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H a Arr ccepra rlrr oH Hyro pa6ory A.T. flasrrr ono fi <<Par pa6orna rexHoJr o rrr H

rr3BJreqeHrrfl xJrop[AoB rlBerHbrx MeraJrJroB rr3 rrrJraKoB CBUHIIOBOIO rIpOrl3BOACTBa

c ucrroJrb3oBaHrreM AncrrrJrJrepnofi xrrAKocrlr>>, rrpeAcraBJleHHyIo Ha IIoJIyqeHue

aKaAeMgqecrcofi crerreHrr AoKTopa PhD ro crequaJrbHocru 6D072000-

<<Xu u u.recKaq rexH oJro f lrn Heo p f a H lt q ec KII x Be lrlecrB>>

ArryanuHocrb reMbr gccJreAoBaHl{fl. B coepeueHHblx ycnoBl4tx' KorAa so scdNl

MHpe c oco6ofi ocrporofi Bcr€lrr Borrpoc o 3arru,Ire oKpyll(alorqefi upupognofi cpeAbl or
BpeAHbrx rrpon3BoAcrBeHHbx nos4eficrauft, [epBocre[eHHoe 3HaqeHI4e upuo6peraror

r4ccJreAoBa14fl e o6racru uepepa6orKll pa3[I4tIHbIX orxoAoB, B qacrHocrrl, orxoAa

rrpor43BoAcrBa K€rnbrruHuponannofi coAbr - AncrvnnepHofi )KI{.qKocrH. O6teuuuN't

orxoAoM rrpog3BoAcrBa KaJrbrlrrHrrpoBanHofi coAbr aMMI,IaTIHbIM cnoco6ovt tBJlflerct

Ar4crr4nJrepHar x<llgKocrr, o6pa.:yrouuuct B KoJII,Iqecrne 8-9rr Ha I r npo4yKuLtv.

,,{ucrullepHar xclrlKocrb rpeAcraBJrrer co6ofi pacrBop cMecu xnopl4AoB K€uIbIII{t

Lr Hurpvs,, a raroKe ruApoKclua n cynrQara K€uIbIIaf,. Ornalrnue ruJIaKH cBHHIIoBoro

rrpo63BoAcrBa rrocJre QuouuHroBaHu4 HaKorIJIeHHbIe B orBtulax B qepre ropoAa'

f,BJI'IOTC' 3KOJIO|I{TICCKI{ TOKCI{IIHbIM OTXOAOM, OTPI{IIATCJIbHO BJIHf,IOIqHM HA

oKpy)Karoqyo cpeAy, norrBy rr BoAHbre llcrotlulrKrr. flpe4loxeHHal AoKTopaHToM

TexHoJrortnr KoMrrlexcnofi uepepa6orKr,r rruraKoB c trcrroJIb3oBaHI,IeM A[crLIJIJIepnofi

xr{AKocTH B KaqecTBe xJropHHaTopa rro3BoJILIT BbIAeJIUTb OCTaTOTIHOe COAep)KaHne

MerarrJroB B Br4Ae KOHrIeHTpara xJroplrAoB MerrlrrJroB c floJryr{eHrleM afnolopl4Ta r43

uyc:rofi BMeIIIarcqeft uopo4rt.
Hay.ryrue pe3yJrbrarbr \r ux o6ocnoeannocrs.B Al{ccepraIlzoHnofi pa6ore

rrpeAno)r(eHo HcrroJrb3oBaHr,re Ar4crl4nnepnofi )KHAKocrI4 B KatlecrBe xJlopareHTa AJI'

rl3BJrer{eHr{r rlBerHbrx Mer€urJroB Lr3 TexHofeHHbIX orxoAoB. [tts reoperuqecKoro

o6ocHosaHr,rr [peAJro)KeHHofi rexsolorr4H rrpoBeAeHbr r.rccJleAoBaH|I'. C rIpI4MeHeHLIeM

TepMoAr,lHaMr,rqecKoro MoAeJrr{poBa]Ii'r4s. xnopIaAoBo3foHKI4 III{HKa' MeALI, CBI4HUa

xJropr4AaMr.r :gtarpkrn, K€urbrlr4r 14 vx cMecn. Tepuo4IaHaMllqecKoe Mo.{enI4poBaHI4e

rrpoBoAunocb B cplcreMax: ZnS - PbS - ZnSiO3 - PbSiO3 - Cu2O- Oz - SiOz -
NaCt;ZnS - PbS - ZnSiO3 - PbSiO3 - Cu2O-02 - SiO2-CaCl2 vI Zns - Pbs - ZnSio3 -
-pbsio3 - CurO - Oz - SiOz - NqCl - CaCl2. TeNaneparyp]clas o6lacrr uccneAoBalg.uir,

cocraBJrf,;n- 400-17000C, AaBrreHlre 0,001, 0,01, 0,lMlla. KolnqecrBo xJlopa- l00oA

or reoperr4rrecKg neo6xoAuMoro Anfl xJIopI4poBaHVfl. IIHHKa' MeAI4, OBIIHIIa' a

Kr..rcnopoAa -l00Yo or ueo6xoAl,IMoro 4nr o6pa:osaHl'1q SOz.

TeprvroguHaMl4r{ecKoe MoAenupoBaHIae 6rtno
rporpaMMHoro KoMrIJIeKca HSC-5.1 Chemistry,
Meriruryprnqecrcofi KoMrraHl{efi Outokumpu.

rrpoBeAeHo rpLr
paspa6oraHHoro

Ha ocHoBaHr4r4 rroJryqeHHbrx pe3yJlbraroB rlo repMoAplHaMplqecKoMy

MoAenr4poBaHlrro xnopHAoBo3roHKI4 Mer€LIIJIoB B oKrlcJll,Irenruoft cpeAe LI3 cHcTeMbI

ZnS - PbS - ZnSiO3 - PbSiO3 - Cu2O n rrpprcyrcrnun SiO2 ycraHoBrleHo, qro rpLI

r4clloJrb3oBaHilvr NaCl crerreHb rr3BJrer{eHllt IIBeTHIIX MerarIJIoB u3MeHflerct B

cneAyroqeM 11oprAKe axrPb ] a*nCu ] aorZn. Crenenr xJIopHAoBo3roHKI4 III4HKa

rrpr4 oroM Aa)Ke npn 17000C He rrpeBbrrrraer 35%.llpu ucnoJrb3oBaHLILI CaClz ero

noMouII4

Srancrofi



r43MeHeHr4e BbrrnrAprr cneAyrorrlr4M o6pa:ovr: a*nPb ) a.*nCu ) a.*nZn. Crenenr
r43BJrerreHr,rr a"nZnyxe npn T214000C Aocrnraet 93o/o.llpu ucnoJlb3oBaHul4 cMecI,I

NaCl u CaClz 14 AaBneHuu O,lMlla, T:15000C creneHb Ia3BreqeHI4{ MeTaIIJIoB

npolrcxoAr,rr B cne4yroulefi rocneAoBareJlbHocru: a*nPb ) a*nZn ) a*rCu : ilpl4

15000C crerreHb xnopuAoBo3roHKr4 cBr4Hqa cocraBr-ter 90,39o/o, a*rZn -56,140/o 14

a,*nCtt - 48,080/0.

Ha ocnone 3KcrreprrMenralrnofi npoBepKn Bo3Mo)KHocrI4 LIcrIoJIb3oBaHVfl

Ar4cruJrJrepHofi xuAKocrr,r p.nfl rz3BJrer{eHl4t HeopraHI,IqecKI,IX xnopl{AoB IIBeTHIIX

Mer&rrnoB r43 rrpoAyrbrx cBr4HrloBbrx tuJraKoB Ha arJIoMepaIII4oHHofi ycranoBKe, co3AaHa

KnHerr,rqecKa.s MoAenb c HcrroJrb3oBaHneM porora6eJlbHoro MeroAa nnaHl4poBaHufl

sKcnepr4MeHToB BToporo nop-flAKa (rraero4 Boxca-Xanrepa). HesasucuMblMl4 Sarropanan
6ulu: reMneparypa (T,oC) 14 BpeMf, (t,rr,rraH). llaparr,rerprr oITLIMH3aIIHLI: crelleHb

xJropr4AoBo3roHKr,r cBr{HrIa (a*nPb,o/o), cr.eteHb xnopHAoBo3roHKI4 III{HKa (a*nZn,o/o),

cre[eHb xnopr4AoBo3roHKrr MeAr4 ( a*nCu,o/o ). I4cuolr:yr gKcnepHMeHTaJIbHbIe

3HaqeHr4tr orrpeAenr4nv B:zA a.qeKBarHbrx ypaBHesuit dxjrMe - f (T,t) n naryp€LnbHoM

Br4Ae. A4exnarHocrb ypaBHeHr4fi uponepflrracb rro Kpr4repl4to @uruepa (F-rpurepufi).

!4r xnopI,IAoBo3roHKI{ IIBeTHrIX MerzurJroB F-rpurepnfi'u6n)p-rpurepnfipu.r.. (Alq
cBHHIIa F1'aory:6,59)F1pu."*;:5,84, Anf, MeAI,I Flraor,;:6,59)F1pur"e'y:0,28) v !.nt' III4HKa

Flrao:ry:6,59)F1pac.re.) :6 
r53 .

fpaSuvecKne 3aBlrcr4Mocrpr [onyrreHHbrx pe3ynbraroB IIoKa3aJIH, tITo Ha crerleHb

xnopuAoBo3foHKr4 cBHHrIa, rIr4HKa rr MeAr4 BJrr4.rreT TeMIIepaTypa v npoAonxl,ITeJlbHocrb
o6xura. MarcrarraalbHas. crerreHb orroHKr,I xnopl4AoB MeTaIIJIoB Aocrl4faercq B

reMrreparypHoM raHrepBane 800-9300C sa 90 vrnn.
KIaHerLr.IecKr{Mrr rrccne.qoBaHnsMr4 ycraHoBneHHo, rrro Ha xJIopI,IAoBo3foHKy

MeAr,r 14 cBHHrIa Brlrser cocraB rrrr4xrbr, TeMrreparypa kr rIpoAoJIx(I,ITeJIbHocrr o6xura.
Marcuualbrrafl crerreHb xnopr4AoBo3roHKr{ MeAr4 H cBLIHIIa us IIIO Aocruraercq npLI

reMrreparype 10000C r{ BpeMeHu 90 vruH r4 cocraBnfler Ant Me.qI4 - 89,20 , cBt4HIIa -

92,20 . [nr onpeAeneHr4fl (Ka)Kyrrleitcs>> 3Heprnr{ aKTr4BarIHz (E"u*) HcrloJlb3oBalrvr

ypaBHeHr4e llasrroqeHKo, c rroMorubro Koroporo orIpeAeJIeHo, r{To yBenHqeHLIe creIreHLI

xnopr4AoBo3roHKrl MeAr,r r4 cBHHrIa co[poBox(Aaercfl yMeHb[IeHneM E*u* AJIfl MeAI4 or
126 ao 54 xAxc/rvroJrb r4 cBlrHrla or 128 lo 88 r.{x/rr,roru. XlopI,IAoBo3roHKa MeAI{ B

Haqare [poqecca [poTeKaeT B Kr4Herr,rqecKoM pexplMe, B KoHIIe - B rIepexoAHOM, cBHHIIa

- B Kr4HerHqecKoM pexnMe. E*u* nepnoAa 3apo)KAeHHq xnoppIAoBo3foHKn MeAH

cocraBrqer 140.04 rlx/l,ronb, a cBLrHrIa -162.03 t<[x/rr,ronr. XnopraAoBo3roHKa IIUHKa

rrporeKaer B rrepexoAHoM pex{I,IMe 14 xapaKTeprl3yercf, Enr*:58 r,.{x/rvronr.
flparcruvecKaq 3HaqnMocrb pe3yJrbraroB At4ccepraquousofi pa6orrr cB.fl3aHa c

Bo3Mo)nHocrbro rrpoMbrruneHHoro BHeApeHr4s rexHoJIorI{H nepepa6orrn orxoAoB
rrpor43BoAcrBa c [onyqeHr.reM qeHHbrx ilpoAyKroa. ,{ucrrlnnepHat )KI,{AKocrb tBrqercfl
ocHoBHbrM orxoAoM rrpor,r3BoAcrBa K€urbrlr4Hr4poBaunofi coAbl aMMI4ar{HbIM crloco6ou.
Hecrr,rorpx Ha MHofor{r4cJreHHble HccneAoBa:e.nfl, B o6lacru I4cIIoJIb3oBaHVfl. vtrv
yrvnu3agr eo, Ha cero4unuHraft AeHb orcyrcrByer onruuzutrHrtfi cnoco6,
orBerrarourufi rpe6oBaHzqM nporz3BoAcrBa. llpo6nevra nepepa6orxu vrw yrvnvlaarrvvr

cBtrHrroBbrx ruJraKoB TaKxe He perueHa. B Ar,rcceprarll{oHsofi pa6ore ilpeAJloxeHa
rrpnHrlr4rrr4aJrb*as. cxeMa rovrurexcnofi nepepa6orru orxoAoB cMe)KHbIX orpacleft.
Vqurrreaq ro o6croqreJrbcrBo, rrro 3Tr,r orxoAbr HaHocqr orpounstfi yqep6



oKpyxarcqeft cpeAe v c TeqeHI4eM BpeMeHI,I LIX KOJII4IIeCTBO

pa3pa6oTKa nepCneKTI4BHofi TeXHoJIOTI4I4 BoBleqeHI,It ux

aBTOpOM AHCCepraUI,II4
Ha ocHoBaHrrl4

HeyKnoHHo pacreT,
B c$epy ocHoBHoro

npor,r3BoAcrBa, HecoMHeHHo flBJrrerc{ aKTyanrnofi zagauefi, KaK Ant xpIMI4qecKoLI, TaK H

MerannyprH.Iecrofi orpaclefi .

flo.nnora onv6lurcoBaHuq MarepHaJroB AHccepraIIuonnofi pa6oruI.

Pesylsrarbr Ar.rcceprarlLroHHbrx uccneAosaHufa [.T. ony6JIIlKoBaHbI n 9 ny1tuKaIII4JIX ,

B ToM qucre 1 e vrexgyHapoAHoM HayrrHoM )KypHaile, BXoAsIIIuu n 6asy AannrxScopus,
3 B v31aH4flx, peKoMeHAoBaHHrrx KKCOH MOH PK, 4 crarbl4 orry6nzroBaHbl B

Marep6anax Me)KAyHapoAHbrx xon$epeHqrafi, B ToM qI,IcJIe 1 crauq n :apy6exnofi
xou$epenquu, 1 crarrs B Hayr{Hbrx x(ypHanax ApyrHX uslla:c'uir. llo pesylbraraM

IaccneAoBasuit nonyr{eHbl 2 naresra Ha rloJle3Hyro MoAenb.

PercovrenAarlufl AuccepraquoHuofi pa6orur 3aIrllrre. ,{uccepralll4oHHaq
pa6ora [.T.fla":rtlonofr xapaKTepvrcyercfl. TIpI,IHIIUTIOM BHyTpeHHefo eAuHcrBa'

[peAcraBJrrer co6ofi ilonHorleHHo 3aBeprueunrtfi HayrrHo-KnanuSuraquonnufi TpyA,

r4Meer BecoMyro HayqHyro HoBrr3Hy 14 Ba)KHyIo [paKTI4r{ecKyIo 3HaqlIMocrs. Peaylbrarbl,

BbrHocrrMbre Ha 3arrlr4Ty v cocraBJltloql4e HayrlHyro HOBI,I3Hy pa6our, [onyrleHbl

lI4qHO.

Bblrrrell3JroxeHHoro cqI4TaIo, trro .4I'IccepraqlloHHaq pa6ora

.{.T.llaarrrosofi orBerraer rpe6onauzru Koruurera uo KoHrponrc B cQepe

o6pasonaH4fl. v HayKLr MOH PK, rpeAbrBnreMblM K AoKTopcKI{M AlIcceprarlvrflM vr

Mo)Ker 6urs peKoMeHAoBaHa K 3aqr,rre Ha corrcKaHl4e aKaAeMl{rlecKofi crenenu AoKTopa

$unoco$r4r4 no cnequ€rnbHocru 6D072000-<XHvruqecKafl TexHoJIorlI{ HeopraHl4qecKfix

BEIUCCTB).

Hayvnrrfi KoHcynbraHT

[oxrop rexHI4qecKLIX HayK, upoSeccop
Canrr-llerep6yprcKoro rocyAapcrBeHHoro
TexHororraqecKoro I4HcrLITyra
(rex nu.recKoro yHuBepcnrera)
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