
OT3bIB

o {nqna-nbHoro p erIeH3eH T a Ha A}r cceprarluoHHyro pa6ory

.(xy*ranry.rronofi Ca.nranar Kapa6aeBHbr

Ha reMy : <<Paspa6orKa rrrApo MeraJrJrypr[q ecrcoft rexnoJro rrlu
nepepa6orKrr Ba Haqu fi coqepxaqrx pyA Eol ruroro Kaparay>>,

rpeAcraBneHHyro Ha coucKaHze crerreHu AoKropa QunocoSnn (PhD) uo

crequarrbHocru (6D070900 - Merannyprur))

L. AxryaJrbHocrb reMbl rlccJreAoBaHrlfl rI ee cBfl3r c o6uIeHayrIHbIM[

n o6ruerocyAapcrBeHHbrMlr rrporpaMMaMrr

B Hacrosuee xe BpeMr, KorAa rpe6orauuf, phrHKa MerulrrJroB ra ero

craHAaprbr rroBhrrrrarorcfl, pe3Ko yBeruqurc, clpoc uMeHHo Ha BaHaAuit u

BaHaAufi coAepxarrlue crarefi .

B KusruopAnncroft o6racrn cocpeloroqeHo oKoJro 40% Mr{poBbrx

ITpoMbIIIIJIeHHbIX 3aIIaCOB BaHA Vfl. V CpeAU HrrX rIMerOTCfl AOCTaTOqHO

[epcrreKTrrBHbre MecropoxAeH]rf, sana4uircoAepxaru[x pyA Eonrtuoro

Kaparay raKrre rar BanacaycKaHAur, KypyMcaK c coAepxaHueM nana'qnr 0,8-

1,2%.

[Is o6sopa HafrHofi rrreparypbr Bbrf,BJreHo, ]rro pyau uMeK)r croxnrrfi
BerqecrBeHnrrfi vr MuHep€IJrorz.recr[fi cocraB u flBJlrlorc,

rpy.qnoo6orar[MbrMu. florasarro ucropr4{ r4ccneAoBarruit uo paepa6ome

parl[oHurrrrnofi TexHoJror[]r r{3BJrerreH[, BaHa4lafl u3 pyl. flepnue pa6otu

6rrru (1950 r.) ocyuecrBlreHbr n na6oparoplr.f,x I4Hcruryra reoJrorrqecKrx

HayK Kas@AH CCCP, Ka:axcroro ropHo-MeraJrnypruqecKoro uHcrr,rryra

(nnue KaIHI4TY uu. K.I,I. Caruaena).

B 1969-1971 rr. s ITIMUO AH KasCCP uoa pyKoBoAcrBoM aKaAeMrrKa

A.M. Kyraena 6rrnu rpoBeAeHbr uupoMerarrnyprr4qecKlre raccne4oBanns. vt

parpa6oran cnoco6 uepepa6omn cnaHrleB Eomuroro Kaparay. flpu oroM

cnaHrlbr Kaparay orpeAeJrrJrucb KaK qucro BaHaAl{fico4epxaqne py4rr. 3ro
6uno rroArBepxAeHo rpoMbrrrrJreHHbrMu rcrrbrr alvrfllavr fIO HIO3 ( 1 9 8 5 - 1 987

rr.) u foculan CCCP peKoMeHAoBErrr ucrroJrb3oBarb BaHaAueBbre KBapIII4TrI B

KaqecrBe Snroca rpr rpou3BoAcrBe xeJlroro {ocSopa.
AHar[s cyqecrByroqux cxeM nepepa6orKr{ BaHaAueBbrx pyl (rcfirroe,

aBToKJraBHoe Bbrrrleraq[BaHrae ra 4p.) na 6ase rvr. EanacaycKaHAblK [oKa3zIJI rrx

HU3KyrO CTerr eHb r{3BreqeH vfl. Balc,aIl]crfl.

flo ero rvry, aKTyurnbH o crb rrp o B eAeH ufl . Alzc c epraq LI oHH o ro u c cne AoBalanfl .

B [JraHe co3AaHuf, TexHoJroru[ [epepa6orxu pyA rl,IApoMerarlnypruqecK[M

cnoco6ou u co6crseHHoro rrpou3BoAcrBa BaHaAr,r.s s Ka3axcraHe oqeBLIAHa.

,{zccepraquoHHtln pa6om BbIrIoJIHeHa B paMK€x rpaHToBoro

ifuHancupoBaHrr HayqHbrx I{ccneAoBasuit Ha 2015-2017 rodu Ho reMe:

<Paspa6orra r{HHoBarluounofi TexHoJroruu uepepa6orxn BaHaArIeBbIx pyA

Kasaxcrana> Ha rcaQe4pe <<Metallyplrfl, u o6oraulesue [one3Hblx

ucKoraeMrrx> KasHHTY uuen v K.14. C aruaesa, s l4rtcruryre reonoruqecKux

rrayK uMeHu K.LI. Caruaena



2. CreneHb HoBIr3HbI HayqHblx pe3yJrbraroB

B pe3yJrbrare KoMrrJreKcHoro uccJleAoBauvrfl. BeulecrBeHHoro vr

Mr.rHepafloruqecKoro cocTaBoB saHaAuficoAepxalqux pyA BbIf,BJIeH

HepaBHoMepnufi u pacceflnnrrfi xapaKTep pacrpeAeJleHl{f, BaHa[krfl, a raKxe

olpeAeneHa ero BarIeHTHocTb B I,IccJIeAyeMbIx pyAax. Yctauoueuo,

lptrcyTcTBue B pylax Tp€X-, qeTblpex BUIIIeHTHOTO BaHaI{rIf,, rITo AenaeT

HeBo3MoxHbrM BbrrrleraqlrBaHue AaHHbIx pyA B KrIcJIofi ru6o IqenorlHoft

cpeAix. B qacrHocrlr, ycraHoBJreHo upeo6na4a1ule (70%) B

saHa4utrrcoAepxarqux pyAax Eomuroro Kaparay cneAytoqux MrIHep€IJIoB:

cyrrbBaHrrr (Cu:VS+), rarpoHur (Vo*(Sr'-)r), 6aprEenufi pocKoerlur

((K, B aXV' +,A1, M g, F e) z[ ( S i+ nAln) + O r o] ( O H) z), IIEPHbIXI{T

((Ba,K,NH*4)(V'*,AI,Mg)z [(Si4-,A1,)+Oro](OH)z), saHaAuficoAepxalque

MycKoBr,rr vr rpeurur ((K,Ba,Ca)(Al,Mg,V3*,Fe;1Si,Al)+Oro (OH)r.

Co4epxaune BaHaALrfl, .B saLra4utrrcoAepxaqux pyAax Mecropoxleuwfl'

EanacaycKaHAbrK cocraBJrf,er 0,77 uac.Yo, n ilyaax MecropoxAenufl. Kypyucar

- I,37 uac.o/o.

B 4ncceprarlIlra [onfreHbr cJreAyroqr{e HoBbIe HafrHble pe3yJlbrarbl :

HoBbre AaHHbre 11o xapaKTepl{cruKaM ornclennofi

nanaAuficoAepxarqefi py.uu MecropoxAenuir EauacaycKaHAblK n Kypyrucar.

florasaHo, rrro rlamalluit B orlrx pyAax paclpocrpaHeH pacceflHHo,

HepaBHoMepHo IIo KoJrIrqecTBy r{ [peAcTaBJIeH B TpyAHOpacTBOpI,IMbIX AByX,

rpex r qerblpexB€IrleHrHofi fi oprvrax.

B[epBbre r{ccneAoBarr MexaH}I3M rlpoqecca cepHoKr,rcnoTHoro

BLrrrIeJIaquBaHVs. o6oxxennofi py.Urt B rlpucyrcrBue [epoKcuAa BoAopoAa.

YcranoueHo, rITo:

- B ycnoBr,rsx oKucJrr,rreJrbHoro o6xura pyAbl coBMecrHo c rap6oHaroM

14 xJIopuAoM :autpufl. B I{HrepB€Ine reMreparyp o6xura 700-850oC,

[poAoJrxr,rreJrbuocru t:2 rr, Aocruraercfl, [oJIHoe cropaHue yrnf, rI rIoJIfreH[Ie

orapKa c BbrcoKofi ronqenrpauneft B HeM nerKopacrnopnnaofi [.flTLIB€!.JIeHurofi

Qoprvrrr Barragilzrfl, B BuIe Mera- (NaVO+), opro- (Na3VO+) rI rutpoBaHa4ara

laarpvrn (Na+VzOz);

ycTaHoBJreHo [oJroxrrTeJrbHoe BJII4flH[Ie [epoKcI,IAa BOAOpOAa Ha

rrocJreAoBareJrbHocrb pearqnfi oKLTcJIeHI{fl BanaI:nfl. c [epexoAoM TPOX-,

qeTbrpexBEIJIeHTHOrO BaI,]^AAI.dfl, AO IITTIIBaIIeHTHOTO COCTO-f,HEf,, qTo

rloJroxlrreJlbHo BJrrrrer Ha rroJlHory I{3Bneqenr4fl. Bar^a4y^fl. s rucrofi cpeAe, rrpll

3ToM 3HaqeHrrf, y6unn oHeprur{ fullcapearquft yBenuq[Billorc, n2,5 pa3a rro

cpaBHeHrrro c A€lrlHbrMrr, rroJrfreHHblMrl rIpH BblulerarrvBalnvr 6es oKucrurelrfl.

MarcnuaubHoe I{3BneqeHLIe Balaa4twfl. B pacrBop (-80%) B ycJIoBI{rx

BbrrqenarrrtBA1nfl, orapKa AoCTI{raeTcf, rlpu CJIeAyIoqux OnTLIMaIIbHbIx

[apaMeTpax: pacxo A HzO z:I|Yo ot Maccbl olapKa, Cnzso+: 1 0ol0,. teunepaTypa

- 65oC, T: X:l :4, r:l t.
- BlepBble yCTaHOBJIeHbI KLIHeTIIqeCKIIe 3aKOHOMepHOCTII II MexaHLI3M

rPoueccoB SneKTpoxI4MUqecKoro BbIrIIeJIaql4BaHvIfl pa3nl4rrHblx

sa]flaIlutrrcoAepxarql,Ix Marepr{irJroB B 3aB[cl,tMocTu oT BJII,tf,Hufl KoHrIeHTpaqrII4

cepnoft Kr,[cJrorbr, [poAoJrxl4TeJlbHocru, orHolreHl{s T:X, TeMrleparypbl vr



rIJIorHocrI{ ToKa, xapaKTeplr3yroque rporeKaHr{e [poqeccoB B anifrfysuonnofi
o6lacru u ux JrrrMurrtpoBaHr4e pocroM rrJreHoK HepacrBoplrMbrx rrpoAyKToB

peaKrlr.r[ (orcn4on, cynrQaroB Merzlrrnon) na rroBepxHocru 3epeH.

Buepnrre [ccJreAoBaHo gneKTpoxuMr{qecKoe oKlrcneHr{e v
Bbrlleraqr4Banue Bana4ufl. r{3 pyA B aHoAHofi soHe. B anoAnofi soHe co3Aaerc.f,

cI{JIbHtt, oKr4cJrr{TeJrbHaf, cpeAa 3a cqeT K}rcnopoAa u [po[cxoAr{T aKTuBarluf,

cepuofi KucJrorbr. flpu groM ycraHoBneHbr 3HaaleHllf, orrrlrM€LrrbHbrx

IrapaMeTpoB SneKTpoxuMuqecKoro oKucJreHr{.f,: aHoAH€ur rrJroTHocTb ToKa -
200A1u2, reMrleparypa 65"C, rpoAoJrxureJrbHocrb rrpoqecca 1 uac,

coorHorrreHr,re {a: T:X:1:4, KoHrleHTparlrtfl, cepnofi K[cJrorbr l0%.
flporegenHble rrpu ycraHoBneHHbrx [apaMerp€x rrccJreAoBanufl, rroKa3aJrr{, sro
crerreHb r,r3BJrerreHnfl, Bar.a4vrfl Lr3 neo6oxx€nuux saHa4utrtcoAepxarq[x pyA B
pacrBop cocraBuJra59-70,1o/o, auz rpeABapHreJrbHo o6oxx€HHbrx pyA - 90,9-

92,1.%.

Buepnue AoKa3aHa sQ$errunHocrb rainomsoBaHrrfl gJreKTpoxr,rMuqecKr{

aKTuBupoBaHHoro pacrBopa rpu BburlenaqilBaHuu Bar.a4las. us pyA. flo
ypoBHro znrencnQuKarluu [poqecca BbrrqeflaqvrBaHnfl, gJreKTpoxr4MnrrecKarr

aKTl{Bauufl B aHoAHoM rrpocrpaHcrBe He ycryrraer rro cBoeMy Aeficrsurc
cI{JIbHbIM XI{MI{IIeCKI4M OKr4CJrr4TeJrrM, HarrprrMep, [epOKC]rAy BOAOpOAa.

3. Co6.n rcAeHrre B Arrcceprarl[u rr prrHrlrr[a caMocrofl TeJrbHocrrr

TeoperuuecKlre pe3yJrsTarbr, r{3JroxeHHbre B Alrccepralquu, nonfreHbl

aBTopoM caMocroflTeJrbHo Lr coBMecrHo c coaBTopaMu ony6rurroBaHHElx

pa6or. Anrop [prrHr,rMaJr HelocpeAcrBeHHoe fracrLre B rpoBeAeHu]r

oKclepr{MeHToB, o6pa6orxe u o6o6ulesuu HafrHhrx pe3ynbraroB, B

rrpoBeAeHuu yKpyrHeHHbrx ncurrrannfi ra $opuynupoBKe BbrBoAoB. Anmp
BbrcryrraJr Ha MexAyHapoAHbrx rconQepenqurx c Marepu€InaMrr crarcfi n
Te3r,rcoB rro reMe Ancceprarluonnofi pa6oru.

4. Creuenr o6ocnoBaHHocrr.r rr AocroBepHocrrr KaxAoro pe3yJrbrara,

BbrBoAa rl 3a rsr rcq enrrfl co[cKare.nr, cr[opMyJr rrpoBaH Hbrx B Arrcceprarl[ ll
[ttt rroJrHorhr n3BreqeHu, BaHa1vrfl. u3 oaruaauircoAepxiuql4x pyA

Bomruoro Kaparay AuccepraHT npeAnaraer BbrrqeJrorrr.rrb roHKo

u3MerbqeHHyro pyAy cepnofi rucrorofi B [pr4cyrcrBr4[ oKLrcJrureJu

(neporcnAa BoAopoga) uru aKruBr{posarrHofi cepuofi rcucloroft n anoAsoft

3oHe rrpu [ocroflHHoM ToKe rrJrorHocrrro 200 Nv?. flpn r4c[oJrb3oBaHkrtl

aKTrrBupoBaHHoro BbrrqenaquBarorqero pacTBopa cTerreHb Ll3BJrerreHr{,

Ban4trfl, B pacrBop c 3HaqureJrbHo Bbrrue (92,lyo), treM [pu lrcrloJlb3oBaHuvr

oKucJrureJrfl (80%). Heo6xoAurr,ro orMerurb, rrro aKrrrBrpoBaHHbIM

BbruleJraquBarouluM pacTBopoM MoxHo oKr4cJruTb kr BbuqeJroquTb Apyrue

ueHHbre cocTaBJrsroIIIue KOMIIOHEHTbI, rpucyrcrBYroutve B

rpyAHoBcKpbrBaeMbrx, rpyAHoo6oraruublx pyAax.

,{ocrorepHocrb [oJryqeHHbrx pe3ynbraroB o6ocnosaHa npI,IMeHeH[IeM

AUCCepTaHTOM KOMrrneKCa COBpeMeHHbrX MeTOAOB UCCJTeAOBaHUfl U AHftJTI,.I.3a1 B

ToM qr{cJre, rroJryKonu.recrseHHrrfi peHTreHoQaeonrrft, xutvtzuecruft,



TepMuqecKl4ft aHaIII3bI IIcxoAHbIx MaTepI44JIoB lI IIpoAyKToB. flpu upoaeAeHIII4

r{CCJIe.qOBAHfiit uCIIOJIb3oBaHbI CTaHAapTHbIe il HeCTaHAapTII3IIpOBaHHbIe

na6oparopHble, yKpylHeHHo-na6opaTopHble o6opy.Uonanr4fl: IlnallerapHafl

rrrapoB€In MerbHI,Iq; (Retsch PM-100); MyQelbHan IIeqL (CHOI-

Lf.Z,s.!,ZllZ,5 - Vlt); qupKynsquoHHbrfi repMocrar xuAKocrHofi (TX-TC-

Oifrl-fSO); MexaHuqecKre MerrilrKu c petyJlupyeMblM rIrIcJIoM o6opoton;

naryyvtrrrfi Hacoc; cyruulurufi uraQ; sJIeKrpoJII'I3ep AJL

gneKTpoxuM[rlecKoro oKllcJIeHUfl .

5. CooJrrcAeHrre B ArrccepTarl[rr [plrHIIrI[a BHyTpeHIIef o eArIHcTBa

,{raccepraqr{oHH€Ur pa6om o6laAagT BHyTpeHHIIM eAI'IHCTBOM,

o6ycloueHHbrM o6rqefi qeneHa[paBJreHHocrrro pa6orbl Ha Aocrl{xeHrle IIeJII{.

TeopetnuecKl{e IIoJIoxeHI{fl 14 [paKTuqecKue pe3yJIbTaTbI norl{rlecK}I

B3ar{MocBr3aHbr. Bce pgAeJrbr pa6omr o6-teAnnenu ocnonnofi zaaatetrt,

Koropofi f,BJrf,erc.f, paspa6orra ru4poiletaflflypplqecrofi rexHoJIorI{I'I

n epepa6orKu BaHaAufi co4epxalqllx PY,q E onrllloro Kaparay'

6. Ilparrn.recKafl rt TeOpeT[rIeCKafl 3HarI[MocTb HayrIHbIX

pe3yJIbTaToBcocTollTBToM,tIToHaocHoBa]fl^Ir4upe3yJIbTaToB[poBeAeHHbIx
gKCr1epuMeHToB [peAJloxeHa [pI'IHIII{[u2IIIrHO HoBaf, KoHKypeHrocnOco6nas

rexHoJlorufl uepepa6orrn BaHaAuftQoAepxalqux pyA' I4c[onssoBaHl{e B

TexHoJrofia.recroft cxeMe 3JreKTpoxl{trluqecroft aKTUBaIIdU IIO3BOJIf,eT

3HarllrreJrbHo rroBbrcl,[Tb oKllcJlurenbHylo cuoco6noctr Bbluleraql{Baroulltx

pacrBopoB 6es r{crroJrb3oBaH:[ls. xlrMuqecKoro oKucJILITeJrf, (uepoxcu4a

no4opo4a). ,{auuax TexHoJIoII{f, IIo3BoJIltT uepepa6arrtrarr cJIoxHbIe u

TpyAHoBcKpbIBaeMbIe BaHaArIeBbIe PYlu Eouuuoro Kaparay v pacruuprlr

cblpbeBylo 6ary 
.oreqecrB 

eHHolo [poI'I3BoAcrB a MeTUIJIJIa'

7. coo.[rcAeune B AIICCepTaIIT[ IpI{HIIIITa aKaAeMllqeCrcofi

qECTHOCTII

B Ar,rccepTarl[oHHofi pa6ore co6uroAen [puHIII4II aKa,AeMl{qeCrofi

qecrHocrr,I, r{Merorcf, Bce ccbrJrKll Ha I{ctIoJIb3oBaHHbIe }IcroqHuru. Pesylbrarbl

pa6oru aupo6upoBaHbr 1 uy6maKalluefi B MeX.UyHapOAHoM XypHaIIe,

BxoArrrleM B 6asy AaHHbIx Scopus, 3 cTaTb'f,MII B xypH€ulax'

peKoMeHAoBaHHbIx KKCOH MOH PK, 5 MexAyHapoAHbIx ronipepenqr{x B

BUAe ycTHbIx AOKJIaAOB.

8. 3ame'raHl{fl rI rlpeAJroxenl{fl

1. SnerrpoxuMr4rrecKoe BbIUIeJIaqI',IBaIIUe colpoBoxAaeTc'

pa3noxeHl,IeMBoAbIcBbIAeneHIIeMBoAopoAaI,IKl,IcnopoAaKaKyK€BaIIoB

pa6ore. Karofi KorrlqecTseHHrrft BbIXOA rason? Ha ycranoBKe'He IIOKa3aHa

crlcreMa yAaJIeHI4{ r€BoB.

2. B paloTe HeAocTaToIIHo [oJIHo [pIIBeAeHbI 3KoHoMIIqecKLIe pacqeTbl

penra6enbHocrll [porl3BoAcrBa.



3. Heo6xoAuMo 6uro 6u uponecrr{ r.rccJreAoBarrus s 6oree 6olrruux
aIIIIapaTax.

4. Heo6xoAr{Mo 6uno 6u oSoprvu{rb 3aflBKy na raso6pereHrlf,.

5. B pa6ore orcyrcrByer Brrvrfl:ane rpexBalreHTHoro xeJre3a Ha

oKncJreHue saHaAr.rft coAepxarqux pyA.

6. He rIoKuBaHbI xr,IMl{qecKue cocraBbr rroJrfraeMbrx upoAyKToB, TaKI,rx

KaK TexHl,IqecKoro neHTaoKc ]/.Aa BA]c.aI']u^fl. Lr tr4qpolunaMa ( SiOz, C).

Orueqennue 3aMerraHrrf, He cHrrxuuor aKTy€rrrbHocrb vr KarrecrBo

rrpoBeAeHHbrx r{ccneAosaHuft .

9. 3arcnro.reH[e o Bo3Mo?rcHocru rrp[cyxAeHlrfl crerreHrr AoKTopa

Qn"rrocoQuu (PhD), AorcTopa ro rpoQrrJrro

,{uccepmqliroHHafl pa6ora <<Paspa6orra H,rApoMerarnyprurrecxofi

rexHoJIorLIu repepa6omn naruaguircoAepxaruux pyA Eolrruoro Kaparay) ro
coAepxarrurc u oQopulenuro coorsercrByer BceM rpe6oranvtflM,
[peAbrBJIfleMbIM K AucceprarluoHHbrrra pa6orana ) a ee aBTop ,{xyuanrcyJroBa
C.K. 3acJryxrrBaer npucyxAeHlrf, crerreHu AoKropa $ruocoQun (PhD) no

crequtrJrbHocrr{ <6D070900 - Memruryprur>>.

OQrrluaJrbHbrfi peqeH3eHr,

aKaAeMHK HAH PK, A.X.H., naypear

f ocupeMr.ru PK, 3aBeAyrorq krfr

n a6 op aropr,r efi gneKTp oxr.r Mr,rq e c Kr.rx

TexHonornfr AO <<I4rucrr.rryr rorr JTvrBa,

Kariullvi.sav SneKTpoxHMIH]g. [IM.A. B.

CorcoJrbcKoro) BaeuoB A.B.

I


