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Xaparcrepnofi veprofi pasnurvs xuur4ur HaHoMarepr4alroB rBJrrercr arqeur Ha nonyqeHr4r4

KoMrro3r.lrlr4oHHbx MarepuanoB, B Koropbrx coeAr{HeHrrr p-3neMeHToB o6pa3}ror rouKse

rrneHKI4. Kmoqesoft $a:oft npu fionyreHrrrr raKlrx Marepr4anoB rBJrrercr nu6op nperypcopon,

cnoco6uux o6ecneq[Tr, ueo6xoauNarre xapaKTeprrcrrrKr,r nonyqaeMbrx [poayKToB. HeAaguo

6uro nor<agano, rrro BoaHo-repoKcrrlHbre pacrBopbr nepoKcoKoMlJrercoB onoBa 14 cypbMbr

s(prperrurnr,r 4:rr QopultponaHrrr HaHopa3MepHbrx noKpbrrufi ria pa:,rnunbD( noAJroxKax.

Hcnom:onaurle B raKlrx npoqeccax coeallneiruft repMaHr.rr n rennypa orKpbrBaer

aonoJIHLITeJrbHr,re repclleKTlrBbr, cBq3aHHbIe c: (a) orKa3oM oT t4cnonb3oBaHrr HeycTofiquBbrx

qt4rra roxcuqHbx opraur4qecKux ocuonanuft, (6) nucorofi pacrBopuMocrbro rr4ApoKcItAoB

replrauur(IV) u re.:raypa(Vl) n noge, (n) Bo3MoxHocrbro o6pasoraHux nepoKco(oMnneKcoB nprr

HeB6rCOKr4X KOr{qeHTpaUurX nepOKCr4Aa BOAOpOAa. TanUlr O6pa:Orvr, UaCrOArqaX pa6Ora,

cBr3aunar c r4ccneAoBauzeM xnMrrlr EepoKcorepMauaroB rr nepoKcorennyparoB (e ronrercre

noryqeHl4s Ha ux ocHoBe Hal{oMareprra,Ton) .rnrretc.r attmyaauuoi.

Hav.tnaq HoellgHa pa6orrr 3aKJlloqaercr B cne.uyrcrleM: BrlepBbre noJlyqeHr,r u rrccreAoBaHE'I

xplrcrarnr4rrecKlre nepoKcorepMaHar 14 rreporcorennyparbr aMMoHrir. Bnepnue nora3aHo (Ha

npr4Mepe nepoKcoKoMnnercon ren:rypa(Vl) u o:rona(IV), a raKxe reruypa(Vl) u cypluu(V)),

qro Bo3MoxHo )rDpaBrseMoe nonyqeHue rouxax aruoptfHbrx nJIeHoK Ha ocHoBe 3TI{x

coeaunenufi [pI4 ocaxAeHI.iLI Ha noBepxHocr[, pa3nl4qHbtx Marepl]anoB, B qacrHocrl4 - Ha oKcrrA

rpaQeua. Bnepnrre c ucnoJrr3oBaHueM nepoKcocoeAlaneHr.ril noJryrreHbr KoMno3zql4oHHr,Ie

Marepr4aJrbr r{a ocHoBe BoccTaHoBJreHHoro oKcr{Aa rparfena z Geoz, sneMeHTapHoro repMaHus,

TeO2, eneMeErapHofo Teirrrypa, a TaKXe reJlJlypz4on olona(Il) u cyprrrGr(Ill).

rlparcrlrqecrcaq 3Haqlr[rocrr pe3yn6TaroB 6eccnopua, TaK KaK B pa6ore npoAeMoHcrplipoBaHbr

nepcneKTrrBbr rr3roToBJreHr,rJr aHoaoB aJrs nutuit- u na'rpufi-uouurx aKKyMyntTopoB Ha ocHoBe

[oJlyqeHHLrx HoBbx KoM[o3r,rqrroHHbx MaTepl4anoB Ir BbIcoKI4e SJIeKTpoxI{Mr4qeC(Ue

xapaKTepr4cTr4Kr.r cooTBeTcTByrorqr{x arK},N{yJrrropoB.



,{uccepraqur flocrpoeHa rpaal'Iu}IoHHo. Ona cocrour Il3 BBeAeHIrt, B KoropoM aaerct KparKat

xapaKrepl{crl{Ka . o6racru uccJleaoBal{ut, craBlrrct :a4ava pa6oru u npuBoasrct ocHoBHbIe

Aocrl{xeHlrs AlrccepraHTa; o6sopa mlreparypbl; IlecrI'I rJIaB' nocBtlqeuulrx o6cyx4euuro

co6crgeugurx pe3ynbTaToB: sKCnepH MeHTalJr buoii qacrn: BblBo.qoB H cnllcKa ulrupyevoii

nnreparypbr. ,{r.rcceprarlux I{3JIoxeHa sa 123 crpaltrq'x rl BKJrrorlaer 47 pucyuron u 8

Ta6nuu. CnucoK nlrreparypbl BKnroqaer 139 Ha3BaI{I'Ifi'

Bo6sopeffIreparyplrpaccMoTpeHocoBpeMeHHoecocTosHueIIccneAoBaHI4ftso6Jlacru

rrepoKcoKoMnneKcoBrepMaHl'ltI'ITeJlnypa:Meroaaxcl'IHTe3a'crpoeHI'II4'cBoficrBax'

flpoauaau:uponaH6lMeToALI'ccJIeAoBaHI{'sruxo6ler,ros.I4cvepnr'narolql4itaEiInH3

nrrrepaTyp6r noKa3brBaeT axTyaJrbHocTb nocTaBJIeHHbIX 3AAA{ V neo6xoaurrocrr npoBeAeIIUt

.IIaHHOf O UCCreAoBaHuq.

B srcneDuuenra:rr,nofi qacru npIIBeAeHbr MeTOAIIKTT CI{HTe3OB IlcxoaHblx BelIecTB 14

MaTepuanoB. onracanrr MeTOAbr 14 pe3ynbTaTbl $u:ur<o-xuurauecxux I4CCneAOBaHI'Ifi

(::relrenrnuii aHanrr3, TepMrrq ecru auutus, cKaHl,Ip).ioqat fi npocBer{uBalollla.s 3neKTpoHHa'I

M}iKpocKonus'cIIeKTpanbHbIeMeToAbII{ccneAoBaHI,I''sneKTpox|4MllqecKueI{ccJIe'{oBaHu',

peurreno<f asonr,r ir' utatuz, peHrreuocrpyKTypuliil aua:l'ta)'

L[ecrr r:ras nocB.srleHbl Henocpe,4crBeuHo o6cyNAenuro lonyqeEHblx pe3ynbraroB'

flepsas rraBa IrocBtlqeHa IiccneaoBaHl'ItM rlepo(corepMaHara aMMoHI'It Anropou [poBeaeHa

pa6o'ra no pa3pa6orKe crrHTerl-IqecKl4x IIoAxoAoB K rlepoKcorepMaHary aMMoHI{t (r'rcxoag llg

GeCla) n IIpeAnoxeHbI ABa anlTepHarl4Bnr'rx MeroAa' oallH I'I3 Koropbrx 6r'Il ycneruuo

rrcnoJrb3oBaH Arr noryqeHvq MorroKpI,IcraJIJIOn. IIO pesylsrataM peHTreHoallifpar<qilounrx

lrcc:reAosaHr-rii 6r,Ila ycTaHoBneHa reKcarlAepHarl crpyKTypa (NH4)6[Ge6@-OO)6@-

OXOH)6] 6H2O, 3HaqI4TenbHyIo polr' n cra6lulr3allltl{ Koropofi urparor MHoroqucneHabre

BoAopoaHbre cnrslr (88 H-cs.r:efi Ha oAHy 3JIeMeHrapHyIo Kpl4cr.Injlorpaouvecryro rvefixy)'

Pe:ynrrarr,r POA noareepxaaror coorBercrBr're crpoeulrt Maccbl npoAyKra crpoeHl4lo

MoHoKpltcra!'Ina, I4clroJrb3oBaHHoro Ans PCA, a T|A/ACK flccreaoBaHEs ycraHoBl'Inu BblcoK)'ro

TepMnqecK)'Io ycroft uurocrr' nepoKcorepMaHara tlMMoHzt'

BogroDoiruareflpeAcTaBJIeHr,Ipe3ynLTaTblI4ccJIeAoBaI{u'nepoKcoTennypaToBaMMoHI4''

ABropy yaanocb Bbraerurb aBa KpzcranJllrqecKtl x rlpoAyKra (l'JHa)+Teu (1.l-OO)z@-O)Oq(OH)z u

(NH,+)sTez@-oo>k-o)o5(oH). 1.28Hzo.0.72Hzoz. IIo AaIIHT,IM PCA (no4rnepx.4eHHblM

pe3yJlbraraMv P@A) o6a coeAllueHn.f, o6laaaror 6fiqaepHofi crpyKrypofi' ocranbHbre

crpyKrypHr,re flapaMerpr,I npoAyKroB AOCTaTOr{HO CunbHO pa3Jlrrqa}orcs' BaNHO [OArIepKHyTr"

qro 9TI,I coeAlrHeuus fipeAcraBnsro'r co6oit flepBbre rlpvMepbl crpyKrypuo oxaparTepri3oBaHHl'rx

HeopraHr,rqecKr.rx nepoKcocoeArrHer.rufi relllpa. I4nrepeqrult HIoaHCOM SrOft vaCrlr pa6orrr

,BJrrerc, I{3rrq*oe rrcflonb3oBarr[e crreKTpocxorll4lr 9MP na tApax l2sTe, B qacrlrocrlj,



no3Bojll4Brrree Bbr6paT6 oflTr,rManbH].ro !'nfl cI,IHTe3a nepoKcoTennypaToB aMMoHrrt

KOHrIeHTpaquro ucxoAHoro pacrBopa IlepoKcuaa BoAopoaa.

B rperr,efi r:rare fipeAcraBJreubr pe3ynbrarr,r no nonyqeHlrlo BbrcoxopacrBopravoro arraop$uoro

ArroKcrrAa repMaHr-rr repMriqecKr.rM p,BnoxeuveM nepoKcorepMaHara aMMoHr,rr. luccepranry

yaarnocb rroKa3arr,, qro cr4HTe3upyevtrfi raruu o6pa:olr GeOz o6:raAae'r eaxuofi oco6eHuocrrro

- sHcoKoii pacrBopaMocrbro B BoAe (ao 100 r/:r) B reqeHr4e KoporKoro flpoMexyrKa BpeMeHr.r

(1-2 cexyug). ,{ocrnraenar B MoMeur pacrBopeHl.Is KoHrleHrparllrs orclraa repMar{}rr(lV) 6o:ree

qeM Ha nops.4oK npeBocxoArrr MaKcrrMirJrbHyro Benrrqr.rHy pacTBopr4MocTt4 GeO2, onucaHHyro B

nrrreparype. lloryvennue pe3yn6Tarbr rrpeAcraBntlor Hecousensuft r.ruTepec.

B qerneproft rrtase npe4craBneu crrHTe3 14 uop$ororux KoMrro3r.rqr{ouubrx MarepuanoB Ha

ocr{oBe oxcr,raa rpa$ena u oKcuaa repMaHI4t(IV). Hecousessoft yaaqefi aBTopa rBrserct

paspa6orra Meroaa xo:IlrqecrBenlroro nonyqeHus roHKofi ureHxu neporcorepMaHara aMMoHI.II

Ha rroBepxHocrrr qacrrrq o(criAa rpaQeua nyrev 4o6aueHn.{ r4s6lrrua (anTvpacrBop[Ters).

Teplro:rus npoAlrcra B BaKyyMe rrpr4 prBJrr{qHblx reMneparypax no3BoJrr4Jr fiony .rrb pt4

KoMrro3r4rlt4 oHHbx Marepr4anoB. VcraHosreHo, qro noBbrrrreHr{e reMfleparypu o6pa6orrcu

npr4BoAnr r Sopuzponauuro $a:u oKcr{Aa repMaHI,Ix(IV) (sareu - sneMeHTapHoro replrauur) lr

BoccraHoBJreHr4ro orcr.r4a rpaQena.

B nqrofi rrase [peAcraBneH criHTe3 r,r lropQo:rorua KoMno3I4III]oHHr,x Marepr{anoB Ha ocHoBe

orclrga rpa$ena u coear.rHeHufi TeJrJrlpa. ,{zccepraurorr.r npeanoxeubr nuTepecHbre perreHr{r no

fionyqeHr4ro pqaa KoMlo3r.rur{oHHbrx Marepr,ralroB LIcxoAr r.r3 rrepoKcorennypara arruonur (rar

3a cqer qr4cro reprllrl.recr<ofi o6pa6orKu, raK LI [p]I [pIrBneqeHLIlI xLIMI,IqecKoro

BoccrauaBnlrBaJorqero areHra (ruapaszna)). flpue:rer<arersnoii oco6ensocrrro orofi qacru

pa6omr crorar cqrlrarb Bo3MoxHocrb y[paBneHLL{ (a) rorqlrnoft ocaNAaelrofi nnenru, (6)

creneubro oKr,rcJreHur rennypa n repuoo6pa6orauHoM npo.qyKTe, (n) paslrepolr KpucraJrnnroB

HaHorpr4crurnnr{qecKoro Te. llepcnexruBHblM AJIt qzursneiiurux uccle4onanuii .{Brterct

rloKa3arlHtu{ Bo3Moxnocrl rlonyqeHl,It rn6pa4uux crlcreM Ha noBepxHocrl{ r{acrr4rl oKcvaa

rpaQena: nepoKcorennypara/neporcoauruuonara u nepoKcorenrypara/nepoxcocraHHara.

XgN{l.r'Iecroe Boccral{oBneH e 3TItx cucreM [o3BoJII{JIo nonyqurb (c no:rraoxnocruo KoHTpons

Ha.q cocraBoM) KoM[o3r{T[,r Ha ocHoBe renn]?r4Aa cypbMbr r{ oJroBa.

B rrecrofi rnaee o6cyNAarorcs pe3ynbrarbl l4ccreAoBaHr4s KoMrro3r.rroB ua ocuoBe oKcIrAa

rpa$ena u oKcr4aa repuanur(IV) (a rarxe KoMIro3I4roB r{a ocHoBe orct4a rparfeua u

TeJrJryprraoB olora(Il) u cyprrrlr(Ill)) B cocraBe aHoAHbx Marepl4a:roB TToHHLIX aKxyMynsropoB.

BHnorueEHHe uccreAoBaHr4s AeMoHcrpr{pyror xopouue 3JreKrpoxr,rMr{qecKr4e xapa(repv crI,IKrr.

Baxnrna HroaHcoM 3Toro srarra pa6oru 6r,uro u3yqeHr.re rroBeaeHr4r rennyp aa oJroBa(ll),

cr.rur*r.rpoBauHoro 6eg ao6asreHr.rr a cnepcuu oxcr.IAa rpa(beua. Anropy yAanocL rloKa3ar6,



qTocooTBeTCTB),lOIqItiMaTepr.IaJro6naAaeTMeHE'IIIIIMI,3HaqeHI{tMI4eMKOCTI{,KOTOpbIe6blcTpo

oHI{XaIOTC'Irpr4III{KnI{poBaHIU-l,14n]IoxlrMl4CKOpOCTHbIMI4XapaKTepI4cTI4KaMU'3TOyKa3bBaer

Ha 3HaqrrreJlbHbli rloreHul'Ian aaJlbHefiInefo uclon63oBaHr{t MarepuanoB Ha ocHoBe

BOCCTaHOBJTeHHO|O OKCr4Aa fpaoeHa' oco6eHHO BK.lIIOqaIouIfix coeAl4seHut Tennypa -

xapaKTepl.{3ylotquxct BblcoKoi TeoperurlecKoft yaenbHofi o66eMnofi eMKocrblo (raxnuu

lper,rMyIIeCTBOM B KOHTeKCTe sJreKTplrqecKoro TpaHcnopTa I'I CO3AaHI{' nopTaTI.IBHOfi

srerrponuxI.r).

IIo pa6ore [MercTcs cJreAyrcuue 3aMeqaH[fl

B pa:4ene 4.2.2. onucsnaercs tBJIeHIre ilsouoprfuoro 3tMeIlIeHHs nepo(clrAa BoAopoAa

MonexynaMt4 BoAbI B orpyKType flepoKcoreJrnypara aMMoI{I4t (NH4)sTe2@-OO)2@-

O)Os(OH)'1.28H zO'0.l2HzOz' flpu srou l43BecrHo' rrro repoKclra BoAopoAa o6pa:yer 6o:ree

fiporrHble BOAOpOAHbTe cBt3lr rlo cpasHeHt4lo C SOAOft' BOO6rqe roBopt' 3TO tBJIeHI-Ie BrIOlHe

MOXer paccMarpl4Barbct KaK ABnXyuaJI Cr'ua o6pa:onauu.{ KoMnre(coB' OTIIICbIBaeMbIX B

Axccepralluu. B gTofr cBt3lt 6lrno 6r'I qenecoo6pa3Iro 6olee pa:eepnyroe cpaBHeHI{e Boabl Ir

nepoxcuga (rax rulraugon) u npuuzu/saronoMepHocreft rtoao6Horo I'I3oMop(buoro 3aMeIrIeHI4t'

B pasgele 4.4. aB"rop npl4Boar4T cBenelrtfl ' 
qro (nepoKcrraHr'Iit> uero4 npvMeHtnct flpi4

r4c[oJII'3oBaHIrI4 rByx rl4noB (aHTupacrBoplrrent) (sranol u ueranol)' Oanaxo

gKcnepr{MeHTanB'arr qacrb He coaepxr4r orrvrca'vfr, npoqecca ,'pn' yqacrnu MeraHoJIa' Ecrr nlt

orrvqus n ,4eiicreurl 3TI'IX rI'InoB oca'4urelefi?

B pa:4ene 4.5. paccrro'rpeHbl crpyKT)?bl nepoKcocon6Bara 2-aulrnonurorunonoil

KqcroTr,r u N-oxcr-r4a Jrr.raoKar.rHa (.ueuoucrpupYro4lle yHvKanbHyro caMoc6opxy nepo(cI'laHI'IX

QparueHronBcocTaBeKpyIIH6IXrlacrepon).oArraros4alrrreirrreuTeKcTe3TI{npoAyKTE'II{e

o6cyNAarorcs. Brilo 6rr IIore3Ho nplrBecrll coo6paNenur aepcle(TI.lB lrcno:rllonaunr erzx (r

no4o6urx) coe4znenrafi B KoureKcre 3aaaq AI4ccepraIIuI4

B rexcre AnccepraIIHI4 Moxlro orMerl4Tb IieKoropoe KoJII4qecrBo otteilaroK'

Brrrueyra:aurrrre3aMeqaHl-I-f,Hecl{uxaIoTtIoIoXuTeII,HoiioIIeHKI,Inpe,4cTaBneHHoi

Al-Iccepraql{I4. .{raccepraquouuoe ugcjreAoBzullre BbIIIoJIHeHo Ha BbIcoKoM HayqHoM I{

3KcnepI4MeHTaJIbHoM ypotsHe c I'IcrIoJIb3oBaHueM coBpeMeHHr'rx $u:uuecrux MeroaoB aJrt

uAenru$zraqlrlt noJryqelrHblx coeguueur'rfi I{ AocroBepHocrb rlonyqeHHrix pe3ynbraroB

coMHeHI4fi He BbI3bIBaer.

Taxilu o6pa:orlr, Al{ccepraur{onnar pa6ora fpr'ruranona '{uurpux An4peenrlua t{Brterc'I

3aKoHqeHHoR uayvno-realu$r'maquonHofi pa6oroft' n roropoft pelreHa aKTyanbsas 3aaaqa

EeopraHl'I'recKof xI4MI'Ill' cBt3aI{IraJI c cI{Hre3oM nepoKcorepMaHara Il flepoKcoreJrnyparoB

aMMoH|4''KoTopLIevory'r6lrrrs$t|erruoI4cnoJII,3oBaHbIBKaqeoTBeI{cxoAHL,IXcoeAItHeHI'|fr



AI' TOITqEHI,I' HOBbIX (bYHKIII,IOHTUIrHIX HAHOMATCPI,IAJIOB EA OCHOBC COEAI,IHEI ,Ifr IEDMArr:'rI. V

TeJrJrypa.

Aarope$epar rroJrHocrbro orBerraer coaepxaHrilo Ar4cceprarlpl[. oc'osHoe coAepxa'He

AlrCcepraqrrx ony6mzxorano B BeAyllrrx MexAyHapoAHbx ra poccr,rficrr.rx xr,rMr4qecKr.rx

xypHajrax' qacrb ero npeacrasJrrnacb na acepoccr.rftcrux rr MexA)'HapoAurx rou$epenqraxx.
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02.00.01 - Heoprauuvecr as. xLrvrtlt.
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