raranisy oKcr4AoM qnnny) ra
ru-nponiroBl4x (y upucyrsocri r<arioniry Ky-2-8 s iNaN,ro6inigoeaHrzN4u iouavru
Niz+) ecrepin BI{qI{x )KLIpHI'IX KrrcJror, ui4rnepAznu eSercrraenicrr raranisaropin
pear<qii rpaHcecrepraQir<aqii rpnrniqepra4in.

flosHora sHKraAeHHq pegymrarie s onvdrircoeaHux npausx.
iAenuquicrr asropedepary i ocHoeHux uorox(eHr AHceprauii

Marepiankl Ancepraqifiuoi po6oru ony6nixoBaHo s 22 uayrcoBr{x ilparltrx, B
ToMy .{Iacri 1 cram.s y HayKoBoir,ry nepioAr4qHoMy BHAaHHi inruoi AepxaBH, rqo
BXoAIITI Ao HayKoMerpl4qHoi 6azu AaHrrx Web of Science, 19 crarefi y HayKoBrax



Qaxonux Br4AaHHrx Vrpaiuu, 3 Hr{x 11 qo BKrroqeHi lo uixnapo4uux
HayKoMerpr{rrHr4x 6az Aauux (4 - ulo BKJrro.reHi Ao 6az Aauux Scopus i Web of
Science) i 2 narenrax Yrcpainu Ha Kopvcr{y MoAenb.

Bci oIIv0nlKoBaHl [parll IlplrcB.rrqeHl BZBqeHHTO [poqeca

rpaHcecrepraSiraqii rpurniqepra4is 3 oAep)KaHHflM ecrepin Br4rrlr4x xr{pHHX
KrrcJror na xarari3aropax, sri crcna.qarorbcr s orcczAie rr4erarie qn rarioniry KY-2-
8 s irvrNro6inisosaHurr,ru iouarurz d- i p-l,reranis. OcHoeHi pesyrbrarr4 uoeHicrrc
ni4o6paxarorb sagau| sxi craBr{Jrlrcb rrepeA anropovr Ar4ceprar{ifinoi po6oru.
3rr,ricr anrope$epury siAuosiAae suicry i ocnoeHuM rroJroxreHHqM, xri nnxlageHi n
Aucepralliir:aiir po6ori. [ncepraqiro i anrope$epar o$opMneHo sriAHo Br{Mor
AAK.

Po:po6neui r<arari:aropn rpaHcecrepraQixaqii rpurniqepu4in crupraMlr
Cz-Cq (orcz4Ia IIIaHKy, Hireruo i orosa ra ioun Idr,rx MeraJrie, iruuvro6irisosaHi Ha
rcarioniri Ky-2-8) sa6esneqyrorb xoHnepciro rpurniqepz4in - 95,1-97,I yo.

Bcranoere:rtuft B3aeMo3B't3oK uiN Sisuxo-xivriqnravru Bnacrr4BocrrMlr
AocriAxenux raranisaropin ra urnu4xicrro peaxqifi rpaHcecrepz$ircar{ii ra
ecrepra$iraqii, ulo Ao3BoJIuIB po:po6zrz xineuEtrHy MoAenb rrepe6iry lpoqecy
rpaHcecrepra$iraqii rpuruiqepu4in oKcuAaMra d- ra p-vreranin.

Orpurvrani pe:ynrrarr4 3
sra-flnreHi ourraualrsi yMoBr4

is
TA

HAIIIIMTCTb

Baxrraenrra Sar<rovr e rofi, qo BcraHoBJreHa pearqifiHa :4arHicrr cnuprin
Czlq 3MeHruyemcs si s6imlueHHtM AoB)KI4HLr ByrnerleBoro naHrlrora 4nx pearqii
TpaHcecrepla SiKaIIii consruszr<osoi onii Ha AocniAxeHHX Kar€ur is arop ax.

axrusHocri po:po6nenux raranisaropin ra
uepe6iry npoqecin rpaHcecrepraSircarlii

rprarniqepu4in oKcHAaMr{ d- ra p-rraeranie, Ar.rcepraHroM y pos4ini 7 6ytru
ni4rnep4xeHi Ha AocniAno-rpoMzcnoeifi ycraHoeqi na IIAT <3ano4 roHKoro
opraniuuoro cr4Hresy <Eapnu (c. -flunuqs Inano-(Dpanriscrxoi o6n. ).

Moxcfluni rurqxu suKopucraHHq pegyrrrarie Ar.rcepraqifiHoi podoru
Pesylrraru po6orz MolKyrb 6ytu Kopr.rcHlrMr{ Anfl cneqianicrin

rexHonorii upo4yrrin opraHivnoro cuHTe3y, noniuepHrax ir,rarepianin
6ionanusa, a raKoxt rrpu ui4roronqi $axoerax cueqianicris y BY3ax, r€Lny3eBr4x
HayKoBo-4ocli4nux iHcrzryrax, ui4upzeMcrBax xiuivHoi, noniuepHoi i4
6ioua-rrusnoi npevrzcnosocri.

3ayeaxeHHq ra sanuraHnq ruoAo siuicrv Auceprauii
1. B arryarurocri xorinocs 6 sposyrrairz, rqo crrpr4rno Ao Br,rBqeHHr rrr.rraHHt

orpr.rMaHHrr ecrepin Burqvx x{urpHr,lx K?rcJror ra Ae rraHyerbc.f, ix
BHKoprrcroeyearn? r{ouy y gocni4xeHHrx 6ym BrrKopr4craHa raKa clrpoBr4Ha
{K AxepeJro rpurniqepz4in?

2. llpz nusHa.{eHHi t<iHeru.{Hl,Ix napauerpin npoqecy rpaHcecrepr,rQirarlii
rpurniqepu4in xr Kararisarop npr4 eranonisi 6yn o6panuu rarionrar KY-2-8
y H-Sopnai, a ilpr4 6yrauoni:i 6yn o6pauraru rariouur Ky-2-8 3
iivrNao6irisoBaHl4Mrl ioHauu Ni2* ra Co2*. He 4yNe rpo:yuiro, troMy o6pani



p135i KaraJli3aropll, roAi .ar rarioHrrr Ky-2-8 s iNaruo6irigosaHlruu ionauu
Ni'- norasas ce6e aKTnBHr4M Arrfl. cntrprin C1-Ca?
Po6ora vricrvm 6araro cepifi 4ocri4xenr, eapirorovu pisnorc cr4poBr4Horo,
cIILIpraMrI ir KararisaropaMlr. B pe3ynbrari 6ytu orpunaaHi onrrauanuri
rlapaMerpl4 rpoqecy. Fylo 6 qircano Bvrflcnr4rvr nafi6imur nprafiHxrni
rlapaMerppl KepyBaHHt tlpoqecoM 3a cprpoBlrHoro, crLrproM, rara-uigaropoM;
reMrreparyporc; qacoM nepe6iry ft iHrue?
llpoqec rpaHcecrepuQiraqii rpurniqepu4in 'eraHoJroM 

uepe6irae 3
AOCTaTHbOTO rUSr,rAKiCrrO : eNaicroNd BoAr4 eil 3 Ao 8Yovac., AoAaBaHHt
erl{rlallerary a6o V3 o6po6ru inrepnan po3rrrr4proerbcr Ao 10 Yowac.I{irano
6 4isnarucr, w TaKLIM xe TIHHoM sNaicr BoAkr BrIJrI4Bae Ha rrpoqec
rpaHcecrepvr$ixaqii rpzrniqepn4in cnr4praMLr C3 ra Ca?

Ouinrca aucepraqii e uirolvrv
llpet saranrHifi oqiuqi po6orn MoxrHa BreBHeHo ni4sHauurn, qo

Allcepralllfl e garcinqenoro HayKoBoIo rrparlerc. y uift Ha ocnosi orpr4MaHLrx
pffiynbrarin 4ocnipxeHb peaxqii rpaucecreprasircaqii rprarniqepu4in crrrpraMr4
Cz'Cs, BI{TIBIOHH-I xiserHqHLIX 3aKoHovripnocrefi npoqecy ezpiureHa aKTyarr:s*a
3a4arra g6inrruenH{ KoHBepcii fi IIrBr4AKocri pearqii orpzuaHHr ecrepin nuqnx
xl4pHr{x Kr{cJroT.

3saxalo.rLr Ha BI,IuIeBI4KnaAeHe ra BpaxoByrorrn 3ayBDKeHHfl Ta 3arruraHH.f,,
.sri He 3anepeqylorb uayronoi sHa.rra\4ocri ra BuTcoKoKBaliQixonauzfi pinenr
BI{KoHaHHx AocniAxeHb ra ix o6lpyuryBaHb, BBa}Ka}o, tr1o [oAaHa Ao 3axr4cry
4ncepraqix "Hayxoei ocHoBIr rexsororifi ecrepin Br4rrIHX xLrpHr4x Kr4cror" e
3aBeplueHoro po6orolo, tKa sa gNaicroM, HayKoBr4Mlr pe3ynbraraMr4 fi szcHonKaMLr,
o6'euovr i o$opvleHHtM, ni4noni4ae BlrMorau AK Yr<painra Ao AoKropcbKr4x
Ar4CepTar{lu, nurra.ueHi4ucepraqrf, lrlo nurcra4eHi n nyHKrax 9, 10, 12 dlopx4ry npr4cyAxeHH_s
HayKoBIzx cryneHin> (nocrauosa KM Yrpainu J\b567 nig 24 rLrrrHfl. 2013 p., is
suiuavrz, BHeceHe Naz sriAno: llocraHoBaMr.r KM J\e656 sil 19.08.2015, J\bl159
eia 30.12.2015, Ns567 r;ia 27.07.2016 ra Harasy MOH Vrpainn Ib1220 eia
23.09.2020 p.), a ii aBrop Meruszr IOpifi PoNranoeu.r 3acnyroBye Ha
lplIcyAXeHH-[ HayKoBoro cryrreH.rr AoKropa rexsiqsvrx HayK ea cneqialrHicrro
05.17.04 - rexnoriorir npo4yxrin opraHi.rHoro curHre3y.
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AOKTOp TeXHFIHI{X HayK, AOTIeHT,
upoQecop ra$e4pz xirr,ri.rHoi inxenepii
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HaqioHanbHoro Ynieepcvrrery i
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