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O@VII{I,IAJIbHbIfr OT3bIB

u MaJlogHeplodtr,trux, SKoJIofI4rIecKI4 rrI'IcrbIX

BbrrueyK€BaHHbIX BI,IAOB MI4Hep€IJIbHO|O Cblpb{

ne4yu1efi opraHLI3 a rJvrvr Ha AuI cc eprauzo HHyIo p a6 ory

Iafi 6y.rr.naenofi 3yvrpar Xa6r6osHrI

Ha reMy: <<Texgolorr4rrecKlre ocHoBbI noJl1nreHu;t coe,4uHenufi MeTaJIJIoB

gneKTporexHnrlecKoro H€BHarIeHurI (Cu, Al, Zn, Fe, Pb, Cd, Sn)>,

rrpeAcraBleHnofi Ha colrcKaHvre yrenoft crerleHl4 AoKTopa rexHI{qecKI'IX HayK rlo

cleqLraJrbgocrlr 2.6.7-TexHolorr4q HeopraHzqecKl4x BeIrIecrB (rexHu'recKlle

HayHz)

,{nccepralll4oHH€ul palora fafi6ynnaeBofi 3.X. rocB-srleHa parpa6ome

TexHoJrorlrrrecKlrx ocHoB cuoco6os uepepa6orru TIoJILTMeTaJIJILITIeOKI4X

KoHrIeHTparoB Mecropox(AeHz.s Konz Mancyp (Ta4Nuxzcran), Koropoe uMeer

MHOfOMI{JrJrr/torIHbre ToHHbr 3arracoB MI{HepaJIbHOfo cblpbf, c coAep)KaHI{eM

cBLIHIIa, UI4HKa, XeJIe3a, MeAI{, ZLJIIOM}IHLI{ V ApyfI4X 3neKTpoTexHI{rIecKI4x

MeranJroB. lpx eneproo6ecreqeHr4r rexHoJIorI4rIecKLIX npoqeccoB rlepepa6orxz

AaHHOro KoHIIeHTpaTa TaKXe paSpa6Oranu TSXHOJIoTLII4 eQSemunHoro

trcrroJrb3oBaHyr1 yrnr @oH--flrno6crcoro Mecropox4elavrfl, B Hacro.flulee BpeM-tr

o6ecne.rlrBaroulee Bo3pacraroqyrc norpe6noctr 3HeprerLIqecKLIX vr

rrpoMbrruJreHHbrx rrpeAnpr{.flrufi pecny6tuxu B TBepAoM rIcKorIaeMoM rorIJILIBe.

Pa6ora 3aBepruaerc.rr p€Bpa6orxauu cuoco6on H MeroAoB noryrreHl4.l coeAurreH.utrt

SJIeKTpOTeXHUqeCKI4X MeT€UIJTOB C LICIIOJIb3OBaHIIeM OCHOBHbIX KOMIIOHeHTOB

cocraBa KoHrIeHTpara KoHu MaHcyp u yrlrfl. (DoH--flnro6. TevrarurKa 4uccepralllll4

u ee 3a$a-qlrr f,BJr.rrrorcf, aKTy€rJrbHbrMkI rlpeAMeraMu HayrIHbIX I{ccJleAonanzft 4l.r
p€BpaoorK?I

rexHororufi

eQQexrraBHblx

repepaoorKI4

pecny6luru c rleJrbro nx BHeApeHut B npoMbllulenHbcrz Arrfl rlon) reHlls

3JreKTporexHLIuecKkIX Mer€urJroB LT LIX coeAlluettuit, a rarcKe ApyfI4x xrIMuTrIecKI/tx

MaTeprrEtrroB Ha ocHoBe fronyTHbrx KoMIIoHeHTOB COCTaBOB yK€BaHHbIX BI{AOB

Mr{HepaJrbHoro cbrpbfl. KouulexcHafl. 6esorxo4Haa uepepa6orra KoHIIeHTpara



Konz Mancyp u yrrrfl. @on--flrHo6 s npoMbIIuJIeHHoM tuacrura6e cuoco6crByer

cyule cTB e HHoMy p €B B LITLIIO kTHIy CTqkIAIIId3aI\VVT 3 KO H O M]I KLI CTp aH bI .

OcHoeaMz nro6ofi TexHoJrorr4r4 nepepa6orrra MLIHepaJIbHoro cblpbt B

foToBbre Anfl rrpI4MeHeHII[ MaTep]I€uIbI .flBJIgIOTCg KI{HeTLIIIeCKUe [apaMeTpbl

xlrMlrrrecKLrx [poqeccoB, cfroco6crnyroqux npeBpaIrIeHLIIo cblpbt B Marep?IaJIbI.

Vlcxorys. Lr3 AaHHoro rroJrolxenvrfl,, B ALTcceprarJuu faft6yrrtaenofi 3.X. ocHoBHoe

Mecro 3aHrrMaK)T KI{HerLrqecKr,Ie I4ccJIeAoBaHLrfl. KaK rlo nepepa6orKe KoHIIeHTpara

Konu MaHcyp, raK 14 rro yrJrrc @on-.flruo6. JIoruqecKLIM rlpoAonxeHlreM pa6oru

.'IBI.f,eTcs TIJIA3MOXI,IM?IIIECKOC UCCJICAOBAIjUE IIO IIOIYqEHKIIO COEAI4HEHI.II4

MeTaJIJTOB Vrg cocTaBa AaHHofo KoHIIeHTpaTa Vr BoAopoAa, rIoJIyrIeHHofo

raszQuxa\ueft yilIt.
Cne.4yer orMerlrrb, rrro paspa6orrca rexHoJlorplrrecKllx ocHoB AIrfl

rroJrf{eHrIrl MeTzUIJIoB Cu, Al, Zn, Fe, Pb, Cd, Sn v vrx coe,qunenzfi npLr

uepepa6orre rEuleHurcoAep)Kaulero KoHIIeHTpaTa KoHu Maucyp c

LrcrroJrb3oBaHLreM yrnefi Mecropox1eHnfl. (DoH -flrHo6 tBJltrIorc.t BaxHbIMH Lr

lpllopuTeTHbrMl4 HarrpaBneHkrflMvr coBpeMeHHofo pa3BI/ITufl, TeXHLIIIeCKOIO

lporpecca cBfl3u HayKu c rrporl3BoAcrBoM. B cB.f,3u c 3TLIM, 6es coMHeHpI.x,

Aucceprarlvron*ar pa6ora fafi6ytnaenofi 3yvrpar Xa6z6osHbl rrocBtlrleHa KaK

TeoperLIrIecKLI, TaK I4 [paKTI4qecKI{ 3HaqLIMofi TeMe, vr flBlrflercfl. Ha cero4HxurHzIZ

AeHb arryalrnoft.
O6rervl rr crpyKTypa uccJreAoBaH[q. ,.{raccepralll{oHHa.fl pa6ora cocro]IT 113

BBeAeHr4.rI, UIeCTLT rJraB, BbrBoAoB, c[?IcKa IICIIOJIb3OBaHHOLI JIUTepaTypbI vr

rrpr4JroxeHr{r. Ona u3Jrox(eHa Ha 318 crpaHlluax KoMrlbrorepHoro ua6opa,

BKJrrorraer 49 ra6nwl, 8 3 pr{cyHKoB u 3 61 6u6nuorpaSuuecrnx Hassannfr .

Bo BB9ASHT4LT o6ocHosana aKTyallbHocrb reMbl AncceprarJvru,

c$opuynr{poBaHa rIeJIb Lr Ll3Jrox{eHbr 3aAarILI z ocHoBHbIe IroJIoxeHLI.f,, BbIHocLIMbIe

Ha 3arrILITy.

Ile.nr nccJreAoB aHLrfl 3aKlroqaerct B paspa6orKe rexHoJIoruqecKLIX OCHOB

Konn

Anfl

nepepa6orrcu cBtrHrloBo-rILrHKoBrIX rroJILIMeraJIJIIaqecKLIX KoHIIeHTparoB

Mancyp u yrJlt @aH--f,nro6croro MecropoxAeHllf, (Ta4xzr<ucraH)

[on] reHLIrI coeAuHeHufi elexrporexHllqecKllx MeraJIJIoB.

3aAaqavrrl [ccJreAoBaHlrq qBrqlorcfl :

-npoBeAeHzr,r Kr{HeTuqecKLTX LTCCJIeAOBAIJLII'I npoqecca a3OTHOKLICJIOTHOIO

BbrulenaqvrBaHnfl, cBr{HTIOBO-TILTHKOBbIX KOHIIeHTpaTOB, OnpeAeJIeHI4t

Kr{HeTLrqeCKr{X napaMeTpoB vI ycTaHoBJIeHvIs. BvIAa ypaBHeHI4rI KHHeTLIKLI u

MexaHLr3Ma npoTeKaHr4r peaKqr4pr EBoTHOKI4CJIOTHOTO BbIIIIelaqI{BaHI4fl

KOHrIeHTpaTa;



-OCVIUECTBJIEH}III MOAeJI?IpOBaHI.dfl OIIT}IMI43AUI4LI IIpoqeccoB

rr{ApoMeTalJryprr{qecKoro cnoco6a [epepa6oTKl4 IIOJILTM9TaIILIIIe0KI{X OBLIHIIOBO-

rILrHKoBbrx KoHrleHrparoB Konu Maucyp n Bane (Typqux);

-onpeAeneHvwr orrrlrM€urbHbrx 3HarleHuft TexHoJIorI4qecKLIX [apaMerpoB:

TeMlepaTypbr, KoHrIeHTpar\wr Kr4cJroTbI, BpeMeHLI BburlenaqvIBaHvIfl', pa3Mepbl

3epeHpeaKIIIIOHHbIXqacTl{q,BII]/rfl:HVI?I4CCneAyeMbIXnapaMeTpoBHapexIIMbI

npoqecca BbrrqenaqvrBaHvrr KoHUeHTputar4paspa6orra eQQercu4BHofi TexHoJlorrlll

efo rllApoMeraJlJlypfuqecKofi repepa6orKll ;

- pazpa6orKa 6esorxo4nrx rexHolornfi razu$urcaryuu yrJls @an--flrno6croro

MeCTopOxt Ae1vrfl AJrf, KOMrrJIeKcHorO IIpolI3BoAcTBa TOIIJIA V X'LI}'{LIr{OCKLIX BeUIeCTB'

rrorvqeHnf, BoccTaHoBI4TeJIbHbIX ra3oB (CO u Hz) I.nfl MeTaJlnypruu' uX

IICIIOJIb3OBAHLTC B [LIp oMeTaJl[ypruqe cKoM cIIocooe repepa6orKl{

rroJrlrMeTaJlruqecKoro KoHIIeHTpaTa KoHu MaHcyp LT Alrfl' rtonyqeHllt

AJrfl ocyulecTB IIeHufl, IIJI€BMoXuMurIecKI4x cnoco6oB IloryreHll-f,

METAJINOB;

-I{CCJIeAOBa:fli]l1ilkt KuHeTI'IKII [IJIa3MOXLTMLIqeCKI4X feTepofeHHLlx

BoAopoAa

fLTApLIAoB

peaKrlr4fi

o6pasonaHlrr rr4AplrAoB gneKTporexHllrlecK?Ix Mer€uIJIoB c yrlacrueM BoAopoAa LI

BbI.'IBJIeHZ,I MeXaHkI3Ma BIILIfl]F^I4fl. aToMAPHOfO BOAOPOAA HA KI4HETI,IKY 3TI.IX

pearqufi.

B nepnofi fJraBe npr4BeAeHbr Jrr{TepaTypHble cBeAeHuIfl IIO MLTHep€UIaM I4

pyAaM, cnoco6aM Lrx [epepa6orr<2, nprrMeHeHI4Lr BoccraHoBI{TeJIbHbIX rul3oB B

MeTaJIJrypfrrI4 vI vrx [oJr]n{eHLrr{ yr3 opfaHLIqecKOfO cblpbf,, xapaKTepIIcTLIK€tM

cocraBa yrJr.fl. PaccuorpeH npoqecc ra:n$uKalluu yrJls, ero BLIAbI LI MexaHI43MbI

rrporeKaHus.. Anaspr3prpoBaH [Jra3Moxutuu.recKl,Ifi MeroA ocyulecrBJleHl{t pearqnfi

c r{acTLI e M B O A Op OAa, p ac c M oTp e H o n o nrl e HIlt e IiIyTApLIAa aJIIOMIdIlVTfl "

B cBflsu c orcyrcrB?reM B Jrr{Teparype cseAeHzfi o6 onrLIM€uIbHbIx

nepepa6orKe rroJrr4MeTaJIJILIqeCKI4X CBLIHIIOBO-I{LIHKOBbIX

oTcyTcTBI4I4 npZpoAHbIX AeIueBbIX sHeproHocuTeJlefi B Bvlp:e

[pLrpoAHoro ra3a AJrr paspa6orKLr rexHoJIorLILT noJIfreHLIf, MeraiIJIoB cocraBa

KoHrIeHTparoB cAeJraH BbrBoA o Heo6xoALrMocrrr BblrloJlHelnufl vrccJre4onanzft no

AaHHofi TeMe.

Bo nropofi rraee [pr,lBeAeHbr xapaKTep[cTI{KI4 IIpI4MeHteMbIX MaTepI4€lJIoB,

yKiBaHbr o6rerrlr, [peAMerbr r{ MeroAbI I4ccJIeAoBaHLTs..,{anu cocraBbl OBLIHIIOBO-

rlrrHKoBbrx KoHrIeHTparoB Konu MaHcyp (Ta4NIarucraH) Ia Eane (Typqur).

Ouzcang ycraHoBKlt Anfl Kr4Herr4qecKr4x rrccJreAoBauuit OBLIHIIOBO-IIIIHKOBbIX

KoHrIeHTparoB 14 rrJra3MoxllMuqecKoro rtorryqeHl4.a coe,quHenufi MeTaJIJIoB c

rracrrleM BoAopoAa.

napaMeTpax

KOHIIeHTpaTOB Vr



Tpersn rJraBa nocBtrrrleHa 6egorxoAHblM TexHoJloruflM ra3r4Qzraquu yrJl-tt,

uepepa6orre cBLIHIIoBo-IILIHKoBoro

BOCCTAHOBLITCJIbHbIMI{ TA3AMII OT

KoHrIeHTpara Konu MaHcyp

ra:uQuraquu yrJl.x @aH--f,rHo6croro

MecTopox,{eEug.

llpe4craureHHbre rexHoJrorurlr coeNaelq€Huoro npoLT3BoAcrBa xl4MuqecKux

BerrIeCTB Vr TeIIJIa nO3BoJI.flIOT IIOJIr{LITb BOcCTaHOBLITeJIbHbIe ra3bl AIIfl

MeTaJrJrypfrrrrecKrrx [poqeccoB, f€L3bI AJI.[ SHepfeTI4qecKIIX ycTaHOBOK I'1 CI{HTe3-

ra3 AJrg npoLr3BoAcrBa xuMLrqecKLIX BeIrIecrB. B AaHHbIX TexHonorLIrIX

paccMaTpr{BaroTc.f, xrrMlrrrecKple ra3oBble BeIqecTBa - HocuTeJII{ oupe4eleHHofo

KoluqecrBa gHeprllr4, cloco6nue trocJle orAaqu SToro KorllqecrBa SHepfLII4

npeBparLTTbc{ B o6rr.rHrrfi xr{M?rrrecKufi upo4yKT LIJII4 crtpre Ant [pou3BoAcrBa

ApyflIX BeulecrB.

B TIeTBepTofi IJIaBe TIpI{BeAeHbI PC3YJIITATII TLTAPOMETANIYP|UIIECKO|O

€l3oTHoKr{cJrorHoro BbrrrleJrarlvrBaHufl. cBIaHIIoBo-IILIHKoBbIX KoHIIeHTparoB KoHu

MaHcyp Lr Eale. llpe4cranJreHbr pe3yJlbrarbl KLIHerrIrIecKLIx kTccJleAoBartuit'

cBlrHrIoBO-r{LIHKoBbIX KOHIIeHTpaTOB, MOAeJIIIpOBaHLIe U O[T[MLI3aIII4jI

TexHoJIOrkIqecKux [poqeccoB.

flpzne4enbr KlrHerlrqecKlre 3aBrrtcrlMocrtl creneHll LI3BJIeqeHLIt OBIIHIIa I{3

KOHrIeHTpaTa oT BpeMeHrr IIepeMerIIuBaIdu[ [pI4 pa3HbIX KOHIIeHTpaIIZIX KLICJIOTbI

r4 pa3Hbrx reMrreparypax. Ih HLrx cJleAyer, qro rIoBbIIueHI{e reMneparypbl Lr

KoHrIeHTpa\vvr KlrcJrorbr yBenkrqr,rBaror crelreHb Ll3BJreqeHut cBLIHIIa' 'reNI 6oJIbUIe

3HaqeHr{r grr.rx [apaMerpoB, TeM MeHbrue BpeMeHZ uepepa6oTK]I KoHIIeHTpara

norpe6yercr Anr Aocrr{xeH?rf, onpeAerennoro 3HaqeHLI.s crerIeHLI I{3BleqeHut

cBtrHr{a. Ha6nroAaercs o6utas 3aKoHoMepHocrb AJII Bcex BapI4aHToB

LrccneAoBanuflj IIpu Bcex KoHIIeHTpaIII4tX KLICJIOTbI BO BCe BpeMeHa

lepeMerlvrBaHr4s. cMecv KoHrIeHTpaTa c pacTBopoM KLIcJIOTbI tIOBbIIIIeHUe

TeMrrepaTypbr yBeJlurruBaeT cTerreHb u3BIer{eH?I,I CBLTHIIa U3 KOHIIeHTpaTa.

B nqrofi rJraBe rrpr4BeAeHbr pe3yJlbrarbl LlccJleAoBanufi. IIo

frrApoMera[JrypruqecKofi TexHoJIorlII4 nepepa6orru cBI{HIIoBo-IIrIHKoBoro

KoHrIeHTpara KoHu Mancyp. llpe4noNena rexHoJlorIlx ut3orHoKllcJlorHoro

BbrrrleJlaqnBa;g1nfl, KoHIIeHTpaTa u yTruIvrca\Vu o6pa:yrorquxcs' nonyTHblx

rrpoAyKToB B rrpoqeccax BburIerarrvIBaHLIA KOHIIeHTpaTa VI sneKTpoocaxAeHuf,

MeraJrJroB. Vrasagrr ocHoBHbre cra4nu rrpLInllrlnualrnoft TexHoirorklll

uepepa6orrz KoHrleHrpara Konu MaHcyp c freroM xLTMI{3Ma rlporeKaloulvx

pearqzfi v vx B3alrMocBr3b. OcyruecrBJIeHLIe Bcex cta4uir [peAJloxeHHofi

TexHoJrorr4r{ LrcKJrroqaer o6pasonaHze su6pocon r€rsoB u orxoAoB, oHll

3KOrOrUqeCKlr qlrcTbre v He 3arpt3HtloT npLIpoAHyIo cPeAY, BbIIIOJIH.f,IOTC{ B

3aKpbrToM rl[KluqecKoM pensrMe c MHofoKpaTHbIM IICTIOJIb3OBaHpIeM aSOfiIOfi

Kr{cJrorbr, rrro 3HarIr{TeJrbHo cHuxaer ce6ecrouMocrb rlpoqecca BbIuIeJIaqvrBaHLrfl.

KOHrIeHTpaTa.



B rJraBe rlrecrb rIPrrBeAeHbI

coe,4nnenufi SJIeKTporexHllrlecKLtx

nJIa3MOXUN,tU'reCKofi rexHonorueft.

pe3ynbrarbl I{ccJIeAoBaHvrr4 [oJr]4IeHI4t

MeTaJIJIoB Zn, Cd, Sn, Al, Ca

Ha ocHoBe LlccJleAoBattuit' paspa6oraHa

6egou<oAnas TeXHoJIorIas rasuQnraqzu yrJIfl AIrfl [oJIyrIeHI{t BoAopoAa Anfl

rrJr€r3MoXI{MI4IIecKLIX pear<qufi. Zsyreu MSXaHI'I3M Avrcco\ua\nu BoAopoAa B

lpoqecce rroJrf{eHlrr coe4znenufi MerarIJIoB. Oupe4eJlena ponb IrJIarrIHoBoro

KaraJlkI3aropa B llpoqecce rolyqeHl4s AIH:'
Heo6xolurrao orMerr.ITb, rrTo cotrcKareJleM BrIIToJIHeH 6onrruofi o6revt

sKcneprrMeHT6urbHbrx V pacqeTHblx pa6or, rITo TIO3BOJILIJIO efi c freToM

lonyrreHHbrx AaHHbrx yAaqHo perrrkTTb nocTaBJIeHHbIe 3a4aqu LIocJIeAOBAHIIS'.

Hosrre vL He MeHee BaxHbIe AaHHbIe [oJIrIeHbI IIo KUIHeTLITIeCKOMy

r4ccne.uoBaHr{p rexHoJroruqecKr.Ix npoqecco'B nepepa6orru OBI{HIIOBO-IILIHKOBbIX

KOHTIeHTpaTOB, KOTOpbre rro3BoJILlJM OnpeAeJIHTb OIITLIMZLIIbHbIe

rrpeAJIo)oITb ocHoBHbIe TexHoJIOfLIaIeCKUe CTAAVI?I Vr]K

rrapaMeTpbl vr

lepepaooTKll.

Mareuau{qecKLIM MOAeJILIpOBaHI{eM rpoqecca A3OTHOKI{CJIOTHOTO

BblrrleJrarlrilBaHvrfl. KoHrIeHTparoB onpeAeJIeHbI BIrUflHVrfl, BCeX TeXHOJIOTITTIeCKUX

napaMerpoB, KaK B OTAeJrbHocru, TaK LI B COBOKyITHOCTI{, Ha CTerIeHb rI3BJIerIeHI4t

cBLlHrIa vr3 KoHUeHTpara. Oupe4eleHo, rITo rlacrHoe BJILLIIHIIO [apaMerpoB

peaKrluu Ha creneHb Ll3BJrerreHI4rI oBLIHIIa r4g KoHIIeHTpara Konu MaHcyp

COCTABJIf,IOT AJIf,:

- reMrreparypbl 42,8yo, KoHIIeHrpaIJuvI KIIcJIoTbI 3l,9Yo LI BpeMeHII

BbrrrleJrarr LrBaHr4fl. | 5 r5Yo;

-AJrr KoHIIeHrpara Eane -39,4,27,9 u25,7o , coorBercrBeHHo;

- B3aLTMHOe BJrLrrHLre [apaMeTpoB peaKIIkTI{ HeCyuecTBeHHoe u cocTaBJI-[eT B

lpeAeJlax 9,3 u 6,7Yo, cooTBeTcTBeHHo AJII o6olrx KoHIIeHTpaToB.

YcraHoaleno, rrro Ha 3epHax co cpeAHLIM pa3MepoM 53 MKM o6orrx

LTCCJTeAOBaHHbIX KOHrIeHTparoB peaKllrrt a3oTHoKLICJIOTHOTO BbluleraqnBalJug' npn

TeMneparypax 45-65oC nporeraer rro MexaHI{3My coKpalqaloulerocfl' fl'Apa aIacrLTII

Bo BHeruHeKrrHerr/rqecrofi o6lactu c gHeprllefi arrunarJnv 4618 rc[xlMoJlb AJII

KoHrleHrpara KoHLr Mancyp u 36,2 r[xcluonb AJII KoHIIeHrpara Bzue, rpuqeM

BbrrqeraqLrBaHvre KoHrIeHTpara Bane nporeKaer nplr cpaBH]ITeJIbHo HrI3KoM

oHepreruqecKoM ypoBHe. llpn rerr,rreparypax 25-45tC peaKIIIlf, BbIuIerarILrBaHVfl

o6oux KoHrleHrparoB nr{Mlrrr4pyercr azQQysuoHHbIM rlepeHocoM BelqecrB c

gHepfLItMII aKTLIBaIInu 12,4 u 12,7 rr{Ncluolb, cOoTBeTcTBeHHo.

KOMTTOHeHTHO|O COCTaBa V npoAyKToB rasuQzraqvu

,{zccepranroM rrpeAJro)KeHbr 6esorxoAHble rexHoJlorrlu ra3I,I$I4KaIILrvr yr Ir5.

@as__flrno6croro MecTopoxIlelJufl, Arrfl KoMrrJreKcHofo T4CIIOJIb3OBAHVTfl, ETO

u vrx rerlJlorBopttofi

cloco6Hocrr4. YcraHonneno, qro e$QerruBHee upoBecru raruQnraqzro

ylJrepoA}tcTofo MaTeprr€ua, oquuleHHofo oT Bcex coIIyTcTByIOqUX KOMIIOHeHTOB,

c y rv1rL3a\uefi , 11 o c Jr eAHLrx. T exn o n orl4 q e c KIlfi qurn ras u Q zrcaq vkr y t rs. B KJIIoq aer

B ae6g. cra1uLr HafpeBa lr oxJTDKAeHI{.[, TerIJIoo6MeHa MexAy IroroKaMLI,
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BbrAeJreHr4f, AlroKcrrAa yrJrepoAa pacrBopaMl{ uleJloqefi u uevr6paHHoe piBAeJIeHI4e

ra3oBbrx cuecefi Ha orAeJrbHbre qracrbre ra3bl. floragaHo, rrro npeAJlo)Kennrrfi

cnoco6 raau$uraqzu yrrlt rro3BoJlter roJryqurb reHepaTopHblrl fa3 c

TenJrorBopHocrbro Ao 66,5yo 6olrute, qeM rlpkl [pflMoM c>Kvrranvrv yrIrfl', u

BoccraHoBr{TeJrbHbrfi rag cocraBa CO: Hz:l:1 4lx MeraJIJIyprn?I, AbIMoBbIe r€BbI

oT cxlrfaHl4_rr feHepaTopHofo f€r3a rrocJle cHflTufl.uIX TeIIJIa pa3AeJItIOTC-fl Ha qUCTbIe

f€l3br lr ucrloJlb3yeTct no IIp.'IMbIM Ha3HaqeHutM.

,{eralrHo LrccJreAoBaHbr Bbrrrleraqr.IBaHLle KoHIIeHTpara B AByxcryneHqaroM

peaKTope, pa3AeJr6Hnorvr rvrevr6panHbrM Qlanrrporra AJII BbIAeJIeHurI rIpoAyKToB

BbrrrleJrarrr4BaHvrfl. oT He pacrBopllBlunxct qacrull KoHIIeHTpara. fasoo6pasnue

BerrlecrBa, cocrorrqve !r3 cMecr{ HzS, NO2 z NO, rloABepralorcs ueu6paHHoMy

pa3AeneHzrc, HzS [clonmyerc.rr B nporr3BoAcrBax cepocoAepxalqux Belr{ecrB, a

NOz u NO uefirpaJrrr3yrorcr repeKllcbrc BoAopoAa HzOz c o6pasonaHueM HNOI,

cynrQarcoAepx(arqlre BerrlecrBa rIpoAyKToB Bblrrleraqnn,arrnfl. KoHIIeHTpara

ocaxAarorcx Ba(NOl)z c o6paronannena BaSO4, BbI,{€JI.rIeMoro n rnEp4oM ocaAKe'

pacrBop HtrrparHbrx coleft noABepraerct 3JIeKTpoocDKAeHrIro MeTaJIJIoB Ha

oAnozu€nHrx Merarrr4rrecKlrx KaroAax 3JleKTpoJlusepon corJlacHo rIpLIHIIuly

yMeHbrueHkl.rr BeJrr{lrr4Hbr vrx SJreKTpoAHOfO noTeHIIUana B cJIeAyIouIeI4

nocJleAoBareirbHocrll: Cu, Pb, Fe, Zn, A1. O6pasyroulancfl. npl4 uepepa6orxe

Hr{Tpo3HbIX fa3oB v SneKTpoocaxAeHl4e

peaKTop BblllleJlarrl4Ballufl. KoHIIeHTpUra) a

Oz IICIIOJIByOTC-I IIO erO Ha3HaqeHLIIO.

MeraJrJroB HNO: Bo3Bpalqaerct B

BbrAeJrzBruuitcs, Ha aHoAax KllcnopoA

,{zccepraHToM TaK)Ke uccJreAoBaHbr rIJIEt3MoxLIMkIqecKLTe peaKIILILI nonyqeHll.f,

coeAuHenufi 3JreKTpoTexHLIqecKLIx MeTaJIJIoB Zn, Cd, Sn, Al, Ca B noToKe

aroMapHoro BoAopoAa c ucrroJrb3oBaHr{eM BoAopoAa, rroJlfreHHoro rasuQuKa\ueit

yurs @an-.flrno6croro Mecropox4eHlrfl.. Ycranoueno, qro QoprvrnpoBaHlle

ToHKLrx ul€Hor< Zn, Cd, Sn ocyrqecrBJltercf, rereporeHnofi xzult'recrofi pearqzefi

aTOMOB Hz c XJIopLTAaMI4 MOT€UIJIOB rryreu yneTyrILIBaHvIs. u ocaXAeHI'If, LIx

MoHor?rAp?rAoB. O6patoeanze AlH3 eQQercrLIBHee rlpoBecrlI npn orIrI{M€LIIbHbIX

Korr{qecrBax nuuralihreBofo KaraJrlr3aropa Ao 2% B cMecl4 c Alcl:, rkrllpvr[

€IJIIOMI{HIIfl flBIIflETCI. UCTOIIHI{KOM AKTI4BHO|O BOAOPOAA ANfl TIOJITIEHIIf,

MarHlrrHbrx noporuKoB ro6atrra, fipu HerlpepbrsHofi rlJla3Moxvvtz'recrofi

o6pa6orxe aToMaMLr Hz crr,recu rLIApuAa KaJIbIIut n uuHogevra CaHz oK€l3bIBaeT

Kar€urlrrtrrrecKoe Aeficrnue B BoccraHoBJIeHLII4 AlzOl vr rIoJIyqeHI{I,I

BbrcoKoALrclepcHbrx noporllKoB €lJIIoMtIHI4rI, aToMbI H2 I{rparcT cyIqecTBeHHyIo

poJrB B upoxoxqonvru xLrMr{qecKofi pearqnu MexAy CaCIz rI Kpl4crzlnJlu'recrofi

cepofi c o6pasosaHl{eM cylrQu4a K€uIbIII4t CaS.

Bce cocraBHbre vracrvr pa6orrr B3aLTMocBt3aHbI MelKAy co6ofi LI B IIeJIoM

BbrrroJrHeHHbre rrccJreAoB a]FIvrs. f,BJrrK)Tc'I KoMIrJIeKcHbIMlI, KaK Iro nepepa6orr<e

MlrHepaJrbHoro cbrpbs Anr Ilonr{ellufl. MaTepI4€IJIOB, TaK U IIO [pOLI3BOACTBy TeIIna

vg yfnr 14 ero [crroJrb3oBaHlrrc AJrr eHeproo6ecleqeHLl.f, TexHoJlor[qecKux
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LIMeeT 6Onrruoe [paKTuqecKoe
uoroxenuft:
-BHeApeHLIV IIpeAJIo)KeHHbIX

sHeprerlrqecKofi orpacJl.tx

3HaqeHrre, Koropoe kIcxoAllTb

rexHororufi B ropHopyAHofi

upoMbrIuJIeHHocTLI OTTIaCTTI

cJreAyloqux

TOTIJILIBHO-

c[ocoocrBver

[poqeccon o6pasoBalus. Mareplr€llron. Pa6ora Ha paBHe c Ha]nrHofi qennocrbro,

yAoBJrerBopeHr4ro BceBo3pacrarouryIx norpe6nocrefi eKoHoMLIru TaANvrKvrcrana

crrpreu, xlrMrrrlecKlrMrr BerrlecrBaMul LI gHeprl{efi c M€uIrIM}I 3arparaMu n 6ez

3 arp.a3HeHllfl oKpyxtaroulefi npupoAbl nrr6poc aun u orxoA aMra;

- p*yJrbrarbr pa6oru [o3BoJrf,rcT opraHl{3oBarb HoBbIe rlpokT3BoAcrBa rro

repepa6orKe cBr.rHrloBo-rllrHKoBoro KoHIIeHTpara KoHu MaHcyp u yrns. @on-

.f,rHo6 Anr rron1nreHus. MeraJrJroB, ra3o , €l3orHofi n cepHofi Kt4cJIor, cylrQara
6aput, rap6onarHbrx coeAttttettuit, rLrA LIAII MeTaJIJIoB LI Apyrl{x xLIMLIqecKLIX

Mareplrzuroe, neo6xoAl4Mbrx 4rs,pa3nprqHblx Ha3HaqeHufr eronoMrlKl{ crpaHbl;

-rrpeAJro)KeHHbre cuoco6rr rasuQuraquz yrlrfl. rlo3Bon.llor oAHoBpeMeHHo

non1,-rurb xrrMrrqecKLTe BerrlecrBa (rasu LI ApyrLIe) u reula 6es sarpfl3Henr4fl.

rrpr4poAHofi cpe4u;
-rrpeAJroxreHHbre cnoco6u rron1^reHrry ToHKI{x nldHor MeraJIJIoB, rLtAptIAoB

MeT€UrJrOB Vr Apyrvx BeIrIecTB rrJrtBMox[M]IIIeCKUMI4 peaKIIU.ttMLI IIO3BOI'IOT

lpor.r3BoAr{Tb HoBbre MarepvaJrhr, Koroprre 6y4yr LIcrIoJIb3oBaHbI Ar.s o6ecnerreHllt

uorpe6Hocrefi lpoMbrruneHHocrr{ crpaHbl, a raK)Ke MoryT 6urr 3KcrIoprHbIM

rrpoAyKToB Ha BHeIUHeM pbIHKe.

- rloJr1nreHHbre concKareJleM AaHHbre HafrHbIX l{ccJleAoBauuit Boc[orH-f,Ior

HeAocraroqrTe B Jrurreparype HayqHo-rexHLIrlecKylo r,IHQopvaIIVrc no rpoqeccaM

uepepa6orrz cBr{HrloBbrx KoHrIeHTparoB, yrJIerIoJIb3oBaHrIt u noJryqenl{t

coe4unenuft gJreKTporexHuqecKnx MerarIJIoB pzt3[uqHblMn MeroAaMLT, B ToM

qLrcJre vr rrJruBMoxuMr4irecK[Mr.r peaKIILIf,MrI, oHLI 6yayr AocrynHbl AIIA

LrcrroJrb3oBaHus. clerlkTaJrlrcraM no xrrMrrtlecrofi LI MeraJlJlypruqecKoft rexnoJloruu.

Pery;rrrarrr pa6orbr orpaxeHbr B 93 naytrrtx ly6nnKallll.f,x, B ToM qllcre B

26 crarssx B perleH3LrpyeMbrx xypHanax, peKoMeHAoBaHHux BAK Poccuftcrofi
(De4epaqun,u 50 - B MareprnaJrax HafrHbrx r<ouSepenrJuft, ceMl4Hapon u QopyMoB,
rroJrfreHbr 2 ayropcKlrx cBlrAereJrbcrBa CCCP w 2 ttoloxrITeJIbHbIX pelxeHl4fl, Ha

zso6perenna (CCCP), 8 rrareHroB Pecny6nurz TaAxLIKrIcraH z 5 Enpasuitcrcux

rrareHTa. llpe4craureHHbre B Alrcceprarluvr pe3ynbrarbl LIccJIeAoBaHufl. IrporunLT

6onruryro aupo6aqzro, oHtI o6cyx4alucr, KaK Ha Mex{AyHapoAHbIX, TaK vr

p ecuy6nuKancKrlx ronQ ep eHul{tx, ?I ceMl4Hapax.

Bce peeynbrarbr, [onyqeHHhle AlrccepranToM, .lBJltlorc.r HoBIIMLI, BbIBoAbI

cQopnaynupoBaHbr apryMeHTlrpoBaHo. OcHosHHe rIoJIoxeHkrA Al{ccepraqzonnoft
pa6oru orpaxeHbr B anropeQepare, a ny6twrcaguu orpoKaror ocHoBHoe vrx

coAepxaHr.re. PeqeHsupyeMar ArlcceprarlrroHHat pa6ora coorBercrByer

c[eqlr€rJrbHo crrl 2 .6 .7 - Texuon ortrr HeopraHuqe cKI4x B elqe crB.



Teru He MeHee, npu rrTeHr,rr4 anropeQepaTa n ALICCepTaIIAOnnofi pa6otu

f afi 6ynnaesofi 3. X. so gH 6KII1a HLIxecJIeAyrcIqn e 3 aMeqaHuf, :

1. flannue Bcex Ta6[url o6cyx,qenrr, Ho He o6lscnensl ycTaHoBJIeHHbIe

SKCTIepLIMeHT€uIbHbIe 3aKOHOMepHOCTI{.

2. B rJraBe 3 Arrcceprarlr4oHHofi pa6orbl Her o6bf,cneHzfi rpI4qLIH eu6opa

cpeAHero pa:]Mepa KoHrIeHTparoB 0.53 MKM nplr rIX BbllrleraqnBaH.lrvr B

A3OTHOfi KLTCJIOTC.

3. B HraBe 3 ArrccepTarllroHHofi pa6Oru paccMorpeH MexaHLI3M

BOCCTaHOBJTeHIUI oKclrAHbrx cBLTHIIOBbIX BeITIeCTB BOAOpOAOM 14 OKCTIAOM

yrnepoAa. [uccepraHToM npnlJflTa TeopLIf, paALIK€IJrbHo-IIerrHoro

MexaHlI3Ma BOCCTaHOBJIeHLIT OKCI4AOB CBIIHIIa, qLIHKa, V cnoxHblx

oKcraAHbrx cucTeM cIaJILIKaToB 'u Sepputon sTIIx MeTaIIJIoB

BoccraHoBrrreJrbHbrMlr ra3aMrr. O4Haxo, AIrfl IroJIHorbI rlpoBeAeHHoro

a51arrusa Heo6xo4nvro 6rrlo nprlBecrrl o6ocnonaHue nu6opa Aannoft

Teoprlu.

4. B HraBe 4 AlrccepTaquosnoft pa6oTbl MoAeJII{poBaHIde Lr orITI{MI{3aIII4-tt

lpoqecca a3oTHOKLTCJTOTHOTO BbIIIIeJIaIII4BAHVA CBI{HIIOBO-IIIIHKOBOTO

KOHrIeHTpaTa npoBeAeHo MeToAOM IJIaHLIpOBAIJr4s. 3KCnepI4MeHTa vI

yCTaHoBJIeqylfl. ypaBHeHI4t pefpeCCLII{. C'IUraeNa, rITO AIIfl OIIeHKI4

rrpoTeKaHus TIpoMbIIXJIeHHOTO IIpoqecca Ut3OTHOKLICJIOTHOIO

BbrrrIeJIarIvIBAHvTfl. KoHIIeHTpaTa CJIeAoB€uIo 6sI nOCTpOIITb

AeTepMLIHLIpOBaHHyIO MaTeMaTI4IIeCKyIO MOAenb Ha ocHoBe ypaBHeHLIrI

KI{HeTI{KII peaKIII{LI Vl fr4ApoArrHaMLIrIeCKLIX 3aKOHOMepHOCTeft

rereporeHHoro nsar4MoAeitcrslrr pacrBopa KI,IcJIorbI c TBepAbIMLI

qacruIIaMLI KOHIIeHTpaTa.

O.qnaro, yKiBaHHbIe 3aMerlaHvrfl. He cHrlxaroT AocTolIHcrBa BbIrIonHeHHoft

pa6orrr. ,{uccepraqux lafi6ynnaesofi 3.X. coorBercrByer rlacropTy

c[eqrraJrbHocrrr 2.6.7 - TexnoJror]rrr HeopraHlrrrecKkTx BeIrIecrB (rexnu'recKl4e

nayrz) rro cne,qyroqllM TIYHKTaM:

n.1. TexsoJrorr{rrecKr.re [poqeccbr noJlfreHI4.f, HeopraHl4rlecKux rIpoAyKToB:

coJII{, KLIcJIorbr rd uIeiIoqLI, MLIHep€uIbHbIe Ylo6penut, LI3ororIbI rI BbIcoKorILIcrbIe

HeOpraHI{rIeCKLIe [poAyKTbI' KaT€UIu3aTOpbI, cop6enru, HeopfaHLIrIecKue

rperaparbr (I,Iccnedyewafl npo6a aclneHumcodepcrcat4ezo KoHqeHmpama pydot

Mecmopocrcdeuun Eonou.toil Kouu Maucyp cocmoum u3 MuHepcutos zctileHuma PbS,

cQanepuma ZnS, nupuma FeSz, xcubKonupumq tuFeSn, aHane3uma Pb'SOe,

enuuoseua AlzOs u Knqpqa SfOa. ...O6pasyercr cJloxHat tro cocraBy rnepAo-

x?rAKo-fa3 oBafl cMecb rrpoAyKToB: HLrTpaTHbIe coJILI MeT€UIJIOB, H2SO+, CuSO+,

Fe2(SO4)3 rrepexoArT B pacrBop, H2S, NO u NOz nrrAelrflTcfl, KaK ra3oBat cMecb,

SiOz ocraercx HepacTBopIiIMbIM B KpIcJroTe B BLIAe TBepAoro ocrarra).



n.2. fr';rcLrufl. rrepeHoca renJra B BelrlecrBax B cBfl3vr c xLIMIIIIeOKLIMI4

upeBparqeulrf,Mlr B TexHoJrorLTqecKLIX [poqeccax. KuHerLIKa 14 TepMoALIHaMr{Ka

xprMlrqecKr{x u uex$a:nrrx [peBpalqennfi (IIo peeynbmamQM uccnedoeaHufl

KuHemuKu cgomHoKucromHozo 6btu4enaqu6aHufl KoHqeHmpamoe Kouu Mancyp u

Eate e oduuarcoBbtx ycttoru.fic MoJtcHo 3aKnrcvumq qmo dnn o6ot'u KoHqeHmpamoe

KuHemuKa npoqecca 7bu4elauuectHl,tfl. onucdqaemcfl oduuu u mew ,rce

ypa7HeHueM, npoqecc 6btu4eJtaHu6aHufl npomeKaem no oduuarcoeoMy MexaHusMy

coKpau4arcu4ezocn ndpa uacmuq c nolepxHocmHwM pqcmaopeHueM tutuHepcrnoe I
Kltcrome, Ha ycKopeHue cKopocmu 6btu4elaqu6qHufl cguHqogo-quHKosoeo

KoHqeHmpama noloilcumerbHyto polb oKcBdSanm nogbtu'teHue meMnepamypbr

6wute 45oC u KoHqeHmpqquu Kttcrombt e npedenax 1,5-3,0M.
n.3. MexaHLTrIecKr{e npoqeccbr LT3MerreHLTs, cocro.ttHI4x, cnofictn z Qoprr,rrr

cblpb_fl MaTepu€InoB vI KOMIIoHeHTOB B HeOpraHI4rIeCKLTX TeXHOJIO|?TTIeCKIIX

rpoqeccax (Ho sdpuax pcBMepaMu MeHbute 53 MrcM o6otrx uccnedoeqHHbtx

KoHqeHmpamos peaK|4ufl. q3omHoKucnomHozo 6btu4elaqu6aHun npu

mewnepamypffi 45-65"C npomeKaem no MexaHu3wy coKpqu4arctt4ezocfl adpa

uacmuq 60 nHeutHeKuuemuuecrcoil o6nacmu c euepzueil aKmunaquu 46,8

rc,[crc/uona dnn KoHqeHmpama Kouu Maucyp u 36,2 dctc/uonu dnn KoHqeHmpama

Eane, npuudtv nbu4enaqunaHue KoHqeHmpama Eane npomeKaem npu

cpasHumeJtbHo Htt3KoM eHep?emuHecKow yponHe. IIpu meunepamypax 25-45"C

peaKqufl 6bnt4eraqu6aHu.r KoHqeHmpamor nuMumupyemcfl dufiQysuoHHbtM

nepeHocoM 6eu4ecm6 c eHepzuflMu aKmunaquu 12,4 u 12,7 rc,4crc/uona,

coomaemcmeeuuo).

t.4. Cuoco6rr u rocJleAoBareJlbHocrb rexHoJlorllqecKux

lpoqeccoB nepepa6orr<z cblpbf,, tlpoMe)KyrotrHblx v no6o'IHrtx
ouepaqufi u

npoAyKroB,

BropuqHbrx MarepuEurbHbrx pecypcoB (orxo4on rpol43BoAcrBa LI uorpe6neHux) n

HeopraHlrqecKlre [poAyKTbr (Paspa6omaHbt 6esomxoduarc mexHo]tozuu

zasuQurcaquu yzttfl @an-,flzuo6cxoeo Mecmopocrcdeuun dnn npouseodcmaa

oHepeemuuecKoeo zct3e, cuHme3-7q3a u 
^occmaHoqumerbHozo 

2Q3a dna

l4emcuttypzl,nt, no36orflnu4ue eQfuercmueHo ucnottb3o*qmb Kon4noHeHmu cocmaact

yzttfl, npodyrcmut ezo zczuQurcaquu u ux mennomlopHyro cnoco6uocmu).

u.5. SronorlrrrecKLte upo6neMbr co3AaHrIrI HeopraHrIrIecKLIX MarepvuroB u

usleruir Ha vrx ocHoBe. Cuoco6u v [ocJleAoBareJlbHocrb rexHoJIorvqecKLIX

ouepaqnfi v rpoqeccoB 3arqr.rrbr onpyNarorqefi cpeAbl or Bbl6pocoB

HeopraH[qecKr4x BerrlecrB (Paspa1omqHa coeueu4dHHqfl 6esomxoduan

mexHoroewtecKafl cxeMa noryHeHufl *occmaHorumerbHbtx za3oe CO+H2

easuQurcat4ueil yzJtz @au-,flzuo6crcozo Mecmopocrcdeuun u nupoMemaJlrypeuqecrcoit

nepepa6omrcu c6uHqo6o-quHKo6ozo KoHqeHmpama Rouu Maucyp, 6 rcomopoil

60ccmaHo6umenbHde eq3bt

oKucrumerbHozo npoqecca

nep6oHctvcubHo ucnorb3yrcmcn dnn Hazpeaa

KoHqeHmpqma, 3ameM dnn

oo MemcLMa, menno 7cBoSbtx nomoKog u
o

-nepepqoomKu

loccmaHoereHun orccuda cruHqa



np o dyrcmo 6 oKucn eHufl Ko HqeHmpqma norH o cmbrc ucnottb3y emcfl dnn o 6 ecneqeHufl

nompe6uocmeil GHympeHHux cmaduil, eotdenne*tue nonymHbte

nepepa6amwnanmct c noryueHueM duotccuda yznepoda, cepHoil

vucmbtx zcsol coome u apzoua).

tt.7. Mo4enupoBaHrre kr orrrlrMlr3arlnl rexHoJIorLIrIecKI{x upoqeccoB

[epBlrarHofi o6pa6orrcu cbrpbr; u.8. Pa:pa6orra reoperurlecKltx ocHoB u
ycraHoBJreHlre o6qrax 3aKonoMepHocrefi [poeKTI{poBanvrfl, u rexHoJIorLIU

rl3roToBJreHr4fl, HeopfaHr{qecKurx MaTepI{ulJIoB (Modenupo1aHue npoqecca

a3omHoKucromHo?o GdulenqHu?aHun KoHqeHmpqma npoeedeuo nymda't

nnaHupo*aHufl eKcnepLwreHme, ede dea napaJvtempa npoqecca - meMnepamypa

(25, 35, 45, 55, 65 "C) u KoHqeHmpaqufl Kucrombt (0,5; 1,0; 1,5; 2,0; 3,0M
ututerom no 5 ypoeueil LBMepeHufl, a mpemuil napauemp ' zpe.rwfl - 8 ypoeueil

u3ilepeHun (5, 10, 15, 20, 30, 50, 70 u 90 uun). Toeda, MoctcHo npoeecmu 5281

nonu o Q arcmopucubH o e np o eKmup o 6 aHue c ucnorb3 o aqHueM c o o m e emcm 6ylott4?/x

rcodoe u suaqeuuf,t omKnuKct, mo ecmb noryHumb npoqeHmHwe pqyltbmambt

eutxoda ceuut4a).

n.8. Paapa6oma reoperLTrrecKlrx ocHoB vr ycraHoBJleHze o6qux
3aKoHoMepnocrefi [poeKTr{poBaHLTs. v rexHolornfi n3roroBJleHufl,

HeopraHkrqecKvx MarepuaJroB (Paspa6omaHe coeueu4duuan 6esomxoduan

mexHoJroeuuecKafl cxeMa noJtyHeHu,n loccmqHorumerbHbrx ecBol CO+Hz

6eu1ecm6a

KUCrOmbl,

SoccmaHoSumenbHde zasbl

oKucnumerbHoeo npoqeccct

ucnorb3yrcmcfl dnn Hazpeaa

KoHqeHmpama, 3ameM dnn

z as uQ urcaque il y znn @ au -fl z u o 6 c rco z o M e c m op o crc d e u un u nup o M em arJryp eura e crcoil

nepepa6omrcu cruHt4olo-quHKoeozo KoHqeHmpamq Kouu Maucyp, 6 rcomopoil

noccmaHoeJreHufl orccuda ceuHqq do Mematma. menno zcBogbtx nomoKog u

npo dyrcmo 6 oKucn eHuz KoHqeHmpam a norH o c mbto ucnon b3y emcn dnn o 6 e cneq eHun

nompe1uocmeil nHympeHHux cmaduil, eatdenneuarc nonymHue

nepepa1ambtnqrcmcfl c nonyqeHueM duorccuda yznepoda, cepuou

uLrcmbtx 2o:,o8 cBoma u apzoHq.

3ro Aaer ocHoBaHr.re cqrrrarb, rrro corlcKarem fafi6yJlJlaeBa 3.X. AocrofiHa

rtpl,rcyx{AeHlrro yreHofi crerreHkr AoKTopa rexHLIqecKuIX HayK rlo cnequaJlbHocrl4

2 . 6 .7 -T exttoJlorll.l HeopraHLI qecKlrx BeIrIecrB (rexnu'recKll e Hayrcu).

[ucceprarlkToHHat pa6ora faft6ylnaeeoft 3.X. npeAcraBJlter co6ofi

3aBeprrreHHoe HarrHoe uccJreAoBaHlre, Bbr[oJIHeHHoe aBTOpOM CaMOCTOf,TeJIbHO Ha

BbrcoKoM ypoBHe, B KoropoM r43Jro)KeHEI HoBbIe HayqHo-o6ocHosaHHble perreHLIrl

s o6lracru rexHoJrorvur rron1nreHlr.f, coeArrHenuit Mer€LJIJIoB gJreKTporexHl{qecKoro

H€BHarreHLrr Cu, A1, Zn, Fe, Pb, Cd, Sn, BHeApeHI{e Koropblx BHecer

3Haqr{TeJrsnrrfi gKoHoMlr.recrufi BKJr ;. flonyreHnble aBTopoM pe3yJlbrarbl,

HecoMHeHHo, AocroBepHbr u LrMeror 6onruroe [paKTLIqecKoe, a rarcKe

Teoperr4rrecKoe 3HarreHlre. llo cBoeMy coAepxaHuro u o6revry pa6ota orBerraer

Kpr4repzrrM rryHKroB 9-I4 <<|loloxeHus o roptAKe npzcylKAelrLrfl, freHblx
10

nep6oHaHCLnbHo

nepepq0omKu

8eu4ecm6a

KUCrOmbt,



crerreHefi), yrBepxAeHHoro flocranosJleHrleM llpannrelbcrBa P@ or 24 ceuu6pn

2013 r. J\b 842 (pe4. Or 28.08.2017 r.), rpeAbtBJlf,eMbrM K AoKropcKI4M

Ar4cceprarl?rrM. Anrop pa6orrr lair6ynnaena 3yupar Xa6u6oBHa, 3acJIyxLIBaer

lplrcyxAeHns, efi yreHofi creleru{ AoKTopa rexHuqecKrlx HayK rro crreqnarlbHocrl4

2.6.7 - Texnolorklt HeopraHlMecKux BeIrIecrB.

OrgHs o6cyx4eH Ha pacruupeHHoM saceplanl,rr,zr Y.reHoro coBera

x1aMuqecKoro Qarynrrera TaANzrcKoro HaIILIoHUt[bHoro yHLTBepcI4Tera

(upororcor J\b 3 or 26 oxrx6px 2022 r.).
Orsrrn cocraBrtJrrl:

llpe4ce,4areJlb V.reHoro coBera, AeKaH

xlrMuqecKoro Qarynbrera THy, K.x.H., AoIIeHT (Dafi:ynlo3oAa 3.@.

A.x.n., upoQeccop ra$eapbl Heopranu'{ecrofi

xuMtrvxr{MllqecKoro Qa yJlbrera THy Asusrcylosa O.A.

A.x.n., upoQeccop rcaQe4pu rexHororLLf, xLrM

lpolr3BoAcrB xrlMI4rlecKoro Qarcynrtera THY

A.x.n., npoQeccop rcaQegpbl Heopra

xvrMruvr xtrMr.rrrecKoro Q arylbrera THy aQaprraairaaA3oAa C.M.

A4pec: 734025, np. Py4aru 17,

r. [yruan6e, TaAxI{KLIcraH,

Ter. : (+992 37)2217 7 | l, 22147 96

lloAnrEclr AeKaHa xkTMlrqecKoro QaryJrbrera TFry, K.x.H., AoIIeHr @afisylno3oAa

3.@., A.X.H., npoQeccop raQe4pu HeopraHll.recKofi xr4Mukr xkIMllqecKoro

Qarynrrera THY Asusr<ynosofi O.A., A.X.H., npoQeccop r<a$eapbl rexHoilornt

Kapzuon M.E.

xr.rMuqecKLrx [potr3BoAcrB xrrMr4rrecKofo QaryJlbrcra TFry Kapuuoea M.8.,

A.X.H., npoQeccop rcaSe4pbr HeopraHuqecrofi xkrMvrvr xLrMLIrIecKoro Qarynbrera
THY CaQapuaMaA3oAa C.M. 3aBepn

Ha.ranrHrar YK u CrI Ta,uxnrcro
Harl[oH€urbHoro yHuBepcrlTeTa

Iara 1 nox6pr 2022 r.

Tanrcues 3.IX.
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