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oSraqual51roro onrroHeHTa Ha 4r4cceprallzlo fafi6ynnaenoft 3ynrpar Xa6r6oeHH rlo reMe:

<<Kraneruqecrze kr rexuoJronrrrecKlre ocHoBbr rronf{eHl4s coeAlanenuft MeraJIJroB

gneKTpOTexHI4r{ecKofO Ha3HaqeHI,u (Cu, Al, Zn, Fe, Pb, Cd, Sn)>, npeAcTaBneHHofi Ha coI4CKaHI4e

ylenofi crerreHr.r AoKTopa rexHr4rrecKr4x HayK rro clerlrranbHocrl4 02.00.04 - Qrzsnuecras. xr4ldrre'

(rexuu-recxne Hayrcn)

Axmy anuuo cmu uz 6p annoil meMbt d ucc ep maquu

Sneprerzra Lr cBflga]glHbre c neft orpacru B 3Harlr4Tenrno[ crerleHkl olpeAensrcT ypoBeHb

pa3Brrrkrfl,gKoHoMr4Kr4. llonrrurenze eSQexu4BHocrI,I ra eneproc6epexeHlrt rpe6yer rlocrotHHoro

pacilMpeHl{ s. 6ass HoBbIX sneKTporexHlrqecKlrx Marepl4anoB.

flpegcraueHHa.r{ pa6ora [ocBrrrleHa oIHofi u3 aKTyalIbHbIX npo6nelr, cBs3aHHE'Ix c

HayqHbrMr4lrccneAoBallflMkrlo pa:pa6orr<e e(pQeru4BHbIX TexHoJIofI4ft nepepa6orKl4 KoHKperHoro

MecrHoro Mr,rHepanbHofo cbrpbs, BHe.4peHI,Ie Koropblx rIo3BoJII,IJIo 6rr oceourb MecrHoe crrpld, u

cnoco6crsoBano [onyr{eHr,rro KoHK}?eHTocnoco6nux Marepuanon. llpousBoAcrBo Marepl4anoB c

lrcrroJrb3oBaHr4eM HayrrHo o6ocnonannrx rexnolorufi uepepa6orrz MLIHepanbHofo cblpbq

pa3BrrBaer raxxe g6oHoMrrKr.r perrrouoB MecrouaxoxAeHl,It MI,IHepaJIbHofo cblpbr u o6ecne-{ueaer

BbrrroJrHeHrre npr4Hqr4rrzalrriofi qerror{Kra <cuprd - IIoJIe3HbIfi npo4l'rcr - pbIHoK), yra:aHnoft n

flocranuu llpesu4enra Pecny6:rurra TaAxIErI4craH MalNlucu O:ru or 26 gexa6px20l9 rola.

lloucr pelreHvr cBr3aHHbrx c orlrMr4 npo6leuaul4 BeAerc.u B ocHoBHoM, B HaTIpaBJIOHLII'I

nepepa6orKr4 cBrrHuoBo-rlrrHKoBbrx rroJllrMeranrl4qecKI4x KoHIIeHTparoB MecropoxAenrzt KoHu

Mancyp v yrnfl. (DaH--flrno6cKoro MecropoxrAenun (Ta,UNxrucran) Ans nony-{eHuq coeAunenuir

3neKTpoTexHlrrrecKux MgTaJrJIoB, r{To {BJIteTc-a cBoeBpeMeHHbIM rT eocrpe6onannrnr'r

rlpoLT3BOACTBOM.

Peurenue grofi saAa-rr4 rro3BoJrr4T rIoBbIcI4Tr e$SerruBHocrb rexHoJlornqecKoro npoqecca

npor43BoAcrBa [onyqeHr4s coeAuttenufi, Mera,[J]oB gneKTporexHl4rlecKoro Ha3Har{eHus. v c!.enurl,

ef o 3KOnOlUqecKI4 r{I,ICTbrM.

O6u4ue npuHqunu nocmpoeHun u cmpyxmypa pa6omu

,{uccepraqvollaq pa6ora cocrorrr r,r3 BBeAeHkrs' rtecrr4 rJIaB, crlplcKa I4crloJlbsoeaHHofi

nr4Teparypbr, [pr{Jrox{eHvrs. pr v3noxeHa sa 309 crpaHlrllax KoMrlblorepHofo ua6opa, BKJIIoqaer

8 3 pra cynr a, 49 r a6 IIwl, 3 60 6u6 truorp aozue crux n araNaeno e aHzft .

Bo ooedenuu v3nolKeHbr npeArrocrrJrKlr u ocHoBHbIe npo6neubr I,IccneAoBa:uz\fl' o6ocnoeaHa

aKTyanbHocrr pa6oru, rrpr4BeAeH;r 3aAar{u uccneAoBaHkrs,, rrayqrras HoBI43Ha IT rlpaKTzqecKaq

rleHHocrb pa6orrr, a rarc(e BbrAeneHrl ocHoBHbre [oroxeHl4q, BbIHocIrMbIe Ha 3aIrII4Ty 14 B IIenoM

pacKpbrTa cTpyKTypa Al{ccepTaul{kr.

B nepaofi ?,rra6e rrpr.rBoArrrcl xparxufi nlrreparypnrrft o6sop [o oBI4HIIoBo-III4HKoBbIM

Mr.rHepanaM v pyqaM, cnoco6au ux nepepa6orKl.I, BoccraHoBI4TeJIbHbIM ra3aM B MeraJrnyprnv n vx

lonyqeHuu rr3 opraHr4qecKofo cbrpbr, xapaKTepI4cTI{KaM cocTaBa yfns c onpe.4eneHl4eM, r{To

I4CrrOnb3OBaHr4e yfn{ B rrpoMbrrrrJreHHo0Tr4 AOJI)IGO paCcMaTpI4BaTbc.[ cofnacHo KoHIIelqIII4, t{TO

yfonb rrepBoHaqaJTbHo tBneTcs MHofoKoMIIoHeHTHbIM rIpI4poIHbIM crrpreu Ans nonyqeHl4s

xr4Mr4qecKr,lx BerrIecTB, a 3aTeM 3HeproHocI4TeJIeM Ant IIpoII3BOACTBa TeIIJra. PaccUorpeH Ilpoqecc

raausurcaqvrvr yrIrfl, efo Br4Abr Ir MexaHI,I3MbI rlporeKalLrfl. Analu:zpoBaH nna3Moxzuraqecxufi

MeroA ocyqecrBneHur peaxqraft c yrracrl4eM BoAopoAa, paccMorpeHo [onyqenple rvl.prr4a

arroMr4Hr4.s r4 orrpeAen€n exraA aroMapHoro BoAopoAa e o6pa:oBaHrvr rl{Apla,4Hbrx coe4unennfi

METAJIJIOB,



Bo omopoil znflre rIprIBeAeHbI xapaKTepl4crldKlr npr{MeH{eM6rx MarepvaJroB, yKa3aHbr

o6reKtsI, [peAMerrr r,I MeroAbr r4ccneAoBanux. flanr,r cocraBbr cBr,rHrloBo-rlr{HKoBbrx KoHrIeHTparoB

Konu Mancyp (Ta4xIarucraH) n Ba,re (Typqux). Ouucanrr ycraHoBKr4 rnfl K[HerurrecKr4x

ucc:re4oeanzft cBr4HrIoBo-rIr4HKoBLrx KoHUeHTparoB V IIJIA3MOXI4MI4qECKOIO NOIVqCHT4f,

c o eAr{HeHrrI4 MeTaJrJroB c ytracTr4eM Bo,4op oAa.

B mpemuefi znaae o6cyx4enrr Borrpocbr 6esorxo.4Horo r4crroJrb3oBanr4-s yfnr B paMKax

rlpercraBnennoft rexnoJloruu conrreuldnnoro npor,r3Bo.qcrBa rerrJra r4 xr.rMkrrrecKprx BerrlecrB.

Ocyrqecrnrflercs. rasu$r,rraqv,a ql4crofo yrnepoAa, froJryqeHHofo or yrn{ [peABapr4TeJrbHbrM

BbI.4eneHLIeM BCeX COnyTCTByTO[lrrX yfnepoAy KoMnoHeHTOB, TO eCTb neTyqrlx Lr cMoJrr,rcTBx

BeIrIecTB, KOTOpbIe IIOCne OXnaX.4eHI4t I4ClOIb3yrOTCq rro CBOT4M H€BHaqeHr4qM> B

rexHoJrorrrrrecKoM ur4Kne rrpouecca ra^:zQzxaqr4r4 TBepAofo ronJrr4Ba.

OcnoeHoft rIpI{HIIITn rlpeAnox{eHHbrx ArrccepraHToM rexnolorrzfi nonyqeHutr TerrJra u
xI,IMI4qecKI4x BelrrecrB 3aKnroqaerct B ToM, qro6rr.uo rasz$r'rraur4r4 yrnepoAa orrrrcrr.rrb efo or Bcex

corlyrcrByloql4x KoMrIoHeHToB, To ecrb rrpoBecrr.I TaK Ha3brBaeMoe "o6rerqeuue yrrr",
BbIAeneHHbIe KOMTIOHeHTbI r4CrrOnb3OBaTb fro UX npSMOMy Ha3HarreHr.rrc c [peABapr.{TeJrbHbrM

cHsrkIeM I{x rerIJIa, I4 rlpoBecrr{ rasuQraxaquro rrr4crofo yrnepoAHoro Marepr4aJra oKr4cJrr4TeJr.rrMr4.

[rzccepranrou rarcKe rrpeAnoxeHa rexHororus rrr{poMerauypruuecxofi nepepa6orxz
cBLTHI{oBo-IIIrHKoBbrx KoHIIeHTparoB MecropoxAeHvs Konz MaHcyp BoccraHoBrrreJrbHbrM

BoAtHbIM ra3oM, nonyr{eHHbIlr ra:uQuxa\uefi. }Tnr rr3 (Dan-flrno6cKoro Mecropox{AeHVs..

B vemeepmofr znaee paccMorpeHbl pe3ynbrarbr Kr{Herr4rrecKr.rx uccJreAoBanraft cnunqono-
IIITHKoBIIX KoHueHTparoB MecropoNAenzft Konu Mancyp z Ba:re. llpoqecc Bbrqenatrr4Baltrs.

cBI4HIIoBo-III4HKoBofo KoHIIeHTpara pacrBopoM a3orHoft xraclomr MoxHo paccMarpr,rBarb, KaK

rereporeHHrrft npoqecc B3arrMo.4efi.ctsus. Me)K.Uy rn€p.4rna BerlecrBoM r,r x{r4AKrrM pearenrolr. Ha
cKopocrb ferepofeHHoro [poqecca Brr'rsror KzHerr4r{ecKve v azQQy:uoHHbre Qarropsr.

B namoit ?nu6e rlpeAnoxeHbl TexHoJrofuu a3orHoKrrcJrorHofo Bbrllerar{rrBaHvfl,

KoHIIeHTpara Lr yrkrnv3aqzz o6pasyroquxc{ nonyrHbrx rrpoAyKToB B rrpoqeccax Bbrrlenar{r4Balnfl.

KoHIIeHTpara Ir grleKTpoocaxAeHr,r.s MerarroB. Ocyrqecrn:reHrle yKa3aHHbrx ocHoBHbrx qarnfr
uepepa6orKll cBI4HuoBo-IIZHKoBbIX KoHueHTparoB Konu Mancyp o6ecne.rueaer 6esorxoAHoe
rIpot43BoAcTBO noflyqeHr4.s MerzurnoB cocTaBa KoHrIeHTpaTa v Bcex conyTcTByroulr4x KoMnoHeHToB.

B wecmoit zJtage rloKa3aHo, r{To yAelreBJreHr.re cnoco6a lonyqeHr4q H2 c[oco6crByer
yMeHbIneHuIo gHepro3arpar rrJra3MoxrrMt4qecKr4x peaxqzft. B cBfl3kr c grr{M, [peAnoxeHa
6e:lorxo4nas rexHororux tazu$uKarlr4rr yfnf Inr [on] {eHr4q Hz Infl rrJra3MoxI4Mr4r{eCKr4X peaxqufi.
flora3ano, rITo aroMbI BoAopoAa 6naro4apx ceoefi rerKocrr4, lro6ulrnocua, [pocrore
sneKTpoHHoft crpyxrypbr kr errcoxoft peaKrlrroHHoft cuoco6Hocrr4 rro cpaBHeHuro c aroMaMlr

Apyrnx ra3oB, HaxoAfr 6o:ree IIIupoKoe rlprrMeHeHlre B ocyuecrBJreHr4r{ pa3nl4qHbrx rereporeHHbrx
xzMl{qecKl4x pearUuff, B ToM rII.{cJIe 14 B IIJIa3MoxI4Mr4rrecKr,rx peaKrlrr-{x [on)^{eHr.r-s fr.rApr4.4oB

MeTaJrnoB IIpII Hr43KrIX AaBIeHr,r_gX.

[nccepraqv.o:g':r.as. pa6ota 3aBeprlaerc-f, o6trlvlrpr BbIBo.uaMV, crrr4cKoM qrarupoeaHnoft

nrrreparypbr 14 rrpr4noxeHr4 eM.

Cmenenu o6ocnoeanHocmu u docmooepHocmu ocHorHbtx pesynbmamor u peKoMenda4ufi,
c Q opnyn up o 6 uHHbrx a d uc c epm&quu

[uccepraqkroHHas. pa6ora tBr.sercs HayqHo-KBanu(fr,rxauzosHofi pa6orofi, n xoropofi
coAepxarc{ pe3ynbTaTbr 3KcrIepI4MeHTanbHOfO rrCcneAoBaHvIfl Kr.rHeTr4r{ecKlrx u TexHoJlor?rqecKrrx
ocHoB llonyqeHl4.f, coeAIrHeHI4ft rr,rerar:roB oneKTporexHr4trecKofo Ha3Haqennx (Cu, Al, Zn, Fe, Pb,
Cd, Sn) c [pI,IMeHeHIzeM coBpeMeHHbrx MeroroB [ccneAoBaHrzs u ux reoperr4qecKa-{
r{HTeprrpeTarJlds-.



[ocronepHocrb rronyqeHHbrx pe3ynbraroB

MeroAoB krccneAoBaHr4r (ZK-cnexrpocKorrr4{,
rroATB ep)rqaeT c s. frpr4MeHeHr,reM coBpeM eHHbrx

repMorpaBAMerpLr\ penrreno(fasonrrfi lr

4z S S epenqr4 anbHo -repr,M.re cxr4ft aHaJtut3) oneKTpoHHo -Mr4KpocKonz-recxzfi aHaIIr43,

rr oreHrlr{o crarr4qecKrz ft ayatms),

Brrno4rr 14 rIoJIox{eHIlx, c$opltynzpoBaHHble coucKareJreM, o6ocHoeaHbr reoperr4r{ecKl4Mr4

BbIKnaAKaMI4 rr nOnyrreHHbIMU [paKrr4rrecKr,rMr,r pe3ynbraTaMr4 rrpoBeAeHHofo KOMfrneKca

crrcTeMaTr,rqecKnx SKcIIepI,IMeHTaJIbHbIX raCCIeAOeaHUft .

OprzrznaltHocrb coAepxaHl4;l AI4ccepraUr{rr cocraBJrser 83,160/o or o6qero o6reva reKcra;
III4TI4pOBaHLTe OsOpUnenO KOppeKTHO; 3aT4MCTBOBaHHOfO MarepI,Iana, vcrroJrb3oBaHHofo B

Alrccepralll4rz 6es ccbIJIKI4 Ha aBTopa rrrr6o ncrorrHr4K 3ar4McrBoBanr.rs, ne o6napyxeHo; HayqHbrx

pa6or, BbIrIoJIHeHHbx colrcKareneM creneHrr B coaBTopcrBe, 6es ccbrJroK Ha coaBTopoB, He

BbUIBJIEHO.

Haywtan Ho 6 u3Ha BbTTIoJIHeHHIIX I,IccJreAoeanzfi cocror{r B cneA}arorr1eM :

Aeropor,t [peAnox{eHrr 6esorxoAHble rexHoJrofr4u rasuSuxarJlrv yrnfl ras @an-flrso6cxoro
MecTopoxAellvfl, [\s. KoMnneKcHOfO LtCrrOJrb3OBaHr4.[ ero KoMnoHeHTHoro cocTaBa r{ npoAyKToB

rasuQuraqkil4 rr pIX TerlJloreopHofi cnoco6nocru. YcranoBJreHo, uro e$SeKTr.rBHee rrpoBecrr4

ra-:n(fuxaquio yrnepolrlcrofo Mareplaana, oqurleHHoro or Bcex corryrcrByrotUux KoMrroHeHToB, c
yrunplt:, a\vefi no c.:re4uux.

flpe4loNena 6esorxoAHat rexHororu.f, rrr4poMerannyprzqecKofi nepepa6orKr4 KoHueHTpara

Kouu Manclp BoccraHoBLITeJIbHbIM fa3oM or rasu(punaqzz yrnr rr3 @an-.f,rno6cKoro
MecropoltAenns. YcratroereHo, uro e$SercrznnblM -sBr.f,ercs [epBoHar{anbHoe r4crronl3oBaHr4e

BoccraHoBI,ITeJrbHbIX firoB An.s HafpeBa oKLrcJrrrreJrlHoro npoqecca nepepa6orKkr KoHueHTpara,

3areM An{ BoccTaHoBJIeHIrt oKCr.{Aa CBTTHIIa IO Meranna, npzuelr TefrJro fa3oBbIX IOTOKOB t4

rIpoAyKToB oKI,IcJIeHI,It KoHueHTpara rronHocrbro rrclonb3yercs Ars o6ecneqeHr4{ uorpe6nocrefi
BHyrpeHHrrx wa\uit rexHoJrorl4qecKofo npoqecca, Bbrlen-seMbre rrorryrHbre BeulecrBa
nepepa6arrrBaroTcr c [onyr{eHr4etr CO2, HzSO+, qr{crbrx ra3oB N2 z Ar.

flora3ano, uro e$Sexrl4BHocrb nepepa6orKr.r cBrrHrloBo-rlr'rHKoBoro KoHrfeHTpara fa3aMr4,

rlpexAe Bcero, 3aBtrckrr or raKr4x rlrlpoAr{HaMrrqecKrzx [apaMerpoB, KaK o6l6lrnoft cKopocrr4

noroKa fa3a B Mex3epHoBoM npocrpaHcrBe re€p4rrx qacrr4rl rr pa3Mepa qacrr.rq KoHueHTpara, rr

KI4HerI4I{eCKI,IX [apaMerpoB - TeMrreparypbr r{ KoHueHTparlvu aKTVBHT,TX peafeHToB-fa3oB B 3OHe

peaKIII4I{. O6ecne-{eHlae orlTlzMaJrbHbrx :na-{eHr.rft AaHHbrx rrapaMerpoB, r4cKnroqarorlr4x

4zS$y:zonHoe ropMox{eHl4e cKopocrl4 peaKrlrrr4, cnoco6crnyer uomrofi uepepa6orKe KoHueHTpara

C U3BIEIICHI4EM BCEX KOMTIOHEHTOB ETO COCTABA.

llpe4loxena KoMnreKcHas 6esorxo4nax fr.iApoMerannypil4qecKar rexHoJrofr4t
nepepa6orxra cBITHIIoBo-III4HKoBoro KoHIIeHTpara Konu Mancyp, ornvqauuascr reM, qro
BbITIEJIAIII4BAHI,IE KOHIIEHTPATA OCYTUECTBI-SETCS IIPIT ONTI4MAJIBHbIX KI4HCTIIqECKI-iX IAPAMCTPAX

rpoqecca B AByxcryrreHqaroM peaKrope, pagAerdHHorr.l ueu6panHm,r SulrrpoM An-{ BErlereHu_s
rIpoAyKToB Bbrulenarrl4Banrkrs. or He pacrBoprlBlruxcq qacrrrrl KoHrIeHTpara; ra:oo6pa3Hue
BexlecrBa, cocrotlrll4e I43 cMecl4 HzS, NOz u NO, rloABepfarorcx lreu6paHHoMy pa3AeneHr4ro; HzS
I4crlonilyerc-f, B npol4sBoAcrBax cepoco.qepxarqrx BerrlecrB; a NOz z NO neffrpanusyrorcs
rlepeKl4cblo BoAopo.4a HzOz c o6pasoeanueu HNO3; cy:n@arcoAep)Karrlr4e BenlecrBa rrpoAyKroB
BbIUeraaMBaHLrtt KoHUeHTpara oca)KAarorcr BaQ.{O3)2 c o6pa:oBaHr4eM BaSO+, BbrAeJrseMofo B

rndpAou ocaAKe; pacrBop Hl{TparHbrx coleft rroABepraerc-fl oneKTpoocoKAeHrrro MeraJrJroB Ha
oAHoI4MeHHbIX MeraJIJII4r{ecKux Karo.qax sneKTponr4sdpon corJracHo rrpzHrrr4[y yMeHbrxeHu.rr
BOJIIIqI'IHbI Izx 3neKTpo.4Horo noreHrlr{ana B cneAyrorqeft noc:reAoBarenbHocrv: Cu, Pb, Fe, Zn, Al
o6pa:yrorqaxcn npv nepepa6orre Hr4Tpo3Hbrx fa3oB pr 3neKTpoocax Aorrzrv MeraJrnoB HNOr



BO3BpalqaeTC{ B peaKTOp BbIIIenaqvrBAHkIs. KOHUeHTpaTa, aBbIAeIIkrBLxvfr.Cs. Ha aHOAax KrrCnOpO.{ 02
rrcrroJlb3yercs flo eto Ha3HarIeHr.rIo.

I4syrenzelt rIJra3MoxLIMLIqecKux peaKIII4fi lonyr{eHr4r coeArrHeHrrfi elexrporexHrrrlecKr4x
MeTaJIJIoB Zn, Cd, Sn, Al, Ca e noroKe aroMapHofo BoAopoAa c r4cnoJrb3oBaHrreM BoAopoAa,

lonyqeHHoro ra^:IaQuraquefi yrrts (DaH-9rno6cKoro Mecropo)KAeHnfl, ycraHoBJreHo, rrro

(f opuzponarure roHKIzx ur€nor Zn, Cd, Sn ocyrqecrBrrerc-s rereporeHHoft xrzl,rra.{ecroft pearqueft
aToMoB H2 c xnopvr[aMv MeraJrJroB nyr€u yneTyrrr4BaHLrs. pr ocaxAeHr.iq r4x MoHofrrI;pLrAoB,

o6pasoeanue AlHs e(pQexrzenee [poBoILITB rlpr4 orrrt4MilrrbHbrx Konr{qecTBax naJrJra.ur.reBoro

KaTa.III{3aTOpa AO 2Yo s CMeCV C AlCl3, ruIIipqltr [UIIOMI4HI4q sBIIfleTCfl I4CTOqHI4KOM aKrr.rBHOrO

Bo.uopoAa l.nfl rtoryqeHIns MarHI4THbrx rloporrrKoB xo6alrra. llpz Henpeptrnnoft
UIa3MOXLIMIa.{eCxOft O6pa6OrXe aroMaMr4 Hz cMecv l]trllpvl:a KaJrbulr-rr v uunosdtra caHz
oKa3bIBaeT KaTaJII4TI,IqeCKOe AefiCTBr4e B BOCCTaHOBIT1HI\V Alzo: r,r [onyqeHlrrr BbrcoKoAr4cnepcHbrx

flopolrrKoB aJIroMvIHkIs., aToMbI Hz oKa3blBaroT cyqecTBeHHyro ponb B npoxo)K.4eHufi xzNrr,r.{ecrofi
peaKUlzu CaCIzv Kpllcrannuqecroft cepbr c o6pa:oeanuen cynror{Aa KanbUkrs CaS.

Pexomeud aquu no np aKmuqecKoMy ucnorb3 o 6 aHuro p uyJtbmamo 6.

tr4ccle4oeaHlzq, BbrrIoJIHeHHbIe faft6yutaeBoft 3.X., r{Meror HayqHyro v [paKrvr{ecKyro
3Har{I4MOCTb 14 BHOC.flT BKna.4 B pa3Bl4Tr,re HayKrr, KOTOpbre noATBepxAaroTc.s ycTaHoBneHr.{eM

3aKoHoMepHocreft v MexaHz3MoB I43MeHenux QusuKo-xrrMr4rrecrux csoficrB 14 rrx o6rscHeHueM Ha

6ase saroHon Szsuuecrofi xurvrzz.

Pesymrarrr pa6orrr Moryr 6rrrr nne4peHbr B ropHopyAttoit u rorrJrr4BHo-eneprervrvecrofi

orpacntx [poMblrnneHHocrlr c qenblo o6ecneqeHl,Ir BceBo3pacraroqr4x norpe6Hocreft eronolrraxr4
B cblpbe, xI4MI4rrecKI4x BerllecrBax v gHeprur4 c MaJrbrMr{ 3arparaMr.r n 6es 3arp.s3ueHu{
or<pyNarorUefi npl4poAbl nu6pocarraz kr orxoAaMr4; rrpeAno)KeHHbre rexHoJrorr4rr nepepa6orru
cBI4HIIoBo-III4HKoBofo KoHIIeHTpara Konz Mancyp nvpoMerauypruuecxofi nepepa6orr<oft
BoccraHoBrzreJrbHbrMr.r ra3aMrn or razz,$uxaguu y|n.s @an-flrno6cKoro MecropoxAeHr,rfl Lr

a3orHoKI4CJIOTHbrM BblrleraquBaHueM [o3Bors]or opfaHr,r3oBarb Ha r4x ocHoBe HoBOe COBpeMeHHOe

elrcoroe(f$eKTI,IBHoe KoMrIJIeKcHoe npor43BoAcrBo rro [onyqeHr.rro gJreKTporexHr4rrecKr.rx MeraJrJroB

Pb, Zn, Fe, Cu, Al, cepHofi u asorHoft KrrcJror, cynr$ara 6apux, r4HeprHbrx ra3oB Ctrz " Ar) z
Apyrl4x BeIrIecrB 143 KoMIIoHeHToB cocraBoB yrns. kr KoHrIeHTpara; rrpeAnoxeHHbre n pa6ore
cnoco6rr rronyqeHrat roHKI4x nrenor MeraJrJroB, rr4AprrAoB MeraJrJroB vr Apyrr4x BerqecrB
rIna3MoxI4MIrqecKI4MI{ peaKIII4sMu Moryr uaitru IIIupoKoe rrpr4MeHeHpre B rrpoMbrrxneHHoM

npor.r3BoAcTBe yKa3aHHbrx MaTepr4anoB.

Pe:ylrrarrr pa6oru rlplrHtrbl Anfl BHeApeHu.rr B npoMbrrrrJreHHoe rrpor43BoAcrBo na OAO
(fOK A4pacuaH>> (Arcr o6 zcuor*oBaHrrr4 pe3ynbraroB r.rccJre.4oBa:nvs. or 07.I2.2016 r.), OAO
<Tarr,toxynr> (llporoxor 3ace!;aHLrs. Hayuno-rexHr{qecKoro coBera or 12.05.2020 r.), fHy
<HayuHo-rzccneAoBarem,crufi I4HcrkITyr rlpoMbrrxneHHocrr4)) MzHzcrepcrBa rrpoMbrrrrJreHHocrr4 r4

HoBbrx rexHorrofl4ft Pecny6nuxu Ta4xraKucraH (3xcneprHoe 3aKrroqeHze Ns 26 ot 23.06.2020 r.).
Ilonnoma u3Jto)rceHutt Mamepu&noe. fIo pe3ynbraraM prccne,4osaHnir ony6luronano 65

HayqHbIX pa6or, v3 HLIX 16 crareft B pelleH3r4pyeMbrx xypHaJrax, peKoMeHAyeMbrx BAK
Mznucrepcrna Bblcrrefo o6pasonaHrax v HayKLr Pocczficxofi (De4epaquz v 35 crarefi B

Marepr{anax MexAyHapoAHbrx z pecny6rurKaHcKr4x roH$epenquft. Taxxe [onyr{eHbr 2 anropcrvx
cBzAereJlbcrea CCCP u 2 totoxllreJlbHbrx perreHr4r na zso6perelns. (CCCP), 7 narenroe
Pecny6nzrn Ta4xraxucraH r4 3 EepasuficKr4x rrareHra.

Peqenszpyevrax AI4ccepraIIrroHHaA pa6ora coorBercrByer nacnopmy cneqututbHocmg
02.00.04 - Qusravecr.as.xkrMrrfl. (rexnuuecxze nayru) no cneAyrorrlr4M nyHKraM:

n.l - SrcnepuueHTaJlbHoe olpeAeneHne v pac*er napaMerpoB crpoeHrltr MoJreKyn r4

npocrpaHcrnennoft crpyKTypbl BeIrIecrB Qlpoeedeuut uccnedolaHut nnaswox'uMultecKux peaxquit



noryqeHun coeduHeHuil enercmpomexHuqecKLffi Memalutoa Zn, Cd, Sn, Al, Ca B nomoKe amoMapHozo

eodopoda c ucnonb3olaHueM eodopoda, nonyqeHHozo zasuQurcatlueil yznt u3 cDau-.flzuodcKozo

Mecmopoctcdeuun. Vcmauoeneuo, qmo Stopuupoeauue moHKux rutduorc Zn, Cd, Sn

ocyulecmsntemcfl zemepoeeHuoti xuuurlecxoti pean4ueil amoMor Hz c xnopudauu Memannor

nymdtr ynemyuunaHun u ocacrcdeuun ux MoHoeudpudoo. O6pasoeauue AlHs eQ$ercmueuee

npolecmu npu onmuMaJrbHbtx Koiluttecmaax nannaduelozo Kamanu3amopa do 20% e cuecu c AlClj,
eudpud annMuHutr fl+nttemctt ucmottHuKoM aKmuaHoeo eodopoda dnn nonyueHut MaeHumHbtx

nopou,tKor rco6anuma, npu Henpepbteuoil nnasMoxuwuuecrcou o6pa6omrce amoMawu H2 cwecu

zudpuda Karb\u,fl u znuuosdua CaH2 oKasbrqaem KamarumuuecKoe deiicmeue B BoccmaHo7reHuu

Alzos u noryqeHuu eutcorcoducnepcHbtx nopoLuKoq antoMuHun, amoMbr H2 uzpanm cyulecmseHHyn

ponb 6 npoxoJtcdeuuu xl.LMuqecKoil peaxquu uectcdy CaClz u Kpucmannuqecrcoil cepoil c
o 6pasoaauueu cynuQud a rcanu4un C aS),'

n.3 - Onpe4ereHr.re repMoAr,rHaMnqecKr.rx xapaKTepr4crrrK rrpoqeccoB Ha rroBepxHocrr{,

ycraHoBJreHr4e 3aKoHoMepnocrefi a.qcop6uuu Ha rpaHr4ue pa3.4ena Qas z $opnazponaHu.f, aKTr4BHbrx

rleHrpoB Ha raKr4x noBepxHocrr^x (YcmaHoztreHo, qmo Ha 'sdpuax pa3MepaMu MeHbute 53 urcu

o6oux uccnedoaauuutx KoHqeHmpamol peaKqun a3omHoKucnomHo?o rblutenauulaHun npu

mewnepamypax 45-65"C npomeKaem no JaexaHusMy coKpau4anule?ocn ndpa qacmull 6(r

lHeuffieKuHemuqecrcoil o6nacmu c euepzueil aKmusat4uu 46,8 rcflac/uotu dnn KoHqeHmpama Kouu
Maucyp u 36,2 rc,[crc/uonu dnn rcouqeumpama Eane, npuvdu euu4enaqulaHue KoHqeHmpqma Eane

npomeKaem npu cpazH'utnenbHo Hu3KoM oHepzemwtecKow ypo6He. IIpu meunepamypax 25-45"C
peaKl4un rbrulenaqusaHutt KoHLleHmpamos nu"Itumupyemcn dup$ysLtoHHbtM nepeHocot4 leagcrixs c

oHepzutn4u aKmuzaquu 12,4 u 12,7 xfcrc/uottb, coomlemcmeeuuo),'

n.5 -Vlzyuenue $zsuKo-xl4Mlrqecxrax csoficrB cr4creM npa no:4eftcrBrru BHerrrHr4x nonefi, a
TaKXe B oKcrpeMaJIbHbIX ycnoBl4sx BbIcoKLIX TeMrleparyp Lr AaBreHuit (IlpoeedeHbr KuHemuuecKue

uccnedoaauun nporyecca asomHoKucilomHoeo 6btu4enaqu6aHut c6uHqoso-14uHKo6btx KoHqeHmpamos

Kouu Maucyp u Eane npu u,tupoKoM lapbupoaaHuu suaqeuufi mewnepamypbt, KoHqeHmpaquu

Kucnombt u ?peMeHu 6blu4enaqu6aHun. Ycmauoeneuo, ttmo Ha cKopocmb 7blulenaqusaHufl

cquHLlogo-quHKoqozo KoHqeHmpama nonoicumerbHo Bruntom Gce yKasaHHde napaMempbr peqKquu

u onmuMatbHbtMu sHaqeHutMu dauuutx napaMempol fl+rnrcmcn. a) dna rcouqeHmpama Kouu
Maucyp - mewnepamypa peaKl4uoHHo[t souut 55-65"C, KoHueHmpaLrun Kucronxu ],5-3,0M u apeun

70-90 uuu; 6) dnn rcouqeumpama Eane - meMnepamypa peaKlluoHuoti souut 65"C, KoHqeHmpat4ur

Kucnombt e npedenax 1,5-3,0M u npewfl peaKquu 60 uuuym. Iloxasauo, ttmo qacmHoe ztrunHue

napeMempos peaKquu Ha cmeneHb u36reqeHun cluHqa cocma*n.flem dnn: KoH4eHmpqma Kouu
Mancyp - meMnepamypbl 42,80%, KoHLleHmpaquu Kucnomut 31,90% Lt speweHu rblugJtoltunaHut
15,50%,' KoHqeHmpama Eane 39,4, 27,9 u 25,7%o, coomcemcmqeHHo, ux ffiauMHoe 7nunHue

HecyLqecmseHHoe u cocma?nnem e npedenax 9,3 u 6,70/o, coom7emcmeeuuo),'

n.7 MaxporznerlrKa, MexaHr{3Mbr cJIomHbIX xr4Mr4r{ecKytx rrpoqeccoB, Quszno-
xl4Mnr{ecKal rpIApoAI4HaMLIKa, pacrBopeHr4e r4 Kpr{crannLr3a\us. (Ilorcasauo, umo efiQercmueHocmb

nepepa1omKu c?uHqo6o-t4uHKo6o?o KoHqeHmpama za3aM1,t, npectcde scezo, 3a7ucum om maKux
zudpoduuauutecKux napaMempoz, KaK oluduuoti cKopocmu nomoKa easa s MeltnepHolow
npocmpctHcmce medpdutx qacmuq u pa3Mepa qacmuq KoHqeHmpama; u KuHemuqecKux
napaMempoq - meMnepamypbr u KoHqeHmpqquu aKmugHbrx peazeHmoc-za3oq G 3OHe peaKquu.
O6ecne,aeuue onmhr'IanbHbtx sua,teuuti dauuutx napaMempoz, ucKtnortarculux du$Qysuouuoe
mopMoctceHue cKopocmu peaKquu, cnoco1cmeyem nonuoil nepepa6omrce KoHqeHmpama c
u36reHeHueM 6cex KoMnoHeHmoq ezo cocmaed.

n.l0 - Csssr peaKIII4oHHofi cnoco6Hocrr.r peareHToB c r4x crpoeHr4eM v ycnoBzrflMrr

ocyluecrBneHlIs xl'IMl4qecroft peaKIII4Ir (Vacmuoe ?nuttHue napaMempos peaKt4uu Ha cmeneHb



r/
qeHmpama Kouu Maucyp - meMnepamypbr 42,80%,

u 6bru4enaqu6aHutt l5,5ok; KoHqeHmpama Eane -
apHoe qJ,ruflHue napaMempoq Ha cmeneHb u36reqeHun

csuHqa cocmazrnem 90,6 u 93,00%, ux $auMHoe +runHue tlr.flemct Hecyu4ecmseHHbrM e npedenax

9,3 u 6,70%, coomeemcmaeuuo).

n. l l - @uszro-xzMr.rqecKr{e ocHoBbr npoqeccoB xzMl4qecKofi rexnonoruu (Paspa6omaua

KoulmeKcHafl mexHotrozun nepepa1omxu c6uHt4o6o-quHKo6oao KoHqeHmpama Rouu Maucyp

(ladacurcucman) u Eane Qypqun), ercnrouanulan asomHoKuctromHoe sbru4enaqulaHue csuHqa u3

KoHqeHmpama npu onmuManbHbtx KuHemwtecKux napaMempax npoqecca, onpedeneuue

MexaHu3Mo6 npoqecca a3omHoKucnomHozo 6du4eravu6aHun c6uH14o6o-quHKo6btx KoHqeHmpamoq,

uodenupoaaHue u onmLhMu3aqu.n napaMempor mexHoroeuqecKoeo npoqecca a3omHoKucnomHozo

6blu4eraltu6aHut cluHqoro-LluHKosbrx KoHqeHmpamos, nepepa6omKy 6cex nonymHo eutdennnu.pxcn

KoMnoHeHmor cocmaza KoHqeHmpama B xuMuqecKue npodyrcmbr u ?neKmpoocatrcdeuue Memantrol

H a M e monruq ecKux rcam od ail.

3 atweuauun no d uccepma4uouno fi p ad ome

1.I{emro pa6orrr -rBr.f,erc-s pa:pa6orxa KlrHerrrr{ecKr4x rr rexHo.lrorr4trecKr4x ocHoB

nepepa6orKr{ cBr4HrIoBo-rIr4HKoBbrx rroJrr.rMerannvtrecKr4x KoHrIeHTparoB KoHz Mancyp u yfn-rr
(Dan-,flrno6cKoro Mecropo)KAeHr.rs (Ta4Nr.ixr.icraH) [nfl ronyr{eHu{ coeArznenzft
gneKTporexHl4qecKlrx MeraJIJIoB. O4naro e pa6ore raKxe r4crronb3yerc{ rrJra3Moxr4Mr4r{ecKarr

rexHorlorr4s [onyqeHr.{s coeAl{HeHzfi enerrporexHlrqecKr4x MeraJrJron (Zn, Cd, Sn, A1, Ca). C-ruraro

efo ro)Ke neo6xoAuuo opraHr.rqecKrr cBr3arb c rlenlro Aannofi pa6orrr ArzccepraHTa.

2.[ucceptayr qacro r{clonb3yer repMr,rH <6esorxogHbre rexHoJrorr4r4). llpe4:raraercx
IrcIIoJIb3oBarb repMI4H (ManoorxoAHarl TexHonoruz), rroroMy rrro rrpr4 rrepepa6ouca cBr4HuoBo-

IIIrHKoBoro KoHIIeHTpara Konz Mancyp BoccraHoBrrreJrbHbrMr4 ra3aMr{ rasz$zxaulrv yrnrns @aH-

frno6croro Mecropoln4enurs, o6pa:yercr 3ona Koropaq orlpaBnflercs. rns. yrtrnvl:,arrrrLr, xuAKas
cMecb neryqvx BerrlecrB err6pacrruaerc.fi B Bo3.4yx u r.a.?

3.Ha I4K-crIeKrpbI nofnoueHlzfl rvrpnp.a aJIroMI4Hrlr (puc.6.6) AorryrleHo rexHr.rqecKat

onrz6ra, BMecro 3HaqeHu.f, 1775 cw-r yKa3auo 1375 crra-I. Tar<Ne B TeKcre AaHnofi pa6orrr ne

yKzraHbr K r{cMy orHocsrcs noJrocbr rrornouleHr'r x 160, I48, I45 c*r-r?
4.B gucceprar\vrv He yKa3aHbI MapKrI I,IJTI{ rlr4crora nonyqaeMofo coeAlrHeHu{ MeraJrJIoB

SneKTpoTexHnr{ecKof o na:naqenzs?
5.Anropou yrBep)KAaercr qro nonfraeMbre coeAr.rHeHr4fl Merannon (Cu, Al, Zn, Fe, Pb, Cd,

Sn) rzlreror 3neKTporexHlzrlecKoe Ha3Har{eHr4e. OAHaro oror re3r4c He noATBepxAeH gannrrura o6

lpaKTur{ecKoM I{cIIoJIb3oBaHr4s noryqaeMbrx coeAr{HeHnfi rrreraruon e o6:racrr4 3neKTporexHurz?
6.8o esmoAax AlzccepraHTy neo6xoAutuo 6nuo 6r,r c4erarb aKueHT K Kr,rHerr4rrecKkrx

npoqeccoB peaKIII{I{, TaK KaK Ar4CCeprarIUV [OCBsrrIeHO K Kr.rHerr4qecKve v rexHoJlorr4r{ecKl4e

o cHoBbr rronf{eHz-f, co eAr4HeHr4fi rr,r era:uoe.
7.B pa6ore He yKa3aHa gKoHoMr.rqecKar eQ$exrzenocrr or peanv3arJur4 BbrBoAoB

Ar'r cceprarlrzounofi pa6oru.

3at<,rtoqenue

[uccepraqlronnafl. pa6ora fafi6y:r:raenofi 3ylrpar Xa6u6onnrr Ha reMy: <KvHeru.{ecKlre pr

TexHoJlorvqecKl4e ocHoBrI nonf{eHr4f, coeAr,rHeHr{fi nreralloB oneKTporexHr4qecKoro Ha3HarreHr.rt

(Cu, A1, Zn,Fe, Pb, Cd, Sn)>, xenrerc.r{ 3aKoH.reHHoft HafrHo-r.iccJreAoBareJrrcxofi pa6orofi.



fly6mzraqzv aBTopa BrroJrHe orpaxaror coAep)KaHze Alrcceprallrzonnofi pa6orn, Koropble

ouy6luroeanrr B BeAyrrlux HaytrHbrx perIeH3I,IpyeMbIX xypHilnax. Texcr anropeQepara

cornacyerc{ c Al{ccepraqzeft .

[uccepraqvs. rro o6rerr,ry 14 Kar{ecrBy rrpeAcraBneHHoro MareprraJla, nayunofi HoBr43He u

uparrnuecroft rleHHocrrr coorBercrByer rpe6onanuxlr, yKa3aHHbIM e (flononteHl4l4 o

rrpr4cyxAeHrara yrdnrrx crenenefi> (llocranonJleHl4e llpanure:ncrea Poccuftcrofi Oe4epaquu or 24

cenrx6px 2013 f. Ne842 c lr3MeHeHuflMk1 sHec€HHrrN{Ia rocraHoBJIeHI4eM llpanzrelrcrna
Poccuficrofi Oe4epaquz or 2I arpens 2016 r. Ne335), rpe.u:b{BueMblM K AoKropcK?IM

Ar4cceprarluflM, a ee aBTop, fafi6yntaena 3yrvrpar Xa6z6oeHa - 3acnyxuBaer rlpvcyx{AeHu.s

zcxouoft crerreHrl .uoKTopa rexHr4qecKlrx HalrK no cnequaJlbHocrll 02.00.04 - Qusraueclr.al. xnMprfl

(rexHu.{ecKue navxll).

O Ququa,rrnsrfi ounoHeHT,

AOKTOp reXHI4r{eCKI,IX HayK, II

Ar4peKTop @uttua'rra AreHrcrea
XIR*S - Ha.: apon Xom.rypo4 Mapuuonuvp aluarJnonHofi 6 es ouacHo crrl

Adpec : 7 3 57 30, TaAxraxucraH, Cor4ufic 56ract, r.Eycron, yl.Onlanuyrca 1 a

T en e tP o n : (+992) 9 I 8 -67 - 64 -4 4 (rto6.) E-muil : holmurod I 8 @mail.ru

lloAnucr A.r.H., npo(peccopa Ha:apona X.M.
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6es onacHocrra HAH Ta.uNvrzcrana ,$p^7.- A' AAxar'roe


