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Orsurn
Ha ArrccepraqrroHnyro pa6ory Tn.ueydepan A.H. Ha reMy <<HccleAoBaHrle

SKoJrornqecnrr 6esonacHbrx rexno.rrornfi Bbr.[eJreH[s rflrnerblx MeraJrJroB [r3

oTBaJrb Hbrx rrrJra KoB), II peAcTaBJreHHyro Ha rroJryqeHlre a KaAeu n qecrcofi

crerreH[ Aor$opa PhD ro ctreqnaJrbHocru 8D05210 - <<9ro"rrorrrfl>>

Atcrya.rrrHocrb reMbr HccJreAoBaHufl. SrororzqecK€ur 6esonacnocrb f,BJrtercf,
crparerrrrrecKprM QyH4aueHT€urbHbrM KoMrroHeHToM HaIII{oH€uIlHofi 6esonacHocrl,I
crpaHbr, rro3ToMy, B coorBercrBlrrt c rrp]rHrlurraMu rocyAapcrseHHoft rIoJIr{TLIKtI B

cQepe o6parqenus, c orxoAaMrr, 3KoJronrrecKlre npo6reuu Hapf4y c Bo[pocaMl{
KoMrrneKcnofi nepepa6orxu MlrHeparrbHo-cbrpbeBbrx pecypcoB c rleirbro yMeHbIIIeHI{f,

KOJrr{qecTBa orxoAoB AJrs oxpaHbr oKpy}Karoqen cpeAbr rBJurrorc.f, aKTy€lJIbHbIMlI.

Hayvnue pe3yJrbrarbr n rrx o6ocnosaHHocrb.,,{zccepraquoHH€ul pa6ora
A.H. Traney6ep4u rrocBf,rrleHa peureHr4ro gKoJron4rrecKr{x upo6neu yrvnv3arlrzlrr
TexHofeHHbIX MeTaJlJrypf[qecKrrx oTxoAoB c BbrAeJreHI,IeM IIeHITbIX MeTaJIJII{qeCK[X

cocTaBJrrKlrqr4x B Br.IAe xJIoppIAoB u oAHoBpeMeHHbIM UOJTqeHUeM

KOMnO3r{rIr4OHHOfO Marep}raJra Vr3 rrrranepanrnofi cocTaBJltroqefi. flst'.
TeoperruecKoro o6ocnosanrir rrpeAnoxennofi TexHoJloruu 3KoJIoruFIecKlI

6esonacHofi uepepa6omu BbruoJrHeH o6o6uleumrfi o6sop unQoprr,rarll{oHrrblx

r{crorrHr{KoB, rrareHToB u Ha}rurrrbrx paspa6oror no o6pa:onaHnrc TexHoreHIrbIX

MeraJlJrypruqecKux orxoAoB, MeroAoB nllpo u rlrApo cuoco6oe uepepa6orxu.
C ucloJrb3oBaHr4eM HoBbrx coBpeMeHHbrx npn6opon v MeroAHK aHuru3a

LrccneAoBaurr SusnKo-xr4Mr.rqecKr{e xapaKTepvrcrvrKn orB€lJIbHbIX MerzulJrypmqecKlrx
ruJraKoB u rarrbBaHrFrecKr{x rrrJraMoB cBuHIIoBoro npou3BoAcrBa. Ha ocHoBe

noJryqeHHbrx pe3ynbraroB aHaJrrr3oB peHTreHo-Qasonoro, IrlK-cueKTpoMerpurlecKoro
v pacrpoBoro gJreKTpoHHoro Mr4KpocKorra olpeAeJIeHbI Qaronrte cocraBJl-flrorrlue I{

CneKTpbI IIOIJIaIIIOHI4I MeTaIInIfrtIeCKI/tx Ll MIIHepaJIbHbX COCTaBJUIIOUIITX C LIX

MrrKpocrpyrrypoft LI no3JIeMeHTHbIM cocraBoM.

flpune4enrr pe3yJrbrarbr repMoAr,IHaMI/rtIecKlIX pacqeroB gHepruu lu66ca
Bo3Mo)r(Hbrx pearcqufi coBMecrHoro xJloprlpoBanufl. IIBeTHrIX u ryronJIaBKI{x

MeTaJrJroB, xapaKTepHbrx cocTaBy MeTaJrJryprKlIecKIIX OTXOAOB IIpI4 IIC[OJIb3OBaHHpI B

KaqecrBe Ao6anxra xJroprrAa KaJrbrlr4r. Ycrauoueno, rITo napr6olrruefi

TepMoAr{HaMlrErecKofi nepoxruocrbro xapaKTepll3yerct xJloptlpoBauue oKcrIAa xpoMa

B nprrcyrcrBprn oKcI,IAoB cBI{HrIa, rII4HKa r,I €ulloMrltlpts. 06 groM cBllAerenbcrBylor

orplrrlareJrbHbre 3HaqeHlr.fl AG or -674,686 lo -878,718 x[xclvrolr PbO-CrzO:-AlzO:

u or -255,5L7 [o 964,538 r<,{xc/uons ZnO+CrzO:*AlzO:.
Pesylmaru aH€uru3oB npoAyKToB o6xura rIoK€BaJILI, rITo c rIoBbIIueHI,IeM

TeMneparypbr pr [poAoJrxkrreJrbHocru o6xura creleHb I,I3BJIeaIeHu.n qI,IHKa Aocruraer
Ao glYo, MeAr.r 95% pr cBr.rHrla 98% rpu reMneparype o6xprra 12000C kr

rrpoAoJIXI,ITeJIbHocru 60 MI,IH c Ao6aerofi xnopuAa KaJIbIIIlx l2%.
MareuaruqecKoe nnaHnpoBauue 3KcrIeprIMeHTa BrIIToJIHeH c oqenroft

3Haq1rMocru ros$SnqneHroB ypaBHeHl,rt perpeccuu rro Kpl4repulo Cruo4enra,
rrpoBepKy aAeKBarHocru ypaBHeHprrr perpecculr rrpoBoALIJrr{ IIo KpHTepurc @uruepa.
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rdrurcnu Hlilcehr{Jolroxe
gr:rHHesrcdeY.(cor 4tsnvodenfvxel4l>>

wnneraoffidgo nanetrxedn(
eureltxVeHellt u elrudorl4Hol I

oJoxcehuJolroxe IrdveQex rnelrofi'
'xr(un xnrHHe srcgrtoxoxcsrec retrEftte)

.a
JHerqr^cHox 4rIHhAeH

'(rI{JOrrOXe) -
0IZggqg r{rcoHirreuleuc ou uuQocoruQ edorxoV LIHerIerc 4ouer'( aIaneYx.(cudn en

wrurrerdeccraV )r wnrlrerrsrs,Vedrr'nrrznesogedJ re,(arcresrooc u eneqgo I IoHIrox

s 'ensod,,( noxcehrdredoer- our'r(en woxocns €H €HeHIro[rIs 'H'V nYde9,,(erIE1

eroged rensourterdgcclrE orh'or€wIt'J oJoHHex{or€uemlqs uuH?soHco €H
' qrconllherre ordxcer'pr.r.xedu orr&rxes n .&reusos ot.{nr'.(es

orfnoces reewu ',,{roged ordnrrden orr{rruemdesec oHHelonrol 4o9oc rerrseJ,cEedr

'eslcHr.rve orennedrfirs r{ounfiuudu rcre.(suderxedex 'H'V IEVdeg.(erul eroged
rennoutrerdeccufi'ornlruf, )r rsroged 4onnonlrurdeccnts ulrllu[Henioxed

'sorr?Jer^r sotradorx urfirctutreed renc ee zuIsgI,rdu

orwnar^firorr r4 asdrsc €H r4rcowr{orcegac orpIHa)IC4Hc re,(arcgocorrc olr' '€llttwedex
u exnnrt aoYudorx eredrne[tnox eVras s sorlrcrew xtsHHell vteunereYrss c

aovoxro xa)rcehlrJd,ftnrerelr rxrogededeu znrolror{xeJ 4onVoxroaeg LDIcehI4JoIIoxe

forlre€Jzrrvedu gerreJeffixou xaxceh[I^IoHoxe-oxnHxeJ rar'ced neVearndg
'eHercv'J

a reurntp (C-JI4gdgJOXeD OOI eseg €H KrrHeJriIIroI4 elqHHermrsnlodu-oHrllrrro

ermodu rlaJorroHxer rEHHelKoIrVedg 'gorrerel I sotrfldorx nuleenrsed rehc
EE r4rrrsgvrdu ornnerrfiion z ssdrsc €H urconuorcegec oII4Helc,IHc re.(arcgocoilc orh
'eraewedex u exHrrh soft{dorx eredrnetrnox etrlrs s sorrerer'I xrsHHen vueuHeueVtss

c sovoxJo )oDrcehurd,ftrrerew uxrogededeu uLIJoIroHXer goHc€Iroteg I4xcehuJolroxe

enexc yeHqrreLrLrrartnudn enexortredu erogud 4oHnorl[lerdeccIEV g
'r4rc€rrgo goJe a werHew,{xoV nlqHsnreltrdon

oHcerrJoc fVedc orflnorex,(dxo en xerx,(Vodu xrsHner'firou s sorrtrew xlqIrexrr
rd xrlrHreslr rznexdeVoc oJoHhorelico wAHwA[s goxHeIto 4onneVesodu enaraorcr{go
rsroged gonuourlerdeccnV sorersr^{eed qroor,ruhuHc u)IcehrlJ)tedil

' rnHesodrrH€rrrr aodorxe Q xrqrrHehreda u u xrlHqrerHer'Iudeucxe
srconruvoxc urccsxou rsdr(Ledeuwer v es€rcoc ro sorrwew rl4Hehelrstla

r.rHerrerc 4ercowr{cufaae xnxcer'zQefu XI1IHI leqgo etul-fzrre rsrersn,(ee4



'eHBof,HdEVe6l ruQsrdg
soHseYar{er{11 rsmewde7tte 'reVreVHtqdo alytrcax4eo !tsror savtelrinu,trl elrldeVdy

e.+er,do seremdo! JayHel eHrqdeVreudar,ew xrr,sHrewdou Irtr,rxaVov )ttsrrurorox6
rsrrsrrsvgrcl{er^r trhrrqrrsJ trlHtderaxureH IrIqlrIqn.tx !tqrruheldarruI

'rr,lacdeu ntltVuttarev JaxH ef, lrlq stqderdo.r,xeQ derdeucox
rcreulrqde aHex xr.r,lnanndarf,y€ rderaxuleH deYrel ntdar,vtrtYradel )rIerenuQed.t
yrynayey esrqtedd.r,edauwal saw rqlnrediSr lrrsrcaxadeV dre urreg tsVdeVrela6

'rrrrer.rdtrx emHrqHog rHuda.r.ud>r darnu6 ddaryal HIJlrJaxf er IrrurdaYHe.L surrad.Iad
aHex emHrcrfog rHuda.ludx .ruaYor<.r,3 Aevewg srq*IqrtqVelqlrew lrrutdal.l.saHhlaQQeou
Irrsrdaflra.l sucoad.rad derdencox !rcrevLlJ.ehtar,ehi t.l,.LHaltudanoxg

o/0s6 rtcr^ '0/016 t)a${edev .{'e nr'ee r'qr,mrqdrc^ 
'n^,"f1X;ilil4T. T:?riffiif}tX?'J

aHex eJ.lrqr,leei HHhr 09 aHex eVedd.r,edeuhral lo00ZI Hawtq.{ertqde*ox lrIcFltq+tqJleei,
,{drv4z\x saw edfledauwa.l 'uaYsayJacdey rdaraxl,IJeH [eflvet utdaVlutne ddtYgtry

's0zlV+t0zr3+0uZHIHaVsrow/x[x B E g't96 uerleg

LIg'ggz- aHextgzlv-tozrf,-0qd HrHaV srorrt/xfiix 8lL'BLB- uerrug 989'VL9-:IqYerelreuuo
ualrrdaVsew orda.l srmi derrnhyead rJerar gV rig 'lqVrelllqHe IqHIqJereJJeuHl
Hanrqdserdorx HrurVulyo lriodx Harurqdctqle! HtstdarYuovo urr4:g'vrwcr.ve aHex
mrqdrcr^r 'Hrcte.+do! !rqYrenrul!rq !lqrexranesuFotntda.l uavrl Hg 'uarndIJIrax tdaraxuleu
IrrsrdardalttaJa )trcrex14r^reszYowda.l Htqulqlru.rdaHe 0992.1 IrleutedelrrHhveed derdorx
uaucardrg trrq?deYreJehr Hrqrnlreg ureu! auex t"tctr.t HeJ eHlqhiedisl HrcVdeJ,ltcVre!
lrqrrulddrreJehr eYeax HpJrrqHerreY4eu aVsrlad tqrenlo! rVudorx Huhsrey

'rqVrel!rqse
rdard.lxanr ddrHrc Hahr rdalluasouhrox )rrsreeeQ IrrYda.llueHoilhIox IqVredauun
aHex rreJehl deg rcr^redi! xrJJHahrar€ Hahr rqwtcrlqdilodvut't lrrqVdero aVHtet.IeH

rdaraxuleH deYrel rcJ,uoxcodxzw rcYHodlxare )lrqrdlted eHex ltcrsladlewodlvaur
-!U SrrereeeQ-HaJJHad 'rVra.lldae rqderewelJexuJ \ttcvruwux-exueuQ
trrqHrcdeVhrerm lrqreyunesqreJ lrrurcrdrYse slqre*do! salrl deVwo! lIerrurddrlreJehl
rVur4i\ 'nrqdrq.lo euereV4en srdalrrYe AeYvet Hehi deluenoe udeHewee eHeyl

' rqVrecex dro m ehre rrqil rrex ardara wa rd r ee H hr IqIrIqJ a H ex al da.l.lHaren
'a.ldaVeey !rqllBdeule emure4og ddrs.r,ce.lurqre! srdamrVe daVlre er4e)r odVur aHex odnu
'rcYdeJ,!rqYre! )trqrsu.rddrre.law yrVuaroHxar Hrmu\ daVer.IaFI )rlqrrndoaJ HIqJtsI4JotroHXeJ

HpJrrqHrqf,,i, tlrVdaYlre e.r.4e! enude! )rrqrsn.Iorove 'HeJlreude ardmam Htedereltalrgodu
!rqrrn.loroye IrrqVdledex araVey rcVdeJ,!rqVre! !Icrsurddrre.lew vtYuaronxa.t,'uIqdIqJo
eve veuda.lenr lrqrruhfieourNou HeJyrrreg reVrnredfr,)r IqVredasuru aldtg HehIIqHoJ 'Irlqre
rrrreg urda.l.luauorrhrou rrrreJehr rqre*eg aVurdfu, dalVndorx Iqctclnlix !IqrruheldacruV
IrrnrVdegdarrl 'H 'V 'lderelreV€lJaH HrsVdero eHex( derexcnlen uwlqrlqJ

'rsVerrr geJ u rcrrog rrva re dele)r ualttdera relelu
daVlre e.r,4e)r rVsamex urqde.r.cdrtcad JeErxHm-rqYredasuw eYnlqler!elrl dl4eee
srdamreyr lrrcVdeJ,lrqYrelr urmtr de*do)r rqneldo He*emdo! dererualrgodu ltqrsuJolrov€
leyHel eurqdelleVz*e! Jef,reJ )rrrraxerrhrar{ rc*eVHIcJeIref, dalct rlqlti.x Hawdei,!rcYre!
ne.r,lrqYHof, 'rqVerrqger ilrqrog rJrrreg ceVnredi! tra.rdt )ttqrrzlaledlr HtntJtVetcuileil
)rrql.lri HrVra yrVercurde! lrqrrn.rorov€ 'lJlr4rxate krrnlrgtsdrsye.L dau.dag

dI}IIII

en rsl rsrdlx )nq r6HIr eldarr uV
'g'y 1Vdegfarnl rsteVnrrgrsdrsye.L <del.r,das nrsderruJoroHxar eeel, )rrsrltuJorov€
hrsVdre rsVdeVre.t.ew drsfe HenrsdeltrsVrey xco!> HerrrqHrqri e.rdre nlrexedeV
)rrsrrnr^reYexe do,r.xoV (qd emHlq4og rr*IsVHEl{erI (ItHrolro)rp - 0IZSgqB
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'eHsof,HdeVeynvurdt

qJDqHOW

' sorreg'g'B lf,rmvahrev HrqHrqmJBg
HeJIrEJJevuQurda3

ovHaho{JI4w'w'8 :Isro)1

ICf,erey
xJHr4l4 'rsce>rurgdura4 srdderag * rr,aJ.HldaaHH^ vrJJavarhralll srdderag nawaxaw ddag
r.tlrlg <.rd.lH.r,culr !rqrrroroy€ yrJJa)rarwaw }rlqrede}rtcrey tsteVulqre aodexe3'[i'y> :de61

oxHeholJnhl'hl'g/rtcogfuowvoV/ lr.alntdauHH71 xlJJexerhlel4l
rrddera g IJ ar^rexehr dda9 wUrI9 <<,t dl,H.nnu )uqrr.r oro)r€

xlJJexerhraw )rrsredelrrrey tq*eVnrq.r.e a o dexe3'V'V,
g.lneh oV hrsHrcredVa Qex .r,naruxVa H ahl aHe)I(

,rnn do.r,u H orat )rrsrrHJo Irox €'tsleVuVHev
H rsH rs deVhrrqrrq J )rrc rrsmef dem rrv{y l mrah ax Hhuq rlq J

'HrqhrreHeJ

uaV rVaray leyKef, e*delnerer urererrs4olr e+derruhulda:cuV ue*reHde e*dre
sna>radeV v hrrqrrq.+ rqdo,r.yoV rnQororuQ emursuog rs+rsVuehrehr (HHJolrove> - 0IZg0CB
aHex rq?reVsrqdo aYlrarex lrqrol 'aY4a,rlraV lrqrrudoaJ- Hhrlqrlqr tqdetox tqJlqrt,tur
!rqrs14herdarruV HrurVdagdarlI'H 'V aVursrJaH lrrqVdeYueJrrrqrHe eVtsde.+o111

'de9 rrerslrew !rqrexurvedr
rqVerql{er,{ eHex rq*rqreHex HhrrqrrqJ rrdara 'ttYevttgeJ ilIqIrog ctqwix HhIIqrrqJ HeJrervBE
rcVHe)l}trcroJ, 'rqVerellpnraf, nawrcJ.eVH*e! xrrdrg Ivml rqrrqnirr !tqrsuflerdar:ur
IrrurVdagfarr; 'H 'V 'z{Hrsri erde.rdo}r rs,nrqrtrtrx }rrsrrule.r.darrnfl

'rVala reu!rq etAve eYqeu HaHrgala dlec utdalVudorr rreralt
aHex a;i{lavsar're.l nrqH,fi,! yrvHree Hrqllegrxam r,t9 'uarrrdrlrav rgaJe Hrsrdarmtvraldev
ytcrevt4r^rouoxe-!tqrB)rHHxaJ HrqsrqcruroroHXaJ etqr!rqVre! }trqrtsIrJorov€
urqrerrqurqci IrrVdaVlre e.r,He! rqVde.LlrrcVre! )rrqrsu.rdIrrerar{ 'urqdtsto ede.+tqm

xrreg rqVdeVrelahr rqreJeg aVnrd,tr.r. rqledlsahHox Ju€hredax naw rVHdolr mtsdtsli
'r.t le geVder! eutqc v r.r,urtex daH e-v IIre g Hd tvzer erHIqJete g

sveuvuQ rq+eVulqrere! eHBJJV lm;14 ,,f -f,14gdgf,0X€,, tsHJoIroHxaJ HeJIrIqHIqJi
'rVala reulrq etAget eVTet rcrrclde dleo srdar?udorx rrreJehl aHex a$rafsarter srqsilt
JetryHm ri9'ue*rrcHletr\ Iqf,ehiaxf, ytrruhur.rdu HrcHlqcrHJoroHxaJ enur,{e! yrqLrtsHJoIrox€

HrVda?He rqVde"l}lrqVre! !rqrsn.rdfrreJahr 'nrqdrqlo areg rcVdeYL.eral,i Iqrp.+eg

aVnrd.{r rcredJ.HahHoy Jnrhreday uayr rVudorx mrcdlqr{ el,oIcr{ix !IqrsHflerdalcuf
'rqrJ rq Her4e9 Ha radelreJeg

lrqrsrd.roroy€ Hrqhredflr )rrcVrelr HrqVdeVrelaw drq.{e aHe)r( rlrtrl r.raVdaVrttHe HeJHIqIre
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