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sKCneprHofi KOMI4CCI{I4 AI4CCepTaIIHOHHO|O COBera 6D.KOA-042 B cocraBe

[peAceAareJrt - A.T.H., upoSeicop, IIIapuSon A., TIJIeHoB KoMlaccuu - A.X.H., [poQ.

Ea.qaflosa A.E., A.T.H., rpo$. Ha:apona X.M., u co3AaHHofi peIxeHI4eM

Ar{cceprarllroHHoro coBera 6D.KOA-042, rporoKoJl J\b31 or 04.06.2025 r. ro

A1rcceprarJuvr fa$opsoga CynafivroHu MycynruoH Ha reMy: (TexHonoruqecKl4e

ocHoBbr nepepa6orKpr €urroMocr4Jrr{KarHblx pyA Ta4xurcllcrana KI4cJIorHbIMIl u

crreKareJrbHbrMtr "Mero4auu>>, [pe.qcraBneHyro Ha coucKaHue yqeHofi crerleHl{

KaH1kr1ata rexHuqecKr4x HayK rlo cneqLIaJlbHocr.rM 05.17.O0-Xuullqecras

rexHoJroru1 (05.17.}I-Texnolorllt HeopraHl4qecKllx BeIrIecrB) I4 02.00.00-Xuwrus'

(02. 0 0. 0 1 -HeopraHl4r{ecKafl xvruufl) .

PacquorpeB AncceprarluoHHyro pa6ory faSopso4a CynafivronH MycynMoH Ha

TeMy: (TexHonorr4qecKr4e ocHoBbI rlepepa6orKl4 aJIroMocI4JII4KarHbIX pyA

Ta.uxuxucraHa Kr4cJrorHbrMvr u crreKareJIbHbIMI4 MeroAaMI4), [peAcraueHHyro Ha

corrcKaHr4e yueHofi crelreHr4 KaHAr,rAara rexHl{qecKl4x HayK rlo clleqv€ulbHocrqM

05 . 1 7 .00-XnN4u.recrca.fl rexHoJrorlrr (0 5 . 1 7 .0 1 -Texnororra.s HeopraHl4qecKllx

BerrlecrB) vr 02.00.O0-Xurvrus, (02.00.01-HeopranuqecKa.r xnuur), KoMl{ccus

Ar{cceprarllroHHoro coBera fHy npvkLncrl4ryr xvrwvr:a nvr. B.I4. Hururuna HAHT u

Arenrcree no XEP-fl 6esonacHocrr4 HAHT ilpeAcraBJlfler cneAylouee 3aKJIIoqeHI'Ie:

Arcrya.rrsHocrb reMbr ArrcceprarlnoHHofi pa6orbl. ,.{uccepraquoHHa.fl pa6ora

nocBf,rrleHa pa:pa6orre e$SercrHeHrrx MeroAoB nepepa6orxu HLI3KocoprHoro

aJrroMocr4Jrr{KaTHoro cbrpbr pa3nuqHblx MecTopoxAenufi TaAxrarcucTalFra, TaK?IX KaK

aprunnr4ToBbre pyAbr, He$enr4H-cr{eHr4ToBoe cbrpbe, KaoJII4HoBbIe H genenue IJII4HII.

YKasaHgrre BVAbr cbrpb.rr xapaKrepl43ylorc-fl coAepxaHueu AlzO3 Ha /poBHe oKoJIo

20yo, oAHaKo rexHoJrorlrqecKne rroAxoAbl K I4x nepepa6orKe B Hacroslqee BpeMt

tu6o HeAocraroqHo u3yrreHbl, lH6o rIoJIHocrbIo orcyrcrBylor.

Coxpanxroryas.as. B nocneAHrre [ecflTurervfi, TeHAeHIIllt K ucqepnaHl4ro

TpaAqrlrroHHbrx r4croqHr{KoB rJrr{Hog€na crl4MyJrtlpyer I{ccneAoBareJlbcKue ycvnLrs' B

HanpaBJreHr4lr ocBo elvrfl. MecrHbrx HerpaAI{IIHoHHbIX cblpbeBblx pecypcos. B 3ToM



KOHTEKCTE pa3pa6oTKa cleKaTeJIbHbIX vT KI{CJIOTHbIX MSTOAOB pa3JIOXeIiLTt

aJrroMocuJrrrKarHoro cbrpbs npno6peraer He roJIbKo reoperl{qecKoe' Ho pI BaxHoe

lpaKTuqecKoe 3HaqeHue, IocKoJIbKy IIO3BOJI'eT [olyrlaTb cTpaTefurlecK]I BaXHbIfr

rrpoAyKT 3eM 
- 

r{3 MeCTHbIX MI{HepaJIbHbIX pecypcoB.

trtlcuolrgoBaHqe KI,tcJIoTHbIX MeToAoB oCHoBaHo Ha vTx ceJIeKTI4BHOfi

cloco6HocTr{ yAaJrrTb KpeMHe3eM yxe Ha HarIaIIbHbIx cTa1vflx TexHoJIofI'IqecKoIo

[poqecca, r{To cloco6crByer orrr?IMr{3arlulr MarepI{aJIbHbIX rloroKoB ?I rIoBbIIIreHI{n

o6.qefi e$$exrrzeHdbru nepepa6oTKl{. TeM He MeHee, KI4CJIOTHbIe MeTOAbI LIMeAT

OrrpeAeJIeHHbIe OlpaHI4rIeH?It, BKIIIoqatr O6pa":Onaru4e KpeMHe3eMI4cTOrO IIIJIaMa 14

TpyAHocrr{ B pa3AeJreHuu aJrroMr4HrleBbrx v xteJle3ocoAepxcalqlx coeALIHeHLIfi B

rrpoAyKrI4BHbIX pacTBopax.

CuerarerbHble MeToAbI, B cBolo oqepeAb, IIO3BoJIxI9T AoCTLIqb Uy6oKofi

AecTpyKUI4Il MI4HepaJIbHofi ocHoBbI cblpbfl 3a cqeT BblcoKoTeMnepaTypHoro

BO3AefiCTBr4r, trro cloco6crByer yBerr4qeHr4ro crelIeHl{ Ll3BJIeaIeH?Ifl ueneBblx

KoMrroHeHToB. oco6brfi r4HTepec lpeAcraBJrfler LrcrroJlb3oBaHLre aKTuBaropon Qt{aoH,

CaCI2),roBbIIuaIoUI{x sOOeKrI4BHocrb B3allMoAeficrBus MexAy Sasaruz B npoqecce

CTICKAHI{.'I.

ArcryalrHocrb TeMbr ycu[rr4BAeT)fl. Heo6xoAI4MOCTbIO CO3AaHHS

TSXHOJI9TI{qgCKI,IX pelxeHl4fi, HaIIpaBJIeHHbIX HA CHI4)KSHI'IS cefieCTOLIMgCTLI

lpor{3BoAcrBa fJrI4HO3eMa r4 paquoHatrbHoe I{crroJIb3oBaHI4e MeCTHbIX MrIHepaIIbHbIX

pecypcoB. llony.reHHble B XoAe I{ccneAoB aHufl' pe3yJIbTaTbI MoryT 6u6

r4cIIoIIb3oBaHbI npl4 pa3pa6oTKe [poMrIIIIJIeHHrIX TexHoJIOTI'Ifi

€rJrIoMOC[JII4KaTHO|O Cblpbt, a TaKXe B [pOI{3BOACTBe KOafyJItHTOB'

An.rr oqI4cTKI4 [pI4poAHbIX 14 CTOTIHbIX BOA'

IIepepaoorKrl

rrpr4MeHteMbIX

Taruu o6pasovt, paloTa peuaeT Bax{HyIo HayqHo-TexHl4qecKylo 3aAar{y no

ocBoeHI4IO aJIbrepHarI4BHbIX LICTOTIHI'IKOB aJrroMLIHI4eBOfo cblpb.fl vr pa3pa6oTKe

pecypcoc6eperaroqlu TexHoJroflrfi, qTo orrpeAenteT e€ BbICOKyIO CTefIeHb

aKTyaJIbHOCTTI.

CreueHr HayqHofi pa3pa6oTaHHocrl'I I'I3yqaeMofi upo6'ueMbl' B ycJloBl4qx

pacTyrrlero 1p9M6IIIIIISHHOTO Cnpoga HA TJII4HO3flM I'I conptxtlnHsre npoAyKTbI
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lepepa6orKl4 airroMocl4Jll4KarHoro cbrpbq aKryanu3vpyercfl Heo6xoAr,rMocrb

KOMTTJTeKCHO|O OCBOeHUIT M?rHepaxbHbrx pecypcoB, TaKkrx KaK Aprr4rrlrLlTbr,

He$e;rzu-c?IeHI4TbI Lr KaoJrrrHoBbre rJr?rHbr. ConpeueHHbre TexHoJrorr,TqecKue

noAXoAbI K vrx nepepa6orxe, BKrroqarcqr4e Kr,rcJroTHbre Lr cneKaTenbHbre

MeroAbI, ecd qalr{e opl4eHTl4pyrorct He ToJrbKo Ha r43BrrerreHrre oKetrna

aJrroMl4Hrrx (Al2O3), 
"o kr Ha palJkroHatrbHoe r4cnoJrb3oBaHrre Apyrr4x rleHHbrx

KoMnoHeHToB MrrHepaxrnofi Marpr4rlbr 
- oKcrrAa KpeMHraa (SiO2), a TaKxe

[IerorrHblx KoMnoHeHToB, TaKrrx KaK oKcz4 HaTpLrx (Na2O) r,r oxcu1 KanLrfl

(KrO). flpunul4nl4aJrbHo eaNHofi sa1a'aefi craHoBr4Tc-f, peanusarJ4;-

ceJreKTrlBHOrO I{3BreqeHI4q yKa3aHHbrx KoMnoHeHToB C MaKcr,rMalrnofi

creneHbroyrrrnrr3arlvrvrcbrpbfl LrMr4HtrMugarJtreirorxo4oB.

HayuHo o6ocnosaHHafl. KoHllenqrurr KoMrrireKcHoro kt3BreqeHr4{ rleHHbrx

KOMIOHeHTOB rr3 aIrrOMOCXJrr4KaTHbrX pyA IIO'Iyrrr4IIa oTpaxeHkre B pflAe

orerrecrBeHHblx u sapy6exHux uccneAoBauuit, oxBarbrBalor{r4x KaK

Teoperl4qecKl4e ocHoBbI, TaK 14 npr{KnaAHbre acneKTbr nepepa6orKtr cJroxHbrx

MI4HepaJrbHbIX cl4creM. B qacrHocrkl, B pa6orax raKlrx raA)Kr4KcKkrx u
poccufrcxux yuduux, KaK Mvpcaugon V.M., CaQuen X.C., Mzp:oen 8., pysraen

Ax.P., Eesyrla4HplKoB A.8., 3anorlcxufi A.K., npeAcraBrreHbr pa3rr,rrrH6re

rIoAXoAbI K uepepa6orre aJrroMocl4Jrl4KarHoro cbrpb-fl c npr,rMeHeHr4eM KaK

K?IcJIorHbIX, TaK I{ crreKareJrbHbrx MeroAoB. B srzx zccneAoBa:atrflx noApo6no

paccMarpl4Balorc-fl MexaHrr3Mbr pa3noxeHr,rr aJrroMocr4JrvKaroB c yqacrr4eM

xnoprrAon, cylr$aroB vr Apyrkrx coreo6pa3yroilIr4x areHToB, a TaKXe Blrufl:rtve

TepMoArrnaMurrecKlrx vr KI4Herzr{ecKZX QaxropoB Ha rrpoqeccbr ceJreKTkrBHoro

I,I3BIEI{EHUf KOMIIOHEHTOB.

3apy6exHue yudHbre, BKrrro.ra-fl u. Mussina, Tsai w.T., Lee s.y., a rarcKe

?IccneAoBarerlbcKl,Ie KorrJreKTr4Bbr vs fepnaaHr4v\ Kuran, TyprJuu n Kagaxcra1a,

cocpeAororrkurkr BHlrMaHrre Ha pa:pa6orxe SKcrpaKTr{BHbrx u

rI,IApoMerannyprl4rrecKl4x rexuororzfi, opr4eHTrrpoBaHHbrx Ha eS$exrzBHyro

nepepa6orry HI{3KoKaqecrBeHHoro aJrroMocr4JrkrKarHoro cbrpbs. 3rz
TexHorIofLrH lIpeI.nonafaloT r4cnorrb3oBaHve opfaHr'rqecKr4x 14 HeopraHr4rrecKr4x

KrrcrloT, KoMnJreKcoo6pasyrcIql4x areHToB Lr MeroAoB ronxofi oqlrcrKl,r
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npoAyKToB, a TarcKe BKrroqalor acrreKTbr oKoJrorr4rrecKofi 6esonacHocTkr' vr

pecypcoc6epexenua. Kpoue roro, sapy6exuue r4ccneAoBaunfl aKT?rBHo

pa3BI{BaIoT HanpaBJIeHI4e nonyqeHLTfl, coTIyTcTByIoIIIzIX npOAyKTOB 
- TaKIIX KaK

Tpr,rxnopr4A aJrroMulr.Lrfl (AlCl3), ekrlrvKarb1 KoaryJrflHTbl vr Kararrvrcaropbr 
- c

r4cnoJrb3oBaHr4eM KaK npr4poAHofo cbrpb.rr, TaI{ . v rexHofeHHbrx oTXoAoB.

Taxuvr o6pasovr, KaK oreqecrBeunrrfi, TaK Lr sapy6exnufi orrbrr

noArrepKvrBaeT nepcneKTuBHocrb KOMNJIEKCHOI{ nepepaOorKlr

aJrloMocr4Jrr4KaTHbr4 Pya c qenbro MaKcuMaJrbHofo BoBrer{eHr4s KoMnoHeHToB

cbrpbq B TexHoJror?rr{ecKr,rfi quxr. OAsar<o npr.r gToM coxpaHqercfl norpe6uocrr

B Aamnefiruefi uayunofi upopa6orxe ceJIeKTI4BHrIX MeroAoB r{3BreqeHr4q

aIIIO}|{LtIJl'4fl, KpeMHr,lfl, [IeIOqHbIX MeTaJIJIOB VT BAnkrlialJktkt IIOIyqeHHbIX

pe3ynbTaToB B ycnoBrrflx peanbHbrx npor43BoAcrBeHHbrx npoqeccoB.

Oco6ufi r4HTepec c ror{Ku 3peHrrfl Syn4avrenrarrrnofi kr npraxna4nofi

xurl.ltrur npeACTaBIqeT BO3MOx{HOcTb nonyqeHIIfl rplr'Xnopklp:A aJIIOMLIHI,Ix (AlCl3)

rr3 KoMrrJreKcHbrx arloMocr4JrrrKarHbrx crrcreM. Sror npoAyKT ssrser.is. rIeHHbrM

rlpoMexyrorrHbrM coeArrHeHr4eM Ars AarrrHefiurero rronyqeHr4q MeraJrJrlrqecKoro

aJrloMr4Hr,tfl, KaTaIrH3aTOpOB KT4CITOTHO|O Tr4na 14 KOafynflHTOB, npUMeH_fleMbIX B

CLICTCMAX BO,IOilO,II| OTO BKI4.

OAsarco cneAyer orMerurrb, rrro crerreHb r43yqeHHocrrz rrpoqeccoB

CEJIEKTI4BHO|O I43BJIEqEHI4' NOIIE3HbIX KOMIIOHEHTOB 143 AJIIOMOCI4JIKIKATHOIO

cblpbfl, BKrloqaq nyrr4 [oJTyr{eHufl AlCl3, B ToM rrkrcre c yudrovr BIrr4flHvrfl.

Mr4HepanbHoro coeraBa, pexzMoB repuoo6pa6orxu vr KT,TcJroTHocrkr cpeAbr,

ocraelrc-fl HeAocraro.{Hofi. Oco6enno aKTyaneH AaHHufi npo6eJr B KoHTeKcre

crtprenofi 6agH Ta4xuxvrcra:r'a vr aHaJrorzrlHbrx perr4oHoB, rA€ rpe6yrcrcx

al.anrr4p oBaHHbre rexHoJrofzqecKze perxeHrrr.

Kpovre roro, npeAcraBr-fler I4HTepec pagBvrrvre HanpaBJrenvtfr, cB.fl3aHHbrx c

[oryqeHr,reM cMerrraHHbrx KoarynsHToB Ha ocHoBe arrroMvrHkrq u xerega. 3rz
coerzrHeHnfl o6raAaror srrcoxofi e$SerrzBHocrbro B rrpoqeccax oqr4crKul

npLIpoAHbIX 14 crorrHbrx BoA. ConpevreHHbre r4ccJreAoBaHkrfl, B erofi o6tacru

oxBarblBalor KaK xr4Mr4qecKylo MoAra$zrcaqzlo KoarynqHToB, TaK 14 r,rx cr4HTe3 pr3

MecrHoro rexHoreHHoro Lr npvrpoAHoro cbrpb.fl, rrro Aenaer AaHHbrfi nerrop
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oco6eHHo nepcneKTrIBHbIM B paMKax ycrofir{zBoro pagBnrvrfl Lr gKoHoMrrKr4

3aMKHyrOfO qr4Kna.

Taxuu o6pasou, HecMorp-fl Ha Harr4rrr4e orAeJrbHbrx ny6wtxaguit vr

sKcrrep?IMeHToB, o6o6ulduHrre u crrcreMaTprgupoBaHnbre zccrreAoBaHkrs, Io
KOMrrrreKcHoMy r43BJrerreHr4ro Al, si, Na, K, a TaK)Ke Cr4HTe3V

errcoxos@SerrznHux npoAyKToB vr3 anroMocr4rrkrKaTHoro cbrpbr ocTaroTct

orpaHI4treHHbIMI4, tITo onpeAer-f,er neo6xo4r4Mocrb galtuefi[rr4x HayqHbrx

r{3brcKaH uit s AaHHoM HanpaBn eHvrvr.

fJerrro Al{ccepraqllonnofi pa6orrr. I-{enuo Akrcceprar{r4oHHoro

r{ccJleAoBaHvrfl. tBr.flerc.s HayrlHoe o6ocuosaHze v paspa6orra eQserrunnrx
MeroAoB nepepa6orxu zulroMocl,InuKarHoro cbrpb{ TaAxur<Hcra*a BKJrroq€ur

neQenuu-cLIeHzToBoe, aprl4nJluroBoe, KaoJrrrHoBoe ll gen€Hoe rJrraHl4croe cupr€ 
- c

LICI]O JIb3 OBAHI{EM KT4 CJIOTHbIX I4 CIIEKATCJIbHbIX TCXHOTTO rUfi .

,{nx 4 o cr u>KeHvrfl rr o craB Jr e s H o fi q en u np eAy cM arp HB aer c fl ,:

- I4CCneAOBaHI{e IlpoqeccoB Kr4cJrorHofo pa3no)KeHr,rs aJrroMocr{Jrr4KarHbrx

MarepHaJIoB c rIpI4MeHeHI{eM pa3nr4qHblx MHHepaJrbHbrx KI{cJror, HanpaBJreHHoe Ha

ycraHoBneHl{e oTITI,IMaJIIHIIX ycnosufi cereKTuBHoro r43BreqeHufl aJrrrlMkr14fl:

- paspa6orKa crleKareJlbHofo cuoco6a aKTraBarIr{Lr cbrpbr c npr4MeHeHrreM

peareHroB-aKruBaropoB, raKl4x KaK fr4ApoKcr4A :nurpnfl. (NaOH) Lr xJroplrA KaJrbrlr4rr

(CaCI2);

- olpeAeneHl4e TepMoII4HaMI4rIeCKkrX r4 Kr4HeTr{llecKr4x rrapaMeTpoB [poqeccoB

KI{CJTOTHO| O r4 TepMr{qecKof o p a3no)KeHz.rr ;

- BbItBJIeHI4e MexaHrr3MoB Qa":onrrx vr xr'rMrlqecKr4x upeo6pa:osaHzfi B

I{CCJreAyeMbrx clrcTeMax;

- co3AaHI4e o6o6uleHnrrx rexHoJrorLrrrecKux cxeM uepepa6orru,

ooecleql4BalouII4X BbICOKyIO CTeIreHb r{3BreqeHr4.s rleneBbrx KoMfroHeHToB [pr4

co6lro4envvr KpkrreplleB pecypcoc6epeNeur,rr, TexHoJronzrrecKofi eQQeguBHocrr{ rr

gKorofuqecrofi 6egonacnocrlr.

O6rercroM l{ccJreAoBaHrlfl .rlBJr.rrrorc.rr rexHoJrofr,rqecKr{e ocHoBhI nepepa6otxz

aJIroMoczJII{KarHofo cblpbt p€BnIrqHbIX Tr4rroB (nrnro.rax HeSenuH-cr4e*vrr,



apt4nnvrr, KaoJrr{HoBbre u 3eneHbre rnIlHbI), xapaKTepHbIX l.nfl Mecropo)K4eHvrlr

TaAxut<ucTa]Ha, MeroAaMI4 KI{cJIorHoro kr crleKareJlbHofo pa3noxceHl'I.fl c

nplrM eH e HLI.e M MLIH ep an b HIIX Kll c JI o T I,1 p e are HT a- aKTuBaT op a C aCl 2.

IlpequreroM rrccJreAoBaHrrfl BbrcryrlarcT Irpoqeccbl xLIMI4r{ecKofi nepepa6orK}I

yKa3aHHOrO Cbrpb'l c I4CrrOJrb3OBaHI4eM OTAeJIbHbIX MI4HepaJIbHbIX KLICJIOT VI UX

KoMno31ar{uft, a rarcKe MexaH?r3Mbr crIeKaHLIt c peareHTaMul NaOH v CaClz,

HarrpaBJreHHbre Ha aKTr4Barlurc aJlloMocunplKarHofi MaTpLIIIbI v rIoBbIIrreHHe

s S S e xrranHo crll LI3BJIelIeHI4fl II eneBbIX KoMtIoHeHToB.

flayvnan HoBrr3Ha Anccepraquonnofi pa6orbl 3aKJrroqaercfl B cJreAyK)IrIeM :

- BrrepBbre rrpoBeAeHo KoMrrJreKcHoe I4ccJIeAoBaLM npoqeccoB KplcJIoTHOfO I{

TepMHrlecKoto pa3no)KeHr4g aJrroMocI{JII4KaTHOfO Cblpb.'I, TLIIIHIIHO|O [nfl

Mr4HepaJrbHo-cbrpbeBofi 6asu TaANHxtzcra;aa, c qenbro znreHcuQLrKaTJVvr

I{3 B JI Cq E H KIfl . AJII0:I'{I4IJVIfl ;

- gKclepr{MeHTanbHo o6ocHoeaHst ycnoBl4t ceJIeKTI{BHoro pa3Jlox(eHl{t

€urroMocr4JrrrKaroB pa3JllrqHofo cocraBa c rrpr4MeHeHueM M]IHepa[bHbIX K?ICJIOT ]1

ulerorrHblx/coresHx aKTVBaropoB;

- ycraHoBJreHbr Kr{Herr{qecKr4e 3aKoHoMepHocrll 14 MexaHLI3MbI Qa:onrx

npeBparqeHniT., rrporeKaroullrx B ycJloBla.tx KI,IcJIorHofi u cuerarenbHoft aKTvrBarJvru;

- AOCTOBepHOCTb [OnyrreHHbrx AaHHbrx noATBepxAeHa pe3ynbTaTaMu aHuIvL3a.

BbrIroJrHeHHOfO C [pUMeHeHr4eM coBpeMeHHbIX IIHCTpyMeHTaJIbHbIX MeTOAOB

peHrregosa:onoro aHaJrtr3a (P@A), aia$QepeHrll4€ulbHo-repMl{r{ecKoro anaJru3a

(ATA), a raKxe xLIMI4qecKoro I4 cneKTpzulbHoro ananvrca;

- pazpa6oraHbr u rrpeAJrox{eHbr o6o6uleunue rexHoJlorrlrlecKl4e cxeMbl

nepepa6oryu aJrroMocr4JrraKaruoro cblpb.t, yqnTblBaroql4e rpe6oBaHl4s K

s $ Q er<rurHocrll, pecypco- tI oHeproc6 epexenuro.

Teoperuqecnafl \r rrpaKTrrqecKafl 3uaqrrMocrb paborrt 3aKrloqaercfl B

cJreAyr()ueM:

TeoperuuecK€ur 3Harrr4Mocrb Araccepralluosnofi pa6orrt 3aKJlloqaercll B

pa3Bvrrvrr4 HayrrHbrx ocHoB nepepaSorKu aJIIoMocIlIII{KarHoro cblpbq KHcJIorHbIMvr vr

cIIeKaTeJIbHbIMI,I MeToAaMIft. YcraHoBJIeHbI TepMoAI{HaMI4rIecKue vr KHHeTLIqecKue



3aKOHOMepHOCTI4 TIpOqeCCOB pa3nOXeHHt

KaoJrlrHoBbIX I4 3eneHbrx |JII4H, XapaKTepHbIX

apfr4JrJrr,rroB, He0efluH-cr{eHr4ToB,

AJrr MecropoxAeH uit T a4xuKr4cr aHa.

O6ocuoeaHrl MexaHr{3Mbr Sasonux npeBpalqeuuit, vr ceJIeKTI4BHoro I{3BJIerIeHI4.a

KoMrroHeHToB, BKJrro-rax Al, Si, Na u K, npu eos4eficrBun MrIHepanbHbIX KlIcJIor I4

aKrr4Baropoe (NaOH, CaCI). Pa^:pa6oraHbl HayqHble noAXoAbI K KoMnJIeKcHoMy

r4crIoJIb3oBaHr4IO aJIIOMOCI4JTT4KaTHOH MaTpZIIbI C MI{Hl4MI43ArryeV OTXOAOB.

llpaxrzvecKa.rr 3Harrr4Mocrb pa6oru cocrol{T B pa:pa6orr<e e$Sercrunnrrx

TexHoJrorr,rqecKux exeM uepepa6omu MecrHoro aJlroMocllJluKarHoro cblpbt c

BbrcoKr4M H3BIeqeHUeM OKC?rAa airroMLIHLIt V COIIyTCTByIOqUX KOMIIOHeHTOB.

Pesylmarlr r4ccJreAoBaHvrfl. MoryT 6rrm r4cIIoJIb3oBaHbI rIpI4 co3AaHI4I4

MaJroorxoAHbrx npor{3BoAcrB rro no.rryqeHllro rJII4Hos€ua, KoaryntrHToB pI xrlAKoro

creKJra, a TaKlKe Anfl BoBJrerreHr4r HeocBoeHHbrx Mr4HepaJrbHbrx pecypcoB

Ta4xrzruaraHa B npoMbrrrrJreHHyro uepepa6orxy. Pa:pa6oraHHble pelueHl4.a

cnoco6crByror cHrz)KeHlIIo ce6ecrozMocrll npoAyKIILII4

gKonorrrrlecKyro 6 egouacHocrb rexHororl4rlecKoro npoqecca.

,{ucceprarluoHHar pa6ora Ha reMy <<TexHororrrqecKr,re ocHoBbr uepepa6orr<u

€urloMocvJruKarHbrx py4 Ta4xvKvrcraHa KracJrorHbluvr kr cneKareJIbHbIMZ MeroAaMI4))

rroJrHocrbro coorBercrByer rpe6onauvrflM) rlpeAb.aBn.reMblM K HayqHbIM

r{ccJreAoBaHu-rrM rro clerlr{a[bHocrflnr 05.17.00 - XzMra.recKar rexHoJrofrar (05.17.0I

TexHonorra.s HeopraHnqecKllx eeqecrn) u 02.00.00 Xwwux (02.00.01

HeopranHqecKarr xurvux), r4 rrpeAcraBJr.rrer co6ofi cyqecrBenHufi BKnaA B pa3Br4THe

HayqHbrx ocHoB nepepa6orKrr MrrHepaJrbHoro cblpbf, I4 HeopraHl4rlecKl4x orxoAoB.

Pa6ora oxBarbrBaer aKTyaJrbHbre HarrpaBJreHr,rr conpeuennofi xuruuqecKofi

TexHoJrorr{H, BKJrroqafl. pa3pa6orxy HoBhrx rroAXoAoB K nepepaOome Hu3KocoprHoro

aJrroMocr{Jrl4KarHoro cbrpbr, yrranr43arluro no6orIHbIX u rexHoreHHbIX rIpoAyKToB,

rrolryqeHr4e r{eHHbrx HeopfaHr4rrecKr4x coegurtenufi,, a raKxe parlrloHaJrbHoe

r{crroJrb3oBaHze npr4poAHbrx pecypcoB c r{enbro co34aHus, ycrofi.ruerx .vr

gKororuqecKu 6egonacsbrx rexHoJrorr4:recKnx npoqeccoB.

Crpyrcrypa Arrcceprarlnrr JrorurrHa v coorBercrByer rpe6onanuxvt

OOCCIEIII4BAIOT

K

152HayqHbrM rcnannSur<ar{r4oHHbrM pa6orana. Zccre4oeaHue r{3Jro)KeHo Ha



cTpaHHrlax KoMfrbroTepHofo Ha6opa, BKIroqaeT BBeAeH[e, Tpu fJIaBbI, pa3AeJI c

o6cyN4eHr4eM pe3yJrbraroB, BbrBoAbr, a rarcKe crrucoK rlcrloJlb3oeaHHofi nllTeparypbl,

co4epxaqufi 151 r4crorrHr{K. Marepnan r4nnrocrpl{poBaH 44 pI4cyHKaMu, 24

ra6ruzqauu u rrpuno)KeHneM, rrro cBr4AerenbcrByer o BblcoKofi creneHu HarnsAHocrl4

I4 IIOJIHOTbI npeACTaBJIeHLIt HayqHbIX pe3yJIbTaToB.

B aeropeSepare rrpeAcraBJreHbr ocHoBHbre [oJIo)KeHrIs vr pe3ynbrarbl

I4CCJIeAOBaHyrs, I43JIOXeHHbIe Ha AByX t3bIKaX 
- 

pyCCKOM LI TaAXI{KCKOM, qTO

o6ecuequBaer AoGTyrrHocrb nay.urofi zHSoprraaqvu nns. ruuporcofi ay4uropvrlr. llo

TeMe Aucceprarluu ony6lr{KoBaHo 20 uayunrrx pa6or, B ToM rII4cJIe 7 crarefi. s

v34aHufl6 peKoMeHAoBaHHbrx BAK upu lIpesLIAeHre Pecuy6nuxu TaAxnrcucrau, 2

MaJrbrx rrareHTa, a raKxe 13 ny6tur<aqufi B Marepl4arrax HayqHbIX nonQepenqHfi

pa3nr4qHofo ypoBH-fl, rrTo noATBep)KAaeT [pH3HaHI4e pe3ynbTaToB I4ccJreAoBallufl.

HayqHbrM coo6ulecrnou.

VponeHr opnrrrHaJrbHocrrr ocHoBHoro reKcra Ar4cceprar\uu.cocraBJrrer

77,33yo, rrro cBl4lereJrbcrByer o errcoKofi cTerreHrr caMocrotreJrbHocrr,r

upone4€nHoro HayqHoro r,rccneAoBaHvrfl.. 3ro uo.qrBepx(Aaer, qro 6omruaq tlacrb

Ar{cceprarlzoHHoro vrarepvana flBrrerc-fl pe3yJrbraroM co6crseHHrrx HayqHbrx

rEgrrcranufi aBTopa u orpaxaer paspa6oraHHbre r4M opLIrI{HaJIbHbIe noAXoAbI,

MeTOAbI 14 TeXHOJrOfLrrreCKI4e peIXeHI4t.

O$opvrneune ccbrJroK, 3ar4McrBonartuit u qr{Tar BbrrroJrHeHo B crporoM

coorBercrBHH c Aer{cTByroqr{Mr4 HayrrHblMu cTaHAapTaMI{ 14 HopMaMLI

aKaAeMr{qecxofi 3Tr{Krr. Bce zcnoJrb3oBaHHbre Marepvalrbr cHa6xenrt KoppeKTHbIMLI

1u6rmorpaSuvecrzlru yKa3alrtufrvtvr, rrro o6ecue.rzeaer npo3parlHocrb

HcrorrHnKonofi 6a:u r4ccneAoBalc^r4fl. 14 r4cKJrroqaer HapylueHl{fl IpLIHIII{IoB

,4 O Op O C O B e CTH O f O H ayqH O f O rJVrrVTp OB AHkrfl ..

Cle4yer rarcKe orMerLrrb, lrro Bce HayqHbre ny6r'urcaryuu, BbrrroJrHeHrrrle

corlcKareJreM B coaBTopcrue, oQopMnenbl c yKa3aHr{eM rroJrHoro cocraBa aBTopoB,

rrro rroATBep)KAaer co6moAenr4e HopM Hay.rHofi 4o6ponopsAorrHocrlr r{ KoppeKTHofo

pacilpeAeJreHr4.f, aBTopcTBa.



Ha ocHoBaHHI4 npeAcraBJleHHoro o6r€laa BbrrroJrHeHHbIX I4ccne.qoBauttit,

crpyKTypbl H coAepxaHlI{ pa6orrr, ee oprIf}rH€rJrbHocrr4 Lr ouy6nuxoBagHhrx

pe3ynbraroB Mo)KHo CAeJIarb BbIBOA, qro Ar4cceprarlr4-rr orBeqaer BceM KpuTepr{flM,

npeA:bsBnteMblM K KaHAI{AaTCKI4M AI,ICCepTaI\r4frM, }r 3acny)KrrBaeT rroJroxr4TenrHofi

oqeHKr4.

CoornercrBr{e Arrcceprarlnu rracrropry uayvnofr cfleqrraJrbHocrrr

(Qopuy.ne u odtacrrl rrccJreAoBaHrrfl). [racceprar{uoHHar palora BbrrroJrHeHa Ha

rpoqeccbr nonyqeHr,rr HeopraHr{qecKxx

Mr4HepaJrbHbre yAo6penux, r{3ororrbr H

crblKe AByx HayrFHhIX cllellHaJlbsocreft u oxBarblBaer Mex{ArlcrlurrJrr4HapHyro

TeMaTI4Ky, BKJIIOqaTUIyT KaK T€XHOJIOII4TIOCKI4€, TaK LI XI4MI{qecKne aCIIeKTbI

uepepa6orKr{ M?rHeparrbHoro cbrpb_rr :

05.17.00 Xr.rMu.recKaq rexHoJrornfl (05.17.01 Texuororgs

HeopraHl4rlecKl4x eeulecrn) 
- cocraBJlger oKoJro 55 % or o6qero o6reua

Ar4CCepTarJzrLr;

02.00.00 - Xnnrus (02.00.01 - HeopraHLrqecKa-f, xurvrux) - 6"oree 45%
o6reua 14 ccJreAoB aHkrfl,.

coornercrBrre fiac[opry c[eqrraJrbHocrlr 05.17.01 Texuo.norus

HeopraH r{rrecKr.rx Berrl ecTB

fuccepra[ux coorBercrByer cneAyronu4M rryHKTaM Sopuymr
c[erll4€urbHocTr4:

IIyHxr 1. llpora:noAcrBeHHbre

IIpOAyKTOB: COJIH, Kr4CJrOTbI, rrleJrorlz,

BblcoKotll4crble HeopraHl4rlecKl4e BerrlecrBa, KaraJrr'r3aropbr, cop6enmr u Ap.(n pa6ore

pEBpaooraHbl MeroAbI llonyqeHufl HeopraHr4rrecKux coeAr4HeHvfi, nrlrouar cylrsaru
4 xnopl{Abl aJrrol.4.r4lJlafl. Lr }KeJIe3a, a raK}Ke crrJrrrKarHbre coeAr4HeHrr{ (Nu4roe

crer<lo), qro coorBercrByer AaHHoMy HarrpaBJreHraro).

IfyHrcr 2. Texnonorl{qecKl4e rrpoqeccbr (xralruvecxze, Qusuvecrue u

MexaHr{qecxze) r{3MeHeHr{-g cocraBa, cocro.sHl4r, cnoficrn, sopvru cbrpbr Lr

npoAyKroBMaTepI4anoB B rrpor43BoAcTBe HeopfaHr{qecKr{x

(npoaHalu3lzpoBaHbl rlpoqeccbr Kr.rcnorHoro Lr repMr{qecKoro nos4eficrnux Ha

€UIIOMOCI4JII4KaTHOe crrpre, BKJrroqa{ I43MeJIbrIeHI4e, crIeKaHHe u KI4CJIOTHOe



IO6OIIHbIE IIPOAYKTbI

cooTBeTCTByeT 3aAatIaM

orxo4oe).

Bb1nle;1aq y1Ba;1r4e, rITO npllBeno K ?BM9HSHI4IO efo Qasonoro vI xl{Ml4tlecKo1.o

cocraBa).

lynnr 3. cuoco 6s u rpoqeccbl 3aIIIlIrbI OKpyX(aIOqefi cpe4bl or nrr6pocon

[por43BoAcTB HeopfaHl{rlecKl4x IIpoAyKToB' yT]1^ilv3aI\ufl' 14 o6esnpeNr4BaHkle

HeopfaHr{rrecKrrx [pot43BOACTBeHHbIX oTXOAOB (npe4noNeHa 6egorxoAnas

TexHoilofllqecKat cxeMa rlepepaoOTKI4 aJrroMocI{JII{KarHbIX PYA, rlpu KOTOpOft

r4crlonb3yroTcf, B KarIecTBe I4CXOAHO|O Cblpbf,' qTo

parIHoHaIIbHOrO [pI{poAorIoiIb3OBaHI{t vr yrlrnr4sarlxn

Ilynrcr 4. Cuoco6u I4 cpeAcTBa pa3pa6offiu, TeXHoJIorI4rIecKI4X pacqeToB'

HeopraHr,lqecKr4x [poAyKTOe (pa:pa6oTaHbl TeXHOJIOTI4qeOKI'Ie CXeMbI KLICJIOTHOTO lI

pa3no}KeHl4flaJIIoMocI{JII4KaTHO|ocblpb''IIpoBeAeHbITexHI4Ko-

pacuerrr,qToIIoATBep}KAaeTcooTBeTcTBI4eyKa3aHHoMyIIyHKTy

CoorsercTBlle rac[opTy cIIeqIIaJIbHocTI'I 02'00'01 lleoprannqecKafl

XIIMI,Iq

O6nacrs rIccJIeAoBanvrfl' Al{cceprallu?I

rroJIoI{eHUiIM flaclopTa cleIIHaiIbHocTI{ :

cooTBeTcTByeT cJIeAyIoqI4M

flynnr 1. @yH4arraeHTaJIbHbIe ocHoBbI [onyqeHl4s o6rerroB I4ccJIe[oBaHI4fl' vl

MaTeplraJroB Ha rrx ocHoBe (npoee4eHo I43yqeHI4e XI4MIZITIeCKO|O ra Sa":oeoro cocraBa

aJrroMocoAepgaull4x pyA - HeSenraH-cI4eHEToB MecTopoxAeHrEa Tpynlr, KaoJIIIHoB 14

3eJreHbrx fJrr4H MeCTOpOXlie]Fihrfl. gaurvra-caHf, c qerlbro I{x [OCJIeAyIoqero XI{MI4KO-

TexHorloruqecKofo LIcrIOJIb3Onanux)'

flvnrcr 4, Pear<quoHHar cnoco6nocrr HeopfaHI{IIeCKUX COeAI4HeHI4fr B

pa3nHqHbIX arpefaTHblx cocToflHu'gx 14 3KCTpeM€UIbHbIX ycnoBlltx

(ertuolHeH TepMoAuHaMr4rrectcufi, ruHeru'aecrcuiT, II TepMorpaBI{MeTpLlqecKI"Ift AH8[M3

pear<qufi Kr{cJroTHOfO ?r BbrcoKoTeMllepaTypHofo pa3JIOX(eHI4f aJIIOMOC}IJII{KaTHO|O

rrpoeKT?Ip OBAH.VTfl, yrIpaBJIeHWI

rrpoAyKIII4pI TIpI4MeHUTeJIbHO

TEXHOIIOfI4IIECKI{MTI NPOqCCCAMII V KAqECTBOM

K rIpoI43BOACTBeHHbrM rlpoqeccaM llonyqeHl.{t

CIICKATEJIbHOfO

SKOHOMI4IIECKI4E

nacuopra).
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IIyH4r 5. BgazN,rocssgr MexAy cocraBoM,

HeopfaHr{rrecKr4x coe4unenvrfi. HeopranzqecK}re

MaTepu€urbr (pacKpbrTbr 3aKoHoMepHocTH Me)KAy

aJIIoMocI{JII4KarHoro cblpb.tr v e$$errunHocrbro ero pa3noxeHr{r. O6ocHosaHH

HayqHble rIoAXoAbr K nepepaooTKe u nonyqeHr4ro rleHHbrx [poAyKToB Ha ocHoBe

HeopraHr{rrecKux coe4uHenufi ).

f{ocre aHanv3a coorBercrBnfl AkrcaeprarlrzoHHofi pa6orrr faSop3oAa C.M.

rpe6onaHuxvr naclopra Hayunofi cleqzraJrbHocrLr, Mox(Ho KoHcrarnpoBarb, rrro

uccJleAoBaHve floJlHocrbro yAoBneTBopreT BceM ycTaHoBJreHHhrM HopMaTLrBaM vr

KpI4TepI4flM, sar<pennenHblM B <<llonoNenurn o rrop{AKe rtpracyxAeHufl. yueurrx

cteueHefi>>, yreepx4eHHoM IIocraHoBJreHEeM llpaenrelbcrBa Pecrry6rurrH

Ta,qNurucraH or 30 uron.s 202I roAa Ns 267..{zcceprarlrrr rrpotuJra Bcecropounro-lo

3Kc[eprHyro oIIeHKy vr ilpld3HaHa coorBercreyroqefi 4eficrnyroqraM HayqHbrM

cTaHAapTaM.

Aurop [peAcraBI,IJI BcecropoHHe npopa6oraHHyro pyKorrlrcb, oxBarbrBarcqyro

KIIOqeBbIe aCrIeKThI HayqHOfO rrorrcKa TeopeTurrecK?rx ocHoB Ao [paKTz.Iecxofi

peanH3aIIIaI4 pe3yJlbraroB. Pesymarrr pa6oru cBr4AereJrbcrByror o cyqecrBeHHoM

.nI{qHoM BKJIaAe collcKarer.a B pa3Br4Tue Hayunofi o6nacru xr,rMurrecKofi rexnoJrorr4lr

n [epepaooTKlr xuMr4rrecKHx oTXoAoB.

Brrcorzfi ypoBeHb opufLlHanbHocri,r vr HayvHofi 3Harrr{Mocrr{ Marepr4€LJroB

Ancaeprawrv troATBepxAaer, rrro Bbr.qBr,rrryrbre B nefi HayrrHbre rrononteHrdt

6a:upyrorcfi,Ha rry6oxovr aHalld3e cyqecrByrorlr4x MeroAoJrorr{qecKr4x rroAXoAoB 14

BHeApeHI4I{ I{HHoBaIIIaoHHIIX MeroAoB yrlrJrrrsa\vrr4 rrpoMbrrxJreuHbrx no6o.rHrrx

rlpoAyKTon. llonyueHHble BbIBoAbI npeAcraBJrrror co6ofi saxHHfi BKnaA e o6racru

SKOIIO|I{I4, paII[OHaIIbHOfO prCrrOJIb3OBaHUfl. MI4HepanbHO-CbrpbeBbIX pecypcoB vr

y cro fi vze o ro p a3 B r{ Tkrs xvrwkr.r e c Ko fi rrp oM br rxn e HHo crlr.

SncneprHan KoMrlccl{fl Bbrpa}Kaer rroJro}Kr{TeJrbHoe 3aK.rrroqenr.re ro

Al4ccepraqzonnofi pa6ore faoopso4a CynafirrroHz Mycynrr,roH Ha reMy

cblpb.a, BKrlroqa-s Qa^:oerre npeBparqeHvrfl. B ycJroBr4rx HalpeBa kr Aeitc'tsLrr

KLI cJrorHbrx arenron).

crpoeHlreM H csoficrnal4z

HaHo crpyKrypr,rp oBaHHbre

Mr4HepaJIbHbrM cocTaBoM

1.L



((TexHonorrirrecKue'ocHoBbr nepepa6orKl4 €uIIoMocI4JII4KarHbIX pyA TaAxurucraha

KLICJIOTH6IM11 V C[eKaTeJIbHbIMI{ MeTOAaMu), [peACTaBfennOfi K 3aIIII4TS Ha

cOI4CKaHue . yqeHofi CTeneHLI KaHAI'IAaTa TSXHIIqSCKI'IX HayK nO CISII1TUUI6HOCTSM

05.17.00 - XHMu.recKafl rexHoJrofr{s (05.17.01 Textrororuq HeopraHI'IqecKLIx

BerrlecrB) r4 02.00.00 - XrErvrur (02.00.01 - HeopraHl,IqecKas xI4MI4f).

PerouenA al\ufl, KOMI{cclII4 6azupyerCt' Ha BcecTOpOHHeM Lr O6rerrusHON4

aHaJrr.I3e HayqHoro zccJreAoBanvrg., ero [paKTl{qecKofi 3Haql'IMocrvt' a raKxe BbIcoKoM

ypoBHe opr{rr{H€rJrrsocru r4 caMocro.rlreJlbHocrrl BbIrIoJIHeHHofi pa6oru. Anropov

pa3pa6oraHa AeranbHafl, TexHoJrorurrecK€ur cxeMa uepepa6orKl4 €uIroMocI4JIHKarHbIX

pyA c npr{MeHeHLreM KLTCJTOTHOTO MeTOAa I4 CneKaHI4t, BKJIIOqaTUI€ts KOMITJIeKCHbIe

lrpoqeccbl IIonrIeHLIt HeopraHI4qecKI,IX [poAyKToB u3 MLIHepaJIbHofo cblpbs,

oTXoAoB 14 nO6o.IHgx MaTepHaJIoB. B ALISCSpTaII?II4 IIOApO$HO OIUCaH6I gTaIIbI

floryr{eHprt cMerrlaHHbrx KoaryJrflHToB Ha ocHoBe coeAl4Henufi xteJle3a vr aJrroMuELrfl'.

llolyueHnrre pe3yJIbTaTbI cBLIAeTeJIbcTByIoT o rrty6oKoM TeopeTI4qecKoM

noHprMaHkrvr L1ccre4yerraofi npo6reMarvrKn, a raKxe o [paKTl4qecKofi npI{MeHI'IMocrI4

paspa6oraHHbrx rexHoJroruit s xrrMlrqecKofi npoubIIrIJIeHHocrI4 AJI{ [pol{3BoAcrBa

IIeHHbIx xLrMLrqecKI{x coeAlrnenufi. 3rcneprHtur KoMLTccHt orMeqaer 3HarII'ITeJIbHbIH

BKJTaA aBTopa B pa3Br4Tkre o6racrz xl,IMl{rrecKofi TexHoJIor}II{ u nepepa6orrn

xI{MI{rIecKux orxoAoB, rrro noATBepxAaercf, Hosl,IeHofi Lr llpaKTllqecKofi

Ha[paBJIeHHOCTbTO TeMbI I4CCIeAOBAHLTS'.

Y.Izrrlsag I,I3JIo)KeHHoe, SKcTIEPTHA' KOMLICCLI' CAIIHO|JIACHO PEKOMEHAYET

Ar{ccepraqnro faQop3oAa C.M. npr.rHrrb K 3alrllare vr npvrcyl.l4rb aBropy yqeHyro

cTeneHb KaHALTAaTa TexHlrrlecKux HayK no BbIIIIeyKa3aHHbIM C[eqUaJIbHocTgM.

Hagna.r[ru oQuquaJrbHblMlr o[rIoHeHTaMI{ :

EepAuena AcaArcyla graMoBl{qa - AoKTop reXHI{rIecKHX HayK' npo$eccop'

npo6eccop raQe4pu <<Xzuulr v 6uororun> Poccuficxo-TaAxurcKoro

(Cnannrcxoro) yHuBepcurera.

CaApnAAIrH3oAa Ca6yp CaApUAAIIH - KaHAI{AaT rexHl{qecKl4x HayK' AoIIeHr

rcaQe4pu <CrpoureJlbcTBo Lr apxllreKTypa) ,{aHrapuucKoro rocyAapcrBeHHoro

yHr4BepI{cI,ITeTa.

t2



HasHa.rurb B KarrecrBe BeAyrqefi opraHv3allar TaAxurcrIEfi rocy4apcrneunufi

reAaron4qecxufi yHl,IBepcurer rIM. C. Afinu.

,2fl /t ,
flpesce4areJrb KoMr{ccw: A.r.H., upo$eccop /ffl,?C4 }avubon A.
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Hresu KoMr{ccur,r, $ffir/ /
A.X.H., npoQeccop A,f ' Ealanos A.E.

-* Y/fu{= Hasapon x.M.

PaxuN{osa (D.
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